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16.3.9. lexapbOHWIHPOBaHNE ATBAETHAOB....

AJIBIETHABI ¥ KETOHBI coaepXar KapboHwisHyio rpynny C=0. Co-
eIHHEHHS, B KOTOPhIX KapOOHWIbHASA IPyIiia COeANHEHa ¢ JBYMS pa-
OUKajiaMy, Ha3bIBaloTCs KeToHaMu. CoeaMHEHM, rae KapOboHWIbHAs
rpynia coeguHeHa ¢ OJHUM PaINKaJIOM M OJHMM aTOMOM BOIOPO.IA,
HAa3bIBAIOTCA AJIbIerMIAAMH.

Cos Co?
8.7 3.7
R-C R—CZ-R

H
anpaceru KETOH

Hinke npuBeneHa cTpyKTypa mpocTeiiiero anbaeruna — ¢hopMais-
Oeruia ¢ JAHHBIMH BAJIEHTHBIX YIJIOB M JUIMH CBSI3€if.

.

H ~-=:c JJIMHA CBS3H, ;\ BUIEHTHBIN yron, rpaj
o C— C=0 1,203 H—C=0 121,8
H/

SEEE C—H 1,101 H—C—H 1165

Hanuyme BameHTHBIX YTIOB, O6nH3kux K 120°, ¥ rutaHapHOCTD afb-
nerunHoi rpynnsl CHO onpegeneHHO yKasbBaIOT Ha Sp°-TMOPMIH-
3auMio KapOoHunbHOro yrnepoaa. B ¢opmanpaeruae aroMm yriepoaa
oOpa3yer O-CBSI3U C AByMS aTOMaMH BOIOpOAa U KMCIoponoM. t-CBs3b
B KapOOHWIBHOI rpyrire BO3HMKAET B Pe3yJIbTATE NMEpPeKpbIBAHUS He
ydacTByolled B rubpususaumu p,-opouMTaiu yriepoga K p,-opoura-
JIM Kuciopoaa. Y KHcIopoaa B albaeruaax M KeToHaX, a TaKXke Kap-
OOHOBBIX KHCJNOTaX U MX MPOU3BOJHBIX MMEIOTCA ABE HECBS3bIBAIO-
1Me napel anekrpoHoB. Kuciopoa obnamaer 6ojnee BbICOKOM 3JEKT-
POOTPHLATENILHOCTBIO, YEM YIJIEPONd, a2 3NEKTPOHBI G- H, 0COOGEHHO,
T-CBSI3M YIVIEPOJA M KMCIOPOAA CHIIBHO CMELUeHbl K aTOMY KHCIOpO-
na. Ipyrumu ciioBaMu, KapOoHWIbHAA rpymnna obaagaeT BbICOKOH Mo-
JIPHOCTBIO. XUMHMYECKMM CJIEHICTBMEM IOJAPHOCTH KapOOHWIbHOMN
[PYTIIbI ABJIAIOTCA Pa3HOOOpa3Hble peaKUMK IPUCOEAUHEHUS Pa3iny-
HBIX MOJIAPHBIX PearcHTOB 1o KAp6OHHUIBHOM rpymnie.

HenonpeneHHble napel 3J1eKTPOHOB KApOOHWIBHOIO KUCIOpOa IpH-
JAIOT KapbOHWJIBHOM rpyniie csoficTBa ciaboro ocHoBaHus JIbioHca.
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Anpjeruabl ¥ KETOHbI B KUCJIOW cpelle MPOTOHUPYIOTCS ¢ obpa3ona-
HWEM OKCOHUEBOTO KAaTUOHA:

5:5-

H
5 g
R-EC R+ H®? —> R—C 2

R".

KapGoHWIbHbIE COEAUHEHUSI OTHOCSTCS K YUCTY OYeHb cnabbix
OCHOBaHUWM, HAMHOro Gonee cinabbix, YeM BoAa M CIUPThL. Tak, Ha-
[IpH¥Mep, alleTOH OKAa3bIBAETCA HAIMOJIOBUHY MPOTOHMPOBAHHBIM TOJBKO
B 82%-# BOAHOW cepHOM KHUCIOTE, T.€. B CWIBHOKHCIIOM pacTBope. 3T0
COOTBETCTBYET 3HaueHUIO pK, =—7,2 ANs cONpSDKEHHON KMCJIOTHI aile-

TOHA (CH3)2C=8H. Jng cpaBHeHHS HANOMHMM, 4YTo pK, KaTuoHa
H,;0® pasno —1,7, T.e. conpsKeHHbIE KAPGOHWIBHBIM COEIMHEHNM
KHCIOTHI MPOSIBISIIOT CBOMCTBA OYeHb CHJIBHBIX KHMCIOT. TeM He Me-
Hee, ciabbie OCHOBHBIE CBOMCTBA KApOOHWIBHOU TpYIIibl UTPAIOT UC-
KJIIOYUTENBHO BOXHYIO POJIb B MHTEPIIPETALMH XMMHYECKUX CBOMCTB
AJIbAETUAOB U KETOHOB.

16.1. HOMEHKIATYPA AIBAETHAOB U KETOHOB

TpuBHabHbIE HAa3BaHUS ANbACTHMAOB IPOMUCXOAST OT Ha3BaHUs
KapBOHOBbIX KHCIIOT C TEM XE€ YHUCJIOM aTroMOB yriepozaa (tabu. 16.1).
B aToit HOMeHKIaType 3aMecTHTeI 0603HaYaIOTCs TpeyeckuMy Byk-
BaMM o, B, Y ¥ T.X., HAUMHAA C YIIEPOOHOro aToMa, Gruxaiuero K
KapbOHUJIBHOMY Yriepomy:

O

Y a
CH, —(IZH —CH,CH,C__ u ¥-OpoMBasiepHaHOBDIi ATHICTHA
Br
o /0
CH, —(IZH —CH,—C ~H B-rMapoxcUMacISHbLI AThAETHA
OH

KeToHb! UMEIOT TPUBHAIbHBIE HA3BaHUS, BKIOYaolue cydpduxe
«KeTOH» U Ha3BaHUI OOOMX AJKWIIbHBIX PAIUKAJIOB:

7 I
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Jns obo3HaueHust 3aMecTUTeNel B 3TOI HOMEHKJIATYpe TakXKe MC-
NoJb3yloTCsA OyKBbl rpeyeckoro ancdapura:

[
BrCH;(IZHC —CH,4 B -OpOMH3OTIPONTUIMETHIIKETOH
CH;,

CornacHo Homenknarype UIOIIAK, Ha3sBaHMS annierunos npo-
HCXOJNAT OT HA3BaHMWs AIKAHOB C JOOABIEHHMEM OKOHYAHMS «alb»
(cM. Taba. 16.1). Tak kak ansaerunHas rpynna CHO Bcerna HaxoguT-
cd Ha KOHUE Lenu, HeT HeoOXOAUMMOCTH B clellManbHOM o6o3Have-
HUM MOJOXKEHUs 3TOH TPYIIbl, HO KapOOHWIILHBIA aTOM yriepoja
BCcera UMeeT MepBbeId HoOMeEp:

5 43 2120
CH;(IZHCHz(llHC\ 2-TUAPOKCH-4-XJIOPNIEHTAHTb

d OH H

6 5 4 3 2 1.0
CHJ—(llH——-(EH—-CHZCHZC 4, 5-AMMETWITeKCaHTb

Sy
CH, CH,

B Gosee clIOXHBIX CIyYasx albAerU] HAa3bBAIOT, UCITONb3YS OKOH-
YaHUEe «KapOaJbaeruiy»:

2, 3-AHMETMILIHKITONEHTaHKapOuTbaern

OnHako B TaKHX cilaydyasx Ipolue BCero Ha3bIBaTh aNbAerUIHYIO
rpynny GopMHABHON! rpynmnoii:

0]
CHO

2-hopMMITLIMKNOreKCAHOH



Ta6anua 16.1

Temnepa-

Temnepa-

Ha3mauwe Tl:'";':mw Dopmyas e o | pa nm:;u_:m,
1 2 3 4 5 6
Aubieraas
Mertanans dopmansaerna| HCHO -93 —21 0,82
ripu
—20°C

DTaHanb aueransaerua | CH3;CHO -123 21 0,78

INponaHann nponuoHosklit | CH;CH,CHO —81 49 0,81

Byrananb Mac/IstHbIMH CH;(CH,),CHO -99 76 0,82

2-Meun- n3oMacnaHbit | CH,CH-CHO —66 61 0,79

TiponaHas CIJH3

Ieuranans panepuanoBhliil CH;(CH,);CHO =91 103 0,82

I'ekcaHanb KanpoHoBu# | CH;3(CH,)4CHO -57 131 0,83

lenranans 3HAHTOBHIA CH;(CH,)sCHO —45 155 0,85

Benzaneaerun | 6ensansgerna | C¢HsCHO —56 179 1,05

denunstaHanb | pennn- Cg¢Hs CH,CHO -33 193 —
YKCYCHBINA

IIponeHann aKpoJieUH CH,=CHCHO —88 53 0,84

2-Byrenann kpotoHoBui#t | CH;CH=CHCHO =77 104 0,86

2-'napoken- | canuumnosuit | o-HOC¢H,CHO 2 197 1,16

GeH3anbaerua

n-Metnn- n-tosywiosniii | n-CH,C¢H,CHO — 205 1,02

GeH3anbaE M

o-Metni- o-TonywnoBHii | 0-CH;CcH4CHO — 196 1,04

GeH3anpaerua

M-Metun- m-Tonywnosslii| -CH;CH,CHO - 199 1,02

GeH3anbaerua

3-Merokcu-4- | BaHWIHH OCH, 82 285 —

I'HIpOKCHOeH-

3a/ibaernn HO CHO

Keronn

INponaHoH aleTOH CH;COCH;4 —95 56 0,79

ByraHoH METHISTHI- CH;COCH,CH, —86 80 0,80
KETOH

IleHTaHoH-2 meTwinpormun-| CH;COCH,CH,CH; —78 102 0,81
KETOH

IleHTaHoH-3 mm3thiaketod | CH;CH,COCH,CH;, —42 102 0,81

lexcaHoH-2 metunbymn- | CH3;CO(CH,);CH, —57 127 0,83
KETOH

I'ekcaHoH-3 stwinponun- | CH3CH,COCH,CH, 124 0,82
KETOH CHj;

I'enTanoH-2 metwnnertin- | CH3CO(CH,)4CHj —36 151 0,82
KETOH

10




OxkoHYaHHueE

Tabamus 16.1

2

3

4

5

6

lenTaHoH-3
lentaHoH-4
Luxno-

NMEHTAHOH

Lukro-
reKcaHoH

AuetodeHoH
MponnodeHoH

bBeHsodeHoH
ByTeH-3-0H-2

4-MeTun-
neHTeH-3-0H-2

BbymupoderoH

aTunbyrmn-
KETOH

OHMPOMNHUI-
KETOH

(0]

vl

0]

O

MeTHA(eHWN-
KeTOoH

3THIhEeHUT-
KEeTOH

JUdeHWIKETOH

METHWIBHHHUI~
KETOH

OKHCh
Me3uTHIa
NpOIuN-
deHmkeToH

CH;CH,CO(CH,)3;CH;
C3H,COC;3H;>

unkno-C4HgCO

uuxno-CsH1oCO

CgHsCOCH;
C¢HsCOCH,CH;

CsHCOCH;s
CH;COCH=CH,

(CH3),C=CHCOCH;,

CsHsCOC3H-

-39

2]

2]

11

148

144

130

157

202

218

305
80

131

232

0,82
0,82

0,95

0,94

1,02

1,01

0,86
0,86

0,99

HOnsa xeroHoB HomeHkinatypa UIOITAK ucnonb3yeT oxkoHua-
HHe «OH», NMpHbaBIseMOe K Ha3BaHUIO COOTBETCTBYIOLIETO AJKAHA.
Haubonee minHHYIO nNenb aMKINMYECKHX KETOHOB BHIOMpAIOT Ta-
KM oOpa3omM, 4TOoObl oHa o006s3aTeNbHo BKJIOYaina KapOOHMIb-
HYIO IpYIY, U ee HyMepanus MpOHU3BOAMUTCA KaK OObBIYHO TAaKHUM
o6pa3oM, 4TobGbl KapOOHMJbHBIA yrjiepoJ MONy4yuJ HaMMEHbLIMHA
HoMep. B mMKIMYEeCcKHX KeTOHaX KapOOHWIbHbIH YIIepOld OTpeAeis-
€T HayaJlo HyMepaLuH:

CH

2-x10p~4-METHALMKIOTIEHTAHOH

O

Cl

§ 7 6

CH,CH,CH,
N 2
CH;CH,—CH—CH,C—CH,CH,

40

S-3TMIOKTAHOH-3

Ecau B MoneKkyne KETOH2 UMeeTcsl Apyrasi, Oonee craplias ¢pyHK-
nuvoHanbHas rpynna — CHO, COOH, ans 0603HaYeHUsT KeTOTPYIIIbl
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HcIoNb3yeTcs npedUKe «OKCO» C HOMEPOM, COOTBETCTBYIOLIMM IO-
JIOXEHHI0 KapOOHWIBHOI'O yIiepolda KEeTOHHOM TPYIIIbI:

6 5//04 3 2 1
CHJC—CHz(IJHCH2CHO 3-MeTvI-5-0KCoreKcaHal

CH,

XenatensHo M3GeraTb CMEIIEHHMS JABYX PA3NUYHBIX HOMEHKJIATYp —
o6biyHo#t M UIOTTAK.

16.2. IOJYYEHHUE KAPBOHWJIbHBIX COEXUHEHMN

CyuiecTeyeT OONbIUIOE YHUCIO Pa3sHOOOPA3HBIX METOIOB IONyYe-
HMS1 KapOOHWIBbHBIX coenuHeHUit. HekoTopble U3 HUX ObUIM roapo6-
HO ONHKCaHpl paHee B APYTHX INlaBaX. 37ech MPUBOJIUTCS TONBKO KpaT-
Kasi CBOJKa OCHOBHBIX METOJOB IOJyYEHHMS AJbJETHAOB U KETOHOB.
bonee moapo6GHO 3TH peaKLIMH paccMaTpUBAIOTCA B JAPYTHX I1aBax.

16.2.1. HIOJIYYEHME ANBJAETAA0B
16.2.1.a. OKMCJIEHHUE IMEPBUYHHX CITUPTOB

Dra peakuusa 6buta MoApoOHO onMcaHa B M. 11, mosToMy 3mech
MPUBENEHE] TOJBKO OTAENbHbIE IIPUMEPHI:

Cl'03 -2 C5H5N

1) CH4(CH,)sCH,OH
) CH3(CHp)sCH; CH,Clp; 25 °C

> CH,(CHp)sCHO ;

1-rerrraHon rernTaHanb
(93%)
CIO3 . C5H5N'HC] M
2) CHy(C =C OH > C C=CCHO ;
) CH3(CH)sC=CCH; CH,Cly: 25 °C Hj(CHy)y CHO ;
OKT-2-MH-1-051 2-OKTHHAB
(84%)
MnO,
) HC=CCH (|JCH20H CH,Cl; 25 °C CCH=CCHO
CH, (72%) CH,

16.2.1.6. O30HOJIU3 ATIKEHOB

O30HONU3 CUMMETPHUYHEIX JAU3AMENIEHHBIX AJIKEHOB C Iociae-
OYIOIUMM BOCCTAHOBUTEJNbHBIM PAacLUEIUIEHUEM O30HHIAOB SABISETCS
ob1IUM METOHOM MONYyYeHUs anbaerunoB (ri. 5). Ins HecuMMeTpu4-
HBIX AU3AMELIEHHBIX AIKEHOB, TAKKe KaK JUIS TeTPa3aMeIleHHbIX Mpo-
M3BO/JHBIX C MOMOLLUBIO O30HOJM3a MOJNYYaloTc KeTOHBI. Eciu o3o-
12



HOMU3Y MOoJBEPraeTcs UMKINYECKHil aiKeH, oOpasyeTcsl AMKapOOHUb-
HOe cOoenMHeHHe, HANpuMep:

[ 1) Oy; CH,Cly; =78 °C
CH,CH =
2 2) Zn + CH,O00H

1 -IrnuMKnorexceH

V.
— > CH,CH,CZCH,CH,CH,CH,CHO
6-oxkcookraHanb (86%)

B Hacrosiiee BpeMs ¢ 030HOJU3OM YCIIEIUHO KOHKYPHPYET OKMCIHTE b
Has NeCTPYKLUs ankeHoB Nox aeicraueMm cMecu 0sO, u NalO, (1. 5):

1) OsO4-gnoxcan

CH;(CH,);CH=CH
A(CH)s ? "2) NalO,—H,0

I-nonenieH

CH;(CH,)yCHO .
yHaexaH1s (68%)

16.2.1.s. BOCCTAHOBJIEHHE IMTPOHU3BOIHbIX KAPBOHOBBIX KUCJIOT

Lenstit psan GyHKUIMOHANBHBIX NMPOU3BOAHBIX KAPOOHOBBIX KHMC-
JIOT — raJloreHAHTHAPHUABI, CHOXHbIE 3bUPBI, HUTPWIbI, THAIKHI-
aMMIB! MOTYT ObITb B OAHY CTaJMIO IMpeBpalleHb! B aNhIerHabl IMpH
IelicTeuM cnienududeckux BoccTraHoBuTeneil. IloapoOHoe omucaHue
3TUX peakumit 6yaet nmposeaeHo B 1. 18 (4. 3), NocBsSWIEHHON! CBOM-
CTBaM IMPOM3BOAHBIX KapOOHOBBIX KHUCJIOT. 31eCh MPHUBEAEHBI TOABKO
HeKoTopble HauboJee TUMUYHbIE IIPHMEpDI:

0) (6]
CH,CZCl Hy Pd/BaSO, CH,CZ
1) Imiallerar H
wnu Tonyon; 25 °C

LMKIOTeKCHIALETWIXJIOPHA uMKaorekcunauetansaerua(70%)

1) LIAIH [OC(CHys];

//0 //0 TI‘ @ wnr ouraHM
102 QLo T oo )
2) CH;0H

XJIOPAHTHAPHI TepecdraneBblit
TepedraneBoil KMCIOTHI ansaerun (77%)

(CH;);CHCH;\
ToNyon
3) CH3(CH2),6COOCH; + AIH =~ CH3(CHp10CHO;
METWLIOAEKAHAT (CH;);CHCH/ nopexanans (88%)

AMM300YTMNATMIOMHHHI-
rvapua (QUBAJI-H)

13



1) LIAIH{OCH,CH,0CH,),

4) (CH,){CCOOCH, — 130, 25°C CH,),CCHO ;
) (CHjy); ) 3 2) CH,0H (CH,)4 ;
METHWJIOBBINA 3hHp TPHUMETHIYKCYCH bIi
TIMBATHHOBOIN KHCJIOTHI anbaerun (81%)
1) LIAIH(OC,Hjs),; >dup
5) (CH):CC—N(CH) ;5 15 Z33 (CH,),CCHO .
0 2 (88%)

16.2.1.r. [IOJIV4EHHE ANBAETHIOB r’MAPOBOPUPOBAHHEM —
OKHUCIIEHUEM AJTKMHOB-1

H

Tr®
CH,(CH,)sC=CH + (Sia),BH——> CH;(CH2)5C=C: —
1-oKTHH H B(Sia),
10 iy (cH,yecHO.
NaOH  oxmanans (70%)

DTOT YHUBEPCANbHEIN MeTo onucaH paHee B 1. 7. Ilo cBoei Me-
TOJOJMOTMH K HEMY IPHMBIKAET CIOCc00, OCHOBAHHBIM Ha rUOpPOCH-
JIMIMPOBAHHUU TEPMHUHANBHBIX ANTKUHOB C MOCAEAYIOLIUM 3ITOKCHIM-
pOBaHMEM W KHUCIOTHBIM paculelieHHeM OKCHPaHOBOIO [HMKJIA:

Cl

| P
rc=cy BB RCH=CHSIR;

COOOH o
» RCHZ

~ .pl
CHSiRy—>

H® H®
éi;(—)—l-—[—» RCH,CH(OCHj;), W RCH,CHO

16.2.1.a. THAPOGOPMHUJIMPOBAHUE ANKEHOB (OKCOCHHTE3)

3TOT MeTO/ MONYYEHHUS ATHIETUIOB UCIIONb3YeTCS UCKITIOUUTENBHO
B IPOMBILUIEHHOCTH. AJIKEHbI NMpH 0OpabOTKe OKMUCBIO yrjiepoga M
BOJOPOAOM IOA [aBJEHHEM IIPH IOBBIMIEHHONW TeMIreparype B IpH-
CYTCTBMH OKTaKapOOHMAAMKOOAIbTA MK APYTHMX FTOMOI€HHBIX METAN-
JIOKOMIUIEKCHBIX KaTAIU3ATOPOB 00pa3yloT abaeruabl. Peaomuii yec-
fex B OKCO-CHHTe3e ObUI JOCTHUTHYT Oylarofaps UCIOJB30BAHUIO Me-
TAJUTOKOMIUIEKCHOTO KaTanu3a. ®akTHyecKH 3T0 OBUT MEPBLIi IIpUMeED
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TOMOTEHHOr0 METAIOKOMILIEKCHOIO KAaTaJiM3a B OPraHMYecKoM Xu-
MHH, KOTOPBIil Cpa3y Xe NnpUoOpes BaXHOEe 3HAYEHUE AT XHUMHYeC-
KoM TexHonoruu (ri. 28, 4. 4):

Coy(CO)
RCH=CH,+CO+H, 150°C. 100=350 amu RCH;CH;CHO + RCHCHO .

CH,

Konu4ecTBo M30MepHOro pa3BeTBIEHHOTO AJMBAErMAa MOXHO CBECTH
K MMHHMYMY, €CJIH B KayeCTBe KaTajau3aTopa B ropasgo Gojee Msr-
KHMX YCJIOBHSIX HCIIOJIb30BaTh roMoreHHble Komiuiekcol Pt(II) ¢ opra-
HUYECKMMH JIMraHaamu win 6onee 3tdbeKTUBHBINA THIPOXIOPUI U~
uunioneHranueHwiuMpkonus (CsHs),ZrHCI:

(C5H5)2ZrHCl
CH,CH=CH, + CO + H, —2“""~, CH,CH,CH,CHO .

OCHOBHBIM COBpEeMEHHBIM MPOMBIIIUIEHHBIM METOIOM NOJYYEHUS
YKCYCHOTO ajIbJerria sBJISEeTCA KATATUTHYECKOE OKHCIEHUE 3THIIE-
Ha, MOJYyYaeMoro B OFpOMHOM KOJHYECTBE MpH KPEKHUHTE YIJIEBOAO-
POJOB. DTWIEH OKHUCIAIOT B BOJHOM PACTBOpE, COAEPXANIEM XJIOpH-
el naviaaus (I1) 1 mequ (II) (Tak HaspiBaeMelii «Bakep-mpoueccs).
Karanuaarop pereHepUpylOT NpH AeMCTBHM KMCJIOPOAA B YC/IOBHAX
HeIpepbIBHOI'O CHHTE3A:

CH,=CH, + PdCl, + H;0 — CH,CHO + Pd + 2 HCI ;

Pd + 2 (.ﬁ.l(:lz—> Pdclz + Cu2C]2 y

2 CU2C]2 + 02 +4HCl—> 4 OJC]Z +2 H20 .
3ToT IIpouecc MMECET ropasno 6oJblilee 3HA4YeHHE, YEM T'HUaparauusa
aleTWICHA 10 peaKUuuH quepOBa WK OCTUAPHUPOBAHHE 3TAHOJA HA
XpPOMHUTE MEOIH HIHU MeTaJUTMYeCKOH MCIOH.

(DopMaJ'[bI[CI'HIl IMOJIY4YaloT B IIPOMBIUNICHHOCTH KATAJINTHYCCKHUM
JETUIpUpPOBAHUEM METAHOJA:

600—650 °C; Ag

CH,OH > HCHO + H, .

3T1a peakuusi 3HIOTEPMHUYHA, W JUIA MOAREPXAHUS TpeOyeMOro TeM-
NepaTypHOro pexyMa BbUIEISIOUUICA BOLOPOL CXMTAIOT.
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16.2.2. IOAYYEHHE APOMATHYECKMX AJIBAETHAOB

MHorue peakuuy MONYy4eHUsT aJbJerMIOB aApOMATUYECKOro psna
MPYHUMITHANBHO OTIMYAIOTCS OT METOJOB CHHTe3ad anudaTHyeckux
anpAaernaoB. Hekoropble U3 HUX, OCHOBAaHHBIE HA PEAKIHMH IJEKTPO-
¢$buIbHOrO apOMaTHYECKOTO 3aMelieHHUs B BeH30NbHOM KOoJiblie, ObLIN
paccMOTpeHbI Cpedy APYTHX MPOLIECCOB 31eKTPOPUILHOTO apoMaTH-
YecKoro 3aMeuleHus. OTo oTHocuTcs K peakuusam larrepmana, I'ar-
tepMaHa—Koxa, Bunbcmeitepa u Peitmepa—TumaHa. [Ipyrue crieum-
¢buyeckre MeToIbl MONYYEHUsI apPOMATHYECKUX AJIbJErMAOB OYAyT pac-
CMOTpEHbBI B 3TOM pa3lzene.

16.2.2.a. OKUCIIEHUE APOMATUYECKHX METWIHIPOU3BOJHBIX

MeTtWibHas rpynna y apoMaTMyeckoro Kojiblia B IpHHUMIIE MO-
XeT ObITh OKMCJIEHA O AIbJErHJAHO# IPyMbl Je#iCTBUEM XPOMOBOIO
AHTMIPUAA B PACTBOPE YKCYCHOTrO aHruapuaa. JanpHeileMy oKucie-
HHIO AILIETHIOB 10 KAPOOHOBBIX KMCIIOT IPEMSITCTBYET 06pa3oBaHHe
reMHHAIBHOrO MAaLeTaTa, KOTOPbIi yCTOWYMB B 3THX ycnoBuax. Kuc-
JIOTHBI MMAPONM3 ANALIETATA B BOAHOM CIIMPTE IMPUBOAMUT K aJIbJETH-
noy. Beixogs!l anbgerdaoB peako npesblnaloT 50—60%, ¥ 3TOT Meron
JAJIeKO He YHUBEpCAJIeH:

CrOy; (CH,00),0
1) CH CHf—————* (AcORHC CH(OAc) ™
H,S0, .
—_— ’
H,0—CH,CH,0H Orc < > (5[():9;0

1) CrO;; (CH,C0),0
2 CH, 2; o I QCHO'
@5%)

Br Br

B mpenapaTvBHOM OTHOLUEHHH 3TOT METO[ YAOOHEE OKMCIICHUS
noj AeMCTBHEM XJIOPUCTOTO XpOMWIA, KOTOPOE C TPYAOM IoAmaeTcs
KOHTPOJIIO M YACTO IPUBOIUT K CIIOXHOM CMeCH IpPOXYKTOB.

BeH3anbAerua B HacTosulee BpeMs MONYYaIOT B [IPOMbBILLIEHHO-
ct¥ ¢ BeixogoM 50% mnpsiMbIM OKMCIEHHeM Toayosa mpu 500°C Han
KaTaJIN3aTOPOM, COCTOSILIIMM M3 CMECH OKCHIOB ypaHa M MONMUOIdeHa.
DTOT MeToA MOCTENEHHO BhITECHSAET CTaphiit criocod nonydeHus 6eH3-
anpAeruna regponusoM 6eHzanbxtopuna C¢H;CHCI,:

H,0; Fe
—

CgHsCHCl, C¢H,CHO + HCl .
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16.2.2.6. APOMATUYECKHE ANNBAErvMbl
M3 TAJIOTEHMETHUNAPUIIITPOU3BOAHbIX

BeuawiramoreHuabl, nMojyyaeMble Npu AeidcTBuu N-6poM- n N-
XJOPCYKUMHHMMIR Ha anKuiGeH30J1, JIErko MpeBpalialoTcs B apoMa-
THYECKHe alhleruanl ¢ noMourbio peakunu M. Commne (1913 1.). Ben-
3UJICAJIOTEHWIbI BBOAAT B PEAKLMIO C M3IOBLITKOM reKCaMeTHUIeHTeTp-
aMMHa (YpOTpONHHA), a2 o06pa3yIoUIylocsl IIPH 3TOM COJIb OOBIYHO HeE
BBIIENSAIOT, @ HEMOCPEACTBEHHO MMAPOJM3YIOT A0 albleruiaa:

N N
f W CHCl, @f W H®
ArCH,X + N N — ArCH,—N N H—o'>
\/ N\/ X ’

N ©

OeH3MI- reKCaMeTHIeH-
TajloreH|]] TeTpaMuH

——»| ArCH,~NH, + HCHO + NHy=—=> ArCHQ'\in —
H+ o
CHA=NH

H,0
— ArCH=NH + CH;NH, —ﬁ%’—’ ArCHO + NH; + CH,NH, .

ITepenoc ruapun-uoHa ot nepsuyHoro amvaa ArCH,NH, k umu-
HueBolt conu GopManLIeruaa SBiseTCs IBUXYILEH CHION BCEro oKMc-
JAUTENLHO-BOCCTAHOBHTENBLHOIO NpoLecca, NMPUBOAAILILTIO IOCae THi-
poan3a K oOpa3oBaHMIo apaeruaa. Peakiius CoMMie NMpuMeHMMa U1
CHHTE3a CAMBIX Pa3HBIX APOMATHYECKHX M NETEPOLIMKINYECKHX aIhIe-
ruaoB ¢ Beixogamu S0—80%:

CH,Cl CHO
l) (CH2)6N4, CHClg‘
2) CHyCOOH-H,0
(75—-80%)
| 1) (CHpgN, o
2) CH,COOH-H,0 CHO
s~ “cH,C1 2 CHy 2 S

(50%)
17



Pa3zHoBHAHOCTbIO 3TOM p€akKuUMH MOXHO CYHWTATh IOJIYUYEHHUE apomMa-

®
TUYECKUX ANbaernnoB U3 yetBeptuyHoit conu ArCH,NCsHsX ™, obpa-
aylomieicd M3 GeH3UITAIOreHUIOB M MUPMAMHA. 3Ta COJb MPU KOH-
JEHCAUMHM C n-HUTPO3OAMMETIUIAHUIMHOM, KaTaNU3UpyeMOH OCHO-
BaHMeM, NaeT UHTEpMEIMaT, FHAPOJU3 KOTOPOre B KMUCIOH cpene
NPHUBOAUT K albIAeTHIY:

[S]
ArcHBr SN A cnResngsr NOH, [AICH—NCSHS}
cl)e
(CHa)zN@N=0 Ar—CH—N—@—N(CH3)2 H,0
| e Eal

‘s
g
— ArCHO + (CH3)2N@NHOH + HI(?ID
(50-75%)

HecmoTps Ha kaxyiiyiocs coXHOCTb, peakiiusl Ype3BblyaiiHo yao6Ha
B MMPaKTHYeCKOM OTHOWIEHMH, IIOCKONBKY He TpeGyeT Bblae/leHus Ipo-
MEXYTOYHBIX MPOIYKTOB M OCYLUECTRISIETCS B OYEHb MATKHMX YCJIOBHSIX.

OxkucneHue GEHIWITATOreHUIOB U GEH3UITO3UIATOB C [TOMOIIBIO
AMCO 6bsu10 onucaHo paHee, B . 11.

16.2.2.s. OKUCJIIEHUE BEH3WITAJIOTEHHUJIOB
B APOMATHYECKHE AJIBAETHAbI
C NOMOLUIbIO COJIEM 2-HUTPOIIPOITAHA

ApoMaruyeckue raJoreHMeTHIbHbIE NPOM3BOIHbIE ANKUJIUPYIOT
aMOMAEHTHBI aHHOH 2-HUTPOIIPONAHa IO ATOMY KHCJIOPOa:

ArCH,Hal + HIC—C—CH; — |CH;—C—CH, —
| So GHsOH Il
CHAr
+ l
o} OJ
—— ArCHO + (CH;),C=NOH HUTPOHOBBIH 3¢Mp

3TOT MeToa, MpeIoXeHHbI# XaccoM, SBISETCA MpPeBOCXOAHBIM 06-
UMM crIoco60oM MoNyYeHHUs apOMATHYeCKHX aJIbAETHAOB, CONEPXKaMX
caMble pazHOOOpasHbIe 3aMEeCTUTEIM B GeH3onbHOM Konble. Mckio-
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YeHHEe COCTABJIAIOT JIMILUbL N-HUTPOOEH3WIbHbIE MPOU3IBOAHbIE, ANKH-
NUpyOIHMe AHUOH 2-HUTPOIPONaHa 1o aTOMY yriepoaa o MOoH-pa-
IUKATbHOMY LEeMHOMY MexaHuaMmy (rn. 15).

16.2.2.r. MOAYYEHUE ANBIETHIOB U3 ITPOU3BOJHBIX
APOMATUYECKHMX KAPBOHOBBIX KHUCIIOT

BoNbIUMHCTBO METOOOB CHHTE3a apOMAaTHYECKHX abIEerHAOB M3
MPOM3BOAHBIX KAPOOHOBBIX KUCNOT AYONMPYIOT peakuMH MONyvMeHHs
anudaTHYeCKUX aNbIErMIOB, OMMMCAHHbIE paHee B IpeAblIYLIHX pa3-
Jenax. 3aech Mbl IIPUBOIUM HEKOTOpPbIle BaXHBIE peaklUU, XapaKTep-
Hble JJI1 CHHTE3a MMEHHO apOMAaTHYeCKHUX aJIbJerHAOB. ANbIEIHIbI [10-
JYYAIOT U3 apoMaTHYeCKMX HATPWIOB Mo peakuuu I'. Credena (1925),
KOTopasl 3aKJIio4yaeTcss B MPONMYCKAHWM Ge3BOXHOIO XJIOPHUCTOIO BO-
JOpoJa Yyepes pacTBOp HUTPWJIA ¥ Ge3BOLHOIO ABYXJIOPUCTOIO OJIOBA,
monyyeHHoro K3 onosa U SnCl,, B abconoTHoM 3¢dupe. Hurpui npu-
COEMUHSAET MOJIEKYJy XJIOPUCTOro BOAOPOAA C 0Opa3soBaHUEM HMH-
JOXJIOPHAA, KOTOPbI BOCCTAHABIMBAETCS IBYXJIOPUCTBIM OJIOBOM OO
anbIUMMHA. [MOpONMU3 aNbIMMHUHA JaeT AIBJErHI C MMPEBOCXOXHBIM
BBIXOIOM:

ArC=N + HCl — Ar—' =NH .

Cl
HMUIOX/TOPHI

@ -
2ATC=NH + §nCl, + HO—= [ArCH=NH,],SnCl; .
Cl

e u®
[AfCH=NH,],sncti;. HOHi H _ \ ciio  (60-90%).

JIpyruM MeTOoZOM IONyYeHUs apoOMaTUYECKHUX albIeCHIOB ABJIA-
ercst MeToa 3o0HHa—MioJuiepa. AHWAWI KMCNIOTh! IIpeBpalaoT B MMU-
JOXJIOPHI C ITOMOLIBIO naTuxiopuctoro docdopa. locnenyrouue cra-
JUM aHaNOTrMYHEI peakiiuu CredeHa:

?1
ArC=NGCgHs + POCl; + HCI .

I
ArC—NHGCH; + PCls

Cl

[
[ArCH=NHCH,],SnClg .
(70-90%)

Ar—C=NC¢H; + SnCl, + HCI

o) - - H®
[ArCH==NHCH,],snc” HOB H _ , cHo (70-90%) -
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16.2.3. TIOJIVYEHHE KETOHOB
16.2.3.a. OKUCJIEHHUE BTOPHUYHbLIX CIIMPTOB
Cr0; - 2 CHsN

CH,Cl,; 25 °C
OH 2-okraHon 2-oxraHoH (97%)

CrO3_H20—stO4‘
2) (CH3)3C—<:>—OH p—T TS (CHJ)JC—<:>:0

4-mpem-6yTHNUMKIOTEKCAHON 4-mpem-6yTIIILMKIOTeKCaHOH (90%)

0

CrOy~H,0—-H,S0, I

3) PhCH—C==CH = s PhC—C=CH
aueroH; 25 °C

OH (80%)

1) CH;(l:H(CH,_)SCHg » CH,CO(CHy)sCHj .

16.2.3.6. THIPATALIVA AJIKWUHOB I10 KYYEPOBY

H,S0,; HgSO, Il
1) CH4(CH,);C=CH + HOH HOH CH4(CH,),C—CH,4
l-rexcuH rexcaHoH-2 (80%)
_ V4
2) + HOH w—’
OH OH
(67%)

16.2.3.s. THAPOBOPUPOBAHUE — OKUCIIEHUE
HETEPMHWHAJIBHBIX AJIKUHOB

1) B,Hg; TT®
2) H,0,~NaOH

1) CHyCH,C=CGC,H; CH;CHZ(”:CHquHS

3-reKcMH 3-rexcaHoH (60%)

16.2.3.r. AUMJIMUPOBAHWUE METAJUIOOPTAHUYECKHWX COENJUHEHU

HecuMmeTpHuUuHble U CUMMETPHYHbIE KETOHBI MOTYT OBITh IO-
JY4YeHbl C HHU3KHM BBIXOJOM IMPH B3aUMOIAECHCTBHMH KagMHHoOpra-
HUYECKHX COEAMHEHUH C alLMITaJoreHU1aMHU B HEMOJSPHOU cpe-
ne (I. Twnbman, 1935):
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bup R'COR? + R2C4Cl .

//O 2
R!C—Cl + RCd =
Ul H30J1 (30 50%)

Bonee yio6HEIM METOOOM CHMHTE3a HECMMMETPMUYHBIX KETOHOB
amdaTHYecKoro, alMKJIMYECKOro 1 apoMaTHYECKOro psla SBNACTCS
auMINPOBAHHE PTYTHLOPraHMUYECKMX COCOMHEHMM noa AciicTBUEM ca-
MBIX pa3HooOpa3HbIX aALHJITATOTeHKIOB B MIPUCYTCTBUM 3KBUMOJIBHO-
ro xoiauuecrsa 6e3pogHoro 6poMuIa ajJlIOMHHHUSA B XJIOPUCTOM METH-
neHe (O.A. Peyros, WU.II. Beneukasn, A.JI. Kypu, 1969). Peakuus nmpo-
BOAMTCSE B UCKIIOYMUTEABHO MATKUX ycnoBusx, nmpu —20°C, a BbIXoAbI
KETOHOB OY€Hb BbICOKH:

AlBl'3 o
CHzC] 2% =20 °C

0
R—cZR2.
(75~100%)

1 P 2
rR'cZ-cl + RiHg

CoBpeMEHHEIM METONOM CHHTE3a KETOHOB C MOMOLIBIO METAIOOP-
raHWYECKHUX COECAMHEHM ABNACTCA AUWIMPOBAHME OHANKHI-, oMaT-
KEHWI- U JUapWIKYIpPaToB:

CH3(CHp)400C1 + (#CyHg)yCuli — = Lo 378‘1"_% CH3(CHp)sO0(CHy)sCHj .
PEKCAHOWIXJIOpUIL  AMOYTWIKYnpat S-nexanon (79%)
JIHTH4a

3aech MpUBEACHBI TONBKO HEKOTOPLIE, OTIHYAIOLIHECS IIIMPOKHM
pasHooOpa3ueM MeToObl CHHTE3a KETOHOB. B 3Ty cBOAKY He BOLWIM
MHOTHE, XOpOIIIo 3apeKOMeHIOBaBIlIMe cebst METOMbI, TAKME KaK 030-
HOJIM3 M OKHMCJIUTENIbHOE paclielUleHHe aJIKeHOB, pacllieIUleHue -
KOJIeil, MMHAaKOJIMHOBAA NMeperpynnupoBKka, KAp6OHWINPOBAHUE TPU-
aNKWIBG0paHOB, CMHTE3bl C ALETOYKCYCHBIM 3(MpoM, AIKHIMPOBa-
HHeE eHOJIAT-UOHOB, KOTOpLIe 1M60 6bLTH onMcaHkl paHee, 1nbo OyayTt
paccMaTpuBaThC B APYTHX IVIaBaX. YNOMSIHEM 31ech euie o6 oZHOM
CTapoM OPHUITHHAJIbHOM METOJEe CHMHTE3a KETOHOB IMHUPOJH3OM CYXMX
Ca-, Ba-, Th-coneit xap6oHoBbIx KucaoT nipy 350—450°C:

0
rcZ0
“Ba —290°C . ReoR + BacO, .
RCO
)

Hexoraa MUPOAN3 ABJISAJICKE OCHOBHBIM CIIOCOGOM MOJIYYEHUS Ke-
TOHOB, U B Y4CTHOCTH alieTOHA, U3 auerara Kanbuus. B HacTosiee
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BPEMS OH COXPaHMJI CBOE 3HAaYCHMWE TOJILKO IJIsSl MOJYYCHHA HEKO-
TOPBLIX BbiCLIMX anudaTHYecKMX KETOHOB, HalpUMep cTeapoHa M3
CTEapHHOBOM KMCJOTbI, U 0coGeHHO N MOJy4EeHHSA HEKOTODBIX
LMKIHYECKUX KETOHOB [PH MMUPOIU3E collell OUKApPOOHOBBIX KHC-
JoT. LIMKnoMneHTaHoOH, LIMKJIOreKCaHOH MojyyalTcs ¢ BbixoaoM 80%
NMpH HarpeBaHWM CMECH COOTBETCTBEHHO aAMITMHOBOI W NMMENIN-
HOBOM KMCJIOT ¢ I'MApoKcHAOM Oapusi unu xanbuusa. Jns mukio-
refTaHoHa M LIMKIOOKTAHOHA BbIXod Majaet oo 20%, a uukiudec-
kue KetoHbl C9g—Cjy Boob6ile He MOryT ObITh MOJYYEHBI 3TUM CIO-
co6oM. DTOT METOA HEyIOBIETBOPMTENCH M IUIS CHHTE3a BBICIIMX
LUMKJIHYECKMX KETOHOB, MOCKOJIbLKY BbIXOAbI HE MpeBhILIAIOT 2—5%.
HekoTopoe 3HaueHMe MMeeT NMPOMBILUIEHHBbI MeTOJ MOJYy4eHHS
BBICIUMX CHMMETpHUYHBIX aju¢aTUYeCKMX KETOHOB ¢ BbIXOA0M 60-
nee 80% npu kunsuyeHun KapboHoBbIX KuciaoT Cs—Ciy ¢ mopoill-
koo6pa3HbIM XeJjie3oM npu 250—350°C:

2 CHy(CH,)§COOH ——L&» CH;(CH,)sCO(CH,):CH;
300 °C
JIEKAHOBAsA KMCJIOTA 10-HoHaaekaHoH (96%)

HonyyeHne apoMaTHYECKHMX M XUPHOAPOMATHYECKMX KETOHOB aliu-
JIMpoBaHMEM apoMaTHYeCKUX yriepogopoaos no ®punento—Kpadr-
CY M [pyrue poACTBEHHbIEC peaKliMM pacCMOTpPEHBI B Iii. 13.

KeToHbl MOryT GbITb MONYYEHb MIPU B3aUMOACHCTBUH JIMTHEBBIX
coJieil KapOOHOBBIX KMCJIOT ¢ AJIKHJUIMTHEM, HalpuMep:

CH,Li . CHLi -
O—CH;COOH ———><:>~CH2COOL1 VT e —T

0°Li® OH
HO HOH —HOH
~Oronfone o0 Cyonk on 8
Sn,

i
— - <:>-CH,—C—CH3 + H,0.

(76%)
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16.3. PEAKIIMA KAPBOHWJIbHBIX COENIUHEHUH

Peakuuu KapGoOHMNBHBIX COEIHHEHHI MOXHO pa3e]UTh HA TPU
OOJIbLUKHE TPYIIIbIL:

1) peakuuu HykJI1eo(UIbLHOroO NMPUCOEAUHEHUS K Kap6GOHUIbHOM
rpymnne;

2) peakLHH 3aMEUICHHUS Y (L-YIJIEPOSHOIO aToMa;

3) KOHOEHCcAUMH KAapOOHMNABHBIX COCOMHEHUIA.

16.3.1. PEAKIIMHA HYKJIEO®HUIBHOTO NNPUCOEINHEHNSA
K KAPBOHHJIBLHO! TPVIIIIE
AJIBJAETHAOB U KETOHOB

JBoiiHasa cBA3b B XKapOOHUJIbLHOUM TpYyIle CHIbHO MOJASPU3OBaHa
M3-32 GOJIBIIOTIO Pa3IMyuMs B 3JMEKTPOOTPULIATENBHOCTH KUCIOpOAa U
o (%
yriaepoaa: C==0%". dusnyeckuM creacTBUEM MOJISIPHOCTH Kap6o-
HWJIBHOM TpyINnbl sfBNsieTcsl 60NAbLUOH IMITOJNbHBIH MOMEHT ajibAeru-
OB ¥ KeToHOB. B Ta6bn. 16.2 npusefeHbl 3Ha4YeHUS] OUIIOIBHBIX MO-
MEHTOB YEThbipeX KApOOHMWIIbHBIX COCAMHEHMH.

Ta6nuuna 16.2

Amnersan, KeTOHN n(D)
dopMmanbrernn 2,27
YKCYCHBIH anbaerug 2,72
AuleToH 2,88
AuerodeHOoH 3,02

Bbicokas nmoasipHocTb KapGOHWIILHOW TPYINBI ONpeaensieT peak-
LIMHU [IpUCOEJUHEHUA Pa3HOOOpa3HbIX MOJISIPHBIX PCAareHTOB IO Kpart-
Hoit C=0 cBs3u. KonnyecTBo 3TUX peakuuit HAMHOTO IPEBOCXOIMUT
9UCNO peaklyil NMPUCOEAMHEHMS O KPaTHOI Yrjiepo.-yriepoqHou
cBa3u. Ecnu s KpaTHol yraepon-yriepoaHoi CBS3H aJIKEHOB U all-
KHHOB XapaKTepeH 5JeKTpOhWIbHbIA MEXaHU3M IIPUCOEAMHEH U, s
NpUCOeIMHEHMs K KapOOHMIbHOM Tpyme KJAIOUYCBO cTagMeid sSBsA-
eTcsl [pUcoeqMHeHWe Hykaeodnna K 3/JeKTpoHOAeUILIMTHOMY aTo-
My yrnepoaa. HykneoduabHblil areHT atakyeT KapboHMRAbHbIA aToM
yrJiepofa NeprneHAUKYISIPHO TUIOCKOCTH IBOHOM CBSI3M, MPU STOM
YI/IEPOMl M3MEHSIET CBOIO TMGPUAM3ALIMIO € Sp° IO sp° B MIPOMEXYTOY-
HO obpasyionieMcs TeTpas3IpHYECKOM HMHTEPMEOHUATE!

R, _O°
>C=O + Nue P m—— >C< )
R R Nu
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HykieodunbHblil areHT MOXeT GbITb MJIM HeiTpalbHOM MONEKYNOM
(aMMuax, nepBHYHbIC M BTOPMYHbLIE AMHMHBLI, BoJa, CIIMPTHI, THO-
Jbl, TUAPA3UH, THAPOKCUJIAMMH U Ap.), Wi anuoHoMm (CN~, HSO;,
H™, kapbauuousl 1 ap.). IlpucoequHeHne HykJI€opMIbHLIX areHTOB
rno Kap6oHUIbHOM IpyIe siBIseTcst o6paTUMbIM npoueccoM. Mckmo-
YyeHHUE COCTABJAET peaklluss BOCCTAHOBIEHUS KapOGOHMIbHOM IpyII-
bl ¢ roMoubio KoMIuiekcHbix ruapunos LiATH,; NaBH,; LiBH,, c
o6pazoBaHMEM MEPBUYHLIX WIM BTOPUYHBIX CIIMPTOB, d TAKXKE MPH-
COCIHHEHUE METAUTOOPIraHHYECKHX COeIUMHEHMI. DTH peaklMHi OMu-
caHbl B ra. 11 (u. 2).

Creyer pa3niuyarh JBa THUMA 0OpaTHMBIX peakLMii MpUcoe uHeHH
K KapOoHWIbHOM rpynmne. B oqHOM U3 HUX TeTpa3ApU4YecKUii aHMOHHbBIA
HHTepMEeaNaT MPOTOHUPYETCA O aTOMY KMCIopoaa ¢ o6pa3oBaHHeM
HelTPpaIbHOFO KOHEYHOIo NMPOAYKTa nmpucoegunenus. K Takoro pona
npoleccaM OTHOCATCS oOpa3oBaHHe aneTaneil U KeTajei, THOleTa-
Jleid ¥ TMOKeTallei, IIUAHTUAPHHOB U NPUCOERMHEHHE eHOJSAT-UOHOB.

B peakiusax HyKJIeopHJILHOrO MPHCOSIUHEHUS JPYTOro THIA He-
TPIbHbIIA NPOLYKT NMPUCOEAUHEHUs] MOABEPraeTcs ACTHAPATAUMH C
obpazopaHueM ABOWHON CBSI3M MeXIy KapOOHMIBHBIM YIJIEPOAOM H
HYK/IeOWIbHBIM areHTOM. Takoi TUII NMPUCOEAMHEHHS peaIu3yeTcst
B peaklMsax KapOOHWIBLHBIX COSAUHEHMI ¢ GoMIbIIIoil IpyMnoif a3oTH-
CTBIX HYKICO(MWIbHBIX PEAreHTOB: MEPBUYHBIX U BTOPUYHELIX AMUHOB,
TMAPOKCHIIAaMMHA, ceMUKapbazuma, 'MApa3MHa U ero TNpPOM3BOZHBIX.
0O6a Tuna HyKIeohUIbHOrO NpUCOEAUHEHUS MOTYT 6bITh BbhIpaXeHEI
C MOMOLLbIO JBYX OOL{MX YpaBHeHHH:

1~7_p2 2 CH
1) RC—R*+ NuH s=——* R*---C—Nu ;

Rl
OH HQ

2) R'—=C=0 + NuH ==——* R---CZNy =—=

R R!

(]

OH,
== | R}*---C5-Nu R—C=Nu + H0 .
R’ U R’

Anpaervasl 6oee peakiIMOHHOCIIOCOGHDBI B peaxKilysX MpUCoeIn-
HEHMUA HYKICOQWIbHLIX PEareHToB M0 CPaBHEHHMIO C KETOHAMH, M pe-
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aKIU{ MPUCOEOIMHEHUS K ANBIETMIAM XapaKTepHu3yloTcs Oonee Bbl-
COKMMM, YEM [UTSI KETOHOB, 3HAYEHUSMM KOHCTAHT PABHOBECHS 3TO-
ro o6patuMoro mpoliecca. boyee BbICOKAs peakilMOHHAA CIOCOGHOCTh
anbaerMaoB OTYACTH CBSI3aHA C OTCYTCTBHEM CTEPHUYECKHX IpPEIAT-
CTBMI [UIA aTaku HyK1eodHIbHOro areHta. B keToHax nBe ankuiabHbIE
IPYNMbl CO3AAIOT CTEPHYECKHE MPENATCTBUSA LI 06pa3oBaHMA TeTpa-
3IPUYECKOTO IpOAYyKTa MPUCOCOUMHEHHUs. DTO, OQHAKO, HE pelualo-
1{ast MpMYMHA PA3TNYMA B PEaKLIMOHHOM cocOOHOCTH aNbIeruaoB H
KetoHoB. JIpyras, u 6oyiee BaxHasi, MPUUYNHA COCTOUT B Gosee BhICO-
KOl TEPMOAMHAMHYECKOM CTAaGHJIBHOCTH KETOHOB IO CpPaBHEHMIO C
anpaerngamu. B Tabnuite 16.3. npuBeneHsl JaHHbIE O TEIUIOTaM obpa-
30BaHMUsI HEKOTOPLIX U3OMEPHDLIX AIbJeTHIOB H KETOHOB.

W3 naHHBIX, IpMBENeHHbIX B Taba. 16.3, caemyer, 4TO KETOHEI Ha
7—8 kkan/Monb crabunbHee, YeM MU3OMEPHEIE UM ANhIETUABI.

EcTh ABa aIbTEPHATHBHLIX OOBACHEHHS palIMYHONH TepMoauHa-
MHYECKOii CTAOWILHOCTH aThAerHIOB U M30MEPHBIX UM KeToHOB. OqHO
M3 HUX OCHOBLIBACTCH HA NEKTPOHHBIX 3dpeKTax aIKWIbHBIX TPy
MpH1 KapOGOHIILHOM aTOME YIiiepoaa Kak MOJOXHUTENbHOM KOHLE OHU-
nojs kapboHuIbHON rpymnnel. I'unmepkoHblooranugs o-cBsa3m C—H
Q-yIJIEPONHOr0 aToMa M YaCTHYHO MYCTOR p-OpOMTANU KapOOHHIIb-
HOTO yrjepoaa NMPUBOIMT K JEJOKATM3alIMU 3apsiia U, CJIeJ0BaTeb-
HO, K MOBBILICHHIO TEPMOAUHAMUYeCKOR cTabunbHocTH. B anbaern-
nax runepkonbioranus C—H cBasu ¢ p-op6utanbio KapGOHHILHOTO
yriaepoja BO3MOXHAa ToJbKO co cropoHbl C—H c¢Ba3u oaHoro o-yr-
JiepoaHoro atoMa. B keToHax rMNepKOHBIOTalMA BO3MOXHA CO CTOPO-
Hbl A1ByX C—H cBsi3eit ABYX aTIKMIbHBIX TPYII, PACIONOXEHHBIX clie-
Ba W clpaBa oT Kap6GOHHJbLHOIO yriepona. 3To crnocoberByeT Gonee
BLICOKOI1 TepMOIMHAMUYECKOH CTaOHIIBHOCTH KETOHOB MO CpaBHEHHIO
¢ anpaerunamy. +1-OddekT anxwisHoU rpynmnsl NMpd KapOoHWIbHOM
aToMe YTJIepoaa TaKkKe MPUBOIUT K JeJIOKAMU3AIUMA HOJOXUTEIbHOTO

Tabnuua 16.3
TennoTul 06pa3oBaHRA HEKOTOPHIX ANBLAETHAOB W KETOHOB

AH7 AH;
Amerua KKA1/MOMBL Keron KKaN/MOAB
opr 25°C B npa 25'C s
razonoll cpeae ra3onoii cpene
HCHO —26,0
CH,CHO —-39,7
CH,CH,CHO —45,5 CH,COCH, -51,9
CH;CH,CH,CHO —48.8 CH3COCH,;CH; ~57,0
CH,CH,CH,CH,CHO —54.5 CH,;CH,;COCH,CHj3; —61,8
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3apsina Mo LEeNU YIJIEpOoaHbIX cBs3eit. 3toT addekT nonxeH 6biTh 60-
Jice 3HAYMTEJbHLIM B KETOHAX, I[€ AIKHJILHBIC IPYIIbI PACIIONOXE-
Hbl No 06e cTopoHbl KapboHunbHOM rpymnnbl. TakuM obpasoM, cos-
MECTHOE [IeiCTBHE TMIIEPKOHBIOTALIMK M HHAYKTHUBHOrO 3¢upeKkTa obyc-
JloBnuBaeT Gojiee BBICOKYIO CTabMIbLHOCTb KETOHOB 110 CPABHEHMIO C
U30MEPHBIMU UM &IbJCTHAAMMU.

Paznuuue B TEpMOOAMHAMUYECKON CTa6GUIBHOCTH aNbACTUIOB H
KETOHOB MMeeT M Jpyroe oObscHeHHE, HUKAK He CBSI3aHHOE C Acii-
CTBHEM 3JIEKTPOHHbIX 3¢dekToB. Kak yxe 6bUI0 OTMeYeHO paHee
(rn. 5, 4. 1), nusamenieHubie ankeHsi RCH=CHR tepMonnHamMuyec-
Ku Gonee crabunbHbl, 4YeM ankeHbl TMa RCH=CH, c oguum an-
KHJILHBIM 3aMeCTUTEIEM TIpH JBOWHOIM cBA3U. DTo CBA3aHO ¢ GoJee
BLICOKO# NPOYHOCTBIO Gonee kopoTkoi G-¢cBsi3u Cy2 — C,,3 no cpas-
HeHuio ¢ o-cBsa3bo C,,3—C,3. Onunaphas o-cBssb C2—Cy3 Ko-
poye cBsizu C.3—C,3 n, cregopaTenbHoO, TepMOAMHAMUYECKH Go-
Jiee TIpOYHas.

ITH Xe coobpaxeHVs MOryr ObIThb MCIONb30BaHbI LI OObsICHE-
HHUS paz3IMiMid B CTAGUNbHOCTH KapGOHHWIBHBIX coefuHEeHHUIt. B KeTo-
HaX UMeIOTCA ABe KopoTkue onuHapHele C,,2—C, 3-cBa3u, TOrAA KaK
B AIbACTHAAX €CTh TOJLKO OfHA TaKas CBHA3b. DTO OGCTOATENLCTBO,
NMO-BUAMMOMY, MrpaeT pelliajoyio pojib B pa3siivdMU CTaGHILHOCTU
aJIbIEerHIOB M KeTOHOB. JIeMCTBUTENLHO, C_‘.p2-—c_‘.p3-CBﬂ3b B YKCYyC-
Hom anpaerune (1,50 A) Ha nensix 0,04 A kopoue C,,3—C,3-csiau
B 3TaHe. Cronb GoNblIOE paziiMive COBEPIICHHO OMNMpeaceHHO yKa-
3bIBaeT Ha Gonee BbICOKYIO 3Hepruio onnHapHoi C 2—C 3-cpasn:

121°

B o6paTHMBIX peaxkiiMax [pUCOeIMHEHUA HYKNeo(HIbHbIX peareH-
TOB 10 KapOOHMUIILHOI IpyIlie KOHCTAHTa PAaBHOBECHS OIpeleNseTcs
BEJIUYMHOI cBoBonHOI dHeprun AG°. CornacHo ypaBHeHHMIO I'M66¢a,
AG® = —RT In K, Benwunnbl AG® u K, M3MEHSIOTC 06paTHO
MpoTNopUMOHANIbHO, U Oonbuleit BenuunHe AG,” UL KETOHOB COOT-
BETCTBYET MCHbIlICE 3HAYECHUE KOHCTAHTbI PaBHOBECHsS JUIST NIpHCOE-
IWMHEeHHS HyKieodwibHOro areHTa (pyc. 16.1).
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/ AG! laGs > |AG

/ AG,

Puc. 16.1. DHepreTHueckas guarpaMMa Juist o6paTMMOro MPHCOSAHHEHUSA
HyKiieodribHoro areHta NuH K annaernnaM H xeToHaM

16.3.1.a. TMOAPATALIMA KAPBOHWIbHHIX COEOIUHEHUA

I'upparauus anboervaoB M KETOHOB He MTpacT HUKaKoM pojiM B
OpPraHM4YeCcKOM CHHTE3€, HO KakK MpocTeiiliasg MoJeJibHAas peakIIus
MO3BOJIAET [TOHATH OCHOBHLIE YEPTHI MEXaHM3Ma HYKJIeOo(pWILHOTO MpHu-
coenMHeHHs K KapOoHWILHoi rpynrie. KoHcTtanTa paBHoBecHs obpa-
TUMOI peakliMy NMPUCOCIMHEHMS] BOIbl 3aBUCUT OT NMPUPOIbI 3aMec-
TUTENEH NpU KapOOHMWJIBHOM rpynle:

Koan
R'—C=0 + HOH s—== Rl\nC—0OH
RY “oH
RZ

Jlist popmanbaeruna K> € = 2280, m1s ero romonoros CH;CHO—
C;H;CHO koHcTanTta paBHoBecm{ H3MEHSIETCA B JMamna3oHe oT 1, 0
oo 0,2; a st KeToHOB K, m C cocraBasieT BenMuMHy nopsiika 1073
D10 03HaYaeT, YTO d)opmanbnerx«m B Boae Ha 99,999% npeapamaercn
B MetaHzuon CH,(OH),; ykcycHbIit anbaerun runpatuposaH Ha 58%,
UL JPYTHX HM3ILUMX ATbAETHAOB B BOJHOM pacTBOpe HMPHUCYTCTBYIOT
HCXOMHOE COeqUHEHME U ero ruapartHas ¢opMa. KeToHbI npakTuyec-
K{ He TMAPaTHpPOBaHbl B BOXHOM pacTBOpeE.

It o-ranoreH3aMeuieHHBIX aJbIETHAOB M KETOHOB, B OTJIMYHUE
OT He3aMElIEHHbIX KapOOHUIbHBIX COEAMHEHMIi, XapaKTepHbl OYEHb
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BBICOKHE 3HAYCHUST KOHCTAHT PaBHOBECHA TMApaTauMM. Tak, Hamnpu-
MEp, IS TPUXJIOPYKCYCHOTO anbAerMaa (XJIopajisi) KOHCTaHTa pas-
HoBecMs1 paBHa 3 - 10*, a st rekcadroparieToHa OHa elle BbILIE:

CF,COCF,; + H,0 — (CF3),C(OH);; K%C=1- 10"

06a 3TH KapbOHWILHbIE COCAMHEHHMSI 06PazyIOT HACTONLKO CTaGMIb-
Hble THAPATHI, YTO PEreHepUMpoOBaHbI MOTYT ObITh TOJLKO Mpu obpa-
60TKe KOHLIEHTPMPOBAHHON CEpPHON KMCIOTOIA.

MexaHu3M ruapaTauyy KapGoOHWILHBIX COEAUHECHM M3YUYEH OYEHb
noapo6bHo, IMOCKOABKY 3Ta peakUMsi MOAETUPYET ApyTrHue, bojiee Clox-
Hble MPOLIECChl HYKJIEODHUIBHOrO NMPUCOEAMHEHUSI K KapOOHUIBLHOM
rpymnime.

I'mnpatauus KapGOHMIBHBIX COeIMHEHMII MOoABepXeHa Kak 06-
HIEMY KHCIOTHOMY, TaK M 06wmieMy OCHOBHOMY Kartamusy. [Ipu 06-
L{eM KUCJIOTHOM KaTajau3e B MepBoii, ObICTpOif CTagMM MPOUCXOOUT
obpazopanne koMmrutekca kuciorel HB ¢ xkapGonunsHoit rpymnnoii, B
KOTOPOM Pe3K0 YCHIMBAETCS dIeKTPOUIbHBIH XapaKTep KapOOHHIb-
Horo yriepoaa. Bo BTopoii, MemileHHOM CTaguu, oNpeaeNsioneil cko-
pOCTb BCEro mpoilecca, K 3TOMY KOMIUIEKCY TNPHUCOeIMHSIETCS BOJA.
BricTpoe aenpoToHMpoBaHME OKCOHHEBOrO MHTEpMedMaTa 3aBeplua-
€T MpoLece:

o O..HB
7 6bicTpo C/il
R—C\ + HB ==—/——= K«
H

H
MeUTeHHO | o
R(|3=O .. HB+ HOH a——> R—(lf—OH +B

H

/8\
H H

H H

| o _6rictpo |
R——(|2~OH + B /= R—-(IJ—OH + HB

7/ (@)\ OH

H™ H

AJbTEpHAaTHBHbIH MEXaHWU3M TMpednoaraer JeKTrpoduIbHbIA KaTa-
JIN3 U HyKJICODHIBHYIO aTaKy KakK COrJIacOBaHHKIH Mpoliecc, B KOTO-
POM HHKIMYECKOE MEPEXOAHOE COCTOSIHME BKJIIOYAET TPHM MOJCKYJIbI
BOJBI:
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i M
oty H_ _H._ O
OH H...B
/ R ]
RCH + - cko0 .. HLO\. H
\ H/ D I
OH H

(I)——H+HB L J
H

HmMerorcss BecKMe apryMeHThl B 110J1b3y COIVIACOBAHHOPO MEXaHM3-
Ma, OCHOBaHHbIE Ha M3MepEHMH CKOpOCTeil mepeHoca npotoHa. Caemy-
€T OTMETHTb, YTO COIIACOBAHHBIA MEXaHM3M MOXET HMETh MECTO IUIsl
JPYTHX peaKuii Hyk/1eodwIbHOrO MPUCOEIMHEHHS MO0 KapOOHWILHOIA
rpynne. s ragpaTaliui KapGoOHWIBHOM TPYIITBI, KATATM3UPpYEMOit oc-
HOBAaHHEM, poJib OCHOBAaHMSI CBOOUTCS K oOpa3oBaHHMIO M3 BOIbl Gonee
PEeaKLUMOHHOCMOCOOHOr0 HYKIEO(HIBHOIO areHTa — r'HIpOKCHA-HOHa:

Oe

/
B + H,0 + RCHO =——= R—C—H + HB.
OH
o° OH
/ /
R—C—H + HB =——=>= R—C—H+ .
OH OH

16.3.1.6. OBPA3OBAHHME ALIETANIEM U KETAJIEHN
MPHU MPUCOEAUHEHUU CIIUPTOB

CrnupThbl TakxKe 06paTUMO MPUCOEAMHSAIOTCS K aNbIerHaaM U Ke-
TOHAM, HO, B OTJIMYHME OT TMAPATAlIUM, 3TA PEaKlUsl MIPAET BAKHYIO
poJb B OPraHM4ecKoM cuHTe3e. [IpoayKT MpucoeHHEHKS OIHOrO MOJIS
CMHMpTA K AIbAETHIY MIM KETOHY Ha3bIBaIOT COOTBETCTBEHHO MONY-
aleTaNeM WK MoJyKeTaneM:

R‘\ H® /OR2
, =0 + R®OH =——> R!'—C~OH

H H
nojyaueranb

Alletanu 4 Xetau oOpasyoTcss BO BTOPOH CTaliMM M3 mnojyatieranei
WY MOJyKeTaled NMpH MPUCOEIMHEHUN BTOPOM MOJeKyJbl CIIMPTA U
Jeruaparauum:
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/OR2 H® _OR?
R‘——lc—OH + ROH =—= R'—lc—OR2 + H,0 .

H H
nonyaueraib auerab

O6pasoBaHKe MONyaleTans U MOJYKETAIA C TOYKM 3PEHUA MeXa-
HM3Ma npoliecca aGCoMIOTHO AHATOTMYHO IPUCOCOMHEHMIO BOABI M
XapaKTepU3yeTCsl TIPUMEPHO TEMM XK€ BeIMYMHAMM KOHCTAHT paBHO-
Becusi. Bropas cTamus KataimaMpyeTcsi TOIBKO KHCIOTAMH, [10CKOb-
Ky OMNpeacsIomed CKOPOCTh CTaaHeil B 3TOM Mpoliecce SBISETCS OT-
HICTUICHHE THAPOKCUI-MOHA U3 TeTPas3ApHuecKOro MolyaueTais, a 3To
HEBO3MOXHO B UIEJIOYHOM cpexe:

H SoH,
L 2. 1® I 2 1 @ 2
R'-—C—OR? + H® =* R—C;OR? === R'—C=O0R + H,0
| kS |
OH
T  ®o ox
ROH @
R*—lc§8R2+ ROH === R‘-;lc—0R2<—_> R?OH, + R‘—(|2—0R2
H H/o\ H
H ® Rr?

KoHcTraHTa paBHOBecusa GnaronpuATCTBYET o6pa3oBaHMIO aueTa-
Jied TIpH B3aMMOJEHCTBUHU IbJIETMAOB C OJHOATOMHBIMH CIIMPTAMM,
KatanusupyemoM HCI, n-tonyoncynsdoxucnaoroit, apupatom Tpex-
¢dTopucroro Gopa:

7° HClI QcH,
@—c—ﬂ +2CH,O0H =———= @—(EH (76-86%);
O,N O;N OCH,
N-TONyOmNCyABLGOKHCIIOTA (?CHZCHJ
CH4CHO + 2 CH,CH,0H = CHCH  (60-64%) .
OCH,CH,

st KeTOHOB paBHOBECHE CMELUEHO B CTOPOHY MCXOOHHIX pea-
TEHTOB, U IJIsA TOJIyYeHMsl KeTalleil TpebyeTcs IPUMEHATh «CIELM-
aJIbHbie» METOMAB!, HAIPUMEDP a3COTPOITHYIO OTTOHKY BOAbl C TONYO-
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JIoM UM KcuiaonoM. ODOpasoBaHHe aueTaieil U KeTalei Mo3BoJISIeT
OLIEHWMTB POJIb SHTPOIMIHOTO (akTopa B paBHOBECHBIX MPOLIECCaxX [IpHU-
COeJHHEHUs K KapboHwibHoM rpynmne. [IpucoeanHeHue cniupToB K
KapOOHUNBHON rpyIIe afbIeTHAOB U KETOHOB — 3K30TEPMHYECKHIA
npotiecc, NpuyeM 3HTATBNUS AH° 06pa3oBaHMs aleTals BbllIE 3H-
TaJIbMUM 06pa3oBaHMs KETaS:

HCHO + 2CH;0H =——== H,C(OCH,), + H,0 (—19,0 kxan/mony);

CH,CHO + 2CH;0H =—= CH,CH(OCH,), + H,0 (—15,2 kxan/Monb);

CH,COCH, + 2CH,0H === (CH,),C(OCH,), + H,0 (~11,7 kxan/Mon) .

Bennunnbsl AH® otpaxaloT 6ojiee BRICOKYIO CTAGUJIBHOCTL KETOHOB 110
CPaBHEHMIO C NbJETHAAMM M TMOKA3BIBAIOT, YTO HAaUMecHee CTabuib-
HBIM KapOOHWIbHBIM coeMHEHUEM sBaseTcsi dpopManpaerun. Obpa-
30BaHHME KETANCH TaKXe IKIOTEPMUYHO, 3 KOHCTAHTAa PAaBHOBECUS TEM
He MEHee Maja. DTO CTAaHOBUTCS MOHSATHBIM, €CIM IPUHSATH BO BHHU-
MaHMe, 4TO KOHCTaHTa paBHOBECHS OIpelenseTcs] UIMCHEHHEM CBO-
6omHoi 3HeprMH AG°, a BenMuuMHa AG° 3aBUCUT OT M3MEHEHMUS M
SHTAJILIIMY M SHTPOIMH, TaK Kak

AG"=AH — TAS".

B npoueccax o6pazoBaHHs alleTaici M KETAIEH U3 TPEX MOJNEKYI
peareHTOB MOJiyyaloTcs JBe MOJIEKYJIbl [MPOAYKTOB PeaKi[MH, YTO CO-
OTBETCTBYET MOHMXEHHIO 3HTpomuHu. [na aneTaneit Gojee BbICOKOE
3HaveHue AH" KoMIIEeHCHpYeT MOHXeHHEe 3HTponuM. B nporecce 06-
pa3oBaHUA KeTajell 3HTPOMMIHHBI ¢aKTop, HANMpOTMB, MIPAET pe-
laroliyo poib. HebnaronpusiTHoe BAMSIHHUE 3HTPONMMHHOIO wWieHa
MOXHO CBECTH K MUHUMYMY, €CIIY JJi TIOMy4YeHUs KeTajeid HUCIo/b-
30BaTh 1,2- Uy 1,3-guonsl. B coBpeMeHHOM CMHTETUYECKOM NPaKTH-
Ke IS TIOJIYYEHMS U aleTANei, U KeTaleil NMPUMEHSIOT 3THUJIEHTJIN -
KOJIb, 1,3-IpOIMICHIIMKOND WM 2,2- IMMETHII- 1, 3-niponaninon ¢ ase-
OTPOITHOM OTTOHKOM BOABI B IPUCYTCTBUM N-TONYOJICYAbOKUCIOTH
B KayecTBe KaTtalIu3aropa:

(0] I
o__0O
H;P0O,, Tonyon
+ HOCH,CH,0H ——> + H,0 ;
110°C, 4 4
(80—385%)
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CH, CH,

0
110°C
CH
CH; 3 CHyCeH,SO5H, Tonyon + H,0
+ HOCH,—C~CH,0H = > CH,
Hj
(83%)
n-ToNyoncy. CJIOTA,
Tonyon, 110 °C JO—CH,
CgHsCHO + C|:H2CH20H = »cHscH | +Ho
0—CH,
OH
(73%)

Linxiyeckue KeTaTu ABNAIOTCA NPOU3BOAHBIMM COOTBETCTBEH-
Ho 1,3-guokconaHa v 1,3-aMokcaHa. JIMMETHI- U JUSTHIALCTAIM U
KeTaJli MOTYT 6bITh ITONyYEHBbI IIPH B3aUMONEHCTBMM KapOoHMIbHBIX
COCIUHEHHUN ¢ OpTOMYpPaBbUHBIM 3¢upoM B GeH30j1e B IIPUCYTCTBUH
n-TONYoACYIbPOKUCIOTHI:

R? R:  OCHs o)
\c=0 + HOOCHCHy), T CHSOS \c: + HC/< ,
Rl/ 6erson RY “OC,H; OC,H;

Ilpu cTosiHMM anpaeruabl CKIOHHBI K 06pa3’0BaHUI0 IUKIMYECKUX
WIM HOJMMepHBIX aueTaicit. MopManpaerua npM 3TOM AACT TBEPIbIi
JIMHeTHbIA oJIuMep, Ha3biBaeMblif napadopManpaeruoM (rapagopM):

n CH0 — HO—(CH,—0)—H

TIpn HarpeBaHum TBepgoro napadopma go 180—200 °C pereHepupy-
etcs dopManbaerun. I'azoobpasHulil popMankIerus o4eHb Xopolilo pa-
CTBOPMM B BOJi€, ero HachluieHHbIl 37%-#% pacTBop HasbiBaeTcs ¢op-
MUIMHOM.

QopManbaerka o6pasyeT TakxkKe LIMKIMYECKHIA TPUMEP — TPHOK-
CaH; TaKo# Xe TpUMMEP A aueTalbIcriaa HasbiBacTCa MapaihIcrHi;

CH,
oo oo
TPHOKCaH napanbaernia
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O6a TpyMMepa Npd HATPEBAHWHW B IIPUCYTCTBMU CJIEAOB KHCJIOTHLIX
areHTOB JEIOIUMEPU3YIOTCS 10 anbieruaoB. TpuoxKcaH U napaabae-
U CIACAYyEeT pacCMATPHUBATh KaK UMKJIUMYECKUE alieTalu.

ALETUIM U KETAJW HAUUIM IIKPOKOEe TIPUMEHEHHWE B KAauecTBe
3allMTHOM TpYNNbl AN KapOoHMIa albgeruja U KetoHa. AlleTanu
M KEeTaly OTHOCATCS K Kjaccy IpocThbiXx 3(hHPOB C ABYMS alKOK-
CHJILHBIMM ['PYIINaMHu y oJHOro atoma yrineposa. IlogodHo apyrum
IIPOCTBhIM 3(HUpaM OHU cTaDUJILHBI ITO OTHOILUEHUIO K CUJIbHEIM OC-
HOBAHUSAM — MarHuil- U TUTUUOPTAaHUYECKUM COETUHEHHUAM, TU/-
puoy U aMHAY HATpUs, KOMIUIEKCHBIM THIApHIAM 4 Ap. BTO IOo-
3BOJISIET JJist OMYyHKUMOHAIbHBIX COEIUHEHUH, cOgepXallUX Kap-
OOHMJIBHYIO TPYIIITY, OCYIUECTBIAThL U3OMpaTeNbHOE NMpeBpallleHHue
c ydacTueM JApyro# IpyImibl, YTO MOXHO [IpOWJTIOCTPUPOBATh JBY-
MS CIEOYIOIUMMU NPpUMEPAMU:

P nCH3C6H4$O3H g g)

1) BrCH,CH,CH,CZH + HOCH,CH,0H =

BrCH,CH,CH Ho
PR ®
CHy(CH,);C=CLi o 6 HO

ITM®TA H,0

CH3(CH7)3CECCH2CH2CH?<H
(70%)

———— CH3(CH,);C=C(CH,);CHO

(90%)

HOCH,CH,0H; H®

2) CH3|C(CH2)3COOCH2CH3 CH3/C (CH2)3COOCH2CH3
cJH éHZ

1) LiAIH,, ot H,0°

1) LTy, SQUp O

2) H,0 CHi;— &7 \(CH2)3CH2 H——> 1,0 CH3|(|3(CH2)3CH20H

| I
CH,—CH,

16.3.1.5. TUOALIETAJIK U TUOKETAJTH

C CepHUCTbIMM aHAJIOTAMM CIIMPTOB (THUONAMH) AIBAETUAbLI U Ke-
TOHBI 00pPa3ylOT TUOALETANM U THOKeTanu. BbIxoabl THOaueTaned
THOKEeTaI€H OOBLIYHO BbIIIE, YEM aUETAIEH W KeTanei:
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CH, CH,

HSCH,CH,SH; BF; - O(C,Hs),
adup, 0—20°C -

S
0 CH{\S\
CH,
(99%)
(YR T emone (75
H,C—CH,
(95%)

TuoaneTtand ¥ THOKETANAN HAUUIM COBEPIUEHHO HEOXMIaHHYI0 0ORacTh
IIpUMEHEHHUS TIOC/ie TOro KaK ObUIo OOHAPYXEHO, YTO CKEJeTHBIA HH-
Keab PeHest BuI3bIBaeT obeccepuBaHUe cyabGUIOB. DTa peakUMsa OT-
KpbUIa MPOCTOM U AOCTYNHBIM MyTb MNpeBpalleHus] KapOOHUIBHOM
rpynisl ketoHoB B CH,-rpynity. Oba npoluiecca — obpasoBaHue THO-
Ketajei ¥ aecynbdypusalvsi — HUAYT B OYEHb MSITKUX YCJIOBHUSAX TPU
20—50 °C, 4yTo HepelIKO IMO3BOJSIET NMPOBOAUTL ATY peaxKl{io B IpHU-
CYTCTBUM APYIUX GYHKLIMOHANBbHBIX TPYIIL:

1 l —
Ry BF; - (GHy),0R\ S~CHa
C=0+ HSCH2CH23HW /C\ —_—
R’ 2 RY 's—CH,

Ni Penes + H2= RICH,R? + NiS

CH;CH,0OH
CH; CH,
Ni Penes + H,
20°C
S IS H )
H)C—CH, (60%)

B coBpeMeHHOM OpPraHMYeCKOM CHHTE3E COBEPILIEHHO UCKIIOYHU-
TeJIbHOE IMOJIOXEHUE 3aHSUT LUMKIWYECKU THoaleTanb GopMaibaeru-
ga 1 1,3-TiponaHauTHoNa — LIeCTHWIeHHbIH 1,3-gutnaH. OH Jierko
nonayuyaercg u3 dpopmanbaeruna v 1,3-nporiaHaMTHONA.
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CHCL ~ R 2

s—cCH,
1, 3-mutnan (80—85%)

H,C=0 + HSCH,CH,CH,SH

1,3-Iutuan 6maronaps BAUSHUIO ABYX ATOMOB cepbl obJlanaer cna-
60it C—H xucnorHoctbio (pK, = 31). [Ipu neficTBUM TAKOTO CHIALHO-
rO OCHOBAHMS, KaK OYTWUTUTHH, OH KOJMYECTBEHHO MpeBpalllaeTcs
B KapbaHuoH. AHHOH 1,3-guTHAHA SBIAETCS KIKOYEBBIM PEATEHTOM
MHOTHX BaXXHEHIUUX MpeBpalleHU . ANKUIMPOBaHUE TUTHEBOH COJIU
1,3-nuTHaHa OTKPbIBAET MyTh K IMOJYYEHHUIO CAMbIX Pa3sHOOOpPa3HBIX
anpaerunos (Kopu, 3eebax, 1969—1970 rr.):

HC’S_CP%H e CyHolLi L'CH/S“CI%{ RX
2 S\ Cl-llz 2 a¢up-rekcan ! o CI—iz 2 3¢up-Tekcan

R\ S—CH HeQl
X CH, — -2, RICHO + HSCH,CH,CH,SH

2 a—
H \s—cfi, = CH:OH-H0

Ilpyd MOBTOPHOM META/NTMPOBAHUM W aTKWIUWpOBaHUM obpasylorcd
CUMMETPUYHBIE WJIH HECUMMETPUUHbBIE KETOHDL:

ST e ST R2X
R —CH\ CH, >bnp-rexcan R —/C\ CH, 4’3(1)@_1_6}(@}{
S—CH, Li 'S—CH,
1 S—
R\ Sk HeCl, -
- /C\ ) H, m—H—O. R'COR” + HS(CH,);SH .
RY ‘s—cH, 3 2 ynu
CH;CN—-H,0

CBoeobpazue 3Toil peakUdu 3aKJIIOYAETCS B TOM, 4YTO, MpeBpallas
alpAervll B LMKIUYECKHUN THOALETalb, YIAETCA B KOHEYHOM UTOTE
ANKWUJIMPOBATh ANBJETUL MO KAapOOHUIBHOMY aToMy yIjlepoja C IIo-
MOLLBIO 3JIeKTpodUMIbHOrO aNkuadpylowero areHrta. IlpespaieHue
3IEKTPODUIBLHOrO KapOOHUIBLHOTO YIIepoAa B HYKIeo(hWIbHBINA LEHTP
Kapbanuona 1,3-muTHaHa MONYYWIO HA3BAHME «OOpaueHue Mojsp-
HOCTU». Peakuus mpoBOOUTCS B UCKITIOYUTENLHO MATKMUX YCIOBHAX 1
XapaKTepHU3yeTCd BLICOKMMU BhIXOJaMU KOHEYHBIX NPOAYKTOB — aJb-
JIETUIIOB U KETOHOB!:
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o <S_CHéH 1) C4HoLi DCHLi
22) CHA(CH,),Br )< 2) CHy(CH,).Br
s—cH, ) CH3(CH,), CH,y(CH,) ) CH3(CHy),4Br

__ CHy(CH) HeC
>< Y, CH4(CH,),C(CH,),CH;;
"CH;0H-H,0 I
CH3(CH>); 0] (87%)

S .
C,HqL
< 1) C4HgLi CI(CH2)3‘< aTlglt
2) Cl(CH,);Br S
<>< : HgCl, . 0.
S HOCH,CH,0H-H,0

(50%)

KapbaHuoHBI Tpou3BoAHbIX 1,3-mUTHAHA BBIMOJHSIIOT POIb HYK-
JeoUIbHOrO areHTa U BO MHOTUX JPYTUX peaKlUMsiX. Tak, Harpumep,
OHHU MPUCOEIUHSAIOTCA K KApOOHUIBHOM IpyIilie apoOMaTUYECKHX ajlb-
JIeTUIoB ¢ 0Opa3oBaHUEM O.-TUIAPOKCUKETOHOB!

CH‘>< } DCHL 1}<
2) CH,CHO
) CeHs C(,H5C

HeCly CH;COCHG{H.
CH,CN-H,0 7 i
OH
(90%)

PackpnlTHe OKCHpPaHOBOro KOJbLA C ITOMOILBI aHUOHA 1,3-nuTUaHa
MPUBOJUT K [3-THIPOKCUKETOHY:

S
) D )
S 2) CH3CH2CHO CHz CH3CH2CHC

chlz
——£22_ . C,HyCOCH,CHCH,CH
CH.CN; H,0 %7 3 e
OH
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AnKuiMpoBaHue KapbaHWoHOB 1,3-IUTHAHOB ITO3BOJISET OCYILE-
CTBUTH IMpeBpallleHUue albaeriaa B KeToH. [ls 3Toro anbaerun Ipe-
BpAlLAIOT B THOAUETAIb, KOTOPBINH METAUIMPYIOT H-OYTHIIMUTHEM M
ATKUIHUPYIOT JIMTHEBOE Mpou3BogHoe 1,3-gutnaHa. ['Maponus Tuoxe-
tans BogHbIM pactBopoM HgCl, npuBogut K 06pa3oBaHUIO KETOHA:

T S—Ch\lz
CgHsCHO + HS(CH,);SH > CGHSC]—( CH,—>
S—CH,
S—CH
1) C4HoLi; TT® % 2
2) CH;CH,Br CHsC cH
3=t s—cH,
H,CH;
HCY; Hg(l,

CH:CCH,CH; + HS(CH,)-SH.
m’o ¢HsCCH,CH3 (CHy);

(74%)

16.3.1.r. IPUCOEAMHEHHME HHMAHHUCTOI'O BOQOPOJA

AJbIErUOB U TPOCTPAHCTBEHHO HE3ATPYNHEHHBIE KETOHBI MpPH-
COEQUHAIOT LIMAHUCTBINA Bolopon ¢ obpa3oBaHWeM LIMAHTUIPHHOB!

; H_ OH
RC—H + HC=N<=—"—"=> /\C\
R C=N
|OH
CH;CH,CH,CHO + HCN— CH,CH,CH,C—CN
(75%) H
/OH
CH3COCH; + HCN —— (CH3),C-_
(78%)
OH
Orormen— (X
CN
(60%)

MexaHun3m 3ToM peakuuy ObL1 ycraHoseH Jlenyoptom B 1904 r.
@akTHYeCKH 3TO ObLIA MepBasg opraHUYecKasi peaKlus, [l KOTOpoH
OBLT JeTAILHO M3y4YeH MeXaHu3M NpeBpailieHus. JlermyopTt oOHapyXu,
4YTO peakuus obparuma, a CKOpOCTb €€ IpSIMO MPONOpPUHMOHANbHA
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KOHUEHTPALMU KapOOHUJIbHOIO COeMUHEHHs, LIMAHUCTOro BOAOpoaa
U ocHoBaHUA. lluaHucToBogOpOoAHAd (CHHUMLHAS) KUCHOTA SBJSET-
ca cnaboit kucaoroit ¢ pK, =9,2. Obpasyroumiics npu ee JerpoTOHH-
POBAHUU LIMAHUI-UOH MPUCOSAUHSETCS K KApOOHWIBHOMY YIJIEPOLY
¢ obpa3zoBaHHEM aHMOHHOrO MHTEpMeauUaTa, IPOTOHMPOBAHUE KOTO-
pOTO MPUBOOUT K LIUAHTHIPUHY:

6
1) HON + B == » yp 4 cN°

) R—C—H + =N =22 j..c—C=N
|| R e
€]
3) H—C/—C=N + HB 2% > 1y N+ B,
R & bu

3aBHCHMOCTb CKOPOCTH PEAKUHH OT KOHLIEHTPALIKU TPeX KOMIIO-
HEHTOB — a/lbJeruaa, CUHWJIbHOU KHUCJIOTHl U OCHOBAHMUSI — YKAa3bl-
BaeT Ha TO, YTO MEJIEHHOM, OMNpeesoiei CKOPOCTh BCEH peak-
LMK cTanueil SIBJSeTCS NMPUCOEAUHEHUE [IMAHMI-KOHA K KapOOHUIb-
Ho#t rpynne. B nabopatopHbix ycinoBusx HCN mnonydaercs rpu
0DaBIEHUU OJHOro SKBUBAJEHTA MUHEPATLHOK KHUCIOTHL K CMECH
KapOOHUJIBHOTO COEIMHEHUS W U3DbITKA LIMaHWIA Kalusg WIM HaTpUus
WA TIpU JeMCTBUM XUOKOTO L{IMaHUCTOTo Bogopoaa (t. kuil. = 26°C).

HMcxmouuTebHO yIoOHBIM METOAOM MOJIy4eHUS! LMAHTUIPUHOB
ABJISETCAd peaKUMss KapOOHUBHBIX COCMMHEHUN C TPUMETWICHIWI-
IMAHUIOM, B pe3ysIbTATE KOTOPOH IMONYy4aeTCs TPUMETWICH/IMIOBBIE
3¢GUpPLl UHAHTUAPUHOB. DTa peaKLUsl KaTalu3upyeTcs: HHaHUIOM Ka-
JIUSL M JaeT [peKpacHbIE BBIXOAbl CUITHAOBBIX 3)UPOB HHAHTUIPUHOR:

4 (CH3);SiCN; KCN
CH;CH,~C—CHyCH; — = CHiCH,—C—CH,CHy;—
H |
CN
|OH
HF, KF_ CH3CH2(|3 CH,CHj; + (CHj);SiF .
CN  (90%)

TpuMeTWICUTWIIHAHUL JIETKO [MOJy4aeTcsl U3 TPUMETUIXIOpCHIaHa
4 uvaHuna kanus. CHATHe TPUMETHJICWIWIBHON 3aILMTHON TPYIIIBI
OCYIIECTBASIETCI C NMOMOIIbI0 GTOPUIA Kalusl.
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B opranunyeckom cuHTE3e UMAHTHIPHUHBI UIMPOKO MIPHUMEHSIOTCS
ANl CMHTE3a O, [3-HEeHACBIIUEHHbIX COENMHEHMH, C-TMIPOKCHKUC-
JIOT U OL-AMMHOKUCJIOT!

HCN H,SOy, t° e .
CH;COCH;, (CHL—CN - s> CHy==C—COOCH; ;
H CH;
(50%)
. OSI(CH3)3 110 e
CH3)3SiCN s HC; 100°C
H OH
(67%)

Ob6pazoBaHue HUAHTHIPUHOB gBjIsfeTcs oOpaTHUMOM peakliMeil, U B
[PUCYTCTBMU CUJIILHOTO OCHOBAHMS PABHOBECHE CMEILAETCH B CTOPO-
HY UCXOJHBIX PeareHToB:

CH, OH o
N
¢ —OH . cH,cocH, + H0 + ONC.

cHy” N

BoccraHoBneHUe IMAHOTPYIIBI {UAHTUAPHUHOB € MOMOILIBIO ATIOMO-
THAPUOA JTUTHUS IPUBOOUT K [J-aMUHOCMUPTAM!

OH OH

| 1) LiAlH, |
CH,CH,C—CN 5 CH;CH,CHCH,NH, .

| 2) H;0™, adup (809)

O6pazoBayue [UAHTUAPUHOB U3 KApOOHMNBHBIX COSHUHEHUH U
CUHUIBHOU KHUCIOTHI MPEJCTABISET HHTEpeC U B TOM OTHOIUEHUH,
YTO rajloreHOBOLOPOIbl He obpa3yloT cTabUIIbHEBIX aIIYKTOB C ajlblIe-
TMIaMUd ¥ KETOHAMH. [lJIs HUX paBHOBECHE CMEILUEHO B CTOPOHY HC-
XOIHBIX PEareHToB.

16.3.1.x. IPUCOEAMHEHHME THAPOCYJIbOPUTA HATPHUA

ITvnpocynbduT HaTpusa NpUcoenHHAeTCs K KapOOHUJIBHOM rpyIl-
ne ¢ o6pasoBaHUEM OL-THAPOKCHIIPOU3BOJIHBIX CYIbMOOKUCHKOT:

0 oH
V7
RC. -+ NaHSO; HoH RC—SO;Na .
H b
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Bra peakuus gwisietcss obilelt Ul anbIerMIOB U METHJIKETOHOB. BbIc-
LIMEe KETOHBI HE IMPUCOEIUHSIIOT TUAPOCYIBLMUT-UOH U3-34 ITPOCTpaH-
CTBEHHBIX TMPEMATCTBUM U1 HyKIIEOWILHON aTaKU 3TUM HYyKIeopu-
sioM. [lpHcoenuHeHue rugpocyabGUTa K KApGOHWIBHON TpyIie, Mogo6Ho
MHOI'MM peaxkuusiM, oOpatumo, U JUIsT JOCTUXEHMST YAOBJIECTBOPUTEIb-
HOrO BbIXOHA MPOIYKTA MPUCOEIUHEHUS HeoOXOJUMO MCIIOIL3OBATH
Bospioit n36bIToK 40%-10 BOZHOTO pacTBOPa THIAPOCY/IL(PUTa HATPUS:

0 oH
V7
CH3C: + NaHS0, 28> cH,C—H
H SO;Na
(89%)
HOH
CH,COCH; + NaHSO; s=——=== (CH3),C—SO;Na

OH (56%)

BTa peakiys YacTO MCIONb3YeTcs IS BbUIEEHHUS aJIbIETUIOB U Me-
THJIKETOHOB M3 PEAKIIMOHHOM CMeCH, TaK KaK TmapocyibhUTHbIE [Ipo-
H3BOJHbBIE NIPEICTABIAIOT coOOM KpucTaTHYeckKe BewectBa. Mcxon-
Hble KapOOHUAbHbIE COETUHEHUS MOTYT OLITh JIETKO pereHepydpoBa-
Hbl Tipu oOpaboTke rUApocynbGUTHBIX AAMYKTOB KHUCIOTOH WK
OCHOBaHHEM — KapboHaToM HaTpus. [TloaToMy rugpocynbhUTHLIE TPO-
M3BOJHbIE HepegKO MCIOB3YIOT A «KOHCEepBAallMU» AbIeTHIOB,
YTOoObI MPEeIOXPAHUTh UX OT OKMCIEHUS W aJIbAOJLHONW KOHAEHCALUH.
T'uapocynbhUTHBIE TPOU3BOZHBIE TPUMEHIIOT U IS MOJYYEHUS 1M~
AHTHUOPUHOB INpHU B3aUMOAEUCTBUU UX C LMAHUIOM KaJIUS:

OH
NaHSO 2 KCN
c1{>>~CHo—————3—>H o1 © c< I_SIO3Na o
|
a G=eN

(74%) H

16.3.1.e. PEAKIIMY C METAJULTOOPTAHMYECKMM COEJMHEHHUAMMU.
JHUACTEPEOMEPHBIE TTEPEXOAHBIE COCTOAHMA
B PEAKIIMAX HYKJIIEODHUIIBHOI'O MMPUCOEAMHEHHUA
K KAPBEOHMJIBHOM TPYIINE

BzaumoaeiictBue MarHUK- U TUTHHOPraHUYECKUX COCTUHEHUH C
aJIpIETHIAMH U KETOHAMH paccMarpuBaetcs B . 23. Ilpu nipucoequ-
HEHUM peakTUBOB I'pHHbBApa UMM JTUTUHOPraHUYECKMX COETUHEHMI
K dopManblaeruay Iojy4yaloTcs MepBUYHBIE CITUPTHI, TA XKE caMasi pe-
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Tadnuua 16.4
CHHTE3 CIIHPTOB C NOMOMbI) MATHHAOPraHHYECKHX COENHHEHHH

1} HCHO; a¢mp, 20 °C, S aueit

C,H,MgBr 5 » CH,(CH,),CH,0H
2) H,0 ; H,0; 0°C (92%)
1) HCHO; ; 20°C, S mHeit
QMgCI pup; > <:>—CH20H
2 H, o2 H,0; 0°C
(64—69%)
CH,
1) CH,CHO; admp; 20°C, 24 yaca |
(CH,),CHMgBr ® » CH,~-CHCH—OH
2) H,0;; H)0; 0°C CH,
(54%)
C,H MgBr 1) CH CHO; A
C,H,C=CH sMe C(H,C=CMgBr ) 3§H2CH2 HO; agup; 0°C
pip; 20°C 2) H,0° H,0; 0°C

— C(H,C=C—CH—CH,CH,CH,

OH (52%)
OH
1) CH,COCH,; adup; 20°C, 24 yaca
CH,CH,CH,CH,MgBr @ » CH,CH,CH,CH, C CH,
2 HJO R H2O; (e CH
(90%)

1) CgHCOC Hy; adhup; 20°C

C H MeBr » (C,H,),COH

@ 8
2) H;05 H,0;, 0C (89-93%)

aKIUsl ¢ JPpYTUMU QJIbIETHAAMU M KETOHAMM MPUBOIMUT K 0Opa3oBa-
HHIO BTOPUYHBIX U TPETUYHEIX CITUPTOB COOTBETCTBEHHO (Tabn. 16.4).
IlonyyeHHe BTOPUYHBIX U TPETHYHBIX CIIMPTOB M3 MarHuiopra-
HHYECKHUX COCOMHEHMI U aJIbICTUNOB WIH KETOHOB YacTO OCIOXHSI-
€TCSl TIOOOYHBIMH IPOLIECCAMH €HOJM3ALMH M BOCCTAHOBJICHHUS Kap-
OOHUJIBHOTO COSIMHEHMST U3-32 IPOCTPAHCTBEHHBIX IPENATCTBUH [TpU-
COeIUHEHUS 0 XapOOHUAbHON rpynne (. 23), HanpuMep:

7 ; 20 °C
(CH3),CHMgBr + (CH3)2CHC/—CH(CH3)23¢L,

H
|
— (CHz)zc_—_(l:_CH(CHz)z + (CH3)2CH_(’:_CH(CH3)2
(29%) OMgBr (65%) OMgBr

41



//O a¢up; 20 °C
(CH;),CHCH,;MgBr + (CH;);CHC—CH(CHy),— ™
OMgBr OMgBr
(CH;),CH—C—CH(CHy), + (CH;3),C=C-—CH(CHz3), +
|
CH,CH(CHs),
(8%) (11%)

I
(78%) OMgBr

OcnoXHeHUs, CBA3aHHbIE C €HONM3ALMe M BOCCTAHOBIEHHUEM,
MOXHO TMOJHOCTBIO YCTPAHUThH, €CIU U MpUCOeIMHEHUs K Kapbo-
HUJIBHOM TPYIIIE MCIOJb30BaTh JUTHHOpTaHUYECKHE coeqMHEHUs1. B
OTOM ciy4yae yaaeTcs JaXe OCyUIeCTBUTh CUHTE3 TPETUYHEIX CIIUPTOB,
coliepxXalliiX OOIHOBPEMEHHO TPU TPETUYHBIE ANIKUIbHbBIEC IPYIIILI IPH
KapOOHUIBHOM aTOMe yrijepona:

. 4 a¢pup; —78 °C
(CH,);CLi + (CH;),C—C—C(CH;); ————

OLi OH
I H,0; 0°C I
— (CH3);C—C—C(CHjy); (CH3);C—C—C(CHs)
C(CHj3); C(CH»)s
(81%)

PaccMoTpUM CTepeOXUMUIO NIPUCOETMHEHUS] METALIOOpTaHHY€EC-
KHUX CoeqMHEeHU K KapOOHUIBHOM rpynre. PeakiMy ¢ yyacteM axu-
PaILHBIX peareHTOB, NMPHUBOIALUME K OOpa3oBaHHUIO MpPONYKTa, CO-
IepxXalllero OqUH acUMMETPHMYECKH aTOM Yyriepona, BCerja IaroT
paleMHUYECKYIO CMECh ITIPOIYKTOB C PABHLIM CONEpXaHUEM JIByX SHaH-
THOMEPOB. DTOT BBIBOI OCHOBBIBAETCS HA TOM, YTO I1EPEXOMHLIE CO-
CTOSIHMS, NIPUBOJSIIME K JBYM SHAHTMOMEPAM, TAKXE ITOKHBI OBITh
SHAHTUOMEPHBI. DHEPrUM aKTUBALMH JUIsI 0Opa3oBaHUsI 0O0OUX DHAH-
TUOMEPOB PAaBHBbI, IOCKOJbKY IEPEXONHOE COCTOSTHUE /s HHUX Xa-
paKkTepu3yeTcsl ODHHAKOBOU aHeprueil. B xadyecTBe mpuMepa IpHBe-
IEeM IpUCOeJMHEHHME peakTUBa [pUHbspa K anbaeruiaM, HalpuMep,
STHJIIMATHUHOPOMHMIA K TeNTaHAMO, MPUBOLSLIECE K PALIEMUYECKOMY
HOHaHoJy-3:

CH,(CH,)sCHO + CH,CH,MgBr ———»
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— CH}(CHz)SCHCH2CH3 + CH3(CH2)5CHC2H5 .

| |
OH OH

(R)-HoHaHon-3 (50%) (S)-noHaHon-3 (50%)

Korma oguH U3 peareHTOB XUpaseH, U B peaKi[MU cO3/1aeTcsl HO-
BbI XMpaTbHBIH 1IeHTP (HOBBIH acMMMeTpPHYECKUH aTOM yriepoja),
JBa MpOMYKTa MpeJcTaBisiioT cobol muacTepeoMepbl. B aToM ciyyae
MEPEXOHBIE COCTOSIHUSI IBYX KOHKYPHUPYIOLIMX [IPOIIECCOB TAKXE OU-
acTepeOMEpPHEI U, CIelOBATEILHO, OOJANAIOT Pa3nUYHON JHeprueit
(rn. 8, u. 2). Tak, HanpuMep, B peakUUU NPUCOCIUHEHUSI METUILIU-
THSL K 2-METHILUKIONEHTAHOHY Ba [MacTepeoMepa IMONy4yaroTcs He
B PaBHOM COOTHOUICHUU:

0 CHy.. OH HO. CHs
.-H 1) CHsli .--H .--H
T . n
CHs 2) H,0® CH; CH;
(90%) (10%)
(1R 29)-1, 2-pmmenn- (1S} 295)-1, 2-nuMemn -
LMK/TONIEHTAHOJT IIMK/1OTIEHTAHOJT

IIpeoGnapatowunit (1R; 2.5)-muacrepeoMep ToJiyyaeTcsd B pe3yJibTaTe
aTaku Hykjaeoduaa rno XKapooHUIbHOW IpyIle KETOHA CO CTOPOHBI,
IIPOTUBOIIONOXHONA METUILHOM TpYIE IIPU COCEAHEM ATOME YIie-
ponra. Bropoit, (1S; 2.5)-auacrepeoMep nojyyaercsi, Korga METHIUIU-
THUR TIpUCOEIMHSIETCS C TOM X€ CTOPOHBI, TI€ PACIIONOXKEHA METHUJIb-
Has rpynna ripy C—2. OueBHIHO, YTO 3TO CO3AAET 3HAYUTEBHBIE CTE-
pPHYECKHE MPENSATCTBUS IS TIPUCOCOAUHEHHUS HYKAeODHIbHOTO
peareHTa, rmoatoMy (1S; 2.5)-nuacrepeoMep obpasyeTrcsi B MEHBIIIEM
Konugectse. Ha puc. 16.2 npuseneHsl 3HepreTHIecKue Mpoduay oo-
pa3oBaHUs ABYX MHACTEPEOMEPOB B pe3yNbTaTe HYKICO(MUIBHOTO MPH-
coeguHeHusi CH,;Li x xuparsHoMy anpaeruny. McxonHoe coctosiHUe
JJUI TBYX KOHKYPUPYIOLUMX peakilUid XapaKTepU3yeTcsi OQMHaKOBOM
aHepruet a1ag (R)- 1 (5)-3HAaHTHOMEPOB aNbAErUa, TOrAa Kax Iie-
PEXOJHbIE COCTOSTHUSI AUACTEpEOMEpPHBI M, CIEIOBATEJILHO, Pa3iuy-
Hbl TI0 3HEPTMU. DTO 03HAYAET, YTO DHEPTUsi aKTUBALUMU JUISL ITBYX
KOHKYPHPYIOILIMX peaKiMid TAKXe pa3jiMyHa U JBa JUacTepeoMepa —
(1R; 25 u (15; 25) — obpasylorcsi B HepaBHOM KonuyecTBe. B mpo-
IYKTax peaku Uy peobnagaroiluM OyneT JUACTEPEOMED, MONYyYaro-
LWMcs B pe3yjipTaTe aTaKM HYKICOOMUJIBHOrO areHTa ¢ IMpOoCTpaH-
CTBEHHO MeHee 3aTpyIHEHHOM cTopoHbl. Te e caMble paccyXIeHUs
CIIpaBeJIMBEI U JUIS1 T0OOU ApYyroi peaklMy HYKJIeOdUIbHOTO MPU-
COeJJUHEHUSI K XHUPATLHOMY albJeruay UM KeToHy (IJ. 8, 4. 2).
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JMACTepeoMepHEIE [TepexXoIHbIe
COCTOSTHUST

SHeprus

CH; -~CH;4
?

LiO H LO H

(1S; 28)-muacrepeomep (1R; 2.5)-muactepeomep

KOODAMHATA PeakiUy

Puc.16.2. OHepreTuyeckas auarpamMma Ui o6pa3oBaHMs ABYX AKACTEPEOMEPOB IIpH
[IPUCOCAMHCHUHM METWUIMTHS K XUPATbHOMY ANBACTALY

16.3.1.x. IPUCOEJUHEHHWE INEPBUYHBIX U BTOPUYHBIX AMHUHOB.
NMONYYEHUE UMHUHOB U EHAMHWHOB

KiaccuyeckuM npuMepoM HYKIeOPHIBHOTO MPUCOCTUHEHHUS MO
KapOOHUJIEHON TpyIIie SIBAAIOTCS peaKiMH aJbACTHIOB U KETOHOB C
MEPBUYHBIMU H BTOPDUYHBIMH aMHHaMH. KOHEYHBIMH MPOAYKTaMHU pe-
aKIIMHA B CJy4Yyac MEPBHYHBIX AMHUHOB SIBASIIOTCSI MMHHBI (OCHOBAHMS
HIudda), a 11 BTOpUYHBIX aMMHOB — €HaMUHbI {(€EHAMUH — HEHa-
CBhILIEHHBIX aMHH). EcH MCXOOUTh TONBLKO M3 CTPOSHHS MPOIYKTOB,
9TH pEeaKkUHUM CJIEeIyeT CYMTaTh COBEPIUEHHO Pa3HbLIMHM, ITOCKOJBLKY B
MMUHAX OBOMHAS CBSI3b CBSI3BIBAET a30T U YIVIEPON, 4 B eHAMUHAX IBa
aToMa yrjepoaa:

NR o) <
I ] Ny
C C C
H /N, RNH, H /N RNH_ 7N
C C C
N 4 /]
UMHH
(ocHopaHue 1Indda) €HaMMH
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Ha caMoM pene, o0e peakUM MO CyILECTBY COBEpLUEHHO aHaO-
ITMYHBI, TAK KAaK MEXaHU3M TIpoLecca B 06OUX CIyJYasix OJUH U TOT XKe.
UMUHBI U eHaMUHBI 00Pa3y0TCsi B pe3ynbrare 0OpaTHMOIO KMUCJIOT-
HO-KAaTaJIM3UPYEeMOTI0 MPoLeccd HYKICO(hUILHOIO TIPUCOEIMHEHUS T10
KapOOHWILHOM rpymme. B nepBoit cTaquu peakKUMH NpPHCOEIUHEHHUS
MepBUYHOrOo aMuHa 00pasyeTcsi JUMIONSPHAIA TeTpa3ApUYecKUH HH-
TEPMEIMAT, KOTOPbI CTaOUIM3UPYETCS B peayjbTaTe epeHoca IMpo-
TOHA OT a30Ta K KHUCIAOpody ¢ 00pa3oBaHMEM HEUTPAJIbHOTO IONYy-
aMuHans (kapbuHonamuua). KapbuHonaMuH ganee nMpOTOHUPYETCS 10
atoMy kuciopoaa. OruierieHue BOgbl OT NMPOTOHUPOBAaHHON (GOPMBI
[IPUBOANUT K UMUHUEBOMY KATHOHY, KOTOPAIN cTabUIMU3UpyeTCs B pe-
3yJLTATE OTIUEIJICHUSI TIPOTOHA B KOHEYHBIH IPOAYKT — aJIbIUMMH
WM KETUMHWH:

®
H
R17C:O + RNH, == R‘-;C@Oe D —— Rl—c\—oH —
R> R” “NH, R” “NH
3 R3
KapOMHOJIaMUH
(ronnyaMuHanb)

@ — €]
—— R'—c*0H, __’leo RI—C=NHR’-_—» R'—C=NR’ + H®
RY oy RY R
NHR

KaTHOH MMHHHA HUMHH

B xauecTBe MpUMMEpPOB MPUBENEM IONYYEeHUE UMUHOB YKCYCHOTO
aIbIeryaa M aleToOHa COOTBETCTBEHHO C OYTHMJIAMHUHOM M LIMKIIOreK-
CHJIAMHHOM:

CH,COOH

1) CH,CHO + H,N(CH,):CH; CH,;CH=N(CH,);CH;+H,0

(83%)

CH,CO0H
2) CH,COCH, + H2N~<:> el ittt & CH3C=N~<:> + Hy0
CeHe é

Hy 959

Hexoropbie nmpouspogHble 1,2-mMaMMHO3TAHA SIBSIIOTCS Kaye-
CTBEHHKIMM peareHTaMM Ha anpaeruasl. N, N’-nudeHun-1,2-1THaMUHO-
3TaH IPHU B3aUMOJEUCTBUU C alblerHiaMu obpa3yeT MMHAA30JIMHbl —
LUKIWYECKMEe aMUHAIM, KOTOPble MOrYT OBbITb MCIIOJb30BAHBI IJIA
HAeHTU(DUKALMH ANBIETHIOB:
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(|:6H5 (|:6H5

CH,—NH o CH,—N
| + EC—R—@> |2 SCHR + H,0
CH2—1|\IH H CH;0H; H CHrITI
CeHs CeHs

EnaMuubl monyyaiorcd NOogoOHBIM Xe 00pa3oM M3 BTOPHUYHBIX
aMuHOB. EqMHCTBEHHOE pa3nvyde 3aKJII09AETCI B TOM, 9TO UMHHHE-
Bast COJb B 3TOM CAy4yae HE MOXET CTAOMNM3UPOBATHCS OTLIEIUIEHHEM
MPOTOHA OT aroMa a3oTa. BMecTo 3TOro MpoTOH OTIIEIVISIETCS OT CO-
CeHETr0 aroMa yriepona c obpa3oBaHHEM HEUTPaNbHOTO COCHUHE-
HHUSI — CHAMHHA:

®
F OH OH,
H C//ORN O on b,
TINT ® .
"N kR PN ON-Re==¢” “N-R—> 7 \,fg— —
ANl T kT
H
KapOMHONaMUH
H ’ ®
-H,0 K - AN .-
— @—CO —=—>_  C=—=C—NR, + H®
7N NE_ R AN
R/
KAaTUOH MMHWHMS €HAMHWH

EHaMMHBI TOMY4arOTCS U3 AJIBIETHIOB WIH KETOHOB M BTOPUYHBIX aMH-
HOB C YIOBJICTBOPUTEIHLHBIMHM BBIXOXAMH TOJNBKO MIPH 23€0TPOIHOM OT-
TOHKE BOIBI C TONYONOM, YTO IMO3BOJISIET CMECTUTH PaBHOBECUE B Xe-
JIAEMYIO CTOPOHY. B KauecTBe BTOpUYHBIX aMHHOB UCITONB3YIOT IATH- U
WIECTHWICHHBIE AMHUHBl — TTUPPONAMIMH, TTUIEPUIMH WIM MOp(dONHH:

/  \_ n-CH;C(H,SO;H \ / 0\
1) O+ HN 0] > N O + H,0
\__/ 110 °C; tonyou; 1 4 _/
MOpdOIUH (70%)

i (>
N ncH,cHSOH H N

| /
2) CH,CH,COCH,CH, + ——— " 5% CH,e=C  +H,0
110 °C; tonyon \CH CH
ITUPPOTUAMH (90%) 203
0

(CH,),SiCl
—_—

®
3) 2 R,NH R,N—Si(CH,), + R,NH,CP
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, o AcHa, ; . _
RaN-Si(CHy)s+ R'CHC-R™ R'CH=CR+ (CH,);Si~0~Si(CH;);
NR

B ycoBepilleHCTBOBAHHOM MeTOJIE TTONYYEHUSI eHAMUHOB UCXOMAT
U3 TPUMETUICUIUABHOIO MpPOM3BOIHOIO BTOPHYHOIO aMHHA. ATOM
KpeMHuUs 0071a0aeT 3HAYUTEABHO GONBIIMM CpOACTBOM K KHCIOpOaY,
YeM K a30TY, YTO ITO3BOMSET B MSATKUX YCAOBUSIX TIONYYAThH eHAMUHBI
u3 (CH,);SiNR, 1 xeToHOB.

IlogpoGHoe M3ydeHHe MeXaHU3Ma OOHAPYXHMIO CUJIBHYIO 33aBH-
CHMOCTb CKOpocTH oOpazoBaHusi MHHA oT pH cpensl. Ckopocth pe-
aKIIUM PE3KO CHHXaeTcsi B obsacTu BeicokKux (pH >9) M HM3KHX
(pH < 1) 3Hauenuit pH, mocruras mMakcuMyma oObIYHO B MHTEpBale
pH ~3—5, T.e. B obnacTu ciaboit KUCIOTHOCTH. DTY 3aBUCMMOCTb MOXHO
OOBSICHUTD, €CNH paccMOTpeTh BIMsiHUE pH Ha KaXIyro cTaguio Impo-
necca. Kuciora HeobxomuMa TSl TIpOTOHUPOBaHUS KapOMHONAMUHA
M JaJbHEWIero ero TMpeBpalieHUss B UMUHUEeBbIA KaTHoH. Ilostomy
9Ta CTAAUS TMOJHOCTBIO IMONABISAETCS B 00JACTH BBHICOKHMX 3HAYeHHUMH
pH. C npyroit cropoHsl, B o61acTd HU3KMX pH, MEHBIUMX €THMHHIBI,
aMHMH M HEKOTOpble Opyrue aszotucreie Hykneodunsl (NH,OH;
NH,—NH, u ap.) npoTtoHUpyloTCcsi ¢ 06pa3oBaHHEM CONH AMMO-
HUSI, KOTOpasi He CrocoOHAa MpUCOeJUHATHCS 10 KapOOHWABHOM rpy1-
Te, TaK KaK JMUIeHA CBOWCTB HykJieopMibHOro areHra. MHTepBan
pH B nuanazoHe oT 3 10 5 0ObIYHO ABAsIETCS Pa3yMHBIM KOMITPOMMC-
COM MEXIY 3TUMM JBYMSI TIPOTHUBOIMONOXHBIMU TEHACHIUSIMU, MPU-
YeM JUISL KaXIOro asoTUCTOro Hykieodusa CYLIECTBYET CBOH OITH-
MaJIbHBIM AMana3oH 3HadyeHU pH, nMpu KOTOpOM CKOPOCTh peaKkiiuu
MakcumanbHa. Ha puc. 16.3 B xauecTBe W/UIIOCTPALMM TIPEACTABIEHA

K,, n/m-c
20
1,5 4
1,0 1
0,5 1
0 pH
12 3 4 5 6 7 8 9

Puc.16.3. 3aBHcHMoOCThL cKOpocTH 0Bpa3oBaHMs OKCHMMa alieToHa oT pH
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3aBUCUMOCTb CKOpPOCTHM peakUuWH oOpa3oBaHUsT OKCHMa alleTOHa M3
alleToHa ¥ ruapokKcuiaMuHa oT pH cpensr:

25°C

CHACOCH; + NH,0H — -

CH3C|J=NOH + H,0 .
CH,

CoenuneHust, 0Opa3ylolMecs B pe3ylbTaTe B3AUMONEUCTBUS alb-
Jeruaa Wi KeTOHa C TMIPOKCHJIAMUHOM, TMIPa3HMHOM, (beHUIrua-
pa3uHoM, 2,4-THHUTPOPeHUNTHAPA3UHOM, H-HUTPOGEHUNTUIPA3H-
HOM, ceMUKap0a3uaoM M THOceMMKapba3uaoM, ClAelyeT paccMarpu-
BaTh KaK IIPOM3BOAHbBIE UMHUHOB. BONBIUMHCTBO M3 HUX [IPEACTaBISIIOT
coboil kpucTaIMYecKUe BellecTBa, obiaparouide 4eTKOU TemIepa-
TypOH IIaBJAEHHUS. OTU IPOU3BOAHbBIE UCITOB3YIOTCS ISl UIEHTUDU-
KallM¥ aJbAETUIOB U KETOHOB!

<:>:o + NH,OH ——» <:>:N—OH

(0]
V4
@C\ + NH,CONHNH; ——» CH=N-NHCONH,
H
P O
cl C_ +NHrNH,——>=C CH=N—NH,
H
C¢HsCOCH;+0,N NH-NH;> C6H5(|:=N—NH NO,

I'Mapa3oHbl ATbAETHIOB M KETOHOB LUIMPOKO HUCITONB3YIOTCS B Opra-
HUYECKOM CHHTe3e Ui TIpeBpalleHusi KapOoHWIbHOM rpynnsl C=0
B METHJICHOBYIO Ipyniy. 9ra peakuus 6puia oTkpbiTa B 1911 r. Hesza-
sucuMmo H.M. KixnepoM B Poccuu u J1. Boasdom B 'epmanun. OHu
oOHapyXuiH, 4To Npu HarpeBaHuU c TBepaoit KOH rumpasoHsl pas-
JlaraloTcs C BhlUIeJeHUEM a3oTa, obpasys ankaHel. Meton Kuxuepa—
Bonbsga 611 MoauduiiMpoBaH TakuM 00pa3oM, YTO LIEJOYHOE pas-
JIOXXEHUE M'MAIPA30HOB CTATH BBHITTOJHSATH B BHICOKOKHUITSIUUX MTPOTOH-
HbIX pacTBOPUTENSIX — AUBTUIEHTAUKOJNE (T.KUI. =245°C) unu
TPUATHIEHTJIMKOJE (T. KuIl. =287°C):

1) NHZ_‘NH2 ) H20 ‘
| J\ 2) KOH; HOCH,CH,OCH,CH,0H; 200 'C | J\
0~ “CHO o~ “CH,

(60%)
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1) NH,~NH; - H,0
< > 2) KOH; HOCH,CH,OCH,CH,OH; 240 °C

OuLmKIIo-[3, 3]-oxTaHOH-2 (90%) Suumkio-[3, 3]-oxray

o .
CH,

1) NH,-NH; - H,O

2) KOH; HOCH2CHZOCH2CH20H

210—230 °C
0]
(69%)

B peakuun KinkHepa—Bonbda neppoHayansHo obpa3yercsi aHUOH M-
pa30Ha, KOTOPhIH IIPY NPOTOHUPOBAHUU TIPEBPAIIAETCS] B a30COENHU-
HeHUe. AHMOH TMApa30oHa IpeJCcTaBIsieT coOoM a30TUCTBIN aHaor an-
JIUI-aHUOHA U eHoNMsT-HOHa (cM. 1. 17, 4. 3) U MpOSIBIISIET [10ITOMY
CBOMCTBA THUIIMYHOTO AMOWIEHTHOrO aHUOHA, KOTOPLIX TIPU IIPOTO-
HUPOBAHUU BOJON 00pasyeT azocoeqMHEHHE. A30COCOIUHEHUE qayee
[TofiBepraeTcs NeMpOTOHUPOBAHUIO TON JEHCTBUEM TI'MAPOKCUI-UOHA
¢ MOCIEAYIOIMM OMHOBPEMEHHBIM OTUICIVIEHUEM MOJIEKYNBI 430Td U
[IPOTOHUPOBAHUEM TIO aTOMY YIJIepona:

- e N=NH
[ NTNHy e N NeHHZO o
R— 2 ——* R—C 5 ~a— R--.C ==—=
R H,0 R OH® /,H
R
on® Qli\l N® T
H,0
———= R-“C_ — 2+ R'—C—H+O0H+N,.
HO  /m  —N=N L2
R

16.3.2. PEAKHHUA BHUTTHUTA

Peaxkuusi, otkpeitasg I'. ButturoM B 1954 1., ocraercss Jy4lUUM
COBPEMEHHBIM METOIOM perdocrnen¢ruyeckoro CMHTE3a AIKEHOB CO
CTPOTO ONpeneNeHHAM TOJOXEHHEM JBOUHOM cBsi3u. Ee oTnuuunTess-
Hasi OCOOEHHOCTb 3aKIIOYAeTCsl B TIOJIHOM OTCYTCTBMU B TIPOOYKTaXx
peaklMU U30MEPHBIX OJiePHHOB C JPYTrMM IOJOXEHUEM NBOHHOM CBsI-
34. DTO COCTABISIET MPUHUMIIHAILHOE OTAMYME JAHHOIO METOAA OT
IPYTHX TIPOLIECCOB, I'le ABOMHAs CBSI3b CO3JAETCS B pPE3YNbTATE
[3-3MUMUHUPOBAHUS.
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Peaxkiust BuTTHra 3axiiioyaercss BO B3aMMOJCHUCTBUMM albneruaa
WJIM KETOHA C MAMAaMu coccopa, IpUBOOSIIIMM K 00pa3oBaHUIO ajl-
KeHa U oKHMcH chochUuHa:

R3
RL ®© © . admp R\
RQ/C—O + (Q’:HS)3P_C\—R mR2'C_C\H+ (GeHs)sP=0
KETOH WIMA q)ocq)o%a aikeH OKUCH TpHe-
(docgopa) Hndocduna

AJIKMITAIOTEHUIOBI pearupyior ¢ TpudeHmindpochuHoM, obpasysi conu
TpudeHUNATKUIADOCHOHHUS:

® S
(C6H5)3PCH2RBI'
(70-100%)

RCH,Br + (C¢Hy),P

HyxieodunpHoe 3aMeieHre Iox JeiCTBHEM TpOCTPAHCTBEHHO 3a-
TPYZHEHHOro MATKOro HykieodwibHoro arexra (CqHs);P nerko ocy-
IIECTRISIETCS IIST IEPBUMHBIX M BTOPUMHBIX, HO He TPeTHUHBIX aTKWIra-
norenunos. Mnun ¢ocdopa nonyl{agrcsl NpH AeIIPOTOHMPOBAHUH YET-

BepTuuHOit conu dochonust (C¢Hs); P—CH,R X ®MocdoHuesble conu

oTHocsiTesl K c1absiM C—H-KkucinoraM, U Uit UX JeIPOTOHUpPOBAHUSL
HEoOXOOUMO MCIONb30BATh CHJIBHBIE OCHOBAHUS: AMUI M THAPUI Ha-
Tpusi; GUc(TpuMeTiIcHIwI)aMun Hatpust — (Me;Si),NNa; x#-6ytui-
auTuil ¥ pp. Obpasylolyecs IpU 3TOM HelTpanbHbele docdopopra-
HUYECKME COENMHEHUs] Ha3blBAIOTCS UIMIaMu, Wi ¢ocdopaHaMu:

#-CyHyLi

® e ® ©
(C6H5)3PCH2R X 3(1)}{})' —7%°C (C6H5)3P*CHR + LiX + C4H10 .

B TeweHue INMTENBHOTO BpPEMEHM 1UIA TUCKYCCHUS O CTPOCHUH
¢ocdopaHoB, LIsi KOTOPHIX ObUIM MpeAIoXeHbl OETaMHOBAS WIKI-
Has ¢dopMa, a Takxe uneHoBas ¢opma (CcHs);P=CHR. UneHosas
CTPYKTYypa MoJpa3yMeBaeT 3alojHeHHe MmycToi d-opdoutanu docdopa
33 CYET coceJHEero kapbaHuoHHoro neHrpa. KBaHToBO-MeXaHHYEeCKHUE
pacyeTsl, OJHAKO, ONpeJeIeHHO YKa3blBAlOT HA MJIMAHOE CTPOEHUE
¢ocdopaHoB, rae d-opOUTANM He NPUHUMAIOT CYLUECTBEHHOIO yyac-
TUSI B pacnpenedeHuu 3apsina. Peakuusi Butrura upespsld4aiftHO M-
POKO NPHUMEHSIETCS IUISI [TOJIYYEHHMs] 3aMEIIICHHBIX TIpH ABOMHOM CBSI-
34 @JIKEHOB:

@
<:>:0 + (CgHg;PCH, BT~ CH, + (CgH9sP=0;
AMCO
(86%)
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CH=CH
CHO o NaNH, 2
+ 2(CGH5)3PCH3 Br T + 2(C6H5)3P:O;
CHO P CH=CH,

(75%)

o NaNI[Si(CHy)),

®
HC=C—CHO + C;;H,sP(C¢H;),Br
12H35P(CgHs)4 Trd: 30 °C

— » HC=C—CH=CH—C, Hy; + (CgHs);P=0;
(81%)

O:o + (Cotgp— |- SEBL, C“HS” C}Q + (CHs)sPO .

(45%)

OneduHUpoBaHUE 10 BUTTUTY HALIO pa3HOOOpPa3HOe MpUMe-
HEHUe B CHUHTE3¢ BUTAMUHOB rpynn A U D, MoaMeHOBBIX, MOJHE-
HUHOBBIX COEIUHEHHUH, NYLWIUCTHIX BelIeCTB, GEPOMOHOB U Apy-
rux OGUOJOTHMYECKHM aKTUBHBIX coeqMHeHHi. B kayecTme mpumepa
TIpUBeJeM CUHTE3 OOMOUKOIA — (EepOMOHA TYTOBOTO LUEJIKOIPSI-
a, MPEeACTaBASIOEr0 CODOU CONPSIXCHHBIN AUCHOBBIA CIUPT:
10E,12Z-rekcanekanueH-1-on. [nd monyyeHuss aToro ¢pepoMoHa Me-
TUnOBHI 3¢up 12-¢popmunaexa-10E-eHOBON KHUCAOTH KOHAECHCU-
pyior npu —20°C ¢ UIMIOM, MONYYEHHBIM M3 H-OYyTUATPUGDEHHI-
docdhonuitbpoMuna neicrsueM Ouc-(TpUMETHJICUIUN)AMHAA Ha-
tpus B TT'® ¢ obpasoBanueM E,Z-conpsiXeHHOTo AHEHOBOTO
CJAOXHOTO 3¢hUpa, KOTOPHIH BOCCTAHABIHBAIOT C MOMOUIBIO ATIO-
MOTHApUIA JUTHSA B 6OMOUKON ¢ OBIIMM BbIxogoM 45%:

®
CH,CH,CH,CH,PPhsBr
Na®N[Si(CHy);],2; TID; —20°C

CH;00C(CHysCH=CHCHO

1) LiAlHg; agup
—» CH;CH,CH,CH=CH—CH=CH(CH)3COOCH; ———>
Z- E- 2) H;0

—» CH;CH,CH,CH=CH—CH=CH(CH,);CH,0H ;
E-

10E-12Z-rexkcagexaayieH-1~on (GoMGuKon)

Peaxuivst Burrura ucrionsdyercss 1 B XUMUYECKOH MPOMBILIUTIEHHOC-
TH. U3BecTHas ¢upMa BASF (PPI') zanareHToBaia CHHTE3 BUTAMUHA A,
KJTIOYEBOM CTafMel KOTOpOoro sipisietcd oneUHUpOBaHME 1Mo Burtury:
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H,C_ CH; CH;

® ) CH3ONa
AN HONa
o PCHX® o op
CH,
H; CH; CH, o, Q
o C—C=CHCH,0—CCH,
X @ H”
— P(GgHs),
CH;

Mexauu3M M cTepeoxumus peaknud Burmura. B HacTosiee Bpems
CYILIECTBYIOT ABE AIbTCPHATUBHBIC TOYKH 3pPCHMS Ha MEXAHU3M 3TOH
peakuuu. B cOOTBETCTBHM ¢ MEXaHU3MOM, MPEATOXEHHBIM caMUM BHT-
THUTOM, Ha NEPBON CTamuu B pe3yabTate 0OpaTUMOro HykieogHb-
HOTO TIPUCOCTMHEHHS WIKIa [0 KapOOHWIEHOMY aToOMY yIilepona 06-
pasyeTcst JUITOJNSIPHBIA MHTEpMEIHAT, Ha3pIiBaeMblii OeTauHOM. Jlanee
0eTauH nocjie KOOPIHMHAUMWHM KapOOHMILHOTO KHCAOpOJa IO aroMy
docdopa npespaluaercs B okcadpocderaH. Okcadocderadnl HecTa-
OUNBHBI B pacTBOPE Jaxe MpH HU3KOH TeMiepartype. Yxe mpu —20°C
U BBIlIE OHHM IOJBEPTAIOTCA YUC-3TUMUHUPOBAHUIO ¢ 0Opa3oBaHHEM

anKeHa U okHUcH TpUudeHmdbochuHa:
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®
0° P(C¢Hs)s

® O
(C¢Hg);P—CHR! + R*COR’=——== R>—C—CHR! =—=

R3
GeTauH
Cﬁ;rP(CsHsh
<=—= R—CYCH —— (CHy);P=0 + R*~C=C—H.
rY \R’ R? Rl
okcadocheTaH



{axTops!, KOHTPOAHpYIOULIKe KOHDUTYpalKio 06pa3ylouerocs aike-
Ha, MOXHO paccMOTPETh B paMKax 3TOro MexaHM3Ma. [lockonbKy moc-
JIeQHSIA CTaausl TIpeJcTaBiaseT cobol cux-3IUMUHUPOBAHUE, CTepeo-
XHMMsI obpasylollerocs B NepBOM cTaauu OETAMHOBOr0 MHTEpMEIUA-
T4 COXpaH{eTCsi U B YeThIPEXUEHTPOBOM I[1€PEXOMHOM COCTOSIHUM
3IUMMHUPOBAHUS M OTIpeJesiseT KOHGUTYpalHio ankeHa, [ToaToMy yuc-
aJIKeH IoJyyaeTcs MpH pacliage 3pumpo-0eTauHa, a mpaHc-u3oMep —
MIpY Pa3IOKEHUU mpeo-OeTanHa:

® ®
(CeHs);P o°  (CHssP o°
® o
(C¢Hs);P—CHR' + R’CHO =—= +
H Rr? Rz H
H R! H R
3pumpo-GeTauH mpeo-6eTaH
Cli-3TUMAHUPOBAHHE
R‘\ R? R H
; N ;
(C6H5)3P:O + C=C C=C
/s AN s/ AN 2
H H H R
uuc-(Z)-ankeH mpanc-(E)-ankeH

Ecau otwennenune (C¢Hs);P=0 npoucxonur GeicTpee, yeM o0bpaso-
BaHUe 3pumpo- U mpeo-popM beTanHa, TO KOHPUTYpalUMsl AIKEHa OIl-
pENENsieTCsl TOJIbKO COOTHOLUEHHEM KOHCTAHT CKOPOCTH 00pa3zoBaHMs
CTEPEOM3OMEpHBIX OETAMHOB. DTO Ciay4ail TaK Ha3blBAEMOr0 KUHETH-
YECKOTr0 KOHTPOJSI peaxKiMM, KOIja IepBasi CTanusi SIBJISIETCH JTUMHU-
THpyloule#. Ecin obpasoBaHHe OeTaMHOB siRIsieTcsl OBICTPLIM oOpa-
THUMBIM IIPOLIECCOM, 4 MEUICHHOH, THMUTHPYIOLIEH CKOPOCThL CTagH-
et sisnsiercst otwervienue (CgHs),P=0, nBa Geramna Haxomsitcsi B
PaBHOBECHH C HMCXOOHBIMU peareHTaMHd, M COOTHOUIEHHE Kuc- |
mpaxc-aTKeHOB 3aBUCHUT OT OTHOCHUTENBHON TepMOAUHAMHUYECKOH cTa-
OMWJIBHOCTH 3pumpo- U mpeo-6eTauHOB. B 3TOM cilyyae peakuus Iox-
YUHSIETCS TEPMOTMHAMHUYECKOMY KOHTpoJil0. Koraa 6eTauHbl Haxoosrest
B PABHOBECHH C MCXOJHBIM WIHIOM, OOBIYHO NPEUMYLIECTBEHHO 06-
pasyercs OoJiee CTaOUJIBHBIA Mmpaxc-aIKEeH M3 Oonee cTabWIbHOTO
mpeo-6eTanuHa, MOCKONABKY IEPEXONHOE COCTOSHHE, MPHUBOLSAIIEE K
Yuc-aJIKeHy, UMeeT 60Jie€ BBICOKYIO SHEPTUIO AKTHBALIMM, YEeM [Ie-
pexomHoe COCTOsIHUE, NMPUBOMSLIEE K mparc-ankeHy. Bricokoe co-
OTHOUIEHHUE MPaHC-/yuc-aJIKEHOB XapaKTEpHO sl WIKIoB ¢ocdopa,
conepXalrx 3JeKTPOHOAKLEITOPHbBIE 3AMECTHTENH: KApOATKOKCHIIb-
HYIO, allMJIbHYIO AU UHAHO-TPYIIIbI. DTO CBA3aHO C TEM, YTO TAKHeE
WIWIbl 001a0al0T JOCTATOYHO BHICOKOHM CTAOMIBHOCTBIO BCAEIACTBHE
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JleIOKATM3aUMY OTPULATENBHOTO 3apsiia N0 KapOOHUABHOU UAHU LU-
ago-rpynmne. ObpaTuMblid pacrian OeTaMHOB HAa UCXOQHbIE PEareHThI
obneryaercs B ci1y4yae cTaOUNBHBIX UAMAOB, TOTHA KaK CKOPOCTb BTO-
poH cTamuu, HAanpOTHUB, 3HAYUTEABHO CHUKAETCSI.

® o CgHg HsCa M
(C(,H5)3P—(|I—COOC2H5 + C2H5CHO'_—’ C=C

° /
i 64 80C “COOC,H;
(49%)

KuHeTyeckuit KOHTpodb B peakuuu Burrura cobmiomaercst misi
HeCcTaOWIBHBIX WIMIOB, CONEPXAlUX INECKTPOHOTOHOPHBIE TPYIIIH-
pPOBKH B Wiune. B 2ToM ciyyae npH HCIIONB30BAaHHMM B Ka4ecTBE He-
MPOTOHUPYIOLIET0 areHTa MpOCTPAHCTBEHHO-3aTPYIHEHHBIX OCHOBA-
HUH, TAKMX KaK OUC(TpPUMETWICHAMNA)aMUI HaTpusd unu xamusa B TT P
ynaercst HalpaBUTh PeaKilMIO B CTOPOHY yuc-alKeHa, U B HEKOTOPBIX
cy4yasix cTepeoXHMHUYEcKass YUCTOTa anKeHa gocturaer 95—97%:

oe R! R?
(CHg)PCHR+ RICHO [(CH,);Sil:NNa \c—c/+ (C¢Hs)3P=0
S TI®; —10—(—30°C) o/ B \; v

XO

Z-n3oMep

CrepeoxuMuio peakdid BUTTHra MOXHO MONHOCTBIO 0OpAaTUTD B MpU-
CYTCTBHHU COJIEH JTUTHUS, €CNM B KaYECTBE JNEIMPOTOHUPYIOUIETO areHTa
TIPUMEHATDh H-OyTWIMuTUI. [TonydyeHre GeTanHa B 3TOM Cllyyac Ipo-
BOJST TIpM BO3MOXHO Oonee Hu3Koil TteMmeparype —25—(—80)°C B
TIPUCYTCTBUH OpoMuAa WiIM Homuaa JuTusi. Poiab KaTHoOHA, TIO-BUIM-
MOMY, CBOOUTCS K €r0 KOOpIMHALMK [0 KUCIOPOIHOMY AHUOHY B
OeTanHe, YTO pPE3KO 3aMeInsieT pas3ioxXeHue OeTaMHa Ha aKEH U
(C¢Hs);P=0. 3arem GeTanHoBBIN MHTEepMenuUat obpabarbiBaeTcs eule
OJHUM DKBUBATIEHTOM H-OYTHJUIMTUS UM (EHWIIUMTHS C LIEJIBIO I10-
Jly4YeHHSI HOBOTO MJIMAA:

® ® ®
PPh3 PPh; PPh;
Lo lc 12e lc@ © (I;
i ) : o) — 0]
PhLi (CH;):C—OH g
[ H\, = | | il Ly [ (EAN
,_c\/H R! =50°C ’,c\/ R ,_c\% H
H R H R H R
pumpo-6eTauH mpeo-6eTanH
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[IpoToHUpOBaHKE MPOMEXKYTOUHOI'O UHTEpMEMaTa Iocije BBeAeHUS
B peakIMOHHYIO CMECh HEDOJIBLIOro KolMyecTsa TpeT-0yTaHona B Ka-
YyecTBe NPOTOHUPYIOIIETo areHTa MpuBOaMT K oOpa3oBaHUIO Oosee cTa-
OMIbHOTO mpeo-OeTauHa, NpU Pa3lNOXKEHUH KOTOPOTo MoayyaeTcs ai-
KeH mpanc-KoHdurypauuu. CoOTHOLLIEHUE mpaHc-/yuc-u3oMepoB a-
KEeHOB B 3TOM cyiyyae gocturaet 95:5 u gaxe 97 : 3. DTOT MexaHU3M
YAOBIETBOPUTENBHO OINMCHIBAET CTEPEOXUMMUIO peakiMU B IPUCYTCTBUHU
JIMTHEBBIX COJIel M JBYX SKBUBAJIEHTOB OYTMIAUTUS KAK OCHOBAHMS,
OIHAKO OH He JaeT palMoOHaJIbHOIO OOBSICHEHUS BHICOKOH Z-cTepeo-
CEJIEKTUBHOCTH TOM XK€ peaKLMU NPU UCIOJb30BAHMU B KAUYECTBE OC-
HOBaHHUsI OMC(TPUMETUICUIMA)AMUIA HATPUS.

B anpTepHaTHBHOM MEXaHU3Me peakuMd BUTTHra B3auMoae ACTBHE
KapOOHUJIBHOTO CoeOUHEeHUN ¢ ununoM ¢ocdopa M. lllnoccep pac-
CMATpUBaeT KaK LMKJIONpUCOeIUHEHHUE JBYX HHUITONCH, NPUBOASILEE
K oOpazoBanuio okcadocderana (I) ¢ Z-xoHdurypauueir 3aMecTu-
teneit R! u R%:

H
0 ® '
R'CHP(C4Hj), + RZCHO——>R2—C—(|) — Rz--(|3—C—\--R1—>
H
C—P(GHs); ™ O—P(CHs)
ly” 5)3
RY Ny

okcadocderan 1 okcadocderan 11

R%-C—C:-R! R:,C—Coo H
B
H” | e H | e Mg
S (CeHy)s ™ (CeHs)s
3pumpo-6eTauH mpeo-6eTaviH

RZ Rl
>c—_ci R27C—-——C<H
H H H R!
LUC-aNIKCH MpaHC-aJIKEH

IlceBnoBpalleHHe nurasnoB B okcadocderane I NpUBOOUT K OKca-
docderany 11, B xotopoMm cBsisb C—P 3aHUMAaeT anUKajIbHOE 11010~
XeHue B TPUTOHANBHON OUnMpamMuIe neHTakoopaMHaUUoHHoro doc-
dopa. Ilpu paspriBe cBsisu C—P B okcadocderane II obpasyercs
apumpo-6etaut. Eciu R! — snekTpoHOIOHOpHBIM 3aMecTUTENb, BpEMsT
KU3HHU 3pumpo-6eTauHa Mano M orwermieHue (C¢Hs),PO ¢ obpaso-
BAHMEM YuUC-AJKEHA NPOMCXOOUT ObICTpee, YeM HM30MEpHU3aLHs B
mpeo-6eTauH. DNEKTPOHOAKIEIITOPHbIE 3aMECTUTENHU R! YBENMUYUBAIOT
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BpeMs XM3HM OeTauHa, crocoOCTBYsI €ro M3OMEpPHM3AallMM IPH Bpa-
ueHUuU Bokpyr cpsizy C—C B TepMOIMHAMHUYecKH Oosiee cTaOUIb-
HBbIA mpeo-6eTauH, U3 Koroporo oOpa3yercss mpaHc-aIKeH (TepMo-
IUHAMHUYECKU A KOHTPOJIb). DKCIIepPMMEHTA/IbHO B peakuuyd Burttura
B KAYECTBE MPOMEXYTOYHBIX YACTULl yHaloch 3apUKCHpOBATh OKCa-
docderan. HerpynHo 3aMeTHUTh, YyTO 003 MeXaHM3MA paTHYAOTCS
TOJIBKO IIOCJEN0BATENBLHOCTBIO CTanMi o6pa3oBaHus OETAMHOB U OK-
cadocderaHa, ocTaBiasia HEU3MECHHBIM IOJYYCHHE YUC-ATKEHA U3
spumpo-6eTauHa U MpaHc-aJIKeHa U3 mpeo-OeTauHa.

BaxkHOit B CHHTETUYECKOM OTHOLUEHUU MOAU(UKALUEH PeaKIIMH
Burrura sipnsiercst -MeTol, npemioxeHHbld XopHepoM. Bmecto doc-
¢GoHUEBBIX COMieH IS MMONy4eHUST AIKEHOB MOXHO TIPHMEHATb ¢poc-
doHarnl. [lonyyenne u nmpuMeHedue docdoHaTOB WLTIOCTPUPYETCS
CIERYIOLUMMH MMPHMEPAMU;

o)
V/,
1) R'CH,X + P(OCH,CHjy);— R'CH,PAOCH,CH,), + CH;CH,X .
TpHATHIIhOCHUT hoconar

[S]
1 // B 1 © //0
2) R'CH,P~(OCH,CH3), <=—=- R'CHP—(OCH,CH3), + BH .

o®

127 2 1 4
3) RCHPZ(OCH,CH,), + RCHO ——— R CH—C\\I—_I-—>
(CH;CH,0),—P=0 R’

R\ /H V4
— c=C_ +(CHCHO),P__ .
e N2 0

mpaHc-anKeH

Dta MomUdHKaAIMI NMPUMEHHUMA, KOTIa R! sBasiercs beHUABHOIA,
ALUWJIbHON WX KapOanKOKCHUJIBHOW TpyIno#, cliocoOCTBYIOLIECH CTa-
OMIM3aUMM KapbaHHOHHOrO HeHTpa. [TponykToM peakliMu B 3TOM CIIy-
Yae OKa3bIBAETCSA MPaHC-ATKEH:

H
|
4° 1) NaH; IM® C—COOGH;
(QH50)2P{H2C(D(>ZH5 0—> +
2(5 ; AM3 (70%)

I e
+ (GH;0),P-0
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O6paszoBaHN0 mMpaxc-U3oMepa ONATONpPHUSITCTBYIOT T€ Xe (DaKTOphIl,
YTO ¥ B OOBIYHOM BapWaHTE peakUMHd Butrura: cTabuiadsMpOBaHHBIN
3a cuer menokanus3auuu 3apsina docdarHeit KapObaHHOH 0OpaTUMO
TIpUCOEIUHsIETCS K KApOOHUNABHON Ipynne ajgbIeruia Wik KeTOHA; 00-
Pa30BaHUIO MpaHCc-AIKEHA CIOCOOCTBYET OTCYTCTBUE CTEPUUECKUX 3aT-
PYAHEHUHN TIPU CuH-INUMUHUPOBAHUM U3 mpeo-OCTaUHA!

7 C,HsONa
CH,=CH-CHO + (G,Hs0),P~CH,COOC,Hs — —  *
= H
CHy=CH_ ) P
— c=C_ + (GHORP o
H COOC,H;
(66%)

Hnst Haubonee ymoTpebuMoro peareHTa B MeTofe XOpHepa TPUSTHI~
docponoanerara (C,Hs0),P(O)CH,COOC,Hy pK, =15 3r0 03Ha-
YaeT, YTO JUISI ACTIPOTOHUPOBAHMS MOXHO HCIONb30BaTh TaKHE OC-
HoBaHus, kak C,HsO U ap., ogHako B anpoOTOHHOU cpexe OOBIMHO
HUCIIONB3YIOT TUAPUI HATPUSL:

0
V4 1) NaH; CH H
(C;H50),P~CH,CN ) Nat; CoHe CH;0 c=c~
2) CH,0<0O)-CHO }l{ N
)

CN
(88%

16.3.3. OBPA3OBAHUE OKCUPAHOB IIPU B3AMMOJENCTBUH
KAPBOHWIBHBIX COEJIHHEHWA C WINJIAMU CEPBI

B To Bpems kak wiuabl ¢ocgopa npu B3aUMOIEHCTBUU C alblIe-
TMAAMU M KETOHAaMM 0Opa3yloT anKeHbl, MJAMABL cepbl B PEAKIIUM C
KapOOHUNBHBIMU COEIUHEHUSIMU JAIOT OKCUPAHbI (dHMOKCHIbL). Mau-
Qb1 CEpBI TTOYYalOTCs B PE3yAbTaTe AEMMPOTOHUPOBAHUS CyabGoHUE-
BbIX COJieit rTo AeMCTBUEM CHJIBHBIX OCHOBAHHWM, TAKUX KaK H-OyTH-
JUTUHA UIM AMMCHUIHATPUIA:

@0 ®@ ©
1) (CH3)3S I + »-CHgLi —————> (CH3),S—CH, + Lil + C4Hyy .

TH®; -20°C ° yn CephI
O
®@e A
— +
2) (CH;3),5~0 + NaH TIMCO; 40-50°C NaCH,SCH; + H, .
JHMMCHIHATpUM
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(0]
® e ®0o 4
3) (CH;);SBr + NaCH,SCH, IMCO

~IT®. —10°C

® ©
(CH5)S~CH, + NaBr + CH;SCH;
o)

Ununbl cepbl, Kak U unuabl ¢pocdopa, Mpu B3aUMOILEUCTBUU C
KapOOHUJIBHBIMHU COEUHEHUSIMM IepBOHAYAIBHO 00pa3yloT OeTau-
HBl B pe3ylbTaTe HYKJIEODUILHOTO MPUCOEIUHEHUS! K KAPGOHUIB-
HoMy yraepony. OgHako B otivure oT ¢ochopHbix beTauHOB cep-
HUCTBIM OeTauH cTabuiaMaupyercs 3a cYeT BHYTPUMOJIEKYISPHOM
HyKJIeoUNLHON aTaky aToMa KUcaopoaa Mo aToMy yriepona 6eTa-
HHA C 3aMBbIKAaHUWEM TpexwWIeHHOro LUKIA. Takoe paziuyMe CTaHO-
BUTCSl OHSITHBIM, €ClM TIPUHATH BO BHUMAHHUE, UTO B Sy2-peax-
UHUSiX JUMeTUICYIbdUI B OTIM4Ke oT TpubeHungochuHa SBASIETCS

XOpOlluel yxXonsillei rpymnmnoit:
C-—CHzgé(CHﬁz
R2/ J

R'~C——CH, + (CH,),S
R2

1 2 [CHS]
R!COR? + (CHJ),SCH,

(75-95%)

TakuM 06pazom, 10 OTHOLIEHUIO K KapOOHUABHOM IPyNIe UIK-
Ibl cepbl GOpPMAaNIbHO BBINIOJHSAIOT pOAb areHTAa-TIEPEHOCYUKA METH-
JIEHOBOY IpyIIILL:

Q (C]
l) C6H5CHO + CH2_S(CH3)2

OO0
C——CH, + (CH3),5

IMCD CeHs—
H (5%
HC———0
e 0
2) + CHQ-S(CH3)2 m + (CH})QS
(97%)
CH,
3) 0+ Ch- S(CH3)2W \ + (CH3),S
(82%)
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BMmecro waMa0B cepbl MOXHO HCMOJB30BATh WIMAB!I CyNb(hOKCHU-
e ®
noB. Metwua numetuncynsdokconuss CH,S(O)(CH,), pearupyer c
anbIeruIaMU U KETOHAMU MOJ00HO METUIIMIY OIUMETUICY1bOHUSL:
® e
(CH})QS_’O + CH}] —_— > (CH})Q_ S_CH3 I.

o
(CHy),®sZCH,° + NaH

/Oe
(CH),°S™CH, + Nal + H, .

o
<:>< | + (CH;),S—~0
CH,

(75%)

AMCO

o
Q
(CHy), ®sZcH, + o@

16.3.4. COINPAXEHHOE ITPUCOETUHEHHUE
K o,p-HEHACBIIIEHHBIM AJIBAEIrHIAM B KETOHAM

Ipucoenuterne Hyk1e0dWIbHBIX Ar€HTOB K O, B-HEHACBIIIIEHHBIM
KapOOHUABHBIM COEIUHEHUSM MOXET MPOTEKATh HE TOJABKO MO Kap-
OOHMJABHOM IpYIIE, HO U B ONOXeHUe 1,4 CONPSLKEHHON CUCTEMBI.
BosMmoxHocTe 1,4-nipucoeqUHeHUsT cleayeT U3 paccMoTpeHusi Gop-
MYJBI O, B-HEHACBIIEHHOTO COeMHEHUS:

1 4 S © e/
C C

O\%z VERZAN O\C N

e . e AN

It GOpMYJIBI OTPAXAIOT BLICOKYIO CTEIICHDb pa3eeHUs 3apsiioB MeX-
Iy KOHILIEBBIMM aTOMaMy 3TOU CONPSIXKEHHO! CUCTEMBI, TO3TOMY |,4-
TIpUCOenUHEeHWEe HOCUT Ha3BaHUe COINPSIKEHHOTO TIipUcoequHeHus . Jlns
MHOTHX areHToB 1,2- ¥ 1,4-npucoequHeHUEe KOHKYPUPYIOT MEXAY CO-
00, XOTSI B HEKOTOPBIX C/lyyasix HabogaeTcss perMoceIeKTUBHOE TIPU-
COEUMHEHHUE 110 KApOOHMUJIBHOHW IpylIie, UIM COIPSLKEHHOE IpUcoe-
ovHeHue. B obiiem Bupme 1,2- u 1,4-npucoeaMHeHre K o, B-eHoHaM
MOXeT OBbITh BBIPAXEHO CIEAYIOILUM 00pa3oM:

/ Y OH
ﬁ_j C N’ C/
C—C/ AN " H+5Y—5 1, 2—npucoeaMm:}mc= N / N
S | /C
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]
ey & 0
®
gf\ (|:/+ o1, 4-nprcoeanreHne C / H g /

Va4 77 \i 1%
C C A 2 / |C Y
H

CHOJIAT-UOH

ConpsiXKeHHOE NMPUCOEIMHEHUE HYKIeOGUIbHOIO areHTa B [3-1no-
JIOXXeHHWE €HOHA NPUBOJAUT K €HOJSAT-UOHY B KAYECTBE MHTEpPMEIUa-
Ta, KOTOPBIHA I10CJe MPOTOHUPOBAHHUS IO Qt-yIJIEPOJHOMY aTOMy 00-
pasyeT HAchIUIEHHBIH OPOAYKT NpucoequHeHusi. KoHeYHbIH pe3ynb-
TaT COOTBETCTBYET, TAKMM 00pazoM, (HpOpMabHOMY NIPUCOEIMHEHHIO
10 IBOMHOMW YIiiepon-yIIepoaHOMN CBsi3M Oe3 3aTparuBaHusl KapOOHWIb-
HOH rpynmbl. B TeAcTBUTEIPHOCTH Xe MMEHHO HATHIHE KApOOHWIb-
HOU Ipyniibl B o, 3-HEHACHIIIEHHOM KapOOHUJIBHOM COEIHHEHUH SIB-
JIsieTCsT IBHXKYLUEH CHIIOH CONpPSIKEHHOTO NPUCOEIMHEHUS Pa3IMYHBbIX
HYKJIeOPUIBbHBIX PEareHTOB, IMOCKOJBKY HEaKTUBHPOBAHHASI 3JIEKT-
DPOHOAKIENITOPHOH Tpynnol nBOKHHAs CBsI3b HE CIOCOOHA K peakilv-
SIM HYKJI€ODWIBHOTO TIPUCOCTHHEHUS.

16.3.4.a. COITPAXEHHOE NMPUCOENUHEHUE AMHWHOB

[lepBUYHBIE W BTOPHYHBIE @MHHBI JIETKO MPUCOSTHHSIOTCS K O,
-HEeHACBILEHHbIM KApOOHUIBHBIM COEIUHEHHSIM C 0Opa3oBaHHEM
3-aMMHOKETOHOB WIH [3-aMHHOAIbIeTUIOB. Peakuusi conpsLkeHHOTo
MPUCOENMHEHUS TIPOTEKaeT B OYEHb MATKUX YCIOBUSX C IIPEBOCXO-
HBIM BBIXONIOM: :

20°C

——» CH,CCH,CH,N(CH,CH
CH,on T haCt (CH,CH3),

O  (92%)

+ —— e
<_:>:o CHNH; & SHmg 0

CH,—HN (90%)

CHy-C-CH=CH,+ HN(CH,CHj),
0

(CH3)ZG=CH—ﬁJ CH; + CH;NH, (CH3)2|C CHy |(|:—CH3
NHCH, O
(75%)
HeobxoauMo OTMETUTb, YTO VLS COTIPSDKEHHOTO MPUCOEAMHEHHS Clie-

IyeT UCTIOJIb30BaTh TOJLKO OJMH 3KBUBAJIEHT AMMHA, YTOObI HCKJIIOYHUTD
B3aUMONENUCTBUE KApOOHUIBHON IpyIIIbI CO BTOPHIM MOJIeM aMHHAa.
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16.3.4.6. COIIPAXEHHOE IMTPUCOEINHEHHE
HHUAHUCTOI'O BOAOPOIA

HuaHucThIi BOOZOPOA MOXET NpUCOeIUHAThc B 1,2- u 1,4-1m0-
JIOXEHHWSA ., [3-HETNpPeaeIbHOrO KapGoHUIBHOTO coearHeHus1. Harnpanie-
HUe TIPUCOEIMHEHUS B 3HAYMTEIIbHON CTENEHM 3aBMCUT OT CTPYKTYp-
HbIX $aKTOpoB B O, B~HEHACBILLIEHHOM KapOOHWIBHOM COCIUHEHMU.
Ins o, B-HeHACHIIEHHBIX anbAernaoB obpa3oBaHWE LIMAHTUMJIPUHA

OH
s
R—CH=CH——C\ npeobnamaer Hax 1,4-npucoeanenveM. JIna
CN
H

KETOHOB, cOACpXAaIlIHX B B-HOJ[O)KCHHPI APpUJIBHBIC 3aMCCTUTCIIH, TIPpEA-
ITOYTUTECJIBHBIM CTAHOBUTCA COIIPDAXKEHHOEC ITPUCOCTHNHCHUE!

CeHs—CH=CH-C—C¢Hs+HCN L Ce¢Hs—CH-CH;—C-CgHs.
(||) CH;COOH IC N (||)

(93-96%)

OpHako 1151 oNbIUMHCTBA AUGAaTUYECKUX O, [3-HEHAChIIEHHEIX Ke-
TOHOB HabrogaeTcsi KOHKypeHiusa 1,4- u 1,2-npoueccoB Npucoeau-
HEHUS.

YT1oO6bI ITOJIHOCTBIO UCKITIOYUTD NpsiMoe |,2-npucoenyHeHue, 6bL1
MpeioxXeH HOBbIH PEareHT perdoceNeKTUBHOro 1,4-ruaporuaHupo-
BaHUSI — AUITHAATIOMHHUALIMAHWA. OH Imoay4aeTcsl U3 TpUATHIIAIO-
MHMHHS U LIMAHUCTOTO BOAOPOAA:

Tonyon; 0°C

(CH,CH,);Al + HCN (CH,CH,),AICN + C,Hj .

93%)

Ipu vcronb30BaHMK 3TOTO peareHra eJUHCTBEHHEIM ITPOIYKTOM
ITPUCOEAUHE HUA ABNSETCS [3-KETOHUTPHIL:

1) (CH5CH,),AICN; (‘:Hs
CHy—C-CH=C(CHj), — 2% 20C _ py  CH,~C—CH;.
I 2) H;0P; H,0
CN
(88%)

JMaTHNATIOMUHUALIMAHMI ObBIafiaeT BbICOKON MpaHC-CTEPEOCENEKTHB-
HOCTBIO B PEAKLMSX CONPSIKEHHOIO NTPUCOSAMHEHMS K 1IMKIIMYECKUM
a, [B-eHoHaM:
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H H H

1) (CH4CH,),AICN;
Tonyon; —20C +
o 2)H O, H0 g . o

CN 24:1 CN

mpanc-9-1maH- yuc-9-1naH-
JeKaloH-2 IEKaJIOH-2

o061Lmit Bexon — 72%

16.3.4.5. IPUCOEAUHEHUE METAJUIOOPTAHUYECKWX COENMHEHUM

JluTuitopraHu4yeckue cOEIUHEHUS TIPUCOSAMHSIOTCA UCKITIOYH-
TEJbHO IO KapOOHWILHOMR IpyIire o, [3-HEHACBIIIEHHBIX ATbACTUIOB
1 KETOHOB ¢ 00pa3’oBaHUEM UUIWIOBBIX CITUPTOB (1,2-TIpucoeIMHEHHUE):

;. OH

CH,
(l)H
1) CHsLi; sGup
2) (CHy),C=CH—C—CH,—————— (CH;),C=CH—-C—CH; .
) (CHy), I 33 1y H,0 L | 3
0 (81%) CH;

PeruoceieXTUBHOE COINPSXKEHHOE TIPUCOEIUHEHUE METAILIOOPTa-
HUYECKUX COEJUHEHUH NOCTUIaeTcs C IOMOLIBK AHAIKHIKYIIPATOB.
ColpspKeHHOE TpUCcOoeJMHEHHE TUATKIIKYIIPATOB SBISIETCS B HACTO-
slllee BpeMsl JIy4ILMM METOAOM BBENEHUS AIKWIBHON Ipynmbl B [3-
nojoxeHue eHoHa (Kopu; Xays, 1966). C r1oMolbio JHATKMIIKYTIpa-
TOB B [B-1NojioxXeHHe o, B-eHOHa ynaeTcsi BBECTH HE TOJbKO TepBHY-
HYIO, HO M BTOPMYHYIO, U JaXe TPETHYHYIO AIKMUILHYIO TDYIINY.
IToMUMO aTKMUIBHBIX IPYIIN, MOXHO BBECTH AIKEHWIBLHYIO U apHIib-
Hy10 rpynnsl. HexoTopble TUIIMYHEBIE TIPUMEPEL TIPMBEAEHBI HUXE:

O 0,.0 0
Y/ Cu] "L Y
1) CH,CZ-CH=CHy - “Cng LS oM o o CH,CHLCH;
2) HyO
97%)
O, .0
%) QZO 1) [(CH3),Cu]"Li"; apmp o
2) H,0®
CHY (979

1) (CHy=CH),CuLi; TT®
3
) QZO 2) H;0° ©

CH=CH, (65%)
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2) on l)(C6H®5)2CuLi; adup o
2) H;0
CgHs (70%)
1) (CHy),Culi ; agmp
>) 2) CH;COOH-H,0
o) o)
CH; (80%)

9-MeTUN-yuC-NEKANOH-2

H

Bo Bcex cnmyvasix KympaTbl He BBIICASIIOT B MHAMBUIYAJIBHOM BHJE, a
MCTIONB3YIOT HEMNOCPEACTBEHHO TOCIIe TOJYYeHHsT U3 JIMTHI- MK Mar-
HUHOpraHW4YecKuX coenMHeHWH u 6pomuna Mend (I) B acpupe, TID
WM JMMeTOKcHaTaHe., Bo MHOTHX cly4asix MOXHO MCIIOAb30BaTh Ka-
tTanutiyeckue xonuyectsa (5—10%) Cu,Br,.

[IpeanonaraioTr, yTo 1,4-TipMcoeqUHEeHWE peakTUBOB ['pHHbSIpa
K O, P-HeHacblllleHHBIM KeToHaM OOyCJOBNIEHO NMpPUMECSIMU B Me-
TAIMYECKOM MAarHWM cJIeIOB NepeXOJHbIX METALIOB — MEIH, Xe-
J1e3a WK JPYruX MEeTALTOB. MarHuiopraHuieckue coeIuHeHHs, To-
JIyYeHHbIE W3 MAarHUsl CBePXBBICOKOM YMCTOTBI, NPUCOEIUHSIIOTCS
TOJIBKO IO KapOOHWIbHOM rpymre eHoHa (1,2-npucoeqnHeHue). Pe-
aKkTUBBI I'pHHBSApPA, MONIYYeHHbIE U3 OGBIYHOTO, HEOYHUILIEHHOTO CIle-
LUMANbHBIM 0O0Opa3zoM MarHusl, IpUcOegUHAKTCS U B 1,2- u B 1,4-
nojoxeHus. HampapneHue npucoendHeHUs pelaioimmM obGpazom
3aBHUCHUT OT cTepyHyecKux ¢GakTOpoB B cydcTpaTe. o, B-HeHacoiieH-
HbI€ aIbAeTrHAbl TIPUCOSAUHSIOT MArHHHAOpPraHWYeCKUe cOeqUHEeHHUS
TOJILKO 10 KapGOHUIBHOH rpyrime, Al KeTOHOB B OOJBLIMHCTBE
clyuyaeB obpa3syercsl cMechb 000X M3OMEDPHLBIX IIPOJYKTOB, U TOJIBKO
NpY HATHYUM OOBEMUCTOTO 3AMECTHTENS Py KapOGOHUIBHOM yIJe-
pOJIe U 3NMEKTPOHOAKIIETITOPHOTO 3aMECTUTENS Y 3-YIJIepOAHOro atoMa
YJIAETCS TOTHOCTHIO U3MEHHUTD HAIpaBJeHUE peaKI[MH B CTOPOHY CO-
NIPSIKEHHOTO NMPUCOeAMHEHMA:

CH,CH=CH—C—cH, 12CH:MeBr_
| 2) H;,09
CH,
. CH3CH=CH——é—CH3 *+ CHy~CH—CHy—C—CH,
H CH, 0
(72%) (28%)
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1 ) CH3CH2MgBr

CGHSCH:CH—ﬁ——CH2CH3 > 100
OH
— C6H5CH:CH—|C—CH2CH3 + CgHs—CH—CH,—C—CH,CHj
(30%) |CH2CH3 |CH2CH3 O (70%)

1) CH3CH2MgBI'

I
H;—CHCH,-C-C(CH
2 H,0° CeHs—C 2 (CHy);

CH,CH,
(100%)

CeHsCH=CH~C~C(CH;);
o]

1 ) CH3CH2MgBr
2) H,0®

CGHSCH:CH_ﬁ:_CGHS
0]

(|)H

_— C6H5CH=CH—|C—C6H5 + CsHs—CH—CH,—C—C4H;s
C,H; CHCH; O
(1%) (99%)

B HacTosiee BpeMsi MAarHUAOPraHWYEeCKHE COETUHEHUS TTONTHOC-
Tbl0 YTPAaTUIIM CBOE€ 3HAYEHUE B KAa4eCTBE PEArcHTOB CONPSKEHHOrO
TIPUCOENHHEHMS K O, 3-HeHAchIlIEHHbIM KeToHaM. 1t 3TOH uenu ceit-
Yac WCMONB3YIOT TUAIKWI- U AUapuiKynpatbl. s 1,2-nipucoeauHe-
HUA NpearoyreHue, HECOMHEHHO, JOJIKHO ObIThb OTAAHO JUTUHOpIa-
HUYECKUM COCHUHECHUSIM.

16.3.4.r. CONMPSIXEHHOE NTPUCOEAUHEHHWE
BOPOPTAHMYECKHNX COEMUHEHHUH

TpuankunbopaHbl IIpY B3aUMOAEHCTBHM ¢ o, [B-HEHACBIIIEHHBI-
MU ambAeruaaMHd M KeTOHAMM IPUCOEIUHAIOTCH pervocrnendpuyHo B
1,4-nonoxeHue CONpPSKEHHOM CUCTEMBI ¢ OOpPa30BAHMEM BHHMIIOK-
cHbOpaHOB, KOTOPEIE NP MMIPOJIM3e HalOT [B-aIKuiIzaMellleHHble Ha-
ChIIIEHHbIE KapOOHUW/IbHbIE COeAWHEHUS:

0O
7
R;B + CHZ—CH—C\ TT®; 35°C

H

H
RCH,— CH=C" ]JE.@.
R

“OB
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/OH p:
— RCHZ_CHZC\ —_— RCHchzc\
H H
Rl
_ . —CH—C" o
R;B + CH,=CH—C—R T, 25°C [RCHZ CH—C\
| OBR,

[RCHZ——CH=IC~—R1]——> RCHZCHzﬁ—R‘ .
OH

TakuMm 06pa3oM, CyMMapHO COTPSKEHHOE TpUCOeAMHEHHE TPU-
AIKKJI00PaHOB 3aKII0YAeTCsl BO BBEACHHHY OJHON aJKWIbHOH TPYIIIbI
B [-ToNoXeHWe eHOHa WM eHals ¢ obpa3oBaHHEM HACBIILEHHOTO
KETOHA WY albleruia, HarlpHMmep:

B,Hg
CHy(CHY;CH=CH, g 55 [CH3(CH2)3CHZCH2}3—B

1) (#-CgH 3);B; TI®; 25 °C

o
_ Z
2) H,0; 25 °C > CHy(CHR,CJ

(83%)

o)
|
B,H 1) CH2=CH—(j:—CH3; T, 25 °C
— B »
TI®; 25 °C 3 2) H,0
—_— O‘CH2CH2ﬁCH3

(100%) ©O

0
~
CHy=CH—CZ

W3 npuseneHHBIX YpaBHEHMI CleayeT, YTO B peakLMM aIKHJIMpPOBa-
HUA O, [3-HEHACHIIEHHbIX KapOOHMJIBHBIX COSAWHEHHI UCIIONb3yeT-
cs TOJIbKO OHA U3 TPeX AJIKMUJIbHBIX IpYIN TPHAIKUIOOpaHa.

16.3.5. BOCCTAHOBIIEHHE o, B-HEHACBIIIEHHBIX
AJIBAETHIOB 1 KETOHOB

BoccraHoBieHue o, [B-HEHACHILIEHHBIX KapOOHUIBHBIX COEIH-
HeHUN noaobHO APYrUM peakHusIM MOXeT ObITh OCYLICCTBIEHO B
1,2- unu 1,4-nonoxXeHue COMNpPSXeHHOH CHCTEMBl B 3aBUCHMOCTHU
OT TNPUPOAbl BOCCTAHOBUTEALHOIO areHTta. [Jisg ceJeKTHBHOTO BOC-
CTaHOBJIEHUS TOJIbKO KapOOHWJIBHOM I'PYIIIBI Yallle BCEro NpUMeHs -
10T QIIOMOTHAPMA JTUTHA. g Toro, 4ToOnl U306exXKaTh CONPAXEHHOIO
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BOCCTAHOBIEHUA O, [B-HENpEeNeNbHbIX ATbICTHAOB U KETOHOB CIEHY-
eT NPpUMEHATh «OO0paTHbI» MOPSNOK CMEIIEHHUA PEearcHToB, T.e. JO-
GaBisATh 3OUPHBIA PACTBOP ATIOMOTHAPHAA JUTHSA K KapOGOHUIIBHO-
MY COEIMHEHHUIO NPU HU3KON TemIeparype —10°—(—20)°C:

1) LiAlH,; agmp; ~10°C oy cH=CH-CH,0H
2) H;0P; 0°C :

(82%)
H

1) LiAlH,; >¢wup; —1%

Hawryyiimme pesynbraThi ISt M30UpaTebHOTO BOCCTAHOBIEHUS Kap-
OOHWIBHOH! IpyIIbl B O, -eHOHAX ¥ €HANSAX JOCTUTAIOTCH B TOM Cliy-
4ae, KOrja B Ka4ecTBE BOCCTAHOBUTEIS UCIIONb3YETCH JUU3O0YTWIATIO-
muHuitruapuy (IMBAJI-H) B Tonyosie B oyeHb MSITKMX YCJIOBUSIX:

(ll30'C4H9)2A1H _
Tonyon, —20 °C -
0 H

CH,CH=CH-CHO

OH
95%)

ConpsiXeHHOe BOCCTAHOBJEHHE o, [3-HeHAachILEHHBIX Kap6o-
HWIBHBIX COEIUHEHUH OCYLUECTBIISETCS TTON HEHCTBUEM JUTHA B KU/~
KOM aMMUaKe:

o 1) Li; NHjpp0¢; =33 °C o
2) NH4Cl; HOH

CH; H HH CH,
(50%)

MexaHU3M 3TOM peakuuu MO CYLIECTBY aHANOTMYEH BOCCTAHOBIIE-
HUIO ATKHHOB 10 mpaHc-uIKeHoB (r1. 6, 4. 1) M BKIIOYAET YeTbipe
CTaguM TIOCJIENOBATENBHOTO OJHO3JEKTPOHHOIO BOCCTaHOBICHHS M
IIPOTOHUPOBAHUSA:

) [C=C—C=0+L —°% » c =c—g'p: Li®
4 |
aHMOH-PafHKa
o L Ne
2) CZTC=C—O: + NH,; C=C—0: + NH}
/ / o

H  pamuxan
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N . -
3)) Cc—C=C—0:+L —+% -
/

' c—c=c—0:°Li®
H

N
/]
H

€HONAT-HOH

1
. ©
4) lc—L:c—Q: L HO—H—L\C— C=C—OH] + LiOH——:C—&—c=o
H I} l

B nepsoit cramuu B pe3ynbTaTe IepeHoca OZHOTO 37eKTPOHA OT
JIUTHS K eHOHY oOpa3syeTca aHUOH-paIuKajl, XKOTOpPHIA Aanee NpoOTO-
HUpYyeTCS. aMMHUAKOM JIO eHONST-pafuKana. Panukan gamee BoccTaHas-
JUBaeTCs JUTHEM IO JTHTHEBOIO €HOJATA HACBI{EHHOIO KeToHa. EHo-
JISIT TUTHS YCTOMYMB B pacTBOPE XMJIKOro aMMHaKa U IPOTOHUPYETCS
TOJBKO C NOMOLBIO Gojiee CIWIBHBIX, YEM aMMHaK, ITPOTOHUPYIOLIMX
areHTOB — XJOpHU/I2a aMMOHMS, BOABl WIM CIUpTa. B IpenapaTHBHBIX
LIeJISIX BMECTO aMMMAKa B KA4yeCTBE PAaCTBOPUTENS MHOTAA ynobHee uc-
nonbzosath TM®OTA. B kayecTse nmpuMepa NpUBeEAEM COIIPSDKEHHOE BOC-
CTaHOBJIEHNE LIUKIAYECKOTO HEHACKIIEHHOTO KETOHA — I1yJIeTOHA JIK-
THeM B TM®TA:

C/CHz 1) Li; IM®TA; 20 °C

CH; N \ CH; CH-CH;
CH; 2) CH;CH;OH; H;O &x,
0 0
My/lerod (75%) 2-w3onponii-5-me-
THIIHUKIION€KCaHOH

DTUM METOJOM MOXHO CeJIeKTHBHO BOCCTaHABIMBATH COIPSDKEHHYIO
JBOMHYIO CBSI3b B NIPUCYTCTBUM HECOIIPSDKEHHON ABOMHOW CBS3U:

CH CHs
# 7 2) NHCl; 0 Ch
0 SO S Ch-
(98%)

CrepeoXMMHsT BOCCTAHOBIEHUS O, [3-HEHACHIIEHHBIX KETOHOB JIH-
THeM B XuIKoM ammuaxke win B TM®OTA 6buta ycTaHOBNIEHa Ipu
KCITOJIb30BAHUU B KAYEeCTBE MOAENbHBIX COeAUHEHUN OULMKITUIECKHX
KETOHOB ¢ KOHACHCHPOBAHHBIMH IIECTU3BEHHBIMU UMKIAMHU, B KO-
TOPLIX 3-YTIEPOAHLIH aTOM HaXOAUTCA B COWIEHEHHH LIUKIIOB. DTa pe-
aKUUS NMOMYMHSETCS CTEPEOIEKTPOHHOMY KOHTPOJIIO M IIPHBOAMT K
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0o6pazoBaHWI0 Haubosee YCTOHYUBOTO U3OMEpa C MPAHC-COMIIEHEHM-
€M JIBYX KOJIell, HaIlpuMep:

CH, CH,

1) Li; NHj yque; —33°C
o 2 NH{CL H0

o

T

(90%) 10-MeTvin-mpanc-2-aexanoH

BoccTaHOBIEHWE TUTHEM B XHUAKOM aMMHAKe o, [3-HEHACBIIEHHBIX Ke-
TOHOB HalUIO OBLIMPHYIO 06JacTh NpMMEHEHUSI B CHHTe3e psala cTe-
POHIHBIX TOPMOHOB — TECTOCTEPOHA, MpOrecTepoHa, KOpTU30Ha U Jip.

EHonsiT-voH, obpasyroluiics Npd BOCCTAHOBJIEHHMU ., [3-HeHa-
CBIIIEHHBIX KapOOHMJIBHBIX COCAMHEHUH B XHIKOM aMMMaKe WIH B
I'M®TA, cniocobeH BCTynaTh BO MHOTUE perHocrneludduyeckue pe-
aKIUH MO JCHCTBUEM CaMbIX pasHOOOPA3HLIX JIeKTPOGUIIBHEBIX areH-
ToB. [ToapoBbHO 3TU peaxkuyy OyayT pacCMOTpeHH! B [UI. 17, a 35ech B
KayecTBe NMpuMepa npuseneM C-aIKIWIHpOBAHWE JTUTHUEBOTO €HOJMSTA
2-MEeTWILHMKIIOTeKCAaHOHA, 00pasyrollerocs py BOCCTAHOBIEHUH 2-Me-
TUWILUKIOTreKCeH-2-0Ha.

0
CH,

CH,

CH; _.
Ll, XK. NH3

(46%)

TakuM o0pa3oM, BOCCTAHOBJICHHME O, [3-€HOHOB JMTHUEM B Xui-
koM amMMuake uid B TMOTA npenctapinsgeT coboi crenududeckui
U OPUTHHAIBHBIN METOI FeHEpUPOBAHMS €HOJIAT-HOHOB HACHILIEHHbIX
KETOHOB B KHHETUYECKH KOHTPOJIUPYEMBIX YCIOBUSX.

JBoitHas yrinepof-yrieponHas CBs3b o, [3-HeHACBIIIEHHbIX Kap-
OOHUMIIBHBIX COCIMHEHUI MOXET ObITh CEJIEKTUBHO BOCCTAHORBJIEHA C
TOMOIIbI0 KATATUTHYECKOrO CHAPUPOBAHUA Han MALTATHUEBBIM, Y-
TEHUEBBIM WJIM TUIATMHOBBIM KAaTATW3aTOPAMK B HEUTPAIBHOMN HIM cla-
6okucioi cpene (CH;COOH):

H
+ H, Pd/C _
CH;COOCH,CH3; 20°C
0 0
H
(95%)
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COOCH,CH, COOCH,CH;

Pd/C

+H, ;
O O

(83%)

JBo¥iHast yrinepoa-yriepoaHas cBsi3b TUAPUPYETCsl 3HAYUTEIbHO Oblc-
Tpee, 4YeM KapOOHMJ/bHAs, CIOXHO3(MUpPHAast U HUTPUJIbHAS TpYIIa.
DTO pasnyyue HACTONBKO BEJIUKO, YTO MO3BOJAET [IPOBOAUTH PETrHO-
CEJIeKTUBHOE KataliuTuyeckoe rupupobaHue C=C cBg3U B IIPUCYT-

~ v
crBun _C=0; —~C—~OR u C=N-rpynn. Haunyuuiye pe3yabTaThl

JIOCTUTAIOTCS TP MCIIOJIb30BAaHUM NMA/UTANMEBbIX KaTAIU3aTOPOB B HEH-
TpaJbHOU cpene.

16.3.6. BOCCTAHOBJIEHHE ARBAEIrnaoB ¥ KETOHOB

AJbaeruJibl 1 KETOHBl MOTYT ObITh BOCCTaHOBJIEHBI 10 COOTBET-
CTBEHHO MEPBUYHBIX WM BTOPUYHBIX CIIUPTOB HECKOJBKUMHU CIIOCO-
6amu. Haubosee pacnpocTpaHEeHHBIM METOAOM SIBJISIETCS BOCCTAHOB-
JIeHUE KOMIUIEKCHBIMU T'MJApUAaMH: OOpPrHapU4IaMiU HAaTpUSl WIH JiU-
TUSA U JTUTHAATIOMUHOTMIpUIoM (ra. 11, 4. 2)

Boprunpus HaTpus obeclieynBaeT HM3OGUpATENbHOE BOCCTAHOB-
JieHue KapOOHWIbHOU IPYIIb! AJBAETHUIOB ¥ KETOHOB B IIPUCYTCTBUH
MHOI'MX APYIUX (PYHKIHOHAIBHBIX IPYNI (CIOXHO3I(pUPHOH, HUT-
PWIbHON, aMUIHOM, JIAKTOHHOH, OKCUpPAHOBOH), KOTOpBIE 3TOT
peareHT He 3aTparuBaeT. boprumpun HaTpusi LejecooOpasHo MpU-
MEHSTh W JJIs1 BOCCTRHOBJICHHUS HECOIPSIKEHHBIX KapOOHUJIBHBIX CO-
€IUHCHUU ¢ U30JIUPOBAHHBIMU YIIEPOA-YIICPOAHONH U Yriepoa-Kuc-
JIOpOAHON NBOHHOM CBSI3BIO, II€ BOCCTAHABIUBACTCS TOJNBKO Kap-
6OHWIBHAS rpymnra:

NaBH,

CH2= CHCH2CH2CHO CH3CH20H

CH2 = CI‘ICHchzCI‘leH .
(85%)

AUTIOMOTHADPUJT JTUTHUS TOPa3I0 MEHee CENeKTUBEH U pearupyer co
BCEMM BHILLE ITPUBEAeHHBIMU (DYHKIMOHAIBHBIMU IpyrnamMu. B ux ot-
CYTCTBHE €ro MOXHO HCITOJIb30BATh IUISl BOCCTAHORIEHHUS KAapBOHWIb-
HOJ IPYIIIbI B pacTBope B abcostoTHOM a¢pupe, TID, IMD. Mpuse-
JIEM HEKOTOpbi€ TUITMYHBbIC MPUMEPHI BOCCTAHOBAECHHUSI KapOOHMWIb-
HbIX COEMHEHUH KOMIUIEKCHBIMMY TMAPHIAMU:
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1) NaBH,, stanon

1) CH,CH,CH,CHO = > CH,CH,CH,CH,0H
2) H,O (85%)
0
2 (e )y e { yend )
2) H;0 |
OH
(88%)
3) CH,(CH,)sCHO D L‘Alg* 3up_ CH;(CH,)sCH,0H
2) H;0
(86%)
0
. 1) LiAlH,, adup OH
) 2) H;0°
(90%)

CylliecTByeT HECKOJIBKO Pa3fIMYHbBIX CIIOCODOB, NMO3BOJIAIOUINX YBE~
JIUYUTH U3OMPATEIbHOCTD AIIOMOTHUAPHUIA JIMTHA WIN YCWIMTD ero aei-
CTBHE B peakUUsX BoccTaHOBIeHUS. OqHUM U3 criocoboB, yCHWINBAIO-
LIMX nJeidcTBUe ATIOMOTUIPHAA JIUTHSA, SIBJISIETCS. BOCCTAHOBJIEHUE CMe-
ChIO ATIOMOTMIPKAA JUTHS C XJIOPUCTHIM amioMuHueM'. Cucrema
LiAlH,-AICl; uMeer nBe BaxHble 0GJACTH TIPUMEHEHHS: CTEpEOCIie-
udUYEeCcKoe BOCCTAHOBNEHHE KETOHOB 33 CYET DMUMEPH3ALIMU CMe-
CH CIIUpTOB B Gojiee cTabWIbHBIA CTepeoMep M THIPOT€HOIU3 Kapbo-
HUJIBHBIX COeIMHEHUN M0 yreBogopoda. Tak, Npy BOCCTAHOBIECHHU
4-mpem-OyTUNIIUKIIOTEKCAHOHA CMEIIAHHBIM THAPUIOM, MONTY4eHHBIM
u3 ogHoro Mo LiAlH, u dersipex moneit AlCl,;, nonydaercs 6oiee
cTabWIbHEIR mpanc-u3oMep 4-mpem-6yTWILHKIOreKCaHoNa, B TO Bpe-
Ms KaK ¢ CAMUM ATIOMOTHAPHUIAOM JIMTHS Iojnydaercs cMech u3 80%
mpaxc- 1 20% yuc-u30MepHBIX CIIUPTOB:

ChYC, oy PN LMBG NG b, (e oy

2) (CH,);C—-OH
) (CH3); ©99%)

ApoMaTuyeckrie ¥ XUPHOApOMaTHYECKUe KeTOHEBI 1o AeCTB1EM CMe-
cu LiAlH, u AlICl; npeTteprieBaioT rHIPOreHONMNU3 ¢ 06pa3oBaHUEM YyrI-
JIeBOIOPOJOB:

! Mpu B3aMMOAEHCTBMH ATIOMOrMAPHIA JIKTUS M XIOPHAA ATIOMMHHS B 3ABHCH-
MOCTH OT COOTHOLUEHHS peareHToB o6pa3yloTesi pauTHuHble ranoredanadsl Tuna HAICI,,
H,AICI 1 ap., KoTopsle ¥ BBLITOAHSAIOT POJIb HCTHHHOIG BOCCTAHOBHTEISA.
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LiAlH,4; AICl,
acup, 36°C

BrC4H,COCH; BrC4H,CH,CgHs -
(90%)

[ pyroit MHTEpeCHON OCOOEHHOCTBIO 3TOr0 peareHTa SABIseTCA ero cro-
cOBHOCTh K paclUerIEHHIO aleTalell M KeTaleil 0 NMPOCThIX 9¢UpOB:

O—CH, . , : °C
(X | Dusancy 6w 9€ () ocicron
0—CH, 2) HO

(94 %)
C(HCH(OCH,), 2 L‘Alg“; AICl;, s¢up, 36°C_ - H.CH,0CH;
2) H,0 (35%

PaccMOTpUM CTEPEOXUMUIO BOCCTAHOBICHUS KapOOHWIBHON IPyII-
nel. B pe3ynbpraTe BocCTaHOBIEHUSI HECUMMETPUYHOIO KETOHA A0 BTO-
PUYHOrO CIUPTa KapOOHMIBHBIN aTOM yriepoga CTaHOBUTCS XMpab-
HBIM, T.€. 0Opa3yeTcsi HOBBI XUpaibHBIA 11eHTP. HecHMMETpUYHBIN
KETOH MPUCOENMHAET MHIPUI-UOH C HaUMEHee IPOCTPAHCTBEHHO 3a-
TPYAHEHHOM CTOpOHBI. KitaccCHYecKuM MpUMEpPOM SIBISETCS BOCCTAHOB-
nexue 4-mpem-GYTHILIMKIIOTEKCAHOHA AJTIOMOTHUAPUIOM JIMTUA, NpPHU-
Bosiluee K 06pasoBaHUIO IIPEUMYIIIECTBEHHO mpaHc-u3oMepa 4-mpem-
BYTHJILMKIOTrEKCAHOA:

O 1) LiAIH,; sgnp

(CHQ;;W 2) H,P®
— (CHg)sc\M\OH + (CHs)sw\

(80%) (20%)
mpanxc- yuc-

B aTOM ciyyae KMHETUYECKUH KOHTPOJb U TEPMOXUHAMUYECKUN KOH-
TPOJIb peakUyy AEHCTBYIOT COIVIacCOBAHHO, [MOCKOJLKY MpaHCc-U30OMEp
C 9KBATOPUANBHON MMIPOKCUIIBHOM FPYIIION TEPMOJIUMHAMUYECKH CTa-
OuiibHeE yuc-U30Mepa ¢ aKCUAJIBHBIM THUIPOKCUJIOM, a aTaka rujipya-
HOHOM OCYIIECTBIAETCS CBEPXY C HauMeHee IpPOCTPAHCTBEHHO 3a-
TPYAHEHHON CTOPOHbI. AHAJIOMMUHbIA pe3yabTaT AOCTUTAETCS MpY BOC-
CTAaHOBJICHHWH TaKOro MPOCTPAaHCTBEHHO 3aTPYAHEHHOTO LIMKIIUYECKOTO
KETOHAa, Kak KaM¢opa, rie Takxkxe B [POAYKTAX BOCCTAHOBICHMUS HO-
MUHUPYET H30oMep BOpHeoNa ¢ IKBATOPUAIBLHBIM 3K30-THAPOKCHIIOM:
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1) LiAlH,; spmp_
2) H;0 ) H0°
CH, O

cH, H CH,OH
Kamgopa (90%) (10%)

C apyroil cTopoHbl, NMpU BOCCTAHOBJIEHUM OuLMKIO [2,2,1]-remn-
TaHOHAa-2-(HOpKaMdophl) OOPTUIPHUAOM HATPHUS HIIM ATOMOTUAPU-
JIOM JIUTHS 0Opasyercsl NPeuMYUICCTBEHHO 3HI0-HOPOOPHEO:

> + OH
No 2) H,0®

(89%) OH (11%)H
3HOO- 3K30-

Eciy B HECUMMETPUYHOM KETOHE YyXKe HMEeTCs OIMH XHpanbHBIH
LIEeHTP, BOCCTAHOBJIEHHE KETOHA [IPUBOJUT K ABYM JAMACTEPEOMEPHBIM
npogykraM. B 3ToM ciiyyae cTepeOXMMHIO BOCCTAHOBJIEHUS allMKIIU-
YeCKHUX KETOHOB MOXHO IpeJcKa3aTh Nnojib3ysics npasuioM . Kpama
(1952; cM. 1. 8, 4. 2). HoBbIit XMPATBHBIN LIEHTP BO3HUKAET 31€Ch U3
KapOOHUJIBHOM IpYIIIbI, PACNONOXEHHOM PANOM C YX€ MMEIOLIUMCS
XMpaIbHBIM LieHTpoM. CornacHo npaBuity KpaMma, HykieodbuipHas ataka
THApHI-KoHa iy Kap6anuoHna u3 RMgX unu RLi no xkap6oHUIbHO-
My aTOMYy YIJIepoJa IPOMCXOMMT B TaKOH KOoH(gopMalUu KeTOHA, B
KOTOpPOUl KapOOHWJIbHAS IPYyINa HAXOOMTCS MEXIY HauMEHbLIEH MU
cpenHeit o pasMepy rpymrnaMmi, CBA3AHHBIMM C O-YIJIEpOIHBIM aTo-
MoM. Takasg koHpopMalMsl OKa3bIBAETCS NPEATIOYTUTENBHOM IS aTa-
KM HYKJIECOGhHUIBHOTIO areHTa, NockoJbKy B Helt KapOOHWIBHBIN yTile-
poA OKa3bIBaeTCsi HAaMMeHee 3aTPYAHEHHBIM. 3TO JIETKO MPOUJUTIOCT-
pPUpPOBaTh Ha NMPUMEPE PEAKLIMHU:

Rl

Rs ° Re [
/(lz——c\ + R'MgX —» c—(lj R,
Rey R, R Rey Ry OMgX

rae Rg, ch, R,, — COOTBETCTBEHHO OOJNBIUUIA, CPEAHUN Y MAIbIH IO
pasMepy 3aMeCTUTENH ¥ UMEIOLIErocs XupaibHoro ueHrpa. s atoro
KETOHa TPeArNno4YTUTENIbHAA peakUMOHHAsA KOHdopMauusi U HYKIeo-
¢unbHas aTaka ¢ HaUMeHee MPOCTPAHCTBEHHO 3aTpYAHEHHOMN CTOpO-
HbI OIMCBIBAETCH CJIEAVIOLIMM YpaBHEHUEM:
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Rl@

Rg
R6 1
@\ R (H)_ R R i Rep
wm R'(H)-—
Rep

OH R

IpenmnouturenbHoe 00pa3oBaHWe ONHOrO M3 JBYX IHACTEPEOMEDOB
PACCMOTPUM Ha KOHKPETHOM IIpHMMEpEe BOCCTAHOBIEHMUS OITHYECKH
AKTUBHOTO 3-he HUIMEHTAHOHA-2 aJTIOMOTHAPUIAOM JHUTHS:

H, o H, OH
“.__ 2 1) LAIHg adup_ /

c—cC o — Quy
CH,CHY” | “ch, 2 HO CH3CH( | \

CeHs C¢Hs; CH,

XHpaJIbHBIA aTOM yTJIepoaa OMNpeAeliseT HanpaBieHWe aTaKu THIpHUI-
moHa. CTepeoXMMHUYECKUI pe3ysibTaT 3TOM peakliMH JIEFKO H300pasuTh,
MOJNB3YAch rpoexkiusaMu HbloMeHa, rae cTpeikaMu ob6O3HaYeHOo Ha-
[paBieHUe aTaku THAPHI-HOHA:

CHs A~ CeHs s CH;CH
S K\( CH, 1) LIAII;A,
H </ 2) HO

(75%) (25%)

CpaBHHUTENbHO HeJaBHO ObUI pa3paboraH 3¢pdeKTHUBHBIA U, NMO-
BUIMMOMY, YHHBEPCAIbHBIH cr1oco0 BOCCTAHOBNEHUS aNbAEeTHIOB U
KETOHOB B MHEPTHON CpeJe WU3OTNPOIHJIOBBIM CIIUPTOM, C MCIIONb-
30BaHMEM B KaYeCTBE KAaTAJIU3aTOpa TIIATEILHO 0DE3BOXKEHHYIO, Hell-
TPAJILHYIO OKHUCH ATIOMUHUS. B 9THX ycloBUsIX ApyrHe PYHKIIMOHATb-
HbIE IPYIIbl (HUTPO-, LIMAH- U NBOWHAS YIIepOa-YIJIepoaHasi CBS3b)
He 3aTparvMpaloTcsl U peakilMsl OCYIUIECTBISIETCS B CTPOTO HeUTpaib-
HBIX YCJIOBUAX

(CH})ZCHOH, A1203
CCl,

(CH;),C=CH(CH,CH=CH-CZ

———= (CH3),C=CH(CH,),CH=CH—-CH,0H + (CH3),C=0.
(88%)
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KoMIuiekcHble THAPHAB M CHCTEMA M3OMpPONMIOBBIA CIIUPT —
OKCHJI ANIOMUHKS 110 CYHIECTBY BBITECHUJIM rPOMO3IKMI CTapbiil Me-
TOX BOccTaHoBIeHUss MeepBeitna—Ilounnopga—Bepnes, B KoTo-
pPOM B KayecTBe AOHOpA THAPUI-MOHA HCIIONb3YyEeTCS K30TIPONUIAT
anoMUHUS. B HacToslllee BpeMsl 9Ta peakLiUs IpeICTaBAsIeT cKopee
YUCTO TEOPETHYECCKUN UHTepec KaK KIACCHYCCKHMU TNpHUMep Iepe-
HOCAa TMAPUA-HOHA B XEJIATHOM KOMILIEKCE KETOHA W M3OIpOIIHJia-
Ta ATIOMHUHHUA:

- R_ 5 _CH;
R\ /Al—O\ /CH3 —— /C C\ =
“c=0 + el R bg—i CH,
R 1~ CcH, Oy \0
Al
AN
(CHy),CHO” OCH(CHy),
R\C/H C/CH3
/I l\ OCH(CH3);
R CH; /
=== 0 O == RCH-0A + (CH3),C=0
i OCH(CH3y),

(CH3),cHO” ~OCH(CHy),

PaBHOBecHe cMelliaeTcsl BIIPAaBO, €CJIH alleTOH OTTOHSETCS U3 peak-
LIMOHHOM CMeCH.

Kap6oHWIbHbIE COCTMHEHMS TOXBEPIaloTCs KaTAIMTHYECKOMY
BOCCTAHOBJIEHUIO, NIPU KOTOPOM &JbIAErUAbl 0OpPa3yIOT NEpPBUYHLIE,
a KeTOHbI BTOPUYHBIE CIIUPThI. AJTMdATHYECKHE albAeTHABl U KETO~
HbI OOBIMHO HE FTHAPUPYIOT HaJ Na/IagUueBbIMKM KaTaJIM3aTOPAMU, 4YTO
NO3BOJISIET U30HUpaTeNbHO THAPHPOBATh IBOMHYIO U TPOMHYIO yrie-
poO-yrjieponHble CBA3K MpPU HANUYKU KapOoHWIbHON rpynnbi. Han-
Bonee 3¢ ¢PeKTUBHBIM KaTAJIU3aTOPOM MMAPUPOBaHUS KapOOHMUIBLHOM
TPYNIIBl SIBISETCA PYTEHHU Ha yrijie, XOTS MOXHO HCIIOJIb30BaTh U
HUKenb PeHes wiu ruiaTuHy. CKOpOCTh BOCCTAHOBJIEHHSI M CTEPEO-
XUMMUS TIPOXYKTOB PeaKUMK OYEHb CHJIBHO 3aBUCSAT OT IPUPOIHI Ka-
TAIM3aTOPa M KHUCJIOTHOCTH WIM OCHOBHOCTU PEaKLIMOHHOU cpensl.
Karanutuyeckoe rujpupoBaHUue JBOMHOM CBI3M HAXOOHUT Bce Golee
1 Oonee orpaHHYEHHYIO cdepy NMpUMEHEeHUS T BOCCTAaHOBICHUS
KapOOHWJIbHON TDYIIIbL.

OcoBoe MecTO B OpraHUYecKOM CHHTe3e 3aHUMaeT BOCCTaHOBJIe-
Hue KapOOHWIBHON IpyMIbl B ApOMAaTHYECKHUX U XHUPHOApOMaTH4YeC-
KHMX KETOHAX C IOMOILBIO aMaJIbaMUPOBAHHOIO LIMHKA U COJSHOM
KucnoTe! no 3. KiieMmeHceny (1913). OToT MeTod NO3BOJIAET MOY-
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4YaTh AIKUJIOEH30Jbl C NEPBUYHOK ANKWILHON TPYNIIOH, HENOCTYII-
Hble no peakuuu Ppugensa—Kpadrea (1. 13. 4. 2):

0
1
©/C_(CH2)SCH3 ZntHe) ©/CH2(CH2)3CH3
—_— 0 o
HCl; HZO; t (88%)

0O

Il Zn(Hg)

C-CH,(CH,);CH CH,(CH,).CH
Q— 2(CHYsCH, HCI; H,0; ¢ ACH)eCH;

OH OH (85%)

Monudukanmeit 3Toi peakiyy ABIsSETCS BOCCTAHOBIEHHKe B AByXx(a3-
HOHI cHUCTeMe, COCTOALIeH U3 CONITHOM KUCNOTHI ¥ HecMellUBaloLie-
rocst ¢ Heil HHAK(dPepeHTHOrO OPraHUYECKOro pacTBOPUTEAS — TO-
JIlyona uay KCwiofa. OTo OObIYHO MPUBOAUT K YBEJHYEHHIO BHIXOIA
LIeJIeBOTO IIPONYKTa, TaK KaK MPOAYKT BOCCTAHOBICHUSI — YINIEBOJO-
pol — NepexoAMT B opraHuyecKyio ¢asy u He rnoJBepraercst nei-
CTBHIO BOCCTAHOBUTEJICH:

0]
i Zn(Hg); HCI; H,O
@‘.C"(Cﬂz)mCHa e CH;~(CHy)CH; -

(77%)

MexaHu3m peakiiyi KiemMeHceHa He YCTaHOBJEH.

16.3.7. OKUCJIEHHME AJBAETHIOB M KETOHOB

AJIbEErHObl IErKO OKMUCISAIOTCHA O KapOOHOBBIX KHCIOT IpHU
JeHCTBUM CaMBIX pasHOOOpa3HbIX OKUCIHUTENEH, CcpelAud KOTOPHIX
HauboMee YacTo HMCIMOAB3YIOTCA MEepMaHraHaT KaJlus WM peareHT
Hxonca. Haunyuiune pesynbrartel JaeT HMEHHO peareHT JIkoHca. B
3TOM cllyyae OKHceHHe npooxutTcs npu 0—20°C B TeyeHHe OYeHbD
KOPOTKOIO MPOMEXYTKA BpeMEHH, a BbIXOAbl KApOOHOBEIX KHCIOT
npesbiaT 80%:

o o
4 C103—H20-H250L 7
CH3(CH,)4—-C > —
3( 2)4 \H alieToH; 0°C CH}(CH2)4 C\OH
(85%)
KMnO.
CHy(CHay~CH-CHO oo o= CHy(CH)s~CH-COOK
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K coxanenuio, peareHt [I:koHca He obiagaeT BEICOKON M3BMpaTeNb-
HOCTBIO IO OTHOLUEHHWIO K JPYIMM GYHKUMOHMJIBHLIM IpyIIlaM, a
KHCJIAs cpella TaKxKe WHOrAa ObiBaeT KpalHe HeXejaTelbHOM H3-3a
W3oMepu3auuy Uiy AecTPpyKUKH. Bo Bcex Takoro poja cnydyasax Hiae-
ANbHBIM CEJIEKTMBHBIM OKHCIMTENEM OKAa3bIBACTCH BOJHO-CITMPTOBO-
aMMHUAYHBI pacTBOp OKcu/ia cepebpa (peareHT TojuieHca). BToT pea-
TeHT He 3aTparMBacT yriepoj-yIJepoaHYI0 ABOMHYIO MJIM TPOHHYIO
CBS3b, TUAPOKCUIBHYIO IPYINY CIIUPTOB U JIp.:

| . R
CITMPT—BOoJa

6] CHO 0] COOH
(86%) nMpocnn3enas
KHCII0Ta
0]
=
CHO C
AgO ~oH
TT'd—Bona; 20°C
97%)
H CHO H COOH
N /s AgO N /
C=— N ——> C:C\
CH3CH{ CH3 HZO: NH3 CH3CH{ CH3
(98%)

BTa peakUus IIUPOKO UCIOAB3YeTCS B LEASAX MACHTHGUKALMY b~
neru/1oB (peakuusi «cepeSpsiHOTO 3epKajar).

KeToHb! MHEPTHBI MO OTHOILUEHHUIO K GOJBILUHCTBY OKMCISIO-
IIIUX areHTOB, HO MEMJIEHHO PACIUEIUISIOTCS TFOpSYMM pPacTBOPOM
KMnO, B 11en0YHON cpene MJIM a30THOM KUCJIOTOH. DTa peaxiius
HMeeT TNPAKTHYECKYI0 LIEHHOCTb TOJBKO JUII CUMMETPUYHBIX LMK-
JIMYECKUX KETOHOB, HATNpUMeEp, IJs OKUCIUTENBHOIO pacllelUIEHHs
UUKJIOTEKCAHOHA:

O
?OOK |COOK
KMI')O4 - CH2 CH2
KOH; H,0; © 3
CH,—CH,
(80%)
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16.3.7.a. OKUCJIEHHME KETOHOB O CIOXHbIX 2PHUPOB
(PEAKUHSA BAMEPA—BHJUIUIEPA)

B oTauyne oT AECTPYKUMM, MMEIOILEd MecTO NpU AENCTBUM Ha
KEeTOHBI TaKUX okuciauteneit, kak KMnO,; HNO;, okucienue kero-
HOB NOA JeHCTBUEM [1EPKUCIOT NNPUBOAUT K 00PA30BAHUIO CIOXKHBIX
3¢pHUpoB:

C~CH  cHcoH O—C—CHs
—_— =
o CHCl, o :

67%)

B kayecTBe OKHMCIMWTeNeH B peaKllUuH, OTKphITOH A. baliepoM u
B. BusnurepoM B 1899 r., B HacTosiuee BpeMs NPUMEHSIOT MEPKUC-
JIOTHL: NMepOeH30HHY10, MOHONEP(TAIUEBYIO, NEPYKCYCHYIO M TpHG-
TOPIIEPYKCYCHYIO. TpH@TOPIEpyKCYCHYIO KUCAOTY MOAYYalOT HEeIoc-
pPeACTBEHHO B peaKLHOHHOM cMmecH U3 90%-it nepekucH BoAopoaa U
TpUMDTOPYKCYCHOT'O aHTMAPHAA B XJIOPUCTOM METUJICHE:

2° (CKCOR0—-H,;0, I
CH}‘ CH2"'C"‘CH2CH3 > CH}CHz_O_C—CHch:; .
CH,Cl, 78 %)
(]

Haunyyuine pesyabTaThi MOCTUralOTCsl TIPY paclieruieHuu anudaTtu-
YeCKHX M UMKIHYECKHX KETOHOB KOMILIeKcoM 90%-ii mepekucu BO-
nopona U a¢upara tpexgropuctoro Hopa:

H202_BF3

Y
CH,—C—0—(CH,)—CH, .
>Hp 3 (CHy)s 3

(60 %)

o)
7
CH;(CH,)sC—~CHj

[ng sToit peakuuy ObLI TpEUIOKEH MEXaHH3M, BKIIOYAKOLIHMHA
AHUOHOTPONIHYIO MUTPAHHI0 AIKWIBHOH TpyIIbl K 3JeKTpoHOnePH-
LIUTHOMY aTOMY KMCJIOpOJa:

:OH 0
V4
R-C-R + CF;CO;H ==—* R—C—O@—C—C& —_—
I —
R
®@OH o}

I o 7
——>= R=C-OR+ CF,COy’ ——» RC____ + CF;COOH
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N3 storo cneayet, 4TO TONBKO CUMMETPUYHbIE KETOHBI IIPU OKUC-
neuuu no baliepy—Bunaurepy naiotT onuH cioxHbiit 3¢up. He-
CUMMETPHUHbIC KETOHBI B obuUleM ciydae oOpa3yioT nBa KH30MEp-
HbIX CJIOXHBbIX 3dHUpa, COOTHOLIEHUE KOTOPHIX 3aBUCUT OT OTHO-
CUTEJbHOK cOCOBHOCTU IPYNN K MHUIPALIMM K aTOMY KHUCJopoaa.
[To cnocoBHOCTU K MUFpAllMK TPYIIIBI paciiojaraloTcd B clegyio-
weM pany H > C¢Hs > (CH;);C>>(CH;),CH > RCH, >>CH,;. Ecnun
JBE TPYINIBl CHJIBHO PAa3JIMYAIOTCS IO CMNOCOOHOCTH K MUTpALUH,
peakliysl XapaKTepHu3yeTCsl BbICOKOH pernoceleKTHUBHOCThIO, UTO B
NeHCTBUTEIbHOCTH HabuonaeTcs penko. OObYHO Takoi ciydyai pe-
aU3yeTcsl TOJIBKO IJISI METHJIKETOHOB. [losTtoMy peakuusa baitepa—
BuiLinrepa penxo UCnob3yeTcs B psany anudarnyeckux keToHoB. Oco-
0oe 3HaueHWe OHA Npuodpesa WISl HUKINYECKUX KETOHOB, KOTOpBIE
0o0pa3ylioT NpY OKUCIEHUU ITEPKUCIOTAMH IUKJIUYECKHUE CIOXKHBIE
3¢upbl — JAKTOHBIL:

0]
0]
g + CH,CO;H -CH}L()OZHS» 0 €-KaTpoJIaKTOH
(90%)
O (4
— O _H&’_EL 0 Y-6YTHpOJIaKTOH
CHyCl,

(70%)

«AKTUBHAs» METUJIEHOBAS TPYIIIa B (.-TIOJOXEHHU K KapOOHH/Ib-
HO#1 IpyTiIie aTbJerHI0oB U KETOHOB JIETKO M B MATKHX YCIOBHAX OKHUC-
NFeTCs JBYOKMCHIO CeIeHa:

o)
C¢H;COCH;, . C4HsCOCHO + Se + H,0
CH,COOH
(12%)
0] o)
SCOZ _
g CH;COOH—CgHg CEO
(60%)

BwMmecro MPAMOro OKUCIEHNA MOXHO BOCIIONB30BATECA ABYCTAAMAHBEIM
METOIOM, NMPHBEACHHBIM HHUXE:

0]

B p
ArCOCH; ———a2—» Ar—C=CH,Br

® ©
(CHj);S—= O
CH,COOH g
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gQ/CHJ
o3 “CH; o
— Ar—l('l—(:;)H BP—» Arﬁ-—Cf + (CH3),S + HBr .
H
o)

AJNKOKCHCYIbGOHUEBAS COJb, 0OpA3YIOIIASCS [IPH 3aMEeIEHUU rajo-
reHa WiId TO3UnaTa, MoABepracTcsl BHYTPHUMOJIEKYISIDHOMY OKMCIe-
HUI0O — BOCCTAHOBJIEHUIO ¢ OOpa3OoBaHUEM CL-KETOAIBAErMIA:

1} Bry; CH;000H Y
or-(O)-con BN (O £
2) AMCO (Il)

(72%)
n-HATpode HWITTHOKCATD

16.3.7.6. AYTOOKUCJIEHHUE AJILAETHOOB

AJNbIerdabl MeJIEHHO OKUCISIIOTCA B HEUTPAJNILHON CpeAe HAa BO3-
Ilyxe MPU KOMHATHOH TeMIieparype 40 KapOGOHOBBIX KUCIOT. DTa pe-
aKUus ycKopseTcst Ipy obayyeHuu win uoHamu Fe(Il) u npencras-
JiseT cO0OM TUITUYHBIM LIEITHOM panuKaIbHBINM NpoLecc. O6b1qu.uenb
3apox/JaeTcs B pe3yJbraTe 00pa3oBaHMUs aliuiIbHOro paaykana RC=0
33 cyeT (OTOXMMMUYECKOTO AUCITPONOPLUOHUPOBAHUA U3 TPUILIETHOIO
BO30YXXIEHHOTO COCTOSIHUSL:

) A @ .0 .
1R-cZ  — > R-C? + RCHOH
H

ALIMIBHBIA PagdKal BO3HUKAET U MPH OTPhIBe aTOMa BOAOPOJA aJlb-
JEryaAHONW IPYMIbl C MOMOLIBIO MHUIIMATOPA — IEPEKHUCHOro paiu-
KaJla UK NIPOCTO MOJEKYJISIPHOTO KUCIOpOoAa:

RCHO + 0-0 — R-C=C +-00H
KntoyeBroit cranueit pa3BUTUS LENM SIBsieTcs o6pa3oBaHUe MepKUC-

notel RCO;H, xoTopas nanee oxkucnsier anbaerug a0 KapOGOHOBOMH
KHCJIOTbI:
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2 2
RCOH + RCC. ————> 2 RC
~H ~OH

ApoMaTuyeckue anbaernabl MOABEPraloTCa OKHCIEHHIO KUCIOPOAOM
ropasio Jjierde, yeM alu@aTHYECKUe, BCJeJCTBUE GoJjiee BBICOKOM

.20
cTabunpHocTH GeHsoun-pagukana CHsC®= = mno cpaBHeHHIO C

+=0
aHANOTHYHBIM panukajioM RC® = . Dra peaklius He UMeeT Iperna-
PaTUBHOIO 3HAYEHUsI, HO C HEU TNpPUXOAUTCH CYUTATBCS IIPU XpaHe-
HHU aJIBAETUAOB. WX CIeaYyeT XpaHUTb B TEMHOTE B MHEPTHOM aTMOC-
(dbepe, HCKITIOYAIOIeH OCTYI KUCI0poJa BO3ayXa.

OkuciieHHe apOMaTUYEeCKUX aNbAErMAOB MEPKUCIOTAMU HMMEET
npaxktuyeckoe 3HayeHue. [IpofykTamMu 3To#l peakiiMM OKa3bIBAIOTCSH
u60 KapOOHOBBIE KUCHOTHL, KOO CIOXHBIE 3PUPH! PeHoNoB (OKHUC-
jnenue no baitepy — Buiiurepy), KxoTopble OOBIMHO THAPONU3YIOT 0
tdenonos. Tak, HanpuMep, OKKCICHUE CATHMUWIOBOro ajbleruaa rne-
PEKUCBIO BOAOPOJA B HEUTPAIBHON cpene HaeT CAIUUWIOBYIO KHC-
JIOTY, B TO BpEMsS KakK B KMCJIOH WIH ILEJNOYHON cpene obpa3yercs
[IMPOKATEXHUH:

o e o o
o AL A
CHO COOH OH

CaJINLMJIIOBbIA CaJlMLWIoBas [IUPOKATEXMH
anpaerua KHCloTa

H,0,—H,0 70 % —
H,0,—NaOH 0% 100 %
H,0,—CH3;COOH 0% 100 %

B o6eunx peakiMsax B KayeCcTBe ODOILErO HHTEpMeaUaTa obpasyeTesl CIoX-
HBI 3QHUP NEPKUCIOThI, KOTOPHIM CTAOMIHU3UPYETCS MHUIpaLMein
apUJIBHOM rpymITbl Wi Boaopoaa. OTHOCUTENbHbIE CKOPOCTH 3THX ABYX
KOHKYPUPYIOLIMX HAalpaBJeHUI 3aBUCAT OT NPUPOAbI 3aMecTHUTeNe
B OeH30JIbHOM KoJdble U pH cpenbr. Peakuusa baifiepa—Bwuturepa ¢
MHUIpalMel apWIbHOM IPYIIB HabMOgaeTcs TONBKO TpPU HAIMYUMU
CHJIBHBIX 3JIEKTPOHONOHOPHBIX 3aMecTuTeneit (Tabia. 16.5) B opmo- win
napa-noNoXeHUH OEH30JIbHOTO KOMbLA!
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o
/
CeHsC ooy
ArCHO

Bausanue 3aMecTHTENeil HA OKHCIEHHE

MMIpaLms
Ar

MMIpaiLms

Ar((%P'C CsHs H

— HCOOAr HO, —=—>ArOH

» ArCOOH

Taénuua 16.5

3aMemeHHMX OeH3aabaersaa nepbeH30HHONH KHCAOTOMR

X B wmenounoit cpene B seitrpansoi cpene B xucaoi cpeae
ArCOOH ArOH ArCOOH ArOH ArCOOH ArOH

n-OH 0 94 0 92 0 91
0-OH 0 99 0 95 0 98
n-OCHj3; 69 5 17 40 19 73
0-OCHj3; 39 37 1 68 - -
H 100 0 90 0 90 0
n-Cl 93 0 97 0 - -
n-NO, 100 0 98 0 - -
M»-NO, 98 0 - - - -

CGHSC\OOH

CHO
X/@/ 80% CH3OH—H20

IloaTOoMy OKHCIAEHHE I'MAPOKCUANBAEIHIOB LIMPOKO HCIIOIb3YETCS
B CHHTE3¢ MHOTIOATOMHBIX ()€HOJI0B U UX MPOCTHIX 3(UpPOB (MHPO-
KaTexuHa, TMAPOXUHOHA, MUPOTra/lIoia U Ap.). B CYUIHOCTH OKUC-
JTeHUe apOMATHYECKUX MMAPOKCHANBAEIUIOB MEPKUCIOTAMHM SIBJIS-
eTcs OaJbHEHIIWM pa3BUTHEM HM3BeCTHOH peakuuu [2KuHa, 3aK-
JA0YaloUiedcs B peBpalieHU o- U n-TUAPOKCHOeH3anbIeruaos B
[MMPOKATEXHH ¥ THAPOXUHOH IpH OKUCAEHUM LIEJIOYHBIM BOIHBIM
pPacTBOPOM MePEKUCH BOAOPONIA:

oo

3%-a H,0,
- + HCOON
CHO ~20H; 1,0, 50°C OH + HCOONa
CH,0 OH CH,0 OH
(80%)
MOHOMETWIOBbIA

3¢Up Mmiporaniona
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3%-5] HzOz
CHO » OH
NaOH; H,0; 50°C; 20 mun

OH OH
(100%)

16.3.8. PEAKI1N1 KAHHHITHAPO

OKHCIUTETBHO-BOCCTAHOBUTEAbHAS PEAKLIMSI aPOMaTHYECKUX aJlb-
JerunoB Obuia OTKpeITa B 1853 r. BhLIGIOIIMMCS UTANBSIHCKUM XUMH-
koM C.KaHHuuuapo. Aspgeriisl, He MMeIOLIMe aToMa Bogopoa Npu
O-yIJIEPOXHOM aToMe, IIPU HarpeBaHUM B BOTHO-CITHPTOBOM PacTBO-
pe 11IeJI0YU [TOIBEpPraloTcsi JUCIIPONIOPLIMOHUPOBAHUIO C 00pa3oBaHHeEM
PaBHBIX KOJHUYECTB [MEPBUYHOrO CITUPTa U KapOOHOBOI KUCIOThL. DTa
peaxkuMs Hallvla MpOKOe IIPUMEHEHHE B PSLY apOMaTHYecKUX ajlb-
perugos. O6nacTe NpUMeHEHUsI 3TOI PeakLMy cpeny anudaTHYecKux
afbJeruioB OTpaHWYeHa y3KOH I'pylIioN coequHeHU obuieit hpopMy-
ae1 R;CCHO:

2 arcHO — KO8, 4 CH,0H + ArCOOK
CITMpT—BOJa

2 R;CCHO ROH _, p,CCH,OH + RyCCOOK

CIIMPT—BOJa

0
/ -

2 & O%aKOH CH,OH + COOK
\H crmpr—sBoaa, 100 °C

OH OH (94%)  OH  (94%)

50%-1 KOH
+
2 CgHsCHO H.0. 70 C C¢HsCH,OH + CgHsCOOK .

(85%) (85%)

Codepa npMMeHeHUs 2TOI peakLMM 3HAYUTEJBHO PaCILHMPUIACH
nocjie Toro, Kak 6bUl MpelUioXeH YHUBEPCATIbHbBIH METOM [EPEKPECT-
Hoit peakuuu Kannunuapo. Ilpu HarpeBaHUM CO LLIEIOYBIO CMECH apo-
MaTM4YecKoro anpiervaa ¢ ¢GpopManbIerunioM, GopManbgerin OKuc-
JIsieTcsl 0O MYPaBbHHOM KHCJIOTHI, @ BTOPO KOMIIOHEHT BOCCTaHaB-
JIUBAeTCS JO MepBUYHOIrO CIMpTa:

KOH
ArCHO + HCHO m ArCH,0H + HCOOK

o)
CHg@CHO + HcfH —C—[;—Og—ﬁ CH;@CHon + HCOOK
2 (90%)
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MexaHuam peakuui KaHHHILApo ObL1 YCTAHOBIEH CTO JIET CIy-
CTS MOCNE OTKPHITHS CaMoi peakuuM. TeTpasapUyecKUH aHUOHHBIH
WHTepMenuaT, obpasyloluics B pe3ynbTaTe MPUCOCIUHEHUS K aJib-
Jeruny 'MApOKCHI-HOHA, CIYXUT UCTOYHMKOM TMAPHI-UOHA, KOTO-
pbiil aKLETHpPyeTCsl BTopoit MoJieKy/1o# anpaeruaa. B KoHeyHoM uTore
OllHA MOJIEKYJIa ATbJETHMAa OKMC/ISIETCS, a ApYrasi BOCCTaAHABIMBAETCS:

0
© .
CH,0 cz
C/\/ i \ 2 ~OH
H OH OH | * —
0
-~
@c<oe @,CHﬁH
. N

DTOT MeXaHU3M GbUI MPEMIOXKEH Ha OCHOBAHMM KHHETUYECKUX JaH-
HBIX, COIJIACHO KOTOPBIM CKOPOCTh peaKUUH 3aBUCHT OT KBAJIpaTa KOH-
UeHTPALMK aNbJeTMAa U THAPOKCUI-HOHA: U =K [ArCHOJ? - [OH]. Bo
MHOTMX CJTY4asiX CKOPOCTh peaKly MpoNopLHOHANEHA TAKKE M KBajl-
PAaTy KOHLEHTPALIMH THAPOKCUA-UOHa, T.e. v =k [ArCHO]? - [OH ]
DT0 03HAYaeT, YTO MCTOYHUKOM THAPHMA-MOHA 31eCh CTAHOBUTCA
IHAaHNOHHBIA TeTPasNPUYECKUil MHTEPMEIHaT, 06pasyloMitcs npu
[eNPOTOHUPOBAHU Y OJHO3APSIHOIO AHHOHA B CUIIBHO 1L1IEJOYHO cpe-
ne. JIMAHUOHHEIA UHTepMenuaT SIBJISETCs] Golee CHIBHBIM IOHOPOM
I'MIPUI-HOHA O CPAaBHEHUIO C MOHOAHMOHOM, MOCKOJIbKY I'MAPHI-
MOH <«BBITAJIKMBAETCS» CPasy IBYMs OTPHLATENbHBIMY 3apSAaMu:

O3c—Ar
|
e o &
o
/,O o’ I oH®
{ ==|a—c—H == A H,0| —=
H OH P
0
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YpesBrlyaiiHO HHTepecHas M cBoeoOpazHas ocoDEeHHOCTh peaKki My
KaHHHLILIApO COCTOUT B TOM, YTO NPH NepeMelueHUU THAPUI-UMOHA
He mpoucxoauT obMeHa co cpenou. [lpy nmpoBeneHUM peakuUH B
Tsaxkenoir Bone D,0O oba mpoaykra peakuuu He colepXarT HNeiTe-

=0 . .
pHs, a B peakuHu C6H5C<D BeCch JeWTepHit oOKaswiBaeTcd B

C¢H;CD,0H. 310 06cTOATENLCTBO, MO-BRIMMOMY, YKa3biBaeT Ha
TO, YTO MEPEHOC I'MAPUI-UOHA OCYLIECTRISETCS BHYTPUMONEKYISIPHO
B KOMIUIEKCE, 06pa3s0BaHHOM ajbJerMAOM M ONHO- WIM JBY3apsm-
HbIM aHWOHOM TETPasApHyYeckoro WHrepMenunara. CKopocTh peak-
UMK 3aBUCUT OT MPUPOIBI KATHOHA IMAPOKCHIA U YMEHBIIAETCS B
paay: Ca(OH), > TIOH > Ba(OH), > LiOH > NaOH > NR,°OH®. Dt
DaHHBIE HAaXOAATCS B COIVIACMM C MEXaHM3MOM, IPH KOTOPOM Ilepe-
HOC TMAPHUI-MOHA OCYULIECTBISIETCS B LIMKIIMYECKOM IIECTH3BEHHOM
NEpEeXOJHOM COCTOSIHUHM, Ile KaTUOH META/UIa CBs3biBaeT oba opra-
HUYECKUX JIUTraHa:

M,
0 "0
ArCHO Ar\?j UCI_ A |

HO H

MOH
ArCHO

Ar(|ZHOM
OH

; o o
— ArCOOH + ArCH,0M—— ArCOOM + ArCH,OH

JducnponoplMOHMpOBaHUe apOMaTHYeCKUX aJbACTHIOB B BOMHOM pa-
CTBOpE TMAPOKCHNA KATUS MM HATPUS [PAKTHYeCKH MOJHOCTBIO 10~
OABJISIETCS] B IIPUCYTCTBUU 18-KpayH-6-monuagupa, 2¢pbeKTHBHO KO-
OPAMHUPYIOLIETO 3T KATHOHBI. AHAJIOTUYHOE BIUSHUE OKA3bIBAIOT U
KaTATU3aTopbl MEX(}A3ZHOro Meperoca — YeTBepPTHYHbIE COJM aAMMO-
HUSI, HE CTOocOOHbIe K KOOPAMHALUM [T0 KapOOHWIBHOMY KUCIOPOAY.
BTO CAYXMUT NOMNOJHHUTEILHBIM MOATBEPXIEHHEM MPUBEAEHHOIO Me-
XaHu3Ma peakuny KaHHUuuapo.

16.3.9. TEKAPEOHMJ/INPOBAHHUE AJIBIETUIOB

CpoeoOpa3Hoit peakliMeil anbIeruaoB SBISIETCS HMX AeKapOOHH-
JIMpOBaHHE N0 YIMEBOAOPOAA ITOf LAEHCTBHEM HEKOTOpPBIX KOMIUIEK-
COB [IepeXONHbIX METALIOB, U3 KOTOphix Haubosee 3¢ddekTHBeH Ka-
tann3arop YunkuncoHa — [(C¢Hs);P];RhCl:

[(C¢H5)3P[3RhCl

RCHO o RH + RhCICO[P(C¢Hs)3], + PhsP
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AnudaTrieckue arbaernipl 4eKapOOHUIHPYIOTCS B TOMOI'€HHOM pa-
cteope komriuiekca poaust (I) B Gensone yxe npu 20°C, rtorpa xak
IUIST apOMATHMYECKUX ATbAerHAOB TpebyeTcsl HarpeBaHue. JlekapGoHH-
JIUpOBaHHe MO AEACTBHMEM TOMOI'€HHBIX METAJIOKOMIUIEKCHBIX Ka-
TaNu3aTopoB NpeACTaBAsieT coOof BHYTPUMONEKYJISIPHBIA U CTepeo-
CeJIeKTUBHBIH IpPOLIECC, B KOTOPOM COXpaHseTcsl KOH(PUIYpaLHUs Xu-
paibHOrO LEHTPA [P CL-YIJIepOAHOM aToMe ajibJeruaa:

CHO H

CHym— GGy — TPl CH o & —aaC,H +
z C(H5CN; 110 °C :
Ph Ph

+ RhCI(CO)[PPhy], + PhyP .
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17.1. PEAKIIUHM 3AMEHOIEHHMA IIPHA O-YTJIEPOJHOM
ATOME KAPBOHWJIBHBIX COEXVHEHUIA

17.1.1. TAJIOTEHWPOBAHUE, H30TOITHLIM OBMEH BOJIOPOJIA,
PALUEMHA3AIT A

Tl'anorennpoBaHue KApOOHWIBHBIX COEAUHEHUH OTHOCHTCSH K YUCITY
Haubonee nmoapobHoO M3yYeHHbIX peakUuit. [aloreHUpoBaHHue anbae-
TMIOB M KeTOHOB OCYLIECTBIAETCH MCKIIOUUTENBHO B Q-TIONOXEHHE
N0 OTHOLUIEHHUIO K KapOOHWIBHOH rpynmne u He YCKOpsieTCs Ha CBETY.
TanoreHupoBaHne KapOOHUIBHLIX COEMHEHHIT OOBIMHO MPOBOIAT MO,
nedcTBMeM pacTBopa GpoMa, XJiopa WM HOJa B YKCYCHOR KMCJIOTE,
XJIOpa B CONAHON KMCJIOTE, KOMIUIEKCOM OpoMa ¢ QUOKCAHOM WM

OIM®A. Hixe npuBeieHbl HEKOTOPbIE THITHYHBIE IPHMEpHI.

0 0
1] 1]
Cl—@—C—CH; + Br, C-J_»‘;O?‘éo“ CK—O—C—CHzBr;

(77%)
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Cl

CH; Cl_ CH;
CC14-CH3C005
O +Ch O (85%)

o-I'aoreHKeTOHB! IMHPOKO MPUMEHSIIOTCS B OPraHUYECKOM CUH-
Te3e B peaki[UaX OMMOJIeKYISIPHOTI0 HYKJIEO(WIbHOTO 3aMeLeHUS I'a-
JIOTeHa Ha ApYrde TPYNIUPOBKH, a TaKXe JUIS MOJyYeHHus o, B-HeHa-
CBIILIEHHBIX KETOHOB MYTeM IerHAporajoreHuporaHus. Tak, HanpuMep,
2-0poM-2-MEeTHILIMKJIOTEKCAHOH MpH 006paboTKe mUpHIMHOM obpa-
3yeT 2-MeTWILHKIOTeKCeH-2-0H B pe3yibsTare obbrdHoro E2-smumu-
HUPOBAHUS.

Br CH; CH;
N; t°
Gexzon

0] O (62%) .

TlajioreHMpoBaHue KeTOHOB KaTAIU3UpPYeTCs KaK KUCIOTaMM, TakK U
OCHOBAHMSIMM, M CKOPOCTb TaJIOT€HUPOBAHUA B MPUCYTCTBMM OCHO-
BaHUs1 HAMHOTO BHILIE, YEM B KUCJIOH cpepe.

Ilpy U3yYyeHHH KMHETUKH ¥ MeXaHHU3Ma rajJjoreHUpPOBaHUs KeTo-
HOB ObUIO YCTaHOBJIEHO, YTO CKOPOCTb KHCJOTHO-KAaTAIU3MPYEeMOH
peaKLuH He 3aBUCUT HU OT KOHUEHTpaUUU, HU OT MIPUPOABI rajore-
Ha. Tak, cKopocTh rajlore HHPOBaH M alleTOHa OXMHAKoBa JIsi GpOMH-
POBaHHA, HOUPOBAHUS U XJIOPHPOBAHUS U HE 3aBUCUT OT KOHLEHT-
pauuy rajoreHa. AHaJIOrHyHasi 3aBUCMMOCThb ObU1a oOHapyXeHa U Jist
MHOI'MX IPYTMX KETOHOB: NeHTaHOHAa-3, dbeHWI-6mop-0yTHIKETOHA,
2-METHIUUKIOreKCaHOHa U [p. DTO O3HayaeT, YTO B MEIJIEHHOMN,
onpenensiolei CKOpocTh Bceit peakKuUMM CTaIuU U3 KETOHa obpa3sy-
eTCsl KaKasi-TO peakUMOHHOCIIOCO0HAas yacTyla, KoTopas 3aTeM Obl-
CTPO pearupyeT ¢ rajoreHom c obpa3oBaHHEM OL-rajloreH3aMenleH-
HOIr'o KETOHa, M 3Ta CTaAMsl He OTpaxaeTcs Ha CKOPOCTH Bceil
peakuuu. JonodHuTtelsHast MHPOPMAIIUS O MeXaHH3Me 3TOH peak-
UM ObUia MoayyeHa npd U3ydYeHUH JdedTepoBoaopogHOro obMeHa 1
paLeMU3aIUH ONTHYECKU aKTHBHBIX KAPOOHMIBHBIX COeNMHERMH. Jleit-
TEPOBOJOPOIHBIH 0OMeH ANM(PATHYECKHUX U IUKIHYECKHX KETOHOB,
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KaTaJin3upyeMbli KUCIIOTOR, HABMIOMaeTCsl TONBKO U1l aTOMOB BOJOPO-
[ia [1py OL-YIIEpOAHBIX aTOMAX 10 OTHOLLIEHUIO K KApPOOHWJIBHOM IpyTIie:

CH; D. ,CHj
o 29Dy O + H0 .

D" D

JIJis OMHOIO M TOro Xe KeTOHA CKOPOCTb KUCIOTHO-KATAIU3UpYe-
MOIO TaJIOTEHUPOBAaHMSI PaBHA CKOPOCTH KATAIM3MPYEMOIO KUCIOTOR
JeATepoBOIOPOIHOTO 0OMeHa B MISHTUYHBIX yeIoBUaX. Kak 6sU10 0OHa-
pyxeHo MHronnaoM, KUCI0THO-KaTanu3nupyeMast palieMH3a1IMst ONITHIECKH
akTUBHOTO (eHwi-emop-oyrunketrona C,H;COC*H(CH,)~CH,CH,
[IPOTEKAeT C TaKOH Xe CKOPOCThbIO, KAaK U KHUCJIOTHO-KATANU3HpYeEMoe
HUOAUPOBAaHUE U JEATEPOBONOPOIHBII 0OMeH. AHAJIOIMYHAS 3aBUCHMOCTh
HMeeT MecTO i1 KUCJIOTHO-KaTAIU3HPYEMOIO TajloTeHUPOBaHUsI, H30-
TonHOro o6MeHa ¥ pauemMusanud 3-¢peHmn-2-6yranona C;HsC*H(CH;)—
COCH; 4 gpyTHX KeTOHOB.

DTO 03HAYAET, YTO BO BCEX ITHX PeaklUsax obpasyeTcs OOUH U TOT
Xe UHTepMeIMaT, ¥ CKOPOCTh ero o6pa3oBaHusl ONpeaessieT CKOPOCTh
BCETO Mpouecca rajJoreHMPOBaHMs, H30TOTHOIO O6MeHa M paueMu3a-
UMM 111 KACIOTHO-KaTATU3UPYEMbIX Peaki(dil raloreHMpOBaHUs, pa-
LEEMH3ALUH ¥ BOZOPOIHOro 06MeHa TAKHM MHTEPMEIHATOM MOXET ObITh
TOJIBKO €HOJI, KOTOPBIH MMEeT IUTOCKOCTh CHMMETPHHU U [IOITOMY axH-
parteH. M3oMepu3alus eHola B KETOH HPUBOIUT K 0OpazoBaHUIO R-
WM S-2HAaHTUOMEDPA C PaBHOM BEpOSITHOCTBIO. M30TOMHBIH OOMEH BO-
JOpoJa U TAIOTeHHPOBAaHUE UCKTIOYHTEIbHO MIPU OL-YIJIEPOJHOM aTo-
Me TaKXe COIJIACYIOTCS TOJBKO ¢ MEXaHHW3MOM, IIPeNdyCMaTpHBAIOILIMM
o6pa3oBaHHe €HOJIa B KaYecTBe eqHMHCTBEHHOTO HHTepMeauaTa:

0 . _OH
M___CH3CH2?:C\
CH; GgH;s
€HOJ (axupaleH)

ObICTPO 1, /BricTpo D,0\ 6ricTpo
MeIUTEHHO
| o] D 0]

(6}
A | Y | 4
(8)-CH;CH,C*H-C_ CH3CH21C—C: CH3CH2CIJ——C:
CH, GsH;s CH, GCgHs CH, GCgHs

V/
(R)-CH3CH2(IZ*H-C\/
CH, C¢H;  Bpictpo

MexaHu3M KUCIOTHOIO KaTajli3a M30MepH3allii KETOHA B €HOJI 3a-
KJIIOYaeTCs B IPOTOHUPOBAHMM KApOOHWILHOM IPYIINLI C MOCIEIYIOMIMM
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OTIUEIVIEHHEM IIPOTOHA OT QL-YIJIEPOJHOTO aTOMa OKCOHHUEBOM (hOpMBI.
Ora cranus dopmansHo NMopobHa npoueccaM El-31MMHUHUPOBAHUSA:

H

VY A®
R—C—CH,R? + HA R—CHC—R ===
H

5 ©on

PaBHoBecHe ITPOTOHUPOBAHUS KETOHA CHJIBHO CMEILEHO BJEBO,
TaK Kak KapOoHWJIbHbIE COENMHEHUS OTHOCATCH K OYeHb CnabeIM oc-
HoBaHUSIM. KaTtHoH, 00pa3yloiuiicst Npu peakiuy eHoJsa ¢ rajJJoreHoM
MM KaTHOHOM HeHTepusi, cTabmiu3upyeTcs OTIUeIUIeHWEM [IpOTOHa
U3 TMIPOKCWIBHOM IpYIMbI ¢ pereHepanuded KapOoOHUIBHOR TDyTINbL:

® .
H //O * HOPH ae N\ N (/OH Hal,

---C—C —_—— e — C=

/ N\ / N\ /N

R]—$=CHR2 + HA .
OH

Hal  ©0H Hal 0
\ Vi IS \ V4
—» ---C—C + Hal® —— ---C—C  + HHal

\

AHAJOTHYHBIH XOI paccyXAeHWH NMPUMEHUM U JUISL KaTaau3a Tex
Xe peakuuit ocHoBaHMeM. CKOpOCTh paueMH3anuu, rajloreHupoBa-
HHUSI U U30TOITHOTO o6MeHa ist (pEHUII-6mop-OyTUIKETOHA OKa3bIBa-
eTCsl ONMHAKOBOM M NpH KaTaluse THOpoKCHI-HOHOM. ONHAKO CKO-
pOCTb 3TUX peakUWid, KaTAIM3UPYEMBIX OCHOBAHMEM, B THICAYY pa3
MPeBbILIAET CKOPOCTh KUCIOTHO-KATATM3MPpyeMOTo npouecca. M3 aroro
clenyeT, YTO MHTepMeauaT, obpasylomuiics B IPUCYTCTBUM OCHOBa-
HHSI, JOJDKEH ObITh ropa3fno Gosiee peaKIIMOHHOCHOCOOHOM YacTULleH
10 CPaBHEHUIO C KOBAJIEHTHBIM €HOXOM. Tako# yacTileid MOXeT ObITh
TOJILKO EHONST-UOH, N0Jy4YaIoLIUIiCs B pE3yIbTaTe OTUIEIUIEHUS [1PO-
TOHA OT QL-YTJIEPOAHOTO aATOMa KapOOHWIBHOIO COeAMHEHHSI, KaK cJia-
60t C—H kucnaoTsl:

o}
V7
(R)-CH;,CHZCIJ*H—C\/
CH, C4¢H;  Gwictpo

.0

CH3CH2CIJ;'@C1 :
CH, GiH;

€HOJIAT-NOH (axnpaneH)

B@; MeJIEHHO
_— =

BH; 6nicTpo Hal, /6nictpo  D,0O\ 6nicTpo
, MEUTEHHO
0 Hal * o p o
(5)-CH,CH,C*H~C_ CH,CH,C—C CH,CH,C-C
] N AN S
CH, GHs CH, GC¢Hs CH, CeHs
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ITnockuil, axUpalbHbIi EHONAT-UOH PABHOBEPOSITHO TPOTOHUPYETCS
WM FajIoreHupyercs o O-yIjepooHOMY aTOMY C Thula WiIH C ¢GpoH-
TAILHOU CTOpOHBI ¢ 0Opa3oBaHUEM paueMUYecKOH (OPMBbI KeTOHa
WIH O-TaJJOreH3aMelleHHOTO KeTOHaA.

B kucnoit cpene, rae rajJoreHMpOBAHUIO ITOABEPIaeTCsl eHOMbHAS
¢opmMa, MOXHO JOOUTHCS BBENEHUS B OL-TIOJIOXEHHME TOJBKO OJHOTO
aToma rajjoreHa. I'asoreHKeTOHHBI UMelOT 6oJlee HU3KYIO BEJTUYUHY pK;
U NpPOTOHUPYIOTCS TpyAHEe, YeM HCXOTHBIA KeTOH. DTO MOHIXaeT
CKOpPOCTh €HOJM33aLUM TI0oreH3aMellleHHOro KeToHa, 4To 6Jaronpu-
SITCTBYET BBEIEHUIO TOJIBKO ONHOrO aroMa rajoresHa. B npoTtuBono-
JIOXHOCTh 3TOMY I'UIOre HUpOBaHME €HOJMST-MOHA B OCHOBHOM cpeje
HEBO3MOXHO OCTAHOBHUThH Ha CTAAMH MOHO3aMelleHust. EHOJST-HOH
Mo KpaiHeit Mepe B ThICSIYy pa3 peakUMOHHOCocobHee caMoro eHo-
Ja. KpoMe Toro, 6osee BoIcOKast KUCIOTHOCTD O.-T'ajlor¢ H3aMelLeHHO-
ro KeToHa npegorpenenser 60jee BbICOKYIO CKOPOCTh HEIPOTOHUPO-
BAHWSI 10 CPABHEHMIO C AENPOTOHMPOBAHMEM HE3AMELIEHHOIO KETOHa.
IloaToMy Bce aTOMbI BOAOPOa IIpH 0DOMX OL-aTOMaXx YIJIepoaa KeToHa
4Ype3BhIYaiHO JIErKO 3aMeLIAIOTCsT Ha ranoreH. I'aloreHUpoBaHue Ke-
TOHOB C YYacTHeM €HOJIAT-UOHOB OOLIYHO BLITIONHSIOT B OUHApHOM
CMECH BOObI U OPraHUYecKOro pacTBOPUTEJSI B MPUCYTCTBUU TUIPO-
KCHUJA HaTpUsl WIU Kajiusl, rie HENpepbiBHO CO3JAeTCsl CTalUOHAap-
Hast KOHIIEHTpALUsl eHONAT-HOHA. B 3TUX YCIOBHAX METHIKETOHBI Ilep~
BOHaYaJIbHO 0Opa3yioT 1,1,1-TpHUrajloreHKeTOHbI, KOTOPBIE 3aTeM
MOABEPraloTCs LENOYHOMY paclleIVIeHHI0 A0 ranodopMa H aHHOHA
KapOOHOBOH# KHCJIOTBL:

.".e
O o .(').
i .
RCCH; ENOL g7 MOH, | g cCer | —
’ Cly o

—= RCOO® + CHI,

OTO paculeruieHie HOCUT HadBaHMe raogopMeHHON peakuuu. Ha
raiopOpMEHHON peakuuHd OCHOBaH MHpOCTEHIUHI TecT Ha MeTHJIKe-
ToHbl. PacTBop ucnkiTyeMoro o6pasua 8 TT'® win aMoKcaHe cMeluu-
BAIOT C BOOAHBIM PAacTBOPOM THMAPOKCHAA HaTpus ¥ Hoaa. BeicTpoe
obpa3oBaHue XenToro ocanka uonogpopMa CHI; ykaselBaeT Ha Hamu-
yHe MEeTUIKETOHA.
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17.1.2. HUTPO3UPOBAHHUE KETOHOB

Anudariyeckue ¥ aTHUMKIHYECKUEe KETOHB], CoIepXallie oL-Me-
TUJIEHOBYIO TPYIIIY, HUTPO3UPYIOTCS NOA AeHCTBUEM a30THUCTOM KHC-
JIOTBI, H30AMIUTHUTPHUTA WIH XJIOpUCTOrO HUTPO3WiIa. PeakiMoHHOC-
nocobHo#t GopMo# NpU HUTPO3UPOBAHUM SIBJISIETCS €HOJM:

7 oH R
* HNO
R-C—CHR? == RY-C=CHR?—» R C—CHRZ—>

O N-OH
non s
—C—CR

oa-HurtposocoenuHeHne u3oMepusyercs B Oojee crabuibHoe
oL.-OKCHHUMHHONPOU3BOAHOEe (U30HUTpo3ocoenuHeHue). Hanpapie-
HYe HUTPO3UPOBAaHHUA HECHMMETPHUYHBIX KETOHOB COOTBETCTBYET 06-
pasoBaHHUIO OoJiee cTaOUIBHOrO €HoOJMA M TIPMBOJUT K BBEICHHIO
HUTPO30TPYyINHl ¥ Haubosee 3aMeIeHHOro o-yrjIepogHOI'o aToMa.
o.- OKCHMMUHONIPOU3BOAHBIE BOCCTAHABIMBAIOT I{MHKOM H YKCYyC-
HOH KHUCJIOTOH B 0-aMMHOKETOHBI, HCITOJb3yeMble B CUHTE3€¢ ITHP-
poJsoB o KHoppy:

0 0
|l ) 7n , 5
R—C—CR ——» R—C—CHR".
i CH;COOH |
N—OH NH,

0.-AMHHOKETOHbI MOXHO OObIYHBIM 06pa30M BOCCTAHABNUBATD JO
o-aMUHOCMpPTOoB. C ApPYroit CTOpPOHBI, OL-OKCMMHHOKETOHBI I1OCJE
KWCJOTHOTO MMAPOIU3a OaioT 1,2-AMKETOHBI:

O —
Il ONO T H,S0
C¢Hs—C—CH,CH; CS—H“—> CeHs—C—C—CH; ———>
(65%) H,0
Il (l?
—_—> C5H5—C‘-'C—CH3
(70%)
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17.1.3. KETO-EHOJIBHASL TAYTOMEPHNA

B npeasinyuieM pasaene 6b6UT ONMCaH MEXaHU3M KaTalW3HpyeMoi
KUCJIOTOH €HOMU3aLMH KETOHOB. B NeCTBUTEIbHOCTH KETOHBI Haxo-
JIATCSI B pABHOBECUU C €HOJIBHO#M pOPMOM U KHUCIOTa TOJIbKO YCKOPS -
eT B3auMolipeBpaleHue o6eux dopm. PaBHoBecHe 1ByX ¢GOpPM: KETOH-
HOIl U eHOJbHOH, OTIMYAIOLIMUXCS IMOJIOXEHHEM aroMa Bogopolda U
JBOMHOH CBSI3U, NIPUHSITO HA3bIBaTh KETO-€HOJBHOM TayTOMEpHeid.

s He3aMeleHHBIX U POCTPAHCTBEHHO HE 3aTpyIHEHHBIX Ke-
TOHOB PaBHOBECHAs KOHUEHTPALUs eHoJIa OYeHb Mala U KoJebnercs
B WHTepBane oT 8- 107°% — mns auerona mo 107%% — mas
uMkiIorekcaHoHna. M3 aToro cienyer, uro LIS KETOHOB KeTo-(popMa
ropasno 6osee cTabuibHa, YeM HU30MepHas eHoJibHas dopma. MHaue
rOBOPSI, 3TO O3HA4YaeT, YTO EHOJI SIBJISETCS Ha HECKOJIbKO MOPSIKOB
6onee cunbHoit O—H-kucnoToii, yem ketoH — C—H-kucnortoii. B co-
OTBETCTBUM C OCHOBHBLIM NPUHUMIIOM TEPMOJUHAMHKH COOTHOILLE-
HH{e KeTOHHOI ¥ eHOJIbHOM HOpPM MPSIMO NPONOPLIMOHANBHO COOTHO-
LIEHHUIO BeJTUYuH pK, ABYX 3THX GOPM, T.e. 06paTHO MPONOPLIMOHAILHO
KHCJIOTHOCTH ABYX dopm. Yem 6onee cnaboit C—H-kucmoToi o cpas-
HEHHIO C eHOJIOM ABNseTCH KeTo-dopMa, TeM BEILIE ee ColepXaHue
B CMeCH JABYX TayToMepoB. [IJIsl 3aMellleHHbIX KETOHOB HJIM IIPOCTPaH-
CTBEHHO 3aTPYIHEHHBIX KETOHOB CUTYALIMsS MOXET PE3KO U3MEHHUTHCS.
Tak, Hanpumep, neHradropauerod CF;COCHF, ripakTuyeckud Ha-
11eJlo0 eHOJIM30BaH U NIPeBpallaeTcs B KeTo-(QOopMY TOJBKO IIPU Harpe-
BaHUHM B pacTBope TpU(GTOpPYKCYycHOM kuciaoTsl npu 100°C:

oH ?
CF,COOHR
CF3;C=CF; —310—0—5 CF;C-CHF, .

TlojiHast eHOJIM3aLNA XapaKTepHa M I APYruX nojudrop3aMelleH-
HBIX KETOHOB, HallpUMep:

B Rx

(99,99%) (0,01%)

15 ipocTpaHCTBEHHO 3aTPYAHEHHBIX KETOHOB, COMEpXalllMX JBe WIK
TpU 0OBbEeMHbBIE ME3UTHIbHBIE TPYIIIBI, eHoMbHAas dopMa Takke Go-
Jiee cTabwibHA, YeM KeTo-¢dhopMa.
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?H HCl; 60°C ?

Mes(I?=C-Mes Mes-([ZH-C-Mes
CH,0H
CHjs CHj CHs
roe Mes = CHs
ME3HTHI

CH,

OTo npeBpallleHHe OCYILECTRISIETCS IPH JUIUTEJbHOM KHITSIYeHHH B
CIIUPTOBOM pacTBOpe XJIopHcToro Bogopona. Ho gaxe B 3TUX yc/IOBU-
six eHosl Mes,C=C(OH)Mes He 130MepH3YeTCS B KETOH.

ConepxaHue eHOJIBHOTO TayTOMepa pe3Ko Bo3pacTtaeT s 1,3-nqu-
KeToHoB U 1,3-keroadupoB. [lons eHonsHON (GoOpMBI LIST XHIKOro
alueTiialieTona cocrasisier 80%, a 1 aueTroykcycHoro adupa 8%.
Cronp CUIbHOE U3MEHEHHE IOJOXEHHUS TayTOMEepHOIo PaBHOBeCHS,
HECOMHEHHO, 06yclonieHo 06pa3oBaHHeM OYeHb IPOYHON BHYTPHU-
MOJIEKY/ISIPHOW BOOOPOMHOM CBSI3Y B eHoJjie. BogopomHast CBsI3b MOHU-
XaeT KMCJOTHOCTb €HOJIbHOM (DOPMBI U, CIeNORaTENbHO, YBEIHYMBa-
eT TepMOAMHAMMYECKYIO CTabIJIBHOCTh TAKOTO eHoJla:

/H‘ \O
H]C_l(F—CHz_E—CH:; l l(!j
H,C~ id ~CH;,
(20%) H
aleTWIALIETOH (80%)
oo
H,C~C-CH,~C-0C,H; Ll
i 1 _Cs C
O O H,C” ¢ NocH;
(92%) H
AlETOYKCYCHbIH 3(up (8%)

Hauusie UK- u AMP-criexTpockonuu MOATBEPXKAAIOT HaIH4Me
BHYTPUMOJIEKYISIPHOA BOJOPOAHOM CBSA3U B eHole. TlooxeHue paB-
HoBecHst 1151 1,3-1uKeToHOB M 1,3-KeTo3¢hUpOB B 3HAYUTEJIBHOM CTe-
[IEHY 3aBUCHUT OT IIpUpoIbl pacTBopuTelisi. [IpOTOHHBIE pACTBOPUTETH
pa3pyLUAIOT BHYTPUMOJIEKYJIIPHYIO BOJOPOAHYIO CBSI3b B €HOJIE 3a CUET
00pa3oBaHUsT MEXMOJIEKYISIPHOUM BomgopoaHo# cBa3u. bojiee nonsip-
Has kero-¢opMa, HaoGopOT, CTaBMIU3NPYETCS C IMOMOLIBI BOIO-
PONHOM CBA3M C MOJAPHBIMHM MOJIEKYy/IaMHM BOABI WIM cliMpra. B pe-
3y/lbpTarte OOJISL €HoJla B BOJHOM pacTBope cHUXaercst no 23% nnsg
alleTHJIaLeTOHa U go 6% mis auetoykcycHoro adupa. Hemongpusie
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PacTBOPUTEJIU CIIOCOOCTBYIOT EHONU3aLUUHU, TaK KaK CTaOUIU3UDPYIOT
MAIOTOJAPHYIO LIMKIMYECKYI0 eHONBHYIO OpMY U AecTabMIU3Upy-
10T MOJISIPHYIO KeTo-(opMy. JlaHHbIe, TIpUBeaeHHbIe B Tabn. 17.1, y6e-
JUTeJbHO MOATBEPXKIAIOT BbIBOABI O BAMSHHUU CTPYKTYPHBIX (PaKTo-
POB M DNpPUPOIbl PAaCTBOPUTEJISI HA IMOJOXEHHE KETO-eHOJbHOTO
TayTOMEPHOI'0 paBHOBeCHs is 1,3-qUKapOOHUIBHBIX COeqUHEHUI.

ExnonpHas ¢dopMa aleTOyKCyCHOro 3¢gupa B MHIUBUAYATILHOM
Buae 6bula BhlaesaeHa JI. KHoppoM 1ipu o6paGoTKe cyxuM raszoofpas-
HbeIM HCI cycrieH3uH ero HaTpUeBOro €HOJIATA B NETPOJIEHOM 3¢dHU-
pe nipu —78°C. Uucras ketonHas ¢opMa aLeToyKcycHoro aupa KpH-
CTALIM3YEeTCS M3 PACTBOpa alETOYKCycHOro 3¢gupa B rexcaHe Ipu
—78°C. Ilpmu xpaneHUH 06€e (hOpMBI ¢ H3MEPUMOI CKOPOCTBIO NIpeBpa-
IAIOTCSL APYr B ApYyra mo AOCTMXKeHUsS paBHoBecus. ITonoOHbIM Xe
o6pa3om OGbUIH BblAeJIeHbl [IPYU 04eHb HU3KOi TeMIlepaType eHOJIbHbIe
¢opMbl MBOTMX apyrux 1,3-kKeTo3¢gupoB U 1,3-IMKeTOHOB.

K coxajeHHIo, 3TOT crioco6 HEeIPUIOAeH ISl MTOJYYEHHUS EHOMb-
HOH (pOPMBI AIbAETUIOB U KETOHOB C OJHO# KapOOHWIBLHOI IPYNIIOii.
BUHUIOBBIA CIIUPT — €HOJI YKCYCHOTrO ajipAeruga — obpasyercs npu
TEPMUYECKOMN AerdapaTaliui STHICHIIMKONS B IJTYDOKOM BaKyyMe NpH
900°C B cocyne M3 cTeKs1a MIpeKc:
900°C

HOCH,CH,OH 002 vt pr_ o

CH2=(|3H + H,O .
OH
OTOT MPOCTEUIINH €HOJI U30Mepu3yeTca B 6oJiee cTabUIBHBIM argeT-

anpaerna upuMepHo 3a 30 MuH npu 25°C B OTCYTCTBHE KaTalu3a-

Ta6auua 17.1

Kero-eHonbHaA TayToMepns XKapGoBmIbHLIX H 1,3-ARKapGoBRALHLIX COCARHEHMI,
Kpaln = [enon]/[keron]

Kpaan= [enOR]/[KeETON] Conepxanne eHona, %
Coennnenne B BOZHOM PacTBOpPe | B HCXOQHOM | B BOIHOM | B pacTBOpe
coeasHennn | pacrsope [ B rexcame

YkcycHbIi 1075 - 1073 -
anbaerun
AlleToH 8.10°8 ~ 106 -
[eHTaHoH-3 2.10°8 - 10-6 -
1uxnoneHTaHoOH 1. 1077 - 1075 -
LuxnorekcaHoH 5.10°6 - 1074 -
AlleTodeHOH 2.1077 - 10~3 -
ALIETOYKCYCH Bl 7-10°2 8 6 50
a¢pup
AueTunaleToH 2,3- 107! 80 23 90
LuxnorekcaH- 20 100 98 100
nuoH-1,3
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TOPOB M 4pe3BblYyaitHO ObICTpO B OOBIYHOW CTEKJIIAHHOW Imocyne,
MOCKOJIbKY OObIYHOE CTEKRO o6JamaeT wiejJouyHOW peakuuein. s
BUHUJIOBOTO CNIMPTa C IOMOLIBIO MUKPOBOJHOBOH! CITEKTPOCKOIIUU
ObLTY ONpede/IeHbl CTPYKTYpPHbIE MapaMeTphl eHONa, NIpUBENEHHbBIE
Ha cxeme:

1,332 A
H 119,3° 123,5 4
1078A 1079A

1090Am 1,373 &
ol L 0

170,956 A
Enou aleToHa obpasyeTcst pu (oToM3e IeHTaHOHAa-2 B ra3oBoit ¢ase:

OH
Il h I
CH3—'CCH2CH2CH3 ——V_’ CHJ—C:CHZ + CHZZCHZ .

OH Takxe o4eHb OLICTPO H30MepH3yeTcs B aleToH. COrJJacCHO coBpe-
MEHHBIM JaHHBIM, KOHCTAHTa PABRHOBECHS JUIS MpeBpalleHUsa KeTo-
¢dopMbI B eHOJ IJIst yKcycHoro anpaeruga CH3;CHO ouexnuBaetcs: B
5- 10_5, a JUIsl aleToHa — nopsaxa 8 107%. Dro o3Hauaer, uTO WIS
MIPOCTHIX ANBAETHIOB U KETOHOB KeTo-¢opMa Ha 12—14 kKan/Molib
cTabuibHee eHOJbHOH (OpPMBI. DTO pasziMiue Pe3KO YMeHbLUaeTcs
s 1,3-0uKeTOHOB, IAe yXe eHoJl spasfeTcsl boJyiee cTaGUIBHBIM Ta-~
YTOMEPOM.

17.2. KHCJIOTHOCTb KAPBOHWIbHBIX COETUHEHUI

JenpoToHUpOBaHUE AJBAEIMIA WIM KETOHA, ITPUBONsIIIEe K 00-
Pa30BaHMIO €HOJISAT-UOHA, NPOMCXOAUT B TAKOi KOH(pOPMALMM Kap-
6OHUNILHOTO coequHeHus1, Koraa cBsa3b C—H B a-nojioxeHUH opUeH-
THpPOBaHa NMapajiebHO p-opbUTaANH KapOOHWIBHOM TPYIIIHL.

IM'ibprunu3auus o-yriepogHOTro aToMa B €HOISIT-UOHE U3MEHSIET-
CSL OT Sp° 1O sp?, ¥ ero 3aMoMHEHHAsT p-OpPOUTAb [EpeKPBIBACTCS C p-
OopOUTANBIO KaPOOHUIBHOM IPYIITIBI. DTO IPUBOAUT K JENTOKATM3ALMH
OTPULIATENLHOTO 3apsiJa B EHOISIT-MOHE MEXIY O-YIJIEpOIHBIM aTo-
MOM M aTOMOM KHcjlopona, fipdyeM Haubojbuias HoJs 3apsia co-
cpenoTouyeHa Ha OoJsiee 3J1eKTPOOTPMUATENBHOM, MEHeEE IOJISIpU3ye-
MOM H 6ojlee XKeCTKOM aroMe KUCI0poaa. YIIepoIHbIi LEHTP sIBIsIeTCs
6osiee MONSAPU3YyEeMbIM, MSTKUM LIEHTPOM E€HOJSIT-HOHA:
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Crabunuzauvsi eHOJAT-UoHA 3a CYET COMpsXKeHUS yMeHbLIaer
BeJIMMUHY AG ° IUIs1 AeNMpOTOHUPOBAHUSA KapOOHW/IBHOIO coeqUHEeHHS
U yMEHBIUAET TeM CaMbIM 3HadyeHHe pK, Ins KapOOHMIBHBIX COeNH-
HEHMH N0 CPAaBHEHHIO C AJKAHOM.

Crabunusalus eHoJIAT-HOHA 1o CBoel puposae NMogo6Ha cTabu-
JV3aluM Kapbokcunar-voHa (ri. 18, 4. 3). Kap6oHWIbHbBIE coeqyiHEe-
Hust 6onee cuibHble C—H-KHCIOTBI, YeM alKaHbl, [10 TOH Xe caMoi
MpUYKHe, IO KOTOpoil Kap6oHOBBIE KUCIOTH Goee ciiibHbie O—H-
KMCJIOTBI [0 CPaBHEHMIO co cliupTaMu. B oboux ciy4yasix ycuieHuUe
KMCJIOTHBIX CBOHCTB 06GYCJIOBIIEHO CTaOMAM3aLMel IBYX Me30MEPHBIX
aHUOHOB — KapOOKCHJIaT- U €HOMST-HOHOB. B Tabnuue 17.2 npueene-

Tabauua 17.2
C—H xucaorHocTs HekoTophix C—H-kncior B Bogxe

Knacc coepuueHu CoenuHenne pK,
1,3,5-TpHkeToHn tpuanetwiMeran CH(COCH;); 5,0
1,3-IUKeTOHbI CH3;COCH,;COCHj; (auetunaueros) 9,0
1,3-Keroapupst CH3COCH,CO0C;H; (auetoykcycHbit 3¢up) 10,7
1,3-JIMHHTPHABI CH,(CN), (IMHMTPHI MalOHOBOM KHC/IOTHI) 11,2
1,3-duadpupsl CH3(COOC,Hjs); (ManoHoBuis 3¢up) 13,0
Kap60OHOBBIX KUCIOT
ALIMNTAIOTEHHABI CH;C(0O)Cl (xopuctbii auetun) -16
Anbaerupsl CH3CHO (ykcycHblit anbaerun) ~18
KeToHst CH;COCHj; (aueroH) -20
CroxHbIe 3PUpbL CH3;COOCH;,CH; (3tinauerar) ~-25
Hutpunst CH;CN (auetoHuTpun) ~25
N,N-/Iuankunamunasr CH3;CON(CH3); (N,N-qumeTinaueraMun) ~-30
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HBl AaHHbIE O KHCAOTHOCTH HEKOTOPBIX KapOGOHWNBHBLIX CoelHHe-
HUH, CITOXHBIX 3QUPOB, aMUIOB, HUTPUAOB U 1,3-TMKapOOHWIBHBIX
COeIMHeHUWHA.

M3 naHHbIX, NIpeAcCTaBAeHHbIX B Tabiu. 17.2, ciuenyer, 4To KUC-
JIOTHOCTb CJIOXHBIX 3(UPOB, HUTPWIOB H, 0COGEHHO, aMUIOB 3Ha-
YUTENBHO YCTYIaeT KUCIOTHOCTH ANBAETMAOB U KETOHOB. DTO YKa3bl-
BaeT Ha MEHBILYIO CTaGHUJIBHOCTh EHOMAT-MOHOB CIIOXHBIX 9(bUpOB U,
ocobeHHO N,N-IHanKuJIaMUAOB, N0 CPAaBHEHUIO C eHONAT-HOHAMH
keToHoB. C npyro# cTOpoHHl, 1,3-IMKapOOHUIBHBIE COENUHEHHUS AB-
ng101cs 60jiee CHIBHBIMU KUACIIOTAMH, YeM albleTruabl ¥ KETOHBHI. 1,3-
JMxap6oHWIbHBIE COENUHEHUS 0 CBOEH KMCIOTHOCTH MPeBOCXOIAT
sony (pK, = 15,7) u aranon (pK, = 16). EHonat-uoHm 1,3-nukapbo-
HWJIBHBIX COeIUHEHNN OTIHYAIOTCH 0C060 BHICOKOH CTabHJIBHOCTEIO,
TaK KaK OTPMUATENBHBIA 3apsil OeJIOKAIN30BaH C MOMOLIBI0 OGerX
KapOOHMIBHBIX TPYIIN, IPUYEM [B€ aleTHIbHbIE TPYHIbI OKA3bIBAIOT
OoJiee cuabHBIN 9 deKT, YeM IBe CIOXHOIPUpHBIE I'PYIIHI:

O O 0 0
Il Il B® I © (I_E
CH;CCH,CCH; ———» BH + CHj-C-CH-C-CH; «—»
0o
- CH3&=CHCI:CH3 - CH3CI:CH=C-CH3

o

ANbIeTHabl, KETOHBI, ciOXHble 3pHupbl, N, N-IHanKWIaMHAbl U
HWTPHIBI OTHOCSTCA K rpynne ciabbix C—H-kucnot. g ux penpo-
TOHMPOBaHHMS TPeOYyeTCA UCIONB3OBATh CHIbHEIE OCHOBaHMSA. Ecnu s
9TOH 1EeJM B3SATh aNKoKcu-MoH, Hanpumep CH;CH,0™ (pK, staHo-
na = 16), B paBHOBECUM OyIeT NMPUCYTCTBOBATh ToNbKO ~0,01% eHo-
JAT-HOHA aleTOHA WIM npyroro ketoHa ¢ pKk, ~ 20:

I
CH,CCH; + C,H0° CH:,CI.‘.G.—.CHZ + C,HOH .

(~99,99%) 0
(~0,01%)

JUist ToNIHOTO NpeBpalleHnsi KapSGOHUNILHOTO COeAMHEHHs B EHO-
JIAT-HOH HEOGXOAUMO NMPHUMEHSTh CWIbHbIE OCHOBaHMA, TaKHe KakK
NaH, KH, (C¢Hs);C ™ Na™, B anpoToHHBIX pactBopuressix TT'®, IMD,
AMCO. Hawryiuve pe3ynbTarhl JaeT MCHONb30BAHHUE NTPOCTPAHCTBEHHO
3aTpPYAHEHHBIX OCHOBaHMH — nuu3onponwiaMuaa aurua (JIJA)
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e
L1®N(C3H7—u3o)2, a Takxe Ouc-(TPUMETHIICWINI)aMUIOB NUTHA MU
HAaTpUS:

CH;
e CH,
[(CHy);SibN Na® s N-Li
CH,
CH;
©
i L®
LiN(C3H7-uso), _ 5
rexcan-TT'®; ~78°C + HN(C3Hy-uso) ;
pKa~20 (100%) pKa~40

§  NaNSiCHyl,

OO e+ i Cth + HNISI(CHD,
O Na
(100%)
-78°C
CH3COC(CH3); + LiN(C3H7-uzo) rexcan -T['®

CHz% :—OC(CHz); + HN(C3H7-uz0),
@
Li o
(100%)

JIJA nony4aroT MeTaJUIMPOBAHMEM AMM3ONpPONIIaAMHHA H-OYTHILIH-
THeM B cucTeMe rekcaH—TI'®D npu HU3KOH TeMIeparype:

-78°C
(CsH7-uzopNH + u-CqHoli om T ra™  LiN(C3Hy-uso), + CqHig .

OH pactBopuM B TT'D u ero HeMeMIeHHO MCHOJb3YIOT, He BBUIE/SIS
13 pacTBOpa.

KeToHsl, coxHble 3¢Upsl, HUTpUnbl, N,N-THanKuIaMuIbl, Bce
JUKapOOHUNbHBIE COEAMHEHMS] HALENO MepeBOAsSTCS B COOTBETCTBY-
IOLUMIT €HOJISIT-MOH ITpH 06paboTtke pactBopoM JIJIA B TI'® npu —78°C,
rak Kak mia camoro HN(C;H;-u30); pK, = 40. Ewe 6Gonee ynobeH
IUISL TIOJIYYEHMSI LIETOYHBIX €HONSITOB OMC-(TPHMMETHICWINI)aMUI
JIMTHS WU HATpUs, pACTBOPUMBIH naxe B 3¢dupe. C nNoMolLbIo OgHO-
IO U3 3THUX peareHTOB €HOJATHI MOTYT ObITh BhlIeNeHBI HHAUBHIYA b~
Ho. Tak, npu peakuuu JIJA c tperbyrunanerarom B TT® npu —78°C
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C NOCAeAYIOLUM OcaXIeHUEM reKCAHOM MOXHO BbIAEIUTH JTUTHEBYIO
COJIb mpem-OyTHIaLIETATA!

i -78°C
CH3;COC(CHz); + LIN(C3H7-u30)% Trororcan

pKa~25

CH,==C——O0C(CHjs); + HN(C3Hy-u30)
|I pKa""40

O Li

AHanoOru4YHbIM 0GpPa3oM MOTYT ObITh BbIAENEHBI U OpYyrue WENOYHbIe
eHONSIThl. EHONSAT-HOHBI KETOHOB ¥ CJIOXHBIX 2(DMPOB CTaGHIIBHBE, KaK
IpaBWJIO, TOJIBKO MMPU HU3KOM TeMmneparype. B cuHTeTHUECKOH npak-
THUKE 1IeJI0YHbIe EHONSATH HE BBIAENAIOT, a Cpa3y Xe UCHOAb3YIOT ISt
JanpHEHLIMX [TpeBpalieH .

17.3. PEAKIIHOHHASA CIIOCOBHOCTH EHOJIAT-UOHOB

EHonsT-HOHBI OTHOCATCA K YMCIY KIACCUYECKUX MpPEACTaBUTE-
Jel aMOMIEeHTHBIX* aHHMOHOB C JBYMS Pa3fiMYHbIMU PEaKUMOHHBIMU
LIEHTpaMHU: YITIEpOAOM U KHMCJIOPOJOM, CBA3AHHBIMH B €QUHYIO CO-
NpSOKeHHYIO cucTeMy. EHONST-HOHBI MpeacTaBisioT coOoit caMulit
BaXHBIM Kj1acc aMOMIEHTHBIX aHUOHOB, YPe3BbIYAHHO UIMPOKO HC-
MOJb3YEMbIX B OPraHMYeCKOM CHHTE3e, NMpeXAe BCEro VISl CO3IaHus
HOBOH yI7epod-yriepoaHoi CBSI3H B PEAKLMIX AIKWIHPOBaHUS, ald-
JIUPOBaHMUA M PAIIMYHBIX KOHIOCHcAUUAX. MI3BeCTHBI MHOTOYMCICH-
Hble [IPUMEPBI peakiUui U 0 YIJIEPOAHOMY, Y II0 KUCIOPOIHOMY IIEH-
TpaM eHOJIAT-NOHOB. HarnparneHue peakiiiu CJIOXHBIM 00pa3oM 3aBUCHT
oT coyeraHus nejoro paaa dakropos (O.A. Peyros, W.I1. beneukas,
AJL Kypu):

1) npuponb!l 31eKTpodUILHOrO areHrTa,

2) npuponbl yXonsdiied IpynIisl,

3) cTpoeHUsT eHOIAT-NOHA,

4) npupoas NMPOTUBOMOHA Y €HOJSIT-HOHA,

5) xapakTepa pacTBOPHTEJISL.

CooTHolleHe MPOAYKTOB HYKIEO(MWILHOrO 3aMeIEeHUS YIIePOIHBIM
U KACJIOPOJHBIM LIEHTPaMHU €HONAT-HOHA, T.€. COOTHOIIEH’e MponyK-
ToB C/O-3amenienus, B NMPHHIUIIE, 3aBUCUT OT BCEX MepevyHcieH-
HbIX GaKTOpOB. MHOrOYMCIeHHbIE 3KCIIEPUMEHTANIbHbIE JAHHbIE CBH-
JETEbCTBYIOT O TOM, YTO NPUPOAE NPOTUBOHOHA U PacTBOPUTENS B

*AMbu (naT.) — aBy.
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OOJIBILMHCTBE CAYYyaeB He UIpaloT pellarouleid poau B HANpaBAeHEUHN
C- i O-3aMenieHUsI, KOTOPOE OIIpelNeNsieTcsl B NEepBYIO OYepenb
COBMECTHBIM JEHCTBHMEM MepBBIX TpeX (haKTOpOB.

C nomouisto npuHurna XXMKOQO unu, 6osnee HanexHo, ¢ NOMO-
IbIO METOJa FPAaHUYHBIX OpOUTANei [UISI eHONAT-HOHOB KETOHOB, 1,3-
JHUKeTOHOB M 1,3-KeT03¢HpoB MOXHO BEIBECTH BeChMa MPOCTOE, XOTS
U He yHUBepcajlbHOe MPaBUIO, COTIACHO KOTOPOMY MSIKHE 3JIeKTpO-
¢buabHBIE areHTHl ATAKYIOT MSATKHI YITIEPOAHBIH LEHTP, a8 XECTKHE
3J1eKTpOGUIIbHBIE aTe€HThl — XECTKUH KUCAOPONHBIA LIEHTp eHOJAT-
uoHa. K MATKMM 3JeKTpOo(HIBHBIM areHTaM OTHOCSTCS TaJoreHBI,
MCTOYHMKM MOJIOXMTENBHO 3apskeHHoro raoreHa (NBS, runorano-
reHuTHl), cyasdeHunranorednasl RSCl, RSBr, ceneHwiranore HMabI
RSeCl; OH*, FClOs; ankun6poMuabl, ankwiMonuasl ¥ ap. K xect-
KMM 3JeKTpODHUIBHBIM areHTaM clelyeT OTHEeCTH auWiTadoreHHIbl,
AHTHAPMABl KapOOHOBBIX KMCIIOT, TPMATKWITATOIreHCWIAHBI, repMa-
HBI ¥ cTaHHaHBl, dochopunupyrouue areHts TMna (RO),POCI, cynb-
domwnranoreuuasl RSO,Cl, ankuwncynbdoHatel. Hyxe npuseneHs!
HEKOTOpble Haubosee THITMYHBIE IPUMEPBI:

1) JITA; TT®; —78°C .
<:>:O 2) (CH;),SiCl Q’OSI(CHQ; ;

(99%)

1) [(CH,),Si],NNa; —78°C

CH,CH,CCH,CH; CH;CH,C=CHCHj ;
S 2) (CH,CO0),0 O-CCH,
(0]
(100%)
1 ; ; —78°C
O:O ) JIIA; TIO; o
2) NBS
Br
(83%)

C5HSSSC5H5 + Clz —_— 2C5HSSC1 N

<:>=o 1) JIOA; TT®; —78°C Q:O ;
2) CH,SQl
SCeH;
(86%)
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1) TOA; TI'd; ~78°C
o ) o
2) C¢H;SeBr

SCCsHS ’
(89%)

QeHuIceNeHWIOPOMHU, KaK MATKHI 31eKTpOUIBHBINR areHr,
aTakyeT UCKIIOYUTENBHO MATKMR YriaepOAHBIR LEHTP €HOAAT-aHUO-
HoB. O6pa3zyoumecs npu 3T1oM o-GeHUICENeHO3aME LLIEHHbIE KETOHBI
nocne obpaboTku nepekucplo Boldopoda oTuierwisioT CgHsSeOH u
AT @, 3-HeHAaCHILeHHbIE eHOHbI. KOHeuHBbIi pe3ynbTaT 3TOro ABY-
craguitHoro Ipouecca COCTOMT, TAKMM 00pa3oM, Bo BBEACHHHU ABOii-
HOI CBSI3U B , 3-noJI0XKEHKeE 110 OTHOLIEHHUIO K KApGOHMIBbHOI Ipymne.
B kayecTBe MHTEpMeaMaTa B 3TOH peakiiMM, [O-BHAMMOMY, o6pa3y-
ercsi (eHUWICEICHOKCHI, KOTOPbIX IToABEepracTcs BHYTPUMOIEKYIAp-
HOMY CuUH-3JIAMUHUPOBZHUIO B UCKIIIOUHTENBHO MSITKKX YCIOBUSX!

H SeGH
H .~ H 5
~ | O 1) JIJA; TIP,; —78°C | H,0
_c-c-¢? ) _dc-C-C-R ——2
| N D GHSeB; 20C T/ T I 20-60°C
O
‘ Q\ @.CgHs
H €
.| ) —c—R 2060C_ “>C=C-C-R + CHgSeOH.
/ T | 1]
bt 0

CUN-DTHMHHHPOBAHNE

o, B-HenachplllleHHBIe KETOHHl MOAYYAIOTCA C OYEHH XOPOLIMM
BBIXO[IOM, U 3TOT METO/ MOAYYEHHS Q., [3-HEeHACBIIIEHHBIX €HOHOB IIO
CBOEHl CENIEKTUBHOCTU MOXET C YCIEXOM KOHKYPUPOBAaThb C JIBYXCTa-
IUHHBIM [poLiecCOM OpOMMPOBAaHUS — AETHIPOOPOMHMPOBAaHUS KETO-
HOB WM MMOJYYEHUEM €HOHOB C MOMOLIBIO AJILAONBHON KOHOECHCAIIMU:

o 0]

1) JIOA; TT®; —78°C
2) PhSeBr; 3) H,0,

(55%)

TakuM xe crroco60M MOXHO MONy4aTh U ¢, 3-HeHAChILIEHHBIE CIOX-
Hble 3¢Upbl H HUTPWIBL.
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(o) (o)

I JIOA; . —78° Il

C—-OCH; D ; TT; ~78°C C-OCH,
2) PhSeBr; 3) H,0,

(96%)

N 1) JIJA; TI®; —78°C

CH;(CH,),CH,C=
TR 2) PhSeBr; 3) H,0,

CH4(CH,);CH=CHC=N
(80%)

17.3.1. AIKMJIMPOBAHHE EHOJAT-HOHOB

Hau6osnee BAXHBIMH U MOJPOOGHO U3YYCHHBIMH PeaKIIMSMH C y4ya-
CTHEM E€HOJIAT-HOHOB KE€TOHOB, CIOXHBIX 3¢upoB, 1,3-keToadupos
K 1,3-1MKEeTOHOB ABIAIOTCA peaKLHH ANKMIMPOBAHUA. JTO OAHH H3
pacnpocTpaHeHHBIX criocob0B CO3AaHUS HOBOit yriiepod-yriepoaHoi
CBSI3H. AJIKMIMPOBAHUE C€HOJISIT-HOHOB IIpeacTaBisAeT coboil pasHo-
BHUIHOCTb Sp2-peakiHit y HACBIIIIEHHOTO aTOMa YrjlepoJa ¢ TOH NUIIb
0COGEHHOCTBIO, YTO Y HYKJICOGUJIBHOrO areHTa UMeeTCs IBa LEHTpa,
CBSA3aHHBIX B eIMHYIO CONpSDKeHHYI0 cucteMy. HanpaBinenue C- unu
O-aIKWIHPOBaHUS €HOJISAT-HOHA 3aBUCHT IIABHBIM 00pa3oM OT TMpH-
poasl yxoasiueit rpynns U pagukaia B RX. Ecnau yxoasiuas rpymra
OTHOCHMTCS K XECTKHM oCHoBaHuUsAM JIbloHuca, ripeobnagaer 3ameile-
HHE ITO HeiicTBUEM XECTKOIro KMCIOPOIHOIO LIEHTPa €HOJMAT-HOHA.
IIpeuMyiliecTBeHHOEe 06pa30BaHUE AWIKWIOBBIX 3(UPOB €HOJOB Ha-
6n1o01a€eTcs 1P ATKWIKPOBAHMH LLEIOYHBIX €HOJISITOB M «CBOOOAHbBIX»
IUCCOLIHUPOBAHHBIX €HOMAT-UOHOB ANKWITO3WIATAMU, AJNKUITPUG-
natamu (ROSO,CF;) u apyruMmu ankuwicyabdoHataMu. B tex cnyya-
SIX, KOra YXOAsilasl rpyIira IipeacTapiseT coboil MATKoe OCHOBA-
HHe — Hoama, 6poMHA U THOLMAHAT, Mpeobnagaer 3aMellieHHE MO
JeHCcTBUEM MSTKOrO YrIE€pOAHOro LEHTpa €HONSAT-HOHOB KETOHOB,
1,3-ketoagupoB u 1,3-aukeroHoB. B Tabn. 17.3 npuBeaeHb! HEKOTO-
pble Haubonee THIMTHYHBIE PHMEPHI 3aBUCUMOCTH HanpasiieHuss C- u
O-aIKWJIMPOBAHUSI LLIENOYHBIX EHONATOB OT NPUPOABI YXOASIUEH rpym-
TIbl U paIMKala aJIKWINPYIOLLErO areHTa:

1 f
R—C==CHR' + AKX ——» R—C—CHR’+ R—C=CHR’;
s Ak OAKk
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LT
A A~ + AkX Rﬁ-CH-ﬁOCHﬁH; +

(o M ? 0 I'M®OTA
H 0] 0]
CH,CH;3
+
AkO 0]
E mpanc-O-HU3omep

LT n
O? ~0 M —— RC-CH-CR

0] 0]
H
- LA
mpanc-O-U3oMep
AkO (E 0]
H

M3 naHHbBIX, NpHBEAEHHBIX B Tabn. 17.3, cieayer, uto B o6LIEM cny-
yae obpa3syetcsi cMech NpoAyKToB C- U O-anKWiHpoBaHHA C Npeob-
JNlafiaHKEM OJHOTO U3 H30MepoB. ONHAKO B OTAEABHBIX CIYYAsIX aNKHU-
JIUpOBaHHe €HONAT-HOHOB OTIMYAETCA OYE€Hb BHICOKOH peruocesiek-
THBHOCTBIO, YTO MO3BOJISIET OCYIIeCTBUTh M36uparenbHoe C- MM
O-ankunupoBaHue:

Hj C,Hs ©
A% A\ + CH3X e,
(0 ‘ﬁ:' 0

I'MOTA
H
$H3 Hj CaHs
— ‘CH3ﬁ‘CH—ﬁOC2H5 +
) 0 o CH;0 ﬁ: 0]
H
C-un3omep O-usomep
X=1  (97%) (3%)
X=0Ts (3%) (97%)
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Ta6bnuua 17.3

C- 1 O-anKuIHpOBaHHE MENOTHLIX €HONATOB KeToHoB, 1,3-anxeroHon
H 1,3-xeTo3¢upos

Kapbosnnsubie IIpoTaBonOH Anxunupyommit O/C-oraomenne
coeqaHeHHs H areHT OPOAYKTOB PeaKkiHn
PACTBOPHTEH
CgHsCOCH(CH3)CH3 | Nat; IM3 CHjl 0,0 (Tonsko
C-u3omep)
—"— =" CH,=CHCH;Br 0,0 (Tonpko
C-u3omep)
- Na*t; nurmm C,HsBr 0,61
—"— —"— C,H;OTs 2,4
CH,COCH,COOC;Hs | K*; TMDTA C4HoOTs 9,0
- —"'— CH,;O0Ts 8,1
—'— —"'— CH;Br 0,16
=" —"— CH;l 0,05
—"— —"— CH;CH,Cl 1,5
—'— —"— (CH3),CHCI 4,3
—"— —"— (CH;),CHBr 2,2
—"— —"— CH,=CHCH,OTs| 0,28
—"'— —"'— CH,=CHCH;Br | 0,0] tonpko
—"— —"'— CH,=CHCH,l 0,0 C-u3omep
CH;COCH,COOC;H5 K*; (CH3);CCH,Cl1 | 100
IMOTA
—"— "= CH3;0CH,C1 |100
—"— == Cg¢HsCH,CI 0,06
CH;COCH,COCH; | N*(C4Hy)4; CHjl 0,01
CHCl,
Na*; CsHsCH,Br 0,0 (tonsko
<:>=0 IM®TA C-u3omep)
N*(C4Hy)s; CH;Br 0,0 (Tomsxo
<:>=0 Tro C-u3oMep)
- BrCH,COOCH; 0,0 (Tonsko
<:>=0 C-u3omep)
—"— C4H¢Br 0,0 (Tonsko
<:>=0 C-u3omep)
(CH;);CHCOCH; Lit; Tr® C¢HsCH,Br 0,0 (romsko
C-u3omep)
—"— —"'— CH,CH;,Br 0,0 (Trombko
C-u3omep)
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1) KH; TT® —78°C
(CH,),CHCCH(CH,),
i 2) CH,I; —78'C

(CH,);CHCC(CHy), .
o)

(98%)

C-anKWIHpoOBaHUE CTAHOBMTCA €IMHCTBEHHBIM HAMpaBJIeHHUEM peak-
LMHU JUIST METWIMOOMIA, JIETKO MOJMSIPU3YEMBIX aJUTMI- U GeH3w16po-
MMAOB U HMOAMIOB, 3pUpoB a-OpoMKapOOHOBEIX KMCIOT U O-6poM-
KETOHOB. DIeKTpOPHABHBIE Ar€HThl C XECTKHM paguKaioM —
a-xsopacdupel CICH,;0R, a-xnopamunel CICH,;NR, ankuaupyior eHo-
JIAT-NOHBI TOJILKO [0 aTOMY KHCJIOpoJa.

ATOM KHMCJIOpOJIa EHOAT-HOHA CTEpUYECKH Bonee JOCTYIIEH 3eK-
TpoPUABLHOM aTake, YeM ero yriaepoAHbIi IeHTp. C-UIKMJIHpOBaHHE
6onee YYBCTBHUTENbHO K BIMSAHUIO CTepHuecKUX 3¢ (EKTOB U B aIKU-
MUPYIOLIEM areHTe, U B €HOJNATE, IOCKOAbKY B MpoaykKre C-ajiKuiu-
POBAHMSI ATOM YIJIepoAa HAXOLUTCS B TETPA3IpUYEcKOi Sp°-KOHHIY-
pALlMH, B MPOTHBOIMONOXHOCTh IUIAHADHON Sp*-KOH(UTypaLuu,
BO3HMKAWOILEH npH O-ankuiupoBaHUM. Takxum obpa3oM, MPocTpaH-
CTBEHHBIE NMPENATCTBUA GaaronpuaTcTBYOT O-anKwinpoBaHuio. Jeii-
CTBUTEBHO, JUII BTOPUYNHBIX AJIKWITAIOTeHUIOB, HAIIPUMED 430-TIpO-
nuwxiaopuaa, O/C-oTHolIEHKE BBILIE, YeM I ATKWIMPYIOILMX areHTOB
C NepBUYHBIM panukaioM. HeoneHTWIXIOpHA BCICACTBHE CTEPUYECKHX
3aTpyAHEHHI AIKWIKPYET eHOSIT-HOHBI TOJIBKO 10 aTOMY KKCJIOpoAa.

17.3.2. PETHOCEJNEKTHBHOCTb OEPA30OBAHHA EHOJAT-HOHOB

JU1s1 HeCHMMETPHYHBIX KETOHOB CYIIECTBYET elle 0JHa CAMOCTO-
sITeIbHAsA nipobieMa peroceneXTHBHOCTH C-ankunuposanus. CoctaB
CMECH H3OMEpDHBIX E€HOJINTOB, 06pPa3yIOLIUXCA MPH AEMpOTOHUPOBA-
HUH HECUMMETPUYHOrO KeTOHA, ONPEACAAeTCS KMHETHICCKUMH WU
TEpMOAUHAMHUYECKMMH (baKTOpaMH, ITO3TOMY CIEAYET IPOBOIUTE YeT-
KO€ padjiMyMe MeXIy KMHETHYECKH U TEPMOAMHAMUYECKH KOHTpPO-
JIMpYeMBbIMH peaKlMsSIMH €HONAT-HOHOB. B yCcnoBHAX KHHETHYECKOro
KOHTPOJIA ABa 06pa3yiomIMXCcs H3OMEPHBIX EHOATA HE NMPEBPaIAIOT-
cs Ipyr B IpYyra, M COOTHOLUEHHE MPOAYKTOB peakiliH PaBHO COOT-
HOLIEHHIO UCXOTHBIX ILUENOYHBIX EHOMATOB:

RlCHz—ﬁ—CHsziTr(gfﬂ_%oc)” RbH-S:C—CHZRZ + R]CHZ—%Z-CHRZ
o oL® oL®
—78'C1(CH3)3SiCl —78'C1(CH3)3SiCl
R'CH=C—CH,R’ R'CH,~C=CHR’

OSi(CH,), OSi(CH,),
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Ecnn BO3MOXHO B3aMMHOE NpeBpalleHUE U3OMEPHBIX EHONISITOB, yC-
TaHABJIMBAETCS PABHOBECHE, TOJNOXEHUE KOTOPOro ONPERENSIETCS Tep-
MOJIMHAMUYECKOH YCTOMYMBOCTHIO eHONATOB. B 3TOM cayyae B mpo-
OyKTax peakuud Bcerma 6ymer npeobnagaTb TEpMOIMHAMMUYECKH
Haubonee yCTOHUYMUBBLIA U30OMep:

| 2 Be ] 2
|
oL®
1 (CH,),SiCl 2 1
+R CHZ—CIJ;CHRZ — 23 o R'CH=C—CH,R* + R'CH,~C=CHR
'O

] i
L@ 0Si(CH,), OSi(CH,),

KHHeTHYeCKHIi KOHTPOIb HMEET MECTO B TEX CIIYUasX, KOIAa JUISl NOJy-
YEeHUS EHOJISITOB MCHOJB3YIOT JIMTHEBbIE COJIK CHIBHBIX MPOCTPAHCTBEH-
Ho 3arpymHeHHbIX ocHoBaHHit: LiN{C;H;-i),; LIN(C¢H,;)—C;H;—i;

H,;C_CH,
[(CH;)3Si],NLij; Li—N B anporohHoi cpege (TT®D, acup,
H;C CH;,

AMD) npu Hu3koi temmneparype (—78°C), B OTCYTCTBHE H3OBITKA
KapOOHH/IBHOTO COeAMHEHUA U PH Mea/leHHOM NpubaBieHUHU Ke-
TOHA K H3OBITKY ocHoBaHMsl. EcnM ocHoBaHMe MedlleHHO n06aB-
JIATh K U3OBITKY KETOHA, TO B MPUCYTCTBMHM KETOHA, KaK JOHOpa
MpOTOHA, MeXIY €HOJNATAMM YyCTaHaBIUWBaeTcs paBHoBecue. CocTas
H30MEPHOM CMeCH €HOJNAT-HOHOB B YCJIOBHAX KaK KHHETHYECKOTO,
TaK ¥ TEPMOJMHAMHUUYECKOIO KOHTPOJS ONpPEeAensiorT ¢ MOMOIIBIO
O-cununupoBaHuA Ioa AeicTBHEM TpUMeTHAXJIopcHnaHa. CooTHo-
LIeHUE TPUMETHICUIHUNOBBIX 3(pUPOB €HOJIOB TOYHO OTPAXAET CO-
OTHOLLIEHHe 1LIeTOYHbIX eHONATOB B pacTBope. Kak cieayet U3 gaH-
HbIX, IpeaCTaBJeHHBIX B Tab6j. 17.4, COOTHOUIEHHE LIETOYHBIX
€HOJISITOB HECUMMETPHUYHBIX KETOHOB pPE3KO pa3jinyaeTcsl B KHHE-
TUYECKM U TEPMOJUHAMHYECKH KOHTPOJUpPYEMbIX YcaoBMsax. [lpu
KMHETUYECKOM KOHTpoOJie NpeobiafgaeTr MeHee 3aMellleHHBIR eHo-
JIAT, IOCKOJIbKY OTILIEIEHHE MPOCTPAHCTBEHHO MEeHee 3aTpyAHEH -
HOI'0O NPOTOHA MO AEHCTBUEM CTEPHYECKU 3aTPYIHEHHOIO OCHO-
BaHUS MPOMUCXOAMUT ropasgo 6nicTpee, YeM OTUWIENIEHUE MPOTOHA
U3 IPYroro, CTEPUYECKU 3aTPYIHEHHOTo o-nonoxeHus. OnHako B
paBHOBECHOH CMeCH NpHU TEPMOAMHAMUYECKOM KOHTpOJIe Mpeod-
nagaer bonee 3amelieHHbIR eHONAT. C yBEIMYEHUEM YUUCIA ATKUIb-
HbIX 3aMeCTUTENEil BO3pacTaeT YCTOMYUBOCTb ABOMHOW yrnepon-
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Tabnuua 17.4

CooTtHolIeHHE eHONAT-HOHOB HECHMMETDHIHAIX KE€TOHOB B YCJIOBHAX KHHETHIECKOIrO
H TepMOAHHAMHYECKOr0 KOHTpOaR

Conepxanne enonaros, %
Keton Exonsr-uon npu npu
KHHETHIECKOM | TEPMOAKHAMHIECKOM
KOHTpOE KOHTpoOne
;o “CH, %"—e\CHJ 28 94
; ~CH 72 6
[>] 0 3
CH3(CH;)sCOCH; 0
e 25 87
CH,(CH,);CH=-C—CHj
|\e 75 13
CH,(CH,),—C~CH,
(CH3),CHCOCH,CH; o ;l) |
(CH,),C=C—CH,CH,
I\e 99 -
(CH,),CH—C=CH-CH,
Q o]
coRN el N
0
0
o] - 98
CeH CH,CCH, C¢H,CH=-C—CH;
C¢H,CH,—C—=CH,
e - 2

yriepoaHoM CBsI3U, YTO HETOCPEACTBEHHO OTpa)XaeTcs M Ha cTa-
OMJIBHOCTH €HOAAT-UOHA.

C-ANKHINPOBaHUE TUTUEBLIX UJIM HATPHUEBLIX EHONATOB HECUM-
METPUYHBIX KETOHOB HE OTIMYAETCS BLICOKOW PErHOCENIEKTHBHOCTHIO
M3-32 HUIKOI CKOPOCTHU peaklnH, CIOCOOCTBYIONE B3IaUMHOM U330~
MEpH3alluu eHONST-UOHOB!
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1) LiN(GHy i)y; AM3; ~78°C CH,
CH; 2) CH,l; 20°C CH, t cH; CH
o) o)

o
(70%) (30%)
C(CHs)3 C(CHs); C(CHs); C(CH;);
_ CH=CHCHBe CH-CH; |
Q\' ; :":l CH ; ~
CHy CH, CH—CH; 2
CHZ—CH
(15%) 5% Gom) 7

3aMeHa NTUTHUSA B KaYeCTBe MPpOTHBOUOHA HA O6BEMHUCTBIA KATHOH TET-
paGyTHHaMMOHHH CHOCOGCTByCT 6oree BLICOKOH pErnocCeJICKTHBHOC-
TU AIKUJIUPOBAHHUA CHOJIATOB LHUKJIOI€KCaHOHA H €ro NnpoMn3BOAHBbIX:

SKCHs)s ON(C4Ho) c
. Hs
CHs Nt R R
TTo Trd +
80% mpanc-u3omepa
CHs;
+ R = CgHsCHy; CHy=CHCH,;

#-C4Ho; CH,C(O)OEt
20% yuc-n3omepa

Peakiust C-ankunupoBaHHUs WETOUYHbIX €HONSITOB YAaCTO COMpO-
BoXIaeTcA obpazosaHueM npoaykroB C,C-auankunupoauus. Ucxon-
HbIii €HONAT-HOH pearupyeT C NPOAYKTOM MOHOAIKHIMPOBAHUS C
06pa3oBaHHEM EHONAT-KOHA ATKUJAMPOBAHHOIO KETOHA, KOTOPBIH
Jajee MoABepraeTcs NOBTOPHOMY aTKHAMPOBAHHKIO:

0
RICH—C—R’ + R-CH-CR? RC=2CZR + RcH,—C~R? :
ol Ak Ak
) Ak
R—c27 R 4 AlHal R—C—C%R?
Ak Ak
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O6pa3oBaHHE MPOOYKTOB AWANKHUIMPOBAHUSA OCOOEHHO XapaKTepHO
MPY UCNONIL30BAHUU B KauyeCcTBE AIKMAMPYIOLIEro areHTa METHIHO-
IW0a, allui- U GeH3UIranoreHUIaoB:

CH;C==CHCOOC,Hs + CH,=CHCH,Br TM®TA_

. 20C
be
0 CszCH=CH2
CH;—C-CH-CZ-0C,H; + CHy—(—C—COOCH
0] CH2CH=CH2 O CH2CH=CH2
(48%) (52%)

s yMeHblLeHHs TEHAEHLMHU K 06pa30BaHUIO IMANKHUINPOU3BOTHBIX
1enecoo6pa3’Ho ATKWIMPOBATh JIUTHEBBIE €HOJATHI B ANPOTOHHBIX
ManononsipHbix pactBopurensx (TP, IM3) npu Bo3MoxHO Gonee
HU3Koil TeMnepartype. [lepBuyHble aTKunOpoMunsl, ¥ ocobeHHO aj-
KUJIXJIOPUBI, AAIOT 3HAYMTENbHO MEHbILEE KOJIHYECTBO NMPOAYKTOB
C,C-mMankKMIKpoBaHUS MO CpaBHEHUIO C alKUIHoAMAAMH. Bropuy-
Hble ATKWITaIOreHUbl N0 YUCTO CTEPUYECKHUM NpPUYMHAM Booblue
He obpasyoT npoaykTtoB C,C-auankuJIHpoBaHUS.

IIpobneMa permocenekTuBHocTH C-aTKHIMPOBAHUS XapaKTepHa
TOJNBKO JUISI HECUMMETPUYHBIX KeTOHOB. 1,3-/IukapboHUIbHbIE COEoHU-
HeHust — 1,3-muketonbl M 1,3-keto3cdupsl — monseprarorcs C-an-
KWJIMPOBaHUIO MO AeHCTBHEM AJIKUJIOPOMUIOB Y aKUIUOAUAOB TOb-
KO MO «aKTUBHOH» METMJIECHOBOM TpyINe, PacnoNioOXEHHOR Mexny
JBYMSI 3JIEKTPOHOAKUENTOPHBIMU KapOOHUIBHBLIMU TpYINaMH. 3TO
00ycnoBneHo TeM, 410 1,3-1uKapOOHMABHbIE COEqUHEHMS SIRJISIOTCA
6onee cunbHbIMH C—H-kucnoraMu no cpaBHeHUIO ¢ KeTOHAMH. JInsa
aleToykcycHoro 3¢mupa, HanpuMep, pK, C—H-cBsi3u MeTwieHOBOM
rpynnbi paBHo ~11, Ttoraa kak pK, C—H-cszn CHj-rpynnsl coot-
BeTCTBYeT npumepHo 20, T.e. pazgnyue B KUCIOTHOCTU COCTABJISAET
MPUMEPHO IEBSTh MOPSIKOB.

Nuankuncynbdatel, aNKUITO3UIATE U aNKWITPUDIATHI VTKHIU-
PYIOT IIIEJIOYHbIE EHOJISITH MM CBODOMHbIE aHUOHBI 1,3-1MKapOOHUNB-
HBIX COENUHEHHH MPEeUMYILIECTBEHHO MJIM JaXe HUCKIIOYUTENBHO MO
aToMy KHCIOpOaa eHOMAT-UOHA:

RICOCH,COR, oGy 0a TT - oLk
222 9) AIKI wan AlkBr TR ’
0 Ak
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(CH3);COK; o >
RﬁCHZﬁR MOTA um IMCO
O
R R
AkOTs Alg }Tf
M®TA AlkO 0]
H

17.3.3. AHWJIHUPOBAHHE EHOJNAT-HOHOB

AIIWIMPOBAHHE EHONSAT-HOHOB KETOHOB AHTMAPHIAMH M TaJIOreH-
AHTHAPHAAMH KHCIOT OCYIIECTBJSETCS B INMOJHOM COOTBETCTBHH C
npunuunoM KMKO no atoMy kucnopona. OgHako Takoe HanpasJie-
HMe peak[MH XapaKTEpHO TOJNbKO B TOM CJIy4ae, KOrja pactBop Lue-
JIOYHOTO €HOJISITA MelJieHHo npubasisiercss K M3OBITKY alMaMpylo-
wero aresra B pactBope TT'D, JIMD wiu JUITONSIPHOTO alipOTOHHOTO
pacTBOPHTEIS:

c”> Cl)COCH3
1) KH; IM3 , _h
CHy(CH)CCH; ) cicond”  CHi(CHa)CH=C-CH;

IIpu obpaTHOM MnopsiaKe CMEIUEHUS peareHTOB Bceraa obpa3sy-
forcs cMech C- u O-anUAnpoU3BOIHBIX KETOHOB. Tak, HampuUMep,
MPpH MEIIEHHOM MpubaBIeHUH HATPUEBOTO €HOJSATA TUITHIKETOHA
K U30OBITKY YKCYCHOrO aHTHApHKIA B 3dupe obpasyeTcss TONBKO €HOJ-
alerar, Toraa Kak NpH MelJIeHHOM BBEACHMU ABYX 3KHBAJICHTOB
YKCYCHOTO aHTHAPHIA K TpPeM 3KBUBAICHTAM TOTO Xe €HONATA B
3dupe obpasyerca cMech C- 1 O-allUIMPOBAHHBIX IPOU3BOAHBLIX B
COOTHOIUEHUHU 3 : 1:

(CH;C0),0
CH]CHE—'IC'—CHZCH?, HIGEITOK CH;CH=C—'CH2CH3

O Na® OCOCH;

(CH;C0),0

Il
HeJoCTaToK CH3CH=C|:—-CH2CH3 + CH3—C|H-C—CH2CH3

OCOCH; COCH;
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BTo paznuune obycnoBIeHO AeHCTBUEM KMHETUYECKOIO MIIM TEPMO-
JMHAMNYECKOT0 KOHTPOIS allWIHpoBaHus. KiHeTHYecKHilt KOHTpob
peakluu BbIMONHAETCA MpU N0OABNEHUKU €HOMATA K OONBILOMY M3-
ObITKY auuaupyiotuero areHta npu —30°C u 6osee HU3KOM Temrlepa-
TYpe, T.€. IPH MOJAHOM OTCYTCTBUH B PaCTBOpE CBOOGOIHOIO EHOJSATA.
IIpu oGpaTHOM ITOPSIIKE CMEIUEHUS! PEAreHTOB peaKUMs MOAYHHSET-
Cs TEpMOAMHAMHUYECKOMY KOHTPONIO, U B peaKUHOHHOI CMecH fpe-
o6/1ajaeT TepMOOMHAMHYECKH Bosiee cTabWIbHbIN C-H30Mep, Tak Kak
O-auwInponu3BOgHEIE €HOMOB CaMH SIBNAIOTCS MIPEBOCXOAHBIMH AllH-
JIUPYIOLIHMH ar€HTAMH [0 OTHOLIEHHMIO K MUCXOLHOMY EHOJSTY:

N\ / N\ /
\C=C/ + \C=C/—> ¢+ C'=.C\'
N e \ 8 L o
OCOR o) o’ RO

B kauecTBe KJIaCCHM4ECKOTIO NMpuMepa MNposiBjieHUA KHHETHYECKOro U
TEPMOAUHAMHYCCKOI'0O KOHTPOJIA IIpH AllUTIHMpOBaHUH €HONATOB MPH-
BegeM pEaklHio HanHCBOﬁ COJIKH ALIETOHA C AUCTHIXJIOPHUAOM:

KHHETHYECKHH

KOHTPO: OCOCH;

—— e, CHy—C=CH

_?__ CH2 —

0] Na CH,COCl
L CHCOU! o P + e
TEpMOJHHAM HYECKHH CH, ﬁ: CH,COCH;™ CHy ? CH,
KOHTPOSb o) OCOCH;
(79%) (21%)

17.3.4. BJJHAHHE NTIPHPO LI TIPOTHBOHOHA H PACTBOPHUTENA
B PEAKITMAX EHOJIAT-HOHOB

Ilpupona npoTHBOMOHA UIPaeT BAXHYIO pOJib B HamnpasieHun C-
Wi O-aIKWIKPOBAHUS H ALMJIMPOBAHUS METALIHYECKMX IIPOU3BOJI-
HBIX KapOOHHUIBHBIX COeQUHEHM, MOCKOJBKY METaUl MOXeT ObITh
CBS3aH KaK C aTOMOM YINIEpoJa, TaK M C aTOMOM Kuciaopoaa. Ecnu
IUTSL 1UEJIOYHBIX, 11e0YHO3eMeNbHBIX, ATIOMUHUEBBIX, TAJUTMEBBIX K
TPUANIKWICHIIBHBIX PON3BOAHBIX OO1LIENPH3HAHHOM! U 3KCIIEPHMEH-
TAJIbHO JOKA3aHHOM SIBNAETCA €HONATHasA CTPYKTYpa, TO IUISI MEPKY-
PHPOBAHHBIX KapOOHWIBHBIX COeAMHEHHN HMEIoTcA ybemaMTe/lbHbie
JOKa3aTeNbCTBA KETOHHOM (OpMBI MCTHHHOIO PTYTHOPraHHYECKOTIO
coeguHeHHsA. [IpoMEXYTOUHYIO IDYIIY COCTABIAIOT HPOM3BOAHBIE
0JIOBA M TepMAHUA, VISl KOTOPBIX MMEET MECTO METAJLIOTPOITHOE Tay-
TOMEpHOe paBHOBECHE:
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Il
C{{z“C—C(,Hs S R CH2=C|3—’C6H5
Sn(CH3); OSn(CH3);

IIpu pelueHUH BOMpPOCAa O CTPOEHHHM METAINHYECKHX MPOU3BOIHbLIX
KapOOHUNbHBIX COeAMHEHUH BECbMA IIONOTBOPHBIM OKAa3bIBAETCS
npuBuHn 2KMKO. [IlenouyHbie H HIEN0YHO3eMENbHbIE KATHOHBI, AP,
R;Si* u gpyrue xectkue KMcaoThl JIbIOMCA TOMKHBI KOOPAMHUPO-
BATHCA C XECTKMM KHCIOPOAHBIM LIEHTPOM, a MATKHE KHCAOTHI JIblo-
uca Hg*', R;Pb* — ¢ MsArkum yraepoaHsiM ueHTpoM. s npoMexy-
ToyHo# rpynusl kucnoT Jinionca R;Ge™ u R;Sn' o6e dopmsl MoryT
HAXOAUTHCS B paBHOBECHH, YTO U PEANU3yeTCH B ACHCTBUTENBLHOCTH.

Ecsiv MeTann cBsizad KOBAJIEHTHOM CBA3BIO € KUCIOPOIHBIM LIEHT-
POM €HOJIATA, 3TO LOJLXHO PHUBOAUTL K pPE3KOMY U3MEHEHMIO perHo-
CEJIEKTUBHOCTH Itpolecca. MarHueBule H ATIOMHHUEBBIE CHONATHI aJI-
KHJIMPYIOTCS B JOCTATOYHO XECTKMX ycnoBUsax B TM®TA Tonbko o
aTOMy YINIepojAa, HE3aBUCHMMO OT I[IPUPOAB YXONSUIE#H Ipynmnl aj-
KHJIMPYIOILETO areHTa:

o)
(CH;CH0),80, [
CH;),CH—C=C(CH;), —————— (CH3),CH—C—C(CH.
(CH3) | (CH3) TMOTA (CHz), I( 3h
OMgBr CH2CH3
(73%)
I CH;OTs Tih
CHC=CHC-OCy;Hs ——* CH;—CCHC-OC,H;s
| I'MOTA [
OMgBr 0
(65%)
SHs CH,;MgBr
(CH3),CHCOCH; M (o, cnc =i
NC(CHs)3
#-CH;(CH,);Br -
— (CH;),CHC=CH, —T;;—> (CH3),CHC—(CH,)4CH3
BrMg—NC(CH3) NC(CH3)3

HO; H
2—>(CH3)2CH(ﬂ‘—(CH2)4CH3 (80%)

0]
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MpeumyiecTreHHoe obpazoBaHue C-auManpousBogHoro Habmioxa-

eTcs Jaxe [pH alMJIKMpPOBAHUM MArHUEeBBIX €HONSTOB aHTHAPUIAMH
KapOOHOBBIX KUCIIOT:

(CH;C0),0
(CH3)2CH-CH'-eTﬁ:—CH3 ——>3¢Hp
omM®
//O
(CH3)2CHCH=C|3CH3 + (CH3)2CHCH—C\
OCOCH; COCH;CH;

M=Li 94% 6%
MgBr 48% 52%

{1
JumMetunkap6oHaT MarHusi [Mg(O—C—OCH,),] , noay4aeMslif Mpu

B3auMoJeiicTBUK MeTIaTa MarHus ¢ CO; B IM®A, ciyXuT ZOCTYII-

HBIM K YXOOHBIM peareHToM JUIA pernocnenududeckoro C-kapbok-
CUJIMPOBAHHUSA KETOHOB:

0

Mg(OCH,), Mg(O-é]:-OCH3)Z

o,
MDA

AM®A R-C=CH-R!
R-CCHR' + Mg(OCOOCH3), .- o c=0 29
2 2 e O =0 mol
o)
[
— R—C—CIH—COOCH3
Rl

1) Mg(OCOOCH,),; AM®A, 120°C COOH
2) H,0%; 0°C; H,0
o o)
(91%)
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DTa peakuusa CIYXUT YIOOGHBIM 061IMM METOIOM CHHTE3a 3¢upoB -
KETOKMCNOT. JBHXYIe CHIoii polecca sipnsiercs obpazopaHue Mar-
HUEBOro XejarTa.

Takoe HampaBleHME peakIMM UISI MAarHUEBBIX €HOJSITOB 0o6yc-
JIOBJIEHO PE3KUM TMOHUXEHHEM HYKIEO(PUILHOCTH KHCIOPOTHOro
LIeHTpa €HOJISATA 32 CYET KOBAJIEHTHO CBSI3U C METANIOM. DKPaHUPO-
BaHHE KHCJIOPOAHOTO LIeHTpa HabMI0HaeTCsa U JUTS LIEeTOYHbIX eHOJA-
TOB, B OCOGEHHOCTH /151 IMTHEBBIX €HOJNATOB. /1 HOHHO MOCTPOEH-
HBIX HIETOYHBIX eHONsiTOB BeanynHa C/O-npoayKToB alKHIKpOBAHUSA
u auwl goaaﬂm B anporom{ou cpele BCErga IOHMXAeTCs B psLY

®> Na®>K®> Cs® >NR4 , T.e. C YBeJIHUeHHEM PagUyca K MOHHU-
XeHUeM TUIOTHOCTH 3apsiia pOTHBOMOHA. [IJIs 111€/I0YHBIX €HONATOB
npo6ieMa BIUAHHUS NPOTUBOMOHA IO CYILIECTBY CBOOMTCH K pelle-
HUIO BOIIPOCA O COCTOSTHUM 3THUX cojeit B pactBope. Lllenoytnle eHo-
JIATHl B pacCTBOpEe MOTYT HAXOAUTHCS B BHOE aCCOIIMATOB MOHHBIX Iap
Pa3UYHON CTEeMeHH arperupOBaHUs, MOHOMEPHBIX HOHHBIX Tap MIH
cBoboxHbIx HOHOB. Olpenensiolliee BIMSIHHE HA CTENEHb aCCOMALIUM
HMOHOB OKAa3bIBaET IIPUPOJA PACTBOpHUTENS. B HeMmoNApHEIX, He CoJIbBa-
TUPYIOLMX KaTHOHbI paCTBOPMTENSIX HOHHBIE MMaphl 1IEJIOYHEIX €HO-
JIATOB OYEHb CWIBHO aCCOLMMPOBAHBI. Tak, HanpuMep, MOJSIpHAas
Macca HaTpUeBoil conn ManoHoBoro 3dupa B 0,1 M pactBope B 6GeH-
3one npepbiiiaer 11000, 94To cooTBeTCTBYeT 06pa30BAHMIO MOHOLHC-
nepcHoi Munemisl U3 40—50 noHHBIX Map 3Toi conu. OgHako B Gosee
NMoAApHOR U, 4To 6oJiee BAXHO, OCHOBHOM Cpele cTelleHb acCoLiMa-
LMK pe3Ko yMeHbluaetcs. B TT®, JIMD u adupe HaTpueBble eHOMATH
KETOHOB HAXONATCS B BUJE JHUMEPHBIX WJIM TPHMEPHBIX ACCOLMATOB.
HeGonbuine gobaBKM OCHOBHBIX TMITOJSPHBIX AMPOTOHHBIX PACTBO-
puTeNe K pacTBOpaM IIeJJOYHBIX €HONSATOB B HEMOJSIpHOM cpene
BBI3BIBAIOT pPa3pylUe HHe MOHHBIX ACCOLMATOB BILIOTh 4O 06pa3oBaHuUs
MOHOMEpHBIX HOHHBIX nap. ToT xe 3ddeKkT KocTUraeTcs nMpu BBeAE-
HUH JIBéX :-)KBHBaJIeHTOB TAKOr0 MOIIHOTO KOMILIEKCOO0Opasylolwero
wis Na® u K® arenra, kak 18-kpayH-6-nonuscdup. OCHOBHOCTh pa-
CTBOPHTEJSI WIM KOMIUIEKCO00pa3yiomux 100aBOK UIPAET PeLUAIOLLYIO
posib B pa3pylieHUM MOHHBIX ACCOLMATOB, 4 MOJSIPHOCTH CPeAbl OIl-
pelesieT crocoOHOCTb QUCCOLMALIMK MOHOMEPHBIX HOHHBIX I1ap Ha
cBoboaHbIe MOHBL. [103TOMY B MOJSPHBIX U OCHOBHBIX MUMOJIIPHBIX
AN pOTOHHBIX PACTBOPHUTENAX LLETOYHBIE EHOISITH CYILIECTBYIOT B BUIE
pPaBHOBECHOM CMeCH cBOOOIHBIX HOHOB ¥ MOHOMEPHBIX HOHHBIX I1ap.

Acconalus KaTHOHA C KHUCIOPOAHBIM LEHTPOM E€HONAT-HOHOB
BCEraa CIIOcoGCTBYET peakliMy 10 ATOMY YIJiepoAa Uil HOHHOM Maphl
10 CPaBHEHHUIO CO CBOOOIHBIM €HOMNAT-HOHOM. Arperaliusi HOHHBIX Iap
B AMMeEPHI, TPUMEPHI M boJiee CIIOXKHEBIe arjoMepartsl elle Gosee cro-
coberByer C-ankuwiupoBaHu1o, C-alinpOBAHUIO U APYTHM MpoLec-
CaM C yYacTHEM YTJIEPOAHOrO LIEHTpa €HONATA. ATJIOMepPALIMA KOHHBIX
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nap, HECOMHEHHO, ABASAETCA JaBHOU MpUYMHON C-aNKMAHPOBAHUA
¥ uHorna gaxe C-alMIKPOBAHMS ILENOYHBIX €HOMSATOB KETOHOB M 1,3-
IUKapBOHWIBHBIX coeIMHEHMI B meTponeiiHoM adupe, apoMaTHyec-
KMX YIJIEBOJOPOAAX, IMOKCAHE U OPYTHX HEMOASPHBIX PACTBOPUTENAX:

CHy—C==-CHCOOC;Hs + CHsOTs Lexpang, CH;COCHCOOCHs
6 k@ CyHs (52%)
+
l Geuson CH3—|C=CHCOOC2H5
CH3—|C—CHCOOC2H5 OC3Hs
. (48%)

O C,Hs (100%)

C mpyroit CTopoHbBI, B AUMOJAPHBIX AIPOTOHHEBIX PACTBOPHUTENAX
IMODTA, IMCO u N-MeTHNTIMPPOIUAOHe-2 peaKLIMOHHOCHOC06-
HOM 4YacTHLeH SBASETCH €HONAT-UOH U COOTHOLUEHHE MPOJYKTOB
onpenensieTcs Me3oMepHed caMoro aMOMAEHTHOTO AaHHOHA U He 3a-
BHUCHUT OT IPUPOALI MPOTHBOMOHA. [IUIIONSPHEIE AlIpOTOHHbIE PACTBO-
PHUTENH 32 cYeT clierHdHYecKoil CONBBATAIIMM KATHOHA ILEIOYHOTO
METaJJ1a CIIOCOOCTBYIOT AUCCOLMALIMM HMOHHBIX Map LUEJTOYHBIX €HO-
JIATOB K TEM CaMbIM CIIOCOGCTBYIOT peaKUHsAM C y4acTHeM KMCIOpOa-
HOTO LIeHTPa €HOJAT-HOHA.

OnHako BAHWSHHME PAcTBOPUTENS HAa ABOMCTBEHHYIO peaKIIMOH-
HYI0 crtocobHOoCTh aMOHIEHTHBIX AHHOHOB He CBOAUTCS TOJbKO K CIie-
MHUYECKOA COoNbLBAaTALIMM KaTHOHA. Jpyrasa u 6osee MHTepecHas BO3-
MOXHOCTb BAHSHHS pacTBOpHUTe]A Ha HampasieHHe peakuuu C- H
O-anKuIHpOBaHUSA eHONAT-HOHOB 1,3-keToadupoB U 1,3-AUKeTOHOB
cBsi3aHa co creuudbUYecKoit conbBaTaiMed coOCTBEHHO aMOHIEHT-
HOTo aHMOHA B [IPOTOHHBIX PACTBOPUTEIISIX. JIBa peaKLIHOHHBIX LIEHT-
pa eHONAT-MOHA pe3Ko pa3IndaloTcs 110 CBOEi 3JeKTpOOTpHIATENb-
HOCTH W paclipeleNeHHIO 3JIeKTPOHHOR IUIOTHOCTH. DJeKTpOHHas
IUIOTHOCTh B €HONAT-UOHE COCpelOTOYEHA INIaBHBIM 06pa3oM Ha 6o-
Jiee XEeCTKOM M 3JIeKTPOOTPHLATETBHOM aTOME KHCIOpoaa. BTo Mpej-
onpenensieT U36HpPaTeNbHYIO CONBBATALMIO EHOJIAT-HOHA 1,3-mHUKap-
OOHMNBHBIX COeMMHEeHHH IPOTOHHBIMH PACTBOPHUTENSIMM 33 CUET
06pa3oBaHMsA MPOYHOIt BOZOPOOHOM CBA3H C KUCIOPOIHBIM LIEHTPOM
aMbumeHTHOro aHuoHa. M3bupartesbHas CoabBaTallMsd aTOMa KHUCII0pO-
JIa BBI3BIBAET HENPONMOPLIHOHAIBHOE yMEHbIIEHHE HYKIeOGWILHOCTH
IBYX LEHTPOB ME30MEPHOTO aHMOHA, YTO NTPUBOAMUT K PE3KOMY BO3pa-
CTaHUIO fony npoaykra C-ankuinpoBaHMsa. Takum o6pa3oM, coJbBa-
TalMOHHbIEe 3P PEKTH MOJOOHO MPOTUBOMOHY B MOHHOM Mape eHONST-
HOHOB MpPHBOAAT K 3KpaHUPOBAHHUIO KMCJIOpoma KakK aToMa c Bosee
BLICOKOH 3JIEKTPOHHOM IIOTHOCTBIO M 3JNEKTPOOTPHLATEIBbHOCTHIO.
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AHHOH aleToyKCcycHOTo acdupa anKHAUPYETCs pEeruoceNeKTHBHO IO
aToMy yrjiepoAa B 3TAHOJIE WU B METAHOJIE MOX ASHCTBUEM XECTKOTO
ATKMIMPYIOLILETO areHTa JUATHIICYb(aTa, B TO BpeMst kak B TMOTA
B TE€X X€ YCJIOBMAX ANKWIHPOBAHME WIET MO ATOMY KHCIIOpOAa:

CH3—QE'-CHCOOC2H5 + (CH3;CH;0)%L,80; —

O
STaHon _
% CH;COCHCOOC,Hs + CHy—C=CHCOOCoH;
CoHs OC,Hs
—= (92%) (8%)
L » CH;COCHCOOC,Hs + CH;—C=CHCOOC;Hs
TMOTA CoHs (15%) OC,H, (85%)

DTo paznuumre oOYCNOBIEHO CeJleKTUBHON CoNbBaTAlMEN aToMa KHMC-
JIOpoJia AHHOHA AIETOYKCYCHOTO 3¢dHPa 3TAHONOM € MOMOUIBIO BOXO-
ponHoi cBs3u. OTCI00a CTAHOBHUTCS OYEBUAHBIM, TIOYEMY B IIPOTOHHOM
cpene eHoJSIT-UoHbI 1,3-keToadupoB noaseprarorcs C-anKwinpopa-
HHUIO TIpH B3aUMOAEHCTBHU C CAMBIMHM pa3HOOOpPAa3HBIMU MEepBHYHEI-
MM M BTOPHYHBIMH QJIKWITAJIOreHUIAMH H KOJXHYECTBO 3¢upa eHoja
B 3TOM cCily4ae He INpeBbillaeT 1—3%.

B otnnune oT €EHONAT-HOHOB KETOHOB, 1,3-m1HKeTOHOB H 1,3-Ke-
TO3(UPOB EHONAT-HOHBI CIOXHBIX 3PUPOB NOABEPraIOTCA peruocie-
uuduyeckomMy C-ankunupopaHuio ¥ C-alWJIMPOBaHUIO HE3aBHUCHMO
OT NMPHPOABI YXOUsAllel IpYIbI, paJyuKana u Apyrux ¢dakropos. Pak-
THYECKH C JIIOOBIM 3NeKTPOPHIBLHBEIM Ar€HTOM AHHOHBI CHOXHBIX
3(HUpOB pearupyoT HCKIIOYKTEIBHO CBOMM YIJIEpPOAHBIM LIEHTpoM. B
HacTosllee BpeMs pa3paboTaHbl PeBOCXOAHEIE 0011[He METOAbI MOHO-
C-anxwinpoBaHus, C-alTHPOBAHUA JTHTUEBBIX €HOJISITOB CIOXHBIX
3(HpPOB OMHOOCHOBHBIX H IBYXOCHOBHBIX KapOGOHOBBIX KMCJIOT:

LiN(C,H,-i) CH,(CH,),Br
H,C—C—0C,H, ———1 2= H,C—={~-0C,H 32277
0 25 Tro; -78°Cc 2 e‘-? 25 ITMOTA-TI®D; 0°C
(0] o] Lie
— CH3(CH2)7CH-2—ﬁ—OC2H5 + LiBr ;

(85%)

LiN(C,H,-i),

C CH—C-0C
( H3)2 H (I:I) 2H5 Tr¢’ _78-C

o
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CH,l
TI®; -

(CH,),C— ﬁ OC,H, + Lil ;
O (87%)

LiN(C;H;-i),

CH,CH—=C-0
I, ~78°C H, C CzHS

CH,CH,—C—O0C;H;
o °% u®
CH,CH,CH,C(0)Cl

Tr®; -78°C

CH;CH,CH,C—CH—C-OCH,CH; + LiCl
O CH, O (79%)

XapakrepHo#t 0COOEHHOCTBIO 3THX peaklHit ABISETCA ITOJIHOE OTCYT-
ctBue npoaykToB C,C-guankunupopanus unu C,C-guauivpoBaHus.
AlLIMTMPOBAHME JIMTHEBBIX EHOJNATOB CINOXHBIX 3(PHPOB IPeACTABISET
co60if, Mo-BUAKMOMY, NyYIUUH COBpeMeHHBbIH crocob cuHTesa 1,3-
KeTo3(dMpoB: 3TOT ciocob aaeT Haubonee npoctoe U 3¢dpdeKTUBHOE
peuleHue MpobneMbl MepeKpecTHOH cNoXHO3bHPpHONH KOHAEHCALIMU
KusitzeHa (cMm. pa3gen 17.5.2). ANKMIHpOBaHHE JIMTHEBLIX €HOJSITOB
CNOXHBIX 3¢UPOB CNEAYeT pacCMAaTPHUBaTh KAK CHHTETHYECKHI 3KBH-
BAJIEHT CTAPOro KJIACCHYECKOro MEeToAa CHHTEe3a KapOOHOBBIX KHUCIOT
ATKITHpOBAHUEM HATpHHAMAaIOHOBOTO 3¢dupa (CM. CIeAyIOUUi pasnen).

JIuTHeBbIE €HOMATHI CIOXHBIX 3PHUPOB YpE3BbIYANHO IETKO B3aH-
MOIEHCTBYIOT H CO MHOIMMHU JPYTHMH 31eKTPoGUIBHBIMH pearcHTa-
MHU. B xagecTBe WUIIOCTpaIUK PUBeAEM KOHICHCALIHIO TIUTHEBOR COMH
STWIALIETATA C OKHUCHIO 3TWIEHA U TPHMETHJIYKCYCHBIM 1bAETHIOM:!

0°C .
CH,— H +HC CH LiOCH,CH,CH,—-C-OC,H{—
Ze‘-?oc’s 2 2]‘M<DTA—[ e C’%
0 L1 TI®
O
—CH,CH,OLi i
y-OyTMponakToH
(55%)
9 20°C Ou fl)
CH2--C OC‘QHS + (CH3)3C |C “T?S (CH3)3C—CHCH2 C_OQH5—>
0 L1
NH,CI; H,0; 0°C C|)H I
HCL 10, (CH;),C—CHCH,—C-OGCH; .
97%)
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17.4. CHHTE3bI C MAJIOHOBbIM
H AHETOYKCYCHBIM 3®HUPAMH

O6pa3oBaHue €HONAT-HOHOB 1,3-AUKApOOHMIIBHBIX COEXUHE-
HUI — ManoHoBoro 3@upa, aueToykcycHoro 3dupa u apyrux 1,3-
KeToadupoB — obsierdaercs Nnpu HAUIMYMHM ABYX JIEKTPOHOAKIEM-
TOPHBIX 3aMecTUTeNe — KapOOHMIbHOM U KapbanKOKCHIBHOM! rpymit.
EHOMAT-HOHBI MAJIOHOBOrO U AlETOYKCYCHOTrO 3¢dupa obnagaior 6o-
Jiee BBICOKOI1 CTAOMJIBHOCTBIO M0 CPABHEHMIO C CHOJNAT-UOHAMH Ke-
TOHOB U CJIOXHBIX 3¢(PHPOB OMHOOCHOBHBIX KHCIIOT BCJIeACTBUE Gosee
3¢ deKTUBHOM AeIOKATM3ALMH 3apsaa C TOMOILbIO 000MX aKuenTop-
HBIX 3aMecTUTeNell. DTo oTpaxaercs Ha HH3KOil BeluduHe pK, 3THX
coenuHeHuit. llenoynsie conu MaroHosBoro 3¢upa u 1,3-keto3adu-
pPOB KOJIMYECTBEHHO Ionyyarorcs U3 uexoaubix C—H xucior ¢ nomMo-
IIbIO CAMBIX pa3Hoo6pa3Hbx ocHoBaHHUit: CH3;CH,0Na; (CH;);COK;
NaH, KH, JJJIA u ap. B cripre WIH B alipOTOHHOM cpelie; OHM JIETKO
MoOryT 6BITh BblIENEHbl HHINBUAYAILHO U XPAHUTHCS B Te4eHHE JIIH-
TenbHOro BpeMeHH. [1lenoyHble eHOSITH MATOHOBOTO 3¢Hpa MoxBep-
raiorcs perdocnenupmndeckoMy C-ankuIMpoBaHHUIO MO AeiCTBHEM
MEPBUYHBIX U BTOPUYHBIX ANKWITAUIOTeHUNOB U cynbdoHaToB. Tpe-
TUYHbIE ATKWITAJIOTeHUABI HENPUTOMHbI, TAK KAK IS HUX €TUHCTBEH-
HBbIM HAmpapjieHHEM peakIlMH CTAHOBUTCH 3nUMHHHpoBaHUe. Kak u
claeAyeT OXHIATH JUIS TUITMYHBIX Sp2-nporneccoB, Bbhixon C-anKui-
MPOM3BOAHBIX IS ATKWIMPYIOIUX areHTOB C MEpPBHYHOR aANKHIBHOR
IPYIOi OKa3bIBAETCS BhILUE, Ye€M JUI1 BTOPUYHBIX AIKWITaTOTeHH-
JnoB. B kinaccuyeckoM BapHaHTE CUMHTE30B C MAJIOHOBHIM 3HpOM Ha-
TPHUEBBIH €HOJAT MAJIOHOBOro 3¢Hpa AIKWIMPYIOT AJIKWITAIOTeHH-
aoM B abcomoTHoM crnupTe. OAHAKO B AUIMOJSIPHBIX ANMpOTOHHBIX
pacteoputenax JM®A, IMCO, TM®TA ckopocTh peaklIMK Bo3-
pacTaet IpMMEpPHO B ThICAYY pa3, [TOCKOJIBKY 3TH PACTBOPHUTENH 3¢-
(beKTHUBHO CONBBATHPYIOT 1IEOYHbIE KATHOHEI, HO cl1abo conbBaTH-
pPYIOT aHKOHBI. {715 TOro, YTO6HI CBECTH K MUHUMYMY JOJIO [IPOJYKTOB
C,C-nuankujinpoBaHus, B KaueCcTBe aJIKWIKPYIOIIETO areHra Lesie-
coo6pa3Ho MPUMEHSATDh ANIKHUJITO3UIIATEI M ApYrHe aNKHICYIbPOoHATHI
BMECTO AIKMIOPOMHIOB M AJIKMIHOAUAOB. [Iponu3BogHbEIE MATOHO-
Boro 3¢upa THAPOJIMUIYIOTCS MPH KHUMSAYEeHHH C KOHIIEHTPHPOBAaH-
HOM consiHoi kucaoToit npu 110—120°C c ogHoBpeMeHHBIM JeKap-
60KCHIIMPOBAHUEM MPOMEXYTOYHO OOpa3ylomMxcs 3aMeleHHBIX
MaJIOHOBOI KHCnOThl. HuXe npuBedeHbl HeKOTophle HanGoee TH-
MUYHBIE MPUMEpPHbl MOJyYeHUsS] KapOOHOBEIX KHCJIOT C MOMOIIBIO
ManoHoBoro 3¢upa. Eciu 1Be BBOXUMBIE ATKMIbHBIE TPYIIThl CHIb-
HO pa3jIMyaloTcs o o6beMy, peKOMEHAYETCS BBOAUTH MEPBOit MEHb-
IIY1O TPYINY — [EepBUYHYIO:

118



1) C,HONa; C,H;OH
CH,(COOC,Hy), —= CH,(CH,)sCH(COOC,H;),~~
2) CH,(CH,)sBr; 80°C (90-95%)

HCI (xoHm)
e~ — CH;(CHj)§COOH + CO, ;

115°C
(75%)
1) C,H;ONa; C,H;OH;
CH,(COOC,Hy), C,HBr (CH;),CH-C(COOC,H;), —
5
2) (CH,),CHI CH;

HCI (xonu)

CH,),CH-CHCOOH .
sc - (CHCH

(35%) CaHs

CoBpeMeHHasa MOIUGPUKALUA ITOrO KIACCUYECKOrO CHMHTE3a 3aKII0-
YaeTcsl B TOM, YTO T'MIPONU3 JUIPHPOB MATOHOBBIX KHCJIOT OCYllie-
CTBJIAeTCA MpH HArpeBaHuH B BogHOM pacTBope JIMCO B mpucyt-
CTBUH XJIopHCTOro HaTpus. [IpuMeHeHMe B Ka4ecTBE AJIKUAUPYIOLIHX
areHTOB OJHOrO MOJISL JUTATOreHU/I0B OTKPBIBAET NYTh K IONYYEHHUIO
UMKIIMYEeCKHX COeMMHEHUN B pe3ysbTaTe BHYTPUMOJNEKYJISpHOro aj-
KHJIKPOBAHHUS BO BTOPOM CTallMH peaKLMU. DTH peakl[Uu UMEIOT OCo-
60¢e 3HaYeHuUe JUISA MONYYEHUS HUKIOOYyTaHKapOOHOBOH M LIMKJIOIIPO-
naHKapboHOBOH KHKCIOT:

COOC,Hs
1) C2H50Na; C2H5QH; COOC2H5
CHy(COOC;Hs), —pamiecass
1) KOH; CH,CH,0H-H,0 COOH
2) H,0%; t°C (42-44%)

Hawrydiuye pe3yasTaThl IS MOTYYEHMAS LIMKIIONIPOMaHKapOoOHOBOMH KHC-
JIOTBI IOCTHIAIOTCS MPH MCITONIb30BAHWH MeX(}a3Horo KaTaiuaa c repe-
HOCOM PEareHTOB M3 BOAHOM B OpraHUYECKYIO (hasy C MOoMOLLBIO XJIOPH-
Ia TpuaTHWIGeHMaMmonnst win N(C,Hy),"Br™ npu B3aumoneicTtBuu
OIHOTO MOJISA MaIoHOBOro 3¢dupa U ogHoro Mons 1,2-gu6poMaTaHa:

1) 50%-i1 BomH®Ii
NaOH-CH,Cl,; C,H,CH,N+(CH,CHj,);CI~

H,(COOC,H,), + BrCH,CH,Br
it 2Hs), 2-12R H,0"—H,0

COOH 120°C
— coon D—COOH + CO,

119



1) 50%-i Bommit NaOH—CH,CI,;

C¢H;CH,N*(CH,CH,),CI~
NCCH,(COOC,H,),+ BrCH,CH,Br
2) H,0*—H,0
CN 120°C
— E— D—CN + CO,
COOH
(86%) (77%)

ANKMIMpOBaHMEe aHHOHA MAJTOHOBOTO 3¢Hpa 3pupaMU O-TaTOTeHYK-
CYCHO# KHUCJIOTHI IPUBOAHUT MMOCNe KUCIOTHOro IMApONIN3a K obpaso-
BAHUIO SIHTAPDHON KUCIOTHIL:

CH(COOC,H

CH,(COOC,Hs), + CICH,COOC,H %{—:ﬁgﬁﬂﬁ czcooczum_’
2 2115

HCI; 1155C  CH,COOH

CH,COOH
62%

+ CO, + CH;CH,0OH
CooTBeTcTBEHHO M3 HaTpHiiManoHoBoro adupa u 3¢HpoB ®-rasoreH-
Kapb6OHOBBIX KMCJIOT IOJY4aloT H Apyrie THKApOOHOBLIE KUCIOTBL

1) CH;ONa; GH;sOH ?H(Coocsz)z
2) Br(CH,)»C00C,H; (CH),COOC,H;

CHy(COOC,Hs),

HCL; 115C_ CH,COOH
| + CO, + CH3CH,OH
(CHy),COOH

Hpyroii, 6ojiee OOCTYIMHBIH MeTOH MOJyYEeHHS AUKAPOOHOBBIX
KUCJIOT COCTOUT B KOHIEHCAIIMM ABYX MoOJIEH HATPUHMAJIOHOBOTO
3¢dHpa ¥ OTHOTO MO AUTATOreHankaHa. Tak, U3 6poMHUCTOrO METH-
JieHa M HaTpHHMalIoHosoro 3¢upa Moay4yaioT MIYyTapoBYIO KHMCIOTY,
u3 1,2-gubpomMaTaHa — agunuHOBYIO, M3 1,3-gubpoMnponaHa —
MUMENTHHOBYIO U T.I. Ero npMeHeHKe orpaHH4YeHo JH1Ib JOCTYNHO-
CTBIO HEOOXOAMMBIX O, (O -AUTATOreHANKAHOB:

QHSONa
+ —
CH,Br, + 2NaCH(COOC,Hj;), C,H;OH

O
1l I
— (CH3CH20C)2CHCH2CH(COCH2CH3)2

HOOCCH,CH,CH,COOH

HCI; 115°C
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3aBucumocTb C- 4 O-aaKUIUPOBAHUS 1LESTOUHBIX EHOIATOB alle-
TOYKCYCHOTO 3(dHpa OT MPUPOABI YXOIsileil rpyIibl AlIKHIUPYIOLIe-
r0 areHTa, MPUPOAbI PACTBOPHUTENS U MPOTUBOUOHA ObLTa MPOAHAIU-
3MpOBaHa B TIPEABIAYILEM pazfefie 3Toi [IaBbl. B MpakTHYECKOM
OTHOWIEHHMM Haubojee BaXHbl peaKLHU KHCIOTHOIO MU OCHOBHOIO
FUAPONK3a MPpoaYKTOB C-aIKWIMPOBAaHHA aLeToyKcycHoro adupa. Mpu
JNelcTBUM BOAHO-CIIMPTOBOrO WM BoaHoro pactBopa HCI npoucxo-
JUT CHAPOJIN3 CIOXHOIPUPHOMU IPYIITH ¢ NMOCAEAYIOIIUM AeKap6oK-
cuiupoBaHueM 1,3-KeTOKMCIOTH ¢ 00pa30oBaHHUEM KETOHOB:

i i HCL 10 0 (O:
CH;—C-CH-C—0C,H, 2% g —
I H,0 LECS
R CH3 R/C\H O

HO__ C
——[ . C=CHR} + CO,—= H,C—C—CH,R + CO,
3

K aHanorMyHoMy pe3yabTaTy IPUBOAHT FMAPOIN3 MPOU3BOAHBIX alle-
ToyKcycHoro 3¢upa npy obpaboTke pazbaBieHHBIM XOJOAHBIM BOJ-
HBIM PacTBOPOM THApokcuaa HaTpus. Ob6e 3TH peaKHUM W3BECTHBI
[OJ Ha3paHHEM <«KETOHHOIo pacuierieHus» 1,3-ketosagpupoB. OHuU
MPUMEHSIOTCS B OpraHWYeCKOM CHHTE3e IS MOJYyYeHHST KETOHOB €O
CTPOTO ONpeAcJeHHBIM MoJ0XeHUeM KapOOHWILHOM IPyIibl B yCiIo0-
BHSAX, MCKIIOYAIOLMX M30MEPU3ALMIO YTJIEPOAHOIO CKeJeTa:

O O O
1) (CH;),COK; adup n
CH3CCH2COQH5 2) CH,(CH,),Br CH3C(I3HCOCIH5

(CH,);CH; (82%)
1) NaOH; H,0 .
1) NaOH; B0 1,8 cH,cH,CH,CH,CH,
2) H,0%; 20°C
(65%)
0o o o o
TS 1) C,H,ONa; C,H,OH i
CH,CCH,COCHe 2 e~ o CH3CCHCOQH5——
CH,COOGC, Hj
. 9
HCl kom; 100°C_ oy dcH,CH,COOH
H,0 (50%)
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o)

0o O
CII\ 1) GH;ONa; GHQH (CH2),CH,
3
OC;Hs ) GthONs GliQy COOCH; —

(0]

CH,)%CH
48% HBr; ¢ °C &(( 2:CH; (60%)
H,0

CHHTETHYECKHE BO3MOXHOCTH MCIIONb30BAHHS ALIETOYKCYCHOTO
3¢upa s MoMy4eHHUSI KETOHOB WJIM F'OMOJIOTOB alleTOYKCYCHOIO 3¢upa
pacLIMpWIACH IIOCJEe TOTO, KaK GbUIO YCTAHOBJIEHO, YTO OH JIETKO
obpa3syeT IMaHUOH TIpYU OEHCTBMM TAKMX CHIBHBIX OCHOBaHWMH, KakK
6uc-(TpMMETHWICIIWI)aMUJ JINTHSA WIX HATpHs, AHH3OIMPOIIHIAMUL
JIATUS, TUAPUI HaTpusl. JJUaHUOH alieTOYKCYCHOTO 3(upa aIKUIUpy-
eTcsl Ipy ACHCTBUU ofHOro 3KBUBaNeHTa RX HCKIIOUMTENRBHO Mo Bosee
OCHOBHOMY M HYKJI€ODHILHOMY Y-YITIEPOXHOMY aToMy IO OTHOLIE-
HHUIO K CIIOXHO3(pHUPHOU rpyrie:

®
ILi\
Qo Tor o
- % 2LiN(SiM ' .
CH;CCH,COOC,H; —onGiMe), ' ©

— c.© C
TI®; 0-20°C 8812/ \Eéf OC,H;s

JHMaHHOH

@
LG
o~ 0
RB; g H,0 Il
— | o —2—» RCH,CCH,COOC,H;s

e
RCH,” \Eﬁ/ ~0C,Hs

I i
CH;CCH,COOCHs D 2NaH - oy o4y, CH,CCH,COOC,Hs
2) C,H,Br
(84%)

HOpyras u Oonee MHTEpecHass BO3MOXHOCTb MCIIONB30OBAHHUA 3TOIO
IMaHUOHA B CHHTE3€e 3aKJIIOYAETCS B MOCAENOBATENbHOM JHANTKIIK-
POBaHMH ITOJ IeACTBUEM PA3IUYHBIX ATKHAWUPYIOIMX areHTOB:

122



o 0 | 0" 0
(o) . Fof
® C. .
L o, \\CPI( ~OC,Hs R'ch,” \Eé/ ~0C,Hs
L R CH,CCHEOC,H
p— 2 2Hs

K

KeToHHOE paclienjeHue MONyYEeHHOro O, Y-AHATKUIUPOBAHHOIO
npou3BogHoro BogHoit HCl npuBoIMT K KETOHAM HECHMMETPUYHO-

ro CTpOEHHs:

N HCl I
RCHZC(IEHCOCZHS 5" R'CH,CCH,R? .

Rz 2

ANKHI¥pOBAHHE THAHWOHA ALIETOYKCYCHOrO 3(¢Upa AUralore HUAAMMU
[IPUBOJMUT K 06PA30BaHUIO UMKIUYECKUX 1,3-KeTo(DUPOB:

®
L _
[ 2LIN(C3H7-i)y (ﬁ .(|) Br(CH,);Br
CH;CCH,COC,Hs © ¢. — =
T 877N 7 NocH
2 CH 2
0
CH,—CH, COOC,H;
— > Hzc\ Cc=0 _—
CH, CH-COOC,H;
Br (75%)

B aTux xe pPeaKUuHsIX MOXHO UCITOJIB30BATh IUaHHUOHBI 1,3-)1HKCTOHOBZ

0O O
I Il 1) 2NaNH II i
CH;CCH,CCH; —)—2—>2) QQSCHZCI CH3CCH,CCH,CH,CgHs
(69%)

123



C-ANKWIMpOBaHHE HIENOYHBIX EHONMATOB AlIETOYKCYCHOro 3¢upa
JIErKO OCYHIECTBASAETCA MOJ ACHCTBUEM IMEPBUYHBIX aJKUAOPOMUAOB
M ATKWITA0aMAOB. g BTOPUUHBIX ATKHITATONeHUIOB 3aMeLIEHYe BCe-
rla CONMPOBOXIAETCA SIUMUHUPOBAHUEM, & TPETUYHYIO ATKWILHYIO
IPYILLY 3TUM METOAOM BOODIIe HE yiaaeTcsl BBECTH. B Mojao6HEBIX cay-
Yyasix MPeaArnoYTUTENbHBIM CTAHOBUTCS AIKWIMPOBAHWE HE €HOJATA, a
€caMoro e€HoJa moj aeicTBueM KapObOKaTMOHOB WIW POACTBEHHBIX UM
coeguHeHUH. Tak, HanpuMmep, o.-mpem-OyTHIALIETOYKCYCHEIH 3¢hyp
MoJiyyaeTcsl [pU B3aUMOACHCTBUM aLETOYKCYCHOro 3upa c KOMII-
JieKCOM mpem-0yTunbpoMuna ¢ 6opdropuaoM cepebpa:

o)

N CH;N Il
CHé?=CHcooc2H5 + (CH;);CBr-AgBF, SN0y CH3;CCHCOOC,Hs
OH C(CH,); (©8%)

B KayecTBe aIKMAMPYIOILETO areHTa yaoOHO HCIOMb30BATh KOMILIEKC
tpexdTopucToro 60pa co BTOpHYHBIMH WJIM TPETHYHBIMM CITMPTAMU:

A ® 0O i
CH3$=CHCOOC2H5 + (CH3)zCH-(|)-BF3 —_— CH3C(':HCOOC2H5
Gon H CH(CH;), (67%)

17.5. KOHAEHCAIIMH C YYACTHEM EHOJIOB
N EHOJIAT-HOHOB

17.5.1. AIbJOJIbHAA KOHAEHCAITUSA

EHonsT-yoHH mogo6Ho ApyruMm Kap6aHwoHaM (RC=C™; CN7)
CIEOCOOHBI 00PaTUMO ITPHCOEAUHATLCA K KapOOHWIBHOM IpYIIe alb-
JEeTUIOB 4 KETOHOB. JTa peaklus ApisieTcs oOuieit [Uisl Bcex aibAeru-
OB, UMEIOLIUX N0 KpaHHeH Mepe oMH aTOM BOAOPOAA IIPH O.-YyIie-
POIHOM aTOME:

-0
8+(I!‘, % ?e 0
RCH, W°H + REH=C RCH;—C-CH-C
H H R H
(I)H
HOH v o
—C - - +
H R
:1)1:91 ¢3)1 3
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ITponyKT MPpUCOENUHEHUS EHOMAT-UOHA K albJerday IpeacTaBisieT
coboit B-ruapoxcuanbaeru (3-rMIpOKCHANBAETUA), TONYYUBIIWH
TPUBHANIbHOE Ha3BaHUe AIBAOAL (IIe b — AIbJETHA, Ol — CIIMPT).
INosToMy caMa peakiuus MOJNyYM/ia HA3BAHUE aAAb00AbHOU KOHOeHCa-
Kuu, WU 160046020 npucoedunenus. B KiaccH4ecKUX ycIOBHAX EHO-
JNIAT-WOH, MPUHUMAIOILKWI YYacTHe B aIbJOAbHON KOHAEHCALUHU, Te-
HepUpyeTcs M3 KapOOHHMJIBHOIO COENMHEHUS MPY OTIHEIUICHHH
TPOTOHA C MOMOILBIO FHAPOKCHA-HOHA B BOIHOW WIX BOJHO-CITMD-
toBoit cpene npyu 0—5°C. Tak, HampUMep, NponaHaib Ipu o6paboTKe
BOJHBIM PacTBOpPOM IMiapokcuaa Harpus npu 0—5°C B TeyeHue 5 ya-
coB 06pa3yer 3-THAPOKCH-2-MeTWITEHTaHATIb ¢ BBIXOAOM 55—60%, a
YKCYCHBII afibJeTH/ AaeT anbiojb ¢ BHXoaoM 50%:

0 0 ¢H 0
v & NaOH 7
CH3C\H + CH}C\H W CH3_(I:_CH2_C\H (50%),
0—-10°C H
S 4ac
o o
o) NaOH s
CH3CH2cfH+ CH;CHZCfH ﬁ—cmcm—?-ﬁ:n—cj
0-5C HCH H
S yac
(55—60%)

B Gonee XecTKMX YCIOBUAX aNbIO/M MOIBEPraiOTCsA AETUAPATALMHU C
00pa3oBaHHeM O, B-HEeHACBIUEHHBIX AIBJETHAOB, YTO [ejaeT Bech
Mpolecc B LEJIoOM HeoOpaTUMBIM:

O O NaOH
CH3(CH2)2CH2CfH+ CH3(CH2)2CH2CfH —on™
0-5°C
H 2L NaoH
> CHy(CHy),CH,—C-CH-C BALCLL
3 2 I \H HO-H
H (CH)CHy  10C

ac

¢
 » CH3(CH2)2CH2—(I:=(|:—C"\H (86%)
H (CHy»CH3
MexaHuM3M aNbJOJBLHON KOHAEHCALMH, KaTAIU3UPYEeMON OCHO-

BaHHCM, BKJIOYACT TPH CTANUMU!:
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o 6sicTpO

0 Q7
1)RCH,CZ, + OH RCH==C_ + H; ;

H
0©
) ,/O o) MEJIEHHO | /,O
2 RCH=C, + ~—— RCHy—C-CH-C_ :
H H” “CHR H R H
© OH
(|) ,/O 6sicTpO | ,/O
3) RCHZ—(II—ClH—C\ + HOH = RCHz—cI:—clH—c\ +
H R H H R H
+ OH®.

B nepBoit ctanuu obpasyercs eHonaT-uoH. PaBHoBecHas KOHIEHTpa-
LIMST €EHOJISIT-UOHA OYeHb MaJia U pellKo IpeBeraer 1—3%, mocKosib-
Ky pK, anbaeruna npuMepHo paBHo 17—18, a pK, Boakl paBHo 15,7.
INpucoenuHeHUe eHOIAT-UOHA K KAapOOHWILHOM Ipyne HEMOHHU3U-
POBaHHOI MOJIEKYNbl IBIErMaa BO BTOPOM CTaAUM OMpeneasieT cKo-
pocTh Bcero mnpoluecca. Jleruaparauus aabioisf B o, B-HeHackllleH-
HbI} anbIerusl TakXe KaTaJlu3UpyeTCsi OCHOBAHMEM M IPOTEKAET C
TPOMEXYTOYHBIM 00pa3zoBaHUeM €HOJIAT-UOHA aibI0JIsA:

OH OH
RCHZ—-(II—CIH—C\ _— RCHZ—CI:—Cl—c\ + HOH ;
H R H H R H

N //O //O &)
RCH2—$—C|—C\ —_— RCHZ—(|I=CI—C\ + OH ~
H R H H R H

AJIBIONIbHAS KOHOEHCALWA KATATU3UPYETCS HE TOJNLKO OCHOBa-
HHMEM, HO TakxXe M KHUCJOTaMHU. B KMcIOi cpele, KaKk U CAemoBajo
0XWIIATh, OIpeNeNsIoLUei CKOPOCTb CTaJuell rpoliecca siBAsETCH NPU-
coeMHEHUE eHOJa K KapOOHUILHOM rpymnne:
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@

OH
RCH,~CZ  + A,
H

o)
1)RCH,CZ; + HA

“oH oH
2) RCH~CZ =+ A RCH=C_ + HA
. H
0O <
I ~
3) RCHZ—B—"JC—H + RCH=C_ ME/LNIEHHO
H
' OH
| %H | .
RCH,—C-CH-C RCH,—C-CH-C
A | \
H R H bR -
H
OH 0O H\g,
4 | 7 ® ,)O
) RCHz—(l:—CIH-C\ + H RCHz—C((/:R—-C
iR E hHH
0

——— RCH,—c=C—cZ  + H,0 + H®
H

H R

B kucioit cpefe MpaKTHIECKH HEBO3MOXHO OCTAHOBUTD peaKUUIO Ha
cTanuu oOpa3oBaHUA ANbJONASA, ¥ KOHEUHBIM MPOAYKTOM OKa3blBaeT-
csi O, B-HeHACHILEHHBIA albIerH, — TPOLYKT ero JerHIpaTaluu.

[J1s1 KeTOHOB KOHCTaHTa paBHOBECHsI 0Opa3oBaHUS AJIbLOASA TO-
pas3go HUXe, YeM ia anpaerumoB. [last cMellleHUWs paBHOBecds B
CTOpPOHY anblojis pa3paboTaHa creudaibHasgd 3KCIEpUMEHTajlbHasg
TeXHUKA, KOTopas okasanack 3pPeKTUBHOM It TPOCTERIIUX HU3KO-
KMIISIIUMX KETOHOB — aLEeTOHAa, MEHTAHOHA-3 U HEKOTOPbIX APYruUx
KETOHOB:

OH
BaO I -0
CHyCCH3 + CHyCCH Coxerdy HiC-C-CH;~CZ™  (80%);
0 0O CH3 CH3
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‘ ‘ CHONa |
—_— 38%
o+ o) CHOM 70 (38%)
BHyTpUMOIeKyIApHAS LMKIM3ALMS JUKETOHOB TIpeACTanRsieT coboit
BAXHBIA U OpHFHHaJIbeIrI METOd CHUHTE33a HUKIIUYECKNX COC}IHHCHHﬁ.

0]
NaCO3 96 %)
H,0. 20C (
0]

CH3
KOH; 20°C
CH;C(CHp)sCCHy——— C—CHj; (83%)
I I H,0 O

B xiaccHuecKux yelIoBHSIX abAOJIbHOM KOHIEHCALIMY B BOJHOM pa-
CTBOpe THIPOKCHIA HaTpHUs U3 CMECH IBYX aMM(paTHYECKUX AIHIETHAOB
B O01{EM CJTy4Yae IMOJY4aloTCs Bce YEThIPe BO3MOXHBIX kAo, YT1oobt
[IEpeKpecTHast ajibioJibHasi KOHOeHcaums ObLia npenapaTtuBHO MOJe3-
Ha, peaxuus Jo/LKHA ObITh CTPOTO CENEKTUBHOMW. DTO BO3MOXHO TOTA,
KOT 13 OI¥WH KOMIIOHEHT BBITIONHAET POJb TONABKO HYKNEo(hWIHHOro areH-
Ta, a IpYro¥ — TOJNbKO KapOOHWIbHOTO aKiernropa. Hekoropsle cnef-
CTBMsI ¥3 3TOr0 OrpaHUYEHMUS OYEBHIHbl. ADOMaTHYECKHE Y MeTEPOLIMK-
JIMYECKHE aNbACTHIbI, TAK X€ KaK U (POpPMAILAETHI, BBHIIOIHAIOT POIb
KapOOHWIBHON KOMITOHEHTHI B MEPEeKpecTHOM AThIOAbHOR KOHOEHCA-
LIWY, MOCKOJIbKY OHU HE COLEPXAT BOIOPOAA MPU (L-YTJIEPOAHOM aTOME:

0 _0
CeHsCZ + CHyCH,c?  _NeOH
H

o]
———= CH,CH=C—C?" (68%);
°C 6+ 15 0 N !
H H,0;60 CH, H
0
i 0  NaCO CH,OH
3 H—-C—H *+ CH3C¢ ?I—O—‘ZO—'JC.HOCHZ_CI: C\/ (82%) ;
H "2 CH,0H H
NaOH CH,CH,
C¢HsCH=CH + CH;CH,CH,CHOZ—-— = C;H;CH=CH—CH=C
CHO 2 (55%  CHO
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INepekpecTHas (cMelIaHHANA) anbiodbHAs KOHIEHCAMS apoMaTHyec-
KMX aIbIETHAOB ¢ KETOHAMH, TPUBOAALIAS K 06pa3oBaHUIO o, B-He-
HACBILIEHHBIX XUPHOAPOMATUYECKHX KETOHOB, W3BECTHA IM0J Ha3Ba-
HueMm peakuuu Kasitzena—IlImuara:

o} o ©OH
o Mo K gn
/ 2 NaOH
1 + CH,C — . ALY I
) GHC 10°C GHs —55c
5 yacoB 10 nHeir
(100%)
o)
CH
. En, (76%)
O  NaOH
0 ] 20°C ]
2 C6H5C\H+ CH;CCgH; o~ CeHsCH=CH-C-CH;
2 (85%)
H,C CHscéo o H,C. _CH, 9
Z ( H ) Z T ""CH
3) \ +CH3('3CH3 GHONa | 3
CH, GH;OH CH, (49%)
ATPpATb TNCEBIOHUOHOH

IlepexpecTHast aTba0NAbHAS KOHACHCAMA KApOOHWIBHEBIX COEaH-
HEeHWi B MpoTOHHOH’ cpede (Boja, CIIUMPT), KaTATM3UpyeMast ruapo-
KCH- WX AIKOKCHI-UOHOM, UMEET OrpaHUYEHHYIO0 o0nacTh NMpH-
MEHEHMS, €cIM KOHEYHOMN LeJIbI0 ABASIETCA IMOJIydeHHE caMoro
anbAo/g. DTO olpeneaeTcsa UeNbIM psnoM npuuyiH. KoHcTaHTa pas-
HOBeCHs ISl KOHOASeHCALMY KETOHOB B BoAe He O1aronpHsATCTBYET
06pa3oBaHKIo ATbAOMA. /I HECUMMETPUYHBIX KETOHOB B 0b6pa3oBa-
HUM a1bJojieil NPUHUMAIOT yyacTue ob6a U30OMEpPHBIX €HOJIST-UOoHA,
YTO TIPUBOJMT K 00pa30BaHHUIO COXHOK CMECU MPOAYKTOB. DTa Xe
HEOoIpeIC/IEHHOCTh COXpPAHAETCAd Y A KOHJEHCALMH ABYX DAa3/ivy-
HBIX M QaTUYECKUX AbIETMAOB WK U Taphbl TMpaTHYeCKHi anb-
nerua — anuaTHiecKui WM aTMUMKIMdecKuil ketoH. Kpome Toro,
obpazoBaHue aNbJ0JA B NPOTOHHOM cpejle CONPOBOXAAETCA Aernapa-
Tauye# B O, B-HeHACHIIEHHDIH ANTBIETHI WK KETOH U CKOpEEe MOXET
paccMaTpUBATbCA KAk METO[ [I0JYyYeHUA UMEHHO 3THX COeIMHeHMi. B
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nocjieH’e roabl paspaboTaHbl 3PHeKTUBHBIE METOIBI IIPAMON PETU-
OCEJNIEKTUBHOH MepeKpecTHOW anbAONLHOW KOHAEHCALUU C UCIONb-
30BaHUEM JIMTHEBBLIX, BOPHEBIX, KPEMHHUEBEIX, UMHKOBBIX U APYrUX
€HOJIATOB B anpoTOHHOW ManonoisipHoi cpepe (TT®D, IMD u ap.)
npu 0—(—78°C) B yc/IOBUAX CTPOro KUHETHYECKOTro KOHTpoas. OouH
K3 KOMITOHEHTOB Haleo NpeBpalllaercs B IMTUEBbIA eHOMST MpY B3a-
umogeiictBuu ¢ JIJA unu LiN[Si(CH3)3]; npu —78°C, T.e. B ycJIOBU-
X, UCKJIIOYAIOIMX M30MEpU3aLMICO JUTUEBOro €HOJATA. BBemeHue
IpYyroro KeToHa WJIK aibIeryuia, BHITOJTHAIOWETO pojib KapOOHWIb-
HOM KOMMOOHEHTBI, IPHBOIUT K 06pa30BaAHUIO HCKIIOYUTENBHO CMe-
LAHHOTO aidbJ0s, TaK KaK [IPUCOEAUHEHHE EHONAT-HOHA [TPOTEKAET
OblcTpee, yeM mHepeHoC NMPOTOHA MEXAY JIMTUEBBIM WM LIHHKOBBIM
EHOJATOM W KapboOHMABHBIM akuenTopoM. [Buxyilei cuuoil Takoi
«HalpaBleHHON» ANbAOJBHOW KOHIEHCAUUM SIBNSIeTCA 0Opa3oBaHHUe
LIECTUWIEHHOro CTaOUJIBHOIO XeJaTHOTO KOMIUIeKca, B KOTOPOM Ka-
THOH JIMTHUS MJIM LIMHKA CBS3BIBAET €HOJATHYIO M KapOOHWIBHYIO
KOMIIOHEHThI:

0
. . 1l
R O A, TI® R Ol RAC-R
R{ R —8°C Rz/ \R3 Tr®; —78°C
0~ o
4
R\J: g H,0 \é: é
- . N N p3 \
RVRVC\Rz R R o< R R
H.C 1 LiN(C;Hy-i ), TT®  HiC .
“sen—c—cn, HNGE > CH—C=CH,—
H}C _78C H3C
1) Zn.Bl'z O
. _7¢C  H,C
2) CH,CHO; =78°C_ 5~ oy & cH,-cH—cH,
3) H,O-NH,Cl; °C~ H,C OH
(75%)

BmecTo IMTUEBBIX ¥ LIMHKOBBIX EHOJSATOB B CMEIIAHHOM aNbA0AbHOMN
KOHJEHCALlMM MOXHO C YCNEeXOM HCNOAb30BaTh €HOAATH bopa —
BUHUJIIOKCUOOPAHbI;
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Hscz\B/Csz

I ~.

R ,OB(CHs) Q £9 9
+ —
2 C\R3 KF—C—F —> $C._ __C._,
RC R
, OH
Bo RYT
S/C\C/C\ 3
Y R
0} o
~ OB(CqHy), él: 10 Mux
H—C4H9CH=C\ + CGHS_ '—H
CeH, 20°C
OB(C,Hy), O OH
b H,0 I #°
—>C6H5—(II—?H—C—C6H5 sis CoHs—CH—CH-C—CeH -
H CH CHy  (98%)

BopHrie eHOIATH TTOMYYaloTeA NPU B3aUMONEeACTBUHM KapDOOHWILHBIX
COENMHEHUH ¢ OHANKMIGOPTpUPTOPMETaHCYNB(OHATOM:

(#-C4Hg)3B + CF;SO;H — (C,H;),BOSO,CF; + C4Hyo ;

0
=z (CHs);N
C,H.),BOSO,CF, + RICH,C
(C4Hy), 1CF; 2 g2 T0; —78C
/R2 ®
—R'cH=c{ + CF,S05 NH(C,H), .
OB(C;Hy),

Hpyroii MeTon NoayyeHUsi BUHMJIOKCHOOPAHOB — CONPSIXEHHbBIM
MPUCOEAMHEHUEM TPUATKWIOOPAHOB K O, B-HEHACHIIEHHDbIM KETO-
HaM OmnucaH B ri. 16:

O OBR;
7

v
R;B + CH,=CH-C — > RCH,CH=C
3 2 “CH; 2 “CH;
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[IpeBocxomHble pe3yabTaThl A1 MOYYeHUs eIMHCTBEHHOTrO MMpo-
OYKTa [IPY CMEIIAaHHO¥W anbJo/IbHOH KOHOEHCALMM HOCTUTaIOTCH C
CUJIMJIOBEIMM 3DHpaMK €HOJIOB B KauecTse HYKIeo(pHIbHOro areHTa
np¥ Katanuse peakuuy TiCl, B kauecTse kucaoThl JIbloxca ¥ xeaaTu-
pyloulero areHra npyu —50—(—78°C).

OSi(CHy), o OH
o f
v cHc? - 1) TiCl,; CH,Cly; ~78°C CHs ;
2) H,0; 0°C
(92%)
OSi(CH,), ° Q OH
|| cn
1) TiCl,; CH,Cl,; —78°C
+ CgH,CH,CH,C
Cﬁ 5 2 2| 2) Hzo, OoC CH2CH2C6H5
H

(70%)

CoBpeMeHHBle MOIYPUKALUUY ATBIONBHON KOHAEHCALMY TO3BOJAIOT
YpEe3BhIYAWHO LIXPOKO BapbMpOoBaTh MpUpoay oBOMX peareHToB: U
eHOJIATa, U KAapOOHUIBHOro coeqMHeHust. [loMuMo TUTHEBBIX, Gop-
HBIX, IUHKOBBIX ¥ KDEMHUEBBIX EHOJIATOB MOXHO [IPUMEHATh 3TH Xe
MPOU3BOJHBIE UMWHOB, THAPa30HOB U OKCHMOB, HAlpUMED:

HyC_ 1) JYIA; ~78°C; agup
~AC=NGHy - 3 1. .c=o

H.C (GeHs),

0 0

[ H,0 |
———(C6H5)2(|:—-CH2— —CH, —ZE;E—(QH5)2(|:—CH2—C—CH3 .

OLi OH
(64%)

ANBIONbHAS KOHAEHCALIUS MOXET MPUBOIUTD KaK K mpeo-, TaK u
K 3pumpo-cTepeoMepaM anbiojieif. B KiaccHYeCKUX YCIOBUSX B BOMI-
HOM DAacTBOpPE T'MAPOKCUIA HATPUS WIM KAIHA 00paTUMAast abloib-
Hasl KOHOEHCALUMS MOAYMHSIETCS TEPMOIMHAMUYECKOMY KOHTDOIO,
rae npeodnaagaer 6ojiee cTAOWIBHBIN mMpeo-U3OMep AIbAOJS:
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3pumpo-u3oMep

C npyroit CTOpOHBI, B YCJIIOBUAX CTPOroro KHHETHYECKOTO KOHTPO-
Jisl KOH(Urypauysi anboojs onpelaeiasieTcsl KoHUrypaiuein eHonATa.
Z-EHOJST JaeT 3pumpo-n3oMep, TOrAa Kak E-eHOMNST P NpUCOenu-
HEHWU K KapOOHWIBLHOMN IpyIine AAeT mpeo-U3OoMEp IO

2
R\ /0M
C= + H,0
/ \ 1
R
Z-eHonAT
(") OH
— l,C apumpo-aneaoie
R
R2
H oM
/
C= \ +
Ra/ Rl ."HO,
E-enonar R
g on
—_ > l/C : mpeo-ansaonb
Y
R 2
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KuHeTH4YecK1ii KOHTPOIb BBIMOJHSAETCA Ui AIbAOJBHON KOHOEHCca-
LIHM C YYACTHEM EHOJISITOB JINTUS, U OCODEHHO 6Opa, B AlPOTOHHOMN
cpele MPpU HHU3KO# TeMrepartype, MIsl KOTOPHX KOH(MUIypauus eHo-
JiISTa COXpaHseTcs B NPOAYKTE KOHAEHCALIMM C ANbIErMIOM WIU Ke-
TOHOM. Tak, HarpUMep, JUTUEBLIA CHOMAT 3TUITPETOYTUIKETOHA Z-
KOH(}Urypauuy npy B3aUMOICHCTBUY ¢ beHaanbaeruaoM B TT'D mpu
—78°C B Tedenue Bcero 5—10 ¢ gaer aibIosb UCKIIOYHUTENBHO 3pum-

PO-KOHQPUTYPALIUHK:

0
(i-CyH;),NLij;
1 b e B QYeTe AN
CH3CH2/ \(:((:1_13)3 TIr®; —-78°C 3 (I: —_—
OLi
g
C¢H,CHO
57— C _C
M), 78C . cue” cif | C(CHy, 1%
l
CH,
3pUMPO-N30MED

KoxHaeHcauma 6eH3anbaernga co cMecblo E- u Z-usoMepos Li-eHo-
JIATa 3TWIME3UTIIKETOHA MPUBOIUT K 0Opa30BaAHUIO mpeo- U 3pum-
po-aiboied, COOTHOLIEHHE KOTOPHIX PaBHO COOTHOWieHuo E- u Z-
€HOJMATOB:

OH3C
\ (i-G3H,),NLi;
CH,CH,C CH, (FGHNLG
TI'; —78°C
H,C
L10
—— H-— C/ @\CI@ + H;C
crw3 ,'{ H,C
E-n3omep (92%) Z-nzomep (8%)
H,C H,C
OH o OH 3
C;H;CHO g\ 1 H(\)\
Tr®; —78°C. fu,c CHy+  C1.C CH,
6114 c CHY i C
H | nuc T X
CH, * CH, 3
mpeo-anbaons (92%) spumpo-anbaons (8%)



17.5.2. CIOXHOD®UPHAS KOHJEHCALIMA KIAW3EHA
M POACTBEHHBIE PEAKIINH

EHONAT-HOHBI CIOXHBIX 3GUPOB ABISIOTCS OJIM3KUMM aHaiora-
MU EHOAAT-MOHOB AJIbIerHIOB ¥ KeToHOB. [logo6HO TOMY Kak €Ho-
JNAT-UOHBl ATBIETHAOB U KETOHOB IPUCOEIUHSAIOTCA [0 KapOOHMAb-
HO# rpyrne KapOoOHWIBHBIX COEIMHEHMIA ¢ 0Opa3oBaHUEM aNbIONEH,
EHOJISAT-UOHB! CJIOXHBIX 3(pUPOB MPUCOCIUHSIOTCS 110 KADOOHUNBHOMR
rpymire cioxHoro 3¢upa. [IpyuHuMnUanbHoe pa3Tuyre 3THX ABYX POJl-
CTBEHHBIX [10 CBOEMY MeXaHU3MYy KOHOEHCALUii 3aKII04aeTCHd B TOM,
4YTO B CAOXHO3GUPHONW KOHAEHCAllMU ecTh yxonsmiasg rpymma OR™
(OC;Hy"), npu oTmensieHUH Kotopolt obpasyetcst 1,3-keroadup:

0
O —» |
1 z +© -— 8
) CHC o, T OCets CHy=C—O0C,H; + C;HsOH ;
o §|) —> 2 9
Z o, - .
2) CHyCT - 4 ¥ CH,==C—0C,H;s CHy—C-CHy-C—OCoHs ;
2 OC,H;s

| I O
3) CH3—C-CHy-C—OC,H; <—— CHsﬁCHszO H +© 0C,H; |
2135
OC,H;s 0

0 o
) CH,CCH,CZ~ +90CH; == CHiG=CHCZ __  +HOGHj.
3é|) 2 \OCZHS PASS IR o l:e \Ocsz

Tako#t npoliecc HeBHIrOIeH TEPMOLUHAMUYECKH, MTOCKOJbKY pEakUMs
3HIOTepMHYHA. 3TO HEYAUBMUTENBHO, ECIIK PUHATH BO BHUMAHHKE, YTO
PaBHOBECHE MEPBbIX TPEX CTaAHii CMELIEHO BJIEBO M TOJABKO B 3aKJIIO-
YUTEJIbHOI CTAIUM [10JIOKEHKE DABHOBECHUSl GIAaroNpHUSTCTBYET CIOX-
Ho3(HpHOi KOHAEHCAUMH, TaK KaK pK, aneroykcycHoro s¢mpa (11)
3HAYUTENBHO HUXe, yeM p K, 3raHona (15.9). Ognako B nepBoit crannu
paBHOBECHE ITOYTH Haleo CMEILIEHO BRIEBO BCIEACTBUE TOro, 4To pK,
cnoxHoro 3¢upa (pK; = ~25) ropasno Bblile, 4eM y 3TaHona. [1osto-
My jaeifTepoBoroponHblit 06MeH sTHiaperara ¢ C;HsOD, karanv3u-
PYEMBIil 3TUIaTOM HATpHUs, UAET oueHb MelieHHo U 50% obmeHa moc-
THTaeTcs Toabko yepes ase Hepeny npu 25°C B 0,1 M pacrsope.
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CnoxHo3dupHas KoHaeHcanus 6bu1a orkpeita B 1887 r. JI. Kasii-
36HOM, KOTOpBIH MpY KHUISUYEHWM ITHIALIETATA C CYXHMM 3THJIATOM
HATpUA, HE COAEPKAIUM COJbBATHOIO CITUPTA, MTOJYYHII [IOCIE MOJ-
KHCIEHHSA PeaKlMOHHOM CMECH YKCYCHOM KMCJIOTOM alleTOYKCYCHBINM
3¢up ¢ BeixogoM 75%:

1) C,H;ONa; 8 yac; 80°C
2) CH,COOH—-H,0

I i
CH;—C-CH,-C—OC,Hs .
(715%)

2CH,COOC,H;

W3 npuBeneHHOro BbIIiE MEXaHU3Ma CIOXHO3(UPHON KOHIEH-
CalMM SICHO, UTO CJIOXHBINA 3¢uUp HO/KEH colepXaTh MO KpaiHelk
Mepe OOUH ATOM BOAOPOAA IIPH C-YIJIEpOAHOM aTOME [UISl TOTO, YTO-
661 Mornu peanu3soBarbest craguu (1), (2) u (3), u aBa atoMa BogoO-
poga — uToOK peanu3oBaTh cragvio (4). [loaToMy croxHble 3¢HPH
Tina R,CHCOOCH,CH; He BcTymalor B KoHmeHcaumw Kisiizena,
KATAIU3MPYEMYIO AJINOro/IAT-HOHOM KakK ocHoBaHueM. g Takoro cinox-
HOro 3¢¥pa He MOXET peaTu30BaThCA MOCAEHHSA CTafHs, TOCKOJbKY
KOHeuHsI npoaykt R,CHCOCR,COOCH,CH; He cOomepXHT «KHC-
JIbIX» aTOMOB BOJOpOJAa IPHU O.-yraepogHoM aroMe ¥ pK, takoro 1,3-
KeToadupa ~20. OnHako 3Ta peaklrs OCYILECTBISAETCS IIPH IIOMOLLK
HamHoro Oojiee CHUIBHOTO OCHOBAaHHS,TAKOIO, KaK TMIPHA HATPHSA:

(CH,),CHCOOC,H;

. I I
1) NaH; -
2; CZHSS%“P 10Ny Ol (CHs),CH—C~C(CH3),-C—OC,Hs (58%).

OnTUMaIbHBIM OCHOBaHUEM [UIS CAOXHO3(UPHON KOHACHCALHK Cly-
JKUT TUAPUI HaTpHs B 3¢dhMpe WM Tonyole.

CMeluaHHas mepeKpecTHass KOHOEHCAUUs IBYX CIOXHBIX 3¢hH-
POB, UMEIOUIKX ATOMBl BOIOPOAA IIPH C-YIIIEPOIHOM aToMe, B 00-
ILIEM CiAy4Yae IPUBOJUT K 00pa3oBaHWIO cMecH uerhIpeX 1,3-KeTo3-
GHpPOB: IBYX CUMMETPHYHBIX H JABYX HECHMMETPUUHBIX. DTy CMECh
TPYOHO pA3AEIATh Ha KOMIIOHEHTBI, [IO3TOMY paHblUe B CMEILAHHOM
KouneHcauuy KisitzeHa B kauecTBe KApOOHUJIBHOK KOMITOHEHTBI MC-
TOJIb30BAJIM TOJBKO TAKUE CJIOXHEIE 3(UPEI, Y KOTOPHIX HET «aKTHB-
HBIX» O.-aTOMOB BOAOPOOA. DTOMY YCJIOBHIO YAOBJIETBOPAIOT

0]
ArCOOCH,CHj3; C{/(OEt)z; HCOOCH,CHj; (CH4);CCOOCH,CH;.
B kauecTBe KapOOHHUIBHO KOMIIOHEHTHI B MIEPEKPECTHOR CIOXHO-
adupHOit KOHIEHCAUUH OCOOGEHHO 3¢ ¢heKTHBEH AUITHIOKCANAT H
nuatuiakapbonar. Orkpeitoe U. BucauueHycom (1894 r.) pexap6o-
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HUNTUPOBAHUE OKCOATKHABHBIX POU3BOJHBIX CIOXHBIX 3(PHPOB [TPH
150—170°C oTKkpbiBaeT yoOOHBIH MyTh CHHTE3a MOHO3aMEILEHHBIX
MaJIOHOBBIX 3(QHpOB:

0 cf/(())czH
Cy6H;,CH,CZ + s _GH;ONa_
OC,H; C=0 3¢dup

OC,H;

H c?

| ~ 150°C

C oC,H, ——— C(H,;;CH(COOC,H,), + CO
ﬁ—C—OCZHS (68%)

CoBpeMeHHBI BApDHAHT MepeKpecTHOM KonaeHcauuu KisiizeHa 3a-
kinovaercss B C-aliJIMpOBAaHWH JTHUTUEBBIX EHOJISITOB CIOXHBIX 3(hu-

POB B 0UeHb MATKHX YCI0BHAX B TI'D xnopaHruapynaMu Kap6oHoBBIX
KHCNIOT:

1) (-C;H,),NLi; TT®; ~78°C

1
0
R'CH,COOCH, o7 2 28

—_— Rz—gl:—(l:ﬂ—c<° + LiCl .
R OG,H,
(60-809%)

3TOT YHUBEPCAIBHBIH METO[ [03BOASET MONYYATh 3QUPHI CAMBIX pa3-
HooGpa3HbIX 1,3-KETOKMCAOT. AHATOTUYHO pEarupyloT TMTHEBBIE €HO-
JIATHl CIOXHBIX 3(PUPOB C KETOHAMM, JUAIKHWII- ¥ IUAPWIAUCYNbhU-
nam¥, deHuncenreHUWIGPOMHIOM:

1) (i-CyH,),NLi; TI'®; ~78°C

RCH,COOC,H,

1) (i-C;H,),NLi; TT®; —78°C

—= RCHCOOC, H;
SceH,
SC¢H

— RCCOOG,H;
écsﬂ5

0
HgCl,, HCI |l
CH.OH ~ R-C~COOC;H;

3Qup O-KETOKUCIOTHI
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1) (i-C,H,),NLi; TI'®; —78°C
2) C¢H,SeBr

RCH,CH,COOC,H;,

—= RCH,CHCOOC,H, M0 RcH=CHCOOC,H,

SeCqHs adup o,B-HeHACKIEHHOH KHUCIOTHI

Bce 3TH peakuuu HalUIY IHUPOKOE NPUMEHEHHE B COBPEMEHHOM
opraHuyeckoM cuHrese. Ocoboe 3HAUEHWE UMEET KOHIEHCALIUs JTH-
TUEBBIX EHOJATOB CHOXHBIX 2(HPOB C KETOHAMM, MPUBOISAILAA K
MOJNYYEHHIO 2PUPOB B-OKCUKHKCIOT. DTa PEAKIMS CYXHUT IIPOCTHIM U
yIOOHBIM CHUHTETHYECKUM 3KBHBAIEHTOM XOPOLIO M3BECTHOH peak-
uuu Pedopmarckoro (cMm. 17.5.3):

2
1) (Si(CH,),),NLi; TT®; —78°C K GOOCH;
Hy R*—C—CH :
2) R l(':R3 T

R'CH;-COOC,

H Trd: — OH
l C S. i; s 78°C
CH,COOC,;H; ) [(CH;);Si],NLi; TT'D; <:><

2 (=0 CH,COOC,H,

(80—90%)

BHyTpuMonekynsipHass KOHOEHCALUsS CIOXHBIX 2(UpOB AMKap-
OOHOBBIX KHMCJIOT, HasbiBaeMasl KoHAeHcauuei B. JMkMmaHa, mo cy-
IIECTBY IpeNCTaBIsAET coboi MPOCTO YaCTHBIN ciy4aii ciloxHo3buUp-
HO# KOHOEHCalLMU:

COOCHs =0
(CH2)A —me——;gﬁ—"—’ (CHz)n-J\C|H —_—
COOC,Hs ~COOC,H
H oc C’O
H,0-H,804; 1€ (CHy)n. ,< |
CH,

Peakuus npotekaert ¢ xopowum BeixogoM (70—80%) Toabko B TOM
cjlyyae, eClIM B pe3yJibTaTe UMKIX3auuy oOpasyloTcs MATH WM 1lec-
TUWIEHHBIE LHUKJIBL, T.€. IpK # =4 U n = 5. OqHaKo UMKIM3ALUSA UMe-
€T MECTO ¥ IpU 06pa3oBaHUU MaKpPOLIMKIOB IIpd n> 12 npHu Hcnonb-
30BAHUW TEXHUKHU BBICOKOTO pa3baBleHHMs M THAPHMAA HATPUS B
KayecTBe OCHOBaHMs. B dYacTHocTd, uuxnyuueckue 1,3-KeToagpuphl
C4—C,¢ monyyalorcsl ¢ MOMOLUbIO KOHAeHcauuK¥ JAMKMaHa ¢ BBIXO-
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namu rnopsaaka 30%. BToT MeToll COBEpLIEHHO HEeYAOBIETBOPHTENEH

JUIS TTOJIyYeHUsl COeAUHEHUH ¢ 8—12-wWieHHBIM pa3MepoM LIMKJIIA,
KonaeHcauus cinoxHbix 3pUpoB ¢ KEeTOHaM#, B IPHHIMIIE, TTpe-

cTapiseT coBoit obLMit MeTon cuHTe3a 1,3-AuKeToHOB ([B-IMKeTOHOB):

,0
RICH,COR? + R"—c ~OC,Hy —1GHOMNa, g3 ¢ cy-¢”
2)H;0° (II) II{ \R2

C—H-KucnoTHocTs KeToHoB B 10° pa3 NpeBbIlIaeT KMCIOTHOCTb
cnoXxHbIX 3¢upos. [TosToMy KeTOHBI UrparOT pojb METHIEHOBOM, a
cIoXHbIe 3¢Upbl — KapGOHWIBHOK KOMITOHEHTHl. EHONST-KOH KeToHa
MIPUCOEAMHAETCS Mo KapOOHMIBHOM rpymire cnoxHoro 3¢gupa. Kon-
KYpUpYIOILLIME peakKLWKH aTbJONABHOM U CIOXHO3(UPHOH KOHIEHCAa-
LAY HAKJIANbIBAIOT CEpbe3HbIE OFPAHUYEHUS HA MPAKTHYECKOE MpU-
MEeHeHHe 3TOil peakluy, U BbIXOA 1,3-AMKETOHOB OOBIYHO HEBEJIUK:

1) C,H;ONa
H,C—C~OC;H; + H,C-C—CH, —— 2~~~ H,C-C-CH;-C~CH, .
(35-45%)
1) C,H;ON
F{C—C-OC;H; + H,C-C—CH, —)&—i——a— F,C—C~CH,~C~CH, _
i I 2) H,0%; 0°C 5 g
(52%)

IToaToMy B KauecTBe CIOXHO3GUPHOM KOMITOHEHTHI OGBMHO UCIIONb-
3y10T 3TIIGOPMHAT, IUSTHIOKCAIAT, AUITHIKApOOHAT:

0 1) NaH, a¢up >
<:>=0 + HC<0C2H5 2) H,0-CH,COOH 0

C\’O

H

0
Y/
O:O+ (l:i-oczﬂs 1) C,H,ONa; C,H,0H; 20°C

—0  2) H,0-H,S0,; 0°C
OC,H
_.on 170C, <:}=o + 0o (59%).
0 0
y s
cZCoOC,H, C—O0G,H;
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CoBpeMeHHBI METOL KapOOKCHIMPOBAHUA KETOHOB 3aKIIOYaeTcs B
KOHIEHCALMM LUENOYHBIX EHONSATOB KETOHOB C JUSTHWIOBBIM 3QUPOM
YyrofibHO# KHUCAOTbl — JUITHIKAPOOHATOM, WIM C XJIOPYIONbHBIM
apupom CICOOC,H;s, Kataiu3upyeMoi THIPHIOM HATpUS WM OY-
W30NPONUIAMULOM JTUTHUS:

o (l)Csz
* (I:=O TONyoOr,; 110 C
yo.
OG;H; C/—OCsz
O
CH,COOH—-H,0 o) (94%)
0c C—OC,H;

17.5.3. PEAKIIAS1 PEOOPMATCKOI'O

Maruuii- ¥ TUTHHOPraHHYECKUE COCAUHEHHS] HE MOTYT OBITh
[T0JIy4yEHBI IIPYU B3aUMOJEHCTBUM MATHUS MU JTUTHUS C O.-TAJIOreH3a-
MEIIEHHBIMH CIOXHBIMK 3(QUpaMH, MTOCKOJIbKY pEaKTHUBEI [ PHHBSA-
pa ¥ TUTHHOpraHNYecKKue coeMHEeHUs B3auMOIeACTBYIOT CO CIOX-
HBIMU 3¢upamu. [TonydyeHue CIOXHBIX 3(pUpPOB [3-OKCHKHUCIOT B
pe3ynbTare MPUCOCIMHEHUS METANNOPraHUYECKUX MPOU3BOIHBIX
CJIOXHBIX 3(HUPOB K KapOOHWILHO#R FpYIIIE aNbIErHIOB U KETOHOB
yaaercs oCylleCTBUTD [IPH MCIIOJb30BAHW Y LIMHKOBBIX IIPOU3BOHBIX.
DTa peakuus 6bU1a OTKpbITa pycckuM ydyeHbiM C.H. Pedopmarckum
B 1887 r. a-bpoMadupbl B3aUMOEHCTBYIOT C AMbIErHAAMU HUIH Ke-
TOHAMU ¥ METALIMYECKUM [IHHKOM B HEMOJISIPHOM alpOTOHHOH cpeae
(6eH3on, Toayon) c obpazoBaHueM 3(PpUpoB B-OKCUKHUCIOT. B 31Ol
peaKkLMy HET HEOOXOAUMOCTH B ITPEABAPUTEAbHOM BBLIEICHUU LIKH-
KOPraHY4eCcKOro COeIUHEHUsI, U IMHK J0OaRBIAETCA HEMOCPEACTBEH-
HO K cMecCH KapOOHUJIBHOTO COEIUHEHHUA U O-OpoMadupa B TONyO-
Jie Wiy GeH3one:

R’(EHCOOCZHS + Rz——ﬁ— R’ +2zZn -1

80°C
Br
Q2ntr O 4,50,~H,0; 0°C (I)H 0
Y 0,~H,0; ° 7
— Z—C—CH—C\ 271 2 Rz——C—-CH——C\
l|23 }Il' OC,Hs l|{3 }Il‘ OG,H;s
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Ilpu TiuaTeabHOM COGMIOAEHUH IKCIIEPUMEHTANLHLIX YCJOBHUH BBIXOLbI
3(hupoB B-OKCHKHUCIOT OOLIMHO BeChbMa BBICOKHE M qocTHraior 60—90%:

1) Zn; 6en3on; 80°C
2) HzO_H2504, 0°C

CH;CHCOOCaHs + Cghls—C—CHy
Br
™o
—> C6H5—c—c1~1—c\" (80%)
CH;CH; OCHs

<:>=0 + BrCH,COOC,H; 1) Zn, Tonyon; 80°C
2) H,0~H,S0,; 0°C
OH
O o
CH,COOC,H;s

. 1) Zn; Tanyon; 80°C
2) H,0—H,80,; 0°C

CHy(CHy)s—C—H + BrCH,COOC;Hs
o)

éo
— CH3(CH;)sCH-CH,-C_ (54%)
I OC,Hs

st Toro, 4ToOBI M30EXaTh deruapaTalli¥ CIOXHoro 3¢pupa c Tpe-
THUYHOU MMM BTOPUYHOH THAPOKCWIBHON IpPYNION B O, B-HeHachl-
LUEHHDIE CIOXHBIE 3¢HUPBI, HEOOXONMMO TILATENBHO KOHTPOJIUPOBATh
YCJIOBHSI KUCJIOTHOTO TMAPONU3Aa LIMHKOBOIO ANKOTOJISITA U BBHINOJ-
HATb ero npu 0°C.

Hns peaktuBa PedopMarckoro, obpa3yioluerocst U3 a.-6pomadupa
H UHHKA, B TeYeHHE JUITUTEILHOTO BpeMeHH ObUI1a NPpUHATA CTPYKTYpa
uMHKOpraHuyeckoro coeguHenuss — BrZnCH(R)COOC,;H;. B Hacro-
silee BpeMs IUIA Hero 6oJjiee 060CHOBAHHOM MpeacTaBiseTcd CTPYK-

OZnBr
Typa LMHKOBOIO €HOJSTa — RCH=C< o IloaToMy peakuuio
2Hs
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PedopmaTckoro NOru4HO paccMaTpUBaTh KAK YACTHBIM CAydaid aab-
IOJIbHOUW KOHAEHCAUlMKM KApOOHHWJIBHOIO COeNMHEHWUSI U IIMHKOBOTIO
eHoJIsiTa clioxXHoro a¢upa. JIBUXYyllieit cuiioit npouecca sipisieTcs 06-
pa3oBaHHe XeJIATHOro KOMIUIeKca, INle poJib XeJIaTUPYIOLEro areHTa
BbLIMONHSIET KaTUOH LIMHKA:

7 CH; S OC,Hs

O6pa3oBaHKI0 XENMATHOINO KOMIUIEKCA CIIOCOGCTBYIOT HEIOJApHbIE pa-
CTBOPMTENIY, OHH He MOTYT 3¢ (eKTUBHO CONbBATHPOBATH KATUOH 1IMHKA.
Takass TpakTOoBKa MexanuaMa peaklMH PedopMaTckoro Haxomurcs B
XOpPOLIEM COOTBETCTBMHU C IKCIIEPHMEHTAIIbHBIMU JaHHBIMH, COIJIac~
HO KOTOPBIM [3- H y-6poMadupsl, He crtocobHbIe K 00pa3oBaHHIO LIHH-
KOBbLIX €HOJIITOB, He BCTYMNalOT U B peakuuio Pedopmarckoro.

17.5.4. KOHJAEHCAIISE KHEBEHATENIA

ANpIONbHAS KOHOEHCAUMS SIBJSIETCS TIPOTOTHIIOM MHOTHMX OpYy-
rMX KapOOHHMI-METHJIEHOBBIX KOHIEHCALMHA, IIMPOKO HCIIONb3yeMbIX
B OpraHMYeCKOd XUMUU. BaxHyIO rpyIiny CocTarAsiiOT peaKuHMy KOH-
IeHcauuu anudaTuuyecKUx ¥ apoMaTHYECKUX aJbJeTHIOB U KETOHOB
C COeIVHEHHSIMH, COIEPXAIMMHU IBE aKLeNTOpHbIe KApDOOKCHUIBHEIE,
KapOanKoKCHIbHbBIE, IMAHO- U HUTPOTrPYIIbl ¥ OFHOIO aToMa yrie-
pona (MajxoHOBasi KACIOTa, ee 3OUPH H NHHUTPWI, LMAHYKCYCHBIH
a¢up, alleToyKcycHbIit adup U T.0.). Bce aTH peakiud 0ObEIUHSIIOT-
cs mox obuM HazBaHueM KoHAeHcauuu D. KuepeHarens (1896):

1
1 2 /X MMUNEPHINH N\ 4 X
R—C—R" + CHy_ JUICPURRY o 2,(_‘,=(_‘,\ + H,0
] Y g v _
rae X 1 Y =COOH, COOR, CN, NO,

Peakiysi KHepeHarenasi IMHUPOKO MCIIONbL3YETCS B OpraHU4YeCKOM
CHHTe3€e KaK YHHUBEPCANbHbII METOI MONYYEHHS O, B-HeHaChI 1 HHBIX
KUCJIOT, CIOXHBIX 3dHpoB, HUTpUNIOB (Tabn. 17.5).
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Tabnanuua 17.5
Cuntes o, f-HeHACKMIMEHHMX KHCIOT, CJIOXHMX 3(HPoB W HUTPRAOB no Kuenenaremo

/O MHNIEPpHAUH
CHy(CHCT | + CHACOOH), P,

e CH;(CH2)5CH=CH—COOH + C02 + H;O .
(79%)

<___>‘o+ NC—CH;COOC,H, Mnepututs; CH,COO0R <___>.: o ©
COOC;H .

Genson; 80°C
(100%)

0
i

Q'C+ CH,(COOH), THICPHIHK Q-CH=CHCOOH :
H

O,N o,N (80%)

B\

/0 TIMIEPHUIHH @\
19} C\ + CH,(COOH), ———="» (o) CH=CHCOOH .
H

IOO'C (91%)
0
= CH=CHCN
~H
= . mmcpmmn
. + NC CH2(COOH aprs; 100°C (80%) -

: TiCl COOC,H
Go + CHy(COOC,Hy), b "1 <:>=c/ s

GeH3on

SCOOCH;
(78%)
/,O nunepuauy ; CH;COOH
C‘H + CH2(COOC2H5)2 Semaon >

COOC,H;
/s
— Orannc e o
COOGC,H;
nmunepuany;, CH;COOH /CN+
O+ CHyCN), —————F L

(75%)
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OTanyuTeNbHOM 0cobeHHOCTbIO KoHAeH calluk KHeBeHaress no cpas-
HEHMIO C anbOONHLHON KOHIEHcalUel SIBJSeTCsT KaTalu3 aMUHAMU —
OUPHAMHOM, MHMIEPUAMHOM WIM CMECHIO 3TUX AMUHOB. AMUHBI O6JIa-
aloT ZJOCTATOYHOM OCHOBHOCTBIO ISl CO3[JaHUsI pAaBHOBECHOI CTallH-
OHapHO! KOHUEHTpPAaLlM¥ aHWOHA NMpH AENPOTOHUPOBAHHU MAJIOHO-
BOTO, IIMAHYKCYCHOIO, HUTPOYKCYCHOIO M aLleTOYKCYCHOro 3(pHpOB
¢ pK, ~10. OnHako aMHHBI He CIIOCOGHEI IIPeBPATUTDh B COMPSIKEH-
Hblif €HOMSIT-UOH KETOHBI M anpiaeruasl ¢ pkK, 18—20. Dro BaxHoe
06CTOSATENILCTBO IO3BOJISIET CBECTH K MUHHUMYMY CaMOKOHAEHCALUIO
KapOOHWIBHBIX COEUHEHMI. ANLIEruAbl BCTYAIOT B peakluio Kue-
BeHarels C CaMbIMH Pa3UYHBIMH COEIMHEHUAMU C aKTUBHOH METU-
neHoBoil rpynmoi. KeToHs MeHee akTHBHBI H JIETKO PEArupyioT ¢
CH,(CN); 1 CNCH,COOCH,CHj3, Ho Il B3aMMOJEHCTBUA C Mano-
HOBBIM M alleTOYKCYCHBIM 3¢upoM TpeOyercs karanus TiCly. Ontu-
MAIBHBIMH YCJIOBUSIMU KOHJeHcauuyu KHeBeHarens cliefyeT CYMTATh
KMCMONB30BaHHE B KAYECTBE KaTAIM3aTOpa alleTara IMHIIepUAXHIA BMe-
cTo ¢cBoOGOIHOro ocHOBaHMS. TOYHBIN MeXaHHM3M 3TOM peaKuHH Heus-
BECTEH, HO IIPEeAIIoaraioT, YTo B OydepHEIX cpenax (auerar mUnepu-
OUHUS) peakllMOHHOCIIOCOOHOM YacTHLeHl OKa3biBaeTcsl UMUHUEBAS
conb, obpasyolnasicss U3 KapOOHWILHOIO COeMHEeHUs U BTOPHYHOIO
aMMHa [IpY KaTanu3e ColpskeHHoM Kucnoroi. UMUHHeBas colb 3aTeM
B3aUMoJIeHCTBYeT ¢ eHo/AT-uoHOM. [locnenyiomee s3nMMHUHUPOBaHKE
NUNepUIMHa 3aBepllaet obpasoBaHue o, B-HenpenebHBIX COeIUHEHUIA:

AcOH e
R—C|—-H + HN —— 1~9=CHR OAc”;
0]

X ,.mN ) QX ¢ )
+ 5
CHZ\Y ~y 2
@,
o) o x X wf)
2CHR + CHL R-CH-CH
Y

L X R X
= R—'%Hf(‘:: +HN ) —> H>C=CiY +HN )+
Y

H

) )
X 1 Y = COOGHs; CN + HN
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Ilpu KoHaeHcaUWy KapOOHMUIIBHBIX COENMHEHWH C MAaJIOHOBO# KHC-
JIOTOM B MMMPUIOMHE B OPUCYTCTBHH TUIIEPUIMHA MIPOMEXYTOYHO 06-
pa3yloluascs o, B-HeHachlllieHHasE IMKap6GOHOBast KMCIOTa NoaBepra-
eTca NekapOOKCUIIMPOBAHUIO ¢ o6pa3oBaHUEM o, B-HeHaChIILEHHOMH
KMCJIOTBI, KaK IMpaBuno E-KoHGHUIypalui. 3ta pa3HOBUIHOCTb peak-
uud KHeBeHarenst HOCUT Ha3BaHUe KOoHOeHcaluu JdebGHepa:

¢O
R\ NHIEPHIMH R\ /C\OH
,C==0 + CHy(COOH), ~twpugm > _C-CH —
H H | M_o
OH C2
OH
(0]
o &
Z C ©
R 20 T
LT B ST PRSI L S e AV
H | M_o HA \ 20
OH C\/ OH C\OH
OH o
R H
—= c=C, + CO, + HyO
+ CsHsN -
stis H \ﬁ—o 2 2
O

Koupencanus Kuesenarens—Jle6Hepa ¥ B HacTosililee BpeMsl oCTa-
eTCsI OMHUM M3 JIYYIUUX CIIOco60B CUHTE3a O, B-HeHaCHILIEHHBIX KUC~
JIOT, CNIOXKHBIX 3¢PUPOB U HUTPUIIOB.

Ipyroit criocof cuHTe3a 0, B~HeHAChILeHHbIX KUCIOT GpLT paspa-
6oraH B. IlepxkunbiM (1868 r.). B peaxiiu IlepkuHa apoMaTHYecKue WU
reTepoapoMaTHYECKHE ANBJSTHIBI [1OABEPTaIOTCS KOHIEHCAIIHH B Xec-
TKKX ycnoBusiX npu 170—200°C ¢ aHruapuaamMy anngaTHYECKUX KHC-
JIOT B IIPUCYTCTBHU coJieit kapOOHOBBIX KMCJIOT B KaYeCTBe OCHOBAHUS:

-0
20 RCH—C_  RCH,COONa; 170-200°C
ACT, 0

7

COOH
— ArCH=C\R + RCH,COOH -

B xayecTBe MpOCTEHILUMX IPUMEPOB MOXHO TIPUBECTH MOJyYEeHHE
KOPHUYHOI KWCIOTH P B3aMMONEHCTBUHU OeH3a1bAeruia ¢ aHITWi-
PHIOM YKCYCHO[ KHCJIOTbI, KATATH3HPYEMOM AlETATOM KanHsi:
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0O CH,COOK; 180°C
P 3 u —
C¢H:C + (CH,;C0),0 C¢H;CH=CHCOOH
5~y ¥ (CH4C0),0; 8 uacos 5 (60%)

c<o
H CH;COONa
+ (CH,CO),0 -
OH 175°C

ﬁ?HCOOH
CH

X
. + O
Il
(¢) (o) O—C—-CH;,

KYMapHH

Peaximio IlepkuHa MOXHO pPacCMATPMBATh KaK pPasHOBHIHOCTD
anbA0JbHONA KOHAEHCALIMM, Tlie POJib HYKJIeOo(PUILHOro areHTa Bhbi-
ITOJIHSIET EHOJISIT-MOH aHTUIPUIA KUCIOTHl. MeXaHH3M peakilui Mo-
KeT OBITh BbIPAXEH C ITOMOLUBIO CIENYIOUIE ITOCIeqoBaTeIbHOCTH
I1peBpalleHMIA:

O 3 " |.@
(CH3C< >o <00 oy C0-Co==CH,

t,°C
0
i
0 Y /C
0 i le cmefo’l
ACZ  + CH;C-0-C==CH, =~} _ .CH,
H 00-CH
|
Ar

o)
o |
(O-C-CHy
o CH,CO0),0 i ﬁ) 2
— ArCHCH2c< . CH,CON0 4 enLn—C-o—Len,—
o
0~ﬁCH3 o—ﬁa{3

ArCH=CHCOOAc + CH;COOH + CH,C00°

ArCH=CHCOOH + Ac,0 + AcO® .
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BbIxombl NPOU3BOAHBIX KOPUYHOM KUCIOTHI 3ABUCSAT OT NPHPOBI
3aMeCTUTENA B GEH30/IbHOM KOJbLIE apOMATHYECKOro ANBISTHIA. DeK-
TpoHoakuUenTopHble 3aMectutenu (NO,, CN; Cl, Br u np.) crioco6-
CTBYIOT MOBBILIEHUIO BHIXOAA O, 3-HeHACBIIIEHHBIX KHUCJIOT, B TO Bpe-
M5t KaK OH pe3KO CHIDKAETCs IIPH HAIMYUH 21eKTpoHONOHOpHEIX (CHj;
C,Hs; N(CH3),) 3amectuteneit. Peakuust IlepkuHa ITpakTHYECKH He-
NpUMeHUMa Uit ATUbaTHIECKHX ATBAETHAOB M3-32 UX CKIOHHOCTH K
aBTOKOHIEHCALIUH.

17.5.5. PEAKIITNA MAHHHXA

Peakuus K. Mannuxa (1912 r.) siBnsieTcss ocCHOBHBIM cliocoboM
NONYyYEHUS OL-THANKUJIAMUHOMETHIIKETOHOB NMpPH KOHIEHCAIMH Ke-
TOHOB ¢ GOpMANBIErHAOM W FHAPOXJIOPHAOM BTOPUYHOTO aMMHA:

0
1 I ® ©
R—C—CH,R + H—C—H + R,NH,Cl —*

® O

— RE:—C]H-CHTIIIRZ Cl + H,0

O R2 H

Ee cHHTEeTHYEeCKHE BO3MOXHOCTM OIPaHHMYMBAIOTCS [IPUMEHEHHEM
BTOPHYHBIX AMHUHOB, TaK KakK ITpOAYKTHI, obpa3yioiyecs: Ip4 KOH-
IEHCAUMH C NMEpBUYHBIMU aMWHAMY, BCTYNAaioT B Lienblit pAd Nanb-
HeMILUX nNpeBpallecHUMN:

o
I
Ozo + H—C—H + (CH;)NH —g%—

—_— 9]

® )
CH,-NH(CHs), Cl

(85%) ;

0 |
CeHsCL ~ + H—C—H + (CHy,NH —Hei o
CHs s
0
— CeHsCT ® e ((70%) ;
CH,CH,-NH(CH;), Cl
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0
£\ HO
__/
T Qe
CH,- NQ) (100%)

H C®

AKTHBHO# 21eKTpo¢hHAbHOMK YacTHLEH B peakuuu MaHHHUXA sB-
JisleTcsl MMUHMEBAs! coJb, MONyYaolasics U3 ¢popMaisierija U BTo-
PUYHOro aMWHa IIpU KUCJIOTHOM KaTalu3e:

o

I
H—C—H + RyNH

HOCH;,;NR;;
No/TyaM HHAI

L S Hz(%J—CHZ!\NRZ

@
CH,=NR; + H,O.

KaTHOH HMHHHA

H® + HOCH,NR,

WMUHYEBYIO CONMb MOXHO BbIOEJNUTh WHAUBHIAYAJIBHO TIPH B3aMMO-
neiicTBUM (opManpieruia ¢ JUMETHIAMMHOM B XJIODUCTOM METHIIE-
HE B MPUCYTCTBUH 6e3BONHON S0p(hTOPHUCTOBOIOPOTHOK WK TpUD-
TOPYKCYCHOH KMCJIOTbI TIPU HU3KOM TeMIleparype:
O HBF4
I CH(Cl; = © o

H—C—H + (CH3pNH  —5c” CH,=N(CH;), BF4".
HWUmMuHueBast conb fanee B3auMOAEHCTBYET ¢ eHONbHOM ¢popMoii Ke-
TOHA:

H' RC CHR

RLc” —
“CH,R? ou

2

RCCCHR + cn, Ny, — Rfli CH + H®
:OH O CHzN(CHs)z

SnekTpoduabHast aTaka KaTUOHA HMWHHUS HampaBisieTcs [peumylite-
CTBEHHO Ha 6OoJiee 3aMeLEHHBIN a-yriaepoJHbii atoM eHona. CoBpe-
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MeHHas MoaudHKanysa peakliud MaHHMXa OCHOBLIBAETCA HA UCTTOJb-
30BaHHM GOPHBIX WM CHIWIOBBIX 3¢pHpos eHosnoB. BuHuiokcubopa-
Hbl TONYYAlOTCS MpPH B3aMMOJEHCTBMM KETOHOB C JUANKWJIOOpHUAT-
pudTopMeTaHCyibdOHATOM B NMPUCYTCTBUM TPETUYHOTO aMHUHA:

co
(C4Hs);B + CF;SO;H —= (C,H,),BOSO,CF;, (CH3CHZ)2
(84%) N(C;H;-i ),(GHy)

— CH;CH2—|C=CH—CH3 + CFJSO?N%(QHri )2(CHs) ;
(95%) OB(CHy),
® o IOMCO
CH3CH2—?=CH—CH3 + CH,=N(CH,),CF,C00" ——=
OB(C,Hy),

—> CH;CH,C-CH-CH; + CF3COOB(C4Ho),
O CH,N(CHs),

AHAaJIOTUYHO PearmMpyloT ¥ CHJIMIOBbIe 3(MpPhl €HOJOB!

. 1) CH2=%R2)(?; TiCly; CH,Cly
OSiCHs); 2)H,0 5

— O + (CH;)SiX

CH,NR,

B HacTtosiuee BpeMHA Al KOHAEHCAIIUHA C KETOHAMHU U HUX INpOU3BOI-
HbIMH NMPEeANOYHUTAIOT UCIIOJIb30BATh 3apaHee IIPUTOTOBJIIEHHYIO COJIb

®@ ©
nMmuHua CH,=NR,X.
17.5.6. BEH3OHMHOBAA KOHAEHCAIINA

BeH30MHOBasi KOHAEHCALUSI OTHOCHTCS K YMCIY CaMbIX CTaphIX
peaklMii B OpraHU4YecKoil XMMHH, KOTopas ObLla 4YUCTO claydaifHo
oTKpbiTa ewre B 1832 r. 0. JIu6uxom u @. BenepoM npu obpaborke
GeH3anbaeryuaa MaHUaAoM Kanus. ObpasylolliMi Npyu 3TOM OL-TUAPOK-
CHUKETOH TNOJIYYMJ Ha3BaHUe GeH30MH, YTO JAN0O Ha3BaHHE caMoM
peakuMy KOHAEHCAUMH:
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OH
20 KCN; GHOH-H,0 |

o)
=z
ArCT_ + AIC

4 — > ArCH—C—Ar 6eH30HH;
H H y)
(6] O KCN; GH,OH (|)H
CosCT + CotsC ———— GH{CH—C—CgH; .
(90%) O

B 6eH301HOBOH KOHIOEHCAUMM YYACTBYIOT IIBe MOJIEKYJbl apOMAaTH-
YeCKOro WX TeTEPOLIMKIWYECKOro anbierna B IPUCYTCTBHHU Liua-
HHUA-HOHA KaK KaTann3aTopa. KoHeYyHBIM [IpOLYKTOM 3TOM KOHAEHCA-
MU SIBJISIETCS] OL.-TMAPOKCHKeTOH. Peakius ob6patuMa M obpaGorka
6eH3oMHa CMeChiO UMAHMAA KAJXHS U JPYroro apoMaTH4ecKoro ajib-
Ieruaa NpUBOAMT K CMEIIaHHOMY OeH30MHY:

OH OH
| O  KCN; CH;OH [
ACH-C-Art + ad?Y G A+ al?
I ~H Boza ] ~H

B o611eM ciydae 43 3KBUMOJIBLHON CMecH BYX Pa3THYHbIX AIbIErHI0B
TeopeTUYeCKM MOJKHA MNOJNyYMThCS CMech M3 YeTblpex OEH3OMHOB,
OIHAKO B HEKOTOPBIX CIY4YasX yHAeTcs IOJYYMTh TOJNBKO OIMH CMe-
IUaHHBIA 6eH30MH. MHorMe apoMaTudecKue anbIernabl, Comepxaliume
CWIbHBIE 3JIEKTPOHONOHOPHbBIE 3AMECTUTENN — TUMeTHIAMHUHODEH3-
aybaeru, MUIepoHans, 2,4-pUuMeToKcHOeH3anpaerua U Ap., caMu
no cebe He BCTyNalwT B GEH30MHOBYIO KOHAeHcauuoo. OqHAKO OHH
NPUHUMAIOT Y4acTHe B CMelllaHHoMH (repeKpecTHOH) KOHIOEHCALUU
C IpYTHMH aibIerugamu, U 210 3¢b¢peKTUBHO HCIIONb3YeTCS B CUHTe-
TUYEeCKO MpaKTHUKe:

0 O KCN; GH,0
CHiCZ )+ n{CHRN-CHCT — i

(l)H
CoH{CH—C—CHN(CH)n (86%).

DKCNEepUMEHTAILHO CMeLIaHHY1I0 OeH30MHOBYIO KOHIEHCcAUIO ynob-
HO MPOBOIMTH, UCITONB3YSl OUCYNbOUTHOE NTPOU3BOLHOE ONHOTO Alb-
Ieruaa JAisi KOHIEHCAMH CO BTOPBIM QIbJIETUAOM B CITHPTOBOM pa-
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CTBOpE LUAHHUCTOrO Kaausa WK B AUNONAPHBIX aAlIPOTOHHBIX paCcTBO-

®
putensix — AM®A nmt IMCO ¢ N(C,H,),CN®.

MexaHH3M OeH30MHOBOM KOHIEHCAL MU ObUI IpeIMETOM ODILIHp-
HbIXx HMccnenosaHuil. CorlacHO COBpeMEHHbIM IpeNCTAaBISHHAM, OH
BO BceX IeTansiX HAeHTHYEeH MeXaHU3MY, MOCTYJIUMpoBaHHOMY Jlemy-
opTom eltte B 1904 r. HAa OCHOBAHHH KMHETHUYECKHX AAHHBIX:

C=N c=N
() AlcZ + :CN° ArCHid_ ——‘ﬂ—AICHiOH + OHO®,

2) ArcHZ Z + HO ;
OH
5_ ?N Iil HO ?N H
C=N & i
(3)Ar(91< +Arc4 == Ar— c|:—c|: Ar__-Arclz —C-Ar + OF°
OH “H OH 0° OH OH
CNH CNH H
B oHO g | e
(49) Ar—C—C—Ar Ar—C—C Ar=—= Ar—C—C—Ar + CN
T o T
OH OH OH O OH

DTOT MeXaHW3M OOBSICHSIET, IIOYeMYy KaTaIM3aTOPOM CIYXHUT [Ha-
HUA-HOH. KaTanuzatop B 6€6H30MHOBON KOHAEHCALIHH AOJDKEeH ObITh
He TOJNIBKO XOpOIUUM HYKIEODHIOM IO OTHOLUIEHUIO K KapOOHHIIb-
HOMU TpyIme, HO TaKXKe KAaTalU3HPOBAThH IepeHoC MPOTOHA OT yrie-
pona K K¥ciaopony ¢ o6pasopaHueM CTabHJILHOro GeH3WIBHOTIO Kap-
6aHMOHA, B KOTOPOM 3/IEKTPOHOAKUENTOPHAS IIMAHOTPYIIIA Y4acTByeT
B JeJIOKaNU3a1IMK 3apsiga.

IIponykTet 6eH30MHOBOI KOHOEHCAIUH OL-OKCHKETOHBI JIETKO
okucnsalorcs okcunoM BucMyta (III) wminu anerarom menu (II) no
1,2-IMKETOHOB C BHICOKUM BEIXOJIOM:

R-C—C—R? + Cu(OAc),
oI
O OH

R—-C—C—R? (75-95%)
1l 1l

Luanua-von KaTaJIU3UPYET KOHACHCAIIHUIO TOJNLKO dApoOMaTH4yec-
KHUX anbaeruaoB. Anudpamqecxue albaeruabl BCTYNMarT B aHAJMOTHUY-
HYIO pEAaKIIMIO TOJBKO B IIpHCYTCTBHH COJIell THA30JIMSI B KadecTBe
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KaTanusatopa. THasoJueBble COJIM MOJIYYAIOTCA B pe3y/IbTaTe ANKHIH-
POBAHHMS MO aTOMY a30Ta THA30Jla — MISTHYIECHHOIO reTepoLHKa C
reTepoaTOMaMH a30Ta U Cepbl. B KayecTBe CTAHAAPTHOIO KATAIU3ATO-
pa GeH30MHOBOH KOHAEHCAUMU ATH(DATHIECKHX ATBOETUAOB HCITOIb-
syior N-gonelMnTHasoNuiOpoMuI, B KOTOPOM HAIMYHME IJIMHHOIM
anudaruyecKoit Uenyu obecreynMBaeT paCTBOPUMOCThL 3TOTO peareHTa
B OOBIYHBIX OPraHUYECKHX PACTBOPUTEAX:

(NLC uf‘lzs (") (IDH

0O Br

2 CH;CH,CH,CZ p— CH,CH,CH,C—CHCH,CH,CH; _
N(GHs) (76%)

MexanusM 6eH30MHOBOM KOHIOEHCAUUU ANH(PATUIECKHX AIble-
TMIOB 3aMETHO OTJIMYAETCS OT TOTO, KOTOPBIH XapaKTepeH jisi apo-
MaTHYeCKUX aibhaeruaoB. OTnuyuTeIsHON 0coBeHHOCTBIO KaTHOHA N-
ATKWITUA3ONHS SIBJSIETCA CpaBHUTEBHO Bhicokasi C—H -kucioTHOCTD
Bojopona npu C—2 6naronaps CoceICTBY JBYX TeTEPOATOMOB: CEPHI H
MOJIOXUTENBHO 3apsixeHHoro asota. C—H-kuenorHocts katnona N-
ANKWITHA30MHUS XapaKTepu3yeTcst BeJIMuHHoit pK, nopsinka 10, u npo-
ToH pd C—2 OTIMIEILIAETCS TIpH AeHCTBHH TPETUYHOTO aMHHAa:

NZR
/ \ C + BH rae B: = NEt
O3, == O =

O6pasyoluiics Mpu 3ToM OeTauH 3aTeM 0OpaTUMO MpHCOENHUHIETCS
o KapOOHWJILHOM IpyMlle anbaeruja:

N&R H N>R ®
/ \ + \C=O —_ ( \ BH ( + B
Q) to R7 )\CHRl )\CHR‘

IMponykT npucoeaMHEHUA CONEPXHT KOBAJIEHTHO CBSI3aHHBIM THA30-
JIKEBBIi KATHOH, YTO HEIOCPEICTBEHHO OTpPAXaeTcsl Ha ero CBOM-
crBax kak C—H-kucnotu (pK; ~ 10).

D (5]
[)\CHR‘ + B: —»> CS)\(I-:-_R, + BH®
S (l)H OH
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O6pasymoluiics KapObaHWOH MpeacTaBIsieT cobo «3aMacKUPOBAHHbL»
(«MMMOGHJIM30BAaHHBIA») ALMIOWI-aHUOH C HEOOBIYHO BBICOKOM CTa-
OMJILHOCTBIO Osarofiapsi HeNOKaJNU3alMM OTpPHLIATENbHOro 3apsga C
IMOMOLIbIO KATUOHA TUA30JUsI, 061anaolero BLICOKMM ~M u - I-3d-
textamu. I[Nocnenyioiye CTaxUuy HHYEM TMIPUHLIMITHATBHO He OT/IMYa-
IOTCSL OT peaklMM, KaTaJM3upyeMoit nHaHua-uoHoM. Hykneoduns-
Hast aTaka KapbaHKoOHA Mo KApOOHWILHOM Ipynme Apyroi MoOJEKyJbl
anpjieruia ¢ MoclenyiolUM OTLeIJIEeHUEM KaTUOHA TUA30JIUS TpU-
BOIMUT K 0Opa3oBaHUIO Q-TUAPOKCUKETOHA!

(3]

/\H( N-R OH ®
Y f A / BH

[ )\C-—OH + =0 [/ )\C—CH-R'

R s 1\

R! 0©
NROH
( CCHR + B:

R
/
NROH “’(69
)\ 1 B / 1 @
C-CH-R! <—== CC}\-IR+BH —
ROH
OH

0 OH

1||| N‘R B

R—C —C—-R+ C R—C—C— R+ ) *B
H

KatHoH Tuaszonus cTrabHIM3UpyeT KapOaHMOHHBIN WHTEpMeouar B
66b1Iel CTENEHH, YeM LIMaHHUI-HOH, H 3TO HIPAET pellaiolLlyi0 PoJib
B KaTAIHTHYeCKOM 3¢dekTe coneit THa30JUsI B 66H30MHOBOH KOH-
NeHcallUM KaK apOMATHYECKHX, TaK U aTMPaTHUYECKHUX aIbIeTrHIoB.
IIpucoenuHeHHe LMAHUI-UOHA K APOMATUYECKOMY aabIeruny

S}
IaeT B KayecTBe UHTepMeIHaTa 6eH30WIbHbINA Kap6aHHOH Ar(IZ~CN.

OH
AToT Kkapb6aHUOH HOJIXeH 00lafgaTh NOCTATOYHO BHICOKOW peaklH-
OHHOM CIIOCOOHOCTHIO HE TONBKO MO OTHOLUIEHHIO K KapOOHUIBHOU
rpynme anperdna, Ho TaKXe M O APYIMX JeKTpoPUAbHBIX aK-
LeTNITOPOB, IOCKONBKY IO CYLIECTBY OH IIpelcTaBnseT coboll «UM-
MOOGUIH30BaHHBIi» aUMNBHbLIA KapOaHHOH. MeTonoNorHyecku 3TO
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[IpUBEJIO K PACHIMPEHHIO CUHTETHYECKHX BO3MOXHOCTEN pPe€akKuHH.

]
Kap6aHHoH ArCII—CN NPUCOENUHAETCA K O, B-HEeHACBIIEHHBIM Ke-

OH
TOHAM, CJIOXHBIM 3¢HpaM U HUTPUJIAM, Kak PasHOBUIHOCTH peak-
uuy Muxasns (cM. 17.6):

KON nm N'(C,H,),CN
JIM®A um IMCO

o)
ArcfH + CH,=CH-X

o)
Il
—— AIC—CH,CH,X  (60-90%) .

X =-C(O)R; -C(O)OR; -CN

Tak kak o6pa3zoBaHHe GeH30MHA OGPaTHMO H MpPeRLIEeCTBYET MPU-
coelHHEeHUIO 0 MHXas’/mo, npuMeHeHHe OeH30MHA BMECTO apoMa-
THYECKOIO aNblernia B Ka4yeCcTBE UCXOMHOTO COefUHEHUsE NIPUBOIUT
K TeM K€ CaMbIM NPOAYKTaM. 3TO OTKPBIBAET yIOOHBIN U JOCTYNHBIA
[pelnapaTuBHBIA MeTop CHHTe3a 1,4-THKETOHOB, Y-KETOHUTPWIOB U
3(QHUPOB Y-KETOKUCIOT, UCIIONB3yeMbIX ISl MTONY4eHHs] MHOTHX reTe-
POUHMKIHYECKUX COEAMHEHH.

17.5.7. HOH-PAINKAJIBHBIE KOHAEHCALINN KETOHOB
H CIOXHBIX 3PHUPOB

JlBa TUIla KOHIAEHCAlLHii, KOTOpble OYNyT pacCMOTPeHHl B 2TOM
pasfiesie, IO CBOEMY MeXaHHU3My pe3Ko OTJIIMYAiOTCS OT QHPYrMX KOH-
JeHCAaUW# ¢ yJacTHeM eHONSIT-HOHOB ANbAeri0B, KETOHOB U CIOX-
HbIX 3¢HpoB. [IpU NeACTBHH CIUIBHBIX ONHONEKTPOHHBIX BOCCTAHO-
BUTeNed, TaKUX KakK LIEIOYHBIE MeTAJUIbl, APOMATUYECKHEe KETOHBI
o6pa3yloT B anpoTOHHON cpene oKpallleHHble CTaOMIbHble AHUOH-
panMKaibl, B KOTOPBIX OTPHUATENbHBINA 3apsi[ COCPENOTO4YEH Ha aTo-
M€ KHUCJIOpOoJla, a HecllapeHHBIN 3/eKTPOH — HA aToMe yriepoja:

A ® _0©
N Na win K NC—B: @
Ar/C O aup unu TTP Ar/C Qi Na™ .
KeTun

Takoit aHMOH-PAIUKAT HOCHT TPUBUANbHOE HA3BAaHUE KETWUII.
CTabuwibHOCTh AHUOH-PATHKAIOB aPOMATU4YECKUX KETOHOB O0YC/IOB-
JieHa JefloKanu3auel HeclmapeHHOro 3J1IeKTPoHa 110 IBYM GeH30JIbHbIM
KOJIbIIaM. AHUOH-PAIUKAIbl XUPHOAPOMATHYECKHX KETOHOB U OCO-
6eHHO anvudaTHYeCcKUX ¥ LUKIHYECKUX KETOHOB O0JIaNaOT ropasso
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MeHblell CTAaOMJIILHOCTBIO M JIETKO JUMEpPH3YIOTCS ¢ oOpa3oBaHUEM
ankoroisitoB 1,2-muoNoB. 3ta peakuys MOay4YuIa Ha3sBaHHe ITHHAKO-
HOBOM BOCCTaHOBMUTEJILHOK NUMEpHU3ALUU KETOHOB 10 TPUBHAILHO-
MY Ha3BaHHIO IMOJIA, MOAYyYalollerocsi U3 MNpOCTEiIero KeToHa —
aleToHa. B KayecTBe BOCCTAHOBHUTENSA OOBIYHO MCIMONB3YIOT ABYXBa-
JIEHTHBIE METAJUIbl — MarHui, UMHK WIK MX aMaJbrambl, B MajoIo-
JISIpPHOM anpoOTOHHON cpene — SeH3ole, TONyoJie, XJIOPUCTOM METH-
JIEHe, YTO CITOCOOCTBYeT NTUMEPHU3ALIMM aHHOH-PAHKAIOB:

2R/C=O 6eH3on R/C 0 ZMg .

KETHII

R _® R R
SC—0°) Mgt Depmamn Fwo ozt MO
R 2 R | | R gy
o. _O
R R Mg
- I D

Ha 3T0ji peakuiM¥ OCHOBaZH KNAaCCHYeCKHU MeTOI CHHTE3a IBYTpe-
TUYHBIX 1,2-KHOJNIOB, ONTMCAHHLIN B rmase 11 (cM. 4. 2).
AlMIOMHOBas KOHIeHCAUHs CIOXHBIX 3¢GHPOB 10 CBOEMY MeXa-
HH3MY nMono6Ha NHHAKOHOBOMY BOCCTAHOBJIEHHIO KETOHOB B TON Xe
cTelleHU, B KOTOpoi cloxHO3bupHas KoHxeHcauus KngitzeHa mo-
Ko6Ha anbaonabHON KOHASHCAMH . ALUHJIOMHOBass KOHIeHCallUs BKJIIO-
YaeT HECKOJIBKO CTaJMit, Ille nociaenoBarelbHO o6pa3yioTcss aHUOH-
paxMKansl U aHHoHBI. KOHEYHBIM NMPOAYKTOM 3Toif cBoeoOpasHoi
peakiMy¥ OKa3biBaeTcsl JHAHHOH 1,2-KeTOHAa — eHOHONAT, KOTOPBIA
rocJjie [IpOTOHHPOBAHUS IIPEBPAILAETCS B O.-OKCHKETOH, Ha3bIBaeMbIi
AIlHWIIOUHOM:
0,,.®
12 RCZD 4 Na —» R-CC OTNE wwon.
OC,Hs OC,H; paquiat

0..®
® _O°Na CoHsO OC,Hs
@ 2R—CZ AMMCDHIALNR R>(I:—I< I
OC,H;s © 6

Na Na
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Csz(;z gocz“s
R/

C —» R—C—C—R + 2C,HsONa;
(3) i éqo SR i ﬁ 2HsONa;
Na® ®Na
o2 _O°Ne®
(4) R—C—C—R + 2Na —»| | —
[ R—CO\
0°Na®
,Oe Na®
—_— —” AWaHMOH 1,2-AMKeTOHA
— CHIHOJIAT '
R—C. op® )
O\ @ 6]
—O N coon r—coH R—C”
)] I =35 I —_— R (I: AUMIOHH
R™C<00n:@ R=Cson [ ~OH

H

O0paszoBaHKe allWIOMHOB NMpHU BOCCTAHOBJIEHWM CJIOXHEIX 3GHpOB
anudaTuyecKux KapOOHOBBIX KMCIIOT HATPHEM B MHEPTHOM PacTBO-
pUTeie BnepBble HabmonanH byso ¥ binan B 1903 r.:

0] Na 1
4 —C—
prp; 0°C; 35 anch R—C (ISH (50-75%) .

~OCHs ou

RC

DTa peakuHs He HALLIA, OJHAKO, IPUMEHEHHUS B OPraHUYECKON XH-
MUH 10 Tex nop, noka lltous u Ilpenor B 1947 r. He NpUMEHUIH ee
IUISL CUHTE3a KapOOLIMKIHYECKHX COeNHHEHUI co cpemHuM (Cs—C,)
WIM GOJMBLIMM pa3sMepoM LIMKAA H3 au3PHpOB O, 0-IUKAPOOHOBBIX
KUCIIOT. ALIMJIOMHOBAs KOHIOEHCAIUsS SABJsSETCS NydlIMM ¥ HaubGosee
HalleXHbIM METONOM CHHTe3a UUKIHYECKHX COeIHHEHHH, comepXa-
KX BOCeMb U BoJiee aTOMOB yrjiepoja B uukie. Juadup o, 0-aukap-
GOHOBON KMCJIOTH B KHISILIEM KCWIOJE MNMEpeEMELIHBAIOT ¢ MEJIKO-
IUCIEeprupoBaHHbIM HATPHEM B TOKE aproHa — VIS MPpeOoTBPAlLeH Ust
OKHCJIEHUSI HATPHA H TPOMEXYTOYHO OOpa3yIolMXxcs aHHOH-pagu-
KaJIOB M THaHUOHOB. JJIS1 DOCTHKEHHSA YIOBJIETBOPUTENBHBIX BLIXOIOB
allMJIOMHOB TpebyeTcs Yype3BbIuaiiHO 3¢ GeKTHBHOE INepeMelliBaHue
co ckopocTtbio 3000—10000 06/MUH. ALHIOHHOBASI KOHJEHCALIUS He
TpebyeT NpUMeHeHUs] MeTOIA BBLICOKMX pa3baBieHMH WU JaeT Ipe-
KpacHble BbIXOAbl MAKPOIMKIKYECKUX ALIWIOHHOB nopsanka 90—95%
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JUIs LUKJIOB C MATHAAUATBIO U OONBIIUM YUCIOM ATOMOB yTJepoqa.
Haxe [Uist cpeqHUX IUKIOB BBIXOJBI 2-THIPOKCHKETOHOB penKko Obl-
BatoT HuXxe 50%:

I I Na cn _A=0
CH30—C—(CHy);~C—OCH; ——— o= (CHel | (96%);
,C—OH
H
0]
@)
cZocH; Na
—_— >
C\\_OCH3 keunon; 140°C
6] OH (66%).
JUMeTHNOBEH 30 Hp 2-0KCOLMKIIONEXAHON

cebaunHOBOH KHCIIOTHI

Jst inadupos HU3LHUX KAPOOHOBBIX KUCIIOT C al{IOHHOBOH KOH-
JeHcalMeil KOHKYpHpYeT ClIoXHo3(dHpHas KoHIeHcaus JJukMaHa npu
06pa3oBaHUH NSTH- W LeCTHYIEHHBIX IUKIIOB. JI1s aTIoNHOBOM KOH-
IeHcaluu TpebyeTcs no KpailHel Mepe 4YeTbipe SKBUBAJIEHTA HATPHs,
Torza Kak LIHKIu3anus no JIukMaHy ocyuiecTriseTcd Mol AedcTBUeM
OTHOTO 3KBUBAJIEHTA HATpUS WK oOpa3yrolilerocsi U3 Hero ajikorojisra
Harpus. [IpoBeneHue peakilMH B MPUCYTCTBMH TPUMETWIXIOPCUIaHA
MOJIHOCTBIO MOMABJIsieT KoHAeHcauuo JIMKMaHa U NMPUBOAUT K obpa-
30BaHUI0 6GUC-(TPUMETWICHIMILHOTO)-IIPOU3BOHOIO eHIHoNa, KO-
Topoe Mocie THAPOIN32a NPEBPAIUAETCS B AIIWIOKH. BTa METOUKA 3Ha-
YUTENbHO pacliMpHuyia 00JacTh MpPUMEHEHUS U CUHTETHUYECKHE
BO3MOXHOCTH aLIHIOMHOBOM KOHIEeHCallMU, IIOCKOJIbKY oOpa3loBaHue
O6MC-(TPHMETWICUIWIBHOTIO)~-TIPOU3BOOHOTO €HAMOJIA IIPeROTBpalla-
€T OKMCJIEHHEe EHIHOJISITA HATPHUs — caMOM ysiI3BUMOM CTaixuH 3TOM
YHUKAIBHOK peakiIMy. BT0 NMO3BOJISIET IIOBBICUTD BRIXOX ALWJIOHHOB U
CBECTH K MMHMMYMY NoGo4YHbIe npouecchl. Takas MoguduKaims aiu-
JIOWHOBOY KOHIEHCAlUMK CTajla B HacTosilliee BpeMst o6LUenpUHSTOMH:

O
0CH3 Na; (CHa)sSiCl
—_—

KCHI0N

i _OSi(CHs);

c~
el

C
(| —

Ce
OCH3 ~OSKCHs)

20 (0]
HO' B0 C Zn + CH;COQH c?
B0 |
Co
y’ “OH

// n=2-27
CH |
\CH2
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17.6. CONTPAXEHHOE INTPUCOENTUHEHUE EHOJAT-UOHOB
ITO MHUXABIIIO

CorpsxeHHoe NpUCoeIUHEHUE eHONAAT-HOHOB OTHOCHTCS K YHUCITY
HaHOo/ee BaXHbIX B CHHTETMYECKOM OTHOMIEHUM peakUHid o, 3-He-
HAachIIUEHHbIX KapOOHWIBHBIX coelMHEeHUX. BriepBbie nprucoenuHeHue
MaJIOHAaT-HOHAa K 2¢Upy KOpUYHON KHUCJOTh Habmonar B 1887 r.
A. Muxaanp, MO3TOMY 3TOT THII NMPHUCOENWHEHUS HYKJI1eO(HUIbHBIX
areHTOB Ha3blBaeTcs peaknueit Muxasns:

0 (&) C,H;ONa
CgHsCH=CHCZ + CH(COOC,Hs), —QHZOH >
OC,H;s
0
Va4
—_—— C6H5(I:HCH2C—OC2H5 (72%) .
CH(COOC;H;s),

IMepBoHavansHO peakuueit Muxasna Hassisand 1,4-nprucoenyHeHne
€HOJST-HMOHOB 1,3-11KapbOHUIBEHBIX COENUHEHHI K O, B-HeHaChIIeH-
HBIM KapOOHHJIBHBIM COCIUHEHHSM:

, B® 1
Rl—ﬁ?-CHz-ﬁ——R — R-—q=CH——ﬁ—R2 + BH;
0O o be
R—C—CH—C—R? + clcdc g
[e | ] I
H
| BH
== R—C— H—c—c';ilc-R3—~ R—C—CH—C—CH,—C—R’
5o & 5]
7 0 A°
‘< ‘<
R? R

Ob6pasyiouiics B pesyabrare 1,4-NpMcoeilMHEHUA €HONMAT-HOH CTa-
OMIM3MPOBAH 32 CYET NeJIOKaIM3alluM 3apaaa 1o KpaTHOI CBSi3H, Toroa
Kak IMponykKT 1,2-mpUcOeNUHEHUs He CTaGWIM3HpPOBaH COIpPSDKEHU-
eM. Otcloza cnemyer, 4To MpoaykT 1,4-npucoesMHeHUs TepMOAWHA-
MHuecKU bGonee crabuieH, yeM M3oMepHbI eMy NpoaykT 1,2-npHco-
eIUHEHHS.

B Hacrosuiee BpeMs 06;1acTh NpUMeHeHUs peakuuM Muxasns
3HAYMUTENBHO pacliupHiach 61arogapsi eHONAT-MOHAM KETOHOB H eHa-
MHMHAM B Ka4yecTBe HYKIEeO(HUIbHbIX areHTOB («1oHOp MuXas’is») u
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pasiUUHbIM O, B~-HeHAChIUIEHHBIM KETOHAM, anbIeruiaaM, CJIOXHbIM
abupaM, HUTpWIAM, HUTPOCOEAUHEHUAM U cyNbhOHAM B KayecTBe
TaK Ha3blBa€MLIX «aKLENTOpoB Muxass».

B cootBercTBUM ¢ npuHLMnoM 2KMKO, Msarkue eHonAT-HOHEI 1,3-
JNUKapOOHWIbHbIX COeIMHEHHIH — MajloHoBoro 3cdupa; 1,3-keToadu-
poB U 1,3-1uMKeTOHOB (HOHOPBHI MMXa3Jisfi) NMPUCOESUHSIOTCS K o, PB-
€HOHaM B 1,4-TToJIoxXeHHe, T.e. yBeAWYeHHe MATKOCTH HYKJIeo(pIIbHOro
areHTa cnocobCcTByeT conpsikeHHOMY TpHcoeIuHeHKo. [1pucoenune-
HUE eHONISIT-UOHOB |,3-TUKapOOHUIIBHBIX COEAUHEHUA U KETOHOB IIpOo-
BOIMTCA, KaK IIpaBWIO, B MPOTOHHOM cpele — 3TaHOJNE, KOTOpbIH
[IPOTOHHMPYET AaHHOHHbIH aJyKT ¢ 06pa3oBaHueM KOHEYHOTO TIPOAYK-
Ta CONpsDKEHHOTo mpucoeluHeHUsl. B kavecTBe OCHOBaHUS OOBIYHO
MCIIONB3YIOT 3TUJIAT HATpUS WM TPETUYHBIA aMuH. HuXe npuBeneHbt
HEKOTOPblE TUIMYHBIE NPUMEPBI IIPUCOEIUHEHUS EHOJSIT-UOHOB K Q, [3-
HEHACbIIIEHHLIM KeTOHaM, CJIOXHBIM 3(hHpaM M HUTPIIaM:

0
G,H,;0K
CH; CH.oH CH;
+ CH,=CH-C-C¢H - I ;
2 i o8 —we CH,CH,CCeHs
(64%)
CHs C,H,ON
CHy,((COOC,Hs)y, + C=CH-COOC,H;s —Cjﬁjo—;—>
CH3 25°C
CH;
CH;

A\
C-CHy COOC,H;
CH3/ CH(COOC,Hs) (70%) ;

t 2CHy=CH-C=N N,
Hy—C-CHy-C—CH, 7=CH- CHOH

0 0
NCCH;CHy,  CHyCH;CN

—=  CHy—CCC—CH;
O O
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C;H;ONa
(:6}{5———55-(:}{2‘?{“()(:2}{5'F(:6}{5(:}{=(:I{'ﬁf'(:6}{5 c&}k()H

o 0
I
CeHs—CH—CHyCCeHs
> CeHs—C-CH-C—OCHs  (93%) ;

0O
o o ¢
C-0OC,H; ©OH C-0OC,H;s
@N(C;Hs);CH,CeHs
+ CHy=CH,-C=N — ——» CH,oCH,CN -
JHOKCaH
(85%)

Haunbonee BBICOKHe BBIXOAbI NMPOOYKTOB B peakuMu MHXasns
Ha6IIONAIOTCS NPH UCTIONB30BAHHU EHONAT-UOHOB 1,3-THKap6oHHITb-
HBIX COeJHHEHHH B KayecCTBe HYKJIeODMIbHBIX areHTOB H CHJIBHBIX
aKUenTopoB, TakuX Kak akpuloHUTpun CH,=CHCN H HHTpO3TH-
JieH, COlepXallMX OTHOCUTENBHO MATIOPeaK IMOHHOCIIOCODHYIO IpyIl-
MHPOBKY. Bo MHOrHX ciy4asix ¢ npucoeIMHEHHEM 10 MUxaaso KOH-
KYpUPYIOT peakiuHHd KapOOHMIMETHJIEHOBON KOHAeHcauuH. Tak,
HarpuMep, WISt O, B-HeHAChIIUEHHBIX ANbIETUAOB H KETOHOB IIPUCO-
eqIUHEHHE MATTOHOBOTO 3dHpa WIN MATIOHOHUTPHIIA IT0 MHUXa3/io KOH-
KYpHUpYeT ¢ 06bI4HO# KoHaencalHeih Kneenarens. [IpucoenuHeHue
€HOJIAIT-MOHOB KETOHOB K O, B-HemnpeneJbHEIM KETOHAM B CIIMpTe Xa-
pakTepusyeTcsi He OYeHb BBLICOKHUMU BBIXOJAMHU AQAYKTOB, a MpuUMe-
HEeHHEe CHWIbHBIX OCHOBAaHHMN WIH OoJiee XeCTKHUX YCJIOBHIH CIIOCOO-
CTBYET TOJILKO MPOTEKAHUIO NMOBOYHBIX peakliHil KOHAEHCALMH.

17.7. AHHEITUPOBAHHME 110 POBHHCOHY

Peakuusa Muxasnst B co4eTaHUU C aNbIOALHOM KOHAEHCAllUeiH
NpPUMEHMMa Ul MOCTPOSHUS LUECTU3IBEHHOIO LMKIA, KOHIEHCUPO-
BaHHOTO C APYTUM LIMKJIOM. DTa HOCJIed0BaTeIbHOCTb NPeBpAlIESHHUH,
IMOJy4MUBILasi Ha3BaHUe aHHeNupoBaHUs* Mo PobHHCoOHyY, UIpaeT
UCKITIOYUTEIBHO BAaXHYIO POJIb B CHHTE3€ CJIOXHbIX HOJUUIMKIHYeC-
KMX COCIMHEHHH B psilly CTEPOHIOB H TepreHOUIOB.

IlepBas cragusi aToro rnpouecca MpeacTapiseT coboit oGpiYHOE
COTIpSIXEHHOEe TIpUcoeaMHeHHe No MHXas3Iio €HOMAT-UOHA LIMKIH-
4YEeCKOro KeTOHa K O, B-HeHachlllleHHOMY KeToHy. O6pasyiouiicst pu

*anula (nat.) — XonbLo.
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aToM 1,5-IMKeTOH Jajiee MoaBepraercd BHYTPUMOJEKYISAPHON alb-
JOONBHOM KOHJIEHCALIUU, [TPUBOJAILEH K MOCTPOEHHUIO 1LIECTHYNEHHO-
ro KOJbl[@ HEHACHILLIEHHOTo OHUIIMKIMYECKOTrO KETOHA, HATIpUMEP:

CH,
CH; (“) C,H;ONa
CQ + CH,=CH-C-CH; —?ﬁ—f;%*—‘—» L —
o o]0
CH;

C,H;ONa KoH
CHOH_
-10C (n 100°C d;\AL €%

B kauectBe IIpeBOCXONHOM WLTIOCTPALIMM MPAKTHYECKOTO UCIIONb30-
BaHHA AHHEAMPOBAaHUA 1O POOGMHCOHY MOXET CHYXHUTb KIIOYeBas
CTagUsi CUHTE3a KEHCKOTO ITOJIOBOI'O TOPMOHA 3CTPOHA!

F (0]
| H,C OCHOBAHHE
o) +
CH;0 o

aK1enTop JIOHOp
Muxaans Muxasna

H,C Q H,¢ ?

DI o
CH,0 CH,0

MIPOOYKT AHHEIHPOBaHMsA
no PobuHcoHy

Hc §

1) uMkM3aIMA
2) peMeTHIMpoBaHe

HO
3CTPOH

DTOT MeTOo[I UCTIONB3YeTCs psiioM dapMalieBTHYECKUX GUPM IS TIpo-
MBILUIEHHOI'O TIPOM3BOICTBA SCTPOHA.
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B kadecTBe Apyroro npuMepa MOXHO IIPHBECTH MOCTPOEHHE TET-
PaLMKIMYECKOM CHCTEMBI, POJACTBEHHOM IO CTPYKTYpe CTEPOUIHBIM
KETOHAM:

OCH; OCH;

CH;CH;CCH=CH2
CH;OH S

—H,0
H,C

17.8. PEAKTIIMH COIIPAXKEHHOI'O ITPUCOETNHEHUSA
C YYACTMEM EHAMMHOB

B peakiruu conpspkeHHOIo NpydcoefMHeHUs o Muxasiio B Kave-
CTBe HYKJIeOWIBHBIX ar¢ HTOB BMECTO €HONSIT-UOHOB MOXHO HCIIONb-
30BaTh eHaMUHBIL. [TonydeHue eHAMUHOB NIPU B3aMMOIEHCTBUM KETO-
HOB CO BTOPMYHAIMM aMHHaMH ObUIO OMMCAHO paHee B IpenblIyIIei
riage. ITo cBoeit 31eKTpOHHOM KOHGUIYpaUMM eHaMHHBI M303JeKT-
POHHBI EHONAT-HOHAM:

N ~._ &
oo>c=eC == =,
o)
©
Neec? e 027
R,N” ~ II ~
- @NRZ

IIpuHuMas Bo BHHMaHue 3ty aHanoruio, JAx. Ctopk (1954 r.) pac-
LUMPHUA CHHTETHYECKHE BO3IMOXHOCTH COMPSKEHHOro IMpHUCOeIHHEe-
HUA Muxasns K o, B-HenpeneabHbIM KETOHAM, 3aMEHUB €HOJISIT-HOHBI
Ha eHaMHHBI B KayecTBe HykineoduabHbix areHToB. Peakuus Cropka
BKJIIOYaeT TpH cramuu: 1) oOpazoBaHue eHaMMHA U3 KETOHA U BTO-
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PUYHOTO aMMHA, KAaTUIM3UPYyEMOe KUCJIOTOM (cM. ri1. 16); 2) npucoe-
JMHEHHUE eHaMHHa K O, 3-eHOHY; 3) rmaposu3 NpOoAYKTa MpHCOenH-
HeHust go 1,5-nukeToHa.

TpucoenuHeHne eHaMHHOB M0 CTOPKY BHITONHO OTJIHYAETCH OT
NpUCOeUHEHUS EHONAT-UOHOB B TOM OTHOIUEHUH, YTO He TpedyeT
KaTalu3a OCHOBAaHHEM M TPOMCXONMT B COBEpILIEHHO HEMTPaNbHBIX
ycaosusix. [1pu BeiGope ONTUMAIBHOIO peareHTa CONpsKeHHOTo IIpH-
COeJIMHEHUSI MEXIy €HONSAT-HOHAMM KETOHOB M e€HaMHMHAMHU Mnpel-
NoYyTeHHe clelyeT OTIATh eHaAMMHAM Kak 0ojiee YHUBEpPCAIBHOMY pe-
areHTy, cBoafiueMy K MHUHUMYMY BKJIag NOOGOYHBIX NPOLIECCOB
KOHIeHcalluyu KapOOHWIbHBIX cCoeAMHeHUI. B KayecTBe nmpuMepa npH-
BEIEHO MPUCOeIMHEHHEe eHAMHHA HUKIOreKCAaHOHA K MEeTHMJIBUHMI-
KeToHy (3-OyTeH-2-0Hy), npuBoaslluee K 1,5-AMKETOHY:

n- CH3C6H4SO;H

. ; 110°C
S TOTyON o
(UF - enfertgren, =21 KT |-

CH,CH-—=CCH,
e l|

a H,0" o HN
R0 +H, C\
CH,CH, CCHS CH2CH2—ﬁCH3
o

(71%)
1,5-nmkeron

HcxonHble eHaMMHBI 11€1€c000pa3HO NMOAYYATh IPH B3aHMONEHCTBHH
KeTOHA U BTOPHYHOTo aMUHa B MpUCYTCTBUH TiCly Kak KuciaoThl JIbio-
UCd, B OYEHb MATKHX YCIOBHUSX:

Il CH,Cl |
1 -C—TR2 2, —_—C—
R*CH;-C—R” + 2R;NH TiCl,, 0°C R CH (|22 NR, +
R

©
+ RNHOCP + TiO, .
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BMmecTo o, B-HeHachlLeHHBIX KETOHOB B peakuuu Cropka MoryT
6bITh MUCMNOJB30BAHBI TAKXKE O, B-HeHACBIIUEHHbIE CAOXHBIE 3GUPHI U
HHUTPHIBL. 3TH peaKLMH OTKPBIBAIOT NMYyTh K CHHTe3Y 3GUPOB U HUT-
PHUJIOB 5-KETOKHUCJIOT:

e JHUOKCAH
+ —CH-( —
%@ CH~CH~C-OCH, S22
0
H,0* ®
— 0 Qe 0
CH,CH,~COCH, CH,CH,~COCH, '
0

(73%)

EHaMUHBI MOAOOHO €HONMAT-HOHAM MoaBepraiTcs C-aIKWIHpo-
BaHHIO U C-allMJIMPOBAaHHIO IO CBOEMY [3-yriiepoJHOMY aToMy:

TG
CH,CH
<:Z)Cﬁ CH,=CHCH,Br; CHCl, C&ng@ H,0*
60°C - H,0
Br®
T
CH,CH
(2]
—_— o + HZNG
(66%)
N\/j CH,(CH,),C(0)C}; (C,H,);N I%C‘
CHCl, 0Nz "
C: Cl
(CH,),—CH,
o
SC(CH,),CH,
H,0* ® ®
o~ 0 + HzNCI + RH(C,H),cP
1,3-aMKeToH
(70%)
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EHaMuHBI B 3THX pPEaKIIUsIX (baxmqecxn BbITTOJIHAIOT POJIb CHHTETH-
YeCKHX SKBUBAJNEHTOB eHOMAT-HoHoB. Kak yXe ObL10 CKa3aHo paHee,
3TUM TEPMUHOM B COBPEMEHHOH OpPraHUYecKom XUMHUU 00OBeNUHSIOT
IIBA POACTBEHHBIX Kj1acca COeAUHEHMU, B3aMMO3aMEHIEMBIX IpH pe-
amTu3alMu OAHOr0 M TOro XK€ XUMHYECKOro npeBpalucHHUs.
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KapGoHOBBIE KHCIOTBI COOEPXKAT GYHKIIMOHANBHYIO KapOOKCHIIE-
Hylo rpynny COOH, cBA3aHHYIO C paAMKaJIOM WJIH aTOMOM BOAOPO-
Ia. Huxe npuBeneHs! JIMHBL CBA3ei M BAJIEHTHEIE YI/IBI B MYPDaBbHU-
HOM U YKCYCHOM KHCJIOTaX:

H\ _ H,C\ _
~C=0 _C=0
0 o
H \H
HCOOH CH,COOH
naEEA cBu3H, A BAJICHTHMH YTO1, AmHa cam3E, A BANCHTHRIEH yTON,
rpan rpan

Cc=0 1,202 | H-C=0 124 c=0 1,25 C-C=0 119
C-0 1,343 | 0—-C=0 125 Cc-0 1,31 0-C=0 122
O-H 0,972 [H-C-0O 111 O—H 0,95 cC-C-0 119
H-C 1,097 | H—0-C 106 c-C 1,52

BenuyuHe!l BaneHTHBIX yraos, Gnuakux K 120°, u rutockuis xapakrep
KapbOKCWIBHOM IpyNmnel yKa3biBaeT Ha spz-xapaxrep rHOpHUAU3aLIMU
yraepoga COOH-rpynnel. He npunuMaloiasa yyactusi B rubpuauaa-
LK p-opOMTAIb aTOMA yIJIepona M p-opOHTaNb KUCAOpOAa O0pasyoT
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Ou3nIecKne CBOKCTBA KapOOHOBLWX KHCNOT

Tabauua 18.1

Temnepa- Temmepa-
Kncaora Dopmyna TYPa TYPa IInoTnocTs,
nnn_n(e:mn, Kunenus, ‘C r/mn
MypaBbHHas HCOOH +8,5 101 1,22
YkcycHas CH;COOH +16,5 118 1,05
[1ponuoHoBas CH;CH,COOH =21 141 0,99
Macnsinas CH;CH,CH,COOH -6 163,5 0,96
H3omacasHas (CH;),CHCOOH —46 154,5 0,95
Banepuanopas CH,(CH,);COOH -34 186 0,94
Kanpoxosas CH;(CH;)4COOH -4 205 0,93
DHaHTOBas CH;3(CH,)sCOOH -7.5 223 0,92
Kanpunosas CH;3(CH)¢COOH 16 240 091
INenaproxopas CH,(CH,);COOH 12 254 0,90
Kanpusosas CH3(CH,)3;COOH 31,5 269 0,88
INansMHTHHOBAS CH,;(CH,),,COOH 64 390 0,85 npu
65°C
CreapuHoBas CH;3(CH,),sCOOH 71,5 376 0,84 npu
80°C
LluxknorexcaH- unxnoCgH,; COOH 31 232 1,05
xapGoHoBast
Axpunosas CH,=CHCOOH 13 142 1,05
OsenHoBas CH,(CH,),CH 16 286 0.89
COOH(CH)CH
Tponuonosas HC=CCOOH 18 144 1,13
PennnykcycHas C¢HsCH,COOH 77 266
BeHaoliHas CsHsCOOH 122 249
o-Tonyunosas 0-CH,C¢H,COOH 105 258
»-Tanywnosas »#-CH,C¢H,COOH 110 263
n-Tonywnosas n-CH;C¢H,COOH 182 275
n-XnopbeH3otHas n-CIC¢H,COOH 242 -
n-Hurpobensoinas n-NO,C¢H,COOH 242 -
Canuumnosan 0-HO—C¢H,COOH 259 -
AHTpaHWIOBas o-H;N-C¢H,COOH 246 -
LlaBeneBast (COOH), 189 -
ManoHoBas CH,(COOH), 135 -
SIHTapHas HOOC—~(CH,),—COOH 185 -
I'nyraposas HOOC(CH,);COOH 97 200/200Mm
AavnuHoas HOOC(CH;)4COCH 153 265/100Mm
Oranesas 0-HOOC-C¢H,COOH 213 -
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T-CBA3b MOZOOHO TOMY, KaK 3TO MMEET MECTO BO BCeX KapOOHMJIb-
HBIX cOoeHHeHMAX. [Be CBs3M yriepojga U KMUCIOpoAa B MYpaBbH-
HOM, YKCYCHOM M JpYTrUX KHUCJIOTax Mo AAMHE pa3judHBI, YTO COOT-
BeTcTBYeT opManbHO ABOIMHON M mnpoctoit cBA3u. B TBepaoM u
XXUIKOM COCTOSIHHHM M JaXe B Mapax xapOoOHOBble KUCIOTHI Haxo-
JATCS B BUIE XUMEPOB, Ile OHU CBA3AHBI ABYMS O4YeHb NMPOYHLIMU
BOJOPOAHBIMM CBSI3SIMM.

o e m— H-0
< 4 N
2RC R—C C—R
SoH TO-H--ee- 0”
L 267A

Oueprust AMMepH3aLMK B rasoBoif ¢ase UL MypaBBMHON KHCIOTHI
BECHMa BEJHKA M COCTaBJIfe€T NpUMepHO 14 KKan/MoJb.

18.1. HOMEHKIIATYPA

Inst KapOOHOBBIX KHCIOT CYILIECTBYET ABE paIMYHBIX HOMEHKIA-
Typbl. MHOrHe KapGOHOBbIE KHC/IOTHI UMEIOT TPUBHAJIbHEIE HAa3BaHUA,
CBsI3aHHBIE OOBIMHO C KAKUMH-JIHO0 CBOMMH NPUPOJHBIMH HCTOYHH-
kamu. CornacHo HoMeHknatype MIOTTAK, kapboHOBbIE KHCJIOTHI HMe-
IOT OKOHYaHHeE «OBaf».

st Ha3BaHMs 3aMeLLeHHBIX KApOOHOBHIX KHCJIOT BEIOHPAIOT HaHU-
CoJsiee IUTMHHYIO LiefNb, 00s3aTeNbHO CONEPXKAILYI0 KapOOKCHIBHBIM
aToOM YIJlepOfia, KOTOphIil onpeldensieT Hadyajgo HyMepaluu U HUMeeT
NnepBBIt HOMEP:

8 7 6 5 4 3 2 1.0 3
) ) - _Par_ _ -THAPOKCH-5-METHII-
CH,-CH,-CH,-CH-CH,-CH-CH, C\OH oXTANOBa KHCNOTA
CH, OH

6 5 4 3 2 |

CH;-CH-CH-CH-CH,-COOH 3-6pom-4,5-aumeTvwireKcaHoBas
fr 4 KHCTIOTa
CH3 CH3 T

Jst TpUBHANBHBIX Ha3BaHUI 3aMelLEHHBIX KapOOHOBBIX KUCIOT 1IM-
POKO HCNOAL3YIOTCSE 0603HAYE HUST 3aMECTHTee rpeyecKUMH OykBa-
MK Q, B, Yy 1 T.I.

0
CH,CH,CHCZ

Cl OH

OL-XTOPMAC/IAHAA KUC/IOTA,
win 2-xnropGyraHosas
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y-beHHNMacnsHas,

o
=
@—CHZCHZCHzc\ OH wiK 4-¢peHnnbGyraHoBas KUCIOTA

,H,JI}I DHKIHAYECCKHX KapGOHOBbIX KHCJIOT MOXHO NPUMCHSATD U APYTylO
HOMEHKNATypy, B KOTOpOﬁ KHCJAOTbl HOCAT HAa3BaHHE LMKIIOAJIKAH-
Kap60HOBbIX KHUCJIOT, HanpUMeEp:

COOH

o

LIMKJTOrecaHKapOGoHoBas

KHMCoTa

a
CGCOOH
Br

Homenxnarypa KapboHOBBWX KHCJIOT

COOH
(Nen,
1 -MeTMILIMKJTOTIEHTAaHKAPGOHOBAs
XUCnoTa

1-6poM-2-xi1opLMKIoneRTaHKap6oHoBast
KHMCII0Ta

Ta6bnuua 18.2

Coenmaenne TpaBEANLHOE HAIBAHRE Hassamme HIOTIAK
HCOOH MYypaBbHHas MeTaHoBast
CH;COOH YKCYCHast 3TaHOBas
CH3;CH;COOH NpONHOHOBas MpOTaHOBast
CH;3;CH,CH,COOH Mac/isiHas 6yraHoBast
CH1(CH;);COOH BajlepHaHoBast NEHTaHOBast
CH3(CH,),COOH KanpoHoBasi rekcaHoBast
CH3(CH,)sCOOH 3HaHTOBas renTaHoBast
CH3(CH,)¢COOH KaTipujioBas OKTaHOBas
CH3(CH,),COOH nielaproHoBast HoHaHoBast
CH;3(CH;)sCOOH KanpHHoBast JleKaHoBast
CH3(CH,),COOH JlaypuHoBas JloleKaHoBast
CH3(CH,)1,COOH MMPHCTHHOBas TeTpaficKaHOBas
CH3(CH,),4,COOH naJibMUTHHOBasA rexcaneKaHoBas
CH3(CH,),COOH cTeapuHOBas OKTaAcKaHoBast

Jincconnauun KapOoHOBHIX KMCIOT

KapOoHOBbIE KHUCJAOTBI OTHOCATCS K CHabbIM KHcioTaM c¢ pKk,
okoso 5. [Ins ykcycHo#t kucnoThl pK, = 4,74, Y4TO COOTBETCTBYET CTe-
NneHu Auccouuauuu nopsaka 1% B 0,1 M BogHoM pactBope. XOTs
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KapOOHOBbBIE KHCIOThI ropasno cinabee, yem HCl, HBr, H,SO, u ap.,
OHM 3HAYMTEJIBHO NPEBOCXOHAT MO CMNOCOOHOCTH K AUCCOLMALIMH
CIIMPTBI, @ YKCYCHasi KMCJIOTa MO KOHCTaHTe aMccouuauuu B 10'!
MPEBOCXOAUT 3TAHOJ.

Ilpu auccoumanmuu cnupra obpasyercsi AIKOKCHI-HOH, B KOTO-
POM OTpHLIATEBHBIIA 3apAl JOKATH3OBaH HAa aToMe Khcaopona. B xap-
6okcuaaT-uoHe, obpasymoiueMcs NpH AUCCOLMAUMU KapOOHOBOM
KHUC/IOTHI, OTPMLIATENIBHBIN 3apsiy AeIOKAIM30BaH B paBHOM Mepe MexX-
Iy oOOMMH aToOMaMM KHMCIOpOA:

(0] 0o
R—C< — R——C»</\:9 + H®.
OH : (6]

OnucaHue cTpoeHHs KapGoKcHiaT-HoHa B paMKkax Merona MO naer
npocroe o6bACHEHHE 3KBUBAIEHTHOCTH ABYyX C—O cBsA3eit: p-opou-
Talb yriepola B KapOoOKCHIaT-HOHE NepeKphiBaeTcsi B paBHON Mepe
C p-OpOHTANBIO KAaXJIOTO aToMa KMCIOpoAa TakKMM oOpa3oM, 4To ye-
TeIpE p-3NeKTPOHA JeNMOKATHUIOBAHEBI HA TPEXLEHTPOBOM T-3JIEKTPOH-
Holt cucteMe. PaBHOLIEHHOCTD JIByX aTOMOB KHCJIOpola B KapOOKCH-
JlaT-HOHE MOXeT ObITh TaKXe BblpaXeHa C MOMOINbI0 W3OTHYTHIX

(e
crpenok: R—-C3 WM ¢ MOMOLUBIO ABYX 3KBUBAJIEHTHBIX IPAHHY-

GO

HBIX (pOpMYIL:

Oe
e
R-C

0
&
R-C
~o®

JaHHble PUINYECKMX H3MEpPEHHI TAKXKe YKA3bIBAIOT Ha JIeJOKATH3a-
L(HIO 3apsaja B KapbokcunaT-uoHe. B dpopMuar-uone 06e C—O-cBsa3u
paBHBI 10 MJIHHE, W ITMHA 3Toi cBsi3u 1,27 A okasnliBaeTcst mpoMme-
XytoyHoit mexay C=O csaspio (1,20 A) u C—0O (1,34 &) B camoii
MYpPaBbMHON KHcCJIOTE.

B TaGnuue 18.3 npuBeneHbl 3HaYeHUs pK, i psaaa KapOOHOBEIX
KHCIIOT B BoLe npu 25°C.

U3 gaHHbIX, npeacTaBieHHBIX B Tabn. 18.3, caenyer, 4yro 3aMe-
ILeHHBble KapGOHOBBIE KMCJIOTHI OYEHb CHABHO pa3IMyaloTcs Mo cBoei
cwie. TpudTopyKcycHas KHCIOTA MO KOHCTaHTE AUCCOLMALIMHM IIpe-
BOCXOMUT YKCYcHY10 kuciaory B 50 000 pas. Ilockonbky amuccouuanus
KapOOHOBBIX KMCIOT oOpaTHMa, Jo6oit ¢akrop, cTabuiIH3HpYIOWHA
KapGOKCHIAT-UOH OTHOCHTENBHO HEIUCCOLIMHPOBAaHHOM GOPMEI, OOJ-
KEH NPUBOIMTH K YBETHUEHHIO KUCIIOTHOCTH, T.€. K YMEHbILIEHH!IO pK,.
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Ta6amua 183
Bennunum pK, HeKOTOpBIX KapGoHOBmX KHCROT B BoAe nps 25°C

Kncaora pK, Kncnora pK,
CF3COOH 0,23 | n-FC¢H,COOH 4,15
CCI13COOH 0,64 | »-CIC¢H,COOH 4,00
CHCIL,COOH 1,26 Jn-BrC¢H,COOH 3,96
CH,;NO,COOH 1,48 >-COOH 4,83
CF380,CH,COOH 1,88 Q—COOH 4,99
CH3S0,CH,COOH 2,36 O—COOH 491
NCCH,COOH 2,47 JHCOOH 3,75
CH,FCOOH 2,59 JCH,COOH 4,74
CH,CICOOH 2,86 JCH;CH,COOH 4,87
CH,BrCOOH 2,90 jCH;CH,CH,COOH 4,81
CH,ICOOH 3,18 JCH;CH(CH;)COOH 4,84
CH,0OHCOOH 3,83 J(CH,3);CCOOH 5,03
CgHsCH,CH,COOH 4,66 JCH3(CH;)¢COOH 4,89
CH;C=C—COOH 1,84 JC¢HsCOOH 4,20
HC=C—-COOH 2,62 Jn-CH;C¢H,COOH 4,37
CH;=CHCOOH 4,65 Jo-CH;C¢H,COOH 3,91
CH3CH=CH—COOH (mparc) 4,68 |m-CH,C¢H,COOH 4,25
CgHsCH=CH—COOH (mpatc) 4,44 [n-1CgH,COOH 3,9
0-CH3;0C¢H,COOH 4,08 Jo-O,NCgH,COOH 2,17
M-CH30C¢H,COOH 4,10 Jm-O;NCgH,COOH 3,46
n-CH30C¢H,COOH 4,50 |n-O,NC¢H,COOH 3,43
#-(CH3)3CC4H,COOH 4,20 | C¢FsCOOH 1,75
n-(CH,);CC¢H,COOH 4,38 ]2,4,6,-(NOy);CsH,COOH 0,65

Hecrabunuszanua xKapOOKCHIAT-HOHA JOJKHA NPUBOTUTHL K YMEHb-
LUIEHHIO KMCIIOTHOCTH U, CIAeI0BAaTENbHO, K POCTY BeauMHbI pK,. Diek-
TPOHOAKIENTOPHbIE 3AMECTHUTENH YBEJIMYKBAIOT KHCJIOTHBIE CBOMCTBA,
a 3JEKTPOHONOHOPHBIE AIKWIBHBIE IPYIINb [MOHMXAIOT KUCIOTHBIE
cBoiicTBa. Bce MOHO-, IU-, U TpUTANOreH3aMellleHHbIe IPOU3BOJHbIE
YKCYCHOM KMCJIOTHI [IPEBOCXONAT €€ MO KOHCTAHTE TUCCOLIMALMHU, B
TO BpeMs KaK NMpONHOHOBAas, MacisiHasA, BajlepUaHOBasA U TPUMETHII-
YKCYCHas1 KUCJIOTHI SABISIIOTCS Ooee cnabbIMU, Y4eM YKCyCcHasi KMCJIO-
Ta. UHTepnpeTrallusi JaHHBIX 10 U3MEHEHHIO KUCJIOTHOCTH KapOoHOo-
BbIX KMCJIOT OCHOBBIBaeTCsl Ha MHIYKTUBHOM 3¢ddeKkTe 3aMecTUTeNEIH
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(rn. 2, 4. 1). 3aMecTutenu, obaagaroiume -I-addexkrom, cTaOUIUIU-
PYIOT KapOOKCHIAT-HOH, YTO HENMOCPENCTBEHHO OTPaXaercs Ha 3Ha-
yeHUH pK, COOTBETCTBYIOIMX KHCIOT. MHOyKTUBHBINH 3¢ dekT 3aMmec-
TUTEJISI 3aBUCHT OT PACCTOSHHUA MEXIY 3aMECTHTEJIEM U PeaKilHOHHBIM
UeHTpoM. BiusiHMe aToMa rajioreHa yMeHbIIaeTCs 10 Mepe TOro Kak
OH ynansieTcs oT KapGOKCHIIBHOM rpynnbl. TO HAIJIAIHO MOXHO IPo-
JNEMOHCTPHPOBATh Ha NMpUMepe XJI0pOyTaHOBBIX (XJIOpMACIAHBIX) KHC-
J0T. 2-XnopOyraHoBasi (o-xiopMacisiHas) KucioTra uMeeT pK, 2,86,
Toraa Kak Juig 3-xnopOyraHoBoit (P-xiopMmacasiHoit) pK, Bo3pacTaeT
o 4,05; a pK, 4-x10p6yTaHOBOI (Y-XIOpPMACHSIHON) KMCAOTHI PABHO
4,52, yTto o4yeHb 6sU3Ko K pK, caMoft MacnsHoit xucnotsl (4,81). Ilo
TOHM Xe NpUYMHE BCe Hepa3BeTBACHHbIe KapOOHOBbIE KHUCJOTHI, CO-
Iepxaiuye Gosiee IATH aTOMOB yIJiepola, UMEIOT oYeHb OTM3KHe KOH-
CTaHTHI AUCCOLHALIMH.

18.2. ITIOJTYYEHHE KAPBOHOBBIX KHCJIOT

B aTom paspene, Kak HEpelKO AeJaNoCh paHee, OyneT npuBeleHa
TOJIBKO KpaTKast CBOLKA OCHOBHBIX METOMIOB IOJyYEeHUs KapOOHOBBIX
KHCJIOT.

1. Okuciienne nepsuaHbix cnuMpToB (ri. 11).

TlepBUYHBIE CTUPTHI OKUCAAIOTCS N0 KApOOHOBBIX KMCJIOT pea-
reHToM JXOHca WM TMEepMaHTaHATOM Kajiusi B KHCIAOH WIM HeMlT-
paJibHo# cpepe:

CH,CH KMnO
3 7S CHCH,0H—go == CH,(CH,);CH-COOH .
CH,(CH,))¢” X ]
(74%)
Cr0,~H,0-H,50,
CH,(CH,);CH,0H & CHy(CH,);COOH (93%) .

alleTOH

2. Oxkucaenne anpaernaos (ria. 16).

Insi OKHCIeHHs albIeriaoB HCIOJb3YIOTCS 9TH Xe& pPeareHThl, a
TaloKe OKCHJ cepebpa. AJUTIIOBbIE CTUPThI H3OUPATENbHO OKUCIAIOT-
csl O ¢, P-HeHACHILIEHHBIX KHCJOT CMEeChl0 OKCcHAA cepebpa U nua-
HHupa Kanusa 6e3 uaMeHeHHs KoHGUTIypallMu NBONHOM CBS3U:

KMnO,; H,SO,

CHy(CH)sCHO — 5

CH;3(CH,)sCOOH (78%) .
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()—cHo 22— A"”ZO KCN (_)-cooH (18%).

Sec-CHOH AgO KON H.  COOH
R™ H HO — RTT Ny

3. Iucnponoporonnporanne axpaernaos no Kannunnapo (ra. 16).

JTa peaKkiuud, B NpUHLUHUNE, MpUMEeHHUMA VIS NOJTYYEHHUSI apoMa-
THYECCKH X KHUCJIOT.

2(O)-cno—KOoH COOH + CH,OH .
crmpr-Boaa; 100°C

OH OH (94%) OH (94%)

4. OxHClIeHNe KeTOHOB J0 CHOXHBIX 3¢upoB (peakuus Baiiepa—
Buanurepa: ra. 16).

Or1a peakuMs HAXOAUT OYeHb OrpaHUYEHHYIO 067acTh MPUMeEHe-
HUS IU1S1 OKKUCIEHUS CHMMETPHUYHBIX KETOHOB MM METUIKETOHOB IOJ
IelCTBUEM MEepKHCIOT.

CF,C0, 9 NaOH 9
CH,CH,COCH,CH, Tzc’ CH;CH,0-C — CH;CH2C
& CH,CH, ON

(78%)
5. I'anodopmuas peaknus 1% MeTHIKeToHOB (ri. 17).

Br, + NaOH

RCOCH; " RCOONa + CHBr; .
COCH; _ NaOH; Cl, _ COOH
“TT®-soma; 70°C + CHQ, .

(87%)

6. OxHeMTENBHOE pACIICIUICHHEe AMKeHOB (L. 5).

AJIKeHbI, UMeIoLIMe NPU IBOHHOM CBSI3M OAHH aTOM YILNEpOna,
MpH OKMCIHUTENBHON AECTPYKIHHU AAIOT KapOOHOBbIE KUCIOThIL. PaHb-
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l1e AJI 3TOM NeJIK UCIOAb30BAIM NEPMAHTAHAT KUTUA UM BuxpomaTt
KU B KHCJIOM cpeae, OAHAKO BbIXOAbl KapOOHOBBIX KHCJIOT MPH
3TOM 6bUIM HeBblcoKHe. COBpeMeHHBbIA METON OKHCIHTENBHOM NecT-
PYKUHMHM QIKEHOB OCHOBaH Ha MCMOJb3OBAaHMM CMECH IlepMaHraHarta
KaJIust U MepuoaTa HaTpUsA B BOOJHOM aueTOHE B HeATpalILHOI cpene:

KMnO,; NalO,

1 2
eisom~ R'COOH + R?COOH .

R!ICH=CHR?
Kaxnaplii U3 3THX peareHTOB BBIMOJHAET CBOIO hYHKIIHMIO: NepMaHTa-
HAT OKUCJISET ATKEH A0 BULIMHAILHOIO AMOJA, a MepUONaT OKUCISIET
IMon no KapOboHoBbIX KUcHOT. JIs peakiiui TpeGyIOTCs THIUL KaTaH-
THUYECKHE KONMYECTBa IlepMaHraHarta, TaK KakK HM30bITOK MepuogaTta
BHOBb okucasieT Mn** go Mn*?. Metox oTiHuaeTcst oueHb BHICOKOI
CeJIEKTUBHOCTBIO.

KMnOQ,; NalO,
TpeT.-6yTnoBsii criupr-poaa; 10°C

CH,(CH,);C=C(CH,),COOH
H H

—= CH,(CH,),COOH + HOOC(CH,),COOH .
(100%) (100%)

Hdpyroif pa3HOBUAHOCTHIO OKHCIAUTENBLHON NECTPYKUMH AIKEHOB SIB-
JisieTcsl OKUCAeHHWe NMEepPMaHraHaToM KaJUs B yCJIIOBUSIX MeXdasHoro
KaTaJiu3a COJISIMH TeTpaaKUIaMMOHUS:

KMnO,

popa-6enzon; 20°C
N(C,H,)? Br®

R!COOH + R*COOH .

R!CH=CHR?

KMnO,

Bopa-Benzan; 20°C
N(C,H,)? Br®

CH;(CH2)7CH=CH2

CH,(CH,);COOH (91%) .

7. Oxucnenne aKkni6eH30108 M APYTHX ankuaapenos (ra. 12, 1. 2).

3rto Haubojiee pacnpocTpaHEHHBI MeTON CHHTEe3a apoMarHyec-
KHUX Kap6oHOBbBIX KMCJIOT. IlepBUYHbIe H BTOPHYHbBIE AIKMIBHbIE TPYII-
TIbl, MPUCOEeAUHEHHbIE K OEH30JIbHOMY KOJBbLY, OKUCISIOTCS 10 Kap-
GokcuabHO# rpynmbl. B KayecTBe OKHCAUTENS IPUMEHSIIOTCS BOAHBIH
ILEJOYHOM WIH HEHTpAIbHBIN{ pacTBOpPbI MEepMaHraHara Kaius, 6u-
XpoMmara HaTpusl B KMCJIOM cpele WM BONHAas a30THasA KUcioTa. Bol-
XOJIbI KApGOHOBBIX KUCIOT KOj1eOTI0TCS B BECbMa IUMPOKHX Npeaenax.
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KMnO _ KMnO, _
om—(()-cn3 o 10C 0,N~()~COOH (88%).

CH; Na Cr,0, COOH
CH3 BOI[:.; 250°C COOH (®7%).

[TepMaHraHaT Kaausi MOXHO TepeBeCTH B pacTBOp JaXe B HENoisfp-
HOM cpene C IIOMOINBI0 KOMIUIEKCOOOpa3oBaHMA KATHOHA Kajausa C
18-kpayH-6-nonusdupoM.Takum obGpazoM B GeH30J€ MOXHO MOAY-
YUTh CTAOMJBHBIA PAcCTBOpP NMeEpMaHraHaTa KajlMs C KOHLIEHTpauueH
0,06 M, xoTopblif Ha3bIBAETCSA «MYPNYPHBIM GEH30I0M». TOT PacTBOp
[JagKO OKMUCIISAET aIKMIGEH30/bl JO KapOOHOBBIX KHCIOT:

KMUO4
©-cH ©rcoon (18%).
’ 6: 20°C

Genson; 18-kpayH-6;

8. KapbommwmpoBanne ajixeHoB.

BTOT NMpOUECC UCMOAB3YIOT JUIS NPOMBILUIEHHOIO NOMYYeHHs Kap-
OOHOBBIX KMCJIOT. AJIKeHbI B NPHCYTCTBHH TeTpakapOGOHWIA HUKEJA
MPUCOENUHAIOT OKHCh YTJIepoJa H BONY B XeCTKHX yciaoBusx (Penne).

Ni(CO),
200—500°C; 15 am

RCH=CH, + CO + H,0 RCH-COOH .

CH,

BMecTo TeTpakapGoHMIa HUKEJIS B KAUECTBE KaTanu3aropa KapOoOHHU-
JIMPOBaHHUS MOXHO MCNOJb30BATH KOMILIEKC XJIOPUCTOIO MaJUlagus C
TpUpeHuNpochuHoM. M3yyeHHe MexaHU3Ma 3TUX peaKUMit sIBISeTCS
npeaMeToM oOCTOATENBHBIX MCCIENOBAHMA B MOCHENHHE Todbl U CO-
JEPXHUT ellle MHOTO HeSICHBIX MOMEHTOB.

9. Kapboxcuimposanue peaktusos I'puabapa (ri. 22, 9. 4).

Co,
RMgX o l= RCOOMeX —~ HO_ rcoon.

H
HOHY‘-{CHHC KapGOHOBbIX KHCJIOT C ITOMOILUBbIO Mamuﬁopraﬂuqecxux
COeIUHEHUI UMEeT Te Xe OrpaHHUYECHHSI, KOTOPbIC XapaKTEpHbI I
IIOJIyYEHUST cCAMUX MarH UM opraHu4ecKux coeIMHEHUH.

1) CO,

CH,(CH,),CH,Br m

Mg
up CH,;CH,CH,CH,MgBr
176



— CH,CH,CH,CH,COOH (73%) .

CH, CH,
Mg
H,C Br H,C Br — =
3 P 3 ‘@MS
CH, CH,
CH,
1) CO,
—~———2 = H,C i
> Ho e W COOH (87%)
CH,
(CH,),CCl Me CH,),CM QLCOZ—— CH,),CCOOH
C,H,Li . 1) CO,
CH,C=CH—+ -2 CH,C=CLi —-——2——= CH,C=C—-COOH .
2 e 0 ) HOPHO0 T o3

Bmecto MarHMi#opraHU4YeCKHUX COENMHEHUN MOXHO HCMOJb30BaTh
JUTHAOPraHUYECKHE COENUHEHHUA.

10. KHCHOTHBIH HIM IENOYHOH MMAPOIH3 HHTPHIOB.

Hutpunsl noaBepraioTcs MMApOAM3Y B KMCIOTHOM W LUENOYHOM
cpenie ¢ 00pa3oBaHHeM KapGOHOBbIX KMCHIOT. [ MAPOIIH3 HUTPHIOB Tpe-
byeT NpUMeHEeHNsT OYeHb XECTKHMX YCIOBHH M IpPOBOAUTCA IpH Ha-
rpesaHuu 1o 100—200°C B TeyenHe HECKOJIBKHX YACOB WIH JlaXe He-
CKOJIBKHX CYTOK:

?H:’ SATUNEHINTHKONb C|:I“I3
CeHsCH;~C~CH,CN + KOH —oemme—= CyH,CH,~C~CH,COOK .
CH, CH,

91-93%)
75-%-5 H,S0,
@ 150°C; 5 4 @ (80%) .
H,d ©N .H,¢ ‘coon
KOH
CH,(CH,);sCN CH;(CH,);sCOOK (79%).

CH,CH,0H-H,0; 100°C
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HH’I‘pHHbI OOBIYHO MOJYYAIOT U3 ANKUJITAIOTCHUAOB U LUMAaHHUIOB
HaTpHUs WJIH KalHUA. ﬂ.ﬂﬂ 3TOM LeNU NMPHUTroAHbI TOJBKO NEPBUYHBIE U
BTOPHUYHBIC AJIKHUATANTOTCHUBI. Tpe‘rwmble ANKUArAIOTEHUABI HE 06-
pPa3yroT HUTPMWIOB IIpH B3aUMOJEHCTBHH C LIMAHUA-UOHOM, a IOI-
BEpPrarTcst 3IIMMUHUPOBAHHUIO E2 c 06paaoBaHueM ANKECHOB:

NaCN
RCHzCl HMCO; l(x)_lsooc RCHzCN ;

18-kpayH-6

Takum oOpa3oM, U3 ANKWITAIOreHWAOB MOXHO B pe3yjbTaTe INBYX-
CTaAUHHOro MpeppallleH!s] MoJayd4aTh KapOOHOBbIE KHUCIAOTHI, COlEp-
KallMe Ha ONMH aToM yriepoxa Cosibliie, Y4eM UCXOAHBIE IaIOT¢HU/IEL.
DTOT MeTON CAYXHUT LIEHHbIM NOMOJIHEHUEM K CHHTe3y KapOOHOBBIX
KHUCJIOT C MOMOLUbIO MAarHUHOPraHHYeCKUX COEIMHEHHUIA.

11. IToxydenme romoJioroB KapOOHOBRIX KHCIAOT H3 KapOOHOBBIX
KHCJIOT.

3OT1a peakuus rnpencrasisieT coboit o61Mit MeTON TpexcTaauiHO-
ro npeBpaieHus KapoboHOBOM KMCHOTHI B caefyloluuii roMonor. C stoid
LeJbI0O KApOOHOBYIO KHCIOTY 1€peBOAAT B aLMITAJIOTeHU, U3 KOTO-
poOro NnpM KOHAEHCAHH € AUA30METaHOM 00pa3yeTcsi NMa3OKETOH.
JMa30KeTOH B IIPUCYTCTBHUM OKCHAA cepeCpa MmoyBepraeTcst neperpy-
NUPOBKE B KETeH, KOTOPHIA NMpHCOeAMHSIET BOAYy ¢ OoOpa3oBaHUEM
HOBOH KapOOHOBOM KHCJIOTHI:

socl 0 o)
RCOOH ——> RC< CHN;_pe? o o 28O
Cl CH=N=

Z0

—=RCH=C=0 H,0

RCH,COOH ;

0
i1
HOOC(CH,);COOH ——22___,_ ac o __CHN
cebaunHoBas Benzon—/ MDA (CH,)sC—~C adup; 0—10°C

KMCJIOTa
o
——N2CHCO(CHz),,COCHszafﬁ;omH_ =57 HOOC(CH,),iCOOH .
(77%) ’ (12%)
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12. Cunre3nl ¢ MaIOHOBHM 3(HpOM.

3TO OIMH U3 JTyHLIMX METOIOB CHHTE3a KapOOHOBBIX KUC/OT CTPOro
onpeleneHHoi cTpyKtypbl. lllenoyHble eHOMsITHI MaTOHOBOrO 3¢Upa
NoABepraloTcs pervocneuupruyHoMmy C-anKiIHpoBaHHIO NOX NEHCTBU-
€M MEPBUYHBIX U BTOPUYHBIX AJKWITUIOTeHUIOB M AIKWICY/Ib(OHA-
toB. [Toceaylomit rKAPOIM3 KOHIEHTPUPOBAHHOMN CONSHOM KHCIO-
TO cONpoBOXIAaeTCs NeKApOOKCHIMPOBAHHUEM UM NPHBOIHUT K
KapOOHOBOM KHCIIOTE:

1) CH,CH,0ONa; C,H,OH

CH,(COOCH,CHj),
2) CHg(CHz)GBl'; 80°C

xoHu. HCl

— CH,(CH,);CH(COOCH,CH,), W

CH;(CH,),COOH (75%);

COOCH,CH,

CH,(COOCH,CH), ) CHsCH,0Na; GHOH [:r\coocmcu,_.
2) Br(CH,),Br

1) KOH; 0 coor -
2) H,0*;t°C ( )
50%-# NaOH—H,0—CH,Cl,
CH,(COOCH,CH,), + BrCH,CH,Br —»-
2 2 277 ¢ gH,CH,N®(CH,CH,),a®
COOH _tC_
(75%) (70%)

13. T'napoas3 anuarajaoreHHAo0B, AHTHIPHIOB, CIOXHBIX 3¢HupOB,
AMHIOB H APYTHX [POM3BOJHLIX KapOOHOBLIX KHCJIOT.

Bce nmpou3BonHbie KAPOOHOBBIX KHCJIOT NP IMAPOAU3E B KMCIOH
WIM WEeN0YHOM cpele o0pa3yloT KapOOHOBBEIE KUCIOTHI.

CyiuecTByoT 0ocobble MEeTONbI MOMYYEHHUS! OBYX IEPBBIX “WIEHOB
FOMOJIOTHYECKOTo psAfia KapboOHOBBIX KHCIOT. MypaBbMHYIO KUCIOTY
MOJYYAIOT B MPOMBILUIEHHOCTH MPH HarpeBaHUM MOPOIIKOOOpa3Ho-
ro MMAPOKCUIA HATpHUs C OKCHMAOM yrieponma I monm maBneHueM c
mocjenymwolueil HedTpanulauueil ¢popMruara Hatpusi pasbaBieHHOH
CEepHOM KHUCJIOTOM:
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200°C: 10 H,SO
NaOH + CO =™ HCOONa s
2

HCOOH.

YKCYCHYIO KMCJIOTY B MPOMBILULIEHHOCTH MOJYYalOT HECKOJBKH-
MM pa3aHyHBIMU crioco6aMu. CaMslit CTapblit U3 HUX 3aKIIOYAETCSA B
OKMCJIEHUHU YKCYCHOT'O ajIbIeruaa KHCIOPOIOM BO3NYXA B IPUCYTCTBHH
PasIMYHBIX reTepOreHHBIX KATAIM3aTOpOB, U3 KOTOpBIX HaubGoiee
a¢¢exTupen anerat koGanbra (I1I):

0 CH,C00),Co
cH,e?  + 02(80,::_—5;’— CH,COOH .
H » 0 aM (90%)

Bosee 3¢pdpeKTUBHBII cOCO0 3aKIII0YAETCA B KaTAIMTHYECKON OKHC-
JUTENBHON AecTpyKUMM OyTaHa ¢ oOpa3soBaHMEM IBYX MOJEKYd YK-
CYCHOM KHUCIIOTBI:

Co(OAc),

CH;CH,CH,CH, + Oy Tgrcs0 o 2CH;COOH

(50%)

HenaBHo 6bu1 paspaboTaH OpUrHHANbHBIA METON MOJTYYEHHUS YK-
CYCHOH KHCJIOTBI NMPAMBIM KapOOHHIMPOBAHHMEM METaHOJA B IIpPH-
CYTCTBMH CJIOXHOTO KaTalu3aTopa HAa OCHOBE KOMILIEKCOB poaus
(rn. 28, u4.4).

"Rhi"; 1°; 30 amm; 180°C

CH;0H + CO CH,COOH .

(9%%)

18.3. PEAKIIMM KAPBOHOBBIX KHCJIOT

Peakuuy KapOOHOBBIX KHCJIOT MOXHO [OAPa3NeNHUTh HA HECKONBKO
GONBILIUX IPYIIN:

1) BoccTaHOBNEeHHE KapOOHOBBIX KHCJIOT,

2) peakuuH NeKapOOKCWIMpPOBAaHMSA; _

3) peakiMu 3aMellleHUs NPH O-YITIEPOJHOM aToMe KapOOHOBBIX
KHUCJIOT;

4) peakuMH HYKJIeOQWIBHOIO 3aMelleHHMA Y AlMNBHOrO aToMa
yrieposa.

PaccMOTpHM 1nociie1oBaTenbHO KaXKAYIO M3 3THX IpYIN peakiui.

18.3.1. BOCCTAHOBJIEHHE KAPEOHOBBIX KHCIIOT

KapGOHOBbIe KHCJAOTbI BOCCTAHABJIHUBAIOTCS A0 MEPBUYHBIX CITUP-
TOB C NMOMOIUBIO HHTHﬁaJIlOMHHHﬁFHﬂ,pHﬂ,a. BoccraHoBneHHue vaeT B
6oJiee XKECTKHUX YCJIOBHAX, YEM I3TO 'rpeGye'rca IO BOCCTaHOBJICHUSA
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IbAEeruIoB U KeToHOB. BoccTaHoBNeHME OOBIYHO MPOBOASAT NMPHU KH-
NAYEHNUH B pacTBOpe TeTparunpodypana:

CH;(CH,);CH=CH(CH,);COOH Ws_gc'
— CH3(CH2)7CH=CH(CH2)7CH20H (87%)

LiAIH,
a¢dup wiu TI'®; 40

(CH;);CCOOH - (CH3);CCH,OH (92%).

LiAIH,
COOH(CH,)sCOOH W’ HOCH,(CH,)sCH,0H (97%).

Hu6opan B,Hg Takxke BoccTanaBmMBaeT KapGOHOBBIE KHMCIOTHI
J0 NMepBUYHBIX CMIUPTOB. BoccTaHOBIEHUE KapOOKCHIBHON IPYNITBI 10
CH,OH non neiicteneM nqubopana 8 TI'® ocylecTBnsieTcs B 0YeHb
MSATKMX YCIOBHUSIX M HE 3aTparuBaeT HEKXOTOpble (PYHKLMOHAIbHBIE

O

~

rpyanst (NO,; CN; —CZO0R), nosTomy B HEKOTOPbIX CIydasiX 3TOT
METOJ] OKa3biBaeTcs MpeNNoYTUTEIbHee:

1) B,H,; TI'®; 20°C _
0,N<O)-CH,COOH 2 ,0: TP 2N~©>—CH;JCH20H ;
(95%)

1) B,Hg; TT'®; 20°C

CH,(CH,),COOH
1(CHy),4 2) H,0; H,0°

CH,(CH,)sCH,0H (100%).

18.3.2. IEKAPEBOKCHWJIMPOBAHHNE

3THM TepMHHOM OOBENMHSETCA lLienasi TPyIna pa3HooGpa3HbIX
peaklMi, B KOTOPBIX MpoHcxoauT oTinereHne CO, n obpasymolue-
Csl COEAMHEHMS coIepXaT Ha OUH aTOM yIJlepoJa MeHbllie, YeM HC-
XOIHAast KMCIIOTa.

Camoit BaxXHO# M3 peakuuil NexapOOKCHJIMPOBAHHSA B OpraHu-
YecKOM CHHTe3e siBisieTcs peakuuss boponymna—XyHcaMkkepa, B KO-
TOpO# cepebpsaHas coib KApOOHOBOM KHCIOTHI MIPH HArpeBaHUM C
pactBopoM 6poma B CCl, npeBpaluaercs B alKWITaIOTe HUA:

<A,
RCOOAg + Br, gy~ RBr + CO; + AgBr;
CC]
CH](CHz)mCOOAg + BI'Z 80°C CH](CHz)loBr (67%)
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CH,00C(CH,),COOAg + Br, %%— CH3,00C(CH,);CH,Br (68%).

Jis yCrellHOro MpoBeleHMs: 3TOi peakuuu TpebGyeTcsi MpHUMe-
HSTh TIUATENbHO BBICYLIeHHbIe cepeOpsHble COMM KapOOHOBBIX KHMC-
JIOT, M BBIXOJA IKWITaNOreHHJIa KoneGaeTcsi B IUHPOKHX Mpeleaax B
3aBHCHMOCTH OT CTENEeHH OYHUCTKH H 06e3BOXMBAHHA COJH. DTOTO
HeJOCTaTKa JAHIleHa MOTU(UKALIMS, [Ie BMECTO cepeGpSHBIX HCIOMb-
3yIOT PTYTHbIE CONK. PTYTHYIO coJib KapGOHOBOM KHCIOTHI HE BbIAEIS -
10T HHOIMBHAYaNsHO, a B MHAH(PEepeHTHOM pacTBOpHTENe HarpeBa-
IOT CMecCh KapBOOHOBOM KHCJOTH, XENTO! OKHCH PTYTH M rajoreHa.
DTOT METON, KaK [MPaBWIO, MPUBOMUT K GoJiee BHICOKOMY H BOCIIPO-
H3BOIUMOMY BBIXOIY:

0O; B
CH;(CHz)lSCH2COOH—Hg;—r2— CH,(CH,);sCH,Br + HgBr, + H,0 + CO, ;
CCl,; 80°C 93%)

ccl
[>—COOH + HgO + Br, —86764’ D—Br + HgBr, + H,0 + CO, .
(46%)

Jnsa peakuuu boponuHa—XyHCAMKKEpa YcTaHOBJIEH LEMHOMR pa-
JUKaabHbIA MexaHu3M. O6pa3sylomuiics B nepBoi CTAANK aALKITHIIO0-
POMMT IMOABEPraeTCsi TOMONUTHUYECKOMY pacluelUieHHIo ¢ oGpa3oBa-
HHMeM KapOOKCWIBHOTO pagukana u atoma 6poMa. KapbokcuibHEIH
panvkan tepser CO, U npeBpalllaeTcsi B aIKWIbHbBIA pagukKail, KOTO-
PBIii 3aTeM pereHepHUpyeT Lelb, OTINEIUIsAst aToM GpoMa OT auu/Iru-
nobpoMuTa.

HRuuMHpoBaHAe HEmH:

RCOOAg + Br, RCZO  + AgBr;
OBr
RCOOBr Rcfo + Br.
o
Pa3zsutie nenu:
Rcf?). R + CO;
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R + RCF

=0 —— RBr+ RCZO

OBr \O'

OpUTMHAIBHBIA METON OKHCAMTENBHOTO NeKapObOKCHUINMPOBaHUS
KapOOHOBBIX KHCIOT 6bUT nmpemaoxeH Jx. Koun B 1965 r. Kap6oHo-
Bble KHUCIOTBI OKUC/ISIOTCS] TeTpaaLeTaToM cBHHIA. I1py 3TOoM mpouc-
XOOUT AeKapOOKCWIMPOBaHHE M B KayecTBe MPOAYKTOB peaKLIMH B
3aBUCHMMOCTH OT YCJAOBH MOJYYaIOTCS &IKaHbl, aIKeHbl WIH 3¢GHphI
YKCYCHOH KHCIOTEL. MexaHu3aMm peaklMM IeTaIbHO He YCTaHOBJIEH.
Ilpenmonaraercs ciexymouas Mocjiel0BaTeIbHOCTE MpeBpallle HHA:

Pb(OAc), + RCOOH —= RCOOPb(OAc); + CH;COOH;
RCOOPbH(OAc); —= R- + -Pb(OAc); + COy;

R- + -Pb(OAc); —= R® + Pb(OAc), + CH,CO0®.

ANKeH M CJIOXHBIH 3¢HUp, MO-BUAMMOMY, 0OpasyioTesi U3 KapOoka-
THOHA COOTBETCTBEHHO 3a CYET OTILEIUIEHWS] NMPOTOHAa MM 3axBaTa
aperar-uoHa. BeeneHue B peakiIMOHHYIO cMech TUIONeHUI-HOHA fpaK-
THYeCcKH Halesjlo nmoAasiseT oba mpoliecca U NPUBOAUT K obpa3oBa-
HUIO JIKWIraJoreHHIoB.

COOH _ H
D/ Pb(OAc),; LiCl a o
T s + CO,; + Pb(OAc), +
CsHg; 80°C 2
(100%)

+ CH,COOLi + CH,COOH .

Pb(OAc),; CH.N
|ﬂ:(\ 4 55’@|+2C02.

6mumxio|2,2 0lrexcanuen-2,5
(6eH3an [Ipioapa)

O6a meTona nekapOOKCWIHPOBaHHA XOPOLLUO MOMOJHSIOT APYT Apyra.
JexkapbokcunuposaHue Ag- wid Hg-coneit naet Haunydilne pe3yib-
TaThl 1 KapOOHOBBIX KHCJIOT C NMEepBUYHBIM PATMKAIOM, TOrAA KakK
IIP¥ OKMCAEHUH TETPAaLETATOM CBHHLIA B MPUCYTCTBUU XJIOpHIA M-
TUS HaubGoJNee BBICOKME BBIXOABl AIKWUATAIOTeHHAOB HaGIIOHAIOTCS
1St KapOOHOBBIX KHCAOT CO BTOPUYHBIM PAIMKANIOM.

Jpyroit, nMeolLIei BaxXHOe NMpenapaTHBHOE 3HaYeHUE, peakumei
JeKapOOKCUAHPOBAHKUST KapOOHOBBIX KHUC/IOT SIBASETCS JIEKTPONUTH-
YyecKast KOHIEeHCalUs cojleil KapGoHOBBIX KHCIOT, OTKpbITast B 1849 1.
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I'. Koapbe. OH nmpoBOAMI 3/1€KTPOIM3 BOOHOIO pacTBOpA aLeTaTa Ka-
JIMA B HaJdeXIe MOAYYMTh cBOGOMHbII paaukan -CHjs, onnako BMecToO
Hero Ha aHome ObUI MOJydeH 3TaH. AHAJIOTMYHO MPH 3JIEKTPOIH3E
BOJIHOrO pacTBOpa HATPHEBO CONM BalepHaHOBON KHMCIOTHI BMECTO
OYTWIBHOroO paauKana O6pUl MOJydYeH H-OKTAH. DJEKTPOXHMHYECKOe
OKHCJIeHHe KapOOKCHJIaT-MOHOB OKa3aloCh MCTOPHYECKH IMEPBLIM
06111MM METOJIOM CHHTE3a Npelie/bHBIX YTIeBoXoponoB. I1pH aeKTpo-
Jii3e HATPHEBBIX MJIM KAJIMEBBIX cOjliel NMpexe/bHbIX anudaTHyecKux
KHUCJIOT B METaHOJI€ WM BOOHOM METaHOJe B 3JIEKTpOaU3epe ¢ ILUIa-
THHOBBIMK 1eKkTpoiamu npu 0—20°C u ¢ XOCTaTOYHO BRICOKOH ILTOT-
HOCTBIO TOKa 06pa3yloTcs ankaHhl ¢ BeIxogoM 50—90%:

o —2
2RCO0” -5

RR + 2C02 M

=) —2é
21.C,;H,;,CO0 m H.CyHy + 2CO,.
KaHeBasl Coltb 3 ™ (90%)
JIaypUHOBOM KHCJIOTBHI

OngHako NMpH HAIMYHH ATKWIBHOH I'PYMIBI B OL-TIOJOXEHHUM BBIXOIBI
pe3KOo CHHXAIOTCSl U pelko npesblinaior 10%.

DTa peakuus oxasajach oCo6eHHO MONE3HOM ISt CHHTE3a TUdpH-
poB aukapboHoBeix KHcioTr ROOC(CH,),COOR (n — ot 2 1o 34) npu
3JIEKTPOJIM3E 1UEJOYHBIX coeil mony3dupoB IMKapOOHOBHIX KHUCJIOT:

CH,00C(CH,),c00° C‘S‘-’ CH,;00C(CH,),,COOCH; + 2CO, ;

;OH (40-95%)
_.2‘
CH3OOC(CH2)4COOG’W”_2(YC— CH,00C(CH,);COOCH; (75%) .
MOHOMETWIOBBIH 3pup T JHMMETWIOBBIA 3¢dup
aIVUITMHOBOH KHUCJIOTHI cebalHOBOM KUCIIOTHI

B coBpeMeHHOM OpraHH4YeCKOM 3JIEKTPOCHHTE3€ IUHPOKO IMpH-
MeHsIeTCsl MepPeKPecTHAs! 3JeKTPOJIUTHYECKAsT KOHAEHCALIUS, 3aKIII0-
qaolascs B 3EKTPOIU3e CMECH coJieil KapOOHOBOM KUCJIOTBI M MO-
Ho3¢}upa IMKapbOHOBOI KHUCIIOTHI:

RCO0®+ CH,00C(CH,),Co0° 2KV,
CH,OH
—= RR + R(CH,),COOCH; + CH;00C(CH,),,COOCH,.

DIIeKTPOAN3 pacTBOpPa 3THX HBYX cOjJeil NPHUBOAWUT K 06pa3oBaHHIO
CMECH TpeX CWIBHO OT/IMYAIOILMXCS IPYr OT JPYra MpOAYKTOB peak-
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LIMH, KOTOpbIE MOT'YT OBITh JIerko pa3fie/ieHbl MeperoHKoi Ha OTAE/b-
Hble KOMIIOHEHTbl. MeTo nMo3Bo/sieT YIHHATD YIIEPOMHbIA CKeaeT
KapOb0oHOBOM KHCJIOTHI Ha J1060e YUCIO aTOMOM Yyriepoia MpakKTH-
4YeCcKH 3a OfHY ONnepaluIo:

CH,00CCH,CH-CH,CO0®+ #-C,H,,CO0® 22
' CH,0H

CH,

—= #-C;,H;, + CH;(CH,),CH-CH,COOCH, +
(49%) CH, (48%)

+ CH;00CCH,CH-CH,CH,CH-CH,COOCH, (3%) .
CH, CH,

DNeKTpouTHYeCcKasi KOHAEeH Al OrpaHuYeHa cosIMK Kapbo-
HOBBIX KMCJIOT C Hepa3BeTRIEHHBIM PaiHKAIOM U COJSIMM MOJdy3du-
pOB HMKapGOHOBBIX KUCIOT. Conu o, B- U [B,y-HeHACHILIEHHBIX KMC-
JIOT He MOABEPTralOTCsl ANeKTPOXMMHUYECKOH KOHAESHCAUNH.

ns peakunu Konebe ObUT NpeioxeH paguKajdbHbI! MEXaHU3M,
BKIIIOYAIOIME TPH NMOCIENOBaTeAbHbIE CTaAUU: 1) oKHceHe Kapbok-

0]

2
CUJIaT-HOHOB Ha aHole N0 KapBokcunar-paaukanoB RCZ0-; 2) ne-
KapOOKCHJIIMPOBAHME 3THX PaAMKaIOB HO ANKWIBHBIX PaaUKajioB U
IBYOKHMCH yTriiepona; 3) peKOMOMHALINS aIKUJIbHBIX PAIHUKAJIOB.

RCZO ¢ rRc=0 .
o® o
o)
-
RCT o p+ COy;

R-+R- —= RR.

Ipu GonBILIOH MIIOTHOCTH TOKA BHICOKAS KOHIEHTPALIMS AIKWIBHBIX
paadKajoB Yy aHoJa crioco6CTBYeT HX IMMEpPH3aUMH, IpM Hu3Kol
IUIOTHOCTH TOKA AJIKWIbHBIE PAagHKaibl WIH NHCIPONOPUHOHHUDPYIOT
¢ obpa3zoBaHMeM alKeHa WM aJIKaHa WM OTILEIUISIOT aTOM BOXOPO-
Jla OT PACTBOPHTEIS.

Conu KapOOHOBBIX KMCJIOT MOABEPIraloTcs AeKapOOKCWIMPOBAHHUIO
TaKXKe Npu nupoiinae. Hekorna nupoaus KaabuueBbIX I GapHeBhIX
cojieli KapBGOHOBBIX KHCIOT 6bUT OCHOBHBIM METONOM IMOJY4€HUS Ke-
toHOB. B XIX B. «cyxast ieperoHka» ailetata Kajablusa 6bU1a OCHOBHBIM
METOIOM MOJY4eHHUs aleToHa:

185



=0
R-CZ

0 400°C_ o ~=°
O>Ca ———==RCZ p + CaC0;.
R—C;O

B nanpHeiiuieM MeTox ObUT yCOBEpPILIEHCTBOBAH TaKMM 06pa3oM, 4TO B
HeM OTCYTCTBYeT cTaaus rnonydyeHuss coneit. Ilapsl kapboHOBOHK KMC-
JIOTBHI MPOMYCKAIOT Haj KAaTanHW3aTOPOM — OKHMCJIaMH MapraHifa, To-
pusi vnu uupkoHus npu 380—400°C. Haubonee 3p¢peKTUBHBIM U HO-
pPOTHM KaTaJIM3aTOPOM SIBJISAETCH NBYOKHCh TODHSI.

O Tho MnO
- WIH Mnl
2RC —1—————400, C RCOR + CO, + H,0.

B npocTed X cay4yasix KUCJAOTHI C YMCIOM aTOMOB YIJIepoda OT ABYX
IO IeCSATH MpeBpalaloTcs B CUMMETPUYHBIE KETOHBI ¢ BBIXOHOM IO-
psinka 80% npu KUNSAYEHHH C MOPOIUKOOOpa3sHbIM Xene3oM rpu 250—
300°C. 9ot croco6 HAXOMUT MpUMEHEeHHUe B IPOMBILILIeHHOCTH. Han-
6osee yCrellHO MUPOJHTHYECKHIT METON M B HACTOSIIEEe BpeMs
[pUMEHSIeTCS AT CHHTE3a NATU- M IHECTUWICHHBIX HUKJIHYECKHX Ke-
TOHOB M3 JBYXOCHOBHBIX KHCAOT. Hanmpumep, U3 cMecH agUNHHOBOK
KHCJIOTHI ¥ ruApokcuaa Gapusi (5%) npu 285—295°C nonyyaroT UMK-
JIONMEeHTaHOH ¢ BbixoaoM 75—85%. LluxinooxkraHoH oGpa3ayercs U3 a3e-
JIAMHOBOM KMCJIOTHI NpH HarpeBaHuU ¢ ThO, c BbIxomoM He Goiee
20%. DTOT MeTON MAJIONIPUIOAEH JUIS TIONYYEHHA HUKIOANKAHOHOB C
6ONBILIMM YHCIOM aTOMOB YIJIEPOHA.

18.3.3. TAJIOTEHHPOBAHHUE KAPBOHOBBIX KHCJIOT
W UX TPOU3BOJAHBIX

PagykanpHOe rajsoreHHpoBaHHe KapOOHOBBIX KUCJIOT IOH Hei-
CTBHMEM XJIOpa NMpH obnydyeHun YP-cBeTOM WIM NpPH HarpeBaHHH IO
300—400°C nmpoTeKkaeT HeceJJeKTHBHO. Tak, HanpyuMep, MacasTHasK KUC-
JIOTa B YCIOBUAX PagMKILHOIO XJIOPUPOBAHUSI aTOMapHBIM XJIOpOM
06pa3syeT cMech BceX TpeX BO3MOXHBIX H3OMEPHEIX TIPONYKTOB, Cpely
KOTOPBIX HOJISI O.-XJIOPMAaC/ISTHOM KHCJIOTH He IpeBbilliaeT 5%.

hv

Cl, + CH;CH,CH,C —_—
2 H;CH,CH,COOH o 300°C

CICH,CH,CH,COOH +
(31%)

+ CH,CHCICH,COOH + CH,CH,CHCICOOH + HCl .
(64%) (5%)
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DTy cMech OYEHb CJIOXHO pa3felMTh Ha KOMIOHEeHThl. JInsa apyrux
rOMOJIOroB YHMCJIO H3OMEPHBIX NMPOAYKTOB ellle 6oJjiee BO3pacTaer,
MO3TOMY palMKaJbHOE rajloreHUpoBaHHe KapOOHOBBIX KHUCIOT He
HMeeT IpaKTHUYECKOro 3Ha4yeHHs.

PervoceneKTHBHOE Q-rajloreHupoOBaHHUe KapOGOHOBBIX KHCIOT A0-
cTuraetcsd B Merofte I'enb—Q@onbrapa—3eJMHCKOro, MpeaIoXeHHO-
ro B xonue XIX seka. s BBexeHHs XJiopa M 6poMa B OL-TTOJTOXEHHE
K KapOOKCHJIBHOH Ipyrie KapboHOBYIO KUCIOTY 00pabaThiBalOT XJ10-
pOM WX GpOMOM B IMPHCYTCTBHM KATAJIUTHYECKHX KOJTHYECTB Kpac-
Horo ¢ocdopa:

RCH,COOH + Br, 228 2R, popcO0H + HBr .
Br

B peakimu Ieuib—@onbrapa—3eIHHCKOTO, B peaklUu 3aMeleHUs
MpUHHUMaeT yJyacTHe He cama KapOoHOBast KMC/IOTa, a ee rajloreHaH-
TMIOPUI, obpasyiomuiicss U3 KapbOHOBOM KHUCIOTHI H TPEXOpOMUCTO-
ro uam Tpexxnopucroro ¢ochopa. B otnuure or caMmoi Kap6oHOBO#
KHCIOTH TAIOreHaHTMAPHI CocobeH K eHONMM3aUMU KaTalu3upye-
Mot kucaoroit. O6pa3oBaHue eHOJa U3 raloreHaHrMAPpUI2 SBISETCS
IBHXXYILEH CHIIOi Bcero mpouecca. DTOT MeXaHU3M ODBsICHAET U pe-
rMOCeeKTHBHOE OL-TAIOTeHHPOBAaHUE KHUCIIOT:

2P + 3Br, —= 2PBn;

40
RCH,COOH + PBr, — RCH2C\B + H,PO,;
T

0 H OH
RCH,CZ , + H® === RCH,cZ =—=RCH=C{ +H®
Br \Br \Br

/\ C. RCH-C’(%r + HBr;

r—Br + RCH—C\B |
Br

0 o 0
RCHCZ ~ + RCH,COOH === RCH-CZ___+ RCH,CZ
5 B b OH Br

EcrecrseHHO, 4T0 BMecTO hocopa MOXHO MPUMEHATL KATAIU-
Tuyeckue koaunyectsa PCly unu PBry:
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Cl

H PCl
+ + HCI;
<:><COOH C12 70°C <:>< ’

COOH
94%)
PB(':;; BI'2 .
CH,CH,CH,CH,CH,COOH —_- =4 CH;CH,CH,CH,CHCOOH + HBr .

(83-89%) Br

TIpuMeHeHWe IS OL-TATOT€HUPOBAHMA TANOFeHAHTUIPHIAOB KHCJIOT
N-xiop 1 N-OpOMCYKUMHHMHKAA TO3BOJISIET OCYIIECTBUTh 3TOT NpPO-
LECC B OYEHb MATKUX YCJIOBUSAX, MOCIENYIOIMI THAPOIM3 HIHM aiKo-
roJIM3 MPUBOMST K Ot-TAMOreH3aMeIeHHbBIM KHCIOTAaM HJIHM CIOXHEIM
adpupam. a-HoaszaMelieHHbIE KHCIOTBI MUTH CJIOXHbBIE 3(HpPHI Heb3st
[OJIYy4aTh NMPSMBIM HOIUPOBAaHKEM; MX MOJYYAIOT peakLMeil HyKJIeo-
dunpHOrO 3aMEIIEHUS O-OPOMITPOU3BOMHBIX IO AeHCTBHEM MOMUIA
HATpHS WIH TeTpaalKWIaMMOHMs B aueroHe wiu JM®A.

18.3.4. PEAKIIMH HYKIIEO®HJIIBHOI'O 3JAMEINEHNA Y ALITMJIBHOTO
ATOMA VYIJIEPOJA. OBIIMH MEXAHU3M 3AMEIIEHUSA

Jins peakuuit HyKIEODIILHOTO 3aMEIUEHUS Y Sp>-TUGPHIHOTO
al[WJIBHOTO aToOMa YIJIepoJla peaiM3yeTcs NBYXCTaAHHHBIA MeXaHH3M
NpHCOeAUHEHUSI—OTIIeIUIeHUs.. B nepBoit ctaguu HykiteodWIbHBII
areHT NpUcOeaAHHSETCS K IPOU3BOTHOMY KapOOHOBOH KHCIIOTHI C
obpa3zoBaHKEM 3apsKeHHOIro (/151 aHHOHHOTO HyKNeoGHIBHOTO areH-
Ta) Win GetanHa (A1s1 HEUTPANTBHOrO HYKJeodIBHOrO areHTa) TeT-
paspuyeckoro HHTepMeauata. Bo Bropoit ctamuu OT 3TOro HHTEpMe-
JuaTa OTIUEIUIsieTcsl B BUAE aHHOHA WIM HeHWTpaIbLHOA MOJEKY/IB
yxoasiuas rpynmna Z U obpasyercss KOHeYHBIH MPOAYKT 3aMelUIeHMS:

©
2 npucoeauuenme | R- Cb onuenienne [
RC+ NP sE=mts | C S
Z Nu/ C:J Nu
o
R& + Ny JpMcoetHrcHHe R\‘C ) .

Z Z/ \Pﬁx—H

-0
R\ g(:?: OTHICIUVICHHE (I|)
°C =————= RC+HZ;

H—% Nu Nu

Z = F, Cl, Br, I, OR, NH,, NHR, NR; u 1p.
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B of1uem cayuae peaklus obparima, oqHako ecin Z° u Nu€ cuibHo
Pa3iMyaloTcsl MO CBOEit OCHOBHOCTH ¥ HYKJIeOdHIbHOCTH, OHa CTa-
HOBHUTCST HeobpaTumoit. IBuxyiueli cUIOil OTLUENIeHUs yXONALLe
rpynimsl Z sapasieTcs 06pa3oBaHUE T-CBA3U MEXAY KHCJIOPOJOM M Kap-
OOHWJIBHBIM 2TOMOM YTJIEPOJa U3 aHUOHHOTO TeTPas3aApU4YecKOro UH-
TepMmenuara. B nmpuHUMITE, HA CKOPOCTh peakUHH MOTYT BIUATh 06Ge
CTaANH, OMHAKO, KaK IMPaBUIIO, NMepBasi, MelJIeHHAasl CTaius MpuUcoe-
IUHEHUST HYKINeODHIbHOIO areHTa OIpedessieT CKOPOCTh BCErO Mpo-
uecca. M crepuueckue, M 31eKTpOHHbBIE (haKTOphl BAXHBI MPH KONHU-
YeCTBeHHOIl M KayeCTBeHHO# OlieHKe peakKUMOHHOH crocobHOCTH
MPOU3BOAHBIX KAapGOHOBBIX KHUCIOT. CTepHyeckue 3aTPYAHEHUS IS
aTaky HyKJ1eo(pUJIbHOro peareHra Mo KapOOHWIEHOMY aTOMY YIilepo-
JIa MOHUX2IOT peaklMOHHYIO CITOCOOHOCTDb B psay:

O /O / /
RyCCZy < R,CH-CZy < RCHch,)( < CHJC\())(

DNeKTpOHHBIe (HaKTOpPbl ONpENeNsioT YMEHbIIEHWE peaKLMOHHOK
crnocobHOCTH B psay:

Rc" C\OCIO > RCp > RCZ%H

Takoe M3aMeHeHHe pPeaKLIMOHHOM CIMOCOOHOCTH CTAHOBUTCS MOHAT-
HBIM TIpH PaCCMOTPEHHH 3HepreTHIecKMxX auarpamMM. ITockonbKy cko-
pOCTb peaklHM 3aBHMCHT OT pa3sHOCTH 3HEPrHH Ha4yaJIbHOTO M Mepe-
XO@HOTro coctosHuit AG™, moboii dakTop, crnocobCTBYIOLIMIT POCTY
3HepruM akTUBauuu AG™, MOHUXaeT cKOpocTh peakiuu. PaccMmor-
PHMM, HarpuMep, aMUAbl, CJIOXHbIe 3GUPbl M XJTOPaHTUAPHABI, YUTS
toT (haKT, UTO CrOCOOHOCTL HENMOMENeHHOM Mapbl reTepoaToMa K co-
npsokeHnio ¢ C=0-rpynnoit yMeHblliaercs B psay: N > O > Cl. AMUIbL
9
RC=—NH, HaumeHee peaKUMOHHOCIOCODHBI cpeay OpYrMX MpOM3-
BOIHBIX BCJEICTBME HaMydlied cTabWiM3aldM MCXOMHOTO COCTOSI-

HUS RC@H; 3a CYET COMpPSDKeHHUS. DTO MPUBOIMT K BHICOKOH CBO-

6onHON 3Hepruy akTuBauumum AG,™ u, cinemoBarejbHO, K HH3KOH
1
peakLiMoHHo# cnocobHocTH. CitoxHbIe 3¢HUpPhbl MeHee cTabunusupo-

BaHBbI CONpsXeHHEM RC/OR ITO CpaBHEHUIO ¢ aMWJIaMM M MMEIOT
Ay

MMO3TOMY 6oJsiee BBICOKHH YpPOBEHb 3HEPIruu OCHOBHOI'O COCTOSHHA.
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DTO OTpaxaeTcss Ha MEHBIUEM, YeM JUIA aMMIOB, 3HaYeHUH BeJIUYH-
Hbl AG,”. Haubosnee HU3KOM OKa3bpiBaeTCs BeIMYMHA 3HEPTUH aKTHBa-
uud AGy”" n1s anmaranoreHunoB. OTMEYEHHOE pasinyMe HArTALHO
MPONJLTIOCTPUPOBaHO HA pHuc.18.1, rme npencTaBleHbl 3HepreTuyec-
KHe QuarpaMMbl JUIs aMUIOB CJIOXHBIX 3PUPOB U aLWITAIOreHHIOB.

W3 npuBeneHHO BhIILE MOCTE0BATEIBHOCTH PEaKIMOHHOM CITO-
cobHOCTH cnefyer BaXHBIA BBIBOA O TOM, YTO MeHee cTaOWIbHbIE
MPOM3BOMHBIEe KapOOHOBBIX KHCIOT — aHTHAPUABI U FaJIOreHaHTHI-
puIbl — JerkKo MOryT ObITh MHpeBpallieHBl B ONHY craguio B Oonee
cTabwibHble MPOU3BOAHBIE — aMHUABI U CIOXHbBIE 3PUPbI, HO HE Ha-
o6opot. U3 3TnX Xe 3HepreTHYeCKHUX JHArpaMM TakXe CIeAyeT, YTO
CIIOXHble 3¢ HPH MOTYT OBITh NMpeBpallleHbl B OAHY CTAAHIO B aMHUIBI,
HO 06paTHOE MpsiMOe ONHOCTANUIIHOE NpeBpailleHie aMUIOB B CIIOX-
Hbie 3(QHUpPBl, aHTHAPUIbLl WIH TIOM¢HAHTHAPUABI CWIBHO 3HAOTEpP-
MH4YHO. OYeBUIHO, YTO Ha 3eMJie HOMXHBI CYIIECTBOBaTh aMHIbI H
cnoxubie 3bUpbl, HO BPSA JM €CTb aHTMAPHUABI MIIM TraJoreHaHTHa-
PHUIBI OHHOOCHOBHBIX HJIM MHOTOOCHOBHBIX KAPOOHOBEIX KHUC/IOT. DTO
JEeWCTBUTEIbBHO TaK: B MOJUINeNTUAax ¥ Oeakax OTae/]bHble aMHHO-
KUCJIOTHI cBSI3aHBl MEXAY coDoil aMUIHON CBSI3BIO, 2 XHUPHI ABILIOT-
CSl KJTACCHUYECKHUMHM IMPEACTABUTE/IAMU CJOXHBIX 3(PHpPOB.

Puc.18.1. DHepreTHYeckKue OuarpaMmal s

peakuuit HykneodWIbLHOTO 3aMelueHUs B

amunaax (A), cnoxHux 3dpupax (b)) u
*  aumnranorenupax (B) AG\* > AGyY > AGY®
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18.4. ITIPOU3BOJHBIE KAPBOHOBBIX KHCJIOT

18.4.1. CTPOEHHE

DyHKUMOHATBHBIMY TPOU3BOXHBIMK KapGOHOBBIX KHMCIOT 06bIY-
HO HA3bIBAIOT TaKWe KJIAacChl COeqMHEeHUI, KOTOphIe NMPH TMApOJIH3e
IIAlOT caMu KapboHoBbIe KUCTOTHL. K HUM OTHOCSITCS: CIOXHBIe 3dH-
pbl, THO3®UPEI, aMHABI, TMAPA3HAbI, a3HObl, AaHIMAPUIOb Kap6OHO-
BbIX KMCIIOT, UMUIOXJIOPHABI, aMUIMHBI U1 HUTPUIBI.

Mpocreitinit croxHBIA 3GUp MeTUIHOPMHUAT UMEET FEOMETPHIO,
CXOIHYIO ¢ KOHbHUrypanueid caMoii MypaBbHHOM KHUCJIOTHI:

Jimuma cesoy, A BanerTnbiii yron, rpanyc

H @ R @ c=0 1,200 H-C=0 124,95
/i}—é 0=C-0 1,334 0-C=0 125,87
O\ T=z:z: C(H;)—-0O 1,437 H~C—-O 109,18
CH; 0=C-H 1,101 CH;—0—C 114,78

Crnenyer otmMeTuTh, 4To G-CBA3b C,,—O Kopoue, 4em G-cBsi3b Cop—
O, uyto 06yC/IOBNEHO YACTHYHON NBOECBA3AHHOCTBIO Cgp—O-cBs3M
3a CYeT NMepeKphIBAHUS HenooeJleHHOH Maphl 3/IeKTPOHOB KHCIOpoaa
M MyCTOM pa3pbixJisiionleit opburanu kapboHunbHOH rpynimel. CreneHn
3TO# IBOECBA3aHHOCTH BO3pacTaeT B aMHAAX, Tiie G-CBI3b yIIepola U
asora ropasmo Kopoue, yeM C—N-cBs3b B amMuHax. Huxe npuBeneHsl
JUTMHBI CBsi3eil ¥ BaIeHTHBIE YIIBI MJocKoro ¢opMamuaa.

Jumna ceszm, A Basesmanii yron, rpaayc
o c=0 1,193 H-C=0 123,00
i C-N 1,376 H-C—N 113,23
H/C\N _H@  c-H 1,102 N-C-0 123,80
| N-H (a) 1014 C-N-H@ 117,15
H(®) N-H (6) 1,000 C-N-H®) 120,62
H-N-H 118,88

0O6e cea3n N—H B dbopmamuae pasinyHsbl MO LIHHE, YTO YKA3BIBAET
Ha He3KBUBAJIEHTHOCTD JBYX aTOMOB Boxopoaa. Cpelty Ipyrux mnpo-
M3BOIHBIX KapOGOHOBBIX KMCJIOT aMHIBI XapaKTEPH3YIOTCS 3aTOPMO-
XeHHBIM BHYTPEHHHM BpallleHMeM BOKpYr amuaHo# cBsizyu N—CO,
KOTOpOE MpOSBIASETCS B HE9KBUBAJIEHTHOCTH JIBYX JIKMJBHBIX IPYITIT
mankunamudorpynnsl NR, B [IMP-cnekrpax N,N-muankuiamu-
OB Kap6oHOBBIX KHCIOT. Baphep BpauieHus Bokpyr cBsi3u N—CO B
N,N-nuMmetnnaueramuae ¥ N,N-auMeTnaaMuaax Apyrux KHCJAOT
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cocrapnset 17,2—18 kxan/monb (72—75 x[Ix/Monb). 3aTOpMOXEHHOCTh
BpallleHHs1 BOKDPYT aMMIHOMN cBS3M OOycloBjeHa B3aMMOAeHCTBHUEM

nyn-OpOMTANIM aTOMa a30Ta ¢ BAKAHTHOW N pasphixasiouleit op6u-

TaJIbI0 KapGOHWIBHOM IpyNIbl. 3TO B3aUMOJEHCTBHE ONpelesieT 3Ha-
YUTEJbHYIO JBOECBA3AHHOCTh a30Ta ¢ KapOOHWIBHLIM aTOMOM Yrjle-
pola B aMUOax, YTO sIBAsSieTCsA [JaBHOU NMPUYHHOH BBICOKOH
TePMOANHAMHUYECKOH cTaOWIBHOCTH AMHIOB U HX IMTPHUPOXHEBIX aHAJIO-
TOB — MEeNTHAOB ¥ OeJKOB.

s npocteiiiiero apuaxiaopuaa — GopMUIXIOpHIA — HET JaH-
HBIX 110 AJIHHAM CBsI3ci M BeJIMYMHAM BUIEHTHBIX YIJOB, TaK KakK 3TO
coeMHeHHe HecTabunbHO Haxe npu —60°C. Huxe npuBeneHbl 1aH-

0]
o
Hble, UMeEIOLIKecs As aneTwixnopuaa CH,CZCl:

Jmua crasu, A Banesrsnii yron, rpayc
ﬁ) c=0 1,192 c-C=0 127,08
PG c—C 1,499 Cc—C—ClI 112,86
H,C a c-cl 1,789 o=c-Cl1 120,26
C-H 1,083

3ametuM, yTo RauHa cBasu C—Cl B anerwixnopuge (1,789 A) nmuurs
He3HayHTeNsHO kKopoue cBsisu C—Cl B Mmetwixnopuae (1,784 A). Dro
03HaYaeT, YTO CTelleHb ABOECBSI3aHHOCTH YIIepola ¥ XJ1opa B alle-
TIWIXJIOPHIE OYEHDb MaJjla U, CJIeIOBATEIbHO, IBOECBSI3aHHOCTb YMEHb-

(0] -0 -0

NR2> CZor > C=<y» T-¢. B pany NR; > OR > Cl.
IIpocreitunit Hutpun CH3;CN uMmeer crpoeHue, HanmoMHMHAIO-

1llee CTPOEHHE MpOMMHA:

LIaeTcsl B psify: c?

sp-TubpnpHas opbuTtann

ATOM yrinepoga HUTpWIbHOU rpynnbl C=N HaxonuTcs B Sp-THGpHA-
HoM coctoaHuH. OH obpasyer C;,3—C,, u C,3—N, c-cBsi3H.

IBe ocranbHble p-op6UTANH aToOMa yriepoja nepeKphBalTcs ¢
COOTBETCTBYIOILIMUMH p-OpOMTANIMH aTOMa a30Ta ¢ ObpasoBaHHEM
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IByX Tt-cBsidefl ¢ UMIMHIPUYECKON OChI0 CHMMETpHUHU Kak B alleTH-
neHe. Henopenennas nmapa 3J1eKTpOHOB a30Ta 3aHUMAET Sp-THOPUI-
HYyI0 opbUTaNb.

18.4.2. HOMEHKIIATYPA

HoMeunknarypa nmpon3BogHbIX KapOOHOBLIX KMC/IOT O4eHb IIPOCTa
M UCXOIMT U3 Ha3BaHUH caMUX KapOOHOBBIX KUCIOT. AHIMAPUIBI KKC-
JIOT Ha3bIBaiOT, KOOABIAS CIOBO «aHIHMAPHA» K Ha3BaHHUIO COOTBET-
CTBYIOLLEH KUCIIOTHI:

(CH,C0),0 CHJCHzC‘IH—CH2CH2—ﬁJ—O—E—CHZCHz—?HCHzCH;
CH, 0] o CH,
YKCYCHBIH aHrMApHA, 4-MeTUNTEKCAHOBLI aHIUAPUL,

It Ha3BaHMS CMEILIAHHBIX AHTUIPHAOB TpebyeTcs MepedUcInuTh 06e
KUCNOTHI, oOpasylolue aHruapua. Jis o6o3HavyeHUs allWITraoreHu-
JIOB OKOHYaHHe KHCIOTHI «OBast» 3aMEHAETCS HAa «OM/I» ¢ ToOaBIeHH-
€M Ha3BaHHs rajoreHa:

0
— — o
CH,(CH,),CZQ, CHJ(CH2)9C<2_ {OcZy,
TEKCAHOMAXIIOPH yHAeKaHOUNDTOPUA UMKNOreKcaH-
KapGoHUNGpoMua

g o603HaYeHHUS aMUIOB OKOHYaHHE «OBasl», XapaKTepHOE IS
KHUCJIOT, 3aMeHseTCcs] Ha «aMHUI» WIM OKOHYaHHe «KapOOHOBast KHUcC-
JIoTa» 3aMeHseTcd Ha «kapbokcaMum»:

e 0
CH{CHMCT O\Cz,o CH3CI:H—CH2CH2C<

2 “NH, CH, NH,

TeKCaHaMUg j3170.9)| OﬂeHTaHKapﬁOKC&MHI[ 4-MCTHHHCHT3H3M}UI

3aMelleHHble MpH a30Te¢ aMUIBI UMEIOT npe(bm(c, rne o6o3HayaioTcs
3TH 3aMECTHTEIHU

0] _0
CH3(CH2)7C< CH,CH~CH,CH,CT_
NH ! N(CHs,),
) CH,
CH,
N-MeTHRHOHAaHaMHUA N,N-4-tpuMeTMnIIeHTaHaMUI

Ha3spanue cnoXHbIX >pHUpPOB CTPOMTCH TAKUM 0oGpa3oM, 4TOGHI
MEPBYIO YaCTh HA3BaHHUA 3aHMMAaIO 0603HAYEHHE ANKWIBHOMN IPYIIbI,
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MPUCOENMHEHHOR K aTOMy KHcIopoaa. BTopylo 4acTe Ha3BaHUA cO-
craBnseT 0603HayeHre KapGOHOBOM KHMCIOTHE, B KOTOPOM OKOHYa-
HHE «OBasg» 3aMEHEHO Ha OKOHYaHME «aT»:

0
CH,C? CH,(CH,),COOCHj ( )-cooc(CH,),
OC,H;
ITHARALETAT METUNTeKCaHoaT TpCT’syTPU".I"KHOI'CKcaH'
xap6Goxcunar

JI11 HUTPHUIIOB CyLUECTBYET HECKONMBKO cHcTeM HasBaHuit. Cornac-
Ho HomeHKiIatype HUIOTIAK, oHM Ha3pIBalOTCH AIKaHHUTPWIIAMH,
T.€. K Ha3BaHMIO aiKaHa No6aBnsercs OKOHYaHHe «<HUTPHI». ATOM yr-
Jiepolla HUTPWIbHOH TDYIIIBI BCEria HMMeeT IMepBblii HOMep:

CH,4(CH,),CN CH,(IJH—CH2CH2CN BrCH,(CH,);CN
CH,
reKCaHHUTPWI 4-MeTWINEHTAHHUTPUI 7-6poMrenTaHHUTPUA

B npyroii cucreMe HA3BaHMII OKOHYaAHHUE «OBasi» 3aMEHSIETCS HA «OHUT-
PWI», WIK CJIOBO «KapDOHOBAs KUC/IOTa» 3AMEHSIETCS Ha «KapOOHUTPWII»:

~_CN
CH,CH,CN C¢H;CN Cﬁ
CH,
NPOITMOHUTPHI GeH30HMTPWI 2-MeTHILMKIOTeKCaH-
KapGoHUTpHI

B 3axioyeHHe 3TOro pasjesa MpHBeleM Ha3BaHUS HEKOTOPBIX
THOMYHBIX (PYHKIHOHANBHBIX IPYNN MPOH3BOMHBIX KapOOKCHJIBHOM

-0
rpynnbl. COOR-rpymnna Ha3blBaeTCsl «AIKOKCHKapOOHWI», C:NH —
2

”

-0
«kapbamoun», CJ a” «xnopdpopmmi», CN — «uaHo». Tak Ha3bl-

BAIOTCH 3TH I'PYHIIBI B I'[OHH¢YHKHHOHMBHO33MEI.[IEHHHX LHKIIOAT-
KaHax M aJlKaHax:

H,COCO H,NCc=C o
[N Mgty
COOH CH,CH,
3-MeTOKCHMKapOOHWI- 3-kapGaMoWINeHTaHOMIXJIOPUL

nvKnon CHTaHK&pﬁOHOBaﬂ KHCNIOTa
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18.4.3. OCHOBHOCTb KAPEOHHJIBHOTIO KUCJIOPOIA
B ATBAEINJAX, KETOHAX, KAPBOHOBBIX KHUCJIOTAX,
CJIOXHBIX DOHVPAX H IPYTHX MTPON3BOAHBIX
KAPBEOHOBBIX KMCJIOT

Kucnopon xap6oHHILHOM Ipyniibl 061agaeT cBOMCTBAMM c1a6o-
ro ocHoBaHus JIbloKca, MpH MIPOTOHUPOBAHHUK KOTOPOTo 06pasyeTcs
COMpPsDKeHHAs KUCNIOTa — OKCOHMeBast coJib. OCHOBHOCTb KapOOHWIb-
HOI rpymmbl MOXeT ObITh KOJIMYECTBEHHO OIpelesieHa KaK BeJUYnHa
pK, cOOTBETCTBYIOIEH CONMPSKEHHON KHUCIOTHI:

rd
~X
OKCOHWMeBasi CoMb

@
K, o
RC/OH .p_—__— RC/:x +H®

OkcoHmneBble COMH KapOOHUIBHBIX COEHUHEHHII OTHOCATCA K CHJIb-
HBIM KHCJIOTaM — Gojiee cHIbHBIM, yeM KaTuoH H;0%: oHM cpaBHu-
MBI 10 CHJIE C CEPHOIl KHCJIOTOM. 3TO 03HAYAET, YTO 110 OCHOBHOCTH
KapOOHWIbHAA IpYyNIa 3HAYMTEIBHO YCTYIIaeT BOAE, CIIMPTaM M Ipo-
cThIM 3¢upaM. HenoneneHuas napa 31eKTpOHOB KapOOHMWIBHOIO KKC-
Jlopolla 3aHUMAET spz-mﬁpmﬂyxo opbuTanbs U Mo3TOMY 6osee npoy-
HO CBSi3aHa C SAPOM, YeM HeNomeNeHHbIe sp°-THOGPHIHbIE Maphbl
3JIeKTPOHOB aTOMa KHCAOPOAa B CIIMPTaX, Bome U MpocThiX 3dbupax.
HenonenenHast mapa 3/1eKTpOHOB KapbOHMIBHOIO Kuciopoaa ciabo
yAepXHBaeT aTOM BOIOpPOJa B KaTHOHAX OKCOHMSI, KOTOpbIE INMPOSB-
JISIOT CBOMCTBA OYEHBb CWIBHBIX KHCJIOT:

_o—Sp3-opbuTans (Gonee 0OCHOBHAs)
8/H — - R"‘~~

R,
i ®
QT R

Gostee ciaban
KHMCoTa

- Sp2-opouTaib (MeHee OCHOBHAA)

R H R_
v
== >C=0 +H®

@
6onee cHiabHasA
KHUCJIOTa

Hekoropble naHHbI€ N0 KHUCAOTHOCTH MPOTOHUpOBaHHON cdopmbi
MPOU3BOJIHBIX KapOOHOBBIX KMCIIOT, HUTPWIOB, AJIbAECTHIOB U KETO-
HOB npuBeneHbl B Tabs. 18.4. [lnsg cpaBHeHHUS TaM Xe MpUBeAeHb! 3Ha-
YEHUA pKa H30+, CH30H2+, R20H+.
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Tabnuua 184
KHC/I0THOCTh NMPOTOHHPOBAHHONH (hopMBI NPOH3BOAHLIX KAPOOHOBHIX KHCJIOT

Coenmnuenue Conpaxennas KHC10Ta PX, conpsxennok
KHCH0TH
BH
CH;CONH, CHCENH, 0,0
H,0 H;0° -1,7
®
CH]OH CH30H2 _2»2
@
CH;CH,0CH,CH; CH;CH,0CH,CH; ~3,6
H
on®
CH3COOH CcH,CZ OH -6
~9 (()DH
o
CH]C"‘OCHzCHJ CH3CZOCH2CH3 _6,5
Z0 8]-{
v
CH3C_CH3 CHJC{/_CHJ _7,2
Z0° Su
= A -8
CHL=H CH,cZH
9 8]-{
a -
CH,Cm=N CHC=NH -10

HecMoTps Ha TO 4TO 1O OCHOBHOCTH KapOOHWIBHBIN aTOM KMCAOPO-
Ja 3HAYMTENIBHO ycTymaeT 3¢HpHOMY KHMCIOpONLY, CIOXHBIE 3HphI
MPENMYLLIECTBEHHO MTPOTOHMPYIOTCS MO KapOOHWABHOMY KHCA0pONY.
DTO 0OBsCHSIETCA cONMpsaXeHHeM, BO3HUKAIOUIMM B NPOTOHUPOBAH-
Hoit dopme:

H
1c=0 | y® el
R C\OR2 H R TJ: .

[TonoxuTenbHbIA 3apsn AeIOKATH3OBAH MEXIY OBYMS aTOMaMM KHUC-
Jiopoaa, uTo fenaeT MPOTOHHPOBAHHYIO HOPMY CI0XHOro 3¢dupa 60-
Nee ciaboit KUCIOTOM, YeM NPOTOHUpPOBaHHasA ¢opMma KeroHa. Baus-
HHUE CONPSIAKEHNS HarlsiAHee BCEro MOXHO MPOAEMOHCTPHUPOBATh NpHU
paccMOTpeHU M NPOTOHHpOBaHHOK ¢HopMbl amuna. [Iporonnposanmne
aMuaa no asoTy NPUBOIMT K [I0JHOH NOTEpE CONMpPSIXKEHUA HEnofe-
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JeHHOM Mapbl 3NEKTPOHOB a30Ta C M-3JMeKTPOHAMU KapGOHMIBHOIM

0o®
TpyIIk B RCZ—NH;,. B NMpoTHBOMOJOXHOCTE 3TOMY IHPOTOHUPOBaHHE
aMHya Mo aTOMy KHMCJAOpoaa CTaOMAM3UPOBaHO COIpPSIXKEHHUEM:

@
0 —H
rR¢e?Z +H® =——= RC
NH, @;mz

Cpenr mpoM3BOAHBIX KapGOHOBBIX KHCAOT OCHOBHBIE CBOMHCTBa
Hanbosiee caGo BeIpaXeHbl Y HUTPWIOB. DTO He YAUBUTENBHO, €CIIH
MIpUHATh BO BHUMaHMe, YTO HEMOMeJleHHas! napa 3JIeKTpOHOB aToMa
a30Ta B LIKMAHO-TPYIIIE 3aHUMAeET Sp-THOpHAHYIO op6uTanb. B amMuake
HemnoMeNeHHas Napa 3/IeKTPOHOB 3aHMMAET s5p°-TUGPHIHYIO OpOUTAND.

@
Pazmuune B kucnotHoct N—H casizeit B katnone NH, (pK, =9,5) u

@
CH;C=NH (pX, = —10) npumepHO COOTBETCTBYET Pa3iM4UIO B KHC-
JgotHoctn C—H-cBa3eit B auetiede (pK, = 25) u merane (pK, = 50),
KOTOpOe Takke 06YC/IIOBIEHO pa3nHYHBIM THIIOM MMOpUAM3ALIMH.

18.5. ATMJITAJTIOTEHHMBI

AUMITaZIOTeHUIBI TTONYYAIOT U3 Kap6OHOBBIX KUCJIOT C MOMOLBIO
peakuuy oOMeHa MeXly KapOOHOBOH KHUCJIOTON U rasioreHaHTHIpH-
IOM Kakoi-Hubynb HeopraHuyeckoit kuciaotel. PCl;, PBr;, PCls,
SOCI; u op. Haubonee Yyacro B CHHTETHUECKOH NPAKTHUKE IS 3TOMH
LeNMU UCTIONB3YIOT XJIOPHUCTBI THOHWJI, MOCKONbKY KpOMeE aLUIXIO-
puna obpa3yiorcs ABa razoo6pasHbix npoaykra — HCI u SO, 1 Boite-
JIEHME XJIOPaHTHApPHAA B YMCTOM BHJE HE MpeacTaBisieT Tpylda:

JIM®A win N(CH;), Py

RCOOH + 50Cl, xJ10podopM WK GeH3on RC—q

+ HCl + SO,;

IM®A

CH;CH,CH,CH,COOH + SOCl; & ——

CH,(CH,),COCI + HCl + SO, ;
(87%)

CH; CH;

HsN
mc-@}coon + 500, m H;C-@»COCI +

CH, (90-95%) CH,

e
+ S0, + CsHNHC ;
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PBr,
3BrCH,CH-CH,CH,COOH

- 3BrCH,CH—CH,CH,COBr + H;PO;
CH, CH, (70%)
3 PBI'J
( )-cooH e 3( )-COBr + HyPO,.
(90%)

O6pa3oBaHKe aluWITAIOreHHIa M3 KapOOHOBOUM KHUCJIOTHL M XJIOpHC-
TOr0 TUOHWJIA MIPOUCXOMUT B iBe ctaauu. IleppoHayansHo 3 RCOOH
y SOCI, obpasyercst cMelUaHHBI aHTWAPHI: HA BTOPO# CTROUM Mpo-
HCXOMMT HyKIeohMIbHOE 3aMellieHe y alMJIBHOrO aToMa yriepona
oA NeHCTBHEM XAOPUI-HOHA;

o
RCOOH + SOCI, rRc? o +HQ;
NP
0-sZ
a
A0 ® /SH cP
RC\ /0 + H — RC\ (o) e
0-sZ. 0-sZ.
a a
O‘H
— | RC o | ——=Rrcoct + Hat + 50, .

Peaknusa xaTaiu3upyercss TPeTHYHBIMH aMHHAMH. TPEeTUYHBIA aMHH
cesabiBaet HCl ¢ o6pazoBanueM conu RyNH®CI®. Takum obpasowm,
TpeTHYHbIe AMHHBI CIIOCOGCTBYIOT 06pa3soBaHMIO XJIOPHA-HOHA, pa3-
pyLIAOIIEro CMeIaHHbIi aHruapua. MexaHM3M KaTauus3a peaKUUH
IuMeTHAGOpMaMUIOM CHIBHO OTJIHYAaeTcsa OT HeHCTBUS TPETHYHOIO
amuHa. IleppoHayansHo IM®MA obpasyeT ¢ THOHHIXJIODHAOM XJIOD-
MMHHHEBYIO COb — peareHT BunbcMetiepa (. 19):

0
HC? +50C, =—= (CH3)2N =CH-0-$§ZQ —=

“N(CH,), )

=== (CH,),N CH@S = (CH,)zN—CH cP +s0,.
G a
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XJIOpUMHHHEBAsI COJIb KaK eKTpOdUIbHEBIN areHT aanee pearupyer
¢ xapOoHOBOI KHUCIOTOH ¢ 06pa30oBaHUEM XJIOpPaHTMApMEA U AMMe-
TwidopMaMuaa:

0
ReZ  + HCN(CHy, == (S
OH ’

a e '
Cl

20

+ HC

0
—— RC? z
a N(CH,),

Y + HCl .

Jto HanboJjlee YHUBEpCAILHBIA METON, MOAYYEeHUST XJIOPaHTHMAPHIOB.
OH MOXeT OBITh ¢ ycIleXOM MCIOAB30BAH JUISl CHHTE3a XJIOPaHTUAPH-
OB CHJIBHBIX KUCJIOT, TAKMX KaK TPHXJIOp- U TPUPTOpYKCyCcHas KHC-
JIOTBI, KOTOpPhIE HENb3S MOJYYUTE HETIOCPEACTBEHHO ¢ MOMOLIBIO Of-
HOTO THOHH/IXIOPHAA. AHAOTHYHBIA MEXaHU3M, I10-BUAMMOMY, MOXET
6BITE NpeRJIoXeH M I 00pa3oBaHUsl aLWITAIONeHHAOB C IOMOUIbIO
Ipyrux kucnot Jsionca — PCl;, PBr;, PCls, POCl; u ap.
TuoHWAXJIOpUA MNpencTaBasieT coboil cpexHeldt CHUIIBL KHCIOTY
JIvouca, MO3TOMY IS MOJYyYEHHS] XJIOPAaHTHIPHAOB U3 COeJIMHEHHH,
coflepXalllMx ApyrHe GpYHKIMOHANbHbIE IPYNIbl, YyBCTBUTENbHEIE K
JNEUCTBHIO KMCJIBIX areHTOB, C/IeAyeT UCIIONb30BaTh HeHTpalbHEIH pe-
areHT — OKCAIWIXJIOPHA, IOJYy4YaeMblif U3 LIaBeJeBON KUCJIOTH U
nsituxnopuctoro ¢ocdopa. B aToM citydae obpa3oBaHue XIOpaHTHI-
pHI2 TIPOHCXOMUT B HCKIIOYHTENBHO MSATKHUX ycioBusix npu 0—20°C
M, HampuMep U1 HeNpeHebHBIX O, [3-HeHachlllleHHbIX KHCJOT, He
CONPOBOXIAETCA MU3MEHEHHEM KOHGUTYpalUMH NPy IBOHHOM cBSA3U:

H t3on R
R:C=C/ + (COCl)zic——> ™~
H OOH

~C

_H
O_IO‘C H/C=C\Cm+lcoz + Co + HCl.

MexaHuam 3Toi peakuy HUYEM He OT/IMYaeTcs OT MexaHHu3Ma obpa-
30BaHMUSI aLWJIXJIOPMAOB M3 KAaPOOHOBBIX KUCIOT H THOHWIXIOPUAA!

——

o) 0 0
& = —HC z
ReZ oy + ac(c o —HA. reZ O
~ ~2°
a
0
—= RCZ | + 00, +CO.
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st monayyeHUst aLMAXIOPUIOB M3 KapOOHOBBIX KMCJIOT B MATKHUX
YCIIOBUSIX MOXET OBbITh HCIONB30BaH (OCreH:

0]

(0}
=
RC\OH + COCl,

(0]
0] F
Z° —= RCZ  +CO,.

—HA_ pc?Z
0C—¢y

B cosepllieHHO HEHTPAIBHBIX YCIOBUSAX XJIOPAHTHAPHABI MOXHO IO-
JIyYyaTh NMpU NeHCTBUH Ha KapOOHOBBIE KUCJIOTBHI cMecH TpHdeHHT-
dochuHa U YETHIPEXXIIOPHUCTOrO YIepona:

A° o
RCOOH + (GeHs);P + CCly Rc\o—%(csma -
5/3

— RCOCI + (C4Hs);PO .

MexaHH3M 3TOi peakliUH aHAJIOTHYeH MeXaHH3My 00pa3oBaHHUs aj-
KHIXIopuaoB u3 cnupta, (C¢Hs)sP u CCly (tn. 11, 4. 2). IIpoMexy-
TOYHO oOOpa3ywiuicss HHTepMeIHaT MOXET HelOCpPelICTBEHHO
B3aMMOIeHCTBOBaTh CO CIMPTAaMU M aMUHaMK ¢ 06pa3oBaHHeM COOT-
BETCTBEHHO CIOXHBIX 3¢GUPOB U aMUIOB.

18.5.1. ATMITAJIOTEHHIBI KAK AITHIIMPYIOIITNE ATEHTBI

ALWIranoreHUabl MpeacTaBisioT coboil Haubosaee NOCTYIIHbIE K

YHHBepCaTbHble peareHThl [ BBEASHMS] allWIbHOM IPYIBI NpH 3a-
MeleHUH TaloreHua-MoHa Mox JNeHCTBHEM CaMbIX pa3sHOOOGpa3HBIX
HYKJIEOOWIBHBIX areHTOB: BOJXbI, CIMPTOB, aMMHaKa, MEPBHYHBIX M
BTOPHYHBIX aMHHOB, THOJOB, THAPMI-HOHA, KapbaHHOHOB, KapbokK-
CHJIaT-MOHA K MHOTHX JIPYTHX PEAareHTOB. DTH peaKllM¥ HEOOpaTHUMBI,
TaK KaK raioreHUA-HOH 6onee cnabuiii HyxIeohWIbHBIN areHT, YyeM
OH™, OR™ u Ipyrie HYKI€OGWIbl IO OTHOILEHHIO K Sp°-~THOPHAHO-
My aTOMY YTJIepolla allHJIbHOM IPYIbL.
A. T'unpoan3. AlTHIrajoreHUbl pearupyior ¢ BoIoi ¢ o6pazoBaHHeM
KapOOHOBEIX KHCAOT. DTO 00bIYHAs peaKUusi HyKIeOPWIbHOIo 3ame-
LeHHS Y alMILHOTO aTOMa YIJiepona, B KOTOPOM nociie npucoexuHe-
HHUSI BOIBI Monay4yaercss OETAMHOBBI HHTEpMENHAT, CTAOHIH3UPYIO-
1M iics BO BTOpO# cTaAUU B pe3yiabTaTe OTIUEILUIEHUS XJIOpUI-UOHA U
MPOTOHA:

0 o
~ OKCaH
Z o + HOH 22 | R-C-OH, | —=

1

RC
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— RciogH2 +CP RCOOH + HCI .
b. Ankoroau3. BzauMmozneiicTBue aLMnraioreHUAOB CO CIMPTAMHU MIPpH-
BOIOUT K CJIOXHBIM 3(pUpPaM 10 MeXaHU3MY, abCONIOTHO aHANOTHYHO-
MY JUIS peaKUMH c Bogoit. Ui cBA3LIBAHUS BBLOENSIOLUErOCs rajore-
HOBOZOPOJA MCIIONIb3YIOT TPETHYHbIE aMHUHBI, OOLIYHO NUPUIMH,
TPUSTWIAMHH WIM JUMETHWIAHWIMH:

o H;N(CH3) O ® <]
a GCeHs 32 & .
(68%)
P C;H;N
C¢H;C_~, + CH;CH,CH,0H - C¢H;COOCH,CH,CH;;
c CHCl,; 20°C (86%)

) 0
>z
cZ Z
“ [>-oH _GHN __ C/\O<]
* >dmp; 20°C :

(55%)

Ecnu He cBS3bIBaTh rajJIOreHOBOXOPOI, TO NPH 3TepUPUKALIUM

BTOPUYHBIX, ¥ OCOBGEHHO TPETUYHBIX CITUPTOB Bcerga obpasyercs
HEKOTOpO€ KOJIHYECTBO FaJIOreHUJa, KpoMe TOro, FaJIoreHOBOLOpOL
NpUCOeIHHSETCS N0 KPaTHOM CBA3M HeHACHILEHHBIX KHcJoT. Cko-
pocTh 3TepuPUKALMH AMWITAUTIOTeHUAAMHU 3aBHCUT OT CTEPUYECKHUX
¢daktopos. IToaToMy HHOTAA NEPBUYHYIO CIMPTOBYIO TPYNIY yaaeT-
Cs CEJIEKTMBHO IpOo3TepuPUILIMPOBATE pYU HATUYHMH B TON Xe MoJe-
KyJle BTODHYHOTO WM TPETHYHOIO THAPOKCUNa. Orepudukanus de-
HOJIOB € ITOMOLLBIO ALMITAIOreHUAOB 0OBIYHO TPeOyeT HoJlee XKECTKUX
YCJIOBHH, M HAWIYYIINE PE3ybTAThl ZOCTUTAIOTCA IPH ALWIHPOBA-
HUM INEJIOYHBIX WK TAUIHEBBIX (PEHONATOB B HEMONsApHO amnpo-
TOHHOI cpene.
B. AMEROMM3. ALUMITATOreHUAL SHEPTUYHO PEATHPYIOT C AaMMHUAKOM,
NEpBUYHLIMM M BTOPUYHBIMM AMWHAMM WM T'HAPA3HHOM Cc 0Opaszo-
BAHHUEM C OYEHb BBICOKMM BBIXOJOM He3aMelueHHbIX v N-3zame-
IZCHHBIX aMMIOB, 4 TAIOKE MMAPAa3UAOCB KHUCJIOT:

CHCQl
(CH;),CHCOC]I + 2NH; b’——zb'_é:' (CH;),CHCONH, (83%);
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CsHs;CON(CH3); (92%);

CHO;_
CgHsCOCI + 2NH(CHy), 1ot

Cl,
C (CH;);CCONH—NH, (88%).

CH
(CH;);CCOCI + 2NH,~NH, ——= 020"

MexaHu3aM aMUHOJIM3a mogobeH MexaHW3My M'MAPOJIN3a U AJKO-
roJiu3a, pasiiyye JMILUp 3aKJII0YaeTCs B TOM, YTO MPOTOH U3 TETpa-
3J]PUYECKOrc MHTEPMEAMATA OTLUEILISIETCS C TOMOILBIO BTOPOIO MOJIS
amuHa. IToaToMy JuIa aMHHONM32a HEOOXOIMMO PacXo10BaTh JBa MOJIS
aMMHa Ha MOJIb al{WIrajJoreHuAA:

@®
RCZO + RINH, — R--C—NH;R _RINH,
c

_0 @ Q
— = RCZ + RINH,CI .
NHR!

HMHuorpa BMecTo ZOpOrocTosU(ero aMyMHa ISl CBS3BIBAHMA rajaore-
HOBOJIOPOJla MCIONb3yIOT pacTBop iuenouu npu 0—5°C. Torma mas
aMHMHOJM3a TpebyeTcsa TOJBKO OAUH MOJIb aMUHA. DTOT oYeHb YR06-
HBIH B MpeNapaTUBHOM OTHOILEHHWH MeTO[ ObUI NMpeUIoXeH B KOH-
ue npouuioro peka lllorreHoMm U BaymaHoM U MHOrAa gaxe HasbIBa-
etcs peakuueit lllorren—Baymana. B xayecTBe npuMepa npuseseM
MOJiydeHUE TPUMETO3MHA, MCIIOJNIb3YeMOro B MEAUIIMHE B Ka4yecTBe
CeJATUBHOIC CpeJCTRA:

H,CO H,CO
VAR NaOH I\
H,CO COClI+ HN O ——— H.C CO-N O
3 \_/ BOna-aMOKcaH, .
H,CO MopdonTHH 0-5C H,CO TPUMETOSHH

TpeTryHple aMMHBI 00pa3yloT ¢ AlWITAIOTeHUAAMU HOHHBIE COENMHE-
HUSs1, COAEPXAILME ALIMIBHYIO IPYIIY Y [OJIOXUTEIbHO 3apSDKEHHOTO aToMa
asora. B xayecTBe TPETHYHOIO aMHHA qallle BCero WCINoJb3yIOT MUPHU-
JMH, TOr4a NMPOAYKTOM PeaklUMH SBASeTCS alWITHPHAXKHUMXIIOPHI:

o)
CH,Ql, RCZ, c®
RO + ND =30C @ '
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AUWITUPHIMHUK-KATUOH U ApYr'He ero aHaJIOrH ABJISIIOTCA MOIIHE-
WUMH ALIMNUPYIOIMMH areHTaMy, HAMHOIO MpPeBOCXOAALIMMH 110
PEaKIMOHHOM CIIOCODHOCTH alMITaJIOTeHUIBl, aHTHAPHABI U ApYyrue
[IpOMU3BOJAHBIE KapOOHOBBIX KUCJOT. /i1 MpUBedeHHBIX BhILIE peak-
UM, rge B KadecTBe «cBs3biBarowiero» HCl areHTa McrmoJib3oBajcs
TPETUYHBI aMUH, HCTUHHBIM allWIHPYIOIUUM areHTOM, MO-BHIUMO-

Z
My, oka3sbiBaercs auuauesas conb RC @ o
NR,Cl

) f:a (0]
R'C’(@D R20H | pt2 @\' > ~R\C% @: >
=2 | RC N RC + HN .

@
RO
H

IMpeBocxOMHHIM HEHTPAJIbHBIM ALMJIMDPYIOUMM areHTOM SBISETCS
aAlMIMMUAA30a1, Noaydyaembrit u3 N,N-KapbOHWIAMUMHIA30JA U
KapOOHOBOM KMCHOThL. JTH COSOUHEHUA pEarMpyloT ¢ aMUHAMH B
HCKIIIOYMUTENIEHO MATKUX YCIOBHAX B OTCYTCTBMM KaTajJU3aTopa, B TO
BpeMS Kak ISl peaKklMM CO CIIMpTaMH TpebyeTcs KaTain3 OCHOBAHHU-
€M. OTH peareHThbl HalUTX LIMPOKOE MCIIONb30BAHUE B Ka4eCTBE alll-
JIKPYIOLIMUX areHTOB:

coq, + 20N |
=N

|_=_:N—C- N1 .

§ =N
N, N-kapboHWwinunMmaason

Rc?" |=____',‘

\OH

u

— <,=| HN,—__‘ + CO, ;

0]

RCZ
N'_I + R'NH,

RCONHR' + HN |
=N

I'. BoccTanop/enne aUMNTAI0NeHNI0B KOMILIEKCHBIMH MiapuaaMu. Boc-
CTaHOBJIEHHWE allWJITAIOTEHUIOB KOMIUIEKCHBIMM THOPHIAMM NPEACTAB-
JseT coboi paZHOBUAHOCTh PeaKUMU HYKI1eOoDUIBHOIO 3aMELICHUS Y
alWIBHOTO aTOMa YIJIepoJa, rie pojib HYKIeOopHIBHOro areHTa Urpa-
eT rupua-uoH. B nepsoit ctanuu BocctaHoBneHuss RCOCI o6pasyer-
CA aInJerda, KOTOPBIN 3aTeM MPUCOEOUHSET elle OAWH T'MIPHI-UOH
M BOCCTaHABJWBAETCA JO MEPBUYHOIO CIMPTA!
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O LiAl 0 :
o DA | pE | —= re?® + e _LiAH
a ~H
I
¢ e
— R-C-H H _ RcH,0H.
H

AJNIOMOrHIpUN IUTHA sRisgeTcs 3¢ddheKTUBHBIM JOHOPOM MMAPHI-HOHA
¥ 06J1aJa€eT MO3TOMY HM3KOM CceieKTUBHOCThIO. OH BOCCTaHABIMWBAET
alMITaJore HUIbl HENOCPeICTBEHHO A0 AIKOTOJSAT-UOHA MEPBUYHOTO
CITUpTA. DTOT METOA HE UMEET NPAKTHYECKOro 3HAYEHHA, MOCKOJIBKY
KapbOHOBBIE KHMCJIOTHI M CIOXHbIE 3¢(HUPBI TaKXe BOCCTAaHABJIMBAIOT-
cS ATIOMOTHAPUIOM JIMTHS A0 MEPBUYHBIX CIIMPTOB. 3HaYUTENBHO Oonee
HHTEpeCeH M BaXeH B CHHTETHYECKOM OTHOLUEHHM METOJ BOCCTa-
HOBJIEHHS allMJITAIOTEHUIOB 0 aibgerunos. Ha 3Toit mpoMexyrou-
HOM CcTaiuH peaklUui0 MOXHO OCTAaHOBUTb B TOM Cliydae, €CIH MC-
noib3oBaTh Gonee cinabelif M, cregoBaTeNbHO, 6oJiee CeleKTUBHBIH
BOCCTAHOBUTEJb. TaKUM areHTOM SIBJISIETCA TPHU-mpem-6yTOKCHAIIO-
MOTHIAPHA JIUTHA, KOTOpbIit mosyyaerca M3 LiAlH, u Tpex axBuBa-
JIEHTOB mpem-OyTHUIOBOTO CIIHpTA:

admp

LiAlH, + 3(CH3);COH o

LiAIH[OC(CH3)); + 3H,.
DTOT peareHT CeJeKTHBHO BOCCTAHABIMBAET AIMJITAJIOFEHHABI ATH-
daTuiyeckux U apomaTUdecKUX KapOGOHOBBIX KMCIOT B 3¢upe, TI'D
WIM UIrIuMe go anbaerunos. YTobsl u3bexats JanbHelIero Boccra-
HOBJIEHHUS aIbJeruaa, Heo6XxoquMo MONIEpXKUBATh HU3KYIO TeMIlepa-

Typy —78°C:

o 1) LIAIH[OC(CH;);]3 o

= adup; —78°C Z
H;CO——@-C\CI D HOO H;CO—@—C\H :
H,cO HCO  (gom)

1) LIAIH[OC(CH,)3]5
aurnuMm; —78°C

Cl 2) H,0®

0
CH,(CH,)—CZ.

CHy(CHy)—CZ_ i
(60%)

_O 1) LIAIH[OC(CHy)s]; TT®; —78°C
[>—c’ 5 HOP [>—c\H :
@2%)
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oD LiAIH[{OC(CH,),];; muraum; —78°C

02N©C\Cl 2) H,0® OzN—@C\H

B 6onee ctapom metone K. Po3zeHMYHAA UCTIONIb30BAIOCH KaTaIU-
THYECKOE BOCCTAHOBJEHME ALIMITATOreHUIOB 4O albAerugoB Ha Pd/
BaSO,, ne3akTHBMpPOBAHHOM XWHOJMHOM WJIM CEpOH:

-0 Pd/BaSO, (xuHoNuH, cepa) -0
OCHZC\CI + H STWIALIETAT WIM TONYOl O_CH2C\H+ HCL.
(70%)

Ilpu BOCCTAHOBJEHHHM XJIOPAHTHMAPHIOOB A0 ATbJErMHoB Mo PozeH-
MYHIY CJelyeT UCIOJIb30BaTh CTPOro 3KBUBAJEHTHOE KOJIMYECTBO
BOJOPO/Ia, KOTOpPOE OMpPENeNAIOT 10 BBUIEIAIOLIEMYCS XJIOPHCTOMY
BOIOPO/LY:

s Pd/BaSO, &
_ ¢ XMHONHH 4
mc@c’\q +Hy e H;C—@-C\Pﬁ HCl.

Jl. Peaknuyu ¢ MeTaNI00PraHHYeCKHMH coeanuenHsmMHd. MarHuitopra-
HMYECKHE COEJUHEHMUSI pearupyloT ¢ aUWIraJJoreHUIaMu ¢ obpaso-
BaHHEM HECHMMETPUYHBIX KETOHOB WIM TPETHYHBIX CIIMpTOB. Ilepso-
HAYaJIbHO MarHWiopraHudecKoe coeJUHEeHUe IPUCOENUHAETCA M0
KapOOHWIBHOM rpyIne ¢ oOpa3oBaHHEM TETPA3APUYECKOTO WHTED-
Meauara. OTuleIUieHWE TajioreHWaa MarHusl MpUBOAMT K ob6pa3osa-
HHUIO KETOHA.

OMgX

Rc=0 4+ rempx 2P [ cC¥ | — R'c=0 + Mexal.
a I SR2
. R2

KeToH panee pearupyeT ¢ MarHHKOpraHW4ecKUM cCOeXMHEHUEM
(rn. 23, 4. 4) ¢ ob6pa3oBaHWEM TPETHYHHIX CIIUPTOB:

OMgX OH
1 O Hp ! | 2 H,0° | 2
RCZ ~ +RMgX ——= R--C—R —+—~ R--C—R
R .

2 2
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B TeYeHMe MHOTHX JIET CYUTAIOCH, YTO 3TOT METOM COBEPIUEHHO
HETIpUTOAeH ISl MOJy4eHUs] KETOHOB, TaK KaK peaklMio TPYAHO OC-
TaHOBMTH Ha nepBoit cTaauu. OQHAKO allMJITAIOreHUAE HAMHOTO 60-
Jiee peakIMOHHOCIIOCOOHBI MO CPaBHEHMIO C KETOHAMM B OTHOILe-
HUU npucoegHeHuss RMgX mo xapboHuABHO rpymne. DTo
OOCTOATEILCTBO YUTEHO B YCOBEPIIEHCTBOBAHHOM crlocobe moJiyye-
HHS KETOHOB MPH B3aUMOAEHCTBUM MarHUMOpraHU4eCcKoro coelMHe-
HHUS C U3OBITKOM ALMJITAJIONeHMAA B MIPUCYTCTBUH GE3BOJHOIO XJIO-
puna xene3sa (III) B apupe win TI'® npu HU3KOI TeMileparype U
npy oOpaTHOM MOpSAKE CMELIMBAHUS peareHTOB:

o OMgBr
z Fe ]
CHy(CH;),C + CHJ(CH»sMgBrm CHy(CHps-C-Cl |-
(CHp,CH,
) 0
—E% CH;(CHz)SC/ + MgCIBr ;
2 95%) “CH,CH,CH,
OMgCl
o) FeCl I
CH,C?_ + CH;(CH,);MgQl ——3*—= | CH,-- C—Cl —
g 3(CHy);Me orp; —T8C Y
(CH,),CH,
) O
—gi*%— CH, c/ + MgCl, .
2 “(CH,);CH,
(12%)

s nojiyueHUSA KETOHOB BMECTO peakTUBOB I pHHBApA Liesecoobpas-
HO MCIIO/NIb30BaTh KaAMHUHOPraHU4eCKHe WIM PTYThOPraHHYECKHUE CO-
eXMHEHUS C MeHee TOJSPHON CBA3BIO: YIEpOA—KaAMHUIl U yrje-
pPOL—pTYTh:

o 0
Z
cZ Genson RCZ i + RCACI (50-80%);

R,Cd + R!
cl
o o
Z AIB
RHg +RCT  — 2o RCZ o (80-100%)
Cl CH,Cly; —20°C :

Opra}mqecxue COeJUHEHHUsI KAAMHA OYCHb MEIJIEHHO pearupyrotr C
KETOHAMHM, YTO [103BOJISIET OCTAHOBHUTL pPEaKLMIO HA NIEPBOM CTAIHUHU.
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Haunbonee yHUBepCaNbHBIM METOJOM CHHTE3a HECMMMeTpHY-
HBIX KETOHOB C IIOMOIUBIO METATJIOOPTaHUYECKUX COeIUHEHU I SIB-
JiseTCsl ALMIMPpOBAHHE AUANKMII-, AMADHUI- U JUATKEHUIKYIPaTOB
(r1. 16). ITo ceneKTUBHOCTH OHM HaMHOTO MPEeBOCXOSAT U peaKTH-
8ol I'puHBSIpa, ¥ KaAMWHOpraHU4YEeCKHE COEIMHEHWs, a BEIXO/Ib
HECHMMETPUYHLIX KETOHOB OYeHEb BHICOKH M HepelKo OJIM3KH K KO-
IN4eCTBEeHHOMY:

0 0
(CH3)3CCfCl+ [((CH;),CH),CulLi 33:" (CH3)3CC<CHCH3;
04%) Ly
i acup; i
CH3(CH2)4(,: + [(CH3),Cu]Li gy CH:(CH2)4(|:
(CH2)4C (95%) (CH,),
a H,C-C=0

KoHpurypauus rnpu [1BoHHON CBSI3M COXPAHSAETCA B MPOLYKTE peaKUUH:

?H] (l:H3 |CH3
CH;CH,CH-C=C + [(CH;CHz)zcu]u:*b CH,CH,—CH CH,
L [0 78°C \ °
H c c=C—c”
~a 02%) | |
H  CH,CH,

Jvankui- ¥ JHapuIKyTIpaThl pearHpyloT ¢ aWITaJIOTeHUOAMHA U
aHTHAPHIAMK KMCJIOT, HO HE B3aHMOIEWCTBYIOT CO CIOXHBIMU 3DU-
paMH, aMHIAMH YU HUTPpWIAMU. DTO MO3BOJAET KUCIIONb30BaTh Kylpa-
THI JUIS CUHTe3a KeToHOB, cofepXamux COOR u CN-rpynmnsl:

0
NC— (CHZ)IOC/ + (CHy),cuLi 221 p(’: NC-(CH,),,COCH, .
a

Ocoboe MecTo B CUHTE3¢ HECUMMETPUYHBIX KETOHOB C OMOLLBIO
METAUIOOPraHUYeCKUX COeJUHEHUM 3aHUMaeT peakLys JIMTUMOpraHu-
YeCKHUX COeIUHEeHMH C COIIMU KapOOHOBBIX KMCIOT. CoJIM Kap6OHOBBIX
KHUCJIOT MPeAcTaBIsIOT coO0i HACTONBKO cabble alWINPYIOLIME areH-
Thl, YTO PEarupyioT TOJLKO C TAKUMM CHIIBHEHIIMMU HYK1eO(hUIbHBI-
MH areHTaMy, KakK JUTUHAJIKWIBI, ¢ 00pa3oBaHHEM KETOHOB:
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| H,0°
Rc=C & riLi 2P R _C—oLi| —2
OLi —30°C ]l{l H,0
OH
R—C—OH RCOR! + H,0 .
b
Z° 1) CHyLi; sgwp
c\OL_ P <:>—COCH3 :
i D H 91%)

18.5.2. PEAKIINS ©. APHATA—B. DHCTEPTA (19271.)

DTa peaKIUMs 3aKII04aeTCs B YIUIMHEHUH LENH YIJIEPORHOIO CKe-
JleTa Kap6oHOBOM KMCJIOTHI Ha OJMH aToM yrjiepoa. AIWIraioreHH-
Ibl PEarupyloT ¢ OUa3OMETaHOM KaK HYKIeOPHIBHBIM areHTOM C
o6pa3oBaHUEM JUA3OKETOHOB:

® o .
RCOCI + 2CH,=N=N %‘é‘?— RC\’O o o Nat+ CHL
CH=N=N

JAnsa nonyvyeHuss OKA30KeTOHA XJIOPaHIWApPHI HeobxoxuMo pobap-
JIATh K ABYM MoOJAsSM 3¢QUpHOro pactBopa AuUaszoMeTaHa IS TOro,
yToOBl BTOPOM MOJb JUa3oMeTaHa CBA3BIBAJ BhLOEJAAIOLIMIiCA XJO-
PUCTBIH Boxopon ¢ 06pa3oBaHueM ra3oobpasHoro MeTwxiopuaa. Ju-
a30KeTOHbI NpH HarpeBaHUM C BOAHOM cycrneH3auelk okcuma cepebpa
NpeTepneBalT NeperpyniupoBKy, KOTOPYK HA3BIBAKOT MNeperpyil-
nupoBkoit Bojabda:

O

rC*C S, . lR C-CH|+ N,—=

\ ® O BOOa-AUOKCaH | [

CE{}C;ITJ:

alikapbeH
H,0
" —e RCH=C=0 RCH,COOH .
ATBIOKETEH

Ipennonaraercs, YTo B KaYyeCTBe HHTEPMEAUATA flepBOHAYAIb-
HO roJiy4aeTcsl aliMiKapbeH, KOTOpblii NoasepraeTcs aHWOHOTPOIT-
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HoM meperpynmnupoBke B KeTeH. KereH Obul BbigeneH B KayecTse
MIPOMEXYTOYHOIO MPOAYKTA MEPerpyNIIMPOBKA B OTCYTCTBHE BOMBI.
JlnazokeToH, MeYeHHBI! u3oToroM °C B KapGOHWIBHOM rpyme,
JlaeT KapGOHOBYIO KMCIIOTY, CONEepXAalylo MEeTKY B KapBoKCHIBHOIM
rpymnrme:

13,20 _Ag0 1320
CHAECT | o CHOHACT
‘CH=R=N OH

Ecnu neperpynnupoBKy NpoOBOOMTL HE B BOJE, a B CIIMpTE, KOHEY-
HBIM [MPOLYKTOM OKa3bIBaeTcs CIOXHBIM 3¢dup. Murpupyrouias rpym-
I1a MOXeT OBITh AJIKUJIBHOM, apyIbHOM WIM ATKEHWIBHOW TIpYIIIOM.
MexanusM neperpynnupoBky Bojsibga aHaorMyeH neperpyninupoB-
ke Kypuuyca.

Taxum ob6pa3om, B pe3ynbTate peakluu ApHaTa—3icTepTa Kap-
OOHOBAasi KUCJIOTA IpeBpaliaeTCs B CBOM MOMOJIOL:

0 COOH
C 2CH,N C Ag,0 CH
QUG 2 oz QO v, o 2

(88%)

18.6. AHTHAPHUIBI KHCIOT

CyulecTByioT pa3sHooOpa3Hble MeTOHbl NMOJYYeHHUS] aHTMIPHIOB
KapOoHOBBIX KHcIOoT. Ob6LIuit MeTol MX TMOJYYeHHA 3aKII0YaeTcs BO
B3aUMOREHCTBMM AUWIraIOTeHUAOB C COJNAMH KApOOHOBBIX KMCJIOT,
KOTOpbI€ HIPAIOT Pob HYKIeo(IbHOIO areHTa:

RCZO + RCoONa XHRIMOMN _pic=0 4 Na(y;
a “Socz0
RZ

CoH,CH,COC! + C4H,CH,COONa 22!

2—5% (C¢H;CH,CO),0 + NaCl.

87%)

BMmecTo coneit KapGOHOBBIX KMCJOT yaoOHee HCIOJb30BaTh CMECh Ca-
Moit KapboHOBO# KMC/IOTBI U TPETHYHOIO aMUHA (IIMpHIMHA, TPU3I-
TUIAMHHA U Op.):
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Rc=0 + rRc=0 CH;N 1c7°

e 0

OH ] 29up win Genson \OC
\RZ
O CHN
= ]
CH;3(CH,)sCOOH + CH;3(CH,)sCZ_ p—

®@ o
——= (CH;(CH,)sC0O),0+CsH,NHCI .
(97%)

AHTUIPUIBl BHICIIMX KapOOHOBBIX KMCIOT MOXHO T0JyYyaTh O6MEH-
HOH peaklLHed KapODOHOBBIX KMCJIOT C YKCYCHBIM aHTHIPHUIOM:

RCOOH + (CH,C0O),0 ——= (RCO),0 + 2CH,COOH:;

CHsCOOH + (CH;C0),0 ——= (C4H5C0),0 + 2CH,COOH..
(74%)

AHUTHAPHUIBI KUCIOT 00pa3yioTcs IpH HarpeBaHUM KHCJIOT C TAKUM
CHJIBHEHUIUNM JeTHIpaTUPYIOLUMM areHToM, KaK IIATHOKHUCh docdo-
pa. OTOT METOo/l O4eHb YIODEH IPH MONYYeHWH aHTUIPHUIOB CHJIbHBIX
KHCJIOT:

P205 /0
CF,COOH - CFJC/\ 0 +HPO;;

(80%)  CF

P,0;
CF,SOH — 2= (CF580,),0 + HPO;
(72%)

JlyumiuM, Ho HauboJee JOpOTOCTOSIIMM CIIOCODOM ITOJIyYEHMsI aH-

TUIPHIOB SIBJISIETCA METO/l ¢ UcHonab3oBaHueM N, N-IHIHUKIOreKCH I~
KapboguuMuia:

RCOOH + CGH“N=C:NC6H” —_— CGH”NHCI:=NC6H”—>
JMLHKIOreXCHIKapOOIUMMME, OC-R
Il

RCOOH .. (RC0),0 + C¢H,NHCONHGH, ; -

N,N'-muiLmMKIoreKCWIMOYe BUHA
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Luxinyeckue aHrUIPUIbl HEKOTOPBIX IMKApGOHOBBIX KUCJIOT 06pa-
3YIOTCSL [IPOCTO MPH HArpeBaHMM. DTO XApaKTepHO, OJHAKO, TOJILKO
JUTSL [TOJIy4eHUSI aHTHAPHIOB C MATH M LIECTUWIEHHBIMM KOJIbLAMH:

/o
CH,CO0H 3p0c  CHCZ
2 _— I 2 o + Hzo
CH,COOH CHZC\

0
(95%)
SIHTApHBIA aHTUIPHI

230°C
e ene

HOOC COOH C
V/AASAY
O 0o

(100%)
(¢raneBbii aHTUAPH

HexkoTtophie U3 MpuBeNeHHbIX Bblllle METONOB C yCIIeXOM MOTYT ObITh
UCIIONB30BAHbI M LI CHHTE32 CMelllaHHbIX aHTHAPHIOB ABYX Kapbo-
HOBbIX KUcnoT. [Ipocreifiumnii cTaGUIBHBIA CMELIAHHBIA aHTUIPUL —
aneTdIdGoOpMHaAT — AHTUAPHI YKCYCHOH M MYDaBBMHON KMCIOT —
noxyyaercs u3 ¢dopMHaTa HATpUS M ALETWIXJIOPUAA:

0 O
HCOONa + CH,CoC1 2P He?Z™ 7”4 NaCl.
25°C 0/ \CH3

64%)

HpyruMu cTaBMNBHBIMM CMelUAaHHEIMM aHTHUAPUIAMHU SABJBIIOTCS
anMITpUGTOpaLeTaTHl U alMJIKapOoHAaThI:

o N(CH,CH,) 0
Z 2CHs), 2
RCOOH + Ci-C T ———— 0 +
“OCH,CH; CHiCl; 0-5°C " "ocZ
XUTOPYTONBHBIA 3bUp 0CH2CH3
alpIKapooHar

N &

o

0 o
RCOOH + CF;—CZ 0 —~CF,COOH + CF,CZ
oC o—c<

CF, R

aumnTpudTOpalieTaT
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OHu npexpcrasisiior coboit a¢pheKTUBHbIE ANUIMPYIOUIHE ATEHTHI.
AUUIMPOBAHUE KHUCIOPO[-, YIJIEPOI- U a30TCOHEPXAlMX HYKJEeOo-
(UIBHBIX aT€HTOB OCYLIECTBJISIETCA 34 CUET alMJIbHOM rpymnmnsl bosee
cinaboit KMUCIOTBHI, MO3TOMY AlMAKAPOOHATHl HALIUIK LIMPOKOE MpHU-
MEHeHHEe B [eNTHJHOM CHHTEe3€ [JI CBA3BIBAHUS JBYX aMUHOKHUCJIOT
WJIK MENTUIOB:

0
O  N(CH,CH,) I 0
—_ 4 2 3 —_ — Z
RCH-COOH + C+C —LTRD; e © RCH-C oc?

NHCbz OCH,CH, NHCbz OCH,CH, ’

Il (6] ae
RCH-C-0C?  + NH,CH-COOCH, I[®:. 0°C
NHCbz OCH,CH, R!

o
— RCH—C</ R + CO, + CH,CH,0H .
NHCbz 'NHCHCOOCH,

AuetwidopMHaT NIpUMEHSAETCS UL BBeJeHUS POPMIILHOM TPYIINEL.

CaolicTBa aHTMAPUIOB KUCIOT OOCOJIOTHO aHAJIOTHYHBI pEaKIIH -
SIM aUWITAIOTeHUROB. Jisi Toro, 4ToOnl MOAYEPKHYTh MX PONCTBO,
IIpUBeeM IBa HauboJiee THIMMHEIX MpUMepa:

NaOH
CH,CH,0<O)-NH, + (CH;Cop0 2%~ CH;CH,0~<)-NHCOCH, ;
(90%)

theHaueTMH
(>XapoIIoHIDKAIOWIEE CPEACTBO)

20

CH,CZ CH,COOCH,
[? >0 + CH,0H | 95%).
CHCL, CH,COOH

18.7. KETEHBI

YKcycHOM KucloTe GOpMAIBHO OTBEYAIOT ABA AHTUAPHLA. YK-
cycuniit aurmnpug (CH3CO);0 u nporykr dbopManbsHOi aernapara-
UMM yKcycHo# kuciotel — KeTeH CH,=C=0. KeTeH MOXHO paccMmaT-
puBaTh KaK KHciopoaHbiit ananor aimena CH,=C=CH, (rn. 7, 4. 2).

212



KeTeH nmony4aiorT B MPoMbILLTIEHHOM MacluTabe MUpONMU30oM aleToHa
npu 700°C:

0
cH,c?
CH,

700°C

CH, + CH,=C=0 .

Obuirde MeToabl MONYYEHHsI TOMOJOIOB KeTeHOB (aJIbIIOKETEHOB
RCH=C=0 u ketokereHoB R;C=C=0) ocHOBaHbI Ha JAErHAPOrajio-
reHUPOBAHUHU ALWITAJIOTEHHIOB WIM JEraJJOreHUPOBAHUM 2-Tanoai-
KaHOWJITAJIOTEHUI OB:

O N(CH,CH,); U R
? _(_2_i_ RCH=C=0 + NH(CH;CH3)38 ;

RCH
21 CgHg wn spup
llz O 7
R-C-CZ —— &0 . R—C=C=O0 + ZnBr,.
}'3r “Br CeHg wm adup & 2

KeTeHbl OTHOCATCA K MCKIIOYUTENBHO PEaKHMOHHOCIOCOOHEIM
KapOOHWIBHBIM COEIMHEHHUAM, COIEPXKAIUUM 3N1eKTpOGUIbHbBIN Kap-
60HUNBHBINK yraepoXHbIH aTOM. OHU SHEpPrUYHO B3aUMOJEHCTBYIOT C
BOJIOH, CIMPTAMM, THOJIAMH, AMUHAMM U IPYTUMHU HYKIeODUIbHBI-
MM ar€HTamu:

0
CH;=C=0 + HOH —H CH@{OH :

CH,=C=0 + ROH -1~ CH,COOR;

(o)
=
—C=0 + ;
CH;=C=0 + R;NH & CH;C\NRZ,
H* A0
CH,=C=0 + RSH CH,C< )
CsHs SR

YKCYcHBI aHTHIOpUI NOJNYYAIOT B NPOMBINUIEHHOCTH TIPDHU B3auMO-
HOeACTBUM KeTeHa C YKCYCHOI KMCIOTOM:

0]

CH,=C=0 + cn3c<
OH

(CH;C0),0.
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IIpu B3aUMOJEHCTBMM KeTeHa C MYpPaBbMHOWH KHUCJIOTOK obGpasyercs
CTOMKHI CMELUaHHBIM aHTHAPHUA, KOTOpBIA KMCIOJIB3YIOT VIS BBENE-
HHUsl (POPMHUIILHON IPYIIIBI B CIIMPTHI, THOJIBI M AMUHBL:

0 0O _o
CH,=C=0 + HCZ CH,cZ~ _cZ ;
\ \o/ ~
OH . H
CMELUAHHbIA aHTUAPHI

CeH

o _o o
CH,C’(O,C’<H + RNH, —~*—~ RNHCZ |, + CH;COOH.

KereH oTHOCHMTENBHO CTAabWiIEH TONBKO IPH HU3KOH TeMIeparype,
yxe npu —20°C oH BAMMepH3yeTcsa ¢ 06pa3oBaHHEM JUKETEHaA:

H,C=C~CH,

CH2= =0 + CH2=C=O —_— 0—C=0

IIpn B3aMMONEHCTBUM IUKETEHA CO CIIMPTAMM MOXYYaroTcs 3QUpHI
aleTOYKCYCHO# KHUCJIOTHL.

o o
—cm N(CH,CH
HC=C~CH,  cHycH,0H = C(H = (;1’20, 3 CH,C—CH,C
0-C=0 -0 OCH,CH,

18.8. CJIOXHBIE D®HPHI

CoxHble 3¢pUphl NPEICTABISIOT CAMYIO BAXHYIO I'PYIITY IPOU3-
BOIHBIX KapOOHOBBIX KUCHOT. OHM UCTIONB3YIOTCA B CaMbIX pasHo06-
pPasHBIX OpPraHMYECKHX peakUMsIX U KpPOME TOro, CJIOXHbIe 3PHUpPHI
pacrpocTpaHeHbl B KauecTBe NMPUPOAHBIX MpoaykToB. [lo cymectBy
BCE pacCTHTEJIbHbIC U XXMBOTHBIE XUPbI U BOCK ITOUYTH 11€JIMKOM COCTO-
SIT U3 CJIOXKHBIX 3¢pUpOB MIMIIEpHHA. MHOIME TAHHUHBI MTPEJCTABISIOT
coboil CIOXHYI0 cCMecCh 3(hMpPOB TrajUIOBOM KHCJIOTBHI M [JIIOKO3BI, a
CJIOXHBIE 3¢bUpPb! apOMAaTHYECKUX KUCJIOT U MHOIOATOMHBIX (heHOJIOB
BXOJISIT B COCTaB JIMIUAKHUKOB. MHOrHe 6HOJIOrMYIEeCKH aKTUBHBIE BE-
L{ECTBA TAKXKE COJNEPXKaAT CJHOXHOIDUPHYIO IpyImy.

CuHTEeTHYECKHE TOJUIDUPH — MOJUITWIEHINTUKONbTEpedTa-
JIaT, U MOJMKapOOHATBl HAaxXOUAT pa3sHooOpa3Hoe NMpUMeHEHHE B
TEKCTUJIBHOH MPOMBILIJIEHHOCTHA H [IJI IPOU3BOICTBA «HEOBIOLMX-
cs» CTEKOJI.
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18.8.1. IIOJIYYEHHE CI0OXHbIX DOHPOB

18.8.1.a. STEPUPHKALINA KAPBOHOBHIX KUCJIOT

Haubonee o61HMM METOIOM [MOJYyYEHUSA COXKHBIX 3UPOB ABIA-
ercs npsaMas 3tepuprKanmsa KapOGOHOBBIX KHCJIOT CIIUPTAMHU:

o
® 1 /
RC + H,0.
\ 2
OR

H

R!COOH + R’0OH

CyuiecTByeT OTPOMHOE YHMCHO PA3HOBUAHOCTEH NPAMOH 3TEPHU-
¢ukauuu KapOboHOBBIX KHCIOT, OTIMYAIOLIUXCST APYT OT Jpyra He-
KOTOPBIMH XapaKTEpHBIMM AeTaiaMu. OIHMM K3 CTAPBIX M pacrnpo-
CTPaHEHHBIX METONOB ocTaeTca sTepudukanus no 3. Guwepy
(1895r.). CMecs KapbOHOBOI KHCIOTHI M Oonbioro u3bbITKa 6€3-
BOJHOIO CIIMPTA, COUEPXALLEro XJIOPUCTBIM BOJOPOI, CEPHYIO WJIH
n-T0AYoNCYAbGOKUCAOTY, BBIIEPXHUBAIOT B TeYEHUE HECKOJBKMX
yacoB npu 70—80°C. U36rITok ciMpTa CMelaeT paBHOBECHE B CTO-
POHY 06pa3oBaHuA cloxHoro 3¢upa. Meton Puinepa npuMeHsieTcs
IUISI IOMTyYeHHUS CIOXHBIX 3¢bHPOB METUIOBOrO, 3TUJIOBOTO U APYTHMX
HM3LUMX CIIMpTOB. B ipyrux ciay4asx addexkrnBHa mogudukalus 3Toro
MeToa, Ille B KaYeCTBe PACTBOPHTENAS MCIONB3YIOT OEH30JI UM TO-
JIYOJI C a3eO0TPOIHOM OTroHKO# Boabl B mpubope HuHa—Crapka.
KaranuzaTopoM B 3TOM ciydae CIYXMT 3dupaT TpexdTropucToro
6opa, n~-ToJYOACYNB(MOKUCIOTA WIM pa3IMYHble CHIbHOKUCIbIE Ka-
THOHOOOMeHHBIe cMOJbl. Boiy MOXHO Takxe CBA3BIBATh C OMO-
ILBIO MOJEKYJISAPHBIX CUT — leonuToB 3 A u 4 A. Tlpsamas stepudu-
Kalusg KapOOHOBBIX KMCHOT JaeT HauNy4dlllMe Pe3yJbTaThl B Clyyae
MePBUYHBIX CIIMPTOB, BBIXOH CIOXHOro 3cdupa cHJIbHO CHHUXaeTcHd
JUI BTOPHYHBIX CIIMPTOB, @ IUISA IOJIydeHHS CIOXHBIX 9¢UPOB Tpe-
THYHBIX CIIUPTOB 3TOT METO/ IPAKTHYECKH COBEPLUEHHO HEMPHIO-
JeH. CnoxHsole 3¢pUpbl BTOPHYHBIX M TPETHYHBIX CIIMPTOB CJEAyeT
MOJIy4aTh AllMJIMPOBAHHEM 3THX CIIMPTOB C ITOMOLIBIO aALUJITaJIore-
HHUIOB WM aHTHAPHUIOB B NMPHUCYTCTBUH TPETHYHOrO0 aMUHA — MH-
PUIMHA, 4-IUankuiaMuHonupuauHa, N,N-quMeTmiavuaInuHa, onu-
CaHHBIM B [TpeAbUIYIIIEM pa3jiesie 3ToM raaBsl. B 0co60 BaXHBIX Ciyyasix
IUTSL 3TepUbHUKAIIMK CITUPTOB 11eJieco00pa3Ho UCIOAB30BATH OIIUCAH-
HbIE BBIIlIE CMELUAHHBIE AHTHIPHAB! KAPOOHOBBIX KMCJIOT C TPU(PTO-
PYKCYCHOH KHUCAOTOMU WJIM XJIOPYIOJBHBIM 3(pHPOM B OUYEHb MSITKHUX
ycnopusx npu —20°C. JIng wocTpaluuy MpUBeJeM HEKOTopble TH-
MUYHBIE IPUMEPHI 3TepUUKAIIHU:
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ueonut 3 A; H,S0,

CHy(CH,);COOH + CH;0H—cp o CH,;(CH,);COOCH,
(96%);
C¢H;CHCOOH + CH,CH,OH _Ha C4H;CHCOOCH,CH,; ;
s(')H 3= CH,CH,0H 5(|)H =
(85%)
80°C

HOOC(CH,),COOH + 2CH;CH,0H Geraon

—= CH,CH,00C(CH,),COOCH,CHj, (95%);

0 HN(CH
cHc? 4 (CH,),COHM CH,COOC(CH,); ;
] \Cl a¢up I
CN CN (729

CH3(CHy);COOH + cH,on SO - BFs -y (cH,).coocH, 93%).

Iuxnudyeckue cloxHbie 3duphl HA3BIBAIOTCA JaKToHaMH. OHM moy-
YajoTCs NPH BHYTPHMOJIEKY/ISIPHOM 3TepUdUKALIMM OKCUKUCTOT. Oco-
6eHHO JIErKo MOJIy4yaloTCs INSATH- M LIECTU3BEHHBIE Y- U O-MaKTOHBI
NpH LMKIM3AUMK Y- ¥ O-OKCHKHMCIOT B KHCJIOM cpene:

0]

H,S0, (0]
CH3|CHCH,CH2C00H —

OH
©5%) Hs

18.8.1.6. PEAKIIHHY NEPESTEPUOUKALINHA

Crnoxible 3(pHPHl MOTYT GBbITh MOJYYEHBI C ITOMOILLBIO NepeaTe-
pudHKAIMH, KATATH3UPYEMOll KHUCIOTAMH MM OCHOBaHUAMM. CMeCh
cnoxHoro 3¢upa ¥ 6oablOro U3GEITKAa CITHPTA HArpeBaloT B MPUCYT-
CTBHH KHMCJIOTHOTO WJIH OCHOBHOIO KaTaJiM3aTopa:

H,SO
R'COOR? + R’0OH —>—%= R!COOR?® + R20H.
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Peakuus uMeeT nNpakTHYeCKOE 3HAYEHHUE TOJIBKO B TOM Ciyyae,
KOrga o6a CJIOXHBIX 3¢Upa MOXHO JIETKO pa3NelIUTh MeperoHKon.
DTOT MeTOL 0CODEHHO MoJie3eH IS [T0IyYeHUs METUJIOBLIX B 9TU-
JIOBBIX 3(HUPOB BHICLINX KapOOHOBBIX KMCIIOT IIpH Mepe3TepruduKa-
LIMY XMUPOB, a TaAKXe JJS CHHTE3a CJOXHbIX 3(UPOB TPeTHYHBIX
CIIMPTOB:

|CH200C—C“H23 H SO ?Hz_oH

CHOOC—C“H23 + CH]OH 2 4 C”H23COOCH3 + CH—OH )

CHzOOC—CllH23 CHz—OH
(CH,),COK.

RCOOCH; + (CH,);COH RCOOC(CH,); + CH;0H.

B6eH30m

HcximrountensHO YIOOHBIH MYTH CUHTE3a CJIOXKHBIX 9(MPOB B Hell-
TPaJIbHBIX YCIIOBUSIX COCTOMT B 3TEPHU(PUKAUMH KADOOHOBBIX KUCIOT C
MIOMOLIBIO 0pmMO-MypPaBbUHOIO 3QUpa WM JUITUIALETAIS JUMETHI-
¢opMamuna:

CH,
110°C
H]C COOH + HC(OCHzCH3)3W
CH,
CH,
— H,;C COOCH,CH,; + HCOOCH,CH,; ;
CH; (63%)
OeH3on

CgHsCOOH + (CH;);N~CH(OCH,CH;), ~o2=

——= CH,COOCH,CH, + CH,CH,0H + HCON(CH,), .
(90%)

CuHTeTHYECKHE BO3MOXHOCTH 3TOro MeTo/a OTPaHUYIHUBAIOTCA TOJIb-
KO IOCTYITHOCTBLIO MCXOOHBIX pPEarcHTOB, IMO3TOMY MPAKTHYECKH OH
IMIPUMEHUM TOJIBKO 1A MOJYYCHUA METHIIOBBIX U 3TWJIOBBIX 3(1)Hp0B.
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18.8.1.8. ANKHUJIIMPOBAHUE KAPBOKCHUJIAT-UOHOB

HyxneopunsHoe Sy2 -3aMellieHH e rajioreHa B ITEPBUYHBIX U BTO-
PHUYHBIX AIKMJITUIOTeHUIAX 11011 JeiiCTBUEM KapOOKCHIAT-HOHA B Ka-
4eCTBE HYKIeoGhWIBHOIO peareHTa IWHPOKO UCIIONb3YETCA ceifuac st
MOJIyYeHHMS CIIOXHBIX 3¢pupoB. PaHee 3Ta OOBIYHASA peaKlUsa OuMoJie-
KYJIIPHOTO HYKJIEO(UIBHOTO 3aMELICHMUS UMeNia KpaHe orpaHUYeH-
Hy!0 00acTb MPUMEHEHWs M3-32 HU3KOTO BBIXOHA CIOXHBIX 3¢dHpoB
B MMPOTOHHBIX pacTBOPUTENAX (BOMA, CIIMPTHI), re KapOOKCUIAT-HOH
CHJIBHO COJIbBATUPOBAH C IOMOLUBIO BOJOPDOAHOMN CBSI3M U TOITOMY
obnafaeT HU3KOH peaKUMOHHO# crocobHocTei0. MeTon MexdasHoro
KaTanu3a (cM. Il 9, 4. 2) 1103BOJISET YCTPAaHUTh 3TOT HEJIOCTATOK 3a
CYET pacTBOPHMMOCTH TETPAUTKMIAMMOHMEBBIX CONMEed KapOOHOBBIX
KMCJIOT B MOJISIPHBIX ¥ MAJIOMOJIIPHBIX AIPOTOHHBIX PACTBOPUTENX,
M B HacTosilliee BpeMS 3TOT CNOCOD YacTo NpUMEHseTCA s MoJyde-
HMS CJIOXKHEIX 2(pPUPOB CaMBIX pa3HOODpa3HEIX, B TOM YMCJEe H Ipo-
CTPaHCTBEHHO 3aTPYAHEHHBIX KUCJIOT, Ile OH OCODEHHO mosneseH. B
Ka4yecTBe KaTAJIU3aTOPOB MexXxdazHoro nepeHoca lieiecoobpa3Ho Mc-
noJjb3oBaTh 18-kpayH-6-monuacdpup:

ALIETOH WM allCTOHWUTPUI

CH,CH,COONa + #-CH,(CH,),Cl
1-C,H;N(CH,CH,),C; Nal; 20°C

— CH,CH,COO(CH,);CH; ;
(87%)
BeH3on
(CH;);CCOOK + BrCH,COC¢H; (CHy);CCOOCH,COGHs ;
18-kpayH-6
(95%)
o]
IMCO 0.
BrCH,(CH,);COOK ~Tom=>
(89%)

18.8.1.r. AJIKOT'OJIU3 HUTPWIOB

KaTtanuaupyeMspiif KHCIOTaMM aJIKOTOJIN3 HUTPHWIOB SIBJIsETCH
XOPOLLUMM M JIErKO JOCTYIIHBIM CIIOCOOOM CO3MAHUS CJI0XHO3DUPHOIT
rpynibl. OGBIYHO U3 HUTPUIIA U CyXOro razoo6pasHoro XJOpMCTOro
Bozopola B 3¢Hpe nocie H00aBJEHUA CIIUPTA MONYYAETCS MHIPOXIO-
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pHMI WMHI03bHUpa, KOTOPEIA BBLIEHAIOT B MHAUBUAYAIBHOM BUIE, a
3aTeM [ocjie TMAPOJM3a MpeBpallaioT B 3¢GUp:

>¢up CH;CH,0H
RC=N + 2HCI RC—NH2C1} —pmp
® 09 : 20°
— RC=NH,(1 H,0, 0°C_ R COOCH,CH; ;
OCH,CH;,
B 1) HCI; 3¢up /NH2C1
CH;C-CHCN é—cmc CH- c
G H, 2) CH;CH,0H CGHS OCH2CH3

O
H it
20, CH,C~CH-COOCH,CH, .

Cos 50—s0%)

18.8.1.0. METUIHPOBAHHE KAPEOHOBBIX KUCIIOT
IJHUA3OMETAHOM

JIlyqiiyM, HO M CaMbIM HOpPOTOCTOSIUMM METOIOM MHOJYYEHHUS
METHIOBBIX 3¢UpOoB, ABAgeTca OoTKphiTas I. [TexmManoM B 1894 r. aTe-
pudHKanusa KapOOHOBBIX KHCJIOT JHA30METAHOM:

RCOOH + CHz—N—Nﬂ» RCOOCH; + N;.

-10—0°C

MeTtunoBslit 3¢pup obpasyerca B UCKIIOYUTENBHO MATKHUX YCIOBHUSIX
MPAKTHYECKH C KOJUYECTBEHHBIM BEIXOLOM:

H3C CH3

’
’
’

CH,N,
HOOC——: —H 3dup; °C CH,00C
H CH
C(CHy),

XpH3aHTEMOBaA
KHCoTa
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‘ CH2N2 ‘ N
+ .
[ ]L 3¢Hp, 0°C [ ]L 2
COOH

0~ “COOCH,

NTMPOCU3CBas (91%)
KHCIoTa

abup; 0°C

CH,—C=C~COOH + CH,N, CH;—C=C~COOCH,; + N, .

(80%)

18.8.1.e. ATKOKCHUKAPBOHWJINPOBAHHE AJIKWJITAJIOTEHHNIOB
U BUHUITAJIOTEHHUIOB

CoBpeMeHHbIE METOLLI CHHTE3a CIOXHBIX 2PMpPOB OCHOBAaHBI Ha
IIHPOKOM HCMONB3OBAHUM 'OMOFEHHOI0 METAJUIOKOMIUIEKCHOTO Ka-
TaNu3a, rje MCXOAHBIMUA COCIMHEHUSIMM SBJSIIOTCA AIKWITAIOTEeHU-
J1bl, BAHWJITAJIOTEHUOBI M apWITaNore Huabl. BUHWI- M apWITaioreHu-
Ibl BCTYTIAIOT B PEAKIMIO C TETPAKAPOOHWIOM HHUKENS U METaHOJIOM
B IIPUCYTCTBKU METWIATa HATpUs, 0Opasyss MeTuIoBble 2¢UpHI C Brio-
HE YIOBJIETBOPHUTEIbHBIM BBIXOJOM:

COOCH
HSC‘\C_C/Br Ni(CO),; CH;ONa HScﬁ\c_c/ :
77N CH,O0H; 25°C /7N
H H H H
(78%)

JIng ankuAranoreHuaoB MOXHO KCIIONbB30BaTh TY Xe CaMylO KaTalu-
THYECKYIO CHCTEMY, HO B KaYecTBe OCHOBaHMA Goiee 3tdbdexTHBEH
TpeT-OyTHUNIaT Kauus:

Ni(CO),; (CH,);COK
(CH5);COH; 50°C

RCOOC(CH,);.

ANKOKCUKApOOHUIMPOBAaHUE aApWI- , BUHWI- M OeH3WIraioreHUI0B
KaTam3upyeTcsi Takxe ¥ ¢ochuHoBoiMH Komrutekcamu Pd(II) B
MPUCYTCTBUM TPETHYHOIO aMMHAa:

RyN; Pd[P(C4H,),),Cl
CH,=CHBr + CO + ROH — [mf)cé $)3laCh CH,=CHCOOR .
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18.8.2. THAPOJIN3 CJIOXHLIX 3OHUPOB

I'maponus caoXHbIX 3QHUPOB KATAIU3IMPYETCS KAaK KUCIOTAMH,
TaK Y OCHOBAHMAMM. KMCAOTHBIN IMAPOINU3 CHOXHBIX 3¢dHPOB NMpPoBo-
OAT OObIYHO MPH HArpEBAHUM C CONSIHOM MIM CEpPHON KHUCIOTOMH B
BOJHOM WJIM BOOHO-CIIMPTOBOM cpene. B opraHMYecKoM CHHTe3e KHUC-
JIOTHBI TMIOPONH3 CIOXHBIX 3¢GHUPOB Yalle BCEro MPUMEHSETCS UL
MOHO- U AMANKWI3aMelule HHBIX MaTOHOBBIX 3¢dHupoB (1. 17). MoHo- 1
JHU3aMeLIeHHBIE IPOU3BOAHbBIE MATOHOBOTO 3¢Hpa NPH KUITTYEHHUH C
KOHUEHTPUPOBAHHOM CONSTHON KHUCIAOTON MoaBepraeTcs TUAPOIU3Y C
MOCNEeNyYIOUIUM NeKapOOKCHINPOBAHHEM:

(CH,),CH-CH(COOCH,CH;), Xt HCl

(CH;),CHCH,COOH +
(75%)

+ CH,CH,OH.

JInst TUaOponu3a, KaTaiu3UpyeMoro OCHOBAHHEM, O0OBIYHO MCHONB3Y-
10T BOAHBIH WK BogHo-cniupTtoBeiil pactBop NaOH unu KOH. Hau-
JIYYlIHe pe3ynbTaThl JOCTUTAIOTCS MPH NPUMEHEHUH TOHKOM CycrneH-
3uM ruapokcuna kanusa B JIMCO, comepxaueM HebBonbuioe
KOJIMYECTBO BOIBI:

crupr-Boza (9:1); 80°C

CH;(CH,)sCH~COOCH; + KOH
CH,

(70-80%) '3
#-NO;CH,COOCH,CH, —2M__ |, N0,CeH,COONa (90-96%)
26114 2 3 Hzo;lm.c 26114 .
KOH
[(CH3),CH];CCOOCH, [(CH3);CH];CCOOK (73%).

JIMCO—H,0; 100°C

[MocnenHuit cnocof npennoyYTUTeNeH MUIST OMBUIEHUS CIOXHBIX 3hH-
POB MIPOCTPAaHCTBEH HO-3aTPYAHEHHBIX KUCIIOT; Apyro# MoaudHKaimei
3TOT0 MeTola ABIAETCS HIeJ04HOM I'HAPONIU3 IPOCTPAHCTBEHHO 3aT-
PYIHEHHBIX CIOXHBIX 3¢UpPOB B NpHCYTCTBUK 18-KpayH-6-monu-
adupa:
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CH, CH,

H;C@COOC(CH;); + Koy —18-kpayn-6 H;C@coox .
cnivpT-Boa; 100°C
CH, CH,

(80%)

Jlnst mpelapaTUBHBIX LieAei TMAPOANU3, KATAIU3UPyeMbIif OCHOBA-
HHEM, UMeeT Psii OYEBUIHBIX MPEUMYHLIECTB 110 CPABHEHHIO C KHC-
JOTHBIM rUAponn3oM. CKoOpocTh OCHOBHOTO THAPOIM3A CIOXHBIX
9$upoB, KaK NPaBHUIO, B ThHICSAYY pa3 BblllUe, YeM [PU KHUCIOTHOM
KaTanu3e. [UIponu3 B KUCIOi cpelne sIBAsieTCS O0OpaTMMBIM IIpoO-
1IeCCOM, B OTJIIMYME OT FMAPOAM3a B IPUCYTCTBMM OCHOBAHHSA, KO-
TOPHIA HeoBpaTUM.

18.8.2.a. MEXAHHU3MBI THAPOIIU3A CIIOXHLIX 9PHUPOB

T'unponus cioXHEIX 3GUPOB YUCTOM BoAOK B BONBILIMHCTBE CITy-
yaeB ofpaTUMas peakuus, NIPUBOASIAS K PaBHOBECHOM CMECH Kap-
60HOBOM KUCIOTHI MU UCXOAHOIO CIOXHOro 3¢upa:

o o
_ =~ - 1
R-CZq_pi+ H0 =—= R-CZ ), + RIOH.

DTa peaklius B KMCIION M LIETOYHOM CpeJax CHILHO YCKOPSETCH, YTO
CBSI3aHO C KMCIOTHO-OCHOBHBIM KaTaiu3oM (ri. 3, 4. 1).

CornacHo K. MHronpny, MexaHU3MBl FHAPOJIH3a CIOXHBIX 3¢u-
pPOB KIacCUHIUMPYIOTCS MO CHEAYIOUIUM KPUTEPHSIM:

(1) THm KaTanu3a: KUCAOTHHINA (CUMBON A) WIHM OoCHOBHOM (CUM-
Bon B);

(2) TMn pacluenneHus, MOKA3bIBAIOUIMM, KaKass U3 NABYX G-CBSfi-
seit C—O B cnoxHoM 3¢dupe paculeTUISIeTCsI B pe3ylbTaTe peakliuy —
anwi-kucnopon (MHaekc AC) wnu ankwi-kuciaopon (MHmexc AL),

R—C OR R—C R
H H H OH

alWI-KHCIOPOAHOE AIKHN-KUCIOPOIHOE
pacuennesme (AC) pacuierieHue (AL)

(3) MonekyasipHocTh peakuuy (1 unu 2).
M3 oTHUX Tpex KpUTepHeB MOXHO COCTABUTH BOCEMb Pa3TMYHBIX
KOMOHHAIIMIi, KOTOphble NMpUBeNeHbl HA cxeMe 18.1.
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CxemMma 18.1
Knaccndpuxanus MexaHH3IMOB rHApOIH3A C/0OXHMX 3¢upos no Meroasny

@ ®
9H mo OH OH,  —Rou _ 9H
A2 R-G-OR =2 R—C OR' == R-C-OHR R-C-OH
OH, oH
o
Bac2 R—C OR' - R-CrOR RCOOH —= RCOO

310 Haubosnee yacTo BecTpeyarowrecs MexaHuamsl. HlenoyHoe
OMBUIEHHE NPAKTUYECKH BCera oTHOcHTCs K TUIY Byc2. KucnoTHsrit
rugponu3 (a Takke 3TepuduUKalMg) B GONBIIMHCTBE CIy4YaeB MMeeT
MEXaHU3M Apc2:

H,0
Axcl: RCO-OHR! RO0®==2 Rco—8H2.—_= RCOOH ;
~R'OH
-R'0® ©
Bycl: RCO—OR! rco®CH . rcooH —= rCo0®

MexaHuam Ascl o6blyHO HAGMIOAAETCS TOMBKO B CHIBHOKHMCIIBIX
pactBopax (Hanpumep, B KoHl. H,S0,), 1 ocoberHo yacto mist au-
POB MPOCTPAHCTBEHHO 3aTPYAHEHHBIX APOMATUYECKUX KUCIOT.

Mexanuam B,cl noka HeusBecTeH.

AaL2: R—g;fol

OH )
® H,0

Bar2: r-cod2R!

H

@
R' =—= RCOOH + R'-OH, ;

RCO? + R'OH.

Mexanuam B, 2 HaliieH TONBKO B CAy4ae UCKIIIOYUTENBHO CHJIb-
HOTO MPOCTPAHCTBEHHO 3KPAHWPOBAHHBIX aUMJIBHBIX TPYIN M HelT-
paiBHOTO TUApoNu3a B-1akToHOB. MexaHu3M A,p 2 MOKA HeU3BECTEH.

®
o ®
AaLl: R—C-O-R === R'COOH + K% R®+ H,0===R-OH, ;
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H,0
Bal: RICOO-R=—= R'CO0®+ R® —2=R!COOH + ROH .

[To mexaHu3My A, 1 0OBIYHO pearnpylOT TPETHYHO-AJIKWIbHBIE
cnoxHble 3QUPLl B HeUTpaibHOU MAM KHcHOH cpeme. DTH Xe cyb-
CTPAaThi B MOAOBHBIX YCIOBMSIX MOTYT PearipoBaTth Mo MexaHuaMy By, 1,
0N HAKO MpH fepexone B 4yTh Oonee LENOYHYIO cpeny MeXxaHu3M By 1
ceffyac xe CMEHseTCsl Ha MeXaHU3M B,c2.

Kak BugHo u3 cxemsbl 18.1, peakuuu, KataiusHpyeMble KMCNO-
TaMH, obpaTuMbl, U M3 MPUHIHMIIA MUKPOCKONNYECKONH obOpaTtumoc-
™ (I1. 2) cneAyeT, YTO M KaTanu3upyemasi KMcIoTaMM 3tepuduka-
LIMSI TOXE MPOTEKAeT 10 MonobHbIM MexaHu3MaM. OIHaKO NpH KaTajiu3e
OCHOBaHMSIMU paBHOBECHE CABUHYTO B CTODOHY TMApoJiH3a (OMbLIe-
HHS), MOCKOJBbKY DPaBHOBECHE CIBMIraeTcs BCIENCTBHE MOHHU3ALMHU
Kap6oHoBo# kucnotel. CoriacHo NpuBeJeHHOH cxeMe, B caydae Me-
xaHu3ma Apcl rpynnel COOR 1 COOH npoToHHMpYIOTCS MO aJKOK-
CHWJIBHOMY MM TMAPOKCHIBHOMY aToMy KHclopoaa. BooOuie roeops,
C TOYKM 3pEHHUs] TepMOAMHAMHUKH Oolee BBITOAHO NPOTOHMpPOBAHHE
KapboumwnsHoro Kucnopona, rpynnsl C=0, Tak KaKk B 3TOM clydae
MOJOXHUTENBHBIN 3apsili MOXeT NeJOKaau30BaThcsA MexXny obonMmu
aroMaMM KUclopopa:

®

_OH _OH
R-CT_ R-C{_ -
OR NX0or!
®

Tem He meHee, B HEOONbIIMX KOTUYECTBAX B PACTBOPE CONCPXUTCH U
TayTOMEPHBIH KATHOH — HEOOXOMUMBIA MHTEPMENNAT B MEXaHH3Me
A,cl. Oba Bl-Mexanusma (M3 kotopsix Bscl Heu3pecTeH) HA camoM
JeNie BoBce He KaTaniuTHYecKue, n6o B Hayame MpOUCXOAUT IUCCOLIM-
auus HedtpanbHoro adupa.

W3 BocbMM MHTONBAOBCKMX MEXaHU3MOB 3KCINEPUMEHTANIBHO 0-
Ka3aHbl JHIUIb LIECTh.

18.8.2.6. MEXAHU3MBI Axc2 M Boc2

[Mopasnsiouiee GONBIIMHCTBO CHOXHBIX 3PHUPOB NpeANnoYnTaeT
TMAPONU30BAThCS 10 MEXAaHU3IMY Apc2 UIH Boc2. B OCHOBHEIX 4epTax
MEXaHM3M TaKUMX peakUMil Xopolo HUccAeNOBaH, XOTH BCE XE€ OCTa-
I0TCST HEKOTOPbIE HEACHOCTHM B TOHKOCTAX Karajiuia.

[MonyyeHb! BeCKKe NOKA3aTEeNbCTBA B [10JIb3y ALIMI-KHCIOPOAHO-
ro pacuieruieHUs. Tax, TMIPOIU3 CIOXHBIX 3PUPOB ¢ UCMOJAB30BaAHU-
em H,'30 B ocHOBHOM NPHBOAMT K MeYeHOI KapGOHOBOM KHCIOTE U
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HeMmeueHoMy cniupty (M. [longHpH), a THAPOAM3 STUIMPONHOHATA,
MeueHHoro usoronoM 20 no sa¢upHOMYy KHcHopony, — HA06OPOT, K
HeMeueHoi Kucnore U medeHomy cnupty ([.H. Kypcauos):

o
ZZ
cH—cZ, ; %— CH;COPNL + C,H,*0H .

5

I'naponus cnoxHseIX 3¢pHUPOB ONTHYECKH AKTUBHBIX CITMPTOB JaeT
CIIMPTHI, B KOTOPBIX CTEpeOoXUMHYECcKash KOHGHUTYPALIMS COXPaHAETCS.
Crnoxsble 3¢Hpsl AIMIOBBIX ¥ HEOTIEHTHIOBOTO CIUPTA [IPU TMAPO-
JIA3e He MeperpynupoBLIBAIOTCA. DTH (GaKTHl SICHO FOBOPAT O TOM,
YTO CBA3b AJIKUJI-KUCIOPO B 3THX peakKlUsX He 3aTParuBaeTCs.

B KayecTBe [MpoMeXyTOYHBIX IIPOAYKTOB B peaKIMsAX Asc2 ¥ Boc2
obpa3syloTcs TeTpasapUdecKHe CoeIHHEHUS, MMeIolMe TTONOXUTENb-
HBI#f WIKM oTpuuaTenbHblil 3apaa (cM. cxemy 18.1). OdByxcraauitHblit
MeXaHHU3M C JUCKPETHBEIM MHTEpMEIMATOM N0KA3aH M3ydeHHeM H30-
TonHoro o6MeHa ‘20 (M. Benzep, 1951), B xone Koroporo 6su10 yc-
TAHOBJIEHO, YTO NPU TMApPONHM3e ATKWIGeH3oatoB B H,'®0 ompene-
JeHHOe collepXaHue palroaKTHBHOrO KMclIopona o6HapyxuBaeTcsi B
HeNpopearupoBaBIIEM CIIOXHOM 3¢dupe. BTo 03HAYAET, YTO IS LIe-
JOYHOrO KaTaJin3a, HalpuMep, Heo6XoOUMO TIPeNIoJOXUTh Cleaylo-
uryo cxeMy obMeHa:

Oe
A9 i
Ph—CZ_  +'"oH® Ph—C-OR
OR 18(')H \
ﬂ PhCOO® + ROH
~OR e P ?:H R
Ph—C + OH h—C~0
No 180

KnrouyeBoit ctagueil ABjsgeTCA MepeHOC MPOTOHA MeXIY IBYMS H30-
TOMNUYECKH PAITMYHBIMM TETPAINPHYESCKUMM UHTepMeaaTaMu. XoTsa
3TO0 ¥ ObICcTpBIA Mpoiecc, OH He Mor OBl OCYLUEeCTBASITCS, ecnu Obl
TeTpasapUyecKuii aHWoH ObUI He MHTEPMENHATOM, a IepPeXOJHbIM
CcOCTOsIHHEM ¢ OeCKOHEeYHO MaJIpIM BpeMEHEeM CYLIeCTBOBAHMSI.
T'uaponuns no MexaHu3sMy Bpc2 B 3aMEeTHOH CTeleHH YCKOpsieTcs
3JIEKTPOHOAKUENITOPHBIMYM 3aMECTUTENIAMH B KUC/OTHOM YacTu 3¢hu-
pa, cTabMIM3NPYIOUIMMH OTPHLIATENbHEIH 3apsii B MHTepMenuaTte. Tak,
CKOPOCTb OMBUIEHHS 3pHUPOB 3aMenIeHHBIX 66 H30MHBIX KUCIOT ITOAYM -
HseTcst ypaBHeHMIo ['ammera (p = 2,5). C npyroif cTopoHbl, CKOPOCTb
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AAc2-TUAPONIN3a NPAKTUYECKU HE 3aBHCUT OT [IPUPOABI 3AMECTHUTE-
JIs; 3TO CBSI3aHO € TEM, YTO, HANPUMED, 3JIECKTPOHOAOHOPHBLIE TPy~
bl YBEAMYUBAIOT CTENEHb NPOTOHUPOBAHUSA 3¢UPa, HO B TO Xe Bpe-
MS1 3aMEJLISIOT HYKICOMDHUNBHYIO aTaKy. AHAIOTHYHO, 3aMECTUTENH B
apunbHo#t rpynne deHonoBeiX 3dupoB anudaTHIECKUX KUCIOT TOo-
pasno CWIbHEE BIMUAIOT HA LIENOYHOU ruaponyu3 (p=1,2), 4yeM Ha
KuUcIotHeit (p==—0,2).

18.8.2.8. AL-MEXAHH3MBbI

T'unponus mo noboMy M3 AL-MexaHU3MOB 110 CYLLEeCTBY 1peliCTaB-
JiseT coboit HykIeodWIbHOe 3aMeLCHUE Y HACBILLIEHHOTO aTOMa yTJie-
pora, B KOTOPOM YXOASILEH rpyItHoi sipiseTcst I KApOOKCHIaT-aHUOH
(BaL), Wi HelTpaibHAasA MoJieKyNna KapGOHOBON KUCNOTHL (Aar).

MoHoMoneKynsipHble peakliMy TaKOro THNAa OOBIYHO XapakKTep-
HBI 0JI1 mpem-ainKWIoBBIX 3PHUPOB M aHAJOTHMYHBIX UM cybcTpartos,
KOTOpbIE MOTYT IMCCOLMHUPOBATh ¢ 06pa3oBaHMEM OTHOCHUTENBLHO CTa-
OHILHBIX KAPOOKATHOHOB. B BOMHEBIX pacTBOpax KMCJIOT 3TO COBEPLIEHHO
HODMAaNbHBIA MyTh peakuuu. Cranusa IMCCOUMAlKMM MPOTOHUPOBaH-
HOTO mpem-ajJKWIoBOro 3dupa, XOTd MU SBISETCS JTUMUTHPYIOiUEH
CKOpOCTh, HO MIET o4eHb OblcTpo. HampuMep, cKopocTh rMaponn3a
mpem-6ytunauerara B 20%-it H,SO, Tax Be1uKa, 4YTO ee HeNb3s M3-
MeDPUTh, HECMOTPS HAa TO, YTO MCXOQHBLIH 3dUp B Takoif cpene npo-
TOHUPOBAH B O4YeHb cNaboil CTENEHU.

Cnoxusie 3¢HUPbl YKCYCHOH KHCIOTBI U ONTUYECKHM AKTHBHBIX
TPETUYHBIX CIIMPTOB THAPOIM3YIOTCS B LUIEJIOYHOM PACTBOPE C COXpa-
HeHHeM KOHOQUIYpaLHHU [0 ABYXCTAAUIHOMY MeXaHU3My Bac2, HO B
pa3baBiIeHHON KACAOTE MMONYYaIOTCA CHJIBHO PALIEMU30BAHHBIE CITMPTHI
B COOTBETCTBMM C MEXaHHU3IMOM A,y 1:

o CH
OH e
. o (CH;)ZCH(CH2)3—-IC:—0H
L’ (coxpaHenmne) C;Hs
(CH3),CH(CH,);—C—0-C~CHj
GH;

H®ROH (pauleMm3aLs)

Ecnu npoBoauth rugponus mpem-6yrunaierara B 0,01 M pactBope
HCI B H,'%0, To ocHoBHas 4acTh MeTKM OGHApYXUBAeTCS B mpem-
OyraHone. OQHAKO YACTHMYHO METKY MOXHO OOHAPYXHUTH M B YKCYC-
Holt KHUcoTe. DTO 03HAYAEeT, YTO MapajUieIbHO OCYLUECTBISIOTCS Me-
XaHU3MBI Appl U Apc2:
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Aal CH,;COOH + t-Bu'*0OH
+ R0 H™.
O—Bu-t Auc2

——= CH,CO%0H + t-BuOH

-0

CHCZ

TputwioBrle (TpudeHUIMETUIIOBBIE) 2(PHUPbI KAPOOHOBBIX KHC-
JIOT YaCTHYHO HOHM3HUPOBAHBI IaXe B HEHTPaAIbHBIX pacTBOpax:

0
~
R-CZ P ug
~No-cSph =P RCO0®+ Pn,C® .
“ph

B cnyyae GensrunpiuioBsix (nndeHMIMeTUIOBBIX) 2¢HUpOB GalaHC
MEXaHM3MOB TaKOM X& TOHKMM, KaK LI mpem-OyTHnaneraTa. Mexa-
HU3M A,y ]l npeoGnamaeT mpu BLICOKHX TeMIleparypax, B Oojiee KHC-
JIBIX paCTBOPAX WM €CNIM B OCH3ITMADUIBHOM IPyIIe UMEIOTCS BIEKT-
poHoHCHOpHBIE 3aMecTHTeNnu. BangaHc caBHUraeTcsi B CTOPOHY
Mexanuama Apc2 npu 6osee HU3KHMX TEMIeparypax, B c1aboKHUCIbIX
pactBopax. Hepsuynrie 6eH3unossie 3¢pupet RCOOCH,CsH;s naxe B
OYEHBb CUILHOM KHUCIOTE PACILEIUIAIOTCS [0 MEXAHU3MY Apc2.

MexanuaMm Byl (Bonpeku o003HAYEHUIO, 3TO HEKATAIM3UpYe-
Mbie peakI[M#) BCTpe4aeTcs 3HAYHUTeNbHO pexe, yeM Aapl. [lpume-
DOM SBJISIETCS THUApONN3 mpem-OyTuntpudTopanerara:

MOANCHI? (CH,,C®+ CFc00P-122 o (CH,),COH.

CF,COOBu-f
ShICTPO

B uienovHoit cpene MexaHusM B,p 1 Mensiercs Ha Bac2.

buMonexkyIapHble MexaHM3MbI THIIA AL ype3BblyaiiHo penxu. Me-
xaH13M A, 2 BooGlile Heu3BecTeH, a B, 2 HaligeH AUINb HA CIElU-
uyeckux npuMepax. [TockoibKy KapGOHUIBHBIA aTOM yriepona 3Ha-
YUTENIbHO XecTye (KaK KHcaoTa JIpiouca), yeM adKOKCHJIbHBIN
YIJIEpOH, THIPOKCHIbHBIN MOH (XKEeCcTKOe OCHOBAHHUE) IIPeAlloYMTaeT
aTaKoBaTsh 110 KApGOHUNBHOM rpymnne. CUTYallMI0 MOXHO U3MEHUTh, CO-
30aB CTEPUYECKHME MPEIMATCTBYUSA aTaKe 10 KApGOHWIBHOMY YIJlepony.

Tak, Metunosslit 3¢up 2,4,6-Tpu-mpem-0yTunbeH3oiHOM Kuc-
JIOTH! B 1IE/IOYHOM BOJHOM METaHOJIe THIPOIHU3YyeTcs (OYeHDb MeJIeH-
HO) Mo MexaHusMy B,;2, oqHako MeHee MPOCTPAHCTBEHHO 3aTpPYA-
HeHHbIE 3bup 2,4,6-TpUMeTHAGEH30MHONH KUCIOTH! THAPOIM3YeTCs
no oferyHOMY B,c2-MexaHHU3MY:
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C(CH,); C(CH,),
B,,2
(CH;);C c=0 AL (CHY),C co® + CHyOH .

O3CH,
C(CH,), (OCHQ C(CHy),

Ilo MexaHu3My By 2 rHOpOSHM3YIOTCA TAKXKE OYEHb HAIpSKEH-
Hble [-NaKTOHEI, coldepXallMe YeThIpeXYIEHHbIH UUKA. DTa peak-
LKA MIET B HelTpaibHo! cpefe. MexaHU3M NMOATBEPXAAETCSH OMNbI-
tamu ¢ 80, a Taxxe uHBepcHeit KOHGUIYPALMHU Y ANKHIHHOTO aTOMa

yriaepoaa:
H2 180(\1.{
H3C HJC ’,H

—O
. COOH .
A HISO
0]

B xucnpix Xe pacTBopax MOXET MPOMCXOAMTH [IPOTOHMPOBaHUE
ATKOKCHAHOTO KHCIOPO/Ia, a 3aTEM PACKPHIBATLCS LIMKJI MyTEM aLiyiI-
KHCJIOPOJHOro pacluerieHus (MexaHusM A,cl):

H

P ® OH
H;C——OH H,"%0

H--- COYOH .

o} CH,

18.8.2.r. MEXAHHU3M A,c!

Hekaranutuueckas AUCCOLMALHA caoXHOro a¢gupa Ha KaTHOH
ALMWTHA ¥ ATKOKCHAHBI aHion (RCOOR == RCO®+ RO7) (Bacl)
HEU3BECTHA, HO B KHCJIBIX pacTBopax, Korga obpasyercsi HEKoTopoe
KOJIHYECTBO 3(pHpa, MPOTOHHUPOBAHHOIO MO AIKOKCHIHOMY KHCJO-
polly, MoAoOHBII mpolecc, BEOAYIIMiA K KATMOHY alLWIHS ¥ CIHPTY,
Bo3aMoxeH. Kak Mokasany KpHMOCKOMMYECKHE MCCeNOBaHMA, B pa-
crBopax B 100%-i1 cepHoit kucnore 2,4,6-TpuMeTHIGEHIOHHAA KHC-
JIOTA JaeT YEThIPE YACTHIHI, & €€ METHIOBBIH 3PUp — MATh YACTHILL

ArCOOH + 2H,S0, ArCOP + H,0%+ 2HSO ;

ArCOOCH, + 3H,S0,— ArCO®+ H,0®+ CH,HSO, + 2HSOY .
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DKCNepUMEHTANBHO TMIPONIN3 MPOBOAAT CAEAYIOIUMM obpa3oM:
cHayana 3¢Qup pacTBopsAIOT B KoHUeHTpHpoBaHHo# H,S0,, a 3atem
6BICTPO BHUTHMBAIOT B BOAY. AHATOTMYHO BedyT U 3TepUPHKALMIO: KUC-
JIOTY pacTBOPAIOT B KOHUEeHTpupoBaHHoi H;SO4 1 6vIcTpo BhUIMBA-
10T B cnupT. [IpuMeneHue MeTKY 2O MOATBEPXAAET, YTO B PEAKLIMHU
pacileTUIseTCs CBA3b aL(MI-KMCIopod. 3HaYeHWe 3HTPONUU aKTHBa-
umu (AS™ = +17 xan - K™ xmons™") cornacyercs ¢ nccoumaTHBHbIM
MEXaHHU3MOM.

18.8.3. KATAJIN3 THAPOJIN3A CJIOXHBIX DOHPOB
18.8.3.a. OBIIK¥ OCHOBHOH K HYKJIEO®PHUIBHH M KATAJTU3

Kak yxe oTMeYanoch BblIUE, peakLHIio oMbLIeHHsI B5c-2 B cTporomM
CMBICJIE CIOBA HENb3sl CUUTATh KATAUIMTHYECKOM, TaK KAK TMAPOKCHIb-
HBI# MOH BeneT cebs Kak HyKieodul, a He KaKk ocHoBaHue. McTHH-
HbIi KaTaiu3 OCHOBAaHHAMMK Habiiogaercst NMpU NpoBeleHUU THIAPO-
JM3a B YCIOBHAX, Korga cpeaa Onau3ka K HeifrpanbHod. T'maponus
cloxHbIx 3¢dKpoB B HelTpanbHOM cpene — OOBOJBHO o6las peak-
UMS ¥ KATAIN3UPYETCS CAMBIMM pPa3sHbIMM OCHOBaHMsMM. B Takux yc-
JIOBHMSIX BO3MOXHA peajiu3aiusl ABYX THUIOB KAaTaIu3a: 0061e0CHOBHO-
ro ¥ HykieopuwisHoro (rn. 3, 4. 1). Ilpu obGieM OCHOBHOM KaTayiuie
OCHOBaHMe cnoco6CTBYET aTake MOJIEKYNIHl BoIbl Ha CNOXHbIM 3dup:

.Br\H
~ R
~——3C=0 =—= BH*+ HO—CH£°—~
RO
OR!

—=RCOOH + OR'®
IIpu HyxKIeopUIFHOM KaTajly3e BHAYAJE NPOMCXOOUT 4TaKa HYKIIEO-
¢una Ha MoJeKyny ClloXHOro 3¢upa, 4To NMPUBOAUT K PEaKIMOH-
HocnocobHomy uHTepMeauaty RCONu, koTopbifi 3aTeM 6bicTpo

TUAPONU3YETCH BOIOK:

MCIUICHHO

R—-CO-Nu + R!0®.
GricTpo l+ H,0

N+ R—CO—OR!

RCOOH + NuH

B wenoyHoli cpege HY OAMH M3 STHX KaTUIUTHYECKHX IyTed He
criocobeH KOHKYPHpPOBATh C peakiiyeii TiIpOKCHUIbHOIO MoHa. O6uid
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OCHOBHOI M HYKJICO(MMABHBIA KATAIM3 MOXeT HabmomaTtbes NULIL B
MOYTH HelTpanbHOU cpele, rae oObIYHBIE 3)UPH pearupyioT o4YeHb
MeJUIEHHO, [103TOMY JUISL HccledoBaHUs BHIOHpaloT Goyee peaklMoH-
HocnocoGHbIe cyDCcTparhl, B YacTHOCTH 3¢HupPEI PeHOM0B UIM rajiore-
HYKCYCHBIX KHCIOT. OOBIYHO HYKJICODHUIBbHBIH KaTaIM3 HaOMIOnancs
TONBKO 151 3¢pupoB ¢GHEHONOB.

XoTs ob1IMit OCHOBHOIM M HYK/IeoGWIbHBIH KaTaninu3 UMEIOT ofiu-
HaKOBble KMHETHYECKHE XapaKTepucTHKHU (obe MepBoro nmopsAmka Io
5¢bHupy ¥ 110 KATATU3ATOPY), KX MOXHO JIETKO paatnyuTh. g obliero
OCHOBHOTO KaTaJiM3a IPMMEHUMO KaTaluTHYecKoe ypaBHeHue bpen-
crega (rn. 3, 4.1). Hanpumep, mis rugponvsa aTIWIRMXIOpAETAaTa
Ha6monaercs xopouias nuHeltHas Koppenauus (= 0,47) norapud-
Ma KOHCTAHTBI CKOPOCTH ¢ pK, OCHOBaHMIA Pa3IMYHEBIX TUIIOB, BKIIO-
Yasi aHMJIMH, MAPUAMHBL, Kap6okcwiaT-uoH, anuoH HPO,2". OueHs
BaXXHO 3aMETHUTb, YTO B PEaKUMH, KATAIM3MpyeMo¥ aHWIMHOM, He
obpasyeTcs QUxXJIOpaUeTaAHWIXL, KOTOPbIA NOMXKEH IMONYy4aThesl MPHU
HyKieopHIbHOM KaTajiuie, TAK KaK OH HE TMAPONM3YETCH B JaHHBIX
MSTKKX YcnoBHUSIX. CKOpOCTh peaKU MU B 4MCTOM BoAe YKNAbIBAETCS B
OpEHCTENOBCKYI0O KOPPEISUMIO HA TY X€ caMyl0 NPSAMYIO JTUHHIO
(pK, (H;0%) = —1,75); 310 03HauaeT, 4To OIHA MOJEKYIa BOABI Aeil-
CTBYEeT KaK OCHOBAaHHE — KaTaiu3aTop, obyeryass peakuuio BTOpOIf
MOJIEKYBbL:

.f\
H2O H\ R

Q
H— R I
N~—3C=0 === H,0%+ HO—C—0°.
RO (I)R‘

C opyroii cTOpoHBI, NpU HYKJIeohHUIBHOM KaTanuie GpeHcTeoB-
CKOM 3aBHCHMOCTH MeXIy CKopocThio M pK, He HaGmiopgaercs. Tak,
eclii B peakUMH THIAPONH3A ITHUILIMXJIopauerata aHWoH d¢ocdara
(pK, (H,PO,7) =7,2) u umupason (pK, BH®) =7,0) nouru onuua-
KoBO 3¢ deKTHBHbIE KAaTAIM3AaTOpPhl, TO MPHU THAPoAU3e n-HUTpode-
Hunauerara uMuaason B 5000 pas adpdextusHee HPO

Oe
—_ &O — ._|._
H’“’HZ CHCl, Zoc, CHCl, <|C)HOCZHs
N H Ik
N
H

——= CHCI,CO0H + OG,HP.
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H,C-C H,0
O—@NO2+ IL_ B ._ch C\@,j S

i ®

09~<(:)>-No2
— CH,COOH + BH®

Ilpu uHykneobunsHoM Karanu3se nposgpigercs a-3dpdexrt (rn.9,
y. 2). Tak, rugponepokcua-umoH HOO™ kak Karanu3aTop TrHapoiu3a
apunaueraroB B 400 pa3 6onee apdekTuseH, ueM OH , HecMoTps Ha
To, yro pk, (H,0)=15,7, a pK, (H,0,) — Tonsko 11,6.

HHorna npu HykieobuIbHOM KaTanu3e MoXHO oOHapyXHUTb UH-
tepMmenuar RCO—B. Ilono6ubIit MHTEepMeANaT HalIeH NpU KaTajin3le
MMMIA30JI0M ruaponan3a n-uutpodenmwranerara. I1pu rugpoanse 2,4-
AMHUTpoGbEeHWI6EeH30aTa, KATATM3UPYEMOM MeYeHHbIM H30TomoM 'S0
aleTaT-MoOHOM, BHaYaie obpa3yeTca cMeliaHHBIH aHTUApUI OeH30ii-
HOM M YKCYCHOM KHCJIOT M, IIOCKOJALKY IPH €ro I'mIpojik3e aleTHib-
Has rpynmna foJiee CKIOHHA pearMpoBaTh C Boaoil, yeM OeH30WIb-
Has, onpefelleHHas YacTh MeTKH 'S0 oOHapyxuBaetcsi B OeH30iHOJ
KHCIIoTE:

180

O it

CH,C"®05+ CeH;~CZ == CH,— 20— C~CH; + ArO®
~o NO, :OH,
O,N

CH,C"®00H + C4H;CO'*OH

IIpoMeXxyroyHoe obpa3oBaHWe AHTHAPHIA MOXHO OOHAPYXHTH
TAKKe C MOMOLIBIO «IOBYLIKH», HANPUMeD aHWIMHA!

AcO®+ AcOAr ==——=5= Ac,0 + ArO®
1C6H5NH2
CsHsNHAc + AcOH

18.8.3.6. BHYTPMMOJIEKYJISIPHBIY KATAJTN3

I'uaponus acnMpuHa (aLeTUACAIMIIMIOBOM KMCIOTH) B obnac-
™ pH ot 3 mo 8 uger 3HauuTEABRHO ObICTpEE, YeM THIAPOIM3 H30-
MepHoro n-ruipokcuderunanerara. Ilockonsky B acnupuse pk, xap-
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OOKCHIIBHOM TPYIIbl UMeeT 3HaYeHUe 3,4, MOXHO CUMTATh, YTO 3Ta
TpyIa B 1aHHoM paiioHe pH B 3HaunTeNbHOIT CTENIEHU MOHU3UPOBa-
Ha. Torna opmo-kap6okcunaTHasi rpynna MoXeT OKa3biBaTh BHYTpH-
MOJIEKYIApHOEe KaTaMUTH4ecKoe AeicTBUe Mo TUMY WM obiero oc-
HOBHOIO MJIH HyKNeo¢WIBHOro KaTaausa.

O6omnalt ocnoBAO# KaTann3

H
Coﬂ \-H COOH  (+H®) COOH
o v =0 o O™, cnooon.
0-C—CH, &-cn, OH
1
o &
A=NoH acHHpHEA
Hyxneodpnmunit xaTamms
@(cooe COOCOCH;, COOH
-— 3 + CH,COOH
_ o° H,0 3
O—COCH, (+H®) H

HMelournecss skcrnepMMeHTalbHble JaHHblE CBHACTENLCTBYIOT B
[MONB3Y TOTO, YTO MPH TMAPONM3E aCIIMPUHA OCYLUECTBIASAECTCS BHYT-
pUMOJIEKYNSAPHBIA oOLIMIT OCHOBHOM KaTaius.

B npOTHBOMOMOXHOCTh ACIUPHUHY, IIPH HEHTPAIBLHOM I'HApPOIN3E
MoHodeHundTanaTa HAOMIONAeTCS] BHYTPUMOJIEKYISAPHEIK HYKJEo-
¢MIbHBI KaTanK3:

co0® Co_ H,0 COOH
O a0t
COOC¢H; Co COOH *

BHyTpHMONEKYNSAPHBIA KaTaJIN3 XapakTepeH MU AeicTBHA dep-
MEHTOB; Gnaromaps eMy nof AeificTBHeM (epMEHTOB TMAPOIN3 CIOXK-
HbIX 3¢HpOB NpoTekaeT B ropasno 6ojee MACKUX YCIOBHAX, 4eM B
naboparopHoii konbe. [IpuMep BHYTPHUMOIEKYISIpHOro pepMeHTATHB-
HOTO KaTajiin3a peakuMy HIpOiu3a XMMOTPHIICHHOM IIpHBeneH pa-
Hee B 1. 3 (4. 1).
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18.8.4. IIEPEDTEPUOHUKAITINA
PacTBop ankorosisita HaTPHUA WIH KajHAd B CIIUPTE MOXHO MC-

NMoJb30BaTh IS NepestepuduKalny, npuBogdueit K o6pazoBaHuIO
HOBOTO CIOXHOro 3¢upa (CM. NpeAblIYyLIMil pasnen 3Toi riaBbl):

R?0ONa; R2OH

RC<O + R2OH RC<O + ROH.
OR OR?

MexaHu3M 3Toit peakuuu aGCONMIOTHO AHAIOTMYEH OCHOBHOMY Bac2
FUOPOSIU3Y CIOXHBIX 3QUPOB, EMMHCTBEHHOE paliiuyUe 3aKNI0YaeTcs
B TOM, 4TO Ilepe3TepupHKALMS MpeAcTaBIseT NMPaKTHYECKYIO LEeH-
HOCTb TOJIbKO B ToM ciydae (18.8.1.6.), korna R'OH u R?0OH cubio
pa3nuyaloTcs no 3HayeHMio pK,, HanpuMep, IUIA NpeBpalleHUust apu-
JIOBBIX B AIKUNOBBIE 3¢UPBI:

18.8.5. AMHHOJIM3

AmMuak, nepBUYHbIE M BTOPHYHbIE AMHUHBI NIpY B3aHMOIEICTBUU
€O CIOXHbLIMH 3¢rpamu ofpa3yloT He3aMelleHHbIe HJIM 3aMellicH-
HBIE TIPY 230Te AMHABL. DTa peakiusi IPOTEKAET B MATKHX YCIOBHAX U
IIpUBOIMT K BBICOKOMY BBIXOAY aMHMI0B. OHa ocoGeHHO ToJjie3Ha Tor-
Ja, KOrfa alMJIraJloreHHAbl WIM aHTMIAPMALL TPYIHOOOCTYIIHBI, Ha-
[IpYMED TNIPH CUHTE3¢ AMHIOB OKCUKHCIOT U aMUHOKHCIIOT:

il
CH,CH-COOCH,CH; + NH, E"“‘;’—— '_C"“’" CH;CH~C + CH,CH,0H ;

OH 3 OH NH,
(85%)
, Q
Na=C—CH,COOCH,CH, + NH, "—%‘é- N=C-CH,C + CH;CH,0H.
NH,
(86—88%)

Mexanuam 310 peakuuu nonobeH APYrUM MpolleccaM MpUCOoSaHE-
HUSI — OTLIEIUVIEHHS Yy alllJIbHOrO aTOMa yrjiepoaa:
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//O (l)e 1 @/Rl //O 1
R-CZ_ + NH;=== R-C-OR == R-C-8 —=R-C7_ + R'OH.
OR! NH? NH, NH,

TpeTUyHble aMUHBI — NUPWAMH U UMMIA300 — KATATU3UPYIOT 3Ty
peakLMIo, a OJHOM M3 JIYYIIMX YXOASUIMX IPYIIN ABISETCS N-HUTPO-
dbeHokcunbHasg B adupax n-HuTpodeHona.

18.8.6. BOCCTAHOBJIEHUE

CnoxHple 3GUPH DX B3aUMONECHCTBHU C aNIOMOTHIADHIOM JH-
THUS JIETKO BOCCTAHABJIMBAIOTCS 10 NMEPBUYHBIX cupToB (rA1. 11, 4. 3):

1) LiAlH, ; a¢up
2) H,0
(90%)

CnoxHbie 3¢Upbl MeHee peaKLIMOHHOCHOCOOHBI MO OTHOIIEHHUIO K
ATIOMOTHIPMIY IO CPaBHEHHIO ¢ aibAernaamMu. I1osToMy ¢ 3TUM MoLi-
HBIM BOCCTa2HOBHUTEJEM PeaKLMI0 HeBO3MOXHO OCTAHOBHUTH Ha cTa-
IUK 0oOpa3oBaHMs aJbIerMaa U NMpPOAYKTOM BOCCTAHOBJIEHHMS OKa3bl-
BaeTcsl MepBHUYHBIA cnUpT. K TOMy Xe pe3yibTaty NPUBOAMUT
BOCCTAHOBJIEHHE CIOXHBIX 3¢HUpoB OBopruapHIOM TUTUSL:

re

TP,
CH3(CH2)14COOCH2CH3 + IJBH,‘_’CHJ(CH2)14CH20H + CHJCHon .
65°C (95%)

Bopruapua nuTUs MonydaloT peakuvei obMeHa Gopruapuna HaTpUA
M XJIOPKAA JINTHUS B COBEplieHHO 6e3BOAHOM 3TaHOJE:

NaBH, + Licl 229 1iBH, + NaCi {.

O6a MeTona oyeHb IIMPOKO UCHONB3YIOTCS B OPraHMYECKOM CHHTE3e.
Hanmomuum (rn. 11, 4. 2), yro 60opruapua HaTpusi HE BOCCTAHABIM-
BaET CJIOXHBbIE 3(HUPBLI.

BoccTaHoBleHHEe CAOXHBIX 2DUPOB ATMPATHYECKHX U apOMaTH-
4eCKHMX KHCJIOT KOMIUIEKCHRIMU THADPHIAMH [PAKTHYECKH MOJHOCTBIO
BBITECHWIO CTapBI METOJ] BOCCTAHOBIIEHMS COXHBIX 3dHpoB annda-
THUYEeCKMX KHMcoT o byBo—bnaHy neiicteBveM HaTpHs B CIIUpTE:

CH,CH,OH; 78°C

C,,H,;COOCH,CH; + Na + CH,CH,OH
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_—C“H23CH2OH + CH}CHon .
(74%)

LInknuyeckue ciaoXHbie 3¢)Hpbl — JIAKTOHBI ~— [PH BOCCTAHOBICHHH
AIIOMOTHIPHUIOM JIUTHA 06pa3y10'r OHOJIbI:

[O‘c=o 1) LIAIH, ; odup

2 H.0® HOCH,CH,CH,CH,OH .
3

(83%)

CnoxHsle 3GHUpPE MOryT OBITH BOCCTAHOBIEHBI 0 ANbIETHIOB,
eciy B Ka4YeCTBe BOCCTAHOBHTE ISl MCIIONH30BaTh peareHTt, obiamaio-
WM BBICOKOM CeJIeKTMBHOCTBIO. TakMM peareHToM ISl NPOCTPaH-
CTBEHHO He3aTPYIHEeHHBIX CIOXHBIX 3¢HpPOB ABNsAeTCS AUU306yTIIa-
momuuuitrugpun (IWUBAJI-H). BTo BaxHBIt B cHHTeTHMYecKoit
MMPaKTHKe METoHd MPeBpAleHHsT KApOOHOBBIX KHMCIOT 4epe3 CTamUIo
aTepupUKaLIMM B anbaeTuabl. [Lig Toro, YToGH IpenoTBPATUTD NAJib-
Helflllee BOCCTAHOBJIEHWE ANBAErHIa OO NMEepBHYHOIO CHHPTA, Peak-
I[HI0 TIPOBOJAT MpM HU3Ko# Temnepatype (—60...—78°C) B pacTBope
TOoIyoJla B MHepTHoOM atMocdepe, nmockonsky JHUBAJI-H Bocrutame-
HSIeTCS Ha BO3NyXe:

. _6 o
CHy(CHy)1eCOOCH; + (us0-C,Hy),AlH 2% ~80°C. -y (CH,),(CHO;
2) CH,0H .
(88%)

IlpeBoCXOMHBIMM areHTAMM ISl BOCCTAHOBACHHUSI CIIOXHBIX 3H-
POB IO IBJECTHAOB SIBISIIOTCS NMPOAYKTHI B3aMMOIEHCTBUS HEKOTO-
PBIX CIMPTOB C AIIOMOTMIPHUIOM JIMTHSL. DTH peareHThl obiafaioT
MMOHVXEHHOH! 10 CPABHEHHUIO C HUM BOCCTAHOBHTEIBLHOM CIIOCOBHO-
CTBIO U 1103TOMY GoJee cenekTBHBI. I1py B3aUMOIEeHCTBUM IBYX MO-
neif MoHOMeTWIOBoro 3dHpa S3TWIESHIIUKONS (METUIILELIO30bBa)
C ONHUM MOJIeM AJIOMOTHAOpPHAA NUTHA obpasyerca Ouc-(2-MeToK-
CU3TOKCH )aMIOMOTHAPKI JIUTHS. DTUM pearcHTOM MOXHO CeJIeKTUB-
HO BOCCTaHABJMBATb CIOXHBbie 3QHPBI 10 anbiernnoB B HHANPDe-
pEHTHOH cpene:

1) LIAIH,(OCH,CH,0CH,),

(CH3);C-COOCH, — oo 0~(720)°C (CH,),C—CHO -
2) C,H,0H
(81%)
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18.8.7. BBAMMOJZEACTBUE C MATHUMOPTAHUYECKHMH
M JUTHAOPTAHUYECKUMHU COEIUHEHNAMH

CnoxHble 3UPH U TAKTOHBI PEarupyioT ¢ IByMsI 3KBUBAJIEHTa-
MM peakTuBa IpHHbSpa WIM JTUTHHAOPraHUYECKOIO COEJUHEHHUS C
o0pa3oBaHueM TPeTHYHHIX cnypToB (ri. 19):

CH,CH,COOCH,CH, + 2CH,CH,CH,MgBr 22
— CH3CH2?(CH2CH2CH3)2 1
(70%)
It adup
C¢HC—OCH,CHj + 2CiH,MgBr %= (C,H,),C—OMgBr —
@
’:o (CeH)sCOH (96%) ;
2

G 1) 2CHMgBr_ (CHy);C~CH,CH;CH,CH,0H .
2) H,0°

(72%)

Tak Kak cloxHble 3¢dHpbl MEHee peaKIMOHHOCMOCOOHHI Mo OT-
HOILLEHHUIO K peakTHBaM [ pyHBSIpa WIH JHTHUHOPraHHYECKHUM Coenu-~
HEHHUAM, YeM KETOHBI, peakKUMIO oObIYHO HE YIAETCH OCTAHOBUTH HA
craguy obpa3oBaHHs KETOHa. DTO MOXHO CHENATh TOJABKO B TOM Cy-
yae, KOIa M CIOXHbIA 3¢up, 1 METAJUIOOpPraHUYECKOE COCAUHEHME
COACPXAT TPeTHYHbIC ATKWIbHBIE TPYIIIBI, 3aTPYAHAIOUIME MOCTENyY-
Iolliee B3auMoJelicTBUe CTepHYecKH 3aTPYAHEHHOIO KeTOHA C mpem-
AIKUWUTUTHEM WIH mpem-aJIKWIMarHUiraJoreHuaAoM M YMEHbLIalo-
1iee CKOPOCTh 3TOl BrOpHYHOM peaklIUM:

)
] . °
(CH3),CC—OCH,CH, + (CH,),CLi 224R: 2C_

= (CH,);CC~C(CHy); + CH;CH,0Li .
(80%)

Auankuwikynparsl B oTIM4YuMe oT Mg- ¥ Li-opraHuyeckux coenuHe-
HH# He B3aMMOACHCTBYIOT CO CIIOXHBIMM 3¢dHpaMH.
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18.9. AMHMJIBI KAPBOHOBBIX KUCJIOT

AMuIbI [IpencTapisiioT coboil xiacc HaUMeEHee peaKLMOHHOCO-
cOOHBbIX NPOU3BONHBIX KapOOHOBBIX KHCIOT. B OCHOBEe MOCTPOEHHS
OeIKOB ¥ NOMUNENTHIOB JEXHUT aMHIHDBIA TUN CBS3K PA3IMYHbIX aMHU-
HOKMCJIOT B €HHYIO THTAHTCKYIO MOJIeKyny. MHorue aMuabl SBISIOT-
csi OHMoNorMyecKd aKTHMBHBIMM BelIeCTBAMM — YIOMSHEM JHIb O
HEKOTOPBIX TpaHKBUIMU3aTOpax — MenpobaMare U auasename, Gap-
OuTyparax, TeTpauMKIMHOBBIX AHTMOUOTHKAX, TANAIOLKMHOTeHHOM
HapKOTHKe IMITHIaMMle Ju3epruHoBoi KucnoThl. HakoHell, Heko-
TOpbIE BAXHeMHIINE CHHTETUYECKHE BBICOKOMOJIEKY/ISIPHbIE BEUIECTBA —
HAAJIOH M KallpoH — MNpPeACTaBAsIOT co0oil nmonmaMuabl.

18.9.1. IIOJIYYEHUE AMHUIOB

AMMHBI U aMMHAK OTHOCATCA K Oonee cunbHBIM HyKJeoduaaMm,
YeM BOJA M CIHPTHl. DTO MO3BOJsIET B HEKOTOPBIX cIy4YasiXx ocylue-
CTBMTb CMHTE3 AMUIIOB HEMOCPEACTBEHHbIM 3aMelie HUEM THIPOKCUIIb-
HOM Ipynnsl B KAPOGOHOBBIX KUCIOTAX HA AMUHOIPYILIY NpH B3auMo-
AeicTBMM KapOOHOBBIX KHCIOT C aMMHAaKOM, MEPBUYHBIMM KK
BTOPUYHBIMM aMMHAMM B XeCTKHMX YCIOBHUSX, HampuMep:

170°C

CH,COOH + NH, CH,CONH, + H,0 ;

(87%)

O
150-180°C p
CH,CH,CH,COOH + (CH;),NH ————— CH;CH,CH,C=N(CH,),+ H,0.

(84%)

MexaHu3M 3TOTo MpeBpauieHUs BKIIOYaeT HYKIeoDWIbHYIO aTaky
aMMMaKa WIM aMHHa [0 KapOGOHWIBHOMY YIJIEpOAY C MOCIEAYIOLUHM
[IEPEHOCOM [IPOTOHA OT 430T4 K KUCIOPOAY M OTLUETUIEHHMEM BOMBI.
DToit nocaemoBaTeIbHOCTH MpeBpallleHuii NpensarcrbyeT obpa3opa-
HHe aMMOHHITHOM coiM KapOoHOBOM KHCIOTBI, HO 3Ta peakuus ob-
paTtuMa, U Tpy HarpeBaHMM aMMOHMWHAsI colb paclajaeTcs Ha Hc-
XOJIHble peareHThl:

0 NH;3 0 NH; I
RCZO® NHY =—= RCZOH — R-C-OH ===
NHP

)

% 0
=== R-C>OH, —— R-C-NH, + H;0.

NH,
237



Peakuust He uMeet obllero Xapakrepa M He WIeT A, IPOCTPAHCTBEH -
HO 3aTpYOIHEHHbIX aindaTHIecKuX KHUCIOT. B NpHHUMIIE 3TO YHCTO
[POMBILUIEHHBIA METON IMOJYyYEeHUS HEeKOTOPhIX KOMMEPUYECKH BaX-
HBIX aMHA0B. TakuM ciocoGoM B IPOMBILUIEHHOCTH ITOTY4aloT MMH-
IblI IHTAapHOU K dTaneBoit KMCIOT:

CH,COOH 2NH, CH,COPNHP a90:C

CH,COOH CH,COPNH?
o)
cn,c?
— 1" >NH + 2H,0 + NH,.
CH,C{_
o
(85%)
CYKLIMHUMHL
o) o)
@: Z, _ N CZNH, 160°C
¢ H0; 100C COPNHP
o
S @ \NH + NH,
(100%)
¢GramumMun

ITono6HO OKCHKHMCIIOTAM HEKOTOPble aMUHOKMCIIOTHI LIMKJIM3YIOTCSH
¢ 06pa3oBaHNEM [UKIMYECKHX aMUIOB, Ha3bIBAEMBbIX JIAKTAMAMHU:

o

H,R-CH,CH,CH,CO0° == H,N(CH,),cood ¥¢C [~ NH | y 5.

(86%)
y-6yTMponakTam

HauGosnee yHMBEpCcaibHBIM METONOM IONy4YEeHHS AMUIOB SIBJISETCH
auWJIMpPOBaHHE aMMHAKa, MEPBUYHBIX ¥ BTOPUYHBIX aJinhaTHIECKHX U
APOMATHYECKHX aMMHOB C MOMOLUBIO AlWITANIOreHUI0B, AHMHAPHUIOB U
CHOXHbIX 3¢ HpoB. JIydiurM U3 HUX, HECOMHEHHO, CJIefyeT CYUTATD ally-
JIUpOBaHHEe aMHHOTIPYIIbI Mol NeHCTBUEM Al[MITAIOTCHUIOB.
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Hdpyro#t criocob mony4eHusi aMUIOB OCHOBAH Ha MpeBpalleHHMax
HUTPHIIOB. B TIIATENBHO KOHTPOMUPYEMBIX YCIOBHSX HUTPUIIBI MOTYT
ObIT TMAPONU30BAHKI A0 aMuaoB. Hawnyduide pe3ynbTaThl JOCTMra-
IOTCS ITPU IPUMEHEHUH BOOHOTIO 1UEJIOYHOro pacteopa 6—15%-i ne-
pexucH Bogopoaa. B xayecTse npumepa NpusefeM LIENTOYHOM r'Mapo-
U3 HUTPHUIA HUKOTMHOBOM KMCIOTBI:

CN
©/ 1) H,0, + NaOH; H,0—C,H;OH; 6 u; 50°C @CONHZ
N 2) H,O*

N
(88%)

BTopuyHsie aMUAB MOTYT GBITh MOAYYEHB! U3 HUTPUIIOB C [TOMO-
B0 peakUHy Putrepa. OTa peaklys 3aKI04aeTCH B AIKAJIMPOBAHAM
HUTPHJIOB MO aToMy a3oTa ¢ oOpa3cBaHWEM HUTPUIMEBOR colu B
KayecTBe MHTEpMeauaTta. I Mapoiau3 HUTPMINEBON CONMH MPUBOAUT K
BTOPUYHOMY amuly. N-AJIKUIMpOBaHMe HUTPUIIOB 10 HUTPHIMEBOH
COJIM JOCTHUTAETCS C [IOMOIIBIO ATKEHOB, TPETUYHBIX WIM BTOPUYHBIX
CIIMPTOB B MPHUCYTCTBMHU CHJIBHBLIX KMCNOT. TpeTH4YHBbie, BTOPUYHBIE
CIIUPTHI ¥ AJIKeHHBI 00pa3yioT NpM NPOTOHMPOBAHUY TPETUYHLIE WU
BTOPHMYHbIE KAPOOTKATUOHBI, KOTOPHIE AJIKUIUPYIOT HUTPUJIB! [10 aTO-
My a3oTa:

)
[C]
RIC=NCR, 120 RIC//—ITICR3 _

H

®
(o]
R,COH 2= g co RIC=N,

Hnrppmneaaﬂ COJIb MOXeT OBITH BhIIENEHA B WHAUBKMAYAJIbHOM BHIE
NpH AJIKWINPOBAHUH HUTPHUIIOB COIAMHU TPHAJIKMIIOKCOHHNS HIH KOM-
TUICKCOM mpem-aJIKWITaJIOTCHHI0B ¢ KHUCJIOTAMH JIsrouca:

(CHg),O®BE + RC=N—— RC=N-C,H;BFP + (CGHy),0 ;

RC=NE-C,H,BFE + H,0 225 RCONHG,H; + HBF,.

Crapsiit MeTon nonydeHust N-3aMelIeHHbIX AMUIOB C TIOMOLUBIO
neperpynnupoBk bekMaHa OKCHMMOB KETOHOB B MPUCYTCTBUM pas-
nuuHbix kuciaort JIstonca — PCls, BFs3, nonudochopHoit KHCIOTH B
HacTosillee BpeMsl YTpaTHI CBoe 3HaueHHe. MexaHU3M meperpynmnu-
poBxy BekMaHa Gyner paccMaTpuBaThea B I 26 (4. 4), cnieuuanbHo
NOCBSILIEHHON MOJEKYNSIPHBIM IeperpynnyupoBKaM.
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18.9.2. CBOYICTBA AMHUJIOB

18.9.2.a. THAPOJIU3

AMMUIbI THEPOJIM3YIOTCS A0 KApOOHOBBIX KHUCAOT ¥ B KUCNIOMH, U B
wenoyHoi cpene. O6a npolecca HeobpaTUMBI M Tpe6GYIOT NpHUMeHe-
HMsI ropasio 6ojiee XEeCTKHX YCJIOBHHA MO CPaBHEHHIO C FHAPOIH3OM
CIIOXHBIX 3¢(PUPOB:

50%-s H,SO
CeH;CH,CONH, & 100'(; 3‘; C¢HsCH,COOH + (NH,),SO, ;
5 ’ (88%)

o)
U Hzo, HzSO4 .
CH;CH;-CH-CH,C —mmemtas CH;CH,CH-CH,COOH + (NH,);SO, ;
CH, NH, H,
(88%)
CH;(CH,)sC KoH CH,(CH,);COOK + NH
3 55 X pp 3 2)5 3,
N, H,0; 100°C; 6 4 5%)
i KOH
CH,CH,CH,C — — CH;CH,CH,COOK + CH;NH,.
NHCH, H20; 100°C (87%)

B ocHoBHoi1 cpene rugpoau3 nporekaeT no Buc2-MexaHuamy,
KOTOPbi# NoJ06eH OCHOBHOMY T'MAPOJIMN3Y CIOXHEIX 3¢hHpoB:

R‘?S?"HZ HKOZH
d—)

OH9HH20
o°

|
RC=C +0H® Z- R-C-NH, Rc=C_ +NH,
NH2 Ll 6H Oe

I

R
O@

@
NH, -
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AMUI-UOH npelcTaBjsieT cob0Oil 3HAYMTENbHO XYALUYIO YXOAALLYIO
IpyNny rno CpaBHEHHUIO ANKOKCHA-MOHOM. IIpoToHMpoBaHHe a3ora
yAy4yljaeT ee CBOMCTBA YXOOSIUEH IPynmnel, ¥ 3Ta CTagUA Hpellie-
CTBYeT HeoOpaTUMOMY pacriagy TeTpa3gpH4YecKoro HH'I‘CpMC}IHaTa

MUsoTonHeiit 06MEH KMCIOpoaa Mexay MeuyeHHBIM 20 kapGoHmwIb-
HBIM aTOMOM YyTiiepofia amMuaa G6eH30MHON KMCIIOTH M BOAOM MpOKC-
XOJIHUT B MATH pa3 GLICTpee MO CPABHEHHIO CO CKOPOCTBIC €ro MMapo-
Jiu3a oA AeicTBUeM pacTBopa rHApoKcHaa Hatpus npu 109°C. 3ro
YKa3bIBaeT Ha To, YTO pacraj TeTpasApHYecKoro HHTepMenuara Ha
HCXOIHBIE PEareHTHl MPOUCXOAUT GhICTpee, YeM ero pasiokXeHHe C
obpasoBaHKeM MpOAYKTOB KapGOHOBOM KUCIOTH U aMMHaKa. B 6ob-
LIMHCTBE C/Iy4acB OCHOBHOI TMApOJIH3 aMHIOB OIMUCBIBAETCS KHHE-
THYECKKUM YPABHEHHEM BTOPOTO MOPSAKA, MEPBOIo NOpsaKa IO aMy-
Iy ¥ MepBOro MopsAKa o ’MIPOKCUI-MOHY. B HEKOTOpBIX ciydasx,
OIHaKo, HabMoAaeTCA BTOPOM MOPSIAOK MO MMApOoKcun-uoHy. [lono6-
Has 3aBUCHUMOCTb Habnonaercs, Harpumep, NP UIEJTOYHOM THApO-
nu3e N-meTunaHuanaa TpUpTOPYKCYCHOM KUCIOTHI. 3TO O3Hayaer,
4YTO B Haubosee MELIEHHOW CTafiuM pacUIEIUIEHHIO NMoaBepraeTcs
IMAHHOH TeTPA3APUYECKOro MHTepMenuMara B COOTBETCTBUM CO Cle-
OYIOILUM YPaBHEHHEM:

(2]
0 <]
OH® 6ricipo OH
CF;CONCgHy a2 CF;-C—N CH; ===
CH, OH CH,

HOH
== CF;-CDN~C6H MELICHHO . CF;C’ge + CeHN—CH, ==
® &,

o
== G¢H;NHCH; + CF,cZ3e + OH®.

ITOT MEeXaHU3M, HE UMEIOLLHI{ aHAJIOTHH B peaKLIMAX OCHOBHOIO M-
pONM3a CIOXHBIX 3¢UPOB, TaKXe OTpAXAET XYAWIYI0 CIOCOOHOCTH
aMU1-MOHA BBITNONHATL POJib YXOASILEH rpyniibl 1o CpaBHEHUIO € aNl-
KOKCHI-HOHOM.

I'uaponus GeH3aMuaa, KaTATU3UpYEMBL KUCIOTOM, HE COIpPO-
BOXJIAeTCA M3OTOMHBIM OOMEHOM KHCIOpoAa u3 KapOOHMABbHOM
rpynmsl amMmuaa. MexaHusmM KMCIOTHOIO TMApPOJIM3a aMHAOB BKJIIO-
yaeT HyKi1eo(WIbHYIO aTaKy BOAsl Ha MPOTOHHpPOBaAHHYIO ¢dopMy
aMuga. B Monekyne amuna Haubojiee BBICOKOH OCHOBHOCTHIO obita-
Jaetr xapboHunbHbI KUcaopoA. C yyeToM 3TOro o0CTOATENHCTBA
MEXaHU3M KHCJIOTHOTO THAPOJK3a aMHAOB OMMCHLIBAETCS CHAEHYIO-
ILMM yYpaBHEHHUEM:
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@ OH
20 Ht ~OH HOH PH _po
RC g == R-CZ = —c NH,=—= R—C NH,+ H*==
2 NH2 O@ H OH
H H

OH
GS H 0
® = = @
== R-C—NH;—=R-CZ gy + NH; — RCZ oy + NHY .
OH

I'maponan3 aMUIOB KaTAIU3UpYETCs HE TOJLKO MOHOM BOLOpPOAA
MM rUIpoKcua-uoHoM. OH TakkKe KakK M TMIpPONHU3 CIOXHBIX 3PH-
pOB, NOJBEpPXKeH 0011ieMy KMCIOTHO-OCHOBHOMY Katanu3y. B xadecTee
IpuMepa NpUBEIeM [UAPONM3 MOHoaMHAa (raieBoil KMCIOTHI, B
KOTOPOM MMEET MECTO BHYTPUMONEKYIAPHBINA HyKJIeopUNbHBIA Ka-
Tanu3 KapboKCHUIAT-HOHOM:

#°
= O, = O
7 NH NH2 ,C<
o HO

H,

/
c” COOH
~
= QL /0——@( \o+NH3—J——@(
oéty o

CkopocTh rulposiu3a MoHoamuiaa ¢raneBoit kuciorsl npu pH3 B
100 000 pa3 npeBbILAET CKOPOCTb THAPONM3a aMuna OeH30MHOHK Kuc-
JoThl U n-xapbokcubeH3amMuna (MoHoaMuaa TepedTaneBod KMCIOTHI)
B TeX Xe ycyioBusX. CTonb 6osbIlioe pa3iMiKe B CKOPOCTAX THAPOIK3a
POACTBEHHBIX COeIUHEHHIA YKa3biBaeT Ha BHYTPUMOJIEKY/SIDHBIA Me-
XaHM3M KaTajlu3a CO CTOPOHBI KapBOKCHIAT-HOHA, KOTOpPbIA HEBO3-
MOXE€H B cjly4yae napa-uzomMepa. DKCIIepUMEHThI C OJBOMHON MeTKOM
3C u '®0 onpenenenHo yKa3biBaloT Ha 06pasoBaHUe GTANEBOTO AH-
TMOpUIA B KAYECTBE MHTEPMEAHATA B 3TOH peaKLIUH.

COOH

18.9.2.6. BOCCTAHOBJIEHHE

BoccraHoBjieHHEe aMHUIOB M36BITKOM ATIOMOTMAPHIA TUTHSA B 3dupe
umu TI'® npuBOAUT X MEpBUYHBIM AMHHAM C BBICOKMM BBIXOJOM:

1) LiAlH,; TT'®; 65°C

H;OCH,CONH
C6 5 2 2 2) H3O©

CgHsOCH,CH,NH, .
(80%)
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MoHo3aMellIeHHbIe MTPU a30Te aMHIbl BOCCTAHABIMBAIOTCH TAKUM XK€
00pa3zoM [0 BTOPHYHBIX AMHHOB, a N,N-gUaTKUNaAMUA — OO TPETHY-
HbIX aMUHOB!

1) LiAlH,; adup; 36°C
2) H,09

CH,(CH,),;CONHCH, CH,(CH,),(CH,NHCH, .

(95%)

o]
Il 1) LiAlH,; adup; 36°C
(CH;),CHCH,CH,C 2) H,00

N(CH,CH,),

(CH;),CH(CH,);N(CH,H;), .
(85%)

Bo Bcex 3Tux ciydyasix BMECTO QJIOMOTHAPHAA JIUTHS B KayecTBe
BOCCTAaHOBUTENA MOXHO MCITONb30BaTh AMGopaH. Boccranomnenue
nubopaHoM npennoytutenbHee LT N, N-quanixuiaMunos.
Iukauyeckde aMUIbl — JIAKTaMbl — BOCCTaHaBJIMBAKOTCA aTio-
MOTHIPHIOM JIMTHA MK JUOOPAHOM N0 HUKIMYECKHX aMUHOB:

‘ | 1) LIAIH,; TT®; 65°C 1 |
o 2 H,0® .

N N
H H
(80%)

N, N-IuankuiaMuIbl B CTPOrO KOHTPOJIUPYEMbIX YCIOBUAX MOTYT GbITh
BOCCTAHOBJICHEI O a1bJErHioB ¢ BbIXoJoM 60—90%. Ins artoit uenu
0ocobeHHO yno0eH TPHUITOKCHATIOMOTHIDHUI JUTHA, TNMoaydaeMbli U3
LiAlH4 4 Tpex 3KBMBAJIEHTOB 3TaHOJA!

LiAIH, + 3CH,CH,0H—222 « [ {AIH(OCH,CH,); + 3H,.

3T1oT peareHT ABNsAeTca 6ojiee ciabblM JOHOPOM TMAPHI-HOHA, YeM
LiAlH4, ¥ peakuuio MOXHO OCTAHOBUTb Ha CTAIMH IMOJY4EeHHs aJIb-
neruga. dna aroro Heob6xoauMo K U36bITKy N,N-auankunaMmuaa npu-
6aBnATh 3PUPHBII PacTBOp KOMILUIEKCHOTO THApHAA:

o) 1) LiAIH(OCH,CHj)
(CHy),cCZ 5 il s
N(CHy), 2) H;0

O
=
(CH,),CC
373 \H
(88%)
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N,N-/IyankunaMyabl BOCCTaHABJIMBAIOTCS OO a1bAErHJOB C IOMO-
wbio JUBAJI-H.

O 1) IUBAJT-H; Tonyon
CH,(CHy),Z )

CH,(CH,),CHO.
N(CH,), 2) CH,0H o2

18.9.2.8. JETUAPATAIINA

HesamelneHHble npy a3oTe aMUAbI AETUAPATUPYIOTCS O HUTPH-
noB nox aeiictsueM POCI;, SOCI, unu (COCIl), B anpoToHHOMH cpene.
Ocob6eHHo yno6GeH B MpenapaTUBHOM OTHOLUEHUM criocob aeruapara-
MM C TIOMOIUBIO THOHWIXJIOPHIA B MPUCYTCTBUM HTUMeTWIHopMaMu-
[1a, KOTOPBIA XapaKTepuayeTcs oYeHb BBICOKMM BBIXOZOM HMTPHJIOB:

—0 SOCl; IM®A; 0-20°C
N

CH,(CH,),C CH,(CH,),CN + SO, + HCl.

H, wnu 6enson; 80°C (94%)

IMpenmnonaraeTcs, 4TO B pe3ynsTaTe 3NeKTPOPUIbHOM aTaKi THOHUI-
XJIOpUIA [0 KApGOHMIBHOMY KMCJIOpPORYy AMUAA B KA4eCTBE MHTEpME-
IKaTta nepBoHavyaibHO o6pazyercsd MpPOM3BONHOE MMUHOAHTHUADPUIA,
KoTopoe nasnee pa3naraetcs ¢ otwenneHuem HCl u SO, ¢ obpasosa-
HMEM HUTpHIA:

s#°
RC=C  + soc,— | R-C

NH, %NJH\CQ + HCl—

—= RCe=N + SO, + 2HCI .

BMecTo THOHWIXIIOpUA B KAYECTBE JETHAPATUPYIOLIErO areHTa MOXHO
UCTONb30BaTh XJAOpokKuch ¢ocdopa U TpUPTOPYKCYCHBIN aHTUAI-
pHI B MpPUCYTCTBUM TMMpUAMHA, rae BBIXOA HUTPHJIOB Konebnercs B
uHTepBate 85—100%:

(CH;),cc=0 (CF;C0%,0; GHN - oy, cCm=N
NH2 66H30ﬂ; 5-20°C (92%)

BropuyHble aMHObl 06Pa3yIOT C THOHWIXJIOPUAOM, XJIOPOKHUCHIO
docdopa unu nenraxnopunom dpocdopa UMUIOMIXITIOPUABI (MMUHOX-
JIOpUIBI), KOTOpble Najlee NMpH HArpeBaHUM OTLUSIUISAIOT ATKWIXIO-
puA ¢ 06pa3s’oBaHHEM HUTPHUJIOB:
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Ci —
rRICZ © HCl

Rlc4o + SOCI
“NHR? 2 ~$ur: S Tvpnann

Cl

— R1C< 150°C R!C=N + R .
SSNR?
HMUIOWDUIOPUI
{MMHUHOXJIOpUI)

Tperuunble amuasi R'CONR,? npH NeHCTBHU TeX Xe peareHToB
JAIOT CONMM XJIOPHMMHHSA:

<]
0—sz0 a
RCZ  +50C, — |RIC{g , O o —
2 \ﬁRz cl
=0
st/ a o
— | RICA, 1| — RIC o .Cl +80,.
ol Q\IR;G SNE

Conu XIOpUMMKHHES, NMoNyueHHbIe U3 N,N-AHanKu1aMUaOB, JOBOJb-
HO YCTOHYUBBI U UMEIOT UOHHYIO npupony. OHH ciyxat 3¢ dexTus-
HBIMHM 3MeKTpoHIbHBIMH areHTaM4 IO OTHOIUCHHIO K CHUPTAM,
THOJIAaM U OPYTUM HyKIeoUIbHBbIM areHTaM. Takum obpasoMm B pe-
3yJIbTaTe ABYXCTagUitHOro npeBpauieHuss N,N-IuankuiaMuaoB MOX-
HO MOJIYYUTD CAOXHBIE 2HPbl WIM UX CePHUCTbIE aHANIOTH.

Komnnekc xinopokucu ¢ocdopa unu ¢ocreHa ¢ N,N-qumeri-
dopmamunom saengetca 3ddeKTHBHBIM GOPMUNIHPYIOIUKM areHTOM
710 OTHOLUCHMIO K MHOTHM apOMaTH4YeCKHM COeIUHEHHAM (peakuus
Bunecmeitepa—Xaaxa, rin. 19).

18.9.2.r. HHTPO3UPOBAHHE

ITepBuyiHbie aMubl TIpM B3aUMONCUCTBUU C a30TUCTON KHUCIO-
TOM, HUTPO3WIXIOPHMAOM WK 60pdTOpUIOM HUTPO3OHHUS MONBEPra-
IOTCSl Ie3aAMUHUPOBAHHIO, BTOPUYHbIE aMUIbl C 3TUMHU Xe peareHTa-
MH naioT N-HUTPO30aMUIbI:

RCONH, + NaNO, + HCl — = RCOOH + N, + H,0 + NaCl;
RCONHR! + NaNO, + HCl — RCOII\JRI + H,0 + NaCl.

N=0
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18.9.2.a. TAJIOTEHUPOBAHHUE U I[NEPETPYIIIIUPOBKA FTOOMAHA

[lepBuyHbIe U BTOPUYHBIE aMHUIBI B OYEHb MSTKHMX YCJIOBUSAX B3a-
umopeicTytoT ¢ rumnorajsorenutamMyu (NaOCl, NaOBr) ¢ o6pasoBa-
HueM N-rajioreHaMMHIOB:

RC?® 4 Br, + NaOH % Rc?®
“NH, 27 PR TH0 ~NHBr

s nonydeHus: B MHAMBHIAYan1bHOM Buie N-xsiopamunos u N-6po-
MaMHIOB CjiefyeT MCIIONb30BaTh CTPOro pacyeTHOE KOJKYECTBO LUE-
JIOYM ISl [TOJIYYEHHS THITOTAIOTEHMTA, MOCKONBKY B M30BITKE HIENO-
gy N-rajoreHamuabl MOABepralTcs neperpynnuposxke [odmaHa.
DpdekTUBHHIM N-rajJoreHUpyIOIUM areHToM IUIT aMUIOB CHYXAT
TaKXe mpem-OyTHUITHIIOXIIOPHT Wi mpem-6ytunruno6pomut B CCly.
N-XnopamMuabsi u N-6poMaMuibl HalLIM UIMPOKOE IIPUMEHEHHE B
KayecTBe pernoCceeKTUBHBIX raIOreHUpyIoIMx areHToB. CaMyio 1M~
POKYIO M3BECTHOCTb cpel HUX Tpuobpenu N-O6pom- U N-xiiopcyk-
uMHUMUI U N-OpoManeTaMun,.

Haub6onee BaxHbIM npeppauieHUeM N-rajJoreHaMUIOB SBISIETCA
KX [eperpynnuypoBKa B MepBHYHbIE aMUHBI IIpY 06paboTKe WenoYbio.
Jta peakuus 6bu1a oTkpbiTa B 1881 1. A. don N'opMaHOM M monyduna
Ha3BaHMe neperpynrnupoBku ['odmaHa:

0
o) o) ;.
Rcf + OH® === RCZo — E':—f" +C°—
H-N—Cl N—Cl

AMWTHUTPEH
1 —-CO
— r-N=c=0 122 pNH-¢-0H —=% RNH, + CO, .
H3oUMaHaT KapbGaMHHOBasg
KHKC/oTa

N-Xnopamun npeacrasisietr coboit 6onee cunpHylo N—H-kucio-
TY, YeM UCXOAHBIH aMul. ITpH AenpoTOHUPOBaHUM OH IpeBpaliaeTcs B
COMPSDKEHHBIH aHUOH, KOTOpBI# ITOcie OTLUEIUIEHUS XIOpUA-UOHA
obpa3syeT alMJIHUTPEH B KaYeCTBE Ype3BbIYATHO PEaKLIHOHHOCIIOCO0-
Horo MHTepMeauara. Ilo cBoeii 2IeKTPOHHOK CTPYKTYpEe HUTPEH HOLO-
6eH kapbeHy. Ieperpynnupopka auTHUTPEHA B M30LIMAHAT IIpeICTaB-
JisieT coboit yacTHBIN ciTyyail BHYTPUMOJEKYJISIPHBIX AHUOHOTPOITHBIX
CEKCTETHBIX MMEpPErpyInupoBOK, MEXaHU3M KOTOPBIX OydeT rnoapo6Ho
paccMaTpuBaThes B D1 26 (4. 4), CHElMAIBHO MOCBAUIECHHOK Moje-
KyJISpHBIM NeperpynnuposkaM. B 5ToMm paspese Mbl OTMETHM TOJILKO
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OCHOBHble OCODEeHHOCTH mneperpynnupoBxy ['odMaHa. AnKunbHas
rpyria nepeMeluaeTcsl OT yriepona X asoTy B BUAE aHMOHA, M nepe-
IpYNOUPCBKA NPOMCXOIUT CTPOTrO BHYTPHUMCIEKYISIDHO, IOCKOJBKY
MHMIDHUPYIOLUAA TPYNIA BCErga MOJHOCTBIO COXpAHSIET CBOK KoHU-
rypauMio. M3oumaHat pganee npucoefuHseT Bogy ¢ obpaszoBaHueM
KapbaMMHOBOH KHMCIOTBI, KOTOpass [ocje AeKapOoKCUIMPOBAHUA
IpespalnaeTcs B IEPBUYHBIA aMUH. Bee cTaauu 5TON peakliMyi UMEIOT
HE3aBUCUMOE SKCIEPUMEHTAIbHOE NOATBEPXKAeHHE. XapaKTepHoi
0COOEHHOCTBIC peaKLMH SIBASIOTCS BBICOKAs YMCTOTA HpOI[yKTOB pe-
aKUMU Y BBICOKMH BEIXCHA INEpBHYHOIC aMHHA:

CHy(CH,){CONH, + Br, + NaOH ——><
H,0
2 oy NOH
—= CH,(CH,),C-NHBr —— CH,(CH,),NH, ;

H,0; 70°C (88%)

0-5°C NaOH
O vamontse Q mwon Q.

c. C H,0 ¢ ’c H,0, 70°C y,N "COCH
NN N/
O N O ONO (95%)
H a
Br, + NaOH; 70°C
H,NOC(CH,),CONH, —2——— H,N(CH,);NH, .
H,0 (72%)

TpyaHopacTBop¥MBIE€ B BOE aMUABI C BBICOKOM MOJEKYISIpHCH Mac-
COJi IpeaBapuUTeIbHO NpeBpalaIcT B ypeTaHbl — 3¢Qupbl Kap6aMUHO-
BOM KHCNOTHI Ipu 06paboTKe pacTBopa aMHa B METaHOJIE WU 9Ta-
Hojsle GPOMOM B MPHUCYTCTBHHM IByX SKBUBAJICHTOB METHJIaTa WU
3TWJIaTa HaTpHA:

CH,OH

C,<H,,CONH, + Br, + 2CH;ONa ——
15H3; 2 Ty 3UINa 60°C; 15 wm

Ca(OH),
—= C,sH;,NHCOOCH, o C,sH; NH, .
(94%) 2 (90%)

ITeperpynnuposka 'opmana fgaeT Xxopoiluue pe3yasTaTsl U IS MONY-
YeHUS MEPBHYHBIX aMHHOB C CHJILHO pa3BeTBAEHHBIM paguKaioM. B
3TOM citydae yaaeTcs 3adUKCHpOBaTh H3OLHAHAT B Ka4ecTBe MpoMe-
XYTOYHOTO TPOAYyKTa:
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0-20C

Il
(CHJ)JCCHzc—NHZ + Brz + 2NaOH
H,0

50°C; NaOH

— (CH3)3CCH2‘_N=C=O (CH3)3CCH2NH2 .

(94%)

2

PoncTBeHHast peakuMsi CHHTe3a MEepBHYHBIX AMUHOB M3 a3uIOB
KapboHoBbIX KuchoT 6bna oTkpbita T. Kypuuycom B 1890 r. Auuna-

o)

i o ® O -
auapl RC-N=N=N nonyyaior 1ByMs MeToXaMu: IpU ACHCTBUK a30-
TUCTON KMCJOTBl HAa I'MAPA3UAbl KHCIOT WIM NpH B3aUMOILEUCTBHH
ALWITATOTEHUIOB C a3UIOM HATpUs:

~c1 CHCL “NH-NH, H,0-GH,OH
0] O
—RCZ == rc? H
NH-NH-N=0 NH-N=N-OH
0] H,0 0]
Z 2 z ®
RC @ R — + H +H .
“N-N=N (_'PH2 RC\N:%Z% 0 307,
|
H
.0 ALECTOH-BOAA -0
RCZ at NaN; — o= RC\N=ﬁ=§ )

HocnenHuit crnoco® MMeeT Lenblit psi NPeUMMYLIECTB, OCOGEHHO B
ycnoBuAX MexX(a3HOro KaTamu3a 3TOM peaKUMM COJSIMU TETPAAIKII-
aMMoOHuUs B IByX(aszHo# cucTeme OeH30N-BOda MIM B HeMOJNSIpHOM

cpelie ¢ MMOMOLUBIO NRE,a N?:

CH,C

l2 oA @
RCI 8.8 + NCHy), .
(60—90%)

RCZQ, + NCHoPNS

ALIMIa3uAbI IPpH HarpeBaHMH OTLUEILTAIOT a30T ¢ 06pa3oBaHHEM aLIMII-
HHTpEHA, KOTOpbIi ABAAECTCA KIIOYEBBIM MHTEPMEIMATOM U B Iepe-
rpynnupoBke ['opMaHa u B neperpynnuposke Kypuuyca:
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RN=C=0

H3ouHaHaT

CH,CH,0H
_'CO2
RNHCOOH——= RNH, + CO,

[l
RNH~C-OCH,CH,
3TUAYpeTaH

Uzonuanar MoxeT ObITh BBIACIEH NPH TEPMUYSCKOM pa3NIOXeHUH
apwiasuaoB B MHIU(GGEpeHTHOM HemnonsipHOM pacTBoputene (OeH-
3011, TOJIyOJ1, KCWJION) M Aajiee MpeBpalieH B aMHH Tpu obpaboTke
BOJIHBIM PAacTBOPOM IMAPOKCHAA HATPUA MJIM B YpeTaH IIpKH B3avMO-
JeUCTBUU co ciiupToM. Yaule Bcero, ofHAKO, M3OLMAHAT HE BBLAENS-
0T U TepMUYECKOe pa3jioXKeHHUe a3ua B H30LMAHAT U ero MpeBpaule-
HHE B aMUH OCYUIECTBASAIOT B OAHY CTAAUIO, YTO 3HAYUTEJBHO
yIIpouaeT BCIO MpoLeaypy:

O o (0] . oM
4 6enson; 10°C C/ 6eHzon; 80°C
HCH, D + NaN, 2% 10C o cH I ——
g ’ CHCHC =R
— CHCH,N=C=0 — 2. C.H,CH,NH,;
ST Genson-poaa; 80°C G 5(94;6) 2’

(n) ® 6 TIo (u) ® 6
D‘C_Cl + N(C4H9)4 N3 D—C"N=N=N -
1) TI®; 60°C NH
2) HCI; H,0 2

(83%)

Peaxuust FopmaHa B 3KCHepUMeHTAIBHOM OTHOLUEHHM 3HAYH-
TeJIbHO mMpolue, YeM peakuusi Kypumyca, ofHaKo nmpeBpallleHUe He-
HachIUIEHHLIX KUCJIOT M MPOCTEHIIMX JBYXOCHOBHBIX KMCIOT (Majo-
HOBOM, STHTAPHOWH M [JIyTapoBOil) B aMUHBI Jiyylile BCero ygaercs ¢
nomouipio peakuui Kypuuyca. g BbICIUMX IMKAPBOHOBBIX KHCIOT
caeayer npeanovects peaxuuo FogmaHa.
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LleHHBIM fgomnoNHeHUeM K peakuvsaM [odpmana v Kypuuyca nna
noly4yeHuss NepBUYHBIX aMUHOB siBistetcy peakuusa K. HImuara
(1923 r.). HIMuaT pa3paboTan CpaBHUTENLHO IIPOCTOM METOH HEemo-
CpPelICTBEHHOro OJHOCTAIUHHOrO NpeppaiieHus KapboHOBOR KHCHO-
Thl B IIEPBUYHBIA aMHH, YTO BBITOJHO OTJIMYAET €ro crnocod OoT MHO-
rocragvifHelx npeppaimieHuit no FopMmany u Kypuuycy. Ilpu
B3aUMOAECHCTBMU KapOOHOBOW KMCHOTBHI, pACTBOPEHHOU B KOHUEHT-
pUpPOBAaHHOM CeEpHON KMUCIOTE, C PACTBOPOM a30THCTOBONOPOIHON
kucaoTel B 6eH3one npu 40—50°C o6pasyeTcst M30LHAHAT, KOTOPBIM
Jajee TMAPONUIYIOT 4O MEepBUYHOr0 aMMHA:

® O . o
6enzon win xinopodbopM

1] €]
RC- 0 £N + Hzo_.

O
—N, 1T 3

H,0; H®
@: —= 0=C=N-R ———= RNH, + CO, .

B a0t peakiium TaKxe Ipearnosaraercs obpa3oBaHue adJIHUTPEHA B
KayecTBe UHTepMeauara. Mexanusm peakuuu HIMmunra, Takum obpa-
30M, nofgobeH MexaHu3My peakuu Kypuuyca. Meron cyeHs yoobeH,
a BBIXOJbl AMUHOB, KaK IpPaBHJO, OUeHb BBICOKH:

1) 6enson; H,50,; 40°C
CH;(CH,),;COOH + HN;, CH,4(CH,)(NH, .
2) H,O; NaOH (96%)

PacTBop a30THCTOBOZOpPOAHON KHUCJIOTH B OeH3ojie MOJYYaioT,
MeJUIEeHHO NMpUOaBisisa CEpHYIO KMCIOTY K CMECH a3ua HATPHs, BOIbI
u 6ensona npu 0—5°C, mocie Yero GeH30ABLHBIN CIONU OTIEENAIOT U
BBICYLIMBAIOT.

Peaxuuio HIMuara Henb3ss npUMeHSTh IS KHUCIOT, HeyCTOMYH-
BBIX K HeMCTBUIO CEpHON KMCIOTHI WIM 3aMeHsouei ee moiugoc-
¢opHOI KMCIOTHI, a TaKKe JJIS TeX apoOMATUYECKHX KHCJIOT, KOTO-
pble JIerKO CYIb(pHUPYIOTCS B 3TUX YCHOBHAX. TeM He MeHee, MHOTHe
KapboOHOBBIE KUCIOTHEI apOMaTHYECKOro psilla yAaeTcsl IpeBpaTUTh B
aMUHBI 3TUM CIIOCOOOM:

1) CHCl3; H,S0,
) H,0
a al

COOH + NaN, NH, .

(75%)
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18.9.2.e. AIKWIHWPOBAHHWE AMWI0B H HX AHHOHOB

AMUIBI cCOOEpXKAT ABA HYKIEODUIbHBIX LIEHTPAa — AaTOMbI a30Ta U
KHCJIopolia, U3 KOTOPLIX Ooliee BLICOKOM OCHOBHOCTBIO obnamaeT 60-
Jlee XXKeCTKU# aToM Kucaopoaa. IIpoToHMpoBaHHE aMUIOB OCYLLUECTB-
JIgeTcA MCKIIOYMTENBHO IO aTOMy KHMcaopoaa. B oTIM4YMe OT 3Toro
P11 ATKUIMPOBAHMHM B 3aBUCMMOCTH OT IIpHPOIbl aIKWIMPYIOLIErc
areHTa ¥ YCJIOBHH peaxUMu MOIYT ObITb IOJYYEHBI NMPOAYKTHI Kax
N-, Tax ¥ O-anKuIMpOBaHUA aMUAOB. B OONBIIMHCTBE CIy4aeB alKu-
JIUPOBAHME AMHU/JOB OCYIUECTBIAETCS B YCIOBMSIX TePMOAMHAMUYEC-
KOTO KOHTPOJISI 3TOM peaxliMd M NMpUBOAUT K cMecHd oOOMX M3OMEp-
HbIx O-ankumuMugaToB (MMHHO3¢pUpoB) 1 N-ankuinaMMAATOB:

O-anknnrpoBaHne OR?

rRicde x°
O \\NH2
RICT  + RX+ o —_—
NH, RlCi ® XG
N-ankunnposaHue I?IH2
R2
t"; —HX _
OR?
0
e RS
ts NHR2

B HeXOTOpBIX cayyassx alKMIMpOBaHME AMUIOB YIAETCsl OCYLUECTBUTE
B YCJIOBUSIX KMHETHYECKOro KOHTpOISA MpH AEHCTBUU O4YE€Hb peakiu-
OHHOCITOCOBHBIX XECTKMX ATKWIMPYIOUMX areHToB — 6opdTopuaoB
TpuaIkwiokcoHus, ankunrpugnaros CF;SO;R, ankuntosunaros. [Tpu
3TOM 06pa3yloTCA MCKITIOYHMTENbHO MMHUHO3GHUPE — MPOnyKThl O-
ATKMITMPOBAHUA:

0 CH,Cly; 0—(—10)"C OCH
RCZ + (GHy),’BF; —22 10 < @Q b o
NH, SNH,BES

B 6onee xeCTKMX YCIIOBUSAX NPOUCXOMUAT MEXKMOIEKYIAPHAst MEepErpyI-
[MUPOBKa ¢ 06pa30BaHMEM TEPMOJIMHAMUYECKH Hollee CTaOMABHBIX N-
AJIXWIAMUIOB. B 0TIMYME OT caMUX AMHAOB MX AaHHOHBI ATKWIUPYIOT-
Csl TOJILKO ITO aTOMY a430Ta:
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O NaH wm JIIA RC»; R'X RC¢0

“NH, TIro “NH “NHR'

AHUOHBI MMONXHOCTbIC 3aMeLICHHBIX NMpH a3oTe N,N-IuaiKuIaMKIOB,
KaK M eHOJAT-UOHBI CIOXHBIX 3(HUpOB, MOABEPTaioTCS per1oceyiek-
THBHOMY C-aNKUTUPOBAHUIO:

"SNR, TT®; ~78°C T

0
0 1
1) JIOA Il
reu,c? DA RocH-c-nNR, XX ROH-C + LiX;
e‘.ou@ Rl N

0 o
CH,CH,~CZ DNaNH, CH3(|2H—C<
N(CH,), 2) CH;CH,Br CH,CH, N(CH), .
(62%)

18.9.2.x. TPUCOENAHEHAE MATHUAOPTAHMYECKHUX
COENMHEHHH

TIpucoenuneHue peakTuBoB I'pUHbApa K KapOOHWIBHOM Ipyrine
nuMetindopmMaMuia TpeICTaBasSeT KHTepeC KaK OOMH U3 MHOTOYMC-
JIEHHBIX METOAOB MONYYEeHUS ATBACTUIOB:

o) . e OMgX
HC< + RMgX abup win TI'd; —~78°C RCH<
N(CHs), N(CH,),
H,0° 20
——=———= RC7  + MgXN(CH,), .
HZO, 0°C \H ( 3)2

Beixoasl anbaerHaoB Kojae6aioTes B BecbMa IIMPOKMX INpeaesax B 3a-
BUCHMOCTH OT IIPUPOJBI paguKana MarHHHOpraHUYeCKOro COeqUHE-
HMs1, BCIEACTBKE YEro 3TOT METOI He NMOJYYHI WHPOKOro paclnpocT-
paHeHHUs.
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18.10. ATKMIIONAHUABI (HUTPHWIBI)

Hutpunet RC=N, Ha3biBaemble Takxe LUHaHHAAMU, GopMabHO
He OTHOCATCA K MPOM3BOAHBIM KapOOHOBBIX KMCJIOT B TOM CMBICIIE,
Kax Jpyrie auupoU3BOJHbIE, IOCKOJIbKY OHH HE coAepXaT Kapbo-
HWIbHOI rpymmnbl. bonee Toro, aroM yriepoaa UMaHOTPYNIILI HAXO-
IUTCA B Sp-TUGPUAHOM COCTOSHUHM B MPOTHBOMONOXHOCTb P -ru6-
PUAM3ALMY KapOOHWIBHOTO YriiepoJa BO BCeX APYrMX HPOM3BOAHBIX
KapOGOHOBBIX KHCHOT. TeM He MeHee BCe OHM HACTOJNIBKO TECHO CBA3a-
Hbl MeXIy coboit, YTO HUTPHUIBI TPAAULIKOHHO pacCMaTPUBAIOT CO-
BMECTHO C APYrUMM MPOU3BOJHBIMU KapGOHOBBIX KUCIIOT.

18.10.1. MOJYYEHHUE HUTPHJIOB

OnHuM U3 HauboJsiee IMPOKO pACHPOCTPAHEHHBIX METOJOB CHH-
Te3a aTudaTHYeCKUX HUTPUIOB SABASETCS peakUuss GUMONEKYAIPHO-
ro HyKJIeoOUIbHOTO 3aMelleHHUs Y HACBILIEHHOro aroMa yrjiepoja
ANKUATAIOTEHUAOB ¥ aKUIACYNIb¢hOHATOB MOA NeiCTBUEM IUAHHUAOB
HATpHsl, KaIUs WIM TeTpaalKwiaMMoHus. IluaHMA-MOH oTHOcHTCH
HE TOJIBKO K CHJIbHBIM HYKJICO(DHUIbHBIM areHTaM, HO M K JOBOJIBHO
CHIIBbHBIM ocHOBaHMAM (p K, unanucroro Bogopona 9,2). Ioaromy ator
MeTo/ MPUrofieH TOJNBbKO JUIS MONYYEHHUS MEPBUYHBIX M BTOPHYHBIX,
HO He TPeTHYHBIX ankuiuuaHunos. IIpu BlaumoneitcTBuM mpem-an-
KWITAJIOreHUAOB C LIMAHMIAMHU UIEJIOYHBIX METAINIOB MMEET MECTO
TONbKO E2-3nMMMHMpOBaHUeE, MpUBoOJsLIee K AIKeHY. DIMMHUHUPO-
BaHME KOHKYPHUPYET C 3aMelleHHeM U B peaKU MM UICNOYHBIX IIMAHH-
JIOB CO BTOPUYHBIMH ATKMUITAUTOTeHUAAMU. DTOr0 HEAOCTATKA JIKLIE-
HO B3aUMOJEHCTBME MEPBUYHBIX AJKHITAIOTEHUIOB C CONSIMH
UMaHKcTOro Bogopoaa. OnTUManbHbIe YCJIOBUS JUISL ZOCTHXEHUS BbI-
COKOIO BbIXOJa IKMJILIMAHHUAOB JOCTUTAIOTCS MIPH NMPOBEAEHHUH pe-
aKUMH B QMMOJSPHBIX ANMpOTOHHBIX pacTBoputeiax — JMCO unu
N-MeTUANUPPOIHAOHE:

C

CH,(CHy)sCH,Cl + NaCN ZMCO; HO'C_ 41 (CH,),CH,CN + NaCl:

(94%)

CH;CH,CH,CH,Br + NaCN-AMCO: 90C_ 4y y,CH,CH,CN +

+ NaBr; (92%)
CH;—?H(CHZ)SCH3 + NaCNM— CH;(IZH(CH2)5CH3 + NaCl ;
Cl N
(60%)
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CI(CH,),Cl + NacN AMCO; 140C_ - cH,),CN + NaCl.

(88%)

B HacTosiee BpeMsl IUIs1 ITONyYe HUA a.nmbarw{ecmx HATPUJIOB IIHPO-
KO HUCITONBb3YETCA METOI, Me)K(baBHOI'O xaTanu3a. OcHOBHbIE NpUHIUIIbI
3TOro MeToaa ObUIU YK€ OIIMCaHbI paHec. Huxe NIpUBCACHA KllacCHYyec-
Kasi aarpaMMa KaTUIMTHYCCKOro 1uKid € MB)K(I)33HI>IM MEpEHOCOM:

®~@Q
RX + NaCN NRaCl5 Sp2 bl N+ NaX |

1) NacN + NRPcl® == NR®cN®+ Nacl;

2) NRPcN® == NRECcN®;
poza opraHMueckas ¢asa

3) RX + NR§ cN® RC=N + NR®x®
H B OopraHMyeckoi ¢ase H

4) NaX + NR® CN® === NacN + NR®x°® -
B BOOCE

B BonHoit daze ycTaHaRnuBaeTcs paBHOBECHE MEXIY JIBYMS CONSIMU:
UMAHULGM HATPHS W CONBIC TETPAATKENAMMOHMUSL. 3aTeM LIMaHu/ TeT-
PaaKMIaMMCHUS TIepEXOIUT U3 BOAHO ¢a3sl B opraHruveckyto dasy,
rie ofpasyercd AKUIUMAHKUI IIpY B3aMMONEMCTBHU ATKUITAIOreH U~
[a C UHAHUIOM TeTpaaKAIaMMOHHs1. B XxauecTse KaTaau3aTopoB MeX-
¢dasHOro nepeHoca UCIONB3YIOT XJIOPHUAB! TeTPAOYTUIAMMOHMS, TPHU-
3TuN6GeH3UNaMMOHMA M Ap. IIperMyniecTBO CHHTe3a HUTPUIIOB B
yCJIOBUAX MeX(}a3HOTo KaTalu3a 3aKIYaeTcs B TOM, YTO BBIXORBI
Jaxe IS BTOPMYHBIX aNKUAIMaHuaoB gocTuratoT 80—85%, Torna kax
B reMoredHoi cpexe 8 AMCO oH penxo npesbiaet 50—60%:

® @ CH,CI
CH,CHCI(CH,)sCH; + N(C,H;),CN —2*—2=

[©]
—= CHyCH—(CHy)s—CHj + N(C,Hy),CP .
CN (85%)

Ewe 6onee addexTUBEH B Ka4eCTBe KaTanusaTopa Mexga3Horo
nepeHoca U3 TBepjci dassl B pacTeop 18-xpayH-6-nmonuadup B alie-
TOHUTPHUIIE WM XJIOPUCTOM METUJIEeHE:

18-kpayn-6
CH;(CH,)4CH,Br + KCN CH,CN CH;3(CH,)4CH,CN (100%);
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18-kpayH-6
Br(CH,),Br + KCN CH,CN NC(CH,)4CN (100%);

18-kpayH-6
CzsH;CH,Br + KCN CH,CN CsHsCH,CN (100%).

JpyToit NpeBoCXOAHBIA METOI CUHTE3a HUTPUIIOB JIeTHApaTaly-
eit MepBMYHBIX AMUAOB C MMOMOIUBIO TUOHMIXJIOPUIA, XJIOPOKUCH
¢ocdopa unu TpUPTOPYKCYCHOTO AHTMAPUIA ONMCAH B IIpEeAbLIYILEM
pasgene:

_ SOCI
CHy(CH,),CZ0  ———>""2 = CH,(CH,),CN.
NH, AM®A; 0-20C (oo

OTH IBa METOJA ITOJYYEHHUs] HUTPUIOB YIA4HO JOTIONHAIOT APYT OPY-
ra, MocKOJIbKY HErHApaTalysi AMHIOB HE JUMMTHPOBAHA MPOCTPaH-
CTBEeHHBIMM NpPENSATCTBUSIMH, KOTOPbIE PE3KO OrpaHMYMBAIOT CHHTE-
TUYECKME BO3MOXHOCTH METO[a, OCHOBAHHOIOC HAa AIKMWJIMPOBAHUMU
UHMAaHUI-UOoHA.

HuTpunbl nonayyamTcs TaKXKe MpH AerwapaTaliMy albJOXCUMOB
C IIOMOLIBID THOHMWJXJIOpHIA, XiIopokucH ¢ocdopa, yKCYCHOro H,
0CcOOeHHO, TPU(PTOPYKCYCHOIO AHTHIPUAA:

SOCh, pemn
DA 70-90%)

RCH=N—OH

18.10.2. CBOVICTBA HUTPUJIOB

Cpeay MHOTOYMCAEHHBIX PEAKUMI HUTPUIOB CAMbIMKM BaXXHBIMU
SBJISIIOTCA THAPOJM3, AIKOroJIM3, BOCCTAHOBJAEHHE M peaklUUH C Me-
TATTOOPraHUYeCKMMH COENUHEHUSMU MATHUS ¥ NTUTUA. Menee Bax-
Hbl peaxlUMyd HUTPWIOB C 3JeXTPOoMIbHBIMM peareHTaMu, KOTOpLIE
OyIyT XpaTKO pPacCMOTpeHbl B KOHUE 3TOrO pasznena.

18.10.2.a. KUCJIOTHO-OCHOBHBLIE CBONICTBA HUTPHIIOB

HuTtpuiast npossisiioT cBoiicTBa odedb cnaboix C—H-xucnor c
pK, =25. DnexrpoHoakKleNTOpHasl LIMAHOTPYIAa BbI3bIBAET TOJISIPU-
3auuo C—H-cBg3u y o-yrnepoaHore arcMa. CuibHbie OCHOBaHUS,
TakMe KakK JAU30NpONUIaMMI JIUMTHS, aMUI HATpUs M Op. OTLIEINISIOT
TIPOTOH OT YIJIepoJHOro aToMa ¢ o6pa3oBaHUEM aMOUAEHTHOTO aHM-
OHa ANKUIHUTPUIIOB!
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[0 3
RCH,C=N + :B°

<)
[R8H—C-N -~ RCH=C=N] + BH
-5 _
pKa ~ 25 wmm RCH-C=N 3

Kax # gpyrme amM6uaeHTHblE MOHBI, aHUOHBI ANKUILIMAHUAOB BCTY-
NaoT B peaKlUH AIKUIMPOBAHHUSA, ALIMTUPOBAHUS U C APYTUMH 3JI€K-
TpO(WIbHBIMHM PEAar¢HTaAMU.

HenopeneHHaa napa 3jeKTPOHOB aToma a30Td LMAHO-TPYIUIBI
3aHUMAET Sp-OpOHUTab. DTO OlpeAeseT CBOMCTBA HUTPUJIOB KaK OYeHb
cnabeix ocHoBaHui JIpouca. Hanmomuum (ri. 3, 4. 1), yro cuna ocHo-
BaHMI yMeHblUdeTCS C K3MEHEHUEM THUITAa FMOPDUAM3ALMU B pANY:
sp> > sp* > sp. AMUABI U CITOXHbIE 3UPbI MPOSBISIOT CBONCTBa Gonee
CUJIBHBIX OCHOBAHMM, YeM HUTPHIbL. COOTBETCTBEHHO B SNy a30TH-
CTBIX OCHOBaHMIt OCHOBHBIE CBONCTBAa YMEHBLIAIOTCS B pSAY:

R

] R «_R

N > SCc=N~ > R—C=N:
R R R”

P Sp2 sp
aMHUHBL HUMHHB HUTPHWIIBL

IMpoToHnpoBaHHast ¢opmMa HUTPUIOB MpPOSBISIET CBOMCTBAa CUJIBHOM
6PEHCTEeAOBCKOM KMCTOTbI 10 CPABHEHHMIO C MOHOM aMMOHHS C sp°-
THOPUIHBIM aTOMOM a30Ta:

@ )
RCwmNH —<=—"RC=N: + H~ pK,~—-10
NHR-—=— H,N: + H® pK,=+10

Paznuuue B pK, Mexny HUMH AocTUraet 20 nopsaakos. 310 O3HAYAET,
4TO HUTPUJIBI POTOHUPYIOTCA B OYEHb CHIIBHOKHCIION cpexe.

18.10.2.6. THAPOJIN3

HuTpuiabl noaBepraioTcsa rupoiu3y U B KUCJIOM, U B LUEJIOYHOMN
cpenax ¢ o6pa3oBaHMEM KApGOHOBBIX KHUCJIOT. JTO IO3BOJSET B pe-
3yibTaTe CReAyIoWero ABYXCTaqUHHOro NpeBpalleHUs YIUIMHATD yr-
JIEpOAHBIN CKejleT Ha ONMH aTOM yrjepoja:

RX + KCNLEXPYH6_ o HO HY ¢

RCOOH.

I'maponus HUTPWIOB U B KMUCHON, U B IIENOYHOR cpene Tpebyer
OYEHb XECTKHMX YCJIIOBUII MHOrOYacoBOTO HArpeBaHUsS IIPH BHICOKOM
TeMIiepaType:
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ITWICH-

C4H,CH,C(CH,),CH,CN + KOH%’— C¢HsCH,C(CH,),CH,COOK :

o (91-93%)
75%-s sonnas H,SO,
+
Q H0 150°C; S u
cN’ CH, HOOC CHj; ;
(80%)

75%-a sBonHas H,SO,
150°C

CgHsCH,CN + H,0 C¢H,CH,COOH .

(77%)

AMH, HECOMHEHHO, SIBNSIeTCS MPOMEXYTOYHBIM MMPONYKTOM 3TOro
MpeBpallieH s, ¥ B COOTBETCTBYIOLIMX YCIOBUSIX HUTPUJIbI MOTYT ObITH
THAPOAM30BaHb! 10 aMHI0B. OGBIMHO IS 3TOM LeNH MCIOJb3YIOT BO/I -
HO-CIMPTOBOX PacTBOP I'MIPOKCHIA HATPHUSA, CONEPXKAlUUK MepeKUch
Boaopona (cM. pasgen 18.9.1) unu Xe pacTBOp TMOpPOKCHAA KaJUS B
TpeTUYHOM GyTioBoM crivpTte. [MaApONM3 HUTPUIIOB 1O AMHIOB MOX-
HO BBITIOJIHATb M B KHCJIO# cpene — B NonudochopHOr KHUCAOTE M
€ TIOMO11IbIO KOMILTeKCa Tpex¢pTOPHCTOro 6opa ¢ YKCYCHOt KHCIIOTOIA.

Mexann3m ruApoNx3a HUTPUIIOB B 0OLIMX YepTax nogobeH Mexa-
HHU3MY CHApPOJIM3A CIOXHBIX 3¢UpoB U aMuioB. [1pu 1enoyHoOM rui-
poJIN3e TMAPOXCHUI-HOH IIPUCOEAUHSIETCS K YINIepoay LIMaHO-TPYIIIb
¢ obpa3oBaHieM OKCUMMHUHA (MMMUIOKUCIOTHI), KOTOPbI H3OMEpH-
3yetcst B aMu. Ilocnenyiouuit THAPOAM3 aMHIa [IpUBOAUT K Kapbo-
HOBOH KMCIOTE M aMMHAKY:

o HOH 5 OH® HOH

R-C=N: + OH® —= R-C=N: =
| . OH |

OH OH

OoH®
NH,

=
— RC\

o)
-~
R—C(O@+ NH; .

IIpu KMCIOTHOM XaTajlM3e rHApaTay MK rnoasepraercs MpoTOHUPOBaH-
Hasi GopMa HUTPUJIA:

> HOH . —H°
R-C=N: + H® === R—CSNH R-C=NH =—
No)
/O\
H H
OH 0 . y®
=Rrc_ +H®==Rr-cZ_ +H® % H_ rcooH + NHY .
\1_\.IH H,
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18.10.2.8. AIKOT'OJIN3

HuTtpuipl npucoeqyHSIOT MEepBUYHBIE U BTOPHYHbIE CIIMPTHI C
obpasoBaHueM UMHAATOB (MMHUHO3GUPOB). B oTiaMYMe OT rHApPONIK3a
9Ta peakLHsl MPOTeKaeT B UCKIIOYMHUTENLHO MITKMX YCIOBUSX — IIpH
0°C win HMXe B MHEPTHOM pacTtBopuTesie (3dupe M tonyone) B
TIPKCYTCTBKM CYXOTO XJIOPMCTOTO BOJOPOAA KaK KATaaM3aTopa:

® o
NH,CI
RiC=N + R20H :_xbﬂ’. Rlcé ._(:.M_.

up; 0°C NOR2 acup; 0°C
N ®
—RcZ .+ GHRHG .
nmMMaaT

DTHM METOJOM MOryT OBITh NMOAYYEHBbI Takke O-apWIKMMHUAATHI, S-
AIKWI- ¥ S-apUJITHOMMMIOATBI, €CIM BMECTO CIIMpPTa MCIONb30BaTh
tdeHonbl, THODEHONBI M THONDBL B KA4Y€CTBE HYKJICODHIbHBIX areHTOB:

o o
Nu,cf
RIC=N + RiSH — HA _ g 2 _GHN _ o, N
a¢up; 0°C “NsR2 adup; 0°C “\gR?
TUOUMHAAT

MmMugarbl ¥ THOMMKIATHI OYEHD JIETKO THAPONU3YIOTCS B KMCJIOi cpeie
IO CJIOXHBIX 3(UPOB U KX CEPHHUCTHIX aHAJIOTOB:

NH O
HCl o
rRCZ &+ ———= RICZ__ +
Llans F O 550 T nyt NHLCL

IMonyyeHHe MMKIATOB ¥ THOMMUIATOB U MX TMIOPOJIM3 OTKPBIBAIOT
MPOCTOi ¥ OYeHb YAOGHBIH MyThb MpeBpailleHUS HUTPHJIOB B CIOXHbIE
3¢bupbl ¥ THORPHUPBI B UCKIIOUHTEIBHO MATKHUX yCAOBHAX. CONU UMH-
JATOB IIpH B3aHMMOJEUCTBUYU CO CIIMpPTaMH 06pa3yiorT opToaduphL:

@ /)

NH,Cl
Ric? + 2R20H

< RIC(ORY), + NH,Cl .
OR?

AHIOTUYHBIM 06p330M 3aMCUICHHME AJIKOKCH-TPYTIINbI HA AMUHO-TpPYII-
Ny B p€aKMH{ UMULATOB C AMMHAKOM, NEpBHYHBIMU MJIM BTOPHYHbI-
MH AMHHAMMU IIPDUMBOJUT X ITOJYYCHHIO aMUIAUHOB:
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NH NH
RICZ +R,NH RICZ  + ROH.
OR? NR,

H2 S aMUIHH

S
rRic?
NH,

B 1ex xe yCiIOBHAX IIpHU B3aUMOICHCTBUM HMMUIATOB C CEpOBOAOPOAOM
oaAyJyarTCca THOAMMUIBI.

18.10.2.r. MIPUCOEOUHEHHUE JPYTUX HYKIIEOOUILHBIX ATEHTOB
O TPOMHOW CBS3U HUTPUIIOB

TIpucoenvHeHMe aMmMaxa, MEPBUYHBIX ¥ BTOPMYHBIX AMHHOB X
TPOIHOM CBSA3H YINIEPOM-a30T IMPOUCXOIUT B OYEHD KECTKUX YCIOBHAX H
peaKO MPHBOMMT K YOORJICTBOPHTENbHBIM BbIXOAaM aMMIMHOB. bosee
yIOOEH CUHTE3 3TUX COSAMHEHHUIT M3 UMUAATOB MM HMHIOWIXJIOPUAOB
1 aMHHOB. B oT/iMuMe 0T aMMHOB r’HIPOKCHIIAMHH JIETKO MPHCOSIUHSACT-
Cfl X HUTpUAaM B 3TaHojsie. Taxum oOpa3oM Mory4aior OKCHMBI aMHIOB:

3TAHON ~NOH
RC=N + NH,0H ——— RC<N X
NH,

CB0eo6Gpa3HbIM M HHTEPECHBIM IIpUMEPOM HYKJIEO(WIBHOTO IIpH-
COCAMHEHHUA K LIMAHO-TDYIINE ABIACTCA NPpUCOCAMHCHHUE a3Ul-HOHA. B
pe3yNbTare 3TOM peakliMyd, KOTopast HOCUT obuuii Xapakrep, obpa-
3YIOTCsL TCTPA30JIbl:

R\ R\
R=R=F — _H®_
RC=N + N=N=N GN\ N/N HN\ N/

18.10.2.x. BOCCTAHOBJIEHHUE

BoccTaHOBNEHME HUTPWIOB IPUBOAMT X OOpa30OBaHUIO MEPBHY-
HbIX aMUHOB MJIM A1bJETHAOB B 3aBUCHMMOCTH OT IIPUPOABI BOCCTAHO-
BUTE/ISI, & MHOTHA Jaxe OT MopsiKa cMeludBaHus peareHToB. Knaccu-
YECKHM IIpUMEPOM TAKOTO pojAa pailuvus SABISAETCS BOCCTAHOBIEHME
HUTPUIIOB ATIOMOTHApUAOM nuTHs. Ecau pactBop HMTpuna B 3dupe
MeJIEHHO NMpU6aBIATh X pAacTBOPY M3OBITKA AIOMOTMAPHAA JTUTHS B
3(dhMpe, OCHOBHBIM NMPOAYKTOM PEAKLMH OKa3biBaeTcsl MepBUYHbBINA AMHH:
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1) LIAIH,; sup
2) H,0®

RC=N RCH,NH, ;

>—can DLAW: 20 >, opynm,

2 @
) H,0 (79%)
CHy(CHy),ON Ay 20mp: 0740C_ oy on, ) CH,NH,
2) H,0®
(92%)
1) LiAIH,; 3dup; 40°C
N=C(CHy);C=N 2)) H3o®4 dup NH,CH,(CH,);CH,NH, .
(40%)

IIpu o6paTHOM NOpsAAXe cCMEILleHHs peareHTOB — IOCTENEeHHOM BBe-
JIEHUU pacCTBOPA OMHOTO 3KBHBANEHTA ANIOMOTruapuaa nutus B TT'® x
pacTBOpY HUTpHIA npH —78°C peakiuio MOXHO OCTAHOBUTb Ha CTa-
IUU o6pa3oBaHMs ATLIUMUHA, KOTOpPLIN MMOCHEe THApPONN3a IpeBpa-
H{aeTcs B abAerui:

’ > 1) LiAIH,; TT'®; —78°C >
- CHO .
NS H,0®

(70%)

B 060ux cnyyasix npu BOCCTAHOBJIEHMU THAPHI-HOH [IpUCOEAHMHSAETCS
K IIMaHO-TpyTrille c oObpa3oBaHUeM aHHOHA AJIBIMMUHA, KOTODBI Tocse
THAPOAM3A NaeT albjerul, a Mpv AajibHellueM BOCCTAHOBJIEHUH —
MEpBUYHBII aMHH:

H,0

RCHO

RC=N

H, )

RCH—NA1H3T 1) LIAIH, .
L~ — 4= RCH,NH,

2) H,0

YHUBepCATbHBIM PEAareHTOM )il BOCCTAHOBNEHMS HUTPUJIOB A0 ajlb-

aumuHoB sBiasietcst JIUBAJI-H. 3toT peareHT obecneyuBaeT cenex-

TUBHOE BOCCTAHOBJIEHME ILMAHO-IPYNIIbl B MCKIIOYUTENBHO MSITKHX

YCIOBHSIX B HHEPTHOH cpelle. AJBIMMHUHBI T0ce THAPOIH3a AAl0T Alb-

Jeruiabl, TaKMM o6pa3oM, Bech MpoOUECC B UENOM NpeAcTaBisieT co-

601 BOCCTaHOBJIEHHE HUTPUIIOB O AJIbAETHAOB:
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O o)
NCTL_ﬂ,CN 1) (u30-C,Ha),AlH; 6erzon; 30°C I:’C\[F,U/C?H .
o°  2)CH,OH o

(56%)

1) (n30-C4Hy),AlH; Tonyon; 50°C

CH,CH=CH(CH,);C=N
3 2/3 2) HJOQ

(64%)

HpyruM peareHToM, 0GecneydBalOLINM CEJEKTHBHOE BOCCTAHOB-
JIEHHE HUTPWIOB IO AIBAETHIOB, SIBISETCS TPU3TOKCHAIIOMOIMAPHUA
JIMTHSL. DTOT peareHT JIETKO NMOJy4yaeTcs Npy JoOaBJICHUH pacCYMTaH-
HOTO KOJIMYECTBA ITHIALETATA K JUTHHATIOMUHUATUIPULY:

2LiAlH, + 3CH;COOCH,CH, %09 2LIAIH[OCH,CH;];.
up

/O

/
C=N |) LIAIH(OCH,CHy)y; 3¢up; 0-10°C -
2) H,0® ’

(78%)

0

. ) nco 74
1) LiAIH(OCH,CH,)s; 3¢mp; 0—5°C CH3(CHp,C
H

CH,(CH,),C=N
3( 7)4 2) HJO@

(55%)

CrapbIM METOOM BOCCTAHOBJIEHHUS HUTPHJIOB IO AJIBAETH/IOB SIB-
nsercs peakuus [. Credena (1925 r.). B kauecTBe BOCCTAHOBHTENSA B
3TOH peakuuu Ucnoap3yeTcs 6e3BOAHBIA JUXJIOPHUA OJNOBA B MPUCYT-
CTBUM 6E3BOIHOTO XJIOPUCTOTO Bomopoaa B 3dupe WK 3TUIALETATE:

® _ H,0
(RCH=NH,),SnCl; —%= RCHO ;
(60-90%)

CN 1) SnCl,; HCI; sup CHO
2) H,0 (70-80%).
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BesBomHoOe ABYXJIOPHCTOE OJIOBO IMOJY4YaeTcsl TpYM HAarpeBaHMUM 0JI0Ba
y xnopuna onosa (IV) wiu obessoxuBanuem SnCl, - 2H,O ykcyc-
HbIM aHTHAPUAOM. AJIbTEpHATHBHBIA METOX MpEeBPalICHUs] APOMATH-
YeCKHUX HUTPHUJIOB B IBAErMABI 3aKII0YaeTcs B 00paboTke HUTPUIOB
HukeneM PeHess B MypaBbHHON KHUCJIOTE:

c1—@—CN Hy/Ni Petic G—@—CHO .
HCOOH-H,0; 80°C

85%)

BoccraHoB/IeHHe HUTPUIOB IO MEPBHYHBIX AMHHOB JIIOMOTHI-
PUILOM JIMTHSA BBITECHSET CTAapBlid CIIOCO0 KAaTATUTUYECKOTo THAPHUPO-
BaHHUA HUTpWIOB. HUTPHIIBI BOCCTAHABIMBAIOTCS A0 MEPBUYHBIX aMH-
HOB NpH KAaTUTMTHYECKOM THAPHPOBAHMM HAl HUKejgeMm PeHes B
MEeTaHOJbHOM pacTBope aMMuaka npu 20—50°C u maBneHun 50—
70 - 10° Ia. B oTCyTCTBHE aMMUAKa BOCCTAHOBJIEHHE OCTIOXKHSIETCS TEM,
YTO MEPBOHAYAIBHO OOpasyloUIMica MMHH peardpyeT gajee C Iep-
BHYHBIM aMUHOM ¢ 00pa3zoBaHMEeM BTOPHYHOIO aMMHA:

HN :
/N pen=nu B2 pewNg,;

RC=N

RCH-NH + RCH,NH, === RCH,NHCHR ===

NH,

H,/Ni

=== RCH,N=CHR + NH, RCH,NHCH,R .

DTy TPYAHOCTh MOXHO TaKXE YCTPAHHUTh M IPYTHM CIIOCOOOM, eciu
TUAPHUPOBATh HUTPWIBI HAJ TUTATHHOBBIM WIH NMaJUIaHEBBIM KaTaIM-
3aTOPOM B KHCJIOM cpeje.

18.10.2.e. PEAKIINH C METAJUIOOPTAHUYECKUMH
COENMHEHHUAMH MATHHA U JIUTHUA.
METAJULIMPOBAHHUE HUTPHUJIOB

Hutpunsl, He coxepXxaiue aTOMOB BOAOPOJA IpH O-YIJIEPO.-
HOM aToMe, MPUCOCAUHAIOT MATHUHOPraHUYeCKUe U JATHHOpPraHu-
YyecKHe COSIMHEHUA 110 TpOMHOM CBA3HU yrjepoa-a3oT ¢ oOpa3oBaHHU-
€M COJIM MMMHA. 3BTa COJMb, HECMOTPS Ha HAIM4YHE NBOMHOM CBA3KU
YIJIEpOX-a30T, HE MPOABIAET TEHACHIIMK K [PHUCOSIUHEHUIO €Ile Of-
HOT'O MOJIf1 METAJUIOOPIaHUYECKOro COEIMHEHHMS, TOCKONbKY 3TO IpH-
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BEJIO Obl K COCAUHEHHIO C ABYyMA OTPHIIATCIbHbLIMH 3apsAdaMH Ha Of-
HOM aToMe a3ota. [Jocse KUCIOTHOrO T'MapoJIn3a CoJIM UMHHA 06pa-
3YETCA KCTOH:

H,0° =

RIC=N + R2MgX ———————= RIC~R? —3= = RIC?

gX apup wiu TTO® || H,0 ~
NMgX

[SHC)

R

[IpucoeauHeHUe peakTUBOB [pHHBAPA WM JUTUIHOPraHHYECKHX CO-
€IMHEHUI K HUTpWIaM npeacrasiseT coboid oquH U3 Hadbonee cra-
PBIX M HaJleXXHBIX OOLLMX METOJOB MOJYYCHUS] HECUMMETPHUYHBIX Ke-
TOHOB. DTa peaklUs LUHPOKO MPUMEHSETCS B OPraHUYECKOM CHHTE3e:

HCl I
C¢HCN + CH,CH;MgBr = CGHSﬁI—CHZCH3m)— CeHsCC
NMgBr 2 CH,CH,4
(89%)

CH,CN + CH,(CH,);MgBr CHyC—(CHy),CH;—

3¢hup wiM 6eH3on

NMgBr
4@
HO H_ CH,C<O _
(CH,),CH,
49%)

[Tpu B3aMMOZEHCTBUM JTHUTHI- U MAarHMAOPraHUYECKHUX COeIMHEHUIH
C HATPWIAMH, COAEPXAlIUMH aTOMBI BOIOPOIA NPH C.-YIJICPOJHOM
aToMme, C MPUCOCHHHEHHEM K LHAHO-TPyINe KOHKYpPHUpYeT peakiius
JIENIPOTOHUPOBAHUA HUTPWIOB, NPUBOAAILAS K o6pa3oBaHUID amMbu-
JEHTHbIX KApGAHHOHOB, CTAOWIM3HPOBAHHBIX JEJOKATU3AIAEH 3aps-
JIa C TOMOIUBIO LIMAHO-TPYIINbI. AJIKWILHAHHUABI OTHOCATCA K C1aOBIM
C—H-xucnoram ¢ pK, nopsiaka 25. HanpasiieHre aTaky MeTaJL100p-
TAHMYECKOTO COEIHHEHUA B OY€Hb CHJIBHOM CTENEHY 3aBUCHUT OT I10-
JIAPHOCTH M OCHOBHOCTH PacTBOPHTENsS. B CHJIBHO OCHOBHBIX H IO-
JApPHBIX cpenax — JAMCO, TMPTA, a takxe B TI'®, JMD — u
Jaxe B 3¢Hpe npeobaanaet AeMPOTOHMPOBAHKUE, HO B HEMIONSIPHOM U
MAIOOCHOBHOI cpejie — 6eH30/1e, TOIyoIe, IOMUHUPYIOLIUM HallpaB-
JICHHEM OKA3BIBAETCS NPHUCOSAMHEHUE K LHAHOTpYIIe:

GeH301 Y
CH,0CH,CN + C¢H;MgBr CH,;0CH,C
3 2 GHsMg ) H, P 3 2N

(71-78%) CsHs’
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0]

&

CH,OCH,CN + CH;MgBr —21P - CH;OCH2C<
2) H3O C6H5 .

(38%)

JIns ceeKTHBHOIO AeNMPOTOHHPOBAHUA ATKWILHMAHHIOB LIEJECO-
06pa3HO MCIOJb30BaTh CTEPHUYECKU 3ATPYNCHHBIE CUIIBHBIE OCHOBA-
HUA — JUU3ONPONWIAMUL JIATHS, O1C- (TPMMETHICHIMI)aMHUI HATPUS
WY JIMTHSA U Op. AMOHACHTHbIE aHMOHBI ATKWILHAHWIOB MogBepra-
I0TCA ceJeKTUBHOMY C-aNKWIHPOBAaHHIO, ALMIMPOBAHHUIO MO JEH-
CTBHEM CaMbIX Pa3HoOOpa3HBIX AIKHIMPYIOIHX MM ALMIAPYIOLIKX
areHTOB:

RIX
. _ 0. [Tr®,-7gc R{HCN
hN(C3H7-l)Z RCH:_E;// ] Rl

RCH,CN Tr®; —78°C

| RICOX  _ pCHCN

Tre; —78°C |
COR!

Hna C-ankuwidposaHus kapbaHHoHa ¢GeHHIANETOHUTPIWIA MOXHO C
YCIIEXOM MCIOJIb30BATh METOIHKY MeX(pa3HOro fnepeHoca pearceHToB
(M. Maxkolua):

NaOH; poga-tonyon CH,CH-CN

®N(CH,CH,),CH,CH.CI® |
( 2 3)3 2C6 5 CHZR

(75-90%)

C4H,CH,CN + RCH,Br

a-1lraHkap6aHUOHBI B MTOCAEAHHUE oAbl NpHOOpeHn ocoboe 3Ha-
YeHHE B KaYECTBE CHUHTETHYECKOIO 3KBHBAJICHTA allWIBHOrO Kapba-
HUOHA. B coBpeMEHHOM OPraHHUYECKOM CHHTE3¢ O-LIMaHKapOaHHOHB
WIPAIOT pO/Nb PEareHTOB, KOTOPbIe KakK Obl 0OpallaloT (HHBEPTHPY-
I0T) OOBIYHBIN 31eKTPOMHIBHBIN XapakTep ALMIBHBIX TIPOH3BOIHBIX.
CylIeCTBYIOT Ba IOXOXMX METOMA, B KOTOPBIX HCIIONB3YETCA 3TA CIIO-
cOOHOCTh LIMAH3aMEIIEHHBIX KApOAaHMOHOB. B OHOM M3 HHX THAPO-
KCHJIBHYIO IDYIITY IHAHTMAPHUHA 3alLMLIAIOT TPEBpAlIEeHUEM B TeT-
parvuIpoNUpaHUIBHBIN 30Hp, 3aTeM METAUIMPYIOT C MOMOWBIO
JUH3ONPONMIAMULA JUTHUSE U MOJYYSHHBIA O-LIMaHOKApOAHMOH He-
MOCPEACTBEHHO MCIOJNb3YIOT B KAaYeCTBE HYK/IeO(DWIbHOroO areHTa B
peaxklMy ¢ aNKWITaJIoOreHUIOM yiu 1,4-nmpucoefMHEHUH no Muxas-
JIIO K O, B-HEeHACBILIEHHBIM KapOOHHIbHLIM COESANHEHHMAM:
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oH |
Cfo HCN / (Oj

RCH
‘on T
LO700 g A Eo:|
— RCH A rcli ;
CN TID; =30C Ny
o) DO
RC-Li . R X — R\Cf 0" 1) HCL; CH,0H _ 20
\CN e R/ SCN  2) Na,CO, R

B npyroM MeTtojie LISl 3THX Xe TIpeBpalle HUM NPUMEHSIIOT TPUME THII-
cIwIoBble 3¢UpPBl LIHAHTMIPHHOB, KOTOPEIE TIONYYaIOTCA TIPH TIpH-
coequHeHuM (CH,3)3SiCN K anpaeruoam:

OSi(CH,) OSi(CHs)
0 )3 /
RcfH+ (CHy)sSiCN——= RCH A0A RC-Li

CN TF(D; -30°C CN

o

Li
R—C—-O0Si(CHj), + CHZ—'[CH\-Cf
CH,

—_—

ooe

O-SiCH), OLi 'y o
—= RC~CH,~CH=C—CH; =~ RC~CH,CH,—CCH, .
] 2) KF 1] I

CN o} o}

1,4-mMKeTOH

18.10.2.x. PEAKIIUH C SJTEKTPOPHUIIbHBIMHU ATEHTAMH

Hurtpunsl npossasioT csoiicTsa clabpix ocHOBaHMi JIbioMca
co MHoruMu kuciotamu JIptouca (AICl;, SbCls, SnCly u ap.) obpa-
3YIOT JOCTAaTOYHO CTAOMWIbHBIE KOMILIEKCHI. 3TH KOMILIEKCHl B3aUMO-
JIeHCTBYIOT € razooBpasHbIM XJIOpUCTEIM BomopoaoM yxe mpu 0°C c
obpaszoBaHUeM HUTPWIMEBBIX COJIcH, KOTOpPbIE IPU HarpeBaHHM OO
50°C u BbIllIe NEPErpyNMUPOBLIBAIOTCSA B COMH UMHUIOXIOPUIOB!
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- adup; 0°C - HCI
RC=N + SnCl, ———— (RC==N),5nCl, ———>3¢Hp; 0°C

- HCJ; 50°C

@ 2 <) 2-
—» (RC=NH),SnCl¢ (RC'Z=NH2)ZSnC16.
HUTpWIHEBas COJb Cl
colb MMMIOWIXJIOpKAA

HecMOTpA Ha HHU3KYIO OCHOBHOCTb, HUTPWIBI MOXHO MEPEBECTH
B N-aJKWIbHbBIE TPOHU3BOIHBIC AJIKHIHPOBAHKEM NOJ ACHCTBHEM GOp-
dTopuna tpusTHnokcoHus (. MeepseitH, 1937 r.) HIM KOMILIEK-
com R;CCl ¢ xJIOpHCTBIM AJIOMHHUEM:

CH,C ®
RC=N + (C,Hg);0%BFS TH22_ ¢ R, H,BFO+ (CHy),0 .

AJKMJIMPOBAHUE HUTPWIOB TPETHYHBIMH KapOOKAaTHOHAMHU JIEXHT B
OCHOBE peakiuud PuTrepa, mpocToro MeToia nojydeHus N-3aMeleH-
HbIX aMHI0B (CM. pa3zgen «AMuabl»: 18.9.1). Tpebyemblit Kap6oKaTHOH
obpasyeTcs M3 TPETUYHBIX CHUPTOB HJIM AJIKEHOB MPHU NPOTOHHUPOBA-
HuM 85—95% docdopHoit kucnoroit:

@ 2Cm [C]
R,COH 2= R,c® FCN_ pocaRcr, B2~

NaOH
H,0

0
I
— RIC—NCRy R2COOH + R;C-NH, .

AIDYKTHl HUTPWIOB C XJIOPHCTHIM BOJOPONOM IIIMPOKO HCIIOIb3YIOT-
cs1 JUISL CUHTE3a MMUIATOB, CIOXHBIX 3QUPOB K IUISE BOCCTAHOBJICHUSA
B anbaeruabl no peakiuu CredeHa.

18.11. A3OIAAHUABI (M3OHUTPHUIILI)

Hzounanuns! (M3oHUTpwIEl) RN=C npenctasisior coboil cTpyK-
TypPHbIE U30MEPbl HUTPHIOB, KOTOPhIE PE3KO OTIMYAIOTCA OT HUX IO
CBOMCTBaM M MeTOAaM MNoJydeHHs1. M3ouuaHo-Irpyimna — eqdHCTBEH-
Hasi B OPraHMYecKoi XUMHUM (YHKIUOHANbHAS IPyIna, coaepXaiias
dbopManLHO ABYXBaJIEHTHBIN aTOM yriiepoaa. B cooTBeTcTBHH ¢ MeTo-
JIOM BUICHTHBIX CBA3CH AT M30IMAHUIOB MOXHO 3aIMCaTh JBe Ipa-
HHYHBIE CTPYKTYpPBI, OJJHa U3 KOTOPBIX YKa3bIBaeT Ha MX KapOeHHBIR
XapakTep, a Apyras — Ha Hykieo(WIbHbIE CBOHCTBA H30HUTPHIOB:

o ® Q
RN=C: RN==C.
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18.11.1. METOABI ITOJIYYEHHUA N3IOLITHAHUIOB

[Topasnsromniee GONBLIMHCTBO LIMAHWAOB METALIOB ATKHIHPY-
IOTCA 10 aTOMY yriepoJa ¢ o6pa3oBaHHeM AIKWIIMaHKUIoB. Mckirio-
yeHHe cocTapiafeT uvaHug cepebpa. lumanun cepebpa B peakuuu C
MepBUYHBIMM, BTOPUYHBIMYU M TPETHYHBIMH AKIIOPOMHUIAMH U HOXH-
JaMKU 0OpasyeT UCKIIIOYHTENbHO HM30LMaHHUIbL:

RI + 2AgCN — RN=C - AgCN + AgI =5~ RN=C + K®[Ag(CN),1°
2

3ra peakuusa 6bLU1a oTkpbita A. [othe ellle B 1876 r. U mO cHxX mop
SIBJACTCA OAHMM M3 JIYYLIHX METONOB MOJydeHHs anudaTHYeCKUX
H30HUTPHIOB, HE CONEPXALIMX NMPUMECH H3OMEPHBIX HUTpUIOB. C
JIpYroil CTOPOHBI, LIEJIOYHbIE LIMAHUABI B PEAKIUU C NIEPBUYHBIMHU U
BTOPUYHBIMM AIKUITAIOTEHUIAMH He 00pa3yioT Uu3oHUTpWwIoB. M3o-
HUTPWIBI 001a1al0T OTBPATHTEIBHBIM 3aMIaxoM, ¥ MPH UX COOEpXa-
HUM B peakI[MOHHOM cMecH nopsanaka 0,1% jerko onpegessiioTCs Mo
crieuudbHyecKkoMy 3amnaxy.

B peakiuu 1raHuaa cepebpa ¢ AIKIWIMOOMAAMU U ATKWIOPOMHU -
JaMH oOpa3syeTcsi KOMIUIEKC HM30LMaHUAA C LIHaHWAOM cepedpa, Ko-
TOPBIH MPY PA3NOXEHUM LHAHMUAIOM KaJIUS aeT CBOOOXHBIN M3olUa-
HUA. Beixogbl H3oLMAaHMOOB He mnpeBbialoT 50%, HO MeTo# OYeHb
MpPOCT ¥ yIRo6GeH B 3KCNEepMMEHTAIbHOM OTHOUWIEeHHMH. OOpa3oBaHue
H30LMAHMIA He CBA3aHO C U3MEHEHUEM MEXaHHM3Ma peakLMH C Sp2
JUIS LIEJIOYHBIX [IHAHWIOB Ha Syl mis uMaHuaoB cepebpa, TaK Kak
METHWIMOOHUA M 3THWIMOAUI HAaIOT U3OLMAHUIBI B ITOH peaKklHH:

100°C
CH;CH,l + 2AgCN — = CH;CH,NC - AgCN + Agl;

H,0

CH,CH,NC - AgCN + KCN CH;CH,NC + KAg(CN), .

(50%)

Hdpyroif xnaccuyeckuif METOHN CHHTE3a H3OLMAHWIOB COCTOHUT
BO B3aMMOJEHCTBUH NMEPBUYHOrO aMUHA € XJIOPOPOPMOM B CITHPTO-
BOM PacCTBOPE T'MAPOKCHAA KATHS HIK mpem-OyATHIATA KATUA B Tpe-
THYHOM OYTHJIOBOM cIMpTe (KapOGMHWIAMUHHAg peakuus [odma-
Ha, 1867r.):

RNH, + CHCl; + KOH —= RNC + KCl + H,0.

06pa303a1me H3O0LIMAHUAOB MOXHO pacCMaTPpHUBATh KaK pE3yabTaT
nepBOHaanleoﬁ aTakKu NEpBHYHOro aMHHAa lIHXJIOpKﬂpGCHOM C
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+ —
obpazoBaHKueM OGetamHoBoro MHTepMeaunata RN"H,C Cl,, u3s xoro-
poro myreM [B-3JIMMUHHPOBAHUS MMOJy4aeTCS U3OLIMAHUI!

KOH

[CAS]
RNHZ + :CCIZ—— l{/NSClz RNC

H H

B cBoeM KJIaCCHYECKOM BapHaHTE BHIXOAbI M30LIMAHHIOB HEBBICOKH,
O/IHAKO OHM PE3KO BO3pAaCTAIOT B ABYyX(a3HOM KATATHUTHYECKOM CHC-
Teme xJI0podOpM—BOOHBIM PACTBOP TMAPOKCHOA KAIHS B MPHUCYT-
CTBHH COJIeH TETpAaTKWMIAMMOHHS KaK KaTaIM3aTOpPOB IEpeHoca B
opraHuyeckymo ¢asy.

Hau6onee HIMPOKO MCHONb3YEMbIM METOIOM MOJYYEHUS MU3OLM-
aHUAOB fABIsIETCA AeruapaTauus N-MoHo3aMelleHHbIX dopMaMuIoB
C MOMOLUBIO CaMBIX Pa3HOOOpazHBIX AErMAPATHPYIOLIUX ATeHTOB
(S0OCl,, POCl,, TsCl, P,Os5) B mpHCYTCTBMM OCHOBAHUH — TPHITH-
JJAMMHA WY MUPHAHHA:

O OTs

I ] H);N ®_Q
RNH-C IsCl_ RN=C {GHIN ene + (C,H;);NHOTS .

H H (70~90%)

OueHb yno6Ha coBpeMeHHas MoayvGUKalMs KerHapaTalMy ¢ Mno-
MOlLIbI0 KOMOMHAUUK TpudeHUIbochrHa U YEeThIPEXXJIOPUCTOTO
yrjiepoja:

1 H:):N
RNHC + CCl, + (CyHyP 220

H

® O
—= RNC + CHCl, + (C,Hy);NHCI + (C¢H,);P=0 .

18.11.2. CBONCTBA U3OIIMAHUIOB

B TeyeHue MWIHTEIBHOIO BPEMCHH M3OLHMAHHUABI OCTABAJIMCH Ma-
JIOM3YYCHHBIM KJIACCOM COCAUHEHHH. 3a nociegHuUe 1Ba AECATHIETUS
MOJIOXKEHHUE PE3KO M3IMCHHIIOCH M B HACTOSILUICC BpEMA OHH HIDAIOT
POJIb KJIIIOUEBBIX PCANCHTOB BO MHOIMX NPHUHIMITHAJIBHO BAXXHBIX Opra-
HHYCCKHUX IMPpEBpALLICHHUAX. B sToMm pas3acyc Mbl KPaTKO OCTAHOBUMCSE
Ha HCKOTOPBIX Haubosiee BaXHBIX U3 HUX. MU30UMaHKUIBI IIPpOABIAIOT
CBOMCTBA HYKJICO(bHJIbeIX PECarcHTOB.
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18.11.2.a. PEAKIIUH C DJIEKTPODHUIIbHBIMH PEATEHTAMH

Hsouranuasl Jaxe npu HU3KON TeMIepaType SHEpruyHoO B3au-
MOJECHCTBYIOT C TJIOTEHAMH M TajIOre HOBOAOPOJAMH C O06Pa30BaHH-
€M COOTBETCTBEHHO MMHMHOKAPOOHWITATOreHUIOB ¥ dopMuMuUmora-
JIOT€HUIOB:

3 HHal Hal, ~
RN=CHHal = -~ RNC O, ¢ RN=CHal, .

N3oumaHuabsl HCKNIOYUTENBHO JIETKO pC€arupyroT c cepoii ¢ 06pa30-
BAHHEM M30THOLMAHATOB!:

RNC+5 — = RN=C=S.

[Ipy B3auMOOEMCTBMH U3OLMAHUAOB C KAapOOHOBBIMH KHCIOTAMH
MPOAYKTAMU peakKuuH ABNAoTCA aHruapuabl xuciaor (RCO),0 u
dopmamuasl RNHCHO. 3T peakuuH, OIHAKO, HE HallUIK MpUMe-
HEHHUS B OPraHHYECKOM CHHTe3e. 3HAYMUTENbHO Gollee BAXHYIO POJb
HIpaloT peaklHMHU H3OLHHAHWIOB C HYKJICODHIBHBIMH ar¢HTAMH.

18.11.2.6. PEAKIIUH C HYKJIEODUIbHBIMH ATEHTAMMU.
METAJUJIUPOBAHUE U30LIMAHHWIOB

HMzonuanorpynmna cama obnamaeT HYKJIeOMHIbHBIM XapaKTEpOM
M TO3TOMY HOBOJIBHO YCTOMYHMBA K AEHCTBHIO TAKMX HYKJIEODUIBHBIX
peareHTOB, XaK CMUPTHI K aMHUHBL. M 30oLiMaHUAbl YCTOMYMBLI K ACH-
CTBYIO BOOHOM meaoyd. OMHAKO B YCIOBHSX KHCIOTHOIO KaTaliuza
M30LMAaHUIbI BCTYAIOT BO B3aUMONEHCTBHE CO MHOTMMH HYKJIEO(DWITb-
HBIMH areHTaMH: BOAOH, CIHUPTAMHM, AMMHAMM, CEPOBOIOPOIAOM H
T.0. TlpooykTamMy 3THX peakKuuit aBnsioTcs ¢opMaMuibl, popMaMu-
IVHBL K TUODOPMAMUELL:

NHR! RiNH 0]
RNH=CZ SN e O, RHNCZ
H HCl H
H® H,S
S
&
RNHC\H

BTH Xe peakKlMM XapaKTepHbl I KOMIUIEKCOB M3OLMAHWAOB C COJSI~
MH [MEPEXOIHBIX META/UIOB, HanmpuMep XJIopuaoM Meau (1), rie usoLm-
aHWa MrpaeT poNib KapbeHoBoro auraHma. Maomuanun o6pabaTeiBator
npu 25°C crmUpToM, THOJIOM, aMHUHOM, TMIPOKCHJIAMMHOM WIH ApY-
MM HYKJI€oQHIbHBIM areHTOM B MPHUCYTCTBHH xmopuna Menu (I).
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Hau6osee vHTEpeCHBI peakUMH M3OLMAHMAOB C METAIIOOpra-
HHUYECKHMH COEOHHEHUAMM JIMTUS ¥ MarHusa. MsouMaHumbl, He co-
JepXalude BOAOPOAa NMpHY O.-yIJIEpOJAHOM aTOME, JIETKO MPHUCOEIUHSA-
IOT JUTHHOPraHMYECKHE COCAMHEHHS M peakTHBbl I'pHHBbApa ¢
00pa3oBaHHUEM CONEH ATBAMMHUHOB. DTH COJIM HCIIOIbL3YIOTCA KaK KMH-
TepMeIHaThl B PANE BaXHbIX NpeBpaiueHUid. IIpH UX ruaporuse noiy-
YaloT aJIBAEIUIbI, a P AIKWIMPOBAHUM C MOCIEAYIOLIMM THAPOIH-
30M — KETOHBI:

H,0 o
2 chZH (80-90%)
L
RIN=C + RLi — 1111~1~CQRZq DROX o
222 o R2c? 80—90%

B 3THX peakiiusaxX JUTUEBBIE COJIMA AIBIMMHHOB BBINOJHSIOT POJIb CHH-
TETUYECKUX 3KBHBAJIEHTOB allMJILHOrO KapbaHHOHA RC®=0. Jpyroit
TaKoOM peakiiueil oKa3pIBaeTCs NMPUCOCIMHEHHUE JIUTUEBBIX COIEH aTb-
JMMHHOB K KapOOHWIBHOH IpYyIIe, B Pe3yJbTaTe YEro IOJyYaroTcA
ALMJIOMHBI:

Li
CyHsLi + (CH,),C-NC e CZH5C|:=N—C|:(CH3)2—>
CH,C(CH;), CH,C(CH;),
1) C4H,CHO ?
W’ CZHSC—CIIHQHS.
OH
81%)

HHTepeCcHBIM ¥ CBOEOOpPa3HbIM IIPUMEPOM TIPUCOEAMHEHMS Kap6-
aHUOHOB K M30UHAHOTIPYIINE ABNSAETCA BHYTPUMOJEKYJIAPHAS LIUKIIH-
331U METAUTHPOBAHHOIO 0pmo-MeTHI(EHIIN3OLHAHUIA B HHIO:

CH, LiN(C, H7 i) CH,Li 1) TT®; 0°C
X Tr®; —78°C 2) H,0 O
N 1.“

C
85— 100%)

Tak KaK HCXORHBIH 0pmo-MeTHUN(hEHUTU3OLUHAHUI TIONYJAETCA U3
opmo-METWIAHWIVHA (0pmo-TONyUIMHA), IPUBEACHHAs BBILIE peak-
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LU TIpeACTaBisieT coboit oKl MeTO NpeBpalleHUs 3aMelleH HBIX
0pmo-TOJIYUIUHOB B HHAONbL. O6pa3yrowHiicst B KAYECTBE ITPOMEXY-
TOYHOIO COCAMHEHHA 0pmo-H30UHAHOOEHIMNIUTHI MOXHO Npoa-
KHJIUPOBAaTh, a4 3aTEM CHOBa METAIMPOBATH C NOMOLIBIO JHHU3OIMPO-
MHATAMUIA JIUTAA ¢ 00pa3oBaHueM 3-aIKMIKHIOIOB:

@[CH3 LiN(C;H,-i), CHLi gy CH,R
NC TI®; —78°C NC  TT®; —78°C NCe
]Ti
LiN(G;H,-), CHR |y 11, 0°C @[_J/O R
Tr®; —78°C NC 2 H0 Iﬂ
H

HMzoumaHuael, cogepxaiuye BOJIOPOX MPH O.-yITIEPOAHOM aTOME,
npH AeficTBUHU cWIbHBIX ocHoBaHUMA (LiN(C;H7-i),, [(CH;3)3Si];NNa,
NaH u np.) B uHaub GepeHTHOMN anpoTOHHON cpene o6pa3yioT B pe-
3yNBTAaTe JENPOTOHUPOBAHMUA C-H3oLMaHOKapOaHHOHBI. HM3omuaHo-
rpymmna cTabMIM3UpyeT OTPHLIATENbHBIN 3apsi HAa OL-YTJAEPOIHOM aTOME
3a CYET ACNOKATIM3AIMHU, ¥ 3TH MHTEPMEIHUATHI HAlIUTU LIMPOKOE TpU-
MEHEHHE B COBPEMEHHOM OPraHMYeCKOM CHHTe3e. KapbaHMOHb!I H30-
IMAHUAOB BCTYIMAIOT B pPeakKUMHU ANKANMPOBAHUS, ALMNUPOBAHMSA,
KOHACHCAUMK C KADOOHUIBHBIMM COCAUHEHUSAMHU M IPYTHUE PEaKIUH,
XapakTepHbIe [ CTabMNU3UPOBaHHBIX KapOaHHOHOB. Ilpy ankunu-
POBaHMHU OL-METAUTMPOBAHHBIX M3OLMAHUAOB M IOCIEAYIOLIEM KHUC-
JIOTHOM THJponr3e ob6pa3ylorcsi nepByUYHble aMUHBI. TlocKonbKy Hc-
XOJHBIE M3OIMAHUABI CAMH IMONMYYAIOTCA M3 NMEPBAYHBIX AMUHOB, 3Ta
peakuMs, MO CyTH JAefla, MpeacTaBnseT coboil crocod ymIMHEHHUS
yIIepOAHON LENK NMepBUYHBIX AMUHOB:

(CPRS] . .
: - 1) LiN(C,H,-i
R1CH2NHZCHC13’ NaOH; NR; Cl RICH,NC ) : (CHy-9),
HZO 2) R2Br
® Q
— RlCIZH—NCE— RICH-NH,] N2OH RICHNH, .
R2 H,0 }'{z R2

Oco6oe 3HaYeHHE 3TOT MeTOJ NpHOOpeN B MENTUAHOM CHHTE3E A
YIUIMHEHHUS YIIepOaHOM ueny 3pUpoB o-aMUHOKHUCNOT. s 3TOro
30HUp 0-aMHHOKHCIOTH OOBIYHBIM CrocoboM mnepeBoasAT B adHp
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OL-M30LIMAHOKHUCIOThI, KOTOPBIA MpEeBpaILaAlOT B CO-H30LMAHOKap6-
aHHOH, 3aTeM ATKWIHPYIOT U TOABEPraloT COJbBOJMU3Y ACHCTBHEM
CIIMPTOBOTO XJIOPUCTOTO BOAOPONA:

CHCl,; NaOH
RICHCOOC;H,———*~—— RICIZHCOOQHS—%%—
NH, H,0 NC
R2
(] R2X |
—~ RICCOOC,H; RICCOOC,H—=
NC NC
R2
|
HCl RICCOOC,H; .
C,H,0H-H,0

NH,CI°
®
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AMHHBI MOXHO pacCMaTpMBATh KaK IMPOM3BOAHBIE aMMMaka, y
KOTOpOrO OIMH, IBa WK TPY aTOMa BOAOPOAA 3aMEIUEHB! HA AJIKWIIb-
HbIE WM apWIbHbIE TPYIIbI, TOXOOHO TOMY, KaK CIIHPThbI M ITPOCTble
3¢bHUpbl MOXHO PAaCCMATPHUBATh AHATOTHYHBIM 06pa3oM KakK IPOU3BOJ-
Hble BOABI. B 3aBUCMMOCTH OT YHUCJIa AJIKUAbHBIX MM apUIIbHBIX [PYIII,
HaxXOJALIMXCA Y aToMa a30Ta, aMMHBI MMOAPA3ENSIOTCS Ha IMepBHY-
Hble — RNH,, BropuuHbie — R,NH u tpetnunbie — R3N. Cnenyer
0c000 NOxYEPKHYTh, YTO 3TA KNACCHPHKALIMSA OTpPaXaeT TOJbKO YHCIIO
3aMecTHUTEIel y a30Ta K HAKAK He CBsi3aHa C IpHponoit 3aMectuTes. B
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MEPBUYHDBIX, BTOPHUYHBIX YU TDETUYHDBIX aMUHAX ANKWIbHDBIC DYl MOIYT
ObITH Kak NEPpBHUYHBIMH, TaK U BTOPHUYHbLIMH, ¥ TPETUYHbLIMH.

ITepeuunovie amunbi:
CH3CH2CH2NH2, (CH3)2CHNH2, (CH3)3CNH2

Bmopuunbie amunvi:
(CH,;CH,CH,),NH; (CH;),CH-NH—-CH,CHj3; (CH,),C—NH—CH,CH,

Tpemuunvie amunbi:
(CH;)3N; C4H iN(CHy),; (CH,),C—N(CH3);

Conu tetpaankunammoHus RyN* X" cieqyer paccMaTpuBaTh KaK npo-
M3BOJHBIE MOHA AMMOHHMS, ¥ KOTOPOTrO BCE YeThIpe aToMa BOXOpOna
3aMellleHbl Ha aIKWIbHbIE paJluKaibl:

(C4Ho)4N"Br™; C¢HyN"(CH3)3Br™; CeHsCH,N'(C,H;)3Cl;
(CsH 7)sN*CH,3CI”

19.1. HOMEHKIJIATYPA

ITogo6HoO ApyruM KjaccaM OpraHMYecKMX COeNHMHEHHH aMHHbI
HMEIOT pa3IMuHyI0 HOMeHKIaTypy. IlpocTeiiiiie aMHHbI O6LIYHO Ha-
3bIBAIOT MO YMCJY AJIKMIbHBIX FPYI Y 4TOMA a30Ta ¢ HCNOJb30BaHU-
eM cytukca «aMUH»:

(CH;CH,CH,);N (CH;),NH <:>»NH2

TPH-H-TPONMHIAM HH IMMETHIAM HH
UHKIIOTCKCHWIAMHH
_CH;
> N, [(CH;3),CH],NH
CH,CHs
UUKAONPOMUNITHIMETUIAMUH AHU30MPONUIAMHH

Cornacio HomeHknatype MIOITAK (IUPAC) aMuUHBI paccMmart-
PUBAIOT KaK MPOMU3BOAHbBIE YIIIEBOAOPOIOB C NMPpedHUKCOM «aMHUHO» —
wist NH,-rpynmns:

CH3CH2CH2NH2 CH}'CH'CH:;
l-amuHoOnMponax TLHZ

2-aMuHOMpoONaH

CH; NH,
CH3_CH'—CH—CH2'—‘CH3

3-aMHHO-2-MeTHINEHTAaH
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BTopuuHble ¥ TpeTUUHbIE AMUHBL B TOM CUCTEME HA3bIBAIOT Ta-
KMM 006pa3oM, uToObl NMpedHKC HA3BAHUS BKIIOYAN Haubonbluyio

ATKMIIBHYIO TPYIITY:

CH,
|
CH,CH,CH,N(CH,), (CH,),CHCH,CH~N(CH,CH,),
1-(N,N-aumenuiaMuHo) mponad 2-(OM3TWIAMMHO)-4 -METWINEHTaH
¢t ot
FCH,CH,-~CH-NHCH,CH, CHJCHZCH—CHZCHz—I?IH
CH,
2-(aTnamuHo)-4-¢ropbyTaH 1- (METIWIAMHHO)- 3- METHIIMEHTaH
CH, CH,

|
CH,CH,—CH-NT
~N
CH,CH,
2-(METHI3THIAMHHO)OyTaH

Cnyx6a pedepatuBHoro xypHana «Chemical Abstracts» BBena
HOBYIO, UCKJIIOYMTEJIBHO YIOOHYIO CUCTEMY Ha3BaHMH{ Ui aMHUHOB,
KOTOpPAs pe3KO OTJIIMYAETCS OT HOMEHKJIATYPbl, PeKOMEHIOBAHHOH
HUIOTIAK.

B HoOBO# cHcTeMe aMHUHBI HAa3bIBAIOT TaKMM Xe€ 0Opa3oM, Kak U
cnupThl. K Ha3BaHUIO yriieBogopoaa 4o0aBisieTCs OKOHYAHUE «AMUH».

CH;(CH,);NH, CH3CH2CH2C|HCH2CH2NH2 (CHs),CHNH,

CH,
1-6yTanaMuH 3-mei-l-rexcanaMuH 2-npornaHaMHMH
CH;CHCH,NH, CH3-CIJH-CH=CH-CH3 CH3C|3HCH2CH3
éHB NH, NH,
2-MeTWI-|-nponaHaMHH 3-neHTeH-2-aMuH 2-6yTaHaMHH

Ha3ganus BTOPUYHBIX U TPETHUYHLIX aMMHOB CTPOATCA TaKMM oOpa-
30M, UTO MISI allKaHa BbIOMpaercs, kak oObluHO, Haubosee MIMHHAS
LieNb aTOMOB yriepoja. JIpyrue alKujbHbIe IPYIIbi PACCMAaTPUBAIOT-
CA KaK 3aMECTHUTEJH C Hpeq.)l/IKCOM N-:

(CH3);NCH,CH,CH,
N,N-aumernn-1-npomnaHaMuH

(CH,;CH,CH;);NH CH,CH,CH,NHCH,CH(CH,),
N-nponui- | -nponaHaMuH 2-metwn- N-nponun- 1 -nponaHaMyH
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(CH;CH,CH,),NCH,CH;, CH,CH,CH,NHCH,

N-stun-N-nponui- 1-nponaHaMuH N-mMeTun-1-nponaHaMuH

ITo HoMenkJaType, MpelIOXEeHHUN cnyx6oit «Chemical Abstractsy,
aHUJIUH Ha3bIBaeTCA OGEH30JaMMHOM. Ero mpoH3BOAHBIE paccMaTpH-
BAIOTCS KaK 3aMelleHHbIe BGeH30JaMUHBbI:

Br
@-N(CHZCH3)2 CH3—@>—NH2 @-NH

N,N-m3mun6eH30n1aM HH 4-mennbeH3onaMuH 3-6pombeH3oNnaMuH

ITpocTeie AMHHBI MPOILE BCEr0 HA3bIBATh B COOTBETCTBUH C YUC-
JIOM 3aMecTUTeNeH y aToMa asota. B Oosiee cII0XHBIX CIIyJasix cJIeIyerT,
MO-BUAUMOMY, MOJIb30BATLCH HOMEHKNATYpoll «Chemical Abstracts».

19.2. CTPOEHME

AMMMAK HMEET, KaK U3BECTHO, MMpaMHUIaIbHOE cTpoeHHue. JIIu-
Ha N—H-cBsau cocrasnser 1,008 A, a yroxt H—N-H 107,3°. AToM
a30Ta HAXONMTCH MPUOIM3UTENILHO B Sp°-TUGPHAHOM cocmmﬂm 3|
ero HeCBA3bIBAIOLAsl Mapa 3JIEKTPOHOB paclojiaraeTcsi Ha sp -Tuo-
puIHO# opbutany. [TogobHoe Xe cTpoeHue XapaKTePHO As NEPBHAY-
HBIX, BTOPHYHBIX K TPETUYHBIX AMHUHOB:

1 008A N~ 1,474 A 1 47

107,3° 13° 105,9° CH; 108°

IOnuna ceg3m N—H B metunamune pasHa 1,011 A, a cpasp C—N —
1,474 A. BaneHtHsie yribl H-N—H u H—N—C cocrassior 105,9° u
112,9° coorBetcTBeHHO. BanenTHuiit yroi H—N—H B MeTmramuHe
GJI30K K yray B amMuake. B tpumeTiiaMude wruHa cBsasu C—N pas-
Ha 1,47 A, a BanenTHslit yron C—N—C papex 108°.

HM3-3a mUpaMuganbHOro CTPOEHMA aMHUHBI, MMEIOLIME TPU pas-
JIMYHBIE 3aMECTUTENS Y aTOMa a30Ta, JOJXKHBI ObITh XMPAIbHBI, 10~
CKOJIBKY YETBEpPTYIO BEPIUMHY BOOOGpaXaemMOro TeTpasjgpa 3aHMMaeT
HeCBA3BIBAIOILAS TAPA SJIEKTPOHOB:
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Y 9

N—“_ ,N\
CHy | TCH; CHy |  CeHs
H H

DHAaHTUOMEpPHl COCOIUHEHHMIM yriaepoa ¢ YeThIpbMA Pa3NHYHBIMM 3a-
MECTUTENSAMH CTaOMJIBHBI, TTOCKONBKY MIA MX IIpeBpaleHUsl Jpyr B
apyra TpebyeTcs pa3pblB XMMHUYECKOH CBsiau (cM. T 8, 4. 1). B mpoTu-
BOITOJIOXHOCTb 3TOMY JIBA 3HAHTHUOMEPA XUPATbHOIrO aMHUHA, KaK IMpa-
BHJIO, JIETKO IMpEeBpamaloTcsa OpYyr B ApPyra, X 9TOT MIPOLIECC Ha3blBa-
eTCSl MHBepCHeH a30Ta. DHeprust aKTUBALMH [/ TAKOH HHBEPCHM MaJia
Y ISl TPETUYHDBIX AMHMHOB OOLIYHO COCTABJISACT BEJIMYMHY Mopsiaka 5—
6 KKaJ1/MOJIb, 4TO cooTBETCTBYET 10%—10° LUKIOB MHBEPCUH B CEKYHIY
npu 20°C. B niaHapHOM NMEPEXOJHOM COCTOSHMK MHBEPCHH a30T Ha-
XOIMUTCA B Sp°-TUBPUIHOM COCTOSIHMH, a HEIOAEIEHHAs Napa JeKT-
POHOB 3aHHUMAET pz-OpPOUTAID:

7 H
/g‘ ~CH, == CeHs—g’ - CGHS\N[’ CHs
sHs” | 3 O NH 0

H3BecTHBI aMHUHBI, IS KOTOPbIX MHBEPCHSI XapaKTepH3yeTcs
BBICOKMM 3HepreTuueckuM BapbepoM. KiaccuueckMM NMpUMepoM Mo-
XeT CIYXHUTb ocHoBaHUe Tperepa (I):

LSOO
CHy-N
Jnst aToro aMUHA MHBEPCHSI SHAHTHOMEPOB HCKIIFOYAETCS BCIICACTBHE
KeCTKOH (pMKCAUMHU BCeX TpeX .BAJIEHTHOCTeH a3oTa B OHUHKINYEC-
KOM CTPYKTYpe, Ti€ BCE TPHU 3aMECTHTENIS MPH a30Te SBISIOTCA 4ac-
TbIO BHUMKINYECKOHR CUCTEMBI.

Jpyras, 6oJjiee UHTEpeCHas1 BO3BMOXHOCTh YBEJIHYEHUS IHEPreTH-
yecKoro 6apbepa UHBEPCHMH aMHHOB J10 20—25 KKaJ1/MOJIb U BBILIE 33K-
JIIOYAETCS B U3MEHEHMM BAJIGHTHOTO YTJla B HUKIMYECKHX aMHUHax. B
Xone UHBEPCUHM BaIeHTHBIH yroj C—N-—C B nepexoqHOM COCTOSTHHH,
COIJIACHO BBILUEITPHBEACHHOMY YpaBHEHHUIO, JOJDKEH CTaTh paBHbIM 120°.

,HJIH ALMKIMYECKMX aMMHOB WIM LIMKIMYECKUX AMUHOB C boJiee yeM
NATUWICHHBIM LHUKJIOM 3TOT NMEPEXON COBEPLIAECTCA OTHOCHUTEJIBHO
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JIerko, 6apbep MHBEpCUH ropsaaka 8—9 kkan/monb. OH Bce Gojee 3a-
TPYIHSIETCA MO MEPE YMEHDbLIIEHUS pa3mepa LKA, XOTS B MaJIbIX LIMK-
JIax CYLIECTBYET COOCTBEHHOE HAIpSDKEHHE, CIIOCOBCTBYIOLEE YBE-
JIMYEHHIO SHEPrH¥ OCHOBHOIO COCTOSIHMS LMKJIMYECKOrO aMHHA C
TETpas’IpUYCCKON rHOpHIAMN3aIMEl aTOMA a30Ta, B IIJIOCKOM NEPEXOM-
HOM COCTOSIHUM BIMSIHHE HATPSDKEHUS LIMKIIA ellle 6oJiee 3HAYUTEb-
HO. B peaynbTaTe 3TOr0 6apbep HHBEPCHH PE3KO BO3PACTAET, JOCTHUTras
JUIS 3aMELIEHHBIX a3UPUIUHOB — TPEXUJIEHHBIX UMKIMYECKUX aMHU-
HOB — BEJIUYMHBI nopsaka 20—25 kkan/Monb. IIpH TaKuX BBICOKHMX
3HAYEeHUAX SHEPrMM aKTHBALMM MHBEPCHH BO3MOXHO pa3zfie/icHUe
HHBEPTOMEPOB OOBIMHBIMKM (PHU3IMYECKMMH MeToTaMH Yxe npu 0—20°C.
B xauectBe nmpuMepoB npuseneM coenuHeHus 11 u 111 (mpou3sonHble
a3upuaMHa), I KOTOPBIX Oapbep HHBEPCUM MUPAMHIAIBHOIO a30Ta
cocTaBiseT 6oyee 25 KKaJ/MOJb.

Ph7AN\@ CH, N\@
Ph Cl CH; OCH;
II I

Hanuyye 351eKTPOHOAKLIETTOPHBIX aTOMOB XJIopa WM ¢rropa y asora
NPUBOAUT K JECTAOMIM3AIMH IUIOCKOIO TEPEXOMHOTO COCTOSHHMS TO
CPaBHEHHIO ¢ OCHOBHBIM COCTOSIHMEM, MOCKOJBKY B IUIOCKOM Iepe-
XOIHOM COCTOSIHUM UMEET MECTO CHJIBHOE OTTAJIKMBAHUE HEIONENIECH-
HbIX 3JIEKTPOHHBIX Map a30Ta U rajoreHa. CorlacHO pacueTHBIM JIaH-
HBIM, Oapbep MHBEPCHH NMUpaMuabl ;s TpexdTopucToro asora NF;
npocturaet 60 kkan/Monb. I MojyYeHHBIX B HACTOALLIEE BpEMSI U~
KOKcHaMHHOB obleit dopmynsl RN(OR), 3KCHeprMEHTAIBHO Ofpe-
JeJIeHHbI Oapbep MHBEPCHH cocTaBiasieT 22—25 kkajn/Moilb. MoxXHo
OXHIATh, YTO ISl HEU3BECTHBIX B3PHIBOONACHBIX TPHAJIKOKCHAMUHOB
N(OR); oH Oyner eilie BbILE, YTO [TO3BOJUT NMPOBECTH UX pa3felicHHUe
Ha aHTHITOABI.

st coneit TeTpaaKUIIaMMOHHUSA NOJIO6HAs MHBEPCHUS a30Ta He-
BO3MOXHA, U XUPAJIBHBIE COJIH TETPAAJIKUIAMMOHMUA MOTYT OBITh pa3-
JleJIeHbl HA 9HAHTUOMEPDbI. DTH 3HAHTHUOMEPBI COBEPLICHHO CTaOMIb-
HbI, HanpuMmep:

CH
CH . 3
N®_ i =71 T~CH,CgHs
CeHsCHy” | Cofls 1 GeHl ‘
CH2CH=CH2 : CH2=CHCH2
©) ®)
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19.3. BUOJOI'MYECKM AKTUBHBIE AMMHBI

MHorue amMmuHbI 06/1aa10T BBICOKOH GHONOrHYeCcKOi aKTUBHOC~
THIO MU HEKOTODbIE M3 HUX HUCIOJB3YIOTCA B KAYECTBE JIEKAPCTBEHHBIX
npenaparoB. [IpUBefeM TOJNBKO HEKOTOPLIE, HAUDOIEe BaxHBIE GHO-
JIOTHYECKH AKTUBHBIE AMHHBIL:

OH  CH, OH
Ho©/CHCH2NH HO@CHCHZNHZ CHZCHNH2
HO HO @

apeHaTHH HOpaapeHUTHH deHaMun (aMpeTaMuH)
H CH,CH,NH,
O WL A
HO™ ™ CH,CH,NH, N CH; v
CepPOTOHMH HUKOTHH THCTaMHUH
Cl
CH,CH,NH, @
CHCH,CH,;N(CH3),
CH;0 OCH; NS
OCH; L
MeCKaJHH xnopdeHUpaMHH
N< NHCH;
S ;
OO
3
0®© I\II Cl
‘ CH,CH;CH,;N(CHs),
INEHHY M XIOpNpPOMa3HH

279



CH,0

XMHHUH

npomeaon

(C2H5)2NCH2CH20—ﬁ—©—
0

HOBOKAaUH

CH,0H
HO CH,0H

MUPUIOKCHH (BUTaMUH Bg)

Rl=R’=H wnopduu

R?= H; R' = CH, xoneun
R! = R? = C(O)—CH; repoun

20

H,Ce—N—
56 “CH,CH;

N
CH,CH,CgHs

denTaHMN

CH3
OCH3
o-fi u
kokaun O
CH2CH20H

Cc1@

2

THAMHUHXIOpHA (BUTaMKH B))

@/COOH

N

HHKOTHHOBaA KHUCIIOTA
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MHorue M3 3TiX coearHeHHMN 061a7al0T CHIBHBIM (QHU3HOIOTMYECKHM
atexToM. Adpenasun M HopadpeHaaun (NPUCTaBKa «HOp» O6O03HaYaer
CHATHE ATKWIBHOM TPYINbLI C a30Ta) NpeacTamifioT coboil rOpMOHbLE
KOpbI HaJNOYEeYHHKOB. ANpEHAINH ObICTPO BBLIOE/SIETCS B KPOBb NPH
BO306YXXIEHUH CHMITATHYECKON HEPBHOM CHCTEMBI, B pe3yJbTaTe 4Yero
MOBBILIAETCS KPOBSIHOE NABJIEHHE Y pe3KO BO3pacTaeT YacToTa ITyJbCa,
a TAXoKe BO3pACTAET CONEPXKAHME B KPOBH caxapa. OTH IMpoLecChl NPOHC-
XOIAT B OpraHH3Me IIPH CTpecce, MCIyre, BO BpeMs Oera, copeBHOBa-
HMI1 WM CPaXXeHWH U T.I. AHAJIOTUYHBIM aeiicTBUeM o61agaeT 1 Hopal-
pedanuH. CepomoHuH NMOLAEDXUBAeT HOPMadbHOEe NPOTEKAHMUE
YMCTBEHHOTO IpolLecca, 6bU10 JaXe BBICKA3aHO NPEIIONoXEHHE O TOM,
YTO HIN30(peHH CBSI3aHA C OTKIIOHEHUSIMM B MeTabOMM3Me CepOTOHH-
Ha. Am@emamun (peHamuH) OTHOCHUTCA K IpernaparaMm, CTUMYJIHPYIO-
IUUM AeATeIbHOCTh LIEHTPAILHOM HEepBHOM CHMCTEMBI, B TO BpeMs KakK
MecKanu NpeacTapnger coboi THMMYHLIA rajumonmHoreH, Ilopasurens-
HO TO O6CTOATENBCTBO, YTO MX CTPYKTYpa noaoOHa CTPOEHMIO apeHa-
JIMHA, MOCKOJIBKY BCE OHM SIBJISIIOTCS IMPOM3BOAHBIMU 2-GEeHWIITHI-
amuHa C4HsCH,CH,NH,. [Jaxe U3BeCTHbIE AIKATTOHILI MOPQUH U KOOeuH
MMEIOT CTPYKTYPHBIN parmMeHT 2-dpeHmwnariwiamuba. MopduH obnana-
eT CWIbHeNIINM 006e360IMBaIOIINM ACHCTBIEM U OTHOCHTCS K TaK Ha-
3bIBaEMbIM aHanbreTKam. Konaenn asnsercs cinabbiM 06e360muBaonm
cpencrBoM . Ix OCHOBHO#M HEIOCTATOK 3aKJ1IOYAeTCs B BOSHUKHOBEHUH Y
yenoseka 60/1e3HEHHOTO NPUCTPACTHUS K 3THM ITPUPOAHBIM aNKaloWIaM.
Hx 6;m3kumit aHanor eepoun B npupone He scTpeyaerca. OH OTHOCUTCS K
Yy Haubosee CWIBHBIX M OMacHBIX HAPKOTHYECKHX cpencTB. I1puBhbI-
KaH{e K HEMY HACTOJIBKO CWIbHO, YTO BO MHOIMX CTPaHaxX He TONbLKO
MPOU3BOJCTBO, HO JiaXe HaydyHble IKCIIEPUMEHTHI C HUM KaTeropMyec-
KU 3arnpelueHbl. Koxaun — 3T0 NpUpONHBIA HAPKOTHK, HAXOMAILIMICA B
JINCTBSIX I0XXHOAMEPHKAHCKOIO KycrapHuKa Koka. OH obsanaer 1 0be3-
6onnBaolIMM 3¢ (eKTOM, HO IPUMEHEHHE €0 B KOHEUHOM MTOTE INpH-
BOAMT K HADKOMaHMH. YTOGB! MOMHOCTHIO M36aBUTbCA OT HAPKOTHYEC-
KOTO NEHCTBUS KOKaWHa, COXpaHMB ero 3¢@deKT aHalbreTHKa, Onul
CHHTE3MPOBAH ropa3go bojiee NMPOCTOH ALMKIMYECKHH aHAIOT — XOpPO-
IO M3BECTHBIN HOBOKAUH. DTOT IMpenapar 1IMPOKO NPUMEHSETCH B Me-
JHLIMHE i1 06e3001MBaAIOIMX YKOJIOB. AHANBICTUKAMM ABISIOTCS TaK-
Xxe npomedon N genmanun, xoropbiii B 300 pa3 aktuBHee MoOp¢hHHa.

K aMHHaM OTHOCATCH TAKXKE Hexomopbie Uz eumamuHog, Hallpu-
Mep THaMHHxiopun (BUTamMuH B). B TtaGake coaepxurcs ankaiona
HMKOTHH, BBI3LIBAIOIIMI GOJIE3HEHHYIO NMPUBBIYKY K KypeHMIo. [uc-
mamux OTHOCHTCH K TOKCHYHBIM aMHHaM, CBSA3aHHBIM C OeJKOM BO
BCeX KJIeTKaxX opraHuamMa. BeineseHne cBo60qHOro rucTaMyHa B Opra-
HH3ME BBI3BIBAET AJIEPTHYECKYIO peaKLMI0 Y MOHMXEHHe TeMIlepa-
Typhbl. Jubpuys (32eHuym) N xa0pnpomasuH NPeACTaBIsIOT cOB0H Mpu-
MEpbl MOIIHBIX TPAHKBMJIM3ATOPOB, CHHMMAIOLUUX YYBCTBO TPEBOTH,
CTpaxa ¥ HEYBepeHHOCTH, HO He 061a1aolyX CHOTBOPHBIM 3(hGhEKTOM.
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Ayemunxonun N xoauH COAEPXAT TETPAATKWIAMMOHMIHYIO TPYII-
ny. O6a oHM MOHHBI, PACTBOPUMBI B BOAE U OYEHB MPOCTHI IO CTPYK-
Type. ALIETUJIXONHUH BBIMTONHSET XU3HEHHO BAXHYIKO GYHKIMIO B PO-
recce nepefavyd HEPBHOIO HMMIIYJbCca K MblIlIeYHOH TKaHM. OH
BbLAENSICTCS M3 HEPBHBLIX OKOHYaHMWIiA, PA3BETBJSIIOILMXCS B Hemoc-
peacTBEHHOM 6an3ocTH K MeMOpaHe MBILIEYHO! KJIETKM B TAK HA3bl-
BaEMYI0 CHHANTHYECKYIO LIEJb (CMHAINC — 3TO BHA KOHTAKTHOIO CO-
€NVHEHUS HEPBHBIX M MBILIEYHBLIX KIJIETOK), B3aMMOLECHCTBYET C
pelLenTopaMM MBIlIEYHON MeMOpaHbl, U3MEHSET e¢ 3apsii, BbI3bIBACT
MPHU 3TOM 3NEKTPHUYECKUI MMITyJIHC, KOTOPLI CTMMYIMpYET COKpa-
LIEHHME MBIIIEYHOro BONOKHA. UTOOLI OHO BEPHYJIOCh B MCXOJHOE CO-
crosiHue (paccnaGuinoce), allE THIIXONHUH AOJXKeH ObITh pa3pylieH. Oto
JIETKO OCTHTAETCA C MOMOLIBIO hepMEHTa X01uHICMepa3s, KOTOpasl Ka-
TAJIU3NUPYET TMAPOIH3 ALETWIXOJMMHA 10 XONMHA M YKCYCHOW KMCJIOTHI:

@ R
(CH;3N-CH,CH,OC_ + H0

AUETHNXONKH CH;

XONRHICTEpa3a
—_—

®
——» (CH3);N-CH,CH,0H + CH;COOH

XOJRH  xomuH

ALIETMIIXONMH CBA3BIBAeTCS ¢ (hepMEHTOM C MOMOILBIO CBOEH 4YeT-
BEpPTUYHOM aMMOHMEBOI rpynnel. J[pyrue coeqMHeHUsI, coepXaiuue
rogobGHbIE YETBEPTUYHLIE AMMOHMEBBIE TPYIIIbI, MOIYT 3aMEHHTH
ALETUIXOJHMH U, TAKKWM 00pa3oM, HHTMOMPOBATh KATAIMTHYECKOE I -
CTBHUE XOJIMHACTEpA3bl.

19.4. OCHOBHOCTb AMUHOB

Bce amMmuHsl NpeCTaBIAKT coboi TUITMYHEIE ocHOBaHMA JIblouca
6rarogaps HAIMYMIO HENMOAEJIEHHOM Naphl 3J1EKTPOHOB Ha aTOME a30Ta.
B 3T0M OTHOILEHMM aMMHBI TOXOOHBI CIUPTaM M NMPOCTHIM 3¢hHUpaM,
KOTOpbIE TAKXKE OTHOCATCA K OCHOBaHUAM JIpionca. A30T MeHee 3J1eK-
TPOOTPHMLATENIEH MO CPABHEHMIO C AaTOMOM KHMCJIOpOZA, NTO3TOMY aMM-
HbI NpeacTaBisAIoT coboi ropasno Oonee cUNbHBIE OCHOBaHUSA JIBION-
ca MO OTHOUIEHMIO K IPOTOHY, YeM CNUPTHL U MNpocTthie 3¢hHpHI.
pyruMm clioBaMM, KaTHOH alKOKCOHHMS ABAseTca Gonee CHIBHOMN
KHUCJIOTOM, 4YeEM KaTHUOH AJIKWJIAMMOHMS:

® ®
ROH + H ROH, ;
® ®
RNH; + H RNH; -
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AMUHB! Gonee CUNIbHbi€ OCHOBAaHHUS, YE€M BOJAA, NMO3TOMY BOAHBIMH
pacTBOp aMMHa NPOSBJISIET OCHOBHbIE cBolicTBa. KOHCTaHTa paBHOBe-
CHA U KMCJIOTHO-OCHOBHOIO B3aUMOJEHCTBUA BOALI U aMHMHA 060-
3HavaeTcs K, M CNYyXUT KOJHNYECTBEHHOM XapaKTEPHUCTUKOM OCHOB-
HbIX CBOWMCTB aMHHOB B BOOHOM cpeje:

K
2= pNHP + OH®.

RNH, + HOH

K - [RNH,*][OH‘]

[RNH,[ -

Kak 0ObIYHO, KOHIIEHTPALMA BOJBI HE BXOHUT B 3TO BBIPAXKEHME MIA
K,, nockonbKy Bojia MpUCYTCTBYET B GONbLIOM M3GLITKE (Bce M3MeEpe-
HUSL OTHOCSTCS K pa3baBlieHHBIM pacTBOpaM) M €€ KOHIIEHTpalMs
oCTaeTcsl NpaKTHYEeCKHU MOCTOSSHHOU. BMmecto Bennunubl K, ynobHee
MOAL30BATECA BENMYMHOM K, KOTopas XapaKTepHM3yeT KHCJIOTHOCTb
CONPSDKEHHOTO MOHA anKWIaMMOHHA (cM. . 3):

K

a

@ ®
RNH, + HOH RNH, + H,0

. [rRNH, [ H,0*]

= [RNH,*] ; pK,+pK, =14

a

Benununnnl pK, ans psna anudaTHYecKUX aMUHOB, H3MEPEHHbIE
B BOJIHBIX pactBopax, NpuBeAcHbI B Taba. 19.1.

Bce anndatuyeckue aMHHBI XapakKTepH3ylOTcsa Gojlee HU3IKUMH
3HaYeHUAMH pK,, ueM aMMMaK, T.€. gBJigloTca Oosee CHILHBIMM OC-
HOBAHUAMHM, YeM aMMHaK. OCHOBHOCTh AaMMHOB B BOJE YMEHbLIACTCH
B psaay: R;NH > RNH; ~ R;N, KoTophlit He coriacyercs ¢ BIMSHH-
eMm +/-3ddexta anKWIbHON Tpynnbl HA OCHOBHOCTh AMHHOB, NO-
CKOJIBKY TPETHYHBIE aMUHBI ITIPOSIBIIAIOT CBOicTBa Gonee cnabpix oc-
HOBAHMH IO CPaBHEHHUIO CO BTOPHMYHBIMM aMMHAMH. DTO OOBIYHO
CBAI3BIBAIOT CO CTEPHYECKHMH NPENSITCTBUAMM IUISA MepeHoca Mpo-
TOHA M COMBBAaTALIMM B ClIydae TPeTHUHbIX aMUHOB. B rasoBoit ase
OCHOBHOCTH AMMHOB ITOHUXAETCHA B OXUIAEMOM IMOCNEA0BATENbHO-
ctu: R3N > RyNH > RNH; > NH; (em. . 3). Heobxoaumo npoBoouTh
YeTKOE pa3THYUE MEXAY KMCIOTHOCTBIO CAMUX AMMHOB M KHCIOTHOC-
ThI0 MOHOB AMMOHUS. AMMHAK, MEPBUYHbIE U BTOPUYHBIE AMMHBI OT-
Hocarted K yucny oveHb cabeix N—H-kucior. Jnst ammnaka pk, ~ 35,
a g auu3onponunamuHa pk, ~40. AnMoHBI, obpa3syolmecs Mpu
JAENPOTOHUPOBAHUN AMMHOB, NPOABISIOT CBOMCTBA O4Y€Hb CUJIbHBIX
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Ta6nuua 19.1
OcnoBHOCTb AMHHOB B Boae mpu 25°C

AMMH pK, (25°C) AMnAH pK, (25°C)

NH;, 9,24 (CH,y);NH 10,73
CH3NH, 10,62 (CH1CH;);NH 10,85
CH;CH;NH, 10,64 [(CH3),CH];NH 11,13

CH;3;CH,CH;NH, 10,54
NH 11,31

CH;CH,CH,CH;NH, 10,60
NH 11,12

(CH3),CHNH, 10,63
(CH3);CNH, 10,68 (CHj3)3N 9,80
MUKIIO-CﬁHuNﬂz 10,64 (CH]CH;);N 10,75

Ce¢HsCHaNH, 9,33
N—CH; 10,38

CH,=CHCH;NH, 9,49
N"CH3 10,46

HyN(CH;3)sNH, 11,10
H,;NCH,CH,;NH, 9,92 CsHsN (nuprauH) 5,23
H,NCH,CH,CH,NH, 10,55 xuHomH CoH7N 4,90

OCHOBAHMIt. DTO 0OCTOATENBCTBO LLIMPOKO MCNONB3YETCA B OpraHuyec-
KOM CcUHTE3e, rae ocobylo posnb npruobpen AMU3ONPONUIAMUI JIUTHA
(J1IJA). 310T peareHT, xopolto pactBopumblii B TI'D n adupe, o6pasy-
eTcs MpY B3AMMOAEMCTBUM H-GYTWUIMTHS U JHM3ONPONMUIAMKUHA:

[(CH3),CH;NH + #-CgHgLi —-%m [(CH;)CHLNLT + CqHyg

rexcaH
pKa~40 pKa~50

JIJA obnamaet cBoiiCTBAMY CWIBHOTO OCHOBAHMS, HO CJaboro Hyk-
JeopHILHOTO areHTa, Tak KakK JBe H3OIMpOINMIbHbLIE IPYNNbI CO3AAI0T
CHJIbHBIE CTEpUYECKME NPENATCTBUS AN 0O0pa3oBaHUA HOBOM CBA3M
C NOMOIUIBIO HemopeNeHHOM napsl 3JeKTPOHOB aToMa a30Ta. AHaJlo-
TMYHBIMM CBOMCTBaMHU 06JIafaloT

CH;
CH;
[(CH3);Si,N®Li® NOLi®
CH;
CH;
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U Ipyrue MpocTpaHCTBEHHO 3aTPyLHEHHbIC aMUI-aHUOHBI. KaTHOHLI
aNKMJIAMMOHMS Xapakrtepu3lylotrcsl BeanumHamMu pK, nopsaka 10—11
Y HaMHOrO MpPEBOCXOIAT MO CBOEil KUCIOTHOCTH COOTBETCTBYIOIINE
UM aMMHBL.

ApunamuHbt 061aJaI0T 3HAUYNTENbHO Gojiee HHU3IKOM OCHOBHOC-
TBIO 10 CPABHEHUIO ¢ anndaTHYecKHMMHU aMHUHAMHU. [ aHUIMHA BeE-
nnurHa pK, cocramiser 9,37, a kuciaoTHocTh katoHa C¢HsNH;*
(pK, = 4,63} cOOTBETCTBEHHO ropa3ao BbIILIE, YEM Y KATHOHOB aJIKWJI-
AMMOHMSL:

C¢HsNH;" + HOH CgHsNH, + H;0" ;

K,=2,5-107% pK,=4,63;

CH;NH;" + HOH CH;NH, + H;0%

K,=2,7-107Y; pK,=10,62.

[TonnxeHne OCHOBHOCTM aHMJIMHA IO CPABHEHMIO ¢ METHJIAMHHOM
U nIpyrumMym anudpaTHYECKMMM aMMHAaMM HA LIECTh IMOPSAKOB o6yc-
JIOBJIEHO COBMECTHBIM JeiictBHeM aByX dakrtopoB: —I-addekra de-
HMJIBHOH rpyninsl M + M-3ddekra aMuHorpynnel aHuinHa. PeHui-
ykcycHas kuciora (pK, = 4,31) asngetca 6osee CUIBLHOM KUCIOTOM,
yeM ykcycHas (pK, =4,74), u Gonee cnabble OCHOBHBIE CBOMCTBA
AHWINHA YACTUYHO MOXHO OTHeCTH 3a cueT —/-3ddexTa peHunpHoi
rpynnel. OnHako 310T 3¢ ¢hEKT CIMILKOM Mal U HE UTpaeT pelaoiei
pPOJIM MO CPABHEHMIO C JENOKAIM3ALMER HEeloAeIeHHOM Naphl 31€KT-
POHOB a3ota No OeH30JILHOMY Kojibly. JleMoKain3ayusa yMeHbLIaeT
cIIOCOBHOCTL STON 3NEKTPOHHOM IMaphl K CBA3BIBAHUIO MPOTOHA WM
JpYTOro axklenTtopa.

OG6BIYHO HENOKANU3ALMIO 3JIEKTPOHOB M300paXaloT WIH C NOMo-
LIBI0 H3OTHYTHIX CTPEJIOK, WIX GOpMYNaMy C MYHKTUPHBIMM («yac-
TUYHBIMHU») CBSA3ISIMHU:

5+
5+
&NH}_ I\:IHZ
v 5— 5
S g

Kak BHJHO, HENo/eJIeHHasda 3JIEKTPOHHAs Mapa atroMa a3oTa B MOJIEKYJIC
AHWIUHA «CMELUACTCSI» IIPEUMYLLUECTBEHHO B opmo- U napa-TroOJOXEHHUSA

285



6cH30BbHOTO KOJIbLIA, YTO OGYCIOBIMBAET 0pno/napa-opHeHTaLyIo
MpH ANeKTPOPUILHOM 3aMELLIEHNN B aHWINHE.

Hanb6onee 3chdekTrBHOE conpsikeHHE Iaphl 3JIEKTPOHOB a30Td C
6EeH30NbLHBIM KOJbLOM OyaeT HabOmwoIaThCsl TOTAAa, KOLAA 3Ta napa
pacnoJyiaraeTcsi Ha p,-OpGUTAIN, IapaUIeNLHON p-opObuTaisIM apoMa-
THYecKoi cucteMbl. OMHAKO 1apa 3JIEKTPOHOB a30Ta CTPEMHUTCS 3a-
HATH THOPHAHYIO OPOUTAIL C HEKOTOPBIM BKJIAIOM $-XapaKTepa, YTo
3HEpPreTHYECKH MpEeanouTHTENbHO. I aHWINHA peain3yeTcss KOMII-
POMMCC, IIpK KOTOPOM HEMONENEeHHAs Mapa SJIEKTPOHOB a30Ta 3aHU-
Maet opOutane ¢ GOnbLICH NoNeil p-xapaktepa, YeM B aMMHAKe, HO
HMEIOLIEN BCe XXe HEKOTOpBIH BKIan s-opbutanun. Benencrsue atoro
BajieHTHBI yron HNH B anunuue (113,9°) Gonblie, 4eM B aMMUake
(107,3%). IMnockocts HNH HaknoHeHa no oTHOLIEHMIO K O€H30IBHO-
My KonbLy Ha 39,4°:

3amectuTen B OEH30IHHOM KOJIbIle aHUJIMHA OKa3bIBAIOT TAKOEe
BJIMSIHUE HA €r0 OCHOBHBIC CBOMCTBa, KOTOpOE MOIAAETCS KOJaude-
CTBEHHOM M Ka4ecTBEHHOH OLIEHKE HAa OCHOBe OOBIYHBIX 3NEKTPOH-
HbIX 3ddekToB 3amecTUTENCH. DNEKTPOHONOHOPHEIE 3aMECTUTENH
BBbI3BIBAIOT [TOBBILICHHUE, A JNEKTPOHOAKLIENTOPHbIE 3AMECTUTEIH T10-
HMXAIOT OCHOBHOCTDb 3aMELIEHHOIro aHWwinHa (Tabi. 19.2).

Ta6bnuua 19.2
3uavenne pK, 3aMemesHLIX aHWIAHOB B BOaE npH 25°

pK,

3amecTHTENB opmo- Mema- napa-
CH;—- 4,44 4,72 5,10
OCH;— 4,52 4,23 5,34
F— 3,20 3,57 4,65
Cl— 2,65 3,52 3,98
Br— 2,53 3,58 3,86
I- 2,60 3,60 3,78
CN- 0,80 2,75 1,74
CF;— - 3,50 2,45
NO;— —0,26 2,47 1,02
CF380,— - 1,80 —0,01




N-Metin 1 N,N-I1uMeTHJIaHWINH, KaK U CIEI0BAIO OXHAATh, SB-
ngioTcss 6onee CUILHBIMM OCHOBRHUAMM, YeM caM aHMAMH. dns
C¢HsN(CH3); pK, = 5,07, nna CgHsN(C,Hs), 6,57. AHMIMH MOYTH
Haueno obpa3yet conb (xropul deHwIaMMoHus) yxe B 0,1 H pacTBope
COJISIHO# KUCOTHI, 4-HUTPOAHWIMH HALIENIO MPOTOHMpYeTca B 50%-it
cepHOM Kuciorte, a 2,4-auHuTpoaHunuH (pK, = —4,4) pactBopsetcs
TOJILKO B KOHLIEHTPUPOBAHHOM cepHOM Kuciote (cM. . 3, 4. 1}. Conn
AMHUHOB, KaK [PABHJIO, JIETKO PACTBOPHUMEI B BOJE AAXE B TeX ciyda-
SIX, KOTAA MCXOAHBbIA aMHH B BOJE HEpPACTBOPHUM. DTO LIMPOKO HC-
MMOJIb3YETCS1 [IPH OTAENEHUM @8MMHOB OT IpuMeceil HEOCHOBHOIO Xa-
pakTepa. AMMH IpeBpAILIAIOT B colb NpH o6paboTke cMecH BOAHBIM
pacTBOPOM CHJIBHOM KHUCJIOTHI, OTIEJSIIOT BOAHBIN CIONH, U3 KOTOpO-
ro fnocie LeJoYHoi 06paboTKH BBLAENSIOT YUCTHIN cBOOOIHBIA aMUH.

19.5. IIOJIYYEHHUE AMHHOB

CyiecTByeT OrpOMHOE YUCJIO pa3HOOOpa3HBIX METONOB [OJIy4e-
HMS1 aMUHOB. B 3ToM pasgene GynyT pacCMOTpPEHBI TONXBKO Haubonee
obimme n BaxHble U3 HUX. [IpuBeNeHHBIE HHMXE cHOCOOBl CHMHTE3a
AMHHOB pasNUYalOTCs oONacThI0 CBOEro NMPHMMEHEHHs, JOCTYITHOC-
TBIO METOJ2 Y KOJNUYECTBOM MOBGOYHEIX MPOAYKTOB IIPU PeaM3alUH
TpebyeMoro NpeBpallieHus.

19.5.1. NPAMOE AJIKWIHPOBAHHE AMMMWAKA 1 AMHHOB

AMHHBI TIONYYAlOTCSl NPHU B3AaUMOICHCTBUM IMEPBHYHBIX U BTO-
PHUYHBIX ATKMITAIOTEHUNOB C AMMMAKOM. BTa peakiHUs, OTKpHITas
A. T'opmaHom B 1849 r., gapnsieTcs Hanmboliee NPOCTHIM METOJOM CHH-
Te3a MEPBUYHBIX, BTOPUYHBIX M TPETHYHBIX AMHHOB, a TakXe CoJNei
TeTpaIKWIaMMOHMA. Peakiys aIKIWIranoreHuAoOB ¢ aMMHMAKOM WITH
aMUHaMH OTHOCHTCA K ITpoleccaM OMMONEKYISIpHOTO HyKieodhHIb-
HOTro 3aMEIUEHHUSA Y HACHIUIEHHOTO aToMa YIJIepoAa, B KOTOPBIX aM-
MHAK WM aMHMH BBIMOJHAIOT poNb HYyKiIeodbunbHoro arenta. Ilepe-
XOJHOE COCTOSIHME TaKOro npouecca Gonee MONSIPHO, Y4EM HCXONHBIE
peareHThl, MO3TOMY CKOpPOCTh peaklIMM pe3Ko Bo3lpacTaer B Honee
roJispHoit cpene. B kayecTBe pacTBopUTENa OOBIYHO HCIIOAB3YIOT 9Ta-
HOJl WIK MeTaHoJ, Ho Gonee 3dpdeKTHBHEI JUIOJIAPHBIE AIPOTOHHEIE
pactsoputeny MDA, IMAA. AnKWIMpOBaHME aMMMAKa C LIENBIO
NOJIydeHUs. dAMHHOB HALUIO IIMPOKOE NMpMMEHeHHWe B MPOMBILUIEH-
HOCTH, HO BCE PeXe€ M peXe UCHOoJb3yeTcsl B 1abopaTOpHBIX YCIOBH-
SIX, MMOCKONBKY B 3TOH peakuuu Bceraa obpasyercs cMechb IEpBHYHO-
ro, BTOPMYHOTO M TPETHMYHOrO aMHHA, & NpH HAIUYUM HM3OBITKA
ATKWITAIOreHMAA — COJIM TETPAUTKNIIAMMOHHUS:
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RBr+ NH; —= RNH;" + Br~ ()

RNH,;"Br~ + NH; RNH; + NH'Br™  (2);

RNH, + RBr —= R;NH;"Br~ 3);

R,NH,*Br™ + NH, R,NH + NH,*Br™  (4);

R,NH + RBr — = R3;NH'Br~ (5y;

R;NH*Br™ + NH;, R;N + NH,'Br™  (6);

RyN + RBr — = R,N*Br~ ™).

KaTtuon anxunaMMoHHUs, Kak ObUIO OTMeYEHO Bbillie, obnanaer
cBoiicTBaMK cnaboit kucaoTel. B pesynprare rnepeHoca NpoTOHA K MO-
Jlexyae aMMKaka obpa3yloTcs nepBUYHbIM aMMH M KaTHOH AMMOHHSL.
TlepBHYHBIM aMHUH NPOSBASIECT CBOICTBA DoMee CHABHOrO HyKJ1eOhWib-
HOTO areHTa, 4eM aMMMakK, M TpH B3aUMOAEHCTBUM C ajiKuirajaore-
HUJAMH [1aeT KATHOH THAJKUIAMMOHMS, U3 KOTOpPOro najee rnojyya-
€TCS BTOPHMYHBIH aMHH. DTOT IMPOUECC MOXET MPOIOJIKATLCS nanee,
TIPUBOAS K TPETUYHOMY AMUHY Y HaXe K COJIM TETpaaiKHJIaMMOHHUS.
Bcs nocienopaTebHOCTh NPOMCXOASAIIMX [TPEBPALLIEHUH OIMHCBIBAET-
cs NpUBeIeHHBIMU BhIlIe ypaBHeHUsAMHM (1)—(7). CooTHolueHHe NIpo-
IYKTOB PEaKLIMK 3aBUCUT OT COOTHOLIEHHNA HCXOAHBIX pEareHTOB. YBe-
JINYeHUE KOJIMYECTBa AKWJITAIOreHUIAa CIOCOOCTBYET pOCTY TOJH
TPETUYHOIO0 aMMHA U YeTBEpTHYHOH aMMOHWEBOH COMM, B TO BpeMs
KaK B [IPUCYTCTBMH M30bITKAa aMMMaKa [PEUMYI{eCTBEHHO 0Opa3yeT-
€1 CMeCh NTePBUYHOrO ¥ BTOPUYHOro aMrMHa. OXHAKO Jaxe Npu O0Jb-
1IoM HU30BITKE aMMHaKa peaklMI0 HEBO3MOXHO OCTAHOBMThL Ha CTa-
IMY 06pa3oBaHKA TOJNLKO NEPBUYHOro aMHHA. B TMITMYHOM npuMepe
B3aHMMOJEMCTBUS OJHOIo MoNsl |-OpoMOKTaHa ¥ Tpex MoJel aMMHa-
ka npn 20°C nonyyaercst cMech, cocTodiuasa u3 45% okTHiaMuHa,
43% IVMOKTUNIAMMHA U CEeIOB TPUOKTUIAMHHA. T1py GonbllieM KOaH-
YEeCcTBE aMMHaKa [10JIs1 NEPBUYHOI0O aMMHa BO3pacTaeT, HO BTOpHY-
HbIA aMHUH BCEraa NMPUCYTCTBYET B NIPOAYKTAX pEAKLMMU:

C,H;OH
CH3(CH,)CH,Br + NH,~ =™

T~ CHy(CH,)CH,NH, +
I M iM (45%)
+ [CH3(CH,)¢CH,},NH + [CH3(CH,)sCH,);N
(43%) (1%)
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Taxum 06pa30M, [pAMOE AJNKHINPOBAHNE OKA3bIBAE€TCA Malo-
YOOBJIETBOPDHUTEIIbLHBIM METOLAOM I NONYYECHHUA YUCTLIX ITEPBUYHBIX,
BTOPHUYHLIX H TPETUYHLIX aMHUHOB.

19.5.2. HEIIPAMOE ANKHJIHNPOBAHME.
CHHTE3 NEPBHYHBIX AMMHOB
10O TABPHUIJIIO

B 1887 r. I'abpHanb npeaoXns NpocTo M o4yeHb yano6GHbIA 06-
LM METOA MOJYYEHUS NMEPBUYHBIX AMUHOB. DTanHMHI KaIHs AIKHU-
JIMpyeTca noj AeHCTBHEM ANKHIraloreHnaos ¢ obpasosanuem N-an-
KUNGPTAIMMHUAA C OYEHDb BHICOKHM BBLIXOLOM:

//O ’/O
C\ IMODA C\
T . +
/NK + RX 30-100C /NR KX.
C\\ C\\
O O

Hanee N-ankundpraiMMul NpesBpallaeTcs B MEpBUYHBIA aMMH I[pHU
B3aMMOLEHMCTBUH C FHAPA3MHIMIAPATOM B CIMPTOBOM pacTBoOpeE:

//O ’/0
C c”
\ NH
NR + NH;NH,-H,O —»> i+ RNH;.
/ G,HsOH NH
Cs <
o o

I'mapasuH gBAsieTca HaWJIy4yllUMM peareHToM LI CHSATHS ¢rato-
WIBHOM 3alUIMTHI ¢ aTOMa a3oTa. PaHee IUisl 3Toj 1LIe/IM UCMOIb30BAIN
LIEJIOYHOH WIM KHCIOTHBIA rNapoin3. DTAIMMHKL nofydaeTcs B Ipo-
MBILLIEHHBIX YCIOBUSIX IPYU B3auMoAeHcTBUHU hTaleBOR KHCIOTHI UK
ee aHruapuaa ¢ rasoobpasHbiM aMmuakom nipu 300—350°C. Oranu-
MU npeacrtapiaseT coboi cpeaHedt cunnl N—H-kucnoty ¢ pk, ~ 8,3
Tpy B3auMoaedcTBUM PTAIMMHAIA C TMAPOKCUIOM KaJlUs B BOJHO-
crupToBoit cpene nonyvyaetrcss K-cons ¢prannmuaa. Cunres IN'abpuans
MOXHO pacCMaTpHBaTh KakK OAMH M3 NYYIUMUX CIOCOBOB MOJIYy4YeHUs
NEPBUYHLIX AMMHOB U3 NMEPBUYHBIX W BTOPHYHBIX, HO HE TPETHUYHbIX
ATKNITAIOTeHUIOB. JTOT METOJ LUIMPOKO UCIO/B3yeTcs] TaKXKe U A
nojay4eHus 3pUpoB t-aMHHOKHCIIOT:
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/O //O
c’ '
\ OM®A N .
NK + BICH(COOC;Hs)y W’ _NCH(COOC;Hy),
ol c,
\O O
,,0 r,O
<! <
1) C;HsONa, C,H;OH
@[ NCH(COOCsHsh ccmac = @E NG(COOC3H), ~
C, C, CHyCeHs
o o
+ 40
':{ ’0‘ QHSCH2<|:Hc009(64 %)
2 ©NH,
<¢peHUnanaHuH
0
~
c? CH,=CHCOOGC,H; cZ
@I " NCH(COOC,Hj), - NC(COOC,Hy); >
c C,H,0K, C,H,0H e
~0 N SH:CH,COOCH
HY, ¢ HOOC(CH;){:HCOO@ (75%)
20 rinyTaMHHOBasi KHCJIOTa

®NH3

B xauecrse nprmepa MpUMEHEHHUs peaklnnd I'abpHuans IUid NoxydeHust
MEePBUYHBIX AMUHOB NPUBEAEM CHHTE3 10daMHHA — BaXHOTO CUHTETH -
YECKOI0o pEeryjsTopa AeATeIbHOCTH IEHTPIBHON HEPBHOH CHCTEMBI:

CHCHBr  #°

N @i \NK JIMO®A
0 < 80-100C @CHZCH N j@_»

™
OH o HO
OH
(0]
C\
NH,NH, H,0 CH,CH,NH, .\ @: T?'H
—_—
~NH
OH
nogpaMuH
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19.5.3. BOCCTAHOBIIEHHE HUTPHJIOB

Hutpuibsl Moryr ObITE BOCCTAHOBJIEHB! OO NMEePBUYHBIX AMHWHOB
JIN6o KaTAIUTHUYECKHUM FHAPUPOBAHMEM, JIMOO C MOMOLIBIO AJIIOMO-
ruapuaa JIMTASA Wi qu6opaHa B adupe (rn. 18):

H,
RC=N NiPenes RCHNH
LiAIH,
CH;CH,CH,CH,CN —_ = CH;CH,CH,CH;CH,NH, (91%)
CN . CH,NH
LiAIH L
4 (88%)
a¢up
CH, CH;

HanomHuM, 4to mpu o6paTHOM MOpsLIKE CMELUMBAHHS peareH-
TOB, T.€. NpU NOGABJEHUH K HUTPUAY OKHOIO SKBHBAJIEHTA JIIOMO-
rnapuna autusa B TI® npn —50°—(—78°C) obpa3yioTcsi HE aMUHBY, a
anbauMHMHLB! (cM. 1. 18). IIpy xaTanuTHYeCKOM TMAPUPOBAHUHN HUT-
pMJIOB TIOMMMO NEepPBHYHOIO aMHMHa OOBIYHO oOpa3syeTcsl 3HAUMTENIb-
HOE KONHMYECTBO BTOPHUMHOIO aMMHa:

CeH,CH,ON + H, N _PeHeA 4 CH,CH,NH, +
140°C %)
CIMpT

+ C4HsCH,CH,NHCH,CH,C¢H; (20%) .

[ns1 o6bsicHeHNs1 06pa3oBaHMs NEPBUYHOrO Y BTOPHYHOTO aMH-
Ha OBUI MpeaoXeH clenyIonii MeXaHU3M:

RCN + H, — RCH=NH 1
RCH=NH + H, — RCH,NH, (2

'RCH=NH + RCH,NH, === RCH=NCH,R + NH; (3);

RCH==NCH,R + H, RCH,NCH;R (4);

H

[ToGouHylo peakuuio, NpUBOAAILYID K oOpa3oBaHMIO BTOPUYHOIO
aMMHa, MOXHO MPaKTU4YeCKH TNOJHOCThIO MOJABUTH, €CJIU TMAPUPO-
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BaHHUE NPOBOJMTL B IPUCYTCTBUM Oosblioro U3bbpiTKa aMMHakKa, cMe-
1IAIOILETO paBHOBecHe B ypaBHeHUHM (3) BieBO.

Ni, NH;, C,H;OH
100 amm., 125°C

NC(CH,)sCN + H,

H,N(CHj),oNH, (80%).

CyiuecTByeT U Apyroii, 6onee addexTrBHBIM crnocob uibexars obpa-
30BaHHS BTOPUYHOTo aMMHa. KaTtaiuTuyeckoe ruApupoBaHUeE IIPOBO-
IAT B YKCYCHOM aHTHAPUAE, BBHIIIOJHAIOIIEM pPOJib PACTBOPUTENS U
peareHTa. [IepBUYHBIN aMMH HEMELJIEHHO alIMJIMPYETCS, YUTO NPEelOT-
BpalaeT obpa3oBaHUe BTOPMYHOTO aMMHA:

Ni, o~
Ce¢HsCH,CN + H; —>» C¢HsCH,CH,NH-CT
(CH,C0)0 oy CH

BoccraHoBneHue HHUTPWUJIOB IO NEPBHUYHBIX aMHHOB HAILLIO NMPUMCHE-
HHe U1 npeBpallcHUSA IIMKIHYCCKMX KETOHOB B umcnoanmxapﬁumm-
aMKHBI C TOMOLIBIO CHEAYIOLIEH T10C/IeIOBATETBHOCTH TIpeBpalLeHHIA:

OH OH
o
CN CH,NH,
}:’—fg‘% CH,NH, — 2 <:>—CH2NH2

19.5.4. BOCCTAHOBJIEHHE AMHUJI0B
Kax 610 yXe oTMedeHo paHee (cM. ran. 18), aMuabl BoccTaHAB-

JIMBAIOTCS O AMHHOB IMOJ AEHCTBHEM ATIOMOTUAPHIA JTUTHA B 3dHpe
wiu TI'®:

O

I} LiAIH,

C—N(CH —_— CH,N(CH
Q (CHy), admp, 36°C Q N(CHs);

(88%)
CH,0 o CH,0
il LiAlH,
CH3O CHZCNHZ W CH3O CH2CH2NH2
CH,0 CH,0

(40%) MecKalnH
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LiAlH,

HCHJ W CHJ(CHz)wCHzNHCH;

(0]

=2

CH3<CH2>IOC<N
95%)

BMmecTto ATIOMOTHAPHIA JTUTHS B KAYECTBC BOCCTAHOBHUTEJIA IJIst HE3A-
MEIEHHBIX aMHUIOOB JIYUIIIE UCNOJIH30BaATh zmﬁopaﬂ:

H
o)

H
CHs(CH2)4(||3N(CH3)2 —T—l:%'é—c“ CH;(CH)sN(CH3), (95%)

19.5.5. BOCCTAHOBJEHHE A3U]10B

Yn0OHBIM COBPEMEHHBIM METOAOM CHUHTE3a IePBHUYHBIX aMHUHOB
SIBASIETCH BOCCTAHOBJIEHMUE a3HIOB C MOMOIIBIO ATIOMOTHAPHAA JIH-
TUST WK KaTanuTuiecku Hax Pd/BaSQO,. UcxoaHbie a3uapt oOpa3yior-
CS MPU 3aMelleHHY rajioreHa B MEPBHYHBIX WM BTOPUYHbIX AJIKHIIra-
JIOreHUIaX NoA AecTBUEM a3ua-UHoHa (cM. . 20):

C,H,0H o
C4H,CH,CH,Br + NaN, ———— C;H;CH,CH,~ N=N*=N
(86%)

CeHsCH,CHp-N=N"=N" + LiAH, %", C¢H;CH,CH,NH,

(89%)
Br NaN, 30°C N; me NH,
O O e Oy
CH CN
’ (54%)

CH,CH,CH,Br (CHy)3N3
Y ey [ o
C,H;OH atup
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LA (CHy)3NH,
_LiAlH,
3¢up (89%)

Bruixoasl B 3TOM ABYXCTAAMMHHOM fpollecce 0OBIYHO OYEHb XOpolUHe U
€ro OrpaHHMYeHMe 3aK1I04aeTCs TONBKO BO B3PEIBYATOCTH a3UIN0B HU3~
KOHM MOJISIPHOH MAcCChl.

19.5.6. BOCCTAHOBJIEHHE HMHHOB.
«BOCCTAHOBHUTEJIBHOE AMHHHPOBAHHE»
KAPEOHHJIBHEIX COEINHEHNN

HUmunbl, obpasylomyecs U3 albJeTHAOB MIM KETOHOB M aMMHa-
Ka, BOCCTAHABRIMBAIOTCS A0 MEPBUYHBIX AMHHOB IMpY TMIPHUPOBAHUH
B NPHUCYTCTBHM OOGBIYHBIX KATAJIM3aTOPOB reTeporeHHOro ruapupoBa-
HHUs. DTy peaxiMio IPOBOAAT B OAHY CTaIMI0, BOCCTAHABIMBAA CMECh
Kap6OHWIBHOTO COeNMHEHUS 1 aMMHUAKa BOAOPOIOM MOJ JaBICHHEM
Han HukeneM Penes. IToatoMy Bech mpoliecC MOXYYHI Ha3BaHHUE «BOC-
CTaHOBHTEJIbHOE AMUHHPOBaHHe» KapOOHUIbHBIX COeTMHEHWIA:

H
-H,0 Hy/Ni
RIC R2 + NHj; R1C R2 RIL.-
T NH,
Q) R2
-Hzo 1
C¢Hs-C-H + NH; ——=| C¢Hs-C-H %l,’ GsH;CH,NH, .
I 1 90 amm., 70°C
0 NH &%)

BoccraHoBuTeNbHOE aMMHMPOBaHUME HIMPOKO HMPHUMEHSIETCS B
MPOMBIILIEHHOCTHM IS CUHTE3a PA3MTUYHbBIX MEPBUYHBIX AMUHOB, OCO-
6eHHO B papMaKoNOTUH — IUIA NOJNYYEHHUS LieJIoro psaa 6uonornyec-
KH aKTHBHBIX aMMHOB. B xayecTBe npuMepa NpUBEAEM CHHTES (eHa-
MHHa (amdeTaMMHA) — peryasTopa AESITENbHOCTH LEHTPaNbHOM
HEPBHON CHCTEMBI:

NH;
CeHsCH,-C-CH;, _> CgHsCH,-CH-CH;3 penamun
I Hy/N | (ampeTaMuH) .
0 NH,

BoccTaHoBUTENIEHOE aMHHHPOBaHHWE, MOAOOHO KaTATHTHYECKO-
MY BOCCTAHOBJIEHWIO HHUTPWIOB, OCJIOXHAETCA OOOYHOMN peaxiumen,
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NIPUBOISILEH KO BTOPUYHOMY aMHHY. [IpH KoHAeHCALIMK TTEpBUYHOTO
aMMHAa ¢ KApOOHUIBHBIM coeIMHEHNEM nToNydaeTcss ocHoBanme nd-
tha, KkoTOpOoE B Pe3yNbTaTe KATATUTHYECKOTO THAPUPOBAHMS OaeT BTO-
PUYHBIA aMMUH:

CgHsCH,NH, + CgHsCHO —— [C¢HsCH=NCH,C¢Hs] ——»

BN, HCH,NHCH,CHs

YtoOp! cBECTH 3TY NMOGOYHYIO peakLMI0 K MUHMMYMY, CIIEAYeT MC-
NOJIb30BaTh OYeHb GOJBIION M30BITOK amMMHaka. C Apyroil cTOpoHBEL,
BOCCTaHOBUTENBHOE AMMHMPOBAHUE MOXHO NPUMEHSTDH U IS [ONY-
YEHUS BTOPUYHBIX WIM TPETUYHBIX AMUHOB, €CJIM B KaYeCTBE a30THC-

TOro OCHOBAaHUS UCITONB30BaTh EPBUYHLIA WK COOTBETCTBEHHO BTO-
PUYHBIA aMHH:

0 H,
I
CH3;CCH;3 + NH,CH,CH,OH HOCH,CH,NHCHCH,

Pt, H,
C,H;OH

MMMHBI BOCCTAHABIUBAIOTCA O NEPBUYHBIX aMUHOB Mol Aei-
cTBueM HUaHOopruapuaa Hatpus NaBH;CN. Orot peareHT copep-
XHUT 3JIEKTPOHOAKIIENITOPHYIO LMAHOTPYNIY U 3HAYUTEIbHO MEHee
aKTHBEH 1o cpaBHeHHUI0 ¢ NaBH,. B npotnBononoxHocts Goprufipu-
Iy HaTpusi, IMaHOOpruapua Harpysa cTabWiIeH B BOOHOM pacTBOpE
npu pH 2—3. B 3TuxX yc/IoBUSAX OH HE pearupyer ¢ KapGOHUIBHOM IpyIl-
noi, HO JIETKO BOCCTaHABRIMBaeT MMHHoO-Ipynny. TakuM obpasom,
BOCCTAHOBMTENBHOE aMUHMpoBaHue ¢ nomoiusio NaBH;CN apnser-
¢S UASUIEHBIM CUHTETHYECKHMM 3KBUBANIEHTOM KaTAJIMTHYECKOTO BOC-
CTAHOBHMTEJIPHOTO aMHHHPOBaHU KApOOHWIBHBIX coequHeHMit. Hiuxe
MpUBEICHBl HEKOTOpble Hanbonee TUIINYHBIE TTPUMEDDL:

—Hzo NaBH:;CN
O + NH; <:>=NH A2

C,H,;OH

<:>:o + NH(CH,), + NaBH,CN 2523 O—N(CH)
a

372 3 CzHSOH 372

(85%)
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pH 23
C,H;OH

Il
CH3C(CH2)3CH3 + NH3 + NaBH3CN

e
— = CH,CH(CH,),CH, (78%).

IInan6Gopruapun HaTpus nonyyaercs npu o6pa6otke NaBH, unauy-
CTBIM BOJOPOIOM.

Jpyroit BaXHoH B CHHTETUYECKOM OTHOMIEHHWH PAa3HOBHUAHOCTBIO
BOCCTAHOBHMTEJBHOIO aMMHHUPOBAHUS SIBIASIETCS peakuus DliBaiine-
pa—Kiapxka, npegHa3HaueHHAS UCKIIIOYMTENBHO JUISE CHHTE3a TPETHY-
HBIX AMHHOB, B KOTOpBIX OJHA U3 ATKWIBHBIX IPYMNI HOJDKHA ObITH
METWILHOM. B KauecTBe BOCCTAHOBUTENS B 3TOM peaKLIMH IIPUMEHSAET-
csl MypaBbMHAas KHCJOTa, KApOOHMJIBbHON KOMIIOHEHTOH SIBJISETCH
dopManbaerua;

0 20 100°C
CH;13CNH, + H-CZ  + HCcZ X —»
(CHs)s 2 ~q ~oH

— = (CH3%C-N(CH3); + CO, -

(85%)
(0] 0O 120°C
{ NH + H-cfH + H.chH — NCH; + CO, .

(83%)

B xauecTBe IPoMEXYTOYHOM YacTHIIBl B peakuMy SiuBaitnepa—Kiap-
Ka obpa3yeTcs KATHOH MMHUHMSI, KOTOPHI 3aTeM OTILEMISAET THAPHI -
HOH OT POpMMaT-HOHA:

0
R,NH + H-cfH R;NCH,OH ;

H @ @
R;NCH,0H =——= R;NCH;0H, R;N=CH; + H,0;

0]
Rz@@c& —> RzNCH3 + C02 .
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Bbojiee paHHU#H BapHaHT 3TOro MpolEecca M3BECTeH oL Ha3BaHHEM
peakuum Jleiikapra (1885r.). Cmech KapOGOHHIBHOIO COEQUHEHHUS U
dopMuata amMMoHHs HarpesaioT no 180°—200°C ¢ omHoBpeMeHHOH
OTTOHKOI1 06pasyioleiics Bogsl. PopMUaT aMMOHMS BBITTONHAET ABOM -
Hy10 GYHKUMIO: OH ABJAETCS HCTOYHHMKOM aMMMaKa M TMAPUII-HMOHA.
Beixoasl amuHOB B peakuuH Jleiikapta o6el4HO Gojiee HUIKHE, YEM B
peakuuu DuiBaitnepa—Kiapka, Ho o6acTh €€ NpUMEHEHUS 1UHPE U
MOXET ObITh MCHONB30BaHA IS MOJNYyYEHUS KaK TPETUYHBIX, TaK U
MEPBUYHBIX U BTOPHYHBIX AMUHOB:

180°C
18t 66%
C6H5(":CH3 + HCOONH, HCOOH., 9 was C6H5(|IHCH3 (66%)
0 NH,
0 N(CH3),
00°C
*+ HCON(CHy): He00H, 9 vae (75%)

19.5.7. BOCCTAHOBJIEHHE OKCHMOB

OKCHMBI MONYYAIOTCA MPH B3aUMOIEHCTBHM ANBIETHIOB WIH Ke-
TOHOB C TMAPOKCHIAMHHOM C BBIXOOOM, ONMU3KHMM K KOJIHYECTBEH-
HOMY (1. 16). OKCHMBI BOCCTAHABIMBAKITCA ANIOMOTHAPHIAOM JIMTHUSA
WY UHAHOOPTHAPUAOM HATPHS f0 MEPBHUYHBIX aMHHOB. DTO UCKIIIO-
YUTEJIbHO YONOOHBIN criocob nmpeBpaleHusa KapOoOHWIBHOM IPYTINEI B
CHNH, unu CH,NH,-rpynnsr:

1) LiAIH,, >bup H
<:>=N0H e (80%)
3

NH,
1)NaBH;CN, CH;0H H

Omvon o O
2) CH,;000H NH,

BoccTaHOBIEHHE OKCHMOB KOMIIIEKCHBIMH rvjapviaaMH BBITCCHHIIO
CTapbi€ METOIb! BOCCTAHOBJICHUA HATPUEM B CIIUPTE WIM KATAIHTH-
YECKUM THIPHUPOBAHHECM.
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19.5.8. BOCCTAHOBJIEHHE HUTPOCOEAUMHEHHH

AnmndaruiyecKkde U apoMaTHYECKHE HUTPOCOEIUHEHUST BOCCTAaHAB-
JIMBaIOTCA ¢ 0Opa30BAaHHEM MEPBUYHBIX AMUHOB. DTOT MeTo Haubonee
BaXeH U1 ApOMATHYECKHMX HUTPOCOEAUHEHHI, KOTOPBIE MOMYYAIOT Ips-
MBIM HMTPOBaHHEM apeHoB (cM. . 13, 4. 2). BoccraHOBIEHHE MOXET
OBbITh BBIHTONIHEHO KAaK C [OMOLIBIO KAaTAIUTHYECKOIO IMIPUPOBAHUSA,
TaK M NpH JeACTBUM pa3HOOOPA3HBIX BOCCTAHOBUTEIBHBIX areHTOB, Ta-
KHX KaK XeJIe30 U COJISIHas KMCJIOTA, OJIOBO U COJISIHASA KMUCJIOTA, TUXIIO-
PHI OJIOBAa U COJIIHAS KMCNOTA Y Ap. BoccTaHOBNEHHME apOMAaTHYECKHX
HUTPOCOENMHEHUH noapobHo paccmatpusaetcs B . 20 |, anech xe Gy-
JAyT MpHUBEAEHBl TOJBKO HEKOTOpBIE, Haubosee TUITHYHbIE TPUMEPEL:

CH;
NO,
Fe + HCl (74%)
CZHSOH
NO,
NO, NH,
o, 5o
HCI
CHO CHO

I'mapocynbdun U nonucyabdull HaTpUs UIMPOKO UCHONB3YIOTCA IS
BOCCTAHOBJIEHUS OJHOM U3 ABYX HUTPOIPYII B APOMATHUYECKOM KOJIbIIE:

N02 N02
NaSH (79-85%)

CH,OH

NO, NH,
NaZS4

H,N NO, H,N NO, (52—-58%)
C,H;OH
0, H,N

Anundarnueckue HUTPOCOEANHEHNS TaKXe MOTYT ObITh BOCCTaHORBJIE-~
HBI 10 epBUYHBIX aMHMHOB. Hannyuiive pe3yisTaThl AOCTUTAIOTCH NPU
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NMPUMEHEHHUH B KaUECTBE BOCCTAHOBUTENS CHUCTEMBI nOpolKoobpastoe
xcenezo — cyasgham xcenesa (II) B BomHOM cepHoOit KHCIOTE:

Fe; F
HOCH,—C-NO, f;—ﬁ‘% HOCH,—C-NH,
CH;” CH; 2o CHy CH;
NaNQO, Fe; FeSO,
CH;3(CH,)sCHCH; ——> CH;(CH,)sCHCH
3( 2)5I 3 IMoA CH;(C 2)5I 3 HOMmS0,

Br N02

— CH;(CHz)S(EHCH;-
(90%) NH>

OnHaKo BOCCTAHOBJIEHHE HHTPOANTKAHOB HE IMOJYYHIO LIMPOKOro
pacrnpoCcTpaHeHHs, TToCcKoNbKY anudaTHyecKue aMuHbl — Gonee go-
CTYITHBIA KJIACC COeqHHEHHM, YeM HHUTPOAIKAHBI.

19.5.9. ITIOJIYYEHHE NEPBUYHBIX AMHUHOB
H3 KAPEOHOBBIX KHCIJIOT.
IEPETPYIIIIHPOBKH TO®MAHA, KYPLINYCA 1 HNIMHAATA

3ra rpynna poAacTBeHHBIX neperpynupoBoK ObUla paccMoTpeHa
paHee, B 1. 18, 1 6yaeT paccMaTpuBaThes B [ 26. 3neck MBI OrpaHu-
YUMcA TE€M, YTO IPHBENEM HECKOJNBKO NprmMepos. IleperpymnupoBka
T'odpmana ucronsayercss Ui MpoOMBILLUIEHHOro noaydyeHust deHrtep-
MH{Ha — IMpenapara, pe3Ko NOHHMXAJOUIEro anmeTur:

H,CH,—C(CH;),—CONH NaOH, ¢, CsH;CH,C(CH,),NH
— —_ _—
C¢HsCH,—C(CH;), 21,0, 0-20°C sCH, 3)2NH,
¢eHTepMHH

Peaknmmio IIIMMATZ MOXHO INPOHJINIOCTPHPOBATH CHEAYIOIHM
NMpHUMEPOM:

H;,N; 40°C
l{——-———————.
CH,(CH,),,C00 C.H,, H,50, CH,(CH,) ¢NH, (96%).

XoTs McxomHble BEIUECTBA JJIA 3THUX NEPerpylnupoBOK pa’dYHEI,
KITIOYEBBIM HHTEPMEJHATOM B KaXAON M3 HUX ABNAETCA aUMIHHATPEH,
KOTOPBIA 3aTe€M IeperpynnyupoBkiBaeTcss B HM3ouuaHat. M3onuaHar
rocJie THIPOAN3a H JeKapOoKCUIMPOBaHUA KapOGaMHHOBOU KHUCIOTHI
NpeBpallaeTcs B aMMH.
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19.6. XMMHUYECKHE CBOMCTBA AMHHOB

HenoneneHHas napa 3JIeKTPOHOB aTOMAa a30Ta aMUHOB oOMNpeje-
JIAET CBOMCTBA 3TOTO KJacca COeNMHEHUN KaK HYKJIeO(UIBHBIX areH-
TOB. AMMHBI MIPAIOT POJIb AKTUBHBIX HYKIEO(HIIOB MO OTHOLIEHHUIO K
caMbIM pa3HOOGPA3HBIM 3J1EKTPOGWIBHBIM LEHTPaM: §p°- M Sp>-Tu6-
pHAHOMY aTOMY YIJIEPO/A, aTOMY cephl cyNbQOHUATANOTEHHUAOB, a30Ty
B XJIOPHCTOM HHTpO3wWie win okcune asoTa (III) u apyrum snexrpo-
GUIBHBIM LEHTPaM. MHOTHE U3 3THX peakuui yxe 6bUIM paccMoTpe-
Hbl B JpYTHX IJlaBaxX M pasjeax.

19.6.1. AIKMWJINPOBAHHE AMHHOB

B pasnene, mocBsieHHOM MNONYYEHHUIO AaMMHOB, OMUCAHO ANKH-
JIMpOBaHye NepBUYHBIX, BTOPHYHBIX U TPETHYHBIX aMMHOB AJIKHITa-
JoreHunamMu no FodpmaHy. DTy peakumio cienyeT paccMaTpuBaTh Kak
HyKJIeoDWIBHOE 3aMeLIeHHe Y HACKILEHHOTOo Sp°~THBpUIHOIO aToMa
yriaepoaa . B KavecTBe npuMepa npuBeaeM NoNydeHHE YeTBEPTUIHBIX
coNeil aMMOHMSL:

(#-C4Hog)sN: + CH;CH,CH,CH,Br L?(;{‘é’"

—= (CH3CH,CH,CH,),N®Br® (95%);

(CH3CHp)3N: + CgHsCHCl <22

—= C4H;CH,N®(CH,CH,);CI°® (87%);

ANKWIMPOBAHHE aMHHOB CIeAyeT NMPOBOAMUTH B AHUNONSAPHBIX aINpo-
TOHHBIX pacTBOpHTeNsax: auetouutpuwie, IM®A, a He B cniupTOBOit
cpele. 3To NO3BONAET PE3KO YMEHBILUINTEL BPEMS NMPOBEAEHUS peakKLNH
Y YBEJIMYUTb BbIXOJ COJIM TeTpaankuiaMmoHuss. ObMeHHoO# peaknyei
TAIOTeHUAOB TETPAAIKHUIAMMOHUS C TMAPOKCHIOM cepebpa B criupTe
wiK GUHapHoOM cucTeMe cIUpPT-6€H30/ NOoNy4aloT 'MAPOKCHUIBL TET-
pPAATKHJIAMMOHMS ¢ KOJIMMECTBEHHBIM BBIXOAOM:

crupT—06eH30n

@~ 10
R4N7CI¥ + AgOH 0—20C

R,N®OH® + AgCl .
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19.6.2. AT TMPOBAHME AMMHOB.
NOJIYYEHHME AMHMAOB KHCJIOT

IMepBuuHbIE U BTOpUYHBIE AMUHBI PEAarupyloOT C TajJlor€HaHIru-
pUIaMy, aHTHAPUIAMY U CIIOXHBIMU 3¢upaMu KapGOHOBBIX KMCIOT
c obpa3oBaHMeM aMUAOB. Bee 91U peakuuy Haxo KiaccugpuLuupoBaTh
KaK HyKneouIbHOE 3aMelleHHe y KAPGOHHIBHOTO sp>-TUGpUIHOIO
aToMa yriepoja, UX MeXaHHU3M ¥ IPUMeHEHHE B CHHTE3€ aMUAOB pac-
CMOTpEHB! B 1. 18.

0

QHSC/ ot 2(CHy),NH-0

CsHsCON(CH,),
92%)

(CH,C0),0 + CsH;NH, —X . CH,CONHCgH; + CH,COOH .
G ¥ 0m200C ;

(98%)

NCCH,;COOCH,;CH; + CH3NH; W’
2
— NCCH,CONHCH; + CH;CH;OH
(88%)

19.6.3. BBAAMUMOJAENCTBME NNEPBUYHBIX ¥ BTOPUYHBIX AMUHOB
C KAPBOHWIbHBIMH COEINHEHUAMM.
MOJYYEHME MMHHOB U EHAMHMHOB

ANBIErHIbl ¥ KETOHBI B peakKLUMAX C MEPBUYHBIMK M BTOPUYHBI-
MH aMMHaMM o6pa3yloT COOTBETCTBEHHO MMMHBI ¥ e€HaMHUHBI (CM.
. 16):

CH,COOH
CsH,;CHO + C¢HsNH, W CsH,;CH=NCH; + H,0;
(82%)
n-CH,C4H,SO;H
<:>:0 * HNG Tonyon, 110°C Q_ (:’ + H0.
(75%)

DTH peakl Uyl clefyeT paccCMaTPUBaTh KaK HYKJIeo(WIbHOE NMpHCOe-
JUHEHHUE No KapGoHWIbHOHR rpymnne.
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19.6.4. B3BAMMOJIEVICTBUE AMHMHOB C CYJIIbQ®OHWITATOTEHHJIAMM.
TECT XMHCBEPTA

INepBUYHbie H BTOPpUYHBIE AMUHBI PEATUPYIOT C CYIbGOHUITATIO-
reHyaaMu ¢ obpasoBaHHeM CyIb(haMHUAOB.

|
ArSO,Cl + RNHy; —> Arﬁ-NHR;
0]

0
I

AISOCl + RNH ——> AR-NR,
o)

Mexanu3M obpa3zoBaHus cy1bpaMUIOB AHATIOTHYEH NONYYEHHIO AMH-
JIOB U3 alIMJIraJIoTeHUI0B K aMUHOB. [lonyyeHue cyasdaMuaoB JeXUT
B OCHOBE YHMBEPCAJIIbHOIO TECTd Ha NMEepBUYHbIE, BTOPUYHbIE U Tpe-
THYHBIE AMUHEL. DTOT MpocToit ¥ o4eHb AOCTYIIHBI METO] pacno3Ha-
BaHUsl aMuHOB ObL1 mpemroxed B 1890 r. O. XuncOGeproMm ¥ HOCUT
Ha3paHMe Tecta XuHCcOepra. Cmech HcciaenyeMoro aMuHa U 6eH3o-
cynsdoxnopuaa CgHsSO,Cl unyn n-tonyoncynsdoxinopuia BCTPAXHU-
BaIOT C U3OBITKOM XOJIONHOTIO BOJHOIO pacTBOpa TMAPOKCHIA HaTPHsl.
Yepes 10—15 MuH cMech NOAKMCIAKOT OO SAPKO BBIPAXKEHHON KHCIOMK
peakuuu. IlepBUYHEBIE, BTOPUYHBIE 1 TPETHYHEIE AMUHBI [10-PA3HOMY
BelyT ceOsi B 3TOM ABYXCTaIMHHOM Mpolnecce. [lepBUYHbIEe aMUHEL [TPH
B3auMoaecTBUM c OeH3oicynbdoxaopuaoM JaroT N-3aMmelileHHbIe
cynbdaMulibi, KOTOPbIE CONEPXAT NIPH aTOME a30Ta JOCTATOYHO «KHC-
JIbIH» aTOM BOROPOJA, MU PACTBOPSIOTCS B BOAHOM lileqouu ¢ obpa3o-
BaHWEeM TOMOIEHHOTO pacTBopa HaTpueBo conuu cyiabgamupa. [1pu
MOAKMCIIEHHH M3 3TOrO0 pacTBOpa B OCANOK BbINanaeT HEpPacTBOpHU-
MBI B Bojge N-3aMellleHHBIU CyabdaMui:

O
NaOH | . _H NaOH
C¢HsS0O,Cl + RNH, W CGHSﬁ-N\R H,0 >
O O
I @ ® H I
— CGHss-NR Na~  — C6H5SNHR
g H0 I
PACTBODHMM HEPACTBOPHUM
B Bolc B BOIC
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BropuuHble aMUHBI pearupyior ¢ 6eH301cy1bGoXIOPUIOM B BOJI -
HOM pacTBope 1iesnouy ¢ obpaszopaHueM N,N-au3zaMeuIeHHOTO CyIb-
dbamuaa. OH HepacTBOPUM B BOJHOM ILENOYHM, TAK KAK HE CONEPXMUT
KUCJIOro aroMa Bopopoaa npu asore. IloakucieHue peaxiMOHHOMN
CMECH B 3TOM CJIy4yae HE BbI3bIBAET HUKAKHX BHEIUHHX M3MEHEHUIN:
N,N-nu3aMellieHHbIH cylbdaMUA OCTaE€TCS B BUJE Ocagka.

NaOH
CeHsSO,Cl1 + R;NH —? C¢HsSO;-NR; |
2

HepacrsopuMmsblii B Bofie TPETHYHBIH aMHH He MpETEPNeBacT U3MEHe-
HUH npu o6paboTke BOAHBIM pacTBOPOM lLieJo4uM; obpa3syroluiics
NepBoHAYaNbHO HOHHBIN N-6enzoncynsdort-N,N, N-tpuankunam-
MOHUHXJIOpUA paciuerisiercss rnoa AefcTBUEM T'MIAPOKCHUA-UOHA 10
6eH3oncynbdonaTa HATPUSA U TPETHYHOrO aMUHa:

@ © NaOH
CeHsSO,Cl + RgN —  [C(¢HsSO,-NR3] Cl —}—{2—()_’

—» (C¢HsS0,-ONa + NRj

Ipy mogxucIeHUH peakiMOHHOW CMECH TPeTHMMHbI# aMHH pacTBO-
psieTcsl BCIENCTBUE 06pa3oBaHusl pacTBOPUMON B BOJE COJIU:

® o
RsN + HCl —* RyNHCI

CynpdaMuasl HAULTH IPpUMEHEHUE B XMMHOTEpaIl Uy 1ocie Toro,
KakK B 1935 rony 6bu10 06HapyXeHO, YTO aMul CyabGaHMIOBON KUC-
notel n-NH,CcH,SO,NH, obnagaer cHIBHBIM aHTHUCTPEITOKOKKO-
BBIM JieificTBUEM. DTO UCKTIOYUTELHO BAXHOE ISl COBpEMEHHOM Me-
OULMHB U XMUMHUOTEpANUU OTKPBITHE OBLIO CAENAHO COBEPILUEHHO
ciayvaiiHo. Mcropus ero Bkpartiie TakoBa. Jloub OAHOro X3 COTPYAHM-
KOB KpyInHo# bupMbI, Mpou3poasileil a3oKpacuTesid, B pe3yibrare
Oy/1aBOYHOTO YKOJa BHecsa cebe B KPOBb CTPENITOKOKKOBYIO UH(EK-
uuio. OHa ObUta yXe NpakTHyeckd oOpedeHa, KOTAa OTell Haylady
PUMCKHYJ 0aTh €l 003y NMPOHTO3MNIAa — OJHOIO U3 Kpacurejiei, BbI-
NnycKaeMbIX ero ¢pupmMoit. Panee npoHTO3M BbUI C YCIIEXOM UCITBITAH
Ha MBILLIAX, e OH NONARBISUI POCT CTPENTOKOKKOB. CIYCTsS KOPOTKOE
BpeMsi JeBOYKA MOJHOCTBIO ONpasuiach ot Oosne3Hu, yto rmobyauno
3. Oypuo B [TacTeposckom HHcTHTYTE B [lapuxke 3aHATHCS pelLLIEHH-
eM 3Toil yynonecTBeHHO# npoGieMbl. @ypHO 0OHapYXMI, YTO B Oopra-
HM3MeE YeJIOBEKa MPOHTO3W, MOJYMUBLIKI Ha3BaHUE KPAacHBIi CTpen-
TOLMI, pacleruisieTcss epMeHTaMu 10 n-aMUHOOeH3oJcyIbdhamMuaa,
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KOTOPbBII K ABIAETCS HCTUHHBIM JeiicTBYIOIUM HaYaJIOM [IPOTUB pa3-
JIMYHBIX CTPENTOKOKKOB, THEBMOKOKKOB ¥ TOHOKOKKOB. AMH]I CY/b-
danun0BOi KHCIOTHl MONYYMJSI Ha3BaHME JIEKAPCTBEHHOIO Npenapa-
Ta Genblit CTpenTOLM:

NH,
€PMEHTATHBHOE
H,N N=N‘©—SO2NH2 g)agmenneﬂue
NPOHTO3MI
(xpacHslii CTpenToLHI)
) NH,
— H2N©—802NH2 + HzN@-NHZ
cy b aHUIAM KT

(6emm1#t cTpenToumE)

DTo OTKpBITHE BBI3BAIO JIABUHOOOpA3HBIH MMOTOK MCCneNoBaHMit ak-
TUBHOCTH Pa3jIMYHBIX Napa-aMUHOOEH30JICYIbhaHUIaMHIOB, PA3IU-
YajolMXCcsl JIMIUL npuponoit 3amecturens X 8 n-NH,C,H,SO,NHX.
M3 npuMepHo 10 ThIC. TAKHX NMPOU3BOAHBIX, MOJYYEHHBIX CHHTETH-
YECKUM IyTEM, B MEAMIIMHCKYIO MMPaKTUKY BOLIUIO MeHee TPUIALATH.
Cpeny HUX XOpOLLUO 3HAKOMBIE 10 CBOUM TOPTOBBIM Ha3BaHUSAM Jie-
KapcTBeHHBIE npernaparbl: cyTbPUAMH, Hopcynedaszoi, cyasdanume-
34H, 3Ta3oi, cyibdaguMerokcuH, dranazon u ap. Hexoroprle u3
HUX ObUIM MOJIy4eHbl KO BTOPOA MHMPOBOM BOMHBI M CHACIHU XU3Hb
COTEH ThHICAY JI0JeHl, MOoABEPTILUUXCS [10C/e paHEHUsT BOCIAIUTENb-
HBIM MpoleccaM NHEBMOKOKKOBOM M CTPENTOKOKKOBOH IpPUPOJBL.
Huxe npuBeneHbl HEKOTOPbIE U3 COBPEMEHHBIX CY/IbhaMUIHBIX fIpe-
rnaparos:

OCH;
N= N
n-NH,CeHsSONH—( N )'\j
Z n-NH,C¢H SO,NH™ S
Cy b aMM ETOKCHH OCH; Hopcymason
N—N

| 1
n-N H2C6H4502NH S C2H5
3Tas3on
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R

n-NH,CHsSO,NH” N7 CH,

cymdammesnH

CynbdamunHble Npenaparhl MoJy4aloT [0 WIEAYOILel TUIIOBO cxeMe:

CH;C0),0 CISO;H: r
CHNH, — 2% yNHcocH, SSOHiL

— CH;CONH@SOZCl _NBX CH;CONH‘@SOZNHX
HCL7, NHZ@—SOZNHX

Bce 3t npemnaparbl NogobHO «4uyaecHOW Myne» (TepMMH BBEAEH OC-
HOBOIIOJIOXHUKOM XumHorepanuu 1. DpnuxoM) MeTKo Mopaxaior
OaKTepuyu U He HAHOCAT Bpela XUBBIM KJICTKAM.

XoTs1 MEXaHH3M JeHCTBUS JIEKAPCTBEHHEBIX NperapaTos B GOIbILIMH-
CTBE CiTy4yaeB JeTaNbHO HEM3BECTEH, CYMb(PaHMWIaMK/ NPEICTABNAET pej-
Koe uckmoueHue. CynabpaHwiaMun yOuBaer GakTepHM, BKIIOMASICh B
6uocunre3 onuesoit Kucnorsl. CuHTE3 BoNHUEBOH KUCIOTHI YPE3BbI-
yalfiHO BaXEH IS XU3HeNesTeIbHOCTH 6akTepuit. JKMBOTHBIE KIETKH
caMM He crocoOHB CHHTE3MpOBaTh (POMHUEBYIO KHCIOTY, OMHAKO OHA
SIBJISIETCST HeOOXOAMMBIM KOMIIOHEHTOM B UX <«panHoHes. Bot noueMy
cynbdaHwIaMu TOKCHYeH IS 6aKTepuit, HO He IS YeJIOBEKa.

OH E o
N N CHZE-NHD—C-ENH-('ZHCOOH
A j : {  CHy-CH,-COOH
HN” SNTN ; 5
NPOKU3BOHOE E n-aMmHHOOEH- E Ty TAM HHOBAS
NTepHIHHE , 30#Has : KHCHOTA
: KHC/IOTa :
]

DonyeBas KHCIOTA
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H\N/H-_h H\N/H_-
6,7 A 6,9 A
Ce Q=‘S=Q—_
— - ' 1 ]
- : .
2,3A -—>
2,4A

Puc. 19.1. CtpykTypHOe nogobue napa-aMHHOGEH30HHON KMCNOTHI H
cyabdaHUuIaMuaa

QonueByl0 KHCIOTY MOXHO MpeICTaBUTh COCTOSALIEH M3 Tpex
¢dparMeHTOB — MPOU3BORHOrO NMTEPUAMHA, MOJEKYJIb! napa-aMUHO-
OeH30MHONW KUCJIOTHI ¥ TIITyTAMUHOBOUW KMCHOTHI (BechbMa pacIpoCT-
paHeHHOU aMWHOKHUCHOTH). CynbpaHumamMun Meluaer OGHOCHHTE3Y
¢onueBoil KMCIOTHI, KOHKYPUPYS C napa-aMHuHOGeH30HHON KHCIO-
TOH 3a BKJIIOUEHUE B Monekyny donuesoit kucnorsl. I1o coeii cTpyk-
Type ¥ pa3MepaM cyjibgpaHUIaMHI ¥ n-aMMHOOEH30UHast KHUCIoTa
o4yeHb Osn3ku (puc. 19.1), yro no3possieT MoeKyJe cyabhaHuIaMu-
Jla «BBECTH B 3abnyxneHue» PpepMeHThI, OTBeYaloline 3a CBSI3bIBAHUE
BCceX Tpex uvacreit Monexynsl cdonuneBoil Kuciorhl. TakuMm obpasoM,
cynbhaHWIAMU] 3aHUMAET MECTO NaApa-aMUHOOEH30WHON KUCJIOTHL B
«JIOXHOU» MoJeKyne ¢onueBoil KMCAOTBI, KOTOpasi He citocobHa BbI-
MOJTHSATD XU3HEHHbIe GYHKUMU UCTHHHON (HOIUEeBOI KHCTOTHI BHYT-
pu 6akrepuu. B 3ToM u 3aKioyaercs cexpeT IpoTHBoGaKTepUANbHOM
aKTUBHOCTH cyIbdaHWIAMKAA U €ro CTPYKTYPHBIX aHAJIOTOB.

OT1kpbITHE MeXaHW3Ma JeicTBUsl cylbdaHWIaMHUIa TIPUBENO K
OTKPBITHIO MHOTHX IPYTUX HOBBIX aHTUMeETa60AUTOB. OLUH U3 HUX —
MeToTpekcat, obmanalolmil IpKo BhIpaXe€HHO! NpOTHBOONYXONEBOH
aKTUBHOCTbIO. HeTpynHo 3aMeTUTh ero 6JIM3KYI0 CTPYKTYPHYIO aHaJo-
ruio ¢ ¢onmeBoi KMUCIOTOM:

NH, C")
NEN. N CHz-IIJO—C—NH-(IIHCOOH
LT ¢

H,N” N7 N

H; CH,-CH," COOH

METOTPEKCAT
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19.6.5. BBAUMOJENCTBUE AMHHOB C A3OTHCTOM KHCJIOTOM

BaxHoi1 kayeCTBEHHOM peakiueit 1 MWACHTUDUKANMYA TEPBUY-
HbBIX, BTODUYHBIX ¥ TPETUYHBIX AMUHOB SIBASETCA peaxlds ¢ a30THC-
Toif KUCHOTON. AnudaTuyeckne ¥ apoMaTHYECKHE aMUHBI pa3TUYHO
BeayT cebsi B 3TOM peakiuu.

Tpernunbie anudaruyeckue aMMHB 06paTHMO pearupyloT ¢ a3o-
THCTOH KHMcioToi ¢ oOpazoBaHueM coJii aMHHa ¥ N-HUTpO30aMMo-
HMAHOI cosu:

® o ®
R;NHCl + R3N-N=O.
cie

2R;N + 2HCI + NaNoO,

Conu N-HHUTPO30TPUANTKMIAMMOHHUSA OTHOCUTEBHO CTaOHIBHBI TONBKO
Huxe 0°C; npy HarpeBaHMM OHM palyararotTcs ¢ obpasoBaHHeM Kap-
OOHMIBHOIO COeMHEHHUS U N-HHUTPO3OMPOU3BOJHOIO BTOPUYHOIO
aM¥HAa. DTa peaxki s He UMEeT HH CUHTETHYECKOro, HY aHaJIUTHYeC-
KOTO NpPUMEHEHHUS.

BropuyHsle anudaruyecke aMUHBI MpH B3aUMoJeiCTBUU C a30-
THCTOI KMCIOTOH HAIOT XeAToro Lsera N-HUTPO30aMHUHBI:

°

R,NH + HCI + NaNO, R,N—-N=0 + NaCl + H,0;

N-HHUTpPO30aMHH

(CH3),NH + HCI + NaNO, (CH3),N=N=0 (88%).

H,0

AHaNOrMYHBIM 06pa3oM pearupyloT ¥ BTOPMYHBIE apoMaTuUyec-
KM€ aMHHBi, HallpuMep:

C¢HsNHCH; + HCl + NaNO, ==——= CH,N—N=0 .
H,0 )
H;
(90%)

N-HuTtpo3oaMuHbI 00/1a8a10T CUNBHBIM KaHLIEPOTEHHBIM AEHCTBHU-
€M, UTO CJIELyeT UMETb B BUAY HE TOJbKO NP paboTe ¢ STUMHU CoenU-
HEHUsIMU, HO TaKXe Npu noTrpebrieHUM KOHCEpBUPOBAHHOM BETYHM-
HbI, OKOPOKA, TOBSAAMHbBI M IPYTUX MSICHBIX KOHCEPBOB, COAEPXAIIMUX
HUTPUT HATpHUS B KAYyeCTBE KOHCEPBAHTA. DTU NPOOYKTHI HPH IUIH-
TEJILHOM XpaHeHUH coaepxat N-HUTPO30aMHUHbI, MTOTy4aroUIUecs TpH
HUTPO3UPOBAHMHM AMHHOB, CONEpPXALIUXCSL B MsIce.
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[Mpyu B3auMoOIEHCTBUM TEPBUYHBIX ATH(PATHIECKNX aMUHOB C a30-
TUCTON KMCJIOTOM MepBOHAYAIbLHO TIOJ1YYaloTCA KpaiHe HeCTaGMIIbHBIE
atndarvyeckue COJIM IMa30HMUsl, KOTOpbIE CAMOIIPOM3BOIBHO pa3snara-
totcs naxe npy —100°C c oTuieruieHeM HeATpaibHON MOJIEKYJIBI a30Ta
1 o6pa3oBaHMEM OYEHb PEAKIIMOHHOCMOCOOHOrO («ropstyero») Kapbo-
katvoHa. KapGokaTtuoH 3aTeM cTabuwin3upyercsi oObIdHbIM 06pa3oM 1ubo
3a CYeT OTIUEIUIEHUs TIPOTOHA, TUDO 3a cyeT B3aMMOIEHCTBUs Cc Boldoi
WM IpYTHM HyKJIeoduIoM. «[ opsunii» kapboKaTHOH [oBepraercs ce-
pYY TEPErpYIIMMPOBOK, COMPOBOXIAIOIIMXCS MUIpaluUeid aJIKWIbHBIX
rpynn wiv ruapua-uoHa. I[IpogykraMu ne3aMMHMPOBaHUS MEPBUYHBIX
AMUHOB OOBIYHO SIBJISIETCS CJIOXKHASI CMECh CIIUPTOB U AJIKEHOB, KaK 3TO
KMeeT MECTO, HampuMep, Mpy Ne3aMUHUPOBAHUHN H-OyTHIIaMHUHa:

0°C
CH,(CH;);NH, + NaNO, + HCl——& CH,=CHCH,CH, +

20 (26%)
+ CH,—CH=CH—CH, +
(10%)
+ CH,(CH,),0H + CH3ICHCH2CH3 +
(25%) OH (13%)
+ CH,(CH,),Cl + CH3ICHCH2CH3
(5%) Cl (3%)

ITostomy ne3aMUHHpOBaHHE MEPBUYHBIX ATUDATHYECKUX AMUHOB He
KMMEET MpenapaTuBHOro 3HAYEHUA, HO UIpaeT BAXHYIO poJib B pU3U-
4eCKOH OpraHuyYecKoi XMMMHU KaK YHHKIbHbI MeTo] reHepupoBa-
HUS c1abo CONbBATHPOBAHHBIX «TOPAYUX» KApOOKaTHOHOB.

B ornnume ot anudaruyeckux aMMHOB, TIpH B3aUMOLEHCTBUH
NMEepPBUYHBIX APOMAaTUYECKUX aMHHOB C a30THCTOM KMCJIOTOM B MSATKHMX
YCIIOBMSAX M10JIy4aloTcsl BecbMa CTaOMIIbHbBIE CONMM apeHOMa3OHUsA, OT-
4ero ¥ cama peaxkius MnoJy4yuina Ha3BaHWe peakiMy 1Ua30TUPOBaHUsA:

0-5°C @ NS

AINH, + NaNO, + 2HX H—O> Ar—N=NX + NaX + 2H,0

2

DTa UCKIIOYUTEIbHO BaXHas peakiusi GyaeT moapoGHO paccMOTpeHa
B ri1. 20.

Unentuduxauns nepBUYHbIX, BTOPUYHBIX ¥ TPETHYHBIX aMUHOB
c noMouublo Tecta XuHcOepra ¢ 6eH30/Ccy1bGOXTOPHIOM IpPeCcTaB-
JiseTcss HaMHoro 6osiee NMPOCTbIM, HAMEXHBIM, OTHO3HAYHBIM U, 4TO
04eHb CYLIeCTBEHHO, 6e3onacHbIM criocoboM aHaiu3a Mo CpaBHe-
HMIO C METOIOM, OCHOBaHHBIM Ha B3auMOJE!CTBUM aMHHOB C a30-
TUCTOW KMUCIOTOM.
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19.6.6. TATOTEHUPOBAHUE AMUHOB

ATOMBI BOAOpOJd dMHWHOTPYIIIIBI TIEPBUYHBIX H BTOPUYHBIX aﬂl’[(ba'
THUYECKMX aMHMHOB JIETKO 3aMeIlalOTCsI Ha rajioreH roj AedcTBUEM I'M-
[TOraJIoOrcHMTa HATpUsA B BOOJHOM pacTBOpPE B OYEHb MATKHUX YCIIOBMAX:

0-5°C
RNH,; + 2Na0Cl] W RNCI,
2

R,NH + Naocl 22Co R,NCI
H,0

B npenapaTMBHOM OTHOLUEHMM Golee yIOGHBIM peareHTOM IS BBE-
[EHUS XJI0pa SIBNSAETCS Mpem-GyTIWITHIOXIOPHT:
R,NH + (CH,);COCI %» R,NCI + (CH;);COH

19.6.7. OKMCJIEHHUE AMMHOB

Bce amMuHBI CPaBHUTEIbHO JIETKO OKMCISIOTCSI U3-3a CBOEH OCHOB-
HoH TIipyuponbl. Jlerue Bcero oKMCJIAIOTCS 4O OKCHAOB TPETUYHBIE AMHUHbBI:

® O
R;N + H, O, —> R3N—>0 + H,0.

B xauecTBe OKMCIUTENEN B ITOM peaki(M¥ MOXHO UCITOIb30BaTh 30%-it
pacTBOp MEePeKUCH BOJOPOJA B BOJE MJIM OPTaHUYECKHME MEPKUCIOTh
B anpoToHHOH uHAUGGEepeHTHOM cpepe:

® O

(CHN + 0 — 2 m (CHN—>0 (95%)
C,H;),NCH,CH;N(C,Hs); + H,0 H,0
(C;Hs), 2CH,N(C,Hs), 202 s 50C

@ ®
— (CoHspNCH,CH N(CoHs ),

o) 2% Yo
CH,Cl,
H3), + CO3H ———
@N(c h H =
Cl
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S @—N(CH;)Z + CO,H
% o)
30%H
@-CIH N(CHy), o> @CH-N(Cng
C

Hj CHj @ (58%)

Jns N-oxkuceil TpeTHYHBIX AMUHOB HEBO3MOXHO 3anucarth ¢op-
MYJIy, HE COOEepXaulylo 3apsnoB. DTH COeNUHEHHSI OTHOCATCS K pas-
psiny OunosapHbIX HoHoB. HecuMMeTpuyHo3aMelleHHble N-OKHCH
TPETHYHBIX AMHHOB MOTYT ObITh pa3ie/ieHbl Ha SHaHTHOMEPHbBIE dop-
Mbl. Briepsble 310 yaanocs ocymecteuts 5. Meitaenreitmepy 8 1906 r.

@
® 0
st C6H5_'/N
CH;cH, CHs

N-okucH TpeTHYHbLIX AMMHOB MOXHO CHOBA M1€PEBECTH B AMMHBI
npu getictuu TpudennndocdrHa KaK BOCCTAHOBUTEJISA.

IIpyn oxucreHuH BTOPHYHBIX aMHUHOB Belen 3a obpasosaHueM N-
OKHCH MPOMCXOIUT MHUIPALIMSA NpoToHA ¢ obpa3zosaHueM N,N-guan-
KWITHIPOKCHIAMHUHA C YMepeHHbIM BbixogoM oT 40 no 80%:

HCOOCH
( NH + H,0, ——— ( N—OH (78%)

IMepBUYHBIE AMHUHbI OKUCJISIOTCS HAMHOTO CJIIOXHEE, NMOCKOJIbKY
B 3TOM Cliyyae obpa3yiolleecss Mpou3BOAHOE F’MAPOKCUIAMUHA MOXET
Jlasee OKUCIATHCS 10 HUTPO3OCOEAUHEHU T B COOTBETCTBUHU CO crely-
101lIe#l MOCTIEeNOBATEIBHOCTBIO [IpEBPALIEHUIL:

OH
RNH; ——= RNH-OH ———=RN{_ ——>R-N=0;
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[Ipy Hamuuyuu aToMa BOLOpOJA NIPH CL-YIJIEPOAHOM ATOME HHTPO30-
COeNUHEHHE M3OMEPUIYETCSA B OKCHUM:

H,SO
C6H5(|3H—NH2—-2———S—> C6H5(l:HNo — C6H5(|2=NO _
CH, CHs CH,

Ilpy nefictBuu Gollee CHIILHOrO OKMUCIHTENss — TpHdTOpHEpyKCyC-
HO KMCNOThI — MEepBUYHBIE aMMHBI oKucAsiioTcs Gosee riyboko go
HHUTPOCOEAMHEHHUH. DTOT METO MOJYYEHH HATPOCOEAMHEHH A MeeT
MpakTHyeckoe 3HAYEHUE NJIST MOJYYEHUS] HUTPOANKAHOB C TPETHY-
HbIM ANKUWILHBIM panukanoM. Ocobylo 1leHHOCTh OH Mpuobpen and
CHHTE3a apOMATHYECKUX HUTPOCOECIMHEHHUIt, COOEpXAlUX B 0- HUIH
n-TIOJIOXEHUH 3NMeKTPOHOAKIENTOPHBIE 3aMECTUTENM (cM. 1. 20):

CF,CO,H
50°C

NO, NO,
CF;CO;H
O;N NH, W O;N NO, (86%);
50°C
Cl Cl
CF;CO;H
Cl NH, —F— d NO, (92%);
2 CH,Cl, 2
50°C
Cl Cl
CH, CH,4 CH, CH,
| KMnO, | |
H}C_C_’CHZ—'—C—CH3 — = H3C_C—CH2_C_CH3

alleTOH—BOAA ‘
CH, NH, 0C CH, NO,
(69—82%)
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19.6.8. PACHIEILJIEHHE rHIPOKCHIOB
TETPAAJIKHIIAMMOHHSA (ITO TOPMAHY)
H OKCHJAO0B TPETHYHLIX AMHUHOB (I10 KOVYITY)

Iuapokcuapl TeTpaakujaMMOHHUsI 0Opa3yloTcs MMpHu B3auModei-
CTBHH TIOreHHIOB TETPAAIKHUIAMMOHHUS C FTMAPOKCHUIOM cepebpa B
BOJHOM cpele MM B OMHApHOH cMecu, COCTOSMILIEH U3 BOAbl U CME-
LK BAIOLUIETOCS C HEell OpraHUYeCcKoOro pacTBOPUTENSA:

®
MO NR,OH  + AgHal

® e
NRyHal + AgOH
HaunGonee BaxHoe CBOMCTBO FMMAPOKCHAOB TETPAATKUIAMMOHMS 3aK-
JIIOYAETCS B OTLUEIJIEHWH MPOTOHA M3 KATHOHA TETPaalKUJIaMMOHUSA
noj NefCTBMEM THAPOKCHA-UOHA ¢ 0Opa3oBaHHEM aJKeHAa M TpHaJ-
KMJIAMMHA. DTa TUIINYHAS peaklus OuMoekynapHoro E2-3jIMMUHU-
poBaHus 6sU1a oTKphITa A. ['odpmaHoM eure B 1851 r. npu HarpeBaHuu
KOHLIEHTPHPOBAHHOTO BOJHOIO PacTBOpa FHAPOKCHIA TETPAANKHIaM-
moHusa npu 100—150°C ¢ onHoBpeMeHHOM OTrOHKOI ajKeHa M Tpe-
THYHOTO aMUHa U3 peakuMoHHoit cmecu. HanpapieHue 2JIJMMHHKPO-
BaHUSL U1 3TOi peakluu nomuMHsiercs npaswiy [odmana (rn. 10,
Y. 2), COINacCHO KOTOPOMY MpOAYKTOM JIMMHHHUPOBAHUA SIBISAETCS
HauMeHee 3aMelLUeHHBIIt 1IpK NBOHOM CBSI3M AJIKEH:
@ 9
N(CH;);OH

100—120°C
O (Dt (on

CH,
(99%) (1%)
+ N(CH3); + H,0;

120°C
CH}(CHz)}CHCH3 W’ CH3(CH2)3CH=CH2 +
2

[©]
*N(CH,),0H 08%)
+ CH,CH,CH,CH=CHCH, + N(CH,); + H,0 .
Q%)

Kak BMOHO K3 MpUBEJEHHBIX BbIIE [MPUMEPOB, NHUMHHHPOBA-
Hue no FopmaHy oTnryaercss ropa3no GoJiee BBICOKOH permoceiex-
TUBHOCTDHIO, YEM IPOTHBOIIOJIO0XHOE MO HAIMPABIEHUIO SIMMUHHPO-
BaHUE rajoreHoBOJNOpPOA2 W3 AJNKMJITaloreHMOOB IO 3ajilleBy Mo
JeicTBUEM MMIPOKCHU- UK AJIKOKCHI-HOHA, WIHN NerapaTaius crmp-
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TOB, Tle COOTHOLUEHHUE HETEPMUHANBHOIO MU TEPMMHANBLHOIO ajKe-
HOB peako ObiBaeT Bbillie, yeM 4 : 1. DnuMuHKupoBaHue no Fopmany
ABNSAETCS JIyJIMM METOJIOM CHMHTE3a MpaHC-LUMKIOaIKEHOB, colep-
Xalux aecsatb U Gosee aToMoB yriepona B uukie (ri. 22).

YTto6b1 M30exKaTh 00pa30BAHUA CIOXHON CMECH aJIKEeHOB, HEODXO-
JHUMO MPOU3BOAUTH OTILEILIEHWE TPUMETWIAMMHA U3 KaTMOHA TpUMeE-
TUJIATTKWIaMMOHMSA, TaK Kak U3 J1000ro Apyroro HoHa aMMOHMUA T10JTy-
qaeTcsl CMECh 10 KpaifHeil Mepe ABYX pa3ljIMYHbIX AIKEHOB, HallpMMED:

120—140°C

(CH3CH2CH2)2N(CH2CH2CH2CH3)ZOH OH

- CH3CH=CH2 + CH3CH2CH=CH2 + H20 +
(63%) (37%)

+ GH;N(CHy), + (GH;),NC,Hy .

DauMuHKpoBaHue o 'opMaHy HHOIIA KCIIONB3YETCA B COBpEMEH-
HOM OpTaHHYeCcKOM CHHTe3e, HalpuMep Ui TOJy4YeHUS NHeHOB C
KOHIEBBIMH JBOMHBIMH CBSA3SIMH M3 LIMKIMYECKHMX aMUHOB:

DCHI _ 150C_
2) AgOH 0
N-H N(CH3)2OH

a3dlIMKJI00KTaH

1) CH,]
m 2) AOH, H,0, 120C m *

N(CHy), 1,6-rerranuen

+ N(CH3); + H,0 .

lodmaHOBCcKOE pacuielieHe THAPOKCUIOB TeTpaaJKUIaMMOHMS
JIeXano B OCHOBE 3JIETAaHTHOIO CHHTE3a LIMKJIOOKTATETpacHa, BIEp-
Bble nonaydyeHHoro P. BunbiuterrepoM B 1911 1. B pe3ynbTaTe ciegylo-
el nocneNoBaTENbLHOCTH TpeBpaLieHUH:

(0] O
Na H 4,50,; CH,COOH; ¢
CH3CH20H —H20
TNICEBNOMNENbLTLEPHH (84%)
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. CH;l (CH)N\@ [© AgOH; Hy0; ¢C
- 3

(96%)
@®
(CH3),N (CH;);N
(90%) (95%)
L Br, Br 2(CH,),NH
CHCl,4 —2HBr
1,6-1iprcoeamteHHe
(72%) Br
) @
(CH3),N I'(CH;);N
. CH,l S
@ <Y
N(CH;), N(CHa,),l
(68%) 97%)
AgOH; H,0; t°C

+ 2N(CHy); + 2H,0.

(10—20%)

HcxoaHbIM BELLIECTBOM B 3TOM CHHTE3€ CIYXMJI aJIKAUIOWUI TICEB-
nornenbrhepuH (N-METWIrpaHATOHMH), BbLAEISAEMbIH M3 KOpPbI rpa-
HaToBoro aepesa. CHHTETHYECKass cxeMa BunblureTrepa TpYMXAbl UC-
MoJb3yeT 3JIUMHHUpOBaHUE TpuMeTuHJIaMuHa no [odmaHy Ha
Pa3TIMYHBIX CTAOUAX CO3NaHUA COMPsKeHHOM cHcreMsr 1,3,5,7-uukK-
nookTareTpaeHa. HecMoTps Ha ToO YTO BBIXOJ Ha OTAEJIBHBIX CTAIMSIX
nocruraer 90%, cyMMapHBIit BBIXOJ, OTIpeessieMblii Kak Mpou3Beae-
HME BLIXOJOB Ha BCEX CTaIMsAX, He IMpeBbILAT 3%.

[Tono6HbIM X€ 06pa3oM ankKeHBb oOpa3yioTcs B pe3ysbTaTe 3JIH-
MUHUpoBaHUA N, N-IHanKUIrMaApoKCHIaMUHA 13 N-0OKCHUIOB TpeTHY-
HbIX aMHHOB (A. Koym, 1949r.):
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1 R3
100—150°C R\ /

R/C—% R$ ——— R,/C—C\ + (CH,),NOH.

N(CHs)
©

Otuwerenve R, NOH mpoucxoaut B pe3ynbTaTe BHYTPHMOJIEKY-
JIApHOTrO OTIUEINJIEHHUS MTPOTOHA OT BUIIMHAIBHOTO aTOMa yriepoaa
rpynnoit R,N*—0O kak ocHoBaHueM. [103TOMY TepMUYECKOE pac-
wiernaeHde N-OKCHIOB TPETHYHBIX aMHHOB fpeAcTaBasier coboit
CUH-ITUMUHHpOBaHHE. B 5TOM cOCTOUT ogHZ M3 OTIHYMTENBHBIX
ocobeHHocrel asuMuHupoBanusa no Koyny, B otniuyue ot £2-a1u-
MUHHPOBaHHS U3 THIPOKCHIOB TETpaalKUuIaMMoHus 1o [ogpmany.
Hpyroe u Gojiee BaXXHOE OTJIMYME 3aKnIo4yaeTcsl B 6oee HU3KOM pe-
THOCEJIEKTUBHOCTH SIHMHHHUPOBaHHMA U3 N-OKCHIOB aMHHOB, Tie,
KAaK [IpaBuiIo, 0Opa3yercsi CMeCh H3IOMEPHBIX AJIKEHOB, Pa3zIMYatoLIUXCs
MOJIOXKEHUEM IBOMHOK CBA3U:

CH3 CH3 CH3
0°
120—15 C + (CH;),NOH.
N(CHs)z

CH(CHy), CH(CHy),  CH(CHy),
(64%) (36%)
S<N(CHy),
-
Colsy " | ¥ oy GeHsnl
CH-CHCH; ———=  >C=CHCH, +
CHY H,C
H
N CeHs_

CH-CH=CH, + (CH;);NOH .
H,C

SJ'IHMHHHPOBaHHC o Koyny HMEET OrpaHUYCHHOC 3HAYCHUE s
[TOAYUCHUST MPpAHC-BUKIOAJIIKCHOB, COACPXAaLlHUX Gojiee neBATH 3BE-
HbEB B LIMKIIC.
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19.7. PEAKITUM BJIEKTPOPMIBHOI'O 3AMEINIEHUA
B APOMATHYECKMX AMHMHAX

ApoMaTuyecKkre aMHHBI COIEepXaT KONbIIO, AKTHBUPOBAHHOE [UIS
pa3HooOpa3sHbIX peaxkiuii 37eKTpoUIBHOIO apOMAaTHYECKOIO 3aMme-
weHus (cM. oI 13, 4. 2). DU peakuuu [isl apoMaTUYECKHUX aMUHOB
yaaercsi IPOBOJUTD B MSITKMX YCJIOBMSIX U 1101 AeCTBUEM CJIAObIX 3M1eK-
TpOPUABHBIX areHTOB.

19.7.1. TAJIOTEHHPOBAHME

l'anoreHupoBaHHe apoMaTHYECKHMX aMUHOB He TpebyeT npume-
HEHHUs B KayecTse KaTaju3atopoB kucnor JIblonca, TaKMX Kak rajo-
TEHHIbI Xene3a WK 0JIOBa, U JIETKO MAET [oj JNeHCTBHEM MOJIEKY-
JIAPHOTO rajoreHa. AHWJIKH pearupyer ¢ OpoMoM KakK B BOJ€, TaK U B
OpraHMYecKUX pacTBOPDUTEISIX Ype3BbIYaifHO JIETKO ¢ oOpa3oBaHuEM
2,4,6-TpubpoMaHWIHHA. DTY peakuMI0 HEBO3MOXHO OCTAHOBMTH Ha
CTaIMH MOHO- WIK JUOGpOMHpOBAHMUS BCJIEACTBME OYEHb BHICOKOH
aKTUBMPYIOLLIEH CIOCOGHOCTH aAMHUHOTPYIIIBI, ¥ 3aMELUEHHE B apo-
MaTHYECKUMX aMUHAX IIPOUCXONMT BO BCeX CBOOOAHBIX 0- U N-I10JI0XKe-
HUSIX, HallpuMep:

NH, Br NH,
Br, + H,0 Br (75%
e R
2 40°C v (15%)
COOH Br  COOH
COOH COOH
2
+ —_
NH, + Q, W Ci NH, (69—-78%)
cl

JIns BBeCHUSA OXHOTO aToOMa rajjoreHa HeobGXOAMMO YMEHBIIMUTE aK-
TUBHMpYIOLIEE BIUSHUE aMUHOIPYIIEL. DTO JOCTUFAETCS €€ allUIMpO-
BaHHEM C [TOMOLLbI0 YKCYCHOTO aHTHAPHIA WX APYToro alliinpylo-
LIEr0 areHTa:

(CH,COR0 NHCOCH By
@NH2 3 CH,COOH

50°C

316



H;0"
— Br~©»NHCOCH3 ———» pr NH,
BOXA-CITHPT

XapakTepHoH 0COGEHHOCTBIO SIBISIETCS CTPOrOe Napa-opHEeHTUPYIO-
uiee BIMSAHUE Al[MTaMUHOIPYITIHL.

19.7.2. HUTPOBAHUE

AHMWIHWH ¥ IPYTHE apOMAaTUYECKHE AMUHBI JIEFKO OKUCHSIIOTCS 110
JeiicTBHEM CMecH a30THOW M cepHOH KMCJOTHI, a TaKXe pacTsopa
a30THOM KHUCJIOTHI B YKCYCHOH KUCIOTE MJIM YKCYCHOM aHTHIpUIeE.
Io3TOMY HHTPOBAHMIO MOJABEPralOT ALIWIBHBIE MIPOM3BOAHBIE AMM-
HoB. I1pu 3TOM HaGMIOHAIOTCA HHTEPECHBIE PA3TMYUS B OPHEHTALIMH
IJ1S1 HUTPYIOUIMX areHTOB Pa3IMYHOM MPUPOLBL:

HNO,
NHCOCH; ——=—* O,N NHCOCH, +
H,S0,

(90%)
+ NHCOCH,; ;
NO, e
CocH, —%%_o N HCOCH
NHCOCH; - e= O, N -
(77%)
+ NHCOCH, :
No, (23%)
HNO,
[—— R -
NHCOCH; a0 5— ON NHCOCH, +
20°C (30%)
+ NHCOCH, -
NO,  (70%)
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DTOT MpUMEDP OTHYETIMBO BLISIBISET CTPEMIEHUE K HUTPOBaHUIO B
0pmo-TIOJIOXEHHKE B CUCTEME A30MHAR KUCA0MA — YKCYCHbIl AH2UOPUO.
ALIWIBHYIO IPYINIY, KaK OGBIYHO, YIANAIOT KUCIOTHBIM TMIPOIU30M.
Meron monyyeHus o-HUTpOAHHMIIMHA 3aKioyaeTcss B 6J10KMpOBaHUHU
napa-nojyioXeHus: ¢ MOMOIUbIO CyTb(OrpyNs ¢ MOCAEAYIOINUM HUT-
poBaHHEM B opmo-TnionoxeHue. [MIPOIN30M 2-HUTPOAHMIHH-4-CYIb-
doxucsorsl B 60%-i BoaHOM cepHOM KHUCIOTE MONYYAKT O-HUTPO-
aHUJIUH:

HO5S

H,S0, HNO

—_— —
@—NHCOCH3 150,
NHCOCH,
H,0
—= HO,S NHCOCH, — o= NH,
NO, NO,
(56%)

Tperuutble aMUHBI, B OTJIMYHE OT aHWJIMHA, MOXHO HUTPOBATH 1MOJ
NeUcTBUEM a30THOM KMCIOTHI B YKCYCHO# KMCHOTE:

@—N(CH3)2 e
CH,C00H
. <C:>2—N(CH3)2 +02N—@—N(CH3)2
NO

2 1 : 2

19.7.3. CYJIb®HUPOBAHHE

HauGosnee pacnpocTrpaHEHHBIM MeETONOM cyibhHpoBaHKA apoma-
THYECKMX aMMHOB SIRISAETCS TaK Ha3bIBaeMblit «MeTo] 3aneKaHus». [lep-
BOHAYAJIbHO M3 aMMHA ¥ CEPHOM KMCJIOTHI TOJyYaroT KMCIYIO CEpHO-
KUCIYIO CcOJIb aMMHA, KOTOPYIO Jajee B CYXOM BMIE HArpesBaloT 10
180—200°C. TakuM cnoco6oM B MpOMBIUUTEHHOCTH H3 aHWIMHA NOJY-
qaioT cynbghaHWIOBYIO KHUCIOTY, CyLUECTBYIOUIyI0 B hopMe OeranHa:
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so?

CynsdupoBahue B n-nonoxeHue GeH30JbHOr0 KoAbLia aHWIMHA SIB-
JiseTcs, Mo-BUAMMOMY, KOHEYHbIM pe3yabTaTOM pAaa oOpaTuMBIX
rpoueccoB CylbbupoBaHus — AecyiibbypoBaHus, TOCKOJBKY napa-
H“30Mep aMUHODEH30/ICYIbPOKHCIOTH TEPMOAMHAMUYECKH Haubosee
ctabuneH. [NonobHas 3axkoHoMepHOCTh Habniomaercst U NMpU cyibghu-
POBaHMUH JPYrHX apOMaTHYECKHX aMUHOB. DTHM XK€ METOAOM IToayya-
10T pSAA MPOMBIIUIEHHO BaXHBIX aMUHoOCYJIboKUCHOT HadTaIuHAa.
CynpdoxnopHpoBaHue alleTaHWIMIA XJopcynbHOHOBOM KHCIIO-
TOR NPHBOLUT K TOJYYEHHUIO XJIOpaHTHAPHIA A-aleTaMuHOGEeH30M-
cy/bOKHCIOTEI, 3 KOTOPOTO 3aTEM IOJY4YaloT CYyibdhaHWIaMUIHbIE
fnpenapathbl, OITMCAHHBIE B MpEIbIAYIIEM pa3/iejie 3TOM TJIaBbl.

19.7.4. POPMHIHPOBAHHE

TpeTuyHble apoMaTHYECKHE aMHHB MOXHO GOpMUIKpOBaTh pe-
T'MOCENIEKTUBHO B NApa-NOJIOXEHHE CMEChlo NHMeTWIdopMaMuaa U
xnopokucH dpocdopa (wiu SOCI,). Dta peakuus, orkpoitas B 1927 r.
A. BuibcmeiiepoM, Hanuta ocoGeHHO LLIKXPOKOe MTpUMeHeHUe Ut dop-
MUIIMPOBAaHUSA THATKWIAHHIMHOB:

CH3),N Dliss ¥
5% @ + HCN(CHy), 310
o

— (CH3)N @—CHO.

(80—85%)

Peakuus BruibncMmeitepa mo cyuiecTBy npeictabisieT coboil yacTHbI
cnyyait aumnuposaHus nmo ®puaemo—Kpadrcy, rae poib KHCIOTHI
JIbloMca BHITONHSAET X10poKKCh ocdopa. B nocnenHee BpeMs B Kaue-~
CTBE€ KaTajlu3aTopa [peArloYUTAOT UCIIONb30BATh OKCATHWIXJIOPHUI WK
SOCl,.

TiuareapHOe M3yYeHHME MeXaHU3Ma DTOil peakUHH [O3BOJUIIO
YCTaHOBUTb UCTHHHYIO MpuUpoay snekrpodHIbHOro areHra. B peakuuu
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BunscMeiiepa uM sipisieTca XIIOpUMHUHUEBAs COMb, 0Opa3syiouascs npu
B3aMMoeHcTBMHK AuMeTundgopmamuaa 1 xinopokucu cdocdopa wiu
npyro#t xuciaorhl JIpouca:

% ci
Co 0 0—PC
{NCH), ¢’ “al WN(CH;),
go {L/Cl — ®
—P_, == H—C=N(CH
1’ {N(CH3), Cl ChPO;

XJopuMHHHEBAsA COJIb PearupyeT TONBKO C apOMaTHYECKHMH
cybcTpaTtaMu, cofepXalIMMH CHIbHbIE 3JIEeKTPOHOJOHOpPHBIE IPYIT-
nel: NR,, NHR, OR, OH. IIpoaykr 3aMelieHNd — o-XJIOpaMHH —
TUAPOJIM3YIOT KO aNblerHaa NeiicTBHEM BOJHOINO pacTBOpa aleTara
HaTpHUS:

NR, NR,
) ~H®

+ CICH=N(CH,), =—= @ =

H  “CH-N(CHy),
a
NR, NR,
H,0; CH,COONa
- H,0; 60°C
CI—CH CHO

N(CH,),

BeH3os, anxwibeH30ibl H HadTalMH HE BCTYNAIOT B 3TY peakIHIo.
OnHako aHTpalleH U a3yleH Jierko GOpMIIHPYIOTCA Mo JeiiCTBHEM
cmecu IM®PA u xnopokucu docdopa. Peakuus Buascmeitepa oco-
6eHHO BaxHa MU GOPMHINPOBAHUS TETEPOLUMKIUYECKHUX COeAUHE-
HHY psila nmyppoJia, MHAONA ¥ THodeHa.
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19.7.5. HUTPO3NPOBAHHNE

TpeTuuHble apoMaTHYeCcKME aMMHbl (AUANKWIAHUJIMHBI) TIpH
B3aUMOJEHCTBUU C a30THCTOM KHUCIOTOM 0Opa3yroT HUCKIIOYMTEILHO
n-HUTPO3OMPOU3BOJHOE 6€3 MpUMecH o-U3oMepa:

NaNO, + HCI

NR,
0-5'C; H,0

O=N NR, (80-90%)

napa-HuTpo3oquMeTHIaHMIMH TIPEICTaBIAeT co00il KpUCTAJLIMYeC-
KO€ BelllecTBO 3€JIEHOTO 1[BETA, KOTOpOoe NpU AEHCTBUH COJISTHONH KUC-
JIOTBL JaeT XEJNThIH TMAPOXJAOPHA, 4 IPH ACUCTBUU TOpsSiYEH LIEI0YHN
Jierko obpasyeT n- HUTpo3ogeHo ¢ KOJIMYeCTBEHHBIM BhixonoM. Okuc-
JIEHUE N-HUTPO3OAMMETHJIAHUIIMHA NIEPMAHraHaTOM KIHS WIH Ipy-
TMMH OKHMCJIATENAMM MPUBOIMUT K IOJIYYEHHIO -HUTPOAUMETHIAHU -
JIMHA, a BOCCTAHOBJICHUE NEHACTBUEM 0JIOBA U COJISHON KMCJIOTHI JaeT
HecHMMMeTpHYHbI N,N-numeTwi-n-dpeHneHInaMUH.

BropuyHble aMHMHbBI apOMATUYECKOTO Psiia TP HUTPO3UPOBAHUHU
06pa3yror N-HUTpPO3OIIPOU3BOAHBIE, TAK XK€ KaK 3TO UMEET MECTO U
B psoy anudaTu4ecKUuX aMHUHOB:

NaNO, + HCl
NHR ———2 o 8793
 osc @ ~g G

N-Hutpo3sonpoussogHbie Mpyu aeilctsuu crimprosoro pacrsopa HCI
HAlleJIO IIeperpyrnUpoBbIBAIOTCS B A-HUTPO3OIIPOU3BOJHLIE!

20

HCl
O B O
N C,H;OH

R

DTa neperpynnMpoBKa 3aKiIIOMaeTcsl B IepBOHAYANLHOM OTUIETUIe-
HHUM HUTPO3OrpYIHIbl ¢ NocienyrolmM C-HUTPO3UPOBAHHEM B n-
roJioxeHue GeH30JIbHOTO KOJIbLiA, T.€. OTHOCHUTCS K YHCAY MEXMO-
JIEKYJISIpHBIX MeperpynnupoBokK. HUTpo3UpoBaHHE MepBUYHbBIX
apoMaTHYECKHMX AMUHOB ¢ 00pa3oBaHHEM apOMaTHYeCKHX AHUA30CO-
eqUuHeHU OyneT paccMoTpeHo B Ii. 20.
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19.8. 3AINUTHBIE I'PYIIITbI IJI1 AMUHOB

Bo MHOTHX CHHTE3ax aMUHOTPYIIA JOIXHA ObITh 3alHILEHA IS
TOTO, YTOOBI UCKJIIOYUTDL peaklUUU Mo aMUHOIrpynmne. Takas CUTyauus
of6s3aTebHA B MENTHAHOM CHHTE3€ NMPH TMOCTPOCHUH TENTUIOB U3
HECKOJLKMX aMUHOKUCIIOT. 3a1{UTHAS rPYIIa JOJKHA YIOBJIETBOPATh
TpEM OCHOBHLIM TpeGOBaHUSIM:

1) BBOOUTLCA B OYEHBb MATKHX YCJIOBHSAX;

2) He JNOJXKHA 3aTparuBaThcfl IPH peaM3alii TpeGyeMoro mnpe-
BpalllCHUS,

3) moJXKHa NEerko yaajaAThcs MpU HEWCTBUU pEAareHTOB, HE 3aT-
PparMBaloluX ApYrue QyHKUMOHAILHbIC IPYIIIbI.

OTHM YCJIIOBHSIM HE YHOBJICTBOPSAIOT OOLIYHEIC ALMJILHBIE [PYyII-
neli: CH;CO; HCO; CcHsCO; u 1.0 Cpei orpoOMHOro Yucia 3alyT-
HEIX rpyIIl AAsSi aMMHOIPYIIIE HAUOOMbLIEE paclipocTpaHeHHE MONy-
yunu OeH3UNOKCcHKAapOOHUNLHasf rpynna (crapoe Ha3BaHHE
kapbobeH3okcurpynna, Cbz) u mpem-6yTOKCMKapOOHHIBHAS IPYII-
na (BOC). bensunokcukapGoHMI BBOAMUTCA NpH o6paboTke aMuHa
UK 3pupa aMMHOKHUCIOTHI 6 H3UITOBLIM 3(HUpPOM XJIOPYTONMBHOMK KHC-
JIOTHI B BOJE MM BOAHOM OpraHH4eckoM pacreoputee rnipu 0—10°C s
IIPUCYTCTBHM TPETHYHOrO aMHHa:

poga—IT'd -
0-10°C; N(CHy)s

RNH, + C1—C—0CH,CiH;

® ©
—> RNH-C-OCH;CeHs + HN(C;Hg)Cl
o)

Orta 3aIUTHAs rpyIia JIETKo yIasieTcsl ¢ IIOMOLUBIO KaTaIUTHYECKO-
ro ruaporeHonnsa Ha Pd/C npH KoMHaTHOM TeMIiepaType, JIHOO IIpH
neiictBuu pactBopa HBr B ykcycHo# KucioTe:

RNH-%-OCH2C6H5 + H, RNH, + CO, + C(H;CH; .

0

—_—
20°C

HcxonHblit 6eH3MNOBLIH 3¢HUp XJIOPYrobHONH KMCIOTBI MOSyvaeTcs
NpU B3aUMOAEHCTBHUM (ocreHa ¢ GEH3UNOBLIM CITUPTOM:

0]
° i
CsH;CH,0OH + COCl, —%:O-HP C¢H;CH,0—C—Cl + HCI .

(95%)
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mpem-byTtokcukapboHunbHyio rpynmny (BOC) BBOAAT B MOMOILLIO
Ju-mpem-0yTUNAMKApOOHATa MIHM mpem-OyTHI-hn-HUTpOodEHUIKAp-
GoHara:

i N(CHs)s i
RNH, + (CH3);C-0-C-O-C-OC(CH3); —— (CH;);C-O-C-NHR

mpem-ByToKcMKapbOHWILHAs rpyTia JIerko ynansiercs Ipu obpaboTke
pactsopoM HCI win HBr B guoKcaHe WIH YKCycHOM KMCJIOTE IIpH
0—20°C, a Takxe TpupTOpYKCYCHOI KHcioToi. MHorna mist 3alMThl
aMMHOTPYINIBl UCITOIB3YIOT QTAIOHIbHYIO 3alLIUTHYIO TPYIIY, KOTO-
pas JIerkKo yAaisieTcsl NMpH JACHCTBHHM MMIpPasHHIUApaTa B OYEHDb MST-
KHX YCJIOBHSIX:

//O 0]

Vi

C C

\ N(C;H;),; Tonyon \
O mm e T

C C

N\
Yo \0

o)
4 C

C\NR+NH NH, —22€C o \blm +RNH
— 2.
o 2772 CH,0H _NH

C

Y, N
o o

Orpax-mquHoe 3HaYC€HHUEC KaK 3allUTHAsA rpyrmna HMEET Tpn(b'ropaue-
THJIbHAA IpyIIna, OOLIYHO BBOAMMAsT B aMMHOKHMCJIOTHI U AMHHBI C

[IOMOLLBIO THO2¢hUpa TPHPTOPYKCYCHOH KUCIOTHI:

0
I T I
RNH, + CF;C-SC;H; —-—= RNH-C-CF; + CH,CH;SH .

Cusitue TpUGTOPALIETIIILHOMN 3alUKUTH JOCTUraeTcsl JEUCTBHEM Lie-
JIOUM WM Jaxe KapbGoHaTa HaTpUs B CMECH BOABI U OpraHAYECKOro
PacTBOPHUTEA.
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AMHuHEB

— Comoms | Tomepay | Tomepaoy | Tisemocn,
IIepBuannie aMHHL
MeTtunaMuH CH3NH, —93 —6,5 0,769 npu
~70°C
OTHNaMUH C,Hs;NH2 -81 16,5 0,706 npu
0°C
x-TIponHnaMuH C;3;H;NH, —83 49 0,72
H3onponunamuH (CH3),CHNH, =101 34 0,694
H-ByTiaMuH CH3(CH;)3NH, =50 77 0,74
2-AMuHOBYTaH H;C—CH(NHy)—~ -104 63 0,724
(8mop-6yrnnaMuH) CH,CHj;4
mpem-ByTinnaMux (CH;);CNH, —68 45 0,696
H306yTnamMuH (CH;);CHCH;NH, =85 68 0,736
(1-amuHO-2-
METHITIpONaH)
| -AMHHOIIEHTaH CH;(CH;)sNH, —55 104 0,761
1-AMuHOreKcaH CH3(CH;)sNH, -19 133 0,763
1-AMuHOrenTaH CH3(CH3)¢NH, =23 158 0,777
1-AMuHOOKTaH CH3(CH,)7NH, 179 0,77
IuxnorexcunamMuH yuxno-CgH |NH, 134
Bensunamux Cg¢HsCH,;NH, 185
Bropuunme aMEHK
JuMeTHAaMHH (CH3);NH -96 7,5 0,680
JuaTinaMuH (CyHs);NH —50 55,5 0,710
JMnponunaMuH (C3H7);NH —40 111 0,738
JuusonponunaMmH (i-C3H4);NH -61 84 0,722
Juu3obyTunamMuH (i-C4Hg),NH -70 140 0,745
JTu6yTinamMuH (C4Hg),NH -59 159 0,767
JIHUMKITOreKCHITAMHH (CsHyj),NH 254256
Tpernunie aMEHLI
TpHUMETHIAMHH (CH3)3N —124 3,5 O,66§°I(1:pu
TpuaTUNAMUH (CyHs)3N -115 89,5 0,723
TpunponunaMuH (CsH,)3N -93 156 0,757
TpubyTunamMuH (C4Hg)3N 214 0,778
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20.1. APOMATUYECKHUE U ATAPATHYECKHE
HUTPOCOEAUHEHHA

@ 00
HurtpocoeguHeHns coaepxat GYHKUHUOHAILHYIO DYy N\\

HuTtporpynmna oTHOCHTCS K YHCJIY CWIbHEHUIMX 3/E€KTPOHOAaKLEII-
TOPHBIX 3aMECTHTEJIEH. DTO MOXHO IIPOWIIOCTPHPOBATh BEJIMYMHA-
MU pK, psina HuTpoankaHos. Jnst HutpoMeTtaHa pK, = 10,2, T.e. 3a-
MeleHUe aToMa BOAOPOJa B METaHe Ha HUTPOIPYIIy ITPUBOAMT K
yeennyeHno C—H-kucinorHoctd nipuMepHo Ha 40 enuHuu. Jdpyrue
HUTPOATKAaHKI XapaKTepHU3YIOTcs elle 60oJiee BRICOKOI KHC/IOTHOCTBIO!
U1 HuTpoataHa pK, = 8,5, nns 2-nurtponponaHa pK,=7,7, T.e.
10 KHUCJOTHOCTH 2-HUTPOIpOIaH CPaBHUM C yroJIbHON KHCJIOTO.
KucnorHele cBOHCTBA HUTPOaNKaHOB OOGYCJIOBJIEHEI, BO-IIEPBHIX,
[MOJIOXUTENBHLIM 3apsLIOM Ha aTOMe a30Ta M, BO-BTOpPBIX, 06pa3o-
BaHWeM cTabGuwibHOro aMOHIEHTHOro aHMOHa HUTpOAJKaHa c Je-
JIOKATH30BAHHBLIM OTPHIIATE/IbHLIM 3apsAlOM MEXOy aTOMaMH KHC-
9’1@ o
JIopojia M yrjiepoja: R6H <0®. HuTporpynmna B apoMaTH4YeCKOM

GP

KOJIbLIE aKTMBHMpYET peakKlUK HyKIeOo(QHILHOro apOMaTHYeCKOro 3a-
MEIUEHHS M Je3aKTHBHPYET peaklMH 3j1eKTPOQUILHOIO 3aMelleHHs
(rn. 13, 15, 4.2).

20.1.1. APOMATHYECKHE HUTPOCOENUMHEHUA

TTonyyeHune apoMaTHYeCKHX HUTPOCOEOMHEHHA HUTpOBaHHEM
apoMaTHYeCcKHX coeIuHeHUH OpUto nmoapo6bHO paccMoTpeHo B . 13.
Jpyroit ob1mit MeTo ITOJ1y4eHUST HUTPOApeHOB 3aKJII0YaeTcsl B OKHC-
JIEHHH TTEpPBUYHBLIX apOMATHYECKHX aMMHOB C ITIOMOILBIO TpUdTOpIIE-
PYKCYCHOM KHCJOTHI B X1OpUCTOM MeTHIeHe. TpudroprepykcycHyio
KHUCJIOTY ITOJIy4alOT HENOCpeNCTBEHHO B pPEaKIMOHHON cMecH IpH
B3aUMOJEMCTBUH aHruapuga TpudTopykcycHoi KucioThl U 90%-i
NepeKUcH Boopoaa. MeTon MMeeT OrpaHUYEeHHYIO 00J1acTh pUMEHe-
HMSl, TaK KaKx apOMaTH4YEeCKHUE aMUHBI B CBOIO OYepenb OOLIMHO NOoJy-
YajoT BoCcCTaHOBIEHHEM HUTpocoenuHeHUH. OKHUcIieHHe aMHUHOrpyII-
bl JO HUTPOIPYIIIILI C MTOMOUIbIO TPUGTOPNEPYKCYCHOH KHCIOTHI
UMeeT 3HayeHue LI CHHTe3a HUTPOCOENUHEHHI, CONEepXAlLMX B 0pmo-
U napa-ToJOXeHUSIX Ipyrue 3JeKTPOHOAKUEIITOPHbLIE MPYIITHPOBKH,
HAIlpUMep, JUIS MOJIYMeHHs opmo- U napa-auHuTpobeHsona, 1,2,4-
TPpUHHUTpOGeH301a, 2,6-ANXI0pHUTPODEeH30a U Ap.:
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(CF,C0),0; H,0,

CH,CI,; 40°C

(CF,C0),0; H,0,
O,N NH — ON NO, (88%);
2 @ 2 "CH,CI,; 40°C 2 ‘@‘ 2 (88%)

NO, NO,
Br Br
(CF,C0),0; H,0,
Br NH, CH,CL,; 40°C = Br NO; (100%).
Br Br

20.1.1.a. CBOMCTBA APOMATUYECKHUX HUTPOCOENUHEHHU M

Hutporpyrnna omin4aeTcs BLICOKOM cTaGHJIBHOCTBIO IO OTHOLUE-
HHIO K 3/1eKTPOHIBHBIM peareHTaM U pa3HoO6pa3HbIM OKUCIUTESAM.
BonpumMHcTBO HYKIeOohWIbHBIX areHTOB 33 UCKIIOYEHHEM JIUTHH- U
MarHMMOpPraHNYeCcKUx cOoeNMHEeHWH, a TaKxe JUTHHAMIOMUHUNATHL -
pYAA U Ap. He ACHCTBYIOT Ha HUTporpynny. HUTporpymnma oTHOCHTCS K
YUCJIY IIPEBOCXOAHBIX HYKJIeO(dYrHBIX CPYII B MpOLIECCaX aKTUBUPO-
BaHHOI'O apOMAaTHYECKOro HyKieoduibsHoro 3aMmeleHHA (SyAr). Tak,
HanpuMep, HUTporpyina B 1,2,4-TpuHUTpOOEH30JIE JIerKo 3aMelua-
ercs Iol NeHCTBUEM TMIPOKCHI-, AIKOKCHI-NOHA WIH aMUHOB:

NO, NO,
ozN—@—Noz + CgHsNH, R; ozN—@—NHC6H5.
(87%)

Haubosee BaxxHOM peaklHeil apOMaTHYECKMX HUTPOCOEAWH EHUMH
SIBJISIETCSl BOCCTAHOBJIEHHE JO NMEPBUYHBIX AMWHOB. B MpOMBILILTE HHBIX
YCJIOBHSIX IDUMEHSIETCA KaTaIMTUUYeCKoe THApUpoBaHue. B kauecrse
KaTanusaTopa UCIONbL3YIOT Medb Ha HocuTene — cuiMkarene. Kara-
JIU3aTOp FOTOBAT HaHECEeHHEeM KapOoHaTa MeaM U3 CyCleH3MHU B pa-
CTBOpE CHJIMKAaTa HAaTpPUs U ITOCAEIyIOIMM BOCCTAHOBJIIEHHEM BOJO-
POJIOM IIPM HAarpeBaHMH. BrIxol aHWIMHA HAJ 3THM KaTajlM3aTOPOM
cocrtamnsaer 98%:

Cu/Si0,

C¢HsNO,y + 3H, ——1—2
sHisT 2 350-370°C

C¢HsNH, + 2H,0.

(98%)
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WHorza B MpOMBILIUIEHHOM THAPUPOBAHUM HATPOOEH301a O aHUITH-
Ha B KAYECTBE KATaJM3aToOpa UCMONb3YIOT HHKE/b B KOMOMHAIIMK C
OKCHMIAMHM BaHAIMA U alIOMUHUA. Takoil KaTainsaTop 3¢ dekTHBeH B
unTteppane 250—300°C u jerko pereHepUpyeTcs NMpH OKUCIEHHUH BO3-
JyxoM. Beixon aHHJIMHA U APYTMX aMHHOB cocrapnsieT 97—98%. Boc-
CTaHOBJIEHHE HHUTPOCOCANMHEHHUH 1O AaMUHOB MOXET COITPOBOXIATLCA
¥ ruapHpoBaHueM OeH3oJibHOro Kobla. [1o 3Toit npuunHe IS MoJy-
YeHUS apoMaTHYyeCKHX aMMHOB H30eraioT MCITOJIL30BaTh B KayecTBE
KaTalW3aToOpOB IUIATHHY, NaUIafui MJIA HUKelbL Penes.

JpyriM MeToJOM BOCCTAHOBJIEHHMS HHUTPOCOCHUHEHHH sBIseTCA
BOCCTaHOBJIEHHE METAJUIOM B KMCJION MM 1e/I09HO# cpene. Boccra-
HOBJEHME HUTPOCOENUHEHHMI N0 aMMHOB ObLLIO OTKpHITO B 1842T.
H.H. 3nHHHBIM, KOTOPBI BIIEpBLIE BOCCTAHOBHI HHUTpODeH30J N0
aHWJIWHA nelcTBHEM cynbdHIa aMMOHMA.

BoccTaHoBIe HHE HUTPOrPYIIbI O aMUHOIPYIINbI [IPOUCXOIUT B
HECKOJIbKO CTaIMi, Ioc/IefoBaTe/IbHOCTh KOTOPLIX CHJILHO pasjiMya-
eTcsl B KMCJION M uesouHoi cpene. PaccMOTpUM MoOc/enoBaTeIbHO
rpoliecchl, IPOTEKAIOLIHNE MPH BOCCTAHOBICHWH HUTPOCOEINMHEHHIH
B TOil U npyroi cpene. IIpu BoccTaHOBAEHHUH B KUCIIOi cpee B Kade-
CTBE BOCCTAHOBHUTENEH MPUMEHSIOT XeJjie30 (0JIOBO, LIMHK) M COJs-
HYI0 KHCI0TY. D¢ deKTHBHBEIM BOCCTAHOBUTEIEM HATPOTPYIINLI ABJIS-
etcst xaopun onosa (II) B consaHoM KHcnoTe. DTOT peareHT 0cOGEHHO
3¢ PEeKTHBEH B TeX CJIyYasiX, KOrga B apOMaTHYeCKOM HUTPOCOEJHHE -
HUM ecTb npyrue ¢dpyHkuuonansHuie rpynnsli: CHO; COR; COOR u
Ip., YYBCTBUTEJLHBIE K AEHCTBUIO IPYTUX BOCCTAHOBHUTEJIEH.

BoccTaHOoBNEHHE HUTPOCOEAWHEHHMH NO IEPBUYHHEIX AMHHOB B
KHCJIONH cpefie MAET CTYNEHYaTO U BKJIIOYAET TPHU CTANHH C [lepeHo-
COM JABYX 3JIEKTPOHOB:

NO; NHOH
+2e; +2HY, +2e +2H+ +2e +2H+
-H20
HHUTPO306GeH30]1 beHUArHapOKCUIIAaMHH
NH,

O no

B kucioii cpene KaXablii U3 IPOMEXYTOYHBIX ITPOJYKTOB — HUTPO30-
6eH30/1 1 QEHUNTHIPOKCIIIAMUH — OBICTPO BOCCTaHABIMBAIOTCS JO
KOHEYHOTrO TNpOAYKTa aHWIMHA, U UX He yJaeTcs BLIOEJIUTL MHIUBHU-
JyaibHo. ONHAKO B alIPOTOHHLIX PACTBOPUTENSAX B HEUTPaAJILHON cpe-
le MOXHO 3a(pUKCHUPOBATL MPOMEXYTOYHBIE IPOAYKThI BOCCTAHORBJIE-
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Hus. [IpH BoccTaHOBIEHHMHM HUTPOGEH30/a HATPHEM MM KalHeM B
TIr® win IMD cHavana obpasyeTcs aHHOH-paquKal HUTpobeH30Ma
3a CYET IlepeHOoca OJHOIO 3JICKTPOHA OT LUEJI0OYHOro MeTasLia:

ANO, + K P | AN K+
N5 .

KaTtHoH 1iesnoyHOro MeTaina cBsi3aH B KOHTAaKTHYIO MOHHYIO I1apy ¢
aTOMOM KHCTOpOAa HUTPOrpYMIIbl aHHOH-panukana. [1pu nansHeuiemM
OJHO3/EKTPOHHOM BOCCTAaHOBJICHUH aHUOH-pPaIUKaJl NIpeBpalllaeTcs B
JUAHHAOH, KOTOPLIA MOC/Ie IPOTOHMUPOBAHUS JaeT HUTpo30o6eH30.:

. OKt OK* + 2H*
AN +K e ANZ oo
(0} oK+ 2

LOH | —Ho
—| AN ———» Ar—N=0
OH

Hurtpo3obeH3on, Kak U Apyrue apoMaTH4YeCKUEe HUTPO3OCOEANHEHHMS,
00J1a1aeT BLICOKUM OKMC/IHMTENBHBIM MOTEHIHAJIOM K 0YEHBb OBICTpO
BoccTaHapnuBaercs no N-deHuIruapoxcuwiaMuHa. [loatoMy ero He
ynaetcsl BHIAEJIUTL B KAYECTBE ITPOMEXKYTOYHOIO IPOAYKTa BOCCTAHOB-
JIEHMSI, XOTA JAHHbBIE IEKTPOXHMHYECKOrO BOCCTAHOBJIEHHST OQHO3HAY -
HO YKa3hIBaIOT Ha ero oOpa3zopaHMe. JlanbHeillliee BOCCTaHOBJIEHUE
HUTpPO30COoeMUHEHHUSI 10 N-apWIrHApOKCHIAMHHA BKJIOYaeT JBe aHa-
JIOTUYHBIE CTAIUHN OJXHOJIEKTPOHHOINO BOCCTAHOBJIEHHS JO aHUOH-pa-
JHKajia ¥ jajiee — N0 AAAHUOHA HUTPO30COEAUHEHUS, KOTOPLIN IpH
[IPOTOHMPOBAaHMUM TIpeBpalliaeTcd B N-apHIrHAPOKCHIAMHUH:

+%¢ . w0 te Q ..o +28*
Ar-N=0—# Ar-N—Q: — Ar—N—0: —— Ar—NH-OH

Bce cTtaguu BOccTaHOBIEHHSA ApOMaTH4YE€CKHUX HHTpOCOCIIPIHCHPIﬁ oo
ApMITHAPOKCHNIAMHHA INIPUHUMUITHAALHO HHYEM HE OTJIHYAlOTCA OT
BOCCTAHOBJICHHA Kap6OHHJIbeIX COeAUHECHHUH C [TOMOLILIO METAJLJIOB.
IMocnenHsisi cranusi — BOCCTAHOBJIEHHE ApHJITHAPOKCHUIIAMHAHA 1O
NEPBUYHOro aMMUHa — COpOBOXAaeTCA reTEpoOJINTUHYECKUM pacLICII-
JIEHUEM CBSI3H a30T-KHCJIOPOJ IMOoC/IE MPOTOHHPOBAHUS cy6c1‘paTa:
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H
| _
Ar—N—OH + 2¢ + 2H® 5 ANH, + H,0.

DTa cTagusl HEe UMEeT aHANOTMU B psly KapOOHHUJIBHBIX COEIUHEHUA.

B HeliTpasibHOM BOAHOM pacTBOpPE MOXHO NOJYYUTh deHUArna-
POKCHJIAMHH B Ka4yecTBE MpPOAYKTAa BOCCTAHOBJIEHUS HHUTPOOGeH3oJ1A.
OH nosyvaetcs pH BOCCTAHOBIEHHUH HUTPOOGEH30J1a UMHKOM B BOJ-
HOM pacTBOpE XJIOpHIA aMMOHHMSL:

NH,Cl
CeHsNO, + Zn + HZOW C¢Hs—NH~OH + Zn(OH),
pH=75-85  (62768%)

ApWITUAPOKCHIAMUHBI JTIETKO BOCCTAHABIMBAIOTCA B aMHUHLI NTPH 06-
paboTKe XeJe30M WIN LUHKOM M COJNSSHOH KUCIIOTOM:

C6H5”NH_OH + Zn + HC| —> C6H5NH2' HC] + ZnC12 + H20
(90%)

[Tockonbky beHUITHIPOKCHIAMUH SIBIAETCA [MPOMEXYTOUHBIM [IpPO-
IYKTOM BOCCTaHOBJIEHMSI, €r0 MOXHO HE TOJBKO BOCCTAHOBUTBH [0
AHUIHMHA, HO U OKHUCJIUTh IO HUTPO30OEH30IA:

KZCr207; stO4
H,0; 5°C

CH,—NH-OH = C4H;N=0.

(70%)

DTo, BEPOSATHO, JIYYLUHUA METON MOJYYEHUsI apOMaTUYECKUX HUTPO-
30COeAMHEHNH, KOTOpbIE HE yAaeTcsi MHLIM CIIocoOOM BBbIICIUTH B
KayecTBe MPOMEXYTOYHOrO [POAYKTa BOCCTAHOBJIEHUS HUTPOCOEIH -
HEHUI1. ApOMaTHYECKHE HUTPO3OCOEIUHEHHUS JIETKO JAMEPH3YIOTCH B
TBEPAOM COCTOSIHUHM, IIpHYEM MX JUMEphI OecUBETHBI. B XUAKOM U ra-
3000pa3sHOM COCTOSSHAW OHM MOHOMEPHbBI M OKPALLUECHBI B 3€JIEHBIH LIBET:

ArN=0

3E€NEHbIA

Ar—g—N-Ar 6ecuBETHLIA ANMED .

00

BoccTtaHoBlIEHWE HUTPOCOEAMHEHUH METAINAMH B LUETOYHOM
cpelle pe3Ko OTJIMYaeTcs OT BOCCTAHOBJIEHUsl B KUCJO# cpeae. B 1ue-
JIOYHOW cpele HUTPo300eH30J1 OBICTPO B3aUMONEHCTBYET CO BTOPbIM
NPOMEXYTOYHBIM TIPOAYKTOM BOCCTAHOBNEHHUS — (EHUNTUIPOKCH-
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JJaMHUHOM, ¢ 00pazoBaHUEM a30KcHOeH3o0Ma. DTa peaklUs Mo cylle-
CTBY Moao6Ha NpUCOEAUHEHHUIO a30TUCTbIX OCHOBAHU I K KapOOHUb-
HOH rpynne ajJbAerdloB U KETOHOB:

ou® S,
CeHsN-OH C¢HsN-O
H
OH 0©
s A&

o +8 {
C¢HsN-OH + C¢gHsN=O —— C6H5'N—{§'C6H5——>
o°
| ©
C6H5-N =Ig)—C6H5 + OH
azoxcubenzon

B naGopaTopHbIX YCJIOBHASIX a30KCHOGEH30JI C XOPOLLUHM BBIXOAOM
MOJIy4aeTcsl MpH BOCCTAHOBJIEHHMU HHUTPOCOEXMHEHMH BOPruapuIoM
HaTpusi B JJMCO unu ctapbiM cioco60M, fIpM UCMOL30OBAHUH B Ka-
yecTBe BOccTaHOBHUTENs As;O; HIHM IJTIOKO3BI:

0°
NaOH I
HsNO, + As;Oy————— CHs-N=N-C¢H; (85%).
CﬁS 2 23H20,80C 615 ® 6115 o

A30KcHOEH30J TP AEHCTBUU IMHKA B CIIMPTOBOM pacTBOpE LUETOYH
BOCCTAaHABJIINBACTCA CHa4yala xo a306eH30na, a [pnu REeHCTBUH U30bIT-
Ka UMHKa fanee A0 ruapasobeH3ona.

)
O zn; NaOH

céH5N=g: C H;N=NC,H; (84—86%);

CeHs CH:OH; 10°C ™ 36emon

C¢HsN=NC¢Hs + Zn + NaOH —— =
CH,OH; 70°C

B cuHTETHYECKOM MpPaKTHUKE MPOU3BOAHbIE a30KCUOeH301a MOrYT BbITh
BOCCTAHOBNEHLI A0 a3006eH30710B Noj AeiicTBUeM TpUaikuidochuTa
B KadecTBe BocctaHoBuTens. C Apyroit cTOpoHbl, a3006€H30J1 JErKo
oKucisieTcs 10 a3oKcubBeH30a NMEPKUCIOTAMU HIIM MEPEKUCBIO BOAO-
polla ¥ rianxo BOCCTAHABIUBAETCH OO rUapa3obeH3o/Na B CHUCTEME
najulagui-rupasMHruapar. BaauMHble npeppalieHUs a3obeH3oua,
azoxcubeH30sa ¥ rujipazobeH3osa MOXHO MPEACTABUTL CIAEAYIOLUM
06LUMM ypaBHEHHEM:
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,0® P(OR),
CeHsN=N ~ C,HN=NC¢H; ==
65T @ CeH;  H;0p CH,COOH; 60C  © oS

Pd/C, NH2—NH2
0, win NaOCl

=~ C,H;NH-NHC¢H; .

A300eH30J1 CYLLECTBYET B BUIE 4uc- U mpaHc-U3oMepoB. [1pu Boc-
CTAHOBJIEHUH a30KCHOEH301a NoyyyaeTcs 6osiee cTabMILHbI mpaHc-
H30Mep, KOTOpbIil TpH o0ny4eHuH YD-cBETOM MpeBpaiaeTcs B yuc-
HU30MeEp:

L I " 9

/N =N ——_‘OC /N ———N\ .
t
CgHs é CeHs CgHs
mpaHc-a3obeH30n yuc-azobeH3on

BpeMst XH3HM Kuc-U30Mepa HEBEJIUKO U MEPUO/ IOJYIIpeBpallEHH s
npH 25°C cocTaBisieT JULIbL TPH Yaca.

HecummeTpuuHble IMpOU3BOAHLIE a300€H30J1a MOJYYaAIOTCS IPH
KOHJEHCALMM HUTPO3OCOEOUHEHUN U MEpBHUYHBIX apOMATHYECKHX
AMHUHOB:

Ar'N=0 + Ar’NH, — » Ar'N=NAr’ + H,0.

[1pu BoccTaHOBJIEHUH apOMaTHYECKUX HUTPOCOSRUHEH U ATIOMOTH -
PUIAOM JINTHA B 3cdupe TakxKe oOpa3yloTcsi a30COEAUHEHUS C BLIXO-
oM, OJIM3KMM K KOAHYECTBEHHOMY:
LiATH, _
AIrNO, W ArN=NA .

A3006€eH30J1 BOCCTAHABIMBAETCA LIMHKOBON MbUILIO U CIIUPTOBOM 1iie-
Jloyblo KO ruApaszoben3ona. F'mapalobeH3on siBasiercs, TaKUM obpa-
30M, KOHEYHLIM [IPOAYKTOM BOCCTAHOBJIEHHSI HUTpoOEH30/1a MeTa-
JIOM B LeJIouHO# cpene. Ha Bo3nyxe 6ecuBeTHbIM ruapa3o0eH301 JIerko
OKHCJISIETCSl IO OKpallleHHOro B OpaHXeBO-KpPacHbIM LIBET a300€H30-
Jia. BMecTe ¢ TeM, rMapa3o6eH30J1, TAKXKE KaK U a300€H30J1 M a30KCH-
©€H30J1, BOCCTAHABJIMBACTCS N0 AHWIMHA IOL JEMCTBHEM AUTHMOHHUTA
HaTpusi B Boae WIH xyiopuaoM onoBa (II) B conaHolt kucnore:

CgHs-N=N-CcHs; + 2Na,S5,04 + 4H,0 —

—— 2C¢H;NH, + 4NaHSO;,
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CyMMapHO NpoLecc BOCCTAHOBIEHUS ApOMATHYECKUX HUTPOCOEIU-
HEHUI METa/laMKU B KMCJION U LUEJIOYHON cpefe MOXeT O6bITh npea-
CTaB/IeH B BHJE CJAEAYIOLUEN MTOCNENOBATEJILHOCTU NpeBpaLUCHUH:

B KHCJIOH cpegne:

AINO; —> ANO ——» ANH-OH ———> ArNH,.

B 1IEJOYHOM cpene

AINO; —> AINO —> ANH-OH
| f

Sle)
ArN=®1\’J-Ar “ o~ AN=NAr —»  ArNH-NHAr.

B npoMBblLLJIEHHOCTH aHWIMH NOJYYaloT KaTAIUTHYECKHUM BOC-
CTaHOBJIEHWEM HUTPOOEH30J12 HA METHOM HMJIM HUKEJIEBOM KaTajiu3a-
TOpE, KOTOPLII BBITECHU CTAPUHHBINA cIlocOb BOCCTRHOBJIEHHUS HUT-
pobeH3ona YYryHHBIMM CTPYXKaMH B BOJOHOM pacTBOpE XJIOPHOTO
Xeje3a U COITHOM KHUCIIOTHI B KAYECTBE JJIEKTPOJIUTA!

4C6H5N02 + 9Fe + 4H20 —_— 4C6H5NH2 + 3FC304 .

BoccTaHoBNeHHE HUTPOIpPYIINbl 4O aMUMHOTPYIILI CYJIbLPUIOM H
rHapocyib@UaIOM HAaTpUS B HACTOSALLlEE BpEMSI UMEET 3HAYeHHUE TOJb-
KO /Ul YacTHYHOro BOCCTAHOBJIEHHMS ONHONW M3 JIBYX HHUTPOIpyIn,
HanpuMep B M-AUHUTpOGEH30e Unu 2,4-IUHUTPOAHUIIMHE:

NO, NH,
O,N + NaHs O o\ (80—859%).
NO; NH,
02N<C:)>fwn2 ———gz%ngﬂL» OzN@NHz
(52—58%)

TIpu cTyneH4YaTOM BOCCTAHOBJEHUHU NOJUHHUTPOCOEAMHEHUH C [TOMO-
LUbIO cyJibhUNA HATPUS 3TOT HEOPraHUYECKUH peareHT IpeBpaluaeTcs
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B TeTpaC)'JIbeMIl HaTpUs, 4YTO COIMPOBOXIAACTCH 06paaoBaHueM hie-
NOYH:

ArNO, + 4Na,S + 4H,0 ——> ArNH,; + Na,S; + 6NaOH.

Bbicokast 111€/J0YHOCTb Cpeabl NPUBOIUT K 0Opa30BAHUIO a30KCHU- U a30-
COENMHEHHUM B KayecTBe No6oYHbIX TpoaykToB. UTo6bl u3bexarthb 3Toro,
B KAyeCTBE BOCCTAHOBHUTEJS CIAEAyET MUCIIOAb30BaTh JUCYJIbdMUI HATPUS
MM, y4Yllle BCero, ruapocyibdui HaTpus, TIe Luelodyb He obpasyercs.

4AINO, + 6NaSH + H,0 ——» 4ANH,; + 3Na,S,0;.

20.1.1.6. BEH3UAHUHOBAA NNEPETPYIIITIMPOBKA

[MpeBpaleHue ruapasobensona B 4,4'-nuaMuHoGHUEHIN, Ha3BaH-
Hblif G6EH3UAMHOM, TOA ACHCTBUEM CHIBHBIX MUHEPANBHBIX KHCJIOT
6bL10 oTkpbiTo B 1845 1. H.H. 3ununsiM. Briocnencreue ono nonyyu-
J1o Ha3BaHUE OEH3UAMHOBOKW NeperpyniiupoBKu. B HacToslee Bpems
3THM TEPMHUHOM OOBEAUHSIOT LIENYIO TPYIITY pOACTBEHHBIX MEperpyi-
[IUPOBOK, MPHUBOASIIMX K O6pa3oBaHHUIO CMECH Opmo- U napa-wu3o-
MEpPHBIX NPOU3BONHbIX NUaMHUHOOUdeHuna. [Ipu meperpynnupoBke
caMmoro runpa3obeH3osa nonyyaercsli cMech JUAaMUHOB, colepXxallas
70% 6ensununa u 30% 2,4'-nuamunobudenuna (audeHnIMHAa):

O (D) 2w~
KOHII.

(70%)

H,N
+ HZN (30%) .

Ilpu Gosiee HM3KOM TeMnepaType B COBEpLUEHHO Oe3BoNHOM cpele
obpasyetcs Takxe 2,2'-guaMmunobudeHun (o-6eHsmann). Ecnu napa-
[MOJIOXEHUE B ONHOM M3 OEH30JIbHBIX siIep riapa3obeH30s1a 3aHSITO
KaxkUM-HUOYIb 3aMECTUTENIEM, NTPOAYKTOM NEPErPYITIIUPOBKHY OKA3bI-
BAaETCA MpPOM3BOAHOE nHM¢eHUIaMUHA (TaK Ha3blBaeMasi CEMMUIUHO-
Basl IeperpyinupoBKa):

X =CI Br; RO; R
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Ilpyu u3yyeHun MexaHM3Ma GEH3IUIAMHOBOI U POACTBEHHBIX NEpe-
IpynnupoBOK OblI0 YCTAHOBAEHO, YTO OHU IIPOTEKAIOT BHYTpUMOJIE-
KynspHo. Ecau nBa pasaMuHbiX rugpa3obeH3oNa MoABePrHyTh COBME -
CTHOI1 NeperpynmnupoBKe, MPOAYKTAMH peaKLMH 0Ka3blBAIOTCS TOJIBKO
COOTBETCTBYIOLUME DEH3WAUHBI, @ MPOAYKTbI NEPEKPECTHOM Nneperpyn-
MHUPOBKU OTCYTCTBYIOT. CKOPOCTb peakiiH NeperpyniiupoBKy caMoro
rugpa3obeH3oNa MpoNOPUUOHANIbHA €r0 KOHUEHTPAUMWd U KBagpaTy
KOHUEHTPaLlMU MPOTOHA. DTO O3HAYAET, YTO MEPErpyNnnupoOBKe MOMI-
BepraeTcs JUNPOTOHUpOBaHHasA dopMa ruapasobeH3ona. boLno Takxke
[I0Ka3aHo, YTO MOHOMPOTOHUpOBaHHas ¢dopMa rugpasobeH3ona mnpe-
BpalllaeTcs Hauejio B 6eH3MAWH TOJNBKO NMpPHM MOBTOpHOH oOpaboTke
KHMCJIOTON. DTU NAHHBIE COMNIACYIOTCA CO CICHYIOUIUM MEXGHHU3IMOM
OEH3NIUHOBOM MEpEerpyrnnupoBKH:

@NH—NH@ +2H+

®
H2N NH,

00—

® ® ®
H,N-----NH, HN NHz
. O ‘ . ‘ )
H H H H

G W

[Ipennonaraercd, 4YTo MEpPeXOJHOE COCTOSTHUE oOpal3yeTcst U3 TaKoH
KoHdopMaluu rupa3obeH30/1a, B KOTOPOM CUIbHO CONMXEHBI MeX-
Iy coGoil 1Ba COOTBETCTBYIOLIMX aTOMa yrnepoaa oOOHX GEH30JMbHbIX
kouneil. CorlacHO KBAHTOBOXUMMUYECKOMY PacyeTy, pacCTOSTHUE MEX-
NIy B3aIMOJIEHCTBYIOIIMMM LICHTPaMH B TaKoi KoHGOpMauMK cOCTaB-
ngeT Bcero 0,15 HM M TTOYTH He OT/IMYAETCS OT JJIMHbB] LeHTpalbHOH
YIJIepoI-YriepOoaHoi CBsi3U ABYX Kodell 6udenuna. O6pasoBaHue Ho-
BOWM yr/iepoa-yrjiepoaHoil CBS3U Y pa3pbliB CTAPOU CBA3U AByX aTOMOB
a30Ta NPOUCXOIHUT CTPOro cuHXxpoHHo. CorslacHo coBpeMeHHoMH Tep-
MMHOJIOTMH, GEH3UIWHOBAA IMEPErpynnUpoBKA OTHOCHUTCH K 4YMCY
[5,5]-curMaTpomnHKbIX MEperpyniHpoBokK (CM. IJ1. 25 1 26, u. 4). beH3u-
JMH Y ero ITpOU3BOJHbIE KAHUEPOTreHHbl U BbI3BIBAIOT PaK MOYEBOTO
ny3bips. [1o 3Toit npuyrHe NMPoOU3BOACTBO GEH3UAMHA U3 Ioda B rof
pe3ko cokpauaetcsi. Mcnonb3losauue 6eH3ugMHA B TEKCTUIbHOH Mpo-
MBILLLIEHHOCTH 3anpeLeHo.
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20.1.2. HUTPOAJIKAHBI

Ilo MeTomaM cHHTE3a U CBOHCTBAM HUTPOAJIKAHbI PE3KO OTIHYA-
I0TCS OT apOoMaTHYeCKHX HUTpocoenuHeHWi. B atom pazpene 6ymyr
MPHUBEJEHBI TOJNLKO Haubolee BaXHbie OOLUIME METOALI MOIYYEHUS U
XUMHYECKHE MpeBpallleHus anudaTUiecKuX HUTPOCOEIUHEH UM,

20.1.2.a. TONYYEHUE HUTPOAJIKAHOB

IlpsiMoe HATpOBaHME ANKAHOB B XHUAKOH UM ra3oBol ¢dase mox
peicteueM 50—70%-i BogHo# azoTHO Kucnotsl npH S00—700°C unu
teTpaokucH a3ora Mpu 300—500°C umeeT nmpoMbILUIEHHOE 3HAYEHHE
TOJILKO AJISl IIONYMEHHUS MPOCTEHLIMX HUTPOAIKAHOB, TaK KaK HUTPO-
BaHHE B THX YCIOBHUSX BCETAa COMPOBOXAAECTCS KPEKHMHIOM yIJIEBO-
noponoB (cM. ra. 4, 4. 1) ¥ oObIYHO MPUBOAMT K CIOXHOH CMECH ca-
MBIX pa3HOOOpa3HbIX HUTpocoenUHeHHWA. [10 3TO# MpUUMHE peaklus
HE MOJIYYWIa LIMPOKOTO pacnpocTpaHEHHS.

Haunb6onee obmUM METOAOM MMONYYEHHUS] HUTPOAIKAHOB HO CHX
[IOp OCTaeTCs pEaKLUA ANKHIMUPOBAHMS HHUTPUT-MOHA, OTKpPBITas
B. Meitepom B 1872 r. B xiiaccuyeckoM Merone B. Meitepa HUTpHUT ce-
pebpa B3aMMOJEICTBYET C MEPBUYHLIMU WIM BTOPHUYUHBLIMH aNKMJI-
OpoMHuIaMH MK aNlKWJIHOAUAAMHU B 3dupe, neTposieifHOM 3¢ upe HiIn
6e3 pactBoputens rpu 0—20°C ¢ oGpa3oBaHHeM CMECH HHUTpoaliKaHa
U ATKWIHUTPUTA:

RBr + AGNO, —o_» RNO, + RONO + AgBr
HUTPpUT-UOH NPUHAIIEXUT K YNCNYy aMOMIAEHTHLIX aHUOHOB C JBYMS
HE3aBUCHMBIMH HYKIECOOMILHBIMHA LEHTpaMH (230T U KHMCJIOpPOA),
KOTOPBIE HE CBSI3aHBI B €JUHYIO ME30OMEPHYIO cUcTeMy. PeakimoHHas
cnocoGHOCTh AMOMAEHTHOTO HMTPUT-HUOHA C ABYMS HE3aBUCHMBIMHU
HykJieoHIBHBIMU LIEHTPAMH PE3KO OTIUYAETCs OT peakKIUOHHOM
CIOCODHOCTH €HOJIAT-HOHOB C ABYMA HYKJICO(WILHBIMHA LIEHTPaMH,
CBSI3aHHLIMU B €JUHYIO ME3OMepHyI0 cucTeMy. COOTHOLIEHHWE IpPO-
nykToB N- 1 O-aJKWIHpOBaHUs (HUTpoaiKaH/aNKUJIHHATPUT) B pe-
aKLUK anKUn1OpOMMIOB M HMOAMAOB C HUTPUTOM cepebpa (peakiius
Meifepa) peluaioluM o6pa3oM 3aBUCHT OT IPUPOILI AIKWILHON rpy-
ITbl B AJIKWITAIOreHuAE. BhIxo MepBUYHLIX HUTPOAIKAHOB JOCTUIAET
75—85%, odHaAKO BLIXOH pe3Ko cCHHxaeTcs no 15—18% pias BTopHuU-
HbIX M 5% — pjis TPEeTUYHBIX HUTpPOAikKaHOB. TakuM oOGpa3oM, HH
TPeTHYHbIE, HU BTOPUUHBIE aNKIITaJIOTeHUAbI He ITPUTOMHBI AJIsT CUH-
Te3a HUTPOAIKAHOB IIPU B3aMMOJENUCTBUM C HUTPUTOM cepebpa. Pe-
akuusi Meiepa siBasieTcs IPEBOCXOAHBIM U, OYEBUIHO, JIYYLIMM CITO-
coOOM MONyYEHUS MEPBUYHBIX HUTPOAJIKAHOB, ApUIHUTPOMETAHOB U
O-HUTpO3(pHUPOB KAapOOHOBBIX KUCIOT:
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RCH,Br + AgNO, %‘OE’E— RCH,NO, + RCH,ONO + AgBr ;
(15-80%)  (20—25%)

3¢up
AI'CHZBI' + AgN02 0—1—0">

R(|3HCOOCZH5 + AgNO, %» RCHCOOG,H + Agl

I NO, (75-85%)

HAns nonydyeHUs HUTPOATKAHOB CIeLyET UCIIONB30BATh TONBKO alKWI-
OpOMHMIBl X ATKWIMOSUIBI, ITOCKOJBKY ANKWIXJIOPUABI, aKUICYJb-
doHaTel M AUANKUICYTL(PATH He B3aMMONEHCTBYIOT C HUTPUTOM Ce-
pebpa. Y3 a, 0-quGpoMHIOB JIETKO TTONYyYarTcs o, - THHATPOATKAHEL

H. Kopu6moM (19551.) npemnoxvn MogH¢pHIMPOBAHHLIA 06-
LM METOHN MOJYYECHHS NepBUYHBIX M BTOPUYHLIX HUTPOAJIKAaHOB, a
TaKXe O, ®-THHATPOATKAHOB M HUTPO3aMELUEHHLIX KeToHOB. MeTon
OCHOBaH HA AIKUIHUPOBAHMHM HHUTPHUTOB IUEJOYHBIX METAJJIOB Iep-
BAYHLIMU WJIM BTOPWYHBIMHU aJIKWITAIOTEHUJAMH B JUITOJISIPHOM an-
poroHHoMm pactBopurelie JM®PA. YToGbl IpenoTBPaTUTD ITOCIEAYIO-
liee HUTPO3UpPOBAaHHE HUTPOAJIKAHA IapaUIeNIbHO OOpasywlIuMcs
ATKMWIHUTPUTOM, B peaKLHOHHYIO CMECh HEOOXONUMO BBOJINTL MOYE-
BAHY HJIH, JIy4yllEe, MHOrOaTOMHbLIE (EHONbl — pPE3OPLUHUH HIHU dio-
pomioUMH. BhIXoj MEpBHYHBIX HUTPOANKAHOB I10 3TOMY MeTOLy He
npesbiiiaer 60%, T.e. HHUXe, YeM ITpH ATKWINPOBAHUM HMTPHUTA Ce-
pebpa (75—80%). OpgHako BTOpMYHbLIE HUTPOAJIKAHEI CJEAyeT IOJy-
4aTh aNKWJIMpOBaHMEM HUTpHMTa Hatpus B [JMOA:

AM®A
CH,CH(CH,),CH, + NaNO, 5

Br

—= CH,CH(CH,),CH, + CH,CH(CH,),CH, + Nabr .

NO, ONO
(55—60%) (25—-30%)

TpeTHYHbIe ATKWITATIOre HUIL MOABEPraloTcs 3J1MMHHUPOBAHUIO 10X
NeCTBMEM HUTPHUT-UOHA U He 00pasyloT HUTpocoegUHeHU M. DPUpbI
OL-XJIOp- MK o-BpoM3aMellleHHBIX KMCJIOT IVIaIKo IpeBpallaoTcs B
3 HUphl C-HUTPO3aMeLEHHBIX KUcnoT ¢ BrixonoM 60—80% npu B3au-
MofeicTBUH ¢ HUTpUTOM Hatpust B IM®A unu IMCO.
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JIpyro#t oOLUMH METOI CUHTE3d HUTPOAJNIKAHOB COCTOHUT B OKHC-
JEHHH OKCHMOB KETOHOB C ITOMOLUBIO TPU(TOPINEPYKCYCHON KU CIO-
Thl B alLIETOHUTPUIIE:

(CF3C010; H,0,
O:NOH e > <:>—N02 (60%).

IlepBoHayanbHO IMpU OKMCIEHUH OKCHMOB obOpa3syercd auu-dopma
HUTPOCOENUHEHMSI, KOTOpasi B KUCIOHK cpelic U30MEpU3yeTcsl B HUTPO-
coenuHeHHe. KpoMe OKCMMOB MOXHO OKHMCISTb TaKXKe W INepBHYHEIE
aMHHB! ITIEPYKCYCHOM KHUCOTOH WIH M-XJIOPIepOeH30HHONH KUCIIOTOM:

CH,CO;H
(O i (rvor o

Bonee cra ner Hazap I'. Konb6e onucan MeTon NonyyeHUs HUT-
poMeTaHa ITpH B3aMMOJEUCTBUM XJIopalleTaTa HaTPHs U HUTPUTA Ha-
TpHUs B BOOHOM pacTsope Ipu 80—85°C:

CICH,COONa + NaNO, %» [0,NCH,COO°N=® ] %.

2 2

—= CH,NO, + CO, + NaHCO,
(35-38%)

[TpoMexyTouHo oOpa3ylou[difci aHUOH HUTPOYKCYCHON KHCJIOTHI
JeKapOOKCHIMpyeTcs N0 HUTpoMeTaHa. s mojyyeHUs rOMOJIOroB
HUTpoMeTaHa cnoco6 Konbbe He MMeeT 3HAYEHHUS H3-3a HU3KOIO
BLIXOJ]a HUTpoanKaHoB. Mnes MeToa Gblla OCTPOYMHO MCITOJ/IL30BaHA
IIpU pa3paboTKe COBpEMEHHOro O0lLUEro MeToAa IMOJyYEeHHUs HHUTPO-
anKaHOB. JIuaHHUOHBI KApOOHOBBLIX KUCJIOT HUTPYIOTCA ITOJ JEHCTBHEM
ANKWIHATPATa C OJHOBPEMEHHBLIM NEKApOOKCHIMPOBAHUEM OL-HHT-
poO3aMellIeHHOX KapOOHOBOK KHUC/IOTHI:

2LiN(C,H,-i ),
—_— 2 L i
TM®TA

1) C,H,ONO,

RCH,COOH
2) H,0*

RCHCOOLI
Li

— [R—CH—COOH] —— RCH,NO, + CO,
11102 (45—65%)

Hurtposanue kapGaHHOHOB C ITOMOLUbLIO AJKHJIHHUTPATOB IIHPOKO
HCHOJIb3YeTCs M AJISl TIONIYYEHHUS oL, (0 -TUHUTPOANKAHOB. C 3TOM LE/bIO
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EHOJIAT-HOHBI LUKINYECKUX KETOHOB 06pabaThiBAIOT ABYMS SKBHBA-
JIEHTAMM aNKWIHUTPATa. PackpbITHe LHUK/IA C NOCIENYIOLIMM JeKap-
GOKCUIIMPOBAHHUEM TIPUBOMHUT K O, ®-JUHUTPOATIKAHY:

,00
1) 2KNH NH ¢ —oe
;X +
O:o 2 2 . 0 _lﬁg" O,N(CH,);NO, |
) 2RONO,
ON_
0®©

AHAJTOrHYHO NMpOTeKAeT HUTPOBAHHE €HOJAT-HOHOB CIOXHBIX 3(PUpOB:

1) C,H;0K
—_—
2) RONO,

ArCH,COOC,H ArCH=NO,K + (C,H,0)CO —=
2 2405 2 2415

H,0*
— " = ArCH,NO, (80%)

20.2.2. PEAKITUH HUTPOAJIKAHOB

20.2.2.a. TAYTOMEPHS HUTPOAJTKAHOB

IlepBHYHEBIE U BTOPUYHbIE HUTpOAJIKAHbI HAXOASITCS B TAYTOMEP-
HOM paBHOBECHH c allh-(popMON HHUTpOCOEIMHEHMS, Ha3bIBAEMOH
WHaue HUTPOHOBON KHUCIIOTOM:

© ©

)
d RCH=N_
OH

RCHNS,

U3 nByx TayroMepHbix ¢opM HATpodopMa ropa3no Gosiee ctabwibHa
¥ npeobnanaer B paBHoBecHH. I HuTpoMetaHa npu 20°C KoHUEHT-
paunst auu-GopMsl He npesbiaeT 1-1077 OT HOMM HUTPOANKaHa,
IS 2-HUTpONponaHa oHa Bo3pacTaeT no 3 - 107°. KonuuecTso anu-
¢dopMbl Bo3pacTaeT i ¢eHWIHHUTPpoMeTaHa. HM3oMepusauust anu-
HUTPOCOEAMHEHHUS B HUTPOCOSAUHEHHE TIPOUCXOAUT MENIEHHO. DTO
JaeT BO3MOXHOCTL OMpeJe]UTh KOHLEHTPALIHIO aiU-(pOpMbI TUTPO-
BaHHEM GPOMOM C O4YeHb BLICOKOM CTelleHLIo TOYHOCTH. Manas cko-
pPOCTh B3aUMOIMNPEBPAIMEHUS OBYX TayTOMepHbIX (GopM IO3BoOIHMIA
A.TaHuy ewe B 1896 r. BbLICIUTL HHINBUAYAILHO 06e TayTOMEpPHbLIE
dbopMbl peHWwIHUTPpOMeTaHa. DeHWIHATPOMETAH HALIE/O0 pacTBOPS-
eTcs B XOJOQHOM BOJHOM pacTBope ruapokcuma Hatpusi. Ilpu ero
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o6paboTke BoaHOI yKcycHOI kucioTtoi npu 0°C obpasyeTcs Gecuper-
HOEe TBEpAOE BELIECTBO, MpeacTaBagioniee codboit auu-dopmy GeHun-
HUTpoMeTaHa. OHa MITHOBEHHO OKpalMBaeTCcsi B KPacHbBIM LiBET NMpH
o6paboTtke xuopuaoM xenesa (111) u konnuecTBeHHO TUTpyeTCsl Opo-
MoM. Ilpu cTositHuM TBepaas auu-$popMa MEAIIEHHO H3OMEPHU3YETCS B
0oJiee cTabWIbHYIO XHAKYI0 GpopMy deHUTHUTpoMETaHA. MHoraa 3Ta
HM30MepHU3alius OCYLECTBIAETCS OUEHb MEUIEHHO, B TEYEHUE HECKOb-~
KHUX AHEW: npeBpallieHMe HUTPOLMKIONOAEKaHa, HAalpUMEp, 3aKaH-
YUBAeTCH TOJNbKO uepe3 AecATb aHel. as mpocThbIX HUTPOAIKAHOB,
HaIllpUMEpP HUTPOMETAHA, HUTPO3TaHA U 2-HUTpOIponaHa, auu-dopmy
HE YIAeTcsl BbUIEJUTh MHIUBUAYAJIbHO, TdK KAK OHa JOBOJIBLHO JIETKO
B Teuenune 15—30 Muu npu 0°C usoMepusyercs B HUTpo-GoOpMy U O
cofiepXaHUM auu-GOopMbl MOXHO CYIUTh TOJLKO IO JAHHBIM TUTPO-
MeTpuueckoro 6poMupoBaHusi. KoHLEHTpauus ABYX TayTOMEpPHBIX
dopM i nmoboro coenMHEHUsT Beerna oOpaTHO NpPOINOpPLIMOHAILHA
KUCIIOTHOCTH TayToOMEpPHBLIX GOpM, aliu-popMa HUTPOAKAHOB BO BCEX
ciayyaax siBjisieTcs 6oJiee CHIILHOM KHUCIOTOM NO CpaBHEHHUIO C HUTPO-
dopmoit. [Ina HutpoMmeTaHa B Boae pK,~ 10,2, Torma xak mis ero

@
auun-dopmet CH,=N T OOI_? pK, = 3,2. [Insa 2-HuTponpornaHa 3To pa3-

nuuyde 3HayuTensHo MeHblue, pK, (CH3),CHNO; cocrapnser 7,68, a
s (CH,),C=NOOH pK, = 5,11. Paanuuue B BenuuuHax pK, 1us aByx
dopM He sBIAETC HEOXKUOAHHBIM (CM. IU1. 3, 4. 1), MOCKONLKY aly-
dopMa npencrasnsier coboit O—H-KucnoTy, Toraa kak HutTpo-¢op-
Ma otHocuTca K CH-kucinoraM. HanoMHHM, 4To aHajorMyHas 3aKo-
HOMEpPHOCTb HabmonaeTcs U KETo- ¥ eHOJNbHBIX ¢opM KapOOHMIIbHBIX
COeUHEHHUH, rme eHoJl oKa3biBaeTcs Oosee cuibHoit OH-kucnoroi
o cpaBHeHH10 ¢ CH-KHC/IOTHOCTBIO KeTO-(OopMbl. ALIMHUTPOCOEIU-
HEHHUA MPEXCTABIAIOT cOOOM NOBOJILHO CHJIbHBIE KHUCJIOTHI, 00pa3sylo-
LIME COJH AaXe MpHU B3aUMOAEHCTBUU C KapOOHATOM HaTpHs, B OT-
JIMYUE OT HUTPO-IOpMBI HUTPOAIKAHOB, KOTOpasi He pearupyer ¢
Kap6oHaT-uoHoM. TayToMepHbie npeBpallieHus 06eux dopM HUTpO-
ATKAHOB KaTANTU3UPYIOTCA KaK KMUCJIOTaMH, TaK U OCHOBaHUSIMH aHa-
JIOTHYMHO €HOJIM3ALIMH allbJeTHI0B U KETOHOB.

20.2.2.6. PEAKLUIM AMBUAEHTHBIX
AHHWOHOB HUTPOAJIKAHOB

Ilpu neicTBHM OCHOBaHHUs KaK Ha HUTPO-, TaK M Ha auu-dopMy
HUTpOCOENUHEHUS, obpa3yeTcsl o0wWiMi A1 HUX 00eMX ME3OMEpPHBIN
aMOMIEHTHBIA aHUOH, B KOTOPOM 3apsii A€NOKATHU30BAH MEXIY aTo-
MaMHM KHMCJIOpOda U yrjiepoaa:
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® BO BH ©
RCH,N . RCH=N_  + BH RCH=N""
=0 BH O ™0 B© OH

AMOUIEHTHbIE aHUOHBI HUTPOANKAHOB BO BCEX OTHOLUEHUSX SBNAIOT-
cs1 GIM3KMMH aHAJIOTaMM EHONAT-UOHOB KAPOOHHUIbHBIX COETUHEHHUIA.
[nsa HMX XapakKTepHBbl T€ X€ CaMble PEaKlMK 3aMelleHUs, 9YTO U A1
eHoNnAT-MoHOB. HanGonee TAMMYHBIMM M BAXXHBIMH PEAKLMSAMH C yya-
CTUEM aHUOHOB HHUTPOAIKAHOB ABJISAIOTCS T&JIOreHUpPOBAHUE, AJTKHU-
JIMpOBaHME, aliMIMPOBaHUE, KOHAEHCAUMHU C KapOOHUIBHBIMM CO-
eIMHEHUAMH, peakuud ManHuxa U Muxasns — Bce Te, KOTOpble
TUTTUYHBIL U [UUIS1 EHONAT-UOHOB. B 3aBUCHMOCTH OT MpUPOIBI NEKTPO-
UABHOIO areHTa U B HEKOTOPO# CTEITEHU OT CTPOEHMUS HUTPOAIKaHa
3aMeILEHUE MOXET TIPOUCXOAUTh C y4acTHeM NUM6O KUCIOpOIHOrO,
nmbo yrneponHoro, 1160 o6onx eHTPOB aMOMIEHTHOIO aHHMOHA HUT-
poajKaHa.

TFanoreHMpoBaHue LWENOYHBIX CONEH HUTPOCOEAMHEHMH ocylle-
CTBJISIETCS] TOMBKO TTO aTOMY YIJIEpPOAA: pPEaKIMIO MOXHO OCTAHOBUTH
Ha CTaJuM BBEJAEHMSA OZHOIO aTOMa rajloreHa:

RCH.NO 1) NaOH
2 2 2) Clz, Hzo, 0°C

- RiCHNo2 .
cl

HutposnposaHue NepBUYHBIX HUTPOAIKAHOB NPUBOIMUT K 06pa-
30BAHMIO TAK HA3bIBAEMBIX HUTPOJNOBBIX KUCIOT:

NaNO,; H,80, U30OMEpPH3ALMS;
RCH,NO, H,0; 0°C = R(|:HNO2 H,0" H,0 -
N=0
N—OH

BTOpM‘iHbIe HUTPOaNKaHbl B TEX XK€ YCJIOBHAX JAXOT NCEBIOHHNTPOJIbI!

NaNOy; Hy$0, _ o N0
H20; 0C o 2 \N02

R,CHNO, + H,0 .

Hutponosbie kKMcnoThl GeCLBETHBI M IIPU BCTPSIXHBAHUU C PACTBOPOM
T’MAPOKCUIA HATpHsl 0OPa3yIOT COIM, OKpallleHHble B KpacHbIi LiBeT. B
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OTJIMYME OT HUX fICEBAOHUTPOABl UMEIOT B HEUTPAIbHOM Cpele rony-
6y10 OKpacKy. OTU coeAMHEHUsT MOTYT GbITb UCMOL3OBAHBI U1 UIEH-
THUGHUKALIMK NEPBUYHDBIX M BTOPUYHBIX HUTPOAIKAHOB. TPeTUYHBIE HUT-
poasikaHbl He B3auMoaeicTByioT npu 0°C ¢ a3oTUCTON KUCIOTOIM.
ANIKUTUPOBAHKE AMOUACHTHBIX AHUOHOB HUTPOAIKAHOB MPOTEKA-
€T, B OTJIMYUE OT TAIOTEeHUPOBAHMS M HUTPO3UPOBAHUS, HUCKIIOYM-
TEABHO WM [IPEUMMYILECTBEHHO 10 aTOMY KHUCJIOpoJa ¢ 06pa3oBaHMEM
B KQ4YECTBE MMPOMEXYTOYHBIX COEIMHEHMUIA 3(hUpoB auu-HOPMEI, KOTO-
phle HOCAT Ha3BaHME HUTPOHOBLIX 3¢hUupoB. HUTpoHoBbIE 3(pHpE! TEP-
MHYECKM HeycTOHYMBBLI M Bbllle 20°C noapepraroTcsl OKUCIUTENbHO-
BOCCT@HOBUTENIBHOMY Pacrajly Ha OKCHM M KapOOHUIBHOE COEJAMHEHME:

® M®A ’pl
== ﬂ—ﬁ CHy),C= N —
RCHzBr + (CH3)C g\. wn Ci,0n (CHak CH R

. (CH3)2C=N—OH + RCHO .

Oxcum Beerna obpasyercs KaK KOHeYHBI MPOOYKT BOCCTaHORNEHUS
HUTPOAIKaHAa, TOTAA KAK aJlBAErHll OKa3bIBAETCS KOHEYHBIM MPOAYK-~
TOM OKMC/IEHMS ATKUIMPYIOIIETO areHTa. DTa peakius Halllla 1uupo-
KyI10 061acTb IPUMEHEHUA B CHHTE3E aPOMATHYECKHUX U O, B-HeHachl-
LEHHBIX ATbIETHIOB.

Ilpu B3aumMomeMcTBUM LUENOYHBIX COJieit 2-HUTPOIpPONaHa ¢ 3a-
MEIEHHBIMU OEeH3WIraIOrTeHUAAMH KOHEYHBIMU MPOAYKTAMM HBIIS-
IOTCSl OKCHM alLeTOHAa M apOMaTHYeCKHil aJibJAern;

o®

)
®_- O’E
CHy),C=N7T + /@%sz — (CHs)ZC—N -
(CHs), AN x ’6‘ @
X

O Na®

toC ,/O
—» (CH3)»C=N-OH + C\
X H

Eiue Gonee BaXHYIO pofib UIpaeT ATKUIUPOBAHUE AMOUIEHTHBIX aHHU-
OHOB HUTPOAJIKAHOB MO AeACTBUMEM ANMITATOTEHUIOB 15 MONyJe-
HHUS O, 3-HEHACBIIEHHBIX ATbJErUIOB:

® O° o'\
(CHy,C==N{  + RCH=CH-CH;X —= | (CHy),C— N H -

_ A R
0 Na® O~CH-CH=CHR

oC ,/o
—= (CH;),C=N-OH + RCH=CH-CZH
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Kaxk ciaefyeT U3 npuBefeHHbIX Bblllie [TPUMEPOB, B OTIUYHUE OT EHO-
JSIT-UOHOB aHMOHbI HUTPOAIKAHOB ITOJBEPralOTCH PErHOCeNeKTUBHOMY
O-ankunupoBanuio. Takoe pe3koe pasuiMe B MOBENEHUH IBYX poll-
CTBEHHbIX KJ1acCOB aMOMAEHTHBIX AHUOHOB OBYCIOBJIEHO BBLICOKOM
CTEMeHbIO JJOKATMU3ALUWH 3apa]a HAa aTOME KUCIOpoa aHMOHA HUTPO-
ajKkaHa. O$upsl aUN-¢GpOpMBI HUTPOATKAHOB IETKO MOTYT ObITh Bble-
JIeHbl MHAMBMAYANbHO MPH ANKUJIUPOBAHHUM COJEN HMUTPOAIKAHOB
TeTpadTOopOOpaTaMK TPUATKUIOKCOHHUS B XJIOPUCTOM METHIEHE IpU
0—(—20°C):

R, 9 : @ _© CH,CI,; R'_ @/0e
C==N{_ + RO BF, ———2-» C=N{___+R0O.
Ry e ™o 0—(=20C g2~ OR
(80~95%)

C-ankuampoBaHMe aHMOHOB MOHOHMTPOAIKAHOB MUMEET MECTO IpHU
B3aUMOEHCTBUM C napa- U opmo-HuTpobeHswnxnopuiom. Mamene-
HME PErMOCENeKTMBHOCTH B 3TOM Clyyae CBS3aHO C M3MEHEHUEM
MexaHu3Ma peaku . O-aIKHWIMpoBaHMe aHMOHA HATPOATKaHa Npef-
cTaBisieT coboi 0ObIYHBIN Mpolece OUMMONEKYNIPHOTO HyKJleohWIhb-
Horo 3ameneHus. s C-aIKMIMpOBaHUS aHHUOHOB HUTPOCOEIMHE-
HUK nog OeNCTBUMEM n-HUTPOOEH3IUNTaNOreHMIOB peajusyeTcs
MEXaHM3M C YYACTMEM AHHOH-PAJMKAIOB B Ka4eCTBE MHTEPMEIHATOB.
ITo cBoeit cyTH 3TOT MeXaHM3M COBEPIIIEHHO aHATOTUYeH Spyl-Mexa-
HU3MY, OIMTUCAHHOMY paHee IUIsi HEKOTOPBIX PEAKLMH HyKJIeODUb-
HOI'o apOMaTU4ecKOro 3aMellleHus (. 15, 4. 2):

(CH3),C=NOL + n-NO,C4H,CH,Cl —>

—>  (CH3pC=NO, + n-NO,CgH,CH,CI*;

n-NO,CeH,CH,ClI™  —»  n-NO,C¢H CHy' + CIO;

n-NO,CeHsCH, * + (CH;3),C=NO,® -

— = n-NO,C¢H,CH,~C(CH3),NO,~

n-NO,C¢H4sCH,C(CH;),NO, = + n-NO,C¢H4CH,CI —>
— > nNO,CeH,CH,C(CH3),NO, + n-NO,CgHsCHoCl® 1 T
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OTKpbiTHE AHHUOH-pAIMKATRHOro MexaHuiMma C-aIKHNIUpPOBaHHUS
coJieil HUTPOWIKAUOB Y ApPYrMX aMOWAEHTHRIX AaHUOHOB [103BOJIUNO
H. Kopubniomy B 1970—1975 rr. pazpabotarh MCKTIOUHUTENBHO 3¢ deK-
TUBHBIA METOI ANTKUJIMPOBAHMSI aMOUOEHTHBIX AHHMOHOB HUTPOAIKA-
HOB C NTOMOLLBIO OL-HUTPO3aMEILIEHHBIX CMOXHbBIX 3(PUPOB, HUTPWIOB,
a, OL-IUHUTPOCOEAUHEHUH U O.-HUTPOCYNb(OHOB — peareHToB, CIIO-
COOCTBYIOIUMX PEAIM3ALIMM AHUOH-PAJUKAIBHOTO LIEITHOTO Ipolecca.

NO,
|
(CHs)C-COOC,Hs + (CH;),C=NOS — = (CH;),C-C(CHs), (95%).
NO, COOC,Hs
CN CN
O<N02 + (CH;,C=NOL® — \(‘3(CH3)2 (84%).
NO,
NO, NO;
©<N02 + (CH3)C=NO;° —= <j<c|(cr{3)2 (91%).
NO,

CnenyeT OTMETMTb, UYTO B 3THX peaKIMUAX 3aMelleHHe ITPOUCXO-
OUT Jaxe y TPETHYHOro aToMa yriepopa:

Br NOZ
Do+ Omet —= COom
NO,

C-aIKMIMPOBaHKE yaaeTcsl CAENAaTh MPAKTHYECKH eMHCTBEHHBIM
HalpaBlEHUEM peakKliMM B cliyyae aJTKWIMPOBAHUS JUAHMOHOB HMUT-
poankaHoB. JMaHHMOHBI HUTPOAIKAHOB 0OpazyioTcs npu obpaborke

MEPBUYHBIX HUTPOAJTKAHOB ABYMSI 3KBUBAIEHTAMU H-GYTUIMTHS B
TI'® npu —100°C:

. O i !
2 n-C,HyLi Q @®_0Y prpr R\
RCH,NO ———“EL—-P =N~ —— " .
N ro 0. RN 6y mor - CHNO

OTU AUAHMOHDBI MOABEPraloTCs TAKXE peruoceinektusHomy C-
aUUIMPOBAHMIO MIPH B3aUMOIEHCTBMM ¢ ALUITAIOreHUAAMM UJIK aH-
rMaIpuaaMy KapOoHOBBIX KHC/OT:
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o® O
-2 1) RCOX; TI®; -78°C Rl y:——CH—NO
N a° 2) H30% —78°C | 2
© R

e @
RCH=N

C-anuaMpoBaHue IMAHUOHOB HUTPOAIKAHOB BLITOAHO OTNIUYAETCS OT
O-anunuMpoBaHUs MOHOAHUOHOB HUTPOCOEAMHEHUIH, KOTOPOE pU-
BOAUT K 0Opa3oBaHUIO CIIOXHONH CMECH TPYAHOPA3AEIUMMBIX MPOAYK-
TOB BTOPHYHBIX MpEeBpallEHUIl CMEIIaHHBIX AHTUAPHIOB HUTPOHOBBIX
KMCJIOT KaK MepBUYHBIX NpoaAykKToB O-aumnupoBaHus. B oTinuue ot
9TOro MpHU B3aMMOIENCTBUHM MEPBUYHBIX HUTPOUIKAHOB C METOKCH-
MarHUMMeTHIKAp6OHATOM MPOMUCXORMT miagkoe C-kapboxcuiuposa-
HHe — 3To OOLUMI MeTon CMHTE3a a~HUTPOKAPOOHOBBIX KUCNOT:

Vi
RCH,NO, —/HOMeOCOCH, _ ¢oycooH,
2)H,0 |
NO,

20.2.2.8. KOHAEHCALIUAA AHUOHOB HUTPOANTKAHOB
C KAPBOHHWUJIIBHBIMH COEITHHEHHWAMMU (PEAKLINS AHPH)

KoHaeHcanusi aHMOHOB MEPBUYHLIX U BTOPUYHBIX HUTPOAJIKAHOB
C ajNbOerMIaMHK M KETOHAMM MPHUBOIMUT K 0Opa3oBaHMIO [3-THOPOKCHU-
HUTPOATKAHOB MJIM MIPOAYKTOB UX JeruapaTaliuu — a., [3-Hempeaens-
HBIX HUTPOCOEINHEHMI:

CH,(CH,),CHO + CH,NO, CHy(CH),CH=CH;NO; ;

__koH _
C,H;OH; 0°C

OH
(80%)
NaOH wmm KOH
+ : = -_ .
CeHsCHO + CHiNO, & s s oo QHSC(I-;S ;)H NO,

3JTa peakuus, oTkpbiTasas JI. AHpu B 1895 r., MOXET paccMaTpUvBaTh-
Cd KaK pa3HOBMIHOCTbH albI0JILHO-KPOTOHOBOM KOHAEHCALMH Kap-
OOHUIBLHBIX coeaMHEHUH. B KOHAEHCAUMK NPUHMUMAET YYaCTHE aHU-
OH HWTpoaJKaHa, a He KAapOOHUNBHOTO COEAMHEHHS, MOCKONbKY
KHUCJIOTHOCTL HUTpoankaHoB (pK, ~ 10) Ha necsTh MOPSIIKOB Bblille
KHUCJIOTHOCTU KapBOHWIBHBIX coenrHeHuit (p K, ~ 20). D¢ dexTuBHbBI-
MM KaTanusaTopaMH peakilMd AHPU SABASIOTCA THAPOKCHIbI, AJIKOK-
CUIbl M KapBOHATHI LUENOYHBIX U ILENOYHO3eMeNnbHBIX MeTannoB. Lle-
JIOYHOCTb cpefdbl CNeRyeT TIUATENbHO KOHTPONMpPOBATH NS TOrO,
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4yTO6Obl UCKITIOYHMTH AbAONBHYIO KOHAEHCALMIO KApOOHWIbHBIX CO-
eIMHEeHHI WaM peakuuio KaHHHMUUApo AT apOMaTHYECKHUX aibie-
runos. [NepBuyHble HUTPOATKAHBI MOTYT TaKX€e PearipoBaTh ¢ ABY-
M MONSIMU KAapOOHMJIBLHOTO COEAUWHEHMS, TIO3TOMY COOTHOILLEHHE
peareHToB ciefyeT cobiofaTh oueHb TwiatenbHo. [Ipy koHaeHCauUMKM
apoMaTHYeCKUX aNnbAernaoB obbiyHO oOpas3yioTca o-HUTPOAIKEHH,
M peakuMio OYeHb TPYIHO OCTAHOBMTb Ha CTaAMH obOpa3oBaHMA f-
TMAPOKCHHUTPOANKAHA.

20.2.2.r. IPHCOEAMHEHHWE AHUOHOB HHTPOAJIKAHOB
K AKTHBUPOBAHHOW JIBOMHOM CBSi3U
MO MUXAIBIIO U PEAKUUSA MAHHHUXA
C YYACTHUEM HHUTPOAJIKAHOB

AHHOHBI NEPBUMHBIX U BTOPUYHBIX HHTPOAIKAHOB NPUCOEINHS-
I0TCSA MO KpaTHOM CBSI3M Q, B-HenpeaenabHbIX KApOOHMNBHBIX COEIUHE-
HMH, CNOXHBIX 3(UPOB U LIMAHMAOB aHAIOTHYHO TOMY, KaK pHUcoe-
OUHAIOTCA K aKTMBUPOBAHHOMW NBOMHOM CBA3M EHOJSAT-UOHBEL:

o O°
R,C-o N7+ CH;=CH-X —» R,C-CH,CHyX
© N NO,
x=c/<; COOR; CN'
R

Jnsa nepBUYHBIX HATPOANKAHOB PEaKLMS MOXET MOTH M Jaibllie C
yuactueM BToporo Moass CH,=CHX. AHMOHK HUTpOalKaHOB B pe-
aKUMM NmpUcoeAMHEHMa No Muxasnio nonyualoT o6blYHBLIM obpa-
30M, C NOMOILBIO 3THMNATA HATpUS WIM OU3THIAMMHA B KayecTBe
OCHOBaHHA. a-HuTpoankeHb! MOTYT OBITE TAKXKE UCNONb3OBAHbLI B
KayecTBe aKHLENTOPOB B peakKlUUM MMXa3JeBCKOro NMPUCOEIUHEHHUS
CTaOMNM3MPOBAHHBIX CONPXEHNEM KapOaHMOHOB. [IpucoenMHeH e
aHMOHOB HMUTPOAJIKAHOB K O-HHUTPOAIKEHAM SBJAETCS OOHUM M3
Haubosee NMpocThiX M yIOOHBIX METONOB CHHTe3a aludarnyeckux
JIUHUTPOCOETNHEHHIA:

R
e @ ]
R(|:=CH2 + RCH,NO, %2%5(()%*‘» R(|:HCH2-(|:-N02,
5
NO, NO, H

Takoro THMa NpUcoeINHEHHE MOXET IIPOUCXOANTb U B YCIOBUSX pe-
aKkuMM AHpM B pe3ylhTaTe AernipaTallMM NMPOAYKTa KOHIEHCALIMU
anbIerunia Wi KeToHa ¢ HUTPOAIKAHOM M MOCAENYIONIErO TMpHCOoe-
JWHEHHUS HUTPOANKAHa:
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OH
KOH 4 50°C
CH3COCH3 + CH3N02 W (CH})ZC\CHZNOZ—W

CH,NO
—— (CH;3),C=CHNO, —*—*%» (CH;),C(CH,NO;),
C,H0K
[TepBryHbie ¥ BTOpUYHBIE anM(aTHYECKHE aMMHBI BCTYIAOT B
peakuuio MaHHMXa ¢ MMEPBUYHBIMM U BTOPHUYHBIMH HUTPOWIKAHAMMU
U QOpPMATBAETHIAOM:

R,NH + HCHO + R,CHNO, ——> RZ‘(I:CHZNR2 + H,0.
NO,

ITo cBoeMy MeXaHM3MY M 06NacTH NMPUMEHEHHUS 3Ta peaklus HUUYEM
He OTAMYaeTcs OT KJAACCHMYECKOro BapMaHTa peakliMM MaHHHXxa ¢
y4acTHEM KapOBOHWIBHBIX COEIMHEHNH BMECTO HUTPOAIKAHOB.

20.2.2.0. PEAKLINA HE®DA

Conm auu-dopMbl HUTPOATKAHOB paclUErIsIoTCa 40 KapOoHMIb-
HBIX CoeAMHEHMH npu obpaboTke pa3baBiIeHHLIM PACTBOPOM MUHe-
PanbHOW KMCNOTHI MpH HU3KOM Temrepatype. [lepBUYHbIE HUTpOAT-
KaHBI B 9TUX YCIOBUSIX PACILETUIAIOTCSA A0 AJIbAETUIOB, @ BTOPUYHbIE —
JIO KETOHOB:

S
®, 0 H,0
9 RCH-—N" + 20" o™ 2RCHO + N0 + H,0;
SN (70~80%)
©,%°  nmo
2 RyC—=—=N" + 2H W 2RCOR + N,0 + H,0.
©™Ng (80—85%)

DTa cBoeobOpa3Hass peakuus 3aHMMaeT 0coboe MECTO Cpeld ApPYrux
npeBpalieHMii HUTPOANTKAaHOB M HE MMEET AAPKO BhIPAXEHHON aHaIO-
TMH cpeaM APYrMX KJIacCOB OpraHMYeCKHUX coefMHeHuit. OHa 6bina
oTKpbITa B 1894 r. 1. HechoM M 10 CHX NOP NpUMeHSETCS U1 CUHTE-
32 KApOOHMIIBHBIX COEIMHEHH, COlEpXAIIL[UX APYTHE NETKO OKMUCA-
eMble QYHKUHUOHAIbHbIE IPYNIIbI:

1) NaOH;

2) H,0*
HOCHz(CHOH)4CH2N02—)—O3—>- HOCH,(CHOH),CHO (70%);

20, 0°
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o 1) NaOH
2 2) H,0%; H,0; 0°C

- 0]
(81%).
CeHs CeHs

BblO YCTAHOBJEHO, YTO HAMpAaBJeHUE KUCIOTHOIO pacLUEelUIeHHUs
MEPBUYHBIX HUTPOATKAHOB MOXHO [MOJTHOCTBIO U3MEHMTH PH 3aMe-
He 2-HOpPMaIbHOM Ha 30-HOpMaJIbHYIO CEpHYIO KUcnoTy. B pasbasieH-
HOM KHCIOTe MAET pacluervieHne no ansaernna no Hedy, B To Bpems
Kak B 85—90%-it cepHoit KiicNOTe UMEET MECTO pacileUIeHMe 10 Kap-
BGOHOBBIX KMCNOT. DTO NO3BOJNAET LieJIEeHAMPABJIEHHO YIIPABISATh peaK-
UMel pacllieUIeHMss NePBUYHBIX HUTPOATKAHOB:

H,0%;
H,S0,; ¢ °C H,0
RCH,NO, — H4O Rcfo —2° s RCOOH + NH,OH.
2 NHOH

AN pacweruieHUs B CIIbHOKHUCOM cpene 6bU1 NpesIoXEH Cleayio-
IUMHA MEXAHM3M pPEaKIMH:

H+

®
RCH,NO, RCH=NOOH

® _OH
RCH=N_ _—
OH

o' O H ® H,0
R(I:erJQ%H —— > RC=N-OH — >
H OH

RY u
> RC” —1o> RCOOH + NH,OH

\ 2
NHOH

20.3. APOMATHYECKHUE JUA3OCOENIUHEHMWSA

ApPOMaTHYECKUMM THA30COeIUHEHUSMM HAa3bIBAIOTCS BELUECTBA,
B KOTOpPAIX OJMH M3 aTOMOB a30Ta asorpynnsl —N=N— cBsizaH ¢ apo-
MaTHYECKHUM PANMKAIOM, a APYToii ¢ retepoaTtoMomM. B xauecTee npu-
Mepa MOXHO NpuBecTH ¢eHungnazoamuHobeHzon CiHsN=N—
NHC¢H;s, dpennnokcuauazobenson C¢gHsN=N—-OC¢Hs. Ecin 06a
aTOMa a30Ta a30-TPYIbl CBA3aHBI ¢ APOMATHYECKMMH paguKaIaMH,
COCIMHEHUST HA3BIBAIOTCS AapOMATHYECKMMM A30COCAMHEHUSIMHU, Ha-
npumep n-NH,—C H,N=N—C;Hs — n-amuHoazobenzon. Haubonee
BaXHbIM TpPeACTABUTEIEM APOMATUYECKMX NHA3ZOCOENUHEHUN SBNSA-

® C)
10Tcs1 apeHauasoHuesbie comd Ar—N=N X ~. Conu apeHaUa3oHUS,
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rie X — aHuoH cuiabHOM KucioThs Cl™, Br™, HSO,  unu komnnex-
cHblit anwon — BF,”, SnCl¢?™, PFy”, SbF,~, HgCly;™ u T.a., npex-
CTaBJISLIOT OO0 TUNMUYHBIE MOHHBIE KPUCTATNMYECKHME BELUECTBA, pa-
CTBOPUMOCTE KOTOpPBIX B BONE M CIMPTAX ONpedeNsAeTcs TNaBHBbIM
obpazom npuponoit anmoHa X . B Bose 06614HO XOpPOLIO PACTBOPU MBI
rajloreHUnbl U cylibaThl apeHAMA30HUSA, CONU XE ¢ KOMINEKCHBIM
aHUOHOM XapakKTepPU3YIOTCH HU3KOH pPacTBOPUMOCTHIO.

20.3.1. CTPOEHHE COJIEH APEHAWA3IOHHUSA

CornacHo NaHHBIM PEHTrEHOCTPYKTYPHOrO aHaJIM3a, KaTMOH
apeHIMa30HUsl NMpEJCTABASET CODON IIOCKYI0O CHUCTEMY C JIMHENHO
PACTIONIOKEHHBIMY B IUIOCKOCTH ApOMATHYECKOro KOJbLd aTOMaMH
azoTta. CriekTpanibHbBle M PEHTIEeHOCTPYKTYPHbIE JAHHBIE CBUIETENb-
CTBYIOT O HAJIMYMM TPOMHON CBSI3M a30T-a30T B CONAX IHA3OHUHA

Ar—%E NX©. Anvon xJopa B 6€H30AXHA30OHHIXIOpUIE pacioNoXeH
No OxHY CTOpoHY rUiockocTy Ha 0,32 HM OT AMA30HUEBON I'pyMIIHI,
4yTh ONMXKE K KOHLIEBOMY aTOMY a30Ta, YeM K a30TY, HenocpeJcTBeHHO
CBSI3aHHOMY ¢ 6eH30/JILHBIM KONbIIOM. 3TO YKa3bIBacT Ha TO, YTO 06a
aroMa a30Ta HECyT MMOJOXMUTENbHLIA 3apsid, YTO MOATBEpPXIAETCH U
JaHHBIMM KBAaHTOBOMEXAHMYECKOTO PACYETA: MOJOXHUTEbHBINA 3apsin
Ha KOHLEEBOM aToMme a3ota BaBoe meHbiue (+ 0,270), yemM y ueHT-
panpHoro atoMa azota (+0,5842), 3za cuetr —M-3¢ddekTa HeHTpaIb-

HOTO aToMa a3oTa. Jluasorpynna ON=N OTHOCHUTCS K CHNbHEHILHMM
3J/IEKTPOHOAKIENTOPHLIM 3aMeCTUTENAM. M HAYKLIMOHHbIE apoMaTUYec-
KHe KOHCTAHTBI G° IS n-HUTPO- ¥ N-AMA30TPYIIbl PaBHBI COOTBET-
ctBeHHo 0,89 u 1,56. OTtcioma cnegyeT, 4TO AMAa30rpynia 3HaAYUTEb-
HO MpPEeBOCXOAMT HUTPOTPYIIY O CBOMM aKLEeNTOPHbIM CBOMCTBaM.
3DTO HAXOAMUT CBOE OTpaXeHue B DATOXPOMHOM CABMIE€ MaKCHMyMa
nornowenun B Y®-cnektpe nuasonuenbx coneir n-X—CoH,N," B
BOJHOM DPAcTBOpE MpH Iepexojne K 3aMecTUTensaM X, obnaaarommm
oonbiuum +M-3dpdexrom. Tak, Hanpumep, MAKCUMYM MOTJIOLUEHUS

@ .o
Bo3pacTaeT ¢ 262 HM 115 KaTHoHa 6eH3onauasoHus C¢Hs— N=N o

314 uM mns KaTMoHa n-CH;O—C6H4—I%EN. CornpsxeHUeM T-3JeK-
TPOHOB apOMAaTUYECKOTO KOJbLia ¢ AMa3orpynnoi obycnosjieHa Tak-
xe Gosee BblCOKas CTabMIBHOCTL KaTHOHOB ArN," MO cpaBHEHMIO C
kaTvoHamu AlkN,", KoTopbie MTHOBEHHO pa3/aralTcsi C BbLIEJEHH-
€M a30Ta U obpa3oBaHMEM Ype3BLIYAWHO AaKTUBHOIO KapbokKaTHOHa
Alk*. OTHOCHTeNBHAS CTABUNIBHOCTL APOMATUYECKMX COJIEM IMa30HUSA
B OyeHb OOJIbILIOH CTEereHW 3aBMCUT OT NMpUPOAbl NPOTMBOMOHA U 3a-
MectuTeNelt B 6eH301bHOM Kosible. Cojii ¢ KOMNAEKCHBIMY aHMOHAMH
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BF,, SbF¢ , HgCl;™ u np. HamHOro crabujibHeEe pacTBOPUMBIX B BOIE
FaJIOTEHUAOB U CYIAbkhaTOB IMA30HUS U MOTYT MHOI[A COXPaHATHCS B
TBEPROM BuIe Ha Bo3ayxe rpd 20°C B TeYeHUE HECKOJbKUX HEIE/b.
Cyxue raioreHullbl AMa3oHHsl, HAMpOTUB, OYEeHb HEYCTOMYUBHI U
B3PbIBYAThI, MO3TOMY HX HE BbLIENAIOT U3 PacTBOpa B MHAWMBUIYyab-
HoM Buiae.BBeneHue B o0- M n-nmonoxeHue GeH30JIbHOrO KoJibLA
3JIeKTPOHOAKUENTOPHBIX 3aMECTUTeNEl yBeNM4WBaeT CTAOWILHOCTD
colleil IMa30HMUs, a BBEAEHUE IEKTPOHOAOHOPHBIX 3aMECTUTENECH
TIOHUXAET UX CTaDUNBHOCTD.

20.3.2. IMA3OTHPOBAHHME MNEPBUYHLIX
APOMATHUYECKHUX AMMHOB.
NMOAYYEHHUE APOMATHYECKHUX COJTEX THA3OHHUA

Conu apeHIna30HUA 06pasyloTcsa Npy B3aUMOAEHCTBUM MepBUY-
HbIX apOMaTHUYECKMX aMMHOB C a30TUCTON KHUCNOTOM. JTa peakius
6bi1a oTkpbiTa B 1858 1. I1. I'puccoM U cpasy xe nprobpena orpoMHoOe
3Ha4YeHHUE B CHMHTE3€ apOMaTUYECKMX COENMHEHHH caMblX pasHoo6-
pasHbIX KJIaccoB. B NpOMBINIEHHOCTH CONMM apeHAMA30HUs HAILTU
LIMPOKoe MMPpUMEHEHHUE ISl MOJyYeHUsT OTPOMHOTO KOJIMYECTBA pa3-
HOOOpa3HbIX a30KpacHTENElH Bcex LBETOB U oTTeHKOB. [lo aToi npu-
YyHe AMa30THMPOBAHME OTHOCUTCH K YMCIY BaxHeHuMx U Haubonee
MogpoOHO M3YyYEHHBIX peakKLUMi B OPraHU4ecKoi XMMHH.

[Ana3oTupoBaHHUe MEPBUYHBIX APOMATUYECKUX AMUHOB OIMUCHIBA-
eTCH CNeAYIOLUMM CYMMAapHBbIM YpaBHCHHEM:

) S)
ArNH; + NaNO; + 2HCl ——> AN=NCI + NaCl + 2H,0-

CornacHo npuBeneHHOMY YPaBHEHMIO, [ JUA30TUPOBAaHMA Tpeby-
€TCsl IBa 9KBUBAJIEHTA CONITHOM KUCIOThI. (PaKTUYECKH XE COMSHYIO,
CEPHYIO WIH APYIYIO CUIBHYIO MUHEPAILHYIO KUCIOTY OepyT B KONH-
YECTBE HE MeHee TpeX 3KBHBAJIEHTOB, YTOOLI MO OKOHYAHMH IHUA30-
tupoBalua pH He npesbiano 0,5—1,5. Bbicokas KUCTOTHOCTD Cpe bl
HeobxonMMa oS TOro, 4Tobbl MONABUThL ABE MOOOYHBIE peakIUM C
yyacTHeM o0Opa3yrolllerocsi KaTUoHa apeHIMa30HMUsI U UCXOQHOI0 apo-
MaTHYECKOTO aMHMHa. B omHoM M3 HUX U3 AMA30KATHOHA U aMHUHA [10-
JiyyaeTcsl QUa30aMMHOCOEIMHEHWE, YaCTO Ha3blBaeMOEe TPUA3EHOM, a
B IPYrol — aMMHOAa30COEIUHEHUE:

AN + HpN-Ar ——> ArN=N-NH-Ar

TpHaseH
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B pacTBope ¢ HM3KMM 3HaueHUeM pH pe3ko MOHMXKAeTCst KOHLIEH-
Tpauus cBOBOAHOrO aMMHA U TEM CaMbiM IMOAABAsIIOTCH 0ba 3THX He-
XeJaTe/IbHBIX NpoLecca. JiuazoTdpoBaHHe — 3K30TEpMMUECKAS peak-
LLMsl, COMpPOBOXIAIOWAsica BbUleeHeM BoJIbIIOro KONUYecTBa Tera,
a COJIM apeHAMA30HUS TEPMUYECKH MAJIOYCTOMUUBHI, [IO3TOMY AMA30-~
TUPOBaHME, KAK MPABWIO, IIPOBOMAT MPHU OXIAXKIAEHUH, NMOALEPKUBas
TemnepaTypy B mHTepBaie 0—5°C. B GonblIMHCTBE c/iyyaeB Npu AHAa30-
TUPOBAHWKU MEMJIEHHO NPUOAB/IAIOT BOAHBIA PacTBOpP HUTPUTA HATpPUA
K CHUJBHO OXJaXIECHHON MEJNKOAUCIEpCHON B3BECHM aMMHA B BOIHOM
kucnore. CnaboocHOBHbIE aMUHBL — 2,4-IUHNUTPOAHUNIUH, 4-HUTPO-
2,6-IMXJIOPaHUINH, AMHUHOAHTPAXUHOHBI M IIp., AHA30THPYIOT B KOH-
LIEHTPMPOBAHHON CEpHON KMUCIOTE MO AEHCTBUEM HUTPO3IMICY/b(a-
Ta — CMELUAHHOTO aHTUAPM/A CEPHOI U a30TUCTON KMCOThI, pu 20°C.
Ero nony4aror pacTBOpeHHEM CYXOIo HUTPHUTA B CEpHOM KMUCOTE:

2H,S0, + NaNO, —> ONOSO;H + NaHSO, + H,0.

20.3.2.a. MEXAHH3M ITHA30OTHPOBAHHUA

HecMoTps Ha KaXyIUylocsi IIpOCTOTY, AMAa30TUPOBAHHWE OTHOCUTCS
K CNIOXHBIM peakLUAM opraHuyeckoit xuMuu. UccnengopaHue Mexa-
HM3Ma 3Tol peakiu GbUI0 HAYATO B KOHLE npolunoro Beka E. Bam-
GeprepoM U A. N'aHYeM M 3aBepUIMIOCH HUCYEPTTBIBAIOIIUMHU MCCAEN0-
BanusMu K. Unronwna (Aarnus), . Hoanuurepa (LIseitnapus) u
B.A. Tlopait—Kouinua (CCCP).

PaccMOTpHM B NEPBYIO oYepeb BOMPOC O IIPUPOJE 3NEKTPODUIb-
HOTO areHTa AMa3oTUpOBaHUA. B BoAHOM pacTBope CHJIbHOI Heopra-
HUYECKOH KMCIOTHI a30THCTast KMCIOTa YACTHUYHO MPOTOHMUPYETCS C
0o6pazoBaHMEM HUTPOIALUMAUA-KATHOHA:

HNO, + Hy0® =—= H,0 + H-E?-N=o.
H

HuTposanuMaui-kaTHOH — OYeHb AKTUBHBINA 3MeKTpOGMIBHBIH
areHT. CornacHo KWHEeTHYeCKUM JaHHbIM, 3TOT KATUOH ropasfo Oblic-
Tpee pearupyeT ¢ HEOpraHM4yeCKMMM aHUOHAMM, MPHUCYTCTBYIOLIMMH
B pactBope, YeM C apoOMaTUYeCKUM aMUHOM:

H,NOP + NO® ——> 0=N-0-N=0 + H,0;
H,NOP + CI°® ——» 0=N-Cl + H,0;

H,NO,® + B® ——» O=N-Br + H,0.
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B peaynbrate 0Opa3yioTcsi HOBBIE peareHThI: a30TUCThIA aHTUAPHUA, X0~
pHUCTBI Ny 6poMucTbiit HuTpo3un. IlIpy nuasoTMpoBaHUM B pa3bas-
JIEHHOM BOJIHOM PacTBOpE 3J1eKTPOGIIBHBIM 2aT€HTOM MOTYT OBITh a30-
THCTBI aHTHMAPHA, @ TAKXKE XNOPUCTBIA WK GPOMHUCTBIA HUTpo3ui. B
pa3baBleHHOM BOJHOM pacTtBope cepHoi, ¢ochopHoOM, XNOpHON U
JPYTHX KMCJIOT, aHMOH KOTOpbIX He obpa3yeT cTabWibHOIO KOBaJEHT-
HOTO COEIMHEHUs C KATMOHOM HMTPO3oHMS ~N=O , HUTPO3MpYIO-
LM areHTOM SIBJISIeTCA a30TMCThIM aHruapua N,O;. [Tpu anazotupo-
BaHMU B pacTBOpE COJSIHON MU OpOMMCTOBOJOPONHONH KHMCIOThI
3/1eKTpOUNbHBIM aT€HTOM OKAa3bIBAETCH XNOPUCTBIA U COOTBETCTBEH-
HOo OpoMucThIf HUTpo3wr. Cama a30TUCTast KMCIOTa NpeacTaBisieT co-
6oM cnMIIKOM cnabblif anekTpodWiIbHBI# areHT VIS QMa3OTUPOBaHUSA
apoMaTHyecKx aMMHoB. Haubonee akTMBHBIA HUTPO3UPYIOILMIA areHT —
HUTPO3WICEPHAS KHUCJIOTA MOJYyYaeTcs TOJBKO B KOHLIEHTPUPOBAHHOM
CEpHOM KMCNOTe MpY B3aMMOAECHCTBUM C HUTPUTOM HATpUSA:

°C
NaNO, + 2H,S0, — = 0=N-0SO;H + NaHSO, + H,0 .

AKTMBHOCTb 3JIeKTpOodHIbHBIX aTeHTOB IPY THA30TUPOBAHUM YMEHb-
waercs B paay NO* >> H,NO,* > NOBr > NOCI > N,0; >> HNO,.

DTH BBIBOABI XOPOLUO COTIACYIOTCHA € 3KCITEPUMEHTAIbHBIMH JaH -
HbIMH. J/IMa30THpOBaHHE B BOMJHOM pPacTBOpPE COJSIHOM KMCIOTHI MAET
ObIcTpee, YeM B BOJHOM pacTBOpe CepHOM KHUCIOTHI, OCKONBKY HUT-
po3unxjopu — Gofiee CHIbHBIM 31eKTPOoQUIBHBIN areHT Mo cpaBHe-
HUIO C a30TUCTBIM aHTHAPHUAOM. B CBoOIO oyepens AUA30THPOBAHUE B
pacTBope OpoMHUCTOBOJOPOOHOM KMCIOTHI Wi Npu gobaskax Opo-
MUI-HOHA UaeT ¢ 6onblleil CKOPOCThIO, YeM B COJISIHOM KucnoTe. ns
JIMA30THPOBaHUA ¢1a60OCHOBHBIX aMUHOB HEOOXOIMMO UCIIONBL3OBATh
HUTPO3UJICEPHYIO KMCIOTY, NOCKONBbKY TONBKO B 3TUX YCIOBUAX HUT-
PO3UPYIOILMM areHToM OyaeT camblif aKTUBHbIM KATUOH HUTPO3OHMA.

JAua3oTupoBaHue BCeraa NpOBOAAT B KUCJOM cpede, Ie MpoTo-
JMTHYECKOE PaBHOBECHE CWJIBHO CMEILEHO BIIPABO:

©) @
ANH, + H;O AINH; + HO.

TeM He MeHee NMa30TUPOBAHUIO [MOJBEPraeTcsl aMUH B BUAe CBOBoO-
HOTO OCHOBaHMs. JIMMUTUpYIOLLIEl CTaAMENR BCEero npoliecca AMa3oTH-
poBaHHs siBafgeTca obpa3zoBaHHe N-apHIHMTPO30AMMOHHMSA, KaK 3TO
npeanosnaran E. BamGeprep eme B 1900 r.:

MCANCHHO

®
(1) AINH, + O=N-X A-NN=O + x®.

X=Cl; Br; ONO H
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Hanee cnenyet psit OBICTPBIX MPOTOMUTHUYECKUX PABHOBECHIA, TIPHUBO-
IAIIMX K JUA30COeAMHEHUIO, KAK KOHEYHOMY TMPOIYKTY:

6ricTpO

®
2) AINH,-NO + H,0 AINH-N=0 + H;0®,

HUTPO3aM HH

6ricTpo

®
(3) AINH-N=0 + H;0® AINH-N=OH + H,0;

H
| ® 6LICTPO
) ArN‘—N(:OH + H0 —~  AN=N-OH + H;0%;
LMa30THApPAT
® 6vicTpo @,H
(5) AIN=N-OH + H;0® =—==—= ArN=N-0___ + H0;

H

®
(6) Ar_NzN_g’\ ——gm—» AIN=N + H,0.

B cranuu (4) mporcXOOUT OTIIEILTEHUE [POTOHA OT a30Ta WIM KHUCIOPO-
-4, TOCKONBKY UCXONHBIR KaTHOH GOPMATBHO SBISETCS aHAJIOIOM all-
JIWIBHOTO KaTHOHA. JlenpoTOHUpOBaHKE KHUCIOPOAA IPUBOAUT K UCXOI-
HOMY CyOCTpaTy — HHUTPO30aMUHY, TOTAA KaK AepOTOHMPOBaHME 430Ta
BeleT K 06pa3oBaHMIO KOHEYHOTO MPOAYKTAa — COJNU apeHAUazoHHUA.

20.3.2.6. PABHOBECH A MEXIOY PA3IMYHbBIMHU POPMAMHU
JOUA30COEAUHEHUM

KaTtuoHn apennazoHus NposABiseT CBONCTBA IBYXOCHOBHOM KHC-
notel. CornacHo npuHumnny KMKO, oH OTHOCUTCS K pa3psily o4YeHb
MSATKHMX KucioT JIplonca, 1t KOTOPhIX KOHCTAHTa PAaBHOBECHUS peak-
UMM C MSTKMMM OCHOBAaHUSMM THMIIa L{UAHUI- U CyNbPUT-HOHA BhbI-
coka (10°-10°%), B To BpeMs KaK ¢ XECTKMMM ocHoBaHusmu OH™,
OR™ u ap. oHa o4eHp Mana:

ANL,® + x© AIN=N—X.

IIpn gobaBneHnH 1IENOYH K PACTBOPY CONM NIHA3OHMUSA MepBOHA-
yanbHO 0OpasyeTcsa AMa3oTHAPOKeua (CTapoe Ha3BaHWe JUA3OTHAPAT):

K,

ANL + on® ArN=N—OH.

B otnuume ot KaTMOHA AMA30HMS, KaK KUCIOTH JIplouca, 1Ma3orni-
paT sBJIsETCA MPOTOHHOM, OpeHCTeAOBCKOM KMCIOTOH, KOTOpas
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HLICTPO B3aMMOIEHCTBYET C €lle OJHUM THAPOKCHI-MOHOM C obpa-
30BaHMEM JANa30TaT-aHHOHA:

Ar-N=N-OH + OH® ArN=N-0° + H,0.

B HeifTpajibHOM BOJHOM pacTBOpe 3TU PABHOBECHUSI MOTYT ObITh Bbipa-
XeHbl cneayiomuM obpasoMm:

K,

AN,® + 2H,0 ArN=N-OH + H,0%,

Ar-N=N—-OH + H,0 ArN=N-0° + H,0°.
KaTHOH apeHIMAa30HUA OTHOCUTCHA K UCKIIOUHUTENbHO PEIKOMY THITY
JBYXOCHOBHBIX KMCJIOT, I KoTtopbix K; > K. Bnarogaps stomy o6-
CTOATENbCTBY KOHLIEHTPALMSA IHMa30THAPaTa B pacTBOpe AOKHA ObITh
Mana. Mcnionp3ys naHHble MOTEHLIMOMETPUYECKOrO TUTPOBaHHUA U
[PUMEHSIA CMEeLUANIbHYIO METOIUKY, YAATOCh pacCUMTaTh IHaAYEHMUA
BeJMYUMH K; u K| 3TOro paBHOBecHS A1 KaTUOHOB apeHIMAa3OHUA.
BennuuHa pK, Il KATHOHOB ape HAUA30MMA U3MEHSETCA B MHTEPBA-
ne 10—11, a pK, mnasorugparta Konebiaercs B uHTepBaie 8—9. Hna
KaTHOHa HeH3onaMasoHus gaxe npu pH, paBHoM 12, mons CgHsN,™
n C¢Hs—N=N-—O" B pacTBOpe IIpUCYTCTBYIOT B paBHOM KOJIMYECTBE,
a npyn pH=7 B pacTBOpe NPUCYTCTBYET TOJIbKO KaTHOH AMAa30HHUA.
KopaneHTHble AUa30TUAPATHI He GbUHM BLUAEIEHBI MM 3aQUKCHPOBaA-
Hbl CIIEKTPAJIbHO, HO UX CYLIEeCTBOBAHHE KaK [POMEXYTOUHBIX Yac-
THMLL B HAacTOs1ee BpeMs He BbI3LIBAET BO3PAXKECHMS.

JInasoraT-aHUOHbI, NMOAOOHO ApYrMM COEIMHEHMAM C JBOMHOM
CBA3BIO a30T-a30T WIM YIIepoA-a30T, CYNIECTBYIOT B anmu-(mpanc-)
u cun-(yuc-)bopmax. [Ipu BzanmoaeiCTBUM KaTHOHA apeHANA3OHHUA
€O LIENOYbIO IEpBOHAYAILHO 00pa3yerca MeHee ctabunbHas cun-Gop-
Ma JMa30TaTa, KOTopasi Mpu CTOSHUM WIM HarpeBaHMH B IUEJOYHOM
cpene nepexogut B Gosiee cTabUIbHYIO anmu-¢opMy:

© 0%
N O_N N
[} PAALGN )
N® N O QN// O
S}
+ 204 61;1{@00 MEILJICHHO
2 H,0
CUH-AHA30TAT arnmu-gUa3oTar
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CKOpOCTb U30MEPHU3ALIUY CUH-INA30TATa B AHMU-N3OMED 3aBHUCUT OT
IIPMPOIKI 3aMecTUTeel B 6eH30JBHOM KOJblie. DIeKTPOHOAKIIENTOP -
HblE 3aMeCTUTeNN 0bNeryanT U30MepU3alvIo, U KATHOHBI napa-HWT-
pobeH30101a30HMUS WK 2,4-TUHUTPOOEH30IAMA30HUA TpH 06paboT-
Ke BONHON 1UeNoYbio Cpa3y Xe NpeBpallaloTcd B agHmu-IHa3oTar.
DIeKTPOHOXOHOPHBIE 3aMECTUTENN 3aMEISIIOT CUH-AHTU-U3OMEPU-
3auuio. /Ui npeBpallleHHUs KaTUOHA N-METOKCUOGEH30MNUa30HUA B
anmu-A1a3oTaT HeoOXOOUMO HarpeBaTh pacTBOP AMa30HMEBOH colu
co 1uenousio npu 140°C.

Jna3oTaT-uOHbI OTHOCATCA K aMOMAEHTHHIM aHUOHAaM C OBYMS
HyKJ1eOGHUILHBIMH HLEHTpaMU — KUCJIOPOAOM M a3oToM. [Ipu npoto-
HMPOBaHWHU @GHmMu-11a3oTata obpasyeTcs ToNbKO N-HHTPO30aMHMH, T.€.
aMOHIEHTHBIA aHmu-IUa3oTaT-uOH NPOTOHUPYETCS UCKIIOYHUTENbHO
II0 aToMy a30Ta:

{oo
Ar—l\f'—)-—N/O + H3O@—-——> ArNH—N=0 + H,0 -
Hanee N-HUTpo30aMuH B KHUCJIO# cpelie MpeBpalllaeTcs B KATHOH apeH-
JIMAa30HUA, KAK 3TO yXe 6bUIO OIIMCAHO paHee B COOTBETCTBHHM CO CTAIUSA-
MH (2)—(6) nipy oGCYKIeHMM MeXaHM3Ma MMa3oTHpoBaHus. Cux-IHa3o-
TaTbl MPHM NPOTOHMPOBAHMU OOpPA3ylOT AMA3OTMAPATHl B pe3yibTare
MPOTOHUPOBAHMS MO KMCJIOpoRy. Jinasorunapar gaiee oyeHb OBICTpO IIpe-
BpallaeTcsd B KHUC/ION cpele B KATHOH apeHIUa30HHUS:

N=N N=N
Ar” ~0O + H0® —HIOH o~ “OH + H,0 —

H3O+ /ﬁﬁ:N \8’1{ 9 —
BLICTPO > Ar « ~H ——» Ar—N=N + Hzo

Takoe paznuuue B MOBeAEHUM CUH- U aHmu-(OPM AMA30TAT-HOHOB
0oOyC/IOBJIEHO TeM, YTO CuH-AMa3oTaT obnamaeT 6ojiee BHICOKON OC-
HOBHOCTBIO 1O CPaBHEHMIO C aHmMu-IUa30TaTOM MU NMPOTOHMPYETCH
NO3TOMY MO aTOMY KHCIopoaa. MeHee OCHOBHbLIA aHmu-a1a30TaT Ipo-
TOHUPYETCS IO a30Ty ¢ obpazoBaHHeM N-HUTpo3oaMuHa. Paznuume B
OCHOBHOCTHM JBYX ¢(bOpM IMa30TaTOB XOPOLIO OOBACHAET CMelIeHME
PaBHOBECHsl B CTOPOHY MeHee OCHOBHOrO M, cliefoBaTesibHO, Gonee
CcTabUJIBHOTO gHmMu-AMa30TaTa Npy HarpeBaHuu. O6paTHas U3oMepu-
3a1Msl B HEKOTOPBIX Clydasix Habirogaercss TOALKO MpH o6lyyeHUH
Y®-cgeroM. OO11yI0 cxeMy NPOTOJUTUYECKHX NpeBpallieHnii apoMa-
TUYECKMX AMA30COEAMHEHUH B BOTHOM pacTBOpPE MOXHO NpPEICTaBUTh
chaenyromnM obpaszoM (B.A. lopait-Kowmu, I'. Homnukrep):
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o°

N=—N L= N=—N"
Ar/ N Oe hv Ar/
CUH~-AA30TaAT anmu—mdaso‘rar
o OH® H® HO®|| H®
® OH
Ar—Nm=N == Ar—N=N-0H Ar—NH—N=0
KarnuoH H auasoryapar N-HH'IWMH
JUA30HHUA

o#/OH

Ar—NH—N=OH

YMECTHO 3aMEeTUTh, YTO MNONOGHYIO CIOXHYIO MOCIEIOBATeNb-
HOCTb IPEBPAILEHNI HA OCHOBAHUM YHCTO YMO3PHUTEIbHBIX PACCYX-
neHui npemnoxun A.I'any B 1894 1. B HacTosiee BpeMsi OHA Ha-

JEXHO QOKa3aHa.

JMa30TaT-MOH NpPOSBISAET CBOMCTBEHHYIO aMOHMIEHTHBIM AHKUO-
HaM JIBOMCTBEHHYIO PeaKI[HOHHYIO CIIOCOGHOCTh He TOJILKO IPH IMpo-
TOHHPOBAHUM, HO U B peakUHUsAX alKuauposauus. [lpu ankmauposa-
HHMM HATPHEBBIX CONEH aHmu-ANA30TATOB MATKMMH AIKWIMOIUIAMU
M AIKWIOpOMHUIAMH NonydaroTca N-aIKHIHUTPO30aMUHBI, TOTIA KaK
C XECTKMMH QIKWITO3MWIATAMH WIH COJISIMH TPUAIKHUIOKCOHHUA 06-

pasyroTcsa Aua3o3(duphL:

C? Nae

N=N" s R 20C
Ar CH,OH
0. ®
O'N ® —90°
% 4 (GH,),0BFO Z20C
—N
AI'/ CH)CIZ

Cepebpsanbie cONY aHTUIMA3OTATOB AIKHIMPYIOTCA TONBKO 110 aTOMY

Ar

Ar—rr—N=o + Nal ;
R (70-80%)

OC,H
N:N/ CZ 5
7~

(60—70%)

KHUCIOpOoaa, 4YyTO MPpHMBOIUT K NOJYYEHHUIO nnaaoadmpos:

OAg
~
=N + Rl
AI'/

adup

—10°C Ar

B oTnMyHe OT 3TOr0O CONMM CUH-AMA30TATOB JAIOT pn AJKUJINPOBAHNHU
CaMbIMHU pawooGpaaﬂblmn ATKUIUPYIOLUMMHA arcHTaMM MpaHC-a30K-

CHNCOCAMHEHNA:
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@ e —20° GH;
_N=—N + (C,H),OBF® —20C Ne—N
Ar \(PI( ® CHzC]z AI'/ \Oe

ALMNMPOBAHUE CUH- VI GHMU-TAA30TATOB ALWITAOTeHUIaMH MIPHUBO-
OUT K MoydeHnIo N-HUTpo30oauuNasWIKIOB:

R
. C=0
Ar—-N=N-09Na® + rRcoc] YE u | .
agup  Ar—N—N=0

(20—80%)

[lpyn HarpeBanuu N-HUTPO3OALMIAHWIHABI JIETKO U3OMEPU3YIOTCS B
O-auwiauasoryaparsr:

. N
/N_ t°C RN Ar N
\ @R
C—R C
(”) %/ \R O/, N

Conyn 1Ma3oHMA, KaK yXe 6pUI0 OTMEYEHO, PENKO BBUICAAIOT U3
pacTBoOpa B MHAMBHAYAJIEHOM BHIE U B OOJBIIMHCTBE CIy4aeB cpasy
e BBOAAT B JaJIbHeNIMe npeBpaeHusa. Tem He MeHee MHOTHE COJTH
apwlIKaloHUs ¢ HekoTopbiMH npotuBonoHaMu (PFg , SbFg, BF, )
HEpPacCTBOPMMEI B BOJE M JOCTATOYHO CTAOMNLHBI IPH XpaHEHHUH HUX B
CYXOM BHJI€ B TeYeHUE JUIUTeIbHOTO BpeMeHH. TakHe cou Ha3bIBAIOT
CcTabWIBLHBLIMKM GOpMaMHU IHA30COeNAMHEHUM, Wiy auaszonsaMu. K Hum

OTHOCATCA MOHHBIE COJNH ArI@':’N Xe; xO = PF,~, SnCl¢®”, BF, ",
ZnClL> u ap. C cyab¢uT- ¥ (MAHUI-NOHAMM KATHOHBI JUA30HMS 06-
pa3’yloT OTHOCHTEIBHO CTabWUiIbHble KOBAJIEHTHbIE COSIHHEHMS CYIb-
¢donatel ATN=N—SO;~ Na* u uuanuasr AtIN=N—CN. Yno6Hoit ¢op-
MO XpaHeHHs JHa30COeIUHEHHIL ABJIAIOTCA GHMU-ANA30TATEl, KOTOpbIE
NpU MOAKUCIIEHUM NMEPeXodsaT o6paTHO B KATUOH apeHIHA3OHUS.

20.3.3. CBOMCTBA APOMATHYECKUX COJIEN IHA30OHUSA

Cony apeHANa30HUA 061aAaI0T BHICOKOH pEaKUMOHHOM crnocob-
HOcTBIO. HMxe npuBeaeH HeNMoOJMHBIA MepedeHb TEX KIACCOB apOMaTH-
YECKUX COEMHEHM, KOTOPBIE MOYYT ObITh MTONYYEHBI HETIOCPEHACTBEH -
HO M3 cosieil apeHIUa3OHUA:
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ArOH, ArSH, Arl, ArBr, ArCl, ArF, ArCN, ArNO,, ArH,
Ar—Ar, Ar'—Ar?, ArN;, ANH—NH,, Ar'N=NAr’ u np.

Bce peakumu coseit 1Ma30HUSA MOXHO Pa3JeIUTh Ha YeTbIpe 6ob-
LIMe CpyMibi, pa3IMyalommecs no THUMNY B3aUMOZEWCTBUS KaTHUOHA
JMA30HMS ¢ HyKJIeOpUIbHBIM areHTom X :

. @—x + N, 1)
Y

_.@ PN, X ()
Qe

Y . @N=N-X 3)
Y

L, @ﬁz +Y0 @
X

Peaxuum tnna (1) u (4) OTHOCATCA K peakuUsM HYKIEODHIb-
HOTO apoOMaTHMYECKOTO 3aMELIEeHMs], ONHAKO MEXKY HMMH HMEETCH
MPUHLMUITHANLHOE pa3Uiue, MOCKONLKY MOCHeIHAA Ipyrfina peakiui
MPOTEKaeT C COXpaHeHMEM AMA30rpymnmnsl. Juazorpyrnmna, Kak o4eHb
CWIBHBIN aKLENTOp, aKTUBUPYET HYKJIEOMUILHOE 3aMeleHUe Tpy-
nb1 Y Ha X npH opmo- WY napa-pacnonoxeHun Y u auasorpynnsl. B
peakuuax rpynnsl (1) uMeer Mecto 3aMenieHue Ha X caMoit nuaso-
rpynnbi. PaaukansHelil pacnag coliM AMA30HUSA MPOMCXOMUT B peak-
umax rpynnel (2). O6pasyonmitcs Npyu 3TOM apyIbHBLE paauKan Ar ®
MpeTepneBaeT 3aTeM JalbHelllee MpeBpameHue. TpeTHH TUI peak-
LMI NpearnonaraeT aTaky HyKjieogHIbHbIM areHTOM KpaitHero aToma
a30Ta JMa30HUEBOro KaTMOHA, U 3TH PEaKLMM HUOYT C COXPAHEHUEM
a3oTa. PaccMOTpUM MocCNeOBATENLHO BCE 3TH YEThIpE PYIIH peak-
LMH apOMaTUYECKHX colieil IMa30HUS.

20.3.3.a. PEAKUUN HYKITEOOUJIBHOTO 3BAMEIHEHWS, UAYILIUE C
BBIAEAEHUEM A30TA

3JTa caMas pazHooOpa3Hasi U BaXHasi B CHHTETUYECKOM OTHOLLIE-
HMHM TPYINa peakuuu coied AuazoHus. Takue peakuHUu NPOTEKAKOT
KaK [0 reTepoJIUTUYECKOMY, TAK U MO TOMOJUTUYECKOMY MEXAHM3-
My, KoTopble 6b1H nogpo6Ho onucaHsbl B . 15 (4. 2). XapaxTtep pas-
pbIBa CBA3U YIJIEPOA-a30T B KaTHOHE apeHJIUA30HMUsA 3aBUCHT IJ1aB-
HbIM 00pa3zoM oT npupoasl HykileoduisHoro areHTa. ['eTeponus cBasu
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C—N uMeeT MEcTO MpM B3AMMOJEHCTBHUM C XKECTKHUMHU HYKIEODHIIb-
HbIMHM areHTaMHu: Bogoit, ¢GTOpUI-MOHOM U MpoBedeHUH peaklMH B
PACTBOPHUTENAX C 3NEKTPODUIBHLIMU MM MATOHYKIEOPUIBHBIMU
cBoiicTBaMK. ['lOMONIUTUYECKOMY paCIUEIUIEHHUIO CBA3U YIrepoa-a3oT
GnaronpmATCTBYET pPOCT HYKIEOMUIBbHBIX CBOWCTB pacTBOpHUTENS H,
0cobeHHO, MCIONb30BaHUE MATKUX HyKJeodHNbHbIX areHToB (I,
SCN™, SH™ u mp.). Bce 3TH aHHOHBI OTHOCATCA K CHJILHBIM BOCCTa-
HOBMTENAM, YTO OoGJIeryaeT rnepeHoc OJHOTO 3EKTPOHA OT peareHTa
K KaTMOHY AMA30HUS. DTy Xe QYHKUMIO B OTAENBbHBIX CIYYAsIX MOXET
BBIMTOJIHATh M pacTBOpUTENb. /I MHOTUX peakUuW [epexon oT rere-
POJIUTUYECKOT0 K TOMOJIMTHYECKOMY MEXaHM3MY MPOUCXOAMUT OYeHb
JIETKO NIpH BBEJEHUH B pacTBOp COJIeil ONHOBAIEHTHON MEJIM, a MHOrAa
Jaxe Mpy BBEAEHWM 3JEKTPOHOAKLENTOPHOIO 3aMecTUTeNsi B OeH-
30J/1bHOE KOJIbIIO TMA30KATHOHA.

3amemenue AHA30rpynnbl HA THAPOKCHA

®_06 t°C
AN, X + H,O E» ArOH + N, + HX .
2

31y peakumio o6sI4HO NPoBOAAT B BogHoM 40—50%-M pacTBope
CEpHOI KMCAOTLL. PacTBOp cONM AMA30HMS, MOJYYEHHDI IIPU AMa30-
THUPOBAHUMU MEPBUYHOIO AMHHA B BOOHOM DAacTBOPE CEpPHOH KUCIHO-
ThI, MIOCTENEeHHO 106apnAoT B kunamui 40—50%-it pactBop cepHol
KMCNIOTHI B Bofe. MexaHM3M 3TOH peakL M4 KaK Mpolecca MOHOMOJie-
KYJISIDHOTO 3aMelIeHK s Y ApoMaTU4YecKoro aroma yriepona Syl, 6but
paccMOTpeH B 1. 15 (4. 2), 3gpech Xe OyayT MpHUBeaEHbI TONBKO HEKO-
TOpPbIE€ TUITMYHbIE MPHUMEDDI:

@ H,0
CH; N=N ————H,C OH ;
H,S0,; 100°C
Br (92%) Br
%EN L OH .
H,S0,; 100°C
O,N O;N  (81-85%)
NaNO,; 5°C @
B NumN —
@ NH, H,SO,; H,0
(CH,0),CH (CH,0),CH
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H,0

_— - OH
H;S0,; 100°C
CHO (78%)

CepHyI0 KMCIOTY 6€pyT BMECTO CONSTHOW MpH 3aMEHE Qua3or-
PYIIMbI Ha TMAPOKCHI, TAK KaK OYeHb PeaKIMOHHOCIOCOOHBIN apui-
KaTMOH TIpY B3aUMOAEHCTBUM C XIOPHUA-UOHOM 06pa3yeT HEKOTOpoe
KOJIM4YECTBO NMoBOYHOro MpoayKTa — apu/ixiopuaa. Kak Bo Bcex npo-
ueccax Syl-TUna, cTagus, onpeaensionas cKopocTb PEakiMu, U CTa-
JUsA, ONpesensiomas cCocTaB MpOAYKTOB PeaklMM, He COBMAafaloT;

b0 ArOH + H;09

AI‘N2® MEAJIEHHO Ar® + N2 ﬁblcrg
~—
6!>lcrp0ClJh ArCl

[TosTOMy CKOpPOCTb p€aKLMH HE 3aBUCHT OT KOHLIEHTPALIMM XJIOpUI-
MOHA, B TO BPEMS KaK KOJIMYECTBO apWIXJIOPHIA MPONOPLIMOHAILHO
KOHLIEHTpalMH XJIOpHUA-HOHA B pacTBope, U cooTHolleHue ArOH u
ArCl coorBetctByeT cooTtHoleHuio Cl- u H,O. Obpasyomuiics U3
Art u HSO, ™ xucnblit 3dup cepHoii kucnoTel ArOSO;H B 3THX ycio-
BUSIX HAale/Io THIPONM3YETCs B KUC/ION cpele 10 ¢eHona.

3amemenue Auazorpynnst Ha ¢rop

3aMeleHHe AMa3orpyIIsl Ha PTOP MPOMCXOMUT IPH TEPMUYECKOM
pasfIoXEHUU COBEPIUEHHO cyXoro TeTpadTopbopaTa apeHAUA3OHUA!

ANSBEY £°C o ASF + BF; + N,.

MexaHU3M 3TOM peakuMM, BHepBble onucaHHol [. llumaHoM B
1927 r., 1O-BUIMUMOMY, B OCHOBHbIX YepTax aHaJIOTMYeH MeXaHU3MY
3aMelleHus OMa3orpylnbl Ha ruApoKCUi. Beixogbl apundTopuion
CHJIBHO KOJIeONIOTCS B 3aBUCUMOCTH OT NMPUPOALI 3aMecTUTeNs B 6eH-
30JIbHOM KOJIblie apeHAKAa30KAaTUOHA. YJIOBNETBOPUTENbHBIE PE3YNb-
TaThl JOCTUTAIOTCS TOTAA, Korga 6eH301bHOE KONbIIO CONEPXKHUT 3J1eK-
TPOHONOHOPHBIN 3aMeCTHUTENb:

HNO 200°C
NH,———> NOBFS F + N, + BF;
HBF4

H,C H,C
3 3 (69%)
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99 @ © 180°C
(82%)

Brixon apuwicdbTOpUIOBE NMpPM TepMUYECKOM pasioXxeHUM 6Gop-
hTOpPUNOB ApeHANA30HUS B CYXOM BHIE WJIU B CYCIIEH3UU B MUHE-
paibHOM Macie oKa3biBaeTcsi 0CO6eHHO MaJjl [IPU HATMYMU CHUIIBHBIX
3JIeKTPOHOAKLIENTOPHBIX 3aMecTUTeNiell. KpoMe Toro, SopdTopuibi
apeH1ua3zoHHUs o0NajalT 3HAYUTEJILHOH pAacTBOPMMOCTHIO B BOjIE,
YTO TAKXe Pe3KO CHUXAEeT CYMMAapHLIH Bbixon apundTopuia B pac-
yere Ha UCXONHbIH aMuH. [ekcadTopdocdaTs u rekcadropaHTUMO-
HATH! PaKTHYECKH HEe pacTBOPUMBI B BOAE U JIETKO BbIIEJNSIOTCS U3
pacTeopa:

H,0
ANPCI® + HPFg —22»  ANPPFO| + HCL

Boixonbl ¢TOpHIOB, MONYYEHHBIX MPH TEPMUYECKOM pa3TOXKEHUU
rekcadropdocharos u rekcadpTOpaHTUMOHATOB, BCErha BobILLUE, YEM
npu nuponuse 6opdbropuaos. Tak, HapUMep, CyMMapHBIA BbIXO[ 0-
¢TOop6GeH30MHONH KMCIOTh U3 AaHTPAHHIIOBOH KMCIOTHI [TPHU MTUPOJIH3E
rekcadpropdocdara cocrasasaer 61%, Torma kak no Merony Illumana
u3 6opdTopHuna oH He npesbliaer 9%:

® 0
Qe - Qe

COOH COOH
® © °
- N,PE, —0C F
COOH COOH
(61%)

AHanornyHo o-HuTpotdhTopbeH30/ M3 rekcadpTOpaHTUMOHATA [1OTY-
yaetcs ¢ 40%-M BbIXONOM, TOrga Kak U3 60p¢TopUa BHIXOH COCTaB-
JisieT Tosibko 15%:

® O 180°C

NO, NO,
(40%)
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® © 180-200C
@—stﬁ—— @—F (10—-15%).

N02 No2

Peakumsa IIluMana npencrasisier coboi Jy4UIMil METOX MMOJydYeHUs
o-thToprasore H6e H30J10B:

® ©
Qe Qe
Br

Br
F ® O 165-170°C
&, <@}—sz}:6 —_— ©~F )
Br Br
(94—97%) (78%)

3ameenue JAHA30rpynnbsl HA HOA H THOUHAHAT

3aMellleHMe OUA30TPYIIbl HA TaloleH [0 NeUCTBUEM MSTKMX
aHUOHOB OCYIUECTBJISETCS 10 IPHHUMIIMATEHO UHOMY MEXaHU3MY M
fpeacTaBasier cobol MOH-pAAUKANBHBIA Mpolecc, KOTOPHIA 4acTo
TpeDyeT NpUMeHeHHUsI B KaYyecTBe KaTa1M3aTopPOB COJIEH ONHOBANEHT-
HOM Menu.

MexaHu3M 3aMeleHNs JUA30TPYIIibl HA UOL, KaK LIEMHOro aHu-
OH-paguKanbHOro npollecca, npuseneH B 1. 15 (4. 2). B npenaparus-
HOM OTHOWIEHMHU 3TO OJHA U3 CAMBIX MTPOCTHIX peaKLU Uil apoMaTHYecC-
KUX IUA30COeIUHEHUIA:

CeHNDC® o og o™ GeHlst + Ny + Kal;
e (74-76%)
NaNo, @ o
ON—<: :>—NH —>ON—<: :>—N HSO;, —»
2 2 H2504, H20 2 2 4
5C
KI = O,N I :
H,0; 3040 vac 2 @1%) ;
®.0o KSCN .
CoHsNy I 5 5™ CoHls=S—C=N .
(54%)
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3amemense JHA3OrPyNNbI HA XJ10p-, OPOM-, UMAH-, H HHTPO-TPYNINY
(peakuus 3angmeitepa)

Bbixoabl apuixiopuaos, apun6poMUIOB ¥ apUILIMAHUIOB B pe-
aKUuMU cojieil apeHIMA30HUS C XJAopU-, OpOMUI- U UHAHUI -HOHAMMU
B OTCYTCTBME KAaTaJIU3aTOPOB HEBEJMKM U peaKo MnpepbiliaioT 20%.
s nosyyeHusl 3THX COeIMHEHMIl UCob3yloT peakuuio T. 3aHn-
Meiiepa (1884 r.), KoTopblit O6HapPYXWI, YTO 3aMellUeHHe TUa3orpyr-
bl Ha xJop-, 6poM- U nuaHo-rpynny 3p¢GeKTUBHO KATaIUIUpYyeTCs
conssMu Meau (1). Tlpu 3TOM Wi noay4eHHS apUIXIOPUIOB aMUH He-
0OX0IUMO THa30TUPOBATL B CONIAHOM KHUCIOTe, A IS pa3fioXXeHUs CO-
Jiei Tua3oHMs caeayeT npuMeHsTs Cu,Cl,, Torna xax rnojsyyeHue apui-
6poMuIoB TPeOYET UCMONMB30BAHUSI KOMOMHALIMM OPOMUCTOBOIOPOAHOMN
kuciotel U Cu,Br,. INpuMenernue cmecu HCl u Cu,Br, win HBr u
Cu,Cl, Bceraa nmpUBOAUT K CMECH APWIXJIOPHUAOB U apUIOPOMUIOB:

NaNO, Cu,Br,
e +Ny;
HBr; 0-5°C HBr; 60°C

Cl'  NH, a NP a’ Br
(80—95%)
NaNO, Cu,Cl,
—_— — T + N, :
HCI; 0-5°C HCl; 70°C 2’
H,C NH, H,C N® HC <l
(74-79%)
1) NaNO,; HCJ; H,0
NH, a9, 2 a .
2) Cu,Cl,; 80°C
H,N a
(709)

MexaHu3M peakuuu 3aHamMeiiepa TOCTOBEPHO He ycTaHOBAeH. O6bIY-
HO MpeasioiaraeTcsl paluKalbHblii MEXaHU3M, [lie POJIb KaTHOHA MeIH
(I) croIMTCS K BOCCTAHOBJIIEHMIO KaTMOHA apeHAMA3OHMUS LO apuiI-

-*
paaukana Ar -, 1ubo apujaMasopagukana ArN=R., KOTopblie Iajnee
OKMCJISIIOTCS COJIbIO BYXBAJICHTHOW MeIU:

ANDX® + CUX —» [ArCullX;] + Ny ——» ArX +CulX.

Ecniu peanbHBIl MEXaHU3M OEUCTBUTEJLHO COOTBETCTBYET [IpHBe-
JNeHHOI cXxeMe, OKMCIIEHHEe apHiIpanquKaia no apuiKaTUOHA U 3aXBaT
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aHuoHa X [JOJXHbI MPOUCXOIUTb B KJIETKE PacTBOPUTENA. DTOT Me-
XaHU3M HalloMuHaeT Sgyl-MexaHU3M B3aUMONEHCTBUSA CoNlell AUa3o-
HMA ¢ HoluI-woHoM (rn. 15. Y. 2) ¢ Toit nuuIb pa3HHllel, YTO BOC-
CTAaHOBUTENIEM 31eChb ABIAeTca KaTuoH Meam (I).

Ipyras Bo3MOXHOCTb 3aKJIIOYAeTCsl B TOM, YTO M KAaTUOH [Ma30-
HMSI, U TaJIOTéHUA-UOH MOTYT JaBaTh KOMIJIEKChI ¢ KATUOHOM Megy
(I) ¢ xOOpAMHALIMOHHBLIM YUCIOM yerhipe. [locnenyloliiee B3auMo-
IeNCTBUE IBYX JMIAaHAOB, HAXONALIMXCA B 9KBATOPUAILHOM ITO/10Xe-
HUU, TIPUBOAMT K TTPOAYKTAM peakKl MK 3aHameiepa:

cul) + ANY + 3xP=—=| T cu

-
X _N=N-Ar
—>
X X

—= ArX + N, + Cu(l).
BMecTto anHoHOB xJiopa u 6poMa B peakumuy 3aHaMeepa MOXHO HUC-
[10JIb30BaTh IIMAHUI-UOH B IPUCYTCTBUM 1IMaHua Menu (1) mis cuH-

Te3a apuiIlUUaHUNoB. PeanbHbIM HYKJI€OGHIBHBIM areHTOM SIBASIETCA
koMmiuiekcHblii uod Cu(CN), , Hanpumep:

@[CHS NaNO, @[CHJ K[Cu(CN),]
- —_—
H,50,; H,0; 5° 5
NH, 1250s H0; 5°C NoHso? 05 3°C
CH,
CN

(64—70%)
@Noz NaNo, @INOZ K[Cu(CNY,]
T
HCL; H,0; 0-5°C - -
np, HCLHO: NOq© Hi0; 90-100C
NO,
— QC
CN
(65%)

JI. Tarrepman ob6Hapyxun (1890r.), 4To B peaklHH 3aMelIieHMs] JH-
a30rpyninbl Ha raforeH WJIM IIHAHOTPYIINY CONH MEAU BO MHOTHX CNy-
4Yasix MOXHO C YCII€XOM 3aMEHMUTb MEJHbIM [MOPOLLUKOM:
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@ECHJ NaNO, @ECﬁs Cu
— - —_—
N, HB H0:0-5°C NCp© Hi0;SUC
CH,
. _
QL

(43—47%)

3ToT MeToAa flaeT 0coGEHHO XOPOLUME Pe3ylbTaThl NPpH 3aMeHe Jua-
sorpynimsl Bo ¢propboparax wiM rekcadpropdocdarax apeHAMA3OHUA
Ha HUTPOTPYIINY C MOMOLIBIO HUTPUT-UOHA:

OZN@-NZ BF, M OZN—@—NOZ (67-82%).

DTy peaxklHUIO UCTIONbL3YIOT B OCHOBHOM IS IONTyYeHUS TeX ApOMaTH-
YECKMX HUTPOCOEIHHEHUH, KOTOPbIE HE MOTYT ObITh HOJYYEHB! IIpA-
MBbIM HHUTpoBaHMeM. JIpyroit anbTepHaTUBHBIH Criocob 3aMeHbl aMM-
HO- Ha HHUTPOIpYNNy 3aKJI04aeTcsi B OKUCIEHHM IepBUYHBIX
apoMaTH4eCKUX AMHUHOB NepTpUPTOPYKCYCHOM KUCIHOTOM (cM. 1. 19).
O6a MeToa UCMIONB3YIOTCA IJIst IOJIYYEHUS 0- U H-JUHUTPOOEH30JI0B
U IPYTUX HUTPOGEH30JIOB, CONEPXAUIUX B 0- U H-ITOJOXEHUH CHIIb-
HBIH 3JIeKTPOHOAKLENTOPHBI 3aMECTHUTEIND.

3amemeHue IHA30CPYNNbI HA A3UN0- M THOJBHYIO [PYIIY

s 3aMerieHua guasorpynmns! Ha N3- u SH-rpyniny Her Heo6xo-
IMMOCTH B MCITOJIb30BAaHMM KakKoro-naubo kaTtanusatopa. [Ipu B3au-
MOIEMCTBUM KaTHOHA apeHIMA30HMSA C a3U[-UOHOM I1€pPBOHAYAILHO
obpazyercss HEUTpasibHBIM LMKIWYECKHIl TeHTa3eH, KOTOpblid Oanee
CIIOHTAHHO pa3faraercs ¢ BbLAEJIEHUEM a30Tad U oOpazoBaHUEM aApU-
nasuaa:

® NN t°C ® o
Ar—N==N + NaN;—» Ar— N | + NaC] — Ar—N=N=N~+ N,
c® N®
INNEHTa3cH
NH, N&c©

NaNO,; NaN,
> —_—
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N;

— OO o

Peakliusi conefl AMa30HUA C MMIAPOCYNbOUIOM HATPUS MAET CIMLU-
KOM B6YpHO, TaK KaK Mapocyiibbui SBJIsSETCS CHILHBIM BOCCTaHOBHU-
TeneM. TToaToMy a1 3aMeHbl AUMasorpynnsl Ha SH-rpynmy npumens-
IOT OBYXCTAAMMWHBIA KcaHToreHaTHbid MeTod. KcaHToreHar kamus,
noJiydaeMbiif U3 ITUNIATA KAJIUSI U CepOYINeponaa, ¢ CoONAMU OHA3OHMS
JaeT apUA3TWIKCAHTOIeHAT, KOTOPbiH [HIPONU3YIOT N0 TUODEHOoNA!

CH CH
3 3 KS—‘C{S
NaNO,; OCHs
—_— -
HCl; 0-5°C 0.0 H0:40C
NH, N2Ci
CH, CH, CH,
o @ = @
—
S - 80°
s-c?> MO 8C SK SH
OG,H; (63-75%)

3amelmienne IMA30rpymnsl Ha MeTawl. I'ajoreHoHHeBble COMH

TlanoreHunbl apeHauaszoHuss obpa3yloT cTabWIbHbIE KOMILIEKC-
Hble COJIK C FAJIOreHUJaMU pTYTH, CYpPbMbI, BUCMYT4, OJIOBa KU pAAd
IPYTHX HellepexoaHbIX METANIOB, HallpUMep:

HCl
ANSC® + HeCl, o™ ANPHCE:

HCl
ANSCI® + sbCly o™ (ANDY, SbCI2 ;

© HCl
ANSCE + BICl, g™ (ANZ ), BiCIs2.

A.H. HecmesiHoB obHapyxun (1929 r.), 4To 3TH KOMIUIEKCHbIE CONU
pazIaraloTcs NpyU JeHCTBUM TAKUX BOCCTAHOBUTENEH, KaK Meb, UUHK,
BUCMYT ¢ 0Opa3oBaHMEM apOMaTHYECKUX META/LIOOPraHUYECKUX CO-
eIVUHEHUIN HerepexodHbIX META/LUIOB. PTYTH, CBUHLA, CYpPbMBbI, BHC-
MYTa, 0JIOBa, MbilbfAKa. JTa OoJblliasg rpynna peakluvil CHHTe3a Me-
TAJUIOOPraHUYECKHUX COCAUHEHHU NOJyYUIa Ha3BAHUE «IMA30METON»
A.H. HecMmesHosa:
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all€TOH

n-1IC,H,N® HeCl? + 2 cu -

n-1CgH,HgCl + N, + Cu,Cl, ;
(45%)

2‘(”'C2H500C_C6H4NS Hgéi + 6Cu + 6NH3aug']’-gH

—= (n-C,H,00C—C¢H,),Hg + 6Cu,Cl, + 2N, ;

(88%)
_ CH,COOC,H

(CoHsND),SbCE ™+ 270 ——2———2 (C¢H;),SbCl + N, + 2ZnCly;

77°C 46%)

alleToH ) .

3C¢HsN,CHBICK + 2Bi —=~ (CeHs):Bi + 3N, + 4BiCl;;
20C
(50%)
dlUETOH

4CHNIBES + 3Pb (CeHs)4Pb + 2Pb(BF,), + 4N,

(15%)

—_—
5-15°C

XnopbeHaon, 6poMbeH30J, HOAOEH30J U UX [IPOU3BOAHBIE, CO-
IEpXallMe B Kojble JIEKTPOHOJOHOPHBIE WU 3JIeKTPOHOAaKIIeil-
TOPHbIE 3aMECTUTEIH, apUJIUPYIOTCS 10 ATOMY rajoreHa fpy B3au-
MOIEMCTBMU C COJNISIMH apeHIMa3OHUsI B TPUGDTOPYKCYCHOH KHUCJIOTE
¢ 06pa3oBaHUEM rajJloreHOHUEBbIX COJEM:

CF,;COOH
Arcl + arNOpEO L ACPAPES + Ny

(5—15%)
CF;COOH
ArBr + APNDPES 0 APBEACPES + N,
(6-12%)

Taxk Noxy4aloT CONU IUAPUIXIIOPOHUS Y TUapWIOPOMOHMS, XOTS
UX BbIXOObI He MpeBbiliaoT 15—20%. Hanbosnee yHUBepCcaIbHBIM CIIO-
coboM ToNy4eHUs AMApUIOPOMOHUEBBIX cosleil sIBsieTCsl KOHAEeHCa-
LMs apOMATHUYECKHUX YTIIEBOJOPONOB M UX [IPOU3BOAHBIX ¢ TpUdTOpU-

noM bpoma B ycrmoBusix peakuimu ®punensi—Kpadrea:
CH,Cl, ArH ® o

+ _—

ArH BrF3—>_70_C [ArBrF,] CH,CL,; —70°C Ar,BrF ——»
(GHs),0 - BF;

©
> + (GH;),0
CHoon, ™ AnBEBFC+ (GHY),

(15-50%)

. —=70° e __©o
2Ar,Hg + BrF, (%H Cli 70C_ ArBPBFS+ (C,H,),0 + 2ArHgF.

M) 0 BF;  60-999%)
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Conu IMapuIHOAOHUS IoNy4yaloT bojiee JOCTYMHBIM criocoboM, Uc-
xo/4s1 U3 uono3obeH3oa.

[l apoMaTHYeCKMX COEAMHEHUN MOJA U3BECTHbI COEqUHEHMUS
TpexXBaleHTHOro M MSATUBAIEHTHOTo Hojaa. [lepBoe opraHuyeckoe co-
eIUHEHHE MOJUBAIEHTHONO HoJa — HON0300e H3oIAMXIOpU (AUXI0D-
uon6enson) 61 noayyeH K. Bunbrepoatom B 1886 r. npu B3aumo-
JefcTBUU MoaGeH30Ja C XJ10pOM B xaopodopMe:

CHCl,
CgHsl + Cl, ? C(HICl, (87-94%) .
HMOJ0306CHIWIANXIOPH I

Ilpu 1ETOYHOM THAPOJIK3E HOL0300EH3ONIUXIOPHAA MOoJydaeTcs

Ho0300eH30N (MoL03UIT0eH30IT):
H,0O

C4H,ICl, + 2NaOH——>

e CeHil=0 + NaCl + 2H,0 .

(54%)
HON0300€H30

Hono3zobeHszon TepMuyeckH He cTabried U mpu HarpeBaHuu Jo 100°C
B BOJE OUCIPOIIOPLUUOHUPYET ¢ 0O0pasoBaHUEM HOI0300eH30/1a U OT~
6eH3o1a;

100°C =0 -
_ 4 (92-95%)
2C¢H,1=0 Hoo CeHsl + CeHil& uon0306eH30N”

2

UonosobeHzon obnagaer cBoitcTBAMM THIIMYHOTO OCHOBAHUSI U IIpH
B3aUMOJEHCTBUU C XJIOPUCTHIM BOZOPONOM pereHepUpyeT HON0306eH-
30JLIMXJIOPUI, 4 C YKCYCHOI KHUCIOTOI naeT uono3obeH30saualieTaT
[(nuaieTokcumono)6eHson]. bonee coBpeMeHHBI M NYYWIMil crioco®
MoJlyyeHUs1 Kono300eH30/IIHalIeTaTa 3aK/I0YaeTCst B OKUCIEHUH Hom-
OeH301a MePYKCYCHOM KUCIOTOM B YKCYCHOKHCAOM pacTBope:

30
CgHyl + CH,COH + CH;COOH -0 cﬁhsl(o—cfgH ) ;
(98%)

C¢H,l + CF,CO,H + CF;COOH —— = C6H51(O—Cng3 ).

AHaJIOTMYHO MNOJyYyaeTcst U ApYyroil BaxHbI# peareHT uoga (II1) —
nono3obeH3on6HucTpUdTopanetar. @eHUIMOZO30AHALETAT NP LIe-
JIOYHOM THAPOJIH3E JaeT HoA0300eH30J C NPEBOCXOAHBIM BhIXOAOM,
a NpM B3aUMOJEHCTBUHU C N-TONYONCYNb(pOKHCIOTON npeBpaiiaeTcs
B ¢deHwtuon (111) okcutosunar (Mox0306eH3IONTHAPOKCUTOIUNAT):
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H,0
C4H;5l(OCOCH;), + 2NaOH ﬁ» C¢Hsl=0 +
(85-90%)

+ CH;COONa + 2H20 .

CCH,),C
CeH5I(OCOCH;), + CH3—©-SO3H —

CCH,),Cl _OH
— il + 2CH;COOH

INon gecTBHEM 3TOFO peareHTa ajJkKeHbl IIPeBPAIAIOTCA B OUTO3MIA -
Thl BULIMHAJILHBIX [JIMKOJIE; peaKUus IPOTEKAET CTPOro CTepeoclie-
UHGIUYHO U TIPUBOAUT K MPOAYKTY C yUcC-KOHDUTYypaLued TO3UIOK-
CUTPYIIII:

OTs
CH,Cl
O + 2C5HSI<2¥ — O: + 2C¢Hsl + HO -
S

OTs

HornozobenzongualieTaT MOXET ObITh UCITOJIB30BaH KaK CeJIeKTUBHBIHA
OBYX3JIEKTPOHHBIA OKMCIUTENb MUISI OKMCIEHUS MEepBUYHLIX apoMa-
TUYECKMX AMHHOB JJO a30COeHHEHNI:

ArNH, + 2C¢HsI[(OCOCH;), —= ArN=NAr + 2CH;COOH + 2C¢H,l.
(55—90%)

HonosobeH3sonamanetar ¥ uono3o0eH30AGMCTpUGTOPALIETAT ABISIOTCS
3(PeKTUBHBIMM areHTaMU ALETOKCHJIMPOBAHUS KapOOHMUIIBHBIX CO-
eUHEHUH B O-MTONIOXEHHWE K KapOOHWJIBHON rpyinie, HanpuMep:

OSi(CH,),
1) LiN(uso-C;Hy), CeHsH(OCOCH,),

2) (CH,);SiCl; adwp CH,Cl; 0—20"C

OSi(CH;); o}
OCOCH co
* BF;- (GHs),0 OCOCH,
— - P
20°C; CH,Cl,

(81%)
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Cosu AMApUIIMONOHMSA TOJYYalOT, HCIIONb3ys B KaYeCTBEe UCXOA-
HOro peareHTa wono3zobeH3os. Mogo3o6eH30 B cepHOH KUCIIOTE Npe-
BpaulaeTca B uogo3obeHsonbucynbdar (benunuon (I11) cynbdar).
Katuon Arl*—OSO;H BbinosHsieT ponb 3neKTpodHILHOIO areHTa B

KOHIEHCALMHU C apOMATMYECKUMH YrJIeBOAOPOJAMHU NO TUIY peak-
uuu Opunensi—Kpadrca:

Ar'l=0 + 2H,S0, —> Ar‘l@o-so3H HSOY + H,0;

® H,S0, ®
ATIOSO3H + AfH —2o2> AllIArHSO,” N¥e

@, 0
—» Ar [Ar BF4 + NaHSO4

Conu OUapUraJoreHoHus1 WKHpOKoO [IPUMEHSIOTCS B KAYECTBE
APHWINPYIOLLUMUX Ar€HTOB 10 OTHOLUEHHUIO K CaMbIM Pa3JIMYHBIM HYKJIIE-

OCI)HIIaMC aJIKoroJiiT-UoHaM, asvun- U THOLUMUAHAT-UOHaAM, THOJIAT-
WOHAM, €HOJIIT-UOHAM U T.O.

Tabnuua 20.1
BaaumoneiicTsne 1napuiranorenonuensix cosefl ¢ HyK1eOQRILHLIMH peareHTaMH1
100°C
“somamioxcan CeHsSCN + CgHsl + NaBF,
97-98%) (98%)

@ o
1) (CgHy),IBFY + NaSCN

<) 80°C
2) (CgHy),IBFY + NaN, ~soma-mnorcair CeHsN; + CgHsl + NaBF,

(98%) (98%)
[C] o] 60°C
3) Ar,Br BF; + NaNOzj'm> ArNO, + ArBr + NaBF,
(70—80%) (70—80%)
20°C

®
4) (CeHsRIBFY + CH{SO,Na oo

0]
il

— CGHS——-E_CGHS + CﬁHSI + NaBF4
O099%)  (99%)

® 0o $H3 0-5°C

5) (CeHshICl + CgHs___~_
*C=C—Cels cn,),con”
O®K®
¢O
— GeHsCT_ + CeHil + KCI
C(CeHy),
(81%) CH,
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Mpoaonxenune Ta6banrun 20.1

@ O] (S}
6) (CeHs),IBF, + Hzc—g‘—CHCOCHJW
(0] . . 3

JAHAHHOH alucTHWIaueTOHa

—» C,H,CH,COCH,COCH, + C,H,I + BFY

(92%)
OK®
7 ® 06 .
7 O:Ee + (CeHspiCl —0C
S (CH;);COH
CH,
0
—_— CH; + KCI + CgH,l
GeHs
(68%)
® ©
8) (CeHshCIBF4 + (CoHspNH ——— CHsN(CoHs)

(88%)

9) (CeHBBFE + N N 20C0 R N BF? + GHBr
(85%)

ApUIKPOBaHUE MOJ HEHCTBUEM rAIOTCHOHHUEBBIX COJIEH MpeacTaB-
JI5leT UHTEepEC B TOM OTHOUIEHHWH, YTO HEpeIKo I1O03BOJSET IPOBECTU
rPaHUIY MeXIY MOHHBIMH W PAaAMKAIbHBIMY peakKUuAMHU. na mua-
PUAXJIOPOHHUEBLIX U DPOMOHHUEBEIX coJiel XapaKTepeH HOHHBLIA Mexa-
HU3M B3aUMOJEHUCTBUS ¢ HyKNeoPHILHBIMU peareHTaMH, B TO BpeMs
KaK sl cojleilt fHaApUIHMONOHHS HabMiomaeTcs KaKk WOHHBIA, TaK U
paguKaJbHBIH MeXaHWU3M peakuUu ¢ HykieodHIaMU caMol pasHo-
obpasHoit npupoasl. Haubosnee sipko pasnuuve B peakLlHOHHOM cITo-
cobHoCTH cojiedt TUapWIOpPOMOHUS W QUAPWIHOAOHHUS MpOSBIseTCs
B peaKliMi apUIUpPOBAHUS AJNKOKCHUI-UOHOB U TUOJSIT-UOHOB:

70°C
(C.SHS)ZB?BF? + C,H;ONa ——H—BT{ CgH;OC;H + C;HsBr + NaBF, ;
GHs (96—100%)  (100%)

70°C
(CoH),IBF® + C,H,ONa———# C,H,OC,H, + C{H, + C4H,l + NaBF,;

CHOH “ag)” (63%)  (92%)
(C4Hs),BEBES + (CH,),CHONa —22< C,H,OCH(CH,), +
5
(CH,),CHOH ©2%)
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+ CHg + C,HBr + (CH,),CO + NaBF,;
(4%) (100%)  (4%)

@ ©
(C¢Hg),IBE® + (CH,),CHONa——2 ¢ = C,H,0CH(CHy), +
(CH,),CHOH 65%)

+ C¢H, + CgH,I + (CH,),CO + NaBF,
(G1%) (100%)  (31%)

BaanMozneiicTBHe coiieif UONOHUA C AIKOKCHUA-WOHAMHU, HECOMHEH-
HO, MPOTEKAET MO PagHKaIbHOMY MeXaHHU3MY, MOCKOJIbKY OCHOBHBI-
MM MPOAYKTAMH OKa3bIBalOTCS 6EH30J U KapOOHHIBHOE COeNUHEHHE,
obpaasyiolecs, BEPOATHO, B pe3yJbTaTe CleyIOLIe ocaesoBaTenb-
HOCTHU IIpeBpalileHHit:

1) (CeHspI® + (CH3),CH-0© === (C¢Hs)I+ + (CH3),CH-O+ —>
—> CgHse + (CH3),CH-O« + CgHsl

2) CeHs+ + (CH;,CHOH —> CgHg + (CHs),C-OH;

. @
3) (CH3),C-OH + (CgHs),I® —» CgHss + CgHsI-C(CH3)y;
oH

@
4) CeHs-I-C(CHz), —> CeHsl + (CH;CO + H®.
H

Hns peakuuit, B KOTOPBIX 1101 feACTBUEM HYKIEOG(hWILHOIO areHTa
B raoreHoHHeBbIX consix Ar,Hal™ ArHal aamemaercs Ha HyKjieohwn
Nu, npenmnonaraetcsd SyAr-MexaHusM 3aMelleHMsI, XOTH yOeruTelb-
HbIX O0Ka3aTeJIbCTB 3TOI0 HE MMeeTcs:

A
Ar,Hal® + Nu® M o ANu + ArHal .

ITo aHajoruu c COMIMMU OMA3OHUSA MOXHO MPEHIONOXUThL, YTO, MO
KpaiiHeili Mepe B psilie c/ly4aeB, U 30eCh peanu3yercs Sgyl-MexaHU3M
bannera—KopHbatoMa, KOTOpLIA B TaHHOM cy4yae MOXeT ObITb Bbi-
paxeH ¢ ITOMOLUBIO CAeAYIOIIMX YPaBHEHHUI UOH-paAUKaANbHOro Ler-
Horo Mpollecca:

M HHuHHpOBaHHE LeNH:

Ar,Hal® + Nu®—— Ar,Hal- + Nu.
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Pa3putHe nenm:

Ar,Hale ——» Ar. + ArHal;
Are + NuO ———> ANu >

AMNu:* + Ar,Hal ® —> ArNu + Ar,Hale u .4

Spyl-MexaHu3aM HYKIeO¢GHIBHOTO apoOMaTHYeCcKOro 3aMellleHHs
Haubosee BeposiTEH ISl peaKUH CONed THAPWITAJIOTEHOHHSA C MSIT-
KHMMU HYKIeOQWILHBIMH areHTaMH — €HOJIST-UOHAMM, THOLIMaHAT-,
CYNbpHUHAT-UOHAMM M OPYTMMHU MSTKHUMH OCHOBaHMsIMU JIbnlouca.
Karuon Ar,Hal" siBiasteTcsi CHIBHBIM OZHO3MEKTPOHHBIM OKMCJIHTE-
JleM, T03TOMY Ui peal3alUM HOH-PAAUKAIBHOIO UENMHOro Ipo-
uecca HeT Heo6XOOUMOCTH B MHUIIMHUPOBAaHUM peakuuu YP-cBeroM,
KOTOpoe obs3aTeIbHO st HYKIIEO(DUIBHOTO Sgyl-3aMellieHust rajuo-
reHa B apwirajioreHuaax.

20.3.3.6. PATHKAJIbHBIE PEAKIIHH 3SAMEIIEHWA IUA3OTPYIIITH

FomonuTHyecKoMy paclierlIeHUIO CBSI3M YIJIEPOI-a30T AHUA30C0-
eqWHEeHMI, KaK yXe 6bU10 oTMeYeHo paHee, CIIoco6CTBYeT poCT HYK-
JIeoHUIBHBIX CBOMCTB pacTBOPHUTENS, BOCCTAHOBHTEABHBIX CBOWHCTB
HykieodWwibHoro areHta. KpomMe Toro Ha cOOTHOLIEHUE TeTEPOIUTH-
YeCKOr0 M TFOMOJUTHYECKOTo HAMpaBiIeHMsI Pa3jlOXeHMS nuasocoe-
JIUHeHUH OYeHb CWIHHOE BJIMSHUE OKa3biBaeT KUCIOTHOCTh PAacTBOpA.
B cunsHokucnom pacteope (pH < 3) npeobnamaioniuM HamnpasieHU-
€M B OTCYTCTBHE CWIBHBIX BOCCTaHOBUTeJEH SIBIIETCH IeTepOJUTH-
YyeCKoe 3aMelleHue AMA30rpYIIIn, ONUCAHHOe B peAbIAyllIeM pa3ne-
Jie. OaHako B Cl1abOKHUCIOH, HeHTPATbHOH WIM C/1aB0OCHOBHOM cpene
JOMUHMPYIOT FOMOJIUTAYECKHE TTPOLIECCh] PAa3IOXEH U KOBATEHTHBIX
¢opm auasocoeguHeHHit. B 3TOM pa3nmene Mbl OCIE€A0BaTENbHO pac-
CMOTPHM TOMOJUTHYECKHUE IIpOLECCH 3aMellleHUsT OUA30IPYIIlE Ha
BOJOPOX, APWILHYIO IPyIily U KapOOKCHABHYIO rpymily.

1) 3amemenue AMazorpynubi Ha BOJOPOJ — Je3aMHHHPOBaHHE
HePBAYHBIX APOMATHYECKHX AMHHOB

Ilpu 3ameHe BoAbI HAa CIIMPT B KayecTBe HYK/1eO(PUIbHOTO areHTa
B p€aKlHM C COJISIMM apeHaua3oHUs1 obpasyeTcss HEKOTOpoe KOoJIuye-
CTBO apMJIAJIKUJIOBHIX 3(DHPOB:

ANSC®P+ ROH S5 ArOR + N, + HCL.
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OTa peakKuusi, KaK K B3aUMO/eilcTBUE KaTHOHA JUA3OHHS C BOOOi,
MpoTEKAaeT 110 FeTEPOIUTUYECKOMY MOHOMOJIEKYISIPHOMY MEXaHU3MY.
OgHako obpa3oBaHMe apUJIATKWIOBLIX 3(PMPOB BCerga coflpoBoOX/ia-
eTCsl KOHKYPUpPYIOLIEeH OKUCIUTENbHO-BOCCTAHOBUTENBHOM peakly-
eif 3aMellleHHsT JUa30TPYIbl Ha BOLOPOX;

@ ’/O @
ArN,~ + RCH,OH —> ArH + RC\ + N; + H¥,
H

BoccraHoBlieHHE HHMA30COeNUHEHU 1O YTJIEBOLOPONOB ObLUIO OTKPhI-

to Gonee 100 ner Hasax II. 'puccoM, KOTOpHIA BNepBble MOMYYHI

conM apeHauasoHus. s zaMmeiieHHs AHA30IPyNIbl Ha BOJOPOX C

MOMOLIIBIO CIIMPTOB JOKA3aH LENMHOM pagHKaJIbHBIE MeXaHH3M:
3apoxnenne meuH

AMN,® + CH;0H ——> AN, + CH;OH%;

Aer ¢ —» Ar’ + Nz;
CH30H ; —— «CH,0H + H®.

Pa3surve nens

Ar. + CHOH — > ArH + +«CHyO

H
«CH,0H + AN,® —» AN, + CHOH®, te. (HCfH :

o)
CH,OH® —» HcfH + HY;

Aer- ———»Ar.+N2HT.11.

CooTHOUIeHHEe [TPOAYKTOB B JBYX KOHKYPHPYIOLIMX [Ipoleccax: reTe-
POJIMTUYECKOM U [OMOJIMTUYECKOM 3aBUCUT OT NIPUPOILI 3aMECTHTE-
Jis. B 6eH30JIBHOM KOJIbL€ KaTWOHA apeHAua3oHMA ¥ oT pH cpenbl.
TeTeponuTHYECKHMii IIpollece 3aMellle HUS AHA30TPYIIIbI Ha ATKOKCHIb-
HYIO rpyrmily obnerdaeTcsl npy HaTHYUM 3JIEKTPOHOAOHOPHBIX 3aMec-
THTeNel; BOCCTaHOBAEHUIO TMAa30COEIUHEHUN CITOCOOCTBYIOT 3JIEKT-
POHOAKUENTOPHbIE 3AMECTUTEIU:
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CH, CH, CH,
NaNO,; C,H,OH
@NHZHSO 15 @N? 30°C @OCZH5 ;

2V (58%)
NaNO
on (O g % on O o)
H,80,; 0-5C “sC
(70%)

B HeKOTOpBIX CIy4asX COOTHOLUEHUE MPOAYKTOB MOXHO IOJHOCTBIO
HU3MeHUTh NpH BapbupoBaHuM pH pactBopa. Tak, HampuMep, IMpH
pPa3lNoXeHUU KaTUOHA OEH30AAMA30HUS B CWILHOKHMCIIO cpesie B 3Ta-
HoJle noyydaercss ¢peHeTon ¢ BbixogoM 90%, Torma Kak B alleTaTHOM
Oydepe ¢ KoJHYecTBEHHbIM BhIxonoM obpasyercsa GeH3on:

CgH;OC;H; (90%)

PH>7 CeHq (100%)

B obuiem cimyyae obpasyerca cMmech 3¢upa peHosna U yrIeBogopoaa,
[O3TOMY H BOCCTaHOBUTEJbHOE He3aMHHUPOBAHHUE, M MOJNyUeHHE
npocThix 3¢upoB PeHOIOB OCYIIECTBISIOT JPYTMMH METOAAMM.
YHUBepCATIbHBIM BOCCTAHOBUTEIEM TP 3aMEMIEHHH IHa30rpyn-
[l Ha Bogopoxn siBiseTcst pochopHoBaTucTass Kucaora H;PO,:
0—-5°C

ANLZCP + HPO, + Hy0 o A+ HPO; + HCI+ N,.

CornacHo CTeXHOMETPUYECKOMY YPABHEHMIO, IUISI BOCCTAHOBJIEHMSI
TpebyeTcss 3KBUMoNSIpHOE KonudecTBo ¢drocdOpHOBATUCTON KHUCIIO-
Thbl, MpaKTHYECKH I JOCTHXXKEHHUS XOPOIUEro BbIXOMa IMpoNyKTd 3a-
MEILICHUS AHa30rpyIIibl Ha Bogopoa TpebyeTcsa NATUKPATHbIA U30bI-
toKk H3PO,. Peakuuio nposopsar, ucnonbdys 30—50%-it BomHbIi
pacteop H3PO; npu 0—5°C B Teuenue 24 4. Boixox KoHeyHoro npo-
IYKTa BOCCTaHOBJIEeHUS KoneblieTca B uHTepBane 60—80%. 3amerure-
HME AKa3orpynnsl Ha Bofopon ¢ noMoiubio Hi;PO,, nmo-BuaumMomy,
TaKXe HACT 10 PaguKAIbHOMY MeXaHW3My, KOTOpblif MOXeT ObITh
BBIPAXEH CAENYIOLUEH MocIeaoBaTeIbHOCTBIO IpeBpalLeHHil:

Huunuuposanne nenm:

AINP + HP0,°® ——» Ar. + N, + HyPO,.
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Pa3suTHe nenm:
Are + H;PO, ——> ArH + H,PO,
AN + H,PO;» —— Are + N; + H,PO,@®:
HPO,® + 2HH0 ——>  H3PO; + H30% n 1.

3amMelnieHUe TUA30TPYHITEl HA BOZOPOX B IIpaKTHKE CHHTE3a 0CO-
OeHHO MoJe3HO B Tex ciydasx, Korma Tpebyercs monyyuth 1,3-mu-
unu 1,3,5-TpHU3aMeliieHHbIE TPOU3BOJHbE 6eH30/a ¢ OpUEHTAHTAMH
I ponga Wi o- UM n-3aMeleHHbIe IPOU3BOJHbIE ¢ OpueHTaHTamMu 11
pona. Huxe npUBeieHbl HEKOTOPbIE TUITHYHbIE IPUMEDPHIL:

2
NH3 O:N 0, O=N-OSO;H_
To20C

N,®
02N N02 . P02 02N N02
—_ 3 »
H,0; 0-10°C (60—65%);
NO, NO,
COOH COOH COOH
Fe +HC __ By
HBF Hzo
COOH COOH
Br Br H.PO Br Br
NaNOy; L (70-80%)
HCI; 0—5°C N@ 0-5°C
2
Br Br

376



CH;O OCH; CH;0 OCH,

NaNOZ, 0@ ® O
— CIN, N,Cl —=
HC! 0-5°C
(75—80%)
CH3

Kpome pochopHOBATUCTOH KHCIOTHE VISl 3aMEIIEH M JHa30TPYIlib
Ha BOZOpOI MOXHO HCIIONb30BaTh GOPTHAPHA HATPHUA. DTOT peareHT
He 3aTpardBaeT KapOalKoOKcHM-, rajioreH- U HEKOTOpbie Ipyrue rpyii-
M6l B 6€H30JIbHOM KOJbIIE:

(75%)

2) Ionydeune Omapuio H3 auazocoeammenuit (Peakmus
T'ombepra—baxmana)

Ilpu pasnoXxeHHU colell apeHAHA30HUSI KOMIUIEKCHBIMM COJISIMH
OJHOBJIEHTHOI MeIM B alleTOHE B 3aBUCHMMOCTH OT IIpMPOIL] 3aMec-
TUTENIE!l B apOMaTHYECKOM KOJIbIE IOJNy4YaloTcs JTHGO CHUMMeTpUY-
Hble OHAPWIBI, MO0 CHMMETPHUYHBIE a300€H30JIBI:

Cul(NHy)® ® Qui(NH;)@®
AIN=NAr “gemn —— ANy o2 Ar-Ar + Ny

Hanuuyue 3neKTpoHOaKIUENTOPHBIX IPYIIT CIIOCODCTBYET 00Pa30BAHUIO
OHMapwiIoB, MJOHOPDHBIE 3AMECTUTENM ONArONpUATCTBYIOT IMOJNYyYEHUIO
a30COeAMHEHHH.

HecuMMeTrpuyHble 6UMapuIbl MOAYYAIOT PA3IoXeHHUEM BOIHBIX
pacTBOpOB CoNeit apeHaua3oHusl B cnabolleoyHoi cpene B IpUCyT-
CTBMHY apHIIHPYEMOTO COEIWHEHUS:

I 2
ArN;ZCP + APH —N30H o Al-A? + N, + NaCl + H,0 .
3TOT MeTo/ MOJYyYeHUS HeCMMMETPHYHBIX OMapwiioB ObuT Mpeyio-
xeHd B 1924 r. M. T'ombBeprom u B. baxMaHoM U JUIMTeNbHOE BpeMsi
ObUT MO CYWIEeCTBY €IWHCTBEHHBIM ODILMM METOJOM HUX [TOJyYEeHHS.
Brixon HeCUMMETPUYHBIX OuMapuioB OObIYHO HEBLICOK, MopsAaxa 15—
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30%, HO oH MoXeT 6biTh nosbiieH no 40—60% npu npoBeneHUU
peakuuu B aueTaTHoM Oydepe ¢ paanuuHbIM 3HayeHUeM pH:

6eH3on-Boaa;
5°C

(35—40%)

PanukansHas npupona peakuum [om6epra—baxmaHa He BbI3bIBaeT
coMHeHus1. BMecte ¢ TeM Moka HeT eUHOro MHEHUS OTHOCUTEILHO
IETaNIbHOTO MEXaHW3Ma 3Toil peaklHM, B 4aCTHOCTU IpeBpaileHUs
KaTMOHA NHA30HUSA B PagvKal M CTabWIM3aLMH IPOMEXYTOYHO 06-
pasyiolierocs apuJuMKiorekcaaMeHwibHoro pagukaia. Haubonbuiee
pacripocTpaHeHHe OJYyYMJIa TOYKA 3PEHMSI, COTJIACHO KOTOPOil mpo-
MEXYTOYHbIM IIPOAYKTOM SIBJSIETCS OUasoaHruapuwna (IHa300KCHI),
MOJYYaIOUMIACH TIPY B3AUMOJENCTBUM KATHOHA NUA30HHMSA C AHA30-
TaT-aHUOHOM:

AN + AIN=N-0® ——> Ar-N=N-O-N=N-Ar.

IHazoraT-uoH, B CBOIO ouepenb, obpasyeTcd U3 KATUOHA IMA30HHUS
M TMAPOKCHI- WIM alleTaT-UOHA:

AN® + 20H° ——>  ArN=N-O° + H,0

® o CH,C00©
ArN,™ + CH3COO —> Ar-N=N-OCOCH3; ——

—= Ar—N=N-0° + (CH,C0),0

Auazoanruapunsl (IMa300KCcHIbl) KpaiiHe HecTabWIbHBLI U pasnara-
IOTCSl MYyTEeM TOMOJIMTHYECKOTo Pa3pbiBa CBA3M a30T-KHCJIOPOX C 06-
pa3oBaHHUEeM ApWILHOTO U UMHHOKCHJBHOTO PagUKaIOB:

Ar-N=N-O-N=N-Ar ——» Ar-N=N-O. + Ar. +N,.

Hanee apuibHbIN pagukan aTakyeT apoMaTudeckuit cybeTpar ¢ obpa-
30BaHUEM APWJILIMKIIOTEKCAAHUEHUNBHOTO paguKania:

e @) — D

[To Bonpocy o ganbHelue# cTabUnu3auMyU 3TOTO panuUKana MHEHUs
pacxogarca. YacTb UccnegoBaTenei nonaraeT, 4T0O UMMHOKCHIIbHBI
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padlyKal oTWenadaeTr oT HEro atoM Bogopoja C 06pa3OBaHHCM Ona-
puna U auasorugpara:

Ar
+ Ar-N=N-O°* —>» Ar—C¢H;s + Ar-N=N—-OH ;
H

Ar-N=N-OH + OH® ——» A~N=N-0° + H,0 urx

Hpyrde nonaraior, 4To OTpbIB ATOMA BOIOPOAA OT APHILMKIIOTEKCATH -
€HWIbHOIO pagyKaia oCYLLECTBJISIETCH KATHOHOM IMA30HHA H 3Td OKUC-
JIUTENIBHO-BOCCTAHOBHTENbHAA PEAKLUA SBIAETCS COCTABHON YacTbiO
LIENMHOro MOH-pPaJfUKalbHOro MNpolliecca C y4yacTHEM apwi-pagyKana,
KaTuoHa MHA30HUS U apHIMpyeMoro apomaruyeckoro cybcrpara:

Al ® |
+ AIN® > Ar—C,H; + Ars + N, + H®.
H

KoHueHTpauusa pagukaibHbix yacTui B peakuuu ['om6epra—baxMana
BECbMA BbICOKA Y 3TO OTJIMYAET ee OT OONBIUIMHCTBA NPYTUX PagUKalb-
HBIX LIETIHbIX ApPOLIECCOB, [JIE CTALIMOHAPHASE KOHUEHTpalus cBobos-
HBIX PaJHKAJIOB B fIpoliecce peaKlMU o4eHb Hu3Ka. Brixonnl Suapusios
HEBBICOKH, ITOCKOJBKY CYIIIECTBYET HECKONBbKO IDYTUX KOHKYPEHTHBIX
yTel cTabunKu3aliMy apWIbHbBIX PATUKAIOB, U MOMUMO OMapuioB Beerga
o6pa3yeTcst 60JblLIOE KOJIMYECTBO CMOJTOOOPA3HBIX NPONYKTOB.

3Ta peakuus ApeacTaBisieT cCAMOCTOATENbHbII MHTepec KaK Kiac-
CHUYECKHM NpUMep PeaKUUP rOMOIUTHYECKOrO apoOMaTUYECKOIo 3a-
MeuteHus (. 14). [lpu apunupoBanuy 3aMeieHHoro 6eH30/a conbio
apeHIUa30H U MoJIyyaeTcsa cMech NPOAyKTOB, B KOTOPBIH Bceraa npe-
06/1aIal0T 0pmo- U hapa-3aMelleHHbie NPoU3BoAHbIE bDudeHnIa He-
3aBHCHUMO OT MIPUPOILI 3aMECTUTENA B 6EH3ONBHOM KOJIbLIE:

NO,
® NaOH
@NZ + CH;NO, H,0; 0-5°C / ‘

o- M- n-

60:10:30

Taxoit cocTaB U30OMepHbIX NPOJYKTOB XapaKTepeH [Ulsl peaklMil pa-
JUKANbHOTO 3aMelMeHUsa B apoMaTH4ecKoM psaay. DTo obbscCHSeTcs
TEM, YTO TOJIbKO B TOM CJlyyae, KOria apWIbHBIA pPaguMKall 3aHUMAaeT
opmo- WIN napa-rnojoxXeHue Mo oTHOLUEHHIO K UMEIOILEMYCsl 3aMec-
TUTENIO, 3AMECTUTENIL MPUHHUMAET y4acTHe B JeJIOKaIM3alluK Hecna-
pPEHHOTO 3NEKTPOHA, HATIPUMED:
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NO, NO, O
H Ar H™ "Ar

Ecnu e apWIbHBIA pagukasn BCTYIdeT B Mema-TIOJIOXKEHHUE K UMEIO-
LeMYCs 3aMECTHTENO, TO 3aMECTUTENIb HE YYaCTBYET B JIEJIOKaIU3a-
LIMHM HecHapeHHOro 3JIeKTpoHAa M 3Heprus obpa3oBaHUSI Mema-n3o-
Mepa MpeBbllIaeT IHEPruio obOpa3oBaHUS Opmo- U NApa-u30MEpPOB.
[ToaTOMY NSl MONyYeHUS WMHAMBUAYIbHBIX HECUMMETPHYHbBIX Oua-
PHJIOB CJIENYET apHWIMPOBATh BEH30M CONMbIO 3aMelIeHHOrO apeHua-
30HUSI BO H3bexaHHE MOJy4YeHHUS CIOXHOH M TpyaHOpasgeIuMoi
CMeCH MPONYKTOB apuiaupoBaHUs. CHHTETUYECKOE 3HAYEHHUE peakluK
Fombepra—baxMana B HacTos11iee BpeMS pe3KO CHU3UIIOCH, TOCKOJTBKY
HECHUMMETPHUYHBIE GUAPWIBI C CAMBIMU PA3HOOOPA3HBIMM 3aMECTUTE-
JIIMM ropasgo ynobHee MonyyaTb KpoCc-COYETaHMEM MeTaanoopra-
HUYEeCKUX cCOenuHEHHUI NUTUS, MarHus, oJloBd U PTYTH C apuiaraio-
FeHUJAMM Ha KOMIUIEKCHBIX FOMOTEHHBIX MeTalToOpPraHUYeCKHUX
Katanmsaropax (rn. 27).

Peakuuu xpocc-coyeTaHUSI METAIIOOPraHUYECKUX COeNUHEHHIA
C OpraHM4e€CKMMU TAJOreHUIAMH, KaTaU3UPYeMble KOMILIEKCAMM
NepexogHbIX METAaJIIoB, JEMIK B OCHOBY HOBOFO YHWBEpPCAILHOIO
PETrUOCeIEKTUBHOIO U CTEPEOCEIEKTUBHOIO MeTona obpa3oBaHUs yr-
JIepon-yrieponHONH CBS3H.

Peakuuu apunbHBIX MarHuiiopraHMyeckuX U JMTHHOpraHuyec-
KHX COeNMHEHHI ¢ apuIOpOMMIAMH WM apWIMOIMAAMM, KATaJIU3M-
pyeMbie komrutekcamu Pd(II), Pd(0), a takxe Ni(Il), npuBogsar k
NONy4eHUI0 OUAPHIOB C BHICOKMMM BbLIXOHNAMM:

HsPdl H
CeHsMgBr + Br@—C] ke,
- C5H5—@Cl + MgBr; -

(82%)
CH,
NiCL{(C,Hy)P1,
CH + CeH -
3 MgBr + CeHsBr e oc
CH;
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CH;,

—— CHj; Ce¢Hs + MpgBr; .

C
(96%)
NiCl,[Ph,P(CH,);PPh,]
CH;O@—M@r +© TI'®; 0°C
Br N .

— CH;0 CN> + MgBr, .

(86%)

Kpocc-coueranue ¢ Mg- ¥ Li-opraHM4ecKMMM COeIMHEHUSIMM OTpa-
HUYeHO TeMH (PYHKUUOHAIBLHBIMMU TIDYNIIAMM B 0B0MX cybcTparax,
KOTOpble He B3aUMOJEHCTBYIOT C 3TUMH METALIOOPTaHUYECKUMHU CO-
eAMHEHUSMU, 9TO MCKIIIOYAET UX UCITOJb30BAHUE IS COYETAHUS cy6-
crpaTtoB, colepxawux rpynnel CHO, C(O)R, COOR, NO,, OH,
CN d psii ApyrUX TPYIIMPOBOK. DTOro HeJOCTaTKA JINILeHa MOaHEH -
KallMs, TAe JIS KPOCC-COYEeTAHUS C apWITAIOre HUIAMU TIPMMEHSIOT
METa/UTOOpraHUYecKue coedMHeHUs LIMHKA, 0JI0Ba, PTYTU U IpYrUX
METaIIOB:

NiCl,[(CGHs),P], .
n-CHyC¢HZnCl + n-CNCgH;sBr  TT®; 20°C

— CH;CN + ZnCIBr

(90%)
@ @_ Pd[(CgHs)yPls
I OOCHy - > oWk
o” Ll COOCH, TI®; 20°C
/\
— 55 COOCH; + ZnCl1
(83%)

OcobeHHO YAOOHBL 11 KpOCC-COYeTaHMS OJIOBO- ¥ PTYTbOpraHu4ec-
KW€ COENUHEHUS], He 3aTparMpalollye MpakTHYecKy Bce BaxKHeitliue
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¢YHKUMOHANbHbIE TPYNIbl U YCTORYMUBBIE K NEACTBUIO BIAard U KHC-
Jlopona:

Pd[P(CeH;s)3])q nm CeHsPdI[PPhy),
7 @ SHCH;); + I@X TIM®A um T MOTA >
Z

Z = OCH,; CH3; C¢Hs; Cl; CgHs~C=C

X = NOy; CH,CO; COOCHj; CI; CN

CgH,PdI[PPh,],; N(C,Hy),I Ar'—Ar?
AM®A; 20-70°C (60—95%)

ArjHg + Ar’l

ToT xe caMblif MeTOD NPUMEHSETCS B cTepeocnellnduyecKoM
cHHTe3e E-aJKeHOB Ha OCHOBE TEPMUHAIbHBIX ATKHHOB. 3TOT METOI
BKJIIOYAET CUH-TUOPOANIOMUHUPOBAHUE TEPMUHATBHBIX aJIKMUHOB MO
neitcteueM JUBAJI-H ¢ nocienyromMM Kpocc-coyeTaHrMeM E-aike-
HHUJIbHBIX TPOU3BOMHBIX ATIOMUHHMS C APWIOPOMUIAMM WIIH BUHMI-
OpoMMIaMH, KaTamu3MpyeMbiM KoMIulieKcamM nannanus (0) unu Hu-
keys (0):

u ; 0—(=20)°C
CyH,,ComCH + (i-C, Hy) AlH X2 1t Tomyon; 0=(Z207C_

Br
CeH,s H ; Ni(PPhy),

—- >=< . TI®; 0-20°C
Al(C,Hy-1 ),

CeHys H

— (93%)
N C©)

BMecTo apunbpomuioB B KpocC-CoOYeTAHUM MOXHO MCIIONb30BaTh U
BUHUIOpOMUILI, ¥ ModMAbl. Toraa [is peBpaieHUsI TEpMUHATbHO-
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ro afikuHa B £-aNKeHUbHOe METAIUTOOpPTaHUYECKOe CoeIMHEHe BMe-
cro JNBAJI-H uenecoobpasHo npuMeHATb QULIMKJIONEHTAAMEHMI-
uupkonuitruapoxinopun (CsHs),ZrHCI:

(C;H;),ZrHCI R\ /H
RC=CH Tonyor; 0—10C H/ . Zr/Cl
~(CHs),
H,C H .
3H>=<Br; Nl[P(C5H5)3]4

R H
- H>'=’$:<H
TIr®; 0°C

H CH,

DTta peakuus crepeocneundyuyHa, CTePeOXMMHUYECKass YUCTOTA Npo-
IyKTa Kpocc-couetanuss — E,E-npueHa — npebimaetr 99%. Takoro
poJa Kpocc-coyeTaHUe MIMPOKO UCIOJIL3YeTCsT B cTepeocneliugudec-
KOM CHHTe3¢ GMOJIOTMYECKH aKTHMBHBIX COeAUHEHHUIA.

CHHTe3 AIKEHWIAPEHOB MOXET OBITh OCYIIECTBAEH ¢ ITOMOLIBIO
KPOCC-COYeTaHHUST apOMATHYECKMX META/UIOOPTaHMYECKHMX COeIMHEHHIA
Mg, Al, Zn, Sn, Zr, B u np. ¢ akeHUIOpoOMHUIaAMH B TIPUCYTCTBHH
dochuHoBbIx KoMmILiekcoB HUKens (II) unu pochUHOBBIX KOMILIEK-
cos nawiaaua (0), Hanpumep NiCl,[(C¢Hs),PCH,CH,P(CsHjs),];
NiCl,[(C¢Hs),P(CH,);P(C¢Hs),]; PA[(CeHs)3Pla:

cl Cl  NiCL{(C¢H,),PCH,CH,P(C,Hs),]
CeHsMgBr + H>=<H TI®; 20°C -
CeH; CsHs H CeHs
+
» :H C6H5/\ :H

(90%) (10%)
R'>/\ Pd[P(C H,); ]
1 65)3lq
“ O MeBr + oo TI®; 20°C
Rl
— - >/\©—Cl + MgBrl
R2

(80—950%)
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3) Apuimmpopanse HenpeNenbHbIX COCIHHEHHH

Peakuus, orkpeitast B 1939 r. I'. MeepBei{HOM, OTad4aeTcsi OT
OINMUCAHHOTO BhILIE CHHTe3a 6MAPIIOB TEM, YTO PAIHKILHOMY apu-
JIMPOBaHHW IO NOABEPTaeTCs HEHACHILIEHHOE COeIMHEHME, coiepxaluee
3JIeKTPOHOAKIENITOPHBIH 3aMeCTUTEb:

AN CP + CHy=CHX —o22 ACHCHX + N
X =CN; COOR Cl

s oT0oi peakuuH TakKe OOKAa3aH PagMKAIbHBLIN MeXaHU3M C ydac-
TUEM apWI-paguKala B KayecTBe HHTepMeauaTa. bonee obuuit MeTon
ApUIHUPOBAHUS JIIOOBIX HEHACHIEHHBIX COEIMHEHHH C IOMOIUBIO
JHAa30coeIMHEeHHI 3aKII0YaETCA B KPOCC-COYETAHUH AJIKEHOB U Gop-
¢bTOopHIOB apEeHIHA3OHUS HA KATATIH3ATOPaX HA OCHOBE MaJLmaius.

4) 3aMemenne OUA30TPYNNB HA KapOOKCHA

Conu apeHIHa30HUS Jierko KapOoKCHIMPYIOTCS OKUCHIO YITIEpO-
jga (II) ¥ aeraToM HAaTpUs B NMPUCYTCTBUH aueTara NMautagus yxe
NP KOMHATHOM TEMIIEPaType U OObIMHOM [JaBJICHHM:

0 0
(CH3COO)2Pd‘Ar g o—g cH
30 muH; 25-30°C 3

AINPBFP + CO + CH,COONa

Ob6pa3syouiydecs MpH 3TOM CMelIaHHble aHTMAPUIbI IIPM HArpeBaHUM
Jo 100°C gyucnponopliUOHUPYIOT A0 YKCYCHOTO aHTMAPUAA U aHTHI-
puaa apoMaTH4eckoi Kap6oHOBOH KHMCIOTBL

100~120°C
ArCOOCOCH; ———— (CH;C0),0 + (ArC0),0 .

CyMMapHblii BbIXOJ apOMATHYECKHX aHTHAPHIOB OYeHb BhIcoK (80—
90%), U 3TOT METOJ MOXHO PeKOMEHH0BaTh KaK o6l MeTon CHH-
Te3a apoOMAaTUYECKHX KapOOHOBBIX KHCJIOT M3 NEPBUYHBIX apoMaTi-
YeCK1X aMHUHOB.

20.3.3.8. PEAKIIUY CONEN INA3OHUSA BE3 OTILEMTEHMA A30TA

B peakuusx 3ToOro TMmna HyKIeo(MWIbHBIA areHT aTaKyeT KOHLIE-
BOIf aToM a30Ta B KATHOHE MA30HMS, a 0OPa3ylOIIMECS TIPU 3TOM
azocoenMHeHUs 06IagaloT AOCTATOYHO BBICOKOH CTaGWIBHOCTBIO U
He OTILEIUISIOT MoJlekyny azora. HykieodubHbIe areHThl, IS KOTO-
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PbIX XapakKTepeH NOJOoOHBIA THN NpeBpalieHUus], JOJKHBI OTHOCHUTCS
K Tpymne MIrkux ocHoBaHuit JIbtouca. Tonbko B 3TOM ciiyyae TIpu
B3aMMOJEHCTBUM MSTKOro 3/1eKTpodHIBHOro areHta — KaTHOHA [M-
430HMS, M MSTKOro HYKIeO(QUJbHOro areHra obpa3yroTcs KOBaleHT-
HbIE TePMOJMHAMUYECKU CTAOWIbHbIE a30coequHeHMs1. KitaccHueckuM
MIPUMEPOM TAKOTO THIIA B3aWMOJACHCTBMS SIBJISIETCS pPeaKI[Ms a30co-
YyeTaHWs.

1) Peaxuus azocoderaHus

OTto Haubosiee BaXHasi B MPAKTHYECKOM OTHOIMEHHMM peaklys
apoMaTHYecKHUx JuaszocoequHeHHI. Colu JHa30HHUS pearupylor ¢ ge-
HOJIAMH H apOMaTHYeCKHMU aMMHAMM ¢ o6pasopaHHeEM SIPKO OKpa-
LLIEHHBIX a30COeJHHEHUH, B KOTOPBIX ABa apOMaTHYECKUX KOJIbLIA CBSI-
3aHH asorpynmoil N=N:

AN + @-x — Ar-N=N@-X.

X =0H; NH,

B sToit peakuuy cnemyer pasauyaTh auaso (ArN,')- u azo (ArX)-
COCTaBJIAIONIYIO. A30COUYETAHUE OTHOCHUTCS K THIIMYHBIM peaKIUsaM
3JIEKTpo¢HIBHOTO apOMATHYECKOTO 3aMellleHHsI, CKOPOCTb KOTOpOK
3aBUCHT KaK OT 3JIeKTpOHWIBHBIX CBOMCTB KATHOHA JMA30HMS, TaK
M OT 3JeKTpPOHOAOHOPHBIX CBOMCTB azococTasasmolieit. KatnoHsr
apeHAWAa30HUSI OTHOCATCH K YHCHAY clIabbIX 3AeKTpo(HIbHBIX areH-
TOB, TaK KaK €ro TOJOXUTENbHBIK 3apsal JeJOKAIM30BaH 34 cuUeT
COIPSLKEHHUS C apOMaTHYeCKUM KOJIbloM. Kak ciabblit 31ekTpodus-
HBI{ areHT KaTHOH NWAa30HHUs B3aMMOJEWCTBYET TOJNBKO C TAKUMM
TIPOU3BOAHLIMU OeH3oMa W HadTaNTMHA, KOTOPblE COAEPXAT CHIb-
Hble 3JIEKTPOHOAOHOPHBIE 3aMeCTUTENH. PeakKiIHOHHAA CITOCOGHOCTD
a3’ococTaBiasdgoeil yMeHbuaeTcsa B pgaay X = O° > NR, > NHR >
NH, > OR >> CH; (Alk). B peakuuio azocoyeTaHHsl BCTynaioT ¢e-
HOJBI B ¢opMe (eHonAT-HOHOB, obnamarownx +M- u +I-3ddex-
ToM aHuoHa O~, M aMHUHBI — Onarogapsi cHibHoMy +M-3ddekTy
AMUHOTPYIIIbL. TONBKO B OTAENbHBIX, HCKIIIOYHUTENBHBIX CIYYAsIX COTU
apeHIHa30HHsI B3aUMOAEHCTBYIOT ¢ 3(¢HpPaMU OJHO- WIH MHOTO-
aToMHbIX (¢eHonos. MoHOANKUIOEH30/bI BoOOWIE HE BCTYIMAIOT B
peakLMIO a30co4YeTaHHs.

PeakliMoHHasA criOocoOHOCTh KATHOHA apeHAUAa30HHUA B GOJbLUOMH
CTeNeHU 3aBUCUT OT NPUPOJbI 3aMecTHUTeNeH B 6eH30JbHOM KOJIbLIE.
DNeKTPOHOAKIENTOPHBIE 3AMECTUTEIM YBEJIUYUBAIOT, a 3JeKTPOHOAO-
HODHbIE YMEHbBIIAIOT 3/IeKTPOdMIbHbIE CBOMCTBA KAaTHOHA AXa30HMs. B
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peakLiMK a30coyeTaHus ¢ |-HabTongaToM HaTpusl KaTUOH 4-HUTpo-
6eH30/IIMA30HUS TI0 AKTUBHOCTH B ThICSYY pa3 NPEBOCXONMUT KATHOH
6eH30/IMa30HUSA, KOTOPbIA pearupyeTr B CBOIO O4Yepedb NPHMEPHO B
100 pa3 GwicTpee, yeM 4-MeToKcUBeH3onAUa3oHMHKaTUoH. [ToaToMmy
He YOHMBHUTENBHO, YTO eciy KAaTHOH OeH30JAMa30HUS pearupyeT ¢
TPUMETHJIOBbIM 3bUpOM GIOPOrnoLUMHa, TO n-HUTpobeH3oIMa3o-
HHM crnocobeH coYeTaThes yXe ¢ IUMETUN0BbIM 3(UpPOM pe3opLUHa,
xJiopua 2,4-IMHUTPOOEH30MIMA30HMS B3AUMOIEHACTBYET C AHU30JIOM,
a WoH 2,4,6-TpyHUTPOGEH30IMA30HMS BCTYNAET B PEaKIMIO a30C0-
YEeTAHUS JaXKE C ME3UTHUICHOM.

A3socoueTaHue ABIseTcs OMMONIEKYIApPHONW peakliMeil, CKOpOCTh
KOTOPOM 3aBMCHUT OT KOHLEHTpallMU KaK 230COCTABJSIOLLEH, TaK U
KaTHOHA AHAa30HUA. AKTUBHOH dopMoit deHona B KadecTBe asococ-
TaBNAOWER siBasieTcss (QEeHONAT-aHHOH, M COYETAHHE c (deHoNaMu
npoBoasT B cnaboocHoBHOM cpege. OnHako pH pacTsopa B 3ToM ciy-
yae noauepxusaloT B MHTepBaie 8—10, naberas Gosee BHICOKOI oc-
HOBHOCTH pPACTBOPA. DTO OOBSICHSIETCS TEM, YTO EAMHCTBEHHO AKTHUB-
Ho#l dopMoO¥ nuaszocoeMHEHUNA B peakKUMM a30cO4YeTaHMS SIBIASETCH
TOJIBKO KATHOH OMAa30HUsl. AHMuU- U CUH-IAA30TAT-aHHUOHBI, KaK U
apyrue croiikue GopMbl AMa3ocoefMHEHWHA — KOBaJiEeHTHbIE N1a30-
cynb(OHATHI, AMA30LMAHUIABLI K TpMA3€HBl, HEAKTUBHLI B 3Toit peak-
uuu. Kak yxe 6pu10 orMeqyeHo paHee, npu pH > 12 pesko yMmeHbina-
eTcst KOHLIEHTPALMsI AKTHBHOM (opMbl ArN," U pacTer KoHIeHTpaLHs
HepeakiiMoHHocrocobHoro AIN=N—O . UMeHHo no 3To# npuuuHe
coyeTaHue ¢ ¢peHOoNaMU NpoBoAuTCcS B OydepHBIX pacTBopax co 3Ha-
yeHueM pH or 8 no npumepHo 10. C apyroit cTopoHbl, couyeTaHue ¢
apoMaTHYeCKUMU aMHUHAMU NpoBOAMTCS B cmabokucnoi cpene ¢ pH
3—5, roe KaTHOH AMA30HMsl peardpyeT cO cBOOOAHBIM, HENMpPOTOHM-
POBAaHHBIM aMUHOM.

A3ocoyeTaHue OTIUYaeTCS OT OPYTMX peakliuil 3JeKTpoduiib-
HOro apoMaTHUYeCcKOro 3aMeleHMs] Ype3BbIYaiHO BBICOKOU cesek-
THUBHOCTBIO. A30coueTaHue ¢ GeHONAT-MOHAMM U AMHUHAMU Ocylle-
CTBJISIETCS. MCKJIIOYUTEJNIBHO B napa-TONOXeHHEe K T'MIPOKCHJIBHOH
rpyInmne Wwiv amuHorpynne. Jong npoaykra 3aMellieHUsI B opmo-1o-
JIOXEHHWH, KaK NpaBusio, He npeBbiaeT 1—2%. U Tonbko B ToM
cliyyae, €Clid hapa-TONOXeHUe 3aHSTO, COYeTaHME UIET B 0pmo-
nosoxeHue. Cpeau GpeHONOB 0- U n-HUTPODEHONMBI He BCTYNAKT B
peaKUHIO a30COoYeTaHMs, HO CaJIMUMNOBAS KUCIOTA, colepxalias
0oJiee cnabblil aKUETITOPHBIA 3aMECTUTENb, YXe pearupyer ¢ KaTu-
OHOM JHMa3oHHUS. Pe3opuuoH oYyeHb JIErKO COYETAETCSI ¢ ONHUM Ka-
TUOHOM [MA30HUS B MoyoxeHue 4, 2 co BTOPbIM KATUOHOM JHa30-
HUS B nonoxeHue 2. FTUAPOXUHOH Y NHUPOKATEXHH OKHUCIISIIOTCS CONSIMU
IUAa30HUA N0 XuHOHOB. Cpeay apoMaTUYECKHUX aMUHOB Mema-HUT-
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POAHUIIMH, Mema-XNOPAHWIIMH, Mema-aMUHOBEH 30JCyab(MOKUCIOTA
W psl IpYr¥X aMMHOB C 3JIeKTPOHOAKLENTOPHBIMU 3aMECTHTENAMHU
He BCTYNAIOT B PeaKLUIO azocoueTaHus. Opmo- u napa-beHUneHau-
aMHUHBI, TaK Xe KaK opmo- U napa-aMAHOGMEHOJ b, OKUCAIOTCH CO-
JIAMU OHA30HUA.

Ecay B a3ococTasnsioled UMEIoTCS OJHOBPEMEHHO aAMHHO- W
OKCUrpynna, TO B 3aBUCMMOCTH OT pH cpelibl coyeTaHue IIPOBORUTCS
MIPH aKTUBUPYIOUIEM BITUAHUH 1160 aMMHO-, b0 okcurpynmnel. [Ipak-
TUYECKU B TAKMX CJIyYasix MepBOHAYaNbHO [POBOIST COYETAHHE B CJIa-
BOKMCIION cpefe INPH OPUEHTHUPYIOLIEM BAUSHHUU aMHUHOTPYNMBI, a
3ateM B clnaboOCHOBHOH cpeje, riae OpMEHTALMIO OKAa3blBAET THAPO-
Kewn. Tak, HampuMep, IIPH COYEeTAHHM COJIeil [MAa30HHUS ¢ 4-aMHHO-
S5-ruapokcu-2,7-HadpTanuHAUCYyNbPOKUCIOTON (ALI-KUCIOTOHR) B
KMCJION cpejie coYeTaHWe UAET B MOJIOXEHHE 3, 2 B OCHOBHOM — B
nojioxeHue 6:

OH NH,
®
(O —
Dss s0®
. JH-KHMCJIOTA

Alll-KUCII0Ta

_ OH NH,
NN<O)-vo,
H~3
e -
0038 S04©

OH NH,

@-N? @N=N N=N—@—N02
H,0; pH10 @@
2P 00,8 sof

KHMCIIOTHHI cHe-4YepHblii B

B pesynprTate KOMOHHALIMU coJei AUA30HUS M3 PasMYHbLIX ApOMAaTH -
YeCKHX AMMHOB C PA3JIMYHBIMU a30COCTABJISIOLIMMHU U nogdopa yc-
JIOBHM peakuMX MOTYT OBITh MOJydeHbl caMbie pazHooOpa3Hbie a30-
Kpacuteid. MHorve asokpacuteiud B 3aBUcUMOCTH oT pH cpennl
M3MEHSIOT CTPOeHHeE, a CAeNOBATENbHO U OKPACcKy. TaKMe a30Kpacu-
TEJIX HAXOIAT NMPUMEHEHUE B KayecTBEe MHAUKATOPOB (METHJIOpAHX,
METAHUAOBBIN XKETHII, METUNOBbIA KPACHbIH, KOHIO KPAacHBIH U ap.).
Huxe npueeneHbl HEKOTOphle NpPUMEPBl a30KpacuTesei, ynorpeob-
JNSIeMBIX U1 KpaUIEeHWS eCTECTBEHHBIX BOJIOKOH:
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AMa30THPOBAHHBIH R-cons
M-KCUJIMAMH

HO SO;Na

— H;C@N=N

nyHuosbiit 2R

SO;Na

HO so,Na
_—
NaO,$
SO;Na
AUA30THpOBAaHHas1 R-cons

Ha(pTHOHOBas KHCJIOTA

SO;Na
——= NaO,$ —N“

KHcnoTHeI KpacHHK C - SO,Na

SO3Na

®
Ot () —
=2

SO 3Na
XPOMOTPOITIOBasi KHCIOTa
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SO3Na
@

HO
Buxtopus ¢uonerosas 4BS SO;Na
NH, OH
+ @Nz—":> <:> N? +
NaO,S SO;Na
OH NH,
QO
+
NaO,$ SO;Na
NH, OH OH NH,
©© CO
NaO,$ SO,Na NaO,$ SO;Na

npsiMoit cuHuit 2B

2) Mexanu3M 230C09€TaHHA

HoHnt apenanazonus ArN, " otHocsATCA K €1a6bIM 31eKTPOdHITb-
HBIM areHTaM, ¥ ¢ HUMH PearupyloT TOJLKO aKTHBHbIE apoMaTtuyec-
KHe cyOcTpaThl — aMHHBL H (peHoNbl. KMCIOTh 3aMeISIOT peaklMIo
azocoyeTaHus. B ciayyae aMMHOB 3TO CBA3aHO ¢ 06pazoBaHHEM Hepe-
AKIAOHHOCTIOCOOHBIX MOHOB aMMOHHd. B ciiyyae xe deHosnoB 3ame[-
Jismoliee AeHCTBHE KHCIOT CBUIOETEJbCTBYET O TOM, YTO (heHOoN BCTy-
naer B peakuuio B dopMme aHHOHA ¢eHosasTa. DTOT BBIBOA
MOATBEPXIAETCS TEM, YTO aHM30J (MEeTHJIOBBIH 3dHp deHona) ¢ 601b-
LUMHCTBOM COJIEi JHUA30HMUS HE pearupyeT, XOTA B OPYIUX peaklIUsax
3J1eKTPOGHUIBHOIO aPOMATHYECKOTO 3aMellleHUST PeHOoN U AHU3OM BbI-
COKOpeaKuMoHHOcocoOHe!. [Ipn yBenuuennu pH pacteopa Bhliiue
JlecsiTU CKOPOCTh 3aMeJISI€TCs MMOTOMY, YTO MOH JMa30HUs Tepexo-
JUT B HEAKTUBHBI NMAa30TaT-UOH.

B psne ciyyaeB B peakliM{ a3ocodyeTaHHs Habmogaucs obLuii
OCHOBHOM KaTtayiui (CM. 1. 3, 4. 1). 3To cBA3aHO € TeM, YTO CKOPOCTh
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OTUICTUIEHUS NMpPOTOHA OT O-KoMIUleKca (k;) cpaBHMMa co CKOpOC-
ThIO 06pa3oBaHUs 3TOro KoMiuiekca (cM. pasaen 13.5):

H
ky ®, ~ k,[B]
k., “N=N-Ar (@

rae B - ocHoBaHHe H

ArH + Ar'N=N AN=NAr' + BH®

IpyuMeHss NpUHUMIT cTalMOHApPHOCTH (rn. 3, 4. 1) 1A G-KoMILIeK-
ca, MOXHO MOJIYYHTh ClieIyIolllee BbIpaXeHHe IJist HabnionaeMoi KOH-
CTAHTbl CKOPOCTH:

— kl kz
ek, +k,[B]

Ecan nmuMmuTHpyomei asiasercs neppas cranud (k-; << k[ B]), To
3aBHCHMOCTD OT [B] Hcue3aer, H Kyu6; = k1. Ecnu xe k—y >> k[ B], 10
CKODOCTb NPOMOPLIMOHANBbHA KOHLIEHTpalMu ocHoBaHus [B]. Korma
k_y ~ ky[ B], ckopocTh 3aBHCHT OT KOHLIEHTPALIMH OCHOBaHHA MO He-
NUHeHHOMY 3aKOHY. B pasHBIX peaKuusx a30ocoYeTaHHS MOXHO Ha-
G1100aTh JIIOGYIO M3 STHX TPeX KHHETHYeCKHX 3aKOHOMepHocTel. B Tex
clyyasix, KOrJa peakuus KaTaJIW3HpOBanach OCHOBAaHMAMH, Habmio-
Ianca ¥ KMHeTHYecKUi u3oTonHuiit addext H/D unu H/T. IIpumMe-
pbl ObLIM npUBeaeHb! B pasaene 13.5. [Ipu yBeIHueHHH pasieiMTeNb-
Horo ¢axropa k—/k;[B] KMHETHUYECKHII KOHTpPONb CMELIAETCA OT
craguu (1) KX craguy (2), NPHU 3TOM YCWIMBAETCA KaTAIUTHYECKUH
3¢ (PeKT OCHOBAHHWI M BO3PACTAET BEJIMYMHA KHHETHYECKOrO M30TOII-
Horo 3¢ dexra.

Xopowei WLTIOCTpanvei ABIseTca peakius n-xnaopbeHsonaua-
30HHSA ¢ aHMoHaMHU HadToncynbdokuciaor (1-111).

o® $0,@ o®
QO cegl QO
©058 sa?
&)
SO
. 3 I 1
Junanunon TpHuanHon Huanron
4-nadron-1 7-nadron-1,3- 4-uagTon-2-
CYNbGOKHCIOTHI CynsOKHCIOTH Cyns$OKHCOTH

(cTpenkaMM MoKasaHsl MECTa BCTYIUIEHHA n-XiopdheHnna3orpynmsi).

B peakuuu ¢ quaHoHoM (I) KaTtanuz He NpoSABISIETCH U HET KUHETH-
YeCKOro H30ToNHOro agdexTa; CKOPOCTh NPoLIEcca olpejeisieTcs nep-
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BO# cragueit obpa3oBaHUsl O-KoMrUlekca. Peakiuus tpuaHuoHa (II)
KaTaJM3upyeTcs MUPUAMHOM H MMeeT OOJBIUOH KMHETHYECKUH H30-
tortHbii 3ddekT. Juanvon (II1) sanMMaeT npoMexyrouHoe nojaoxe-
Hue Mexay I u Il Kak no 4yBCTBHTENBHOCTH K KaTAIH3Y OCHOBaHHMS,
TaK U [10 BeJIMUMHE KMHETUYECKOoro H3oTonHoro adgdekTa (cM. 13.5). B
3TOM Cclly4ae MHTEPECHO TO, YTO a30COYEeTaHHe B MojioXeHue 3 Gonee
YYBCTBHUTENBHO K KaTaJIH3y, U MMeeT GoNbIUUA KHHETHYECKHIN HU30-
TOITHBIM 3¢ dexT, yeM azocoueTaHue B rnosoxeHue 1. CooTHolIeHHe
npoaykToB 3/1-zaMeuieHus B ciay4yae 1,3-aUReidTeponpoOH3BOIHOTO
anviona III moatoMy BhIlle, 4eM mia HeMedeHoro 111, Takoit adpdexr
CBSI3BIBAIOT € [IPOCTPaHCTBEHHBIMM 3aTPYAHEHHSAMHM aTakKd B [OJO-
XeHHe 3, KOTopoe MPHBOAMT K YMEHBIIEHHIO K; M3-32 TOrO, 4TO IIPU
OTILEIUIEHWH TPOTOHA OT G-KOMILIEKCA ABMXKeHHe rpynibl ArN=N—,
KOTOpas CTPEMHTCH PAaCIIONOXHTLCS B IJIOCKOCTH Ha(TATIUHOBOTO
LMKJIa, 3aTPYJHEHO 3aMECTHUTENSAIMH B MIOJIOXKEHUsX 2 U 4.

PaccMmoTpuM Gosee oApoOHO MEXaHHU3M a30coyeTaHUs KaTUOHA
IHa30HHA ¢ aMMHaMK M PeHonaMu. KaTHOH apeHaWa3oHUs B HENT-
PAJIbHOM cpejle MepBOHAYATIbHO aTaKyeT aTOM a30Ta EPBUYHBIX WIH
BTOPUYHBIX 2apOMaTHYEeCKHX AMHHOB, KaK MeCTO Haubosiee BhICOKOM
3JIEKTPOHHOM IUIOTHOCTH. IIpH 3TOM B pe3ynbrare GhICTPOro KMHe-
THYECKH KOHTpOJIHPYEMOTo Mpoliecca o0pasyloTcss AMa3oaMUHOcoe-
DUHEHHS (TpHaseHbl). DTa peakius, o4HAaKo, oOpaTUMa, U IPOTO-
HUpOBaHHAas ¢dopMa TpHaleHa B KMCJIOW cpele JNIErKo pasjaraercs
Ha McxojHble peareHThl. Bonee MeJneHHas peakliMs KaTHoHA apeH-
JIAa30HUSA MO Nnapa-IoJOXeHHIO apOMAaTHIeCKOro aMUHAa TIPUBOIUT
K a30COoeIMHEHHI0 KaK KOHEYHOMY IMIPOAYKTY TepMOJHHaMHUYECKH
KOHTpoJIHpYeMoro npouecca. [TockonbKy ofpasyomuiics B KayecTse
[IPOMEXYTOYHOIO COeIMHEHUS G-KOMIUTeKc obnanaeT 6onplueid KUc-
JIOTHOCTBIO, YeM KaTHMOH JHa30HMs, OH JIETKO AeIIPOTOHUPYETCH AaXe
B CJJADOKHCIIOM pacTBOpe MOJA JeiicTBHEM NM1000ro OCHOBAaHHUS, IIPH-
CYTCTBYIOLIETO B peaKIIMOHHON CMecH:

ky @
ArN(P + HZN‘@ —_— N—N=N—NH2—©
k
k, -

l + H®|| - H*
ArN=NNl-{2 Ar—N=N-NH—©
o \=
B
rae k_ >> k, >k,
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[ns TpeTUYHBIX AMWHOB, B NPUHLHKIIE, peAIU3yeTCsl TOT XK€ CaAMBIH
MEXaH¥3M, HO B 3TOM cjlyyae NPOTOHMpPOBaHHas ¢GopMa TpuaseHa
eute Gonee HecTabWJIbHA, U €€ HE yJaeTcs M30JUPOBATH B Ka4yecTBe
npoMeXyToyHoro coeauHeHus. CoyeTaHue c aAMUHAMU MOXHO IPOBO-
JIMTb B IBE CTAAUM, BbLIEJIAS B HEHTpaA/IbHOIA cpele TpUas3eH, ¢ nocie-
IVIOLIE# NeperpynnupoBKoOr B KUCAON cpele B a30COEAUHEHME.

CoyetaHHe (GeHONAT-UOHA ¢ KATHOHOM apeHOHa3OHUSI TOXeE
npencrasisier coboit Npumep TepMoIUHAMUYECKU KOHTPOIHUPYEMOH
peakuuu. KaTHOH AMa30Hus B pe3ynbTare o4eHb BbicTpoii obpaTi-
MOl peaklMM C KHCJIOPOAHBIM LEHTpoM deHoaAT-HoHa obpasyer
I1Ma302(¢Up, KOTOPLIl J1erKO UOHU3UPYETCS YU B BOJE JUCCOLIMUPYET
Ha ucxoAHble peareHThl. [locnenylouiee bonee MEAIEHHOE B3aHMO-
JeHCTBHE KATHOHA AMA30HUS C YrJIEPOIHbIM LIEHTPOM aMbHUIeHTHO-
ro ¢peHOoJAT-UOHA NIPUBOINUT B KOHEYHOM UTOTre K 06pa3oBaHMIO a30-
COeNUHEHHUS:

ky
ArN?*'eO“@ _— Ar—N=N—O-©
k_y

k,

ArN=N7<:>—NH2 — ArN=N—©>-0H

H
roe k—1>> IcI > k2

3) BoccranoBnenme coneil apeHIHA30HNS B APHITHAPAIHHLI

BaxHo# peakiiMe#, B KOTOpOW a30T He OTILEIUIAETCA OT KATHOHA
I1Aa30HUsI, SIBJAETCS] BOCCTAHOBJIEHUE cOJied NUA30HUS O apUITHI-
pPasvHoOB, LLIUPOKO UCIOJb3YEMBIX ISl WACHTU(UKALIMM KAPOOHMIIb-
HbIX coeJMHeHHUH. CyluecTByeT ABA OOLIMX METOIa BOCCTAHOBJIEHUS
coJsiell IMa30HHU 10 ApWIrHapasuHoB. Jlydiuuit cnocob mist aToro mnpe-
BpalleHus 661 npemtoxeH 3. @unrepom B 1875 r. OH 3akmoyaercs B
BOCCTAHOBJIEHUHM KaTHUOHA apeHAWA30HUSI CMECBHIO CYIb(HUTAa U Tui-
pocyabduTa HaTpus. B nepBoii cranuu obpa3yercss KOBaTEeHTHBIMA IH-
asocylb¢oHAT, KOTOPLIA jJajiee BOCCTAHABIMBAETCS O COJU apHII-
runpasul-N, N '-nucyabboKuCcIOTE, KOTOpas Nocjie KUCIOTHOTO
FMApONK3a NaeT apUJITHIpPa3vH:

®,0 NS0, NaHSO,
ANy X® —————» AIN=N-SO;Na —,
H,0; 0°C 20
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H

HCI

— AIN—N—S0,Na ————— ArNH-NH, - HCl
| H,0; 1 °C 2

SO,Na

Jlpyroit cnoco6 BOCCTAHOBJEHMS COJIEH NMA30HUS B apUJIrHApa-
31Hb! 611 paspaboraH B. Meitepom (1883 r.) M cOCTOUT B BOCCTAHOB-
JIEHHH cosleil 1YMA30HUS IBYXJIOPHCTBIM OJIOBOM B COJISHOH KMCIIOTE:

AINECI® + 28nCl, + 4HC! Y7L0Co ANH-NH,- HCI + 28nCl,

20.3.3.r. PEAKIIMH HYKJIEO®HUIIBHOIO
APOMATUHECKOI'O 3BAMELIEHHWA,
AKTHUBHPOBAHHBIE TUA30TPYIIIOH

Jduaszorpynna, kak ovyeHb CUJbHbI# aKLENTop, aKTUBHUPYET 3a-
MeLUeHHe raJoreHa Wi Hutporpynnsl. OTIHYuTEbHOM 0cobeHHOC-
TBIO 9THX PeaKLHil HYKIeODWILHOro 3aMeLIEHHs SIBISETCS COXpaHe-
H{e OUasorpynmbl. Peakuyy Takoro TMIIA M3BECTHHI JAaBHO, OJHAKO,

K COXaJICHHUIO, 0O CHX INIOp CUCTEMATHUYECKHU HE U3YYANINUCh U IIpea-
CTaBJICHBI OTAEJIBHBIMU, Pa3pO3HCHHBIMM NpUMEPAMH, B YACTHOCTH:

c1@ N+ SCN® ——» NCS—@ N
NO, NO,
H,0
OSERe

B HeKoTOpBIX Ciiyyasix peakLMs HyKi1eohUIbHOro 3aMeeHUsI IIPOMcC-
XOIMUT yX€ BO BpeMsl AMAa30TUPOBAHUS aMUHA:

NO,
NH, NaNOy N2 c®
HC; 0C HCl 5°C
a
NOC®
— QT
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NO, NO,

NaNO,; H,SO,

- on, OH
H,0; 20°C

H,N

TaK)’EO BO3MOXHOCTL CleayeT YYUThIBAThL NPU AUAa30TUPOBAHUHU AMH-
HOB U MCNOJIb30BAHUWM COJIEH Ape€HAHAa30H 1.

20.4. ATAPATHIECKHE
JHAA3OCOEIUHEHNA
(IUA30AJIKAHBI)

CrpoeHue aiH(ATHYECKHX AUA30COEAMHEHHUI MOXET ObITh BbI-

paxeHo obuieid dopMynoii: R2C=§=Ne. OrpuLlaTeNbHbIA 3apsif B

JuaszoajiKaHe pacrhpefesieH Mexay KOHLIEBbIM aTOMOM a30Ta M yrie-
pOJOM B pe3ysibTaTe Me3oMepHoOro 3¢ddekTa

2 @
CH,~N=N: ,

4TO OTPaXaeT ero cBoiicTBa HyKIeogHIsHOro peareHTa. [1pu npoto-
HUPOBAHWM WJIH IIPH B3aMMOAEHCTBMM ¢ KHcimoTamu Jlpoouca obpa-
3yeTcsl 3JIEKTPOHOREe(ULIMTHAS YACTHLIA CO CBOMCTBAMM MOLLHOTO
3J1eKTPOHUIABHOIO areHTd, NO3TOMY [UIS AMA30a1KAHOB XapaKTePHBI
cBoiicTBA OUGHUABHOTO peareHTa. JIMa30aKaHbl OTHOCATCS K 4YMUCITY
PeaKLIMOHHOCIIOCOOHBIX M HECTAOWIbHBIX coefUHEeHUMA. ['a3000pa3Hbii
NNAa30METaH pas3jiaraeTcsi co B3PhIBOM NPY KOMHATHOM TeMIeparype
NPU CONIPUKOCHOBEHUU cO UUTMGOBAHHON MM HIEPOXOBATON NMOBEP-
XHOCTbIO, MO3TOMY NpU paboTe ¢ razoobpasHbIM JUA30METAHOM HE
PEeKOMEHIYeTCs1 MCIO/Ib30BaTh I0cyny co uutddamMu. B otnmnuue ot storo
pacTeop nuasoMeTaHa B 3¢upe coxpaHsaercs npu —20°C B TeueHue
IUIWTeIbHOro BpemeHu. Ilappl nuaszoMeTaHa siOBUTbI, OH BbI3bIBAET
NPUCTYNbl 4CTMbl M pa3fpaxaeTt rynasa. ['oMoJjiord AMa3oMeTaHa elle
MeHee CTaOMJIBHBI, U PACTBOP AMMETUNIAMAa3oMeTaHa B 3¢upe pasja-
raercs npy —20°C B TeuyeHUE HECKOJIBKUX MUHYT. JluapunauaszomMera-

HBI Ar2C=ﬁ=Ne OTJUYAIOTCA OT JUA30aKAHOB ropasio Gosee Bbi-
COKOM cTAOMJIBHOCTBIO.
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20.4.1. MTOJYYEHUE JHA30AJIKAHOB

JlyqminM B Hacrosliee BpeMsl CIIoco60M NONy4YeHUss JUa3oMeTa-
Ha ocTaeTcs MeTol, npentoxeHHbli ewe B 1930 r. . ApHITOM H 3aK-
moyarolmiics B obpaborke N-HUTPO3OMETHAMOYEBUHBI KOHLEHTPH -
POBAHHBIM PacTBOPOM LUENOUH:

I ’CH3 Boa—3brp
H;N—C—N + KOH———=—== CH,N, + H,0 +
\N=O 0—-5C

+ K,CO; + NH,.

CnenyeT 0co60 OTMETUTb, 4TO N-HUTPO3OMETHIMOYEBHHA, KAK U
npyriue N-HHUTPO30oNnpoU3BOJHbIE, KAHEPOreHHa.

MexaHu3M 3TOH peakiidy, I0-BUIMMOMY, BKIIIOYAET HECKOJIbKO
craguii. [lepBoHayanbHO rMIPOKCHI-HOH ITPUCOEAHHSIETCsS 0 Kap6o-
HUJIBHOI IPYIIIe MOYEBHHBI. A BO BTOPOM CTaIWM U3 AHHOHHOIO TeT-
pasIpuyecKoro MHTEpMeIHaTa OTWUETUIsSeTCS AMA30THAPOKCHI, KO-
TOPBI B CHJIBHO LIEJOYHOU cpejie MOABepraeTcs AErHAPATALUM C
oBpa3opaHueM JHa3oMeTaHa:

0o°e
o |
CH3—1TJ—fI:—NH2 + OH CHa—l*II—CII—NHz
O=N O O=N OH
0® 0

I Il
H,C—N—C—NH, — H,C—N=N—0© + HO—C—NH,

KapabMHHOBas

O=N OH
KHchoTa

H,C—N=N—OH  CO, + NH,
Ma30TMAPOKCHI

@@"QH —
U

CH,—~N=N—OH + oH®

®@ © o)
— CH,=N=N+ OH .
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JIuazocoenMHeHHSA MOTYT OLITH NOJYYEHBl TaKXe OKUCAEHHEM
COOTBETCTBYIOIIMX T'MAPA30HOB XeJNTOW OKHUCBLIO PTYTH B 3(Hpe HUIu
6eH3ose no T. KypumMycy win tetpaauetatom cauhua B CH,Cl,.

HgO
GeHzon

S

R2C=N-N Hz R2C=ﬁ=N .

DTOT NYTb UCTOIB3YIOT IUIS MOJyYEeHUS apyu3aMellieHHbIX JUa30a1Ka-
HOB, a TAKX€E Ia4 IMOJIyYeHHUS JUa30LUKITOAUTKAHOB. JlMa3oKeToHLI No-
JIy4yarT auiuJIUpOBAHUEM JHa30MeTdHA allMIraioreHuagaMu:

O 3¢hup O
2 P
\Cl 2292 0°C RC\ ® O 3 2

M36n1TOK nUa3zoMeTaHa HeoOXOaUM ISl CBA3bIBAHUA 00pasylollerocs
XJIOPUCTOrO BOAOpOAA:

0 - fﬁe ®
RC\ + CH2N2 —~— RC\CH -N=N B
Cl 2
Cl
O O
2
—_— RC/ ® + Cl@ . RC( ® o + HCI
CH,N=N CH=N=N

CH2N2 + HCI ——» CH3C1 + N2 -

B orcyrcTBue M3BBITKA AMA30METAHA XJIOPHA-MOH 3aMELUAET a30T C
0o6pa3oBaHUEM OL-XJIOPKETOHA!

o 0]
+ HCl ——» RC

CHN, CH,CI

RC +N,.

7\
7\

Beenenue guasorpynnel B 1,3-nuketoHsl U 1,3-kKeToadupsl ocyuue-

ctBnsgercs ¢ nomowsio tosunaszupa n-CHi3CgHySON=N=N &
nByx¢a3Hoi CHUCTEME BOLA-XJIOPUCTHIH METHIEH U COJIM TETPaJiKU-
JIJAMMOHMUS B KayecTBe KaTaiu3atopa mexdasHoro nepeHoca:
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NaoH; NROc®

R'COCH,COR? + n-CH,C¢H,SO,N,

CH,Cl1,~H,0
®N=No
——» R/CO—C—COR?
(80—95%)

3ra peakums UMeeT oOLLMi XapaKTep Ans COeNMHEeHWH, ColepxXalluxX
METUJIEHOBYIO IPYIIIY, AKTHBUPOBAHHYIO JBYMS! 3JIEKTPOHOAKLIEIITOD-
HbIMH 3aMecTuTeNAMH (COR; COOR; NO,; CN). Inazoacdupsl obpa-
3YI0TCH [P HHTPO3HPOBAHHU 3(DUPOB OL-AMHUHOKHCIIOT:

H,0
HZN('ZHCOOCZHS + NaNO,; + HCI W
R
e @
—» N=—/N

=|c—cooc2H5 + NaCl + H,0
R

JWa3oKeToHbI U AMa303¢UpHI ropa3fio crabuibHee NMA30ATKAHOB U
JIerKO BBIAEASIOTCH B MHAUBHUAyaIbHOM Buae. Kak orMedeHo B . 19,
anudaTuyecKue AUA30HMEBbIE COJIYM HEBO3MOXHO BbIIEIUTH B Kaye-
CTBE CTAOMILHBIX HHTEPMEIUATOB B PeaKIIMM HUTPO3UPOBAHUS NeEp-
BUYHBIX ayinaTHIeCKUX aMHHOB. JJMa30HHEBEIE CONMM ATMdaTUIECKO-
IO pAna CMOHTAHHO pa3fiaraloTcsl ¢ BbLACIEHHEM a30Ta IGO0 B pe3ysIbTaTe
aTaKM HYyKIeo(UIBHOTO peareHTa 1o MeXaHu3My Sp2, TH60 B pesyJib-
TaTe 06pa30BaHUSA «ropsyero» KapboKaTHoHa Mo MexaHuamy Syl.

20.4.2. CBONCTBA JJHA30ATIKAHOB

JduazoMeTaH U npyrue QMa3oaiKaHbl KOJIMYECTBEHHO pPearvpyroT
¢ TMOPOKCHJILHOM rpynnoi KapbOHOBBIX KHUC/IOT, (HEHONOB U €HO-
JIOB, 4 nNpM Karanu3se 3¢uparoM TpexdTopuctoro bopa U co cnuprTa-
mu B 3cupHoM pactBope npu —10—20°C:

3¢dup

RCOOH + CH;N; ——»
o M2 T

RCOOCH; + Nj;

acup; BF;

—_——
-10°C

a¢up; 0°C
(CH;5),0 - BF;

ArOH + CH,N, ArOCH; + Ny;

ROH + CH,N, ROCH; + N,.
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IMpeanonaraercs, YTO B KaXAOW M3 3THX peaklMi B NepBOil cTaiuu
[IPOMCXOIMUT MePEeHOC NPOTOHA K AKMa3oMeTaHy ¢ obpazoBaHWeM Kpaii-
He HecTabuabHOTO KaTvoHa Metunauasonust CH;N, ', koTopslit 3atem
B3aMMOJAEHCTBYET C KApOOHOBOM KUCIOTOH WIM APYTUM HYKJIEO(hUIb-
HbIM areHToM ¢ 00pa30BaHUEM KOHEYHOrO MpPOAYKTA METUTUPOBAHUS:

@ 0 ©) @
RCOOH + CH;=N=N —» [RCOO"CH3N; ]—=RCOOCH; + N,.

B cHHTETHYECKOM OTHOLUIEHUU 3TO HauboNee BaXHbLIE PeaKUUU QHA-
30aJIKAHOB.

MHorye peakliMi AMA30ATKAHOB NOLPOOHO OMMCAaHB! B APYTHX
rnaBax. O6pa3zoBaHWe KapOeHOB M3 AMA30MeTaHA U JHMA30YKCYCHOTO
a¢upa onucaHo B ri. 5. [Neperpynnuposka Bonnga npencrasnser co-
60it npeBpallicHHEe QUA30KAPOOHUJILHBIX COeJUHEHUH B KETEHBI, Ka-
TAJIM3NpYyeMoe HoHaMH cepebpa win obnyyeHUeM. DTa neperpyrinu-
POBKa JIEXHT B OCHOBe 0011ero MeTola cHHTe3a KapOOHOBBIX KHCIOT
no ApHATY—3ifcTepTy, paccCMOTpPeHHoro B Ii. 18:

2CH;N, Ag@ WIn H,0
RCOCI——"—"% RCOCHN;—— [RCH=C=Q — RCH,COOH.
A

MexaHuaM neperpynnupoBky Bonbda U Apyrux poacTBEHHBIX cOrNa-
COBAaHHBIX CEKCTETHLIX MeperpynnupoBoK obcyxmaercs B Ii1. 26.

BaauMojeiicTBUE AJIBAETHIOB U KETOHOB C JHA30METAHOM TIpe-
CTaBJyigeT coboil MEeTO/ MOJy4YeHHst TOMOJIOTOB KapOOHWIBHBIX COeIH -
HeHHMi. B KauecTBe moOOYHEBIX NPOAYKTOB 06pa3yioTcst OKCHpaHbl. B
MepBo# CTaAMU B pe3ysibTaTe HYKIeOohUIbHOTO MPUCOeIUHEHHUS JHa-
30MeTaHa K KapboHUIBHOM rpynne obpalyercd 6etauH. OH cTabuau-
3UpyeTcs ABYMS AJbTEPHATHMBHBLIMU NYTAIMH — 3aMBIKAHUEM TpeX-
WIEHHOTO LMKJIA B peayJibTate HyKieoQWibHOM Sy2-aTaKu KHCaopoaa
MO0 METHJIEHOBOM Ipynne ¢ OJHOBPEMEHHBIM OTUIETUIEHUEM MOJIEKY-
JISPHOTO a30Ta, N0 3a cyeT MUrpauuu rpynnel R:

@
~ el 0
R—C?  + CHANING —» R—C-00 —» JC—CH +N
N I R
R
@
\/'/CH) (”)
N; + ®7c\0 o ™ RCH;CR + Nj
R
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Anbaeruabl B peakUUd ¢ IHA30MeTAHOM AAIOT MeTHJIKETOHB! U
OKCHpaHBl, HO He FOMOJIOTH alibAeruaos. DT0 YKa3bIBAET HA TO, 4YTO
MIPUI-MOH MUTPHUPYET Nlerdye, 4eM ajdKuibHas rpynna. Anudaruyec-
KHe aNbaerusl Mpy B3aUMOAEHCTBUMA C IUA30METAHOM JAIOT METHJI-
KETOHBI C YIOBJIIETBOPHUTEJNbHBIM BbIXONOM — Mopsiaka 30—75%, B To
BpeMs KaK Ui apoMaTHYEeCKUX aNibJerHI0B BLIXOJ apHIMETHIIKETO-
HOB 3HAYMUTENbLHO Bbille. MCKITIOYeHUE COCTABASIIOT alibAerHibl, cO-
JEpXallrMe CUMbHbIE 3MEKTPOHOAKIIENITOPHbIE 3aMeCTHTENH, st KO-
TOpPbIX NpeobsagaiiiM HANpaBleHWeM CTAHOBUTCA oOpasoBaHue
oKcvpaHoB. Peakuusa auasoMeTaHa ¢ anvdaTvyecKMMM KETOHaAMK He
MMeeT NMPaKTHYeCKOro 3HAYEHMSI, MOCKOJNbKY BBIXOJ T'OMOJIOTOB Ke-
ToHOB He mpesbiaer 20—30%, a a1 HECHMMETPHYHBIX KETOHOB
noxyyarorcsd o6a BO3MOXHBIX MOMOJIOra Hapsily cO 3HAYHTEJIbHLIM
KOJIMYECTBOM OKCHpaHa.

[MpakTuyeckoe 3HaYeHUe 3Ta peakLUs NpHobpena ans HEKOTO-
PBIX UMKITMYECKMX KETOHOB KaK MeTol pacliupeHus nukiaa. Obpaso-
BaHUE OKCUPAHOB MOXHO CBECTM K MMHHMYMY, €Cl{ MPOBOAUTE pe-
aKLUMIO B IPUCYTCTBUM CUJIBHBIX KHCNOT Jlbiovca — OpoMupa KUK
xsopuga amoMuHus. Kuciora JIsiouca 610KMpyeT HENOAENEHHYIO Napy
3/IEKTPOHOB aToMa KMcCiopoaa B GeranHe, YTO NMPENSITCTBYET 3aMbI-
KaHHI0 OKCUPAaHOBOTO LIMKJIA B pe3ybTaTe BHYTPUMOIEKYJIIPHOU HYK-
JNleopHILHOM araky KMCIIOpona Mo MeTUNeHOBOM rpynmne 6etauHa:

_CBN,
<:>:O 3¢Hp-MeTaHo O: <:><|

(63%) (15%)

(0N H N,
3¢up—A]Br3, (60%)
0—20°C

daxTHyecKn peakiiMs paclUMpeHUs IKKIIA LIMKI0ANKaHOHOB NPUIoaHA
TOABKO AN MONYYeHUs LIMKIOreNTaHOHA M UMKIOOKTaHOHA. Llukiu-
yeckue KeToHbl ¢ pasmepoM nukia Cg—C,; pearMpyioT HAcCTOJBKO
MEUIEHHO, YTO 3TOT MeTON He MMeeT NMPAaKTU4eCKOoro 3Ha4deHMs, a
MaKpOLHKJIHYECKHE KeTOHbI 00pasyloT CIOXHBIE W TPYAHOPAa3deau-
Mbi€ CMECH BbICLIMX FOMOJIOrOB.

Ocobyio rpynny peakuuu JMa3oaNKaHOB COCTABJSIIOT TaK Ha3bl-
BacMble peakumu 1,3-AUNOIAPHOTO LIMKJIONPHUCOCAUHEHUST K aKTH-
BUPOBAHHBLIM alKeHaM M alKMHaM. JTa Oonbluas rpymnna peakuui
Oynet moapo6GHO paccMOTpeHa B II. 25.
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20.5. TUKJINYECKHUE A3OCOEIUHEHHUA —
JAASAPUHBI

B koHle XIX Bexa s AMa3zoMeTaHa ¥ OPYTMX JUa30aJIKaHOB ObU10
NpeinoXeHo JABe aAIbTepHAaTHBHbIE CTPYKTYPHble (DOPMYJIbl: JTUHEH-

N
nag — CH,=N=N © (M. Twne) M nuKInYecKass — H2C:I|\!T (T. Mex-

Man). Kaxnas U3 HUX MMeJa CBOMX CTOPOHHMKOB ¥ MPOTHBHHUKOB. Ha
[IPOTSOKEHWM MHOTHX JIET He ObUIO Y6eJUTebHbIX apI'YMEHTOB B I10JIb3Y
KaKoi-11u60 M3 3TUX CTpYKTYp. CIeKTPOCKOIIMYECKHUE JaHHbBIe OMpe-
NeJIeHHO YKa3bIBaNy Ha JIMHEHHYIO CTPYKTYDY AMa30MeTaHa U APYrux
JIMA30aTKAHOB, HO OJHO3HAayHbIE JOKA3aTeNIbCTBA B ee MONb3y ObLIH
IOJIyYe Hbl CPABHHUTENBHO HEJABHO, 1ocie Toro Kak 3. I1Imuri B 1961 1.

) ~
MOJYYUJT M3OMEpPHBIE MM OMasupUHBI o6uieil hopMyibl R2C\II\EI

JuasupuHB 00pa3yIoTCA [pH OKHCICHUN HUKIHYSCKHUX THAPA3HHOB —
JVa3HPUIMHOB, C ITIOMOLULIO TAKMX OKHUCIMTENEH, KAK OKCHI cepeb-
pa WU OKCHJ PTYTHU:

] 1
R NH HgO wm Ag,O R\ N
———
2>C: adpup Z/C: 1+ HZO .
R NH R N
R!; R? = Alk (40—90%)

UcxonHvle 3,3-1HanKWIIHasHpUANHSI [TONYYAIOTCS [IPH B3aUMOREH-
CTBMH a(paTUYECKUX KETOHOB C aMMHUAKOM M THAPOKCWIAMHH-O-
CyNb(MOKHUCIIOTOMN:

BOAA HJIH METaHOJI

R'COR’ + 3NH; + NH,0SO3;H >

H
—_— C_l + HO0 + SO
RS NH 2 (NH4)S04
(30-80%)

JlHMa3upuHbl HEOXHIaHHO 0Ka3aJMch ropasno 6oJsee cTabUIbHbI-
MU COEAWHEHUSMH, YeM U3OMepHble UM AMA30IKaHBL. Jlya3MpHHBI
He PAacCLUEIUIAIOTCS IPH OeHCTBHH pPacTBOPOB KHMCIOT M LUEJOYH MpU
20°C ¥ BOBOJILHO YCTOWYMBLI NpM HarpeBaHuu g0 100°C. OgHako pe-
akTUBbI I'pHHBSIpPa [M1aJKO MPHUCOEAUHSIOTCS K JABOWHOM CBSA3M AUA-
3UPUHOB ¢ 00pazoBaHUeM 1-anKMNXIUA3ZUPUAMHOB:
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R' R N—MgBr
> /|| + RoMgBr 2220 " H0
0°C

C

N—R® 0C

_—

R’/ \| e (50~95%)

C noMolUBIO 3TOM peakUMM AUA3MPUHBl MOXHO JIETKO OTIMYMUTEL OT
JMAa30aJIKAaHOB, KOTOpPHIE NpPHU IEHCTBMM peakTHMBOB I pHMHBSpa HalOT
N-aJIKUNTHAPA30HBI:

D) (CH;)CMgCl o oy ~C(CH3)s

R2C=N2

Jna3supHHBL IOXOOHO Aua3zoankaHaM npu doronuse xaoT KapOeHsl,
KOTOpHIE TIPOSIBJISIIOT CBOMCTBA, TUIIMYHBIE VIS CHHIJIETHBIX KapOe-
HoB (CM. . 5, 4. 1).

Haubonee MHTepeCHBIE CBOMCTBA AMA3UPHMHOB 3aKIIOYAIOTCA B
MX U30MEPU3ALUH B IMA30IKAHBI IIpH OOTyYeHUHN B MATpULIE U3 TBEp-
noro asora unu aproHa npu 20 K. Tak, HanpuMep, He3aMeleHHBIH
JHMa3¥PHH HaUeNO NPEeBPAIUAETCA B 3THUX YCIOBHSIX B Jma:;omeTaH Hns
JMA3UPHHA, CONEPXKALLIEro B KauecTBe MeTKu u3oTtorn N, nipu obny-
YEHUHU B TBEPIOM MATPUILIE HEMEYEHOro a30Ta MMEET MECTO M30TOI-
HBbIi1 OGMEH C pacTBOpUTENIeM. DTO YKa3bIBaeT Ha TO, YTO o6pa3oBa-
HHME ANA30MeTaHa M3 THa3UPHUHA NIPOUCXOIMUT 33 CHUET OTIUEIUIEHUS U
MOCAEAYIOLIErO MPUCOEIUHEHHS a30Ta;

N
|

.. @
| e CH + Ny——> CHN-R

20.6. ASRJIBI

ITo cBoeit cTpyKType opraHudeckue asunbl RN,, comepxaiiue
Lenb U3 TPeX aTOMOB a30Ta, SIBJISIOTCS OAM3KMMH aHAJIOTAMHU IMa30-
coenuHeHUH. CTpoeHHe a3suaoB MOXET ObITh ONHUCAHO C MOMOLUIBIO
JIBYX I'PaHUYHbIX HOPMYIT:

0 ® ® Q
R-N-N=N <—> R-N=N=N-

CornacHo JaHHBIM PEHTTeHOCTPYKTYPHOTO aHaM3a JUIMHBL CBA3el
a30T-a30T B MeTWIa3ule CHIBHO OTIHUYAIOTCA OT OXMHAPDHON U TPOM-
HOM CBSI3M.
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20.6.1. IOTYYEHHUE A3UIOB

B TeueHHe JAUTENBHOIO BpeMEHH a3UIlbl OCTABAJINCH TPYIHOI0C~
TYNHBIM KJIACCOM COEIMHEHM. 3a nIocaeHUe JBAMLIATh JIET MTOJIOXe-
HHe KapaWHAIbHBIM 06pa30M H3MEHMWIOCH B pe3yIbTaTe BHEAPEHUS B
NIPAaKTHUKY OPTaHWYECKOrO CHHTE3a JUIIOSPHBIX allpOTOHHBIX PacTBO-
puTeaed U MeTona Mex(dasHoro Kataiusa. B HacTosilee BpeMs Mep-
BUYHbIE M BTOPHYHBIE a3uAbl IOAYYAIOT C HOMOILIBIO OGBIYHBIX peak-
UM GMMONEKYNISIPHOTO HYKIeOQHNILHOrO 3aMellleHUs C yYacTHeM
a3uI-MOHa!

TM®PTA
CGHSCHchzBr + NaN3 CGHSCH2CH2N3 + NaBr;

20°C
(86%)
CH,(CH,),,CH,Br + NaN;—okP¥H8 - oy (CH,),(CH,N, + NaBr ;
CH,CN; 20°C
(90%)
18-kpayH-6
+ L L +
(54%)

AHaJIOTMYHBIM 06pa3oM U3 alMATAIOTEHUIOB MOTYT GbITh TIOMYYEHBI
alMnasuabi, KOTOpble HaXoIAT NPUMEHEHHE B CHHTE3€ TENTHIOB U
JUISL HORYYEHMS TIEPBUYHBIX aMUHOB C TOMOIUBIO MEPErpyNIIUPOBKHU
Kypuuyca (cM. 1. 18):

RCOCI + NRONS —C%H%’“» RCON, + NROcP
1 (60-90%)

ANbTepPHAaTUBHBIA METOJA CUHTE3a AIKWIA3HIOB COCTOUT B TIPHCOE-
JMHEHMH K aIKEHaM a3uaa PTYTH C MOCHEAYIOLUMM JeEMEPKYPUPOBAaHHU -
€M aIyKTOB C TMOMOUIbI0 GOpruapuaa HaTpus. TOT METOI aGCOMIOTHO
QHAJIOTHYEH TIOJIYYEHUIO CIIMPTOB C ITOMOLUBI0 OKCHMEDPKYPHUPOBaHMSI-
JIIeMePKYPUPOBaHUA ankeHoB (Ii. 5, 4. 1):

TT®-H,0
RCH=CH, + Hg(Nj), W[R-(EHCHZ—HgNil —
N;

NaBH
m‘o—» R- cl:H-CH:;
N;

A3MIHYIO TPYIIIly MOXHO BBECTH B COEJIMHEHHE C aKTHBUPOBAH-
HOH METWJIEHOBOH TPYNNOH NpY HOMOIUU n-TONYyoACyIbGQOHUNAa3Naa:

402



NaH wm JJA 9
RCH(COOCGC,Hj), M3 mn T, —30°C= RCH(COOC,Hg);—/™

n-CH,CgH,SO,N,
= R—C
IMD; —30°C ILI(COOCZHS)Z
3

ApoMaTHyecKre asHabl HOMy4aloT Npy 06paboTke coneif AUa3oHUs
a3MIIOM HATPUSI WIM C IOMOIUBIO HUTPO3UPOBAHHSA apHITHAPA3HHOB.

H,O
AINPCP + NaN; ——» ArN; + NaCl + Ny

H,0-C,H;OH
AINHNH, + HNO, ——2""5 [Ar-NH-NH-N=0] + H,0 —>

—> AI-N-':%:ﬁ + 2H,0

Jpyroii crapblit ¥ peako ynoTpeOnseMblit METO MONYYEHHUS apH-
JIA3MAOB 3aKJIIOYaeTCS BO B3aMMOIEHCTBHM NEpOPOMUIOB AMA30HUS
C aMMHAaKOM:

AINDBE + 4aNH; — ArN; + 3INH,Br.

TIpy HanvyuM OByX MK Gojiee aKTUBUPYIOILUX JIEKTPOHOAKIENTOP-
HBIX 3aMecTHTeNled B GEH3ONBHOM KOJbLE apHIa3sHisl MOTYT ObITh
MONYYEHHI TAKKE U B pe3ysibTaTe HYKIeODHIBHOrO 3aMELLIEHUsA Tralo-
reHa Mo MeXaHu3My SpAT;

NO, NO,
18-kpayH-6;
+ I e +
OZN@—Q NaN; CHJCN, 25°C OzN—@Ng, NaCl .

20.6.2. CBOUCTBA A3HJOB

TepMuueckast yCTOHUHBOCTD 23U 0B YMEHbBIIAETCS B PALY: AJIKH-
nasuas < apunasunbl < cyabdoHmwrasunsl < ammwiasuasl. OcobeHHo
HHM3KOH TepMHUECKONW CTaOWIBHOCTBIO OTJIMYAIOTCH a3Uibl ¢ HU3KOM
MOJIEKYNSIDHOH MACCOM, B TO BpeMsl KaK a3uibl C BBICOKOH MOJIEKY-
JISpHOM Maccol cpaBHUTENBHO Ge3omacHbl B OOpalleHNH.

20.6.2.a. BOCCTAHOBJIEHHE A3HUJ0B 10 AMWUHOB

AnugaTHyecKHe a3uibl JIETKO BOCCTAHABIMBAIOTCSA JO AMHHOB C
NOMOLUBIO ATIOMOrMApUIA NuTHg B 3¢upe, TIPO, IMD. Ilpu atoM
HeT HMKAKOH HeOOXONMMOCTH B BhUIENIEHMH a3HIOB B YUCTOM BHIE.
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HeounlueHHbIA a3ul cpa3y Xe BOCCTAHABIMBAIOT ANIOMOTHMIPHIOM
JUTHA B 3PUPHOM pacTBOpe:

NCHIPNS Q _LiAIH, <:>_
<:>'Br CH;CN = NH, 3

(54%)
N(C Hg)PNP LiAlH,
CH;3(CH)1,CH,Br W CH;3(CH,)14,CH N, >DHD

_— CH3(CH2) ]4CH 2NH2 (78%)

BoccraHoBneHHe asHIoB N0 AMMHOB MOXHO IMPOBOIMUTH TaAKXe U
KaTAIUTHYECKUH — Ha NAUIaAMM M 1iaTuHe. MaGuparennHoe BoccTa-
HOBJIEHHE a3WJIHOM TPYIIbl B IPUCYTCTBMH ABOMHOM CBA3M U Kapbo-
HWIBLHOJ IPYNIbI MOXET GBITh OCYLIECTBAEHO ¢ IOMOLLBIO KATaNMU3a~-
topa JIuHanapa:

C¢HsCH=CH-CH,N; + H, ‘??T?m» C4HCH=CHCH,NH,
(93%)

AJIKEHFI YAAeTCsl CTEPEOCEIEKTUBHO IpeBpaTUTD B a3UPUIUHEI B IBYX-
CTaAMMHOM MpoHecce, rie NepBoHayaibHO K JBOMHOM CBS3M MPUCO-
€IWHAIOT JETKO IOCTYIIHBIM MOOA3HI C NOCAEAYIOIIMM BOCCTAHOBE-
HHUEM a3’UJIHOM TPYMNIIBl C TTOMOLIBIO AMIOMOTHAPUAA TUTHS:

H R N, R , NH
o C=Cl Ny = Ve cap AT A
H % >pup 7K
R I R H

AHWTa3suabl NeperpyniyupoBbIBAlOTCS B M30HMAHATHI, KOTOpHIE
Jajiee TIpeBpallaloT B MEPBUYHBIE AMUHEL. DTO NPEBpallleHUE JIEXHUT B
OCHOBe OIMMCaHHOM B mi. 18 meperpynnupoBku Kypuuyca.

20.6.2.6. 1,3-AUNTONAPHOE HUKJIONMPUCOENUHEBHUE A3UI0B
K AJIKEHAM U AJIKHHAM

AJIKMNa3uabl M apuiasuibl OTHOCATCS K MHOTOYMCIEHHOMY ce-
Me#crBy 1,3-aunonspodwioB, KOTOpblEe BCTYNAlOT B peakiiO HUK-
JIOTIpDHCOEAUHEHHS C aiKeHaMH (I 25). OcoGeHHOo Nerko npucoeau-
HAIOTCH a3ubl N0 JIBOHHOM CBSI3H, CONPSDKEHHOHR CO CII0XHO¢HPHOM,
HUTPUIBHOM, HUTPO-TPYNIION WU ¢ 6€H30MbHLIM KONbHOM. B pe3ynb-
TaTe [4+2]-1MKIONpUCOENUHEHUS a3UIOB K IBOMHOM CBfI3M 06pa3y-
eTcs 1,2,3-A2—Tpua30nﬂﬂblz
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N
S
C¢H;—N N 100°C

C¢H,—HC cH, N
CeH
- U >C=N—CgHs
CH;”
N
N5
C6HS_N N 90°C
CH,00C—-CH=CH, + CH;N,—> | —>
H,C——CH-COOCH,
C6H5
|
— N + N,

H,C——CHCOOCH,
(95%)

1,2,3-A%-TpMa3onMHbl TePMHMYECKUM HECTAOGMIbHBI M TIPU Harpe-
BaHMM 10 90—100°C paanaralorcs ¢ BeUIeJEeHMEM a30Ta. EHaMMHEI U
MPOCThie 2(PHUPHI €HONOB YPE3BBIYAHHO JIETKO MPHUCOEIMHSIOT a3Ubl,
a TeperpyniypoBKa 0o6Gpasylolerocsi TpyasHHa NPUBOAUT K CyXe-
HUIO LIMKJIA:

OCH OCH; 50,Ar
’ N 100°C
+ ArSO;N; ——>» //N T
N 2
H
OCH; H 0
—_— D D_COOH (87%)

NSO, Ar H

1,3-AunonsipHoe [4+2]-UMKIONPUCOeANHEHHE a3UI0B K AIKHHAM
M geruapobeH30y npUBOIUT K Gonee ycrodumebIM 1,2,3-TpHa3onam:

N
7N
HC=C—COOCH, + @—Nr—> @‘N\ :N

COOCH,
(67%)

405



N/C6H5

+ CgHyN, ——» //N (88%)

A3uAbl cnyXaT MCXOAHBIMM BeIlECTBAMH JUIS eHepUpOBAHUS
Ype3BhIYAHO MHTEPECHBIX PEaKUMOHHOCHOCOOGHBIX UHTEPMERMATOB
RN, Ha3biBaeMbIX HUTPeHaMH. HUTpeHBI ABASAIOTCS a30TUCTHIMY aHA-
JIoraMH Kap6eHOB M MMOJ0GHO CBOMM YIIEPOAHBIM aHANOraM MOIYT

(2] L]
HaxoauTbesa B cuHrnetHoit RN- wnm tpumnerHoit ¢dopme — RN
ApoMaTuyecKHe a3uabl, aHWIa3uibl ¥ TO3WIA3MA NIpH oTONUTHYEC-
KOM HJIM TepMHU4YecKOM pasnoxeHuu npu 100—150°C paior cHHIIeT-
Hylo ¢opMmy HuTpeHa. CHHIIETHBII HHUTPEH JIETKO TIpeBpainaercs: B
6onee cTaOMABHBIN TPUIUIETHRI HUTPeH. POTONNU3 a3UI0B B MTPUCYT-
CTBUH TPHIDIETHBIX CEHCUOUIN3ATOPOB NPUBOIUT MPSMO K TPUIDIET-
HOM c¢opme HuTpeHa. [N HUTPEHOB, B NMPUHUMIIE, XapAKTEPHEI T
Xe peaklMH, 4YTO M U1 Kap6EeHOoB, T.e. MIPUCOCAHHEHHUE K JABOHHOM
yrnepoa-yrnepoaHoi cBs3u M BHeapeHMe 1o cesasu C—H. Cuurner-
HbI HUTpeH cTepeocnelupUUYECKH NPHUCOEAUHSAETCS MO ABOMHOMN
CBSI3H QJIKEHOB ¢ 00pa3oBaHMEM IIPOM3BOAMBIX a3MPHIMHA C COXpa-
HeHHeM KOH(UIYpauHuHM aJKeHa:

! 2
R R R
RE 4 >e=cly —— >0

~Z

3Ta peakuus nMpuobpesna 3HayeHHe KaK HEHHBIH MeTOJM CHUHTE3a cOo-
eXIVHEHU psfa a3MpHMIMHA IIPH NIPUCOEAUMHEHHH K allKeHaM Kapb6-
stokcuHuTpeHa: N—COOC,Hs n dpranuMunoHuTpeHa:

t*°C
+ N;COOC,H, ——— ©>N—cooczﬂs + Ny
(50%)

0

N—N. + CH;=CH—COOCH, —~:_18C
3 - * CH,Cl,

0
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0
¢ N/|CH2 NH,NH,'H,0
. _ NH,NH,HO
o “ScChcoocn, CH:OH

N-—NH, 20

/\ “nn

— H,C—CH—COOCH,; + I{IH
CI

Yo

ITocnepoBarensHOE panuKalbHOE IPUCOEAUHEHNE TPUILIETHOIO HUT-
peHa TpOoTeKaeT HEeCTEPEOCENeKTHBHO M TIPUBOIMUT K OOpa30BaHHIO
CMeCH JHacTepeOU30MEPHBIX MMPOAYKTOB ¥ HE MMEET IIO3TOMY Npena-
PAaTHBHOTO 3HaYeHHUA. s alMIHUTPEHOB, TO3WIHHTPEHA U OTYACTH
ADWIHUTPEHOB XapaKTepHO BHeApeHHe mo cBasu C—H npu sp’-ri6-
pPHUAN30BaHHOM aTtoMe yrnepoga. Crioco6HOCTh BHEIPEHHS HUTPEHA,
KaK u KapbeHa, nmo cssg3d C—H yMeHbpuiaercss B psAly: TpeTHYHAA >
BTOpHMYHas > TNepBUYHas. BHeapeHe CHHIIETHOrO HUTPEHA OCYyLUe-
CTBJISIETCS CTEPEOCENIEKTUBHO C COXpaHeHHEM KOH(UIypauuu:

CH,

\‘ /CH3 toC CH2 */CHJ
H,C\ — :c\ + N,
N C,H, NH C,H;

3

H (78%)
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21.1. BBEAEHHE

deHONaMM HA3LIBAIOTCH COEJUHEHMS, Y KOTOPBIX MMIPOKCHIIb-
Hasl Tpynna NpUCOENHHEHA HEIMOCPEICTBEHHO K apOMaTU4YeCKOMY
konbuy 6eH3ona. CoeJHnHEHMS, CONepXKALLME TMAPOKCUNBHYIO IPYIITY
Yy KOHACHCHPOBAHHBIX APOMATHYECKUX COEIMHEHHUI, Ha3bIBAIOT Ha-

dronamu, dbeHaHTpoSIAMH, AHTPOJIAMK H T.O., HANIpUMED:

OH OH
Q QO”
a 1-nadTon 2-nadTon

4-xnopderon
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OH

000 ©2e

9-aHTpOA 9-deHaHTpON

HaspaHue 310ro0 Kjacca coeJHHEHU# TIPOMCXOIHUT OT IPeYecKoro
cnoBa «(eHO» — <«HecyllMit cBeT». Ans 6GeH3ona, BrepBbie BhIAENEH-
Horo M. apaneeM B 1825 r. U3 CBETUJIBHOTO ra3a, ObUIO IPeIICKEHO
JIBa Ha3BaHUS: «6eH30M» U «(eHOo», OTpaxalollee ero IMpoONCXoXie-
HHME U3 CBETUJILHOrO rasa. O6GLUeNIpUHATBIM CTalo HaszBaHue GeH3or,
a Jpyroe Ha3BaHMWe ObLLIO MCIONIB30BAHO MIsl 0603HAYEHHMS paAHKaia
CsH;, a takke gng HasBauus rugpokcubensona CgHsOH, xorophiit
CTaJIM Ha3bIBATh (EHONOM.

HoMeHnxuarypa ¢eHoNoB npocra ¥ He TpebyeT KOMMEHTAapHEB:

OH OH OH
o o
F
CH,
4-s1ndeHon 3-dropdenon 2-HuTpodeHON

IIpy HaNM4YMM HECKOJILKHX 3aMECTHUTENEH Ha4ajio HyMEPAlHH ofpe-
JesieT TMAPOKCWIBHASA IPYINA ¥ 3TH COeQUHEHHA PACCMATPHBAIOTCA
KaK npou3BogHble deHona. MHorue ¢eHOIbl MMEIOT TPUBHAILHBIE
Ha3BaHMA (yKa3aHHbIE B CKOOKax), KOTOPbIE COXPAHSIIOTCSA U B CHCTe-
MAaTHM4eCKON HOMEHKIIATYpe:

OH OH OH
CH,
CH,

CH,
2-meTungeHon, 3-meTundenon, 4-metundeHorn,
o-MeTungeHon, M-MeTundeHon, n-MeTUNgEHO,

(o-Kpeson) (M-Kpe3on) (n-kpeson)

Ipy HaTMYUM HECKOJIBKMX 3aMECTHUTENIEH Hayalo HyMepauuu
OTipeleNnsaeT TUAPOKCHUAbHAS IPYa, U 3TH COEIUHEHHST PacCMaTpH-
BAJOTCSl KaK MPOM3BOAHBIE (eHoNA:

OH OH
CH, CH(CH,),
(CH,),CH CH;
5-usonponun-2-merundeHon 2-U30Mnponui-5-mMeTundeHon
(kapBakpo) (THMon)
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OH OH
@ OCH3 @, OCH3

CH,CH=CH,
2-meToKcugeHol, 4-aimu-2-MetokcHdeHon,
(reasikoun) (aBrexoun)

MHorue ABYXaTOMHBIE M TPEeXaTOMHEIE (EHONBl MMEIOT TPUBH-
anbHble Ha3BaHUS:

OH OH OH
o8 @
OH
OH
1,2-muruapoxcuberson, 1,3-murnapokcubenson, 1,4-marmapokcubenzon,
O-IMIHIPOKCUGEH30I, M-IMTHAPOKCHOEH3011, N-mMruApokcubeHson,
(nupokarexdH) (pe3opiun) (ruaopoxuHOH)
OH OH
QL N 5
OH HO OH
OH
1,2,3-TpuruapokcubeHson 1,3,5-tpuriapokcubeson
(nporasnnon) 1,2,4~tpuruapokcubenson (dpnopormoun)

21.2. IIOJYYEHHUE ®EHOJOB
21.2.1. 3AMEIIEHHE CYJb®OTPYIIIIBI HA THAPOKCHII

®deHON B HEOONBUIOM KOJIHYECTBE BLINEIAIOT U3 KAMEHHOYIOJb-
HO# CMOJIBI, OTHAKO KOKCOXMMHYECKOE TIPOM3BOICTBO HE MOXKET YAOB-
JIETBOPHTE MOTPEBGHOCTH XUMHYECKOM MPOMBILIAEHHOCTH B heHone.
Haubonee ctapblii MPOMLILLIEHHBI METON NOAyYeHUs (heHONOB 3aK-
JIOYAeTCA B CIUIABJIEHHM ILENOYHBIX ApUIACYAbGoHATOB ¢ TBEPIBIM
MIPOKCHIOM HATPHUA WIH THAPOKCUIOM KaJIUA UIM CO CPaBHUTENb-
HO NEerkoMNaBkoy CMeChI0 3TUX rmapoKcuaoB npu 300—350°C:

300-350°C
ArSO;Na + 2NaOH == ArONa + Na,SO; + H,0 ;

ArONa + HCI — ArOH + NaCl .
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OTOT METOA NPHHATO HA3BIBATh WIEJIOYHBIM IUIABNEHHEM CYNnb(oHa-

TOB. XOTS TOYHBIA MEXaHU3M p€aKLIMH B pacIiulaBe ABYX MOHHBIX CO-

eIHHEHUN HEHU3BECTEH, €€ CNEAYET OTHECTH K MpoHECCAM HYKIIEO-

¢dunbHOro apoMaTHyeckoro 3aMelleHHs, e TMAPOKCHUA-UOH HUIpaer

PpOJIb HYKJIEO(UJIBHOIO areHTa, a CyNb(MUT-UOH — YXOISIUEH TPYIIbL:
s02 HQ so3

=@ ~Q

2 yic)
+ SO; + H,0

Ilpu wienoYHOM MIaBIeHUM OeH30NCYyNb(POHATA HATPHUA, MEUYCH-
HOTO aToMoM yriieposia I-4C, ycTaHOBIEHO, YTO ITMAPOKCHIbHAS TpyT-
1a BCTYyNaeT K TOMY Xe aTOMy YIJepoAa, Y KOTOpPOro HaxoIW1ach
cynbdorpynma. 970 HCKIOYAET MEXAHU3M C YYacTHEM AeruapobeH-
30J1a B KaYeCTBE MHTEPMEANATA HYKIEO(DUIBHOTO 3aMELUEHHUS, U 10~
TBEPXIEHHUEM CIYXHUT 00pa30BaHME HUCKIIOYUTENBHO 4-MeTUNdeHo-
Jla U3 n-ToNyoncynbQOKHCIOTHL:

SO;Na ONa

72% NaOH—28% KOH; 330°C

+ Na,SO, + H,0.
CH, CH,

Jnsi nony4yeHus: caMoro ¢eHoNa METON LLEJOYHOrO TJIaBJIEHMS B Ha-
CTOsIlee BpeMs He MCIIONIb3YETCs, HO OH LIMPOKO NMpUMEHSETCS LIS
nonyyeHus 2-HacdTona, pe3opuuHa, anU3apMHa U Ipyrux ¢eHonos.

SOJNa NaOH; 325°C _

SO;Na ONa
NaOH; 340°C

ONa

SO,Na ONa
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O OH

0
SO;Na 1) NaOH; KC10,; 200°C OH
QU anes QL0

aNn3apuH
(1,2-AMrMAPOKCHAHTPAXUHOH)

MeTog 1e10YHOro IUIABJIEHHUS YacTo YInoTpebnsercsa wisd 3aMeLeHUS
ofHOM cynbdorpymmnsl Ha TMOPOKCHI B AM- H TPHUCYIbhOKHCIOTAX
HadTONMOB ¥ aMMHOHAa(TONOB. B KayecTBe mpUMEPOB IPUBEAEM TIONY-
YyeHHE TAaK Ha3blBa€MbIX ALI-KUCIOTHI H raMMa-KUCIOTHL, LUMPOKO
HCIONIb3YEMBIX LTSI MONYYEHHUS a30KpacUTeNe:

NaO,$ HO NH,

1) NaOH; 180°C
@@ viso, o~ _JOIO
NaO,$ SO,Na HO,$ SO,H

8-amuHo- | -HadToN-3,6-
Avcynbdoxuciora
(ai-xucnora)

NaO,S HO

NH, 1) NaOH; 180°C NH,
OO ™ S~ OO
NaO,S HO,S

6-aM1HO-4-rMIpoKcH-
2-HadranuHcy nbPoKUcIoTa

{ramMma-xucnora)

21.2.2.3AMEIIEHUE F'AJIOTEHA HA THIPOKCHJI

Benen 3a 1esIOYHBIM [NIABJIEHHEM apWicynbgoHaToB OnlN Ipes-
JoxeH Gonee MpocToif M JOCTYNHBIA METOA MmosiyyeHUs: (peHOoNoB U3
apU/ITAJIOTEHUOOB 3aMEIUEHNEM TalOreHa Ha TMAPOKCHII. ApMWIrano-
reHHIbl, He COOepXallue aKTUBUPYIOIIUX 3NEKTPOHOAKLENTOPHBIX
IPYNIIIMPOBOK, BCTYNAIOT B peakUH1o 0OMeHa B OYEHb XECTKHX YCi0-
BUsAX. OnHAaKo NpHU HarpeBaHUM xyopbeHsona ¢ 15—20%-M BogHBIM
pPacTBOPOM ruapokcuaa Hatpus npH 360—390°C u nasnenuu 28 mIla
(280—300 at™) o Pasyercn ¢eHon. Ha ocHOBaHMH 3KCIIEPUMEHTOB C
xsop6ersonom-I1'*C 6bII0 MOKA3aHO, YTO B STHX YCIOBHMSX PEAKIHS
HIEeT MO apMHOBOMY MexaHMu3Mmy. JermapobeH3on, obpasyrouniica U3
xJiopbeH30na, nipeBpauaercsa B eHONM 33 CYeT MPUCOENUHEHHUS THI~
POKCHI-MOHA, & TIPU IIPUCOEIUHEHUH (PEHOMAT-UOHA [AET CMECh
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IUGeHNNOBOro 3¢pMpa U AHUOHOB 2-rUAPOKcUbUdeHmna u 4-ruapo-
Kcubuenuna:

©
Cl o @)
NaOH; 360°C | o
H,0 H0
®
CeHs O | CH;O
H,0 o H,0 ©
OH
H,O
C6 5 Hzo H2 0

Fetlle diliehe

QeHoNAT-HOHEI, NOJOOHO €HONMAT-UOHAM, MpPEeNCTaBIAIOT coboit
TUIIHYHbIE aMOUEHTHbIE AaHMOHBI, Y KOTOPLIX 3apsl ASJIOKAIN30BaH
MEXIY aTOMOM KHCNOpoJa M aTOMaMM yriepoia B opmo- U naepa-
rioNioXeHHaxX 6eH3onbHoro Konbua. O6paszoBanue audeHmwosoro adu-
pa, 2-rTUAPOKCH- ¥ 4-TUAPOKCUOH(EHIIOB OOBSACHAETCS aMOUIEeHT-
HOM npupoaoi ¢peHonaT-uoHa. Audenunopniit agpup npu 360—390°C
B BogHOM pacrBope NaOH HeobpaTtnMo ruaponunsyercad B ¢peHon. 2-
Tuapokeu- m 4-runpoxcubudeHmNBl B OTAMYME OT AU(EHIWIOBOro
3¢Hpa He NOABEPraloTCs TUAPOIN3Y, HX CYMMAapHOe KOJMYECTBO CPelu
CM0J1006pa3HBIX MPOAYKTOB peakLdM cocTabiisteT 20—25%. W3 atoro
CJIEIyET, YTO OCHOBHLIM [IyTeM cTabWwiu3alHM AermipobeHsona sB-
Jidercs 3axBaT FTMAPOKCHA-HOHA ¢ oOpa3oBaHHeM ¢eHoa.

ApVHOBBI MEXaHU3M 3aMeELIEeHUd XJIopa B HEaKTHBUPOBAHHBIX
ApUIXIOPHUIAX HAa TUAPOKCHI MOl AeHCTBHEM T'MAPOKCHIOB ILENOY-
HbIX METAIOB NOATBEPXAAETCSA TaAKXKe 06pa3soBaHHUeM CMecH mema- U
opmo-MeTUN(EHONOB B COOTHOLIEHHMH 3:2 M3 0pmo-XJIOpTONyONa,
cMecH 1- ¥ 2-HadTOoMOB — Kak M3 l-xnopHadTalMHa, TaK U U3 2-
xjopHadTanuHa. B npucyrcreuu coneit Meau (1), urpalowmux ponb
KATaJIM3aTopa, ApUHOBBII MEXaHH3M IOJHOCTBIO TONABIAETCS U3-3a
PE3KOro YCKOPEHHS IMpAMOro 3aMellleHHUA rajoreHa 1o SyAr-mexa-
Hu3My. [IpumeHnenue coneit Meau (I1) nossonsieT NpOBOAUTHL peruo-
CENeKTUBHOE 3aMelleHHe FaJIoreHa Ha FUIpPOKCcH) 6e3 MpHUMecH Ka-
Koro-nubo apyroro naoMepHoro deHona:

CuS0y; 190—-200°C
HJC@'CI + JNaOH ———4 -
H,0
B H]C‘@'ONﬁ + NaCl + Hzo N
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Cl

O+ anaon iS04 190°C
- a -
H,0

ONa
— @—ONa + 2Na(l + 2H,0;

CuS0,; 175°C
cl Cl + 4NaOH -
H,0
— - NaO@ONa + 2NaCl + 2H,0 .

Ponb MOHOB MeM B 3TOH peaKuuM A0 HACTOSLUETO BPEMEHH HE TIONY-
YUJId YIOBJIETBOPUTENBHOIO 0OBACHEHHS.

BBeneHHe B MOJIEKY/Ty apHITAJIOreHUIA 3JIEKTPOHOAKHETOPHBIX
3aMECTUTENEH B 0pmo- WM Napa-nojoXeHUs YBEJIHYNBACT CKOPOCTh
obMmeHa rajoreHa Ha rMIPOKCHJI B HEKATAJIM3UPYEMON peakliun. s
TaKO¥ peakKllMM Ha OCHOBAHUM MHOIOYMUCIEHHBIX 3KCHEPUMEHTAJIb-
HbIX JAHHBIX NIPELTOXEH SNAT-MEXAHU3M 3aMELLIEHUS, XOTS G-KOMII-
nexc MeiseHreiiMepa He Obln1 3apMKCUPOBAH B Tpoueccax obMeHa
rajJIoreHa Ha 'MIpPOKCHIIL:

OzN—@—Cl + 2NaOH 180C 02N©0Na + NaCl + H,0 .

(76%)
NO, NO,
O,N Br + 2NaOH 9}%» O,N ONa + NaBr + H,0 .
2
NO, (97%) NO,

HaxomnneHnue 371eKTpOHOAKUENTOPHBIX IPYII MO3BONSET OCYILECTB-
JATb 3aMeuleHHe B OYEHb MATKWX YCIOBMSAX, B OTIEJIbHBIX Cly4asx
TMAPOJIN3 ynaercs NPOBECTH B HEHTPAILHOM cpene:

cl OH
NC CN ) NC CN
+ H,0 20C, + Hcl
T
NC CN NC CN
CN CN
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11.2.3. SAMEHIEHHE JUA3OIPYIIIIbI HA THAPOKCHJII

yHMBepcaIIbeIM METOJAOM 3aMeHbl AMUHOIPYMIbl H2 THAPOKCUITT
B ApOMATHUUYECKOM psily ABIAAETCA JHA30TUPOBAHHUE NEPBUYHOTOC AMH-
Ha ¢ NNOCNEeAYIOLLUM pa3JIOKeHUEM COJIM 1UAa30HUA B BOAHOM pAacTBO-
pe CepHOU KHMCIOTHI:

HNOZ, e HzSO4, 20, 100°C
S0, 150 ArN=N HSOS -

—» ArOH + N, + H,S0,.

ArNH, H
2

[IpUHATO CUUTATH, YTO 3aMEILEHHE QMA30rPYIINbl Ha THAPOKCHI Npo-
TEKAEeT Mo Syl-MexaHU3My, KpaiiHe peIKo peiu3ylollueMycs 1S Opy-
IMX peakliuil B apoMaTuyeckoM psany. MexaHu3M 3ToOH peakuuH U
0051acTh €€ CMHTETHYECKOTO NMPUMEHEHUA MOAPOOHO 0OCYXAAIOTCA B
rn. 15 (Y. 2). Hawnyyume pe3ynbTaThl /151 MMOJY4EHUS ONTUMAJIbHO
BBICOKOTO BbIXoAa (heHONOB JIOCTUIAETCS MpH I[MOCTENEHHOM BBEAE-
HMK pacTBOpA COJNIM JHA3CHUS B KUIISLUUHA pACTBOD CEPHONH KHUCIOTHI.
Hekoropple Hanbonee TUITMYHbBIE TIpEBPAIUCHHA NPEACTABIEHBI Cie-
NYIOLKUMY YPABHEHUAMU:

®
N=N HSO?
+ H,0 11259 H,0; 100C @\ + N, + H,80,
NO,
(81 86%
® o
N=N HSOS
OCH, H.O. 100°C OCH,
+ H,0 2250, F, T0C ©/ + N, + H,S0,
(80-90%)
® ©
"~ N=N HSO§
0,; H,0; 100°C
H,59, H0; 1 @\ + N, + H,S0,
(CH,),C C(CH,); (CH,),C C(CH,),
(80%)
@
N=N HSO{
H,S0,; H,0; 80°C
A T T e @\ + N, + H,S0,
Br
(78%)
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21.2.4. [IONYYEHHUE OEHOJIA U3 THAPOIIEPOKCHJIA KYMOJIA

CoBpeMeHHbII MPOMBILLUIEHHBIH MeTO NoNydeHUs deHola 3aK-
JII0YaeTCs B KUCIAOTHO-KAaTANIM3UPYEMOM PAa3OXEHHU TMIAPONEPOK-
cuna kymona. McxonHoe BewecTso ISl BCero UMKIIA [IpeBpallleHUi —
KyMOJI — [TOJIYYAaeTCSl B OUeHb OOJBIIMX KOJMYECTBAX IIPH AIKUIUPO-
BaHMM GeH3ona nponwieHoM no Ppunento—Kpadrey:

CH(CH,),

@ + CH,CH=cH, H3P0s 250°C; 25 av__

Janee KyMOJ OKMCIISIOT KMCIOpoaoM Bo3ayxa Ipd 100—130°C no run-
pOTepoOKCHIA KyMOJIa:

e,
CH(CH,), H,C-C—0—-OH

+ o, 100—130°C

OTa peakius NPOTEKaeT 110 LETTHOMY, paIUKAILHOMY MEXaHHU3MY C
y4yacTHeM KYMUJIBHOIO paaukana. MHHUuMaTop paIdKalbHOIO IpeBpa-
LIEHUS OTLUETUISIET aTOM BOJIOPOIA U3 OEH3WILHOTO NONOXEHHUS KyMONa
¢ 06pa3’oBaHMEM HJOCTATOYHO CTAGMIIBHOIO TPETHYHOIO KyMMIIBHOIO
panvkana. Pagvkan pajiee pearMpyeTr ¢ KHCJIOpPOIOM C o6pa3zoBaHUeM
HOBOrO NMEPEKHUCHOIO pPaIMKaia, KOTOPHIH OTILEIUISeT aToM BOXOpoAa
OT MCXOIHOIO KyMOJIA C pereHepalyeil XyMIIBHOIO palMKarna:

@CH(CHQ, + X —— <(:)>c'(CH3)2 +HX ;
: i CH,
@—qcngz +0-0 ——» @-c—o—() ;

CH,
(|:H3 . C,:Hz
@—(':—o—o + H—C >

|
CH, CH,
¢ cH,
— @-(I:—O—OH + (I:—@ N T.L
CH, CH,
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TpeThsi, 3aKIIOYMUTENDbHAS CTaOHs BCEro Npouecca MO CBOEMY
MEXaHU3MY HanlOMHHAET IeperpyniMpoBKH KapGOKaTHOHOB M aHa-
JIOTHYHA MEeXaHU3MY NeperpylnnupoBKH B peakuuu Baitepa—Buinu-
repa. Pasnuuue 3akniouyaeTcs B TOM, UTO MUTpanusa GpeHUIa MPOUCXOo-
JIMT K TIOJIOXKHUTEbHO 3apSLKEHHOMY aToMy KHCOpoJa:

£ O o

CH,

|
Orgo-on
C

H,

|
CH,
CH
HO |
o-C- OH+H — OH —
CH b CH3

0]
1]
—_— @OH + CH3'—C"CH3+ H(D

PasnoxeHue rufporiepokcuaa KyMona o ¢peHosna ¥ aleToHa MpoBO-
IOAT B [IpUCYTCTBHM 1%-i BogHOM cepHoit KucaoTel mpu 50—90°C:

?H3 19%-1 H,SOy; 50-90°C
| H,0
CH;

—_— @—OH + CH,COCH; .

(50%)

B 1eioM 310 0YeHb 9KOHOMHYHEIMN cITocob MojiydeHUsi ONHOBPEMEH -
HO OBYX BaXHeRILUMX NPOAYKTOB — alleTOHA U (eHOoNIa. AHATIOTHYHO B
pe3y/bTaTe OKUCIEHHA napa- U mMema-IUN30NponuiGeH30N0B — IIO-
GOYHBIX MPOLYKTOB KPYITHOTOHHAXHOr0 NMPOH3BONCTBA KyMoJja, 06-
pasyloTcs bucruaponiepokcunpl. IlpH MX pasnoxeHUH MONYyYaIOTCA
COOTBETCTBEHHO MAPOXMHOH M PE30PLMH:
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o
CH(CHy), CH,—C-0-OH

05; 100-130°C ®
2 - CH, H
| H,0
CH(CH), C-0~0H
CH,
OH
— + 2CH,COCH, .
OH

TeopeTuyeckd Haubosee MepcrieKTHUBHLIM IIPOMBIILIEHHBIM CIIOCO-
60M monyuyeHusi eHoNa ABISIETCS OKUCIeHHe 6eH30N1a KHCIOPOAOM,
OJHAKO 10 cHX MOop He HaWleHO AOCTATOYHO YAOOHBIX M OeLIeBBIX
KaTaJIMTUYECKUX CUCTEM JUJIS1 3TOTO TpeBpailleHUs. beH30j1 MoXeT GhITh
oKHcCiieH 10 ¢eHona ¢ noMoiubio peakTuBa (PeHTOHA — IMEpeKUCH
BoJopoaa, coaepxaineil cond xenesa (II) u xenesa (III). Ilpu aTom B
pe3yaesTaTe BoccTaHoBIeHusi H,O, oqHO3/1EKTPOHHBIM BOCCTAHOBUTE -
neM — voHoM xene3a (II) — obpasyercss rTMAPOKCUNBHBIN pagUKa:

Fe®+ HO-OH —= Fe¥®+ OH®+ HO

I'mapoKCHIBHBIN paguKan Janee ipucoequHaeTcs K 6eH3ony ¢ obpa-
30BaHMEM MMAPOKCHJILMKIIONeKCaqHueH WIIBHBIX paguKanioB. OKucieHue
3THX paauKaioB HOHoM xene3a (III) mpuBOIMT K monyyeHH10 theHo-
13, 3 MPH NMMEPH3AIMH PAIMKATOB o6pasyerca 1,1'-4,4!-Terparna-
pobudennn-4,4"-nuon, KOTOPHIN TNpeBpaitaercs B 6udenun B pe-

3yJbTaTe A€rupatauyu:
. OH OH
O ==& (O
H H

|
XK — o

Brixoxa ¢peHona Bo3pacTaeT NpM yBEJIMYEHUU KOHUEHTPALIUU MOHOB
xene3a (1I) u npu BBeJeHUU APYTUX OKUCAUTENEHd, HapUMep KUc-
Jjopoaa wiu uoHos Meau (II), U pe3Ko CHMXaeTcsd B NMPHUCYTCTBUHM
¢TOpUI-MOHOB, cBA3BIBalOWINX MOHBL Xene3a (III) u tem cambIM
TIPS TCTBYIOLUMX OKMCIIEHHIO PATHKAJIbHBIX YacTUL. TakuM 06pasoM,
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obpa3oBaHue ¢eHona M3 6€H30Ma B 3TOM Cliydae TIPOMCXOOUT B pe-
3yNbTaTe MMIPOKCHWIMPOBAHMS GeH30AbHOrO Kojbla. CpaBHHUTENBHO
HHU3KMIA BbIxon U obpa3oBaHMe MOOGOYHBIX MPOAYKTOB He I103BOJISAIOT
PEKOMEHIOBATh 3TOT CHOCo6 IUISl IOMYYEHHS 3aAMELUIEHHBIX TTPOM3BOM-
HbIX (reHona. M3secTHO HECKOILKO MPUMEPOB 3IEKTPOMHIBHOIO TY-
POKCHW/IMpOBAaHHMS apOMAaTHYECKHX COeIMHEHHH 110 e CTBUEM TIEPOK-
CHOa BOAOPOAA U OPTAHHYECKMUX TIEPKMCNOT B CYTIEPKMCIBIX CpEaax:

OH
FSO;H
+ HO-OH ;
(56%)
OH
CH, CH, CH, CH,
BF;- (CH;),0
+ CF3CO3H ol .
CF;COOH (80%)
CH3 CH;,

OnHako 3MeKTpodHIbHOE THAPOKCHIVPOBaHME He mpHobpeno
CEpbE3HOI0 3HAYEHHUS Cpeli¥ IPYTUX METOJOB BBEJEHUSI TMIPOKCHIb-
HOMl TPYNIIBI B apOMaTHYECKOe KOJIbLO.

21.3. CBOMCTBA ®EHOJIOB
21.3.1. KUCJIOTHBIE CBOUCTBA ©®EHOJIOB

(DeHobI N0 CTPOEHUIO NOAO6HBI CITHPTaM, OMHAKO OHH ABJSIOT-
cA HaMHoro 6ojiee CUIILHBIMU KHCIOTaMHM, YeM cIMpTH. [L1s cpaBHe-
HHS ipusesieM BennuuHbI pK, B Boge npu 25°C mns deHona (10,00) u
umnkiorekcanona (18,00). M3 stux naHHbIX cnenyer, Yro ¢deHonnr Ha
BoceMb M GoJiee MOPANKOB IO KUCIIOTHOCTH NMPEBOCXOAAT CITUPTEHI:

OH 0°

@ + H0 == @ + H,0® (pk, = 10,00);
OH 0°

@ +H0 == @ + H,0® (pK, = 18,00).
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Jucconyauusa ciupToB U peHONOB Npencrabisier coboil obpaTH-
MBIii Mpolece, Uit KOTOPOTO IMOJMOXEHNE PABHOBECHS KOJMYeCTBEH-
HO XapaKTepH3yeTCsl BeJIMYMHOM pa3sHOCTH cBOOOAHEIX 3Hepruid AG®
MIPOXYKTOB Y MCXONHBIX BeiecTB. J1s onpeneneHus BIUAHUS CTpoe-
HHUg cyDbcTpaTa Ha NOJMOXEHHe KHUCHOTHO-OCHOBHOIO paBHOBECHS
HeoOXoIMMO OHEHUTh pasHHULY 3Hepruil Mexay kucaoroit ROH u
conpsixeHHbIM ocHoBaHHeM RO™. Ecau cTpykTypHbie (aKTOphI CTa-
OMIIM3UPYIOT coTpsixeHHoe ocHoBaHHe RO™ B Gonblieit cTeneHH, yeM
kucnory ROH, koHcTraHTa nuccoyManuu so3pacraer U pK, cooTBer-
CTBEHHO yMeHblllaeTcsa. HanpoTus, ecnu cTpyKTypHbie ¢$aKTOphI CTa-
OMTM3UPYIOT KUCIOTY B GONbLUEH CTENEHH, YeM COMPSLKEHHOE OCHO-
BaHMe, KUCJIOTHOCTh yMeHbliaeTcs, T.e. pK, Bo3pactaer. ®PeHon u
HHMKJIOTEKCAaHOM COREPXKAT LIECTUWIEHHOE KOJIbLO U NO3TOMY CTPYK-
TypHO noxoxu, Ho ¢enon B 10% pas 6onee cunbhas OH-kuciora no
CPaBHEHHIO C HUKJIOreKCaHONOM. DTO pasnuyue obbsicHsaercs 60sb-
wuM +M-3dpdexrom O B heHOKCUA-HOHE.

B ankoronsT-uoHe HHUKIONEKCAaHOJa OTPULIATENbHBIN 3apsn J0-
KaJIM30BaH TOJIBKO Ha aTOME KHCJIOpOIa, ¥ 3TO NpenonpenenseT MeHb-
WYy cTabHUNBHOCTD AIKOTOJSAIT-MOHA [0 CPaBHEHMIO ¢ (PEHOKCHU] -
HoHOM. (DEHOKCUII-MOH OTHOCHUTCA K THITHYHBIM aMOUIEHTHEIM HOHAM,
T.K. €10 OTpHUATENbHEBIH 3apsia 1eT0KATU30BAH MEXIY KUCIIOPOIOM M
aTOMaMH YIJIepoJa B opmo- ¥ napa-monoXeHUsX 6eH30bHOTO KOJib-
ua. IToatoMy mias ¢peHOKCHI-MOHOB, KaK aMOUAeHTHBIX HyKIeodH-
JIOB, IONXHKI ObITh XapaKTEepHBI peaKLMH He TOJNBKO C YYaCTHEM aTo-
Ma KHCAOpOAAa, HO U C y4YacTHeM aTOMa yriepola B opmo- U
napa-nonoxeHusx B 6eH301bHOM Konblle (cM. pasaen 23.3.2).

Crabunmnsauvsa PeHOKCHI-MOHOB MO CpPaBHEHHUIO C &IKOTOJIAT-
HMOHAaMHU TI0 CBoel TIpUpoJie aHAJIOTHYHA CTabUIM3a1UH IPYToro Kiacca
aMOUIeHTHBIX AHUOHOB — EHOJIAIT-UOHOB KapOOHHUNBHBIX COeIUHEe-
HHI 1O CpaBHEHMIO ¢ KapbaHMOHAaMH aJKaHOB. BMecre ¢ TeM jgeno-
KaIM3auMs 3apsia B GeHOKCHUI-MOHE TIPOUCXOIUT B MEHBLUEH cTemne-
HH, 4YeM B KapOOKCHIAT-HOHE, H COOTBETCTBEHHO (heHonbl — Gonee
cnabble KMCAOTHI 110 CPABHEHHIO ¢ KapOOHOBBIMHU KHCHOTaMu. PeHo-
JIbl PACTBOPSIIOTCS B BOJHOM PAacTBOpe FHIPOKCHIA HATPHUS, HO OHH
He pearupyloT ¢ TMAPOKapboHATOM HATpHA. DTO MPOCTEHLIMA, XOTs
M He oYyeHb HafeXHbii TeCT, M0 KOTOPOMY MOXHO pa3nuyarh peHoJb
1 KapOOHOBBIE KHUCJOTHI, KOTOPhIE B3aUMOJEHCTBYIOT ¢ THaApoKapbo-
HATOM HATPUs C BbLOEJNEHHWEM YIJIEKHCIIOro rasa.

BnusHue 3aMmecTUTENss B G€H30JLHOM KOJbLE HAa KHCIOTHOCTH
¢eHoONOB cornacyercs ¢ NpeiacTaBAeHUSIMU 00 MX 3NIEKTPOHHEIX 3¢-
dekTax. DNeKTPOHONOHOPHBIE 3aMECTUTENM MOHMXKAIOT, a4 INEKTPO-
HOAKUENTOPHEIE — YCHNWBAIOT KHUCIOTHbIE CBOMCTBA (eHoNoB. B
T1abn. 21.1 npuBeaeHbl JaHHbBIE IO KHCIOTHOCTH HEKOTOPbIX (PEHONOB
B Boze npM 25°C.

420



Tabnuua 21.1
Bemuunust pK, opmo-, mema- u napa-3amemenanix ¢peronos B soae npu 25°C

3amecTuTenn Opmo Mema Hapa
H 10,00 10,00 10,00
CH,4 10,29 10,09 10,26
C(CH3); 10,62 10,12 10,23
CeHs 10,01 9,64 9,55
OCH; 9,98 9,65 10,21
COOC;H; 9,92 9,10 8,34
F 8,73 9,29 9,89
Cl 8,56 9,i2 9,41
Br 8,45 9,03 9,37
I 8,51 9,03 9,33
HCO 8,37 8,98 7,61
CN 6,86 8,61 7,97
NO, 7,23 8,36 7,15
2,4-Annutpoderon 4,07
2,4,6-Tpuuurpoderon 0,42
1-Hadron 9,39
2-HadTon 9,63
IMenTaxnopdpeHon 5,26
MenTtadropdenon 5,5
Mupoxarexun (1,2-auruapokcubeH30m) 9,34 n 12,6
PesopimH (1,3-aurnapokcubeHson) 9,32 u 11,1
I'vapoxuHoH (1,4-purnapokcubeH3on) 985ull4

21.3.2. TAYTOMEPHS ®EHOJIOB

MBp! yxe oTMe4aNu TECHYIO aHAJIOTHIO MEXAY GEHOKCUI-UOHOM
U eHONAT-HOHaMHM. DeHOJI TaKXKe SABJAETCS aHAJIOTOM €HOJa, U MeX-
ny ¢eHoioM U ero Kero-dopMaMu 2,4- U 2,5-LHUKIOreKcagueHOHOM
IOJDKHBI CYLIECTBOBAaTh OTHOLUCHUSI, MOZOOHBIE TEM, KOTOphIE Ha-
6nioaaioTcsa IS paBHOBECHSI KETO- U €HOJNIbHOM ¢GOpM KETOHOB.

OH

o] O
H
|©|_‘—.| = | H
2 Z
H H

AH® = +23 kkan/Monb.

Onsa camoro deHosa 3HTaNbOKSA 3TON0 PABHOBECHSI COCTABJSET
BEJMUMHY Hopsnka 23 KKaj/MoJib, YTO COOTBETCTBYET Jiorapudmy
KOHCTaHTh! paBHOBeCcHs B ypaBHeHuM ['ub0ca mopsanka 9,5 £ 2,5, T.e.
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paBHOBECHE I[EJIMKOM CMELUEHO B cTOpoHY (eHonbHo#t ¢opmel. Ta-
KHUM 00pa3oM, COOTHOUICHKE ABYX TAYTOMEPHLIX (GOpM 3[eCh MOJIHO-
CThI0 06paTHO TOMY, KoTopoe HabiiogaeTcss A KETOHOB, IAe MOpe-
obnanaet keto-dopma (rn. 17). 310 paznuuue He YAUBUTEIBHO, €CIIH
[OpUHATL BO BHUMaHME apOMaTUueCcKylo cTabuiusaiuio 6eH301pHOI0
Konpua ¢eHona. g Apyrux OOHO- M ABYXaTOMHBIX ¢eHOJIOB BeH-
30JILHOIO pAfla TaKXKe He yAaeTcs HabioAaTh MPOTOTPOIHYIO TAyTOo-
Mepuio. [ MOTHIMKIMYECKUX KOHICHCHPOBaHHBIX apOMaTHYeCKUX
COeAMHEHU I pa3iuyue B TepMOIMHAMUYECKOMH YCTOMUMBOCTH PEHOJb-
HOU M JHEHOHOBO# ¢opM pe3Ko yMeHblUaeTcsi, U MK 1-HadTona
deHonbHan ¢opMa Ha 12,5 Kkan/mosp cTabuibHee AHEHOHA, TOrAa
KaK Ui 9-TUAPOKCHAHTPALIEHA KeToHOpMa aHTPOHA YXe OKa3bIBaeT-
ca TepMoarHaMuyecku GoJiee cTabunbHoi dopMmoii:
OH
00 =
-
~

AH° = 12,5 xxan/monb;

7\
7\
o}

OH (6]
s AN P >
O:jj —_— AH*® = —1,4 xxan/MoJb.
X ~ X ~4
H H
aAHTPOH

Jna 9-ruxpoKcHaHTpalleHa M3BecTHLl o6e GopMbI, IIpUYEM B
HEeNOJSIPHBIX PacTBOPUTeNAX (MeTpoJieHbIi 3q)up, 6enson, CCly)
paBHOBecHE CABMHYTO B cTopoHY aHTpoHa (K¥'C =400 B 6eH30ne)
YcToiuuBOCTh TAYTOMEPHBIX KETO-(hOopM BO3PACTaeT MpH MEPEXOAe K
NOJUAaTOMHBbIM ¢eHosaM. Tak, Npu MiapieHuM 1,4-IuruapokcuHad-
Ta/IMHA MONy4YyaeTcd paBHOBECHasg CMech, coaepxaiuasg 10% aukero-
dopmbl:

OH 0 H
2 1500C A~
-—_— H
AN AN
i H
OH o)
(90%) (10%)
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HMeoTcss Beckyue apryMEeHThl B MOJNIb3y MNPOTOTPOIHOM TayToMe-
puM KeTo- U ¢eHonbHoit dopM mua aopormouuna (1,3,5-Tpurun-
pokcubeH3ona), Xxors keTto-popma He Obuia 3aMKCHpoBaHA CHEKT-
PATBHBIMU MeToaMH. [IUTelbHOE BpeMs He HpeXlPUHMMAIOChH
nonsiToK $huKcallMi WK cTabunusauuu Keto-bopMel ¢eHoNoB psaaa
6eH30s1a ¥ HadTanuHa U pobiieMa TayToMepUH HEHOJIOB HE MIPUBJIE-
KaJia BHUMaHus uccaegopateneii. B 1968 r. B.A. KonTior ¢ coTp. npea-
JIOXWN MOpocToif U YpesBbivaiiHo 3¢ ¢eKTUBHBIN cnocob cTabuwinza-
UMK KeTo-PopMBl pa3sHOO6GPasHbIX (PEHOJOB ¢ MOMOLUBIO CWIbHBIX
KucioT JIplouca- xjaopuaa uad 6poMuIa ATIOMMHMA. DTH XECTKHE
KUCTOThl JIBIOMCa CBA3BIBAIOT XEeCTKUH KapOOHWIBHBIA KUCIOpOX
KeTo-¢OopMBI B 04EHb CTabWIBHBIA KOMIUIEKC, KOTOPBI MOXET 6BITh
sacukcupoBaH ¢ nomowpio [IMP- u UK-cnektpockonuu. I1pu 3Tom
s 1-Hacdrona, 2-Hadgrona U deHonoB GeH30JBHOro psia, COAEp-
XaluX XoTqa O6bl OAHY ATKWIBHYIO IPYIIIY B Mema-1oJ0XEeHUH K THA-
POKCHJIY, pABHOBECHE B HEITOJISIPHOIA cpefe HAIeIo CMEIL@aeTCs B CTO-
POHY KeTo-(OpMBbI:

O - AlCl, O—AlC13
OO i O — O
AN = CH2C12; 20°C X NS
H H
H H
z AlBr; /C fjf -+ AlBry /‘g 0- “3‘3
@ CH,Bry; 20°C Xy = AN
©
O - AlBry O-AlBry

S

OH
AlBl'3
C CHzBl'z
CH H,C
3 H H CH H H
OTU KOMILIEKChHl MOXHO paccMarpvBaTh TakKXKe Kak GHHOHﬂprlC
HOHBI, T.€. KaK THIAPOKCHAPCHOHUCBBLIE HOHBI, 06pa3yloumec;1 npu
NOPOTOHHPOBAHUH d)CHOJIOB no GCHBOHBHOMY KOoJIbLLy. IIJIH HUX OOJIXK-
HBbI OBITH XapaKTCpHbI pCAaKUHH, THIHIHBIC 111 apEHOHHEBBIX HOHOB.
ﬂCﬁCTBHTCHBHO, KOMIUICKC 2-Had)’rona C XJIOpHAOM AAIOMHHHA MO-
XeT ObITh HCIIONB30BAH B KaYECTBE 3HCKTPO(1)PUIBHOI'O areHTa B 3JICK-
TpOd)PUIbHOM ApOMAaTH4YCCKOM 3aMCLIEHHH B 6eH30JIbHOM KOJIBLIC:
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H H ©
O O 5 O e
X N ~ CHg X

=

KeTo-eHOJIbHAsA TayTOMepHs JeXUT B OCHOBE 3aMellleHusa ¢e-
HOJILHOTO TMAPOKCHJIA Ha aMHUHOTPYIIIY, KOTOpOoe IIPOMCXOAUT MMPH
HarpeBaHuM 1- wiu 2-ruapokcHHadbTaAUHA, CYIbGHOIPONIBOAHBIX
o- ¥ B-HadTonoB, 6- WK 8-THAPOKCUXMHOJIUHOB U APYTHX THEAPOKCH-
MpOU3BOAHBIX HapTaTUHA, aHTPalleHa, XMHOJKHA C BOAHLIM pacTBO-
poM cyabbuTa WM ruapocyibdpuTa aMMoHus npu 130—150°C:

OH
QIO  + o, + v, 2= (OIO)
3 3 HyO; 8 4

(95%)

NH,

Jra peakums, otkpbitag I'. Byxepepom B 1904 r., npuMeHuMa K of-
HOaTOMHbIM ¢eHonaM psaa HadTanuHa, aHTpalleHa M APYTMX KOH-
IeHCHPOBAHHbIX apOMAaTHYECKMX CHCTEM, HO B Hee MpPaKTHYEeCKH He
BCTYIAIOT OJHOATOMHbIe (peHOoNbl GeH30JbHOrO psAa:

+ NaHSO; —20€
H20 30y
SO;H

H,

CH,
(65%)
_160C _
+ NH, + SO
@j YT M0 129 9
OH NH, (50%)
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B pagy npousBoaHbix GeH30j1a B peaKUMIO BCTYIIAOT MHOTOATOMHBIE

QJCHOJIBI, coepxalue nBec Wik TP THAPOKCHUJIBHBIC IPYTIIIILI B Meéma-
MOJOXCHUHH !

HO OH HO OH
NH;; SO,; 20°C — -
H,0; 54
NH, OH
(100%)
HO NH,

NH,;; SO,; 40°C
—_— (82%)
H,0; 24 cyt

NH,

Jdns peakumu Byxepepa mnpedjioXeH, HO CTPOro He IOKa3aH Mexa-
HM3M, B KOTOPOM CyJbhHUT- WIH THAPOCYIbPUT-UOH NIPUCOCIUHSIET-
cs B B-nonoxeHue Keto-¢opMbl HadTOona c obpasosaHueM [-keto-
cynb¢hOKHUCIOTH B Ka4eCTBE WHTEpPMeAUaTa, KOTOPBIA B OTAENbHbIX
ciyyasix 6bU1 BhUIE/IEH B YUCTOM BMIC:

@ ij SO, w

SOJNH4
HO NHIH NH H
NH; | 2 H HO | # H -
- H -— H -—
x NS
i SOsNH, [y SONH,
NH,

Z
——— + NH; + SO, + H)0.
AN =

INocnenyiollee aMUHUPOBAHHE U OTILEIUIEHHE CEPHHUCTON KHUCIOTHL
NMPUBOIUT K aMMHy. Peakiiust o6paTuma, u npu obpabotke 1- unu 2-
aMHHOHa}TAIMHA U UX IPOMU3BOAHBIX 'MAPOCYIbPUTOM HATPUA B BOAE
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npu 130—150°C oHM mpeBpallaloTcss B COOTBETCTBYIOIIUE (HEHOJBI,
HarnpuMep:

NH, OH
SO;H SO,H
110—120°C
+ H0 + NaHSO; —r &
X 2 A
SO;H (96%) SO;H

INpy HAAKWYMHK TpeX aMUHOIPYIII B Mema-ToOJIOXEHUU OPYTr K ApPYyry
IR TpeBpalleHUs B ¢eHon oTnagaeT HeoOGXOOUMOCTb B KaTaiuse
peakuuu cyibGUT-MOHOM B crnabokucioit cpene:

COOH :
H,N NH, HO OH
100°C
THO @ 0
NH, OH

(45-53%)

21.3.3. C- 1 O-AIKMJTMPOBAHHME AMBHAEHTHBIX ®EHOJIAT-MOHOB

(DeHOKCUA-HOHBI, KaK TUITHYHbIE aMOMOEHTHbIE aHUOHBI, CIIO-
co6HbI K peakuusaM O- U C-ankunupoBanms. B 6oblIMHCTBE ciyqaeB
¢eHOKCHI-HOHBI TIOABEPraloTCsl PerMoceNeKTUBHOMY O-ajJKUIHpO-
BaHHUIO HE3aBUCHUMO OT NPHUPOIbI PaaMKana M YXONSILCH IPYIIbI -
Kunupylowero areHta. Camble pa3sHooOpa3Hble XECTKHE W MSATKHe
ATKWIKPYIOLIKME areHThl 1aloT 3¢Gupbl GHEHONIOB B peaklMAX co lie-
JouHbIMHU eHonsrTaMu. Haunyuiuue pesyasTrarsl Wit O-ajJKWIMpoBa-
HMS JOCTUTAIOTCS B JUITOJSPHBIX allPOTOHHBIX PACTBOPHUTEISIX, XOPO-
IO COJIbBATHPYIOILIMX KATHOHDI 1IENOYHBIX META/LIOB:

ONa OCH,
20°C
+ (CH,0),S0 (96%);
(CH;0),50, MOA
ONa OCHz(CHz)JCH3
60°C
+ CH;(CH,);CH;Br Taneron ;
(80%)
NO, NO,
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ONa OCH,COOC,H;

+ wettcoocst, <0~
(87%)

TIpu O-ankunuposaHuM 2,4-1MXJI0pPEHONATA HATPHUSA MOHOXJIOPYKCYC-
HOH KHcnoTo# nomyvaercs 2,4-nuxinopdheHOKCHYKCYCHas KHCJIOTa, KO-
Topasi UCTIONBL3YETCA B KauecTse repOulidaa Misi 60pEObl ¢ COPHSIKAMU:

ONa OCH,COOH
a ca

+ CICH,COOH

a a

Ecnu Xe pacTBOpUTENb M36MpATENbHO COJBBATHPYET KHUCIOPOIHBII
LEHTP PEHOKCHA-UOHA, OTKPBIBAETCSA BO3MOXHOCTh Wi C-anxkuiu-
poBaHus. KucioponHblii HeHTp ¢heHOKCHI-MOHOB TOABEPraeTcs U3-
6uparenLHOR CONBBATALIMM C TIOMOLIBIO BOAOPOAHO#M CBS3M B BOJE,
TpucTOp3TaHOJIE, deHosie. B 3THX pacTBOpHUTESX yAETCA OCYILECTBUTD
C-anxunupoBaHue (peHOKCHI-HOHA TOA AENCTBMEM TAKMX MATKHX
ATKWIHPYIOIIHMX aTeHTOB, KaK aJLTWITaMoreHUAR U GeH3uIraaoreH1-
apl (H. Kopubmiom, 1963 1.):

CH,OH
e O-CH,-CH=CH,
@om + CH,=CH-CH,Cl — (100%)
H,0
i O-CH,-CH=CH, +

(49%)
CH,-CH=CH, (41%)

ONa OCH,C¢Hs

+ GeHsCHBr “cp cH.0H +
(%)
CH,C¢H;

Yoo
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KucioponHblii HEHTp aHKMOHA GJIOKMPYETCS B pe3yJbTaTe U3buparesb-
HOIf COJIbBAaTALIMM, M ATKWIMPYIOLIMI areHT aTaKyeT APYTroi HyKJeo-
uAbHBIN HeHTp aMOMACHTHOro aHUOHA — aTOM YIJepoja B opmo-
MOJIOXEHUU MO OTHOIUEHMIO K aTOMY KHMCJIopoaa. AHamOTMYHBIM
pe3yJbTaT MOXET ObITh JOCTUTHYT 33 CUeT GJOKHPOBaHUS KMCIOPOA-
HOTO LIEHTpa NPOTHBOMOHOM B CJIOXHOM accolMaTe HOHHBIX Map 1ie-
JIouHbIX (PeHONATOB U HadToNATOB. JeCTBUTENBHO, IPH AJIKWIKPO-
BaHUUU GeHOoNIATa HaTpusl B OGeH3oye armMIGpoMHUIOM obpasyeTcs
2-awideHos, Torna Kak B aUeTOHE B TeX XE€ YCJIIOBHSX IOJIy4aeTcs
TOJIBKC ALTHJIOBBIA 3dup ¢deHoa:

0-CH,~CH=CH, ONa
~ CH,=CH-CH,Br CH,=CH-CH,Br
ALICTOH C6H6
OH
cHz—CH :CH2 .

Mo Toii Xe npuYKMHe ATIOMUHKEBBIE COTH (PeHOIOB NoaBepratTes C-
ATKWIKPOBAHUIO B 0pmMO-TOJICXKEHKE GEH30JIBHOIO KOJIbIA:

OAI(OC¢Hy), OH
C(CH,),
+

100°C; 17 atm
tanyon; CcH;OH

OH v OH
<CH3>3C@C<CH3>J (CHy),C, i C(CH,),
+ +

C(CHjy),

+ (CH,),C=CH,

3T1a peakUMs UMEET MPaKTUYECKOe 3HAaYeHHUE [UIsl CHHTE3a CTepUyec-
KU 3aTpYOAHEHHBIX (EeHOJIOB, KCMOIb3YyEMbIX B KauyecTBe cTabuiu3a-
TOPOB NMOJIUMEPOB NPOTHB TEPMOOKUCIMUTENbHOM OecTpYKuMH. Hpy-
rast Bo3MoXHocTb C-aIKMJIMpOBaHUS (HEHOIST-HOHOB OTKPBIBAETCS B
cJIyvae MpoCTPaHCTBEHHO 3aTpYIHEHHbIX (PEHOIOB, KOIIa ABE A/IKUIIb-
Hbl€ TPYIILI B 0pmO-TIOJOXEHUH OJIOKHUPYIOT KMCIOPOIHBIH LIEHTD
aMbGHUEHTHOrO aHHUOHA:
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O-Na O—CH,C¢H;

HJC CH3 HJC
+ CGHSCHzBr Csﬂs CH2C6H5

(17%) (34%)
O—Na o
(CH,),C C(CH,), (CH3); C(CH,),
CH
+ CH,l Tﬂs’ 3
CH, CH, (80%)

CenektueHoe O-MeTWiHpoBaHHMe PEHONOB AOCTUIAETCH IPU UX
B3aUMOIEHCTBUM C JHA30METaHOM B 3(UPHOM pacTBOpe:

OH OCH,

renRf — (OIQ)  +n

21.3.4. DSTEPHPHUKAIIMA OEHOJIOB

ApwioBsle 3¢pupbl KapOOHOBBIX KUCIOT HEJb3sl IMOJIy4arb Ips-
Moil 3TepudukKanueit PeHoloB KapboHOBBIMU KucioTaMu. O6paTu-
Mas peakuusi peHosa ¢ YKCyCHOH KMCJIOTOH 3HAOTEpMHMYHA B OTIHM-
Yyue OT IK30TePMHYHOH peakLMu 3TepupUKaIUKY CIIMPTOB:

CH;COOH + C¢gHsOH== CH;COOC4H; + H,O (AH" = +1,5kxan/Monb);
CH;COOH + C,H;O0H == CH;COOC;H; + H,0 (AH" = —4,6Kkas/Mons).
ApwioBble 3¢UpH KapOOHOBBIX KUCJOT IMOJYYaIOT allWJIMPOBaHUEM

tdeHonoB wiu ux Na-, K-coneii rajoreHaHrMApUIAaMK WIK aHTUIPH-
OAMH KHKCJIOT:

L
OH 0-C~CHj
H,S0,; 60°C
+ (CH,C0),0 ——2* — ~ o
0
/
OH O"‘C_CH3
(96—98%)
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0
/4
O-Na O_C_C(CHJ):;

0
Y/
+ (CH;),C ‘C: Soup
cl

NO, NO,

0
o ly
H,S0,; 60°C —C—
OH + (CH3C0)20 2 4 - O C CH3 .
COOH COOH

21.3.5. PEAKIIMH DJEKTPO®PHUIBHOIO 3AMEIIEHAA B
APOMATHYECKOM KOJIBIIE ®EHOJIA

I'MApOKCHUNIBHAA IPYIINa OTHOCUTCA K YMCHY IPYIN, aKTUBHPYIO-
KX anekrpodUIbHOe 3aMel{eHHe B apOMaTHYECKOM KOJblle U Ha-
MPABISAIOIIKX 3aMECTUTEIb B 0pmo- U napa MOJNOXEeHUA. AKTUBUPYIO-
liee BIMSHHE [MIPOKCWIBHONH IPYHOIBI HAacTOJBKO CWIbBHO, YTO B
OTAENbHBIX CllyyasX peakKUuUI0 TPYOIHO OCTAHOBMUTH Ha CTA[IMU BBeAE-
HHMS TOJBKO OJHOTIO 3aMecTUTeNsa. DeHOoNBl BCTYMAIOT MpaKTHYECKU
BO BCE TUMIMYHbIE PeakLuHH 31eKTpo¢IBHOIO 3aMellleHUs KaK ¢ CUIb-
HBIMH, TaK M CO CJAOBIMU 3JMeKTPOPUIBHBIMU areHTaMM.

21.3.5.a. TAJJIOTEHNPOBAHUE ®EHOJIOB

T'anoreHupoBanue ¢eHOIOB He TpeOyeT KaTaiuM3a KUCJIOTAMU
JIbrouca, Takumu kak FeCls, FeBr;, AlCl; 4 Ap., M JIerKo ocylluecTB-
JISeTcs noj geiicTBMEM MOJIEKYNSIpHOro rajoreHa. ['anoreHupoBaHuKe
¢eHoJ1a MOJIEKYISIPHBIM 6POMOM WK XJIOPOM B TOJISPHOM Cpexe rpak-
THYECKH HEBO3MOXHO OCTAHOBUTDb HA CTAIHM MOHOTA/IOTEHUPOBAHMS,
ITOCKOJIbKY pearMpyolieit qactuuei 3gech spiaseTcs PEeHONAT-HOH.
QOeHOoNAT-HOH COAEPXMT OYeHb CWILHYIO aKTMBUPYIOLIYIO IPYyNny —
aHHOH KMCJIOpOoJa M CKOPOCTb FaJIOPEHMPOBaHUA (EHONAT-UOHA MO
KpaiiHeif Mepe B ThicA4Yy pas Bbliue, 4eM ¢eHona. [aroreH3saMereH-
HbIi (eHo saBseTca 6oJjiee CUIBHON KUCIOTOM, YeM deHon; oH Jerye
Juccouuupyet, yTo obseryaer BBEICHUE BTOPOIO U TPETHEro aToMa
rajoreHa B opmo- U napa-TnojoxXeHUs:

0® 7o | o®
H [} Bl‘
Bry; 5°C Br™ | —HBr Br,
— Br H.0
~ H0 7 7 2
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o0 0®

Br Br
Bry Be | —HBr Br,
H,0 H,0
H Br Br
0] OH
B H Br Br Br
e Br B —— + 3HBr
H,0 )
Br Br

Bpomuposanue ¢deHoNa B Boge MPUBOAUT K 0Opa3oBaHUIO HEPACTBO-
pumoro 2,4,6-tpubpomdeHona. D1a peaki{is HACTONBKO YYBCTBUTEN b~
Ha, 4YTO IO3BOJAECT OOHAapYyXUTb (PEHON B KOHLICHTpAlIUK 107°M B
BoOHOM pacTeope. 2,4,6-TpubpomdbeHon B3auMoneiiCTByeT elle ¢ of-
HUM MoseM 6poma ¢ obpasoBanueM 2,4,4,6-TeTpabpoMUMKIOreKca-
2,5-1MeHoHa, OKpallleHHOro B XEJITBI 1[BET:

OH
Br Br Br
+ BI'2 —_——
Br B

ITpu 06paboTKe MPOAYKTA 3TOM peakiMH PacTBOPOM TMApocy/bduTa
HaTpMsA WiH Opyroro c;aboro BOCCTAHOBMUTENS OH JIETKO IpeBpalla-
€TCS B MCXOMHBIHA 2,4,6-TpubpomdeHo. IIpousBoaHble MUKIOreKca-
IMEHOHOB MOTYT ObITh BbiEJIEHB! TIPH 6poMKUpoBaHuH 2,6-04- U 2,4,6-
TPU3aMEIUEHHBIX MTPOCTPAHCTBEHHO 3aTPyNHEHHbIX (EeHONOB:

(0]
Br
+ HBr .
Br

T

OH 0
(CHy),C C(CHjy); (CH;3);C C(CHy)s
*BnCH,cooH. + HBr ;
C(CHJ)J C(CH3)3
OH 0
(CH;);C C(CH;), (CH,),C C(CH,),
+ — -
N Br, ~CH,CooH +HBr .
H Br
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[Ipu 6poMupoBaHuK ¢peHoNa B pacTBope GpOMKCTOBOAOPONHOM
KHUCJIOTHI WM OPH XJTOPHPOBAHUM B COJISTHOM KMCJIOTE NUCCOLIMALIMS
IMOJIHOCTBIO TMOJABIAECTCA M TaJOF€HUPOBAHUIO [MOJBEpraeTcs cam
¢eno. [Tpu 3TOM B 3aBUCMMOCTH OT YCIOBH I M KOJIMYECTBA raloreHa
MoOXeT OhITh MoNydeH n-6poMdeHon wiu 2,4-gubpoMeeHon:

OH OH
HBr; 5°C
+ Br, H—zo— + HBr

Br (81%)
OH OH

. HBr; 40°C Br

+ 2Br, T + 2HBr.
Br (87%)

AHaJTOrHYHbIM 06pa30M MpOTEKAET U XJIOPUPOBAHHKE (PEHONA, HO 30ECh
MOJIy4aeTcsl 3HAYUTEIbHOE KOJMHYECTBO o-XIopdeHona.

MoHoranoreH3aMeilleHHbIE MPOU3BoAHbIE deHONMoB yno6HO Ho-
JIy4aTh IpH FajIOCTeHUPOBAHUKU B HeMoJsgpHoU cpene 4YTO TAKXKE HC-
KJII0YaeT JUCCOLMALKIO (PEHOJOB!

OH OH
+ B, —oC @
Gs,

Br (80—84%)

OH OH
Cl
+ Cl 2 _O—C—’ +
ccl,

(74%) (26%)
B KayecTBe rajioreHMpYIOILEro areHTa KpoMe CaMUX FajJiocreHoB MOX-
HO MCIIOJb30BaTh KOMIUIEKCHI TAJIOTEHOB ¢ AWoKcaHoM, [IM®PA, a
Taxxe xjaopul win 6pomun Meau (II).

OH

OH OH
20°C
* O TaMoA”
Cl (83%)
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OH OH

Br (88%)

Bo Bcex cywasx cooTHOLIEHUE napa/opmo-U3oMepoB rpu 6poMupoBa-
HUM U UOJUPOBAHUHU 3HAYMTEIBHO BBILIE, YEM MPH XJOPHPOBAHUH.

21.3.5.6. HUTPOBAHHE GEHOJIOB

HutpoBanue ¢eHonoB pasbaBieHHoif 20—25%-i a30THOM KHcC-
JIOTOIi MPUBOAUT K NMOMYYEHHIO CMECH OpMO- U NApa-HUTPO(EHOOB:

OH OH
o}
20% HNO;; 10°C NO,
H,0 +
No,

Hx nerko pasgeiauTh C MOMOLUBIO MTEPETOHKH C BOASHBIM IapoM, FAe
JIETYYHMM OKa3bIBAETCSH TOJNBKO opmo-u3oMep. JleTydecTs opmo-HUTpO-
¢eHonoB obyciioBiieHa 06pa3oBaHHeM IMPOYHON BHYTPUMOJEKY/ApP-
HO!l BOAOPOIHOM CBSI3H:

OH

Jlaxe B TAKHX MATKHMX YCIOBHUSX HUTPOBAaHUE CONPOBOXAACTCA OKUC-
neHWeM ¢deHOoNa, U 3TOT MPOUECC CTAHOBUTCS JOMHHHUPYIOLLIUM, ECIIH
IUIS1 HUTPOBAHUSA MCIIOJIB30BAaTh KOHUEHTPUPOBAHHYIO a30THYIO KHC-
noty. [ToatoMy ans nonyuenus 2,4,6-tpuHutpodeHona (MMKPHHOBOK
KUCJIOTBI) UCIIONB3YIOT BUIOM3MEHEHHBIH crmocob HutpoBaHus. Pe-
HOJI TIEPBOHAYAIBHO CYNbGHUPYIOT 10 4-TUAPOKCHU-1,3-6eH30IAUCYIb-
¢OKUCIOTHI, a 3aTEM HUTPYIOT a30THOM KHCJIOTOM:

OH OH

i SO;H
koHU. H,S0,; 100°C HNO;; 0°C
—_—_—

SO,H
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OH OH

ON NO
? SOH | yNoy; 100 ON 2

SO,H | NO, (70%)

BTopas cranus no cyluecTBy mpeactaBnsier coboiif anmekTpodunbHoe
unco-3aMelleHue cyab(Oorpymnns Ha HUTporpymnmy. ITukpuHoBas xuc-
J0Ta LIMPOKO MpHUMEHSETCd B KayeCTBE CHJIBHOIC akienTopa s
fIOJIydeHUS CTaGUIBHBIX KOMIUIEKCOB C MEPEHOCOM 3apsaga (JoHop-
HO-aKILENMTOPHBIX KOMILIEKCOB) ¢ KOHACHCHPOBAaHHBIMM apoMaTH4eC-
KHMH YIJIEBOJOPOAAMHM, MEHTAMETHIOEH30J0OM U MHOTUMHU APDYTHUMH
apOMaTHYEeCKUMM YIIeBOAOPONAMM.

Hnst HuTpoBaHUs (eHOJNOB B Ka4eCTBe HUTPYIOLUETo areHTa Kpo-
Me a30THOH KHCJOTHl MOXHO HCIIOJB30BaTh alleTHJIHUTPAT U N,O,,
3TH peareHThbl CHOCOGCTBYIOT NMPEUMYILUECTBEHHOMY HHUTPOBAaHHUIO B
0opmo-TOJIOXKEHHE K FMIPOKCHIBHOM IpYIIe.

21.3.5.8. CYJIbOUPOBAHHUE OEHOJIOB

MoHocynbsdpupoBanue deHona cepHoit KUCIOTONR NMPUBOAUT K
06pa3oBaHUIO cMeCH 0pmo- U napa-u30MEPOB FMAPOKCUOEH30JICYIb-
tokcunotsl. IIpu 20°C B peakiiMoHHOM cMecH coaepxuTca 49% opmo-
usoMepa U 51% napa-uzomepa, Torna Kak npu 120°C ponsa napa-uso-
Mepa BospacTaeT 8o 96%:

so3
20°C,
OH

98%-1 H,S0, (49%) SO3H (51%)
f so3
120'
(4%) SO;H (96%)

WU3MeHeHHE B COOTHOLUEHUHM MPOOYKTOB CYJb(hUpOBaHUSL 06yc-
JIOBJIEHO 0OpAaTUMOCTHIO peakUUit CynbPUpoBaHUA, Korda B paBHOBE-
cuM npeobnanaer TepMoauHaMuuecku Gosee cTaBuiIbHBIK napa-u30-
Mep (noapobHee cM. . 13, u. 2). CynsdupoBaHue B opmo-ToJIoXeHUe
nporexaer ¢ Gonblueit CKOPOCTHIO, HO Opmo-THAPOKCHUOEH30JICYb-
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doxucIoTa JErKo rMIPONU3YETC HA UCXOOHBIE PeareHThl B OTIHYME
OT napa-u3oMepa, ISl KOTOpOro cKopocTb MMAPoaM3a Mana. Jpyrum
[IpUMEpPOM TIPOSIBJIEHUS] TEPMOIMHAMMYECKOTO KOHTPOJIA SBIAIOTCSH
JaHHble N0 cyabdupoBaHHIO 2-HadTona:

SO,H

OH

o

win CISO;H; —10

98%-1 HzSO4, -10°C

oH ol SO;H

92%-s H,S0,, 100°C 92%-3 H,SOy; 100°C OH
© Q0

Q

92%-s stOt
130—140°C

OH

e

TIpu cynsdupoBanuu 2-Hadrona 98%-it cepHoii krciaotoi mpu —10°C
B KaueCcTBe eAMHCTBEHHOro NponykTa obpasyercd 2-rHEpoKcuHad-
TaNHH- 1 -cynbdOKKCIOTa, 0OHAKO NMpH cyabdupoBaHuu 2-Hadrona
92%-it cepHoit Kucioroit mpu 90—100°C monyyaeTcst cMech 6-ruj-
pokcuHabTaIUH-2-cynbhOKUCHOTH U 7-ruapokcuHadbTaAUH- 1-CyIb-
dokuciaorsl. B 6onee xectkux ycnosusix npu 120—130°C B cmecu
npeobianaeT 6-rugpoxcu-2-HadpTatHHCYILPOKUCIOTa HAPARY € 3-THII-
pokcuHadpTanuH-2,7-nucynbdoxkucioroit (R-kuciora) — npoaykromM
aucynshupoBanus 2-Hadrona.

O

SO;H

21.3.5.r. HUTPO3MPOBAHHUE GEHOJIOB

HutposuposaHie heHOJIOB OCYLLECTBISAETCS C [IOMOUIbIO a30TH-
CTOI KHC/IOTH! B BOJIE WIM B YKCYCHOI KHUCIOTE RISt TeX (EHONOB,
KOTOpPbIE€ COBEPILIEHHO HEpacTBOpUMBI B Boae. HuTposuposanue de-
HOJIOB OTAMYAETCH OYEHb BHICOKON perMoceleKTUBHOCTBIO B napa-
NoJIOXeHUe MO OTHOIIEHHI0O K THAPOKCUJIBbHO#U rpynne. TunuuHoe
pacnpeneneHue opmo- U napa-u30MepoB NPU HUTPO3UPOBAHUU MOX-
HO MPOWUIIOCTPUPOBATh Ha NMpumepe caMoro dheHona:
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OH
_NaNOy; HCl _ @— =0
THO; 0-5C

Hutpo3odeHonbl B pacTBOpax CYLUECTBYIOT B BUAE TAYTOMEPHbIX CMe-
ceil HUTpo3odeHoNa U MOHOOKCHMMAa XMHOHA, DaBHOBECHE CUJIBHO
CMEIIEHO B CTOPOHY MOHOOKCHMMHOM opMBIL:

@ N0, _ @ ¢ _NHOH @

N—OH
B xuMHyecKux peakuusx #H-HUTPo30¢heHOIbl TPOSBIKIOT APKO BbIpa-
XEHHYIO JBOHCTBEHHYIO peaklIMOHHYIO criocobHocTb. IIpu okucie-

HHU OHM IPEBPALIAIOTCA B HUTPOGEHOBI, a IPH B3aUMOACHCTBUH C
TMIPOKCUIAMMHOM AAIOT XHHOHAMOKCHMBI:

25%nas _NH,0H
“mNo,

N-OH

AlleTUNMpPOBaHUEe n-HUTPo3odheHOo a IPUBOAUT K CMeCH aleTaTta de-
HOJIa ¥ OKCHMa, MTPUYEM aleTaT XHHOHOKCHMA [IPH HarpeBaHUM H30-
MepU3yeTCs B aleTaT A-HUTpo3odeHoa:

OH OCOCH; OCOCH;
@ = @ @ @
N=

N-OCOCH;
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21.3.5.0. ATKUJIIMPOBAHHUE U AUWJTUPOBAHUE ®EHOJIOB
O ®PUAETIO-KPADTCY

DeHoJbl ANKWIMPYIOTCH B KOJIBIIO MOM AEHCTBUEM CAMBIX pa3HO-
06pa3HbIX aNIKUJIMPYIOLUMX areHTOB: AIKEHOB, CHIUPTOB U AJIKWITa/10-
TeHUIOB B YCJIOBUSX KUCIOTHOTO KaTanu3a. Tak Kak (HeHOJIb B3auMO-
IeiCTBYIOT C raJIoreHMIaMy adIOMUHUS U JPYTMMM KUcIoTamu Jibouca
¢ obpazoBanuem conedl Tuna ArOAICl,, B KayecTBe KaTalU3aTOpPOB
MIPEANOYMTAIOT KCMONAb30BaTh (GTOPUCTOBOAOPOIHYIO, ¢docdopHyio
KUCNOTH WJIM KaTHOHMTH KVY-2, nayskc u Apyrue KaTHOHOOOMeH-
Hble cMonbl. TakuMm o6pazoM, U3 n-Kpe3osna U U306yTHIEHA B IPoO-
MBbILUTEHHOCTH TOJIYYalOT IIPOCTPAHCTBEHHO 3aTPYAHEHHDII (peHoN —
2,6-0u-mpem-6yTin-4-MeTAGEHON (MOHOJT), KOTOPBIif LIMPOKO ITPU-
MeHsIeTcs U1 CTabMIU3alMM MOJIKMEPOB:

(CH,),C C(CH,),

KY-2
+ (CH,),C=CH, ——»
(CHy), 2 T00°C

CH, CH, wonon

AHanornyHo M3 ¢peHosa U U3OMPOIIMIOBOTO CITMpTA NMoayyaeTcs 2,4,6-
TPUHU3OMPOMHIPEHO:

OH OH
(CHa)HC CH(CH,),
HF; 0-8'C
+ CHyCHCH; ————=
on (95%)
CH(CHj),

MoHoaNTKHIKpPOBaHKe apOMAaTHUECKOrO KOJIbLA, KaK M IpYyrue peax-
MM alKuIrpoBanus no Ppupenio—Kpadrcy, oTauyaeTcs HU3KOR
perMoceNeKTHBHOCTBIO M MPUBOAMUT K CMECH COM3MEPUMBIX KOJIMYECTB
opmo- ¥ napa-u3oMepoB. AJKWIMpOBaHUe oOpaTuMo, U B MPHCYT-
CTBHMM CWIBHBIX KucnoT JIblorca B yCHOBHAX TepMOIUHAMUYECKOTO
KOHTpOJIS Hab0AaloTcs MeperpyniHpoBKU:

OH OH OH
AlCly; HCI; 100°C
- +
CH,
CH, CH,
(20%) (80%)
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AuunypoBaHue (eHONOB B KIaCCHYECKUX YCIOBUSAX peakliuu Ppu-
nens—KpadgTca KoMIUIeKCOM aLMITIOreHHAa M XJIOpHAa aIOMHHUS
TaKOKe MPUBOJUT K HEYIOBIETBOPUTEIEHbIM PE3YJIbTATaM, TaK KaK ali-
JIMPOBAHUIO MMOABEPraeTcs FHAPOKCUWibHAA rpymnna ¢deHona. bonee ah-
dexTuBHa Takasg MoauGbUKaLKs 3TOr0 MeToaa, KOra B KauyeCTBe ailu-
JIMPYIOUIETO Ar€HTa MCIIOJb3YETCSl KOMIUIEKC KapOGoHOBOMH KMCJIOTBI U
Tpexcdropuctoro 6opa. ALMIbHAS IPYITNa IPY 9TOM BBOAUTCS NPAKTH -
4eCKU UCKJIIOUYUTENBLHO B napa-noioxeHue 6eH3o0IbHOoro Koibia. Tak,
Hanpumep, GEHON MpU B3aUMOHEHACTBMM C KOMIUIEKCOM YKCYCHOM
kuciaotet U BF; naet napa-rugpokcuaunerodeHoH ¢ 95%-M BBIXOOOM:

OH OH
+ CH,COOH - BF; —22C .

(95%)
H,C—C=0

Hanbonee obuiuii MeTon MoJydeHHS TMIPOKCHKETOHOB apOMaTH -
YeCKOro psjia OCHOBaH Ha neperpynnuposke ®puca. K. Opuc 8 1908 r.
Halle, YTo apuyioBble 2¢GUPb KAPHOHOBBIX KHUCJIOT IIPU HarpeBaHUM C
AlCl; unu AlBr; neperpynmnupoBbIBalOTCS B M30MEPHBIE 0pmo- WIH hapa-
ruapokcukeToHbl. Kak mpaBusio, B pe3yibraTe IMeperpynidpoBKH o6-
pasyeTcs CMeChb opmo- W napa-u3oMepoB 6e3 mpuMecH Mema-u3oMepa:

it
0-C~CH,CH,

OH O OH
1) AICly; C¢HsNO,; 140°C C-CH,CH;
2) H,0; HC; +

(35%) CH,—CH,—C=0
(50%)
CoOTHOLLIEHHE 0pmo- U napa-u30MepOB 3aBUCHUT [JIaBHBIM 06pa3oM oT

TeMInepaTypbl U pacTBopuTelis. B 601ee XecTKHX yoJIOBUSIX ITpeobnanaeT
opmo-THAPOKCHKeTOH, a npu 20—25°C — napa-rUAPOKCHUKETOH:

OH
° AlCl;; 25°C
[ r————rr e
1l )
0-C—CH, CHNO, H,c o
] H,c~
H,C OH O

AlCly; 165 °C t &-ch,
H,C
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INeperpynnuposka ®puca YacTo UCIOIb3yeTCA IS TNOJIYYEHUS HH-
JUBUAYATBHBIX THAPOKCUKETOHOB. M3 aueTHUICATULIUIOBOH KHUCIOTHI
(acmupuHa) mosyyaeTcsi S-aueTWI-2-THAPOKCHUOEH30MHas KUCIOTa,
a U3 n-aueTOKCHOEH30MHOM KUCIOTB — 3-aueTun-4-ruApoKcHbeH-
30iHaA KucioTa:

(o]
CH,C*
1) AlCly; C{HNO,; 25°C
COOH > COOH
2) HCL; H,0; 20°C
OCOCH, OH (383%)
(o]
CH,C®
1) AICly; 180°C
CH,CO0 COOH > HO COOH
2) HCL; H,0; 0°C

MexaHusM neperpynnupoBKu Ppuca, Mo-BUAMMOMY, 3aKTIOYAETCA
B MEXMOJIEKYJSAPHOM alMJIMPOBAHUM 0pmo- WIU napa-ToJIOXEHUs
6eH30/ILHOrO KOJIblla apwiIoBoro 3¢pupa KOMILIEKCOM BTOpOM MoJie-
KyJabl cioxHoro 3¢upa U AlCl; ¢ o6pazoBaHMEM aLlMJABHOIO MIPOU3-
BOIHOrO IMAPOKCHUKETOHA U deHosa:

0
), AlC,
OCOCH, + CH;C ~OCgH;
fo
—_— c1{3—c4<<—_j>—ocoa{3 + CgH;OH.

IMeperpynnupoBKa 3aBepllaeTCd MEXMOJCKYJISPHBIM IEPEHOCOM
auMNbHOM rpynmbl K deHony:

0
13
CH3—COO@C—CH3 + @—OH —
0 0
Y] 4
— @O—C—CH3 + HO—@C—CH; .

B ornuume oT caMux ¢GHeHOMOB UX MPOCTEIE 3¢GUPBI OYEHD JIETKO MOJI-
BEPraloTCs PErHOCeIeKTUBHOMY auiiupoBaHuio o @punemo—Kpag-
TCY B MATKMX YCJIOBUAX ¢ 06pa3oBaHUeM napa-ajKOKCHAaPHIKETOHOB.
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Hauny4quide pesyiabTaThl AOCTHTAIOTCSA MPH aUMJIMPOBAHUM MPOCTHIX
3¢bupoB ¢eHOoJOB ALUITAIOreHMAAMH B XJIOPUCTOM METHIEHE IpH
0°C B npucyTcTBuHM aByX MoJjeii AlCl; unu AlBrj:

0]

O
V, AlCl,; 0—5°C 7
CH,(1, R?

(85-95%)

PeakuuoHHocnocobHble ¢dheHonbl (06bIYHO JBYyXaTOMHBIE (heHOo-
JIbl, MPOMU3BOXHbIE pe30pLMHa) MOTYT ObiTh ALIWJIIMPOBAHbI IIPH B3aM-
MOAEHCTBUUM C HUTPWIAMMU H CYXUM XJOPHUCTHIM BOACPOAOM B IIPH-
CYTCTBMM XJIOpHIOA LMHKA KakK cnaboif xucaoTel JIsloMca (peakiuus
K. Tewa, 1915r.):

® o
OH OH 1;‘111‘12 a
HCl; ZnCl, C-CH; H,0; 100°C
+ ————eee———
CH,CN —T A -
HO OH HO OH
OH (")
HO OH (74—85%)
® _©
C¢HsCH,—C=NH, Cl
HO OH
. .oy CE ZnCly HO OH y.0; 100:C
GeHsCH,CN “onp; 0C —
C¢H;CH,—C=0
HO OH

(60—70%)

Cam deHon U MHOrue Apyrue ONHOATOMHBbIE (EHONBI B YCIOBHUSAX
peakuuu [ewa pawT He KETOHB, a COJM HMHHO3GUPOB
ArOC(R)=N*H, CI".

KoHpeHcauuo ¢peHooB ¢ praseBbM aHTHAPHACOM B IIPUCYTCTBHH
CepHOoil KUCHOTHI WJIM xJnopHxa uMHka (A. Baitep, 1874 r.) cieayer
paccMaTpuBaTh KaK ONHY U3 PasHOBUIHOCTEM peakUUH alIMPOBAHHUS
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no ®puneno—Kpadrcy. B atoM cayyae nBe mMonekynnbl ¢eHoNa KOH-
JIEHCHPYIOTCS C ONHOH MoJIeKynoit drtaneBoro aHruapuaa ¢ obpasona-
HHMEM TPOH3BOAHBIX TpHdEeHWIMETaHA, HAa3bIBAEMbIX (TaTeHHAMH:

@ @ @ H,504 120C g;f(??

=

deHondranenH
(GeCLBETHBIA J1aKTOH)

Ipu pH > 9 Bonublil pacTtBop deHondTaleMHa OKpalIXBaeTcs B Ma-
JIMHOBBI 1{BET B pe3y/bsTaTe pacllefyieHHs JJAKTOHHOro LUKJIa U 06-
pa30BaHUA JMAHHUOHA:

OH OH o® o
cg C

C COOe
N
o

Ipu KoHOeHcaUMu PTaNeBoro aHrHApPHUAA ¢ pe3OpLUHHOM o6pa-
3yeTcsl XeNTo-3eJeHEIH duiyopeclieH, IHPOKO HCNOJIb3yeMblil B Ka-
yecrse UIyopeCIIMpYIOLIEro CpelcTBa:

OH o
OH o OH
C// H,SO,
- OLSo+ [O) -
Q
HO 0 HO

HWHaukaTopaMu SBISIOTCA B Opyrye ¢bTaledHsbl, NojgyyaeMslie U3 dra-
JIEeBOr0 aHTMAPHAA U 0-Kpe30Ja MK THMoJa — Kpe3ondTaneuH, TH-
MoudTanedt U T.4.

COOH

¢yopecuierH
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21.3.5.e. DOPMHUITUPOBAHUE OEHOJIOB

Pa3HooGpasHbie MeToabl BpeeHUS (GOPMUIbHOM IPpYIIbI B apo-
MaTuyeckoe kKoibuLo (peakuuu IarrepmaHa—Koxa, Buiabcmeiiepa—
Xaaka u ap.) 6bUTH MoApPoOGHO paccMOTPeHb! B 1. 13. B a3TOoM pasaene
M3 MHOXECTBa MeToJ0B BBeleHus GoOpMUIBLHON rpynnbl B opmo- U
napa-nojoXeHUs K TMAPOKCHIIbHONK rpynne ¢eHonoB GyaeT noapot-
HO paccMoTpeHa Toiapko peakiiua K. Peitmepa—®. Tumana (1876 r.).
3Ta peakiiisg N0 CBOEMY MEXaHH3MYy Pe3KO OTIMYAETCH OT peaKLMit
3J1ekTpodHABHOrO 3aMelleHUS B apOMATHYECKOM KoJblle (eHOoNOoB,
NO3TOMY ee lieJlecoobpa3Ho paccMaTpUBaTh OTAENBHO OT APYTHX CIO-
cob6oB popMunupoBanus ¢GeHONOB.

®opmunupopaHue ¢eHosoB no PeitMepy—THMaHyY nocTuraercs
Ipu HarpeBaHWH cMecH ¢eHona U Gosbluoro H3GhTKA XIopodopma ¢
BOIHBIM pacTBOPOM IMapokcuna Hatpus npu S0—70°C. Beixoab! anb-
JernaoB oObIYHO HEBEJMKH K penko npesbiuaroT 30%, ogHako Me-
TOJ HCKJIIOYKTEIBHO NMPOCT M JOCTYMEH B IPAKTHYECKOM OTHOLIEHHKH.
I'maBHoe nocToMHCTBO peakuuM PeitMepa—TumaHa 3akimovyaeTcsl B
NpeuMylLIeCTBEHHOM 00pa3oBaHHH 0pmo-, 2 HE napa-H3OMepoB, KaK
3TO HMEEeT MecTo JUia peakuuit Farrepmana v BuibcMeitepa—Xaaka:

OH OH OH
+ CHCl, + NaOH ——2C o CHO
CHC13 - Hzo
(10%)
CHO
OH
NaOH; CHCl;; 60°C OH
H,0 — CHCl,
(38-40%)
OH OH OH
CH OHC
’ NaOH; CHCl;; 60°C CHs . CHs
H,0 — CHCl
(8%)
(20%) CHO

@@ NaOH; CHCl;; 60°C @©j~c1{o
N H,0 — CHCl NS (31%)

MexaHHu3M 3TOM cBOeoOpa3HOif M HeoObIYHOMK peakLMH ObLT cdop-
MYJHpOBaH B KiIaccHyecKHx paGorax [Ix. XaifHa no oOpa3zoBaHHIO K
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H3yYeHU10 peaKIlHOHHOM! crnocoOHOCTH quxiopKapbeHa. luxinopKkap-
6eH — :CCl, — BBINOJHAET poJb NEKTPOPUWIBHOIO Ar€HTa 110 OTHO-
LIeHHIO K eHOKCHA-HOHY, 00pasyloieMycs B LIeJIoYHoi cpene. [Tpen-
roJjlaraeMblif MeXxaHu3M peakuuu PeitMepa—TumaHa MoXeT ObITh
MpeCTaBNeH CIeAyYIoLieil MOCIeN0BATebHOCTBIO NpeBpale HUik:

OH®

CHCl, =—= H;0 + ccl¥ —» :ccl, + A% B0,

o°
o)

cc12 CHCl, + OH®
+:CCl,—> H
7 7
CHCl,
| H —» Ej/ CHC, _oH®
|
- E?‘ | CHC

o)
P «C 0
CHCl OHe Q OHe Cé o
— CH —>| Sy THO+ O
| | 7
(OJH

IMpu npopenernuu peakuuu B D,0 Gonee 97% neittepus BrIIOHaeTCs
B (POPMUJILHYIO IPYIITY CATHLWIOBOrO ATbAeruia. 3To 03HayaeT, YTo
npeBpalieHue

) OH
ccy

. CHCl,

He OCYLLEeCTBAsAETCS KaK BHYTPHMONEKY/IApHBINA 1,2-ruapuaHblii CABHL,
3allpellieHHbIA [IpaBUIaMKH OpOUTANIEHON CHMMETPHHU. XOTs aHHOH IHX-
JIOpMETHILIHKJIOTEKCAaJHEHOHA He ObLT BLUICJIEH B KAYECTBE IIPOMEXY-
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TOWHOro NpOAYKTa peakuuu Peiimepa—TuMaHa mia camoro deHona,
[IPUBEACHHBIN BBILIE MEXaHH3M HMEET IKCIePHMEHTANbHbIE 10KA3a-
teabeTBa. i GeHONSAT-HOHOB, Y KOTOPBIX 0pmo- WIKH napa-1nojoxe-
HHE 3aHATO ATKMIbHOM TpyMNoi, MOMHMO FHAPOKCHOEeH3aIbIernaa
IPYTUM NpPOAYKTOM PEaKIHH BCErIa 0Ka3bIBAETCH LIMKJIOTEKCAIHUEHOH,
comepXalHi THXIOPpMETHIELHYIO rpymiy. Tak, Hanpumep, U3 napa-Kpe-
30J1a NoJyYaeTcs 2-TMAPOKCH-5-MeTHIOeH3anbAErH ¥ 4-MeTUI-4-TUX-
JIOPMETHNLIUKIIOTEKCAMEH -2, 5-0H NPUMEPHO B PAaBHBIX KOJHUYECTBAX:

NaOH; CHCl3; 60°C
H,O — CHCL4
CH, CH, H,C CHQO,

(25%) (26%)

2,4,6-TpumetundeHon obpasyeT 06a BO3MOXHBIX H3OMEPHBIX THUX-
JopMeTHILIHKIOoreKcanueHoHa, B kotopeix CHCl,-rpynna He nog-
BepraeTcs ruiposjamnsy:

He L H CHCL, 4 ¢ C
3 \@CHJ NaOH; CHCl;; 60°C 3 W¢4CH3 ];“;"/ H,
H,0 - CHCI,
CH, 2 3 CH H,C CHCl,
3 (77%)
B TO BpeMs Kak 2,6-gu-mpem-6yTun-4-meTHNDEHON B 3TUX YCIOBUAX

IAeT, KaK H CJIeIOBAIO OXHIATh, TOJbKO OOHH K3 ABYX BO3MOXHBIX
H30MEPOB:

OH

OH 0
CH,),C C(CH3); CH
NaOH; CHCl; 60°c _ (CHiC C(CHa)s
H,0 - CHCl;
CH; CH,CHCl,
(78%)

O6pa3oBaHUe aHOMAJTbHBIX MPOAYKTOB CIYXHKT yOeAUTENIbHbIM NOJ-
TBEpXKOCHWEM MEXaHH3Ma, NpelaraeMoro Ui HOpMaJbHOrO HarpaB-
JIEHWs] peakL1u, NPUBOASILEro K o6pa3oBaHUIO aNbaeruna nocie M3o-
MEpHU3ALUM U THIPONM3a JUXIOPMETUIILHOIM Ipyninbi. Peakuus npotekaer
TOJIBKO B CWIBHO UIEJIOYHOI cpefie MpH HATHYMHK (eHOJIBHOro ruapo-
Kcuia, TOraa Kak mnpoctble 3hHpel (GEHONMOB M IHATKWIAHWIKHEL He
bopMWIHPYIOTCS B 9THX YCIOBHSX. BhIXOAB! 21bJeTHAOB B peakuuu Peii-
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Mepa—TumaHa HeBEJUKH, TaK KaK GoJblIast YacTh UXIOpKapbeHa rul-
ponu3yeTrcs B BOXHOM wIenouyu ¢ obpasosaHueM CO u NaCl:

:CCl, + H,0 —> [HO—CHClz] NaOH 6 + 2NaCl + 2H,0.

Kpome Toro, quxiopMeTiioBnlit ahup deHona, obpasyioumiica B pe-
3y/NbTaTe aTaky AUXJIopKapOeHa Mo KKUCIOpOXHOMY aroMy aMOMIeHT-
Horo (eHOIAT-HOHA, HALIEJO MUAPOIU3YETCs A0 HeXxoaHoro deHona:

o-&al, O-CHCl,

CC12 NaOH
+ HCOO,
H20

21.3.5.x. KOHAEHCALIUA ®EHONOB C AILAETHIAMHU H KETOHAMH

QeHosbl pearupyior ¢ GopMaIbIeruioM B BOLHOM pacTBope B
MIPUCYTCTBUM OCHOBAHHUS ¢ 00pa3oBaHHEM MOJTMUMEPHOIO MPOAYKTa,
MOJIyYHBLIErO Ha3zBaHHE (eHono-hopManbIernagHOM cMOJbI, Kap6o-
JuTa Wik 6akenurta. B 1909 r. JI. BakenyHa 3anaTteHToBaI cnocob no-
JIyJEeHHUSI 3TOT0 NEepBOro CHHTETHYECKOro BhICOKOMOJIEKYJISIPHOIO CO-
eIUHEHHKS, KOTOpOE Cpa3y Xe€ HAUUIO IIHPOKOoe NpUMeHEeHHE B
Pa3IUYHBIX 0O0JACTSAX MAlUMHOCTPOEHMS, 3JIEKTPOTEXHUKH U ObITa,
Hanpumep, NMpH HK3rOTOBJIEHUH KOpPIYCOB TenedOHOB, 3JIEKTpHYEC-
KUX BBIKJIIOYATENEH U T.4.:

OH

. v HoHo NeOH: 20-150C
" H,0 -

&8
Q. @ ©
0O

Crpyktypa ¢eHono-¢popManbaeriaHoH CMOJibl
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B3auMmozeitcTBHe peHOKCHA-HOHA C (POPMATBLAETUIOM HAIIOMM-
HaeT AILAOJBHYIO KOHAEHCALMIO C TOH JMIIL pasHHUEH, 4TO poJb
HYKJIEO(HIILHOIO areHTa BMECTO €HOJIAT-WOHA BBIMOJNHAET aMOUIeH-
THBIK (e HOKCHI-HOH, 2 KApBOHWIBHBIM KOMITOHEHTOM siBsgeTcs dop-
Manpaerun:

o° 0
CH,0°
/° NaoH 2
| + H—C\ L H +
7 H HO

Ho CH,0°
OH OH
spale
CH,OH

Pazymeercs, obGpa3zoBaHue opmo- U napa-rufpoKcHMeTHIIdeHOI0B
MOXHO PaccMaTpHUBaTh U KaK 3JIeKTpO(pUILHOE 3aMellIeHHE B apOMAaTH-
YECKOM KOJble NTof aeicTBueM popMablernaa Kak 31eKTpoduIbHOro
arenTa. [Tono6HO anbaonsim, opmo- ¥ napa-u3oMepbl TUIPOKCUMETMII~
¢deHona roaBepraloTcs AerHApaTalHH ¢ oOpa3oBaHMEM XKMHOHMETH-
OB — COeMHEHM, POACTBEHHBIX 0pMo- M Napa-XUHOHAM:

o
O o)

o CH
t'C 2
CH2 H > + OH ;

©
o
l ﬁ» |¢| + OHe.
Ct,bH CH,

[Mocnenyiouee nprucoeauHeHe GeHOKCUA-HOHA K XHHOHMETHIY Ipe/-
craBisieT coboil mpHcoeqWHeHe aMOMIEHTHOro aHMOHA K «, B-He-
npeaeJbHOMY KETOHY o Muxasio:
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o°
SO —

(@) OH
=3O |+ 8OO

B pesynbraTe nanbHe#lIed MOJTUKOHICHCALIHK B 0pmo- U napa-1noso-
XeHHe K FMAPOKCH-Ipymne deHoa NojyyaeTcs TPeXMepHasl cTpyK-
Typa KOHEYHOro npoayKra — 6akenura. bakeauT npeacrapiaser coboii
NpO3payHyId CMOJIY, /€ JIMHEHHbIEC 3BEHbsI CBA3aHBI «[1ONEPEYHEI-
MH» CBS3SIMM B 1apa-110J0XEHUsIX.

(QeHoNn TaKXKe KOHIEHCHpYeTCS C allETOHOM B KMCHOH cpele ¢
oOpa3zoBaHKeM TaK Ha3blBaeMoro 6ucdeHona A:

OH OH
g
+ CH,COCH, + _HA_ HO—@—lc—@—OH.
CH,
buchenon A

ITonyyeHo MHOro NoaoGHBIX MPOAYKTOB KOHAEHCAIHH (HEHOJIOB
¢ XeToHaMH. OHKM HaXOAAT MpUMEHEHHE B KAYeCTBE aHTHOKCUIAHTOB
M MOHOMEPOB [UISl TIOJYYEHHS STOKCHIHBIX CMOJI, MOJyJyaeMbIX, Ha-
npyMep, NpH KOHIeHcAlHKH BHcdeHoNMa A ¢ SMHUXIOPTHAPUHOM:

O\ CI:H3 O\
CH{—CH~CH,CI + oe—@lc@oe+ CH{—CH-CH,Cl —
CH,
(o) CH3 O
\ I 7\
CH,
o
O,
0 C o
oo
3 CH/—CH—CH2—0-©>-(|:-©>-0—
CH,
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CH;
|
—CH,—CH-CH,—0 C & urn
| |
o° CH;

OMOKCUAHbBIE CMOJIbI IIMPOKO MPUMEHSIOTCS B COBPEMEHHOM TEXHU-
Ke 4 B ORITY.

21.3.5.3. KAPBOKCHJIUPOBAHHUE ®EHOKCHUA-HOHOB —
PEAKIIHS KOJbBE

OpuruHanbHEIH METOJ BBeJEHHS KapOOKCHILHOMK IpyIiNnkl B apo-
MaTHyeckoe KoJblo ObL1 oTKphIT I. Konnbe B 1860 r. [1pu Harpesa-
HUH cyxux eHonaToB Hatpus MK JutHa ¢ CO, npu 150—180°C u
IABIeHUH 5 aT™, oOpa3yloTcs HATPHEBbIE WIH JIMTHEBbIE CONH CATH-
LWTOBOR KHUCIOTEL. B aHATOrHYHBIX YCIOBHSX U3 DEHONIATOB KIS,
pyouaMs H Le3Usd MOJYYAITCS TOJbLKO COJM napa-ruipoKcubeH3oM-
HOM KMCJIOTHI:

ONa . OH
COONa
+ o, 180°C; 5 amm
OK OH
+ Co, 200—220°C; 5 amm
COOK

Taxoe pasnuuuve B HampaBieHHH kapbokcunupopanus Na- u K-co-
neii ¢eHONA NPUHATO OOBLACHATH pa3IHYHEM B XeJIaTooOpa3oBaHUHM
3THX ABYX KaTHOHOB ¢ aToMoM kuciopoga CO, B mepexoqHOM co-
CTOSIHUM peakLUWH, MPUBOAALLEM K CAIMIHKIOBOM xucnore. Karuo-
Hhl HaTpUs W, 0COOEHHO, JIMTHA 3HAYHTENLHO GoJee 3hdeKTUBHEI
[0 CPAaBHEHHUIO C KATHOHOM KaIHs B cnocobHOCTH K 0Opa3oBaHUIO
KOOPAWHALMOHHOM CBSA3M C aTOMOM KMcCJIOpoaa:

ONa Na\
COONa
+ CO,=— So —*

Ipennonaraercs, 4To A5 GEHOJATOB KATUsL, pyOMIHSA U LE3NS JieK-
TpoduIbHasA aTaKa OCYLUECTBASETCS MCKJIOYUTENbHO B napa-noio-
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XeHKe be3 Kakoi-1ubo KoopAWHALKMK KATHOHA 110 ATOMY KMCAOpoaa.
3Ta oyeHb paclnpocTpaHeHHAass TOYKa 3peHWs Ha MeXaHW3M peakLuM
Konnbe Bce-Taku He O0OBACHAET MCUYEpIbIBAIOWIUM 06pa3oM AMaMeT-
PabLHO [TPOTUBOMONIOXHOE MOBeAcHUE (PEHONSITOB HATPUA W KaUs B
3TOH peakliMM, TaK KaK U3BECTHO, YTO KATHOH KaJus crnocobeH Kk
00pa3oBaHHIO KOMMJIEKCOB C KHCJOPOAHBIMM JIMTAHAAMM, HaNpuMep
KpayH-Tonuadupamu. bosee moapobHoe HayyeHHe yKa3blBaeT Ha TO,
4TO MEXAaHHM3M 3TOH BHELIHE O4YeHb [IPOCTOM peakKIMH HAMHOIO CJIOX-
Hee, YeM MPUHATO CYMUTATD.

be3BoaHble MOHOCANMUMIATH Kanusi M pyOMausi NpU Harpesa-
HuM 00 200—220°C paror an-K- u au-Rb-conu napa-ruapoxcubeH-
30MHOMK KUCJIOTH U eHo:

OH

2 COOK 200-220C. Ko-@-coox + @OH + CO,.

Juxkanuesas cojib CATMIKIOBOM KHCIOTHI MEperpynIIupOBLIBAETCH B
JHKATUEBYIO CONIb napa-THAPOKCHOEH30MHOK KUCIOTHI:

OK

2 COOK 220-250°¢ 2KO —@—COOK.

HartpueBasi conb napa-ruipoKCKOeH30iHOM# KHCIOTBI [pU Harpesa-
HMM NPEBPALIAETCA B JHHATPUEBYIO COJIb CAIMILIKIOBOM KUCIOThHI:

ONa
290°C ,

W3 3toro cneagyer, yto KapOOKCHIHPOBAHHE LIEJTOYHBIX (PeHONATOB
npeacrasnsier coboi oOpaTMMyl10 peaklUHlO, U HalpaBieHHE €€ 3aBH-
CHT TONBLKO OT NPUPOABLI KATUOHA. AHAIOTHYHbBIE 32aKOHOMEPHOCTH Ha-
6II00AI0TCsT TPY KOPOOKCWIHPOBAHHHK IHETOYHBIX coneit 2-HadToa:

ONa OH
260°C; 5 am
\ “ RN

COONa
OK OH
& 250°C; 5 amm &
+ CO,
A F Z
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B oTinMuMe 0T OfHOATOMHBIX (PEHOJIOB, ABYX- U TpeXaTOMHbIE (eHObI
KapBGOKCHIHKpPYIOTcs B Gojlee MATKHX YCJIOBHSIX. TakK, pe3opLUMH Kap-
6okcunupyetcs npu nponyckaiud CO; B BOOHBII pacTBOp ero qUKa-
nueBoit conu npu 50°C c obpasosaHueM 2,4-nurunpokcubeH3oitHOK
KHMCJIOTBI:

COOH

1) COy; Hy0; 50°C

2) HCI; H,0 o
KO HO  (57-60%)

Mpu xapbokcHIKpPOBAHHK Mema-aMHHOdeHosa obpasyercs napa-
aMHHOCAIMIIUIIOBASA KMCJIOTA, KOTOpas MOJ TOProBbIM Ha3BaHHEM
TTACK wucnosnb3yeTcd B KayecTBe JIEKAPCTBEHHOro Ipenapara st
JleyeHHs TyOepkysesa:

COONa
NaHCO
ONa — =3, OH
H,0
H,N H,N

21.3.5.u. ASOCOYETAHHE

QeHoNbl IPH B3aUMOAEHCTBHH C COJISMM apeHIHA3OHUS B Clla-
GowenoyHoit cpelte o6pasyior apunasodeHossl. JTa peakLus MNoJy-
YKJIa HA3BAaHUE Aa30CcOoYeTaHHUs, oHa ObL1a nogpoObHO paccMOTpeHa B
ri1. 20. B kadyecTBe npuMepa NpHUBEAEM 3aech MOJyYyeHHE KpacHTeNs
nyHuosoro 2R, KoTopbiit MogyyaeTcss NpH a30COMETAHHH JHA30THPO-
BaHHOIO Mema-KCWIMAHWHA U R-KHCIOTHL:

H3 NaO;S SOJNa
_.' CH3@N=N HO
NaO-$ SO;Na
nyHuosbii 2R
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21.3.6. TIEPETPYTINIMPOBKA KISH3EHA
ANJINJTAPHIOBBLIX 3OHPOB

B 1912 r. JI. KnaitseH oTKpblI HHTEpECHYIO H cBoeobpasHylo ne-
perpynnupoBKy a/LTMioBbIX 3pHpoB ¢(eHOoM0B B aTHiI(deHONbl, KO-
TOpasl cTajlla NPOTOTHIIOM JUIS MHOTHX POACTBEHHBIX CHIMaTpOIMHBIX
neperpynnupoBoK, MpHBeIeHHBIX B . 26. AJTHiIoBhIi a¢Hp deHoIa
npy HarpeBaHUH no 200—220°C npeBpaiiaercs B opmo-aunwigpeHo,
T.e. AUIMNLHASA TPYIIAa MUIPHpYET B 0pmo-TojoXeHHe GEH30AbHOI0
KOJIbLia:

0-CH,-CH=CH, OH

200—220°C CH,~-CH=CH, .
(73%)

Ecnu ofa opmo-110510XeHHsT 3aHATH 3aMECTHTEISIMH, TO aJUTMIbHAas
rpyNnmna MepeMeLaeTcss B napa-rojoXeHKe:

O-CH,-CH=CH, OH

H,C CH; soc  HiC CH;

CH2_ CH= CH2

YcTaHOBEHO, YTO U 0pMO-, K hapa-NeperpynnupoBKH SBIASIOT-
€51 BHYTPHUMOJIEKY/ISAPHBIMH pEaKLMsIMHK [epBOro mnopsiika, Koropbsie
COIPOBOXAAIOTCH HHBEpCHEN MUIPHPYIOLIEH AXIHIBHOMR rpymnel, T.€.
LUTHJIBHAS rpyINa NMpHcoequHseTcs K GeH30JIbHOMY KOJIbLY CBOMM
Y-yIJIEpOJHBIM ATOMOM:

O-CH,-CH=CH-CH;4 OH

220°C CH-CH=CH,
CH;,

H3 atoro cnenyer, 4To MNepexogHOE COCTOSIHHE IeperpyninupoBKH
KnstitzeHa 1o/kHO BBITh UMKIHYECKKM 1LECTU3BEHHBIM. Takoe nepe-
XO[HOE COCTOSSHHE BKJIIOYAET LUECTh TM-3JIEKTPOHOB Y SIBASETCS Apo-
MaTHYECKWUM, YTO COCTaBISIeT OBHXYLUYIO CUIY 3TOH TepMHYecKOH
neperpynnupoBkd. Ha nocnenHeit cranuMu nMpoHCXOQMT H3OMepH3a-
LM LUMKIOreKcaagueHoHa B o-ajutiideHon. 3T1a cTaius MOJHOCTHIO
aHIOrMYHA U3OMEPU3ALHK KETOHA B eHOJIbHYI0 hopMy:
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_CH, S

" “cH Q" TH 0
I .- CDy CDsCH=CH,
CD2 t°C | - l H

& & Z

HUKIOIMCeKCaueHOH
OH
CDQ_CH:CH2

HU30MEpHU3aLInA |

2,4-1lukiorekcageHOH SBISIETCS MHTEpPMENHATOM IeperpynmnuposB-
KU aJUTMJIapHJIIoBLIX 3¢upoB. Takod HHTepMeAHAT MOXET OBITh BblIe-
JIeH TpH NeperpynnupoBKe AUIMIoBoro agupa 2,6-nuMetTwideHona,
KOI/a aJUIMJILHAS IpYIa MUTPHPYET B napa-TojoXeHHe, MOCKOIbKY
eHOJIM3alMA KETOHA B (JEHOJ B 3TOM CJIyyae He MOXET NMPOHCXOIUTD
M3 opmo-nonoxeHusi. KoHEYHBIM pe3yabTaTOM ABYX I10CIEJ0BATENb-
HbIX MUTPALKI AJUTHJILHOM IPYINILL ABASETCS COXpAHEHHE CTPYKTYPhI
MUIPHPYIOIUEH IPYNIIbI:

_CH,-CH=CD
o-CHy-CH=CD,

H}C CH3 H3C CH3 °
C ‘_9.
- CD2‘CH=CH2
“
(o) OH
CH H,C CH
H;,C7 é?'/ 3 °C 3 \©/ 3
—— —
H CH,~-CH=CD, CH,-CH=CD,

Lluknorexcai#eHOH YJIAaBIMBAETCS B BUIE AIIYKTa C MaICHHOBBLIM
AHTMAPUIAOM, KaK KHEHO(DHIOM.

IleperpynnupoBka KnsifseHa xaranusupyeTcd KuciotamHu. Tak,
HanpuMmep, opmo-aJuIMiIgeHoN obpasyercs U3 GeHUNTATHIOBOro
a¢upa B TpudTopyKcycHoM kucaore yxe npd 20°C, a B MpUCYTCTBHH
xinopuna tutaHa (IV) B xnopucroM MerHieHe — paxe npy —78°C.

Murpauus ATIKILHOM IPYINbl XapakTepHa He TOJIbKO IUIA aJlIK-~
JIoBbIX 3¢pHPOB heHoNoB. AJUTHNOBBIE 3(HPbl EHOJIOB TAKXKE MOABEp-
ralorcs aJUIMJIbHON neperpynnuposke. HanmpuMep, asIKIBHHHIOBLIE
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3¢ upbl B pe3yJIbTaTe MUIPALMK AUIKJIBHOMK IPYIIBI TpeBpallaloTCs B
Y, O-HeHachIlUeHHbIe KapOOHKIbHbIE COeOUHEHUS:

S cnZorcu, Zomi-cn, -29C o

a7
CH;" “CH, A
— E E — CH2=CH_CH2CH2C\
b-"--._ .--;CHz
\CH (50%)
CH=CH, .. 0
CH2=CH—O—CIIH — CH,=CH —CH=CH—CH2CH2—CI: .
CH=CH, H

Bce 3TH neperpynnupoBKH B paMKaX COBpEMEHHOH TEPMHHOJIOTHM
onpenensores Kak [3,3]-curmarponiHele. MexaHH3M CHrMaTpOITHBIX

MEpEerpynnupoBoK C MO3KMUMKHK OpOHUTANBHO# CHUMMETPHH I1OAPOOHO
MpOaHAIM3UPOBaH B II. 26.

21.3.7. OKHCJIEHHE ®EHOJIOB

OKHcIeHHe [TpOCTPAHCTBEHHO He3aTpyAHEHHBIX (GeHONOB OTHO-
CHUTCSA K YMCIY CJIOXHBIX, MHOIMOCTANHHHBIX [TPOLECCOB, MEXaHHU3M
KOTOPBIX MaIo U3yyeH. OYeBUIHO JHIIb TO, YTO MEXAHHU3M OKMCJIE-
HUSL MOXET CHJIbHO MEHSITBCS! B 3aBUCUMOCTH OT I[IPUPOJBI ONHO- WU
IBYX3JIEKTPOHHOro oxucaurtenst. Cam ¢peHON IPH OKUCIEHHM ABYX-
3JIEKTPOHHBIM OKHC/IMTEIEM — JUXPOMATOM HaTpus WiH MnQ; B cep-
HO# KHCJIOTE 00pa3yeT ¢ yOOBJIETBOPHTEIbHBIM BHIXOAOM NApa-XUHOH:

OH O
Na2Cr207
H,S0O, — H,0 L
O
n-XUHOH

[MTpeanonaraloT, 4To NepBoHaYajlbHO M3 (eHosa U XPOMOBOH
KHCJIOTHI IonyJyaeTcs peHUAOBbIK 2(pHp XpOMOBOM KMCIOThI, KOTO-
pbiit 3areM oTweriger aHuoH HCrO; ¢ obpazoBaHueM kapbokaru-
OHa, CTaOMIH3UpYIOWErocs MpH MApaTallHM OO TMIPOXMHOHA, KO-
TOpblit fajiee OKUCISETCS OO0 XHHOHA:
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OC‘CrOJH 0

0
| —HCro? |©| HOH |@|+H® .
® H” oH
OH (o)
N8.2CI'207 o i |
H,S0,; H,0
OH (o)

YHHBepcATLHBIM OJHO3JIEKTPOHHBIM OKMCIHUTENeM (PEHOJIOB SB/ISIET-
cq conb OpeMH — HHUTPO3OAHUCYIbGOHAT KUIHA — PEAKHH IpPHUMED
CTaOUILHOrO HEOPraHHYECKOro HUTPOKCHJIBHOIO cBOGONHOro pamu-
KaJna, NnojyyeHHoro Bnepsble eile B 1845 r. OxucieHue QpeHOIOB CO-
Jbio OpeMu HIET B OYEHb MATKHX YCIOBHSX IO PaIfHKaJIbHOMY Mexa-
HHM3MY H TNPUBOAMT K Napa-XMHOHAM C BBIXONAMH, OMM3KHMH K
KOJIHYECTBEHHOMY:

OH o
(KO;S),NO-; 20°C
O——0)
O (97%)

ApoMaTHYecKKe aMHHBI [1aKO OKMCIISAIOTCS cosbio PpeMu 1o napa-
XHHOHOB.

NH,

CH,0 CH CH,0 CH
3 3 (KOsS),NO-; 200C  ° 3

= H,0 — aueron

O (96%)

Conr ®@peMH Jierko NOCTYNHA H NOJIY4aeTcA B HACTOSLEee BpeMs Clie-
LYIOIKUM oOpa3oM:

0-5°C
NaNO, + Na;$,05 + CH;COOH ——
2

0-20°C
H,0

(Na0,8),N—OH + CH;COONa;

3(Na0,S),N—OH + KMnO, 3(Na0;S),NO- + MnO, + KOH + H,0;

2(Na035);NO - + 4KCl

2(KO]S)2NO - + 4NaCl.
2
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CaMblii nmpocToit ¥ ynobHblil cnoco6 nonyyeHus opmo- ¥ napa-6eH-
30XMHOHOB COCTOMT B OKHCAEHMH COOTBETCTBEHHO MUPOKATEXHHA H
TMAPOXKHOHA. B XxayecTBe OKUCIHTENEl MOXHO HCIOJIL30BaTh CAMbIE
pa3HoOOpa3Hble peareHTbl: AHXpOMAT HAaTpHsA, rexcauuaHodeppar
(I1) xanus, MepKUCIOTHI, OKCHA cepeOpa, NAKOKCHA CBHHUA H DS
OPYTUX OKUCIIHTENECH:

OH
Na,Cr,05; 30°C
H,50,4 H,0 |
OH O (86—92%)

ARaTOruyHoO BenyT cebd U napa-aMHHOGMEHONbI:

NH,
< Naycr,05; 10C
H,S0, — Hy0 |
OH

O (83%)

YoBneTBOpHTEIbHbIE PE3YALTATHI IPH NOJYYeHUH opmo-6eH30XHHOHA
U3 NHPOKATEXHHA JOCTHrAIOTCH B TOM CJIyyae, ECJIH B KAYECTBE OKMC-
JIUTENS UCTIOJB3YETCA OKCHJL cepebpa B 3¢hHpe B NPHCYTCTBHH CYJb-
cara HaTPHA WIS CBA3BIBAHKSA BLLIEIAIOLIEHCH NPH OKMCIIEHUM BOMbL:

OH
O, =L,
————-
adup .
OH "0
XHHOHBI, comepXali(ie 1EKTPOHOAKIENTOPHbIE 3aMECTUTENH —
2,3,5,6-teTpaxnop-1,4-6eH30xuHOH (x10paHWwI) Wik 2,3,5,6-TeTpa-

HKaHO-1,4-0€H30XHHOH CIYXAT MPEBOCXOAHBIMH OKHCIHTEISIMH st
NpeBpaLlEHUs ABYX- K TPEXaTOMHBIX (eHOJIOB B XMHOHBI, HAIIpUMep:

OH OH
/ C src_ Cl a
\ H, al “GeHs a e a

OxkucneHre ABYXaTOMHbBIX (peHONoB A0 1,4- unu 1,2-XUHOHOB ocylle-
CTBASIETCA B HECKOJBLKO CTaluit, BKJ}OYAIOUKX OoOpazoBaHKe aHHOH-
pagvKanoB U paguKanoB. MexaHU3M 3Toi BaXHOH B TEOpPETHYECKOM
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OTHOLLIEHWU MOJAEIbHOMN peakluuyu OyaeT paccMOTpeH B pa3aese «Xu-
HOHBbI».

MexaHu3M OKHCJIEeHHMS (eHOJIoB, collepxXalllux B oboux opmo-
MOJIOXKEHUAX H napa-rnojloXeHUH anKUiIbHble, ApHIIbHBIE WK AIKOK-
CUJIbHBIE IPYINBI, TiIaTeJbHo u3ydeH. E. Miosnep (1953 r.) u Hesa-
Bucumo ot Hero K. Kyk oOHapyXWJIH, 4TO NMPH OKHCJIEHHH
2,4,6-Tpu-mpem-6yTundenona rexcauunaHodeppatroMm(IIl) xanusg
K;Fe(CN)¢ B 6HHapHOif cucTeMe 6eH30J1—BOAa B UHEPTHOH aTMoc-
epe obpasyercs ycTOWUMBBIH paluKan ONHOBAIEHTHOIO KHCIODO-
Ia — TpH-mpem-OyTUI(EHOKCHII, OKPAIUEHHbIH B CHHHH LIBET:

OH O-
(CH;);,C C(CHj,3)4 K,Fe(CN); NaOH (CH;3)5,C C(CH;);

C¢Hg — H,O; aprox

DTOT palHKaj HaxoguTcs B MoHOoMepHo# c¢dopme B 0,1 MonsipHOM
pacTBope B OeH3oJie HIH 3¢dHpe, a TAKXKe B KPUCTALUIMYECKOM COCTO-
sHuK. OH OYeHb YYBCTBHUTEJIEH K NEHCTBHIO KHCIOpOAa Bo3nyXa, OK-
cupa asora (IV), okcuma asora (II) ¥ Apyrux palMKaibHBIX YacCTHIL.
OKuKCIeHHEe NPOCTPAHCTBEHHO 3aTpyAHEHHBIX (eHosoB n0 GeHoK-
CHJIBHBIX (AQPOKCWIbHBIX) PAAKKANIOB OCYILECTB/SIETCH NOX JeHCTBH-
em rekcaunaHodeppara (II1I) xanus B OMHapHO# cucTeMe GeH30JI-
Bona, nHokcuma csuHua PbO,, okcuga cepebpa, conu Ppemu win
JPpYroro oxHO3JEKTPOHHOIO OKHCIKTENSE B HHAKGMEepeHTHOH! cpene:

(CH3)sC C(CHy);3
PbO,; 20°C; aprox
HO N 0] »
acdup
(CH;),C C(CH3j)3

(CH3):C C(CH;);
— - - O—Q— N:Q:o
(CHaC (r0-so%) C(CHa)s
UHAOGEHOKCH

(DeHOKCUIIbHBIE PaaUKaIbl, CONEpXallKe B 000KX opmo- u napa-
MONIOXEHHUSX TPETUYHBIE AIKWIbHBIE TPYINbI, MOHOMEPHBI H HE Mpo-
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SIBJIIOT TEHAEHUMHK K 00pa3oBaHMIO numepoB B pacteope. C apyroi
CTOPOHb!, (PeHOKCHJIbHBIE PAaIKKATbl, cogepXauue (PeHWIbHYIO WIH
ATKOKCUNIBHYIO IPYNIY B 0pmo- WM napa-noJIOKEHUsX K paIvKaIbHO-
MY LIEHTPY, IPOSB/ISIIOT SIPKO BbIPAXEHHYIO TeHIEHLHIO K obpasoBa-
HHIO auMepoB. Tak, Harnpumep, Mpy OKMCHeHHH 2,4,6-TpudeHIde-
Hona rekcaunaHogepparoM (II1) xanus noryyaetes (c Boixogom 95%)
nuMep, xotopslit B 0,01%-m 6enszonsHoMm pactBope pH 20°C gucco-
UMHpOBaH ToJAbKO Ha 10%. PagMKaabl ¢ aJKOKCHILHOM rpynrioii B
napa-rnonoxeHuu 6onee cTabUNbHEI H 2,6-01H-mpem-OyTHI-4-METOK-
cudeHokcun B 3%-M pacTBope B GeH3ose MoHoMmepeH Ha 70—75%.

[Ipy okucieHnu ¢eHONOB 06pa3yeTcsl HECKOJIbKO pajIMYHBIX
dopM 1HMepPOB B peayabTaTe 00pa3oBaHus HOBBIX cBsizeit C—C mexny
opmo-opmo, opmo-napa- W napa-napa-IroaoXeHUSAMH HCXOOHBIX pa-
OMKaI0OB, a Takxke HOBBIX C—O cBsizeif MeXIy aTOMOM KHMCJIOpoja
ORHOIo pajKKajia U opmo-I0JIOXEHUEM Jpyroil paiuKaabHOK 4acTH-
ubl. Beero, TakuM o6pazoM, 0OpasyeTcs NOTeHUKATbHO HE MeHee ITATH
paIMYHBIX THITOB JHMEPOB, KOTOpble HAXOASTCSi B paBHOBECHH C
UCXOAHBIM (PEHOKCHJIBHBIM pagyKalioM, HanpuMep IJIS MOHO3aMe-
WeHHoro ¢eHona:

R R
= H
Do — o
R = H =
0O
R R
R
O D
O—@ R H T.0
o) + o)
— H —

JuMepnl, BOJHHKAIOLLHE B Pe3yJbTaTe peKOMOHHALMM pajgHKa-
JoB ¢ obpasoBanHueM HOBOU C—C-cBs3M, HA3LIBAIOTCS XHHOJIWAAMM.
XUHOMMABI Hanee H30MEPU3YIOTCH C 00pa3oBaHHEM M3OMEPHbIX IH-
ruapokcuoundeHunos. JApyroi THIT JMMEPOB, COAEPXALIHX LIEHTPAIb-
Hy10 cBs3b C—O, HOCUT Ha3BaHHe XHHOJIOBBIX 3dupoB. OBpaszoBaHHe
XM HOJIOBBIX 3(PHPOB CBOCTBEHHO JUTSI MHOT'MX [IPOCTPAHCTBEHHO 3aT-
pYAHEeHHBIX eHOKCUIbHBIX pajHKaloB, HanpuMep mis 2,4,6-tpude-
HuJpeHoKcuNa, 2,6-1u-mpem-6yTun-4-pennncenoxcuna; 2,6-gu-
mpem-0yTHI-4-aTKOKCU(PEHOKCHIIOB ¥ T.I. XMHOJIO0BbIE 3DUpPBI MOTYT
OBITb IMOJIydYeHbl NMPSAMbIM OKHCAEHWEM COOTBETCTBYIOLUMX [IPOCTpPaH-
CTBEHHO 3aTpyJHEHHBIX (heHOoNnoB:
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OH

CsHs CeHs K3Fe(CN)s; KOH; apron

CgH¢ —H,0

C6H5 C6H5
. QHS—Q—O—QO
C6H5 C6H C6H5

B pacteope npu HarpeBaHHH OHH JUCCOLUMMPYIOT HA pagMKaiabl. Xu-
HoaunHas c¢dopma gumepa oOpasyeTcs B TOM clydae, Korja napa-
MOJIOXEHHE WIH OZHO M3 0pmo-NojioXeHUH peHOKCcUIA HE 3aMelie-
HO. JIDYTHMH CJIOBAMHK, XHHOJHALI MOJYYalOTCS NIPH OKUCIEHHH 2,4-
K 2,6-mankwideHoNIoB ¢ Mocjenylome nuMepusalueil odpasyo-
IKXcS (PEHOKCHIbHBIX PAIUKAIOB:

OH O-
(CH3):,C C(CH3)3 PbO,; apron (CH3):C C(CH;);
— —_—
achup
(CH3y),C C(CH;);
[HMepU3aLHst o o
H H
(CH3)3C C(CH3)3
(CH;):C C(CH,);
PbO,; aprox
— HO OH
a¢mup
(CHy,C C(CHy);
(CH,;);,C C(CH;),
- = 0 ¢]
(CH;)C C(CH3)3
IneHOXMHOH

HanbHeilllee okHcneHHe XHHOJMAHOIO IMMeEpa MAKM ero TayTo-
MepHOH (opMbl — OTUrMApOKCHOHPeHWIa — NPHBOAUT K 06pa3osa-
HUIO AU(EeHOXUHOHA.
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Takum 06pa3oM, NpPOU3BONHbIE AMDEHOXMHOHA SIBISIOTCS [JIAB-
HBIMKH KOHEYHBIMM IPOAYKTAMM OKHCIeHHs 2,6-AuankuicheHoNoB
TaKMMH OKHUCIHTENAMU, Kak PbQO,, Ag,0, KiFe(CN)g.

Jdumepusauns Kak cnocob cTaGHIM3aLMH PAJHKal0B XapaKTep-
Ha U8 (PeHOKCWIbLHBIX PAlHKAJIOB, CONEPXaluuX B 0pmo- W napa-
NOJIOXEHMAX APWIbHbBIE WIH mpem-alKWibHble rpynbl. PeHOKCHIIbL,
HMEIOLME B napa-noJIoXeHHH K paluKalbHOMY LEHTPY NEPBHYHYIO
WIH BTOPHYHYIO AIKMJIBHYIO IDYNIY C OL-BOLOPOAHBIM aTOMOM, CTa-
OUJIM3HPYIOTCA B pe3yJIbTaTe AUCIIPONOPLHOHUPOBAaHHs. Tak, Hanpu-
Mep, heHOKCHIbHBIA panvKan, o0pasyonHics IpH OKKCIEHUH HOHO-
Jla THOKCHIOM CBHHUA MJIK rekcaunaHodgeppatom (III) xanus,
IUCIPONOPLIMOHUPYET ¢ 00pazoBaHHeM (peHoNa H METWIEHXHHOHA:

C(CHy); C(CHy);
PbO,; apron AMCNPOITOpPLIHO-
CH; OH CH, o —
acup HHMpPOBaHHUE
C(CHy); C(CH3y);
C(CH3)3 C(CH3)3
— CH; OH + CH, 8]
C(CH,), C(CHy)3
METWIEHXMHOH

MeTuIeHXHHOH MaJoycTOHYHMB H npeBpaiiaercd B 1,2-6uc(3,5-au-
mpem-0yTII-4-ruapokcueHmN)3TaH U CTHILOEHXMHOH.

(CH;);C C(CH3);
o CH, + CH, o —
(CH3),C C(CH3);
(CH3),C C(CH)s
— = HO CH,-CH, OH M
(CH;);C C(CH3);
(CH,),C C(CH3)s
— O=C>=CH—CH=QZO
(CH3):C CTWIB6E HXMHOH C(CH3),

459



Audenon nanee nerko oxucisgercs PbQ, go ctuianbenxuHoHa. [lo-
JOOHBIM THUIT MpeBpailleHHs1 XapaKTepeH M IS JpYyTrHX (PeHOKCHJIOB,
coiepXall¥X alKWIbHYIO rpyIIly ¢ 0.-BOLOPOAOM B napa- Wid opmo-
nojioxXeHuH (2,6-au-mpem-6yTun-4-stunderona; 2,6-au-mpem-06y-
THJI-4-H30MpOoNHUIpeHONa U T.O.).

Cpenu MHOTOYKC/IEHHBIX CTAOMJIBHBIX APOKCHIIbHBIX PaIuKajoB,
BepOsiTHO, Haubosiee M3BECTeH pagMKall, Ha3bIBAEMbIH [AIbBHHOK-
CWIOM. DTOT pagMKan MOJyYyaeTcsl NpH OKHUCIEHMH 3aMEilleHHOro
avudenunameraHa PbQ; B adupe:

(CH;);,C C(CHj3);

PbO,; apron
C H -
HO H, o aup; 20 °C; 8 4

(CH;3),C C(CH,);

(CH;);C C(CH;);

(CH;),C (63%) C(CH,);
TIbBHHOKCHII

BTOT pagHKal OKpallleH B TEMHO-CHHH LIBET M O4YEHb MELJICHHO pea-
THPYET C KMcIoponoM. OH MHOTAA HCIIOJIb3YETCs VIS YIABIMBAHUSA IpY-
rux, MeHee crabWiIbHBIX pagukaioB. CTabWibHble apOKCHIIbHBIE pamu-
KaJIbl MIPAIOT BAXHYIO POJIb B MpoLieccaX HHIMOMPOBAHHUA CTAPEHUSA M
pa3pyLIEHH MOJIHMEPOB, MOCKOJBEKY (PEHOJIB] BBIMOJHSIOT POJb JIOBY-
LieK MHULUMATOPOB PAIMKaIbHBIX [IPOLECCOB CTapeHHUs NMOJIUMEPOB.

21.4. XMHOHBI

XWHOHBI M0 CBOEH CTPYKTYpe SBJISIOTCS LIMKJIOreKcaiHeHOHa-
MH, HO MX Ha3BaHHE MPOHCXOIHT OT apOMAaTHYECKHX YIJIEBOAOpOJO0B:
OeH30XMHOH — oT GeH30/1a, TOJIYXHHOH — OT Tojyosa, HadToxu-
HOH — OT HadTanuHa ¥ T.4. Ludpsl B HaYane Ha3BaHUA 0603HAYAIOT
NOJOXEHHE ABYX KapOOHUIBHBIX IPYIIN:

(@]
o O
"0
1,2-6¢H30XUHOH o
(0pmo-6eH30X1HOH) 1,4-6eH30XMHOH

(napa-6eH30XHHOH)
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o)
o)

OH
HC H,C

OCH,

0]
3-ruapOKCH-2-METOKCH-
5-metnn-1,4-6eH30XMHOH
(aHTMOMOTHK (PYMHUTaTHH)

O
2-Memn-1,4-6eH30-
XHHOH (TOJTYXWHOH)

O O
x o) = x =
o o
2-memn- 1 ,4-nadroxuHoH  2,6-HadTOXMHOH 9,10-aHTpaxHHOH

MHorue Mpou3BOAHbIE XMHOHOB COCTABIAIOT BAXHYIO IPYIILY MpH-
POAHBIX BeUIECTB — KpacuTefeil, IMIMEHTOB, aHTHOMOTUKOB, BUTA-
MHHOB H T.1..

O OH o o)

@ﬁﬁ@/w @ X

N ~ ~ CH,
o)

OH O (0]
ANH3apHH (TIPOTPABHOM IODIOH (5-THApO- dmvioxon (aHTHOHOTHK)
Kpacutenb) 1,2-AMruapo-  Kcm-1,4-HadToxyHOH) 2-THAPOKCH-3-MeTHII-
KcH-9,]10-aHTpaxuHoH 1,4-HahTOXHHOH
(0] (I:H3
OH
CHiCH, H-ch
N CH3E=C—((‘:H2)3 (GHa)s
0 (iH"(CHz):;"(.:H
CH, CH,
2-ruapokcu- 1,4-HadToXMHOH sutamuH K, (bwinoxunon)

(meficTBYIO1IICE HAYANIO XHBI)

CH
0 73 OH O
CH;0 (CH,—CH=C-CHy)p-H HO CH,CH,4
CH;0 CH, HO OH
0] OH O
YOUXHHOH (KO3H3HM Q) 3XMHOXpOM A (TIMI'MEHT MOPCKOTO €Xa)
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IlpoussoaHsie 9,10-aHTpaxMHOHA LWMPOKO UCHOJbL3YIOTCS B Ka-
YecTBe CHHTETUYECKUX AHTPAXMHOHOBBIX KpacuTeled INs XJIOMKa,
IWEPCTH U CHHTETHYECKUX BOJIOKOH. DTH KPACUTENU OTIUYAIOTCS Sp-
KOCTbBIO LIBETa, BLICOKOH TEPMHUYECKOI U (POTOXUMUYECKON YCTOUIH-
BoCTbi0. B KkayecTBe npuMepa npuBeleHbl GOPMYJIbl HEKOTOPBIX aHT-
PaXMHOHOBBIX KpacuTeNei:

0]
P N
O NH,
i i t : i OCgH;
O NH,
MHIAHTPEHOBbI cHHUi P OpWINHAHTOBLI KpacHKI s
Ul XIoTKa (MHOAHTPEH) NONUXPHPHBIX BOJIOKOH

HWHoaHTpeH Mojay4yaroT U3 2-aMUHOAHTPAXUHOHA U €ro [IPOU3BOAHBIX,
HalpuMep:

O NH, O HNTY Z
_KOH; KCIO; ¢~ NH ©
@i::”:i 220-250°C Q:‘j:j/ (55%)
0

21.4.1. ITIOJYYEHHE XHHOHOB

XMHOHBI MONYYAIOT OKHMCAEHHWEM ONHO- M ABYXaTOMHBIX heHo-
JIOB, aMHHOB M IHAMHHOB apoMaTuhyeckoro psaa. CaMbiit yIOOHbIH
criocob Mojy4eHUs XMHOHOB 3aKNKYaeTcs B OKMCJIEHUU OJHOATOM-
HbIX (heHONOB conbio OpeMu — HUTPO3OAUCYNBL(OHATOM KU, DTa
peaxuus OCYILECTBISIETCS B UCKIIOYUTEALHO MATKHUX YCIOBUSX B BOJ-
HOM CIIMpTE WJIM aleTOHe, BbIXOX 0ObI4HO npeBbiliaeT 90%.

OH <A
(K05S),NO- {f | (KO;8),NO-
—_—
AN BOJa — alETOH
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0
— lij —— 1 +HNGOK)

H™  0-N(S0,K), o (©7%)

ITpuBeneHHbI Ha 3TOH cXxeMe LUMKIOreKCaIUeHOHOBLIH UHTEp-
Meauar ObUT BblIeJIeH, YTO JO0Ka3blBaeT MEXaHU3M OAHO3JIEKTPOHHO-
ro okucineHus ¢eHonop convio Opemu. JIpyruM OAHO3NEKTPOHHBIM
okuciuteneM eHoNMoB sABasgeTcd KapboHAT cepebpa. DTOT peareHr,
COMIACHO JAHHBIM MOC/eJHUX JieT, 0COOEHHO MPUrofeH ISl OKUce-
HUs 1,2-guruapokcubeH30/1a U ero IIPOU3BOAHBIX JO OpMO-XWHOHA:

OH
Y ey
———
X NoH BT N0 (100%)
yHMKaJXbeIM pearcHTOM IJs NOJYYECHHUSA Opmo-XPIHOHOB U3 OOHO-

aToMHbIX ¢eHonoB okazancsa (C¢HsSe0),0. Ero npumeneHue orpa-
HUYHMBAETCSl TOJHKO HOCTYMHOCTBIO PEareHTOB Ha OCHOBE CeJieHa:

OH
R R

o}
_(CeHsSe0n0_ (50-60%)

a5 oxucieHUs ¢GeHOJOB, AapOMAaTUYECKUX dAMUHOB U THAPOXHU-
HOHOB 0 1,4-6eH30XMHOHOB U 1,4-HAQTOXMHOHOB YaCTO UCIIOJB3Y-
IoT pearedTbl Ha ocHoBe xpoMa (VI). K HUM OTHOCATCA OKCHA XpoMa
(VD) B ykcycHOH kucioTe WM peareHT KuaMaHu (QIMXpoMaT HaTpus
Y CEpHasl KHMCJIOTa), OAHAKO BbIXOAbl XMHOHOB, KaK IIPaBUIO, HUXe,
yeM MpU OKUCIeHUH coibio PpeMu win KapboHatoM cepebpa:

NH, o
CH; Na,Cr,0;; 5°C CH,
H,50, - H,0 |
O (44%)
OH 0
Na,Cr,0; 30°C
H,S0, — H,0 L (90%)
OH o)
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1,4-nacdbToxuHoH, 9,10-anTpaxuHoH U 9,10-¢peHaHTPEHXHUHOH
MOTYT OBITh [OJYYEHEI IIPSIMbIM OKHUCJIEHHEM YIJIEBOLOPONOB OKCH-
noM xpoma (VI) B yKCYCHOM KHUCIOTE WIU IUXpOMATOM HaTpus B
CepHOM KUcnore:

A B o, #
\< j@/ CH;COOH
0 (38—42%)
P | F
/C[Egj NayCryOr; 80-100C 7 (44-43%)
x & H,S04 H,O x 0
o)

Z Yy Cro, Z ~
(86%)
AN ~# CH;COOH X 7
0

B n1poMbliluIeHHOCTH TOT e CaMblif pPe3ybTaT JOCTUraeTcsl P OKUC-
JIEHUU KUCJIOPOAOM B MPUCYTCTBUM OKcHaa BaHaaus (V) Kak xara-
Ju3atopa. TakKUM cIIOCOOOM MOXHO NOJYy4YaTh aHTPAXMHOH U (eHaH-
TPEHXUHOH:

A ~ V2O s
+ 0O, (70—80%)
A 320—390°C AN

9,10-AHTpaxMHOH MOJYYaIOT TAKXe alMIMpoBaHeM beH3ona drae-
BbIM aHruapuaoM o Opunemo-Kpadrey ¢ nocnenyoweir uuimsa-
el opmo-6eH30UNOEH30MHONK KHUCIOTHL:

O+ 0 - 00

(93%)
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o
i o

C
H2SO4; 100°C
- O
COOH

o

3T0 OJUH U3 caMbix MPOCTbIX U CTAPBIX crocobos I[TPOMBILUUJIEHHOT'O
MONY4YCHHA aHTPaxHUHOHA.

21.4.2. XMMHYECKUE CBOHCTBA XUHOHOB

21.4.2.a. BOCCTAHOBJIEHHUE XMHOHOB

Haubonee BaxHO# peakuueil XHHOHOB SIBJISETCS UX BOCCTAHOB-
JIeHWe 00 ABYXaTOMHBIX (peHoNOoB. BoccTaHOBIEHHE XMHOHOB OCYyIIE~
cTeIsAETCS B ABe cranuu. Ha rniepBoit ctanMu B pesyibTate OAHOINEK-
TPOHHOTO BOCCTAHOBAEHUS 06pa3yroTCAd aHUOH-paIuKaibl, KOTOPhIE
HAa3bIBAIOT TaKXe CeMUXMHOHaMU. DTH 4YacTULbl MOCYT OBITH JIerko
3aperucTpupoBaHsl ¢ noMolusio SI1P-cnextpockonuu. Ha Bropoii cra-
AWM aHUOH-PAUKAaJ MPUCOeJUHSET ellle ONUH 3NeKTPOH ¢ obpa3o-
BaHWeM JMAaHWOHA JBYXaTOMHOrO ¢eHoma:

O O- 06
H H +e i;] + é— i;]
O Oe Oe

CEMNXWHOH

CriocoBHOCTb XMHOHA BOCCTAHABIUBATBHCHA NO IBYXaTOMHOTO (eHO-
Jla, T.e. CBOMCTBO ero KakK OKHUCHUTENS, OLUEHUBAETCS C MOMOIILIO
HOPMAJIBHOFO PEROKC-MOTEHIIMANIA, OMNpelNeNseMOro U3 ypaBHEHUs
HepHcra 1A peakLuuu

0 OH
[ ]| +2e+2m+
o) OH
2,303RT [xuson] - [HO?
E=F+ 22— g
n- F [ruapoxuHoH]
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1pi 25°C E = E — 0,059pH + 0,296 lg —— oAl

[rnapoxuHoH]

BenuuyuHa E° npencrasasier cob0i HOPMAIbHBIH [MOTEHLIMAJ, XapaK-
TEPHBIA AN KaXIOM CUCTEMbl XMHOH—TMIPOXMHOH, NMPHU PaBHBIX
KOHLIEHTPALUMUSIX XMHOHA M TMAPOXMHOHA U KOHLEHTPAaLMHU HOHOB
BO[OpONa, paBHON ennHULEe. TakuM obpasoM, £ ° sBisieTcss Konuye-
CTBEHHOM XapaKTEPUCTUKONW OKUCIUTENbHON CIIOCOBHOCTU XUHOHA. B
Tab6s. 21.2 npuBeAEHbl 3HAYEHUS] HOPMAIbHBIX PeAOKC-TTOTEHHMAI0OB
£° nns HexoTOpbIX XMHOHOB B Boge npu 25°C.

Tabanua 21.2

BennyHHN HOPMAJLHHIX PeloKC-NOTeRNBANOB E° HeXOTOpHX XMHOHOB B Boae
npn 25°C (s MB)

Xunon E* XnnAon E’

1,2-6eH30XHHOH 783 2,3-auxnop-1,4- 499
HapTOXHHOH

1,4-6eH30XHHOH 700 9,10-aHTpaxHHOH 130

2-MeTtwi- 1,4-6eH30XHHOH 645 1,4-aHTpaxHHOH 400

2-xn0p-1,4-6eH30XHHOH 713 9,10-deHaHTPeHXHHOH 440

1,2-HadTOXMHOH 566 1,4-beHaHTpEeHXHHOH 520

1,4-na¢pToXHHOH 470 1,6-nHpeHXHHOH 610

2,6-HadpTOXMHOH 758 2,3,5,6-Tetpaxnop-1,4- 740
6eH30XHHOH

2-meTi- 1,4-HaTOXMHOH 422 MMEHOXHHOH 954

U3 paHHbIX, npeAcTaBiAeHHbIX B T1abn. 21.2, ciaexyer, yto 1,2-
XUHOHbI 6oJiee CUNbHbIE OKUCAUTENH, YeM |,4-XUHOHbBI, a 6EH30XU-
HOHbI MPEBOCXOASIT MO0 OKHUCIUTENIbHONU Cr1IOCOOGHOCTH XUHOHbBI Ha-
(¢TanMHOBOTO psAna, KOTOpble B CBOI OuYepeldb MpPEBOCXOAST
AHTPAXUHOHBI U PEHAHTPEHXUHOHDI. DAEKTPOHOAKIENTOPHbIE TPYII-~
Mbl YCWJIUBAIOT OKUCIAUTENbHbLIE CBOMCTBA XMHOHOB. OTMETUM IO-
[YTHO, YTO BEAHUYMUHBI PENOKC-MOTEHIHAIOB KOPPEIUPYIOT C SHEp-
rueii HCMO xuHoOHa. BbicOkHMe penoKc-NMOTeHLUHaNbl XMHOHOB
OMpPENENASAIOTCS] TEM, YTO BOCCTAHOBJICHHE XMHOHA B JABYXaTOMHBIMH
(eHoONM cOnMpoOBOXAAETCA MpeBpPallleHUEM HEHACLIIEHHOrO KETOHA B
apoOMaTHYecKoe COelUHEeHHeE.

BoccraHoBneHe XMHOHOB 10 NBYXaTOMHBIX (PeHONOB OCIOXHS-
ercs: obpa3oBaHMEM XUHTUAPOHA — amIyKTa coctaBa 1: 1 Mexay xu-
HOHOM U IBYXaTOMHbIM (peHOJOM. XUHTHAPOH MOXET ObITh OKUCIEH
0 XMHOHA WJIM HALEJI0O BOCCTAHOBJIEH 10 TMAPOXUHOHA:
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[O]

o OH OH 0
O=0-)— ¢
OH
o OH OH o}

[H]

XMHITUIPOH
OH

OkpalueHHbIH B TEMHO-3eJeHbli LBET XUHTHAPOH MpeAcTaBiseT
c060ii K1acCH4YecKHi MpUMep MOJEKYAAPHBIX KOMILIEKCOB, TAe OAHH
KOMIOHEHT CIYXUT AOHODOM, 2 JPYrod — SBIsAeTcS aKLEeNTOpOM
3ieKTpoHa. TaKue KOMILUIEKCHI, e MPOUCXOAMUT nepekpriBaHHe B3MO
goHopa 1 HCMO akuernropa, moay4ywid Ha3BaHUE KOMIUIEKCOB C
MepeHocoM 3apsaaa. K HUM OTHOCATCS T-KOMILIEKCHl apOMaTHYeCKUX
COeIMHEeHHUA C rajioreHaMHy, KaTHoHaMu cepebpa u pryty, 1,3,5-Tpu-
HUTPOGEH30/10M, MUKPUHOBOM! KUCNOTOH. KOMILIEKCHI FAJIONEHOB HWIH
TETPALMAHOBTHIEHA C n-JOHOPaMM (CITMPTaMH, MPOCTBIMHU 3uUpa-
MH) MIM T-IOHOPaMH (aJIKeHAMM MIH AIKHHAMH), TaKXe CNeayeT
paccMaTpHBaTh KaK KOMIUIEKCH ¢ MEepeHOCOM 3apsiia. B kpucramwiax
XUHIHAPOHA MONEKYJhl XMHOHa U FHAPOXWHOHA 4YepeJyloTcsd U pac-
MIOJIATAIOTCA B ABYX [1apaJUIESIbHBIX TIOCKOCTIX ApYr Hax ApyroM. Cra-
6HIBHOCTh KOMIUIEKCOB C TEPEHOCOM 3apsfa OIlpeAeleTcs pa3iiv-
yueM B 3HepreTHyeckux yposHax B3MO nonopa 1 HCMO akuentopa
(ra. 2, 4. 1). KoMIutekcsl ¢ mepeHOCOM 3apsjia 4YacToO UHTEHCHBHO OK-
paweHsl. Tak, HanpUMep, TeTpaUUaHOITUIeH Wik 1,3,5-TpuHuUTpO-
6eH3on obpasyeT ¢ aypoaoM (1,2,4,5-terpaMeTHNOEH30I0M) KOMII-
JeKC, OKpameHHBIt B KpacHHH useT. OKpacka KOMILJIEKCOB
obycnoBiieHa fepeHOCOM 3apsifa OT apoMaTUYeCKOro JOHOpa K aK-
UEIITOPY, XOTA CTelleHb MepeHoca 3apsia HeBeJIMKa U pelKoO IpeBbi-
waet 0,1 3apsga 3/eKTpoHa.

BoccTaHoOBNeHHe XMHOHOB 10 ABYXaTOMHBIX (b€HOJNOB MPOBOIAT
C MOMOILBIO CaMbiX pa3sHOOOpa3HBLIX BOCCTAHOBHTENEH, cpelid KOTO-
PBIX B J1JAGOPATOPHBIX YCIOBUAX MpellIOYTeHUEe OTAAETCS AUTUOHUTY
Hatpust Na,S,0, B menoyHoit cpene:

CH

3 CH

Na,$,04; NaOH 3 HCl
—_—

x Boaa — 3pup S

o) 0O
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[ToMHMO AUTHOHUTA HATPUA B KayecTBE BOCCTAHOBUTENEH yroTpe6-
JNIAOTCA TIOMOTMAPWI NUTHS U OGOprupuil Hatpus, XJIOPUX OJIOBa
(1) B congHoit KUcnOTE, UMHK B YKCYCHOM KUCHOTE U Ap. B npoMsiu-
JNIEHHOCTH BOCCTaHOBJeHUE 1,4-OeH30XMHOHA N0 TMAPOXMHOHA OCY-
llecTBAsSIETCS ¢ MOMOlIBLI0 oKcHaa cepbl (IV) M Xxenesa B Boje mpH
70—80°C:

O OH
SO,; H,O; Fe; 70—80°C
H,0

OH

9,10-AHTpPaxMHOH NPH BOCCTAHOBIEHUH AUTHOHUTOM Harpus obpa-
3yeT 9,10-aHTpanuon (aHTParMaIPOXUHOH):

o}
& 1) NayS;0;; NaOH
\ ~ 2) HCL; H,0

o}

Ipu BoccraHOBNIEHUH 9,10-aHTPaXMHOHA OJIOBOM B CMeCH CONSAHOH
U YKCYCHOW KUCHOT MOJYYaeTCsl AHTPOH — IPOCTEHILUIA KETOH psaa
aHTpaueHa:

@ Sn; HC
~ CHCOOH S\

BoccTaHOBNEHME aHTPAXUHOHOBBIX M APYrUX KyGOBLIX Kpacure-
Jie# AMTUOHUTOM HATPUS B ILUEJOYHOH Cpefe MCIOab3yeTcs MIs Te-
peBOla 3TUX HEPACTBOPUMBIX B BO/IE COEIUHEHUIN B TAK HA3bIBAEMYIO
neikodopmy, KOTOpasi B BUlle NHHATPUEBON COMM XOPOLLUO PacTBO-
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puMa B Boae. TakuM obpa3oM, HanpUMep, YIIOMAHYTHI BbIUIE MH-
IAHTpEH BOCCTAHABIMBAIOT B TETpAaruaAponpou3BOLHOE, MMCEIOLIEC
yeTbipe (DEHONbHBIX THMAPOKCHNA. DTO NeHKONPOU3IBOAHOE XOpOLIO
PacTBOPUMO B Boje. XJIOMYAaTOOYMaXXHYIO TKaHb MPOIMUTHIBAIOT pa-
CTBOpOM NeiikoopMbl M BbUIEpXHMBAIOT Ha Bo3ayxe. Jleikogopma
OKHCJsieTC KUCIOPONOM [0 HMCXOAHOTo KpacuTedsi. Takoi crmocob
KpalleHUs] rapaHTUpyeT OAHOPOJHOCTb OKpackKu TKaHU. OH mpUMe-
HSIETCS MIPU KpalleHUU WUHAUTOWIHBIMHM M IPYTMMU KyOOBBIMU Kpa-
CUTENAMU:

(o) H

LN +22 +2H®
(<) —=—

B O

HHAMro nerxodopMa

21.4.2.6. XMHOHB! KAK JETUAPUPYIOUIUE ATEHTHI

JIerkocTb BOCCTAHOBJIEHHSI XMHOHOB A0 (beHO/a OTKPbIBAET BO3MOX-
HOCTb 7151 UX UCITONIL30BAHMA B Ka4eCTBe NETHAPUPYIOLIUX areHTOoB. [Jns
3TOH LIEMU BbIOUPAIOT XUHOHEI C BHICOKMM OKMCJIUTEbHO-BOCCTAHOBU-
TEJIbHBIM [TOTEHUHAIOM, TaKHe Kak 2,3,5,6-terpaxyiop-1,4-6e H30XMHOH
(xiopauun); 2,3-puxiop-5,6-guunado-1,4-6enszoxuHon (J1X), au-
beHOXUHOH. 1,2-XHHOHBI BBUAY HeCTaOWILHOCTH MPaKTUYECKU He
KCTIONB3YIOTCA B KauyecTBe NEerHIpUpPYIOIUX areHToB. Jeruapupona-
HUIO MOJBEPraloTCA AUrMIpoapoMaTUYeCcKUe coeJUHEeHUS pana b6eH-
30J1a ¥ TETParuiporporU3BOAHbIC psAaa HadTaiMHA, aHTpaleHa, rere-
POUMKIHUECKHUX COEQUHEHWI, TPOTIMIMAEH U T.I.:

OH

o]
+ e o +
C¢Hg, 80°C
o cl a " N 7 a cl
o) OH

H H 0 al
a SR
[ )~ CeHe 2
— d al BF@ Cl
(0]
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0
a CN
a CN 6
0
OH
a CN
OO
a CN
OH

JeruapupoBaHye ¢ MOMOLILIO XUHOHOB OOLIYHO ITPOBOJAT B GeH30-
Jie, TaKk Kak oOpasylouuiics ABYXaTOMHBI ¢GeHOM HepacTBOPUM B
6eH30s1€e, YTO MOXHO UCIONB3OBATD JUIsi KOHTPOJA 32 XOI10M peaKlui.
MexaHU3M OerHIPUpPOBAHHSA YIJIEBOJOPONOB 3aKJIIOYAeTcs B OTLIEI-
JICHUM XMHOHOM THAPHUA-HOHA ¢ oOpazoBaHHeM KapOOKaTHOHA, KO-
TOPBIH CTAOUAU3UpYETCs OTLUIEILUIeHUEM NpoToHa. [loaToMy gernapu-
POBaHMIO MOABEPralOTCs YriieBOAOPOLbl, KOTOPHIE MPH OTUIETUICHHU
TMAOpUI-UoHa 00pa3yioT CpaBHUTENBHO CTaGMIIbHBIE KapOOKAaTHOHBI.

21.4.2.8. XHHOHBI KAK a., B—HEl’IPEIIEHbe[E KETOHH
1,4-XVHOHBI MPeACTaBISIOT CO6O0il THIMMYHBIE O, B-HeHaChILEHHEIE
KETOHBI U IJIAi HUX XapaKTepHHl peakuuu 1,2- u 1,4-npucoeqnHeHHS

K COMPSKEHHO cucTeMe (cM. 1. 16). 1,4-BeH30XHHOH NpHUCOEAUHSIET
XJIopHCThIil Bogopol B 1,4-nonoxeHue ¢ obpa3oBaHUEM 2-XJIOPTHI-

POXMHOHA:
Ci

2-XJ10pruipOXMHOH OKUCIAETCA UCXONHBIM XMHOHOM 0 2-XJ10p-
1,4-6eH30XHHOHA, KOTOpbIit BHOBb NpucoenuHser HCl ¢ obpazosa-
HUEM 2,3-IUXJIOPTUAPOXHHOHA:

OH o 0 OH
cl a
+ )= +

OH o] (o} OH
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o OH
Ci a
+ HCl —
a
o OH

DTOT nMpUeM MCIIOAb3yeTcs JUIA CUHTe3a 2,3-muxiop-5,6-auunaHo-
1,4-6eHzoxuHoHa (JLJIX).

o OH OH
CN
2 | +2HCN —— +
CN
o) OH OH

HNO; N ha

CN

CN HNO,_ CN _HCL
HO
OH 0
L Cl CN HNO, Cl CN 0%
a CN ca CN
OH o}

BMmecre ¢ TeM 1,4-XHHOHBI BCTYMAIOT B TUMMUYHbBIE peakUUH 1,2-npu-
COeIMHEHHUS 0 KapOOHUIBLHOM Ipyniie U ¢ TMIPOKCUIAMUHOM IAIOT
MOHO- U HMOKCUMbI. OQHAKO MJIsi NEPBUYHBIX aMUHOB XapaKTepHO
conpseHHoe MpHUcoenMHeHye K 1,4-xuHoHaM. T1pu B3anMoneHcTBUM
1,4-6eH30XMHOHA C AHUAMHOM Moaydaerca 2,5-6uc(dpeHnnamMmuHoO)-
1,4-6eH30XHHOH:
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NHCgH;

o:<:>:o + 2C4HsNH, HO OH | —
CeHsHN
NHCgH;
O S

CgHHN

21.4.2.r. XUHOHBI KAK AUEHO®HUIIBI B PEAKLIUU
AHUEHOBOI'O CMHTE3A

1,2- u 1,4-beH30XxuHOH, 1,4-HADTOXMHOH U UX TPOUIBOIAHBIE MTPO-
SIBJISIIOT CBOMCTBA aKTUBHBIX AMeHOMUI0B B peakuuu dunbca—Anbie-
pa. [1pu B3auMouneitcrauu 1,3-6yranuena c 1,4-6eH30XMHOHOM nipu 25°C
MIOJy4aeTCsi MOHOAIAYKT, KOTOPhIHf MelJIEHHO eHOAu3yercsi ¢ obpa-
30BaHUEM COOTBETCTBYIOLLEr0 TMAPOXHHOHA. DTO NMpeBpallieHHe, Kak
U CAeOBaJIO OXHUIATh, KATAIU3UpyeTcs KHCaoToi. [lpu nocnenyro-
leM OKHUCACHUU okcuaoM xpoMa (VI) nonyuaerca 1,4-HadpTOXHHOH:

Oy
20°C | \/ | HCl
C6H6 48 y CH,COOH
oH
@O CH;COOH li;@ (76%)

OH (88%)

Tlpu HarpeBaHUM 1,4-6€H30XMHOH MPUCOENUHSIET TIO IBYM IBOMHDBIM
CBA3AM IBe MOJIEKY b 1,3-6yTanueHa.

CrepeoxUMHsI LIMKJIONPUCOENUHEHUS UMKIONIEHTaIeHa K 1,4-6eH-
30XMHOHY WJUTIOCTPUPYET BBICOKYIO CTEPEOCENeKTUBHOCTb IHEeHOBOTo
CHHTe3a C y4YacTHeM XMHOHOB. U3 YeThIpeXx BO3IMOXHELIX CTEPEOH3OMEPOB
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MIOJIy4aeTCH TOJNBKO 3HAo-yuc-annykT 1:1. [IprcoenHeHe BTOPO MO-
JeKyNbl HAKIOMEHTAINeHa IPOUCXONMUT TAKXKE CTepeocreunPpuyHo:

(6]
H
| | + ‘ 20"C Iy I
CH CH,0OH
H
@)
aHmo-yucl:1-anaykr
@)
80 C;5u

0]
SHAO- 4UC-aHTH-3HOO-Lucl: 2-aanyKT

DNeKTPOHOAKLENTOPHbIe 3aMECTUTEAN B XMHOHE aKTUBHUPYIOT AMe-
HOGMI, a INEKTPOHONOHOPHbIE 3aMECTUTENH 3aMEJUIAIOT TPpUCOeNH-
HeHnue 1,3-auenon. AJX u 2,3,5,6-tetpaunad-1,4-6eH30XHHOH MC-
KIIOYUTENBHO 3(Q¢deKTHUBHE B KadecTBe aueHodwioB. JIueHOBRIA
cuHTe3 ¢ yyacTHeM 1,4-~-6eH30XMHOHA UCIOAb3YETCA IS IOAydeHUs
MOJHUUKINYECKUX KOHIEHCUPOBAHHbIX APOMATUYECKHUX YIJIEBOAOPO-
noB. B kayecTBe npuMepa NMpUBeNeM CUHTE3 NEHTaLeHa U3 1,2-qume-
THJIEHUMHKIOrekcaHa U 1,4-6eH30XMHOHA:

o
CH2 Hzc
L, O J0—
H,C
o

CH,

0]
QOO0 e
o

— OO e
00000
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B 3aknioyeHUe 3Toro pasiena cieiyeT OTMETUTb, YTO Ha MpOTH-
XEHUHU JMTENLHOr0 BpeMEHU XMHOHBI MPUBAEKAIH K cebe UHTepec
B [POMU3BOIACTBE OFPOMHOTO KOMHYECTBA2 BbICOKOKAYECTBEHHBIX AHT-
PaxXUHOHOBBIX Kpacuteaei. OHU HIMPOKO UCIONL3OBAIUCH B KaYyecTse
IErUIPUPYIOLIUX areHToB. B HacToslee BpeMst HHTEPEC K 3TOMY KJIacCy
COeMHEHUH CHOBa BO3pOC, MMOC/E TOro Kak 6bU10 YCTAHOBIEHO, YTO
uenas rpymnna XMHOHOB UIpaeT XU3HEHHO BAXHYIO POJb MEPEHOCYU -
Ka 3JIEKTPOHOB B [IbIXaTeJbHbIX U (POTOXUMUYECKHUX Lensax 6uomoru-
YeCKHUX cUcTeM. B XMBLIX OpraHuaMax 3Ty pOJb TPAHCIOPTA 3NEeKTpo-
HOB B IBIXaTeJbHbIX EISX B KJIETKAX BHIMIOJHSET IPyIia KodhepMeHTOB
Q, HaspiBaeMbIX YOUXHUHOHAMU. B mpHpoAe BCTpeyaeTcs HECKOJIbKO
KodepMeHTOB Q. OHU OTIUYAIOTCS APYT OT APYTa JTUIIb YUCIOM U30IM-
pPEHOBBIX €JUHUL, CBA3AHHBIX ¢ BEeH30XMHOHOBLIM KOJbLIOM. B opra-
HM3Me YeJIOBeKa BAaXKHYIO pojib Urpaet KogepMmeHT Qg (CM. BBOAHYIO
4YacTh K JAHHOMY paszneny). [TonpobHble cBeIeHHUST O MeXaHU3Me nei-
CTBUSI XMHOHOBLIX KO(DEpMEHTOB B a3pOOHBIX CHCTEMAX MOXHO HAUTH
B yuebHUMKaxX U MOHorpadusax no 6MOOpPraHUYecKoi XMMHUMU.



IJIABA 22
I KIIOAJTKAHBI

22.1. DHEPrus HanNpAXeHUs B LUMKI0ANKAHAX U TUNBl HANPAXKEHHUHA ............... 477
22.2. OcHoBBl XOHPOPMAUMOHHOTO aHaNM3a UMKJIOANKAHOB
22.2.1. LIMKIOTMPOMAH ...coiiriiiiiiiiiaiiiitieeciee e eee e eeien v eeanes
22.2.2. LIMKIIOBYTAH .....ooiiuiiniieiieieiee et e e et essetaaa e saese e enmraenansaeeeennnes
22.2.3. LIMIUTOMEHTAH ......coiiimieriiciriri st e eetaneaaseveauaenseaeseseneeaseneeesraseasesaeasans
22.2.4. Uuxnorexcan CgH,,
22.2.5. KoHGOPMALHH CPERHUX LIMKIIOB ...oocvevearrenneareeeaceananans
22.2.6. KoHdopMaunn MOHO3aMeIUEeHHLIX HUKIOTEKCAHOB ...
22.2.7. KoHdopMauKy AU3aMEIIEHHBIX LIUKTOTEKCAHOB ....coovveeienriieeeene.
22.3. BnusHHe KOHGOPMALUHOHHOIO COCTOSIHMSA Ha peaKLUMOHHYIO
CIIOCOBHOCTD ....eeeieiinieaieeeiateirtenitesiieesstasstasseaamaansseaesseanasean saseenssnesnsesnssans 496
22.4. Mpuaunn KEPTHHATAMMETA ...coooi et 502
22.5. KoHaeHCHPOBaHHELIe UMKIIOANKAHb! — TPOM3BORHBIE LMKIOTEKCaHa ... 504
22.6. KoHdopManuy LIECTUUIEHHBIX TeTEPOLIMKIHYECKHX COANHEH .

AHOMEDHDBIN 3PMEKT ...ooiiiiiieii it eat e eaa et e e eae e e eeanan 509
22.6.1. Tpupona aHOMEPHOTO 3PMEKTA ....o.ooviieeieiin et 512
22.7. MonyyeHne coeRMHEHHH PAfa UNKNONPONaHa U UHKIO6YTaHa .............. 516
22.8. XumHyeckHe cBOHCTBa LIMKJIONPONAHA H ero NPOUIBOAHBIX ...........ce..e. 520

22.9. NomyyeHKe coenMHEHHI CO CpeJTHUM pa3MepoM LMK/Ia H MAKPOLIMKIIOB ... 523
22.10. XuMu4ecKHe cBOHCTBa COEAUHEHHI CO CPeIHHM Pa3MEPOM LIMKIA ..... 525

22.11. UMKI0ANKEHD! H IHKITOAMKHMHBI ...oooiuiimrnieaeterneacteieraosenneesaneeessmsasasencs 529
22.12. BHuMKJIHYecK1e COeUHEHHS, CITHPOANnKaHbl ¥ KapKacHble
YTTIEBOJOPOIBI -..cccenvereteaeerienautennraasaesnseeamnsaasessueesasesanseeaascennnsessrnsaessesnsannes 534

B neproa HenmocpeACTBEHHO Mocie CO3JaHUA TEOPUU XHMHYec-
KOro cTpoeHus Obi1o oOlenpH3HaHOo, YTO Cpeid UMKINYeCKUX CO-
eJVHEHUH HKOJKHbl CYLLECTBOBATh HUKIIbl C LUECTBIO WIU C IATHIO
aToMaMU yriepoaa B UMKJIe. DTo ObUTM apoMaTH4YeCKHe COeAUHEHUS
psina 6eH3ona, KOHAEHCUPOBAaHHbLIE apoMaTHYecKHe COeAUHEeHMs, a
TakxXxe MpOU3BOAHble UMKJIONEHTaHa U IUKJIOreKcaHa, BblaefieHHble
u3 Hedtu B.B. MapkoBHuKOBbIM. CoeIMHEHUS ¢ MEHBIUUM U 60Mb-
IUUM PasMepoM LIMKJIa B TO BpeMs ObUIM HeU3BeCTHbI. [lonoxeHue
KOpeHHBLIM 006pa3oM u3MeHunoch nocie 1883 r., korna B. IlepkuH-
MJIAAWKWIA Havyal cBoe 3HAMEHUTOe UccienoBaHWe B 0BAacTH MabIx
UMKJIOB. B TeueHHEe KOPOTKOro IMpOMeXyTKa BpeMeHH! U3 MaJIOHOBOrO
abupa u 1,2-nubpomatana uau 1,3-a1uGpoMrponaHa eMy yaaloch
CUHTE3UPOBATb COOTBETCTBEHHO HMKJIONPONaHKapOOHOBYIO U LMK-
J106yTaHKapOOHOBYIO KHUCJIOTbHI U HEKOTOPbIE APYrMe€ COENUHEHHs C
TpeX- U YeTbIpeXUIeHHbIM UUKAOM. B. [lepkMH cTaj, TakuM obpa-
30M, «OTLIOM» LEJIOTO KJIACCA OpPraHMYeCKHX COCNMHEHUN ATMUMK-
Jnyeckoro psina. Yetsipe rona cnyctd I'. I'ycraBcoH B Poccuu Briep-
Bble MMOJYYMJ CaM UMKIIOMNPOIaH Npy AeHCTBAM UMHKOBOM MbUTH Ha
cndptoBoil pactBop 1,3-mmbpoMnpomnana. O6a OTKpbITUSA OblaH
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KPYIMHENLUIMMH COOBITUSIMU B OpraHUYeCcKoi XMMHUH TOTO BpeMeHU U
CbIFP&JIM BbUIAIOLIYIOCA pOJIb B MOCHEAYIOLIEM Pa3BUTUM XUMUU LUK-
JIMYeCKHUX cHcTeM. 3HayeHue UX 6bUIO CTOMb BEJIMKO, 4TO yKe B 1885 .
BbLIAIOLLUMICA XMMUK-OpTaHUK A. baitep onmyOnMkKoBal QUCKYCCUOH-
HYIO TEOPETHUYECKYIO CTATBIO, B KOTOPOI M3MOXUI CBOM B3IJIAAbI Ha
CTabOMIBLHOCTL UMKIOWIKaHOB. PakTHYeCKOro Marepuaia 6uu10 elne
CIMUIKOM MaJO, U OH MPOCTO U3MOXUJ CBOU MPEAMNONOXEHHUS O CTa-
OMJIILHOCTY UMKIOAJIKAHOB U (hakTOpax, ONMpeneNsAOLMX UX YCTORYM -
BocTs. Bo u3bexanue pasHoro pona HenopasymeHui A. Baitep cre-
UMANbHO MOAYEPKHYN AUCKYCCUOHHBIH XapaKTep pa3sBHBaeMbIX
npencrapieHuin. OAHaKO ero aBTOpUTET ObLI CTOJNL BEJMK, 4TO CO-
3aHHAasi UM CHUCTeMa paccyXIeHUH cpa3y Xe MONyYMNa Ha3BaHHe
«TEOPHUU HaNpsOKEHUS» M ONpPeJeNnIa pa3BUTHe 3Toi obmacTH opra-
HUYECKON XUMHUH Ha ISITHAECAT JIeT.

B ocHoBe Teopuu Hanpsixkeuus Baitepa nexar nBa nocrynara. OH
nojaraji, YTo Bce UMKIOAJKAHBI IUIOCKHe U noboe OTKIOHEHWe Ba-
JIEHTHOTO yria B IUIOCKOM LIMKJe OT Terpasapudeckoro 109° 28' Bhui-
3pIBaeT BHyTpeHHee HanpspDkeHue uukina. HanpuMep, coenqrHenue asyx
yrJIepORAHBIX ATOMOB JBOMHON CBA3BIO COMPOBOXIAETCA YMEHbUIEHU-
€M «HOPMAaJILHOTO» BAJEHTHOTO yrjia BABOe, T.e. Ha 54°44". Y uukno-
MpolaHa 3TO OTKJIOHeHHWe cocTabisieT 1/2 (109°28'—60°) = +24°44' y
uMkinobyrana 1/2 (109°28'-90°) = +9,44°, y uuxkiioneHtana +0,44°) y
uMKIorekcaHa —5°16' 1 1.4. DT1a Teopus oOBACHANA HEMHOTME U3BeC-
THBIE B TO BpeMsA (pakThl O CTAOUNBHOCTH MATHU- U HIECTUYIEHHBIX
UMKIOB M Dojlee HU3KOU CTAOWIBHOCTU TpeX- H YeThipeXWieHHBIX
UMKJIOB, HO OHA CTaBMAa IMOJ COMHEHHEe CaMO CYLIEeCTBOBaHHE MaK-
POUMKIOB, IUIsi KOTOPBIX HampsKeHWe B TUIOCKOM KOJbLE JOJDKHO
OBbITb OYeHb 3HAYUTENbHLIM. TeM CaMbIM «T€OpHS HANPAXEHUS» JUTH -
TeJIbHOE BpeMsl MNPenATCTBOBAJa BO3ZHUKHOBEHUIO U PAa3BUTHUIO XU-
MHUU MaKpOUMKIMYECKHX coeduHeHUU. Teopusa bBaitepa okasanachk
oliMbKoit, KOTOpasi HAJOATO 3aTOPMO3HMJIA TAKKE U Pa3BUTHE Uccie-
IIOBaHUH CTEPEOXMMUH LMKINYeCKUX coeAMHeHUt. [Ipeanonoxernue
O TOM, YTO COeJHHEHHUA ¢ OOMBLIMM pa3sMepOM KOJblia HE MOTYT Cy-
ILECTBOBATH BCJIENCTBUE HAMPSXKEHUA, ObLIO OKOHYATENBHO OMpPOBepr-
HyTo B pabotax JI. Pyxuukyu (1926—1930 rr.) ¥ ApYrHX y4YeHBIX IO
H3YYEeHHUIO CTPOEHUA NYIUMCTBIX BEIECTB — AKTUBHBIX COCTaBJSIO-
UIMX MycKyca U uubeTbl. DTH cOoeiMHeHUsI OKa3aIuCh MaKPOLIMKIM-
YeCKMMHU KETOHAMM UM JJaKToHaMH. Huxe mpHBeneHoO cTpoeHUe He-
KOTOPbIX Haubosee BaXHBIX U3 HUX:

CH.
B /CHz\ _ /CH)\ _ HC’( 2\)7 B HC’(CHZ)S\C’/O
CH; CH\ /C—O CHZ\ /C_O 1l /C—-O 1} 1
(CHf €tz HC- cn,), HC~ Chyp—©
MYCKOH 3K3a1bTOH unbeToH aMGpoBblit MycKyc —
amMGpeTToNnuA
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[Tocne 3TOro OKOHYaTENLHO CTAJIO CHO, YTO TEOPHUS HAMPSAXEHUS
B CBOEM [IepBOHAYATLHOM BapHaHTe HECOCTOSTENIbHa, HO BIEpBbIE
BBeneHHOoe BajlepoM oueHb BaXHOE IIOHATHE <«HAMPSKEHHE UHMKIa»
0Ka3aJI0Ch TPUCYLIUM BOBIUMHCTBY UMKIOATKAHOB U UX HYHKUHO-
HaNbHBIM [POU3BOAHBIM.

TepMHH «HanpsDKeHHe» — 3TO TepMOIMHAMHYeCcKasl XxapaKTepHc-
THKA CTabWIBHOCTH LMKIA, TO3TOMY CAMO FIOHSITHE O HaIpsDKEHUH LIMKa
IOJDKHO OCHOBBIBATBLCS HA TEPMOAMHAMUYECKMX AAHHBIX MO TEIUIOTaM
00pa30BaHMUs WM TEIUIOTAM CTOPAHHUS UMKIOAIKAHOB. 3TH 1Ba IOAX01a
B3aUMOJOITOJHAIOT APYT APYra ¥ MPUBOISAT K ONMHAKOBBIM BBHIBOJAM.

22.1. DHEPTUSA HAIIPSXEHHUSA B LINKIOAJIKAHAX
M TUIHI HAIIPSDKEHU

PaccMoTpHMM cHayana AaHHblE 1O TEIUIOTaM 0oOpa3oBaHUsA H-ajl-
KaHOB, I1e MO CYILEeCTBY HeT HAMpPsDKEHUs, TaK KaK OHM JIeTKO MOTYT
MPUHMAMATb 3aTOPMOXEHHYIO KOHGOPMALIMIO, MOJHOCTBIO CBOGOIHYIO
OT HampspkeHus (1. 4, 4. 1). Tennotsl o6pasosanus AH; npencras-
NS0T coB0it SHTANBIUIO 06pa30oBaHUI JAHHOTO COeJUHEHUN U3 Be-
MEHTOB B CTAHAAPTHOM cocTosiHUM NpH 25°C u nasneruu B 1 at™. s
yrilepoga cTaHAapTHHIM COCTOSIHMEM BbIOpaH rpadmT, o1s Bogopoiaa,
KUCIOpOAa U JPYTHX ra3oB — rasoobpasHble Monekynsl Hy; O, U ap.
dns 6yrana U u300yTaHa TennoThl 06pa3oBaHUs PaBHBI COOTBETCTBEH-
Ho —30,16 £ 0,16 u —32,40 + 0,13 kxKaj/Monb.

4C+ 5H; —= u-C4H,o; AHf = —30,16 + 0,16 kxan/mons;
4C+5H; —= u30-C4H,o; AH7 = —32,40 £ 0,13 kxan/Monb.

OrpuuarenbHasi SHTAILNUA 00pazoBaHUsa H-OyTaHa U H300yTaHa
03HayaeT, YTO alKaHbl Goysiee cTAOGMNbHBI, YEM MCXOIHbIE COeAUHE-
HUA — rpadut 1 Bogopod. M3 3THX AaHHBIX cieqyeT TakxKe, YTo U30-
O6yraH cTtabuibHee H-OyTaHa Ha 2,3 KKajl1/MOJb U, CNEZOBATENLHO, H-
6yTaH MoxeT ObiTb MpeBpalleH B U30-0yTaH, HO He HA00OpoOT:

CH;
|
CH,;CH,CH,CH;—» CH;CHCHj; + AH;; AH7 = —2,3 xxan/monb

DTOT BBIBOA OCTaeTCsl B CUJIEe W Ui U3OMEpHM3alUMU APYTUX H-
AJIKAaHOB B uX 6ojee pa3BeTBlieHHbIe M30Mepbl. YeM Bonee oTpUUa-
TebHO 3HayeHue AHy 1Sl NaHHOrO COEIMHEHMUS, TEM BhILLE ero Tep-
MOJMHaMHYyecKast yCToiMuMBocTb. B Tabn. 22.1 npuseaeHb! 3Ha4EHUSA
CTAHAApTHBLIX TEIIOT 0Opa30BaHUSI HEKOTOPBIX ajlKAHOB, AJIKEHOB,
ATKUHOB Y MMEHOB.
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Tabnuua 22.1

CranaapTunie TenioTs o6pazosanus A, HeKOTOPIX AJKAHOB, 2JKEHOB,
ANKHHOB H JHEHOB

Coennnenne AHy, Coenunenne AHp, || Coenmmenwe | AH,
xKxan/Moaw KXxan/mons XKan/Mons
CH, -179 CH,=CH, +12,6
-2,2
CH3;CH;,4 —20,2 CH;CH=CH, +49 O
CH;CH,CH;,4 —249 ||CH;CH,CH=CH,| -0,2 O
-6,5
CH;CH,CH,CH; | —30,1 yuc-6yreH-2 -1,9
#-CsHpy -35,0 mpanc-6yTeH-2 =30 HC=CH +54,3
H-CgH 14 -39.9 yuc-neHTeH-2 -7,0 CH;C=CH +44 .4
1-C7H ¢ —44 8 | mpanc-nenren-2 | -7,9 |[[CH3CH,C=CH| +39,5
H-CgH g —49,7 m CH;CsCCH;, +34,7
+3
u30-C4H g -32,4 7.5 CH,=C=CH, | +45,6
(CH;3);CHCH,CH;3| —36,9 H,C=CH
+8,2 _' +26,l
(CH3)4C —40,1 H,C=CH
3-MeTtunneHTan —41,1
-1,1 @ +31,9
2,2-IuMeTunByran | —44,5

Kak cnenyer U3 naHHBIX, MpeacTaBleHHbIX B Taba. 22.1, sHeprus
o6pa3oBaHUsl H-AJIKAHOB IIPU Iepexoje K CHeAyiolleMy TOMOJIOTY B
psany ot GyraHa 10 OKTaHa BO3PACTAET HA OAHY M TY XE€ BeJIMYHUHY:
4,9 kxan/monb, T.e. AH; B nepecyete Ha onHy CH,-rpynmy cootsert-
ctByeT 4,9 KKaj/MOb.

SmnupuyecKas ¢opMyna unkioankaHoB C,H,, MoxeT ObITh BbIpa-
xeHa ¥ Kak (CH,),, a sennunny AHy s CH,-rpynnsl mo6oro uuxio-
aKaHa MOXHO pacCyuTaTh, pasfenuB AH; IUIst KaXOOro KOHKPETHOrO
LIMKJIOATIKAHA Ha BEJIMYUHY /1, COOTBETCTBYIOILYIO pasMepy uukiaa. Ot-
KJIOHeHHe BeuuuHbl AHf /n 0T —4,9 KKas1/MONb CIYXHT KOJMYECTBEH-
HOM XapaKTePUCTUKOM HaNpspkeHUsl UMKia. B Tabnuue 22.2 npuBeaeHbI
3HaueHust AH;, AH;/n v obliast 3Heprus HampspkeHMsl LMKia. Jlerko
3aMETUTD, YTO VIS BCEX LIMKIOATKAHOB, KpOME LIMK/IOreKcaHa, Belu-
uuHa AHf /n 3HauMTeNbHO oTAMYaeTcst oT —4,9 KKai/Monb U, cienosa-
TEABHO, 3TU UMKIbI UMEIOT SHEPIUIO HAMPSLKEHHS.

HeHanpsikeHHbIM LMKJIOM ABAETCSA TONLKO LHUKIOIeKCaH, a He
UMKIOTIEHTaH, KaK 3TO npejacKaspiBaia Teopus baitepa. [Ipyroe pes-
KO€ pacxoXmeHHe 3KCIEpUMEHTAIbHbBIX HJaHHBIX C 3TOM TEOpHUEeil Ha-
6nonaeTcs /Uit UMKIIOB, colepXalux 6oee NATHANLATH aTOMOB yr-
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Ta6banua 22.2
DHeprua 06paloBapus H 3HePruA HaNPAXKEHHA UHKJIOAIKAHOB

Huxnoarkanu AHf, AHf /n, O6n1an 3Heprus HANPSDKEHUA
KKan/moJb KKAJI/MOJb OHMKNA, KK2J1/MOTs
HHUKIONponaxH +12,7 +4,2 27
UHKN06yTaH +6,8 +1,7 26
UHKIONEHTaH —18,4 -3,7
LHKIOreKcaH —29,5 —4,92
yuxno-CyH 14 —28,2 ~4,0 6
yurao-CgH g -294 -3,7 10
yurao-CgHg -31,7 -3,5 12,5
uumo-CmHm —36,9 _3,7 13
yuxeo-C 1 Hay —42.9 -39 11
yurao-CyiyHag —55,0 —4.6
yukno-CysHjig ~72 —4,8 2
yura0-CgHjp —76,9 -4.8 -

Jlepolia, Tie DHeprus HaMpsoKeHUs oyeHb Mata. Takue MakKpOUUKIbI
MIOXOXH HAa aJIKAHBI C JUIMHHOM yriepoA-yriaepolHoi Lienbro. Obuas
SHeprus HamnpsDKeHHMst UK, MpUBENeHHas B NocnenHeil rpade tab-
JIMLIBI, pACCYHTHIBAETCS CAeNYIOIMM oOpa3om. st AMIUEeHHOro Hanpsi-
XeHHsl UMKIIoreKcaHa BenuyuHa AHy /n paBHa —4,92 kkan/monb. Tor-
112, HAaNpUMep, IS TUITOTETUYECKOTO «HEeHANpsKeHHOT0» UMKIOOKTaHa
SHeprus o0pa3oBaHUs NOJLKHA ObITh —4,92 x 8 = —39,4 xxan/mMonn. s
PeanbHOrO UMKI0OKTaHa AHy = —29,4 KKa1/MOIb. DHEPrUsl HATPSDKEHUs
IUTSL IIMKJIOOKTAHA paBHa pasHOCTH: —29,4—(—39,4) = +10 kkan/Mob.
TakuM Xe 0Opa3oM PacCUUTHIBAIOTCA SHEPTUM HATIpSXKEHUS U LIS
BCEX OCTAJIbHbIX LMKIOAIKAHOB. K aHaNOrMYHBLIM BHIBOJAM MOXHO
APUHATH W [IpY aHAIU3e §oJiee TOYHBIX JAHHLIX MO TEILIOTAM Cropa-
HUSA UUKIoankaHoB (cM. Tabs. 22.3). O6a moaxona Kak 6b! JOMOJHSIIOT
ApPYT Npyra.

Ha puc. 22.1 npusefeHa 3aBUCUMOCTb JHEPrUU HAMPSDKEHMS OT
paaMepa uMkna Juist uMknoankados C;Hg _ C¢Hs,. Ha ocHoBanum Be-
JIMYKH o0LIeil SHEepTHH HAINpsLKEHUS BCE LIMKIOAIKAHbI MOXHO pa3fje-
JIUTH Ha YeTbipe rpymnnsl: Manble UMkiIsl C;Hg 1 CyHg, HopManbHbIE
unkasl CsH e, C¢Hjs 1 C;H,4, «cpenuue uuknbi» CgHyg _ CiHyp u
MaKpOLMK/BI ¢ OONBIIMM YHC/IOM aTOMOB YIJIEpOIa.

OO61uas 3Heprug HanpsiKeHUs SBISAeTCS CYMMOMR Tpex OCHOBHBIX
COCTABJIAIOIIUX: YIJIOBOrO HAMIPSXEHUS, HAMPSXKEHUS 3aCJOHEHHBIX,
nporuBoctosittix C—H-cBsizeit u Tak Ha3bIBaEMOTO TPaHCAHHYISIP-
HOrO HaMNpsiXeHUS. YrnoBoe HanpsixeHue (CHHOHMMBbI: HarpsDKeHWe
yUIepol-yraepONHbIX CBsi3ei, MnM HanpsixeHue baiiepa) BbI3BaHO
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Puc. 22.1. UaMeHeHH e 3HepTUH HANPAXCHHSA HK/10aKaHOB B 3aBUCHMOCTH OT
pa3Mepa LHKIa

TenIoTH CropaHns NEKIOANKAHOB

Tabnuuna 223

Paimep Temnora | Temnora cropauus Ha | Ob6mas 3ueprus
Innoanxan Konbua| CTOPAHHR, onny CH;-rpynmy, HaNpDKEHHA,
KKa1/moab KKaJ1/MONb KK/ Moab
Huxnonponax 3 499.8 166,6 27,6
Lnxnobyran 4 655,9 164,0 26,4
HuxnonenraH 5 793,5 158,7 6,5
Luxnorekcan 6 9445 157,4 0
LuxnorentaH 7 1108 158,3 6,3
uxnookran 8 1269 158,6 9,6
[nxnoHonaH 9 1429 158,8 12,6
LuxnonexkaH 10 1586 158,6 12,0
LnknoyHnekaH 11 1742 158,4 11,0
uxnononexan 12 1891 157,6 2,4
LuknorerpanexaH 14 2204 157,4 0
H-AJIKaH 157.4 0
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pPacTsDKEHMEM WU CXATHEM BAJEHTHBIX YIJIOB M OTKJIOHEHHUEM MX OT
teTpasapuieckoro 109°28'. Hanpsxeuue 3acnoHeHHsIX C—H-cBs3eit
(CMHOHUMBI: TOPCUOHHOE HAampsOKeHWe, WIHM HanpsekeHue [lurtie-
pa) Mo CBOeil NPUPONE AHAJIOTMYHO OTTANKMBAHUIO ATOMOB BOJOPO-
Ia B 3aCJIOHEHHOH KOH(POPMAaLMH 3TaHA U JPYTHUX NpenedbHbIX Yyrie-
BONOPOAOB AL ABYX cocelHUX 3acnoHeHHbIx C—H-cBa3eit; sHeprus
3TOT0 B3aUMOMEHCTBUSA OLICHUBAETCS NMpHOIU3NTENBHO B 1 KKa/MOMb.
TpaHcaHHYJSIpHOE HafpsKeHWe, WK Hanpsokenue [lpenora, obyc-
JIOBJIEHO B3aMMOAEHCTBUEM B MPOCTPAHCTBE ABYX MJIM O0JbLIEro yucia
aTOMOB BONOPOJA TIpH aTOMAax yrjiepoAa Ha NMpOTHBOMOJOXHBIX KOH-
uax uukia. Ero cnrenyet npuHMMaTh BO BHUMaHHe IMIaBHBIM 06pa3oM
s cpenHux uukioB Cg—Cy;.

22.2. OCHOBBI KOHOOPMAIIMOHHOTI'O AHANIM3A
IOUKITOATKAHOB

22.2.1. TUKIONIIPOIIAH

Huxronponad npeacTapiser coboil MpaBUIBHBIA TPEYTONBHUK
¢ BteHTHHIMY yriamy C—C—C 60° u H—C—H 114°. BaneutHuiii yron
C—C—C B uukionponane Ha 49,5° MeHbllle TETPA3APHUYECKOro yrjia
C—C—C B ankaHax, YyTO NMPUBOAMUT K HAMPSKEHWUIO, HA3BIBAEMOMY
yriaoBbiM HanpsibxeHuem baitepa:

H H

MonexynsipHo-opbUTaIbHAA KapTHHA 0Opa30BaHWA TPEXWIEHHO-
ro YriepoJHOTO HMK/Ia MOIEKYbl LIMKJIONPOMNAaHa U3 TpeXx PparMeHToB
CH,, comep>xalmx ru6pUaHYIO sp>- U HErHOPHUAN30BAHHYIO p-Op6UTa-
iy, 6suU1a 1aHa B 1. 2 (4. 1). B aToit kapTHHE paccMaTpyBalIUCh AEN0Ka-
JIU30BAHHbIE OpOUTANIN O- M M-THIA, OXBATHLIBAIOLIME BCe TPH aToma
yroiepoaa UMKIA. ANBTEPHATHBHOE OMHCAHUE CBA3LIBAHUSI B LIMKJIO-
MporNaHe OCHOBAHO Ha MpeACTaRIeHUH O rTMOpuan3aluy Becex opbura-
Jieii atoma yriepona rpynn CH,, 06pa3yiomiMx TpeXWIEHHbIR LIUKA.

Yrnepon-yrneponHasi M 1106ast pyrasi KOBal€eHTHas! CBSI3b HaU-
6osee nMpoyHa B TOM clyyae, Korna aABe obpasyoouiue ee rubpuaHbIe
OpOUTANM TepeKpPhIBAIOTCS BAOJIb OCH, CBA3BIBAIOWEH spa 06OMX
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aToMOB. DHEPrus, a cleqoBaTedbHO, H MPOYHOCTh CBA3M YMEHbILUA-
I0TCSI, €CNIM MepekpbiBaHUE OpOUTANCH MPOUCXOOUT C OTKIIOHEHHEM
OT 3TOi ocH. B uMKionpormnaHe Mpu BajieHTHOM yrie 60° HEeBO3MOXHO
JOCTUTHYTh MaKCHMAabHOTO MepEeKPhIBAHUS ABYX Sp -THOPHIHBIX Op-
6uTtaneit aromMos yriepoma npu oOpa3oBaHUH YIIepOa-YrJIepOXHOM
cBs3d. B umkionponane rubpunHbie opbUTANN yriepona He 3KBHBA-
NeHTHbI. JIBe rubpunHbie OpOUTAIN, KOTOPbIE 00Pa3yIOT IHMOLMKIIU-
YecKHe YTIepoN-yrilepoHble CBA3M LUKIA, UMEIOT Gojiee BHICOKHMIA
p-xapaxrtep (83%) M MmeHbluuii s-xapakrep (17%), yeM THOpUIHbIE
opbuTtanu cesizeit C—H. Ilpu nepexpsiBaHW# TaKUX opOUTaneir obpa-
3YIOTCS «M30THYTHIE» CBSI3W, KOTOpbIe HA3bIBAIOT TaKXe «GaHAHOBBI-
MU», UIH T-CBA3SIMH. DJIEKTPOHHAS! IUIOTHOCTb B TAKUX «H3OTHYTHIX»
CBA3fIX MAKCMMAILHA HE BOOJb JUHUH, COEIUHSIIOMIEN SIApa aTOMOB,
a B cTopoHe oT koibla. O cTeneHU «M3OTHYTOCTH» CBSI3eH MOXHO
CYIMThb M0 BEIMYUHE YIIa MEXAY TMHHUEH, COEAMHSIOWEN aTOMBI yT-
Jlepona, U YCIOBHOM JIMHUEH B LIEHTpPE NEpeKpblBaHUS opbuTanei.
Hns nukionpomnaHa atoT yroi cocrapiset 21°. dnuna cessy C—C B
UMKJIONponane, o6pa3oBaHHOM MpPU MepeKpbIBAHUU T'HOPUAHBIX Op-
6uTaneii, cocrabaser 1,510 A, T.e. ona Kopoye mo cpaBHeHuIo ¢ C—
C-casisbio (1,543 A) B ankaHax, 06pa3oBaHHOI MEPEKPbIBAHUEM IBYX
sp°-rMBpUnHBIX opbuTtaneit. [IpUBIMXEHHO rUBPUAM3ALHUIO OpBUTa-
neii C—C-cBsizeif B LIMKIONPONAHE MOXHO ONUCATh KaK sp°:

HABe mpyrue rubGpupHble opOUTaNIM yriepona B LMKIONpOMNaHe,
KoTophle o6pasyioT ak3ouukianyeckme csasn C—H uuknonponaua,
HanpoTUB, UMeIOT Goslee BHICOKMI s-XapaKTep M MeHbLUUH p-Xapak-
TEp MO CPABHEHMIO C sp°-THUIIOM TMOPUAM3ALMM YIIEPONA B ANKAHAX.
DTH «BHELIHHE» THOpUIHbIE OE)GHTHJ‘IH YIJIepoxa B LIMKJIONpOIaHe 1o
CYIIECTBY OYeHb ONU3KH K sp -opbutansam, u kaxnas C—H-ces3p B
LMKIIoNponaHe obpa3oBaHa mnepexpbIBAHHEM sz-l‘HﬁpMHOﬁ opbu-
TaJY yraepoaa u s-opburtanu sogopona. Takue CBSI3U XapaKTe pU3YIOT-
cs1 ropasno 6onee Bbicokoit C—H kucnoTHocThio, yeM cBsa3n C—H B
ankanax. JeitcrBuTensHo, pK, uukionponana (36—37) oueHuBaercs
BEJIMYMHOM TOTO Xe MOPSAAKa, YTO U JUIS 3TUeHa. JIpa aroMa Bogopo-
na u atoM yraepona CH,-rpynnbl pacnosloxXeHs! B IIOCKOCTH, KOTO-
pasi nepneHauKylIspHa IUIOCKOCTH CaMOro UMKIIONpOMNaHa, U yroil
H—C—H cocraenser 114°.
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CornacHo runore3e rubpUIM3aLNy, YIIOBOE HAMPSIKEHUE B LUK~
nonpornaHe oOycHOBIEHO MIaBHbIM 00pa3oM HAJIMYMEM H3OTHYTBIX
cBg3ei, ofHAKO obliee HANPsSXKEHWE B LUMKJIONpPONaHe onpegeaseTcs
He TOJBKO YINOBbIM, HO M TOPCHOHHBIM HarmpsbkeHMeM. Bee iuecTs
ceaseir C—H B uukiaonponade HaxoOsTCsA B 3aCJIOHEHHOM I10JIOXE-
HUU. DHEprUst HarpsKeHUa AByX 3acnoHeHHbIX CH-cBs3eit oueHnBa-
eTcsi IpUMepHO B 1 kkan/Monb (cM. . 4, 4. 1). Obuias 3Heprus Top-
CHOHHOI'O HaMpsLKEHHS B LIMKJIONPOTNaHe COCTARNAET NPUOAU3INTENBEHO
6 xkan/MoNb U3 obIIEN SHEPIMHM HANIPSKEHUS B 27 KKan/Molb.

22.2.2. IHKJNOBYTAH

O6was sHeprus HanpsKeHUS LUKI0O0yTaHa GIM3KA K IHEPruu
HanNpsDKEHHUST HUKIOMPOIdHAa, XOTA YIJIOBOE HaMpsiXeHUE JaeT 3AECh
MEHBLUMHI BKIIAJ MO CPABHEHUIO C LIMKIIONPONAHOM, MOCKOJbKY NAXE
B IJIOCKOM LMKJ0DyTaHe BaleHTHBIM yroa 6put 661 paseH 90°. Ho B
IMIIOTETUYECKOM TLIOCKOM UMKN0OyTaHe MoJjixHO 6biTh 8 map 3acno-
HeHHBIX C—H-cBsi3el, yto maeT 8 KKajn/Modb IHEPrUM TOPCHOHHOIO
HanpsikeHUs. [ToaToMy IMKIIO6yTaH H MHOTHE €FO MPOU3BOIHBIE CY-
UIECTBYIOT B HETUIOCKOM cKiiaguyaTtoil KoH¢pOopMallMM, FIe OxHa METH-
JIEHOBAas TpyIiNa OTKJIOHEHA HA 25° OT MAOCKOCTH C TPEMSA APYIrMMH
aroMaMH yriepoja:

Ilpu 3TOM aTOMBI BOAOpONa OKA3LIBAIOTCA YK€ HE B 3aCJIIOHEHHOM, a
B HECKOJIBKO CKOLIEHHOM MOJIOXKEHWH, YTO OTYETIMBO BUAHO HA MIPO-
exuuMu HeiomeHa:

H
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CxuapuaTas opMma uMkiobyraHa sipnsiercsl rubKoi M j1erko npespa-
uiaeTcs B APYIyio cKiaauyarylo ¢hopMy Yepes MAOCKYI0O KBaAPaTHYIO
¢bopmy:

3aMeHa ogHO! METHAEHOBOM rpynnbl HUMKI00YTaHA Ha aTOM KHUC-
Jlopoaa NMPUBOXUT K OKCETaHY:

H,C—CH,

| OKCETaH
H,C—O0

B okceTaHe Mcuye3aloT uyeThipe 3acnoHeHHuIX C—H-B3anMmoneitcTaus,
M MOJIEKYJIA CTAHOBUTCS TUIOCKOM.

22.2.3. UUKJIOINNEHTAH

B runoreTnuyeckoM MIOCKOM IUKIIONMEHTAHE BaJIeHTHbIE YIJIb
JOJDKHBI 6b1Th 108°, uTO o4eHb GJIM3KO K 3HAYEHHIO TETPAdAPHYECKO-
ro yrna 109,5°. Onnako B mnockoM CsH (y ecTh mecsaTh nap 3acjoHeH-
Hbix cssizeit C—H, uto coorBercTBYeT 10 KKAJI/MONbL TOPCHOHHOTO
HarpsxeHusa. [1oaToMy peasbHbIN LMKIOMEHTAH HEIUIOCKMH M IO
¢ opMe HANTIOMMHAET «OTKPbITbIM KOHBEDT»:

H

npoekuus HeiomeHa
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B 3T0i1 KOHopMaunn Heckonbko C—H-B3auMoaeHcTBUi CTAHOBAT-
csl CKOWIEHHBIMH, HO OJHOBPEMEHHO NMPOUCXONUT HebOosbIIOe UCKa-
XeHUE BANEHTHBIX yrjloB. B pesynbTaTe HanpsXeHHOCTb MOJEKYIbI
CsH |y yacTHYHO cOXpaHseTCcs M COCTaBifleT BEJMYMHY Mopsoka 6—
6,5 KKaJ1/MOoJb. IHEPreTUYECKH it BHIMTPHILI EPEX0ia IIOCKOTO HHUK-
JioneHTaHa B KOH(poOpMAlIMi0 KOHBEPTA COCTaBjisieT 5,2 KKal1/MOJb.
HUKIOMEeHTaH OTHOCUTCA K YMCIY TaK Ha3blBaeMbIX JHHAMHYECKHUX
CTPYKTYp, KOTHA 3a cYeT BHYTPEHHEro BpallIeHHs odHa KoHdopMa-
UM MEPEXOAUT B APYIYIO, 3KBUBAJEHTHYIO eif KoHGOopMaLMIO KOH-
BEPTA Yepe3 TaK Ha3pIBAEMOE «ITOJYKPECNO». ITO HOCTUIAETCS XBHXKE -
HUEM ONHOr0O aToMa BBEpX, a APYTOTO BHHU3 OT IUIOCKOCTH:

[
[

KOHBEpPT
KOHBEpT TONYKpecao

[Monuwit noBopoT Ha 360° coBepulaercs B nATh craguit. [Ipu GuICTpoit
cMeHe KoHdbopMauuit Kojplo Kak Onl oberaeT Bosina. Takasa ¢popma
MOJIEKY/IAPHOTO JBIDKEHHS Ha3bIBaeTCA «IICEBNOBpALIEHNEM», TAK KaK
OHO BOCIIPOM3BOIMT CaMO ceb4.

22.2.4. UMKJIOTEKCAH C¢H,,

31O camblif BaXHbII U3 BCEX LMKI0aIKaHOB. CTPYKTYPHBIH dpar-
MEHT ILIMKJIOTEKCAHA BXOAMT B COCTAB OTPOMHOro KOJIMYECTBA IMPHU-
POIHBIX COENMHEHHHA — CTEPOMIOB, JIEKADCTBEHHBIX H JYLUKUCTHIX BE-
wecTs, aHTHOMOTHUKOB W Lp. PeHTreHorpaduyecku W HAPYTHMHU
PH3MYECKMUMH METOJAMM [OKA3aHO, YTO LIMKIOTeKCaH HaXoIUTCs B
dopMe kpecna, MONHOCTBIO cBOGoxHOro oT Hanpsaxenus (. baproH,
0. Xaccenb, 1950 r.). B 310it KoHopMaLWH BCce BalleHTHBIE YTJibl CO-
OTBETCTBYIOT TeTpasgpHuecKkoMy, a Bce cBsisn C—H Haxomstcs B 3a-
TOPMOXEHHOM MOJIOXEHHH:
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3To Nyylue BCero BUAHO Ha npoekuuy HeiomeHa Baomas cesan C—Cy:

H H
H 2: H ‘ |
AN H,C H
- ~
H,C | H H,C H
H H

®opma Kpecia LMKIOreKcaHa MMeeT OChb CUMMETPUU TPETLErO MOo-
psanka. lllecTh aTOMOB BOoAOpOAa, PACONOXEHHBIX NapajUle/IbHO 3TOM
OCH, HA3bIBAIOTCSI aKCHANbHBIMH, WIECTh APYTMX aTOMOB BOXOpPOIA,
KOTOpblIe Jiexar BOin3u BooOpaxaeMONl IUIOCKOCTH KOJbLA [OJ Yyr-
jgoMm B 107,5° Kk akcHaNbHBIM MPOTOHAM, Ha3bIBAlOTCSI 3KBAaTOPHAJIb-
HbIMU. LukinorekcaH, Kak ¥ UHMKIOIMEHTAH, OTHOCATCS K pa3psiay
JMHaMHUYecKHuX cTpykTyp. CorllacoBaHHOE BpallleHHE BOKPYT YIJIEpPOI-
yriepoxHbIX CBf3eil MpeBpalaeT oOqHy KOHPOPMALIMIO Kpecia B npy-
IYio, MIEHTUYHYIO €if 10 3HEPTUM KPECIOBUAHYI0 KoH(opmMaluio, B
KOTOpO# Bce akCHalibHble aTOMbl BOAOPOJA CTAHOBATCS 3KBATOPU-
aTbHBIMH, U HA060pOT Bce 3KBATOpUAIbHbIE — AKCHANBHBIMU. 3TOT
IpoLECC HOCUT Ha3BaHHE KOHBEPCHH LIMKIA:

DHepreTueckuil Gaphep VIS MEpexoma ONHOrO0 KpeciOBHIHOIO
KoH(popMepa B apyroii coctasnsieT 10,8 kkan/Moib. B npouecce atoro
MEPEXONA PEeaNn3yioTCs ApYrue, MeHee CTaOWILHBIE 3KCTpEMAILHBIE
KoHGOpMaLUMH HUKIIOTEKCaHa: MOJYyKpecsio (NoayTBUCT-copmMa), TBUCT-
topMa u BaHHa. Bce oHM obGnamaioT 6oJiee BHICOKOW 3HEpruei, uem
KoHbopMauusa Kpecna. OnHa U3 OPYTrUX 3KCTpeMalbHbIX KOH(pOpMa-
uMii — KoHcdopmauuss BaHHB — Mojy4yaeTcs, eciM atoM C|; B KOH-
¢opMauMu Kpeciia BpallleHHEM BOKDYT ONMHApHBIX CBSi3el nepeBecTH
Ha JPYIryio CTOPOHY TUIOCKOCTH aToMoB C,, Cj, Cs, Cg, rne HaxoguTcst
atoM C,. [Ipu atoMm u3MeHsieTCsI TOJIOXEHHE aTOMOB Bofiopoxa rpu C,
C; u C¢. ATOMBI BoOpoAa, ObIBIIIME B AKCHAJIBHOM MONOXEHHH B KOH-
thopManuy kpecia, 3aHUMAIOT 3KBATOPHANLHOE MONOXEHHE B KOH-
thopManuy BaHHBI U Hao60poT. X0Ts B KOHPOpMALIMH BaHHbI, TAaKXe
KakK ¥ B KOHQOpMaLIMM Kpeclia, HET HCKAXEHHUSI TeTPAa3apUUYECKHX Ba-
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JAEHTHBIX YIIOB, KOHGopManMs BaHHbI Ha 7 KKaj1/MOJb BBILIE [10 3HEp-
TMH M0 CPaBHEHUIO C KpecloBUIHOM ¢opMoit. HanpskeHHoCTh KoH-
¢opMalii BaHHBI CO3JAETCs 3a CYET 3aCJIOHEHHBIX aTOMOB BOLOPOnA
npu C; u G5, ataxke Cs 1 Cq. KpoMe TOro, paccTossHie MEXIYy «BHYT-
peHHUMH» aToMamu Bogopona rpu C, u C4 cocrarnser 1,83 A, Torna
Kak CyMMa BaH-[ep-Baa/IbCOBbIX PaIMyCOB IByX aTOMOB BOXOPOIa paB-
Ha 2,4 A. Bo3HHKalo1as [Py 3TOM SHEPIUsi OTTAJIKUBAHUA 3THX «iar-
IITOKOBBIX» aTOMOB BOIOPONA COCTABJSET MPUMEPHO 3 KKAJ/MOJb!

H CH H
HA 2 H
@CCHZQ/ H
H
H H

)
H H
npoekuus Hblomena aas popmsl BaHHB KOHGOpMaUHs BAHHBI
H H

TBUCT-PopMa

[Mpu ckpyuuBaHMM BaHHBI IO LEHTpaANbHOI ocH atoMbl C; ¥ C4 Bpa-
LIAl0TCsl B TPOTUBOIONOXHEIX Harpas/ieHUsX. B pe3ysibraTe MexaToM-
Hoe paccrosiine C,—C,4 Bo3pacraet, aToMbI Bogopona npH Cy, Cs, Cs
U Cg BBIBOOSATCS M3 3aCIOHEHHOTO MONOXEHMSA, a ¢opMa BaHHHI Ie-
peXonuT B TBUCT-popMmy. [Ipu 3TOM B 3aBUCHMMOCTH OT HAmpaBieHHUS
CKpPYYMBaHUS 00pa3yioTCs JBE SKBHBAIEHTHbBIE TBUCT-(OPMBI:

C] C4
Hasan(l)  Hasa: (2) 0 C‘WQ
G ( 43 Cy Teuct-dbopma (1)
G G |
@ G C
BNEpen
o @ S ) R C G
Banna

Teucr-dopMa (2)
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Tepexon uMkaorekcaHa u3 ¢GopMbl BaHHbI B TBUCT-(OpMYy compo-
BOXIAETCs CHATHEM B3aMMOJEMCTBUA «(hIarmiTOKOBbBIX» aTOMOB BO-
nopopa npu C; u C4, nostomy TBUCT-GopMa obnagaeT MEHbILEN 3HEDP-
rueit, yeM ¢opma BaHHbL. OQHAKO B TBUCT-(HOpPME YACTUYHO
coxpaHsieTcsl 3acioHeHue cssizeit C—H, u no aHepruu oHa MeHee
crabunbHa, yeM KoHdopmauus kpeciaa. [1pespameHue KoHdopma-
LMK Kpeclla B TBUCT-HOPMY MPOUCXOLUT Yepe3 HEyCTONUMBYIO KOH-
dopMaumio nonykpecia (nonyrsuct-c¢opmal), rie B OXHOM IJIOCKO-
CTH pacriolaraioTcst YeTbipe COCEHUX aTOMa Yriepojaa:

Kpecno INonyxpecno TeucT-opma

Kondopmauus kpecna npencrasisieT cobo koHGOpMaLMOHHO
XKeCTKYI0 GOpMy, OCTaIbHbIE IKCTpeMalibHble KOH(pOpMalLMH OTHO-
CATCSI K YMCITY BEChMA IOXBUXHBIX (GOpM, MOCKONILKY OHM JIETKO Je-
dopMuUpyioTca U mepexomaT apyr B npyra. Ha puc. 22.2. npuseneHa
JHepreTHYecKasi fMarpaMMa KOHGOPMAaHMOHHBIX HEPEXOHOB IS B3a-
MMoTpeBpallieH U 1ByX GOpM Kpecia, KOTOpoe HOCUT Ha3BaHUeE KOH-
BEPCUH 1LIMKJA.

[NepsoHayancsHO oxHa U3 KOHGMOPDMALMH KpECia MEPEXOXHUT B
dopMy nmonykpecna, KoTopas manee npeBpallaeTcsi B TBUCT-(hopMy

u%

noayKpecno
(nonyTBHCT)
m

OJTYKpecno
(nonyTeucr)

2)

TBKCT (2)

Puc. 22.2. DHepretuyeckas AnarpaMMa XOHGOPMaLMOHHBIX NEPEXOIOB
B LIUKIIOreKCaHe
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(1). Teucr-chopma uyepe3 kKoHQOPMAUHUIO BAHHBI «CKPYYHBAETCHA» B
NPOTUBOIIOIOXHOM HallpaBlIeHUH B APYTYio TBUCT-dopmy (2). TucT-
t¢opma nanee npespauiaetcs B KoHpopMaiuio rnonykpecna (2), Ko-
TOpas B KOHEYHOM HUTOrE MEPEXOAUT B KOHEUHbIH MPONYKT KOHBEp-
CHM — Kpecino (2).

®opMa nomykpecia SBIAETCA NMEPEXOIHON MeXAy KoHpopMaLm-
el Kpecna u TBUCT-opMoit, a popMa BaHHBI — MEXIY IBYMS TBHUCT-
dopmamu. KoHbopMauyy BaHHbI ¥ MOJIYKpPeCaa [0 3HEPTUH HAMHOTO
MpeBOCXOAAT KpecnoBunHble KoHdopMauuu (1) u (2). [eomeTpHyec-
KM 3TOT Mnpolecc MOXeT ObITh onucaH cieayiolieil nocienoBareb-
HOCTbIO MpEBPALIEHUH, B KOTOPBIX CBOE IMOJOXEHWE U3MEHSIIOT OO-
HOBpPEMEHHO [Ba aTOMa yrjieponaa:

?’:%:%#v‘h:R

KondopmepamMu B 3TOM MpeBpalieH UM SBASIOTCH TONBKO KoHGpopma-
UMM Kpecsla U TBUCT-GopMbl (MUMHUMYMBI Ha SHEPreTHYECKOMN nMar-
pamme). PaBHoBecHas1 cMech KOHGOPMEPOB LIMKIIOTEKCAHA COOEPXKHT
nipu 20°C 99,99% kpecinoBHAHON KOoHDOPMALMH, a caM IPOUECC KOH-
BEPCUM UHUKJIIA OCYIUECTRISAETCS C YACTOTON MOpSIKa CTa ThICSY Ipe-
BpallleHU# B cekyHay npu 25°C.

22.2.5. KOH®OPMAIINH CPEIHMX IIUKJ/IOB

Ansi uMKI0B ¢ YMCIOM aTOMOB yrjepona bojiee ILIECTH YMUCIIO
3KCTpEeMaIbHbIX KoH(MOpMauuit pe3ko Bo3pacraeT. Tak, Hanpumep,
IpY¥ OUEHKe KOH(pOPMANMOHHOrO COCTOSIHUSI UUKIOOKTaHa clenyeT
IIPUHUMATh BO BHUMAHKME HEe MEHEe JBEHANUATH 3KCTPEMAIbHbIX KOH-
¢dopmauuit, u3 Kotopeix Hauboaee cTaOMJIBHOMN, COTJIAacCHO pacyer-
HbIM JAaHHBIM, @ TaKXe JaHHBIM AMP-creKTpocKonuM 3aMe e HHbIX
IpOU3BOAHBIX, OKa3biBaeT ¢opMa BaHHA-Kpecso; MeHee cTabUIbHBI
BaHHA-BaHHA M KOpOHa:

p vat

BaHHa-Kpecyo BaHHa-BaHHAa KOpOHa

Paznyyue B 3HEPTHMM IS 3TUX KOH(MOPMALMIM 3HAYUTENBHO MEHBILE,
yeM [UIS LMKJIOreKcaHa, U KoneOnerca B qHanasoHe 5—7 KKai/MoJb.
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Jlns Bcex kKoHgopMallMi UMKIOOKTaHA XapaKTEPHO HAJMYME 3aCiiO-
HEHHBIX aTOMOB BOAOPOAA, KOTOPOE MPUBOAUT K IMOABJIECHHIO TOPCH-
oHHoro Hanpsxeuus [lutiuepa. KpoMe Toro, ans UMKIOOKTaHA U
IPYTUX CPEAHHUX LIMK/JIOB XapaKTepPHO HAJMYME HArpsDKeHHs, BbI3bl-
BA€MOTr0 4TOMAaMM BOZOPONA, HAXOAAIMMHCS Ha MPOTHBOMOAOXHBIX
CTOPOHAX KOJiblla — TpaHCaHHYASApHOro Hanpsxeuus [Ipenora:

H

H

Takum 06pa3zoM, 3HEPTUS HaNpsXKEHUs IUIA CPERHUX UMKIOB
CKJIA[bIBAETCSA U3 TOPCHOHHOTO M TPAHCAHHYJISPHOTO HAMpPSIXEHUS.
KondopmalimonHble npobiaeMbl and HUKIOAEKAHA ¥ BHICIIMX LIMKIIO-
AJIKAHOB HACTOJIBKO CAOXHBI, 4TO PELIAIOTCS TOJbKO C MOMOLUbIO
KOMIbIOTEPHON MaTeMatniyecKoi o6paboTKM ¢ MUHUMHU3ALMEN TEp-
MOJMHAMHUYECKHX TapaMETPOB [JIS1 SKCTpeMabHBIX KoHbopmamid. s
CaMoTo LIMKJIONEKAHA PEHTIEeHOCTPYKTYPHBIM aHAJIM30M [IOKA3aHO, 4TO
B TBEPAOM COCTOSIHMM OH HaxopMuTcs B KOH¢OpMaLMMK BaHHAa-Kpec-
JIo-BaHHA. 3Ta Xe KOH¢OpMauusg OKa3blBaETCd ROMHHUDYIOLIEH U B
razosoit aze. Lluknonexkan 6onee HanpsXeH, 4YeM LIXKIOOKTaH. Pac-
CMOTpEHHE MOJEJIHM BaHHA-KpeCc/lo-BaHHA ITOKA3bIBAET, YTO INMpPUYH-
HOH BTOro pasiuyust sSIBJSIETCS BaH-I€p-BaalbCOBH B3aHUMONEHCTBUS
JBYX IPYIIT MO TPH aToMa BOAOPOMAA C KaXAOW CTOPOHB!I MOJIEKYNHI.
JTio60e M3MeHEHHE TEOMETPUM NMPUBOAUT K POCTY TOPCHOHHOTO Ha-
MPSKEHUS

J\ H H HMKI0AEKAH (BaHHa-KPEC/I0-BaHHa)

—H

Uuknst ¢ 15 u Gonee aToMaMH yriepoja 1o cBOeil reOMeTpUH MOXo-
XYM Ha aJikaHbl ¢ AIJHHHOMN yrnepon-yriepoaHoi cssasbio. Haubonb-
el crabunbHOCThIO OynyT obnamath KoH¢OpMallMM, HANOMHHAI0-
LIMeE IO CBOEH reOMeTpHUH pellleTKy anMasa.
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22.2.6. KOH®OPMALIHUH MOHO3AMEIIIEHHBIX IIHKJIOrEKCAHOB

MeTHnuukIoreKcaH, TakXe KaKk W BCe JpYrMHE MOHO3aMEILEH-
Hble TPOM3BOAHbIE HUKJIOTEKCAHA, MOXET HAXONMTbCH B IBYX pas-
AUYHBIX KOHGOPMaUMAX Kpecia, [Ie METHIbHAs IPYyIa WiK ApYyroi
3aMECTHTEIb 3aHUMAET aKCHAIBHOE HIIM 3KBATOPHATLHOE IMOJIOXEHHE.

H_ -’ H
a
-— H
€ C’
el
H
aKcHanbHBIt KoHpopMep (5%) 3KBaTOpHaIbHBIIL KoHbopMep (95%)

K = sxBaTopnanbHslii/akeuanphbiit = 20; AG® = —1,8 kkan/monb

MoHo3aMellleHHBIe UMKIOTeKCaHRl aXUpaJibHbl, €CTH 3aMECTUTENb B
KOJIbLIe axupaieH (cM. ri. 8, 4. 2). OmHaKo UX a- ¥ e-KOHPOPMEPHI Ipel-
CTaBJSIIOT coBoll nuacTepeoMepnl M, CAEAOBATENbHO, MOHO3aMELIEH-
HBIM LIMKJIOTEKCAH MpOsBIsAET KOHMOOPMALMOHHYIO NHACTEPEOMEDPHIO.
Bappep npespaimieHuil 3TUX AMACTEPEOMEPOB HACTOJIBKO Maj, YTO He
MO3BOJNISIET NTPH TeMmepatype Bhime —120°C pasnenuTh 3TH ABE IHACTe-
peomepHbIe KoHbopMaumu. st MOHO3AMeLIEHHAIX LIMKJIOTEKCAHOB 3K-
BaTOpHANLHBIH KOHopMep Bcerna Oosee crabuneH,4eM aKCHUANbHBIA.
dnst MeTriumkutorekcana rnpu 25°C paBHOBECHOE COCTOSSHME OTBEYaer
95% e- u 5% a-xkoHdopmanuu. Paanuuune B CTabBWIBHOCTH e- H a-GopM
U1l 3aMEUIEHHBIX LIMKJIONeKCAHOB JIETKO MOHATD, €C/IM PaCCMOTPETh CO-
OTBeTCTBYIOILMeE MpoeKiinM HbloMeHa 1ist Kosblia OTHOCHTEIBHO CBS3H
C(1)—C(2). IlpuBenem npoekuuu HbroMeHa s METWILIMKIIOTEKCAHA:

CH, H
¢ H ¢
2 H,C CH
~ . 1 3
6 = 3
:C H “H,C CH,
H H

B skBaropuanbHoit KOHpOpMauKUKN METUAbHAS TPYIINA PACIIONOXEHA
B anmu-nonoxeHuu no otHoiueHuio K CH,-rpynne C(3), 8 To Bpe-
Msl KaK B aKCHaJIbHOM KOHGOpMaLMK 3TH TPYIIIbl HAXOAATCS B CKO-
weHHOM (eow)-KoHgpopmMaluy. BianmoneitcTBue aTOMOB BOLOpOIa
METUIBHOM Tpymibl ¢ aKCUaJIbHbIM Bogoponom npu C(3) momo6Ho

XL

T/ \
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B3aMMONENCTBHIO aTOMOB BOIOPOAA B CKOLLEHHO# (20w-)xoHGPOpMAaLIUK
ByraHa (cM. r1. 4, 4. 1). HanoMHuM, 4to mis eow-xoHdopmaiiuy OytaHa
TaKOE B3aMMOEMCTBUE NPUBOLHT K POCTY SHTANLIAMHM Ha 0,9 KKan/Mosib.
B METWILMKIOreKCaHE €CThb IBA 20Li-B3aHMOIEIICTBUA METHILHOM rpyTI-
nbl ¢ aKkCHaibHbIM BopopomoM — npu C(3) u C(5), uTo cooTBerT-
CTBYET pOCTY SHTATLNUM Ha Benuuuny 0,9 x 2, T.e. 1,8 kkan/mons. D1a
BeJIMYHHA (PaKTHYECKH TOYHO COOTBETCTBYET peajlbHO Habiomaemo-
MY pazIM4YMIO B SHEPTUH a- U e-KOH(opMalMil METHILIMKIOTeKCaHa.

B akcuanbHOM KoHdopMepe Habiiopaercs BaH-Aep-BaajabCOBO
OTTAJKHWBAaHWe MeXIY atoMoM Bomopona CH;-rpynnbl ¥ akcHanbHBI-
My Bogoponamu rpu C(3) u C(5). Takre p3auMoaeiicTBUS Ha3bIBAIOT
1,3-mMakcHaibHbIM B3auMoneicTBUEM MM 1,3-mHMakCHaAIBHLIM OT-
TAJIKMBaHUEM. DTO ApYyroii criocob onucaHus eow-3thdexra B METH-
LIMKJIOTEKCAHE!

Pasnuyue B aHEprum a- u e-KoHpopmepoB 1 Joboro MoHosame-
weHHoro uukinorekcaHa CgH ;X B MoJleky1sipHO MexaHUKE OBbIYHO
Ha3bIBaIOT CBOOOAHOM KOHGOPMALMOHHOM! 3Heprueit AG”® rpymnnbl X.
DHepreTHyeckoe pasznuune AByXx KoHdopMauuni wis CqH X Moxuo
OTpPeNeaUTh C TIOMOLIbIO PA3THYHBIX HPUIUKO-XUMUYECKHX METONOB,
CpeaM KOTOPbIX 0cOBEeHHO NMoJae3HON oKa3anack cniekrpockonus IMP
Ha suxpax 'H u 3C. MuBepcus Kombua NpuMBOXUT K 0GMEHY MECTAMH
3KBAaTOPHUANIbHBIX U aKCUATLHBIX aTOMOB Bonopona. B TepMuHoNOrMU
AMP 310 MOXHO paccMaTpuBaTh Kak Mpollecc obMeHa MoJoXeHUH
nporoHa. I[lpu ObictpoM oBMeHe ¢ KOHCTAHTOM CKOPOCTH MOpskKa
10°c™! nabaonaeMsrit cnekTp npencrasisier coboil ycpemHeHHbIH
crnektp 0beux koHdbopmaiuit. [Ipy MemreHHOM obMeHe Co cKopoc-
Thio nopsinka 10'—10% ¢! criexTp nposiBNsieTCs KaK HAOXEHHUeE CrieK-
TPOB ABYX peaibHbIX KoHpopMepoB. TIpH npoMexyTouHoit CKOpOCTH
obMeHa HabNOAA0TCs YILIMPEHHbIE CUTHAIBI, 4YTO BOOOLIE XapaKTep-
HO J1s1 AMHaMU4YecKoro paBHoBecus B IMP-cnekrpockonun. B [IMP-
criekTpe neiTepupoBaHHoro uukiorekcuwnotopuna CsDyoHCl mpu 25°C
HabstonaeTcs ycpenHeHHBIH cuurier, npd —60°C nosmasiorcs asa
CHJIbHO YIUMpEHHBIX CHHIIeTa, KoTopble npu —150°C nepexomar B
IBA Y3KHMX CHHIJIETA, COOTBETCTBYIOIUMX WHAVBUAYAILHLIM KOH}pOP-
Mepam (puc. 22.3). CooTHollIleHUe KOH(DOPMEPOB ONpeNensAercs: 1o
IJIOMIAH COOTBETCTBYIOLIMX CUTHANOB.
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vatw

-
H +25°C
Dp D
ci DaANUAN
D 35 Vs W _s0°C
D
va Y s0°C

Puc. 22.3. TIMP cnekTp AekaleitTepoxiopUUKiIOreKcana npy +25°; —60° u —150°C

Tabnuua 224
Ceoboanne xoHbopMannoHubie 3Hepruy AG” rpynn X

3amectarem X AG”, kxan/mons 3amecTrrens X AG’, Kxan/Mom

F -0,25 CN -0,2

Cl —-0,53 COOH -1,85

Br —0,48 OCOCH; -0,7

I —0,45 OH —0,87

CH,3 -1,8 OCH,4 -0,55

CH,CH; -1,8 OTs -0,52

CH(CH3), -2,1 C=CH —0,41

C(CH3)3 -5,4 NO,; -1,16
CsHs -3,1

B tabn. 22.4 npuBeneHbl 3HaueH s CBOBOAHBIX KOHGOPMALIHOH-
HbIX 3HEPTUM IS 3aMecTUTENE caMOil pasIUu4YHON MPUPOAb], Ompe-
nenenHsle ¢ nomoupio SMP 'H u '3C npu temneparype Hixe —100°C.
Bce ranoreHsl MMeroT HM3KME U (KpoMe ¢Topa) Gin3kue 3HAYEeHUs
AG’, TaK KaK OJHOBpEMEHHO C POCTOM obbeMa aToMa yBEJMYUBAET-
Csi IUTMHA cBSI3H yriaepoA-rantoreH. Beanunna AG° 3aKOHOMEPHO BO3-
pacTtaer npu nepexoge oT NepBUYHON KO BTOPUYHOR M ganee X Tpe-
TUYHOM ankuabHOM rpynne B panxy CH;~CH;CH, < CH(CH;), <
C(CH,)3. Tpem-6yTunsHas rpynmna uMmeeT Haubosiee BbICOKOE 3HAYe-
HUe AG®, paBHoe 5,4 kxan/monb. INpu 25°C Tonbko 1—2 MoOJEKYIbI
mpem-oyTunLMKNorekcana U3 10000, t.e. 0,01% HaxomdTcsi B aKCH-
abHON KOHMOPMALUHU.

HpeanoyTUTEABHOCT 3KBAaTOPHAJBHOR OpHeHTauuu mpem-By-
TH/BbHOM IPYNIIbI CAENANTO0 €€ OYEHb YIOOHBIM DENepoM [UIS1 U3y4YEeHUs
cHCTeM C 3afKaHHoOM KoHdopMauueit. Cnexyer, O0HAKO, OTMETHUTD,
4TO KOH(OPMALUU Helb3sl MPENCTABIATh MOMHOCThIO 3aKPETJIEHHbI-
MM Jaxe NMpU HATUYUK mpem-OYTUWIBHON UM (PEHUIBHOM TPYMIbI.
KondopmauuonHas unsepcus npu 25°C W Bblllle UMeeT MECTO MpH
HaJTH4YUHK 1106010 3aMecTUTENs, TOITOMY HEYMECTHO FOBOPHUTh O Ta-
KOHM CHCTEME KaK O 3aKperuieHHOH B OHON KOHGOpPMAalMH.
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22.2.7. KOHOOPMAIIMHY JU3AMENIEHHBIX HHKJIOTEKCAHOB

1,2-, 1,3- u 1,4-In3amMeuieHHbIE UMKIOrEKCaHbl CYUIECTBYIOT B
BHJIE NTAp TEOMETPUYECKHUX YUC-, MPAHC-U30MEPOB OTHOCHUTENBHO [LUIOC-
KocTH Konbua. Kaxnelit nMactepeoMepHbIil reOMETpHUECKHI U30Mep
HaxOOUTCA B BMIE PABHOBECHOI CMECH IBYX KPeCJOBHUAHBIX KOHpOp-
mepoB. PaccMoTpuM KoHGOpMauuy OU3aMeUIeHHBIX [IPOU3BOIHBIX
LIMKJIOreKcaHa Ha IIpUMepe AMMeTHINUKIorekcana. [Juc-usomep 1,4-
IUMETWIIMKIIOTEKCAHA HaXOQUTCS B BUIE PABHOBECHOH CMECH 3KBHU-
BAJIEHTHBIX €,a- U a,e-KOH(hOpMEpPOB.

CH, CH,
a a
H AG° =10 H
e
H,C ® cH,
H e,a-xondopmep a,e-xoHpopmep H

uuc-1,4-TMMeTUNIIHKIIOTeKCaH
AG =0
Ecnu 3aMecTUTENH 0QMHAKOBHI [UIS 4uc-1,4-TU3aMELIEHHOTO LIUKIIO-
rekcaHa, To AG® = 0. dna mpanc-usomepa 1,4-1MMeTHIIMKIIOTEKCA-

Ha B OfHOM KoHdopMauuu oba 3aMecTUTENs aKcHaabHbI (a,q), a B
Ipyroii KoHdopMauuu 3KBaTopHaNbHbI (¢,e) U AG™ = —3 4 KKaji/MOJb:

CH,
a
H
AG°=-34 Kxan/Monb
H =
a

CH; a,a-xoxdopmep e,e-KOHdopmMep

mpaHc-1,4- ITMMETUILMKIOTeKCAaH

AG® = —3,4 kxan/Monp

Ins yuc- v mpanc-nzomMepos 1,2-nu3aMelleHHOrO UMKJIIOreKcaHa pe-
aJIM3YIOTCA T€ XE camble KOHGOpMALMM, 9TO W OIS YuC- U Mpawc-
H3oMepoB 1,4-mu3aMellIeHHOTO UMKJIOTEKCaHa.

B yuc-1,3-quMeTHILMKIIOTEKCaHe 00e METIIbHBIE TPYIINbI THHO
aKCHaIbHbI, TH60 3KBATOPUANBHBI:
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CH;
a H S H;C.e
E H e CH,
H
a,a-koHdopMep e,e-koHpopMep H

yuc-1,3-TUMETHILIMKIOTeKCaH

B mpanc-1,3-quMeTUILIMKIIOTEKCAHE OHA METHJIbHAs TpyIla 3KBa-
TOpHaJibHA, a Apyrasi aKCHAJIbHA.

CH;
a
i H
H
! : ¢ CH, a € CH;
CH;
a, e-KoHpopMep e, a-koHdopmep H

mpatic-1,3-TMMeTUIILHKIIOreKCaH

Taxum 06pa3zoM, KOHHOPMALIHOHHOE COCTOSIHUE KUC- U MPaHC-U30-
MEpOB 1,3-AM3aMEUIEHHBIX LIUKJIOTEKCAHOB MMOJIHOCTBIO IPOTUBOIIO-
JIOXXHO KOH(QOPMALIMOHHOMY COCTOSSHHIO COOTBETCTBYIOLUMX KUC- U
mparc-n3oMepoB 1,4- ¥ 1,2-au3aMeieHHbIX IMKiIOreKcaHoB. Kpome
toro, mist 1,2- ¥ 1,4-gu3aMenieHHBIX mpaxc-u3oMep Ha 1,9 kkan/
Monb b6osiee ctabuieH, yeM yuc-usomep. s 1,3-1u3aMeuIeHHBIX Ha-
6niopaetrcsi obpaTHasi 3aKOHOMEPHOCTb: YUC-U3OMED OKa3bIBaeTcs
bosiee cTaGUNIbHBIM.

PaccMoTpuM cuTyauuio, Korna koH¢popMallus BaHHB CTaHOBHUT-
cs1 Gonee cTabunbHOM Mo cpaBHeHMIO ¢ KoHGopmanuei kpecna. Ta-
Kast CUTYaLMsI MOXET ObITh BhI3BAHA HAJIMYKUEM NBYX OOBEMUCTHIX mpem-
OYTWIBHBIX FpYNN B mparc-1,3-nu-mpem-6yTinumknorekcane. Kaxnas
U3 mpem-OyTWIbHBIX TPYNI BCerna CTPEMMTICS 3aHATbh 3KBATOPHAJIb-
Hoe noxoxeHue. B mpawnc-1,3-1u- mpem-6yTHIUMKIOTEKCaHE B Kpec-
JIOBUJIHOM KOH(MOPMALIMK 3TO HEBO3MOXHO, TaK KaK 3/1€Ch CYILIECTBYIOT
JIBE 3KBUBAJIEHTHLIE €,a- U a,e-KPEecHOBUIHbIE KOHGDOPMALIMH:

CH,
He—c
a CH3 H
H
H _— H}C a e (:((:]'13)3
\C
L €~ C(CHj); Hc” CH, H
a,e-xoHgopmep e,a-XxOHbopMep
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[MosToMy B pe3ynbTaTe CKpydYUuBaHUA mpaxc-1,3-au-mpem-byTUIUMK-
JIOTeKCaH NpUHUMaeET opMy BaHHBI, rie obe mpem-DyTUNbHBIE TPYII-
Nbl 3aHUMAIOT 3KBATOPHANILHOE MOJIOXEHUE:

H

CH,),C>
C(CHs)s

H

Takoit nmepexonm comnpoBOXAaeTcss cHATHEM HanpskeHus Iluruepa
mpem-6yTunbHoOH rpynnsl ¥ C—H-ceszeit npyu C—3 u C—S5, uro non-
HOCTBIO KOMIIEHCHPYET MOSIBJIEHUe YeThIpeX nap 3acnoHeHHbsix C—H-
cBsa3eil B KOHGOPMAIMY BaHHBI.

22.3. BIMAHHE KOH®OPMALLUOHHOI0O COCTOAHHA
HA PEAKHHOHHYIO CITOCOBHOCTb

BnusHue koHGOpMAILIMOHHOrO COCTOSHHUSA Ha PEAKIIUOHHYIO CIO-
cOBHOCTh COCTABASIET CAMBIA BaXHbIM M MHTEPECHBIN pa3nes1 KOH-
thopMallMOHHOr0 aHANIKM3a LUKINYECKUX CUCTEM. DTOT acleKT Haubo-
Jee noapo6HO M3yyalcs HA MPOU3IBONHBIX LMKIOTEKcaHa M
KOHIEHCHPOBAHHBIX CHCTEM, CONEPXAILIHX HECKOJbKO LMKJIOTeKca-
HoBbIX Kojien. HaubGonee pacnpocTpaHeHHbIM cIOCOOOM M3yd4eHHs
BJIMSIHUA OPMEHTALIMK TPYIIIbI HAa €€ PEaKLIMOHHYIO CITIOCOGHOCTD SIB-
Jnsercs pukcauus KoHGopMaLMK ¢ MOMOUILIO Mpem-OYTUIBHOM IPyII-
Mbl B KAYECTBE 3KBAaTOPHANBHOTO penepa. Tak, HANMpUMep, B yuc-4-
6poM-1-mpem-byTunuMKiIOoreKcaHe atToM 6poMa HaxompUTcs B
aKCHAJIBbHOM [MOJNOXEHUU, MOCKOJIbKY mpem-OyTWIbHas rpynna 3a-
HUMaeT 3KBaTopHalbHOE MojoXxeHue. Ins ero guactepeomepa —
mpanc-4-6poM-1 -mpem-6yTHNLIMKIOreKcaHa OpoM HAXONUTCH B 3K-
BaTOPUATBHOM ITOJIOXEHUH:

Br H
a e
H Br
(CHy):C, (CH3:C ,
H H
yuc-4-6poM- 1 -mpem-6yTiun mpaHc-4-6poM- 1 -mpem-6yTun
LMKJIOTeKCcaH LMKIOTEKCaH
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B peakuusx Hyxieo@UJIbLHOTO 3aMelleHHs THIIA Sy2, TPOTEKAIOUIUX
¢ obpameHdeM KOH(UrypaluMu, HYKIeOopHNbHBIH areHT Y 3aHU-
MaeT MoJIOXeHHe, MPOTHBOIONOXHOE TTOJOXEHHUIO YXOAALIER TPyI-
MBI, T.€. YUC-M30MeED TMPEBPALIACTCS B MPaxc-U3OMeED, a MParc-u3o-
Mep B {uUC-U30MED:

Br
a
H
(CH3)3C e + 82 Br O alICTOH (CH3)3 + Br
H yuc- mparc-
H
e Br H
(CHy,C, 4 82 pp+0 AUCTOH auerod_(CH,),C, +B°
H  mpanc- uuc-

CTpyKTypa nepexoqHOro COCTOSIHUA LIS 00enx peakuuii U30TOMHOro
obMeHa ranoreHa ogMHakosa. CienoBareilbHo, pa3iHyue B CKOPOCTH
pPEaKUMKU DOMXKHO OBITh BbI3BAHO TOJBKO PA3IMYMEM B 3HEPTUH HC-
XOMHBIX YUC-U mparc-U30MEPOB, TAK KAK SHEPTUS AKTUBALIMK COOT-
BETCTBYET PAa3HOCTU 3HEPIUM TEPEXOAHOIO U UCXOOHOIO COCTOSIHUM.
Tpanc-u3oMep ¢ 3KBaTOPHAIBHBIM OpoMOM HMeeT 6ojiee HU3KYIO
SHEPrUI0 OCHOBHOIO COCTOSIHMSI, U NMO3TOMY SHEPrUsi aKTUBALMUHU
M30TONHOro ObMEHa Ul Hero AOJKHA ObIThb BBILWIE, YEM IUIST KUC-
H30Mepa C aKCHAIbHBIM ODpoMoM. DTo cooTBeTCcTBYET Hosiee BhICOKOM
peaKLMOHHOM crocoOHOCTH aKCHAJBHOW CBS3U YINIEPOA-TAJIONEH B
Sy2-peakuuax 0O CpaBHEHMIO C 3KBaTopMaibHOM. JleicTBUTENLHO,
Juc-U30MEp pearupyeT ¢ S’Br  IpMMeEpHO B ueThipe pa3a GhIcTpee,
yeM mpanc-N3oMep. DTO clydyail TaK Ha3blBAEMOTO CMepu4eckozo yc-
Koperus peaxyuu. IIpy MOHU3ALMH TO3UIATOB Yuc- U mparc-4-mpem-
GYTUILMKIIOrEKCaHOI0B 06pa3yeTcs oMH M TOT Xe KapbokatvoH. Ecinu
1 310 Syl-peakluu IPpUMEHUTD Ty XE CaMyio apryMeHTaluIo, 3T0
MPUBEAET K BHIBONY O TOM, YTO KLUC-U3OMEDP C aKCHANbHOMU TO3MI0K-
CUrpynmoN fomxeH ObITh O0Jlee peaKlIHOHHOCTIOCODHLIM MO CpaBHE-
HHUIO C mpaHc-u3oMepoM ¢ 3kBatopuaibHON TsO-rpynno#, 4to U
HabmonaeTcst B AEHCTBUTENBHOCTH.

Toaunar yuc-4-mpem-6yTUAUMKIOTEKCAHOAA MOABEPTAETCS
COJIbBOJIM3Y B MYPaBbMHOM M YKCYCHOM KMCJIOTE COOTBETCTBEHHO B 4
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a AG=AG* - AG*

—‘;f yuc-usoMmep ¢ akcuanrbHoi OTs-rpynmoii

AG .

S . - mpanc-u3oMep ¢ IKBaropuanbHoit OTs-rpynmoit
Puc. 22.4. CooTHoulenMe 3Hepruii aKTHBALIMM COBBOMIN3A {UC- U MPAHC-U3OMEPOB

TO3UIATOB 4-mpem-GyTUNLINKIOreKCaHo/Ia COOTBETCTBEHHO C aKCHaNbHOM H
3KBaTOpHaNbHOMN TO3HUJIOKCUIPYTINION

¥ 2,3 paza OpICTpee, 4YeM mpaHc-U30Mep, M pa3HHULA B CBODONHBIX
3HEPrusAX aKTUBALlMU COJNBLBONIM3A IBYX 3THX 3MMMEPHBIX TO3WIATOB
paBHA pa3iMYMIO B 3HEPTMHU IKBATODHAIbHON M aKCHAJbHOU TO3M-
nokcurpynne (puc. 22.4).

Crepryeckoe ycKOpeHUe peakliuy Habiiogaercs TaKxKe Mpy OKUC-
JIeHUH 3aMELUEHHBIX LIMKJIOTEKCAHOJIOB XpOMOBOI KHcIoToil. CinpThi
C aKCHaNbHOM IMAPOKCWIBHOM IpyInoil oKHclstoTcss B 3—6 pa3 GoI-
cTpee, 4eM CIIMPTHI ¢ 3KBaTopHansHoi OH-rpynmoit. B Tabnuue 22.5
NpUBEREHbl 3HAYEHUS KOHCTAHT CKOPOCTEH OKMCICHMSI HEKOTOPbIX
AIKUA3AMELLEHHBIX LIMKJIOTEKCAHOJIOB XpOMOBOI KHUCIIOTOH.

K3 naHHBIX, TIpeacTaBleHHbIX B Tabiu. 22.5, cnenyer, 4To akcH-
aNbHbIE CIIMPTHI OKUCIASIOTCS ObICTpee, YeM UX 3KBAaTOPHUANbHBIE 3MHU-
Mepbl. MakcuManbHOE YcKopeHHe HabionaeTcsl B TOM ciyyae, Koraa
UMeETCS METUJIbHAS IPYNNA B CUH-TIOJIOXKEHHUH 110 OTHOLIEHHUIO K aK-
CHQILHOMY THIOpPOKCWIY. DTO yCKOpeHHEe OOYyC/OBIEHO U CTepuuec-
KUM, ¥ noaspHbIM 3¢ddekTamu. Tak, 6oiee BbICOKast CKOPOCTb OKHUC-
neHus cnupra Il mo cpaBHeHMIo co cnupToM I c akBaTopuanbHOM
IPYIION, MO-BUANMOMY, BBI3BIBAETCS M CTEPUYECKMMM, W MOJSIPHBI-
MU ¢akTopaMH. B TO Xe BpeMsi YCKOpEHHUE peaklIM¥ OKUCIEHUS [UIst
napel coeguHeHni III u IV, roe HeT MONOJHUTENbHBIX CTEPUYECKUX
NPENATCTBU M, HOJDKHO BbI3bIBATHCA MONSAPHBIM 3¢)EKTOM METHIBHOM
rpynnbl. HanpoTHs, yckopeHue peakiMy LI napbl coeguHeHuit IV u
V 0b6ycnoBieHo cTepHYecKUMH npuynHaMu. ObuienpuHsToe obbscHe-
HHe HabnonaeMoro Nopsaaka U3MEHEHHUsI CKOPOCTH OKHCJIEHUS] OCHO-
BaHO Ha ocnabJieHUHN CTEpUYECKOrQ HAMpsSXEHUs] NPOCTPAHCTBEHHO
3aTPYNHEHHbIX CIIUPTOB C Sp°-FUGPUIHBIM YIIEPOIOM 110 CPABHEHUIO
¢ sp’-TMGPUIHBIM yI1€pOIOM KApGOHMIBHON IPYINIbl. YMEHbLIEHHE
HanpsDKEHUST HEIOCPEACTBEHHO OTPAaXaeTcsd Ha PaslIM4MM B 3HEPru-
SIX TIepEXOQHOr0 COCTOSIHUS, MOMOBHOr0 TOMY, KakK 3TO 6bLIO TpHUBE-
NEHO Ha NpeablaywleM puc. 22.4, pazyMeeTcs, [IpH YCIOBHH, YTO Me-
pPeEXONHOEe COCTOSIHUE VI ABYX 3MMMEPOB TOXIECTBEHHO.

Hanpapnenune E2-3IMMHUHHPOBAHUS B IMPOM3BOAHBIX LIMKIOTEK-
caHa peLuarouiMM 06pa3oM 3aBUCHT OT KOH(OPMALIMH YXOIsauiei rpyr-
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Ta6anuua 22.5

KoHCTaHTH CKOPOCTH OKHC/JICHHSR LHKIOTeKCAHONOB
XpomMoBo# kucaoroi B 90%-i soaroit CH;COOH

Coeaunenune K, n/(mons - c)
e
OH
(CHy):C ® 13,2
OH
a
(In 51,3
(CH,),C e
e
OH () 42,0
(CH,);C , . CH,
OH
a
awv) 123
(CH3)C, 2
CH,
OH
a
V) 146
(CH,);C e - CH,

Ibl ¥ aTOMa BOJOPOMA TPH COCENHMUX YLJIEepOomHbIX aTomax. O6uIuM
CTEPEO3NEKTPOHHBIM TpeboBaHueM E2-peaklM¥ MPOU3BOIHBIX LIMK-
JIoreKcaHa iBIsieTCs KOIIaHAPHOCTh U gHMU~-OpUEHTALIUA 3TUX IPYI
(rn. 10, 4. 2). [Ing npou3BOOHBIX HUKIIOTEKCAHA 3TOMY YCJIOBUIO YAOB-
JIETBOPSAET TONBKO 1,2-IMaKCHANBHOE PACIIONOXeHHE BOLOPOAA U yXO-
et rpynns! X. TTostomy KoHpopmalus, rae X 3aHMMAaeT 3KBaTO-
pHaNbHOE ITOJIOXEHHUE, OKA3bIBAETCS HEpPeaKlMOHHOCMOCOGHOI.
Haubonee HarnsiHbIM NPUMEPOM, WUTIOCTPHPYIOUIUM 3TO IOJOXE-
HUe, aeiaseTca E2-aaumuuuposanue HCl u3 MeHTHIXTOpHIA U HEO-
MEHTHIXJIOpHAA TMOA NeHCTBMEM 3TUIAT-UOHA B 3TaHone. Jns Toro,
4TOOBl 3JIMMUHUPOBAHUE CTATO0 BO3MOXHBIM, MEHTHJIXJIOPUI NOJ-
XeH MPUHATh KOHGOPMALINIO, TIe aTOM xJopa Gyler akCUalbHbIM.
3To pealu3yeTcs TOJbKO TOTIA, KOrJa ¥ BCe OCTAJIBHbBIE 3aMECTUTE-
JIK B KOAbLIE 3afIMyT akcuaibHble OT0XeHHst. Takasa KoHdopMauust
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JOIXHA ObITb 9HEPreTHYECKU HEBbINONHA U Oorara aHeprueu, noaro-
MY €€ paBHOBeCHast KOHUEHTpauua JojkHa OblTh Masa, a 3To 3aMej-
JIIET 3TMMUHHAPOBaHUE:

CH,
H - 4 CH,CH,0°
=== —_—
(CH3)2HE ’ H H cnupr, 80°C
e
Cl
b CH(CHj),
MEHTUIXIIOPUI MEHTEH-2

OTileIUIeHHEe XJIOPUCTOTO BOAOPOAA OT MEHTHAXIOPUIA TPOUCXOIHT
perdocneuMpHYHO ¢ 06pa3oBaHHEM UCKIIOYUTENBHO MeHTeHa-2 Ges
IPUMECH MU3OMEPOB C APYTMM MONOXeHHEM NBOMHOM cBa3U. OTIIEN-
JIEeHUe BONOpOAA OT aTOMa Yriepona, COACPXalero U3onpornuabHYIO
rpynny, npuseno 6b1 K bojlee 3aMellleHHOMY MEHTEHy-3, 4TO COOT-
BeTCTBOBaIO Obl nMpasuiny 3aiuesa. ONHAKO 3TOT BOOOPOJ 3aHUMAET
35KBAaTOPHUAILHOE MONOXEHHE U OTUIETIJIEHHWE ero HE NPOUCXOIHT, T.e.
3Ta peaklUus He NOAYMHSETCH NpaBuay 3aituesa.

C npyroit ctopoHbl, B Haubosee ycToitunBoit KOHdOpMaLiMK HEO-
MEHTIWIXIOpHAA XJI0p 3aHWMaeT akcUabHOe MnonoxeHue. IIpu aToM
UMEIOTCA ABa TIOAXOAAIMX aTOMa BOJOPOJA B aKCHAJNbHOM TMOJIOXE-
HHUH IpH 000UX COCEMHMX YIIepOaHbIX aToMaX. B peaynbrare obpa3y-
eTcs cmech MeHTeHa-3 (75%) u menteHa-2 (25%). Tpeobnaganue
MEHTeHa-3 yKa3blBaeT Ha TO, YTO 3Ta peakuHsl INUMHUHHUPOBAHUS
MOAYMHSETCS NpaBUiay 3alilieBa, HO 3TO JIMIIb perHOCeNCKTUBHLIM, a
He pernocneuu¢pUyHbIA npouecc:

H
a o
Cl CHCH,0®
(CH,),HC s cmepr, campr, 80°C
al H H
H

CH(CH;), CH(CH,),
MeHTeH-3 (75%) MeHTeH-2 (25%)

JpYruM MHTEpECHbIM MTPUMEPOM CTepeocrelupUIECKOTo mpaxc-
IVAKCUANIbHOTO axHMu-3TMMUHHUPOBAHMUSA U3 NPOMU3BOAHBIX 1IHKJIOTEK-
caHa sBiasieTcst Ae6poMupoBaHue MeyeHoro 1,1,2-TpubpoMIMKIOreK-
caHa nonx peiicteueM uoaua-uoHa. 1,1,2-TpubpoMumkiiorekcad
obpa3yeTcs npM MpHCOENWHEHNUH PAaMOAKTUBHOIO ngrz K 1-6pom-
HHKIOTeKCeHy. PannoakTuBHOCT 6poMa-82, HCTOYHHKA Y-HUANTydeHMS,
MO3BOJILET C O4YeHb BHICOKOM CTEMEHbLIO TOYHOCTHU OIIPENENUTb CTe-
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PEOXUMHUYUECKHH pe3yabTaT 3NUMUHUPOBAHKSA, MOCKOJAbLKY HEMEYe-
HbIH 1-OpOMUMKIOreKCEH JNOAXEH ObITb €AUHCTBEHHBLIM NMPOAYKTOM
B Clyyae aHmu-3AMMUAHUPOBAHMSA, B TO BPEMS KaK B pe3ynbTare cuH-
3JIMM§42HHpOBaHHﬂ AONXEH MOAYYUTbcS 1-6pOMUUKIIOreKCeH, MEYEeH-~
Hblit °“Br:

Br -}-3];r*
+ Bryt —» H
Br*
Br* __Br
H +1© —» 0/ + IBrz*e

Br Br*

[ebpoMupoBaHKe ¢ MOMOILBLI0O MOAKWI-MOHA MpoTeKaeT WCKITIO-
YKTEJBHO KaK aHmu-3IAMUHUPOBAHKE U NMPUBOAKT K 0Opa3oBaHHKIO
HeMeueHoro GpomuukiorekceHa. Mcnons3oBaHue mMeTku Gpoma-82,
OYEHb YYBCTBUTEJILHOIO TECTA, [TOKA3BIBAET, YTO AETAIOTEHKPOBAHHE
NMPOK3BOHBIX LIKKJIOTEKCAaHa TAKXE TMpeACTaB/IsieT coDoit cTepeocne-
uHHIECKHIT NpollecCc THAKCHAILHOTO aHmMuU-3,1AMUHHWPOBAHHS.

Jli1s1 ofHOCTAAMMHBIX MpolieccoB Sy2-3aMellle HUSI raiore HUI- HOHA
B UMKIOTEKCHITajioreHMaax KoHGopMep ¢ akcManbHbIM TaJIOTeHOM,
KaK yxe Obuto oTMeueHo, Oosee peaKLIHOHHOCIMOCOOEH IO CpaBHE-
HMIO C IPYTUM, COAEPXallMM 3KBATOPUAILHbIN rajorex. J1jist MHOrHX
JPYrUX peakilMii, BKIOYAIOUMX 00pa3oBaHKe OTHOCUTEABHO CTAOKIIB-
HOTO MHTEPMEMATA, XapaKTepHa obpaTHas 3akoHoMepHocTs. [llenoy-
HO THAPOJAH3 mpaKc-n3oMepa 3TuaoBoro 3cdupa 4-mpem-OyTHALIMK-
JlorekCaHKapOoHOBo#1 Kucaotsl ¢ 3kBaropuaisHoit COOR-rpynmnoit
nporexkaer B 20 pa3 GuICTpee MO CPABHEHHKIO € YUC-U3OMEPOM, cofep-
XalMM KapOo3TOKCHABHYIO TPy B aKCHAJIbHOM [1OJOXEHHUH:

COOCZ H5 COONa
+ NaOH ——>
(CH;);C (CHy)C

mpaxnc-H3oMep mpanc-AIOMEp

COOC,H;s COONa

+ NaOH —>

(CH;),C (CH3)xC

yuc-HIOMep yuc-u3oMep
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Takoe Sonbiioe pasnuyue obycyioBaeHo oOpa3soBaHMEM aHUOH-
HOTO TeTPa’ApHUYECKOro UHTeEpMeaUHaTa ¢ oObeMHOH IPyIIoi B akK-
CHANBHOM I0JI0OXEHHH LUC-H30MEpPA. DTO NMPUBOAUT K ecTabunusa-
UK KoHGpOpMallUU C e,a-paclooXeHHeM 3aMecTHTeNeil U pocTy
3HEepPruM aKTHBALlMH UIS THIAPOAU3A LUC-U30MEepa MO CpaBHEHHIO C
ruapoau3oM mparc-usoMepa. Ilo Toit xe npuuuHe mpanc-4-mpem-
OYyTWILHKIIOreKCaHKapOOHOBasA KHUCA0TAa OKa3biBaeTCa Dofaee CHIIbHOM
KHCJIOTOM MO0 CPAaBHEHHIO C BE 4UC-H3OMEPOM.

22.4. IPUHUUI KEPTUHA-TAMMETA

Ipunuun Képruna—TaMMeTa ycTaHaBAMBaeT COOTBETCTBHE I10-
JIOXEeHHs PABHOBECHSA MeXIY AByMS KOH(POPMEpAMH H MX PeaKLIMOH-
Holt criocobHocThI0. Ecnu cBobonHas 3Heprust AG° B3aUMHOro mnpe-
BpalleHHMs KOHGpOpMepoB A u A' HHXe, yeM SHEPIMS aKTHBALMH
pearbHOTO XMMHYECKOTO NPeBpallie HUA, COOTHOLIEHHE 00pasyIomrXcs
nponykTos (B u C), HUKaAK He CBA3AHO C NOJOXEHHEM KOH(POpMaLlK-
OHHOTro paBHOBecHs. [IpyrHMy cloBaMH, B 3TOM cCjly4ae HEMb3d YT-
BepXIaTb, YTO cooTHoureHHe B/C obpasyiolliuxcsa NpooyKTOB COOT-
BETCTBYET PaBHOBECHOMY cooTHoleHHI0 A/A! 1ByX KoHpOpMepoB M,
caenosaTenbHo, B oGpasyercs Toabko u3 A, a C TOJIBKO K3 Al:

1

A —=A
/
Ecnu xe cBoboiaHast aHeprus AG° B3auMHOro MHpeBpallleHUs KOH-
¢opMepoB BhILIE, YEM IHEPrUsl aKTUBALIMM XHMHYECKOTO MpeBpalile-
HMS, COOTHONIEHHE MPOAYKTOB peakKUHH JOJ/DKHO OTBeYaTh ITOJIOXe-
HHI0O KOHGOPMAUMOHHOTO PAaBHOBECHA. DTO JIOTHUECKOE MNpaBWIIO,
n3BecTHoe Kak npuHuun Képrnna—Tammera (1954 r.), MoXHo npo-
WUTIOCTPHPOBATh C MOMOLLBIO SHEpreTHYECKOMH THarpaMmMbl (puc. 22.5).

CoortHouwenue npoayktoB B/C He 3aBucHT oT BeMMYMHH AG°,
Tak Kak AGc" — AGg” > AG,®, XapakTepusylolilero KoHGopMaLHOH-
HOE paBHOBECHE.

[lpu B-3AMMHUHHPOBAHHH TrajnoreHoBogopoAa u3 l-xaop-1,2-nu-
denunsrtaHa non JeificTBHEM 3TWIATa HATpHA B CNMMpTe obpasyercs

MPEUMYLLIECTBEHHO MPAHC-CTHALOEH HApSAy C HEKOTOPhIM KOAWve-
CTBOM yuc-CTHiILbeHa:

B

CH;CH,;0ONa CgHs H CeHs CgHs
CGHSCHZ(I:HCGHS W H>=<C H + >=<
Cl 6rls H H

mpaHc-cTUNBOEH yuc-cTunsbed
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| 3Heprus

KOOPAHHATA PeaKLHH

Puc. 22.5. Bausumne koHGOpMaIHOHHOTO PaBHOBECHSI Ha COOTHOLUEHHE NPOAYKTOB
peakiMu

OnHaKo 3T0 HE 03HAYAET, YTO mpaHCc-CTUALOEH 00pa3yeTcs B pesyb-
TaTe aHMuU-3NAMUHHUPOBAHUS U3 KOH(poOpMepa A, a yuc-CTWIbOEH U3
koHdopmepa A!. DTo MoxeT GBITh TaK, HO MOXET OBITh U HaobopoT,
W IKCIIEPUMEHT HE MOXET B JaHHOM CJIy4ae HM IOATBEPAUTb, HH
OIPOBEPTHYTL 3TO 3aKIIOYEHHE!

Cl Cl
H
CeH C
CeHs & - otls
6115
H H
koHdopManus A xoudopManus Al

COOTHOUIEHHE IPOIYKTOB 3aBUCHT TOABKO OT pasHMubl AG:” — AGg*,
HO He OT AG°. 3TO CTaHOBUTCS OYEBMIHBLIM M3 CIENYIOIIMX COoOpaxe-
HMHA. BEPOSATHOCTb TOTO, YTO KOH(OpMep A NOCTUTHET MePeXOdHOro
coctosiums (2), onpeaensiercsi cymmoit AG:™ + AG°. Kondopmepy A’
IUISt 3TOTO JOCTaToYHa yXe BeanunHa AGE". C npyroit CTOPOHBI, KOH-
eHTpaLMs KoHdopMepa Al, onpenensieMas BenMunHON AG°, 3HAUH-
TeALHO MeHblIE, YEM KOHueHTpaumx koHpopmepa A. IIpenmyliiectso,
¢ KoTopbiM KoH(popMep A! 1o cpaBHEHMIO ¢ A NOCTHTHET nepexom{o-
ro cocTosiHMsA (2), KOMIEHCUPYETCSA MaJIbIM COHEPXaHUEM Al. Bro or-
paXaeTcs Ha CKOPOCTH peaklUuH. Takue paccyXIeHUst cnpasBelIMBhbI n
INsl JOCTHXXKEHUS mnepexoaHoro coctosiHus (1) m3 koHdopMmepa Al
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CooTHoOLIEHHE CKOPOCTEil ABYX KOHKYPHPYIOLIUX peakKUuil depes ne-
pexonHbie cocTossHUA (1) u (2) TakxKe ornpenensieTcs TONbKO BEAHYH-
HOU AGS"— AGy™ v He 3aBucut oT AG, eciiu AGS™ u AGg* >> AG.

[MpuHuun KeépruHa—[amMera uMeeT ropasno Gonee LIMpOKOE
NpMMEHEHHE B OPTaHUYECKONA XHMHM, a HE OrPAHHUIMBAETCH TOJNBKO
obnacTbl0 KOH(MOpMalHOHHOrO aHaiu3a. Te Xe caMble apryMeHTbl
MOTYT ObITb MPUMEHEHBI ¥ K APYTMM CJIy4asiM 4151 OUEHKHU peaKIMOH-
HOM CIIOCODHOCTH OBYX HAXOOSLUMXCSA B PAaBHOBECUH COENHHEHUIA.
KnaccuuyeckHM NprMeEpoOM CIYXHT COOTHOUIEHHE NMOHATHH TayToMe-
pUM 4 NBOHCTBEHHOI pEaKLIHOHHOM CIOCOOHOCTH NBYX TayTOMEpDOB.
HanpuMep, nns anetoykcycHoro 3¢Hpa B paBHOBECUW HAXOHATCS
nBe GopMbl — KETOHHASl U EHOJIbLHAA:

AG’
CH;COCH,COOCH,CH; =—= CH3C{=CHCOOCH2CH3
OH

CoBepuieHHO HEOOOCHOBAHHO M OIIMOOYHO ObINO OBI MLITATLCSA
JenaTth BbIBOJ O TOM, Kakas M3 HUX BCTYNaeT B peaKkuHIO, 3HEPrust
aKTHBaLMK KOTOpoil, AG™, 3HaUUTENIbHO BblllE, 4eM CBOBONHAS IHED-
st AG® nns KeTOHHOR K eHonbHOU dhopmbl. COOTHOLIIEHHE MPOAYK-
TOB He OYyAEeT 3aBHCETb OT MOJOXEHHMS JIETKO YCTaHABJIMBAIOLLETOCH
paBHoBecHs. I YMCTOro aleToyKcycHoro 3¢upa B paBHOBECHH Ha-
xonutca 92% keto- 1 8% eHonbHoOl dopMbl. B ManononspHoii cpene
(rekcaHe, 3¢upe, OeH30AE) KOHLEHTPAaUMH ABYX (opM OMM3KH, H
HEBO3MOXHO YCTAHOBMTL, KaKasl M3 HMX YYacTBYET B pEaKi[{H.

22.5. KOHAEHCUPOBAHHBIE IITNKIOAJTKAHBI —
ITPON3BOJTHBIE ITUKIOTEKCAHA

Ipunuuun KépruHa—T'aMMeTa HaKNaabiBAET XECTKHE OrpaHHUYye-
HMSI Ha U3yYEeHHE peaklIMOHHOK cnocoOHOCTH QYHKIIMOHAIBHOMR Ipym-
Nbl B 9KBaTOPUAJILHOM MJIM aKCHAIbHOM MOA0XEHHH JIIO60ro MOHO-
UMKIHYECKOTo COENHHEHHUS. [ KOppEKTHLIX BbIBOIOB O 3aBUCHMOCTH
pPEaKIIMOHHOI cMocOOHOCTH OT KOH(POPMAIIMOHHOrO COCTOSTHUS MIPO-
HM3BOJIHBIX LMKIOreKcaHa, KaK 3To ObUIO YXE OTMEYEHO paHee, HeoD-
XOIUMMO HAJIUYHUE B KOAbLIE mpem-OyTHABHONW WIH Npyroit oObeMHoOI
TPYNIILL B KAYECTBE 3IKBATOPHAILHOTO «pemnepa». ONHAKO, AaXe 3TOT
npueM okKa3lbiBaeTcsl He3a(h¢EeKTUBHBIM B TOM CJy4Yae, KOrJa 3Heprus
aKTUBAllUM XMMHUYECKOro MpeBpallleHWs 3HAYHUTEJLHO MpeBbIIAET
BeJUYMHY AG® nns paBHOBecHsl IByX KoHdopmMmepos. CleayeT otMe-
TUTh, 4TO OONBLUMHCTBO NAHHBIX O CBA3M KOHbopMalMy ¢ peaKuu-
OHHOI{ CNOCOOHOCTBIO ObLIK NOoAy4YeHH Oe3 yyeta npuHuuna Képru-
Ha—T'aMMeTa, U BLI3BIBAIOT NIO3TOMY CEpPbE3HbIE COMHEHHSA. DTO HE
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OTHOCHUTCS, OJJHAKO, K IpUMepaM, MpUBeJeHHbIM B pasaene 22.3. [Ins
(yHKIIMOHATBHBIX TPYNI C OYeHb HHU3KHM 3HAYEHHEM CBOOOMHOIA
KoHpOpMaLMOHHOK 3HepruM AG’°(cM. Tabia. 22.4) yacTo BoOOLUE He-
BO3MOXHO KOPPEKTHO COOTHECTH PEaKIIMOHHYIO CIIOCOOHOCTb C MO-
JNoXeHHeM KOHGOPMALMOHHOTO PaBHOBECHS.

TakuM obpasoM, KOHPOPMALHOHHO TMOJBHXHAA CUCTEMA CaMo-
ro MKJIOreKCaHa MpeacTasisieT coboil HeynoOHYIO MOJENb Uit U3y-
YeHHS CPABHUTEABHON pEeakIIMOHHOMK cTocoOHOCTH 3KBAaTOPHAKbHBIX
U aKCHabHBIX 3aMecTuTeneit. /s 3toit nean ropasno 6osbLue NOAXO-
ISIT «KECTKUE» KOHAeHCHUPOBAHHbBIE LIMKIIMYECKUE CUCTEMBI, HE CMO-
coOHble K MHBEpCHHU LMKIIA. [IpocTeIMM MPUMEPOM XKECTKUX CHC-
TEM MOXET CJYXHUTb mpaHc-neKanuH. [as 3Toro coeAUHEHHUS [Be
KpecaoBuaHbIe GOpMbI HE MOTYT COEIHHATHLCSA C NMOMOIIBIO IBYX aK-
CHANbHBIX CBA3EH, MO3TOMY WHBEPCHS JBYX KpPECAOBHMAHBIX IMKJIOB
HEBO3MOXHa. B Npon3BoAHBIX mpaHc-AeKaIMHA 3aMECTHTENb 3aHHMA -
€T CTporo olpejeneHHoe, (PUKCUPOBAHHOE MOJOXEHHE — IKBATOPH-
aJTbHOE WM aKCHAJIbHOE:

8 6 x 4 8 61
H H
akcHanbHH# (2a; 3B)* 9KBaTOpHANBHBIA (2B; 3ou)*

Tak kak akcuanbHble IIPOM3BOJHBIE mpaxc-NeKaJIMHA HE IIpeBpailia-
10TCS B 9KBATOPHAJIBHBIE, B3AUMOOTHOLUIEHHE MeXAy KoHGopMauuei
U KOHHUIypauueil B cKejleTe mpaHc-NeKaiuHa U APYTUX POJCTBEH-
HBIX KOHIeHCUpPOBAHHBIX CHCTEM COXpaHSETCS MOCTOSHHLIM M IS
JAaHHON KoH(UIypauHH 3aMeCcTHTENb 3aHMUMaeT (PUKCHUPOBAHHOE e-
WIH a-TIONIOXEHHE.

CoennHenus, colepXaliue KOHIEHCUPOBAHHbIE LIECTHWIEHHBIE
M MATHWIEHHBIE UMKIbI ¢ mpanc-cowleHeHueM Kosey A, B, C u D,
COCTaBJISAIOT CTPYKTYPHBIH CKeJIET OTPOMHOT0 KOJIMYeCTBa CTEPOHIOB.
Huxe npencrapieHa MpocTpaHCTBEHHas KOHGHUIypauus So-xosec-
TaHa — PONOHAYAJIbHMKA MHOTHX OHUONOrMYEeCKH dKTUBHBIX CTEpOU-
JIOB; NMPHUBEAEHBI TAaKXXe aKCHaJIbHbIE MAM 3KBATOpHAIbHbBIE KOHGOP-
MauuH B-3aMecTUTesieil BO BCeX MOJOXEHMSIX MOJIEKYJIbI SQL-XoNecTaHa:

*TepmuH a-0603HayaeT, YTO 3aAMECTUTEND B NPOeKUMOHHOH opMe pacnoiokeH
32 MJOCKOCTBIO NPOEKLIMHK, TEPMHUH [-03HayaeT, 4TO 3aMecTHTeNlb HaXOMWTCS nepel
TUIOCKOCTBIO. G- 3aMeCTUTe b 4acTo 0603HaYaeTcs YHKTUPOM, JB-3aMecTHTe b — CIUIOLW-
HOH JTHHHEH.
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Sa-xonecraH

OuyeBUIHO, YTO KOHGOPMAUMA CL-3AMECTHTENE NPOTHBOIOI0X-
Ha koHdopMauuu [3-3amectureneii. Bee 4 nukia 5a-xonecraHa xecr-
KO CBSI3aHBbI APYT ¢ APYroM U IIpH mpaHc-COYNIeHEHUH Koell KOHBep-
CHSl LMKJIOB HEBO3MOXHA. [103TOMY KaXAbIA 3aMeCTUTENDb B KOAbLE
HaxoIuTcsa B GUKCHpPOBAHHOM G- MU e-TIOJIOKEHHH.

H3yueHHe peakKUHOHHON cnocoOHOCTH PYyHKIMOHANBHBIX TPy
B A-, B-, C- u D-Konbie cTEpOHIOB JaeT PEAKYID BO3MOXHOCTH
MOAYYUTh NPAMOIl ¥ ONHO3HAYHBIN OTBET 00 OTHOCUTENBHOU peak-
IIMOHHOM CITOCOOHOCTH 3KBaTOPHANBbHBIX M aKCHAJIbHBIX 3aMeCTHUTE-
Jleit, ¥ 3TH JaHHbIE MOXHO 3aTeM IepeHecTH Ha bojsiee NpocThle Mo
CTPYKTYp€ COEIHMHEHMS TOABKO C ONHMM IMKJIOM.

Jns anuMMepHbIX, He IIpeBpalllaloiluXcss ApYr B Apyra nap cre-
POMAHBIX CIIUPTOB ObLIO BIEpBbie CHOPMYIHPOBAHO TMPaBUAO, CO-
[N1ACHO KOTOPOMY CIIMPTHI ¢ aKCHAIbHOM T'MAPOKCHIALHOMN TpYINOM
OKHCNIAIOTCH OBICTpEE, YEM € 3KBATOPHAIBHBIM THAPOKCHAOM. Jlefi-
CTBHTE/bHO, aKCHANBHBIN S0 -XonecTaHoN-2[3 OKUCAAETCA XPOMOBOIA
Kucnotoil B 20 pa3 OeicTpee, 4YeM ero 3KBaTOpHAIBHBIIA 3MKHMeEp So.-
xojecraHon-2o.. CoBepllIeHHO aHAJIOTHYHAS 3aKOHOMEPHOCTh Hab0-
jlaeTcs M peakuuii 6M- U MOHOMOJIEKYNSApHOro HyKjeohWIbHOro
3aMellleHUS B CTEPOUIAX, CONEPXAIMNX YXOOSIYIO IPYIy B LIKKJIO-
rekcaHosoM Konsue A, B u C.

W3BeCTHBI MHOTOYMC/IEHHBIE TIPUMEDBI mpakc-auaKkcuaisHoro £2-
3JIMMUHUPOBAHUSA B DALY CTEpOMAOB, I[i€ BCE YETHIPE YYACTBYIOUIUX
LIEHTpa TIpUHUMAIOT B [1EPEXOAHOM COCTOSHHUM aHTHIIEpHUIUIAHAPHYIO
KoHpopmaumio. Tak, HanlpuMep, MeTWIOBBI 3¢up 113, 120-mu6pom-
50-X0JIaHOBOM KMCJIOTHI, B KOTOpOM 00a aroMa OpoMa akCHAIbHBI,
OTUIEIUIET MOJIEKYy 6poMa IO NelCTBHEM HOIMA-HOHA B OTAHYHE
OT IM3KBaTopUaisHoro lla,l12B-auGpoMIIpOH3BOAHOrO, KOTOPLIH HeE
NpeTepIIeBaeT 4eOpPOMUPOBAHMS B 3THX YCIOBUSX. BUUMHANLHBIE mpaHc-
JMaKCHANBHBIE TAJIONEHTMIOPHHBI B COIJIACHM C aHTHIEPHIUIAHAPHBLIM
paclosioXXeHHEM TajloreHa M TMIPOKCWILHOM TpYIINbl ropasno jerye
00pasyloT AMOKCUIBI, YEM HX MPaHC-ITHIKBATOPHANILHBIE H3oMepbL. s
3a-6poM-5a-xonecraHona-2[3 BpeMsi, HEOOXOIHUMOE IJIA [IPEBPALLIEHUS
B 3MIOKCHJ B 11[eJIOYHOH cpene, cocTaBiseT MeHee 30 ¢, B TO BpeMsl KakK
s 2a-6poM-So-xonectaHona-3f s atoro tpebyercs 754
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Luc-ranoreHrMapuHbI, Y KOTOPBIX OIHA M3 IPYIHI 0OS3aTeAbHO
JIOJXHa ObITh aKCHAJIBHOM, a Apyras 3KBaTOpHaJIbHOM, NpH B3aHMO-
NEeNCTBUH ¢ OCHOBAHMSIMM TIOABEPralOTCA NETHIpPOTraJore HHPOBAHHIO
¢ obpa3oBaHMEM KETOHOB M BOOOIUE He JAIOT SIIOKCUIOB.

OnekrpodunbHoe MIPUCOENNHEHHE K TBOMHON CBA3H CTEPOHUIOB
NpoTEKaeT TaKXe I10 JHaKcHalbHOMY NyTH. Tak, NMpucoelrHeHWe
OpoMa K xonecteHy-3 crepeocneiiiPUIHO U IIPUBOAUT K NHAKCHAIb-
HOoMY 3a,43-nubpomuny:

H Br

Bl’z
} oo }
' a [

H Br H

Crepounsl IIMPOKO PacIipoOCTpaHEHb! B IPUPOE, MHOTHE U3 HUX
BBIMIONTHAIOT BaXHeiue ¢pusnosorndyeckre GyHKIMHU B XXHBOM opra-
HU3Me. HekoTopble cTeporIbl BHINOAHSAIOT (PYHKLUMIO TOPMOHOB, pe-
TYAUPYIOLMX OHOXMMHYECKYIO aKTHBHOCTb. B opranu3Me uenoBeka
CTEpPOU/IHbIE TOPMOHBI KOHTPOJHUPYIOT, HAaNlpUMep, IOJOBOE pa3BU-
THE ¥ CIIOCOOHOCTD K NMPOU3BEJEHHIO [IOTOMCTBA, A TAKXKE BBINOJIHA-
IOT psiAl APYTHX BaXHeHIIKUX Ononornuyeckux ¢pyHkuuit. [Tonoseie rop-
MOHBI MOXHO pa3jeJuTh Ha TpHU TPYNNBI. MYXCKHE I[10JIOBHIE
TOPMOHBI — aHAPOreHbl, XEHCKHE [10JIOBbIE TOPMOHbI — 3CTPOTEHbI
M nporecTrHsl (ropMoHbl 6epeMeHHocTH). Hanbonee BaXXHBIM MyXc-
KHM TOJIOBBIM TOPMOHOM siBjisieTcs TecrocTepoH. McnbiTaHus noka-
3aJIM, YTO OH OTBETCTBEH TAKXE 332 MHOTHE ApYTrde€ MYXCKUeE NpH3Ha-
KH, HallpdMep TeMOp rojioca, pocT Bojoc U Ap. Bcrpainoi
IIpeACTaBaseT coboii OCHOBHOM XEeHCKHMIA [10JI0BOI ropMOH. BriepBbie
HECKONbKO MHJIHIPAMMOB 3TOrO FOpMOHa OBLTM BBIAEJEHBI 3KCT-
pakuMed 13 4 T AMYHUKOB CBHHBbYU. DCTPaldroJl OTBETCTBEH 32 PA3BH-
THE BTOPUYHBIX XEHCKHUX [1OJIOBBIX NPU3HAKOB ¥ PETYIHPYET MEHCT-
pyanbHbIit HHKA. B KayecTBe ofHOro u3 NpocTEeHIMX IIPOTeCTHHOB
(TOpMOHOB XeJTOTO Teja) MOXHO INPUBECTH MPOreCTEPOH:

507



TECTOCTEPOH acTpagMoN NPOrecTepOH

CrpyKTypHOe Noj00ue cTeponIHbIX FTODMOHOB SIBASIETCS [TPEBOC-
XOIHON WUTIOCTpallMel UX pe3KOo palIMuHON OUOJIOrHYECKON aKTHB-
HOCTH M SICHO YKA3bIBaeT Ha Ype3BbIMAMHO CNOXHBIA MexaHH3M 6uo-
XMMHUYECKOro BO3eHCTBUA Ha opraHu3M. Huxe npUBeleHb CTPYKTYPHI
Tpex Haubosiee NONyasipHbBIX B HacToslliee BpeMsl IIPOTHUBO324aToy-
HBIX (KOHTPALENTUBHBIX) MpenapaToB — HOP3TUHOIDOHA, MecTpa-
HOJla ¥ HOp3TUHOpea:

HOp3THHOAPOH HOP3THHOIpE MecTpaHos

Cpenun Bcex cTEpOMIOB B XHBOTHOM MHpe HanboJiee pacnpocT-
paHEeH XolecTepyH. Y 4eNoBeKa OH IIPHUCYTCTBYET ITOYTH BO BCEX Opra-
HaX, oCOOEHHO B LIEHTPAJIbHOM HEPBHOI cUcTeME (FOJIOBHOM M CIIMH-
HOM Mo3re). B opranuame B3pociioro yesioBeka cogepxurcsa 200—300 r
xonecrepuHa. OTNOXEHHE XONleCTEPHHA B COCYNaX BbI3bIBAET aTEPOCK-
Jlepo3 ¥ paIMuHbIE cepAeuHble 3aboneBaHuda. HecMoTpst Ha TO, YTO
6ronornyeckas PyHKUMS XoJecTepUHa He BIIOJIHE SICHA, OH WIpaer
BaXHYIO DOJIb B KauecTBe IpealIeCTBEHHHKA CTEPOUIHBIX TOPMOHOB
M XKeJYHBIX KUCAOT. XKenuHble KUCIOTBI, HATIPHMED XOJIEBast KUCIO-
Ta, CHHTE3UpyloTca B neyeHH. OHM HeoOXOAUMBI LIS 3MYJIbTHPOBA-
HHUS ¥ YCBOSHMS XHPOB.

g g g
CHCH,CH,CH,CHCH, QHCH CH-CH,CH,COOH

XOJleCTEpUH XOJIeBasi KUCJIOTa
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22.6. KOHOOPMAIIMH HTECTUYJIEHHBIX
FETEPOIIMKIINMYECKMX COEITUHEHUN.
AHOMEPHBIH D@®@OEKT

ITpu obcyxaeHr KOHGPOPMALIHOHHOrO COCTOAHHUA MOHO- W IH-
3aMellUeHHbIX TPOMU3BOAHBIX UMKIOreKCaHa MBI TOAB3OBAIUCH TONLKO
3¢ ¢eKTUBHBIM 00BEMOM 3aMeCTHTENEH, COBEpPLUIEHHO HE MPHHMMAas
BO BHMMaHME 3JIeKTpoHHbIe 3¢ deKThl 3aMecTuTeneif. Takoi noaxoj
ObU1 oMpaBnaH I KapOOLMKINYECKHX COeJMHEHUM, HO OH OKa3bl-
BaeTCsl COBEPLIEHHO HEYNOBAETBOPUTENLHLIM JNS LIECTHYNCHHbIX Fe-
TEPOLIMKIUYECKUX COETUHEHH .

3aMeHa oJHOro U3 aTOMOB YFIEpo/a B LIMKJIE Ha FeTEPOATOM KHC-
Jlopoja, Cepbl WM a30Ta CYIECTBEHHO HE U3MEHSET KPECIOBUAHYIO
dopMy UHKIa nas TeTpardApollMpaHa, THAaHA M IMIEpUAMHA; He-
OonbuiMe U3MEHEHUST KACAIOTCS JAWLUL JJIMH CBsi3ed M BaJEHTHBIX yI-
JIOB npM rerepoatoMe. Jis Bcex 3TUX reTepolMKIOB Haubosee cTa-
6unbHOI KoH(popMaluei octaeTcsd KoHpopMauusl Kpeciaa:

| L

S
TETparuaponupax THaH NUNEepUAKH
0O
/—O ; /—/ / /——S
S
o 1,3-nuokcaH 0 1,4-1uoxcan 1,3-nuTHan

~

1,4-0KcaTHaH

BBenenue ogHOrO MAM JByX I€TEpOATOMOB B LIMKJI MPHUBOIUT K
YaCTHYHOMY CHAITHIO BaH-~[€p-BaaibCOBBIX B3aUMO/IEHCTBUI HECBA3aH-
HBIX aTOMOB JIBYX 3aMECTHTE/EHR. DTO MOXHO HAIMISIAHO MPOWLUTIOCTPH -
poOBaTh Ha NpPHUMEpe yuc-5-mpem-0yTun-2-metwi-1,3-nuoKcana, ans
KOTOpOro npeodnazaer KOHGopMaliUs C aKCHaJIbHBIM [OJIOXEHUEM
mpem-OyTWIBHOI IPYTINBL M 3KBATOPHANILHOI MeTWILHO#M rpynioit. [Tpu
aKCHAJILHOM TONOXEHHH mpem-OyTHJIBHON IPYIIb B 3TOM COEAMHE-
HHMH HeT 1,3-nMaKcHaNbHOro OTTAIKMBAHMSA, MOCKOIBKY 3TH [1OJ0XeE-
HMS 3aHUMAIOT [IBA aTOMa KMcaopoja. TakuM ofpa3oM, cTepUuEecKue
a3¢dexTsl 3aMecTUTENE! B reTEPOLIMKIIHYECKUX COEUHEHUSIX UIPaIOT
MEHEee 3aMETHYIO poJjb, YeM IS MPOU3BOAHBIX LMKJIOTEKCaHa:
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C(CH3);
a

O

CHy—2 L-°

Haunbonee 3amMeyaTenbHOH OCOOEHHOCTBIO MOHO3aAMEIUEHHBIX
MpOM3BOAHLIX TETparuaponupaHa, THaHa u l,3-nuokcaHa siBAsieTcA
MpPEeNNOYTHTENLHOE aKCHAILHOE MOJIOXEHHUE 3J1EKTPOHOAKUENTOPHO-
ro 3aMeCTUTE/A IIpU cocefHeM ¢ rerepoatoMoM yriaepone C—2. Tak,
HAIpUMep, 1051 aKCUaJIbHOTo KoHdopMepa Ui 2-MeTOKCHUTeTparua-
ponupana B CCly cocrapnsier 83%, a uist 2-TpUXJIOP3TOKCUTETPArHI-
ponupaHa oHa Bo3pacTaer 40 95%:

CH3
Hy,  a0C \
o)
179%) 1 (83%)
o)
OCH,CCl, ~ 0 Twc
e
H \0
(5%) (95%)

AHaJorHYHas CHUTyauus HabnlonaeTcs IS BeceX 2-aJKOKCHTETpa-
TMIPOMMPAHOB, TNe 108 aKCHATbHOro KoH({opMepa U3MEeHSIETCA B
uHTepBane ot 70 no 95%, 2-aJKOKCHTHAHOB, 2-TaJIOTeHTETParuapo-
MHPAHOB U MHOTHX APYTHX IIPOU3BOAHBIX 3THX FETEPOLMKIIOB, COAEP-
xawux rpymmns! N3; NHAc; OAc u 1.4. B 1,3-anokcanax u 1,3-nurua-
Hax 3/1eKTPOHOAKLEIITOpHAas rpymna npy C—2 TakXe CTPeMUTCS 3aHATh
AKCHAJIILHOE [IOJIOXEHUE, TIE 3TO CTPEMJIEHME BBLIPAXEHO CHJBHEE,
4YeM JUIS TETEPOIUKIIOB C OJJHUM TeTepoaToMoM. Tpawc-2,3-Auxaop-
1,4-anokcansbl, 1,4-AUTHAHBI H B PACTBOpE, H B KPUCTAJINE LIEJUKOM
HaxoAsTcsl B AHAKCUAJILHONK KoHbopMauu:

Cl Cl
a a
H H
0] S
! :O H ! :S H
a a
Cl Cl
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st Bcex 3THUX coeMHeHUH HAbGNIONAETCA SBHO BhIPAXEHHOE OTKIIO-
HEHHe OT KOH(POPMALUHUOHHOrO MOBEJEHM, XapaKTEpHOro UISL Kap-
BOLMKIMYECKHMX coequHeHUA. OTKIOHeHHe KOH()OPMAILIHOHHOIO [10-
BeEHHUS s LENOM TPYMNIbl COEAHUHEHUH OT MPUHATOrO CTaHHapTa
Ha3bIBalOT KOHGOOpMaLHOHHBIM 3¢ ¢EKTOM, KOTOPbIH B JAHHOM CAY-
Yae HOCUT Ha3BaHWe aHOMepHBIH 3ddexr. Cnenyer 3aMeTHUTh, YTO
aHOMEPHBIT 3(dexT Kak sBieHHe 6bUT OTKPAIT NPU U3YYEHUH KOH-
dopMaL¥K rexcanMpaHo3 MOHOCAXapUAOB, KOTOPBIM OH O0SI3aH M
CcBOMM Ha3BaHHeM. B Tpu-O-aueTui-[-D-KCHIONHPaHOIWIXIOPUIIE BCE
3aMECTHTENMN HAXOJATCS B aKCHAIBHOM IMOJOXEHHHU:

a OAc
OAc

Cl

OAc |[a

2 -0 4.:__
a

0)
AcO Cl
AcO

PanHMe MoNbLITKH oObACHEHUS aHOMepHoro 3¢d¢ekTa Ha OcCHOBe
3NEKTPOCTATUYECKOU MOAEAH INMUIIOJb-AUIIOJIBHOIO OTTAJIKUBAHUSA
3JIEKTPOHOAKIIENITOPHOI'O 3aMECTHTENIS M rerepoaToMa ObUTM Heyaad-
HbI U IPUBOAWIHN K HEMPHUMHPUMBIM NIPOTUBOPeYUsIM. PalinoHanibHoe

Tabnuua 22.6

Anomepuniii 3¢ dexr ang O- u S-copepxanMX 6-WIEHHBIX reTepoNHKIMYECKuX

coennnenni
T e X
=+ = Nl
| cS, B Y
X A A
Coenmuenve Oparment | X | Y| A | B |% axcmamsoro
xondopmepa

2-XopTeTparnaponmpaH 0-C-Cl (CH,;| O Cl H 98—100
2-Metokcurerparuaponupat | O—C—OCH; | CH; | O [ OCH; | H 83
2-XntopTHaH S—C-Cl CH,| S Cl H 93
2-Xnop-1,4-anoxkcaH 0-C-Cl O |0 Cl H 100
2-Xnopautuan-1,4 S—-C-Ci] S S Cl H 100
2-ANKOKCHMTHAH S—C—-OCH; |[CH;| S | OCH;3 | H 90
2-Meroken-1,4-anokcad O—C—-OCH;| O [O|OCH;| H 80
2-Memuntvoretparuaponn- | O—C—SCH; |CH,;| O | SCH; | H 90

paH

2-MeTtuntHotHan S—C—-SCH; [CH;| S | SCH; | H 60
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ornucaHue 3Toro ocoboro KoHpopMauHoHHoro 3¢dexKTa cTajo BOZMOX-
HbIM TOAbLKO B paMKax MEeToJa MOAeKYJSIpHbIX opbuTanei. bonee Toro,
OolMcaHue aHOMepHOro 3¢ deKTa MOXHO CYHUTaThb 3TAIOHOM B COBpE-
MeHHOM IIOAXO[I€ K PELIEHHUIO CO0XHO TEOPETHMECKOM [IpobiemMbl.

22.6.1. IPNPOJA AHOMEPHOTO 9®PEKTA

CHayana paccMOTpUM KOH(ODMaIIHH MPOCThIX MOJIEKYJl, CONEp-
XKAlIUX HEelMo/leJeHHbIE Naphl 3/1eKTpoHoB. HayHeM € 3THNBHOIO aHH-
oHa CH3CH; . OnuH ¥3 Tpex METHABHBIX aTOMOB BOAOpOAA B 3TOM
KapbaHHMOHE B CaMOM BbITOIHOM 3aTOPMOXeHHON KOHOopMaUuu aH-
THIIEpHUILIaHAPEH OPOUTANM N, (MHIEKC G O3HayaeT Sp -rHOpHAN3a-
HUI0 opObUTANM, Hecyllleil oTpUuUaTe IbHBIA 3apsn):

H
H, °y
.c—CzH =
iy o H H
ny ny

IIpn Takoit KoH(opMalM¥ BO3MOXHO B3aMMOAEHCTBHE MEXIY
3alI0JIHEHHOI 71,-OpOUTANBIO K pa3phIxsloileil 6*-opOUTAIBIO aHTU-
nepurnatapHoi ez C—H:

A

P . d X

AY
o*cH A '&G
* ”0’ [N
O"CH . ng

Ecan ooMH M3 aTOMOB BOAOpOAAa B METWIBHOM IPYIINE 3aMEHHTD
Ha 2/IEKTPOOTpHLATENbHbIA aToM X, TO OH 00s3aTeNbHO 3aiMET MECTO
AHTUIIEPMIUIAHAPHOTO BoJopoaa. JTo cBsA3aHo ¢ TeM, uto B XCH,CH;~
OpOUTATb Ocx™ IEXUT HHXKE OPOHTaNH Ocy™®, MocKobKy X 6onee anek-
TPOOTpHILATENbHBIA neMeHT. CleoBaTebHO, Ocx™ M0 CPaBHEHHMIO C
Ocy* NIEXUT OIMXKE K Mg, ¥ BO3MYILEHHE NOKHO OBITh OOMbLINMM:

O*CH ¥ 7 BO3MYLIEHUE MEHbLIE
- no E
o*cx T 'H" BO3MyLUEHHe Gosbue
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KpoMe Toro opbutais ocx* CKOHIEHTPHPOBAaHA Ha yraepole 60/ib-
e, yeM opOuUTaNnb Ocy™, YTO yaydllaeT NepeKpbiBaHHE. DTO ABAAETCS
TaKXe CAeJCTBUEM pPa3jiUiyus B INeKTPOOTPHIIATEABHOCTH. TakuM 06-
pa3oM, oba dakTopa — 3IHEpreTvveckasi lejib MeXAY IPaHUYHBIMU
opbUTANsAMU U NepeKpbIBAHUE — AealoT OoJiee MPEeANOYTUTEBHBIM
B3aUMOJEHCTBUE (Mg — Ocx*) MO CpaBHEHMIO C (Mg — Ocy*).

PaccMOTpUM Teneps MOJIEKYy MeTaHona. s Hee B cTaOUABHOMN
koH¢opmauuu 1 Tpu anekTpoHHble napsl CH;-rpynmsl HaxoadTcs B
3aTOPMOXEHHBIX TOJIOXEHHUAX K TPEM 3JIEKTPOHHBIM f1apaM TPyIIIbl
OH. Ecnu MetnabHYIO rpymny 3ameHuTh Ha XCH,, rne X — anekrpo-
OTpMLIATENbHBIA aTOM WAu rpynna (raiored, OH uau NH,), To nns
XCH,0H, so3nukKaloT nBe 3atopMoXxeHHble koHpopmauuu II u IIL:

H
H /2
0= == ST o
‘ . >
H H H a H
(L] X
X\C—_ ’4‘.. Q‘ @ (II)
H-s O\ —— S
H H H T 'H
X
X i
_EC—O"‘H = (11I)
HH( \“ H H

B anmu-xongopmanun I1 kaxnas rubpuiHas HemoneAeHHast napa
3JIEKTPOHOB aHTHIIEpUILAHAPHA ABYM COCENHUM OpPOMTAISAM s* CBS-
3eiht C—H. B eow-kondopmaumn 11l onna HenoneneHHas mapa aHTH-
nepuIvIaHapHa Ocy®, a ipyrast — ocx*. YpoBeHb ocx* OJMXe 110 2Hep-
MM K HENOJe/IeHHOW Nape KHCAOPOAA Ao, YEM YPOBeHb Ocy*, M
NO3TOMY B3aMMOJIEMCTBHE (g — Ocx*) NpeAnoYTHTENbHEE, YeM (ng —
— ocy*). Takum ob6pasoM, 2ow-koudopMaius 111 nomxHa 6bITL Gonee
CcTabUIBHOM.

Mpul paccMmorpenn crtpoenue CHL,CH,™ u CH,OH c touku 3pe-
HUA TEOPHM OpOUTAJIEH, JIOKAIU30BAHHBIX HA OTIEIbHBIX THOPHUIHBIX
CBSI3IX, A TeMepb ONHUIUEM CTPOEHHE METAHOJIa B paMKax MeToIa MO-
JIeKyAsipHBIX opbuTtaneit. CornacHO 3TOMY MeETONy, ABE HemnoneeH-
Hble napsl kucaopona 8 CH,OH 3anumaloT xBe pasHble OpOUTAIH —
n, uong
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;!
n (0}
OGD()\(:Hzx

YpoBeHb Ny JIEXHT BBILIE 1O SHEPTMH, HeM NHg. CIeNoBaTeNbHO, C
TOYKM 3PEHMSA IHEPTETUYECKOM 1LIEJIH MOXHO CEaTh BbIBOM, YTO M3
BO3MOXHBIX B3aUMOAEHCTBHI MEXIy 3TUMH ABYMSI HENOAENEHHBIMH
napaMH M OpOUTANAMMU Ocx* M Ocy® B3auMoneiicTBue (n,— Gcx*)
6yner Haubosee MpeAnOYTHTENBHbIM.

*

oCH
Haubonee NpeANOYTHTENLHOE
GCX * B3aMMOJCHCTBHE
N n

— A

BaaumopeiicTBe MaKCHMAJIBHO, KOrjaa RMApanbHbiil yron (0) X—
C—O0—H paBen 90°

"n
nO’\ i

HH

OnHako TOHKHI 6aJaHC IpYrUX BO3MOXHBIX B3aHMONENCTBHIA: (ng —
—Och®), (ng— ocx®), (ny— ocy*), a Takke GMU3KOE PacHoNOXEeHHE
JBYX 20-aTOMOB Bonopona {(nusapansHbiié yron H—C—O—H Bscero
30°) namensier KoHpopMalKIO, TaK YTO HA caMOM Jiese yroa 8 MeHb-
we 90°.

C nosHuuy TeopHH opOUTaNeil, JOKATM3OBAHHBIX Ha CBA3MAX,
MOXHO I'OBOpHTb 00 O4Y€Hb NPOCTOM IpaBHJIIE: 20-KoHPOpMalUs
XCH,0H npenmnoutHTenbHee NOTOMY, UTO OfHA TMOpHMIHAS HEIO-
JeNeHHasl mapa KMCNopoaa NOoJXHA ObITh aHTUIIEpUIUIaHApHA OpOK-
TAIX Gcx*.

Teneps BepHeMcs K aHoMepHOMY 3¢ dekTy. KoHdopMauorHas
NPEANOYTHTEBHOCTh aKCHAbHOrO KOHGopMepa B 2-aJIKOKCH- U 2-
raJJoreHTeTParuponrupaHax U poICTBEHHBIX COEIHHEHHSX IO CyUle-
CTBY 3KBHMBJIEHTHA IIPEANOYTUTENLHOCTH 20-KoHPOPMaLMU s
XCH,0H:
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HE BBINOAHO

H H\g@ H
[ lx = l< "

X x N »
= 0 = BBIFOAHO
Ul/\\Og H)f ® H ‘~ H

AHoMepHbIR 3¢deKT onpeneasietT He TOAbKO COOTHOLIEHHE KoHbOp-
MEPpOB, HO CKa3blBAETCH TAKXKE M HA IUIMHAX cBa3eid. IIpu B3auMopeii-
CTBUM (N — Ocx*) yCWinBaeTcd cTeleHb CBA3bIBAHMSA MeXIy YIiepo-
IOM K KHUCIAOpOaOM, M cienoBaTenbHo, cBsizb C—O noaxHa

yKopaq HUBATHCA.
- y i

3TO B3aUMOAEHCTBUE MPHUBOIMUT TAKXKE K HEKOTOPOMY IepeHocy 3a-
psa Ha pa3phIXIIIOMYIO OpOUTANb Gy *, YTO NOKHO OCIaOUTh CBA3b
Mexay C u X, T.e. YIUIMHATD ee. [ npMMepa Bo3bMeM JUIMHEIL CBS3Eli
C—0 u C—Cl B yuc-2,3-guxnop-1,4-auoKcane:

HI
T 'Qe

D

@@ C,—0, 1,394

0 Cy;—0, 1,428
C,—Cl 1,819 A
3 C;—Cl 1,781 A

@840 Cl

Caasp C;—Cl akcuaJbHa ¥ aHTUIEPHIUIaHApHA HENoAeJeHHOH Mape
O,. Cesazp C3;—Cl 3kBaTopHalibHa ¥ HE aHTHIIEpUIUIAHApHA HU K OfI-
Ho#t u3 HenoxeneHHbIX NMap O4. [TosTomy cBsa3p C,—0O; Kopoye cBA3M
C;—0;,, a csa3b C,—Cl gnunuee cpsasu C;—Cl.

AHoMepHBI# 3¢dxbeKkT npeacTarnser coboi obiliee ABIEHKE B Opra-
HUYEcKOH XMMHUM M Tposiensgercs naxe mns cesizeit C—H, xorsa B
06111eM B 3TOM cliy4yae BeJMurHA 3¢ddeKTa 10aXHa ObITh MEHbBILE W3-
3a BLICOKOTO YpOBHA Ocx*. HanpuMep, U3 AByX cTabuapHBIX KOHPOD-
Mauuit 2,4,6-tpuMeTun-1,3-nmokcados IV u V B koHdopmepe IV
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KaXObI U3 aTOMOB KMC/I0pO/Ja MMeeT HEMONeNeHHYIO Napy, aHTHIIe-
pumnaadapayio csasd C,—H, a B koHdopMepe V aHTHNepHIUIaHAp-
HbIX HenolnesJeHHbIX nap Het. CaenoBareabHo, cea3b C,—H B IV non-
XHa ObITb c1a6ee, yeM B V. OTO MPOsABIAETCS B TOM, YTO PAAMKAIbHbIH
OTPBIB Bojopoaa, cesizaHHoro ¢ C,, moll AeHcTBHEM mpem-OyTHIIOK-
cH-padguKana B IV nmpoucXoauT co CKOPOCTbIO Ha NopsanoK Gonbluei,
yeM B V:

Hj
0 H
/Eio
v
+¢-BuQ*®

-t-BuOH

22.7. IOJIVYEHHUE COEAVHEHU PAJIA
HHUKJIOITPOITAHA 1 HUKJIOBYTAHA

Iuknonpomnad GbUT MoaydyeH C BbIxogoM 70% B 4YHCTOM BuIe
I'. I'yctaBconoMm B Poccuu B 1887 r. pH neifiCTBUH MMHKOBON IILUIH
Ha 1,3-nub6poMIiponial B CMTHPTOBOM pacTBOpe. ODTa peakius U ceil-
4yac ABJsAETCS JIYYLIMM METONOM ITOJYYEHHS CaMOro UMKIIOIpPOIIaHa:

Nal; Na,CO,
BrCH,CH,CH,Br + Zn - + ZnBr, .
CH,CH,OH; 80°C

(70%)

U3 npyrux METoOB CO3AaHMs TPEXWIEHHOIo LIMKJa CleayeT OT-
METHUTH B IIEPBYIO O4YEpelb METOH, 3aKIIOYaIOIMACA BO B3aUMONEH-
cTBUHU 1,2-n1ubpoM3TaHa ¢ HATPUIUMATIOHOBBIM MAM HATPHHILIMAHOYK-
CyCHbIM 3(HMpoM B ycloBHAX Mex(dazHOro Karaiauia cONsMH
TeTpaaIKWIaMMoHus (cM. . 17, 4. 3). PaHee ObLIO paccMOTPEHO 06-
pa3oBaHME TPEXWIEHHOrO IMKJIA TIPH CcTePEoCIElIMPUIECKOM IIPHCO-
eIMHEeHUH KapOeHa M AuraiokapbeHoOB K ajlkeHaM (cM. . 5, 4. 1).
310 Haubonee oblIMe U BaXHbIE B CHHTETHYECKOM OTHOLIEHHH Me-
TOABI CHHTE3a NPOU3BOAHbIX HKHKIonponaHa. K HUM NpuMbIKaeT Me-
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TON, OIIMcaHHBIN Briepsble D. BioxHepoMm B 1885 r. a, B-HenacpluieH-
Hble KETOHbI M CJIOXHbBIE 3(DHpBI MPHUCOENHHSIOT AHA30METaH C obpa-
30BaHHEM MMHPA30JIKHOB. DTa peaklus IpeAcTaBasieT CoOO0H YacTHbBI
ciyyail G60OABLUOI TpYIHIbl peakUui Tak HasbiBaeMoro l,3-aumonsip-
HOTO LMKIOMpPHUCOoenHeHUS (1. 25, 4.4) U OTNMYaAeTCA BLICOKOIA
cTepeocneMPUUHOCTBIO CUH-TIDUCOENUHEHUS THa30MeTaHa K aKTH-
BHPOBaHHOM NBOMHON CBA3HM:

H
Hﬁ—COOCHZCH3 . @@[Zg ?HZ—C—COOCHZCH3
HC—COOCH,CH 2 bb N=N-—C—COOCH,CH
2 3 . 2 3
MMHMPA3ONHH H
H
H—C~-COOCH,CH, o © CH,—C-COOCH,CH
P LARLR g oo0omen
COOCH,CH,;-C—H N=N-C—H
"COOCH,CH,

IIpu TepMHUYECKOM HWIH (GPOTOXMMHUYECKOM PAaINOXEHHUH TTUPa3OIUHBI
TEPAIOT MOJIEKY/lY a30Ta M IIPEBPAILAIOTCA B POU3BOMHBIE LIUKIIOI-
ponaHa. OfHAaKO TepMHUYeCKOe U (POTOXMMHYECKOE Pa3ioXeHUe MU~
pa3oAMHOB He CTepeoCnelMPHYHO U OOBIMHO IIPUBOIMUT K CMECH IBYX
reoMeTpUYECKMX H30MEPOB 3aMELIEHHOro [UKJIONpOIIaHa:

A C,H,00C

CH ¢ “COOCH,CH; 4, \v
o + COOG,H

N=N-CCOOCH,CH, CZHSOOCI ;; \COOCZHS

~

H
CH '
HSC\]/CE{rCPﬁ {°C SW\
Prd . —_—T
H’ “H /v\ * CH,

N=——=N CH; CH;

Ocobslit cTyuail 3aMbIKAHUA TPEXWIEHHOrO LIMKJIA MpeICTABISIOT pe-
akuuM y-(1,3)-anuMHUHUpPOBaHUA. Takoe INMMHUHUDOBAHUE DEATH3Y-
eTCs TOJNbKO B TOM CJIy4ae, eClIH B y-IIOJIOXKEHHH K yXOAsLleH rpynne
HMeeTCA CHUAbHAsA 3/1eKTPOHoaKlenTopHas rpyimna, Hanpumep CN-
unr C(O)R-rpynmbi:
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N
CICH,CH,CH,CN %L N7 Nr9%)

lluknobyranHkapOOHOBasi KUCAOTA [OJY4AeTCH C BbIXOLOM 42—
44% npy aNKWIKPOBAaHHUH HaTpuitMaloHoBoro 3¢upa 1,3-nubpomi-
pOIaHOM, MOCAEAYIOUIEM OMBLUIEHHH W NEKapOOKCHIUPOBAHHUM LIMK-
Nobytan-1,1-1uKapOOHOBOI KHCAOTBL. DTO OAKH U3 OOLUMX METOMOB
CO3IaHUS YETBIPEXWIEHHOTO LIMKIIA, ITOCKOAbKY U3 cepebpsiHOi conn
3TOI KHUCAOTH C MOMOIUBI0 peakunnd bopoguHa—XyHcOMKKepa i
peakiuyd Koud MOXHO NE€TKO MOAYYHTH LHKIOOYTHATAIONeHUIBL.

Jpyroit obOmwiuili METOd NMOCTPOEHHS LMKIOOYTaHOBOTO KO/AbLA
3akitodaetca B [2+2]-uuwionpucoeauHennuy anKkeHoB. CorlacHo npa-
BUJIaM COXpaHeHHUs! opOutanbHoi cuMmeTpur Bynsoppa—Iodmana
(rn. 25, 4. 4), 9Ta peakuus, Kak COracoBaHHLIN Ipolecc, 3anpelle-
Ha MO CHUMMETPHM IUISl TEPMHYECKHM WHHLUMHPOBAHHBIX IPOLIECCOB,
HO pa3pelieHa i POTOXUMHUYECKON NMKIOMMMEPH3ALIUH AKEHOB.
JUUtst caMHX aJIKEHOB NpernapaTUBHoE 3HaYeHHe (OTOXMMHUYECKOM 1IMK-
JIONUMEPHU3a1MK HEBEAMKO, TaK KaK Npu poToBo30YXIeHUH obpasy-
€TCsl MaJIOpeaKIMOHHOCNIOCOOHAs TpHUILIeTHas ¢opMa aJiKkeHa, KOTo-
pasi yXxe He [10JIBEpraetcsi COrjacoBaHHOM peakiHH MPUCOeIUMHEHHA
K HeBO30OyXNeHHOI MoJsieKy/e ajikeHa. Takas peakuus IIpoTeKaeT CTy-
NeHYaTO ¥ JaeT CMECh yliC- U MPAHC-aJAyKTOB C HU3KHUM BBIXOLOM.

dortoxummuueckas peakius [2+2]-uUMKIONpHCOEIMHEHUS KaeT
XOPOLLIMKE pe3yJbTaThl B CJIy4ae BHYTPHUMOJEKYJISIpHOro oOpa3oBaHUsA
YeTHIPEX'WIEHHOTO IMKJIA NP CHHTE3e KapKAacCHBIX ITOJHLIMKIHYEC-
KHMX COCIMHCHHUI, HallpuMep NpH IIpeBpallleHHH HopOopHaaueHa —
(6uumkio|2.2.1]renra-2,5-queHa) — B KBanpHULHMKIAH:

A =205 uM
> (75%)
HopbopHanueH KBagpHLUMKIaH
Bhixon kBagpHIMKIIaHa Bo3pacTaeT 10 95%, ec/it B KAYECTBE CEHCH-
6uauM3aTopa HMCHOAb30BaTh aleToO(EeHOH NMpH OOGAYYEHHH CBETOM C

IMHOM BoJIHBI 313 HM. Bojee cloXHBlA NPUMEP WLIIOCTPUpYeET do-
TOXHMHYECKYIO TMMEPHU3ALHIO LIHKIONIEHTEHOHOB:

O 0 (@) 0
hv
ﬁ—»ﬁcqéjﬁ
O
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BHYTpUMONEKYNSAPHBIMU peakuMaMy [2+2]-uUMKIONpUcoe MHEHHUS
NoJy4YeH psil OYeHb HHTEPECHBIX KAPKACHBIX COeNMHEHU I, HANpHUMeEp
NMpPOU3BOAHBIX KyDaHa:

0 Br
0 o COOH
hv Br f [¢]
Br
Br o

HOOC

JBoiiHas cBs3b B O, 3-HeHACHIILIEHHBIX KETOHAX, CIOXHbIX 3dupax u
HUTpWIAX TAKXe BCTYNAET B peak1inio GoTOXHMHYECKOro U KIOIpH-
COeNMHEHUA C AJKEHaMHU!

CN

CN
+ CHy=CH, —»

O O

BaxHol B CUHTETHYECKOM OTHOINEHHMM WM BechbMa OOLUEH peakiiHeit
sBnsieTcsl GPOTOXUMMUECKOE TpHCOeJUHEHHE ANBAErHAOB WIH KETO-
HOB K aJIKeHaM ¢ 00pa3oBaHHEM OKCETAHOB — YEThIpEXWIeHHBIX 1{UK-
JIMYECKHUX NPOCTHIX 3PUPOB C OJHUM FETEPOATOMOM:

hv o

P
C¢HsC + —_—> (70%)
6tls \H C6H5
H
O_
hv 10°C
(C¢H5)C=0 + (CH,),C=CH, i 93%)
G cng < CHs
C6H5 CH]
3,3-aumern-2,2-audeHWioKca-
LMKITO0yTaH
ZnCl, 10°C O okca-2-umknoByraHo
H,C=0 + CH=C=0—""2 "~ »m
KETeH adup (B -nponuonakToH)
o
(88%)
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[TpouseoaHble UMKNODYTaHA U LIUKIOMEHTaHA, HO He Gosee Bbl-
COKMX LIMKJIOB, MTOAYYAIOTCA ¢ MOMOLUbLI0 MOANMHUUMPOBAHHON peak-
uuy Bropua ans uMkiausauuu 1,4- unu 1,5-nuranoreHUa0B. DTH ra-
JIOreHUIbl OOBLIYHLIM 00pAa30M NPEBPAIIAIOT B JUMArHWiHOpraHu4YecKue
COENMHEHHU NpH B3auMoneicTBuM ¢ MariueMm B TT'®D, KoTophle 3a-
TeM o6pabaTbIBalOT cOAAMM cepebpa, obbiuHo TpudaaToM cepebpa
CF3;S0,Ag. O6pasyoliieecsi B KaYeCTBE MPOMEXYTOUHOIO COeNHE-
HHUS OopraHMYecKoe coeluHeHHe cepeOpa pasfnaraerTcs ¢ paclueruie-
HMEM CBSA3H yriepoa-cepebpo ¥ OMHOBpEMEHHbIM 06PAa30BaHHEM HO-
BOIf CBA3KM yrjiepoA-yraepod. Peakuusi nmpoTekaeT B ouyeHb MATKHX
YCJAOBHMSIX C BBICOKHM BLIXONOM [UISS NPOU3BOAHBLIX LIMKNOOYTaHa U
LHKIONEeHTaHa:

H H
Cl
— 1) Mg; TT®
2) CF3SOs3Ag (61%)
|
H ¢ H
1) Mg; TT®
o 2 CFSOsAg (82%)

22.8. XUMHWYECKHE CBOMCTBA IIUKJIOIPOIIAHA
M ETO [TPON3BOJHBIX

Konb11o UMKIOIIpOonaHa o4eHb YCTOWUUBO 110 OTHOLUEHHIO K aeit-
CTBHMIO CaMbIX pa3HOOOPa3HBIX OKUCAHTENEH: 030Ha, IlepMaHraHara u
IHXpOMaTa KaJIUsl, YTO PE3KO OTJAMYAET IIMKIOMpPOIAH U Ero NpoM3-
BOAHble oT anKeHoB OnHAaKo HanpsokeHHe LHKIA [POSBISETCH BO
MHOTKWX peakUMAaX LHMKIONpOornaHa, NpoTeKaKX C pacilerieHueM
TpexuyneHHoro uukia. OH Noasepraercd TMAPOreHOAM3Y IO NPOIaHa
NMpU KATaIMUTHYECKOM THIPUPOBAHHM, ONHAKO B Dosee XECTKUX yC-
JIOBHSIX IO CPABHEHHMIO C 3THJIEHOM H IMPONUIEHOM:

CH,CH,CH, 2N 120°C Hy PG SOC oy cH,CH
3N T CH,CH,0H CH;CH,OH S
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H,; Pt; 80°C CH,
—————

CH,CH,OH O1%)

CH,

cnupol|4,2jrentaH

Konbio uuknonponaHa paclleruisieTcsl MpM HarpeBaHMM C BOLHbBIM
pacTBOPOM rajloOr€ HOBOAOPOJOB. DTa peakiys MOAYUHIETCS MpaBuily
MapkKoBHHKOBA:

Br

HBr l
- CH3_C"‘CH2CH3
3

CH,

HWHTepecHO OTMETHTh, YTO CyXOH OGpOMHMCTBIN BOAOPOA HE PACLUEN-
JigeT UMKIoNponaHoBoe Koasuo 1 npu 300°C.

[Tpou3sBoaxbie UMKIONPONaHa PearupyioT ¢ CONsIMU PTYTH. DTa
peakuus, oTkpbitTas P.S. JleBuHol, HamOMHHAeT OKCHUMEPKYPUPO-
BaHHUe ankeHoB. HanpapineHue pacKpbITHS LIMK/IA TAKXe COOTBETCTBY-
eT npaBWiy MapKoBHHKOBA:

CH;
CH . |
D<CH3 + Hg(OAc), ";"”‘%‘”“—» CH;—C—CH,CH,HgOAC ——>
3
CH, OH
NaBr |
—_—> CH;‘-(lj—CH2CH2HgBr
OH

HuknonponaH pearupyeT npu oOGMydeHHU C XIOPOM M OpoMoMm,
MIPY 3TOM € XJIOpPOM 06pa3yioTcs MPOAYKThHI KaK MpSAMOro 3aMeLeHHUS,
TaK M PAcKpbITHS LMKIA, a ¢ 6poMoM Tonbko 1,3-aubpommnponas:

d, |> Cl l >
I €l hv; > 100°C hv : !

BTZ
[> —> BrCHy)Br

L MKIONponaHoBOE KOJIbLO HACTONBKO CTAOMIBHO K AEUCTBHIO OKHUC-
NUTeNei, YTO ANKWILMKIONPONaHbl PEarupyioT TOJLKO MO a-MOJIO-
XeHH10 6e3 packpbiTH Mkia. Hanbonee HarnssiHbIM NPUMEPOM Ta-
KOro poJia peakuMH SBJIsSETCS O30HOJM3 TEeTPAaClMPOLIMKIONPONaHa,
NPUBOIALMA K MOHO- ¥ TUCITHPOKETOHAM:
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0 0
1) O; CH,Cl,; 78°C .
2) (C4Hy),P
0

AHaJIOTHYHO OKHUCITHUTENBHBIN 030HONU3 mpakc-1,2-TudeH UALTUKITION -
polaHa JaeT MpaHc-UMKIONponaH-1,2-auKapboHOBYI0 KHCIIOTY:

l) 03, CHzclz, —-78°C
2) H,0,; CH,COOH
CeHs HOOC

6115 COOH

Liukionpornat sBasgercss Haubonee cunpHoit C—H-KHen0TOM M3 Beex
UMKJIOAIKAHOB, YTO MOXHO [PeNcKa3aTh UCXONS M3 YCHIEHHS s-Xa-
pakrepa cBs3H C—H B umkionpornase 1o cpaBHeHH 0 co cBa3sio C—H
B OCTAJIbHBIX LMKIoaNKaHaX. LlukionponaH XxapakTepH3yeTcs BeIH-
ypHoM pK, mopsiika 36—38 U Mo3ToMy MeTALTHpYyeTcd NMPH B3aUMO-
JeHCTBUU C H-OYTHIUIMTHEM WIH mpem-OyTHJUIUTHEM B reKcaHe. Apwi-
LHKJIOMPONaHbl OTIUEIUIAIOT [IPOTOH yXe IIpM AEACTBMH pacTBOpa
mpem-6ytunara xanug B JJMCO:

. TeKcaH Li
A + CoHoLi 3 CaHlio + A/
(CH,),C0K®
- + (CH,);CO
VAVatl: == A Vet
© K®

3aMellieHHbIE HUKJIOITPONHUIKapOaHHOHBI COXPAHAIOT CBOIO KOH-
burypaumio, 4To MCroJjib3yercs B pa3sHOOOPAa3HbIX CHUHTE3ax Ui BBe-
JeHUS HOBbIX PYHKLMOHANBHBIX I'PYIII [IPU B3aUMONEUCTBHUHU C pa3-
JIMYHBIMH 3JIeKTPO(HIbHBIMHM areHTaMH.

LluknoOyTaH 3HAYUTEJIbHO MeHee peakKLHOHHOCIIOcoOeH, yeM
uMkiornpornaH. OH He pearupyeT ¢ pa3MblKaHHEM LIMKJIA HU C rajiore-
HaMH, HY C rajoreHoBOAOPONAMH, HHU C aueTaToM PTYTH. Ero mukn
pa3pyilaeTcs MpH KaTUIMTHYECKOM MMIPUPOBAHMM Ha IIATUHE TOJb-
Ko npu 150°C ¢ obpaszopanuem H-6yraHa. LlukionedraH noasepraer-
¢ runporeHonu3dy npu 300°C.

LUMkToeHTaH, LMKJIOreKcaH M UMKiIorentaH He obnagaror Ka-
KHMH-nu60o crneunpnyecKkiMHY CBOHCTBAMH, PE3KO OTIHYAIOLHUMHU HX
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OT 0OBIYHBIX ANKAHOB, CBOKCTBAa KOTOPbIX BbLIM pacCMOTpPEHbB! B Iil. 4
(4. 1). ITony4yeHHue coequHEHHUR C MATH-CEMUWIEHHBIM LUKIIOM BbUTO
MpUBEAEHO paHee B PalIMMHBbIX pa3fenax 3TOM KHMIH, U Mbl 3lECh
KpaTKo MepeyrucanM 3TH MeTonbl. KeToHbI psina HMKIIONEHTaHa, LMK~
JIoreKcaHa 4 HMKIorerntaHa obpasyoTcs ¢ yAOBAETBOPHTENbHBIM HIIH
BbICOKMM BBIXOAOM NpH nuponuse Ba-, Ca-coseit cCOOTBETCTBYIOLIMX
JHUKapOOHOBRIX KUCIOT WIM NPHU KoHAEHcauuKU JIMKMaHa ¢ mocieny-
IOLLUM KHCJTOTHBIM THAPOIU3OM (MKIMYecKHuX 1,3-ketoadpupos. Co-
E€AMHEHHUS C ISATU-CEMUUWIEHHBIM LIUKIOM 0Bpa3yloTcst PKU B3aUMO-
JEHCTBHM COOTBeTCTBYIOINMX 1,4-, 1,5- M 1,6-guranoreHankaHoB ¢
HAaTPUHMATOHOBBIM 3¢UpoM. [JuOpoMankaHbl pearupyioT ¢ HaTpHeM
MM UMHKOM MO THUIYy peakiimu Bropua, rpu 3Tom u3 1,5-aubpom-
IeHTaHa obpa3syeTcs UMKIOMEHTaH, a u3 1,6-qnubpoMrekcaHa — LMK-
norekcaH. LIukiorekcan U ero MpoM3BOAHbIC MOJYYAIOTCS IIPU KaTa-
JIUTHYECKOM TMAPUPOBAHHUM apOMATHYECKHX coeqMHeHuH (. 12, 4. 2).
Haxkoneu, MHUKIOMEHTaH, HUKAOTEKCAH U HEKOTOPbIe MX AIKWJIbHbIE
[IPOU3BOAHbIE BBIAEJSAIOT HENOCPEACTBEHHO U3 HedTH.

22.9. IIOJYYEHUE COEAUHEHUNA CO CPEAHUM
PASMEPOM IIMKJIA 1 MAKPOLIMKIOB

JIy4yiuMM U HECOMHEHHO HauboJiee YHMBEPCAJIbHBIM METOLOM
CHHTE32 IMKJIMYECKHMX COeIMHEHUH C pa3MepoM LIMKJIa OT BOCBMH H
6osiee aTOMOB yriiepoaa SABASIETCS alMJIOMHOBAasT KOHACHCALIMS M-
3¢bHpoB o, ®-AUKapOOHOBBIX KHC/IOT, ONIUcaHHasd paHee B T. 17 (4. 3):

o _COOCH,CH;  p o _C—ONa
_—,. B
( 2)K Keunon; 140°C ( Z)K”
COOCH,CH, C—ONa
. C—OSi(CH,) . c=0
— ) H,0 —
(CH3)3SlCl (CHZ)K 3 . (CHZ)K ‘ (50_95%)
c—osi(cH,), 10 CH
n=6-27 OH

Bropoii mo BaXXHOCTH METOJ CHHTE3a MaKPOUMKIUYECKHUX CO-
eAMHEHUI 3aKITI0YaeTCsl BO BHYTPUMOJIEKYJIIpDHON UMKIN3aLHUHU O, O~
JOVMHUTPUNOB. 3Ta peakiMsl U3BECTHA MOA Ha3BaHMEM KOHIeHCalUU
Topna—Uurnepa. Ilo cBoei CyTH OHa aHaJOTHYHA BHYTPHMOJIEKY-
napHoi KoHaeHcauuu JJTukMaHa, HO BMecTO AU3(MHUPOB 34ECh UCTIONb-
3YIOT AMHHUTPMIIBI KaK COENMHEHHs, coaepxaliue 6o0siee CUIbHYIO
3JIEKTPOHOAKHEIITOPHYIO TPYNIHUPOBKY. Jnst TOro, 4robnl MOHU3IUTH
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POJIb MEXMONEKYJISIPHOM KOHACHCALMH, PEaKLUIO0 HEoOX0AMMO Ipo-
BOAHUTD B YCJOBMSIX BHICOKOrO pa30aBieHMs, T.€. PH KOHLEHTpaluu
JAMHUTpUAA opsinka 107> M. MsMeHeHMe KOHLEHTPallMH HE OTpaXa-
eTCs Ha CKOPOCTH MOHOMOJIEKYJSIDHOM peakuMH LUKIHU3ALUMHU, HO
yMeHbIIEHHE KOHUEHTPALUHUU O, O-TUHUTPHUIA IPUBOAHMT K IMOHUXKE-
HHIO CKOPOCTH OMMOJIEKYJISPHON peakuUKH MEXMOJNEKYJISIPHON KOH-
JeHCAUUH. DTOT MPHUHLIKIT JEXHT B OCHOBE METOAA BLICOKOro pa3baBs-
JIeHHUs NpH 11060M BapHaHTE BHYTPUMOJIEKY/ISIDHOIO B3aHMOACHCTBHAL.
K. Ilurnep BnepBole B opraHMdeckoi XUMHHK (1933 r.) npMMeHW! ero
K KOHAEHCAUMU JUHUTPWIOB B HUITWIOBOM 3¢dHpe, UCMNONAL3YA B
KayecTBE OCHOBaHMUS pacTBOPUMBIA B 3dUpe 3THUAAHWIMA JTUTHA
C¢Hs—NLi—CH,CHj;. B Hacrosiuiee BpeMsi BMecto 3¢upa Jauie uc-
nospzyloT TT'®, a B KauecTBe OCHOBAHUA — NHUHUIOIPOTMHUIAMUL JIHU-
TUS UK OUC-(TPUMETHJICHJIUA)aMU HAaTPUSA HWJIH JIMTHUA:

_CH,CH;
=N LN CH,C=N
cH )/CH?C N Scs - )/ ,
2 : - 2 —
Scuc=n 0w NCH-c=N
Li®
CH,C=N-Li H,0+ CH; —CO, CH;
— (CHZ)K ™) —
CH—C=N t2"C (CHz),,_'C{'I (CH,);—CH,
COOH

Bricokoe pa3sbaBneHue mocturaetcs 6e3 nmpuMeHEHHs GOJBIIOro
oObeMa pacTBOPUTEJSI C MOMOLUBIO OYEHb MEMJICHHOIO MpHUbaBiIeHUs
3(HUPHOTO pacTBoOpa HAMHHMTPHIA K KMITANIEMY pacTBOPY KOHIEHCHUDY-
foulero aredra. LIMKJIOrenTtaHoH ¥ UUKJIOOKTAHOH INMOJYYAIOTCS 3THM
criocoboM ¢ BbixogoM 95 U 88% coOTBETCTBEHHO, a KETOHDI, cOgepkKa-
LMe ATHaKRuarh ¥ 6osiee aTOMPB YIJiepona, — C BbIXOAOM B MHTEpBa-
ne ot 60 o 80%. s sxsanbToHa (MKJIOIEHTANEKaHOHA) BbIXOA CO-
crasnsger 60%. OgHako uMkiMueckue KetoHbl Cy—C|3 Mony4aorcs ¢
ovyeHb HU3KUM (1—8%) Bbixoaom, u Metox Topra—lLluriepa B cyuiHo-
CTH HENPHIoAeH IS MONYYEHUS KETOHOB CO CPEAHMM [IHKJIOM.

ITuponus Ca-, Ba- 1 gaxxe TOpUEBbIX cojieid TUKAPOOHOBBIX KHC-
not (rn. 16) paet He Gojiee 5% LHUIKIMYECKHUX KETOHOB NpH n> 15 1
BooOlle He IIPUBOAUT K 0Opa30BaAHMIO LMKIOWIKAHOHOB € Cy—C;.

B rnase 7 (4. 1) GbUTM ONMMCAaHbl HEKOTOpbIE MPUMEPBI LIMKIOO-
nuromepu3auuu 1,3-gMeHoB U COBMECTHOM onuromMepusaumu 1,3-au-
€HOB M 3TUJIEHa Ha TOMOTeHHBIX KOMILIEKCHbIX METAIOOpraHuyec-
KHX COEJMHEHMSIX TMEpPEeXOMHbIX METAJIOB MM KaTajiH3aTopax THIIa
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Ilurnepa—Harra. 3TH npolieccsl HALLIM IIPOMBIUUIEHHOE NpUMeEHe-
HHME JUTA MOJIYYEHHS MOJIMEHOBLIX LMKIMYECKUX YLJIIEBOAOPOAOB C
BOCBMH -, JECATHU- U JBEHANUATHWICHHBIM LIMKJIOM W CHEJIAIH UX JIer-
KOMOCTYIIHBIMM /I AanbsHeiuIel TpaHcopMauuu. OQHAKO 3TOT Me-
TOM HEMPHUIONEH JUIS MOJYYEeHHUS HKIHIECKHX YIJIIEBOAOPOAOB C He-
YEeTHBIM YHCJIOM aTOMOB yIleposa B LMKiIe. EAMHCTBEHHOH pasyMHOM
AIBTEPHATHBO! B 3TOM CJlyyae OCTaeTCs allJIOMHOBAs KOHAeHCAllUs
CITOXHBIX 3(pMPOB COOTBETCTBYIOILIMX TMKAPOOHOBBIX KHUCJIIOT.

22.10. XUMHYECKME CBOVICTBA COEIUHEHUH
CO CPEIHHAM PASMEPOM LIHUKIA

B nepBoM paznene 3To#i raBel IPOBOAWAOCH TOApa3ae/IeHHE LIUK-
JOAIKAHOB M MX MPOM3BOMHBIX Ha coequHeHUs c¢ maiusiM (C;—C,),
o6p14HbM (C5s—~C;5), cpenuum (Cg—C))) uMKIOM M MakpoUMKIbl. Pa-
Hee yXe OTMEYaIoch, UTO BblAejieHHE B 0COBYIO IpyIny cpedHMX HHK-
JIOB CBSI33aHO C POCTOM SHEPIMH HANPSIKEHUA ¢ 6 KKa/MONb [UIS LUK~
JIOITEHTaHa W LIMKJIorenTana fo 12—13 kxain/mMonp — mnst Cg—C-LHKIIOB.
Bospacrarue ob1ueit 3HepTHHM HaNpsCKeHUsT 00yciioBAEHO poCTOM TOp-
CHMOHHOIO HanpsLKeHUst M MOSIBIEHUEM Yy 3THX LUKIIOB HOBOIO THMIa
HanpsiKeHUs1 — TpaHCaHHYJSIpHOro HarpsixeHus Ilpenora, xapakrep-
HOrO JU18 BaH-Jep-BaaibCOBa OTTAIKMBAHUS aTOMOB BOAOpPOAA MU
JPYTHUX TPYIIN, HaXOSAIUMXCS Y MPOCTPAHCTBEHHO CONMXKEHHBIX MpO-
THBOTIOJIOXHBIX KOHILOB KOJIBLEBBIX CHCTEM C BOCEMbIO-OIMHHaILa-
THIO aTOMaMH yrnepoga. OTo B CBOIO oYepeab OKa3bIBaeTCs IMPUYMHOMR
LIEJIOTO Psiia AHOMANIMH B XMMHUYECKOM [MOBENEHHUH (PYyHKUMOHAILHbIX
MPOU3BOAHBIX cpeaHUX HMKIOB. Tak, Hanpumep, LukiIaHoHbl Cg—C)y
MpaKTHYEeCKX He 0OpasyloT LUAHTMAPHHOB, T.€. paBHOBECHE LHMaH-
TMIAPUHHOIO CHHTE33 CUJIBHO CMEILCHO BJIEBO. JTH Xe KeTOHBI KpaK-
HE MEUIEHHO Pearupyor ¢ heHUAruapasuHoM. JIius coeAMHEHRMIl co
CpeOHMM pa3MepoM UMKIa HauboJiee XapaKTepHbl TaK Ha3bIBaeMble
TpaHCaHHYJISpHble peaklUWHU, Koraa ¢GpyHKUMOHANbHAg Ipyla BBO-
JUTCS K aToMy YIJIepoja, PacloJIoXXeHHOMY ¢ NMPOTHBOIOJOXHOHK
CTOPOHBI KOJIbLA IO OTHOLIEHHUIO K aTOMY, HECYILEMY YXOISLIYIO IPYTI-
ny. Takue peaklMK UHTEHCHBHO H3ydanuch B 1950—1960 rr. Koymom,
INpenorom u ap. [puBenem HeckonbKO Haubonee THIMTHYHBIX [IPHMEPOB
U3 BONBLIOrO YKC/Id TPAHCAHHYJSIPHBIX peaKliMi B CPeIHHX (MKIaX.

Ilpy B3aUMONEHCTBUH YuC-1IMKIIOOKTEHA ¢ TIEPMYPaBbUHOM KHUC-
JIOTOM, KOoTOpas ABisieTcsl OOBIYHBIM PEareHTOM LIS MONYyUYEHUST mpauc-
1,2-nuonos, 65110 BoigEREHO aBa aAuona (A. Koyn, 1952 r.). OauH U3
HUX AEUCTBUTENBHO ObIT OXWOAEMBbIl mpauc-LIUKIOOKTARAMON-]1,2,
a BTOPbIM OKasajicsl yuc-UMKIooKTaHauo-1,4. ObpasoBaHue 1,4-nu-
0JIa MOXHO NOHSTb, €ClM MPHUHATH BO BHHMaHHUE, YTO B BOCbMH-
YJIEHHOM LUMKJIe BO3MOXHO TPAHCAHHYISPHOE TepeMelleHue THAPHI-
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MOHA uepe3 KOJbIO K KapbOKaTMOHY, BO3HHKAIOILEMY B KAauecTBE
uHTepMeauara. [Ipeanonaraemas Mocjie 0BaTeNbHOCTD IPEBPALLEHUIA
BKJIIOYaeT 06pa3oBaHue NMPOTOHUPOBAHHOTO 3MOKCHIA C ITOCIEAYIO-
UMM TPAaHCAHHYJSPHBIM MEPEMELIEHUEM THAPHUI-HOHA.

Teoperuyecku BO3MOXHBI ABa PA3NTMUHBIX MYyTH MHUIPALMH TUA-
pua-uoHa 1—3 U 1—5, Kotopble 06a NpUBOAAT K 0O6pa30oBaHHUIO YuC-
HHKJIOOKTaHAHoAa-1,4. C MOMOLIbIO CEJIEKTUBHO AeHTEPHUPOBAHHBIX
Yuc-3MOKCUIOB ObUIO YCTAHOBJIEHO, YTO peanu3yloTcs oba BO3MOX-
HbIX MEXaHM3Ma MUIPAUMHU TMIPHUA-MOHA, U 3TOT MPOLECC MPOUCXO-
JUT CTPOTO crepeocrneurPrUIHO, MOCKONBKY U3 YuC-LIUKIOOKTEHA
MOJIyYaeTcsl TOJBKO YuC-U3OMED HMKIOOKTaHIHoja-],4:

OH

HO(O)YO0H H' ®  HO0

HCOOH-H;,0 0 OH —»
‘OH

YuC-UMKIOOKTEH / mpanc-1,2-unxno-
OKTaHAHON
OH
OH
1,5~H® 13-H® OH OH
® —Hy

-yt UHKI00KTeH-3-0n-1
*:/ H,0
o O O Q/
UMKIIOOKTEH-3-0A-1 yuc-uMknookTanauon-1,4  UMKnoOKTEH-4-01-1

quc unxnoomunnon 1.4

IToMHMO ABYX OAHUOJIOB TIPH B3aMMOAEHCTBHH YuUC-LMKIOOKTEHA C
[epMYPaBbUHON KHCIOTOM MOJyYyaloTcs ABa OPYTMX IIPONYKTa: HMK-
JIooKTeH-3-051-1 U UMKI00KTEH-4-011-1. O6pazoBaHKe 3THUX aHOMAIb-
HbIX MPOAYKTOB TaKXe€ COIjlacyeTcsl ¢ MEXaHH3MOM, BKJIIOYAIOLIUM
TPaHCAHHYJISIPHYI0 MHUIPaLMAI0 THAPUA-UOHA.

IIpM rMOpOKCHANPOBAHMHM MParC-LKKIOOKTEHA TIOA JEHUCTBHEM
NMEpMYPaBbUHON KHUCJOTHI B Ka4YeCTBE ITaBHOIO MPOAYKTA IMOJIy4aeT-
csl mpaxc- UMKJIIOOKTaHAHOI-1,4, T.e. MUTPALIXS THIPHMI-HOHA B 9TOM
cilydae TaKXKE OCYIUECTBSIETCS CTPOro crepeocnendUIHoO.

HuxnoankeHs ¢ 9-, 10-, 11-uneHHbIM pa3MepoM LIMKIA NPH
TMIOPOKCHJIMPOBAHUM [epMYpaBbUHOUN KUCIOTOM BooblUEe He obpa3y-
10T 1,2-1MOJI0OB — «HOPMAJILHbBIX» MMPOAYKTOB 3TOH peakuuu. IIpu ruia-
POKCHIIMPOBAHUM MPAHC-UMIKIIOJELEHa B KAaYeCTBE OCHOBHBLIX MpoO-
IYKTOB MMOJIYYaIOTCH mMpaxc-LMKIJIoAeKaHauon-1,6 u mpanc-gexanon-1.
(B. Ipenor, 1952r.):
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OH
_.OH
O O
HCOOH-H,0
HO H

mpaHc-1HKN0AeKaH- mpanc-feKa-
anon-1,6 non-1

MexaHu3M 3TOH peakiUM MOXHO HHTEPIPETHPOBATh TAKUM Xe 006-
pPa3oM, YTO M UIA HHUKIoOKTeHa. KapbokaTnoH, obpasywouuiics mpu
PackpbiTHM SMOKCHUIHOrO HMKJIA, MOXET cTabMJIM3MpOBaThCcsH B pe-
3ynpTaTe 1,5-caBUra ruipui-MoHa ot aToMa yriiepoaa C—>5, npocTtpaH-
CTBeHHO cOnMXeHHOro ¢ KapboKaTMOHHBIM HEHTPOM:

@
o OH

HC(0)OOH H+

—_— _ ——

HCOOH-H,0

OH OH

OH
2 -
— — i

4 3 HO

mpaHc-UAKIIofeKaHaron- 1,6

Ilpyras BO3MOXHOCTb CTaGUIM3aLHMH HCXONHOTO KapOOKaTHOHa
3akJioyaercs:i B 06pa3oBaHMM HOBOM yIr/iepoa-yrJIepOOHOW cBA3M ye-
pe3 Konbio Mexny aTomamu yriaepona C—1 u C—6 ¢ nocaenyomum
oTiLerieHKeM 1potoHa ot C—6 u oGpa3oBaHHeM mpaxc-nexanona-1:

OH OH
1
3 -H
—_—
4 mpanc-nexanon- |
6 [}
5 H

AHAJIOTUYHO U3 YUC-LIUKJIOAELIEHA HTONYYAeTCH LYUC-ITUKTOMEKAH -
nuon-1,6. B oTAHYHeE OT LMKJIOAIKEHOB CO CPENIHMUM Pa3sMepPOB LMK
T’MAPOKCHIHPOBAHHE HHMKIOrexceHa, LIMKIOTENTEHA, LHKIOHoAeLIe-
Ha M ero BBICLIMX FOMOJIOTOB MPHUBOJMUT K HOMYYEHHIO OOBIYHBIX mpaHc-
1,2-auono8, a He NPOAYKTOB TPaHCAHHYISIPHBIX PEAKIIMH.
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CXOHbIH TpHUMEp TPAHCAHHYJISPHOrO NEpeMEeleHHs TMAPHI-
MoHa Habnogancsa Npu Aeruapataumy 1-MeTHILKMKIoNeKaHaMona-1,6
¢ o6pa3oBaHHeM B KOHEYHOM UTOre 6-MeTHJILIMKIONEKAHOHA:

CH, CH,

OH o

IlepBoHaYaNbHO B pE3yJibTaTe OTILEILICHMsI THIPOKCUIBHOM TPyII-
ns! or aToMa C; obpasyercst TpeTHUHBbI Kap6okaTHoH. Ero crabunimnaza-
UMS JOCTHTAETCS TPAHCAHHYJ/ISIPHBIM IepeMellcHHEM THAPUA-HOHA OT
atoMa Cg, cONHMXEHHOTO B MpocTpaHcTBe ¢ aToMoM C;. OnHOBpeMeH-
HO M3 THAPOKCHJIbHOM rpyriinl npH Cg OTLIEIUISETCS NPOTOH M OHA
MpeBpalaeTcs B KapGOHHIIbHYIO IPYNITY 6-MEeTHILMKIONeKAHOHA.

TpancaHHynsipHash MUIpauUsi TMAPME-MOHA HaGMIONAeTcsi M B
MOHOMONEKY/ISPHBIX PEaKLIUAX COTbBOAM3A LHKIOANKHITO3HAATOB CO
CpeaHHMM pasMepoM LMKIa. Tak, HarpMMep, NpH aLETOAM3e yuc-S-
mpem-6yTUITUUKIOOKTHITO3KIATA B KayecTBE e€NHHCTBEHHOrO IIpO-
IyKTa peakKUHMH ¢ O4YeHb BBICOKMM BBIXOAOM [OJYYaeTCsS UHKIOOK-
TeH, 06pa30BaHUE KOTOPOrO MOXHO IIPEICTABHUTh TONBKO B PE3yNbTaTe
1,5-MHUTpauMy rMApUI-HOHA YEPE3 KOJIbLO:

OT
(CH3)3C\eM/ cH,coon CH)C
‘ » —
H

B AVAAV.E SEWAAN
(CH,),Cowwse®
®

(99%)

CBoeobpazHas TpaHCaHHYJsIpHasd LHUKJIHU3ALMS TPOUCXOAUT B
NeBATH- U NeCATHWIEHHbIX 1,5- 1 1,6-a3aliMKiIaHOHAaX (KETOAMHMHAX):

0 OH
|t‘ HCIO, Gb

. R —

I | e
CHs CH, ©Os
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[TonobHoE TpaHCAaHHYJISAPHOE B3aUMOAEeHCTBHE ObLIO OBHaApyXe-
HO M1 AEBATUWIEHHEIX LIMKJIAX, COAEPXKAILMX MIPOCTPAHCTBEHHO COMU-
KEHHbIE cTOXKHO3bUPHYIO M amuaHyio rpynnbel (B.K. AHTOHOB,
M.M. llleMakuH):

u 0 ‘//[o
(}OI C
o R OH R

TpaHcaHHynsIpHOE B3auMonelcTBUe Habmionaercd U B peakLMsIX
3NeKTpO¢PUIBHOTO NMPUCOEIUHEHUSI K ABOMHOH CBSI3M cOEAMHEHUH
CO CpeaHMM pasMepoM LuKIIa. Tak, HanpUMep, NpU MPUCOEqUHEHUM
6poMa K yuc-,yuc-MKJIOHOHanueHy- 1,5 obpasyercs OULIMKIMYECKHIA
nubpomua. Ero o6pasoBaHue MOXHO OpeICTaBUTh KaK y4acTHe BTOPOH
NBOWHOM CBSI3M B CTabMIM3alMM KapOOKaTMOHHOTO MHTEpMEIHaTa:

Br
(o= — 0
Br

22.11. HTUKIOAJIKEHBI 1 HIUKJIOAITKMHBI

HukioankeHbl U3BECTHBI M1 BCeX LMKIOB, HAUHHASL C LIUKIOMN-
ponexa. [{MKIoanKeHb! OT HMKIOMPOINEHa 10 HUKJIOrenTeHa BKII0YH -
TeJbHO MPENCTaBASIOT cobo# yuc-U30Mepbl, MOCKOIbKY mparc-Gop-
Ma [UTSl HUX HEBO3MOXHA IT0 cTepryecKMM MpHuynHaMm. OIHAKO LM KIIBI,
HayWHadgd C UMKIJIOOKTeHa, MOLYT HaXOAWUTBCA M B YUC-, U B mMpawc-
tdopmax. Jna nuxknoankeHoB Cg—Cj yuc-uzoMep euie crabuibHee,
YeM mpaHc, Tak KaK mpaHc-U30MePBI COAEePXKaT «HaNpsKeHHYI0» IBOM-
HYIO CBS3b, HO HaYMHAs C LIMKJIONOAELIEHa BOCCTaAHABIUBaeTcs 06bI4-
HbIH JU1S1 ATKEHOB MOPSNOK TEPMOAMHAMUYECKOM cTabUIBHOCTH, KOrna
mpanc-u3oMep 6onee crabuiex, yem yuc-uzomep (tabn. 22.7).

Ta6nuua 22.7
CTaOunbHOCTS KUC- H MPANC-URKAOANKEHOB

Coeannense AH = AHmpane, Coeannenne AH e~ AHppancs
KKa1/MONb KKA1/MONb
LInknookTeH -9,7 LuknoyHaeueH +0,1
LIMKIOHOHEH -2,8 lluxnononeueH +0,4
LuxnogeueH -3.5 LuxknorpuaeleH +1,2
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LuKiroanKeHsl MOJYYalOT TEMH XK€ METONAMH, YTO M aLMKIIH-
YecKHe aHATOTH — ankKeHsl (cM. . 5, 4. 1). LHuc- v mpanc-u3oMepnl
UMKIOOKTEHA U LIMKJIOHOHEHA BBICOKOH CTEMEHM CTePEOXHUMMYeEc-
KO’ 4MCTOTBI 0Opa3yIoTCd B pesy/bTaTe cTepeocneudpuiecKoro Boc-
CTaHOBJIEHUS MW TMAPUPOBAHUS TPOMHOMN CBA3M LIMKIIOOKTHHA H
UMKIOHOHKMHA. LJuc-ITHKI0aNKeHBI TTOJy4aloTCs TIPY THAPUPOBAHHH
IIHKJIOAKMHOB Ha KoJuloHaansHoM HHKene P-2-Ni unau auuzoby-
TunanoMuHuiruapunoMm (JIMBAJI-H) ¢ nocnenyiomiuM KUCIOTHBIM
pacuerieHMeM BMHWIaIaHa. Tpanc-H30oMepbl LIMKIIOOKTEHa, LUKIO-
HOHEHa ¥ MX BBICLLIMX TOMOJIOTOB 06pa3yIOTCs NPH BOCCTAHOBJIEHHH CO-
OTBETCTBYIOLUMX LMKJIOAIKHHOB PACTBOPOM HAaTPUA WIH JIMTHUS B XUI-
KOM ammHake Iipu —33°C.

H.0 + Ni(OAc),; NaBH, -
2 CH;CH,OH; H,NCH,CH,NH,
HHUKJIIOOKTHH YUC-1INKIO00KTCH
Na o
XKMIK. aMMHaK; —33°C
HUKIJIOOKTUH MPpaHC-LINKJIOOKTEH

[IpousBoaHble ¢ gecATHYIEHHBIM M 00jee BHICOKMM pa3MepoMm
IIMKJIA B pEaKLHUsX IUMUHHMPOBaHMUA 1o ['odpmaHy TpUMeTHIAMHUHA
U3 THAPOKCHUAOB LIMKIOANKWITPUMETHIAMMOHMSA NAIOT MPAHC-1IHK-
JoankeHsl. [IpoM3BOAHBIE IIMKIOMEHTHI-, IIMKJIOTEKCHJI- U LUKIIO-
TeNITWITPUMETHIIAMMOHKA AAIOT MPH ITMPOJIH3E TONBKO KUC-LMKIIO-
ANIKEHb], TAK KaK COOTBETCTBYIOLLME MPAHC-U3OMEPDBI HEU3BECTHBHI.
[luponus ruapokcuna LHUKIOOKTHJITPUMETHIAMMOHMS TPHBOAUT K
CMECH Yuc- U mpanc-1TMKJIOOKTEHOB (2 : 3), roe npeobnanaer mpaxc-
H30Mep:

C
120—160°C e
(CHy),— > (CHy),- + N(CHy); + H,0
\C

® o H)0
CH~—N(CH,);0H

n=5,6,7 yuc-uuKiocanxeH
n=289 yuc- 1 mpanc-UNKI0aAJIKECHEI
n

i

10—12 mpanc-unxinoanker
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] 2]
N(CH3)3OH 110—120°C
—_— T T

H,0 +

yuc- (89%)  mpanc-
(yuc-/mpanc- = 2:3)

W3 UMKI0aNKEHOB CIEUHAIBHOIO YITOMMHAHHSA, HECOMHEHHO,
3ac/AyXKMBAET UMIJIONPONEH. DHEPrUsl HaIpsXEeHUS Uil LMKIONpOo-
MeHa coCTaBJIsIeT MpUMepHo 55 kkan/mMons (280 xJIx/Monsb), uto BIBOE
IpeBbIlIACT BEAWYMHY 3HEDPrHU HAIPSXEHUSA AT UMKIOMNpOraHa
(27 kxa/monp) Ge3 ABOoHHOK cBA3M. LIMKiIonporieH BrepBble GbLI
onucad H.A. JempsiHoBbIM eltle B 1923 I., HO BBIOENUTH €TI0 B YHCTOM
Buae ynainoch aullp 40 ner cnycrd. CHHTE3 HUKIONPONEHa OCHOBaH
Ha MCYEpIIBIBAIOIIEM METHIMPOBAHUH HHMKIIOTIPOIMIAMUHA U MTOCHe-
AyoieM rohMaHOBCKOM pacyelUIeHHH 4eTBepTHYHOIO OCHOBaHUS:

NaNH, 1) HCI; a¢up /NHzG t°C

CI(CH,),CN ——— [>—CN cZ
aup 2) CH,CH,0H OC2H5
CH ON 1) H,0; H o?
a 2 133

—- S’ e e
[>_CONH2 CH3O o DrNHCOOCH3
— |>—NH2 D—N(CHQJ  ASOH

325°C
— N(CH;);,0H —2C o P — + N(CH,), + H,0

KitoueBoit cTanueit 3Toit mocieqoBaTeNLHOCTH TIpeBpalleH it ARIsSeTCs
ro¢pMaHOBCKOE paciliefUieHHe Y4eTBEPTHYHOTO aMMOHHEBOTO OCHOBAHMSL.
Luxnonponex abcosoTHO cTabileH TO/MBLKO B TBepaoM Bue TpH —196°C,
HO yxe npd —80°C OH caMONpPOU3BOJIbHO ITOJIMMEPHU3YETCS.

Ype3BblyailHO HHTepecHbI# M HEOoOBIYHBIH KJlacc HEHaChIIeH-
HbIX LIMKJIMYECKHUX YIJIEBOAOPOOOB 06pa3yIoT HUKIOANKUHBL [lepBsie
HccneaoBaHus Mo 06pa3oBaHUIO U cTAOMIBHOCTH LUKIOAKMHOB ObLIM
BetnoNHeHsl A.E. apopckuM M ero yueHHkamu ewe B 1936—1940 rr.
IIpu oTiienyieHuH OByX aToMoB OGpoma oT 1,2-mMOpOMIIMKIOOKTEHA
MO NeMCTBUEM MArHMsI, HATPUS MM LIMHKA Hapsuly C AEBATHIO OpY-
TMMH NpOAYKTaMHU obOpasyetcsd B HebOONbLUIOM KOJNMYECTBE M LIMKIO-
OKTHH, HO OH He ObU1 BbLOE/IEH U3 HUX B UMCTOM BHIE:
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o —_—
3(1)up C2 50H 80°C
Brz _‘M»
ehg quwm{mc aup
—_— > Ql + Q + O + ONHroMepsnl

OnHako 3TMM METOAOM HE yOanoch MONYYUTH HMKIIOTENTHH M
UMKIIOTEKCHH W3 AMTaoreHHUKJIOTeNTeHa U IMIaJloreHHUUKIoreKce-
Ha. [Ipu obpabotke 1,2-qubOpOMUMKIOreKCeHa-1 HAaTpHEM MM Mar-
HUeM PaBOPCKMH BBLIEIMJ TPUMED LIMKJIOTEKCHHA — TPUTETpame-
TUaeHOEeH30J. 3TO ONpeAeJeHHO YKasblBaeT Ha obOpa3oBaHUe
UMKJIOreKCHHA B KauecTBe KpallHe HecTabMIbHOro MHTEpMEAMaTa:

Br
HMepH3alus
Na TpHUMED! »
3¢up
Br

Ortclona 6bl1 chejiaH BBIBOJ, YTO UKIOUIKMHBI CTaGUIBHBI U
MOTYT ObITh BbLIEJNEHbI B YACTOM BH/€ JIMUIb HAYHHAS C HUKIOOKTH-
Ha. 3TO NMpeanoJIoXeHHUe MOJHOCTHIO MOATBEPAUIOCH Yepe3 TPUIALIATD
JIET, KOTAa YAAJIOCh YJIOBUTb M pyrde HecTabwibHbIE LUKIOATKHUHBI
C MEHBLUMM YHUCJIOM 3BEHbEB B LUKJIIE. Jnd 3Toro npuuuiocs paspabo-
TaTb APYrod METOA CO3AaHHWs TPoitHOM CBS3M B uMKIe. Ctapble Kiac-
CHYECKHE METOAbl AErMAPOrajloreHMpPOBaHUS MIJIM OerajloreHMpoBa-
HMUS 30€Ch OKAa3alMChb MaJIONPUIOAHBl, TAK KaK OHM NPHUBOIAT K
CIIOXHBIM CMECSIM LHMKJIMYECKHX AIKHMHOB, aIeHOB, 1,3-AHEHOB U
MOJUMEPHBIX IPOAYKTOB. Y AOBJETBOPHUTENLHBIM OKa3aJICA METOX OKKC-
JIEHUS TUTUOPA30HOB UMKIUYECKHX |,2-TMKETOHOB OKKMCBIO PTYTH B
6en3one B fMpucytcTBrUM tBepaoid KOH. BtuM criocobom A. bromk-
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BUcT U B. [lpenor CHHTE3NPOBAIH BOCHMH-YEThIPHAAIATUIEHHBIE
LMKJIOAJKUHBI C BbIXOgaMu ot 9 no 70%:

=—N—NH A
2 HgO; KOH o

(CHy)ys CHg src | CHe -
=N—NH, ©°°¢ _ré1=1_sg:9

—-2N, n=28 (9%)
|l + 29 30m)

FN"NH: - phoao),
—_——
CH,),- gy, CHeClys —70°C (CH,),,||| + Pb(OAc), + CH,COOH + N,
- 2

n=238(52%) n=9(63%) n=10(67%)

KonuyecTBo LUMKIOOKTHHA, MONYY4EeHHOrO0 OKHCIEHUEM NHUIHMApa3oHa
1,2-UMKIOOKTaHIMOHA OKHCBIO PTYTH, He mipeBblulaet 9%, a mis LHUK-
JIOHOHHHa noselIaeTced A0 39%. Brixox HMKIOOKTHHA [TOBBILUAETCS 0
52%, umxkiIoHoHWHa Ko 63%, mmkioaenuHa 10 67%, ecay B KayecTse
OKHUCUTENS JUTHAPA30HOB MCIIOJIb30BATh TETPAAleTaT CBMHIIA B XJIO-
pucToM MeTwieHe nipd —78°C. DHeprust HanpsKeHus HHUKIOOKTMHA
coctapisier 21 KKan/mMojb, a HUKJIOHOHHHA 16,5 KKan/Mob.

OIHaKO M 3THUM CrocoBOM He yIanoch OJyYUTh B HHCTOM BUIE
LIMKJIOTENITHH, HMK/IOTEKCHH C SHEepTrHeid HanpsKeHHUs Helpenesib-
Horo uMkna 32 u 50 kkan/Monb, cOOTBETCTBEHHO. 3aHUKCHPOBATH
oDOpa3oBaHUE 3TUX KpallHe HecTaOUJbHBIX LMKIOANKUHOB yAAI10Ch
I'. BUTTUTrY, IpUMEHSSE B KQYECTBE «[ICPEXBATYMUKA» 3TUX HecTabunb-
HbIX HHTepPMEeAUATOB HCKIIOUUTENbHO aKTUBHBIN AueH — 2,3,4,5-tet-
padeHHUILIMKIONEHTagUEHOH («TeTpauuKkiIoH»). LIUKIOAUIKHUH B 3TOM
CJIy4ae WrpaeT posb aKTHBHOTO aueHoduna. Boixoasl aqayKToB ¢ TET-
PaLMKIIOHOM JUISl LIMKJIOTENTHHA M LUKIJIOreKCHHA COCTaBngioT 98%
u 88%, cCOOTBETCTBEHHO:

N mN"NH2  pyoac),
(CHZ)n*Z “ HIN (CH2)n—2 CH-Cl,: —78°C
N —N_NH2 2 >
N/ C5H5N
|
NH,
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C6H5 CGHS C4H;
O
— (CH@W > (CHy),y +CO

IMepuon nmonypacnama WIS HMUKIOTENITHHA ¢ 3HEPTHEH HaIpsDKeHHUs
32 kkan/Mons cocrarisiet oKono 1 u npu —78°C u 2 Muu — nipu —25°C,
IUTSL HMKJIOTEKCHMHA — HEecKOJbKO ceKyHn aaxe rnpu —110°C. Hukno-
OKTHH M LIMKJIOANKHHEI ¢ OONBIIMM pa3dMepoM LMK CTabUIBHBI [TPU
20°C, xoTs BCE OHM JIETKO OKUCISIIOTCA Ha BO3OYXe.

22.12. BUMHUMKINYECKME COEXMHEHNS,
CITUPOAJIKAHBI
N KAPKACHBIE YTJIEBOJOPOIBI

CyutecTByeT OTpOMHOE KOTHYECTBO GH-, TPHU- U MOJHULHKIHYEC-
KHUX YIAeBOLOPONOB, CIIUPAHOB M KAPKACHBIX COCAMHEHMI, pacCMOT-
pEeHME KOTOPBIX BBIXOAUT 33 pAMKH 3TOM KHMIH. 3AeCh Xe OYayT npH-
BEJCHBI KpaTKHe, HHOTAa [IPOCTO OTPbIBOYHEIE CBEJCHMA 0 HEKOTOPBIX
HeoOBIYHbIX MOJIEKYJIax, 0banaoumx JH60 HeoObIYHOM CTPYKTYPOH,
JIU60 OYEeHDb BLICOKOH SHEpruei HalpsLKeHUsI, HO TeM He MeHee cro-
COBHBIX K CaMOCTOSITEIBHOMY CYIECTBOBaHHIO.

CnupoaiKaHpl — 3To GHUUKIMYECKHE COeIMHEHHUsI, UMEIOILHE
TOJBKO OAMH OOLUMM /TS ABYX HMKIIOB aToM yriepona. Husuiue wie-
HBI psifa CIIMPOAJIKAaHOB O6JIAAIOT BBICOKON 3HEpPruei HampsDKeHHMS,
ONHAKO BIIOJIHE JOCTYNHBI C MOMOL[bIO OBBIYHBIX METOJOB OpraHM-
yeckoro cHMHTte3a. Cnupo[2,2]I1eHTaH MMEET 3HEPTHI0 HANpsIKeHHS
63 kKasi/mMonb. BriepBole 3TOT yriieBogopond 6bUT monydyeH I'ycrasco-
HOM eulte B 1896 r. neiicTBHEM LIMHKOBOM NMBUIH HAa TETPABbPOMUIL NEH-~
Ta3pPUTPHUTA B BOMHOM cnupte. [IpH 3TOM Hapsiny co CIHPOIIEHTAHOM
MOJIyMaeTcsl HEKOTOPOEe KOJIMYECTBO METHJIeHUMKIo6yraHa. O6pazo-
BaHME METWICHUHUKIOOYTaHA KaTalM3UpyeTcs MOHAMM HHUHKa. Jlas
TOro, YTobbl MOJHOCTHIO MOKABHUTH ODpPA30BAHHE METHJIEHLIMKIOOY-
TaHa, [JI CBSI3bIBAHMS MOHOB HMHKA BBOJMTCS HAaTpPUEBasl COJIb ITH-
JleHIHaMHUHTEeTpayKcycHO#H KHcaoTel (B TA):

Zn; DJATA
CMpT-BOAA D<] + 2ZnBr; .

(81%)

BrC HZ\ /CHzBl'
C

BrCH,”  CH,Br
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CoBpeMeHHbIf METOR CUHTE3a CIIUPO[2,2]MeHTaHa OCHOBAH Ha 3JIeK-
TPOBOCCTAHOBIEHMH TeTpabpoMuia rneHTaspUTPHUTA:

B£H2\C _CHyBr . IM®A; LiBr; 40B l><] o
U + 4e — - + 4Br~
BrCHjy CH,Br 4 y; 20°C
Oco6piit KJace yrjieBOOOPOAOB COCTABISIOT IMOMHUCIHUPOLIMKIO-
NpOMNaHbl, Y KOTOPBIX CKeJIeT MOCTPOEH U3 CIIMPOCOUYIEHEHHBIX TpeX-
YJIEHHBIX HUKIOB. Takue yrjieBoaoponbl NOJYyYH/IM Ha3BaHUE TPHAH-

rynausl, ob1uasa ¢opmyiia Hepa3geTBAEHHbIX TPHAHTY/IaHOB MOXET ObITh
NpeacTaBieHa CAeaylouuM obpa3oMm:

n

B xauectse npuMepa npuseaeM [3]-TpuaHryaad u [6]-TpuaHryiaH:

VANRVANEAN
\VARVARY

[3]-Tpnanrynan [6]-TpuaHrynau

Ob11adg cxeMa CMHTE3a TPUAHTYJaHOB, COAEPXAalLMX OT Tpex 10
urectd M Gonee TpeXWIEHHBIX LHMKIOB B MOJIEKYJE, BKJIIOYAET TpH
cranuu (H.C. 3edupos, 1990 r.). Ha nepBoit craguu ocyuiecTaiasercs
UHMKIONpPONMAHUPOBaHHE METHJIEHLMKIONPONaHa XJIOpMeTUNIKapbe-
HOM, reHepHUpyeMbIM M3 1,l-guxnop3ataHa nox AEHCTBUEM H-OYTHI-
gutus. Ha BTOpo#t cTamMu NpOUCXOOMUT NETWAPOXJIOPHPOBAHME 1104
neiicteueM mpem-6ytunara kanus B IMCO c obpasoBaHMeM 3K30-
LUMKJIMYECKOH ABOMHOM cBA3M MeTHAeHcNMMpoankaHa. Ha 3akaiouu-
TEeNbHOU CTAOMUU 110 3TON ABOMHOMN CBA3U METUJIEHCIIMPOAJIKaHa NIpU-
COEIMHAETCA CUHIJIETHbI METH/ICH, TeHEpHUPYEMblid MPU Pa3I0XKEHUH
JHMa30MeTaHa, KAaTUIU3UPYEMOM ALETATOM MAJIAgMUs:

Cl._ _CH,
l>':CH2 CH,CHCI,; n-CjHoLi _ M
fiCHTaH-3(}Hp
(45%)
(CH,),COK —CH, CH,N,; Pd(OAc) /\ /\
—_— -

JMcCO adup \/
(70%) (80%)
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[ ]———CHZ CH;CHCl,; #-C HoLi A /\/ .

neHTaH-3hup \/
(45%)

N ANAN
)_'lMCO \/ =CHy——
(75%)

CH;N,; Pd(OAC), /\ /\ (85%)

>op N/
/\ A ;. CHiCHCl, wCHLi
\\/ H neHTaH-3gup

VANEVANER CREee:
\/ \/\Cl JIMCO
(60%)

/\ /\ CHzNz; Pd{(OAc),

\VARVAREE-
(80%)

/\ /\ /\ (90%) u .z
ARV ”

H——

COBOKYIMHOCTD 3TUX TpeX CTAAUN MOXET OBITh OCYILECTRIIEHA MHOTO-
KPaTHO M SIBJISIETCS YHUBEpPCAIbHBIM CITOCODOM CUHTE3a TpHaHryna-
HOB C JI0OBIM YUCJIOM CITUPOCOWIEHEHHBIX LIMKJIOTIPOIIAHOBBLIX 3BE-
HbEB B LENU COUpOcOovJieHeHHMs. Bce TpHaHTyNaHBI SBIAAIOTCA
BBICOKO3HEProeMKHMMHM YIJIEBOAOPOAAMHM, HX SHTAIBIIHU 06pa3oBaHMs
AH; nocTUraloT 04eHb BbICOKHX 3HAYEHHMH; B HUX YIaYHO COYETAIOTCS
BbICOKHE 3HAYEHMS 3HEPrUH HANIPSAXKEHHUsI U CPABHUTEJIHHO BhICOKAs

CTaOUNbHOCTD.

Bricokoit aHeprueit HanpskeHUs B 66 Kkan/moib obinanaer 6u-
uuro[1.1.0]6yraH. bunrknobytaH noaydyaercs ¢ 95%-M BEIXOOOM NPH
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B3aumoneicTeuu 1-6pom-3-6pomMbyTaHa co cniaBoM HaTpus U Ka-
s B TP wnu JMD:

Br H

Na-K H
e T. €.
T

Br 95%)

AHAIOTUYHO TMOJYYaKOTCA €ro MPOU3BOAHbIE!

CH; CH;
Br Li-Hg
TTHOKCA
CH,
Br CHs
CH, CH,
Br  IM®A; LiBr; 40B (55-90%)
- - (1]
H,C 20°C; 16 4
b H,C

Enle onuu criocob co3gaHus GULMKIOBYTAaHOBOIO KOJbLIA 3aK-
JIIoYaeTcs BO BHYTPHMOJIEKYIAPHON LIMIIN3aUMH 3¢pupa 3-6poMLMK-
JI06YyTaHOBOM KHCJIOTHI:

Br—<>—-COOCH3 Ll 5 @—COOCH3 ,

OcoBy10 Tpynmy COCTaBIAIOT MOJHUIMKIOYIJIEBOIOPOAbI, KOTO-
pble XapaKTEpHU3YIOTCA NPaBHJILHBIM MOBTOPEHMEM Habopa aTOMOB
yriepona. Mbl npocTo MepeyrcTUM HeKOoTopble M3 Haubosiee MHTe-
PECHBIX CTPYKTYD PEANIbHO WIH TMIIOTETHYECKH CYLIECTBYIOLIUX yrjie-
BOJOpONOB!

o f B

aJaMaHTaH AXAMaHTaH TPpHaMaHTaH
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KybaH TBUCTaH pU3MaH
TEeTPa’aApaH 1,1,1-nponennan 3-poran
4-poraH 5-poran KBaJ pHUMKIIAH
TeTpacTHpaH OoxekasapaH, T. mi. 430°C
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[Touck CWIBHO HAMpSXKEHHbIX KOAbLEBbIX CUCTEM MM CHCTEM,
ComepXallMUX UMUK B (opMe BaHHDLI, TBUCT-(POPMbl U IPYrMX HeEcTa-
GUIbHBIX KOH(pOpPMALMiA, KOTOpbie 3aKperieHbl aHHETHPOBAHUEM C
JPYTHMM KONbLIAMY, BbI3BA1 OTPOMHBIN MHTEpec K XMMHMH Hanps-
JKEHHBIX MOJMUMKIOAIKAHOB. 3a NMoCleAHHe oAbl B 3TOMU OGNACTH
JOCTUTHYT BONBIIOH NMPOTpecc, yBeHYABIIUICS CUHTE30M 1IeJIOTo psiia
YTJEBOAOPONOB C KpaiHe HeoOmYHOH cTpykTypoil. [TomuMo noucka
COEOQUHEHHMA C O4YeHb BbICOKOM 3HEpruei HanpsDKeHHUs, CMHTE3 Ta-
KHMX COeOMHEHMI OTpaxaer Bce OoJiee M3OLUPEeHHYIO (haHTa3UIO XU-
MHMKOB-OPraHMKOB M COBEPLLEHCTBO METOXOB COBPEMEHHOTO OpraHu-
yecKoro cMHTe3a. B KayecTBe npuMepoB MpHBeaeM CUHTEe3 KybaHa —
nenrauukio[4.2.0%°.0*8.0% Jokrana; [1.1.1]-nporesnaHa 4 mpou3Boa-
HOro TeTpa’apaHa, YbUM MMEHEM Ha3BaH OAMH M3 CaMBbIX INPECTHX-
HBIX MEXIYHApPOAHBIX XYPHAIOB OpraHUYEeCKOH XUMHUM.

Cxema nepBoro cuure3a kybada (I1. Uton, 1964 r.) BKmoudaeT
JHUMepU3auIo o-6poMIlMKIONeHTangueHoHa mo Junecy—Ansaepy,
[2+2]-poTouMKNM3aUUIO IHAO-agnyKTa (IHAOAMMEDA) U NEperpymn-
mUpoBKy (PaBOPCKOro, CONMPOBOXAAIOIUYIOCS CYXEHHEM LHUKJIA:

Br Br Br
NBS Br, KOH
CCly | THOKCaH CTUpT
N "
o) O O o
— Br
TMMepH3alvs Y4 >
> no Iumcy-Amsaepy
4
Br Br
6] 0]
0]
h —/1—B
v /1 I o COOH
Br HOOC
(0]

Hes3aMerueHHbiit KyGaH ObU1 nonyyeH U3 OUKAapOOHOBOM KMCIO-
Thl TOCJIEAOBAaTEAbHBIM MpeBpallleHHueM B GHCXJIOpaHrMiupua, Guc-
mpem-GyTHNEPOKCU-KapOOHHIIBHOE NPOM3BOAHOE, KOTOpPOE pasjia-
Ty NPH HAarpeBaHMHK B IPUCYTCTBHM 1,3-auH30omponunbeH3oMa KaK
JIOHOpa aTOMOB BOOPOJA:
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COOH 1) SOCl, o
2) (CH,);COOH

HOOC
(CH;),CH
4 CH(CH
COOC(CH;), (CH;),

— o

- 150°C

CH,);C00C

3)3 X o kyan

DHeprust HamnpsixkeHus: KybaHa, onmpeneNeHHas KCIEpUMEHTANbHO,
cocTasisieT 157 KKan/Molb, YTO COOTBETCTBYET CyMMAapHOH HEpPrHH
HaNpsIKEHHsT HIECTH MoJjekyn uukiobyrana. [1.1.1]-ITponemian uH-
TepeceH TeM, YTO B 3TOI MOJIEKYJIe aTOMbI YIJIEpoJa B «[OJOBE MOC-
Ta» MMEIOT HE TeTPa3APHYECKyI0 KOH(PHIypauuio, a KoH(pUrypauuio
TPUIOHABHOM ITHPAMUIbI, B KOTOPO# Bce ueThipe o-cBsisn C—C Ha-
MpaBieHbl B ONHY CTOPOHY. BeencTBue TaKOro CTpOeHHA OYeHb HEO-
6piyHa popMa B3MO [1.1.1]-npomnesiaHa: 2MeXTpoHHAs TUIOTHOCTh
Ha 3TOH OpOMTATH CKOHLIEHTPUPOBaHA HE B MEXBSIIEPHOM ITPOCTPAH-
cTBe UeHTpanbHOU cBsA3H C—C, a cHapyxu. ClenosaTesbHO, UEHT-
panbHast cBa3b C—C noskHa ObITh C1a00H M B XMMHUYECKUX PeaKLIHsAX
pa3pbiBaThCA B MEPBYIO OYEPEb.

-
C

[1,1,1]-nponennan B3IMO HCMO

310 noarBepxaaercs Ha onbiTe. [1.1.1]-IIponennaH nerko BCTymaeT B
pagMKaibHbie peakUMK ¢ obpasoBaHHeM 1,3-3aMenie HHbIX OULIHKIIO-
[1.1.1]meHTaHoB:

Br
/ Br, / 1,3-au6pom6uuMKno[1.1.1]-
< ‘i hv < j neHTay
Br
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HBr 1-6pombunmxnofl.1.1]-
/ — / newTan

Br
CBT4
/ hv 1-6poM-3-TpubpommeTnbuumxo|1.1.1]-
MeHTaH
CBl’3

HauGonee npoctoilt ¥ AocTymHbifi MeTod cuHTe3a [1.1.1]-npo-
nejaHa B BUJIe pacTBopa B 3¢Mpe 3aKNoYaeTCa BO B3aHMOAEHCTBHHU
MEeTHWUIMTHSA WM OYTHWIHTHA ¢ |, 1-aubpoM-2,2-au(XJI0pMeTHT ) LIMK-
JonponaHoM. M CXOQHBIM TeTparajloreHMn MOJYy4aloT B pe3yjabTarte
npUcoeduHeHUs1 AubpoMKapOeHa K 3-XJI0p-2-XJI0pMEeTHUANponeHy-1:

CICH CICH
® 06 2 2
PhyP—CH, + Sc—o T2, “Sc=cH,
cicHy” C  acHy”
Br Br
® .
CICH~__ NaOH; PhCH,N(CH,CH,),C1®
C=CH, + CHB, - CHLCL
cichy” CHBry/H,0; 12 4; 0-5°C 2
CH,Cl
(40—45%)
Br Br
CH,Cl 4 cppy 2P (50%)
24 "35°C
CH,CI

[1.1.1|nponennau (cTabuneH Mpy HU3KOM TeMIlepaType)

[TepBoe Npon3BOAHOe TeTpasapaHa — TeTpa-mpem-OyTUIITeTpa3ApaH
ObIJI CHHTE3UPOBaH TOJLKO B 1978 r. CpasHHUTENLHO CTaOHIbHBIIA TET-
pa-mpem-6yTHWIUMKIIONMEHTAAUEHOH Mpu obayyenun Y®-cBeToM npe-
BpallaeTcs 8 TeTpa-mpem-OyTUATETPA3APAH:
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CH,),C C(CH CH,),C C(CH;)
(CHs), (CHs)5 3 = 254 tp (CH5), N

aproHHas -
(CHJ)JC C(CHj3);  matpuua; (CH;);C C(CHjy);
0 -263°C 0

(CH3)3C C(CH3)3
e — + CO

(CH;),C C(CH,),
(CH,),C C(CH,), (CH,),C C(CH,),

135°C :
*apI‘OH; —263°C I }

(CH,),C C(CH,), hv (CH,),C C(CH,),

DHEprusi HanpsXeHUs TeTpa-mpem-OyTUINTETpaA’ApPaHa, COTrJACHO
OLIEHKAaM, COCTaBaseT BeJHunHy nopsiaka 130—137 kxan/monse. Ter-
pa-mpem-OyTHNTETPpA3APaH UMEET JOBOJBHO BHICOKYIO TeMIIEpaTYpy
MJIaBJEHHUS, Bbllle KOTOpPOH OH NpeBpallaercid B TeTpa-mpem-0y-
TUIUUMKI0OYTanueH; Gapbep 3TOM HMHTEPKOHBEPCUM COCTABISET
113 xIx/MOJb.

CHHTE3 ¥ v3ydyeHHEe XMMHUYECKHMX MpeBpalleHHUH MOJU3IpaHOB
M JAPYTUX KapKacHBIX COEJMHEHHI COCTaBJISIET BaXHbI pasjges co-
BPEMEHHOM OpraHUYEeCKON XMMHMHU U MPOJIOJIKAET CTPEMUTENIBHO pa3-
BUBAThLCH.

B 3aknioueHMe ITOi IIaBbl CIEAYET YIIOMSIHYTH O YpE€3BblYalHO
MHTEPECHOM KJlacce COeIMHEeHMH, rae Kojbua OOJbILIOro pa3Mepa
TOITOJIOTMYECKM 3aMKHYTHI APYT B Apyre (cM. Takxke . 8, 4. 2). Takue
COeIMHEHHUS MOJYYMIM HA3BAHHE KAaTeHaHOB (OT JiaT.catena — UeNb).
B kaTeHaHaX MaKpOLMKIHYECKHE MOJIEKY/Ibl COeAMHEHbl YUCTO MeXa-
HU4YecKH 0e3 XMMHUUYECKOU CBSI3H, HalpUMep:

D

[2]xaTenan [3]xaTenan

B xayectBe nMpumMepa NMpUBEIEM CHHTE3 OJHOTO M3 KAaTCHAHOB.
KaTtenaH, comepxalumit ABa KOJbLUA M3 TPMALATH YeThIpeX ATOMOB
yriepoAa Kaxmaoe, OblUI CHHTE3WPOBaH cienyiowum obpazomM. JAnstu-
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JIoBbIit 3¢hUp TeTpaTPUAKOHTAHAMKAPOOHOBOI KMUCIOTHI B pe3ybTaTe
alMJIOMHOBOH KOHIEHCALMM NpeBpAILACTCSH B UUKIMYECKMH TpUaLUa-
TUYEThIPEXWIEHHBIH O -THAPOKCHUKETOH. DTOT KETOH BOCCTAHABIMBA-
10T o KineMMeHceHy 10 LMKJI0ANKaHa ¢ IOMOUIbIO aMajIblaMbl 1L[UH-
ka u DCI. Takum o6pa3oM Obl1 MOJNy4eH LUMKIOTETPATPUAKOHTAH,
cojiepXauiMii NaTb aTOMOB JEHTEPHUS B KauyecTBe ACHTEPUEBOIA METKH.
Jlanee auMJIOMHOBasi KOHAEHCAUUS UCXoaHOro Au3ddupa TerpaTpma-
KOHTaHAMKAapOOHOBOH KMCNOTH Oblia MpoBeAeHAa MOBTOPHO, HO B
OPUCYTCTBUU JeHTEPUPOBAHHOro UMKIoTeTparpHakoHTaHa CiyyHg3 Ds.
[Ipn 3TOM B KauecTBe MPOAYKTOB ObLIO BBLIEICHO JABA COEIHHEHHUA.
OpgHUM U3 HUX ObUT «HOpMAJIBHBIIN» aLMJIOMH, HO BTOpOM MpPOAYKT,
colepXaumil JeHTepHEeBYI0 METKY, okasalcsl [2]-kareHaHom. Kare-
HaH oOpa3yeTcsl B TOM cliyyae, Korga Ju3¢hup NpoOHUKAeT B MOJOCTh
KOJIbL[a MAKPOLIMKIA HUKI0AAKaHa 0 aLlMAOMHOBOIH KOHIEHCAUMHU U
MPOHMU3LIBAET ero HackBo3b. llUKnK3alusa au3dupa NpUBOAUT K BO3-
HUKHOBEHHUIO JIBYX LUMKJIOB O€3 XMMHYECKOH CBA3H MEXIY HUMH, TAC
OHH TOMNOJIOTUYECKH 3aMKHYTBI APYT B ApYyre:

CH,-COOC,H |——CH2-\
2 2 1) Na; kcuno CH -
(CHa)so DH,0’; B0 (! 20 CH.OH
CH,-COOC,H; CH,

-
zymg DA _ [ Hy)so &0,

D (CHZ);ﬂCOOCzH 1) Na; kcwion |:C4H3 (CHZ)TT‘
[ { 2) H30 H,0 ( Cﬂz)i[

(CHy)3~ ~COOGC,H;

~1% kareHaH

(CHa)1a COCH3 (CHa)1,
(CHy), 7L(CH2)|2
0=C AcO N‘é’ AcO OAc C=0
(CH);2 o ﬂY(CHz)lz OAc
(CHy)2 CI‘OCHJ (CHy)r2
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Taxue kpaiiHe HeoObIYHbIE COCAMHEHNA ObUIH CUHTE3UPOBAHB! TPYII-
noit, posmasnsemoit I'. lllwwuiom, HaunHas ¢ 1964 r. JpyruMm npu-
MEpOM coeMHeHU Ge3 CBSI3M ABIANOTCA pOTaKcaHsl [rota (nar.) —
KoJsieco, axis — ocbk). [lepBriit porakcaH ObUl Takoke CHHTE3MPOBAH
Inrom B 1968 r. Huxe npuBegeHa crpykTypa OfHOTO M3 CHHTE3M-
POBAHHBIX K HacTosiieMY BpeMeHHU [2]-poTakcaHOB:

i
CH-C

(CeHs)3:CO— |——(CHp)jo————0C(CgHs)3
—(CHp)g——

Tabnunpa 22.8
PDn3ndeckne CBOKCTBA EKI0AIKAHOB

Ipxnoaixan Dopmyna ;::ﬂ"::ﬂ'% m::’::’%‘ IlnoTHOCTD, I/MA
Huxnonponan C;Hg -127 -33 0,68 npn —33°C
Luxnobyran C4Hjg -90 12 0,72 npu 0°C
Lnknonentan CsHjp -93 49 0,75
Lnknorekcan C¢H ;o 6,5 81 0,78
HuxnorentaH C;H4 —12 118 0,81
Luknookrau CsH¢ 14 150 ’ 0,83
LuxnoHoHax CgsH, 3 11 178 0,85
Linxnonexan CioHyo 10 201 0,86
LuxnoyHnexaH Cy;1Hxn 37 91 npu 12 MM 0,86
Huxnosonekau C2Hyy 61 160 npu 100 MM [ 0,86
Huxnorerpagekan | C4Hog 53 143 nipn 16 MM 0,86
Uuxnonenranekan | CysHsy 60 110 npu 1 MM 0,86
Luxnorexcagekan | CigHy, 57 170 npyu 20 MM




