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8.1. BBEAEHHE

CrepeoXUMHUST U3Y4aeT BAMSHME IPOCTPAHCTBEHHOIO CTPOEHUS
MOJIEKYJT HA XUMHUYeCKHe U OU3MKO-XMMHUYECKUE CBOMCTBA COENUHE-
Huii. CTepeOXUMHUS — BTO «XUMUS B IPOCTPAHCTBE»; OHA UMEET CBOH
COOCTBEHHBIN MOAXOJ K U3YYEHHIO MOJIEKYJ, COOCTBEHHYIO TEOPETH-
yeckyio 0azy, crieHHadbHYI TEPMWHOJOTHIO IS OMUCAHUS CTEPEO-
XUMHYECKUX SIBJICHUH, W ee MeToIbl MPUMEHUMBI Ko BceM 0e3 Hc-
KJIIOYEHUS] MONEKYISPHBIM oOBeKTaM: OpraHU4YeCKHM, HEOpraHudec-
KUM, MeTUI00pTaHHYECKUM.

ITon TepMHHOM <«IMpPOCTPAHCTBEHHOE CTPOEHHE» MOIpPa3yMEBAIOT
NOJIOKEHHE siaep aTOMOB, COCTABASIIOUIMX JAHHYIO MOJeKyJly, B Ipo-
ctpaHcTie. [lonoXeHue XKe 3N1eKTPOHOB (T.€. paclpenelieHUe 3JEKTPOH-
HOM IUTOTHOCTH B MOJIeKYJl€) HA3bIBAIOT JIEKTPOHHBIM CTPOSHHUEM.
OueBHIHO, YTO NMPOCTPAHCTBEHHOE U 3JEKTPOHHOE CTPOEHUE Moje-
KYJbl TECHO B3aUMOCBSI3aHbl: MTpU U3MEHEHHH I10JIOXKEHUS S4ep Me-
HAETCA 3JEKTPOHHOE CTpOeHHE, a NpPW HU3MEHEHUM 3JIEKTPOHHOTO
CTPOEHMUSI MEHSIETCS [TOJI0XKeHUe sinep. SIpKUMM [IpUMEpOM SIRISIeTCsl pac-
CMOTpeHHoe B . 2 (4. 1) pe3koe U3MEHEeHHUE 3AEKTPOHHOTo CTpoe-
HUSI METAaHa Mpd NEepexo]e 3TOH MOJIEKYJIBl U3 OObIMHOHN TeTpasapu-
4eCKOM B «HEIPHPOAHYIO» ILU10oCKyKo dopMy. B cTepeoxuMu, Kak mpa-
BWJIO, BHUMAaHUe KOHLIEHTPUPYETCS Ha MOJOXEHUH SAEp, a 3NEKTPOHDI
B SIBHOM BMJI€ PaccMaTrpuBaloTCcsd PEaKo, T.e. oObBIMHO OMYycKaeTcs,
9TO 3JEKTPOHBI ONTUMAJIbHO (T.€. C HAUOOJNBbIIUM CBA3BIBAOIUUM 3(]-
dbexToM) pacmpeaeneHbl B OpOCTpaHCTBe BOKpyr spep. Hampumep,
Monekyna NHiz uMmeeT npubAu3uTeNIbHO TETPAAPHUECKOE 3AEKTPOH-
HOe CTpoeHMe (C yYyeTOM HEeNoJAeJEHHON [apbl), HO IO MOJOXEHUIO
siep SIRIAETCSA TPUToHaabHOM NUpaMuaoi (MuBepTUpyoouleiics). ITo-
Jasisouiee OOJbIIMHCTBO OPraHUYECKUX MOJIEKYJ UMEET TPEXMEPHYIO
CTPYKTYDPY, XOTS M3BECTHBI M JUHEHHBble (OOJHOMEpPHbIE) U IUIOCKHE
(nByxMepHbIe) MoJeKybl. IIpuMepoM JIMHEHHOH MOJEKYIH sIBJseTCs
aleTWIeH, IpUMEpPoM IL10CKO# MoJIeKynbl — OeH30/. B TOUHOM CMbIC-
Jie CJIoBa U aueTHIeH U 6eH3o/ — TpexMepHble MoJieKyiibl, Ubo oHU
HUMEIOT «TOJILUNHY», CPABHUMYIO 110 BEJUYHHE C «UTHHOU» (M <«lIMpH-
Hoit»). HarpuMep, auamerp Mostekyibl 6eH30a oKono 7 A, a «TojIiu-
Ha» — okoJI0 3,5 A. «TonuuHa» 6eH30IbHOro KOJIbla 0ByclIoRIeEHa UC-
KJIIOUUTEILHO pa3sMepaMu 3JIEKTPOHHOU 000104YKY, HO ero pdaMerp —
Ha 70% paccrossHHMeM MEXIY sSApaMu atoMoB. AmepHbIfi OCTOB IMpakK-
THYECKU HE UMEET «TOJILMHBI», ¥ [TO3TOMY, €CJIH HE YYUTHIBATDH 3JIEKT-
POHBI, MOJICKYJTy OeH30/1a MOXHO CYUTATh TUTOCKOM.

B TeopeTuyeckoi cTepeoXuMUM aTOMBl PACCMATPUBAIOTCS KaK 6e3-
pasMepHbIe TOYKH, M CTPYKTYpa MOJIEKYJ ONHCBIBAETCA IIpOCTPaH-
CTBEHHOM IpyNMnoi TaKMX TOYEK, KOTopbie 00pas3yioT LIECTHUYTONbHHK
B Cciyyae OeH3osa, NpsaMylo JMHHIO B Clydae dalleTHJIEHA, TeTpasiap B
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clyyae meTaHa W T.n. bnaromaps takoMmy ynpolLeHUIO MOXHO JIETKO
MPOBECTH KIACCUGUKALMIO MOJIEKYN IO TONOJOIMH U CUMMETPHU U
HaHTH aHAJIOTUIO MEXAY, Ka3aJ10Ch Obl, COBEPLLUEHHO PA3HBIMH CTPYK-
TypaMH, HallpuMep MEXAY MeTaHOM U agaMaHTaHoM (cM. 8.2.2.r).

B TpexMepHOM NIpOCTpaHCTBE BO3HUKAET SIBJEHUE, KOTOpOE Ha-
3bIBaeTCsl cmepeouzomepus. Cmepeouszomepsl — 3TO COeIUHEHMs, IMO-
CTPOCHHBIE M3 OJWHAKOBOro Habopa aTOMOB C OIMHAKOBOMH [ocie-
JOBATEJIbHOCTBIO XUMUYECKHUX CBsI3€H, HO OTIMYAIOLIMECS DACIIOJIO-
KEHWEM aTOMOB B TpeXMepHOM IpocTpaHcTBe. IlogobHble u3oMepHl
11 [UTOCKUX MOJIEKYN, HallpUMEDP WuC- U mMPAaHC-U30MEphl AJIKEHOB,
0OBIYHO HA3BIBAKOT FEOMETPUYECKUM H3oMepaMu (ri. 5, 4. 1).

OCHOBHBIMHU CTEPEOXMMUYECKUMHU MOHSATUSAMU SBISIOTCS XUpAAb-
Hocmb, KOH@ueypayus W KoHQopmauyus, CMbICI KOTOpbIX OymeTr pac-
CMOTpPEH B CJAEOYIOWMNX pa3aenax.

8.2. OIITHYECKAA AKTUBHOCTDH U XUPAJIIbHOCTD

[ToHaTHe o XxUpabHBIX 0OBeKTaX ObUIO BBeJcHO B KoHIe XIX B.
KenssuHoM. CornacHo onpegeleHHIO, 1106as reoMeTpruyeckas ¢u-
rypa WIH Ipynna TodyeK HAasblBaeTCA XHPAJIBHOM, eclH ee oTobpa-
XeHHEe B WIEAILHOM [UIOCKOM 3epKajle He MOXET ObITh COBMEIIEHO
c Helt camoil. B XUMMIO TEpMUH «XHUPAIbHOCTb» [IPOYHO BOLEJ JHLIb
B 1970-x rogax B pe3y/JbTaTe TEOPETHMYECKOTO U3YyYEHHUS ONTHYECKH
AKTUBHBIX BEIECTB. ABIeHUE ONTHMYECKO# AaKTUBHOCTU M3BECTHO C
Hayata XIX B.; B ero M3ydeHUe Ha paHHEM 3Tane TJNABHbIH BKJIAI
BHec/n ¢paHuy3ckue yueHoie J. Aparo, X. buo, JI. [Tacrep, 3. Kot-
toH, O. ®peHensb.

8.2.1. OIITHNYECKAA AKTHUBHOCTB

OnTryeckass aKTHBHOCTb — 3TO CIIOCOOHOCTD cpellbl (KpUCTAJUIOB,
pacTBOpPOB, [ApPOB BelleCTBa) BHI3LIBATH BpALEHHE IUTOCKOCTH ITOJsA-
PHU3AIMUH NPOXOJSIIEro Yepe3 Hee ONTHYSCKOro U3MyYeHUs (CBeTa).

BriepBble onTHYecKass aKTUBHOCTb Obuia obHapyxeHa B 1811T.
J1. Aparo B kpucrtajuiax kapua. B 1815 r. 2K.buo oTKpbsu1 onTUYECKYIO
AKTUBHOCTb YUCTBIX XUAKOCTeH (CKHMIIMmapa), a 3aTeM pacTBOPOB U
[TAPOB MHOCUX BeIlleCTB, TJaBHBIM 06pa3zoM opraHmyeckux. K.buo
YCTAHOBMJI, YTO [MOBOPOT IUIOCKOCTH NOJSAPU3ALUKM NMPOKUCXOIUT JTU60
10 4acoBOM cTpenke, 1160 NPOTUB Hee, €CIKM CMOTPETh HABCTPEYY X0y
Jlyyel CBeTa, U B COOTBETCTBMH C 3THM Pa3de/JWI ONMTUYECKH AKTUB-
Hble BelllECTBA Ha npasogpauiarouiue (BpalllalolIle MOJOXMUTENLHO, T.€.
10 YacoBOH cTpesiKe) U aegogpaujaroujue (OTPULIATENBHO Bpallaioiue)
pasHoBHAHOCTH. HabniogaeMmoe 3HaYeHKeE yrjia MOBOPOTA [UIOCKOCTH 10~
JNSpU3aUKMU B cllyvyae pacTBopa CBA3aHO C TOMUIMHoH obpasua (/) u
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KOHLEHTpauKed onTHYecku akTuBHoro BeutecTBa (C) cienyrowei
dopmynoii:

o=[a] I C (8.1)

KoadduumeHT [ao] HaspiBaeTcs yiaelbHOH ONMTUYECKON aAKTUBHOCTBIO,
WU YIENBbHBIM BpalIeHUEM.

Onmuuecku akmuénbmu BelIECTBAMY Ha3bIBAIOT JIUIUbL TE Belle-
CTBd4, KOTOpbIE IPOSIBJASIOT €CTECTBEHHYK OINTUYECKYK) AKTHUBHOCTL.
CyuiecTByeT TakXe M MCKYCCTBEHHAs, WIM HaBeJeHHasl, onTHuecKas
aKTMBHOCTb. E€ NMposABAsIOT ONTHYECKH HEAKTUBHBIE BelleCTBA IIpU
MOMeLIEHUH B MarHuTHoe noJie (3¢pdext Papanes). Paznuauts ecre-
CTBEHHYIO U HABEJICHHYIO OITHYECKYK) AKTHBHOCTb JOBOJILHO MpPO-
CTO: €CJIM JIMHEHHO Mojisspu30BaHHbIM cBeT (cM. 8.2.1.6), npouemuunii
yepe3 CJI0H BELIECTBA C €CTECTBEHHOM OITUYECKON aKTUBHOCTBIO OT-
paxaeTcsi U NPOXOLMUT 4Yepe3 BelleCTBO B 0OpaTHOM HANpAaBICHUU,
TO MCXOAHAs MNOJSPU3ALUMUS CBETA BOCCTAHABIAMBaeTCs {CyMMAapHBIN
yron BpaiueHus ¢ = 0). B cpene Xe ¢ HaBeJeHHOW ONTUYECKOH ax-
THBHOCTBIO B aHATOIMYHOM OIbITE YIoJl MOBOPOTA yaBauBaercs. B nais-
HelueM Mbl OyaeM paccMaTpUBaTh JIMLIL BEHIECTBA C €CTECTBEHHON
ONTHYECKOK aKTUBHOCTBIO U JUI KPATKOCTH OyneM MX Ha3bIBAThb pO-
CTO «ONTUYECKM AKTUBHBIMU BElLECTBAMU».

8.2.1.a. OIITUMECKHU AKTHBHBLIE BEIHECTBA

OnTUYecKy aKTHBHBIE BELIECTBA MoApa3ae/IaioTes Ha apa Tuna. K
[IEPBOMY THUIIY OTHOCATCS BEUIECTBA, KOTOPbIE ONTHYECKH AKTUBHBI
JIMLLIb B KpUCTALIHYEeCKOH (ase (KBapl, KUHoBapy). Ko BropoMy TUmy
OTHOCSTCA BELIECTBAa, KOTOpPbIE ONTUYECKHU AKTUBHBI B JIKOOOM arpe-
FaTHOM COCTOSIHUM (HanpuMep, caxapa, kaMmdopa, BUHHAST KMCJIOTa).
Y coexyHEeHU NEPBOIo TUITA ONTHYECKAsi AKTUBHOCTD SABASIETCSI CBOM-
CTBOM KPHCTa/UIa KaK LIEJIOro, HO CAMM MOJIEKYyJbl HJIM HOHBI, CO-
CTaBJAONIIME KPUCTALI, OITUYECKHU HeaKTHBHbI. KpucTasis! ontyyec-
KK aKTUBHBIX BEeLIECTB BCEeIJld CYLIECTBYIOT B ABYX ¢dopMax — OpaBoit
W JIEBOW; IPU 3TOM pellIeTKa MPaBoro KPUCTALIA 3epKaTbHO-CUMMET-
pUYHA pelleTKe JIeBOro KpUCTaId, U HEUKAKMMHU [IOBOPOTAMH U Ne-
peMeU(eHUAMHY JIeBbI W TMPABbI KPUCTAAIBI HE MOTYT ObITh COBME-
LIEHB! OpYT ¢ ApyroM. OnTUYeckast aKTUBHOCTb NpaBoil U JieBod ¢Gopm
KPHCTA/JIOB UMEET pa3Hble 3HAKM W OMHAKOBA ITO aOCOJIIOTHOU BelH-
yyuHe (NMpH OAMHAKOBLIX BHELIHUX yciIoBUsX). IIpaByio U Jjiesyio ¢op-
MbI KPUCTAJIOB HA3bIBAKOT onmMuUHecKumu anmunoda.uu.

Y coenuHeHH BTOpOro TUIIA ONTHYeCKass aKTUBHOCTb 00yClI0B-
JIeHa JUCCHMMETPHUYECKHM CTPOeHHeM caMUx MoJiekysl. Ecnu 3epkaib-
HOe oToOpaXeHHe MOJIEKYJIBl HHKAaKMMH BpaUIeHUAMH U TlepeMelie-
HUSIMHM He MOXeT ObITb HANTOXEHO Ha OPUIMHAI, MOJeKyld ONTHYECKH
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AKTUBHA; €CJId TaKOE HAJTOXEHHE OCYLUECTBUTDH YAAeTcsd, TO MOJIeKy-
Jla onTthYeckd HeakTHBHA. (Ilog 3epKaJoM NMOHUMAIOT OTPAXATEJb,
JiexauMi BHE MOJIEKYJIBl, M OTpaXeHUE JacT oTOOpaxKeHue BCEH Mo-
Jiekyibl.) CiaegyeT ocobo MOAYEPKHYTh, YTO HEOOXOOWMO YIIOTpe6-
JIITb BBIPAXEHHWE «IUCCUMMETPHYECKOE CTPOCHHE», 4 HE «aCUMMET-
pUYecKoe CTpoeHHe». ACUMMETPHUYECKUE MOJIEKYbl HE UMEIOT HUKa-
KHUX 3JIEMEHTOB CUMMETPHUU (KpOMe olepani UACHTUYHOCTH;
cM. 8.2.2.B), Torjga Kak B JUCCUMMETPHYECKHX MOJIEKYJIaX HEKOTOPBIE
3JIEMEHTBI CUMMETPHH ocTaloTcs. JuccUMeTpus ecTh HapylllieHHe MakK-
CUMAJIBHOH CMMMETpUH OOBEKTA.

MBI UHTYMTUBHO 4YBCTBYEM, YTO MOJEKYJZ MOHO3aMEIIEHHOIO
MeTaHa CH;X OoJXKHA BBIMIAOETh «MEHEE CHMMETPHYHO», YeM MO-
JeKkyina HesameuedHoro MetaHa CH,, a Moiiekyna Tpu3aMeiieHHoTo
meraHa CHXYZ (X #Y # Z) — etlle MeHee cuMMeTpH4HO. B atoM psny
BO3PACTAET CTEMNEHDb TUCCHUMMETPUYHOCTH, HO ITOJHOCTBIO ACUMMET-
PUYHBIM MOXHO Ha3BaTh JIMLUb TPU3aMEUIEHHbI METaH.

Moekyna 6pomxiopdropmerana (I) acuMMeTpHUYHa, @ MOJIEKY-
Jla mparc-1,2-qAXSIopUUKIONPOIIaHa JHIb JUCCUMMETPHUYHA, TaK KakK
MMEET OCb CUMMETPUM BTOporo nopsinka (C,), Ho oba BellecTBa on-
TUYECKU AKTUBHBI, [TOCKOJIbKY HE UIEHTHUYHBI CBOMM 3€pKAJIbHBIM OTO-
OpaxeHUsIM.

/3epKano
H H H %
. g -G, H
Br " F Br H H H H
Cl Cl
3epKATBHOE
OTOOpaKEHHE
| II
aCHMMETPUYHA; JHCCHMMETPUYHA,
OITTHYECKU OITTHYECKU
aKTUBHA aKTHBHA

OnTHyecKyo aKTUBHOCTh MPOSABJIAIOT BCe aCHMMETPHYECKUE MOJIEKY-
JIBI, HO JAJIEKO HE Bce NUCCUMMETPHUYECKHEe MOJIEKYJIbI. Tak, IUCCHM-
MeTpuuecKasi MolekyJsa yuc-1,2-guximopuukiomnponada (III), umero-
111351 IUTOCKOCTh CUMMETPHUH G, IIPOXOISIIYIO Yyepe3 aroM yriepona CH,-
rpynibsl ¥ cepeauHy cBasd C(1)—C(2) nepneHAMKYJISIPHO ILTOCKOCTH
KoJabua (M MO3TOMY He acUMMeETpUYecKas), AUCCUMETPHYHA, HO
ONTHYECKHW HEaKTHMBHA. 3epKaJlbHOE OTOOpaXXeHWE B 3TOM cliydae
COBMECTHMO C OPHUTHHAJIOM:
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cl cl

H H H H
C_ - —~—
- cl cl
H H
H H
IIi

JTUCCUMMETPUYHA; 3epKaJlbHOE OTOOpaXeHHe;
OITTUYCCKHU HCAKTUBHA COBMECTUMO C OPUTHHAJIOM

CiienoBatejibHO, ONTHYECKAas. aKTUBHOCTD CBSI3aHa JIMUIb C Ope-
JEJICHHBIM BHAOM IMCCUMMETPHHU (cM. 8.2.2), a MMEHHO C DHUCCUM-
MeTpUeH, oBycIoBJIMBAOIIEH HECOBMECTUMOCTh 00BEKTA C €ro 3ep-
KanbHBIM oToOpaxeHueM. Takoil BMA AUCCUMMETPHMH, KdK CKa3aHo
BBIIE, MOAYYWI Ha3BaHUE XxupatbrHocmbs. Xuparvhsle o0sexkmsi OTHO-
cATCS APYT K ApYry Kak IpaBasl U JieBas PyKa, WIM BUHT C NNPABOH U
JieBoii pe3pOoit, T.€. OHU HECOBMECTUMB! B TPOCTPAHCTBE U NIPENCTaB-
JISIOTCS KaK 3epKajibHbIe 0ToDpaxeHWs Apyr apyra. OnTHyecku ax-
TUBHAasI MOJIEKYJla XMpaJlbHa, 2 ONTUYECKH HEAKTUBHAast — axupalb-
Ha, OJJHAKO €CJIM MOJIEKYJTy HEJIb3s1 COBMECTUTD C €€ 3€pKaJIbHBIM OTO-
OpaxeHHeM, TO 3€pKaJibHOE oToOpaxeHHe COOTBETCTBYET APYroi,
OTJIMYHOH MOJIEKYJIe, KOTOPYIO B ITPUHLIKAIIE MOXHO CHHTE3UpPOBATD.
CHHTe3UpOBAHHOE 3ePKANbHOE OTOOpaXeHUE XMPaTbHOM MOJIEKYJIbI
OyaeT ee peaIbHBIM ONTUYECKUM N30MEPOM (HE PEKOMEHIYETCS YIIOT-
pebJIATh TEPMUH «ONTHUYECKUI AHTUAOO», KaK B C/Iy4ae KPHUCTAJLUIOB).
Yucroe onTHYECKH aKTHBHOE COSIMHEHWE UMEET IBA U TOJbKO JBa
ONTUYECKHX M30Mepa (TaK KaK KaxXgoMy OOBEKTY COOTBETCTBYET JIUILD
OJHO 3epKaJibHoe oTobpaxeHue). OnTndeckKne N3o0Mepbl Ha3bIBAIOTCSH
sHanmuomepamu (KWIM HHOra 3HaHTHoMopdaMu). YaesbHoe Bpaiie-
Hue ([a] B dopMyiie (1)) SHAHTHOMEDPOB OAMHAKOBO MO abCONIOTHOH
BEeJWYHMHE M MPOTUBOIOJIOXKHO MO 3HAKY: OAUH 3HAHTUOMEp — Jie-
BOBpAaIAIOWINHA, a BTopoil — mnpaBoBpauamoiuii. KpoMe 3Haka Bpa-
LIEHUSI, BCE ApYrUe QU3UUEeCKNe U XMUMHYECKHE CBOMCTBA 3HAHTHUO-
MEPOB B Ta3oBoil ¢asze, a TakKe B aXUPAIBHBIX XHIKUX cpeaaxX ogH-
HakoBbl. OHaKO, eCJTH XHUAKas cpeJa XUpanbHa (HarmpUMeEp, B PaCTBOp
no0aBjieH XMpaJibHbIi peareHT MAM KaTaJM3aTop, MJIM CaM pacTBO-
pUTelb XMpajeH), CBOMCTBAa 3HAHTUOMEPOB HAYMHAIOT PA3JIMYATHLCH.
Ilpy B3auMoIeWCTBUM C APYTUMH XHMPANbHBIMU COEIAMHEHUSIMH,
OT3BIBAIOUIMMHUCS Ha 3€PKAJIBHYI0 M3OMEDPHIO MOJIEKYJ, SHAHTHO-
MepBl pearupylor ¢ pas3iUYHBIMU CKOpPOCTAMU. OcoBGeHHO Oy TH -
MO pasjiuyue B GHHU3HOJOTHYECKOM KM OMOXUMHYECKOM AeHCTBUU
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SHAHTHUOMEPOB, YTO CBSI3AHO C SHAHTHOMEpHeH OHOJIOrMYECKHX pe-
areHToB M KaTaIu3aTopoB. Tak, NMpUpoaHble GEIKH COCTOAT M3 JEBBIX
ONTUYECKHUX WU30OMEPOB AMHHOKHUCIOT, U [TO3TOMY UCKYCCTBEHHO CHH-
TE3UPOBAHHbIE MMPABBIC AMUHOKUCIOTH OPraHU3MOM He YCBAUBAIOTCS;
JPOXCKU COpaxXuMBAIOT JIULIE [IPaBble U30MEPHI CAXAPOB, HE 3aTparuBas
JeBbie, U T.0. OOliee MPaBIIC COCTOUT B TOM, YTO SHAHTUOMEPBI Npo-
SBJISIIOT HWOEHTHYHbIE CBOHCTBA B CHMMETPUYHOM (aXUPATbHOM) OKPY-
XEeHWH, & B HECHMMETPUUYHOM (XUPAJIbHOM) OKDPYXEHMH MX CBOH-
CTBa MOTYT U3MEHSATHCA. DTO CBOHCTBO MCIIOJNb3YETCS] B aCHMMETPH -
4eCKOM CHHTe3e M KaTtaau3e (cM. 8.6).

CMech paBHBIX KOJHNYECTB 3HAHTHUOMEPOB, XOTS U COCTOUT U3 XU-
PAJIbHBIX MOJIEKYJ, ONTUYECKM HEAKTUBHA, TAK KaK OJMHAKOBLIE IO
BeJIMYMHE M NPOTHUBOIOJOXHBIE MO 3HAKY BPALICHUS B3aUMHO KOM-
neHcupyiorcst. Takue cMeCcH HAa3bIBAIOT payeMuvecKumu cMecamu, Win
payemamamu. B razoo6pa3HoM COCTOSHMHM, B XHOKoi ¢ase M B pa-
CTBOpaxX CBOMCTBA palieMaToOB OOBIYHO COBNAAAIOT CO CBOMCTBAMM YHC-
ThIX 3HAHTHOMEDPOB, OJHAKO B TBEPJOM COCTOSIHUM TaKue CBOMCTRBA,
KaK TeMIeparypa IUIaBAeHUS, TeIUloTa MJaBJACHUS, PaCTBOPUMOCTD,
00bIYHO oT/IMYAaIoTCA. Hanmpumep, palieMuyeckast BUHHAsI KMCIOTA ILIa-
BUTcs mpu 204-206°C, a (+)- ww (—)-3HaHTHOMEPBI — npu 170°C.
PacTBOpHMMOCTD paLieMHYecKoil BUHHOM KMC/IoTHI B Boae B 6,7 pa3sa
HUXE PACTBOPUMOCTH YHMCThHIX IHAHTUOMEPOB.

8.2.1.6. ®PU3UYECKHE MPHUYUHEI ONTHUYECKOW AKTMBHOCTH

B axupanbHoit cpele ABa 3HAHTUOMEPA MMEIOT OJUHAKOBBIE XH-
MHUYECKHEe M HU3NYECKHE CBOMCTBA, HO MX JIETKO OTJIMYWUTH APYT OT
Jpyra rno crneuMduyeckoMy BiauMopeicTBHIO co cBeroM. OmuH U3
SHAHTHOMEPOB BPALUAET IUIOCKOCTh HOJSIPU3ALUM JMHEHHO NOJApH-
30BaHHOro (IUTOCKOIOJIAPU30BAHHOIO) CBETA BIIPABO, a APYToM 3HaH-
THOMEpP — HAa TOYHO TAKOH Xe yron BiaeBo. BosHHKaeT BoHpoc: Moye-
MY TOJIBKO XUPATbHbIE MOJIEKY/bl BPalUAIOT TUTOCKOCTh MOJSpU3auu?

QOeHOMEHOIOTHYECKYIO MOIe/Ib ONTHYECKOH aKTUBHOCTH ITPEIIo-
xun OpeHens eule B 1823 r. OHa oCHOBaHA HA BOJIHOBOM TEOPHH CBETA
U C MO3UIUNA COBPEMEHHON HAayKH He SIBAsSieTCS HJOCTATOYHO CTPOroi.
TeMm He MeHee 3Ta MoOJeIb AAeT O4YeHb HATJAsHOE IpPeICTaBIeHUE O
NPUYMHAX ONTHYECKON aKTUBHOCTH W APYTUX SBICHUSX, CBSI3AHHBIX
C MOMJIOUICHMEM CBETa XMPAJBHBIM BEHIECTBOM, B PaMKaX KIACCH-
YeCKOH 3NeKTPOAMHAMMUKH, U IIO3TOMY €€ 4YacTO MCHOJB3YIOT U B Ha-
crosiiee BpeMs.

CorlacHoO KJIACCUYECKUM MpeacTaBieHUsIM, TUHEHHO MoSpU30-
BaHHLI (IJIOCKOIMOJSPU30BAHHbBINA) CBET XapaKTEPU3YETCS TEM, UTO
BEKTOPHI COCTABJSAIOLIUX €T0, 3aBUCUMEBIX OT BPEMEHHU, IJEKTpHYEC-
koro (£) u MaruutHoro (H) nojieit oCUMITUPYIOT BO B3aUMHO Nep-
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MeHAUKYJISPHBIX MIOCKOCTSX, U
HX W3MEHEHHUS HOCSIT CHHYCOM-
JaTbHBIH XapakTep BO BpeMEHH
¥ B npocrpaHcTee {pHc. 8.1, a).
IT1ockononsApU30BaHHLIA CBET
MOXHO pPacCMaTpUBaTh KaK KOM-
OuHauMI©O J1eBOro U MPABOTO
LMPKYJSpHO TOJSPU30BAHHBIX
Jlyyeit, IBMXyluuxcsl B ¢pase mo
OTHOLIEHHIO APYT K apyry. Ha
puc. 8.1, 6 — 2 MarHuTHbIE Cco-
CTABIAKOIIME HE MOKA3aHBI, a
[IOKAa3aHbl JHULIL HIEKTPUYECKHE
BEXTOPhl B MOMEHTbHI BPEMEHU
1, 2, 3, 4 u 5 (oTOrO BIICJIHE
JOCTATOYHO, TaK KaK MAarHHT-
Hble BeKTODbl BCerga OpUeHTH-
pPOBaHbl OPTOTOHANLHO 3JIEKT-
puueckuM). Ecniu B HayaiabHO

Puc. 8.1. [Tnocko (IMHeHHO) NOMSIPU30BaH-
HbIA cBeTOoBOM ny4 (a), npaBeiid (6) K ne-
TOYKE BpeMeHU 1 3/eKTpuyec- BbI (8) UMPKYJISIipHO TNONAPH30BAHHBIE
KHE BEKTODbI JIEBOTO U NIPABOTO  nyyn (nokKa3aHbl TOABKO BEKTOPBI 3JIEKTPH-

HUPKYJSIPHO IMOJSIPU30BAHHBIX  YecKoro nojst). ¢ — PeaynbTar B3aumoZne -

CTBHUS BJEKTPHYECKHX BEKTOpOB Jyued (6)

Jlydyeil OopHeHTHUPOBAaHB!I BBEPX
y p P pX, K (8), HaxoIsuInXcs B da3e

TO B TOYKE 2 BEKTpO MpPaBOro
Jly4ya OPHEeHTUPOBAH BIIPABO, 4 BEKTOpP JIEBOIO Jiydya — BJIEBO (€CiIH
CMOTpETH B HarlpaBJIeHUM JBUXKEHUS CBETA IO OCH z). B Touke 3 Bek-
TOpHl 00OHX JIyyeld OpUEeHTHUPOBAHbBI BHU3, B TOUKE 4 BEKTOD [IPAaBOIo
Jlyya OpUEeHTUPOBAH BJIEBO, 4 BEKTOP JIEBOTO Jlyya — BIPAaBO U T.I.
TakuM obpazoM, mpaBblil W JIEBBI LUPKYJIAPHO IT0OJSpU30BaHHbIE
JIY4M 06J1a1210T COOTBETCTBEHHO NPABOM U JIEBOH CIIMpPaJbHOCTHIO Bpa-
LUEHMS BEKTOPA 3jIeKTpUdYecKoro noast. CyMMa 3THX Jiyyel Jaet ruroc-
KOIOJIsIpU30BaHHbIA Jiyd (puc. 8.1, 2), npyueM B NMPOCTPAHCTBEHHO-
BpeMEHHBIX Toukax 1, 3 U 5 BeXTOpbl CYMMMPYIOTCSI, 4 B TOUKaX 2 M
4 — B3aMMHO YHHYTOXAKOTCA. PaccTogHue Mexay Toukamu I u S co-
OTBETCTBYET OAHOMY BUTKY MPABOH WJIH JIEBOW CIIUDIM WIMU IJIUHE
MJ0CKOM BOJHEI (puUc. 8.1, ).

[Ipu nonagaHWM cBeTa Ha JIIOOYIO MOJIEKYJy B IPO3padyHoil cpene
CKOpOCTb ero 3amMeisieTcsi (YMeHbLUEHUE CKOPOCTH ITPONOPIIHOHATb-
HO IOKAa3aTeJIlo NMpejoMIIEHHS Cpelbl), TAK KaK CBET B3aMMOJeACTBY-
eT C 2JIEKTPOHHBIMH 000jl04KaMH MoOJeKyJl. CTeneHb TAKOTO B3au-
MOJIEHCTBUS 3aBUCHUT OT MOJSIpU3YEMOCTU MOJIEKYJIBI.

Eciu cpena axvpaipHa, IBe MUPKYJISIPHO MOJSIPU30BAHHBIC CO-
CTABASIOLIUE [IPOXOAST C OJUHAKOBOU CKOPOCTHIO (T.€. C OMHAKO-
BbIMY [TOKA3aTeISAMH NpeIOMAeHHUS JUISI NPaBOro M JIEBOrO Jydei).
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Puc. 8.2. a — BaauMoneiicTBHe COBUHYTHIX IO (ha3e KOMIIOHETOB paBHOM aMIUTUTYbL;
6 — B3aMMOJeHCTBHE HaxoOsAIUMXCs B ¢ale KOMIIOHEHTOB pasHOM aMIUTHTYIObI; 6 —
CYMMapHKI pe3ynbTar casura no ¢ase. Touku 1, 2, 3, 4 COOTBETCTBYIOT TOYKAM Ha
puc. 8.1, 6 ¥ 6. 3HaK «ILUTIOC» [IS NPaBOro JIyya, 3HaK «MHHYC» Ui JIEBOIO «OTCTAIO-
ero» ¥ 6osiee CWIBHO NOTJIOIUAEMOrO Jiydya

OnHaxo xMpaibHble MOJEKY/BI IPOSIBISIOT AHU30TPOITHIO ONsIpU3ye-
MOCTH, KOTOpasi 3aBUCHUT OT TOTO, JIEBYIO WU HPABYI0 CIIUPaNbHOCTD
MMeeT IUPKYJSAPHO MOJSAPU3OBaHHBIA yy. Harpumep, JjieBblit uup-
KYJSIDHO TOJISIPU30BAHHBIN Iy MOXET 3aMeNTNThCsl CUIIbHEEe NpaBo-
ro. Torna npou3oiaeT caBur no dasze. Tak Kak JeBbIi Jyd OTCTAET OT
[IPAaBOTrO, BEKTOPDH PABHOM AMIUTHTYABI He OYIyT HAaXOOUTHCSI B OIU-
HakoBbIX $azax. B pe3ynbraTe miIocKoCTh NPOILUEILIEro Yepes XUpalib-
HBIi1 pacTBOD Jiyya GyfeT BpalAThCS HA HEKOTOPBIA YTOJ OTHOCHTE/IBHO
IUIOCKOCTH manampouiero jgyya (puc. 8.2, a). IIpH npoXoXIeHUH Yepes
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XHUpaJIbHYKO cpely B oOlUeM ciyyae He OJMHAKOBbI HE TOJABKO CKOPO-
CTU, HO U KO3(hOIULMEHTH! MOIOWIEHUS JEBOTO U MPABoro UMPKY-
JIAPHO MOJAPU3OBAHHBIX KOMITOHEHT IIOCKOMOISIPU30BAHHOTO CBETA.
B pesyabTaTe BEKTOpHI AT MTPABOro U JIEBOTO MPOIUEIUIUX Yepe3 06-
pasenu Jydyeil OyAyT MMETb PAa3HYK AMILIMTYAY, 2 pe3yJAbTUPYIOLIUIA
BEKTOp OyNeT OMUCHIBAThL J/UTMITUYECKYIO TpaeKkTopHuo (puc. 8.2, 6). B
obuieM, NMpU MPOXOXAEHHH MIOCKOIMOJAPU3OBAHHOTO CBeTa depes
XMPpAIBHYIO Cpely BEKTOpP 3JIEKTPUYECKOTO MOJjs HAYMHAET OIMCHI-
BaTb 3JUIMIC (3JUIMNTAYECKas NOJsipU3auusi) ¢ MOBEPHYTOM riaB-
Holt ocbio (pHc. 8.2, 6).

ITonyyentoe MpeHeneM BbIpaXeHHE IS yTJia [IOBOPOTA MJIOCKO-
CTH MOJAPU3ALUNA HMeeT BHI!

a=x (I/A) (n,~n_), (8.2)

rie | — paMHA KIOBETBI, A — JUIMHA BOJHBI CBETa, N, U N_ — [OKa3a-
TEJIN MIPEJOMIIEHUS HPABOTO U JIEBOrO LIUPKYISPHO MOJSIPU30BAHHBIX
KoMmoxeHToB. Kak BUAHO, yron BpallleHUsl YMeHbLIAeTCs C YBEJIH-
YeHUeM JIUHbBI BOJIHBI Najamoiiero cBeta. OQHAKO 3TO CAPABEAIUBO
JIMIIb JJIS1 CBETa, JUTMHA BOJIHBI KOTOPOro GoJbliie JIMHBI BOJHBI MaK-
CHMYMA [IOIJIOUWIEHHUS B 3JIEKTPOHHOM CIEKTpe JAHHOILO BEMIeCTBA.
W3MeHeHUEe onTUYECKOro BpallleHWs MPH WU3MEHEHWM JUIMHBI BOJIHBI
Ha3blBaeTcs ducnepcueil onmuveckozo spaujenusa (JOB).

Pa3HocTh NMOMIOHIEHHUS MPABO# M JIEBOH KOMIOHEHT HA3bIBAETCS
kpyeoeom duxpousmom (KI). KonugecteeHHoM xapakrepucrukoit KT
CIIYXKUT YroJl 3/UIMOTUYHOCTH W (pHc. 8.2), BeJMYMHA KOTOPOTro 00-
PATHO MPOMNOPLUOHATIbHA [UTMHE BOJIHBI:

y=n (/M) (& - &),

rae €, U . — KoahduuueHTH 3kcTHHKIMK. K oTKpbIT 3.KoTToHOM
B 1911 r., 4 ero 4yacro HaspBawT 3Qpexmom Kommona. OB u K
BMECTE HA3BbIBAKOTCS XuUponmuveckumu sIBICHUSIMH; B CBOEil OCHOBe OHU
CBSI3aHBbl C 3JICKTPOHHBIMM MEpexodaMU B XWUPAJbHOM OKPYXEHUH.
Oddext KoTToHa, T.e. MpeBpaineHye IUIOCKOITONIsIPU30BaHHOIC CBETa
B 3JUIMATUYECKMU MOJSPU3OBAHHBIN, 3aMETHO NPOSIBISETCS [VIABHBIM
0o0pa3zoM BOJM3M ITOJIOC COOCTBEHHOTO (pEe30HAHCHOIO) IMOMIOIIEHUS
BellleCTBA.

KBaHTOBYIO TEOpHIO ONTHYECKONH aKTHBHOCTH mocTpoit B 1928 r.
6enbruiickuit ousuk JI.Posendennpa. Jns obbsicHeHUS onTHYecKo#
AKTUBHOCTH OKa3ajoch HeOoOXOAWMBIM YYHUTHIBATH B3aUMOJECHCTBHE
3JIEKTPUYECKHX ¥ MATHUTHBIX AUIIOMbHBIX MOMEHTOB, HAaBEJCHHbBIX B
MOJIEKYJIE [10JIeM POXOoAsLIed CBETOBON BOJIHBL.

B Hacrosiniee BpeMsi BO3pOXAAeTCsT MHTEpPEC K KOPIYCKYJISIpHOH
TEOPHM CBETA, KOTOpOit Mpuaepxupaics ellle HporoH. Yactuueit ceera
siBasieTcst GOTOH — peasibHasl 3jeMeHTapHas yactuua. B ¢oroHHo
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TEOPUU MOJNSPHU3ALUIO CBETA CBA3BIBAIOT C MNojspu3anyeit GoToHOB,
KoTOpasi ofycraoBleHa HaAUYMEM y THX YacTUl CMHA M ero oInpe-
JejieHHOH HanpaBleHHOCThIO0 B pocTpaHcTBe. CIIMHOBbIE KBAHTOBBIE
yycia — 3To KakK Obl TOMOMHUTENbHBIE BHYTpEHHHNE CTelleHH cBOOO-
JIbl YaCTULBL. B OT/IMYME OT 2/1eXTPOHOB, HMEIOIMX CITUH /= 1/2, criuH
¢dorona /=1. (Bro o3Hayaer, YTO 3AEKTPOHBI MPUHAMLIEKAT K KJaccy
¢depMHOHOB, ISt KOTOPBIX cripaBefauB 3anpet Ilayiau, a ¢oToOHBI —
K xJyaccy O030HOB, Ijisi KOTOPbIX HE AeMCTBYET MNpPHHLIMI 3aIpeTa.)
CorniacHo KBaHTOBOUM MeXaHHKeE, YacTHIIA cO CIIMHOM / M HEHYJIeBO
Maccoif rmokost uMeeT (2/+ 1) BHYTpeHHHMX KBAHTOBBIX COCTOSIHMIA,
ONpENESAOIIMX €€ MOASIPU3ALMIO, T.€. CTENEHb ACUMMETPUM YaCTHLIbI
B npocrpaHcTtBe. Ho Macca nokos ¢oToHA paBHA HYIKO, U NO3TOMY
YUCJIO CITIMHOBBIX COCTOSIHMM HAa €QMHULYY MeHbile, T.€. PABHO IBYM
(+1 1 —1). DTo 03Ha4aeT, YTO BO3MOXHBbI JHIUb JBE OPHUEHTALIMH NTPO-
eKIIMU CriMHa (pOTOHA HAa HaMpaBjeHUe €ro ABUXEHHUS: Mapajuiesb-
Has 1 aHTUIapaJule/ibHas. B TakoM ciiyyae BO3HHMKAET MOHSTHE «CHH-
PAIBHOCTb YacTULbl». ECiIH Mpoexnus cMHA HAa HAMpaBieHHE ABU-
JKEHUS [MOJIOXUTE/bHA, TO FTOBOPSAT, YTO YACTHIA MMEET IPABOBUHTOBYIO
(mpaRyio) cIUpPagbHOCTh, 4 €C/AU OTPHLIATENBHA — JIEBOBUHTOBYIO (j1e-
BYI0) cnupagbHOCTh. CniMpaibHble 0OBEKTH XHPATbHbI, N03TOMY O-
TOHBI ABASIOTCS KaK Obl XMPATbHBIMH YaCTHUIAMH.

[Tockoneky $oToHBI 0OAagAOT LEJOYUCIEHHBIM CITHHOM, B Of-
HOM U TOM XK€ COCTOSSHMH MOXET HaxOJUThCs A10060e YUucio GOTOHOB.
BT0 00YCIOBAMBAET BO3MOXHOCTDL OMMMCAHUS DJIEKTPOMATHUTHBIX B3au-
MoaeiCcTBUi ¢ yyacTHeM 60s1bIIoro yucaa ¢GOTOHOB B paMKax KjaccH-
yecKol (a He TOJIbKO KBAaHTOBOM) MexaHukH. LIMpKy/IsspHO nojispuso-
BAHHBIA CBET MOXHO DACCMAaTpPHUBATh KaK MOTOK (GOTOHOB, MMEIOIIMX
TOJIBKO MTPABYIO MJIM TOJILKO JIEBYIO cIUpanbHocTh. [1ockomonspuso-
BaHHBIA CBET COCTOUT M3 OJMHAKOBOIO KOJHYECTBA «JIEBBIX» U «[Ipa-
BbIx» QOTOHOB. B3anMoneiicTBHe MMo-pa3HOMY IOJIAPU30BAHHBIX (o~
TOHOB € XUPAJbHOHU aHU3OTPONHOMN cpesol MPOUCXOAUT HEOOUHAKO-
BO, UTO MNPHUBOAUT K XHPONTHUYECKUM 3 deKTaMm.

Crnenyer nonyepkHyTb, YTO axupajbHasi MoJieKyJla He Bpalllaer
IUIOCKOCTh MOMSIPU3aL MM CBETA TOJIBKO IIPU ONpedceHHOMH ee opU-
€HTAMM IO OTHOLUEHHWIO K mamarouieMy aydy. Hampumep, axupans-
Hasi MOJIEKYJIa, UMelOlIlas NJIOCKOCTh CHMMETPHH, He BpaInaeT Ijioc-
KOCTb TMOJAAPU3ALMHU JHILIL B TOM Ciay4ae, eCiH TUIOCKOCTh MONSPH-
3aUH COBMAnaeT ¢ IUIOCKOCTBIO CHUMMeTpUM. Bce Xe ocTanbHbIe
MOJIEKYJIbl, He OPHMEHTHPOBAHHBIE TAKUM 00pa3oM, BpayaloT MJOC-
KOCTb IOJSAPU3aLMU Jaxe He Oyaydyd XupanbHbIMH. OIHAKO B L(eJIOM
obpasel He BpaIaeT, Tak KaK B Macce MOJIeKyJlbl OpUEeHTHpOBaHbI Gec-
MMOPSIZOYHO, U OXHW MOJIEKYJbl BpaIAT IUIOCKOCTh IMOJSPU3ALMHU B
ONHOM HarpaBleHWH, a Apyrue MoJeKy/lbl, BCTpedaloludecd Ha IIYyTH
CBETOBOIO JIy4a, BPAIiaiOT €€ B MPOTHBOMNOJOXHYIO CTOpoHY. Takum
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06pa3oM, COBOKYITHOCTb aXHPAJIbHBIX MOJIEKYJ] HMEeT CyMMapHoe
BpallleHHWe, pABHOE HYJIIO, XOTH KaXIas MOJIEKY/Ja MOXET BpallaTth
[JIOCKOCTD MOJAPU3ALMK. B caydae XMpaibHbIX MOJIEKYN IPOTHUBOITO-
JIOXXHON OpHEHTAUMH MOJIeKy]l (€CAH 3TO He paleMHYecKas CMech)
MpOCTO He MOXET CYILIECTBOBATh, M BpallleHHe HabaronaeTcs.

8.2.1.. 3ABUCHMOCTL YIJIA BPAIIIEHUWA
OT YCJIOBUM 3KCMTEPUMEHTA

CornacHo ypaBHeHusiM (8.1) u (8.2), Ang Kaxmoro HAHHOTIO
3HATHOMEPA BeJMYMHA BpallEHUs] o 3aBUCHUT OT TOJIMHbBI 0Opa3-
1uad, KOHIEHTpallU 1 JJIMHBEI BOJHEI CBETA.
Kpome 3Tux $akTOpoOB o 3aBHCHUT OT TeM-
mepaTtypsl, HaBleHUs (B caydae rasoB) M
[TPUPOALI pacTBOpUTeNA. [ToaTOMYy BMecTe ¢
yaelbHBIM BpallleHUEM YKa3bIBAIOT TEMIIE-
patypy u nauHy BoiHH (lal],’). OBo3Haye-
Hue (o], o3HAavaer, YyTo BpauieHHE H3MeE-
peHOo NpH JUIMHE BOJIHBI, COOTBETCTBYIOLIEN
D-1uHUK HATpUeBO# JaMnbl, T.e. IpH 589
HM (KeJTblif cBeT). YacTo MCHOABL3YIOT Be-
JIMYUHY MoJisipHoro BpameHnus [M],!, ko-
Topasi paBHa yHelbHOMy BpamieHuio [al,’,
YMHOXEHHOMY Ha MOJIeKYJSpHbIA BeCc H
neneHHoMy Ha 100.

H3BecTHb! cnyvyau obpauieHMs 3HaAKAa
BpalleHUsT NP U3MEHEHUH [JMHBI BOJIHBI,
PACTBOPUTENIS U KOHLIeHTpauu#. Teopetuuec-
KH yaeJbHOe BpalleHUe He JOJXKHO 3aBUCETh
OT KOHUEHTpalUM, TAK KaK KOHIEHTpalus
yXe yuuThiBaetTcd B ypaBHeHuM (8.1). Tem He
MeHee BO3MOXHbBI OTKJIOHEHHUS OT IMHEHHON b ¢ 3 Coomomernie Mex-
3aBUCUMOCTH [o] oT C 3a cyeT accoumauuu, py Ydb-cnektpom, KJ M
AUCCOLMAaMU U B3aUMONEHCTBUS MEXIY pa- JOB (B ca1yyae HHAUBHAOY-
CTBODHTENEM W PACTBOPEHHBIM BELIECTBOM. AJ1bHOH monoch Y®-no-
Hanpumep, xupaibHble KapOoHOBbIE KHCIO- rOLLEH)

Thl MOTYT MEHSTb 3HaK ¥ BeJMYHHY BpalieHMsl B 3aBUciMocT oT pH
W OCHOBHOCTH PACTBOPHUTENS, TOCKONABKY HEAUCCOLMMPOBAHHASL KUC-
JIOTA U ee aHUOH 001aJal0T pa3HbIM BpalieHUEM.

Kpusere OB u KJI TecHO cBsI3aHBI ¢ 3JIEKTPOHHBIMH CIIEKT-
paMH XUpanbHBIX Monekya (puc. §.3). B ciyuae HHIMBUIAYANBHOTO
3JIeKTPOHHOIO fepexona MakcUMyMbl Ha Y®- u KJI-KpHUBbIX U TOU-
Ka, B koTopoil Kpusasg /OB MeHsdeT 3HaK, modTtd cobnagator. [1pu-
Mep Ha puc. 8.3 oTBeyaeT nosoxurelbHoMy 3ddexty Korrona. Ecnu
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ke MakcuMyM KpupoH KJI U JIHHHOBOJHOBBIA 3KCTpEMYM KpPHMBOMH
JOB orpunarenbHbl (HanpasieHsl BHH3), To 3¢dekT KoTroHa Hasbl-
BAETCS OTPHLIATENBHBIM. DHAHTHOMEDBI OAIOT 3€PKATBHO-CUMMET-
puuHble kpuBble JIOB u K.

Ecniu MMmeeTcs HeckosibKo MakcHMMyMoB B Y®D-cnektpe, 3¢dexkT
KoTToHa MOXeT ObITh JOBOJBHO CIOXHBIM. XHUPOINTHYECKHE METO/IbI
LLIMPOKO MCHOJB3YIOTCS ST YCTAHOBJIEHUS] OTHOCHUTENBHBIX KOHGpU-
rypauui Monekyia (cMm. 8.4).

8.2.2. XHPAIBHBIE MOJIEKYJIbI

Tenepp HeoOXOAMMO PACCMOTPETh BONpPOC: KakK ONpeaenThb, Oy-
JeT W JaHHAas MojeKyiaa XupaibHa? OO6s3aTeNbHbIM YCIOBHEM XH-
PAJIBHOCTH SB/SIETCS HECOBMECTUMOCTh 00BEKTa C 3€PKAIbHBIM OTO-
OpaxeHueM. B ciydae NpocThIX MOJEKy/ JIETKO IPOBOAUTCS 3pUTEb-
HOE paclio3HABaHUE HECOBMECTUMOCTH C 3¢ pKAJIbHBIM OTOOpAXEHUEM.
OnHako MHOTME OpPraHUYECKHEe MOJEKYy/bl HACTOJBKO CJIOXHBI, YTO
TaKoil crnocob tpebyeT oueHb pa3sBUTOrO [POCTPAHCTBEHHOIO BOOO-
paxXeHHs, KOTOPhIM 001aJal0T JajleKo He Bce.

CnengoBaTeibHO, HEOOXOAUMO YCTAHOBHTh KaKHMe-TO OBIIMe KpH-
TepuH, oblerdaloure pacrno3HaBaHie XUPaAIbHbIX MoseKyl. I1pexne
BCEro obpaTuMcsi K TEOpUM CUMMETPHUM M KPATKO PACCMOTDHUM 3JIe-
MEHTBI, OMepalMu U I'PYIIbl CHMMETPHH.

8.2.2.a. TOYEYHBIE T'PYIIIBHI CUMMETPHUM

[llap — camblifi CUMMETPUYHBIH 0OBEKT, MOCKOIBKY KaK OBl MBI
ero HY IMOBEPHY/JN, HU [EPEMECTWIM B MPOCTPAHCTBE, HU OTPA3NJIHU
B 3epKaJie, OH BCerga BBITIAAHT ONMHAKOBO. TeTpasgp MeHee CHM-
METpHYEH, YeM HIAp, [MOCKOJbKY BOKDYT BBICOTHElI €ro HYXHO [OBEp-
HYTb JHIUb Ha omnpeaedeHHbIH yrox (120 °), 4ToObl OH BBIMIALE] TaK
Xe, KaK Jo moBopoTa. BpauieHne BoKpyr OCH SIBJISIETCSI OJHOH U3 one-
payuil cummempuu. Onepanei CUMMETPHU Ha3blBaeTcs JeHCTBUE Halg
00BEKTOM, KOTOPOE [IPUBOJUT K €ro HOBOM OpHUEHTAlIMH, HEOTIUYH-
MOl OT UcXonHOH U coBMeuIaeMON ¢ Hel.

Ornepauy CUMMETPHH, KOTOopble MbI OyneM paccMaTpuUBaTh, Ta-
KOBBI, YTO MO KpaifiHeil Mepe oJHa ToYKa OoOBEeKTa ocCTaeTcsl HeNnod-
BIDKHOH. Takue onepanyy CUMMETPHM HAa3bIBAIOTCA TOYEYHBIMH, &
HEIMOJABMXHAS TOYKA, KOTOpasi HE MEHSET ITOJIOXEHUs IIPH BCEX TO-
YeYyHbIX OMEpalUsIX CAMMETPUM 3TOro oObEKTa, — 3TO LIEHTP THXKEC-
T 00BEKTa, B KOTOPOM I[€PECEKAKTCS BCE OCH M IUIOCKOCTH CHUM-
MeTpuM. TakoH TOYKOH SIBASIOTCS LIEHTPHI LIApa WK TeTpasapa.

Kaxnoit onepauu CHMMETPHM COOTBETCTBYET OINPEIACICHHBIH 1e-
MeHm cummempuu. DNEMEHTOM CUMMETPHH Ha3bIBaeTCS NEOMETPUIECKOE
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MECTO TOYEK, OCTAIOUIMXCA HENMONBHXHBIMU MPH TaHHOW ONeparuu
cuMMmeTpdH. OCHOBHBIMHM 3JIeMEHTAMH CHMMETPHHU SIBJISIOTCA c0O-
CTBeHHbIE OCH BPALIEHMSA, KOTOpble B cUcTeMe obo3HayeHuit llen-
¢dimca umewor cumiosn C,, toe n — MNODPSHIOK OCH, O3HAYAIOMIMH,
4YTO [MOBOPOT MONEKYJIBI HA yroli 2n/n NPpUBOAUT K CTPYKType, Heo-
TJIMYMMOH OT NepBOHAYANTLHOMN; HECOOCTBEHHBIE OCH BpPALICHUS, UIH
3epKAJIbHO-MIOBOPOTHBIE OCH (S,); 3€PKATBHBIE IJIOCKOCTH CUMMET-
puH (o), AcjsAUINe MOJIEKYJly [OIonaM, TaK YTO OAHa ITOJIOBHHA SIB-
JigeTcs 3epKaJIbHO-CUMMETPHYHOM IpYroi MoJIoBHHE; UEHTP UHBED-
cun ({) U ToxnecTBeHHoe MpeobpaszoBaHHe (E). B cooTBercTBUU €
9THUM oOMNepalud CUMMETPHH JEJST Ha HOBOPOT BOKDPYr OCH CHM-
MeTpud C,, MOBOPOT BOKDPYI OCH C NOCIEQYIOUIUM OTpPaKCHUEM B
IUIOCKOCTH, NMEPHEeHAUKYJIApHON 3Tol ocH S,, oTpaxeHHe B ILIOC-
KOCTH CHUMMETPHHU G, MHBEPCHUIO B LIEHTPE CUMMETPHUU I U ollepa-
uMio uaeHTHYHocTH E. TIpu omepauuu MAeHTUYHOCTH C MOJICKYJIOH
HHMYEro He AENAIOT, HO 3Ta OHepalids He DeccMblclieHHa, TaK Kak
MTO3BOJIAECT BKJIIOYHUTh B €IMHYIO KIacCHPUKALHIO KaK CUMMETpUY-
Hble, TAK U ACUMMETPHUYHbBIE OOBEKTHI.

PaccMoTpUM HecKoJIBKO MoapoOHee NBa TJIABHBIX BHIA 3ME€MEH-
TOB CHMMETPHH M CBSI3aHHBIX C HUMH OINepauuil CUMMETpHH: cOD-
CTBEHHYIO U HeCOOCTBEHHYIO OChb BpalleHUS.

CobGcTBenas och cCHMMeTpud. Bce Moseky/abl UMEIOT TpHUBHMAIb-
Hy© ock C|, [TOCKOJBKY B JIIOOOM ciydae BpaileHue Ha 360° Bo3Bpa-
W@aeT MOJIEKYJIy B McxogHoe cocrogHue. ClenopaTeslbHO, oNepauus
C, skBUBaJIeHTHA omepauuu uneHTHYHocTH (C| = E'). Juxnopmeran
umeer ocb C,, aMmHak — ocbk C;, MeTaH — 4eThipe ocH C;, TeTpa-
xJloprulaTuHat — ock Cy:

w3 | o TACD

H H H Cl

\ \H Cl——Pt/{e al
/ Ng / \ H / l 0 c1/
3
G G G G Cq

HecobGcTennas ocs cummerpun. [IpocTeitiiias 3epKajbHO-MOBOPOT-
Hasi och §; 3KBUBAIEHTHA MNEPHEHIUKYIAPHOR €f MIOCKOCTH CUM-
MmetpuH () = ). [IpumepoM sipsieTcs MojieKyna xopdropmerana. 3ep-
KaJIbHO-TIOBOPOTHBIE OCH BoJjiee BHICOKOTO nopsiaka (JS,) MOXHO pac-
CMAaTpUBaTh KaK KOMOHHAUHIO BpaLIeHUsT Ha yTod 271/n ¢ MOC/IeAYIOLIHM
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OTPAXEHUEM B IUIOCKOCTH, NEPIIEHAUKYISPHOK ocH BpameHus. Tax,
aIeH U u300paxeHHbIM HUXKe udoMep 1,2,3,4-TeTpaMeTHILMKI00Y-
TaHa MMEIOT 3ePKATbHO-ITOBOPOTHYIO OCh Sy

2n/4
H CH,
CHj H

CH
H
H
CH,
S4 S4

1,2-quxnop-1,2-gudropatad obnagaer ocbio S,, KOTopast coBla-
naet co cBa3plo C—C. Kak BuiHO, onepauus S, SKBUBATEHTHA HH-
BEPCHUHU B [IEHTPE CUMMETPUM, KOTOPBIM B TaHHOM cliyyae HaXOomAUTCA
nocpeause ceasu C—C (S, = i):

c1\I§: o c1\1§:\ ) 7H
) "|||' S \\\‘ ‘:1”1
2 H V 1 "a H* Jta

Toueunbie rpynosl cHMMeTpHH. T1OCKONBKY Y MOMEKYIT MOXET OBbITh
HE OOWH, 2 HECKOJBLKO 3JIEMEHTOB CHMMETPHUM, MX ymoOHee KiaccH-
¢HULHpOBaTh IO TOYEYHOH rpyre cuMMeTpud. Habop Bcex onepauuit
CUMMeTpHHU obbekTa oOpa3yeT ero rpyrny CUMMeTpHU. Eciu npH 3Tux
peobpa3oBaHUSIX OCTAETCA HENOJBWXHBIM LEHTP TSXKeCTH (UIYpBI,
TO IpyIIa CUMMETPUH Ha3blBaeTcsa TodedHoM. VI3BeCTHBI YeThipe THITA
TOYEYHBIX PYIIII CHMMETPMM, KOTOpble IIpelcTaBieHbl B T1adn. 8.1.

K tuny 1 otHocsitess TouedHsle rpynmnbl C), Cs C, KOTOpbie He
HMEIOT HETPUBHAIbHBIX MOBOPOTHBIX OCEM, MOSTOMY MX HAa3bIBAIOT He-
akcuanbiomu. K THIY 2 OTHOCSTCS TPYIIIbLI C eIMHCTBEHHON ITOBO-
POTHOH OChHIO.

B rpynme C, npyrux s3jeMeHTOB CUMMETpPUM HeT, B rpynne C,,
HMMeEETCsT h BEPTUKATbHBIX IJIOCKOCTEN G ,, mpoxoasuiux yepe3 ock C,,
a B rpynne C,, — OgHa TOPWU3OHTAJIbHAS IUIOCKOCTb Gj, NEPHNEHIM-
kymsipHast ocu C,. Ciofa xe BXOAUT rpynmna .S,, TOCKOJBKY IIPU Hallu-
YUK 3ePKATbHO-NOBOPOTHOM OCH MMOpsaKa n 00S3aTeJIbHO MMeEETCA U
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Tabauua 8.1

Todeunnie rpynns CHMMETPHH

Tun [ ObosHayeHue DneMeHTBI CHMMETPHH Hpumepnt
1 C\ E=C coenMHeHus IV u vV
Cs Si=o
Q LHKJIOTENTEH
Gi S=i F H
Cimc—C~,
o — .,
/s "l
H \F
2 C, C, coemuHeHus VI u VII
nipu R#H (C3)
n Snt+ Cop coenuHeHue VIII (Sy)
Cpy S,+no, H,0 (C,,) NH3(C3,,), KoHyc
(C,,), nuxuorekca (C3,)
coenrtende VI nipu R = H (C3,)
Con C,+ lo, coeauHenre VII npy R = H
3 D, C,+nClC, coenuHeHus IX u X (Dy)
Dya C,+nClC,+ o,
Dy Cy + nCL.C, + no,+ o), | 6enson (Dgy); 1,3,5-Tpuxiop-
6eHzon (Dsp); mmmHnp (D.p)
4 Ty 4C3+ 3G, + 654 +60 TeTpasap (MeTaH, alaMaHTaH)
Oy 3C4+4C; + 6C, + i+ 9c | okTasap
I HKOCa31p, DodeKasap

coberBeHHas och nopsiaka n/2 (G, y Sy, Gy S v 1.4.). [Ipu HeueTHOM
n ocH S, MOTYT GBITH IIpeCTABIEHb! KaK KOMOHHAUMY APYFUX olepa-
ouit. Jnsg HU31ux nopsakoB §; = o ¥ S, = /. ToyeyHbie rpynmsl TNa 3
HUMeIoT oaHY ock C, U n ocel BTOPOTO NOPAAKA, NMepleHANKYISIPHBIX
ocu C,. Takue rpynnsl Ha3biBalTCsl JusdpaasHbimu. Eciy HeT mutoc-
KocTell CHMMETPUHU, rpynmna obozHayaercs Kak D,, €cid HUMeeTcs
HECKOJIBKO ILIOCKOCTER O, (BEpTUKaIbHBIX) — D,, a eciu ele d
TOpU30HTalbHas TUIOCKOCTD G, TO rpynIa obo3navaercs D,,. K tumy 4
OTHOCSITCS TOYEYHble I'PYMNBI, UMeoUe Oolee YeM OQHY OChb IIO-
psiiKa BhilIE ABYX. Takue I'PYNNbl HA3bIBAKOTCH Kybudeckumu. K HUM
OTHOCATCST TOYEYHbIE IPYMNIIBI IPaBIWIBHBIX TeTpasiapa (7)), okrasapa u
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Kyba (0,), ukocasnpa M mogekaszapa (/,). MakcMManbHY0 CHMMETPUIO
HMMeeT 11ap, KOTOPbIM MPUHAWIEXUT fpenenbHOM rpynmne K, BKIO-
qaroled Bce BO3MOXHBIE OMepayuy CUMMETPHH.

. s NN
we el R
N

H CH4 R C3(R#H) R
IV (Cl) (Cl) C3U(R=H) VI
R
CH, Ve R
CH /CH3 R\_ _/R
H CH3 R\r \
/ R
H R
vy H ©) C(R#H) VII
C;p(R=H)
H /CH3 R
CH > H _/R
/ C
\7/}[ R \l\ (T) ?
H CH? R H,C” [ ~CH,
VIII (S,) (Sy) c,
H /H R G
H,C CH
CH ®. CHS CH, ]\___ _\ 2 \O/ 2
\_]/ R X (Dy)
H 51 R
IX (D)

OTMETUM, YTO TEPMHHBI <«TETPA3APHYECKOE CTPOEHUE» U «CHM-
MeTtpus Tp» He noeHTHuHEL. Hanpumep, Monekyna xiopodopma CHCl,4
KMeeT TeTpasgpHyYecKoe CTpOeHHE, ONHAKO ee CUMMETPHUS He SBJIsi-
eTcs TETpa3ApUYecKo; oHa NPpUHALIEXHUT K rpymnrne C; (KaK aMMH-
aK), a He K rpynne 7T,
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8.2.2.6. CHMMETPHIHOE ONPENENEHUE XUPALHOCTH

Tenepb paccMOTPHM: K KaKHM TOYEUHBIM TpYNIaM CHMMETPHH
JOJIXHA MPUHAIIEXATh MOJIeKyJa, 4Tobbl oHa Obu1a xupanbsHoi? JIpy-
TUMM CIOBAMU, KAKOB JOJKEH ObITH XapaKTep MUCCUMMETPUH MOJIE-
KYJbl U KaKHe 3JIeMEHTbl CUMMETpHUM 00sI3aTeIbHO HOJIKHbI OTCYT-
crBoBatb? [Ipexie Bcero BCAKOMY O4YEBMIHO, YTO XHUpaJbHA Jiobas
HCTUHHO acHMMeTpHYecKasi MONEeKyNa, OTHocswases K rpymnne Cj,
He UMemllas HUKAKHX 3JeMEHTOB CUMMETPUH, KpOMe MIeHTHYHOC-
M (1 ocu (), tak Kak C)= E). O4eBUAHO TakXKe, YTO MOJIEKYJIBL,
HMEIOLIYE TUIOCKOCTb CUMMETPUH (CG) WJIH LEHTP cUMMeTprH (i), axu-
PaIbHBI, TIOCKOJIBLKY OHU COCTOAT U3 IBYX OJUHAKOBBIX «[10JIOBUHOK»,
M B 3epKaJbHOM OTOOpaXeHHHU JieBasg ¥ NpaBasi OJOBUHKH Tpeobpa-
3YIOTCA APYT B ApYyra Uiax 6e3 MoBOpoToB (IpH HAMWYKM IUIOCKOCTH),
WIH ¢ noBoporoM Ha 180 ° (npx HANMMYMK LEeHTpa MHBepcHU). Mone-
KyJbl, IMEIOLLIME 3epKAJILHO-IOBOPOTHEIE OcH (S,), TaKXe coBMella-
IOTCSI CO CBOMIM 3epPKAJIBHBIM OTOOpaXkeHUEM, M MTOSTOMY aXHpPaJIbHEIL.
CnenoBaTeIbHO, XUPANBLHBI TOJNBKO MOJIEKYNIBl, OTHOCAIIMECH K aK-
cHaNbHBIM TOYeuHBIM Ipynnam C, u D,

TakuM obpazoM, MOXHO choOpMYIUPOBaTh CAEAYIOWIKUH CUMMET-
PUMHBINA KpUTEPUH XUDPATBHOCTHU:

a06as monexyaa, xomopas He umeem HecobecmeeHHoU ocu eépauie-

Hua S,, xupanvma.

Crapoe onpeneieHHe ONTUYECKOH H30MepHM, a UMEHHO <«Y MO-
JIEKYJIBl He IOJUKHO ObITb HM IJIOCKOCTH, HM LIEHTpa CUMMETPHU»,
HefocTatoyHo TouHo. [lockonbky Sy =0 U S;=i, ecn y MOJNEKYJbI
HeT HecoOCTBEeHHON OocH BpalleHHUs, TOo Y Hee He JOJIKHO OBITh HU G,
Hu I CyWecTBYIOT MOJEKYbI, Y KOTODBIX HET HH i, HU G, HO €CTb
och S, 1 KOTOpBle MMO3TOMY axupaibHbl. [IpuMepoM sgeisercs Morne-
xyna 1,3,5,7-tetpamMernnuukiookraterpaeHa (XI), y Kotopoii Het HU
TUIOCKOCTH, HM LIEHTPA CUMMETPHH, HO eCTh 3epKaJlbHO-IIOBOPOTHAS
ock 5. OHa onTMYeCKU HEAKTUBHA.

CH, 5 ’ CH,
= CH, CH —
\ oTpaxeHue / [\>
= B IUIOCKOCTH G \/\ﬁ( U
CH
CH, (X1) 3
BpAlLICHHE (unenriyHa XI)

BOKDYT OCH Ha 90°
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BriepBble 10Ka3aTeNbCTBO CHPABELIMBOCTH JAHHOTO BhILUE OMpe-
JEJIEHNUS XUPAIBbHBIX MOJIEKYT [IOJIyYEHO NP KCCIeNOBaHUH H30Mep-
HbIX YeTBEPTUYHBIX AMMOHMIAHBIX COJIell CO CIIMPAHOBLIM ATOMOM a30Ta
1V, V, VIII u IX. HUzomepw 1V u V acummerpuuns! (rpynma C)),
uszomep VII nuccummerpuden (rpynmna 0,). [ToaTtoMy 3TH TpU H30Me-
pa JOJIXXHBI ObITh XUpaNbHbIMU. Y neicTBUTENbHO, OHU OBLIM MONYy-
4YeHBbI B ONITUYECKM aKTHBHOU ¢opMme. OnHako uzomep VIII oTHocUT-
csl K rpynre S, T.€. axUpajieH, U MOJYYUTh ero B ONTHYECKH aKTHB-
HO#t dopme Henb3s.

8.2.2.p. [TIPABHJIA KIJACCUDHKAIIMHA MOJIEKYT ITO CUMMETPUH

CTpyKTypa MOJeKyJ OpraHHYecKUX COeqUHEeHMI ObIBAeT HACTONb-
KO CJIOXHOW, YTO IOHMCK BO3MOXHBLIX 3JIEMEHTOB CUMMETPUM YACTO
fpeacTtaBiasieT coboii o4eHb TPyOHYIO 3adady. [ToaToMy HeEobxomum
KaKOM-H0O0 pasyMHBIN MpaKTUYeCKUH MeTO MOCAeNOBaTeIbHbIX AeHi-
CTBUH NMpH KiIaccUDUKAUMK MOJEKYJ MO TOYeUHBIM TpPYIIIaM CHM-
MeTpud. Huxe onucaHa cxeMa Mmertona, npemioxeHHoro ®.Korro-
HOM B 1971 r.

1. CHayana HeOOXOOUMO OMpPEeNeNnTh, ITPUHALJIEXUT JIX MOJIEKY-
Jna K onHoit M3 ciaepyrolmx rpyni: C, (cMMMeTpUs koHYca), D,
(cumMeTpus uunuHApa), I, O,, T, (tun 4, Ta6n. 8.1). Dtu rpynnsl
YCJIOBHO Ha3oBeM «0cobble». OtMeTuM, uto K rpyrine Cy, win Dy,
NIpHUHAJIeXaT TOJNBKO JIMHEeWHble Monekyibl, HanpuMep H-C=C-Cl
(Cx,), H-C=C-H, Cl-C=C-Cl (Dy,;) 1 T.IL.

2. Ecnu Mosekysa He NIPUHAUIEXUT K OJHOH M3 OcoObIX I'PYII,
HEOOXOAMMO NOMCKaTh coOCTBeHHYIO och BpalueHust C,. OOHApyXUB
TaKylo och, fnepexoguM K onepauud (3). Ecnu cobcTBeHHOH MOBoO-
POTHOM OCM HET, HEOOXOQUMO HUCKATh UEHTP CHMMETPHUHU i WIH 3ep-
KJIBHYIO TUIOCKOCTh ©. EcliM y MOJIeKYJTbl OKaXeTcs eHTp HHBEPCHUN,
OHa NPUHAIEXUT K ToYedHoit rpymnme C, a eciy okaxeTcs 3epKalb-
Hasl TUIOCKOCTb — K ToueyHoi rpynne Cg. Ecnu y Monekysbl Het aie-
MEHTOB CUMMETpUU (Kpome FE), oHa oTHocUTes K rpynmne C).

3. Janee HaxonuM rnasHYIO och C,, T.€. OCh ¢ HAUOONBIINM 3HA-
yeHueM n. OnpenensieM, ecTh JIM 3¢pKAIbHO-TIOBOPOTHAS OCh S, COB-
najamllas ¢ rMaBHOil ocklo. Ecniu OHa cyluecTByeT, a ApPYTHX 3ne-
MEHTOB, 32 UCKIIOUYEHHEM, BO3MOXHO, i, HET, MOJIEKYJa IpHUHAILIE-
KMT K OHOMR U3 Ipynn S, roe n — 4eTHoe 9ucnao. Ecan ock S5, ecTh,
HO UMEIOTCS M APYTHe 3JIEMEHTBI, WIM €CJIM 3JeMeHT .S, OTCYTCTBY-
eT, HeobxonumMo repeiiTu k onepauuu (4).

4. NweMm Habop U3 n oceli BTOporo Mopsika, JeXaluX B IUIoC-
KOCTH, nieprieHnuKkynspHoi C,. Eciu Takoit Habop ob6HapyXeH, MO-
neKyla NMpUHAMIEXUT K oqHo w3 rpynna D,, D,, unu D,, v Toraa
nepexoauM K omepauudu (5). Ecnu Xe Takux oceil HeT, Mojekyna
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npuHapiexut x rpynne C,, wiu C,,, unu C, . B 3ToM ciyyae nepe-
XOOMM K orltepaliuu (6).

5. Ecnu y MosieKyJibl €CTb IUIOCKOCTh CUMMETPUU G, MepNeHIN-
KyJIsipHast [JIABHOM OCH, OHA MPHUHAMNIEeXHUT K rpymnne D,,. Eciu tako-
ro 3jleMeHTa HeT, HeoOXOZMMO HMCKaTh Habop U3 # DHAroHaTbHBIX
IUIOCKOCTEH G, (T.€. TUIOCKOCTENH CHMMETPHMHM, B KOTOPBIX HaXOLUTCH
IJIaBHAS OCb, HO HE JIEXUT HH OJHA U3 MepreHNUKYISPHbIX oceil BTO-
poro mnopsinka). Eciu oTCYTCTBYIOT U G; UM G, MoJjeKyia NpUHalie-
XHUT K rpynne D,.

6. Eciv Monekyna MMeeT G, OHA TIPUHALIEXHUT K TOYEYHOH IpyTine
C,,- Ecnu o, oTcyTcTBYeT, HY:XHO MCKaTb Habop U3 n MJIOCKOCTER G,
(npoxoOsiuMX Yyepes riaaBHYo ock). Hanuuue takux mjiockKocTei mo-
3BOJIsSIeT OTHECTU Mosiekyay K rpymnne C, . Ecniu y MojieKynbl HET HHU
G,, HA G, OHAa OTHOCHUTCS K ToueyHo# rpynne C,.

HznoxeHHbI METON HJUTIOCTPUPYETCS NHATpaMMO, NpHBEIeH-
Hoif Ha cxeMe §.1.

vy

Cxema 8.1
Ocobbie TPYMIBI CUMMETPUU

Her Ha

© T

v DOdJ Td Oh Ih

Her Ectb
S, (i S5, ¥ TONBLKO i),
c KOJUTMHeapHast
Her | Ectb C eIMHCTBEHHO! OCBhIO
_ ¢ WX C IiIaBHoi ocero C,
i
Her | Ecs Cg Her | Ectb
| nGlC,
G, C; Her Ecrn S,
Op Ch
Her | Ectb Her | Ectb
nG,v ¢ nGc d &
Her | Ectp Con Her | Ectb Dy,
C, Cop D, D,
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8.2.2.r. TUIIBI XHPAJTLHOCTHU

Monekynsl, coaepxalye TeTpasApHYecKUil aToM, HAIpUMeEp Y-
Jiepona, ¢ YeThIPbMSI PDa3HBIMM 3aMECTHUTENSIMU, TIPUHAIJIEXAT K TO-
yeyHo#t rpynne C,. OHM acCUMMETPHYHEI, U LIEHTPAILHBIH aTOM Ha-
3BIBACTCSH ACUMMEMPUYeCKUM amomom, KaK B TIpUBEIEHHOM HIXe [TpU-
Mepe a-OpoMIIPONMOHOBOM KUcnoThl (XII):

CH,
CH,
¢ .
H™"/ “SCcooH ) COOH
Br
Br
(X11) (XI1D)

AaMaHTaHbl, Y TPETUYHBIX aTOMOB YIJIEpOJid KOTOPBIX MMEIOTCS
YETHIPE PA3HBIX 3aMECTUTeNIs, XMPAJIBHBEl M ONTHYECKU aKTUBHBI; Ha-
npuMep, coequHeHue XIII 6bu10 pasmeneHo Ha ?HaHTHOMephl. [Ipu
cpaBHeHun ¢opmyn XII u XIII HeTpymHo BHOETH, YTO CHUMMETPHUS
00OoHX COeNMHEHUH OUYeHBb Moxoxka. OCTOB agaMaHTaHA MOXHO Ipen-
CTABUTh KAaK TETPasap € «M3JIOMAaHHBIMM pebpaMu», OH HMeeT CHUM-
MeTpHIO 7, KoTopas nepexoaut B (), KOrAa Bce YeThIpe 3aMECTUTEJIST
y TPETUYHBIX aTOMOB yIjlepona pasHble. Y IIpOH3BOIHOrO ajaMaHTa-
Ha XIII HeT acMMMeETpHYECKOro aToMa yriepoaa, Kak B a-GpoMIipo-
[TMOHOBOM KUCJIOTE, HO €CTh LEHTp, Haxodsluhicsad BHYTPU MOJIEKY-
Jipl (LEHTP TSDKECTH He3aMeU(eHHOro aJlaMaHTaHa).

Acummempuueckuil yenmp — 370 YacTHBIN cny4yai bonee obuie-
TO TIOHATUSA Xupanvhbili yewmp. XUPaIbHBI LHEHTP MOTYT UMETh He
TOJIbKO aCHMMETpHUYECKHE MOJIEKY/IbI, HO ¥ MOJIEKYIbl cUMMETpUH C,
unu D,. B nprBegeHHBIX HIXE NpUMepax XUPaJbHbIA LEHTD ITOMe-
YeH 3BE3JO0YKOM:

B
N*

BMJ CBEPXY:
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XUpanbHbIA UEHTp SIBASIETCSI JUILL OAHWUM K3 BO3MOXHBIX 3Jie-
MEHTOB XUpaIbHOCTU. MoeKybl, XUpaAIbHOCTb KOTOPbIX 00ycI0OBIe-
Ha HanM4YKeM LeHTpa XMpalbHOCTH, Oe3ycloBHO, camble BaXHBIE B
opraHu4eckor xuMuu. OIHAKO KPOME LIeHTPaibHOTO CYLIECTBYET €l
U GKCUQAbHBIL, HAGHAPHBIE U CNUPaAbHbIL TUTIBI XUPATLHOCTH.

AxcuanvHoil xupanbhocmbro 061aMAIOT MONEKYIBI, UMEIoINe XU-
PaJIbHYIO OCh. XHPANBHYKO OCh JIETKO MOJYYUTh, MBICIEHHO «PacTATH-
Bask» USHTP XUPAJIBHOCTH:

N

2
$
S
5

XUPAIbHbBIA LIEHTP XvpanbHasl oCb

XUpanpHyIO OCh UMEIOT TaKHe KJIAcChl MOJeKyJ, KaK auleHbl 1 aude-
HWIBL. B ajnneHax uLeHTpalbHBIA aTOM yIiiepona Sp-THMA HMeeT JBe
B3aMMHOTIEPIIEHIHKY/ISIPHbIE p-OPOHTANM, KaX/Iasi U3 KOTOPBIX Iepe-
KpblBaeTcs ¢ p-OopOUTANbIO COCEHEero aToMa YIIepoia, B pe3yibTarte
4ero OcTalllecs CBS3H KOHIEBBIX ATOMOB YIJIEpOAa pacloNararTces
B MEPNeHAMKYIAPHBIX rutocKocTax. CaM ajieH axupalieH, TaK Kak
HAMEET 3epKaJbHO-TTIOBOPOTHYIO OCh 4, HO HECHMMETPUYHO 3aMeELIeH-
Hble autenbl TUna abC=C=Cab XUpaibHBI:

H H

xupaieH (Cy)

AJU1eHbl XHPaJIbHbI TOJBKO B TOM ciayyae, €ClIH 062 KOHUEBbIX aTOMa
yraepona 3aMeluleHbl HECHMMETPHUYHO!

H,C H HC _H HC .H
>c=c=c’\ >c=c:c’\ >C=C=C’\
axupaneH axupaleH XHpaIeH
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[Ipu n1r060M HeYeTHOM YHCIe KyMYJIMpPOBAHHbBIX NIBOMHBIX CBI3EH ye-
ThIPE KOHLEBLIE IpYIITbl pACONAraloTCa yXKe He B pa3HbiX, 4 B OJHOM
[UIOCKOCTH, Hanpumep s 1,2,3-6yraTpueHa:

LEARRRRRRRTIRE

Takue MoneKyabl axupajibHbl, HO /U HUX HAOIIONAETCS YUC-mparc-
HA30MEPUSL.

Ilpn nro6oM YeTHOM YMCIE KyMYJIHpPOBaHHbLIX ABOMHBIX CBS3eH
XUpaJlbHOCTh BO3MOXHA. Tak, coeqnHeHre XIV ObUI0 pasgeneHo Ha
OINTHUYECKUE M30OMEPBI:

(CH,3); C(CHs),
Ar Ar

(XIV)  (Ar = n-CICcHy)

Ecian onHy win o6e nBoitHbIE cBSI3M CUMMETPUYHO 3aMeLLEHHOTo
aJUIEHA 3aMEHUTh Ha UUKINYECKYI0 CUCTEMY, TO ITOJYYE€HHLIE MOJE-
KyJIbl OYyIyT ToXe 00/1aJaTh AKCHANBHOW XMpPaTbHOCTBIO, HATIpPUMED:

H_~CH, NH, H
C

H H H NHz

axupaieH XUpaJieH

B nudeHunax, cogepxayx 4eThipe 06bEMUCTHIE MPYIINEI B OPTO-
MOJIOXKEHUAK, cBOOONHOE BpalleHWE BOKPYT LEHTPANbHON CBSI3M 3a-
TPYAHEHO K3-3a CTEPUYECKHUX TIPEISTCTBUM, U TTO3TOMY J1Ba GEH30JIBHBIX
KOJIbLI2 HE JIeXaT B OMHOM rutockocTy. 1o aHamoruu ¢ ajuteHaMu, eciiu
OfHO M1 06a GEeH30JBHBIX KOJbLIA 3aMelleHbl CHMMEeTPHUYHO, MOJIE-
KyJa axupalbHa; XUPAIbHBI XE MOJEKYIbl TOJbKO C ABYMS HECHM-
METPUYHO 3aMELIEHHBIMU KOJBLAMH, HAIpHMeEDp:
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NO, COOH COOH COOH

<o <D

NO,  COOH No, ON
axHpaTeH XHUpaleH

H3oMepbl, KOTOpble MOXHO pa3feluTb TONbKO Giaromaps TOMY, 4TO
BpallleHHEe BOKPYI ITPOCTOU CBSI3WM 3aTPYAHEHO, Ha3blBAIOTCS ampono-
uzomepamu.

HMHorma mwig npenoTBpallieHus ¢cBOOOIHOrC BpalleHUS B OUpeHH-
Jlax JOCTATOYHO TpeX U JaXe ABYX OOBEMHUCTBHIX 3aMeCTUTENel B OpTo-
MONIOXEHUAX. Tak, yaanoch pasfeuTh Ha 3HAHTHOMEpHI HudeHmI-2,
2’-mucynbdoHoByI0 kKucnoty (XV). B coennnernun XVI ceobonHoe Bpa-
LIEHHE ITONHOCTBIO He 3aTOPMOXEHO, M, XOTsS €ro MOXHO ITOJyYUTh B
ONTHYECKM aKTUBHOM (popMe, TIpY pacTBOpPeHUH B 3TAHOJNE OHO ObICT-
po patieMu3upyercs (HaIoNOBUHY — 32 9 MuH npu 25 °C):

SO,H, NO,
SO,H COOH  OCH,
(XV) (XVI)

A1 HEKOTOPBIX XUPATbHBIX MOJNIEKY ONpPENeNsOmIM CTPYKTYp-
HbIM 3JIEMEHTOM SBJISIETCS He UEHTP, He OCh, 4 INIOCKOCTh. [Ipo-
CTEHIIYIO MOAeNb NMIaHAPHOW XUPAIbHOCTH JIETKO CKOHCTPYHUPOBATh
13 noboit naockod Gurypbl, He UMEWed ocl CUMMETpUH, Jiexa-
weRi B 3TOR MIOCKOCTU, X OTHeJbHOM TOYKH BHe IUIOCKOCTH. Ham-
6oJee M3y4YeHBbI MJIaHApHO-XMpanbHble MPOM3BOAHbIE ¢eppoleHa
(XVII). JpyruMu npuMepaMu SBISIOTCS apeHOBbIE KOMILIEKChI XpOM-
tpukapbonuna (XVIII), a Takxe coenunenus XIX u XX:

X 3epKano X
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COOH

0
oc HOOC
AN
OC7Cr (CHy)g (CHy)o
ocC CH, B
0

XVII XIX XX

CnupanbHas XMupaJbHOCTh 06YCAOBIEHA CITUPaIbHOM dopMoit MO-
Aexynsl. Crnivpanb MOXeT ObITh 3aKpy4YeHa BJIE€BO MM BIPABO, daBas
JHAHTHOMEDHBIE cnupand. HanpuMep, B rekcareJliieHe OnHA 4acThb
MOJIEKYNBl H3-3a [IPOCTPAHCTBEHHBIX [PEIIATCTBMH BbIHYX/EHa pac-
nojaratbcs Haja Opyroi:

Q.O rexc(irﬁegiueﬂ
94

Cnupanb rekcareldueHa U JPYTHX MOAOOHBIX MOJIEKYJl HMEET HEIoN -
HBIH TIOBOPOT, HO COXPAHSIET JIEBYIO WIM IIPaByi0 OpHEHTALHMIO.

8.2.2.n. XUPAJIBHOCTb MAKPOIITUKITHYECKHX MOJIEKY]I

MakpouHKiIbl, cogepXaliyie HECKONBKO [NECATKOB aTOMOB, CO-
eJUHEHHBIX B KOJbIIO, CIOCODHEI 06pa30BbIBaTh YAUBUTENbHBIE THITbI
MOJIEKYIAPHDIX CTPYKTYP, 06J1aJa10HMUX TEBOM MM [MPABOM CNIUpab-
HOCTBIO.

Hanpumep, B coenquHerud XXI rnaBHasi Lenb UMeEeT BUA JICHTHI
Meburyca, KoTopas JOJIKHA CYIIECTBOBATh B BMJIE OBYX HAHTUOMED-
HbIX ¢opM. CoeanHenure XXI 6bU10 CHHTE3UPOBAHO M JE€HCTBUTENBHO
0Ka3aJ10Ch XUPaIBHBIM.

CHy—~CH,-0_
CH2_CH2’_C—O_CH2—CH2—O
0 , CH;=CH,-0_

>< CH,~CH,—C—O0—CH,~CH,-0 ~ CH,
N
”—CHz——-—CHz— O—CHz—CHz—O—C—CHZ/ CH,

C—CH,;—— CH,— O—CH,—CH,— O—C—CH2/

)
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Uuknel, cocrositmue u3 66 wiu 6osiee YiIeHOB, MOIYT CYLIECTBO-
BaTh B Buie yanos (XXII), 3aBs3aHHbIX clieBa HAINpaBo WM cIpasa
HaJIEBO, U [1O3TOMY HOJIKHBI OBITh XHUPaJTbHBIMH.

XUpaNbHBIMU MOTYT ObITh TAKXE COOTBETCTBYIOLIMM OOpa3oM 3a-
MELIeHHbIE KameHarHsl A pOMaKcansl. ITU COEUHEHUS COCTOAT U3 NBYX
T HECKOJIbKHX CAMOCTOSTEIbHBIX YacTel, KOTOPhIC HE CBSI3aHbI MEX-
Iy coboli BaJeHTHLIMM CBSI3SIMH, HO TeM He MEHee YIepXHBAITCS
BMecTe. KaTeHaHbl NOCTPOEHbBI U3 JBYX WIM HECKOJbKHX LUUKIOB, CO-
eJUHEHHBIX KaK 3BeHbs LeNH; B pOTAaKCaHAX JJMHEHHAas1 MOeKy/1a po-
eTa CKBO3b LIMKIUYECKYIO MOJIEKYNTY M HE MOXET U3 Hee BbICKOJb3-
HYTb 6aronapss HAUIMYUIO 00beMHBIX KOHL(E€BBIX IPYIII.

3epPKAIO0

3epKaio

o pad
ViEF O
N g

[2] xareHaH [3] xareHau

a’—‘b

3epKaIo
(I |
[}

[}
Do D
11
[}

i

® (B

KareHaHbl ¥ poTaKCaHbl MOXHO NOMYUYMTb WK CaMUCMUMEcKUM
cuHme3om, W HanpagaeHHoim cuimesom. TIpUHLIUI CTATHCTUYECKOTO
CUHTE3A IMOSICHEH CIIEAYIOUIEH CXEMOM:

—xxxex— 2O —= HH+ —+ O
b B I pil E

A b

pOTaKCaH
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CoenvHenue A CBSI3bIBAETCS [0 JABYM KOHLAM C coelMHeHMeM b B
MPpUCYTCTBUHM OTPOMHOTO M30bITKA MAKPOLIMKIIMYECKOTO CoeqUHEHUS B.
Ho peaxuuu c¢ mosnexkyraMM b kakag-To 4acTb MOJeKyJl A JOMXHA
CIY4YaifHO OKAa3aThCsl MpOAeTOH CKBO3b UMK B, ¥ nmo3ToMy Hapsixy ¢
npoayktamMu I u E obpasyeTcs HekoTopoe KoiuyecTBa poTakcaHa [.
IMpuMeps! npuBeneHs! HUXE:

H*(2-HadranuncyabsdoHoBas
KUCIOTA)
(CHy)3 ) + Ar;C—O—(CH,) ;;—O—CAr, = -~

— (C@ + HO—(CH,),;—OH

=== HO-(———~(CH,;~OH
(CHy)s,

Ar;COH

(CH,);, (BBIxOX 1%)

oH (¢ “YO(CHCH,0)
OH O(CH,CH,0)g 7

MOMU3TWIEHTTTMKOIL-400
ITUPOKATEXUH

kpayH-Tionuacdup (B)

H+
B + ArPhyC—O—(CH,CH,0)5 ;7~CPhyAr ——=

(Ar = Br-—CHz‘Q—)
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Ph }|’h
Ph— C O C—Ph

O(CH,CH,0);,
—— (CH CH20)8 S pOTaxKcaH
O(CH,CH.0) (suixon 18,5%)
2LV 7 CH,
r‘ ————————————————————— ‘L 1
I Br Br i
b e e o e o e — J

7

K O(CHZCH20)8 7 j KareHaH
(CH,CH,0);, (BbIXOn 14%)
O(CH,CH,0);,

XupanbHbie KaTeHaHbl ¥ POTAKCAHBI B HACTOSIIEE BpEMs ELIE He
MOJIYYEHBI.

8.3. KOHOHUTI'YPAIIUA U KOHPOPMAILIUA

Kongopmayus MONEKYbI OnpeensieTcsl Kak J1060e OTHOCHUTENb-
HOE pacIriojloXXeHHe ATOMOB MOJEKYABl B IPOCTPAHCTBE, KOTOpOE
MoXeT ObITh JOCTUTHYTO Oe3 HapylleHUs LEeJOCTHOCTA MOJEKYJIbI.
KoHdopManroHHbie Nepexoabl BO3HUKAIOT BCIEACTBHE CTEPEOXH-
MHYECKOH HeXeCTKOCTH OOMbIUMHCTBA MOJIEKYJ, KOTAA NMPOHUCXOOUT
cBobo/HOEe BpaleHUE BOKpYr TNMPOCTBIX G-CBsi3ed win nedopMauus
BAIEHTHBIX YyIJIOB. BaxHo, 4yTo 0AHa KOoH¢opMalMs NMpPeBpaulaeTcs B
JIPYTYI0o 6€3 pa3phlBa CYUECTBYIOUMX B MOJIEKYJie BATE€HTHBIX CBA3EM.
Kak yxe ropopwrocs B 1. 4 (4. 1) npu ob6cyxaeHru cBOOOIHOTO Bpa-
IUEHUS, B aIKaHaX pa3Hble KOH(POPMalMU HMMEIOT Pa3HYIO 3HEPrHIo.
OObIYHO TIpY CBOOOAHOM BpallleHUH BOKPYI G-CBS3M DHEPIUS U3MeE-
HSIETCS BOJIHOOOPA3HO: MAKCUMYyMBl 4epeayloTcsi ¢ MUHUMYyMAaMH.
MUHUMYMBI Ha 3HEPTETUYECKOM KPHUBOM COOTBETCTBYIOT H30MEPHBIM
KoH(opMepam.
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M3yyenue cBoGoAHOrO BpalleHHUS U XUMHUYECKUX CBOMCTB KOH-
dopmepoB HazbIBaeTCsd KOHEOPpMAUUOHHbIM andAUu3oM. OCHOBBI KOH-
dopMaMOHHOTO aHANM3a HUKIUIECKUX YIJIEPOAHBIX CUCTEM OYIYT
JaHpl B M. 24 (4. 3); KoHpopMaAUUM AIKAHOB YyXe pacCMaTpUBAIUChH
BTI.4 (4. 1).

Konghueypayus Monexynnl — ToHsATHe Gojiee KayecTBEHHOE, Je-
TAIUM3UPYIOLIEE MOJ0XCHUE ATOMOB B MPOCTPAHCTBE B MEHbLIEH cTe-
neHu, yeM Kondbopmanusa. KoHburypauus — 370 crepeoxuMudeckas
0CODEHHOCTb NAHHOIO PACIOJIOXEHUS ATOMOB B IPOCTPAHCTBE JaH-
HoM MonteKyabl. OqHa U Ta Xe cTepeoXMMUYecKasi KoHbuUrypanus Mo-
XKET BKJIIOYATh B cebst MHOXECTBO KOHGOPMALIKH, OTINYAIOMIUXCS APYT
OT ApYra BEIUYUHAMH COOTBETCTBYIOUIMX BaIEHTHBLIX WJIM TOPCUOH-
HbIX (IBYTpaHHBIX) YrJIOB BHYTpeHHero BpaineHus. KoHdopMmauoH-
Hble [€PeXOabl MOTYT U3MEHUTh, & MOTYT U He U3MEHUTb CTEPEOXU-
MUYECKYIO KOHQUTYpALIUIO MONEKYbI.

B kayectBe mpuMepa paccMoTpuM NedOpMalHIO XHpPaATLHON TET-
pasapuyeckod MoJieKynbl 6poMxiopdTopMeTaHa B IUTOCKYIO (opMy
(3HepreTHYECKH OYEHDb HEBBITOAHYIO). Takyio nedopMaluio MOXHO OCy-
LIIECTBUTD ABYMS criocobaMu. Bo-nepBbIX, MOXKHO BpallaTh [NIOCKOCTh
CICF otHocurensHo miockoctd HCBr. Ilpu yMeHblUeHUM yrna @,
KOTOpBIM B UCXOQHOM TeTpasape paBeH 90°, no ¢ = 0 noxydaem roc-
KOKBaJIpaTHbI BpoMxiiopdTopMeTaH, KOTOPBIN Ha NMpUBeIeHHO cxe-
Me TI0Ka3aH cripasa. [1py BpaleHuu B oOpaTHYIO cTOpOHY mpu ¢ = 180°
roJy4yaeM U3OMEpPHBIH MIOCKU TpuratoMeTaH. [Ipogonxas nmoBopoT
IUIOCKOCTH B TOM Xe€ HampaBieHuu, nmpu @=270° BHOBb monyiaem
TETPasagp, HO 3HAHTUOMEPHBIA MEPBOHAYATEHOMY.

B obiactu 0° < ¢ < 180° cyuecTByeT MHOXECTBO HCKAKEHHBIX TET-
Pa3gpoB, KOTOPBLIM COOTBETCTBYIOT 3HAHTUOMEpPHbIE UCKAXKEHHbIE TeT-
pasapsl B obnactu 180° < ¢ < 360°. BHyTpM KaXOoro U3 3TUX IBYX WUH-
TEPBAIOB U3MEHEHHS (b cTepeoXUMUYecKast KOHQUrypauus TeTpasipa He
MeHseTcsl. M3MeHeHye KOHOUTYpALWU, T.€. MePEXON NEBOro 3HAHTHO-
Mepa B MpaBblid, npoucxonut mpu ¢ = 0° u ¢ = 180°, rue monekyna
uMeeT GopMy Apyroi GUIyphl -— ILUTOCKOTO KBafpara, a He TeTpasapa.

¢=90°
H F H Cl
©—180° p—>0°
- —_— >
Br Cl Br F
l ©—>270°
HY F
Br Cl
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Bropoit yTh mepexoia XMpaJbHOTO TeTpasgpa B TUIOCKUI KBal-
paT 3aKJIOYAETCS B M3MEHEHWH BaJleHTHBIX yrjios oT 109,5° mo 90°,
KaK T0Ka3aHO HUXE:

s
™~
H g —a a. M
// \\
Br F F F Br
N

[Ipu Takoit medopMaiu obpazyercs TpeTUH U3OMEp IUIOCKOKBAAPAT-
Horo BpomxsopdTopMeETaHa, ¥ CHOBA CTEpPEOXMMMUYEeCKash KOHUry-
palKs coXpaHsieTcsl BILIOTb OO AOCTUXEHUS MMJaHApHOW (OpMBL.
[lpomorxas ykazaHHoe NBUXeHWe NATble, MPUAEM K SHAHTHOMED-
HOH GopME MCXOTHOTO TETpasapa.

XUpAILHBIA TETPASApP MOXHO MEPEBECTH B 3HAHTUMOMED U Oe3 mpo-
MEXYTOYHOTO axUPAILHOTO UHTEepMEAMAaTa, KaKOBBIM SBIISLICA IJIOC-
KM KBaIpaT HA MPUBEIEHHBIX BbIIIE CXeMaX. DTO MOXHO OCYLLECTBUTh
CIENYIOIUMM 0DpazoM:

HO HN H

><c1 e /_-l
— —_— —_—

F F F

>

B
' Br 4 Br/
¥
/H H
S AX
—
F B
F '

3xecwy Bce durypbl XupanbHbl. CregoBaTe/bHO, MpPOXOXACHUE 4Yepes
axXdpaIbHBIA MHTEpPMEIUaT — He 0053aTeNbHOE YCNOBHE H3MEHEHMS!
CTEPEOXMMUYECKON KOH(PUTYpauu. YciIoBrUeM U3MEHEHUsST KOHDHUry-
pauuu SBJISeTCS TOJIbKO HU3MeHEeHHe MOJEKYJISPHOMH TOIOJOrMYEeCKON
GopMbl.

XoTsl sHaHTHOMepHU3an s bpoMxiopdTopMeTaHa Ha MPaKTHUKE HE
NPOMCXONMT, TAK KAK YKa3zaHHBIe Bbille nedopMaliu TpebyroT 3Hep-
MM aKTUBaUWK OoJbilled, YeM 3Heprusi pa3pbiBa CBsi3ed B MOJIEKY-
jie, IPOBENEHHbIM TEOPETUUECKHM aHAIM3 NOKA3bIBAET, YTO KOHDHU-
Typauust XapakTepHu3yeT CBOKCTBA L[E€JIOH COBOKYITHOCTH KoHQopMa-
UM M ocraeTcss HEM3MEHHOMN npy KOHGOPMAIMOHHBIX TEPEXONax A0
TeX Top, NIOKA He MeHSeTca MOJIEKYJIsipHas Toroloruyeckas ¢opma.
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['paHMYHbIE COCTOSHUS MeXOYy OBYMS CTEPEOXMMHUYECKUMMU KOHGU-
rypauusSMu MOTYT ObITb XUPQILHBIMHA UK aXMPTbHBIMU, HO 0Bs3a-
TeNbHO APYTOM TONONOTHYECKOH (HOPMBI.

8.3.1. ABCOJTIOTHASA U OTHOCHUTEJIBHAA KOHOHUTYPAIIMHA

TeTpasapuyecKyo MOJeNb CTPOEHUS OpraHMYeCKHX COeIMHEeHHMR
npennoxwin Baut-I'opd u Jle bens B 1874 r. OHU NIpHLUIK K BBIBO-
Iy, 94TO €CcNI¥ [IBE MOJIEKYJIB] SABISIOTCS CTEPEOU30MEPAMU, TO UX MOX-
HO OMMCAaTh 3ePKaNbHBIMU QOPMYNTaMU, U eClid OXMH M30Mep Bpalua-
eT IUI0CKOCTD TONSIPUM3ALIMK BIEBO, TO BTOPO HOIKEH BPaluaTh BIIPABO.
[To 3HaKy BpauleHHS MOXHO OIPENeNUTh OMHOCUMEAbHYI0 KOHPUTY-
panuo crepeonsoMepoB. OgHaKo MexXny abcoawmiuol KOHGUTYpaLu-
eil, T.e. ICTUHHBIM DAaCMOJIOXKEHHEM TIPYIIII BOKPYT JAHHOI'O XHpalb-
HOTO LIEHTpa, ¥ 3HAKOM BpAlUEHMs NPSIMOTO COOTBETCTBUA HET. Om-
peOenuTh abCcoMIOTHYI0 KOHOUIYPALIMIO XUMUYECKUMHI METOIAMU, ECTH
HEe M3BecTHAa abCONMIOTHAas KOHGUIypauus XOTs OBl ONHOTO XUPaTb-
HOro peareHTa (a Tak ¥ ObUIO BHayale), HEBO3MOXHO. CrieKkrpaib-
HbIE METOABI MOTYT 1aTh MHGOPMALIMIO TONBKO 06 OTHOCHUTENBHOM KOH-
durypauuu. B HacTosiiee BpeMsi CyLIECTBYIOT JHIIb 1Ba METONA He3a-
BUCHMOTO oNpefesieHUss abCOMOTHON KOHMUTYpalliK: TEOPETUIECKUH
pacyeT U KcclefOBaHKE AaHOMANbHON AU pPaKIIUY peHTIeHOBCKUX J1y-
el Ha SOpaxX TSOKENbIX 3JIEMEHTOB.

Ho B xoHue XIX — Hagane XX B. 3THX METOOOB HE CYILIECTBOBA-
JIO, ¥ TI03TOMY XUMMKM TIpUIYMaiH CHedyIOoWUi BeIXo. Pelliniu mpo-
CTO B3SiTb B Ka4yecTBe CTAHIApTa KAKOe-HUOYAb OQHO cOenNMHEHUE U
MIPOU3BOJALHO MPUIIMCATbL EMY OOHY K3 BO3MOXHBIX a0CONMIOTHBIX KOH-
durypaunit. Bei6op naa Ha rMULEPUHOBLIN anbAeruy 110 TOU NpPHYU-
He, YTO OH CTPYKTYPHO CBSI3aH C caxapaMH, KOTOpble B TO BpeMs
uayyan OMmmwib Puinep. (+)-HM3oMepy Gbuta npunucaHa abconoTHAS
koHurypauus XXIII, u oH 601 0603HaYeH BykBoit D (dextrogyrus —
NpaBOBpALUAIOIUMK), @ COOTBETCTBYIOLIUA (—)-u3oMep XXIV — byk-
Boit L (laevogyrus — NeBoBpaluamowuii).

CHO CHO
HOCH{H OH HO H‘CHZOH
(XXII) (XXIV)
D-rnueprHOBBIR aJibaerun L-TynepriHOBLIN asibaerun
+a] —la]
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Kak Tonbko 6bU1 BbIOpaH CTaHAAPT, CTAJI0 BO3MOXHBLIM COOTHOCHTH C
HMM KOH}UIYPaLKHIO IpYTUX coeqWHeHHA. Harpumep, npy oKMcIeHUHN
¢ nomoltubio HgO (+)-rmuuepydHOBLIN anbaerdy Aaer (—)-riIHueprHo-
BYIO KMCHOTY. JlaHHas peakLdsl He 3aTparuBaeT acUMMETPUYEecKUH
aToM, MO3TOMY O4YeHb MaJIO BEPOSITHO, YTOOLI ero KOHMUIypauus H3-
MEHWIAch, X, CNeNOBATENbHO, (—)-TIMLEPUHOBAsT KUCIOTA OTHOCHUT-
cs1 K D-psny:

CHO COOH
HgO
W - = Wy
HOCH»"" HOCHs""
H OH H OH
{(+)-D-ruLeprIHOBBIN aJbIeru (-)- D-rmuueprHOBast KUCIOT

[MoaoOHBIM 06pa3oM MOXHO IMPOBECTH OTHeceHUe NPYTHX COoelMrHe-
HUH K TOH WIM WHOH KOHGHUIYPAUHH TTHLEPUHOBOIO albJeryaa, YTo
6BUT0 COENAHO TSI MHOTHX ThicsTd coeqrHeHui. K D- wnu L-psny 6s01u
OTHECEHBI Jaxe TaKHe COeNUMHeHUs, KOTOPble HEe HMEIOT aCUMMETpU-
YeCcKHX aTOMOB, HApuMep a/UIeHbl U qUGEHWIBL.

8.3.2. TPOEKIIHHU ®UIIEPA

U3z06pazuts HA GyMare MpoOCTPaHCTBEHHYIO GOPMYJTY CIOXHOIO
OpPraHMYecKoro COeIMHEHUS TOBOJBHO TpyaHo. [loaTomy B 1891T.
D.Puiuep NMpestoXUI NpencTaBAsATh [MPOCTPAHCTBEHHOE CTPOEHUE B
BUIE NMPOEKUUN, HA3BAHHBIX €T0 UMEHEM.

H st TOCTpOEHUS npoexyuonHbix gopmya Duuiepa TeTpasap MoBo-
DPa4yMBAIOT TaK, YTOOL! ABe CBSA3M, JieXKallle B FTOPU3OHTATLHON [J10C-
KOCTH, ObUIM HANpaBleHbl K HAGNIONaTeNIo, a IBe CBSA3U, Jiexallye
B BEPTUKAIBHOHK ITUIOCKOCTH, — OT Habiioaarens. DTO pacrooXeHHe
MepeHocdaT Ha bymary:

CHO

HOH,C OH

L-rnuLiepyiHOBBIA aIbIETHI,
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[TockoabKy Ha TeTpasgp MOXHO CMOTPETh C pa3HBIX CTOPOH, OJHAa
MOJeNb MOXET AaTh |2 BHellHe HeroXOoXHX dopmyn Puuiepa. Yrobsl
MOJYYUTh NpPABUIbHbIE PE3YJbTATHI, HEOBXOMUMO ITOMHHUTH, 4TO
dopmyasr Ouillepa BAAIOTCH MPOEKLUMSIMU HA TUIOCKOCTh, ¥ UX HYX-
HO paccMaTpUBAThL MHAadye, 4eM NMpOCTpaHCTBeHHbIE Moxend. [lostomy
BBOAUTCH psiit orpanuyenuit. GopMyiny Helb3ss BRIBOAWTH U3 TLIOCKOC-
TH YepTexa M Heab3s NoBopauuBaTh Ha 90°, xoTs mosopoTr Ha 180°
JOTIYCTUM:
CHO OH

H
HOCH2~}—0H = HO—-CHZOH % OHC H
H

CHO CH,OH

MoxHo npu PUKCHPOBAHHOM IIOJOXEHUM OJHOH I'PYIIIbI OCTAIbHBIE
TPX BpALIATH [0 YaCOBOM CTpENKe WM NPOTHB YACOBOM CTPEIKH. DTO
PaBHO3HAYHO BpAaIlleHHUIO G-CBA3U B MPOCTPAHCTBEHHBIX MOMEISIX:

CHO CHO CHO CHO

HOCHZ—‘—OH = OH+H = H+CH20H = H+CH20H
H OH

CH,0H OH

OnHako B3aMMHasi MepecTaHOBKA JIIOOBIX ABYX IDYII B MpPOEKLMSIX
@uirepa NPUBOAUT K MPEBPALIEHUIO 3HAHTUOMEPA B €ro 3epKaTbHOe
OTOOpaXEeHHUE.

CHO CHO CHO CHO
HO H H OH HO+CH20H HOCH2+ H
CH,OH CH,0H H OH
AN J
Y
L-rnaueprHOBLIA D-rmine prHOBBIN aNnbIerun
ATHIETU

[Ipoexkuun Puuiepa Heab3s NMPUMEHATh K MOJEKY/IaM, XUpaIb-
HOCTb KOTOPBIX CBSi32HA HE ¢ XUPAIbHBIM LHEHTPOM, 2 C APYTUMHU 3J1e-
MeHTaMM (OCBhIO, IUIOCKOCTBIO). B Takux ciydyasx HeoOXOQUMBI TpexX-
MepHble U300paKeHHUS.

8.3.3. CUCTEMA KAHA-UHI'OJIbJA-HPEJIOTA

Cuctrema Duiirepa B cBoe BpPeMs IIO3BOJIMIIA CO3JaTh JOTUYHYIO H
HEMTPOTHBOPEYHBYIO CTEPEOXUMUUECKYIO CUCTEMATUKY DOIbIIOr0 YKcha
MPUPOAHBIX COEIHHEHHUR, BEAYLMX CBOE ITPOMCXOXIEHHE OT AMHUHO-
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KHCHOT U caxapoB. OTHOCHTEIbHAS KOHQUIYpauusl S3HAHTUOMEPOB B
9TOH cUcTeMe OTIpeaesIsilach MyTeM XMMHYECKOW KOppesLurH, T.€. y-
TeM Tlepexofa OT JaHHOM MOJEKYIb! K D- WX L-TTULEPUHOBOMY alb-
JeTHAY 9epe3 MOCJeNoOBATEIbHOCTh XUMUYECKUX peakliuil, He 3aTpa-
TMBAOWMX acHMMMeTpHYeCcKWit aroMm yriepona. Bamecte ¢ TeMm, eciau
MOJIEKYJIa, KOHDUTIYypaLMIo KOTOpoH TpeboBaIOCh YCTAHOBUTD, IO CBO-
€l CTPYKTYpe O4YeHb CHJIBHO OTIHWYIACh OT IJIMLEPHHOBOTO AJIbAEIH-
[1a, CKOpPpeJIUpOBaTh ee KOHGUTrypaluio ¢ KOHPUTrypauued riivLepu-
HOBOI'O allbAeruIa XUMHYECKHM yTeM ObLIO OUYeHb 0OpEeMEHUTEILHO.
Kpome toro, orHeceHHe KoHduUrypauuu Kk D- win L-psoy He Beeraa
6bU10 onqHO3HayHO. HanpuMmep, D-TnHLepHHOBbBIM albaerun B IMpUH-
LUIIE MOXHO TIPEBpPATUTh B INIMLEPUHOBYIO KUCIOTY, 3aTeM QEeUCTBU-
eM JUa3oMeTaHa B METWIOBBbIM 2¢hup KM fajiee CEleKTUBHBIM OKHCe-
HUEM [epBUYHOR CMUPTOBOM GYHKUHUU U 3TepuduKaurei 11a303Ta-
HOM B METHIOBOSTWIOBLIH 3¢GHp rMApOKCUMAIOHOBOH KUCAOTBL (XXV).
Bce 3TH peakupy He 3aTparuBaloT XMPabHBIA LHEHTP, X TIO3TOMY MOX-
HO cKa3aTh, 4To auadpup XXV oTrHocutcs K D-psay.

COOH COOCH,;

H——OH —» H——OH > OH ——>

CH,OH CH,OH CH,OH
COOCH COOCH
3 CH;CHN, | 3
—>H > H——OH
COOH COOC,H;
(XXV)

CH,CHN, (O0GHs;g COOGHs

—— 'H—}-OH —>H—+OH —
CH,OH COOH
COOC,Hs
—> H——OH
COOCH; (XXVI)

Ecnu xe mepByio 3TepHOUKAUMIO TPOBOAMTL QHA303TAHOM, a
BTOPYIO — AWa30METAHOM, To Tonydyutcsi auadpup XXVI, koTtopslit
10 TOM Xe [MPUYMHE TakXe ciaedyeT oTHecTH K D-psimy. Ha camom xe
aene coenuHeHuss XXV U XXVI npenctaBisiioT coboil 3HAHTHOMEDSI,
T.e. OAUH OTHocHUTCH K [-, a apyroit — k L-psamy. TakuMm oGpasowm,
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OTHECEHME 3aBHUCUT OT TOIO, KAKYI0 M3 CHOXHO3(QUPHLIX TPYIT —
CO,Et mnu CO,Me — npusHaTh «IJIABHOMH».

VYkazaHHblE OrpaHHYeHHs (GUIEPOBCKOM CHCTEMBI, @ TAKXe TOT
¢axkT, yro B 1951 r. nosiBWICA PEHTreHOCTPYKTYPHBIA MEeTOX olpene-
JIECHUSI UCTUHHOTO DACIHOJIOKEHHS TPYIMI BOKPYT XHPAJIBLHOIO LIEHT-
pa, MpUBEJIN K co3gaHUio B 1966 r. HoBoM, Gonee CcTporoil ¥ Henpo-
TUBOpPEYMBOM CHCTEMBI OIMUCAHUS CTEPEOM3OMEPOB, M3BECTHON ITOA
HaszBaHueM R, S-Homenknatypsl Kana-Hnronbga—-IIpenora (KHIT),
WIH Apasua nociedoeamenviozo cmapuuxcmea. DTa CICTEMa B HACTO-
silllee BpeMsl MpakTH4decKH BbiTecHuna D, L-cuctemy Puinepa (rioc-
JIEHSIsSI, OMHAKO, BCE elle YIIoTpebisieTcs Il YIeBOJOB M aMHHO-
kucnor). B cucteMe KHUIT K 06blYHOMY XHMHYECKOMY HA3BaHHIO
NPUOGABJIAIOTCA CIeUHaNbHBIE NECKPUITOPBI R MMM S, cTporo U of-
HO3Ha4YHO ofpenensioue abconoTHyw KOHPUTYpauuio.

BoapMmeM coequHenne tMna Xabed, comepxailee OIMH acUMMeT-
prueckuil ueHTp X. UYro6nl yCTaHOBUTH €ro KOHMUIypaiuio, YeThipe
3aMecTUTeNsT ¥y aroMa X cliefyeT IIPOHYMEPOBATb M PACIONOXUATH B
pfAI B MOPSIIKE YMEHBIIIEHUs CTAapIIMHCTBA (CM. HUXKe), T.e. 1 >2>3>4.
3aMecTUTeN paccMaTpUBAIOTCS HAOMIOAaTeNeM CO CTOPOHBI, Haubo-
Jlee ymaJ€HHOM OT caMoro Miaglliero 3aMectuTeNls (0603HAYEHHOro
HoMmepoM 4). Ecnu npy 3TOM HamnpapieHHWE yObIBaHUS CTAPIIMHCTBA
11— 2 — 3 coBnagaer ¢ ABMXEeHHEM [0 YACOBOH CTpenKe, TO KOH-
durypanuo JaHHOrO aCHMMETPHUYECKOIo HEHTpa 0DO3HAYAIOT CUM-
BoJIoM R (oT nat. rectus — fnpaBblil), a eciad NPOTUB YaCOBOH cTpes-
KU — CHUMBOJIOM S (sinister — JeBbIi).

(D O @ D @
Ve Ve
e e <«— HaGmIoIATeNb e e
~

1O)
© 90 99

(R) ()

[IpuBeneM HecKOJILKO MpPABMJI NOCNIENOBATENBHOrO CTAPIIMHCTBA,
NOCTAaTOYHBIX [UISI pacCMOTpPEHUs [MOAABISIONIEr0 OONbIIMHCTBA XU-
PaJIBbHBIX COEOUHEHMIA.

1. [IpeanoyreHue Mo CTapIIMHCTBY OTHAETCS aTOMaM ¢ 60Jee Bbl-
COKMMM aTOMHBIMHU HoMepaMH. Ecniyi HoMepa OoqHHAaKOBB! (B ciyyae
H30TOMOB), TO 6oNIee CTAPIUUMU CYUTAETCH ATOM C HAUGONbIIEH aTOM-
HoM Maccoit. CaMblil MIaIIIMH «3aMECTUTENb» — HEMONEJIEHHAS 3IEKT-
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ponHas rnapa. TakuM obpa3oM, CTAPLUMHCTBO BO3pAcTaeT B PsIy: He-
rogenennas nmapa < H <« D <T<Li<cB<C<N<O<F<«Sic
<P< S < Cl < Br < [. Hanpumep:

OH 1

2. Ecnu ¢ acCMMMETPpHYECKMM aTOMOM HEIOCPENCTBEHHO CBSI3aHbI
IBa, TPY MJIH Bce YETHIpE ONWHAKOBBIX aTOMA, HODPSIOK YCTAHABIHU-
BaeTCSl MO aTOMaM BTOPOTO IIOSICA, KOTOPbHIE CBSI3aHBI YX€ HE C XH-
paJIbHBIM LEHTPOM, & C TEMH ATOMAaMM, KOTOpDEIE HMEJIH OJHUHAKO-
Boe cTapuiHcTBo. Hanpumep, B monekyne XXVII o mepBoMy atoMy
rpynn CH,OH u (CH;),CH ycraHOBUTb CTAaplIMHCTBO HE yHaeTcs,
onHako npennoyteHue otmaercs CH,OH, rak kak atoMHbBII HOMep
KucJiopona 6onelie, yem yrnepona. I'pynna CH,OH crapuie, HecmoTps
HA TO YTO B HEM C aTOMOM YIJIEpOJa CBS3aH JUIIb ONUH ATOM KHCIIO-
pona, a B rpynne CH(CH,), — aBa atoma yriepona. Ecnu u BTopble
aTOMBI B IPYIINe OOUHAKOBBI, IOPSA0K ONpesesAeTCsa 0 aTOMaM Tpe-
THEro nosca 4 T.1.:

0,

Br

H=—C_ @ (R)
~~CH,0H

(CH3)C2%{/

(XXVID

Ecnu ¥ Takas npouenypa He HpHBEia K MOCTPOCHHUIO OJXHO3HAYHOM
HepapxHH, ee [IPOINOJIXAIOT Ha Bce GoJjiee BO3PACTAIOUINX PACCTOSHH-
X OT LEHTPaJIbHOIO aTOMa, NMOKa, HAKOHEL, He BCTPETATCH pas/iu-
4Ks, ¥ BCE YETHIPE 3aMECTHTEIIA MOJIyYaT CBOE CTapUIMHCTBO. [IpH aTOM
noboe MpearnoyTeHue, NPHOGPETaeMoe TeM HJIM MHBIM 3aMeCTUTeNIeM
Ha OJHOW M3 CTaAMuii COrJIACOBAHUS CTAPUIHHCTBA, CYHUTAETCS
OKOHYATENBHBIM M HA MOCTEIYIOUIMX CTAIHUSIX MEpeoLeHKe He MMoLIe-
XUT. Ecu B MoNeKy/le BCTPEYAIOTCS TOYKH Pa3BETBICHHS, IPOLEAYPY
YCTAHOBJEHMUs CTAPHIMHCTBA ATOMOB CJedyeT MpPOJOJXAaTh BIOJb
MOJIEKYJIAPHOUK LieMU HauboNbIIero cTapiiMHeTBa. [Ipu aToM s Toro
WJIM HHOTO LEHTPATHHOIO aTOMA peilaollee 3HAYEHUE UMEET YKCIIO
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CBSI32HHbIX C HUM [IPpYTHUX 2TOMOB BBICLLIETO cTapliuMHcTea. HampuMep,
CCl; > CHCl, > CH,ClL.

3. QopMaIEHO MPUHKMAETCS, YTO BAIEHTHOCTh BCEX ATOMOB, KPO-
Me Boaopoxa, paBHa 4. Eciu UCTUHHAS BaICHTHOCTb aTOMa MEHbLIE
(Hanpumep, y KHCIOpOAa, a30Ta, Cepbl), TO CYUTAETCH, YTO Y ITOrO
atoMma uMeercst 4—n (roe n — HacTtosass BaJIEHTHOCTb) TaK Ha3bl-
BAEMBbIX QpaHmom-3amecmumeneli, KOTOPBIM [TPUITUCHIBACTCS HyNeBOH
[TOPSLIKOBBIA HOMED M OTBOOMTCS [TOCJAEJHEEe MECTO B IIEPEYHE 3aME-
cTuTe/eid. B COOTBETCTBUM € 3TUM IPYIINbL C ABOMHBIMHU ¥ TPOWHBIMHM
CBSI3SIMU MpEACTABISIIOT TAK, KAK ecliu Obl OHM ObUIM paCLUEHIeHbI
Ha OBE WJIM TPU MHpocThble cBs3um. Hampumep, npu NpeacTaBieHHUMH
nBorHo# cBg3M C=C KaXnblif aTOM paccMaTpUBaeTcsl KaK CBA3aH-
HBIA C OBYMS aTOMaMH yIjepola, Npu4YeM CUMTAETCs, YTO BTOPOM
M3 3THUX aTOMOB yriepoga uMeeT TpH (aHTOM-3aMecTHTe s B Kaue-
CTBe IIpuMepa paccMoTpuM npenctasieHud rpynn —CH=CH,, —-CHO,
—COOH, -C=CH u —C¢Hs. 9T npeacraBieHus BBINSIAT CIELYIO-
UM 006pa3oM:

rpymmna TIpe/iCTaB/IeH1e

'
—CH=—CH, —|C_C‘:_Cooo
Coo H
I
—CH=—0 —(|j—000—c(,00

OOOO
OH 0—H

—C=CH ——C—C—Cpy
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[TepBple aTOMBI BO BCEX 3TUX TIPYIIIIAX CBSI3aHBI COOTBETCTBEHHO €
(H,C, O), (H, 0, 0), (0, 0, 0), (C, C, C) u (C, C, C). D10t uH-
dopmauuu gocrarodHo, ytobel rpynny COOH nocraBuTh Ha IepBOM
mecte (camasg crapuwas), rpynny CHO — Ha BropoM, a rpynmy
CH=CH, — Ha nocnenHeM (TOM) MeCTe, [OCKONbKY HaTHYUE TPEX
oauMHakoBbix aroMoB 0 uiu C npeanoyTUTeNbHee HATHYHUS IBYX TAKHMX
aTOMOB, a HajuuMyue XOTHS Obi OJHOIO aToMa KHUCIopoAa MpesrnoyTH-
TeJbHee HATMYMS HaXe TpeX aToMOB yrnepona. YToOwl caenats BBIBOL
06 otHOcuTenbHOM crapuiuHeTBe rpynn C=CH n C¢Hs, HyXHO noiATH
panpie o penu. I'pynna C¢Hs uMmeeT nBa aroMa yrjiepoga THIIa
(C, C, C), cpazannsle ¢ (C, C, H) , a TpeTuit aTOM OTHOCHTCH K
tuny (0, 0, 0). Fpynra C=CH umeeT TOJABKO OAHY IpYIHUPOBKY
(C, C, H), "o ase rpynnupoBku (0, 0, 0). Cnegomatensno, CiHj;
crapiure, yeM C=CH, T.e. Mo nopsiaKy CTaplIMHCTBA MATH YKa3aHHBIX
rpynt 3aiMyT pstt COOH > CHO > C¢Hy > C=CH > CH=CH,.
CrapmMHCTBO HauboJiee 4acTO BCTPEYAIOIIMUXCS 3aMeCTUTeNeH
MOXHO OIpeae/JuTh Mo Tabs. 8.2, B KOTOPOH YCIOBHBIA HOMEp O3Ha-
4YaeT CTApIIMHCTBO.
Tabnuua 8.2

CrapmudcTBo HekoTopux rpynn no Kany — Haroasay — Ilpexory

Yenos- Yoios-

I'pynna HBLH Tpynna b1

HoMep HOMEp
1 2 3 4

Aswmwr, —CH,CH=CH, 10 mpem-BytokcukapboHW, 42

—COOC(CHj3)3

AwmuHo, ~NH, 43 Bunui, ~CH=CH, 15
Ammonuo, —NHj3" 44  Boagopoa, —H 1
Auetri, —COCH; 36 n-Texcun, —CgH\s 7
AuerrnamuHo, ~NHCOCH; 48  TI'mapoxcu, —OH 57
Auerokcu, ~OCOCH; 64 T'muko3wioxcu 62
Benswi, —CH,CgHss 13 Jumermnamuuo, —N(CHj3), 51
bensunokcu, —OCH,CgHs 60  2,4-IunuTtpoctheHnIT 34
Benzown, —COCgHj5 37  3,5-JIluHuTpOheHUT 28
Benzonnamuno, —~NHCOCgH 5 49  JustunamuHo, —N(CyHs), 52
Bexzownoxcu, —OCOC¢H 5 65  uso-byrwn, —CH,CH(CH3), 9
BeHzoniokcukapboOH WIAMHHO, 50  wszo-Ilentwn, —CH,CH,CH(CH3), 8
~NHCOOCH,CsHs uso-Tlponenun, —C(CH;)=CH, 20
Bpom, —Br 75  wuso-Ilponun, —CH(CH3), 14
emop-Bymun,—CH(CH;)CH,CH; 16 Hoa, —1 76
x#-Bytun, —CH,CH,CH,CH; 5 Kapbokcuwin, —COOH 38
mpem-Bytun, —C(CH3)3 19 2,6-Kcumun 31
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MMpoasoaxeHue Tatna.

8.2

! RIEN 3 4
3,5-Kewnun, 26  Tlponaprui, —CH,C=CH 12
Mepkanro, —SH 69 Cyanpo, —SO;H 73
Mertwn, —CH; 2 M-Tonun 25
MetwiamMuno, ~NHCH; 45  o-Tomun 30
Metuncynsdunmn, —SOCH; 71 n-Tonun + 23
Memuncynsdpunmioken, —OSOCH; 66 Tpumerunammonuo, —N(CH3); 53
Metuncyneponnn, —SO,CH; 72 Tputun, —C(CgHs)s 32
Memuncynsdonmnmoken, —OSO,CH; 67  ®enun, —CgHs 22
Metwrtio, ~SCH; 70 Penmnazo, —N=NCgHs 54
MeTokcu, —OCHj 58  dennnmamuno, ~NHC¢H; 47
Metoxcukap6onmun, —COOCH; 39  ®denokeu, —OCgH; 61
xeo-Tlentnn, —CH,C(CHs); 11 ®Popmwr, —CHO 35
Hutpo, —NO; 56  ®opmutoken, —OCHO 63
Hutposzo, —NO 55 &rop, -F 68
m-HurpodeHun 27  Xop, —Cl 74
o-HutpodeHnun 33 Huxuorexcun, —CgHy, 17
n-HurpodbeHnn 24 39tn, —CH,—CHj 3
TMentn, —CsHyy 6  Omnamuno, ~NHC,Hjs 46
Iponenyn, —CH=CHCH; 18  3BtuHun, —C=CH 21
Mponun, —CH,CH,CH;5 4  Droken, —OCH; 59
Tponmuun, —C=CCH; 29 BrokcmkapGonwn, —COOC,Hs 40

TIpaBuia nocienoBaTeNbHOIO CTAPIIMHCTBA ObUIH CHELIHAJIbHO 3a-
IyMaHbl TaK, 4TOOBl OKa3aTbCsi B MAKCHM@IbHO OJM3KOM COOTBET-
CTBMM C paHHed cucTemaTHkoit (Duinepa, Tak Kak MO CYaCTIHBOM
CIYy4aHOCTH 0Ka3a10Ch, 4YTO D-INUIIEPUHOBBIN albIerua UMeeT nei-
CTBMUTENBHO TY KOH(pUTIYPALIHIO, KOTOpAsi EMy IPOU3BOJIbHO 6bLIa IIpH-
nvcada BHayasie. B pesynbTate 601BHIMHCTBO D-1IEHTPOB H, YTO OYEHB
BaXHO, CaM IJIMIEPHHOBBIN anpaerun UMeloT (R)-KoHpUrypauMio, a
L-crepeon3oMepbl 0O6BIYHO NPUHALIEXKAT K (.S5)-psaay:

CHO /CHO
H——OH = H{C__(®
CH,0H OHCH20H
®
D -pan (R)-psan




OmoHMM u3 UCKTIOYEeHMI ABasieTcsi L-LIIMCTEUH, KOTOPLI INpHUHALIe-
XuT K (R)-psiny, Tak Kak cepa [0 [paBMJIaM CTapLIMHCTBA [Ipenro-
ytuTenbHee Kuciaopopa. B cucreme KMII reHeTnyeckoe pogcTBO Mex-
Iy MoJleKyJlaMu BO BHUMAaHWE He IMPHHUMAETCA. DTa CHCTeMa MOXET
IIPHUMEHATLCA TOJBKO K COEIMHEHMSIM ¢ U3BECTHOH abCOIOTHOM KOH-
¢urypaiumeit. Ecnu koHbuUrypaums HeM3BecTHa, TO COEAMHEHUE IPU-
XOAMTCS 0DsI3aTe/IbHO XapaKTepu30BaTh 3HAKOM €0 BpallleHHUSI.

[IpaBuna mocnegoBaTeLbHOIO CTAPHIMHCTBA PUMEHMMbI TaKXKe
H K OMUCAHUIO TEOMETPUYECKUX U3OMEDPOB Helpeae/bHbIX COeqUHE~
HHU. 3aMecTUTEeNM Y KaXAOoro KOHIla KPaTHOM CBSI3HM [IPU YCTAHOB-
JIEHUH CTAPUIMHCTBA JOJIXHBI pacCMaTpHBaThesl oTaenpHo. Ecnu 3a-
MeCTUTENH, UMeKInue Gojee BBHICOKOE CTAPIUMHCTBO, PAClIONOXe-
Hbl C OOHOH M TOW X€ CTOPOHBI ABOMHOH CBA3U, COEOUHEHHIO
NpUCBauBaloT Npedukc Z (0T HEMELKOTO Zusammen — BMecTe), a
€C/IM TIO pasHbie CTOPOHEI, To npedukc E (entgegen — HANPOTHUB).
(Z, F)-HoMeHknatypa aIKeHOB paccMaTpuBaiach B ri. 5 (4. 1). Huxe
IpuBeIeHbl MPUMEPHI OTHECEHHSA CTPYKTYP C MCIIOJb30BAHHEM
(Z, F)-o603HaYeHUH.

X=Y X=Y
e ~
@ © @ DO
(2 (B)
@ O
H CH
H\ /H @ N 3
=C CH /%) C\
cif  on =c.” "
Cl/ H@
®
(2)-6yTeH-2 2,(3E),4,5(E)-2-xn1oprekcanueH-2,4

\:/4
c@g\ E%H o @ \

3 CHZOH
/C=N®
H
C@HS O N_ /
Cl/ (2} \H
(£)-okcuM alerodeHoHa 5-xn10p-3 [2(F)-xtopBUHMI]

neHragueH-2(2)-4(Z)-on-1
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[TocnegHuik mpuUMep MOKA3BIBAET, YTO IIPEMMYIIECTBEHHOE TMPaBo
BKJIIOUEHMS] B [IABHYIO Lielb UMeET 3BeHo ¢ Z-KoHdurypauueit. O6o-
3HaueHust R, S MOryT ObITh IIpUMEHEHBI U st COefUHEHMH C aKCH-
ANTbHOH XHMpaIBbHOCTBIO. st OTHECEHMS! KOHDUIYpALMKU HU300paXKaloT
poeK1uilo HploMeHa Ha IUIOCKOCTh, MepleHAUKYIAPHYIO XHPATBHOMN
OCH, W Jaiee TIpUMEHSIIOT AOIMOJHUTENbHOE IPaBUIIO, COTJACHO KO-
TOPOMY 3aMECTUTENUM HAa KOHILE OCH, OAuMXaillleil x HabiogaTenio,
paccMaTpUBAlOTCS KakK UMEIoIHe 6ojiee BHICOKOE CTAPUIMHCTBO, YeM
3aMECTUTENIM HA JabHEM KOHLE ocH. Torma KoHpUrypalummo MoIeKy-
JIBI OMpEeAeNsoT HAMPaBIeHUEM 00X0Ja 3aMECTUTENEH 1O MM [IPOTUB
4aCOBOM CTPENKM B OOBIYHOM IIOpSIAKE YOBIBAHMSA CTAPLUMHCTBA OT
TIEpPBOr0 KO BTOPOMY U 3aTeM TpeTbeMy JuraHay. Huxe aTo npousiio-
cTpuMpoBaHo ans 1,3-amnenmukapboHoBoi u 2,2-Homaudedun-6,6-
OUK2apOOHOBOH KHCIOT:

HOOC I @ »
= HOOQOC
I COOH
(B)-psan (S)-pan

[Ipapuia nocnegoBaTeNbHOTO CTAPUIMHCTBA pa3paboTaHBl TAKXKE
JUIS [UIAHAPHO- U CIIMPAJIBbHO- XUPAJIBHBIX MOJIEKYII.

IIpu U306paxxeHUH COEJUHEHUN C ITOMOIIBIO QHUIIEPOBCKUX TIPO-
EKIIMA MOXHO JIerKO ollpefeiuTh KoHGUIypauuio 6e3 MOCTPOEHUSs
MPOCTPAaHCTBEHHBIX Mogened. PopMyny Hamo 3anucaTb TakK, YTOOBI
MJIAIIMA 3aMECTUTENb HAXOQUJICA BHU3Y; €CJIM [IPU 3TOM OCTaJbHBbIE
3aMEeCTUTEJM B [MOPSAKE YMEHBIIGHHS] CTapLIMHCTBA PaclioNaraiTcs
[0 YacoBOM CTpeJKe, coefMHeHue oTHocsT K (R)-psiny, a eciu Ipo-
THB YacoBOH CTpesiKu, TO K (S)-psany, HarpuMep:

OH OH
HOCH, CHO HOC CH,OH

H H
(R)-TuMUepUHOBBIA aTbIETUL (S) - THUEPUHOBBIN ATbAETUL

Ecnu Mnagwas rpyniia He HaXoJQUTCS BHU3Y, TO CJAeAyeT IIOMEHSTh €€
MECTAMM C HUXHEH rpynro#, HO ciaesyeT [OMHWTh, YTO MpPHU 3TOM
npoucxogMT obpaieHue KoHpurypauuu (cMm. 8.3.2).
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8.3.4. COEJUHEHHMA C HECKOJIbKMMH XHPAIBHBIMHA IEHTPAMH

Ecnu B MoneKyne UMeIoTCst B2 XHPAIbHBIX LEHTPa, TO, [IOCKOJIBKY
K&K JBI LLeHTP MOX eT MMeTs (R)- Wi (.S)-KoHGUrypaluio, BO3MOXHO
CYLIeCTBOBaHUeE 4YeTbipeX uzoMepoB — RR, SS, RS u SK:

U U U U
(RT——V (S)V—-T RT—V (S)yV——T
R)X—2Z  (HZ—7FX ($HZ——X (RX——Z

Y Y Y Y

(RR)- (55)- (RS)- (SR)-

[TockonbKy MoOJIEKY1a UMEET TOJNBKO OJHO 3€pPKAIBHOE OTOOpaXKeHUeE,
3HAaHTUOMEPOM coeguHeHUss (RR) MOXeT OBITh TOJNbKO udoMep (SS).
AHQJTOTMYHO APYTYIO MMAPY HAHTUOMEPOB 06pa3yioT U3oMepsl (RS) u
(SR). Ecnu MeHsieTes koHbUrypayuus JHIIb OJHOT0 ACHMMETPUYECKO-
I'o LeHTpa, TO TAKHE U30MEPH! HA3BIBAKOTCS duacmepeomepamu. [Aua-
CTEpeOMepPBhl — 3TO CTEPEOM3OMEPDI, HE SABMISIOIIUECH IHAHTUOMEpa-
Mu. Tak, nuactepeoMepHs! apsl (RR)/(RS), (RR)/(SR), (SS)/(RS) u
(SS)/(SR). U3omMepsl (RR) u (S5S), a Takxe (RS) 1 (SR), Oyaydyu sHaH-
TUOMEPAMU, JOJXKHBI UMETh OAMHAKOBBIE CBOMCTBA (33 MCKIIIOYEHU-
€M 3Haka BpaieHus1). OQHaKO CBOMCTBA JUACTEPEOMEpPOB HE MAEHTHY-
HBI: OHM MMEIOT pPa3HbIE TEMIIEpATYPhl [UTABJIEHUSI U KUIIEHUS], pacTBO-
PHUMOCTB, PEaKLMOHHYIO CITOCODHOCTb U CIEKTPATLHBIE CBOMcTBA. B
YACTHOCTH, OTMACTEPEOMEPHI UMEIOT PAlTMYHOE YAEIbHOE BpALICHHUE.
OIMH gHACTEPEOMED MOXET OBIThH XUpPIEH U BpalaTh [UIOCKOCTH I10-
JIIpU3aUMM CBETA, 4 APYrodl MOXET OBbITh axupajieH M He BpaIlaTh.

XoTs B obUIEM ciiy4ae P COYETAHMU ABYX XUPAIbHBIX 1IEHTPOB
obpa3yloTcsi 4eThIpe U30Mepa, COYETAHHE LIEHTPOB OOWHAKOBOIO XH-
MHYECKOro CTpOeHUs JaeT Nullb Tpu usomepa: (RR) u (SS), ABasO-
LMecs IHaHTHOMepaMu, U (RS), HaXomsimMicss B TUACTEPEOMEPHOM
oTHoWleHuH K obouM aHanTuoMepaM (RR) H (S5S). TUIHUYHBIM [pH-
MEpPOM SIBISAETCS BMHHAS KHUCIOTA, KOTOpasi UMEET TOJNBKO TPU H30-
Mepa: napy 3HaHTUOMEPOB U Me30-hopMy.

HOOQ\ H H_ COOH HOOQ\ _OH
C~=OH HO= C=H
() | CORR SR
/,C Q\ I,C
H/ “NcooH Hooc” \'H H '/ “cooH
HO OH HO

(S, S)-ButHas (R, R)-BUHHas (R, S)-BMHHas KUWIOTa
KHcoTa KUCIIoTa {Me30-BUHHASI KUCTOTA)
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me30-BruHHasi kuciaora siBnsietcs (R, S)-M30MEpPOM, KOTOpPBIM axupa-
JIEH, MOCKONBKY OOBbeIMHEHHE ABYX 3epKaIbHO-CUMMETPHYHBIX dpar-
MEHTOB NPUBOIHUT K IMOABIEHUIO MIOCKOCTH CUMMETPUU (G). Me30-
BuHHas Kuciora npeicTaBiasier coboi IPUMEP aXMpaIbHOIO COEIU-
HEHUSL Me30-KOHDUTYPALIMM, KOTOPOe [MOCTPOEHO M3 paBHOro Yucia
OJHMHAKOBBIX [0 CTPYKTYpe, HO Pa3HbIX [0 aOCOMIOTHONH KOHpUTrypa-
LIMM XUPAJIbHBIX JIeMEHTOB. Bece alUKIHYeCKUe Me30-CTPYKTYPhl HMe-
10T cuMMETpUIO Cg, T.€. aXHpaJbHBI.

Ecnu B MONeKyne MMEETCA N XHPaJbHBIX LIEHTPOB, MaKCUMAab-
HOE YMCJIO CTEPEOH3OMEPOB MOXHO paccydTaTh o dopmyine 2"
rpaBaa, UHOr4a 4YMUCIO M30MepoB OymeT MeHblle 6farogaps Haau-
qui0 mMe30-hopM. YUCIo XUpaNbHBIX LEHTPOB MOXET GBITh OYeHb BeE-
JIMKO, HaIpUMEp, B MOJIEKYJNax perylIsipHbIX noaumMepoB. OcoOblit
HHTepec NMPeAcTaBJsAIdT MOJIEKYIbl, B KOTOPBIX OJMHAKOBBIE 10 CTPO-
€HHUIO KOHIIEBbIE TPYIIIMPOBKH CBSI3aHBI MeXJy coboM 1erplo, co-
crosimed U3 onMHAKOBBIX (dparmMeHToB. [IpocTeitiiuM npuMepoM
ABJISOTCA 2,3,4-[IeHTaHTPUON U CXOAHbIEe MOJEKYAbl. ECH aTOMBI yr-
Jepofa B nosioxeHUsIX 2 ¥ 4 oba (R) wiu oba (5), To cpeaHuit aToM
yIIepoja HeaCUMMETPHYEH:

CH, CH, CH, CH,
(S) H—H—OH (§) H—H-OH (S) HH—OH (R) HO——H
H——OH HO—|-H HO—H H——OH
(R H—OH (R H—1-OH (S) HOH—H (R) H-——OH
CH;, CH, CH;, CH;
JIBe axHpaIbHbBIE JHACTEPEOMEPHBIE napa 3HAHTHOMEPOB

(arMepHBIe) Me30-(OPMbI

JIBa nuactepeoMepa, MMEOIIME PA3IUYHYI0 KOHGUIYPALIHIO TOJNBKO
[IpH OHOM XUPaJIbHOM LIEHTpE, HA3BbIBAIOTCS 3nuMepamu. DTIUMEPHbIe
Me30-hOpMBI B 1[EJ1OM aXHPajJdbHbl, TAK KAaK HMEIOT [1JOCKOCTh
CUMMETPHH, HO (POPMAIBHO LIEHTPAIbHBIA aTOM BCe K& aCUMMETpH-
YeCKHUil, [OCKOJBKY OH CBfI3aH C YETBIPbMS PA3HbIMHU IPYIIIAMU, H
MepecTaHOBKA JIIOOBIX [IBYX M3 HUX NOJKHA [PUBECTH K 06pa3oBaHUIO
apyroro crepeousomepa. /Uts Toro 4ToGBl BBIIENWTH dCUMMMETpHYEC-
KMe LIEHTPbl TAKOTO TUITA, UX HA3BIBAIOT UEHMPAMU NCeeioacumment-
puu. V3BeCTHBI TAKXE COSAMHEHHS C NCeedoXUPanrbHOl 0CbI0 U Nceedo-
XUPAALHOU NAOCKOCMbIO.

Jinsi HauMeHOBAaHUI CTEPEOH30OMEPOB MOJEKY, COMEPXKAIUX JBa
ACHMMMETPHYECKHX aTOMa YIepoa, 1Ba 3aMECTUTENS [IPU KaXIOM U3
KOTOPBIX OIHMHAKOBBI, @ TPEThH OTIUYAIOTCS, YACTO MCIONB3YIOT Mpe-
GUKCBl 3pumpo- U mpeo-IIPOU3BOAHbIE OT HAa3BaHHUII CAXapOB 3PHT-
po3bl U Tpeo3bl. DTH MpedUKChl XapAKTEPUIYIOT CUCTEMY B LIEJIOM, a
He KaXIbI XUPaATBHBINA LEHTP B oTAenbHOCTH. [Ipu nzobpaxkeHuu Ta-
KHX COeIMHEHUI c rnoMolubio npoekuuid Quulepa B nape spumpo-
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HM30MEpPOB ONMHAKOBBIE TIPYIIIbl pACIONaraloTcsi ¢ OJHOW CTOPOHBI,
u ecnu 6o pasHele rpynnsl (Cl v Br B npuBegeHHOM HUXe NpuUMe-
pe) ObUIM OAMHAKOBHI, MoJiyuusiack Obl Me3o-bopma. B nape mpeo-
HM30MEpPOB OAMHAKOBBIE IPYIIIbl PACIIONATAIOTCS C Pa3HbIX CTOPOH, U
eciau Obl pasHbIe IpYIIibl OBUIH OOMHAKOBBI, HOBAsl [1apa ocCTajlachk
Ob1 DHAHTUOMEPHOU [1apOu.

CH;, : CH; CH;, : CH;4
Cl—+—H I H—Cl Cl-—H | H—Cl
Br—H : H—Br H——Br : Br——H

CH; I CH,4 CH, i CH,

aspumpo- | apumpo- mpeo- | mpeo-
CH;, CH, CH,4
Cl+H Cl+H H—Cl
Cl—+H H—-Cl ClT_H
CH;, CH, CH;
Me30- DL-mapa

8.3.5. DHAHTHOMEPHBIE KOH®OPMALIMHN

IIpu BpawieHUMH BOKPYr IIPOCTHIX CBSA3EH B allMKIHYECKHX MOJE-
KYJIaX MOTYT BO3HMKHYTb KOHGOpPMAlMH, HAXOASINMECH B IHAHTHO-
MEepHbIX OTHOIUEHUSIX Apyr K Apyry. Hampumep, I Moiaekynbl 6yTa-
Ha MUHHUMyMaM M MaKCUMyMaM Ha KpUBOM 3aBHCHMOCTH CBOOOIZHOM
SHEPTHU OT BeJIMYMHBI ABYTPAHHOTO YIJIa MEXIY TUIOCKOCTAMH, B KO-
TOPBIX JIEXAT aTOMBI YT/IEPOAa, COOTBETCTBYIOT CleAYIOlHe [IecTh KOH-
dbopmanmii (rn. 4):

CH3™ ™\ CH; CH;,
(B) () (£)
H H H H H H
L CH; ap H o —
CH;, CH, CH,
CH; H H
(A4 ) e A
H
H T CH, H H
P +ac —ac
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CornacHo mpaBunaM IUPAC, xondopmauuu ciegyer Hasb(BaTh Tak:
A — cunnepuruiadapuas (sp); b u £ — cuHKJIMHanbHbBIE (s¢); B u J—
AHTUKJIMHANBHBIE (ac); I — aHTUIepHUIUIaHapHas (MepuIiaHapHas —
Jexalasi B OJHOM IUTOCKOCTH; KIMHAIBHBIH OT Iped. clino — THY).
HeioMmeHoBckue dopMmynst b, I 1 E COOTBETCTBYIOT OTHOCHMTENBLHO
YCTOMYUBBIM KOHDOpMaUKsM, T.e. KOHGopMepaM. MOXHO BULEThH, YTO
CHHKIMHanbHble KOHGopmepsl (b) u (E) snantuoMepHbl. YToOH
pas3nuyath UX, KoHbopMmepy (b) MpucBaAUBAIOT 3HAK «IUTIOC» (+SC), a
KoHdopmMepy (£) — 3HaK (—). AHATOTMYHO AHTHKJIMHAJIBHBIE 32CJO-
HeHHble KoHdopMmauuu (B) u (J) (comepxaHHe KOTOphIX B obpasie
OyTaHa MpakKTUYECKU PABHO HYJIO, TAK KAK OHU COOTBETCTBYIOT MaK-
CHMyMaM CBOGOIHOM 3HEpIUM) 0003HAYAIOT KaK +ac u —ac. Brlbop 3Haka
CBA3aH C TeM, 4To ckomeHHbli dparmedT CH;-C-C-CH; MoxHo
paccMarpuBaTh Kak 4acTth cidpaid. CorlacHo MpaBUiaM, IPABO3aKpy-
YeHHbIe (IOJOXUTENbHbIE) CIMpaNd YXOOST OT Habmonarens Mo
yacoBpoit crpenke (cM. KoHdopMauu b ¥ B), Torga Kak JNeBO3aKpy-
YeHHbIe (OTPULATENBHEBIE) CIIUPUIH YAUSIOTCS B HAMpaBIEHHH IIPO-
TUB YacOBOM CTPEJIKH.

B cnyyae OyraHa He BO3HUK2eT COMHEHMM, HA B3aUMHOM paclio-
JIOXEHHM KaKuX 3aMecTUTelell ocHOBaHO oBo3HayeHWe KoHdbopMa-
uuit: 3To CH;-rpynnel. B Gonee CAOXHBIX CyYasix PYKOBOACTBYIOTCS
CAedyIOlMMU paBUAAMHU: 1) eclnu Bce 3aMECTUTENU pa3HbIe, BBIOM-
paloT ABa U3 HUX (IO OGHOMY Yy KaX/IOro M3 LEHTPATBHBIX aTOMOB
HBIOMEHOBCKOM [IPOEKIIMH )}, CTAPLIMX [10 TIPaBUIY TIOCAeIOBATENBHO-
CTH; 2) €CIH OQMH WM 002 LIEHTPAIbHBIX aTOMa OTHOCATCS K THITY
A,BC, 10 B KadecTBe OMOPHOIO BBIOMPAIOT «YHHKAIBHBI» 32MECTH-
TeNlb, B JaHHOM cily4yae B, KOTOpBI MMeeTcsl B €JUMHCTBEHHOM 4YuC-
Jie. B cCOOTBETCTBHM C 3TUMM TIPABWIAMM [IPHBEACHHYIO HIKE KOHDU-
rypauuio 2,2,3-rpuxjiopbyTaHa cieayeT o603HAYUTh Kak +sc. OTMe-
THM, YTO 3TO 0DO3HAYEHMUE HE 3aBUCHUT OT TOrO, KaK [pPOelMpOBaTh
3TAHOBBIA GparMeHT Ha MIOCKOCTh: co cTopoHsl rpynmnel CCl, nunu
co croponbl rpynnsl CHCI:

CH3 \ CH3
H a a a
cl a o H a
CH, CH; </
+sc +sc

BepHeMcss BHOBb K pacCMOTPEHHUIO BUHHBIX KUCIOT. B pactrope
MOJIEKYJIBI OITTUYECKH AKTUBHBIX (+)- U (—)-BUHHBIX KUCIOT MOIYT Ha-
XOOMUTHCS B pa3Hbix KOHGOpPMALUAX, IIPUYEM BCe 3TU KOH(POPMALIUU
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xupaabHbl. CogepxaHue Joboro u3 KoHpopMepoB B obpasyrouleiics
PaBHOBECHOW CMecH OllpedensieTcs cBoDOIHON SHEprueil 3Toro KOH-
¢opMepa, KoTopasi 3aBUCUT OT FEOMETPHYECKHUX [1apaMeTPOB HAHHOIO
KoH(opMepa, HO He 3aBUCHUT OT ero XxupaisHocTd. CienoBarefbHO, NI0-
6oMy U3 KOHGpOPMEPOB, CYLIECTBYIOLIHX B pacTBope (R, R)-BUHHON KHC-
JIOTHI, O0s3aTeNIbHO JOJDKEH COOTBETCTBOBATH AHANOTMYHBIA KOHGOD-
Mep IPOTHBOIIONOXHOM KOHGHUIYpalMK B pactBope (5,5)-BHHHOM KUC-
noTel. CooTrBeTcTBYWOIIME (5,S5)-KoHndopMep MpencTapasieT cobou
3epkanbHOe oTobpaxeHue (R,R)-koHdopMmepa U UMEET TOYHO TaKYIO
Ke BeJHYuHY cBobomHoM aHepruu, Kak (R,R)-xkoHdopMep. Takum
06pa3zoM, KOH(GOPMAILIMOHHBIH COCT2B 3HAHTMOMEPHBIX COEIMHEHHMN
NONXEeH OBbITh ONMHAKOBBIM:

COZH | COZH | CO.H
C02H HOC H
H | H | OH
COZH COZH i OH
(S,9); bsc | (RR); — (S,S); —sc (R,R); +sc
COH CO,H
HO,C OH | HO COH
I
HO H | H OH
H ! H
(S,5); ap (R,R); ap

Me30-BUHHAas KHCJIOTa CYLIECTBYET B DPACTBOPE B BHIE CMECH axu-
PATBHBIX KOHGOPMAaUMit CUMMETPHH S, (= ) M IBYX XUpAIbHBIX aCUM-
MeTpUYeCKHUX KoHpopMauuil, 061aJaloMX COOTBETCTBEHHO (+)- M
(-)-COMpabHOCTBIO 3TAHOBOrO ¢hparMeHTa. I[1OCKONBKY XHpPalbHEIE
KoH(pOpMEPEL 3HAHTUOMEPHBI, OHU O0NAagaloT OOUMHAKOBOH cBObGOg-
HOU 3HEPrueil U I[MO3TOMY IPUCYTCTBYIOT B PABHBIX COOTHOLIEHMSIX,
T.e. XHpalbHble KOH)OPMAIUK COCTABIASIOT PALEMUYECKYIO CMECH.
CnepgopatenbHo, oOpasell, comepXKalluid MHOro MOJeKyN Me30-BUH-
HOUM KHCJOTHI, B JI0O0OK MOMEHT BpeMEHHU OYAET axHpalieH:

COOH COOH | COOH
H OH HOOC H | H COOH
|
HO H HO H | OH
|
COOH \-oH ! OH
(R,S); ap; (S2=1) +sc ~sc
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[TogoGHble paccyXAeHUs1 TPUMEHUMBI K NI060# KOHGOpMAIMOH-
HO-TTOABMXKHOH cucTeMe. UToOb1 YCTAHOBUTH, OyIET JIM TaKash CUCTe-
Ma XMPAIbHON WM axupalbHON, HeoOXOAUMO BBIABUTDH IJIA JAHHOM
MOJIEKYJNIBI TaK Ha3bIBA€MYIO0 CTATUCTHYECKYI0O CHMMETDHIO, T.e. Haii-
T KOHMOPMAIIMIO, KOTOpasl HE3aBUCUMO OT €€ OTHOCMTENBHOI yC-
TOMYMBOCTH UMEET HaMBBICHIYIO CUMMETPHIO. [l Me30-BUHHOM Kuc-
JIOTBI €10 OYAET sp-KOHMOpMAILIUS, ISl LIMKIOreKcaHa — [MOJIHOCTBIO
34ac/IOHEHHas [UIocKasd rekcaroHaibHas KondopManusa Cg, U T.I.:

COOH COOH Cen
COOR
COOH
HO
H OH HO H

A |

HO H sp C
6h

Cs (S, =0)

Kondopmanuu BbICiIE CHMMETPHHM B 3THX CIyYasiX axupajlbHBI, Cle-
JIOBaTeNbHO, 0Opa3lbl Me30-BUHHONM KMCIIOTHI M LHKIOTeKcaKa 6yayr
axupaibHbIMU. Jna D- i L-BUHHBIX KHMCJIOT aXHpaJbHBIX KOHpoOp-
Mauuii BooOle HET, T.e. M OTAeNIbHble MOJIEKYIbl, H 006pa3libl, coaep-
XalMe MHOTO MoJseKyn, OyayT obnagaTth XMpalbHBIMH CBOMCTBAMU B
1060 MOMEHT BpPEMEHU.

8.4. METOJBI OIIPEJEIEHUSA KOHO®UTYPAIIUHA

8.4.1. ONIPEJEJEHHUE ABCONIIOTHON KOHO®UIYPAIIUH

st onpeneneHust abCoNOTHONU KOHGHUIYpallMy TPUMEHSIIOTCS 1Ba
METOJa: 9KCIEPUMEHTANTbHOE HCCAEIOBAHUE aHOMATbHOR NU(paKIUU
PEHTTEHOBCKMX JIy4Yeil Ha siIpax TSLKENBbIX aTOMOB U TEOpDETHYECKUH
pacyeT BeMTHYMHBI OINTHYECKOTO BpAlLCHUS.

8.4.1.a. IUDPAKIIUA PEHTTEHOBCKUX JIYYEH

Brnarogaps ToMy YTo peHTIeHOBCKME JYYU MPHU IIPOXOXAEHUH Ye-
pe3 KpUCTALNBl AT AUDPAKIMOHHYIO KApTUHY, METOA PEHTIEHO-
crpykrypHoro aHanu3a (PCA) mIMpOKO HCHONB3yeTcs JUISL YCTAHOB-
JIEHHSI CTPOEHHUs XHUMUYECKHX coelnHeHu. Korma mudpakuus rpo-
HMCXOJHMT Ha 3JMeKTpOHHBIX obonoukax jerkux atomoB (C, H, N, O,
F, Cl), xapaktep HabnwoxaeMoit UHTepHEPEHIIMOHHOK KApTUHBI OIll-
penensieTcst TONbKO HAUTHYUEM CaMUX siep, HO He UX MPUPOJOH. DTO
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OOBSICHAETCH TeM, YTO JIETKME aTOMbl JIMIIL PAacCEeUBAIOT PEHTIEHO-
BCKHME JIy4YM, HO HE TIOINIOMIAIOT UX, M [I03TOMY B XOH€ BKCIIEpMMEH-
Ta He [IPOMCXOIUT U3MeHeHHUs da3bl pacCesIHHOTO UAMYYEHMS.

Tsxenble aTOMBI He TOJNBKO pacCeHBAIOT, HO U [IOTMOLIAIOT PEH-
TreHOBCKME JIydl B OMNpeleeHHBIX 06JacTsIX KPHUBOM MMOIJOIICHHUS.
Ecau pnuHa BOJHBI [Mafaiolero U3AydeHHMs cOBHamaeT ¢ HaYaTbHbIM
CABOMOrMOAIOIIMM YYaCTKOM 2TOM KPHBOH, TO HabltomaeTcss He
TOJNBKO OOBbIYHAA AHGPAKIUS, HO TAKXE U HEKOTOPBIA CABMT Iio ¢ase
paccessHHOTO M3JIydeHHs], OOYCIOBICHHBIA TeM, 4YTO 4acTh ero Io-
rIoIAeTcsA. DTO ABIEHHE HA3bIBAETCS GHOMAIbHBIM PACCEsHUEM DEHT-
reHOBCKHUX nydeit. [Ipy Hanuyuu nuiub nerkux atomMmoB PCA nosBonsi-
€T OTPEeNeNUTh MEXDBANEPHBIE PACCTOSHUA MEXIY CBA3AHHBIMM M HE-
CBSI3aHHBIMM aTOMAaMH H Ha MX OCHOBE CHEJATh BBHIBOALI O CTPOCHHM
JAHHOH MOJIEKYJbl U HAIWYMHM B HEll XMPAJIbHBIX 3JIeMEHTOB. B 3ToM
cllyyae paszIMyuTh 3HAHTHOMEpPHI Helb3A. OgHAKO MpH HATUYMUH TSLKE-
JIBIX aTOMOB XapaKTep aHOMAJIBHOrO paccestHUsA 3aBUCHT He TONLKO OT
DACCTOSTHUST MeXIY aToMaMM, HO H OT MX OTHOCHTEJNLHOTIO pacliojo-
KEHUS B [IPOCTPAHCTBE. SBIeHHE aHOMaIbHOM ANdPAKIIMH PEHTTEHO-
BCKHX JIy4eil [103BOJSET HENOCPEACTBEHHO OIPENeSHTh abCOMIOTHBIE
KOH(MUTYpalluu MOJIEKYJ, COMEPXAIIMX TSKeJble aTOMBI, a TaKXe
MOJIEKYJl, B KOTOpbIE TsDKEJble aTOMbI MOTYT ObITh BBeJEHBI B Kaye-
CTBE CIEUHATBHBIX METOK.

BriepBble Takoit aHanu3 66Ul rpoBefaeH B 1951 r. BeitdytoM, Ko-
TOpPBIA H& OCHOBAHHUM TOTO, YTO Ky-HMITYyYeHHE ITMPKOHHUS COBIAJaeT
C HAYyaJIOM [10JIOCHI IIOTIOIIEeHUs pyounus, a Ly-uanyyeHue ypaHa —
C HAYaJIoM [10JI0CHI [OTJIOLIEHUA BpoMa, BIiepBble YCTAHOBII a6Co-
JIIOTHYIO KOHpHUrypauuio (+)-HaTpuipyouauitaptpara (XXVII) u
runpobpomuna (-)-usoneiuda (XXIX):

COORDb COOH
1<) ®
HO——H Br H;N——H
H——OH H;,C——H
COONa CHs
(XXVILI) (XXIX)

[Tocne ycraHoBAE€HHS abCONIOTHOM KOHMHUTYpauuH COegUHEHUS
XXVIII BBISICHUIOCH, YTO paHee MPOMU3BOJILHO BHIGPAaHHAS KOHbU-
rypauus (+)-rJIMIEPUHOBOTO anbaerdaa (cM. c. 34), Kak 3TO HU YIH-
BHTEJBHO, YrajaHa NpaBHIBHO.

B Hacrosuuee Bpems ¢ nomoiubio PCA onpeseneHa abconoTHasA
KOHOMUIYpaLIUs] HECKONIBKUX COTEH coeauHeHUH. CneayeT cKa3aThb, 4TO
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AHAJIKU3 AaHOMAIBHBIX TU(QPAKIIMOHHBIX KaPTUH BPYUYHYIO Ype3BhIYaii-
HO TpymoeMKui mpouecc. OIHAKO ¢ [OMOIIBIO COBPEMEHHBIX aBTO-
MaTUYeCKMX OUQPPaKTOMETPOB, CHAOXEHHbIX DBM, Ha 3TO yXO4uT
BCEro HECKOJIBKO JHEMU.

8.4.1.6. TEOPETUYECKWU PACYET ONITUYECKOI'O BPAILEHUS

B 1952 r. O6b11 0ny6IMKOBaH KBAHTOBO-XUMHUYECKUIA PACYET OITH-
YEeCKOI'0 BpaileHHs HAHTHOMEDOB HA IlpuMepe mpawc-2,3-310-
keubyraHa (XXX). KoHdurypanust 3Toro 3roKCHIa MOXeT 6bITh CKOP-
penupoBaHa ¢ KoHdurypauuei BHHHON KUCIOTHI M Jajlee C IIHIEe-
PHHOBBIM anbaerugoM. [Ipu 3ToM CHOBa OOHApYXWIOCH, YTO paHee
MpOU3BOJBHO BhIOpaHHas crepeodopMyna D-rIULEPHHOBOIO albae-
I'MAa COBEPIIEHHO ITPABU/BHA, U HET HEOOXOAUMOCTU U3MEHSTH [PU-
HSTOE B JIMTEPATYPE B TEYEHUE MHOIMX JIET U30OpaAKEHUE 3TOH KOH-

durypauuu:
H CH,4

H,C H
0

(XXX)

8.4.2. ONIPEIEJEHHUE OTHOCHUTEIbHON KOHOUTYPAITUH

Ilpu ornpeneneHH OTHOCHUTENBHOH KOHGUIypanud COeIUMHEHUE
C HEM3BECTHOM KOHGUIYpalIMEH COOTHOCAT C APYTMM COCOMHEHUEM,
KOH(MHUIypalMsl KOTOPOTO YXe H3BecTHA. PaccMOTpHM Haubonee BaxX-
Hble U3 3TUX METOJOB.

8.4.2.a. XUMHWYECKAS KOPPEIALIUA

XUMHMYECKUE METOMBI, KOTOPBIE MOIYT OBITH HCIIONB30BaHBI IS
YCTaHOBJIEHUSI OTHOCHUTENbHBIX KOHbUrypauuii, oueHb pa3zHoobpas-
HBl M HACTOJBKO TCCHO MEPEIUIETEHEl C OOUIMM MAaTEPUATIOM OpraHu-
YeCKOH XUMHU, YTO BCTPEYAIOTCS [IPAKTUYCCKU BO BCEX IT1aBaX 3TOH
KHKIH, MOCBSILIEHHBIX PACCMOTPEHUIO OTAENBHBIX KJIACCOB OpraHU-
YeCcKHX coeguHeHunH. [ToaToMy 31eCh MBl pACCMOTPHM Ha HECKOJNBKHUX
MpHUMEpPax JUiIb OCHOBHBIE IIPUHLMIIBI UX [IPUMEHEHMUS.

ITepBas rpyrnmna METOHOB CBSi3aHa C IpeBpalllEeHHEM COEIMHEHMUS
¢ HeU3BeCTHOM KoHduUrypanueil B coenMHeHHe ¢ M3BeCTHONH KOHpH-
rypauueit WM o6pa3oBaHUEM HEM3BECTHON KOHGMUTYpAIMH U3 U3BECT-
Hoil 6e3 HapylIEeHUS XUPATbHOTO 3JIEMEHTA, HANPUMED XHUPAILHOIO
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ueHTpa. [TockolibKy B XOne IpeBpauieHUsl XMpAIbHbIH LIEHTP He 3a-
TparuBaeTcs, OYEBMAHO, YTO [POAYKT JOJXKEH UMETh Ty Xe KOHGH-
TypalLuio, YTO U UCXOJHOE COeNUHEHHE.

[Ipu 3TOM BOBce He 0BS3aTE/IbHO, YTO €CJIM HEU3BECTHOE COeqU-
HeHue oTHocuTca K (R)-psny, TO ¥ u3BecTHoe OymeT MMeThb (R)-KOH-
¢urypammio. Hanmpumep, npu BocctaHoBaeHuH (R)-1-6pom-2-6yra-
HOMAa B 2-6yTaHOJ, HE 3aTParMBalOLIEM XUPAIBHBIA LIEHTP, MPOAYK-
ToM 6yaeT (5)-u30Mep, HECMOTPSI HA TO 4YTO €ro KoHdurypauus He
M3MeHWIack. DTo cBsi3aHO ¢ TeM, yTo rpynna CH,CH,, no ompene-
nenuio (cM. 8.3.3), muanue rpymnsl BrCH,, Ho crapure rpyniner CHy:

OH OH

CH;CH, CH,Br ——— CH;CH, CH;
H H
(R) (5

OpHHMM U3 MHOTHX IIPUMEDOB XMMHUYECKON KODDEISIIIMU SBISIET-
CSl YCTAHOBJIEHUE OTHOCUTENbHOM KOHbUrypauuu D-ranakTo3bl
(XXXI) myreM ee okuciaeHUsA. [TOCKOABKY 3TOT MpPoONEcc MPUBOAUT K
00pa3oBaHMIO ONTHUYECKM HEAKTHBHON AUKapOOHOBOM KUCIOTHI, OT-
HOCUTENbHAS KOHDHUIYpalUs ee YEThIPEeX XUPAIbHBIX LIEHTPOB MOXET
cooTBeTCTBOBaTh WiH cTpykType XXXII, wi crpykrype XXXIII. Ho
aukapboHoBas kucnota (XXXIV), monydyeHHas W3 rajakTo3bl [TyTEM
OKHCIIUTEIBHOIO OTUWIEIUIEHUSA AIbAETHIHOIO aToMa yrjiepoaa, ONTU-
YeCKU akKTUBHA. ClnemoBaTenbHo, D-raiakTo3a MMeeT OTHOCUTEIBHYIO
KOHGUT'ypallnio, MoKazaHHylo dopmyaoin XXXI:

CHO COOH COOH COOH
H——OH H——OH H———OH HO——H
HO———H HO——H H——OH HO——H
HO——H HO——H H——OH H—F—OH
H———O0OH H—F—O0H H———OH COOH
CH,0H COOH COOH
(XXXI) (XXXII) (XXXIII) (XXXIV)

AHaJJorM4YHble MMpeBpalleHusi ¢ L-rajlakTo30i 30T TAKHUE X pe3ysib-
TATHI, 32 UCKJIIOYEHHEM ITPOTUBOIIONIOXHOIO 3HAKA ONTUYECKOTO Bpa-
weHus. CnegoBaTepHO, NOZOOHBIM IMYTEM MOXHO BBISICHUTH JHUIUb
OTHOCHUTEJbHYIO KOHGUIYpaIrUio HCCienyeMbIX MoJeKya (B JaHHOM
crygae XXXI u XXXII), Ho He ux abcoMOTHBIE KOHGUTYPAIIMU.
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Huxe npuseseH npumep KOHGUTYPALMOHHOM KOPPEISIMU (+)-BHH-
HOM KHMCIOTHI € (+)-(R)-TIMUEPHUHOBLIM AIbJETHIOM Ha OCHOBE Iipe-
BpallEHUN, He 3aTparMBaloUIMX aCUMMETPHYECKUI LIEHTD:

COOH COOCH,; OO0CH,

—t— H——OA H OAc
H——OH ° socy, ) Zn
HO——H —+»—» HO—/—H ——» HCl1 —H+—>
COOH COOCH;, COOCH;,

(+)-BHHHas KUCIOTA

00C ocC 0
B Nu H5 NaoBr OOH HNO,
—» H OH —» H OH —> H OH —»

CH,NH,
COOCH3 CONH2
OOH L1 HO
—> H——OH <—— H——OH
CH,OH " CH,O0H

(R)-(+)-IJIMLEPUHOBbIN ATbAETHI

Bropasi rpynrma MeToJ0B XMMUYECKOU KOppeIsAllMH OCHOBaHA Ha
NPEBpPALICHUHN [PH XHPAIbHOM 1IEHTPE, MEXAaHHU3M KOTOpPOrO TOYHO
M3BeCTeH. Tak, peakiuu Sy2 npoucxodsar ¢ obpaiieHueM (MHBEpCU-
eif) KoHburypauy peakuMOHHOTO 1eHTpa (cM. rn.9). C noMolIbko rmoc-
JIENOBATENBHOCTM TAKUX peakuUuii KoHdHUrypauus (+)-MOIOYHONU KHUC-
JIoTsl 6pL1a CKOppeJHpoBaHa ¢ KoHdurypauuei (.S)-(+)-asaHuHa:

COOH COOH COOH COOH
NaOH NaNO, BOCCTa-
HO——H <—— H—1—Br —"N;, H — H,N——H
S 2 S 2 HORBRICHHEC
CH, N CH, N CH, CH,
(8)-(+)- (R)- (5)- (8)-(+)-
MOJIOYHasAa ATaHUH

KHCI0Ta

CrenyeT Mog4epKHYTh, YTO [MOHSATUE «OOpalLiEHUE» UJIU «COXpAHE-
HUE» KOHOGUIypauuMd [IPUMEHMMO M K aXUpalbHBIM DPEAKLUMOHHBIM
LIEHTPaM U CIYXHUT ISl YKa3aHUS KOHKPETHOIO MEXaHU3MA PEaKIIUH.
OpHako Korga pedb UIET 06 abCOMIOTHBIX KOHPUIYPAUUAX XHPATBHBIX
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peakUMOHHBIX LEHTPOB (KOTOPbie ONpedeasioTcs [IpaBMJaMHU I10C-
JIeJOBaTeNbHOrO CTAPLIMHCTBA B paMKax R,S-HOMEHKIATypbl), [IpU-
BJIEKATh [TOHATHE «oOpallleHUe» UU «COXpaHeHHe» KOHdUrypauuun
HET CMBICJA, TaK KaK Ta HJIM MHas KOHQUIypaiUusa ollpenesnsieTcs
TOJIBKO CTAPLWIMHCTBOM 3aMECTUTENEed, U U3MEHEHUE CTApUIMHCTBA
B pe3yJibTaTe 3aMelleHUs] OOHOM W3 IpyMIl He 06s13aTeNbHO COBIIa-
JAeT C peallbHOHN [POCTPAHCTBEHHOU OpUEHTALUMEN €ro BCTYIUJIEHUSA
B MOJIEKYJY, HANpUMEp:

C;H; C;Hy
CH,S0,—0—< LiAID, _>—D
e "C,H, o6 > H,Cs
CH, Koff(ﬁe‘me H,C
rypauuu
(8)- (8)-

K TpeTbeit rpymre oTHocsATCS GUOXUMHYECKKEe MeToabl. B psmy on-
HOTIO KJlacca COeJHMHEHMH, HAIPUMEpP aMUHOKHMCIOT, OHpeacIeHHbIA
¢depMEHT aTaKkyeT MOJEKYIBI TONbKO ogHOM KoHMHTrypauuu. Ecnu Ka-
KOH-TO ¢epMeHT, CKaXeM, aTaKkyeT TOJBKO (S)-aMHMHOKHUCIOTBHI, HE
tporas (R)-dbopMy, H 3TO IKCIEPUMEHTAIBHO YCTAHOBIEHO HA DsIe
MPUMEPOB, TO elle OfHA AMHHOKHCIOTA, [ogBepramiascsa JeHCTBUIO
Toro Xe dbepMeHTa, JOKHA ITPUHAMIEXATD K (S)-psany.

8.4.2.6. YCTAHOBJIEHUE OTHOCHUTEJLHOW KOHOUTYPAIITUU
C [TIOMOUIbIO PUINYECKUX METOOOB

B npuHnune mna nonydeHuss MHGOpMALIMH 06 OTHOCUTENBbHOH
KOHGbUTYpalM MOJEKYA HPUMIofAeH IIPaKTHYeCKH 060 dusudec-
KW MeToM, MpUMEHSIEMBIN B opraHudeckoi xuMuu. OgHako Haubo-
Jiee WIMPOKO MCIOAB3IYIOT XuponTtuyeckue Metonbl (JIOB u KI; cM.
8.2.1) u cnekrpockomnuio JAMP.

[MpocTeiinit NyTh UCIIONB30BAHUS XMPOIITUIECKHUX METOHOB [UISI
YCTAHOBIEHHUsI KOHDUIypauuu 3aKII04YaeTCs B CPABHEHMH [1ApaMET-
poB JJOB u KJI B cepusix moxoXux coequHeHuii. B kauectse wiutiocT-
paliMy MIPHUBENEM MPUMED ONpPENeNEeHUS OTHOCUTENbHBIX KOHGUIypa-
uuit coequnenuit XXXV u XXXVI. BkcriepUMEHT [OKasaia, 4To 3Ha-
K1 adbdexra KoTToHa A1s1 3TUX ABYX cOefMHEHUH [IPOTHBOMONOXHBI,
Ho (popMa ¥ HHTEHCUBHOCTh CIIEKTPAIbHBIX KPUBLIX ONMHAKOBBIL. JIpy-
ruMu ciroBamu, Kpuebie JJOB u K]I 3epxajibHO-CUMMETPUYHBI, U, Cle-
noBaTesibHO, coeguHeHus XXXV u XXXVI MoXHO paccMaTpUBaTh Kak
K6a31-3HaHTUOMEPbl B XMUPOINTUYECKOM {HO HE B MCTUHHO CTPYKTYp-
HOM) CMBIC/IE TEPMHHA:
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B oo B (XXXVI)

(BbUIENEHB] CTPYKTYPHO MOXO0XUeE (PparMeHTsl)

B npuBeaenHoM npuMepe Y @-noriaoiueHue o6yciaoBieHo Kap6o-
HWIBHBIM XxpoModopoM, KoTopslil axupaneH. TeM He MeHee Halu4due
XUPAIBHOTO OKPYXXEHHS OKa3bIBaeT BO3MYIIIAIOIEE JEMCTBUE HA 3JIEKT-
pPOHHBIN nepexod rpynrbl C=0, o3BoJisIsI YCTAHOBUTH OTHOCHTE/b-
Hble KOHUTYpaluu.

IIpu onpegeneHMU OTHOCUTENBHBIX KOHGUTYpauui MeTogqoM SIMP
OOBIYHO MCIIONB3YIOT XMMHUYECKUE CABUTUM MU KOHCTAHTBHI CITHH-CIIM-
HOBOro BiaauMofdeucTBus. Tak, Hanpumep, B 1,3-gutuane (XXXVII)
3KBATOPUATLHEBIE ATOMBI BOOOPOJA B IMOJOXEHUHU 2 UMEIOT 3HAYMTENb-
HO 0osiee BBHICOKHMH XMMUYECKHIH COBMUTI, YyeM B aKCHAJIBHOM MOJIOXE-
HUM, HA OCHOBAHUU YEro JIErKO OlpefeNuTh KOHGHUTYpaLHIO 2-3aMe-
LIEeHHBIX JUTHAHOB:

Ho ~ 332 m1)
H (XXXVII)
S € \(4,07 M.O.)
S

- *
KoHcTaHTBI CIMH-CITMHOBOTO B3auMoaeHcTBUA (J) suyuHaibublx IIpo-
TOHOB B 3TAHOBOM ¢parMeHTe KOPPEIUPYIOT C BEIMYMHAMU COOTBET-
CTBYIOIIMX JBYTPAHHBIX YIJIOB @

Ha ¢° 0 60 90 120 18
<>HB

Jag T 8 2 0 35 10

.
To ecTh NPOTOHOB, HAXOMALLMXCH Y COCEIHMX aTOMOB VIJIEPOa; MPOTOHBI, CBS-
3aHHBIE C O[HUM M TEM X€ aTOMOM, Ha3bIBAIOTCS 2eMUHAALHBMU.
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Ha 3ToM OCHOBaHMM MOXHO OIpesesisitb KOHGUTYpPaUHIO, HO TOJIbKO
B pAax CTPYKTYpPHO-POACTBEHHBIX COEIMHEHUH, TaK KaK BelnyuHa J
3aBUCHT TAKXE M OT NIPUPOALI 3aMECTUTENICH.

Eie oguH cnocob OCHOBAH HA siIBICHUM U3MEHEHUS] XMMHUYECKUX
CIBUIOB [0 BAMSIHMEM JAHTAHUIHBIX KOMILIEKCOB, KOTOPHIE HA3bIBa-
10TC  cosuzarowumu peacenmamu. VI3BeCTHO, 4YTO WIECTUKOOPOUHALIM-
OHHBIE XeJIaTHbIE KOMIUIEKCH HEKOTOPBIX MTAPAMATHMTHBIX JTAHTAHUIOB
(Hanpumep, B-auxeToHaT eBporusg XXXVIII) mMoryt yBe1uumBaTs Ko-
OPIWHAIMOHHOE YHCIO 0 8 myTeM o6pa3oBaHMsi HEYCTOMYMBEIX dc-
COLIMATOB C IOJISIPHBIMU 3J1€KTPOHOAOHOPHBIMU rpynmnamu Tumna C=0,
OH, NH, u ap. 3To NpuBOOUT K CHIbBHOMY M3MEHEHHIO BEJIHYMHBI
XUMHUYECKUX COBUTOB siiep, OJU3KO PACHONOXEHHBIX K KOODIUHHUDY-
IOlIEMY aTOMy. TakKUM MyTeM MOXHO, HANPUMED, OTIUYUThL 3K30- U
3ndo-n3oMepbl 6opHeona (XXXIX):

&-Bu G cnary  @OBK cnmaag
—0
H Eu/3
\
t-Bu cH, OH...(Eu) cH,
(7.2H (10,5) (17,6H (8,6) OH
XXXVIII a130-XXXIX amdo-XxxIx EW

(B ckobKax npuBeIeHBl MHAYLUMPOBAHHBIE XMMHYECKUE CIBMUIH, ODy-
CJIOBJIEHHBIE NeACTBUMEM JIAHTAHUIHBIX CABUTAIONIUX PEAreHTOB, B M.1.)
KOHGUIypaluio TOMOMOroB MOXHO OIpeJe/IuTh [POCTO 10 3HAKY
OIITHYECKOTO BpallleHUSI. B roMooruyecxux psinax BpaileHUe 0OBIYHO
MEHSETCA ITOCTENEeHHO M B OJHOM HAIpaBleHKH, TO3TOMY, €CJH U3-
BeCTHa KOHUryparusi JOCTaTOYHOIO 4MC/Ia YJeHOB HAHHOIO psua,
KOHGUTYPAIIMIO OCTATBHBIX MOXHO YCTAHOBUTD 3KCTpAIIONAILKei.

8.5. METOAbI PASAEJNEHHNA SHAHTHOMEPOB

Ornepauyu pasneneHus pareMudecKux cMeceil Ha COCTABISIIOLIME
UX OITUYECKM AKTUBHBIE KOMIIOHEHTBHl HA3BIBAIOTCS pacujenieHuem.
Ecau xoTst 661 OAMH 3HAHTHOMED YIAAETCs BBUIEIMTH B YUCTOM BHIE,
paclleIeH e Ha3bIB2IOT MOJHBIM, B IIPOTHBHOM CJ1y4ae FOBOPSIT, YTO
TIPOU3OLIIO YACTUYHOE PACIUEINIEHUE, T.€.ONTUYECKH AKTHBHOE CO-
eJUHEHUE COJEPXUT [TIPUMECH BTOPOI'o 3HAHTUOMEDA.

OTHOWIEHUE IKCIIEPHMEHTAILHO HAOAIOZaEMOro YACJBHOTO Bpa-
UieHUsT BELUECTBA, MOJYYEHHOro IyTeM pACLUeIUICHUsI, K YOEIbHOMY
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(abconioTHOMY) BpPAIUEHHUIO YMCTOrO 3HAHTUOMEpA HAa3bIBaeTCs OIl-
TUYECKOU YUCTOTOH (p). ToXIecTBEHHBIMU ONTUYECKON YUMCTOTE SIB-
JISIIOTCSL [IOHSITUSA SHAHTHOMEPHOM YUCTOTHI UM 3HAHTUOMEPHOI'O U3-
ObITKa (3.4.):

o] ma”HHOrO OGpasya
[ot] yncToro sHaHTHOMEpPA
__E-E*

E+E*
rae E — MojbHas oIS 3HAHTMOMEpa, HAXONSALIErocs B U36bITke; £ —
MOJIbHAsA JOJIA OPYrOro 3HaHTUOMEpa.

Jioboit mpolecc NMOMydeHUs ONTUYECKH AKTUBHOIO BEILIECTBA U3
ONTMYECKX HEAKTUBHOIO MpelllecTBeHHHKA, B TOM 4HC/e M pacliel-
JIEHHe palleMHYeCKMX cMecelt, Ha3bIBaeTcs onmudeckoll axmusayueti. O6-
LIMM TIPUHIIMIIOM BCEX IPOLECCOB ONTUYECKOH aKTUBALIUH SIBJISIETCS CO-
3JaHUe B TOH WIM UHOU ¢opMe THACTEPeOMEPHBIX B3aUMONCHCTBHIA.

-100% ,

3.1 <100% ,

8.5.1. PACIUEIIIEHUNE YEPE3 JTUACTEPEOMEPbGI

DTOT METOA OO HACTOAIIEro BpeMeHH HCIIONb30BaIcsl Hauboiee
yacto. Ecnu paueMuyeckoe coegUHEHUE COAEPXUT KAaPOOKCHIBHYIO
IpyIny, TO MOXHO [MOJYYMUTh COJIb C ONTHYECKH aKTUBHBIM OCHOBA-
HueM. Eciu Xe paneMar coAepXUT aMHHOIDYIIIY, TO MOXHO [10JYy-
YUTb COJMb C OMNTUYECKU AKTHBHOH KUCIOTOH. JONycTUM, YTO OINTH-
4eCKM aKTUBHBINA peareHT (B JAHHOM CJy4ae OCHOBAHHE MJIA KUCIO-
Tta) umeeT (S)-koHburypanuio. Torga obpasyoluecss coaud Oymyr
cMechio (RS)- u (S5S)-nMacTrepeoMepoOB, B OTIMYHE OT IHAHTUOMEDPOB
HX CBOMCTBA OYRYT yXe€ pa3nuyaThCs:

(R, S)—= (R)
R, " (R, S) IpobHast
® (S, §) | KoreTenmm
S, H—>= (9
paleMar OITHYECKHM CMech Jua- YHCTEIE YUCTHIE
aKTUBHBEIA  CTEpeOMepOB OHACTEPEO- 3HAHTHO-
(S)-peareHr MephI MepbI

B nmpuHUME st pasgeNeHUs OTJIMYAIOLIMXCS 10 CBOHCTBAM guacTe-
pEOMEPOB MOXHO MCIIOJb30BaTh pa3Hble METOABI, HO Ha [paKTHKe
Yaiue BCEro NPUMEHSIOT KPUCTAUTU3ALHNIO, T.€. UCIIONb3YIOT PadIHyue
B PaCTBOPHMMOCTH ABYX AMAacTepeoMepoB. B HacTosiiee BpeMs Bee dalue
MPUMEHSIOT XpoMatorpadudeckue Metoasl. Ha nocnegHed cranuu us
COJIM BBLIENSIOT 3HAHTHOMED.

[Moabop peareHTta mWist pazdeneHUs JAHHOH palleMUYeCKOH cMecH
[IPOU3BOAUTCS UCKITIOYUTENBHO 3MIIMUPUYECKH, TaK KAK KaKUX-ITUGO
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TEOpPeTUYECKHUX IIPEAITOChUIOK AJlsl TPOTHO3WPOBAHUS pa3lUyHoOR pa-
CTBOPMMOCTH JIHACTEPEOMEPHBIX COJIEH HE CYIIECTBYeT.

A5t pasgeNieHUst paleMUYeCKUX KUCTOTHBIX COEIUHEHUH TIpUMeE-
HSAJIOT IPUPOAHBIC ONTUYECKH aKTUBHbIE OCHOBAHUS, KOTODBIE Ha3bl-
BalOTCSl aIKa/IOMAaMH, HarmpuMep OpyluH, 3deapuH, CTPUXHUH, XU-
HUH, IMHXOHUH, MopdHUH U Ap. Ilocne rposeaeHus pasaelieHuss UX
peEreHepHUpYIOT U UCITONB3YIOT cHOBa. OQHAKO 3TH BELIECTBA CUJIBHO
TOKCHYHBI, M [IO3TOMY HUX CTPEMSATCA 3aMEHUTh CUHTETUYECKUMHU OfI-
TUYECKU AKTUBHBIMU aMUHAMU, HarpuMep o.-GeHIWI3TIWIAMUHOM. Ta-
KUM ITyTE€M paclUeruisieTcs paueMuyeckass 3-MeTu-2-peHmwIdyTaHo-
Bas KUcCJoOTa!

COOH COOH Ph
Ph+H + H+Ph + H+NH2 —_—
CHzMez CHzMez Me
¢ R (R
Y
palemar — (S, R)-colb
KpHCTALIU3ALIMS

—» CMECh JHACTCPCOMEPHBIX
conei (S, R) u (R, R) U3 BOIHOIC CIIMpTa

— (R, R)-conb

s pasgeneHUs] paleMUYECKMX OCHOBHBIX COSIMHEHUH IpHMe-
HSIIOT ONITUYECKM aKTUBHBIE KMCJIOTBI, BUHHYIO, MUHIAIBHYIO (ct-THI-
POKCUDEHWIYKCYCHYIO), aclaparuHoBylo (AMUHOSIHTAPHYIO), ITyTa-
MMHOBYIO (G-aMMHOINyTapoByio), KambopcynsdoHoBywo (XL) u ap.

K coxaneHulo, pasiuyve B pacTBOPUMOCTH 3HAHTHUOMEPOB peid-
KO ObIBaeT JOCTATOYHO BeJUKO. s TOro yroOwl OCYLUIECTBUTDH IT0J-
HO€ pa3fjelleHre B Xo[e OJHOU olepallu, OOBIYHO MPUXOIUTCS MPO-
BOJMUTb MHOTOKPATHYIO KPUCTAUTU3ALMIO, UTO JIEJIaeT pa3fae/ieHHue JUTH-
TEJBHBIM, TPYIOEMKUM IIPOLIECCOM.

Ecntu MoJieKyla He COAEPXWUT KUCIOTHOW MJIM OCHOBHOII TpyI-
MMUPOBKU, TO €€ MOXHO CHayajga BBECTU B MOJIEKYJY, a 3aTeM IToCie
pasfesieHUs Ha 3HAaHTHOMEpE! CHAThL, HallpUMep

CQO
~
dl CH—OH + O —»
| ~
panemart Ph CcoO
0
Il S-6pyLuH
— CH—0—C —_—

Ph
paueMatr HOOC
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O 1) Kpucrauuzanusi
Il U3 3TWIaLeTara
—» (C] CH—0—C >
I 2) TUAPOAU3
Ph

©
@
ooc (6pyuun H)
zmacrepeomepm;re COJIU

—» (] (le—OH (onTHYECKH aKTUBHBIMH)
Ph

JuactepeoMepbl MOTYT 00pa30BBIBATLCSI HE TOJIBKO B PE3yJbTaTe
B33aUMOJENCTBHM KHUCIOT M OCHOBaHMN bpeHcTena, Kak OnMHCcaHo
BBILIE, HO TAKXE B pEaKLMsX, B KOTOPBIX B3aUMOAECUCTBYIOT KHCJO-
Tl U ocHoBaHusl JIsouca. Tak, MpH paclUeIIEHUH apOMATUYECKUX
COEIUHEHUH, B cOCTaB KOTOPHIX HE BXOASIT HU KUCJIOTHBIC, HU OC-
HOBHbBIE IPYIIIIUPOBKH (HAlIpUMEp, XUPAIbHLIX Ha(THIOBBIX 3UPOB),
MOXeT OBITh UCIIOJIb30BAHA UX CIIOCOOHOCTH OOpPA30BLIBATEL T-KOMII-
Jlekcel ¢ HUTpoduiyopeHoM. [Iast 3TOH LENU MCIIONB3YIOT PEareHT
(XLI), B XOTOPOM 3JIEKTPOHOAKIIEIITOPHAA TeTpaHUTPOdIyOPEHOHOK-
CMMHasA Ipymnla MpHUOAeT €My CIIOCOOHOCTh K KOMIUIeKcooOpa3oBa-
HUIO C 3JIEKTPOHOJOHODHBIMH apOMaTH4YeCKMMHM KOJIbUAMH, a dpar-
MEHT 3HAHTHUOMEPHOM MOJIOYHOUN KHUC/IOTHl 0OECIIEYHUBACT PEATEHTY B
1[EJIOM OIITUYECKYI0 AKTMBHOCTb. JIpyrMM NpUMEpOM SIBJsSIETCS pac-
LUEIIJIEHUE MPpaHC-IIMKIIOOKTEHA IIyTeM oOpa3oBaHHUs KOMILIEKCA C
COJIBIO JBYXBAJIEHTHOM IUIaTUHBI (KUcitoTa JIplorca), BTOPBIM JIMT&H-
JIOM Y KOTOpOH siBisieTcst Mosiekya (R)-a-peHwratinamuna (XLII):

CH,SO,H

NO, NO,
ey

|
N—O—(l:—COOH

(XL) (XLI) CH,
! a o,
C ,f
( \”j Pt—NH,—C—H
o Ph
(XL1I)
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8.5.2. XPOMATOTPAOHNYECKOE PACIIEIIJIEHHUE

Ecnu paneMuyeckyro cMech XpoMarorpaMpoBaTb Ha KOJIOHKE,
34rOMHEHHON XMPATbHBIMUY BEIUECTBAMM, SHAHTUOMEDEI JOJUKHEI [1pO-
XOAHUTh C pa3HbIMK CKOPOCTSIMM H, CJIEJOBATEIBHO, HX MOXHO pas-
nenuTh. TakuM nyTeM, HAlpUMeEp, MUHIATbHYIO KUCIOTY Pa3fesisiorT
Ha KOJIOHKE, 3arnofHeHHOM KpaxMaioM. MoXHO UCIIONb30BATh OyMax-
HYI0, KOJJOHOYHYIO, Ia30BYIO ¥ XUIKOCTHYIO XpoMartorpaduio.

8.5.3. MEXAHUYECKOE PACIDEIIJIEHHE

B cnay4yae pauemMuyeckoi HATPUHAMMOHHUEBON COJIM BUHHOM KHC-
JIOTBI 3HAHTHOMEDEHI IIPY TeMIlepaTtype Huxe 27 °C (3aech TeMIlepary-
pa o4YeHb BaXHA) KPHUCTAIIU3IUPYIOTCSI pa3aefbHO: B OJHOM KpHC-
Taje cobuparoTes (+)-U30MEpEI, 4 B ApyroM — (—)-u3oMepsnl. Takue
KPUCTAJUIB! OTAUYAIOTCS JAPYT OT APYyra 3epKATbHOCTBIO GOPMBI, U UX
MOXHO Pa3/eNuTh C [TOMOIIBIO TUHIIETa U MUKpocKona. IMeHHo Ta-
kuM myteM Jl.T1acrep B 1848 r. BiepBBIe JOKA3al, YTO palieMUYECKas
BUHHAS KUCJIOTA B JEMUCTBUTEILHOCTH IIPEACTaBISIET COBOM cMeCh (+)-
U (—)-HU30MEpOB.

OnHako TaKoro poja KPUCTALIH3aLHSA CBOMCTBEHHA JTULLUB HEMHO-
r'MM BeuiecTsaMm. OnucaHo, HaIlpUMep, paclierieHde rerrareidueHa
(ceMb CIMpaJibHO COYIeHEHHBIX OEH30JBHBIX KOJIEL] aHAJIOT TeKcare-
nuueHa). OqUH U3 3HAHTUOMEPOB 3TOT0 COEAUHEHH, UMEIOILUI Heo-
OBIYHO BBICOKOE OIITHYECKOE BpallleHHe ([OL]D20 = +6200°), cionTaH-
HO BBIKpUCTULIM3OBbIBAETCS U3 GeH30Ja.

Ilp1 aHaTOTMYHOM pacuIeIIEHUU 6-MeTHN-3,3-qusTun-2,4-nu-
nepuguHauona (XLIII) 6wio B3gro 20 xr pauemara U mocie 400
NePEKPUCTAIUTUIALUH [IOJYYEHO BCEro 3 I ONTUYECKU YUCTOTO IIpa-
BoBpauamomero udomMepa. OMHUM U3 HEMHOTHX COEIHHEHHUH, KOTO-
poe MOXHO pa3jleJluTh MHHLETOM, o MeTony Ilactepa, siBisieTcCst
1,1"-gunadrun (XLIV). Ilpu HarpeBanuu pauemara npu 76—150 °C
IpoucxoguT azoBoe U3MEHEHUE ¢ 0OpasoBaHWEM JIEBO- U IIpaBO-
Bpalll2IOLIUX KPUCTAJUIOB!

O
C,Hs
C,H;
HCTONTS0
H
(XLII) (XLIV)
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8.5.4. DEPMEHTATHBHOE PACIIEIIJIEHUE

JloBONBHO YacTO mIst MOJYYEHUS ONTUYECKH AKTHMBHBIX BELIECTB
U3 DAlIEMATOB HCIONB3YIOT PEPMEHTEI, KOTOphie 06J1aNaloT BBICOKOU
cTepeocrneUPpUYHOCTbIO TeiicTBUsl. Haubolnblllee 3Ha4eHHe METO IpH-
obpen s crepeocre HUBUYECKOTO TUAPOIN3a N-alHIaMHHOKHCIOT.
[Ton meiicTBUeM ¢epMeHTa auUaa3bl Ha paneMHYecKyro N-aleTuia-
MUHOKHUCIOTY L-uzomep ruaponusyercss B 1000 pas Ovicrpee D-u3o-
Mepa, U rocjle OKOHYaHUs1 PepMEHTATUBHON PEAKIMH JIETKO MOXHO
pasnenuTh L-aMUHOKHUCIIOTY U D-aleTHIaMUHOKHUCIIOTY.

8.5.5. YCTAHOBJIEHHUE OIITUYECKOH YUCTOTHI

B GonbluMHCTBE CllyyaeB IIPU paciuelUIEHMHM paleMaToB Ioxy4ya-
I0TCS 3HaHTUOMeEpEI, He uMeroue 100%-1i ontuyeckoif 4UCTOTHL. JAnst
YCTaHOBJIEHMS] COAEPXaHUS B HUX BTOpOTO SHAHTUOMEpDa NPUMEHSsI-
I0T QaKTHYECKHU Te Xe METOAbI, YTO U ISl paclueIUIeH s, C TOM JIMIUL
pa3HHULIeH, YTO B JAHHOM cClly4yae oOpasylolHecs! JUaCTepeoOMeEpPHbIE
KOMILIEKCHl He pasfesiior, a TeEM WIH UHBIM CIOCOOOM ONpeaeNsiioT
UX KOHUEHTpaLHlo. OTHOCUTEbHBIE KOHIEHTPALHH JUACTEPEOMEDOB
MOXHO ONpee/IUTh JIIoObIM criocoboM, Hanpumep ¢ noMoiubio [KX-
i SIMP-crieKTpocKonuu.

8.6. ACUMMETPUYECKHUI CUHTE3 U KATAJIU3

Acummempuseckum CUHmMe30M Ha3BIBAIOT PEaKLMU, B XOAE KOTO-
DPBIX OJWUH U3 IBYX 3HAHTUOMEPOB XUPAJBHOIO IIPOAyKTa 0Opasyercs
B OoJblIEM KOJIHMYECTBE, YeM BTOpPOiH. B acHMMETpHUYECKOM CHHTE3E
KJIIOYEBOH sIBNISETCS CTanMsl, B KOTOPOW TakK HAa3bIBAEMBIIl npoxupans-
Hu peazeHm npeapauyaemca 8 xupanavHuii npodykm. I1poxupajibHBIMU
HAa3bIBAIOTCS MOJIEKYJIBl, CIIOCOOHBIE NTPEBPATUTLCST B XUPATBHBIE MO~
JIeKyJbl IIyTEM «OJHOLIArOBOro» npeodpa3oBaHus crpykTypbl. Hampu-
Mep, PEHUIYKCYCHYIO KUCIOTY B OSHY CTAgUIO MOXHO NPEBPATUTh B
o-OpoMPeHHITYKCYCHYIO KUCIIOTY, KOTOpasl XUpajlbHa:

1) PBr
C4H;CH,COOH + Br, —» CgHsCHCOOH
2

MIPOXUpPAJIEHAsA XUp&1bHAas
MOJIeKyJ1a MOJNeKynia

B atoit peakunu (R)- u (S)-usoMepHbie a-0poMbpeHHIYKCYCHBIE
KUCHOTEI 00pa3yoTcst B CTPOrO OJMHAKOBBIX KOJNHYecTBax (3.4, = 0),
W, CIeJ0BaTeNbHO, PEAKLIMIO HEIb3sI Ha3BaTh ACHMMETPUYECKUM CHH-
TE30M, XOTsl OHa Y IIPMBOOUT K 00pa3oBaHUIO XUPAIBHOTO MPOAYKTA

64



U3 axupanbHoro. Yrtobwl 3HAHTHOMEPHbIA M3OLITOK ObUI OTJIUYEH OT
HYyJs1, HeobxooMMo o6sg3arenbHo CoBIIOCTY ONHO OYEHBL BaXHOE ycC-
JIOBHE. DTO YCIOBUE COCTOUT B TOM, YTO B XOJI€ peakLMu obs3aTenb-
HO HOJKHBI BO3HUKHYTH JHACTEPEOMEPHBIE OTHOIUEHUS MEXI1y BHOBb
BO3HUKAIOLMM XHPATBbHBIM 3JIEMEHTOM (B pPACCMAaTpUBAEMOM IIpUMeE-
pe — LEHTPOM XMPAILHOCTU) U BTOPBIM XUPAIBHBIM 3JIEMEHTOM, CIie-
UMAaJbHO BBOAMMBLIM B peardpyloinyl cucreMmy. Hanmpumep, npoxu-
paIbHAsI MOJIEKYJIA HATPUEBOH COMHM METHIBTHIMATOHOBOH KHCAOTHI
NpHU 1eKapOOKCUIHPOBAHUM [aeT PALEMUYECKYIO 2-MEeTHWIMACASHYIO
KHUCIIOTY, HO OpyLMHOBAasA COJb JAET MPOAYKT C U3DLITKOM JIEBOBpa-
LIAKOLIETO U3OMEPA:;

CH3\ / COOH 1) HarpeBanue, — CO
o ¥ C.H.CH—COOH
/ \N_ 9@ + oe
CHY “coona 2 H© (|3H3
[a]D =0 (a.u =0)
CH3\ /COOH 1) narpeBanue, — CO,
C DO = CgHyCHCOOH
/7 \ 3
C,Hg¢ COOH: 6pyunx CH,

[a]D =—1,7 (3.4. = 10%)

Peakius nekapbOKCHJIMPOBAHMSA OPYILIMHOBON COJH SIBUJIACH IIEPBBIM
MIpUMEpPOM acUMMeTpuyeckoro cuuresa (B.Mapxksanen, 1904). 3nech
BTOPBIM XHUDAJIBHBIM 3JIEMEHTOM SIBISIETCS ACHUMMETPUYECKUH LEHTP
B MoJiekyse Opyuuuna.

B tom xe 1904 r. A.MakkKeH3U OCYILECTBII aCUMMETPUYECKHE CHH-
T€3bl, B KOTOPBIX MCXOAHLIM pPeareHTOM CIYyXUa (—)-MeHTHIOBBLIA
adup deHUArTUOKCIHIOBON KHcaoTH (XLV):

CH—C c40 D CHMel n E‘Ij}COOH( 25%)
—C— — —C— .M. =
S o 2) H,0t  °° | 0
OH
(XLY)

B 3ToM mpuMepe BTOPBIM XHMPAJIbHBIM 3JIEMEHTOM SBISETCS XHPAThb-
HBII LEHTP B MEHTHJIOBOW IpYIINe.

[nybokuit cMbICh HEOOXOMMMOCTH [IPUCYTCTBUSL BTOPOrO XUPAJb-
HOTO 3JIeMEHTa COCTOUT B TOM, UTO «JieBoe» OymeTr MpearoYTUTENb-
HO, 4eM «IpaBoe» (WU «IpaBoe» Ooyiee MPENrIOYTHTENbHO, YeM «Jlie-
BOE») JIMIIb B TOM cjlyyae, KOrla UMEeTCsl BTOPOH 3JeMEHT, KOTOPLIi
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TOXE MOXET OBbITh JIEBBIM WIU IIPABBIM, U [TIO3TOMY «PaCIIO3HAET» 3HEP-
reTUYECKYIO Pa3sHULYy Mexay roaxofoM pearenta (CH;Mgl Bo BTO-
pOM IIpUMEpE) CjieBa WIM CIpaBa, M CIIOCOOCTBYET orpeaelieHHON
Haubosee BRITOOHON OpHMEHTALMH.

B paccMOTpeHHBIX BBHIILE [TPUMEpPAX BCIIOMOTATENBLHBIN XMPaAIBHEIMA
3JIEMEHT CofepXaicsi B caMoM cyberpate. OgHAKO CTEpeOXHMHYEC-
KHI pe3yJIbTaT peakiHU 3aBUCUT HE OT CHMMETPUM OJHOTO JIUIUb pe-
areHTa, a oT MOJHON CUMMETPHUM pearupylolueil cucremsi. JloaTomy
[IpY [IPOBENEHUU aCUMMETpHUYECKOTO CHHTe3a UcIoibayores (1) xu-
paibHble CyOCTpaThl, colepXxaiue IMpOXUPATbHBIE TPYNHIILI, (2) XH-
paJibHblE pPeareHThl (HANPUMED, XUPAIbHBIE THAPUAB NPU THAPH-
POBaHUMU KPATHBIX cBA3eit), (3) XUpalbHbie KATATU3aTOPHLI U (4)
XUpanbHble pacTBOpUTeNU. CrepeoceeKTUBHOCTL (PHAHTHOMEPHDBIN
U30BITOK) ACUMMETPUYECKOIO CHHTE3a KOJeOJEeTCs B OYEHb LIMpPO-
KMX Tpefaenax, gocrturas 98% rpu HCIIONB30BAHUU HEKOTODBIX XH-
PajJbHBIX KaTajlu3aTopoB (CM. HUXe, a Takxke r1.27 B 4.3), a B ¢ep-
MEHTATUBHBIX peakuusax — gaxe 100%. Peakuuu ¢ ceneKTHBHOCTHIO
100% Ha3bIBAIOTCSI cmepeocneyupuuecKumu.

CoBpeMeHHBbIe TIpElCTaBIeHUs] 0 MEXaHU3Me aCHMMETPHYECKOTO
CUHTE32 IENUKOM OCHOBAHBI Ha KOH(opmayuonnom anasuze. Ho mpexne
YeM MepeiTH K MexaHu3My, Heobxogumo eue pa3 ¥ bojee AeTanbHO
paccCMOTpEeTh BOIIPOCHL BHYTPUMOACKYJISIPHOU CUMMETPUU, MMOCKOIb-
KY MHOTHE MOJIEKYJIbI COAEPXAT aTOMBI WIM IpYIIIbI, KOTOPHIE JHILb
KaXyTcCsl 9KBUBAICHTHBIMU, HO IIPU CTPOro# MPOBEPKE Ha CAMOM [iejIe
OKa3bIBAOTCSl Pa3HbIMU.

8.6.1. SHAHTHOTOIIHBIE H IHACTEPEOTOIIHBIE ATOMBI,
I'PYIITIBI 1 TIOBEPXHOCTH

Hdenmuunpimu TPYNIIIaMU Ha3BIBAIOTCS (PparMeHTHl MOJIEKYJI, UMe-
IOLIME OIMHAKOBBIE COCTaB, CTpOEHHE U KoHdHrypaluo. MneHTUYHbIE
IpYINBl MOTYT 3aHUMAaTh OJWHAKOBbLIE MJIM pa3Hble MojoxeHus. Ha-
npuMmep, B moaekyie 1,3,6,8-rerpaunrpodayopena (XLVI) nreHtund-
HbI BCE YeTbipe HHUTPOIPYIIILI, HO OJUHAKOBBIE MIOJOXEHHS 3aHMMA-
10T ITOIAPHO TPYIIIEI B nionoxeuusx 1,8 u 3,6:

2 &
O:N : NO,

u (XLVI)

NO, NO,

I'pynmnel, 3aHUMaOuIMe OJUHAKOBBIE [TOJOXEHUsI, HA3BIBAIOTCS 3K-
susaseHmHomu, Wil eomomonHemu (OT rped. Tonol — MecTo); OHH

66



[1EPEBOJIATCS OOHA B APYIYIO IIPU [TOBOPOTE MOJEKYJIbl BOKDYI €€ OCH
BpaueHust C, (koHeyHo, n # 1 U n # ). B coegunennu XLVI C=G,;
HUXe [IPUBEACHBI IPYIUe IIPUMEPBI TOMOTOITHBIX IPYIIIL:

o)

0

P..
/IN"Ph H --H
Ph \Ph

G

T'OMOTOITHbBIE
TPYIIIIBL:
Ph/Ph/Ph H/H

/
‘CZ

\\Ha fC2
L o)
O=COH
H; H, OH
'CZ
Ha/Ha 148 Hb/Hb OH/OH

MeTtunsHele IPYIIIBl B U3OIIPOIINNAXJIOPHAE HE TOMOTOIIHBI, TdK KaK
MOJIEKYJIa HE MMECET OCH BpAIEHUS ITOPAINKa BBILIEC €eOWHHIbI

Cl

~—

—H

(C,, orcyTCTBYET)

Y10o6bl NPOREPHUTH, SIBISIOTCS JIM ATOMBI WJIH IPYNIIB 3KBUBATCHTHBI-
MU, UX MBICJIEHHO 3aMEHSIOT Ha Kakue-HUOyIb NpYyTHE aTOMbl WU
rpynnbl. Ecid B pe3ynnTaTe 3aMeHBI HOBLIE MOJEKYIBI OYOYT HIeH-
TUYHBI, 3HAYUT, U B UCXOJHBIX MOJIEKYJIaX aTOMBbl ObUIM 3KBHBANECHT-
uel. Hanpumep, B nudropmerane atoMel H, u H, roMoronusl, mo-
ckoubKy npu 3amere H, u H, Ha mobyro rpynny Z nonyyarorest uieH-

TUYHBIE MOJICKYJIBI:

T HACHTUYHBI
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Haobopor, npu 3ameHe pasHbiX aroMOB Bofopoga CH,-rpymimst
B 3TaHOJE Ha Ipylnny Z 0OJy4aroTcsl pa3Hble 3HAHTUOMEDEI:

OH h
OH (1)
/ H3C

H,C H, \ OH
Hy )

~H
H,C 7

~Z
H
> 3BHAHTUOMED

CnenosarensHo, aroMsl H; u H, He roMoronHsl. Takue atoMsl Wwin
Ipynmnsl, Jailde OpU 3aMELUEHHU TPeThbEH IpyNnnod 3HaAHTHUOMEDHI,
Ha3bIBAIOTCS IHAHMUOMONHLIMU.

C TOYKM 3peHUsI CHMMETPUM SHAHTHOTOMHLIMU HA3BIBAIOTCS [PYTI-
Nbl, KOTOPBIE MMEPEBOAATCS OfHA B APYTYIO IIYTEM OTpPaXeHUSA B 3ep-
KaJIbHOM [UIOCKOCTU WIH (peXe) IIpU Onepauuu cuMMmeTpuu .S, (3ep-
KaIBHO-MTOBOpOTHasA ock). Ilockonsky o = §; (tadn. 8.1), aHaHTHO-
TOIIHBIE TpYMMOBl MOTYT I[IPUCYTCTBOBATH TOJBKO B aXUpalbHBIX
MoJieKyjax (cp. ollpede/ieHue XUPAIBHOCTH, JaHHoe B pazaene 8.2.2.6).

Huxe nopuBeneHbsl HEKOTOpHIE NIPUMEDHl COEAUHEHUN, Cojepxa-
LUIMX 3HAHTUOTOIIHBIE aTOMBI BOAOPOAA, KOTOpbIE YCIOBHO 060O3Ha-
yeHbl cMMBoJaMu Hgu Hp (T.e. «IeBblil» U «TpaBbBIA»):

H CH He Hy
c=C
\/
C\ ",
HS/ Hy HC H

DHAHTHOTOITHLIE TPYIIILI Hejb3sl OTJIHYMTDL ApYr OT Ipyra B axd-
paTpHBIX ycaoBusix. He moMoxer HU npuMeHeHHe PUIUYECKUX METO-
noB (MK- u SIMP-cnekrpockorius), HM IpoBeJeHUe XUMHUUEeCKoi pe-
aKIHMU C aXUpaJbHBIM peareHToM. M TOJNIBKO B yC/IOBUSX, obecredmBa-
IOILMX ITOSIBJIEHHE Pas3TUYUsi MEXIy MPaBbIMU U JIEBBIMU MOJIEKYJIAMH,
3HAHTUOTOITHBIE IPYIIITBI CTAHOBSITCS PA3TUYMMBIMU. [IJIst 3TOro HyX-
HO CO3[1aTh BO3MOXHOCTH B3aUMOIEHCTBUsSI cyDCTpaTa, UMEILIEro
3HAHTUOTOITHbIE TPYIIIILI, ¢ Kakof-THOGO XUpATLHOM YACTUUEH, Ha-
TIpUMEDP C HEpaUEMHYECKUM XHUpaTbHBIM PEareHTOM WIU HepaueMU-
YECKUM XHPATbHBEIM KaTAJTU32TOPOM.

HanpuMep, METUIEHOBLIE TPYIIILI, BXOASILIHE B COCTaB JIMMOH-
Hoit kucinotel (XLVII), sHaHTHOTONHEL. EcCiM B OJHY U3 HUX BBECTHU
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U30TOMHYIO METKY, a 3aTeM MpoBecTH (hepMeHTaTUBHOE IpeBpalle-
HHe B 2-KetornyrapoByio kuciaory (XLVIII), to oxaabiBaercs, 4To
U3 ABYX UMEBIUUXCS B UCXOJIHON MOJEKYNEe METHUJIEHOBLIX IPYIII OKHUC-
JISIETCSL TOJMIBKO T&, KOTOpasl He colepxana JedTepueBord METKHU:

(I:O OH (|:OO H (|:O OH
(|:H2 (|:H2 dbepMeHTDI (|:O
HOOC—(IZ—OH HOOC—(E—OH _— (|:H2
(|:H2 (I:Dz (I:Dz
COOH COOH COOH
(XLVII) (XLVIII)

JTa peakius UCKIIOYUTEILHO BaXXKHa B OMOXUMHUU; OHA BXOJUT B Me-
TaOONIUYECKUR LUKA AUMOHHOU Kuciomsi, UNU yuka Kpebeca. TlpuyuHa
HU30UpaTEILHOCTU OKUCJIEHHUS METWIEHOBBIX I'PYIIIT COCTOUT B TOM, YTO
3HAHTUOTOMHLIE TPYNIMNBl B XHUPAJIbHOM OKPYXEHUM CTAHOBSTCH
IMacTePEOTONHLIMH.

JAuacmepeomonnsimu Ha3bIBAIOTCA aTOMBI WJIM TPYIIIIEI, pacroo-
JKeHHBIE B MOJeKyJle TaKUM o0pa3oM, YTO MOceI0oBaTe/ibHas 3aMeHa
KaXIO! U3 HHUX IPYNIoit Z IPUBOIUT K MMOJYYEHUIO THACTEPEOMEPOB
(wmn Z- v E-u30MepoB B CIy4ae aJKeHOB):

o )
Z—C—-H
o, B O—C-H
i
HA'—(E_HB CH3
Cl—C—H T JNACTEPEOMEDBI
3 (B) H—C~Z
CI—CIZ—H
(Hp v Hg nuacrepeoTonHsl) CH; J
H
NV
I
H H (A)
A\ , B / /N
C H;C H
] > Z,E-usomepsl
c V4
H;C H (B) C
Il
/C\
H,C H _
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JuacrepeoTonHble Pyl HE CBSI3aHbl MeXIy co00i HUKaKUMU
3JIeMEHTaMU CUMMeTpUH. HUXe NMpUBeAEHBl IPUMEDPDBI COCIUMHEHHI,
COLEPXALUX AUACTEPEOTOINHbIE IIPOTOHEI:

H 0O

_>m
-

H H 3HAHTHUO-

TOIIHBIC

JHAaCTCpCOTOITHBbIC

JHacTEpPEOTOITHBIC

TIPOTOHB! B HEMAEHTUYHBIX
TTOJIOXEHUSX (TIpHU 3aMEHE
Ha Z IONy4YaloTcsl pa3Hbie

HM30MEDHI ITOJIOXEHUA)

. ‘—&_ IHUacTepeo-
H CHFQ TOITHBIC

H H
3HAHTHO- SHAHTHO-
TOMHbIE TOMHBIE
H H
H H
T—‘—T H,C H

JIHacTepeOTOIHbIE
JHaCTePEOTOIIHbIE

Ipu hepMeHTATUBHOM OKUCIEHUH JIMMOHHONW KMCIOTHI (CM. C.66)
MMoBepXHOCTh hepMeHTa, B3aUMOIJEHUCTBYIOILEIO C CyOCTparoM, co3ia-
€T XUpaNbHOE OKpYXEHHE cybcTpara M yHHUYTOXAET 3JIEMEHTBI CHM-
MeTpuH, ObIBlLiMe B cBOGONHON Monekyie cyberpara. Komruieke cyd-
cTpaT-dQepMeHT CTAHOBHUTCS guacrepeoTolnubiM. [IpU 3TOM akTHBHbIN
LIeHTp, 0003HaYeHHBIH CUMBOJIOM Ox, OTBEYaeT 32 OKHUCJIEHHe IIpU
YCIOBHH, YTO MOJIEKyJia CybcTpara MpeaBapUTeIsHO ObLla MpaBHJILHO
OPUEHTUPOBAHA MPU €€ UMMOOWIM3ALUMH HA MOBEPXHOCTU (hepMeHTa.
[MpapunbHas OpHEHTALMS BO3MOXHA JIMIIL B TOM CIIy4ae, eclld MeXIy
IIOBEPXHOCTBIO epMEHTa U MOJNEKYIOW JMMOHHON KHUCIOTHI, COlepXa-
e 3HAHTUOTOITHEBIE TPYIIIBI, OCYIUECTBISAETCS «TPEXTOYEYHBIA KOH-
takT> Tpemst rpynnaMu COOH. DTo nosicHAETCS CEAYIOLUEH CXEMO:

70



LIEHTPBI CBA3bIBAHWA

7 o COOH
o =
& EI;OH Ho—ﬁC:IiZCOOH
-

CBOOOIHBIA T1paBUIIbHAS HepaBWIbHAS
depMeHT OpHEHTALIAS, OpPHEHTALIS;
okucinsiercs: CH» CD; He okucrseTcs

JuacrepeoTonHble TPyl ¢ aXUPAIBHBIMU PeareHTaMu B3auMO-
JEHCTBYIOT C pa3sHBIMU cKopocTsMU. Jdpyroit BaxHO! ocOOEHHOCTHIO
sIBJIsIeTCs pa3nuyue B crexkrpax AMP, B xoTopbIX mUacTepeoTONHLIE
[IDOTOHLI AOMXHBI 1aBaTh pasHble CMTHAbI, pacUICIUIEHHbIE 33 CUeT
CIIMH-CITHHOBOIO B32UMONEHCTBUS APYT C APYTOM. DTO pe3KO OTIH-
YaeT UX OT BHAHTUOTONHLIX ATOMOB BOJOpOA, KOTOPBIE HEpa3JIUYU-
MbI B IMP-cniextpax, 3a MCKIIO4eHHEM TeX CIy4aeB, KOTAa MCIIOJb-
3yIOTCS XMpalbHbIe pacTBOpUTeaU. OJHAKO Ha NPaKTUKE CUTHAIBL IUa-
CTEPEOTOIMHBIX IPOTOHOB YacTO OBIBAIOT HepaslUYUMBI, TAK KaK 3TH
CUTHAJIBI OYEHD BIU3KO PACIIONOXEHBI APYT K Apyry. YTo6sl OoOHTHCS
UX pas3pelleHus], IPUMEHSIOT JaHTaHUIHbIE CABUTAIOUIME DPEAreHTHI,
U3MEHSIOT KOHLEHTPAUHMIO WIKM MoAOUPAIOT pacTBOPUTENTb.

OrtMeTuM, yTo B coequHeHussx tuna XoCYZ rpynmnsl X 3HaHTHO-
TOIIHBI, ecMd Y U Z axupaibHbl, HO JIUACTEPEOTONMHEI, ecu Y HIH
Z XUpaJlbHBHIL.

[Iycts rpynna Z xupansHa, HanpuMep Z = Cabc, rme a, b u
¢ — pasHbie 3aMecTUTeNH. Torga MOIYT CYIIECTBOBAaTh TPU pOoTaMe-
pa — A, b u B, — B KOoTOpBIX 6uxailliee OKPYXeHUE UACHTUYHBIX
rpynn Xa U Xp HEOTMUHAKOBO:

Y Y Y

XA Xp XA XB XA XB

[e]
o4}
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B poramepe A rpynna Xp cOnuXxeHa ¢ IpyIIaMy a U C, a Irpynmna
Xp - c rpyrmamu b u ¢. B poramepe b rpynma Xp cOnuxena c rpyrm-
namMy a u b, a rpynna Xg — c rpynnaMu a u c. B poramepe B x
rpymnmne X 6uxke HaxoasTes rpynmnsl b U ¢, a Kk rpynne Xg — PYIIIbI
a u b. TakuM oOpa3oM, B KaXIoM poTamepe Ipynnbsl Xa U Xy
HE3KBUBAJICHTHBI. bojlee TOro, MOXHO MMOKAa3aTh, YTO MPU BCEX BO3-
MOXHBIX TIepexomax Mexay poTaMmepaMu A, b U B, T.e. B mpoiiecce
BHYTPEHHErO BpallleHUs, HUKOTIA He MOXET ObITb KOHPOPMaILIUH, B
KoTopoit XA HMMEET TOYHO TaKoe Xe OKpyXeHHe, kKak Xp. [laxe B
YCIOBUAX OBICTPOro BHYTPEHHEIO BpallleHHUs, KOTAa [IPOUCXOAUT ycC-
peIHEHHE UHIMBHUAYANBLHOTO CTPYKTYPHOIO OKPYXEHHS OTIEIBHO
rpynmn Xa ¥ Xg BO BpeMeHH, UCTHHHOIO yCPEIHEHHUS NP CpaBHE-
HUH 3TUX IPYIN MeXIy cOOOH B HaHHBIH MOMEHT BpeMEHH IpOUC-
XOIUTh HE MOXET. B 3TOM HaIJIsiIHO NIPOSIBJISIETCS UCTHHHAS HEDKBU-
BaJIEHTHOCTb JUACTEPEOTOIHBIX I'PYIII.

ITo ananoru ¢ 3HaHTUOTONMHBIMU WM IMACTEPEOTOIHBIMU aTo-
MaMH U IpyINIaMHy B TPUTOHANBHBIX MOJEKYIAX PA3IAYAOT IHAHMUO-
monHsie WIN duacmepeomonrsie TIOBEPXHOCTH. PaccMoTpuM Moneky-
Jisl opManpaeryaa WIiM aueToHa. ATaka axupalbHbIM DEareHTOM A~
o KapOOHWILHOMY YIJIEPOAY NMPHBOMUT K OAHOMY M TOMY Xe€ IIpO-
IykTy. TakuM oOpazoM, IBe MOBEPXHOCTH (IBE CTOPOHBI ILUIOCKOCTH
KapOOHWIBbHOM TI'PYIIIbI) 3KBUBAJEHTHBI (20MOMONHbL):

[S] Q
A A
0 A 0° 0. A
I N/ N/
/ R /™ /™
R R R R R

B 6yTaHOHEe WiIM aleTaibIeruie aTaka axXMpajbHbIM PEareHTOM C
OIHO CTOPOHBI MMOBEPXHOCTH MIPUBOIUT K NEPEXOIHOMY COCTOSHUIO
U [IPOAYKTY, KOTOpPbIE SIBIAKOTCS 3HAHTHUOMEPAMM IEPEXOIHOIO CO-
CTOSIHUSL U TIPOJYKTa, 0Opas3yIollerocs MpH aTake ¢ APYTOi CTOPOHBI
[IOBEPXHOCTH HCXONHOM MOJIEKYJIbL:

©
\ @O\ A
+ /C\‘
R TR}
|
3HZHTUOMEDBI
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Takve MOBEPXHOCTH HA3LIBAIOT SHAHTUOTOMHLIMU. [10CKONBKY B TOM
ciy4yae, €cii UCXOJHbIe BElecTBA M CPEeIa ONTHUYECKU HEaKTUBHBI,
CO3/aTh ONTUYECKU AKTHUBHBIA MPOAYKT HEBO3MOXHO, B paccMaTpH-
BaEMOM cJiyyae obpa3yeTcsi paleMHuecKass CMECh 3HaHTUOMEDOB.
OmgHako HIpM atake 3HAHTUOTOIMHOHM [MOBEPXHOCTU XUpaIbHBIM OMNTH-
YeCKH aKTMBHBIM peareHToM o0pa3yloTcs IUAacTepEOMEDHL, U IIPH 3TOM
HE B paBHBIX KOJIHMYECTBAX.

JlBe 3HaHTUOTOMNHbIE TOBEPXHOCTH MOJEKYJIBI CBA3AHBI MEXIY CO-
0ot omepauueil CUMMETPUM — OTPaXKEHUEM B 3EPKATBHOMU TUIOCKO-
ctu. Eciu Xe gBe MOBEpXHOCTH HEIb3Sl CBS3aTh HUKAKUMHU OMEpaLIU-
IMU CUMMETPHH (KpOME HAEHTHUYHOCTH), TO TaKhe IOBEPXHOCTHU Ha-
3BIBAIOTCS IMAcCTepeOTONMHBIMU. HanpuMep, B MpuBEIEHHOM HHUXeE
KETOHE [BE [TOBEPXHOCTH JHUACTEPEOTONHLI, U B pE3y/JbTaTe B3aUMO-
IefcTBUA obpa3yloTcs QJUacTepeoMepBhl:

N
A\ /Oe G)0\ /A
— C H *t C H
H C/ \.C/ H C/ \.C/
N “-Ph
Me Me
JHaCTEpCOMEDDI

Jlrobbie mMacTepeoTONMHbIE MOJEKYJISIPHBIE TOBEPXHOCTU B3aMMOIEMH-
cTBYIOT AuddepeHUUPOBAHHO C JI0OBIM TUIIOM pPEAreHTOB, MMOCKOJb-
Ky peareHT, IMoJXodd K pa3HbIM CTOPOHAM [TOBEpPXHOCTH, UCIHITHIBA-
€T pasHoe BIUSHHE.

8.6.2. CHHTE3bl HA OCHOBE KAPBOHUIbHBIX COENUHEHHU

OnuH u3 HauboJiee pacpocTPaHEHHBIX MyTeH acCUMMETPHYECKO-
ro CHHTE3a 3aKJItouaeTcsd B oOpa3oBaHMM XHUPANbHbIX CIIMPTOB IyTEM
IpUCOeIUHEHMS 110 KapboHWIbHOM rpymine. JJIsi ocyleCTRIIeHUs aCUM-
METPUYECKOr0 CUHTE3a C MPOXUPAIBLHBIMM 3HAHTUOTOIIHBIMU Kapbo-
HWIbHBIMH COEIUHEHUSIMU IPOBOAAT PEAKIUMIO C XUPaJbHBIM pea-
T€HTOM, XUpAJIbHBIM KaTAIHM3aTOPOM WIH B XUpaIbHOU cpene. B ciy-
4yae JAMacTepeOTONMHbIX KapOOHUJIBHBIX [PYIII XUPaJbHBIA DEareHr,
KaTaJIM3aTOp MM PACTBOPUTENbL HE TPeOYIOTCS, MOCKOILKY Heobxo-
OUMBIR U OTIHMYMSI «[IPABOTO» OT «IEBOIO» BJIEMEHT XUPaAJIBHOCTH
yX€ COJEepPXUTCS B UCXOQHON MOJEKyne. ACUMMETPUYECKHUI CUHTES C
FOMOTOIMHBIMU KapOOHUIBHBIMU COEAMHEHUSIMHU (QOpMaNbaeruiaoM,
alleTOHOM, 0€eH30(eHOHOM U T.I.) MPOBECTU HEBO3MOXHO IO MpUH-
HHUMUANTBHBIM NIpUYHUHAM, CBA32HHBIM C HX BBICOKOH CHMMCT‘pHeﬁ.
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OOBIYHO 1)1 ACHMMETPHUUYECKOT'O CUHTE3a CIIMPTOB U3 KapOOHUJIb-
HBIX COEIMHEHU U UCIONb3YIOT PEaKIIMI0 BOCCTAHOBIEHHS KapOOHWIb-
HOi I'DYIIIblI KOMIUIEKCHBIMY THAPUIAMH aJIOMUHUS WIH THAPHIAMU
fopa unu peakuHUId MPUCOSAWHEHUS METAJUIOOPTaHHYECKUX COCIU-
HeHHit k rpynne C=0.

8.6.2.a. ACUMMETPUYECKOE BOCCTAHOBJIIEHHE
KAPBOHUNIBHOMW TPYMIIH

KapGoHuWnbHbIE coeIHHEHHS ¢ 3HAHTHOTOITHEIMM CTOPOHAMM BBO-
IAT B peakiIMio C ONTHYECKH aKTUBHLIMM peareHTaMH. Jaiie Bcero
HUCIIONIB3YIOT THAPHUIHOE BOCCTAHOBIEHHE ONTHYECKU AKTHBHBIMH
TMAPUIOAMH AJIOMUHHUS U 6opa. XUpanbHble TMAPUILI MTONYYaIOT U3
Pa3IMYHbIX ONTHUYECKU AKTUBHBIX MOJIEKYJ, COAEpXallHX TPYIbI,
ClocobHble KOOPIMHUPOBAThCA ¢ GOpPOM MM ATIOMHMHHEM ¢ oOpa-
30BaHHeM KOH(pOpMaLIMOHHO XEcTKMX KOMILIekcoB. Hampumep,
2,2’-qurnapokcu-1,1’-guHadptn (XLIX), Moaekyasl KOoToporo obJa-
JAIOT aKCUaJbHOM XMPAJILHOCTHIO, MOXeT OBITh pa3ieieH Ha 3HaHTU-
OMEpBI, U3 KOTOPBIX MOJYYAIOT ONTUYECKHA AKTHBHBIE KOMIUIEKCHBIE
TMAPUALI AJIOMUHUS:

‘O | ‘O [
OH . @ O /H
oH + LiAIH,— Li O/AI\H

(XLIX) XUPATbHBII THAPHL

s nosydeHus XUPadbHBIX THAPHAOB MOMMMO coeauHeHus XLIX
MIPHMEHSIOT MHOXECTBO JPYTMX XHMPaJNbHBIX JIMTAHIOB; HUXE IIpHUBeE-
JEHBI HEKOTOPBIE MIPUMEDHI:

Me COOH CH,NMe,
H——NMe, H——Me
PhCH,NH H
H OH HO—1—CH,Ph
Ph CH,SH Ph
(«xapBoH»)

Ontuyeckd aKTUBHBIN T'MApua aJIFOMUHUA, p€arupysa ¢ 3HaHTHO-
TOIITHBIM Kap6OHHI[beIM COCIHHCHHEM, crocobeH «pas3jIruyaTb» OBC
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pPa3Hble CTOPOHBI IUIOCKOCTH KapOOHUIbHOR rpyrmnbl. [IpuyuHaMHu,
OOYCIIOBIMBAIOLIMMU TAKOE «XHPATbHOE PACIIO3HABAHUE» PA3HBIX CTO-
POH MOJIEKYNBI, ABISIOTCH MPOCTPAHCTBEHHbIE U BJIEKTPOHHbIE B3aU-
MojaeHcTBUSA (XOTA IPOCTPAaHCTBEHHBIE B3aUMOIEHCTBMS, IO CYIIE-
CTBY, 3TO TOXE 3JIEKTPOHHbLIE B3aMMOJEHCTBHUSA, 3aKIIOYAIOIIMECS B
OTTAIKUBAHMH 3aIIOTHEHHBIX 000J0YeK COMUXKEHHBIX B [IPOCTPAHCTBE
rpynin). B xayecrse npuMepa peakiMu, B KOTOPOM JIEHUCTBYIOT «3NEKT-
POHHBIE (AKTOPBI», PACCMOTPHUM PEaKI{MIO BOCCTAHOBJIEHUSI Kapbo-
HWIBHOU IPYIINBI o, -HeHACHIIIEHHBIX KETOHOB KOMIUIEKCHBIM T'U[I-
puaoM amioMuuust L, kotopslit Hocut HazpaHue BINAL-H. 3ta pe-
aKIUsl B BHICOKOH CTeNEHU SHAHTUOCEJIEKTHUBHA:

v R(R)-BINAL-H U”\/R S-BINAL-H A A
E I

HO H H ©OH

(R) @G.u.~90%) U,=apun, anken, ankuawt — (S) (3.u.~ 90%)

199 ‘
H
O\Al Y, | /o\ /H\ '
N LI = /Al\ /Ll
(L) (5)-BINAL-H (LI)

Ilpenmonaraercss, yto BINAL-H pearnpyetr B dopme LI, B Kortopoit
UMEETCS IMTUEBLIA MOCTHK MeXIy KuciaopomoM rpymmnsl OR(R’ = Alk)
Y THAPUIHBIM BOAOpPOACOM. MeXaHU3M BOCCTEZHOBIEHHSI MOXHO Mpel-
CTaBUTh CIIEAYIOILIEH CXeMOI:

Se=0 | P
I—EI— El - . H Li
O——J\l——(‘) 0—AI—O

{
[

75



CorracHo 3TOH CXeMe, peaki[Usl OCYILECTBJISIETCH Yepe3 UHKIUYECKOe
MEPEXOHOE COCTOSIHHE, B KOTOPOM JIUTHH MIpaeT BaXHYIO DOJIb:
KOODAWHHUPYSICH 10 aTOMY KUCIOpoda KApOOHWIBHOU TPYIIIbI, OH
crrocoOCTBYET MepexoAy TMAPHUAHOIO aroMa BOAOpPOAa K aTOMY YIjie-
pona. PaccMmarpuBasi CTpyKTYphl KOOPAMHAILMOHHBIX KOMILIEKCOB, Ha-
npumep (S)—-BINAL-H c¢ xerouom (LII m LIIT), MoXxHO npuiTH K
BBIBOIY, UTO cTpyKtypa LII, npuBogsiuas K obpazosanuio (S5)-crup-
Ta, Oonee BpIroAHA, MOCKOABKY B crpykrype LIII umeercst Hebnaro-
MpUSITHOE OTTAJIKHBAHHE MEXIY HEIOJEe/IEHHON Mapoii OJHOro U3 aTo-
MOB KUCJIOPOJa U T-3JCKTPOHAMH HEHACBHIINEHHOHN TPYIIIILL:

4.0 o0 O, H O
% AN NS AN
~o o—1ILi ~o o—1Ui
/ N / N
R S R s

(LID) (LIID)

(3mecp S—MojekyJ1a pacCTBOpPUTE]IS)

Takum obpa3zoM, B 3TOM MpUMeEpe MPUYMHON 3HAHTHUOCEJIEKTUBHOC-
TH SIBJISIETCSI N, T-B3aHMMOJEicTBHE (OTTAIKMBAaHHE), BO3MOXHOE MpH
COIMXEHUH aTOMa KHUCIOpOJa C HeHAachlllleHHOM rpymniioi. XoTs npH
yBeJuyeHHuu obbeMa rpynmnsl R mpocTpaHCTBEHHOE OTTAIKMBAHUE
MeXIy Hell 1 HapTONBHBIM KHUcTOpoaoM B crpykType LII yBenuuusa-
eTCsl, B3aUMOJEUCTBME HEIOJENeHHON Mapbl C TW-CUCTEMOM BCE Xe
ocraetcs Oosiee CHIBHBIM, M IO3TOMY JaXe IJIsi oObeMHCTBIX R yKa-
3aHHasi 3HAHTHOCEJEKTUBHOCTb COXpaHSETCsl, MpaBAa, 3HaHTUOMED-
HbIA U3OBITOK B 3TOM CJiyyae MeHblIIe.

B xavecTBe Apyroro nmpumMepa aCUMMETPUYECKOTO CUHTE3a MOXHO
MPUBECTH BOCCTAHOBJIEHHE SHAHTUOTOIMMHOro OeH3anbaeruaa KOMII-
JICKCHBIM JEHUTEPUNOM ATIOMHHMUSI:

Q@ . oD DO
|  LiAID,(OR*), / \
/q > D—C\\\H + H__,}C—D
‘\
Ph  H Ph Ph
R- (17%) S-(17%)

(R*OH = «1apBoH»; cM. c. 72)
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Xopoilue pe3ylbTaThl NOJyYeHb! IPU UCIIONB30BAHUU B KAYECTBE
BoccTaHoBuTeNns B-3-nuHanun-9-6opabuumkiro|3.3.1]uoHana (MuHa-
Hul-BBN). C noMouisio 3TOro peareHta acMMMETPUYECKOE BOCCTa-
HOBJIEHHE 3TUHMIKETOHOB, & TaKXKe 3PUPOB ((-OKCOKUCIOT YAAETCs
[IDOBECTH C SHAHTHOMEPHLIM U36piTKOM 80—-100%:

BBN .02
R-C—C=CR'+ —> R-CH-C=CR —» R-CH—-C=CR
0 ;ﬁ OBBN OH
BBN— —B

Paziuyue MeXay CTOpOHAMU MOJIEKYJIBI CHJIBHO BbIpaXeHO B KOH-
(hopMaLIMOHHO XECTKOU MoJeKyae 4-mpem-OyTHILMKIOTEKCAHOHA, B
KOTOpO#l mpem-OyTWiIbHAasl IPYyNNa BCEraa 3aHHMMAaeT 3KBATOPHAJIbHOE
nojioxeHue. B 3ToM citydae nmogxoa oObeMHUCTHIX PEareHTOB CO CTOPO-
Hbl, 3aHUMaeMOl mpem-OYTUJIBHOM IPYIIOH, 3aTPYAHEH, U IIO3TO-
My oOpasyeTrcss TEepMOFHHAMUYECKM MEHEE YCTOMYUBBLIH aKCUAIBHBIN
yuc-CIrupT.

H
1) -78°C
(CH3)3C/JN(H\B(1 Bu), —» ) ——» (CHy),C
2) ruaponIu3 H
AKCHUAJTBHBIN
cupT ( 96%)OH

Ilpu yMeHbllleHHU Da3MepOB peareHTa obpasyercsl 3KBaTOpHaJILHbIN
mpaHc-CIIUPT:

H H

(CH3);C + LiAl H4—°C> (CH;);C
\}4._/ - 40 OH

0 3KBATOPUAJIbHEINA H
crdpt ( 95%)

W3 aT1OrO NMpUMEpa BUIHO, YTO HMCKIIOYHUTESILHO BAXHOE 3HAYe-
HHE TIPH MOAXOMAE peareHTa K KApOOHWIBHON IPYIIIe UMEIOT POCTPaH-
CTBEHHBbIE MPENATCTBHSA. B 0OBMHBIX CIYYAsIX CTEPEOCEIeKTUBHOCTD BO3-
pacTaeT ¢ yBeJIWYEHUEM pa3MepoB peareHTa, HalpuMep:
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—AlH

C6H5 C¢Hs
3 3

(R)- ; LiAlH, (72%)
LIAIH(OBu'), (82%)

ACHMMETPHUYECKOE BOCCTAHOBIEHUE KAaPOOHWIBHOM IPYTIIIBI MOX-
HO OCYILIECTBUTEH TAKXKE C ITOMOIIBIO JUTHAPOIUPUIUHOBBIX COEIH-
HEHUHN. DTU peakuUH aHaJOTMYHbI (PEepMEHTATHUBHBIM IPOLIECCAM,
OCYLIECTBASEMBIM B XHUBBIX OpraHM3Max noja AchcteueM (epMeHTOB,
CoAepXallMX BOCCTRHOBJIEHHYIO (POPMY HUKOTHHAMUAANCHUHEUHYKIIE -
otuna (NADH), aKTUBHBIM LEHTPOM KOTOPLIX SBISIETCS AUTHIAPOHH-
KOTHHOBBI# (bparMeHT, a pojib XHPaILHOIO PaCOo3HAIOILETO hparMeHTa
BBITONHAET OesIkoBas enb. B cuHTeTyeckoM muruaponupuaune (LIV)
OeJlok 3aMeHeH Ha OCTATOK ONTHYECKM aKTUBHOU aMHHOKUCIOTHI —
npoiuHa. Tlockonbky npH 06pa3zoBaHUU XUPATBHOIO PEaKIHOHHOIO
KOMILTeKca BOBce HebeapasuyHo, KakuM obpazoM cyberpaTr U pea-
reHT LIV pacrnojioxarcss OTHOCUTEJIbHO IPYr ApYyTra, BO3HUKAET pas-
HHI1a B 9HEPIUsIX JUACTEPEOMEPHBIX MEePeXOIHbIX COCTOSHHUI, KOTO-
pas IOCTaTOYHO BeIUKa M OOecIeYMBaeT 3HAHTUOMEPHBIA H3OBITOK
okoJo 80%:

CON
Ph—ﬁ—COOEt + | i —
CONH,
|
CH,Ph (LIV)
CON
. PthJHCOOEt + O/ ;\j
H/
CONH
(3 u. ~ 80%) 2
CHzPh
*
NH NpOMH (NPUPOIHAS aMUHOKHMCIOTA)
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8.6.2.6. ACUMMETPUYECKOE ATTKUTUPOBAHUWE
KAPBEOHWJIBHOM I'PYIIIHI

OuyeHb BaxHO# NpobiieMOH OpPraHUYECKOro CHHTE3A SBJSETCS
3HAHTHUOCEJEKTHBHOE AIKWIMPOBAHUE ABIETHIOB METAJUIOOpraHHUYec-
KUMH COeMHEHMSIMH. Peaki1io MOXHO OCyILECTBUTE C [TOMOLIBIO M-
THI-, MAarHU#-, UUHK-, ATIOMUHUK- U OOpOpPraHMYeCcKUX COeIUHEHHUH.
Hamnpumep, npu B3aUMOIOEHCTBUM BCIIOMOTaTeILHOTO XHPAJIBHOIO pe-
areHTa LV c aBymst MosisiMu OyTWLTUTHSE 0OpasyeTcst KOHpOpMalHOH-
HO XECTKHH KOMIUIeKC LVI, KoTopblit B peakuuy ¢ OeH3aIbJerHioM
J3eT ONTUYECKH AKTHUBHBIM 1-deHWNeHTaHOoM:

Q CH,~ N 2BuL1 Z ; \ PhCHO
- BuH

CH,0H

\°°_\

Cmunu

—_— PhFHBu
OH (LVI)

Huxe npuBeneHsl Apyrue MpuMepbl aCUMMETPUYECKOTO MIPUCOe-
JUHEHUS] META/UTOOPTAHUYECKUX COeMHEHNIH K DHAHTHOTOIMHbIM a/lb-

Jeruaam:
R Ph H p H

Li
QO
N . Y TIO—MD (1:1) 'y
d Y > 2
OO o\ R 0 100°C ud R
Li
R

\ /

N/~

(3.u. 92%)
ﬁ (OH
“~ DIAB, H,0
R,Zn + H (O)-DIAB H.Q H (o.n. 98%)
CH,CH=CMe,
OH Me
LB 1) RCHO |
——— > RCH—C—CH=CH, (3.1. 96%)
2) H0® o+

Me
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[t peakuuil AUacTepeOTONHbIX ATLAETHAOB U KETOHOB ACHMMET-
pUYeCKUil CUHTE3 OydeT Ha3bIBATLCS duacmepeoceneKmuHbIM, TIO aHa-
JIOTMM C 3HAHTHUOCEIEKTUBHLIM CHHTE30M B ciyyae 3HaHTHOTOIHBIX
MoJIeKy. JlMacTepeoceeKTHBHOCTE MOXHO YCTAHOBHUTE C IIOMOLIBIO
npasura Kpama u npasuna Ilpeacea (cM. Takxke 171.16).

IMpaBuno Kpama mpeackasmpIBaeT MPeMMYyILECTBEHHYI0 KOHPUry-
palHi0 AMacTepeOMEPOB B TEX CIyYyasiX, KOTga acUMMETPUYECKUH
LEHTP B MOJIEKYJIE UCXOAHOIO KETOHA HEelIOCPEACTBEHHO CBSA3aH C Kap-
OOHUNIBHONR TpYNIOM.

B nponykre peakuuu, cnupTe, OyIeT yXe ABA XUPaJbHbBIX [IEHT-
pa: paHee CYyLIeCTBOBaBIUMA B MCXOOHOM KapOOHWJILHOM COCIMHE-
HMM ¥ BHOBb BO3HHUKAIOIIMA U3 KapOOHWILHOM rpynisl. Juacrepeo-
CEJIEKTUBHOCTb 3aBHCHUT OT pasMEpOB 3aMECTHTEJNICH, CBSI3aHHBIX C
aCMMMETPHUYECKHUM LIEHTPOM B MCXOIHOM cyOcTpare, a TAaKXe OT Ipe-
MMOYTUTENbHON KOHGpOPMAaLMH JaHHOIO KapOOHWILHOIO cybcTrpara.
MoXHo ronararh, YTO OOBIMHbIE KAPOOHUIBHbIE COETUHEHUS TIPEUMY-
ILIECTBEHHO CYIIECTBYIOT B KoH¢opMaluu, u3obpaxeHHo# GopMyioit
LVII, B xotopoit cuMBonaMu b, C 1 M ob6o3HaYeHb! COOTBETCTBEHHO
OonbllON, CpeqHHH M MajbId 3aMecTUTENH (IO OTHOCHUTEIbHBIM pa3-
MepaM). OUyeBHIHO, YTO aTaKa PEarcHTOM IOJDKHa OCYILIECTRISTHCS
MPEUMYLIECTBEHHO C TOM CTOpOHB! KAPOOHMILHOR I'PYIIILI, KOTOPast
MPOCTPAHCTBEHHO MEHee 3aTpydHeHa (Ha cXeMe YKa3aHO CTDEJNKOMH):

0
A ¢

b (LVID)

M
R

10 NIpaBUIO MMOATBEPXKAACTCHA MHOIOYHMCICHHBIMH IIPDUMEpaMH:

MeMgX R=Me (66%)

H;C
peareHT C(Hq EfMgX Et (75%)
PhMgX H CeHs Ph (83%)

Hj
(OCHOBHOPI MIPOOYKT)

IonobHele mpouecchl MOMYYWIN Ha3BaHUE acuMMempuqecKol UHOyK-
yuu. BumHO, YTO NpU YBEIUYSHUM pPa3MEPOB MarHUHOPraHU4YECKOro
COEIMHEHUs] JHACTEPEOCETEKTHBHOCTD PEAKIIMHU BO3paCTAaeT.

Ipasmwio Kpama NpUMEHUMO HE TOJBKO K ATKWIMPOBAHUIO, HO
U K TUEPHUIHOMY BOCCT2HOBJIEHHUIO KapOOHMWIBHON IPYMIILL
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Tlpasuno [Ipenora aHamoruyHo npasBusty KpaMa, HO TONLKO IIO-
CBOEMY TIPENCKAa3bIBAeT MPEANOYTUTENbHYIO OpHUEHTALMIO peareHTa B
MEPEXOHOM COCTOSIHUM. DTO IPaBHIIO UCIIONbL3YeTCsA, HAIpUMEp, IS
MpeAcKa3aHUs CTepeOCe/IeKTUBHOCTY IPUCOESIMHEHUS peaKTuBoB ['pu-
HbAIpa K ONTMYECKM AKTMBHBLIM 3¢hHMpaM o-OKCOKapOOHOBBIX KHUCIOT.
Ilpennonaraercsi, 4To B pe3yibTare cCBOOOIHOIO BPALUEHUS CYILECTBY-
10T TpH KoHpopmepa 3¢pupa a-okcokucaotsl: LVIII a-B. [1o npoctpas-
CTBEHHBIM NpuuyMHaM KoH¢popmepbt LVIIIa u LVIII6 nomxHbr aTa-
KOBaThCs PEArcHTOM CJIEBA OT IJIOCKOCTM, B KOTOPOH pacIloJOXEHbI
C=0O-rpynnsl, a KoHdopMep LVIIIB — cripaBa oT 3TOH IUTOCKOCTH.
Ecnyu cuuTarh, yto Bce TpUM KOH$oOpMepa B MX CMECH COJEpXaTcs B
PaBHBIX KOJMYECTBAX, TO NPEAINOYTUTEALHON OyneT araka cieBa oT
MIOCKOCTH:

ﬂ/(LMC r/ol C 5 /O‘ E M
R%%E A R)A/Y
lo IOM lo C

4 4 i
A2 / A2 / / A
LVIlla LVIII6 LVIIIs

TlogTBepxpeHueM npaBuna Ilpenora gsisercs, HalpuMep, Clenyio-
A peaKLIMs:

(M)
0 HO Me
| H © 1. MeMgi  \§
AL 2om /N
Pho ¢ 3 Al/Hg Ph c—oOH
J CH
O 3
CH(CH,),
R (62%)

(b)

8.6.3. IPHCOEJIVUHEHMNE K JIBOMHLIM CBA3AM C=C

ACUMMETpUYECKHE CHHTE3bl, OCHOBAHHbIe HAa peaKIMsX IpH-
coeJuHeHUs K OBoHHoit C=C-cBi3M, — 3TO B OCHOBHOM HIp0GO-
pPUpPOBaHUE aJKEHOB ¢ IOMOLUbLIO XUpalbHbIX OopaHoB. Peakiius rum-
pobopupoBaHus MoApobHO paccMoTpeHa B Il 5 (4. 1). B peaynbrare
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OKHCIICHHUA 06pa3)’lOI.LlPIXC${ IMpyA MpHACOCIUMHCHUH 60paHOB K ajIKe-
HaM 60p0pFaHPI‘{€CKPIX COENUMHEHUH IMoJIY4aioTcd CIIMPTHI.

H,C_ H H,c  BR,
* CH3
R',BH H,0, .|

H,c” H H,C [ H

. S moutyt 100%-a

R = (muHaHUA-3) OITTMYecKast YUCTOTA

Kpome 11-3-nuHagun6opaHa MoXHO MCIIONb30BATh TAKXE U MOHO-3-
nuHaHunGopad (R BH;). B HacToslee BpeMs ¢ MOMOLIBIO 3TUX JBYX
pPEAareHToB MOXHO YCIEUIHO OCYILUECTBIIST, CUHTE3Bl MHOIHMX OITHYECKU
aKTMBHBIX criMpToB (Taba. 8.3). .

W3 maHHbIx Tabn. 8.3 sugHo, yto R BH, Gonee agpdpekTupeH st
mpanc-aJKeHOB Y MPOCTPAaHCTBEHHO 3aTPYAHEHHBIX YUC-2JIKEHOB, TOT-
Aa Kak JUIsi TIPOCTPAHCTBEHHO HE3aTPYAHEHHBIX YUC-JIKEHOB JIy4lue
ucnonab3opath Ry BH. D10 HeoGxoauMMo yYUTHIBATH Mpy BblOOpe pea-
reHTa Jisi KOHKPETHOro CMHTE3a.

Tatnwnwua 8.3

T'unpoGopHpoBaHHEe aNKeHOB IH- H MOHO-3-NHBAHMI0OpaHAMH

u SOHaHTUOMEDHBIH
CXONHbIE aJIKEHBI W3BHITOK (%)
R/BH |R'BH,
2-MetunankeHnl-1 CH, 5-30 1,5
s
CH,=C—R
yuc-AsnKeHnl R R 76—98  20—24
s
“CH=CH
mpanc-AnKeHbl R 13 70—-92
N
CH=CH
“R

[MpocTpalcTBeHHO 3aTpyAHEHHbIe alKeHsl (4uc- U mpanc-) 1422 52—-100

KpoMme rugpoGopupoBaHus IS acMMMETPUYECKOrO CHHTe3a Ha
OCHOBE 3JIKEHOB MOXHO MCIIOJIb30BaTh peakivio MMXass — MpHco-
eNMHEHWEe PEareHTOB C MOJABMXXHBIM aTOMOM BOAOPOAAa K aKTMBHUPO-
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BAaHHOM 1BOMHOM cBsI3u (cM. 11.16). Pacrno3Haonmil XxMpaibHbIA LUEHTP
MOXET KJIM BXOJUTbL B COCTaB OJHOIO W3 pearcHTOB, WIM ObITh [Ipe-
CTaBJICH ONTHYECKHU aKTHUBHBLIM PacTBOPUTENIEM WJIM KaTaIM3aTOPOM,
HalpUMep:

CH,NO,

Bl
Ph—CH=CH—COPh + CH3NO, — Ph—CHCH,—COPh (2.u. 51%)
XaJIKOH

(B" — XMHMAMH; MPUPOIHBIH ATKAIOUA).

8.6.4. ACHMMETPHYECKHMH CUHTE3 AMUHOKMCJIOT

OuyeHb 3¢ ¢eKTUBHBIM 0Ka3aJICsl IIYTh CHHTE3a OMTUYECKU aKTHUB-
HBIX CL-AMMHOKHCIIOT Yepe3 MeabopraHudeckue komiuiekcs! (FO.H. be-
JIOKOHb, 1982). CHavasna onTu4ecKy aKTUBHbINA N-OeH3WITPOIUH Ipe-
BPANIAIOT B AMMI peakLHUel ¢ opmo-aMUHoAaLeTOGhEHOHOM. 3aTeM I1o-
JIYYEHHBIM MpOAYKT KOHOSCHCHUPYIOT C DJIMIIMHOM (AaMUHOYKCYCHOH
KHCJIOTOM) B MpUcyTcTBUM coteit Menu (II) u B pesynbrare mony4a-
1or MegHbiil KoMruieke LIX, B kotopoM CH,-rpynmna (Ha cxeme Bbl-
nelleHa) oblagaeT MOOBUXHBIM BojaopomoM. IIpu anbao/bHON KOH-
JEHCALIMM C YYACTHEM ITOM TPYIIILI TONYYAIOT C-AMUHO-[3-TUAPOKCH~
KHMCIIOTBI, a MpH AIKHJIUPOBAHUM 3TOH IpyInsl — pa3HooOpasHbIe
AMUHOKMCITOTHL BBICOKOH OINTHUYECKOU YUCTOTHI:

CH,COCH/NH,-opmo H,NCH,COOH

[ B—COO > Z B—CO At

ll\I H II‘J NH Cull)
CH,Ph CH,Ph COCH,;

N-6eH3WIIPOIMH
(ONITMYECKU aKTHBHBIIH)

1)CH,;CHO

*
——— CH;CH(OH)CH(NH,)COOH
U—CON 2)H30+ 3 ( ) ( 2)
> /N ~
PhCH, N 70\ 1)R,NLi x
y CH, R—CH(NH,COOH
)—CHZ 2)RX N O-aMHHOK MCJIOTHI
0] 3)H;0
(LIX)

DHaHTUOMEpPHBIE U3OBITKHA B TaKOM CHHTe3e aocturaior 97—100%.
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8.6.5. CHHTE3bI B XUPAJIbHBIX CPEJAX

Ecnyn peareHThl axupajibHbl, HO OOMH M3 HUX IIPOXHpPAJIEH, TO B
OITUYECKM AKTUBHBIX CPEAaX MOIYT IPOHCXOJHUTh aCHMMETPHUYECKHE
CHHTE3B! IHAHTUOCENEKTUBHOTO TUITa. Hanpumep, npu aecTBHM Mar-
HUHOpPraHUYECKUX COCIMHEHHUI Ha KEeTOHb! B MPHUCYTCTBUH 2¢GUPOB
BUHHOM KUCJIOTHI OJJMH U3 3HAHTUOMEPHLIX CITHPTOB IOJYyYaeTCS XOTS
U B HeboablioM (3.H. = 2,5%), Ho Bce Xe B u3bbITKe. [Ipn umxinsa-
UMH 2-anwi¢eHoNoB B B-MuHeHe (ONTHYECKH aKTUBHBII PacCTBOpH-
TeJb) 3.M. cocTaBun 12,5%:

Z “CH, 0,
— (3.1 12,5%)
ayeTaThl

OH Cuu Pd, O

B-muHeH 1-BuHWTI- 1 ,2-nurHapoGeH30dypaH

Bosnee Toro, ecnd ofMH peareHT XHpajleH, HO BOTUTCS B peak-
L[MIO B BUAE PALEMHUYECKONH CMEeCH, TO B OINTHYECKH AKTHBHOM pa-
CTBOpHTENE OUH K3 SHAHTHOMEPOB XMPAJILHOIO peareHTa pearupyet
ObicTpee ApYroro, 4YTo IPHBOJHMT K OINTHYECKH AKTHBHOMY IPOIYK-
Ty, HampuMep:

CH;, 1) (+)-CH;CH(OCH;)CH(OCH;)CH;4 CH;

| (pacTBOpHTEIIDL)

CHMgCl + CO, » HCCOOH
| 2) THIponn3

CZHS C2H5

+, ) )

Moekynbl orTHYeCKH AKTUBHOIO pacTBOpUTENA [(+)-2,3-TMMETOKCH -
6ytaHa] B CHMJIy INMPOCTPaHCTBeHHBIX NMPHYUH 0Opa3yioT NpOYHBIE
COJILBATHI C OJHOM M3 OBYX 3HAHTHOMEpHLIX (opM MarHHOpraHH-
yecKkoro coeauHeHus. CoibBaThi JieBoit M IpaBoi ¢opM cybcTpata
OTHOCSITCSI JPYT K JpYIy XKakK JUacTepeoMepbl, U II03TOMY BO3HHKAET
paznuume B ckopocTsx ux peakuuu ¢ CO,. Eute pa3 nogyepkHeM, 4o
3HaHTUOMEpPHl MoryT ObITh MU depeHIIMpOBaHbl TOJBKO C IIOMOILBIO
ONTHYECKH AKTHUBHBIX BEIUECTB, B JaHHOM cJydae c IOMOUIbIO
OTNITUYECKH AKTUBHOIO PACTBOPHTENA.

AcCHMMMeETpHUYECKHE CHHTE3bI ITPOBOASATCS TAKXE B XMPAIbHbIX (XO-
JIeCTEPHYECKHX) Hcudkux kpucmaanax. Hatipumep, TAKUM [IyTEM MOX-
HO OCYIIECTBUTbL CHHTE3 C.-AMHHOKHCJIOT C HEBLICOKOM OITHYECKOH
YUCTOTOM. :
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8.6.6. <ABCOJIIOTHbIN>» ACHUMMETPHYECKHUN CUHTE3

«Ab6coaromHoim» ACHMMETPUYECKMM CUHTE30M Ha3blBaeTCsl TaKoi
ACUMMETPUYECKHMI CUHTE3, KOTODBIA OCYILECTBISIETCSI B OTCYTCTBUE
acCMMMETPAYECKUX XMMHUUYECKHUX pEareHTOB, B TOM YMUCIE AEHCTBYIO-
IIMX B KaYeCTBE KAaTAJIM3aTOPOB. 3HAYMUT JIM 3TO, YTO B JAHHOM CIy-
4yae IHAHTHUOMEPHBbIE KOHGUIYpallMyu oOpa3yioTcsi B HEpPaBHbIX KOJHM-
yecTBax Ge3 BCAKOro acMMMeTpuayoluero areHta? Bosce HeT. «AGco-
JIIOTHBIA» aCUMMETPUMYECKUH CUHTE3 OTIMYAETCS OT OOBIYHBIX,
pacCMOTPEHHBIX BBILIE, JHLIb TEM, YTO B HEM MCITOIb3YeTCs DU3M-
YeCKMU acMMMETpUYECKUMI areHT, HalpuMep LUPKYISApPHO MOJSIpU-
30BaHHbIA cBeT. CieloBaTE/bHO, U B 3TOM CIIy4ae «IIpaBOe» U «ie-
BO€» MOXET OTIMYHUTh TONLKO XUPAIbHBIM areHT (PU3MYECKHUt), B3sI-
TBIl B CBOEH «IIPaBOM» WU «JIEBOW» (hopMe, U TEPMUH «abCOIOTHBIH»
HE JOJXeH BBOAHMTDL B 3a0ayKAeHME IO NMOBOLY 00sI3aTeNBHOIO YCI0-
BUS — HATMYHUSA acCUMMeETpUYecKoro ¢pakropa.

«AGCONIOTHBI» ACUMMETPUYECKUH CHUHTE3 YK€ NaBHO MpUBJIEKa-
eT K cebe BHMMaHHWE Yy4YeHbBIX, MPEXIe BCero B CBSA3M C NpobieMoit
BO3HMKHOBEHHsS] OMTUYECKH AKTMBHBIX MOJIEKYJNl Ha 3eMie B MepBO-
HayaJIbHBIX a0MOreHHbIX ycjIoBUsAX. OMHa U3 TUITOTE3 COCTOMUT B Ipea-
MOJIOXEHUH, YTO TMPUYMHOK BO3HUKHOBEHHS IEpPBOHAYAILHLIX OIT-
TUYECKH aKTUBHBIX COENMHEHUH ObLT LIMPKYJSIPHO TMONSPU30BaHHbIA
CBET, TaK KaK Taxas MOJApU3auUsl BO3HUKAET MPH OTPAXEHHH ecTe-
CTBEHHOIO CBETA OT BOJHBIX MTOBEPXHOCTEH.

B nabopaTopHbIX YCHOBHUSAX MEpPBble CHHTE3Bl TAKOIO THUIA GbLIM
ocyllecTBIeHbl B Hayane 1930-x ronos. Hanpumep, npu ocBelmeHuH
paneMHUYEeCcCKOro AUMETHIAMHUA C-a3UNONPOIITMOHOBONH KHUCIOTHI
CH,;CH(N;)CONMe, uupKysipHO MOJISIPU30BAHHBIM CBETOM Habiio-
Janach MpeuMylLeCTBeHHAsT JEeCTPYKLHs OJHOro U3 3HAHTMOMEpPOB,
M OCTaToOK IIpUODpETaT ONTUYECKYI0 aKTUBHOCTb (ACMMMeETpHUUYECKas
Jectpykuust). B 1970-x ronax ¢ moMolipio UUPKYJISIPHO MONSIpH30BaH-
HOTO cBeTa ObUIM MOJIydeHbl reINLeHb! B ONITUYeCKH aKTUBHOH ¢op-

Me, HalpuMep:
n 4¢
—( O
313 uM,

10 4
Z

rekcarenyueH (3.4. ~ 0,2%)

Benuuunua 3HAHTHUOMEPHOTIO U30bITKA npyu d)OTOXPIMPI‘{eCKPIX
ACUMMETPHUYECKUX CHHTE3aX 3aBHMCUT OT TOro, HACKOJbKO CHJIBHO
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OTJIMYAIOTCST MeXNy coboil K02 GUIIMEeHTHI MOrIOIIEHHUS IPaBOro U
JIEBOTO LIUPKYJSIPHO MOJSIPU30OBAHHOIC CBETAa JAaHHBIM BEILUECTBOM.

B mocnegHee BpeMsi MCHOJB3YIOT LUMPKYJIAPHO MOJSPU30BaHHOE
JlazepHOe U3yvyeHue. TakuM MyTeM M3 3aMelleHHBIX TponoHoB (LX)
ObUTM MoJydeHbl OUIMKIMYecKMe KeToHbl LXI:

X —
X

hv
o . (3.1. 3%)

N O
(LX) (LXI)

M3BecTHBI Takxke «abCOMIOTHBIE» ACUMMETPHYECKUE CHHTE3Bl B
TBepno# ¢ase, MIpUIMHON KOTOPLIX SBJISETCS BO3[JeCTBUE IHAHTHO-
MopopHOH KpUCTAUIHYeCKO#R pelueTkH. HarpuMep, npu 6poMupoBa-
HUM MapaMM 6poMa 3HAHTHOMOpPGHBIX KpPUCTALIOB* mpaHc-4,4-nu-
MetmiaxankoHa (LXII) mpoucxoaur mpanc-npucoequHeHue 6poMa 1o
JBOMHOM CBSI3M U TMOJNYYAIOTCS JBa 3HAHTHOMepa:

\

CH,CeH, H ..
— > CH,CH;—CH—CH—COC4H,CH,
H COC4H,CH; Lob
(LXID) (3.4. 6%)

8.6.7. ACHMMETPHUYECKAA UHAYKIIMSA AKCHAJILHON
M NJJAHAPHON XUPAJIbHOCTH

Boiile MbI paccMaTpyBalM acMMMETpHUYECKUE peaKivd, B KOTO-
PbIX BO3HUK&JI XUPAIbHBIA LEHTP IOJA BO3AEHUCTBUEM APYIOro XHMpaJib-
HOro [eHTpa (HalpuMep, M3 IMaCTepeOTOMHbBIX KApOOHNIBHBIX COeH-
HeHHiT 06pa3oBbIBAIMCH AMacTepeoMepHble CUpTHI; 8.6.2). Mi3BecTHbBI
TAKKE TMPUMEPBI, Korga XYpaJIbHbIA HEHTP UHAYLUMPYET XHUPAILHYIO
OCb WA XUPAIBHYIO [IOCKOCTb.

Tak, Haubonee paclpoCTpaHEHHBIM METOJOM CUHTE3a aKCHAIb-
HO XMPAaJbHBIX AJUIEHOB B OIITMYECKM AKTMBHOM GopMe SIBASIETCS Te-
pexol OT MPOMapruibHbIX COEAMHEHUH C XMpaTILHBIM neHTpoM. Ha-
[pUMEpP, TIpY BOCCTAHOBJIEHUM TO3WINATOB CMAPUIAMU:

RPN Li Al H, NP
R—C=C—CH—OTs ———=  >C=C=C_
R
HEHTpAJIbHAA XHUPAJIBbHOCTH dKCHAJIbHAsT XUPaJIbHOCTh

*
SHanTHOMOpGHBIE KPUCTALIB! MOTYT 06pa30BhIBATD BEl(ECTBA, MOJIEKY/IbI KO-
TOPBIX aXUpaIbHBL
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ACHUMMETPUYECKYI0 HHIYKIHUIO TUIaHAPHOH XHPaJLHOCTH MOXHO IPOo-
WUIIOCTPHPOBATh HAa TNIPUMEpE CHHTE3a ONMTHYECKH aKTHBHOIO MpPaHC-
UMKJIOOKTEHA!

H
.0
N\ .__. (RO);P
C=S —» + CO, + (RO);PS
0)
H

(+)-u3omep, (R)-(+)-u3oMep,
LEHTPATbHAsA XUPATbHOCTD TUTaHapHasl XUPaIbHOCTD

8.6.8. ACHMMETPHYECKHUN KATAJIIHN3

OnuH u3 ryreil noBblleHUsT 3PGEKTUBHOCTH ACUMMETPUYECKO-
IO CHHTe3a COCTOUT B MCIOJIb30BAHUH KATATUTHYECKUX KOTUIECTB XU~
paipHoro areHTa. Haubonee oOlWMM M3 H3BECTHEBIX B HACTOsAMLICE Bpe-
M3l SHAaHTHOCENEKTUBHBIX KATAIUTHIECKUX METOLOB SBJISIETCS [IPUME-
HEHHE XHMPATbHBIX KOMIUIEKCOB MepeXoIHbIX MeTayuioB. M3BecTHO, 4TO
METAJUTBL CITOCOOHBI KATAIU3UPOBATh MHOTME OpraHHYeCcKHe peakl(vH,
U I[IyTeM BAPbUPOBAHUSI MPUPOIBl META/UIA, OPraHHYECKHUX JIUTaHIOB
M XHPAJbHBIX H00aBOK MOXHO HAIlpaBUTE MPOCTPAHCTBEHHOE Tede-
HUe peaklMH PaKTHYECKH 110 THOGOMY HYXHOMY ITyTH.

MeTannoKoMIUIEKCHBIM KATaJIM3 pacTBOPUMBIMH KOMILIEKCAMH
METAJUIOB, B TOM YHCJIE U DHAHTHUOCEJCKTHBHBIA, €ro IMpHHIHUIL U
MeXaHH3MBbI TogpoOHO paccMaTpUBaioTCs B 1. 27 (4. 3). 3mech Xe MbI
MpUBEAEM JHUUIb HEKOTOPbIE CHHTETHYEeCKHE IIPHMephl KaTAIUTHYeC-
KHMX peakluil, MPUBOASIUHUX K [TPOIYKTAM C BHICOKUM H3DBITKOM OI-
HOTO M3 3HAHTHOMEPOB.

Ytobut co3maTh 3¢pPEKTHBHBIA KaTATUTUIECKHHA SHAHTHOCENEK-
TUBHBIA METO]] CHHTe3a, HEOOXOOMMO HMMETh IPOCTO, OYeHb peak-
UMOHHOCIIOCOOHBIM KaTanty3aTop, obJanaioluil xopouie# criocobHo-
CTbIO K XUPaJIbHOMY paclio3HaBaHUIO PHAHTHOTOIMMHHX CTOPOH IpO-
XHpATBHBIX Monekyl. CiaegoBaTeabHO, IOMUMO BbIGopa UEHTPAIBHOIO
HOHA METa/UIa NPAKTHYECKX BAXKHO MMETb MOJIEKY/ISAPHBIA IH3aiiH (T.€.
MPOEKThl BO3MOXHBIX CTPYKTYP) XHPaATbHBIX JTUTAHIOB. XOpPOILLIHE JH-
FaHJbl JOJKHBI CONEPXATh IMOAXOLSUIHUE /ISt CBSA3BIBAHUS C JAHHBIM
METAUIOM (PYHKIHOHANIbHBIE TPYIIIbl, HOAXOISIIHE MOTEKYISIPHBIE
SJIEMEHTbl CUMMETPHH, 3aMECTHTeNH, criocobHble nuddepeHupo-
BaTh pa3Hble O0OGNACTH OKPYXAIOUIEro MPOCTPAHCTBA CTEPUYECKH WIIH
3JEKTPOHHO (CM. Bblllie); KpOME TOro, TWTaHIb! JOJLKHBI 0071aJaTh WIH
CKeleTHoM (KapKacHo#) XeCTKOCThIO, MIIH, HaobopoT, cKeneTHoH
rMOKOCTHIO (B 3aBUCHMMOCTH OT KOHKPETHOM peakiUHH).
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OIHUM U3 MEPBbIX IPUMEPOB ACUMMETPUUYECKOIO CUHTE3a M3 IIpo-
XMPaIbHbBIX COEAMHEHUH, KATAIM3UPYEMOro pacTBOPEHHBIMUA XUPaJIhb-
HBbIM{ KOMILIEKCAMM METAJUIOB, 6bL1 ONMy6IMKOBaHHBIH B 1966 r. cuH-
Te3 3¢pupa yuc- U mpauc-2-GeHUNIUUKIONPONaHKapOboHOBOM KHCIO-
TBHI C MCITOJIb30BAHMEM XHPAJIBHOIO KoMruleKca ¢ doBa ocHOBAHUS
¢ Cu(Il) (LXIII). Peakuust mpoTeKaeT yepe3 KapOeHOUI MeAu B XH-
paJTbHOM OKPYXECHHH:

Cu* — kar . . ,COOEt
Ph—CH=CH, + N2CHCOOEt—>
CTHUpPON JIMa30yKCyCHBIH
adup yuc- ¥ mpanuc-
PthHCH3 (3.1 ~ 10%)
\ /
Cu® — kar = 0/ \
|
(LXIII) CH,CHPh

B sTOoM cnyyae 3HaHTHOMeEpHBIH H3OBITOK cocTaBHia Bcero 10%, Ho
Mocjie CUCTEMATHYECKOro CKpMHHUHIA (T.e. IIpocToro nepebopa MeTo-
oM TpoO) xupaitbHbix ocHoBaHui Llngpda O6pur HalineH kaTanmusa-
TOp, MPUBOASLIMIA K 3.1. = 94%. Ha sToM ocHoBaHMu 6bUT pa3zpaboTan
METOj TPOMBILUIEHHOro cHHTe3a (.8)-2,2-ZUMeTWILHKIONponaHKap-
O0HOBOM KHCJOTH (XoTopass HeoOxomuMa JUisl [ONydeHMsT dapmiipe-
mapata MHIHOHTOpa JeruaporenTuaasb-1).

B HacTosiiuee Bpemst HauGosee 3dbdpeKTHBHBIE SHAHTHOCETEKTHUB-
Hble MEeTAJUIOKOMIUIEKCHbIE CHHTE3bI [JIABHBIM 00pa3oM OCHOBaHbBI Ha
peakuuu rugpupoBanust C=C, C=0 n C=N-cBs3eif B OCHOBHOM Ha
KOMIUIEKCaX poiaust M pyTeHus. Huxe ripuBeneHb HauGolee sipKue
npHuMepsl (cM. Takke 4. 4, 1. 27).

1) Cunte3 (-)-MmeHToOna:

~
)\/\)L/ ———b/g/\/k/\NEtz
JMITWIrepaHWIaMUH SHAHTHO-
l(S)-BINAP-Rh+ [ cenexmrian
KaTATMTUYECKAS
)\/\/k/ )\/\/k/\ pea
7 “NEt)
UMTPOHELIAIb (R)-; 3.4. = 96—99%

'
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(e

PPh,

<

PPh,
PPh,

G
<

W
W

(R)-BINAP (S)-BINAP

A

<
C

_— @\ (—)-MeHTON
OH OH

(S)-BINAP-Rh"

p~R0CH,
ph, H

2) TlonyyeHue ONTHYECKH AKTUMBHBIX CIHMPTOB:

HO H O
/

R

] H2
>\ , (R)-BINAP- Ru )K
R R

R R R

OH
H, K

(5)-BINAP-Ru

(R = Alk, Ar)

SHaHTHOMepHBIN U36LITOK cnupra, %

—CH,CONMe,
~CH,COSEt
—CH,COR" (R’ = CH,,Ph)
—CH,CH,0H

Br

(opmo-Gpomde HIT)

—CH,NMe,
~CH,0H
COOH

(opmo-xapbokcudeHww1)

96

93
94—100

98

92

93-96
92

92
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0 R
| T
P_| O
(5)-BINAP—Ru = P/Ru\o
0 R
R = Alk

AJIKWIMpOBaHUe KapOOHUJIBHBIX COEIMHEHHH META/UIOOpraHvdec-
KUMHU COENUMHEHUSIMM HEMEPEXOMHbIX METAIOB B IPUCYTCTBUU XH-
PaTbHBIX KOMIUIEKCO0Opa3oBaTeel TAKXXe MOXHO CIEAaTh KaTaauTH-
YecKUM IporeccoM. Harmpumep, OeH3anbaerua B peakuuy ¢ IUMe-
TWI- WX JUITHIUMHKOM B TOJYOJ€ B IIPUCYTCTBMM KAaTAJIUTUYECKUX
KOJIMYECTB XMpaJbHOIO KOMIUIEKCOOOpa3oBaTe/isi Ha OCHOBE OMIIMK-
nuyeckoro 6opHaHa (—)-DIAB obpa3syer (R)-criUpThl ¢ 2HaHTUOMED-
HBIM K30bITKOM 92%:

0 R  OH

(-)-DIAB-kar. H,0 H
H _— —
R,7Zn +

NMe,
OH

B peakuuu ¢ (-)-DIAB cHauana oGpa3yeTcst AMMEPHBI KOMILIEKC
LXIV, xotopbiii uMeeT cuMMeTpuio C,, 4 Mo3ToMy xupaneH. Eciu
Xe B peakUMIo BecTd panemuueckuit (+)-DIAB, obpasyercss mumep-
Hblil KoMIuieKe cuMMerpud C, KoTopbiii axdpaneH. KoMrmuiexc xe
cummerpud C, B 3TOM cllyyae He obpa3yeTcs, TaK Kak I10 MPOCTpaH-
CTBEHHBIM (PAKTOpAM OH TepMOJYMHAMHMYECKM MeHee CTaGuieH, YyeM
komiuieke Ci

Me,
NR, N\Z /R
2 + 2R,Zn —_—
o 2 _2RH o
DIAB (R = Me, E) \Zn/
RN
Me,
(LXIV)
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R

by A,

C; (xupaieH) C; (axupaeH)

B peaxuuu ¢ 6eH3anbaerMaoM SHAHTHOCEIEKTHBHOCTBIO, CIIENO-
BaTenbHO, Oyner obnagath Tojabko KoMiuieke C,. Kartanuruueckwii
LUK OMUCBIBAETCS CICAYIOIEHR CXEMOM:

M Ph M Ph
ez 0:/ ez\ /o_:/
1(LXIV)+ArCHo—>£:[ Zn\ " RyZn_ D: n,
R
\Zn/
I\
R R
lMGLUICHHO
Me, Me,
N N
N N
V4
Y n\ - R,Zn /Zn\ h
-ZnR, ¢ 0 R o 0
\Z / N, /
n n R
ZN\ 7N\
R_ 4 R R R R
CH—OZnR =

8.7. ICEBJIOBPAINIEHHUE

B otianune ot a3zota ¢pocgop Moxer oOpa3zoBbIBATDH MSATh KOBAJIEHT-
HBIX CBSI3€# IYTEM pacIUMpeHHs] CBOEH BAJIECHTHONW 000J0YKMU OT OK-
Teta g0 Aeueta. MoeKysbl, HEHTPAILHBIIA aToM KOTOpPbIX uMeeT Do-
Jiee BOCbMH 2JIEKTPOHOB B BAJICHTHOM 000J04Ke, Ha3BIBAIOTCS 2unep-
sanrenmuomu. TlogobHbie coelMHEeHUST MPUOOPETAIOT KOHPUIYPALHIO
TPUIOHAIbHONW OUMMpaMMbl, HaIIpUMeEp:

F ccl, as
_-CH, a RNEY
HyC— P Cl—P? ag=Tm P
I\F | Na AN
F Cl %" (LXV



[1gTh 3aMecTUTENEH 3aHHMAIOT CTEPEOXMMHUYECKM HEOJUMHAKOBOE I10-
JloXeHUue: TpU U3 HHUX (a, b ¥ ¢ B ¢opMyne LXV) Ha3pIBAIOT 3KBATO-
pHAILHBIMYM, a ABa (d U €) — anuMKaibHLIMU. MHTEepecHo, 4To MoJe-
kyna LXV ¢ marbio pa3HbIMM 3aMecTUTeNssMM Y atoMa ¢ochopa B
MPUHIIMIIE MOXET CYILIECTBOBaTh B Bulle 20 XUPAILHBIX MU3OMEDOB,
coctasnsiionMx 10 map sHaHTMoMepoB. Eciiy 1Ba 3aMecTUTENsT ofuHA-
KOBbI, Y4CJIO U30MEPOB cokpaiaercst 1o 10, cpei KOTOpLIX JBE IMaphl
OyLyT S3HAHTUOMEDHBIMH.

Monexynbl, B KOTOPBIX LEHTPAJIbHbII aTOM MMEET KOODIMHAIIM-
OHHOE YMcio 4 wid 6, 0ObIYHO COXPAHSAIOT YCTOMYMBYIO (OPMY TET-
pasapa unu okrtasapa. OnHaKo B MEHTAKOOPAMHAIIMOHHBIX COEIMHE-
HHUSAX JIMTaHABI HEMPEPhIBHO MEHSIOT cBoe MosoxeHue. I1o atoit npu-
YUHE OSTUKOOPAMHAIMOHHbIE coeqMHeHHs docdopa (a TakKe MHOTHE
JIpYTUE, OTIMYAIOLIMECS] aHAIOMMYHBIM TUIIOM XMMUYECKOro IoBefie-
HUSI) TIPMHSTO Ha3blBaThb KOHOUIYPAIMOHHO HEYCTOMYMBBLIMMU. st
OOBSICHEHUS] HENpepbIBHOH CMEHbI MMOJIOXEHHUS JMIAHAOB B TPHUIO-
HaJIbHOM OunmupaMune NpemsioXeH MeXaHH3M ncegdospauierus — ob-
paTUMBIH Mepexo] MeXIy KOH(PHUIypauMsiMU TPUrOHAJbHOW OUupa-
MH/Ibl ¥ TETPArOHAJIbHON MUPaMUIBIL:

1 TICEBaO- 1 3 1 .3
-7 BpallEHUE
4 4 4
2 2 2
D3h C4v D3h
(atoMbl 1 ¥ 2 anMKaJIbHBI) (atoMbl 3 ¥ 2 anmuMKanbHBI)

B npouecce 3Toro MHMMOro BpaleHUsT OJMH U3 3KBATOPUAbHbIX
3aMecTUTeNe#, Ha3blBaeMbI OMOPHBLIM JHUraHaoM (B HallleM ciy4dae
obo3HaueH nuppoit 5), ocTaeTcsi B 3KBATOPHAILHOM IOJOXEHHUH, B
TO BpPeMsI KaK JApyrve JuraHnel (GopMypyloT coboil ocHoBaHHE BooO-
paxaeMoi TETParoHaJIbHOW TMUMPAMUABI 33 CYET UCKAXEHUS BAJICHT-
HbIX yrJ10B. BaneHTHbIH yron Mexny cBs3saMu 1-P-2 yMeHbluaercst oT
180° no 120°, a mexny ceazamu 3-P-4 yeennuupaercsa ot 120° no 180°,
T.€. alMMKAIbHBIC JTUraHabl 1| ¥ 2 B KOHIE KOHIOB 32iMyT 3KBaTOpH-
ATbHBIE, 4 PKBATOPUANLHLIC TUTaHIbl 3 U 4 — alUKAJIbHBIC ITOJOXE-
Husl. B pesynbTare obpasyeTcss nMacTepeoMep MCXONHOM CUCTEMEI, T.€.
MIPOMCXOAUT KaXyiudiicsl moBopoT JuraHmgoB Ha 90° oTHocuTelbHO
OIOPHOro JIMraHaa 5.

IlceBnoBpauicHUe MPOUCXOIUT IMOTOMY, YTO 3HEpreTMyeckas pas-
HUUA MexXNy KoHurypauusmud Di, U Cy, B NEHTAKOOpOMHALMOH-
HBIX coeMHEeHUAX dochopa oYeHb HEBeIHKA.

TToHstTHE «IICeBXOBpAILEHHE» TPUMEHSIOT M IS 0603HAYEHHSA
HEKOTOPBIX KOH(pOPMALMOHHAIX MPEBPAIUECHHUN C YYaCTHEM LMKIIH-
4EeCKUX CUCTEM, HAIpHMEp IS MEPEXOJOB MeXIy BaHHOOOpPa3HbIMHU
KOH(POPMALUSAMH LIUKIOreKcaHa.

92



I'naBa 9

HYKIEO®PUJ/IBHOE 3AMEIIIEHUE
Y HACBIIIIEHHOI'O ATOMA
YIUVIEPOJA

9.1. Ob1mas xapaKkTepUcTHKa MeXaHH3MOB Syl M 832 (oo 97
9.2 MEXAHMIM 532 ..o bt s 103
9.2.1. BaTbACHOBCKOE OOPAIIEHME ....ouuuiiieeiiiiiaiiiiieaeeieeetaaee e e eireas sbebeaeeaeneee 103
9.2.2. TIpHYMHBI HHBEPCHHM KOHODUTYPALHH B S, 2-PEAKLMAX ..covviereriencncinreanines 107
9.2.3. BausiHue pacTBopMTE/IA, IPUPOILl HYKIeoMHIa ¥ YXOAALUEH IPYINbI
Ha CKOPOCTD 15, 2-PEAKIIMH -..eotouiieiinisiitieiias sttt sns ettt ses s as st anaes

9.2.3.a. MexanuaM S,2-peakumii B Fa30BOM Da3€ ......cccovreeiiiicecniiiiieciciee
9.2.3.6. [epexon M3 ra30BOM A3BI B PACTBOP ..ceververvvrsranrersuesseanceaseasncenssrnnes
9.2.3.8. BnusiHMe Ipupoabl pacTBOPUTENSA
9.2.3.1. MeX(DAZHBIM KATATMS .. .ooeiviieieiieeeiieeieieereeeneeseesseeseaeesseesaecesseesmneean
9.2.4. OOHOBNEKTPOHHBIM CHABHT ....oooiiiiiuiiieaiiriaaannceieaateaaseaaeennaa s nseeassaesaearnnas
9.3 MEXBHHMIM Syl oo s
9.3.1. HonHble napsl B rpoileccax MOHOMOJIEKYJIIPHOIO
HYK/TCO(DVILHOIO 3AMELUIEHMS  ...ieeiieietiraeeeaeaaiteseeeesmaerueens e ainensnensaanonesans 133
9.3.2. O006LueHKHas cXeMa HYKIEOMHUILHOTO 3AMEIUEHHI ....eeeverrnieaeiraieearacaeannes 143
9.4. CTpoeHHe OpPFaHHYECKOIO CYOCTPATA M THIT MEXAHM3MA ...c.veviveeneeeiicecerenrarensnes 144
9.4.1. AJIKMTBHDBIE COBIMHEHHS ....eveiruuieeeueieeesieeeeeesaeeaecreseaaateasatenneeeseenaeasaaaseanes 144
9.4.2. BAHAHVE YXOISIUEH TPYTIIIB ......veeeuueeaueieasresaeeesasaeeneeaseeeneaaaseeaanssassesssssaseses 146
9.5. HyxnieodHNbHBIH peareHT
9.5.1. HyKIeODHIBHOCTD ..ccecvviiniiiiiiaeiciccncs
9.5.2. a-3ddexT B HYKICODWIBHOM PEATEHTE .....eeeuverrerieirneiniareeresenearcerseanseenans 152
9.6. JIPYTHE Sy -MEXAHMIMBI ......omommiiiemiemeaieett i nasasas e esnss s s s e s s sans
9.6.1. MEXAHMIM S)J ..ottt e
9.6.2. AnnunbHasA neperpynnuposka (S,”)
9.6.3. YYACTHE COCEIHMX TPYTITT ...cotiiiiieuaiiaeeaeieaansnieeeeteeaeeeasaanssenaaaeeseseassansaneess
0.7, KAPOOKATHOHDBI .......veueneuiireeaeeetiesanteseitearuesesutbeenteaeeseensearstnenseesntnsaseeantasaseasnsessnsan
9.7.1. THIBI KAPOOKATHOBOB ....ociuiieiuieaarirereuniaeseraasaesenmenaseasareseesnnseasassaseaensanesnsens
9.7.2. CrabmwibHoCTb KapbOKATMOHOB H €€ KONMHYECTBEHHAA OLCHKA ....cevureanenne 165
9.7.2.a. KapOoKaTHOHBI B Ta30BOM A3E€ ....eeeveieeiieeieiie e 165
9.7.2.6. KapbOOKATHOHBL B PACTBOPAX .....eeeverracrerrcriiereasesentrareassaeaansesssesesnsssane 168
9.7.3. CrpyxtypHble aKTOpBI, ONpeaeAoHe CTabWIbHOCTb KapOOKaTHOHOB . 174
9.7.3.a. ANIKWIBHBIE ¥ HHUKIOATKMIIBHBIE KATHOHBI ...oooviiiiiiieniieie e e aeeeees 174
9.7.3.6. AJLTUABHBIN, OEH3WIBHBIA H 1OTHaPWIMETUNBHBIC KATHOHHI .......... 177
9.7.3.B. LIUKIONPOMHIMETHABHBIE KATHOHBI -.eeoureriiiriceeseeiieaeuneiriesareeasaearanes 179
9.7.3.r. BUHHIBLHBIA U DEHMWIBHBIH KATHOHBI ...ocooiiieviiai et seeaeeaeeeeanas 181
9.7.4. HeknacCHYECKHUE KAPOOKATHOHDI .....o.uceuieiesnieuesiesaeneesaeaieananssassasanaesssannas 181

93



OnuH 13 Haubosee oOLIMPHBIX M BAXKHbLIX KNACCOB OPraHUYECKHX
peakUUi HOCUMT HA3BAHHUE HYKIeOPUIbHOE 3ameuieHue y HACHULeHHO20
amoma yanepoda. B pe3yibTaTe TAKMX MPOLIECCOB YXOAALIAs rpynna Z
B opraHuyeckoM cybcrpate RZ, conepxameM cBsasb Co3—Z, 3ame-
uaerca HykneobunbHBIM peareHToM Nu: TakuM obpa3oM, 4To He-
Mmoje/NieHHast rapa Hykneoduna B npoaykre peakund RNu craHoBHT-
cs1 2NMEeKTPOHHOM napoit o-cBsazn C—Nu, a 3/neKTpoHHAs napa G-CBsi-
3y C—Z CTaHOBUTCS HeloAe/ieHHOM mapoM oTLIenUBLUeHCs yxoasiei

199)51918 3§
| |
Nu: + —'C—Z — Nu —(II— + Z:

Vxomsmyio rpynmy Z 49acTo Ha3blBAIOT HyKaeogyzom («IIOJBHX-
HbI B BUIe HyKiieodua»). Xopolliue YXoAsAIue rpynbl UMEIOT BbI-
COKYIO HyKJI€o(¢YrHOCTDb, IIJIOXME YXOISILHUE TPYITIbI — HU3KYK HYK-
neogyruocth. K XopoluuMm HyxileodyraM OTHOCSATCS, B YaCTHOCTH,
tpudpnarnas (OTf), yxonsiiuaa B Bune aHuoHa Z =CF;80;, ¢rop-
cynbdoHatHass FSO; , napa-tonyoncynbdoHaTHass WIM TO3WIATHAA
(OTs)” u gp. K cnabeiM HykneogyraM MOXHO OTHECTH aleTATHYIO
rpynmny, Kapbokcunar-uoH (RCOQ7), a takxe F .

Peakuun HykineoduabHOro 3amelieHUs yno6HO KilaccHudHIIMpO-
BaTb B COOTBETCTBHH C M3MEHEHUEM 32psiia B cyOcTpare UM HYKIIEO-
dhune mo THMy MexaHu3Ma 3aMelleHus. [lo 3apsiiHOMY IPU3HAKY 3TH
PEaKIHH 1e1eco00pasHo pa3fieIuTh Ha YeThipe GONbIUME IPYIIIIL.

1. Bzaumodeiicmsue neimpaivHozo cybcmpama ¢ HelumpaabHbiM

HyKaeoguiom

@ e
Nu:+ RZ — Nu—R +Z7Z".
HanpuMep:
@ o
H,N: + RHal — RNH,Hal
o PeaKums TI'odpMaHa;
R,N: + RHal ——— R,N"Hal
R,P: + RHal—— R,P®Hal®;
R,S: + RHal — > R,$®Hal®;
ROTs + AcOH—— ROAc + TsOH ;

(Ts — napa-torryoncynbGoHMT CH@—SOT )

ROH + HBr——— > RBr + H,0 ;

ROR’+ Hl—— » R'I+ ROH ;

RHal + ROH—— ROR + HHal ;

RHal + HOH—— > ROH + HHal .
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2. Bzaumodeiicmgue Heldmpaavro2o cybcmpama ¢ QHUOHHBIM
HyKkaeoguiom

Nu:®+ RZ — NuR + Z:°,
Hanpumep:
RO® + R'Hal ———— ROR! + Hal®;
Rs®+ R'Hal ——— RSR! + Hal®;
CN® RHaa ——— > R—C=N + Hal®;
Hal®+ RHal" ———— RHal + Hal"®

(3aMeHa ogHOrO rajioreHa Ha Jpyroil WJIHM U30TOMNHbLIA OOMeEH ramore-
HoB, HanpuMmep Rl + [* === RI* + [~ ).

NOS + RHal— RNO, + Hal®+ RONO.

R'R’C_c_R’ RO
Yy +RHa—R —¢—c—R’ + Hal®
I, I
€HOJISIT-UOH R2 O
0]
e _®
N: K + RHal ——» NR + KHal
pramuMuIK Ui (peakuust [abpusns)
RC¢O +RHa o Rcéo + Hat®

~o© \ORI

e} ©
N,+ RHal — RN; + Hal ;

__ 9 1 .| e
RC=C:+ R'Hal — RC=CR" + Hal .

3. Kamuonnwili cybecmpam — HeldmpansHblll HyKaeopua

@ @
Nu:+ RZ¥ ———» Nu—R + Z:.

Hanpuwmep:
o®
NH, XNHay
$=C_  + RS(CH,),X —» /C—S—R + (CH,),S
NH, H,N

THOMOYEBUHA S-ankunTHypoHHeBas colb
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4. Kamuonnuiil cybcmpam — aHUOKHbBIL HyKaeogua

Nu:®+ Rz ® NuR + Z:.
Hanpumep:
0]
1 e ® © /7 <}
TeTpadTopbopar OR
TPHATK WICKCOHUSA
© ® |CH3
(CH;),CHNO, + RCH,N(CH,);—> RCHz—?—NO2 + (CH;3);N:;
CH,
P> 0] ® /) 0]
RC + R'N(CH;); —— > RC .t (CH3)sN: .
AN o) \OR
0]

M3 aToro najsexo He IMOJHOrC IEpeYHsI MOXHO CleJaTb BbIBO/,
YTO C IIOMOIUBIO peaKUUi HYKIeoDUIBLHOTO 3aMEILUEeHUS Y HAachIEH-
HOIo aToMa YIjiepoJa MOXHO OCYIIECTBUTb CUHTE3 NMPAKTUYECKH JIIO-
boro kiracca coelMHeHUM anudaruyeckoro psiaa.

IlTo Tumy MexaHu3Ma peakilM¥ HYKneod@WILHOTO 3aMelleHUs 110 -
pasgensoTes Ha OMMOoJIeKyIsIpHbIEe, 0003Ha4aeMble CUMBOJIOM Sy2 (sub-
stitution nucleophilic bimolecular) u MoHoMonexysipHble Syl (substi-
tution nucleophilic monomolecular). B riaase 3 (3.1) opraHuueckue
peakuMy ObUTM pasfeieHbl Ha TpM Karteropuu: 1) usoMepusanud U
MeperpynmMpoBKH, 2) AMccoudaums 4 pexoMmOuHauus, 3) Gumoe-
KyJsIipHOE 3aMelleHue. B cooTBeTCTBUYM ¢ 3TO# KiaccugpuKauded peak-
UMM Sy2 OTHOCATCS K TpEeThel, a2 Syl — Ko BTOPOH KaTeropvu:

N

Nu™+ R—2Z —» Nu—R + Z:° SA2 ,
HOHMRAWMA o o N
RZ =—— R®+2 > RNu  Spl.
peKoMOHHAas

HsydeHue HyxIe0(pHUNBHOrO 3aMEIleHUs Y HACBIIIEHHOIo aTtoMa
YIJepoJa ChIrPAIO UCKIIOYUTENbHO BAaXHYIO pOJb B CTAHOBJIEHUU U
Pa3BUTHHU PYHIAMEHTAIbHBIX NMPEACTAaBICHUH 0 MEXaHHU3ME peaxiIui
M BMecTe ¢ TeM IIpencTapisieT coboit Hanbonee JeTajlbHO U3yYeHHBIR
THUN opraHudeckux peakiui. McciemoBaHue MexaHHM3Ma HYKIeO-
¢unbHOrO anudartdyeckoro 3aMelleHUs ObUIO HA4YaTo B CepeauHe
1930-x rogoB AByMst BbLoaloluMucsa ydyeHbiMH K. K. MHronbaom u
3. XbI030M, KOTOPbIM NPUHAMJIEKUT cepds ONecTAMUX OCHOBO-
MoJjlaralo X MHOHEPCKUX paboT, COCTaBAAIOMIMX 30J0TOM GoHA
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¢puznyecKoit opraHuYeckKo XxuMuu. Brocnencteuu uneu HMHronsna u
Xb103a MONYYMIH AajibHEH1Iee pa3sBUTHE M OblIM 3HAYUTEILHO MOIM-
¢uumupoBaHbl. TeM He MeHee Npe/UioXeHHasT MU KilaccUgpHUKaius Me-
XaHU3MOB HyKI€o(PHJIBHOIo ajJIn(paTHIECKOTro 3aMELeHUs Ha Sp2- U
Sy|-TMIIBl 10 CHX NOp OCTaeTcst caMoi ynoGHOM OCHOBOH, ¢ KOTO-
poii ciefyeT HaYHHATh OOCYXICHHE MEXaHU3Ma HyKJIeo(HIBHOrO 3a-
MELUEHHS Y HACBIIIEHHOr0 ATOMA yriepoja.

9.1. OBIIAA XAPAKTEPUCTHKA MEXAHHU3MOB Syl U S)2

[Ipu peanu3aguu KIACCHYECKOIO0 HOHH3AIMOHHOIO MEXaHU3Ma
Syl HHronppa—Xbio3a olpenessiomei CKopocTh peaklMH CTaauei
SIBJISIETCSI TETEPOJIMTHYECKAsT NUCCOLMALMsI, Beaylluass K o0pa3oBaHUIO
cBOOOJHOIO TPEXKOOPAHMHHUPOBAHHOIO KapOOKaTHOHA M yXonsiliei
rpynnel. Jlanee cieayeT Bropas CTagusi — ObICTpasi pexoMOUHAIUs
anekTpoduIbHOro KapboKaTuoHa ¢ J0OsIM ocHoBaHMeM Jlbiouca
(HyxieopHIOM), UMEIOIMMCS B pacTBOpPE, BKIIOYAss MU CaM pacTBO-
pHUTEJb. DTOMY NPOIIECCY COOTBETCTBYET 3HEPreTUUECKAsA JUarpaMma,
MpejcTaBleHHasT Ha puc. 9.1, a.

x| 4 )

3 [Nu--R++Z] #

&

T

o

x

1]

T

K

IS

]

s

I

X

2 =} e

& Nu+RZ NuR+Z
RZ+Nu: RNu+

KoopauHara peakuym

Nu<D) + Co<Bz<) —N2,
Rz/plﬂ
Hy # /H
WSSO | —— e S
R’ ‘R2 R’ hz

Puc. 9.1. OHepretuyeckue gMarpaMMbl IS IPeAeaLHOTO CIydasi MexaHU3MoB Syl (a)
H Sp2 (6). IepexonHoe cocTosiHue S p2-MexaHU3Ma (6)
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Takoil nUCCOMATHBHBIM MEXaHU3M MMEET CIEAYyIOIINE XapaKTep-
HbI€ CIEICTBHSI.

1. TTockoabKy ompeaensieT CKOpPoCcTh BCei peaKIMU CTaIUs] MUOHU-
3aLMU, peaKki st IMOAYMHSIETCS KMHETHYECKOMY YPABHEHHIO MEPBOroO
MmopsixKa:

dRZ]

CKOpOCThb — —
p dt

= ki[RZ].

TakuM o6pazoM, cKOpOCTb MOHH3AIUM cyOcTpaTta He J0JLDKHA 33aBU-
CETb HU OT MPHPOAbI, HH OT KOHUEHTPAallMH HYKIeOo(pWIbHOrO pea-
regta Nu :.

2. U3 nHepreTu4ecKoil AUarpaMMsl CIEIyeT, YTO IHEPIUs Iepe-
XOMHOIO COCTOSTHUS CTAAMM MOHM3ALMKU R—~Z OIMU3Ka K 9HEPIMM IIpO-
JIyKTa IMMepBod cTanuH, KapbokatuoHa. CrenoBaTelbHO, MEPEXoaHoe
COCTOSIHUE «ITOXO0Xe» Ha KapOOKAaTMOH M B CTPYKTYPHOM CMBICIIE, TOT-
J12 CTPYKTYpHBbIe ¢(akTophl, MOHUXAIOUME SHEPruio KapboKaTHOHA,
JIOJDKHBI MOHMXATh M SHEPIHUIO MEPEXONHOr0 COCTOSHHUS. DTO SIBISET-
Cs CNIEACTBUEM IOCTYIATa X3MMOHIA, MoApobHee pacCMOTPEHHOTO B
ra. 13. [IpyrdMu cioBaM, 4eM cTaGunabHee R, TeM BBIIIE CKOpPOCTH
Syl-peaknnu cyberpara RZ.

3. Mouuzanus OOMXHA 3aBUCETh KaK OT MOHU3UPYIOIIEH CHUJIIBI
pacTBOpHUTEsI, TAK ¥ OT IPUCYTCTBHSI B pacTBope cojieid ¢ oOIIuM
HOHOM Z , BIHSAIOWMX HAa JHCCOIMAIMIO BCIEICTBUE 3aKOHA QeHCT-
BUSL Macc, WIH Oe3 oOIllero MoHa, CMOCOOCTBYIOIIMX MOHHM3AIMHA
BCJIE[ICTBME YBEIUYECHMSI MOHHOM CHJIBbI pacTBopa.

4. Ecnin xapboxaTHOH, oOpasyroluMiicss IpU MOHM3ALMUU, NOCTa-
TOYHO CTabuiieH, OH MPUMeT Haubolee BHIFOAHYIO IUIOCKYI0 KOHDU-
rypamnuqio, Kotopas axdpaibHa. CleqoBaTellbHO, CTEPEOXUMUYECKUM
pe3yJIbTaToM KiaccH4ecKoro (mpeneibHoro) Syl-mMexaHusMa JoJoK-
Ha OBITH paleMu3as.

Kitaccuueckuit OUMOoJIeKyISIpPHBIA MEXaHM3M 3aMEIHEHUST Sy2 OIHU-
CbIBAET CUHXPOHHYIO OIHOCTAIUHHYIO pEaKUHIO, B KOTOPOM Iepexos -
HO€ COCTOSHME TIpeIcTaBisieT coOoil TPUrOHAJIbHYIO OHIUpaMuay c
MEeHTAaKOOPIUHUPOBAaHHBIM aToMOM yrnepoaa (pHuc. 9.1). BaxHeduei
0CODEHHOCTBIO Sy2-MeXaHU3Ma SIBISETCS OTCYTCTBHE KaKoro-Jiubo
HHTEpMEIHUATa B IIPOIECCE COMMACOBAHHOTO 3aMelleHMs] TPYyNmnbl Z
Ha Nu (cM. puc. 9.1, 6).

B Takux peakuusix r1aBHbIM 3HEPreTMYECKUM (HaKTOpOM SIBIISIET-
CsI B3aMMO/JIeICTBHE HecBsI3bIBaKOIIEH opbutanu Hykieopuna (B3MO)
¢ paspexisolled c*-opoutansio cessn C—Z (HCMO).

CornacoBaHHbIH MEXaHU3M HYKIECO(UIBHOIO 3aMEILUCHUS UMEET
KUHETUYECKHE U CTEPEOXMMHUUYECKUE CIEACTBHSI.

1. Peakiug uMeeT oOLIMHA BTOpOH KMHETUYECKHM TMOPSOOK, IMEpP-
BbIM IO cyOCTpaTy ¥ INepBblf M0 HyKJIeoduy:
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d[RZ]

~ 4~ klRZ] [Nu].

Hyxieodun yyacrsyer B 06pa3oBaHMH MTepeXoIHOIO COCTOSIHUS, 03~
TOMY CKOpPOCTb AOJDKHA 33BUCETh KaK OT KOHIEHTpallMM, TaK U OT
OpUpoAbl HYKNeoduila, 9TO Pe3Ko OTIMYAET COINTACOBAHHYIO Sy2-pe-
aKIMI0 OT HOHH3ALMOHHOro MexaHuama Syl.

2. lpyroii IpHHIMITMAILHO BAXHOU! XapakTepucTUKol Sy2-Mexa-
HU3Ma SIBISIETCSL CTEpEOXUMMsT peakundu. CUHXpOHHAs Sy2-peakiins
IOJKHA ObITh cTepeoceundUIecKor, MolleKylsspHo-opOUTaibHOE
OIHCAHME CTPYKTYDHI MEPEXOAHOrO COCTOSIHUS BTOro rnporecca (CM.
9.2.2) roka3bIBaeT, YTO aTaka HykKieodwia Habaioaaercs ¢ Thuta. Hyk-
neodunpHbBIM areHT Nu : atakyer cybcrpar RZ co cTOpoHBI, MpoOTH-
BOMOJIOXHOM yxoIsue# rpynme Z, Takum obpa3oM, 9Tobbl obpa3o-
BaHue cBsisu C—Nu colmpoBoXIanoch CUHXPOHHbIM paclUelUIeHUeM
cBs3u C—Z B TPUIOHLILHOM OMITMpaMUIAILHOM MEPEXOJHOM COCTO-
SIHUY C IEHTaKoOpAMHUPOBAHHBIM aToMoM yriepoaa (puc. 9.1, B). Cre-
PEOXMMHUYECKHUM CIIEACTBMEM TAKOIO Ipoliecca JOJXHO ObITh TaK Ha-
3bIBAEMOE @anb0eH08CKoe obpawenue KOHDUTYpALUU TIPA XUPATHLHOM
aToMe yrjiepoja, CBA3aHHOM C yxoOdiueH rpymrmoil. 3to ssaneHue Oyner
noapobHO paccMoTpeHo B pasfene 9.2.1. Ob6pameHue KoHDUTYpariuu
HEYKOCHHUTEJIBLHO BBIMOJNHSETCS B S)2-PEaKIIUAX.

B arom paspene Oyner NpuBedeH TOJNBKO OJMH, HO, BEPOSITHO,
CaMbIit HarNsMHBIA M yOenuTeIbHLIM [IpUMEDP, B KOTOPOM ITPOMCXOJUT
M30TOIMHOE 3aMellEHMe Hoaa B (+)-2-Moa0KTaHe 1o NeHCTBUEM pa-
MUOaKTUBHOrO Moaua-voHa (Muronen, Xpio3, 1935):

CKOpOCTb = —

13116+ HTC—I dIIETOH 13II—C/H + I@
cHy | Ye:8
CeHys CeHs
(+)-2-tonokTaH (—)-2-itonokTan

Kaxnaslii aneMeHTapHbI aKT 3aMelLUeHUs Mona Ha pagvuoaKkTUB-
HbIH M30TOIT COIMpOBOXIAaeTcs obpauieHueM (MHBepcHeill) KoHdury-
panuy. TakuMm obpazoM, Aj1s1 GMMOJNEKYISIPHOrO 3aMEIeHUsT XapakK-
TEpHO obpalleHHE CTEPeOXMMHUYECKON KOHMUrypaluu y XUpPATbHOIo
aToMa yriepona.

3. B nepexofHOM COCTOSIHMHM COMJIACOBaHHOI Spy2-peakiMu CTe-
MEHb KOOpAWHAIMH HeHTPAJILHOIO aTOMa yIIepoja YBeIUYUMBAETCs 10
MSITH, 4 caMoO [EPEXOJHOe COCTOsIHME MpeicTaBisieT coboi Tpuro-
HanbHylO Ounmupamuay. M3 atoro cienyeT, 4To CKOpPOCTh pEaklUH
[IOJKHA OBbITh B OYEHb CHJILHOHW CTENEHH YYBCTBHATENLHA K [MPOCTPAH-
CTBeHHBIM haKTOpaM, B IEPBYIO oyepelb K 00beMy 3aMecTUTENIEH MpHU
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(Du3nvecKkHe CBOACTBA AJKHITATOrEHHNOB

Ta6nuua 9.1

AJTKWIITaOreHU Dopmyaa nEzg:iiZ".aC gﬁ::ii??ca I[tnoTHoCTs, r/cm?
Metundropua CH;F —142 -78 0,87 mpu —78°C
MeTtunxnopua CH;Cl -97 —24 0,92
MeTtuabpomuz CH;Br —96 4 1,73
Metunitonua CH;l —66 42 2,28
MeTwrenxnopuz, CH,Cl, =96 40 1,34
Xnopodopm CHCl, —63 61 1,50
YeTbIpeXXIOpUCTRIR CCly —-23 77 1,60
yTIepox
Bpomodopm CHBr; +8 150 2,89
Stundropun CH;3;CH,F —143 —38 0,82 mpu —38°C
STHIXJIOpUA CH;3;CH,C1 —140 12 0,92
DTUIGPOMHUL CH3;CH;,Br —-120 38 1,43
DTumitonna CH;CH,l ~111 72 1,94
x-Tlponundropun CH;CH,CH,F —160 -3 0,78
H-TIponunxnopun CH;CH;CH,Cl1 —123 47 0,89
x-TIponunbpomun CH;CH,CH;Br —110 71 1,35
r-IIponunitonua CH3CH,CH,l —101 102 1,75
H3zonpommwigropun (CH,;),CHF —133 —10 0,77
Hsonponunxnopuzn (CH3);CHCl —-117 36 0,86
HsonponunbpomMun (CH;),CHBr -89 60 1,31
Uanponunitonun (CH3),CHI -91 89 1,70
r-Bytndropun CH3(CHy)sF - +32 0,78
H-ByTwixnopun CH3(CH,);Cl -123 +78 0,89
H-ByTnGpomun CH;3(CH;);Br —112 101 1,30
H-ByTvnitonun CH;(CH3);l —-103 131 1,62
mpem-ByTunxnopun (CH;);CCl -28 51,5 0,85
mpem-ByTunépomuy (CH3)3CBr —20 73 1,23
mpem-ByTuwnitonun (CHj3)5CI —12 100 1,54
x-Tlentundropua CH;(CH,)4F - 63 0,78
r-IlenTnxnopuzn CH3(CH,)4Cl1 —99 108 0,88
H-TleHTMNGpOMKL, CH;3(CH;3)4Br —95 130 1,22
n-TlenTunitonua CH3(CH,3),4l —86 155 1,52
x-Texkcunxnopua CH3(CH,);sCl1 —-94 135 0,88
H-Texcunbpomun CH;(CH;)sBr -85 156 1,18
H-Texkcunitoana CH;(CH,;)sl - 180 1,44
1-Xnopoxran CH;(CH,);Cl1 —61 182 0,87
1-BpoMoxkTaH CH;3(CHy)sBr —55 201 1,12
1-Xnoprekcaaekas CH;3(CH,),5Cl1 - 149/1 MM 0,87
1-BpoMrekcanexaH CH;3(CH,)5Br +17 190/11 MM 0,99
ATUIXIOPUI CH,=CHCH,Ci ~136 46 0,94
AmnnGpoMua CH,;=CHCH;Br —-119 71 -
Aunitonna CH,=CHCH,I -99 102 1,85
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Tabauua 9.2

Bansune cTpykTypHbiX GaxTopoB B cyGcTpaTe HA CKOPOCTh Sy2-peaKkumi
ANKHAXJAopnaoB n ankuadpomuuon ¢ Kl B auerone npu 50 °C

CyGerpar Ko CyBerpar Ko
CH;ClI 200 yurno-CgHp Cl 0,003
CH;CH,Cl 2,50 | CgHsCOCH,CI 100,000
CH;CH,CH,Cl 1,10 | CH;COCH,CI 36,000
CH;CH,CH,CH,CI 1,00 | CICH,COOC,H; 1700
#-CgH5Cl 1,30 | CICH,CN 3000
#-C2Hy5Cl 1,20 CHJ—ICH—CHzBr 0,040
CH;,
CHJ(IIHCH3 0,02 | (CH;);CCH,Br 21075
Cl
CHJ(I:HCH2CH3 0,02 CH;CH,Br 2,200
Cl
CH,=CHCH,Cl 79 CH;3CH,CH,CH,Br 1,000
CgHsCH,CI 200

LEHTpAIbHOM aroMe yriuepona. CKopocTb Sy2-peakuuit 418 aakuira-
JIOTEHUAOB U ATKWICYTb(OHATOR YMEHBIUAETCS B PSUTY

CH; > GHs > RCH, > R,CH > R;C.
MEePBUYHBIA  BTOPUYHBIA TpPETHUYHBIL

Cpenu aIKWITAIOreHUIOB U aJIKUICYIb(pPOHATOB CKOpOCThb peakilMit
Spy2-3aMelIeHys1 Haubosee BbICOKA IJI1 METHITATOTEHUIIOB U METHII-
cynsdoHaror CH;X. [TocnenoparenbHoe 3aMelIeHHE aTOMOB BOJOPO-
J1a B METWJIBLHOM IPYIIE HAa alKWIbHbIE MPYIIILI CO3AaET NPOCTPAHCT-
BEHHbIE MPEMSITCTBUSA 11 HYKJIeOoQMIbHON aTakM M BHI3BIBACT He-
NpPEPBIBHOE YMEHBUIEHHUE CKOPOCTH peakUuuu. Pusnyeckue cBoicTBa
ATKAITATOTEHUIIOB NIpencTaBiaeHsl B Tabi. 9.1. B Tabn. 9.2 npuBeneHsl
3HAYEHUS KOHCTAHT CKOPOCTEH IUIS pEeakUWM PAa3TMYHBIX aJKIIXJIO-
PUOOB M aNKWIOPOMHIOR ¢ MomuIoM Katus B alletoHe npu 50 °C.

W3 maHHBIX, NMpeacTaBJeHHBIX B Taba. 9.2, cieayer, 9YTO CKOPOCTh
Sy2-peakuudu pe3Ko YMEHbIIaeTcs MpH 3aMelleHUH Bomopoaa MpHu
O-YTJIEPOHOM aTOME Ha aIKIbHyIo rpymnny B psimy CH;X > CH;CH,X ~
~ CH,CH,CH,X >> (CH,;),CHX, T.e. npu nepexoie oT NEPBUYHBIX
KO BTODHUYHBIM ANKWJIbHLIM panukanaMm. s TPeTHYHbIX aTIKMIra-
gorednnos R;CX u3-3a cTepuyecKHX NPEMATCTBUHA 3aMelieHHE IO
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S)2-MexaHU3My He NPOUCXOTUT. BMECTO 3TOro MpoHUCXOAMUT 3aMelle-
Hue no Syl-MexaHusMy, compoBoxiaeMoe E1-3JIMMUHHUPOBAHUEM
(1. 10). ist BTOpUYHBIX ATKIWITATOTEHHUIOB U AJKWICYJIbGOHATOB B 3a-
BUCHUMOCTH OT IPHPOIAbI cyOCTpaTa, HyKIeo(hHJIBHOIO areHra, yXols-
UIei IPyNIBl U AaXe PAcTBOPUTENS MOXET pEaTM30BaThCs Kak Sy2-,
TaK U Syl-MexaHu3m 3ameuleHusi Z B RZ Ha Nu (moapobHee cM. 9.4.2).
YMmeHbuIeHHE cKopocTH Sy2-peakunit B psiny CH;> RCH,X >>
>> R,CHX 06ycioBIeHo Y1MCTO MPOCTPAHCTBEHHBIMH MPUYMHAMHU JULST
MOCTHIKEHHUSI MEPEXOIHOr0 COCTOSHHUSI TPUTOHAIbHON OHIMpaMHUIBbIL.
3aMewieHe Mpu P-yrjiepogHOM aroMe B AIKMJITAIONEHHUAE TaKXe
BBI3BIBAET MOHMXKEHUE CKOPOCTH pPEaKIIMH, XOTS U HE CTOJb PE3KOE,
KakK 3aMelleHue Ipu a-yriaepogHoM aroMe. CKopocTh B3aUMoneHcT-
BUsl ankuabpoMunos ¢ KI ymeHbuIaeTcsl B psamy

CH,CH,Br (2,2) > CH,CH,CH,Br (1,0) >> (CH,),CHCH,Br (0,04) >
> (CH;);CCH,Br (2,0 107).

Takyio nmocienoBaTelbHOCTb JIETKO OOBSICHUTH MPU PACCMOTPEHUU
NpoeKUUOHHbIX dopMyn HbioMeHa u300yTUnOpoMuna U HeoTleHTU-
6poMuna. Haubosee crabuibHas awmu-xophopMauus uzcOyTuidpo-
MUa HEBBITOMHA [UIAl aTaku Hykiaeoduna Nu : u3-3a IpoCTpaHCTBEH-
HbIX MpPEMSITCTBUI, CO3MaBaEMbIX METHIBHOMN TpymIoil B P-mosoxe-
HuH. Hawryuiime mpocTpaHCTBEHHBIE YCIOBUS UL aTaku HykJeoduna
C ThUIA CO3[AlOTCSA B 3acJIOHEHHOW (cuH-) KoHpopMauuu, HO OHa
SHEPreTHYECKH ropa3go MeHee MPEANOoYTUTEIbHA MO CPaBHEHHUIO C
anmu-xoH(poOpMauMEd, YTO IIPUBOJUT K POCTY 3HEPTUU aKTUBALUU
3aMelieHus1. B HeoneHTUIraIOTEHUOE TPU METHIbHbBIE TPYIIIHL B
B-MOJOXEHUH OYEHb CHJIBHO 3KPAaHUPYIOT -aTOM YTJIEpona IJisl
HYKJIeoDHIbHON aTaku B 110607 KOHpopMauUu.

IIpu MoHM3aUMOHHOM Syl-MeXaHU3ME psil aJKUJIbHBIX CPYIIII
IOJDKEH ObITh MoaHocThio obparHeiM: R;C > R,CH >> RCH,.

mpem-AJNKWITUIOTEHUIBl PEarupyloT TOJbKO M0 Syl-MexaHHu3-
My, IUIl BTOPUYHBIX @JIKWITATIOTEHUIOB peanusyercs Kak Syl, Tak i
Sy2-MexaHusM, a neppuuHble RCH,X pearupyior Tosbko Mo Sy2-Me-
XaHU3MY.

TakuM obpazoM, Mexay Syl-u Sy2-MexaHu3MaMu HMEIOTCS Kak
KUHETUYECKHUE, TAK U CTEPEOXMMUYECKUE PA3IUYMsl, HA OCHOBAHUU
KOTOPBIX MOXHO B OOIIEM CJIydae AOCTATOYHO HANEXHO CYIUTh O pe-
aTbHOM MEXaHHU3ME peaKUUH.

TeM He MeHee peakuUMH COJIbBOJM3a, KOIrma poJib Hykieodusa
UrpaeT caM pacTBOPHUTE/b, KOHUEHTPAUHUSI KOTOPOTO B XOAE PEak-
LUUHA NPAKTUYECKU HE HUIMEHSIETCS, MOAYMHSIOTCS KHHETUYECKOMY
YPaBHEHHIO IIEPBOTO MOPSIKA IaXE B TOM CIy4ae, KOTAa UCTUHHbIA
MEXAHU3M COJIbBOIM3a OTHOCUTCA K Sp2-Tuny. Takue peakuuu Ha-
3bIBAIOTCS MpolEeccaMM IiceBronepBoro nopsaka. CileroBaTenbHoO,
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OTCYTCTBYET KMHETUYECKUH KpUTEPHUH BhIOOpA MEXAHM3MA COJIBBOIM3A.
CrepeoxuMusl HYKI1€OWILHOIO 3aMELIEHUs] TAKXE HE Bcerda Iaer
OMHO3HAYHBIA OTBET MpPHU BbIGOpE MEXAY MOHM3IAUMOHHBIM U COIIA-
COBAaHHBIM MeXaHHU3MaMH, B OCOOEHHOCTH s GeH3ma- U OGeH3run-
PUITATIOTEHUIOB, HAIIPUMED:

CH3;COOH; WHBEPCUU

CoHsCHCH + CH;COOK e QH§Hag( 15% )
& 350 OCOCH;

aueroH; 50 °C WHBEPCHU

® o
CsHs?HCHs + (C,Hg)yNOAc ———— C(,H5|CHCH3 ( 65% )
cl OCOCH,;

C¢H;CHCH; + H,0 .
I Boma—cnupr; 50 °C
Cl OH

HabmonaeMmasi yacTHYHasi MHBEpCUS 3aTPYIOHSIET OTHECEHUE DTUX
peakUui K KaKoMy-Jubo u3 npeJebHbIX MeXaHU3MoB. MoXHO npea-
CTaBUTh HaXe TaKOM cCIydail, Korga peakuus npoxoauT co 100%-i
HHBEpcHeil, HO ApYTHe AAaHHBIE CBUIETEIBLCTBYIOT B ITOJIb3Y HOHH3a-
LHUOHHOro MexaHu3Mma. OcoGeHHO TPYIHO PELIUTh BOIIPOC O MEXAHU3ME
UL 8mop-ATKUITATIOreHUNO0B, cylb(POHATOR U OEH3WITUIOTCHUAOB,
KOTOpble BenyT ce0sl Tak, KaK OyATo Ui HUX MEXaHU3M sIBIsIETCSI
(opmanbHO MpoMeXyTOUHBIM MeXLy Syl- U Sy2. B nociaenyroumux
paszgenax 3TOoil IJ1aBbl MEXaHM3M HyKIeo(pWIbHOTO 3aMELIEHMS ¥ Ha-
CBILIEHHOTO aToMa yrjiepoja JUIsl TaKoro ponaa cybcrparoB OyneT pac-
CMOTpEH bosiee MOApoOHO.

C¢Hs;CHCH;,4 33%
! WHBEPCUU

9.2. MEXAHH3M S,2
9.2.1. BAJBAEHOBCKOE OBPALIEHHUE

YcTaHOBUTB, OTHOCHUTCS JIM AAHHAsl PEeakUMs K Sp2-TUIy, MOX-
HO COBEpLICHHO ONpeAeIeHHO, U3yiasl €€ CTepEOXUMHIO. B opraHu-
4ECKOM XUMHUH, BO3MOXHO, HET NPYIHX peakuuMi, KpoMe OuMoie-
KYJISIpHOro HYKJIEOQHIBHOIO 3aMELIEHM S, IE CTEPEOXUMHUS CITyXUIIa
Obl OMHO3HAYHBIM KpHUTEPHEM MEXaHH3Ma. Y UCTOKOB HAlIMX 3Ha-
HUA 0 MeXaHu3Me Sp-peakuuii cToST MUOHEPCKHUE UCCNELOBAHUSA
I1. Banbnena (1895 r.), MOCBAICHHBIE CTEPEOXUMUIECKUM LIMKIIAM pe-
akuui. B aTux MccneqoBaHUsIX BanbaeH OTKpPBLI psil peakilMif, KOTO-
pble IIpOUCXOOMJIH C HHBepcuHed (obpauieHHeM) KOHQPUTypauudu
XUPAIBHOIO aToMa yriaepozaa (cM. ri1. 8). Harnpumep, Ipd B3auMoaei-
cTBUM (—)-TUAPOKCHAHTApHON (s16104Ho#) kucaoTel ¢ PCls obpa3sy-
ercsl (+)-XJIOpSIHTapHAsl KUCJIOTA; ¢ APYroit CTOPOHbBI, MpU AEUCTBUU
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TAOHWIXJIOPHUAA HA (—)-THAPOKCHUSIHTADHYIO KHCJIOTY IOJydaercs
(—)-xJOpsIHTapHasl KUCIoTa

CH,COOH .- CH,COOH
CHOH % : > CHC

(—) COOH oH® COOH  (+)

soqzu AgOH AgOH U s0dl,
CH,COOH OH® CH,COOH
clec1 - > cI:HOH

(—) COOH PCls COOH  (+)

SIcHo, 4To omHA M3 ITUX peakUuil MPOUCXOIUT C HMHBEPCHUEH, a
Ipyrasg — C coxpaHeHueM KoHdurypauuu, Ho Kakas? Kak yxe or-
Meyasioch (cM. 8.3), 3HaK BpallleHUs1 HE JaeT OTBETa Ha 3TOT BOIIPOC,
MTOCKOJIBKY OH HEIOCPEACTBEHHO He CBSI3aH ¢ abGcolloTHONH KoHbU-
rypauueit. [ToJHBIA CTEpEOXUMUYECKU LUKI, IPpUBEACHHBI BbIlIE,
BKJIIOUAET MpPEBpAlIEHUE KaXIOTo U3 YHAHTHUOMEDPOB XJIOPSIHTAPHOIA
KHUCJIOTH B 00€ DHAHTHOMEpPHBIE SONOYHBIE KHUCIOTHI, HO BOIIPOC O
TOM, NEHCTBHE KAKOI'0 pearcHTa MPpUBOIUT K COXPAHEHUIO WIH obOpa-
HIEHHIO KOHGUTYpALMH, OCTAETCS HEPELICHHBIM.

B nepBoM CTEpeoXMMHYECKOM LUKIIE, OTKPBITOM BanbaeHoM, cy6-
CTpaThbl ObUTU JOBOJBHO CIIOXHBIMHU; OHH COMEPXATIU HECKOJIbKO (PYHK-
IMOHANBHBIX TPYIIN, 4TO 3aTPYAHSUIO pELUeHUE ITPOOIEMBL O COXPaHe-
HUH WK 00pauleHUH KOHGUIYypaluui Ha KaKNoH KOHKPETHON CTanuH.
Briocneacteum mepeuuid K Gosee MPOCTHIM OOBEKTaM, 8 UMEHHO K
ONTHYECKH AKTUBHBIM CIIUPTaM, HE COAEpPXAUIAM HUKAKUX IPYTHX
¢YHKIIMOHaNbHbIX rpyln, kpoMe OH-rpynnel. HanpuMmep, THDUYHBIM
SIBISIETCA CJACAYIOUIMN UK.
1

R R R o
\',' TSCI \' KO Ac ',.
OH > OTs — AcO
/ COXpaHEHHUE MHBepCHsi
1o (—) (+) H
e
HO® Ac,0 Ac,0 OH
(rnoponus)| | coxpanenue coXpaHeHue (rm[ponma)
1 R
R R? ;
KOAc TsCl
OAc«+—Ts «—HO
HHBEPCHUS COXpaHEHHE
(+) H (+) H




[Mpu BHHUMATENBHOM PACCMOTPEHHU ITOTO LUMKIIA MOXHO IIPUATH K
BBIBOMY, YTO HHBEPCUS KOH(UTYpaLUU DOJIXHA NPOUCXOTUTh WIM Ha
OIHOM, WIM Ha BCEX TPEX CTANMSIX HPEBpALICHHS OJHOIO U3 XUpAIb-
HbIX CIIMPTOB B €ro 3HaHTHoMep. [lo psgy NpuYMH cyuTaeTcs, 4TO
HHBEPCHS BO BpEMS THMIpOJM3a ClIoXHoro 3dupa (rir. 18, 4. 3) uau
To3WIMpoBaHus crnupta (ria. 11) He npoucxomur. MHBepcust mOXHA
MPOUCXOIUTh Ha CTAAUH 3aMEHbI TO3MJIATHOMN IPYMIbl HA aLETATHYIO,
IIOCKOJIBKY B XO[I€ 3TOTO IIPOLIECCa PA3PbIBAETCS CBSI3b MEXIY XUPAb-
HbIM YIJIEpOAOM M KHcJoponoM. M3yuyeHue MOmoOHBIX LHMKIOB ISt
OYEHb GOJIBILIOTO YUCJIA BTOPUYHBIX CITUPTOB U UX IPOU3BOIHBIX BCETNA
IPUBOAWIO K COIJIACYIOLIMMCS Mexay coboit pesynbraraM. Bo Bcex
CIy4asiX MOXHO IoJIararb, 4To 3aMelleHHe To3uaartHo# rpymnnel OTs
Ha OH ', OR™, OAc™ mpoucxonur ¢ uHBepcueit. OTciona BO3HUKIIO
MpennoloXeHHe, YTO M 3aMelllEHHEe TaoreHa B IKWITAToreHuIax
IIpU OEHACTBUU TATOTEHUI-UOHOB JOJDKHO IIPOTEKATh aHAJIOTUYHO, T.€.
¢ uHBepcueit kKoHburypauuu. [psMoe noarBepxXaeHUe 3TOro Nnpemn-
MOJIOXEHUS 6bUTO0 ITOMyd4eHO XBbI030M U MHTOIBIOM, KOTOpBIE HU3Me-
PHUIH CKOpPOCTh M30TOMHOro oBMEHa rajioreHa M CKOPOCTH paleMH-
3aLHU ONTHYECKH AKTHBHHIX 2-ifomoKTaHa, 1-peHmnsTiiiOpoMuaa u
2-6GpOMITPOITMOHOBO KHUCJIOTHI NMpH AECHCTBUM paguoakTuBHoro Nal
win LiBr B auerone:

CH e
" SO CeH3 /H CeHj3
‘\‘ %k * II H @
1°+ [—>| [ Cog | 1 +1
1
03] HHBEPCHS
CH CeHis
“\ 1?’ H “‘
H * :'_-’I » N I* + Ie
CH{ CcH!

Y

CkopocTb 0bMeHa oNpenensiach NyTeM U3MEepeHUs] HHTEHCHBHOC-
T PANMOAKTUBHOIO U3JNYYEHUS ATKHJITATOreHUAA WM TaJoreHuna
IIEJIOYHOTO MEeTaJlIa, CKOPOCTh paleMU3alid — C IOMOUIbIO 10JIS-
pUMeTpa 10 U3MEHEHUIO yIjld BpPALIEHUS I[LIOCKOMOJSIPU3OBAHHOIO
ceta. CKOpOCTh panieMU3aLMU B 2 pa3a Bbllle CKOPOCTH BHEIPEHUS
pagUoaKTHUBHOro Homa B MoyieKysnry HompokraHa. (Hanpumep, yucreri
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JIEBOBpAIAIOIMN UCXOOHbIH MaTepuat OyaeT Haueslo paleMU3HPOBaH,
ecad toabko 50% ero mpeBpararcs B MpaBoBpalIAIOLKAN H30MeEp.)
Orclona crnenyer, 4To NEPEXOJHOE COCTOSIHUE B Sy2-peaKUUIX UMEET
crpykrypy (I).

HUHBepcus (obpauieHne) KOHOUIYpauUHU B Sp2-peakuusax Momny-
YiIa Ha3BaHHUE 6aab0eH08cko20 06pawjenus. B HacTosilee BpeMs ycra-
HOBIIEHO, YTO 3aMelleHue 4epel IepexodHoe cocrosgHue tuna (I),
T.€. C arakoi Hykieopwia ¢ ThUIbHOU CTOPOHBI IO OTHOLIEHUIO K
YXOmSILIEH CpyMIe, sIBIseTcS OOLIMM MPaBUIOM JUIsSl BceX Sy2-peak-
LMt HE3aBUCUMO OT UX 3apsiiHOro THIA. Jaxe B Tex clayyasix, Korna B
UCXOIHOM CyDCTpare Ha yXOmsilied rpyIiie UMeETCs MTOJIOXUTeIbHbIA
3apsii, a HYKJIeohHWI 3apsiXeH OTPUUATENbHO, M U3 3JEKTPOCTATH-
YecKHX cooOpaxeHUd ¢GpoHTANbHAs aTaKa yepes MEPEXOHOe COCTO-
sHue tuna (II), xasanock Ob1, KoAXHA GBITH Gojiee IIPENTOYTUTEND-
HOl, peakuusi BCE PABHO IIPOHMCXOOHUT C MHBepcHE KOHGHUTYpaluu.
ITO JIErKo MpOoWLUTIOCTPUPOBATD CIETYIOIIUM IIPUMEPOM.

CxemMma 9.1
CeH H
H, %79 g, SO CH;
: CH}Br [2) ' @/
SCH3 > Br S
CoXpaHeHHMe AN
CH CH CHj;
(=) ()
coxpadHeHue | (CH;3),S MHBEpPCHS Br®
Y
g Setls @/CH3 CeHs
: CH;),S S
S Bro| « S5 5 e (CH3),S
AN MHBEPCHUS
CH CH, CH,

(=) )

TakuM o6pa3oM, MOXHO chopMyIHpOBaTh cielylouiee obllee
NIPaBUIIO: 6UMOAEKYAAPHbBIE DeAKYLIU HYKAeOPUALHO20 3aMeUeHUs npouc-
Xxo0am ¢ ungepcuell KoHgueypayuu peaxyuoHHo20 yenmpa cybcmpama.
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9.2.2. IPUYHUHLI HMHBEPCUH KOHOUTYPALIUH B S,2-PEAKIIUAX

[MepBoHasaibHO MHBEPCHIO KOHGUTYpALUH B Sy2-peakuusix o0b-
SICHSUTH YUCTO 3JIeKTpPOCTaTHYeCKUMHU akTopaMu. B camoM mene, B
MepeEXOAHOM COCTOSTHUHM TUIA I HecyluMe OTpMUATEJbHBIN 3apsia BXO-
LA U YXOOALUasl rpyIIIibl HaxoasiTcs Ha 60JIbLUEM PACCTOSIHUU APYT
OT Ipyra, 4eM B IIEpEXOTHOM cocTossHUM Tuna lI, anekTpocratudec-
KO€ OTTAIKMBAHME MEXAY 3TUMHU IpyNnaMu B cTpykrype I MeHbure,
yeM B cTpyKrype II. OnHako oGpaieHue KOHGUIYpaUuu B PEAKIUH,
NpUBeAEHHOH HAa cxeMe 9.1, roe BXomslIasl U yXONSMUIME IpYIIsl 3a-
PSIKEHB! Pa3HOMMEHHO M MEXIy HMUMH TOJXKHO OBITh 3JIEKTPOCTATH-
YECKOE MPUTSDKCHHUE, CBUAETENbCTBYET MMPOTUB NIPOCTOr0 OOBICHEHHUS,
OCHOBAHHOTIO Ha 2JIEKTPOCTAaTHYECKOM B3aUMOIEHCTBUU.

B Hacrosiiee BpeMsi MHBEPCHIO B PeakUMsIX Sp2 OOBACHSIOT B
paMKax TeOpUH MOJIEKYNSpHBIX opOuTaiei. B ciydae TpeyroiabHoro
MEPEXONHOro cocTosAHUS (puc. 9.2, @) 2JIEMEHTOM CHUMMETpUH, [IpU-
cyuIuM Kak cBsi3u C—Z, tak u Hykieodwry U HepexoqHOMY cOCTOsI-
HHIO, SIBJISIETCS BEPTUKAJIbHAS 3€pKalbHasl IUTOCKOCTb, MPOXOMSILIAs
(B nepexonHoM coctosiHuu I1C*) yepes neHTp Hykieodmwia u cepe-
IuHYy cB3u C—Z. OTHOCUTENBHO 3TON IIOCKOCTH OPOUTAIH M U G
CUMMETPUYHBI, & OpOUTIL G6* aHTUCUMMETpHYHA. CiIelOBaTE/NbHO,
3¢ deKTUBHO B3aUMOIEHCTBOBATh MOTYT JIMIUb ABE 3aIIOJHEHHBIE Op-
outait — n u o, 1 B3MO TIC” Gyner UMeTh BBICOKYIO 3HEPTHIO.
Uist TMHEHHOro MEPEXOIHOro COCTOSIHUS (pUc. 9.2, 6), cOXpaHAIOLIHM~
CS B XONE PEaKUMNH IEMEHTOM OpPOUTAIBHOA CUMMETPHH SIBJISIETCS

#
c-Z nc Nu

oNu<o
oNu<OCe>Ze

6

Puc. 9.2. InarpamMMa BO3MylIeHHsI TpaHUYHLIX opbuTaneii B Sp2-peakuuu npu ¢poH-
TaTLHOM (a) M ThUTOBOI (6) atake Hykieoduna (Nu) Ha cBsab C—Z. IIC* — nepe-
XOOHOE COCTOSIHHME
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ocb C._; OTHOCHUTEIBHO 3TOTO JIEMEHTA BCe TPaHUUYHBIE OpOHTANIH,
o, 6¥ U n CUMMETPHUUHBI, NO3TOMY pEau3yeTcd CIydail Tpexopbu-
TAIBHOIO B3auMoNeHcTBUS (cM. I1. 2, 4. 1). BosmylleHHe opGUTAIBIO
G TIOBBILIAET SHEPIUI0 N-OPOUTAIM, HO BO3MYUIEHHE OPOUTAIBIO GF,
HaoGopoT, noHuXaer ee 3Hepruto. CienosartenbHo, sHeprust B3MO
TIIC* He Oymer Takoif BBICOKOH, KaK B ciydyae, M300paxXeHHOM Ha
puc. 9.2, a. TakuM ob0pazoM, SHEpPrus JUHEHUHOro MEepeXoJHOro co-
crosiHUS ‘(puc. 9.1, 6) momxHa ObITh MEHbLIE SHEPTUU TPEYTOJbHOIO
MEPEXOIHOTO cOocTOsIHUS (puc. 9.1, a).

KBaHTOBO-XMMHUUYECKHE PACUYETH MOKA3LIBAIOT, UTO pasjiH4YHe
SHepruii nepexonHbIX COCTOSIHUN MIpU ThUIOBOH M (PpoOHTAIbHON ara-
ke Nu goctatoyHo Belauko (1o 20 kxajn/Moib), 4ToObl cuuTaTh abco-
JIOTHO HaAEXHbIM BbIBOL 06 MHBEPCHUU KOHOUTypauuu mpu Sy2-3a-
MELEHMM Y HACBILIEHHOTO aroMa yriepona. Peakuus Sy2 saBiasercd
COIJIaCOBAHHBIM IIPOIIECCOM ONHOBpeMEHHOro paspbiBa cBia3u C—Z
1 obpasoBaHus cBa3n C—Nu, M03TOMY aHAIOTMYHO APYTUM COINa-
COBaHHBIM peakuusaM (ri. 25, u. 3), oHa KOHTpoaupyeTcsl opbuTalb-
HBIM B3aUMOIEMCTBHEM, @ HE DJIEKTPOCTATHYECKUMHU (haKToOpaMu.

HHBepcusa koHdurypauuu Habnonaercd HE TOJIbKO IS Sp2-pe-
aKLUU# B pacTBope. DKCIEPUMEHTAIbHO ObUIO YCTAHOBIEHO, UTO U B
razoBoil ¢ase GUMONEKYISIpHOE HyKIeopHIbHOE 3aMElIEHUE MTpOoUC-
XOmUT ¢ obpaiieHueM KOHGUIypauud, HAIpUMep B peakiMd XJIO-
PUI-UOHA C U3OMEPHBIMU Yuc- U mpaHc-4-OpOMUMKIOreKCAHOIaMU.

H Cl
Bi Cle ra3oBasi H Be
+
HO “gaa HO v
H mparc- H yuc-
Br H
H o° rasosast o B®
+q°— +
HO e~ HO r
H yuc- H mparic-

9.2.3. BIMAHHUE PACTBOPUTEJISA, IPUPOJABI HYKIEOQODPHNA
M YXOJAIMEHX CPYIIIBI HA CKOPOCTH S)2-PEAKIIHH

Bonpoc 0 BAIMSHUH MPUPONbl HYKIEOMWIBHOIO PEAreHTa U YXOIsi-
wed rpynnel Z B RZ Ha ckopocTh Sy2-peakuuil Helb3sl paccMaTpu-
BaTh, HE MIPUHHMMAsi BO BHUMaHUE [IPUPONBI PACTBOPUTEJISI, B KOTOPOM
npoBoguTcsl peaklusi. «CobcTBeHHAsT HYKIIEOMIBHOCTEY HYKIEohUIb-
Horo peareHTa Nu:, TaK € KaK H «coOCTBEHHast HykKneohyrHocTb»
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yXOmsIuen rpyrnnbl Z :, nposiBisieTcsl TOJbKO NPU [POBEIEHUM pEaK-
uuit Mexay Nu: u CH;Z B rasosoii ¢ase. B Hacrosuiee BpeMs cKo-
POCTH rasogasHbix peakuuid HyKieoHIbHOIO 3aMELIEHUS MOXHO U3-
MEpUTh, HAIIpUMEp, METOAOM MOHHOIO LMUKJIOTPOHHOIO pE30HAaHCca
(UUP) unu MeromoM mocjiecBe4eHUS B MMOTOKE. DTU AAHHbIE TIPEX-
CTABJISIIOT GOJIBLIYIO LEHHOCTD IS U3YyYEHUS BIMSIHHUS COJIbBATALIMU.
B naHHOM pasgeiie Mbl CHaYajia pacCMOTPUM OCOGEHHOCTH peaKL Ui
S)2 B ra3oBoil ¢aze, a 3aTeM nepeidneM K aHAIU3Y BIUSAHUS pacT-
BOPHUTEJS C LENbI BbIpaOOTKU peKOMEHAAuWi 1o BbIGOpY pacrBoO-
pUTeNs ISl IpOBEIeHUSI KOHKPETHOIrO NPEeBpAlIEHUSI B ONTUMAJb-
HbIX YCJIIOBHSIX.

9.2.3.a. MEXAHM3M S5,2-PEAKIIMM B TA30BOM ®A3E

B Hacrosiuee Bpemsl OGLUEIIPUHATO, YTO IpocTeiluue raszogas-
Hbl€ pEaKkUHM OMUCBIBAIOTCS NBYXbAMHOM MOTEHUMANBbHOW KpPUBOH.
Takas xpuBas IS peaKuuu

Nu:®+ CH;Z —— NuCH; +Z2:° (9.1)

n3obpaxeHa Ha puc. 9.3. JIeBblif MUHUMYM COOTBETCTBYET IIpEIpE-
AKLIMOHHOMY KOMIUIEKCY Nu®... CH,Z, a npaBelif — mociepeak-
umoHHoMy Komiiekcy NuCHj ... z°. OHeprus npeapeakiuoHHOIo
KOMITJIEKCca HUXE, YEM 3HEPIUsl pearcHToB (Nue + CH;Z), a sHep-
r'Usl IOoCIePEeaKIMOHHOTO KOMIUIEKCca HUXE SHEPrMU MPOAYKTOB pe-
akunun (CH;Nu + Z°).

BDTO CBA33aHO C TeM, 4Tro SHeprus

CBOGOIHBIE HOHBI B Ia30-

Boii haze UCKIIOUUTELHO EF=0
HECTaOWJIbHBI (IJ. 3, u. 1).
Css3u, 0603HaYeHHbIE B
KOMILIEKCaX MYHKTHDPOM,
HMMEIOT B OCHOBHOM 3JIEKT-
POCTATUYECKYIO [TPUPOLY, [NuCH3---Ze]
IIpH 3TOM BO GparMeHTax KOOpANHATA peakumm

CH;Z wmun NuCHj; cBssu Puc. 93 5 ; .
. 9.3. by 3HO

IOYTH He HCKANEHB U uc HepreTHyeckuil mpoduib razodasHoi
peakuuH Sy2-tuna. E, — xMHeTUYecKasi 3HEPIHs pe-

HMCIOT B OCHOBHOM KOBA-  arentos; AH — TemoBoit 3dpexT peakuuu; AH* —

JIEHTHBI#A Xapakrep. [Ipe- sHTambnus akTHBauKK

BpalUCHHUE TIpeapeaKiu-

OHHOIO KOMIIJIEKCA B HOCHCpCﬂKL{HOHHbe/I NMPpOUCXOOUT YEPE3 CcCa-

JIOBYIO TOUKY Ha KpUBOWM, KOTOpPOH OTBeYaeT NMEpEXONHOE COCTOSIHUE

[Nu...CH; ... Z]e * ¢ GoJiee MM MEHEE CUMMETPUYHON CTPYKTYpoOi
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(B 3aBHCHMOCTH OT Nu %y Z) ¥ penoxann3oBaHHBIM 3apsaoM. O6pa-
30BaHUE UOH-MOJIEKYJSIPHBIX KOMILIEKCOB YCTAHOBJIEHO 3KCITEPHMEH -
Taano Hanpumep, B raszosoit ¢asze moayyeHbl KOMILJIEKCH THIA
Hal® .. CH;Hal, sHeprus sgexTpocTtaTHYecKoil CBA3M B KOTOPBIX CO-
CTaBJISIET OT 8 ,6 no 14,4 xxai/Monb. Otu Komrmexcm B IIpUHLMITIE aHA-
JIOTMYHBI KOMILIEKCAM C BOXOPONHOM cBsiabio BS...HA, koropbie 06-
pasyloTcs NpH NepeHoce MpOTOHa MEXIY mcno*roﬁ (HA) u ocHoBa-
HHEM (Be) BpeHcrena (rn. 3, 4. 1).

KyHeTHKy 3K30TEpMHYECKOro Mpoliecca ¢ ABYXbAMHBIM TIpodu-
JIeM MOXHO OITMCcaTh cAENYIOUIeH cXeMoit:

k
Nu:®+ CHyZ === [N&® .. CHyZ],
k._l

[Nu® . . CH,Z] %+ npomyxm.

[MpuMeHsss TpUHUMN cTauudoHapHocTH (I71. 3), NI KOHCTAHTHI
CKOPOCTH OJYYMM COOTHOLUEHHE
k o = kl k2
Habn — -
ko +ky

CnenoBareybHO, K, B OOlIEM cilydae 3aBHCHUT KaK OT CKOPOCTH
00pa30BaHUA, TAK U OT CKOPOCTH paclana MpeapeakKllMOHHOIo KOM-

~ K
iekca. Ecnu k_y >> k&, 10 ko6, ~ T ky. Ecma by >>k_y, T0 k6, = Ky,

T.C. CKopoch onpenensercs CTaIII/ICI/I o0pazoBaHMUs KOMIJIEKca
[Nu ..CH,Z]. O6bryHo nns1 rasodasHbix Sy2-peakiuuii HaGmonaics
NEPBBbIA ciy4ait, Korna k_, >>k,, 1 CKOPOCTh 3aMelleHHs ollpeness-
ercsl KakK cragueil obpa3oBaHus, TaK M CTaIUEil pacmana mpeapeak-
LHIUOHHOTo KOMILIEKCa.

B 3ToM cnyyae peakniMoHHas crocoGHOCTh 3aBUCUT ONHOBPEMEH-
Ho ¥ oT mpupoasl Nu®, u or npupoabl Z, MO3TOMY €QUHYIO raso-
$azHy10 «LIKaTy HYKJIEODWIBHOCTI» aHHOHOB NU~ I «ILIKATY HyK-
JieodyrHocT» aHMOHOB Z co3math TpynHo. TeM He MeHee B razodas-
HbIX peakUUsIX (32 HEKOTOPBIMH UCKIIOUECHUSIMH )

0
NP+ R, Z-0—CH,—» CH,Nu + CF;CO0°,
Nu:®+ CH;0C4H; > CH;Nu + CgH;0°,
Nu:®+ CH;Br » CH;Nu + Br®
Nu:°+ CH,Cl » CH;Nu + C1°,
Nu:®+ CH,F > CH;Nu + F®,

Ka4YCCTBEHHBIC PSIAbl UBMEHEHHASI CHJIBI HyKJICO(bPUIa NU:e BBITTIAOAT
OOUHAKOBO.
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Hykaeoguavnocms ¢ 2a3oeoii gase:
HO > F > CH;0” >CH,;S" >CN ~Cl” > Br.

3aMeTuM, YTO 3TOT PSI HYKJIE€ODUIBHOCTH IPUMEPHO COOTBETCTBYET
U3MeHeHHIO KuciaoTHocth Nu—H B razomoit daze (cm. puc. 3.8 B
ri1. 3) (3a uckioyeHueM Ttoro, yto F~ u CH,;0" nmomeHsnuchk
MECTAMH).

HecMmoTps Ha cywecTBOBaHHE OTHENBHBIX KOpPPEISALUN MeEXIy
OCHOBHOCTBIO U HYKJI€O(WIBHOCTBIO, B LIEJIOM CKOPOCTU Sp2-peax-
LM HE KOpPEeIUpYIOT C OCHOBHOCTBIO HyKJieoduia, T.e. 6oJjiee CHIb-
HOe oCHoBaHME BpeHcrena He 00s13aTENbHO TODKHO OBITEH Goslee CHIIb-
HbIM HYKJIEO(DIOM.

9.2.3.6. [IEPEXOII U3 TA30BOU ®A3Hl B PACTBOP

[Tpu mepexome or razoBoil ¢aspl K MOJSIPHBIM PacTBOPUTENSIM
CKOPOCTH THIIMYHBIX Sp2-peakuuii yMeHbatoress Ha 10—20 nopsin-
KOB, HanpuMep:

o4 CH,CI rasoBas ¢asa » FCH; + Cle; k=102 11/ MOTTb-c:
25 °C

F®+ CH,Cl pactsop B H,0_ FCH; + CI®; k= 108 n/monb-c;
25°C

Panael akTHBHOCTH HYKJIEODUIOB B ra3oBoii ¢dase M B pacTBope
MOTYT OBbITh Pa3IUYHBI, @ TAKXKE MOIYT MEHSTHCI B 3aBUCHUMOCTH OT
pacrBoputesa. Hanmpumep, rasodasHeiit pag F > Cl” > Br > 1 o6pa-
1jaercs Mpu Mepexone K MPOTOHHBIM CpenaM, OAHAaKO B alIPOTOHHBIX
pacrBoputensix psn HykneobuiabHoctu (Cl- > Br > I') rakoit xe,
KakK B rasoBoii ¢asze.

IIpu nmepexonme oT rasoBoiit ¢asel K MOJSIPHOMY PaCTBOPDHTEIIO
MIPOUCXOAUT OUYEHDb XapaKTEpHOE U3MEHEHUE IHEPreTUYECKOro IIpo-
dunsa Sy2-peakuuu. [loreHUMaIbHBIE KPUBBHIE CIIIAXUBAIOTCS U MIpU-
00peTaOT MPUBBIYHBIA Mpoduib, U300pakeHHbIH Ha puc. 9.1, 6 u
9.4. (xpuBas 2). OT0 03HAYAET, UTO B MMOJSPHOM pacTBOpUTeNe obpa-
30BaHUS IIEKTPOCTATHYECKUX KOMILIEKCOB He MPOUCXOIUT.

PaccMoTpM OCHOBHBIE MIPUYMHBL, 0OYCIOBIHBAIOILME H3MEHEHHE
SHEPreTHYECKOro Npoduis Mpy nepexone oT ra3oBoil ¢asbl K pacTBo-
py. TlepBast IPUYNHA «CTIIAXHUBAHUS SIM» COCTOUT B TQM, YTO B TIEpeE-
XOIHOM COCTOSIHUM peakluH (9.1) anekTpyuyeckuil 3apsin HeIOKaI-
30BaH, a4 B UCXOIHbBIX U KOHEYHBIX TOYKAX KPUBOU OH JOKAIM3OBAH HA
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Nu® wiu Z®. Crenosarens-
HO, 2HEPIUsS COJIbBATALUUUA
MEPEXONHOTO COCTOSHUS
3HAYUTEIBHO MEHbBIIE SHEP-
MU COJIbBATALIMM AHUOHOB C
JIOKATM30BAHHBIM 3apSlioM,
YTO MMOKAa3aHo Ha puc. 9.4.
Bropad mpuHYMHa H3-
AHcomss ~ MEHEHUS GOpDMBI KpUBOM
COCTOMT B TOM, UTO peak-
UMU HyKIeopuna c cyb-
CTparoM B pacTBOpe JOJIX-
Ha MNpenuUIecTBOBATh XOTS
~ o OBl 4aCcTHYHas LECONbBa-
NuCHz+Z  rapus Hykneodwna u cy6-
cTpara, NpUBoOAANias K BbI-
CBOBOXIEHUIO HEKOTOPOTrO
Puc. 9.4. Hamenenwue SHEPIeTHYECKOTO npodus  ypeiia MOJIEKYJ PacTBOPH-
TIpH Ilepexole OT ra3oBol ¢a3bl (1) X nmonsipHo-
My pacTBOpHTEIO (2) tens. JonmycTuM, 4TO Ha
NepBoil cTaguul Sy2-peak-
LIMA BMECTE C YaCTUYHOU JecoNibBaTalMei MpoucxonuT obpazoBaHue
HMOH-MOJIEKYJISIPHOIO KOMIUIEKCA:

o
&
IS
o
X
<

3Heprvs

[NUCH,Z]

B
NF+CH,Z

KoopAnHara peaxLmm

Nu®- 1S + CH;Z - mS =——=[Nu®...CH3Z] - (m+n—2) S + 28,

(S — wmonekyna pacrBoputensi). TennoBoi addexr 3To# craguu
CKJIanbIBaeTCsl U3 dHAOTEpMHUUecKoro 3ddexra neconbBarauuu
(AH,,,, Ha puc.9.4) u sk3orepmuueckoro 3¢pdexkTa obpazoBaHus
HOH-MOJIEKYJISIDHOTO KOMILIEKca. DKCIIEPUMEHTAIBHBIE U PACYETHBIE
JaHHble TOKAa3bIBAIOT, YTO TeIUIOTa JecONbBAaTalMU MO abCONITHOMU
BEJIUYMHE 3HAYUTENbHO IPEBBILIACT SHEPTUIO 00pa3OBaHUSA KOMIUIEK-
ca. [loaromy 3HepreTudeckas «sIMa» CTAHOBUTCS HE3AMETHOM, a Mo-
TEHUAAIbHBIE KPUBBIE IUISL CIHENYIOLWEH, COOCTBEHHO XMMHUUYECKOW,
CTagWU CIMIaXUBAIOTCS, MpUobpeTass oObIYHBINA BHA.

[Nue- CH3Z] -(n+m—2)S ———» IPONYKTHI .

Otciona MOXHO CHEJIaTh BbIBOH, YTO DHEPreTUYECKHE pacYeThl
Sy2-peakuyit B razoBoit ¢ase B NpUOIMKECHHIN HM30TUPOBAHHBIX MO-
JIEKYJT HEIOCTAaTOYHBI IS OMUCaHUS peakuuil B pactBope. Heobxo-
IUMO YYUTBHIBATh H3MEHEHHE BUAA NOTEHLIMAIbHONW KpHUBO# (puc. 9.4).
B ofyracty mepexomHoro COCTOSIHUAS H3MEHEHUST HecyecTBeHHBL. O-
HAaKo B 00JIACTH HAYAJIIBHOTO COCTOSIHHMS U3MEHEHHE KPUBBIX HACTOJIBKO
BEJIMKO, YTO MOXHO FOBOPUTE O PE3KOM HM3MEHEHUU MEXaHU3Ma Sy2
MpH fepexoie U3 rasoBoit ¢aspl B MOJAPHYIO XUIKYIO CPENY.
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9.2.3.8. BMUAHHUE NMPUPOLLI PACTBOPHUTENA

N3meHeHue npupoabl pacTBOPUTENS] BIUSECT HA SHEPreTHYECKYIO
muarpaMmy (puc. 9.4, kpusas 2) oObIYHBEIM 00pa3oM, T.€. IPOUCXOMST
CIBUTH DHEPruif HAYATBHOTO M TIEPEXOJHOrO COCTOSTHUIA.

CkopocTh peakuuii onpenenseTcsl BETUYHHOM cBOOOTHON 3HEp-
MY akTuBM3anuud AG*, KoTopas paBHA pa3HOCTH CBOBOMHBIX SHEp-
il UICXOMHLIX PEArEHTOB U MEPEXOAHOro cocTosIHUS (. 3, 4. 1).

Yem MeHble BeruuuHa AG®, TeM ckopocTh GoJblre. B pactBope
HCXOMHBIE PEATCHTBl U MEPEXOJHOE COCTOSIHUE CTAOMIIM3UpYIOTCS B
Pa3MTHYHOM CTENIEHU B 3aBUCUMOCTH OT COJIbBATHUPYIOILIEH CITOCOOHOCTH
pacTBopuTes. PasnuuHas conbBaTauusl MCXOOHOrO M IIEPEXOIHOrO
COCTOSIHUSI B PA3HBbIX PACTBOPHTENISAX NMPHUBOAUT JHOO K YCKOPEHHIO,
b0 K 3aMEIIEHUIO peakuuu (puc. 9.5).

Kpusbie [ orpaxaior uaMeHeHne AG™ B MO ATU3UPOBAHHOMN XU~
KOIl cpene, Ime HU UCXOMHbIE COCOUHEHMSI, HU MEPEXONLHOE COCTOS-
HUEe He cosibBaTupoBaHbl. Kpupasi I cooTBeTCTBYeT CIy4aio, Koraa
COJIbBATUPOBAHO TOJBKO IEPEXONHOE COCTOSHUE. DTO MPUBOLUT K
YMeHBUICHUIO BETMYUHBI AG™ 1, CIIefOBaTeNIbHO, K YCKOPEHHUIO peak-
uun. Ecin conbBaTupoBaHbl TOBKO UCXONHBIE BewecTsa (Kpusas 1),

csobogHas aHeprus AG

KoopAMHaTa peakim

Puc. 9.5. Buepretnueckue npodwin peakumii:
a — c HeCOJAbBAaTUPOBAHHLIM (/) M conbBaTUpPOBaHHBIM (/) MepexXoxHbIM COCTOSI-
HHUEM; 6 — C HECONbBATUPOBAHHLIMK (/) M cONbBAaTHPOBAHHBIMU ([/]) UCXOAHBIMHU
peareHTaMHM.

#, # #
AGT; AG v AGy” — cBobonHbIe 3HEPrvM aKTUBALIMM DEAKUKMH B DaCTBOPUTENSX /,
Il III, A — MCXOOHBIE peareHThl; # — MEPEXOHHOE COCTOSIHUE; B — KOHEeuHble NMPOAYKThHI
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TO CBOGOIHAS DHEPrUsl aKTHUBAUHUU AG” GymeT Bo3pacrarb, YTO IpH-
BEIET K 3aMEUIEHHIO peakKuMU. B eCTBUTEIBHOCTH, B peAIbHOM CH-
TyalMH COJbBATUPOBAHBI U UCXOJHBIE pPEareHThbl, U MEPEXOJHOE CO-
CTOSIHUE, U CKOPOCTh PEAKLU UM OIPENEHSIETCS pa3HOCTbIO 00EHUX CBO-
OOIHBIX SHEpPrui conbBaTtauuu. [IpobiemMa BIUSAHUS pacTBOPUTEIS Ha
CKOpPOCTh pEaKkLUWU CBOIMUTCS, TAKUM 00pa3oM, K OIpeleeHHI0 CBO-
OOIHBIX 3HEPIUU COJBBATALUM MCXOMHBIX PEATeHTOB M MEPEXOTHOTO
cocTosiHiA. TouHOe KOJUYECTBEHHOE ONpeneeHUE STUX BETHYHH 3a-
TPYOHUTENBHO W BBIUTOJIHEHO TONBKO I OYEHb OrpaHUYEHHOIO YMC-
Jla peakuui.

Kauecmeennas meopus eausnus pacmeopumens
Ha CKOpOCMb HYKAE0PUIbHO20 3ameujeHus

Briepeble YHCTO KaYeCTBEHHYIO TEOPHIO BIMSHHUS PACTBOPHTEJS
Ha CKOpOCTb pEaKUUH HYKICO(PUIBHOro 3aMelleHHs MpeIoXUIN
K. UHronpn u 3. Xb103 Ha OCHOBE MPOCTON MOAENM COJIbBaTalUU IPH
y4€TE TOJIBKO 3INEKTPOCTATUYECKOTO B3aMMOAEHCTBUS MEXIY HOHaMHU
U MOJIEKY/IAMH PACTBOPUTEJISAA B UCXOTHOM U NEPEXONHOM COCTOSIHHU.

CornacHo 3Toif TeopHH, WIS peakUui, Ie B [epeXoqHOM COCTO-
SIHUU BO3HUKAIOT 3apSIXKEHHBIE YACTHLB MIH YXKe UMEIOLIUICS 3apsan
JNIOKANIU3YETCsI B MEHbLIIEM OObEME, CIETYET OXUIATh YCKOPEHUS pe-
akuuu B Oosee mojisipHo# cpeme ¢ Ooiee BBICOKMM 3HAYEHHEM IU-
3MEKTPUYECKON MPOHUIIAeMOCTH. Eciii MepexoJHoe COCTOsTHHE MEHEE
IOJISIPDHO, YEM HUCXOIHBIE pPEareHThl, MM Xe 3apsid B NMEPEeXOTHOM
COCTOSIHHMM paclipeneysieTcsi B OosbllieM 00beME, YeM B peareHrax,
cleayeT OXWUIOaTh 3aMEUICHHs] peaklMHd B Oojiee MONSApHOH cpene.
IIpenmnonaraeTcsl TAKKe, YTO COJBBATALIMS YBEJIHYMUBACTCS C POCTOM
3apsiia HOHA ¥ YMEHBIUAETCS IIPH NETOKAIM3AUNHY 3apsiia B UCXOMHOM
WIH MEepEXONHOM COCTOSAHHMHU. B COOTBETCTBUHM ¢ 3TO# KaueCTBEHHOH
TeopHeld peakuusi Mexny ABYMSI ONIHOMMEHHO 3apsDKeHHBIMU HOHa-
MH YCKOpSIETCSI, @ MEXAY IBYMSI IPOTHUBOIIONIOXHO 3apsDKEHHBIMHU
HOHaMM 3aMeuisieTcsl B MMoJIsIpHoil cpene. KpoMe Toro, ckopocts pe-
aKLHH, IIe B IepeXONIHOM COCTOSIHMM BO3HHUKAIOT WIM HEUTpanu3y-
IOTCS MOHHBIE 3apsbl, HOJXKHA 3HAYMTENBHO CWIbHEE 3aBUCETh OT
ITOJIIPHOCTH CPEAbl N0 CPABHEHHIO C TEMU PEAKLIUSIMHU, Ul KOTOPBIX
B IIEPEXOXHOM COCTOSIHUM IMPOUCXOOMT JHILUb pAaCIpene/ieHUE 3apsiad.

ITyreM TakuX HECTOXHBIX PACCYXNEHHUIH, B NMPHHIUIIE, MOXHO
[IpencKasaTth BAUSIHUE PACTBOPHUTENS HA CKOPOCTH JIIOOOH retepoiu-
TUYECKOH peakUHUH C U3BECTHHIM MexaHu3MoM. B Ta6n. 9.3 npuBeneHa
KpaTKasl CBOJKA pE3yJbTATOB TaKOro MpOTHO3UPOBAHUS IS peak-
UUH HYKJIEO(DWIBHOro 3aMelIeHUS Y HAaChIIEHHOTO aTOMa YIlIepoJa.
B Tabnu1ly BKIIOYEHb] HE TONMBKO Sy2-peakiiii, Ho ¥ peakluu Syl-tuna,
KOTOpBIE OMpPoOHO OynyT obcyXnaThcd B pasgene 9.3.
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Tabnauua 9.3

BaMAHMe pacTBOPHTEN HA CKOPOCTh PEAKHHH HYKACO(QHIBLHOIC 3aMEINEHHS
¥ HACHIIEHHOTO ATOMA YIJIEpoaa

Tun PeareHTh! AKTMBHDPOBaHHBli1 | M3MeHeHMe 3apsana H3MeneHre CKOPOCTH
peaxkuHH KOMILTEKC NpH aKTHBALUWH | peakuMm npu yBeNTHYEHHH
TIOAAPHOCTHA pacTBOPHUTEIA
a) Syl RZ R™ ..Z* pasneneHue yBEJHYECHHE
PasHOMMEHHBIX
3apsIOB
6) Syl | [RZ)® R* .Z™ pacnpenefieHle | yMeHblUIEHHE
3apsina
B) Saq2 |Nu+ RZ Nu*t..R..Z* |pasgenenme yBETHYEHHE
pa3sHOMMEHHBIX
3apsIoB
1Sy |Nu®+RZ |Nu=..R.Z- |pacnpemenehne |ymeHslieHHe
3apsIa
0 Sx2 | Nu+ RZ® Nu** . .R..Z* | pacnipencieHne | yMeHbILEHHE
3apsga
e) Sy2 Nu® + RZ® | Nu..R..Z* HEeHTpaU3alMs | YMEeHblUEeHKE
3apsiaa

MOHOMOJIEKYJISIpDHBI COJBBOJIU3 mpem-OyTWIXJIOPUIA, Y KOTO-
pPOT0 CKOPOCTh PEAKIMU OINpENCNsieTCs CTaAUeH HOHHU3AL UM CBI3U YT~
nepon-xjop (cM. 9.3), mpoucxonut B Bome B 335000 pas Geictpee,
yeM B MeHee MONSpHOM 3TaHoje. BTOT NMpUMEp WUIIOCTPUPYET THUII
peakuuu (@) u3 tadn. 9.2.

B TOTHOM COOTBETCTBMH C MPEACKa3aHUSIMHU JUISL peakiiuil Tulia
(6) TepMHYeCKOe paclieIUIeHHe OpoMIIa TPUSTIWICYIbMOHUS 3aMen-
NISETCS MIPUA YBETUYEHUH [TONSIPHOCTU PACTBOPHUTEIS:

#
® o70 °C C2H5\5+ &+
(G Hg);SBr —> _S... GHy Br—> (C,Hy),S + C,HBr.
C,Hg
Pacteopurens CH;OH CH,NO, CHCl; aueroH
K 70°C 1 180 230 2%

[TpumepoM peakuuu THIA (6) sABIAAeTCS 0Opa3oBaHUE YETBEPTHUY-
HbIX COJIEd AMMOHHUS INPHU B3AUMONECHCTBUM TPETUYHBIX aAMHUHOB M
ATKUITAIOTEHUOB (peaKuusl MeHUIyTKMHA), HallpuMep MUpUIMHA U
a-6poMauerodeHoHa:

< :N + BI'CHZC_C6H5 —_— < :N_CHZC C6H5

rmpmmﬁ a-0pomanerogeHoH
Pacteopurens  Tonyon CH,Cl, aueToH CeH,CN HUTpoHEH30N
K 30°C i 14 16 22 25

OTH.,
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C npyroit cTopoHsl, ckopocTh peakuud OuHKenbiTeHA (THI (2),
0OMEH rajoreHa Mexay METHWIHOAMAOM M paJHOAKTHBHBIM Homun-
MOHOM) OYE€Hb CHUJILHO IOHHXAeTcsl NMpHU IMEPEXOAe OT MAJIONOoJAp-
HBIX K HOJISIPHBIM MPOTOHHBIM PACTBOPHUTEIISIM:

* 0°C * ©
I°+ CHjl ——— CH; I+ 1" .
PactBOpHTEND CH,COOH C,H,OH CH,OH H,0
K 0°C 27000 65 2 [

OTH.,
B cooTrBeTcTBUM © mpencKasaHUAMH Sy2-peakuus TUNa (d) Mexny

MOHHBIM HUTPATOM TPUMETHJICYIbGOHUS U TPUMETUIAMUHOM 3aMen-
Jisetcs B Gosee MOJIIpHOI cpene:

® © 40°C ® 8
(CH3)3N: + (CH3)3SNO3—> (CH3)4NNO3 + (CH3)ZS .
Pacteopurens CH;NO, C,H;OH CH,0H H,0
K 40°C 119 10 6 1

CxopocTth B3aUMOAEHCTBUS ABYX Pa3HOMMEHHO 3apSDKEHHBIX MOHOB
TaKXe YMEHbLIAETCS NMPH YBEJIHMYEHHUH COAEPXAHUA Boibl B OMHap-
HOH CHCTEME >TaHOJI—BOAA:
) ® 100 °C
HO™ + (CH3)3S-—> CH; OH + (CHy),S .
% H,0 B cMecu
C,H,OH — H,0 0 20 40 100
Koy, 100°C 20000 480 40 1

TakuM o6Gpa3oM, snekrpocratuyeckasi monelb MHronsna—Xeio3a
KAYecTBEHHO MPABMJIBHO MPENCKA3bIBAET BIUSAHME PACTBOPUTES Ha
CKOpOCTb HYKIE€O(MWIBHOIO 3aMELIEHHUS Y HACBIILIEHHOTO aroMa yrie-
pona. OgHako OHa YYHUTHIBAET JHIIE 3JIEKTPOCTATUYECKYID OPUEHTa-
LIMIO PACTBOPHUTEJS OTHOCHTEIbHO PEAreHTOB KM COBEPLUEHHO HUIHO-
pupyet cnieuruduIecKoe TOHOPHO-aKIENTOPHOE B3AUMOAEHCTBUE WK
ob6pa3oBaHUE BONOPOAHBIX CBSI3EH C MOJIEKYJIAMU DAcCTBOPHUTENS,
KOTOpBIE BMECTE COCTaBJSIIOT Haubojiee BAXHYI0 OCOOEHHOCTB IIpO-
LECCOB MOH-IUIIOJBbHOIO M AUINOIb-AUIIOJIBHOIO B3aUMOLECHCTBUSI.
KpoMe Toro, sra Teopus paccMaTpHBaeT TOJIBKO OAHY COCTaBISIO-
11yl0 CBOGOMHON SHEPrHd akTUBauMU AG?, a UMEHHO SHTANBIIMIO
aktuBauuM AH*, He MpuHUMas BO BHUMAHME U3IMEHEHUE DHTPOIMUU
aKTUBAUMK AS”, el BKJIaJ MOXeT ObIThb OYeHb 3HAYHUTEIICH.

HanpHeilluee pa3BUTHE DTO TEOPHUH OBUIO CBA3aHO C YYETOM 3-
dexToB crienuUIeCcKoN COoJMbBATALMNA. AHANN3 CIIEHUPHUUECKON COTh-
BaTal{UHM KCXOJHBIX COCNMHEHHMH H IEPEXOQHOr0 COCTOSHHUS IMO3BO-
JISIET 3HAYUTEIbHO pacUMPUTh U YTOUYHHTH TPEACTABIEHHS O MEXa-
HY3Me HYKIeODHUIBHOro 3aMelieHHS.
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Yekopenue Sy2-peakuuil uoH-ounonsHo2o 83aumodelicmeus
6 QuUNOAAPHBIX ANPOMOHHBIX PACMBOPUMENAX

HykneoduibHocTh @aHHOHA B Sy2-peakiIUsiX aHHOHHOIO HYKJIEO-
¢UIBHOTrO areHTa Nu:® ¢ koBanenTHbIM cyberpatoM RZ omnpenensi-
ercd psiaoM (AKTOpPOB, CPENM KOTOPbIX OODHMM M3 BaXHEHIUUX SABIA-
€TCsl COJNIbLBAaTALHUS.

HywieoduyibHOCTh yMeHbIIAETCS [10 MEPE TOro, KaK BO3pacTaeT
Co/bBaTalMsl aHUOHA. B 3jeMeHTapHOM aKTE OMHOCTAaRMIHOro Mpo-
ecca OGUMOJIEKYISIDHOTO HYKJIEO(MHMIbHOIO 3aMEILUEHUS! COJbBATHASA
000JI0YKa aTaKYIOUIero HyKJIeodHJIbHOTO areHTa Nu:® nomxua wac-
TUYHO paspywarbes. [Tostomy sHeprusa aktusauun AG ™ HoJKHA GbITh
TeM GoJIbllle, & CKOPOCTh PEAKLUU TeM MEHBLIE, YEM [IpOYHEE COJb-
BaTHasl 000J104Ka aHWOHA. JpyrMMH CIOBAMH, YEM MEHEE COJbBATH-
pOBAH aHUOH, TEM OH OoJiee peaKIIMOHHOCIIOCOGEH.

IMporoHHbIe pacTBopuTend (BOAA, CIIUPTHI, ITTUKOIH, KapOOHO-
Bble KHMCIOTbI, PeHos U Ap.) 3PGEKTHBHO COJIBBATUPYIOT AHHUOHBI
3a CYET 00pa3oBaHMA BOLOPOMHON CBA3U. JTO B3aUMoneicrBUe, Co-
rnacHo mpuHuuny KMKO, HauGonee s dekTuBHO peanusyercs Npu
COJIbBATAIIMM XeCTKUX ocHoBaHMH JIpomca (ri1. 3). [TosTomy B npo-
TOHHOH cpene B HaubosblUell CTENEeHW COJbBATUPOBAHbI XECTKHUE
@HUOHBI HEOOJIBLIOTO pa3Mepa MO MMOJSIPU3YEMOCTH, OTHOCSLINECH
K yuciy cnabeix BoccraHouteneit — F; HO™; RO™; RCOO™; CN™;
NH, ; NR, .

JdunonsgpHele anpoToHHble pactBoputeaun — IAM®PA, IMCO,
TM®TA, aueroH, JMAA u npyrue He MOTYT 0Gpa3oBHIBATH BOOO-
POMHBIE CBSI3M C aHMOHAaMU. Mx B3auMoneiicTBUEe ¢ aHUOHAMHU BbI3Ba-
HO [JIaBHBIM O0pa3OM HOH-TUMOJBHBIMU CHJIAMH, BO3HHUKAIOUIUMU
pu B3aUMHOK MONSIPU3YEMOCTH aHUOHOB M MOJIEKYJT paCTBOPHUTEIS.
[TosToMy mUTIONSIpPHBIE AMPOTOHHBIE PACTBOPUTENH ropasno ciabdee
COJIbBATUPYIOT XECTKHE aHHOHBI HEOOJIBIIOro pasMepa, YeM MPOTOH-
HbIE PACTBOPUTEIU. DTO CIIOCOOCTBYET MOHMXEHHUIO CBOOOAHOR DHED-
TMH aKTUBU3aUMHU AG® I HyKIeodWIBHOrO 3aMelleHHUs Mon Oeii-
crBuem annona Nu:® (puc. 9.5, a). ConbBatauuss aHUOHOB B pacTBO-
puUTe/ie pasUYHOW NPUPONBl YMEHBLIAETCS] B PAAY

H,0 > CH,0H > C,H;OH > HCONH, > CH;NO, > CH,CN > IM®A >
> IMCO > TM®DTA ~ N-MeTHAMUPPOTHIOH.

COOTBETCTBEHHO HYKJIE€O(MUILHOCTh AHHOHOB BO3pACTaET TIPH Iepe-
xozxe ot Bonbl Wi MetaHona K JIMCO u TMOTA. Junonaspuble an-
DOTOHHbIE PACTBOPHUTEM UTPAIOT BAXHYIO POJIb B OPTaHUYECKOM CHUH-
Te3ze. CHHTE3 HUTPUJIOB B pe3y/IbTaTe B3aMMOIEMCTBUSI IEPBUYHbBIX U
BTOpHYHBIX ankuuraroreHugos ¢ KCN crenyer nmposonurts B JJMCO
wiu TM®OTA, a He B NIpOTOHHOIT cpene:
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RCHX + KCN——2%C o+ RCH,CN + KX .

AMCO

ANKIWIHpOBaHUE dTamtuMUI-UoHA no [abpuamo (ri1. 21, 4. 3) B
HacTosulee Bpemsa ocyutecrpagerca B JIM®PA, a He B ciiupre. Kap-
6okcunar-uoH RCOO™ npezacrapiser coboi HACTOJNBKO CIA0bIA HYK-
Jieouil B [IPOTOHHOM cpene, @ CKOPOCTb €ro B3aUMOIAEHCTBUS € ai-
KWITUTIOTEHUIAMM TaK Majia, YTO 3TO [MPAKTUYECKH MCKIIIOYaET HC-
MMOJIb30BAHUE 3TON peakuMH ISl MOJYYEHUS CIOXHBIX 3(PUpOB.
OnHako Ta xe caMmasa peakuuss B [MOTA wiu N-MeTunnupposu-
IOHE MPUBONUT K 0Opa30BaHHUIO CIIOXHBIX 3¢UpOB ¢ NPEKpPACHBIM
BBIXOHIOM:

V4 //O
1
R—CZ—0—Na+ R'CH,Xx—— RCZ—OCH,R" + NaX.
TM®TA

Couy 1WeIoYHbIX METALIOB, copepxanme xectkue aHuoHbl (KF, LiF,
F, KCN; NaCN, RCOONa u np.), Iwioxo pacTBOPUMbBI B TUITOJISIP-
HBIX alpOTOHHBIX pacrBopurensx — JIM®DA, nuMeTuiaueTaMune
(IMAA); IMCO; TM®DTA, aueronutpriie. s Toro 4robbl 060UTH
3TO 3aTPYNHEHHWE, CIEAYET UCIIOJb30BaTh COJNIM TETPAUTKWIAMMOHUS,
takue, Kak (C4Hg)yNCN,(C,Hg)4,NNj; u 1p., win Xe GUHApHbIE CMECH
pacteopureneit IMCO—CH,0H; IMCO—H,0; TM®TA—-H,0, co-
nepxaure 5—10% MpOTOHHOro pacTBOPUTENS.

OnHako coybBaTauus HykJIeodMIBHOTO peareHTa Nu® oxkasbiBa-
€TCAd HE ENMHCTBEHHBIM (aKTOPOM, ONPENESIONIUM PE3KUA pOCT B
JUTIOJSIPHBIX aIPOTOHHBIX CPEIax CKOPOCTH Sy2-peakiiMi aHMOHa Nu®
¢ KOBWIEHTHbBIM cybecrpatoM RZ. [lepexonHoe cocTossHUE TAKOro Mpo-
Llecca MeHee MOJIIPHO, HO GoJjIee MMOJSIPU3YyEMO, YeM HCXOOHbBIE pea-
TEHTHI, [T03TOMY AUIOJSIpHbIE allpOTOHHbIE pacTBopUTean Gosee 3¢-
(EeKTUBHO COJIBBATHPYIOT IMEPEXOAHOE COCTOSIHHE IO CPaBHEHHUIO C
MPOTOHHBIMH PacTBOPHUTEIAMH (T 3).

BT0 TaKXe MPUBOIUT K MOHUXEHHIO BEIUIMHBI AG”.

Ciabas cosbBaTayusi aHUOHOB U 3¢peKTUBHAS COJIbBATALMS TTEpe-
XOTHOIO COCTOSIHUSL MPEAOMNpPENe/sIOT PE3KU pPOCT CKOPOCTH HMOH-
JIUIOJIBHBIX Spy2-peakuuil B JUITO/BIPDHBIX AIIPOTOHHBIX PACTBOPHUTE-
Jisix. B Tabu1. 9.4 npuBeneHb! NaHHbBIE IO CKOPOCTAM JABYX Sy2-peakuuit
B Pa3TUYHBIX pACTBOPHUTEIISIX:

k
25°C

k
N + 1-C,H,Br L e CHN, + Br. (9.3)

a®+ cHyl CH,Cl + I, 9.2)
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Kak cienyer U3 ZaHHbIX, TIpeACTABRIECHHBIX B Taba. 9.4, ckopocTh
MOH-IUNONbHBIX Sy2-peakiuii BospactaeT B 10°—10% pas npu 3ame-
He MPOTOHHBIX HA AUIOJNSApPHbIE AIPOTOHHbIE PACTBOPUTENH, CpPEIH
KOTOPbIX HAWIYYIIHE pe3yabTaThl gocTturarorcsi B TIMPTA, N-merui-
[MUppoIuIoHe-2 WK B 6oJiee nocTynHbeX JIM®A unu [IMAA. Axano-
TMYHBIM 06Pa30M B AUIIOSIPHBIX ATPOTOHHBIX PACTBOPUTEJISAX BO3pac-
TAeT CKOPOCTb PEAKIUIMl apOMaTHYECKOro HYKJIeohHIbHOro 3aMmelle-
Husl SyAT-THIIA [Ton neifcTBueM aHuoHOB (cM. Ii. 15). Tak, HampumMep,
CKOpOCTh 3aMmenieHus dbropa B n-HUTpodTopOeH30IE oI AEUCTBUEM
asun-noHa Bo3spactaer B 10° u 107 pas mpu repexoge OT MeTaHoMA K
JIM®A u TMOTA, coOTBETCTBEHHO.

AKTHBaUMsl aHUOHOB B IUIOJISIPHBIX AIPOTOHHBIX PACTBOPHUTE-
JISIX 3aBUCHT OT pasMepa M IUIOTHOCTH 3apsiga HoHA, T.e. pakTHyec-
KU OT XecTKOCTH aHnoHa. Haubosbliee yckopeHUe TSI HOH-IUIIONb-
HBIX Sy2-peakuuit B AUIIOJSAPHON anpoTOHHO# cpene Habiomaercs
IUISL XeCTKHMX aHHOHOB HeOOoJbLUOTO pasMepa, Takux, kak F; RO™;
HO™; C(H;O; RCOO™; CI" u 1.4. (Tabi. 9.5).

Ta6nuua 94

OTHocHTexbHBIE CKOPOCTH Sp2-peakunii (9.2) H (9.3) B HPOTOHHWX
# JUIOJAPHBIX ANPOTOHABIX PACTBROPHTeNsX mpH 25°C

kO’TH
Pactsopuress w1 peaxwn (9.2) | an peaxaan (9.3)

IIpoToHHBIE pacTBOPHUTENH
Mertanon, CH3;OH 1 1
Boaa 1 7
N-Metwnanetamua, CH;CONHCH; - 8,5
Dopmamun, HCONH; 12,5 11
N-Memundopmamun, CH;NHCHO 45,3 -

JAunonspHele anpoTOHHHBIE pacTBOPHUTENH

TerpameTuneHcynpdoH (cynsdronaH) - 400

SO,
Auetonutpwn, CH3;CN 45000 5000
AueroH, CH3;COCH;4 1,6-10° 4000
JAMCO, CH;S0OCH; - 1260
AM®A, (CH;);NCHO 8-105 2500
N, N-Oumermnaueramun, CH;CON(CH3), (IMAA) 2,5-106 7950
N-MeTwinmnppoauaoH-2 7,4-106 -

N o

“CH,
Texcametnndochoptpramua (TMOTA) - 2:10°
O=P[N(CH3)2]5
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Ta6bnuua 9.5

CpasHenne gorapudMOB KOHCTAHT CKOpoCcTel peakumii MeTHadonuaa
C pa3JHIHLIMH aHHOHAMH B MeTaHoxe M JIM®A npu 0 °C

k, (IM®DA)
AHHOH kz(—f”dm
ClI- 5,9
Br~ 4.8
I~ 2,6
Ny~ 51
CgHsO™ 6,3
CgHsCOO~ 5,45
CH;C00~ 6,2

MeHbLunit 3ddeKT 1ocTUraeTcd Ui MATKUX TONAPU3YyEMBIX aHUOHOB,
takux, kKak I ; CNS™; RS™ u gpyrux, Xors ¥ B 3TOM clyyae CKo-
pOCTh Spy2-peaKLMU B IUTITOJISAPHBIX AIIPOTOHHBIX PACTBOPUTEJISIX BBILLIE,
4YeM B MPOTOHHBIX PACTBOPUTE/SIX — CIIMPTAaX, INIMKONAX, KapOOHO-
BBIX KUCIOTAX U T.I.

Bonbuioe pasnnyue B CTENEHU CONbBATAIIMM XeCTKHUX U MSTKUX
AHUOHOB B MPOTOHHBIX U TUIOJSPHBIX alIPOTOHHBIX PACTBOPHUTENSIX
BBI3bIBAET U3MEHEHHE HYKJIeo(QHILHOCTH aHUOHOB B 3TUX ABYX KJjac-
cax pacrsopureneil. JIeMcTBUTENBHO, PSAB HYKJEO(MUMIBHOCTH B IIpO-
TOHHOU M allpOTOHHOM Cpene CHUIBHO OTIMYAIOTCS APYr OT Apyra
(ta6n. 9.6). B mepByio ouepens 3TO OTHOCUTCA K HYKIEOGWIBHOCTH
FATOTeHUA-UOHOB B Sy2-peakuMsx, Ul KOTOPbIX B MeTaHole, 3Ta-
HOJIE U JPYIUX [IPOTOHHBIX PACTBOPHUTENSIX HYKIIEOdWIbHOCTh YOBIBA-
erBpsany I >Br >Cl > F . Onnako B JIM®DA, IMCO, aueroHur-
pWIE U aneTtoHe cobMoaaeTcss COBEpIIEHHO MHAS [TOCNEN0BATEIbHOCTh
Cl > Br > I, xoropast cOBManaeT ¢ HyKJIeopwIbHOCTBIO B rasoBoil
dase (cM. pasmen 9.2.3.a). Pan HykieodwIEHOCTH B POTOHHOM cpene
COOTBETCTBYET U3MEHEHHIO MOJIAPU3YEMOCTH aHHOHOB, TOLJA KaK B
alipoTOHHOMN cpene OH COOTBETCTBYET M3MEHEHUIO OCHOBHOCTH (T.e.
CPOICTBA K MPOTOHY) @aHHOHOB.

HykneodwibHOCTh raTOreHUI-HOHOB B pEAKIMM METHJITO3HJIATA
C TAJOreHHIAMH TeTPAATKWIAMMOHMSI, Ie caM pacIUIaBIeHHBIN ra-
JIOTEHHUI TETPAWIKWIAMMOHHUS CJIYXHUT U PEAarecHTOM M pacTBOpHTE-
JeM, U3MEHSIETCS B TOM X€ pSAY, 4TO U B ra3oBoit ¢ase, U B JUIIO-
JISIPHBIX aPOTOHHBIX pacTBopuTtesax: F > Cl > Br >1".

Orciona cnenyert, 4TO HYKI€O0(hHUIbHOCTh aHUOHOB B THIIOJISIPHBIX
ANpOTOHHBIX PACTBOPHUTEJISIX rOpa3ao JYULIE COOTBETCTBYET UX MCTHH-
HOH HyKJIeO(PUIBHOCTH, YeM 3TO HAOMIOAAETCS B MONSIPHOM MPOTOH-
Hol cpene. PeaxiimonHas crnocoOHOCTh HECONbBATUPOBAHHBIX,
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«OOHAXKEHHBIX» AHUOHOB B I'430BOM (ha3e, COracHO 3KCNepUMEeHTAb-
HbIM JaHHBIM, M0 KpaiHeld Mepe Ha JecsTb NOPSIAKOB BBIIE, YEM B
JUTIOJISIPHBIX allpOTOHHbBIX paCTBOPUTENSX (cM. 9.2.3.6).

Ta6nanuua 9.6

OTHOCHTENbHAA HYKTEO(DHILHOCTE AHHOHOB B Sp2-PeaKnHaX B PasIHUYHBIX
NPOTOHHBIX B JHNOJSAPHLIX ANPOTOHHBIX PACTBOPHTENAX

Peaxipin PacrBopurens PeaxamioHHas criocobHOCTh
chyl + M8 CH,OH; 25°C CHS® > 5,6, > 19>
>SCN® > cN® > cH, (P>
> ¢1®> cH,co0® > F°
CH,0Ts + M8 CH,0H; 25°C CH,s® > cH0®> P >
>seN® > BP > ¢1®
CH,0Ts + M X° JIMdaA; 0°C c®>B®9>1° 9:3:1
& [c) ace o e .® 5.
#-C,H,0Ts + N(C,H,),X aueTor; 25°C c®>B°>1° (18:5: 1)
e -
#C,H,0Ts + N(CH) X° | JIMCO; 25°C 5,07 > oH® - cH,0® > F° >

CgH,CH,0Ts + K®X®
Q

(2]
CH,OTs + (C;H,),NX

CH,Br + )P

aueToruTpu; 30°C

PacIUTaBR1€HHAsA COJIb
®
N(C,H, l)4xe; 180°C

razosas daza

>cP >B°>1°

NS > cH,cod® > o\ >
>F>c®>p°>1°

a®>e°>° @:1,2:1

or® > F® > cH,P >
> CH,S® > N8 > ¢ > B

9.2.3.r. MEXX®A3HBIN KATAIU3

B npenbumymieM paspene ObUT onuMcaH Haubojlee paclipocTpaHeH-
HBIA CIIOCO0 YBEJIMYEHUS HYKNEODUIbHOCTH dHUOHOB U HEUTPATIbHbIX
HYKI1e0(QUJIOB B pe3yibTaTe MPOBELEHHUS peaKlL Uil B AUNOJISIPHBIX
ANPOTOHHBLIX pacTBOpUTENsX. bonee mpocToit M NOCTYNHLIA crioco®
AKTUBALMHU HyKJIeohWIoB ocHOBAH Ha MexdaszHoM karanuze (MOK),
rie Hykjieo(W/IbHbIA peareHT NepeHOCUTCS M3 BOLHOIO PACTBOpA B
MaTOIOIAPHYIO opraHudeckyio cpeny (CHCl;; CH,Cl,; CcHCH;; CoHg
W Ap.), HE CMEHIMBAIOUIYIOCS ¢ BOJOM. MeTog MexX¢asHoro xaraiuaa
ObUT BHEAPEH B MPAKTUKY OpPraHMYecKOro cUMHTe3a Giaromapsi uccie-
poBaHuaM M. Maxkourn, Y. Crapxca u A. Bpenactpema. OCHOBHYIO
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ulero MeX(dasHoro Karaausa [poile BCero NpOUJUIIOCTPpUPOBATh Ha
MpUMepe MPOCTEHIIUX peakLui GUMOIEKYISIPHOrO HyKIeohHILHOTO
3aMelIeHUs B cy6c18aTe RZ npu B3aMMoOJeHCTBHM ¢ HYKIeo(HIb-
HBIM peareHToM Nu© .

HmMerores nBe HecMmelnuparowecst $Gbasbl — BOJHAA U OpraHU-
qyeckad. B BogHoH ¢asze Haxogured colb M Nu®. Opranuueckas ¢aza
COOEPXHUT (8’6CTpaT RZ, xotopnii I!OH&KCH pearupoBaTh ¢ HYyKJIEO-
dunom Nu”. Comp M Nu®, e M®=Li"; Na*; K*; Cs* u T.1.,
COBeplLIeHHO HepacTBOPMMaA B TAKHUX OPTraHHUYECKMX PACTBOPHUTEISIX,
KaK xjJopodopM, XJOPHUCTBIH METWICH, TOJAyosd, GeH301 M Op., CO-
CTABNISIIOLIMX OPraHuYecKylo ¢asy, mo3ToMy B OTCYTCTBMU MexXdbaszHoro
KaTaIM3aTopad HUKAKOro BzauMoneincTBust RZ u Nu™ He NMpoUcXoguT.
B 3Ty cMech BBOIUTCS KATATU3aTOp MeX(ha3HOTC NepeHoca — XJIOPUL
win 6poMusg TerpaankuraMMmoHus RyNTCL, RyN'Br miam terpaain-
kundochorust RyP'CL™, B KOTOPBIX KATHOH COJTH SIBJISIETCS TUTIO(DUITb-
HBIM, 4 aHMOH — TUApOGHILHBEIM. JIunodmnbHbIH KaTUOH obnagaer
CITOCOOHOCTBIO HAXOAUTHCS KAK B BOAHOM, TaK M B OpPraHMYeCcKOM
¢daze. IlepBoHayanbHO B BOZHOH (aze OCYILIECTBIASETCS AHUOHHBIA
0OMeH MeXIy CONISIMU TETPAATKUIAMMOHHUS M UCXOAHBIM HYKIeO(HIb-

HBbIM pearcHTOM MONW®:
2
1) & onn.) + MNSsom ) z== PNC(momr.) + M X (soms.),
® o)
rae Q®= R4N wumm R4P

&1, 0 - "
3aTteM MpOUCXOOUT IepeHoc conud Q Nu -, cogepxained TpedyeMbId
HyKJ1e0 M1 Nue, M3 BOJHOM B opraHudeckyto dasy. JIunmopuabHbie

@ @
CBOMCTBa KaTHOHA Q®(R4N; R,P) criocobeTBYIOT nipoueccy Mexdas-
HOTO IiepeHoca COIu:

@) Q' Nu(sonn.) == Q’Nu (opr.).

B opranndeckoit ¢paze U NMpOUCXOAUT HEMOCPEACTBEHHO Ipouece OuU-
MOJIEKYJISIPHOTO HYKJIEOGHIbHOrO 3aMeIe HUS:

Sy2
3) ONu®+ Rz —XZ > RNu + §°Z%opr).

Bech uukn 3apepiuaercs pereHepauueil COIU Q@Xe A MEPEHOCOM
ee B BOIHYIO (asy:

@ Q2 opr. dasa) + MX === XxZsonn) + M Z2°
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Kiaccuyeckass cxeMa KaTaJIUTHYECKOro LMKIA ¢ MeXGa3HbIM
MepeHOCOM peareHTOB MOXET ObITh MpefcTarieHa, cornacHo Y. Crapk-
Cy, CIERYIOLIUM 06pa3zoM:

® 06
69N1(19+RZ——'————*RNu+QZ(opr.)

® @ @0
QNu+MZ:'____—___:_’MNu+QZ(BonH.),

rae Q — KA4THOH TeTpaalKMJaMMOHUSA MM dochoHus, Nu® = CN
SCN™; NO,; RCOO™; Ny ; RS™ u t.a. B atom nukne conp Q A
reHepupyeMasi B opraHuyeckoi ¢pase, He 00s3aTelbHO HOIKHA 6LITL
HIEHTUYHA COJIM, NEPBOHAYAJILHO BBOOMMOM B KaYecTBe KaTaiu3a-
TOpa. O6H3aTe.TIbeIM YCJIOBHEM SBJISIIOTCS HaTMYMe erm(bwmﬂoro
KaTUOHAa Q@ U BO3MOXHOCTS 06meHa aHnoHos Z° u X© Ha HYKJIeO0-
¢un Nu®

Ponb Membas}{oro KaTaJlM3aTOopa MOTYT BLINOIHSThH TOJNbKO TAKHe
COJIM aMMOHUS WK $ochoHUs, ¥ KOTOPBIX KATUOH MOXET HaXORUThCS
KakK B BOXHOM, TaX W IJIaBHbIM 00pa3oMm B opraHuyeckoi ¢asze. Bro-
My YCJIOBHIO YOOBJETBOPSIOT YeTBepTUYHbIE MOHBI R,N* umu RP' ¢
ANKUIBHBIMHA TPYIINAMHU, cofepXalmmMu oT 4 fo 10—16 aromoB yrie-
pola, KaK CUMMETPUYHOIO, TaK U HeCUMMeTpHUYHOTO crpoeHusa. Cpeau
HUX Hauboubilee pacnpoCTpaHeHUe MOy MM C4H;CH,N"(C,H;),Cl;
(CgH )4 NTCT7; (CHg) N"Br™; (CHg),N*Cl™; Cj¢Hy3NT(CH;)3Br u
pad ZPYTUX cojieid aMMoHUus U ¢dochoHuUs.

B manononsipHoM opraHuveckom pacteoputene (CH,Cl,, CHCl,,
C¢Hg, CéHSCH3 UM 1p.) obpasyeTcsi KOHTaKTHas MOHHas Mapa
R{N*Nu™, obnanamouast oueHb BbICOKOH peakUMOHHOH criocobHoc-
Thi0. Bblcokas HyKIeoduIbHOCTb aHnoHa Nu® B MaslonoispHbIx op-
TAHWYECKUX PACTBOPUTE/SIX OOYC/IOBICHA, BO-IIEPBBIX, TEM, YTO OH
NpaKTUYeCKd HEe COJIbBATHPOBAH B OTOX Cpege W, BO-BTOPbBIX, GOJIb-
IIMM MEXUOHHBIM PaccTosiHUEM (ropsaka 4—5 A) MeXIy KaTUOHOM
RN u aHuoHOM Nu® B KOHTaKTHOi MOHHON Mape 3TUX HOHOB, T.¢.
HeJIOCTATOYHO CUJIIBHOU 3JIEKTPOCTATHYECKOM cTabuimsalueil aHuo-
Ha B MOHHOH mape.

B xadecTBe mpocTeilero npumepa peakiuit Sy2-3aMeieHus! B
yCIOBUSIX MeX(}a3HOoro KaTaniuia MOXHO [IPUBECTH CUHTE3 HUTPHUIIOB
OpU B3aMMOJEHUCTBUM ANKMUIXJIOpuroB U H6pomugos ¢ NaCN B
OUHAPHON CUCTEME BONA—[AeKaH, KaTATU3UPYEMOM OEH3MITPHUITHIAM-
MoruitxnopuaoMm (TBBAX — xaranusatop Makoluu).

Meton M®K 4pesshiyaitHo addexTuBeH U IS MHOTUX APYIUX
S\2-peakiuit, HanpuMep:
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@
C¢HsCH,N(C,Hy),Cl>
> CH,(CH,),CN + NaCl,

(95—100%)

+ N
CH;3(CH,);Cl + NaCN Bofa—neKaH; 100°C

@ S}
(CgH,;);NCH,Cl
H,0—C¢H,CH,; 100°C

» C4H,;N; + NaBr,
(92%)

CgH,3Br + NaN,

@
N(C,Hy),C1°
2RHal + Na,$ — RSR + 2NaCl,
H20—C6H6; 70°C (85—97%)

@ (]
C,H,,);NCH,Cl
CI(CH,),Cl + NaOH (CsH,,);NCH, > + 2NaCl,
H,0—C¢Hg; 80°C o

(88%)

@® e
(C4Hg),NHSO,
CH3(CH2)7OH + H-C4H9C1 + NaOH HZO—'CGI'IG SOuC >

(80%)

Mexda3HbIld KaTaIU3 He OrpaHUYMBAETCS IIEPEHOCOM pPEareHTOB M3
ONHOM XHIKOH (a3bl B APYIVIO, TAKXKE XHUIAKYIO da3zy. Elle ogHa Bo3-
MOXHOCTb 33aKJIIOYaeTcsl B MEPEHOCE PeareHTa M3 TaK HAa3bIBAEMOM
«TBepHof ¢aini» B pacTBop. Ilog 3THM TepMUHOM ITOZpa3zyMeBaeTcCsl
Mepexos HEPACTBOPUMBIX BO MHOTMX OpPraHUYeCKMX PaCTBOPHUTEISIX
MOHHBIX COEQUHEHUA B OpraHU4YecKyio a3y ¢ NOMOIIbIO KaTATU3aTO-
poB MexdasHoro nepeHoca cOBeplieHHO 0Co00M MpUponbl. TakuMu
KaTaJIM3aTOPaMHU MOTYT ObITh HOBBIE KOMILTEKCOOOpPa3ylolIMe areHThl —
MaKpOLMKJIMYeCKUe MoJIuahUpbl, HasbIBaeMble KpayH-MmoaushupaMu
(OT aHr1. crown — XOpOHA), UX OMUMKIUYECKUE U TMOIHLIUKIHYEC-
KWe aHatord ¥ T.4. (1. 11). Haubojee yacTo UCmonb3ytor 18-kpayH-6,
15-xpayH-5 u [2,2,2]-kpunrtana (nmepBas uudpa B KpayH-3dHupax o3-
HayaeT pa3Mep LMKJIa, BTOpas — YMUCJIO aTOMOB KUCJIOpPOHA:

(SN ooy g oy
S S R ALD

18-kpayH-6 15-kpayH-5 [2,2,2]-kpurTasn
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OO0lueit yeproif BceX KpayHOB, KPUIITAHAOB U POLCTBEHHBIX UM CO-
EAUHEHUN SBASETCS HAMMYUEC [TOJQCTH BHYTPM OJHOTQ LIMKIA WK
HECKOIbKHUX LUKJIOB. B pesynbTaTe XeIaTHpOBaHUS BHYTPH BTOH NO-
JlocTh 00Opas3ylTcsd JOHOPHO-aKUENTOPHbIE KOMIUIEKCH C KaTHOHAa-
MU LIEJTOYHBIX, LIEOYHO3EMEIbHBIX U APYTMX METAJJIOB, PA3IUYHbIE
Nno cTabMIbHOCTH B 3aBMCMMOCTM OT pagvyca W IUIOTHOCTH 3apsiaa
KaTUOHA, pa3Mepa IOJIOCTH UMKIIOB, IMPHPORBI aTOMOB-IOHOPOB (O;
N; S; P), obpazyowmx uuxi. s MOK Haubonbiuuii MHTEPEC Tpes-
CTABJISIOT KOMIUIEKCHI, 00pa3oBaHHbIE KpayH-NOTU3$hUpaAMU MIH KPUII-
TAHJZAMM C KaTUOHAMM HaTpus, Kanud u jautus. Jna xatmona K*
Haubosee cTaOUIbHbIE KOMILJIEKCHI MOJAYYAIOTCS ¢ 18-4JeHHBIMH
KpayHaMu M kpunrtaHgamu. KaruoH HaTpusi obpasyeT Haubosee cra-
OWIbHBIA KOMILIEKC C 15-KpayH-5, 2 KaTUOH JUTHS — C |2-KpayH-4.

B Takux KoMIutekcax «opraHudeckast 060104Ka» KaTMOHA LIejI0Y-
HOro MeTtauia obecrnieynBaeT oOpa3oBaHUe MO CYLIECTBY HOBOTO «OHMeE-
BOI'O KATMOHa», KOTOpPbI MOXeT 3KCTPAarupoBaTbCs WJIM PacTBOPSTh-
cs BMECTe C aHMOHOM B (OpMe HMOHHBIX I1ap TOYHO TaK Xe, KaK U
CaM¥M OHUEBbIE COJU B MATOMOJSAPHbIX OPraHUYeCKUX PACTBOPHUTEIISIX.
AnuonHas yacts Nu® Takoit uoHHo# napbl 4pe3BBIYAWHHO peakiu-
OHHOCNIOCOOHA, ITOCKONBKY 3JIEKTPOCTaTHYECKOE B3aMMOJEHCTBHUE C
3aKOMILIEKCOBAHHBIM KAaTHOHOM pPe3KO ocNabiieHO MO CpaBHEHMIO C
HMCXOIHOM conblo 6e3 KoMIUIekcoobpa3ytollero areHTa. MoHHbIe napel,
y KOTOPBIX KATHOH 3aKJIIOYEH B MOJOCTh IIMKIMYECKOro nMoauadupa,
0osiee peakKUHOHHOCIOCOOHBI, YeM Te Xe AHHOHBI B IMPOTOHHBIX pac-
TBOPHUTEJISIX, II€ OHK CHJIbHO COJIbBATMBUPOBAHBI 33 CYET 0Opa3oBa-
HUS BOXOPOAHBIX cBg3ell. bojiee Toro, TaKkMe MOHHbBIE Mapbl HEPEAKO
065ana0T O0Jiee BbICOKOH pEaKkIIMOHHOM CIOCOOHOCTBIO, YeM T€ Xe
AHUOHBI B TUIOJSPHBIX AlIPOTOHHbBIX pACTBOpUTEIISIX. st TaKoro ciy-
yast ObLT Jaxe BBEAEH CITeIMAJIbHbIA TEPDMHUH «peaKIUd oOHAXEHHBIX
aHUWOHOB». OHaKOo 3TO 0Opa3Hoe Ha3BaHUE He SIBISIETCS CTPOIMM, TaK
KaK B peakIMU NpUHMUMAET yyacTue HE HMOH, 4 MOHHAs Iiapa, B
KOTOPOM aHMOH BCErka B KaKOU-TO CTEINEHM COJbBATHMPOBAaH B Cpelie
000 MOJSPHOCTH U OCHOBHOCTH.

Karanutuyeckuit nmepeHoc HykieodHIbHBIX PEAareHTOB U3 TBEp-
noit dasel B XHIKYIO Cpeay ocoOeHHO BaXeH B cilyyae XeCTKHX HYK-
neodunos: F~, CI7, RCOO™ u HykneodU/I0B MPOMEXYTOUHOH XECT-
KOCTH, HanpumMep, N3 . [IpuMeHeHue KpayH-3GUpOB [103BOJSET IPO-
BOIMTb pa3HOoOOPAa3Hble CUHTE3bl C BHICOKHMM BLIXOLOM.

Huxe npuseneH psa npuMeposB:

O
- ~
CH;COOK + n-CeHpsbr IS2P88 o cyyc?  + KB
= (100%) OCgH,3-#
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0

[l } )
(CH;);CCOOK + BrCH,C—CgH; 18-xpayH-6

CgHg; 80°C
o 6

v z
— (CH;);CC—0—CH,—C~—C4H; + KBr,
(95%)

18-kpayH-6

H,-OSO,CH, + KCl
CsH|,0S0,CH;, L00°C

CgH,;Cl + CH;SOK,

18-kpayH-6

-CgH70S0,CH; + KF —— "2 5
#CH 70O, CHy CH,CN; 80°C

H—CgH 17F + CH3SO3K,
(92%)

—kpayH-6
CgHsCH,C1 + 1-C4HyONa %?——%» C¢H{CH,0C,Hg-# + NaCl.
’ (87%)

MexdazHblit Katanus Halien IPUMeHeHHE B CaMbIX pa3HQOOpPa3HbIX
o0acTsIX opraHMYecKor XUMHUK: ISl TIpMCOeAMHEeHUS AUXJIopKapoe-
Ha K IBOMHOM CBSI3W ayikeHa (1. 5, 4. 1), OKUCIEHUS AIKEHOB U aJl-
KMUJIOEH30JOB U T.4.

9.2.4. OJHODJEKTPOHHBIA COABUT

[IpUHATO CYUTATH, YTO NPH 0OpPa30BAHMH TIEPEXOIHOTO COCTOSI-
HUSL S)2-TUIa HECBI3BIBAIOWIAS SJIEKTPOHHAS NMapa HyKAeo(hWIbHOIo
areHTa CMellaeTcs K aToMy YIIepojaa, U OZHOBPEMEHHO CBSI3bIBAIO-
1asT BJIeKTpOHHasA Tapa o-cBsa3u C—7Z cMenaercss K yXOUslel Ipy-
ne. Teopus 3JeKTPOHHBIX Tiap JEXMUT B OCHOBE BCEH 37eKTPOHHOH
XUMHH, OHA TMO3BOJSET YAOBIETBOPUTEIbHO OOBSICHUTL OUYEHb MHO-
rue sBreHusi. CyllecTBYeT, OfHAKO, U MHOH IOAX0M, COMIACHO KOTO-
POMY 3JIEKTPOHBI MOTYT MEePeXOAUTb OT OXHOTO BEIECTBA K APYIroMy
B OOMH U TOT XE& MOMEHT BpeMEHH TOJIbKO Mo ogHOMY. Eciu Bctath
Ha 3Ty TOYKY 3PEHMS, TO [IEPBUYHBIA aKT Sy2-peakuuu (POpMaIbHO
MOXHO 3aI1MCaTh CICAYIOUIMM 00pa3oM:

Nu®+ R—Z =——= [Nu'(R—2)"].

Hyxneodun otnaer oguH 3JeKTpPOH cybCTpaTy, NpeBpaliasich B pa-
IMKAJI, TOTAa Kak cybeTpar IpeBpallaeTcss B aHUOH-pagukail. O6e
PaIUKaIbHbIE YACTUIIBI HAXOOATCS B HEMOCPEACTBEHHOM OJIM30CTH IpyT
OT Opyra B «KJIETKE», CTEHKU KOTOpod 00pa3oBaHbl MOJIEKYIdAMH
pacTBopuTens. AHHOH-pagukal (R—Z)® HeycTO#YUB U GLICTPO
pacnanaeTcs Ha aHWUOH AR panukan R°. ITocaenymoinas pexoMbu-
Hauusg paaukanos R° u Nu® npuBomuT K IpoaykTy 3amelteHus RNu:
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[Nu' (R—2) ] [Nu', R, 28] —RNu + 2%

OnucaHHbIA TakKMM 00pa3oM MeXaHU3M S,2-peaklMd HOCHT Ha-
asaHue SE7-MexaHusMma (single electron transfer). [TogoGHbIA Mexa-
HU3M YCTAHOBJEH B PSIIE CAy4YaeB JUIS TAKMX PeaKLWi, KAK r'MOPHI-
HO€ BOCCTAaHOBJIEHUWE, HYKIeo(QHIbHOE APOMATHYECKOE 3aMElCHHE
(r1. 15), HykieobUIbHOE MPUCOEAUHEHHE METAIOOPraHUYEeCKUX CO-
EQMHEHUH, 3aMElIeHHe MeTala B MeTAJICOPraHUYEeCKUX COEeXUHe-
Husx (1. 20, 4. 3) u gp. O6biyHO SET-MeXaHU3M HOKa3bIBAKOT C [10-
MOLIBIO 3KCIEPUMEHTA, B KOTOpPOM MpsMo (c momouipio 3IIP win
XI15; cM. 1. 14) win KOCBEHHO (HAMpUMEpP, C MTOMOIIbIO CITMH-JIO-
BYLLIEK WM IO XapaKTePHBIM MPOAYKTAM JUMEPHU3ALUH, JUCIIPOIIOp-
LIMOHHUPOBAHUS WM NEPETpylIIMpOBOK PaIMKaIOB) MOXHO oOHapy-
KUTb WIH MOCTYJIUPOBATh PALUKAIBLHbBIC YACTUIILI. 3TO, KaK IIpaBHIIO,
He yHaeTcs cAejldTh BCIEACTBUE TOTO, YTO BCE MOCIEAYIOLIUE 3a Iep-
BOHAQYAJIbHBIM IIEPEHOCOM 3JIeKTPOHA pPEeaKI{MH HIYT CIHLIKOM ObI-
crpo. Torga BO3HMKAET BONPOC: B 4eM IdpaHTHs TOrO, YTO peaKluu
uayt no SET-mMexaHu3My, €CJIM HeT 3KCHepUMEHTATbHBIX TAHHBIX,
ONpefeNeHHO NOATBEPXKIAOUINX PATUKAIbHBIA MyTh?

B nonseiTke oTBeTa Ha 3TH Bompockl D. [Tpocc (1985) npemtoxun
TEPMUH «OXHOB3NEKTPOHHBIA CABHUI».
Dnexmponnsil nepeHoc 03HAYAET TIPOCTO PENOKC-NPOLECC, B KOTOPOM
[IPOUCXOJUT IEPEHOC OMHOTO JICKTPOHA. M3Menenue noaoxcenun 3aexm-
DOHA, KOMOPOEe covemaemcs ¢ U3MEHeHUEeM XUMUYeCKUX cés3ell ObUIO
MPEeIIOXKEHO HA3BIBATL 34eKMPOHHbIM CcO8ueoM. BaXHO TORYEPKHYTh,
4YTO 3JIEKTPOHHBI COBMUT He 00SA3aTEeNIbHO IPUBOAUT K 0Opa3oBAHUIO
PaIMKAIBHBIX YACTHL.

Sy2-MEeXaHU3M C TOUKHM 3PEHUS] OJHOSJEKTPOHHOTO CMEILIEeHHUS
OITUCBIBAETCS CIERYIOIIUM 0OpasoM:

Nu:P+ an — > NuuR +7:°.

Yactuua NuTLR B mpaBoii yacTi — 3TO He pagMKaibHas Mapa, a
KOBAJIEHTHasA MOJieKyJna Mpoaykrta peakuuu Sy2. [Ipouecc nepexona
rpynnsl R K Hykieoduiy NpoucXoquT CHHXPOHHO C OZHO3JEKTPOH-
HBIM CIBUIOM M pa3pblBOM cBS3M R—Z. OQHO31eKTPOHHBIA CABUT OT
Nu® u RZ NPUBOIUT K paspbIBy cBA3M R—Z; npu 3TOM aBe panu-
KaJIbHBble yacTHubl NU® M R° Haxomarcsa B HemocpeACTBeHHOH Onu-
30CTH ApYT OT IPYra U no3Tomy OBICTPO 0OBEAMHSIOTCS.

[ToHATHE «CHMHXPOHHOCTb» O3HAYaeT GECKOHEYHO Majioe BpeMs
KU3HU MHTepMenuara (ri. 3). B TakoM ciiyyae MOXHO MPEATIONOXHUTh,
YTO B PEAKUMAX ONHO3JIEKTPOHHOIO COBUId BpeMEHA XH3HU pajH-
KanbHbIX yacTdll Nu® 1 (R—Z)* oueHb Maibl, 4 CKOPOCTH pacnaaa
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(R—Z)" > R" + 7° u pexoMbuHanuu Nu® U R° odeHb Benuku. B
MPOTHUBONOJOXHOCTL 3ToMy B SET-peakuusx BpeMeHa XWU3HU pagu-
KaJbHbIX YACTHULL JOCTATOYHO BEJIMKH JUISI TOTO, YTOObI MX MOXHO ObLUIO
33perucTpUpoBaTh. BpeMeHa XXU3HM 3aBUCSIT OT NMPUPOIBI HYKIEODH-
na U cyberpata. HanpumMep, HaTpuil peardpyeT ¢ ajlKuWJIrajioreHuna-
My (peakuus Bropua) mo SET-MexaHH3My, ITOCKOJbKY B 06pa3syro-
1IEMcSL B pe3yJIbTare 3JIEKTPOHHOrO MepeHoca MoHe Na' BCe CITMHBI
CIiapeHbl, ¥ OH He MOXeT peKOMOHHHPOBATh ¢ paaukanoMm R*.

)
SET TN T'R 4+ 78
paﬂHKaJIbeIe
peaK1Mu

KoHuenuus «oqHO3eKTPOHHOTO CABUIa» YTOYHSIET KAPTUHY 3JIEK-
TPOHHBIX M3MEHEHHU, MPOUCXOMSLIMX B mpoueccax Sy2, HO HE HU3-
MEHSIET CTPYKTYPY (pacIlioloXeHHe siiep) «CMHXPOHHOIO» Iepexon-
HOrO COCTOSIHHUSA M He MPOTUBOPEUMT HAOIIOZAEMOMY BaJIbIEHOBCKO-
My 0OpallleHHIO M OTCYTCTBHMIO PAXHUKAILHBIX IPOAYKTOB B 3THX
peaxLusx.

KoHuenuumo oIHO3JIEKTPOHHOIO CABHIa clefyeT paccMaTpUBaTh
KaK OPUTMHAIBHYIO THIIOTE3y, HAYEro He MEHSIOUIYIO B CAMOM CYTH
npeppawieHusi. [1pn MHTeprpeTady GaHHBIX aTHGATUYECKOTO HyK-
JIeobUIbHOrO 3aMelleHMsI MOXXHO YCIIeIIHO UCITOIb30BaTh KJIaccHyec-
KYIO TEOPDUIO CMEUIEHHS JIEeKTPOHHbBIX Map, YTO Mbl U AeJldeM B 3TOH
rnaBe. OgHako B 1. 26 (4. 3) MBI MCIONb3yeM MpencTaBieHusi ob
OIHOSJIEKTPOHHOM CABUTe IIs1 OOBSICHEHUS HeOObIYHOIO MEXaHU3Ma
3JIeKTPOGhUIbHBIX TTEperpyIUpOBOK.

Na + Rn Z

9.3. MEXAHU3M S,1

Jpyroii npeaenbHbIii MeXaHU3M HYKJIeO(DUIbHOIO 3aMelIeHUs y
HACBIIIEHHOTO aToMa yriepona Syl BKIIO4YaeT ABe cragvu: 1) rere-
poauTHYecKoe pacuerieHde ceg3n C—Z B cyberpate RZ ¢ obpaso-
BaHHEM TPeXKOOPIMHMPOBAHHOTO KapbokaTmoHa R® u yxopsmeit
TP YIIIbI A BUE AHUOHA U 2) B3auUMoJelcTBUe KapOoKaTUOHA R®
¢ HyKJIeohUIbHbIM areHToM Nu UIu Nue, B pPe3yJbTaTe 4Yero mojy-
yaeTcsl KOHEYHbBIA NPOAYKT 3aMellleHUS:

k,; MenieHHo k; ObIicTpO
s > @ O K2 OBICTP
——*RZ — RNu. %.4)
1 Nu
STa peakuus, B OTIMYHE OT Sy2-MexaHU3Ma, He SBISIETCS COIJlaco-
BaHHBIM MMPOLECCOM M BKJIIOYAET ABe cTagui. CTaIua reTeposusa cBs-

3u C—Z B cybcTpate SIBASETCS MeNIEeHHOH, OMpeRe/siomed cKopocTh
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Bcero rpouecca. BaauMogelicTsue KapOoKaTMOHA ¢ HYKIEODUIOM
MIPOUCXONUT B ObicTpoit craguu. i ypasHeHus (9.4), UCIIONB3ysT METOL,
CTALMOHADPHbIX KOHUEHTpaUWH (171. 3, 4. 1), MOXHO BBIBECTH CIIeyIO-
LICe YpaBHEHME:

ky ky [RZ] [Nu]
ki [Z°] + ky [Nu]

9.5)

CKOPOCTb =

Ecnu k;[Nu] >> k_l[Ze], ¢opMaIbHO CKOPOCTh ONMUCHIBAETCS XO-
POLLIO 3HAKOMBIM KMHETHYECKHUM YpaBHEHHEM IIEPBOro MOPSAKA JUIS
Syl-peakuuii:

cKopocTb = k; [RZ]. (9.6)

Ha puc. 9.6 nmpuBegeHa sHepreTudecKass JMarpaMMa WEEAIM3UPO-
BaHHOTO MOHOMOJIEKYJISIPHOIO HYKJIeO(MUIbHOIO 3aMeIleHMUSI.

W3 aByx nocnemoparenbHBIX cTaguii — MoHu3auuu RZ u pe-
koMOuHauuu R* u Nu — neppas xapakTepusyeTcs HaUOONbILEH
9Heprued aKTUBALMM, TOTKA KaK 3HEPrus akTUBAIMHU IS PEKOM-
OMHAUUM MOHOB HOJIXHA
6bITh Mana. Bropas cragus
HE BJIUSET Ha O0LIYIO CKO-
pOCTh, HO OIpeAe]seT Ko-
JIMYECTBEHHbIA COCTAB Ipo-
LyKTOB Syl-peakuuu. Eciu
B PacTBOpEe IPUCYTCTBYIOT
Cpa3y HECKOJIbKO PATHYHBIX
HYKJIeODHIIOB, TO OTHOCH-
TEJIbHBIA BBIXOJ MPOIYKTOB
peaku MM ¢ KapOOKaTUOHOM
R* 6yger onpenensitbes, Puc. 9.6. Tepsas craaus vonnsauny RZ
ECTECTBEHHO, BLICOTOM BTO-
poro 6appepa. IpyruMu cloBaMH, B HIEATM3UPOBAHHOMN Syl-peakiun
CKOPOCTb PEaKi[MM HE NOJXHA 3aBHCETh OT MPUPOAbI HyKIeodua,
HO COCTaB IIPOIYKTOB PEAKUMHU [PH KOHKYPEHIIMH HECKOJBKHUX HYK-
JIe0PHIOB 3ABUCUT OT MUX OTHOCHTEJIBHOM HyKJI€O(GUILHOCTH.

Honuzauusa RZ npencrarnger coboi SHAOTEPMUYECKUH TPOLECE,
M, COTJIaCHO MOCTYNaty X3MMOHIA IS DHAOTEPMHUYECKMX peakiiui
(rn. 3), mepexoaHoe cocTosSHME g MoHM3auuMu RZ mnogoGHo xap-
6okatuoHy R*. ITosroMy nobpie (akToOpbl, CTAGHIM3UPYOILME Kap-
OOKATHOH, CTAOMAM3MPYIOT U [E€PEXOZHOE COCTOSHME, NPHBOISIIEE
K 06pa3oBaHUIO KapbokatHuoHa. CTaOHUIH3a U KapOOKATUOHOB 3a CYET
3P GeKTOB CONPSIKEHUS U TMIIEPKOHDBIOTALMY, 4 TAKXKE UHIYKTUBHBIX
addekToB 3amecTureneit 6olia paccMoTpeHa paHee (. 2).

CrabunbHOCTh aNUGaATHIECKUX KAPOOKATUOHOB YMEHBILUAETCS
B psOy. TPETHYHLIM > BTOPHUYHBIH > NEPBUYHBIM. Syl-MexaHU3M

[R™" 287

[R‘S"‘... NuJ*

cBO6OAHAA 3HEPI VS

RNu+Z"

RZ+Nu

KoopauHara peaxkumu
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peanusyeTcsi I TPETUUYHBIX W BTOPHUYHBIX, HO HE IIEPBUYHBIX aJl-
KWJITAIOTEHUAOB M AIKUIICYIbPOHATOB. [JeACTBUTENBHO, CONbBOIHU3
mpem-6yTuiOpoMuga Mo MexaHusMy Syl B NOJSIPHOM (820 =58) u
WOHU3UPYIOLLIEM PACTBOPHUTEIE — MypaBbUHOM xuciote uaet B 1 000 000
pa3 6bicTpee, 4yeM uzo-npomwibpoMuna. [TogoOHoe COOTHOLLEHHUE CKO-
pPOCTEH IUIS TPETUYHBIX U BTOPUYHBIX RZ sBNSeTCS XapaKTEpUCTHY-
HBIM JJIsI MHOTHX COJIbBOJUTHYECKUX Syl-peakuni. AHajoruyHas 3a-
KOHOMEPHOCTh HabGNMIofaeTcsd M JUISI HUKIOANKHITAJIOTeHUIOB H
cynbdoHaToB. DddeKT conpspkeHUsT oOycOBIMBAET OTHOCUTEIbHO
BBICOKYIO CTAGMIIBHOCTh TPUAPHUIMETHIBHBIX Ar;C*, G H3rMIpUIbHBIX
Ar,C'H, 6eH3aunbHbix ArC*H, n ajummnpHbix KapbokatnoHos. MoHo-
MOJIEKYISIpDHBIA MeXaHW3M 3aMelleHus xapakrepeH ansi Ary;CX;
Ar,CHX, a Takxe yacTo HabIonaeTcs Ul JUTMITAIOTeHHAOB U CyIb-
¢doHatoB. ['vaponus tpudenmnxiopMerada (CsHs);CCl B 80%-M Bon-
HOM aLIETOHE MPOTEKAeT B MMJUIMOH pa3 ObICTpee, 4eM OEH3rUAPHI-
xtopufia (C4Hs),CHCI, xotopslit B cBOIO oyepeap TMAPOIU3YETCH B
ThICSIYY pa3 Obictpee, yeM 1-xrop-1-denmnsran C,H;CH(CI)CH;,
CPaBHHUMBIHM TIO CKOPOCTH IMAPONM3a C AJUTHIXIOPHAOM.

Bosee BHUMaTenbHbIA aHanu3 ypaBHeHus: (9.5) nmossonsieT oOHa-
PYXHUTb CJIOXHYIO 3aBUCHMOCTb CKOPOCTH Syl-peakUui OT KOHIIEHT-
palMy aHUOHA yxousieid rpynnel Z . B caMoM Hayajle peakiluM KOH-
LeHTpauusi Z~ o4eHb Mala, M TOJbKO Ha HAYATBHOM YYAaCTKe KUHETH-
YeCKOM KpMBOM CKOPOCTb pEeakLMH OMNUChIBAETCA YpaBHeHHeM (9.6):
v=k;[RZ]. Orcrona cnenyer, 4YTO CKOPOCTb HE 32BUCUT HE TOJBKO OT
KOHIICHTPAIIMK, HO Jaxe OT Npupoxbl Hykieodpuna Nu. Takoit ciyyai
AEeHCTBUTENBHO OBUT OOHApPYXeH UL peakilMi OCH3TUIAPWIXIIOpHIa C
pa3zHo0Opa3HBIMU HyKJIeodHIaMi B HEeHYKJIeO(hHUIBHOM TIOJISIPHOM pac-
TBOpUTENe — XMIKoM okcuae cepol (IV) SO, (Muronbn, Xsio3, 1940).
[To xony peakuuu KoHueHrpauus Z =Cl pacrer, U, B COOTBETCTBUHU
¢ ypaBHeHHeM (9.5), ckopocTh YMeHbLIaeTcsl. boilee Toro, ecau B pac-
TBOp cnienMaisHo BBecTH conb LiCl, comepxamyto obwmit anuoH Cl |
peakuMs Takxe zamemnserca. O6a stux sddekra HAOMOJUIUCL IS
peaxuuun (CgH;s),CHCI ¢ caMbIMU pa3fiMdHbIMU HYKIEOPUIAMHU B XKWL -
koit SO,, oHU TIONYYHUIH Ha3BaHUe agpexma obujezo uona.

B nopasasronieM OONBIUMHCTBE CAYYaeB TSI U3YYeHHUST MEXaHH3-
Ma peaKlM¥M MOHOMOJIEKY/ISIPHOTC 3aMeLLEeHUs TPpyaHO moxolparh Ta-
KWe HAeaTbHBIE YCIOBUS, KK NpH U3YYEHHM KUHETUKH DEAKI[UU B
pacTBope XUAKOW IBYOKUCH cepbl. OBbIMHO Syl-peakuuu sBisioTcs
COJIbBOIUTUYECKMMHU, [IE pACTBOPMUTENb HE TOJIBKO BBI3BIBAET HOHM-
3auuio cBs3u C—Z B RZ, HO ¥ caM BBICTYTIAET B POJMM HYKJIeODUIb-
HOTO peareHTa Bo BTOpol craauu ypaBHeHust (9.4). B TtakoM ciyuae
KOHLEeHTpauus Hykieoduaa (pacTBOPUTENS) MpaKTUYECKH He MeHs-
eTCsl B XOe peakiuH, ¥ OHA OyneT UMeTh MEpPBBIH KMHETUYECKUH
NOPsIIOK He3aBUCHMO OT TOrO, KaKod MeXaHu3sM — Syl uim Sp2 —
peaTbHO peanusyercs LISl JaHHOTO NpeBpalieHUs.
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H3MeHATh KOHUEHTPAUHUIO HyKIeo(hnIa—pacTBOPUTENS B HIMPO-
KOM [Mana3oHe He MMEeT CMbICNa, TAK KaK IPU 3TOM HU3MEeHSIOTCS
MaKpOCBOWCTBA cpenbl. TaK, HApUMEp, CKOPOCTb THAPOIN3A mpem-
OyTUnOpoMuIa B BOOJHOM alleTOHE BO3PACTAeT B COPOK Pa3 IMpH H3-
MEHEeHMHU KOHUeHTpauuu Bodbl oT 10 o 30%, HescHO, OZHAKO, CBSI-
33H JIM 3TOT 3 PeKT ¢ poCTOM HYKJIEO(MMILHOCTH Cpeabl (UTO BAXKHO
UTsT Sy2-peakiMii) WIK ¢ yBeTMYeHHUEM IMTOJISIPHOCTH CPeAbl (YTO BaX-
Ho pn Syl-peakuuit). [1possicHUTL CUTYaLMIO B TAKUX CIIYYasiX TIOMO-
raer uaydeHue cosiesbx addexkros. CkopocTh ruppomusa (CgHs),CHBr
npy BeefeHuHd B pactsop LiCl u ckopocts ruaponusa (C¢Hs),CHCI
nipu no6asneHuu LiBr Bospacraror. 310 06yCIOBIEHO XeHCTBHEM HOP-
MaIbHOTO coJjieBoro 3¢ddekra: peakuusl YCKOpsIeTcs BCIEACTBHE TOTO,
4YTO YBEJMYEHHE MOHHOM CHJIBI pACTBOpa CTAOWIM3UPYET NOJISIpPHOE
rnepexonHoe coctossHue Syl-peakuuu. OxHaKo BBeJeHHUE CONMeit, HMEIo-
IIUX OOLIMK HOH ¢ opranudeckuM ramoreHugom (LiBr B ciydae
(CsHs),CHBr u LiCl ansa (C¢Hs),CHCI), 3aMennser peakuyio. B atom
Cny4yae JeHCTByeT KaK HOPMAIBHBIA coneBoil 3¢ deKT, YCKOPSOLHT
peaKuMIo 3aMelleHusi, Tak U 3¢ddekT obuiero MOHA, KOTOPBIA, Co-
IJIACHO 3aKOHY JEMCTBHS MAcc, JOJ/UKeH 3aMelJUITh peaKUuio, cMe-
1Iast paBHOBeCcHMe MOHU3AIMH RiieBo. CymMmapHo npeobnanaet 3 ekt
oburero voHa. Ta Xe camast 3aKOHOMEpPHOCTb HabmonaeTcss Mpy TUI-
pOJIM3e TPUAPHMIMETHJITAIOTE HUAOB.

B cBoeM repBoHaYaTbHOM BapHaHTEe MEXaHH3M Syl Mpexronarar
o6pasopaHue CBOGONHLIX, AUCCOIMHUPOBAHHBIX MOHOB R u Z~. B atoMm
MEXdHU3ME CTanMsl, OIpeAensiionas CKOpOoCThb Iipoliecca, M CTamusl,
onpenensliollasi COOTHOIIEeHHE MPOAYKTOB, HE COBHANAWT. DTO
[IPUBOIUT K PARY BAXHBIX CIeACTBHII, KOTOpble CIIOCOOCTBOBAIH BbI-
paboTke omnpexeJeHHbIX, JOCTATOUHO CTPOTUX KPHUTEPHUEB, C ITOMO-
LIbIO KOTOPBIX IMCCOLMATHBHBIA Sy 1-MEXaHHU3M MOJAAETCS 3KCIIEpH-
MeHTaJIbHOH MpoBepke. CyliecTBYET NSITh [JIABHBIX HE3aBUCHMBIX KPH-
TEPUEB HUCCOIIMATHBHOTO Syl-MexaHU3Ma.

TlepBbiif ©3 HUX COCTOHT B TOM, UYTO CKOPOCTb peaKLHU NOJXHA
YMEHbIIATLCA C POCTOM KOHILEHTPALMM aHHOHA Z , NpHYeM 3Ta 3a-
BUCHUMOCTb, COIJIACHO 3aKOHY AeHCTBYIOLIMX Macc, JOJXHA HMEThb
JUHEeHHbIH xapakrep. DddeKT obluero MOHa MOJY4MJ Ha3BaHUeE
«BHELUHEro BO3BpaTd U3 HMCCOUMUPOBAHHON dopMbl». Jpyroi Kpu-
TEPHHA 3aKJTIOYAETCS B BBEACHUH «HYKIIeOMhHIbHO JIOBYIIKH», HAITPH-
Mep, asun-uoHa N, mi1s kapGokaruoHa R™:

SolOH ®, 0O
e N T ROSol + H + Z
=R +Z— \§ ©

L3 _» RN; + Z,

rae SolOH — npoToHHBIA pacTBOPHUTEND.
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A3HMI-HOH He JOJUKEH BJIUSTH HA CKOPOCTb PEaKUMH, HO NOJIXKEH

BJIMSITb HA COOTHOLIEeHMe npoxpykros peakuuu RN; u ROSol, npu-
[RN;]

yeM (paKTOp CeNeKTUBHOCTH (PaKTOp KOHKYPEHUMH) Fy = m
B XOJ/I€ peaKIMH HOJKEH OCTABATHLCS IMOCTOSTHHBIM. DTO BTOPOR KpHU-
TEPHIi TUCCOLMATUBHOrO Syl MexaHu3Ma. TpeThit KpUTepUil COCTOUT
B HE3aBUCHUMOCTH BEJIMYMHb] Fp OT NIPUPOObI YXORSIEH IPYINIbl Z B
cyberpate RZ. Jdna anudaTuyecKux U aTMLIMKIMYECKUX COSIMHEH U
MOHOMOJIEKYJIIpHOE 3aMeliieHre Syl KOHKYpUPYET ¢ MOHOMOJIEKY-
JIIPHBIM 3MIUMMUHUpoBaHUeM E1 nmpoToHa ¢ oGpa3oBaHUEM alikeHa. B
5TOM CJIY4ae COOTHOLUEHUE MPOAYKTOB COJbBOIN3A U AJIKEHA 110 XOLY
pPeaKUMHU HOJKHO ObITh [TOCTOSHHO (YETBEPTHIA KPUTEPHUi), U 3TC OT-
HOUIEHHE HE JOJLKHO 33aBMCETh OT IMPUPOAB! YXOAsSUIeH rpynnsl (msi-
TBIA KpUTepHii). JInsl MCCOIMAaTUBHOTO MeXaHu3aMa Syl Bce AT KpH-
TepUeB JOJIXHbI BbIMOJNHATLCS OJHOBPEMEHHO, TOJBKO TOTAd peak-
LIMI0 MOXHO C YBEPEHHOCTBbIO OTHECTH K JUCCOLIMAaTUBHOMY TUIy. B
peakuuHu TUapoiv3d OeH3TUIPUIXIOPUAA U OCH3TMaApUIOpoMuIa B
80%-M BOOHOM alLETOHE B TNPUCYTCTBUM a3WOa HaTpusi GakTop ce-

[RN;] y
JNeKTUBHOCTH Fy = W = 1,94 [eiCTBHTEILHO HE 3aBHCUT OT IIPH-
POIBI YXOOSIIIEH IPYTIITBI ’Exnopa Wi 6pomMa), XOoTsd CKOpOCTbh TMAPO-

nu3a (C4Hs),CHBr B 34 pasa Bpllie, Ye€M CKOpPOCTb TMAPOIMU3A
(C¢Hs),CHCI (B sT0i1 peakuuMn HeBOIMOXHO 00pazoBaHUe AJKEHA B
peaysbTrare El-snuMuHUpoBaHus). Takue MpuMephl, OTHAKO, efMHUYHDI.
B nopasnsitoieM GOJIBIIMHCTBE CYYAEB 5TH MSITh KPUTEPUEB OLGHOBpE-
MEHHO He BBINIOJHATCA. Tak, HapUMep, B peakUuWu THIPOIHU3a Of-
HOTO U3 KJIACCUYECKUX O0beKTOB Syl-MexaHusma — mpem-OyTiibGpo-
MUZA WX mpem-OyTHIXJIOPHAA — COOTHOLUEHHE u30-OyTWIEHA U
mpem-0yTHJIOBOTO CIIMPTA 33aBUCUT OT MPUPOABI YXOISIIEH pyIIibl.
AHAIOTUYHO (AKTOP KOHKYPEHUHMH F 3aBHCUT OT NPUPOAbI yXOIs-
weit rpynnsl wist runponusa (CgHs);CCl; (C¢Hs),CBr; (C4Hs),CF B
NPUCYTCTBUU a3un-uoHa. PakTop KOHKYpEeHUMHU Fp CUIbHO U3Me-
HSIETCS M [UIS OPYTrHX TUMTUYHBIX CyOcTpaToB Syl-MexaHuaMa: 3-xaop-
3-meTunbyreHa-1 (o,a-AMMeTUIAUIMXIOpKIA) U 1-x10p-3-MeTUnOy-
TeHa-2 (y,y-muMetuiauiwixiopyna). Ilpy moHu3zauuu 3-xj1op-3-Me-
TUNOYTeHa-1 oOpasyeTcss TpeTHMYHBIH aJIWJbHBIKN KapOOKAaTHOH.
Co4yeTaHWe CBOWCTB OZHOBPEMEHHO AJUTMJIBHOIO M TPETMYHOIO Kap-
BOKATHOHA IO3BOJISSET PACCMATPHUBATD 3TOT AJUTHJITATOTEHU KAK OJHUH
13 HauboJsiee TUIMUYHBLIX PUMEPOB 00BLEKTOB MOHOMOJIEKYISIPHOIO Me-~
XaHW3Ma 3aMelueHus. JJedcTBUTEIbHO, THAPOIHU3 O, - TUMETHIIATLI M-
XJIOpUAA U ¥,Y-AUMETHIAUIAIXIOPUAA IPUBOIHUT K CMECH MTEPBUYHBIX
M TPETUYHBIX ALIWJIOBBIX CIMPTOB, YTO (POpPMAJIbHO COTNACYETCs C
06pasoBaHUEM KapOOKAaTHOHHOro MHTepMeauara. OpHakKo MpH Mua-
pOJIM3E 3TUX U3OMEPHBIX A/UTWITAJIOTeHUIOB B BOIHOM 3TAHOJE B [PHU-
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cyrctBud NaBH,, kak HywieodunbHoit noByuikd, obpasyorcsa Lo-
MOJIHUTEIbHO JBA U30MEPHBIX ATKEHA, COOTHOIIIEHHUE KOTOPbIX U3ME-
HSIETCS BJIBOE IIPH ITepeXofe OT O,0-IUMEeTHIALUTWIXIOpUIA K Y, y-AHU-
MeTHTJLTUIIXJIOPHIY:

(CH3)2(IZ—CH:CH2

Cl
0, 0= T METHJIULTHIIXJIOPHL

NaBH,; HOH
e (CH,);—C—CH=CH, +

(CH;),C=CH—CH,CI
Y, Y-IAME THILTWIXIOPH

+ (CH,),C=CHCH,OH + (CH,),CH~-CH=CH, + (CH,),C=CHCH,.

OTcrona clenyer, YTO B PeaKUMM TPHHUMAET Y4acTHe He CcBOGOX-
HBIi KapOOKaTHUOH, OOpa3yIOLIMNCS NpU JTUCCOLUMALMHA ULIHIXIO-
puza, a gpyras, npeauiecTByolas HoHHas ¢opma, rie kapookaTuoH
eule cBsizaH ¢ yxopsawed rpynmnoi Cl . DTo NMOATBEPXIAETCS TEM,
YTO UCXOAHBIA O,0-TUMETUIAUTUIIXIIOPHI B NIpOLIECCE PEAKIIUH CAM
HU30MEPU3YETCH B 7, Y- TUMETHIALTHIXI0pUI. CKOPOCTh TAKOM M30Me-
pU3ALMHA HE U3MeHsIeTCs TIpH MPOBEJCHHUM peaKIIMK B YKCYCHOHN Kuc-
JIOTE B IIPUCYTCTBMM XJIOpUAA NUTHSA, T.e. 3¢¢eKT obliero MoHa
(BHEIUIHUH BO3BpaT) M3 HUCCOLMMpPOBAHHON (GOpMbl He Habmwona-
etcsl. [1pu BBeieHUM B pEAKIIMOHHYIO CMeCh paTHOAKTHBHOIO XJIOpPHLI-
MOHA TOJIBKO HE3HAYMUTEJIbHASl €r0 YacTh BXOOUT B COCTAB MCXOAHOIO
ajudiaragoreduaa. [losromy HabiogaeMas B3auMHasi M30MEPHA3A1Us
o, -TUMETUIAUIMIIXI0pUAA U Y, y-AUMMeTHIAUIWIXJIopUaa obs3aHa
BHYTpeHHeMy Bo3Bpaty RYCl™ u3 mpenlumecTByOmMX CBOGOIHOMY
MOHY MOHHBIX Nap.

Bcst cOBOKYNHOCTh MMEIOIIMXCST B HACTOSIIEe BpeMs 3KCIepH-
MEHTAIbHBIX JAHHbIX 3aCTABISET PACCMATPUBATL JMCCOLMATUBHBINA
S'yl-MeXaHU3M TOJIBKO KaK MpeAe/bHYIO, PeNKO PeTU3YIOUIYIOCS Ha
MpPaKTUKE CHUTYAIHUIO.

9.3.1. HOHHBIE ITAPBI B TPOIIECCAX MOHOMOJIEKYJIAPHOI'O
HYKJIEOPHUJIBHOIO 3AMEIIEHU A

MOHOMOJIEKYJISIpPHBIA COJBBONM3, KAK NPaBMJIO, OCYLIECTBIA-
€TCSl 110 MEXaHU3MY, Pe3KO OTJHMYAIOLIEMYCS OT MEXaHU3Ma C y4a-
CTHEM «CBOGOIHBIX» CHMMETPHYHO COJIbBATHUPOBAHHBIX KapOoKaTH-
ouoB. HauGonee ueHHass vHGopMaMs 0 MEXaHU3ME PEaKIIUil MO-
HOMOJIEKYJISPHOTO 3aMEIICHUST MOXET ObITh MOMy4YeHa MpU U3yuyeHUH
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CTepeoXUMMH nporiecca. HekoTopble JaHHbBIE N0 CTEPEOXUMUU COJbBO-
JIN33 ONTUYECKH AKTUBHBIX CYJIb(POHATOB U KApOOKCUIATOB IMpeHCTaB-
JIeHBI B Tabx. 9.7.
Ta6nauua 9.7
CTepeoxnmm COJbBOJH3A

Orrruyecky aKTHBHBIA cybeTpar | Yenosusa conpBonuz | % uHBepcM | % paueMM3aimu
*
1. #C,H,CHDOBs CH,COOH; %9°C 100 0
*
2 #CoH CH—OTs CH,COOH; 75°C % 8
CH,
CH,
3. wo-C¢Hy C X-Onph CH,OH; 64°C 77 46
CH,CH,
*
4. C,H,CHDOTS CH,COOH; 25°C 90 2
*
5. CgHy CH—CH, CH,COOH; 50°C 56 ys)
a
6. -CH;0C(H, CH- Ohph CH,OH; 30°C 100
CGHS
CaHls
CH,COOH; 70° -
7. CgHs—(~CH, H,COOH; 70°C e
¢}

i
mON —CeH,—C

Mpumevaunune Bs = O,SCH,Br-ry Ts = 0,S—CH,CH;-r
hph = OC

COOH

O06¢e cTOpOHbI IUTIOCKOro cBoOogHOro KapbokaTtuoHa (I1. 2) ogu-
HAKOBO AOCTYIHBI IU1sl aTaKH HYKJIeOodHIa, MO3TOMY KOHEYHEIM pe-
3yJbTATOM AMCCOLIMATMUBHOIO Syl-MEXaHM3Ma HOJIXHA ObITb IOJHAS
paueMHu3auus MpoaykKra peakuuu. Ecinu 3To ycioBue He cobnoaaercs
U KapbBOKATUOH COJIBBATUPOBAH HECHUMMETPUYHO, YTO, I10 CYTH, 3K-
BUBAICHTHO TOMY, YTO MPOTUBOMOH Z OCT3eTCs KAKMM-TO 0Gpa3oMm
CBSI32aHHBIM C KapOOKATHOHOM R, MOXET MONYyIMTHCA ONTUYECKU aAK-
TUBHbII NPONYKT YaCTMYHO PAlEMM30BAHHBIA U C YaCTUYHO oOpa-
LLIEHHOA KOH(MHUTYpaLUe.

[Ipu aueronuse n-6pomMOGEeH30ICYNb(POHATA JEATSPUPOBAHHOTO
x-ByTaHona Habmopaercst 100%-s1 uHBepcust KoHbuUrypauuu (1-i npu-
Mep B Tabi1. 9.7), T.e. B JaHHOM clydae peanusyeTcsi Sy2-MEXaHU3M.
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Onnako B npuMepax 2—5 HAOMIONAIOTCA YACTUYHAS PALIEMU3ALUS UK
HeloJHast UHBepcus. KaK MOXHO OOBSICHHUTH YACTHYHYIO paleMHU3a-
uuw? Camoe Mpocroe oOBACHEHHE 3aKITIOYAETCS B TOM, YTO B 3THX
Cllydasx NapajiesbHO pealusyrorcs oba MexaHusMa — U Sy2 1 Syl.
OnHa yacTs MOJIEKYJT MCXOOHOTO cybeTpara pearupyeT o Syl-mexa-
HU3MY C [MOJIHOM paleMHM3alLMer, a apyras 4acTb — [0 MEXaHU3IMY
Sp2 ¢ unBepcued KoHburypauun. OgHAKO € TAKUM MpeaIol0XeH-
€M TPYQHO COTNacuThbes. TaK, CKOPOCTh COJNbBOJIM3A ONTHYECKH aK-
TUBHOro 1-dbeHunsTunxiIopuaa (IpuMep S5) He BO3pacTaeT NpU AO-
OapjieHWHM aALETATa HATPHS, T.€. COJIU C 00LIMM HMOoHOM. Jlo6GaBku aie-
Tara HATpUS HE YBEJIMYMBAIOT TAKXKE U CTENEHb MHBEPCUM B 3ITOMH
peakuuu. CrenoBaTeibHO, HHBEpCHUS B TAHHOM Clyyde He CBS3aHa C
MapaUIeIbHO PeaTU3YIOLIMMCS Sy2-MexaHu3MoM. JIpyroe obbsicHeHHe
OCHOBAHO Ha IMpeAIojoXeHUH, YTO YaCTHUYHAS paueMu3ainus oTpa-
AET palIMyMe B CTAOMILHOCTH KapOOKAaTHOHOB. MeHee cTabMIbHBIN
KapOOKaTMOH pearupyeT o4yeHb OBICTPO HaXe TOrAd, KOraa ofHa M3
€ro CTOpPOH €ellle 3KpaHUPOBAHA YXOASIIEH I'PyniIoi, 1 ataka HYKJIEo-
duna ocyurecTBaseTCs MPEUMYILECTBEHHO C ThbUIBHOA CTOPOHBI. [1pu
MOJHOH KUCCOLMALMU XUpalbHOro cybcrpaTta obpasyeTcs axupaib-
HbIi{ KapOOKAaTUOH, M8 KOTOPOro JBa aTbTepPHATUBHBIX TepeXOLHBIX
COCTOSIHUSI, COOTBETCTBYIOLIUX (pOHTUILHOM aTake U aTake C ThbUIA,
SIBJISIOTCSI 9HAHTHOMEPHBIMHU U, CJIEIOBATEIbHO, UMEIOT ONMHAKOBYIO
3Hepruo. YacTH4YHas palemMu3anus 03HavyaeT, ofHaKo, YTO JBA Mepe-
XOIHBIX COCTOSIHMS HMEIOT PasHylo SHepruw. TepMUH «3KpaHUPOBA-
HHUE YXOJslIei TpyIIbl OJHOH CTOPOHBLI KapOOKaTHMOHA» O3HAYAET,
YTO YXOASILIAS IPYIINIA B 3THX [IEPEXOXHBIX COCTOSHUSX BCE eLe OCTA-
eTCs CBSI3aHHOMW C aTOMOM YIJIepojd, U axHMpalbHbIA MOH HE 0bpasy-
eTcsi. Takum oOpasoM, Ha nepBoif, caMOil MEQJEHHOH CTaguu
uoHu3auuu RZ yxomsiuast rpymnra BXOJUT B COCTaB I1€PEXONHOro Co-
CTOSIHMSI, 2 HHTepMeaMaT Ha puc. 9.6 yXe Henb3d omucath kak RY.
C. ViiHcTeiiH BrepBbie oOpaTHJl BHUMAHUE HAa TO, YTO MOHM3a-
LMST KOBAJIEHTHOW OpraHMYecKol MOJIEKYJIbI HOJIXXHA TPOUCXOIUTE HE
B OHY, 2 B HECKOJIbKO NOCIe0oBATEeNbHLIX cTaguil. IlepBoHAYaNbHO
npu HoHU3auuu cydcrpara RZ obpasyeTcss KOHTAKTHAS («MHTHMHAs»
B TEPMUHOJIOrMU YHHCTellHa) moHHad mapa R*Z™, rae XaTHOH U aHM -
OH HeNoCPeICTBEHHO CBS3aHbl MeXy cO00i M MEXIy HUMH HET pai-
JEeJSIIOLMX UX MOJIEKYJ pacTBopuTesi. Ilpu ganbHelilieM pasaeleHUuu
KOMIIOHEHTOBR MOHHOM Napbl KOHTAKTHAS MOHHAs I1apa NpeBpallaeT-
s B COJIbBATHO-PA3Ie/IEHHYIO («PbIXTyIO») HOHHYW napy RYI|Z™, rae
HOHbI pa3fefieHbl OgJHOH MIM OOJBUIMM YHCIOM MOJIEKYJ PaCTBOPH-
tensi. ConbBaTHO-pa3ae/ieHHas HOHHAas TNapa Jajiee JUCCOLMUPYET Ha
«CcBoOOIHBIE» COJNIbBATUPOBAHHbBIE MOHBI. DJIEKTPOCTATUYECKOE B3aH-
MOJEHCTBUE B KOHTAKTHOH MOHHOUW Mape ropas3go CuJibHee, 4eM B
COJIbBATHO-PA3IEJIEHHON WOHHOM MNape, 4TO NpeaonpelenseT Goiee
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BBICOKYIO PEaKIIMOHHYIO CIIOCOGHOCTb COJMbBATHO-PA3JEIEHHBIX UOH-
HbIX nap. O6e GhopMbl MOHHBIX Map He BHOCAT HUKAKOIO BKJIada B
3JIEKTPOMPOBOJHOCTh PACTBOPA, KOTOpas LEeJIUKOM OIpelesnsercs
BKJI3IOM CBOOOIHBIX, ZUCCOLIMUPOBAHHBLIX MOHOB. MOHHBIE Maphl cy-
LIECTBYIOT B PACTBOPE B TOM CJydae, KOIa SHEPrUsl 3JIEKTPOCTATH-
YECKOTO MPUTIXEHUS HABYX IIPOTHBOIONOXHO 3apPSKEHHBIX YaCTHULL
MpEeBBIIAECT SHEPTUIO TEIUIOBOTO ABUXEHUSI UOHOB.

Croco6HOCTb PACTBOPHUTENS K MOHU3ALMU KOBAJIEHTHON MOJIEKYIIbI
R—Z onpenensieTcss He ero NOJSPHOCTbIO, & CHOCOOHOCTBIO K
crieliupUYEeCKON CONbBATAlIMH, TIO3TOMY CIEIYET Pa3jluyaTb UOHU3H-
PYIOLYIO U IMCCOLIMUPYIOIYIO criocoGHOCTL pacTBopurens. Knaccu-
YECKHUM MPUMEPOM TAKOTO PasJMYHs SBISIOTCS MOHU3ALUS U TUCCO-
uuauus TpugeHUIXIopMeTaHa (TPUTWIXJIOPKHIA). B MamonodsipHbIX
PACTBOPHTENSIX — napa-Kpe3ose, YKCYCHOH KHUCJIOTe U Op. —
(C¢Hs);CCl B 3aMeTHOM cTeneHH HOHU3UPOBAH, HO HE HTUCCOLIMMPO-
BaH. MoHM3auus rpude HWIXJIOpMETaHa JIETKO OIpenensieTcs o CIIeKT-
paM MOIJNIOLUIEHUS, [TOCKOJIbKY €ro KoBajleHTHast ¢dopMa He oKpalue-
Ha, a woHHas mapa (CgHs);C'Cl™ u cam kapbokarnon (C¢Hs),C*
okpaitieHbl B xenTbii 1seT. Monusauus (C¢H;);CCl B ykcycHoit Kuc-
JIOTe U napa-KpeaoJie BbI3bIBAETCS 00pa3oBaHUEM IMPOYHOHR BOOOpOMd-
HOM CBSI3U ¢ yXoAsued IPYMNNoM:

Lk P
(CH9,CA . . . H-0—CZCH, =2 (cH9:04 . .. H-o-ZcH,

OnHako B HUTpOOEH30Je U AUECTOHUTPHIIE C BHICOKON JUSJIEKTPUYEC-
KO MPOHUL@EMOCTbIO, HO 6e3 crienMpUyYecKoil CONbBATALIMKM ATOMa
x1opa TpUbEeHWIXJIOPMETAH JaXe HE MOHU3MpoBaH. Peiamouas poib
3JIeKTPOHOAKLIENTOPHBIX CBONWCTB Cpedbl I MOHU3ALUH RZ obHapy-
XKUBAETCS TEM, YTO 3KBUMOISpHble nobGaBku kKuciot JIprouca SnCly;
SbCls; AICl, B pactBop (CgHs);CCl B HUTpOGEH30Ie MM aUETOHUTPH-
JIE BbI3bIBAIOT HOHU3ALMIO U TIOCIETYIONIYIO JUCCOLMALIMIO CyOCTpaTa:

SbCls; kuomu km{cc. (C] Q
(C6H5)3CC1—<———> (C()H5)3CSbC16 ——— (C¢Hs),C + SbClg.
CeHsNO,

BecuBerHbld TpuEHUIXIOPMETAH TPeBpaIaeTcsd B OKpPAUIEHHYIO B
XeNThll LBeT MoHHylo napy (CgHs);C Cl™ B xunkom SO, B 10% pas
addekTHUBHEE, YeM B HUTPOOEH30Je, XOTs U JUINEeKTpUYecKasl npo-
HHULIAEMOCTb, U JUIIOJIbHbIH MOMEHT y HUTpOOEH30J1a ropasfo Bblilie,
yeM y SO,. B xunxoM okcune cepsl (IV) TpudeHunxiopmerad npu —
10 °C 4yacCTUYHO MOHM3UPOBAH M YACTUYHO JUCCOLIMMPOBAH:

Hn3au [CHS] nnccounaum{
(C6H5)3CC1<—— (CgHs);CCl (C6H5)3C + Cl
HOHM3.™ knncc.~
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C. VitHcreltH 0OHApyXuJ, YTO KOHTAKTHBIE M COJIbBATHO-pa3fe-
JIEHHbIE MNMapbl UTPAlOT BAXHYIO POJb B MPOLECCAX MOHOMOJEKYISP-
HOrO HYKJI€oGUIBHOTO 3aMelieHUs Y HAChILEHHOIo aToMa YIJIepoaa.
KnoueRyio posb MOHHBIX N1ap B COJIBBOJUTUYECKMX IPOLIECCAX MOXHO
NPpOAEMOHCTPUPOBATEL Ha NMpPUMEpPE ALETONU3a (+)-mpeo-3-aHU3u0y-
TWi-2-0po3unaTta. Beulo ycTaHOBIEHO, YTO MPU HAIPEBAaHUU 3TOrO
COEIMHEHUSI B YKCYCHOKHUCJIOM PAaCTBOpPE ITPOUCXONUT HE TOJBKO
COJIBBOJNIU3, T.€. 3aMeHa OpO3WIATHOM I'PYIINBI Ha ALETATHYIO, HO TAKXE
M paleMU3alus UCXOIHOro Hellpopearupopasiiiero cyberpara:

@
OCH,
H,CO
CH,
- H romMsaw CH,COOH
OBs H H—>

CH, )
/ a 6
CH, CH;,

—— [IpOdyKTH! aueranu3sa (araka CH;COOH pasHoBeposTHa
10 OOOUM HANPABJICHHUSIM: a U 0).

AHU3WIOYTUNBHEIA KapOoKaTHOH, oGpa3yloimuiics MpU OTIIeNn-
JNeHuu aHuoHa OBs™, UMeeT MPUBENEHHYIO BBILIE MOCTHUKOBYIO CTPYK-
Typy, T.€. aXUpaJleH.

CKopocTh paueMH3anu UcXogHoro Opo3uiiara Gobllie CKOpoc-
TH €r0 COJBBOJIM3 B YKCycHOH KucyioTe. Haubonee ripocroe o6bsicHe-
HHE Ollepexamlleid COJbBOIM3 palleMU3allMu cyOcTpaTa COCTOMT B
TOM, 4YTO 32 OBICTPOI U 0GpaTUMON MOHHU3ALMEH HCXoNHOrO Gpo3wiIaTa
ciaengyeT Oonee MemJieHHass aTaka MOCTHMKOBOro KapOokaTuoHa
MoJsieKynoil pacTBoputens. C 3TUM NpenrmosokeHHeM, OJHAKO, He
corjiacyeTcsi To, YTO COJIbBOJIM3 HE 3aMEISeTCs B MPUCYTCTBUH CO-
neit ¢ o61mm noroM OBs®. Ha stom ocHoBaHmuu [peanoyTeHue GbLTO
OTHaHO AIBTEPHATUBHOMY MOH-TIAPDHOMY MEXaHMU3MY, B KOTOPOM MEX-
JIEHHOW cTaguen siBisgeTcss 00pa30BaHUE MOHHOM [MAPBI U3 UCXOLHOrO
Oposuiara:

HOHM3aUMS;

RZ a&=—/—————> R@ ZGMD ROAc + HZ . 9.7
k_, HOHHAs
napa

Pauemu3saius ucxonHoro 6poswiara oOycnoBiIeHa ObICTPBIM paB-
HOBECHEM C YJacTHeM HMOHHOM rmapel. Ha oGpaTtHo# craguu k_,, KO-
TOpas MOJy4uJia Ha3BaHUe «BHYTPEHHHH BO3BpaT», GpO3MJAT-aHUOH
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BHYTPH MOHHOI 11apbl MOXET C paBHOM BepOSTHOCTBIO aTakoBarp oba
COCEIHHX ATOMA yIIepoda @ ¥ 6, YTO BBI3bIBAET pALIEMMU3ALHIO. DTO
YHUCTO BHYTPUMOJIEKYISIpHBIH Mpolecc, B KOTOpOM Opo3uIaT-UoOH HeE
CTAaHOBUTCH CBOBGOJHBIM, MO3TOMY N06aBKM obuero HoHa OBs He
BIMAIOT HA CKOPOCTb COJBLBOJH3A.

[Ipu BBegeHuu B pacrBop nepxiopara nutus LiClO4 (conm c
HeoOlIUM HOHOM) MPOUCXOAMUT YBEJIHYEHHE KAaK CKOPOCTH COJbBO-
X33, TaK M CKOpocTH paueMusauuu. [lpu pocratouno Gonbuioi

koHuerTpauyu LiClO, kpu-
igk Bble HOPMAITLHOIO COJIEBO-
\ ro ac¢h¢ekTa sl CONbROIU-

au.eMWM 33 M PAlLEMHU3ALUH [TOYTH
/p napaiensHbl. OIHAKO Py
HU3KHUX KOHIEHTpaUMsX

LiClO, taHresHc yria Ha-

KJIOHA 33aBHCHMOCTH CKO-
POCTH COJIbBOJIM3d OT KOH-

3 : i
COM uentpanun LiClO, He

OXMIAHHO 0Ka3ancs OYeHb
GonbimM (puc. 9.7). Kpyroit

a ITOabeM KPUBOI 3aBHCHMO-

- CTH CKOPOCTH COJIbBOJIM3A
| o

0.02M [GCIC,] ot [LiClO,] npn HU3KHX

KOHLEHTpaUHUsIX 5TON COIH
Puc. 9.7. Bawsnue koruentpaun LiClO, Ha cko-  §pUr HA3BAH CHEYUAAbHBIM
POCTh aLETONIH3a (t)—mpea—3-aﬂmw16ynm—2-6po- conesoim 3ppermon.
3WIaTa B YKCycHo# KucioTe. TaHreHc yrna b xa- . "
paKTepu3yeT HOpMaIbHBIHA coneBot 3¢deKkT, TaH- CrieumanbHblit coneBoi
reHc yrila @ — CHeLHanbHbIi coneBoit addexTt s¢deKT HabmoIICs TONb-

KO JUISI COJIbBOJIM3d, HO HE
IUISL palieMH3alMyd. DT0 06CTOSITEIbCTBO MPHUBEJIO K ITPEAIIONI0XEHHIO,
YTO B XOJ€ peaKlUUH 0Opa3yIOTCs JBA THIIA HOHHBIX Map.

B MoHHOI Mape NpoOMCXOOUT HOHHBIA 0OMeH OpOo3MUIaT-HOHA OBs®

Ha nepxiopat ClO, . B pesynprare 3Toro oOMeHa «BHYTPEHHHH BO3-
Bpar» ¢ 0Opa3oBaHMEeM MCXOJHOTO, HO palleMH3UpPOBAHHOIO Opo3u-
JlaTa CTAHOBUTCS HEBO3MOXHbIM. MOHHas mapa ¢ mepxjopar-aHuo-
HOM MpH BHYTpPEHHEM BO3BpATe MOXET NpPeBpPATHUTHCS TOJBKO B KO-
BaneHTHbIH nepxiopar ROCIO;. M3aBectHo, yTo coenquHeHuss RO—ClO,
ropasno 6ojee peaKIIMOHHOCIOCOOHBI B PEAKLIMSAX COJBBOIM3d, YeM
6posuratel ROBs. CrnenoBatenbHo, 3aMeHa aHuoHa OBs™ Ha aHMOH
Cl0, B MOHHOI1 nape GaKTUYECKU JTUKBUAUPYET 3aMEUISIOIIMHA CKO-
pocTb conbBonu3a 3¢deKT cTamiMu Bo3BpaTa k., M3 MOHHOHN naphbl
R*OBs™ (ypasneuwue (9.6)). Onnako odbMeH uoHa OBs™ Ha ClO, mpo-
UCXOOUT He B TOM X€ MOHHOH Iape, KOTOpas OTBeYaeT 32 OBICTPYIO
paleMH3alivio, @ B MIOHHOW Nape Kakoro-To JPYroro TUMa, TaK Kak
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B NIPOTUBHOM CJIy4de W B palEMH3ALIMM TOXE IMpOSIB/LUICS Obl Crelu-
QTBHBIA CONeBOM 3¢QeKT, KOTOphIH HA caMoM [ene He Habnojgaercs
(puc. 9.7). [TosToMy JTOrMYHO NPELIOKUTh, YTO PALIEMU3ALIMS [IPOUCXO-
JUT Ha CTAIWM BO3HUKHOBEHWSI caMOH MepBOil (GOpMbl HOHHOU Maphl,
B TO BpeMS KaK B COJILBOJIM3E NPUHUMAET ydacTue apyrast ¢opma MOoH-
HBIX [1ap, KoTopasi 0bpa3yeTcsl U3 MePBOHAYATHHON (GOPMbI MOHHOM I1aphI.
TakuMu aByMsI ITOCIeR0BaTeIbHO 00pa3yoMMucs GopMaMU HOH-
HbIX ITap JOJKHBI ObITh KOHTAKTHAsT M COJIbBATHO-pA3feeHHAass HOH-
Hble IMapbl, NMPUYEM paleMH33aLMU [TONBEPraeTcss KOHTAKTHAas MOHHAaA
nmapa, 4 BO B3aMMOJEHCTBHUH C DACTBOPUTENEM (CONMbBONMM3E) MPUHU-
MaeT y4acTue COJIbBATHO-pa3JieleHHasi MOHHas napa.
[IpoaHamu3upoBaB OTPOMHBIA 3KCIEPUMEHTAIbHBIA MaTepual,
C. YitHcTeliH mpemnoxun Haubosee ODILYIO CXeMy, OITMCHIBAIOIIYIO
peaKiMd MOHOMOJIEKY/IIPHOTO HYKJIeOGUIBHOIO 3aMELIEHUSI U BKITIO-
YAIOIIYK> HECKOJBKO (hOPM MOHHBIX YACTHIL:
k
RZ 4——'—;’ R@Ze:—i——> R@ ” 294_:’3 R@ + Ze (9.8)
k.| KoHTaKTHast k, conpBaTHO- ks cBODOIHBIE

WOHHAs pasjeneHHas MOHBI
napa HOHHasA Mapa
lSoloH SolOH
ROSol ROSol

B cooTtBeTcTBHM ¢ ypaBHeHueM (9.8) mobGaBku mepxyioparta JUTHASL He
MPUBOIAT K MOHHOMY 0OMeHy B KOHTAaKTHON MOHHOM nape, rae oba
npotuBouoHa R¥Z™ oyeHb MpPOYHO CBA3AHBI 3IEKTPOCTATUYECKUMH
cunamu. MoHHBIH 06MeH Gpo3miaT-noHa Ha MepXJIopaT-UoH JOJIKEH
[MPOUCXOJUTh B COJIBbBATHO-pa3[e/IeHHON WOHHOH Mape:

@ e k, @ @ .
RH OBs + LiClO, <-——-——>RH ClO, + LiOBs .
k-4

B pesynbraTe noHHOro o6MeHa OHA CONLBATHO-pas3aeIeHHAS HOHHAS
napa R*||OBs™ npeppamaercss B 1pyryio, 6ojee peakMOHHOCIOCOE-
HYIO COJIbBATHO-PA3JeJIEHHYIO HOHHYIO Napy R+||CIO4', IIpU 5TOM
[MPAaKTUYECKH ITOJIHOCTBIO [10JABISETCS CTanusl BHELIHEIO BO3Bparad K,
yxe npu Maibix nobaBkax LiClO,. Takum obpa3oM mpexnonaraercs,
YTO MEpPXJIOPAT-HOH BBIMONHSIET POJIb «HYKJIEO(UIbHON JNOBYIIKU»
KapboKaTUOHA, TPUBOISIIEH K HOBOW, OYEHDb PeaKIIMOHHOCIOCOOHOM
voHHo# napsl R*[|C10,”. Takoit mexanuam neitctsus LiClO, noareepx-
JaeTcs TOomaBJIeHUEM cllenMalbHoro coneBoro agxpekra npu nobas-
JIEHMH COJNH ¢ 0bmurM aHuMoHoM — LiOBs BeiencTBuM KOHKypeHUMH
nByx aHuoHos OBs™ u ClO,  3a cosbBaTHO-pa3[e/leHHYIO0 HOHHYIO [1apy
R*||OBs™. Crexyer ocobo otMeTuTb, uto LiOBs He okasbiBaeT a¢peKTa
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o61ero UOHA, T.e. He 3aMeTsIeT colbBoNIM3 ucxogHoro ROBs, a TonbKo
yCTpaHseT NeUCTBHE CIIEUMATLHOTO cojieBoro agpekra co CTOPOHBI
MepXJa0para JUTHUS.

CornacHo 06001IeHHON cXxeMe YUHCTeiHa, POAYKTHI COMbBOJIM3a
00pa3yoTcs M3 COJLBATHOM-PA3NEIbHON MOHHOH IMapbl U YACTUYHO,
BO3MOXHO, U3 cBOOOAHOIo KapOOKATUOHA, HO He M3 KOHTAKTHOM
HOHHOM mnapbl. Bo3BpaT x KoBajeHTHoMY cyberpaty RZ Moxer mnpo-
MCXOIMTh HA BCEX CTAMMSX: «BHEIIHHE BO3BpaT» U3 CBODOLHOrO Kap-
fokaTuoHA k_;, «BHEINHUI BO3BpAT» U3 COJBBATHO-pa3IeIbHOH HOH-
HOIf niaph! £_, U «BHYTPEHHUH BO3BpaT» U3 KOHTAKTHOM MOHHOM Iaphl
k_,. B coOOTBETCTBUM C 3TUMHU pacCyXAeHHUsIMU OMKMCAHHAA BhIIE B3a-
MMHAasl U30MEpU3ALUS o, 0- IMMEeTHIIAUUTIIXIIOpYAAA U ¥, Y-IUMETUAI-
JNUIXJIOPHIA TIPOMCXOOUT, MO-BUAMMOMY, B pe3yjbTaTe BHYTPEHHETO
BO3BpaTa U3 KOHTAKTHOW MOHHOM Iapbl, MOCKONbKY PaqMOaKTHBHBIA
XJIOpUIA-UOH M3 XJIOpHMAA JTUTHS MNPAKTUYECKH HE BXOOUT B COCTAB
ucxogHoro cybcerpara. C gpyroil CTOpOHBI, [IPM THAPONHU3E 3TUX XKe
XJIOPHIOB B BOXHOM 3TaHOJIe B [TPUCYTCTBUMA UCTOYHMKA M'MIApUI-HOHA
NaBH, kak «Hyk1eopUNbHON JOBYUIKH», TOMUMO CIIMPTOB OOpa3y-
€TCsl CMEeCh JBYX M30OMEpPHBIX AIKEHOB, COOTHOLUEHHE KOTOPBIX PE3KO
pasnuyaercs LIl 000UX WUIMIXJIOPUIOB. DTO COBEPIUEHHO ollpene-
JEeHHO YKa3blBA€T Ha TO, YTO TMIPHMI-MOH 3aXBaThIBACT He CBOGOX-
Hbi KapOOKAaTUOH, TaKk KdK B 3TOM CJIyyae COOTHOLUEHWE IKeHOB
JOOJXHO OBUTO OBITH ONWHAKOBBIM, a TPENIIeCTBYIOIIME €My IpYrue
WOHHbIE YaCTUIIbI, BEPOSITHEE BCETO, COJbBATHO-PA3e/IbHbIE HOHHBIC
napbl OMM3KOro, Ho He HAeHTHYHOro crpoeHHs. Mlmes o6 yuacrum
MOHHBIX Map ObUTA yCHNEIIHO MCMOJIb30BaHAa S OOBSICHEHUS] Pa3iiu-
YU B KOHCTAHTax CKOpPOCTeH pPALEMHU3ALMHU U CONBBOIM3a MHOTHUX
ONTUYECKH aKTUBHBIX IMKJIOATKWICYNb(POHATOB U apUIaIKUICYIbdo-
HaTOB, HanpuMep, 3-beHWI-2-0yTHITO3NNATE, napa-XJI10pOeH3THAPUI-
XJIOpUAA M T.A., e, KaKk U it mpeo-3-aHu3mnOyTHiI-2-6po3niara,
CKOPOCTb paleMMW3allMKd TIPeBbILIAET CKOPOCTh COJBBOJIM3a B YKCYC-
HOM M MypaBbMHOH KHCJIOT€, DTaHOJIe, & TaKXe CKOpocTh oOMeHa
napa-xa0pOeHIruIPMIXIOPHUIA C PaIdMOaKTHBHBIM XJIOPHUI-MOHOM B
alIETOHUTPUJIE U HUTPOMETAHE.

Haubosnee Beckue ¥ CTporme HoKa3aTeIbCTBA B MOJNb3Y CYILECT-
BOBAaHHMS JBYX BHIOB MOHHBIX Map ObLIH ITONMYYEHbI IPH H3YYEHUH THI-
posu3a napa-xnop6eHsrympnn-napa-mngpoGeﬂaoaTa, MEYEHHOro [0
KapGOHMILHOMY KHCIOpOIy M30ToroM 20, B 90%-M BOZHOM aLeTo-
He. Ha sToM mpuMepe 6bUT pa3paboTaH OpMTMHAIBHBIA U M3SIIHBIA
crioco® 0OHapyXeHUsI pasHbIX THUIIOB MOHHBIX I1dp, OCHOBAaHHBIM Ha
M3MEPEHUH CKOPOCTEN Tpex OJHOBPEMEHHO HIAYIIMX MPOLIECCOB:
1) paueMu3anuu ucxogHoOro cydecTpara, 2) CONMbBONM3a M 3) «3KBU-
JUOpHUpoBaHUSA» (PAHAOMU3AIMU) — MepepaclipeseeHUs] U30TONMHOMN
METKHU B YXONSUIEH rpylire B Ipollecce M30OMEpHU3alMd aHHOHHOIO
¢dparMeHTa MOHHBIX I1ap.
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1. Payemuzayus

0 k 0
. I par I
R—O—C@NOZ —_— R—O-—-C—@-N02
(R)- wi (S)- (R, S)-
2. Tudponus

R*—o—c4<<:>>7No2 %, R*OH + HOOC—@—N02
lCl) dlleTOH—BOMA,

OG:D
3. Iepepacnpedenenue (sxeunubpuposarnue) memiu 20
18

O
N [l ks, « 18 1l
R~—0—C NO; ———— R—0—C NO; .

Tpu yxa3aHHBIX BbIllE IPOLECCA HIYT C Pa3HBIMM CKOPOCTSMH, T.€.
Kpar s Keynp.» 1 Koy HE COBIIANAIOT N0 BeMYMHE. CKOPOCTb 3KBUIMOPU-
POBaHHSL METKHU K, [IPEBBIILAET CKOPOCTh PALIEMHU3ALMY Ky, , KPOME
TOTO, Koy > Kpyypp - I3 HEPABEHCTBA Koy > Kyyyy, CTIEMYET, YTO IKBIIIMO-
pUpoBaHUe MeTKM 'O mpoucxomur Ha Gojee paHHed CTAIMM, YeM
paLeMu3anusl.

OTO0 MO3BOJSIET MPEANOIOXUTh, YTO NIEpepacnpenerieHue U30ToN -
HOM METKM KUC/I0pOJa [IPOHMCXONUT HA CTAIMW BHYTPEHHEIO BO3Bpa-
Ta U3 KOHTAKTHOM MOHHO{ Maphl, TOra KaK paleMU3alysi IPOUCX0-
IUT Ha CTAIUH COJIBBATHO-pAa3NeNIeHHONH MOHHOM! napel. B KoHTaKTHOM
MOHHOH Ilape [Ba aToMa KUcCJIOopoga KapOOKCHUNIATHOIO aHHUOHAa
5KBUBAJEHTHBI, W MPOLECC BHYTPEHHETO BO3BpATa MPUBOIMT K CTa-
THCTHYECKOMY PACIIPENeNeHHIO METKH SO MeXIy oGOMMHM aTOMaMH
KHclopona kapbokcuinar-uoHa. OmHako JUIS palleMHU3aldd Tpedyer-
cst, yT06bl aHnoH n-O,N—C.H,COO™ nepeluen ¢ oqHO# CTOPOHBI
OCH3rMOPUIBLHOTO KATUOHA HAa APYIYIO ero cTopoHy. OYeBUIHO, 3TOT
[IpOLIECC TOPA3N0 JIErYe OCYILIECTBISETCS B COJNbBATHO-PA3NENEHHOM,
YeM B KOHTAKTHOH («TecHOii») MOHHOM Mape.

DTo NMOATBEPXKIAETCH TeM, YTO NOoOAaBKYU a3una HaTtpusi NaN; no-
DABJSIOT paleMH3alNIoO ONTUYECKM AKTUBHOIO A-XJIOPOEH3THIPHI-
n-HATpOOEH304Ta, HO MOYTH He BIMSAIOT Ha CKOPOCTh MepeMelIeHUS
metky '30. CiibHblz HYKTEODIWT N3 oKa3bIBaeTcsi «IOBYLIKOW» ISt
COJIbBATHO-Pa3fe/IeHHbIX MOHHBIX Map, MOAaBIsas CTaAUIO BO3BpaTa K_,
W3 COJIbBAaTHO-pasieeHHON B KOHTAKTHYIO HOHHYIO0 napy. Orclona cie-
IYeT BbIBOJ, YTO MMEHHO <«BHEUIHHI BO3BPaT» K_, U3 COJbBATHO-pas3-
IeIeHHOH MOHHOW maphl NMPUBOLUT K pPALEMM3ALVK, d «BHYTPEHHHUII
BO3Bpa™ U3 KOHTAKTHOW MOHHOMN I1apbl COITPOBOXIAETCS COXpaHEHHEM
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KoHdurypauud. Cienyer ©MeTh B BHUAY, YTO BEIUYUHA K,,,, OTPaXaeT
He BECh BO3BpAT HMOHHBIX Nap, a SBISETCH TOJBKO €ro HUXHUM
[IPEEIIOM, MTOCKOJBKY YaCTh BO3BpaTa IIPOMCXOOUT O€3 nepeMeue Hust
HU30TOMHON METKU. [TomoOHbIe Xe 3aKOHOMEPHOCTH B OTHOLUECHUH 3K~
BIWIMOPUPOBAHMS U30TONMHON MeTKu '°0 U MOTepH ONTUYECKOH aK-
TUBHOCTH HaGMIONATUCh B PEAKIMX COJMbBOJIM3a N-aHUIHIOEHIrMApWI-
n-HUTpoOeH30aTa, H-MeTHIOeH3rMaIpI-n-HUTpobeH3oaTa, mpanc-4-
mpem-0yTUILMKIOTeKCUITO31IaTd, OEH3TUIPpUITMOLIMAHATA, e
yXo[slllas rpyrmna nposiBisieT cBoicTea aMOMAEHTHOIO aHUOHA:

W (C¢Hs),CH—N=C =S .

Crnenyer obpaTiTh BHMUMAaHHE HA TO, YTO B COJbBOJMU3e 3-aHU-
3WI-0yTun-2-6po3niara paueMu3aluus, Mo-BUAUMOMY, IIPOUCXOMUT
Ha CTaAUd KOHTAKTHOM WMOHHON maphl, a B TMAPOJIU3E A-XI0pbeH3-
THAPHWI-A-HUTpOOEeH30aTa — HA CTAAUM COJIbBATHO-pa3nEIeHHON HOH-
HoO#t nmapel. D10 0OBACHAETCA TEM, YTO MeXaHM3M 3TUX IBYX IIpoLec-
COB paneMHU3aldyd CyUIeCTBeHHO pasiuyeH. AHU3WIOYTWIBHBIA Kap-
O0KaTHMOH UMeEET CUMMETPUYHYIO MOCTHKOBYIO CTPYKTYDY, U ObicTpast
paueMu3sands obyciIoB/eHa TeM, 4TO aTaka npotupodoHa OBs™ mo
000HM cocelHUM aToMaM yriepond B KapOOKaTHOHE paBHOBEPOSTHA
(cMm.Bollie). B 3TOM ciydyae aHMOH JIMIIb HEMHOIO CMEUIAeTCsl BIOIb
cesian C,—C,, TOraa Kak B GEH3rMAPWIBHON UOHHOM Mape aHUOH NP1
CBOEM JBHXeHUU moaxeH Ha 180 ° oborHyTth KaTHOH, 4TO Gojee pe-
ATBbHO B COJIbBATHO-Pa3NeJIEHHOM, HO HEe B KOHTaKTHOM MOHHOH Mape.
Munponua n-x10pbeHArMAPHI-n-HUTPOOEH30aTa IPOUCXOIMT C ydac-
THEM COJIbBATHO-PA3fe/IeHHbIX UOHHBIX Map, a2 He cBOOOIHBIX UOHOB,
[TOCKOJIBKY 0OMEH MexXny cyOcTpaToM U 7-HUTpOOEH3OHHOM KHCIo-
TOH, MeYeHHOH U30TOIOM 4C no KapOOHUJIBLHOMY YIJIEDOLY, IIPO-
UCXOOUT UCKITIOYUTEILHO MEMLIEHHO.

9.3.2. OBOBIIEHHAA CXEMA HYKIEOOHUJIBHOTO 3AMEIIEHUA

Ecnu maxe paccMarpdBaTh BCETO TOJIBKO IBA BUIA MOHHBIX AP —
KOHTaKTHYIO ¥ COJIbBAaTHO-PA3AeIEHHYI0, BCe PAaBHO CTAaHOBUTCH sIC-
HbIM, YTO CYILECTBYET LUMPOKOE MHOroo0Opasue MeXaHH3MOB HYKJIEO-
¢GHUIBHOTO MOHOMOJIEKYJISIDHOTO 3aMelleHus (cxema 9.2). Peakum,
Me/UIEHHOH cTaaueid KOTOPBIX SBAAIOTCH cragud 1, 2 uiad 3, MOXHO
obo3HauuTh Kak Syl (KHII), Syl (CHUII) u Syl(H) cooTBeTCTBEHHO.
Ecnu xe MelUileHHOH cTagueil SBISIOTCS cTtagu¥ 4, 5, 6 unu 7, To
aTo 6uMosieKynsapHble npoueccel Sy2 (KUII), Sp2 (CUII) u Sp2 (H).
Ho maxe Takoe onucaHue OKa3blBAETCA HEOOCTATOYHO MOJHBIM. Ha-
npumep, ecau B peakuuud Syl (KHII) k5> k,, To oHa 3akaHyuBaer-
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csl ObicTpolt HykNeo(HIbHON aTaKoM TECHON MOHHOM Naphl, HO €CIIH
k,> ks, TO TecHas MOHHAS Mapa MOXET MMCCOUMKHPOBATH JAJIbLIe, W
CTanUsIMU, ONpPeNeNsIOWMMHA COCTaB U CTPOEHHE IIPOOYKTOB, OYIyT
CTaguu 6 win 7.

CxeMa 9.2
HMoH-napHele MexaHU3Mbl HYKIIeO(WILHOrO 3aMelleHHUS

k k k
RZ 1y R®Z@ 2, R®H Z@ 3, R®+Z@

kyoxuny ko cum ks m
k,(Nu k5| Nu k| Nu k| Nu

TTPONYKTBI
IIpumeuvanue. KHUIT — xoHTakTHasn moHHas napa, CUII — conbBaTHo-pa3neneH-
Hasl MoHHad napa; 1 — cBobonHbie HOHBI

Krnaccuyeckuit Sy2-MexanusM MHronsaa—Xelo3a — 310 peakuust
k4, a xaccuyeckuil Syl-MexaHHM3M 03HAYyaeT, YTO IPOUCXOIHUT MOJ-
Hast QUCCOLIMAIIMS, U TIPOAYKThI obpasyorcs Ha cranguu 7. Ctepeoxu-
MUYECKWH pe3yNbTaT KIaccuyeckoil Sy2-peakuuu — I0JIHasi UHBEp-
cus koHurypauuu (9.2.1), Ho, coracHo onpenenenuio MHronbxa,
CTEPEOXUMHUYECKUH pesynbTaT Syl-peakiiii MoxeT ObITh JMOOBIM: OT
MOJHOH paneMu3anuy Ko NoMHoi uHBepcuu. Kak npaeuio, peakuus,
KOTopast He WUOET Jajibile TeCHOM WMOHHON napsl, NPUBOIUT K
UHBEPCUH, YTO HAOIIOOAI0Cch IPY THAPONU3E napa-X10pbeH3arnapuwi-
napa-uurpobeH3oara B pucytctBud NaN; (cM.Bbiie). Jlobast peak-
LM, UOYINAsl yepea IOJHOCTbIO JUCCOLUUPOBAHHBIE WOHBI, IOJIXKHA
TIPUBECTH K NOJHOM pariemu3anuu. YacTuyHas paneMu3anyds xapak-
TepHa Ji1s1 peakiMi ¢ y4aCTHEM COJIbBATHO-pa3esIeHHbIX MOHHBIX 1ap.

9.4. CTPOEHHME OPTAHNYECKOYXO CYBCTPATA
A THUII MEXAHHU3MA

O6o6iweHHast cxema 9.2 Mo3BoJiseT OOBSACHUTL LLIUPOKOE PA3HO-
06paaue MexaHu3MOB HyKieohwibHOro 3aMelieHnsd. OQHAKO BCe-TaKu
OCTal0TCSi COMHEHHS! OTHOCUTENLHO TOYHOIO MeXaHM3Ma pedakKlvid,
KOTOpbIE HE OTHOCATCS K KPAWHUM cilydasM YHMCTOTO Sy2- U KiacCh-
yeckoro Syl-mpouecca. B yacTHocTd, BOZHMKAET BOIIPOC: €CJAU B pe-
akUMM He HaOmooaeTcsi MOTHON WHBEPCUMM MM [IOTHOH paueMHU3a-
LUHMUA, TO OTHOCUTCS JIM 3TA PEaKUUN K OOHOMY U3 MUOH-NApHBIX Syl-
THIIOB, MM KjAaccuyeckue Spy2- ¥ Syl-MexaHU3Mbl OJ1st JaHHOTO

143



cyOcTpara peanayloTess oJHOBpeMeHHO? DTo ouYeHb Cepbe3Hast Mpo-
6yieMa Teopur HyKIeoDUIBHOIO 3aMellieHUs, [I03TOMY HUXe MbI pac-
CMOTPUM HEKOTODbIE WLTIOCTPHUPYIOILHE €€ PHUMEDBL.

9.4.1. ATKHUJIBHBIE COETHHEHHSA

He BbI3bIBaCT COMHEHHS, YTO NMEPBUYHbBIE ATKUIbHbIE CyOCTpATEHI
pearypylor Mo KJIaccH4ecKoMy MeXaHU3My Sy2. BeickazaHHoe B 1973 1.
NIpPENIIoNIoXKeHHe, YTO NaXe MeTHIbHble coemuHeHns CH;Z pearupy-
IOT [0 MOH-TapHoMy MexaHuamy Sy2 (KWII) ¢ 6eictpeiM obpasosa-
HUEeM KOHTAKTHOH MOHHOH Maphl U MOCIENYIOIEH MeIEHHON aTakon
Hyxuieodria, BEI3BATO OCTPYIO TUCKYCCHIO M 3aTeM OBUIO OTBEPTHYTO.

TperuuyHsle cybeTpaThl OHaxe MPH CaMbIX HebOnaronpusiTHbIX 06-
CTOSTENbCTBAX, HAMPUMeEp B cnabo HMOHU3UPYIOIIMX PACTBOPUTEAX,
pearupyioT Mo OJHOMY U3 TUIOB Syl-MexaHu3Ma.

BropuyHbie anKwiIbpHble CyGCTpaThl KJIacCUPUUIMPOBATh [0 TUITY
MeXaHU3Ma 4pe3BblYaifHo TpynHo. O6GBIYHO JaXe B TAKOM MaIOHYK-
JeobUIbHOM pacTBOPHUTENE, KAaK MYypaBbUHAas KHUCJIOTAa, BTOPUYHBIE
aJTKU/IbHble COeIMHEHUS YACTO NAIOT IIPOILYKT CONbBONN3a ¢ (PaKTH-
YecKH MoJHOH MHBepcHel. [103ToMy MexaHM3M MOXHO Kiaccuduiu-
poBaTh KaKk MCTUHHBINA Sy2 wiu Kak Syl (KWII), unyuwmit 4epes
KOHTaKTHYIO MOHHYIO napy. OgHaKo BO3MOXHO U yacTdyHoe obpaso-
BaHUWe pa3fe/ieHHBIX MOHHBIX 1ap, TaK KAK YaCTHMYHas paueMH3anus
Bce xe Habmiomaercs.

Pasnuyute xiaccuyeckylo peakuumo Spy2 oT MexaHusMa Syl
(KHIT) (cM. cxemy 9.2) sxcneprMeHTaIbHO Ype3BBIYAfHO TPYIHO,
€CJIM 3T0 BooDOllie BO3MOXHO.

PaccMoTrpuM oguH 13 HanboJiee MHTEPECHBIX, HO U CIIOPHBIX MOMI-
XODOB K PelIeHHIO NaHHOro Bonpoca. MaMepeHHe OTHOCHUTENbHOM
CcTabWIBLHOCTH KapOOKAaTHOHOB B ra30BoM (haze M CyNepKHUCIbIX cpeaax
(cM. 9.7.2) no3BOJSET CHENaTh BBIBOH, YTO MOHU3ALIMA TPETHUYHBIX
cy6CTpaToB IOJKHA MPOTEKATh CO CKOPOCThIo B 10° — 10'2 pas bonee
BBICOKOM, YeM MOHH3ALMSI BTOPUYHBIX coeIUHEeHUH. OKa3aiock, 4YT0 K
3TOMY pe3yJibTary Hauboinee ONM3KM 5KCIIEPUMEHTATbHBIE JaHHbBIE IO
COJIbBOJIU3Y 2-3JaMaHTWI- U 2-MEeTWI-2-anaMaHTWIOPOMHIOB: KaK B
YKCYCHOM KHMCJIOTe, TAK U B BOJHOM 3TAaHOJNE CKOPOCTb COJIBBOJIM3a
TpeTHyHoro cybcrparta 6euta B 10° pasa Belme cxopocTu conbBoNM3a
BTOpuYHoro coeqnHeHuss. Ha atoM ocHosanuu I1. llnaitep npexnono-
XKW1, 4YTO BTOPMYHAA 2-anaMaHTWIbHAs CHCTeEMa peardpyer mo Syl
(KHII)-MexaHu3My, T.e. IO MeXaHU3MY C OMNpPENENSIONEl CKOPOCTh
cranveil MOHU3alMKU OO0 MOHHOH Mmaphl, BKOYampled 2-anaMaHTHIb-
HBI KaTUOH, KOTOPBIA He COJMBbBATUPOBAH HYKIEO(MHIBHBEIM PAacTBO-
pUTEJIEM 10 KATUOHHOMY LUEHTDY, XOTSl YXOsI1Lasl IPYIINa MOXET COJib-
BaTHPOBAaThCA 4Yepe3 0OpasopaHUe BOJOPOIHON CBA3U
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i Sol HO S-H
@BT 4—0: Bre. . . HO Sol

HOHHAA mapa

B moanepxxKy 3TOro NpelfiooXeH!sl TOBOPUT TOT (haKT, YTO JaXe a3uiI-
MOH He BCTyNnadeT B Sy2-peakuuio ¢ 2-aJaMaHTUIBHBIMM cybcTpataMu
(BEposiTHO, TTO CTEPUYECKHUM MOpHUYMHAM), MO3TOMY Bpsid Au ciabo
HyKJeohHUIbHBIE MOJIEKYHAbl pPACTBOPUTENSI MOTYT YYacTBOBaThb B
MEPEXOQHOM COCTOSIHUM 0Opa3zoBaHUs MOHHOH Napel.

Janee cpaBHHBAIOCH BIMSHHE HYKIEODWTBHOCTH ¥ HOHU3NPYIO-
IIEeH CHJIBI pACTBOPHUTEJIS HAa M3MEHEHHe CKOPOCTH COJIbBOJIM3a 2-ana-
MaHTWICYIb(HOHATOB, pPSIa BTOPUYHBIX M HEKOTODBIX INEPBHUYHBIX
cybctparoB. Okas3anoch, YTO BJAMSIHUE HYKIeOo()WIbHOCTH DPAcTBOPU-
TeNS MOCTENEHHO YMEHbLIAeTCs MpH MEpeXome OT METWIbHBIX CyO-
CTPaToB K 3TWILHBIM, U3ONPONWJIbHBIM U JIPYTMM BTOPHUYHBIM CO-
ENMHEHHUSM U Jajiee K 2-afaMaHTWIbHbIM CUCTEMaM. DTH JaHHbIe ObUIH
HHTepIPETUPOBAHBI KAK MTOCTENeHHBIA TEPEX0a COMbBOMUTHYECKOTO
MEXaHH3Ma OT KJIacCUYecKoro Sy2 yepe3 «HykIeo(HUIbHO COJIbBATHU-
POBaHHYIO MOHHYIO apy» K afaMaHTWIbHOU UOHHOH Mape, B KOTOpPoi
pPacTBOPUTENb B POJIM HyKJIeoduIa He y4acTByeT.

Kak nokazaHo Ha cxeMme 9.3, pennonoxeHue Illnafiepa cocTouT
B TOM, YTO IIPU IMepexole OT ONHOro cybcTpata K OpyroMy MocTe-
ITeHHO yMeHbIIaeTcst HykJeouIbHOEe B3aUMOIECTBUE MOJIEKYN pac-
TBOpHUTEJISI (KOTOPhIE B COJBBOMM3E BhITOJHSAIOT TAKXe (DYHKIIMIO HYK-
JNeoIBHOTO peareHTa) ¢ 3JeKTpod@WIbHEIM aToMOM yriepona. [lo-
BHIMMOMY, PELIAIOIYIO POJIb B 3TOM WIPAIOT NMPOCTPAHCTBEHHLIE
NpensTCTBUSI, KOTOpPble OCODEHHO BEJMUMKM B cliydyade 2-afaMaHTWIb-
HbIX COEIUHEHUN.

CxemMma 9.3
=
HS+ R—Z =—* [HS...R...Z] Sa2
TIEPEXOIHOE COCTOSHHE \ KJIACCHYECK U
MEXaHU3M

— Q @
HS + R—Z +=—=[HS ... R Z |— HS—R| npoMexyTouHbIit

HOHHas Hapa/ MEXaHU3M

R—Z =—= [R°Z° Syl (KHTT)
HOHHas mapa {cM. cxemy 9.2)
Y

(HS — Monexkyna mpoTOHHOIO pacTBOpUTEJIS)
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9.4.2. BIMAHME YXOOAIIEN I'PYIIIBI

Kak B Sp2-, Tak U B Syl-peakuusx yxomsiuas rpynna Z ot-
IIEIUISIETC BMECTE CO CBSA3BIBAIOIIEN 2JeKTPOHHOHR Mmapoif, moaTto-
My B 000HUX clydasx cliefyeT OXHUOaTh ollpele/IeHHOU Koppeasuuu
MeXIy cTaOMJIBLHOCTBIO aHMOHA Z M CKOpOCThbIO peakuuii. Jeicrt-
BUTEJIBHO, B OTHENLHBIX CIydassX CyHIECTBYeT KOJUMYeCTBeHHas 3a-
BUCHMOCTb MeXIYy KMCIOoTHOoCcThI0 HZ M peakumoHHO# cnocobGHoc-
TblO, ONHAKO TaKHe KOJMYECTBEHHBIE KODPPENSUMU CIIPABEITUBbI
TOJBKO IUISL Y3KMX CEpUH pOACTBEHHBIX YXOISIIUX IPYNIT, HAIPUMED
st Z€ = XC4H,S0,°.

Ecnu Xe B3sTh IUMPOKMH DSl YXONSUIMX IPYNI U CPaBHUTb MX
HykieopyrHocts ¢ pK,(HZ), B Bogueix pactBopax Habmonaercs cre-
IyIoLlasl oCNenoBaTeNbHOCTh:

@ 2]
Z= RSO;~ROSO;>1> Br>Cl>Me,S >NO;>F>RCO,> Me;N
pK, (HZ) ——5 ~—2 —=10~9 -7 -5 =13 32 5 10

CoBepIleHHO SICHO, YTO HYKIeo(YrHOCTb CBSi3aHAa HE TOJIBKO C OC-
HOBHOCTBIO, HO U C OPYrMMH ¢hakTopaMH, HampuUMep C BJIUSHUEM
pacTBOPUTENS, 0COOEHHO KOIrnma CpaBHUBAIOTCS 3apsDKEHHBIE M He3a-
DPSDKEHHBIE YXOMSALIUE TPYIIIHL.

B kayecTBe KOHKpPETHOTO IMpHMeEpa BIUSHUSA MPUPOIBI YXOIsLUeH
IpyNnbl Ha CKOPOCTh HYKIEODWIBHOIO 3aMelleHUsT [TpPHBeJeM OaH-
HbI€ ITO CKOPOCTSM COJIBBOJIM3a 1-(beHwIraioreHuaoB U 1-beHmwmTU-
JnoBeIX 3¢upoB B 80%-M BogHOM 3TaHoje npu 75 °C:

75 °C
PhCHCH;, + HO > PhCHCH, + HX
(HCH; + H HHOH—CZHSOH | 3
X OH
S Q
X = CFSO;; nO,NCH,S02; OTs; CH;80%; 1% B
kory  1,4-108 4,4-105 3,7-104  3.10% 90 14
CF,c00°; c®; F® n-0,NCH,c00%; CH,cO0°
2,1 1,0 9-107¢ 55-1076 1,4-1076

OTHOCHTEIbHAS «aKTHUBHOCTb» (peaKLOHHAA ClIOCOOHOCTD) HYKIEO-
¢yrop usMeHsieTcss napajuieJbHO MX 3JeKTPOOTPHUUATEIbHOCTH:
CF;CO0™ >> CH3CO0™ u n-NO,C¢H,SO;5;™ > n-CH,CcH,SO; ™. Oxn-
HaKo B DSy FanoreHuJ-UOHOB HaGiionaeTcsi MHasi ITOCIenoBaTe b-
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HocTs I > Br™ > Cl', koTopas npsiMo NMpOTUBOIIONGXKHA H3MeEHe-
HUIO ¥X 3nekTpootpuuarensHoct F > Cl > Br > . Ocoboe 3Haye-
HUe cpely NpYIUX YXONSIIUX rpynn rnpuobpenu cyibdoHarsl RSO;,
KOTOpBIe MO cBoe# HyKJIeogyrHOCTH HAMHOIO IIPEBOCXONNAT rajore-
HUI-MOHBI U KApOOKCUIAT-HUOHBL (kCF3SO3"/ ko~ ~ 10%). Cynbdona-
ThI IIePBUYHBIX U BTOPUYHBIX (HO He TpETHYHBIX!) CIIMPTOB IONyda-
0T IO CTAHAAPTHON METONHMKE TNPHU B3aMMONCHCTBUM 3KBUMOJIBHBIX
KOJIMYECTB CIUPTA U CYJIb(POXIOpHIa B pacTBOpe B MUpHayMHe npu 0—
5°C. Cpenu cynb¢oHaTOB HaWIydlled yXomslleil TPyNIoi, ITo-BHU-
IUMOMY, siBliseTcsi TpudTopMeTancynbpoHar (tpuguar) CF,S0O,,
KOTOPBIA 110 HYKJIeo¢yTHOCTY HAMHOTO [TPEBOCXOIUT APYIOii CTaH-
naptHelit cynegonar n-CH,CcH,SO; (tosunar). Tak, Hampumep,
CKOPOCTh aneTonrsa uuxionponmwirpuduiara 8 100 000 pas npesbiiia-
€T CKOpPOCTh alleTOIM3a IIMKJIOTIPOITMAITO3MIATA B TEX Xe YCIOBUSIX.

XoTs psia HykeodyrHocTd Kak mnst Syl-, Tak U mas Sy2-peak-
UMM ONUH U TOT Xe, NPY U3MEHEHHUHU YXONSILEH IpyIIbl MOXET Ipo-
M30UTH U3MeHeHHe MexaHu3Ma. B nepexonHoM coctossHUM Syl-peak-
uuu cesasp C—Z paspeiBaercs B Gonbluell cTeneHd, 4eM B Sp2, 03-
TOMY XOpoIllasg yXonsluas TpYIIa MOXeT cliocobcTBoBaTh Gojee
rnyboko# MOHM3aUMU, TOrna KaK MU 3aMelleHUs TUIOXOH yxousiuei
IPYINbl HyXXeH OoJiee CHIBHBIN HyKJIeoduI.

Monudukauyei yxonsiiieid rpyribsl MOXHO KaTaTW3UpOBaTh AaH-
HYI0 peakiyio. HanpuMep, B 0OBIYHBIX YCIOBHSX ATKUIPTOPHIBI HHEPT-
Hbl K JeUCTBUIO HYK/IeOo(HIOB, HO OHM TMAPOIM3YIOTCS B PACTBOPAX
H,SO,. B stoMm ciyyae yxonseit rpynno# bynetr He F 7, a HF:

@ @ Nu
RF + H =—= R—FH — R—Nu + HF .

AHAIOIMYHO B CHJIBHO KHMCJIEIX CPeIax PaciIeIUIIIOTCst MPOCThle 3(hUpHI:

(€]

1@ Mectl)—-R — > Mel+ROH.
H

mpem-byTunbpoMu B HUTpOMETAHE pearupyer ¢ TAKUMH HYKJIEO-
dunamu, kak Br, ClI", NO, , H,0, EtOH, PhOH, B3siteiMM B HU3-
KHX KOHLEHTpAalUsiX, ¢ IT0YTH OJUHAKOBOI CKOpPOCTHIO U MO NEPBO-
MY TIOPAAKY, YTO TUIUYHO Jst Syl-peakuuu. I1pHd BBICOKMX KOHLEHT-
panusix peakudsl ¢ THAPOKCHIcoaepXalmdiMu Hykineodbwmwramu (H,O,
EtOH, PhOH) umeeT yxe BTOpOil KHHETUYECKUI TIOPSAOK, NIPH 3TOM
CKOPOCTh peakiyy MPolIopUHOHANbHA He HYyKI1eohIBHOCTH, 8 KUCIOT-
HOCTH 3THX PEeareHTOB, KOTOPas U3MEHSETCs B POTUBOITOI0XHOM psAY
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Mo CpaBHEHHIO ¢ pPSLIOM HYKJIeoduabHocTH. [Tonaraior, yTo peakuus
B 3TMX yCJ0OBHsX octaercs Syl-nipolieccoM, MeNJIeHHOH cTagueit
KOTOPOro OCTAaeTCsi MOHU3aLUA, Ho NpUA OONBLIMX KOHLEHTpaLMsX
ROH otwennedue 6poMUI-HOHA KaTATU3UPYyeTcsi 00pa3oBaHUEM BO-
IOpPOOHON CBA3U:

t-Bu—Br + HOR =—* +Bu—Br.... H-OR =—>
=—>[+BY....B° ... H-OR ]—» -BuOR + HBr

EcTecTBEHHO, YTO TAKON KaTaJM3 MOXET OCYIUECTBISITBCS U MO-
JIEKYJIaMK MIPOTOHHOIO pacTBopUTessl. BelencTBue Takoro xaranusa
MIPOUCXOQUT YacTHYHOE HUBEIMPOBaHNEe PEaKUMOHHON crnocobHocTH
ATKWITATOTEHHUAOB, ITOCKOBKY cmocobHOCTh 00pa3oBLIBATE BOLOPOL-
HyI0 cBs3b yBenuuuBaetcs B paay 1 < Br < Cl < F, a wyxieogyr-
HocTh — B obpaTHoM nopsiake. Tak, B peakunn CH;X ¢ a3sug-voHoM
B IM®A nipu 25 °C cootHomenue ckopocreit mig X = Cl, Br, I co-
crapysier 1:250:2000, a B meranone — 1:60:100. IToxpobHoe cpaBHe-
HUE [MPOTOHHBIX U TUITOJASPHBIX AIPOTOHHBIX PACTBOPUTENEH B peak-
uusix Sy2 6pUI0 IpoBeneHo B pasmele 9.2.3.B, Ie rOBOPMIOCH TAKXKe
Y O BJIUSHUU [PUPOIBI YXOISILEH I'PYIIIbL.

IITupoko pacnpocTpdHeH TakkKe KaTalu3 Sy-peaklUUil KucioTa-
My JIplovca, HaTpUMep XJIOPUIOM LIMHKA, MOHAMHU cepebpa Wid pTYTH
(rm. 11):

ROH + HCl — 28 | gy + H,0,
®
RBr + H,0 —2& ROH + AgBr + H®.

9.5. HYKJIEO®UIbHBINA PEATEHT

9.5.1. HYKIEO®HNIBHOCTD

JIiobas HeldTpabHass WIM OTPULATENBHO 3apsKeHHasl 4yacTula,
UMeIolLasi HeMoJeJeHHYIO [apy 3JIeKTPOHOB, T.e. OCHOBaHUe JIbiou-
ca, npenacrtapisieT coboit Hykieodun. Ho TepMUH HykaeoguasHocme,
T.€. KOJIMYecTBeHHad Mepa CWIbl HyKJiieodwia B TaHHOH XUMHYeCcKOoH
peaxkiuy, He UMeeT cTpororo omnpeneieHus. [loHsTHe «HyKIeoghIb-
HOCTb» IIPUHSTO OTHOCHUTDH K BIMSIHMIO OcHoBaHMs JIplouca Ha CKoO-
pPOCTh peaKUMM HYKIeOo(hWIBHOro 3aMELIEHHS, T.€. 3TO KHHEeTHYecKas
XAPAKTEPUCTUKA OCHOBaHMA JIploMCa MO OTHOHIEHHIO K KOHKpEeT-
HOMY 3JIeKTPOGHUIEHOMY LIEHTPY, ¥ KOTOPOTO NPOHUCXCAUT HYKJIE-
odunsHoe 3aMmeleHue (sp -rU6PUIM3OBAHHbBIN aTOM yriepona B RZ,
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Z
(bHJIbHOCTb caenoyeT OTIM4Yath OT OCHOBHOCTHU KaK INNOHATHA YUCTO TEP-

MOIMHAMHYECKOTo, KOJIMYECTBEHHO OIMCHIBAIOIIErc KOHCTAHTY paB-
HOBECUSI B3aMMONENUCTBUSI HYKiIeodHUIa C IPOTOHOM.

CoBepllleHHO OYEBHIHO, YTO OTHOCHUTENbHAS] HYKIEO(dUJIbHOCTh
PasTUYHBIX HYKIEOMHIOB NOAXHA U3MEHSIThCS IUIS peakldd 3ame-
LIEHUs Y sp3-m6pmmoro yriaepona o CpaBHEHUIO C 3aMelleHUEM Yy
sp*-TUBPUIHOTO yIepona U TeM Golee g/ JIPYroro 3JeXTpodUIbHOTO
LeHTpa, HanpyuMep y atoma cepsl B RS° *— ZS', Ipyu oOMeHe juraH-
OB Yy IUTaTUHBI B KOMIUIeKcax Iatudsl (I11) u 1.1.

W3 s1oro cieayer,4To HEBO3MOXHO COCTABUTh €IMHYIO, a0CONIOT-
HYIO LIKaNly HYK1eo(HUIbHOCTH B peakLUsIX 3dMEILUEHUS Y 3JeKTpo-
¢uaBHOTO UEHTpa Pa3IuYHOM NPHUPONbI. DTa CUTYAUHS COBEPIIEHHO
aHaJoruyHa Toil, KoTopas HabwomaeTcs ISt OCHOBHOCTM, e OTHO-
CUTEJbHAsl CWJIa OCHOBAaHUH JIpIOMCA 3aBUCUT OT MCIIOJAB3yeMOH IS
ee OLEeHKHU xucioTsl JIbtouca (1. 3). Jlaxe m1sg peakuuil HyKi1eodwib-
HOTO 3aMelleHHMsi Y HachlllieHHOIOo aroMa yIJIepona CAenyeT pasiiu-
4atk HYKI1eopUAbHOCTD B Sy2-peakiiusiX oT Hyk1eoQHIbHOCTA OCHO-
BaHM# JIplouca B Syl-peaknmsix. CkopocTh Sy2-peakuyil Hemocpen-
CTBEHHO CBSI3dHA CO CITOCOOHOCTBIO HYKJIEO(UIBHOIO peareHTa
3aMellaTh YXOLSINYIO TPYNIy B OQHOCTaAMIHOM IIpolecce IPSMOTro
samelneHuA. B npyroM npenensHoM ciydae Syl-3aMeleHUst HyKIeo-
¢unpHOCTH peareHTa He BIMSIET Ha CKOpPOCTh MOHM3anuu cybcrpara,
HO BJIMSET HA COOTHOLIEHHE MPOIYKTOB peaKIIMM, OCKOJBKY Kap-
foxaToH R* o6namaer paaivyHol M30MpaTeNbHOCTHIO IO OTHOLIE-
HUIO K HYKJIEO(MWIbHLIM peareHTaM pas3idyHoM NMPUpOIbL.

Onst Spy2-peakuvif MOXHO BBLIENTUTL HECKOJIBKO OCHOBHBIX (dax-
TOPOB, ONpPeIENSIOIINX HYKIeo(hIbHOCTE peareHTa. K HUM oTHOCAT-
cs: 1) MoNsIpU3yeMocThb, 2) OCHOBHOCTB, 3) 3JIEKTPOOTPUIIATEIBHOCTh
aTaKylollero aroMa, 4) 3Heprus CoNbBATALIMM OCHoBaHUsA Jlplouca,
5) cuna ero cBs3u ¢ 2p-opburanplo yriepona, 6) sddexTHBHBIN
obpeM Hykieoduna. [lonspusyeMocts HyKJIeogUIa 3aBUCUT OT TOTO,
HACKOJILKO JIETKO ero 3JIeKTpoHHas obonouka medopMUpyeTcst TIpU
BO3IEACTBIH BHEUHETO 3JIEKTPOMATHUTHOTO IMoaA. [ToNsipU3yeMocTh,
KakK IpaBHJIO, BO3pAacTaeT CBEpXY BHHU3 B ONHOH KM TOW Xe rpyIre
[Mepuonuyeckoit cucteMsl, HanpuMep I > Br > CI” > F; RSe™ >
>RS™ > RO; RjAs ~ R;P > R;N, uto orpaxkaer nedopMupyeMoctsb
yIAJIeHHOMR OT spa BHellIHel 371eKTpoHHOoM o6onouku. bonee snekr-
pOOTpHLATENbHBIA aToM HykJIeoduIa NMpPOYHEEe YIepXUBAET CBOKO
3JIeKTPOHHYIO [1apy, YeM MeHee aieKTpooTpuuarensHeil. B Sy2-pe-
aKIUsAX HeroJesJeHHasl apa 3JeKTpPOHOB HyKjieoPUIBHOIo peareH-
Ta B3aUMOJEMCTBYeT C paspeIxjsioweid opbutansio cesasu C—Z
(9.2.2), mo3TOMY BBICOKAasi 3JEKTPOOTPUIIATEbHOCTh HYKJIeoduaa
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HebaronpusiTHa Ui 3aMeLUeHHUs 1o Sy2-MeXxaHu3My. Belcokast aHep-
rUs CONbBATALIMU NMOHMUXKAET PHEPIrUi0 OCHOBHOIO COCTOSIHUSI HYKJIE-
o(pUJIBHOTO peareHTa OTHOCHTENbHO IEPEXONHOIG COCTOSIHUSA, YTO
Hen30eXHO MPUBOIUT K ITOHWXEHUIO CKOPOCTH peakid (cM. 9.2.3.8).
HeconbBaTaniusg HyKjiIeo(HIbHOTo peareHTa IpUBOIUT K YMEHBILEHUIO
SHEPruy aKTUBALMK AG ™ M TEM CaAMBIM CHOCOOCTBYET YCKOPEHHIO pe-
akuMu Sy2-3aMeuleHusi. boiee npoyHas cBsA3b, obpasyeMast HyKjIeo-
¢unioM Nu: u atoMoM yraepora B R—Z B nepexoniHOM COCTOSIHHM,
MOHUXKAET SHEPTUIO MEPEXONIHOr0 COCTOSIHUS U TEM CaMBIM CII0C00-
CTByeT Sy2-3aMelieHuIo (yckopsieT 3aMmelleHue). HyxneoduibHeri
peareHT Oosblioro obbeMa HoLKeH OBITH MeHee peakIfMOHHOCITOCO-
6eH, yeM Hyxieodw! Heboibllioro pasMepa M3-3d MPOCTPAHCTBEH-
HbIX ITPENSTCTBUMA, BOSHUKAIOIIMX B OMNIMPAMUAAIBEHOM MEPEXOTHOM
COCTOSHUU Sp2-Tipoliecca.

DOMOUpUYecKd HYKJIeoPHILHOCTh MOXET ObITh olpenesieHa U3
JaHHBIX [0 OTHOCUTEIBHBIM CKOPOCTSM peaklMM CTaHJapTHOro cyb-
cTpaTa ¢ pa3IuYHBIMU HyKiIeodwIiaMyu. DTH AdHHbIE BLIPAXAIOT B BUAE
CTIeHUATbHBIX KOHCTAaHT HykieoduisHocTH (1), BBeleHHbIX CBeHOM
1 CkorroM (1953) nns peakuMil craHZapTHoro cybcrpara MeTHI-
Homuaa (ncy, 1) € PAVIMYHBIMU HYKJIEO(WIbHEIMU peareHTaMu B Me-
TaHoJe, T.e. 111151 Metanosa n=0,00. TakuM obpasom,

Ncy,r = log L B CH,;0H npu 25°C.
CH30H

B Tabn. 9.9 npuBeneHs 3HaYEHUS napamerpa My, TS GOJIBILIOTO
qMCIIa 3aPSKEHHBIX M He3apsKeHHBIX HymeOQ)msHbe peareHToB. U3
5TUX DAHHBIX CIENYET, YTO HYKIeODWIbHOCTb Pa3IMYHBIX PEareHTOB
B MIPOTOHHOM cpene He KOoppenupyeT KaKUM-JIMO00 oOpaizoM c UX Oc-
HOBHOCTBIO IO OTHOMIEHUIO K MpOTOHY. A3ua-, ¢deHokcunm- U 6po-
MHI-HOHBI 00JIaaloT OQHOH M TOUM Xe HYKJIeOo(hHWIbHOCTHIO IO OTHO-
wenuio Kk CH;l B MeraHone, HO ¥X OCHOBHOCTb PAaalMYyaercss Ha BO-
ceMHaa1ars TopsiakoB. Te Xe oTHolueHUs HabmopawoTes U it I U
HOO™ anuoHoB, pK, CONPsCKEHHBIX KUCJIOT pa3nuyartces Ha 20 equ-
Huu. C apyro#l cTopoHBI, a3UI-UOH U aueTaT-huoH 061a1aloT onuHa-
KOBOW OCHOBHOCTBIO, HO /gy, UL a3MI-MOHA 3HAYMTENHHO BBILLE,
yeM IUIS aleTaT-vuoHa. TpHC—)THJIaMI/IH OoJjiee OCHOBEH, YEM TPUSTHUII-
docdhuH, Ho TpuaTUiIdochuH Goliee CHILHBIHA Hykﬂ&:odmn, YeM ero
a3oTHBIA aHanor. s HyKiIeodwiIoB ¢ OOIHUM U TEM Xe IOHOPHBIM
aTOMOM HaOJTIONAETCsl KAYeCTBEHHAs! KOPPEJUILIS BETMYMH Ny 1 U pk,,
HanpuMep CH;0™ > C,HO > OAc™ > NO; . Hymeo@mwocrb 00bI4-
HO YMEHBLIAeTcss IpU IBIXEHUM ITo guaroHand B [lepuomuueckoit
cucteMe: HO > F u RS™ > Cl™, yTo npolne Bcero oObsSCHAETCS H3-
MEHeHHeM 3JIeKTpooTpULaTeabHoCcT. HykneohibHOCTh, KaK IpaBu-
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Ta6anurua 9.9
Hykreoduarnocts no ornomenno Kk CH;I B MeTanone

onacopus_| ey | PSR | poqua [ reny | P S
CH;O0H 0,0 -1,7 NH,0H 6,6 5,8
NO; 1,5 -1,6 NH;NH; 6,6 7,9
F 2,7 3,45 (CH;3;CH,);N 6,7 10,75
CH;CO0~ 43 4,74 CN- 6,7 9,3
CI~ 44 -6 (CH3CHy)5As | 7,1 -
(CH3),S 5,3 - - 7.4 —10
NH; 5,5 9,24 HOO™ 7,8 11,6
N3~ 5,8 4,72 (CH;CH,);P | 87 8,7
Ce¢HsO™ 5,8 9,9 C¢HsS™ 9,9 6,6
Br- 5.8 -8 CeHsSe™ 10,7

CH;0- 6,3 15,7 (CeHs)Sn™ 11,5

HO™ 6,5 15,7

JIo, BO3PACTAET TP NEPEXO0Ae CBepXy BHU3 B Kkaxnoi rpymnne [lepuo-
nugeckoi cucreMel: RSe™ > RS™ > RO™; R3Sn™ > R;Ge > R3Si; I >
>Br >Cl > F (B npotoHHO# cpene). PewaoimuM dpakTopoM B 3TOM
cJlydyae, BEPOSITHO, sBIseTcst Goyiee BBICOKAs! MONSIPU3YEMOCTH aTO-
MOB GOJIBLIOrO pasMepa, pacHOJOXEeHHBIX B HHXHeM yactu [lepuo-
IUYECKOUN CUCTEMEL.

OnHako Hyki1eopMIBHOCTD B OrPOMHOM CTENEHW 3aBUCHUT OT
cosibBatauuu (cM. 9.2.4). IlpupenenHsle B 1abn. 9.9 naHHbBIE [0 HYK-
neocdHIBHOCTH ITOJIY4eHbI, K COXaNeHUIO0, B IPOTOHHOM cpene — Me-
taHone. [Ipu nepexoae oT METAHOJA K IUITOJISIPHBIM allPOTOHHBIM pac-
TtBoputessiM (IM®A U np.) psAE HyKIeohWIBHOCTH TaJOreHuUI-1o-
HOB U3MmeHsieTcst Ha obpatHeiit F > ClI” > Br > [, B tenoM xe psin
HykieopmibHocTd B JM®PA odeHp CHIBHO OTJIIMYAETCS OT psAna
HyKJI1eohHUIbHOCTH B MPOTOHHBIX cpenax (9.2.4). MaMepeHue cko-
pocTeit Sy2-peakuuit B ra3oBoif ¢ase ¢ MOMOILBI0 HOHHOTO LHUKIO-
TPOHHOTO PE30HAHCA ITOKA3aJI0, YTO B OTCYTCTBHME COJIbBATALIMMA DS
HYKJ1€0(hIBHOCTH COBEPIUEHHO HEMTOXOX Ha TOT, KOTOPBIM NpHBe-
IeH B Tabia. 9.9. Takum obpa3oM, TOCTATOYHO YETKO OIPENesIUTh I10-
HSTHE «HYKIeO(DWIBHOCTh» YPE3BbMAHHO TPYINHO, ¥ HYKIeO(pHWIBHOCTD
3aBUCUT HE TOJIBKO OT MPUPOABl CAMOT0 HYKJIeodHIa, HO TaKXe U OT
NIPUPONBI CYOCTPAaTa M pacTBOPUTEIS.

151 Ka4ecTBEHHOTIO IIPENCKa3aHMst OTHOCUTEIBHON HYKIIeOohWIb-
HOCTHM peareHToB B Sy2-peakyusx noneded npuHuun 2KMKO (. 3).
CoriacHo xiaccuduraunu JKMKO, sp’-ru6punu3osaHHblil aTOM yr-
JIEPOJAA OTHOCUTCSE K MATKMM 271eKTpoduiIbHBIM LieHTpaM. [Tostomy
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CKODOCTb peaKiuy Sy2-3aMelleHHs] BO3pacTdeT, eclid B KAYECTBE HyK-
nmeodIbHOIO peareHTa UCHOJbL3yeTCss MsirKoe ocHoBaHMe Jlnlouca
(RS™; RSe; R;P; HOO; RC=C w ap.) u yMeHbluaeTcsi OIS XECT-
kux ocHoBaHuil (F; RCOO; RNH,; OH ; RO™; NO;; ClO, u T.0).

Kpome Ttoro, xoHnenuusi JKMKOQO npeanonaraer, 4YTo CKOpPOCTb
peakuuyd BO3pACTaeT, CAM U BXOMSIUAS ¥ yXonsiuas TpyInbl OgHO-
BpeMEHHO SIBJISIOTCS MM MATKHMM, WJIM XECTKMMHU OCHOBaHUSIMU
JIvtouca. Takoe sipnedue B koHuenuuy 2KMKO HocuT HazBaHue cum-
Guomuueckozo sgppexma. CumbroTHyecKkUil aphekT B Sy2-peakuusx
MIPOSABJISIETCA TOJIBKO TOTAA, KOTAa HyKJIeodHUT W yXomslas Ipyrmna
OTHOCSITCSL K MSITKHM OCHOBAaHMSIM.

9.5.2. a-DPPOEKT B HYKIEO®PUIHLHOM PEATEHTE

AHHWOHBI WIX HeUTpanbHbIE MOJIEKYJIBI, UMEIOILHe aTOM C HENo-
IeJleHHOM Mapoil 3JIEKTPOHOB, KOTOPBIM HENOCPEACTBEHHO CBSI3aH C
HYKJ1eO(DHWIBHBIM LIEHTPOM, [POSBJISIOT CBOUCTBA ropasmo 6ojee Chilb-
HBIX HYKJIEO(WIOB, YeM MX aHAJIOTH, He comepXalllde TAKOro atoMa
[JO COCENCTBY C pEaKUMOHHBIM LEHTPOM. Tak, HalpuMep, rHIpa3suH
NH,;—NH; wnu rugpokcunamud NH,OH 3HauuTensHo Gonee ciib-
Hble HYKJIeodWIbl, Y4eM aMMHAaK W [epBUYHBIE aMUHBI, TAK XE KaK
nepokcua-aHuod HOO  u runoxmopua ClO~ 3HayuTtenbHo 6Oolee
CHJIBHBIE HYKJIeoduIsl o cpapHenuio ¢ HO™ (Tabn. 9.9). Takoe oco-
6o0e nmoBeneHue 5TUX HYKIEODWIOB ITONYYWIO Ha3BaHUE C-a@@exma.
C TOYKH 3peHUs opOUTaIbHBIX B3auMoneicTBuil a-adhdekr obycnos-
JieH B3aHUMOIEHCTBUEM MEXNy OpOUTAISIMUY HemoneNeHHBIX 3JIEKTPOH-
HbIX [1ap COCEIHUX aTOMOB:

—5°
N
]

B3MO

HO

o
o
Cood
0]
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Ilpu TakoM B3auMomeicTBHMM 0Opa3yloTcsi gBe HOBbIE BO3MYLUEHHBIE
MO (rn. 2), onHa ¢ 6onee HU3KOU, a Bropas (B3MO) ¢ Gonee BbI-
COKOH SHepruei Io CpaBHEHUIO C 3Heprueil HenoleleHHbIX Nap u30-
JUPOBAHHbBIX APYr OT Jpyra aroMoB. AHOMaJIbHO BbICOKAsi 3HEPIus
B3MO npubauxaer 3ty opburans Kk HCMO anexkrtpoduna, Hampu-
Mep AIKHITAIOTeHUA], YTO crocoOcTByeT peakinu Sy2. B peakunu c
MATKUM 371eKTPOQUIOM THAPONIEPOKCU ropasno Gojee peakIIMOHHO-
crocobeH, 4eM TUAPOKCHUI.

9.6. IPYTUE S,-MEXAHHWU3MbI
9.6.1. MEXAHU3M S,

M3BecTHB! peakuiyi HYKIeo(pUIBHOIC 3aMellleHUsI, KOTophle UMe-
10T [epBbI KUHETHYECKUH TTOPSUIOK, HO TEM He MeHee [IpOTEKAaloT C
coxpaHeHHeM KoHGHUIypalMy y aToMa yriepona. Hanpumep, npn pas-
JIOXXEHUH BTOPHUYHBIX anKWIXJopdOpMHATOB OYEHBb YacTo Habmioma-
eTcst coxpaHeHue KoHGUIypaui. YToObsl 0OBSICHUTE 3TOT CTEPEOXU-
MUUEcKMH pe3ynsTaT, MHroaen U Xbio3 NMpeninoaoXuiad, 4To pasio-
JKeHUe POTEKaeT yepes HUKIUYECKOE YEThIPEXIICHTPOBOE NIEPEXoIHOe
COCTOSIHUE, U pEaKUMH Takoro Ttuma OnUld 0603HAYEHBI CUMBOJOM
Syi (internal nucleophilic substitution):

C6H13 CeHi3 7 CeH 3
H ‘| O H ‘\
T | o]
>:o CHj ~a” 2 CHj
anxwmop(bopm[ar

JpyruM NpUMEPOM SBISIETCS PEaKLMsl PAIIOXKEHHS ATKHIXJIOp-
cynbPUTOB, 06pa3ylolMXcsd MPA NeHCTBUM Ha CIIUPTHl XJIOPUCTOro
TUOHUNA:

0
Y
ROH + SO, —— R—0—s%-al + HAI .
ATKWIXIOPCYIbGUT

Aunkunxynopeyiab®uTsl pasznaratotess Ha RCl u SO,, nopu 3TOM yacTo
Habmonaercs coxpaHeHue KoHGuUrypauuu. OmHAKO JaHHAA peaklus
He MIET Yyepe3 YEThIPEXLIEHTPOBOE MEPEXONHOE COCTOSHUE, & OCYLIE-
CTBASIETCSI COBEPILUEHHO WHBIM ITyTeM. CTeneHb COXpaHEeHHUs MIU HH-
BEpPCUM KOHGUIYpalrd 3aBUCUT OT IpHPOIBI pacTBoputeiss. Hanpu-
MEpP, PA3TOXEHUE ONTHUYECKH aKTUBHOTO émop-OyTuiaxiopcynbgura
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MPOUCXOOMT ¢ NMPAKTUYECKH NOJHBIM COXpaHEHUEM KOHQUIypauuu B
IMOKCaHe, HO MOYTH ¢ [MOJHOW MHBEPCUEH B TOJIYOJIE:

CoHs
> Cl (coxpaHeHue)
C,H; (0] IUOKCaH H-,
N —o0—sZa CH;
H-,
CH, ToJTyon C,Hs (uHBEpCH:)
cl ~
"~ H
CH;

Yrobbi 0OBSICHUTH TAKOE PE3KO IPOTHBONOJIOXHOE BIUSHUE pac-
TBOpUTENs, ObUI NpeasiokeH MOH-NapHBIN Syl-MeXaHU3M, BKJII0Yaio-
unit voHusauuio cs3n S—Cl B ompenensouie CKOpocTb CTaAUU.
Cyneba obpazopabiieiicss MOHHOH Mapbl 3aBUCUT OT NPUPOLbI pacTBO-
puTensi. Ecin pacTBOpUTENb JOCTATOYHO OCHOBEH, OH MOXET CTabWIu-
3MpOBaTh MOHHYIO APy, COJNILBATUPYS €€ ¢ ThUIbHON cTopoHsl. [locie-
OYIOIIMHA BHYTPEHHUH BO3BPaT MPUBOOUT K COXpaHEHUIO KOHQUTypa-
uuu. C 1pyroil CTOpOHBI, pACTBOPHUTENb ¢ HU3KOH COJIbBAaTUPYIOILEM
criocobHOCTBIO (TOJMYON) HE MOXeT CTaOWIM3UpPOBaTh MOHHYIO Napy,
U npoucxonuT 3ameuieHue SO, noHoM Cl ¢ TeUIBHOH CTOPOHBI:

CHs CHs C,H;
@ / \ S}
_y-0soa R N oS0 B o le d
H” H~” cP —S0, \_/H/
CH; CH, CH,
TOJYOJ1 JUOKCAaH

C,H; C,H; CHs
@
a ~ ~— ° > 0SSO o Cl
H H~ H~
CH, CH, CH;

Takoil MexaHu3M cornacyercsi ¢ HabmoaeHueM mpeobianawoinei
WHBEPCUH IIpU pa3lioXeHUU NepBUYHOIO ONMTUYECKH aKTUBHOIO XJI0p-
cylb(duTa JaKe B JTMOKcaHe. B 3ToM ciydae cTabWIM3UpYOlLee BIUs-

HUE MOJIEKY/bl IMOKCAHA 3HAYMUTENLHO MeHee 3(hdeKTHBHO, TaK KakK
NEPBUYHLBIA aTOM yIJlepoga He MpeBpaiaeTcs B KapGOKATHOH:
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C;H; GH; GH;

LHOKCaH o
_>080Cl+=——= OSO“" Cl OSO—>C1 + SO,
H-
D

SlcHo, 4TO Spi-MEXaHU3M SIBISIETCS CHEUABHBIM ciryyaeM Syl-Me-
XdaHU3Ma, B KOTOPOM YXOISILAs IpyIina UMeeT CIOXHOE CTpOeHHUE.

9.6.2. AITTHJIBHAA NTEPETPYIIIIMPOBKA (Sy)

ANWIBHBIE COENVHEHUS PEarHpyIOT ¢ HYyKJIeohUIaMH Jierye, yeM
HACBIILIEHHbIE aHAJIOTH; B 3TOM OHM [OXOXH Ha OEH3WIbHBIE CUCTe-
MblL. DTU peakuMu YacTo COMPOBOXNAIOTCS MeperpyInUpoBKoil U 06o-
3HayaoTcs cUMBoNoM S). O61Las cxeMa a/LTWIbHOM eperpynmupoB-
KY MMeeT CJIenYIOIMN BUI:

Ayt e N - P
LNu ~Z
ITeperpynnupoBka MOXET MATHU IT0 MexaHUaMy Syl wim Sy2 (obo-

3HayaeTcs Kak Sp2’). B 1a6n. 9.10 nmpusenensl naHHble IS 3aMelue-
HUS xJopa B 1-xnopbyreHe-2 u 3-xmopbyreHe-1 B pa3HbIX YCIOBHSX.

Ta6bnuuma 9.10
ANHABHAS DeperpyunupoBKa NPH HYKNeO(HIbHOM 3aMemeHHH

6€e3 NeperpyImmpoORKH

(A) Nu + CHyCH= CH—CH,Cl~—— » CH,CH=CH—CH,Nu (Y)
_— 3
NeperpynmpoBka
(B) Nu + CH,CHCI—CH=CH, e~ :{;: CH,CHNu—~CH=CH, (2)
Boxoz, %
Yconorus peakimm A B
‘{‘/ ~, ‘{‘/ ~,
2M EtO /EtOH, 100°C 100 - — 100
0,8M OH /H,0, 25°C 60 40 38 62
EtOH, 100°C 2 8 82 18

Ileppas peakius, BEPOSITHO, MMEET MexaHU3M Sy2 U ocyluect-
BJIIsiETCH KaK MPSIMOE 3aMelleHUe C HyKIeodWIbHOH aTakoi No yrie-
POy, CBA3aHHOMY C XJIOpoM. TpeThsi peakiiusi MOXeT OCYILECTRISTh-
Csl MJIM Yepe3 MOHHBIE Napsl WIA [0 MeXaHu3My Sy2'(cM. Huxe). Tax,
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pauemMusauusg ontuyeckd aktusHoro MeCH=CHCHZMe (Z = napa-
HUTPOOEH30aT) MPOUCXOIAT DblcTpee conbBoian3a B 90%-M BOOHOM
aneroure, a usoMepusauus CH,=CHCMe,Cl 8B CICH,CH=CMe, uzner
6blcTpee anertonu3a. Hu B ofHOM ciydae HE NMPOUCXOQMUT JHUCCOLIMA-
LU, TOCKOIbKY 3TH PEAKLUHU He 3aMeJUISIIOTCSE TP J00aBJIeHUHU CONH
¢ obmmrM MOHOM. Psm aBTOpOB MosaraioT, YTO 06e peakilMU COJIbBO-
133 UAYT o MexaHusMy Sy2 (KHII).

TORNET WO T T

(KHID (KHID parieMHU3aIus,
k< U30MepU
Nul ks Nu| 5 pHsa
MeEUIEHHO MEUIEHHO
Nu Nu
N v J
CONBBOTU3

Bo3aMoxHO, 4TO Ha caMoM [ejie ajUIMIbHBIE NMeperpyrnmnupoBKA
HOYT MO COTNIACOBAHHOMY MEXaHU3MYy Sp2”:

q
Nu :eCI‘IZZC/_I?1 CHZCE — Nu— CHZ_ CH:CH2 + Z @.

TeopeTuqecxu TaKass pCaKIIHUsA MOXET OCYLUECTBUTHCHA KakK IO awmu-,

TaK Y MO CUH-TIYTH:
d
i
> / b (anmu-S p2")

a

Nu

d

Ve
> -Sa2’
Ny (@Sa2)

\

a’ b

DKCNepUMEHTAIBHO ObLIO YCTAHOBICHO, YTO B IONABJISIOIEM 60JIb-
LIMHCTBE CJIY4aeB OCYLIECTBISCTCS CUH-TIPOLIECC, XOTS €CTh U UCKITIO-
YeHHUs. DTOT HEOOBIYHBIN CTEPEOXUMUUECKHHA pe3ybTaT MOPOJU Maccy
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BCEBO3MOXHBIX OOBSCHEHMI W TOJKOBAHMIA, GOJIBIIMHCTBO U3 KOTO-
PBIX CBOOHMJIOCH K TMPEATIONIOXEHHIO O B3aUMOIeHCTBUM HYKIeodHIa ¢
yXoIsiuel rpynrnod B NATHUEHTPOBOM LUECTH3IEKTPOHHOM I1epeXo[-
HOM COCTOSIHWU:

\ /

\ /
U
Nu Z

TeM He MeHee crtapoe obnsicHeHHMe C. YUHcTeHHA cun-Sy2'-peak-
UMM NBOWHBIM Sy2-3aMellleHMeM C ThUIBHOH CTOpOHBI Hauboiee
TIpHeMJIEMO!

N

\ S}
\\\ Z

B sakiioueHue oTMETHUM, YTO cuH-CTEPEOXMMUIO MOXHO 00Obsic-
HUTb U Ha OCHOBaHMHM HOH-NapHoro MexaHmsma S,2 (KHII), ecin
CYMTATh, YTO KOH(UIypaUUsi KOHTAKTHOM MOHHOM ITIapbl Takas Xe,
KaK KOH(HUIypauus UCXOQHOro KOBAIEHTHOro cyberpara.

9.6.3. YYACTHUE COCEJHHUX I'PYIIII

Unput (ropyuyHselii ras; 6oesoe oTpaBIgIoOlIee BelECTBO MEpBOi
muposo# BoitHbl) S(CH,CH,Cl), B BOIHBIX pacTBopax rHAPOIH3YeTCs
B HECKOJIbKO ThICSIY pa3 ObICTpee, YeM ITepBUYHEBIC ATKUIXIOPHIEI.
[MlenoyHoi ruaposu3 ONTUYECKH AKTUBHOrC 2-6poMITponaHoara
CH3CHBrC02(9 MpOoTeKaeT ¢ coxpaHeHUeM KoHburypauuu. ['iapoaus
xsopaMuHa Et,NCH,CHEtCl| naetT neperpynnuMpoBaHHBIiA CIIUPT
Et,NCHEtCH,OH. BTu Tpy peakuuu sIBISIOTCS IPUMEPAMHU yyacnis
cocednux 2pynn B HYKJIEODWILHOM 3aMeIIeHUN:

(¥ J)CH ‘/H—z6

CICH,CH,—S CHy-Cl —— CICH,CH,—S{ [, 2
\ / CH,
CH,

— > CICH,CH,SCH,CH,0H
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Me ( \ Me
, Me\ L
O

H
COXpaHEeHUE
2N\ ®
ELN._ gH(Et)—Qzl — > Et,N— CHEt —» Et,;N—CHEt
CH2 &J\CH//\Q |CH20H

2 OH

Peakumio ¢ yyactuem cocemHeil rpyIrbl MOXHO OMNpPENENUTh KaK
NpoI1ece, B XoAe KOTOpPOTo omnpeneleHHast (GyHKIIMOHANbHAS IPyIIna
pearupyoneil MoJeKyabl Ha KaKOe-TO BpeMs CTAHOBUTCS! CBSI3aHHOMU
(ITOJIHOCTBHIO WIM YaCTUYMHO) C peaKIIMOHHLIM LeHTpoM. Obuias kap-
THHA TaKoro Ipouecca WIS peakiMil HYKIeo(hpWIBHOTO 3aMelleHUs
npuBeneHa Ha cxeMe 9.4.

CxemMma 9.4

S}
® |~
X—C— . PONYKTbI

ke U GBICTPO

MEJUIEHHO T OrICTpO

\/ k ®l NS
: cC—2Z %€ 5 . - u
MeJUIEHHO U (S—m?p; [POIYKThI
ks
S \/
Nu X: C—Nu

_/

I1s moxa3aTebCTBA YYACTUS COCEeTHENR IPyNIibl MPUMEHSIOT IMaBHBIM
00pa3oM TpY TUMA SKCMNEPUMEHTANbHBIX HADTIONEHUA.

1. AKXuMepHOe CojeHCTBHE. DTUM TEPMUHOM 0003HAYAIOT yCKOpe-
HHE peaKlLUH cocelHel rpynmnoi (apyroe HaspaHue 31oro xe 3ddex-
Ta — CUHApTETHYECKOe YCKopeHHe). B npuHuuITe MOXHO JOCTATOYHO
TOYHO ONpeneinTh CTENEHb YYaCTUsl COCeNHei{l rpymiibl B Xome NaH-
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Holt peakuuu. Eciv yyacTHe MMPpOUCXOaUT BO BPEMS MPOTEKAHUS CKO-
poCThONpeneasiowel cranMy noHusauuu cesisu C—~2Z (k, Ha cxe-
me 9.4), To peaklMsi IOYTH HABEPHSIKA OyaeT UATH ObICTpee, yeM aHa-
JIOTUYHBIE MO MPUPOIE PEAKUMH K- U kg, MOyline 6e3 ydacTust cocel-
Hel rpynnsl (kg) MM ¢ ee yyacTueM B ObIcTpoif cranud. Minmocrpaunei
CIY>MT TepBasi U3 NPUBEACHHBIX BbILIe peaknuif. K coxanenuto, He
BCEr/1A YIAeTcsl YCTAHOBMTE, YCKOPSIETCS JIM peakiLMs cocenHeid rpyr-
[10ii, MO3TOMY HYXKHO MUCIIONTB30BaTH U IPYTHE METO/BI.

2. Crepeoxumusi. CrepeoxMMHUsS peakildy, B KOTOPOH ydyacTByeT
COCEeHSsISI rpylifia, 4acTo OTJIMYAeTcsl OT OXUIaeMol MPU OTCYTCTBUH
ydacTust 3Tod rpynnsl. HampuMep, B TO BpeMsi Kak OOBIYHBEIE peak-
uuy Sy2 win Syl NpUBOAAT K MMOTHONH MMM YACTUYHOH MHBEDCUH, B
peaKUMsIX C yJyacTHEeM cocefHed rpynIel NpeobnagaeTr coxpaHeHue
KOHQUTYpauuu (cM. BTOPON U3 IPUBENEHHBIX BBILIE IPHMEDPOR).

3. Moaexyasphbie neperpynmupoBku. [Ipy yyactuu cocenHei rpym-
bl YACTO IPOUCXOMST NePerpyNnIMpoOBKM cKeeTa cyberpata, YTo 1po-
WJUTIOCTPUPOBAHO TPETBUM IIPHMEDPOM.

BeposTHOCTh yyacTis coceqHel IpymIbl 3aBUCUT OT pa3Mepa LHK-
Ja, obpasyomerocsi B nepexoJHoM cocTOSIHHUA. OOBIYHO B TAKUX pe-
AKLHUSX NPEeINOYTUTEILHO 06pa3oBaHUe TpeX-, MATH- U IIeCTUWIeH-
HbIX LIMKJIOB.

Bo3MOXHOCTB y4acTHsI COCETHUX TPYIIT B XUMUYECKUX PEAKIIUSIX
obcyxnanack O4eHb NABHO, OQHAKO IEpBOE cepbe3HOe HcciaeqoBaHUe
3TOro siBjeHHUs! 6pU10 BblTosHEHO C. YuHcteitHoM (1939). beuto ycra-
HOBJIEHO, YTO NP 0B6paboTke paleMUYecKoro mpeo-3-6poMm-2-6yra-
Hosa HBr nonyvaerca pauemuwyeckuil 2,3-nubpoMOyTaH, Torzma Kak
paneMUYecKU spumpo-u3oMep NAeT TOJBKO Me30-TIPOLYKT.

Me3o-
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B H )
T ’
. c:H3 H_ /4CH,
HZ B
OH cH, H; CH, r
mpeo—
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B obeux peakuusx KoHpHUrypaiys coxpaHsiercsi. PesynbraTsl 6bUIH
HHTEPNpETHPOBaHbl KaK JOKAa3aTeNbCTBO 0Opa30BaHMS MOCTUKOBOTO
GPOMOHHEBOI0 MHTEPMELUATA.

Huxe npuseneHs! elle ABa IpUMepa peakUMi 3aMeleHus ¢ co-
XpaHeHHeM KOH(HUIypailHuu.

Pearxyuu N-smus-3-xaropnunepuduna

] MemIeHHo N\ bricTpo,
Et—N U Et—NZ .- > Nlle
AN

@ q°
WOH da3UpUIOHHHA

Et Nu
@ H

Ora peakuusa 6sula npoeefeHa ¢ 14 pasHbeIMH HykieodpunaMu. CkKo-
POCTb He 3aBicesa OT MPUPoAsl Hykieoduna 1 B 10* pas npessnuana
CKOPOCTb DEaKIWy UUKIOTEeKCUIXIOPHUAA C TUAPOKCHJIbHBIM HOHOM
(aHxumepHoe coaeiictBue). [IpoMexyTouHast cclib a3upUAMHUSA ObuIa
CHHTE3MpOBAHa He3aBUCUMO U Belia cebst aHatorduyHo. Ha aToM ocHo-
BaAHUHK OBLJIO BBUIBUHYTO MNpeENIoJoXeHUe ob y4acTHUU coceaHel

TPYIIIBL.
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Auem0/1u3 mpch—2—auemoxcuuumoeexcwzmoawzama

CH,
18 18
oo 0@ _CH;, OCOCH,
J OAC® H
H o H
OTs H OAc

OCOCH3

B npoxykTax 3T0i peakuyy MeTKa pacipee/ieHa MOYTH IIOPOBHY MEXTY
KapOoHMIbHBIM KM 3HUPHBIM atomamu kuciopona. [lpegnonaraercs
NpoMeXYTouHoe 00pa3zoBaHME NMATUWICHHOro OMOKCOJEHUEBOTO
KaTUOHA.

HHTepecHbIt pUMeEp NEpPErpyNNHPOBKH C YYACTHEM CoOCEeIHEMH
METOKCH-TPYNbl OblL1 HallIeH NpH HU3YYEHUM MEYEHHOTO TPUTHEM
mparc-4-MeTOKCULIMKIOre KCUIITO3MUIaTa:

Hy |

oTs H
OTs

CH3O

AcOH AOH o0 7%\OAC + CH,0 NOAC

B peaxuuu obpasyercst mpaHc-aleTaT, CooepXaluil TPUTHI B 1moJo-
XeHusAX 1 1 4, YTO CBUAETENLCTBYET B ITOJb3y 00pasoBaHMs CUMMET-
PUYHOTO OKCOHMEBOTO MOHA.

Bo Bcex paccMOTpeHHEIX IpHMepax cocenHsia rpylna MpHHUMaa
yJacrue B HYKIeO0(MWILHOM 3aMEeILEHHH 33 CYeT CBOCH Herofe/leHHOMN
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napnl. O6LIYHO HENMONENEHHYIO Napy 0003HAYaIOT CUMMBOJIIOM A, MO-
3TOMY TaKH€ peaKIMU HaA3BIBAIOTCA n-y4acTheM. MOXHO npemnoso-
KHUTb, YTO KpPOME HEIOAENeHHON Mapbkl RYKIeodHIBHOMY 3aMelle-
HHIO MOTYT OKa3blBaTh COJAEHCTBME COCEIHWEe IpYIMIbl, obiaanamlnue
JIETKOJNOCTYITHBIMHY JUIS CBS3bIBAHMUSI T-3JI€KTPOHHBIMU CHCTEMAMHU.
ITpumMepsl TaKOro m-y4acTHs U3BECTHBI.

Y4yactue coceqHell apUIbHOU TpyYIITBI TPOABIAETCS B YX€ pac-
CMOTPEHHOM HaMM NpHUMeEpe palleMUIAUUN mpeo-3-aHUIUIOYTHI-
2-6poaunara (cM. 9.3.1). Fpumpo-uzomMep He palieMH3YETCA B 3THX YC-
JIOBMSIX, XOTsl [UI Hero ToXe HabmomaeTcd CelHaTbHBIH COJEBOMU
addekT. B3auMonpeBpaleHUsE MEXILY mpeo- U 3pumpo-3ITUMMepaMu He
npoucxonuT. Bece aTo cornacyercs ¢ MpoMeXyTOYHBIM 0Opa3oBaHHEM
MOCTHKOBOTO (eHOHUEBOTO HOHA GJIarogaps n-y4acTUIO aHH3UIBHOH
TPYIIEI B porecce HoHu3anuu cesa3y C—OBs:

0 H
ocC
? Ar H
Z=Me
H OAc
_AcOH Me
Me Me }\{\ Ar
mpeo- axupaien OAC Me
(panieMu3anyist)
@
OCH,; Me
Ar Ll
H”} OAc
Me
_ “Me AcOH
H Ar
H \
Me™ {‘Me
OAc H
(coxpaHeHHe)

Ec/iit BMECTO METOKCH-TPYIIBLI BBECTH 2JIEKTPOHOAKLIENTOPHDIM
3aMECTHTEND, TO CTAOMIBHOCTE (PeHOHMEBOro MOHA YMEHbIIAeTCsa, U
TOTA peaxisl MOXET HATH Yepe3 HEMOCTHKOBYIO HOHHYIO Iapy, B
KOTOPOM BO3MOXHO BpallleHHE BOKPYI LeHTpanbHOM cBsizw C—C. B
pe3yNbTaTe MOXET MPOH3OUTH 2ITHMEPH3AHUSL:
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JedCTBUTENbHO, IIPU ALETONN3E Mpeo-napa-HUTPOIIPOU3IBOJHOIO 06-
pasyetcst 7% mpeo- n 93% 3pumpo-nponykra. CTeneHn n-yJ4acTHS BECh-
Ma YYBCTBHTEJIbHA K MEXAHHU3MY peakKuuH. ECJIH B peaklIMOHHOM cMecH
MPUCYTCTBYIOT JOCTATOYHO CHUJIbHBIE HYKIeOMhMIbl, OHH MOAABISIOT
T-y4acTHe, CMEUIast MEXAHH3M B CTOPOHY Sy2. EcliM e CHIBHBIX HYK-
JieodUIOB HET, T-Y4aCTHE CTAHOBUTCH OYCHBb 3aMETHBIM. BTO MOXHO
[IPOMJLTIOCTPUPOBATH CICHYIOLUUM IPHMEDPOM:

EtOH
14 14
CHZ—CHQ\OTS CHQ""CHQ—OEt
CF;COOH
- ©\ 14 14
14 CH;—CH,0COCF;+ CF;COOCH, CH
CH o CH,
OTs

B sTaHone MAeT Sy2-peakuHs, OIHAKO B TPHGTOPYKCYCHOH KHUCIIO-
T€, KOTOpas SABJSETCH ropasigo MeHee HYKIeOMHIbHBIM PAacTBOPHUTE-
JeM, MEXaHU3M H3MEHSIeTCs Ha HOH-MapHeIi Syl ¢ yyacTHem de-
HUJIBHOH TPYNIBI, O YeM CBUAETEILCTBYET IepepaclpeaeieHue H30-
TomHoi MeTku “C.

OnMHOYHASI T-CBSA3b TOXE MOXET yYacTBOBAThL B HYKIIeOoGMIBHOM
3aMmelleHHH. Ee BaUsHHE ocoBeHHO NMpOSBAseTCs B XECTKHX KapKac-
HBIX MOJIEKYJaX, II€ OHA [POCTPAHCTBEHHO COMMXEHA C PeaKIHOH-
HBIM LICHTpOM. SIpKUM NpHUMEpOM SIBISACTCS AUETOIHU3 awmu-7-Hop-
DopHEeHHUATO3UIATA:

OTs OAc
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BTo coeauHeHHEe COJIbBOIM3HPYETCS B 10" pas GslcTpee, yeM HACHI-
LIEHHBIA aHalor, M NpPH 3TOM HabiwomaeTcss coXpaHeHHe KOH)HIy-
panuHy. B maHHOM cnydae pasmellleHHe T-2JIEKTPOHOB HAEaJIbHO NOI-
XOOHUT IJIS1 OCYLIECTBIIEHUS T-CONEHCTBHS.

Ilocne paccMOTpeHHs n- U N-Y4AacTHsI BO3ZHMKAET €CTECTBEHHBIH
Bompoc: «MoxeT JH OBITh O-Y4acTHE 3JIEKTPOHOB COCENHHX CBS3Eil
C—C wm C—H?» Ilpexame Bcero HeoOGXOAMMO YyKa3aTb, 4TO NPH O-
YY4CTHH JOJIXHBI 00pa30BBIBATHCSA HEKJIACCUYECKHE KAPOOKATHOHHI,
rIe B TPEXWICHHOM IIMKJIE OCYLUECTBJISICTCS OBYX2JEKTPOHHAS TpeX-
LIEHTPOBasi CBA3b. TakHe KAaTHOHBI OynyT, HGe3ycioBHO, OYEHB MAJO
ycToMuMBBEL (CM. . 26, 4. 3).

,,R\\
R /L AN L+ N N R R y
_- — /l—\ —_ S + ’?—<
.. Nu Nu
HEKJIaCCHYECKHit
HOH

Tewm He MeHee o-y4acTHe OYeHb IIMPOKO PACIIPOCTPAHEHO U SIBISIET-
CsL OCHOBOI MeXaHH3Ma BHYTPMMOJIEKYISIPHBIX HYKJIEO(DUIbHBIX ITepe-
rPYNIMPOBOK, TAKHX, KaK MeperpynnupoBka BarHepa—Meepgeiina,
NMHAKOJIMHOBAS, MEPETPYNINMPOBKY K JEKTPOHONE(DHULIMTHOMY a30-
Ty ¥ T.0. [ToopobHoe paccMoTpeHHMe TAKMX IEPErpYIIIHPOBOK C pas3-
HBIX TOYEK 3pEHHS NaHO B 1. 26.

9.7. KAPBOKATHOHBI
9.7.1. THIIBI KAPBOKATHOHOB

Kapboxamuonom Ha3biBaeTcs 271eKTPOHOAeGHIUTHAS, TTOJIOKHTEb-
HO 3apsoKeHHas 4acTHIA, B KOTOpO# 3apsil cocpemoTodyeH Ha ONHOM
WJIH [eJIOKATM3UPOBAH Ha HECKOJbKHX aTomax yriepona. B Syl-peak-
UMAX Ha CTAAMM HOHH3AuUM obOpasyercs TPeXKOOpAMHHPOBAHHBIH
kapbokaTHoH obuieit popmynst R;C*. lonroe BpeMst Takue KaTHOHBI
Ha3bIBATH «HOHAMH KapboHus», xoTa eule B 1902 r. M. T'ombepr npu-
BEJI CEPbE3HBIE BO3PAXEHHUS MPOTHB 3Toro TepMruHa. OH oOpaTI BHU-
MaHHE HAa TO, YTO TEPMHH «KAPOOHHEBBIH MOH» HE COOTBETCTBYET
crpyktype R;C*, mockosibKy cyd¢hHKC «OHHEBHI» OTHOCHTCS K Ka-
THOHAM, B KOTODBIX KOODAHHALHMOHHOE YMCIO BBIille, YeM y HeNT-
parbHoro coemMHenust, HanpuMep, NH; — ammuax, NH,* — wuon
amMMoHHs, PH; — ¢ocodus, PH4+ — HoH dochoHun. s xaruoHa
R;C" KOOpAMHAIIMOHHOE YHCIO, HAIPOTHB, HUXE, YEM IS UCXOO-
Horo cyberpata R;C—X. Bro HecoOTBETCTBHE HOJrOe BpeMsi ObLIO 04e-
BUIHBIM [IPOTHBOPEYHEM B XMMHH YIIIepOLa O CPABHEHHIO C «OHHE-
BBEIMHU» COENUHEHHAMH JIEMEHTOB COCEJHHX TPYIIL.
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ITocne toro xak . Ona ¥ APYrMMH yYeHBIMH OBUIM IONYYEHBI
JI0Ka3aTeJIbCTBa CYLUIECTBOBAHMA MEHTAKOOPAMHAIIMOHHBIX KapOoka-
tronos Tuna CH;", CRs" u 1.1. ¢ Cg cummerpumeit (cm. 4.10), T. Oa
MPe/JIOXUI HAa3bIBATh MMEHTAKOODJIMHAIIMOHHbBIE KAaTHOHBI KapboHue-
86IMU UOHAMU, A IJIS1 TPEXKOOPAMHALMOHHBIX KATHOHOB MCIIOJIb30BATh
Ipyroe HasBaHHe — kapbeHuesvie UOHB, TIONYEPKUBAIOUICE HX TeHe-
THYECKYIO CBSI3b C KapbeHaMHM, NMOCKOJIBKY KapbeHHeBble MOHBI 06-
pasyioTcsl PH MPOTOHUPOBAHHH KapbOeHOoB:

@
:CH, + H®— CH,,
KapbeH KapOeHHEeBbIH MOH

CH, + Y —» CH.
METaH HMOH METaHOHMSI (METOHMUSI) — KapOOHUEBBIA MOH

CnenyeT mo3ToMy paiyyaTh 3TH JBa THIA OPraHWYECKHUX KaTHO-
HOB: KapbeHHeBble MOHBI C TPEXKOOPAMHMPOBAHHBIM aTOMOM yrje-
poaa 1 KapOoHHeBble MOHBL C TIATHKOODIHHHUPOBAHHBIM YIJIEPOIOM.

Cnenyst obwieit TeHAeHLIMK, MBI OyneM Has3blBaTh 06a THOA KaTHO-
HOB KapOOKaTMOHAMM, CHELHAIBHO OroBAPMBAsl CTENEHb KOOPOHWHA-
LIMM aToMa YIJlepoJa 9THX Yactuil. OTnuyuTebHoH 0cob6eHHOCTRIO Kap-
H6eHMeBbIX MOHOB SIBJISIETCS. HAIMYKE TPEXKOOPAHHHPOBAHHOTO spz—m6—
PHIM30BAHHOTO aToMa yriepoda. B oTcyTcTBHMe NpPOCTpaHCTBEHHBIX
3aTPYAHEHUH BCe TPH CBSI3H sz-I‘HﬁleIIrlaoBaHHOI‘O aroma yrjepona
pacnonaraioTcsi B OJHOM [UIOCKOCTHM, 4 MOJIOXHUTEJIbHBIH 3apdal co-
CpeJoTOYeH Ha 2p-opOMTAIM aToMa yriepona, HepHeHIUKYISIpHOU
3TOH IUIOCKOCTH. Takoe cTpoeHHe XapaKTepHO U IMPOCTEHIIMX al-
KWIbHBIX KapOeHHeBbIX HOHOB.

9.7.2. CTABULJIBHOCTb KAPBOKATHOHOB
H EE KOJITMYECTBEHHAA OLUEHKA

9.7.2.a. KAPEOKATUOHBI B FTA30OBO ®A3E

ObpasoBaHue KapbOKAaTMOHOB B ra3oBoil ¢ase B pe3yabTaTe HO-
Hu3aumu RX Ha wonbl R* n X~ mpeacrasnsieT coboii sHmOTEpMUYEC-
KHUH npouecc, KOTOPBIM XapaKTepH3YeTcsl OYeHb BBICOKOM [OJIOXM-
TeJbHOM 3HTanbnueit. SHTanpnusa nonusauuu CH;Cl B razosoit dase
onpenenseTcsl U3 CIASAYIOUIET0 TEPMOIUHAMHYECKOTO LIMKIIA:

(1) CH;Cl—— -CH; + CI© AH = +84 kxai/Monb

(2) CH,———> CHy +% AH = +226 kxan/mons

(3) Cr+%e »Cl® AH=-83 xxar/moms

CH,Cl ——>CHY + C°  AH=+227 xxan/moms
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DHTaNLMHK Tpoueccos craaud (1) ¥ ctaguu (3) Npencrasasior
coboit TabnnuHble 3Ha4eHUs 3Hepriu cBsi3u C—Cl B CH;Cl u cpon-
CTBA K JIEKTPOHY aTOMA XJI0pa. DHTANbIIHS [IPeBPALUCHHS METHII-pa-
OUKala B METHJI-KAaTHOH B cTaiuu (2) oNpenessieTcsi Macc-CIeKTpo-
METPUYECKH KaK NMOTeHUHAN HWOHM3AuMH pagukana R°, Takum xe
obpazoM MoryT 6bITh ONpeaeeHbl SHTANBIIHH HOHHU3ALMH CAMBIX pPa3-
HoobpasHeIx cybeTparoB RX B razosoit ¢aze. B tabn. 9.11 npuBeneHbl
IaHHbe To HoHu3auuu pasnHuueix RCl B razoBoit ¢aze.

Tabnuuma 9.11
Deranenuu Honuzauuu RCl B raszosoit dase

rc— R® + o

Cy6eTpar AH | xxan/mMois Cy6eTpar AH’, Kxan/MoJb
CHJC] 227 CH2 :CHCHZCI 187
CH,CH,CI 191 CH,CH,Cl 180
CH,CH,CH,CI 187
CH,—~CH—CH, 172 CH,Cl PP

Cl
(CHJ)JC“C] 157

151 oLeHKH YCTOMYMBOCTH KapOOKAaTHOHOB Ha OCHOBE MOH-LIMK-
JIOTPOHHOTO pe3oHaHca pa3paboTaH MeToj, ITO3BOJSIOUIMIT H3MEPHTh
3Hepruio paspeisa cesasn C—Br B RBr ¢ o6pasosanuem HoHoB RY u
Br™ B razoBoii ¢ase c BHICOKOM CTEMEHBIO TOYHOCTH (t 2 KKaJ/MOJBb).
OTU OaHHBIe, IPHBENeHHBIE B Ta0N. 9.12, TakKe MOIYT CIYXHUTh Me-
PO OTHOCHUTEJIbHOM YCTONYMBOCTU KapOOKATUOHOB B ra3osoii ¢ase.

Tabunuua 9.12
DHEPruH reTepoHTHIECKOH auccouuwanyy RBr ma R* u Br™ B razosoit daze

®p O ®
Katuon D (R™Br-), Karuon D (R%BP),
KKaJ1/MoJIb KKaJ1/MOJIb
cH® 218 (CH,),c® 149
CH,CHY 182 [De 161
® ®
CH,CHCH, 163 CH,C =0 151

Ecnu He YYHUTBIBATh 3K30T8pM}{‘ISCK}{fI Ipouecc NpeBpaliCHUA

panukana X' u3 RX B anuon X mo peakuuu X' + & = X', To Ten-
nota obpaszoBaHusl KapbokatHoHa R* B pe3ynbTaTe oJHO3JEKTPOHHO-
ro oxucienuss RX— € - R* + X' moxeT 6bITh pacCYUTaHA M3 ypaB-
HeHust A=I1(R") + D(RX), rne A — Ttemnora obpazoBaHus KapbHo-
kardoHa R*; /(R') — noreHyHan HOHM3ALUHM pagukaia
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R'— &8 5R";

D (RX) — aHeprus roMoautrHyeckoi guccoudaguyd RX Ha R* u X°.
BeTM4HHBL [MOTEHLHATOB MOHHU3ALUU /(R") MOXHO onpeneluTh He-
MOCPEACTBEHHO; 3HAA NOTeHIHAIbL MOHU3AUMH pagukanos /(R°) u
TEMJIOTY 06pazoBaHHus paaukana R°, MoXHo paccyuTars TEIIOTY 00-
pazoBaHusi KapbokaTHoHoB R™. B ta6. 9.13 npuMBegeHbl 3TH BEJIHYH-
HBI JUIS HEKOTOPBHIX KapOOKATHOHOB.

Tabnuua 9.13

INorenunans noaudanuu J(R+) pagukanos R- (R-— € =R*) u TennoTu
o6pa3osanus kapGokartnonos R®

R LR, | AHogps(R), R TR, | AHygpe,(R),
KKa1/MOTb | KKaT/MOJb KK&I/MOJIb | KKa1/MoJb
CH, 27 262 (CHy),C 157 174
CH,CH, 192 21 CH,=CH 218 -
CH,CH,CH, 187 209 CH,=CH—CH, 188 26
(CH,),CH 173 192 C4H,CH, 179 215

B npyrom meTtome KapGoKaTHOHBI FeHEPUPYIOT B PE3YJIBTATE MPOTOHH-
POBaHUS AJTKEHOB, HA OCHOBAaHHMH 3THX HAHHBIX MOXHO ONpPENEHTDb
CPOICTBO KapOOKAaTHOHOB K MAPHA-HOHY (Tabi. 9.14):

R"+ H — RH + AH® xxan/moib,
rne AH® — cponctso R™ k runpun-uony H™.

Tabnuua 9.14
CpoacrBo Kap0OKaTHOHOB K THAPHI-HOHY

R —AHQ, KXaJj1/MoJIb R* —AH, KKa/1/MOJIb
® ®
CH; 314 CH,=CH—CH—CH, 237
®
cH,cH,® 74 CH,=CH—C (CH,), 25
o) ®
(CH,),CH 247 CH,CH=CH~CH—CH, 225
®
(CH),C® 230 CH,=CH 287
8 ©
cﬁusgﬂz 233 CeH 298
CgHCH 226 © ® -
CH,
®
CH,C(CH,), 220 H> ® 200
®
CH,=CH—CH, 256
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M3 gaHHBIX, NpencTaBle HHBIX B Tabn. 9.11—9.14, cinenyet, 4TO
OTHOCHTeNIbHAsl CTAaOMIBbHOCTh NPOCTHIX ATKHUIbHBIX KApOOKaTHOHOB
YMEHBUIAETCS B psiny TPeTUYHBIA > BTOPHYHBIM > MMEepBUYHBIH >
> MeTHJI. B 3ToM Xe psAny yMeHbllaeTcsl cKOpocTh Syl-peakumu B
pactBope. AJIMIBHBIA M GeH3WIBHBIH KATHOHBI MO CTaOMIBHOCTH
B ra3oBoil ¢a3e NMpHUMepPHO COOTBETCTBYIOT BTOPMYHBIM M TpeTHY-
HBIM aJKWJIbHBIM KaTHOHAaM, TOTAAa Kak BHHMWJIBLHBIA M ¢beHHJIb-
HBI# KaTHOHBI MO CTAOMJIBHOCTH HECKOJBbKO BEILIE METHI-KaTHO-
Ha. CpelH CTPYKTYpHONOJ0OHBEIX XKapbOKAaTHOHOB MOHEI C Oosee
BBICOKOH MOJIIDHOH Maccoil Gonee cTaOMJIbHBI; HAllpUMeEp, Cpe-
JH TPETHYHBIX AJIKHJI-KATHOHOB CTAOMJIBHOCTh BO3PACTAET B pANY
mpem-C,Hy" < mpem-CsH,," < mpem-CgH,;*, a cpean nepsuu-
HBIX KapbOKaTMOHOB CTabMJIBHOCTh pacTeT B pamy CH;CH,* <
< CH,CH,CH," < CH;CH,CH,CH," < CH3CH2CH2CH2—CH2+.
Bonee Beicokas cTabMIBHOCTL BONBUIMX MOHOB B ra3oBoit ¢ase oT-
paxaeT UX CHOCOGHOCTh K MMCIIePCHH IMOJOXHUTENBHOTO 3apsaa Mo
H6onpleMy YUCITy aTOMOB.

9.7.2.6. KAPBOKATHUOHHI B PACTBOPAX

CrabwibHOCTh KApOOKATHOHOB B PacTBOPE ropas3no BEHILIE, YEM B
rasoBoii ¢hase, MOCKOJABKY BeIHYMHA AH ° MOHM3ALMH PE3KO YMEHb-
ILIIaeTcsi BCEACTBHE CoNbBaTaUMM Kak KapOokatuoHa R*, Tak M npo-
THBOMOHA Z B NOJSIpHO# cpene. B pacTBopax KapOboKaTHOH MOXET
OBITh WJIH «CBOOOOHBIM», WIM HAXOOMTHCS B BHIE MOHHOM Maphl, Iie
OH cBg3aH ¢ HoHOM Z~ . MoHHBIe napsl o6pa3yloTcs B pacTBOPUTENSIX
yMepEHHOM MOJSIPHOCTH M MOHM3HMpylomed crocobHocTH. «Cpoboa-
HBIT» KapOboKaTHOH, 06pa3ylOLIHiicd B CUIbHO HOHHU3MPYIOUIEH cpele
¢ 04YeHb BBICOKOH JMIJIEKTPHYECKOI IPOHHIIAEMOCThIO, HA CAMOM JeJie
He cBODOMEH, a COJNBLBATMPOBAH MOJIEKYJIAMU PACTBOPHMTENS.

INpocTeitinne anKuiI-KaTHOHBI OTHOCATCSA K YUCHTY KpaiHe Hecra-
OUIBHBIX U PEAKIIMOHHOCHOCOOHBIX YACTMII, MTO3TOMY T€HEPHpOBa-~
HHE UX B pPACTBOPE BO3MOXHO TOJIbKO B CYMEDPKHCIBIX Cpedax
(SO,CIF — SbFs; FSO3H — SbFs; FSO;H — SO, — SbFs), T.e. B
pacTBOpax, He COOEePXAlMX HUKAKHX MTOTeHUHATbHBIX HYKI€odHUIOB
M OCHOBAaHMH, clToCOOHBIX B3aMMOAEINCTBOBATE ¢ KapbokaTHoHoM. Cy-
MEPKUCIOTHL YXe€ YIIOMMHAIHCh paHee B riaeax 3 u 4. Jns camoit
crinbHON 6peHcTenoBckoil xucaoTel FSO;H 3HayeHHe KHCIOTHOM
dyskuun Fammera H; cocrasnsier —15, a wis cmecn FSO;H u ca-
Moit cunbHOM kucnoTel JIplouca SbFy  Hy=—18. Haubonee nooxoms-
LIMMH JUIS reHepariMi KapboKaTHOHOB Pa3IMYHBIX KJIACCOB OKAa3aIMCh
cucremsl SO,FCl — SbF mnu FSO;H — SbFs — SO, (Ckuak.), mo-
3BOJIAIOIIME TEHEPUPOBATh KapOOKATHOHEI B MHTEpBajle TeMIIEpaTyp
or 0 mo —120°C.
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ANKuIbHBIE KAPOOKAaTHOHBI B cynepkucaoit cucreme SO,FCl —
SbF reHepHpyIOT U3 AIKWIXJIOPHIOB M aNKMI(TOPUIOB, 2 HOHHM3A-

UM crnMpToB ocyumecTBasercsa B cucreme FSO;H — SbFs —
SO, (xuak.):
SbF
RC —————» K°SbFCl°,
SO,FCl
FSOsH —SbFs o H® o
ROH > ROH2 — R + H3O .
SO, (xuak.)

HexoTopble ajikaHbl CHOCOOHEL K HOHU3ALMK B CYTIEPKMCION cpeae
B pe3yjibpTaTe OTLIEIUIEHHWS MMIAPHI-HOHA ¢ 00pa3oBaHMEM TPETHMYHO-
ro kapbokaTMoHa, HANpUMeEp:

FSOs;H — SbF; ® o
(CH3)3CH > (CH3)3CSbF5FSO3 + H2 .
IlepBudHbIe, BTOPHYHBIE M TPETHYHbIE ANKMJIXJIOPHIBL, ankuiIdTo-
PHABL K CITMPTHI COBEPUIEHHO MMO-PA3HOMY BedYT cebsl B CylepKUCO-
tax. [lepBuyHble ¥ BTOpMYHbIE coupTe npu —110 °C B cucremax
FSO;H — SbFs — SO,FCl wnu FSO;H — SbFs — SO, nporoHupy-
IoTcst ¢ 00pa3oBaHHeM KAaTHOHA aJKOKCOHHA:
FSO;H — SbF; ®

ROH + H® > ROH, .
SO,FCI; —110 °C

Katnonst CH;OH," u CH;CH,0H," crabuibHbl NpH HAarpeBaHMM
no +50°C, oHM He OTHWIEIUIAIOT BOAY ¢ o6pa3oBaHMEM CH3+ )5
CH,CH,", xoTophble BooGIIe HE BOIHMKAIOT B CYMEPKHMCIBIX Cpejax.
o cux nop He ymagoch 3a¢pHKCHPOBATh B PACTBOPE HM OJHOIO Nep-
BUYHOTo KatHoHa RCH,", KoTopblit MOXHO 6bUIO HIEHTUDHIMPO-
BaTh ¢ noMoiubio AMP npu HU3KHUX TemmepaTtypax. MeTHI-KATHOH M
STWI-KaTHOH He 00pa3yloTcsl U NMPH B3aHMOMEHCTBUH COOTBETCTBEH-
Ho CH3F nu CH;CH,F co SbFs B pactBope xunxoro SO,. IIpn HM3KHX
temnepatypax CH3F metunmpyer mo kuciopoxy oxcun cephl (IV),
Torma Kak 3THiIdTopun obpasyer cMech IBYX TPETHYHBIX KATHOHOB —
mpem-6yTHI- U mpem-TeKCUWIKATHOHOB:

[©)]
CH,F + SbFs + SO,—— CH;0—S=0 SbF¢;

SbF
CH,CH,F ——» CH,=CH, + HSbF; ;
SO, (xuax.)
SbF -
CH,= CH, + CH,CH,F 5> (CH,),C°SbFy .
SO, (xuax.)
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MertaH, 3TaH M npomnaH B cynepkucioi cpere SbFy — FSO;H
Takxe o0OpasyoT mpem-0yTUIKATHOH. JJaxe BoIciiMe HapadyHbl H
MOJIMATHIIEH o6pasyloT mpem-OyTHIKATHOH B cylepkuciaoTtax. Coib
(CH,);C®SbF4® crabunbHa npu temnepartypax Huxe —20 °C.

HanpHeiinye npeBpaiieHuss NPOTOHUPOBAHHOW (popMBI EpBHY-
HBIX H BTOPMYHBIX CIIMPTOB, 3d MCKJIIOYEHHEM METaHoJa M 3TaHOoJa,
3aBHCHT OT CTPYKTYPHBIX paKTOPOB M TeMIepaTyphl. [IpoToHHMpoBaH-
Has ¢opma byranona-2 npu —60 °C npeppaiiaercsd B mpem-6yTHIKA-
THOH B DE3yJibTaTeé OTUICIUVIEHUSI BOALI M Nocaenywueid ovyeHb OblI-
CTPOH NEepEerpynnMpoBKH BTOPUYHOIO B TPETHYHBIH KapOOKATHOH.
IIporoHupoBaHHBIA MePBHYHBIN H30GYTHIIOBBIA CIIMPT OaeT mpem-0y-
THJIKATHOH IpH Gosiee Bbicokoit Temnepatrype —30 °C, a OyraHos-1
npespauiaeTcs B mpem-0ytunxkatuod Tosbko npu 0 °C. Bo Bcex 3THX
cayyasix obpasyercsi TepMOOMHAMHYECKH Oojiee CTaBIbHBIA TpeTHY-
HBIH KapOOKAaTHOH:

FSOiH — SbFs; (60—(-110C) (@ 1 g .
SO, (xuax.) ’

CH3—CH—CH,CH; O;igﬁ’);sfz 5 CHi—CH-—CH,CHy —>
OH ® OH,

FSO;H — SbFs

SO, (xuuk.); —60°C

FSO;H — SbF;s ®
» (CH,),CHCH,OH, ——>
SO, (xuak.); —60°C (CHy) L

(CH;);C—OH

(CH;):C®+ H,0°;

(CH;),CHCH,OH

FSO3;H — SbF;s
S0, (xunk.); —30°

C= (CH3)3C®+ H30®;

_ @
FSOH — SbFs oy cn,cH,cH,0H, —>
SO, (xumk.); —60°C

CH;CH,CH,CH,O0H

FSO;H — SbF;s
SO, (xunk.); 0°C

> (CHy),C®+ H,0°.

OHTIbINS H30OMEPH3AI MM BTOPUYHOIO XKapOoKaTHoHA CH38HCH2CH3
B TPCTUYHBIA (CH3)3C+—KaTHOH, COINIACHO OY€Hb TOYHBIM KalOpH-
METPHYECKHM H3MepeHHsIM B cyniepkHcioTax SO,FCl — SbFs, cocras-
nseT —14,5 kkan/Mollb. AHAUTIOTHYHO M3 BCEX U3OMEPHBIX MEHTAHOJIOB B
CYNEPKHCII0TaX [OJYy4aeTcsl mpem-reHTUIKATHOH, a U3 TeKCAHOJIOB —
mpem-TeKCUNKATHOH. TpeTUYHBIA 1-METHILHKIOMEHTHIKATUOH
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Nnony4dyaercss B pE3ynbTaTe MOHHU3ALIMM BCEX HM3OMEPHBIX CIIUPTOB H

raJore HHIOB:
o O
CH; CH
> SbFs 5, —s0C
S0,; —60°C
X @ ‘%
SO,, —60°C X—CH,;—<

AHAJOrMYHO TPeTHYHbIH GMUMKIIO[3, 3, 0]JOKTWI-KATHOH Noly4aeTcs
M3 BCEX CBOMX BHIIMKIMYECKHX IPEIIIeCTBEHHUKOB!

X = C(Cl; OH

a
@
SbFs
J SO,FCL; ~78°C

YpeaBblyaiiHO HHM3Kas HYkI€oGUIbHOCTh AHHUOHOB SbFﬁe; SbFSX@
CIocobCTBYET MeperpynupoBKaM MeHee cTabUIbHBIX KapboKaTHOHOB
B H30MepHble UM OoJsiee cTabWIbHBIE MOHBI.

[Mpu Moun3anHy BTOpHYHBIX ankuidTopunos rpu —110 °C ¢ no-
Molipio AMP ymanocs 3adbHKcHpoBaTh 00pa3oBaHHe BTOPHYHbBIX ajl-
KHJI-KaTUOHOB, KoTopble NpH —40 °C Haeio H30MEepHU3YIOTCsl B Tpe-
THYHBIE aJIKUI-KATHOHBIL:

SbFs
CH3(|2HCH2CH3 SOFC,

F
SbFs

SO,FCl; —40°C

@
: _—
mTTYe CH3CHCH2§H3
SbFe

> (CH3);C®SbF,_.
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C noMowpio AuHaMuyeckoit SIMP-crnieXTpoCcKONMUM yOaT0Ch Olie-
HUTb Pa3IMYHE B IHEPrHU MEXAY Pa3JHYHBIMH BTOPDHYHBIMM U Tpe-
TUYHBIMH ATKWIBHBIMH KapOOKATHOHAMHU, KOTOPOE COCTABMISET B CY-
nepkucnorax 10—15 xkxan/Monb. DTH gaHHBIE OJIU3KHM K PA3HOCTH 3H-
TaJbNIMA 0Opa30BaHMA BTOPHYHBIX M TPETHMYHBIX KapOOKAaTMOHOB B
rasoBoit ¢aze (taba. 9.10—9.12). PazyMHO NpeanosoXuTb, 4TO pa3-
HOCTb SHTaJbIIMH OOpa3oBaHHA NMEPBHYHBIX M BTOpMYHBIX Kapboka-
THOHOB B CYNIEDKHCJIOTAX TAKXKE COOTBETCTBYET Pa3HOCTHM 3HTAJIBIIMHA
obpa3oBaHMUA ITHX MOHOB B ra3oBoil ¢ase, T.e. COCTABIsAET IPUMEPHO
20 xxan/mons. Takum ob6pasom, M B pa