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47Yc), m.p.  214-228', of trans-cyclohexane-l,2-dicarboxylic 
acid. The viscous red filtrate was estimated by integration of the 
vapor phase chromatography trace to be 9 0 q  3,4,5,6-tetrahydro- 
thiophthalide (179 g. ,  1.16 moles, 4770). The benzene wash 
solution was added to the viscous red oil and the resulting solution 
extracted with 5% aqueous sodium bicarbonate. The benzene 
was then evaporated and the oil cooled to 0 " .  The oil partially 
cr)stalliaed, and a sticky yellow solid was collected. Two re- 
crystallizations of the yellow solid from methanol (with char- 
coal) gave 3,4,6&-tetrahydrothiophthalide as white crystals (74 
g., 0.48 mole, 19%), m.p.  36-43'. Further recrystallizations 
gave white crystals, m.p. 42-43'; in 95% ethanol: 233 
mp (log t 4.02), 268 inflection (3.43); YC-o 1690, YC-P 1655 em.-' 
in carbon tetrachloride. The nuclear magnetic resonance spec- 

trum'* showed the following absorptions (in 7-values, tetra- 
methylsilane external standard): 8.26, quartet, unconjugated 
methylene; 7.70, diffuse multiplet, vinyl methylene; 6.17, 
singlet, split slightly, vinyl methylene adjacent to sulfur; cal- 
culatedarearat io2:2:1;  observed, 2.1:2.1 : l .  

Anal. Calcd. for CsHloOS (154.31): C, 62.26; H, 6.53; is, 
20.68. Found: C, 61.98; H, 6.48, S, 20.52. The molecular 
weight as determined by mass spectrometry was 154. 

When this reaction was repeated in a freshly reamed autoclave, 
the product oil after separation of the solid diacid, was estimated 
to contain 69% 3,4,5,6-tetrahydrothiophthalide and 21 % thio- 
phthalide. 

(18) The n.m.r.  spectrum was obtained on a T'arian A-60 spectrometer. 
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Several 5-substituted 2-amino-5,6-dihydro-1,3-oxazines (Table 111) were prepared by the cyclization of the 
appropriately substituted 1,3-amino alcohols (Table 11) with cyanogen bromide. The amino alcohols were pre- 
pared most readily by a two-step process: (1)  sodium borohydride reduction of a-substituted cyanoacetates 
to the novel hydracrylonitriles (Table I), and (2)  lithium aluminum hydride reduction of these to the requisite 
amino alcohols. A side product of step 1 has been shown to result from the reduction of the nitrile function with 
sodium borohydride. 

The 2-amino-5,G-dihydro-1,3-oxazine system (I) has 
apparently received little attention. In 1890 Gabriel 
aiid Lauer2 described the parent compound ( I ,  R1 = 
Rz = R3 = H) and more recently Sa je r  aiid co-workers3 
reported the synthesis of several S-substituted deriva- 
tives (I ,  R1 = Rz = H ;  R3 = alkyl, aryl, aiid aralkyl). 
Our interest in this system concerned the possible 
biological activity of analogs in which the &position 
was substituted (e.g., I, R1 = RP = phenyl; RB = H). 

The ganeral method employed by the earlier workers 
was cyclization of the appropriately X-substituted 
N'-y-chloropropylureas (11) in boiling water. Our 
approach was the cyclization of 2-substituted 1,3- 
amino alcohols (111) with cyanogen bromide. The 

O r N H z  
R, ,CH@H 

R' \CH,NH, 
C -I- BrCN - R&h 
I11 A 

analogous reaction between 1,2-amino alcohols and 
cyanogen bromide to give the corresponding %amino- 
oxazolines (e.g., IV) has been r e p ~ r t e d . ~  

The requisite 1,3-amino alcohols were in general new 
compounds. In  the search for a method of preparation, 

(1) Presented in part a t  the Fourth Delaware Yallcy Regional Meeting, 

( 2 )  S. Gabriel and S. Lauer, Ber. .  28,BA (1890). 
(3 )  €1. NaJer,  P. Chabrier. and R.  Giudicelli. Bull. m c .  chim. F m n c e .  f i l l  

(1959). 
(4 )  G .  Fodor and K.  Koczka. J .  Chem. S o c . ,  8.50 (1952); R. R.  Wittekind, 

. J .  D. Rosenair, and G. I. Poos. J .  Oru. Chem., 26, 444 (1961): G .  I. Poos, 
J .  R. Carson, J .  D. Rosenau, A .  P .  Roszowski, N. M. Kelley, and J. Mo- 
Goaan.  J .  M e d .  Chem., 8 ,  266 (1963). 

Pliiladelphia. Pa.. January 2 ,526 ,  1962. 

Iv 
we were attracted by the report6 that lithium aluminum 
hydride reduces a$-unsaturated cyanoacetates (e.g., 
V) to  the corresponding saturated amino alcohols (VI). 
Xumerous attempts to  reproduce these results led only 
to poor yields of colored oils from which none of the 
desired amino alcohols could he isolated.6 Two excrp- 
tions were noted, namely, ethyl methylphenylcyano- 
acetate aiid ethyl dipheriylcyanoacetate (see XXXI and 
XXXII,  respectively, Table 11). Evidently, disub- 
stitution of the a-position of ethyl cyanoacctate allows 
reduction with lithium aluminum hydride to  proceed 
satisfactorily. 

'COOEt 
V 

The desired amino alcohols were finally obtained by 
either of the two following methods. 

1. Sickel-catalyzed hydrogenation of the a,p- 
unsaturated cyanoacetates (e.g., V) to give the corre- 
sponding amino esters (e.g., VII).' The latter sub- 

( 5 )  A .  Dornoa, G .  hlessaarb, and H. 11. Frey, Ber. ,  83, 44.5 (19.50). 
(6)  The extraordinary uork-up and isolation techniques employed by  

Dornon, et al . ,  and the generally poor yields reported suggest that they ex- 
perienced similar difficulties. 

(7) R. R. Burtner and J .  u'. Cusie. J . , A m .  Chem. Soc.,  66. 262 (1943), 
used a similar method t o  reduce methyl diphenylcyanoacetate to the  amino 
ester. 
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TABLE I 
HYURACRY LOXITRILES 

Ri C S  

'C' / \  

Compound 
no. Ri 

w 8, 
OCH 

xxn cH306cHz 
CH30 

bH, 
XXN 

Rz 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CsHa 

/ 
Rz 

M.p. or b.p. 
(mm.) ,  'C. 

104-105 

153 (0 .5)  

95.5-96.5 

68-69 

43.5-44.5 
135" ( 0 . 1 )  

90 (0.1) 

65-66 

138-48(0.1)  

140-142 ( 0 . 1 )  

65-66 

\ 
CHzOH 

Recrystd. Yield, 
froin 55 

Ether-pet. ether 80 

96 

EtOH 91 

CHCls-ether 68 

EtOH 

stances were readily converted to the amino alcohols 
(e.g., VI) with lithium alumiiium hydride with none of 
the previously described difficulties. 

HpC-0 

LiAlH -VI 
CHzCHCHZNH2 

I 
COOEt 

VI1 

2 .  Chemical reduction of the a,p-unsaturated cyano- 
acetatts with sodium borohydride to  the corresponding 
saturated hydracrylonitriles (e.g., YIII). A related 

90 

50 

94 

81 

Ether-pet. ether 85" 

50 

a Prepared from diphenylacetorlitrile and formaldehyde (see Experimental). 

reduction, namely, 

Calcd 

C 8 0  98 
H 6 37 
N 5 90 

N 6 83 

C 6 5  14 
H 6 83 
S 6 33 

C 6 6  65 
H 6 22 

C 6 9  09 
H 6 85 

c 7 4  51 
H 6 88 
N 8 69 

C 6 2  14 
H 6 82 
S 5 57 

?; 7 16 

N 6 89 

C 8 0  69 
H 5 87 
S 6 27 

Found 

C 8 0  85 
H 6 45 
N 5 65 

s 0 02 

r b5 02 
€I G 82 
N 6 12 

C66 81 
H 6 46 

C69 30 
H 6 80 

C 74 28 
H 7 12 
S 8 96 

C 6 2  41 
H 7 08 
N 5 40 

N 6 77 

N 6 74 

C 80 58 
H 6 08 
x 0 18 

a-acetamidocyano- 
acetate (IX) to a~acetaniidohydracrylonitrile (Xi  with 
sodium borohydride, has been reported.s The hydra- 
crylonitriles (VIII) were then reduced to the desired 
amino alcohols with lithium aluminum hydride. 

CN cs 
NaBHr ~ 

I I 
COOEt> CH?OH 

IX s 

LH-NHCOCH3 --+ CH-xHCOCH, 

(8) L. Berlinguet, Can. J .  Chem., 53, 1119 (19.55): G .  W. I(. Cavil1 and 
F.  B. Whitfield. Proc .  Chem. S o c . ,  380 (1902) ,  report the sodium boro- 
hydride reduction of i to the corresponding ryano-alcohol. N o  exueri- 
mental details are given. We thank Dr.  Richard K. Hill of Princeton 
University for bringing this report t o  our attention. 

(333 
CH-CN 
I 
COOEt 
i 

I 

CHpOH 
WI 
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While method 1 afforded adequate yields of amino 
alcohols for subseque~it cyclization, method 2 mas used 
almost exclusively when it became clear that in terms 
of yields and simplicity of operation it was the more 
satisfactory. 
X basic by-product in the reduction of ethyl a- 

cyaiio-P-pheiiylciiiiiaiiiate (XI) with sodium borohy- 
dride in diglyme was ideiitified as ethyl a-diphenyl- 
methyl-p-alaiiiiiatc (XIII), isolated in 8% yield. This 
product was identical with that  obtained by catalytic 

XI 

,H-CH-CN , CH--CH-CHzNHQ 

XI11 
8 

(nickel) hydrogenation of XI. Apparently, this is the 
first reported instance of the reduction of a nitrile with 
sodium borohydride. It is interesting to note that with 
isopropyl alcohol (the usual solvent for these reduc- 
tions), a negligible amount of basic product was ob- 
tained. The scope of this side reduction has yet to be 
studied. 

The hydracrylonitriles (Table I )  were found to be 
surprisingly stable to heat; e . g . ,  several of them were 
purified by distillation a t  temperatures around 150"; 
they form the usual derivatives, e . g . ,  tosylates, urethans, 
carbamates. They are readily hydrolyzed with alkaline 
peroxide to the Corresponding hydracrylamides and with 
thionyl chloride they are converted to the corresponding 
P-chloropropionitriles. 

Two cases that follow are worthy of further note. 
1, While ethyl diphenylcyanoacetate is converted 

to dipheiiylhydracryloiiitrile (XIV) with sodium boro- 
hydride, the yield is poor (ea. 40%). A better method 
for preparing XI\' is condensatioii of diphenylacetoiii- 
trile with formaldehyde in the presence of a base such 
as calcium oxide. 

m 

2 .  Ethyl phenylcyanoacetate (XV) was recovered 
unchanged when treated with sodium borohydride. 
Thc vigorous evolution of gas when the reagents are 
brought together suggests the formatioil of anion XVI 
which is apparently resistant to further attack by 

BH4-. Wheeler and Wheeler1a report that  carboxylate 
ion may likewise inhibit attack of BH4- a t  another cen- 
ter of the molecule. 

Conversions of carboxylic esters to the corresponding 
primary alcohols with sodium borohydride are not 
generally observed" although exceptions have been 
noted.'? That the a,P-unsaturatioii has little to do with 
the reduction of the ester fuiictioii is evident from the 
fact that both ethyl dipheiiylcyanoacetate and ethyl 
a-cyano-P-phenylhydrocinnainate (XVIII) l3  are re- 
duced to the respective hydracrylonitriles with sodium 
borohydride and it is likely that the first step in the re- 
duction of a$-unsaturated cyanoacetates is attack of 
hydride ion at the B-posi t io~i .~~ Since several diethyl 
malonates studied in this laboratory mere found to 

Pl w 
CH- CH - CN 

I 0 COOEt 

XVIII 

be totally resistant to the action of sodium borohydride, 
one must conclude that  the strongly electron-with- 
drawing nitrile function plays a major role ill the facile 
reductions observed here, probably by enhancing the 
electrophilic character of the carbethoxy function (see 
XIX). 

(9) Ethyl a-cyano-8-phenylhydrocinnamate (ii), while possessing an a- 
hydrogen, is reduced to  the corresponding hydracrylonitrile (XII) with 
sodium borohydride. This would indicate tha t  an  a-phenyl group such a s  
tha t  present in XV makes the  a-hydrogen appreciably niorc acidic toqa rds  
sodium borohydride. 

(10) D. M. S. Wheeler and M. XI. Wheeler, J .  O r g .  Chem..  27,  3796 
(1962). 

(11) S. W. Chaikin and W. C. Brown. J .  A m .  Chem. Sor. ,  71, 122 (1949) .  
For reductions in the  presence of aluniinuin chloride, boron trichloride, 
and lithium iodide, see H. C. Brown and B. C. Subba Rao, ibzd . ,  77, 3164 
(195.5); H. C. Brown, U. S. Patent  2,948,886: R. Paul and N. Joseph, Bull. 
8oc. rhim. France, 650 (1Y52),  rpspectively. Presumably, these additives 
do not enhance the reductive powers of sodium borohydride but con\.ert 
i t ,  in sifu, to  a more reactive hydride. For example, the addition of lithium 
halide produces lithium borohydride IH. C.  Brown, E. J. Mead, and B. C .  
Subba Rao. J .  A m .  C h e n .  Soe .  7 7 ,  6209 (19,5h)I.,a reagent xvhich readily 
reduces esters [R.  F. Nystrom, S. W. Chaikin, and N'. G .  Brown, i b i d . ,  71, 
3245 (1949) I. 

(12) See N. G.  Gaylord, "Reduction with Complex hletal Hydrides," 
Interscience Publishers, Inc., New York, N.  Y . ,  1956, p. 603. The ex- 
amples include t u o  steroidal methyl esters and several methyl uronates. 
See also, J .  Kollonitsch, 0. Fuchs. and V.  Gabor, Xafzrre, 176, 346 (19.55). 
These authors  gix-e no examples or experimental details. 

(13) E. P. Kohlerand M. Reimer, A m .  Chem. J . ,  SS, 333 (1905). 
(14) H. Le hloal, R .  Carrie. and h l .  Bargain, C o m p f .  rend., 261, 2541 

(1960). report that  potassium borohydride in niethanol reduces ethyl 01- 

cyano-8-phenylcinnamate (XI) to  the  dihydro conirio~ind, i . e . ,  XVIII. 
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TABLE I1 
~-AMINO-~-PROPANOLS 

R1 CHzOH 

'C/ 
/ \  

Rz CHzNHz 
Recrystd. 

M.p.,  'C. from Compound no. RI Rz 

xxD( QH H a 157-159" EtOH-ether 

173-174d MeOH 

Yield, 
% Formula Calcd. Found 

(CI&I~NO)~C~H,OIC N 4 .68  N 4 .39  s7b 
86* 

40 (CIIHI&NO~)ZC~H~O~ N 5 .24  N 5 .14  

xxx cHo5 H 162-163 MeOH 

CH, 
XXXI CBHL CH3 114subl. MeOH 42/ C I ~ H ~ ~ N O . C ~ H ~ O ~  C 59.77 C 59.93 

H 6 . 8 1  H 7.00 
N 4 . 9 8  N 4.86  

XXXII CeH5 CsHs 176-177' Aqueous EtOH 71* C ~ ~ H I ~ N O . C ~ H * O ~  N 4 .08  N 4.30  
CH3 

43 CiaHziNO .HC1 N 6 .76  N 6 . 6 5  

a The free base melts 99.5-104.5'. Using ethyl a-diphenylmethyl-8-alaninate as starting material, the yield was 777,. 

Ethyl methylphenylcyanoacetate was starting material. 

C4H404 
Using ethyl a-(3,4-methylenedioxybenzyl) 

0 The free base melts 
refers to fumaric acid. 
alanine as starting material, the yield was 407,. 
108-108.5". 

Dornow, el al., ref. 4, report m.p. 140" for the oxalate salt. 

Using ethyl diphenylcyanoacetate as starting material, the yield was 47%. 

/ \  
XIX xx m 

Reduction of the acrylonitriles with lithium alumi- 
num hydride afforded the requisite, 1,3-amino alcohols 
in good yields (Table 11). These subsequently reacted 
with cyanogen bromide to  give the desired 2-amino-1,3- 
oxazines in moderate yields (Table 111). In most 
cases, the intermediate cyanamide alcohol could be 
isolated and in one case (XX) it was characterized. 
This behavior contrasts sharply with that observed in 
the case of 1,2-amino alcohols,4 where the interiiiediate 
cyanamide alcohols cyclize spontaneously in every 
reported case. l5 

Cylization of the intermediate cyanamide alcohols 
was found to  occur readily upon treatment with anhy- 
drous hydrogen chloride. I n  one case (XXI),  however, 
cyclization took place spontaneously, a probable conse- 
quence of the two phenyl groups forcing the cyandinide 
and alcohol functions closer together. 

(15) .4 private communication from G. I. Poos, and J. D. Rosenau of 
these laboratories. reveals that at least one exception to shis has been found, 
namely. i i i .  which is obtained from the corresponding amino alcohol upon 
treatment a i th  cyanogen bromide. The details of this and other related 
work will appear elsewhere. 

OH WN iii 

Experimental 
All melting points are uncorrected and were taken on a Thomas- 

Hoover capillary melting print  apparatus. 
The starting a,p-unsaturated cyanoacetates were prepared 

from the appropriate aldehydes and ethyl cyanoacetate by 
known methods.lB Ethyl diphenylcyanoacetate was prepared 
from ethyl chlorodiphenylacetate and mercurous cyanide.'' 
Ethyl methylphenylcyanoacetate was prepared by methylating 
ethyl pheny1cyanoacetate.lh 

The descriptions which follow are general methods and appli- 
cable to all examples in Table 1-111 unless otherwise noted. 

Hydracrylonitriles (Table I) .  Method A.-To a stirred, moled 
(15') solution of 3.6 g. (0.1 mole) of sodium borohydride in 50 
ml. of diglyme "as added over a period of 15 min. a solution of 
10 g. (0.036 mole) of ethyl a-cyano-P-phenvlcinnamate in 50 
ml. of diglyme. The temperat'ure was allowed to reach rootri 
temperature and stirring maintained for 3 hr. after which t,hc 
mixture was poured over water and extracted with ether several 
times. The combined organic solutions were washed twice writjti 

2 N HC1 and finally once with water. After drying over anhy- 
drous sodium sulfate and concentration in UUCUO.  there remained 
7.5 g. of a crystalline residue, m.p. BO-IOO", which was recrpst>d- 
lized from ether-petroleum ether to give 6.8 g. (SOC;) of analyti- 
cally pure a-diphenylmethylhydracrylonitrile, m.p. 104-1 05' ; 

(16) E. J. Cragoe. Jr. .  C. hl.  Robb. and J. RZ. Sprague, J .  Org. Chem., 
16,381 (19501, F. D. Popp. ibtd., '26, 646 (1960). 
(17) A. nickel, Her. ,B2,  1537 (1889). 
(18) S. Wideqvist Chem. Zentr. JI, 1184 (1943). 
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TABLE I11 
2-AMINO-5,6-DlHYDRO-1,3-OXAZINES 

Recrystd. 
from 

b 

Comi>ound 
nu. R1 

Yield, 
7% 

65 

40 

46 

50 
65 

70 

R hl.p., " C .  

H 209-21 1 

Formula 

( C I ~ H ~ ~ S Z O ) Z C ~ H ~ O I  

Calcd. Found 

C 70 29 
H 6 43 
iY 8 53 

c 57 59 
H 5 76 
?; 9 16 

C 58 55 
H 6 58 

S 11 04 
C 69 66 
H 5 85 
N 8 68 

N 9 63 

C 70.3-5 
H 6 22 
N 8.64 

p*-0 
Aqueous EtOH C 57.53 

H 5 .62  
N 9 59 

178-180 

196 ,5197  EtOH C 58.43 
H 6.54 

234 dec. 
248 dec. 

Aqueous EtOH 
b 

N 11.28 
C 69.66 
H 5 . 8 5  
Tu' 9 .03  

194.5 dec. MeOH S 9 .65  

a C4H40a signifies fumaric acid. * Purified by boiling in ethanol or 2-propanol. 

A'- 2.86, 3.25, 3.35, 3.41, 4.39, 6.22, 6.65, 6.84 p ;  A:::? 221, 
263 nip; e 9800,230. The analytical data are reported in Table I .  

The aqueous acidic washes of the reaction mixture were made 
basic with concentrated sodium hydroxide solution and extracted 
with ether. The organic solution was worked up in standard 
fashion to  yield 1 g. of oil which was converted to a hydrochloride 
salt. ni.1). 19!)-201". The yield was 0.85 g.  ( 8 % ) .  Comparison 
with an authentic sample showed this material to be ethyl a- 
diphenylniethyl-/3-alaninate hydrochloride. 

Method B.-To a stirred, cooled (15') suspension of 11.4 g.  
(0.3 mole) of sodium borohydride in 50 ml. of 2-propanol was 
added over 5 min. a solution of ethyl a-cyano-8-phenylcinnamate 
in 200 ml. of 2-propanol. After stirring for 8 hr., the excess 
borohydride was destroyed with dilute acetic acid and most of 
the 2-propanol removed in vacuo. From this point, the reaction 
was worked up  as previously described in method A. The yield 
of a-diphenylniethylhydracryl~nitrile was comparable to that  
obtained from the diglyme system. although the amount of basic 
material obtained was negligible. 

Method C (for ap-Diphenylhydracrylonitrile Only).-To a 
stirred mixture of 25 g.  (0.13 mole) of diphenylscetonitrile, 11.5 
g.  (0.38 mole) of paraformaldehyde, 30 ml. of water, and 100 ml. 
of tetrahydrofuran was added in several portions .5.5 g. (0.1 mole) 
of calcium oxide. The temperature rose to about 30" after 
whirh it returned to room teniperature and stirring was continued 
for 8 hr. 

The mixture was then made slightly acidic with formic acid 
and cwncentrated to near dryness in vacuo. The residue was 
diluted with water and extracted several times with ether after 
which the vonibined ether solutions were washed with water, 
dried over anhydrous potassium carbonate, and concentrated to  
dryness leaving about 30 g. of an oil which slowly crystallized. 
The yield of pure crystalline cr.cr-diphenylh~~dracry1onitrile (re- 
crystallized from ether-petroleum ether) wa8 only about 15 g. 
( . 5 2 ( X ) ,  although if the crude product is treated with lithium 
aluminum hydride a il o/L yield of the corresponding amino alcohol, 
< . e .  3-amino-2.2-diphenyl-] -propanol is obtained. 
a,a-l)iphenylh~dscrylonitrile has the following physical prop- 

erties: m.p.  65-613'; A:::,': 2.88, 3.25. 3.40, 4.44, 6.24, 6.67. 
6.88 p .  

Amino Alcohols (Table II).-To a stirred suspension of 3.9 g. 
(0.1 mole) of lithium aluniinum hydride in 75 ml. of anhydrous 

The analytical data are reported in Table I. 

ether was added, over a convenient period, a solution of 9 g .  
(0.03 mole) of a-diphenylmethylhydracrylonitrile (or an equiva- 
lent amount of ethyl a-diphenylmethyl-8-alaninate) in 100 ml. of 
ether. After stirring for 5 hr. ,  the excess hydride was destroyed 
with water, the ether solution filtered and concentrated to dry- 
ness. The residue, 6.5 g.. was recrystallized from ether-hexane to 
give 6.1 g.  (79(/;) of pure 3-amino-2-diphenylmethyl- 1-propanol, 
m.p. 99.5-104.5O; A:::: 3.14, 3.40, 3.45, 6.24, 6.65, 6.85 f i .  

\+'here the amino alcohols were oils or difficultly recrystalliz- 
able, they were converted to a convenient salt (see Table 11) and 
characterized. 

2-Amino-5.6-dihydro-4H-1 ,J-oxazines (Table III).-To a 
stirred, cooled (10') mixture of 8 g.  (0.03 mole) of 3-amino-2- 
diphenylmethyl-1-pror~anol and 5.6 g.  (0.06 mole) of sodium 
acetate in 100 ml. of methanol was added drop by drop a solution 
of 3.6 g. (0.034 mole) of cyanogen bromide in 50 ml. of methanol. 
The homogeneous mixture was then stirred for 8 hr.  

The solution was concentrated to near dryness and the residue 
treated with cold concentrated aqueous sodium hydroxide. The 
mixture was then extracted with ether several times after which 
the conibined ether solutions were washed once with water, 
dried over anhydrous potassium carbonate and evaporated to 
dryness. The crystalline residue was recrystallized from benzene 
to give 7.4 g. (84%) of 2-diphenylmethyl-3-hydroxypropykyana- 
rnide, ni.1). ! ) 1 - 9 2 O  (with subsequent resolidification and fusion 
a t  205"); A:::: 2.98, 3.19, 3.40, 4.46, 6.23, 6.66. 6.68 p .  

Anal. Calcd. for CliH,,N,O: N ,  10.52. Found: N ,  10.31. 
When the previously described substance was dissolved in 

ether and treated with anhydrous hydrogen chloride, a hygro- 
scopic solid precipitated. From this 5.1 g. of the free amine, 
m.p. 197-200', was obtained.lg This was converted to a fuma- 
rate salt, n1.p. 20!)-211°; the yield was 3 g. (31%), 3.04, 
3.40, 3.88, 6.50, 6.84 p .  The analytical data are reported in 
Table 111. 

Ethyl a-Diphenylmethyl-p-alaninate Hydrochloride.-In a 
etainless steel autoclave was placed 10 g.  (0.036 mole) of ethyl a- 
cyano-8-phenyl cinnamate. about 10 g. of triethylamine, about 2 
g. of sponge nickel catalyst (Ilavison Chemical Co.), and 150 

(19) Whether this was the product obtained upon melting 2-diuhenyl- 
methyl-3-hydroxy~~ropylcyanamide (note its melting point) was not, investi- 
gated. 
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nil. of absolute ethanol. The autoclave was then shaken under Anal .  Calcd. for C,,H,,NO, HCI: C, 67.59, H,  6.94; N, 
1,000 Ib. of hydrogen pressure a t  100" for 1 hr. 4.38. Found: C, 67.89; H, 7.01; N, 4.36. 

After filtration, the solution &as  concentrated zn vacuo and the 
oily residue taken up in ether and separated into basic and neutral 
fractions. The basic fraction was converted to  its hydrochloride 
salt and recrystallized from ethanol-ether to give 5.8 g.  (50'h) 
of analytically pure ethyl ol-di~henylmethyI-p-alaninate hydro- 
&loride, m .  200-2020; 3.50, 5.80, 6.15, 6.22, 6.29, 6 . 6 5 ,  
6.84 p ,  A:$ 258 nip, 475. 

Acknowledgment.--We wish to thank Dr. George I. 
Poos who suggested the original problem for helpful 
discussions, and Airs. Mary Christie for the spectro- 
scopic data and nitrogen analyses. 

Reactions of Acetylenic Esters with Enamines 

C H ~ R L E S  F. HUEBVER, L. DORFMAS, M I C H ~ E L  11. ROBISON, ELLES DOVOGHUE, WILLIAM G. PIERSON, AXD 
PATRICIA sTRL4CHAX 

Research Department, Czba Pharmaceufzcal Company, Dzvzszon of Czba Corporatzon, Summzt, New Jersey 

Received June  10, 1963 

Enamines derived from cyclic ketones react with ethyl propiolate or dimethyl ncetylenedicarboxylate to pro- 
ducbe intermediate cyclobutene adducts which have, in several cases, been isolated. These cyclobutenes on heat- 
ing, undergo bond rearrangement with expansion of the cyclic ketone ring by two varbon atoms. In  a t  least one 
case, however, treatment with dilute acid in the cold results in a second reaction course to form a Michael-type 
adduct of the ester and cyclic ketone. Reactions of dimethyl acetylenedicarboxylate with enamines derived 
from p-diketones and p-keto esters also are described. 

Since the introduction by Stork and co-workersl in 
1954 of a relatively general procedure for the alkylation 
of carbonyl compounds via their enamine derivatives, 
reactions of the latter with a wide variety of electro- 
philes have been studied by various investigators. 
Although alkylations with electrophilic olefins, re- 
ported in 195Ci2, have been widely studied,' little, until 
recently, has been known about the corresponding re- 
actions of enamines with electrophilic acetylene com- 
pounds. The earliest report of such a reaction, in 
abstract form,3 indicates that  enamines react with con- 
jugated acetylenic esters to produce an intermediate 
cyclobuteiie adduct, which rearranges in such a manner 
as to interpose the two acetylenic carbon atoms be- 
tween the erstwhile olefinic carbons of the enamine. 
We had been iiidepeiideiitly studying this reaction for 

some time with both cyclic and acyclic4 enamines when 
we became aware of the activities of two other groups 
of investigators in this field. Bose and Miiiah5 have re- 
ported on reactions of enamines of cyclic ketones with 
dimethyl acetylenedicarboxylate and with methyl 
propiolate t,o yield ring-expanded products by an anal- 
ogous process, and a pending paper by Berchtold6 is 
concerned with the dimethyl acetylenedicarboxylate 
reaction in similar cases. In spite of some duplication 
in these investigations, me present our findings on re- 

(1) C / .  C. Stork.  A .  Brizzolara. H. Landesman. J. Bmuszkovicz. and R. 
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(2) G .  Stork and I f .  Landesttian. ihzd.. 7 8 ,  5128 (19.56). 
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(4) Cj .  C. F. Huebner and  E. Donoghue, J .  Org. Chem., 38, 1732 (1963). 
( 5 )  A. IC. Rose and  G. I,. hlinah. Metropolitan Regional Meeting of the 

American Chemical Society. Newark, N. J . .  January 28, 1963. 
(6) G .  A .  I3erclitold and 0. F. Uhlig. J .  Org. Chem.. 38, 1459 (1963). We 

uis l i  to thank Dr.  I3erclitold a-ho. through nr. F. Greene. made a c o i ~ y  of his 
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scriutd from this laboratory. 
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actions of cyclic enamines here, for they include cer- 
tain unique results, among these the isolation of several 
of the intermediate cyclobutene adducts. In addition we 
have found that the cyclobutenes may, a t  least in cer- 
tain cases, be converted either to the ring-expanded 
derivatives,5,fi or (on hydrolysis) to the unsaturated 
keto esters corresponding to Michael-type additions of 
acetylenic esters to ketones. I n  addition, we report here 
reactions of acetylenic esters with various acyclic en- 
amines derived from p-diketones or p-keto esters, the 
courses of which are widely diverse in nature. 

The early experiments with ethyl propiolate w e r ~  
carried out by addition of the ester to a dioxane solution 
of 1-pyrrolidiiiocyclopentelie (la) a t  ambient tempera- 
ture, and subsequent heating of the mixture on the 
steam bath. Removal of solvent allowed isolation of 
the crystalline l-pyrrolidiiio-2-carbethoxy-l,3-cyclo- 
heptadiene (3). The structure of this substance was 
indicated by infrared bands a t  1661 and 1605 cm.-' (Su-  
jol) representing C=O and C=C absorptions, respec- 
tively. In the 1i.m.r. spectrum7 the C-3 proton was 
observed as a doublet a t  6.45 6 (J3,4 = 10.1) and H-4 
as a triplet' of a doublet' at' 5.70 6 ( J w  = 10.1, J , .E , .~  = 
6.4). Chemical confirmation of the structure was ob- 
tained in several ways. Mild acid hydrolysis of the 
enamine group resulted in t'he formation of the keto- 
enol mixture (4), which was reduced catalytically to 
the kiiowii* 2-carbethoxycycloheptarlone (6). This 
keto ester was identified by its reaction with phenyl- 
hydrazine to yield the solid phenylpyrazolone deriva- 
tive,8 and by its hydrolysis and decarboxylation to 
cycloheptanoiie, the semicarbazone of which was com- 
pared with an authentic sample. The sequence of 
reactions also mas carried out in reversed order, partial 
hydrogenation preceding the mild hydrolysis to yield 
the same product. 

When, on the other hand, ethyl propiolate and l a  
were allowed to react below room temperature and the 

(7) Spectra were obtained with the Varian A-60 spectrometer a t  60 Mc./ 
sec. using tetramethylsilane a s  internal reference. Chemical shifts  are quoted 
in field-independent &units (p.p.m.) where 6 is defined by the relationship 
6 = 1081 H , , f  - H l / H r e f ;  coupline ronstants ( . I )  are expressed in  C . P . S .  

(8) U'. Dieckmann, Ber.. 66 2485 (1922). 


