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One of the methods  for  the enant iose[ect ive  synthes is  of amino acids  is  the reduct ion of az lac tones  of 
~ - a c y l a m i d o a c r y i i c  ac ids  in the p resence  of ch i ra l  ca ta lys t s  [1]. In the p resence  of Pd on silk the azlactone 
of acetamidocimnamic acid (I) is reduced to R(+)-phenylalanine with a total  yield of 16% and an optical  purity 
of p = 35.6% [2]. The use  of ca t a lys t s  based on Pd and Ni and obtained by reducing complexes  of them with S- 
ty ros ine  in th is  reac t ion  produced S-phenylalanine with a 5-30% yield and p = 30-60% [3]. Rhodium --  phosphtne 
ca t a lys t s ,  which have been successfu l ly  used for  the enant iose lec t ive  hydrogenation of acy lamidoc innamic  ac ids  
[4, 5], were  found to be inactive in the case  of the hydrogenat ion of the cor responding  az lac toae  [4]. The low 
yie lds  in the case  of the reduct ion of az iac tones  a r e  apparent ly  a t t r ibutable  r the res i ' s tance of the sy s t em of 
double bonds in the azlactone ring to reduct ion.  Recall ing the high reac t iv i ty  of az lac tones  with r e spec t  to 
convers ions  involving the opening of the r ing,  we would expect  some faci l i ta t ion of the hydrogenat ion of a z l a c -  
tones  in the p resence  of nucleophilic r e a g e n t s .  In fact ,  the reduct ion of az lac tones  was ca r r i ed  out in [6] in 
ethanol containing am m on i a  in the p resence  of Raney nickel ,  and the reac t ion  resul ted in the fo rmat ion  of 
amides  of benzoylamido ac ids  with 80-100% y ie lds .  

We previous ly  showed that  the reduct ive  amino lys i s  of I by S( - - ) -a -pheny le thy lamine  (II) in the p resence  
of a Pd ca ta lys t  is s t e r eose l ec t ive  and produces  N- (~ ' - pheny l e thy l ) -~ - ace t amidohyd roc innamamide  with an SS 
configurat ion,  whose hydro lys i s  y ie lds  optically pure S-phenylalanine and S( - - ) -~-phenyle thy lamine ,  the l a t t e r  
being capable  of being used again  in the reac t ion  [7]. The presen t  invest igat ion is  devoted to a m o r e  detai led 
study of th is  reac t ion .  

The reac t ion  of I with II and hydrogen in aprotonic  solvents  was ca r r i ed  out in the p resence  of a Pd 
ca ta lys t ,  which was obtained by the reduct ion of PdCl 2 by hydrogen (see the scheme):  

H,/Pd PhCH~CH--C=O (H) 

Me 
�9 . / M e '  H Pd . . /Me 

PhCH ~C--C=O-~NH2CH~ q- 2--l~PhCH.zC H-- CO N H C I t \  p h 
I I Ph I 

N O - - - ' N H  

COMe (ItI) 
i 0)  (n) 

Me 
2 t lilt) H+(H~O) 

* / M e  * , �9 / M e  
PhCH=C--CONHCH\ II,/Pd PhCH2CHCOOH -~- NH~CH\p h 

I Ph l 
NHCOMe (1.V) NH2 

The reac t ion  products ,  which contained N-(c~ ' -phenyle thyt ) -c~-ace tamidohydrocinnamamide  (III) and N- (a  ' -  
phenytethyt)-~-acetamidoctnnamamide (IV), were  analyzed by PMR, the re la t ive  amounts  of SS- III, RS-III ,  and 
IV being de te rmined .  F igure  1 p resen t s  the PMR spec t rum of a mixture  of the protons of the CHa group,  the 
weak-f ie ld  s ignals  cor responding  to the SS d i a s t e r eos iomero  The ass ignment  was made on the ba s i s  of the 

N. D. Zei inski i  Insti tute of Organic  Chemis t ry ,  Academy of Sciences of %he USSR, Moscow. Trans la ted  
f rom izves t iya  Akademii  Nauk SSSR, Seriya Khimicheskaya~ No. 5, pp. 1104-1111, May, 1978. Original 
a r t i c l e  s u b m i t e d  January  11, 1977o 

0568-5230/78/2705-0957507.50 �9 1973 Plen,)_m Publishing Corpora$ion 957 



$3 

P s  

s s  

OFt3-C= 0 CH3-~H- 

Fig. I .  Proton magnetic resonance spectrum 
of a mixture of the dias tereoisomers  of N - ( a ' -  
phenylethyl)-a-acetamid ohydroc innamamide. 

TABLE 1. Effec t  of the Rat io  be tween  the  Az lae tone  of A c e t a m i d o -  
c innamic  Acid (i) and S ( - - ) - ~ - P h e n y l e t h y l a m i n e  (II) with Var ious  In i -  
t ia l  Conc e n t r a t i ons  in DME on the Nature  of the l~eductive A m i n o l y s i s  
_(Pd( ~=q.2 rumple,  20"0 ) 

Initial concentra- 
Exper- 
iment 
t - l u m -  
b e r  

tion, mole//itex 

(i) (H} 

0,o7 0,07 
0,07 0,105 
0,07 0,135 
0,07 0,206 
0,07 �9 0,25 
0,08 0,10 
0,05 0,t0 
0,033 O, iO 
0,025 O, lO 

(H}/(:) 

i,O 
i,50 
i,93 
2,95 
3,57 
i,25 
2,00 
3,0 
4,0 

t 
2 
3 
4 
5 
6 
7 
8 
9 

":.it z 

rnin 

'15 
22 
42 

39 
46 
36 
39 

*The r e a c t i o n  t i m e  was  5 h.  
~Excess  of the S enan t iomer  

Reaction prod- Ratio cf di- 
ucts, % astereoiso- 

mers c fllI, 
~ SS:RS 

(111) (IV) 

80 
75 t015 
88 12,0 
63,5 28,0 
60 38,5 
72 7 
72 12 
85 3.3 
72 7 

59 : 4I 
69,5 : 30,5 
71,5 : 28,5 
70,5 : 29,5 

68 : 32 
66,6 33,4 

71 29 
65,5 34,5 
66,6 33,4 

EXC, 

S,? 

t8 
39 
43 
4i 
36 
33,2 
42 
31 
33,2 

h y d r o l y s i s  of that  d i a s t e r e o i s o m e r ,  which yie lded S-phenyla lan ine .  The produc t ion  of opt ica l ly  pure S-phenyl -  
a lanine and II as  a r e su l t  of the  h y d r o l y s i s  ind ica tes  that  t h e r e  is  no r a c e m i z a t i o n  of e i t he r  ch i ra l  c e n t e r .  

The r e s u l t s  of the e x p e r i m e n t s  in which the t e m p e r a t u r e ,  r a t io  be tween  the  componen t s ,  and the solvent  
w e r e  va r i ed  a r e  g iven in Tab l e s  1 and 2 .  The inves t iga t ion  of the  inf luence of the r a t io  be tween  the r e a c t a n t s  
fo r  v a r i o u s  init ial  c onc e n t r a t i ons  on the na tu r e  of the p r o c e s s  (see Table  1) showed that  when the concen t r a t i on  
of the amine  is i n c r e a s e d ,  the  r eac t i on  is  s lowed,  and the r e l a t ive  concen t r a t i on  of the  unsa tu ra t ed  amide  (IV) 
in the ea t a ly sa t e  i n c r e a s e s  (exper iments  1-5) .  In addit ion,  the  s t e r e o s p e c i f i c i t y  i n c r e a s e s  a s  the amine  
: a z l ac tone  mole  ra t io  is i n c r e a s e d  f r o m  1 to 1.5 (exper iments  1, 2, and 6). A f u r t h e r  i n c r e a s e  in th is  r a t io  to  
3 has  no effect  on the s t e r e o s p e c i f i c i t y .  At the s a m e  t ime ,  changes  in the concen t r a t i on  of I with a cons tan t  
concen t r a t ion  of II have l i t t le effect  on the p r o c e s s ,  a l though di lut ion l ower s  the s t e r e o s p e c i f i c i t y  to  a sl ight  
extent  (exper iments  4 and 8). Thus ,  the opt imal  concen t r a t i ons  of I a r e  0 .07-0.08,  and those  of II a r e  0.10-0.14 
m o l e / l i t e r .  A c o m p a r i s o n  of t h r e e  so lvents  [dimethoxyethane (DME), dioxane (DO), and THF] r e v e a l e d  that  
with r e s p e c t  to  the r e a c t i o n  r a t e  and s t e r eospec i f i c i t y  DME has  defini te  advan tages  ove r  THF and DO (see 
Table  2). I n c r e a s i n g  the t e m p e r a t u r e  f r o m  10 to  35~ c a u s e s  an i n c r e a s e  in the r e l a t i ve  concen t r a t ion  of IV 
in the  r e a c t i o n  mix tu re ,  w h e r e a s  the s t e r eospec i f i c i t y  d r o p s  sharp ly  in d ioxane .  No s ignif icant  changes  in the  
c o u r s e  of the  r e a c t i o n  a r e  obse rved  in the 10-20~ t e m p e r a t u r e  r a n g e .  Reduct ion of the  amount  of ca t a ly s t  
f r o m  0.035 to  0~ g has  l i t t le ef fec t  on the  r eac t ion ,  caus ing  only a sl ight  d e c r e a s e  in the ra te  and ~ t e reo -  
spec i f i c i ty .  

Cons ide r ing  the  s t e p - b y - s t e p  m e c h a n i s m  for  the  reduc t ive  a m i n o l y i s s  of a z l ac tones ,  we can draw the 
fol lowing paths  fo r  th i s  r eac t i on  (see the  scheme) .  

958 



T A B L E  2.  E f f e c t  of  t he  T e m p e r a t u r e  and the  Solvent  on the  R e d u c -  
t i ve  A m i n o l y s i s  of  the  A z i a c t o n e  of A c e t a m i d o c i r m a m i c  Ac id  (I) by 
S ( - - ) - ~ - P h e n y l e t h y l a m i n e  (II), 1 m m o [ e  of  I ,  1.5 m m o l e  of I I ,  0.18 

m m o l e  of PdCl2,  and 15 ml  of so lven t  

Solvent 

DME 

DO 
w 

THF 

T . ,  ~  

t l  
20 
t l  
20 

min 

21 
22 
4t 
45 
42 
i5 

Reaction Ratio of diaster~ 

( l id  ( I V )  

9s 
97 

96 

70 : 39 40 
69 : 31 38 
63 : 37 26 
59 : 41 ~8 
5t:49 2 
58 : 42 t6 

T A B L E  3. H y d r o g e n a t i o n  of S(+)-N(a  ' - P h e n y l e t h y l ) - ~ - a c e t a m i d o -  
c i n n a m a m i d e  (IV) (0.18 m m o l e  of PdCl2,  1 m m o l e  of IV, 15 mI  of 
so lven t )  

Solvent Amine 

t 

BS-(II) 
BS-(II) 
R-(II) 
R-(II) 
S-(II) 
s-(n) 

DO 
THF 
DME 

I t  

a 

u 

w 

w 

Amount of 
amine, 
mole/mole 
IV 

0,72 
1,60 
0,67 
i,33 
0,67 
2,4 
O,67 
2,0 

Extent of 
conversion 
of IV into 
III, % 

i00 
t00 
97 
89 
66 

t00 
65 

tO0 

160 

rain 

Ratio of di- Exc. R, astereomers 
of III. %, % 
RS : SS 

~9 
t4 
9 

5t 
54 
t9 
$ 

36 
No reaction 

I 0 
No reactlon 

62 : 38 24 
66 : 34 32 
60 : 40 20 
58 : 42 i6 
60 : 40 20 
56 : 44 i2 
53:47 6 
56:44 ~2 

70 : 30 1 40 

*The r e a c t i o n  t i m e  was  160 m i n .  

1 .  Synch ronous  i n t e r a c t i o n  of the  a z l a c t o n e  wi th  h y d r o g e n  and the  a m i n e  on the  c a t a l y s t  s u r f a c e ,  which  
r e s u l t s  in t he  f o r m a t i o n  of  (III). In t h i s  c a s e ,  t he  s o u r c e  of t he  a s y m m e t r i c  i nduc t ion  i s  a c a t a l y S t  w i th  a 
c h i r a l  a m i n e  a d s o r b e d  on i t s  s u r f a c e .  T h i s  pa th  p r e s u p p o s e s  the  s i m u l t a n e o u s  o c c u r r e n c e  of o x i d a t i o n - -  r e -  
duc t ion  and ac id  - - b a s e  Steps  on the  s u r f a c e  of the  c a t a l y S t .  T h e s e  s t e p s  a r e  s e p a r a t e  in the  pa thways  c o n -  
s i d e r e d  b e l o w .  

2.  A m i n o l y s i s  of the  a z l a c t o n e  to  f o r m  c h i r a l  IV fo l lowed by i t s  h y d r o g e n a t i o n  to  I I I .  The  a s y m m e t r i c  
induc t ion  in t h i s  c a s e  i s  due to  the  a s y m m e t r i c  c e n t e r  a l r e a d y  p r e s e n t  in the  s u b s t r a t e  m o l e c u l e  ( d i a S t e r e o -  
s e l e c t i v e  h y d r o g e n a t i o n ) .  The p r e s e n c e  of a c h i r a l  a m i n e  can  r e s u l t  in the  m o d i f i c a t i o n  of the  Pd s u r f a c e  and 
t h e r e b y  d e t e r m i n e s  t he  c o n t r i b u t i o n  of the  c h i r a l  c a t a l y s t  to  the  o v e r a l l  s t e r e o s e l e c t i v i t y  of the  r e a c t i o n .  

3. H y d r o g e n a t i o n  of  a z l a c t o n e  I t o  the  a z l a c t o n e o f a c e t y l p h e n y l a l a n i n e  (V) fo l lowed by the  a m i n o l y s i s  of t he  
l a t t e r  to  I I I .  In t h i s  c a s e  e i t h e r  e n a n t i o s e l e c t i v e  h y d r o g e n a t i o n  with  the  f o r m a t i o n  of c h i r a l  V fo l lowed by a m i n o -  
l y s i s  o r  the  s t e r e o s e l e c t i v e  a m i n o l y s i s  of r a c e m i c  a z l a c t o n e  V u n d e r  t he  e f f e c t s  of e h i r a l  H can  t a k e  p l a c e .  
F o r  a n u m b e r  of a z l a c t o n e s  t he  r a t e  of r a c e m i z a t i o n  i s  g r e a t e r  t han  the  r a t e  of a m i n o l y s i s  [8], and the  o b -  
s e r v e d  s t e r e o s p e c i f i c i t y  of the  r e a c t i o n  of s o m e  r a c e m i c  a z i a c t o n e s  wi th  c h i r a l  a m i n i c  e s t e r s  i s  a t t r i b u t e d  to  
t he  f ac t  t ha t  one of the  e n a n t i o m e r s  of the  a z l a c t o n e  r e a c t s  wi th  t he  c h i r a [  n u c l e o p h i l e  wi th  a g r e a t e r  r a t e  
t han  the  o t h e r ,  which  i s  in e q u i l i b r i u m  with  i t  [9]. 

In  o r d e r  to  a s c e r t a i n  which  of the  pa ths  i s  r e a l i z e d  in the  p r o c e s s  u n d e r  s tudy ,  we u n d e r t o o k  an  i n v e s t i -  
g a t i o n  of the  h y d r o g e n a t i o n  of u n s a t u r a t e d  a m i d e  IV and a z i a c t o n e  I in the  a b s e n c e  of S ( - - ) - ~ - p h e n y i e t h y i a m i n e  
and the  a m i n o l y s i s  of a z l a c t o n e  V by S ( - - ) - ~ - p h e n y l e t h y l a m i n e  wi th  and wi thout  a c a t a l y s t .  

The  d a t a  on the  h y d r o g e n a t i o n  of IV in d i f f e r e n t  s o l v e n t s  in the  p r e s e n c e  and a b s e n c e  of an  a m i n e  in d i f -  
f e r e n t  a m o u n t s  and of v a r y i n g  c h i r a l i t y  (Table  3) show tha t  in  a l l  c a s e s  t h e  h y d r o g e n a t i o n  of IV r e s u l t s  in the  
p r e f e r e n t i a l  s y n t h e s i s  of RS- I I I ,  r a t h e r  than  SS-II I ,  which  i s  ob ta ined  in the  c a s e  of the  r e d u c t i v e  a m i n o i y s i s  
of i .  In t he  a b s e n c e  of an  a m i n e  the  r a t e  of the  h y d r o g e n a t i o n  of IV e x c e e d s  the  r a t e  of r e d u c t i v e  a m i n o l y s i s .  
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TABLE 4. Hydrogenation of the Azlactone of Ace tamido-  
cinnamic Acid (I)* (0.18 remote of PdCI2, 1.0 mole  of I,  
15 ml  of solvent) 

Solvent I " Arnir~ 

DO 

W 
DME 

w 

TEA 
(n) 

TEA 
(n) 

rain 

45 
T 
37 
22 

Reaction products, % 

AACA A c l ~ h e  

45 45 
- 53 

44 47 
- 69 

(v} 

~7 

3i 

*The reac t ion  t ime  was 150 min.  
#The reac t ion  t ime  was 160 rain. 

The introduction of achi ra l  t r i e thy lamine  (TEA) r e s u l t s  in a dec r ea se  in the ra te  of hydrogenation and has no 
influence on the s te reospec i f ic i ty  of the p r o c e s s .  The hydrogenation of IV in the p resence  of r a c e m i c  II a l so  
t akes  place with a dec r ea s e  in the reac t ion  ra te ;  however ,  the s tereospecLfici ty then a lso  d e c r e a s e s .  A 
s imi l a r  effect  is produced by R(+)-II.  In the p resence  of S(--)-II  the reac t ion  p roceeds  with the same  ra te  as 
in the absence  of an amine and with a higher s te reospec i f ic i ty  ~ We note that  an inc rease  in the amount of 
amine  causes  the act ivi ty of the ca ta lys t  to d e c r e a s e  down to complete  deact ivat ion when the re  a r e  2 moles  of 
II for  eve ry  mole  of IV. The reduct ive  amino lys i s  t akes  place with a cons iderable  ra te  under  s imi l a r  condi-  
t ions  (see Table 1). The changes  in the ra te  and s te reospec i f i c i ty  as  a function of the chi ra l i ty  of II (exper i -  
men t s  8 and 10) suggest  that  a d i s s y m m e t r i c  ca ta lys t  makes  a contr ibution to the a s y m m e t r i c  synthes is  (dia- 
s t e r e o -  and enant ioselect ive  hydrogenation).  

The fo rmat ion  of III during the hydrogenation of IV with a configurat ion which di f fers  f r o m  that in the 
case  of the reduct ive  amino lys i s  sugges ts  that  the second path, i . e . ,  through unsatura ted  amide IV, is not the 
main path for  the reduct ive amino lys i s  reac t ion ,  despi te  the p resence  of IV in the reac t ion  mix ture  and the 
high r a t e s  of i ts  hydrogenat ion.  The p resence  of azlactone I in the reac t ion  mixture  apparent ly  prevents  the 
adsorpt ion  and hydrogenat ion of the IV which f o r m s .  

The hydrogenat ion of azlactone I (Table 4) in the absence  of a base  p roceeds  to only about a 50% extent 
of convers ion .  This  is  a t t r ibuted,  on the one hand, to the stabil i ty of the sy s t em of double bonds and, on the 
other hand, to the reac t iv i ty  of the azlactone ring with r e spec t  to reac t ions  involving the opening of the r i n g  
followed by polymer iza t ion ,  which resu l t s  indeac t iva t ionof  the ca ta lys t .  The original  azlactone is  not found 
in the case  of prac t ica l ly  all  ca ta lys t s  of incomplete  hydrogenat ion.  The reac t ion  mix ture  cons i s t s  of ace ty l -  
phenylalanine (AcPhe) and ace tamidocinnamic  acid (AACA), the hydro lys i s  products  of I, and V. In the p r e s -  
ence of TEA, which  is not capable of fo rming  an amide ,  the hydrogenation p roce s s  is  faci l i tated,  but the ra te  
of the reac t ion  is  somewhat  lower than in the case  of reduct ive  amino lys i s .  The reac t ion  yie lds  a mix tu re  of 
AcPhe and i ts  azlactone (V), which was identified according to i ts  PMR spec t rum [5, ppm, 1.98 (d, CH 3, 
JCH3, H = 2 Ha)] and i ts  IR spec t rum (v C =O 1820 cm -1) [10]. It seemed of in te res t  to es tab l i sh  whether  a z l a c -  
tone V is  p resen t  in the reac t ion  mix ture  as  a poss ib le  in te rmedia te  product  of the reduct ive  amino lys i s  in the 
initial s teps  of th is  reac t ion .  Fo r  th is  purpose ,  s amp le s  of the reac t ion  mix tu re  were  analyzed by IR spec -  
t r o s c o p y .  The p resence  of azlactone V was evaluated f r o m  the change in the ra t io  of the optical density of the 
reac t ion  product  at  v C =O = 1805 cm -1 ( I i n D M E ) t o t h e  op t ica ldens i ty  at v C = O = 1 8 2 0 c m  -1 (VinDME).  The r e a c -  
t ion is accompanied by a d e c r e a s e  in th is  ra t io  (Table 5), which indicates  the p resence  of V in the reac t ion  
mix tu re ,  since none of the products  of the reduct ive  amino lys i s  has  an absorp t ion  band in that  region.  It was 
stil l  n e c e s s a r y  to a s c e r t a i n  the s te reospec i f ic i ty  with which the amino lys i s  of V by S( - - ) -~-phenyle thy lamine  
t akes  place and the ro le  of the ca ta lys t  in th is  p r o c e s s .  Table 6 p r e sen t s  the r e su l t s  of two s e r i e s  of inves t i -  
gat ions on the amino lys i s  of V. The reac t ion  ra te  was evaluated f r o m  the change in the optical density at v = 
1820 c m  - t .  According to Table  6, the aminolys i s  p roce s s  is  s t e reospec i f ic  and r e su l t s  in the predominant  
format ion  of SS-III, and the ca ta lys t  i n c r e a s e s  both the ra te  of amino lys i s  and the s te reospec i f ic i ty  of the r e -  
act ion.  This  again points to the d i s s y m m e t r i c  nature  of the ca ta lys t .  Thus,  path 3 is a ve ry  likely mechan i sm 
for  the reduct ive  amino lys i s  of az lac tones ,  although these  data do not rule  out the f i r s t  path, viz . ,  the synchro-  
nous in teract ion of the azlactone with hydrogen and a nueleophile on the sur face  of the ca ta lys t .  

The d i s syme t r i c  nature  of the ca ta lys t  was displayed e spec ia l ly  c lea r ly  in the case  of the reduct ion of 
azlaetone I in the p resence  of S(--)-II  in methanol .  In this  case  the main  reac t ion  product  was optically act ive  
methyl  R - a - a c e t a m i d o h y d r o c i n n a m a t e  with an optical puri ty of 24 ~2%. 
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TABLE 5. Invest igat ion of the Initial  
Step in the Reductive Aminolys i s  of 
the A zlactone of Acetamidocinnamic  
Acid (I) in DME under  Standard Con-  
dit ions by IR Spectroscopy 

Object of in- I Optica ! density D [ 
vestigation [(l =0.183). a t , ~  ~ I ~. 

I t805 cm-I t820cm "11 r 

I, CO = 0.07 mole/liter I 0,35 
I, C o= 0.024 mole/liter] 0,t7 
Reaction mixture after [ 10 min [ 0,32 

! 
Same after 30 min I 0,20 

0,065 
0,03t 
0,097 

0,068 

*Here  i is  the optical path.  

5,4 
5,3 
3,3 

2,9 

TABLE 6. Invest igat ion of the 
Aminoiys i s  of the Azlactone of 
Racemic  Acetylphenylalanine (V) 
by S( - - ) -~-Pheny le thy lamine  in 
DME by II~ Spectroscopy (iV] = 
0.07 m o l e / l i t e r ,  0.18 mmole  of 
PdCl2, 15 m[ of DME) 

Reaction 
time) 
min 

Optical density at 1820 
cm- I  (1 = 0.1S'3 cm) 

without a with a 
catalyst catalyst 

0,0 
20 
30 
90 

0,33 I 0,33 0,27 0,t3 
0,25 0,097 
0,0 0,0 

Note.  In the exper iment  without 
a ca ta lys t  III was obtained with a 
30% exces s  of the d i a s t e r e o m e r  
with the SS configurat ion,  and in 
the exper iment  with the ca ta lys t  
the excess  was 44%. 

EXPERIMENTA L 

The PMR spec t r a  were  recorded  on a Var ian  60 r a d i o s p e c t r o m e t e r ,  and the internal  r e fe rence  was 
TMS. The IR spec t ra  were  recorded  on a UR-20 s p e c t r o m e t e r ,  and the spec t ropo la r ime t r i c  m e a s u r e m e n t s  
were  ca r r i ed  out on a SpectropoI-1 s p e c t r o p o l a r i m e t e r .  

The PdC12 was p u r e - g r a d e ,  the azlactone of ace tamidocinnamic  acid (I) had mp 150~ (from acetone),  
and the S( - - ) -a -pheny te thy lamine  fII) had [~ ]D = --40~176 

S ( + ) - N - ( a ' - P h e n y l s t h y l ) - a - a c e t a m i d o c i n n a m a m i d e  (IV). A 1.5-g portion of I and 0.8 ml of II in 35 ml  of 
DME were  left to stand for  seve ra l  hours ,  and the precipi ta te  formed was f i l tered and washed with DME. 
This  provided IV with a 50% yield. An additional amount of IV was obtained upon evapora t ion  of the mothe r  
liquid, mp 195-197~ (from abs .  ethanol).  UV spec t rum [ethanol, hmax,  nm (s)]: 217 sh (21,100), 276 sh 
(20,800). IR s p e c t r u m  (KBr, v, cm - l ) :  3430 (val. f r ee  NH), 3230 (val. bound NH), 1650, 1630 ( f i rs t  amide bond), 
1530 (second amide bond). PMR spec t rum (CD3OD 6, ppm): 1.49 (d, C_H3CH) , 2.08 (s, CH3CO), 7.01 (s, CH=C) ,  
7.15-7.40 (m, C6H5). ice]D+43 ~ +51 ~ (546 nm), +115 ~ (436 nm), +302 ~ (365 nm) (c 1.39, ethanol). 

Az[actone of BS-Acetylphenylalanine (V). Compound V was obtained according  to [11] in the f o r m  of an 
oil .  IR spec t rum (in a thin l aye r ,  v, cm-1);  v C =O 1820, v C =N 1680. PMB spec t rum (CDC13, 6, ppm): 1.98 
(d, CH_3 , JC_H3 H = 2 Hz), 3.07 (q, CH2) , 4.33 (m, CH), 7.18 (C6H5). 

Expe r imen ta l  P r o c e d u r e .  The reduct ive  amino lys i s  was ca r r i ed  out in a the rmos ta t ed  r eac to r  with 
magnet ic  s t i r r ing  under  an excess  hydrogen p r e s s u r e  of 0.2-0.3 a im,  Which was maintained with the aid of a 
cyl inder  filled with purified H2. A r e a c t o r  with 0.035 g of PdCl2, 5 m[ of DME, and 0.2 ml  of S(--)-II  was 
blown through with H2, and then the s t i r r ing  was switched on. After  the ca ta lys t  was reduced,  the r e a c t o r  
was connected to a g a s o m e t r i c  bu re t t e ,  Af ter  the es tab l i shment  of a steady state in the r e ac to r ,  a solution of 
0.2 g of I in 10 ml of DME was introduced f r o m  a syr inge .  The ra te  of the hydrogenation of azlaetone I was 
evaluated f rom the ra te  of the absorpt ion  of H 2. At the conclusion of the reac t ion  the ca ta lys t  was removed 
by centr i fugat ion,  1-2 m[ of wa te r  were  added to the ca ta lysa te ,  and the la t ter  was acidified with 6 N HCI to 
pH 1-2 and passed through a column With the cation exchanger  Dowex 50 • 8 (in the H + form)  in o rde r  to r emo v e  
the excess  of amine  II.  The column was washed with aqueous methanol ,  and the so lu t ion  obtained was e v a p -  
o ra ted  in a vacuum to d r y n e s s .  According to the data f rom the PMR spec t rum,  the product  was a mixture  of 
the d i a s t e r e o m e r s  of N- (ce ' -pheny le thy l ) -a -ace tamidohydroc innamamide  (III) with a 40% excess  of the SS 
d i a s t e r e o m e r  and IV (5-10%). This  product  was c rys ta l l i zed  f rom ethyl acetate  with hexane.  This  yielded 
pure SS-III,  nap 216~ PMR spec t rum (CD3OD , 5, ppm): 1.39 (d, C_H3CH), 1.91 (s, CH3CO), 2.90 (q, C H2) , 
7.13 (m, C6H5). [a]D -46.8% - 5 2 . 7  ~ (546nm), - 1 0 0  ~ (436nm), - 1 7 7  ~ (365nm) (e 1.06, ethanol). The ]2% and 
UV spec t ra  were  identical  to the spec t r a  of the mixture  of the d i a s t e r e o m e r s  of III obtained by the back  synthe-  
s is  f r o m  r a c e m i c  acetylphenylalanine and a -pheny le thy lamine  under  the action of dicyclohexylcarbodi imide 
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[12]. UV spectrum [ethanol, kmax, nm (e)]: 208 (19,800), 217 (9300), 257 (370). IRspectrum (KBr, v, cm-1): 
3310, 3270 (NH), 1650 (first amide bond), 1560 (second amide bond). PMB spectrum (CD3OD, 6, ppm): 1.22 
(d), 1.39 (d), 1.88 (s), 1.91 (s). 

Hydrolysis of SS-III. A mixture of 0.28 g o{ SS-III and 3 m{ of 6 N HCi was boiled on an oil bath in a 
current of N 2 for 7 h. The hydroiysate was evaporated to dryness in a vacuum, 2 N NaOH was added, and 
S-II .HCI was extracted with ether, mp 171 ~ [~]350 --28A~ [~]320 --39.0~ (c 2, ethanol). The solution was 
acidified to a clearly acidic reaction and introduced into a column with Dowex 50 x 8 (in the H + form), the 
column was washed with water, and S(--)-phenylalanine was Muted by 2 N NH4OH. The eluate was evaporated 
to dryness.  Optically pure S(--)-phenylalanine was obtained with a 76% yield and [a]D --33.4 ~ (c 1.33, H20). 

~n thes i s  of Methyl R-Acetamidohydrocinnamate. The reaction was carried out in an analogous manner 
in abs. CH~OHo The product obtained following the removal of II and evaporation was an oil containing 70% 
methyl acetamidohydrocinnamate, 20% III and IV, and 10% acetylphenylalanine. The oil was treated with 
aqueous methanol, amides III (RS:SS = 1:1) and IV were separated, and the remaining product was crysta l -  
lized form isopropyl ether.  Methyl acetamidohydrocinnamate was obtained with mp 62-64~ The IR spec- 
t rum was identical to the spectrum of a known sample; [a]D --4.6~ --5A~ (546 nm), --t0.4 ~ (436 nm), --17.8 ~ 
(365 nm) (c 2, CH3OH); p = 24.2%, [~]D +19~ (c 2, CH3OH) [13]. 

We thank A. S. Shashkov, E.  P. Prokof'ev, and E. D. I_~buzh for recording and discussing the PMR 
and IR spectra.  

CONCLU SIONS 

1. The reaction of the azlactone of aeetamidocirmamic acid with S(--)-~-phenylethylamine and hydrogen 
on the surface of a Pd catalyst in aprotonic solvents results in the formation of N-(~'-phenylethyl)-~-acetamido- 
hydrocinnamamide predominantly of the SS configuration, whose hydrolysis yields optically pure S(--)-phenyl- 
alanine and S(--)-~-phenylethylamine. 

2. The reduction of S(+)-N-(~'-phenylethyl)-~-acetamidocinnamamide on the Pd catalyst is stereo- 
specific and results in the formation of N-(~ '-phenylethyl)-a-acetamidohydrocinnamamide predominantly of 
the RS configuration. 

3 ~ The aminolysis of the azlactone of RS-aoetylphenylalanine by S(--)-~-phenylethylamine yields N-(~ '- 
phenylethyl)-~-acetamidohydrocinnamamide predominantly of the SS configuration. 

4. The reduction of the azlactone of aeetamidocinnamic acid in the presence of S(--)-~-phenylethylamine 
on the Pd catalyst in methanol yields methyl R-acetylphenylalanine with an optical purity of 24.2%. 

5. The reduction of PdCI 2 in the presence of S(--)-~-phenylethylamine results in the formation of a dis- 
symmetric catalyst for the hydrogenation of unsaturated perchiral precursors of amino acids. 
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