
20~ The initial concentrat ions of (I) and (II) cor responded to those that were  optimal for use in the reduc-  
tive ammonolysis  p r o c e s s ,  consist ing of 0.07 mo le s / l i t e r  for (I) and 0.1 mole / l i t e r  for (II). Ammonolysis  
was ca r r i ed  out in the presence  of 1.3 mmoles  of Et3N under analogous conditions. 

We investigated the racemizat ion  of chiral  (I) by an optical ro ta to ry  dispersion method, introducing the 
solvent into a po la r imet r ic  cuvette with a weighed amount of azlaetone,  adding the RS amine,  and mixing the 
solution in o rder  to follow the change of optical rotation with t ime (at ~ = 380 nm for  (In)). For  compar ison 
of racemizat ion  conditions we also observed a solution without any added amine. 

C O N C L U S I O N S  

1. Ammonolysis  of 4-benzyl-5-oxazolone by S - ( - ) ~ - p h e n y l e t h y l a m i n e  in dimethoxyethane and in t e r t -  
butyl alcohol leads to the preferent ia l  formation of ~-phenyiamide of the N-acylamiao  acid with the SS-config- 
urat ion.  

2. We have shown the influence Of the substituent in positions 2 and 4 and the influence of the nature of the 
solvent on the s tereoselec t iv i ty  of the p rocess  and on the ra tes  of ammonolysis  and raeemizat ion .  

3. We also show the possibil i ty that ammonolys is  can proceed  in two direct ions:  by the interaction of the 
neutral  oxazol-5-one molecule with S-c~-phenylethylamine and the interact ion of the corresponding anion with 
S- ~ -phenyl ethylammonium. 
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E .  S.  L e v i t i n a ,  L .  F .  G o d u n o v a ,  UDC 541.12.038.2"541.128:542.91:547.466 
E .  I .  K a r p e i s k a y a ,  a n d  E .  I .  K l a b u n o v s k i i  

In our previous communications we described the reaction of reductive amminolysis of 4-benzylidene- 
and 4-alkylidene-A2-oxazo1-5-ones [i] in 1,2-dimethoxyethane by the acti()n of chiral catalytic systems based 
on PdCl 2 and S-~-phenylethylarnine (S-If) [1-5]. Replacement of the dimethoxyethane (DME) by tert-butyl al- 

cohol led to a change in the reaction mechanism in the case of 4-alkylidene-5-oxazolones [4, 5]. The present 
work is devoted to the study of the influence of the nature of the solvent (DME and t-BuOH) on the kinetics and 
the stereoselectivity of the reductive ammonolysis reaction (RA) of 4-benzylidene-5-oxazelone. 
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TABLE I.* Reductive Ammonolysis of 2-Methyl-4-benzylidene- 
5-oxazolone in DME 

(Ia) I S-(II) 

moles 
s-(iI)/(Ia) PdCI~, g 

0,071 
0,071 
0,07t 

DME,ml �9 rain- 1 h. 10 2, h2,1 iter/mole" 
min 

0,t07 
0,107 
0,t07 

0,083 
0,054 
0,036 
0,027 

0,103 
0,103 
0,103 

0,t55 
0,155 
0,t55 

0,20 
0,20 
0,20 
0,20 

1.5 
1,5 
1,5 

1,5 
1,5 
1,5 

2,4 
3,7 
5,6 

�9 7,5 

0,020 
0,025 
0,035 

0,020 
0,030 
0,035 

0,023 
0,035 
0,035 
0,035 

* The coefficients of correlation 
first and second order equations 
were 0.99-0.98. 

t5 
t5 
15 

Average 

t0 
t0 
t0 

�9 Average 

8,4 
2O 
30 
40 

t,63 
t,91 
t,93 

1,82-+0,t7 

2,32 
3,69 
3,55 

3,t8~0,75 

2,68 
1,77 
2A6 
1,35 

0,29 
0,35 
0,31 

0,31-+0,03 

0,24 
0,34 
0,33 

0,30-+0,05 

0,t8 
0,t0 
0,14 
0,07 

(r  2) c a l c u l a t e d  d i r e c t l y  for  the  
fo r  e ach  p a r t  of  the  e x p e r i m e n t  

D I S C U S S I O N  O F  R E S U L T S  

S c h e m e  1 shows  the  r e d u c t i v e  a m m o n o l y s i s  r e a c t i o n  of  A 2 - o x a z o l - 5 - o n e s  

Scheme 1 

R 1 O Me R 1 O Me 

\C=Ca C4 -~ NHzCH / POCI~, m , XCHCH__~NHCH / 
/ / \ Solvent / I 

R ~ SN 01 \ P h  R 2 NHCOR s \ P h  

(i) c~ s-(li) (m) 

R1 O Me t 
.~,N / s-(m \ li / s-(m 

C=C--C--NHCH K_t__~ 

R 2 /  Ni HCOR~ \ P h  
�9 0 v )  R~ o 

\ / 
s CHC~H--C~ 

I 
R3 

R: t=  H, R~ = Ph, Rs~ Me (a); It1= H, R Z =  Ph,  R s =  Ph (13). 

We s tud i ed  the  p o s s i b l e  s t e p s  fo l lowed  in r e d u c t i v e  a m m o n o l y s i s  of (I) ( see  S c h e m e  1) l e a d ing  to the  
a m i d e  (HI) a s  the  p r o d u c t ,  showing  tha t  wi th  DME and o t h e r  a p r o t i c  s o l v e n t s  the  p r o c e s s  p r o c e e d s  wi thout  i n -  
t e r m e d i a t e  f o r m a t i o n  of  u n s a t u r a t e d  a m i d e s  (IV) and s a t u r a t e d  o x a z o l o n e s  (V) [1-5].  C a r r y i n g  out the  r e a c t i o n  
in a l c o h o l s  l ed  to  the  f o r m a t i o n ,  a long  wi th  the  a m i d e s ,  of  c o m p l e x  e s t e r s  of  N - a c y l a m i n o  a c i d s  in amoun t s  
which  d e c r e a s e  wi th  d e c r e a s e  in the  a c i d i t y  of  the  a l c o h o l s  u s e d  [4, 6]. In t - B u O H  we ob ta ined  a m i d e s  (III) 
e x c l u s i v e l y  [4]. The a n a l y s i s  shown in S c h e m e  1 of  the  s t e p w i s e  m e c h a n i s m  of  r e d u c t i v e  a m m o n o l y s i s  of  4 -  
i s o p r o p y l i d e n e - 5 - o x a z o l o n e  l ed  to the  i n f e r e n c e  tha t  the s a t u r a t e d  oxazo lone  (V) was  an i n t e r m e d i a t e  in the p r o c e s s  
[4]. The g e n e r a l i t y  of  the  m e c h a n i s m  of r e d u c t i v e  a n a l y s i s  e s t a b l i s h e d  fo r  a whole  s e r i e s  of A 2 - o x a z o - 5 - o n e s  
in a p r o t i c  s o l v e n t s  [1-4,  7, 8], m a k e s  i t  p o s s i b l e  to a s s u m e  tha t  in the  c a s e  of 4 - b e n z y l i d e n e - 5 - o x a z o l o n e s  (Ia, b) 
r e p l a c e m e n t  o f  DME by t - B u O H  r e s u l t s  in an ana logous  change  in t he  m e c h a n i s m  of the  r e a c t i o n .  

Wi th  }he o b j e c t i v e  of  e x p l a i n i n g  the i n f luence  of  the  n a t u r e  of the  so lven t  on the  m e c h a n i s m  of the r e a c t i o n ,  
we i n v e s t i g a t e d  the  k i n e t i c s  and s t e r e o c h e m i s t r y  of the  r e d u c t i v e  a m m o n o l y s i s  of (Ia) and (Ib) in DME and t - B u -  
OH. Us ing  the  s a m e  s o l v e n t s  we s t ud i ed  the  h y d r o g e n a t i o n  of  ( Ia ,  b) by  the  ac t i on  of the  P d - t r i e t h y l a m i n e  s y s -  

' te rn  and the s t e r e o s e l e c t i v i t y  of the  subsequen t  a m m o n o l y s i s  (PA) by  the  a m i n e  S- I I  of the  s a t u r a t e d  o x a z o l o n e s  
thus  f o r m e d  (Va,  b) .  We e s t i m a t e d  the  r a t e s  of the  r e d u c t i v e  a m m o n o l y s i s  (RA) and the  p r o t o n i z a t i o n  a m m o n o -  
l y s i s  (PA) of (Ia, b) b y  the a b s o r p t i o n  of h y d r o g e n .  The i n v e s t i g a t i o n  of the  k i n e t i c s  of the a m m o n o l y s i s  r e a c t i o n  (A) and 
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TABLE 2.* Reductive Ammonolysis of 2-Methyl-4-benzylidene- 
oxazol-5-one in t-BuOH (Ib) 1 mmole, PdCl 2 0.0!8 mmoles, t- 
BuOH 15 ml 

S-(II), moles S-(II)/(Ib) I /~'t0"min-1 h~ liter/mole* 
' mill 

m 

0,i0 i,5 / t,30• 0,2t• 50 
0,t5 2,0 ] 2,77• 0,24• 48 
0,t8 2,5 i,04• 0,06• 33 
0,20 310 1,67• 0,10• 28 

EDss- (III); % 

* Constants k i and k 2 are average values for 2-3 experiments. 

Coefficients of correlation, are 0.98-0.99 for each part of the 

experiment. 

the raeemization (R) of saturated oxazolones (Va, b) in DME and t-BuOH are described in [9]. 

A study of the possible subsequent steps of reductive ammonolysis of (Ia, b) in t-BuOH show that un- 

saturated amides (IV a, b) cannot be regarded as intermediate products, because hydrogenation of these 

yields amides of the alternate RS configuration (excess of the diastereomer (ED) 4-5%). The reductive ammono- 

lysis of (la, b) with intermediate formation of (Va, b) cannot be excluded in t-BuOH inasmuch as ammonolysis 

of (Va, b) yields the same SS-(III) configuration as reductive ammonolysis of (la, b) [9]. 

We calculated the kinetic data for reductive ammonolysis of (Ia, b) in DME and t-BuOH by the first-order 

(In C O - in C) = klt) and second-order (In (C + A)/C - in (C O + A)/C = Ak2t) equations where C o and C are the ini- 

tial and present concentrations of (1) and A is the change in concentration of S-(II) and (I). As a result we noted 

that in describing the kinetics of reductive ammonolysis of (Ia) and (Ib) in DME and t-BuOH the graphic method 

of correlation analysis does not allow us to make an unambiguous choice of one or the other equation. However, 

variations of the initial concentrations of S(II) and (Ia) for reductive ammonolysis of (Ia) in DME show (Table i) 

that the rate constant k I calculated on the basis of the first-order equation does not remain constant but changes 

fairly regularly under the conditions studied. At the same time rate constants k 2 maintained their constancy 

for concentrations of S-(II) not exceeding 0.15 moles/liter and ratios S-(II)/(la) = i. 5. Increasing the original 

concentration of S-(II) to 0.2 mole/liter and the ratio S-(II)/(la) to 2.4 leads to a sharp increase in rate and a 

change of k 2. ~-hrther increases in the S-(II)/(Ia) ratio at constant values of S-(II) in increments of 0.2 mole/ 

liter had no significant effect on k 2. A change in the amount of PdCl 2 by a factor of 1.5 has no significant effect 

on the rate of reductive ammonolysis of (la) in DME. The data for reductive ammonolysis of (la) in t-BuOH 

presented a similar picture (Table 2). Changing the initial concentration in steps of 0.I-0.2 moles/liter but 

with a constant ratio of S-(II)/(la) - 2.0 does not produce changes in the constants. Increases above 2.5 do 

result in sharp increases in k2; k I does not remain constant for any concentration intervals which we studied. 

The results obtained allow us to assert that the rate of reductive ammonolysis of (la) in both solvents is 

second order: first order with respect to the oxazolone and first order with respect to the amine. 

The significant influence of the amount of the amine S-(II) on the stereoselectivity of reductive ammono- 

lysis of (1) has been noted previously [i, 4, 5, 8]. This shows the role played by the amine/substrate ratio 

for which the optimum value is i. 5. It has been suggested that the reaction takes place by formation of Pd 

complexes in which the amine and the substrate are present in the form of ligands. Stabilization and regenera- 

tion of catalytic activity are partial depending on the course of the reaction of reductive ammonolysis of (1) and 

are evidently attained at the ratios indicated. Increasing the amount of the amine probably leads to removal 

of the substrate (I) from the coordination sphere of the catalytic Pd complex and destruction of the equilibrium 

between it and the reagents. This is expressed in the reduced rate of reaction and makes possible the forma- 

tion of the byproduct (IV). The latter on hydrogenation yields RS-(III). Therefore a decrease in the stereo- 
selectivity would be observed (see Table 2). 

Therefore, the previous suggestion about the influence of the amine on the course of the reductive arnmo- 

nolysis reaction is quantitatively verified in the present work. The independence of k 2 of the quantity of PdCl 2 

on changing it by a factor of 1.5 shows that the concentration of the catalytically active portion remains constant 
within this range. 

In Table 3 we show the rate constants for reductive ammonolysis and protonization ammonolysis of (la) 

and (Ib) in DME and t-BuOH, and also the stereoselectivities of these reactions expressed in the form of the 
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TABLE 3. Reduct ive  A m m o n o l y s i s  (RA) and Hydrogena t ion  in the 

P r e s e n c e  of T r i e t h y l a m i n e  of 4 - B e n z y l i d e n e - 5 - o x a z o l o n e s  (Ia, b) 
with Subsequent  A m m o n o l y s i s  (PA) by S-(II) [(I) 1 m m o l e ,  S-(II) 
1 .5  m m o l e s ,  PdC12 0. 018 m m o l e s ,  EtaN 1 .5  m m o l e s ,  so iven t  1 5 

ml] 

Reaction tla,b t R3 Solvent h,.t0~,min -i n2,11ter/mole" EDss-(In), o/0 
rain 

RA 
RA 
RA 
RA 
PA 
PA 
PA 
PA 

Me 
Me 
Ph 
Ph 
Me 
Me 
Ph 
Ph 

DME 
t-BuOH 
DlvIE 
t-BuOH. 
DlvIE 
t-BuOH 
DME 
t-BuOH 

4,13-+0,05 
2,27-+0,60 
2,42-+0,05 
t,72+-0,05 
t,20• 
2,24+-0,06 

0,3t=~0,05 
0,24+-0,04 
0,79• 
0,37-+0,t0 

40 
50 

9. 
25 
44 
45 
9 

25 

excess of the SS-(lll) diasteromers. The rate constants for reductive ammonolysis of (Ib) were calculated for 

both the first- and second-order rate equations, but no effort was made to choose between them. 

As seen in Table 3 the reaction of reductive ammonolysis of (Ia) and (Ib) in both solvents results in for- 

mation of an excess of the SS-diastereolner (III) but the selectivity of reductive ammonolysis of (Ia) is greater 

than that of (Ib) which testifies to the significant influence of the substituent R 3 (C 2 position in (I)). 

The rate of hydrogenation of (Ia) and (Ib) in the presence of Et3N (PA reaction) in both solvents is de- 

scribedbyanequationwhich is first order for oxazolones. The hydrogenation products (Va) and (Vb) obtained 

as a result undergo attack by the amine S-(II) with preferential formation of SS-(III) (see Table 3). 

The establishment of the kinetic and stereochemical characteristics of the reductive ammonolysis (RA) 

of 4 - i s o p r o p y l i d e n e  and 4 - b e n z y l i d e n e - A 2 - o x a z o l  - 5 -one  and a lso  by c o m p a r i n g  these  r e s u l t s  with those f rom the 
a m m o n o l y s i s  and r a c e m i z a t i o n  of the c o r r e s p o n d i n g  s a t u r a t e d  oxazolones  in  DME and t -BuOH it is p o s s i b l e  to 

e luc ida te  the ro le  of the so lven t  in  the b a s i c  p r o c e s s .  In Tab le  4 we show the va lues  of the r a t e  w at the m o -  
m e n t  of hal f  t r a n s f o r m a t i o n ,  ca l cu l a t ed  f r o m  the c o r r e s p o n d i n g  cons t an t s ,  and the degree  of s t e r e o s e l e c t i v i t y  in the  

r e a c t i o n s  i n v e s t i g a t e d .  In co lumn  R of Tab le  4 we p r e s e n t  the r a t e  of r a c e m i z a t i o n  w r of op t ica l ly  act ive  (V) 
by the r a c e m i c  a m i n e  S ,R- ( I I ) .  It should be noted  that  the va lues  of the c ons t a n t s  used  in the c a l c u l a t i on  of w r 
were obtained experimentally in experiments 1-3 and 5. In experiments 4 and 6-8 the rate of racemization was 

too great which prevented its measurement under the conditions studied. However, taking into consideration 

the fact that in DME the presence of the C6HsCH 2 group (position C a in(V)) speeds up the process by a factor of 20, 

phenyl groups (position C 2 in (V)) speed it up by a factor of i00, and that in t-BuOH compared to DME, the rate 

is increased by a factor of I00 [9], one could estimate with precision the rate of racemization for the whole 

series of (V) compounds from the sum of the contributions of the substituents and the solvents. By comparison 

of the w r values calculated in such a manner and presented in Table 4 in the form of log w r it is evident that the 

rate of racemization of optically active (V) strongly depends on the molecular structure and it successively 

increases with increase in the stability of the carbanions formed from these eompbunds. A phenyl group in the 

C 2 position produces an even greater increase in the rate. In t-BuOH we observed a general increase in the 

rate of racemization which is evidence for the additional stabilization of carbanions [9]. 

The rate of ammonolysis of saturated oxazol-5-ones is significantly lower than the rate of racemization, 

which means that the dominant influence on the reaction rate is the substituent in the C 4 position of the oxa- 

zolone ring. In both solvents 4-benzyloxazolones open up much faster than the 4-isopropyl derivatives. Along 

with that is the general increase in rate in t-BuOH compared to DME. In particular the nature of the substitu- 

ent in the C a position influences the stereochemistry of ammonolysis. In DME the 4-isopropyl product (see 

Table 4, Nos. 1 and 2) leads preferentially to diastereomer (HI) with the RS-configuration, the 4-benzyl pro- 

duct to SS-(III) !Nos. 3 and 4). In t-BuOH regardless of the substituent in the C 4 position SS-(III) is formed 

(Nos. 6-8). The excess of diasteromer SS-(III) in ammonolysis products (V) of the same structure is greater 

for use of t-BuOH as solvent than for DME. We explained these facts previously [9, i0] by the possibility that 

the reaction goes in two different directions, either via the reaction of neutral molecules (V) with S-(II), or the 

reaction of the corresponding carbanions with the substituted ammonium ion, in ~vhich a look at the stereo- 
chemistry of both directions shows that formation of SS-(IH) would be preferred in the first ease and RS-(HI) 

in the second. It is evident that in DME the path via the carbanion plays a significant role and leads to a dimi- 

nished yield of SS-(III) in the products of ammonolysis. In t-BuOH the reaction proceeds mainly through the 

reaction of neutral molecules of (V), which leads to an increased yield of SS-(III). 
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T A B L E  4. K ine t i c  and  S t e r e o e h e m i c a l  C h a r a c t e r i s t i c s  of T r a n s f o r m a t i o n s  of  A 2 - O x a z o l - 5 - o n e s  

Number Solvent 

DME 

t-BuOH 

*w is the reaction rate 

t R is the racemization 

lysis. 

R~ 

Me 
Me 
H 
H 
Me 
Me 
H 
H 

A 2-oxazolone 

R 2 

Me 
Me 
Ph 
Ph 
Me 
Me 
Ph 
Ph 

R a 

Me 
Ph 
Me 
Ph 
Me 
Ph 
Me 
Ph 

w*(ED,%, configuration of (Ill)) 

RA ((D c S-(H)) 

6,6(44 SS) [3] 
3,6 (5 ES) [3 ] 
73 (40 SS) 

t4,l (9 SS) [2] 

4,5 ~5 SS) [4] 
5,o(5o $s) 
6,0 (25 8S) 

PA [(I) c Et3N] 

9,8(8R$) [31 
8,5 (44 ss) 
4~2(9 ss) [2,3] 

8,4(~$$) [3] 
6,D(45 ss) 
7,8 (25 88) 

A [(V) c S-II] 

0,3(6,2 R) [iOl 
1,0 (4,6/tS) It0] 
5,5(~3 ss) [9] 
2,9(2,4ss) [9] 
5,0(14 $$) HO] 
2,7 (16 SS) [10] 

24(3i SS) [9] 
27(38 $E) [9] 

Rt 

log wr 

0,48 
2,45 
1,83 
3,83 
2,43 
3,20 
3,83 
5,83 

c a l c u l a t e d  f r o m  the  c o r r e s p o n d i n g ,  c o n s t a n t  at  the  m o m e n t  of  h a l f - t r a n s f o r m a t i o n .  
of  o p t i c a l l y  s a t u r a t e d  A 2 - o x a z o l - 5 - o n e s  (V) by the  ac t i on  of  RS- ( I I ) .  A i s  a m m o a o -  

log (Wr/ 
wRA) 

-0,40 
+L89 
+0,98 
+3,31 

2,55 
3,13 
5,0i 

The v a l u e s  of the  r a t e s  of h y d r o g e n a t i o n  of (I) in the  p r e s e n c e  of  Et3N a g r e e  c l o s e l y  a m o n g  t h e m s e l v e s ,  
and a r e  e s s e n t i a l l y  i ndependen t  of the  so lven t  as  wel l  a s  of  the  s t r u c t u r e  of  the  s u b s t r a t e  m o l e c u l e  in c o n t r a s t  

to the  r a t e s  of  a m m o n o l y s i s  and r a c e m i z a t i o n  ( see  Tab le  4).  T h e s e  va lue s  a r e  a l so  c l o s e  to the  r a t e  of  r e d u c -  
t ion  of  (I) in the  p r e s e n c e  of the  a m i n e  S- ( I I ) .  This  fac t  i s  ev idence  tha t  the  RA r e a c t i o n  b e g i n s  wi th  r e d u c t i o n  
of  the  C ---- C bond  in (I). 

By c o m p a r i n g  the  s t e r e o s e l e e t i v i t i e s  of  the  r e a c t i o n s  in DME (see  Tab le  4) i t  m a y  be s e e n  tha t  the  R A  
r e a c t i o n  of  (I) in a l l  i n s t a n c e s  l e a d s  to the  f o r m a t i o n  of SS-(II1),  which  e m p h a s i z e s  the  g e n e r a l i t y  of  the  R A  
m e c h a n i s m .  As a r e s u l t  of  the  t w o - s t e p  p r o c e s s  of (PA) in  DME w h e r e  s t e r e o s e l e c t i v i t y  i s  d e t e r m i n e d  by the  
s t ep  invo lv ing  a m m o n o l y s i s  of  (V), the  a l t e r n a t e  RS-(III)  c o n f i g u r a t i o n  p r e d o m i n a t e s  in the  c a s e  of  4 - i s o p r o p y l -  
i d e n e - 5 - o x a z o l o n e .  The a m m o n o l y s i s  of  the  4 - i s o p r o p y l  p r o d u c t  (V) a l so  l e a d s  to RS-(III)o We o b s e r v e d  a n a l o -  
gous  f o r m a t i o n  of  t h e s e  a l t e r n a t e  c o n f i g u r a t i o n s  fo r  RA and P A  fo r  a n o t h e r  4 - a l k y l i d e n e - 5 - o x a z o l o n e  (R 1 = Me;  
Re  2 = Et) [11]. In t h e s e  i n s t a n c e s  when the s u b s t i t u e n t  in the  C 4 p o s i t i o n  (R 1 = H, R 2 = Ph) c o n t a i n s  the  pheny l  

g r o u p  then  only  the  d i a s t e r e o m e r  with the  SS c on f igu ra t i on  i s  f o r m e d  by  r e d u c t i v e  a m m o n o l y s i s ,  p r o t o n i z a t i o n  
a m m o n o l y s i s  o r  s i m p l e  a m m o n o l y s i s .  

When t - B u O H  i s  u s e d  a s  the  s o l v e n t ,  f o r  RA,  P A ,  and A,  SS-(HI) f o r m s  r e g a r d l e s s  of  the  s t r u c t u r e  of  the  
s u b s t r a t e  m o l e c u l e  ( see  Tab le  4). In th i s  i n s t a n c e  the  r a t e s  and s t e r e o s e l e c t i v i t i e s  in  R A  and P A  o f  the  c o r r e -  

sponding  s u b s t r a t e s  e s s e n t i a l l y  do not  d i f t e r ,  which i n d i c a t e s  tha t  in  th i s  so lve n t  the  r e d u c t i v e  a m m o n o l y s i s  of 
(I') t a k e s  p l a c e  with the  i n t e r m e d i a t e  f o r m a t i o n  of the  s a t u r a t e d  o x a z o l - 5 - o n e  (V). 

A s s u m i n g  the g e n e r a l i t y  of  the  RA r e a c t i o n  of  (I) in DME,  l e a d i n g  in a l l  i n s t a n c e s  to SS-( I I I ) ,  in c o n t r a s t  
to the  P A  m e c h a n i s m ,  which  in the  c a s e  of  4 - a l k y l i d e n e - 5 - o x a z o l o n e s  y i e l d s  the  a l t e r n a t e  RS-(III)  c o n f i g u r a t i o n ,  
i t  i s  p o s s i b l e  to exc lude  the  i n t e r m e d i a t e  f o r m a t i o n  of  (V) in the  r e d u e t i v e  a m m o n o l y s i s  of  A 2 - o x a z o l - 5 - o n e s  in 
DME.  In t - B u O H  the  r a t e s  and the  s t e r e o s e l e c t i v i t i e s  of the  c o m p a r a b l e  (I) compounds  do not  d i f f e r  e s s e n t i a l l y ,  
wh ich  i s  e v i d e n c e  fo r  the  i d e n t i t y  of  the  RA and P A  m e c h a n i s m s ,  and e v i d e n t l y  the  RA r e a c t i o n  p r o c e e d s  without  
i n t e r m e d i a t e  f o r m a t i o n  of (V). 

The  c o m p a r i s o n s  g iven  v e r i f y  o u r  p r e v i o u s  s u g g e s t i o n s  about  t he  m e c h a n i s m  of  the  r e d u c t i v e  a m m o n o -  
l y s i s  (RA) of  4 - a l k y l i d e n e - 5 - o x a z o l o n e s  in t - B u O H  and DME [4, 5] and m a k e  i t  p o s s i b l e  to s u g g e s t  a m o r e  c o n -  
c r e t e  d e s c r i p t i o n  of  the  v a r i o u s  s t e p s  in the  c a t a l y s i s  (Scheme 2). 

1. The RA r e a c t i o n  beg in s  wi th  the  r e d u c t i o n  of  the  C = C  bond in (I). 

2. O r i e n t a t i o n  of  the  p r o c h i r a l  C----C bond p r e f e r e n t i a l l y  t o w a r d  one o r  the  o t h e r  s ide  d e t e r m i n e s  the  
c h i r o d i a s t a l t i c  i n t e r a c t i o n  of (I) wi th  the  c h i r a l  Pd  c a t a l y s t .  

3. In the  f o r m a t i o n  of  p a r t i c l e  (VI) into which  the  s u b s t r a t e  and the  a m i n e  S-(II)  e n t e r  a s  l i g a n d s ,  h y d r o -  
gen i s  t r a n s f e r r e d  to the  fl - c e n t e r  of  the  C -- C bond g iv ing  p a r t i c l e  (VII). 

4. In p a r t i c l e  (VII) the  oxazo lone  f r a g m e n t ,  bonded  to the  Pd  by a or-bond, m a y  be c o m p a r e d  in i t s  p r o p e r -  
t i e s  to  the  c o r r e s p o n d i n g  s a t u r a t e d  o x a z o l o n e s  (V). 

5. C o o r d i n a t i o n  of  a p r o t o n  with  the  u - c e n t e r  and  the  open ing  of  the  r i n g  l e a d s  to the  i n t e r a c t i o n  o f p a r -  
t i c l e  (VII) and S - a - p h e n y l e t h y l a m i n e  ( see  the  s c h e m e  in [4]}. In th i s  the  s t e r e o s e l e c t i v i t y  o f  r e d u c t i v e  a m m o n o -  
lysis (RA) may depend on the stability of the Pd- C bond in (VII). If R 3 = Me the Pd- C bond is sufficiently stable 

(the tendency of (I0 to racemize in DME is comparatively small). The stereoseleetivity of RA reaches 44%. 
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If R 3 = Ph in (I) the P d - C  bond is significantly weakened (the racemizat ion  capability of (V) is g rea te r  by a 
fac tor  of 2) and the possibil i ty of breaking the P d - C  bond inc reases .  This is the reason for the sharp lower-  
ing of the s tereoselec t iv i ty  of RA by 9%. 

Comparison of the rate of racemizat ion of (V) and the reduct ive  ammonolysis  (RA) of (I) in DME (see 
Table 4) with the s tereoselect iv i ty  of RA of (I) shows a significant corre la t ion  between these quantit ies.  In 
Table 4 where the dependency of the s tereoselec t iv i ty  of the RA of (I) on the rate ratio Wr/WRA (in the loga- 
r i thmic form) shows that high s tereoselec t iv i ty  exists for low values of log (Wr/WRA). We observed this with 
reductive ammonolysis  of 2-methyl-5-oxazolone in DME. In the 2-phenyl product ,  where the ratio is g rea te r  
by a factor  of 2, the s tereoselec t iv i ty  of RA is significantly lower.  

Comparison with the values shown with use of t-BuOH as the solvent does not permit  an analogous co r -  
relat ion.  Regardless  of the higher value of log (Wr/WRA), we noted a higher s tereoselect iv i ty  of the RA of (I) 
reaching 40-60~ Therefore ,  in t-BuOH the react ion proceeds  by another mechanism but par t ic le  (VII) in p a r -  
t icular  evidently breaks  down giving the saturated product (V) by interact ion with the substituted ammonium 
ion which enters  into the ammonolysis  react ion in quantity. In this instance the chiral i ty of the Pd catalyst  
does not influence the s tereoselect iv i ty  of the reductive ammonolysis  as the la t ter  is determined by the s te reo-  
select ivi ty of the ammonolysis  react ion of (V). 

However,  by replacing the solvent DME by t-BuOH in t he  RA react ion,  a change in mechanism occurs  
which is brought out by the fact that the simultaneous react ions of reduction and ammonolysis  in DME and 
t-BuOH occur  in separate  steps with intermediate  formation of saturated oxazolones.  The reason for the 
change in mechanism is t~e strong solvating effect of t -BuOH attributable to the dissociat ion of the P d - C  bond 
of the intermediate  par t ic le  (VII). Analogous solvent effects would be expected in the instances of reductive 
ammonolysis  of other A2-oxazol- 5-ones.  

E X P E R I M E N T A L  

iH NMR spect ra  were determined on a Bruker  WM-250 rad iospec t romete r  with HMDS internal s tandard,  

pure PdC12; S-~-phenylethylamine (S-(II)) [~]~ = -  39 ~ (no solvent); 2-phenyl-4-benzyl idene-5-oxazolone  (Ia) ob- 
tained according to [12], mp 165-166~ (from EtOH), 2-methyl-4-benzyl ideneoxazolone,  mp 150~ (from acetone). 

We ca r r i ed  out the reductive ammonolysis  of (Ia) and (Ib) in t-BuOH and the isolation of products (III) ac-  
cording to [1, 2]. Hydrogenation of (Ia) and (Ib) was ca r r i ed  out in t-BuOH with Et3N and the subsequent ammo-  
no!ysis by S-(II) (PA reaction) aceordingto  the methods used in [2, 7]. We est imated the react ion ra tes  by the 
absorption of hydrogen.  We calculated the concentrat ion of (I) by the equation C = C0(1 +Vt/V) where C O and C 
are  the initial and present  concentrat ions of (I) in mo le s / l i t e r ;  V is the total volume of absorbed hydrogen (in 
ml), V t is the amount of H 2 absorbed at any given moment  of time (in ml)~ 
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The obtained data were  evaluated for  reduct ive  ammonolys i s  of (Ia) and (Ib) us ing the f i r s t -  and second-  
o r d e r  kinetic equations.  Data on hydrogenat ion in the p r e sence  of Et3N show that the p r o c e s s  follows a f i r s t -  
o rde r  equation. The ra te  constants  were  de te rmined  by the l eas t  squares  method.  

The isolat ion and hydrogenation of S-c~-phenylethylamides  of N-acetyl - ( IVa)  and N-benzyl  cinnamie 
acids (IVb) in t -BuOH were  c a r r i e d  out by the methods of [1, 2]. 

C O N C L U S I O N S  

1. We show the reduct ive  ammonolys i s  reac t ion  (RA) of 2-methyl  and 2 -pheny l -4 -benzy l idene -5 -oxa -  
zolones and the i r  hydrogenat ion in p r e s ence  of Et3N with subsequent  ammonolys i s  with S -G-pheny le thy lamine  
in t -BuOH. 

2. The reduct ive  ammonolys i s  of A2-oxazol -5-ones  p roceeds  through initial reduction of the C = C bond. 

3. We discuss  the m e c h a n i s m  of reduct ive  ammonolys i s  of A2-oxazol -5-ones  in DME and t-BuOH. In DME the 
reac t ion  p roceeds  as a s imul taneous in terac t ion  of oxazolone,  hydrogen,  and amine in the coordinat ion sphere  
of the Pd complex, and in t-BuOH via the intermediate formation of saturated oxazolones. 

4. We show the correlation which we found between the stereoselective reductive arnmonolysis of &2 
oxazol-5-ones and the relative rates of reductive ammonolysis of (1) and the raeemization of the corresponding 
saturated oxazolones in DME. 
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