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In [1] we  d e s c r i b e d  the  r e a c t i o n  of r e d u c t i v e  a m i 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 s  in  1,2-dimeth- 
oxyethane (DME) under the influence of a chiral catalytic system based on PdC12 and S-(c~)-phenylethylamine. 
In the work reported here, we investigated the effects of various types of solvents on the stereoseleetivity and 

kinetics of the process of reductive aminolysis of 2-phenyl-4-isopropylidene-5-oxazolone (h. 

DISCUSSION OF RESULTS 

When an alcohol is used as the solvent in a reaction of reductive aminolysis, the aminolysis of ~e 5- 
oxazolone may be accompanied by its alcoholysis [2] in accordmlce with the reaction equation shown below. 

Me Me Me Me Me 

\C=C--C=O @ NH~CH / H,,Pd \ / \ @ ROH --~ CHCHCONHCH ~- CHCHCOOR 
/ / \ \ / ~ \ / i 

Me N 0 Ph Me NHCOPbl Ph Me NHCOPh 
/ (Tv) 

C S-(II) (Hi) It = Me, Et, ~-Pr, t-Bu. 

Ph 
(I) 

The hydrogenation was performed in a static unit at 20~ with a hydrogen gauge pressure of 0.2-0.3 
kgf/cm 2. Tile reaction rate was judged from the rate of H 2 uptake. The reaction mixtures were analyzed by 
means of PMR, GLC, and spectropolarimetry [i]. The rate of hydrogenation of (D follows a first-order equa- 
tion with respect to the oxazolone (Fig. !); in the case of tile MeOH and DME, the dependence of-in C on time 
remains linear all the way up to 85-90% conversion. In the other cases, after 50-60% conversion has been 
reached, deviations from linearity are observed. In Table i, along with the composition of the reaction mix- 

ture, we have listed the hydrogenation rate constants calculated by the use of the equation 

In  6% - -  I n C  = k t  {1) 

where C O and C are the initial and instantaneous cor~centrattons of (I} as calculated onthe basis ofH z uptake; only 
the initial linear section was used in the calculation. 

It can be seen from Table 1 that the hydrogenation rate depends on the nature of the solvent. The process 
rate is the highest in MeOH; in alcohols with higher molecular weights (from EtOH to t-BuOH), the hydrogena- 
tion proceeds at the same rate, whichis only one-fifth that in the MeOH. In the dipolar aprotonic solvent DMFA, 
the hydrogenation proceeds at the same rate as in EtOH. When the change is made to the low-polarity aprotonie 
DME, the rate drops in half. The ratio of the processes of aminolysis and alcoholysis in the alcohols depends 
on the acidity of the alcohol. In the MeOH, the main product is the methyl ester of N-benzoylvaline, in EtOH 
and i-PrOH, equal quantities of the amide (/]I) and ester (IV) axe obtained, and i~ t-BuOH, the maim product is 
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TABLE 1. Hydrogenat ion of 2 - P h e n y l - 4 - i s o p r o p y l i d e n e -  
5-oxazolone (D in Var ious  Solvents (0.18 mmole  PdC12, 
i mmole  (I), 1.5 m m o l e s  S-(II),  15 ml solvent) 

Solvent 

MeOH 
EtOH 

~-PrOH 
t-BuOH 
DMFA 
DME 

Reaction product, % 

ester (IV) amide (III) 

95 * 5 
50 50 
45 55 
8 92 

- lO0 
- t00. 

Excess ofSS- ] 
diastereomer [ 

, o f ( I n ) , %  I 
/ 

25 
iO 
4,6 

k, rain "1 

0,ti6• 
0,022+-0,004 
O,021• OOi 
0,02t-+0,(D2 
O,Ol7• 
O,Oli• 

*Optical  y ie ld  (p) of methyl  e s t e r  of beazoy l -R-va l i ne  5%. 

-tnC 

5,o 

J,o 

! 2 

5 

28 qg ~o #9 rain 

Fig. i. Hydrogenation of 2- phenyl-4-isopropylidene- 
5-oxazolone (D in various solvents: I) MeOH; 2) i- 
PrOH; 3) t-BuOH; 4) EtOH; 5) D]VIFA; 6) DME. 

(TIT) (see Table 1). A s i m i l a r  re la t ionship  was o bse rved  in [2]. The s t e r eose l ec t i v i t y  in the fo rmat ion  of (El/) 
is a lso dependent on the nature  of the solvent;  the excess  of the S S - d t a s t e r e e m e r  (ED) that  is obtained inc rease  s 
f rom DME to t-BuOH. In the t -BuOH, the ED has  a l ready  r eached  25-30%, which made it  poss ib le ,  by analogy 
with [3], to obtain S-val ine with an optical  y ie ld  p = 90%. The s epa ra t i on  of the d i a s t e r e o m e r s  of (III)was p e r -  
f o r m e d  e i ther  by c rys ta l l iza t ion  or  by liquid ch roma tog raphy  on s i l ica  gel .  

Attempts  to achieve a fu r the r  i n c r e a s e  in the s t e r eose l ec t i v i t y  of the p r o c e s s  of reduct ive  aminolys is  in 
t -BuOH by lowering the t e m p e r a t u r e  to 10~ did not give the des i r ed  resu l t s ;  the use of va r ious  addit ives to 
lower  the mel t ing point of the t -BuOH e i the r  lowered  the s t e r eose l ec t i v i t y  in spi te  of the lower  t e m p e r a t u r e  
(this was the case  when H20 or  p r i m a r y  alcohols we re  added) or  left  the s t e r eose l ec t i v i t y  unchanged (when 
sec -hexy l  alcohol was added). I n c r e a s e s  in the concent ra t ion  of (ID led to a s l ight  i nc r ea se  in s t e reose lec t iv iW 
(Table 2). The sha rp  inc rease  in s t e r eose l ec t i v i t y  when the DME is r ep laced  by t -BuOH sugges ts  a change in 
reac t ion  mechan i sm due to the action of the solvent .  

A study of the p roce s s  s tages  of the reac t ion  in DME [1] showed that  the reduct ive  aminolys is  of (D by-  
Me 

\ 
p a s s e s  the s tages  of fo rmat ion  of e i the r  the unsa tura ted  amide or  the s a tu ra t ed  oxazolone CH--CH--C=O (V). 

/ / \ 
Me N O 

% / 
C 

Me Me Plh 

Since the unsa tura ted  amide \C=C--CONHCH / in t -BuOH is not hydrogenated  under  the conditions of the r e -  
/ I \ 

Me NHCOPh Ph 

ductive aminolys is  react ion,  we can e l imina te  the poss ib i l i ty  of its i n t e rmed ia t e  fo rmat ion .  However ,  the f o r m a -  
tion of the amides  (IlI) with a s ingle  configurat ion in ca r ry ing  out the reduct ive  aminolys i s  of (D and the amino ly -  
s is  of the sa tu ra ted  azalactone (V) [4] in t -BuOH sugges t  that  in t -BuOH, the p r o c e s s  goes  through the in t e r -  
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TABLE 2. Influence of Concen-  
t r a t ion  of S - ( - ) - ~ - P h e n y l e t h y l -  
amine (1I) on S te reose lec t iv i ty  of 
Reductive Aminolys is  of 2 - P h e n -  
y l - 4 - i s  opropyl idene-  5-oxaz clone 
(D in t -BuOH (0.067 m o l e / l i t e r  
(D) 

Cone. of (II), 
moles/ liter 

O,i 
0,2 
0,3 
0,4 

k-102~ 
moles/liter- 

min 

0,20+-0,0i 
O, il~O,Oi 
OAl-~O, Oi 
0,09• 

Excess of SS- 
dia~eteomer 

of (III), 
% 

22-24 
25 
27 
28 

TABLE 3. Aminolys is  of Sa t -  
u ra t ed  4- Is  op ropy l -5 -oxaz  el ones 
by S-  ( - ) -  a -pheny le thy lamine  
S-(~ 

Me 
\ 
CH--CH--C~-O 

/ / \ 
Me N 0 

1 
R 

(1 mmole  (V), 1.5 mmoles  S-(II), 
15 ml  solvertt) 

Method of 
obtaining sat. 

I1 azalactone 
Cr 

Ph A * 

Ph A 
Ph B 
Me B 
Me B 

i Excess of SS- 
Solvent diastereom~r 

�9 of (HI),% 

t-Bu0H 24SS 
t-BuOH i6,53S 

DME 8,0R• 
DME 4,6RS 

t :BuOH J4,0SS 
DME 6,2BS 

* Method A is the hydrogenat ion 
of the oxazolone (D in the p r e s -  
ence of PdC12 and Et3N. 
SMethod B is the cycl iza t ion of 
the N-acy lva l ine  by N , N ' - d i c y c l o -  
hexy lca rbodi imide .  

media te  fo rma t ion  of (V) (Table 3). In o r d e r  to t e s t  this  hypothes is ,  we inves t iga ted  the kinet ics  of reduet ive  
amino lys i s  of (D and 2 -m e t hy l -4 - i s op ropy l i dene -5 -oxazo lone  (VD in D1VIE and in t -BuOtt  for  compar i son  with 
the kinet ics  of aminolys i s  of the cor responding  s a t u r a t e d  oxazolones ,(4). We pointed out previously  (see Fig. 1) 
tha t  the reduct ive  aminolys i s  of (D in DME is a f i r s t - o r d e r  r eac t ion  with r e s p e c t  to the oxazolone. In t -BuOH, 
the l inea r  c h a r a c t e r  of the dependence of In C on t is o b s e r v e d  only up to 55% convers ion.  The best  r e su l t s  a re  
obtained by working up the data on the bas i s  of the s e c o n d - o r d e r  equation 

_ _ _  Co§ A ]n C + A In - -  ~ Al~t (2) 
C Co 

where  A is the d i f ference  between the concent ra t ions  of (]I) and (D. In this case ,  l inear i ty  is p r e s e r v e d  up to 
90% convers ion  (Fig. 2). A change of the ini t ial  coacen t r a t ioa  of the amine (ID f r o m  0.2 to  0.4 m o l e / l i t e r  showed 
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TABLE 4. Rate Constants  for  Reductive Aminolys is  of 4 - I s o -  
propyl ideneoxazolones  (ld, and fo r  Aminolys is  (k a) and R a c e m i z a -  
t ion (k r) of 4 - I sopropyloxazolones  (0.067 m o l e / l i t e r  oxazolone, 0.1 
m o l e / l i t e r  S-(ID) 

k, ka, kr, min-1 
Oxazolone Solvent k, rain "1 li~ors/mole~nin liters/mole.m~ 

(I) (lq=Ph) 

(vI) (R=Me) 

DME 
t-BuOH 

DME 

O, Oi 

0,3 

0,05 
0,t 
0,006 

i2,4 
70 
0,15 

i o 

1,8- o ~ 2 

f,0 

E 8 

0,5 

o,~ 2g ~0 69 8g 100 12g i~g 15g 18o 
mm 

Fig.  2. Reductive aminolys is  of 4 - i s o p r o p y l -  
idene-5-oxazolones :  1) 2 - m e t h y l - 4 - i s o p r o p y l -  
idene-5-oxazolone  (VD in DME; 2) 2-phenyl -  
4 - i sopropy l idene-5-oxazo lone  (D fll t -BuOH. 

that  the constant  r e ta ins  a s a t i s f ac to ry  constancy (see Table 2). The slight inc rease  of the constant  at an amine  
(II) concentra t ion of 0.1 m o l e / l i t e r  can be explained on the basis  tha t  with the given ra t io  of concentra t ions  of 
PdC12 and (II), the ca ta lys t  act ivi ty has not ye t  become independent of the concentrat ion of (ID. 

A workup of kinetic data on the reduct ive  aminolys i s  of (VD in DME [1] in accordance  with Eqs.  (1) and 
(2) showed that  Eq. (2) gives a be t te r  r ep re sen t a t i on  of the data (see Fig.  2). In Table  4 we have l i s ted  values 
of the ra te  constants  fo r  the reduct ive  aminolys is  of (I) and (VI) and fo r  the p r o c e s s e s  of r acemiza t ion  and 
aminolys is  of the cor responding  sa tu ra ted  4- i sopropyloxazo lones  (V). In Table 5 we show the ra tes  of these  
reac t ions  at the instant  of ha l f - conver s ion  fo r  (D and (VI) in D1VIE. 

A compar i son  of the kinetic and s t e r e o c h e m i c a l  data fo r  the p r o c e s s e s  of reduct ive  aminolys is  of (D ~md 
the r acemiza t i on  and aminolys i s  of the sa tu ra t ed  oxazolone (V) lead to the following hypotheses  re la t ive  to the 
m e c h a n i s m  of the reduct ive  aminolys is  p r o c e s s  (see scheme) .  By the in terac t ion  of PdC12, S-(II),  and H 2, a 
chi ra l  catalyt ic  s y s t e m  (VID is fo rmed ,  act ivat ing the hydrogen molecule  in a he te ro ly t ic  manner ,  the proton 
accep to r  being the ch i ra l  amine (II). The poss ibi l i ty  of heterolyt ie  act ivat ion of hydrogen on a number  of Pd 
complexes  has  been examined in [5, 6]. It was  sugges ted  in [7, 8] that  the ca ta ly t ica l ly  act ive complex has a 
chelate s t r uc tu r e .  The addition of a hydr ide  ion to a ~ - type -coo rd ina t ed  molecule  of the oxazolone (V1W) leads  
to the spec ies  (IX), which i s  s i m i l a r  in p r o p e r t i e s  to the carbanion  of the oxazolone.  In the spec ies  (IX), the 
oxazolone is chi ra l .  Subsequent addition of S -~ -pheny l e thy l ammon ium proceeds  on the l eas t  h inde reds ide  of the 
r ing plane,  in the t r ans  posi t ion re la t ive  to the Pd a tom of (X). The introduction of a proton at the P d - C  bond 
leads to the spec ies  (XD, which was r e g a r d e d  as an in te rmedia te  in the aminolys is  of (V) [4]. I t  can be con-  
v e r t e d  e i the r  into SS-(I]I) in DME, or  into S-(I) and S-(ID in t -BuOH.  In the case  of the DME, the s t e r e o s e l e c -  
t ivi ty of the p r o c e s s  is de te rmined  by the enanthiose lec t iv i ty  of the ca ta lys t  and the s t rength  of the P d - o x a z o l o n e  
bond (the capabi l i ty  of the l a t t e r  for  racemiza t ion) .  

In the reduct ive  analys is  of 2 -methy l -4 - i sopropy l ideneoxazo lone  in DME, the ra te  of r acemiza t ion  of the 
s a tu ra t ed  oxazolone i s  of the s a m e  o rde r  of magnitude as the r a t e  of reduct ive  aminolys is  (see Table 4). It  
appea r s  l ikely that  in the sphe re  of the Pd complex,  the P d - C  bond is quite s t rong,  and the degree  of invers ion  
will be low. There fo re ,  high s t e r eose l ec t i v i t y  of the p r o c e s s  is observed,  with ED SS-(]]I) = 40%. The fact  that  
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TABLE 5. Reaction Rates in Re- 
ductive Aminolysis of 4-1sopropyl- 
idene-5-oxazolones (w) and for 

Processes of Aminolysis (w a) and 

Racemization (w r) of Saturated 
Oxazolones at Ti/2 in 1,2-Dimeth- 
oxyethane 

Oxazolone 

(I) 
(vI) 

Reaction rate w.10 4, moles/ 
liter.min 

reductive 
aminolysis I aminolysis 

w I Wa 

3,63 ] t,03 
6.6 0,3 

racemiza o 
tion w r 

415 
6,81 

the process is second-order suggests that the limiting stage is the conversion of (IX) to (X). When the change 
is made to (1), the Pd-C bond is weaker because of the phenyl group; the rate of racemization is two orders of 
magnitude greater than the rate of reductive aminolysis (see Table 5), and the stage of protonatior~ proceeds 
with dissociation of the complex, leading to low stereoselectiviW. The observed first order of the reaction in- 
dicates that the limiting stage is the formation of (IX). 

/~Ie ~ /,,~o ~f%c~/p/, __ ~ p / H  
P6C12 + NH2CH + H2 ~ NH3CH + -- %ci 

~Ph ~'Ph H " /  NH 2 ~ C I -  

$-(H) (rid i+ 

k Pd oH E9 /Me 

-~ C--C -<---- S-(ID Pd 

R (x) (ix) R Y~-.~_./ 

/M~ (vm) } ,  
e ~ i-PrCHCONHC}i 

~-PrV / \ \ ~ ' < ~ o . .  s ,  S - (In) 
Nx 0 ~Ph ,%/ �9 0 

"C---C// / ~ e  
a (XI) N % / 0  + NH2CH~k 

"Fh 
I ~ s-(v) 

In the case of t-BuOII, the process goes forward through the intermediate formation of (V). Here, the 
enanthioselective properties of the catalyst play a subordinate role, and the stereoselectivity of the reaction 
is determined by the ratio of the rates of aminolysis of the enanthiomers of (V) under the influence of the S-(s 
This view is supported by the similar Idnetic and stereochemical characteristics of the processes of reductive 
aminolysis of (D and aminolysis of (V). 

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

The PM/~ spectra were taken in a Varian DA-60-IL radiospectrometer, internal st~mdard HMDS. The 
spectropolarimetric measurements were performed in a Spectropol-i instrument. The 2-phenyl-4-isopropyl- 
idene-5-oxazolone (I) was obtained [n accordance w ith [i], m.p. 97.5-98~ (from absolute alcohol); the 2-methyl-4- 
isopropylidene-5-oxazolone (VD was obtained in accordance with [I], off; the S-(-)-o~-phenylethylarnine had 
[~]D-39~ (without solvent). The S-~-phenylethylamide of fl,fi'-dimethylacrylic acid was obtained in accordance 
with [i]. The reaction of reductive aminolysis was performed in a thermostated glass reactor at 20~ with a hy- 
drogen gauge pressure of 0.2-0.3 kgf/cm 2. To 0.035 g PdCl 2 and 5 ml t-BuOH, 0.2 ml S-(II) was added. After 
reduction of the catalyst, a solution of 0.2 g (1) and I0 ml t-BuOH was introduced. The~hydrogenation rate was 
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judged f rom the rate  of H 2 uptake. At the end of the reac t ion ,  the ca ta lys t  was r emoved  by centrifuging, and the 
solution was evaporated to d ryness .  The res idue  was dissolved in CHC13, and the amine was ex t rac ted  by 2 N 
HC1 and water .  The mixture  of d i a s t e r e o m e r s  of the  amides d id  was c rys t a l l i zed  f r o m  absolute ethyl acetate or  
absolute benzene,  with the SS-(HI) being accumulated in the mothe r  l iquor.  After  seve ra l  crys ta l l iza t ions ,  a 
product  was obtained that according to the PMR spec t rum was 100% SS-(II~ with m.p. 199-200~ [~]365-229 ~ 
[~]400-173 ~ [~]350-119 ~ [~]630-76.7 ~ (C 0.97, CHCI~). The RS-(HI) was isola ted by means  of LC. The liquid ad-  
sorpt ion chromatography of (Ul) was c a r r i e d  out on 5-40 pm s i l ica  gel.  In a column. (2.8 • 27.5 cm) that had 
been equil ibrated with the solvent  sys tem CH2C12/ethyl a c e t a t e / h e x a n e / M e O H  ( 4 / 1 / 5 / 0 . 0 2 ) ,  5 ml of a 1% 
solution of ( I ~  in the same solvent  sys t em was introduced.  The elution ra te  was 5 m l / m i n  under a ni t rogen 
gauge p r e s s u r e  of 1 k g f / c m  2. The f rac t ion  volume was 10 ml.  The optical density of the f rac t ion  was m e a -  
su red  in an SF-4  spec t rophotometer  at a wavelength 1 = 260 nm. The separa t ion  of (HI) by means of TLC was 
pe r fo rmed  on Silufol UV-254 plates  in the same solvent  sy s t em  as that  used in the column chromatography.  
Clean separat ion of the d i a s t e r eomers  of (HI)was achieved in 18 h. R S - ( I ~ ,  m.p. 198.5-201.5~ [~]3~0-185 ~ 
[~]400-131 ~ [~]4s0-84.6 ~ (C 0.52, CHC13). The SS-(]H) was hydrolyzed  by 6 N HC1 [1]. A workup of the hydro lyz-  
ate gave S-valine with p = 90%. 

The reductive aminolysis  in two s tages  was p e r f o r m e d  in accordance  with [1]; the reduct ive methanolysis  
of (Ia) was pe r f o r med  in accordance  with [3]. The reac t ion  mixture  was worked up in the same manner  as in the 
case of the reduct ive aminolysis .  The product  r e c r y s t a l l i z e d  twice f ro m  hexane,  according to PMR data, is the 
methyl e s t e r  of benzoyt-R-val ine  without any admixture  of (IIIa):: [o~]~9-2.77 ~ (C 2.9, CHC13), [~]3G5-58 ~ (C 2.9, 
CHC13), p = 4.5%. Fo r  the methyl e s t e r  of benzoyl-R-val ine ,  [~]366-176 ~ (C 2.9, CHC13). 

C O N C L U S I O N S  

1. The rep lacement  of 1,2-dimethoxyethane (DME) by t-BuOH in the reac t ion  of reduct ive  aminolysis  of 
2-phenyl-4- isopropyl idene-5-oxazolone  leads to a cons iderable  inc rease  in the s te reose lec t iv i ty ,  so that the S- 
valine can be obtained with an optical y ie ld  up to 90%. 

2. On the basis of s t e reochemica l  and kinetic data, it is suggested that  the reac t ion  proceeds  through the 
in termedia te  format ion of the sa tura ted  oxazolone when t-BuOH is used as the solvent ,  and without the in t e r -  
mediate  format ion of the sa tura ted  oxazolone when DME is used.  
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