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S Y N T H E S I S  AND STEREOCHEMICAL STUDIES OF P-ANALOGUES 
OF A S P A R T I C  A C I D  D E R I V A T I V E S  

K .  KELLNER, C .  PREUSSLER, AND M.  D A R G A T Z  
Martin-Luther-Universitat H a l l e - W i t t e n b e r o .  
S e k t i o n  Chemie,  H a l l e  ( 5 . 1 ,  DDR-4010 

A b s t r a c t  A m e t h o d  f o r  t h e  s y n t h e s i s  o f  3 - p h o s p h o n o  
2 - a c y l a m i n o  p r o p i o n i c  a c i d  a n d  t h e i r  d e r i v a t i v e s  i s  
d e s c r i b e d .  The p r o c e d u r e  i s  b a s e d  o n  m e t h y l e n e  o x a z o -  
l i n o n e s  a s  s y n t h o n s  a n d  t h e i r  r e a c t i o n  w i t h  a c t i v a t e d  
P - H  compounds .  By t h e  m e t h o d  a d i a s t e r e o s e l e c t i v e  
r e a c t i o n  i s  o b s e r v e d .  The s t e r e o c h e m i c a l  c o u r s e  a n d  
t h e  r e l a t i v e  c o n f i g u r a t i o n  h a v e  b e e n  p r o p o s e d  o n  t h e  
b a s e  o f  nmr s p e c t r a .  

I N T R O D U C T I O N  

C o n s i d e r a b l e  i n t e r e s t  h a s  r e c e n t l y  b e e n  f o c u s s e d  o n  P - s u b -  

s t i t u t e d  g l u t a m i c  a n d  a s p a r t i c  a c i d  d e r i v a t i v e s .  T h e s e  h a v e  

b e e n  shown t o  h a v e  a f u n d a m e n t a l  r o l e  i n  t h e  s y n t h e s i s  o f  

B i a l a p h o s .  I n  c o n t r a s t  t o  t h e  l a r g e  number  o f  g l u t a m i c  a c i d  

d e r i v a t i v e s  t h e r e  a r e  o n l y  a f e w  m e t h o d s  known for t h e  s y n -  

t h e s i s  o f  a s p a r t i c  a c i d  d e r i v a t i v e s .  F o r  t h e  !3 -phosphorus  

s u b s t i t u t e d  compounds,  t h e  p r i n c i p i a l l y  u s e d  m e t h o d s  r e c a l l  

t h e  w o r k s  o f  Chambers a n d  I s b e l l l  a n d  o f  t h e  M a s t a l e r 2 2  

g r o u p .  The b l - a c y l a m i n o  v i n y l  c a r b o n i c  a c i d s  w h i c h  a r e  u s e d  

i n  t h i s  m e t h o d  a r e  weak M i c h a e l - a c c e p t o r s ,  so  t h e  r e a c t i o n  

r e q u i r e s  s t r o n g  r e a c t i o n  c o n d i t i o n s .  S u b s t i t u t i o n  a t  t h e  

c a r b o n  c h a i n  a n d  a t  t h e  c a r b o x y l i c  g r o u p  i s  a l s o  l i m i t e d .  

RESULTS AND DISCUSSION 

We f o u n d  i n  t h e  4 - a r y l i d e n e  2 - p h e n y l  o x a z o l i n - 5 - o n e s  1 u s e -  

f u l  p r e c u r s o r s  f o r  t h e  p r e p a r a t i o n  o f  3 - P - s u b s t i t u t e d  a s p a r -  

t i c  a c i d  d e r i v a t i v e s .  The h e t e r o c y c l i c  r i n g  s y s t e m  h a s  t w o  

f u n c t i o n s  i n  o u r  m e t h o d ,  n a m e l y  p r o t e c t i o n  o f  t h e  a m i n o  

g r o u p  a n d  a c t i v a t i o n  of  t h e  e x o c y c l i c  d o u b l e  b o n d .  I t  h a s  
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b e e n  f o u n d  t h a t  when 1 i s  a l l o w e d  t o  r e a c t  w i t h  a l k a l i s a l t s  

o f  d i a l k y l p h o s p h i t e s  i n  a p r o t i c  s o l v e n t s  a t  r o o m  temperature, 

a n e a r l y  q u a n t i t a t i v e  a d d i t i o n  o c c u r e d  a t  t h e  e x o c y c l i c  

d o u b l e  b o n d .  The p r o t o n a t i o n  o f  t h e  r e s u l t i n g  a l k a l i - 0 - o x -  

a z o l e s  2 w i t h  w a t e r ,  m e t h a n o l  e t c .  is n o t  s u c c e s s f u l  because 

t h e  a l k a l i n e  medium l e a d s  t o  many s i d e  r e a c t i o n s .  To a v o i d  

t h e  a l k a l i n e  medium 2 i s  t r a n s f e r r e d  i n t o  t h e  4 - p h o s p h o n a t o -  

m e t h y l  5 - s i l o x y  o x a z o l  2. T h i s  i n t e r m e d i a t e  c a n  b e  a l s o  ob -  

t a i n e d  b y  t h e  r e a c t i o n  o f  1 w i t h  d i a l k y l  s i l y l  e s t e r s  o f  t h e  

p h o s p h o n o u s  a c i d .  By r e a c t i o n  o f  2 w i t h  w a t e r  or a l c o h o l s  

t h e  4 - p h o s p h o n a t o m e t h y l  o x a z o l i n - 5 - o n e s  a r e  f o r m e d  i n  a f a s t  

r e a c t i o n .  A f t e r  r i n g  o p e n i n g  b y  t h e s e  n u c l e o p h i l e s  e i t h e r  

3 - p h o s p h o n a t o  3 - a r y l  2 - b e n z o y l a m i n o  a c i d s  or t h e  c o r r e s p o n -  

d i n g  e s t e r s  a r e  p r o d u c e d  i n s t a n t a n e o u s l y .  

N o  *c/ 
I 

0 
(ROIZP-CH-CH-C< II /D 

I I  OMe 
Ar NH-COPh 

5 - 

SCHEME 1 

Ph 

3 - 

0 
I I  

(~01,~-CH-CH-COOH 

Ar NH-COPh 
I I  

4 - 

By t h e  r e a c t i o n  o f  4 - p e n t a r n e t h y l e n e  o x a z o l i n o n e s  w i t h  d i -  

a l k y l p h o s p h i t e s  e v i d e n c e  h a s  b e e n  f o u n d  f o r  t h e  r e a c t i o n  

p a t h w a y  b y  c h a r a c t e r i z a t i o n  o f  a l l  i n t e r m e d i a t e s .  
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P-ANALOGUES OF ASPARTIC ACIDS [ 1711487 

0 
!I 

N+C/ 0 

I 
Ph 

0 
1. NaP(OR12 
2. MejSiCl 

3. MeOH 
P 

lj NHBCOPh 

II 
( RO)2P,C,CH-COOH 

- 
SCHEME 2 

The 3-substituted 3-phosphonato aspartic acid analogues are 
characterized by 2 asymmetric centres, 2 diastereoisomers 
are thus expected. By reactions according to scheme 1 only 
one diastereoisomer has been isolated. That suggests that 
in the reaction pathway there should be a diastereoselective 
step. The diastereoselection observed in both derivatives 
is discussed in terms of the desilylation of 3 controlled 
by the first asymmetric centre. 
The HPLC analysis of the crude product of 5 showed a ratio 
of diastereoisomers of 9 5 : 5 .  To o u r  knowledge such a high 
stereoselection has not been observed in the hydrolysis of 
silylenolethers up to now. The second diastereoisomer can be 
isolated after a racemisation process at the&-carbon. Both 
isomers were well characterized by nmr-, ir-, and X-ray 
analysis. 

also by its reaction with ammonia, primary amines and amino 
acids under special conditions resulting in the formation 
of amides 9 ,  - 10 and dipeptides 11, respectively. Stereo- 
selectivity is observed in these cases too. The diastereo- 
isomers of 9 obtained in 1:4 ratio are separated by crystal- 
lization. 

The significance of this approach to P-analogues of 
aspartic acids is further demonstrated by the synthesis of 

3 

The key position of the siloxyoxazol 3 is demonstrated 
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3 - p h o s p h i n a t o  d e r i v a t i v e s .  I t  h a s  b e e n  f o u n d  t h a t  when 

was a l l o w e d  t o  r e a c t  w i t h  O - a l k y l  0 - s i l y l  p h o s p h o n i t e s  t h e  

4 - p h o s p h i n a t o m e t h y l  5 - s i l o x y  o x a z o l e s  12 r e s u l t  i n  h i g h  

y i e l d .  By d e s i l y l a t i o n  a n d  r i n g  o p e n i n g  r e a c t i o n s  w i t h  wa- 

t e r ,  a l c o h o l s  a n d  a m i n e s  t h e  3 - p h o s p h i n a t o  3 - s u b s t i t u t e d  

2 - b e n z o y l a m i n o  p r o p i o n i c  a c i d s ,  e s t e r s  and  a m i d e s  c a n  b e  

p r e p a r e d  a s  shown a b o v e .  

0 
I I  

(RO),P- C H  -CH-C” 

I 
l .NH31THF Ph 

II 
(RO12 P-CH-CH-CO-NHR 

I I  
R ’  N H - C O P h  

2 .  EtOH 

HzNCHzCOOH I 
CH3COOH I 0 I1 J 

(RO),P-CH-CH-CONH, 
I I  
R ’  N H - C O P h  n 

9 - 
v 
II 1 0  - 

(ROI2P -CH- CH-CO- NH-CH~- COOH 
I I  

R’  N H - C O P h  - 11 
SCHEME 3 9 SCHEME 4 4 

0 
RP-CH, OSiMe, 

EtO A r  f \ 
* I I c=c’ 

N 0 1 2  *c/ - 
I 

0 
I I  I OMe 

Ph P-C H- C H- C t 0  

EtO A r  N H - C O P h  
0 

0 ’ 0  Me P - C H- C H-C’ I 1  1 ‘NHR 
E t O  A r  N H - C O P h  

RP-c H- c H - cg 
14 I I I ‘OH 13 - 1 5  - 

EtO A r  N H - C O P h  
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