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A b s t r a c t  --- A ~ y m m e t ~ i c  t r a n s f o r m a t i o n  o f  2 - c h l o r o a l k a n o i c  a c i d s  9 

o x a z o l i n e  d e r i v a t i v e s  were examined u s i n g  ( $ 1 - p h e n y l a l a n i n o l  a s  a  

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

were a p p r e c i a b l y  improved  compared w i t h  t h o s e  o f  t h e  a c i d s  o b t a i n e d  

b e f o r e  t h e  t r a n s f o r m a t i o n .  

I n  a  p r e v i o u s  p a p e r ,  t h e  asymmet r i c  t r a n s f o r m a t i o n  o f  2 - p h e n y l a l k a n o i c  a c l d s  

v i a  o x a z o l i n e  d e r i v a t i v e s  was r e p o r t e d . "  A l t h o u g h  t h e  o p t i c a l  y i e l d s  were n o t  - 
v e r y  h i g h  (29-53%) ,  t h e  t r a n s f o r m a t i o n  appeared t o  be a  u n i q u e  method f o r  

s y n t h e s e s  of c h i r a l  a c i d s .  O x a z o l i n e  d e r i v a t i v e s  were o r i g i n a l l y  used b y  Meyers 

e t  a l .  f o r  asymmetric s y n t h e s e s  o f  v a r i o u s  c h i r a l  a c i d s ,  b u t  i n  t h e  case of -- 
2 - c h l o r o a l k a n o i c  a c i d s  t h e  o p t i c a l  y i e l d s  were r a t h e r  l o w  compared w i t h  o t h e r  

S u C C e s S f ~ l  examples.2)  T h e r e f o r e ,  we examined t h e  asymmet r i c  t r a n s f o r m a t l a n  of 

2 - c h l o r o a l k a n o i c  a c l d s  a o x a z o l i n e  d e r i v a t i v e s .  

O x a z o l i n e  d e r i v a t i v e s  - 1  were synthesized f r o m  (S I -pheny la lan ino13 '  and 

t h e  e t h y l  i m i d a t e  h y d r o c h l o r i d e s ,  w h i c h  were p r e p a r e d  f r o m  2 - c h l o r o a l k y l  

c y a n i d e s 4 '  (Scheme 1 ) .  A t y p i c a l  example o f  t h e  s y n t h e s e s  was d e s c r i b e d  b e l l o w .  

E t h y l  2 - c h l o r o p r o p i o i m i d a t e  h y d r o c h l o r i d e  ( 8 . 6  g, 0.05 m o l l  and 8.3 g  (0 .055  m o l l  

of ( S ) - p h e n y l a l a n i n o l  were suspended i n  100  m l  o f  d r y  CH2C12, and t h e  s u s p e n s i o n  

was s t i r r e d  f o r  1 0  h  a t  room t e m p e r a t u r e .  The p r o d u c t s  were a p p l i e d  on a s i l i c a -  

g e l  ch romatography ,  and t h e n  distilled under  reduced  p r e s s u r e .  The a x a z o l i n e  

d e r i v a t i v e  ( l a )  was o b t a i n e d  a s  t h e  m i x t u r e  o f  two e p i m e r s  a t  C-2 exo m e t h i n e  o f  - 
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t h e  r i n g  (8.35 g, 74.8%):  bp 124-126°C/1.5 mmHg; [M]:~ -70.7O ( c  1.04,  MeOHl; I R  

( n e a t 1  1665 m-I (C=NI; Found: m/e 223.0777. C a l c d  f o r  C12H14NOC1: M ,  223.0765. 

l a - e  were p r e p a r e d  a s  d e s c r i b e d  above and used f o r  t h e  f o l l o w i n g  asymmet r i c  - - 
t r a n s f o p m a t i o n  (Scheme 11.  F o r  example, 671 mg ( 3  mmol) of 2 was d i s s o l v e d  i n  

3  m l  o f  d r y  THF and t h e  s o l u t i o n  was c o a l e d  t o  -78OC under  A r .  To t h e  s o l u t i o n  

3 . 6  mmol o f  1  M n -BuL i  was added d r o p w i s e ,  and t h e  m i x t u r e  was s t l r r e d  a t  -78%. 

A f t e r  45 mi" ,  3 m l  o f  25% aq.THF was added t o  t h e  m i x t u r e  and t h e  o x a r a l i n e  

d e r i v a t i v e  was e x t r a c t e d  w i t h  e t h e r .  The d e r i v a t i v e  was h y d r o l y z e d  I 1  M  HC1, 80°C, 

1 .5  h ) ,  and t h e  p r o d u c t  was d i s t i l l e d  ( b u l b  t o  b u l b )  t o  g i v e  237 mg (72 .7%)  o f  

2 - c h l o r o p r o p i o n i c  a c i d  (2): mE5 +7.77' l c  5.12, MeOH). T h i s  a c i d  was 

i d e n t i f i e d  b y  i t ' s  I R ,  MS, and NMR s p e c t r a .  The r e s u l t s  o f  t h e  h y d r o l y s i s  o f  5-5 
b e f o r e  and a f t e r  t h e  asymmet r i c  t r a n s f o r m a t i o n  a r e  Summarized i n  T a b l e  1 .  

The d i a s t e r e o m e r i c  c o m p o s i t i o n  o f  2-e a f t e r  t h e  t r a n s f o r m a t i o n  was measured 

I 
b y  H  NMR o r  GLC (OV-101 0 . 2 7 P X 5 0  m) ,  and t h e  r e s u l t s  were l i s t e d  i n  T a b l e  1. 

A l t h o u g h  t h e  o p t i c a l  p u r i t i e s  o f  and car responded  t o  t h e  d i a s t e r e o m e r i c  

c o m p o s i t i o n ,  t h e  c a l c u l a t e d  o p t i c a l  p u r i t l e s  o f  =-%disagreed w i t h  t h e  c o m p o s i t i o n  

o f  - 2 .  F P O ~  t h e  d i a s t e r e o m e r l c  c o m p o s i t i o n  of s-2, t h e  o p t i c a l  p u r i t i e s  of 

2c-e were e x p e c t e d  t o  be a b o u t  50%, b u t  t h e  c a l c u l a t e d  o p t i c a l  p u r i t i e s  of Ac-2 - - 
w e r e  h i g h e r  t h a n  t h o s e  expec ted .  I n  t h e  h y d r o l y s i s  o f  2, t h e r e  seemed t o  be 

a possibility t h a t  some k i n e t i c  r e s o l u t i o n  was o c c u r r i n g .  However, b e f o r e  t h e  

t r a n s f o r m a t i o n ,  h y d r o l y s e s  o f  ( 1 . 5  h ) ,  id- ( 4 . 5  h ) ,  and l e  ( 6  h )  gave Zc, 2d, 
7./ - 
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Tab le  1 .  H y d r o l y s i s  of L b e f o r e  and a f t e r  t h e  asymmetr ic  t r a n s f o r m a t i o n  and 

d i a s t e r e o m e r i c  composition o f  1 a f t e r  t h e  asymmetr ic  t r a n s f o r m a t i o n .  
N 

H y d r o l y s i s  
Be fo re  t h e  asym. t r a n s .  A f t e r  t h e  asym. t r a n s  

- 2sa1 
Y i e l d  [KID O . P . ~ '  Conf. Y i e l d  [B1:5a1 o . P . ~ '  Conf .  D i a s t e r .  - - - - 

h  
% ( 01 % % ( 0 )  % 

camp. 

l a  1 .5  - 94 +0.13 O.eC1 ( R )  73 +7.77 44.9') ( R l  71:2Llg1 

I b  1 .5  - 82 +0.33 2.6" ( R )  72 +6.56 51.7') ( R l  75:25" 

1 C  1 .5  86 +0.43 3 . z d S f 1  ( R l  71 +9.85 7 4 . l d z f )  (R)  77:23 h  - 
I d  1 .5  61 0  o d )  (RS) 52 +8.88 7 5 . g d v f )  ( R l  7 6 : ~ 4 ~ )  

4.5 88 0  odl (RS) 74 f 8 . 4 8  72 .5d ' f )  ( R l  

l e  1 .5  - 45 +5.73 23 .5e ' f 1  ( R l  62 +16.2 66 .4e ' f1  ( R )  7 6 : ~ 4 ~ )  

6  91  +0.51 2 . 1 e ' f 1  ( R l  79 +15.0 61 .5e ' f )  (R)  

a1 These r o t a t i o n s  i n  methanol ,  c o n c e n t r a t i o n  a p p r o x i m a t e l y  5  g l lOO m l .  

b )  O p t i c a l  p u r i t i e s  w e r e  based upon t h e  h i g h e s t  r o t a t i o n  v a l u e s  a v a i l a b l e .  

Za: [c]E3 +17.3" (MeOH), 2: [a]:3 +i2.7 '  (MeOH), H. Hashimoto and 
C 1  - 

H. Simon, Angew. Chem., x ,  111 ( 1 9 7 5 ) .  

d )  2: [Ci]g7 -13.3' (MeOHl, 2: @(I? -11.7° (MeOH), W. G a f f i e l d  and 

W .  G. G a l e t t a ,  Te t rahedron ,  27, 915 (19711.  - 
e l  2: [M]:~ -24.4' ( c  5, MeOH), T. Po lonsk i ,  Te t rahedron ,  2, 347 (19751. 

f l  The d i a s t e r e a m e r i c  c o n p o s l t i o n  af x-2 suggested t h a t  t he  o p t i c a l  

p u r i t i e s  o f  t h e  o b t a i n e d  a c i d s  2c-e w e r e  l owe r  t han  t h e  c a l c u l a t e d  values. - - 
g l  The d i a s t e r e a m e r i c  compos i t i on  was measured by 'H NMR. 

h )  The d i a s t e r e o m e r l c  compos i t i on  was measured by GLC. 

and 2 i n  t he  o p t i c a l  y i e l d s  of 3.2%, 0%, and 2.1% r e s p e c t i v e l y .  These r e s u l t s  

i n d i c a t e d  t h a t  under t hese  c o n d i t i o n s ,  t h e  contribution of k i n e t i c  r e s o l u t i o n  was 

s m a l l  t o  t h e  d lsagreement  between t he  c a l c u l a t e d  o p t i c a l  P u r i t i e s  and t he  

d i a s t e ~ e o m e ~ i c  compos i t i on .  The d isagreement ,  t h e r e f o r e ,  cons ide red  t o  be m a i n l y  

due t o  t he  insufficient o p t i c a l  p u r i t i e s  o f  t he  compared da ta .  

A l t hough  t h e  t r u e  o p t i c a l  p u r i t i e s  of z - e o b t a i n e d  a f t e r  t h e  t r a n s f o r m a t i o n  

must be l owe r  t han  t h e  c a l c u l a t e d  va lues ,  t h e  o p t i c a l  p u r i t i e s  of 2- were 
a p p r e c i a b l y  improved compared w i t h  t hose  o f  2 - 5 o b a t a i n e d  b e f o r e  t h e  t r a n s f o r m a t i o n .  



F i g .  1. 

M u t a r o t a t i o n  o f  

Tab le  2. H y d r o l y s i s  o f  be fo re  and 

a f t e ~  t h e  e q u i l i b r i u m  

M u t a r o t a t i o n  [MI:' IMeOH) O.p.=) Conf. 

T 
- - 

h  I O )  % 

l0 T l h  

a )  O p t i c a l  p u r i t i e s  were based upon t h e  

h i g h e s t  r o t a t i o n  va lues  a v a i l a b l e  

(see  Tab le  1 ) .  

Of  t he  ep imer i zed  2 (0.7 M )  was prepared  and kep t  a t  25OC. An a l l q o t  of t h e  

S o l u t i o n  was used f o r  t h e  measurement of t he  m u t a r o t a t i o n  ( F i g .  1 ) .  The o p t i c a l  

r o t a t i o n  d i d  n o t  change a f t e r  12 h  i n d i c a t i n g  t h a t  t h e  e p i m e r i z a t i o n  a t t a i n e d  

e q u i l i b r i u m  under t h e  c o n d i t i o n s .  Two samples of id, which were t aken  f rom t h e  

a l k a l i n e  s o l u t i o n  a t  0  and 24 h, were hyd ro l yzed  I1 M HC1, 80°C, 1.5 h )  t o  g i v e  

2d. S p e c i f i c  o p t i c a l  r o t a t i o n s  of 3 a t  0  and 24 h  were shown i n  Tab le  2.  Under - 
this e p i e r i z a t i o n  c o n d i t i o n ,  asymmetr ic  i n d u c t i o n  governed by thermodynamic 

C o n t r o l  was s m a l l .  These f a c t s  i n d i c a t e  t h a t  t h e  t r a n s f o r m a t i o n  was governed by 

TO examine whether  t h i s  

asymmetr ic  t r a n s f o r m a t i o n  was 

governed by thermodynamic o r  

k i n e t i c  c o n t r o l ,  t h e  m u t a r o t a t i o n  

o f  J$ was measured. The l i t h i o  

ca rban ion  o f  was prepared  and 

quenched w i t h  water  as d e s c r i b e d  

above. The p r o d u c t  was 

p u r i f i e d  w i t h  s i l i c a - g e l  

chromatography t o  g i v e  an 

ep imer i zed  o x a z o l i n e  d e r i v a t i v e .  

An a l k a l i n e  s o l u t i o n  I 2  M KOH-MeOH) 
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k i n e t i c  c o n t r o l .  

I n  t h i s  asymmet r i c  t r a n s f o r m a t i o n ,  u s i n g  a  s i m p l e  c h i r a l  a u x i l i a r y  ( S l -  

p h e n y l a l a n i n o l ,  2 - c h l o r o a l k a n o i c  a c i d s  were o b t a i n e d  i n  f a i r l y  h i g h  o p t i c a l  

p u r i t i e s  compared w i t h  t h e  asymmet r i c  s y , n t h e s e ~ . ~ '  These f a c t s  showed t h e  

V e r s a t i l i t y o f  t h e  asymmet r i c  t r a n s f o r m a t i o n  f o r  t h e  s y n t h e s e s  of c h i r a l  

2 - s u b s t i t u t e d  c a r b o x i l i c  a c i d s .  E l u c i d a t i o n  o f  t h e  d e t a i l e d  mechanism of t h l s  

t r a n s f o r m a t i o n  i s  now i n  p r o g r e s s .  
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