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A b s t r a c t  -- K i n e t i c  d e p r o t o n a t i o n  of meso-d imethy lcyc lohexa-  

nones  ( la-c)  by c h i r a l  l i t h i u m  amides  ( 2 a - c )  i n  t h e  p r e s e n c e  of 

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

en01  e t h e r s  ( 3 a - b )  i n  good y i e l d s  and i n  r e a s o n a b l y  h i g h  e n a n -  

t i o m e r i c  excesses. 

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

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

o r g a n i c  c h e m i s t r y .  

We have p r e v i o u s l y  r e p o r t e d  t h a t  k i n e t i c  d e p r o t o n a t i o n  of p r o c h i r a l  4-substituted 

cyc lohexanones  by c h i r a l  l i t h i u m  amides  o c c u r s  e n a n t i o s e l e c t i v e l y  i n  t h e  p r e s e n c e  

of  e x c e s s  t r i m e t h y l s i l y l  c h l o r i d e  (TMSC1) t o  g i v e  t h e  c o r r e s p o n d i n g  t r i m e t h y l s i l y l  

en01  e t h e r s  i n  r e a s o n a b l y  h i g h  e n a n t i o m e r i c  e x c e s s e s . 2 )  S impkins  h a s  a l s o  r e p o r t e d  

t h a t  k i n e t i c  d e p r o t o n a t i o n  of meso-2.6-dimethylcyclohexanone ( l a )  by c h i r a l  l i t h -  

ium amides  occurs e n a n t i o s e l e c t i v e l y  t o  g i v e  t h e  c o r r e s p o n d i n g  c h i r a l  e n o l a t e ,  

w h i c h  was q u e n c h e d  w i t h  a c e t i c  a n h y d r i d e  t o  i s o l a t e  t h e  p r o d u c t  as  t h e  e n o l  

a c e t a t e  ( 6 a )  i n  up t o  7 4 %  e n a n t i o m e r i c  excess. 3 )  

The p r e s e n t  paper  d e s c r i b e s  o u r  approach  t o  e n a n t i o s e l e c t i v e  d e p r o t o n a t i o n  of l a  

and meso-3.5-dimethylcyclohexanone ( l b )  by c h i r a l  l i t h i u m  amides  ( 2 a - c )  i n  t h e  

p r e s e n c e  of  e x c e s s  TMSCl t o  g i v e  t h e  c o r r e s p o n d i n g  t r i m e t h y l s i l y l  en01  e t h e r s  ( 3 a -  

b ) .  C h i r a l  l i t h i u m  amides  examined h e r e  have one c h i r a l  c e n t e r ,  and 2 a  has no 

i n t e r n a l  l i g a t i o n  s i t e  f o r  l i t h i u m ,  w h i l e  2 b  and 2 c  have N-methylp iperaz ino  group 

t o  fo rm a f ive-membered c h e l a t e d  r i n g .  T h e r e f o r e ,  2b  and 2 c  a r e  e x p e c t e d  t o  c a r r y  

c h i r a l  amide n i t r o g e n  by v i r t u e  of ~ h e l a t i o n . ~ )  



1 (SJ-3a 
s : R = Me, R' = H  (3R.5Sk3b 
~ : R . H ,  W = M e  

A b s o l u t e  c o n f i g u r a t i o n s  of  3 a  and 3 b  were  d e t e r m i n e d  by c o n v e r t i n g  them t o  t h e  

known 4 4 )  a n d  5 , 5 )  r e s p e c t i v e l y .  O p t i c a l  p u r i t i e s  o f  3 a  and 3b were d e t e r m i n e d  

a f t e r  c o n v e r s i o n  t o  t h e i r  c o r r e s p o n d i n g  en01 a c e t a t e s  ( 6 a - b ) .  6 . 7 )  

1) MeLi Pd(OAc), 
Me 

Me 

I Ac2O, DMAP 
in pyridine (Sk4 I AqO, DMAP 

in pyridine fsk5 

The r e s u l t s  are summarized i n  Tab le  1. A t y p i c a l  e x p e r i m e n t a l  procedure ( r u n  6 )  

i s  as f o l l o w s .  A s o l u t i o n  of c h i r a l  l i t h i u m  amide  (2c) was p r e p a r e d  u n d e r  a r g o n  

a t m o s p h e r e  b y  a d d i n g  a s o l u t i o n  of  n - b u t y l l i t h i u m  (2 .0  mmol) i n  hexane (1.58 M 

s o l u t i o n )  t o  a s o l u t i o n  of  t h e  c o r r e s p o n d i n g  amine  (2 .1  mmol) i n  t e t r a h y d r o f u r a n  

(THF) ( 1 5  m l )  under  s t i r r i n g  a t  -78°C f o r  30 m i " .  Hexamethy lphosphor ic  t r i a m i d e  

(HMPR) (2.1 mmol) was a d d e d 2 )  and t h e  r e s u l t i n g  s o l u t i o n  was warmed t o  room tem- 

p e r a t u r e  f o r  5  min,  a n d  t h e n  r e c o o l e d  t o  -78'C. To t h i s  s o l u t i o n  w e r e  added TMSCl 

( 5  mmol )  q u i c k l y .  a n d  t h e n  a s o l u t i o n  o f  l a  ( 1 2 6  mg, 1.0 mmol )  i n  THF ( 5  m l )  

d r o p w i s e  d u r i n g  5  min.  and t h e  whole  was s t i r r e d  a t  -78'C f o r  20 m i " .  A f t e r  a d d i -  

t i o n  o f  t r i e t h y l a m i n e  (2.0 m l )  and s a t u r a t e d  aqueous  sod ium b i c a r b o n a t e  (4.0 m l ) .  

t h e  r e a c t i o n  m i x t u r e  was a l l o w e d  t o  warm t o  room t e m p e r a t u r e .  U s u a l  work-up by 

u s i n g  p e n t a n e  a s  a n  e x t r a c t i n g  s o l v e n t  g a v e  a c r u d e  p r o d u c t .  P u r i f i c a t i o n  by 

column chromatography  ( s i l i c a  g e l .  p e n t a n e )  f o l l o w e d  by b u l b - t o - b u l b  d i s t i l l a t i o n  

2  5  
( 1 7 O * C / 1 0  mmHg) g a v e  3 a  I 1 4 5  mg, 7 3 % )  as  a c o l o r l e s s  l i q u i d  o f  -153 .5 '  

( c=1 .20 ,  benzene) .  
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Table  1. E n a n t i o s e l e c t i v e  Depro tona t ion  of la) 

Run Ketone 

1 la 2a 

2  l a  2a 

3  la 2b 

4 l a  2b  

5  la Zb 

6  l a  2c 

7  l b  2 a  

8 l b  Zb 

9 l b  2" 

Base TMSCl HMPA S i l y l  en01 e t h e r d )  

- 

e g u i v .  b1 equ iv .b)  equ iv .c )  Chem. y . ( % )  e e l % ]  Confign.  

a )  For p r o c e d u r e ,  see t e x t .  b )  R e l a t i v e  t o  1. c) R e l a t i v e  t o  2. d )  Maximum ro- 

25  2 5  t a t i o n s  were c a l c u l a t e d  t o  be [rnljg5 - 1 6 0 a ( b e n z e n e )  f o r  ( S ) - 3 a ,  and Cm1365 t105' 

( b e n z e n e )  for (3S.5R)-3b. 7 )  

E f f i c i e n t  e n a n t i o s e l e c t i v e  d e p r o t o n a t i o n  of meso-cyclohexanones ( l a - b l  t o  g ive  

t h e i r  c o r r e s p o n d i n g  s i l y l  e n o l  e t h e r s  ( 3 a - b )  is t h u s  r e a l i z e d .  The b e s t  r e s u l t s  

were o b t a i n e d  by u s i n g  Zc ,  which has a n  N-methylp iperaz ino  group f o r  i n t e r n a l  li- 

g a t i o n  s i t e  t o  l i t h i u m  and h a s  a n e o p e n t y l  group on amide n i t r o g e n .  

I t  is shown t h a t  s u b t l e  change i n  t h e  s t r u c t u r e  o f  c h i r a l  b a s e  causes s i g n i f i c a n t  

change i n  t h e  s t e r e o s e l e c t i v i t y  of t h e  r e a c t i o n .  I t  s h o u l d  a l s o  be n o t e d  t h a t  t h e  

sense of asymmetr ic  i n d u c t i o n  f o r  l b  u s i n g  2 a - 2 c  and f o r  l a  u s i n g  2 b - c  i s  t h e  same 

as t h a t  f o r  4 - s u b s t i t u t e d  cyc lohexanones  r e p o r t e d  p r e v i o u s l y e 2 )  w h i l e  i t  i s  oppo- 

s i t e  f o r  l a  u s i n g  2a .  M e c h a n i s t i c  d e t a i l s  a re  under  i n v e s t i g a t i o n .  

S i n c e  b o t h  e n a n t i o m e r i c  fo rms  of  c h i r a l  l i t h i u m  amides  ( 2 a - c )  are a v a i l a b l e  e a s i l y  

from o p t i c a l l y  a c t i v e  phene thy lamine  o r  p h e n y l g l y c i n e  i n  a p t l c a l l y  pure  s t a t e s ,  

t h e  p r e s e n t  method p r o v i d e s  a new approach  t o  b o t h  e n a n t i o m e r i c  fo rms  of s i l y l  

en01  e t h e r s  ( 3 a - b ) ,  which a re  e x p e c t e d  t o  be u s e f u l  as s y n t h o n s  f o r  t h e  s y n t h e s i s  

of v a r i o u s  o p t i c a l l y  a c t i v e  compounds. 
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