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ASYMMETRIC ELECTROPHILIC α-AMIDOALKYLATION 5 1 : 

IMPROVED S T E R E O S E L E C T I V I T I E S THROUGH NEW CHIRAL A U X I L I A R I E S 2 

K l a u s Th. Wanner*, Annerose Kärtner, and Elmar W a d e n s t o r f e r 

I n s t i t u t für Pharmazie und L e b e n s m i t t e l c h e m i e d e r 

Universität München, 

S o p h i e n s t r . 10, 8000 München 2, FRG 

A b s t r a c t - Enamides of type 2 were employed i n asymmetric α-

a m i d o a l k y l a t i o n r e a c t i o n s w i t h s i l y l e n o l e t h e r 4 as n u c l e o -

p h i l e . Depending on t h e c h i r a l a u x i l i a r y used, ( R ) - 5 / ( S ) - 5 

s t e r e o s e l e c t i v i t i e s up t o 95/5 c o u l d be r e a c h e d . Based on t h e 

o b t a i n e d r e s u l t s a model f o r the t r a n s i e n t a c y l i m i n i u m i o n i s 

proposed. 

A c y l i m i n i u m i o n s ( e . g . 3) a r e common e l e c t r o p h i l i c i n t e r m e d i a t e s i n o r g a n i c s y n ­

t h e s i s . G e n e r a l l y t h e y r e a c t w i t h n u c l e o p h i l e s under a d d i t i o n , w h i c h g i v e s r i s e t o 

t h e f o r m a t i o n of α-substituted a m i d e s 3 . I f s u c h a r e a c t i o n i n v o l v e s t h e g e n e r a t i o n 

of a s t e r e o g e n i c c e n t e r s t e r e o s e l e c t i v e bond f o r m a t i o n c a n be a c c o m p l i s h e d by 

employing N - a c y l i m i n i u m i o n s w i t h c h i r a l N - a c y l s u b s t i t u e n t s (asymmetric e l e c t r o ­

p h i l i c o c - a m i d o a l k y l a t i o n , e.g. from 3 to ( R ) - 5 o r ( S ) - 5 ) . Upon s u b s e q u e n t removal 

of t h e c h i r a l a u x i l i a r y from t h e d i a s t e r e o m e r i c p r o d u c t s of a m i d o a l k y l a t i o n ( ( R ) - 5 

or ( S ) - 5 ) o p t i c a l l y pure α-substituted amines may e v e n t u a l l y be i s o l a t e d . 

(R) - 5 (S) - 5 
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R e c e n t l y we have shown 4 t h a t s t e r e o s e l e c t i v i t i e s i n asymmetric e l e c t r o p h i l i c cc-

a m i d o a l k y l a t i o n r e a c t i o n s w i t h enamide 2b a r e s t r o n g l y dependent (65/35 to 9 4 / 6 5 ) 

on the n a t u r e of t h e n u c l e o p h i l e ( i . e . the s i l y l e n o l e t h e r ) . The l o w e s t asymme­

t r i c i n d u c t i o n had been o b t a i n e d w i t h s i l y l e n o l e t h e r 4 ( ( R ) - 5 b / ( S ) - 5 b = 6 5 / 3 5 ) . 

I n t h i s L e t t e r we w i s h t o r e p o r t our at t e m p t s a t i m p r o v i n g s a i d low s e l e c t i v i t y 

o b s e r v e d w i t h 4 as n u c l e o p h i l e by v a r y i n g t h e c h i r a l a u x i l i a r y -COR*. 

To t h i s end we have p r e p a r e d t h e enamides 6 2a and 2c-2e ( c f . T a b l e 1 ) , u s i n g t h e 

i s o m e r i z a t i o n of a l l y l i c amides ( e . g . 1) w i t h p a l l a d i u m on c a r b o n 7 as a key s t e p . 

The y i e l d s a r e l i s t e d i n T a b l e 1. 

Table 1. Yields, ιΗ* βΐ and 1 3Ct biNmr Chemical Shift Data and s-trans/s-cis-Populationfcι of 

Enamides 2. 

6 2 6 2 

s-trans s - c i s 

δ [ppm] 5[ppmj 

R* Yield [%] H-2 C-2 C-6 s- t r a n s / s - c i s H-2 C-2 C-6 

/ >0CH 3 

C 6 H 5 79.7 6.49 124.6 41.0 66/34 7.25 124.3 43.6 

s 0 

V--V—-
OCH3 

0CH3 

• och^CgHs 
U - ^ - 0 C H 3 

90.71*1 7.16 125.6 41.0 72/28 7.10 124.3 44.2 

71.2 7.52 127.5 41.6 86/14 7.20 126.3 44.2 

63.4 7.55 127.4i<u 41.7 86/14 7.20 126.21*1 44.4 

72.6 7.53 127.3( dl 41.7 85/15 7.15-7.35<* J126.2t dl 44.3 
• 0CH 2 C 6 H 5 

U-V 0CH 2 C 6 H 5 

[a] At 250 MHz (2b), 360 MHz (2a, 2c, 2e) and 400 MHz (2d) in CDCI3, TMS as internal reference, [b] 

At 20 MHz (2b), 90 MHz (2e) and 100 MHz (2a, 2c, 2d) in CDCI3, solvent as internal reference. [(^De­

termined from the integrals of the *H nmr spectra, [d] Assignment not v e r i f i e d , [e] Signal obscured. 
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From the 1 H and 1 3 C nmr s p e c t r a of 2a-2e r e s t r i c t e d r o t a t i o n around the N-CO bond 

c a n be c o n c l u d e d . The s i g n a l s t o be a s s i g n e d t o t h e s - c i s and s - t r a n s r o t a m e r s 

d i f f e r i n c h e m i c a l s h i f t and i n t e n s i t y ( s e e T a b l e 1 ) . The conformer r a t i o 

c o r r e s p o n d s t o t h e i n t e n s i t y r a t i o ( i n JH nmr s p e c t r a ) which i n c r e a s e s s i g n i f i ­

c a n t l y when g o i n g from 2a t o 2b t o 2c-2e. The p r e f e r r e d c o n f o r m a t i o n of t h e amide 

group i n 2a-2e c a n be d e t e r m i n e d by e x a m i n a t i o n of the 1 3 C nmr s p e c t r a 8 . E a r l i e r 

w o r k e r s have shown t h a t i n amides and enamides ( e . g . 2, R*=CH3 or C6Ha, Η i n 

p o s i t i o n 4 r e p l a c e d by D) a carb o n ( a t t a c h e d t o N) s y n to the c a r b o n y l oxygen i s 

s h i e l d e d r e l a t i v e to t h e c o r r e s p o n d i n g c a r b o n i n t h e a n t i o r i e n t a t i o n . I n t h e c a s e 

o f 2a-2e, t h e C-6 of t h e major isomer r e s o n a t e s a t h i g h e r f i e l d t h a n the C-6 of 

t h e minor i s o m e r and i n a c c o r d a n c e t h e r e w i t h t h e o p p o s i t e a p p l i e s t o t h e C-2 

s i g n a l s ( s e e T a b l e 1 ) . T h e r e f o r e one has t o c o n c l u d e t h a t i n enamides 2a-2e t h e s -

t r a n s c o n f o r m a t i o n i s p r e d o m i n a n t 9 . S t e r i c i n t e r a c t i o n s between t h e s u b s t i t u e n t on 

t h e amide c a r b o n y l group and t h e s u b s t i t u e n t s on n i t r o g e n have been s u g g e s t e d as 

t h e major f a c t o r i n f l u e n c i n g s u c h p o p u l a t i o n s . The s t e r i c r e p u l s i o n between t h e a -

methy l e n e group and t h e c a r b o n y l s u b s t i t u e n t i n s u c h compounds has been c o n s i d e r e d 

t o be more s e v e r e t h a n t h e r e p u l s i o n between the o l e f i n i c group and t h e c a r b o n y l 

s u b s t i t u e n t . 

A l t h o u g h i n t h e a c y l i m i n i u m i o n the o l e f i n i c bond of t h e enamide i s r e p l a c e d by an 

iminium s u b u n i t ( e . g . 2->3), a c y l i m i n i u m i o n s and t h e c o r r e s p o n d i n g enamides have 

i n common t h a t t h e s t e r i c demand of t h e two α-substituents a t t h e n i t r o g e n r e m a i n s 

t h e same i n p r i n c i p l e . Both enamides 2 and a c y l i m i n i u m i o n s 3 have a meth y l e n e 

group and a methine u n i t a t t a c h e d to t h e n i t r o g e n atom. I f t h e c o n f o r m a t i o n a l 

p r e f e r e n c e of t h e a c y l i m i n i u m i o n s 3 i s d e t e r m i n e d by s t e r i c i n t e r a c t i o n s s i m i l i a r 

t o t h o s e i n enamides (2) one s h o u l d e x p e c t t h a t t h e s - t r a n s c o n f o r m a t i o n a l s o 

p r e d o m i n a t e s i n a c y l i m i n i u m i o n s (3) . 
Η Η 

s-trans 6 s -c is 

I n r e c e n t t h e o r e t i c a l s t u d i e s the a c y l i m i n i u m i o n 6 has been i n c l u d e d 1 1 . I n t h e 

c a s e of 6 t h e s - c i s conformer has been p r e d i c t e d t o be more s t a b l e t h a n t h e s -

t r a n s c o n f o r m e r 1 1 by about 2.97 k c a l / m o l e . One has t o t a k e i n t o a c c o u n t , however, 
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t h a t t h e a c y l i m i n i u m i o n s 6 and 3 a r e q u i t e d i f f e r e n t i n s t r u c t u r e . 

D u r i n g t h e c o u r s e of t h i s s t u d y we have o b t a i n e d c l e a r e v i d e n c e t h a t a t l e a s t i n 

some of t h e a c y l i m i n i u m i o n s ( 3 c - 3 e ) t h e s - t r a n s c o n f o r m a t i o n i s p r e f e r r e d ( s e e 

b e l o w ) . 

T a b l e 2. ( R ) - 5 / ( S ) - 5 - D i a s t e r e o s e l e c t i v i t y a > of E n o l E t h e r A d d i t i o n t o 2 

Yield [%] S e l e c t i v i t y 

2 R* (R)-5 (S)-5 (R)-5/(S)-5 

a / >OCH3 

C e H 5 

38.9 11.2 69/31 

A 47.0 11.5 65/35 

c 
U-V—OCHj 

30.1 7.3 84/16 

d 
> { - OCH 2C 6H 5 

\ ^ \ — 0 C H 3 

58.8 3.3 94/ 6 

e 
fA- OCH 2C 6H 5 

U-V— OCH 2C 6H 5 

60.9 5.0 95/ 5 

a) Determined by HPLC on s i l i c a gel with n-hexane/ethyl acetate = 9/1-8/2 

(5b-5e) and n-hexane/Et20 = 8/2 (5a) as eluent. 

OH 

8 

The t r a n s f o r m a t i o n s of enamides 2 t o t h e α-amidoalkylation p r o d u c t s 5 were a l l 

c a r r i e d out under i d e n t i c a l r e a c t i o n c o n d i t i o n s a t -78°C. The r e a c t i o n of 2a t o 5a 

p r o c e e d e d w i t h o n l y modest ( R ) - 5 a / ( S ) - 5 a s t e r e o s e l e c t i v i t y (69/31) c l o s e t o t h e 
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one o b s e r v e d e a r l i e r w i t h 2b 4 ( s e e T a b l e 2) . When enamide 2jc was employed the 

s t e r e o s e l e c t i v i t y i n c r e a s e d s i g n i f i c a n t l y t o 84/16. F i n a l l y , enamides 2d and 2e 

underwent bond f o r m a t i o n w i t h pronounced s t e r e o s e l e c t i v i t y (94/6 and 95/5, s e e 

T a b l e 2 ) . 

I n e a c h c a s e t h e d i a s t e r e o m e r s c o u l d be s e p a r a t e d by f l a s h chromatography and were 

i s o l a t e d a s p u r e compounds i n a c c e p t a b l e y i e l d s 1 2 ( s e e T a b l e 2 ) . A l l of t h e major 

p r o d u c t s b e l o n g t o the ( R ) - s e r i e s , as d e t e r m i n e d by c h e m i c a l c o r r e l a t i o n 

i n v o l v i n g compounds 7, 8. and 9 1 3 . 

From t h e o b t a i n e d r e s u l t s a model f o r t h e t r a n s i e n t N - a c y l i m i n i u m i o n s 3 c - ß e 1 4 can 

be deduced: A c c o r d i n g t o s a i d model the a l k o x y group α t o c a r b o n y l (OCH3 and 

OCH2CeHs r e s p e c t i v e l y ) s h i e l d s t h e back f a c e of t h e r e a c t i v e i n t e r m e d i a t e and t h e 

a p p r o a c h of t h e n u c l e o p h i l e t a k e s p l a c e a t t h e f r o n t s i d e ( s e e I and I I ) . S i n c e 

t h e major d i a s t e r e o m e r s of compounds 5 b e l o n g t o t h e R - s e r i e s , i t must be 

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

d i a t e . C o n f o r m a t i o n s I and I I h a v i n g c o p l a n a r CO and N=C s u b u n i t s f u l f i l l t h i s 

c r i t e r i o n , b u t t h e l a t t e r ( I I ) i n v o l v e s s e v e r e s t e r i c i n t e r a c t i o n s between the 

p i p e r i d i n e r i n g and t h e g e minal m ethyl group a t t a c h e d t o t h e c y c l o p e n t a n e r i n g . 

Thus i t i s r e a s o n a b l e t o assume t h a t the p r e f e r r e d geometry of t h e a c y l i m i n i u m 

i o n s 3c-3e t h a t l e a d s t o the predominant i s o m e r i s r e p r e s e n t e d by s t r u c t u r e I . I t 

i s n o t e w o r t h y t h a t by r e g a r d i n g s t e r i c i n t e r a c t i o n s as the major f a c t o r i n f l u e n ­

c i n g t h e c o n f o r m a t i o n a l e q u i l i b r i a ( s e e above) one would a l s o have p r e d i c t e d t h e 

s - t r a n s geometry of t h e CO and N=C s u b u n i t s ( i n I ) . 

F u r t h e r s t u d i e s on asymmetric e l e c t r o p h i l i c o c - a m i d o a l k y l a t i o n r e a c t i o n s i n v o l v i n g 

enamides 2d and 2e_ a r e i n p r o g r e s s . 

GENERAL PROCEDURE 

At -78°C HCl gas was p a s s e d i n t o C H 2 C l 2 (5 ml) and a f t e r 15 min a s o l u t i o n of an 

a p p r o p r i a t e enamide 2 (1.00 mmol) i n CH2CI2 (3 ml) was added d r o p w i s e under 

s - t r a n s s - c i s 
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v i g o r o u s s t i r r i n g . HCl i n t r o d u c t i o n was not i n t e r r u p t e d d u r i n g t h e a d d i t i o n and 

c o n t i n u e d f o r 15 min a f t e r t h e a d d i t i o n of 2 was c o m p l e t e . E x c e s s HCl was 

s t r i p p e d o f f i n vac u o a t -78°C (15-30 min) and t h e n a s o l u t i o n of T1CI4 (199.2 mg, 

1.05 mmol) i n CH2CI2 (0.2 ml) was added ( f r o z e n T1CI4 was d i s s o l v e d by s h o r t l y 

warming t h e r e a c t i o n m i x t u r e ) , a f t e r 10 min f o l l o w e d by d r o p w i s e a d d i t i o n of a 

s o l u t i o n of s i l y l e n o l e t h e r 4 (288.5 mg, 1.50 mmol) i n C H 2 C l 2 (1 m l ) . The 

r e a c t i o n m i x t u r e was s t i r r e d f o r 30 min a t -78°C and t h e n quenched w i t h H2Ο (-10 

m l ) . The aqueous l a y e r was e x t r a c t e d t w i c e w i t h C H 2 C l 2 and t h e combined o r g a n i c 

l a y e r s were d r i e d (MgS04) and c o n c e n t r a t e d . Pure d i a s t e r e o m e r s were o b t a i n e d by 

f l a s h c h r o m a t o g r a p h y 1 5 on s i l i c a g e l u s i n g n - h e x a n e / e t h y l a c e t a t e = 8/2-9/1 or n-

hexane/Et2 0 = 6/4-8/2 as s o l v e n t . 
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