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Abstract-In the presence of a catalytic amount of trityl 

perchlorate, the tandem reaction of conjugate addition of silyl 

enol ethers to a,8-unsaturated ketones, and the sequential aldol 

reaction with aldehydes is carried out smoothly to afford y-acyl- 

substituted 6-hydroxy ketone derivatives stereoselectively in 

high yields. The ketones thus obtained are easily converted to 

tetrahydropyrane or S-valerolactone derivatives. 

Recently, we have demonstrated new possibilities of various trityl salts in 

synthetic reactions,' for example, trityl salts efficiently catalyze the aldol 

reaction between silyl en01 ethers and acetals, orthoesters, or a ~ d e h ~ d e s . l ~ ' ~ - j  

Trityl perchlorate also effectively catalyzes the Michael reaction of silyl en01 

ethers with a,%-unsaturated ketones, and the adducts, synthetically valuable y- 

keto silyl en01 ethers, are isolated in high yields.lf Another advantage of thls 

reaction is that trityl perchlorate is regenerated owing to the recycle system to 

coexist with this silyl enol ether after the Michael reaction has completed. 

Thus, it is assumed that, if appropriate electrophiles are added to the reaction 

system, it is possible to obtain the adducts by further reactions of the 

intermediate silyl en01 ethers with various electrophiles. In this paper, we wish 

to disclose our finding on the trityl perchlorate catalyzed tandem Michael-aldol 

reaction, and also the utilization of this reaction for the stereoselective 

syntheses of tetrahydropyrane and 6-valerolactone derivatives.2 

# Dedicated to Professor Gilbert Stork, on the occasion of his 65th birthday. 



The tandem Michae l -a ldo l  r e a c t i o n  i s  composed of  t h e  f o l l o w i n g  two s t e p s  s k e t c h e d  

i n  Scheme I. In  t h e  f i r s t  s t e p  ( t h e  Michael r e a c t i o n ) ,  s i l y l  e n o l  e t h e r s  r e a c t  

w i t h  a, & u n s a t u r a t e d  k e t o n e s  t o  a f f o r d  t h e  i n t e r m e d i a t e  s i l y l  en01 e t h e r s  (I) i n  

t h e  p r e s e n c e  o f  a  c a t a l y t i c  amount of  t r i t y l  p e r c h l o r a t e  ( 5  mol%).  I n  t h e  second 

s t e p  ( t h e  a l d o l  r e a c t i o n ) ,  t h e  s i l y l  en01 e t h e r s  (1) i n i t i a l l y  formed f u r t h e r  

r e a c t  w i t h  a ldehydes  by t h e  promot ion of t r i t y l  p e r c h l o r a t e  t o  a f f o r d  t h e  y - a c y l -  

s u b s t i u t e d  6-hydroxy ke tone  d e r i v a t i v e s  (2) .  
n 

S e v e r a l  examples a r e  shown i n  Table  1. I n  e v e r y  c a s e ,  y - a c y l - s u b s t i t u t e d  6 - 

hydroxy ke tone  d e r i v a t i v e s  a r e  o b t a i n e d  i n  h igh  y i e l d s .  I n  t h i s  r e a c t i o n ,  a  

c a t a l y t i c  amount o f  t r i t y l  p e r c h l o r a t e  e f f e c t i v e l y  c a t a l y z e s  bo th  t h e  Michael and 

t h e  s u c c e s s i v e  a l d o l  r e a c t i o n ,  and t h e  f o r m a t i o n  of two carbon-carbon bonds a t  t h e m  

and 6 p o s i t i o n s  of u , B - u n s a t u r a t e d  k e t o n e s  i s  r e a l i z e d  r n  one p o t .  Moreover, t h e  

p r o d u c t s  of t h i s  r e a c t i o n  a r e  e a s i l y  i s o l a t e d  a s  0 - p r o t e c t e d  t e r t - b u t y l  d i m e t h y l  

s i l y l  e t h e r s ,  though i t  i s  well-known t h a t  6-hydroxy ke tones  a r e  i n  an e q u i l i b r i u m  

w i t h  h e m i a c e t a l s  and t h e  s e p a r a t i o n  o f  b o t h  i s o m e r s  i s  d i f f i c u l t .  

I n  a d d i t i o n ,  r emarkab le  s t e r e o c o n t r o l  was ach ieved  i n  t h e  p r e s e n t  r e a c t i o n .  

Concerning t h e  r e l a t i v e  c o n f i g u r a t i o n  of  t h e y  and 6 p o s i t i o n s  o f  t h e  6 -hydroxy 

ke tone  d e r i v a t i v e s ,  t h e  a n t i  p r o d u c t s 3  were  o b t a i n e d  e x c l u s i v e l y  ( e x c e p t  f o r  e n t r y  

4 (Tab le  1 ) ) .  F u r t h e r ,  a s  shown i n  e n t r i e s  5 and 7 ,  i n  t h e  cases of  mono B -  

s u b s t i t u t e d  a .0 -unsa tu ra t ed  k e t o n e s ,  o n l y  one of f o u r  d i a s t e r e o m e r s  was o b t a i n e d .  

I n  t h e  c a s e s  o f  e n t r i e s  6 a n d  8 , t w o  o f  f o u r  d i a s t e r e o m e r s  a r e o b t a i n e d a n d o n e  o f  

them, t h e  a n t i - a n t i  a d d u c t 3  i s  produced predominant ly .  

A t y p i c a l  p rocedure  f o r  t h e  p r e p a r a t i o n  o f  Y - a c y l - s u b s t i t u t e d  6-hydroxy ke tone  

d e r i v a t i v e s  i s  a s  f o l l o w s :  t h e  m i x t u r e  of  a s i l y l  e n o l  e t h e r  (0.50 mmol), a n  a ,B-  

u n s a t u r a t e d  ke tone  (0 .53 mmol), and t r i t y l  p e r c h l o r a t e  (0 .03 mmol, 5 mol%)  i n  

d ich lo romethane  ( 3  mll  was s t i r r e d  a t  - 7 8  'C f o r  an  a p p r o p r i a t e  t i m e  (15-60 

m i n u t e s ) .  Then a n  a ldehyde  (0.47 mmol) i n  d i ch lo romethane  ( 1  m l )  was added t o  

t h i s  r e a c t i o n  m i x t u r e  and f u r t h e r  s t i r r e d  a t  - 7 8  'C o v e r n i g h t .  A f t e r  t h e  r e a c t i o n  
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Table 1. Stereoselective syntheses of Y-acyl-substituted 6-hydroxy ketone 

derivativesa) (Scheme I )  

Entry u,b-Unsaturated Silyl en01 Aldehyde productb' Yield/% 

ketone ether (Diastereomer ratio) 

. 

os< 
PhL bA 

PhCHO 

a )  All products gave satisfactory spectral data. 

b) Each compound was separated by silica gel column chromatography. 



was comple ted ,  aqueous sodium hydrogen c a r b o n a t e  was added. The aqueous  l a y e r  was 

e x t r a c t e d  w i t h  d ich lo romethane  and t h e  o r g a n i c  l a y e r  was d r i e d .  A f t e r  t h e  s o l v e n t  

was removed under  reduced p r e s s u r e ,  t h e  r e s i d u e  was s e p a r a t e d  by s i l i c a  g e l  column 

chromatography. 

The Y - a c y l - s u b s t i t u t e d  6-hydroxy k e t o n e  d e r i v a t i v e s  t h u s  o b t a i n e d  were e a s i l y  

conver t ed  t o  t h e  t e t r a h y d r o p y r a n  d e r i v a t i v e s .  Namely, t h e  t r e a t m e n t  o f  t h e  6 -  

hydroxy k e t o n e s  w i t h  t r i f l u o r o a c e t i c  a c i d  i n  d ich lo romethane  gave d ihydropyran  

d e r i v a t i v e s  i n  e x c e l l e n t  y i e l d s  (Scheme 2 ) .  The r e d u c t i o n  w i t h  t r i e t h y l s i l a n e  i n  

t h e  p r e s e n c e  o f  a c a t a l y t i c  amount of  t r i t y l  p e r c h l o r a t e l e  y i e l d e d  4-acyl-  

s u b s t i t u t e d  2 , 3 , 5 - t r i - s u b s t i t u t e d  t e t r a h y d r o p y r a n  d e r i v a t i v e s  i n  h lgh  y i e l d s  

T a b l e  2 .  A s y n t h e s i s  of a c y l - s u b s t i t u t e d  t e t r a h y d r o p y r a n s a '  

En t ry  6 - ~ ~ d r o x ~  ke tone  d e r i v a t i v e  Te t rahedropyran  d e r i v a t i v e s  Y i e l d / %  

a )  A11 t h e  p r o d u c t s  gave s a t i s f a c t o r y  s p e c t r a l  d a t a .  
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The latter compound was also prepared from a silyl en01 ether, an a,B-unsaturated 

ketones, and an aldehyde by one pot procedure as shown in Scheme 3. 

+ 

Scheme 3 60 % 
Acetals or orthoesters are also successfully employed as electrophiles, and the 

reactions proceed smoothly at -78 'C in the presence of a catalytic amount of 

trityl perchlorate, and the correspondinq 6-hydroxy ketone derivatives are 

obtained stereoselectively in high yields (Table 3). 

Table 3. A stereoselective synthesis of Y-acyl-substituted 6-hydroxy ketone 

derivativesa) 

Entry a,B-Unsaturated Silyl en01 Acetals or productb) Yield/% 

ketone ether orthoformate 

1 PhCH (OMe ) 

p h v ; h  8 9 

2 
O S ~  < 

PhCH2CH2CH(OMe)2 
OMe 

P h h  Ph 
8 5 

- 

a )  All the products gave satisfactory spectral data. 

b) Diastereomer ratio >20:1 (determined by 13c nmr). Relative 

configuration assignment was not made. 

Synthetically valuable acyl-substituted 6-valerolactone derivatives5 are prepared 

based on this procedure. That is, the tandem Michael-aldol reaction betweenu.6- 



u n s a t u r a t e d  k e t o n e s ,  s i l y l  e n 0 1  e t h e r s  d e r i v e d  f r o m  esters ,  a n d  a l d e h y d e s  g a v e Y -  

a c y l - s u b s t i t u t e d  6 - h y d r o x y  e s t e r  d e r i v a t i v e s  s t e r e o s e l e c t i v e l y  i n  h i g h  y i l e d s .  

D e s i l y l a t i o n  a n d  l a c t o n i z a t i o n  o f  t h e s e  e s t e r s  u n d e r  a c i d i c  c o n d i t i o n s  p r o d u c e d  6 -  

v a l e r o l a c t o n e  d e r i v a t i v e s  i n  good  y i e l d s  (Scheme 4 ) .  

0 OS~? 
=%~t + M H O  

o ph QS~? 

Ph 
TrC104 ( 5mo l%)  O Ph 

bph -  town-^^,^ - 
8 3 "10 quant. 

OSi? 

PhCHO + 
TrC104 (5mol  % )  

9 2 "1. OMe ( 9 3  : 7 )  

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

p r o d u c t s .  
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