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SYNTHETIC COMMUNICATIONS, 24(22), 3315-3319 (1994) 

A L D O L - T Y P E  R E A C T I O N  O F  - H A L O  K E T O N E S  W I T H  

a - K E T O C A R B O X Y L A T E S  M E D I A T E D  B Y  S m l 2  O R  S m l s :  
F A C I L E  S Y N T H E S I S  O F  a - H Y D R O X Y - 7  - K E T O C A R B O X Y L A T E S  

T s u t o m u  Arime. Naoki Kato .  Fumio Komadate,  
H i r o k o  S a e g u s a ,  and Nobuo Mori* 

Depar tmen t  o f  C h e m i s t r y ,  S c i e n c e  U n i v e r s i t y  o f  Tokyo, 
Kagurazaka ,  S h i n j u k u - k u .  T o k y o  1 6 2  

A b s t r a c t .  The t i t l e  r e a c t i o n  smoo th ly  p r o c e e d s  a t  room 
t e m p e r a t u r e  t o  g i v e  a - h y d r o x y - 7  - k e t o  e s t e r s  3 i n  good 
y i e l d s ,  p r o b a b l y  v i a  a mechanism i n v o l v i n g  samarium 
e n o l a t e s  formed i n  s i t u  from a - h a l o  k e t o n e s .  

a -Ha lo  k e t o n e s  r e a c t  w i t h  a l d e h y d e s  i n  t h e  p r e s e n c e  
o f  Ce13 t o  g i v e  a , / 3  - u n s a t u r a t e d  k e t o n e s . '  S i m i l a r  
r e a c t i o n s  l e a d i n g  t o  u n s a t u r a t e d  k e t o n e s  c a n  be c a r r i e d  
o u t  w i t h  S m 1 2 *  o r  SmIs.3 U s i n g  t h e  c o m b i n a t i o n  o f  
CeC13-NaI o r  CeC13-SnClz ,  /3 - h y d r o x y - k e t o n e s  a r e  
o b t a i n e d  w i t h  l i t t l e  o r  n o  d e h y d r a t i o n  t o  u n s a t u r a t e d  
k e t o n e s . '  These  r e a c t i o n s  were assumed t o  p r o c e e d  v i a  
i n t e r m e d i a r y  f o r m a t i o n  o f  l a n t h a n o i d  e n o l a t e s  f r o m  a - 

* T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  be a d d r e s s e d .  
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3316 AFUME ET AL. 

h a l o  k e t o n e s .  However, o r d i n a r y  ke tones  a r e  u n r e a c t i v e  
or  l e s s  r e a c t i v e  a s  e n o l a t e  e l e c t r o p h i l e s  i n  t h e  

r e a c t i o n s .  
We r e p o r t  h e r e  an SmIz o r  S m I 3  mediated a l d o l - t y p e  

r e a c t i o n  o f  a - h a l o  k e t o n e s  1 w i t h  a - k e t o  e s t e r s  2 .  

This  r e a c t i o n  gave a - h y d r o x y - 7  - k e t o  e s t e r s  3 i n  g o o d  

y i e l d s ,  w i t h o u t  d e h y d r a t i o n  l e a d i n g  t o  u n s a t u r a t e d  k e t o  
e s t e r s ,  and any s i g n i f i c a n t  s i d e  r e a c t i o n s ,  such a s  
s e l f -  o r  c r o s s  c o u p l i n g s ,  were not  obse rved .  

l ) S m I z  or Sm13 ,OVH 
R I  '9' R 3  " C O O E t , , T -  R I  C O O E t  

R z  

1 2 

R Z  

3 

Tab le  1 .  The SmIz media ted  r e a c t i o n  o f a  - h a l o  k e t o n e s  1 

w i t h  a - k e t o  e s t e r s  2 ' '  

E n t r y  1 2 3 
R I  R z  X R 3  I s o l a t e d  y i e l d / %  

1 P h  H 

2 P h  H 
3 P h  H 
4 p-OzN-Ph H 
5 p-MeO-Ph H 
6 P h  Me 
7 Me H 
8 - ( C H z ) d -  

c1 
Br 
Br 
Br 
Br 
Br 
Br 
B r  

Me 
Me 
P h  

Me 
Me 
Me 
Me 
Me 

6 3  
9 5  
0 

7 1  
9 9  
7 7 ( 5 2 :  4 8 )  b ,  
9 4  
8 0 ( 7 5 : 2 5 )  b ,  

a )  Mole r a t i o  o f  1 : 2 : S m I z  = 1 : 1 : 1. 
b )  D i a s t e r e o m e r  r a t i o  de t e rmined  b y  ' H  N M R .  
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CY-HYDROXY-~-KETOCARBOXYLATES 3317 

The r e a c t i o n s  w i t h  S m I 2  were pe r fo rmed  b y  t h e  
f o l l o w i n g  t w o  d i f f e r e n t  p r o c e d u r e s .  F i r s t ,  1 i n  T H F  was 
added  t o  1 e q u i v  o f  S m I z  i n  T H F .  A f t e r  t h e  i n i t i a l  

b l u e  c o l o u r  t u r n e d  b rowni sh  y e l l o w ,  2 i n  T H F  was t h e n  
added .  The r e s u l t s  t h u s  o b t a i n e d  a r e  summarized i n  
T a b l e  1 .  All p r o d u c t s  3 showed ' H  N M R ,  IR  and mass 
s p e c t r a l  d a t a  c o m p a t i b l e  w i t h  t h e  s t r u c t u r e .  S i m i l a r  
r e s u l t s  were o b t a i n e d  b y  an  o n e - s t e p  p r o c e d u r e ,  where a 
m i x t u r e  o f  1 and 2 was added  t o  S m I 2 .  

I n  p r e l i m i n a r y  e x p e r i m e n t s  u s i n g  Sm13. 3 was 
o b t a i n e d  i n  a l o w  y i e l d  t o g e t h e r  w i t h  a s i g n i f i c a n t  
amount o f  a - i o d o  k e t o n e  a s  t h e  major  b y p r o d u c t .  B u t  
u se  o f  an e q u i m o l a r  amount o f  NaI a s  an a d d i t i v e  was 
f o u n d  t o  s u p p r e s s  t h e  h a l o g e n  exchange  r e a c t i o n  and t o  
i n c r e a s e  t h e  y i e l d  o f  3 b y  a b o u t  1 0 %  o r  more. Thus,  a l l  
r e a c t i o n s  were pe r fo rmed  i n  t h e  p r e s e n c e  of  NaI b y  an 
o n e - s t e p  p r o c e d u r e .  The r e s u l t s  t h u s  o b t a i n e d  a r e  s u m -  

m a r i z e d  i n  T a b l e  2 .  
The r e s u l t s  d e s c r i b e d  above  s u g g e s t  t h a t  Sm12 o r  

S m I a  r e a c t s  i n i t i a l l y  w i t h  1 t o  form a samarium e n o l -  
a t e ,  1 - 3  which i s  t h e  key i n t e r m e d i a t e  f o r  t h e  r e a c -  
t i o n s .  

I t  i s  a p p a r e n t  f r o m  T a b l e s  1 and 2 t h a t  Sm12 g i v e s  
b e t t e r  r e s u l t s ( s h o r t e r  r e a c t i o n  t ime  and h i g h e r  p r o d u c t  
y i e l d )  t h a n  t h o s e  o b t a i n e d  w i t h  S m 1 3 - N a I .  I t  i s  o f  i n -  

t e r e s t  t h a t  2 i n  which R 3  i s  an a l k y l  g r o u p  i s  r e a c t i v e  
a s  an e n o l a t e  e l e c t r o p h i l e  i n  t h e  r e a c t i o n ,  b u t  1 w i t h  

an a r y l  g roup  i s  u n r e a c t i v e  ( E n t r y  3 ) .  

E x p e r i m e n t a l  p r o c e d u r e  

I n  t h e  g e n e r a l  t w n - s t e p  p r o c e d u r e  u s i n g  Sm12, l ( 1  
m m o l )  i n  T H F  ( 2  m l )  was added  t o  a 0 . 1  M S m 1 2  s o l u t i o n  
i n  T H F  ( 1 0  m l )  a t  0 C unde r  n i t r o g e n  a t m o s p h e r e .  A f t e r  
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3318 ARIME ET AL. 

T a b l e  2 .  The SmIs-NaI  m e d i a t e d  r e a c t i o n  of  1 w i t h  2 ’ ’  

E n t r y  1 2 3 
R I  R z  X R J  I s o l a t e d  y i e l d / %  

1 P h  H c 1  Me 4 4  
2 P h  H Br Me 75 
3 P h  H Br P h  0 
4 p - O z N - P h  H Br Me 53 
5 p-MeO-Ph H Br Me 7 6  
6 P h  Me Br Me 7 6 ( 5 8 :  4 2 )  b ,  

7 Me H Br Me 4 0  
8 - ( C H 2  1 4 -  Br Me 4 5 ( 7 0 : 3 0 )  

a )  Mole r a t i o  o f  SmI3 : NaI : 1 : 2 = 1 : 1 : 1 : 1. 
b )  D i a s t e r e o m e r  r a t i o  d e t e r m i n e d  b y  ‘ H  N M R .  
c )  R a t i o  o f  t h e  d i a s t e r e o m e r s  i s o l a t e d  b y  p r e p a r a t i v e  

T L C .  

s t i r r i n g  f o r  2 m i n  u n t i l  t h e  deep  b l u e  c o l o r  t u r n e d  
b r o w n i s h  y e l l o w ,  2 ( 1  m m o l )  i n  THF(2 m l )  was t h e n  added .  
The m i x t u r e  was warmed t o  room t e m p e r a t u r e ,  s t i r r e d  f o r  
0 . 5  - 1 h ,  t r e a t e d  w i t h  a q u e o u s  2 M sodium t h i o s u l f a t e  
s o l u t i o n  ( 1  m l )  and e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t  
was washed w i t h  b r i n e ,  d r i e d  o v e r  magnesium s u l f a t e  and 
e v a p o r a t e d .  The r e s i d u e  was s u b j e c t e d  t o  p r e p a r a t i v e  
T L C  t r e a t m e n t  ( s i l i c a  g e l ,  h e x a n e / e t h e r =  l / l ) .  

I n  t h e  g e n e r a l  o n e - s t e p  p r o c e d u r e  u s i n g  SmIz, a 
s o l u t i o n  o f  l ( 1  m m o l )  and 2 ( 1  m m o l )  i n  T H F  ( 4  m l )  was 
added  t o  a 0 . 1  M SmI2 s o l u t i o n  i n  T H F  ( 1 0  m l )  a t  room 
t e m p e r a t u r e ,  and t h e  m i x t u r e  was t h e n  worked u p  i n  a 
s i m i l a r  manner .  
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CY-HY DROXY -y-KETOCARBOXY LATES 3319 

I n  t h e  g e n e r a l  o n e - s t e p  p r o c e d u r e  u s i n g  S m I 3 .  NaI (1  
m m o l )  was added t o  a 0 . 1  M S m I 3  s u s p e n s i o n  i n  T H F  ( 1 0  
m l ) .  The m i x t u r e  was s t i r r e d  f o r  1 0  m i n  a t  room 
t e m p e r a t u r e  unde r  t h e  a i r .  A s o l u t i o n  o f  l ( 1  mmol) and 
2 ( 1  m m o l )  i n  T H F  ( 2  m l )  was added .  and t h e  m i x t u r e  was 
s t i r r e d  f o r  a b o u t  1 2  h u n t i l  t h e  s u b s t r a t e s  were 

consumed, t r e a t e d  w i t h  aqueous  2 H sodium t h i o s u l f a t e  
s o l u t i o n  ( c a .  2 m l )  and e x t r a c t e d  w i t h  e t h e r .  The 
e x t r a c t  was worked u p  i n  a s i m i l a r  manner.  

R e f e r e n c e s  

1)  Fukuzawa. S . ,  T s u r u t a .  T . ,  Fu j inami .  T .  and S a k a i ,  
S . .  J .  Chem. S O C . .  P e r k i n  Trans .  1, 1987,  1473. 

2 )  Zhang, Y., L i u ,  T .  a n d  L i n .  R . .  Syn th .  C o m m u n . .  

1988.  18. 2003. 
3) Y u .  Y . ,  L i n ,  R .  and Zhang. Y . .  T e t r a h e d r o n  L e t t . ,  

1993.  34. 4547. 

(Received in Japan 22 A p r i l  1994) 

D
ow

nl
oa

de
d 

by
 [

"Q
ue

en
's

 U
ni

ve
rs

ity
 L

ib
ra

ri
es

, K
in

gs
to

n"
] 

at
 0

6:
50

 0
4 

Ja
nu

ar
y 

20
15

 




