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A b s t r a c t :  An improved method f o r  t h e  p r e p a r a t i o n  o f  

/ 3 - s u b s t i t u t e d  cyc lohexenones  is r e p o r t e d .  C o n d i t i o n s  were 

d e f i n e d  to e f f e c t u a t e  t h e  key desulfonylation-deketaliza- 

t i o n  s t e p  i n  a mi ld  manner. S e v e r a l  cyc lohexenones  b e a r i n g  

a c i d  and/or  b a s e  s e n s i t i v e  / J - s u b s t i t u e n t s  were p r e p a r e d  by 

t h e  m o d i f i e d  method i n  modera t e  t o  good y i e l d s .  

The a - s u b s t i t u t e d  cyc lohexenones  are a c l a s s  o f  

compounds w i t h  g r e a t  s y n t h e t i c  impor tance .  S y n t h e t i c  

methods deve loped  f o r  t h e s e  compounds a r e ,  i n  g e n e r a l ,  

based  on s u i t a b l y  f u n c t i o n a l i z e d  cyc lohexenones  v i a  e i t h e r  

normal d i p o l e  p r o c e s s  or d i p o l e  r e v e r s e d  process(umpo1ung)  . 1 
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I n  c o n n e c t i o n  w i t h  o t h e r  o n  g o i n g  p r o j e c t s ,  w e  needed  t o  

p r e p a r e  compound l a  i n  a n  e f f i c i e n t  m a n n e r .  Most p r e s e n t  

m e t h o d s  i n v o l v i n g  c o n d i t i o n s  n o t  c o m p a t i b l e  w i t h  f u n c -  

t i o n  g r o u p s  e x i s t i n g  i n  s t a r t i n g  m a t e r i a l  a r e  i n a p p l i c -  

a b l e  t o  t h e  s y n t h e s i s  of la as  shown i n  t h e  f o l l o w i n g  sec- 

t i o n .  T h u s ,  s y n t h e s i s  o f  la by n o r m a l  d i p o l e  p r o c e s s  w a s  

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

c h a i n  3aL t o  3-bromo-2-cyclohexenone(2) f a i l e d ,  w h e r e a s ,  

more r e a c t i v e  o r g a n o m e t a l l i c  reagents(RLi,R2CuLi,RMgX,RZnX) 

d e r i v e d  f r o m  2 , 3 - d i b r o m o p r o p e n e  (3b) seem t o  b e  u n c o n t r o l l e d  

due  t o  H B r  e l i m i n a t i o n  t e n d e n c y  . By umpolung a p p r o a c h ,  

r e a c t i o n  o f  t h e  l i t h i a t e d  4 w i t h  2 , 3 - d i b r o m o p r o p e n e ( 3 b )  was 

a l so  u n s u c c e s s f u l  a s  r e p o r t e d  i n  t h e  l i t e r a t u r e  i n  a s imi la r  

s i  t ~ a t i o n ~ ~  .By a s i m i l a r  a p p r o a c h ,  t h e  s u b s t i t u t i o n  r e a c t i o n  

of  l i t h i a t e d  s u l f o n e  d e r i v a t i v e  5 w i t h  3b g a v e  d e s i r e d  5a i n  

q u a n t i t a t i v e  y i e l d ,  h o w e v e r ,  t h e  f o l l o w i n g  d e s u l f o n y n a t i o n  
4b  r e a c t i o n  u n d e r  r e p o r t e d  c o n d i t i o n s ( 5 8  H C 1 - T H F ,  30-65'C) 

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

m o d i f i c a t i o n  of t h e  method b a s e d  on  b e n z e n e s u l f o n y l  s t a b i -  

l i z e d  a - a n i o n  l e a d i n g  t o  a n  e f f i c i e n t  a n d  c o n v e n i e n t  syn-  

3 

- la. R = (,/y 2". X = TMS - 4 
Br 

3b. X = B r  - 2. R = B r  - 

5. R = H  - 
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thesis of la, which seems applicable to the synthesis of 

other functionalized /3-substituted cyclohexenones(Scheme). 

Scheme 

5 5a-h - la-h - - 

Reagent:(a).LDA or n-BuLi 

E 1 ec t roph  i les 

1.1-3.0 eqs) ,THF,-78 OC,1-2.5hrsI 

(b).TsOH(cat.),CHCl -acetone(5:l), 3 
4O0C,10 hrs or  25OC,48 hrs. 

3-8enzenesulfonyl-l,l-ethylene dioxycyclohexane(5) was 

prepared by known method5 in two steps in an overall yield 

of 9 5 % .  Treatment of 5 with LDA or n-BuLi ( 1.1 equiv.) at 

-78 'C and reaction of the resultant anion with 2,3-dibromo- 

propene(3b) gave 5a in 9 6 %  yield. The key desulfonylation- 

deketalization steps are accomplished by using p-toluene- 

sulfonic acid as catalyst. Thus,treatment of the sulfone 5a 

with p-toluene-sulfonic acid(5% mol.equiv.) in a mixed sol- 

vent system(ch1oroform-acetone, 5:l) at 40°C(10 hrs) or at 
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2 5  ' C ( 4 8 h r s )  g a v e , i n  o n e  s t e p ,  t h e  d e s i r e d  compound la6 i n  

a y i e l d  o f  8 3 % .  

E x t e n s i o n  of t h i s  m o d i f i e d  method t o  t h e  s y n t h e s e s  o f  

o t h e r  f u n c t i o n a l i z e d  8 - s u b s t i t u t e d  c y c l o h e x e n o n e s  were a l so  

s t u d i e d .  l ' h r e e  t y p e s  o f  e l e c t r o p h i l e  were examined  and t h e  

resu l t s  were shown i n  t h e  T a b l e .  B o t h  f u n c t i o n a l i z a t i o n  and 

d e s u l f o n y l a t i o n  s t e p s  mer i t  some comments .  T'he r e a c t i o n  of 

t h e  c a r b a n i o n  o f  5 p r o c e e d e d  v e r y  w e l l  w i t h  a l l y l i c  and p r o -  

p a r a g y l  b r o m i d e  a s  w e l l  as aromatic  a l d e h y d e s ,  w i t h  a l i p h a -  

t i c  a l d e h y d e s  and M i c h a e l  a c c e p t o r ,  s m a l l  p o r t i o n  of s t a r -  

t i n g  mater ia l  was r e c o v e r e d  i n  c o m b i n a t i o n  w i t h  t h e  d e s i r e d  

p r o d u c t s .  However ,  d u e  t o  s t e r i c  h i n d r a n c e  and /or p o l y m e r i -  

z a t i o n  s i d e  r e a c t i o n ,  t h i s  r e a c t i o n  d i d n ' t  work  a t  a l l  w i t h  

k e t o n e s ,  2 - b u t e n y l  a c i d  m e t h y l  es te r  and a c r y l o n i t r i l e .  The 

desulfonylation-deketalization steps,  o n  t h e  o t h e r  h a n d ,  

g a v e  complex  m i x t u r e  i n  t h e  cases o f  5d a n d  5 g ( e n t r y  4 a n d  

e n t r y  7 ) .  I n  t h e  case of / 3 - a l l y l - / j - s u l f o n y l k e t a l  5b, a l -  

t h o u g h  t h e  o n e - s t e p  d e s u l f  o n y l  at ion-deketal i z a t  i o n  proc- 

ceeded  n o r m a l l y  t o  g i v e  lb as  i n d i c a t e d  by  'H-NMR s p e c t r u m  

d a t a  , b u t  t h i s  p r o d u c t  i s  v e r y  u n s t a b l e  and  i t  isome- 

r i z e s  almost q u a n t i t a t i v e l y  t o  i t s  more s t a b l e  f u l l y  c o n j u -  

g a t e d  f o r m  l b ' ( e n t r y  2 )  upon c h r o m a t o g r a p h y  p u r i f i c a t i o n  o n  

s i l i c a  g e l .  I n t e r e s t i n g l y ,  t h e  o v e r a l l  r e s u l t  of t h e s e  r e a c -  

t i o n s  c o n s t i t u t e d  a m i l d  and  c o n v e n i e n t  method f o r  t h e  s y n -  

t h e s i s  o f  compound lb', w h i c h  p r e s e n t e d  g r e a t e r  s y n t h e t i c  

v a l u e s .  T h i s  method would  b e  a p p l i c a b l e  t o  t h e  s y n t h e s i s  

of  ( f ) - t e r r e i n 7 ,  a mould m e t a b o l i t e .  

6 
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I n  c o n c l u s i o n ,  s t a r t i n g  f r o m  s t a b l e  a n d  r e a d i l y  a v a i -  

l a b l e  2-hexenone  s y n t h o n  5 ,  t h i s  t w o - s t e p  p r o c e d u r e  c o n s t i -  

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

r o u t e  t o  / 3 - s u b s t i t u t e d  c y c l o h e x e n o n e s ,  e s p e c i a l l y  i n  t h e  

cases  w h e r e  P - s u b s t i t u e n t s  b e a r  a c i d  a n d / o r  base s e n s i t i v e  

f u n c t i o n  g r o u p s .  

E x p e r i m e n t a l  : 

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

T o  a s o l u t i o n  of 3 2 . 9  mmol of l i t h i u m  d i i s o p r o p y l a m i n e  

i n  1 3 5  ml o f  THF a t  -78'C u n d e r  N 2  w a s  a d d e d  8 . 4 2 9  ( 2 9 . 9  

m m o l )  o f  2 i n  25ml of THF o v e r  5 min .  The  r e a c t i o n  m i x t u r e  

was s t i r r e d  a t  -78'C f o r  2 0  min.  2,3-dibromopropene(3.lml, 

4 4 . 6  m m o l )  w a s  t h e n  a d d e d  a n d  s t i r r i n g  c o n t i n u e d  f o r  l h .  

The r e a c t i o n  m i x t u r e  was q u e n c h e d  a t  t h i s  t e m p e r a t u r e  w i t h  

a s a t u r a t e d  s o l u t i o n  o f  a q u e o u s  NH4C1(2ml/mmol).The r e s u l t -  

i n g  m i x t u r e  w a s  e x t r a c t e d  w i t h  t h r e e  200-ml p o r t i o n s  of C H 2 C 1 2  

a n d  t h e  combined  o r g a n i c  l a y e r  w a s  d r i e d  (MgS04) and  c o n c e n -  

t r a t e d .  S h o r t  s i l i c a  g e l  co lumn f i l t r a t i o n  o f  t h e  c r u d e  p r o -  

d u c t ( P e t r o 1 e u m  ether(60-9O0C)-Et0Ac(3:l) a s  e l u e n t )  a f f o r d e d  

1 1 . 7 g  o f  5a ( 9 6 % )  as  w h i t e  n e e d l e s .  'H-NMR ( C D C 1 3 ,  60MHZ): 

1 .45-2 .00(n i ,  E H ,  4CH2),  3 . 3 2 ( d , J = 1 . 7  Hz,1H,CH2CBr),  3 . 3 6  

( d , J = 2 . 0 H z ,  l H ,  C H 2 C B r ) ,  3 . 9 0 ( s ,  4 H ,  O C H 2 C H 2 0 ) ,  5 . 7 0 ,  6 . 0 3  

( 2 d ,  J = 1 . 7  Hz, Z H ,  = C H 2 ) ,  7 .48-7 .97(m,  5Harom); MS(m/z):  4 0 1 ,  

4 0 3 [ M + 1 ] + ( 1 . 4 , 1 . 1 ) ,  321[M-Br]+ ( 5 . 7 1 ,  2 5 9 ,  2611M-SOZPh+ 

(100, 8 7 . 5 ) ,  2 1 5 ,  217[M-S02Ph-OC2H4] ( 8 2 . 3 ,  7 7 . 4 ) ,  1 7 9 ( 4 4 . 5 ) ,  

99[C5H702] ( 6 3 . 7 ) .  A n a l .  C a l c d .  f o r  C17H21Br04S: C 50.88;  

H ,  5 . 2 7 ;  Found:  C 5 0 . 5 6 ,  H 4 . 9 2 .  

i- 

+ 
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To 6.609 (16.5 mmol) of alkylated ketal sulfone 5a dis- 

solved in 50 ml of chloroform was added 10 ml of acetone and 

160 mg (0.83 mmol) of para-tolucnesulfonic acid monohydrate, 

the mixture was stirred at 40'C for 1 0 h s .  or at 25'C for 48hs 

After neutralization with a 1 0 8  of aqueous NaHC03 solution, 

H20(30ml) was added,and the combined organic phase was aried 

and concentrated. Si02 column flash chromatography[petroleum 

ether (60-9O'C): EtOAc (3:l) as eluent] of the crude product 

afforded 2.96g of la(83%) as pale yellow oil.IR(film): 1670, 

1630, 1620, 1425, 1345, 1250,1185,1140,885~m-~; lH-NMR(CC14- 

60MHz): 1.72-2.40(mI 6H, 3CH2) ,3.25(s, 2H,CH2CBr), 5.49(s,1Hl 

=CH2), 5.65(s,lHf =CH2),5.78(s, lH, CHCO); MS(m/z): 216,214 

(M+)(34.3,34.2), 188, 186(35.2, 37.b), 160, 158(15.1, 15.6), 

135(62.5) ,107(100), 91(49.8), 79(100) 77(1OO) Anal. Calcd. 

for C9H11BrO: C 50.26; H 5.15. Found: C 49.87; H 5.06. 
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