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A CONVENIENT S Y N T H E S I S  OF CYCLOHEPTANE-1,3-DIONE 

V i d y a  S h u s h a n  a n d  S. C h a n d r a s e k a r a n *  

Dep ar tmant  o f c hemi s t  r y , 
I n d i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  Kanpur 208 0 1 6 ,  I n d i a  

1 , 3 - D i k e t o n e s  are  a n  i m p o r t a n t  c l a s s  o f  compounds  

i n  v i e w  o f  t h e  d i s t i n c t  s t r u c t u r a l  ? e a t u r e s  a n d  h i g h  

s y n t h e t i c  u t i l i t y .  I n s p i t e  o f  t h a  h i g h  p o t e n t i a l  o f  

t h e  1 , 3 - c y c l o a l k a d i o n e s  i n  o r g a n i c  s y n t h e s i s ,  o n l y  a 

few m e t h o d s  are  a v a i l a b l e  f o r  t h e i r  s y n t h e s i s .  I t  has 

been  shown t h a t  a , f i -epoxy k e t o n e s  g i v e  1 , 3 - d i k e t o n s s  
I i n  t h e  p r e s e n c e  o f  Pd(  0 ) .  R e c e n t l y t  1 , 3 - c y c l o a l k a -  

d i o n e s  h a v e  Deen s y n t n e s i z e o  oy v a r i o u s  t r a n s f o r m a -  . 
t i o n s  o f  b i s (  t r i m e t h y l s i l y l o x y )  c y c l o a l k e n e s .  * S 3  Hour 

e v e r ,  t h e s e  m e t h o d s  h a v e  o n l y  l i m i t e d  a p p l i c a b i l i t y .  - 

A l t h o u g h  t h e r e  a re  s e v e r a l  m e t h o d s  a v a i l a b l e  f o r  medium 
4- 7 

t o  l a r g e  sca le  p r e p a r a t i o n s  o f  c y c l o p e n t a n k 1 , 3 - d i o n e  

a n d  c y c l o h e ~ a n e - l , 3 - d i o n e , ~  t h e  o n l y  s y n t h e t i c  r o u t e  

t o  c y c l o h e p t a n e - 1 , 3 - d i o n e  i s  d u e  t o  E i s t e r t  & A., 

* 
T o  whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  

339 

Copyright 0 I984 by Marcel Dekker, Inc. 0039-79 1 1/84/1404~339$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
9
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



340 BHUSHAN AND CHANDRASEKARAN 

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

c y c l o h  exane -  1,3- d i  on e u s i n g  o i  a z o  a c e t i  c e s t e r  . 9 

R e c e n t l y ,  we r e o o r t e d  a m s t h o d o l o g y  f o r  t h e  o n e  

p o t  a - b r o n o a c e t a l i z a t i o n  o f  c a r b o n y l  compounds  u s i n g  

e t h y 1 en e g 1 y c ol a n d  p h en y 1 t r i m  o t  h y l  a m i n  o n i  u m t r i br omi d e 

( P T T )  i n  d r y  t e t r s h y o r o f u r a n  t o  g i v e  t h e  c o r r p e p o n d i n g  

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

t o  exp lo re  t h e  p o t e n t i a l  u s e f u l n e s s  of  t h g s e  e a s i l y  

s y n t h e s i z e d  a - b r o m o a c e t a l s  a s  v a l u a b l e  s y n t h o n s ,  UJe 

h a v e  come up w i t h  a f a c i l e  s y n t h e s i s  of'  c y c i c h e p t a n e -  

1 , 3 - d i o n e .  

a - B r o m o a c e t a l  o f  c y c l o h e p t a n o n E  2 l G  was d e h y d r o -  

b f o m i n a t e d  u s i n g  p o t a s s i u m  t e r t - b u t o x i d e  i n  OMSO a t  

room t e m p e r a t u r e  w i t h i n  6 h o u r s  i n  75% y i e l d .  Alter- 

n a t i v e l y ,  t h e  o l e f i n i c  a c e t a l  2 c o u l d  b e  p r e p a r e d  by 

r e f l u x i n g  t h e  o r c m o a c a t a l  3 i n  m s t h a n o l i c  p o t a s s i u m  

h y d r o x i d e  s o l u t i o n  .I1 T h e  o l e f i n i c  a ce t a l  upon  oxymer- 

, u r a t i c n - d e m e i c u r a t i o n  y i e l d e d  93% o f  t h e  h y o r o x y a c e t -  

a1 L b ,  w h i c h  was o x i d i z e d  by chromium t r i o x i d e - p y r i -  

d i n e  c o m p l e x  g e n e r a t e d  in situ i n  d i c h l o r o m e t h a n e  t o  

g i v e  9 5 1  y i e l d  o f  t h e  k e t c a c e t a l  3. T h s  k e t o a c e t a l  

- 4b u n d e r w e n t  f a c i l e  h y d r o l y s i s  by 1 0 1  a q u e o u s  hydro -  

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

t a n e - 1 , 3 - d i o n e  ( 2 b )  i n  9 2 1  y i e l d .  

v e d  a s i m p l e  s y n t h e s i s  o f  c y c l o h e p t a n e - l , 3 - d i o n e  s t a r t -  

i n g  f r o m  r e a d i l y  a v a i l a b l e  c y c l o h e p t a n o n e  i n  an o v e r -  

We h a v e  t h u s  a c h i e -  
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CYCLOHEPTANE-1,3-DIONE 341 

4, a )  n = 3  
b )  n = 4  

- 5, a )  n = 3  
b )  n = 4  

a l l  y i e l d  of 4 ? t .  

was f o l l o w e d  i n  t h e  case o f  c y c l o h e x a n o n e  t o  g e t  c y c l o -  

h a x a n e 1 , 3 - d i o n e  !?a) i n  43. f  o v e r a l l  y i e l d .  The  hydro-  

l y s i s  o f  t h e  k e t o a c e t a l  L a  was e f f e c t e d  by s i l i c a  g e l  

i m p r e g n a t e d  w i t h  2 5 1  s u l p h u r i c  a c i d .  T h i s  p r o c e d u r e  

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

o f  t h e  d i o n a  L a  d u e  t o  i t s  h i g h  s o l u b i l i t y  i n  water. 

;An a n a l o g o u s  s e q u s n c e  o f  r e a c t i o n s  

12 

EXP ER I N EN T A L 

O l e f i n i c  Acetal zb: P o t a s s i u m  - - b u t o x i d e  (3 .36  9 ,  

30 mmol) was d i s s o l v e d  i n  d r y  UI;ISO (2Ci m L )  a t  4U'C. To 

t h e  r e s u l t i n g  s o l u t i o n ,  t h e  a - o r o r n o a c e t a l  Q'' (4.7 Q ,  

20 mmol) was a d d e d  s l o w l y  d r o p w i s e  a t  3U°C a n d  s t i r r e d  

f o r  4 h. The r e a c t i o n  m i x t u r e  w a s  p o u r e d  s l o w l y  i n t o  

c o l d  water a n d  e x t r a c t e d  w i t h  h e x a n e  ( 3  x5U m L ) .  The 
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342 BHUSHAN AM, CHANDRASEKARAN 

h e x a n e  e x t r a c t  was washfd  s e v e r a l  t i m e s  u r l t n  wzter,  

f o l l o w e d  by b r i n e  and  d r i e d  o v e r  POSO,; f i l t e r e d  a n d  

t h e  s o l v e n t  was removed u n c e r  r e d u c e d  pressure  t o  y i e l o  

2 - 3 4  g o f  

(2.4 m m > 3 .  

4H), 5.66 (m, 2H).  

( 7 5 1 ) ,  bp 9 4 - 9 6 O C  (10  mm) :lit.'' op 6 7 O C  

'ii nfir  (COCl3):51.4-2.5 ( m ,  aH), 3 . 8  (ni, 

H y d r o x y a c e t a l  3b. To a s u s p e n s i o n  o f  mercuric a c e t a t e  -I-__-' 

(4.76 9 ,  15 mmol) i n  THF-uater  ( l : l ,  15 m L )  W E S  aac'ed 

- ? b  (2.31 9 ,  1 5  .nmol) and s t i r r e d  f o r  3 h a t  3b'C. To 

t h e  r e s u l t i n g  m i x t u r e  k e p t  a t  U"L, was ammo l u t  aq .  

sodium h y d r o x i d e  s o l u t i o n  (15 mL), f o l l o w e d  by a solu-  

t i o n  o f  sodium b o r o h y d r i d e  (0.285 g ,  7 .5  m m o l )  i n  l U i  

aq. sodium h y d r o x i d e  s o l u t i o n  ( 1 5  mL). P . f t e r  s t i r r i n g  

f o r  1 h, t h e  r e a c t i o n  m i x t u r e  W E S  s a t u r a t e d  w i t h  fJaC1 

and s t i r r e d  f o r  0.25 h w i t h  e t h y l  a c e t a t e .  The  o r o a n i c  

l a y e r  was removed and  t h e  aq. l a y e r  was e x t r a c t e d  w i t h  

e t h y l  a c e t a t e  ( 6  x 3 0  mL). 

was washed w i t h  b r i n e  and d r i e d  o v e r  F-igS04. Removal o f  

s o l v e n t  a f f o r d e d  2.4 g ( 9 3 i )  o f  an oil u s e d  i n  t h e  n e x t  

s t e p  w i t h o u t  p u r i f i c a t i o n .  

The combined o r g a n i c  l a y e r  

K e t o a c e t a l  2: 
167.4 mmol) i n  d i c h l o r o m e t h a n e  ( 1 5 0  r n l )  was a d d e d  chro-  

m i u m  t r i o x i d e  (8.37 g ,  83.7 mmol) and c e l i t e  (12 g )  a t  

O°C. A f t e r  s t i r r i n g  f o r  0.25. h, a s o l u t i o n  o f  2 (2.4 g ,  

1 3 . 9 5  mrnol) i n  d i c h l o r o m e t h a n s  ( 5  mL) w a s  a d d e d  in o n e  

To a s o l u t i o n  o f  p y r i d i n e  (13.22 9, 
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CYCLOHEPTANE-1,3-DIONE 343 

p o r t i o n  a n d  s t i r r i n g  was c o n t i n u e d  f o r  0.5 h a t  2 5 O C .  

D r y  e t h e r  (15G mL) was added  a n d  f i l t e r e d  t h r o u q h  a 

s h o r t  p a d  o f  c e l i t e  and P!gSii4. 

t h o r o u g h l y  washed w i t h  e t h e r .  The  f i l t r a t e  was evapo- 

r a t e d  a n d  t h e  excess p y r i d i n e  was removed u n d e r  r e d u c e d  

p r e s s u r e  a t  6OoC t o  a f f o r d  2.2 g ( 9 5 1 )  o f  an o i l .  IK 

(CHC13): 1700 cm". 

2.23 ( b r ,  s, 2H); 2.56 ( s ,  2 H ) l  3.76 ( s ,  4H). 

The f i l t e r  p a d  was 

'H  nmr (CDC13):61.66 ( b r ,  s, 6H); 

Cyc lohep tane -  1 ,3-  d i o n e  (2): 
12.94 mmol) was s t i r r e d  w i t h  20: h y d r o c h l o r i c  a c i a  

( 1 5  mL) f o r  4 h a t  3 O o C .  The r e a c t i o n  m i x t u r e  was 

p o u r e d  i n t o  w a t e r  and  e x t r a c t e d  w i t h  c h l o r o f o r m  (5x30  

mt ) .  The o r g a n i c  e x t r a c t  was washed w i t h  s a t l i r a t e d  

NaHC03 s o l u t i o n  ( 2  x2G mL), f o l l o w e d  by ureter and t h e n  

w i t h  b r i n e .  The e x t r a c t  was d r i e d  (MgS04)  and evapo- 

r a t e d  t o  y i e l d  an o i l  which was p a s s e d  t h r o u g h  a s h o r t  

p a d  of  n e u t r a l  a l u m i n a  ( e l u t i o n  w i t h  1:l e t h e r - p o t r o -  

leum e t h e r )  t o  g i v e  c y c l o h e p t a n e - I  ,3- d i o n e  (1.5 9, 

921)  a s  a l i q u i d  ( b p  119-12OoC ( I 5  mm)). 

(CDC13):61.33-2.1 (m, 4H); 2.46 (m, 4H); 3.53 (s, 2H). 

O i s e m i c a r b a z o n e ,  mp 204-206°C [lit.' mp 205-206°C 

( d e c . ) ] .  

The compouno 2 ( 2 . 2  g ,  

'H nmr 

O l e f i n i c  Acetal 2: D e h y d r o b r o m i n a t i o n  o f  l a  w i t h  

po ta s s ium- -bu tox ide  i n  DMSO y i e l d e d  801 o f  a, 
bp 74-76OC (17  mm) [lit." op 86.5-88.5'C ( 2 3  mm)J. 
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344 BHUSHAN AND CHANDRASEKARAN 

'H nmr (C0Cl3):61.O6-2.4 ( m ,  6H); 3.83 is, 4H); 5.2E 

5.E8 (m,  ? H ) .  

Hydro xy ace ta l  a: 0 xy-  m e r c u r a t i o n -  d e m e r c u r a t i  on r e a r  

t i o n  a s  i n  t h e  e a r l i e r  c a s e ,  y i e l d e d  76f o f  2 which  

was p u r i f i e d  by f l a s h  c h r o m a t o g r a p h y  on s i l i c a  g e l  

( e l u t i o n  w i t h  1: I e t h e r - p e t r o l e u m  e t h e r ) .  

K e t o a c e t a l  La:  O x i d a t i o n  o f  w i t h  py r id ine -ch romium 

t r i o x i d e  r e a g e n t  a f f o r d e d  86i o f  k e t o a c e t a l  5 a s  a n  

o i l .  ' H  nmr (CDC13):61.66 ( b r ,  s ,  4H);  2.06 ( b r ,  s,  

2H) ;  2.26 ( s ,  2H); 3.76 ( s ,  4H). 

Cyc lohexane -  1 , 3 - d i o n e  (s): 
g e l  (100-200 mesh, 4.2 g) i n  d i c h l o r o r n e t h a n e  w a s  a d d e d  

2-51 s u l p h u r i c  a c i d  (0.42 mL) w i t h  s t i r r i n g .  When t h e  

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

ace ta l  2 (0.75 g ,  4.8 rnmol) was added  i n  a small 

amount o f  d i c h l o r o m e t h a n e  i n  o n e  p o r t i o n  a n d  stirred 

f o r  6 h a t  room t e m p e r a t u r e .  S o l i d  sodium b i c a r b o n a t e  

was a d d e d  u n t i l  t h e  e f f e r v e s c e n c e  c e a s e d .  T h e  r e a c t i o n  

To  a s u s p e n s i o n  o f  s i l i c a  

m i x t u r e  w a s  f i l t e r e d  and t h e  s i l i c a  gel r e s i d u e  was 

t h o r o u g h l y  washed w i t h  a m i x t u r e  o f  me thano l -  d i c h l o r o -  

me thane  (1:19). The f i l t r a t e  was e v a p o r a t e d  t o  y i e l d  

0.5 g (93.f) o f  t h e  d i o n e 3 ,  mp 105-106°C [l i t .  

mp 105-107°C]. 

a 
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