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ORGANIC PREPARATIONS AND PROCEDURES 2 ( 3 ) ,  229-234 (1970) 

2 ' , 4 '  AND 2',4',6'-CYCLOHEXYL SUBSTITUTED PHENYL KETONES 

E .  R .  L a v a g n i n o  and  L .  A .  White  
The L i l l y  R e s e a r c h  L a b o r a t o r i e s  

E l i  L i l l y  a n d  Company 
I n d i a n a p o l i s ,  I n d i a n a  46206 

The F r i e d e l - C r a f t s  a c y l a t i o n  o f  c e r t a i n  monoa lky l '  and  

d i a l k y l e  b e n z e n e s  h a s  b e e n  shown t o  y i e l d  p r o d u c t s  r e s u l t i n g  

f rom d i s p r o p o r t i o n a t i o n  a n d  m i g r a t i o n  o f  t h e  a l k y l  g r o u p s .  

U t i l i z i n g  c y c l o h e x y l b e n z e n e  (1) a n d  p - d i c y c l o h e x y l b e n z e n e  (2) 
a s  s t a r t i n g  m a t e r i a l s ,  we h a v e  t a k e n  a d v a n t a g e  o f  t h e s e  

p r o c e s s e s  t o  p r e p a r e  2 ' , 4 ' -  (4) a n d  2 ' , 4 ' , 6 ' -  ( 5 )  c y c l o h e x y l -  

s u b s t i t u t e d  p h e n y l  k e t o n e s ,  compounds wh ich  a r e  n o t  r e a d i l y  

a v a i l a b l e  b y  o t h e r  m e t h o d s .  

- 1 I 
l a i R-c-C1 

\t/ A I C I J  

+ c>G!!-R i + 

3 a :  R = - C H  

b :  R = - C H z - C H 3  

c :  R = Ph 
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E.  R .  LAVAGNINO AND L.  A .  WHITE 

On a c y l a t i o n  I; i s  c o n v e r t e d  m a i n l y  t o  compounds o f  t y p e  & 
t o g e t h e r  w i t h  s m a l l e r  amoun t s  o f  3 and  5,  w h e r e a s  2 a f f o r d s  

m a i n l y  compounds o f  t y p e  2. 

K e t o n e s  w i t h  s t r u c t u r e  & h a v e  n o t  b e e n  p r e v i o u s l y  d e s -  

c r i b e d .  The p o s i t i o n s  o f  t h e  c y c l o h e x y l  g r o u p s  h a v e  b e e n  

e s t a b l i s h e d  by  e x a m i n a t i o n  o f  t h e  nmr s p e c t r a . 3  

Compound 5a h a s  b e e n  p r e p a r e d 4  b y  a c y l a t i o n  o f  2 , 4 , 6 -  

t r i c y c l o h e x y l b e n z e n e .  The p r e s e n t  p r o c e d u r e  i s  much s i m p l e r  

a n d  r e p r e s e n t s  t h e  b e s t  method f o r  t h e  p r e p a r a t i o n  o f  5. 

EXPER IMENTAL5 

2',4'-Dicyclohexylacetophenone ( 4 a ) - - T o  a s o l u t i o n  o f  

500 g ( 3 . 1  m o l )  o f  1 i n  2 1. o f  c a r b o n  d i s u l f i d e  was a d d e d  

415 g ( 3 . 1  m o l )  o f  a n h y d r o u s  a luminum c h l o r i d e .  The f l a s k  was 

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

t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  w h i l e  a c e t y l  c h l o r i d e  ( 2 4 4  g ,  

3 . 1  mol) w a s  a d d e d  d r o p w i s e  a t  a r a t e  w h i c h  p e r m i t t e d  t h e  

c a r b o n  d i s u l f i d e  t o  g e n t l y  r e f l u x  ( 3 - 4  h r ) .  The r e s u l t i n g  

s o l u t i o n  w a s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  1 6  h r  a n d  p o u r e d  

o n t o  a m i x t u r e  o f  5 kg o f  i c e ,  1 1. o f  w a t e r ,  and  500  m l  o f  

c o n c e n t r a t e d  H C 1 .  The c a r b o n  d i s u l f i d e  w a s  r emoved  u n d e r  

r e d u c e d  p r e s s u r e ,  a n d  t h e  a q u e o u s  r e s i d u e  w a s  e x t r a c t e d  3 

t i m e s  w i t h  1-1. p o r t i o n s  o f  C H 2 C 1 2 .  The e x t r a c t s  w e r e  washed  

w i t h  w a t e r ,  d r i e d  ( Y g S 0 4 ) ,  and  c o n c e n t r a t e d  u n d e r  vacuum. The 

r e s i d u e  w a s  d i s t i l l e d  t h r o u g h  a 40-cm s p i n n i n g - b a n d  co lumn t o  

y i e l d  1 1 0  g o f  2; b p  160 '  ( 0 . 1  m m ) ;  mp 70' f r o m  S k e l l y s o l v e  B 

( l i t . 6  mp 68-69 ' ) ;  and  2 0 3  g o f  &; b p  1 7 5 '  (0.1 m m ) ;  mp 5 0 -  

52' f r o m  S k e l l y s o l v e  B .  
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2 ' , 4 '  AND 2 ' ,  4 ' ,  6'-CYCLOHEXYL SUBSTITUTED PHENYL KETONES 

- Anal .  C a l c d  f o r  C20H280: C ,  8 4 . 4 5 ;  H ,  9 . 9 2 .  Found: 

C ,  8 4 . 5 9 ;  H ,  9 .90 .  

Ir ( C H C 1 3 )  c a r b o n y l  band a t  5 . 9 4  u ;  nmr ( C D C 1 3 )  6 2 0 - p r o t o n  

m u l t i p l e t  a t  1 . 0 - 2 . 2  (-CH2- o f  2 c g c l o h e x y l  g r o u p s ) ,  2 b r o a d  

m u - l t i p l e t s  a t  2 . 5 0  and 3 .18  ( - C H  o f  c y c l o h e x y l  g r o u p s  a t  

p o s i t i o n s  4 '  and 2 ' ,  r e s p e c t i v e l y ) ,  3 - p r o t o n  s i n g l e t  a t  2 . 5 2  

( - C H 3 )  , q u a r t e t  a t  7 . 0 6 ,  d o u b l e t  a t  7 . 2 2 ,  d o u b l e t  a t  7 . 4 5  

= 8 . 0  H z ,  J - ( p r o t o n s  a t  p o s i t i o n s  5 1 ,  3 ' ,  6 ' ;  J,, , 6 1  

1 . 8  H z ) .  

- 
-3' , 5 '  

2',4'-Dicyclohexylpropiophenone (4b ) - -The  r e a c t i o n  was 

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

( 2 8 7  g, 3 . 1  m o l ) ,  t o  g i v e  90 g o f  3b; b p  105' ( 0 . 0 5  m m ) ;  mp 

46-48' [ r e c r y s t a l l i z e d  f rom p e t .  e t h e r  ( b p  30-60O) 1 ( l i t  . 7  

mp 48-50');  and 200 g o f  4b; bp  140'  ( 0 . 0 5  m m ) ;  ng5 1 . 5 4 2 0 .  

&. C a l c d  f o r  C21H300:  C ,  8 4 . 5 1 ;  H ,  1 0 . 1 3 .  Found: 

C ,  84 .39;  H ,  9 . 9 9 .  

Ir ( C H C 1 3 )  c a r b o n y l  band a t  5.92 u ;  nmr ( C D C 1 3 )  6 20- 

p r o t o n  m u l t i p l e t  a t  1 . 0 - 2 . 2  ( - C H 2 -  o f  2 c y c l o h e x y l  g r o u p s ) ,  2 

b r o a d  m u l t i p l e t s  a t  2 . 5 0  and 3.18 ( - C H  o f  c y c l o h e x y l  g r o u p s  

a t  p o s i t i o n s  4 '  and 2 ' ,  r e s p e c t i v e l y ) ,  3 - p r o t o n  t r i p l e t  a t  

1 . 1 7  ( - C H 3 ) ,  2 - p r o t o n  q u a r t e t  a t  2 . 8 1  ( - C - C H 2 - ) ,  q u a r t e t  a t  

7 . 0 6 ,  d o u b l e t  a t  7 . 2 2 ,  d o u b l e t  a t  7 . 4 5  ( p r o t o n s  a t  p o s i t i o n s  

5 ' ,  3 ' ,  and 6 ' ;  5J1,6' = 8 . 0  H z ;  - 3 1 , 5 1  J = 1 . 8  Hz). 

8 

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

l i z i n g  t h e  r e s u l t i n g  s o l i d  f rom S k e l l y s o l v e  B gave  18.0 g o f  

- 5b. ( s e e  b e l o w )  

2,4-Dicyclohexylbenzophenone (hc ) - -The  r e a c t i o n  w a s  

c a r r i e d  o u t  a s  i n  t h e  p r e p a r a t i o n  o f  u s i n g  b e n z o y l  c h l o r i d e  
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E. R. LAVAGNINO AND L. A. WHITE 

( 4 4 0  g ,  3 . 1  m o l l .  The  f r a c t i o n  ( 2 1 2  g )  w i t h  b a  1 4 5 - 1 6 0 '  

( 0 . 1  mm) w a s  m a i n l y  3c7 c o n t a m i n a t e d  b y  as  d e t e r m i n e d  b y  

t l c .  Compound i s  a n  e x t r e m e l y  v i s c o u s  m a t e r i a l ,  b p  1 6 2 -  

180 '  ( 0 . 1  m m ) .  The  o n e - s p o t  m a t e r i a l  w a s  c r y s t a l l i z e d  b y  

t r i t u r a t i n g  i n  m e t h a n o l .  I t  w a s  r e c r y s t a l l i z e d  b y  d i s s o l v i n g  

i n  a m i n i m u m  a m o u n t  o f  w a r m  S k e l l v s o l v e  B ,  a d d i n g  m e t h a n o l ,  

s e e d i n g ,  a n d  c o o l i n g  i n  a r e f r i g e r a t o r  f o r  2 4  h r s .  ( 1 3 6  g )  

was o b t a i n e d ;  IIID 63-65', 

A n a l .  C a l c d  f o r  C 2 5 H 3 0 0 :  C ,  8 6 . 6 5 ;  H ,  8 . 7 3 .  F o u n d :  

C ,  8 6 . 7 6 ;  H ,  8 . 6 1 .  

Ir ( C H C 1 3 )  c a r b o n y l  b a n d  a t  6 . 0 3  p ;  nmr ( C D C 1 3 )  6 2 0 -  

p r o t o n  m u l t i p l e t  a t  1 . 7 - 2 . 1  ( - C H 2 -  o f  2 c y c l o h e x y l  g r o u p s ) ,  

2 - p r o t o n  m u l t i p l e t  a t  2 . 6 2  ( - C H  o f  c y c l o h e x y l  g r o u p s ) ,  q u a r t e t  

a t  7 . 0 4 ,  d o u b l e t  a t  7 . 1 6 ,  n a r r o w  d o u b l e t  a t  7 . 2 5  ( p r o t o n s  a t  

p o s i t i o n s  5 ,  6 ,  a n d  3 ;  J5,6 = 7 . 8  Hz;  J 

m u l t i p l e t  f o r  3 p r o t o n s  a t  7 . 4 6  (u a n d  para p o s i t i o n s  o f  

t h e  b e n z o y l  g r o u p ) ,  c o m p l e x  m u l t i p l e t  f o r  2 a r o t o n s  a t  7 . 8 2  

( o r t h o  p o s i t i o n s  o f  t h e  b e n z o y l  g r o u p ) .  

= 1 . 5  H Z ) ,  c o m p l e x  -3 ,5  

2',4',6'-Tricyclohexylacetophenone ( 5 a ) - - C o m p o u n d  2 ( 5 0  g ,  

0 . 2 1  m o l )  a n d  2 8  g ( 0 . 2 1  m o l )  o f  a n h y d r o u s  P 1 C 1 3  w e r e  

s t i r r e d  t o g e t h e r  i n  1 5 0  ml o f  c a r b o n  d i s u l f i d e  w h i l e  1 6 . 5  g 

( 0 . 2 1  m o l )  a c e t y l  c h l o r i d e  w a s  a d d e d  d r o D w i s e  a t  a r a t e  w h i c h  

a l l o w e d  t h e  c a r b o n  d i s u l f i d e  t o  g e n t l y  r e f l u x  ( 1 - 2  h r s ) .  The  

r e s u l t i n g  s o l u t i o n  w a s  s t i r r e d  a t  room t e m p e r a t u r e  for 6 h r s  

a n d  p o u r e d  o n t o  a m i x t u r e  o f  1 kg o f  i c e  a n d  50  m l  o f  c o n -  

c e n t r a t e d  H C 1 .  T h e  c a r b o n  d i s u l f i d e  w a s  r e m o v e d  u n d e r  r e d u c e d  

p r e s s u r e ,  a n d  t h e  a q u e o u s  m i x t u r e  w a s  e x t r a c t e d  t w i c e  w i t h  2 5 0 -  

m l  p o r t i o n s  o f  C H 2 C 1 2 .  The  e x t r a c t s  w e r e  w a s h e d  w i t h  

2 5 0  ml o f  w a t e r ,  d r i e d  ( M g S O , ) ,  a n d  c o n c e n t r a t e d  t o  a n  o i l .  
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2' ,4' AND 2' , 4' , 6'-CYCLOHEXYL SUBSTITUTED PHENYL KETONES 

The oil was taken up in 150 ml of benzene, and 1.5 1. of 

methanol was added. After chilling in the refrigerator 

overnight, the solid which had separated was collected and 

recrystallized from benzene-methanol to give 22 g of 5s; 

mp 205-207' (lit.4 mp 208-209'). 

- Anal. CaLcd for CZ6H3*0: C, 85.19; H, 10.45. Found: 

C, 85.34; H, 10.35. 

Ir (CHC13) carbonyl band at 5.92 1-1; nmr (CDC13) 6 33- 

proton multiplet at 1.0-2.5 (cyclohexyl groups), 3-proton 

singlet at 2.44 (-CH3), 2-proton singlet at 6.95 (aromatic). 

The filtrates from above were concentrated under vacuum, 

and the residue was dissolved in 150 ml of methanol. After 

chilling overnight at O ' ,  the solid that separated was 

collected and recrystallized to give 17.5 g of &. 
2',4',6'-Tricyclohexylpropiophenone (5b)--The reaction 

was run on a 0.2-mol scale as in the preceding case using 

propionyl chloride. The semisolid product was triturated with 

cold methanol; and the crystals were collected, dried at room 

temperature, and recrystallized from Skellysolve B to afford 

17.5 g of 2; mp 185-187'. 
Anal. Calcd for C27H,+00: C, 85.20; H, 10.59. Found: 

C, 85.06; H, 10.32. 

Ir (CHC13) carbonyl band at 5.88 u ;  nmr ( C D C 1 3 )  6 33- 

proton multiplet at 1.0-2.8 (cyclohexyl groups), 3-proton 

triplet at 1.2 (-CH3), 2-proton singlet at 6.95 (aromatic). 

2,4,6-Tricyclohexylbenzophenone (5c)--The above procedure 

was followed using 0.1 mol of benzoyl chloride. The viscous 

oil obtained was placed on a silica-gel (Grace grade 950) 
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E. R .  LAVAGNINO AND L. A .  WHITE 

c o l u m n  i n  h e x a n e .  2 ( 1 3  g )  w a s  e l u t e d  f r o m  t h e  c o l u m n  u s i n g  

b e n z e n e - h e x a n e  ( 3 : 2 )  a n d  w a s  r e c r y s t a l l i z e d  f r o m  e t h a n o l -  

w a t e r ;  mp 1 4 5 - 1 4 7 " .  

A n a l .  C a l c d  f o r  C 3 1 H 4 0 0 :  C ,  8 6 . 8 6 ;  H ,  9 . 4 1 .  F o u n d :  

C, 8 6 . 7 0 ;  H ,  9 . 2 2 .  

Ir ( C H C 1 3 )  c a r b o n y l  b a n d  a t  6 . 0 1  p ;  nmr ( C D C l 3 )  6 33- 

p r o t o n  m u l t i p l e t  a t  0 . 8 - 2 . 8  ( 3  c y c l o h e x y l  g r o u p s ) ,  2-proton 

s i n g l e t  a t  7 . 0 3  ( a r o m a t i c ) ,  5 - p r o t o n  m u l t i p l e t  a t  7 . 2 - 7 . 9  

( b e n z o v l  a r o m a t i c ) .  
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