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APPROACHES TO THE SYNTHESIS OF l-DIPHENYLCYCLOPROPENYLIDENE-4- 

t (CYCLOPENTADIENYLIDENE)-2,5-CYCLOHEXADIENE 

* 
T. Niern a n d  M. D .  Rausch 

D e p a r t m e n t  of C h e m i s t r y ,  U n i v e r s i t y  of M a s s a c h u s e t t s  

Amhers t ,  M a s s a c h u s e t t s  01003 

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

h y d r o c a r b o n s  I a n d  I1 h a v i n g  a n  i n s e r t e d  e - p h e n y l e n e  r i n g  be tween 

I 

- 
R 

1 
R 

- 
R 1 R 

I1 a. R = H 

h .  R = Ph 

t h e  two a r o m a t i c  r i n g s  o f  s e s q u i f u l v a l e n e  and  c a l i c e n e ,  r e s p e c t -  

i v e l y ,  would b e  o f  i n t e r e s t  i n  r e g a r d  t o  t h e i r  p o s s i b l e  a r o m a t i c i t y  

S e v e r a l  d e r i v a t i v e s  o f  I have  r e c e n t l y  b e e n  p r e p a r e d .  However, 

t h e  p a r e n t  h y d r o c a r b o n  I I a  a n d  i t s  d e r i v a t i v e s  a r e  s t i l l  unknown. 

We now r e p o r t  t h e  s y n t h e s i s  of  c a r b i n o l  I11 which c o u l d  s e r v e  a s  

a p o s s i b l e  i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  of  t h e  d i p h e n y l  

d e r i v a t i v e  I I h .  
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I11 IV V VI 

l-~-Bromophenyl-2,3-diphenylcyclopropenium b r o m i d e  IV was 

p r e p a r e d  i n  84% y i e l d  f r o m  a - r e a c t i o n  o f  e - ~ r o m o d i p h e n y l a c e t y l e n e  

a n d  b e n z a l  c h l o r i d e  f o l l o w e d  by t r e a t m e n t  w i t h  h y d r o g e n  b r o m i d e ,  

a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e  o f  E r e s l o w  a n d  Cheng.  475  

S a l t  I V  was s u b s e q u e n t l y  r e d u c e d  w i t h  l i t h i u m  a luminum h y d r i d e  

t o  g i v e  a m i x t u r e  o f  two  c y c l o p r o p e n e  i s o m e r s ,  V a n d  V I .  One o f  

t h e s e  isomers was p r o d u c e d  i n  a m a j o r  a m o u n t ,  a s  j u d g e d  by t h i n  

l a y e r  a n d  g a s  c h r o m a t o g r a p h y  o f  t h e  p r o d u c t s .  I s o m e r  V is 

a s s i g n e d  a s  t h e  m a j o r  p r o d u c t ,  s i n c e  i t  would b e  a n t i c i p a t e d  a s  

t h e  m a j o r  p r o d u c t  on  a s t a t i s t i c a l  b a s i s .  After s e v e r a l  c r y s t a l -  

l i z a t i o n s  f r o m  e t h a n o l ,  a s i n g l e  i s o m e r  ( a s s i g n e d  a s  V )  was 

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

a t  7 6.86, a s s i g n e d  t o  t h e  m e t h i n e  p r o t o n  o f  t h e  c y c l o p r o p e n y l  

g r o u p ,  w h i l e  t h e  IR s p e c t r u m  c o n t a i n e d  a b a n d  a t  1830 cm-’ w h i c h  

is c h a r a c t e r i s t i c  o f  a c y c l o p r o p e n e  r i n g  b e a r i n g  two p h e n y l  

s u b s  t i t u e n t s .  6 

The G r i g n a r d  r e a g e n t  VII was p r e p a r e d  by t r e a t m e n t  o f  

l-~-bromophenyl-2,3-diphenylcyclopropene V a n d  a n  e q u i v a l e n t  

amoun t  of 1 , Z - d i b r o m o e t h a n e  w i t h  magnes ium i n  t e t r a h y d r o f u r a n .  

I t  was c h a r a c t e r i z e d  by a r e a c t i o n  w i t h  a c e t o n e  t o  p r o d u c e  t h e  

c a r b i n o l  d e r i v a t i v e  VIII i n  34% y i e l d .  When t h e  G r i g n a r d  r e a g e n t  
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CYCLOPROPENYLIDENE-4- (CYCLOPENTADIENYLIDENE ) -2,s -CYCLOHEXILDIENE " OH 1 
Ph Ph Ph Ph Ph Ph 

VII VIII I X  

VII, p r e p a r e d  by r e a c t i n g  V w i t h  magnesium u s i n g  e t h y l  b r o m i d e  
0 as  a n  e r ~ t r a i n e r , ~  was a l l o w e d  t o  r e a c t  w i t h  3 - c y c l o p e n t e n o n e ,  

t h e  c a r b i n o l  I11 was o b t a i n e d  i n  40% y i e l d .  

U n f o r t u n a t e l y ,  s e v e r a l  a t t e m p t s  t o  d e h y d r a t e  I11 t o  f o r m  

t h e  c y c l o p e n t a d i e n y l  d e r i v a t i v e  I X  h a v e  n o t  b e e n  s u c c e s s f u l .  Tne 

d e h y d r a t i o n  methods  i n c l u d e d :  ( a )  a n  e t h e r a l  s o l u t i o n  of I11 w i t h  

35% s u l f u r i c  a c i d ;  ( b )  a n  a l c o h o l i c  s o l u t i o n  o f  I11 w i t h  hydro-  

c h l o r i c  a c i d ;  ( c )  r e f l u x i n g  a c e t i c  a n h y d r i d e ;  ( d )  t h i o n y l  c h l o r i d e  

a n d  p y r i d i n e ;  ( e l  E - t o l u e n e s u l f o n y l  c h l o r i d e  a n d  p y r i d i n e .  If a 

s u i t a b l e  c o n v e r s i o n  o f  I11 t o  I X  c a n  b e  d e v e l o p e d ,  i t  s h o u l d  b e  

p o s s i b l e  t o  d e h y d r o g e n a t e  t h e  l a t t e r  i n t e r m e d i a t e  t o  f o r m  t h e  

d i p h e n y l  d e r i v a t i v e  I I b ,  b a s e d  on s imi l a r  methods  u s e d  f o r  t h e  
3 s y n t h e s i s  o f  v a r i o u s  p h e n y l a t e d  a n a l o g s  o f  I. 

EXPERIMENTAL 

I R  s p e c t r a  were r e c o r d e d  on a Beckman IR-10 s p e c t r o p h o t o m e t e r .  

N m r  s p e c t r a  were d e t e r m i n e d  on a V a r i a n  A-60 s p e c t r o m e t e r  w i t h  

t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  The e l e m e n t a l  a n a l y s e s  

were p e r f o r m e d  by t h e  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  U n i v e r s i t y  of  

M a s s a c h u s e t t s .  
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NIET‘I AND FAUSCH 

l-p-Bromophenyl-2,3-diphenylcyclopropenium Bromide  (IW).--To a 

n i t r o g e n - f l u s h e d  250-ml f l a s k  e q u i p p e d  w i t h  a n i t r o g e n  i n l e t  a n d  

b u b b l e r ,  r e f l u x  c o n d e n s e r ,  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  a n d  

m e c h a n i c a l  s t i r r e r ,  was a d d e d  10.0 g ( 3 9  m m o l )  o f  e - b r o m o d i p h e n y l -  

a c e t y l e n e ,  ”” 18.3 g (0.16 mmol) o f  p o t a s s i u m  t e r t - b u t o x i d e  (MSA 

R e s e a r c h  C o r p . ) ,  a n d  150 m l  o f  d r y  b e n z e n e .  To t h e  m i x t u r e  was 

s l o w l y  a d d e d  w i t h  s t i r r i n g  u n d e r  n i t r o g e n  12.3 g ( 7 6  mmol) o f  

f r e s h l y  d i s t i l l e d  b e n z a l  c h l o r i d e .  The v i s c o u s  b rown  r e a c t i o n  

m i x t u r e  was s t i r r e d  v i g o r o u s l y  a n d  r e f l u x e d  f o r  3 h. Cold  water 

was t h e n  a d d e d  t o  d i s s o l v e  t h e  i n o r g a n i c  s a l t ,  t h e  l a y e r s  were 

s e p a r a t e d ,  a n d  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  twice w i t h  75 m l  

p o r t i o n s  o f  e t h e r .  T n e  combined  e x t r a c t s  were d r i e d  (Na2SOq).  

After f i l t r a t i o n ,  t h e  o r g a n i c  s o l u t i o n  was s a t u r a t e d  w i t h  a n h y d -  

r o u s  h y d r o g e n  b r o m i d e  t o  p r e c i p i t a t e  t h e  p r o d u c t .  The p r e c i p i t a t e  

was c o l l e c t e d  on  a B u c h n e r  f u n n e l  a n d  washed  w i t h  d r y  e t h e r  t o  

y i e l d  14.0 g (84%) o f  p r o d u c t .  An a n a l y t i c a l l y  p u r e  s a m p l e  was 

o b t a i n e d  by r e c r y s t a l l i z a t i o n  f r o m  a c e t o n i t r i l e ,  mp 236-240’; 

nmr (CF3COOH) 7 1.35-1.80 (6H,  m,  H 

i r  ( K B r )  1400 Em’-’ ( s ,  c y c l o p r o p e n i u m  r i n g ) .  

C a l c d .  f o r  CZ1Hl4Br2: 

1, 1.90-2.30 (8H,  m, H ) ;  
o r t h o  m , P  

- A n a l .  C ,  59.19; H, 3.31; Br, 37.50. 

Found :  C ,  59.10; H, 3.35; Er, 37.55. 

l-p-Bromophenyl-2,3-diphenylcyclopropene (W).--To a 500-ml  f l a s k  

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

5.3 g ( 1 4 1  m m o l )  cf l i t h i u m  a luminum h y d r i d e  a n d  250 m l  o f  d r y  

e t h y l  e t h e r .  S o l i d  l-p-bromophenyl-2,3-diphenylcyclopropenium 

b r o m i d e  (IW) (20.0 9 ,  47 mmol) was a d d e d  i n  small  p o r t i o n s  u n d e r  

n i t r o g e n  t o  t h e  m i x t u r e  a t  0 . After  s t i r r i n g  a t  room t e m p e r a t u r e  0 
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CYCLOPROPENYLIDENE-4 - (CYCLOPENTADIENYLIDENE) -2,s -CYCLOHEXADIENE 

f o r  24 h ,  t h e  r e a c t i o n  m i x t u z e  was quenched  by t h e  d r o p w i s e  a d d i t i o n  

o f  water .  The l a y e r s  were s e p a r a t e d ;  t h e  e t h e r  l a y e r  was washed 

w i t h  w a t e r ,  d r i e d  (Na SO a n d  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  

was p u r i f i e d  by two r e c r y s t a l l i z a t i o n s  from S k e l l y s o l v e - 8  t o  y i e l d  

7.2 g (46%) o f  a w h i t e  s o l i d .  An a n a l y t i c a l  s a m p l e  was o b t a i n e d  

by r e c r y s t a l l i z a t i o n  from e t h a n o l ,  mp 113-114°; nmr (CDC13)  7 6.86 

( I H 9  s 9  H m e t h i n e  

(m, C=C). 

2 4  

1 1 ,  2.33-3.00 (14H, m ,  H A r ) ;  i r  ( C H C 1 3 )  1830 cm- 

Anal. Calcd .  f o r  C2,HI58r:  C ,  72.63; H ,  4.35. Found: 

C ,  72.35; H ,  4.47. 

2-[p-(2,3-Diphenyl-l-cyclopropenyl~-phenyll-2-propanol (VIII).-- 

To a n i t r o g e n - f l u s h e d  50 ml f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r i n g  

b a r ,  c o n d e n s e r ,  a d d i t i o n  f u n n e l ,  a n d  n i t r o g e n  i n l e t ,  were added  

0.14 g (5.5 mmol) o f  magnesium a n d  1.0 g (2.8 mmol) o f  l-p-bromo- 

phenyl-2,3-diphenylcyclopropene ( V >  i n  15 ml o f  d r y  t e t r a h y d r o -  

f u r a n .  A s o l u t i o n  o f  0.5 g (2.8 mmol) o f  1 , 2 - d i b r o m o e t h a n e  i n  1 0  

ml o f  t e t r a h y d r o f u r a n  was added  d r o p w i s e  under  n i t r o g e n  t o  t h e  

mixture .  After  a b o u t  20% o f  t h e  s o l u t i o n  was a d d e d ,  t h e  r e a c t i o n  

was i n i t i a t e d  by c r u s h i n g  a p i e c e  o f  magnesium w i t h  a s t i r r i n g  

rod .  

a n d  t h e  r e m a i n d e r  o f  t h e  d i b r o m o e t h a n e  s o l u t i o n  was added  d r o p w i s e  

o v e r  a p e r i o d  o f  1 h. S t i r r i n g  was c o n t i n u e d  f o r  3 0  min a t  t h i s  

t e m p e r a t u r e  and  t h e  r e a c t i o n  m i x t u r e  was t h e n  c o o l e d  t o  0 . A 

s o l u t i o n  o f  0.21 g (35 mmol) o f  a c e t o n e ”  i n  1 0  m l  of  t e t r a h y d r o -  

f u r a n  was a d d e d  d r o p w i s e  over  1 h 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  f o r  a n  a d d i t i o n a l  2 h. The r e s u l t i n g  w h i t e  s u s p e n s i o n  

was h y d r o l y z e d  w i t h  c o l d  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .  

The m i x t u r e  was e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  w e r e  

The r e a c t i o n  f l a s k  was t h e n  immersed i n  a n  o i l  b a t h  a t  40’ 
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NIEFI  AND RAUSCH 

washed  w i t h  water ,  d r i e d  (Na SO ) a n d  e v a p o r a t e d  i n  v a c u o .  The 2 4  

r e s i d u a l  o i l  was d i s s o l v e d  i n  a minimum amoun t  o f  b e n z e n e  a n d  

c h r o m a t o g r a p h e d  o n  a co lumn o f  a l u m i n a .  T r i p h e n y l c y c l o p r o p e n e  

was o b t a i n e d  by  e l u t i n g  w i t h  S k e l l y s o l v e - 8 .  E l u t i o n  w i t h  b e n z e n e  

g a v e  0.32 g ( 3 4 % )  o f  a l i g h t  y e l l o w  p r o d u c t .  S e v e r a l  r e c r y s t a l l i -  

z a t i o n s  f r o m  S k e l l y s o l v e - E  a f f o r d e d  a n a l y t i c a l l y  p u r e  w h i t e  c r y s t a l s  

o f  mp 124-125° ;  nmr (CDC13) 7 8.50 ( 6 H ,  s, Hmethyl ) ,  8.21 ( I H ,  s, 

H o H ) ,  6.77 (IH, s ,  H m e t h i n e ) ,  2.22-2.82 ( 1 4 H ,  H A r ) .  

- A n a l .  C a l c d .  f o r  CZ4Hz20: 

Found:  C ,  88.20; H, 6.85; 0, 5.00. 

C ,  88.30; H ,  6.79; 0 ,  4.90. 

l-[p-~2,3-diphenyl-l-cyclopropenyl~-phenyl]-3-cyclopentene-l-ol 

( I I I ) . - - T o  a n i t r o g e n - f l u s h e d  50-ml f l a s k  were a d d e d  0.14 g (5.6 

mmol) of magnes ium a n d  1.0 g (2 .0  mmol) of l - p - b r o m o p h e n y l - 2 , 3 -  

d i p h e n y l c y c l o p r o p e n e  ( W )  i n  15 m l  of  d r y  e t h y l  e t h e r .  A s o l u t i o n  

o f  0.3 g (2.8 mmol) o f  e t h y l  b r o m i d e  i n  10 r n l  o f  d r y  e t h e r  was 

a d d e d  d r o p w i s e  u n d e r  n i t r o g e n  t o  t h e  m i x t u r e .  After a b o u t  20% 

o f  t h e  s o l u t i o n  was a d d e d ,  t h e  r e a c t i o n  was i n i t i a t e d  by  c r u s h i n g  

a p i e c e  o f  magnes ium w i t h  a s t i r r i n g  r o d .  The  r e a c t i o n  m i x t u r e  

was t h e n  h e a t e d  t o  r e f l u x  a n d  t h e  r e m a i n d e r  o f  t h e  e t h y l  b r o m i d e  

s o l u t i o n  was a d d e d  d r o p w i s e  o v e r  4 5  m i n  w i t h  s t i r r i n g .  S t i r r i n g  

was c o n t i n u e d  f o r  3 h. The r e a c t i o n  m i x t u r e  was c o o l e d  t o  0' 

a n d  a s o l u t i o n  of 0.48 g (5.6 m m o l )  o f  3 - c y c l o p e n t e n o n e 8  i n  100 

m l  o f  d r y  e t h y l  e t h e r  was a d d e d  d r o p w i s e  o v e r  3 0  min. S t i r r i n g  

was c o n t i n u e d  f o r  3 h a t  t h i s  t e m p e r a t u r e .  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  w i t h  c o l d  2N h y d r o c h l o r i c  a c i d .  The e t h e r  l a y e r  was 

s e p a r a t e d ,  washed  w i t h  10% s o d i u m  c a r b o n a t e  s o l u t i o n ,  water ,  a n d  

d r i e d  (Na2S04) .  

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

The d r i e d  e t h e r  l a y e r  was e v a p o r a t e d  a n d  t h e  

2 i i ,  
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CYCLOPROPENYLIDENE-4 -( CYCLOPENTADIENYLIDENE) -2,s -CYCLQHEXADIENE 

on 20 x 20 cm s i l i c a  p l a t e s .  E l u t i o n  wi th  benzene a f f o r d e d  0.44 g 

(4U%) of c rude  product .  T r i t u r a t i o n  o f  t h e  s o l i d  wi th  Ske l lyso lve -B  

fo l lowed  by r e c r y s t a l l i z a t i o n  from t h e  same s o l v e n t  y i e l d e d  a n a l -  

y t i c a l l y  pu re  whi te  c r y s t a l s ,  rnp 99-100°; nmr (CDC13) 7 7.88 ( IH ,  

s ,  HUH), 7.16-7.37 (4H, broad s ,  Hmethylene 1, 6-80  ( I H ,  s ,  Hmethine),  

4.30 ( Z H ,  broad s ,  Hvinyl 1, 2.28-3.02 (14H, m ,  H A r ) ;  i r  ( C D C 1 3 )  

3610 ern-' (m, 0-HI, 1836 cm-’ (m, C&). 

- Anal. Calcd. f o r  C26H220: C ,  89.11; H ,  6.33; 0 ,  4.56; M W ,  

350. Found: C ,  88.98; H ,  6.30; 0 ,  4.60;MW (osmometric i n  benzene ) ,  

335. 
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