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O R G U I C  PREPAMRATIONS AND PROCEDURES IiTT. 10(6), 267-272 (1978) 

AN EFFICIENT SYNTHESIS OF 4,5-DIMETHOXYBENZOCYCLOBUTENE V& 

t THE PARHAM CYCLIALKYLATION REACTION 

Char l e s  K. Bradsherk and David A. Hunt 

P a u l  M. Gross Chemical L a b o r a t o r y ,  Duke U n i v e r s i t y  
Durham, North C a r o l i n a  27706, U.S.A. 

Parham and h i s  s t u d e n t s  d e v i s e d  a g e n e r a l  s y n t h e s i s  o f  benzocyclo-  

a l k e n e s  which a f f o r d e d  benzocyclobutene IIa i n  68% y i e l d  from 2-bromo- 

phenethylbromide ( I a ) . L  I n  view of t h e  impor t ance  of benzocyc lobu tenes  as 

X 

1. BuLi -looo, 
2. 25" 

X 

I a )  X = H b )  X = OCH3 I1 

d i e n e  p r e c u r s o r s  i n  1 , 4 - c y c l o a d d i t i o n  r e a c t i o n s , 2  w e  unde r took  t o  a p p l y  

t h e  Parham c y c l i a l k y l a t i o n  t o  t h e  s y n t h e s i s  of some oxygenated d e r i v a -  

3- 5 t i v e s  o f  benzocyclobutene.  While m u l t i - s t e p  r o u t e s  t o  t h e  4-methoxy- 

and 4 ,5 -d ime th0xy-~  d e r i v a t i v e s  had been r e p o r t e d  b e f o r e  o u r  work began,  

t h e  o v e r a l l  y i e l d s  c la imed were q u i t e  low. A newer,  more d i r e c t  

p y r o l y t i c  method6 which h a s  been used t o  p r e p a r e  m i l l i g r a m  q u a n t i t i e s  of  

s e v e r a l  oxygenated benzocyc lobu tenes  h a s  t h e  d i s a d v a n t a g e  of r e q u i r i n g  

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

4,5-dimethoxybenzocyclobutene ( I I b )  a communication by H e l q u i s t ,  e t  a l .  

r e v e a l e d  t h a t  t hey  a l s o  have extended t h e  Parham c y c l i a l k y l a t i o n  r e a c t i o n  

t o  t h e  p r e p a r a t i o n  of  I I b  as  w e l l  as  t o  two o t h e r  oxygenated a n a l o g s .  

H e l q u i s t  p rov ided  incomple t e  i n f o r m a t i o n  conce rn ing  t h e  p r e p a r a t i o n  of 

i n t e r m e d i a t e s ,  b u t  i t  i s  c l e a r  t h a t  t h e  h a l i d e  which they  used i n  t h e  
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BRADSHER AND HUNT 

f i n a l  c y c l i z a t i o n  t o  y i e l d  I I b  w a s  d i f f e r e n t  from our  own. I n  v i ew of 

t h e  c o n t i n u i n g  need f o r  4,5-dimethoxycyclobutene a s  a s y n t h e t i c  i n t e r -  

med ia t e ,  i t  seemed d e s i r a b l e  t o  p u b l i s h  o u r  u s e f u l  d i r e c t i o n s  o n  how i t  

may b e  p r e p a r e d  from 4 -b romovera t ro l e  i n  f o u r  s t e p s  and i n  a n  o v e r a l l  

y i e l d  of  22%. 

The f i r s t  i n t e r m e d i a t e ,  3 ,4-dimethoxyphenethyl  a l c o h o l  ( I V )  , 8 9 9  w a s  

p repa red  i n  98% y i e l d  from 4-bromoveratrole  (111) v i a  halogen-metal  ex- 

change w i t h  t - b ~ t y l l i t h i u m ~  a t  -100" fo l lowed  by t r e a t m e n t  w i t h  e t h y l e n e  

ox ide .  Conversion o f  t h e  phene thy l  a l c o h o l  (IV) t o  t h e  c o r r e s p o n d i n g  

phene thy l  bromide (V) w a s  c a r r i e d  o u t  e s s e n t i a l l y  a s  d e s c r i b e d  by 

Sugasawa" and t h e  bromide (V) w a s  brominated i n  65% y i e l d  t o  a f f o r d  

-BuLi -loo", cH30p0H 
CH3O 

IV 98% I11 

> I I b  
c H 3 0 p B r  CH3O Br2, 65% 2. 25" 70% 

1. m - B u L i ,  -looo I b  

v 49% 

2-bromo-4,5-dimethoxyphenethyl bromide ( I b ) .  S e l e c t i v e  halogen-metal  

exchange of t h e  a r y l  ha logen  atom of t h e  dibromo compound I b  occur red  

r e a d i l y ,  and i n  c o n t r a s t  t o  t h e  p a r e n t  compound ( I a ) ,  c y c l i z a t i o n  of t h e  

o r g a n o l i t h i u m  i n t e r m e d i a t e  t o  t h e  c y c l o b u t e n e  d e r i v a t i v e  appea red  t o  

occur  immediately a t  -100" (70% y i e l d ) .  The g r e a t e r  tendency of t h e  

oxygenated l i t h i o  d e r i v a t i v e  t o  undergo c y c l i z a t i o n  c o u l d  b e  a t t r i b u t e d  

t o  a para methoxy r e sonance  e f f e c t  l e a d i n g  t o  enhanced e l e c t r o n  d e n s i t y  

a t  t h e  2 p o s i t i o n .  
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AN EFFICIENT SYNTHESIS OF 4,5-DIhETHOXYBENZOCYCLOBUTENE 

EXPERIMENTAL 

3,4-Dimethoxyphenethyl Alcohol ( I V ) .  - A s o l u t i o n  of 4-bromoveratrole  

(13.63 g,  0.063 mol) i n  a mixture  of 120 m l  of d r y  t e t r a h y d r o f u r a n  and 

30 m l  o f  dry  hexane i n  a 500 m l  three-neck f l a s k  provided w i t h  a mechani- 

c a l  s t i r rer  and having a s t a t i c  d r y  n i t r o g e n  atmosphere was cooled  t o  

-100' and through a p r e s s u r e  e q u a l i z i n g  f u n n e l  a pentane  s o l u t i o n  of 

- t - b u t y l l i t h i u m  (70.0 m l  of 1 . 8  M s o l u t i o n ,  0.126 mol)'' w a s  added a t  

such a r a t e  t h a t  t h e  tempera ture  d i d  n o t  exceed -95". A f t e r  a n  a d d i t i o n -  

a l  5 min a t  -looo, e t h y l e n e  o x i d e  (5.28 g ,  0.120 m o l )  i n  40 m l  of d r y  

t e t r a h y d r o f u r a n  was added dropwise.  S t i r r i n g  w a s  cont inued  f o r  a n  addi-  

t i o n a l  30 minutes  a t  -100" a f t e r  which t h e  mixture  was al lowed t o  w a r m  

t o  room tempera ture .  The mixture  w a s  poured i n t o  300 m l  of w a t e r ,  t h e  

o r g a n i c  l a y e r  s e p a r a t e d  and the  aqueous l a y e r  r e p e a t e d l y  e x t r a c t e d  w i t h  

e t h e r  (5x100 ml) .  The combined o r g a n i c  s o l u t i o n s  were d r i e d  and concen- 

t r a t e d  ( r o t a r y  e v a p o r a t o r ) .  The r e s i d u a l  o i l ,  11.28 g (98% y i e l d )  

s o l i d i f i e d ,  mp 37-38", lit.12 mp. 3 6 " ,  and r e q u i r e d  no f u r t h e r  p u r i f i c a -  

t i o n :  

( t ,  2 ,  CHz), 3.78 ( t ,  obscured ,  2 ,  CH7). 3.83 (s, 3,  OCH3), 3.88 

( s ,  3,  OCH3), 6.62 - 6.90 (m, 3, ArH). 

3,4-Dimethoxyphenethyl Bromide ( V ) .  - The convers ion  of I V  t o  t h e  

bromide was accomplished a t  0-25"13 e s s e n t i a l l y  a s  d e s c r i b e d  by 

Sugasawa'' (49% y i e l d ) ;  H NMR 

CH2), 3.85 ( s ,  3 ,  OCH3), 3.87 ( s ,  3 ,  OCH3), 6 .70 - 6.98 (m, 3 ,  ArH). 

2-Bromo-4,5-dimethoxyphenethyl Bromide ( I b ) .  - To a s o l u t i o n  of 6.32 g 

(0.026 mol) of  t h e  bromide V i n  100 m l  of a c e t i c  a c i d  a s o l u t i o n  of 

6.08 g (0.038 mol) of  bromine i n  80  m l  of a c e t i c  a c i d  was added dropwise 

1 
I R  ( n e a t )  3400 cm- ; ' H  NMR12 (CDC13) 6 2.45 (bs ,  1, O H ) ,  2 .81 

1 (CDC13) 6 3.08 ( t ,  2 ,  CHz), 3.52 ( t ,  2 ,  

w i t h  s t i r r i n g .  A f t e r  an  a d d i t i o n a l  30 minutes  t h e  mixture  was poured 

i n t o  water  which was e x t r a c t e d  w i t h  chloroform (5x100 ml) .  The e x t r a c t  
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BRADSHER AND HUNT 

was d r i e d  and c o n c e n t r a t e d  and t h e  r e s i d u e  d i s t i l l e d  under  reduced pres- 

s u r e  a f f o r d i n g  5.8 g (695) of t h e  dibromo compound I b ,  bp. 98-99" 

(0.02 t o r r ) .  This  material  was pure  enough f o r  a n a l y s i s  and f u r t h e r  

r e a c t i o n s  and on s t a n d i n g ,  c r y s t a l l i z e d ,  mp. 54-55". A small sample w a s  

r e c r y s t a l l i z e d  from e t h a n o l  t o  c o n s t a n t  mp. 59-60". I R  ( n e a t )  3010, 

2970, 2940, 2850, 1600, 1520, 1500, 1460, 1440, 1385, 1320, 1270,  1210,  

1 
1160, 1115,  1030, 955, 855, 800 cm- ; 'H NMR (CDC13) 6 3.19 ( t ,  2,  C H 2 ) ,  

3.57 ( t ,  2,  CH2), 3 .83 (s ,  3 ,  OCH3), 3 .86 ( s ,  3 ,  OCHs), 6.68 ( s ,  1, ArH), 

6.92 (s, 1, ArH). 

- Anal. Calcd f o r  C l O H 1 2 B r 2 0 2 :  C ,  37.06; H, 3.73; B r ,  49.33. 

Found: C ,  36.89; H, 3.88; B r ,  49.11. 

4,5-Dimethoxybenzocyclobutene (IIb). - A m i x t u r e  o f  125 m l  of tetra- 

hydrofuran,  30 m l  of hexane and 4 g (0.012 mol) of  t h e  d ibromide  3 was 

placed i n  a 250 m l  three-neck f l a s k  equipped as i n  t h e  p r e p a r a t i o n  of I V  

and cooled t o  -100". 

pentane,  0.024 mol)" was added a t  such a ra te  t h a t  t h e  tempera ture  d i d  

n o t  exceed -95". The r e a c t i o n  mixture  was t h e n  s t i r r e d  f o r  one hour  a t  

-100" and t h e n  al lowed t o  warm t o  room tempera ture .  

next  poured i n t o  250 m l  o f  water, t h e  o r g a n i c  l a y e r  s e p a r a t e d  and t h e  

aqueous phase e x t r a c t e d  w i t h  e t h e r  (3x100 ml) .  The combined o r g a n i c  

s o l u t i o n s  were d r i e d  and concent ra ted  under  reduced p r e s s u r e .  The s o l i d  

r e s i d u e  1.79 g (91%),  mp. 89-92' was r e c r y s t a l l i z e d  from hexane t o  

a f f o r d  1.37 g (70%) of  pure  4,5-dimethoxybenzocyclobutene as c o l o r l e s s  

needles ,  mp. 96-98', lit.14 98.5-100"; ' H  

CH2), 3.89 ( s ,  6 ,  OCH3), 6.63 (s, 2 ,  A r H ) .  

- Anal. Calcd f o r  C10H1202: C ,  73.14; H ,  7.37. 

Found: C ,  73.27; H ,  7.23. 

t - B u t y l l i t h i u m  (13.3 m l  o f  a 1 . 8  M s o l u t i o n  i n  

The m i x t u r e  was 

(CDC13) 6 3.14 (s, 4 ,  
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