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ORGANIC PREPARATIONS AND PROCEDURES 2 ( 2 ) ,  89-92 (1970) 

REDUCTION OF 1,l-DICHLOROBENZOCYCLOBUTENES 

David J .  Hart  and Harold Har t  

Department o f  Chemistry 

Michigan Sta te  Un ive rs i t y  

East Lansing, Michigan 48823 

We wish t o  r e p o r t  t h a t  l i t h i u m  i n  l i q u i d  amnonia i s  an e f f e c t i v e  rea- 

gent f o r  reducing halogens from the four-membered r i n g  o f  benzocyclobutenes, 

w i thou t  g i v i n g  appreciable amounts o f  ring-opened products. 

Subs t i tu ted  1,l-dichlorobenzocyclobutenes are r e a d i l y  ava i l ab le  

through the  thermal 1,4-el imination o f  hydrogen ch lo r i de  from adjacent 

methyl and t r i ch lo romethy l  

y i e l d  by heat ing  tri~hloromethylpentamethylbenzene~ t o  115-120". 

reasons which need no t  be d e t a i l e d  here, we sought a general method f o r  

For example, ,J i s  obtained i n  high 

For 

Li/NH, 

R 
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Ir 
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2, R=CH, 

4, R=H 
Ir 

5 

reducing appreciable quan t i t i es  o f  2 and r e l a t e d  compounds d i r e c t l y  t o  

benzocycl obutenes . 
o f  2 t o  the  ketone, fo l lowed by Wolff-Kishner reduc t ion  ( o v e r a l l  y i e l d  

Hydrocarbon ,2 was prev ious ly2  prepared by hydro lys is  
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38%). 

undergo r i ng -open ing  i n  s t r o n g l y  a1 k a l i n e  media.5 

The method i s  n o t  e n t i r e l y  s a t i s f a c t o r y  because cyc lobutanones 

A d d i t i o n  o f  an e t h e r  s o l u t i o n  o f  t o  excess l i t h i u m  i n  l i q u i d  

ammonia a t  -75" r e s u l t e d  i n  complete r e d u c t i o n  t o  2 (78%),  t o g e t h e r  w i t h  a 

smal l  amount o f  hexamethylbenzene. 

l i m a t i o n .  I t  seems l i k e l y  

t h a t  t h i s  c o n s t i t u t e s  a genera l  method f o r  removing one o r  more halogens 

f r o m  t h e  four-membered r i n g  o f  benzocyclobutenes. 

% 

The l a t t e r  c o u l d  be removed by sub- 

S i m i l a r  r e d u c t i o n  o f  ,3 gave ,46 i n  61% y i e l d .  

Other  r e d u c t i o n  methods were l e s s  success fu l .  W i th  Raney N i  and 

hydrogen a t  2 atm, 3 gave o n l y  25% o f  4, t o g e t h e r  w i t h  73% o f  t h e  mono 

ch lorobenzocyc lobutene 5.7 Wi th  z i n c  and a c e t i c  ac id ,  2 gave 4 (14%), 5 

(21%) and t h e  ketone 6 (38%) .' 
Ir % 

?, ?1 ?1 

.\. 

6 
% 

5 
% 

L i t h i u m  aluminum h y d r i d e  was i n e f f e c t i v e  i n  r e d u c i n g ? ,  and t h e  sodium 

borohydride-diglyme-base procedure f o r  t r a p p i n g  and reduc ing  carbonium 

ions8  gave m a i n l y  (68%) recove red  3, w i t h  some ,5 (27%) and i sodurene  (5%).  
% 

C l e a r l y  t h e  b e s t  method, o f  those t r i e d ,  f o r  removing a l l  t h e  h a l o -  

gens i s  t h e  l i th ium-ammonia r e d u c t i o n .  

s y n t h e t i c a l l y  u s e f u l  f o r  o b t a i n i n g  monohalides (a. 5)  f r o m  d i h a l i d e s .  

C a t a l y t i c  hyd rogeno lys i s  may be 

% 

Exper imenta l  

2 , 3 , 4,5-Te t rame t h y 1  b i cy  c l  o [ 4.2.0 ]oc t a - 1 , 3 , 5 - t r i  ene (-2 ) . A s o l  u t i on 

o f  30 g (0.131 mole) o f  1' i n  250 m l  o f  anhydrous e t h e r  was added w i t h  
% 
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REDUCTION OF 1,1-DICHLOROBENZOCYCLOBUTENES 

s t i r r i n g  over 75 min t o  a so lu t ion  of 7.4 g (1.06 mole) of l i th ium i n  900 

ml of l i qu id  NH,. The reaction mixture was kept a t  -75" (dry ice-isopro- 

panol) throughout the  addition. 

cold bath was removed, 60 g (1.13 mole) of ammonium chlor ide  was added and 

After 60 min additional s t i r r i n g ,  t he  

the  ammonia was allowed t o  evaporate overnight. 

i n  250 ml of e the r  and 250 ml of water. The organic layer  was dried 

(MgSO,) and  evaporated t o  give 17.5 g o f  a yellow s o l i d  which by vpc (5 '  X 

.38" 0V-2259 column, 190", 200 ml He/min) consisted of 94%; ( r t  4.0 min) 

and 6% hexamethylbenzene ( r t  5.2 min). 

r ec rys t a l l i za t ion  (pet. e t h e r )  o r  sublimation (75" a t  0.15 mm) t o  give 

product with 98.5% pur i ty  by vpc (y i e ld  78%; the  1.5% impurity is  hexa- 

methyl benzene). 

The residue was dissolved 

The product could be pur i f ied  by 

8-Chl  oro-2,4-dimethyl b i  cyclo[4.2.0]octa-l,3,5-tri ene Q) . Raney 

nickel (4-5 g )  was added t o  a so lu t ion  of 3.57 g (0.0178 mole) of 3 i n  

120 ml of hexane, and the  mixture was shaken on a Parr apparatus a t  room 

temperature under 2 atm of hydrogen. 

t i on  was monitored by vpc and was stopped a f t e r  21 hours. The  so lu t ion  

was f i l t e r e d ,  t he  solvent was d i s t i l l e d  and the  residue was pur i f ied  by 

prepara t ive  vpc (SE 30 column, 167") t o  give 0.58 g (25%) of 46 and 2.15 g 

(73%) of 5.7 After 21 hours, t he  conversion of ,5 + ,4 proceeds slowly, 

even i f  the so lu t ion  i s  f i l t e r e d  and f resh  c a t a l y s t  i s  added. 

2r 

Hydrogen uptake was slow. The reac- 

2r 

2, 
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Anal: Calcd. f o r  C 1 0 H 1 2 :  C, 90.85; H, 9.15. Found: C, 90.88; H, m. Compound 4 showed a p a r e n t  peak a t  m/e 132 and an nmr spec- 
t r u m  w i t h  bands a't T 7.93 (3H, s ) ,  7.78 (3H, s ) ,  7.03 (4H, s ) ,  3.55 
( l H ,  s )  and 3.45 ( lH ,  s ) ,  c o n s i s t e n t  w i t h  t h e  ass igned s t r u c t u r e .  

- Anal: Calcd. f o r  CloHllC1: C, 72.1; H, 6.6; C1, 21.3. Found: C, 
72.4; H, 6.8; C1, 20.8. Compound 5 showed p a r e n t  peaks a t  m/e 168, 
166. The nmr spectrum i s  d i s t i n c t i p e  and const i tu tes p a r t i c u l a r l y  
s t r o n g  ev idence f o r  t h e  s t r u c t u r e .  
7.81 and 7.74 (sharp s i n g l e t s ) ,  two a r y l  p ro tons  a t  T 3.46 and 3.33 
(broadened s i n g l e t s ) ,  t h e  C H C l  p r o t o n  f r o m  T 4.77-4.95 and t h e  remain- 
i n g  cyc lobu tane  p ro tons  as Z p a i r  o f  AB doub le ts  (J=14 Hz) cen te red  
a t  T 6.85 and 6.34; t h e  l o w e r  branch was f u r t h e r  s p l i t  by 4.5 Hz and 
t h e  upper by about  1.5 Hz, through coup1 i n g  w i t h  t h e  p r o t o n  cen te red  
a t  T 4.86. 
compounds i n  r e f .  2 .  
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%,L 

It shows two a r y l  methy ls  a t  T 

T h i s  spectrum i s  v e r y  much l i k e  those  r e p o r t e d  f o r  s i m i l a r  

H. M. B e l l  and H. C. Brown, J .  Am. Chem. SOC. , &8, 1473 (1966). 
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