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SYNTHETIC COMMUNICATIONS, 23(15), 2083-2089 (1993) 

SELECTIVE HALOGENATION OF 1,4-BENZOQUINONES AND 
I,4-NAPHTHOQUINONES WITH COPPER(I1) 

HALIDE ADSORBED ON ALUMINA 

P r e m  Kr. Singh and  R a j i n d e r  N. Khanna" 

D e p a r t m e n t  of Chemis t ry ,  Universi ty  of Delhi, Delhi-110007, India 

ABSTRACT: 1,4-Benzoquinone or 1,4-naphthoquinone a n d  the i r  
der iva t ives  have  been  ha logenated  se lec t ive ly  a t  quinonoid positions 
with copper(I1) halide adsorbed  on n e u t r a l  a lumina  followed by 
ref luxing in  ha lobenzene  t o  g ive  mono- di-, t r i -  a n d  te t ra-halo-  
quinones. 

Quinones a r e  e l e c t r o n  c a r r i e r s  in biological s y s t e m s  and  a r e  

used as oxidants  and  dehydrogenat ing r e a g e n t s  in s y n t h e t i c  organic  

chemis t ry .  Halo- 1,4-naphthoquinones1 have  r e c e n t l y  been  used 

e f f e c t i v e l y  f o r  t h e  synthesis  of na tura l ly  occurr ing anthroquinones.  

In industry, t h e y  a r e  used as inhibi tors  for  polymerisat ion* and as 

f i reproof  dyes for  wooden mater ia l s  . Haloquinones also possess 

a n t h e l m i n t i c  , bacter ic ida l  , fungicidal5 and  insecticidal6 propert ies .  

In r e c e n t  years ,  copper(I1) hal ides  adsorbed on a lumina  h a v e  been  

used f o r  t h e  halogenat ion of a lkoxybenzenes , phenols8 and a r o m a t i c  

3 

4 4 

7 

*To whom correspondence  should b e  addressed.  
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2084 SINGH AND KHANNA 

9 hydrocarbons . I t  has  been repor ted  t h a t  halogenat ion with th i s  

r e a g e n t  occurs  only with those  organic  compounds  having ionisation 

poten t ia l  (IP) higher  t h a n  7.55 e V .  

In t h e  p r e s e n t  communicat ion,  w e  a r e  repor t ing  t h e  use of 

copper(I1) hal ide adsorbed  on a lumina  for t h e  d i r e c t  halogenat ion of 

1,4-benzoquinones (IP = 9.68 eV)I0 and  1,4-naphthoquinones (IP = 

9.21 eV)lo in ha lobenzene  solvent. T h e  r e a c t i o n  proceeds  with a 

high d e g r e e  of  regioselect ivi ty  and  t h e  halogenat ion preferab ly  t a k e s  

p lace  at quinonoid positions. 

In a typical  p rocedure  1,4-naphthoquinone (4, 1.0 mrnol) is  

h e a t e d  at 128°C with copper(I1) chlor ide adsorbed  on a lumina  

(5.0 m mol) in chlorobenzene for  22h t o  g ive  2-chloro-1,4-naphtho- 

quinone (14, yield 80%). T h e  compound w a s  ident i f ied by e l e m e n t a l  

analysis, NMR, mass  and comparison wi th  a n  a u t h e n t i c  sample  . 
1,4-Benzoquinone ( I )  under  s imilar  condi t ion g a v e  t h r e e  products  

(8, 9 and  10). In t h e  case of 2-methyl-l,4-naphthoquinone ( 5 )  using 

copper(l1) chlor ide/alumina g a v e  t w o  products  namely,  2-tr ichloro- 

rr.ethyl-1,4-naphthoquinone (15) and  3-chloro-2-chloromethyl-1,4- 

naphthoquinone (16), showing t h a t  chlor inat ion took  p lace  at quinonoid 

position as wel l  as at  t h e  m e t h y l  group (Table  I). When copper(I1) 

bromide was  used in p lace  of copper(I1) ch lor ide  in bromobenzene,  

t h e  corresponding bromo products  w e r e  obtained as summar ised  in 

Table  11. 

I 1  
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HALOGENATION OF QUINONES 2085 

TABLE-I 

Reaction o f  1,4-benzoquinones and 1,4-naphthoquinones with copper(I1) chloride1 
alumina in chlorobenzene. 

Reactants TimeITemp. Products Yields M.P. Spectral data 
h/"C ( % )  O C  NMRIMass 

bq (1) 61110 

2-Methyl bq 71128 

( 2 )  

2,6-Dimethoxy 
bq 13) 

2-Methyl nq 
( 5 )  

6-Methyl nq 
(6) 

5-Hydroxy nq(7) 

61128 

221128 

201128 

121128 

1. 2,3,5,6-tetra 20 
chloro bq (8) 

ii. 2,3,5-tri- 3 0  
chloro bq ( 9 )  

i i i .  2.5-dichloro 50 
bq (10) 

i. 5,6-dichloro 40 
2-methyl bq (11) 

i i .  5-chloro-2- 60 
methyl bq (12) 

*3-chloro-2,6- 60 

dimethoxy bq (13) 

2-chloro nq 
(14) 

1. E-trichlcro- 
methyl nq (15) 

i i .  3-chloro- 
L-chloromethyl- 
nq (16) 

3-chloro-6- 
methyl nq ( 1 7 )  

No reaction 

236 

175 

257 

100-5 

102 

151 

112 

145 

116 

90 

nq = 1,4-naphthoquinone; bq = 1,4-benzoquinone. 
*Purified by preparative thin layer chromatography. 
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HALOGENATION OF QUINONES 2087 

Experimental procedure: Melt ing points  were  measured  on sulphuric 

a c i d  b a t h  a n d  uncorrec ted  and  a r e  expressed  in "C. NMR s p e c t r a  

were  recorded  on a Perk in  Elmer  R-32NMR s p e c t r o p h o t o m e t e r  

(90 MHz) wi th  TMS as t h e  in te rna l  s tandard  and  CDCl as solvent .  

Nota t ions  used a r e  as follows s, s inglet ;  d, doublet; br, broad; dd, 

double  double t  and  Ar, a romat ic .  

3 

7 Alumina supported copper(I1) chloride : Copper(I1) chlor ide d ihydra te  

(5.0 g) w a s  dissolved in methanol  (30 mi)  a n d  n e u t r a l  a lumina  (10 g) 

w a s  added in o n e  portion. T h e  methanol  was  removed by 

evapora t ion  a n d  t h e  resul t ing r e a g e n t  dr ied  under vacuum a t  100°C 

for  5h. 

9 Alumina supported copper(I1) bromide : To a solution of copper(I1) 

bromide (10 g) in distilled w a t e r  (30 ml), n e u t r a l  a lumina  (20 g) w a s  

added  at room t e m p e r a t u r e .  T h e  m i x t u r e  w a s  e v a p o r a t e d  using 

r o t a t r y  evapora tor  at  80°C under reduced  pressure. T h e  resul t ing 

r e a g e n t  w a s  dr ied  under vacuum at 100°C for  15 h. 

General experimental procedure: A 50 m l  round bot tom f lask w a s  

c h a r g e d  with copper(I1) hal ide (5.0 mmol)  suppor ted  on  a lumina  and 

quinone ( I  mmole)  dissolved in anhydrous halobenzene (10 ml), and 

t h e  m i x t u r e  w a s  s t i r r e d  vigorously using c a l c i u m  chlor ide  guard t u b e  

a t  110-128°C for  6-42 h. The mixture  w a s  f i l t e red  and  t h e  res idue  

obta ined  upon evapora t ion  of t h e  f i l t r a t e  w a s  subjec ted  to  column 
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2088 SINGH AND KHANNA 

chromatography (silica gel, pet. e the r )  or ptlc to purify t h e  

compound. 
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