
CATALYTIC ALKYLATION OF BENZOFURANS 

II.* KINETIC PRINCIPLES OF THE ALKYLATION OF BENZOFURAN 

BY TERT-BUTYL CHLORIDE 
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The kinetic charac te r i s t i c s  of the alkylation of benzofuran by te r t -buty l  chloride in the p r e s -  
ence of zinc chloride were determined.  It is shown that the p rocesses  involved in the fo rma-  
tion of 2- and 3- ter t -butylbenzofurans  are  paral lel  and that the ra te - l imi t ing  step of the r e -  
action is the formation of the polar ized (CH3)3C+ . ~ . ZnC13 complex�9 

As previously repor ted  in [1], 2- and 3- ter t -butylbenzofurans  were the react ion products  in the a lky-  
lation of benzofuran by te r t -buty l  chloride in the presence  of ZnC12. Continuing our investigations ofthis  r e -  
react ion under stat ic  conditions, we have determined some kinetic pa r ame te r s  of the reaction.  The r e a c -  
tion was car r ied  out in the kinetic region, where its rate was independent of the rate of s t i r r ing .  

To determine the react ion o rder  in benzofuran, we studied the dependence of the react ion rate on the 
benzofuran concentrat ion (0.75-2.0 mole/liter) at 70 deg C in the presence  of a tenfold excess  of te r t -buty l  
chloride. The experimental  resul ts  are  presented in Table 1 and Fig. 1, f rom which it is apparent  that the 
react ion is zero  o rde r  with respec t  to benzofuran. 

The react ion rate as a function of the te r t -buty l  chloride concentrat ion (0.5-1.75 mo le / l i t e r )  was de-  
termined for a tenfold excess  of benzofuran at 60 deg. The experimental  resul ts  (Table 1 and Fig. 2 ) demon-  
s t ra te  that the react ion is f i r s t - o r d e r  with respec t  to ter t -butyl  chloride, as is the react ion with respec t  to 
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the catalyst  ( Fig. 3 ). 
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Fig. I. Fig. 2. 

Fig. 1. Determination of the react ion o rde r  of the alkylation 
with respec t  to benzofuran (in toluene at 70 deg).  

Fig. 2. Determinat ion of the react ion o rder  to the alkylation 
with respec t  to te r t -buty l  chloride (in toluene at 60 deg).  

* See [1] for communicat ion I. 
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T A B L E  1. D e t e r m i n a t i o n  of  the  R e a c t i o n  O r d e r  of  the  A l k y l a t i o n  
wi th  R e s p e c t  to T e r t - B u t y l  C h l o r i d e  and B e n z o f u r a n  in To luene  

Temp: Exptl. conditions Indexes 

60 

7O 

Starting tert-butyl chloride conen., 
mole/'liter 
Reaction rate in ter~butyl chloride, 
mole/liter-rain.10" 

Starting benzofuran conch., mole/limr 
Reacti.on rate with r~speet to benzofuran, 
mole/Iiter-min.10" 
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T A B L E  2. 
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Reaction rate, molemiter.min.lO -4 o lo 2o to 40 so ~o ~o t, mi n 

F i g .  3 F i g .  4: 

F ig .  3. Dependence  of the  r a t e  of a l k y l a t i o n  on the  a m o u n t  of  ZnCI 2 (in 
t o luene  a t  60 deg  fo r  a t e r t - b u t y l  c h l o r i d e  c o n c e n t r a t i o n  of  0.75 m o l e / l i t e r ) .  

F ig .  4. Dependence  of the  a m o u n t  of a l k y l a t i o n  p r o d u c t s  f o r m e d  on the  r e -  
a c t i on  t i m e :  I )  2 - t e r t - b u t y l b e n z o f u r a n ;  I I )  3 - t e r t - b u t y l b e n z o f u r a n  ( a t  68 deg  
wi th  t o luene  a s  t he  s o l v e n t  and a b e n z o f u r a n  c o n c e n t r a t i o n  of 0.75 m o l e / l i t e r ) .  

Dependence  of the  Rate  of A l k y l a t i o n  on the  T e m p e r a t u r e  fo r  a Z e r o - O r d e r  R e a c t i o n  in To luene  

Experimental conditions 

StartSn~ benzofuran cohen. 
m.ole/]~iter 
Rate of formation of 2-tert- 
butylben, zofuran, mole/liter- 
rnin.lO "~ 
Rate of formation of 3-tert- 
butylber~zofur an, mole/liter- 
rain .10 -~ 

5O 

0,5 0,75 1,0 J1,251 

6O 

0,5 1,0 1,25 1,751 2,0 0 1075r 10 125t 2o 
171,,7/1,5/117 1 3115 
54/1 4 j,03103 

78 

0,5 0,75 1,0 1,25 1,5 2,0 

The  dependence  of the  amoun t  of 2 -  and 3 - t e r t - b u t y l b e n z o f u r a n s  f o r m e d  on the  r e a c t i o n  t i m e  i s  p r e -  
s e n t e d  in F ig .  4. The  t r e n d  of  the  c u r v e s  i n d i c a t e s  tha t  the  f o r m a t i o n  of  both  i s o m e r s  p r o c e e d s  in a p a r a l -  
l e l  m a n n e r ;  t h i s  i s  c o n f i r m e d  by  the  a b s e n c e  of m u t u a l  i s o m e r i z a t i o n  of  2 -  and 3 - t e r t - b u t y l b e n z o f u r a n s  
u n d e r  the  e x p e r i m e n t a l  cond i t i ons .  The  depe nde nc e  of  the  r a t e  of  f o r m a t i o n  of  2 -  and 3 - t e r t - b u t y l b e n z o f u r -  
arts on the  t e m p e r a t u r e  (50-78  deg) a s  the  s t a r t i n g  b e n z o f u r a n  c o n c e n t r a t i o n  changes  f r o m  0.5 to 2.0 m o l e /  
l i t e r  in the p r e s e n c e  of  a t en fo ld  e x c e s s  of  t e r t - b u t y l  c h l o r i d e  in t o lue ne  i s  p r e s e n t e d  in Tab le  2. 

On the b a s i s  of the  r e s u l t s ,  we  c a l c u l a t e d  the  a p p a r e n t  e n e r g y  of  a c t i v a t i o n ,  which  p r o v e d  to be  8.7 and 
8.5 k e a l / m o l e  fo r  2 - t e r t - b u t y l b e n z o f u r a n  and 3 - t e r t - b u t y l b e n z o f u r a n ,  r e s p e c t i v e l y .  The equa l i t y  of the  a p -  
p a r e n t  e n e r g i e s  of  a c t i v a t i o n  fo r  the  f o r m a t i o n  of the  a l k y l b e n z o f u r a n  i n d i c a t e s  t ha t  the  r e a c t i o n  to f o r m b o t h  
i s o m e r s  p r o c e e d  t h rough  a s i ng l e  r a t e - l i m i t i n g  s t ep .  

Since the  r e a c t i o n  i s  f i r s t - o r d e r  wi th  r e s p e c t  to t e r t - b u t y l  c h l o r i d e  and c a t a l y s t  and z e r o - o r d e r  wi th  
r e s p e c t  to b e n z o f u r a n ,  the  r a t e - l i m i t i n g  s t e p  i s  the  f o r m a t i o n  of  a p o l a r i z e d  c o m p l e x :  

~ H 3 ~ 3  
H3C--C--C| + ZnC] 2 ~ H3C-- -.Zn~Ct3 

t 
�9 "(LH3 CH 3 

(slow) 
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The s u b s e q u e n t  c o u r s e  of  the  r e a c t i o n  can  be  r e p r e s e n t e d  as  fo l l ows :  

+ H3C- -~ " , 'ZnCI  3 + Hr + ZrlC] 2 ( fast ) 

CH 3 ~ / C H  3 

E X P E R I M E N T A L  

The e x p e r i m e n t s  w e r e  c a r r i e d  out a t  50-78 deg  in a f l a s k  t h e r m o s t a t e d  at  + 0.5 deg  wi th  c o n s t a n t  s t i r -  
r i n g  u n d e r  n i t r o g e n .  The  s t i r r i n g  r a t e  was  1000 r p m .  The cond i t ions  invo lved  in the  c h r o m a t o g r a p h i c  a n a -  
l y s i s  of  the  c a t a l y s t  and the  c h a r a c t e r i s t i c s  of the  r e a g e n t s  used  a r e  p r e s e n t e d  in [1]. 
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