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The  a l k y l a t i o n  of  b e n z o f u r a n  by i s o b u t y l e n e  and t e r t - b u t y l  a l c o h o l  in  an  a u t o c l a v e  in a f low 
s y s t e m  on ZnC12 a p p l i e d  to  AI203 was  s tud ied .  The  m a j o r  r e a c t i o n  p r o d u c t s  a r e  2 -  and  3 - t e r t -  
t e r t - b u t y l b e n z o f u r a n s ,  the  r a t i o  of wh ich  de pe nds  on the  cond i t ions  Used to c a r r y  out  the  r e -  
ac t ion .  The p r o d u c t  y i e l d  depends  on the  a c i d i t y  of  the  c a t a l y s t  u s e d .  The p r e d o m i n a n t  f o r -  
m a t i o n  of 2 - t e r t - b u t y l b e n z o f u r a n  in the  f low s y s t e m  is  e x p l a i n e d  by  the  i s o m e r i z a t i o n  of 3 -  
t e r t - b u t y l b e n z o f u r a n  v ia  an i n t e r m o l e c u l a r  m e c h a n i s m .  

Cont inuing o u r  i n v e s t i g a t i o n s  of the  c a t a l y t i c  a l k y l a t i o n  r e a c t i o n s  of  b e n z o f u r a n  [1,2], we have  a l k y l a -  
t e d  i t  wi th  i s o b u t y l e n e  and t e r t - b u t y l  a l coho l  in the  p r e s e n c e  of z inc  c h l o r i d e  a p p i i e d  to a l u m i n u m  ox ide .  We 
a s c e r t a i n e d  the e f f ec t  of the  a l k y l a t i n g  agen t ,  the  r e a c t i o n  cond i t i ons ,  and the a c i d i t y  of the  c a t a l y s t  on the  
y i e l d  of a l k y l a t i o n  p r o d u c t s  in the  l iqu id  and v a p o r  p h a s e s .  Z inc  c h l o r i d e  w a s  a p p l i e d  to a l u m i n u m  oxide  in 

T A B L E  1. A c i d i t y  of  the  C a t a l y s t  S a m p l e  

ZnC1 z content in the Catalyst acidity, 
milliequivalents of Sample No. catalyst, wt. % butylam/ne 

per gram of catalyst 

I 0 (A1203) 0,2 
II 5 1,0 

llI l0 1,5 
IV 20 3,0 

T A B L E  2. A l k y l a t i o n  of B e n z o f u r a n  by I s o b u t y l e n e  i n a n  A u t o c l a v e  

~ZnC~ content 
�9 Ion aluminum ~ oxide,% 

Temp. 

100 
150 
200 
250 

100 
150 
200 
250 

t00 
150 
?.00 
-)50 

Yield of reaction 
2-tert- 
Butylbe! 
zofuran 

26 

12 
20 
27 
35 

)roducts, % 
3-tert- 2-n- 
Butfllben- Butylben 
zomran zomran 

Tra2ces 

2 

Phenols 

Tra~es 

17 
15 

Isomer 

I Rafio 
1 
2 
3 5 
4 

5 
6 
7 10 
8 

9 
10 
11 20 
12 

u 

Total 
yield o f  
alkylated 
~roducts 

I 4 
1,2 9 

l , l  40 
1,15 58 

1,25 29 
t ,4 48 
! ,08 54 
i ,2 80 

* See [1,2] fo r  c o m m u n i c a t i o n s  I and II. 
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T A B L E  3. A l k y l a t i o n  of  B e n z o f u r a n  by I s o b u t y l e n e  in a F low S y s t e m *  

Expt. 
NO. Temp. 

200 
230 
245 
265 

Yield of reaction products (%) relative to 
unchan ed benzofuran 

2-tert-Butyl- 
benzofuran 

24 
32 
33 
8 

3-tert -Butyl -  
benzohtran 

Phenols 

l0 
4O 

Ratio of the 
alkylbenzofurans 
formed 

8:1 
5:1 
8:1 
8 : l  

* The  s p a c e  v e l o c i t y  w a s  0.36 h - I  , and the  c a t a l y s t  w a s  20% 
Z n C 1 2 / A 1 2 0 3 .  

T A B L E  4 .  

Catalyst 
sample 
No. 

} 
1 
2 II 
3 

4 
5 Iil 
6 

7 
8 IV 
9 

A l k y l a t i o n  of  B e n z o f u r a n  by  l e f t - B u t y l  A lcoho l  * 

Temp. 

200 
260 
300 

200 
260 
300 

200 
260 
300 

! Yield of alkylation products (%) 
Degreeof con- [ based on unchanged benzofuran 

version ~/2-~tert- 3-tert- Not 
of benzo- Butyl- 
fill'all~ 
wt. % i bettz~ 

furan 

5 4 
5 4 
6 6 

47 O 
47 i4 
46 ~6 

62 ,2 
58 ;8 
65 ;0 

Butyl- inter- Phenol 
benzo- 
furan preted 

3 
3 
3 

B 
9 1 
4 36 

29 
25 

2 62 

Ratio of 
2- 3-tert- 
butvl,- 
beffzofuran 

1,3 1 
1,3 1 
2 1 

13 1 
7 1 
6 1 

10 l 
7 1 

15 1 

* T h e  c a t a l y s t  was  20% ZnC12/A1203 (IV), and  the  s p a c e  v e l o c i t y  was  

0.4 h - l .  

a m o u n t s  f r o m  5 to 20%, wh ich  m a d e  i t  p o s s i b l e  to v a r y  the  c a t a l y s t  a c i d i t y  ( T a b l e  1) .  In the  a l k y l a t i o n  of  
b e n z o f u r a n  by  i s o b u t y l e n e  in a s t e a d y - s t a t e  s y s t e m  ( a u t o c l a v e ) ,  i t  t u r n e d  out  t ha t  a de f in i t e  c a t a l y s t  a c i d i t y  
i s  r e q u i r e d  to  a c c o m p l i s h  the  r e a c t i o n  a t  one o r  a n o t h e r  t e m p e r a t u r e ;  the  a c i d i t y  h a s  a s u b s t a n t i a l  e f f ec t  on 
the  y i e l d  of a l k y l a t i o n  p r o d u c t s  ( T a b l e  2) .  The  p r o d u c t s  of  the  a l k y l a t i o n  of  b e n z o f u r a n  w e r e  2 -  and 3 - t e r t -  
b u t y l b e n z o f u r a n s ,  wh ich  a r e  f o r m e d  in an a p p r o x i m a t e l y  c o n s t a n t  r a t i o  of  1 : 1 . 2 0 .  In  a d d i t i o n  to t h e m ,  s m a l l  
a m o u n t s  (2 -3%)  of 2 - n - b u t y l b e n z o f u r a n  and 2 - e t h y l p h e n o l  and phenol ,  the  t o t a l  y i e l d  of wh ich  did not  e x c e e d  

17%, w e r e  d e t e c t e d  in the  c a t a l y z a t e .  

The  r a t i o  of  the  i s o m e r s  f o r m e d  c h a n g e s  s u b s t a n t i a l l y  when  the  r e a c t i o n  i s  c a r r i e d  out  in a f lew s y s -  
t e m  on a s a m p l e  of  c a t a l y s t  IV at  200-265 deg  ( T a b l e  3 ) .  I t  shou ld  be  no ted  tha t  v i r t u a l l y  no a l k y l a t i o n  o c -  

c u r s  on c a t a l y s t s  I - I I I .  

The s o u r c e s  of  the  phenol  in the  c a t a l y z a t e s  a r e  a p p a r e n t l y  the  p r o d u c t s  of  c o n d e n s a t i o n  of  the  s t a r -  
t ing  b e n z o f u r a n  on the  c a t a l y s t ,  the  f o r m a t i o n  of  which  i s  p r o m o t e d  by r a i s i n g  the  t e m p e r a t u r e  above  250-  

260 deg .  

The p r e d o m i n a n c e  of 2 - t e r t - b u t y l b e n z o f u r a n  in  the  c a t a l y z a t e s  when  the r e a c t i o n  i s  c a r r i e d  out in the  
f low s y s t e m  is  a s s o c i a t e d  wi th  i s o m e r i z a t i o n  of  3 - t e r t - b u t y l b e n z o f u r a n  to 2 - t e r t - b u t y l b e n z o f u r a n ,  wh ich  w a s  
e s t a b l i s h e d  by  s p e c i a l l y  d e s i g n e d  e x p e r i m e n t s .  The i s o m e r i z a t i o n  of 3 - t e r t - b u t y l b e n z o f u r a n  a p p a r e n t l y  p r o -  
c e e d s  v i a  an i n t e r m o l e c u l a r  m e c h a n i s m ,  s i n c e  b e n z o f u r a n  and i s o b u t y l e n e  a r e  d e t e c t e d  in the  r e a c t i o n  p r o -  

duc t s .  

The a l k y l a t i o n  of  b e n z o f u r a n  by  i s o b u t y l e n e  p r o b a b l y  p r o c e e d s  t h r o u g h  the f o r m a t i o n  of  a t e r t - b u t y l  
c a t i o n  on  the  a c i d  c e n t e r s  of  the  c a t a l y s t  [3]. The p r e s e n c e  of  2 - n - b u t y l b e n z o f u r a n  in  the  c a t a l y z a t e s  i s  a l s o  

e v i d e n c e  in f a v o r  of  t h i s .  

In c o n t r a s t  to the  a l k y l a t i o n  by  i s o b u t y l e n e ,  the  a l k y l a t i o n  by t e r t - b u t y l  a l c oho l  in a flow s y s t e m  a l s o  
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proceeds  on a ca t a lys t  of lower  ac t iv i ty  (Table  4) ,  which is apparen t ly  a s s oc i a t e d  with the r e l a t i v e l y  g r e a t  
ease  of fo rmat ion  of the t e r t - b u t y l  cat ion f rom the a lcohol .  

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

The expe r imen t s  under  s t e a d y - s t a t e  condit ions were  c a r r i e d  out in au toc laves  mounted in a t i l t ing  f u r -  
nace with a h e a t e r .  The expe r imen t s  in the vapor  phase were  c a r r i e d  out in an automated appa ra tus  of the 
flow type at  a t m o s p h e r i c  p r e s s u r e  in a s t r e a m  of n i t rogen  that  was fed in at  a constant  r a t e .  To obtain com-  
pa rab le  data,  a f r e sh  por t ion of ca ta lys t  was used in each expe r imen t ,  and the ea ta lyza te  was r emoved  d u r -  
ing s table  opera t ion  of the ca ta lys t .  The liquid ca t a lyza te s  we re  analyzed  by the method d e s c r i b e d  in [1]. 
Isobutylene and a s m a l l  amount of hydrogen were  de tec ted  dur ing  the ana lys i s  of the gaseous  r eac t ion  p r o -  
ducts  in the expe r imen t s  with t e r t - b u t y l  alcohol .  

The ac id i ty  of the ca t a lys t  was de t e rmined  by anhydrous t i t r a t ion  in the p r e s e n c e  of an e thoxyeh ryso i -  
dine ind ica tor  [4]. 
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