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When benzofuran is alkylated with te r t -buty l  chloride in the vapor  phase (190-260~ in a flow 
sys tem,  the ra t io  of the 2-  and 3- ter t -butylbenzofurans  formed var ies  f rom 2 : 1 to 20 : 1, de-  
pending, on the acidity of the ca ta lys t  used (ZnCl~/A1203) , because  of convers ion of the 3-  
i somer  to the 2 - i s o m e r .  

We studied the alkylafion of benzofuran with ter t -butyl  chloride at 190-260~ in a f low-type apparatus 
on samples  of A120 3 and ZnC12/A120 ~ of different acidity (Table 1). The chief react ion products were 2- (I) 
and 3- ter t -butylbenzofurans  (II), the rat io of which var ied  f rom 2 : 1 to 20 : 1, respect ively ,  while i somer  II 
always predominated in experiments at lower tempera tures  (60-100 ~ in the catalyzates  in a static sys tem [2]. 

The predominant  format ion of i somer  I in experiments in the vapor  phase is associa ted with i s o m e r i -  
zation of II to I, which occurs  under the influence of catalysts  with an acidic function (Table 2); r eve r s e  
t ransformat ion  was not observed under the investigated conditions.  This s o r t  of i somer iza t ion  of alkyl- 
benzofurans in the presence  of a heterogeneous ca ta lys t  with a re la t ively low acidity has not been previously 
noted. It follows f rom Table 2 that the i somer iza t ion  of II to I is accompanied by the formation of benzo-  
furan and isobutylene, the amount of which increases  as the t empera tu re  r i ses  and the acidity of the ca ta lys t  
inc reases ;  this apparently is evidence for in termolecular  i somer iza t ion  [3]. 

* See  [1] f o r  communica t ion  III.  

TABLE 1. Alkylation of Benzofuran with t e r t -Buty l  Chloride (space 
velocity 0.15 h -1, reagent  ra t io  1 :1)  

Al~Os 

Catal~t 

5% ZnC'I~/AI20~ 

Cataly~ 
acidity* 

0,2 

Temp., 
a C , .  

Yield based on converted 
benzofuran, % 

I I~ Iphenols 

1 
2 
2 
5 

186 
200 
230 
260 
185 
200 
230 
260 

1,0 

25 10 
28 12 
28 13 
30 15 
28 11 
38 I0 
36 
38 2 

2I 
20 
20 
35 

1 8 5  36 4 20 
42 4 
g 
21 
20 

200 
10% ZnCldAl2Os 1,5 230 

260 
185 
'2O0 

90% ZnCI2/AI~Os 3,0 230 15 
260 7 

* The number  of millieNuivalents of n-butylamine consumed in 
t i t rat ion of 1 g of ca ta lys t  is presented.  
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Fig. 1. Dependence of the degree of conver -  
sion of benzofuran on the amount of A1203 
(space velocity 0.8 h -I at 230~ 
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Fig. 2. Dependence of the amount of alkyla- 
tion products formed on the temperature: 
I) 2- ter t -butylbenzofuran;  II) 3 - t e r t -bu ty l -  
ber~ofuran.  

TABLE 2. I somer iza t ion  of 3- ter t -Butylbenzofuran (I1) (space velocity 
1.15 h -i) 

' ] Comp~ition of the liquid catalyzate, % 
Catalyst remperamreJ " - ]phenols "~C" - -~enzofttran i Ii 

A120~ 
5% ZnCI2/AI2Os 

10% ZnCldAlaOs 

260 
260 
200 
220 
240 
2~0 
280 
300 
320 
260 20% ZnCI2/AI2Os 

m 

2 

, I  �84 

20 
19 

20 

9 9  - -  
9 4  

- -  9 0  3 
3 83 2 

�9 8 7 7  4 
13 ~ 5 
23 3 
4 73 3 
1 7 7  3 

19 56 5 

TABLE 3. Dependence of the Degree of C o n v e r s i o n o f  
Benzofuran on the Tempera tu re  (space velocity 0.8 h -1, 
~/-A1203 catalyst) 

"r~ - IYield, mole "~mpes_a__mre, ' % 

�9 . c  i 

200 17 
208 i 14 

230 
240 4 

i Amount of benzo- Converted benzo- furan r~am~s ~ 
furan, mole % on me c~ ly , 

~ mole % 

44 
37 
30 
24 
20 
17 

We studied some kinetic principles of  the alkylation of benzofuran in a flow sys t em under conditions 
that exclude i s o m e r i z a t i o n .  The experiments were  ca r r i ed  out on y-A120~ (0.25"O~5-mm fraction).  

The experimental  conditions also excluded occur rence  of the react ion both in the external  and internal 
diffusion regions .  The dependence of the degree of convers ion df benzofuran on the amount of ca ta lys t  is 
presented in Fig.  1; segment  ab on the curve charac te r i zes  the kinetic region of the occur rence  of the r e a c -  
tion. 

The amount of converted benzofuran (in the presence  of a tenfold excess of ter t -butyl  chloride) is in- 
dependent of its concentrat ion;  a s imi la r  pat tern is also observed for te r t -buty l  chloride,  which means ap-  
parent  z e r o - o r d e r  of the reac t ion  with r e spec t  to both benzofuran and ter t -butyl  chloride.  The independence 
of the degree of convers ion of benzofuran on the space velocity also confirms a z e r o - o r d e r  react ion.  This 
makes it possible to suppose that the slow step in the alkylation is convers ion of the adsorbed complex on 
the cata lys t .  

The format ion of i somers  I and II is charac te r i zed  by identical t empera tu re  coefficients (Fig. 2), and 
the step involving the format ion of cr complexes A and B is apparently the ra te - l imi t ing  step.  
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( C H 3 ) ~ C O  + K * ~ : .  . . " . 

c(CH3hCl- | -HCl I 
J ads C(CHB)3 

A I 

I t  follows f r o m  Table 3 that  the degree  of conver s ion  of benzofuran in the p re sence  of a tenfold excess  
of t e r t - bu ty l  ch lor ide  d e c r e a s e s  as the t e m p e r a t u r e  r i s e s .  

A s i m i l a r  pa t t e rn  was also obse rved  with 1 : 1, 1 : 2, and 2 : 1 ra t ios  of reac t ing  subs t ances .  The r egu -  
l a r i t i e s  obtained a re  a s soc ia t ed  with s u p p r e s s i o n  of alkylat ion due to poisoning of the act ive  cen te r s  of the 
ca ta lys t s  by the condensat ion products  and inhibition by the reac t ion  products .  

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

The i somer i za t i on  was c a r r i e d  out in a flow s y s t e m  with a 1.5 ml detachable  r e a c t o r  in a s t r e a m  of 
dry  ni t rogen.  The volume of the ca t a lys t  (0.25-0.5 m m  fraction) was 1 ml .  The yield of ca ta lyza te  was 98- 
99%. 

A detachable  quar tz  r e a c t o r  iS0-mm long and 10 m m  in d iameter )  was used  to de t e rmine  the kinetic 
p a r a m e t e r s .  The ca t a lys t  was an indust r ia l  s a m p l e  of AI20 ~ (0 .5-0~ fraction) with a su r f ace  a r e a  of 
206 m2/g ,  de te rmined  by the gas sorp t ion  method (with ni t rogen) .  The a luminum oxide was calc ined at 
500 ~ for  4 h and t r ea t ed  with 60% wate r  (based on the weight of AI203) p r i o r  to the expe r imen t s .  The ca ta lys t  
was dr ied  at 300 ~ for  4 h.  All of the exper imen t s  were  c a r r i e d  out in a s t r e a m  of ni t rogen on a f resh  p o r -  
tion of ca t a ly s t  ( f rom 0.4 to 2 g). Samples  were  se lec ted  a f te r  10 min.  
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