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In the p re sence  of ca ta lys t s  (A1203, A1203 activated by HCI, and 5, 10, and 2 0% ZnC12/A12Os), 2-  
and 3-methylbenzothiophenes undergo mutual i somerizat ion,  dealkylation, and d ispropor t iona-  
tion to benzothiophene and 2,3-dimethylbenzothiophene at 2 50-450~ and space veloci t ies  of 
0.1 and 0:8 h -1. An ionic mechanism is proposed for  the i somer iza t ion  react ion.  

Very little study has been devoted to the react ions  of alkylbenzothiophenes in the p re sence  of he te ro -  
geneous acid cata lys ts .  The available information on them is r e s t r i c t ed  to our  two e a r l i e r  studies [1, 2], in 
which we noted the fact  of mutual i somer iza t ion  of 2-  (I) and 3-methylbenzothiophenes (II) at 300~ on contact  
with 20% ZnCT~/A1203. 

In the p r e se n t  r e s e a r c h  we observed  the mutual i somer iza t ion  of benzothiophenes I and II at 250-4500C in 
the p resence  of a number  of acid c a t a l y s t s -  aluminum oxide, aluminum oxide activated by hydrochlor ic  acid, 
and zinc chlor ide (various concentrat ions)  deposited on aluminum oxide. Both compounds were  conver ted  to 
mix tures  (with close quantitative composit ions) of identical substances,  the dependence of the yields  of which 
on the t empera tu re  a re  identical fo r  both i somers  (the dependence for  2-methylbenzothiophene is p resen ted  in 
Fig. 1 as an example).  The degree  of convers ion  of methylbenzothiophenes T and II also changes identically as 
the exper imenta l  p a r a m e t e r s  a re  var ied  (Table 1 and Fig. 2). 

The acidity of the ca ta lys t  has a substantial  effect  on the degree  of i someriza t ion.  Thus i somer iza t ion  
does not p roceed  at all on A1203 at 350~ but in the p re sence  of 10 or  20% ZnC12/A1203 the migrat ion of the 
methyl  group f rom one position to the other  occurs  to a sufficiently appreciable  extent (Table 1). This de ~ 
pendence is also re ta ined when the exper iments  are  c a r r i e d  out in a sealed ampul (Table 2) r a t h e r  than in a 

flow sys tem.  
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Fig. 1. Dependence of the yield of products  of the convers ion of 2-  
methylbeazothiophene on the t empera tu re  (2 0% ZnCI 2/AI20 s ,  0.1 h -1): 
1) benzothiophene; 2) 3-methylbenzothiophene; 3) 2 ,3-dimethylbenzo-  
thiophene. 

Fig. 2. Dependence of the degree  of convers ion  of methylbenzothio-  
phenes on the t empera tu re  (20% ZnC12/A1203, 0.1 h-l):  1) 2 -methy l -  
benzothiophene; 2) 3-methylbeazothiophene.  
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TABLE 1. Dependence  of the C o n v e r s i o n  of I s o m e r i c  Me thy lben -  
zo th iophenes  on the Acidi ty  of the C a t a l y s t  (at 350~ and 0.1 h -1) 

Corn- Degree ot 
pound Catalysts ;conver- 

sion, % 

AI~O3 
AlcOa 
5% ZnCl2/Al2Oa 
HCI/AI2Oa 
HC!/AI.,Oa 
10% ZnCI.~/A12Oa 
10% ZnCI2/A12Oa 

'20% ZnCI.-/Al2Oa 

II 
I1 
I-t 
14 
17 
t4 
t0 b 
t4 b 
t7 
54 c 
39 
~4d 

T6e 
35 f 
~7e  

~.3 g 
~2h 

_Catalysate Compositio~ %/yield, % 

97 
97 
95 
93 
92 
66 
67 
65 

27/22 
2 f3 
67 

%25 
52 

2 f3 
43 

II I l l  

3/3 ;); t r a c e  
4/4 III 
5/5 2/2 
7/6 1/l 

23/2{ 6/5 
24/2'. 5i5 
27/2; 3/3 

64 4/'4 

34j2. 
20/I : 5/5 

43 13/t 1 
31/2( 19/13 
26/1~ 13/10 

34 22/16 
29/1{ 27/16 
31/2( 17/12 

IX' V 

Trace 

2/2 
1/1 
1/1 
1/1 

Trace 
l/l 

Trace 
Trace 

Unidenti- 
fied sub- 
stances a 

Traces 
Traces 
Traces 
Traces 
Traces 

4 
4 
4 
6 
4 
4 
7 
4 

a A p p a r e n t l y  b e n z e n e  r i n g - a l k y l a t e d  benzo th iophenes .  
b300~ 

c300~ indol .  
do.8 h - i .  
e375~ 
f375~ 0.8 h -1. 

g400~ 
h400~ 0.8 h - t .  

TABLE 2. T r a n s f o r m a t i o n s  of the I s o m e r i c  Methy lbenzo th io -  
phenes  u n d e r  Static C o n d i t i o n s  

Compound 

I 
I 

II 
II 
II 

Mix. of I, tl 
(1 : 1) 

Mix. of I, II 
(1:1) 

Catalyst ITih e' 

20'!'! ZnCIJA12Oa 
20% ZnCijA!20~ 
AI2Oa 

20% ZnCI203/AI2Oa 

5 
3O 

23 

43 

Catalysate composition, % 
I I[ I l l  IX" 

87 7 1 -- 
58 25 t 
2 98 

10 82 l 
20 61 
42 38 2 rrae 

38 36 9 7 

13 

11 

VI 

2 

6 
12 
5 

TABLE 3. T r a n s f o r m a t i o n s  of a Mix tu re  of I s o m e r i c  Methy l -  
benzo th iophenes  (1 : 1) (20% ZnCI2/AI2Oa, 0.1 h - l )  

Temp., *C yield, % 

300 90 
350 78 
400 61 

47 
4O 
3i 

Catalysate corn 

46 
39 
30 

Ill 

,osition, % 

unidentified 
v v substances 

I 3 iTrae 5 25 

Catalysate, % 

I I[ 

50,3 49,7 
50,9 49,1 
50,8 49,2 

In add i t ion  to i s o m e r i z a t i o n  of I and II in the p r e s e n c e  of c a t a l y s t s  that  have su f f i c i en t  apro t i c  acidi ty ,  
one  a l so  o b s e r v e s  d i s p r o p o r t i o n a t i o n  to benzo th iophene  (III) and 2 , 3 - d i m e t h y l b e n z o t h i o p h e n e  (IV). The r e a c -  
t ion  p r o c e e d s  p r i m a r i l y  in  a flow s y s t e m  but  does take p lace  u n d e r  s ta t ic  cond i t ions  u n d e r  the m o s t  s e v e r e  
cond i t ions  (Table  2). 

The f o r m a t i o n  (due to d i s p r o p o r t i o n a t i o n  of hydrogen  on ac id  ca t a lys t s )  of s m a l l  a moun t s  of 2 - m e t h y l -  
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2,3-dihydrobenzothiophene {V) is also obse rved  in the case  of benzothiophene I. Benzothiophene V is also 
found in the products  of convers ion  of benzothiophene II (Table 1). 3-Methyl -2 ,3-dihydrobenzothiophene (VI) is 
fo rmed ,  in addition to dihydro der iva t ive  V, f r o m  II only when the reac t ion  is c a r r i e d  out in a s ta t ic  s y s t e m  
(Table 2). Its absence  in the ca t a lysa t e s  obtained in the flow s y s t e m  is evidently assoc ia ted  with the higher 
r a t e s  of compet i t ive  p r o c e s s e s  - i somer iza t ion ,  disproport ionat ion,  and dealkylation.  Evidence fo r  the 
occu r r ence  of the la t te r  is provided by the fo rmat ion  of benzothiophene III in g r e a t e r  amounts than the amounts 
f o r m e d  as a r e su l t  of d ispropor t ionat ion  of I and II (Tables 1 and 2). 

It was es tabl i shed in the case  ofbenzoth iophene  I that only its degree  of convers ion  d e c r e a s e s  as the 
space  veloci ty o f t h e  p r o c e s s  inc reases ,  whereas  the d i rec t ion  of the reac t ions  does not change (Table 1). 

Thus the t r ans fo rmat ions  of benzothiophenes I and II can be  r ep re sen t ed  by the following genera l  scheme:  

~ S  ~ ~ C  H3 

V I II Vl 

I 
~.-.~ .S / , CH 3 

III IV 

The i somer iza t ion  of subst i tuted benzothiophenes in the p r e s e n c e  of s t rong pro t ic  acids has been inves t i -  
gated in [3], in which the ability of 3-subs t i tu ted  benzothiophenes to undergo i somer iza t ion  to 2 - subs t i tu ted  
compounds was establ ished,  but the r e v e r s e  reac t ion  was not noted. Kost  and c o - w o r k e r s  [3] p roposed  an 
ionic mechan i sm for  the reac t ion  including protonat ion of the double bond of the he terocycl ic  ring of the benzo-  
thiophene molecule  in the 3 posit ion.  

La t e r  one of us [4] demons t ra ted  that the d i rec t ion of protonat ion of alkylbenzothiophenes,  as in the case  
of a lkylbenzofurans [5], depends on the posi t ion of the subst i tuent  in the he te ror ing :  2-methylbenzothiophene 
(I) is protonated in the 3 posit ion, whereas  3-methytbenzothiophene (l-I), on the o ther  hand, is pro tonated  in the 
2 posit ion.  In this case  i somer iza t i0n  can be r ep re sen t ed  by the foUowing scheme:  

 Ac.3 S =  = l i:. = 

VII 

VIII 

In the p r e s e n t  r e s e a r c h  it was es tab l i shed  that the i somer iza t ion  of benzothiophenes I and II p roceeds  on 
both a ca ta lys t  with pro t ic  acidity (A1203 act ivated by I4C1) and on a ca ta lys t  with p r i m a r i l y  aprot ie  acidity 
(ZnC12/A1203) (Table 1). Consequently,  both the pro t ic  and aprot ic  cen te r s  of the ca ta lys t  act  as act ive  cen-  
t e r s .  In the l a t t e r  case  the i somer iza t ion  may also p roceed  in conformi ty  with the scheme p resen ted  above. 
These facts ,  together  with the absence  of i somer iza t ion  on A1203, indicate that the genera l  acidity of the ca t a -  
lys t  r a t h e r  than the c h a r a c t e r  of the acidity is impor tant  fo r  i somer iza t ion .  

Carbonium ions VII and VIII evidently have c lose  s tabi l i t ies ,  and this also explains the fo rma t ion  at 300- 
400~ of both i s o m e r s  in approx imate ly  equal amounts (Tables 1 and 3). 

The ionic c h a r a c t e r  of the i somer iza t ion  of benzothiophenes I and II is also conf i rmed by an expe r imen t  
c a r r i e d  out in the p r e s e n c e  of an inhibitor (ionol), during which the p r o c e s s  was not slowed down (Table 1). 

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

2-Methylbenzothiophene (I) was  obtained by the method in [6] and had mp 50-51~ and bp 95~ (7 mm).  
3-Methylbenzothiophene (II) was synthes ized by the method in [7] and had bp 77-78" (2.5 ram), d~ ~ 1.1223, and 
n~ 1.6248. 
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TABLE 4. 
Areas  of the Catab 

Catalyst 

AlcOa 
5% ZnCl2/Al2Oa 
HCI/AI2Oa 
10% ZnCI2/AI=Oa 
20% ZnCl2/Al=Oa 

Genera l  Acidities and Specific 
~sts 
Acidity. mmolr of 
n-butylamine/g of i 
icatalyst 

0.41 
0,58 
0,61 
0,76 
1,12 

Specific 
area, m3/g 

262 
225 
232 
204 
133 

Prepa ra t ion  of the Catalysts  (Table 4). The aluminum oxide, aluminum oxide act ivated by hydrochlor ic  
acid, and zinc chlor ide  deposi ted on aluminum oxide were  p repa red  by the methods in [8]. The genera l  acidi t ies  
of the ca ta lys ts  were  de te rmined  by the method in [9], and the specific a reas  were  de termined by the meth-  
od in [10]. 

Exper imenta l  Method. The flow apparatus and its method of operat ion were  desc r ibed  in [11]. The ex- 
pe r imen t s  in the stat ic sys tem were  c a r r i e d  out in a sealed hea t - r e s i s t an t  ampul, which was heated for  5 or  
30 h in a tubular e lec t r i c  oven at 250~ 

Analysis of the Catalysts .  The react ion products  were  analyzed by g a s - l i q u i d  chromatography (GLC) 
with KhL-4,  KhL-6,  and UKh-1 chromatographs  with columns 700- and 180cmlongand  0.4 em in diameter ;  the 
liquid phase was Apiezon N and polyethylene glycol  adipate applied on Chromosorb  W (60-80 mesh) in 15 and 
10% amounts,  respec t ive ly .  The ch roma tog rams  were  in te rpre ted  and calculated by the methods in [12], and 
the internal  s tandard was 3-methylbenzothiophene.  
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