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C rotyl  phenyl sulfide is conver ted to 2-ethyl-2,3-dihydrobenzothiophene and 2-  and 4-  
methyl th iochromans in the presence  of y-A120 ~ and 5, 10, and 20% ZnC12/A1203 at 300~ 
and is also i somer ized  to 1-butenyl-  and 3-butenyl phenyl sulfides and cleaved to thio-  
phenol. 

Crotyl  phenyl sulfide (I) undergoes a th io-Claisen r ea r r angemen t  in the presence  of nitrogen bases  
to give 2-ethyl-2,3-dihydrobenzothiophene (II) and 2-methyl th iochroman [1, 2]. There is no information r e -  
garding the behavior of sulfide I on acid ca ta lys ts  in the l i t e ra tu re .  We have shown that in the presence  of 
y - a l u m i n u m  oxide and zinc chloride,  deposited on aluminum oxide, I is conver ted to II and 2-  and 4-  
methyl th iochromans at 300 ~ . In addition, it is i somer ized  to 1-butenyl and 3-butenyl phenyl sulfides (III, 
IV) and cleaved to thiophenol (Table 1). 

We suppose that the formation of cyclic sulfides is the resu l t  of th io-Claisen r e a r r a n g e m e n t  of I 
ra ther  than the resu l t  of its d i rec t  cycl izat ion.  If the opposite were t rue,  one should also have observed 
the formation of 3-e thyl-2 ,3-dihydrobenzothiophene,  which is not p resen t  in the products  of t ransformat ion  
of I. The formation of two intermediate  thiophenols - 2 - c r o t y l -  and 2-(2-buten-3-yl) thiophenols  (V, VI) - 
is possible in the r e a r r a n g e m e n t  of sulfide I. The la t ter  i s  the resu l t  e i ther  of c l a ss ica l  Claisen r e a r r a n g e -  

TABLE 1. Transformat ions  of Crotyl  Phenyl Sulfide on Acid 
Cata lys ts  (300~ 

AI~O3 

5% 
ZnClz/Al=Oa 

~0% 
ZnCI2/AI2Oa 

20% 
ZnCI2/AI203 

Catalyst 

e a ~  

0,1 
0,2 
0,3 
0,5 
0,7 
1,2 
0,I 
0,3 
0,5 
1,2 
0,1 
0,3 
0,5 
0,1 
0,3 
0,5* 
1,2" 

i 
33 17 
27 15 
14 16 
52 22 
43 17 
48 22 
24 

12 6 
21 9 
2 2 
6 3 
1 1 

4 4 
5 4 
3 2 
1 1 

54 

5 
9 

12 
13 
11 

2O 
17 
14 
10 

4 

4 

4 

* 3-Butenyl phenyl sulfide (1% at a space velocity of 0.5 h -1, and 2% 
at 1.2 h -i) was also detected in the catalyzate .  
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ment  at the 7 - c a r b o n  atom with inversion of the alkyl chain or at the/3 -ca rbon  atom, while thiophenol V 
could ar i se  only by r e a r r a n g e m e n t  at  the a - c a r b o n  atom with retent ion of the s t ra ight  chain. This so r t  of 
r e a r r a nge me n t  was descr ibed  in [3]. Cyclization of V leads to II and 2-methyl th ioehroman;  the i somer ic  
4-methyl t lgochroman is the product  of cycl izat ion of VI. 

The t rans format ions  of sulfide I depend substant ial ly  on the acidity of the ca ta lys t .  Thus, in the 
presence  of the leas t  acidic catalyst ,  A120~, the i somer iza t ion  of I to III proceeds  to the maximum extent  
(Table 1). As the acidity of the ca ta lys t  inc reases ,  the competi t ive p roces s  - cleavage of I to thiophenol 
(the ra t io  of cycl izat ion products  decreases)  - i s  re inforced ,  4-methyl th iochroman vanishes,  and the yield 
of 2-methyltshiochroman inc reases .  This se rves  as indirect  proof of the absence of d i rec t  cycl izat ion of I 
to 4-methyl th iochroman since,  if the opposite were  t rue ,  the amount of the la t te r  should have increased  
with increasing acidity; on the other hand, the predominance of 2-methyl th iochroman indicates that thio-  
Claisen r e a r r a ngemen t  on cata lysts  with high aprot ic  acidity proceeds  p r imar i l y  at the a - c a r b o n  atom. 
The ra t io  of II to 2-methyl th iochroman also var ies  as a function of the ca ta lys t  acidity: II is p r imar i l y  
formed in the p resence  of A1203; in the case  of 20~c ZnC12/A1203, both sulfides are  obtained in prac t ica l ly  
equal amounts.  It is possible that there  is par t ia l  i someriza t ion of 2-methyl th iochroman to II. The ex i s t -  
ence of a t ransformat ion  of a s imi la r  nature was proved in [4]. Sulfide I is also i somer ized  to IV in the 
presence  of only 10 and 20~ ZnC12/A1203 at space veloci t ies  of 0.5-1.2 h -1 . Under these conditions, III and 
IV are  formed in equal amounts [they were separa ted  chromatographica l ly  with a column filled with poly-  
ethylene glycol adipate (I~E GA) ]. 

An increase  in the space veloci ty  leads to a dec rease  in cleavage of I to thiophenol (Table 1). 

In all c a s e s ,  one observes  dehydrogenation of II to 2-ethylbenzothiophene and formation of gaseous 
hydrocarbons ,  which a t tes t  to cracking of the aliphatic chain.  The qualitative composit ion of the gaseous 
products  is constant  (CH4, C3Hs, 1-butene, and 2-butene).  A change in the acidity of the ca ta lys t  or in the 
space veloci ty  of the p rocess  affects only the ra t io  of these components .  

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

The catalyt ic  t rans format ions  of c ro ty l  phenyl sulfide (I) were c a r r i e d  out with a flow apparatus with 
automatic feeding of the substance in a s t r eam of ni trogen (10 m l / m i n ) .  The catalyzate  composit ion was 
de termined by GLC at 220 and 175 ~ with KhL-4 and KhL-6 chromatographs ,  respec t ive ly :  with 1.8 by 4 mm 
steel  columns and Chromosorb  W {60-80 mesh) as the support  and Apiezon N {15~) as the liquid support.  
and with 7 m by 4 mm s tee l  columns,  Chromosorb  W (60-80 mesh) as the support ,  and PEGA (10~c) as the 
liquid phase .  The c a r r i e r  gas (helium) flow rate  was 43 m l / m i n .  The individual components of the ca ta lyz-  
ate were identified by means of s tandard substances .  The gaseous products  were  analyzed with a c h r o m -  
atograph cons t ruc t ed  according to the method in [5]. 
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