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Benzene and its homologs undergo the F r i e d e l - C r a f t s  react ion with 3-sulfolanyl sulfonates 
in the presence  of aluminum chloride.  The chief react ion product of the reaction of 3- 
tosyloxysulfolane with phenol is 3-chlorosulfolane.  

It has been reported [1] that methyl  s tyry l  sulfone reacts  with benzene in the presence  of 97% H2SO 4 
to give 76% fl, f i ' -diphenylethyl  methyl sulfone but does not react  when aluminum chloride is used as the 
catalyst .  Under s imi la r  conditions, the react ion does not proceed with methyl vinyl sulfone. There  is no 
information available on the behavior  of unsaturated cyclic sulfones o r  the i r  derivatives in the F r i e d e l -  
Crafts  reaction. 

In a study of the chemis t ry  of sulfolane derivat ives,  we have found that 2-sulfolene, 3-sulfolene, and 
3-methyl -3-su l fo lene  also do not react  with benzene in the presence  of 97% sulfuric acid (reagent ratio 
1 : 10 : 5) even on heating to 80~ for 60 h. Pronounced resinif ication occurs  with aluminum chloride.  Traces  
of 3-pbenylsulfolane were detected in the react ion products by means of th in- layer  chromatography.  At- 
tempts to activate the reaction by pr io r  saturat ion of a benzene solution of the sulfolenes with HC1, as in 
the reaction with acryloni t r i le  [2], did not give positive resul ts .  3-Phenylsulfolane could not be obtained in 
experiments  with 3 -ch lo ro -  and 3-bromosulfolane.  It was isolated in 2% quantities in the react ion with 3- 
hydroxysulfolane when excess (10 : 1) 97% sulfuric acid was used as the catalyst .  Pronounced resinification 
of the reaction mass ,  in which t r aces  of 3-phenylsulfolane were detected by chromatography,  was observed 
with aluminum chloride. 

Considering the increased acidity of 3-hydroxysulfolane and the associa ted difficulty in alkylation, 
we attempted to c a r r y  out the reaction with sulfolanyl es te rs  of sulfonic [3] and carboxylic acids. 

It was assumed that the introduction of sulfo and carbonyl  groups,  which draw off to themselves  the 
electron pair  of the c a r b o n - o x y g e n  bond, would promote an increase  in the positive charge on the carbon 
atom of the sulfolanyl ring and thereby facil i tate the reaction. However, arylat ion occurs  only with sulfo- 
nates.  

--" OSO:e R AI~CI 3 ~ - ~ - -  C6H5 
+ C6tl 6 

SO 2 "SD 2 

The sulfolanyl sulfonates (see Table 1) were obtained by the reaction of 3-hydroxysulfolane with sul-  
fonyl chlorides in the presence  of pyridine. 

A t empera tu re  of 60 ~ an es te r  : aluminum chloride : benzene ratio of 1 : 2 : 7, and a reaction t ime of 
2 h were found to be the optimum conditions in the case of the sulfolanyl es te r  of p-toluenesulfonic acid in 
the reaction with benzene. Under these conditions, there  was pract ica l ly  no resinification when the a lum- 
inum chloride was added slowly and the react ion mass  was s t i r red  vigorously.  Reactions with benzene 
homologs were ca r r i ed  out s imilar ly .  The proper t ies  of the arylsulfolanes obtained are  presented in Table 
2. 
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TABLE 2. ( s %  

CHa 
CsHs 
p-CHaC6H4 
p-CIC6H4 

mp, ~ 

I14,5--115,5 
115,5--116,5 
86,5--87,5" 

134,5--135,5 

Found, % 

c H 

28,4 4,8 29,9 
43,8 4,4 23,4 

21,% 
* The  e s t e r  was r e p o r t e d  in [4]. 

Empirical formula 
S 

CsH,oQS2 
CioH120582 
CuH~405S2 
C,oHI,CIQS2 

Calc., % 

C H S 
i 

2 ,0 4,7 
43,5 4,4 

37,6 3; 

~j eld, 

70 
89 
85 
95 

TABLE 2. 3 - A r y l s u l f o l a n e s  

Aryl group 

C6Hs 
CH~C6H,, c 
2,3- (CHa) 2C~H3 
2,4- (CH3) 2C6H~ 
2,5- (CH~) 2C6Hs 
2,4,6- (CH3) 3C6H2 
4-i-CaHTC6H4 

�9 Found, % 

rap, ~ C H S 

96--97 a 61,4 6,4 15,9 
- -  162,2 6,8 15,2 

119--120 164,2 7,0 14,3 
78,5--79,5 64,3 7,2 14,3 

80--90 163,7 6,9 13,7 
116--117 /65,7 7,6 13,2 

97,5--98 /65,6 7,8 13,5 

a 3 - P e n y l s u l f o l a n e w a s  r e p o r t e d  in [5]. 

Empirical Calc. % Yield, 

formula i C H S % 
i 

C,0H,202S 61,2 6,1 16,4 70 b 
CuHI402S 162,8 6,7 15,2 45 
C12H1602S 64,2 7,2 14,3 70 
C12H1602S 164,2 7,2 14,3 55 
C~2H1sO2S 64,2 7,2 14,3 60 
ClaHisO2S 65,5 7,6 13,4 50 
C~3HLsO2S 165'5 7,6 13,4 50 

bTh e y ie ld  f rom the r e a c -  

t ion  of b e n z e n e  with the su l fo l any l  e s t e r  of b e n z e n e s u l f o n i c  ac id  is 
ind ica ted .  The  e s t e r s  of m e t h a n e s u l f o n i c  acid,  p - t o l u e n e s u l f o n i c  
acid ,  and p - c M o r o b e n z e n e s u l f o n i e  ac id  gave 55%, 65%, and 80% 

c 
y ie lds  of the 3 - p h e n y l s u l f o l a n e ,  r e s p e c t i v e l y .  A m i x t u r e  of o -  and 
p - t o l y l s u l f o l a n e s  with bp 88-100 ~ (0.015 ram).  

Except for toluene, crystalline products with sharp melting points were obtained in all cases. The 
experiment with toluene yielded a liquid reaction product, the IR spectrum of which contains strong bands 
at 740 and 760 cm -i, which are characteristic for J,2-disubstituted benzenes, and a band at 817 em -1, which 
is characteristic for 1,4-disubstituted aromatic compounds [6]; these data make it possible to assume the 
presence of a mixture of isomers. The IR spectrum of the dimethylphenylsulfolane from the experiment 
with o-xylene contains strong bands at 740 and 780 cm -I, which are characteristic for 1,2,3-trisubstituted 
aromatic systems. The IR spectra of the products of the reaction with p- and m-xylenes display great 
similarity and contain bands at 808-820 cm -i and 880-890 cm -I, which are characteristic for 1,2,4-tetra- 
substituted benzenes. 

The reaction with phenol proceeded with pronounced resinification. 3-Chlorosulfolane was the major 
product isolated, along with only ~5% 3-(hydroxyphenyl)sulfolane, while the formation of only traces of 3- 
chlorosulfolane was observed with benzene and its homologs. 

In contrast to the sulfolanyl sulfonates, the sulfolanyl benzoate is practically inert in the reaction. 
The sulfolanyl acetate acylates benzene partially, but the formation of 3-phenylsulfolane could not be estab- 
lished. 

Thus, of all the sulfolane derivatives examined, the esters of sulfonic acids can be recommended as 
alkylating agents in the synthesis of arylsulfolanes. 

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

Sulfo lanyl  E s t e r s  of Sulfonic Acids  (Table  1). T h e s e  were  ob ta ined  by the  r eac t i on  of 3 - h y d r o x y s u l -  
fo lane  [7] with the ac id  ch lo r ides  of m e t h a n e - ,  b e n z e n e - ,  p - t o l u e n e - ,  and p - c h l o r o b e n z e n e s u l f o n i c  ac ids  in 
abso lu te  p y r i d i n e  with a r eagen t  ra t io  of 1 �9 1.5. The r e a c t i o n  t i m e s  at 0-15 ~ and room t e m p e r a t u r e  were  2 
h and 20 h, r e s p e c t i v e l y .  

A r y l s u l f o l a n e s  (Table  2). T h e s e  w e r e  ob ta ined  by the addi t ion  of a l u m i n u m  ch lo r ide  in a m o l a r  ra t io  
of 2 : 1 o r  3 : 1 (with r e s p e c t  to the  sulfonate)  to a so lu t ion  of the su l fona te  in the a r o m a t i c  compound with 
v igo rous  s t i r r i n g .  Af t e r  h y d r o g e n  ch lo r ide  evolu t ion  had ceased ,  the m i x t u r e  was hea ted  at 60 ~ for  2-5 h. 
The end of the r e a c t i o n  was judged f r o m  the d i s a p p e a r a n c e  of a spot on the c h r o m a t o g r a m  in a th in  l a y e r  of 
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act ivi ty  I I - I I I  a luminum oxide [ethyl a c e t a t e - d i e t h y l  e ther  s y s t e m  (1 : 1) with development  by iodine[. The 
reac t ion  m a s s  was t r e a t ed  with 10% hydrochlor ic  acid at 0 ~ The aqueous l aye r  was ex t rac ted  with the 
a romat i c  compound. The organic  l aye r  and the ex t r ac t s  were  combined,  dr ied with ca lc ium chloride,  and 
evapora ted  in vacuo.  The res idue  was r ec ry s t aUized  f rom methanol .  The product  of the react ion  with 
toluene was isola ted by vacuum dist i l lat ion.  

The reac t ion  with phenol yielded 3-ch lorosu l fo lane  with mp 61-61.5 ~ [4] and hydroxyphenylsulfolane 
(5%) with mp 128-129 ~ 
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