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Sulfolanethiols, which were oxidized to 3 ,3 ' -disulfolanyl  disulfide m%d 3 ,3 ' -b i s (4-hydroxysu l -  
folanyl) disulfide, were obtained by react ion of 3-sulfolene and 4-hydroxy-2-sul fo lene  with 
sodium hydrosulfide.  Previously  unknown cleavage of the sulfolanyl sulfides at the C - S  bond 
of the sulfolane ring was observed during their  oxidative chlorination and alkaline hydrolysis .  

3 ,3 ' -Disulfolanyl  disulfide is an efficient cata lyst  in the preparat ion of o l igoes ter  maleates  [1]. The 
well-known method for the synthesis of sulfolanyl sulfides from sulfolene and mercaptans  [2] is r es t r i c ted  
by the available assor tment  of the latter.  We have developed a method for the preparat ion of sulfolanethiols 
- the start ing mate r ia l s  for the synthesis  of disulfolanyl disulfides and various sulfides. It is known that 
3-sulfolene (I) [2] and 4-hydroxy-2-su l fo lene  fII) [3] reac t  with sodium hydrosulfide in aqueous solution to 
give sulfides. We have found that 3 ,3 ' -disulfolanyl  sulfide, like 3 ,3 ' -disulfolanyl  e ther  [4], is cleaved in the 
presence  of bases to 2-sulfolene (III) and sulfolanyl mercaptan.  However, if 3-sulfolenes  o r  2-sulfolenes 
are subjected to react ion with dilute (15 %) aqueous sodium hydrosulfide [5], sulfolanethiols are  formed in 
80-90 ~c yields. The addition of hydrosulfide to 3-sulfolene precedes  migrat ion of the double bonds to the 
2 position [6]. 

According to the degree of isomerizat ion,  2-sulfolene is rapidly converted to sulfolanethiol, and 3 ,3 ' -  
disulfolanyl sulfide is therefore  not formed in the react ion of the thiol with 2-sulfolene. If 2-sulfolene is 
used, because of its increased concentrat ion in solution, 3 ,3 ' -disulfolanyl  sulfide is precipi tated and rapidly 
disappears .  Sulfolane-3-thiol  (IV) was extracted from the acidified solution with ch loroform and purified 
by vacuum fractionation. 
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Under s imi lar  conditions, 4 -hydroxy-2-su l fo lene  (II) r eac t s  to give the water-soluble  4 -hydroxysu l -  
folane-3-thiol ,  which was isolated from the solution in the form of 3 ,3 ' -bis(4-hydroxysulfolanyl)  disulfide 
(V) by oxidation with hydrogen peroxide. The same compound was obtained by react ion of 3 - c h l o r o - 4 - h y -  
droxysulfolane (VI) or  3 ,4 ' -epoxysulfolane (VII) with sodium hydrosulfide.  Sulfolane-3-thiol  was oxidized 
to 3 ,3 ' -disulfolanyl  disulfide (VIII) by hydrogen peroxide, iodine, and a i r  oxygen. A one-s tep  method for 
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the prepara t ion  of disulfide VIII f rom 3-sulfolene by oxidation of sulfolane-3-thiol  by air  oxygen has been 
developed [7]. Sulfolanesulfonyl chloride (IX), which was identified by al ternat ive synthesis  f rom sulfolane- 
3-sulfonic acid [8], was obtained by vigorous  oxidation of 3 ,3 ' -d isul fo lanyl  disulfide o r  sulfolane-3-thiol  
with chlorine.  In the case  of incomplete chlorination, the formation of sulfolanyl thiosulfonate (X) mixed 
with the sulfonyl chloride was observed.  The oxidative chlorination of 4-hydroxysul fo lane-3- th io l  gives 
4-hydroxysul fo lane-3-sul fonic  acid, which is identical to a previously  obtained sample [9]. 

Anomalous cleavage of 3,3'--disulfo!anyl sulfide by chlor ine in alkaline media to 2-sulfolene and sul-  
folanesulfonyl chlor ide was observed.  The la t ter  is hydrolyzed under  the react ion conditions to give sodium 
sulfolane-3-sulfonate .  Inasmuch as  the react ion p roceeds  only in the p resence  of alkali, the resu l t s  can be 
explained by p r io r  cleavage of the sulfide to 2-sulfolene and sulfolane-3-thiol  and subsequent convers ion of 
the thiol. 

Sulfolanesulfenyl chloride,  which is an o r a n g e - r e d  oily liquid that fumes in a i r  and r eac t s  vigorously 
with olefins, was obtained by chlorinat ion of sulfolane-3-thiol  and the disulfide in absolute carbon t e t r a -  
chloride.  The corresponding  chlorosulf ides  and sulfones (XI-XIII, Table 1) were  isolated in the reaction of 
the sulfenyl chloride with 3-sulfolene,  hexene, and phenylacetylene. 

Sodium sul folane-3-thiolate reac t s  vigorously with ~alkyl halides, for  example CH3I , C3H 5 Br, Br (CH 2) 2 Br, 
C4HsBr, C8H17C1, CsHsCH2C1, and Cl(CH2)2OH to give the cor responding  sulfides, which were identified in 
the form of sulfones XIV-XX (Table 1). 

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

The IR spec t ra  were recorded  with a UR-20 spect rometer .  Chromatography was ca r r i ed  out in a 
thin loose layer  of activity It A1203 with elution by e t h e r - e t h y l  acetate (2 "3) and development by iodine va-  
pors .  

Sulfolane-3-thiol  {IV). A mixture of 2.7 mole of 3-sulfolene and 1.5 l i ter  of 10-15 % aqueous sodium 
hydrosulfide solution was heated at 50-60 ~ with vigorous s t i r r ing  for 8 h, a f ter  which it was neutral ized 
with hydrochlor ic  acid, and the result ing layers  were separated.  The upper aqueous layer  was extracted 
with ch loroform and combined with the lower layer.  The combined layers  were washed with acidified water  
and dried,  and the solvent was removed.  The residual  solfolane-3-thiol  was purified by vacuum fract ion-  
ation. The IR spec t rum contains the cha rac te r i s t i c  f requencies  of the SO s group at 1130 cm -I (Vs) and 
1310 cm -1 (t,as) and ~'SH at 2575 cm -1. 

3 ,3 ' -Disulfolanyl  Disulfide (VIII). A mixture of 2 moles of 3-sulfolene in 500 ml of water  and 500 ml 
of commer i ca l  25 % NariS was heated to 50-60 ~ and s t i r red  for 8 h. St irr ing was continued, and 200 ml of 
hydrochlor ic  acid and 200 ml of 28 7c hydrogen peroxide were added slowly dropwise in succession.  After 
5 h, 209 g (78 ~) of a white precipi ta te  of VIII with mp 125 ~ (from acetone) was separated.  

3 ,3 ' -Bis(4-hydroxysulfolanyl)  disulfide (V) was s imi lar ly  obtained f rom 4-hydroxy-2-su l fo lene .  

Sulfo!ane-3-sulfonyl Chloride (IX). A mixture of 112 g (1 mole) of 3-sulfolene in 250 ml of water  and 
250 ml of 25 % NariS was s t i r red  at 60-80 ~ for  1-8 h, after  which a s t ream of chloride and a i r  (1 : 10) was 
bubbled into the mixture until sulfolanesulfonyl chloride precipitated.  The precipi ta ted sulfonyl chloride 
was removed by filtration, washed with water ,  arid dr ied to give IX with mp 115-116 ~ (from carbon te~ra- 
chloride) [8]. When the amount of chloride was inadequate, the sulfolanyl th ioester  of sulfolane-3-sulfonic 
acid (X) with mp 183-184 ~ (from acetone) was formed. 

Oxidative Chlorination of 3 ,3 ' -Disulfolanyl  Sulfide. A 0.007-mole sample ok 3,3 ' -disulfolanyl  sulfide 
was chlorinated at room tempera ture  in 30 ml of a 10 % aqueous solution of alkali for 3-12 h, af ter  which 
the precipi ta te  was removed by fil tration and identified (by mixed-mel t ing-point  determination) as  sulfolane- 
3-sulfonyl  chloride (mixed mp 115-116~ The aqueous solution was extracted with chloroform,  and the 
ch loroform was removed to give 0.8 g of a mixture of 2-sulfolene and 3-sulfolene,  which were identified by 
TLC. 

Sodium sulfolane-3-sulfonate,  which was present  in the aqueous layer,  was identified f rom the IR 
spec t rum in the form of sulfolane-3-sulfonic acid [8] by convers ion of the salt on KU-2 ion-exchange resin.  
The degree  ok convers ion of the disulfolanyl sulfide was 97 %. 

Sulfolane-3-sulfenyl  Chloride and I ts  Reaction with Unsaturated Compounds. A solution of 0.06 mole 
of st t lfolane-3-thiol o r  0.03 mole of 3 ,3 ' -disulfolanyl  disulfide in 200 ml of absolute carbon te t rachlor ide  
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was chlor inated at r o o m  t e m p e r a t u r e  until  the p rec ip i ta te  vanished. The solid was removed ,  and 0.06 mole 
of 1-hexene in CC14 was  added to the res idua l  su l fo lane-3-su l fenyl  chlor ide at such a ra te  that the t e m p e r a -  
ture of the mix ture  did not exceed 50 ~ The mixture  was  then s t i r r ed  for  1-2 h, the solvent was  r emoved  
by disti l lation, and the res idua l  1 - ( su l fo lany l -3- th io) -2-ch lorohexane  was identified in the fo rm of sulfone 
XII by oxidation with 28 % hydrogen peroxide in glacia l  acet ic  acid. 4 -Chlorosu l fo lanyl -3- th iosu l fo lane  (XI) 
was s imi l a r ly  obtained f rom sul fo lane-3-sul fenyl  chloride and 3-sul folene  in CC14. Under the same  condi-  
tions, 1 -pheny l - l - ( su l fo lany l -3 - th io ) -2 -ch lo roe thy lene ,  which was identified in the fo rm of sulfone XIII, was  
obtained with phenylacetylene.  

React ion with Alkyl Halides.  A 17 .2-ml  (0.2 mole} sample  of d ibromoethane  was added to 50 ~ with 
v igorous  s t i r r ing  in the cour se  of i h to 128 ml  (0.2 mole} of an aqueous solution of sodium su l fo lane-3-  
thiolate. The wa te r  was r emoved  by vacuum dist i l lat ion,  and the res idue  was  ex t rac ted  with acetone to give 
31.2 g (0.094 mole) of white c rys ta l l ine  XIV with mp 148 ~ (from methanol}. 3 -Methy l - ,  3 - a l l y l - ,  3 -bu ty l - ,  
3 -oc ty l - ,  3 -benzy l - ,  and 3-( f l -hydroxyethyl th io)sul fo lanes  were  s imi l a r ly  obtained. The la t te r  sulfide was  
conver ted  to 3-(2-chloroethyl th io}-sulfolane by refluxing in concent ra ted  HC1. Crys ta l l ine  3-benzyl th io-  
sulfolane was c rys t a l l i zed  f rom diethyl e ther  and had mp 62-63 ~ (mp 61-63 ~ [10]). The liquid sulf ides were  
purif ied by vacuum dist i l lat ion and w e r e  identified in the fo rm of the sulfones (XV-XX} by oxidation with 
28 ~ hydrogen peroxide  in glacial  acet ic  acid. The sulfones were  c rys t a l l i zed  f rom methanol.  
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