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Sulfolanethiols, which were oxidized to 3,3'-disulfolanyl disulfide and 3,3'~bis(4-hydroxysul-
folanyl) disulfide, were obtained by reaction of 3-sulfolene and 4-hydroxy~2-sulfolene with
sodium hydrosulfide. Previously unknown cleavage of the sulfolanyl sulfides at the C--8 bond’
of the sulfolane ring was observed during their oxidative chlorination and alkaline hydrolysis.

3,3'-Disulfolanyl disulfide is an efficient catalyst in the preparation of oligoester maleates [1]. The
well-known method for the synthesis of sulfolanyl sulfides from sulfolene and mercaptans [2] is restricted
by the available assortment of the latter. We have developed a method for the preparation of sulfolanethiols
—the starting materials for the synthesis of disulfolanyl disulfides and various sulfides. It is known that
3-sulfolene (I) [2] and 4-hydroxy~2-sulfolene (II) [3] react with sodium hydrosulfide in aqueous solution to
give sulfides. We have found that 3,3'-disulfolanyl sulfide, like 3,3'-disulfolanyl ether [4], is cleaved in the
presence of bases to 2-sulfolene (III) and sulfolanyl mercaptan. However, if 3-sulfolenes or 2~-sulfolenes
are subjected to reaction with dilute (15%) aqueous sodium hydrosulfide [5], sulfolanethiols are formed in
80-90 % yields. The addition of hydrosulfide to 3-sulfolene precedes migration of the double bonds to the
2 position [6].

According to the degree of isomerization, 2-sulfolene is rapidly converted to sulfolanethiol, and 3,3'-
disulfolanyl sulfide is therefore not formed in the reaction of the thiol with 2-sulfolene. If 2-sulfolene is
used, because of its increased concentration in solution, 3,3'-disulfolanyl sulfide is precipitated and rapidly
disappears. Sulfolane-3-thiol (IV) was extracted from the acidified solution with chloroform and purified
by vacuum fractionation.
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Under similar conditions, 4-hydroxy-2-sulfolene (II) reacts to give the water-soluble 4-hydroxysul-
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 reaction of 3-chloro-4-hy-
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 air oxygen. A one-step method for

Institute of the Chemistry of Macromolecular Compounds, Academy of Sciences of the Ukrainian SSR,
Kiev. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 188-191, February, 1975. Orig-
inal article submitted October 24, 1973; revision submitted June 3, 1974.

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

159



:patemoreD {06 6¢ Uuiy

‘punoy *L6LT 1

2’0 PuB “0915°T (,Tu

‘6262 dy

‘(wwr g) ,€67T~2ST dq pey punodwoo syg, 4

‘TAUBIOJINS = W4

09 192 | ¥'p1 , UF  4'6C A 1'98 | £l W €V | 163 L 107" 01D 6 1D—F(CHD) 08— U _ XX

€8 |91z | — " @e |98 |16 | — 8L _m.wv I e e 1 HHE—I0SY | XIX
%6 | L9 | — L9 00 99 ,, - ro 1o _ STOMIPD 06 “UOFOS —y HIAX
g |98 | — ¥ L gUe |, 88T “ — g W?m ) BSHORTIL) al—1L AID==HD~ THY 20— _ HAX
8 | g | - b gve g -y _m.om _ SFOUHD | gel--1gd HO—FOS = | IAX
06 | g | 9 | VUE L WEE , L T.% SO 6Ll WOS-F(HID) FOSN L AX

06 {8E | m.m,m wm.g LoRe ”, 9¢ | o fSYORHYD 8¥1 A -$-FCHD) —s - _ AIX
17 0% | 011 " 0t | 6¥r | €08 [ BI | 8¢ | gy 13S0 HED GG1-—¥E8l IDHD = ((1199) )-—30% - -4 f 1y
(N AT A N g9 | 00F | +'15 | £%3! ‘_ U8 | gy 1D°67OYHYD  fen1—ell| SHO--E([1D)--(1D)D PHD - *0S— U _, X
06 gie | o1 | gy | ge |oge | ¢ W Re | 038 IDPSPOETHED | 221928 A—-§—d--1D X

08 |wee | — | &% |18 [e8e | — | &% |9 'SOMHYD | pg1—esl A—$—208—3 X

06 g'6c | &9l | € | 618 | £'%65 | €91 4, €'t | 203 1D%SYOH™D 811 1D—"0s— ,..E

08 Ver | | LY 1808 | g P _ €Y | 6'1€ 'STO'H*D | l51—48! 4—S—S—¥4 1A
g8 | ¥8e | — | e | L83 |g8e | — ‘ £7 | 8'sg 'SOYHD | 903607 HO—¥—§ ~§- 4 —OH A

a8 1'ey -- | g'e |91 | ey | — ﬂ ¥e _m._m 'STO°HYD 4 | S+ Al

% : m " _ ! _ . ’ “ ? _ ! M > | ?wﬁ%ﬂw 0, *du punoduwod E“_Mm
‘PIolX Y ‘POIBINOLED 9 ‘punog ~wod

spunodwo)) pazIsoyIuAg oyj Jo sonstIeldseIey) T FT1IVL

160



the preparation of disulfide VIII from 3~sulfolene by oxidation of sulfolane-3-thiol by air oxygen has been
developed [7]. Sulfolanesulfonyl chloride (IX), which was identified by alternative synthesis from sulfolane-
3-sulfonic acid [8], was obtained by vigorous oxidation of 3,3"~disulfolany! disulfide or 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-hydroxysulfolane-3-thiol gives
4-hydroxysulfolane-3-sulfonic acid, which is identical to a previously obtained sample [9].

Anomalous cleavage of 3,3'-disulfolanyl sulfide by chlorine in alkaline media to 2-sulfolene and sul-
folanesulfonyl chloride was observed. The latter is hydrolyzed under the reaction conditions to give sodium
sulfolane~-3~sulfonate. Inasmuch as the reaction proceeds only in the presence of alkali, the results can be
explained by prior cleavage of the sulfide to 2-sulfolene and sulfolane-3-thiol and subsequent conversion of
the thiol.

Sulfolanesulfenyl chloride, which is an orange-red oily liquid that fumes in air and reacts vigorously
with olefins, was obtained by chlorination of sulfolane-3~thiol and the disulfide in absolute carbon tetra-
chloride. The corresponding chlorosulfides and sulfones (XI-XIII, Table 1) were isolated in the reaction of
the sulfenyl chloride with 3-sulfolene, hexene, and phenylacetylene.

Sodium sulfolane-3~-thiolate reacts vigorously withalkyl halides, for example CH;I, C;H; Br, Br(CH,),Br,
C,HyBr, CzH;Cl, C,H;CH,CIl, and Cl{ CH,),OH to give the corresponding sulfides, which were identified in
the form of sulfones XIV-XX (Table 1).

EXPERIMENTAL

The IR spectra were recorded with a UR-20 spectrometer. Chromatography was carried out in a
thin loose layer of activity II ALOy with elution by ether—ethyl 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 liter of 10-15 % aqueous sodium
hydrosulfide solution was heated at 50-60° with vigorous stirring for 8 h, after which it was neutralized
with hydrochloric acid, and the resulting layers were separated. The upper aqueous layer was extracted
with chloroform 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 fraction-
ation. The IR spectrum contains the characteristic frequencies of the SO, group at 1130 em™! {rg) and

1310 em™ (vgg) and vgy at 2575 ecm™L

3,3"-Disulfolanyl Disulfide (VIII). A mixture of 2 moles of 3-sulfolene in 500 ml of water and 500 ml
of commerical 25% NaHS was heated to 50~60° and stirred for 8 h. Stirring was continued, and 200 ml of
hydrochloric acid and 200 ml of 28 % hydrogen peroxide were added slowly dropwise in succession. After
5 h, 209 g (78 %) of a white precipitate of VIII with mp 125° (from acetone) was separated.

3,3'-Bis(4-hydroxysulfolanyl) disulfide (V) was similarly obtained from 4-hydroxy~2-sulfolene.

Sulfolane-3-~sulfonyl Chloride (IX). A mixture of 112 g (1 mole) of 3-sulfolene in 250 ml of water and
250 ml of 25% NaHS was stirred at 60-80° for 1-8 h, after which a stream of chloride and air (1:10) was
bubbled into the mixture until sulfolanesulfonyl chloride precipitated. The precipitated sulfonyl chloride
was removed by filtration, washed with water, and dried to give IX with mp 115-116° (from carbon tetra-
chloride) [8]. When the amount of chloride was inadequate, the sulfolanyl thioester 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 of 3,3'~disulfolanyl sulfide
was chlorinated at room temperature in 30 ml of a 10 % aqueous solution of alkali for 3-12 h, after which
the precipitate was removed by [iltration and identified (by mixed-melting-point determination) as sulfolane-
3-sulfonyl chloride (mixed mp 115-116°). The aqueous solution was extracted with chloroform, and the
chloroform was removed to give 0.8 g of 2 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 from the IR
spectrum in the form of sulfolane-3-sulfonic acid [8] by coaversion of the salt on KU-2 ion—-exchange resin.
The degree of conversion of the disulfolanyl sulfide was 97 %.

Sulfolane-3-sulfenyl Chloride and Its Reaction with Unsaturated Compounds. A solution of 0.06 mole
of sulfolane-3-~thiol or 0.03 mole of 3,3'-disulfolanyl disulfide in 200 ml of absolute carbon tetrachloride
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was chlorinated at room temperature until the precipitate vanished. The solid was removed, and 0.06 mole
of 1-hexene in CCl, was added to the residual sulfolane-3-sulfenyl chloride at such a rate that the tempera-
ture of the mixture did not exceed 50°. The mixture was then stirred for 1~2 h, the solvent was removed
by distillation, and the residual 1-(sulfolanyl-3-thio)-2-chlorohexane was identified in the form of sulfone
XII by oxidation with 28 % hydrogen peroxide in glacial acetic acid. 4~Chlorosulfolanyl-3-thiosulfolane (XI)
was similarly obtained from sulfolane-3-sulfenyl chloride and 3~sulfolene in CCl,. Under the same condi-
tions, 1-phenyl-1-(sulfolanyl-3~thio)~2-chloroethylene, which was identified in the form of sulfone XIII, was
obtained with phenylacetylene.

Reaction with Alkyl Halides, A 17.2-ml (0.2 mole) sample of dibromoathane was added to 50° with
vigorous stirring in the course of 1 h to 128 ml (0.2 mole) of an agueous solution of sodium sulfolane-3-~
thiolate. The water was removed by vacuum distillation, and the residue was extracted with acetone to give
31.2 g (0.094 mole) of white crystalline XIV with mp 148° (from methanol)., 3-Methyl-, 3-allyl-, 3-butyl-,
3-octyl-, 3-benzyl-, and 3-(p~hydroxyethylthio)sulfolanes were similarly obtained. The latter sulfide was
converted to 3-(2-chloroethylthio)-sulfolane by refluxing in concentrated HCl. Crystalline 3-benzylthio-
sulfolane was crystallized from diethyl ether and had mp 62-63° (mp 61-63° [10]). The liquid sulfides were
purified by vacuum distillation and were identified in the form of the sulfones XV-XX) by oxidation with
28 % hydrogen peroxide in glacial acetic acid. The sulfones were crystallized from methanol.
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