
. 

2. 
3. 
4. 

LITERATURE CITED 

R. M. Carlson and S. J. Lee, Tetrahedron Lett., 55, 4001 (1969). 
S. S. Symons, J. Org. Chem., 38, 414 (1973). 
T. A. Foglia and D. Swern, J. Org. Chem., 33, 866 (1968). 
T. A. Foglia and D. Swern, J. Org. Chem., 34, 1680 (1969). 

SYNTHESIS AND STEREOCHEMISTRY OF 3-HYDROXY-4-ALKYLTHIOSULFOLANES 

N. N. Novitskaya, B. V. Flekhter, 
and G. A. Tolstikov 

UDC 547.732.733.07:541.63 

4-Hydroxy-2-sulfolene, 3-hydroxy-4-chlorosulfolane, and 3,4-epoxysulfolane react with 
thiols in alkaline media to give mixtures of cis,trans-3-hydroxy-4-alkylthisulfolanes 
in a ratio of 2:3. 

In order to synthesize new 3,4-disubstituted sulfolanes, which are of interest both as 
biologically active compounds [I, 2] and as extractants for aromatic hydrocarbons [3], we 
carried out the reactions of 4-hydroxy-2-sulfolene (I), 3-hydroxy-4-chlorosulfolane (II), 
and 3,4-epoxysulfolane (III) with a number of thiols and studied the stereochemistry of these 
reactions. 

The addition of thiols to sulfolene I proceeds readily and quantitatively in alkaline 
media [4]. Compounds II and III also react readily and quantitatively with thiols under the 
same conditions. 

No~si~, c' no s ~  ~ .o.~ ~sr ~" o H -  olt~ RSH / 
/ .., 

' 2 ""SO2 

II / . I  I IV-XIII, XXXVIII, X.XXIX 

o% ..... 1o.. f t -  RSfl 
I t O ~  SR 

0 SR RS S~O.. H +, RSII 

2 ' 2 
III v, vl! XIV, XV 

IV, V R=C2H~; VI, VH R =C5/'111; VIII, IX, XIV, XV R=C. III3; X, XI R=CtoH21; 
XII, XIII P.=CL2H25; XXXVIII, XXXIX R=CtI.zCH20t! 

3-Hydroxy-4-alkylthiosulfolanes (Table i) are formed as a result of the reaction. The 
ratio of the cis and trans isomers remains constant (2:3), regardless of the reaction time, 
the temperature, and the starting compound (I'III). This confirms the previously obtained 
data [5-7] that II and III are converted to sulfolene I in alkaline media. The explanation 
[8] of the formation of cis-3-hydroxy-4-RX-sulfolanes (X = O, S) from trans-2-hydroxy-4- 
chlorosulfolane by replacement of the chlorine atom is incorrect, since the inertness of the 
chlorine atom in the sulfolane ring has been confirmed by kinetic studies [9]. The inert- 
ness of chlorosulfolanes to nucleophilic substitution reactions [9, i0] is in contrast to 
the ease of elimination of HCI. Thus, for example, chlorohydrin II is readily titrated at 
room temperature [7]. 
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TABLE i. 

Compound 

IV, V 
V 

IV 
IV 

XVII 
XVI 

XXVI, 
XXVII 
XXVI 
XXVI 

Vl, VII 
VII 
XIX 

XVIII 
XXIX 

XXVIII, 
XXIX 

IX 
VIII 
XXI 
XX 

XXXI 
X~X 

X, XI 
X~II, 

XXIII 
XXXlI, 

XXXlII 
XlI, XlII 
Xtla, XlII 

XXIV, 
XXV 

XXXIV, 
XXXV 

XIV 
XXKVII 

XXXVIII, 
XXXIX 

XLI 
XLtI, 

XLIII 

Characteristics of the Compounds Obtained 

SC~H~ 
, SC~Hs 
SCIHs 
SC~Hs 
SOC~Hs 
SOC~H, 
SOzC~H~ 

SO~C~H~ 
SO~C=Hs 
SCsH,, 
SC~H. 
SOC~Hll 
SOC~H,, 
SO~C~H, 
SO~C,H. 

SC.H,~ 
SC~H,~ 

: SOC~H,~ 
SOC~Hm 
SO~C~H,~ 
SO=C~H,~ 
SCrolls, 
SOC, oH~, 

SO~C,oH~, 

SC,~H~s 

SC.H,. 

' SCH~CH~OH 

R ~ 

OH 
OH 
OH 
OAc 
OH 
OH 
OH 

OH 
OAc 
OH 
OH 
OH 
OH 
OH 
OH 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 

OH 

OH 
OAe 
OH 

OH 

SC~} 

OH 

OH 
OH 

isomer 

Mixture 
trans 
cls 
cis 
trans 
ClS 

Mixture 

cis 
cis 
Mixture 
trans 
t r a n s  

c l s  
trans 
Mixture 

trans 
cis 
trans 
c1$ 
trans 
cis 
Mixture 
Mixture 

Mix~um 

Mixture 
Mixture 
Mixture 

Mixture 

cis 

Mixture 

t r a i l s  

Mixture 

:rip, *(7* 

Oil 
Oil 
Oil 
99--100 
95--96 

144--146 
190--193 

145--146 
156--157 
Oil 
Oil 
106--108 
Oil 
114--t16 
113--116 

Oil 
57--58 

Oil 
108--110: 
109--1 l0 
104--1061 
Oil : 
89--90 

112--113 

47--50 
50--52 
96--99 

110--113 

55--56 
0il 
Dil 

94--96 
3il ' 

SOCH~CH~OH 
SO~CH~CH~OH 

Found, % 

C H 

36,7 6,1 
36,6 6,1 
36,6 6,1 
40,3 5,9 
34,0 5,7 
33,9 5,7 
31,6 5,3 

31,6 5,3 
35,4 5,3 
45,1 7,6 
45,3 7,6 
42,1 7,1 
42,4 7,2 
39,7 6,7 
39,8 6,7 

47,2 7.9 
47,3 7.~ 
44,5 7,3 
44,6 7,3 
42~0 7,1 
42,1 6,9 
54,2 9,0 
51,3 8,6 

49,1 8,2 

57,1 9,6 
57,1 9,1 
54,4 9,2 

51,9 8,8 

54,5 9,2 
33,4 5,2 
33,8 5,8 

31.7 5,4 
29,0 4,7 

Empirical 
s formula 

32,5 C6Ht20~S2 
32,4 CsHI~O~S2 
32,5 C6H120~$2 
26 8 C8H1404S2 
30'4 C6H t204S~ 
30,3 C6H,204S~ 
28.0 C6HL2OsS2 

28,2 C6HmOsS2 
23,7 CsH,40~S2 
26,4 CoHt803S2 
26,6 C9H1803S~ 
25,0 C9H,~O4S2 
25,4 CgHmO4S~ 
23,7 CoHlaO~S2 
23,5 C~HmOsS2 

25,4 CmH2oO~S~ 
25,4 CmH~oO~S2 
23,7 CmH2oO4S2 
23,5 CmH2004S2 
22.5 C,oH2oO5S2 
22,2 CmH~6OsS~ 
20,4 C~H=sOzS= 
19,3 C~4H=80~S= 

18,4 C~4H=~O~S~ 

18.9 CmH~=O~S~ 
17.0 C,sH~O~S~ 
18,6 C,~Hz=O~S~ 

17,5 CmH~zO~S~ 

27,0 C.~H~20~S~ 
35,4 CmH ~O~$4 
30,5 C~HmO~S~ 

28,0 C6H,~OsS~ 
25,9 C~H~O~S~ 

Calc.. % 

C H S 

36,7 6,1 32,7 
36,7 6,1 32,7 
36,7 6,1 32,7 
40,3 5,9 26,9 
34,0 5,7 30,2 
34,0 5,7 3012 
31,6 5,3 28,1 

31,6 5,3 28,1 
35,6 5,2 23,7 
45,3 7,6 26,9 
45,3 7,6 26,9 
42,2 7,! 25,2 
42,2 7,1 25,2 
39,9 6,7 23,7 
39,9 6,7 23,7 

47,5 7,9 25,4 
47~5 7,9 25,4 
44,7 7,4 23,8 
44,7 7,4 23,8 
42,2 7,0 22,3 
42,2 7,0 22,3 
54,5 9,1 20,8 
51,5 8,6 19,7 

49,3 8,2 18,8 

57,1 9,5 19.t 
57,1 9~0 16,9 
54,6 9,1 18,2 

52,2 8,7 t7,4 

54,6 9,1 27,3 
33.1 5,4 35,7 
33,9 5,7 30,2 

31,6 5,3 28, l 
29,1 4,9 26,2 

Yield, % 
(method) 

96 (A--C) 
40 (D) 

(E) 98 
95 
95 
90 

92 
9 8  
92 (A_C) 
40 (D) 
9O 
91 
9O 
9O 

92 (A--C, F} 
96 (A _C. F~ 
89 
93 
9O 
91 
93 0k.C ) 
9o 

92 

98 (a,B) 
99 
92 

91 

(A,,B) 
98 (A.B) 

91 

*The compounds were crystallized: IVa, VIII, Xlla, Xllla, XIV, XVI, XVII, XXII-XXVII, 
XXVIa, XXXI!-XXXV , and XLI from methanol, XII and XIII from acetone, and XIX, XX, and 
XXVIII-XXXI from benzene. Individual XVIII and XLI were isolated by crystallization 
of mixtures of the isomers, Liquid V, VII, IX-XI, XVIII, XXXVII-XXXIX, XLII, and XLIII 
decomposed during distillation. 

The mixtures of isomers were analyzed quantitatively from the areas of the signals of 
the protons of the acetate groups in the spectra of the acetates of the hydroxy thioethers. 
It was first established that the protons of the OAc groups of the trans isomers resonate at 
stronger field than the corresponding protons of the cis isomers (Table 2). Individual com- 
pounds of the trans series were obtained from 3,4-epoxysulfolane (the catalyst was concen- 
trated H2SO~) and also by separation of some mixtures by fractional crystallization or by 
preparative thin-layer chromatography (TLC). The assignment of the isomers to the cis or 
trans series was also confirmed by the data from the IR spectra. The position of the OH 
group (Table 2) of the hydroxy sulfides makes qualitative identification possible; this was 
previously noted for dihydroxy and hydroxy methoxy derivatives [7, ii]. The spectra of cis- 
3-hydroxy-4-alkylthiosulfolanes contain absorption bands of OH groups in the shorter-wave 
region (3400-3410 cm -I) than the trans isomers (3450-3470 cm-~). Both the cis- and trans- 
sulfoxides (XVI-XXV) readily form an SO .... HO intramolecular hydrogen bond (IHB), and the 
position of this band is the same for both isomers (3210-3230 cm-*). Evidence for the 
strength of the IHB is provided by the significant shift of the IHB band to the shortwave 
region, which is also confirmed by the significant shift of the band of the associated SO 
group (1008-1012 cm -I) [12, 13]. 

Two types of IHB [ii, 14], viz., OH--.O2S and OH-..substituent heteroatom, are formed 
in dilute solutions in CCI~ (c I0 -~ mole/liter) of both cis- and trans-3-hydroxy-4-alkylthio- 
sulfolanes. Primarily an OH .... heteroatom IHB is characteristic for the cis isomers (e.g., 
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TABLE 2. Spectral Characteristics of the Sulfolanes 

Ho~_~g 

Compound R I Isomer 

V, Va* 
VII, VIIa 

IX, IXa 
xIa  

XIII, XIIIa 
IV, IVa 

v i a  
VIII, VIIIa 

Xa 
XII--XlIa 

XVII 

XVI 

XlX 

XX 

XXIX, XXIXa 
XXVIII, XXVIIIa 

SC2Hs 
SCsH|I 
SCsHts 
SCloH21 
SCIuH2s 
SCull5 
SCsH,, 
SC~H,~ 
SC,oH2t 
SC12H25 
SOC2Hs 

SOC2H5 

SOCsHII 

SOC6HI3 

SO2CsHu 
SO=CsHt, 

tram 
t r a m  
tram 
tram 
tram 
cis 
cis 
cis 
cis 
cis 
trans 

cis 

tram 

cis 

tram 
cis 

VoI { (SO), 
c m "  

3450--3470 
3450--3470 
3460--3470 

3480 
3450--3470~ 

3410 

3400 
3210--3230 

(1008) 
3210--3230 

(1012) 
3210--3230 

(1007) 
3210--3230 

(lOll) 
3455 
3420 

~, ppm (CDCIs) 

Ae CHOAe 

5,32 
5,26 
5,23 
5,21 
5,21 
5,60 
5,60 
5,58 
5,56 
5,54 

5,70 
6,00 

*The number with the letter "a" pertains to compounds that 
have an OAc group instead of an OH group. 
tCompound IV is an oil, and it therefore gives a broad ab- 
sorption band. 

for IV the principal band of an associated OH group at 3497 cm-*), whereas a band related 
to an IHB between OH and SO= appears at 3575 cm -z in the spectrum of IV. On the other hand, 
primarily an OH'''O2S IHB is realized in the trans isomers e.g., 3525 cm -z for V), 
whereas the band corresponding to an IHB between the sffDstituents is a shoulder on the 
principal band (for V at 3560 cm-Z). 

Thus, the assignment of the isomers by means of the IR spectra is in agreement with the 
assignment from the PMR spectra. 

To establish the reaction time more precisely we carried out experiments involving the 
addition of thiols to sulfolene I. It was found that the latter reacts completely with thiols 
at room temperature almost instantaneously (according to TLC and PMR spectroscopy: the sig- 
nals of the protons of the double bond vanish). 

The use of excess thiol leads to the formation of isomeric dithioethers XIV and XV, 
which were separated from the hydroxy thioethers by means of preparative TLC and were also 
obtained by alternative synthesis. 

The pure monothioethers are obtained when the reaction is carried out in dioxane, 
alcohol, or water with an equimolar amount of the thiol. 

The thioethers, which are obtained in high yields, are oxidized readily and selectively 
to sulfoxides (H=O= in acetone) and sulfones (H=O= and HaSO~) by the method in [15]. 

AcO. S~O2~ SC~HI3 VIII,IX CH3COCI - KOft, IfSC~HI$ 
~ - - -  XtV, XV 

Vlt|a, IX a 
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The addition of hydrogen sulfide and ethanedithiol to sulfolene i [4] and their re- 
action with sulfolanes II and III lead to sulfides XXXVI and XXXVlI. it is characteristic 
that XXXVl cannot be obtained either by hydrolysis of the adduct of 3-sulfolene with SCi= 
[9] or by reaction of sulfolane II with NaaS or thiourea. In the first two cases HCI is not 
split out, while in the latter case substitution does not take place even under severe condi- 
tions. According to the data in [8], sulfide XXXVI could not be obtained by the action of 
sodium hydrosulfide on sulfolene I. 

gO~o2 ~*%" ~ OH Oll~ H2S 

XXXVI 

i-I i i  Oli'~ HSCH~CH2SH HO~CH2CH2S~OH 
~,u2 \SO{" 

XXXVll 

EXPERIMENTAL 

The IR spectra of thin layers or mineral oil suspensions of the compounds were re- 
corded with a UR-20 spectrometer. The PMR spectra of CDCI3 solutions were recorded with a 
BS-487B spectrometer (80 MHz) with hexamethyldisiloxane as the internal standard. The course 
of the reaction was followed by means of thin-layer chromatography (TLC) on activity II 
AlaOs [elution with benzene-ethanol (9:1)]. 

Acetylation was carried out with acetyl chloride at 20~ by the method in [7]. 

Typical Methods for the Preparation of 3-Hydroxy-4-alkylthiosulfolanes ~ A) A solution 
of 30 mmole of sulfolene I in 20 ml of dioxane was added gradually to a solution of 30 
mmole of the thiol and 4 mmole of KOH in 100 ml of aqueous dioxane (l:i), and the mixture 
was stirred at 20eC for 10-15 m.in. It was then neutralized with hydrochloric acid and evap- 
orated to dryness, and the residue was extracted with acetone. The acetone was evaporated 
to give the product. 

B) A solution of 33 m mole of KOH in i0 ml of H20 was added dropwise at 40~ to a solu- 
tion of 30 mmole of sulfolane II [7] and 30 mmole of the thiol in 100 ml of aqueous dioxane 
(I:i) at such a rate that the medium remained constantly weakly alkaline (pH < 7.5). The 
reaction was monitored from the color of an indicator [a mixture of a 0.1% solution of 
methylene red and a 0.2% solution of methylene blue (i:i), transition pH 7] added to the 
reaction medlum. The mixture was stirred for 10-15 min and worked up as in method A. 

C) A solution of 20 =mole of epoxysulfolane IIl [16], 20 mmole of the thiol, and 
2 mmole of KOH in 50 ml of aqueous dioxane (I:i) was stirred at 20~ for 3 h and worked up 
as in method A. 

D) A mixture of 20 mmole of epoxysulfolane llI, 200 mmole of the thiol, and I ml of 
concentrated HzSO~ was heated at 160-170~ for 5-6 h, after which it was diluted with water, 
neutralized, and worked up as in method A. 

E) A mixture of isomeric 3-hydroxy-4-alkylthiosulfolanes was treated with CHsCOCl by 
the method in [7]. Crystallization from methanol gave cis-3-acetoxy-4-(1-alkylthio)sulfo- 
lane. Hydrolysis of the acetate with 10% hydrochloric acid gave the individual hydroxy 
sulfide. 

F) Isomeric mixtures of the hydroxy sulfides were allowed to stand, during which they 
underwent partial crystallization. The individual cis- and trans-3-hydroxy-4-(l-alkylthio)- 
sulfolanes were obtained after repeated separation of the crystalline portions by freezing 
out and filtration. 

cis,trans-3,4-Di(l-hexylthio)sulfolanes (XIV, XV). A mixture of hydroxy thioethers 
VIII and IX was treated with acetyl chloride by the method in [7], and the mixture was 
worked up to give a mixture of cis,trans-3-acetoxy-4-(l-hexylthio)sulfolanes (VlIla, IXa). 
A solution of 17 mmole of KOH in i0 ml of HaO was added gradually at 20~ to a solution of 
15 mmole of a mixture of VIIIa and IXa and 30 ~mnole of hexanethiol in 80 ml of aqueous di- 
oxane, and the resulting solution was stirred for I h. It was then neutralized and evapo- 
rated to dryness, and the residue was extracted with acetone. The acetone was evaporated, 
and the residue was crystallized from methanol to give crystalline dithioether XIV. 
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Bis(3-hydroxysulfolan-4-yl) Sulfide (XXXVI). A) A solution of 220m mole of sulfolene I 
in 700 ml of ethanol was saturated with hydrogen sulfide, 22 mmole of KOH in 20 ml of H20 
was added, and hydrogen sulfide was passed into the mixture for 2 h. The mixture was then 
worked up in the usual way. The residue contained 80% sulfide XXXVI in the form of a vitreous 
mass. IR spectrum: 1135, 1295, 1315 (SO2), 3450-3480 cm-* (OH). PMR spectrum (CsDsN), 6: 
3.25-4.12 (m, CH2SO2CH2, CHSCH) and 4.53-5.00 ppm (m, CHOH). Found: C 31.4 H 4.8 S 31.2%. 
C,HI406Ss. Calculated: C 31.8; H 4.6; S 31.8%. PMR spectrum of the diacetate (CDCI~), ~: 
1.94 (s, CH3) and 2.03 ppm (s, CH3). The ratio of the areas of the signals of the protons 
of the acetate groups of the trans and cis isomers was 3:2. Found: C 36.8; H 4.7; S 24.5%. 
C~2HI,0,$3. Calculated: C 37.3; H 4.7; S 24.9%. 

B) Hydrogen sulfide was passed through a solution of 50 mmole of sulfolane II in 
I00 ml of water at 40~ with the simultaneous dropwise addition of 55.4 ml of 1 N aqueous 
KOH, after which the mixture was stirred at 20~ for 3-4 h and worked up as in method A to 
give sulfide XXXVI in 96% yield. 
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