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React ion of 2-sulfolene,  4 -hydroxy-2-su l fo lene ,  4 - b r o m o -  and 3 -ch lo ro -2 - su l fo l enes ,  3-  
ch loro-4-hydroxysu l fo lane ,  and 3 ,4-dibromo(dichloro)sulfolanes  with sodium me thane - ,  
hexane- ,  a l lene- ,  benzene- ,  and p- to luenesul f ina tes  and magnes ium gave 3 -me thy l - ,  3-  
hexyl- ,  3 -a l ly l - ,  3-phenyl- ,  and 3-(p- tolylsulfonyl)sulfolanes ,  3 -me thy l - ,  3-phenyl- ,  and 
3- (p- to lylsul fonyl) -4-hydroxysulfolanes ,  and 3-phenyl -  and 4-phenylsul fonyl-2-sul folene  s.  

The ba se - ca t a l yzed  addition of m e r c a p t a n s  to 2-sulfolenes  and 3-sul fo lenes ,  which gives sulfolanyl 
sulfides,  is well  known [1]. Sulfolanyl sulfones were  synthesized by oxidation of the l a t t e r  [2]. The method 
does not extend to sulf ides that contain readi ly  oxidized groups.  I t  has been proposed  [2] that such sulfones 
be synthesized by reac t ion  of the sa l t s  of sulfinic acids with halogen der iva t ives  of sulfolane.  Consider ing 
the l imited access ib i l i ty  of /3-ha losul fo lanes  [3-5], we worked out a one-s tep  method for  the p repa ra t ion  
of sulfolanyl sulfones by reac t ion  of sulfinic acid sa l ts  with 2-sulfolene [6]. 

A study of the p rope r t i e s  of f l -de r iva t ives  of sulfolane that contain he te roa toms  [7] showed that in 
the p resence  of bases  sulfolanyl sulfones are  a lmost  complete ly  conver ted  to 2-sulfolene and sulfinic acid 
sa l ts ,  so that  the i r  addition cannot be rea l i zed  in aqueous media .  
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If  the alkali  fo rmed  is r emoved  f rom the reac t ion  by means  of an acetate  or  phosphate buffer,  the sulfol -  
anyl sulfones a re  fo rmed  in good yields (see Table 1). 4 -Hydroxy-2-su l fo lene  reac t s  s imi l a r ly  to give 
3-a lky l (a ry l ) su l fonyl -4-hydroxysu l fo lanes .  These  same products  a re  obtained by react ion  of sulfinic acid 
sa l t s  with 3 -eh lo ro -4-hydroxysu l fo lane .  

A product  identified as 4-phenylsul fonyl-2-sul fo lene  (3;) was isolated in the react ion of 3 ,4 -d ib romo 
(chloro)sulfolanes and 4 -b romo-2 - su l fo l ene  with sodium benzenesulfinate in aqueous med ia  and in acet ic  
acid. In acet ic  acid 3,4-diphenylsulfonylsulfolane (XI) was also obtained in 25%yield. The products  were  
identified by chemica l  and spec t r a l  methods - by IR spec t roscopy  f rom the p re sence  in the spec t rum of X 
of the cha r ac t e r i s t i c  C - H  absorpt ion band for  a c i s -d i subs t i tu ted  double bond at 645 cm -1, which is absent  
in the case  of XI, and by UV spec t roscopy  for  X and PMR spec t roscopy  (Fig. 2). The rat io  of the in tegral  
intensi t ies  of the s ignals  of the protons  in the 4-  and 5-posi t ions  (r 6.25 ppm and 5.87 ppm, respect ive ly)  

x x = ~ S O 2 % H  ~ ~ ~ - - ~  x 

~y-2 SOsC6Hs ~ .  sO~%H~ 
- - /~  o,,o " ~ ~ s ~  x 

of the proton in the 3-posi t ion (~ 5.66 ppm, M), and of the protons  in the 2-posi t ion (~ 2.73 ppm, M) is 
1 : 1 : 1 : 2 for  sulfolene X. 
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TABLE I. Sulfolanyl Sulfones R-SO2-R' 

u ~  

I 

II 
III 
IV 
V 

VI 

VIE 

VIII 
IX 

XI 

R (in the 
3-position) R' 

CHa 

CH~=CH--CH.,I 
C~HI3 "I 
C~Hs 
C7H7 
CH~ 

C~Hs 

C7H7 

C6Hs 

C6H~ 

C~H~ 

] 

I Sulfolanyl 

4=Hydroxy.- 
sulfolanyl 

2 -Sulfolenyl 

2-Snlfol- 
enyl * 

mp, Z: 

133---134 

71--72 
86,56:7 

117 
192--19: 

153 

142--14~ 
153--15~ 

138 

284.-.-,285 

Empirical 
formula 

CsHIoO4S2 

C7H~204S2 
CIOH2oO4S2 
C,oH,204S2 
CHH,404S2 
C5H1oO5S2 

C,oHIsOsS2 

C11H140~$2 
CioH,oO4S2 

CioHlo04S2 

C~6H~oO8S~ 

Found, % 

CFH 

30,3 5,0 

37,215,4 
45,218,0 
46,0 4,5 
48,7 / 5,3 
29,2 / 4,7 

43.5/4,7 

44,6 / 5,0 
46,4 / 3,7 

46,714,1 

47,5i4'1 i 

Calc., % 

s c.ls  

15,4 28,6 5,0 
32,2 ,30,5~5,1 32,3 50 

28,8 37,5 
23,7 45,1 7,5128,9 70 
24,6 46,2 4,6] 24,6 70 
23,2 48,2 5,1 23,4 70 
29,9 26,0 4,7 29,9 30 

23,2 43,5 4,4 23,2 90 

22,5_ 45,5 4,9122,1 . 80 
/ 

N,9 t 4t3,5 3,9t24,8 70 

25,0 46,5 3,9 24,8 85 

.)3,91 47,9 4,0/24,0t55 

* Substituent R in the 4-posit ion.  
tSubstituent R in the 3- and 4-posi t ions.  

d I /~" ~" 
o,8 i ". 

I i 

% \ . . 

250 300 .~, nm 

Fig. 1 

r 

t2.< lu/ 

J' 
2,o 3,0 6,0 {, ppm 

Fig. 2 

Fig. 1. UV spec t ra  in 10%aqueous dioxane of 4-phenylsu l fonyl -2-su l -  
folane (a); 3-phenylsulfonyl-2-sulfolene (b); and 4-phenylsulfonyl-2-  
sulfolene containing }{OH (c). 

Fig. 2. PMR spect rum of a 10% solution of 4-phenylsulfonyl-2-sulfolene.  

The i somer ic  3-subst i tuted sulfonyl-3-sulfolenes  and sulfonyl-2-sulfolenes  were not detected.  3- 
Phenylsulfonyl-2-sulfolene was isolated in the react ion of sodium benzenesulf inate with 3-ch loro-2-su l fo lene  
and was identified by t h in - l aye r  chromatography  (Rf 0.43),IR and UV spectroscopy,  and a mixed mel t -  
ing point de terminat ion with previously  descr ibed  pr6duets  [8]. It was es tabl ished by means  of UV spec t ro -  
scopy (Fig. 1) that 4-phenylsulfonyl-2-sulfolene is not i somer ized  in alkaline media.  A smooth react ion 
between o-n i t rophenyl -2 ,3-d ibromo(dichloro)propyl  sulfone and sodium p-toluenesulf inate ,  which leads to 
the t r isulfone ArSO2CH2CH(SO2Ar)CH2SO2Ar, has been repor ted  [9]. On the other  hand, o~,fl-unsaturated 
sulfones ArSO2CH =CHCH2SO2Ar are  formed in good yields with p -ch lo ro - ,  p -b ro m o - ,  and p-iodophenyl 
2 ,3-d ibromopropyl  sulfones.  The react ion with 3,4-dibromosulfolane proceeds  s imi lar ly .  

The data obtained in this study can be explained if one assumes  that the substitution react ion p ro -  
ceeds via an e l imina t ion-add i t ion  scheme leading to the format ion of 4-phenylsulfonyl-2-sulfolene,  which 
does not add a second sulfinate molecule  in alkaline media  but forms a t r isulfone (XI) in acet ic  acid. 

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

The UV spec t ra  of ethanol and 10%aqueous dioxane solutions of the compounds were recorded  with an 
SF-16 spec t rophotomete r .  The IR spec t ra  were r eco rded  with a UR-20 spec t rome te r .  The PMR spec t ra  
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of CDC13 and dimethyl sulfoxide (DMSO) solutions were recorded with a Varian-60A spectrometer  with an 
operating frequency of 60 MHz and cyclohexane as the internal standard. 

2-Sulfolene, 3-chloro-2-sulfolene, and 4-hydroxy-2-sulfolene were obtained by isomerization of 3- 
sulfolene, 3-chloro-3-sulfolene [10], and 3,4-epoxysulfolane [11], respectively. The 3,4-dihalosulfolanes 
and 3-chloro-4-hydroxysulfolane [12] were synthesized by bromination and chlorination of 3-sulfolene, while 
4-bromo-2-sulfolene [13] was synthesized by reaction of 3,4-dibromosulfolane with pyridine. The products 
were ehromatographed in a loose thin l aye r  of activity II A1203; the eluent was diethyl ether, and the chroma- 
tograms were developed with iodine vapors. 

3-Aryl(alkyl)sulfonylsulfolanes. An equimolar mixture of 2-sulfolene and the sulfinic acid salt was 
heated at 100 ~ in an aqueous solution of phosphate (acetate) buffer or in acetic acid for 5-6 h. Sulfones III- 
V were isolated from the cooled (to 0 ~ solutions by filtration. An additional amount of the product was 
isolated by evaporation of the filtrate and recooling. Sulfones I and II were isolated by evaporation of the 
solvent and crystallization of the residue from methanol. 

3-Aryl(methyl)sulfonyl-4-hydroxysulfolanes (VI-VIII). These compounds were obtained by a procedure 
similar to that used in the preceding experiment by reaction of sulfinic acid salts with 4-hydroxy-2-sul-  
folene and 3-chloro-4-hydroxysulfolane. They were isolated as sulfones I and II. 

3-Phenylsulfonyl-2~sulfolene (IX). A 3.8-g (0.025 mole) sample of 3-chloro-2-sulfolene and 4.1 g 
(0.025 mole) of sodium benzenesulfinate were refluxed in a solution of 15 ml of CH3COOH in 40 ml of water 
for 5-6 h. The products isolated were sulfones III-V. 

4-Phenylsulfonyl-2-sulfolene IX). This compound was obtained in 80-85%yield by reaction of sodium 
benzenesulfinate with 3,4-dibromo(dichloro)sulfolanes and 4-bromo-2-sulfolene in molar  ratios of 2:1 and 
1 : 1, respectively. The product depressed the melting point of IX, and its IR, UV (Fig. 1), and PMR (Fig. 2) 
spectra differed from those of IX. Its spectrum (Fig. 1) did not change in 0.1 N KOH at 50 ~ 

3,4-Oiphenylsulfonylsulfolane (XI). This compound was obtained: a) in 55%yield imp 284-285 ~ by 
reaction of sodium benzenesulfinate with X in acetic acid in a molar  ratio of 1 : 1 and (b) in 25%yield in a 
mixture containing X by reaction of sodium benzenesulfinate with 3,4-dibromo(dichloro)sulfolanes and 4- 
bromo-2-sulfolene in a molar  ratio of 2: 1. 
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