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2 -Pheny l th io -3 -ch lo rosu l fo lane  instead of the expected phenylsulfonylchlorosulfolane was 
i so la ted  by the react ion  of 2-sulfolene with benzenesulfonyl  chlor ide  at  180 deg C, ca ta lyzed  
by a mix tu re  of cuprous  chlor ide  and t r i e thy lamine  hydrochlor ide .  Oxidation of this product  
with hydrogen peroxide  in acet ic  acid gave 2-phenylsu l fonyl -2-su l fo lene ,  the s t r u c t u r e  of 
which was proved by the IR and PMR spec t r a .  

The addition of sulfonyl hal ides  to unsa tura ted  compounds,  ca ta lyzed  by rad ica l  in i t ia tors  (peroxide 
compounds,  cuprous  chlor ide ,  UV light), is well known [1]. As applied to sulfolenes ,  this reac t ion  was of 
i n t e re s t  to us  as  a method for  the o n e - s t e p  synthes is  of sulfolanyl  sulfones.  

However ,  expe r imen t s  indicated that benzenesulfonyl  chlor ide  does not give adducts with 2- and 3- 
sulfolenes  at  80 deg under  i r rad ia t ion  with a PRK-2 lamp in benzene and in the absence  of solvent .  

The reac t ion  could be accompl i shed  with 2-sulfolene* a t  180 deg with ca ta lys i s  by a mix tu re  of c u p -  
rous  chlor ide  and t r i e thy lamine  hydroehlor ide  in excess  benzenesulfonyl  chlor ide  and in ace toni t r i le ,  ben-  
zoni tr i le ,  ace t ic  acid,  and methylene  chlor ide.  However ,  instead of the expected phenylsul fonylchlorosul -  
folane,  the reac t ion  product  was phenyl thiochlorosulfolane,  which, f r o m  the melt ing point and IR spec t rum,  
was identical  to the compound obtained by a l t e rna t ive  synthes is  f r o m  benzenesulfenyl  chlor ide  and 2-sul fo-  
lene via  the method in [2]: 
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Oxidation of the chlorosulf ide  with hydrogen peroxide  in acet ic  acid gave an unsa tura ted  sulfone (p repa ra -  
tion A), the IR s p e c t r u m  of which contained a band at  1617 cm -1, c h a r a c t e r i s t i c  for  a double bond, which 
was absent  in the s p e c t r u m  of the s ta r t ing  compound. The absence  of chlor ine  was conf i rmed  by e l emen-  
t a ry  ana lys i s .  

In o r d e r  to e lucidate  the s t r u c t u r e  of the compound obtained (A), its PMR s p e c t r u m  was comp a red  
with the s p e c t r u m  of unsubst i tuted sulfolene desc r ibed  in [3,4], and with the s p e c t r a  of 3 -pheny l th io -2 - su l -  
folene and 3-phenylsu l fonyl -2-su l fo lene .  The la t t e r  was obtained via  the method in [5] by reac t ion  of sodium 
thiophenoxide with 3 -ch lo ro -3 - su l fo l ene  in alcohol with subsequent  decomposi t ion  of the 3-phenyl th io-3-  
sulfolene: 

J C l  § § ~ k x  jj--SC~H5 

I SCo.~ 
CH2:CH- -C -=EH 2 -~ SO 2 

*The reac t ion  was not c a r r i e d  out with 3-sul folene  under  these  conditions because  of its low t h e r m a l  
s tabi l i ty .  
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PMR s pec t r a  of 3 -phenylsu l fonyl -2-su l fo lene  in: a) CHCI~ ; 
b) DMSO; e) DMSO-D20; d) n i t robenzene.  

The 3-phenyl th io-2-su l fo lene  obtained was oxidized with hydrogen peroxide  to the cor responding  su l -  
fone (prepara t ion  B). A dep res s ion  of 40 deg was obse rved  in the mel t ing point of a mix tu re  of samples  A 
and B. 

The PMR s p e c t r a  were  obtained with a Var ian  A-60-A h igh- reso lu t ion  s p e c t r o m e t e r  with an o p e r a -  
ting f requency of 60 MHz with t e t r ame thy l s i l ane  (TMS) as  the in ternal  s tandard  in CHC13 , CDC13 , n i t roben-  
zene, d imethyl  sulfoxide, and dimethyl  sulfoxide with added water  o r  D20 at  20 and 40 deg. This se t  of so l -  
vents  had to be  used  because  of the low solubil i ty of s amp le  A in ch lo ro fo rm.  Sample B, on the o ther  hand, 
is quite soluble  in ch lo ro fo rm.  Its s p e c t r u m  (Fig. l a )  in CDCI~ cons i s t s  of four  groups  of s ignals :  two 
mul t ip le ts  of equal intensi ty cen te red  at  T = 6.95 and 6.52 with r e s p e c t  to TMS, due to the fou r - sp in  AA f- 
BB ~ s y s t e m  of H a toms  in the 4 and 5 posi t ions ;  a t r ip le t  at  T = 2.8 ppm with a width of 4 Hz, which, f r o m  
i ts  r e l a t ive  intensi ty and in analogy with the s p e c t r u m  of 3-phenyl th io-2-su l fo lene ,  should be a sc r ibed  to 
the vinyl  H a tom in the 2-pos i t ions*  ; the  mul t ip le t  of a subst i tu ted benzene  r ing cen te red  at  v = 2.2 ppm. 
In DMSO (Fig. lb )  the benzene r ing signal is shifted to the s t rong field, while the vinyl H signal ,  without 
changing i ts  fo rm,  is shif ted to a weak field and appea r s  on the opposi te  s ide of the benzene r ing signal  as  
compared  with the s p e c t r u m  in CDCl 3 . A port ion of the s p e c t r u m  in the s t ronge r  field region is masked  
by s t rong solvent  s ignals .  

The pronounced shif t  in the vinyl hydrogen signal in polar  so lvents  is apparen t ly  caused  by the fo r -  
mation of a hydrogen bond between this proton and the solvent  as a r e su l t  of the re la t ive ly  high acidity of 
the vinyl hydrogen in the -SO2CH=CSO~- f r a g m e n t  between the two sulfonyl groups.  

The addition of a t e n - m o l a r  excess  of D20 to a solution of B in DMSO leads to the d i sappea rance  of 
the vinyl H t r ip le t  and to a d e c r e a s e  in the r e l a t i v e t  intensi ty of the group  of s ignals  with T = 2.2 and 2.36 
ppm, which a t t e s t s  to deu te r ium exchange with the vinyl hydrogen.  

The d iamagnet ic  port ion of the s p e c t r u m  in n i t robenzene  r ema ined  prac t ica l ly  unchanged as  c o m -  
pa red  with the  s p e c t r u m  in CDC13 . 

*The t r ip le t  spl i t t ing does not exceed 1.5 Hz. The low spin-spin  coupling constant  is c h a r a c t e r i s t i c  for  a 
l ong- range  in terac t ion  and is due to spl i t t ing by H 4 or  H 5. 
SThe intensi ty was de te rmined  re la t ive  to the methyl  group signal f rom (CH3)3COH. 
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PMR s pec t r a  of 2-phenylsu l fonyl -2-su l fo lene  in: a) n i t r o -  
benzene;  b) DMSO; c) DMSO-D20. 

The s p e c t r u m  of A in n i t robenzene  (Fig. 2a) also contained two groups  of l ines that  coincide in pos i -  
tion with the H 4 and H 5 s ignals  in B under  the s a m e  condit ions.  However ,  the f i r s t  s ignal  is a b road  peak 
in which the individual l ines  cannot  be dist inguished,  while in the s p e c t r u m  of B this signal is well r e so lved .  
The shape of the second signal  (~- = 7.2) coincides with the shape of the s a m e  signal  in B, 

In DMSO (Fig. 2b) there  is one complex  mult ip le t  cen te red  at 7 = 2.25 ppm that  coincides in posit ion 
and r e l a t ive  intensi ty (0.80 and 0.77) with the analogous signal  in the s p e c t r u m  of B (Fig. lb) .  

The equal intensi t ies  of the s ignals  of A and B is evidence that the H a vinyl s ignal  in A is over lapped  
by the phenyl group signal .  This  might  have been expected for  a smal l  shift  to s t rong f ield the H a signal  is 
c o m p a r e d  with the H 2 signal  in the s p e c t r u m  of B. The addition of D20 has  no effect  wha tsoever  on the 
shape of the mult iplet ,  which a g r e e s  with weakening of the acidity of H 3 in compar i son  with H 2 with a de-  
c r e a s e  in the effect  of the e l ec t ron -accep t ing  sulfonyl groups .  

Thus,  the PMR s p e c t r a  of s amples  A and B conf i rm the s i m i l a r  s t r u c t u r e s  but not the identical  c h a r -  
a c t e r  of these  compounds in accordance  with the data of th in - l aye r  ch romatography  and the mel t ing-poin t  
depress ion  of mix tu res  of them.  The c h a r a c t e r  of the H 4 signal and the shift  in the vinyl H signal to s t rong  
f ield make  it poss ib le  to ass ign  the 2-phenylsu l fonyl -2-su l fo lene  s t r u c t u r e  to compound A~ 

The abil i ty of sulfolenes  to readi ly  add a renesu l feny l  ch lor ides  and the s t r u c t u r e  of the product  we 
obtained make  it  poss ib le  to a s s u m e  that,  under  the conditions descr ibed ,  benzenesulfonyl  ch lor ide  is p ro -  
bably reduced  to benzenesulfenyl  chlor ide  [6], which then adds to 2-sulfolene accord ing  to s cheme  I~ 

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

2-Phenyl th io -3-ch lorosu l fo lane .  A. A mix tu re  of 2~ g (0.02 mole)  of 2-sulfolene,  7.4 g (0.04 mole)  
of benzenesulfonyl  chlor ide ,  0.056 g of cuprous  chlor ide,  and 0.11 g of t r i e thy lamine  hydrochlor ide  in 2.5 
ml  of ace ton i t r i l e  was heated  in an ampule  at  180 deg for  8 h. At the end of the reac t ion  the ace toni t r i le  
and unchanged benzenesulfonyl  chlor ide  were  r e m o v e d  in vacuo.  The res idue  was t r ea ted  with wa te r  to ex-  
t r a c t  unchanged 2-sulfolene and then r e c r y s t a l l i z e d  f r o m  methanol  to give 1.2 g (20%) of 2-phenyl th io-3-  
chlorosul fo lane  with mp 89 deg: a f t e r  r epea ted  r ec rys t a l l i z a t i on  it mel ted  at  92.5-93.5 deg. The puri ty  of 
the product  was ver i f i ed  by th in - l aye r  ch romatography*  on act ivi ty III a luminum oxide;  R f  0.41. Found %: 
C 46~ H 4~ S 24.03; C1 13.90. Cl0HllO2S2C1. Calc. ~0: C 45.71; H 4.22; S 24.40; C1 13.49. 

B. A mix tu re  of 2.4 g (0.02 mole)  of 2-sulfolene and 2.9 g (0.02 mole) of benzenesul fenyl  chlor ide  
was heated at  100 deg in 8.5 ml  of acet ic  acid for  5 h. The react ion  m a s s  was diluted with water  and cooled with 
with ice to give 4.3 g (82%) of 2-phenyl th io-3-ch lorosu l fo lane  (after  two r ec rys t a l l i z a t i ons  f r o m  methanol)  
with mp 92.5-93.5 deg and Rf  0.41. 

2- Phenylsulfonyl-  2- sulfolene.  Hydrogen peroxide  [3 ml  (30 %)] was added to a solution of 3.1 g (0.012 
mole)  of 2 -phenyl th io-3-ch lorosu l fo lane  in 60 ml  of acet ic  acid, and the mix tu re  was heated on a boi l ing-  

*Diethyl e ther  was used as  the eluent for  th in - l aye r  ch roma tog raphy  of the compounds,  and the c h r o m a t o -  
g r a m s  were  developed with iodine vapor s .  
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water bath for 5 h. The residue after vacuum removal of the acetic acid was recrystall ized from methanol 
to give 2.2 g (70%5 of 2-phenylsulfonyl-2-sulfolene with mp 190-191 deg and Rf 0.155 (after repeated re-  
crystallization). Found %: C 46.39; tt 3.92; S 24.70. C10H1004S2. Calc. %." C 46.49; H 3.90; S 24.32. 
The IR spectra contained double bond frequencies at 1617 cm -1 and SO 2 group frequencies at 1100, 1150, 
and 1330 cm -l.  

3-Phenylthio-2-sulfolene. A solution obtained from 5.5 g (0.05 mole) of thiophenol and 1.1 g (0.05 
mole) of sodium in 40 ml of absolute ethanol was added dropwise with stirring to 7.6 g (0.05 mole5 of 3- 
chloro-3-sulfolene in 110 ml of absolute ethanol. The NaC1 was removed by filtration, and 9 g of a volum- 
inous brown precipitate was isolated from the filtrate. Thin-layer chromatography indicated the presence 
of three products in the precipitate: unchanged 3-chloro-3-sulfolene (Rf 0.74), 3-phenylthio-2-sulfolene 
(Rf 0.555, and 3-phenylthio-3-sulfolene (Rf 0.41). The 3-sulfolene derivatives (Rf 0.41 and 0~ were re-  
moved from the precipitate by decomposition at 150-160 deg for 1.5 h under water aspirator pressure. The 
residue was recrystall ized from methanol to give 3-phenylthio-2-sulfolene (Rf_ 0.55) with mp 144 deg. 
Found ~: C 53.20; H 4.60; S 28.40; C10H1002S2. Calc. %: C 53.07, H 4.45;~ 28.33. 

3-Phenylsulfonyl-2-sulfolene. Oxidation of 5.1 g of 3-phenylthio-2-sulfolene with excess [5 ml (24~5] 
hydrogen peroxide in 60 ml of acetic acid gave 4.8 g (83%) of sulfone with mp 153,154 deg and Rf 0.43. 
Found ~: C 46.40; H 3.62; S 24.54. C10HI004S 2. Calc. %" C 46.49; H 3.90 S 24.82. 
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