
R E A C T I O N  OF S U L F O L A N Y L  S U L F O N A T E S  
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The corresponding #-substituted sulfolane derivatives were isolated in the reaction of 3-sul- 
folanyl arene(alkane)sulfonates with amines, alcohols, and mercaptans. Depending on the 
nature of the nucleophile. 3,4-disubstituted sulfolanes and 4- and 3-substituted 2-sulfolenes 
were obtained with 3,4-sulfolanyl disulfonates and 4-sulfolen-2-yl sulfonates. 

The preparation of sulfolanyl and sulfolenyl arene(alkane)sulfonates [1. 2] and their use as convenient 
sulfolanylating agents for aromatic hydrocarbons [3, 4] have been reported. In the present research we in- 
vestigated the reactions of these compounds with amines, alcohols, and mercaptans. 
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Fig. 1. IR spectra: a) 4-morpholino-2- 
sulfolene: b) 3-morpholino-2-sulfolene. 

The corresponding 3-substituted sulfolanes, which were 
identified by their IR spectra and mixed-melting-point deter- 
minations with the previously described compounds, were ob- 
tained in 70-90% yields in the reaction of I with butylamine, 
morpholine, butyl and allyl alcohols, and 11- and tert-butyl 
mercaptans. 2-Sulfolene. the presence of which in small 
amounts in all of the remaining cases was noted by thin-layer 
chromatography (TLC) (Rf 0.38), was isolated in 96% yield in 
the reaction with diethylamine. 

Considering the increased a - C - H  acidity of/3-deriva- 
tives of sulfolanes [5] and the appreciable activation of cleavage 
of CH30- and PhO- groups [6] from the corresponding sulfolan- 
yl ethers, it might be assumed that the reaction of I with nucleo- 
philic reagents is also realized completely or partially via an 
elimination-addition scheme with the formation of substitution 
products or 2-sulfolene if addition of the nueleophile is hindered. 

Sulfonates II-V react in a more complex manner. A mix- 
ture of products, which Prochazka and Horak were unable to 
completely identify, was obtained in the reaction of III and IV 
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Fig. 2. lit spec t r a :  

Fig. 3. IR spec t r a :  
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a) 4--butoxy-2-sulfolene: b) 3-butoxy-2-sul fo lene.  

a) 4 - t e r t -bu ty l th io -2 - su l fo lene :  b) 4-n-buty l th io-2-su l fo lene .  

with liquid ammonia  [7], while the cor responding  4-N-subs t i tu ted  2-sulfolenes .  identified as the hydrochlo-  
r ides ,  a r e  obtained with morphol ine ,  butylamine,  and die thylamine in t e t r ahydro fu ran  (THF) and methanol .  
The pos i t ion  of the double bond in the r ing was p roved  by the p r e s e n c e  of the IR spec t rum of the 6C_ H f r e -  
quency c h a r a c t e r i s t i c  for  a cis double bond at 660 cm -1, which is  absent  in the IR spec t rum of the i s o m e r -  
ized product  (Fig. 1). It  was es tab l i shed  that  4 -N-subs t i tu ted  2-sul fo lenes  a rc  i s o m e r i z e d  to 3 -N-subs t i -  
tuted 2-su l fo lenes  in 1 N aqueous alkal i  solut ions.  
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Although we were  unable to i so la te  3 -N-subs t i tu ted  3-sul folenes .  the i somer i za t i on  p robab ly  p roceeds  by  
succes s ive  migra t ion  of the double bond f r o m  the 4 posi t ion to the 3 posi t ion and then to the 2 position, which 
is  s tabi l ized  by  the d o n o r - a c c e p t o r  in te rac t ion  of the unshared  p a i r  of e lec t rons  of the ni t rogen a tom with 
the d orbi ta ls  of the sulfur  a tom of the sulfonyl group.  

3 -Buty lamino-  and 3 -morpho l ino-4 -hydroxysu l fo lanes  were  obtained in yields  of 86 and 92%, r e s p e c -  
t ively,  in the reac t ion  of V with butylamine and morphol ine .  As in the case  of I, e l iminat ion of a sulfonate 
group was obse rved  with diethylamine,  and 4-hydroxy-2-su l fo lene ,  which was identified by TLC (Rf 0.1), 
was  isolated.  

The composi t ion of the products  of the r eac t ion  of sulfonates  IV-V with alkoxides and mercap t ides  
depends on the na ture  of the nucleophflic reagent  and the conditions. At r o o m  t empera tu re ,  I I - IV reac ted  
with the a lkaxides  of al lyl  and butyl alcohols  to give 3,4-dialkoxysulfolanes,  but the yields  of e thers  were  
lower  with i so-  and sec -bu ty l  a lcohols .  The na ture  of the alcohol had a s i m i l a r  effect  on the yield of 3 -a lk -  
oxy-4-hydroxysu l fo lanes  in the reac t ion  with sulfonate V. The yields  of hydroxy e thers  fell  succes s ive ly  
in the o r d e r  al lyl  alcohol, n-.  i so - .  and sec -bu ty l  alcohols .  In al l  cases ,  the p r e s e n c e  of t r a c e s  of 3 ,4-di-  
a lkoxysulfolanes  was detected by  TLC.  Mixtures  of two products  with R f  0.65 and 0.50 and 0.65 and 0.25, 
r espec t ive ly ,  which were  sepa ra t ed  by column chromatography,  were  obtained in the reac t ion  of IV with 
sodium butc~ide in excess  butanol at - 1 0  and 70-80 ~ The product  with R f  0.65 was identified as 3.4-dibut-  
oxysulfolane.  The p roduc t s  with R f  0.50 and 0.25 were  butoxysulfolenes in which the posi t ion of the double 
bond was es tab l i shed  by  c o m p a r i s o n  of t he i r  IR s p e c t r a  (Fig. 2). As in the case  of Ib, an apprec iab le  shift  
of the a s y m m e t r i c a l  s t re tch ing  absorp t ion  of the SO 2 group as a consequence of the d o n o r - a c c e p t o r  in t e rac -  
t ion of the h e t e r o a t o m  with the sulfonyl group and the p r e s e n c e  of the intense absorp t ion  band of a double 
bond, which is  c h a r a c t e r i s t i c  fo r  3-subs t i tu ted  2-su l fo lenes  [9, 11], a r e  c h a r a c t e r i s t i c  for  3-butoxy-2-  
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sulfolene (Rf 0.25) (Fig. 2b). The 3,4-dibutoxysulfolanes and butoxysulfolenes we re  identified by TLC in 
the reac t ions  of sulfonates  II and III  with excess  (1 : 2) sodium butoxide. 

It  has been repor ted  [8] that  3 ,4-diehlorosulfolane  r e a c t s  with m e r c a p t i d e s  to give 3,4-dithio e the rs .  
Refluxing of sulfonates  I I - IV with excess  (1:2) sodium buty lmercap t ide  in methanol  fo r  4-5 h gave 3 ,4-di -  
{butylthio)sulfolane {Rf 0.40) containing butylthiosulfolene (Rf 0.45). The products  were  isola ted and identi-  
f ied as the sulfones.  At - 1 0  to - 5  ~ a mix tu re  of sulf ides wi th  Rf  0.62 and 0.45 and a disulfide with R f  0.40 
were  obtained with the s ame  reagen ts .  To es tab l i sh  the s t ruc tu r e s  of the compounds obtained we c a r r i e d  
out the reac t ion  of IV with sodium t e r t - bu t y lmercap t i de  under  s i m i l a r  conditions. At low t e m p e r a t u r e  we 
obtained the p rev ious ly  undescr ibed  4 - te r t -bu ty l th io -2-su l fo lene ,  which dif fered f r o m  known is omer s  with 
r e s p e c t  to mel t ing  point, R f  value (0.55). and IR s p e c t r u m  (Fig. 3). The posi t ions  of the f requencies  of the 
SO 2 groups  in the IR s p e c t r a  of 4 - t e r t -bu ty l th io -2 - su l fo l ene  and the sulfide i so la ted  in the reac t ion  of IV 
with n-C4HgSNa at - 1 0  ~ were  s imi l a r .  

The cor responding  3-buty l th io-2-su l fo lenes ,  which had identical  IR spec t r a  and of which 3 - t e r t -bu ty l -  
th io -2-su l fo lene  was p r ev ious ly  desc r ibed  in [9], we re  obtained by refiuxing IV with sodium t e r t -  and 
n -bu ty lmercap t ide s .  

J 

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

The s t a r t ing  sulfonates  (I-V) were  p rev ious ly  obtained in [1, 2]. Th in - l aye r  and column chromato-  
g r aphy  on act ivi ty  II  a luminum oxide with elution by diethyl e ther  were  used  to identify and s epa ra t e  the 
p roduc ts .  The t h in - l aye r  e h r o m a t o g r a m s  were  developed with iodine vapors .  The IR spec t r a  of KBr  pe l -  
l e t s  or  liquid f i lms  between KBr  p la t e s  we re  r eco rded  with a UR-20 s p e c t r o m e t e r .  

React ion  of Sulfolanyl Sulfonates with Amines .  A mix tu re  of 0.03 mole  of sulfolanyl sulfonate and 
0.06 mole  of amine  in 40 ml  of d ry  THF was s t i r r e d  at r oom t e m p e r a t u r e  for  2 h, a f te r  which the p r ec ip i -  
t a te  was r emove d  by f i l t rat ion,  the f i l t ra te  was evaporated,  and the res idue  was r e c r y s t a l l i z e d  f r o m  metha-  
nol. The liquid aminosulfo lanes  were  identified as the hydrochlor ides .  

React ion of Sulfolanyl Sulfonates with Alcohols.  A 0 .03-g -a tom sample  of sodium meta l  was dissolved 
in 40 ml  of alcohol, and 0.03 mole  of sulfolanyl sulfonate was added. The mix tu re  was then s t i r r e d  at r oom 
t e m p e r a t u r e  for  4-6 h, a f t e r  which it was acidif ied to pH 6 with hydrochlor ic  acid, and the p rec ip i t a t e  was 
r emoved  by f i l t ra t ion.  The f i l t r a te  was evaporated,  and the res idue  was ex t rac ted  with th ree  25-ml  p o r -  
t ions of diethyl e ther .  The e ther  ex t r ac t s  were  dr ied  over  anhydrous sodium sulfate,  the e ther  was r emoved  
by  dist i l lat ion,  and the res idue  was vacuum disti l led.  

4 -Butaxy-2-su l fo lene .  This compound was obtained by the above method, except that the mix tu re  was 
s t i r r e d  at - 1 0  ~ fo r  3 h, and the mix tu re  of 3,4-dibutoxysulfolane and 4-butoxy-2-su l fo lene  was sepa ra ted  
with a column filled with a luminum oxide with moni tor ing  by TLC. 

3-Butoxy-2-su l fo lene .  This compound was s i m i l a r l y  obtained, except  that  the mix tu re  was s t i r r ed  
at  70 ~ f o r 3 h .  

React ion of Sulfolanyl Sulfonates with Thiols .  The reac t ions  were  c a r r i e d  out as in the case  of the 
r eac t ions  with a lcohols .  The sulf ides were  i so la ted  by c rys ta l l i za t ion  f r o m  methanol  or  by vacuum dis t i l la-  
t ion. The liquid sulf ides we re  oxidized to sulfones in glacial  acet ic  acid with 30% H202 solution. The sul-  
fones were  c rys t a l l i zed  f r o m  methanol .  

The compounds obtained for  the f i r s t  t ime  a re  p re sen ted  in Table  1. 

I somer i za t i on  of 4-Morphol ino-2-su l fo lene .  A mix tu re  of 2 g of 4 -morphol ino-2-su l fo lene  and 10 ml  
of a 1 N KOH solution was ref luxed for  1 h. It was then cooled, and the p rec ip i t a te  was r e c r y s t a l l i z e d  f rom 
wate r .  The phys ica l  cons tants  of 3 -moropho l ino-2 - su l fo lene  a r e  p r e sen t ed  in Table  1. 
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