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The behavior  of var ious  sulfolenyl and sulfolanyl sulfonates in the F r i e d e l - C r a f t s  react ion 
was studied. The sulfolane ring undergoes both aryla t ion and halogenation. The rat io  of r e -  
action products  depends on the nature  of the s tar t ing sulfonate. 

3-Sulfolanyl arenesulfonates  fo rm 3-arylsu l fo lanes  in good yields on heating with a romat ic  hydroca r -  
bons in the p resence  of A1C13 [1]. Arylsulfolanes could not be isolated with other  sulfolane der iva t ives  [2]. 
The synthesis  of arylsul fo lanes  f rom arylbutadienes and sulfur dioxide has not found broad application be-  
cause of the l imited access ib i l i ty  of arylbutadienes [3]. Considering the access ib i l i ty  of sulfolenyl and sub- 
stituted sulfolanyl sulfonates [4], in the present  study we have investigated their  behavior  in the F r i e d e l -  
Crafts  reac t ions  in o rde r  to obtain arylsul fo lenes  and substituted arylsulfolanes .  

-20S~ + ArH AICI3 ~ ~'~-CI+ ~ ' ~ "  Ar 

I VI IX-XI 

AICI~ X~-~-CI ~ t -~-Ar  X OSO2C6H~ + ArH . . . .  + 

n-v VII, VIII Xll-XY 

II X=CH3; Ill X~OH; IV [ = e l ;  V IK=OSO~C6H 5 

When the react ion was ca r r i ed  out under  the conditions in [1], we found in the case  of 4 -hydroxy-2-  
sulfolenyl sulfonates that substi tuents (CH 3, C1, and NO 2) in the meta  and para  posit ions of the benzene ring 
of the arenesulfonate  group do not have a substantial  effect  on the react ion with benzene and its der ivat ives .  
We the re fo re  subsequently used benzenesulfonates .  4 -Ary l -2 - su l fo lenes  (IX-XI, see Table 1) were  isolated 
in 75-95% yields in the reac t ion  of I with benzene, anisole, and mesi ty lene.  Since the possible i so m er i za -  
tion of sulfolene der iva t ives  in acidic media  was previously  repor ted  in [5], we proved the position of the 
double bond in IX-XI by compar i son  of the physical  constants and chromatographic  and spect ra l  cha rac t e r -  
is t ics  of IX and the known 3-phenyl-3-sul fo lene  [3] and 3-phenyl-2-sul fo lene  [6]. The isomerizat ion of IX 
in 1 N aqueous KOH, which, according to the data of th in - layer  chromatography (TLC), gives a mix tu re  of 
i somers ,  f rom which 3-phenyl-3-sul fo lene  and 3-phenyl-2-sulfolene a re  isolated with a column filled with 
aluminum oxide, may  se rve  as an addit ional  proof  of the position of the double bond. In addition to 4 - a r y l -  
2-sulfolenes,  a smal l  amount of 4 -ch lo ro-2-su l fo lene  (VI), which was identified by means  of TLC, is formed 
in the react ion of I with benzene.  

A mix ture  (1.7 : 1) of 3-methyl-4-phenylsul folane  (X]I) and the known 3-methyl -2-su l fo lene  [7], the 
format ion  of which can be explained by el imination of the sulfonate group and subsequent i someriza t ion [8], 
was obtained in the reac t ion  of II with benzene (II: AIC13 = 1: 0.5-2). 

The pr incipal  reac t ion  products  in  the reac t ion  of III-V with a romat ic  hydrocarbons  in the p resence  
of excess  (2 : 1) A1C13 a re  3-hydroxy-4-chlorosu l fo lane  (VII) [9] with IH and 3,4-dtchlorosulfolane (VIII) [9] 
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TABLE 1. Ary l  Der iva t ives  of the Sulfolane Ser ies  

Com- 
pound 

IX 
X 

Xl 
XII 

XIII 

Ar 

C6Hs 
C6H4OCHa-p 
2,4,6- (CH3) 3C6H2 
C6H5 
CsHs 

x rap, ~ 

H 84--85 
118--119 

H 174--175 
CH~ 134--135 
OH 139--140 

Empirical 
formula 

Found, % Calc., ~ Yield, 

 l.Is c l . t s  
CloHloO~S 61,3 5,2 16,3 61,8 5,2 16,5 95 
CIIHI203S 58,51 5,4 14,6 58,6]. 5,7 14,2 88 
C,~H~602S 662[ 6,5 13,9166.0 t 6,4 / 13,6175 
CIIHI402S 62,5 6,6 15,5 62,8 6,7115,2 35 
CIoHI203S 56,8 5,5 15,2 56,6 5,6 / 15,! 33 

with IV and V; this a t t e s t s  to p redominance  of chlor inat ion o v e r  alkylation. In the case  of V, pronounced 
res in i f iea t ion  and H2S evolution is obse rved  with a g r e a t e r  amount (3 : 1) of A1C13. 

Phenylsul fo lanes  XIII  (X=OH) and XIV (X=C1)a re  obtained in yields  of 30 and 12%, respec t ive ly ,  when 
Ii-[, IV: A1C13 =1 : 1 only on prolonged ref luxing (8-36 h). With V, the s ta r t ing  sulfonate is r egene ra t ed  under  
these  conditions.  Activat ion by hydrogen chlor ide does not lead to an i nc r ea se  in the yield of the phenyl-  
sulfolanes .  Diphenylsulfolane XV is fo rmed  only on ref luxing (60 h) with V : A1C13 = 1 : 2. Since XIV and XV 
could not be isolated f r o m  a mix tu re  with VIII by crys ta l l iza t ion ,  the reac t ion  products  were  ni t ra ted,  and 
XIV and XV w e r e  identified as n i t rophenylsulfolanes  XVII and XVIII. 

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

Star t ing  sulfonates  I -V  were  p rev ious ly  obtained in [4]. T h i n - l a y e r  and column ch romatography  with 
act ivi ty-r[  a luminum oxide (with diethyl e ther  as the eluent) were  used to identify and s e p a r a t e  the products .  
The t h in - l aye r  c h r o m a t o g r a m s  were  developed with iodine vapors .  

4 -Pheny l -2 - su l fo l ene  (IX). A 5.6-g (45 mmole)  sample  of anhydrous a luminum chloride was added 
gradual ly  to a solution of 8.2 g (0.03 mole)  of 2 - su l fo len -4 -y l  benzenesulfonate  in 60 ml  of absolute  benzene,  
and the mix tu r e  was  ref luxed fo r  5 h until  hydrogen chlor ide  evolution ceased.  The end of the reac t ion  was 
judged f r o m  the d i s appea rance  of the sulfonate spot on the th in - l aye r  ch roma tog ram.  The reac t ion  mix tu r e  
was poured  ove r  ice and acidified with hydrochlor ic  acid. The benzene l a y e r  was separa ted ,  and the aqueous 
l a y e r  was ex t rac ted  with benzene (twice with 30-ml port ions) .  The benzene solution and the ex t r ac t s  we re  
combined, washed with wa te r  until  neutra l ,  and dr ied  with anhydrous sodium sulfate.  The benzene was r e -  
moved  in vacuo with a wa t e r  a s p i r a t o r ,  and the res idue  was c rys ta l l i zed  f r o m  methanol  to give 4-phenyl -2  - 
sulfolene.  

4 - (p-Methoxyphenyl ) -2-su l fo lene  ~ )  and 4 -Mes i t y l -2 - su l fo l ene  (XI). These  compounds w e r e  obtained 
by the method used  to p r e p a r e  IX. 

3 -Methy l -4-phenylsu l fo lane  (X]D. This  compound was obtained by the method used to p r e p a r e  IX. 
The res idue  a f t e r  r emova l  of the solvent  contained a m i x t u r e  of 3 - m e t h y l - 2 - s u l f o l e n e  fRf 0.17) a n d 3 - m e t h y l -  
4-phenylsul fo lane  (P~ 0.33) in a r a t io  of 1.7 : 1; these  compounds were  sepa ra t ed  with a column. 

3 -Hydroxy-4-pheny lsu l fo lane  (XIII). This  compound was obtained under  the conditions used fo r  the 
p r epa ra t i on  of IX. The benzene  solution was worked up s imi l a r ly .  The aqueous l aye r  was cooled to 5 ~ and 
the resul t ing  p rec ip i t a t e  and the res idue  obtained a f t e r  r e m o v a l  of the benzene f r o m  the organic  l a y e r  by 
dis t i l la t ion w e r e  combined and ch romatographed  with a column (VII: XIII= 1.6 : 1). 

4 - (p -Ni t ropheny l ) -2 - su l fo lene  ~ V D .  A mix tu r e  of 3 m l  of n i t r ic  acid (sp. gr .  1.50) and 4~3 m l  of su l -  
fu r i c  acid (sp. gr .  1.84) was added dropwise  to an ice-cooled  solution of 13.6 g (0.07 mole) of 4 -pheny l -2 -  
sulfolene in 3 m l  of concent ra ted  sulfur ic  acid (sp. gr .  1.84), a f t e r  which the mix tu r e  was heated at  40-50 ~ 
for  30 min  and then poured over  ice. The p rec ip i t a te  was r emoved  by f i l t rat ion,  washed with water ,  and 
dried.  Crys ta l l i za t ion  f r o m  methanol  gave  XVI with m p  139-140 ~ Found: C 50.4; H 3.9; N 6.2; S 13.5%. 
C10H904NS. Calculated: C 50.2; H 3.8; N 5.9; S 13.4%. 

3 -CMoro-4- (p -n i t ropheny l ) su l fo lane  ~ V I I ) .  A 21-g s amp le  of a m ix tu r e  of 3 ,4-cMorosul fo lane  and 
3-ch loro-4-phenylsu l fo lane ,  obtained by refluxing (for 36 h) 64.8 g (0.2 mole) of 3 - ch lo ro -4 -hyd roxysu l fo -  
lanyl  benzenesulfonate ,  150 m l  of absolute  benzene,  and 27 g (0.20 mole)  of anhydrous  a luminum chloride,  
was  c rys t a l l i zed  f r o m  methanol .  The resul t ing  p rec ip i t a te  (11.8 g) of 3 ,4-d ichlorosul fo lane  was separa ted .  
The methanol  was r emoved  f r o m  the f i l t r a t e  by disti l lation, and the res idue  (9.2 g) was n i t ra ted  under  the 
conditions of the synthes is  of XVI. Crys ta l l iza t ion  f r o m  methanol  gave 7 g of X-VII with mp  190-191 ~ Found: 
C 43.7; H 3.7; C1 12.7; N 5.1; S 11.5%. C16Hi0C1NO4S. Calculated: C 43.6; H 3.7; C1 12.8; N5.1; S 11.6%. 
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3,4-Di (p-nitrophenyl)sulfolane (XVIII). A 19-g sample of a mixture of 3,4-dichlorosulfolane and 3,4- 
diphenylsulfolane, obtained by refluxing (for 60 h) 64.8g (0.15 mole) of trans-3,4-dihydroxysulfolanyl di- 
benzenesulfonate, 180 ml of absolute benzene, and 80 g (0.6 mole) of anhydrous aluminum chloride, was 
crystallized from methanol. The precipitate (7 g) of 3,4-dichlorosulfolane was separated. The methanol was 
removed from the filtrate by distillation, and the residue (11 g) was nitrated under the conditions of the syn- 
thesis of XVI. Crystallization from methanol gave 4.4 g of XVIII with mp 200-201 ~ Found: N 7.5%. 
Cl~H14N20~. Calculated: N 7.7%. 
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