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S-(4-Hydroxyary l ) su l fon iacyc lane  p e r c h l o r a t e s  have been obtained by the condensat ion of 
th iacyc lanes  with phenols in the p r e sence  of pe rch lo r i c  acid, phosphorus  oxychloride,  and 
hydrogen peroxide,  or  by condensing thiacyclane S, oxides under  the same conditions but 
without the hydrogen peroxide .  The capaci ty  for  fo rming  sulfonium p e r c h l o r a t e s  d e c r e a s e s  
sharp ly  in the sequence te t rahydroth iophene > thiacyclohexane > thiacycloheptane > me thy l -  
thiacyclohexane;  no sulfonium sa l t s  a re  obtained under  these conditions f r o m  2 ,2 ,6 ,6 - t e t r a -  
methyl th iacyclohexane,  2 - m e t h y l - l - t h i a d e c a l i n ,  o r  2 ,5-d imethyl te t rahydroth iophene .  The 
S- (4-hydroxyary l ) su l fon iacyc lane  p e r c h l o r a t e s  take par t  in double-decomposi t ion  reac t ions ,  
giving p i c ra t e s ,  chlor ides ,  and phosphates .  The action of caust ic  potash in methanol  on S- 
(4-hydroxyphenyl) te t rahydrothiophenium sal t  f o r m s  a d imer i c  sulfobetaine.  

In the development  of the c h e m i s t r y  of sa tu ra ted  cycl ic  sulfides,  which are  found in minera l  oils [1], 
we undertook the synthes is  of a number  of sulfonium der iva t ives  of th iacyclanes .  Dia lkylarylsul fonium 
sal ts  have been obtained p rev ious ly  by condensing a roma t i c  compounds having an act ivated p a r a  posi t ion 
with dialkyl sulf ides in the p re sence  of oxidizing agents and s t rong acids [2-4] or  with the cor responding  
dialkyl sulfoxides in an acid medium [4-6]. We were  the f i r s t  to synthesize  S-a ry l su l fon iacyc lane  sa l t s  [7]. 
La te r ,  the product ion of S-phenyl te t rahydroth iophenium and S-phenylsulfoniacyclohexane sa l t s  by the cyc lo-  
dehydrohalogenat ion of w-b romoa lky l  phenyl sulfides in the p resence  of acet ic  anhydride and pe rch lo r i c  
acid was repor ted .  This  method is suitable for  the synthes is  of s imple  S-phenylsulfoniacycloalkane p e r -  
ch lora tes  but does not offer  the poss ib i l i ty  of the di rect  use of the th iacyclanes  that a re  c h a r a c t e r i s t i c  for  
pe t ro l eum and pe t ro l eum products .  

In o rde r  to obtain S-arylsul_foniacyclane sa l t s ,  we used the method for  the synthes is  of d ia lky la ry l su l fo-  
nium p e r c h l o r a t e s  [4]. By the condensat ion of phenol with te t rahydrothiophene,  th iacyclohexane,  and 2- 
methyl th iacyclohexane in the p re sence  of pe rch lo r i c  acid, phosphorus  oxychloride,  and hydrogen peroxide,  
and also with te t rahydrothiophene,  th iacyclohexane,  and thiacycloheptane S-oxides in the absence  of hydro-  
gen peroxide  [7], and a lso  by the reac t ion  of te t rahydrothiophene and te t rahydrothiophene S-oxide with ~- 
naphthol, we obtained S- (p-hydroxyary l ) su l fon iacyc lane  pe rch lo ra t e s  {Table 1). The use of the S-oxides 
had no apprec iab le  advantages  over  the use of the unoxidized cycl ic  sulf ides and hydrogen peroxide .  Under  
these  conditions, c i s -  and t r ans -2 ,5 -d ime thy l t e t r ahydro th iophene ,  2,2, 6, 6 - te t ramethyl th iacyc lohexane ,  and 
2 - m e t h y l - l - t h i a d e c a l i n  and the cor responding  S-oxides do not r eac t  with phenols.  In the case  of th iacyclo-  
hexane and its S-oxide, in addition to the pe rch lo ra te ,  a sulfonium phosphate is fo rmed  in which the anion 
is the res idue  of a pa r t i a l ly  condensed f o r m  of phosphor ic  acid H2PO 4 �9 H4P20 r- (see [9]). 

Tet rahydroth iophene  is dist inguished by i ts  high reac t iv i ty :  the S-a ry l t e t rahydro th iophen ium p e r -  
ch lora tes  a re  fo rmed  in close to quanti tat ive y ie lds .  The introduction of subst i tuents  into the ce posi t ion 
i n t e r f e r e s  with the fo rma t ion  of the sulfonium sa l t s  to an e x t r e m e  degree .  In a number  of ca ses ,  no r e a c -  
t ion takes  place:  some sulfoxide is r e c o v e r e d  unchanged while some of it is reduced to the sulfide; in addi-  
tion chlorophenol  is a lways fo rmed  as a r e su l t  of the chlor inat ion of the unchanged phenol by the phosphorus  
oxychlor ide.  
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In the sa l t s  obtained, the r ep l acemen t  of the anion takes  place readi ly;  this  reac t ion  conf i rms  the 
s t ruc tu re  of the compounds obtained as sulfonium sa l t s  (Table 1). When S-(p-hydroxyphenyl ) te t rahydroth[o-  
phentum pe rch lo ra t e  was subjected to prolonged heating with an aqueous solution of po tass ium chloride,  a 
smal l  pa r t  of the sulfonium sal t  was conver ted  with opening of the f i v e - m e m b e r e d  ring into 4-hydroxybutyl  
4-hydroxyphenyl  sulfide. 

The s t ruc tu re  of the sulfonium sa l t s  obtained as phenol and naphthol der iva t ives  was conf i rmed by 
UV spec t roscopy:  the s p e c t r a  of the S-(4-hydroxyphenyl) te t rahydrothiophenium,  S-(4-hydroxyphenyl)sul -  
foniacyclohexane,  and S-(4-hydroxyphenyl)methylsulfoniacyclohexane pe rch lo ra t e s  each had a single ab-  
sorpt ion  band in the 245-250-nm region which is c h a r a c t e r i s t i c  for  phenol der iva t ives ;  the UV s p e c t r u m  
of S - (4 -hydroxy- l -naph thy l ) t e t r ahydro th iophen ium had m a x i m a  at 236 and 315 nm, which are  c h a r a c t e r i s -  
tic for  ~-naphthol de r iva t ives .*  

When S-(p-hydroxyphenyl) te t rahydroth iophenium perch lo ra te  or  chloride was t r ea ted  with a solution 
of caust ic  potash in methanol ,  it was imposs ib le  to isolate  the sulfonium base  f r o m  the reac t ion  mixture :  
apparent ly ,  when the f i l t ra te  (after the e l iminat ion  of the po ta s s ium sal ts)  was concent ra ted  the condensa-  
tion of two molecu les  of the sulfonium base  took place with the e l iminat ion of wa te r  and the fo rmat ion  of a 
pecu l i a r  ve ry  spar ingly  soluble sulfobetaine the IR spec t rum of which lacked the absorpt ion band of a hy- 
droxy group.  

X= El or C I O  4 

E X P E R I M E  NTAL 

The UV s p e c t r a  of the sulfoniacyclane pe rch lo ra t e s  were  obtained on an E PS-3T spee t ropho tome te r  
in aqueous solut ions.  

S- (p-Hydroxyphenyl ) te t rahydroth iophenium Pe rch lo ra t e .  A. To 26 ml  of 67% perch lo r i c  acid was 
added 20 ml of phosphorus  oxychloride and then, with ice c o o l i n g ,  4.7 g (0.05 mole) of phenol, followed at a 
t e m p e r a t u r e  of the reac t ion  mixture  of 0-5~ by 5.2 g (0.05 mole) of te t rahydrothiophene S-oxide (contain- 
ing 29.2% of sulfoxtde sulfur) .  The mix tu re  was kept at 0~ fo r  4 h and then at room t e m p e r a t u r e  for  12 h 
and was poured on an ice; the S-(4-hydroxyphenyl) te t rahydroth iophenium perch lo ra te  that deposited (see 
Table 1) was suitable without fu r the r  pur i f ica t ion for  subsequent use.  Fo r  analys is  it was c rys ta l l i zed  f rom 
wa te r  or  dilute ethanol.  

B. With ice cooling, 9.6 g of phosphorus  oxychlor[de,  2.35 g (0.025 mole) of phenol, and 2.2 g (0.025 
mole) of te t rahydrothiophene were  added to 21.3 g of 67% perch lo r i c  acid. With i c e - s a l t  cooling, 2.5 g of 
34% hydrogen peroxide  (0.025 mole) was added at such a ra te  that the t e m p e r a t u r e  of the mix ture  was be -  
t w e e n - 2  and +8~ Then the S-(4-hydrexyphenyl te t rahydroth iophenium perch lo ra te  was isolated as de- 
sc r ibed  above.  

The other  sulfoniacyclane pe rch lo ra t e s  (see Table 1) were  obtained s imi l a r ly .  

S-(p-Hydroxyphenyl)  sulfoniacyclohexane Phosphate .  After  the i solat ion of S- (4-hydroxyphenyl)sulfonia-  
cyclohexane pe rch lo ra t e ,  p r e p a r e d  f r o m  thiacyclohexane S-oxide, an excess  of a sa tura ted  solution of so-  
dium chloride was added to the f i l t ra te ,  the po ta s s ium perch lo ra te  was sepa ra ted  off, and the f i l t ra te  was 
concent ra ted  at 100~ and was ex t r ac t ed  with isobutanol with heating. The ethanol was dist i l led off in 
vacuum, the res idue  was dissolved in acetone,  and the solution was diluted with e ther .  The phosphate that 
deposited was pur[fted by boiling its aqueous solution with act ivated carbon (see Table 1). 

1 - (p-Hydroxyphenyl ) -2-methylsu l foniacyc lohexane  Pe rch lo ra t e .  In the case  of 2 -methy l th iacyc lo-  
hexane, a f t e r  the end of the reac t ion  the mix tu re  was poured onto ice; the oil was sepa ra t ed  off, washed 

*The UV s p e c t r a  were  obtained by N. A. Shimanko (A. V. Topchiev Insti tute of Pe t rochemica l  Synthesis of 
the Academy of Sciences of the USSR). 
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with benzene,  and ext rac ted  with isobutanol. The ex t rac t  was washed f rom acid, and af te r  the solvent had 
been disti l led off in vacuum S-(4-hydroxyphenyl)-2-methylsulfoniacyclohexane perch lora te  was obtained 
(see Table 1). 

S-(p-Hydroxyphenyl) tetrahydrothiophenium Chloride and 4-Hydroxybutyl  4-Hydroxyphenyl Sulfide. A 
mixture  of 2.8 g (0.01 mole) of S-(4-hydroxyphenyl) tetrahydrothiophenium perch lora te  and 34 ml of satu- 
ra ted aqueous potass ium chloride was boiled for  13 h. On cooling, potass ium perehlora te  precipi tated,  and 
af ter  its separat ion the 4-hydroxybutyl  4~hydroxyphenyl sulfide was ex t rac ted  f rom the f i l t ra te  with e ther  
or benzene and was then r ec rys t a l l i zed  f rom benzene; yield 3.5% (when the perch lora te  was boiled with a 
solution of potass ium chloride for  30 h, the yield of sulfide was 16%). mp 67~ Found: C 60.8; H 7.0Vc. 
C10H1402S. Calculated: C 60.6; H 7.1~0. 

The aqueous solution af te r  the separat ion of the sulfide was evaporated to dryness  and, with heating, 
isobutanol was extracted f rom the res idue  the S-(4-hydroxyphenyl) te t rahydrothiophenium chloride,  which was 
ree rys ta l l i zed  f rom a mixture  of ethanol and acetone (1: 1) (see Table 1). The other  sulfoniacyclane chlor ides  
(Table 1) were obtained s imi lar ly .  

Sulfobetaine f rom S- (p-Hydroxyphenyl)sulfoniacyclane Salts. Solutions of 2.8 g (0.01 mole) of S- (4- 
hydroxyphenyl) tetrahydrothiophenium perchlora te  in 15 ml of methanol and of 0.56 g (0.01 mole) of caustic 
potash in 12 ml of methanol were mixed and boiled for  6 h. After cooling, the potass ium perchlora te  was 
f i l te red  off, the f i l t rate was evaporated,  and the residue was washed with water  and acetone f rom star t ing 
mater ia l s  that had not reac ted  (yield 70~). The sulfobetaine was obtained s imi lar ly  f rom S-(4-hydroxy-  
phenyl)tetrahydrothiophenium chloride (yield 48%). Solubility at 20~ in wate r  0.008%, in ethanol andace-  
tone ~0.1%. mp 150-151~ Found: C 66.0; H 7.1~; mol. wt. 357 (cryoscopy in camphor  according toRast ) .  
C20H4002S 2. Calculated: C 66.6; H 6.7~ mol. wt. 360. 
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