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The  p r e p a r a t i o n  of a r y l t h i o a l k y l  d e r i v a t i v e s  by the  Ad E r e a c t i o n  wi th  a l k e n e s  is  u s u a l l y  p e r f o r m e d  us ing  
c o v a l e n t  A r S - Y  r e a g e n t s  (whe re  Y is  a h a l o g e n  [1] o r  t h i o c y a n o g e n  [2]) o r  c a t i ono id s  which  a r e  c o n v e n t i o n a l l y  
w r i t t e n  as  ArS+Y - (whe re  Y-  is  a n o n - n u c l e o p h i l i c  c o u n t e r - i o n  such  as  13F~ [3]). In the  f o r m e r  c a s e ,  t h e  
r e a c t i o n  p r o d u c t s  a r e  f l -ha lo  o r  f i - t h i o c y a n i d e  d e r i v a t i v e s , *  w h i l e  in t h e  l a t t e r ,  e p i s u l f o n i u m  s a l t s  a r e  o b t a i n e d  
which ,  upon f u r t h e r  t r e a t m e n t  wi th  n u c l e o p h i l e s  (Nu), f o r m  f i - N u - s u b s t i t u t e d  a r y l t h i o e t h e r s .  Th i s  l a t t e r  v a r i a n t  
i s  m o s t  p r o m i s i n g  as  a p r e p a r a t i v e  p r o c e d u r e ,  a l though i t s  c o m m o n  use  i s  h i n d e r e d  by  d i f f i c u l t i e s  r e l a t e d  to 
the  i n s t a b i l i t y  of t he  ArS+Y - ca t iono id  g e n e r a t e d  in s i tu .  We should  note tha t  t h e r e  a r e  no d a t a  on the  s t r u c t u r e  
of t h e s e  r e a g e n t s ,  w h i l e  ana logous  s y s t e m s  for  t r a n s f e r  of t he  MeS + have  a c o m p l e x  c o m p o s i t i o n  and v i r t u a l l y  
do not con t a in  t he  m o n o m e r i c  MeS+Y - s a l t  [4]. 

It is  c l e a r l y  s i m p l e r  to  u se  r e a g e n t s  in which  the  ArS  + g r o u p  is  s t a b i l i z e d  as  a s t o i c h i o m e t r i c  A r S Z  
c o m p l e x ,  w h e r e  Z is  a good l e a v i n g  g roup .  We have  p r e v i o u s l y  s h o w n t h a t  d i a r y l  d i s u l f i d e s  m a y  be  such  
' s t a b i l i z e r s  ~ [5] and tha t  [ArS(SAr)2]+Y - r e a g e n t s  indeed  a r e  a c t i v e  t r a n s f e r  agen t s  fo r  t h e  ArS  + g r o u p  in r e -  
ac t ions  wi th  a l k e n e s .  H o w e v e r ,  t he  r e q u i r e m e n t  of u s ing  s t o i c h i o m e t r i c  q u a n t i t i e s  of (ArS) 2 as  a ~ba l l a s t "  
in t h e s e  r e a c t i o n s  p r o d u c e s  c e r t a i n  d i f f i c u l t i e s .  Thus ,  in the  p r e s e n t  w o r k ,  we  s tud ied  t h e  p o s s i b i l i t y  of u s i n g  
s o m e  s u l f i d e s  as  s t a b i l i z e r s  fo r  t he  A r S  + g roup .  

The  r e a c t i o n  of a r o m a t i c  s u l f e n e  c h l o r i d e s  (In-f) wi th  L e w i s  a c i d s  SbCI~ o r  SbF 5 in t he  p r e s e n c e  of s u l f i d e s  
(II)-(V) a t - 3 0 ~  t o -  50~ r e a d i l y  y i e l d s  the  c o r r e s p o n d i n g  a r y l t h i o s a l f o n i u m  s a l t s  (VI)-(IX) by the  fo l lowing  
g e n e r a l  s c h e m e :  

R 
CHIC12 or : + /  

ArSC1 + SbCIs(SbFs) + tPSR liquid so~ * ArSS SbCI~-(SbF~C1-) 
(I) ( I I ) - (v)  \ t p  (v I ) - ( Ix )  

(I): Ar = Ph (a), 4-MeC6H4 (b), 4-C1C~H4 (c), 2,4,6-MeaC~H2 (d), 4-CFaC6Ha (e), 
C~F5 (f). 

R := R 1 -  Me (II); t / - -  tl~ = --(CH2h-- (III); tl = Me, tl 1 = 4-C1C6H4 (IV); 
tl = I11 = Ph (V). 

(VI): I t = I l l = M e ,  A r = P h  (a), 4-MeC6H~ {b), 4-C1C~Ha (c), 2,4,6-MeaC6H2 (d), 
4-CF3C~H4 (e), C6F~ (f). 

(VII): R = R I = -  (CH2)4--, Ar = 4-CIC6H4 (a), 2,4,6-MeaC6H2 (b). 
(VIII): }3 =Me, l~' ~4-CIC~H4, Ar~ Ph (a), 4-MeC6H4 (b), 4-CIC6H4 (c), 2,4,6- 

MeaC6H2 (d), 4-CF~C6H~ (e), C6F5 (f). 
(IX): R = R I = Ph, Ar = Ph (a), 4-MeC,H4 (b), 4-CIC~H4 (c), 4-MeOC6H~ (d). 

Salts (VI) and (VII) are rather stable in solid form and are characterized by the data in Table 1. Table 
2 gives the IDMR spectra of salts (VIII) which are stable only in solution. Salts (VI), (VIII), and (IX) were char- 
acterized by their I3C NMR spectra. Analysis of the results  obtained shows that these compounds are  indeed 
sulfonium salts.  The 13C NMR spectra of salts (VI), (VIII), and (IX) will be discussed in a separate communica- 

tion. 

The salts obtained (VI)-(IX) are efficient transfer  agents for the ArS + group in AdE reactions with cyclo- 
hexene (X), l-methyleyclohexene (XI), tetramethylethylene (XII), cyclooctene (XIII), styrene (XIV), and isoprene 
(XV). In all cases, the reaction proceeds rather  readily even a t - 1 0  to-30~ and, depending on the nature of 

* A s p e c i a l  c a s e  i s  the  AdE r e a c t i o n  of c o v a l e n t  r e a g e n t s  under  doping  add i t ion  cond i t ions  g iv ing  v a r i o u s  s o l v o -  
adduc t s  [3]. 
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TA:BLE 1. Ana ly t i ca l  and Spec t ra l  Da ta  for  Aryl thiosulfoni t~m Sal ts  
(VI) and (VII) 

R 2 

Sa l t  

Me Me 

Me Me 

Me Me 

Me Me 
Me Me 
Me Me 

-- (CH2) ~-- 

- ( C g J  ~- 

( (Via)  

:(Vlb) 

(VIc) 

(vie) 
(Vie,) 
(v~f) 

,(VIIa) 

(VIIb) 

/ 
Ra--O--SSRR1SbC! ( 

\ 
R 2 

Yield, F culated, ound/cal ~ - I( IPMR ppm)* speetr a 
R~ R~ R~ r a p ,  ~ v 6' 

% t + a H , fo r  SgR' 

t8,32 2,22 
H H 90 95-97 ~ 2,00 I 2'95s (6H) 

H Me 92 92-95 19,91 2,47 } 2,94 s (SH) 
20,80 2,52 I 

H C1 95 97:-99 17,88~ t1,867 t2,95s ( 6 H ) ,  
17,79 

Me Me 92 123-t25 - 3,12 s (6H) 
H CFs 90 8o-87 ~ 2,97 s (6H) 

93 94-96 3,16 s (6H) 

20,55 237 2,30m (4H), 
H C1 85 85-87 2138 2 " - ~  I 3,75m (4H) 

�9 t00-104 26.88 3,30 12,8m(4H), 
Me Me 93 I 27,00 ~ [  3,85m (4H) 

* The  a r o m a t i c  p ro ton  s igna ls  a r e  at 7 .00-7.80 ppm and the  benzene  
r i n g  methy l  p ro tons  a r e  at 2 .38-2 .40  ppm (for R "~ =Me) and 2.25-  
2.60 ppm (for R 2 =!R a =Me).  
t ArS = C6F ~S. 

T A B L E  2. PMR Spec t ra l  Da ta  for  Salts  (VIII) 
+ 

ArSS--CsH~CI 

PMR II 
spectrum 

Salt Ar (5, ppm)* 
for MeS 

] 

(VIIIa) Ph t 3,33 s 
(VIIIb) 4-MeCsH~ t 3,26 s 
(VIIIc) 4-C1CBH~ 3,29 s 

* See footnote  in Table  1. 

S alt 

(VIIIr) 
(VlII~) 
(vIIIe) 

M e  

Ar 

PMR spectrum 
(6, ppm)* 

I for Me8 
I 

2,4,6-Me~C6H2 ] 3,33 s 
443F~C6H~ I 3,30 s 
C6F5 3,45 s 

the  a lkene a n d / o r  r eagen t ,  leads  to the f o r m a t i o n  of f i - a ry l t h io su l fon ium sa l t s  (A) a n d / o r  S - a r y l e p i s u l f o n i u m  
sa l t s  (B) by the  fol lowing s c he m e :  

\ C = C  / + ArSSRRISbCIc \C--C / and/or \ C - - C  / 
/ \ ~/! IN /\+/ \ 
(X)--(XV) (VI)--(IX) ArS +SRR 1 SAt 

(A) (S) 

The  r e a c t i o n  of a lkenes  with a ry l th iod ia lky l su l fon ium sa l t s  (VI) and (VII) p r o c e e d s  mos t  unequivocally~ 
In r e a c t i o n s  with a lkenes  (X), (XIII), (XIV), and (XV), we  found the  exc lus ive  f o r m a t i o n  of f i - a ry l th ioa lky l su l -  
fon ium sa l t s  (A) (XVI)-(XXVII) which a r e  r e a d i l y  s e p a r a t e d  as compounds  which a r e  r a t h e r  s tab le  as  so l ids .  
T h e i r  s t r u c t u r e  is suppor ted  by the  da ta  in Table  3. We should howeve r  note that  sa l t s  (XIX), (XXIIIa,b), and 
(XXVa,b) obta ined f r o m  i s o p r e n e  (XV) a r e  1 ,4 -adduc t s  (as shown by the  PMR spec t ra )  and mix tu re s  of Z-  and 
E - i s o m e r s  (the p r e s e n c e  of the t r ip l e t  of the  C = C H C H  2 f r a g m e n t  at 5.35 ppm (1H) and of two b road  s ing le t s  
of  the  MeC = C  f r a g m e n t  is d iagnos t ic ) .  However ,  FMR study of the r e a c t i o n  of {XV) with (VIc) and (VIIa) 
showed tha t  1 , 2 - adduc t s  a r e  f o r m e d  ini t ia l ly  which l a t e r  a r e  r ead i ly  conve r t ed  to the  m o r e  s tab le  t , 4 - a d d u c t s  

~ < / +  ArSgRR1 -50~ ~ ~/\+ 
] +SRPJ I SRR1 

ArS SAr 
(XV) (VIc), (VIIa) (XIX), (XXIIIa) 

3 4 3  
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Thus,  the 1JMR s p e c t r u m  of the reac t ion  mix tu re  of (XV) with (VIc) and (VIIa) in CH2CI 2 a t -  50~ shows signals  
c h a r a c t e r i s t i c  for  the 1,2-adduct:  mul t ip le ts  centered  at 5.6 and 4.30 ppm and singlets  at 3.50 and 1.65 ppm 

I 
cor responding  to the f r agmen t s  CH=CH2,  CH 2 =CH,  CH2SAr, and Me- -C- -C . / .  These  signals  a l ready d i sappear  

I \ 

30 min af ter  w a r m i n g  to 20~ and the s p e c t r u m  of the r eac t ion  mix ture  co r re sponds  to the final adduets (XIX) 
and (XXKIa), r e spec t ive ly .  An analogous r e a r r a n g e m e n t  was prev ious ly  descr ibed  for  1 ,2 -ch loroary l th io  adducts 
of i sop rene  [6]. 

In mos t  cases ,  we found the fo rmat ion  of the cor responding  3 -a ry l th ioa lkymethy l -4 -ch lo ropheny l su l fon ium 
sa l t s  (XXIV) and (XXV) for r eac t ions  of alkenes with sa l t s  (VIII). These  sa l t s  a r e  r a t h e r  s table  in the case  
of the de r iva t i ve s  of alkenes (X), (XIII), and (XV). They a r e  cha rac t e r i zed  by the analyt ical  and spec t r a l  data  
given in Table  3. 

In the case  of s ty rene  (XIV) and 1-methy lcyc lohexene  (XI), the cor responding  sa l t s  (XXVI) and (XXVII) 
a r e  s tab le  only at low t e m p e r a t u r e  and thus,  their  s t r u c t u r e  as f i -a ry l th ioa lky lmethy l -4-ch lorophenylsu l fon ium 
sa l t s  was  conf i rmed by p repa r ing  the cor responding  f i -acetoxy adducts (XXXV) and (XXXVI) (Table 4). 

The  fo rma t ion  of an episulfonium sal t  is c lea r ly  demons t ra ted  in the reac t ion  of (VIIIb) with cyclooctene 
(XIII). The sal t  obtained (XXIX) was identified by compar i son  with a known sample  r e l a t ive  to melt ing point, 
PMR spec t rum,  and e lementa l  analys is  [5]. However ,  in going to r eagen t s  (viIIc)  and (VIIIe), we find the fo r -  
mat ion  of a mix tu re  of sa l t s  (A) and (B) in 1 : 1 ra t io  according  to PMR and elemental  analys is .  In all these  
ca se s ,  the episulfonium sal t  is apparent ly  fo rmed initially,  but only when the S -a ry l  group has  a sufficiently 
s t rong  e lec t ron-donor  subst i tuent  does this sa l t  r e a c t  suff iciently slowly with 4-C1C6H4SMe presen t  in the 
medium to p e r m i t  its isolat ion.  Analogous behavior  is found in the reac t ion  of cyclooctene with (VI). Episu l -  
fonium sa l t  (XXVIII) is fo rmed  in the case  of (VIb), while sulfonium sal t  (XVII) is fo rmed  in the case  of (vic).  

The exclus ive  fo rmat ion  of episulfonium sal ts  was  found in the reac t ions  of (IXb) and (IXc) with cyclo-  
octene and t e t r amethy le thy lene .  The cor responding  sa l t s  (XXXa,b) and (XXXIa,b) w e r e  obtained in 82-95% 
yield (see Tab le  3). Thus,  the fo rma t ion  of episulfonium sa l t s  using the r eagen t s  obtained is poss ib le  only 
when the sa l t s  obtained a re  especia l ly  s table  [5]. 

The r eac t iv i ty  of the S-a ry lep i su l fon ium sa l t s  r e l a t i ve  to nucleophiles has been studied in cons iderable  
deta i l  [3]. In o rde r  to provide  fu r the r  cha rac te r i za t ion  of the S-a ry lep i su l fon ium sa l t s  obtained in the p resen t  
work,  some  of these  products  (XXXa, b) w e r e  reac ted  with AcO-.  In all cases ,  the cor responding  f i -acetoxy 
adducts (XXXVII) and (XXNVIII) w e r e  obtained in invar iab ly  high yields (see Table  4). 

In o rde r  to evaluate  the r eac t iv i ty  of type (A) sa l t s ,  we studied the i r  r eac t ions  with the ace ta te  anion and 
s e v e r a l  o ther  nucleophiles.  Dia lkyl - f i -a ry l th iosu l fonium sa l t s  (A) obtained using (VI) and (VII) w e r e  r a t h e r  
iner t  towards  reac t ion  with AcO-.  Thus,  sa l t s  (NIX), (XXIIa), and (XVIa) upon t r e a t m e n t  with a mix tu re  of g lac ia l  
ace t ic  acid and sodium ace ta te  for  3 h at 20~ vir tual ly  do not yield acetoxy adducts and a r e  obtained unchanged, 
In the i r  r eac t iv i ty  towards  AcO-,  me thy l -4 -ch lo ropheny l -  and diphenyl- f i -aryl th iosul fonium sa l t s  (A) a r e  s i m i -  
l a r  to the episulfonium sa l t s  (B), and the fo rmat ion  of the cor responding  acetoxy adducts (XXXII)-(XXXVI), (XL), 
and (XLI) (see Table  4) p roceeds  r a t h e r  read i ly  

I 1 oa~-  1 I 
--C--C R ~--C--C-- 

I I /  l i 
ArS +S ArS OAc 

\ 
(A) nl 

The type (A) sa l t s  which a r e  de r iva t ives  of i soprene ,  (XXVa) and (XXVb), r e ac t  anomalously  with AcO-.  
The r eac t i on  p roceeds  exclus ively  by an SN2' mechan i sm with the fo rmat ion  of the cor responding /3-ace toxy-  
sulf ides (XL) and (XLI) 

ArS ! A r S \ / l \ / /  
\ / ' ~ / \ +  z- SRR 1 - - ~  Z 

(XXVa, b) Z = OAc (XL, XLI), 
OH (XLII), 0Me (XLIII) 

These  sa l t s  r e a c t  s i m i l a r l y  with other  nucleophiles.  Thus, the t r e a t m e n t  of sa l t s  (XXIVa) and (XXVa) with 
sa tu ra ted  aqueous NaHCO 3 gives high yields  of the cor responding  hydroxy adducts (XLII) and (XLIV). T r e a t -  
ment  of sa l t  (XXVa) with abs.  methanol  gives the methoxy adduct (XLIII). 
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TABLE 4. Cha rac t e r i s t i c s  of /? -A cetoxy Adduets 

Adduct 

(xxxn)  

(XXXIII) 

(XXXIV) 

ixxxv)  

(xxxvl)  

(XXXVII)* 

Formula 

[ (yo o o 
N/", SC,t/~M~ 

OCOMe / \ /  
I I  
\ / \  

Sc~tt~C1 

OCOMe (Y 
\ / \  

SC~H2Mea 

S C ~ H ~ C F ~  (T 
\ / \  

OCONc 

, 
Starting compound 

/\/+SC.H4CI ] 

I\ 53 
SC~H4Me 

SPh2 
/\/ 

I~)\SC.H,M e 

Me 
I § (Y 

\/\SC~It~C1 

I 
/\/+sc.g, Cl 

~)'SC,n:le,  

I SCtH,CF, 
(Y 
\ / \ +  

OCOMe li)_CH_CH2SCe 
S+--CsH4C1 ~ SC.H~Me t 
Me 

SC6H,Me / - - \ /  

I I 
\ - / \ocoMe 

1\// MeC6H4S OCOMe 

SC~H, CI 

(XXXVIII)* ( - [ /  

\--/\OCOMe 

(XL)* 

(XLI)* 

[PMR spec 
Found/Calculamd, trum f6, 
05_____._ 2 .  

I 
67,65 6,65 I 12,026,70m2.98m 

CICeH4S OCOMe 

\ - - /  

/ - - \  + 
! I>S--C.H.C1 

--/  

I M e  /K~ \ / 
I s +  SC~H~Me \ 

C.H~CI 

] M e  

/% \ S+/ 
SC~H~C1 \ 

CsH~C1 

~,OOm 

2,80m 

3,16m 

* Identified by GLC and PMR compar i son  with data in our previous 
work  [7]. 

The s t r u c t u r e  of the products  of the reac t ion  of type (A) sa l ts  with nucleophiles was shown conclusively 
by their  analyt ical  and spec t r a l  cha rac te r i za t ion  (see Table  4) and, in the case  of (XXXVIII)-(XLD, by c o m p a r i -  
son with previous ly  p repa red  samples  by GLC and PMR spec t roscopy  [7]. 

In previous  work,  only RSS-RiR 2 sal ts ,  where  R, R i, R 2 a re  Mkyl subst i tuents ,  w e r e  used in Ad E reac t ions  
+ + 

with alkenes [8]. Only MeSSC6HdMeC10 ~ and M%SSPhsC10 { [9 ] have been descr ibed  for  sa l ts  of type (VI)-(IX). 
The p resen t  method for the p repa ra t ion  of S-ary l th iosu l fon ium sal ts  (VI)-(IX) and the demons t ra ted  feas ibi l i ty  
of thei r  use as act ive  t r a n s f e r  agents of the S -a ry l  group in reac t ions  with alkenes opens a pathway to the 
p repa ra t ion  of var ious  ~-a ry l th ioa lky l su l fon ium sa l t s  which, in turn,  may find synthet ic  use  as t r a n s f e r  agents 
of the /3-a ry l th ioa lky l  group in nueleophilic substi tut ion reac t ions .  

Wide var ia t ion  of the substi tuent  in the sulfene chloride and sulfide is poss ib le  in this method for  p repa -  
ra t ion  of sa l t s  (VI)-(IX) and such var ia t ion  pe rmi t s  control  of the s tabi l i ty  and reac t iv i ty  of the type (A) sa l ts  
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obtained. P r e p a r a t i o n  of such r eagen t s ,  for which the ma jo r  r eac t ion  with alkenes would be the formation of 
type (B) S-a ry lep i su l fon ium sa l t s  which a r e  m o r e  r e a c t i v e  towards  nucleophiles,  is e spec ia l ly  promis ing.  

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

The PMR s p e c t r a  w e r e  taken on Tes l a  BS-497 s p e c t r o m e t e r  at 100 MHz in CC14, liquid SO2, and CD3CN 
with TMS internal  s tandard .  The r eac t ion  products  w e r e  analyzed on a K h r o m - 4  chromatograph  with f l ame-  
ionization de tec tor  and a 120 • 0 .3-era  g lass  column packed with 5% GEXE-60 on Chromaton N-AW-HMDS 
using he l ium gas c a r r i e r .  The r eac t i on  products  w e r e  sepa ra t ed  by p r e p a r a t i v e  th in - l aye r  chromatography  
on an unattached a lumina l a y e r  with UV indicator  using 7 : 2 h e x a n e -  ether  eluent. 

Genera l  Method for  the P r e p a r a t i o n  of Dimethyl th ioary lsu l fon ium Salts (Via-f). A sample  of 5 mmoles  
dimethyl  sulfide in 2 ml CH2C12 was added with s t i r r i n g  to a solution of 5 mmole s  sulfene chloride in 3 ml 
CH2C12 cooled t o - 6 0 ~  A white p rec ip i ta te  fo rmed .  Af ter  2 min, 5 mmoles  SbC15 in 2 ml CH2C12 was added 
and s t i r r ed  for  5 mtn,  and then 50 ml  cooled abs.  e ther  was added. The t e m p e r a t u r e  was r a i sed  to ~ 20~ 
The p rec ip i t a te  was r emoved  by f i l t ra t ion  and washed on the f i l t e r  with two 30-ml  pentane port ions and dried 
for  30 rain at 1-2 t o r r .  The yields  and p r o p e r t i e s  a r e  given in Tab le  1. 

Genera l  Method for  the P r e p a r a t i o n  of Te t r ame thy lene th ioa ry l su l fon ium Salts (VIIa) and (VIIb). These  
sa l t s  w e r e  p r epa red  analogously to the above p rocedure .  The analytical  data  and PMR s p e c t r a  a re  given in 
Tab le  1. 

Genera l  Method for  the P r e p a r a t i o n  of 4 -Chlorophenylmethyl th ioary lsu l fon ium Salts for  Taking the PMR 
Spec t ra  of (VIIa-f).  A solution of 1 m m o l e  sulfene chlor ide  in l~rni liquid SO 2 and 1 mmole  SbF 5 in 1 ml liquid 
SO 2 was addedwlth s t t r r l n g t o  a suspens ion of 1 mmole  4-chlorophenylmethylsu l f lde  in 2 ml  liquid SO 2 cooledto - 50~ 
The s t t r r t n g w a s  continued at this  t e m p e r a t u r e  for  an additional 5 mln and the PIvIR spec t r a  taken a r e  p re sen ted  

in Table  2. 

Genera l  Method for  the P r e p a r a t i o n  of Diphenyl th ioarylsul fonium Salts (INn-d). A sample  of 1 mmole  
diphenyl sulfide in 1 ml CH2C12, 1 m m o l e  sulfene chlor ide  and 1 m m o l e  SbC15 in 1 ml CH2C12 was mixed at 
- 6 0 ~  The sa l t s  p r epa red  w e r e  cha rac t e r i zed  accord ing  to the i r  13C NMR spec t r a  and the products  of thei r  
r eac t ion  with alkenes.  

P r e p a r a t i o n  of Sulfonium Salts  (X:~iVa,b,c) and (XXVa,b) f r o m  (VIIlb,c,d) and Alkenes (X) and (XV). A 
s amp le  of 2 mmole  sulfene chlor ide  and 2 m m o l e  SbC15 in 1 ml  CH2C12 was added with s t i r r ing  to a suspension 
of 2 mmole  4-C1C6H4SM e in 2 ml CH2C12 cooled to - 5 0 ~  After  2 rain, a solution of 3 mmole  alkene in 1 ml 
CH2C12 was added. Af ter  an additional 5 rain, the r eac t ion  mix tu re  was poured into abs.  ether cooled t o - 6 0 ~  
with rapid  s t i r r ing .  An abundant p rec ip i ta te  fo rmed .  The ether  was decanted and the prec ip i ta te  was washed 
with cold ether  and 1 : 1  e t h e r - p e n t a n e  and two 50-ml  pentane port ions.  The prec ip i ta te  was then separa ted  
by f i l t ra t ion  and dr ied for  30 min at 1-2 t o r r .  The analyt ical  and spec t r a l  data  for  the sa l t s  obtained a r e  given 
in Table  3. 

P r e p a r a t i o n  of Sulfonium Salts (XVIa,b), (XVII), (XVIII), (XIX) f r o m  (VIb,e,d) and Alkenes (X), (XIII), 
(XIV), and (XV). A sample  of 1.5 m m o l e  alkene in 1 ml CH2C12 was added to a suspension of 1 mmole  reagent  
in 2 ml CH2C12 a t - 5 0 ~  The  r eagen t  complete ly  d issolved upon warming  t o - 3 0  t o - 1 0 ~  After  5 rain, the 
r eac t ion  mix tu re  was poured into 100 ml abs.  e ther  cooled t o - 6 0 ~  with rapid  s t i r r ing .  The sa l t  p rec ip i ta te  
fo rmed  was t r ea t ed  as desc r ibed  above. The  analyt ical  and s p e c t r a  data a r e  given in Table  3. 

. .preparat ion of Sulfonium Salts  (XXa,b) (XXI), (XXIIIa,b) f r o m  Reagents  (VIIa,b) and Alkenes (X), (XIII), 
(XIV), and (XV). A s am p l e  of 1.5 m m o l e  alkene in 1 ml CH2C12 was added to a solution of 1 mmole  reagen t  in 
2 ml MeNO 2 a t - 2 0 ~  The t e m p e r a t u r e  was r a i s ed  t o - 1 0  to 0~ maintained for  5 rain, and then, the mix ture  
was poured into abs.  e ther  cooled t o -  60~ with rap id  s t i r r ing .  The separa t ion  of the prec ip i ta te  was ca r r i ed  
out as desc r ibed  above. The analyt ical  and s p e c t r a  da ta  of the sa l t s  obtained a re  given in Table  3. 

P r e p a r a t i o n  of S-Ary lep i su l fon ium Salts (XXVIII), (XXIX), and (XXXa,b) f r o m  (VIIIb), (V[b), (IXb), and 
Cyclooctene.  A sample  of 1.5 m m o l e  cyclooctene in 1 ml  CH2C12 was added to a solution of 1 mmole  reagent  
in 2 ml CH2C12 (2 ml MeNO 2 in the case  of (VIb)) a t - 2 0 ~  The sa l t s  w e r e  separa ted  by the usual procedure .  
The episulfonium sa l t s  obtained w e r e  identical  in the i r  analyt ical  data  and PMR spec t r a  to those  prev ious ly  
p r epa red  [5]. 

In the c a s e  of r eagen t s  (VIIIc) and (viIIe) ,  the product  obtained was 1 : 1 mix tu re  of episulfonium and sul-  
fonium sal ts ;  the product  r a t io  was found by e lementa l  analysis  and PMR spec t roscopy .  
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Prepa ra t i on  of S-Arylepisulfoniura  Salts (N'~AXIa,b) f r o m  Te t r ame thy le thy lene  and (I~b,c).  The c o r r e -  
sponding sulfene chlor ide  (1 mmole)  and 1 ramole  SbC15 in 1 ml CH2C12 were  added to a solution of 1 mmole  
diphenyl sulfide in 3 ml CH2C12 a t -  60~ to yield a g reen  solution of the reagent .  After  5 rain, 1.5 mmole  t e t r a -  
raethylethylene in 1 ml CH2C12 was added and the mix tu re  was kept for  10 rnin a t - 6 0 ~  Then, the mix tu re  
was poured with rapid  s t i r r i ng  into 100 ral cooled abs. e ther .  An abundant white p rec ip i ta te  fo rmed ,  which 
was separa ted  by the usual p rocedure .  The analyt ical  data  for  the sa l t s  p r epa red  a r e  given in Table  3.  

Genera l  Method for  the P r e p a r a t i o n  of Acetoxy Adducts (XXXII)-(XXXVD, (XL), and (XLI) f r o m  Salts 
( X X I V ) - ( ~ V I I ) .  A solution of 3 ramoIes  sulfene chlor ide  in 1 ml CH2C12 was added with s t i r r i ng  to a solution 
of 3 mmole s  methyl  4-chlorophenyl  sulfide (or diphenyl sulfide) in 5 ml CH2C12 cooled t o - 6 0 ~  Then, a 
solution of 3 mmole s  SbC15 in 1 ral CH2C12 was added. Af te r  1 rain, 3.5 mraole  olefin in 2 ral CH2C12 was added 
to the solution of the sa l t  obtained (VIII) or (IX) and af ter  an additional 5 rain, a mix tu re  of 2.4 g anhydrous 
sodium ace ta te  and 24 ral glacial  acet ic  acid was added. The mix tu re  was s t i r r ed  for  30 rain a t - 6 0 ~  and 
t h e n f o r 4 0  min at 20~ neutral ized with sa tu ra ted  aqueous sodium bicarbonate ,  and extracted with chloroform.  
The ch lo ro fo rm ex t rac t s  we re  dr ied with anhydrous sodium sulfate.  Af ter  re raova t  of ch loroform,  the product  
was purified by means  of t h in - l aye r  ch romatography  (see Table  4). 

P r e p a r a t i o n  of Hydroxy Adducts (XLH) and (XLIV) f r o m  Salts (XX[Va) and (XXVa). A saturated aqueous 
solution of sodium bicarbonate  (10 ml) was added to a suspens ion of 2 ramoles  sa l t  in 5 ml CH2C12 at 0~ and 
then s t i r r ed  for  2 h at 20~ The product  was ext rac ted  with two 50-ral  port ions of ch loroform.  The chloro-  
f o r m  ext rac t s  w e r e  washed with wa te r  and dried with anhydrous sodium sulfate.  The solvent was disti l led 
off in vacuum and the product was separa ted  by th in - l aye r  chromatography .  

(XLK): 0.33 g (75%), identified by compar i son  with the analogous adduet obtained in our previous  work 
[3]. FMR s p e c t r u m  (6, ppra): 2.60 ra (CHS), 3.50 m (CHO), 2.50 s (OH). 

(XLIV). 0.33 g (80%). Found: C, 69,58; H, 7.971 S, 14.64%. Calculated for  Ct2Hi6OS: C, 69.23; H, 7.69; 
S, 15.33%. PMR s p e c t r u m  (5, ppra): 1.28 s (3H, MeC), 2.30 s (3H, MeAr),  2.44 m (1H, OH), 3.02 ra (2H, CH2S), 
5.10 ra (2H, CH~ =) ,  5.82 m (1H, C H = ) ,  7.10 ra (4H, Ar).  

P r e p a r a t i o n  of Methoxy Adduct (XLIID f r o m  Salt (XXVa). A s amp le  of 10 ml abs.  methanol was added to 
a suspens ion of 3 raraoles salt  in 5 ml CH2C12 at 0~ The mix tu re  was s t i r r ed  for  2 h at 20~ and separa ted  
by the p rocedure  desc r ibed  above to yield 0.47 g (72%) (XLII[). PMR s p e c t r u m  (6, ppm): 1.32 s (3H, MeC), 
2.28 s (3H, MeAr), 2.97 s (2H, CH2S), 3.08 s (3H, OMe), 5.24 ra (2H, CH 2 =) ,  5.80 m (1H, C H = ) ,  7.07 m (4H, 
Ar).  

The authors  express  thei r  gra t i tude  to V. A. Cher tkov for  taking the l o w - t e m p e r a t u r e  PMR spec t ra .  

C O N C L U S I O N S  

A general  rue, hod was developed for  the p repa ra t ion  of aryl th iosuKonium sa l t s  which a r e  act ive  t r a n s f e r  
agents for  the S -a ry l  group in reac t ions  with alkenes,  leading to the forraat~on of /%aryl thioalkyls t f l foniura  or  
S- a ry lepisu l fonium sa l t s .  

1. 

2. 

3~ 
4. 
5~ 

6. 
7. 
8. 
9. 

L [ T E R A T U B E  C I T E D  

G. H. Schmid and D. G. Gar ra t t ,  The Chemis t ry  of Double ]3onded Funct ional  Groups,  Wiley and Sons, 
New York (1977). 
I. V. ]3odrikov, L. V. Chumakov, A. N. Pryadi iova ,  and N. S. Zef i rov,  Dokl. Akad. Nauk SSSR, 251, 1402 
(1980). 
V, A. Smit (W. A. Stair}, N. S. Zef i rov,  I. V. Bodrikov,  and M. Z. K r i m e r ,  Ace. Chem. Res.~ .1.22, 282 (1979). 
G~ Cappozzi,  V. Lucchini,  G. Modena, and F.  Rivet ,  i, J. Chem. Soc., Pe rk in  Trans .  2, 361 (1975). 
A. S. Gybin, V. A. Smit  (W. A. Srait), V. S. Bogdanov, M. Z. K r i m e r ,  and Yu. ]3. KaPyan (Y. B. Kalyan), 
Te t r ahed ron  Let, . ,  383 (1980). 
W. H. Muel ler  and P. E. ]3utler, J.  Org. Chem.,  3_~3, 2642 (1968). 
Yu. ]3. Kal 'yan,  M. Z. Kr i rae r ,  and V. A. Srait, Izv. Akad. Nauk SSSR, Set .  Khim., 2300 (1978). 
G. Cappozzi,  O. De Lucehi,  V. Lucehini,  and G. Modena, Synthesis ,  677 (1976). 
H. Minato, T~ Miura,  and M. Kobayashi ,  Chem. Let , . ,  1055 (1975). 

349 


