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The s imples t  method for  the p repa ra t ion  of episulfonium (ES) sa l t s  is  the r eac t ion  of alkenes with SR+Y 
cationoids (where Y is a nonnucleophilic anion) which a r e  genera ted  in s i tu in s y s t e m s  RSCI +AgBF~ [1] or 
RSC1 +SbCl~ [2]. However,  the alkylsulfonium and a ry l su l fon ium cat ions a r e  unstable  even in solution [3] and 
thus, the need a r i s e s  for  finding s tabi l ized reagen t s  of the gene ra l  type  [RS-Stab]+Y - capable  of serv ing  as 
act ive  t r a n s f e r  agents for the RS + group. F o r  R =Me, this p r o b l e m  has  been  solved with the use  of dimethyl  
sulfide as the s tab i l ize r ;  the reagen t  MeS+(SMe)2SbC16 - (I) is r a t h e r  s tab le  and convenient for  the p repa ra t ion  
of S -me thy l -ES  sa l t s  [4]. 

The a im of the p resen t  work was c lar i f ica t ion  of the feas ib i l i ty  of p r e p a r i n g  analogous reagen ts  for  the 
more  genera l  case  when R =Ar .  

We have found that ArS+(SAr)2 Y- complexes  (ID a r e  r ead i ly  obtained in solution [5] by r eac t ions  analo-  
gous to those  desc r ibed  for the synthes is  of (I) [4] 

3(ArS)~+ 3SbCI~ -+ 2[ArSS (Ar) SArSbC16-] + SbCI s (method A) 

ArSCI+ (SAr)~ + SbC15-+ ArSS(Ar)SArSbG16-(method B) 

or SbF5 (II a--d), or SbFsC1- 

Ar = Ph (a), 4-C1C6H4(b), 4-MeC~H,(c), 2,4,6-MeaC~H2 (d). 

Vir tual ly all the fo rmat ion  of sa l t s  (Ha-d) occurs  immed ia t e ly  upon mixing of s to ich iomet r i c  quanti t ies 
of the reagen t s  a t - 5 0  t o - 7 0 ~  in methylene chlor ide  or  liquid SO2.* The solut ions of sa l t s  (Ha-e) obtained 
r e m a i n  without change for s eve ra l  hours  a t -  50 t o -  20~ Salts  (II) may  be  isola ted in the f r ee  s ta te  upon the 
r e m o v a l  of SO 2 in vacuum a t - 2 0 ~  or c rys ta l l i za t ion  f r o m  1-1.5 M solut ions in CII2C12 a t - 7 5 ~  However,  
at 20~ they r e t a i n  act ivi ty for  only s eve ra l  minutes .  Insufficient  s tab i l i ty  and hygroscopic i ty  did not pe rmi t  
cha rac t e r i za t ion  of the sa l t s  by e lemental  ana lys is .  

13C NMR s p e c t r a  of the reac t ion  mix tu res  obtained by method A or  B se rved  to evaluate the for  mat~on 
of sa l t s  i l ia-d).  These  s p e c t r a  r eco rded  a t -  50 t o -  70~ did not show s ignals  of the s ta r t ing  reagen ts  but 
displayed two se ts  of a r o m a t i c  r ing  13C signals  in 2 : 1 in tensi ty  ra t io .  This  co r r e sponds  to l inear  s t ruc tu re  
(II) containing two equivalent S - a ry l  r e s idues  attached to a cen t ra l  S -a ry l su l fon ium group. Upon warming  to 
~ - 3 0 ~  averaging  of the two subspec t r a  occu r s  which, apparent ly ,  r e s u l t s  f r o m  rapid  in t ra -  and /o r  in te r -  
molecu la r  exchange of S - a ry l  groups .  A s i m i l a r  exchange was  found in m ix tu r e s  containing type (D sa l t s  [6].~ 

The fo rma t ion  of type (ID in te rmed ia tes  was postulated as  a poss ib le  s t ep  in the d ispropor t ionat ion  of 
a s y m m e t r i c a l  disulf ide in acid medium [7] but these  complexes  have  not been  desc r ibed  as actual spec ies .  

* D a t a  concerning the comple teness  of the reac t ion  w e r e  obtained by studying the  l o w - t e m p e r a t u r e  13C NMR 
spec t ra ;  the  r eagen t  yield was also es t imated  r e l a t i ve  to the yield of ES sa l t s  obtained f r o m  them (see below). 

The spec t r a l  data  which indicate a g r e a t e r  l ikelihood for  a l i nea r  s t r u c t u r e  for  (Ha-d) than the prev ious ly  
proposed cycl ic  s t r u c t u r e  [5] will be  given in a s e p a r a t e  communica t ion .  
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The capaci ty  of sa l t s  (IIa-d) to s e r v e  as  t r a n s f e r  agents  for  the ArS + group was checked in reac t ions  with the 
following alkenes:  c i s - cyc looc t ene  (Ill), norbornene  (IV), t e t r ame thy le thy lene  (V), cyelohexene (VI), 1 -me thy l -  
cyclohexene (VII), and s t y r ene  (VIII). These  AdE reac t ions  proceed very  rapidly  even a t - 6 0 ~ C  with the f o r m a -  
tion of the cor responding  S -a ry l ep i su l fon ium (S-ary l -ES)  sa l t s  according to the scheme  

(IiI)--(VllI) S 
/ 

ArY- 
S-aryl-ES 

{IX a--d), (XI b--f); (Xll a, b); (XIX) 

The r eac t ion  with (III) was  studied in g r e a t e s t  detai l .  In this ease ,  we were  able to i so la te  cyclooctene-  
S-a ry lep i su l fon ium hexach loroan t imonates*  (IXa-d) in approx imate ly  100% yields .  

Salts (]:Xa-d) a re  weakly hyg roscop i c  and a r e  comple te ly  cha rac t e r i zed  by the analytical  and spec t ra l  
data  given in Table  1. The i r  PMR s p e c t r a  show a 2H mult iple t  for the methine protons of the episulfonium 
r ing in the vicinity of 4.7 ppm [8]. The low solubi l i ty  of the hexachloroant imonates  in most  solvents did not 
pe rmi t  study of the i r  t3C NMR s p e c t r a  but th is  s tudy was  ca r r i ed  out for  cyclooctene--S-mesi tylepisulfonium 
t e t r a f luo robora t e  (Ix;e) obtained accord ing  to  our  previous  work  [1]. The t3C NMR spec t rum of (IXe) shows 
only four s ignals  for  the cyclooctane r ing  due to a plane of molecu la r  s y m m e t r y  at 26.1, 26.2, 28.2, and 77.0 
ppm. The downfield signal co r r e sponds  to the meth ine  1'~C atom of the episulfonium ring.  

In accord with the pa t t e rn  fo r  opening of ES de r iva t ives  of cyelooctene [8], the reac t ion  of ( I~a-e)  with 
ace ta te  anion yields  2 -ace toxycyc looc ty l  a ry l  sul f ides  (Xa-d) (see Table  1) 

AcO-  
A t  - )" 

O A a  

t I X a - e J  ( X a ~  

The reac t ions  of sa l t s  (IIb-d) with (IV) gave  good yie lds  of the cor responding  norbornene-S-a ry lep i su l fon ium 
sa l t s  (XIb-d). The sa l t s  a r e  also quite s t ab le  in the  solid s ta te  and only slightly hygroscopic  though their  low 
solubil i ty and insufficient s tabi l i ty  in solut ion h inders  the i r  spec t r a l  invest igat ion.r  Thus,  the analogous sa l t s  
(XIe) and (XK) with the m o r e  s tab le  SbF s- coun te r - ion  w e r e  obtained according to our previous p rocedure  [1] as 
well  as no rbo rnene -S -me thy l -ES  (XIIa) and (XIIb) 

7 

A /sR 
V ~ 3 

or) ~ (xI) 

Y = SbCl6, R =4-.C1C,I~ (XIb), 4-MeCnH4 (XIc), 2,4,6-Me3C~Hz (XId); Y = SbF,, 
B =4-C1CsH~ (XIe), 2,4,6-Me3(~Ha (XIf); R =Me, Y = SbCls (XlIa), SbFs (XlIb). 

The analyt ical  and s pec t r a l  da ta  for  ES sa l t s  (XI) and (XlI) a re  given in Table  2. The FMR s p e c t r a  of 
(XIb,e,e,f) and (XlIa,b) have  the following c h a r a c t e r i s t i c  signals:  broad s inglets  for  the episulfonium r ing 
methine protons at 4.3-5.1 ppm and 2H s ingle is  for  the 1- and 4-pro tons  of the norbornene s y s t e m  at 3.2-3.5 
ppm. The 1~C NMR s p e c t r u m  of (XIIb) (5, ppm,  fromCH2C12 reca lcu la ted  for  TMS) showed peaks at 63.1 (C-2 
and C-3), 38.8 (C-1 and C-4), 30,7 (Me), 25.2 (C--5 and C-6) and 18.5 (C-7). The spec t rum cor responds  to 
s t ruc tu re  (XHb) and the s i m i l a r i t y  of the ]PMR s p e c t r a  of all the norbornene sal t  de r iva t ives  pe rmi t s  thei r  
a ss ignment  to the s a m e  s t ruc tu ra l  type.  

Salts (XI) and (XII) a r e  the f i r s t  r e p o r t e d  s tab le  br idged ions in the norbornene s e r i e s  in the f r ee  state.  
P rev ious ly ,  this type of s t r u c t u r e  was  found only for  the  m e r c u r i u m  ion observed  by PMR spec t roscopy  in 
superac id  media  [9]. 

* Olefin (III) was also r eac ted  with [(4-CICsHtS)'3]CSbFsC~ - and the cor responding  ES sal t  was obtained in 98% 
yield, This product  was identified on the bas i s  of I~MR spec t roscopy  and the acetoxy adduct obtained (Xb) in 
90% yield.  
~For  example,  sa l t  (XId) in liquid SO 2 at--70~C is quant i ta t ively converted in only 1 h to chloro adduct (XIV) 
(R =2,4,6-Mes(C~H2)); sal ts  (XIc) and (XId) in {CD3)2CO r e m a i n  for  only 10-15 min a t -  95~ while (XIb) r eac t s  
with this  solvent  even a t -  95~ 
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TABLE 2. 
(XIb-f) and (XIIa,b) 

Yield. Mp (dec.) 
Salt ~o ~ 

(XI b) 98 72-74 

(XIc) 93 68-69 

(XId) 98 75-76 

(Xle) Without separa- 
tion 

(Xlf) Same 
(XIIa) 94 87-88 

(XIlb) 49 t70-172 

Character i s t i c s  of Norbornene  I~.S Salt Der ivat ives  

Found/Calculated, % 

c I 1t 
"1 

26,90 I 2,60. 
27,29' I 2,47 
3 0 , 0 0  3,00 

3,tt ' 

32,50 I 3,70 
33,t4 3,65 

19,20 2,90 
20,17 I 2,73" 

26,26 3,8_._~5 
25,46 3,45 

S 

5,89 
5,60 

5,74 
5,55 

7,50 
6,72 

8,93 
8,43 

IPMR spectrum (charac- 
teristic signals) (6 ,ppm)" 

Not obtained 

4,68s I 3,42 s (a) 
5,2ts I 3,39 s (b) 

4,59s , 350s (a) 
5,13s ] 3,49s (b) 

4,56 s 3,30 s (c) 

4,55 s 3,4% (c) 
4,66 s 3,19s (b) 

~J~i 3,60 s (d) 
,, 3,19s (e) 

* The  PMR s p e c t r a  w e r e  taken  r e l a t i v e  to TMS in terna l  s tandard :  
a) in liquid SO 2 a t -  75~ b) in (CD3)2CO ~ - 9 5 ~  c) in 4 : 1  SO 2 -  
CDC13 a t - 7 0 ~  d) in CH2C12 at 36~ and e) in CDaCN at 36~ 
T he  s p e c t r a  of the  ES sa l t s  (with the  except ion of (XIIa, b)) a l s o h a v e  
a r o m a t i c  pro ton  s igna ls .  

TABLE 3. 
Sal ts  (XIb-f) with A c e t a t e  Anion 

Rat io  of P r o d u c t s  (XIII)-(XVI) in the  Reac t ions  of ES 

Starting salt Dverall 
yield, % 

80 

97 

97 

82 

90 

(XIb) (R=4-CIC6H~; Y=SbC16) 

(XIc) (R=4-MeC~H~; Y=SbC16) 

(XId) (tl=2,4,6-MeaC6H2; Y=SbC16) 

(XIe) (lt=4-C1C6Hd Y=SbFs) 
(XI~) (t/=2,4,6-MezC6H2; Y=SbF~) 

Adduct ratio 

(XIli) (XlV) (xv) 

4 2 

4 0,5 

20 i 

- -  3 

3 

(XVI) 

t 

1 

The nature of the adducts formed by treat ing sa l t s  (XI) and (XII) with acetate  anion under standard condi-  
t ions  for ES salt  reac t ions  [1] depends on the nature of the aryl  substituenf,  counterion,  and react ion  conditions 
(Table 3). 

SR SR + SR 
SR AcO- 

y-  ~ + 
+ + Ac 

OAe CI 
(XI) (XIII) (XIV) (XV) (XVI) (XVII) 

The  s t r u c t u r e s  of (XIII)-(XVI) w e r e  conf i rmed  using PMR s p e c t r o s c o p y  (Table 4) by c o m p a r i s o n  with 
known s a m p l e s  [10]. The  a p p e a r a n c e  of ch lo re  adducts  (XIV) in the  ace to lys i s  p roduc t s  apparen t ly  r e s u l t s  
f r o m  the  ins tabi l i ty  of the  sa l t s  (XIb-d) in so lu t ion  (see above).  The  f o r m a t i o n  of the  acc toxy  adduct (XIII) 
c o r r e s p o n d s  to the  usual  d i r ec t ion  for  the  opening of ES sa l t s  by the  act ion of nucleophi les  and this  is na tura l ly  
the  m a j o r  pathway fo r  the  m o s t  s t ab le  sa l t  (XId) which contains  a s t r o n g  e l e c t r o n - d o n o r  subs t i tuent  at the su l fur  
a tom.  In going to sa l t  (Xlb) which  has  an e l ec t ron -wi thd rawing  4-C1C6H4S group,  the  f r a c t i o n  of W a g n e r -  
Meerwe in  r e a r r a n g e m e n t  p roduc t s  (XVI) and t r i c y c l e n e  p roduc t s  (XV) i n c r e a s e s .  Ze f i rov  et al. [10~ have  
r e p o r t e d  that  p r e c i s e l y  this  type  of p roduc t s  is f o r m e d  when runn ing  the  r e a c t i o n  of n o r b o r n e n e  with ArSC1 
under  condi t ions  f a v o r a b l e  for  the  f o r m a t i o n  of episul fonium ion i n t e rmed ia t e s .  In the  c a s e  of sa l t s  (XIe) and 
(XIf), the  f r ac t i on  of u n r e a r r a n g e d  p roduc t  (XIII) in the  mix tu re  is s igni f icant ly  r educed ,  which  c o r r e s p o n d s  
to the  known fac i l i t a t ion  of r e a r r a n g e m e n t  upon going to a l e s s  nucleophi l ic  coun te r ion  [11]. 
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T A B L E  4. C h a r a c t e r i s t i c s  of N o r b o r n e n e  Adducts  (XIII)-(XVII)* 

A d d u c t  

(XlI]b) 

(XlVb) 

(XVb) 

(XlIIc) 

(XlVc) 

(XlIId) 

(XIVd) 

(XVd)* 

(XVI b) 
(two iso- 

iTler 8) 

(XVlII) 

Found/Calculated, % 

C H S 

I 
60,37 5,66 t0,9.___~2 I 
60,7t 5,73 t0,79 I 

Identical to that 
described in [10] 

66,25 5,57 
65,95 5,53 

69,03 7,3i 
69,57 7,25 

66,49 6,54 
66,53 6,73 
71,0t 7,91 
7t,t8 7,95 

68,85 7,68 
68,45 7,49 

fil 

tl,82 
11,97 

PMR spectrum (5, ppm)? 

IICS HfiZ OAc 

2,86 t 1,97 s 

2,96 t 

61,06 5,73 
60,7i 5,73 

tt,72 
il,59 

13,22 
12,67 

10,39 
10,53 

11,36 
tl,4t 

60,23 8,05 t6,62 

t4,66 
14,06 

12,56 
12,66 

3,06 s 

2#6 t 

2,98 t 

2,58 t 

2,68 t 

2,80 s 

3,37 s 

8,02 s 

2,29 s 

t,92 s 

1,82 s 

1,85s 

1,95 s 

t,95 s 

HCt,4 

2,58 s 
2,t8 s 

2,44 s 
2,22 s 

t,8i s 
t,96 s 

2,57 s 
2,19s 

2,44 s 
2,28 s 

1.88 s 
(in region 
2,4-2,5) 

t,78 s 
2,06 s 

2,22s (2H) 

2,34 s (2H) 

2,50 s 
2,t2 s 

* P r o d u c t  y ie lds  given in Tab le  3. 
f T h e  I~MR s p e c t r a  w e r e  r e c o r d e d  in 15-20% solut ions  in CC14 
r e l a t i v e  to TMS in te rna l  s t andard .  The  s p e c t r a  of all the  p roduc t s  
except  (XVIII) a l so  have  a r o m a t i c  p ro ton  s igna l s .  F o r  (XIII), (XIV), 
and (XVIII), the  1 , 2 - a r r a n g e m e n t  of the Z and SR g roups  was  con-  
f i r m e d  in a H - H  double  r e s o n a n c e  exper iment .  
$ The  p roduc t  could not be  comple te ly  pur i f ied;  i ts s t r u c t u r e  was  
con f i rmed  by m a s s  s p e c t r o s c o p y .  

The f o r m a t i o n  of p roduc t s  (XV) and (XVI) ind ica tes  that  sa l t s  (XI) a r e  capable  of r e a r r a n g e m e n t  in so lu -  
t ion  with the  f o r m a t i o n  of th i e t an ium sa l t s  (XVII). However ,  this  r e a r r a n g e m e n t  could not be  o b s e r v e d  by PMR 
s p e c t r o s c o p y  by m a i n t e na nc e  of so lu t ions  of (XIe) and (XIf). Thus ,  t he  s p e c t r u m  of a solut ion of (XIe) in liquid 
SO 2 at 0~ a f te r  30 rain shows the  comple t e  a b s e n c e  of s igna ls  of the  s t a r t i ng  sal t  and new s ignals  do not appear .  
Apparen t ly ,  the  f o r m a t i o n  of (XVII) is s t e r i c a l l y  unfavorab le  in l ight of the  diff icul ty  of f o r m i n g  th ie t an ium sa l t s  
[12] and under  condi t ions  ini t ia t ing the  r e a r r a n g e m e n t  in the  a b s e n c e  of a nucleophi le ,  sal t  (XI) is decomposed .  

In the  c a s e s  of S - m e t h y l  sa l t s  (XII), r e a c t i o n  with AcO-  leads  exclus ive ly  to the  f o r m a t i o n  of the  urme-- 
a r r a n g e d  product ,  2 - a c e t o x y - 3 - m e t h y l t h i o n o r b o r n a n e  (XVIII), 1n95% yield  and PMR s p e c t r o s c o p y  indicated 
that  sa l t  (XIIb) does  not have  any t endency  to undergo  t r a n s f o r m a t i o n ,  even a f te r  2-3  h at 35~ in CH2C12o 

The  r e a c t i o n  of (IId) with (V) also gave the  c o r r e s p o n d i n g  ES sa l t  (XIX) as a s t ab le  produc t  in 84% yield.  
This  sa l t  was  identif ied by e lementa l  ana lys i s  and r e a c t i o n  with ace t a t e  anion leading  to the  f o r m a t i o n  of 2 ,3-  
d t m e t h y l - 2 - a c e t o x y - 3 - m e s i t y l t h i o b u t a n e  (XX) (63%) and 2 , 3 - d l m e t h y l - 2 - c h l o r o - 3 - m e s i t y l t h i o b u t a n e  (XXI} (35%} 

Me Me Me Me 

M e M o  ,Aco.- \C .  C / \ C  C / 

/\Fx  ;>. !) 
/ .  Ar8 ArS 

Ar SbC16- 
(XlX) (xx) (xxi) 

In the  r e a c t i o n s  of (VI)-(VlII) with (lie,d), we w e r e  unable  to i so la te  ES sa l t s  (XXlI)-(XXlV) in the  f r e e  
s ta te ;  upon r e m o v a l  of solvent ,  t he se  sa l t s  d e c o m p o s e  even a t - 2 0 ~  Thus,  the  f o r m a t i o n  of ES sa l t s  in t h e s e  
e a s e s  was  es tab l i shed  us ing the  r e s u l t s  of the  r e a c t i o n  of the  a l k e n e - ( I I )  complex  with a nueleophi le  (ace ta te  

354 



TABLE 5. 
(~XVg) 

Compound 

(xxv) 

(xxvI) 

(y~XVli) 

Analytical and Spectral Data for Aeetoxy Adducts (NXV)- 

~'ield, % 

81 

56 

60 

Found/Calculated, % 

c ii s 

69,95 8,6t t0,69 
69,86 8,22 

73,44 7,50 93t 
72,6t ~ 7,01- 

70,9.____00 8,75 t0,33 
70,59 8,50 

PMR spectrum (characteristic 

OAe 

signals) (5 ,_ppm)* 

CHS C~OAc 

2,78 4,65 

3,50 

2,90 5,62 

t,76 

i,66 

1,92 

* The spec t ra  were  recorded  in CC14 at 30~ re la t ive  to TMS inter-  
nal standard.  The spec t ra  of all these  compounds also have aro-  
matic proton signals.  Products  (XXV) and (XXVI) have cyclohexane 
r ing proton signals while (XXVII) has benzene r ing signals. 

anion). This "quenching" react ion proceeds as readi ly as for known ES salts and gives good yields of the 
corresponding ~-aeetoxythioethers  identified by spect ra l  and analytical data (Table 5). 

SMz Me Me OAc CHCH2SMz 

OAc SMz Mz 
(XXli) (xxv) (XXlii) (xxvi) (XXlV) (xxvn) 

Y = SbC16-; Mz = 2,4,6-MeaG6H> 

These resul ts  show that the new reagents  (ArS)3+Y - a re  indeed active t rans fe r  agents for ArS + groups 
in electrophilic react ions  with alkenes. The use of these  reagents  permi t s  not only mo re facile production of 
ES salts but also the isolation of these  salts in the f ree  State when they a re  sufficiently stable. 

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

The g a s - l i q u i d  chromatographic  analysis was car r ied  out on an LKhM-8-MD chromatograph in 1-2 m• 
4 mm columns packed with 3-5% OV-101 and XE-60.  The mass  spec t ra  were  taken on a Varian CH-6 mass  
spec t romete r  and the PMR spec t ra  were  taken on a TeslaBS-496 spec t romete r  at 100 MHz. The t3C NMR spect ra  
were  taken on a Bruker  WF-60 spec t romete r  at 15.08 MHz. The react ion products were  p r epa ra t i vdy  sepa-  
rated on 24x 30-era glass plates coated with a 2- ram-th ick  unattached si l ica layer .  The purification and drying 
of the solvents were  car r ied  out by standard methods. All the operations for the preparat ion and t r a n s f o r m a -  
tion of salts (II) and the ES salts were  car r ied  out in a s t r eam of dry  argon. 

General Method for the Prepara t ion  of Aryl(bisaryl thio)sulfonium Salts (IIa-d). 1) Reaction of diaryl  
disulfides with SbC15. A solution of 3.0 mmoles  SbC15 in 2-3 ml CH2C12 was added with efficient s t i r r ing  and 
cooling to a solution of 3.0 mmoles diaryl  disulfide in 15-20 ml CH2C12 a t -  70~ The react ion mass  became 
highly colored and then lightened after 1-2 rain. The react ion gave 2.0 mmoles  salt (H). 

2) React ion of ArSC1 +(ArS) 2 +SbX~ (X=C1 or F). A sample  of 3.0 mmoles SbX5 in 1-2 ml solvent was 
added to a solution or suspension of 3.0 mmoles  ArSC1 and 3.0 mmoles  (ArS) 2 in 5 ml solvent (CH2C12 for X =C1, 
and liquid SO 2 for X =F).  The solution obtained contains 3.0 mmoles  salt (ID. Crystal l izat ion f rom CH2C12 
(or the evaporation of SO2) a t -  75 t o - 8 0 ~  permit ted the isolation of salt  (H) in its f ree  state. These salts 
may be stored without change for at least  12 h a t - 7 8 ~  

Stable ES Salts (l~a-d) and (XIb-e). These salts were  prepared by a standard method. A solution of 2 
mmoles (HI) or (IV) in 2-3 ml CH2C12 was added a t -  75~ to a f reshly  prepared solution of 2 mmoles  salt ([I) 
in 20 ml CH2CI 2. The mixture was s t i r red  for  an additional few minutes at this t empera tu re  and then poured 
into 200 mt abs. ether cooled t o -  70~ The ES salt  precipi ta te  was f i l tered in an argon s t r eam on a d r y - i c e -  
cooled fi l ter,  washed with two 100-ml ether portions to r emove  (ArS)2 , and dried in vacuum at 20~ The physi- 
cal charac te r i s t i c s  of these  salts  are  given in Tables 1 and 2. 
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Tetramethylethylene-S-mesitylepisulfonium Hexaehloroantimonate (XIX). A sample of (XIX) was pre- 
pared analogously to the above procedure in 84% yield. Found: C, 29.26; H, 3.71; S, 5.73; C1, 38.04%. Calcu- 
lated for C15H23SSbC16: C, 31.62; H, 4.07; S, 5.62; C1, 37.33%. The lifetime of (XIX) at 20~ was limited to 
15-30 rain but it may be stored without noticeable change a t -  78~ for 24 h. 

Cyclooetene-S-mesitylepisulfonium Tetrafluoroborate (IXe). A sample of 2.5 mmoles ]3r 2 was added to 
a solution of 2.5 mmoles (2,4,6-Me3C6H2S)2 in 15 ml CH2CI 2 a t -30~  and the mixture was s t i rred for 10 rain 
a t - 3 0  ~ to 0~ Then, a solution of 5.2 mmoles Ag•F 4 in 3 ml CH2C12 was added a t -50~ to 5 mmoles 2,4,6- 
Me3C6H2SBr formed andthe mixturewas s t i r red for 10 min. Then, 5 mmoles cyclooetene (III) was introduced 
and the mixture was maintained for 10 min a t - 2 5 *  5~ The solution of the ]~S salt was separated from the 
AgBr precipitate by decantation and filtration with cooling. The fi l trate was evaporated a t -  20~ (1 tor t )  to 
5-7 ml and then poured into 50-70 ml abs. ether cooled to -50~  The (IXe)sal tprectpi ta tewasfl l teredwith 
cooling and dried in vacuum. The characteris t ics  of this product are  given in Table 1. 

Norbornene-S-methylepisulfonium Hexafluoroantimonate (XIIb). Salt (XIIb) was obtained from 2.5 mmoles 
(M~)2, 2.5 mmoles Br2, 5 mmoles norbornene (W), and 5.1 mmoles AgSbF 6 by an analogous procedure (see 
Table 2). 

Norbornene-S-methylepisulfonium hexachloroantimonate (XIIa) was obtained by the reaction of (IV) with 
MeS3+SbCI( by analogy to the procedure of Capozzi et al. [4]. The characteris t ics  of this product are given 
in Table 2. 

Solutions of cyclohexene-, 1-methylcyclohexene-, and styrene-S-arylepisulfonium hexachloroantimonates 
(XXII), (XXIII), and (XXIV), respectively,  were obtained by the reaction of equimolar quantities of the alkenes 
and reagent (IId) in CH2C12 a t -60~ 

Aeetoxy Adducts of ES Salts. These adduets were prepared by a standard method by treating a solution 
or suspension of the ES salt in CH2C12 with an excess (usually 10-20%) of a mixture of sodium acetate (or 
Me4NOAe) in acetic acid a t - 2 0  to +20~ Subsequent work-up entailed ether extraction, washing with water, 
aq. NaHCO3, and water,  and removal of the solvent. Thin-layer chromatography on silica gel, usually with 
5 : 1 hexane-  ether eluent, was used to purify the acetoxy products obtained and/or to effect separation of the 
products obtained. The character is t ics  of the products obtained are given in Tables 1, 4, and 5. 

2,3-Dimethyl-2-acetoxy-3-(2,4,6-trimethylphenylthio)butane (XX). Treatment of ]~S salt (XIX) by acetate 
anion for 30 rain a t -  75~ in CH2C12 yielded (XX). Separation was analogous to the above procedure to yield 
63% (XX) with bp 130~ (2 mm). Found: C, 69.37; H, 8.90; S, 10.85%. Calculated fcr C17H2602S: C, 69.58; 
H, 8.93; S, 10.93%. lVMR spectrum (CCla, 6, ppm, relativeto TMS): 1.11 s (6H, Me2C), 1.73 s (6H, Me2COAc), 
1.96 s (3H, OAc) and aromatic ring proton signals. In addition to (X:~), 2,3-dimethyl-2-chloro-3-(2,4,6-tr i -  
methylphenylthio)butane (XXI) was isolated in 35% yield and identified by comparison with a known sample. 

C O N C L U S I O N S  

1. Aryl(bisarylthio)sulfonium salts which are  new electrophilic reagents were obtained and characterized 
by t3C NMR spectroscopy. 

2. The feasibility of using these reagents in Ad E reactions with alkenes was shown. 

3. S-Arylepisulfonium salt derivatives of cyclooctene, norbornene, and tetramethylethylene were isolated 
as pure compounds for the f irs t  time. 
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AZACYCLOALKENYLATION OF THiOPHENES AND N- 

METHYLI~YRROLE WITH 4-1PlPERIDONES IN SULFURIC ACID 

L. A. Myshkina, F. M. Stoyanovich, UDC 542.91:547.73:547.742 

and Ya. L. Gol'dfarb 

When investigating biological membranes with spin probes, paramagnetic derivatives of the oxazolidine 
series are wid ely used [1, 2], which, however, are available with difficulty [3] and are notversatile due to their 
ready hydrolysis. Similarly constructed derivatives of the 2,2,6,6-tetramethylpiperidine series with a different 
position of the paramagnetic center seem promising in this respect. 

2,2,6,6-Tetramethyl-4,4-di(2-thienyl)piperidine (1) might serve as a starting material for the synthesis 
of such derivatives. The thiophene ring of (1) is potentially suitable for creating aliphatic funetlonallzed units 
[4]. Attempts to obtain this compound were undertaken by us by condensing two equivalents of thiophene with 
one equivalent of triaeetonamine (If) in 72% H2SO 4. As is known [5], thiophene condenses under analogous con- 
ditions with ketches, including cyclic ketches, with the formation of di(2-thienyl)alkanes. 

However, in place of the expected (1), the product isolated was the condensation product of two equivalents 
of (If) with one equivalent of thiopene, viz. 2,5-bis(2,2,6,6-tetramethyl-l,2,5,6-tetrahydropyrid-4-yl)thiophene 
(Ilia), in 65-70% yield, which was not appreciably changed at a stoiehiometrie ratio of reagents. Similarly, 
3-bromo- and 3-methylthiophenes reacted giving bisazaeycloalkenylthiophenes (IIIb) and (HIc) (Table 1). Com- 
pound (IIIb) was formed more readily, but (IIIc) with more difficulty than (Iila). To achieve a good yield in 
the latter case it was necessary to increase the acid concentration and reaction temperature. 

RR 

o 

+ ~ H (r) 
S 

H R 
v v (It) /---% / ~ _ / /  k 

-. Hn\__/ \ / C/NH 
/~ s /~  

(IIIa--c) 
R = H (a), Me (b), Br (c,). 

The structures of products (Ill) were confirmed by analytical and spectral data and by chemical con- 
versions. 

Mass spectra of (Ilia-c) (Table 2) corresponded to the presence of a 2,2,6,6-tetramethyl-l,2,5,6-tetra- 
hydropyridine ring [6]. The most intense peak in the spectra corresponded to the (M +- Me) ion. The molecular 
ion peak had a significant intensity (N17%) as did the peak for the doubly charged ion (M- Me)2+/2. Ions also 
observed were (M +- 2Me), (M +- Me,- HN----CMe2) and (M +- H,- 2Me,- HN =CMe2). Another direction of 
fragmentation was apparently linked with fission of the bond between the thiophene and one of the tc4rahydro- 
pyrldlne rings, whlch corresponds to apeakofm/z 122 (CgHI6N+-Me) present in the spectra of all these com- 
pounds. 
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