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Dimethyl(2-thienyl)sulfonium salts were synthesized for the f i rs t  t ime. The c o r r e -  
sponding t r i iodomercura tes  were obtained by the react ion of methyl 2-thienyl sulfide 
or its substituted derivatives with methyl iodide and mercur ic  iodide. Sulfonium 
perchlora tes  are  formed as a resul t  of the react ion of thiophene compounds with 
dimethyl sulfoxide in the presence of POCI 3 and perchloric acid. The HgI 3- anion 
was replaced by NO 3- by means of an anion-exchange resin. The methods for the 
dimethylation of sulfonium salts with conversion of them to the corresponding 
sulfides were studied; the conditions for obtaining quantitative yields from these 
reactions by means of an anion exchange resin in the acetate form were found. 

In the course of our investigations of the specificity of electrophilic substitution of aromatic and het- 
eroaromatic compounds that bear electron-acceptor substituents, it was necessary to study several re -  
actions of dialkyl(2-thienyl)sulfonium salts of the I type: 

R" 

R~S~JI~(CH3)2 X" I R=R'=H; II R=Br, R'=H; 

I-IV Ill R=R'=Br; IV R=CH3, R'~H 

We did not observe any data on such salts  in the l i terature .  It therefore  became necessa ry  to seek 
routes for their  synthesis.  It f i rs t  seemed expedient to study the action of dimethyl sulfate on methyl 2- 
thienyl  sulfide. However, the necessa ry  salt (I, X=CH3OSO3-) could not be obtained when these reagents  
were heated. 

The desired resul t  was achieved only when the method in [2] was u s e d -  the corresponding sulfonium 
t r i iodomercura tes  (I-III, X =HgI 3) (see Table 1) are formed when a solution of the sulfide and methyl iodide 
in acetone is s t i r r ed  in the presence  of mercur ic  iodide. The s t ructure  of the salts follows f rom the method 
used to synthesize them and is confirmed by the PMR ~pectra. In par t icular ,  the spec t rum of salt  I (X= 
HgI 3) contains the following signals:  singlet for (CH3)2S at (5 3.42 ppm, quartet  for 4-H at 7.40 ppm, J3,4= 
4.5 Hz, J4,5 =5 Hz; quartet  at 8.08 for 3-H, J3,4=4.5 Hz, J3,5=1.5 Hz; quartet  at 8.21 ppm for 5-H, Jt,5= 5 
Hz, J3,5 =1.5 Hz. The salts with the HgI 3- anion are  ra ther  unstable (in par t icular ,  they decompose during 
recrystal l izat ion)  and, as a consequence of this, are unsuitable for a study of the react ivi t ies .  They were 
converted by a known method [3] by replacement  of the HgI 3- anion by the NO 3- anion by means of an AV-17 
anion-exchange resin in the nitrate form to the correspoliding nitrates. Nitrate I (X=NO 3) proved to be a 

*See [i] for communication VII. 
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T A B L E  1. Su l fon ium Sa l t s  of the  Thiophene  S e r i e s  (I-IV) 

Sulfonium 
salt 

I, X=HgI s 
II, X=HgI s 

III, X=H~I a 
I, X=NO3 b 
II, X=NOs 

I, X=C104 
IV, X=C104 

a) Found:  

' mp (dec.: 

~.~1 

,I 
, !  

B 

Empirical 
formula 

89--91 C6HgHglsS~ 
12~,5~- C6HsBrHgI3S2 

129,5 
94--10~ C6HTBr2HgIsS2 a 
36~40 
14,3,5-- C6HBBrNO3S2 

144,5 
13,'~--13~ C6HgC10,S c 
94--95 C7HuCIO4S2 d 

Found, a]o 

c I -  

9,7; 10,0 1,2; 1,3 
9,0; 8,9tl,0; 1,0 

8,3 0,8 

24,9; 25,0 3,0; 2,8 

29,3; 29,6 3 6- 3 7 
32,7; ~2,6 4:5; 4,3 

Calc., 9 ,~lti 
s cl-ls 

I i 
- -  9 ,91  1 ,2]  - -  

8 , 9  1,0 

7,2 8.2 08 7,3 

2622'8 

26,1; 26,0 29,4 3,7 26,2 
~,1; 26,0 3,2,~ I4,3124,8 

80 
69 

45 
97 
96 

76 
50 

Br  17.8; I 42.3%. C a l c u l a t e d :  Br  18.1; I 43.0%. 
b) The  p e r c h l o r a t e  ob t a ined  f r o m  the n i t r a t e  ( see  the  e x p e r i m e n t a l  
sec t ion)  w a s  i d e n t i c a l  to  the  s a m p l e  ob ta ined  v i a  m e t h o d  C. 
c) Found:  C1 14.4; 14.4%. C a l c u l a t e d :  C1 14.5%. 
d) Found:  C1 13.8; 13.8%. C a l c u l a t e d :  C1 13.7%. 

v e r y  h y g r o s c o p i c  s u b s t a n c e  and was  t h e r e f o r e  c o n v e r t e d  to the  c o r r e s p o n d i n g  p e r c h l o r a t e .  Thus  the  s c h e m e  
f o r  the  s y n t h e s i s  of d i m e t h y l ( 2 - t h i e n y l ) s u l f o n i u m  p e r e h l o r a t e  i nc ludes  the  fo l lowing  s t e p s :  

~'~S__C H 3 CH3I 

In s e a r c h i n g  for  a m o r e  conven ien t  m e t h o d  fo r  the  s y n t h e s i s  of the su l fon ium s a l t s  of i n t e r e s t  to us ,  
we t u r n e d  to s e v e r a l  o t h e r  r e a c t i o n s  b a s e d  on the d i r e c t  e l e c t r o p h i l i c  subs t i t u t i on  of h y d r o g e n  in a c t i v a t e d  + 
a r o m a t i c  compounds  by the (CH3)2S g roup .  Th i s  s o r t  of r e a c t i o n  is  o b s e r v e d ,  fo r  e x a m p l e ,  du r ing  the  a c -  
t ion  of c h l o r o d i m e t h y l s u l f o n i u m  h e x a c h l o r o a n t i m o n a t e  on an i so l e ;  in th i s  c a s e ,  the  d i m e t h y l  ( p - m e t h o x y -  
p h e n y l ) s u l f o n i u m  s a l t  [4] is  f o r m e d  in 85% y i e l d .  C o n s i d e r i n g  tha t  t h iophene  is c l o s e  to  a n i s o l e  wi th  r e -  
s p e c t  to i t s  a c t i v i t y  in e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  [5], we a t t e m p t e d  to a c c o m p l i s h  the  ana logous  
t r a n s f o r m a t i o n  wi th  th iophene ,  but  we  could  not  i s o l a t e  the  n e c e s s a r y  s a l t  in the p u r e  s t a t e .  

A n o t h e r  a t t e m p t  w a s  m a d e  in ana logy  wi th  the  known t r a n s f o r m a t i o n  fo r  pheno l s  to su l fon ium s a l t s  
u n d e r  the  in f luence  of s u l f o x i d e s  (usua l ly  d i m e t h y l  sulfoxide)+and I-IX a c i d s  [6-8].  The  i n t e r m e d i a t e  in th i s  
r e a c t i o n  i s  p r o b a b l y  the  h y d r o x y d i a l k y l s u l f o n i u m  s a l t ,  (CH3)2SOHX-; i . e . ,  i t  i s  ana logous  to the  a b o v e - m e n -  
t i o n e d  c o n v e r s i o n  of c h l o r o d i m e t h y l s u l f o n i u m  h e x a c h l o r o a n t i m o n a t e s  [4]. A s  i t  t u r n e d  out,  the  m o d i f i c a t i o n  
of th i s  r e a c t i o n  us ing  the a c t i o n  of a m i x t u r e  of d i m e t h y l  su l fox ide ,  POC13, and  p e r c h l o r i c  a c i d  [8] m a k e s  
i t  p o s s i b l e  to  ob ta in  r e a d i l y  the  n e c e s s a r y  s a l t s  I and IV (X =C104) f r o m  th iophene  and m e t h y l t h i o p h e n e .  

R ~ S ~  + Clt3SOCl% + I'IClO 4 P(K:I3' R,~(CH3)2(310 ~. 

I R=H; IV R = C H  3 

The  P M R  s p e c t r u m  of s a l t  I (X=C104) is  s i m i l a r  to the  s p e c t r u m  of s a l t  I (X=HgI3).  The  s p e c t r u m  
of s a l t  IV - d i m e t h y l ( 5 - m e t h y l - 2 - t h i e n y l ) s u l f o n i u m  p e r c h l o r a t e  - i s  as  fo l lows:  a double t  at  2.61 ppm fo r  

5-CH3, J4,5_CH 3 =1 Hz; a s i n g l e t  a t  3.45 ppm fo r  (CH3)2S+; a q u a r t e t  a t  7.05 p p m  for  4 -H,  J3,4 =4 Hz, J4,5_CH 3 = 
1 Hz; a double t  a t  7.91 p p m  for  3 -H,  J~,4 =4 Hz.  

To p r o v e  the s t r u c t u r e s  of the  s u l f o n i u m  s a l t s  ob ta ined ,  i t  is  e x t r e m e l y  conven ien t  to c o n v e r t  t h e m  
to the  c o r r e s p o n d i n g  known s u l f i d e s .  Th i s  s o r t  of t r a n s f o r m a t i o n  m a y  a l s o  be of p r e p a r a t i v e  i n t e r e s t ,  s i n c e  
one can ob ta in  a lky l  2 - t h i e n y l  s u l f i d e s  wi thout  u s ing  o r g a n o m e t a l l i c  r e a g e n t s .  T h e r e  a r e  s e v e r a l  m e t h o d s  
fo r  the  d e a l k y l a t i o n  of a r o m a t i c  s u l f o n i u m  s a l t s .  The  m o s t  w i d e s p r e a d  of t h e m  is  t r e a t m e n t  wi th  a l k a l i  o r  
a l k a l i  m e t a l  a l k o x i d e s  [9], but  t h i s  m e t h o d  p r o v e d  to be u n s u i t a b l e  in our  c a s e  b e c a u s e  of low y i e l d s .  The  
r e a c t i o n  wi th  p y r i d i n e  [8] o r  KC1 so lu t i on  [8, 10] is  s o m e w h a t  m o r e  conven ien t  fo r  ou r  p u r p o s e s ,  but  the 
y i e l d s  of s u l f i d e s  u n d e r  t h e s e  cond i t ions  d id  not e x c e e d  70%, and,  fo r  the m o s t  p a r t ,  w e r e  at  the  30-50% 
l e v e l ,  w h i c h  is  c l e a r l y  inadequa te  fo r  the  d e t e r m i n a t i o n  of the  r a t i o  of the  i s o m e r s  tha t  migh t  have been  
f o r m e d  in the e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  of the  su l fon ium s a l t s .  In  s e a r c h i n g  fo r  a m o r e  a c c e p t a b l e  
m e t h o d  fo r  the  d e m e t h y l a t i o n  of the  su l fon ium s a l t s ,  we t u r n e d  our  a t t en t ion  to the  d e m e t h y l a t i o n  of a m -  
m o n i u m  s a l t s  by hea t ing  t h e i r  a c e t a t e s  in l o w - p o l a r i t y  s o l v e n t s ,  fo r  e x a m p l e ,  c h l o r o f o r m  or  m i x t u r e s  of 
c h l o r o f o r m  wi th  benzene  [11]. We  found tha t  th i s  me thod  g i v e s  e x c e l l e n t  r e s u l t s  a s  a p p l i e d  to su l fon ium 
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sa l t s  and makes  it poss ib le  to quant i ta t ively  conver t  the sulfontum sa l t  (for example ,  as  the pe rch lo ra te )  
to the co r respond ing  sulf ide,  during which the p y r o l y s i s  s tep p roves  to be superf luous  because  of the in-  
s t ab i l i ty  of the sulfonium ace t a t e s :  the pe r ch lo ra t e  is conver ted  to the sulf ide when a methanol solution 
of the sa l t  is p a s s e d  through a column f i l led  with }~DF-~10p r e s i n  in the ace ta te  fo rm.  

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

The PMR s p e c t r a  of a c e t o n e - d i m e t h y l  sulfoxide solut ions of the sulfonium sa l t s  were  r e c o r d e d  with 
an RS-60 s p e c t r o m e t e r  (Special Design Office, N. D. Ze l insk i i  Inst i tute  of Organic  Chemis t ry ,  Academy 
of Sciences  of the USSR) with hexamethyld is i loxane  as the in terna l  s t andard .  The authors  thank L. V. Shme-  
lev for  r e c o r d i n g  the s p e c t r a .  

The ch romatograph ic  ana lyses  of the sulf ides  were  p e r f o r m e d  with an LKhM-SM chromatographwi th  
a t he rma l -conduc t iv i ty  de t ec to r  with hel ium as the gas c a r r i e r  a t  a flow ra te  of 30 m l / m i n  with a s t a in l e s s  
s tee l ,  4• 2000 mm column f i l led with 20% polyethylene glycol adipate  on Chromosorb  W at 150~ 

P r e p a r a t i o n  of Sulfonium Sal ts .  A) Dimethyl (2- thlenyl)sulfonium T r i i o d o m e r c u r a t e .  A 0.011 mole 
sample  of m e r c u r i c  iodide and 0.048 mole  of methyl iodide we re  added to a solution of 0.01 mole of methyl  
2- th ienyl  sulfide in 20 m[ of acetone.  The m a s s  was heated and s t i r r e d  on a wa te r  bath for 1 h, dur ingwhich  
the m e r c u r i c  iodide d i sso lved  a lmos t  comple te ly .  The resu l t ing  yellow solution was f i l t e red  to r emove  the 
excess  HgI2, and the acetone was evapora ted  to give 5.8 g (8070) of a substance with mp 74-78 ~ The reac t ion  
product  was washed with methanol  and e ther  and vacuum dr ied  over  paraff in  to give a product  with mp 89- 
91 ~ Dimethyl (5 -b romo-2- th ieny l ) su l fon ium and d ime thy l (3 ,5 -d ib romo-2- th ieny l ) su l fon ium t r i i o d o m e r -  
cura tes  were  a l so  obtained via method A. 

B) Dimethyl(2- th ienyl)sul fonium Ni t ra te .  A solution of 3.63 g (0.005 mole) of d imethy l (2 - th ieny l ) su l -  
fonium t r i i o d o m e r c u r a t e  in a mix ture  of 55 ml of acetone and 25 ml of wa te r  was pa s sed  through a column 
containing 50 g of AV-17 anion exchange r e s i n  in the n i t r a t e  form.*  Another  50 ml of aqueous acetone (1 : 1) 
was then p a s s e d  through the same column, and the acetone and wa te r  were  evapora ted .  Lyophi l ic  drying 
gave 1.0 g (9770) of an ex t r eme ly  hygroscop ic ,  d i r ty -wh i t e ,  c r y s t a l l i n e  subs tance  with mp 35-40 ~ T r e a t -  
ment  of an aqueous solution of 0.46 g of the n i t ra te  with 70% pe r c h l o r i c  acid  gave an abundant white p r e -  
c ip i ta te .  This  p rec ip i t a t e  was r emoved  by f i l t ra t ion ,  washed with methanol and e ther ,  and dr ied  in vacuo 
over  P205 to give 0.22 g (42%) of d imethyl (2- th ienyl )su l fonium p e r c b l o r a t e  with mp 135-138 ~ An analy t ica l  
sample  had mp 137.5-138 ~ ( f rom methanol) .  Found: C 29.0; 28.8; H 3.5; 3.7; C1 14.3; 14.4; S 25.9; 26.070. 
C6HsC104S 2. Calcula ted:  C 29.4; H 3.7; C1 14.5; S 26.2%. 

Dimethy l (2 -b romo-2- th ieny l ) su l fon ium n i t ra te  was a l so  obtained via  method B. 

C) Dimethyl(2- th ienyl)sul fonium P e r c b l o r a t e .  A 0.25 ml sample  of thiophene~ was added at 0 ~ to a 
mix ture  of 125 ml of 70% pe rch lo r i c  ac id  and 100 ml of phosphorus oxychlor ide ,  the mixture  was s t i r r e d  
for  15-20 min,  and 0.25 mole of dimethyl  sulfoxide was added dropwise  to the resu l t ing  emuls ion  while hold-  
ing the t e m p e r a t u r e  at 5~ in the p r o c e s s ,  the mixture  took on a r ed -b rown  color .  S t i r r i ng  was continued 
for another  1 h at  +5 ~ and then for  2 h at  r oom t e m p e r a t u r e .  Af te r  this ,  the contents of the f l a s k w e r e  poured  
over  ice ,  and the resu l t ing  l i gh t -g r een  p rec ip i t a t e  was r emoved  by f i l t ra t ion ,  washed with methanol and 
e ther ,  and r e c r y s t a l l i z e d  f rom methanol  to give 74% of a product  with mp 134-137 ~ An analy t ica l  sample  
had mp 137-138 ~ This  product  did not d e p r e s s  the mel t ing point of a sample  of pe r ch lo ra t e  obtained through 
the t r i i o d o m e r c u r a t e  and n i t ra te  (see above).  Dimethy l (5 -methy l -2 - th ieny l ) su l fon ium percb-lorate was s i m -  
i l a r l y o b t a i n e d  in 50% yie ld  f rom 2-methyl th iophene and had mp 82-85 ~ An ana ly t ica l  sample  had mp 94- 
95 ~ (from methanol) .  The phys ica l  constants ,  y i e ld s ,  and r e s u l t s  of e l emen ta ry  ana lys i s  of the sulfonium 
sa l t s  obtained via  methods A, B, and C a re  p resen ted  in Table  1. 

Decomposi t ion of Sulfonium Salts to Sulfides.  A) By Refluxing with KC1. A 4 g {0.015 mole) sample  
of d ime thy l (5 -methy l -2 - th ieny l ) su l fon ium pe rch lo ra t e  was ref luxed with 60 ml of s a tu r a t ed  po ta s s ium chlo-  
r ide  solution for  5 h. The resu l t ing  oily l a y e r  was ex t r ac t ed  with e ther ,  and the ex t r ac t  was dr ied  with 
MgSO 4 and evapora ted .  The r e s idue  was vacuum d i s t i l l ed  to give 0.32 g (15%) of a t r a n s p a r e n t ,  s l ight ly  

*A 250 g sample  of r e s i n  AV-17 in the chlor ide  fo rm and in the a i r - d r i e d  s ta te  was washed with 17 l i t e r s  
of 10% and 15 l i t e r s  of 570 NaOH solut ions until t he re  were  no longer  C1- ions in the f i l t r a t e .  D i s t i l l e d w a t e r  
(3 l i t e r s )  was then added until  the wash  l iquid was weakly a lkal ine ,  and 12 l i t e r s  of 10% sodium n i t ra te  was 
p a s s e d  through the r e s i n  (see [12l). 

# T h l o p h e n e - a r o m a t i c  concent ra te  containing 30-35% thiophene can be used in place  of pure thiophene.  
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yellowish liquid with nD 2~ 1.5767 that distilled at 100 o (in a bath) and 16 mm [bp 78-79 ~ (10 ram) [3], nD 2~ 
1.5767]. To prove its s t ructure ,  the product was subjected to the action of acetyl chloride in the presence 
of SnC14 to give a ketone with mp 96.5-97.5 ~ (from heptane); this product did not depress  the melting point 
of an authentic sample of 2-methylmercapto-5-methyl -3-ace ty l th iophene  [13]. 

Methyl 2-Thienyl Sulfide. This compound was s imilar ly  obtained f rom 11 g (0.045 mole) of dimethyl-  
(2-thienyDsulfonium perchlorate  to give 2.53 g (44%) of a product with bp 72-73 ~ (15 ram) and nD 201.5963 
(bp 66-67 ~ (10 ram) and nD 2~ 1.5940 [13]). According to gas-l iquid chromatography,  the samples of sulfide 
obtained by the demethylation of the sulfonium salt with KC1 solution and a sample obtained via the method 
in [13] were identical. 

B) By Refluxing with Pyridine.  A 2.45 g (0.01 mole) sample of dimethyl(2-thienyl)sulfonium perchlo-  
ra te  in 20 ml of pyridine was refluxed for 4 h. The pyridine was removed by distillation, and the residue 
was extracted with ether.  The ext rac t  was washed with 5~o hydrochloric  acid, dried with CaCl2, and dis-  
tilled at 40 mm and a bath tempera ture  of 150 ~ to give 0.4 g (31%) of methyl 2-thienyl sulfide with nD20 
1.5939; the compound was identified by means of gas- l iquid chromatography.  

Methyl 5-Methyl-2-thienyl  Sulfide. This compound was s imilar ly  obtained in 8% yield f rom dimethyl- 
(5-methyl-2-thienyl)sulfonium perchiorate  and had nD 201.5775. 

C) On an Anion-Exchange Resin. Anion-exchange res in  t~DE-10p [12] in the chloride fo rmwaswashed  
with 20% potass ium acetate or sodium acetate solution until there were no longer any C1- ions in the fi l-  
t rate  (test with AgNO3). The res in  was then washed with distilled water  until there was no residue after  
the wash waters  were evaporated. The residue was then brought to the air  dried state and packed into a 
column. A solution of 0.3 g (0.0012 mole) of dimethyl(2-thienyDsulfonium perchlorate  in 200 ml of meth-  
anol was passed through a column containing 30 g of res in .  Evaporation of the methanol gave a l ight-brown 
liquid containing methyl 2-thienyl sulfide and acetic acid, according to gas-l iquid chromatography.  The 
yield of methyl 2-thienyl sulfide was quantitative, as established by gas-l iquid chromatography with an in- 
ternal  standard (acetophenone). The yield of sulfide was ~ 70% when 10 g of res in  was used per 0.001 mole 
of sulfonium salt. 
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