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The mechanism of the electroreduction of alkenyldimethylsulfonium salts 
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The potential of the electroreduction of alkenyldimethylsulfonium salts and the prefer- 
able direction of C--S bond cleavage are determined to a considerable extent by the position 
of the double bond in the alkenyl substituent. 
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In the previous communication I we thoroughly dis- 
cussed the prepara t ive  e lec t roreduct ion (ER) of 
allyldimethylsulfonium salts and the possible mecha- 
nism of the process at a mercury cathode. It is known 2 
that the structure of substituents in sulfonium salts 
affects their ER potentials. For example, the cathodic 
reduction potentials were reported to decrease 3 when 
electron-accepting substituents were present in sulfo- 
nium salts; in particular, a significant shift of El~: from 
that of the vinyl analog was observed when the double 
bond was in the allyl position relative to the sulfur atom. 

According to the classical scheme, the reductive 
cleavage of sulfonium salts involves two consecutive 
one-electron steps 3,4 and occurs according to the ECE- 
mechanism. The first step (Scheme 1) involves the 
transfer of one electron and the formation of an inter- 
mediate radical, A, whose subsequent decay results in 
sulfides (RSMe and Me:S) and radical species (R" and 
Me ' ) .  The elimination of the more stable radical is 
preferable both in electrochemical (or photochemical) 5 
and in chemical 6 reduetive cleavage. The second elec- 
trochemical step is assumed to involve the reduction of 
the radical species to give the corresponding hydrocar- 
bons. It was of interest to compare these data with those 
obtained from the preparative cathodic potentiostatic 
electrolysis of  sulfonium salts containing alkenyl sub- 
stituents of various structures. 

Results and Discussion 

The ER potentials of alkylsulfonium salts are so high 
that attempts have been made 4 to use them as support- 
ing electrolytes in electrochemical processes. Salt 1 
(Table 1), which contains a substituent with a homoallyl 
double bond,  undergoes reduct ion similarly to 
alkylsulfonium salts. The ER gives hydrocarbon l a  and 
sulfide lb, and the charge passed (Q) is 2 F tool -1. 
Although elimination of the bulky alkenyl radical is 

Scheme 1 

Me2S + R" 
+ +e _ ~  

RSMe2 ~ I RSMe2] 

A ~ RSMe + Me ~ 

somewhat preferable, the composition of the ER prod- 
ucts indicates an approximately equal probability of the 
cleavage of the S--Me and S- -R bonds. Obviously, the 
reduction of radical species (Me" and R ' )  occurs at a 
much lower cathodic potential than the potential of the 
first electrochemical step. Therefore, the reduction of 
salt 1 is actually a one-step two-electron process. 

The ER of salt 2 (see Table 1), in which the double 
bond in the alkenyl substituent occupies the vinyl posi- 
tion, occurs at a somewhat more positive potential than 
that of salt 1. In this case, the corresponding sulfide 2a 
is practically the only product (Q = 2 F tool-Z). Prob- 
ably, the electron-withdrawing effect of the double bond 
is decreased owing to additional interaction of the 7t- 
electrons of the vinyl double bond with the positive 
charge at the sulfur atom. The transfer of one electron to 
this sulfonium cation results in an intermediate that is 
more stable than that in the case of salt 1, and in which 

an unpaired electron is delocalized over the [C=C--S]" 
conjugated system. The decay of this radical should 
involve preferential elimination of M e ' ,  which results in 
the high selectivity of the electrochemical process for 
salt 2. The appearance of a similar transition state 
named a "Tt-ligand radical anion of a sulfonium salt 
cation ''6 during the chemical  reduct ion of 
arylalkylsulfonium salts explains the elimination of the 
most stable radical along with retention of the C--S 
bond with the aryl substituent. Formally, the results of 
the preparative ER of salts 1 and 2 do not contradict the 
classical scheme of the reductive cleavage of sulfonium 
salts. However, this is actually a one-step process, since 
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Table 1. Results of preparative electroreduction of RSMe2C104 salts (supporting electrolyte, 0.3 M LiCIO 4 in DMF--10 % H20 ) 
on a mercury cathode 

Cation E/V Main products* 

Structure Yield (%) 

SM••e20Ac (1) -2.0** OAc (la) 28 

+ 

SMe 2 
+ 

(2) -1.8+1.9 

~ V ~ ~ o A  c 

SMe 2 
+ 

(3) -1.2 

SMe2 OAc 
+ 

(4) 

~ 
' ~ ' ' " ~ O A c  (5) 

SMe 2 
+ 

-1.2+-1.5 

--1.2 

5 -l .2+--l .7 

OAc (lb) 45 

~ v ~ o A c / '  (2a) 72 

SMe 

(3a) 
OAc 

(4a) 

OAc 

(5a) 
OAc 

42 

66 

55 

5a 80 

* The amounts of CH 4 and Me2S formed were not determined. 
** Supporting electrolyte: 0.1 M LiCIO 4 in DMF--1% H20. 

both electrochemical steps occur at the same potential. 
In contrast, allyldimethylsulfonium salts 3--5 un- 

dergo reduction at relatively low cathodic potentials, 
and the process involves two separate steps. The elec- 
trolysis at the first step (E = -1 .2  V) involves predomi- 
nant formation of the corresponding hydrocarbons 3a--  
5a (in ~50 % yield, Q ~1 F tool-l) ,  while sulfides RSMe 
are not detected at all. Electrolysis initially at E = 
- 1 . 2  V and then at gradually increasing potentials makes 

it possible to obtain the hydrocarbons in higher yields 
(see Table 1). For example, the yield of product 5a in 
the ER of salt 5 reaches 80 % (Efina 1 = - 1 . 7  V, 

Q * 2 F mo1-1) with retention of the a-posit ion of the 
double bond in the atkenyl radical (the admixture of the 
[3-isomer is 5--10 %). We believe that the high selectiv- 
ity of the process is related to the reaction of the allyl 
radical with the mercury cathode rather than to the 
stability of the radical itself. This allows us to explain the 
almost complete absence of isomerization, i.e., the re- 
tention of the a-position of the double bond in the end 
products 3a--5a.  It has been shown 7 that the Ell/2 
values for salt 5 on platinum and mercury cathodes are 
close. However, the processes occurring at the second- 
wave potentials differ significantly: the positive shift of 
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E~. ~ on a mercury  ca thode  and the appearance  of  
addi t ional  waves suggest a change in the  ER mechanism 
when the p l a t inum ca thode  is rep laced  by a mercury  
cathode.  The  presence of  an allyl subst i tuent  in the  
sulfonium ca t ion  induces such a significant anodic  shift 
of  the  first-wave potent ia l  (E  = - 1 . 2  V) that  desorpt ion 
of  the  in te rmedia te  radical  A from the mercury  electrode 
surface is unl ikely  to occur  at this potential .  Probably,  
the subsequent  t ransformat ions  of  this radical  involve 
the  e l i m i n a t i o n  o f  Me2S and  the  f o r m a t i o n  o f  
o rganomercury  in termedia tes  1 whose reduct ion at E = 
- 1 : 2  to - 1 . 7  V results in hydrocarbon  RH.  We believe 
that  the above considera t ions  are the only ones that  
explain the  relat ively high selectivity o f  the ca thodic  
electrolysis  of  a l ly ld imethylsu l fonium salts. 

Thus,  in cases when the ER of  sulfonium salts is 
compl ica ted  by chemica l  t ransformat ions  of  an in terme-  
diate radical  A, the potent ia ls  of  the  first and second 
reduct ion waves differ significantly. A change in the 
posi t ion of  the  double  bond  in the  alkenyl substi tuents 
of  a lkenyld imethylsu l fon ium salts can both favor a sig- 
nif icant  shift in the  ER potent ia l  and change the prefer-  
ential d i rec t ion  of  the  cleavage of  the  S - - R  or S - - C H  3 
bonds. 

Experimental 

IR spectra were recorded on a UR-20 spectrophotometer. 
IH NMR spectra were recorded on a Bruker WM-250 spec- 
trometer, and mass spectra were obtained on a Varian MAT 
CH-6 spectrometer. The Rf values refer to a fixed Silufol silica 
gel layer in an ether--hexane ( 1 : 4 )  system. Polarographic 
monitoring was performed on a mercury dropping electrode 
using a PU-1 polarograph and a saturated calomel reference 
electrode. 

DMF was purified by storage with K2CO 3 and subsequent 
distillation. Sulfonium salt 1 was obtained by a standard 
procedure, s Salts 3--5 were synthesized by a known proce- 
dure. 9 Salt 2, a by-product of the synthesis of salt 4 (content 
10--15 %), was isolated from the reaction mixture after the ER 
of salt 4. The alkenyldimethylsulfonium salts 1--5 were puri- 
fied as described previously. 9 

The preparative electrolysis at a controlled potential was 
performed in a cell with a porous glass diaphragm using a P- 
5848 potentiostat until the starting reagent was exhausted. 
Bottom mercury (-16 cm 2) was used as the cathode, a plati- 
num grid served as the anode, and a saturated calomel elec- 
trode served as the reference electrode. The catholyte volume 
was 14 mL, When the electrolysis was completed, the solution 
was diluted with water, acidified with aqueous HCI, and 
extracted with ether. The extract was dried with MgSO 4. 

The eleetroreduetion of (7-acetoxy-2-isopropenyl-5- 
methylheptyl)dimethylsulfonium perchiorate (1). The electroly- 
sis of salt 1 (0.25 g) was carried out for 3 h at E = -2 .0  V in a 
0.1 M solution of LiC104 in DMF containing 1% H20. After 
the usual work-up, the ethereal extract was concentrated in 
vacuo and the residue was separated on a column with SiO 2 
(20 g). Gradient elution from hexane to ether (up to 20 % of 
the latter) gave 40 mg (28 %) of 3,6,7-trimethyl-7-octen-l-ol 
acetate ( l a )  and 78 mg (45 %) of 3,7-dimethyl-6-  

methytthiomethyl-7-octen-1-ol acetate (lb) as colorless liquids 
with Rf 0.63 and 0.51, respectively. 

IH NMR for la  (CDCI3), 6:0.88 (d, 3 H, CH3, J = 6 
Hz); 0.98 (d, 3 H, CH 3, J =  6.5 Hz); 1.2--1.7 (m, 7 H, 
CHCH2); 1.64 (br.s, 3 H, CH3C=C); 1.96 (m, 1 H, CHC=C); 
2.04 (s, 3 H, OCOCH3); 4.06 (m, 2 H, CH20); 4.66 (br.s, 
2 H, H2C=C). MS (EI, 70 eV), re~z: 152 [M-AcOH] +. Mol. 
weight for C13H2402: 212.3. 

Sulfide lb obtained was identical to an authentic sample 
whose characteristics were reported in Ref. 9. 

The eleetroreduction of (6-acetoxy-2,6-dimethylocta-2,7- 
dien-3-yl)dimethylsulfonium perehlorate (2). Salt 2 (0.130 g) 
was electrolyzed for 40 min (/init = 50 ].tA) at E = - 1 . 8  to - 1 . 9  
V in a 0.3 Msolution of LiC104 in DMF containing 10 % H20 
until the wave at El~ 2 = - 1.9 V disappeared completely (polaro- 
graphic monitoring). Standard treatment followed by purifica- 
tion on a column with SiO 2 (20 g) using gradient elution from 
hexane to ether (up to 20 % of the latter) gave 63 mg (72 %) of 
2,6-dimethyl-3-(methylthio)octa-2,7-dien-6-ol acetate (2a), Rf 
0.43, as a colorless liquid. IR (CHCI3) , v/cm-I: 2980 and 2930 
(C--H), 1730 (C=O), 1605 (C=C--S),  1240 (C--O). ~H 
NMR (CDCI3), ~3:1.54 (s, 3 H, CH3); 1.72 and 1.88 (both s, 
6 H, CH3C=C); 1.99 (s, 3 H, OCOCH3); 2.11 (s, 3 H, CH3S); 
1.7--2.25 (m, 4 H, CH2); 5.14 (m, 2 H, CH2=C); 5.96 (dd, 1 
H, CH=S, J = 18.5 Hz and 11 Hz). MS (El, 70 eV), re~z: 242 
[M] +, 182 [M-AcOH] +, 167 [ M - A c O H - M e l  +, 135 [M-  
AcOH-SMel  +. Mol. weight for C13H2202S: 242.4. 

The procedure for the preparative electrolysis of salts 3--5 
has been reported previously. 1 The characteristics of the main 
products, 3a--Sa, have been published, l~ 

References 

1. L. M. Korotaeva, T. Ya. Rubinskaya, and V. P. Gul'tyai,  
[zv. Akad. Nauk, Ser. Khim., 1994, 1255 ]Russ. Chem. 
Bull., 1994, 1191 (Engl. Transl.)]. 

2. A. P. Tomilov, Yu. M. Kargin, and I. N. Chernykh, 
Elektrokhimiya elementoorganicheskikh soedinenii. Elementy 
IV, II, VI grupp periodicheskoi sistemy [Electrochemistry of 
Organometallic Compounds. Elements of the IVth, Vth, and 
Vlth Groups of the Periodic System], Nauka, Moscow, t 986 
(in Russian). 

3. A. L0ttringhaus and H. Machatzke, Liebigs Ann. Chem., 
1964, 671, 165. 

4. M. Baizer, Organic Electrochemistry, Marcel Dekker, Inc., 
New York, 1973. 

5. F. D. Saeva, Tetrahedron, 1986, 42, 6123. 
6. P. Beak and T. A. Sullivan, J. Am. Chem. Soc., 1982, 104, 

4450. 
7. V. P. Gul'tyai, L. M. Korotaeva, L. V. Mikhal'chenko, and 

M. Yu. Leonova, Elektrokhimiya, 1991, 27, 1635 [Soy. 
Electrochem., 1991, 27 (Engl. Transl.)[. 

8. P. A. Lowe, in The Chemistry of the Sulphonium Group, 
Eds. C. J. M. Stifling and S. N. Y. Patai, Wiley and Sons, 
Chichester--New York, 1981, 1, 267. 

9. A. M. Moiseenkov, V. A. Dragan, and V. V. Veselovskii, 
lzv. Akad. Nauk SSSR, Ser. Khim., 1989, 365 ]Ball. Acad. 
Sci. USSR, Div. Chem. Sci., 1989, 38, 314 (Engl. Transl.)[. 
V. V. Veselovskii, M. A. Novikova, L. M. Korotaeva, V. A. 
Dragan, V. P. Gul'tyai, and A. M. Moiseenkov, lzv. Akad. 
Nauk SSSR, Ser. Khim., 1990, 1895 [Bull. Acad. Sci. USSR, 
Div. Chem. Sci., 1990, 39, 1722 (Engl. Transl.)]. 

!0. 

Received May 19, 1994 


