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Electrochemical Synthesis of Sulfinic Acids
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Thiolates, generated electrochemically from
disulfides in dry N,N-dimethylformamide
(DMF), react with oxygen to a mixture of the
corresponding disulfide and sulfinate. If oxygen
is present during the electrochemical reduction,
the disulfide formed on reaction with oxygen is
reduced again to thiolate, and the sulfinate is
thus obatined in good yield.

Preparation of sulfides by in situ alkylation of
electrochemically generated mercaptans has
been reported.t»* The reduction of sulfonyl chlo-
rides ! or disulfides * to the mercaptans is per-
formed in the absence of oxygen in order to
avoid reoxidation; below is reported that the
electrochemical generation of thiolates in the
presence of molecular oxygen leads to the forma-
tion of sulfinates in good yield.

Aromatic sulfinic acids are conveniently pre-
pared by reduction of sulfonyl chlorides;? zinc
dust reduction of aliphatic sulfonyl chlorides
also yields sulfinic acids.* Other routes to ali-
phatic sulfinates include treatment of alkyl-
magnesium compounds with sulfur dioxide ®
and alkylation of electrochemically generated
anion radicals of sulfur dioxide.* An old report ?
mentions the reaction between dry sodium
ethanethiolate and dry oxygen at 100— 120 °C
to sodium ethanesulfinate.

RESULTS AND DISCUSSION

Electrochemical reduction in N,N-dimethyl-
formamide (DMF) or acetonitrile (AN) of di-
sulfides RSSR (R =methyl, propyl, ¢-butyl and
benzyl) to the thiolates RS™ under exclusion
of oxygen, followed by alkylation with a suit-
able diphenylmethyl or benzyl halide gave the
expected sulfide in almost quantitative yield.

In some cases the chloride reacted much more
slowly than the bromide. If, however, the thio-
late was allowed to react with oxygen, not only
was the parent disulfide formed, but also the
corresponding sulfinate, which was charac-
terized as a sulfone after reaction with an
alkylating agent. The yield of disulfide was
generally higher in concentrated solutions of
thiolate, whereas the formation of sulfinate
was favoured by low thiolate concentrations.

Thus, addition of oxygen to a solution
(6x 10 M) of 1,1-dimethylethanethiolate (1)
in DMF containing Bu,NPF, gave a 50 9, con-
version of 1 after 5 min and practically complete
oxidation of I after 20 min. Diphenylmethyl
bromide (2) was then added to the so-
lution and a yield of diphenylmethyl ¢-butyl
sulfone (3) of 75 9%, and of di-t-butyl disulfide
(4) (13 %) was obtained. If oxygen was bub-
bled through the solution of I for 2 h (rather
than 20 min), the same yield was obtained, but
longer reaction times at room temperature
decreased the yield; after a reaction time of
24 — 3 h the yield of 3 was decreased to 63 9%,.
Addition of 2 to 1 before oxygen was admitted
produced diphenylmethyl ¢-butyl sulfide (5)
isolated in quantitative yield.

Preparation of sulfinates by electrochemical
generation of thiolates from disulfides in the
presence of oxygen is a convenient method;
disulfides are readily available, the relatively
low concentration of thiolate during the electro-
chemical generation favours the formation of
sulfinates, and any disulfide formed during the
oxidation is reduced again to thiolate at the
electrode. Yields of 80—90 9%, of a mixed sul-
fone, formed on alkylation of the sulfinate, may
be obtained.
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Table 1. Voltammetric peak potentials of disulfides
(reduction) and thiolates (oxidation) in DMF/0.1
M Bu,NPF, vs. saturated calomel electrode (SCE)
at & mercury and/or glassy carbon electrode.

Reduction or oxidation
potentials/V vs. SCE

Glassy

Compound Mercury carbon
electrode electrode

(CH,S—), —1.8%
(CsH,S—), —-115 —22 —2.5
(¢-CH,S—), -0.9;% —2.9 —2.8
(C,H,CH,8— ), —-1.05 —215 —2.5
C,H,S Bu, N+ —0.95 -0.3
¢t-C,H,S Bu N+ —0.9 —0.15
CH,CH,S Bu, N+ —1.05

4 Polarographic Ej. % Due to complex formation
with mercury.

Oxygen is reducible at the potential em-
ployed for the reduction of aliphatic disulfides
(Table 1). This is not a serious complication,
but the electron consumption is somewhat
higher than required for the reduction of the
disulfide and the completion of the reduction
is not indicated by a nearly complete decrease
of the current.

Another complication is that aliphatic sul-
finates are not completely stable compounds,
but decompose slowly, possibly due to further
oxidation; by working at low temperatures and
using a suitably designed cell to diminish re-
action time the decomposition is not serious.

The reduction potential of oxygen is much
less negative than the peak potentials of the
disulfides employed here (Table 1), so an elec-
tron transfer from the thiolate ion to molecular
oxygen is probably energetically favoured;
furthermore, the fast coupling reaction would
be a driving force for an electron transfer. The
reaction also occurs without the current flow-
ing, so the superoxide ions generated at the
electrode by direct reduction is not essential
for the reaction. The following reaction scheme
is in accordance with that and it also explains
the formation of disulfide and the concentra-
tion dependence of the yield. RS’ and O;~ are
probably formed within a solvent cage; the
pair may either collapse to the sulfinate or some
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of the RS’ radicals may diffuse out and dimerize
to disulfide.

RS~ +0,=RS +0,~
RS + 0, -+RS0,”
2RS'-»RSSR

Electron transfer from anions or their equiv-
alents to electron acceptors is well-known in
substitution and addition reactions;*~!* only in
a few cases !® are the reversible oxidation po-
tentials of the anions known. The oxidation
potentials of the thiolates have not been meas-
ured, but they must be between the peak
potential of the disulfide (E,(S—8)) and that
of the thiolate (Z;(S7)). If the reversible oxida-
tion potentials of the aliphatic thiolates are
not much more positive (> 0.6—0.7 V) than
the mean value of E,(S—8) and Ey(S7), then
the reaction would be able to proceed accord-
ing to the scheme.

This investigation emphasizes the importance
of excluding oxygen during the reduction of
disulfides followed by reaction with an alkylat-
ing agent, if sulfides are the desired products.
On the other hand, the reduction of disulfides
in the presence of oxygen offers a convenient
alternative to the known methods for the prep-
aration of sulfinates or their alkylated deriv-
atives. Mechanistically, the coupling between
thiolate and oxygen seems to be another ex-
ample of a synthetically useful reaction in-
volving solution electron transfer from a anion.

EXPERIMENTAL

The electrochemical equipment has been de-
scribed previously;* the disulfides were com-
mercially available or prepared by oxidation **
of commercially available mercaptans.

Reduction of di-t-butyl disulfide (4) and ox-
ygen. 4 (0.5 g) was reduced in DMF/0.1 M Bu,NI
at —2.8 V (vs. SCE) with oxygen bubbling
through the catholyte. After the passage of
2.2 F mol™! the electrolysis was stopped and
diphenylmethyl bromide (2) (1.50 g) was added
and allowed to react with 1 for 16 %1; the catho-
lyte was then diluted with water and the prod-
uct extracted with diethyl ether; the ether was
washed, dried and evaporated leaving a residue
(14 g, 87 %) which was recrystallized from
chloroform/light petroleum. The product, m.p.
210 °C, was identified as diphenylmethyl ¢-butyl
sulfone (3) from the IR- and *H NMR spectrum
(CDCl,): 6 1.27 (9 H, 8), 5.45 (1 H, 8), 7.26—7.50
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(6 H, m), 7.60—7.90 (4 H, m). IR spectrum
(KBr) em™: 2920 (w), 1495 (m), 1450 (m), 1282
(8), 1107 (s), 837 (w), 777 (w), 752 (m), 707 (s),
689 (m), 678 (ms).

Similarly was reduced dipropyl disulfide
(0.5 ml) at —2.3 V (SCE) with oxygen satura-
tion; after the reduction 2 (1.73 g) was added
to the catholyte. After work-up, the YH NMR
spectrum of the crude product (1.40 g) indi-
cated 68 9, diphenylmethyl propyl sulfone (5)
m.p. 116 °C (111-113 °C),*® 7 %, diphenylmeth-
yl propyl sulfide, 11 9% benzhydrol and 14 9,
1,1,2,2-tetraphenylethane.

Benzyl ¢-butyl sulfone (6), m.p. 122 °C (126 —
127 °C),*” benzyl propyl sulfone (7), m.p. 87 °C
(88— 89.5 °C),* diphenylmethyl methyl sulfone
(8), m.p. 130 °C (128 — 134 °C),'® benzyl methyl
sulfone (9), m.p. 128 °C (125— 127 °C) !®* were
obtained in yields of 85— 95 9, using a similar
procedure.

Besides through their melting points, the
sulfones were identified through their spectra.
1H NMR spectra (CDCl), 6: 6 0.94 (3 H, tr,
J 7 Hz), 1.5—2.2 (2 H, m); 283 (2 H, tr, J 7
Hz), 5.30 (1 H, 5), 7.3—17.8 (10 H, m); 6: 6 1.43
(9 H, s), 4.22 (2 H, s); 7.42 (5 H, 8); 7: 5 0.99
(3 H, tr, J 7 Hz), 1.4—2.2 (2 H, m), 2.78 (2 H,
tr, J 7 Hz), 4.18 (2 H, s), 7.35 (5 H, 8); 8: § 2.72
(3 H, s), 532 (1 H, 8), 7.2—17.8 (10 H, m);
9: 5 2.72 (3 H, 8), 4.22 (2 H, &), 7.40 (5 H, s).
All the compounds had two strong absorption
bands at about 1300 and about 1100 em™ in
the IR spectrum.

Reduction of di-t-butyldisulfide (4): 4 (0.12 g)
was reduced as described above with argon
bubbling through the catholyte, n= 2.0 F mol™.
2 (0.25 g) was added and the catholyte worked
up as described for 3; the crude product (0.267
g, ~100 %) was identified as diphenylmethyl
t-butyl sulfide, m.p. 45.7—46.7 °C (light petro-
leum) from the 'H NMR spectrum (CDCly):
5 1.25 (9 H, s), 5.21 (1 H, s), 7.1-7.6 (10 H,
m). IR spectrum (KBr) em™: 2900 (w), 1480
(w), 1435 (w), 1355 (w), 1150 (m), 1072 (w),
739 (s), 700 (s).
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