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Abstract: Theelectrochemical reduction of p-nitrobenzenesulfonyl chloride (NBSCI) in dimethylsulfoxide
(DM SO) solutionisused hereasamodé toinvestigate theroleof sulfinic acid derivativein thiscompound's
global reduction process. Cyclic voltammetric experimentsreveal the production of sulfinic acid derivative,
which isimportant in chemical reactionsinvolving the original compound and other intermediates. This
paper a so discusses the probable mechanisms of the reduction.

Keywords: electrochemistry; sulfonyl compounds; sulfinic acid and derivatives, mechanism.

Introduction

Sulfinic acids are highly unstable organic
compoundsthat do not usually participatein chemical
reactions. However, sulfinic acid derivatives are
normally observed asintermediates or productsof a
widerange of electrochemical reactions.

Simonet and Jeminet [1] conducted
polarographic studies with aromatic sulfones to
investigatethe influence of the aromatic substituent
inthese compounds’ reduction process. Inaprotic
medium, they obtained a bielectronic wave
corresponding to the production of sulfinate ions
and hydrocarbon as an electroinactive substituent.
Two monoelectronic waves were observed in an
aprotic medium, and the authors suggested the
production of the p-toluenesulfinateionintheglo-
bal reduction process.

Gourcy et a. [2] studied the electrochemical
reduction of aromatic sulfonyl chlorides in
acetonitrileand dimethylformamide solutionsin the
presence of alkyl halides. The reduction of these
compoundsin an aprotic medium produces sulfinate
and sulfideions, which react with the alkyl sulfide,
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producing the corresponding sulfone or sulfide. In
dimethylformamide, probably due to the alkaline
character of that solvent, theglobal processindicates
theproduction of chloride, sulfideand sulfonicions.
Jeminet et al. [3] reported results on their
studies of the electrochemical reduction of sulfonyl
chloridesin aprotic and protic mediumson mercury,
pointing out the role of the acidic nature of the
electrolytic solution in the el ectroreduction process.
The global processthe authors described indicates
the production of sulfinateions by thefaradaic step.
Johansson and Persson [4], who studied the
electrochemical reduction of aromatic sulfonyl
chlorides on mercury and glassy carbon electrodes
in acetonitrile, demonstrated the production of
chloride and benzenesulfinate ions using cyclic
voltammetry and coulometry on glassy carbon.
The cathodic behavior of long chainaromatic
sulfonesin alow acidic mediumwasinvestigated by
Mabon et al. [5]. Their studies conducted in
dimethylformamide solutions using cyclic
voltammetry and electrolysis under a controlled
potential showed cleavage of the C-S bond with the
production of sulfinate ions and hydrocarbon.
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Ina1991 review, Simonet [6] pointed out
the occurrence of the sulfinate ion in the reduction
of sulfonyl chlorides via a two-electron cleavage
process of the S-Cl bond. Such a cleavage can be
considered asourceof sulfinateionsasintermediates
of the reduction process.

Afew yearsago, Angelo and Stradiotto [ 7]
proposed a mechanism for the electrochemical
reduction of aromatic sulfinic acids in an aprotic
medium, demonstrating the importance of the
chemical reactions of derivativeintermediates.

The above findings lead us to conclude
that the production of sulfinateionsin the sulfonyl
halide and sulfone reduction processisan essential
step. Although sulfonyl halides also lead to the
production of the halide ion, and sulfone leads to
that of the corresponding hydrocarbon, these
studies found no evidence of the role of sulfinic
acid derivativesin the global process.

p-nitrobenzenesulfonyl chloride (NBSCI)
was elected as amodel compound to shed light on
the role of the sulfinic acid derivative in the
electrochemical reduction process. The electron-
removal character of the nitro substituent allows
the compound to be reduced at less negative
potentialsand also to produce stable intermediates.
The aim of this work is to find electrochemical
evidence of the participation of thearomatic sulfinic
acid derivative in the electrochemical reduction
process of the corresponding sulfonyl chlorides.

Experimental

Commercialy availableNBSCI (Merck) was
used as received. The purity of the compound was
analyzed using melting point, nuclear magnetic
resonance and infrared spectrometry techniques.

The electrochemical experiments were
performed in dimethylsulfoxide (DM SO, Merck)
solutions using tetrabutylammonium tetrafluorborate
(Bu,NBF, Merck) as the supporting electrolyte, at
25°C. The solutions were deaerated by bubbling
nitrogen gas before each experiment. A two-
compartment glass cell was used in the cyclic
voltammetric experiments, and athree-compartment
cell wasused in the potential-controlled electrolysis
experiments. Thecounter electrodeswereaplatinum
ring for cyclic voltammetry and a platinum grid for
electrolysis. A glassy carbon disk withan areaof 0.07
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cm? (Tokai Carbon Co.) was used as a working
electrodefor cyclic voltammetry, and aglassy carbon
platewith an areaof 9.2 cm? (CTA) wastheworking
electrodeinour eectrolysisstudies. All thepotentias
cited in thiswork are referred to an SCE, saturated
calomel electrode (Analion).

An EG&G Princeton Applied Research
model 173 potentiostat-galvanostat coupled to an
EG& G Mode 175 Universal Programmer was used
for the electrochemical studies. The data obtained
were recorded with a Houston I nstruments M odel
REOQ91 recorder. For rapid scan rates, an IBM-
compatible PC interfaced by an ADC card to the
above mentioned potentiostat was used.

Resultsand Discussion

Figure 1 displays cyclic voltammograms
obtained for the reduction of NBSCI| in DM SO/
Bu,NBF, on a glassy carbon electrode. Three
cathodic peaksarevisibleat -0.84 V (pesk 1),-1.0V
(peak 11) and -2.2 V (peak 111) and one anodic peak
at -0.92 V. Peaks | and Ill did not show the
corresponding anodic peaks even when a sweep
rateashighas10V st wasapplied, suggesting their
irreversiblecharacter dueto afast coupled chemical
reaction and/or an irreversible charge transfer
reaction. On the other hand, peak 1l indicates the
corresponding anodic process located at -0.92 V.
The profile is characteristic of the reduction of
aromatic sulfur compounds activated by a nitro
substituent in aprotic medium.
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Figure 1. Cyclic voltammograms for NBSCl in
DMSO solution at 25°C (v=0.10 V s?), with the
cathodic sweep reverted after each cathodic peak.
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Theeffect of repetitive scans on the shape of
the cyclic voltammogramsis shown in Figure 2. In
addition to a decline in the current peak due to the
concentration gradient, an almost complete
suppression of peak | wasobserved inthe successive
scans, suggesting that, closeto theelectrode, NBSCI
was consumed through a chemical step following
the second and third electron transfer steps.
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Figure 2. Cyclic voltammograms obtained for
NBSCI in DM SO solution at 25°C (v=0.10 V s?),
with the cathodic sweep reverted after peak (111).
(A) 1% cycle, and (B) 7" cycle.

Cyclic voltammograms obtained with the
scan limited to the potential of peak Il (Figure 3)
show the same behavior, indicating that the chemical
step occurred with an intermediate produced from
the second electron transfer step. This can be
explained by the fact that radicals generated in
organic compound reactions are usualy highly
reactive and, when present in the diffusion layer,
can react with a variety of species, including the
starting compound.

Cyclic voltammetry experiments were al so
performed by holding the potential immediately after
reaching peak I1. If the potential is held after peak
I1, the cyclic voltammogram recorded inhibits peak
I, asindicated in Figure 4. Thisresult reinforcesthe
suggestion that an intermediate produced from the
second cathodic process reacts with the starting
compound through a chemical step. Moreover, it
should be noted that a consecutive sweep
experiment made after holding the potential allows
one to reproduce the voltammetric profile of the
sulfinic acid derivativein an aprotic medium [8,9].
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Figure 3. Cyclic voltammograms obtained for
NBSCI in DM SO solution at 25°C (v=0.10 V s%);
cathodic sweep reverted after peak (11). (A) 1% cycle,
and (B) 8" cycle.
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Figure 4. Cyclic voltammograms for NBSCl in
DMSO solution at 25°C (v=0.10 V s%): (A) start
holding for 30 s; (B) restarting of the sweep.

These cyclic voltammetric experiments
suggest that the first step in the electrochemical
reduction of NBSCI may be:

ON-Ar-SOCl + & 5 [ON-Ar-SOCII"" (1)
whichisresponsiblefor peak | and produces
the starting radical-anion compound that leads to
the R-Cl bond cleavage.
[O,N-Ar-SO,Cl]“—[O,N-Ar-SO,] +CI @)
Hence, the sulfinic acid derivative (sulfinate

radical) produced (egn. 2) can either subtract a
proton from the medium and generate p-
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nitrobenzenesulfinic acid or participate in an
electron transfer reaction. Furthermore, the same
step produces the Cl- ion which is commonly
determined to be aproduct of the electrochemical
reduction of sulfonyl chlorides.

Assuming that the sulfinate radical
persistsin thediffusion layer, such species could
receive a second electron (peak 1), producing
thereactive sulfinate
[ON-Ar-SO]" + &€ S O,N-Ar-SO, (3)
ion. This anion presumably attacks the starting
compound via the nucleophilic chemical
reaction:

O,N-Ar-SO, + O,N-Ar-SO,Cl — [ON-Ar
-S0,-S0,-Ar-NO,] + CI- (4)

which was probably responsible for the
disappearance of peak (l) in the consecutive
sweepsand potential-hol ding experiments. It must
be pointed out that step (4) also produces the Cl-
ion. Thisprocess has al so been reported by L azar
and Vinkler [10].

Peak (111) can be formed in response to
the electrochemical cleavage of the disulfone
produced in step (4):

[O,N-Ar-SO,-SO,-Ar-NO,] + 2e — 20N
-Ar-SO; 5

which also producesthe sulfinateion that can react
with thestarting compound viastep (4). At thispaint,
the global process may acquire acomplex and loop
like a singularity, in which the nucleophilic attack
from the sulfinateion to the starting compound as-
sumesaprevalentrole.

To better understand the cathodic process,
theinfluence of the sweep rate (v) on thereduction
peaks was investigated. The data obtained, which
wasplotted asi /v*?,isshownin Figure5. The peak
current declined slightly with the sweep ratein the
first and second cathodic processes of NBSCI
reduction. Figure 5 also reveals a pronounced
decrease with the sweep rate in the third NBSCI
reduction process. Theseresultsindicate achemical
reaction occurred in each electron transfer step.
Note that this assumption was suggested earlier,
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based on the successive sweeps and holding
experiments conducted in this study.

3.0

o
w
T

&
=}
T

vIRIA VT2 g 112
&

p

—
[=

1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6

v/iVs
1.5
o~
12
72}
il
= 09
o
> = .
< 06
-
o
T03
> (B)
-— 00 1 1 1 1 1 1
00 01 02 03 04 05 06
viVs
1.5
o L2 F
» \
§I 09 t -\\_
> T
« 06 | e N
-
o
03t
-
T (C)
0.0 , . , , . A
0.0 0.1 0.2 0.3 0.4 0.5 0.6

v/iVs

Figure5. Influence of the sweep rate on the current
function (ip/v”z) for electrochemical reduction of
NBSCI in DMSO at 25°C. (A) peak |; (B) peak I1;
and (C) peak I11.

Ecl. Quim., S8o Paulo, 30(3): 57-61, 2005



Our analysis of theinfluence of the sweep
rate on the cathodic peaks also revealed a shift in
E, (potential of the cathodic peak) as afunction of
log v (sweep rate). The d Ep/al og v values
calculated from these plotswere 0.031V, 0.015V
and 0.040V, respectively, for thefirst, second and
third cathodic step of the NBSCI reduction. These
valuesindicate asignificant cathodic shiftinthe Ep
asthe sweep rateincreased. Based on the diagnostic
criteria, these values suggest a coupled chemical
reaction following each faradaic step. It should be
pointed out that the magnitudes of such valuesare
established by the kinetic characteristics of the
chemical reactionsinvolved, which depend onthe
stability of the intermediates produced from the
faradaic steps.

The overall equation that represents the
proposed mechanismis:

ON-Ar-SO,Cl + 2& — ON-Ar-SO, + CI (6)

which indicates that each molecule of the starting

compound appears to transfer 2 electrons. The
constant potential electrolysis experiments
produced a number equal to 2.1, which isin good
agreement with the predicted value.

The proposed mechanism is congruous
with the experimental findings of this work and
confirmsthe reaction products already determined
by others [2-4,6]. Therefore, we have shown
electrochemical evidence of the participation of the
sulfinic acid derivative as an intermediate in the
electrochemical reduction of the model compound
NBSCI in DM SO solution.
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A.C.D.Angelo, S. M. A. Jorge, N. R. Stradiotto Evidénciael etroquimicado derivado acido sulfinico como
intermediério nareduc&o do cloreto de sulfonilaaromético em meio aprético

Resumo: A reducdo eletroquimica do cloreto de p-nitrobenzenosulfonila (NBSCI) em dimetilsulféxido
(DM SO) foi utilizada como um modelo para o estudo da participacéo do derivado sulfinico no processo
global de reducdo deste composto. Para isso foram utilizados ensaios de voltametria ciclica, onde foi
evidenciada a producdo do derivado sulfinico que assume papel preponderante nas reaces quimicas
envolvendo o composto original e outrosintermediérios. Sdo também discutidos os provavei s mecanismos

de reducéo.
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