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ABSTRACT

Contrasting and interesting electrochemical behavior is observed in anodic oxidation of N-substituted p-toluenesulfinamides under controlled
current conditions. For sulfinamides derived from secondary alkylamines and primary arylamines, the N-sulfinyl group is removed and the
corresponding amines are formed; for sulfinamides derived from primary alkylamines, sulfur oxidation yields the corresponding sulfonamides
in good yields.

In organic synthesis, electrochemical processes may offer
advantages over conventional methods, such as milder
reaction conditions, higher selectivity, and easier isolation
of products.1 An illustrative example is provided by the
electrochemical oxidation of amides and carbamates, a highly
efficient and general electrochemical reaction.2 Sulfoxides
and derivatives are routinely employed in organic synthesis3

and are particularly useful in asymmetric transformations.
However, the electrochemical behavior of sulfur compounds
has been studied to a limited extent.4

Electrochemical oxidation of organic sulfides in mixed
media of water, methanol, acetic acid, and aprotic solvents
has been reported to yield the corresponding sulfoxides,
sulfones, and sulfonic acids.5 Anodic oxidation of 2-phenyl-
1,2-benzisothiazol-3(2H)-ones in acetonitrile also yields the
corresponding sulfoxide.6 Shono7 and Ross8 reported that
anodic oxidation ofN-sulfonamides in alcohols and acetic
acid afforded R-alkoxy and R-acetoxy N-sulfonamides,
respectively.

N-Sulfinamides are important synthons in organic syn-
thesis,9,10 but so far their electrochemical oxidation behavior
is unknown. Herein we report the first study of the anodic
oxidation of sulfinamides and discuss the contrasting and
interesting behavior observed forN-sulfinamides derived
from primary and secondary alkylamines and aniline.
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The racemicN-p-toluenesulfinamides1a-h were prepared
from their corresponding sodiump-toluenesulfinate. Reaction
of the sodiump-toluenesulfinate with SOCl2 followed by
addition of anhydrous ethanol afforded the ethylp-toluene-
sulfinates in 85% yield. The cyclic (1a,b) and acyclic
(1e-h) (()-N-p-toluenesulfinamides were prepared in good
yields by the reaction of (()-ethyl p-toluenesulfinate with
lithium amides, which were prepared by treating the respec-
tive amines withn-BuLi (-78°C, THF).10 TheN-p-toluenesul-
finamides 1c and 1d were prepared in high yield by
methylation (n-BuLi, MeI, -78° C, THF) of the correspond-
ing sulfinamides1f and1g.

The electrochemical oxidation ofN-substitutedp-toluene-
sulfinamides1a-h was carried out in an undivided cylindri-
cal cell equipped with reticulated vitreous carbon (RVC)
anode and platinum plate cathode electrodes using tetraethy-
lammoniump-toluenesulfonate (Et4NOTs) as the supporting
electrolyte and methanol as the solvent.

In general, three major reaction products were formed and
characterized (Table 1): the amines2, methyl p-toluene-
sulfinate 3 (from cleavage of the N-S bond), andN-p-
toluenesulfonamides4 (from sulfur oxidation).

We first investigated the anodic oxidation of the cyclic
N-(alkyl)-p-toluenesulfinamides1a,b in different but constant
electric currents using either RVC or Pt electrodes.11

Table 1 shows that best yields were observed when using
a constant current of 20 mA and RVC-anode and Pt-cathode
electrodes and that the amines2a,b and the methylp-

toluenesulfinate3 were isolated in good yields at time when
6 F mol-1 of electricity was passed (Table 1, entries 1 and
2). Amines2a,band methylp-toluenesulfinate3 were formed
by cleavage of the N-S bonds (Scheme 1).

We then investigated the electrochemical behavior of the
acyclicN-p-toluenesulfinamides1c-h derived from second-
ary and primary alkylamines and aniline (Scheme 2).

In great contrast with the behavior of the cyclic amines
1a,b, the anodic oxidation of theN-(alkyl)-p-toluenesulfi-
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Table 1. Anodic Oxidation ofN-Substitutedp-Toluenesulfinamides1a-h

entry sulfinamides R1 R2 current (mA) amines 2a-e methyl sulfinate 3 sulfonamides 4f-h

1 1a -(CH2)4- 20 70% 75%
2 1b -(CH2)5- 20 72% 76%
3 1c PhCH2 Me 20 78% 80%
4 1d i-Pr Me 20 n.d. 80%
5 1e Ph H 20 56% 78%
6 1e Ph H 100 30% 70%
7 1f PhCH2 H 20 85%
8 1f PhCH2 H 60 tr 80%
9 1g i-Pr H 20 81%

10 1g i-Pr H 60 tr 79%
11 1h t-Bu H 20 90%
12 1h t-Bu H 60 85%

Scheme 1

Scheme 2
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namides1f-h derived from primary amines under the same
electrochemical conditions (20 mA, MeOH) promotes sulfur
oxidation, thus affording the correspondingN-(alkyl)-p-
toluenesulfonamides4f-h in good yields at time when 4 F
mol-1 of electricity was passed (Table 1, entries 7-12).
Monitoring by GC shows that electrochemical oxidation of
sulfinamides1f-h at 60 mA gives identical results (Table
1, entries 8, 10, and 12) plus small amounts of sulfinate3,
whereas theN-(phenyl)-p-toluenesulfinamide1eafforded2e
and3 owing to N-S bond cleavage (Table 1, entries 5 and
6).

To further confirm the contrasting behavior of sulfinamides
derived from secondary and primary amines, the acyclic
N-(alkyl)-p-toluenesulfinamides1c,d (prepared by methyla-
tion of 1f,g) were also studied. As observed for the cyclic
sulfimanides1a,b, the anodic oxidation of1c,d (Scheme 2)
afforded the respective amines2c,d and3 (Table 1, entries
3 and 4) owing toN-sulfinyl group cleavage.

The contrasting electrochemical behavior of sulfinamides
derived from primary and secondary amines and aniline was
therefore confirmed. A mechanistic interpretation can be
rationalized: the different final products observed experi-
mentally suggest that the electron transfer takes place mainly
from nitrogen in the case of sulfinamides derived from
secondary alkylamines and aniline, whereas the electron
transfer take mainly from sulfur in the case of sulfinamides
derived from primary alkylamines.

In the case of theN-sulfinyl group cleavage (Scheme 3,
R1 ) R2 ) alkyl or R1 ) aryl and R2 ) H), the sulfinamides
1a-ederived from secondary alkylamines and aniline upon
surrendering one electron to the anode are transformed into
a N-radical cationA stabilized by the alkyl groups or
aromatic group, respectively. Because the electron-deficient
N-radical cation is a good leaving group, the attack of
methanol at the sulfur cleaves the N-S bond to give
N-radicalB and methyl sulfinate3. The formal reduction of
radicalB by the cathodic process in galvanostatic conditions
followed of protonation gives amine2.

In the sulfur oxidation case, for sulfinamides1f-h derived
from primary alkylamines (Scheme 3, R1 ) alkyl and R2 )
H) the formation of the less stabilized N-radical cation may
be less operative because of lack of stabilization of this by
alkyl and hydrogen groups. In this case the sulfonamides4
may be formed by a two-electron oxidation process, and it
could be rationalized by electron transfer taking place mainly
from sulfur to give the S-radical cationC. Two pathways
can be rationalized to explain the formation of sulfonamides
4 (sulfur oxidation products): Inpathway a, the attack by
methanol at the S-radical cationC and elimination of a proton
gives the formal S-radicalD, which undergoes further one-
electron oxidation. The attack by methanol followed by the
elimination of a proton afforded the dimethoxylated com-
pound. The dimethoxylated compound may be hydrolyzed
by water in the reaction media to give the sulfonamide4. In
pathway b, the electrochemical nitrogen deprotonation of the
S-radical cationC by a cathodic process in the galvanostatic
conditions12 afforded the S-radical sulfoximineE. Further
one-electron oxidation followed by attack of the water in

the reaction media at sulfur of theE radical species gives
the sulfonamides4.

To gain further insights into the mechanistic aspects and
different electrochemical behavior ofN-p-toluenesulfina-
mides, the intrinsic gas-phase reactivity13 of ionized sulfi-
namides1a-h with methanol is being currently investigated
by sequential mass spectrometry.

In conclusion, the anodic oxidation ofN-p-toluenesulfi-
namides could be considered a new complementary alterna-
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tive to the existing chemical strategies to remove aN-sulfinyl
protecting group9,14 or oxidation of sulfinamides.15 The
important features of the electrochemical methodology are
the following: the reaction is operationally simple, is carried
out at room temperature, and uses neutral conditions, and
its products can be readily isolated. The extension of this

methodology to otherN-sulfinamides is currently under
investigation.
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