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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 Electrochemical oxidation of organic sulfides in mixed
advantages over conventional methods, such as mildermedia of water, methanol, acetic acid, and aprotic solvents
reaction conditions, higher selectivity, and easier isolation has been reported to yield the corresponding sulfoxides,
of productst An illustrative example is provided by the sulfones, and sulfonic acidsAnodic oxidation of 2-phenyl-
electrochemical oxidation of amides and carbamates, a highly1,2-benzisothiazol-3(2H)-ones in acetonitrile also yields the
efficient and general electrochemical reactidBulfoxides corresponding sulfoxide.Shond and Ros% reported that
and derivatives are routinely employed in organic syntResis anodic oxidation ofN-sulfonamides in alcohols and acetic
and are particularly useful in asymmetric transformations. acid afforded a-alkoxy and a-acetoxy N-sulfonamides,
However, the electrochemical behavior of sulfur compounds respectively.
has been studied to a limited extdnt. N-Sulfinamides are important synthons in organic syn-
thesis?!%but so far their electrochemical oxidation behavior
(1) (@ Shono, T.Topics in Current Chemistry, Eletrochemistry;lll is unknown. Herein we report the first study of the anodic
Steckhan, E., Ed.; Springer-Verlag: Berlin, Heidelberg, 1988; Vol. 148, p  oxidation of sulfinamides and discuss the contrasting and
ﬁ/lgf,l'Eg)s).?aléfgél%e“ﬁkleﬁ;%inIISJeﬂe\itc;?l:hfgrglls.tr(%su;fﬁ;ké&aﬁzgéém' interesting behavior observed fot-sulfinamides derived
Electroorganic Chemistry; Springer-Verlag: Berlin, Heidelberg, 1994. (d) from primary and secondary alkylamines and aniline.
Utley, J.Chem. Soc. Rel997,26, 157.
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Table 1. Anodic Oxidation ofN-Substitutedo-Toluenesulfinamidesa—h
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R2 RVC anode H R2
1 Et,;NOTs 2 3 4
entry sulfinamides R R2 current (mA) amines 2a—e methyl sulfinate 3 sulfonamides 4f—h

1 la —(CH2)a— 20 70% 75%

2 1b —(CH2)s— 20 2% 76%

3 1c PhCH; Me 20 78% 80%

4 1d i-Pr Me 20 n.d. 80%

5 le Ph H 20 56% 78%

6 le Ph H 100 30% 70%
7 1f PhCH; H 20 85%
8 1f PhCH; H 60 tr 80%
9 1g i-Pr H 20 81%
10 19 i-Pr H 60 tr 79%
11 1h t-Bu H 20 90%
12 1h t-Bu H 60 85%

The racemid\-p-toluenesulfinamidesa—h were prepared  toluenesulfinat& were isolated in good yields at time when
from their corresponding sodiuptoluenesulfinate. Reaction 6 F mol™ of electricity was passed (Table 1, entries 1 and
of the sodiump-toluenesulfinate with SOglfollowed by 2). Amines2a,band methyp-toluenesulfinat® were formed
addition of anhydrous ethanol afforded the etpytbluene- by cleavage of the N—S bonds (Scheme 1).
sulfinates in 85% yield. The cycliclé,b) and acyclic
(1e—h) (+)-N-p-toluenesulfinamides were prepared in good _
yields by the reaction ofH)-ethyl p-toluenesulfinate with
g . . . Scheme 1
lithium amides, which were prepared by treating the respec-
tive amines witm-BuLi (—78° C, THF)1° The N-p-toluenesul- @” 2e A—NX“
finamides 1c and 1d were prepared in high yield by MeOH
methylation (-BuLi, Mel, —78° C, THF) of the correspond- /é Pt cathode b
ing sulfinamideslf and1g. 0% = p-Tol R\E/E:g‘;‘:e

The electrochemical oxidation df-substitutecp-toluene- b Zab 3
sulfinamidesla—h was carried out in an undivided cylindri-
cal cell equipped with reticulated vitreous carbon (RVC)

anode and platinum plate cathode electrodes using tetraethy- \y/e then investigated the electrochemical behavior of the
lammoniump-toluenesulfonate (BOTSs) as the supporting 40y clic N-p-toluenesulfinamidesc—h derived from second-
electrolyte and methanol as the solvent. ary and primary alkylamines and aniline (Scheme 2).

In general, three major reaction products were formed and
characterized (Table 1): the amin2s methyl p-toluene-
sulfinate 3 (from cleavage of the NS bond), andN-p-

(0]
1
+  MeO” p-Tol

toluenesulfonamides (from sulfur oxidation). Scheme 2
We first investigated the anodic oxidation of the cyclic |C|) 2 &’ MeOH e ,/0
] H H H i=20, 60 mA
N—(aIkyl)-ptoluenesglflnarnlde$a,b|n different but constant R o p-Tol /T RS p-Tol
electric currents using either RVC or Pt electrodfes. Lo fooamade !
Table 1 shows that best yields were observed when using 1o EtNOTs aih
a constant current of 20 mA and RVC-anode and Pt-cathode R1=PhCHy, i-Pr, t-Bu; R%=H
electrodes and that the amin@s,b and the methylp- Ptcathode | -2 &" MeOH 0
RVCanode | i=20mA Rt R2 g
- Et:NOTs SN + MeO” ™ p-Tol
(9) (a) Moree, W. J.; van der Marel, G. A.; Liskamp, R. MTétrahedron |
Lett. 1992,33, 6389. (b) Moree, W. J.; van der Marel, G. A.; Liskamp, R. H
M. J. J. Org. Chem.1995, 60, 5157. (c) Gremmen, C.; Willemse, B.; 2¢,d - R'=PhCHy, i-Pr; R%=Me 3
Wanner, M. J.; Koomen, G.-i®rg. Lett.2000, 2, 1955. (d) Davis, F. A,; 2e- R'=Ph; R%=H

Lee, S.; Yan, H,; Titus, D. DOrg. Lett.2001, 11, 1757.

(10) Garcia-Ruano, J. L.; Alonso, R.; Zarzuelo, M. M.; Noheda, P.
Tetrahedron: Asymmetr{995,6, 1133.

(11) D'Oca, M. G. M.; Gonalves, R. S.; Canto, K.; Russowsky, D. In . . . .
XlI Simpasio Brasileiro de Eletrogumica e Eletroandtica; Gramado, RS, In great contrast with the behavior of the cyclic amines

Brazil, 2001; p 606 la,b, the anodic oxidation of thE-(alkyl)-p-toluenesulfi-
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namideslf—h derived from primary amines under the same ||| | AN

electrochemical conditions (20 mA, MeOH) promotes sulfur Scheme 3

oxidation, thus affording the correspondiridr(alkyl)-p- to R and R2= Alkyl
toluenesulfonamide4f—h in good yields at time when 4 F toR'= Aryl and R?= H

mol~! of electricity was passed (Table 1, entries 12). o o

Monitoring by GC shows that electrochemical oxidation of Rt 4 . Ay + MeOH
sulfinamideslf—h at 60 mA gives identical results (Table \llﬂ/ SpTol T \hll/ CpTol | T
1, entries 8, 10, and 12) plus small amounts of sulfirgte R2 R2 K i
whereas thé\-(phenyl)-ptoluenesulfinamidé e afforded2e 1a-e J-OMe

and3 owing to N—S bond cleavage (Table 1, entries 5 and

6) z R 2| +e R1\N/R2
To further confirm the contrasting behavior of sulfinamides Meo” “pTol T | TN T H

derived from secondary and primary amines, the acyclic 3 B 2

N-(alkyl)-p-toluenesulfinamide&c,d (prepared by methyla-

tion of 1f,g) were also studied. As observed for the cyclic toR" = Alkyl and R?= H

sulfimanidesla,b, the anodic oxidation dfc,d (Scheme 2) o o

afforded the respective amings,d and3 (Table 1, entries R 8 s R1 g

3 and 4) owing taN-sulfinyl group cleavage. CNT ol T N p Tl
The contrasting electrochemical behavior of sulfinamides R

derived from primary and secondary amines and aniline was 1o wara

therefore confirmed. A mechanistic interpretation can be +MeOH / l”"”"ﬁ“y"

H

rationalized: the different final products observed experi- -H’ H

mentally suggest that the electron transfer takes place mainly o

from nitrogen in the case of sulfinamides derived from ROl Ry
secondary alkylamines and aniline, whereas the electron ?'*?7”%'
transfer take mainly from sulfur in the case of sulfinamides H OMe

derived from primary alkylamines. o

E
In the case of thé\-sulfinyl group cleavage (Scheme 3, +MeC3I—eI/-HzOl'H+ +Me6:}Hzol Hr
0

o
I
\N:S—p-ToI

R! = R?=alkyl or R = aryl and R = H), the sulfinamides

la—ederived from secondary alkylamines and aniline upon R [ _pTol R1 I
surrendering one electron to the anode are transformed into Nfs\/ “N=§_ p-Tol
a N-radical cationA stabilized by the alkyl groups or H o, O-Me |.f_<‘c')
aromatic group, respectively. Because the electron-deficient Me

N-radical cation is a good leaving group, the attack of . Hch‘ /
methanol at the sulfur cleaves the—8 bond to give o //O

N-radicalB and methyl sulfinat@. The formal reduction of RS~ p-Tol
radicalB by the cathodic process in galvanostatic conditions b

followed of protonation gives amin2. 4

In the sulfur oxidation case, for sulfinamidés-h derived
from primary alkylamines (Scheme 3! R alkyl and R =
H) the formation of the less stabilized N-radical cation may the reaction media at sulfur of tHe radical species gives
be less operative because of lack of stabilization of this by the sulfonamided.
alkyl and hydrogen groups. In this case the sulfonamibles
may be formed by a two-electron oxidation process, and it di
could be rationalized by electron transfer taking place mainly
from sulfur to give the S-radical catio@. Two pathways
can be rationalized to explain the formation of sulfonamides
4 (sulfur oxidation products): lpathway a, the attack by
methanol at the S-radical cati@and elimination of a proton
gives the formal S-radicdd, which undergoes further one-
electron oxidation. The attack by methanol followed by the : : :
elimination of a proton aforded the dimethoxylated com- , (12)Recenty, e sectocherica deprotonation offiaci wes,
pound. The dimethoxylated compound may be hydrolyzed current (16 or 25 mA) and C and Pt electrodes. (a) Feroci, M.; Inesi, A.;
by water n he feacrion media (o give the sulfonardder  Faonbl Lifess L Sot @ o Cremitol o g1 9 e
pathway bthe electrochemical nitrogen deprotonation of the 1719
S-radical catiorC by a cathodic process in the galvanostatic  (13) (a) Eberlin, M. NMass Spectrom. Re#997,16, 113. (b) D'Oca,
conditiond? afforded the S-radical sulfoximinE. Further g/ldocil-.‘,-ﬁhﬁ/l,.i?)gASCA){.a(%?T%J.mAgZZg\,FI)DII.III’VIT.M%IiaEeg,eIr_I.Ir/k.’\Ig:;ﬁifl-i,?i'ng.;nggpl.in,
one-electron oxidation followed by attack of the water in M. N.; D’Oca, M. G. M.J. Org. Chem2002, accepted for publication.

To gain further insights into the mechanistic aspects and
fferent electrochemical behavior &f-p-toluenesulfina-
mides, the intrinsic gas-phase reactititgf ionized sulfi-
namidesla—h with methanol is being currently investigated
by sequential mass spectrometry.

In conclusion, the anodic oxidation &f-p-toluenesulfi-
namides could be considered a new complementary alterna-
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tive to the existing chemical strategies to remowsulfinyl methodology to otheN-sulfinamides is currently under
protecting group™ or oxidation of sulfinamide® The investigation.
important features of the electrochemical methodology are
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