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Controlled potential electrolysis of 2’-(p-chlorophenyl)amino-4'-chloro-2-nitrobenzene-

- sulfenanilide (4c) gave 2,7-dichlorophenazine in good yield. This result suggested that .
in the electrolysis of 4"-substituted 2-nitrobenzenesulfenanilides the ring closure to form’
the 2,7-disubstituted phenazines takes place through the binding of the nitrenium ion (B) to
the 2’-position of the sulfenanilides. As for the 3’- and 2’-substituted 2-nitrobenzene-
sulfenanilides, most of the nitrenium ions bind to the 4’-position and are oxidized further
to the p-quinonediimine derivatives, and most of these are oxidized further to unidentified
resinous compounds.

Keywords——anodic oxidation;  2-nitrobenzenesulfenanilides; 2,7-disubstituted
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In the previous paper,” we reported the anodic oxidation of 4’-substituted 2-nitroben-
zenesulfenanilides (1) in acetonitrile containing 1%, trifluoroacetic acid (TFA) and 19 trifluoro-
acetic anhydride (TFAH). ' The nitrenium ions are suggested to be intermediates in the forma-
tion of the 2,7-disubstituted phenazines. Although the chemical reactivities of nitrenes have
been studied extensively by many workers,? those of nitrenium ions have been studied to a
lesser extent.® In order to elucidate the reactivities of aryl nitrenium ions and the mechanism
of formation of the phenazines more clearly, the anodic oxidation of 3'- and 2'-substituted
2-nitrobenzenesulfenanilides (3-OMe (2a), 3’-Me (2b), 8'-Cl (2¢), 3’-NO, (2d), 2-Me (3b)) and
- 2'-(p-chlorophenyl)amino-4'-chloro-2-nitrobenzenesulfenanilide (4c) was investigated.

Results

Table I summarizes the results of controlled potential electrolysis of 2a—d, 3b, and 4c in
acetonitrile containing 0.1 m ethyltributylammonium trlﬂuoromethanesulfonate (ETBT), 1%
TFA, and 1%, TFAH. TFAH was added to the solution in order to reduce the water content
in the solution. Although electrolysis of 2b gave trace amounts of 2,7-dimethylphenazine,

TasLe 1. Results of Controlled Potential Electrolysis of 2/- or 3’-Substituted

2-Nitrobenzenesulfenanilides (10 mm) in Acetonitrile containing
0.1m ETBT, 1% CF;COOH, and 1% (CF;C0).0

i Applied 2,2-Dinitrodiphenyl-  Quinone- 2,7-Disubstituted
ConI:Ipound potential n-Value disulfide (7) : diimine phenazine

0. V (vs. SCE) - Yield, % Yield, % Yield, %

2a 1.22 0, 54 ©10.0 — —_

2b 1.22 1.34 27.5 — Trace

2¢ 1,36 1. 27 36.5 1.2 —

2d 1.41 ‘ 1,16 54,0 L — —

3h 1.16 1.20 17.5 2,1 —

0 e 55, 0

4e 1.33 2,32 75,

© a) A mixture of 0- and p-quinonediimine.
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that of 2a, 2c, 2d, and 3b did not give the corresponding disubstituted phenazines. Small
amounts of N-(m-chlorophenyl)-N’-(o-nitrophenylthio)-2-chloro-p-benzoquinonediimine (5c)
and a mixture (6b) of N-(o-methylphenyl)-N'-(o-nitrophenylthio)-3-methyl-o-benzoquinone-
diimine and N-(o-methylphenyl)-N’-(o-nitrophenylthio)-3-methyl-p-benzoquinonediimine were
obtained from the electrolyzed solutions of 2¢ and 3b, respectively. 2,2’-Dinitrodiphenyldi-
sulfide (7) was obtained from every electrolyzed solution. Electrolysis of 4c, which is consid-
ered to be an intermediate for the formation of the phenazines, also gave 2,7-dichlorophenazine
in good yield.

Discussion

The experimental finding that electrolysis of 4c gave 2,7-dichlorophenazine in good yield
suggests that in the anodic oxidation of 4'-substituted 2-nitrobenzenesulfenanilides the ring
closure to form the 2,7-disubstituted phenazines takes place through the formation of the N,N'-
disubstituted o-phenylenediamine derivatives as an intermediate. The following schemes
are suggested.

The electrolysis of the sulfenanilides in the presence of TFA gives the dication A. A
reacts with the electrolyte anion® and gives the nitrenium ion B. B binds to the 2’-position of

—2e
X-CeHs-NHSR ——> X~ C5H4—NH SR
1: 4/-substituted A
2: 3’-substituted
3: 2/-substituted
A + CFsSOs ————> X-CHNH + CFsSO;SR
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2C — RSSR + 2CF,S0;
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Chart 1
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the 4'-substituted sulfenanilide to form the protonated N,N’ disubstituted o—phenylened1am1ne
derivative 4, which is oxidized further to o- and p-disubstituted nitrenium ion D and then to
the 2,7-disubstituted phenazine. Desideri et al.® reported a similar reaction, namely, the
nitrenium jon formed from anodic oxidation of p-toluidine under acidic conditions attacked
p-toluidine to give 2-amino-4',5- dlmethyldlphenylamme

As for the electrolysis of 2a—d, since the 4’-position of the sulfenanilide is vacant and
sterically less hindered than the 6’-position, most of the nitrenium ion B binds to the 4-position
and is oxidized further to the p-quinonediimine derivative (5) and unidentified compounds.

The reason why the electrolysis of 2a, 2b, and 2d did not give 5 is considered to be that
under the conditions of electrolysis most of 5 formed is oxidized further to unidentified resinous
compounds. In the case of the electrolysis of 2b, a small portion of B binds to the 6’-position
and is oxidized further to the 2,7-disubstituted phenazine.

Electrolysis of 3b can be interpreted in a similar manner. However, the 3-substituted
phenylenediamine derivative, which is formed through the binding of B at the 6'-position,
cannot form the 1,6-disubstituted phenazine because of steric hindrance. Therefore, a small
amount of the o-quinonediimine was obtained together with the p-quinonediimine.

Experimental

Materials 2b,% 3b, and ETBT® were prepared as described previously. 2d was prepared by a
known method.” =~ Other 2-nitrobenzenesulfenanilides were prepared from 2-nitrobenzenesulfenyl chloride
and the corresponding anilides by a known method;® substituent, mp and solvent of recrystallization were
as follows; 3-OMe, 110—111°C, MeOH-EtOH; 3’-Cl, 121—120°C, EtOH; 2-p-Cl-C;H,-NH-4'-Cl, ca.
150°C (dec.), EtOH. Each compound gave the analysis results consistent with the theoretical values. Aceto-
" nitrile was puriﬁed as described previously.® TFA and TFAH were obtained commercially.

Apparatus——Controlled potential electrolys1s and high performance liquid chromatography (HPLC)
were carried as described previously.® Infrared (IR), nuclear magnetic resonance (NMR), and mass spectra
were obtained as described previously.®

Isolation of 5c:  2c (280 mg) was subjected to electrolysis in acetonitrile (100 ml) containing 0.1m
ETBT, 1% TFA, and 1% TFAH at 1.36 V at room temperature. Solid Na,CO, (1 g) was added to the
resulting solution, and the mixture was filtered. The filtrate was concentrated under reduced pressure to
one-third of its orginal volume. Alumina (30 g) was added to the concentrated filtrate, which was then
evaporated to dryness. The residue was extracted with benzene (100 ml). The benzene solution was passed
through a column of alumina (20 g). All of the eluate was concentrated under reduced pressure, and developed
on a thin~layer of alumina with benzene. The appropriate orange band was scraped off and extracted with
methanol. When the methanol solution was allowed to stand overnight, red-brown powder (4.8 mg, 150°C
dec.) were precxpltated and filtered off; it was identified as 4c from the IR, NMR, and mass spectra. IR
vhax cm~t: 1510 (NO,) 1340 (NO,). NMR (CDCl,) 4: 6.5—7.8 (9H, m, aroma‘mc proton) 8.2—8.4 (1H, m,
aromatic proton), 8.5—8.8 (lH m, aromatic proton). Mass spectrum mje: 125 (ﬁ-CGH4—C1), 138 (IJ.<T=
CeH3(—Cl)=N), 154 (O,N-CsH —S) 251 (M+—O,N-CgH,— S) 405 (M),

\ Isolatlon of 6b; 6b was isolated by the same procedure as described for 5c, except that the methanol
extract of the scraped-off band was evaporated to dryness and the residue was recrystalhzed from a mixture
of methanol and acetone to give red-brown powder (5.7 mg), which was identified as 6b on the basis of the
elemental analysis data, and IR, NMR, and mass spectra. Anal. Calcd for C, H,,N,0,S: C, 66.10; H, 4.71;
N, 11.56. Found: C, 65.35; H, 4.68; N, 11.13. IR »5% cm~': 1510 (NO,), 1340 (NO,). NMR (benzene
d-g) 6:1.1(d, CH,), 2.1 (d, CH,), 2.2 (3H, s, CH;), 6.2—7.2 (9H, m, aromatic proton),+7.8~—8.0 (1H, m, aromatic

. +
proton), 8.2—38.4 (1H, m, aromatic proton) Mass spectrum m/fe: 154 (O,N-C¢H-S), 209 (Mt —O,N-C,H,-S),

363 (M),
Determmatlon of Products

7 and 2,7-dichlorophenazine were determined as described previously.®
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