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an analogous fashion. Full analytical and spectroscopic data (ir,
‘NMR) for these compounds are listed in Tables II and III (see
paragraph at end of paper regarding supplementary material).

3-Carbomethoxymethylene-3,4-dihydro-7-nitro-2-oxo-2 H-
1,4-benzothiazine (29). A solution of DMAD (1.5 g, 0.0105 mol) in
AnalaR methanol (5 ml) was added in one portion to a stirred sus-
pension of 6-nitrobenzothiazole (1.8 g, 0.01 mol) in a mixture of
AnalaR methanol (55 ml) and water (10 ml). The mixture was
heated under reflux for 5 h, during which time the 6-nitroben-
zothiazole gradually dissolved and a bright yellow solid precipitat-
ed. The reaction mixture was cooled and the solid collected by fil-
tration, washed with ether, and dried. This gave 1.7 g (60%) of 29
as bright yellow needles: mp 305-310 °C dec; ir (Nujol) vn_n 3225
em™, vo—o 1690 (lactone), and 1670 cm~! (unsaturated ester). The
NMR spectrum could not be recorded as the solid is completely in-
soluble in all common solvents.

Anal. Caled for Ci1HisN3058: C, 47.14; H, 2.86; N, 10.00; S,
11.43. Found: C, 47.23; H, 2.81; N, 10.12; S, 11.48.

Acknowledgments. Two of us (T.S.B.S. and G.C.A.B.)
acknowledge the receipt of Science Research Council
Scholarships.

Supplementary Material Available. Full analytical and spec-
troscopic (ir, NMR) data for compounds 3, 9, 11, 13, 15, 17, 19, 21,
23, and 25 are listed in Tables II and III (2 pages). Ordering infor-
mation is given on any current masthead page.
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Reaction of 1,2,3-Benzothiadiazole with Arylthio Radicals?
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The reaction of 1,2,3-benzothiadiazole (1) with phenylthio radicals afforded dibenzo[c,e]-o-dithiin, thian-
threne, and 2-(phenylthio)diphenyl disulfide. A mechanism is proposed which assumes initial attack of phenyl-
thio radical at the sulfur atom of 1 to give radical 6, a key intermediate in this reaction.

Homolytic aromatic thioarylations have been achieved in
a very limited number of cases and only if certain condi-
tions are satisfied. High homolytic reactivity of the sub-
strate and a strongly oxidizing medium allow direct substi-
tution to occur on furan! and thiophene? rings. Indirect
substitution has been observed at high temperatures with
halobenzenes,?® while intramolecular indirect substitutions
occur easily when arylthio radical displaces an arylthio,
phenoxy, and mercapto group to give a stable product such
as dibenzothiophene or thianthrene.*

We now have found what is, to the best of our knowl-
edge, the first example of an aromatic SH2 reaction ef-
fected by thiyl radicals at heterocyclic sulfur atom. In
Scheme I are reported the products obtained from reaction
between 1,2,3-benzothiadiazole (1) and phenylthio radicals

* Dedicated to Professor Martino Colonna on his 70th birthday.

Scheme I

@I\%N + Ph—% —> @ [+
S s”
1
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SPh
LI O+ een
S —S—Ph 5
3 4

generated both by hydrogen abstraction from thiophenol
with 2-cyanopropyl radicals® and by thermal decomposi-
tion of diphenyl disulfide (at 165 °C).6 Under the latter
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more vigorous conditions part of the asymmetric disulfide
(4) disproportionates giving rise to the 2,2/-bis(phenyl-
thio)diphenyl disulfide. Traces of dibenzothiophene, prob-
ably derived from radical attack on 2, are also present in
the high-temperature reaction.# Thermal unassisted de-
composition of 17 has been proved, by independent experi-
ments, to be unimportant at this temperature.

We believe that the attack of thioaryl radicals at the sul-
-fur atom of benzothiadiazole (1), leading to the radical in-
termediate 6 by fission of the heteroaromatic ring and ni-
trogen loss, represents the first step of the reaction. Radical
6 may be considered as the key intermediate since all reac-
tion products can be easily rationalized in terms of the fol-
lowing reactions (Scheme II). Thus 6 can lead to diben-

Scheme 11
1 + PhS —> @\ /@ + N,
S—S
6

2

RH
——> 5

(PhS),
e

4 + PhS-

zo[c,e]-o-dithiin (2) by intramolecular cyclization, to di-
phenyl disulfide (5) by hydrogen abstraction from the sol-
vent, and to 2-(phenylthio)diphenyl disulfide (4) by an SH2
reaction on the sulfur atom of the disulfide present in the
reaction mixture (Scheme II).

The ortho-substituted phenyl radical (6) can in addition
react with 1 to afford the aryl radical 7,8 which then leads
to thianthrene (3) by homolytic intramolecular substitu-
tion on the sulfur atom of the S-S bond linked to the adja-
cent benzene ring (Scheme III).

Scheme III

TPh~
- OO

S

7

7 — 3 + PhS&

The foregoing mechanism assumes the intermediacy of
the two substituted aryl radicals 6 and 7; moreover, the
radical 7 should be formed from 6. Several independent ex-
periments have been carried out in order to gain indirect
support for this interpretation. By aprotic diazotization of
8 with n-pentyl nitrite thianthrene (3) and diphenyl disul-
fide (5) were obtained. The radical pathway of this reac-
tion, which leads to intermediate 7, was demonstrated on
analogous compounds where R = Ph, CHa.?

It is interesting to note that, as indicated in Scheme IV,
the intramolecular SH2 reaction at the sulfur atom leading

Scheme IV
NH,
@ — 7 — 3 +5
A
S—R
8

R = PhS
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to 3 with phenylthio radical as leaving group appears to be
much faster than the intramolecular-homolytic substitu-
tion on the adjacent benzene ring and the hydrogen ab-
straction reaction. The intermediacy of 6 was demon-
strated as follows. When the 1,2,3-benzothiadiazole (1) was
allowed to react with p-tolylthio radicals, generated from
the parent thiophenol and AIBN, 2-methyldibenzole,e}-o-
dithiin (9), thianthrene (3), and a mixture of asymmetric
disulfides (10, 11) were obtained (Scheme V).

Scheme V

. CH,
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The formation of 9, in this case, shows clearly that 6a,
analogous to 6, is the key intermediate of the reaction, from
which 9 arises by intramolecular cyclization.

" Unsubstituted diphenyl disulfide was also separated;
this product can derive from the asymmetric disulfide 12
generated by the hydrogen abstraction reaction of 6a. It is

6a — Ph—8—~8—Ph(CH,»p — 5 + (pCH;PhS),
12

actually well known that asymmetrical disulfides easily
“disproportionate” in organic solvent giving mixtures of
the symmetrical ones.!?

Reaction of 6a with the disulfides present in the reaction
mixture could account for the formation of 10 and 11.

(p-CHPhS),
id 10

6a
J B

(PhS),

Experimental Section

The reaction products were identified, when possible, by mix-
ture melting points with prepared authentic specimens, and by
comparison of their ir (Perkin-Elmer 257) and NMR (JEOL 60
MHz) spectra, or by low-resolution mass spectral analysis (JEOL
JMS D100).

2-(phenylthio)diphenyl disulfide (4) was obtaired from 2-
mercaptodiphenyl sulfide!! and benzenesulfenyl chloride!? in eth-
anol-free chloroform. To the solution was added a small quantity
of copper bronze, and the mixture was stirred for 3 h. Column
chromatography of the reaction mixture on silica gel gave the di-
sulfide as an oil, yield 60%. Anal. Calced for C1gH1483: C, 66.21; H,
4.82; 8, 29.46. Found: C, 66.07; H, 4.34; S, 29.62. Mass spectrum
m/e (rel intensity) 326 (55) M*, 204 (8), 292 (13), 252 (7), 250 (8),
217 (87), 185 (39), 184 (100), 110 (34), 109 (31). -

2-(0-Aminophenylthio)diphenyl Disulfide (8), The crude 2-
amino-2/-mercaptodiphenyl sulfide obtained from 2-nitro-2’-ami-
nodiphenyl sulfide!3 under the conditions of the modified Leuck-
art reaction as described by Campaigne!* was allowed to react with
benzenesulfenyl chloride!? as described above. Column chromatog-
raphy of the reaction mixture on silica gel gave the title product as
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a colorless oil which is easily decomposed by light, yield 50%. Anal.
Caled for C1gH1sNSa: C, 63.3; H, 4.43; N, 4.10; 8, 28.17. Found: C,
63.38; H, 4.53; N, 4.02; S, 27.89. Mass spectrum: m/e (rel intensity)
341 (56) M+, 309 (34), 276 (15), 232 (91), 199 (100).

Anal.Caled for C18H15NSs-HCI (mp 150 °C): C, 57.19; H, 4.2T; N,
3.71; S, 25.45; Cl, 9.38. Found: C, 57.19; H, 4.22; N, 3.82; 8, 25.25;
Cl, 9.45.

Reaction of 1,2,3-Benzothiadiazole (1) with Thiophenol and
AIBN. A solution of 1,2,3-benzothiadiazole (1,7 1.36 g, 1 X 1072
mol), thiophenol (1.10 g, 1 X 1072 mol), and AIBN (1.6 g) in ethyl
acetate was refluxed for 1 h. Column chromatography of the reac-
tion mixture on silica gel with light petroleum (bp 40-70 °C) as el-
uent gave diphenyl disulfide (5,15 1.37 g 6.8 X 10~2 mol), thian-
threne (3, 0.19 g, 0.9 X 1078 mol), dibenzo[c,e]-o-dithiin (2,'® 0.06
g, 0.3 X 10~8 mol), and 2-(phenylthio)diphenyl disulfide (4, 0.33 g,
1 X 10~3 mol).

Reaction of 1,2,3-Benzothiadiazole (1) with Diphenyl Disul-

-fide. A solution of 1,2,3-benzothiadiazole (1,7 2.04 g, 1.5 X 1072
mol) and diphenyl disulfide!® (1.64 g, 0.75 X 10~2 mol) in methyl
benzoate (28 ml) was warmed at 165 °C for 20 h, The solvent was
distilled under vacuum (17 mmHg) and the residue was chromato-
graphed on silica gel with light petroleum as eluent. The followmg
products were separated: diphenyl disulfide (5,15 0.9 g, 4.13 X 10~3
mol), dibenzothiophene (0.05 g, 0.27 X 10~3 mol), thianthrene (3,
0.35 g, 1.62 X 1072 mol), dibenzo[c,e]-o-dithiin (2,16 0.45 g, 2.08 X
10~2 mol), 2-(phenylthio)diphenyl disulfide (4, 0.45 g, 1.38 X 10-3
mol), and 2,2’-bis(phenylthio)diphenyl disulfide (0.20 g, 0.46 X
1078 mol), identified by mixture melting point with an authentic
specimen obtained from 2-mercaptodiphenyl sulfide!! by oxida-
tion with bromine in chloroform, mp 124-125 °C, Mass spectrum:
m/e (rel intensity) 434 (38) M™, 217 (100), 184 (49), GLC analysis
of a solution of 1 (0.136 g, 1 X 1072 mol) in methyl benzoate, heat-
ed at 165 °C for 20 h, showed unchanged 1 (94%). Thianthrene (3)
and dibenzo[c,e]-o0-dithiin (2) were not present.

Reaction of 1,2,3-Benzothiadiazole (1) with p-Methylthio-
phenol and AIBN. A solution of 1,2,3-benzothiadiazole (1.77 g,
1.3 X 1072 mol), p-methylthiophenol (1.62 g, 1.3 X 10~2 mo}), and
AIBN (2.40 g) in ethyl acetate (23 ml) was refluxed for 1 h. The
solvent was evaporated and the residue was chromatographed on
silica gel with light petroleum as eluent. The following products
were eluted in the order cited: a mixture of diphenyl and p,p’-dito-
lyl disulfide!” (0.63 g), thianthrene (3, 0.31 g, 1.43 X 103 mol), and
2-methyldibenzo|c,e}-o-dithiin (9, 0.08 g, 0.34 X 1073 mol), mp 95
°C. Anal. Caled for C13H10S2: C, 67.75; H, 4.4; S, 27.85. Found: C,
67.7; H, 4.65; S, 27.45. 9, by desulfuration with Raney nickel in
boiling ethanol, gave 8-methylbiphenyl,

A mixture of 2-(p-tolylthio)phenyl-p-tolyl disulfide (10) and 2-
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(phenylthio)phenyl-p-tolyl disulfide (11, 0.4 g) was also separated.
The ratio of 10 to 11, determined by NMR spectra, was 65:35.

Aprotic Diazotization of 2-(o-Aminophenylthio)diphenyl
Disulfide (8). A. To a solution of 8 in boiling ethyl acetate an
equimolecular amount of n-pentyl nitrite was added carefully.
After nitrogen evolution was finished (~5 min) the solvent was
evaporated and the residue chromatographed on silica gel. Thian-
threne (3) and dipheny! disulfide (5) was separated in 90% yields.

B. The diazotization of 8 in methyl benzoate at 165 °C ylelds
5, and thianthrene S-oxide,!® mp 143-144 °C.
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The synthesis and thermal decomposition of N,N’-thiodiamines (1) and N,N’-thicareneaminopiperidines (5)
were investigated. Series 1 was prepared by addition of piperidine-1-sulfenyl chloride to the aryl amine at —20 °C.
An intermediate in the formation of 1 is 5 which is obtained in good yield when the addition of the sulfenyl chlo-
ride to the aryl amine is carried out at =78 °C. Azobenzene (6), aryl amine, and sulfur are the principal products
in the thermal decomposition of 1. A mechanism involving the initial formation of thionitrosobenzene (ArN==8)
was proposed. The thermal decomposition of 5 yields aryl amine and lower amounts of azobenzene. Homolytic
cleavage of the S-N bond in 5 followed by recombination of the intermediate radicals yields 1 which is believed to
account for the formation of 6. Oxidation of 1 under anhydrous conditions yields N-sulfinylaniline.

N,N’-Thiodianilines (1) are a class of important sulfur—
nitrogen compounds that have received relatively little at-
tention. Their importance stems from the fact that they are
at present the only known source.of thionitrosobenzene

(2).23 The existence of 2 was demonstrated in the thermal
decomposition of 1 by trapping with 2,3-dimethyl-1,3-buta-
diene to yield the 1,2-thiazine 3.2 An unstable N-thionitro-
soamine (RgN-N==8) has been reported.# Attempts to pre-



