Notes

C,65.0;H,5.18; S, 17.35; N, 3.79. Found: C, 65.0; H, 5.16; S, 17.34; N,
3.84.

2-Amino-5,5'-dimethoxy-2’-phenylthiodiphenyl sulfide was
obtained from the parent nitro derivative by reduction as described
above, mp 105-107 °C. Anal. Calcd for CooH9NO2S,: C, 65.0; H, 5.18;
S, 17.35; N, 3.79. Found: C, 65.0; H, 5.31; S, 17.23; N, 3.90.

2,7-Dimethoxythianthrene (11a) was synthesized as described
in the literature.26 n-Pentyl nitrite (0.015 mol) was added to a solution
of 2-amino-4,5’-dimethoxy-2'-phenylthiodiphenyl sulfide {0.01 mol)
in ethyl acetate (50 ml). The mixture was kept at 50 °C for 5 h and
then the solvent was evaporated. The residue was chromatographed
on asilica gel column, and the thianthiene (11a) obtained in 45% yield:
mp 134-135 °C (lit. 131,27 133 °C28); IR » (CS2) 1290 (s), 1260 (s), 1230
(s), 1220 (s), 1180 (m), 1105 (m), 1050 (s), 1040 (s), 1020 (m), 870 {m),
860 (m), 840 (s), 810 (s), 800 cm™! (s).

2,8-Dimethoxythianthrene (11b) was obtained from 2-amino-
5,5’-dimethoxy-2’-phenylthiodiphenyl sulfide in 45% yield as de-
scribed above: mp 104-105 °C; IR » (CSy) 1295 (s), 1290 (s), 1280 (m),
1260 (s, doublet), 1230 (s, doublet), 1225 (s), 1220 (s), 1180 (m), 1105
(m), 1050 (s), 1045 (s), 1040 (s), 1030 (m), 870 (m), 860 (m), 840 (s),
810 (s), 800 cm™! (s).

Thermal Decomposition of 1,2,3-Benzothiadiazole (1). A. In
Ethyl Acetate. A solution of 1 (2.70 g, 0.02 mol) in ethyl acetate (50
ml) was kept in a “bomb” at 220 °C for 18 h. The crude was washed
with 5% aqueous NaOH. From alkaline solution, after acidification
and extraction with Et;0O, thiophenol was separated (0.1 g, 5%). The
organic layer was chromatographed on a silica gel column; dibenzo-
thiophene (6, 0.11 g, 6%), thianthrene 2, 0.43 g, 20%), and diben-
zo[c,e]-o-dithiin (5, 0.48 g, 22%) with small amounts of diphenyl di-
sulfide (0.04 g, 2%) were separated. Independent experiments were
carried out to prove the thermal stability of the products in reaction
conditions. Thianthrene (2), dibenzothiophene (6), and thiophenol
(7) were recovered unchanged, while dibenzodithiin (5) gave diben-
zothiophene (3%).

B. In Toluene. A solution of 1 (3.3 g, 0.024 mol) in toluene (33 ml)
was kept in a “bomb” at 220 °C for 18 h. By column chromatography
on silica gel of the crude was separated, with 2, 5, and 6, a mixture of
1-,2-, 3-, and 4-methyldibenzothiophene (~12%). The relative yields,
determined by ratio of peak areas of methyl groups in the NMR
spectrum, are 42, 14, 20, and 24%, respectively. The assignment of
peaks was determined by comparison with NMR spectra of authentic
specimens.

C. In Methyl Benzoate. A solution of 1 (2.6 g, 0.019 mol) in methyl
benzoate (30 ml) was treated as described above. The relative yield
of 1-, 2-, 3-, and 4-methoxycarbonyldibenzothiophene (~12%) sepa-
rated by chromatography on a silica gel column, determined by GLC
analysis, are 57, 6, 19, and 18%, respectively.

D. In Diphenylacetylene. A solution of 1 (1.36 g, 0.01 mol) and
tolane (13, 1.78 g, 0.01 mol) in ethyl acetate (15 ml) was thermolyzed
at 220 °C for 18 h. By column chromatography on a silica gel column
dibenzothiophene (8, 3%), thianthrene (2, 11%), dibenzo[c,e]-o-dithiin
(5, 12%), 2,3-diphenylbenzothiophene (15, 7%), and a cis—trans mix-
ture of 1-phenylthiostilbene (7%) were separated. The indicated yields
were detected by GLC analysis of the reaction mixture.

E. In Phenylacetylene. A solution of 1 (1.36 g, 0.01 mol) and
phenylacetylene (1.00 g, 0.01 mol) in ethyl acetate (15 ml) was ther-
molyzed as above. By column chromatography 6 (5% yield), 2 (17%),
5 (18%), 2-phenylbenzothiophene (13a, 10%), and 3-phenylbenzo-
thiophene (13b, 4%) were separated.

Thermal Decomposition of 6-Methoxy-1,2,3-benzothiadiazole
(10). 10 was heated at 205 °C for 18 h in a “bomb”. The crude was
chromatographed on a silica gel column and the thianthrene was
isolated: mp 134-135 °C; IR spectra of this fraction and 11a were
identical; mixture melting point with 11a was undepressed.
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The conventional synthesis of 1-picryl-2,2-diphenylhy-
drazyl (DPPH) free radical requires as an intermediate 1,1-
diphenylhydrazine (3), which is picrylated and then oxidized
to the radical with lead dioxide.2 The classical (and until re-
cently the only) synthesis of 3 proceeds from diphenylamine
by sequence a:3

HONO Zn, AcOH
PhyNH ———= PhyN-NO
1 or NOCI 2

PhQN—NHQ (a)
or LiAlHj4 3

Simultaneous reductive cleavage of the N-N bond during
conversion of 2 to 3 has been well documented,? as have the
labor and erratic results in the separation of the “pure” hy-
drazine. Heroic efforts devoted to purification of 3 give a
crystalline solid variously reported’® to melt through the range
31-44 °C, but the usual product is an oil identified only by its
boiling point in a vacuum distillation. Furthermore, in our
experience both the hydrazine and its hydrochloride deteri-
orate upon storage after purification, so it is impossible to
maintain a stock of the compound which can be relied upon
for further synthetic work.

Anselme and Koga® have published an alternate route to
3 from 1 by Curtius rearrangement of 1,1-diphenylcarbamyl
azide (5) dissolved in a tertiary alcohol, followed by hydrolysis
of the tert-alkyl 3,3-diphenylcarbazate formed:
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COCl2 NalNj3 t-AmOH, reflux
I —PhyN-COCl —=PhyN-CONj;
4 5 H;0, TsOH, reflux

3 (b)

When we repeated their sequence, we observed formation of
a small amount of solid in the hydrolysis mixture. This was
identified as the salt of 3 with p-toluenesulfonic acid (TsOH),
6. It proved to be readily purified and quite stable. It can be
precipitated directly by adding excess TsOH in tert-amyl
alcohol to an ether solution of 3, and the latter can be regen-
erated immediately before use by addition of a base to a so-
lution of the salt, 6.

Our comparison of these routes to 3 was motivated by a
need to synthesize isotopically labelled derivatives of 3 and
of DPPH. Clearly it is necessary for this purpose to use pro-
cedures which are reliable even on a small scale, and give
maximum yields. By these criteria, we have had significantly
better success with both sequences when 3 was isolated as its
salt 6 with TsOH. Overall yields have averaged 70-80% from
1 by both routes, even on a 1-g scale.

The advantage of a source of pure 3 becomes clear during
its subsequent picrylation in the sequence of reactions for the
preparation of DPPH: yields of the hydrazine are close to 99%
before recrystallization. In contrast, picrylation yields by our
older procedure in normal cases not complicated by the sub-
stituents present were in the range 75-95%.7

Experimental Section

All melting points were taken on a Thomas calibrated hot stage.
Microanalyses were performed by Micro-Tech Laboratories, Skokie,
Ill.

2,2-Diphenylhydrazinium Tosylate (6) from 2. 2 (0.1 mol) in 50
ml of ether was reduced with 50% excess powdered lithium aluminum
hydride using the inverse addition procedure of Poirier and Bening-
ton.® After decomposition of the reduction intermediate,” the mixture
was stirred for 1 h, and the ether layer separated, combined with an
ether wash of the aqueous layer, and dried over sodium sulfate. A
solution of 0.12 mol of TsOH in 20 ml of tert -amyl alcohol was added,
and the colorless, crystalline precipitate filtered, washed well with
ether, and dried. The average yield is 76%, mp 189.0-189.5 °C dec.
NMR in Me»SO-dg shows peaks at 10.1 (-NH;3*, broad, variable po-
sition) and 2.28 ppm (-CH3) with equal areas, and multiple lines from
7.1 to 7.6 ppm for the 14 aromatic protons. Anal. Caled for

Notes

Ci19H9N203S: C, 64.04; H, 5.62; N, 7.86; S, 8.99. Found: C, 64.26; H,
5.74; N, 7.99; S, 8.79.

2,2-Diphenylhydrazinium Tosylate (6) from 5. Anselme and
Koga’s procedure® for conversion of 5 to 3 was followed, except that
the amount of TsOH added was increased to 20 g. After the 5-h reflux
period, the precipitated product was filtered off and thoroughly
washed with ether. Yield was 80%, with properties identical with those
already described above.

N-Aminocarbazole Hydrogen Tosylate (7). N -Aminocarbazole
was converted by the first procedure above to 7. Product was obtained
as colorless crystals in 65% yield, with mp 199.0-199.5 °C. The NMR
in Me2SO-dg shows peaks at 10.8 (-NH3*, variable position) and 2.28
ppm (-CHjy) with equal areas, and multiple lines from 7.1 to 8.25 ppm
for the aromatic protons. Anal. Caled for C;oH;sN203S: C, 64.41; H,
5.08; N, 7.91; S, 9.04. Found: C, 64.40; H, 5.15; N, 8.01; S, 8.88.

Recovery of 3 as the Tosylate Salt. A known amount of pure 3
was generated from a solution of 1.0 g of 6 in 20 ml of methanol by
adding a solution of 0.3 g of sodium carbonate in 10 ml of water. Most
of the solvents were removed on a rotary evaporator, and the residue
taken up in 1:1 ether-water. The ether layer was combined with two
ether washes of the aqueous layer and dried. A solution of 0.6 g of
TsOH in tert-amyl alcohol was added, and the colorless needles fil-
tered and dried. Recovery was 95%.

1-Picryl-2,2-diphenylhydrazine. Salt 6 and picryl chloride (0.1
mol each) were dissolved in 50 ml of methanol, 0.5 g of sodium car-
bonate in 20 ml of H,O added, and the mixture stirred for 2 h. The
brick-red product was filtered, washed with fresh solvent mixture,
and dried. The yield was 99%, with mp 174-175 °C before recrystal-
lization; the product is pure enough to use directly for preparation
of DPPH, by the conventional lead dioxide oxidation.2”

Registry No.—2, 86-30-6; 3, 530-50-7; 5, 17223-83-5; 6, 61064-13-9;
7, 61064-14-0; TsOH, 104-15-4; N-aminocarbazole, 17223-85-7; 1-
picryl-2,2-diphenylhydrazine, 1707-75-1; picryl chloride, 88-88-0;
1-picryl-2,2-diphenylhydrazy! radical, 1898-66-4.
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