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An analytical sample prepared by crystallization from ben-
zene melted at 215-217°.

Anal. Caled. for CnH.N20.8: C, 55.93; H, 5.12; N, 11.86.
Found: C, 56.00; H, 5.34; N, 11.64.

4y4'-Bicinnolyl sulfide. A solution of 2.0 g. of 4-chloro-
cinnoline, 2.0 g. of 4-mercaptocinnoline and 0.67 g. of sodium
methoxide in 35 ml. of dry methanol was refluxed for 1.75
hr. The product, 3.5 g. (97%), separated from the hot solu-
tion, m.p. 180-181°. A sample purified for analysis by erys-
tallization from ethanol melted at 181°.

Anal. Caled. for CigHpN,S: C, 66.21; H, 3.47; N, 19.31.
Found: C, 66.07; H, 3.51; N, 18.90.

4,4'-Bis(8,7-dimethoxycinnolyl) sulfide. A solution of 1.4
g. of 4-chloro-6,7-dimethoxycinnoline, 1.4 g. of 6,7-dimeth-
oxy-4-mercaptocinnoline, and 0.34 g. of sodium methoxide in
23 ml. of dry methanol was refluxed for 2.5 hr., whereupon
the solid product separated from the hot solution. There
was obtained 2.4 g. of erude product, m.p. 210-215°. An
analytical sample was prepared by crystallization from a
large volume of ethanol, m.p. 220-225°.

Anal. Caled. for C20H15N4SO4: C,_ 5852, H, 442) N,
13.65. Found: C, 58.70; H, 4.62; N, 13.34.

4-Cinnolyl 4'-(6',7'-dimethozycinnolyl) sulfide. A solution
of 2.8 g. of 4-chloro-6,7-dimethoxycinnoline, 2.0 g. of 4-
mercaptocinnoline, and 0.67 g. of sodium methoxide in 45
ml. of dry methanol was refluxed for 3.5 hr., at which time a
solid product separated amounting to 4.24 g., m.p. 193°.
The analytical sample was crystallized from ethanol, m.p.
193°,

Anal. Caled. for CisHuNLO,:S: C, 61.70; H, 4.03; N, 15.99.
Found: C, 61.62; H, 4.29; N, 15.70.

4-Cinnolyl 2-quinozalyl sulfide. A solution of 1.5 g. of 2-
chloroquinoxaline, 1.5 g. of 4-mercaptocinnoline and 0.5 g. of
sodium methoxide in 26 ml. of dry methanol was refluxed
for 8.5 hr. Only 0.25 g. of product was obtained, which after
purification by crystallization from ethanol melted at 153-
154°, pale yellow needles.

Anal. Caled. for CigHoN,S: C, 66.21; H, 3.47; N, 19.31.
Found: C, 66.02; H, 3.69; N, 18.97.
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4-(6,7-Dimethoxycinnolyl) 2-quinozalyl sulfide. A solution
of 1.5 g. of 2-chloroquinoxaline, 2.1 g. of 6,7-dimethoxy-4-
mercaptocinnoline, and 0.5 g. of sodium methoxide in 26 ml.
of dry methanol was refluxed for 2.25 hr. The solid product
amounted to 1.85 g., m.p. 210°. A sample purified for an-
alysis by crystallization from ethanol melted at 210°.

Anal. Caled. for C;sH N,O.8: C, 61.70; H, 4.03; N,
15.99. Found: C, 61.33; H, 4.18; N, 16.30.

4,8,7-Trimethozycinnoline. A solution of 1.0 g. of 4-chloro-
6,7-dimethoxycinnoline and 0.5 g. of sodium methoxide in
30 ml. of absolute methanol was refluxed for 2.5 hr. The
solution was allowed to cool and stand overnight whereupon
0.74 g. (76%) of product separated, m.p. 210° dec. An ana-
lytical sample was prepared by crystallization from methanol,
m.p. 210° dec.

Anal, Caled. for CyH,N:0;: C, 59.99; H, 5.49. Found:
C, 59.74; H, 5.76.

4-Ethozy-6,7-dimethoxycinnoline. A solution of 1.0 g. of
4-chloro-6,7-dimethoxycinnoline and 0.5 g. of sodium
ethoxide in 30 ml. of absolute ethanol was refluxed for 2
hr. Some solid product separated during the heating period
and additional material separated on standing overnight at
room temperature. Upon purification of the nonhomogeneous
solid by repeated erystallization from ethanol, 0.15 g. of 4-
chloro-6,7-dimethoxycinnoline was recovered together with
0.3 g. of product, m.p. 185-187°.

Anal. Caled. for C:HiNoO;: C, 61.53; H, 6.02; N, 11,95.
Found: C, 61.67; H, 6.17; N, 11.90,

Infrared spectra were determined on all compounds ex-
cept 4-ethoxy-6,7-dimethoxycinnoline and 4-cinnolyl-4’-
(6’,7’-dimethoxycinnolyl) sulfide. All these compounds show
the characteristic cinnoline absorption band! in the 6.3 u
region, although the absorption is weak in some instances.
These spectra were determined as Nujol mulls on the
Perkin-Elmer Infracord.
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Some Carboxaldazines and s-Triazoles of the Anthraquinone Series
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2-Anthraquinoneecarboxaldazine (I) reacts with chlorine to give the a-monochloro derivative (II) or 2-cyanoanthra-
quinone (VI), depending on conditions. 1,1’-Dichloro-2-anthraquinonecarboxaldazine (XI) behaves similarly. IT reacts with

amines to give aminoaldazines or triazoles.

The present paper describes the results of an in-
vestigation into the preparation and reactions of cer-
tain chlorinated anthraquinonecarboxaldazines,
undertaken with a view to the synthesis of anthra-
quinonyltriazoles.?

Stollé,23 found that benzaldazine takes up one or
two atoms of chlorine, according to conditions, to
give the monochloro derivative C;H;CCl:N—N:
CHC¢H; or the dichloro derivative C¢HzCCl:
N-—N: CCICsH;. The behavior of 2-anthraquinone-
carboxaldazine (I) is somewhat different. While it

(1) E. Klingsberg, J. Am. Chem. Soc. 80, 5786 (1958).
(2) R. Stoll§, J. Prakt. Chem. 85, 386 (1912).
(3) R. Stolié and Fr. Helwerth, Ber., 47, 1132 (1914).
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does react with chlorine in nitrobenzene at 100-
140° to give the monochloro derivative (II), a sec-
ond atom of chiorine eould not be introduced. When
the reaction temperature was raised to 160-165°, a
poor yield of unidentified product was obtained.
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Chlorination in o-dichlorobenzene at this tempera-
ture gave a good yield of 2-cyanoanthraquinone
(VI); this cleavage reaction, giving benzonitrile
from benzaldazine, was also observed by Stollé.?

0O R
E/ 1 CN
S R =
vI H
0 VII Cl

Monochlorobenzaldazine reacts with ammonia
and primary amines to give s-triazoles by spon-
taneous air-dehydrogenation of the initial reaction
product?:

/Cl
CeHs——ﬁ WH—“CGI{O + RNH2 e
N—N
i
NHR N
~H, 7\
CsHs—ﬁ ﬁH—CGH5 e Csﬁs*‘—(f (”:—‘Csﬁs,
N—N -

R = H, alkyl, phenyl

Again, the anthraquinone derivatives behaved
somewhat differently. The reaction product with
ammonia had the open-chain structure (III), as
shown by infrared absorption in the NH stretching
region at 2.95 and 3.04 u, characteristic of primary
amines. Thus, dehydrogenation did not occur even
though aminolysis was conducted in nitrobenzene
at 180-190°. The structure of the product was
confirmed by nitrosylsulfuric acid degradation
under mild conditions to 2-anthraquinonecarbox-
aldehyde; this behavior would be expected of III
but not of a triazole.

Similarly the methylamine reaction product, an
orange solid, m.p. 329-330°, had the open-chain
structure (IV), as shown by a single infrared absorp-
tion band in the NH stretching region at 2.94 u and
absorption at 6.60 u in the NH deformation region.
Confirmation of structure was afforded by treat-
ment with potassium hydroxide in diethylene gly-
col monoethyl ether at 155°. The product was a pale
yellow neutral solid, m.p. 358-360°. Analysis
showed that it contained two less hydrogen atoms
than the starting material, and as it showed no ab-
sorption at 2.94 p and much weaker absorption at
6.60 p, this was clearly the triazole (VIII). Under
these conditions III was not eyclized, but

(@] /X\ O
30082006
N—N
(o) o

X =
VIIT NCH,
IX NCeH;
X O

was recovered unchanged.
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The reaction product of IT with aniline was also
lacking in absorption near 2.9 and 6.5 u, and was
thus the triazole IX, formed by spontaneous cyclo-
dehydrogenation during aminolysis. It was recov-
ered unchanged after treatment with potassium hy-
droxide in diethylene glycol monoethyl ether at
155°.

The dimethylamine reaction product is, of course,
incapable of cyclodehydrogenation and must be V.

The oxadiazole (X) was prepared by cyclodehy-
dration of 1,2-big(2-anthraquinonecarbonyl)hydra-
zine in oleum or polyphosphoric acid.

Attention was then turned to the 1-chloro deriva-
tives of this series of compounds. 1-Chloro-2-anthra-
quinonecarboxaldehyde was prepared by the excel-
lent procedure of Hershberg and Fiesert and con-
verted to the aldazine (XI). In its behavior on

0 (/e
O‘O CR=N—N=CH
0
R =
XI H
XII Cl

chlorination, it resembles I. At 95° in nitrobenzene
it took up a single atom of chlorine to give XIL.
The occurrence of chlorination in the side-chain
rather than the nucleus was proved by sulfuric acid
degradation to 1-chloro-2-anthraquinonecarboxylic
acid and 1-chloro-2-anthraquinonecarboxaldehyde;
the latter was not isolated as such but was con-
verted to the aldazine (XI) under the conditions of
the degradation. Chlorination of XI in o-dichloro-
benzene at higher temperatures caused cleavage to
1-chloro-2-cyanoanthraquinone (VII).

Aminolysis of the side-chain chlorine atom in XII
was not successful with ammonia, aniline, or other
amines. Relatively mild reaction conditions gave
unchanged starting material, while more severe
conditions caused decomposition. Apparently the
nuclear and side-chain atoms are too similar in re-
activity to permit selective displacement.

EXPERIMENTAL?®

2-Anthraguinonecarbonyl chloride 2-anthraquinonylmethyl-
enehydrazone (II). A mixture of 0.50 g. (1.07 mmoles) of
2-anthraquinonecarboxaldazine (I) and 20 ml. of nitro-
benzene was heated in an oil bath at 125-135° and subjected
for 3 hr. to a vigorous stream of chlorine. The internal tem-
perature of the mixture was 110~115°. The product was
then cooled, filtered, and washed with a little benzene. Yield,
0.50 g. (939,) of bright yellow solid, m.p. 321-325° dec.
On crystallization from chlorobenzene, the m.p. fell to 316~
319° dec.

Anal, Caled. for CuH1:CIN:O,: C, 71.6; H, 3.0; C}, 7.1;
N, 5.6. Found: C, 71.7; H, 3.2; C], 7.4; N, 5.8.

2-Cyanoanthraguinone (VI). A mixture of 0.20 g. (0.43
mmole) of 2-anthraquinonecarboxaldazine (I) and 3 ml. of

(4) E. B. Hershberg and L. F. Fieser, J. Am. Chem. Soc.,
63, 2561 (1941).
(5) Melting points are corrected.
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o-dichlorobenzene was heated in an oil bath at 160-165°
and treated with a stream of chlorine for 2 hr. The mixture,
at first thick, slowly dissolved to an almost colorless solution.
The yellow product that separated on cooling was filtered
and washed with benzene. Yield, 0.20 g., m.p. 216-217°.
It was purified by crystallization from acetic acid, without
change in melting point.

Anal. Caled. for C:H;NO,: C, 77.3; H, 3.0; N, 6.0; O,
13.7. Found: C, 77.3; H, 3.3; N, 6.0; O, 13.6.

2-Anthraguinonecarboxamide 2-anthragquinonylmethylene-
hydrazone (111). A steady stream of ammonia was passed for
5 hr. through a suspension of 0.55 g. (1.10 mmoles) of II in
10 ml. of nitrobenzene in an oil bath at 210-220°; the in-
ternal temperature was 175-180°. The mixture was then
cooled, diluted with a little aleohol, and filtered, giving 0.49
g. (919%) of orange product unmelted at 365°. It was puri~
fied by crystallization from dimethylformamide.

Anal. Caled. for CiHiN;3;O4: C, 74.5; H, 3.5; N, 8.7; O,
13.3. Found: C, 74.9; H, 3.4; N, 8.8; O, 12.8.

This compound showed infrared absorption at 2.95 and
3.04 u. It was recovered unchanged (elemental and infrared
analysis) after being stirred for 2 hr. in potassium hydroxide
and diethylene glycol monoethyl ether at 155-160°.

A solution of 0.37 g. (0.77 mmole) of III and 0.11 g. (1.6
(mmoles) of sodium nitrite in 10 ml. cone. sulfuric acid was
stirred overnight at room temperature and then for 2.5 hr.
at 70-75°. The reaction product was recovered by drowning
on ice, filtering, and washing. Digestion with hot aqueous
sodium bisulfite, followed by filtration and acidification,
gave 2-anthraquinonecarboxaldehyde, m.p. 185-187°.

N,N-Dimethyl-2-anthraquinonecarboxamide 2-anthraquin-
onylmethylenehydrazone (V). A steady stream of dimethyl-
amine was passed for 4 hr. through a suspension of 0.52 g.
(1.04 mmoles) of 1T in 10 ml. of nitrobenzene in an oil bath
at 190°. The solid dissolved, giving a deep red solution.
After completion of the reaction, the mixture was cooled,
diluted with a little alcohol, and filtered, giving 0.42 g.
(79%) of orange product, m.p. 258-60°. It was crystallized
from amyl alcohol without change in melting point. It
showed no absorption in the 2.9 u region.

Anal. Caled. for CpHaN;Os: C, 75.2; H, 4.1; N, 8.2; O,
12.5. Found: C, 75.0; H, 4.2; N, 8.3; O, 12.7.

N-Methyl-2-anthraquinonecarbozamide  2-anthragquinonyl-
methylenehydrazone (IV). This was prepared from methyl-
amine in a way exactly similar to that for the corresponding
dimethylamino derivative. It crystallized from dimethyl-
formamide as an orange solid, m.p. 329-330°.

Anal. Caled. for CyH,oN3;04: C, 74.9; H, 3.8; N, 8.5;
0, 12.9. Found: C, 74.6; H, 3.9; N, 8.8; O, 12.6. This com-
pound showed infrared absorption at 2.94 and 6.60 u.

38,6-Bis(2-anthraquinonyl)-4-methyl-s-triazole (VIII). A
mixture of 0.24 g. of IV, 0.50 g. potassium hydroxide, and
20 ml. of diethylene glycol monoethyl ether was stirred
1.5 hr. in an oil bath at 145° and 1.5 hr. at 155°. Cooling,
dilution with water, and filtration gave 0.16 g. (67%) of
buff solid, m.p. 346-349° dec. Crystallization from 25 ml. of
dimethylformamide gave 0.11 g. of very pale yellow solid,
m.p. 358-360°. This was crystallized from o-dichlorobenzene
without further change in melting point.

Anal. Caled. for CuHiN;O4: C, 75.1; H, 3.4; N, 8.5,
Found: C, 75.0;H, 3.4; N, 8.5.

This substance showed no absorption near 2.9 u, and
much weaker absorption at 6.60 x than the starting material.

3,5-Bis(2-anthraquinonyl)-4-phenyl-s-triazole (IX). A mix-
ture of 1.0 g. (2.0 mmoles) of IT, 0.20 ml. (0.20 g.; 2.1 mmoles)
of aniline, and 7-8 ml. of nitrobenzene was stirred for 1.5 hr.
in an oil bath at 165°. The product was then cooled, filtered,
and washed with benzene. Yield, 0.4 g. of orange yellow
solid. An additional crop of 0.2 g. was obtained from the
mother liquor. The total amount, 0.6 g., represented a 559,
yield. It crystallized from diethylene glycol monoethyl
ether or o-dichlorobenzene as an orange solid, m.p. 373-375°
dec.
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Anal. Caled. for C3HsNyOs: C, 77.5; H, 3.4; N, 7.5; O,
11.6. Found: C, 77.4; H, 3.5; N, 7.5; O, 11.5.

It showed no infrared absorption in the 2.9 and 6.5 u re-
gions. It was recovered unchanged (melting point and
infrared comparison) after being stirred 1.5 hr. in diethylene
glycol monoethyl ether and potassium hydroxide at 155°.
3-(2-Anthraquinonyl)-4,5-diphenyl-s-triazole! behaved simi-
larly.

2,5-Bis(2-anthraquinenyl)-1,3,4-0zadiazole (X). A mixture
of 0.50 g. of 1,2-bis(2-anthraguinonecarbonyl)hydrazine!
and 5 ml. of polyphosphoric acid was stirred in an oil bath
at 175-180° for 4 hr., cooled, diluted, and filtered. The
product was washed neutral and dried. Yield, 0.49 g. of
gray solid unmelted at 370°. Crystallization from o-dichloro-
benzene and then dimethylformamide gave a silvery-buff
solid.

Anal. Caled. for CauH14N205: C, 747, H, 29, N, 5.8.
Found: C, 74.7; H,2.9; N, 6.1.

Unlike the starting material, this compound showed no
absorption at 3.22 and 6.44 u and only weak absorption at
6.33 p.

The starting material (0.50 g.) was also cyclodehydrated
by stirring for 3.5 hr. at room temperature in 10 ml. of 30%
oleum. The product was diluted with sulfuric acid followed
by ice, filtered, washed neutral, and dried, giving 0.41 g.
of cream-colored solid unmelted at 370°. This was purified
in the same way and proved identical by infrared and ele-
mental analysis.

1-Chloro-2-anthraquinonecarbozaldazine (XI). A solution
of 11.0 g. (0.041 mole) of 1-chloro-2-anthraquinonecarbox-
aldehyde? in 600 ml. of glacial acetic acid was stirred and
refluxed in a 1000-ml. three necked flagsk. Efficient stirring
was necessary. A solution of 1.5 ml. (1.5 g.; 0.025 mole) of
859, hydrazine hydrate in 20 ml. of acetic acid was then
added dropwise over a 20-min. period. After being stirred
and refluxed 10 min. longer, the yellow product was filtered
hot and washed with ethanol. Yield, 10.5 g. (96%), m.p.
313-314° dec. A small specimen was crystallized from nitro-
benzene (200 ml. per g.) for analysis; m.p. 317-319°.

Anal. Caled. for CyHyuCLN:Os: C, 67.2; H, 2.6; C],
13.2; N, 5.2. Found: C, 67.0; H, 2.7; Cl, 13.1; N, 5.4.

1-Chloro-2-anthraguinonecarbonyl chloride 1-chioro-2-an~
thraquinonylmethylenehydrazone (X1I). A mixture of 0.70 g.
(1.3 mmoles) of XI and 20 ml. of nitrobenzene was heated
in an oil bath at 110-115° and subjected to a vigorous stream
of chlorine for 6 hr. The internal temperature of the mix-
ture was about 95°. It was then cooled, diluted with a little
benzene, and filtered. The bright yellow product was
washed with benzene and dried. Yield 0.58 g. (789;), m.p.
269-270° dec. dependent somewhat upon the rate of heating.
Crystallization from xylene raised the melting point to
about 276-277° dec.

Anal. Caled. for CyHisCLN,O,: C, 63.1; H, 2.3: C], 18.6;
N, 4.9; 0, 11.2. Found: C, 62.8; H, 2.4; Cl, 18.2; X, 5.0;
0,11.3.

A solution of 0.24 g. of this compound in 2.0 ml. of conc.
sulfuric acid was stirred at 125° for 2.5 hr. and then cooled
and drowned on ice. The yellow product was filtered and
washed. Digestion in warm dilute ammonium hydroxide,
followed by filtration and acidification of the filtrate, gave
0.08 g. of very pale yellow 1-chloro-2-anthraquinonecar-
boxylic acid, m.p. 273-275°, unaffected by admixture with
an authentic specimen. Identification was confirmed by
infrared comparison.

The ammonia-insoluble fraction was freed from traces of
aldehyde by digestion with warm dilute sodium hisulfite
solution, leaving 0.12 g. of yellow product m.p. 292-295°.
Crystallization from 20 ml. of nitrobenzene gave 0.05 g. of
1-chloro-2-anthraquinonecarboxaldazine (XI), m.p. 311~
311t/,°, unaffected by admixture with an authentic speci-
men. Identification was confirmed by infrared comparison.

1-Chloro-2-cyanoanthraquinone (VII). A steady stream of
chlorine was passed for 15 min. through a mixture of 0.30 g.
(0.57 mmole) of 1-chloro-2-anthraquinonecarboxaldazine
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(XI) and 5 ml. of o-dichlorobenzene heated in an oil bath
at 155°. A clear solution was obtained after 5 min. A yellow
solid separated on cooling; this was filtered and washed
with benzene; yield, 0.20 g. (67%), m.p. 247-250°,
raised to 248-251° on crystallization from toluene. By
mixed melting point and infrared comparison, this was
identical with an authentie sample.
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In order to take advantage of the favorable influence for histochemistry of the p-nitrophenyl group at N-2 and the poten-
tial of chelating heavy metals by the thiazole -(2) group at N-3 in tetrazolium salts, a variety of mono and ditetrazolium salts
incorporating these features were prepared. The simplest analogue (II) was found to chelate well and was reduced readily
by dehydrogenase systems of mammalian tissues. Its redox potential was elose to that of INT and Nitro-BT. The benzo-

thiazole -(2) group in the C-5 position did not participate in chelation.

The discovery that a p-nitro group in the N-2
phenyl ring of tetrazolium salts confers favorable
properties on the readiness with which they accept
hydrogen from various dehydrogenase systems??
and the discovery that a formazan containing a
dimethylthiazole group at the N-3 position (MTT)
chelates well with cobalt,%5 suggested to us that
it would be worthwhile to prepare N-3 and C-5
benzothiazole derivatives of tetrazolium salts
containing in addition a p-nitrophenyl group at
N-2. It was also hoped that the remarkable sub-
stantive properties for protein in histochemical
methodology® exhibited by Nitro-BT [2,2'-di-
p-nitrophenyl-5,5’-diphenyl-3,3-(3,3’-dimethoxy-
4,4'-biphenylene) ditetrazolium chloride] could
be duplicated in benzothiazole analogues of di-
nitroditetrazolium salt. Although Nitro-BT and a
5-m-iodophenyl analogue of Nitro-BT have been
used to demonstrate dehydrogenases with electron
microscopy,” there should be an advantage to
using nitrotetrazolium salts that yield formazans
of high substantivity and capable of chelating
metals of high atomic number. The development of

(1) This investigation was supported by a research grant
(CY-2478) from the National Cancer Institute, National
Institutes of Health, Department of Health, Education,
and Welfare, Bethesda, Maryland.

(2) K. C. Tsou, C. 8. Cheng, M. M. Nachlas, and A. M.
Seligman, J. Am. Chem. Soc., 78, 6139 (1956).

(3) B. Pearson and V. Defendi, J. Histochem. & Cylochem.,
2,248 (1954).

(4) A. G. E. Pearse, J. Histochem. & Cyltochem., 5, 515
(1957).

(5) D. G. Scarpelli, R. Hess, and A. G. E. Pearse, J.
Biophys. & Biochem. Cytol., 4, 747 (1958).

(6) M. M. Nachlas, K. C. Tsou, E. DeSouza, C. 8.
Cheng, and A. M. Seligman, J. Histochem. & Cytochem., 3,
420 (1957).

(7) 8. Karmarkar, R. J. Barrnett, M. M. Nachlas, and
A, M. Seligman, J. Am. Chem. Soc., 81, 3771 (1959).

such agents should make possible precise intra-
mitochondrial localization of dehydrogenase activ-
ity with the electron microscope. For this purpose
benzothiazole groups were introduced into the N-3
and C-5 positions and p-nitrophenyl groups were
placed at N-2. Ditetrazolium salts were also pre-
pared with benzothiazol and p-nitrophenyl groups,
related to BT and Nitro-BT.

The formazan (I) was obtained by coupling
p-nitrobenzene diazonium chloride with benzo-
thiazolylhydrazone-(2) of benzaldehyde in the
presence of alkali. Attempts to prepare I by
coupling diazotized 2-aminobenzothiazole with
p-nitrophenylhydrazone of benzaldehyde failed.
Oxidation of I with N-bromosuccinimide in ethyl
acetate® gave the tetrazolium bromide, which was
converted to the corresponding chloride (II) by
treatment with silver chloride. Oxidation of I
with isoamyl nitrite and glacial acetic acid resulted
in the formation of a tetrazolium salt (III) con-
taining two nitroso groups.’ Attempts to remove
these nitroso groups with ethanolic hydrochloric
acid® resulted in the formation of IV which did
not react like a tetrazolium salt.

Similarly, benzothiazolylhydrazone-(2) of benzo-
thiazole-2-aldehyde'® on treatment with p-nitro-
benzene diazonium chloride gave a formazan (V),
which on oxidation with N-bromosuccinimide in
ethyl acetate gave a tetrazolium bromide which
was converted with silver chloride to the cor-
responding tetrazolium chloride (VI). Oxidation of
V with isoamyl nitrite and glacial acetic acid gave
a nitroso derivative (VII) which on treatment

(8) H. Beyer and T. Ply, Chem. Ber., 87, 1505 (1954).

(9) E. Ludolphy, Chem. Ber., 84, 385 (1951). .

(10) M. Seyhan, and S. Avan, Rev. fac. sci. univ. Istanbul,
16a, 30 (1951); Chem. Abstr., 46, 8090d (1952).



