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Gly.OH, from a partial hydrolysate of gelatin. In
an alkaline partial hydrolysate of gelatin, Heyns,
Anders and Becker!¢ found H.Glu-Gly.OH, H.Ala-
Gly.OH, H.Gly-Asp.OH, H.Ala-Ala-Gly.OH, H.-
Ala-(Gly,Glu). Of the twenty or more dipeptides
and tripeptides reported present in partial hydroly-
sates of collagen and gelatin, only five fit the colla-
gen sequence -P-G-R-P-G-R- suggested by Ast-
bury® and Pauling and Corey!® where P represents
either proline or hydroxyproline, G is glycine and
R stands for one or other of the remaining residues.
The five which fit are H.Lys-Pro-Gly.OH (Grass-
man and Riederle), H.Gly-Asp.OH (Heyns, et al.),
H.Gly-Glu.OH and H.Hypro-Gly.OH (Schroeder,
et al.), and H.Gly-Ala.OH (this paper). All of the
peptides, except H.Gly-Gly.OH, conform to the
-G-R-P-G-R-R- sequence suggested by Bergmann
and Niemann' for the structure of gelatin. How-
ever, this formula was based on Bergmann’s value
of 19.79, proline®® in gelatin which is much higher
than the currently accepted values for proline of
14.8-15.19,.1%% Schroeder, et al.,'* have pointed
out that in view of these more reliable values for
proline only three-fourths of the collagen structure
could have the sequence suggested by Astbury.®
A similar consideration would apply to the Berg-
mann-Niemann!? sequence. The isolation of H.-
Gly-Gly.OH (present work) would indicate that
other sequences in addition to those suggested must
be present. At present, sufficient data have not
been accumulated to justify any conclusion as to
the reliability of any proposed structure of collagen.
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Pyridazinemonocarboxylic Acids and Derivatives

By W. J. Leanza, H. J. BEcRER AND E. F. RoGERS
RECEIVED MarcH 10, 1953

In connection with recent studies of nitrogen
heterocyclic amides! and hydrazides, new syn-
theses of pyridazine-3-carboxylic acid and pyrid-
azine-4-carboxylic acid were developed. Gabriel
and Colman? first made pyridazine-3-carboxylic
acid by the permanganate oxidation of 3-p-hy-
droxyphenylpyridazine.

In the present work two alternate routes to the
3-acid were explored. Permanganate oxidation of
3-hydroxymethylpyridazine and reductive dehalo-
genation of 6-chloropyridazine-3-carboxylic acid
were found to give identical yields of the desired
acid. The choice of the route depends, therefore,
upon the availability of intermediates. 3-Hydroxy-

(1) E. F. Rogers, et al., Science, 116, 253 (1952).
(2) 8. Gabriel and A. Colman, Ber., 32, 408 (1899).
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methylpyridazine can be prepared in two steps
and 339, over-all yield from furfuryl acetate
according to Clauson-Kass,® and we have con-
firmed this. Our yield of 6-chloropyridazine-3-
carboxylic acid from levulinic acid in five steps was
40%. Pyridazine-3-carboxamide and pyridazine-
3-carbohydrazide were prepared from the acid via
the ethyl ester.

Partial decarboxylation of pyridazine-4,5-di-
carboxylic acid* gave 4-carboxypyridazine. This
new acid was converted to the ethyl ester, amide
and hydrazide.

The pK, values of the isomeric 3- and 4-car-
boxypyridazines are 3.0and 2.8, respectively. Data
on the basicities and reduction potentials of the
corresponding amides have been previously re-
ported.!

The hydrazides were tested for antituberculous
activity in a standardized mouse assay by Dr. M.
Solotorovsky of the Merck Institute for Thera-
peutic Research and found to be inactive.

Experimental

6-Chloropyridazine-3-carboxylic Acid.—The route to this
acid involves the following steps, all previously described:
preparation of 6-hydroxy-3-methyldihydropyridazine,® de-
hydrogenation to 6-hydroxy-3-methylpyridazine,® conver-
sion to 6-chloro-3-methylpyridazine”® and oxidation to 6-
chloropyridazine-3-carboxylic acid.! The yields obtained
for the reactions were 94, 76, 80 and 609, respectively.

Two details deserve special mention. In synthesis of 6-
chloro-3-methylpyridazine, the temperature of the reaction
mixture contaiming phosphorus oxychloride is critical and
should not exceed 100°. In workup of the 6-chloropyrida-
zine-3-carboxylic acid preparation, the product must be ex-
tracted immediately after pouring the reaction mixture onto
ice. Failure to observe these precautions results in very
poor yields. :

Pyridazine-3-carboxylic Acid. A. By Dehalogenation of
6-Chloropyridazine-3-carboxylic Acid.—Thirty grams of 6-
chloropyridazine-3-carboxylic acid and 25 g. of Raney
nickel were added to a cooled solution of 15.9 g. of sodium
hydroxide in 330 ml. of water. The mixture was shaken
at once with hydrogen at 40 p.s.i. Reduction was com-
pleted in two hours. The catalyst was removed by filtra-
tion and washed with water, then the combined filtrate and
washings were concentrated to 80 ml. The concentrate
was cooled to 35° and acidified to pH 2.5 with hydrochloric
acid. After two hours standing at 0°, the product was re-
moved by filtration and washed with a little water. When
recrystallized from 525 ml. of boiling water, 19.0 g. (81%) of
off-white acid, m.p. 195° (dec.), was obtained. A second
recrystallization gave 13.4 g. of colorless product, m.p. 201°
(dec.), and a second crop, 5.0 g., m.p. 194° (dec.). The
reported melting point of pyridazine-3-carboxylic acid is
200-201°. The lower melting material obtained was satis-
factory for ester preparation.

Anal. Caled. for CsH|N202:
22.36.

B. By Oxidation of 3-Hydroxymethylpyridazine.—A
solution of 22.4 g. of 3-hydroxymethylpyridazine (m.p. 60°)
in 1 1. of water was added with stirring to a solution of 48 g.
of potassium permanganate in 2 1. of water at 75° over a pe-
riod of 10 minutes. After an additional 5 minutes all of the
purple color of permanganate had disappeared. The man-
ganese dioxide was filtered off and the filtrate evaporated
to 500 ml., acidified to pH 2.5 and cooled. The precipitate
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of pyridazine-3-carboxylic acid was collected and air-dried,
m.p. 201° (dec.), yield 22 g. (81%).
dazine-4-carboxylic Acid.—A solution of 3.35 g. of
pyridazine-4,5-dicarboxylic acid in 300 ml. of water was
heated in a bomb at 200° for two hours. The resulting tan
solution was boiled with Darco and filtered. The filtrate
was evaporated to 70 ml., acidified to pH 2.5 and chilled,
yielding a precipitate of pyridazine-4-carboxylic acid as
white crystals, m.p. 230-235° (dec.); yield 1.4 g. (56%).
An analytical sample recrystallized twice from water de-
composed at 239-240° (slow heating).
Anal. Caled. for CsH,N:0,: C, 48.39; H, 3.25; N,
22.57. Found: C, 48.78; H, 3.42; N, 22.40.
3-Carbethoxypyridazine,—Pyridazine-3-carboxylic acid
(17.7 g.) was esterified by refluxing for six hours with 177
ml. of absolute alcohol and 18 ml. of concentrated sulfuric
acid. The reaction mixture was concentrated in vacuo to
75 ml. and poured into a cold saturated solution of sodium
carbonate. The ester was extracted from the aqueous solu-
tion with benzene and crystallized from benzene-petroleum
ether. Recrystallization from absolute alcohol gave 11.1 g.
of product, m.p. 68.0-68.5°, and a second crop of 2.8 g.,
slightly yellow, m.p. 65-67° (649, yield).
Anal. Caled. for CyHgN;Os: C, 55.25;
18.41. Found: C, 55.52; H, 5.01.
4-Carbethoxypyridazine.—Pyridazine-4-carboxylic acid
(6.5 g.) was esterified in a similar manner. The ester was
obtained as a straw-colored oil which was distilled under
vacuum; b.p. 125° (13 mm.), yield 4 g. (60%,).
Anal. Found: C, 55.78; H, 4.97; N, 18.33.

Pyridazine-3-carboxamide.—A suspension of 109 g. of
3-carbethoxypyridazine in 800 ml. of absolute alcohol was
treated with anhydrous ammonia. The mixture became
warm, the ester dissolved and amide began to deposit. Gas
introduction was halted after three hours when the reaction
mixture had cooled to room temperature. The filtered
crystals were recrystallized from water with charcoaling,
giving 83.6 g. (95%) of colorless amide, m.p. 182-182.5°.

Anal. Caled. for CiHsN;O: C, 48.78; H, 4.09; N,
34.13. Found: C, 49.17; H, 3.92; N, 34.03.

Pyridazine-4-carboxamide.—Treatment of an alcoholic
solution of 4-carbethoxypyridazine with ammonia gave the
corresponding amide which when recrystallized from water
melted at 191-192°.

Anal. Found: C, 48.77; H, 3.83; N, 33.90.

Pyridazine-3-carbohydrazide.—A mixture of 6 g. of 3-
carbethoxypyridazine, 4.6 g. of 85%, hydrazide hydrate and
35 ml, of alcohol was refluxed for one hour, then cooled.
The hydrazide deposited as pale yellow crystals, m.p. 151~
152°, yield 5.2 g. (95%). After recrystallization from al-
cohol, the product was cream-colored; the melting point
was unchanged.

Anal. Caled. for C;HeNO: C, 43.47;
40.56. Found: N, 39.73.

Pyridazine-4-carbohydrazide.—Reaction of 4-carbethoxy-
pyridazine with hydrazine hydrate as above gave the hy-
drazide, m.p. 124-125° (recrystallized from alcohol).

Anal. Found: C, 43.99; H, 4.13; N, 40.52.
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Characterization of Some Alkylbenzenes through
their Phthalic Anhydride Derivatives!

By Georce F. LEweENzZ AND KasSPER T. SERIJAN?
REeceIvED FEBRUARY 27, 1953

The identification of aromatic hydrocarbons has
generally been possible only by physical methods
such as examination of absorption spectra and com-
parison of the physical properties of unknown with
authentic compounds, Identification based on the

(1) Presented at the Buffalo meeting of tbe American Chemical

Society, March 24, 1952.
(2) Armour and Company, Chicago, Illinois.
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melting points of solid derivatives offers several
advantages, especially in those instances where
sufficient quantities of the hydrocarbons or equip-
ment necessary for physical examination are un-
available. Consequently, an investigation of solid
derivatives of aromatic hydrocarbons was begun at
this Laboratory in order to ascertain the usefulness
of certain derivatives in identifying the hydrocar-
bons.

While several types of solid derivatives of aroma-
tic hydrocarbons are known, most of them have
proved to be unsuitable for identification purposes,
for one reason or another. Picric acid derivatives
are frequently unstable,® while styphnic acid* and
2,4,7-trinitrofluorenone® derivatives have been pre-
pared only from fused ring aromatics. The mono-
and diacetamino as well as the benzamino deriva-
tives have been prepared only from monoalkylben-
zenes.%” Trinitrobenzene derivatives from fused
ring aromatics are stable,* but those from single-ring
aromatics are not.?

The o-aroylbenzoic and o-aroyltetrachlorobenzoic
acids, prepared by the condensation of aromatic hy-
drocarbons with phthalic and tetrachlorophthalic
anhydride, respectively, have been proposed by
Underwood and Walsh?® as suitable crystalline deriv-
atives for the identification of aromatic hydrocar-
bons. In the present investigation phthalic anhy-
dride derivatives of 25 mono-, di- and trialkylben-
zenes have been prepared, and the melting points of
the derivatives have been compared to determine
the usefulness of these compounds in distinguishing
the hydrocarbons. The keto acid of s-propylben-
zene could not be obtained in sufficient purity.
In addition the 1,4-substituted alkylbenzenes
formed derivatives only with difficulty and none
could be obtained in the cases of the o-aroylbenzoic
acid derivatives of l-methyl-4-ethylbenzene and
1,4-diethylbenzene.

The melting points, carbon-hydrogen analyses
and neutralization equivalents of 25 o-aroylbenzoic
acids are presented in Table I; fourteen of these
keto acids are reported for the first time. All the
derivatives were recrystallized until successive re-
crystallizations gave no significant change in melt-
ing point. The melting points available from the
literature are indicated in the tables and are gener-
ally in good agreement with the values obtained in
the present work. In those instances where the
melting points of derivatives of isomeric hydrocar-
bons were similar, mixed melting points were de-
termined. In this way it was found that a com-
mon derivative was obtained from the three iso-
meric methyl-{-butylbenzenes.

In two other cases the mixed melting points taken
with the derivatives of two isomeric hydrocarbons
showed slight depressions; however, the degree of
depression was not sufficient to permit a definite
conclusion as to whether rearrangement of the hy-
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