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v-Triazolo(d)pyrimidines.

I. 2-Aryl-5-amino-7-hydroxy Derivatives!

By FrEpERIC R. BENSON, LAWRENCE W. HARTZEL AND WALTER L. SAVELL

The concept of hindering the transformation of
normal constituents of living cells by means of dif-
ferent yet architecturally similar substances has
been of considerable utility in the design of chemo-
therapeutic agents. Recently there have been
reported several investigations of metabolite an-
tagonists for the biologically important purines?
and pteridines.! Among the variations of these
two classes which have been studied is the replace-
ment of the imidazole or pyrazine groups in these
heterocycles with a vicinal triazole group, forming
the v-triazole (d) pyrimidine ring system. Thus 5-
amino-7-hydroxy-v-triazolo(d)pyrimidine inter-
feres with the biological action of its structural an-
alog guanine.4

The v-triazolo(d)pyrimidine nucleus is not new,
members of this class having been prepared first in
1901 by Gabriel and Coleman.® Hitherto, how-
ever, no derivatives have been described contain-
ing substituents on any of the nitrogen atoms of
the v-triazole portion of this heterocycle. The
synthesis of the v-triazolo(d)pyrimidines substi-
tuted in this manner was undertaken with the
thought that such compounds might possess the
requisite chemical and geometrical characteristics
for either anti-folic acid or anti-purine behavior.
The first sub-division investigated has been the
2-aryl-5-amino-7-hydroxy derivatives, the loading
here being similar to the 2-amino-4-hydroxy-6-
substituted pteridines or the 8-substituted guan-
ines.
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The starting material for the synthesis of these
compounds is 2,4-diamino-6-hydroxypyrimidine.
Previously it had been shown that diazotized p-
nitroaniline can couple with this compound, pre-
sumably in the 5 position.® Accordingly a series of
aromatic amines were diazotized and coupled with
this pyrimidine, a yellow, orange or red dye being
obtained in each case. That the azo link in these
products was in fact at the 5 position of the pyrim-
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idine ring was established by reduction of the
compound derived from aniline to the known 2,4,-
5-triamino-6-hydroxypyrimidine. The 2,4-diam-
ino-5-arylazo-6-hydroxypyrimidines thus formed
(Table I) all contained water of crystallization,
usually being sesquihydrates. Quantitative re-
moval of this water was found to be impractical
and the hydrated azo compounds were used as
such for transformation to the triazoles.
Conversion of 0-amino azo compounds to 2-sub-
stituted v-triazole derivatives has been effected by
such procedures as heating,” chromic acid oxida-
tion,?® and oxidation with alkaline copper sulfate.®
In the present study copper sulfate in a pyridine—
water mixture® was utilized to effect the oxidative
ring closure. The various 2-substituted v-tri-
azolo(d)pyrimidines were formed in yields of 50 to
80% by use of this reagent (Table I). The par-
ticular compounds chosen for the present initial
study were those containing a variety of para sub-
stituted aryl groups in the 2 position. The 2-aryl-
5-amino-7-hydroxy-v-triazolo(d)pyrimidines were
found to be light yellow or white crystalline sub-
stances having very little solubility in water or di-

OH
& 'N=NCGH4R CuSO,
—_—
HzN\L\N NH, pyridine
OH
7 =N
N/j\ ON—CHR
H,N{ /=N
lute acids. The compounds of this series are, how-

ever, soluble in alkali due, in the case of the phenyl
and p-carbethoxyphenyl derivatives, to the phe-
nolic character of the 7-hydroxyl group. Although
the phenolic group complicated the titration of 2-
p-carboxyphenyl-5-amino-7 - hydroxy - v-triazolo-
(d)pyrimidine when strong alkali was used, by
means of a base of intermediate strength, piperi-
dine, a fairly accurate estimation of its equivalent
weight could be made. The value found, 287, is
reasonably close to the calculated value, 272.2.
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TaABLE I
2,4-DIAMINO-5-ARYLAZO-6-HYDROXYPYRIMIDINES 2-ARYL-5-AMINO-7-HYDROXY-V-TRIAZOLO(D) PYRIMIDINES®
OH OH
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Carbon, Hydrogen, Nitrogen, Carbon/ Carbon, Hydrogen, Nitrogen,
% % % nitrogen 2 %o %
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R Formula 0] = Q Q 4 K o™ O = [ Q B
H C1oH1sON# 1.5H:0 46.68 46.62 5.09 4.91 32.67 32.71 1,429 1.425 72 52.63 52.79 3.53 3.66 36.83 36.95
$»-COOH CuB1OsNs-1.68:0 43.85 44.22 4.35 4.30 27.90 27.66 1.572 1.599 64 48.53 48.28 2.96 3.28 30.88 30.95
$-COOC:zHs CuHuOuNe 1.5H:0 47.41 47.27 5.17 4.91 25.52 25.89 1.858 1.826 80 51.99 51.87 4.03 4.11 27.99 27.71
$-CONHCHCOOH C1eH170N7-H:0 45.60 46.04 4.54 4.60 23.27 23,44 1,960 1.964 50 47.88 47.61 3.77 4.02 24.43 24 .22

(CH2):COOH®

¢ All the compounds decomposed above 300° except the azoglutamic acid compound which decomposed at 284° and

the triazolo(d)pyrimidineglutamic acid compound which decomposed at 240°.

was used as starting material.

To further characterize the new compounds, their
ultraviolet absorption spectra were determined
(Figs. 1-2). These 2-aryl-v-triazolo(d)pyrim-
idines showed maxima between 225 and 230 mu
and minima between 290 and 300 mu. Compari-
son of the ultraviolet spectra for the phenylazo
compound (Fig. 1) with that of the corresponding
v-triazolo(d)pyrimidine clearly shows a distinction
between these substances.

Certain biological properties of these compounds
are being investigated elsewhere.

b p-Aminobenzoyl-1(+)glutamic acid

¢ The empirical formulas of the triazolo(d)pyrimidines were the same as the corresponding
azo compounds except that they are anhydrous and contain two less hydrogen atoms.

Experimental

All of the 2,4-diamino-5-arylazo-6-hydroxypyrimidines
were prepared by the same general method which is de-
scribed for the preparation of 2,4-diamino-5-phenylazo-6-
hydroxypyrimidine. No significant difficulty was encoun-
tered in the diazotization or coupling operations with any
of the compounds described. The azo compounds may
be purified further by dissolving in dilute alkali and re-
precipitating with acetic acid. The preparation of the
various 2-aryl-5-amino-7-hydroxy-v-triazolo(d)pyrimidines
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Fig. l.—Absorption spectra of 2-phenyl-5-amino-7-

hydroxy-v-triazolo(d)pyrimidine and 2,4-diamino-5-phenyl-
azo-6-hydroxypyrimidine in 0.1 N NaOH,

carbethoxyphenyl - 5 - amino - 7 - hydroxy - v - triazolo(d)-
pyrimidine and N [4-(5-amino-7-hydroxy-2-v-triazolo(d)-
pyrimidyl)-benzoyl)-1-(4)-glutamic acid in 0.1 N NaOH:
R = 5-amino-7-hydroxy-2-v-triazolo(d)pyrimidyl-p-phenyl.
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differ only in the ease of oxidation and the manner of iso-
lation. Three typical oxidation and isolation procedures
are described.
2,4-Diamino-5-phenylazo-6-hydroxypyrimidine.—Ani-
line (4.7 g., 0.05 mole) was dissolved in 25 ml. of water and
20 ml. of concentrated hydrochloric acid. The mixture
was cooled with stirring to 10°, then 25 g. of ice added.
To the stirred mixture was added a solution of 3.5 g. (0.05
mole) of sodium nitrite in 25 ml. of water, the temperature
being held below 3° during addition. The excess nitrous
acid was destroyed by the addition of a saturated aqueous
solution of urea. The cold solution was then added slowly
to a stirred solution of 2,4-diamino-6-hydroxypyrimidine
[11.29 g. (0.05 mole) of 2,4-diamino-6-hydroxypyrimi-
dine sulfate dissolved with 52 g. of sodium acetate in 450
ml. of water, the mixture being filtered before use]. An
orange precipitate soon forined which was stirred for ten
minutes, then filtered, washed twice with water, twice
with alcohol and twice with ether. After air drying over-
night, the product was ground and dried eighteen hours
at 50° under vacuum. The orange solid weighed 12.5 g.
(practically quantitative yield) and melted over 300°.

An aqueous suspension of the orange solid was boiled
in a test-tube with sodium hydrosulfite until all of the solid
dissolved and the orange color had disappeared. The
mixture was cooled, diluted with an equal volume of water
and acidified with 109, sulfuric acid. After collecting the
precipitate on a filter it was recrystallized from 29, sulfuric
acid. The white solid obtained was dried over potassium
hydroxide in a desiccator. Neutralization equivalent
calculated for 2,4,5-triamino-6-hydroxypyrimidine sulfate,
CHyN;O0-H, SO, H,0: 257; found, 260. The sample,
after drying to remove water of crystallization, was ana-
lyzed. Amnal. Caled. for CH;N;O-H,SOs: C, 20.08;
Hg, 3.79; N, 29.28. Found: C, 19.90; H, 4.12; N,
29.53.

N-[4-(2,4-Diamino-5-pyrimidylazo-6-hydroxy) -ben-
zoyl]-glutamic Acid.—This material was prepared by the
same general procedure described for the previous com-
pound. The compound separates first as an orange gel
during coupling but with vigorous stirring and dilution
with additional quantities of water becomes granular in
nature and may be collected on a filter. The material
after washing with water, redissolving in ammonium hy-
droxide, and reprecipitating with acetic acid was obtained
as a light yellow solid. A consistent specific rotation
could not be obtained in alkaline solution with the Nap
line or at 650 mu, presumably because of the color of the
compound.

2-Phenyl-5-amino-7-hydroxy-v-triazolo(d) pyrimidine.
-—To a mixture of 26.4 g. of copper sulfate pentahydrate,
54 ml. of water and 54 ml. of pyridine at reflux temperature
was added 9.2 g. (0.036 mole) of 2,4-diamino-5-phenylazo-
6-hydroxypyrimidine sesquihydrate and 34 ml. of pyridine.
The mixture was stirred vigorously under reflux for three
hours, then poured into 600 ml. of water, filtered, washed
with water and finally with dilute acetic acid. The pre-
cipitate was slurried with hot 509, acetic acid and filtered;
this process was repeated with two additional portions of
509, acetic acid. The precipitate was washed once with
water, then dissolved in 2 N sodium hydroxide solution,
treated with charcoal and filtered. The filtrate was di-
luted to about 1200 ml. and acidified with acetic acid.
The precipitate which separated soon coagulated and was
filtered. It was treated with hot 509, acetic acid as be-
fore, dissolved in 1 N sodium hydroxide, diluted with
water and again precipitated with acetic acid. The light
yellow product was filtered and washed twice with water,
twice with alcohol and twice with ether. After air drying
overnight, it was dried for eighteen hours at 50° under
vacuum; yield 5.8 g. (70.5%), m. p. over 300°.

2-p-Carboxyphenyl-5-amino-7-hydroxy-v-triazolo(d) -
pyrimidine.—Five and five-tenths grams (0.018 mole) of
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2,4-diamino-5-p-carboxyphenylazo -6 -hydroxypyrimidine
sesquihydrate together with 17 ml. of pyridine was added
to a mixture of 13.2 g. of copper sulfate pentahydrate, 27
ml. of water and 27 ml. of pyridine. The mixture was
refluxed and purified as described above except that dilute
ammonium hydroxide was used to dissolve the product in-
stead of sodium hydroxide; yield 8.5 g. (719%,) of light
yellow solid, m. p. over 300°. The equivalent weight of
this compound was determined by dissolving 30.097 mg.
in 1 ml. of 0.959 N piperidine; back-titration to a phenol-
phthalein end-point required 7.00 ml. of 0.122 N hydro-
chloric acid. The equivalent weight from this experiment
is 287. When titration was attempted with either 0.1 or
1 N sodium hydroxide, the observed end-point was not
sufficiently sharp for analytical use.
N-[4-(5-Amino-7-hydroxy-2-v-triazolo(d)pyrimidyl) -
benzoyl)1(4) -glutamic Acid.—Hydrous N-[4-(2,4-di-
amino-5-pyrimidylazo-6-hydroxy) -benzoyl]-glutamic acid
(8.09 g., 0.019 mole) and 34 ml. of pyridine were added to
a refluxing mixture of 26.4 g. of copper sulfate pentahy-
drate, 54 ml. of water and 34 ml. of pyridine. The mix-
ture was stirred at reflux for two and one-half hours, then
diluted with 130 ml. of pyridine and saturated with hydro-
gen sulfide on a steam-bath. The mixture was filtered
and the filtrate evaporated to a low volume under vacuum
on a steam-bath. An equal volume of water was added
and the mixture again evaporated almost to dryness. The
residue was dissolved in about 300 ml. of water, heated with
neutral Norite and filtered. The filtrate was adjusted to
pH 3.2 with acetic acid and centrifuged. The residue was
dissolved in hot water and precipitated with acetic acid.
The cooled mixture was again centrifuged and the residue
recrystallized from large amounts of hot water. On drying
4.0 g. (52%) of white solid was obtained; m.p.240° (d.);
a?p 4 16.2 (in 4 moles of sodium hydroxide per mole
compound in aqueous solution); C == 2,0067 g./100 ml.
The absorption spectra were obtained using a Model DU
Beckmann Spectrophotometer. In all cases azopyrimi-
dines and v-triazolo(d)pyrimidines were dissolved in 0.1
N sodium hydroxide, which was used also as comparison
solvent. For 2,4-diamino-5-phenylazo-6-hydroxypyrimi-
dine the concentrations used were 2.39 X 1078 M for
220~-270 mu and 9.58 X 10-5 M for 265-320 mu. For the
v-triazolo(d) pyrimidines the following concentrations were
employed for the wave lengths in question: phenyl, 2.38 X
108 M, 220-255 mu and 300-320 mu; 1.05 X 10~* M,
250-300 mu; p-carboxyphenyl, 2.78 X 105 M, 220-320
mu; p-carbethoxyphenyl, 4.39 X 10—% M, 220-320 mu;
benzoylglutamic acid, 1.91 X 1075 M, 220-320 mu.
Measurement of the absorption spectra of the 2-p-carboxy-
phenylazo compound was attempted, but since the values
obtained showed some deviation from Beer’s law, the re-
sults are not included. ’
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Summary
A number of 2-aryl-5-amino-7-hydroxy-v-tri-
azolo(d)pyrimidines have been prepared by oxida-
tion of the corresponding 2,4-diamino-5-arylazo-
6-hydroxypyrimidines.  Ultraviolet absorption
spectra and other physical properties of these
compounds have been determined.
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