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7H-Tetrazolo[5,1-i Jpurine was prepared by nitrosation of 6-hydrazinopurine and by reaction
of 6-chloropurine with sodium azide; it was converted to adenine upon catalytic hydrogenation.

6-Hydroxylaminopurine was oxidized to 6-nitrosopurine with manganese dioxide, while alkaline

treatment of the former gave 0,0’-azoxypurine. Nitrosation of 6-hydroxylaminopurine afforded

6-(N-nitroso)hydroxylaminopurine. Reaction of 6-chloropurine with 6-hydrazinopurine led to

6,6"-bisadenine; the corresponding ribosyl derivatives gave 6,6"-bisadenosine. Upon air oxida-
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tion, 60,6"-bisadenine was converted into 6,6 -azopurine. The related 6-thiosemicarbazino- and

6-(N-methyl)ureidopurine derivatives are also described.

6-N-(Nitroso)hydroxylaminopurine

showed an inhibitory activity against several mouse tumors and leukemias.

A variety of 6-substituted purines, such as 6-hydroxyl-
aminopurine (2) and its 9-ribosyl derivative (3), have
shown an anlitumor activity in mice. Several new purines
and nucleosides have now been synthesized from 6-
hydroxylamino- and 6-hydrazinopurine derivatives.

Reaction of 6-chloropurine (4) (1) with sodium azide
led to 7H-tetrazolo[5,1-i purine (4) in low yield (Scheme
I); nitrosation of 6-hydrazinopurine (5) (5) afforded the
same tetrazolo derivative 4 in 70% yield. Compound 4 was
initially formulated as 6-azidopurine (6), but analogous
reactions in the pyrimidine series (7) and infrared studies
by Montgomery and coworkers (8) indicated that the
reaction product had the three-ring formulation 4. An
X-ray diffraction analysis by Glusker and coworkers (9)
confirmed the tetrazolo structure.

Oxidation of 0-hydroxylaminopurine (2) (7) by acti-
vated manganese dioxide (10) gave 6-nitrosopurine (8),
which was reduced to adenine upon treatment with aniline
and transformed into adenine and hypoxanthine with
Raney nickel in dilute ammonium hydroxide. The syn-
thesis of a nitrosopurine, 2,6-dihydroxy-9-methyl-8-nitro-
sopurine, by treatment of 2,6-dihydroxy-9-methyl-8-thio-
purine with nitric acid and sodium nitrite was reported by
Biltz and Sauer (11). It was later established (12), how-
ever, that the preparation of Biltz and Sauer consisted of a
mixture of 9-methylxanthine and 9-methyl-8-nitroxan-
thine.

6-Hydroxylaminopurine (7) was smoothly transformed
into  6-(/V-nitroso)hydroxylaminopurine (9) by nitrous
acid treatment. Compound 9 was readily hydrolyzed in
acid solution into hypoxanthine.

Exposure of 6-hydroxylaminopurine (7) to aqueous
sodium hydroxide led to the rapid formation of the sodium
salt of 6,0-azoxypurine (10) the free form of which was

obtained by treatment with sodium acetate and 20% ace-
tic acid; direct acidification brought about extensive
decomposition. Solutions of 7 in ammonium hydroxide
were transformed into 6,6"-azoxypurine (10) at 25° after
5 days.

6,6'-Bisadenine (12) was obtained by refluxing equi-
molar amounts of 6-chloropurine (1) and 6-hydrazino-
purine (5) in buffered solution. Bispurines, as well as bis-
pyrimidines and pyrimidinopurines, have been described
previously (13). Condensation of equimolar amounts of
the Y-ribosyl derivatives of 6-chloro (14) (3) and 6-hydra-
zinopurine (8a) (6) resulted in the synthesis of 6,6"-bis-
adenosine (13). Air oxidation of 6,6"-bisadenine (12) in
alkaline solution led to the sodium salt of 6,6"-azopurine
(11). This compound was more sensitive to acid treatment
than the azoxypurine (10), and accordingly could not be
isolated as the free base.

Interaction of 6-chloropurine (1) or 2-amino-6-chloro-
purine (2) with thiosemicarbazide afforded 6-thiosemi-
carbazinopurine (14) and 2-amino-6-thiosemicarbazino-
purine (15), respectively. Semicarbazide hydrochloride in
a buffered solution did not react with 1. 6-Ethoxycar-
bamylpurine (2) (16) was converted into the 6-mono-
methylureidopurine (17) upon refluxing with methyl-
amine.

EXPERIMENTAL (15)

7H-Tetrazolo[5,1-i] purine (4).

Sodium nitrite (2.4 g., 0.035 mole) dissolved in water (10 mlL.)
was added dropwise to a solution of 6-hydrazinopurine (5) (5),
(3.0 g., 0.02 mole) in 0.2 N hydrochloric acid (50 ml.) at 5°, with
gentle and continuous swirling in a flask free of scratches. A white
crystalline precipitate appeared and the mixture was kept at 5° for
30 minutes. The precipitate was collected, washed with cold water
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and dried in vacuo over sodium hydroxide, colorless needles (1.6
g) m.p. 185-186° (dec. with explosion). The solution, after stand-
ing at 5° for 2 hours afforded a second crop of crystals (0.9 g.),
m.p. 183.185° dec., total yield 2.5 g. (70%). After repeated
recrystallization from water, long lustrous needles were obtained,
m.p. 193-195° dec. An anhydrous sample of 4 was prepared by
heating at 105° in vacuo over phosphorus pentoxide.

Anal. Caled. for CsH3N7-H,0 (hydrate): C, 33.52; H, 2.81.
Found: C, 33.89; H, 2.70. Anal. Calcd. for CsH3N; (anhydrous):
C,37.27; H, 1.88. Found: C, 37.43; H, 1.74(16).

The refluxing of 6-chloropurine (1) (154 mg. 1 mmole) with
sodium azide (70 mg., 1.1 mmoles) in ethanol for 1 hour yielded a
mixture of starting material 1and 7H-tetrazolo[5,1-i] purine (4) as
determined by paper chromatography and uv spectra. The use of
excess of sodium azide or longer heating periods failed to improve
the outcome of the reaction; the resulting product always consis-
ted of a mixture of 1and 4.

7H-Tetrazolo[5,1-i]purine (4) was converted to adenine by re-
duction with hydrogen at 25° and atmospheric pressure using 5%
palladium/charcoal or Raney nichel as catalysts.

Thermal decomposition at 165-170° of 7H-tetrazolo[5,1i]-
purine (4) resulted in the liberation of 96% of the theoretical
amount of nitrogen and an amorphous residue was obtained.

X-Ray diffraction studies on a sample of 7H-tetrazolo[5,1]-
purine (4) obtained by repeated recrystallization from water, were
carried out by Dr. J. P. Glusker and coworkers who found it to
have the tetrazolo configuration (9,17).

12, R=H
13, R=ribosyl

6-Nitrosopurine (8).

A solution of 6-hydroxylaminopurine (2,18) (7) (3.0 g. 0.020
mole) in water (2 liter) was prepared by heating at 70° and then
cooling to 40°. Sodium acetate (6 g., 0.072 mole) was added, then
activated manganese dioxide (10) (7.5 g.), and the suspension was
stirred at 30-35° for 1 hour. The precipitate of manganese dioxide
was collected and washed with water. Upon adjustment of the pH
to 6 with 20% acetic acid, the combined filtrates were evaporated
in vacuo, keeping the temperature below 40°, to a volume of 100
ml. After cooling, the crystalline precipitate was collected, washed
with water and dried in vacuo over phosphorus pentoxide, yield,
0.63 g. (21%) of short brown yellow prisms, m.p. 195° (with
explosion when inserted at 185°); A max 0.1 N hydrochloric acid,
266 and 332 my; A max pH 6.8 (0.01 M phosphate buffer) 268
(4.62 x 103) and 338 mu (6.99 x 103); A max 0.1 N potassium
hydroxide 249 and 316 mu. The solubility of 8 in water was 155
mg./l. at 25° (£ 1°).

Anal. Caled. for CsH3NsO: C, 40.27; H, 2.03; N, 46.97.
Found: C, 40.59; H, 2.49; N, 47.16.

Compound 8 gave a positive Liebermann test (19) (nitroso
function) and negative ferric chloride and phosphomolybdate tests
(absence of NHOH function).

6-Nitrosopurine (8) (30 mg.) was dissolved in 5% ammonium
hydroxide (10 ml.) and Raney nichel (100 mg.) was added. The
suspension was boiled for 3 hours and filtered. Asjudged by paper
chromatography and uv spectra, the colorless filtrate contained
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adenine and hypoxanthine. A sample of 8 (10 mg.) was refluxed
with M hydroxylamine in 95% aqueous ethanol (25 ml.) for 1 hour.
The uv spectra and paper chromatography showed that the reac-
tion product contained a mixture of adenine and hypoxanthine.
Similar treatment of a sample of 8 (10 mg.) with 20% ethanolic
hydrazine (10 ml.) gave adenine and unidentified products. 6-
Nitrosopurine (8) (25 mg.) when heated with aniline (0.5 ml.) at
110-120° for 2 hours gave a crude product (17.5 mg.) with uv
spectral and chromatographic properties identical to those of
adenine. Upon treatment of compound 8 (10 mg.) in N hydro-
chloric acid (5 ml.) at 80° for 1 hour, hypoxanthine was obtained
together with unidentified products.

64N-Nitroso)hydroxylaminopurine (9).

Sodium nitrite (3.2 g., 0.046 mole) dissolved in water (15 ml.)
was added slowly with stirring to a solution of 6-hydroxylamino-
purine (7) (3.02 g., 0.02 mole) in 2 N hydrochloric acid (40 ml.)
at 5°. A yellow product was formed and the resulting suspention,
after stirring at 5° for 3 hours, was filtered and washed repeatedly
with cold water to yield yellow needles, 3.48 g. (quantitative), m.p.
118-120° (explodes when inserted at 110°); A max 0.1 N hydro-
chioric acid, 249 (16.64 x 103) and 327 myu (3.24 x 103); A max
pH 7,250 mu (7.51 x 103); A max 0.1 N potassium hydroxide,
221 (9.75 x 103) and 263 mu (12.62 x 103).

Anal, Caled. for CsHgNgO2-H,0; C, 30.31; H, 3.05; N,
42.42. Found: C, 30.41; H, 3.08; N, 42.40.

Compound 9 when boiled in water or in aqueous acid solutions
was converted to hypoxanthine.

6,6'-Azoxypurine ( 10).
Method A.

6-Hydroxylaminopurine (7) (12 g., 0.079 mole) was dissolved
in 2 N sodium hydroxide (120 ml.) with stirring at 25°; after a few
seconds the solutions changed in color from pink to violet to red-
brown. In a few minutes the reaction mixture congealed to a
thick mass with evolution of gas, presumably oxygen (20). After
standing at 25° for 24 hours, the precipitate was filtered and
dissolved in water (150 ml.). The pH of the solution was first
adjusted to 7.5 by the addition of solid sodium acetate and then to
6.5 with 20% acetic acid. The yellow-brown precipitate was col-
lected, thoroughly washed with cold water and dried to yield 6.8 ¢.
(61%) of thin brown needles, m.p. > 350°; A max pH 7 (0.01 M
phosphate buffer) 270 (shoulder) and 385 mu; A max pH 12, 232
(16.2 x 103) and 408 mu (10.2 x 10%),

Method B.

A suspension of 6-hydroxylaminopurine (7) (0.5 g., 3.2
mmoles) in concentrated ammonium hydroxide (15 ml.) yielded
6.,6'-azoxypurine (10) (0.26 g., 57%) after standing at 25° for 5
days (21).

Anal. Caled. for C;gHgN;00: C, 42.55; H, 2.14; N, 49.63.
Found: C,42.90; H, 2.54; N, 49.63.

The potassium salt, obtained by treatment of 7 (1.0 g., 7
mmoles) in 2 N potassium hydroxide (10 ml.), was washed thor-
oughly with ethanol toyield 0.44 g.(37%) red needles, m.p. >350°.

Anal, Caled. for C1oH4N;0K,0-2H,0: C, 30.45; H, 2.04;
N, 35.51. Found: C, 30.37; H, 2.24; N, 35.60.

When the potassium or sodium salts of 10 were treated with
acids in the absence of sodium acetate, extensive decomposition
occurred and an amorphous product was obtained.

Samples of 6,6’-azoxypurine ( 10) (25 mg. each) were reduced
to 6,6'-bisadenine (12) by refluxing with 20% ethanolic hydrazine
(10 ml.) or M ethanolic hydroxylamine (50 ml.) for 3 hours.
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6,6'-Bisadenine (12).

Solutions of 6-chloropurine (4) (1) (4.6 g., 0.030 mole) in 50%
aqueous ethanol (120 ml.) at 70° and 6-hydrazinopurine (5) (5)
(4.5 g.,0.030 mole) in water (200 ml.) at 70° containing anhydrous
sodium acetate (2.58 g., 0.030 mole) were combined. The mixture
was refluxed with stirring for 6 hours; the suspension was then
concentrated by boiling to one fourth of the original volume and
cooled. The resulting precipitate was collected, washed with cold
water and dried to yield 3.1 g. (77%) of a brown-yellow micro-
crystalline product, m.p. > 350°; A max (pH 6.8), 274 mu; A max
0.1 N hydrochloric acid 278 and 338 mu; A max 0.1 N potassium
hydroxide, 406 my.

Anal. Caled. for C1°H3N10~H2OZ C, 41.95; H, 3.52; N,
48.93. Found: C, 42.11; H, 3.53; N, 48.88.

Compound 12 is stable in acid solution. However, when dis-
solved in alkali, the yellow color of the solution turns a deep blue
by air oxidation, changing to violet and red (transformation into
the azo derivative, 11).

6,6"-Bisadenosine ( 13).

Solutions of 6-chloro-9-3-D-ribofuranosylpurine (14) (3) (0.571
g., 2.0 mmoles) and 6-hydrazino-9-3-D -ribofuranosylpurine (8a)
(6) (0.562 g., 2.0 mmoles), each in 50% aqueous ethanol (10 ml.)
were combined. Sodium acetate (0.2 g., 2.5 mmoles) was added
and the mixture refluxed for 3 hours. The resulting precipitate
that appeared on cooling was washed with 90% aqueous ethanol
to yield long needies, 0.340 g. (30%), m.p. 275° dec.; A max pH
1, 274 (27.5 x 103) and 333 mu (6.3 x 10%); A max pH 12, 358
mu (22.3 x 103},

Anal. Caled. for C99H24N 10035: C,45.11; H, 4.54; N, 26.31.
Found: C,45.02; H, 4.60; N, 26.30.

6.,6'-Azopurine (Sodium Salt) (11).

6.6"-Bisadenine (12) (0.90 g., 3.2 mmoles) was dissolved in 0.5
N sodium hydroxide (40 ml.) and air was bubbled through for 5
hours. The resulting brick red crystalline precipitate was collected,
washed with a little cold water, and dried to yield 0.73 g. (70%),
red needles, m.p. > 350°. An analytical sample was prepared by
repeated washing with 90% aqueous ethanol; A max 0.1 NV potas-
sium hydroxide, 234 (16.03 x 103) and 409 mu (10.8 x 10%).

Anal. Caled. for CyoHaN{oNay-¥2H,0: C, 37.62; H, 1.58;
N, 43.88. Found: C, 37.90; H, 1.84; N, 43.95.

Aqueous solutions of 11 decomposed when treated with dilute
acid. Careful addition of dilute acetic acid to a solution of 11
buffered with sodium acetate afforded yellow needles (presumably
the base) which decomposed after a few seconds and amorphous
material was obtained. Similar instability was seen following
direct acid treatment of 6,6'-azoxypurine (10).

6-Thiosemicarbazinopurine ( 14).

Solutions of 6-chloropurine (1) (1.54 g., 10 mmoles) in 70%
aqueous ethanol (75 ml.), and thiosemicarbazide (1.90 g., 20
mmoles) in hot water (25 ml.) were combined and refluxed for 5
hours. After standing at 25° overnight, the resulting precipitate
was collected, washed with a little cold water and dried, yield,
1.85 g. (81%), m.p. 216°. Repeated recrystallization from water
gave colorless thin needles, m.p. 227° (22); A max pH 1, 246
(14.2 x 103); 270 (17.4 x 10%); A max pH 6.8 (0.01 M phos-
phate buffer) 264 (18.2 x 103); A max pH 12, 314 mg (16.6 x
103).

Anal. Caled. for CgH7N4S-H,0: C, 31.71; H, 3.99; N, 43.15;
S, 14.11. Found: C, 31.88; H, 4.05; N, 42.98; S, 14.21.
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2-Amino-6-thiosemicarbazinopurine (15).

Solutions of 2-amino-6-chloropurine (2) (1.70 g., 10 mmoles)
and thiosemicarbazide (1.80 g., 20 mmoles) in 50% aqueous
ethanol, (75 ml., each) were combined. Sodium acetate (2.0 g.,
26 mmoles) was added and the mixture refluxed for 6 hours. The
resulting precipitate was collected to yield 1.85 g. (76%) of a
crystalline product, m.p. 350°. An analytical sample was obtained
by recrystallization from water (23); A max pH 6.8 (0.01 M phos-
phate buffer), 216 (21.5 x 103), 246 (19.5 x 103), 287 mu (13.6
x 103); A max pH 1,217 (20.7 x 103), 246 (19.2 x 103), 288 mu
(13.4 x 103); A max pH 12, 320 mu (16.6 x 103).

Anal. Caled. for CgHgNgS: C, 32.13; H, 3.60; N, 49.97;
S, 14.30. Found: C, 32.11; H, 3.99; N, 49.60; S, 14.25.

N-Methyl-6-ureidopurine (17.

6-Ethoxycarbamylpurine (16) (2a) (0.4 g., 2 mmoles) was
dissolved in a saturated methanolic solution of methylamine (40
ml.) and kept at 25° for 3 days. The reaction mixture was concen-
trated to 10 ml. and the resulting precipitate was collected, washed
with a little cold water and dried in vacuo over phosphoric pen-
toxide to yield 0.25 g. (73%) colorless needles, m.p. 320-332° dec.
Upon repeated recrystallization from water, the m.p. remained
unchanged; A max pH 1, 262 (17.5 x 103); A max pH 6.8 (0.01 M
phosphate buffer), 205 (15.0 x 103); A max pH 12, 268 mu
(15.95 x 103).

Anal. Caled. for C7HgNgO: C, 43.74; H, 4.20; N, 43.75.
Found: C, 43.58; H, 4.02; N, 43.61.

Biological Studies.

The new compounds reported here have been tested in the
screening programs for solid tumors and leukemia in the Division
of Experimental Chemotherapy and the Division of Applied Ther-
apy. Only 6{N-nitroso)hydroxylaminopurine (9) exhibited inhi-
bition of mouse leukemia L1210 (increased life span: 221% at 50
mg./kg.), sarcoma 180 (ascites), Ridgway osteogenic sarcoma, and
Murphy-Sturm lymphosarcoma.
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