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The reaction of some 4-chloro-3-nitropyrimidines with sodium azide gave products which apparently were

formed from both the intermediate 4-azido-5-nitropyrimidines and tetrazolo{1,5-¢]pyrimidines.

From 4-amino-

6-chloro-3-nitropyrimidine (1), 7-amino(1.2.5]oxadiazolo[3,4-d]pyrimidine l-oxide (3) and a-nitro-5-tetrazole-
acetamidine (15) were obtained. Reaction of 4-chloro-2,6-diamino-3-nitropyrimidine (2) with sodium azide
gave 5,7-diamino-8-nitrotetrazolo[1,5-c]pyrimidine hydrate (13), which was converted on heating, presumably

via a 4-azidopyrimidine, into 5,7-diamino{1.2.5)oxadiazolo[3,4-d] pyrimidine 1-oxide (4).

Other 4-chloro-5-nitro-

pyrimidines also gave representatives of this new ring system.

Previous reports on the tetrazole-azidoazomethine
equilibrium in pyrimidines showed that the presence of
electron-withdrawing groups in a system tend to favor
the azido tautomer.? The preparation and study of
some representatives of the 8-nitrotetrazolo|l,5-c]-
pyrimidine—4-azido-3-nitropyrimidine system was at-
tempted by reaction of a series of 4-chloro-5-nitro-
pyrimidines with NaN;. In only one reaction was an
azido or tetrazolo isomer observed. However, the
involvement of both isomers as intermediates was indi-
cated by the identification of the reaction products,
which is the subject of this paper. (See Scheme I.)

Reaction of 4-amino-6-chloro-5-nitropyrimidine (1)?
with NaN; in hot THF gave a product, which was
homogeneous by thin layer chromatography and ana-
lyzed for C{H3N350; rather than for the azidopyrimidine
8 (C.H;3;N:0.) or its tetrazolo[1,5-c]pyrimidine isomer
(10). The assigned empirical formula was confirmed
by molecular weight determination. Hydrogenation of
this product with a palladium catalyst gave 4,5,6-
triaminopyrimidine, identified by comparison of the
ultraviolet and infrared spectra of the reduction product
with those of an authentic sample. Apparently the
loss of nitrogen from the intermediate 4-azido-5-nitro-
pyrimidine 8 gave a monovalent nitrogen derivative,
which underwent intramolecular cyclization with the
adjacent nitro group to give 7-amino[1.2.5]Joxadiazolo-
[3,4-d Jpyrimidine 1-oxide (3). A similar type of
reaction occurs both in the pyridine series to give
pyrido[2.3]furazan oxides? and in the benzene series to
give benzofurazan oxides> The equilibration of the
latter in solution between the 1- and 3-oxide structures
presumably wvia a dinitrosobenzene intermediate has
been demonstrated.® This type of equilibrium might
also occur in the pyrimidine system to give a mixture of
3, 5, and 6, the relative amounts of each isomer de-
pending upon its thermodynamic stability. Evidence
that the product was mainly one isomer was provided
by the proton magnetic resonance (pmr) spectrum in
deuterated DMSO over the temperature range 40-100°
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in which only one CH peak was observed. Since a
dinitrosobenzene is thought to be only a transient inter-
mediate in the benzofurazan oxide equilibrium, the
existence of 5 as a major isomer seems unlikely. The
assignment of structure 3 rather than 6 to this produet
is based on the following observations. The pmr
spectrum showed the NH, protons as two broad peaks
(r 0.75, 1.55), which coalesced to give a single broad
peak (r 1.37) at about 100°, but again gave two peaks
when the medium was cooled. These nonequivalent
protons are attributed to hindered rotation of the amino
group resulting from hydrogen bonding between the
oxide oxygen and amino group protons as shown in 7.7
Although a resonance form (11) of 6 might result in non-
equivalent NH, protons? the extensive contribution of
this o-quinone form with maximum separation of
charge is remote. The imine 12 is another possible
structure, but no spin—-spin coupling between the 5-CH
and 6-NH of 12 was observed in the pmr spectrum.®
The removal of the oxide oxygen of 3 was attempted
with triphenylphosphine,®® but only an unidentified
product of empirical formula C,H,N,O was obtained.
Although it is recognized that other isomers are possible,
the l-oxide structure is also assigned to the [1.2.5]-
oxadiazolo|3,4-d pyrimidines described below.

Although the reaction of 1 with sodium azide in THF
gave 3, the same reactants in 2 N HCl gave a different
product in 889 yield. This solid, analysis of which
showed CH;N70;, might be assigned structure 8 or 10
hydrate. However, both compounds were eliminated
from consideration, 8 by the absence of an azido absorp-
tion band in the infrared spectrum, and 10 by the
stability of the product at 140°. At this temperature
10 probably would lose HoO and N, to give 3 (see below).
Thus, this product is assigned structure 14, which
apparently results from opening of the pyrimidine ring
of the intermediate tetrazolo|l,5-c]pyrimidine 10.
Support for structure 14 was provided by the infrared
spectrum, which showed a carbonyl band at 1700 em -1,
A ring-opened product in which the formyl group is
located on the tetrazole ring is also possible, but this
product would be expected to deformylate readily
under the conditions of the reaction.!! The recy-

(7) Steric inhibition of rotation in 8 is unlikely since 7-benzyladenine
shows only one NH: peak at r 3.12 in DMSO.
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(9) Only one broad NH: peak at r 1.92 is observed in the pmr spectrum
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clization of 14 to 10 was attempted in DMF at 145°, but
these conditions resulted in deformylation of 14 to give
a-nitro-5-tetrazoleacetamidine (15). The removal of
the formyl group of 14 to give 15 was also effected with
119, methanolic HCl. Recently the reaction of 4-
chloropyrimidines, not containing a 5-nitro group, with
NaN; under acidic conditions was also reported to
result in opening of the pyrimidine ring to give tetra-
zole derivatives similar to 15.2 Treatment of either
14 or 15 with diethoxymethyl acetate, a potent cy-
clization reagent,® at 100° gave 3 presumably via 10 and
8, respectively. In the pmr spectra of 14 and 15 the
proton of the >CHNO, moiety was not detected, ap-
parently because of rapid exchange with the NH pro-
tons.

In contrast to the produets obtained in the reactions
described above, treatment of 4-chloro-2,6-diamino-5-
nitropyrimidine!* with NaN; gave the hydrate of the
tetrazolo[1,5-c ]Jpyrimidine 13. The structure of 13
was confirmed by elemental analyses, the absence of an
azido absorption band in its infrared spectrum, and the

(12) 1. Y. Postovskii and N. B, Smirnova, Dokl. Akad. Nauk, SSSR, 170,
604 (1966).

(13) C. Temple, Jr., C. L. Kussner, and J. A, Montgomery, J. Org. Chem.,
30, 3601 (1965).

(14) D, E. O’Brien, C. C. Cheng, and W, Pfleiderer, J. Med. Chem., 9, 573
(19866).

presence of an H;O band in its pmr spectrum in deuter-
ated DMSO. In this spectrum the NH, protons of
one amino group are nonequivalent presumably because
of hydrogen bonding with the nitro group. When the
removal of the water of crystallization of 13 was at-
tempted at 110°, this sample was quantitatively con-
verted into 5,7-diamino[1.2.5]oxadiazolo|[3,4-d ]pyrim-
idine l-oxide (4), presumably via the intermediate 4-
azidopyrimidine 9.

Both the nitrosation of 5-amino-4-hydrazinopy-
rimidine-6(1H)-one® and the reaction of 22 with
NaNj; in THF gave good yields of [1.2.5]oxadiazolo-
[3,4-d Jpyrimidine-7 (6H)-one 1-oxide (16). The pmr
spectrum of either a deuterated DMSO or CF;CO.H
solution of 16 showed only one CH peak. Gases were
evolved when a solution of 16 in 1 ¥ NaOH was aecidi-
fied or when a solution of 16 in 1 N HCI was heated.
In the latter medium the absence of absorption in the
ultraviolet spectrum indicated that degradation of the
ring system had occurred. Although 16 was the major
product in the reaction of 22 with NaN;in 1 N HC], an
89 yield of pure a-nitro-5-tetrazoleacetamide (21) was
also obtained. Reaction of 21 with diethoxymethyl
acetate gave a complex mixture, which was shown to

(18) C. Temple, Jr., R. L. McKee, and J. A Montgomery, J. Org. Chem.,
80, 829 (1965).
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contain 16 by thin layer chromatography. Finally the
reaction of the 4-chloro-5-nitropyrimidines 23* and
24,1 respectively, with NaN; gave products that gave
the correct analyses for the [1.2.5]oxadiazolo|3,4-d]}-
pyrimidine 1-oxides 17 and 26 apparently formed via
the corresponding azidopyrimidine intermediates 19 and
25,

Experimental Section

The ultraviolet spectra were determined with a Cary Model 14
recording spectrophotometer. The infrared spectra were de-
termined in pressed potassium bromide disks with a Perkin-
Elmer Model 521 spectrophotometer. The pmr spectra were
determined with a Varian A-60 or A-60A spectrometer at a probe
temperature of about 40° using tetramethylsilane as an internal
reference. The relative peak areas are given to the nearest
whole number. The melting points were determined on a Kofler
Heizbank apparatus and are corrected.

7-Amino{1.2.5]oxadiazolo[3,4-d] pyrimidine 1-Oxide (3). A.—
A solution of 13 (1.0 g) in the THF (50 ml) containing NaNj;
(0.5 g) was refluxed for 8 hr. The residue was removed by filtra-
tion and washed with hot THF (90 ml). The combined filtrate
and wash was diluted with petroleum ether (bp 85-105°) (350 ml)
to give the product in two crops to yield 0.71 g (819,). A portion
of this solid was recrystallized from a mixture of THF-petroleum
ether (bp 85-103°) to give the analytical sample, which exploded
at 200-220°: Amax in mu (e X 1078),88 pH 7, 270 (sh) (2.82),
290 (3.80), 297 (sh) (3.69), 365 (5.10); max in cm ™, 3430, 3200,
1680 (NH) and 1615, 1550, 1510 (C=C, C=N); pmr (10%
DMSO-ds w/v),  1.82 (1, CH), 1.55, 0.75 (1, 1, NH), and (109,
CF;COOH w/v), 1.37 (CH).

Anal. Caled for C,H;N;O,: C, 31.38; H, 1.96; N, 45.75;
0, 20.90; mol wt, 153. Found: C, 31.28; H, 1.95; N, 45.58;
0, 20.71; mol wt, 156.

B.—A mixture of 15 (100 mg) and diethoxymethyl acetate (5
ml) was heated at 100° for 5 hr. The resulting solution was
evaporated to dryness in vacuo, and the residue was treated as
described above to give 82 mg (929%,) of 3. Also, treatment of 14
(500 mg) with diethoxymethyl acetate {10 ml) at 100° for 5 hr
gave a quantitative yield of crude 3.

5,7-Diamino(1.2.5]oxadiazolo[3,4-d] pyrimidine 1-Oxide (4).—
The hydrate of 13 (200 mg) was dried in vacuo over P;O;s at 110°
for 18 hr to yield 157 mg (100%): mp >264°; Amsx in mp
(e X 1078),18 pH 7, 289 (12.0), 365 (2.64); 5max in cm™1, 3425,
3320, 3115, 1645 (NH) and 1600, 1580, 1560, 1520 (C=C, C=N);
pmr (2.5% DMSO-ds w/v), = 1.87 (broad), 2.97 (1, 1, NH,).

Anal. Caled for C;HNsO,: C, 28.58; H, 2.40; N, 49.99,
Found: C, 28.80; H, 2.60; N, 49.80.

5,7-Diamino-8-nitrotetrazolo[1,5-c] pyrimidine Hydrate (13).—
A mixture of 214 (1.0 g) and NaN; (0.50 g) in 1:10 water-THF
(110 ml) was stirred at room temperature for 18 hr. The gummy
solid was collected by filtration, washed with water (20 ml), and
then stirred in 1 N HCI (20 ml) for 2 hr. The resulting solid
was collected by filtration, washed with water, and dried in vacuo
over PyO; to give the hydrate of 13 in a yield of 0.65 g (689%,).
This material exploded at about 199°: Amex in mu (¢ X 1078),18%
pH 7, 235 (16.6), 278 (6.10), 354 (18.4); Pmax in cm™, 3505,
3435, 3370, 3140, 1680, 1630 (NH), 1605, 1565 (C=C, C=N),
and 1080, 1010 (tetrazole ring);*® pmr (109 DMSO-ds w/v),
6.63 (1, H,O) and 1.10, 1.00, 0.85 (2, NH).2

Anal. Caled for C;HN:O,-H,O: C, 22.43; H, 2.81; N,
52.32. Found: C, 22.70; H, 3.24; N, 52.39.

N-Formyl-a-nitro-5-tetrazoleamidine (14).—Solid 13 (1.0 g)
was added to a cold solution of sodium azide (1.0 g) in 2 N HCl
(24 ml). After stirring at room temperature for 1.5 hr the mix-
ture was diluted with water (25 ml), and the residue was collected

(16) A. Stuart, D. W. West, and H. C. 8. Wood, J. Chem. Soc., 4769
(1964).

(17) R. M. Cresswell and H. C. 8. Wood, ibid., 4768 (1860).

(18) Each solution contains 109, of the dissolving solvent and 80% of the
appropriate aqueous solvent: (a) CH:OH; (b) DMF; (¢) 8% methanolic
DMSO; (d) H:0.

(19) E. Lieber, D. Levering, and L. Patterson, Anal. Chem., 28, 1594
(1951).

(20) Three peaks are observed apparently because the protons of one NH;
group are nonequivalent.
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by filtration. The solid was dissolved in warm N,N-dimethyl-
formamide (150 ml), and the solution was diluted with warm
(60°) water (450 ml). After cooling the solid was collected by
filtration and dried in vacuo over P;Os at 140° for 8 hr to yield
980 mg (86%): mp >264°; Apax in mu (e X 1073),8 pH 7,
346 (18.0); #max in em™, 3320, 3215 (NH), 1700 (CO), 1645
(NH), 1545 (C==N), and 1100, 1055, 1030, 1000 (tetrazole ring);**
pmr (10% DMSO-ds w/v), = 1.18 (1, CHO) and —-0.38,
—2.00 (4, CH, NH).

Anal. Caled for C;H:N:Q;: C, 24.14; H, 2.51; N, 49.25.
Found: C, 24.48; H, 2.52; N, 49.18.

a-Nitro-5-tetrazoleacetamidine (15). A.—A mixture of 13
(1.0 g) and sodium azide (0.44 g) in dioxane (60 ml) and water
(10 ml) was refluxed for 4 hr and evaporated to dryness in vacuo.
The resulting residue was suspended in DMF (34 ml) and heated
at 1453° for 2 hr. After removing the residue by filtration, the
filtrate was evaporated to dryness ©n vacuo. The resulting solid
was recrystallized from H;0 and dried in vacuo over P;O;s at
110° to yield 0.77 g (799,): mp >264°; Amax in mu (e X 1073),18¢
pH 7, 320 (14.5); #max in em™1, 3425, 3340, 3200, 3160, 1640
(NH), 1560, 1495 (C==N), 1525, 1330 (NO.), and 1095, 1080,
1040, 1020 (tetrazole ring);!® pmr (109 DMSO-d; w/v), r 1.30
(4, CH, NH), —5.87 (1, NH).

Anal. Caled for C;HsN:O.: C, 21.05; H. 2.94; N, 57.20.
Found: C, 20.68; H, 2.76; N, 57.45.

B.—A solution of 14 (115 mg) in DMF (5 ml) was heated at
145° for 2 hr and treated as described above to give 28 mg of 15.
Also treatment of 14 (500 mg) with 119, methanolic hydrogen
chloride for 18 hr at room temperature gave 448 mg of crude 15.

[1.2.5]Oxadiazolo[3,4-d] pyrimidin-7(6H)-one 1-Oxide (16).
A,—To a suspension of 4-hydrazino-5-nitropyrimidin-6(1H )-one®
(1.0 g) in 0.5 N hydrochlorie acid (20 ml), cooled in an ice bath,
was added with stirring a solution of sodium nitrite (0.70 g) in
water (5 ml). Ethanol (5 ml) was added to decrease the foaming,
which subsided within 30 min. Then the mixture was stirred
at room temperature for 1.5 hr and evaporated to dryness
in vacuwo. The resulting residue was recrystallized from a mixture
of THF-petroleum ether (bp 85-105°) to yield 0.67 g (74%):
mp 206° dec with premelting from 199°; Amax in mu (e X 1073),18
pH 7, 255 (sh) (3.16), 282 (4.35), 359 (4.18); #max in cm ™1, 3200
(broad), 3130 (NH), 1730 (CO), and 1645, 1600, 1520, 1495
(C=C, C=N); pmr (109 DMSO-d; w/v), r 1.92 (1, CH),
—2.43 (1, NH), and (<109, CF;COOH w/v), r 1.45 (CH).

Anal. Caled for C,;H,N,O;: C, 31.18; H, 1.30; N, 36.35;
0, 31.15; mol wt, 154. Found: C, 31.03; H, 1.61; N, 36.66;
0, 30.90; mol wt, 160.

B.—A mixture of 22! (2.0 g) and NaN; (1.0 g) in THF was
refluxed for 8 hr, and the residue was removed by filtration.
The filtrate was evaporated to dryness, and the resulting solid
was recrystallized as described in A to yield 1.2 g (699%), mp
205-206° dec.

C.—Treatment of 15 (50 mg) with diethoxymethyl acetate (5
ml) at 100° for 5 hr gave a complex mixture, which was shown to
contain 16 by thin layer chromatography [CHCl;:MeOH
9:1)].

5-Amino(1.2.5]oxadiazolo(3,4-d] pyrimidin-7(6H )-one 1-Oxide
(17).—A mixture of 23% (3.4 g) and NaN; (1.5 g) in 209 aqueous
dioxane (160 ml) was refluxed for 4 h: and evaporated to dryness
in vacuo. The resulting residue was washed with water (30 ml),
and then stirred in 2 N HCl (25 ml) for 1 hr. The solid was
collected by filtration and dried ¢n vacuo over P,O; for 4 hr at
78° to yield 1.3 g (43%): mp >264°; jmax in cm ™, 3350, 3285,
3170 (NH), 1725 (CO), 1700 (NH,), and 1630, 1590, 1550
(C=C, C=N).

Anal. Caled for C;H3N;05: C, 28.41; H, 1.79; N, 41.42.
Found: C, 28.30; H, 2.05; N, 41.41.

«a-Nitro-5-tetrazoleacetamide (21).—Solid 22% (2.0 g) was
added slowly with stirring to a solution of NaN; (2.0 g)in 1 N
HCI at 10°. After stirring the mixture for 1.5 hr at room tem-
perature, 0.35 g of 22 wa recovered by filtration. When the
filtrate was refrigerated for 18 hr, a precipitate (0.34 g) was
obtained, which was shown to be a mixture of 16 and 21 by thin
layer chromatography [BuOH:AcOH:H,0 (5:2:3)]. On stand-
ing the filtrate then deposited pure 21 in a yield of 0.15 g (8%,).
This material melted and exploded at 192-195°: Amax iR mu
(e X 10-3),8d pH 7, 295 (11.1); 5max in cm™1, 3410, 3300, 3250
(NH), 1620 (CO), 1580 (C==N), 1530, 1340 (NOQ.), and 1100,
1060, 1020, 1000 (tetrazole ring).1®

Anal. Caled for C;HN:O;: C, 20.94; H, 2.34; N, 48.84.
Found: C, 20.69; H, 2.73; N, 48.59.
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From the filtrate 0.63 g of crude 16 was obtained.

[1.2.5] Oxadiazolo[3,4-d) pyrimidine-5(4H),7(6H)-dione 1-Oxide
(26).—A solution of 24V (2.0 g) in THF (100 ml) containing NaN,
(1.0 g) was stirred at room temperature for 3 hr. The residue
was collected by filtration, washed with water (10 ml), and dis-
solved in 2 N HC] (25 ml). After 3 hr this solution was evapo-
rated to dryness, and the solid was recrystallized from a mixture
of THF-petroleum ether (bp 85~105°) and dried in vacuo over
P,0;5 at 78° to yield 510 mg (299%,). This sample melted with
decomposition at about 260°: Amax in mu (¢ X 1073),8d pH 7,
272 (9.15), 346 (3.65); imax in cm™}, 3300, 3190, 3105 (NH),
1740, 1715 (CO), and 1640, 1600, 1530 (C=C, C==N).

Anal. Caled for CH:N,O;: C, 28.24; H, 1.18; N, 32.94.
Found: C, 28.11; H, 1.37; N, 32.92.
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II. A3-1,3,4-Oxadiazolines

from Ketocarbohydrazones and a A3%-1,3,4-Thiadiazoline

from Acetone Thiocarbohydrazone!
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Acetone thiocarbohydrazone is cyclized by lead tetraacetate (LTA), in low yield, to 2-isopropylidenehydra-

zono-3,5-dimethyl-A3-1,3 4-thiadiazoline (10).

Spectra of 10 led to reassignment of the structures of the prod-

ucts obtained from oxidation of ketocarbohydrazones with LTA. Those products, which were earlier thought
to be 4-ketimino-A*-1,2,4-triazolin-3-ones (7), are shown to be 2-alkylidene-hydrazono-a3-1,3,4-0xadiazolines (8).
Spectra and some reactions of 8 are reported. Carbohydrazones of dialkyl ketones are shown to be much more
reactive toward LTA than those of diaryl ketones. As a consequence the mixed carbohydrazone from acetone
and benzophenone is eyclized primarily to the isopropylidene carbon rather than to the benzhydrylidene carbon.
Diphenylmethylene diacetate is a by-product of oxidation of benzophenone carbohydrazone with LTA.

Oxidation of benzaldehyde semicarbazones with
aleoholic FeCl; leads to eyclized products, ¢.e., the 1,2,4-
triazoles of eq 1.3—¢ Two ways in which the process can
be formulated are shown in eq 2 and 3. Although

OH
CHCH=NNHCONHR =225 N7 "N—R ()
1 N CH,
4
0
Nt C NAAN_R tautomerization 4 )
cyclization Il . -_—
N
C:H;
2
P
Oto C PR
0 I\|I isomerization 4 ®)

———
cyclization

0
= CeH;
3

triazolinones (2) have not been isolated we do not know
of any evidence which rules out the intermediacy of

(1) {(a) Acknowledgment is made to the donors of The Petroleum Research
Fund, administered by the American Chemical Society, for support of this
research; (b) taken from the Ph.D. Thesis of P. R. West, McMaster Uni-
versity, 1967.

(2) Holder of a National Research Council of Canada studentship, 1962-
1966; presently at the Department of Chemistry, York University, Hesling-
ton, York, England.

(3) G. Young and E. Witham, J. Chem. Soc., 77, 224 (1900).

(4) G. Young and W, H. Qates, tbid., 79, 659 (1901).

(5) J. R. Bailey and A. T. McPherson, J. Amer. Chem. Soc., 89, 1322
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such compounds in the reaction. On the other hand,
there is precedent for formation of produets like 3.
A 1,3,4-thiadiazole (5) has been isolated from the re-
action of benzaldehyde thiosemicarbazone with FeCly

(eq 4). Moreover, some oxadiazoles®® are known to
FeCl,
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Ne={_
Cell;
5

isomerize to triazoles (eq 5) under conditions like
those used in oxidation with FeCl,.® It is possible
then, that, where a five-membered ring can be formed
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to either nitrogen or oxygen (eq 2 and 3), cyclization
to oxygen is kinetically favored.

Oxidative cyclization of symmetrical ketocarbohy-
drazones (6) could, by analogy, occur in either sense
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