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’I‘he rearrangement of one thiazolo[5,4-d] pyrimidine to & pyrimido[5,4-¢]triazine and another to a 9-amino-
purine is described. Reaction of methyl 6-amino-as-triazine-5-carboxylate (18) with guanidine to give 7-amino-

pyrimido[5,4-¢]-as-triazin-5(6H)-one (21) was unsuccessful.

The successful route to 7-amino compounds of

tl_xis type involved the preparation and cyclization of 2,5-diamino-6-(benzylthio )-4-hydrazinopyrimidine (30) to
give 7-amino-5-(benzylthio)pyrimido(5,4-¢]-as-triazine (31). Nucleophilic displacement of the 3-(benzylthio)
group _of 31 gave the corresponding 1,2-dihydro-5(6H)-thione (10), 5(6H)-one (21), and 5-amino (32) derivatives.
Air oxidation of 10 appeared to give mainly the corresponding hetreoaromatic 5(6H )-thione (33).

Part A

This paper is concerned with the development of
synthetic methods for the preparation of the potentially
biologically interesting 5-substituted derivatives of
7-aminopyrimido [5,4-¢]-as-triazines (2-amino-7-aza-
pteridines).? The investigation of both pyrimidine and
as-triazine routes to this type of compound are de-
scribed.
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Previously, the rearrangement of 8 to 3 in CF;CO,D
and of 4 to 8 in DMSO-ds was observed.? Reaction
of 11* with methylhydrazine gave a product that was
shown by its elemental analyses and pmr spectrum in
CF;CO:D to be a mixture of 5 and 9. This product
was converted to 9 on heating at 78°. A solution of
the latter in CF,CO,D on standing for 72 hr showed the
presence of 5 and a new component, presumably 6.
When this product was isolated and heated at 78°, the
pmr spectrum of the resulting solid showed the presence
of 9 containing only a trace amount of 5. The structure
of 9 was confirmed by benzylation to give the benzylthio
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derivative 17, Our attention was now directed toward
the preparation of 7. The alkylation of 125 with CH,I,
CsH;CH.Cl, and HOCH,CH,Br gave, respectively, 13,
14, and 15. Treatment of 13 with hydrazine gave a
20% yield of 7. None of 7 was isolated from the reac-
tion of 14 and 15 with hydrazine, although the HOCH,-
CH:S8- group of 15 was expected to be a better leaving
group than the CH;8—- group of 13.*  The major product
from 14 was purified and identified as the pyrimidine 1,
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which results from cleavage of the thiazolo ring. Ultra-
violet spectral data indicated that the corresponding
pyrimidines were also obtained in the reactions of both
13 and 15 with hydrazine. Similarly, the hydrochloride
salt of 7 was refluxed in H,O to open the thiazolo ring
to give 2, identified by comparison of its uv spectrum
with that of 2,4,5-triaminopyrimidine-6(1H)-thione.”
The rearrangement of 7 to 10 was unsuccessful in
DMSO. However, treatment of a DMSO solution of
7 with aqueous NaOH gave, not 10, but a mixture of 7
and a compound identified as the 9-aminopurine 16 by
comparison of its uv spectrum with that of thioguanine.®
Presumably 16 results from anion formation at the 1
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nitrogen of an intermediate hydrazinopyrimidine.® In
contrast, the rearrangement of 4 to 8 in a neutral me-
dium involved the 2 nitrogen of an intermediate hydra-
zinopyrimidine.?

Reaction of 18" with guanidine gave 20, which was
heated at 120° and then refluxed in 2-methoxyethanol
to give a sample that was tentatively assigned the struc-
ture of either 21 or 22 based on elemental analyses.
The tle of this sample was similar to that of 21 described
below; however, the pror spectrum showed two CH
peaks which were attributed to two tautomeric forms of
22. Support for the latter was provided by the ir and
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uv spectra. The former exhibited two CN bands

(2185, 2150 em—1), and the latter was similar to other
as-triazines in an acidic medium in that the high wave-
length uv peak decreased with time because of covalent
hydration of the as-triazine ring. ' Also, the con-
version of 20 to 21 was unsuccessful when either 20 was
heated at 160° or a suspension of 20 in toluene was re-
fluxed. The guanidino group of 20 was hydrolyzed to
give the corresponding carboxylic acid 192 in either
hot H,O or PrOH.

The preparation and cyelization of 25 to give the di-
hydro derivative of 21 was also unsuccessful. The
hydrazinopyrimidine 24 was prepared by treatment of
23'% with hydrazine. Reduction of the nitro group of

O 0
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NO, . HN H,
/l\ HzN/kN NHR,
23,R,=Cl 25, R, = NH,
24, R, = NHNH, 26,R,=H

24 was effected with Nas8,0,, but this reagent also
cleaved the hydrazino group to give 26.14 The cata-
lIytic hydrogenation of 24 with either a palladium or
rhodium catalyst resulted in the absorption of more
than the theoretical amount of hydrogen, presumably
also to give 26.

To circumvent the difficulties encountered with the
S-nitropyrimidine 24, the 5-aminopyrimidine 27 was
used as an intermediate. The benzylation of 27 with
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benzyl chloride in DMF in the presence of K,;CO; gave
28 which was treated with anhydrous hydrazine at 65°
to give 30. The cyclization of 30 was effected with
ethyl orthoformate in the presence of hydrochloric acid
to give 31.° Presumably 31 was formed by air oxida-~
tion of the dihydro intermediate 29. The cyclization
of 30 to either an 8-amino-s-triazolo[4,3-c]pyrimidine!
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or a 9-aminopurine®'® was excluded by the integrated
intensities of the peaks in the pmr spectrum of 31.
Reaction of 31 with aqueous sodium hydroxide in di-
oxane at 60° replaced the benzylthio group to give 21,
Similarly, treatment of 31 with 109, ethanolic ammonia
gave the diamino compound 32. The interaction of 31
with sodium hydrosulfide not only replaced the benzyl-
thio group but also reduced the as-triazine ring to give
10. The air oxidation of 10 to 33 was attempted by
recrystallization of 10 from H,O. The pmr spectrum
indicated that the recovered material was a mixture of
33 and an unidentified compound. The presence of
33 was shown by alkylation of the mixture with CeHs-
CH,Cl to again give 31. The oxidation of 10 in DMSO
containing aqueous NaOH appeared to give mainly 33,
but the pmr spectrum (overlapping CH peaks) and
elemental analyses suggested that hydrolysis of the
amino group might have occurred.

The uv and pmr spectra and selected bands in the ir
spectra for the new compounds are presented in Table I.
The uv spectra of the 7-aminopyrimidol(5,4-el-as-
triazines and the corresponding 2-aminopteridines!
are dissimilar in that the long wavelength band in the

(18) C. Temple, Jr., R. L, McKee, and J. A. Montgomery, J. Org. Chem.,
28, 2257 (1963)
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pyrimidotriazines is more than 25 nm higher than the
corresponding band in the pteridines.

Part B

Experimental Section!s

2,5-Diamino-4-(benzylthio)pyrimidine-6 (1H )-thione (1).—A
solution of 14 (1.0 g) in dioxane (50 ml) containing 95+ % hy-
drazine (1.0 ml) was refluxed for 16 hr. The mixture was filtered,
and the filtrate was evaporated to dryness invacuo. The resulting
residue was washed with Et:O (40 ml), then 0.2 ¥ HCI (17 ml),
and recrystallized from EtOH: yield 0.26 g (279,); mp ~247°
dec and presoftening.

7-(1-Methylhydrazino)thiazolo[5,4-d] pyrimidine (5) and 1,2-
Dihydro-1-methylpyrimido[5,4-¢] -as-triazine-5(6 H )-thione (9).—
A cold solution of 11 (1.0 g)* in MeOH (30 ml) was added to a
cold solution of methylhydrazine (0.70 ml) in MeOH (10 ml).
The mixture was stirred in an ice bath for 1.5 hr, and the solid
that deposited was collected by filtration and dried ¢n vacuo over
P,0;, yield 0.42 g. The pmr spectrum in CF;CO,D indicated
that this product was a mixture of 5 (57%) and 9 (43%). This
sample analyzed as the one-half hydrate (see Table I). The
filtrate from above was refrigerated for 18 hr to give a second
crop, yield 0.16 g. The pmr spectrum indicated that this sample
contained both 5 (80%) and 9 (209). Elemental analyses
indicated that an anhydrous mixture was obtained (see Table I).
A second run was carried out in ethanol at room temperature.
The mixture of 5 (61%,) and 9 (39%) was stirred in 1 N HCI for
0.5 br and then dried in vacuo over PyOs at 78° for 18 hr to give
an 849, yield of anhydrous 9, mp >264°.

5-Amino-7-hydrazinothiazolo{5,4-d] pyrimidine (7).—A solution
of 13 (500 mg) and 954 9% hydrazine (0.4 ml) in PrOH (20 ml)
was refluxed for 2 hr. The solid that deposited was collected by
filtration, washed with hot petroleum ether (bp 85-105°), and
dried in vacuo over P;0;, yield 92 mg (209,), mp >264°.

Reactions with 5-Amino-7-hydrazinothiazolo[5,4-d] pyrimidine
(7).—A solution of 7 (100 mg) in DMSO (20 ml) containing 1 N
NaOH (0.15 ml) was stirred at room temperature for 18 hr,
neutralized with 1 ¥ HCI (0.15 ml), and evaporated to dryness
in vacuo. The resulting residue was washed with H,O and dried
in vacuo over POy at 78° for 4 hr to give a 1:3 mixture of 7 and
16, yield 65 mg, mp >264°.

Solid 7 (25 mg) was added to concentrated HCl (2 ml), and
the mixture was stirred at room temperature for 18 hr, The HCIL
salt of 7, identified by its uv spectrum, was collected by filtration
and refluxed in water (10 ml) for 4 hr. After filtration the residue
(11 mg) obtained from the filtrate was identified as 2 by compari-
son of its uv spectrum (0.1 N HCI, 310 nm) with that of 2,4,5-
triaminopyrimidine-6 (1H )-thione (0.1 N HCI, 310 nm).” No
reaction was observed when a solution of 7 in 4:1 DMSO-H,0
was heated at 75° for 5 hr.

7-Amino-1,2-dihydropyrimido[5,4-¢] -as-triazine-5(6 H )-thione
(10).—A mixture of 31 (1.0 g) and hydrated NaSH (1.0 g) in
H;0 (40 ml) was heated with stirring at 80° for 2.5 hr. After
filtration the filtrate was extracted with Et.0 (discarded) and
acidified with 1 N HCL. The solid that deposited was collected
by filtration, washed with C¢H; and then with warm EtOH (25
ml), and dried n vacuo over PyOs at 140°, yield 0.29 g (43%),
mp >264°.

Reactions with 7-Amino-1,2-dihydropyrimido[5,4~¢]-as-tri-
azine-5(6H )-thione (10).—A sample of 10 (180 mg) was re-
crystallized from a large volume of H:0 and dried in vacuo over
P;0;5 at 140°, yield 90 mg, mp >264°.

Anal. Caled for C;HeNGS: C, 32.96; H, 3.32; N, 46.12.
Found: C, 32.79; H, 3.38; N, 46.33.

Although this sample analyzed correctly for 10, the pmr spec-
trum showed that this product was about a 2:1 mixture [§ 9.6
and 7.8 (CH)] of 33 and an unidentified component. The pres-
ence of 33 was confirmed by alkylation of the mixture (50 mg)
with CeH;CH,Cl in 0.1 N NaOH to deposit 31, yield 44 mg,
mp 225° dec.

When a solution of 10 in H,O was refluxed for 18 hr, the pmr
spectrum of the product showed weak CH peaks at § 9.6 and 7.8
and a strong unidentified peak at & 9.37.

Treatment of a DMSO solution of 10 (50 mg) with aqueous
NaOH gave a mixture (32 mg) that appeared to contain 33 and

(18) Melting points were determined in a Kofler-Heizbank apparatus.
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another unidentified component [5 9.6, 9.7 (CH)]. FElemental
analyses suggested that the second component resulted from hy-
drolysis of the 7-amino group.

5-Amino-7-(methylthio thiazolo[5,4-d] pyrimidine (13).—A mix-
ture of 12 (1.0 g),® CH,I (0.38 ml), and K,CO; (1.0 g) in DMF
(20 ml) was stirred at room temperature for 4 hr, then diluted
with 0.1 N HCI (90 ml), and evaporated to dryness in vacuo.
The residue was washed with H;O (25 ml) and recrystallized
from petroleum ether (bp 856-105°), yield 0.64 g (59%), mp 146°.

5-Amino-7-(benzylthio)thiazolo{5,4-d] pyrimidine (14) was sim-
ilarly prepared by stirring a mixture of 12 (1.0 g),5 K,COs (0.75
g), and CeHs;CH,Cl (0.65 ml) in DMF (30 ml) at room tempera~
ture for 18 hr. The resulting residue was extracted with hot
CHCI; (three 60-ml portions); the solid obtained from the com-
bined extracts was recrystallized from benzene-petroleum ether
(bp 85-105°), yield 0.69 g (46%), mp 145-146°.

5-Amino-7-[2-(hydroxyethyl)thio] thiazolo[5,4-d] pyrimidine
(15) was similarly prepared by stirring a mixture of 12 (1.0 g),*2-
bromoethanol (0.38 ml), and anhydrous KsCO; (0.75 g) in DMF
(10 ml) at room temperature for 18 hr. The resulting residue was
extracted with hot CegHg (200 ml), which was cooled to deposit
the product in two crops, yield 0.48 g (39%), mp 118-119°.
5-(Benzylthio)-1,2-dihydro-1-methylpyrimido[5,4-¢] -as-tria-
zine (17).—A mixture of 9 (1.6 g), CeH;CH,Cl (1.1 ml), and
anhydrous K:CO; (1.3 g) in DMF (20 ml) was stirred at room
temperature for 18 hr. The mixture was evaporated to dryness
in vacuo, and the residue was extracted with ether (three 100-ml
portions). The solid obtained from the combined extracts was
recrystallized from petroleum ether (bp 85-105°), yield 1.47 g
(59.5%,), mp 131° dec.
N-Amidino-6-amino-gs-triazine-5-carboxamide (20).—A mix-
ture of 18 (2.0 g),* guanidine HC] (1.4 g), and NaOMe (0.76 g) in
MeOH (25 ml) was stirred at room. temperature for 18 hr. The
solid was collected by filtration, washed with EtOH, and dried
in vacuo over P.0; at 56°, yield 1.7 g (72%), mp >264°.
N-Cyano-6-amino-as-triazine-5-carboxamide (22).—Solid 20
(146 mg) was heated at 120° for 1 hr and then dissolved in 2-
methoxyethanol (10 ml). The resulting solution was refluxed for
7 hr and evaporated to dryness in vacuo. This hygroscopic
residue was washed with ether to give 22, yield 127 mg (96%),
melting point indefinite.
7-Aminopyrimido(5,4-¢] -as-triazin-5(6H )-one (21).—A solu-
tion of 31 (1.1 g) in 1:2 dioxane-H;0O (60 ml) containing 1 N
NaOH (8.0 ml) was heated with stirring at 60° for 2 hr. The
reaction mixture was filtered, and the filtrate was neutralized
with 1 N HCl (8.0 ml). The precipitate that deposited was
collected by filtration and washed with Et,0 (two 50-ml portions).
This solid was recrystallized twice from HOAc and dried in vacuo
over P,0; at 100° for 4 hr, yield 0.20 g (30%), mp >264°.
2-Amino-4-hydrazino-5-nitropyrimidin-6(1H )-one (24).—
Anhydrous hydrazine (0.1 ml) was added to a suspension of 23
(200 mg)*? in MeOH (10 ml), and the mixture was stirred at
room temperature for 2.5 hr. The solid was collected by filtra-
tion, washed with MeOH, and dried in vacuo over P,O; to give
the hydrate, yield 200 mg (93%), mp >264°. This material was
reprecipitated from DMSO with EtOH and dried at 100° to give
anhydrous 24.

Reduction of 24.—Solid Nas8:04 (4 g) was added with stirring
over a 10-min period to a refluxing suspension of 24 (1.0 g) in
H;0 (30 ml). The hot mixture was filtered directly into cold 4
N H,804. After 1.5 hr the solid that deposited was collected
by filtration and recrystallized from 2 N H.SO, to give 26 - HzSO,,
yield 0.26 g (209%,), mp >264°.

2,5-Diamino-4,6-bis (benzylthio )pyrimidine (28).—A mixture
of the semisulfate hydrate of 27 (9.0 g),’ K;CO; (16 g), and
CsH;CH,CI (8.7 ml) in DMF (180 ml) was stirred at room tem-
perature for 18 hr and then diluted with HyO (900 ml). The oil
that deposited was extracted with ether (three 1000-ml portions).
The combined extracts were dried (MgS8Q.), evaporated to
dryness in vacuo, and the resulting oil stirred vigorously in ice-
water to give a pink solid, yield 9.0 g (68%,), mp ~73°. The
analytical sample was obtained by recrystallization from hexane,
mp 75°.

2,5-Diamino-4-(benzylthio)-6-hydrazinopyrimidine (30).—A
solution of 28 (3.0 g) in 95+ 9% hydrazine (30 ml) was heated
with stirring at 65° for 18 hr and evaporated to dryness in vacuo.
This residue was washed with hot petroleum ether (three 100-ml
portions) and then extracted with CHCI; (300 ml). The extract
was evaporated to dryness in vacuo to give practically pure 30,
vield 1.4 g (63%,). For analyses a sample (390 mg) was recrys-
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tallized from H;O, yield 145 mg (509, recovery), mp 144° dec
with presoftening from 139°.

7-Amino-5-(benzylthio)pyrimido[5,4-¢] -as-triazine (31).—To a
suspension of 30 (5.0 g) in H;O (250 ml) containing 1 N HCI (2.5
ml) was added (EtO)CH (75 ml) with vigorous stirring. The
mixture became oily and then resolidified. After 3 hr the crude
product was collected by filtration and dried in vacuo over P;0j,
yield 4.4 g (85%). For analyses a sample (860 mg) was recrys-
tallized from MeCN, yield 650 mg (769, recovery), mp 226° dec.

5,7-Diaminopyrimido[5,4-¢] -as-triazine (32).—Solid 31 (2.0 g)
was added with stirring to 109, ethanolic ammonia (40 ml), which
was cooled in an ice bath. After 30 min the ice bath was re-
moved, and the reaction mixture was stirred at room temperature
for 18 hr. The solid was collected by filtration, recrystallized
from a large volume of H,0, and dried in vacuo over P;O; at 78°,
yield 0.50 g (41%,), mp >264°,
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Bridgehead Nitrogen Heterocycles. 1.
The 2H(and 4H)-Pyrimido[l,2-b]pyridazin-2(and 4)-one,
3H-Imidazo[l,2-b]pyridazin-2-one, and
7H-1,3,4-Thiadiazolo[3,2-a]pyrimidin-7-one Systems
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The title compounds have been synthesized by condensation of 3-amino-6-chloropyridazine and 2-amino-1,3,4~

thiadiazole with several 3-chloroacrylic and atropic acids (and acid chlorides).

Nucleophilic replacement reac-

tions of some chloro-substituted 2H-pyrimido[1,2-b]pyridazin-2-ones are reported. Structural assignments are

based on chemical evidence, ir, nmr, and mass spectral data.

Of the isomerie pyrimido{1,2-b]pyridazinone and the
1,3,4-thiadiazolo[3,2-a Jpyrimidone systems, only repre-
sentatives of 4H-pyrimido[1,2-b]pyridazin-4-one? and
4H-1,3,4-thiadiazolo [3,2-a Jpyrimidin-4-one®*are known.
The first report of the synthesis of the pyrimido{1,2-b]-
pyridazinone ring system appeared in 1968 and came
to our attention during the course of our own investiga~
tions. The condensation of 3-aminopyridazine with
ethyl ethoxymethylenemalonate was reported by Stan-
ovnik and Tigler* to afford ethyl 3-pyridazinylamino-
methylenemalonate, which cyeclized in refluxing di-
phenyl ether to give 3-ethoxyearbonyl-4H-pyrimido-
[1,2-b]pyridazin-4-one (1a). The corresponding inter-
mediate was prepared from 3-amino-8-chloropyridazine,
but efforts to cyelize it to 1b were unsuccessful, Struc-
ture 2, resulting from initial condensation of 3-amino-
pyridazine with the ester carbonyl of ethyl ethoxy-
methylenemalonate, was rejected on the basis of the
evidence for the intermediate and upon examination of
spectroscopic data. An earlier report®? describes a
similar route to the 4H-1,3,4-thiadiazolo[3,2-a Jpyrimi-
din-4-one system starting with 2-amino-5-methyl-1,3,4-
thiadiazole and ethyl ethoxymethylenemalonate. Le-
vin, et al.,* described these two reactants as yielding
ethyl 5-methyl-1,3,4~-thiadiazol-2-ylaminomethylene-
malonate, which ring closed to the bicyclie product 3 on
prolonged heating at elevated temperature under re-
duced pressure. Tisler and coworkers® have recently

(1) To whom correspondence should be addressed.

(2) B. Stanovnik and M. Tisler, Tetrahedron Lett., 33 (1968).

(3) C. F. H. Allen, H. R. Beilfuss, D. M, Burness, G. A. Reynolds, I. F,
Tinker, and J. A. Van Allan, J. Org. Chem., 24, 779 (1959).

(4) Ya. A, Levin, N. A. Shvink, and V. A. Kukhtin, T2v. Akad. Nauk SSSR,
Ser. Khim., 8, 1481 (1964); Chem. Abstr., 64, 19595 (1966).

(56) 8. Ostroversnik, B. Stanovnik, and M. Tisler, Croat. Chem. Acta, 41,
135 (1969); Chem. Abstr., 72, 12684 (1970).

A brief analysis of the results is reported.

described the preparation of 6-chloro-2-hydroximidazo-
{1,2-b]pyridazine (4) and 7-chioro-3,4-dihydropyrimido-
[1,2-b]pyridazin-2-one (5) by fusion of 3-amino-
2- (ethoxycarbonylalkyl)-6-chloropyridazinium  bro-
mides.
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We wish to report the reaction of chlorinated acrylic
and atropic acids (and acid chlorides) with 3-amino-6-
chloropyridazine and 2-amino-5-(methylthio)-1,3,4-thi-
adiazole, which gave derivatives of 2H(and 4H)-
pyrimido[1,2-b Jpyridazin-2-(and 4)-one, 3H-imidazo-
[1,2-b]pyridazin-2-one, and 7H-1,3,4-thiadiazolo{3,2-
a ]pyrimidin-7-one.



