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New Syntheses of Pyrimido[4,5-c]pyridazines Related to Fervenulin (1)
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Pyrimido|4,5-¢ | pyridazines related to an antibiotic fervenulin were prepared by two routes:
one involving the reaction of 6-hydrazino-1,3-dimethyl(or 3-methyl)uracil with phenacyl bromides,
and the other involving the reaction of 6-benzylidenehydrazino-1,3-dimethyluracils with dimethyl-

formamide dimethylacetal.
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Pyrimido[4,5-c |pyridazines are of biological interest
not only as isomers of pteridine but as 4-deazalogs of
pyrimido[5,4-e ] @s-triazine;  however, not much effort
has been devoted on the synthesis of this ring system.
Previous methods for the preparation of this heterocycle
involve the ring closure of either suitably substituted
pyrimidine derivatives (2-3) or the appropriate pyridazine
precursors (4-6). We now wish toreport two new synthetic
approaches to pyrimido[4,5]pyridazines related to fer-
venulin (6,8-dimethylpyrimido[5,4-e]-as-triazine-5,7-
(6H,8H)dione) (7):
hydrazino-1,3-dimethyl(or 3-methylyuracil with phenacyl
bromides, and the other involving the reaction of 6-benzyl-
idenehydrazino-1,3-dimethyluracils with dimethylform-
amide dimethylacetal.

one involving the reaction of 6-

N;

N?\/E\ q"\ N7 | X
k\ N k\ k\ >
NN NN N
Pyrimidof4.5<)- Preridine Pyrimido[54]-
pyridazine as-triazine

Reaction of 6-Hydrazino-1,3-dimethyl(or 3-methyl)uracil
with Phenacyl Bromides.

Refluxing 6-hydrazino-1,3-dimethyluracil (1) (8) with
the appropriate phenacyl bromides in dimethylformamide
for 1 hour afforded the corresponding 3-aryl-6,8-dimethyl-
pyrimido[4,5-¢ |pyridazine-5,7(6H 8H) diones (3-aryl-4-
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deazafervenulins: 4a-e) in 32-41% yields. The structures
of 4a-e were assigned by spectral data as well as elemental
analyses, and established by their unequivocal alternative
synthesis (vide infra).  Analogously, treatment of 6-
hydrazino-3-methyluracil (2) (9) with the phenacyl bro-
mides in dimethylformamide under the conditions de-
scribed above provided the respective 3-aryl-6-methyl-
pyrimido|4,5-¢ |pyridazine -5,7(6H,8H))diones (3-aryl-8 -
desmethyl-4-deazafervenulins:  4f-h) in similar yields.
Alkylation of 4fh with alkyl iodide and potassium
carbonate in dimethylformamide gave the desired 8-
alkylated pyrimido|4,5-c |pyridazines, 4a, 4c, 4e, and 4i-j,
which excluded the possibility of pyrimido[4,3-¢ |-as-tri-
azines (5f-h) as alternative structures for 4f-h.

As depicted in the Scheme 1, this new pyrimido[4,5- |-
pyridazine synthesis presumably proceeds by the initial
formation of 3-aryl-6,8-dimethyl(or 6-methyl)pyrimido-
[4,5<]pyridazine-5,7(1H,2H,6H,8H)diones (3a-h) and sub-
sequent spontaneous air oxidation. In fact, these dihydro
derivatives were isolated when the above reaction was
carried out under mild conditions. Thus, refluxing 1or 2
with the appropriate phenacyl bromides in ethanol for 1
hour yielded the corresponding 3a-f as major products
(32-50% yields) and 4af as minor products (2-10% yields),
respectively. The compounds 3a-f were readily separated
out from the reaction mixture, while the compounds
4a-f were isolated by evaporation of the filtrate. The
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structures of these dihydro derivatives (10) were supported
by ir spectra, the presence of a secondary amino stretching
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yield the dimeric intermediate (9). Following carbon-
nitrogen bond cleavage could give both the 5-benzylidene
intermediate 10 and 1. Thus formed, 10, possessing
diazahexatriene type structure, would undergo intra-
molecular cyclization to provide 11. We have recently
described that the condensation of 6a with benzaldehyde

gives 11 under reflux in dimethylformamide (16).

The pyrimido[4,5-¢ |pyridazine derivatives prepared in
this study are listed in Table L.

EXPERIMENTAL

Melting points were taken on a Yanagimoto micro-melting
point apparatus and are uncorrected. Nmr spectra were determined
with a Varian T-60 spectrometer at 60 MHz (tetramethylsilane as
internal standard in deuteriodimethylsuifoxide) and uv spectra
were recorded on a Hitachi 124 spectrophotometer (ethanol in
1 c¢m quartz cell). Identity of compounds was confirmed by
comparison of ir spectra (Nujol mulls) with a Japan Spectroscopic
Co. Ltd., Model IR-E spectrophotometer.

Reaction of 6-Hydrazino-1,3-dimethyl(or 3-methyl)uracil with
Phanacyl Bromides in Dimethylformamide.

A mixture of 6-hydrazino-1,3-dimethyluracil (1) (8) or 6-
hydrazino-3-methyluracil (2) (9) (0.001 mole) and the appropriate
phenacyl bromides (0.001 mole) in dimethylformamide (3 ml.) was
refluxed for 1 hour. The reaction mixture was evaporated in vacuo
and the residue was covered with ethanol. The insoluble crystals
were filtered off and recrystallized to give the corresponding
3.aryl-6,8 -dimethyl(or 6 -methyl) pyrimido[4,5-¢] pyridazine-5,7-
(6H,8H)diones (4ah).

Compound 4a.

This compound had ms: m/e 268 (MY, nmr: 5 3.33(3H, s,
N-Me), 3.76 (3H, s, N-Me), 7.468.33 (5H, m, Ph), 8.50 (1H, s,
CA.H); uv A max nm (log ¢): 255 sh (4.01), 270 (4.05), 350
(3.22); ir: 1660, 1705 cm™! (CO).

Compound 4f.
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This compound had ms: 254 (M*); nmr: & 3.30 (3H, s,
N-Me), 7.33-8.33 (5H, m, Ph), 8.43 (1H, s, C*.H), 12.53 (1H, br,
NH exchangeable with deuterium oxide); ir: 1650, 1725 (CO),
3160 cm~1 (NH).

Reaciton of 6-Hydrazino-1,3-dimethyl(or 3-methyl)uracil with
Phenacyl Bromides in Ethanol.

A mixture of Tor 2(0.001 mole) and the appropriate phenacyl
bromides (0.001 mole) in ethanol (10 ml) was refluxed for 1
hour. After cooling, the precipitates were filtered and recrys-
tallized to give the corresponding 3-aryl-6,8-dimethyl(or 6-methyl)-
pyrimido[4,5-¢]pyridazine-5,7(1H,2H,6H,8H )diones ( 3a-f).

Compound 3a.

This compound had ms: m/e 270 (M+); nmr: (19); uv A max
nm (log €): 257 (3.92), 345 (3.47); ir: 1640, 1675 (CO), 3290
em™! (NH).

Compound 3f.

This compound had ms: m/e 256 (MY); nmr: (19); ir: 1635,
1695 (CO), 3240 cm™! (NH).

The filtrate which removed 3a-f was evaporated in vacuo and
the residue was triturated with ethanol. The insoluble crystals
were filtered off and recrystallized to afford the respective 4a-f,
which were identical with the samples prepared by the above
method.

Oxidation of 3a-f to 4a-f with Diethyl Azodicarboxylate.

A suspension of the appropriate 3a-f(0.001 mole) and diethyl
azodicarboxylate (0.174 g., 0.001 mole) in dry chloroform (5
ml.) was refluxed for 5 minutes. The reaction mixture was
evaporated in vacuo and the residue was triturated with ethanol.
The insoluble crystals were filtered off to give quantitative yields
of the desired 4a-f, identical with the samples prepared by the

above methods.
Alkylation of 4f-h.

A mixture of the respective 4fh (0.001 mole) and the alkyl
iodide (0.003 mole) in dimethylformamide (5 ml) containing
potassium carbonate (0.207 g., 0.0015 mole) was refluxed for 1
hour. The reaction mixture was evaporated in vacuo and the
residue was covered with water. The insoluble crystals were
filtered off and recrystallized to give the corresponding 8-alkyl-3-
aryl-6-methylpyrimido[4.,5¢ ] pyridazine-5,7(6H,8H)diones 4a 4c¢,
4e and 4+,

6-Benzylidenehydrazino-1,3-dimethyluracils (6a-€).

6-Benzylidenehydrazino-1,3-dimethyluracils (6a 6¢, and 6e)
were prepared previously (13). Other derivatives (6b and 6d)
were obtained according to the reported procedure (13).
Compound 6b,

This compound had m.p. 275-276° (90% from a mixture of
ethanol and dimethylformamide).

Anal. Caled. for Cy3H;3BrN4O,: C, 46.30; H, 3.86; N,
16.62. Found: C, 46.29; H, 3.88; N, 16.72.

Compound 6d.

This compound had m.p. 252° (94% from dimethylformamide).
Anal. Caled. for C14H1¢NgO,: C,61.75; H,5.92; N, 20.58.
Found: C,61.74; H,5.89; N, 20.88.

Reaction of 6-Benzylidenehydrazino-1,3-dimethyluracils with Di-
methylformamide Dimethylacetal.

A mixture of the uracils 6ae (0.001 mole) and dimethyl-
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formamide dimethylacetal (3 ml) was refluxed at 160° for 1
hour. The reaction mixture was evaporated in vacuo and the
residue was triturated with ethanol. The insoluble crystals were
filtered off and recrystallized to yield the corresponding products
4ae, identical with the samples prepared by the above methods.

The filtrate which removed 4a was again evaporated in vacuo
and the residue was covered with chilled ethanol. The precipitated
crystals were filtered off and recrystallized from ethanol to give
2-benzyl-5,7-dimethyl-3-phenylpyrazolo{3,4-d ] pyrimidine - 4,6-
(5H,7H)dione (11) (0.07 g., 20%), which was identical with an
authentic sample (13,16).
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