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Abstract-Substituted 2-aryl- and 2-hetarylimidazo[4,5-d]pyridazines were synthesized by oxidative cycliza-
tion in the presence of sulfur of 4,5-diamino-6-methylpyridazin-3-one with substituted arene(hetarene)carb-
aldehydes or heterocyclic compounds having an activated methyl group.

Imidazo[4,5-d]pyridazines are structural analogs of
purine and are of interest as biologically active com-
pounds. Antithrombotic, cardiotonic, and antioxidant
activity of imidazo[4,5-d]pyridazines is well known
[133]. These data stimulated our studies on the syn-
thesis of 2-aryl- and 2-hetarylimidazo[4,5-d]pyrid-
azines. 2-Substituted imidazo[4,5-d]pyridazines are
usually prepared by cyclization of the corresponding
4,5-diaminopyridazines with formic acid, formamide,
or triethyl orthoformate in acetic anhydride [4, 5], as
well as by oxidative cyclization of the same diamine
with aromatic aldehydes in nitrobenzene [6]. The reac-
tion of 4,5-diaminopyridazines with arenecarboxylic
acids in polyphosphoric acid is characterized by poor
yields [1, 2]. Imidazo[4,5-d]pyridazines are also avail-
avle through cyclization of 2-substituted diethyl
imidazole-4,5-dicarboxylates with hydrazine [3].

We now propose a procedure for synthesizing
2-arylimidazo[4,5-d]pyridazines via oxidative cycliza-
tion of aromatic ortho-diamines with compounds
having an activated methine, methylene, or methyl
group [7312]. Heating of a mixture of equimolar
amounts of 4,5-diaminopyridazine (I ) and methyl-
substituted heterocyclesIIa 3IId and 3 equiv of sulfur
at 195oC is accompanied by evolution of hydrogen
sulfide and leads to formation of 2-hetarylimidazo-
[4,5-d]pyridazinesIIIa 3IIId in good yields (Table 1,
Scheme 1).

The structure of compoundsIIIa 3IIId was proved
by the1H NMR and IR spectra (Table 2). For instance,
the 1H NMR spectrum ofIIIa contains signals from
the methyl group and N5H protons (d 2.55 and
12.48 ppm, respectively) of the pyridazine moiety

and signals from the pyridine fragment: two doublets
at d 8.35 and 8.75 ppm (3`-H, 6̀ -H) and two triplets
at d 8.07 and 7.60 ppm (4`-H, 5̀ -H; J = 7 Hz). Com-
pounds IIIa 3IIId characteristically show in the IR
spectra carbonyl absorption band at 166531670 cm31.

Scheme 1.

II , III , R = 2-pyridyl (a), 5-ethyl-2-pyridyl (b),
4-pyridyl (c), 2-quinolyl (d).

We previously proposed a simple and convenient
procedure for preparation of 2-aryl-substituted imid-
azo[4,5-b]pyridines and imidazo[4,5-c]pyridines by
oxidative cyclization of the corresponding diamino-
pyridines and arene(hetarene)carbaldehydes in the
presence of sulfur [7, 8]. We made an attempt to apply
the same procedure to the synthesis of 2-aryl(hetaryl)-
imidazo[4,5-d]pyridazines. A mixture of equimolar
amounts of 4,5-diamino-6-methylpyridazin-3-one (I ),
aromatic or heteroaromatic aldehydeIVa3IVg or Va,
Vb, and sulfur was heated at 1753180oC until hydro-
gen sulfide no longer evolved. The reaction flask
contained only the target product, imidazopyridazine
IIIc , IVa3IVg , or VII , whose yield attained 89%
(Scheme 2).
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Scheme 2.

IV , VI , Ar = C6H5 (a), 4-CH3OC6H4 (b), 4-BrC6H4 (c),
4-(CH3)2NC6H4 (d), 2,4-Cl2C6H3 (e), 1,3-benzodioxol-5-yl
(f), 2,5-(CH3O)2C6H3 (g); V, Ar = 2-pyridyl (a), 3-pyridyl

(b); VII , Ar = 3-pyridyl.

We also proposed a convenient (from the prepara-
tive viewpoint) procedure for the synthesis of initial
4,5-diamino-6-methylpyridazin-3-one (I ). Amination
of 6-methylpyridazin-3-one (VIII ) [10, 11] with
hydrazine hydrate by analogy with the procedure
described in [12] gave 4-amino-6-methylpyridazin-3-
one (IX ). The nitration of IX afforded 6-methyl-4-
nitroaminopyridazin-3-one (X) whose rearrangement
in concentrated sulfuric acid led to formation of
4-amino-6-methyl-5-nitropyridazin-3-one (XI ). The
latter was reduced to diamineI with iron powder in
acetic acid (Scheme 3).

EXPERIMENTAL

The 1H NMR spectra were recorded on Varian
Gemini-200 (200 MHz) and Tesla BS-487C (80 MHz)
spectrometers in DMSO-d6 and CF3COOH, respec-
tively, using hexamethyldisiloxane as internal refer-
ence. The IR spectra were measured on a UR-20
instrument in mineral oil.

4,5-Diamino-6-methylpyridazin-3(2H)-one (I).
A mixture of 2 g (11.8 mmol) of 4-amino-6-methyl-

5-nitropyridazin-3(2H)-one (XI ) and 2 g of iron
powder in 200 ml of 1% aqueous acetic acid was
heated to the boiling point and was vigorously stirred
for 12316 h at that temperature. The mixture was then
filtered, the filtrate was neutralized with 25% aqueous
ammonia, and the precipitate was filtered off and
dried. Yield 1.1 g (63%), mp 2763279oC (from water).
Found, %: C 42.66; H 5.69; N 39.86. C5H8N4O. Cal-
culated, %: C 42.85; H 5.75; N 39.98.

2-Hetaryl-7-methylimidazo[4,5-d]pyridazin-
4(5H)-ones IIIa3IIId. A mixture of 5 mmol of
4,5-diamino-6-methylpyridazin-3(2H)-one (I ),
5.5 mmol of methylpyridine or 2-methylquinoline
IIa 3IId , and 15 mmol of sulfur was heated at 1853

195oC until hydrogen sulfide no longer evolved. The
resulting melt was ground with ether, the precipitate
was filtered off and dissolved in 5% hydrochloric
acid, the solution was filtered, and the filtrate was
neutralized with aqueous ammonia. The precipitate
was filtered off and dried. ProductsIIIa 3IIId were
purified by recrystallization from alcohol (Table 1).

2-Aryl(hetaryl)-7-methylimidazo[4,5-d]pyrid-
azin-4(5H)-ones VIa3VIg and VII. A mixture of
4.3 mmol of compoundI , 4.5 mmol of arene- or
hetarenecarbaldehydeIVa3IVg , Va, or Vb , and
4.3 mmol of sulfur was heated at 1753180oC until
hydrogen sulfide no longer evolved. The resulting
melt was ground with ether, the precipitate was fil-
tered off and dissolved in 5% hydrochloric acid, the
solution was filtered, and the filtrate was neutralized
with aqueous ammonia. The precipitate was filtered
off, dried, and recrystallized from alcohol (Table 1).

4-Amino-6-methylpyridazin-3(2H )-one (IX).
A mixture of 35 g (0.27 mol) of 6-methylpyridazin-
3-one hydrate and 300 ml (6.18 mol) of hydrazine
hydrate was heated for 7310 h at 1503160oC. When
the reaction was complete (ammonia no longer

Scheme 3.
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Table 1. Yields, melting points, and elemental analyses of 2-aryl- and 2-hetarylimidazo[4,5-d]pyridazinesIIIa 3IIId ,
VIa3VIg , and VII
ÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Comp.
³

Yield,
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄ
no.

³
%

³ ³ C ³ H ³ N ³ ³ C ³ H ³ N
ÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄ

IIIa ³ 53 ³ 2993302 ³ 57.96 ³ 4.01 ³ 30.78 ³ C11H9N5O ³ 58.15 ³ 3.96 ³ 30.84³ ³ ³ ³ ³ ³ ³ ³ ³
IIIa a ³ 45 ³ 3003302 ³ 57.98 ³ 3.99 ³ 30.73 ³ C11H9N5O ³ 58.15 ³ 3.96 ³ 30.84³ ³ ³ ³ ³ ³ ³ ³ ³
IIIb ³ 62 ³ 2763278 ³ 60.98 ³ 5.21 ³ 27.40 ³ C13H13N5O ³ 61.18 ³ 5.10 ³ 27.45³ ³ ³ ³ ³ ³ ³ ³ ³
IIIc ³ 41 ³ 3313332 ³ 57.94 ³ 3.87 ³ 30.69 ³ C11H9N5O ³ 58.15 ³ 3.96 ³ 30.84³ ³ ³ ³ ³ ³ ³ ³ ³
IIId ³ 78 ³ 3083310 ³ 64.82 ³ 3.89 ³ 25.06 ³ C15H11N5O ³ 64.98 ³ 3.97 ³ 25.27³ ³ ³ ³ ³ ³ ³ ³ ³
VIa ³ 78 ³ 3283330 ³ 63.54 ³ 4.38 ³ 24.69 ³ C12H10N4O ³ 63.72 ³ 4.42 ³ 24.78³ ³ ³ ³ ³ ³ ³ ³ ³
VIb ³ 82 ³ 3473349 ³ 60.75 ³ 4.65 ³ 21.73 ³ C13H12N4O2 ³ 60.94 ³ 4.69 ³ 21.88³ ³ ³ ³ ³ ³ ³ ³ ³
VIc ³ 89 ³ 3493351 ³ 47.05 ³ 2.89 ³ 18.25 ³ C12H9N4O ³ 47.21 ³ 2.95 ³ 18.37³ ³ ³ ³ ³ ³ ³ ³ ³
VId ³ 87 ³ 3233325 ³ 62.28 ³ 5.52 ³ 25.93 ³ C14H15N5O ³ 62.45 ³ 5.58 ³ 26.02³ ³ ³ ³ ³ ³ ³ ³ ³
VIe ³ 85 ³ 2953297 ³ 48.64 ³ 2.65 ³ 18.91 ³ C12H8Cl2N4O ³ 48.81 ³ 2.71 ³ 18.98³ ³ ³ ³ ³ ³ ³ ³ ³
VIf ³ 72 ³ 3143316 ³ 57.60 ³ 3.69 ³ 20.61 ³ C13H10N4O3 ³ 57.78 ³ 3.73 ³ 20.73³ ³ ³ ³ ³ ³ ³ ³ ³
VIg ³ 76 ³ 2793281 ³ 58.56 ³ 4.88 ³ 19.38 ³ C14H14N4O3 ³ 58.74 ³ 4.93 ³ 19.57³ ³ ³ ³ ³ ³ ³ ³ ³
VII ³ 87 ³ 3513353 ³ 57.96 ³ 3.92 ³ 30.68 ³ C11H9N5O ³ 58.15 ³ 3.96 ³ 30.84

ÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄ
a Synthesized by the same procedure as compoundsVI and VII .

Table 2. IR and1H NMR spectra of 2-aryl- and 2-hetarylimidazo[4,5-d]pyridazinesIIIa 3IIId , VIa3VIg , andVII
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Comp.
³

IR spectrum,
³ 1H NMR spectrum (DMSO-d6), d, ppm

³ ÃÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄ
no. ³ n(CO), cm31

³ 7-CH3, s³ N5H, br.s³ 2-Ht (Ar) ³ 3J, Hz
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄ

IIIa ³ 1665 ³ 2.55 ³ 12.48 ³ 7.54 t (1H, 5̀-H), 8.07 t (1H, 4̀-H), 8.35 d (1H, 3̀-H), 8.37 d³ 7.0
³ ³ ³ ³ (1H, 6̀-H) ³³ ³ ³ ³ ³

IIIb ³ 1670 ³ 2.53 ³ 12.46 ³ 1.29 t (3H, CH3), 2.76 q (2H, CH2), 7.90 d (1H, 4̀-H),³ 8.0
³ ³ ³ ³ 8.26 d (1H, 3̀-H), 8.62 s (1H, 6̀-H) ³³ ³ ³ ³ ³

IIIc ³ 1665 ³ 2.50 ³ 12.47 ³ 8.17 d (2H, 3̀-H, 5̀ -H), 8.74 d (2H, 2̀-H, 3̀ -H) ³ 8.0³ ³ ³ ³ ³
IIId ³ 1670 ³ 2.55 ³ 12.53 ³ 7.74 d.d (1H, 7̀-H), 7.92 d.d (1H, 6̀-H), 8.12 d (1H, 8̀-H),³ 7.8

³ ³ ³ ³ 8.24 d (1H, 5̀-H), 8.47 d (1H, 4̀-H), 8.63 d (1H, 3̀-H) ³³ ³ ³ ³ ³
VIa ³ 1665 ³ 2.50 ³ 12.50 ³ 7.54 m (3H, 3̀-H, 4̀ -H, 5̀ -H), 8.24 d (2H, 2̀-H, 6̀ -H) ³ 8.0³ ³ ³ ³ ³
VIb ³ 1670 ³ 2.52 ³ 12.43 ³ 3.85 s (3H, OCH3), 7.11 d (2H, 3̀-H, 5̀ -H), 8.20 d (2H,³ 7.8

³ ³ ³ ³ 2`-H, 6̀ -H) ³³ ³ ³ ³ ³
VIc ³ 1670 ³ 2.50 ³ 12.53 ³ 7.78 d (2H, 2̀-H, 6̀ -H), 8.16 d (2H, 3̀-H, 5̀ -H) ³ 7.8³ ³ ³ ³ ³
VId ³ 1650 ³ 2.58 ³ 12.65 ³ 3.08 s [6H, N(CH3)2], 6.90 d (2H, 3̀-H, 5̀ -H), 8.20 d (2H,³ 9.0

³ ³ ³ ³ 2`-H, 6̀ -H) ³³ ³ ³ ³ ³
VIe ³ 1650 ³ 2.50 ³ 12.55 ³ 7.63 d (1H, 6̀-H), 7.80 d (1H, 5̀-H), 7.86 s (1H, 3̀-H) ³ 8.3³ ³ ³ ³ ³
VIf ³ 1665 ³ 2.49 ³ 12.60 ³ 6.11 s (2H, CH2), 7.06 d (1H, 6̀-H), 7.71 s (1H, 2̀-H),³ 8.2

³ ³ ³ ³ 7.78 d (1H, 5̀-H) ³³ ³ ³ ³ ³
VIg ³ 1670 ³ 2.49 ³ 12.39 ³ 3.78 s (3H, OCH3), 3.87 s (3H, OCH3), 7.10 d (1H, 3̀-H),³ 2.6

³ ³ ³ ³ 7.13 s (1H, 6̀-H), 7.54 d (1H, 4̀-H) ³³ ³ ³ ³ ³
VII ³ 1665 ³ 2.52 ³ 12.45 ³ 7.60 d (1H, 4̀-H), 8.56 d.d (1H, 5̀-H), 8.70 d (1H, 6̀-H),³ 8.0

³ ³ ³ ³ 9.38 s (1H, 2̀-H) ³
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄ
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evolved), excess hydrazine hydrate was distilled off,
the dry residue was ground with dioxane, and the light
yellow precipitate was filtered off and dried. Yield
30 g (87%), mp 2573259oC (from alcohol).1H NMR
spectrum,d, ppm: 2.55 s (3H, CH3), 6.88 s (1H, 5-H).
Found, %: C 47.79; H 5.70; N 33.56. C5H7N3O.
Calculated, %: C 47.99; H 5.64; N 33.58.

6-Methyl-4-nitroaminopyridazin-3(2H)-one (X).
Concentrated nitric acid (d = 1.52), 1 ml (24 mmol),
was added dropwise with stirring at 035oC to a solu-
tion of 2.5 g (20 mmol) of 4-amino-6-methylpyrida-
zin-3-one (IX ) in 7.5 ml of concentrated sulfuric acid.
The mixture was stirred for 0.531.0 h at 035oC and
was then allowed to slowly warm up to room tempera-
ture. After 2 h, the mixture was poured onto ice and
neutralized with ammonium hydrogen carbonate. The
light yellow precipitate was filtered off and washed
with alcohol and ether. Yield 3 g (88%), mp 1633

165oC. 1H NMR spectrum,d, ppm: 2.80 s (3H, CH3),
8.40 s (1H, 5-H). Found, %: C 35.15; H 3.50;
N 32.80. C5H6N4O3. Calculated, %: C 35.30; H 3.55;
N 32.93.

4-Amino-6-methyl-5-nitropyridazin-3(2H)-one
(XI). CompoundX, 2.4 g (14 mmol), was dissolved
with stirring and cooling (~0oC) in 14 ml of concen-
trated sulfuric acid. The solution was heated to 553

60oC and kept for 2.533 h at that temperature. It was
then cooled, poured onto ice, and neutralized with
ammonium hydrogen carbonate. The light yellow
precipitate was filtered off, washed with a small
amount of ice water, and dried. Yield 2.3 g (95%),
mp 2683271oC (from water).1H NMR spectrum,d,
ppm: 2.95 s (3H, CH3). Found, %: C 35.20; H 3.51;
N 32.86. C5H6N4O3. Calculated, %: C 35.30; H 3.55;
N 32.93.
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