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Transformations of Heterocyclic Amidines and Amide Oximes:
Synthesis of s-Triazolo[1',5':1,6] pyrimido[4,5-¢]pyridazines,
s-Triazolo[1',5': 2,3] pyridazino[4,5-¢]quinoline and 7H-2.3,4,6,7-
Pentaazabenz[d,e]anthracene, Derivatives of Novel Heterocyclic

Systems

Branko StaNovNIK*, Vekoslava STiBILI, Miha TigLER

Department of Chemistry, Edvard Kardel; University 61000 Ljubljana, Yugoslavia

3-Amino-4-cyano-5-phenylpyridazine (1) is transformed into the correspond-
ing amidine 2, carboxamidrazone 3 and formamide oximes 7 and 13. 1 hese
intermediates are cyclized to three novel heterocyclic systems: s-triasolo-
[1'.5":1.6]pyrimido[4,5-Ipyridazines 5 and 6, s-triazolof[ 17,57: 2,3 |pyrid-
azinof4.5-c]Jquinoline (15). and 7H-2,3,4,6,7-pentaazabenz(d.¢ Janthracene
(9).

Heterocyclic compounds with a formamidine, formamide
oxime and/or carboxamide oxime functional groups are
versatile synthons for the preparation of various heterocyclic
bicyclic systems' ~*, When a suitable group, such as ring
nitrogen atom, amino, cvano, hydroxy or potential hydroxy.
mercapto or potential mercapto or other groups, is attached
at the ortho position to the formamidine, formamide oxime
or carboxamidoxime group, the cyclization takes place
readily to give the corresponding azoloazines with a bridge-
head nitrogen atom, fused imidazoles, oxazoles. triazoles,
isothiazoles, pyrimidines, ctc.’ ™",

As an extension of these studies we report here a new
cyclization reaction with participation of the phenyl group at
the ortho position with respect to the carboxamide oxime
group.

3-Amino-4-cyano-5-phenylpyridazine (1)® was converted to
the amidine 2 by treatment with N,N-dimethylformamide
dimethyl acetal (DMFDMA). When 2 was left in the
presence of hydrazine hydrate (99 %) at room temperature.
hydrazine was added to the cyano group followed by
hydrolysis of the amidine group to form the amidrazone 3.
On the other hand. the same compound 3 could not be
prepared directly from 1 and hydrazine hydrate (80 %) even
under refluxing conditions. The cyclization of 3 with
diethoxymethyl acetate (DEMA) in toluene at reflux teinper-
ature gave the corresponding triazolyl substituted pyridazine
derivative 4. However, when a mixture of 3 and DEMA was
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Scheme A

left at room temperature, further cyclization, in which the
amino group at position 3 of the pyridazine ring and NH
group of the triazolyl system are involved, occured to give a
derivative 5 of the novel triazolo[1',5": 1,6]pyrimido{4,5-
]pyridazine system. When acetic anhydride was employed
instead of diethoxymethyl acetate the corresponding methyl
substituted derivative 6 was isolated (Scheme A).

When 2 was treated with hydroxyamine hydrochloride in
methanol at room temperature, the formamidine group was
converted into the corresponding formamide oxime to give
the compound 7. By boiling 7 in water. cyclization between
formamide oxime group and the adjacent cyano group took
place to afford pyrimido[4,5-¢]pyridazine derivative 8. This
cyclization represents a new alternative method of prepar-
ation of pyrimido[4,5-c]pyridazines in comparison to the
previously reported syntheses® ', On the other hand. by
heating 8 in acetic anhydride cyclodehydration involving the

N

\

|

i
a

|

==
Il

Scheme B 1a Hb

participation of the adjacent phenyl group occurred to give
the tetracyclic 7H-2.3,4,6,7-pentaazabenz[ d.¢ Janthracene
(9). Compound 9 was also prepared from the amidrazone 3,
by first converting it into the tetrazolyl substituted pyr-
idazine 10 with nitrous acid, followed by reaction with
tricthyl ortheformate (Scheme A).

This latter transformation can be explained in the following
way. The compound 10 cyclizes with triethyl orthoformate to
the phenyl substituted tetrazolylpyrimidopyridazine deriva-
tive 11a, which is in equilibrium with the azido form 11bh.
This decomposes thermally into the nitrene 12 followed by
insertion into the C-—H bond of the adjacent phenyl group to
give the tetracycle 9. (Scheme B).

The structure was established on the basis of its analytical
and spectral data. The '"H-NMR spectrum of 9 shows two
singlets at & = 9.83 ppm for 1-H and 6 = 8.33 ppm for 5-H
and two multiplets at 6 = 7.3~ 7.8 ppm for 8-H. 9-H and 10-
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H and at 6 = 8.35-8.50 ppm for 11-H integrating for four
protons. This strongly indicates that cyclization of the
hydroxyamino group of the compound 8 or the intra-
molecular insertion of the nitrene group of the intermediate
11b, must have taken place to the adjacent phenyl group to
form the tetracyclic compound 9.

On the other hand. when the amidine 2 was treated with
hydroxylamine at room temperature, the formamidine
group was transformed into the formamide oxime and at the
same time addition to cyano group also took place to give the
corresponding carboxamide oxime derivative £3. This was
acetylated with acetic anhydride to form the diacetyl
derivative 14. In boiling acetic acid, the O-acetylated
formamide oxime group cyclized, involving the adjacent
pyridazine nitrogen atom, into fused triazolo derivative in an
analogous manner as described earlier for other O-acetylated
N-heteroarylformamide oximes, while O-acetvlated car-
boxamidoxime group cyclized to the adjacent phenyl group
to yield tetracyclic 4-amino-s-triazolo[1',5': 2.3 ]pyrid-
azino[4,5-¢] quinoline (15).

The structure of 15 is established based on analytical and
spectral data. The 'H-NMR spectrum shows two singlets at
o = 10.50 ppm for 1-H and at § = 9.55 ppm for 5-H, and a
multiplet at & = 1.40 1.50 ppm for H-9 to H-12 integrating
for four protons. This suggests the cyclization of the O-
acetylated formamide oxime group to the pyridazine ring
and cyclization of the O-acetylated carboxamidoxime group
to the phenyl ring to give the compound [5.

3-Amino~4-cyano-S-phenylpyridazine (1) was prepared in essenti-
alty the same way as reported in the literature.®

4-(?yano-3-(N,N-dimcthylaminomethylcneamin()-S-phenylpyridaline
2

Method A: A mixture of 3-amino-4-cyano-5-phenylpyridazine (1%
588 mg, Immol) and N, N-dimethylformamide dimethyl acetal
(310 mg. 3 mmol) in toluene (2 ml) is heated under reflux for 3 h.
cooled and the solid formed is collected by suction; vield: 633 mg
(85%); m.p. 165- 168 °C (toluenc).

CigHsNg cale. C6691 H 521 N27.87

(251.3) found  67.09 5.35 27.60

'H-NMR (CDCL/TMS): 8 = 3.12, 3.22 (2's, 3H each, CH,);
7.35-7.85(m, SH,,,): 8.78 (s, 1 H,N=CH); 9.00 ppm (s, | 11, 6-11).
Method B: A mixture of 3-amino-4-cyano-5-phenylpyridazine (1%:
196 mg, 1 mmol), phosphorus oxychloride (2ml) and dimeth-
ylformamide (4 ml) is left at room temperature for 12 h. The reaciion
mixture is poured into crushed ice (8 2) and neutralized with
concenirated aqueous solution of ammonia. The precipitate is
collected by suction, dried and recrystallized from ethanol o give 2:
yield: 130 mg (52%); m.p. 165--168"C.

3-Amino-S-phenylpyridazine-4-carbox amidrazone 3):

A mixture of 4-cyano-3-(N, N-dimethylaminomethylencamino)-5-
phenylpyridazine (2; 251 mg, 1 mmol) and hydrazine hydrate (99 .
3 mi)isleft for 5 days at room temperature. The precipitate formed is
collected by suction: yield: 146 mg (64%); m.p. 196 198°C
{cthanol).

Cy H Ng cale. C 5788 H 530 N 3682

(228.2) found 577 5.45 36.99

"H-NMR (DMSO-d; TMS): 6 = 5.1--5.65 (br s, 3. NH, NH,);
0.14 (brs, 3H, NH, NH,); 7.3% (m, SH, )i 8.4 ppm (s, 11, 6-11}
MS (70 eV): mje = 228 (M '),

3-Amino-5-phenyl-4-( 4H-1,2,4-triazol-3-yl)-pyridazine (4):

A mixture of 3-amino-5-phenyipyriduzine-d-carboxamidrazone (3:
228 mg. 1 mmol) and dicthoxymethy! acetate {162 mg, 1 mmol) in
toluene (3ml) is heated under reflux for 3h and left in the
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refrigerator for 12 h. The precipitated solid is collected by suction;
vield: 190 mg (80 %); mu.p. 317 -320°C (ethanol).

CoH N, cale. € 6049 1423 N 3527

(238.2) found  60.17 4.13 3513

'H-NMR (DMSO-d,/TMS): d = 6.65 (br 5. 3H. NH. NH,);
7.05-7.50 (m, $H,p); 8.54 (s, 1H, 5-H); 8.52 ppm (s. 1 H, 6-11).
MS (70 ¢V): mje = 238 (M ™).

10-Phenyl-1,2,4-triazolo| 1,5 : 1,6 |pyrimido[4,5-¢]pyridazine (5):

A mixture of 3-amino-5-phenylpyridazine-4-carboxamidrazone (3;
228 mg, 1 mmol) and dicthoxymethyl acetate (2 ml)is left for 24 h at
room temperature. The precipitate formed is collected by suction;
vield: 181 mg (73%); m.p. 317-320°C (methanol dimethylform-
amide).

CiaHN, cale. € 6290 H 325 N 3385

{248.2) found  62.64 353 33.76

"H-NMR (DMSO-d,/TMS): & = 7.75- 7.94 (m, 3 H o)t 8.55 (s,
TH, 5-H): 9.46 (s. 1 H, 9-H); 9.88 ppm (s. 1 H, 3H).

2.5-Dimethyl-10-phenyl-1,2,4-triazolo[1'.5": 1.6 Ipyrimido[ 4.5-
¢|pyridazine (6):

Method A: A mixture of 2-amino-3-phenylpyridazine-d4-carbox-
amidrazone (3; 228 mg. 1 mmol) and acetic anhydride (2 ml) is left
for 16h at room temperature. The volatile components are
evaporated in vacuo, water (4 ml) and ethanol (4 ml) are added to the
residue, the solid formed is collected by suction: vield: 121 mg
{46 %) m.p. 133--1557C (cthanol/water).

Cistl Ny cale. C63.20 H438 N 3042

(276.3) found 6540 4.26 30.68

"H-NMR (CDCIL,/TMS): § = 2.55 (s, 3 H, 3-CH,); 343 (s. 3H, 5-
CHy 7.55 (m, SH,, ) 9.36 ppm (s, | H, 9-H).

MS (70 eV): mje = 276 (M ™).

Method B: A mixture of 3-amino-5-phenylpyridazine-4-carbox-
amidrazone (3; t14 mg, 0.5 mmol) and tricthyl orthoacetate (1.5 ml)
is heated under reflux for 4 h. After standing in refrigerator for 24 h,
the precipitate formed is collected by suction and recrystallized from
a mixture of ethanol and water: yield: 86 mg (62 %),

4-Cyano-3-hydroxyiminomethyleneamino-5-phenylpyridazine )

fo a suspension of 4-cyano-3-(N,N-dimethylaminomethylene-
amine)-3-phenylpyridazine (2: 251 mg, 1 mmol in methanol (5 mi),
hydroxylamine hydrochloride (10Smg, 1.5mmol) is added. The
mixture is stirred at room temperature for 6 h. The precipitate
formed is colleeted by suction and washed with methanol: vield:
158 mg (66%): m.p. 170 -175°C.

CLHGNO cale. C60.24 H 379 N 29.29

{239.2) found  59.88 3.75 28.91

"H-NMR (DMSO-d,/ TMS): 6 = 7.35-7.95 (m. 51H1,,.,): 8.05 (d.
I H,J = 9.3 Hz, CHNH); 8.55(d, 1}, J = 9.3 Hz. CHNH):9.13 s,
[ H, 6-H): 9.05 ppm (br s, 1 H, OH).

MS (70 eV): mje = 239 (M ™).

5-Hydroxyimino-4-phenylpyrimido[4,5-¢ |pyridazine (8):

A suspension of 4-cyano-3-hydroxyiminomet hyleneamino-3-phe-
nylpyridazine (7: 239 mg. 1 mmol) in water (5 ml) is heated under
reflux Tor 2 h. The precipitate formed is collected, atter cooling, by
suction and washed with water; vield: 210 mg (88%0): m.p.
222-226C (ethanol).

CaHoNJO cale. € 6024 H 379 N 2909

239.2) found  39.9% 4.01 2933

TH-NMR (DMSO-ds/ TMS 105°C): 6 = 7.32 (brs, SH .. 7.70 (s,
1 HL 3110 8.71 ppro (s, TH, 7-H).

MS (70 eV): mje =239 (M ).

TH-2,3.4,6,7-Pentaazabenzf d,e Janthracene :

Methed A: A solution of 3-amino-5-phenyvl-a-(tetrazolvl-3ipy rid-
azine (10, 478 mg, 2 mmol) and diethoxymethyl acetate (1 mb) in
toluene (1 mi} is heated under reflux for 5 h. The precipitate formed
i collected, after cooling, by filtration and washed with methanol;
vield: 265 mg (60%); m.p. > 300°C (methanol dimethylform-
amide)
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Ci,H;Ns cale. € 6515 H 319 N 31.66

(221.2) found 6497 3.04 31.37

"H-NMR (DMSO-d/TMS): 6 = 7.3--7.8 (m, 3 1. 8-H. 9-H, 10-H);
8.35-8.50 (m, 1 H, 11-H): 8.33 (s, | H, 5-H); 9.83 ppm (s, 1 H, -H).
MS:m/e (70 eV) = 221 (M ™).

Method B: A solution of 3-amino-5-phenyl-4-(tetrazolyl-3)pyrid-
azine (10; 239 mg, 1 mmol) and tricthyl orthoformate (Sml) is
heated under reflux for § h. The precipitate formed is collecied. after
cooling, by suction, washed with cthanol and recrystallized from a
mixture of methanol and dimcthylformamide; yield: 71 mg (32%).
Method C: A solution of 4-phenyl-5-hydroxyaminopyrimido[4,3-
¢]pyridazine (8; 119 my, 0.5 mmol) and acetic anhydride (4 ml) is
heated under reflux for 2 h. The mixture is cooled, the product is
collected by suction and recrystallized from a mixture of methanol
and dimethylformamide; vield: 46 mg (42 %).

3-Amino-5-phenyl-4-(tetrazolyl-5)-pyridazine (10):

To a suspension of 3-amino-3-phenylpyridazine-4-carboxamid-
razone (3; 228 mg, 1 mmol) in a mixture of water (4 ml) and acetic
acid (5 ml), a solution of sodium nitrite (150 mg) in water (2 ml) is
added dropwise at 0°C. The mixture 1s left for 2h at room
temperature. The precipitate formed is collected by suction: yield:
177 mg (74 %); m.p. 278--280°C (ethanol/water).

CyHgN; cale. €3522 H379 N 40499

(239.2) found 5541 3.80 41.08

'H-NMR (DMSO-d,/TMS): § = 5.6-6.25 (br s. 3H, NH., NH,);
74577 (m, SH, ) 8.77 ppm (s, 1 H, 6-H).

MS (70 eV): mje = 239 (M *).

3-Hydroxyiminomethyleneamino-5-phenylpyridazine-4-carboxamide
Oxime (13):

To a suspension of 4-cyano-3-(N,N-dimethylaminomethviene-
amino)-5-phenylpyridazine (2; 126 mg, 0.5 mmol) in anhydrous
cthanol hydroxylamine hydrochloride (100 mg) is added and the
mixture is left at room temperature for 16 k. The volatile compo-
nents are evaporated in vacuo to give 13; yield: 88 mg (69 %); m.p.
220--224°C (water).

CoH NGO, cale. € 3293 H 444 N 3087

(272.3) found  52.68 4.68 30.64

'"H-NMR (DMSO-d,/TMS): 3§ = 6.0 (br s, 21, NH,}: 7.20-7.70
(m, SH,,.); 8.06 (d, 1H, J=10.2Hz, CHNH); 884 (d, 111,
J = 10.2 Hz, CHNH); 8.85 (s, 1 H, 6-H); 9.83 (s, 1 H, NOH); 10.48
(s, 11, NOH).

MS (70 eV): mje = 272 (M),

3-Acetoxyiminomethylamino-5-phenylpyridazine-4-carb-

oxamide O-acetyl Oxime (14):

A mixture of 3-hyvdroxyiminomethyleneaminopyridazine-4-
carboxamide oxime (13; 256 mg, 1 mmol) and acetic anhydride
(3 mb) is stirred at room temperature for 1 h. Ether (5 mlyis added o
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the mixture and the precipitate collected by suction to give 14; yield:
206 mg (58 %0); m.p. 145-147°C (cthanoljcarbon tetrachloride).
CieHgNgOy cale. €53.93 H 453 N 23.58

(356.3) found  53.95 4.49 23.39

"H-NMR (DMSO-d,/TMS): 6 = 2.13(s,3H, COCH;); 2.17 (s, 3 H,
COCHy); 7.16 (br s, NH); 7.35-7.85 (m. 5H,,,); 8.60 (d, 1H,
J = CHNH); 920 (s, 1H, 6-H); 945ppm (d, 111, J = 10.3 Hz,
CHNH).

4-Amino-1,2,4-triazolo[ I',5: 2,3]pyridazino[ 4,5-¢]quinoline (15):

A solution of 3-acetoxyiminomethylamino-5-phenylpyridazine-4-
carboxamide O-acetyl oxime (14; 356 mg, 1 mmol) in acetic acid
(5 ml) is heated unter reflux for 3 h. The volatile components are
cvaporated in vacuo and the precipitate, which is formed after
addition of ethanol (4 ml) to the oily residuc, is collected by suction
o afford 15; yicld: 132mg (56 %); m.p. 327-330°C (ethanol/
chloroform).

CHgNg cale. C61.01 H 341 N 3557

(236.2) found  61.09 3.29 35.30

'TH-NMR (CF;COOH/TMR): é = 8.55 (m, 4 H. 9-H, 10-H, 11-H.
12-H); 9.55 (s, 1 H, 1-H); 10.50 ppm (s, 1 H, 5-H);

MS (70 eV): mfe =236 (M*).
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