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Abstract: A series of new heterocyclic compounds 2-15 were synthesized from 3-oxo-1-{4-cyanophenyl)-4H-7-

methyl-pyrazolo[4,3-c]-pyridazine (1) as starting. The structure assignment of the new compounds 1s based on
chemical and spectroscopic evidence. The biological screening showed that many of these obtained

compounds have good antimicrobial activities comparable to Streptomycem®, Erythromyein® and Fusidic acid

as reference drugs.
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INTRODUCTION

work we reported that certain
substituted pyridines, pyrimidines and their chiral
macrocyclic have antidepressant,
antimicrobial, anticancer, analgesic and anticonvulsant
activities [1-6]. The chemistry of pyrazole and fused
heterocyclic pyrazole derivatives have been considered

In  previous

derivatives

to be an interesting class of heterocycles owing to
their synthetic and effective biological activity [7-12].
Pyrazolopyridazine derivatives has received considerable
attention owing to their variety of biological activities,
especially as inhibitors of PDES extracted from
human platelets [13], HIV-1 reverse transcriptase [14],
human ERK2 [15], cychn-dependent Kinases [16].
In view of these observations and as continuation
of our previous work on heterocyclic chemistry, we have
synthesized some new heterocyclic compounds for
evaluation as antimicrobial activities in comparison to
Streptomyem®, Hrythromycem® and Fusidic acid  as
active drugs.

MATERIALS AND METHODS

All melting points were taken on Electrothermal
TA 9000 series digital melting point apparatus. Elemental
analytical data were obtammed from the micro analytical
unit, Cairo University, Cairo, Egypt. The results were in
with the calculated values.

favorable agreements

The IR spectra (Kbr,v, cm™") were recorded on a
Perkin-Elmer 1430 spectrophotometer. "H-NMR spectra
were recorded on Vanan Gemim 270 MHz spectrometer
(DMSO-d,) and the chemical shifts are given in & (ppm)
downtfield from tetramethylsilane as an internal standard.
The mass spectta were performed usmg VG 2AB-3F
spectrometer (70 ev). All reactions were followed by TL.C
(Silica gel, aluminum sheets 60 F,.,, Merck). The physical
and spectral data are given in Tables 1 and 2.

3-Chloro-1-(4-cyanophenyl)-7-methyl-pyrazolo[4,3-
c]pyridazine (2): A mixture of 3-oxo-1-(4-cyanophenyl)-
4H-7-methyl-pyrazolo[4,3-c]pyridazine (1) (0.25 g,
0.001 mol) and POCI, (30 ml) was refluxed for 3 h. After
cooling, the reaction mixture was poured into ice-water.
The obtained solid was collected by filtration and
crystallized from ethanol to give 2 as brown powder.

1-(4-Cyanophenyl) -4H-5-0x0-7-  methyl-imidazo
[2°,3":5,1]pyrazolo[4,3-c]-pyridazine (3) and 1-(4-
Cyanophenyl)-8-0x0-11-methyl-benzo[2",37:3,2]-
pyrimidino[2°,3":5,1]-pyrazolo[4,3- c]pyridazine (4): A
solution of 2 (0.27 g, 0.001 mol) and glycine or anthranilic
acid (0.001 mol) in n-butanol (30 m1) was refluxed for 3 h.
The reaction mixture was evaporated under reduced
pressure, the residue was refluxed in acetic anhydride
(20 ml) for 2 h. After cooling, the obtamned solid was
filtered off, dried and crystallized from the proper solvent
to give compound 3.
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Table 1: Physical properties of the new synthesized compounds

Anatysis Caled (Found)

Comp. No. M.P. (°C) Bolvent of cryst. Yield (%6) Mol. formmla (M. wt) C H N 3
2 198-200 72 Cy5H; CIN; 57.90 2.99 2597
(EtOH) (269.69) 57.98 2.95 25.95
3 176-178 58 CysH; oN:O 62.07 3.47 2895
(AcOH); (290.28) 62.00 3.52 29.00
4 232-234 51 CopH; N0 68.18 3.43 23.85
(BuOH) (35235 68.11 3.47 23.88
5 221-222 63 CyH,; oNg 61.14 3.21 35.65
(EtOH) (314.31) 61.20 3.17 35.61
6 276-277 68 CyoH, NS 66.45 3.82 20.39 9.34
(Pet. ether) (343.41) 66.39 3.78 20.35 9.30
7 254-256 74 C5H N, 58.86 4.18 36.96
(BuOH) (265.28) 58.95 4.10 37.01
8 179-180 71 Cy3HzNg 56.52 2.92 40.56
(EtOH) (276.26) 56.44 2.99 40.52
9 296-208 68 CygH; 5N, 65.64 4.59 29.77
(DMF/EtOH) (329.36) 65.72 4.55 29.72
10 =300 61 Cy7H; N0 61.63 3.95 29.50
(EtOH) (331.39 61.58 4.01 29.55
11 294-205 62 CyH; N0 57.83 3.64 33,72
(MeOH) (33232) 57.91 3.58 33.75
12 267-268 52 CiH,;sNg 58.00 3.95 3805
(EtOH) (331.39 58.09 3.89 3810
13 210-212 71 CHLN,O 57.73 311 33.66
(EtOH) (291.27) 57.82 3.02 33.72
14 =300 58 Copb N 65.57 3.85 30.58
(EtOH) (366.38) 65.50 3.9 30.52
15 286-288 58 CysH; N, O, 56.43 2.84 30.71
(EtOH) (319.28) 56.50 2.79 30.66

Table 2: Spectral data of newly synthesized compounds

Spectral data

Comp.
No. IR (wv,em™) MS (m/z, %) ‘HNMR (DMSO-dg, &)
2 2218 (CN) 269 (MY, 21),  2.31 (s, 3H, CH), 7.32-7.86 (m, SH, Ar-H + pyridazine H)
167 (100)
3 2220 (CN)), 200 (M*, 32),  2.42 (s, 3H, CHL), 4.23 (s, 2H, CHL), 6.92-7.32 (m, 4H, Ar-H + pyridazine H)
1685(C=0) 120 (100)
4 2232 (CN)), 352 (MY, 42), 219 (s, 3H, CHy), 7.14-7.48 (m, 9H, Ar-H + pyridazine H)
1695(C=0) 208 (100)
5 2218, 2224 314 (M*, 100)  1.82 (s, 3H, CHL), 3.51 (s, 2H, CHL), 7.31-7.68 (m, 5H, Ar-H + pyridazine H)
(2CN)
6 2195 (CN) 343 (MY, 21), 212 (s, 3H, CHy), 6.85-7.62 (m, 10H, Ar-H + pyridazine H)
234 (100)
7 3345-3251 265 (M', 41),  2.31 (s, 3H, CH), 6.34 (s, 2H, NH, exchangeable with Dy0), 6.92-7.30 (m, 5H, Ar-H + pyridazine H), 11.23
(NH, NH,), 194 (100) (s, H, NH exchangeable with D,0)
2227 (CN)
8 2227 (CN), 276 (MY, 43),  2.63 (s, 3H, CH), 7.41-7.82 (m, SH, Ar-H + pyridazine H)
1620{C=N) 208 (100)
9 2214 (CN) 320 (MY, 53), 224 (s, 3H, CH), 2.91 (s, 6H, 2CH), 6.91-7.43 (m, SH, Ar-H + pyridazine H + pyrazole H)
234 (100)
10 2210 (CN), 331 (M*, 100)  2.15 (s, 3H, CHa), 2.47 (s, 3H, CIHL), 3.42 (s, 2H, CH,), 7.14-7.68 (m, SH, Ar-H + pyridazine H)
1690({C=0)
11 3260 (NH,NH,), 332 (M', 13), 1.96 (s, 3H, CHy), 5.98 (s, 2H, NH, exchangeable with D,0), 6.84-7.32 (in, 6H, Ar-H + pyridazine
2218 (CN), 234 (100) H + pyrazole H), 11.21 (s, H, NH exchangeable with D,(0)
1680 (C=0)
12 3310-3215 (NH), 331 (M', 24),  2.61(s,3H,CH;), 6.31(s,4H, 2NH, exchangeable with D,0), 7.15-7.34 (m, 6H, Ar-H+pyridazine H+pyrazole H)
2221 (CN) 234 (100)
13 3240 (NH), 291 (MY, 12),  2.73 (s, 3H, CH;), 7.24-7.59 (m, 5SH, Ar-H + pyridazine H), 11.41 (s, 1H, NH exchangeable with D,0)
2228 (CN), 194 (100)
1683(C=0)
14 3280 (NH), 366 (M, 53), 1.96 (s, 3H, CHy), 6.51 (s, 1H, NH exchangeable with D,0), 7.13-7.45 (m, 10H, Ar-H + pyridazine H)
2215 (CN) 274 (100)
15 3274 (NH), 319 (MY, 12),  2.52 (s, 3H, CHy), 6.85-7.32 (m, 5H, Ar-H + pyridazine H), 11.20 (s, 1H, NH exchangeable with D,0)
2210 (CN)), 189 (100)

1680,1704 (2C=0)

67



WIC

1-(4-Cyanophenyl)-5-cyanomethyl-7-methyl-
triazolo[3°,4 :3,2|pyrazolo-[4,3-c]pyridazine (5): A
mixture of 2 (0.27 g, 0.001 mol) and cyano acetyl hydrazine
(0.1 g, ~0.001 mol) m ethanol (30 ml) was refluxed for 8 h.
The obtained precipitate was filtered off, dried and
crystallized from ethanol to give 5 as brown powder.

1-(4-Cyanophenyl)-3-phenylmercapto-7-methyl-
pyrazolo[4,3-c]pyridazine (6): A mixture of 2 (0.27 g,
0.001 mol) and thiophenol (0.11 g, 0.001 mol) in acetic acid
(30 ml) was refluxed for 5h. After cooling, the mixture was
poured into water, the solid product was collected by
filtration and crystallized from pet. ether (60:80) to give
6 as yellow powder.

1-(4-Cyanophenyl)-3-hydrazino-7-methyl-pyrazolo[4,3-
c]pyridazine (7): A mixture of 2 (0.27 g, 0.001 mol) and
hydrazine hydrate (0.4 g, 0.001 mol) m ethanol (30 ml) was
refluxed for 6 h. The reaction mixture was evaporated
under reduced pressure, the residue was triturated with
diethy! ether, the obtamed solid was filtered off, dried and

crystallized from n-butanol to give 7 as green powder.

1-(4-Cyanophenyl)-8-methyl-tetrazolo 4,5 :2,3]
pyrazolo[4,3-c]pyridazine (8): A mixture of 2 (0.001 mol)
and sodium azide (0.3 g, 0.005 mol) m acetic acid (30 ml)
was refluxed for 4 h. The obtained solid was collected by
filtration, dried and crystallized from ethanol to give 8 as
brown powder.

Synthesis of 1-(4-Cyanophenyl)-3-(3,5-dimethylpyrazol-
2-yl)-7-methyl-pyrazolo[4,3-c]pyridazine (9), 1-(4-
Cyanophenyl)-3-(5-methyl-4H-3-oxo-pyrazol-2-yl)-7-
methyl-pyrazolo[4,3-c]pyridazine 10y, 1-(4-
Cyanophenyl)-3-(3-amino-1H-5-oxo-pyrazol-2-yl)-7-
methyl-pyrazolo[4,3-c]pyridazine (11) 1-(4-
Cyanophenyl)-3-(3,5-diamino-pyrazol-2-yl)-7-methylpyra-

and

zolo[4,3-c]pyridazine (12): General procedure: A mixture
of 7 (0.27 g,0.001 mol) and active methylene reagents,
namely, acetyl acetone, ethyl acetoacetate, ethyl
cyanoacetate or malononitrile (0.001 mol) in ethanol
(30 ml) was refluxed for 3 h. The reaction mixture was
concentrated under reduced pressure, the obtained solid
product was filtered off, dried and crystallized from the
proper solvent to give 9-12, respectively.

1-(4-Cyanophenyl)-4H-5-0x0-8-methyl-1,2,4-

triazolo[3" 4 :3,2]-pyrazolo-[4,3-c]pyridazine (13): A
mixture of 7 (0.27 g, 0.001 mol) and ethyl chloroformate
(0.11 g, 0.001 mol) m pyridine (30 ml) was refluxed for 10h.
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After cooling, the reaction mixture was poured into diluted
hydrochloric acid. The obtained solid was collected by
filtration, washed with water, dried and crystallized from
ethanol to give 13 as yellow powder.

1-(4-Cyanophenyl)-5-anilino-8-methyl-1,2,4-
triazolo[3’ 4 :3,2|pyrazolo-[4,3-c]pyridazine (14): A
mixture of compound 7 (0.27 g, 0.001 mol), phenyl
1sothiocyanate (0.14 g, 0.001 mol) and sodium hydroxide
(~0.1 g, 0.002 mol) in methanol (30 ml) was refhuxed for 4 h.
The reaction mixture was poured mto water, the obtained
precipitate was filtered off, washed with water, dried
and crystallized from ethanol to give 14 as reddish
brown powder.

1-(4-Cyanophenyl)-5,6-dioxo-4H-9-methyl-1,2,4-
triazino[3",4":3,2]pyrazolo[4,3-c] pyridazine (15): A
mixture of 7 (0.27 g, 0.001 mol) and diethyl oxalate (0.15 g,
0.001 mol) in ethanol (30 ml) was refluxed for 8 h. The
reaction mixture was concentrated under reduced
pressure, the solid product was collected by filtration,
dried and crystallized from ethanol to give 15 as green

powder.

Antimicrobial Screening
Microorganisms species:

1. Bacteria
a. ({ram-negative bacteria, Eschericha coli,
Salmonella tyvphi
b. Gram-positive bacteria, Bacillus subtitles,
Staphylococcus aureus, Streptococcus
2. Fungi: dAspergillus Niger
3. Yeast Candida albicans, Sacchromyces

Medium: The cap-assay method contaming (g/1): peptone
6.0, yeast extract 3.0, meat extract 1.5, glucose 1.0 and agar
20.0 were used. The medium was sterilized and divided
while hot (50-60°C) in 15 ml. Portions among sterile petri-
diches of 9 cm diameter.

One ml of the spor suspension of each microorganism
was spread all over the surface of the cold solid medium
placed in the petri-dish.

RESULTS AND DISCUSSION

The
4H-7-methyl-pyrazolo[4,3-c¢|pyridazine (1) was prepared
according to Nagawade et al [17]. Treatment of
compound 1 with refluxing POC]I, produced 3-chloro-1-(4-

starting material 3-oxo-1-(4-cyanophenyl)-

cyanophenyl) -7-methyl-pyrazolo [4,3-¢] pyridazne (2),
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Table 3: Antimicrobial activities of the tested compounds

Inhibition Zone (mm)

Microorganism

Bacteria

Gram-negative Gram-positive Fungi Yeast
Tested Compounds
and positive drugs E.coii S.typhi B. Subtitls S. aureus Streptococcus A.niger C. albicans Sacchro-my ces
Control (DMSO) - -
Streptomycin +++ +++ +++ +++ +++ - - -
Erythromycin + +4+ -+ ++ R _ _
Fusidic Acid +++ +++ +++
4 +++ ++ +++ +++ ++ + +++ +++
6 +++ +++ +++ ++ ++ + +++ ++
7 - ++ + - ++ -
10 + - ++ + + +
15 + ++ + + ++ ++

+++ Highly sensitive (inhibition zone = 21-40 mmn).
++ Fairly sensitive (inhibition zone = 16-20 mm).

+ 8lightly sensitive (inhibition zone = 10-15 mm).

- No sensitive

which was reacted with bifunctional reagents, namely,
glycine, anthramlic acid or cyano acetyl hydrazine in
refluxing alcohol to vield the corresponding substituted
pyrazolopyridazine 3-5, respectively
(Scheme 1).

Also, compound 2 was reacted with thiophenol in
refluxing acetic acid or hydrazine hydrate in refluxing

derivatives

ethanol to give 3-phenyl mercapto- and 3-hydrazino-
pyrazolopyridazine derivatives 6 and 7, respectively.
Whle, 2 was reacted with sodium azide in refluxing acetic
acid to afford tetrazolopyrazolo-pyridazine derivative 8
(Scheme 2).

Compound 7 was reacted with active methylene
reagents, namely, acetyl acetone, ethyl acetoacetate, ethyl
cyanoacetate or malononitrile in refluxing ethanol to
produce the comresponding 3-(substituted pyrazolo)-
pyrazolo[4.3-c]pyridazine derivatives 9-12, respectively
(Scheme 3).

On the other hand, compound 7 was reacted with
ethyl chloroformate or phenyl isothiocyanate in the
presence of base as a catalyst to afford the corresponding
triazolopyrazolopyridazine 13 and 14,
respectively. Also, compound 7 was reacted with diethyl

derivatives

oxalate i refluxing  ethanol to  produce

triazinopyrazolopyridazine derivative 15 (Scheme 4).

Biological Activity: Some of the synthesized compounds
4,6, 7, 10 and 15 were evaluated for its antimicrobial
activity agamst five bacterial strams E. Celi, S. fyphi,
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B. subtilis, S. aureus and Staph.aureus and one fungal
strain Aspergillus niger and also two strams of yeast
Candida albicans and Sacchromyces at 50-6 pg cm™
concentration, according to modified Kirby-Bauer’s disk
diffusion method [18]. MIC values of tested compounds
were determined by tube dilution technique. The solvents
DMSO/DMF  were used as negative controls and
Streptomycin®, Erythromycin® and Fusidic acid were
used as standards. Calculated average diameters (for
triplicate sets) of the zones of inlibition (in mm) for test
samples were compared with that produced by the
standard drugs. Almost, all the tested compounds were
found to exhibit antimicrobial activities. Analysis of
antimicrobial data suggested that compounds 4 and 6
possessed higher significant antibacterial and antifungal
activities than some known standard drugs. The results of
antimicrobial screening were recorded as average diameter
of inhibition zone in mm and summarized in Table 3.
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