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Abstract

The synthesis of the title heterocycles was achieved using 3-amino-5,6-diphenylpyridazine-4-carbonitrile (4) as a starting material. This
compound was converted into the corresponding 4-imidazolinyl derivative 5 which was then subjected to cyclization reactions to afford the
title compounds. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Derivatives of pyrazolopyrimidine (a purine isostere)
have long been known for their anti-tumor and cytostatic
activity [ [-5]. Several reports have indicated that pyrazo-
lotriazolopyrimidines possess adenosine receptor antagonist
activity [6-9]. In an earlier paper [10], we have described
the synthesis of some imidazo[ 1,2-clpyrazolo{4,3-¢] pyrim-
idines of pharmacological interest. This svnthesis involved
the conversion of the cyano group of 5-amino-1-phenylpyr-
azole-4-carbonitrile (1) into an imidazolinyl group followed
by ring closure of the obtained product 2 into the imidazo-
pyrazolopyrimidine 3. The synthesis of other derivatives of
3 was also described (Scheme 1).

2. Chemistry

As an extension of the above work and for the sake of the
biological evaluation, it was deemed of interest to substitute
the pyrazole moiety of the heterocyclic system 3 by a
pyridazine ring. Accordingly, this paper is devoted to the
synthesis of the imidazopyrimidopyridazine isostere namely
imidazo[1',2":1,6]pyrimido[4,5-c]pyridazine (6) and other
related derivatives.

Thus, 3-amino-5,6-diphenylpyridazine-4-carbonitrile (4),
prepared according to the method of Gewald and Oelsner
[11], was allowed to interact with ethy enediamine in the
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presence of a catalytic amount of carbon disulfide to give the
imidazolinylpyridazine 5. The latter compound could be ring
closed into the tricyclic imidazopyrazolopyrazine system in
different ways. The parent tricyclic heterocycle 6 was
obtained when 5 was treated with triethylorthoformate. When
5 was interacted with benzaldehyde in a similar procedure to
that of Ried and Russ [12] the product was the derivative 7.
Finally the interaction of § with carbon disulfide gave the
thione derivative 8 (see Scheme 2).

The thione 8 could easily be converted into the hydrazino
derivative 9 by treatment with hydrazine hydrate. This hydra-
zino derivative proved to be a versatile compound that can
be converted into tetracyclic heterocyclic systems (see
Scheme 3). Thus the interaction of 9 with triethylorthofor-
mate afforded the triazolo derivative 10 while its interaction
with carbon disulfide in alcoholic potassium hydroxide
yielded the thione derivative 11. However, the hydrazino
derivative 9 failed to produce the methyl derivative 12 when
heated in refluxing glacial acetic acid, and the product was
analyzed for the acetyl hydrazino derivative 13. Also, the
treatment of 9 with nitrous acid gave a product whose IR
spectrum showed a band at 2150 cm™ ' characteristic of an
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Scheme 3. a. H,NNH;: b, CH(OED) ;; ¢, CS,/KOH:; d, HNO,: e, CH;COOH.

azide grouping which is in favor of strucrure 15 and eliminates
the other possible tetrazolo structure 14,

On the other hand, the pyrimidopyridazine 16 was obtained
through the interaction of 4 with formarnide (see Scheme 4).
However, in an attempt to obtain the ethoxymethyleneimino
derivative 17 via the interaction of 4 with neat triethylortho-
formate the starting material was recovered unchanged. When
this latter reaction was repeated in the presence of a few
milliliters of acetic anhydride, the product was identified as
the acetylamino derivative 18.

3. Biological studies

3.1. Anti-bacterial and anti-fungal activities

The newly synthesized compounds vsere screened for their
anti-bacterial activity against four different species of bacteria

namely Pseudomonas aeruginosa, Escherichia coli, Bacillus
cereus and Staphylococcus aureus and for their anti-fungal
activity against five species of fungi namely Aspergillus fla-
vus, Fusarium solani, Penicillium citrinum and Trichoderma
pesii using the disc-diffusion method [ 13,14].

The tested compounds were dissolved in DMSO to get a
solution of 1% concentration. Filter paper discs (Whatman
No. 3 filter paper, 5 mm diameter) were saturated with this
former solution. The saturated filter paper discs were placed
on the surface of solidified Nutrient agar dishes seeded by the
test bacteria and Czapek’s Dox agar dishes seeded by the test
fungi. The inhibition zones were measured in mm at the end
of an incubation period of 48 h (at 37°C for the bacteria and
at 28°C for the fungi). The results of the anti-bacterial and
anti-fungal activities are collected in Table 1. All compounds
under investigation were inactive against the two species of
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Table |
Anti-bacterial and anti-fungal screening of the preparzd compounds *

Compound B. cereus S. aureus Alternaria alternata Aspergillus flacus Penicillium citrinium Trichoderma pesii
5 10 13 25 20 35 10
9 15

10 15 20

16 20

* The diameters of the inhibition zones are measured n mm. Only the active compounds are indicated.

Gram negative bacteria studied. Howeve-, concerning the
Gram positive bacteria four compounds (5, 9, 10 and 16)
were active against S. aureus, and only compound 5 was
active against B. cereus. On the other hand, except Fusarium
solani, compound 5 showed inhibition zones against all the
other species of fungi under investigation. Compound 10 was
active only against Trichoderma pesii. It seems that the pres-
ence of the dihydroimidazole ring as a substituent and not as
a fused ring is responsible for the relative higher anti-micro-
bial activity of compound 5.

4. Experimental

All melting points are uncorrected and were determined
on a Mel-Temp II melting point apparatus. IR spectra were
recorded on a Pye-Unicam SP3-100 spectrcphotometer using
the KBr Wafer technique. '"H NMR spectra were recorded on
a 90 MHz Varian EM-390 NMR spectrometer in suitable
deuterated solvents using TMS as an interial standard. Ele-
mental analyses were determined on a Perkin-Elmer 240 C
microanalyzer and the results were within +0.4% of the
calculated value.

4.1. 3-Amino-5,6-diphenyipyridazine-4-cairbonitrile (4)

This compound was prepared according to a reported
method [11].

4.2. 3-Amino-4-(4,5-dihydro- 1 H-imidazol-2-yl}-
5,6-diphenylpyridazine (5)

To a mixture of 3-amino-5,6-dipheny!/pyridazine-4-car-
bonitrile (4) (2.7 g, 0.01 mol) and ethylerediamine (5 ml),
carbon disulfide (0.9 ml) was added dropwise. The resulting
reaction mixture was heated on a water bath for 8 h. After
cooling, the reaction mixture was diluted with water and the
solid precipitate was filtered off, washed with water and
recrystallized from ethanol as white crystals, m.p. 214—
216°C, yield 1.8 g (57%). IR (cm™"): v 3400, 3250, 3100
(NH,), 1600 (C=N). 'H NMR (CDCls): 8 3.35 (s, 4H,
imidazole), 6.5 (s, 2H, NH,), 6.7 (s, 1H, NH imidazole),
7-7.6 (m, 10H, ArH).

Analysis (C, H, N) for C;oH,;N;.

4.3. 3,4-Diphenyl-6,7-dihydroimidazo[1',2': 1,6 Jpyrimido-
[4.5-c]pyridazine (6)

A mixture of 5 (0.3 g, 0.001 mol), triethylorthoformate
(5 ml) and glacial acetic acid (0.2 ml) was heated under
reflux for 4 h. The solid precipitate was collected and recrys-
tallized from ethanol as brownish-yellow crystals, m.p. 292—
294°C, yield 0.25 g (78%). IR (cm™'): #1610 (C=N). 'H
NMR (CDCls): 6 3.8 (s, 4H, imidazole), 7.1-7.5 (m, 10H,
ArH), 7.9 (s, 1H, pyrimidine).

Analysis (C, H, N) for C,oH,sN..

4.4. 3,4,9-Triphenyl-6,7,8,9-tetrahydro-imidazo-
[1',2":1,6]pyrimido{4,5-c [pyridazine (7)

To a mixture of 5 (0,3 g, 0.001 mol) and benzaldehyde
(0.3 ml, 0.003 mol) in absolute ethanol (10 ml), concen-
trated HCI (0.2 ml) was added and the mixture was stirred
at 50-60°C for 5 h. After cooling, the mixture was neutralized
with an aqueous sodium carbonate solution. The solid product
obtained was filtered off and recrystallized from methanol-
benzenc mixture as cream crystals, m.p. 294-296°C, yield
0.2 g (50%). IR (cm~'): » 3150 NH, 1610 (C=N). 'H
NMR (CF,COOH): 6 3.8-4.0 (m, 4H, imidazole), 6.5 (s,
1H, Hs), 7.1-7.7 (m, 15H. ArH).

Analysis (C, H, N) for C, H, Ns.

4.5. 3,.4-Diphenyi-6,7.9, 10-tetrahydro-imidazo-
{1'.2'-1,6]pyrimido[4,5-c Jpyridazine-9-thione (8)

A mixture of 5 (1.57 g, 0.005 mol) and carbon disulfide
(8 ml) in dry pyridine (20 ml) was heated on a water bath
for 16 h, then the reaction mixture was left to cool. The solid
precipitate was collected and recrystallized from acetic acid
as yellow crystals, m.p.>300°C, yield 0.9 g (50%). IR
(cm™'): »3300-3100 (NH), 1630 (C=N), 1140 (C=S).

Analysis (C, H. N) for C;,H sNsS.

4.6. 3,4-Diphenyl-9-hvdrazino-6,7-dihydro-imidazo-
{1'.2"-1,6]pyrimido{4,5-c Jpyridazine (9)

A mixture of 8 (1.8 g, 0.005 mol) and excess of hydrazine
hydrate (8 ml, 85%) was heated under reflux for 15 min,
then ethanol ( 15 ml) was added and the reaction mixture was
further heated under reflux for 5 h. After cooling, the solid
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precipitate was collected and recrystallized from ethanol as
yellow crystals, m.p. 250-252°C, yield 1.2 g (66%). IR
(em™": » 3300-3100 (NH), 1620 (C=N). 'H NMR
{CF;COOH): & 3.6 (s, 4H, imidazole), 7.1-7.3 (m, 10H,
ArH).

Analysis (C, H, N) for C,,H;N,.

4.7. 3,4-Diphenyl-6,7-dihydro-1,2,4-triazolo[3",4":2,3]-
imidazo[1',2":1,6 ]pyrimido[4,5-c|pyridazine (10)

A mixture of 9 (0.35 g, 0.001 mol) and ¢xcess triethylortho-
formate (10 ml) was heated under reflux for 4 h, then allowed
to cool. The solid product was collected and recrystallized
from ethanol as canary-yellow crystals, m.p. 280-282°C,
yield 0.3 g (75%). IR (cm™'): v 1610 (C=N). '"H NMR
(DMSO-dq): 6 3.8 (s, 4H, imidazole), 7.1-7.4 (m, 10H,
ArH), 9.4 (s, 1H, CH triazole).
Analysis (C, H, N) for C, H sN-.

4.8. 3,4-Diphenyl-2,3-dihvdro-1,2,4-triczolo{3",4":2,3]-
imidazof1',2'-5,6 [pyrimido[4,5-c [pyridazine-7-(6H)thione
(11)

To a mixture of 9 (0.71 g. 0.001 mol) and carbon disulfide
(5 ml) in ethano! (15 ml), two pellets cf potassium hydrox-
ide were added. The reaction mixture was then heated on a
water bath for 6 h and then allowed to ccol. The solid precip-
itate was collected and dissolved in water (20 m!) and then
acidified with acetic acid where a yellow solid was obtained.
This solid was recrystallized from acetic acid as yellow crys-
tals, m.p.>300°C, yield 0.5 g (63%). IR (cm™"): ¥ 3400
(NH), 1630 (C=N), 1160 (C=S). '"H NMR (CF;COOH):
6 3.75 (s, 4H, imidazole), 7.1-7.5 (m, 10H, ArH).
Analysis (C, H, N) for C, H,sN,S.

4.9. 3,4-Diphenyl-9-acetylhvdrazino-6,7-dihydro-
imidazo[1',2"-1,6]pyrimido[4,5-c [pyridazine (13)

A solution 0of 9 (0.35 g, 0.001 mol) in glacial acetic acid (10
ml) was heated under reflux for 10 h. After cooling. the
reaction mixture was poured onto ice cold water with stirring.
The solid precipitate obtained was collected and recrystalli-
zed from ethanol-benzene mixture as pale yellow crystals,
m.p. > 300°C, yield 0.3 g (85%). IR (cm™ ") 3150 (NH),
1680 (C=0), 1640 (C=N). '"H NMR (CF,COOH): 6 2.8
(s, 3H, CH;), 4.2—4.5 (m, 4H, imidazole), 7.2-7.6 (m, 10H,
ArH).
Analysis (C, H, N) for CyH oN;O.

4.10. 3,4-Diphenyl-9-azido-6,7-dihvdro-imidazof1',2'-1,6 J-
pyrimido[4,5-c]pyridazine (15)

To a well stirred solution of 9 (0.35 g, 0.001 mol) in acetic
acid (10 ml), a solution of sodium nitrite (0.2 g/5 ml of

water) was added dropwise with stirring at room temperature.
Stirring was continued for a further 4 h. The solid product
obtained after neutralization with sodium carbonate solution
was filtered and recrystallized from benzene as pale-buffcrys-
tals, m.p. 232-234°C, yield 0.2 g (51%).1IR (cm ™~ '): #2150
(N3). 1630 (C=N).

Analysis (C, H, N) for C5oH, 4Ng.

4.11. 5-Amino-3,4-diphenyilpyrimido{4,5-c [pyridazine (16)

A mixture of 4 (0.55 g, 0.002 mol) and formamide (10 ml)
was heated under reflux for 1 h. After cooling the solid prod-
uct was filtered off, washed with water, and recrystallized
from ethanol-benzene mixture as buff crystals, m.p. 278-
280°C, yield 0.3 g (50%). IR (cm ™ '): #3400, 3050 (NH.,),
1630 (C=N). 'H NMR (CF;COOH): 8 7.3-7.7 (m, 10H,
ArH), 8.5 (s, 1H, pyrimidine).
Analysis (C, H, N) for C,qH,;Ns.

4.12. Acetvlamino-5,6-diphenyipyridazine-4-carbonitrile
(18)

A mixture of 4 (1.9 g, 0.007 mol) triethylorthoformate ( 15
ml) and acetic anhydride (5 ml) was heated under reflux for
4 h. After cooling, the solid product obtained was filtered off
and recrystallized from ethanol as white fluffy crystals, m.p.
260-262°C, yield 4.13 g (61%). IR (cm ™~ '): »3200, (NH),
2200 (C=N), 1700 (C=0). 'H NMR (CF;COOH):
62.50 (s, 3H, CH;) 7.3-7.7 {m, 10H, ArH).
Analysis (C, H, N) for C;,H,,N,O.
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