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STUDIES WITH POLYFUNCTIONALLY SUBSTITUTED HETEROAROMATIC COMPOUNDS:

SYNTHESIS OF SOME NEW POLYFUNCTION,ALLY SUBSTITUTED PYRIDO [3, 2-c]-
PYRIDINES ANDPYRIDO [2, 3-C]-PYRIDAZINES
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The phenylhydrazino derivatives of ethyl acetoacetate (1), acetyl acetonitrile (11) and acetylacetone (17)
reacted with malononitrile, malononitrile dimer (4a) or ethyl cyan acetate dimer (4b). The products were
treated with benzaldehyde to yield different polyfunctionally substituted pyridopyridines and pyridopyri-
dazines.
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Introduction

o

The synthesis of poly functionally substituted heteroaromatics
has received (Sadek 1984; Elnagdi et a11988; 1989a; 1990a)
great attention during the last decade. The importance of such
compounds is due to their use as potential biodegradable ag-
rochemicals. Recently (Elnagdi et a11990b) some pyridazine
derivatives were obtained by condensing rx-arylhydrazino
ketones with active methylene nitriles. In this investigation,
we report the synthesis of some polyfunctionally substituted
pyrido [3,2cc j-pyridenes and pyrido [2,3-c [-pyridazines. Be-
side obtaining the compounds in good yields, the reported
procedures are simpler than the earlier methods (Kato and
Skamoto 1975; Terentev eta11978, 1979; Jones and Rafferty
1979; Yamato and Sato 1982).

It was reported (Elnagdi 1989b; EI-Kousy 1990) that fusion of
ethyl-2-arylhydrazino-3-oxobutyrate (1) with malononitrile
in the presence of ammonium acetate at 160°C produced
aminopyridazinium carboxylate (2). Now, conducting this re-
action under different condition viz. heating on a water bath,
led to the formation of a completely different product to which
structure (3) is assigned. We believe that the formation of (3)
involved first dimerization of malon on itrile to yield the dimer
(4a), which then condensed with (1) to yield (5) and then the
reaction proceeded as shown ionchart I.To support this view,
(3) was obtained by condensing (1) with the dimer (4a) in the
presence of ammonium acetate.

* Author for correspondence

Compound (3) was also obtained through condensation of (1)
with diethyl-3-amino-2-cyano-2-pentene-l, 5-dicarboxylate
(4b).

When compound (3) was allowed to condense with benzalde-
hyde, a new pyridazine derivative (10) was formed. The for-
mation of this product perhaps involved condensation fol-
lowed by cyc1ization and finally aromatization (cf. chart 2).
Condensation of the dimer (4a) with (11) afforded the pyri-
dine derivative (13) as the only isolable product which might
involve the intermediacy of (12) (cf. chart 3). The pyridine
derivative (13) was subjected to two main reactions. Thus
refluxing (13) in acetic/hydrochloric acid mixture (l: 1) led to
the formation of (14). Also condensation of (13) with benzal-
dehyde afforded the pyridopyridazine derivative (15). The
formation of the possible cyc1ization product (16) is ruled out
on the basis ofIR and IH-NMR spectral data. TheIR spectrum
of the product revealed the presence of NH2 group stretching
at Y= 3500-3300 em:'. Furthermore, the IH-NMR showed a
singlet at 8 = 2.52 ppm for NH2 (disappeared on addition of
DP) and a singlet at 8 = 6.82 ppm for the pyridazine H-4
(Table 1).

The dimer (4a) condensed with the phenylhydrazine deriva-
tive (17) with the formation of the pyridopyridazine (20)
which is assumed to be formed via the intermediates (18) and
(19) (cf. chart 4). When this pyridopyridazine (20) was al-
lowed to condense with benzaldehyde, the corresponding
pyridophthalazine derivative (21) was obtained. The forma-
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tion of the latter might involve condensation followed by ring
closure and finally aromatization.

Condensation of (17) with dicarboxylate ester (4b) led to
the formation of the pyridopyridine derivative (24). The
latter might involve the intermediates (22) and (23). When
(24) was allowed to condense with benzaldehyde, (25) was
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formed as the only isolable product.

Experimental 0~~
All melting points are uncorrected. IR spectra (KBr) were
recorded on a Pye Unicam SP-110 spectrophotometer. IH_
NMR spectra were measured on a Varian EM-390-90 MHz

Table 1
Spectral data of the new compounds

OH
IH-NMR, 8 ppmCompo IR, ycml (KBr)

CO CN

3 36201680 2120 3250

8 1690 2220 3200

10 2220 32001690

13 2220 3200 3400

14 1660 3240 34002220

15 34002100

20 1680 34002220 3105

21 2220 34503150

24 31001685 2220

1.36 (s, 3H, CH); 7.6-7.7 (m, 5H, Ar-H); 8.2
(s, 2H, NH); 9.2 (s, IH, OH, disappeared by
DP)·
6.3 (d, J=I1.2 Hz, 2H, CH=CH); 7.35-7.62
(m, IOH, Ar-H); 8.4 (s, 2H, NH).
6.8 (s, ut, CH); 7.2-7.8 (m, IOH, Ar-H); 8.2
(s, 2H, NH).
1.35 (s, 3H, CH); 2.5(s, 2H, NH); 7.35-
7.65 (sm, 5H, Ar-H); 8.6 (s, IH, NH).
1.2(s, 3H, CH3); 2.4 (s, 2H, NH); 7.3-7.6
(m, 5H, Ar-H); 7.9 (s, 2H, NH).
2.52 (s, 2H, NH2); 6.82 (s, IH, pyridazine-H);
7.35-7.55 (m, IOH, Ar-H).
1.36,2.21 (2s, 6H, 2CH3); 2.35 (s, 2H, NH2);
7.32-7.38 (m, 5H, Ar-H); 8.22 (s, IH, NH).
2.35 (s, 2H, NH); 7.00-7.8 (m, lOH, Ar-H)
8.12 (s, IH, NH).
1.00, 1.25 (2s, 6H, 2CH3); 7.20-7.82 (m, 5H,
Ar-H); 8.40 (m, 2H, 2NH).

o-W

Table 2
Microanalytical data of the new compounds

Compo Yield *M.P. M.F. Calc (%) Found (%)
(%) (0C) C H N C H N

3 80,64 240* CI6HIINs03 59.81 3.45 21.80 59.8 3.3 21.9

8 94 210** C23HJSNS03 67.48 3.69 17.11 67.6 3.6 17.2
10 80 220** C23HI3Ns03 67.81 3.17 17.19 68.0 3.2 17.2
13 94 290* C16HIlN, 63.78 3.68 32.54 63.6 3.6 32.6
14 95 160* CI6HI2N602 60.00 3.78 26.24 59.8 3.8 26.3

15 95 101* C23HI3N7 71.31 3.38 25.31 71.2 3.3 25.3

20 90 240* CI7H14Nr,O 64.14 4.43 26.40 64.0 4.3 26.3
21 90 190** C24HI6N60 71.28 4.00 20.78 71.1 4.0 20.8
24 74 120* C1fi13Ns02 63.94 4.10 21.93 64.0 4.2 22.0
25 85 115** C24HI~S02 70.75 4.21 17.19 70.6 4.4 17.0

Solvent ofCrystallisation, * Ethanol, ** Dioxane.
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spectrometer using TMS as internal standard and chemical
shifts are expressed as 0 ppm. The microanalyses were carried
out by the Microanalytical Unit at Cairo University.

Preparationof8-cyano-5-hydroxy-4-methyl-2,7-dioxo-
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3-phenylhydrazopyrido [3, 2-cJpyridine (3). MethodA:
To (1) (0.01 mole) ammonium acetate (5g) and malononitrile
(0.02 mole) or malononitrile dimer (4a) (0.01 mole) were
added. The reaction mixture was heated under ref! ux at 100DC
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for 1 h under anhydrous condition. After cooling the reaction
mixture was triturated with ethanol then poured into water.
The solid formed was collected by filtration. Yield, m.p.
(Table 2).

MethodB: A mixture of(1)(0.01 mole), (4b)(0.01 mole) and
ammonium acetate (5g) was heated at 160°C under reflux for
3 h under anhydrous condition. The reaction mixture was
triturated with ethanol then poured into water. The solid
formed was collected by filtration. Yield, m.p. (Table 2).

Preparation of4-benzalmethino-8-cyano-2, 5, 7-trioxo-,
3-phenylhydrazopyrido [3, 2-c]-pyridine(8). To (3)(0.01
mole), ammonium acetate (5g) and benzaldehyde (0.01 mole)
were added. The reaction mixture was heated at 160°C under
reflux for 1 h, then triturated with ethanol. The solid formed
was collected by filtration. Yield, m.p. (Table 2).

Preparation of8-cyano-2, 3-diphenyl-9-hydro-5, 7, JO-
trioxopyrido [4,3:2]-pyrido [3,4-c]-pyridazine (JO). In
a mixture of glacial acetic acid and cone, hydrochloric acid
(3:3ml), was added (8)(0.01 mole). The reaction mixture was
heated under reflux for 3h. The solid so formed was collected
by filtration. Yield, m.p. (Table 2).

Preparation of 2-amino-5-cyano-6-dicyanomethino-4-
methyl-S -phenylhydrazo-pyridine (13). To phenylazo ace-
tylacetonitrile (11) (0.Q1 mole), (4a) (0.01 mole) and ammo-
nium acetate (5g) were added. The reaction mixture was
heated at 16QoC under reflux for 1 h, then triturated with
ethanol. The solid formed was collected by filtration. Yield,
m.p. (Table 2).

Preparation oj2'- amino-8-cyano-5, 7-dioxo-4-methyl-
3-phenylhydrazopyrido [3, 2-c]-pyridine (14). In a mix-
ture of glacial acetic acid and cone. hydrochloric acid (3:3 ml),
was added (13) (0.01 mole). The reaction mixture was heated
under reflux for 3 h. The solid formed was collected by
filtration. Yield, m.p. (Table 2).

Preparation of 8-amino-5-cyano-6-dicyanomethino-2,
3-diphenylpyrido [3, 4-c]-pyridazine (15). To (13) (0.01
mole), ammonium acetate (5 g) and benzaldehyde (0.01 mole)
were added. The reaction mixture was heated at 100°C under
reflux for 1 h, then triturated with ethanol. The solid formed
was collected by filtration. Yield, m.p. (Table 2).

Preparation of 3-acetyl-5-amino-6-cyano-7-imino-4-
methyl-l-phenylpyrido [2, 3-c l-pyridazine (20). To (17)
(0.Q1 mole), ammonium acetate (5g) and (4a) (0.01 mole)
were mixed. The reaction mixture was heated at 160°C under
reflux for 1 h keeping anhydrous condition, then triturated
with ethanol and filtered under suction. Yield, m.p. (Table 2).

Preparation of IOsamino-v-cyano-Z, 6-diphenyl-4-hy-
droxy-Sriminopyrido [2, 3-c]-phthalazine (21). To (20)
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(0.01 mole), ammonium acetate (5g) and benzaldehyde (0.01
.mole) were added. The reaction mixture was heated at 160°C
under reflux, then triturated with ethanol and poured into
water, then acidified with hydrochloric acid. The solid formed
was collected by filtration. Yield, m.p. (Table 2):

Preparationof8-cyano-2,4-dimethyl-5,7-dioxo-3-phen-
ylhydrazopyrido [3, 2-c]-pyridine (24). To (17) (0.01
mole), ammonium acetate (5g) and (4b) (0.01 mole) were
added. The reaction mixture was heated at 160°C under reflux
for 1h, then triturated with ethanol and poured into water. The
product was filtered and dried under suction. Yield, m.p.
(Table 2).

Preparation of 2-benzalmethino-8-cyano-5-dioxo-4-
me-thyl- 3-phenylhydrazopyrido- [3, 2-cj-pyridine (25).
To (24) (O.Olmole), ammonium acetate (5g) and benzalde-
hyde (0.01 mole) were added, The reaction mixture was
heated at 160°C under reflux for 1 h, triturated with ethanol,
poured into water, and acidified with hydrochloric acid. The
solid formed was collected by filtration. Yield, m.p. (Table 2).

References

El-Kousy S, EI-SakkaI, El-Torgoman A, Roshdy H, Elnagdi
M H 1990 Synthesis of new polyfunctionally substi tuted
pyridazines, phthalazines, cinnolines and thieno [3, 4-c]
pyridazines. Collect Czech Chern Commun 55 (12) 2977.

Elnagdi M H, Ibrahim N S, Sadek K U, Mohamed M H 1988
Studies with heteroaromatic aza compounds: Synthesis
ofphthalazines. Liebigs Ann Chern 101005.

ElnagdiM H, AbdelraziekFM, IbrahimNS, Erian A W 1989a
Studies on alkylheteroaromatic compounds: The reactiv-
ity of alkyl polyfunctionally substituted azines towards
electrophilic reagents. Tetrahedron 453597.

Elnagdi M H, El-Aal FA, Hafez E A, Yassin Y M 1989b
Studies on alkyl heterocyclic aromatic compounds: New
routes for synthesis of polyazanaphthalines. Z Natur-
forsch 44b 683.

Elnagdi M H, Erian A W, Sadek K U, Selim M A 1990a
Studies on alkylheteroaromatics: New synthesis of 1,3,4-
oxadiazole, oxadiazolo[3,2-a] pyridine; 1,3,4-thiadiazole,
thiadiazolo[3,2-a] pyridine, phthalazine and thieno[3,4-
d]pyridazine derivatives. J Chern Res (S) 5 148.

Elnagdi M H, AbdulAal FA, Taha N, Yassin Y M 1990b
Chemistry of alkylheteroaromatic deficient compounds:
A novel synthesis of cinnolines. Z Naturforsch 45b 389.

Jones G, Rafferty P 1979 The synthesis of annulated pyri-
dazines by cycloaddition of azodicarboxylates to vinyl
heterocycles. Tetrahedron 35 2027.

Kato T, Sakamoto T 1975 Studies on ketone and its deriva-
tives: Reaction of diketene with N-benzylacetimidate and

(\



Studies with Polyfunctionally Substituted Heteroaromatic Compounds

lactim ethers to give 1,6~naphthyridine derivatives. Chem
Pharm Bull 23 2629.

Sadek K U, Fahmy S M, Mohareb R M, Elnagdi M H 1984
Activated nitriles in heterocyclic chemistry: Synthesis of
several new pyrimidine and pyridazine derivatives. J
Chem and Eng (Data) 29(2) 1OI.

Terentev P B, Kotova N G, Kost A N 1978 Reaction of
substituted 2-vinyl pyridines with azodienophiles. Khim

••

85

Geterotsikl Soedin 651 Chem Abstr 89 109324.
Terentev P B, Kartsev V G, Yakushenko I K, Prostakova L N

Glorizov I P 1979 Cyc1oaddition of azidocarboxylic acid
esters .to vinylpyridines. Khim Geterotsikl Soedin 639
Chem Abstr 91 584.

Yamato M, Sato K, Hashigaki K, NinomiyaM 1982 Reaction
of ethylalkylarninocrotonates in the presence of organic
acids. Heterocycles 19 1263.


