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ABSTRACT
Poly (4-vinylpyridine) and polyaniline as highly effective base catalysts have catalyzed the three-component reaction of an
appropriate aldehyde, cyanoacetic acid hydrazide and malononitrile to prepare of the corresponding N-amino-2-pyridone

derivatives. These reactions occur in ethanol at reflux or under microwave heating, in the presence of the base catalysts,
are inexpensive and easily obtained with consistent activity.
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1. INTRODUCTION

Heterocycles are ubiquitous in various compounds of interest, and among all heterocyclics, nitrogen-containing
compounds have long been of interest to organic chemists and biochemists and are present in many types of
pharmaceuticals. The six-membered ring systems having nitrogen atoms in their rings are found abundantly in
nature[1].Among of these six-membered ring systems, polyfunctional pyridinones are highly reactive reagents that have
been used extensively in heterocyclic synthesis[2]which possess biological as well as pharmacological activity [3]. N-
amino-2-pyridoneshaveknown asusefulsynthetic intermediates and a versatile synthon for the synthesis of a variety of
other nitrogen-containing heterocyclic compounds, such as B-lactams, piperidines, and indolizidine alkaloids[4]. The
dienophiles have been reacted with diene portion of these molecules via Diels-Alder cycloaddition reactions, or one double
bond of these molecules, may act as a dienophile and add to diene [5].There are few reported methods for the synthesis
of N-amino-2-pyridones in the literature[6, 7].These compounds were usually prepared in low yields by condensation of
hydrazine with 2-pyrones followed by the loss of water[8, 9]. The most common strategies involve the construction of
arylidenemalononitriles, which are easily prepared by Knoevenagel condensation of aromatic aldehydes with
malononitrile, and cyanoacetic acid hydrazide in the presence of piperidine as a base catalyst[7].Piperidine and pyridine
were usually used as liquid base catalysts in condensation reactions[7, 10]. These liquid catalysts are highly flammable
and toxic compounds and be absorbed through the skin mucous membranes. The replacement of liquid base by solid
base catalysts would have the advantages to decrease corrosion and reduce environmental problems, accompanied by
easier separation and recovery of the catalysts. A large number of solid base catalysts have been studied, including ion-
exchange resins, zeolites, alkaline oxides, KNH»/Al,O3 and KF/ Al,Os [11]. Poly(4-vinylpyridine) (PVPy) and polyaniline
(PANI) have been used as base catalysts in many organic reactions such as esterification of carboxylic acids with
alcohols, convert iminodithiazoles into aryl isothiocyanates and quinazolines, and synthesis of chromene derivatives
[12,13]. As part of our current studies on the development of hew routes to the synthesis of heterocyclic compounds, by
the condensation reaction of 1,3-bielectrophiles with binucleoplies in the presence of highly effective heterogeneous acid
or base catalysts [14,15], we now turn our attention to the reactivity of heterogeneous base catalysts such as poly(4-
vinylpyridine) and polyanilineon the three-component reaction of arylaldehydes, cyanoacetic acid hydrazide and
malononitrile to synthesis of N-amino-2-pyridones under thermal conditions and microwave irradiation.

2. EXPERIMENTAL

Melting points were measured on an Electrothermal Englnenng LTD apparatus and are uncorrected. IR spectrawere
measured on a Mattson 1000 FT-IR spectrometer. The 'H and **C NMR spectra were recorded in DMSO-d6 as solvent at
400 and 100 MHz, respectively on BRUKER DRX-400 AVANCE spectrometer using TMS as internal standard. Microwave

KMIC-1.5KW was used to carry out the reactions.
General procedure for compounds (4a-k)

General procedure for the preparation of N-amino-2-pyridones (4a-k) via two or three-component reaction at reflux
(Method 1) and under microwave irradiation (Method II). Method I: A mixture of two component of cyanoacetic acid
hydrazide 1(2 mmol) and arylidenemalononitriles | (2 mmol) or three component of cyanoacetic acid hydrazide 1 (2 mmol),
arylaldehydes 2 (2 mmol) and malononitrile 3(2 mmol) in the presence a few drops pyridine or 0.1 gr poly(4-vinylpyridine)
and polyaniline in ethanol (50 mL) was refluxed with stirring for the time reported in Table 2 (the progress of the reaction
being monitored by TLC and unsing n-hexane/ethyl acetate as an eluent). The mixture of catalyst and product 4 after
cooling, was filtered and separated. This product was placed into a dialysis tube and dialysed against 100 ml of dimethyl
sulfoxide for 24h. After completion of dialysis, the solvent was distilled at low pressure. The final compounds 4 were
obtained as a solid. Method IlI: the compounds 1, 2, 3 and catalysts were used same as method and placed in a 15 mL
high pressure glass tube and situated in a 250 mL beaker. After microwave irradiation at 300 W in the microwave oven for
the period of time shown in Table 2, the reaction mixture was allowed to cool to ambient temperature. The mixture of

catalyst and product 4 were filtered and separated as described at method 1.
1,6-Diamino-4-(4-chlorophenyl-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4d)

Withe crystals; mp. 243-245 °C .IR (KBr, Vma/cm’ 1y: 3455, 3265 (2NHy), 2220, 2219 (2CN), 1645(C=0), 1596, 1523(C=C).
'H NMR (400 MHz, DMSO-ds, ppm): 8.54(broad, s, 2H, NH2), 7.63(d, 2H, Ar), 7.55 (d, 2H, Ar), 5.68 (broad, s, 2H, N-
NH2). 13C NMR (100 MHz, DMSO-d6, ppm): 159.06, 158.26, 156.85, 135.49, 133.96, 129.63, 128.75, 115.64, 114.92,
86.91, 73.70.

1,6-Diamino-4-(3-nitrophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4j)

Yellow crystals; mp. 251-253 ‘C. IR (KBI, Viax Jem™): 3447, 3329 (2NH,) ,2014, 2210 (2CN), 1676 (C=0), 1613, 1555
(c=C. 'HNMR (400MHZ, DMSO-d): 8.63(s, 1H, Ar) , 8.44 (broad, 2H, NH2), 8.42-7.89 (m, 3H, Ar), 5.74 (s,2H,N- NH).

*CNMR (100MHz, DMSO-de): 158.67, 157.14, 156.45, 146.86, 135.87, 134.37, 130.72, 125.51, 122.59, 116.72, 114.52,
85.81, 74.04

1,6-Diamino-4-(3-boromophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4f)

White crystals; mp. 249-250°C. IR (KB, Viax fem™): 3395, 3273 (2NHy), 2220, 2217 (2CN), 1651 (C=0), 1598, 1524
(C=C). 'HNMR (400MHZ, DMSO-dg): 8.67(s, 1H, Ar), 8.54(broad, 2H, NH2), 7.78-7.52 (m, 3H, Ar), 5.64 (S, 2H, N-NHp).
*CNMR (100MHz, DMSO-ds): 159.06, 158.26, 156.86, 145.64, 135.49, 133.96, 130.87, 129.62, 128.75, 115.62, 114.92,
88.91, 74.70
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1,6-Diamino-4-(2,4-dichlorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4€)

White crystals; mp .256-258 °C. IR (KB, Vmax /cm™ ): 3412, 3201 (2NH,), 2222, 2219 (2CN), 1670(C=0), 1607,
1567(C=C). HNMR (400MHZ, DMSO-ds): 8.68(broad, 2H, NH2), 7.92(s, 1H, Ar), 7.69(d, 1H, Ar), 7.58 (d, 1H, Ar), 5.70 (s,
2H, N-NHz). *CNMR (100MHz, DMSO-de):15 8.89, 156.51, 156.25, 135.54, 132.77, 131.86, 131.14, 129.45, 128.12,
116.74, 114.51, 87.31, 74.80

1,6-Diamino-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (4g)

Yellow crystals; mp. 225-226 ‘C . IR (KBr, Vmax /em™® ): 3457, 3269(2NHy), 2219, 2217 (2CN), 1643(C=0), 1597,
1513(C=C). "HNMR (400MHZ, DMSO-ds): 8.44(broad, 2H, NH2), 7.48(d, 2H, Ar)-7.11(d, 2H, Ar), 5.65 (s, 2H, N- NHy).
®CNMR(100MHz, DMSO-ds): 160.87, 159.37, 156.45,133.54, 129.24, 126.30, 116.74, 115.93, 113.80, 86.51, 74.02,
54,90

3. RESULTS AND DISCUSSION

Following our interest in the chemistry of pyridinones [16, 17], in this manuscript we describe our results that explore the
potential of heterogeneous base catalysts such as pyridine, poly (4-vinylpyridine) and polyanilinein the synthesis of N-
amino-2-pyridones. One-pot, two or three-component reaction of cyanoacetic acid hydrazide 1, arylaldehydes 2 and
malononitrile3 have been proceeded to completion and produce pure product of N-amino-2-pyridone4 derivatives in
ethanol at reflux or under microwave heating in the presence of a base catalyst (Scheme 1).

ATCHO
2u-k AT
tf M Catalyst L UM Cowlyst WO Ar H
i -"\T 'NH:- B (t'N Hellux | i Reflax NE H 3 “EN Tl N
§) arMw  H:l™ W70 or MLW 0
NH;
| 3 da-k I i
da: CpHs A 4-{eO)Hy
db: 4-MeC;Hy  dh: 2, 4{Me0);C:H;
4ot 20I0H,  4iz 4-MeyNCH,
dd: 4-CIC,Hy iz 3-NOCH,
der 24-CLC:Hy 4k 4-NOLCiHy
Scheme 1 4f: 3-BriH,

In recent years, several solid base and acid catalysts have been used as being effective in the reactions that involve the
Michael addition and the Knoevenagel condensation. Since the three-component reaction of cyanoacetic acid hydrazide 1
arylaldehydes 2a-h and malononitrile 3 involve both Knoevenagel condensation and Michael addition, we have studied the
effect of the base catalysts such as pyridine, poly (4-vinylpyridine) and polyaniline on these reactions. The Knoevenagel
condensations of malononitrile with aldehydes have been extensively studied, and the rate of these reactions are fast. So
we have studied separately the Michael addition of cyanoacetic acid hydrazide lon arylidenemalononitriles I, which
afforded the N-amino-2-pyridone derivatives4 in the different conditions (Table 2). In order to optimize the reaction
conditions, we used some polar and non-polar solvents in the two and three-component reactions of cyanoacetic acid
hydrazide, benzaldehyde and malononitrile in the presence of catalysts such as pyridine, poly(4-vinylpyridine) and
polyanilineas model reactions to investigate the effects of solvent for preparing compound 4a at reflux. In each case, the
substrates were mixed together with a few drops pyridine or 0.1 gr poly (4-vinylpyridine) and polyaniline with 10 mL
solvent, under conventional heating. The results are shown in Table 1. It is noteworthy to mention that the polar solvents
such as ethanol afford higher yields than non-polar solvents. We also optimized the quantity of catalysts. The best results
were obtained when the reactions were carried out in the presence of 10 mgpoly (4-vinylpyridine) and polyaniline.
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Tablel. Solvent and catalyst effects on the two or three-component reaction for the synthesis of 4a at reflux.

Two Component Three Component

Compd, Solvent Base Time/ Yield (min) Time/ Yield
No Cataylsts /(%) (min) / (%)
4a Toluene Py® 180/40 180/42
4a Toluene PVPy” 180/45 180/46
4a Toluene PANI® 180/47 180/49
4a Acetonitrile Py 180/53 180/56
4a Acetonitril PVPy 180/57 180/59
da Acetonitril PANI 180/60 180/60
4a Methanol Py 60/60 60/62
da Methanol PVPy 40/77 40/76
4a Methanol PANI 40/80 40/80
da Ethanol Py 60/66 60/67
4a Ethanol PVPy 40/84 40/88
da Ethanol PANI 40/88 40/90

a: Pyridine b: poly(4-vinylpyridine) c: polyaniline

As can be seen from Table 2, the products of N-amino-2-pyridones were obtained in high yields and short reaction times
in the presence of polyanilineas a base catalyst in ethanol at reflux and under microwave heating. Based on our previous
studies on the use of microwave irradiation [16, 18], the effects of base catalyst such as pyridine, poly (4-vinylpyridine) and
polyaniline for preparing compounds 4 under different reaction conditions and microwave irradiation were investigated.
When polyaniline was employed as a base catalyst in these reactions, the N-amino-2-pyridones were obtained in high
yield. The polyaniline has known as a conducting polymer. The high conductivity at microwave frequency makes it
possible to be used as solid base catalyst in microwave assisted organic chemistry [19].

Table 2: Synthesis of compounds 4a-h in the presence of base catalysts under thermal conditions and microwave

irradiation:
Py Py PVPy PVPy PANI PANI
Comp. Thermal M.W Thermal M.W qhems M.W
e Ar Two comp.  Two comp. Two Comp.  Two Comp. JEFEOmp. Two Comp.
Three comp.] [Three [Three [Three ([:I)rr]’r?:)e] [Three
Time/ Yield comp.] comp.] comp.] R comp.]
. n Time/ Yield Time/ Yield Time/ Yield Time/ Yield
(min) / (%) (min) / (%)
(min) / (%) (min) / (%) (min) / (%) (min) / (%)
4a CeHs 60/ 66 10/74 40/84 10/83 40/88 10/92
[60/67] [10/73] [40/83] [10/85] [40/90] [10/90]
4b 4-MeCegH4 60/64 10/70 40/86 10/89 40/91 10/90
[60/67] [10/73] [40/86] [10/88] [40/92] [10/91]
4c 2-ClICe¢Ha4 60/35 10/36 40/69 10/70 40/80 10/84
[60/39] [10/39] [40/72] [10/72] [40/79] [10/85]
4d 4-CICeHa4 60/65 10/78 40/90 10/94 40/95 10/95
[60/66] [10/75] [40/92] [10/95] [40/94] [10/95]
4e 2,4-Cl,CeH3 60/57 10/63 40/85 10/89 40/88 10/91
[60/601 [10/681 [40/861 [10/901 [40/911 [10/941
af 3-BrCsHa 60/55 10/68 40/86 10/90 40/90 10/93
[60/59] [10/75] [40/90] [10/88] [40/91] [10/93]
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4g  4-MeOCqHq 60/62 10/71 40/89 10/91 40/90 10/94
[60/65] [10/75] [40/94] [10/95] [40/94] [10/96]
4h  2,4-(MeO).CeH:  60/60 10/66 40/88 10/89 40/89 10/90
[60/65] [10/69] [40/89] [10/92] [40/90] [10/91]
4 4-Me,NCeHs  60/58 10/60 40/80 10/84 40/83 10/88
[60/61] [10/66] [40/84] [10/89] [40/85] [10/91]
4 3-NO2CoHs 60/53 10/58 40/85 10/83 40/87 10/89
[60/59] [10/63] [40/88] [10/89] [40/90] [10/91]
4k 4-NO2CeHs 60/54 10/58 40/85 10/87 40/88 10/91
[60/58] [10/61] [40/89] [10/88] [40/90] [10/90]

Malononitrile, aldehydes, pyridine and poly (4-vinylpyridine) were commercially available, obtained from Merck Chemical
Co. and used without further purification. Cyanoacetic acid hydrazide was prepared according to a literature procedure
[20].The lowmolecular weightpolyanilinewas prepared atroomtemperature according to a literature procedure [21].
Compounds 4a-j are known in the literature [7, 8]. The structures of compounds 4d, e, f, g and j were elucidated and
assigned from their IR, *H NMR, **C NMR spectra [22]. Melting points were measured on an Electrothermal Enginering
LTD apparatus and are uncorrected. IR spectra were measured on a Mattson 1000 FT-IR spectrometer. The *H and **C
NMR spectra were recorded in DMSO-d6 as a solvent at 400 and 100 MHz, respectively on BRUKER DRX-400 AVANCE
spectrometer using TMS as an internal standard. Microwave KMIC-1.5KW was used to carry out the reactions.
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