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INTRODUCTION

Over the past decade, significant efforts have been made
to modify chemical processes to promote sustainability and
environmental improvement. In recent years, numerous appro-
aches, including microwave [1,2], ionic liquids [3], electro-
synthesis [4-6], mechanochemical [7] and others [8], have been
developed for the organic syntheses. Among them, ultrasoni-
cation in chemical reactions is also considered as one of the
greatest achievements in this scenario  [9,10]. This method offers
greater convenience, control and suitability for the synthesis
of heterocyclic compounds compared to the conventional
method as drawbacks like long reaction times, high tempera-
tures, low yields and use of toxic reagent, etc. [11].

Nitrogen containing heterocycle, especially 2-pyridone
core’s versatility and utility are evident in its frequent presence
in bioactive natural products and pharmaceuticals [12]. 2-Pyri-
dones are the privileged structural core in naturally occurring
compounds with numerous biological activities, such as anti-
tumor [13], anti-inflammatory [14], anti-HIV [15], antimalarial
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[16], antifungal [17], SARS-CoV-2 main protease inhibitor
[18], antibacterial [19], antioxidant [20], anti-Hepatitis B [21],
cardiotonic [22], antifibrosis [23] and anti-neurodegenerative
[24] disorders.

Ultrasonic irradiation is one of the highly efficient techniques
utilized in various industries such as chemical synthesis [25],
pharmaceuticals [26], microbiology, food and material science
[27]. Moreover, ultrasonication is a significant, cost-effective
and eco-friendly method for various types of organic reactions,
offering a straightforward, sustainable and convenient approach
to synthesize biologically significant molecules [28]. Chemical
reactions typically occur under ultrasonic conditions, speci-
fically high-frequency sound waves ranging from 20-100 KHz
in the sonic spectrum [29,30]. According to the literature, ultra-
sonic irradiation can speed up the synthesis of heterocyclic
compounds [10]. Modern organic chemists are currently focu-
sing on utilizing one-pot multi-component methods and ultra-
sonic application to synthesize biologically important hetero-
cycles. Therefore, a ultrasonic-assisted synthesis of 4,6-diaryl-
2-oxo-1,2-dihydropyridine-3-carbonitrile derivatives was
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accomplished as a one-pot multicomponent reaction between
cyanoacetamide, aromatic ketones and substituted aromatic
aldehydes in the presence of NaOH as base at 70 ºC. It has been
observed that several strategies have been established for the
synthesis of substituted 3-cyano-2-pyridones. Hernendez et al.
[22] synthesized 3-cyano-2-pyridone derivatives using a four
component reaction between aromatic aldehyde, malono-
nitrile, ethylacetoacetate and ammonium hydroxide. Sunil et al.
[31] reported a cascade reaction between acrylamide and ketones
for the synthesis of 4,6-disubstituted 3-cyano-2-pyridone.
Thereafter, imidazole substituted 3-cyano-2-oxopyridine deriv-
atives were synthesized by Abbas et al. [32] using four comp-
onent reaction between aromatic aldehydes, malononitrile,
ketones and ammonium hydroxide. A one pot three component
reaction for the synthesis of substituted 3-cyano-pyridine-
2(1H)-one is first time developed using ultrasonication. Ultra-
sonication in organic synthesis aligns with green and sustain-
able chemistry goals due to its advantages over traditional
thermal methods in reaction rates, yields, product purity and
selectivity.

EXPERIMENTAL

Progress of reaction was monitored by thin layer chroma-
tography (TLC) on Merck silica gel GF254 plates using methanol
in chloroform and visualizing in UV light and iodine vapours.
Melting points were measured in unsealed capillaries in an
electrically heated melting point apparatus. IR spectra were
recorded on a Thermo-Fisher Nicolet iS50 Fourier transform
infrared (FTIR) spectrophotometer in the range of 4000-400
cm-1 using ATR. 1H NMR and 13C NMR spectra were recorded
on a Bruker 400-MHz and 100-MHz nuclear magnetic reson-
ance spectrometer in DMSO-d6 as solvent using TMS as internal
standard. The HRMS (ESI) spectra were recorded with Bruker
Daltonics APEXII instrument (Bruker Corp.).

General procedure for the synthesis of 4,6-diaryl-2-
oxo-1,2-dihydropyridine-3-carbonitrile: In a pear shaped
flask, cyanoacatamide (1 mmol), appropriate aromatic aldehydes
(1 mmol) and aromatic ketones (1 mmol) were mixed in THF
(5 mL) and NaOH (2 mmol) as base was used to catalyze the
reaction. Then the reaction mixture was placed in ultrasonic
bath (40 kHz) for 2-3 min at 60 ºC. Progress of reaction was
observed through TLC using UV lamp and iodine vapour.
Distilled water was added in the reaction mixture after the
completion of reaction. The reaction mixture was cooled at 0-5
ºC for precipitation. Solid product was formed in the reaction
mixture was filtered followed by washing with water 2-3 times,
dried in air and recrystallized using absolute alcohol  (Scheme-

I). The desired product (4,6-diaryl-2-oxo-1,2-dihydropyridine-
3-carbonitrile) was obtained with excellent yield and same
pattern was followed for the synthesis of 37 new 3-cyano-2-
pyridone derivatives.

4-(4-Chlorophenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4a): Yield: 92%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.05 (d, J =
8 Hz, 2H, ArH), 7.61 (d, J = 8 Hz, 2H, ArH), 7.55 (d, J = 8 Hz,
2H, ArH), 7.45 (d, J = 8 Hz, 2H, ArH), 6.60 (s, 1H, C5–H);
13C NMR (100 MHz, DMSO-d6): δ 172.48, 158.12, 154.08,
139.16, 138.17, 133.90, 133.73, 130.38, 129.16, 128.87, 128.63,
121.36, 102.45, 91.93; IR (ATR, νmax, cm-1): 3169, 2201, 1645,
1593, 1538, 1486, 1356, 1215, 1092, 1012, 960, 803; HRMS
m/z (ESI) calcd. for C18H11Cl2N2O+ (M+H+) 341.0248, found
341.0224.

4-(2,4,5-Trimethoxyphenyl)-2-oxo-6-(4-chlorophenyl)-
1,2-dihydropyridine-3-carbonitrile (4b): Yield: 88%; white
solid; m.p.: 270-271 ºC; 1H NMR (400 MHz, DMSO-d6): δ
7.99 (d, J = 8 Hz, 2H, ArH), 7.44 (d, J = 8 Hz, 2H, ArH), 6.85
(s, 1H, ArH), 6.79 (s, 1H, ArH), 6.52 (s, 1H, C5 –H), 3.86 (s,
3H, OMe), 3.76 (s, 3H, OMe), 3.73 (s, 3H, OMe); 13C NMR
(100 MHz, DMSO-d6): δ 171.90, 156.93, 153.35, 151.02,
150.22, 142.84, 139.10, 133.73, 129.12, 128.60, 121.13,
119.50, 114.67, 104.39, 98.98, 95.35, 56.73, 56.62, 56.29; IR
(ATR, νmax, cm-1): 2981, 2198, 1652, 1487, 1349, 1218, 1091,
815, 781; HRMS m/z (ESI) calcd. for C21H18ClN2O4

+ (M+H+)
397.0955, found 397.0945.

4-(4-Fluorophenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4c): Yield: 85%; cream solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.05 (d, J
= 8 Hz, 2H, ArH), 7.64 (d, J = 8 Hz, 1H, ArH), 7.59 (d, J = 8 Hz,
1H, ArH), 7.33 (d, J = 8 Hz, 2H, ArH), 6.60 (s, 1H, C5–H);
13C NMR (100 MHz, DMSO-d6): δ 172.56, 163.93, 161.49,
158.01, 154.31, 139.22, 135.77, 133.86, 130.71, 130.62 (J =
36 Hz), 129.16, 128.61, 121.43, 11 5.81, 115.60, 102.66, 92.14;
IR (ATR, νmax, cm-1): 3067, 2200, 1638, 1576, 1511, 1476, 1360,
1214, 1073, 1008, 959, 802.

4-(3-Bromophenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4d): Yield: 87%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.07 (d, J
= 8 Hz, 2H, ArH), 7.75 (s, J = 8 Hz, 1H, ArH), 7.64 (d, J = 8 Hz,
1H, ArH), 7.59 (d, J = 8 Hz, 1H, ArH), 7.43-7.47 (m, 3H, ArH),
6.63 (s, 1H, C5–H); 13C NMR (100 MHz, DMSO-d6): δ 172.46,
158.19, 153.69, 141.66, 139.10, 133.95, 131.75, 131.00, 129.23,
128.60, 127.71, 122.08, 121.18, 102.58, 91.90; IR (ATR, νmax,
cm-1): 3103, 2204, 1601, 1567, 1535, 1474, 1360, 1216, 1093,
1012, 815, 732; HRMS m/z (ESI) calcd. for C18H10BrClN2O+

(M+H+) 383.9665, found 341.9640.
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Scheme-I: Ultrasonicated synthesis of 4,6-diaryl-2-oxo-1,2-dihydropyridine-3-carbonitriles
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4-(4-Methylphenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4e): Yield: 88%; cream solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.04 (d, J
= 8 Hz, 2H, ArH), 7.49 (d, J = 8 Hz, 2H, ArH), 7.45 (d, J = 8 Hz,
2H, ArH), 7.29 (d, J = 8 Hz, 2H, ArH), 6.58 (s, 1H, C5–H),
2.37 (s, 3H, Me); 13C NMR (100 MHz, DMSO-d6): δ 172.74,
157.85, 155.38, 139.29, 138.42, 136,48, 133.79, 129.37, 129.13,
128.58, 128.36, 121.51, 102.67, 92.17, 21.29; IR (ATR, νmax,
cm-1): 3194, 2208, 1654, 1594, 1538, 1489, 1362, 1213, 1090,
1010, 961, 803; HRMS m/z (ESI) calcd. for C19H14ClN2O+

(M+H+) 321.0795, found 321.0758.
4-(4-Ethoxyphenyl)-2-oxo-6-(4-chlorophenyl)-1,2-

dihydropyridine-3-carbonitrile (4f): Yield: 80%; cream solid;
m.p.: 270-271 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.96 (d,
J = 8 Hz, 2H, ArH), 7.68 (d, J = 8 Hz, 2H, ArH), 7.56 (d, J =
8 Hz, 2H, ArH), 7.08 (d, J = 8 Hz, 2H, ArH), 6.79 (s, 1H, C5–H),
4.12 (q, J = 8 Hz, 2H, CH2), 1.37 (t, J = 8 Hz, 3H, Me); 13C NMR
(100 MHz, DMSO-d6): δ 165.26, 160.49, 158.36, 152.35, 135.69,
133.83, 130.35, 129.82, 129.14, 129.06, 118.38, 114.97, 105.83,
96.47, 63.82, 15.05; IR (ATR, νmax, cm-1): 2981, 2210, 1638,
1592, 1535, 1486, 1352, 1217, 1177, 1093, 1009, 961, 804;
HRMS m/z (ESI) calcd. for C20H16ClN2O2

+ (M+H+) 351.0900,
found 351.0898.

4-(3-Methylphenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4g): Yield: 75%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.06 (d, J =
8 Hz, 2H, ArH), 7.44 (d, J = 8 Hz, 2H, ArH), 7.40-7.36 (m,
3H, ArH), 7.26 (d, J = 8 Hz, 1H, ArH), 6.63 (s, 1H, C5–H), 2.38
(s, 3H, Me); 13C NMR (100 MHz, DMSO-d6): δ 172.86, 157.87,
155.66, 139.25, 139.10, 138.04, 133.90, 129.62, 129.23, 129.02,
128.71, 128.60, 125.63, 121.28, 103.07, 92.28, 21.50; IR (ATR,
νmax, cm-1): 3149, 2200, 1623, 1577, 1538, 1484, 1348, 1220,
1091, 1011, 813, 782; HRMS m/z (ESI) calcd. for C19H14ClN2O+

(M+H+) 321.0795, found 321.0782.
4-(4-Methoxyphenyl)-2-oxo-6-(4-chlorophenyl)-1,2-

dihydropyridine-3-carbonitrile (4h): Yield: 89%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.05 (d, J
= 8 Hz, 2H, ArH), 7.57 (d, J = 8 Hz, 2H, ArH), 7.45 (d, J = 8
Hz, 2H, ArH), 7.04 (d, J = 8 Hz, 2H, ArH), 6.61 (s, 1H, C5 –
H), 3.82 (s, 3H, OMe): 13C NMR (100 MHz, DMSO-d6): δ
172.85, 160.08, 157.75, 155.11, 139.20, 133.84, 131.48,
129.83, 129.19, 128.59, 121.57, 114.25, 102.87, 92.11, 55.70;
IR (ATR, νmax, cm-1): 3067, 2200, 1638, 1591, 1533, 1510, 1424,
1361, 1241, 1092, 1008, 959, 795; HRMS m/z (ESI) calcd.
for C19H14ClN2O2

+ (M+H+) 337.0744, found 337.0735.
4-(Phenyl)-2-oxo-6-(4-chlorophenyl)-1,2-dihydropyri-

dine-3-carbonitrile (4i): Yield: 90%; cream solid; m.p.: > 300
°C; 1H NMR (400 MHz, DMSO-d6): δ 8.06 (d, J = 8 Hz, 2H,
ArH), 7.58 (d, J = 8 Hz, 2H, ArH), 7.49-7.44 (m, 5H, ArH),
6.63 (s, 1H, C5 –H); 13C NMR (100 MHz, DMSO-d6): δ 172.79,
157.96, 155.52, 139.30, 139.13, 133.90, 129.21, 129.01, 128.85,
128.62, 128.49, 121.34, 103.00, 92.24; IR (ATR, νmax, cm-1):
2991, 2210, 1699, 1582, 1496, 1399, 1230, 1151, 1094, 1001,
824, 760; HRMS m/z (ESI) calcd. for C18H12ClN2O+ (M+H+)
307.0638, found 307.0636.

4-(3-Methoxyphenyl)-2-oxo-6-(4-chlorophenyl)-1,2-
dihydropyridine-3-carbonitrile (4j): Yield: 82%; white solid;

m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.07 (d, J
= 8 Hz, 2H, ArH), 7.45 (d, J = 8 Hz, 2H, ArH), 7.40 (t, J = 8
Hz, 1H, ArH), 7.15 (d, J = 8 Hz, 1H, ArH), 7.13 (s, 1H, ArH),
7.01 (d, J = 8 Hz, 1H, ArH), 6.66 (s, 1H, C5 –H), 3.82 (s, 3H,
OMe); 13C NMR (100 MHz, DMSO-d6): δ 172.79, 159.55,
157. 95, 155.32, 140.65, 139.14, 133.90, 129.95, 129.24, 128.
60, 121.31, 120.79, 114.63, 113.99, 102.92, 92.19, 55.62; IR
(ATR, νmax, cm-1): 2981, 2204, 1641, 1592, 1538, 1483, 1360,
1215, 1093, 1010, 961, 806; HRMS m/z (ESI) calcd. for
C19H14ClN2O2

+ (M+H+) 337.0744, found 337.0714.
4-(Furfuryl)-2-oxo-6-(4-chlorophenyl)-1,2-dihydro-

pyridine-3-carbonitrile (4k): Yield: 85%; Yellow solid; m.p.:
> 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.99 (d, J = 8
Hz, 2H, ArH), 7.95 (d, J = 4 Hz, 1H, ArH), 7.51 (d, J = 8 Hz,
2H, ArH), 7.46 (d, J = 4 Hz, 1H, ArH), 7.00 (s, 1H, C5 –H),
6.75 (dd, J = 4 Hz, J’= 2 Hz 1H, ArH); 13C NMR (100 MHz,
DMSO-d6): δ 169.27, 155.70, 149.85, 145.45, 143.31, 136.61,
134.78, 129.34, 128.90, 120.08, 113.15, 113.03, 99.41, 89.30;
IR (ATR, νmax, cm-1): 2981, 2203, 1700, 1639, 1592, 1557, 1483,
1425, 1216, 1093, 1010, 962, 806; HRMS m/z (ESI) calcd.
for C16H10ClN2O2

+ (M+H+) 297.0431, found 297.0411.
4-(4-Chlorophenyl)-2-oxo-6-(4-bromophenyl)-1,2-

dihydropyridine-3-carbonitrile (4l): Yield: 92%; cream solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.99 (d, J
= 8 Hz, 2H, ArH), 7.62 (d, J = 8 Hz, 2H, ArH), 7.58 (d, J = 8
Hz, 2H, ArH), 7.55 (d, J = 8 Hz, 2H, ArH), 6.62 (s, 1H, C5 –H);
13C NMR (100 MHz, DMSO-d6): δ 172.60, 158.20, 154.16
139.43, 138.09, 133.79, 131.56, 130.38, 129.52, 128.88, 122.75,
121.22, 102.67, 92.05; IR (ATR, νmax, cm-1): 3192, 2210, 1638,
1557, 1538, 1485, 1364, 1216, 1094, 1009, 961, 806; HRMS
m/z (ESI) calcd. for C18H11BrClN2O+ (M+H+) 384.9743, found
384.9709.

4-(4-Bromophenyl)-2-oxo-6-(4-bromophenyl)-1,2-
dihydropyridine-3-carbonitrile (4m): Yield: 93%; cream
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.99
(d, J = 8 Hz, 2H, ArH), 7.68 (d, J = 8 Hz, 2H, ArH), 7.59 (d,
J = 8 Hz, 2H, ArH), 7.55 (d, J = 8 Hz, 2H, ArH), 6.62 (s, 1H,
C5 –H); 13C NMR (100 MHz, DMSO-d6): δ 172.59, 158.22,
154.19, 139.45, 138.48, 131.81, 131.55, 130.66, 129.51, 122.75,
122.42, 121.22, 102.55, 91.97; IR (ATR, νmax, cm-1): 2981,
2199, 1638, 1579, 1513, 1435, 1361, 1174, 1090, 1026, 959,
867; HRMS m/z (ESI) calcd. for C18H11Br2N2O+ (M+H+) 428.9238,
found 428.9231.

4-(4-Fluorophenyl)-2-oxo-6-(4-bromophenyl)-1,2-
dihydropyridine-3-carbonitrile (4n): Yield: 88%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.98 (d, J
= 8 Hz, 2H, ArH), 7.69 (d, J = 8 Hz, 2H, ArH), 7.59 (d, J = 8
Hz, 2H, ArH), 7.55 (d, J = 8 Hz, 2H, ArH), 6.63 (s, 1H, C5 –H);
13C NMR (100 MHz, DMSO-d6): δ 172.09, 157.90, 154.40,
139.11, 138.35, 131.83, 131.59, 130.67, 129.54, 122.87, 122.52,
121.01, 102.77, 92.30; IR (ATR, νmax, cm-1): 3084, 2199, 1645,
1538, 1511, 1479, 1349, 1216, 1073, 1008, 961, 804; HRMS
m/z (ESI) calcd. for C18H11BrFN2O+ (M+H+) 369.0039, found
369.0031.

4-(4-Methylphenyl)-2-oxo-6-(4-bromophenyl)-1,2-
dihydropyridine-3-carbonitrile (4o): Yield: 87%; cream
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.98
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(d, J = 8 Hz, 2H, ArH), 7.58 (d, J = 8 Hz, 2H, ArH), 7.49 (d,
J = 8 Hz, 2H, ArH), 7.29 (d, J = 8 Hz, 2H, ArH), 6.60 (s, 1H,
C5 –H), 2.37 (s, 3H, Me); 13C NMR (100 MHz, DMSO-d6): δ
172.84, 157.94, 155.47, 139.57, 138.51, 136.39, 131.54, 129.50,
129.41, 128.38, 122.63, 121.43, 102.85, 92.26, 21.30; IR (ATR,
νmax, cm-1): 3204, 2209, 1652, 1591, 1560, 1493, 1364, 1213,
1073, 1006, 961, 803; HRMS m/z (ESI) calcd. for C19H14BrN2O+

(M+H+) 365.0290, found 365.0288.
4-(4-Methoxyphenyl)-2-oxo-6-(4-bromophenyl)-1,2-

dihydropyridine-3-carbonitrile (4p): Yield: 89%; cream
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.98
(d, J = 8 Hz, 2H, ArH), 7.59 (d, J = 8 Hz, 2H, ArH), 7.57 (d,
J = 8 Hz, 2H, ArH), 7.05 (d, J = 8 Hz, 2H, ArH), 6.63 (s, 1H,
C5 –H), 3.82 (s, 3H, OMe); 13C NMR (100 MHz, DMSO-d6):
δ 172.32, 160.18, 157.42, 155.39, 139.13, 131.57, 131.27,
129.88, 129.56, 122.78, 121.28, 114.29, 103.17, 92.51, 55.71;
IR (ATR, νmax, cm-1): 2981, 2198, 1645, 1592, 1556, 1477,
1362, 1215, 1091, 1009, 961, 803; HRMS m/z (ESI) calcd.
for C19H14BrN2O2

+ (M+H+) 381.0239, found 381.0230.
4-(4-Ethoxyphenyl)-2-oxo-6-(4-bromophenyl)-1,2-

dihydropyridine-3-carbonitrile (4q): Yield: 84%; white solid;
m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.96 (d, J
= 8 Hz, 2H, ArH), 7.59 (d, J = 8 Hz, 4H, ArH), 7.04 (d, J = 8 Hz,
2H, ArH), 6.66 (s, 1H, C5 –H), 4.09 (q, J = 8 Hz, 2H, CH2),
1.36 (t, J = 8 Hz, 3H, Me); 13C NMR (100 MHz, DMSO-d6):
δ 171.03, 159.66, 156.50, 155.93, 138.25, 131.65, 130.75,
129.96, 129.65, 123.09, 120.75, 114.76, 103.65, 93.23, 63.68,
15.11; IR (ATR, νmax, cm-1): 2981, 2204, 1652, 1525, 1464,
1347, 1214, 1026, 1009, 968, 812; HRMS m/z (ESI) calcd.
for C20H16BrN2O2

+ (M+H+) 395.0395, found 395.0381.
4-(Furfuryl)-2-oxo-6-(4-bromophenyl)-1,2-dihydro-

pyridine-3-carbonitrile (4r): Yield: 85%; cream solid; m.p.:
> 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.03 (d, J = 4
Hz, 1H, ArH), 7.87 (d, J = 8 Hz, 2H, ArH), 7.70 (d, J = 8 Hz, 2H,
ArH), 7.57 (d, J = 4 Hz, 1H, ArH), 7.04 (s, 1H, C5 –H), 6.79
(dd, J = 4 Hz, J’= 2 Hz, 1H, ArH); 13C NMR (100 MHz, DMSO-
d6): δ 166.40, 153.63, 149.19, 146.39, 144.20, 134.95, 132.05,
129.83, 124.30, 118.88, 114.71, 113.40, 100.33, 90.87; IR
(ATR, νmax, cm-1): 3065, 2200, 1638, 1591, 1576, 1423, 1360,
1214, 1092, 1072, 1007, 959, 802; HRMS m/z (ESI) calcd.
for C16H10BrN2O2

+ (M+H+) 340.9926, found 340.9895.
4-(3,4-Dimethoxyphenyl)-2-oxo-6-(4-bromophenyl)-

1,2-dihydropyridine-3-carbonitrile (4s): Yield: 78%; white
solid; m.p.: 289-290 ºC; 1H NMR (400 MHz, DMSO-d6): δ
7.95 (d, J = 8 Hz, 2H, ArH), 7.62 (d, J = 8 Hz, 2H, ArH), 7.22
(s, 1H, ArH), 7.19 (d, J = 8 Hz, 1H, ArH), 7.07 (d, J = 8 Hz,
1H, ArH), 6.68 (s, 1H, C5 –H), 3.83 (s, 3H, OMe), 3.82 (s,
3H, OMe); 13C NMR (100 MHz, DMSO-d6): δ 170.59, 156.27,
156.15, 149.95, 148.86, 138.20, 131.66, 131.06, 129.65,
123.09, 121.21, 120.85, 112.37, 112.02, 103.50, 93.42, 56.08,
56.05; IR (ATR, νmax, cm-1): 3138, 2200, 1656, 1538, 1485,
1348, 1277, 1219, 1091, 1011, 812, 798; HRMS m/z (ESI)
calcd. for C20H16BrN2O3

+ (M+H+) 411.0344, found 411.0342.
4-(3-Bromophenyl)-2-oxo-6-(4-bromophenyl)-1,2-

dihydropyridine-3-carbonitrile (4t): Yield: 88%; white solid;
m.p.: 295-296 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.00 (d,
J = 8 Hz, 2H, ArH), 7.75 (s, 1H, ArH), 7.65 (d, J = 8 Hz, 1H,

ArH), 7.58 (d, J = 8 Hz, 3H, ArH), 7.45 (t, J = 12 Hz, 1H, ArH),
6.62 (s, 1H, C5 –H); 13C NMR (100 MHz, DMSO-d6): δ 172.41,
158.25, 153.69, 141.66, 139.49, 131.74, 131.53, 131.00, 129.53,
127.71, 122.72, 122.08, 121.21, 102.47, 91.95; IR (ATR, νmax,
cm-1): 3271, 2213, 1634, 1556, 1539, 1473, 1363, 1218, 1073,
1009, 813, 783; HRMS m/z (ESI) calcd. for C18H11Br2N2O+

(M+H+) 428.9238, found 428.9237.
4-(2,4,5-Trimethoxyphenyl)-2-oxo-6-(4-bromophenyl)-

1,2-dihydropyridine-3-carbonitrile (4u): Yield: 89%; cream
solid; m.p.: 300-301 ºC; 1H NMR (400 MHz, DMSO-d6): δ
7.90 (d, J = 8 Hz, 2H, ArH), 7.60 (d, J = 8 Hz, 2H, ArH), 6.89
(s, 1H, ArH), 6.80 (s, 1H, ArH), 6.58 (s, 1H, C5 –H), 3.86 (s,
3H, OMe), 3.78 (s, 3H, OMe), 3.74 (s, 3H, OMe); 13C NMR
(100 MHz, DMSO-d6): δ 169.94, 155.64, 154.26, 151.07, 150.56,
142.89, 138.06, 131.69, 129.58, 123.03, 120.27, 118.79, 114.58,
105.25, 98.90, 96.55, 56.75, 56.62, 56.31; IR (ATR, νmax, cm-1):
3145, 2200, 1700, 1652, 1560, 1479, 1346, 1208, 1028, 1008,
808, 779; HRMS m/z (ESI) calcd. for C21H18BrN2O4

+
 (M+H+)

441.0450, found 441.0447.
4-(4-Bromophenyl)-2-oxo-6-(2,4-dimethoxyphenyl)-

1,2-dihydropyridine-3-carbonitrile (4v): Yield: 75%; cream
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.68
(d, J = 8 Hz, 2H, ArH), 7.62 (s, 1H, ArH), 7.56 (d, J = 8 Hz,
1H, ArH), 7.53 (d, J = 8 Hz, 2H, ArH), 7.97 (d, J = 8 Hz, 1H,
ArH), 6.56 (s, 1H, C5 –H), 3.83 (s, 3H, OMe), 3.79 (s, 3H, OMe);
13C NMR (100 MHz, DMSO-d6): δ 172.49, 159.14, 153.89,
150.10, 148.95, 138.84, 133.02, 131.75, 130.65, 122.21, 121.58,
120.03, 111.71, 110.94, 102.09, 90.72, 55.99; IR (ATR, νmax,
cm-1): 3150, 2200, 1647, 1602, 1514, 1447, 1423, 1367, 1171,
1068, 1009, 992, 885, 807; HRMS m/z (ESI) calcd. for
C20H16BrN2O3

+
 (M+H+) 411.0344, found 411.0306.

4-(4-Bromophenyl)-2-oxo-6-(3-bromophenyl)-1,2-
dihydropyridine-3-carbonitrile (4w): Yield: 86%; white
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 8.23
(s, 1H, ArH), 8.00 (d, J = 8 Hz, 1H, ArH), 7.68 (d, J = 8 Hz,
2H, ArH), 7.56 (d, J = 8 Hz, 3H, ArH), 7.37 (t, J = 8 Hz, 1H,
ArH), 6.63 (s, 1H, C5 –H); 13C NMR (100 MHz, DMSO-d6):
δ 172.42, 157.71, 154.21, 142.72, 138.45, 131.82, 131.78,
130.81, 130.70, 130.01, 126.27, 122.40, 121.19, 102.68, 92.31;
IR (ATR, νmax, cm-1): 3235, 2206, 1685, 1592, 1538, 1492, 1431,
1364, 1217, 1076, 1010, 885, 817; HRMS m/z (ESI) calcd.
for C18H11Br2N2O+

 (M+H+) 428.9238, found 428.9235.
4-(4-Bromophenyl)-2-oxo-6-phenyl-1,2-dihydropyridine-

3-carbonitrile (4x): Yield: 80%; white solid; m.p.: > 300 ºC;
1H NMR (400 MHz, DMSO-d6): δ 8.01 (d, J = 8 Hz, 2H,
ArH), 7.70 (d, J = 8 Hz, 2H, ArH), 7.57 (d, J = 8 Hz, 2H,
ArH), 7.43-7.40 (m, 3H, ArH), 6.64 (s, 1H, C5 –H); 13C NMR
(100 MHz, DMSO-d6): δ 171.97, 158.96, 154.48, 139.61, 138.34,
131.86, 130.67, 129.46, 128.72, 127.51, 122.57, 120.91,
103.21, 92.08; IR (ATR, νmax, cm-1): 3150, 2195, 1538, 1482,
1470, 1431, 1277, 1109, 1075, 1010, 808, 782; HRMS m/z
(ESI) calcd. for C18H12BrN2O+

 (M+H+) 351.0133, found 351.0129.
4-(4-Fluorophenyl)-2-oxo-6-(4-methoxyphenyl)-1,2-

dihydropyridine-3-carbonitrile (4y): Yield: 75%; cream solid;
m.p.: 282-283 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.92 (d,
J = 8 Hz, 2H, ArH), 7.79 (d, J = 8 Hz, 2H, ArH), 7.41 (t, J =
8 Hz, 2H, ArH), 7.06 (d, J = 8 Hz, 2H, ArH), 6.76 (s, 1H, C5
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–H), 3.84 (s, 3H, OMe); 13C NMR (100 MHz, DMSO-d6): δ
164.79, 163.95, 162.33, 161.97, 158.36, 133.55, 131.21, 131.13
(J = 36 Hz), 129.79, 117.83, 116.28, 116.06, 114.73, 105.10,
55.95; IR (ATR, νmax, cm-1): 2981, 2200, 1645, 1594, 1534,
1493, 1360, 1218, 1093, 1013, 960, 806; HRMS m/z (ESI)
calcd. for C19H14FN2O2

+
 (M+H+) 321.1039, found 321.1034.

4-(4-Methylphenyl)-2-oxo-6-(4-methoxyphenyl)-1,2-
dihydropyridine-3-carbonitrile (4z): Yield: 78%; white solid;
m.p.: 272-273 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.95 (d,
J = 8 Hz, 2H, ArH), 7.50 (d, J = 8 Hz, 2H, ArH), 7.29 (d, J =
8 Hz, 2H, ArH), 6.97 (d, J = 8 Hz, 2H, ArH), 6.54 (s, 1H, C5 –H),
3.80 (s, 3H, OMe), 2.37 (s, 3H, CH3); 13C NMR (100 MHz,
DMSO-d6): δ 171.38, 160.59, 157.80, 155.80, 138.61, 136.37,
129.41, 128.89, 128.39, 121.24, 114.32, 114.08, 102.55, 55.65,
21.31; IR (ATR, νmax, cm-1): 3310, 2204, 1606, 1557, 1508, 1427,
1352, 1213, 1025, 1011, 959, 795; HRMS m/z (ESI) calcd.
for C20H17N2O2

+
 (M+H+) 317.1290, found 317.1284.

4-(4-Methoxyphenyl)-2-oxo-6-(4-methoxyphenyl)-1,2-
dihydropyridine-3-carbonitrile (4aa): Yield: 80%; cream
solid; m.p.: 290-291 ºC; 1H NMR (400 MHz, DMSO-d6): δ
7.91 (d, J = 8 Hz, 2H, ArH), 7.69 (d, J = 8 Hz, 2H, ArH), 7.10
(d, J = 8 Hz, 2H, ArH), 7.05 (d, J = 8 Hz, 2H, ArH), 6.70 (s,
1H, C5 –H), 3.84 (s, 3H, OMe), 3.83 (s, 3H, OCH3); 13C NMR
(100 MHz, DMSO-d6): δ 161.74, 161.16, 158.58, 130.31, 129.62,
126.64, 118.55, 114.64, 114.55, 104.62, 55.86; IR (ATR, νmax,
cm-1): 2933, 2204, 1645, 1596, 1537, 1473, 1350, 1247, 1073,
1012, 964, 840.

4-(4-Bromophenyl)-2-oxo-6-(3,4-dimethoxyphenyl)-
1,2-dihydropyridine-3-carbonitrile (4ab): Yield: 77%;
yellow solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6):
δ 7.68 (d, J = 8 Hz, 2H, ArH), 7.62 (d, J = 8 Hz, 1H, ArH),
7.55 (d, J = 8 Hz, 2H, ArH), 7.52 (s, 1H, ArH), 6.97 (d, J = 8
Hz, 1H, ArH), 6.56 (s, 1H, C5 –H), 3.83 (s, 3H, CH3), 3.79 (s,
3H, CH3) ; 13C NMR (100 MHz, DMSO-d6): δ 172.44, 159.11,
153.89, 150.08, 148.93, 138.84, 132.99, 131.76, 130.66, 122.21,
121.61, 120.01, 111.68, 110.88, 102.05, 90.72, 55.97; IR
(ATR, νmax, cm-1): 3205, 2209, 1685, 1591, 1557, 1485, 1362,
1214, 1093, 1009, 961, 806.

4-(4-Fluorophenyl)-2-oxo-6-(3,4-dimethoxyphenyl)-
1,2-dihydropyridine-3-carbonitrile (4ac): Yield: 72%; yellow
solid; m.p.: 301-302 ºC; 1H NMR (400 MHz, DMSO-d6); δ
7.65 (d, J = 8 Hz, 2H, ArH), 7.62 (s, 1H, ArH), 7.56 (d, J = 8
Hz, 1H, ArH), 7.32 (t, J = 8 Hz, 2H, ArH), 6.96 (d, J = 8 Hz,
1H, ArH), 6.57 (s, 1H, C5 –H), 3.84 (s, 3H, CH3), 3.79 (s, 3H,
CH3) ; 13C NMR (100 MHz, DMSO-d6): δ 172.49, 163.89,
161.45, 158.93, 154.16, 150.09, 148.94, 135.97, 135.94, 132.91,
130.69, 130.61 (J = 36 Hz), 121.0, 120.05, 115.78, 115.57,
111.68, 110.95, 102.48, 91.08, 55.99; IR (ATR, νmax, cm-1):
3065, 2204, 1695, 1588, 1575, 1491, 1359, 1214, 1072, 1007,
960, 823; HRMS m/z (ESI) calcd. for C20H16FN2O3 (M+H+)
351.1145, found 351.1143.

4-(4-Chlorophenyl)-2-oxo-6-(3,4-dimethoxyphenyl)-
1,2-dihydropyridine-3-carbonitrile (4ad): Yield: 76%; yellow
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.85
(d, J = 8 Hz, 1H, ArH), 7.73 (d, J = 8 Hz, 2H, ArH), 7.63 (d,
J = 8 Hz, 2H, ArH), 7.56 (d, J = 8 Hz, 1H, ArH), 7.52 (s, 1H,
ArH), 6.56 (s, 1H, C5 –H), 3.88 (s, 3H, CH3), 3.76 (s, 3H,

CH3) ; 13C NMR (100 MHz, DMSO-d6): δ 164.08, 151.66, 150.65,
149.19, 136.88, 136.03, 135.30, 134.65, 130.61, 129.28, 129.20,
121.35, 120.27, 112.12, 112.06, 111.16, 110.88, 56.15; IR (ATR,
νmax, cm-1): 3193, 2209, 1645, 1557, 1483, 1362, 1216, 1093,
1009, 961, 806; HRMS m/z (ESI) calcd. for C20H16ClN2O3

+

(M+H+) 367.0849, found 367.0829.
4-(4-Methoxyphenyl)-2-oxo-6-(3,4-dimethoxyphenyl)-

1,2-dihydropyridine-3-carbonitrile (4ae): Yield: 75%; yellow
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.71
(d, J = 8 Hz, 2H, ArH), 7.53 (d, J = 8 Hz, 1H, ArH), 7.49 (s,
1H, ArH), 7.12 (d, J = 8 Hz, 2H, ArH), 7.07 (d, J = 8 Hz, 1H,
ArH), 6.78 (s, 1H, C5 –H), 3.86 (s, 3H, OCH3), 3.85 (s, 3H,
OCH3), 3.83 (s, 3H, OCH3); 13C NMR (100 MHz, DMSO-d6):
δ 163.50, 161.37, 159.34, 151.80, 151.68, 149.19, 130.41,
128.99, 128.75, 125.43, 121.35, 117.92, 114.61, 112.09, 111.18,
105.11, 96.58, 56.16, 55.89; IR (ATR, νmax, cm-1): 3211, 2209,
1653, 1557, 1485, 1362, 1214, 1093, 1009, 961, 806; HRMS
m/z (ESI) calcd. for C21H19N2O4

+ (M+H+) 363.1345, found
363.1331.

4-(4-Methylphenyl)-2-oxo-6-(3,4-dimethoxyphenyl)-
1,2-dihydropyridine-3-carbonitrile (4af): Yield: 73%; yellow
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.61
(d, J = 8 Hz, 2H, ArH), 7.53 (d, J = 8 Hz, 1H, ArH), 7.50 (s, 1H,
ArH), 7.37 (d, J = 8 Hz, 2H, ArH), 7.07 (d, J = 8 Hz, 1H, ArH),
6.79 (s, 1H, C5 –H), 3.86 (s, 3H, OCH3), 3.83 (s, 3H, OCH3),
2.51 (s, 3H, CH3); 13C NMR (100 MHz, DMSO-d6): δ 163.80,
159.60, 152.33, 151.66, 149.19, 140.47, 134.18, 129.72, 128.62,
125.69, 121.33, 117.82, 112.08, 111.17, 105.23, 96.71, 56.15,
21.38; IR (ATR, νmax, cm-1): 3215, 2207, 1628, 1592, 1538,
1429, 1344, 1214, 1077, 1010, 848, 805; HRMS m/z (ESI) calcd.
for C21H19N2O3

+ (M+H+) 347.1396, found 347.1395.
4-(3,4-Dimethoxyphenyl)-2-oxo-6-(3,4-dimethoxy-

phenyl)-1,2-dihydropyridine-3-carbonitrile (4ag): Yield:
74%; yellow solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-
d6): δ 7.60 (s, 1H, ArH), 7.56 (d, J = 8 Hz, 1H, ArH), 7.22 (s,
1H, ArH), 7.19 (d, J = 8 Hz, 1H, ArH), 7.07 (d, J = 8 Hz, 1H,
ArH), 6.99 (d, J = 8 Hz, 1H, ArH), 6.67 (s, 1H, C5 –H), 3.84
(s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.82 (s, 3H, OCH3), 3.80
(s, 3H, OCH3); 13C NMR (100 MHz, DMSO-d6): δ 170.82, 166.95,
157.24, 156.04, 150.39, 149.90, 148.99, 148.83, 131.40, 131.27,
121.17, 121.01, 120.35, 112.38, 112.05, 111.09, 103.30, 92.24,
56.08, 56.03; IR (ATR, νmax, cm-1): 3119, 2158, 1675, 1557,
1504, 1489, 1344, 1255, 1079, 1020, 781, 713.

4-(4-Methoxyphenyl)-2-oxo-6-(4-methylphenyl)-1,2-
dihydropyridine-3-carbonitrile (4ah): Yield: 74%; white
solid; m.p.: > 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 7.88
(d, J = 8 Hz, 2H, ArH), 7.59 (d, J = 8 Hz, 2H, ArH), 7.23 (d,
J = 8 Hz, 2H, ArH), 7.05 (d, J = 8 Hz, 2H, ArH), 6.61 (s, 1H,
C5 –H), 3.82 (s, 3H, OMe), 2.34 (s, 3H, Me); 13C NMR (100
MHz, DMSO-d6): δ 170.82, 160.35, 157.47, 155.93, 139.24,
135.95, 131.02, 129.94, 129.40, 127.50, 120.81, 114.34,
103.49, 92.70, 55.73, 21.32; IR (ATR, νmax, cm-1): 2933, 2204,
1645, 1595, 1539, 1473, 1350, 1296, 1073, 1011, 961, 839;
HRMS m/z (ESI) calcd. for C20H17N2O2

+
 (M+H+) 317.1290,

found 317.1257.
4-(2-Nitrophenyl)-2-oxo-6-(3-pyridyl)-1,2-dihydro-

pyridine-3-carbonitrile (4ai): Yield: 70%; white solid; m.p.:
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> 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 9.18 (s, 1H, ArH),
8.58 (d, J = 4 Hz, 1H, ArH), 8.35 (d, J = 8 Hz, 1H, ArH), 7.83
(d, J = 8 Hz, 1H, ArH), 7.63 (d, J = 8 Hz, 1H, ArH), 7.54 (t, J
= 8 Hz, 2H, ArH), 7.46 (d J = 8 Hz, 1H, ArH), 6.67 (s, 1H, C5 –H);
13C NMR (100 MHz, DMSO-d6): δ 157.22, 154.22, 149.96,
148.71, 148.49, 138.05, 135.55, 134.68, 130.41, 129.33, 129.13,
128.88, 123.92, 123.79, 111.63, 102.77, 92.42; IR (ATR, νmax,
cm-1): 3161, 2205, 1700, 1652, 1589, 1532, 1483, 1421, 1360,
1216, 1073, 1007, 960, 709.

4-(4-Chlorophenyl)-2-oxo-6-(3-pyridyl)-1,2-dihydro-
pyridine-3-carbonitrile (4aj): Yield: 74%; cream solid; m.p.:
> 300 ºC; 1H NMR (400 MHz, DMSO-d6): 9.20 (s, 1H, ArH),
8.56 (d, J = 4 Hz, 1H, ArH), 8.37 (d, J = 8 Hz, 1H, ArH), 7.64
(d, J = 8 Hz, 2H, ArH), 7.56 (d, J = 8 Hz, 2H, ArH), 7.43 (d,
J = 8 Hz, 1H, ArH), 6.70 (s, 1H, C5 –H): 13C NMR (100 MHz,
DMSO-d6): δ 172.63, 157.22, 154.30, 150.01, 148.76, 137.94,
135.41, 134.74, 133.88, 130.42, 128.90, 123.80, 121.06, 103.02,
92.42; IR (ATR, νmax, cm-1): 3188, 2209, 1639, 1591, 1557,
1485, 1362, 1216, 1093, 1009, 961, 806; HRMS m/z (ESI)
calcd. for C17H11ClN3O+ (M+H+) 308.0591, found 308.0587.

4-(4-Fluorophenyl)-2-oxo-6-(3-pyridyl)-1,2-dihydro-
pyridine-3-carbonitrile (4ak): Yield: 72%; cream solid; m.p.:
> 300 ºC; 1H NMR (400 MHz, DMSO-d6): δ 9.22 (s, 1H, ArH),
8.57 (d, J = 4 Hz, 1H, ArH), 8.38 (d, J = 8 Hz, 1H, ArH), 7.70
(d, J = 8 Hz, 2H, ArH), 7.57 (d, J = 12 Hz, 2H, ArH), 7.43 (dd,
J = 8 Hz, J = 4 Hz, 1H, ArH), 6.72 (s, 1H, C5 –H); 13C NMR
(100 MHz, DMSO-d6): δ 172.74, 157.24, 154.40, 150.06, 148.79,
138.25, 135.31, 134.78, 131.85, 130.71, 123.80, 122.57, 120.96,
103.15, 92.38; IR (ATR, νmax, cm-1): 3067, 2210, 1685, 1572,
1538, 1476, 1319, 1214, 1072, 1010, 965, 867; HRMS m/z (ESI)
calcd. for C17H11FN3O+ (M+H+) 292.0886, found 292.0881.

RESULTS AND DISCUSSION

A simple and efficient method for the synthesis of new
4,6-diaryl-2-oxo-1,2-dihydropyridine-3-carbonitriles has been
developed. A reaction between substituted aromatic aldehydes
(1), aromatic ketones (2) and cyanoacetamide (3) in the presence
of NaOH as base using ultrasonic bath was carried out for
synthesis of substituted 3-cyano-pyridine-2(1H)-one (4) with
good yield.

For optimization, 4-chlorobenzaldehyde, cyanoacetamide
and 4-chloroacetophenone were selected as substrates in the
model reaction. To identify the ideal reaction condition, first
of all, conventional heating method was used to study the effect
of base/catalyst, solvents and temperature. The reaction was
performed with various bases (NEt3, piperidine, DBU, KOH
and NaOH) or catalyst (p-TSA and L-proline) as no reaction
occurred in the absence of a catalyst/base (Table-1). Organic
bases such as NEt3, DBU and catalysts like p-TSA, L-proline
only promotes Knoevenagel condensation reaction between
aromatic aldehyde and cyanoacetamide affording intermediate
arylidene of cyanoacetamide and no further reaction ensured
with the third substrate. The Michael addition process and
intramolecular cyclization, which yield the target molecule
(product), are catalyzed by piperidine and KOH with a very
low yield 40% and 30%, respectively. Targeted compound with
a very low yield can be produced by the DBU-promoted reaction.

The reaction was also tried with DBU in EtOH, however, with
a very low yield (< 4%). The results indicates that the reaction
proceed smoothly with high yield (65%) in the presence of
NaOH base. Readily accessible solvents including EtOH,
MeOH, THF, DMF, CH3CN, IPA and water were also evaluated
in this process, THF was the best solvent as it afforded desired
product in excellent yield. It was observed that the reaction
time increases and yield decreases as the temperature of the
reaction decreases upto room temperature (Table-1).

TABLE-1 
OPTIMIZATION PARAMETERS (SOLVENTS AND BASE)  

FOR THE SYNTHESIS OF 4,6-DIARYL-2-OXO-1,2-
DIHYDROPYRIDINE-3-CARBONITRILES 

Entry Catalyst/base Solvent Time (h) Yield (%) 
1 NEt3 EtOH 4 – 
2 NEt3 THF 4 – 
3 Piperidene EtOH 3 40 
4 Piperidene DMF 3 30 
5 Piperidene THF 3 15 
6 Piperidene IPA 3 – 
7 DBU EtOH 3 Traces 
8 DBU CH3CN 3 – 
9 DBU DMF 4 – 

10 DBU THF 4 Traces 
11 p-TSA H2O 4 – 
12 L-Proline EtOH 4 – 
13 L-Proline DMF 5 – 
14 – EtOH 3 – 
15 – THF 5 – 
16 KOH EtOH/H2O 4 30 
17 KOH DMF 4 20 
18 KOH CH3CN 4 – 
19 NaOH H2O 3 – 
20 NaOH EtOH 3 45 
21 NaOH – 5 Traces 
22 NaOH DMF 1 50 
23 NaOH THF 1 65 

 
Finally, the synthesis of 3-cyano-pyridine-2(1H)-one were

accelerated by ultrasonication, which promote the chemical
reaction. Both the conventional heating method and ultrasonic-
bath were tried for the synthesis of heterocyclic 3-cyano-
pyridine-2(1H)-one, however ultrasonication was more suitable
and convenient. In ultrasonication method, the desired product
3-cyano-pyridine-2(1H)-one was obtained in the presence of
promoter NaOH at 70 ºC with excellent yield 92% (Table-2).
The results revealed that any change in the temperature from
70 °C, leads to decrease in yield of the product, time of reaction

TABLE-2 
OPTIMIZATION WITH HEATING/ULTRASONICATION 

METHOD FOR SYNTHESIS OF 3-CYANO-PYRIDINE-2(1H)-ONE 

Entry Base/solvent 
THF 

Condition Temp. 
(°C) 

Time 
(min) 

Yield 
(%) 

1 NaOH Heating 50 120 45 
2 NaOH Heating 80 60 65 
3 NaOH Heating rt 300 30 
4 NaOH Ultrasonic bath rt 9 55 
5 NaOH Ultrasonic bath 100 5 40 
6 NaOH Ultrasonic bath 50 10 78 
7 NaOH Ultrasonic bath 70 3 92 
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increases (Table-2). The advantages of ultrasonication over
conventional heating included a shorter reaction time and a
higher reaction yield.

The substrates scope of the reaction was also examined at
the prescribed reaction conditions as summarized in Table-3.
Various substituted aromatic aldehydes such as (NO2, Cl, Br,
F, H, Me, OMe, CN, etc.) could be used to obtain the corres-
ponding C-4 substituted phenyl derivatives on 2-pyridones.
Aromatic ketones were also varied from 4-chloroacetophenone,
4-bromoacetophenone, 4-methylacetophenone, 2,4-dimethoxy-
acetophenone, 3,4-dimethoxyacetophenone to 3-pyridylmethyl
ketone. The reaction occurred readily with substituted aromatic
aldehydes as well as aromatic ketones which reacted with cyano-
acetamide furnishing corresponding 3-cyano-pyridine-2(1H)-
one in excellent yield. Electron donating groups such as −Me,
−OMe and −OEt at the aromatic aldehydes and ketones decre-
ase the rate of reaction. Meanwhile, the electron withdrawing
substitutents including Cl, Br, F, CN, NO2, etc. increased the

TABLE-3 
PHYSICAL DATA FOR SYNTHESIS OF SUBSTITUTED OF 4,6-
DIARYL-2-OXO-1,2-DIHYDROPYRIDINE-3-CARBONITRILES 

Compd. Ar1 Ar2 

Time 
(min) 

Yield 
(%) 

4a 4-Cl-C6H4 4-Cl-C6H4 3 93 
4b 2,4,5-(OMe)3-C6H2 4-Cl-C6H4 25 88 
4c 4-F-C6H4 4-Cl-C6H4 5 85 
4d 3-Br-C6H4 4-Cl-C6H4 12 87 
4e 4-Me-C6H4 4-Cl-C6H4 7 88 
4f 4-EtO-C6H4 4-Cl-C6H4 10 80 
4g 3-Me-C6H4 4-Cl-C6H4 20 75 
4h 4-MeO-C6H4 4-Cl-C6H4 13 89 
4i C6H5 4-Cl-C6H4 6 90 
4j 3-MeO-C6H4 4-Cl-C6H4 12 82 
4k OC4H3 4-Cl-C6H4 9 85 
4l 4-Cl-C6H4 4-Br-C6H4 3 93 

4m 4-Br-C6H4 4-Br-C6H4 2 92 
4n 4-F-C6H4 4-Br-C6H4 9 88 
4o 4-Me-C6H4 4-Br-C6H4 15 87 
4p 4-MeO-C6H4 4-Br-C6H4 7 89 
4q 4-EtO-C6H4 4-Br-C6H4 10 84 
4r OC4H3 4-Br-C6H4 10 85 
4s 3,4-(MeO)2-C6H3 4-Br-C6H4 25 78 
4t 3-Br-C6H4 4-Br-C6H4 20 88 
4u 2,4,5-(MeO)3-C6H2 4-Br-C6H4 15 89 
4v 4-Br-C6H4 2,4-(MeO)2-C6H3 10 75 
4w 4-Br-C6H4 3-Br-C6H4 5 86 
4x 4-Br-C6H4 C6H5 15 80 
4y 4-F-C6H4 4-MeO-C6H4 9 75 
4z 4-Me-C6H4 4-MeO-C6H4 10 78 

4aa 4-MeO-C6H4 4-MeO-C6H4 7 80 
4ab 4-Br-C6H4 3,4-(MeO)2-C6H3 9 77 
4ac 4-F-C6H4 3,4-(MeO)2-C6H3 12 72 
4ad 4-Cl-C6H4 3,4-(MeO)2-C6H3 13 76 
4ae 4-MeO-C6H4 3,4-(MeO)2-C6H3 15 75 
4af 4-Me-C6H4 3,4-(MeO)2-C6H3 13 73 
4ag 3,4-(MeO)2-C6H3 3,4-(MeO)2-C6H3 10 74 
4ah 4-MeO-C6H4 4-Me-C6H4 12 74 
4ai 2-NO2-C6H4 C5H4N 15 70 
4aj 4-Cl-C6H4 C5H4N 8 74 
4ak 4-F-C6H4 C5H4N 11 73 

 

yield (92%) and reduced the time of completion of reaction.
Substituents at the para-postion of aromatic aldehyde and
ketones did not adversely affect the yield of the reaction while,
substituents at meta− and ortho−position significantly
decreased the yield of the product probably due to the steric
hindrance.

The structure of all the synthesized compounds were
characterized by 1H, 13C NMR, IR as well as HRMS techniques.
From spectral study, it was observed that 1H NMR spectrum
of 4-(4-chlorophenyl)-2-oxo-6-(4-chlorophenyl)-1,2-dihydro-
pyridine-3-carbonitrile (4a) in DMSO, exhibited a singlet at
the chemical shift δ 6.60 ppm integrating for one protons at
C-5 position of substituted 2-pyridone, four doublets at δ 7.45,
7.55, 7.61 and 8.05 ppm that integrated for two aryl group
protons. In HRMS spectral data, molecular mass (M+H+) of
4-(4-chlorophenyl)-2-oxo-6-(4-chlorophenyl)-1,2-dihydro-
pyridine-3-carbonitrile (4a) is found to be 341.0224 which is
equal to calculated mass 341.0248.

The plausible mechanism for the synthesis of substituted
4,6-diaryl-2-oxo-1,2-dihydropyridine-3-carbonitrile derivatives
is shown in Scheme-II. It is proposed that first step of the reaction
involve Knoevenagel condensation reaction between aromatic
aldehydes and cyanoacetamide affording intermediate I (acryl-
amide). In 2nd step, acrylamide intermediate I undergoes nucleo-
philic addition reaction by the enolates resulting in the formation
of intermediate II bearing anion at α-position stabilized by
the nitrile group of acrylamide. Intermediate II undergoes cycli-
zation followed by dehydration affords intermediate III and
which is subsequently converted to product via single electron
transfer from the intervening radical.

Conclusion

A protocol for the synthesis of 4,6-diaryl-2-oxo-1,2-
dihydropyridine-3-carbonitrile derivatives was developed as
one pot three component reaction between cyanoacetamide,
aromatic ketones and substituted aromatic aldehydes in the
presence of NaOH as base using ultrasound radiations without
intermediate separation. This protocol explores the use of ultra-
sonication as an eco-friendly alternative to conventional heating
for synthesis of 3-cyano-pyridine-2(1H)-one derivatives. Both
electron-rich and electron-deficient aldehydes were well
tolerated and gave high yields of products. Sterically hindered
aldehydes substituted at ortho-position gave relatively lower
yields than that of meta- and para-substituted isomers. Ultra-
sound irradiation enhances performance in various aspects such
as rate of reaction, selectivity of product, increase the yield and
purity as compared to conventional heating, eliminating toxic
catalysts and solvents and demonstrating its sustainability and
user-friendly capabilities in bioactive molecule construction.
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