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Abstract 

Several new heterocycles including pyridine moiety were synthesized from 3-oxo-N-(pyridin-2-yl) butanamide 

(1) as starting material. Compound 1 was reacted with different reagents to afford the corresponding pyridine 

derivatives 4-26 which tested for their antioxidant activity. Antioxidant activity of novel compounds were evaluated 

by 2, 2′-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid radical scavenging assays. 
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Introduction

During the last two decades, a large number of 

substituted pyridines have been claimed to have several 

biological activities (Prgnolato et al., 2000; Mamolo et 

al., 2001). On the other hand, fused pyridines are very 

interesting class of compounds because of their 

significant and versatile biological and pharmacological 

activities, such as antimicrobial, antimalarial, antiviral 

and antiproliferative (Menezes et al., 2002) and (Poreba 

et al., 2001). In continuation of our previous studies 

(Bondock et al., 2011; Fadda et al., 2011; Elattar et al., 

2012), and report herein the scope and applicability of 

3-oxo-N-(pyridin-2-yl) butanamide (1) as a unique 

precursor for the synthesis of some previously 

unreported fused and binary pyridine derivatives and 

their potential biological activity. In microwave 

dielectric heating, the microwave energy is introduced 

into the chemical reactor remotely and direct access by 

the energy source to the reaction vessel is obtained.  

The microwave radiation passes through the 

walls of the vessel and heats only the reactants and 

solvent, not the reaction vessel itself. If the apparatus is 

properly designed, the temperature increase will be 

uniform throughout the sample, which can lead to less 

by-products and/or decomposition products. In 

pressurized systems, it is possible to rapidly increase 

the temperature far above the conventional boiling 

point of the solvent used. Even through the total 

number of publications in this area is limited, the 

percentage of reviews is quite high and several articles 

are well worth reading. Mingos et al. have given a 

thorough explanation of the underlying theory of 

microwave dielectric heating (Gabriel et al., 1998).  
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Langa et al. (1997) have discussed the suggested 

‘specific microwave effect (Loupy et al., 1998; Gedye 

and Wei, 1998) have published a number of reviews on 

solvent-free reactions and Strauss has reported on 

organic synthesis in high temperature aqueous systems 

(Strauss, 1999). Considering the developments in the 

field during previous years, we believe an update is 

now appropriate. 

Materials and Methods  

Chemicals and Reagents  

All the chemicals and solvents used in this study 

were obtained from Merck (Germany) and Sigma-

Aldrich chemical company (Germany).  

Instruments 

All melting points are recorded on Gallenkamp 

electric melting point apparatus and are uncorrected. 

The IR spectra υ cm-1 (KBr) were recorded on Perkin 

Elmer Infrared Spectrophotometer Model 157, Grating. 

The 13C- and 1H-NMR spectra were run on Varian 

Spectrophotometer at 400 MHz and 100 MHz. using 

TMS as an internal reference and DMSO-d6 as solvent. 

Mass spectra were determined on a GC-MS.QP-100 

EX Shimadu (Japan) at Cairo University, Giza, Egypt. 

Elemental analyses (C, H, and N) were carried out at 

the Microanalytical Center of Cairo University, Giza, 

Egypt.     

Synthesis: Synthesis of 3-acetylimidazo [1,2-a]pyridin-

2(3H)-one (4) 

Method 1  

A mixture of 3-oxo-N-(pyridin-2-yl) butanamide 

(1) (0.01 mol) and aniline (0.01 mol) and KOH (0.01 

mol) in ethanol (20 ml) were cool and stirred then 

added Br2 (0.5 ml) for 1hr until disappeared bromine 

color. The reaction mixture was left for 1 hr. The 

precipitated solid product was collected, dried and 

recrystallized from DMF to give compound 4. 

Method 2 

 A mixture of compound 1 (0.01 mol) in ethanol 

(20 ml) containing a catalytic amount of piperidine (4 

drops) and sulphur (0.01 mol) were refluxed for 3 hrs. 

The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from DMF to give 

compound 4. White crystals; yield (70%); mp = over 

300◦C. IR υ (KBr) cm−1: 3444 (NH), 3100 (CH, 

aromatic), 2962 (CH, aliphatic), 1674 (COCH3), 1620 

(amidic CO), 1544 (C=N); 1HNMR (DMSO-d6): δ ppm 

= 2.4 (s, 3H, CH3CO), 5.12 (s, 1H, CH imidazole 

ringe), 7.02-8.20 (m, 4H, Ar-H), 11.1 (s, 1H, OH); MS 

(m/z, %): 175 (M+-1, 3.6), 160 (100), 161 (1.0), 133 

(3.1); Anal. Calcd. For C9H8N2O2: C, 61.36; H, 4.58; 

N, 15.90%. Found: C, 61.28; H, 4.62; N, 15.76%. 

Synthesis of 3-oxo-N-(pyridin-2-yl)-2-(2-p-

tolylhydrazono) butanamide (5) 

 A mixture of a solution of anilide 1 (0.01) in 

ACONa (0.01 mol) and a solution of 

aryldiazoniumchloride (prepared from primary 

aromatic amines (0.01 mol) and sodium nitrate (0.01 

mol) in hydrochloric acid) which added dropwise at 

temperature of about 5°C. The precipitated solid 

product was filtered off, dried and recrystallized from 

ethanol/DMF to give compound 5. Yellow crystals; 

yield (65%); mp = over 158◦C. IR υ (KBr) cm−1: 3214-

3114 (2NH), 3068 (CH, aromatic), 2925 (CH, 

aliphatic), 1660 (CO), 1625 (amidic CO), 1555 (C=N); 

1HNMR (DMSO-d6): δppm =  2.34 (s, 3H, CH3), 3.08 (s, 

3H, CH3CO), 7.01-8.28 (m, 8H, Ar-H), 10.60 (s, 1H, 

NH), 11.17 (s, 1H, NH); MS (m/z, %): 296 (M+, 1.06), 
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253 (100), 225 (0.87), 204 (0.71), 176 (13.52), 175 

(1.83), 121 (37.83), 93 (2.89), 91 (28.4), 78 (75.43); 

Anal. Calcd. For C16H16N4O2: C, 64.85; H, 5.44; N, 

18.91%. Found: C, 64.55; H, 4.17; N, 18.25%. 

Synthesis of 5-cyano-6-imino-4-methyl-N-(pyridin-2-

yl)-1-p-tolyl-1,6-dihydropyridazine-3-carboxamide (7) 

 A mixture of anilide tolyl diazo 5 (0.01 mol) in 

ethanol (20 ml) containing piperidine (4 drops) and 

malononitrile (0.01 mol) were refluxed for 10-12 hr. 

The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from ethanol/DMF to give 

compound 7. Brown crystals; yield (55%); mp = 188◦C. 

IR υ (KBr) cm−1: 3150-3250 (2NH), 3151 (CH, 

aromatic), 2925 (CH, aliphatic), 2200 (CN), 1658 

(amidic CO), 1635 (C=N); 1HNMR (DMSO-d6): δppm =  

2.27 (s, 3H, CH3), 2.50 (s, 3H, CH3), 7.07-8.32 (m, 8H, 

Ar-H), 11.75 (s, 1H, NH), 12.2 (s, 1H, NH); MS (m/z, 

%): 346 (M+-2, 9.42), 331 (5.92), 255 (3.93), 253 

(31.25), 225 (39.13), 209 (16.7), 147 (3.59), 134 (5.89), 

133 (9.10), 121 (100); Anal. Calcd. For C19H16N6O: C, 

66.27; H, 4.68; N, 24.40%. Found: C, 65.76; H, 4.55; 

N, 24.46%. 

Synthesis of 5-amino-6-cyano-7-imino-4-methyl-N-

(pyridin-2-yl)-1-p-tolyl-1,7-dihydropyrido[2,3-c] 

pyridazine-3-carboxamide (10) 

 A mixture of a suspension of anilide tolyl diazo 5 

(0.01 mol) in ethanol (20 ml) containing few drops of 

piperidine (4 drops) and malononitriledimer (0.01) 

were refluxed for 24 hr. The precipitated solid product 

was filtered off and dried to give compound 10. Brown 

crystals; yield (63%); mp = 200◦C. IR υ (KBr) cm−1: 

3444-3224 (NH, NH2), 3018 (CH, aromatic), 2931 

(CH, aliphatic), 2194 (CN), 1645 (amidic CO), 1542 

(C=N); 1HNMR (DMSO-d6): δppm =  2.17 (s, 3H, CH3), 

2.23 (s, 3H, CH3), 4.40 (s, 1H, NH2), 7.35-8.17 (m, 8H, 

Ar-H), 10.24 (s, 1H, NH), 11.61 (s, NH, Imide); MS 

(m/z, %): 410 (M+, 0.62), 386 (0.63), 332 (0.56), 293 

(0.94), 121 (1.5), 119 (3.4), 93 |(11.69), 78 (7.07), 69 

(100); Anal. Calcd. For C22H18N8O: C, 64.38; H, 4.42; 

N, 27.30%. Found: C, 64.72; H, 4.55; N, 27.56%. 

Synthesis of 5-(1H-benzo[d]imidazol-2-yl)-6-imino-4-

methyl-N-(pyridin-2-yl)-1-p-tolyl-1,6-

dihydropyridazine-3-carboxamide (13a) 

 A mixture of compound 5 (0.01 mol) in ethano 

(20 ml) containing a catalytic amount of piperidine (4 

drops) and 2-benzoimidazole acetonitrile (0.01 mol) 

were refluxed for 12 hrs. The reaction mixture was left 

to cool to room temperature. The precipitated solid 

product was filtered off, dried and recrystallized from 

ethanol/DMF to give compound 13a. Brown crystals; 

yield (70%); mp = 243◦C. IR υ (KBr) cm−1: 3280-3150 

(NH), 3100 (CH, aromatic), 2927 (CH, aliphatic), 1680 

(amidic CO), 1635 (C=N); 1HNMR (DMSO-d6): δppm =  

1.87 (s, 3H, CH3), 2.39 (s, 3H, CH3), 7.06-8.20 (m, 

12H, Ar-H), 10.20 (s, 1H, NH), 10.41 (s, 1H, NH), 

11.75 (s, 1H, Imide); MS (m/z, %): 438 (M+-3, 0.2), 

396 (3.1), 360 (1.6), 345 (0.5), 329 (0.8), 324 (2.8), 317 

(1.3), 217 (2.5), 212 (4.2), 206 (2.8), 169 (9.3), 128 

(5.7), 121 (56.6), 117 (11.4), 113 (2.8), 109 (0.6), 93 

(2.9), 85 (17.7), 78 (23.41), 71 (100); Anal. Calcd. For 

C25H21N7O: C, 68.95; H, 4.86; N, 22.51%. Found: C, 

68.55; H, 4.36; N, 22.35%. 

Synthesis of 5-(benzo[d]thiazol-2-yl)-6-imino-4-methyl-

N-(pyridin-2-yl)-1-p-tolyl-1,6-dihydropyridazine-3-

carboxamide (13b) 

 A suspension of compound 5 (0.01 mol) in 

ethanol (20 ml) containing a catalytic amount of 
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piperidine (4 drops) was treated with benzothiazole-2-

acetonitrile (0.01 mol) and refluxed for 5-8 hr. The 

reaction mixture was left to cool to room temperature. 

The precipitated solid product was filtered off, dried 

and recrystallized from ethanol/DMF to give compound 

13b. Brown crystals; yield (58%); mp = 173◦C. IR υ 

(KBr) cm−1: 3241 (NH), 3114 (CH, aromatic), 2923 

(CH, aliphatic), 1656 (amidic CO), 1623 (C=N); 

1HNMR (DMSO-d6): δppm = 1.90 (s, 3H, CH3), 2.49 (s, 

3H, CH3), 7.12-7.66 (m, 12H, Ar-H), 10.06 (s, 1H, 

NH), 11.00 (s, 1H, Imide); MS (m/z, %):  376 (M+, 

0.9), 295 (23.4), 176 (95), 159 (64.2), 121 (56.1), 91 

(54.8), 78 (99.01), 69 (53.2); Anal. Calcd. For 

C25H20N6OS: C, 66.35; H, 4.45; N, 18.57%. Found: C, 

66.48; H, 4.32; N, 18.56%. 

Synthesis of 7-hydroxy-3-methyl-5-(pyridin-2-ylamino)-

4H-1,2-diazepine-6-carbonitrile (14) 

A mixture of anilide 1 (0.01 mol) in ethanol (20 

ml) and ethyl cyanoacetate were refluxed for 3 hr then 

added hydrazine hydrate (0.01 mol) and refluxed for 1 

hr. The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from ethanol/DMF to give 

compound 14. White crystals; yield (65%); mp = over 

300◦C. IR υ (KBr) cm−1: 3343-3274 (NH, OH), 3181 

(CH, aromatic), 2925 (CH, aliphatic), 2206 (CN); 

1HNMR (DMSO-d6): δ ppm =  2.30 (s, 3H, CH3), 7.07-

8.32 (m, 4H, aromatic), 10.6 (s, 1H, NH), 12.3 (s, 1H, 

OH); MS (m/z, %): 242 (M++1, 0.5), 226 (0.3), 213 

(0.7), 135 (1.1), 121 (2.2), 113 (0.5), 93 (0.5), 71 (100); 

Anal. Calcd. For C12H11N5O: C, 59.74; H, 4.60; N, 

29.03%. Found: C, 59.43; H, 4.67; N, 29.70%.  

Synthesis of3-acetyl-6-amino-5-cyano-2-oxo-4-phenyl-

N-(pyridin-2-yl)-3,4-dihydropyridine-1(2H)-

carboxamide (16) 

Method 1  

A mixture of anilide 1 (0.01 mol) in ethanol (20 

ml) containing a catalytic amount of piperidine (4 

drops) was treated with benzylidine malononitrile (0.01 

mol) and refluxed for 6 hr. The reaction mixture was 

left to cool to room temperature. The precipitated solid 

product was filtered off, dried and recrystallized from 

ethanol/DMF to give compound 16. 

Method 2  

A mixture of anilide 1 (0.01 mol) in ethanol (20 

ml) containing a catalytic amount of piperidine (4 

drops) and benzaldhyde (0.01 mol) and malononitrile 

(0.01 mol) in a one pot reaction were refluxed for 6 hrs. 

The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from ethanol/DMF to give 

compound 16. Brown crystals; yield (63%); mp = 

140◦C. IR υ (KBr) cm−1: 3442, 3332, 3212 (NH, NH2), 

3060 (CH, aromatic), 2925 (CH, aliphatic), 2192 (CN), 

1640 (amidic CO), 1631 (CH3CO), 1598 (C=N); MS 

(m/z, %): 375 (M+, 1.5), 331 (0.6), 130 (0.55), 303 

(4.1), 254 (3.8), 239 (0.5), 211 (2.4), 196 (1.5), 171 

(5.3), 145 (3.3), 121 (8.1), 93 (1.7), 78 (10.3); Anal. 

Calcd. For C20H17N5O3: C, 63.99; H, 4.56; N, 18.66%. 

Found: C, 63.63; H, 6.30; N, 18.85%. 

General procedure for the synthesis of pyridine 

derivatives 17 and 18 

A mixture of 5-acetyl-4-methyl-6-oxo-N,1-

di(pyridin-2-yl)-1,6-dihydropyridine-3-carboxamide (3)  
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and each of malononitrile (0.01) mol or ethyl 

cyanoacetate (0.01 mol) was mixed well with dry silica 

gel (0.5 gm) using a moiter in a small beaker and 

irradiated in M.W. oven (Master KOG 840-p, output 

1500 w) for 1 hr, 30 mins, respectively. The progress of 

the reaction was monitored by TLC control (petroleum 

ether / ethyl acetate 4:1) after completion of reaction 

the partial molten mixture was cooled to room 

temperature. The precipitated solid was dissolved in 

ethanol with stirring and then filtered. The filtrate was 

evaporated and the residue was recrystallized from 

ethanol to afford compounds 17 and 18, respectively in 

a quantitative yield. 

6-Amino-7-cyano-8-methyl-1-oxo-N,2-di(pyridin-2-yl)-

1,2-dihydroisoquinoline-4-carboxamide (17) 

Orange crystals; yield (80%); mp = 170◦C. IR υ 

(KBr) cm−1: 3315-3282 (NH, NH2), 3060 (H, 

Aromatic), 2910 (CH, aliphatic), 2200 (CN), 1658 

(amidic CO), 1598 (C=N); 1HNMR (DMSO-d6): δppm = 

1.8 (s, 3H, CH3), 6.8-8.8 (m, 9H, Ar-H, NH2), 8.37 (s, 

1H, C2-H pyridine ring),11.05 (s, 1H, NH); MS (m/z, 

%): 396 (M+, 2.8),363 (0.5), 319.35 (3.7), 303 (4.8), 

294.5 (27.5), 275 (31.3), 251 (100), 197 (3.3), 121 

(19.4), 93 (0.5), 78 (1.4); Anal. Calcd. For C22H16N6O2: 

C, 66.66; H, 4.07; N, 21.20%. Found: C, 66.45; H, 

4.22; N, 21.34%. 

Ethyl 2-cyano-3-(4-methyl-2-oxo-1-(pyridin-2-yl)-5-

(pyridin-2-ylcarbamoyl)-1,2-dihydropyridin-3-yl)but-2-

enoate (18) 

Orange crystals; yield (85%); mp = 122◦C. IR υ 

(KBr) cm−1: 3400-3303 (b, NH2, NH), 3180 (CH, 

aromatic), 2980 (CH, aliphatic), 1680 (amidic CO), 

1529 (C=N); 1HNMR (DMSO-d6): δppm =  1.35 (t, 3H,  

CH2CH3), 1.8 (s, 3H, CH3), 2.2 (s, 3H, CH3), 4.4 (q, 

2H, CH2CH3), 6.98-8.50 (m, 9H, Ar-H), 11.05 (s, 1H, 

NH); MS (m/z, %): 442 (M+-1, 2.7), 413 (3.8), 400 

(1.3), 365 (0.5), 350 (3.0), 322 (17.8), 305 (13.7), 244 

(1.8), 121 (37.3), 96 (2.2), 94 (1.8), 78 (1.3), 74 (100); 

Anal. Calcd. For C24H21N5O4: C, 65.00; H, 4.77; N, 

15.79%. Found: C, 65.25; H, 4.60; N, 15.75%. 

General procedure for the synthesis of thiophene and 

1,8-naphthyridine derivatives 19 and 21 

A mixture of 3 (0.01 mol) and each of ethyl 

cyanoacetate (0.01) or malononitrile (0.01) was mixed 

well with dry silica gel (0.5 gm) using a moiter in a 

small beaker and irradiated in M.W. oven (Master 

KOG 840-p, output 1500 w) for 1 hr, 30 mins, 

respectively. The progress of the reaction was 

monitored by TLC control (petroleum ether / ethyl 

acetate 4:1) after completion of reaction the partial 

molten mixture was cooled to room temperature. The 

precipitated solid was dissolved in ethanol with stirring 

and then filtered. The filtrate was evaporated and the 

residue was recrystallized from ethanol to afford 

compounds 19 and 21, respectively in a quantitative 

yield. 

5-(5-Amino-4-cyanothiophen-3-yl)-4-methyl-6-oxo-N,1-

di(pyridin-2-yl)-1,6-dihydropyridine-3-carboxamide 

(19) 

Black crystals; yield (80%); mp = 170◦C. IR υ 

(KBr) cm−1: 3187 (NH), 2979 (CH, aliphatic), 2215 

(CN), 1731 (CO, ester, 1654 (2CO, amidic), 1581 

(C=N); 1HNMR (DMSO-d6): δppm =  2.01 (s, 3H, CH3), 

2.55 (NH2), 6.55 (CH proton of thiophen ring), 7.2-8.44 

(m, 8H, Ar-H), 8.65 (s, 1H, C2-H pyridine ring), 11.00 

(s, 1H, NH); MS (m/z, %): 424 (M++4, 0.1), 350 (0.7),  
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335 (0.2), 307 (0.3), 305 (1.4), 229 (0.4), 63.89 (100); 

Anal. Calcd. For C22H16N6O2S: C, 61.67; H, 3.76; N, 

16.61%. Found: C, 61.55; H, 3.62; N, 16.75%. 

6-Cyano-4,5-dimethyl-7-oxo-N,1-di(pyridin-2-yl)-1,7-

dihydro-1,8-naphthyridine-3-carboxamide (21) 

Yellow crystals; yield (55%); mp = 64◦C. IR υ 

(KBr) cm−1: 3407 (NH), 3068 (CH, aromatic), 2966 

(CH, aliphatic), 2218 (CN), 1673 (amidic CO), 1592 

(C=N);1HNMR (DMSO-d6): δ ppm =  2.07 (s, 3H, 

CH3), 2.79 (s, 3H, CH3), 7.53-8.70 (m, 8H, Ar-H), 8.69 

(s, 1H, C2-H pyridine ring), 11.06 (s, 1H, NH); MS 

(m/z, %): 396 (M+, 1.6), 369.5 (0.25), 331.5 (3.3), 

304.6 (21.1), 275 (1.1), 260 (0.3), 245 (0.8), 226.7 

(100), 219 (1.4), 141 (0.7), 125 (0.4); Anal. Calcd. For 

C22H16N6O2: C, 66.66; H, 4.07; N, 21.20%. Found: C, 

66.45; H, 4.17; N, 20.13%. 

Synthesis of 5,6-dimethyl-N,9-di(pyridin-2-yl)-3,9-

dihydro-2H-pyrido[2,3-e][1,4]diazepine-7-

carboxamide (22) 

A mixture of pyridine 3 (0.01 mol) and ethane-

1,2-diamine (0.01 mol) in ethanol (20 ml) was refluxed 

for 5 hrs. The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from DMF to give 

compound 22. White crystals; yield (65%); mp = over 

300◦C. IR υ (KBr) cm−1: 3430-3226 (OH, NH), 2910 

(CH, aliphatic), 1683 (amidic CO), 1656 

(C=N);1HNMR (DMSO-d6): δppm =  1.39-1.44 (t, 4H, 

2CH2), 1.38, 2.51 (s, 6H, 2CH3), 6.83-8.62 (m, 8H, Ar-

H, C2-H), 8.55 (s, 1H, C2-H pyridine ring), 10.78 (s, 

1H, NH); MS (m/z, %): 375 (M++3, 16.4), 358 (12.4), 

334 (8.3), 281 (12.7), 255 (16.9), 226 (14.9), 121 

(17.1), 93 (10.8), 78 (100); Anal. Calcd. For 

C21H20N6O: C, 67.73; H, 5.41; N, 22.57%. Found: C, 

67.84; H, 5.44; N, 22.64%. 

Synthesis of 4,5-dimethyl-N,8-di(pyridin-2-yl)-2-thioxo-

2,8-dihydropyrido[2,3-d]pyrimidine-6-carboxamide 

(23) 

A mixture of pyridine 3 (0.01 mol) and thiourea 

(0.01 mol) in ethanol (20 ml) containing a catalytic 

amount of piperidine (5 drops) was refluxed for 20 hrs. 

The reaction mixture was left to cool to room 

temperature. The precipitated solid product was filtered 

off, dried and recrystallized from DMF to give 

compound 23. Black crystals; yield (55%); mp = 120◦C. 

IR υ (KBr) cm−1: 3400 (NH), 3100 (CH, aromatic), 

2927 (CH, aliphatic), 1643 (CO), 1529 (C=N); 1HNMR 

(DMSO-d6): δppm = 1.70 (s, 3H, CH3), 2.04 (s, 3H, 

CH3), 7.09-8.73 (m, 9H, Ar-H), 8.37 (s, 1H, C2-H 

pyridine ring), 11.09 (s, 1H, NH); MS (m/z, %): 388 

(M+, 3.94), 373 (1.2), 358 (1.6), 310 (1.2), 296 (1), 267 

(3.6), 189 (5.7), 174 (60), 142 (10.3), 121 (12.13), 108 

(100), 93 (2.1), 78 (79.8); Anal. Calcd. For 

C20H16N6OS: C, 61.84; H, 4.15; N, 21.63%. Found: C, 

67.84; H, 4.43; N, 21.64%. 

Synthesis of 5-cinnamoyl-4-methyl-6-oxo-N,1-

di(pyridin-2-yl)-1,6-dihydropyridine-3-carboxamide 

(24) 

A mixture of pyridine 3 (0.01 mol) and 

benzaldehyde (0.01 mol) in ethanol (20 ml) containing 

a catalytic amount of triethylamine (4 drops) in the 

presence of KOH (0.01 mol) was refluxed for 5 hrs. 

The reaction mixture was poured into ice cold water. 

The precipitated solid product was filtered off, dried 

and recrystallized from ethanol to give compound 24. 

Orange crystals; yield (70%); mp = 288◦C. IR υ (KBr)  
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cm−1: 3127 (NH), 2915 (CH, aliphatic), 1685 (α,β-

unsaturated CO), 1666 (CO), 1648 (amidic CO), 1585 

(C=N); 1HNMR (DMSO-d6): δppm = 1.62 (s, 3H, CH3), 

5.58-5.61 (d.d, 2H, CH=CH), 6.95-8.69 (m, 14H, Ar-

H), 10.04 (br, s, 1H, NH); MS (m/z, %): 436 (M+, 

8.08), 316 (1.86), 300 (0.1), 121 (12.6), 93 (2.1), 78 

(100); Anal. Calcd. For C26H20N4O3: C, 71.55; H, 4.62; 

N, 12.84%. Found: C, 71.63; H, 4.66; N, 12.97%. 

Synthesis of 5-(3-(furan-2-yl)acryloyl)-4-methyl-6-oxo-

N,1-di(pyridin-2-yl)-1,6-dihydropyridine-3-

carboxamide (25) 

A mixture of pyridine 3 (0.01 mol) and furan-2-

carbaldehyde (0.01 mol) in ethanol (20 ml) containing a 

catalytic amount of triethylamine (4 drops) was 

refluxed for 3 hr. The reaction mixture was poured into 

ice cold water. The precipitated solid product was 

filtered off, dried and recrystallized from DMF to give 

compound 25. Orange crystals; yield (56%); mp = 

280◦C. IR υ (KBr) cm−1: 3127 (NH), 2925 (CH, 

aliphatic), 1685 (α,β-unsaturated CO), 1668 (CO), 1642 

(amidic CO), 1592 (C=N); 1HNMR (DMSO-d6): δppm = 

2.07 (s, 3H, CH3), 2.79 (s, 3H, CH3), 3.12 (6H, 

N(CH3)2), 5.48-5.56 (d.d, 2H, CH=CH), 7.53-8.70 (m, 

9H, Ar-H), 8.65 (s, 1H, C2-H pyridine ring), 11.06 (s, 

1H, NH); MS (m/z, %): 426 (M+, 7.2), 385 (1.06), 360 

(1.0), 346 (0.4), 282 (0.4), 333 (0.7), 305 (5.69), 227 

(68.1), 121 (5.1), 93 (3.7), 78 (100); Anal. Calcd. For 

C24H18N4O4: C, 67.60; H, 4.25; N, 13.14%. Found: C, 

67.63; H, 4.24; N, 13.55%. 

Synthesis of 5-(3-(dimethylamino)acryloyl)-4-methyl-6-

oxo-N,1-di(pyridin-2-yl)-1,6-dihydropyridine-3-

carboxamide (26) 

A mixture of pyridine 3 (0.01 mol) and dimethyl 

formamide – dimethyl acetal (DMF –DMA) (0.01 mol) 

in dry xylene (20 ml) was refluxed for 3 hrs. The 

reaction mixture was left to cool to room temperature. 

The precipitated solid product was filtered off, dried 

and recrystallized from ethanol to give compound 26. 

Orange crystals; yield (50%); mp = 262◦C. IR υ (KBr) 

cm−1: 3061 (NH), 2929 (CH, aliphatic), 1677 (α,β-

unsaturated CO), 1661 (CO), 1652 (amidic CO), 1584 

(C=N); 1HNMR (DMSO-d6): δppm = 1.70 (s, 3H, CH3), 

2.11 (s, 3H, CH3), 3.12 (s, 6H, N(CH3)2), 5.53-6.43 (dd, 

2H, CH=CH), 7.53-8.70 (m, 8H, Ar-H, C2-H), 8.37 (s, 

1H, C2-H pyridine ring), 11.05 (s, 1H, NH); MS (m/z, 

%): 403 (M+, 7.2), 385 (1.0), 360 (1.0), 346 (0.4), 282 

(0.4), 333 (0.7), 305 (5.69), 227 (68.1), 121 (5.1), 93 

(3.7), 78 (100); Anal. Calcd. For C22H21N5O3: C, 65.50; 

H, 5.25; N, 17.36%. Found: C, 65.56; H, 5.34; N, 

17.41%. 

Antioxidant activity screening assay 2,2'-azino-bis-3-

ethylbenzthiazoline-6-sulfonic acid method 

For each of the investigated compounds, 2 ml of 

ABTS solution (60µM) was added to 3 ml MnO2 

solution (25 mhg/ ml), all prepared in 5 ml aqueous 

phosphate buffer solution (PH, 7; 0.1 M). The mixture 

was shaken, centrifuged, filtered, and the absorbance of 

the resulting green-blue solution (ABTS radical 

solution) at λ 734 nm was adjusted to approximately 

ca.0.5. Then, 50µl of (2 Mm) solution of the tested 

compound in spectroscopic grade MeOH/phosphate 

buffer (1:1) was added. The absorbance was measured 

and the reduction in color intensity was expresses as 

inhibition percentage. L-ascorbic acid was used as 

standard antioxidant (positive control). Blank sample 

was run without ABTS and using MeOH/phosphate 

buffer (1:1) instead of tested compounds. Negative 

control was run with ABTSa and MeOH/phosphate  



 

 

N N
H

O

CH3

O

1

N

OCH3

H3C

H3C

OCH3

dry xylene, 2h
N N

H

O

CH3

O

N(CH3)22  

2

N N
H

O

EtOH
1 +

N

N

CH3

OCH3

O

3  

buffer (1: 1) only (Badria et al., 2007; Fadda et al., 

2009). The inhibition ratio (%) was calculated using the 

following formula: 

(%) Inhibition = [A(control) _ A(test) / A(control)] × 

100 

Results and Discussion 

Chemistry 

The synthetic procedures adopted to obtain the 

target compounds are depicted in Schemes 1-5. In this 

paper, we report a convenient route to some new 

pyridine derivatives starting from a readily accessible 

3-oxo-N-(pyridin-2-yl)butanamide (1) (Fadda et al., 

2012). 

The short reaction times and expanded reaction 

range that is offered by microwave assisted organic 

synthesis are suited to the increased demands in 

industry. In particular, there is a requirement in the 

pharmaceutical industry for a higher number of novel 

chemical entities to be produced, which requires 

chemists to employ a number of resources to reduce the 

time for the production of compounds. Chemistry 

databases, software for diversity selection, on-line 

chemical ordering systems, open access and high 

throughput systems for analysis and high-speed, 

parallel and combinatorial synthesis equipment have all 

contributed in increasing the throughput. The common 

factors for these technical resources are automation and 

computer-aided control. They do not, however, speed 

up the chemistry itself. Developments in the chemistry 

have generally been concerned with novel highly 

reactive reagents in solution or on solid supports. 

In general, amides in which amidic hydrogen has 

been substituted with heterocyclic moiety have been 

found to possess local anesthetic effects (Fench and 

Freedlander, 1958) in view of this reports and in 

continuation of our interest in the synthesis of a verity 

of heterocyclic system for biological evaluation (Farag 

et al., 2004; Dawood et al., 2005; Elkholy et al., 2006; 

Farag et al., 2007; Shaaban et al., 2007; Farag et al., 

2008) describes a facile synthesis of pyrazol, pyrizine, 

pyrazolo pyridine, pyran and diazpine starting from the 

readily accessible compound (1). Thus, treatment 

compound (1) with bromine in KOH solution at room 

temperature, furnished only one isolable product (as 

tested by thin layer chromatography TLC) that was 

identified as imidazo [1,2-a] pyridine 4 was thought to 
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be formed via initial bromination of methylene group 

followed by elimination of HBr under the reaction 

condition, the IR spectrum of compound 4 showed 

absorption bands at 1620 and 1674 cm-1 due to (2CO) 

groups.  

Moreover, it is 1H-NMR revealed singlet signals 

at δ 2.4 ppm due to (CH3) protons, D2O- exchangeable 

signal at δ 11.1 ppm due to (OH) proton, and an 

aromatic multiplet signals in the region δ 7.02-8.20 

ppm, in addition to singlet signal at δ 5.12 ppm may be 

due to (CH) proton of imidazol ring. On the other hand, 

mass spectrum of compound 4 showed a molecular ion 

peak at m/z 175 (M+-1). Compound 4 was alternatively 

prepared by refluxing of compound 1 with elemental 

sulphur in the presence of ethanol and a catalytic 

amount of TEA or piperidine.   

Compound 1 coupled smoothly with diazonium 

salts of p-toluedine in ethanol buffered with sodium 

acetate to give the corresponding hydrazone derivative 

5. When compound 5 take in as typical example, was 

treated with malononitrile in ethanol in the presence of 

a catalytic amount of piperidine, it afforded 5-cyano-

1,6-dihydro-6-imino-4-methyl-N-(pyridin-2-yl)-1-p-

tolylpyridazine-3-carboxamide (7). The IR spectrum of 

the conjugated carbonyl of imide group showed 

absorption bands at λ 3150-3250 cm-1 due to (2NH) 

groups and at λ 2200 cm-1 due to cyanide group. The 

1H-NMR spectrum showed singlet signals at δ 2.27 and 

2.50 ppm due to (2CH3) groups and 2D2O- 

exchangeable signal at δ 11.75 and 12.4 ppm due to 

(2NH) protons, in addition to an aromatic multiplet 

signal in the region δ 7.07-8.32 ppm. 

Scheme 1. Synthesis of pyridine derivatives 4 and 7 

Furthermore, the reaction of 2-(2-p-tolylhydrazono)-3-

oxo-N-(pyridin-2-yl)butanamide (5) with 2-aminoprop-

1-ene-1,1,3-tricarbonitrile in refluxing ethanol 

containing catalytic amount of piperidine afforded the 

corresponding pyrido[2,3-c]pyridazine derivative 10 

via the intermediates 8 and 9.  

Scheme 2 synthesis of pyridine derivatives 10 and 13a, 

b 

Structure 10 was confirmed based on the correct 

elemental and spectral data. it’s 1H-NMR spectrum 

revealed five singlet signals at δ 2.17, 2.23 ppm 

corresponding to (2CH3) protons, D2O exchangeable 

protons at δ 4.4, 10.24 and 11.61 ppm due to (NH2 and 

2NH) protons, respectively. The mass spectrum showed 

a molecular ion peak at m/z 410 (M+). On the other 

hand, the reaction of 2-(2-p-tolylhydrazono)-3-oxo-N-

(pyridin-2-yl)butanamide (5) with 2-(1H-

benzo[d]imidazol-2-yl)acetonitrile and 2-(1H-

benzo[d]thiazol-2-yl)acetonitrile (11a, b) in refluxing 

ethanol containing a catalytic amount of piperidine 

afforded the corresponding carboxamide derivatives 

13a, b via the intermediates 12a, b respectively. 

Compound 13a, b were assumed to be formed via the 

non isolable intermediate 12a, b followed by the 

intramolecular cyclization. Structure 13a, b were 

confirmed on basis of the elemental analysis and 

spectroscopic studies. Thus, the IR spectrum of 

compound 13a showed absorption bands at λ 3280, 

3150, 1680 cm-1 due to the presence of NH groups and 

amidic carbonyl beside the absence of cyanide function 

around the region 2100 cm-1. Also, 1H-NMR spectrum 

of compound 13a showed in addition to the expected 

signals a singlet signals at δ 10.20, 10.41 and 11.75 

ppm attributed to (2NH) and (=NH), respectively. The 

mass spectrum revealed a molecular ion peak at m/z 
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438 (M+). The spectroscopic features of compound 13b 

are similar to that of compound 13a. Reaction of 

compound 1 with ethyl cyanoacetate and hydrazine 

hydrate as one pote reaction furnished the diazapine 

derivative 14. The structure of compound 14 was 

confirmed on the basis of analytical and spectral data

 

Scheme 1: Synthesis of pyridine derivatives 4 and 7 
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Scheme 2 synthesis of pyridine derivatives 10 and 13a, b 
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Scheme 3 synthesis of pyridine derivatives 14 and 16 

The formation of compound 16 was supported 

chemically via one-pot reaction of butanamide 1 with 

phenyl methylene propane dinitrile 15 in the presence 

of a catalytic amount of pipridine yielded the 

corresponding 3-hydroxy-3-methyl-5-phenyl-N-

(pyridin-2-yl)pyrazolidine-4-carboxamide (16). Also, 

one-pot reaction of compound 1 with benzaldehyde and 

malononitrile in ethanol with catalytic amount of 

pipridine give compound 16. The IR spectrum of 

compound 16 revealed absorption bands at  3332, 3212, 

2192, 1640, 1631 cm-1 due to amino functions, (CN) 

and (2CO), respectively. The mass spectrum showed 

molecular ion peak at m/z 331 (M+) due to their correct 

molecular formula C19H17N5O3. 

In general, most organic reactions have been 

heated using traditional heat transfer equipment such as 

oil paths, sand baths and heating jackets. These heating 

techniques are, however, rather slow and a temperature 

gradient can develop within the sample. In addition, 

local overheating can lead to product, substrate and 

reagent decomposition. Compound 3 reacted with 

malononitrile in microwave reaction condition (free 

solvent reaction) afforded the isoquinoline derivative 6-

amino-7-cyano-8-methyl-1-oxo-N, 2-di (pyridin-2-yl)-

1,2-dihydroisoquinoline-4-carboxamide (17). The IR 

spectrum showed a characteristic function groups at 

3315-3282 cm-1 due to NH and NH2 while (CN) 

function appeared at 2200 cm-1, and the amidic 

carbonyl groups appeared at 1658 cm-1. In addition, 

mass spectrum showed a molecular ion peak at m/z 396 

corresponding to its molecular formula C22H16N6O2. 

Similarly, compound 3 reacted with ethyl 

cyanoacetate under microwave irradiation to afforded 

ethyl 2-cyano-3-(4-methyl-2-oxo-1-(pyridin-2-yl)-5-

(pyridin-2-ylcarbamoyl)-1, 2-dihydropyridin-3-yl) but-

2-enoate (18). Both elemental analysis and spectral data 

are in complete agreement with the proposed structure 

1H-NMR spectrum revealed signals at δ 1.35 ppm as 

triplet signals due to the methyl proton of ester group, 

two singlet signals at δ 1.8 ppm and δ 2.2 ppm 

corresponding two CH3 protons, quartet at δ 4.4 ppm 

corresponding to CH2 group of ester, multiplet signals 

corresponding aromatic protons at δ 6.98-8.5 ppm 

while the NH protons appeared as two singlet signals at 

δ 11.05 ppm. In addition, the mass spectrum showed 

the molecular ion peak at m/z 442 (M+ - 1).  

Compound 3 reacted with malononitrile and 

sulphur element according to (Geẅeld reaction) under 

condition (microwave irradiation) to give thiophene 

derivative 19. The structure of compound 19 was 

confirmed by elemental analysis and spectral data. 

Furthermore, the mass spectrum showed the molecular 

ion peak at m/z 424 (M+ + 4). The 1H-NMR spectrum 

revealed signals at δ 2.01 ppm corresponding to methyl 

group protons, singlet signal at δ 2.55 due to NH2 

protons singlet signal appeared at δ 6.55 ppm 

corresponding to CH proton of thiophene ring, singlet 

signal appeared at δ 8.65 ppm corresponding to CH 

proton of pyridine ring, in addition an aromatic protons 

appeared as multiplet at δ 7.20-8.44 ppm. Similarly, 

under microwave irradiation condition compound 3 

reacted with cyanoacetamide to yield compound 6-

cyano-4, 5-dimethyl-7-oxo-N,1-di(pyridin-2-yl)-1,7-

dihydro-1,8-naphthyridine-3-carboxamide (21). 

Moreover, compound 21 was confirmed with the mass 

spectrum which showed molecular ion peak at m/z 396 

(M+).  
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Scheme 4. Synthesis of pyridine derivatives 17, 18, 19, 

and 21 

On the other hand, when compound 3 subjected to 

react with ethylene diamine in refluxing ethanol, it 

afforded the corresponding diazapino pyridine 

derivative 22. The structure of compound 22 was 

established based on their elemental and spectral data. 

The 1H-NMR of compound 22 showed five singlet 

signals at δ 1.38, 2.51, 8.55 and 10.78 ppm 

corresponding to two CH3 groups, (C2-H) of pyridine 

ring and NH protons. In addition to two triplet signals 

at δ 1.39-1.44 ppm corresponding to two CH2 protons. 

While the aromatic protons appeared as multiplet 

signals at δ 6.83-8.62 ppm. As continuation of our work 

compound 3 was reacted with thiourea in refluxing 

ethanol and catalyzed by few drops of piperidine give 

pyridopyrimidine derivative 23. The structure of 23 

was established by elemental and spectral data where 

the 1H-NMR of compound 23 showed four singlet 

signals at δ 1.70, 2.04, 8.37 and 11.09 ppm 

corresponding to two CH3 groups, (C2-H) of pyridine 

ring and NH protons. The mass spectrum showed the 

molecular ion peak at m/z 388 corresponding to its 

correct molecular formula C20H16N6OS. 
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Scheme 5: Synthesis of pyridine derivatives 22, 23, 24, 25, and 26 
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Scheme 5: Synthesis of pyridine derivatives 22, 23, 24, 

25, and 26 

Similarly, compound 3 reacted with benzaldhyde 

and furfural in refluxing ethanol in the presence of a 

catalytic amount of trimethylamine to afford the 

corresponding arylidine 24 and 25, respectively. 

Structure 24 and 25 were confirmed by both elemental 

and spectral data. In addition, it was examined the 

reactivity of the acetyl group by reacting with 

DMF/DMA by refluxing in dry xylene to afford the 

enaminone 26. The 1H-NMR of compound 26 revealed 

five singlet signals at δ 1.70, 2.11, 3.12, 8.37 and 11.05 

ppm corresponding to (3CH3) groups, (C2-H) of 

pyridine ring and NH proton in addition to two doublet  

signals at δ 5.53 and 6.43 ppm corresponding to 

olefinic (CH) protons. Aromatic protons appeared as 

multiplet signals at δ 7.53-8.70 ppm. Mass spectrum of 

compound 26 showed molecular ion peak at m/z 403 

corresponding to its correct mol. formula C22H21N5O3. 

Pharmacology: ABTS Antioxidant activity screening  

 The antioxidant activity assay employed here is 

one of the several assays that depend on measuring the 

consumption of stable free radicals i.e. evaluate the free 

radical scavenging activity of the investigated 

component. The methodology assumes that the 

consumption of the stable free radical (X') will be 

determined by reactions as follows: 

XH + Y'   X' + YH 
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 The rate and /or the extent of the process 

measured in terms of the decrease in X' concentration, 

would be related to the ability of the added compounds 

to trap free radicals. The decrease in color intensity of 

the free radical solution due to scavenging of the free 

radical by the antioxidant material is measured 

calorimetrically at a specific wavelength. The assay 

employs the radical cation derived from 2,2'-azino-

bis(3-ethyl benzthiazoline-6-sulfonic acid) (ABTS) as 

stable free radical to assess antioxidant potential of the 

isolated compounds and extracts. The advantage of 

ABTS -derived free radical method over other methods 

is that the produced color remains stable for more than 

one hour and the reaction is stoichiometric. The 

inhibition ratio (%) was calculated using the following 

formula: 

(%) Inhibition = [A(control) _ A(test) / A(control)] × 

100 

The antioxidant activity of some newly 

synthesized compounds was evaluated by ABTS 

method (Lissi et al., 1999). The data in Table 1 showed 

clearly that, compounds 5, 7, 10, 13a and 13b showed 

high antioxidant activity compared with vitamin C. The 

other rest of the tested compounds exhibited moderate 

antioxidant activities. The results go hand in hand with 

the in vitro free radical scavenging effects. 

From the mentioned results (Table 1), we may 

include the following structure activity relationship’s 

(SAR’s) and by comparing the tested compounds: (i) 

the presence of thiazole ring systems incorporated with 

pyridine moiety enhance the antioxidant activity 

compared with L-ascorbic acid (Fadda et al., 2012). (ii) 

Introducing of NH, OH, CO groups into pyridine 

moiety increases the stability of free radical, hence 

increasing both free scavenging and antioxidant activity 

(ABTS method). 

Table 1. Antioxidant assay for some prepared new 

compounds 

Compound 

No. 

ABTS Antioxidant Assay % 

Inhibition 

Control of 

ABTS 

0% 

L-Ascorbic 

acid 

87.7% 

3 24.30% 

4 48.20% 

5 62.90% 

7 60.85% 

10 55.25% 

13a 60.40% 

13b 79.20% 

17 35.55% 

19 43.30% 

22 17.50% 

26 22.80% 

 

Conclusion 

The newly synthesized fused and binary 

heterocycles incorporating pyridine ring system seems 

to be interesting for biological activity studies. 

Furthermore, the present investigation offers rapid and 

effective new procedures for the synthesis of novel 

heterocyclic compounds incorporated pyridine moiety. 

The newly synthesized compounds were screened for 

their ABTS antioxidant using Vitamin C as drug 

references. The results revealed that compound 23b 

showed the highest antioxidant activity compared with 

Vitamin C and the other rest of compounds exhibited 

moderate to low activities. It is worth mentioning that 

introducing of NH, OH, and CO groups into pyridine 

moiety enhance the antioxidant activity.  
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