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A NEW SERIES of 5-arylazo-3-cyano-2-pyridone scaffolds 5, 6 and 7 have been 
synthesized and characterized by elemental analysis, IR and 1H NMR spectroscopic tools. 

The antibacterial activities of the synthesized pyridone scaffolds have been investigated; they 
exhibited good activities compared to the standard drugs.

Keywords: 5-arylazo-2-pyridones, Cyanoacetamide, Phenacyl bromide, Chloroacetonitrile, 
Antibacterial activities.
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Introduction                                                                     

Pyridine ring represents the main skeleton 
of numerous bioactive molecules. Recently 
2-pyridone and their derivatives take interest 
due to their anti-inflammatory, antiviral and 
antiproliferative activities [1-3]. Amrinone (I) 
[4] and Milrinone (II) [5] have been considered 
as cardiotonic drugs for the treatment of heart 

failure. Nowadays, 2-pyridone derivative (III) 
is investigated as a specific inhibitor of human 
immune deficiency virus-1 (HIV-1) [6]. Pyridone 
and its scaffolds have been reported as targeted 
molecules in many drug discovery programs 
of cancer and inflammatory disorders such as 
CDK4, FGFR and p38 inhibitors (IV−V) [7-10] 
respectively (Fig. 1). 

Fig. 1. 2-Pyridone scaffolds of medicinal interest.
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Pyridone analogues were investigated for their 
in vitro antibacterial activity against Gram-positive 
bacteria (Staphylococcus aureus, Streptococcus 
pyogenes) and Gram-negative bacteria (Escherichia 
coli, Pseudomonas aeruginosa) [11]. Many hundreds 
of 2-pyridones have been prepared and evaluated in 
vitro and in vivo, and selected members are advancing 
toward human clinical trials [12]. A series of novel 
pyridone-based disperse disazo dyes was synthesized 
by diazotizing and coupling reactions for dyeing 
polyester fabric [13]. The solvatochromic properties 
and antimicrobial activities of these pyridone-
based disperse disazo dyes in various solvents 
were evaluated [14]. Therefore, the construction of 
2-pyridones has been acquired much pharmaceutical 
importance in recent years [15-20].

Experimental                                                           

Melting points (uncorrected) were measured on 
Gallenkamp electric melting point apparatus. 
Infrared spectra were determined on Mattson 5000 

FT-IR spectrometer (KBr discs). 1H NMR spectra 
were recorded on a Bruker WP spectrometer 
(USA) (300 MHz) using TMS as an internal 
standard. Elemental analyses (C, H and N) were 
determined on Perkin-Elmer 2400 analyzer.

Synthesis of 5-arylazo-3-cyano-1-(ethoxycarbonyl) 
methyl-4,6-dimethyl-2-pyridone dyes 5, 6 and 7

To a suspension of 5-arylazopyridones 3 
(0.005 mol) in DMF (20 ml), 0.005 mol of the 
appropriate alpha-halogenated reagent (namely; 
ethyl bromoacetate, phenacyl bromide and/
or chloroacetonitrile) was added. The reaction 
suspension was heated at 90ºC with stirring for 4 
hours and then poured into ice-water drop by drop. 
The crude product, which picked up by filtration, 
was purified by recrystallization in ethyl alcohol to 
furnish the 2-pyridone dyes 5, 6 and 7, respectively.  

3-Cyano-1-(ethoxycarbonyl)methyl-4,6-
dimethyl-5-phenylazo-2-pyridone (5a) was 
isolated as orange crystals. 

TABLE 1. Physicochemical data for the synthesized 5-arylazo-2-pyridone scaffolds 5-7.

Cpd. Molecular formula MW MP, ºC
Yield, 

%
Analysis %, Calcd. (Found) 

C H N

5a C18H18N4O3 338 114-115 81
63.89

(63.74)

5.36

(5.42)

16.56

(16.67)

5b C19H20N4O3 352 117–118 63
64.76

64.95

5.72

5.76

15.90

15.82

5c C18H17ClN4O3 372 122-123 63
57.99

(58.17)

4.60

(4.55)

15.03

(15.15)

6a C22H18N4O2 370 138-140 55
71.34

(71.54)

4.90

(4.96)

15.13

(15.21)

6b C23H20N4O2 384 158-160 43
71.86

(71.72)

5.24

(5.19)

14.57

(14.64)

6c C22H17ClN4O2 404 153–155 70
65.27

(65.47)

4.23

(4.31)

13.69

(13.84)

7a C16H13N5O 291 224–225 45
65.97

(66.15)

4.50

(4.43)

24.04

(23.95)

7b C17H15N5O 305 223–225 40
66.87

(66.77)

4.95

(4.89)

22.94

(22.88)

7c C16H12ClN5O 325 220-222 53
58.99

(58.78)

3.71

(3.76)

21.50

(21.60)
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3-Cyano-1-(ethoxycarbonyl)methyl-4,6-
dimethyl-5-(4-tolylazo)-2-pyridone (5b) was 
isolated as orange crystals. 

5 - ( 3 - C h l o r o p h e n y l a z o ) - 3 - c y a n o - 1 -
(ethoxycarbonyl)methyl-4,6-dimethyl-2-
pyridone (5c) was isolated as orange crystals, 

3-Cyano-4,6-dimethyl-1-(2-oxo-2-phenylethyl)-
5-phenylazo-2-pyridone (6a) was isolated as 
brown crystals.

3-Cyano-4,6-dimethyl-1-(2-oxo-2-phenylethyl)-
5-(4-tolylazo)-2-pyridone (6b) was isolated as 
reddish brown crystals.

5-(3-Chlorophenylazo)-3-cyano-4,6-dimethyl-
1-(2-oxo-2-phenylethyl)- 2-pyridone (6c) was 
isolated as light brown crystals.

3-Cyano-1-(cyanomethyl)-4,6-dimethyl-5-
phenylazo-2-pyridone (7a) was isolated as light-
green crystals.

3-Cyano-1-(cyanomethyl)-4,6-dimethyl-5-(4-
tolylazo)-2-pyridone (7b) was isolated as orange 
crystals. 

5 - ( 3 - C h l o r o p h e n y l a z o ) - 3 - c y a n o - 1 -
(cyanomethyl)-4,6-dimethyl-2-pyridone (7c) was 
isolated as green crystals.

TABLE 2. Spectral data for the synthesized 5-arylazo-2-pyridone scaffolds 5-7.

Cpd. IR (KBr), cm-1 1H NMR (DMSO-d6): δ (ppm)

5a

2224 (C≡N), 

1752 (C=O),

1652 (C=O).

1.20 (t, 3H, CH3), 2.52 (s, 3H, CH3), 2.60 (s, 3H, CH3), 4.21 (q, 2H, CH2), 5.11 
(s, 2H, CH2), 7.16-7.45 (m, 5H, Ar-H).

5b

2226 (C≡N), 

1754 (C=O),

1644 (C=O).

1.21 (t, 3H, CH3), 2.42 (s, 3H, CH3), 2.50 (s, 3H, CH3), 2.57 (s, 3H, CH3), 
4.19 (q, 2H, CH2), 5.09 (s, 2H, CH2), 7.42 (d, 2H, Ar-H), 7.78 (d, 2H, Ar-H).

5c

2223 (C≡N), 

1752 (C=O), 

1657 (C=O).

1.21 (t, 3H, CH3), 2.55 (s, 3H, CH3), 2.62 (s, 3H, CH3), 4.20 (q, 2H, CH2), 5.11 
(s, 2H, CH2), 7.61–7.88 (m, 4H, Ar-H).

6a
2224 (C≡N), 

1698 (2 C=O).

2.45 (s, 3H, CH3), 2.55 (s, 3H, CH3), 5.90 (s, 2H, CH2), 7.15–7.68 (m, 10H, 
Ar-H).

6b

2223 (C≡N), 

1699 (C=O),

1650 (C=O).

2.38 (s, 3H, CH3), 2.40 (s, 3H, CH3), 2.58 (s, 3H, CH3), 5.95 (s, 2H, CH2), 
7.33–8.03 (m, 9H, Ar-H).

6c

2225 (C≡N), 

1699 (C=O), 

1662 (C=O).

2.44 (s, 3H, CH3), 2.64 (s, 3H, CH3), 5.98 (s, 2H, CH2), 7.58–8.04 (m, 9H, 
Ar-H).

7a
2222 (C≡N), 

1656 (C=O).

2.59 (s, 3H, CH3), 2.64 (s, 3H, CH3), 5.42 (s, 2H, CH2), 7.51–7.78 (m, 5H, 
Ar-H).

7b
2223 (C≡N), 

1657 (C=O).

2.38 (s, 3H, CH3), 2.56 (s, 3H, CH3), 2.61 (s, 3H, CH3), 5.34 (s, 2H, CH2), 7.36 
(d, 2H, Ar-H), 7.70 (d, 2H, Ar-H).

7c
2222 (C≡N),

1654 (C=O).

1H NMR: 2.58 (s, 3H, CH3), 2.64 (s, 3H, CH3), 5.38 (s, 2H, CH2), 7.26-7.80 
(m, 4H, Ar-H).
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Antimicrobial activity 
organic compounds were evaluated against 

(Escherichia coli) as a gram negative and 
(Staphylococcus aureus) as a gram positive 
bacteria as well as Candida albicans fungus 
(yeast) strain. Antimicrobial activity were 
examined by the agar well diffusion method using 
100 µL of suspension containing 1x108 CFU/mL 
of pathological tested bacteria [12], antimicrobial 
activity was evaluated by measuring the zone of 
inhibition against the test organisms and compared 
with that of the standard.

Results and Discussion                                                  

The current synthetic strategy of 
5-arylazopyridone dyes 5, 6 and 7 starts through 
heterocyclization of three arylazo derivatives 
of acetylacetone 1 with cyanoacetamide 2 
by heating in ethanol containing potassium 
hydroxide to furnish the corresponding potassium 
salt of 5-arylazo-pyridones 3. Alkylation of 
these pyridone potassium salts with ethyl 
bromoacetate in DMF at 90ºC proceeded at the 
more nucleophilic nitrogen atom of the pyridine 
ring to afford the N-alkylated product, 5-arylazo-
1-(ethoxycarbonyl)methyl-pyridones 5. The 
reaction failed to give the O-alkylated product 4 
which may be obtained by alkylation at the less 
nucleophilic oxygen atom. The chemical structure 

of 5a-c was secured base on the correct elemental 
analysis and spectral data. The IR spectrum of 
5-phenylazo-2-pyridone 5a revealed absorption 
bands at 2224 cm-1 for the nitrile function (C≡N) 
and 1752 & 1652  cm-1 to indicate the carbonyl 
functions (2 C=O). The 1H NMR spectrum 
exhibited singlet signal at 5.11 ppm to secure the 
protons of methylene group (CH2). 

Similar treatment of 5-arylazo-pyridones 3 
with phenacyl bromide and/or chloroacetonitrile 
in DMF at 90ºC furnished the corresponding 
5-arylazo-1-(2-oxo-2-phenylethyl)-pyridones 
6 and 5-arylazo-1-(cyanomethyl)-pyridones 7, 
respectively. The chemical structures of these 
pyridone dyes was secured by their correct 
elemental and spectral analyses. The IR spectra 
of 5-arylazo-1-(2-oxo-2-phenylethyl)pyridones 
6a-c revealed the absorption band of carbonyl 
function (NCH2COPh) at 1698 or 1699 cm-1 
while that of nitrile function (C≡N) in the range 
from 2223 to 2225 cm-1. The 1H NMR spectra 
of these pyridones 6a-c exhibited the protons of 
methylene group (N-CH2COPh) as singlet near 
5.95 ppm. The 1H NMR spectra of 5-arylazo-
1-(cyanomethyl)-pyridones 7a-c exhibited the 
protons of methylene group (N-CH2CN) singlet in 
the region 5.34-5.42 ppm.

TABLE 3. inhibition zone Diameters against a variety of bacteria and fungi (growth after 2 days).a

Diameter inhibition zone in mm (% activity index)

Compd. No. E. coli S. aureus C. albicans

5a 20 (83) 15 (68) 23 (82)

5b 16 (67) b 11 (39)

5c b b 10 (43)

6a b 17 (77) 20 (71)

6b b b 11 (42)

6c 9 (38) 11 (50) 16 (59)

7a 24 (100) 11 (50) 16 (57)

7b 15 (57) 22 (100) 9 (33)

7c 18 (69) 18 (65) 26 (100)

a Diameters (mm) of zones of inhibition (agar diffusion assay) are provided. Ampicillin and colitrimazole were used as the positive control. 
b Values below 6 mm (25 %) are of limited value as they refer either to inactive or non-diffusing compounds.
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Scheme 1. Synthesis of 5-arylazo-1-(ethoxycarbonyl)methyl-2-pyridones 5a-c.

Scheme 2. Synthesis of 5-arylazo-1-(2-oxo-2-phenylethyl)-2-pyridones 6a-c and 5-arylazo-1-(cyanomethyl)-2-
pyridones 7a-c.
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Conclusion                                                                             
Newly series of 5-arylazo-3-cyano-4,6-

dimethyl-2-pyridone scaffolds 5, 6 and 7 have 
been synthesized and elucidated by elemental 
analysis, IR and 1H NMR spectroscopic tools. 
The satisfactory synthetic dyes performance 
and good antibacterial properties should lead to 
design of novel antibacterial disperse dyes with 
improved application properties.
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تخليق بعض من ال -5 -اريل ازوبيريدون كرافعات لمضادات البكتري
حاتم السيد جعفر1، منى السيد إبراهيم2، محمود منصور2،  إيهاب عبد اللطيف2

1قسم الصباغه والطباعه - شعبة النسيج - المركز القومى للبحوث - مصر

2قسم اللكيمياء- كلية العلوم - جامعة المنصورة - مصر.

تم تخليق سلسله جديده من 5-اريل ازو -3-سيانو-4و6-ثنائى ميثيل-2-بيريدون وتم اثبات التركيب الكيميائى لها 
عن طريق التحليل العنصرى وبالطرق الطيفيه المختلفه مثل طيف الاشعه فوق البنفسجيه وطيف الاشعه تحت 
الحمراء وكذلك الرنين النووي المغناطيسي لنواة ذرة الهيدروجين لاسيما ان البيريدونات المخلقه عندما تم اختبار 

نشاطها القاتل للبكتريا أظهرت نتائج جيده اعلى بمقارنتها بمركبات متداوله بالاسواق العالميه.
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