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INTRODUCTION

Antimicrobial resistance has been recognized as a global problem as it increases the rate of
mortality and morbidity.’) The literature reveals that the cause of antibiotic resistance
includes the irrational use of the antibiotics and the failure to discover new antimicrobial
agents since the late 1980s. Accordingly, there is a need to develop new antimicrobial agents

to combat antimicrobial resistance problems.™!

Pyridazinone derivatives have gained
substantial attention within the field of medicinal chemistry. In recent years, this chemical
moiety has been investigated extensively for its diverse biological activities* including
antinflammatory  activity, analgesic  activity,  anticancer  activity, antiviral  activity,
antimicrobial activity, cardiovascular activity, antitubercular activity, antiobesity activity,
antidiabetic activity, and neuroprotective activity. Some reviews of the chemistry and
biological importance of pyridazinone derivatives have also been published,®1 wherein
pyridazinone compounds are reported to possess very good antimicrobial activity.
Encouraged by these observations and in continuation of our search for the potent

[9-13]

heterocyclic antimicrobial agents, we decided to prepare some (3E)-2,6-diaryl-N-

pyridinyl-4,5-dihydropyridazin-3(2H)-imines as antimicrobial agents.

MATERIALS AND METHODS

Melting points were measured in open capillary tubes and are uncorrected. IR (KBr) spectra
were recorded on a Nicolet, 5PC FT-IR spectrometer (Browser Morner, USA). *H-NMR and
13C-NMR spectra were recorded on a Bruker DRX-300 FT NMR (Bruker, Germany)
spectrophotometer using TMS as internal reference (chemical shift in 6 ppm). The purity of
the compounds was checked on silica gel G plates using iodine vapours as visualizing agent.
The Rf value of the compounds was determined by using a mixture of toluene, ethyl acetate
and formic acid (5:4:1). All the reagents used in the present work were of analytical grade.
The synthetic pathway for the preparation of (3E)-2,6-diaryl-N-pyridinyl-4,5-
dihydropyridazin-3(2H)-imines (5-13) is provided in Figure 1.
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Figure 1: The synthetic pathway for the preparation of (3£)-2,6-diaryl-N-pyridinyl-4,5-dihydropyridazin-3(2H)-imines (5-13)

The compound (1) and the compounds (2-4) were prepared by the same methods as provided

in our previous report.[4!

Synthesis of 3-Benzoylpropionic acid (1)

To a solution of succinic anhydride (0.1 mole) in benzene (50 mL), anhydrous aluminium
chloride (0.125 mole) was added in small portions with stirring over a period of 2 hours. The
reaction mixture was refluxed for 2 hours. After completion of the reaction, excess of
benzene was removed by steam distillation. The reaction mixture was dissolved in sodium
hydroxide solution, filtered, and hydrochloric acid was added to it. The solid mass obtained
was filtered, washed with cold water, dried and recrystallized from methanol to give a

colorless product which gave effervescence with sodium bicarbonate solution.

General procedure for the preparation of 2-(aryl)-6-phenyl-4,5-dihydropyridazin-
3(2H)-one (2-4)

A mixture of 3-benzoylpropionic acid (0.01 mole) and appropriate phenylhydrazine (0.01
mole) in ethanol (30 mL) was refluxed for about 8 hours to 10 hours. The solid obtained was
hot filtered, washed with a dilute solution of sodium bicarbonate and then recrystallized from

ethanol.
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General procedure for the preparation of (3E)-2,6-diaryl-N-(pyridinyl)-4,5-dihydro
pyridazin-3(2H)-imines (5-13)

The compound (2) or compound (3) or compound (4) (0.01 mole) and appropriate pyridinyl
amine (0.01 mole) were taken in a 100 mL flask containing 25 mL of glacial acetic acid. The
mixture was refluxed for about 6 hours to 10 hours. After completion of the reaction, the
reaction mixture was cooled. The solid obtained was filtered and recrystallized from acetic

acid.

Antimicrobial activity

The in vitro antimicrobial activity was carried out against 24 hours old cultures of five
bacteria, namely, Staphylococcus aureus (ATCC 25923), Bacillus subtilis (ATCC 6633),
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), and Klebsiella
pneumoniae (ATCC 700603); and one fungus, Candida albicans (ATCC 2091) using cup
plate method.[*>®1 Nutrient agar medium and Sabouraud dextrose medium were used for
antibacterial activity and antifungal activity, respectively. The compounds were tested at
concentrations of 10 pug/mlL in sterile dimethylformamide using Ofloxacin and Ketoconazole
as standard drugs for antibacterial and antifungal activity, respectively. Inhibition was
recorded by measuring the diameter of the inhibition zone after 24 hours for bacteria and 48
hours for fungus. Each experiment was repeated thrice and an average of the three
independent determinations was recorded. The percentage antimicrobial activity was

calculated for each compound with respect to the standard drugs.

Statistical Analysis

All data (n = 3) are presented as Mean *+ Standard Error Mean (SEM). The data were
analyzed by One-Way Analysis of Variance (ANOVA) with Dunnett's Multiple Comparison
Test with respect to control group and standard group using GraphPad Prism version 5.00 for
Windows, GraphPad Software, San Diego California USA, www.graphpad.com. The results
were considered significantly different at p < 0.05 as compared with control group as well as

standard drug groups.

RESULTS AND DISCUSSION

The compounds (5-13) were prepared according to the method outline in Figure 1. The
compounds (1) and the compounds (2-4) were prepared by the same methods as provided in
our previous report.* The physical constant data of the compounds (5-13) is provided in
Table 1.
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Table 1: The physical constant data of the compounds (5-13)
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Molecular M.P. Yield R¢
Compound Ar- Het- Formula (+2°C) | (%) | Value
5 Phenyl 2-pyridinyl Co1H1sN4 177-179 | 70 0.68
6 Phenyl 3- pyridinyl Co1Hi1gNy 165-167 | 65 0.66
7 Phenyl 4- pyrldlnyl Co1H1gN4 191-193 70 0.71
8 2,4-Dinitropheny 2- pyridinyl C21H16N6O4 172-174 | 70 0.69
9 2,4-Dinitropheny 3- pyridinyl C21H16N6O4 188-190 | 65 0.77
10 2,4-Dinitropheny 4- pyridinyl C21H16N6O04 201-203 | 75 0.68
11 4-Nitrophenyl 2- pyridinyl C21H17N50; 174-176 | 80 0.73
12 4-Nitrophenyl 3- pyridinyl C21H17N50; 169-171 | 70 0.66
13 4-Nitrophenyl 4- pyridinyl C21H17N50; 175-177 | 75 0.69

The spectral data of the representative compounds are provided below.

2,6-Diphenyl-4,5-dihydropyridazin-3(2H)-one (3)

IR (KBr) cmt: 1685 (C=0), 1600 (C=N), 1510 (C=C); *H-NMR (DMSO-dg) & ppm: 2.72 (t,
J = 8 Hz, 2H, H-4 of pyridazinone), 3.11 (t, J = 8 Hz, 2H, H-5 of pyridazinone), 7.28 (t, J =
8Hz, 1H, Ar-H), 7.42-7.46 (m, 5H, Ar-H,), 7.57 (d, J = 11 Hz, 2H, Ar-H), 7.84 (t, J = 8 Hz,
2H, Ar-H); *C-NMR (DMSO-ds, 100 MHz) & ppm: 22.2 (C-4 of pyridazinone), 27.3 (C-5 of
pyridazinone), 124.8 (2C, Ar-C), 126.0 (2C, Ar-C), 126.1 (Ar-C), 128.2 (2C, Ar-C), 128.5
(2C, Ar-C), 129.7 (Ar-C), 135.4 (Ar-C), 141.4 (Ar-C), 151.8 (Ar-C), 165.2 (C=0O of

pyridazinone).

2-(2,4-Dinitrophenyl)-6-phenyl-4,5-dihydropyridazin-3(2H)-one (4)

IR (KBr) cm’: 1625 (C=0), 1600 (C=N), 1510 (C=C), 1310 and 1340 (NO,); *H-NMR
(DMSO-dg) 6 ppm: 2.36 (t, J = 8 Hz, 2H, H-4 of pyridazinone), 3.02 (t, J = 8 Hz, 2H, H-5 of
pyridazinone), 7.42-7.66 (m, 4H, Ar-H), 7.84-7.93 (m, 2H, Ar-H), 8.21-8.26 (m, 1H, Ar-H),
8.78 (s, 1H, Ar-H); 3C-NMR (DMSO-dg, 100 MHz) & ppm: 23.6 (C-4 of pyridazinone), 33.5
(C-5 of pyridazinone), 116.4 (Ar-C), 123.0 (Ar-C), 123.4 (Ar-C), 126.5 (2C, Ar-C), 128.5
(3C, Ar-C), 129.6 (Ar-C), 136.1 (Ar-C), 143.3 (Ar-C), 144.4 (Ar-C), 146.5 (Ar-C), 168.0
(C=0 of pyridazinone).

(E)-2,6-diphenyl-N-(pyridin-2-yl)-4,5-dihydropyridazin-3(2H)-imine (5)

IR (KBr) cm™: 1610, 1615 and 1625 (C=N), 1505, 1510 and 1520 (C=C); *H-NMR (DMSO-
ds) & ppm: 251 (t, J = 8 Hz, 2H, H-4 of pyridazinone), 2.98 (t, J = 8 Hz, 2H, H-5 of
pyridazinone), 6.88 (d, J = 10 Hz, 1H, H-3 of pyridine), 7.08 (t, J = 7 Hz, 1H, H-5 of
pyridine), 7.30-7.97 (m, 11H, Ar-H), 8.33 (d, J = 10 Hz, 1H, H-6 of pyridine); *C-NMR
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(DMSO-ds, 100 MHz) & ppm: 21.3 (C-4 of pyridazinone), 25.2 (C-5 of pyridazinone), 114.0
(Ar-C), 117.5 (3C, Ar-C), 120.3 (Ar-C), 126.0 (2C, Ar-C), 122.6 (2C, Ar-C), 127.4 (2C, Ar-
C), 130.2 (Ar-C), 134.4 (Ar-C), 135.1 (Ar-C), 143.4 (Ar-C), 146.2 (2C, Ar-C), 156.4 (C-3 of
pyridazinone), 158.4 (C-2 of pyridine).

(E)-2-(2,4-dinitrophe nyl)-6-phe nyl-N-(pyridin-2-yl)-4,5-dihydropyridazin-3(2H)-imine

®)

IR (KBr) cm'’: 1615, 1620 and 1625 (C=N), 1510, 1515 and 1520 (C=C), 1305 and 1330
(NO,); *H-NMR (DMSO-dg) & ppm: 2.58 (t, J = 8 Hz, 2H, H-4 of pyridazinone), 2.99 (t, J = 8
Hz, 2H, H-5 of pyridazinone), 6.85 (d, J = 10 Hz, 1H, H-3 of pyridine), 7.09 (t, J = 7 Hz, 1H,
H-5 of pyridine), 7.28-7.59 (m, 6H, Ar-H), 8.0 (d, J = 10 Hz, 1H, Ar-H), 8.38-8.44 (m, 3H,
Ar-H); *C-NMR (DMSO-ds, 100 MHz) & ppm: 21.4 (C-4 of pyridazinone), 25.4 (C-5 of
pyridazinone), 114.0 (Ar-C), 116.0 (Ar-C), 117.3 (Ar-C), 118.8 (Ar-C), 126.1 (2C, Ar-C),
126.7 (2C, Ar-C), 128.3 (Ar-C), 129.1 (Ar-C), 134.1 (Ar-C), 135.1 (Ar-C), 136.0 (Ar-C),
136.5 (Ar-C), 143.1 (Ar-C), 144.4 (Ar-C), 1455 (Ar-C), 156.5 (C-3 of pyridazinone), 158.5
(C-2 of pyridine).

The in vitro antimicrobial activity was carried out against five bacteria and one fungus using
cup plate method.l'>181 The percentage antimicrobial activity data of the compounds (5-13)

with respect to the standard drugs is provided in Table 2.

Table 2: The percentage antimicrobial activity of the compounds (5-13) with respect to

the standard drugs

Compound | S.aureus | B.subtilis | E.coli | P.aeruginosa | K. pneumoniae | C. albicans
5 70.13 62.66 55.18 54.73 51.55 64.50
6 51.55 56.44 44.26 48.33 34.33 56.75
7 67.66 61.46 52.50 54.27 42.65 63.45
8 79.66 71.85 76.74 87.75 87.65 75.70
9 76.90 66.82 72.66 83.90 78.50 67.65
10 77.88 68.74 72.75 83.66 78.52 70.50
11 89.74 84.58 62.15 77.88 67.75 85.88
12 88.40 80.33 58.44 57.25 53.77 77.33
13 88.90 82.33 62.15 75.33 56.33 77.33
Control 0.0 0.0 0.0 0.0 0.0 0.0
Ofloxacin 100.00 100.00 100.00 100.00 100.00 -
Ketoconazole - - - - - 100.00
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No zone of inhibition for dimethylformamide. Zone of inhibition of Ofloxacin (100%) = 26
mm (E. coli), 32 mm (S. aureus), 28 mm (B. subtilis),30 mm (P. aeruginosa), 35 mm (S.
typhi). Zone of inhibition of Ketoconazole (100%) = 30 mm (C. albicans). n = 3, *p > 0.05.

The antimicrobial activity of the compounds (5-13) revealed that compound 11 exhibited the
highest activity of 89.74% and 84.58% against Gram positive bacteria, S. aureus and B.
subtilis respectively, with respect to the standard drug, Ofloxacin. The compound 8 exhibited
highest activity of 76.74%, 87.75%, and 87.65% against Gram negative bacteria, E. coli, P.
aeruginosa and K. pneumonia respectively, with respect to the standard drug, Ofloxacin. The
compound 11 also exhibited the highest activity of 85.88% against C. albicans with respect to
the standard drug, Ketoconazole. The structure activity relationship of the compounds
revealed that for better antibacterial activity against Gram positive bacteria and C. albicans
presence of a nitro group is required. The increase in the number of nitro groups decreases
the antibacterial activity against Gram positive bacteria and Candida albicans. The structure
activity relationship of the compounds against Gram negative bacteria revealed that the
antibacterial activity increases with the number of nitro group. The antimicrobial activity of
the compounds (5-13) against Gram positive bacteria, Gram negative bacteria, and C.
albicans revealed that the compounds containing 2-pyridinyl moiety provide better

antimicrobial agents.

CONCLUSION

It is evident from the antimicrobial activity data of the compounds (5-13) that none of the
compounds exhibited comparable activity against standard drugs Ofloxacin and
Ketoconazole. However, it has been identified that the presence of 2-pyridinyl group is an
essential requirement in these types of compounds to act as better antimicrobial agent. There
is a possibility that the replacement of the phenyl, 4-nitropheny, and 2,4-dinitrophenyl groups
at position 2 of the pyridazinone ring with other similar isosteres or bioisosteres may provide
better antimicrobial agents. Accordingly, this study may be extended to acquire more

information about the structure activity relationships of this series of compounds.

CONFLICT OF INTEREST

The author declares that no conflict of interest is associated with this work.

VWWW.Wipr.net Vol 5, Issue 10, 2016. 1227



Imran. World Journal of Pharmaceutical Research

REFERENCES

1.

10.

11.

12.

Jindal AK, Pandya K and Khan ID: Antimicrobial resistance: A public health challenge.
Medical Journal Armed Forces India 2015; 71(2): 178-181.

Bhatia R: Strategic approach to prevention and containment of antimicrobial resistance in
South-East Asia. Journal of Patient Safety & Infection Control 2013; 1(1): 19-21.

Brandt C, Makarewicz O, Fischer T, Stein C, Pfeifer Y, Werner G and Pletz MW: The
bigger picture: the history of antibiotics and antimicrobial resistance displayed by
scientometric data. International Journal of Antimicrobial Agents 2014; 44(5): 424-430.
Akhtar W, Shaquiquzzaman M, Akhter M, Verma G, Khan MF and Alam MM: The
therapeutic journey of pyridazinone, European Journal of Medicinal Chemistry 2016;
123: 256-281.

Imran M and Abida: 6-(4-Aminophenyl)-4,5-dihydro-3(2H)-pyridazinone-An important
chemical moiety for development of cardioactive agents: A review. Tropical Journal of
Pharmaceutical Research 2016; 15(7): 1579-1590.

Pooja BS. Various biological activities of pyridazinone ring derivatives. Asian Journal of
Chemistry 2011; 23(5): 1905-1910.

Singh TA, Verma P and Anish C: A review on biological profile of pyridazinone
containing drugs. Asian Journal of Research in Chemistry 2010; 3(2): 265-271.

Asif M, Singh A and Siddiqui AA: The effect of pyridazine compounds on the
cardiovascular system. Medicinal Chemistry Research 2012; 21: 3336-3346.

Imran M and Khan SA: Synthesis, spectral characterization and antimicrobial activity of
new isoxazoline derivatives. Oriental Journal of Chemistry 2003; 19: 695-697.

Imman M and Khan SA. Synthesis of 3,5-disubstituted isoxazolines as potential
antibacterial and antifungal agents. Indian Journal of Heterocyclic Chemistry 2004; 13(3):
213-216.

Imran M, Abida and Khan SA: Synthesis and antimicrobial activity of some 2-amino-4-
(7-substituted/unsubstitutedcoumarin-3-yl)-6- (chlorosubstitutedphenyl)pyrimidines.

Tropical Journal of Pharmaceutical Research 2015; 14(7): 1265-1272.

Imran M, Abida and Alsalman AJ: Synthesis and evaluation of antimicrobial activity of
some 2-morpholinomethylamino-4-(7-unsubstituted/substitutedcoumarin- 3-yl)-6-
chlorosubstituted phenylpyrimidines. Tropical Journal of Pharmaceutical Research 2016;
15(2): 393-404.

VWWW.Wipr.net Vol 5, Issue 10, 2016. 1228



Imran. World Journal of Pharmaceutical Research

13. Khan SA, Siddiqui N, Imran M and Haque SW: Synthesis and antimicrobial screening of
novel mannich bases of isatin derivative. Indian Journal of Pharmaceutical Sciences 2005;
66(6): 830-834.

14. Imran, M and Nayeem N: Synthesis and antihypertensive activity of some novel
pyridazinones. Oriental Journal of Chemistry 2016; 32(1): 267-274.

15. Cruickshank R, Duguid JP, Marmion BP and Swain RHA: Medical Microbiology.
Churchill Livingstone, London, Edition 12, Vol. 11, 1975; 196-202.

16. Beth AAS, Miwood M, David WW and Christine JM: Comparative evaluation of
PASCO and national committee for clinical laboratory standards M27-A broth
microdilution methods for antifungal drug susceptibility testing of yeasts. Journal of
Clinical Microbiology 2000; 38(6): 2254-2260.

VWWW.Wipr.net Vol 5, Issue 10, 2016. 1229



