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INTRODUCTION: Cinnoline and its fused deriva-
tives constitute a versatile class of nitrogen 
heterocyclics owning to its diverse pharmacodynamic 
properties such as anti-inflammatory1, sedative2, anti-
molluscicidal3, LRRK2 kinase inhibitor4, human neu-
trophil elastase inhibitors5, antitumor6, antithrombot-
ic7, antibacterial8, insecticidal9, antihypertensive10, 
antileukemic11 and antimalarial12 activity. Cinnoline 
itself is a versatile organic compound and is reported 
to possess toxicity and antibacterial potential against 
E.coli13. Acyl derivatives of cinnoline possess remark-
able biological activities like antifibrotic14, 
antiallergic15, antiulcer16, sedative17 and they are used 
as precursor for synthesis of diverse heterocyclic 
compounds with therapeutic importance. The cited 
methods for preparation of 3-acylcinnoline derivatives 
suffer from limitations of very poor yield, use of toxic 
chemicals and longer reaction times. In recent times, 
polyphosphoric acid has been used as an efficient and 
mild condensing agent in the synthesis of various 
heterocyclic compounds18-20. In an attempt towards 
synthesis of organic compounds using sustainable and 
greener methodologies21-26, synthesis 3-carbethoxy-6-
substituted-4-methylcinnolines has been explored 
under microwave irradiations using polyphosphoric 
acid. 
 
MATERIAL AND METHODS: The required chem-
icals and reagents were procured from Sigma-Aldrich. 
The IR spectra were measured on Perkin-Elmer Spec-

trophotometer, proton NMR on BrukerAvance II 400 
MHz Spectrometer and Perkin-Elmer 2400 CHN El-
emental analyzer was used for micro-analysis. The 
microwave stimulated reactions were carried on Sam-
sung microwave oven (Model No. CE745G) at 400W 
power.  

General procedure for synthesis of 
phenylhydrazonocarbethoxyacetones: Aniline 
(0.1025 mol) was dissolved in IN HCl (200 ml) and 
cooled up to 0-5°C. A cooled solution of sodium ni-
trite (0.1072 mol) in water (26 ml) was added 
dropwise to aniline solution with constant stirring 
keeping the temperature below 5 °C. 
Benzenediazonium chloride thus prepared was added 
to a precooled solution of ethanol (30 ml), water (500 
ml) and ethylacetoacetate (0.129 mol) slowly with 
stirring maintaining the temperature below 5 °C. After 
this, sodium acetate was added to make the reaction 
mixture alkaline and stirring was continued for next 
20 minutes. The crude product was filtered, dried and 
recrystallized with ethanol. 

General procedure for synthesis of 3-carbethoxy-6-
substituted-4-methylcinnolines: Phenylhydrazono-
carbethoxyacetones (0.01 mol) intimately mixed with 
polyphosphoric acid (2g) was subjected to microwave 
irradiation at 400W. The reaction was completed in 15 
sec as checked on silica coated TLC plates. The mix-
ture was poured over crushed ice, the crude product 
was filtered, dried and recrystallized by ethanol. 
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RESULTS AND DISCUSSION: The carbon based 
organic solvents are highly volatile, noxious in nature 
and leads to a number of physiological impairments in 
living beings. For sustainable future and environmen-
tally benign technological developments, a shift 
should be made from classical methods of organic 
synthesis to greener alternatives. In the present study, 
differently substituted phenylhydrazono-
carbethoxyacetones have been cyclized using 

polyphosphoric acid under microwave irradiations to 
form 3-carbethoxy-6-substituted-4-methylcinnolines 
(Reaction scheme). Simplified procedures, high yields 
in short reaction time and solvent free conditions are 
the remarkable features of this procedure. The IR, 1H 
NMR and elemental analysis data have been used for 
characterization of compounds. The results are com-
piled in Table 1 and 2. 

Table 1: Synthesis of phenylhydrazonocarbethoxyacetones and carbethoxycinnolines. 

Comp. 
Code 

M. P. 
(°C) 

Yield 
(%) Mol. Formula C % H % N % 

Calc. Found Calc. Found Calc. Found 
1a 71-72 82 C12H14N2O3 61.54 61.42 5.98 5.83 11.97 11.86 
1b 60-61 80 C13H16N2O3 62.90 62.79 6.45 6.31 11.29 11.12 
1c 80-81 83 C12H13N2O3Cl 53.63 53.48 4.84 4.77 10.43 10.35 
1d 85-86 85 C13H16N2O4 59.09 59.20 6.06 6.01 10.60 10.48 
1e 87-88 82 C12H13N2O3Br 46.02 45.95 4.15 4.04 8.95 8.81 
2a 73-74 81 C12H12N2O2 66.66 66.53 5.55 5.37 12.96 12.79 
2b 64-65 78 C13H14N2O2 67.83 67.95 6.08 6.15 12.17 12.04 
2c 88-89 85 C12H11N2O2Cl 57.48 57.61 4.39 4.50 11.17 11.05 
2d 85-86 80 C13H14N2O3 63.41 63.27 5.69 5.60 11.38 11.20 
2e 90-91 84 C12H11N2O2Br 48.83 48.95 3.73 3.90 9.49 9.36 

 
Antibacterial evaluation: The antibacterial activity 
of cinnoline derivatives were determined against S. 
aureus, E. coli, S. typhii, P. aeruginosa and K. pneu-
monia using ditch diffusion method27. Antibacterial 
activity was evaluated at 10 and 100 ppm concentra-
tions by measuring the diameter of the inhibition 
zone. Dimethylformamide was used as a solvent con-
trol. Ciprofloxacin was used as standard antibacterial 

drug. The optimum results were obtained at 10 ppm 
concentration for all the compounds. Antibacterial 
screening data indicate that all carbethoxycinnolines 
showed moderate to good activity against E. coli, S. 
typhii, P. aeruginosa and K. pneumonia. The Com-
pounds 2a, 2d and 2e showed moderate activity 
against S. aureus. The antimicrobial results are illus-
trated in Table 3. 
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Table 2: Spectral data of compounds 1a-e and 2a-e. 

Comp. 
Code 

IR (KBr) (in cm-1) 1H NMR (CDCl3, 400MHz): δ CH3str C=O str -N=N- str -C-N= N- str 

1a 2982 1708 1510 1170 

14.80 (s, 1H, enolic OH), 7.38-7.15 
(m, 5H, Ar-H), 4.39-4.30 (q, 2H, CH2), 
2.58 (s, 3H, CH3), 1.77 (s, 1H, -CH), 

1.42-1.38 (t, 3H, CH3). 

1b 2985 1693 1515 1183 

14.89 (s, 1H, enolic OH), 7.32-7.14 
(m, 4H, Ar-H), 4.38-4.30 (q, 2H, CH2), 
2.58 (s, 3H, CH3), 2.32 (s, 3H, CH3), 
1.94 (s, 1H, -CH), 1.41-1.37 (t, 3H, 

CH3). 

1c 2983 1702 1526 1203 

14.74 (s, 1H, enolic OH), 7.36-7.33 
(m, 4H, Ar-H), 4.38-4.31 (q, 2H, CH2), 
2.58 (s, 3H, CH3), 1.67 (s, 1H, -CH), 

1.41-1.38 (t, 3H, CH3). 

1d 2986 1689 1517 1190 

14.85 (s, 1H, enolic OH), 7.40-7.17 
(m, 4H, Ar-H), 4.37-4.33 (q, 2H, CH2), 
3.84 (s, 3H, OCH3), 2.51 (s, 3H, CH3), 

1.80 (s, 1H, -CH), 1.40-1.36 (t, 3H, 
CH3). 

1e 2980 1695 1528 1196 

14.72 (s, 1H, enolic OH), 7.41-7.30 
(m, 4H, Ar-H), 4.40-4.32 (q, 2H, CH2), 
2.55 (s, 3H, CH3), 1.78 (s, 1H, -CH), 

1.41-1.37 (t, 3H, CH3). 

2a 2984 1710 1510 1163 
7.41-7.34 (m, 4H, Ar-H), 4.35-4.29 (q, 
2H, CH2), 2.57 (s, 3H, CH3), 1.41-1.37 

(t, 3H, CH3). 

2b 2982 1695 1512 1185 
7.32-7.16 (m, 3H, Ar-H), 4.38-4.30 (q, 
2H, CH2), 2.58 (s, 3H, CH3), 2.38 (s, 

3H, CH3),1.41-1.37 (t, 3H, CH3). 

2c 2986 1702 1527 1204 
7.42-7.35 (m, 3H, Ar-H), 4.36-4.31 (q, 
2H, CH2), 2.59 (s, 3H, CH3), 1.42-1.38 

(t, 3H, CH3). 

2d 2988 1705 1520 1190 
7.40-7.21 (m, 3H, Ar-H), 4.39-4.31 (q, 
2H, CH2), 3.75 (s, 3H, OCH3), 2.56 (s, 

3H, CH3), 1.40-1.35 (t, 3H, CH3). 

2e 2985 1710 1514 1180 
7.45-7.32 (m, 3H, Ar-H), 4.37-4.30 (q, 
2H, CH2), 2.55 (s, 3H, CH3), 1.40-1.37 

(t, 3H, CH3). 

Table 3: Antibacterial activity of carbethoxycinnolines. 

Comp. 
Code 

Diameter of zone of inhibition (mm) 
E. coli S. typhii P. aeruginosa K. pneumonia S. aureus 

Conc.(ppm) 10 100 10 100 10 100 10 100 10 100 
2a  15 13 13 11 15 13 15 13 12 10 
2b  14 12 12 10 13 10 16 14 - - 
2c 14 11 12 10 12 11 16 13 - - 
2d  15 13 14 12 15 13 17 15 12 11 
2e  14 13 13 11 13 11 15 14 13 11 

Ciprofloxacin 20 20 20 20 20 20 20 20 20 20 
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CONCLUSION: A series of differently substituted 3-
carbethoxy-6-substituted-4-methycinnolines have 
been synthesized under greener conditions. Some 
carbethoxycinnolines shows remarkable antibacterial 
strength and can be further used in synthetic and 
pharmaceutical research. 
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