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GRAPHICAL ABSTRACT
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Compound 

1 or 3 

R1 R2 R3

a -Cl -CH3 -H

b -Cl -CH3 -CH3

c -Cl -CH3 -NH2

d -Cl -C2H5 -H

e -Cl -C2H5 -CH3

f -Cl -CH2Ph -CH3

g -H -CH3 -H

h -H -CH3 -CH3

i -H -C2H5 -H

Abstract A series of 3-(2-aminothiazol-4-yl)quinolin-2[1H]-ones 3 was prepared by neat re-
action of quinolin-2[1H]-ones 1 with thioureas 2 in the presence of molecular iodine. The
synthesized compounds were evaluated for their in vitro antimicrobial activities against Es-
cherichia coli, Paedococcus sp., Lactobacillus, Yersinia enterocolitica, and Staphylococcus
aureus. The green chemical approach for the synthesis of thiazoloquinolinone 3 was performed
under neat conditions using molecular iodine as catalyst as well as reaction medium.

Supplemental materials are available for this article. Go to the publisher’s online edition of
Phosphorus, Sulfur, and Silicon and the Related Elements to view the free supplemental file.
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MOLECULAR IODINE AS A VERSATILE REAGENT 451

INTRODUCTION

The quinolinenucleus occurs in several natural compounds and pharmacologically ac-
tive substances1 displaying a broad range of biological activities such as antiasthmatic,2 anti-
inflammatory,3 antimalarial,4 anticancer,5 antibiotic,6 antihypertensive,7 and anti-HIV.8,9 As
a result, several simple and elegant syntheses of substituted quinolines have recently been
published.10 Several drugs based on the quinoline structure have improved therapy of
protozoal diseases, especially malaria.11

Similarly, the thiazole ring, a structural component of natural compounds such as
vitamin B1 (thiamine), penicillin, and carboxylase, has been found to exhibit significant
biological activities such as cytotoxic, immunosuppressive, antifungal, and enzyme in-
hibitory activity.12 Moreover, among the different aromatic heterocycles, thiazoles occupy
a prominent position in the drug discovery process,13 and this ring structure is found in
several marketed drugs. Aminothiazoles are known to be ligands of estrogen receptors14 as
well as a novel class of adenosine receptor antagonists.15

In continuation of our interest in heterocyclic molecules,16–24 in this article, we report
a simple and facile, one-pot, two-step, synthesis of novel 3-(2-aminothiazol-4-yl)quinolin-
2(1H)-ones 3a–i. Their in vitro antibacterial properties were screened and evaluated. In the
present synthesis, iodine played a major role in the one-pot synthesis, resulting in good
yields of target compounds.

RESULTS AND DISCUSSION

The synthetic protocol of the title compounds is shown in Scheme 1. The starting
material, N-alkylated quinolin-2[1H]-one 1, synthesized by using DMF/K2CO3, readily
reacted with thioureas 2 in the presence of iodine under solvent free conditions to give 3-(2-
aminothiazol-4-yl)quinolin-2[1H]-ones 3. The optimization of the reaction was carried out
using bromine (Method A) or iodine (Method B). It should be noted that the reaction of N-
alkylated quinolin-2[1H]-one 1 with thioureas 2 in the presence of bromine gave less yield
of the compound 3, even after heating for a prolonged reaction time. However, under iodine-
mediated conditions, the notorious substrate 1 gave a good yield of thiazolylquinolinone
3 with high purity. All additional attempts to increase the yield in this reaction, however,
proved to be futile. Iodine played a major role in the formation of compound 3, through
an iodoacetyl intermediate that condenses with thiourea. Moreover the reaction work up
was simpler, i.e., water was added to the reaction mixture and boiled for few minutes so
that the product thiazoles were dissolved in distilled water, which was filtered while hot.
The filtrate, when neutralized with aqueous NH3, gave the title compounds 3 in high yield
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Scheme 1 Synthesis of 3-(2-aminothiazol-4-yl)quinolin-2(1H)-ones.
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452 R. SUBASHINI AND F. NAWAZ KHAN

Table 1 Substitutents of 3-(2-aminothiazol-4-yl)-quinolin-2[1H]-ones

Compound 1 or 3 R1 R2 R3

a -Cl -CH3 -H
b -Cl -CH3 -CH3

c -Cl -CH3 -NH2

d -Cl -C2H5 -H
e -Cl -C2H5 -CH3

f -Cl -CH2Ph -CH3

g -H -CH3 -H
h -H -CH3 -CH3

i -H -C2H5 -H

(Table 1). All the synthesized final compounds were confirmed by FTIR, 1H NMR, 13C
NMR and mass spectral studies. Compound 3a showed FTIR bands at 3296, 1639, 1518
cm−1 due to NH2, C O, and C N respectively. The disappearance of C O at
1705 cm−1 of 1a at C-3 indicates that it had been involved in condensation with thiourea.
1H NMR spectrum of 3a showed at δ 3.68 (s, 3H, N CH3), 6.10 (s, 1H, CH-thiazole),
and 6.65 (s, 2H, NH2).

CONCLUSIONS

This article reports the successful green chemical approach for the synthesis of new
3-(2-aminothiazol-4-yl)quinolin-2[1H]-ones 3 using molecular iodine as catalyst under
neat condition. The antibacterial activity study revealed that compounds 3a and 3c showed
good activity against S. aureus. Compound 3c exhibits moderate activity against B. subtilis
and Paedococcus, in comparison to the standard drug ampicillin (see the Supplemental
Materials, available online).

EXPERIMENTAL

All reagents were purchased from Aldrich Chemical Co. Solvents used were pur-
chased from Rankem Chemicals. TLC was performed on silica gel coated on plates and
dried. (SD Fine chemicals). The plates were illuminated under an iodine chamber. Melting
points (mp) are uncorrected and were determined using an Elchem Microprocessor–based
DT apparatus. FT-IR spectra, as KBr pellets, were recorded on a Nucon Infrared spec-
trophotometer. 1H NMR (400 and 500 MHz) spectra were recorded on a Bruker 400 and
500 MHz spectrometer in CDCl3 or DMSO (with TMS for 1H as internal references).

General Procedure for the Synthesis of 3-(2-Aminothiazol-4-yl)-

quinolin-2[1H]-ones 3 (a–i)

Method A. To a mixture of N-substituted quinolin-2[1H]-ones 1 (1 mmol) and
thioureas 2 (20 mmol), bromine (20 mmol) was added dropwise. Then the mixture was
heated on a water bath overnight. Reaction completion was monitored by TLC using pet.
ether:EtOAc (3:2). Upon completion of the reaction, water was added and refluxed on a
water bath and filtered while hot. Then the solution was made alkaline by adding a strong
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MOLECULAR IODINE AS A VERSATILE REAGENT 453

ammonia solution. The solid separated was filtered and purified by column chromatography
to afford products 3a–i as yellow amorphous solids (38–41% yield).

Method B. A mixture of N-substituted quinolin-2[1H]-ones 1 (1 mmol), thioureas
2 (20 mmol), and iodine (10 mmol) was heated on water bath for 6–8 h. The reaction
completion was monitored by TLC using pet. ether:EtOAc (3:2). The mixture was cooled
and diluted with water, then heated until most of the solid dissolved. It was filtered while
hot, then the filtrate was cooled and made alkaline by adding a strong ammonia solution.
The solid was filtered, washed with water, and recrystallized form acetone to afford products
3a–i as yellow amorphous solids (78–89% yield). The purity of quinolinone-thioazoles was
ascertained by spectral analysis (Scheme 2).
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Scheme 2 Plausible mechanistic pathway for the formation of thiazoloquinolinones 3a–i.

1-Methyl-3-(2-aminothiazol-4-yl)-4-phenyl-6-chloroquinolin-2(1H)-one

(3a). Yield: 89%. Mp: 210◦C. IR (KBr, cm−1) υ: 3296 ( NH2), 1639 ( C O), 1518
( C N). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 3.68 (s, 3H, N CH3); 6.10 (s, 1H,
CH-Thiazole); 6.65 (s, 2H, NH2); 6.95 (s, 1H, CH-5); 7.18 (m, 2H, CH-2′, CH-6′);
7.36 (m, 3H, CH-3′, CH-4′, CH-5′); 7.65 (m, 2H, CH-7, CH-8). 13C NMR (100 MHz,
DMSO-d6, δ, ppm): 30.3 (N-CH3), 107.3 (C-5-Thiazole), 117.5, 122.1, 126.4, 126.7, 2
× 128.4, 128.7, 2 × 129.4, 130.7, 135.8 (C-Cl), 136.0, 138.4 (C-4- Thiazole), 145.0,
147.4, 160.3 ( C O), 167.1 (C-NH2). Mol. formula: C19H14ClN3OS requires 367.0546:
HRMS: m/z 367.1063 (M+).

1-Methyl-3-(2-(methylamino)thiazol-4-yl)-4-phenyl-6-chloroquinolin-2

(1H)-one (3b). Yield: 82.3%. Mp: 130–132◦C. IR (KBr, cm−1) υ: 3371 ( NH), 1632
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454 R. SUBASHINI AND F. NAWAZ KHAN

( C O), 1513 ( C N). 1H NMR (400 MHz, CDCl3, δ, ppm): 2.82 (s, 3H, Thiazole
-N-CH3); 3.80 (s, 3H, N-CH3); 5.13 (s, 1H, -NH); 6.16 (s, 1H, CH- Thiazole); 7.18 (m,
2H, CH-5, CH-7); 7.37 (m, 5H, CH-2′, 3′, 4′, 5′, 6′); 7.49—7.51 (d, 1H, CH-8). 13C NMR
(100 MHz, CDCl3, δ, ppm): 30.2 (Thiazole -N-CH3), 32.6 (N-CH3), 109.1, 114.5, 122.0,
124.7, 2 × 128.2, 128.5, 3 × 130.2, 2 × 130.1, 130.5, 131.4, 135.2, 141.8, 164.1 (C O),
164.8 (C-NH2). Mol. formula: C20H16ClN3OS requires 381.0703 : HRMS: m/z 381.1352
(M+).

1-Methyl-3-(2-hydrazinothiazol-4-yl)-4-phenyl-6-chloroquinolin-2(1H)-

one (3c). Yield: 79.6%. Mp: 250–252◦C. IR (KBr, cm−1) υ: 3436 ( NH), 3357 ( NH2),
1637 ( C O), 1572 ( C N). 1H NMR (400 MHz, CDCl3, δ, ppm): 2.01—2.03 (d, 2H,
J = 8 Hz, NH2- Thiazole); 3.80 (s, 3H, N-CH3); 7.01 (s, 1H, CH- Thiazole); 7.17 (m,
2H, CH-5,7); 7.50 (m, 5H, CH-2′, 3′, 4′, 5′, 6′); 7.61–7.63 (d, 1H, CH-8); 8.42 (t, 1H,
NH- Thiazole). 13C NMR (100 MHz, CDCl3, δ, ppm): 30.6 (N-CH3), 109.1, 114.5, 122.0,
124.7, 2 × 128.2, 128.5, 3 × 130.2, 2 × 130.1, 130.5, 131.4, 135.2, 141.8, 164.1 (C O),
164.8 (C-NH2). Mol. formula: C19H15ClN4OS requires 382.0655 : HRMS: m/z 381.9078
(M+).

1-Ethyl-3-(2-aminothiazol-4-yl)-4-phenyl-6-chloroquinolin-2(1H)-one (3d).

Yield: 82.1%. Mp: 170–172◦C. IR (KBr, cm−1) υ: 3437 ( NH2), 1629 ( C O), 1519
( C N). 1H NMR (500 MHz, DMSO-d6, δ ppm): 1.26 (t, 3H, N-CH2CH3); 4.34 (q, 2H,
N-CH2CH3); 6.10 (s, 1H, CH- Thiazole); 6.69 (s, 2H, -NH2); 6.97 (s, 1H, CH-5); 7.19
(m, 2H, CH-2′, 6′); 7.38 (m, 3H, CH-3′, 4′, 5′); 7.69 (m, 2H, CH-7,8). 13C NMR (125
MHz, CDCl3, δ, ppm): 13.0 (N-CH2CH3), 37.9 (N-CH2CH3), 107.4, 117.2, 122.4, 2 ×
126.2, 127.0, 3 × 128.4, 2 × 129.4, 2 × 130.8, 135.9, 137.3, 147.5, 159.8 (C O), 167.1
(C-NH2). Mol. formula: C20H16ClN3OS requires 381.0703 : (ESI): HRMS: m/z 381.5604
(M+).

1-Ethyl-3-(2-(methylamino)thiazol-4-yl)-4-phenyl-6-chloroquinolin-2(1H)-

one (3e). Yield: 80.7%. Mp: 140◦C. IR (KBr, cm−1) υ: 3432 (-NH2), 1632 ( C O),
1556 ( C N). 1H NMR (500 MHz, DMSO-d6, δ, ppm): 1.25 -1.28 (t, 3H, N-CH2CH3);
2.49 (s, 3H, 2′NH-CH3); 4.34–4.36 (q, 2H, N-CH2CH3); 6.45 (s, 1H, CH- Thiazole); 6.97
(s, 1H, -NH); 7.37 (m, 3H, CH-5, 2′, 6′); 7.38 (m, 3H, CH-3′, 4′, 5′); 7.66 (m, 2H, CH-7,8).
13C NMR (125 MHz, CDCl3, δ, ppm): 13.1 (N-CH2CH3), 30.3 (Thiazole-N-CH3), 37.3
(N-CH2CH3), 109, 114.1, 121.9, 124.1, 2 × 127.9, 128.0, 3 × 129.8, 2 × 130, 130.2,
130.9, 135, 140.9, 163.5 (C O), 164.5 (C-NH-). Mol. formula: C21H18ClN3OS requires
395.0859 : HRMS: m/z 395.6901 (M+).

1-Benzyl-3-(2-(methylamino)thiazol-4-yl)-4-phenyl-6-chloro-quinolin-2

(1H)-one (3f). Yield: 78.2%. Mp: 222–226◦C. IR (KBr, cm−1) υ: 3462 (-NH2),
1623( C O), 1515( C N). 1H NMR (500 MHz, CDCl3, δ, ppm): 5.41 (s, 2H, N-CH2);
6.12 (s, 1H, CH- Thiazole); 6.40 (s, 1H, -NH2); 7.23 (d, 1H, CH-7, J = 2.5); 7.27 (s, 1H,
CH-5); 7.36 (m, 5H, Ar-H, -CH2-Ph); 7.51 (m, 5H, Ar-H, 4-Ph); 7.74 (d, 1H, CH-8, J =
2.5). 13C NMR (125 MHz, CDCl3, δ, ppm): 48.1 (N-CH2-C6H5), 30.3 (Thiazole-N-CH3),
108.8, 114.3, 121.7, 124.3, 5 × 127.8, 3 × 128.2, 3 × 129.9, 3 × 130.1, 130.4, 130.9,
134.9, 140.7, 163.2 (C O), 164.9 (C-NH-). Mol. formula: C26H20ClN3OS requires
457.1016 : HRMS: m/z 457.0097 (M+).

1-Methyl-3-(2-aminothiazol-4-yl)-4-phenylquinolin-2(1H)-one (3g).

Yield: 81%. Mp: 167–169◦C. IR (KBr, cm−1) υ: 3439 ( NH2), 1631 ( C O),1503
( C N). 1H NMR (500 MHz, DMSO-d6, δ, ppm); 3.81 (s, 3H, N-CH3); 5.53 (s, 2H,
-NH2); 6.05 (s, 1H, CH- Thiazole); 7.40 (m, 9H, Ar-H). 13C NMR (125 MHz, CDCl3, δ,
ppm): 30.2 (N-CH3), 108.9, 121.8, 3 × 127.7, 3 × 129.7, 3 × 130.1, 2 × 130.3, 130.8,
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MOLECULAR IODINE AS A VERSATILE REAGENT 455

135.2, 140.7, 163.3 (C O), 164.2 (C-NH2). Mol. formula: C19H15N3OS requires 333.0936
: HRMS: m/z 333.4634 (M+).

1-Methyl-3-(2-(methylamino)thiazol-4-yl)-4-phenylquinolin-2(1H)-one

(3h). Yield: 79%. Mp: 233◦C. IR (KBr, cm−1) υ: 3392 ( NH), 1637 ( C O), 1506
( C N). 1H NMR (500 MHz, DMSO-d6, δ, ppm); 2.72 (s, 3H, 2′-NHCH3); 3.81 (s, 3H,
N-CH3); 5.80 (s, 1H, NH); 6.18 (s, 1H, CH-5′); 7.02–7.57 (m, 9H, Ar-H). 13C NMR
(125 MHz, DMSO, δ, ppm): 30.7 (N-CH3), 107.7 (C-5-Thiazole), 117.2, 122.4, 126.2,
126.9, 2 × 128.5, 3 × 128.9, 2 × 129.7, 133, 136.1, 138.0 (C-4- Thiazole), 145.2, 147.8,
161.5 (-C O), 169 (C-NH2). Mol. formula: C20H17N3OS requires 347.1092 : HRMS: m/z
347.3448 (M+).

1-Ethyl-3-(2-aminothiazol-4-yl)-4-phenylquinolin-2(1H)-one (3i). Yield:
80.3%. Mp: 194–196◦C. IR (KBr, cm−1) υ: 3439 ( NH2), 1631 ( C O), 1503 ( C N).
1H NMR (500 MHz, DMSO-d6, δ, ppm): 1.48 (t, 3H, N-CH2CH3); 2.80 (q, 2H,
N-CH2CH3), 4.41 (s, 2H, -NH2), 6.17 (s, 1H, CH- Thiazole), 7.37 (m, 9H, Ar-H). 13C
NMR (125 MHz, CDCl3, δ, ppm): 13 (N-CH2CH3), 37.5 (N-CH2CH3), 107.2, 122.1,
127.4, 3 × 128.0, 128.2, 3 × 129.4, 2 × 129.5, 130.6, 131.2, 138.3, 139, 162 (C O), 163
(C-NH2). Mol. formula: C20H17N3OS requires 347.1092 : HRMS: m/z 346.8739(M+).
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