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ABSTRACT
An eco-friendly and efficient method was developed for the preparation of a new series of sulfur-
containing quinolinthiones. Compounds 6a–owere synthesized from 4-methyl-2-thiocoumarin and
arylhydrazides using water as a solvent under microwave irradiation. Some noteworthy features of
our novel method are its cleanliness, short reaction time and high conversion rate, and the reaction
proceeds (profiles) using a simple procedure. All of the prepared compounds were screened for
their antibacterial efficacy in vitro using the disc diffusion method against bacterial strains.
Compound (6j) showed the greatest potency with a 16 and 19 mm inhibition zone against
Klebsiella pneumonia and Staphylococcus aureus, respectively.
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1. Introduction

The Quinoline skeleton is a key structural element in a
variety of bioactive natural compounds, pharmaceuticals
and other functional materials (1). They are also one of
the important groups of heterocyclic scaffolds as syn-
thetic precursors (2). Only a few ways have been
reported to access these structures (3).

Quinoline rings containing a thioxo group are of inter-
est and biologically active owing to the potential chemi-
cal and physical properties of this heterocycle (4–6).
Among these are quinoline-2-thiones are an important
skeleton, which has been used as NS ligands (7), syn-
thetic intermediates (8) and drug candidates (9).
Despite these attributes, a few general protocols have
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been developed for the preparation of quinoline-2-
thiones which show great biological efficiency (10). A
typical synthesis of this group of compounds involves
sulfurizing quinoline-2-ones using P2S5, also based on
reacting 2-haloquinolines with thiourea or sodium
sulfide, which requires tedious multistep transformations
(11). Saito and Otani recently developed a new method
of constructing the quinoline-2-thiones entity by the
Friedel–Crafts alkenylation-cyclization of 2-alkynylphenyl
isothiocyanates promoted by indium at a higher temp-
erature (12). Recently, chromenes with a thioxo group
increased antibacterial activity (13). In view of all these
facts, two entities, namely, arylated hydrazides and 2-
thiocoumarin, were combined in a single molecule to
synthesize a series of new quinoline-2-thiones as anti-
bacterial agents.

This was as a continuation of our previous research
based on the synthesis of therapeutic and heterocyclic
agents (14) and the development of more new eco-
friendly synthesis and methods (15). Thus, we decided
to optimize the synthesis of novel substituted quino-
line-2-thiones derivatives and in vitro anti-bacterial
(Scheme 1).

2. Results and discussion

To synthesize the target molecules, the key molecule
7-hydroxy-4-methyl-2-thiocoumarin 4 was obtained
by Pechmann condensation of ethyl acetoacetate 2
with resorcinol 1 in the presence of sulfuric acid (16).
Then, the resulting compound was successfully trans-
ferred to the corresponding 2-thiocoumarin 4 using
Lawesson’s reagent in toluene under reflux
(Scheme 2) (17).

2.1. Optimizing the conditions for the preparation
of the target molecule

Initially, optimizing the reaction conditions started
by coupling of 7-hydroxy-4-methylcoumarin 4 with
4-chloro-benzoic acid hydrazide 5a, which was chosen
as the reaction model (Table 1). As indicated in Table 1,
the effects of several solvents were studied (entries
1–7). Low yields were obtained using CH3CN or toluene
as a solvent (entry 1 and 2). Using MeOH or dioxane
led to an increase of the yields with 44% and 48%,
respectively (entries 3 and 4). Moreover, using either
DMF, THF or EtOH gave the desired compound with
good yields. Interestingly, we noted that a high yield
(92%) was obtained in just 20 min when water was
used as the most efficient solvent under microwave
irradiation (entry 9). In addition, irradiating the reaction
under microwaves gave a better result than the classical
reflux (entries 8, 9).

2.2. Typical procedure for preparing 4-chloro-N-
(7-hydroxy-4-methyl-2-thioxo-2H-quinolin-1-yl)-
benzamide 6a

A microwave glass vial (10 mL) was charged with an
equimolar mixture of 7-hydroxy-4-methyl-2-thiocou-
marin 4 (0.25 mmol) and 4-chloro-benzoic acid hydra-
zide 5a (0.25 mmol) along with 5 mL of water. The
reaction was irradiated under microwaves for 20 min
(160 W, 120°C). The reaction mixture was cooled to rt,
then filtered to produce the crude compound. The com-
pound was purified by recrystallization from water/
ethanol (1/3) to produce 4-chloro-N-(7-hydroxy-4-
methyl-2-thioxo-2H-quinolin-1-yl)-benzamide 6a.

HO OH

O

O O OHO O
+

Conc. H2SO4

1 2
3

Lawesson’s reagent

Toluene/ Reflux

OHO S

4

Scheme 2. The synthetic route of 7-hydroxy-4-methyl-2-thiocoumarin.
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Scheme 1. Green synthesis of substituted quinoline-2-thiones from 2-thiocoumarin under microwave irradiation.
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2.3. Methodology extension

With the optimal conditions to hand, the scope of the
reaction was developed using 7-hydroxy-4-methyl-2-
thiocoumarin 4 (0.25 mmol) and a series of aryl

hydrazides 5. The aryl hydrazides were readily syn-
thesized according to the literature (18).

The presence of an electron donating group (CH3 or
OCH3) on the phenyl ring decreased the aryl hydrazines’
reactivity toward 7-hydroxy-4-methyl-2-thiocoumarin

Table 1. Optimizing the reaction conditions.a

N SHO

HN O
OHO S

N
H

O
H2N+

4 5 6a

Cl

Cl

Optimised Conditions

Entry Solvent Reflux/MW Reaction time (min) Yield (%)b

1 CH3CN MW 20 18
2 Toluene MW 20 14
3 CH3OH MW 20 44
4 Dioxane MW 20 48
5 DMF MW 20 56
6 THF MW 20 61
7 EtOH MW 20 69
8 Water Reflux 180 84
9 Water MW 20 92
aReaction conditions: 7-hydroxy-4-methylcoumarin (0.25 mmol, 1 equiv), 4-Chloro-benzoic acid hydrazide (0.25 mmol, 1 equiv), solvent (5 mL).
bThe isolated product yield.

Table 2. Reactions of 7-hydroxy-4-methylcoumarin with various arylhydrazides.a

N SHO

HN

Ar

O
OHO S

N
H

Ar

O
H2N+

Water

MW

Entry Ar Product

Yieldb (Time, min)b

Classical reflux MW

1

O

Cl

6a 82% (120) 92% (20)

2
O

Cl
6b 71% (120) 88% (20)

3

O

O

6c 52% (150) 68% (30)

(Continued )
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Table 2. Continued.

Entry Ar Product

Yieldb (Time, min)b

Classical reflux MW

4
O

O
6d 49% (150) 62% (30)

5

O

6e 50% (150) 58% (30)

6
O

6f 41% (150) 61% (30)

7

 O

F

6g 75% (120) 90% (20)

8
O

F
6h 62% (120) 88% (20)

9 O

O

Cl

6i 78% (120) 94% (15)

10 O

O

Cl

Cl

6j 68% (120) 91% (15)

11
O

O
6k 56% (150) 69% (25)

12 O

O

NO2

6l 65% (150) 81% (25)

13 O

O

Cl 6m 70% ((120) 90% (15)

14

O

O
6n 36% (150) 52% (30)

(Continued )
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(Table 2, entries 3–6, 11). On the other hand, the pres-
ence of an electron withdrawing a group like (F, Cl,
NO2) increased the reactivity of the corresponding aryl
hydrazides and led to the corresponding products
having higher yields (entries 1, 2, 7,8, 9, 10, 12, 13).
Using aryl hydrazide bearing a furyl or thienyl (Table 2,
entries 14, 15) gave a lower yield compared with the
other results. Using microwaves as an energy source
increased the yields compared with the classical reflux
(Scheme 3).

The in vitro antibacterial activities of compounds (6a–
6n) were performed against three bacterial strains,

namely, Escherichia coli (Ec), Klebsiella pneumoniae (Kp)
and Staphylococcus aureus (Sa); the results are summar-
ized in Table 3. Of the 15 newly prepared compounds,
only 6 compounds were found to be active against Kp
or/and Sa at a concentration of 250 μg/ml. However,
7-hydroxy-4-methylquinoline-2-thiones (6a, 6i and 6j)
carrying a 4-chlorophenyl substituent was found to be
significantly active with an average inhibition zone of
11–19 and 12–16 mm against Kp and Sa, respectively,
at a concentration of 250 μg/ml. In addition, 7-hydroxy-
4-methylquinoline-2-thiones (6b and 6 l) with a 2-chlor-
ophenyl substituent exhibited moderate activity with an

Table 2. Continued.

Entry Ar Product

Yieldb (Time, min)b

Classical reflux MW

15

O

S
6o 42% (150) 54% (30)

aReaction conditions: 7-hydroxy-4-methylcoumarin (0.25 mmol, 1.0 equiv), arylhydrazide (0.25 mmol, 1 equiv), water (5 mL), 160 W, 15–30 min.
bThe yield of the isolated product.
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Scheme 3. The proposed mechanism for the formation of type 6 compounds.
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average inhibition zone of 13–18 and 12–16 mm against
Kp and Sa, respectively, at a concentration of 250 μg/ml.
In contrast, compound 6 g with the 4-fluorophenyl
group showed poor activity (9 mm average inhibition
zone) specifically against a Gram-negative Sa bacterial
strain. Surprisingly, all of the obtained products (6a–6o)
were found to be inactive against E. coli.

In conclusion, we have developed a fast, simple, eco-
friendly and efficient method for preparing substituted
7-hydroxy-4-methylquinoline-2-thiones, from 7-
hydroxy-4-methyl-2-coumarin and aryl hydrazides in
water as a non-toxic, eco-friendly and green benign
solvent in mild conditions under microwave irradiation
in good yields. The synthesized products were per-
formed against three bacterial strains showing good
activity except for the case of E.coli. This method is extre-
mely advantageous and attractive and could contribute
to reducing environmental problems.
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Table 3. The in vitro activity of 7-hydroxy-4-methylquinoline-2-
thiones (6a–o) at a concentration of 250 μg/ml.a

Compound N

Inhibition zone in mm

Ec Sa Kp

6a _ 12 11
6b _ 12 13
6c _ _ _
6d _ _ _
6e _ _ _
6f _ _ _
6g _ 9
6h _ _ _
6i _ 14 17
6j _ 16 19
6k _ _ _
6l _ 16 18
6m _ _ _
6n _ _ _
6o _ _ _

Note: Ec, Escherichia coli; Kp, Klebsiella pneumonia; Sa, Staphylococcus
aureus; no inhibition zone.
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