Journal of Advanced Chemical Sciences 2(2) (2016) 251-254

ISSN: 2394-5311

Contents List available at JACS Directory

Journal of Advanced Chemical Sciences

Hosting Innovations

journal homepage: www.jacsdirectory.com/jacs

Journal of Advanced Chemical Sciences
e ®

Synthesis and Anti-Microbial Studies of 3-((1H-Benzo[d]imidazol-2-ylthio)methyl)-2H-

chromen-2-one Derivatives

K.R. Subimol??, S. Arul Antony!3, K.]Jegatheesan4, K. Karthik Kumar5*

1Research and Development Centre, Bharathiar University, Coimbatore - 641 046, TN, India.
2Department of Chemistry, K.C.G. College of Technology, Chennai - 600 016, TN, India.

3Department of Chemistry, Presidency College, Chennai - 600 005, TN, India.

“Department of Chemistry, Indian Institute of Technology, Chennai - 600 036, TN, India.

sDepartment of Chemistry, The American College, Madurai - 625 002, TN, India.

ARTICLE DETAILS ABSTRACT

Article history:

Received 13 September 2015
Accepted 12 April 2016
Available online 16 April 2016

Keywords:

Benzimidazole-2-thione
S-alkylation

A simple and efficient protocol has been utilized to synthesize 3-((1H-benzo[d]imidazol-2-
ylthio)methyl)-2H-chromen-2-one derivatives using cesium carbonate. Biological activities of these
compounds were found to be effective against various microbial pathogens of human and plants.
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1. Introduction

In the past few years the synthesis and screening of small molecules
based on natural products as templates have attracted many researchers
all around the world [1]. Among the natural products, coumarins and their
derivatives are well known for their anti-microbial activities [2, 3]. The 1-
benzopyran-2-one moiety, the structural core of coumarins is often found
in more complex natural products which is frequently associated with
biological activities, such as, anti-cancer, anti-fungal and anti-HIV [4]. Tri-
substituted coumarin carbochromen (1) [5] is a potent specific coronary
vasodilator, similarly seseline (2) [6] and is well known for its potent anti-
HIV activity (Fig. 1). Among N-heterocyclic compounds benzimidazole is
one of the most explored molecules. Kumar et al., have reported that
benzimidazole derivatives (3) can act as mGluR2 positive allosteric
modulators (PAMs) [7]. Recently, novel trisubstituted benzimidazoles (4)
are known to act as potent anti-tuberculosis agent against Mtb H37Rv [8].
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Fig. 1 Representative examples of coumarin and benzimidazole derivatives [5-8]

Our research group is interested in the synthesis of heterocyclic
molecules through simple and efficient methodologies. Here, we present
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a facile methodology for synthesis of 3-((1H-benzo[d]imidazol-2-
ylthio)methyl)-2H-chromen-2-one frame work and its anti-micorbial
properties against human and plant pathogens [9].

2. Results and Discussion

The synthesis of coumarins is well known in the literature and
researchers including Pechmann [10], Claisen [11, 12], Wittig [13] and
Knoevenagel [14] have contributed significantly. The synthesis of 3-
chloromethyl coumarin derivatives through the halo-methylation of
coumarins did not afford the expected products. Thereby, adopting a
modified literature protocol [15], we have synthesized 3-chloromethyl
coumarin derivatives (8a-d), from salicylaldehyde (5a-d) and tertiary
butyl acrylate (6). The reaction of salicylaldehyde (5a) and t-butyl
acrylate (6) in the presence of DABCO affords Baylis-Hillman adduct (7a),
which undergoes intramolecular cyclization to 3-chloromethyl coumarin
(8a) in presence of acetic acid and hydrochloric acid (Scheme 1).
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Scheme 1 Synthesis of 3-chloromethyl coumarin derivatives (8a-d), (a)
DABCO/CHCI;3 and (b) CH3COOH/HCI.

The benzimidazole-2-thiones are the most well-known heterocyclic
molecules in the field of medicinal chemistry [16]. Unsymmetrical
benzimidazole-2-thiones and its derivatives (9a-c) were synthesized
using ortho-phenylene diamine derivatives and carbon disulphide in the
presence of sodium hydroxide. Benzimidazoles of electron donating and
electron withdrawing substituents were synthesized to generalize the
reaction conditions. Interestingly, alkylation of benzimidazole-2-thiones
can take place at two possible active sites - S and N, among which S-
alkylation is more favorable. However, additional alkylation can take place
at the N-site which is of limited interest and has to minimized or
eliminated. Therefore mild reaction conditions favoring S-alkylation over
the possible N-alkylation have to be designed. Interestingly, S-alkylation

Cite this Article as: KR. Subimol, S. Arul Antony, K. Jegatheesan, K. Karthik Kumar, Synthesis and anti-microbial studies of 3-((1h-benzo[d]imidazol-2-ylthio)methyl)-2h-chromen-2-one derivatives,

J. Adv. Chem. Sci. 2(2) (2016) 251-254.


http://www.jacsdirectory.com/jacs

K.R. Subimol et al / Journal of Advanced Chemical Sciences 2(2) (2016) 251-254 252

of various biologically active heterocyclic compounds reveals that the
reaction can take place only under mild reaction condition. A large
number of optimized procedures have been reported where most of the
protocols employ various catalytic methods mostly favoring metal based
catalysts. To mention, S-alkylation reported by Kang et al. [17] involves
elemental sulphur and n-BuLi whereas Taniguchi et al. [18] have utilized
NiBr2-bpy at a very high temperature. Similarly Guy et al. have reported
S-alkylation using copper acetate in presence of pyridine [19]. However
the methodology utilized by Hwu et al. to synthesis a series of
heterobicycle-coumarin conjugates via S-alkylation requires tedious time
consuming purification techniques [20]. In aforementioned strategies
harsh reaction conditions, hazardous reagents, time consuming
purification techniques and long reaction time hamper the synthetic scope
of the reaction. Moreover, side products including sulfonium salts and
disulfides may accompany the corresponding S-alkylated products and
diminish the yield. Therefore the need for a mild and a straightforward
approach for the construction of C-S bond is clearly warranted.

Table 1 Optimization of reaction conditions of S-alkylation

X Cl N <N
@\/I\ * @ H—sH _catalyst/solvent A s< D
[Oe] N N

H o~ "o

H
(8a) (9a) (10a)

Entry Base Solvent Time (h) Temperature Yield2 (%)

1. None DMF 12 150 -

2. NazCO0s3 DMF 12 120 32

3. K2CO3 DMF 12 120 37

4. Ba(OH): DMF 12 150 16

5. Ca(OH)2 DMF 12 150 17

6. LiOH DMF 12 150 16

7. NaOH DMF 12 150 23

8. KOH DMF 12 150 21

9. Pyridine DMF 12 150 -

10. Piperidine DMF 12 150 -

11. EtsN DMF 12 150 c

12. Aqueous NH3 CH3CN 15 b 57

13. Cs2C03 DMF 5 b 86

a-Isolated yield. b-Room temperature. c-Traces

In our initial study 3-chloromethyl coumarin (8a) and benzimidazole-
2-thione (9a) compounds were chosen as model reaction to optimize the
reaction conditions. The results are summarized in Table 1. In the absence
of catalysts and in the presence of a solvent the reaction did not yield the
target compound (10a) (Table 1, entry 1). In presence of a catalyst, such
as sodium carbonate and potassium carbonate (Table 1, entries 2-3)
moderate yields were obtained even after a prolonged reaction time.
Investigations of strong bases (Table 1, entries 4-8) indicate that they do
not favor S-alkylation both at room temperature and at reflux temperature
and results in a number of side products. Surprisingly pyridine and
piperidine (Table 1, entries 9-10) did not catalyze the reaction whereas
triethyl amine (Table 1, entry 11) shows traces of the product (10a). In
most of the cases extensive purification, more reaction time and the
presence of unwanted side products were involved. Interestingly aqueous
ammonia shows a better yield at room temperature but its long reaction
time and tedious purifications make it unsuitable for the S-alkylation
(Table 1, entry 12). Among the studied protocols Cs2COs, favors the
expected S-alkylated product (10a) in good yield even at room
temperature. Moreover, easy isolation of the product, short reaction time
and the absence of unwanted side products makes Cs:CO3 the most
attractive and superior catalyst among the series tested. The S-alkylation
reaction catalyzed by Cs2C03 at a temperature of 150° C shows no
significant increase in the yield, however at lower temperature ~ 0-15°C
there was considerable decrease in the yield. Among several solvents
studied, DMF served as the prime solvent in Cs2COs catalyzed S-alkylation
reactions. However, Cs2C03; being more favorable N-alkylation catalyst
has surprisingly yielded S-alkylated product at a promising yield. The
possible explanation for this observation is that in 2-
mercaptobenzimidazole derivatives the thiols are comparatively stronger
acids (pKa = 10) than the acid proton of N1-H benzimidazole ring (pKa =
16.4). Consequently the larger thiolate ions are better solubilized in
aprotic polar solvent, DMF resulting in high reactivity. All the compounds
synthesized using Cs2C03 were further analyzed without purification and
exhibited nearly 98% pure. Interestingly, the formation of C-S bond
catalysed by Cs2CO3 was independent of the substrates of the coumarin
and benzimidazole-2-thione moieties. The substrates possessing electron
rich species (Table 2, entries 4 & 5) showed considerable decrease in yield
whereas electron deficient species had better yield (Table 2, entries 3 & 6-
9). On the basis of the results summarized, synthesis of 3-chloromethyl

coumarin coupled mercapto benzimidazole derivatives are feasible in a
short reaction time at room temperature with optimal purity. As a result
the identified synthetic strategy not only overcomes harsh and long
reaction procedures but also overcomes time consuming purification
techniques making them more attractive among the other procedures.

Table 2 Synthesis of 3-Chloromethyl Coumarin coupled benzimidazole -2- thione
derivatives (10a-10i)

3
RL R3 N RL N R
> (] 2\ R s—
\©:N}SH Cs,CO4/DMF %N
(o ie] * N _— o0 Yo H
RZ

R2

(8a-d) (9a-c) (10a-i)
Entry Comp.No  Ri Rz R3 Time (h)  Yield (%)
1. 10a H H H 5 86
2. 10b H H CHs 5.5 61
3. 10c H H NO2 4 71
4. 10d H OCH3 H 5 61
5. 10e H OCH3 CHs 5 65
6. 10f cl H NO: 4.5 79
7. 10g Br H H 3.5 78
8. 10h Br H CHs 3 67
9. 10i Br H NO: 3 95

All synthesized compounds were characterized based on 'H, 13C NMR,
ESI spectral and elemental studies. Coumarin coupled benzimidazole-2-
thione derivatives resonates as a singlet in the region § 7.8-8.1 ppm
corresponding to C-4 of the coumarin proton. Similarly the S-CHz which
acts as a linker between coumarin and benzimidazole-2- thione moieties
is observed in the range & 3.9-44 ppm. In coumarin coupled
benzimidazoles the NH peak of the benzimidazole moiety resonates in the
region around § 12.05-12.61 ppm which further confirms S-alkylation
over the possible N-alkylation. Compounds corresponding to 10b, 10d, 10e
& 10h substituted with methyl and methoxy groups (Bimz-CHs and Cou-
OCH3) resonates as a singlet around 6 2.38-2.42 ppm and § 3.87-4.41 ppm
respectively. Similarly, the corresponding 13C-NMR spectra of the Bimz-
CHs and Cou-OCHs are observed in the region of 6 21.1-27.5 ppm and §
54.1-55.6 ppm respectively. The 13C spectra of the corresponding carbonyl
group of coumarin coupled benzimidazole -2- thione compounds
resonates in the region § 159-165 ppm, similarly the S-CH: linking both
heterocyclic moieties is observed around 6 32 ppm. The mass spectral data
also were in accordance to the synthesized compounds.

2.1 Antimicrobial Studies

Anti-microbial activity of nine different benzimidazole coumarin
derivative were tested against bacterial and fungal pathogens of humans,
(Shigella dysenteriae, Solmonella typhi, Epidermophyton sp., Trichophyton
sp.) and plants (Xanthomonas oryzae, Pseudomonas fluorescence,
Sclerotium sp., Alternaria alta). These microorganisms are significant in
that they produce diseases of importance on their hosts. The human
fungal pathogens are dermatophytes for which effective antibiotics are
still not available. The present study indicates that the coupled product of
coumarin and benzimidazole were effective against almost all bacterial
pathogens. Thus, all the nine different 3-chloromethylcoumarin coupled
benzimidazole-2-thione compounds (10a-10i) were subjected to
antimicrobial studies at two different concentrations (25 and 50 pg)
(Table 3).

Table 3 Anti-microbial studies of the coumarin coupled benzimidazole-2-thiones
(% inhibition)

S.  Microbe 10a 10b 10f 10g 10h

No 25pg 50pg 25pg 50ug 25pug S50pg 25pg 50pg 25pg S50pg
1. Sh.dys. 65 100 - 80 - 100 - 89 87 =

2. So.typ. 52 100 - 65 - 85 - 80 85 -

3. Xa.ory. - - - 100 - 77 - - - -

4. Ps.flu. - 90 - 75 - - 75 100 85 -

5. Episp. - - - - - - - - - -

6. Trisp. - - - - - - - - - -

7. Sclsp. - - - - - - - - - -

8. Altal - - - - 100 - - 52 -

Notes: Sh. dys-Shigella dysenteriae, So. typ-Solmonella typhi, Xa. ory.-
Xanthomonas oryzae, Ps. flu-Pseudomonas flurescence, Epi. sp. Epidermophyton sp,
Tri. sp.- Trichophyton sp, Scl. sp. Sclerotium sp, Alt. alt.- Alternaria alta. 100%
inhibition (diameter of inhibition zone) (Shigella dysenteriae - 1.4 cm; Solmonella typhi
- 1.6 cm; Xanthomonas oryzae - 1.9 cm; Pseudomonas fluorescence - 1.6 cm; Alternaria
altata - 1.4 cm).

Coumarin coupled benzimidazole-2-thiones, 10a, 10b & 10g exhibit
good inhibition against bacterial plant pathogens Pseudomonas
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fluorescence at 25 pg and 50 pg, but not against fungal plant pathogens.
The inhibition activities of the compounds have been calculated from the
disappearance of the fluorescence color on treatment with plant pathogen
Pseudomonas fluorescence. However, compounds 10f and 10h were
effective against both bacterial plant pathogens and plant fungal pathogen
Alternaria alta., at 100 & 52% respectively. Interestingly, all the coumarin
coupled benzimidazole compounds were effective against human
bacterial pathogens Shigella dysenteriae and Solmonella typhi.
Antimicrobial studies on fungal pathogens of human showed that the
synthesized compounds exhibits no inhibition against Epidermophyton sp.
and Trichophyton sp.

3. Experimental Methods

Salicylaldehyde and its derivatives, tertiary butyl acrylate, aromatic
aldehydes, aromatic amines, carbondisulphide, DABCO, hydrochloric acid,
Cs2C03 were purchased from Sigma Aldrich Pvt. Limited, Bangalore. DMF,
CH3CN, methanol were obtained from local sources and were purified and
dried by following the standard experimental procedure. Mass spectral
studies were performed in the Esquire 3000 plus instrument.

3.1 Microorganisms

All the microbial human and plant pathogens used in the antimicrobial
bio-assay were procured from Department of plant sciences, Guindy
campus, University of Madras, India.

3.2 Preparation of Bacterial Inoculum

The bacterial culture of Shigella dysenteriae ATCC NO:49345,
Solmonella typhi ATCC NO:11778, Xanthomonas oryzae ATCC NO:35933,
Pseudomonas flurescence ATCC NO:13525 were used in the antimicrobial
study. These bacterial cultures were grown in sterile nutrient broth (Hi
Media M002) at 35 + 2 °C for 18 h. These suspensions were diluted with
sterile buffer solution until the solution has an absorbance of 0.28 + 0.02
at 475 nm, as measured spectrophotometrically. This has a concentration
of 1.5-3.0 x 108 CFU/mL. On further dilution, a concentration of 1.5-3.0 x
105 CFU/mL is obtained, which was used as working bacterial
concentration.

3.3 Preparation of Fungal Inoculum

A fresh Fungus culture of Epidermophyton loccosum, ATCC NO:52066,
Trichophyton mentagrophytes ATCC N0:9533, Sclerotium rolfsii ATCC
NO0:26325, Alternaria alternata ATCC NO:56836 were grown in sterile
fungal broth ( Hi media M 264) inside the test tubes at 25 + 2°C for 3 days.
These cultures were diluted with the sterile buffer solution until the
solution has an absorbance of 0.28 + 0.02 at 475 nm, as measured
spectrophotometrically. This has a concentration of 1.5-3.0 x 108 CFU/mL.
These solutions were further diluted to obtain a final concentration of 2.0-
3.0 x 106 CFU/mL as the working fungal solution.

3.4 Antimicrobial Bioassay

Muller-Hinton agar (Hi Media M1084) was dispensed into the pre-
sterilized petri dishes and inoculated with bacterial and fungal cultures.
Bore an 8 mm diameter well in the centre of inoculated agar plate. Two
different concentrations (25 pg and 50 pg) of coumarin coupled
benzimidazole compounds to be tested were taken in a sterile 250 mL
flask containing 50 mL sterile working buffer solution. The test and control
specimen were kept in their respective flasks and placed on the wrist-
action shaker for 1 h + 5 min. A solution of 100 pL from each flasks were
added to the well and dried. Each plate was incubated at 35 * 2 °C for 24
h. Fungal cultures were grown on the appropriate Malt extract powder (Hi
Media RM 004) media for 3 to 5 days at 25+2 °C. The zone of inhibition is
recorded based on the presence and absence of the inhibition surrounding
8 mm diameter well. Leaching is identified through the presence of
inhibition around the zone of well.

3.5 General Procedure for Synthesis of Coumarin Coupled Benzimidazole-2-
thione Compounds (10a-10i)

A mixture of 3-chloromethylcoumarin 8a (0.5 g 2.5 mmol), 2-
mercaptobenzimidazole 9a (0.4 g, 2.5 mmol) and Cs2C03 (0.16 g) in DMF
(5 mL) was stirred at room temperature for 5 h. The reaction mixture was
then filtered-off and dried, which afforded the expected compound, 3-
((1H-benzo[d]imidazol-2-ylthio)methyl)-2H-chromen-2-one, 10a as a
white solid. The compound was used as such for analysis and required no
further purifications.

3.5.1 3-((1H-Benzo[d]imidazol-2-ylthio)methyl)-2H-chromen-2-one, (10a)

Yield: 0.62 g, (86%); m.p. 85-87 °C; 'H NMR(300 MHz, CDCls), &u
7.87 ppm (s, 1H, Cou-H), 7.48-7.32 ppm (m, 4H, Bimz-H), 7.24-7.12 ppm
(m, 4H, Cou-H), 4.33 ppm (s, 2H, Cou-CHz). 13C NMR (75 MHz, CDCls), &c
153.5 ppm (1C, Cou-C=0), 141.7 ppm (1C, Bimz-C=N), 131.7 ppm (2C,
Bimz-C), 128.0 ppm (2C, Bimz-(), 125.2 ppm (2C, Bimz-(), 124.7 ppm (1C,
Cou-C), 124.5 ppm (1C, Cou-C), 124.3 ppm (1C, Cou-C), 122.5 ppm (1C,
Cou-C), 122.4 ppm (1C, Cou-C), 119.1 ppm (1C, Cou-C), 116.6 ppm (1C,
Cou-(), 116.5 ppm (1C, Cou-C), 32.3 ppm (1C, Bimz-CHz). ESIMS Calcd for
C17H12N202S: 308.4, Found: 308.9. Anal. Calcd for C17H12N20:S: C, 66.22; H,
3.92;N,9.08; 0,10.38; S, 10.40. Found: C, 66.13; H, 3.74; N, 9.18; 0, 10.26;
S,10.29.

3.5.2 3-((5-Methyl-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-chromen-2-
one, (10b)

A mixture of 3-chloromethylcoumarin 8a (0.5 g, 2.5 mmol), 5-methyl-
1H-benzo[d]imidazole-2-thiol 9b (0.42 g, 2.5 mmol) and Cs.C03 (0.16 g) in
DMF (5 mL) afforded compound 10b as a white solid. Yield 0.50 g, (61%).
m.p. 94-98 °C. 'H NMR (300 MHz, CDCls), 61 8.11 ppm (s, 1H, Cou-H), 7.66-
7.55 ppm (m, 2H, Bimz-H), 7.41-7.29 ppm (m, 4H, Cou-H), 6.93 ppm (d, /] =
8.4 Hz, 1H, Bimz-H), 4.38 ppm (s, 2H, Cou-CHz), 2.38 ppm (s, 3H, Bimz-CH3).
13C NMR (75 MHz, CDCls), 6¢ 160.1 ppm (1C, Cou-C=0), 152.8 ppm (1C,
Bimz-C=N), 148.4 ppm (1C, Bimz-C), 140.8 ppm (1C, Bimz-(), 131.7 ppm
(1€, Bimz-C), 130.7 ppm (1C, Bimz-C), 130.6 ppm (1C, Bimz-C), 128.3 ppm
(1€, Bimz-C), 124.7 ppm (1C, Cou-C), 124.6 ppm (1C, Cou-C), 123.1 ppm
(1C, Cou-(), 122.8 ppm (1C, Cou-C), 119.0 ppm (1C, Cou-C), 118.8 ppm (1C,
Cou-(), 117.5 ppm (1C, Cou-C), 116.0 ppm (1C, Cou-C), 32.3 ppm (1C,
Bimz-CHz), 21.1 ppm (1C, Bimz-CH3). ESIMS Calcd for C1sH14N202S 322.4,
Found: 322.9. Anal. Calcd for C1gH14N202S: C, 67.06; H, 4.38; N, 8.69; O,
9.93;S,9.95. Found: C, 67.13; H, 4.26; N, 8.57; 0,9.85; S, 9.76.

3.5.3 3-((5-Nitro-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-chromen-2-
one, (10c)

A mixture of 3-chloromethylcoumarin 8a (0.5 g, 2.5 mmol), 5-nitro-1H-
benzo[d]imidazole-2-thiol 9¢ (0.5 g, 2.5 mmol) and Cs2C03 (0.16 g) in DMF
(5 mL) afforded compound 10cas a yellow solid. Yield: 0.64 g, (71%). m.p.
110-115 °C. *H NMR (300 MHz, CDCls), 6u 8.33 ppm (1H, Bimz-NH), 8.03
ppm (s, 1H, Cou-H), 7.99 ppm (d,/ = 3 Hz, 1H, Bimz-H), 7.56-7.40 ppm (m,
4H, Cou-H), 7.24-7.16 ppm (m, 2H, Bimz-H), 4.36 ppm (s, 2H, Cou-CHz). 13C
NMR (75 MHz, CDCls), 8¢ 165.7 ppm (1C, Cou-C=0), 160.2 ppm (1C, Bimz-
C=N), 158.1 ppm (1C, Bimz-C), 147.6 ppm (1C, Bimz-C), 146.4 ppm (1C,
Bimz-C), 145.8 ppm (1C, Bimz-(), 137.8 ppm (1C, Bimz-(), 136.4 ppm (1C,
Bimz-C), 132.9 ppm (1C, Cou-C), 129.4 ppm (1C, Cou-C), 129.2 ppm (1C,
Cou-(), 123.8 ppm (1C, Cou-C), 122.5 ppm (1C, Cou-C), 121.1 ppm (1C,
Cou-C), 118.0 ppm (1C, Cou-C), 115.6 ppm (1C, Cou-C), 35.8 ppm (1C,
Bimz-CHz). ESIMS Calcd for C17H11N304S: 353.4, Found: 353.9. Anal. Calcd
for C17H11N304S: C, 57.78; H, 3.14; N, 11.89; 0, 18.11; S, 9.07. Found: C,
57.54; H,3.07; N, 11.73; 0, 18.03; S, 9.13.

3.5.4 3-((1H-Benzo[d]imidazol-2-ylthio)methyl)-8-methoxy-2H-chromen-2-
one, (10d)

A mixture of 8-methoxy-3-chloromethylcoumarin 8b (0.5 g, 2.2 mmol),
2-mercaptobenzimidazole 9a (0.33 g, 2.2 mmol) and Cs2CO3 (0.14 g) in
DMF (5 mL) afforded compound 10d as a white solid. Yield 0.40 g, (61%).
m.p. 128-130 ¢C. 'H NMR (300 MHz, CDCl3), 6u 7.92 ppm (s, 1H, Cou-H),
7.28-7.11 ppm (m, 4H, Bimz-H), 7.02-6.93 ppm (m, 3H, Cou-H), 4.41 ppm
(s, 3H, Cou-OCHs), 3.92 ppm (s, 2H, Cou-CH2). 13C NMR (75 MHz, CDCl3), 8¢
159.9 ppm (1C, Cou-C=0), 146.3 ppm (1C, Bimz-C=N), 142.4 ppm (2C,
Bimz-C), 141.5 ppm (2C, Bimz-C), 140.8 ppm (2C, Bimz-(), 136.5 ppm (1C,
Cou-(C), 123.9 ppm (1C, Cou-C), 123.7 ppm (1C, Cou-C), 122.6 ppm (1C,
Cou-(), 119.1 ppm (1C, Cou-C), 118.9 ppm (1C, Cou-C), 113.3 ppm (1C,
Cou-(), 113.0 ppm (1C, Cou-C), 55.6 ppm (1C, Cou-OCHs), 31.3 ppm (1C,
Cou-CHz). ESIMS Calcd for C18H14N203S: 338.4, Found: 338.9. Anal. Calcd
for C18H1aN20sS: C, 63.89; H, 4.17; N, 8.28; 0, 14.18; S, 9.48. Found: C,
63.71; H, 4.09; N, 8.11; 0, 14.06; S, 9.32.

3.5.5 8-Methoxy-3-((5-methyl-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-
chromen-2-one, (10e)

A mixture of 8-methoxy-3-chloromethylcoumarin 8b (0.5 g, 2.2 mmol),
5-methyl-1H-benzo[d]imidazole-2-thiol 9b (0.36 g, 2.2 mmol) and Cs2COs
(0.14 g) in DMF (5 mL) afforded compound 10e as a white solid. Yield 0.35
g, (65%). m.p. 110-113 °C. H NMR (300 MHz, CDCl3), 81 7.82 ppm (s, 1H,
Cou-H), 7.36-7.13 ppm (m, 3H, Bimz-H), 7.10-6.91 ppm (m, 3H, Cou-H),
4.30 ppm (s, 2H, Cou-CHz), 3.87 ppm (s, 3H, Cou-OCH3), 2.37 ppm (s, 3H,
Bimz-CHs). 3C NMR (75 MHz, CDCls,), 6c 158.9 ppm (1C, Cou-C=0), 145.1
ppm (1C, Bimz-C=N), 139.6 ppm (1C, Bimz-C), 135.9 ppm (1C, Bimz-C),
132.7 ppm (1C, Bimz-C), 131.8 ppm (1C, Bimz-C), 125.8 ppm (1C, Bimz-C),
122.6 ppm (1C, Bimz-C), 117.6 ppm (1C, Cou-(), 115.9 ppm (1C, Cou-C),
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113.9 ppm (1C, Cou-C), 113.7 ppm (1C, Cou-(), 112.3 ppm (1C, Cou-C),
111.9 ppm (1C, Cou-C), 111.7 ppm (1C, Cou-C), 110.1 ppm (1C, Cou-C),
54.1 ppm (1C, Cou-OCHs), 30.8 ppm (1C, Cou-CHz), 27.5 ppm (1C, Bimz-
CH3). ESIMS Calcd for C19H16N203S: 352.4, Found: 352.9. Anal. Calcd for
C19H16N203S: C, 64.76; H, 4.58; N, 7.95; 0, 13.62; S, 9.10. Found: C, 64.59;
H, 4.37; N, 7.71; 0, 13.45; S, 8.98.

3.5.6 6-Chloro-3-((5-nitro-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-
chromen-2-one, (10f)

A mixture of 6-chloro-3-chloromethylcoumarin 8d (0.5g, 2.2 mmol), 5-
nitro-1H-benzo[d]imidazole-2-thiol 9¢ (0.43 g, 2.2 mmol) and Cs2C03
(0.14 g) in DMF (5 mL) afforded compound 10f as a yellow solid. Yield 0.67
g, (79%). m.p. 220-223 °C. 'H NMR (300 MHz, CDCls), &u 8.35 ppm (s, 1H,
Bimz-NH), 8.02 ppm (d, / = 1.8 Hz, 1H, Bimz-H), 7.998 ppm (s, 1H, Cou-H),
7.42-7.38 ppm (m, 2H, Bimz-H), 7.36-7.17 ppm (m, 3H, Cou-H), 4.42 ppm
(s, 2H, Cou-CHz). 13C NMR (75 MHz, CDCl3,), 8c 160.7 ppm (1C, Cou-C=0),
159.2 ppm (1C, Bimz-C=N), 157.2 ppm (1C, Bimz-C), 145.0 ppm (1C, Bimz-
(), 142.7 ppm (1C, Bimz-C), 140.2 ppm (1C, Bimz-C), 139.6 ppm (1C, Bimz-
(), 139.4 ppm (1C, Bimz-C), 130.1 ppm (1C, Cou-C), 129.5 ppm (1C, Cou-
(), 128.9 ppm (1C, Cou-(), 128.5 ppm (1C, Cou-C), 127.3 ppm (1C, Cou-C),
125.6 ppm (1C, Cou-C), 125.1 ppm (1C, Cou-C), 118.6 ppm (1C, Cou-C),
34.8 ppm (1C, Bimz-CHz). ESIMS Calcd for C17H10CIN304S: 387.8, Found:
387.9. Anal. Calcd for C17H10CIN304S: C, 52.65; H, 2.60; Cl, 9.14; N, 10.84;
0, 16.50; S, 8.27. Found: C, 52.46; H, 2.51; Cl, 9.03; N, 10.72; O, 16.39; S,
8.12.

3.5.7 3-((1H-Benzo[d]imidazol-2-ylthio)methyl)-6-bromo-2H-chromen-2-
one, (10g)

A mixture of 6-bromo-3-chloromethylcoumarin 8c (0.5 g, 1.8 mmol), 2-
mercaptobenzimidazole 9a (0.27 g, 1.8 mmol) and Cs2C03 (0.12 g) in DMF
(5 mL) afforded compound 10g as a white solid. Yield 0.55 g, (78%). m.p.
280-285 °C. 'H NMR (300 MHz, CDCls), 84 12.24 ppm (s, 1H, Bimz-NH),
7.99 ppm (s, 1H, Cou-H), 7.74-7.56 ppm (m, 4H, Bimz-H), 7.23-7.12 ppm
(m, 3H, Cou-H), 4.42 ppm (s, 2H, Cou-CH:). 13C NMR(75 MHz, CDCls), &c
163.5 ppm (1C, Cou-C=0), 151.7 ppm (1C, Bimz-C=N), 142.7 ppm (2C,
Bimz-C), 137.9 ppm (2C, Bimz-(), 123.2 ppm (2C, Bimz-(), 124.5 ppm (1C,
Cou-(), 121.7 ppm (1C, Cou-(), 119.8 ppm (1C, Cou-C), 117.6 ppm (1C,
Cou-(), 115.3 ppm (1C, Cou-(), 114.8 ppm (1C, Cou-C), 112.9 ppm (1C,
Cou-(C), 113.5 ppm (1C, Cou-C), 35.3 ppm (1C, Bimz-CHz). ESIMS Calcd for
C17H11BrN20.S: 387.3, Found: 387.9. Anal. Calcd for Ci7H11BrN202S: C,
52.73; H, 2.86; Br, 20.63; N, 7.23; 0, 8.26; S, 8.28. Found: C, 52.27; H, 2.67;
Br, 20.47; N, 7.09; O, 8.17; S, 8.19.

3.5.8 6-Bromo-3-((5-methyl-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-
chromen-2-one, (10h)

A mixture of 6-bromo-3-chloromethylcoumarin 8¢ (0.5 g, 1.8 mmol), 5-
methyl-1H-benzo[d]imidazole-2-thiol 9b (0.3 g, 1.8 mmol) and Cs2CO3
(0.12 g) in DMF (5 mL) afforded compound, 10h as a white solid. Yield 0.50
g, (67%).m.p. 275-279 °C. 'H NMR (300 MHz, CDCl3), 8x 12.05 ppm (s, 1H,
Bimz-NH), 7.93 ppm (s, 1H, Cou-H), 7.66-7.56 ppm (m, 3H, Bimz-H), 7.50-
6.99 ppm (m, 3H, Cou-H), 4.39 ppm (s, 2H, Cou-CH;), 2.42 ppm (s, 3H,
Bimz-CHs). 3C NMR (75 MHz, CDCls,), 8¢ 159.7 ppm (1C, Cou-C=0), 151.7
ppm (1C, Bimz-C=N), 147.9 ppm (1C, Bimz-C), 139.1 ppm (1C, Bimz-(),
138.7 ppm (1C, Bimz-C), 133.5 ppm (1C, Bimz-C), 133.1 ppm (1C, Bimz-(),
132.7 ppm (1C, Bimz-C), 129.7 ppm (1C, Cou-C), 128.2 ppm (1C, Cou-C),
125.9 ppm (1C, Cou-(), 122.7 ppm (1C, Cou-C), 120.3 ppm (1C, Cou-C),
117.6 ppm (1C, Cou-C), 117.2 ppm (1C, Cou-C), 116.3 ppm (1C, Cou-C),
30.8 ppm (1C, Bimz-CHz), 21.1 ppm (1C, Bimz-CHs). ESIMS Calcd for
C1sH13BrN20.S: 401.3, Found: 402.8. Anal. Calcd for CisH13BrN20.S: C,
53.88; H, 3.27; Br, 19.91; N, 6.98; 0, 7.97; S, 7.99. Found: C, 53.71; H, 3.15;
Br, 19.78; N, 6.76; 0, 7.81; S, 7.76.

3.5.9 6-Bromo-3-((5-nitro-1H-benzo[d]imidazol-2-ylthio)methyl)-2H-
chromen-2-one, (10i)

A mixture of 6-bromo-3-chloromethylcoumarin 8c (0.5 g, 1.8 mmol), 5-
nitro-1H-benzo[d]imidazole-2-thiol 9¢ (0.35 g, 1.8 mmol) and Cs2CO3
(0.12 g) in DMF (5 mL) afforded compound 10i as a yellow solid. Yield 0.75
g, (95%). m.p.224-227 °C.'H NMR (300 MHz, CDCls), 4 12.61 ppm (s, 1H,
Bimz-NH), 8.17 ppm (s, 1H, Cou-H), 8.03-7.56 ppm (m, 3H, Bimz-H), 7.52-
7.12 ppm (m, 3H, Cou-H), 4.42 ppm (s, 2H, Cou-CHz). 13C NMR (75 MHz,
CDClz), 8¢ 156.9 ppm (1C, Cou-C=0), 147.6 ppm (1C, Bimz-C=N), 144.8 ppm
(1C, Bimz-C), 143.9 ppm (1C, Bimz-C), 138.9 ppm (1C, Bimz-C), 138.6 ppm
(1C, Bimz-C), 136.5 ppm (1C, Bimz-C), 135.1 ppm (1C, Bimz-C), 130.6 ppm
(1C, Cou-(),129.2 ppm (1C, Cou-(), 125.4 ppm (1C, Cou-C), 123.8 ppm (1C,
Cou-(C), 122.9 ppm (1C, Cou-C), 122.7 ppm (1C, Cou-C), 122.3 ppm (1C,
Cou-(), 121.8 ppm (1C, Cou-C), 35.6 ppm (1C, Bimz-CHz). ESIMS Calcd for
C17H10BrN304S: 432.3, Found: 432.8. Anal. Calcd for Ci17H10BrNs04S: C,

47.24; H,2.33; Br, 18.49; N, 9.72; 0,14.81; S, 7.42. Found: C,47.09; H, 2.17;
Br, 18.28; N, 9.55; 0, 14.69; S, 7.29.

4. Conclusion

In conclusion, we have developed an efficient and convenient method
for synthesis of 3-((1H-Benzo[d]imidazol-2-ylthio)methyl)-2H-chromen-
2-one derivatives. The protocol is applicable for a wide variety of
substrates using commercially available starting materials. The procedure
used is also well suited for library synthesis and drug discovery efforts.
The short reaction time and simple purification techniques render this
method particularly attractive for efficient synthesis of biologically and
medicinally interesting molecules. The antimicrobial studies of coumarin
coupled benzimidazole hybrids show that they exhibit selective anti-
microbial activity against both plant and human pathogens even at both
25 and 50 pg.

Acknowledgement

Author K.R. Subimol thanks K.C.G College of Technology and Hindustan
University for their support to carry out research work. Authors also
confer no financial assistance.

References

[1] M.L.Lee, G. Schneider, Scaffold architecture and pharmacophoric properties of
natural products and trade drugs, Application in the design of natural product-
based combinatorial libraries, ]. Comb. Chem. 3 (2001) 284-289.

[2] R.D.H. Murray, J. Mendez, S.A. Brown, In the natural coumarins: occurrence,
chemistry and biochemistry, John Wiley & sons, New York, 1982, p.227.

[3] K.A.Nolan,].R. Doncaster, M.S. Dunstan, K.A. Scott, A.D. Frenkel, D. Seigel, et al,
Synthesis and biological evaluation of coumarin-based inhibitors of NAD(P)H:
quinone oxidoreductase-1 (NQO1), J. Med. Chem. 52 (2009) 7142-7156.

[4] A.Lacy, R.O’Kennedy, Studies on coumarins and coumarin-related compounds
to determine their therapeutic role in the treatment of cancer, Curr. Pharm.
Des. 10 (2004) 3797-3811.

[5] D.Opherk, G.Schuler, W. Waas, R. Dietz, W. Kubler, Intravenous carbochromen:
A potent and effective drug for estimation of coronary dilatory capacity, Eur.
Heart]. 11 (1990) 342-347.

[6] L. Huang, Y. Kashiwada, L.M. Consentino, S. Fan, C. Chen, A.T. McPhail, T.
Fujioka, K. Mihashi, K.H. Lee, Anti-AIDS Agents, Synthesis and Anti-HIV Activity
of dihydroseselins and related analogs, ]. Med. Chem. 37 (1994) 3947-3955.

[71 L.Zhang, M.A. Brodney, ]. Candler, A.C. Doran, A.J. Duplantier, L.V. Efremov, et
al, 1-[(1-Methyl-1H-imidazol-2-yl)methyl]-4-phenylpiperidines as mGluR2
positive allosteric modulators for the treatment of psychosis, J. Med. Chem. 54
(2011) 1724-1739.

[8] K.Kumar, D. Awasthi, S.Y. Lee, . Zanardi, B. Ruzsicska, S. Knudson, et al, Novel
trisubstituted benzimidazoles, targeting Mtb FtsZ, as a new class of
antitubercular agents, . Med. Chem. 54 (2011) 374-381.

[9] K.R. Subimol, S.A. Antony, K.K. Kumar, A novel and facile methodology for
synthesis of coumarin coupled benzimidazole-2-thione compounds,
phosphorous, sulfur, and silicon and the related elements, 190 (2015) 494-502.

[10] Z.Cai, Y. Guo, S. Yang, Q. Peng, H. Luo, Z. Liu, et al, New donor-acceptor-donor
molecules with pechmann dye as the core moiety for solution-processed good-
performance organic field-effect transistors, Chem. Mater. 25 (2013) 471-478.

[11] L.Xie, H.F. Guo, H. Lu, X.M. Zhuang, A.M. Zhang, G. Wu, et al, Development and
preclinical studies of broad-spectrum anti-HIV agent (3'R,4'R)-3-cyanomethyl-
4-methyl-3',4'-di-0-(S)-camphanoyl-(+)-cis-khellactone ~ (3-cyanomethyl-4-
methyl-DCK), ]. Med. Chem. 51 (2008) 7689-7696.

[12] B. Schmidt, S. Krehl, A. Kelling, U. Schilde, Synthesis of 8-aryl-substituted
coumarins based on ring-closing metathesis and suzuki-miyaura coupling:
synthesis of a furyl coumarin natural product from Galipea panamensis, J. Org.
Chem. 77 (2012) 2360-2367.

[13] J. Gordo, ]J. Avo, AJ. Parola, J.C. Lima, A. Pereira, P.S. Branco, Convenient
synthesis of 3-vinyl and 3-styryl coumarins, Org. Lett. 13 (2011) 5112-5115.

[14] F. Bigi, L. Chesini, R. Maggi, G. Sartori, Montmorillonite KSF as an inorganic,
water stable, and reusable catalyst for the Knoevenagel synthesis of coumarin-
3-carboxylic acids, J.Org. Chem. 64 (1999) 1033-1035.

[15] P.T. Kaye, M.A. Musa, X.W. Nocanda, R.S. Robinson, Does the DABCO-catalysed
reaction of 2-hydroxybenzaldehydes with methyl acrylate follow a Baylis-
Hillman pathway?, Org. Biomol. Chem. 1 (2003) 1133-1138.

[16] V.K. Pandey, M.A. Upadhyay, M. Upadhyay, V.D. Gupta, Benzimidazolyl
quinolinyl mercaptotriazoles as potential antimicrobial and antiviral agents,
Tandon. Acta Pharm. 55 (2005) 47-56.

[17] J. Ham, L. Yang, H. Kang, A facile one-pot synthesis of alkyl aryl sulfides from
aryl bromides, J. Org. Chem. 69 (2004) 3236-3239.

[18] N. Taniguchi, Alkyl or arylthiolation of aryl iodide via cleavage of the S-S bond
of disulfide compound by nickel catalyst and zinc, J. Org. Chem. 69 (2004) 6904-
6906.

[19] P.S.Herradura, K.A. Pendola, R.K. Guy, Copper-mediated cross-coupling of aryl
boronic acids and alkyl thiols, Org. Lett. 2 (2000) 2019-2022.

[20] ]. Neyts, E.D. Clercq, R. Singha, Y.H. Chang, A.R. Das, S.K. Chakraborty, et al,
Structure activity relationship of new anti-hepatitis C virus agents:
heterobicycle-coumarin conjugates, J. Med. Chem. 52 (2009) 1486-1490.

Cite this Article as: KR. Subimol, S. Arul Antony, K. Jegatheesan, K. Karthik Kumar, Synthesis and anti-microbial studies of 3-((1h-benzo[d]imidazol-2-ylthio)methyl)-2h-chromen-2-one derivatives,

J. Adv. Chem. Sci. 2(2) (2016) 251-254.



