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ABSTRACT

1,3-dihydro-2H-benzimidazole-2-one ring system represents the core skeleton of a large number of biologically
active, structurally intriguing compounds found in a multitude of pharmaceutically important compounds. The
development of efficient and practical methods for construction of this important heterocyclic remains as an active
area of synthetic research. The present paper describes the synthesis and antibacterial activity of some novel 1,3-
dihydro-2H-benz midazol -2-one analogs 6a -6g (Scheme 1) from commercially available 1,2-phenylenediamine as
starting material. The nemy synthesized compounds, 6a-6g were screened in-vitro at a concentration of 100 xg/mL
for antibacterial activity against two Gram-positive (Staphyl ococcus aureus and Staphylococcus pyogenes) and two
Gram-negative strains (Escherichia coli and Pseudomonas aeruginosa). It was observed that among all the
compounds tested, compound 6e, 6f and 6g showed high activity against all the tested bacterial strains.
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INTRODUCTION

Emerging infectious diseases and the increasingorumf multi-drug resistant microbial pathogend stiake the
treatment of infectious diseases an important éadlenging problenil]. In spite of the large number of antibiotics
and chemotherapeutics available for medical useethergence of old and new antibiotic resistantelbat strains
in the last decades constitutes a substantial feeatew classes of antibacterial ageils As such, the "last resort
for anti-infective diseases, the Vancomycin fanufyantibiotics, has now been gravely challengedetent years
due to the emergence of Vancomycin resistancenical practice [3,4].

In order to overcome these emerging resistancelgrah there is an urgent need to discover novébacterial
agents in structural classes distinct from existimgibiotics. 1,3-dihydro-2H-benzimidazole-2-onagrisysteml
represents the core skeleton of a large numbeiotddically active, structurally intriguing compods found in a
multitude of pharmaceutically important compoundd. [Both mono- and disubstituted benzimidazol-2-one
derivativesl have been identified as putative antipsychoti¢c $&lective A2B Adenosine Receptor Antagonists [7],
as nanomolar inhibitors [8], as potent non-nudbo$ilV-1 reverse transcriptase inhibitors [9], aati-HIV agents
[10], M1 allosteric agonist TBPB [11], as NOP retmmgonists [12]potent NK1 antagonists [L3EGRP receptor
antagonists [14]farnesyl transfer inhibitors [15p38 inhibitors [16]cathepsin S inhibitors [17b-HT4 agonists
and antagonists [18Jprogesterone receptor antagonist [1&spiratory syncytial virus (RSU) inhibitors [20]
vasopressin la receptor antagonists.[ZhE development of efficient and practical methfwtconstruction of this
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important heterocycle remains as an active areayofhetic researclFig 1). The present paper describes the
synthesis and antibacterial activity of some ndy8tdihydro-2H-benzimidazol-2-one anald@gs6g(Scheme ).

MATERIALS AND METHODS

Chemical and solvents used were purchased eitbier fluka or Merck. All the reagents were of anabtigrade.
Thin-layer chromatography (TLC) was performed okl&rck AL silica gel 60 F254 plates and visualizedier UV
light. The IR spectra were recorded on a PerkingEIRT-IR spectrometer. THel NMR spectra were recorded in
CDCl; on a Varian EM-360 spectrometer (400MHz). @ NMR spectra recorded in CD@n a Varian EM-360
spectrometer operating at 100MHz. All the chemgtaifts were reported id (ppm) using TMS as an internal
standard. The mass spectra were recorded on Adgilertrap MS. All the reactions were carried outlenargon
atmosphere.

Experimental methods

1H-benzo[ o] imidazol-2(3H)-2-one (2)

To a stirred solution ofl,2-phenylenediamine (10 g, 92 mmol) in 2-MeTHF Q(16L) was added 1,1'-
carbonyldiimidazole (14.99 g, 92 mmol). The resgtisolution was stirred at room temperature forh48he
solvent was concentrated under reduced pressliezefi, and washed with dichloromethane to affachgound?2.
White solid; m.p. 100-102C; Yield: 98%;*H NMR (DMSO-d;, 400 MHz):5 6.92 (m, 4 H), 10.2 (s, 2 H); IR
(KBr): vmax 3016, 1755, 1629, 1483 ¢in**C NMR (CDCE, 400 MHz):8 121, 124.6, 129.9, 155.2; ESI-MS: m/z
(rel.abund.%) 135.2 (M+, 100).

ethyl 2-oxo-2,3-dihydro-1H-benz midazol e-1-carboxyl ate (3)

To a stirred suspension of 1H-bengahidazol-2(3H)-2-one2 (15 g, 0.111 mmol) and 4&O; (18.5 3 g, 0.134
mmol) in 2-MeTHF (150 mL) was added ethylchlorofaten (12 g ,0.111 mmole) dropwise over 30 min ahToo
temperature. The reaction mixture was stirried@f® for 16 h. The mixture was concentratedvacuo and the
residue diluted with water. The precipitated solickre filtered, washed with water, dried in aiafford compound
3. White solid; m.p. 149-158C; Yield: 81%; IR (KBr):vmax 3270, 1780 ,1480 cm *H NMR (CDCl, 400 MHz):8
1.48 (t,J = 7.0 Hz, 3H), 4.53 (g = 7.0 Hz, 2 H), 7.0-7.20 (m, 3 H), 7.77 M5 7.5 Hz, 1H), 10.27 (s, 1 Hy’'C
NMR (400 MHz, CDC}): 8 13.8, 58.3, 121.8, 124.6, 127.3, 129.9, 150.2,4HSI-MS: m/z (rel.abund.%) 206.9
(M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -1,3-dihydro-2H-benz midazol -2-one (4)

A mixture of compound (1.5 g, 7.28 mmol), compounga (2 g, 7.28 mmol), KCO; (2 g, 14.56 mmol) in 2-
MeTHF (20 mL) was refluxed at $€ for 10 h. The reaction mixture was cooled tomdemperature, diluted with
water and extracted with isopropyl acetate, orgéenyer dried over MgSg) filtered and evaporated wacuo to
obtain compound:. Off white solid, m.p. 121-122C; Yield: 84%.'H NMR (DMSO-d;, 400 MHz):8 11.0 (br.s,
1H), 8.04 (dJ = 11.2 Hz, 2H), 7.83 (dl = 11.2 Hz, 2H), 7.10-690 (m, 4H), 5.40 (s, 2H);(KBr): vmax 3377, 3056,
1694, 1586, 1495 cmESI-MS: m/z (rel.abund.%) 331.1 (M+, 100).

1-(2-bromoethyl)-3-[ 2-(4-bromophenyl)-2-oxoethyl] - 1,3-dihydro-2H-benz midazol-2-one (5)

To a stirred mixture of compounti(1.2 g, 3.647 mmol) and.,K0;(1.0 g, 7.294 mmol) in 2-MeTHF 1 5 mL) was
added dropwise 1,2-dibromoethane (2.05 g, 10.94%linover 10 min. The reaction mixture was refluadeflux
for 4 h. The reaction mixture was diluted with waéed extracted with isopropyl acetate. The orgdayer was
washed with water and saturated NaCl, dried ovesSNafiltered and evaporated imacuo to obtain crude
compounds which waspurified by flash column chromatography using silicagel viigxane-ethyl acetate as eluant
to yield5 as a pale yellow solid. m.p. 116-1%8; Yield: 78%;'H NMR (DMSO-d;, 400 MHz):5 3.68 (t,J = 6.9 Hz,
2H), 4.318 (tJ = 7.05 Hz, 2H), 5.21 (s, 2H), 7.05-7.21 (m, 3H),77(d,J = 7.5,1H), 6.8 (tJ = 8.7 Hz, 1H), 8.1 (s,
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1H), 7.92 (tJ = 10.8, 1H), 8.91 (s, 1H); IR (KBr)inax 3058, 2928. 1704, 1498 ¢ht°C NMR (400 MHz, CDG)):
8 27.9, 49.7, 55.8, 121.8, 124.6, 121.8, 124.6, 3,2830.2, 130.3,133.3, 136.3, 154.6, 195.4; ESI-M&
(rel.abund.%) 425.9 (M+, 100).

General experimental procedure for the preparationof 6a-6g

A mixture of compounds (0.2 g, 0.470 mmol), 2amines (0.564 mmol), £O; (0.940 mmol) in 2-MeTHF (2.5
mL) was reflux for 4h. The reaction mixture washcentrated invacuo and the residue diluted with,@ and
extracted with isopropyl acetate to obtain crudenpounds. The crude compounds were purified by colum
chromatography using silica gel (60-120 mesh).d&eif the products varied between 60 and 85%.

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(dimethylami no)ethyl] - 1,3-di hydr o-2H-benz mi dazol - 2-one 6a

Yellow syrupy liquid; Yield: 65%*H NMR(CDCl;, 400 MHz):8 2.27 (s, 6 H), 2.62 (1 = 8.2 Hz, 2H), 3.26 (1] =
7.80 Hz, 2H), 5.22 (s, 2H), 6.82 (@@= 9.6 Hz, 1H), 7.13-7.02 (m, 3H), 7.66 M5 10.8 Hz, 2H), 7.90 (1 = 10.8
Hz, 2H); ESI-MS: m/z (rel.abund.%) 403 (M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(diethylamino)ethyl] -1,3-dihydr o-2H-benz midazol -2-one 6b:

Pale yellow solid, m.p. 86-8&; Yield: 74%;*H NMR(CDCl;, 400 MHz):8 1.0 (t,J= 7.6 Hz, 6 H), 2.40 (q] = 7.6
Hz, 4 H), 2.62 (tJ = 8.2 Hz, 2H), 3.26 () = 7.80 Hz, 2H), 5.22 (s, 2H), 6.82 M= 9.6 Hz, 1H), 7.13-7.02 (m, 3H),
7.66 (d,J=10.8 Hz, 2H), 7.90 (11 = 10.8 Hz, 2H); ESI-MS: m/z (rel.abund.%) 431.03+( 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(pyrrolidin-1-yl )ethyl] -1,3-di hydr o-2H-benz midazol -2-one 6¢:

Yellow solid, m.p. 77-78C; Yield: 82%;'H NMR(CDCk, 400 MHz):5 1.80-1.72 (m, 4 H), 2.70-2.60 (m, 4 H),
2.84 (t,J=10.0 Hz, 2H), 4.07 (1 = 9.60 Hz, 2H), 5.23 (s, 2H), 6.82 @7 9.6 Hz, 1H), 7.13-7.02 (m, 3H), 7.66 (d,
J = 10.8 Hz, 2H), 7.90 (tJ = 10.8 Hz, 2H); IR (KBr):vma 3373, 1704, 1583, 1498 ¢m ESI-MS: m/z
(rel.abund.%) 428 (M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(pi peridin-1-yl)ethyl] - 1,3-di hydr o-2H-benzimi dazol -2-one 6d:

Pale yellow solid, m.p. 112-1P€; Yield: 79%;"H NMR(CDCl, 400 MHz):5 1.75-1.55 (m, 6 H), 2.52-2.48 (m, 4
H), 2.67 (t,J = 9.6 Hz, 2H), 4.05 (1] = 9.60 Hz, 2H), 5.25 (s, 2H), 6.82 @z 9.6 Hz, 1H), 7.07-7.01 (m, 3H), 7.65
(d, J = 10.8 Hz, 2H), 7.90 (] = 10.8 Hz, 2H); IR (KBr)vmax 3392, 2933, 1709, 1691, 1496 tmESI-MS: m/z
(rel.abund.%) 443 (M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(mor pholinoethyl )] -1,3-dihydr o-2H-benzi midazol -2-one 6&

Yellow viscous liquid; Yield: 76%'H NMR(CDCl;, 400 MHz):8 2.58 (t,J = 6.0 Hz, 4 H), 2.72 (] = 9.2 Hz, 2 H),
3.68 (t,J = 6.0 Hz, 4 H), 4.05 (] = 9.2 Hz, 2H), 5.24 (s, 2 H), 6.82 = 9.6 Hz, 1H), 7.20-6.85 (m, 3H), 7.65 (d,
J = 10.8 Hz, 2H), 7.90 (t) = 10.8 Hz, 2H); IR (KBr)max 3366, 3061, 1706, 1584, 1495 ¢mESI-MS: m/z
(rel.abund.%) 445 (M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(pi per azin-1-yl ) ethyl)] - 1,3-dihydr o-2H-benz mi dazol -2-one 6f:

Yellow semi solid; Yield: 70%'H NMR(CDCl, 400 MHz):8 2.55(m, 4H), 2.71 (br.s, 2 H), 2.89 (m, 4H), 4(64
4H), 5.23 (s, 2 H), 6.82 (d,= 9.2 Hz, 1H), 7.07-7.0 (m, 3H), 7.64 (b= 9.6 Hz, 2H), 7.91 (d] = 10.0 Hz, 2H); IR
(KBr): vmax 3393, 2925, 1697, 1585, 1495 ¢nESI-MS: m/z (rel.abund.%) 444 (M+, 100).

1-[ 2-(4-bromophenyl)-2-oxoethyl] -3-[ 2-(azepan- 1-yl ) ethyl )] -1,3-dihydr o-2H-benz midazol-2-one 6g;

Pale yellow solid; m.p. 94-9%; *H NMR(CDCl;, 400 MHz):8 1.62 — 1.58 (m, 4H), 2.75 (m, 4H), 2.87J& 9.6
Hz, 2H), 4.01(t, J = 9.2 Hz, 2H), 5.22 (s, 4H),5(8,J = 9.6 Hz, 1H), 7.10-7.02 (m, 3H), 7.66 (dr 11.2 Hz, 2H),
7.91 (d,J = 11.2 Hz, 2H); IR (KBr)vmax 3368, 2922, 1702, 1584, 1496 ¢rieSI-MS: m/z (rel.abund.%) 457 (M+,
100).

Antimicrobial Activity

The antimicrobial activity was determined usingcdiéffusion method by measuring zone of inhibitiormm [22].

All the compounds6a-6gwere screeneth-vitro at a concentration of 10@y/mL for antibacterial activity against
two Gram-positive (Staphylococcus aureus and Stapbgcus pyogenes) and two Gram-negative strains
(Escherichia coli and Pseudomonas aeruginosa)d&térantibacterial drug ciprofloxacin (1@@/disc) was also
tested under similar conditions against these asgan Each experiment was done in triplicate ared aherage
reading was taken. The antibacterial activity wikessified as highly active>8 mm), moderately active (18-25
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mm) and least active (<18 mm). The results of aatibrial activity are expressed in terms of zonmbibition and
presented iMable 1

RESULTS AND DISCUSSION

Synthesis of 1,3-dihydro-2H-benzimidazol-2-one agaba—6gis outlined in Scheme 1) 1,2-phenylenediamine
was reacted with CDI in 2-methyl tetrahydrofuraAM2THF) as a solvent at room temperature for 48 hftord
1H-benzo[ o] imidazol-2(3H)-2-one 2 in 98 % yield. Compoun@ was treated witkethylchloroformate in presence
of K,CO3 in 2-MeTHF at 90°C for 16 h to give compour@élin 81 % yield. Compound3was reacted with 4-brom
phenacyl bromide in presence 0fG0O; in 2-MeTHF at 9¢°C to afford compound. Alkylation of compound4
with 1,2-Dibromoethane in presencedQ; in 2-MeTHF gave the key intermediate bromifle Reaction of
Compounds with various 2 amines in presence B,CO; in 2-MeTHF resulted in compounésa — 6g During the
course of the synthesis 6& — 6g,2-Methyl tetrahydrofuran (2-MeTHF) was used as @iad of solvent, since it is
derived from renewable resources such as corncwhbagasse and offers both economical and envinotathe
friendly advantages over acetonitrile, dimethyl famide and tetrahydrofuran [23]. The newly syntheci
compounds were screened to evaluate their antifi@caetivity. Most of the compounds were foundiisplay high
to moderate antibacterial activity against différsimains of bacteria. From tA@ble 1, it was observed that among
all the compounds tested, compoubel 6f and 6gshowed high activity against all the tested baalesirains.
Among the other compoundi& and 6d showed moderate activity, while compourtits and 6b showed least
activity against all the pathogens.
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Scheme 1: Reagent and conditions: a) CDI, 2-MeTHI.t., 48 h b) ethylchloroformate, KCO3, 2-MeTHF, 90°C, 16 h; c) 3a, KCOs,
2-MeTHF, 90°C, 10 h; d) 1,2-dibromoethane, KCOz, 2-MeTHF, reflux, 4 h; ef) 2amines, K,COs, 2-MeTHF, reflux, 4 h.
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Table 1: Antibacterial Activity of Benzimidazolonederivatives 6a-6g

H Gram negative bacteria | Gram positive bacteria
Compound no. N=R; [E.coli [ P.aeruginosa | Saureus | S.pyogenes
R Zone of inhibitions
-
6a H’l\‘ 16 15 16 18
PN
6b HN 18 19 17 18
6¢c CNH 23 22 19 20
H
N
6d O 25 24 21 20
H
N
6e [ j 29 28 24 24
O
H
N
6f [ j 29 28 23 20
N
H
H
N
69 Q 28 26 22 22
Standard drug Ciprofloxacin Standard drug
(Conc. 10Qug /mL) T Ciprofloxacin 28 26 21 22
CONCLUSION

Novel 1,3-dihydro-2H-benzimidazol-2-one analoga — 6g were prepared from commercially available 1,2-
phenylenediamine and tested for Gram positive arainGNegative bacterial cultures. All these compaunere
found to display high to moderate antibacterialvitgt against different strains of bacteria. It walsserved that
among all the compounds tested, compoubels6f and 6gshowed high activity against all the tested baateri
strains.
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