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ABSTRACT

A series of substituted benzimidazolo-quinoline derivatives bearing a diverse dithiocarbamate
moieties were designed and synthesized via a three-component reaction protocol. All these compounds
were characterized by means of their IR, *"H NMR and mass spectroscopic data. All the synthesized
dithiocarbamate derivatives were screened for antimicrobial activities. Among antibactrial activity, four
showed considerable activity of ciprofloxacin and other were found to be moderately active, especially
compounds having methoxy and nitro group substitution at 6-position showed a moderate activity. Among
fungicidal activity, compounds containing methoxy and methyl substituents at 6- position gave excellent
activity and nearly equal to the standard amphotericin B.
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INTRODUCTION

Quinolines and their derivatives form an important class of pharmacologically active
synthetic compounds. The quinoline nucleus can also be frequently recognized in the
structure of numerous naturally occurring alkaloids. They have been associated with a broad
spectrum of biological activities'. The fusion of quinoline to the tetrazole ring is known to
increase the biological activity?.

The quinoline-containing polycyclic compounds are expected to have interesting
biological activity. Pyrazoloquinoline derivatives are active agents for the treatment of
cancer and herpes virus infections®®. Quinolines and their derivatives are important
constituents of pharmacologically active synthetic compounds, as these systems have been
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associated with a wide spectrum of biological activities®® such as DNA binding capability®,
antitumor activities'®*', DNA-intercalating carrier'? etc.

Benzimidazoles have potential and realized applications in pharmacology as
bactericides™, antihistamines, analgesics, antiviral compounds and antiulcer agents, among
others'. Aside from the listed pharmacological applications, benzimidazoles have also
found applications as fungicides'® and as corrosion inhibitors™.

Dithiocarbamate (DTC) derivatives are well known as organic intermediates, rubber
additive, additive of polluted water, vulcanizing agents and fungicides'®. Thiocarbonates
(xanthates) and thiocarbamates'’ have received much attention due to their interesting
technological'®, biological™ and synthetic applications®.

Dithiocarbamates have received considerable attention in recent times because of
their occurrence in a variety of biologically active compounds®.. They also play pivotal roles
in agriculture?® and they act as linkers in solid-phase organic synthesis?®. In addition,
functionalized carbamates are an important class of compounds and their medicinal and
biological properties warrant study® and recently in the synthesis of ionic liquids®.
Furthermore, dithiocarbamates are broadly employed in medicinal chemistry and have been
used in cancer treatment®.
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Fig. 1: Structure of dithiocarbamate substituted benzimidazolo-quinolines

Based on the above considerations, we proposed that benzimidazolo-quinolines
bearing DTC moiety should display some interesting antimicrobial activity. Therefore, we
designed compounds 3(a-0) as shown in Fig. 1 with the aim to discover new structure with
antimicrobial activity. Herein, we described the detailed synthetic route, screening results
and structure—activity relationships of these designed compounds. Fortunately, methoxy and
nitro compounds with promising broad-spectrum antimicrobial activity were identified.
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EXPERIMENTAL

Chemicals and solvents were reagent grade and used with further purification.
Melting points were determined on a capillary melting point apparatus and were uncorrected.
IR spectra were recorded on Perkin-Elmer 298 instrument (KBr disk or liquid film). *H
NMR spectra were performed on a VXR 300 (300 MHz) instrument in DCCl;. Thin layer
chromatography was carried out on pre-coated GF254 silica gel plates. The column
chromatography was performed using G60 H silica gel.

Synthesis of 2, 4-dichloro-6, 8-disubstituted quinoline derivatives 1 (General
method)

All the compounds were prepared by a reported method, and some of the compounds
are well characterized in the literature?®.

Synthesis of 4-chloro benzimidazolo[1,5-a] quinolines 2

A mixture of 1 (2.48 g, 0.01 mol) and o-phenylenediamine (1.08 g, 0.01 mol) was
refluxed in 50 mL of ethanol on water bath for 28 hr, the reaction mixture half concentrated
and poured onto ice-HCI. The solid obtained was filtered, washed with water and
crystallized from ethanol.

Synthesis of dithiocarbamate substituted benzimidazolo-quinolines 3(a-0)

To a solution of amine (1 mmol) in DMF (2 mL) was added dropwise carbon
disulfide (2 mmol) and anhydrous sodium methoxide (1 mmol). The resulted mixture was
stirred at room temperature for 30 min. Then chlorinated benzimidazolo-quinolines 2 (1
mmol) was added by one-portion and stirring was continued. After completion of the
reaction (monitored by TLC), the mixture was diluted with ice-coldwater (20 mL) and the
precipitate was filtered, and recrystallized from ethanol to give the target compound 3(a-0).

The chemical and spectral data of the compounds 3(a-0) are given in Tables 1 and 2.
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DMF, CS,, NaOMe
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N Ry
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3(a-0)

3a- R1:H, RZZCHg, R3:CH2 3f- R1:H, R2:CH3, R3:O 3k- R1:H, RZZCH3, R3:NH
3b- R1=CH3, Rz:H,R3=CH2 3g' R1=CH3, Rz:H,RQ,:O 3l- R1=CH3, Rz:H,R3=NH
3c-R;=H,R,=NO, Rs=CH,  3h-R;=H,R,=NO, R;=0  3m-R; = H, R, = NO,, Rs = NH
3d-R,=H, R, = OCHs, R;=CH, 3i-R;=H,R,=OCHs R;=0 3n-R;=H, R, = OCHs, R; = NH
3e- Rl = CH3, RZ = CH3, R3 = CHZ 3]- Rl = CH3, RZ = CH3, R3 =0 3o0- Rl = CH3, R2 = CH3, R3 =NH

Scheme 1: Synthesis of dithiocarbamate substituted benzimidazolo-quinolines 3(a-0)

Table 1: Chemical data of the compounds 3(a-0)

Comp. Ry R, Rs3 Formula® m.p. (°C)  Yield (%0)
3a -H -CHjs =CH, C2oH21NsS, 134 87
3b -CHjs -H =CH, C2H»1NsS, 145 84
3c -H -NO, =CH, C,1H1gN4O,S, 130 73
3d -H -OCH; =CH, C2H31N30S, 156 82
3e -CH3 -CH; =CH, Ca3H23N3S, 149 76
3f -H -CHjs -O- C,1H19N30S, 153 89
39 -CHj3 -H -0O- C,1H19N30S, 130 85
3h -H -NO; -O- CoH16N4OsS, 145 76
3i -H -OCH; -O- C,1H19N30,S; 159 79
3j -CH3 -CH; -O- C2H51N30S, 162 81
3k -H -CH; =NH CoiHxoN4S, 147 82
3l -CHjs -H =NH Co1H2oN4S; 152 78
3m -H -NO, =NH C,oH17Ns02S, 148 69
3n -H -OCHg3 =NH C,1H»N4OS, 139 75
30 -CH3 -CH; =NH CaoH2oNLS, 158 71

Elemental analysis for C, H, N are within + 0.5% of the theoretical values.
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Table 2: Spectral data of the compounds 3(a-0)

S,C.N/\l
R> AN K/ R
N™ SN
~ &
Compd. IR (KBr, cm™) 'H NMR (CDCls ppm)?
3a 1650 (C=N): 1610 (C=C); 1180 2.34 (s, 3H, 6CHy), 7.26-7.70 (m, 8H, Ar-
(C-N); 1352 (C=S) H), 1.48-2.6 (m, 10H, pip CH,’s)
3b 1645 (C=N); 1611 (C=C): 1165 2.30 (s, 3H, 8-CHy), 7.15-7.62 (m, 8H, Ar-
(C-N): 1359 (C=S) H) 1.46-2.50 (m, 10H, pip CH,’s)
3c 1634 (C=N); 1602 (C=C); 1156 7.26-8.66 (m, 8H, Ar-H), 1.43-2.70 (m,
(C-N) 1357 (C=S) 10H, pip CH,’s)
3d 1655 (C=N); 1598 (C=C); 1156  3.67 (s, 3H, 6-OCHj3), 7.18-7.98 (m, 10H,
(C-N); 1357 (C=S) pip CH;’s)
3e 1632 (C=N): 1595 (C=C); 1174 2.38 (s, 3H, 6CHy), 2.58 (s, 3H, 8CH),
(C-N); 1345 (C=S) 7.14-7.75 (m, TH, Ar-H), 1.78-2.76 (m,

10H, pip CHy’s)
3f 1649 (C=N); 1589 (C=C); 1153 2.73 (s, 3H, 6-CHj3), 7.19-7.99 (m, 8H, Ar-

(C-N); 1356 (C=S) H), 2.94-3.78 (m, 8H, mor CH;’s)

39 1634 (C=N); 1620 (C=C); 1163 2.74 (s, 3H, 8CHg), 7.49-8.13 (m, 8H, Ar-
(C-N); 1359 (C=9) H), 3.14-3.91 (m, 8H, mor CH;’s)

3h 1648 (C=N); 1611 (C=C); 1172  7.70-8.94 (m, 8H, Ar-H), 3.14-3.84 (m,
(C-N); 1354 (C=9) mor, CH;’s)

3i 1690 (C=N); 1600 (C=C); 1189 3.79 (s, 3H, 6-OCHj3), 6.54-7.89 (m, 8H,
(C-N); 1358 (C=S) Ar-H), 2.95-3.84 (m, 8H, mor CH,’s)

3] 1684 (C=N); 1576 (C=C); 1195 2.85 (s, 3H, 6-CHj3), 2.94 (s, 3H, 8-CHy),
(C-N); 1353 (C=9) 7.48-8.14 (m, 7H, Ar-H), 3.11-3.97 (m, 8H,

mor CH,’s)

Cont...
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Compd. IR (KBr, cm™) 'H NMR (CDCls ppm)?

3k 1650 (C=N); 1589 (C=C); 1167 2.45 (s, 3H, 6-CHj3), 7.48-7.99 (m, 8H,
(C-N); 1354 (C=S), 3191 (NH)  Ar-H), 2.66-2.94 (m, 8H, piz CH,’s),
1.76 (s, 1H, NH, disappeared with D,0)

3l 1647 (C=N); 1598 (C=C); 1184  2.54(s, 3H, 8-CH3), 7.15-7.89 (m, 8H,
(C-N); 1357 (C=S); 3195 (NH)  Ar-H), 2.67-2.99 (m, 8H, piz CH,’s),
1.77 (s, 1H, NH, disappeared with D,0)

3m 1690 (C=N); 1576 (C=C); 1165 7.26-8.78 (m, 8H, Ar-H), 2.67-2.78
(C-N); 1359 (C=S); 3194 (NH)  (m, 8H, piz CH;’s), 1.89 (s, 1H, NH,
disappeared with D,0)

3n 1678 (C=N); 1565 (C=C); 1176  3.73 (s, 3H, 6-OCH3), 6.64-7.43
(C-N); 1349 (C=S); 3197 (NH)  (m, 8H, piz CH;’s), 1.92 (s, 1H, NH,
disappeared with D,0)

30 1654 (C=N); 1567 (C=C); 1167  2.48 (s, 3H, 6-CHs3), 2.54 (s, 3H, 8-CHy),
(C-N); 1357 (C=S); 3198 (NH)  7.12-7.94 (m, 7H, Ar-H), 2.73-3.11 (m, 8H,
piz CH,’s), 1.84 (s, 1H, NH, disappeared
with D,0)

%s, singlet; m, multiplet

Pharmacology

Antibacterial assay

For the antimicrobial assay standard inoculums were introduced on to the surface of
sterile agar plates, and a sterile glass spreader was used for even distribution of the
inoculums. The discs measuring 8.0 mm in diameter were prepared from Whattman No. 1
filter paper and sterilized by dry heat at 120°C for 1 h. The sterile discs previously soaked in
a known concentration (100 mg/8 mm disc) of the test compounds were placed in nutrient
agar medium. The plates were inverted and incubated for 24 h at 37°C. The inhibition zones
were measured and compared with the standard. The antimicrobial activity data of the test
compounds are presented in Table 3.

Biological properties
Antibacterial activity

The newly synthesized compounds 3(a-0) were tested for their in vitro antibacterial
activity against Staphylococcus aureus, Bacillus subtilis and Escherichia coli by using the
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agar disc diffusion method®’. The results of the preliminary antimicrobial testing of the
prepared compounds, the typical broad spectrum of antibacterial drug ciprofloxacin are
shown in Table 3. Among the tested compounds, four compounds showed considerable
activity almost equal to the activity of ciprofloxacin. The other compounds were found to be
moderate or least effective. In order to get some meaningful results, the structure—activity
relationship was carried out. From the bacterial screening results it has been observed that
the compounds having methoxy and nitro groups at 6-position showed moderate effect on
the growth of bacteria.

Table 3: Antimicrobial activity of compounds 3(a-0)

Growth inhibition zone diameter (mm)

Compounds Antibacterial activity Antifungal activity

S.aureus B.subtilis E.coli A.niger A.nodulans A. alternata

3a 16 17 18 21 22 24

3b 9 8 8 9 8

3c 12 14 12 18 21 20

3d 20 21 22 19 21 18

3e 16 14 15 11 15 10

3f 14 17 13 12 16 15

39 12 15 12 11 13 15

3h 21 20 19 20 21 19

3i 18 19 17 18 18 17

3j 15 13 12 9 13 12

3k 16 15 14 13 16 13

3l 9 11 10 11 13 14

3m 18 19 20 21 22 21

3n 13 15 13 13 12 12

30 14 11 9 11 10 11
Ciprofloxacin 22 22 25
Amphotericin B 20 23 20

The compounds 3(a-0) and the standards used were of 100 m g/8 mm discs.
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Antifungal activity

All the newly synthesized compounds 3(a-0) were also screened for their antifungal
activity against Aspergillus niger, Aspergillus nodulans and Alternaria alternate by food
poison technique®. The results of the preliminary antifungal testing of the prepared
compounds, the typical broad spectrum of the potent antifungal drug amphotericin B are
shown in Table 3. The antifungal activity data reveal that compounds containing methoxy
and methyl substitutents at 6-position of quinoline ring, are showing excellent activity
against the test fungi and nearly equal to the standard amphotericin B.

RESULTS AND DISCUSSION

In conclusion, a new series of dithiocarbamate substituted benzimidazolo-quinolines
3(a-0) has been synthesized and evaluated for their antimicrobial activity. Most of the new
compounds showed appreciable antimicrobial activity. Among them, the compounds having
methoxy and nitro substituted at 6-position of quinoline ring showed marked inhibition of
bacterial and fungal growth nearly equal to the standards.
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