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Abstract:-

New azo-compounds 4NQ, 3NQ, 4SQ, 3SQ were synthesized through diazo coupling of aminobenzimidazole or aminobenzothiazole with 8-
hydroxyquinoline. The azo-compounds structures were confirmed by NMR, IR spectroscopy, and elemental analysis. The new azo-compounds
were evaluated for antimicrobial activity by agar diffusion methods and showed a strong to moderate antimicrobial activity. Most of the tested
compounds possessed a broad spectrum of activity with MIC values ranging from 50 to 250pug/mL
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INTRODUCTION

The quinoline moieties are the main core of synthetic or natural
bioactive compounds, which have been mainly used for treatment
of different types of human tumor histotypes [1-4]. Other
derivative of quinoline were known to be effective inhibitors of
leukemia, colon, and ovarian cancer cells [5-6].

Also, it was reported that the azolylthioalkyl- ureidoquinoline
derivatives (SRA-HX-1) (Fig. 1) possess higher activity as
antitumor agents [7].

SRA-HX-1

Figure 1. Struture of azole quinolines: cytotoxic quinole derivatives with azole group
The heterocyclic compounds, containing benzothiazolyl, moiety
have variable biological scientific importance. The benzothiazole
derivatives have many biological importance such as antitumor
[8—11], antidiabetic, antimicrobial, anti-inflammatory,
antipsychotic, anticonvulsants, and schictosomicidal [12].

The imidazole moiety containing compounds have many clinical
uses [13-15] and is considered the main core in many drugs such
as thiabendazole, flubendazole, candesartan, lansoprazole,
telmisartan, mebendazole, omeprazole and pantoprazole [16].

The benzimidazole containing compounds were reported to be
antimicrobial [17] anti-inflammatory [18], antioxidant [19] , anti-
tuberculosis [20], antihypertensive [21], antiulcer [22]),
antiretroviral [23] and anti-parasitic [24]. As a result, from
previous interesting work and in continuation of research [25-26],
the main aims of work his are the preparation of new azo-
quinoline  derivatives substituted with benzothiazole or
benzimidazole moieties in an attempt to find a new lead
compounds. The newly synthesized lead compounds supposed to
be highly active against microorganisms, and hopefully
comparable in their activity with that of positive standard
antifungal and antibacterial.

MATERIALS AND METHODS

Instruments and reagents

Melting points were measured using a Boetius PHMK
(VebAnalytik Dresden) instrument. TLC was performed on
aluminum plates pre-coated with silica gel 60 or 60 F254 (Merck)
and visualized using UV light (254 nm). Nuclear Magnetic
Resonance of compounds was carried out on a Varian Gemini 300
and Bruker DRX 400 spectrometer at 25 °C with TMS as a
reference and solvent shift ((CD3),SO 6 H 2.50 and 6 C 39.5).
Coupling constants are expressed in Hz. Mass spectrometry was

performed using a Varian FINNIGAN MAT 212 machine. The
Infra-red spectra were investigated (KBr) by means of a Jasco
FT/IR-410 apparatus. Elemental analysis was measured using the
Perkin Elmer 240 instrument. The starting anilinocompounds la-d
were prepared according to the reported methods [10-11].

Synthesis

General procedure for synthesis of compounds 4NQ, 3NQ,
4SQ,3SQ

To a stirring solution of compounds 1a-d (0.01mol) in HCI (10%,
10 ml), sodium nitrite solution (0.011 mol in 10 ml water) was
added dropwise with stirring on ice bath for lhr. The reaction
mixture was added with stirring to a solution of 8-
hydroxyquinoline (0.01mol in 10 ml NaOH 10%). The stirring
was continued for 4 hr in the ice bath. The precipitated was
collected, dried, filtered and purified using the adapted method of
chromatography.

5-[4-(1H-Benzimidazol-2-yl) phenylazo]-quinolin-8-ol (4NQ).
After the reaction completion, the final product was monitored by
TLC plate using solvent mixture of n-hexane: ethyl acetate (1: 1),
the chromatogram showed 5 minor spots and a major one which
supposed to be the target molecule (4NQ) according to the co-
TLC plate and comparison to authentic standards. The mixture
was successively chromatographed on a silica gel column and
eluted with n-hexane: ethyl acetate (100% to 40:60) mixture to
give five different fractions (1-5), fraction 2 was repeatedly
chromatographed on a series of column chromatography to yield
four sub-fractions (4NQy. 1.4) from which the sub-fraction 2
afforded the target molecule 4NQ (140 mg) after purification on
sephadex LH-20 with methanol as eluent.

Compound 4NQ was obtained as red powder, Yield 83%; mp,
219-221 °C; IR (KBr): 3600 (OH), 3186 cm™ (NH), 3040 cm’
(CH aromatic) '"H NMR (DMSO-dg) &/ppm: 6.50-6.52 (m, 1H,
quinoline H-7), 7.21-7.88 (m, 3H, benzimidazole H -5,6, NH),
8.0-8.19 (m, 4H, benzimidazole H-4,8, phenyl H-2,6,), 8.21-8.26
(m, 3H, phenyl H-3, 5 , quinoline H-6 ), 8.32-8.62 (m, 2H,
quinoline H -3,4 ), 9.20 (m, 1H, quinoline H-2), 9.22 (s, 1H, OH);
3C NMR (DMSO-dg) &/ppm: 111.25 ,112.35, 118.24, 120.23,
121.61, 122.45, 123.18, 124.34, 125.24, 125.64, 130.40, 130.60,
131.21, 132.25, 132.60, 151.86, 155.53, 162.74, 160.25, 162.20,
165.35; Elemental Analysis Calcd. for C,,H;sNsO; C, 72.32; H,
4.14; N, 19.17; Found: C, 72.20; H, 4.20; N, 19.00

5-[3-(1H-Benzimidazol-2-yl)-phenylazo]-quinolin-8-ol (3NQ)

Compound 3NQ was purified from its reaction mixture by
different chromatographic techniques after monitoring with TLC
plate, a mixture of DCM and MeOH in a ratio of (88: 12) was
used as mobile phase, two major spots were detected together
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with another four ones, one major spot was selected as the target
molecule and the others were excluded depending upon co-TLC
plate and authentic standards. The mixture was subjected to
vacuum liquid chromatography (VLC) using silica gel 60, 0.04 -
0.063 mm mesh size (Merck). Gradient fractionation with 100%
DCM up to 15 % MeOH in DCM yielded six fractions (3NQ_).
Fraction 4 (the major and the most pure one) was furtherly
purified on normal silica gel column chromatography using a
mobile phase mixture of DCM and MeOH (90: 10), three sub-
fractions (3NQy. 1.3) were obtained from which the sub-fraction 2
(120 mg) was selected to be chromatographed on Sephadex LH-
20 to yield a pure compound (3NQ) with MeOH as mobile phase.
The powder 3NQ had dark red with a yield 80%; mp., 279-281
°C; IR (KBr): 3406 cm™ (OH) 3190 cm™, (NH), 3055 cm™ (CH
aromatic ); 'H NMR (DMSO-dg) o/ppm: 6.79-6.81 (m , 1H,
quinolone H-7), 7.20-7.22 (m, 2H,benzimidazole H-5, H-6), 7.95-
7.97 (m, 4H, benzimidazole H-4,7, phenyl H-5,6) , 8.10-8.12 (m,
2H, phenyl H-4, quinoline H-6), 8.35-8.76 (m,3H, quinoline H-
3,4, phenyl H-2), 8.75 (m, 1H, quinoline H-2), 9..25 (s, 1H, OH);
BC NMR (DMSO-dq) 8/ppm: 111.64, 114.40, 115.53, 116.30,
119.28, 122.31, 122.67, 123.42, 127.00, 127.94, 129.20, 129.29,
129.99, 130.53, 132.05, 133.26, 136.58, 142.09, 147.78, 151.53,
153.58, 154.74. Elemental Analysis Calcd. for CyH;sNsO: C,
72.32; H, 4.14; N, 19.17. Found: C, 72.30; H, 4.10; N, 19.10.

5-(4-Benzothiazol-2-yl-phenylazo)-quinolin-8-ol (4SQ):
Compound 4SQ appeared semi-pure form upon monitoring on
TLC plate, it has been chromatographed three times on gel
chromatography with MeOH to obtain pure red powder of
compound 4SQ (100 mg) with yield 84%; mp., 272-274 °C; IR
(KBr): 3450 cm™ (OH), 3040 cm™ (CH aromatic), 1600 cm™
(C=N), 1520 cm” (C=C), ecm; '"H NMR (DMSO-dg) &/ppm:
7.27-728 (m, 1H, quinoline H-7), 7.51-7.61 (m, 2H,
benzothiazole H-5, H-6), 7.80-7.83 (m, H, quinoline H-6), 8.08-
8.34 (m, 8H, phenyl H-2,3,5,6, benzothiazole, H-4,7, pyridine H -
3,4), 9.36 (m, 1H, o-pyridine proton), 9. 38 (s, 1H, OH);
Elemental Analysis Calcd for C5,H14N4OS: C, 69.09; H, 3.69; N,
14.65. Found: C, 69.10; H, 3.60; N, 14.70.

5-(3-Benzothiazol-2-yl-phenylazo)quinolin-8-ol (3SQ)

The reaction mixture of 3SQ was examined by TLC plate using a
solvent mixture of DCM: MeOH (90: 10), it showed couples of
spots with a major one expected to be the molecule of interest
compared with authentic standards. The product was
chromatographed on silica gel column and eluted with DCM:
MeOH (100% to 9:1) to give five different fractions (1-5),
fraction 3 was successively subjected to silica gel column
chromatography to obtain the purest spot of the target molecule
(3SQ). wurther purification was performed by size exclusion
chromatography followed by crystallization from Methanol.

The dark red powder obtained with yield 83%; m.p. 263-265 °C;
IR (KBr): 3450 cm™ (OH), 3040 cm™ (CH aromatic), 1600 cm™
(C=N), 1520 cm™ (C=C); "H NMR (DMSO-d,) 8/ppm: 7.18-7.20
(m, 1H, quinoline H-7), 7.50-7.61 (m, 2H, benzothiazole H-5, 6),
7.71-7.81 (m, 1H, phenyl H-5), 8.08-8.32 (m, 8H, benzothiazole
H-4, 7, phenyl H-2,4,6., quinoline H-3,4,6 ), 9.33(m, 1H, pyridine
H-2 ) 9.35 (s, 1H, OH);. Elemental Analysis Calcd for
CpH14N4OS: C, 69.09; H, 3.69; N, 14.65. Found: C, 69.20; H,
3.70; N, 14.60.

Antibacterial and antifungal activity (Agar diffusion assay)
Samples Preparation

All samples were dissolved in dimethyl sulfoxide (RFCL Limited,
New Delhi, India) DMSO at 10 mg/ml concentration as shown in
the Table (1) in comparing with different standard antibiotics.

Test organisms:

A-Bacteria: e.g. Escherichia coli (ATCC 25922), Bacillus subtilis
(NRRL-B-4219), B-Test fungi such as Aspergillus niger (ATCC
16888) and Candida albicans (ATCC 10231). The antimicrobial
activity of newly synthesized compounds was evaluated using an
agar disc diffusion assay [27-28]). The samples were dissolved in
DMSO. Briefly, a 24 hours old culture of bacteria and 48 hours
old culture of fungi was mixed with sterile physiological saline
(0.9%) and the turbidity was adjusted to the standard inoculum of
MacFarland scale 0.5 (106 colony forming units (CFU) per ml).
Petri plates containing 20 ml of Mueller Hinton Agar (Lab M.,
Bury, Lancashire, UK) and Sabouraud-dextrose agar (Lab M.,
Bury, Lancashire, UK) was used for antibacterial and antifungal
activity. The inoculums were spread on the surface of the
solidified media and Whatman No. 1 filter paper discs (6 mm in
diameter) impregnated with the test compound (40 pl/disc) were
placed on the solidified media. Standard Bacterial
antibiotics (Streptomycin (S-10 pg), Tetracycline (TE- 30 pg) and
fungal antibiotic (Neomycin (N- 30 pg); Nystatin (NY-100 pg)
were used as positive control for bacteria and fungi respectively
along with DMSO () as a negative control. A zone of inhibition
was recorded in millimeters after incubating bacterial strains at 37
°C (24 h) and fungal strains at 25 °C (72 h). Tests were performed
in triplicate and the values were expressed as mean + SD [ 29-
30]). Determination of minimum inhibitory concentration (MIC):
The in vitro antibacterial activity of the extract and minimum
inhibitory concentration was determined by the macrobroth
dilution methods (NCCLS, 1993). The nutrient broth medium was
used to prepare different concentrations ranging from 0.0195 to 10
mg/ml by serial dilutions. Each prepared concentration in tubes
was inoculated with 100 u/ of each of the 106 cfu/ml bacterial
strain. The blank nutrient broth was used as negative control. The
tubes were incubated aerobically at 37°C for 18 to 24 h. The first
tube in the series with no sign of visible growth was taken as the
MIC.

RESULTS AND DISCUSSION
Chemistry
The starting compounds, namely 4-(1H-benzo[d]imidazol-2-yl)-
aniline, 3-(/ H-benzo[d]imidazol-2-yl)-aniline, 4-(benzo[d]thiazol-
2-yl)-aniline and/or 3-(benzo[d]thiazol-2-yl)-aniline la-d were
prepared as previously reported methods [10-11] and used as a
key compound for the preparation of novel 5-(quinoline -8-ol)

derivatives (Scheme 1).
XH HOOC. -~ NH, oPA X =\ NH,
o 7\ J
N
NH,
Ta-d

reflux 3-4 at 180-200 °C

x=NH, S

Scheme 1; reaction of o-phenylene diamine or o-aminothiophenol
with p-aminobenzoic acid and/or m-aminobenzoic acid

Thus, Coupling of aniline derivatives la-d with 8-
hydroxyquinoline in the presence of sodium nitrite under strong
acidic condition using HCI resulted in the formation of target
compounds 5-[4-/3-(1H-benzo[d] imidazole/thiazol-2-yl)]
quinoline derivatives 35Q.4SQ, 3NQ and 4NQ in good yields
(Scheme 2 ).

X —\ NH,
CL-O™.

Ia-d

i) HCI, ii) NaNO,

ice bath / 2hr

X /=N,

X N X
©\/Nj N
OH OH

Scheme 2: Coupling of aniline derivatives la-d with 8-Hydroxy quinoline

4NQ, 3NQ
48Q, 35Q
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The Four new products

HO N=N

aNQ
45Q

HO HO

35Q

3NQ

The IR spectrum of the azo derivatives 3NQ, 4NQ, 3SQ and 4SQ
showed the characteristic absorption band corresponding to the
phenolic OH at 3600 cm™. Also the '"H NMR spectrum showed
the corresponding broad singlet signal of phenolic OH at &/ppm
9.22. Also The 'H NMR spectra of the new azo compounds are in
agreement with the assigned structure revealing the absence of the
signal for the NH, group of their precursor aniline derivatives la-
d.

Tablel : Antimicrobial activity of compounds at concentration of 10

mg/mL
Bacteria Fungi
Sample No G+ve G+ve unicellular filamentous
B.S E.coli C. albicans As;;ei;%il!lus
Inhibition zone (mm)
3NQ 23 25 25 20
4NQ 30 29 30 20
35Q 15 18 20 15
45Q 00 00 20 00
Standard Antibiotics
NA=30 pg 20.18+0.2475 16.68+0.4596 00.00+0.0000 00.00+0.0000
S =10pg 14.00+0.0000 00.00+0.0000 12.00+0.0000 00.00+0.0000
N =30 pug 00.00+0.0000 00.00+0.0000 00.00+0.0000 16.00+ 0.4142
Ny=100pg | 00.00+0.0000 | 00.00+0.0000 | 00.00+0.0000 | 00.00+0.0000
NV=30ug 29.99+0.0141 30.13+0.1768 00.00+0.0000 00.00+0.0000
T=30pg 30.63+0.8838 | 27.98+0.0354 | 00.00+0.0000 | 00.00:+0.0000
SDZ=30ug | 00.00+0.0000 | 20.18+0.2475 | 00.00£0.0000 | 00.00:0.0000
VA=30ug 21.99+0.0141 23.18+0.2475 00.00+0.0000 00.00+0.0000

Standard Bacterial antibiotics NA = Negram (nalidixic acid), S=
Streptomycin; N = Neomycin,Ny = Nystatin; VA= T= Oxytetracycline,
Vancomycin, CDZ =Cefodizime, NV= Novobiocin

Antimicrobial activity

The results in Table 1, Figures 1 showed a variation
antimicrobial effect against each test pathogenic microorganisms.
Compounds 3NQ and 4NQ showed a strong inhibitory effect and
recorded 23 to 30 mm, but showed a moderate antifungal
inhibition effect of 20 mm against 4. niger, while the compound
35Q recorded a moderate antibacterial and antifungal inhibition

effect against all test pathogenic microorganisms in compared to
the standard antibacterial and antifungal antibiotic that used in this
study. On the other hand, the compound 45Q showed a moderate
inhibition effect against C.albicans and characterized by negative
inhibitory effect against the other tested microorganisms in
comparing to the standard antibacterial antibiotic that used in this
study. Aspergillus niger, is one of the fungal pathogens that can
affect the respiratory tract. 4. miger is a causative agent of
pulmonary diseases including asperagillosis, bronchial asthma and
acute allergic alveolitis. The fungus colonizes old tuberculosis or
bronchi static cavities, in which it forms a large colony
(aspergilloma); or it may actually invade the lung tissue to
produce hemorrhagic and necrotizing pneumonia [31]. Finally,
the in vitro antimicrobial activity of the synthesized compounds
was screened against gram-positive (Bacillus subtilits) and gram-
negative (Escherichia coli) bacteria, yeast (Candida albicans) and
filamentous fungi (Aspergillus niger). Most of the samples have
the strongest antibacterial activities. The demonstration of the
activity against both gram-positive, gram-negative bacteria and
fungi is an indication that the compounds can be used in the
treatment of gram-negative, gram-positive and fungus pathogens
or these compounds have a broad spectrum effect.

Il C. albicans
I A.niger

£ o]
£ 0
N Il Bs
[ E.coli
3NQ 4ANQ 35Q 45Q

Synthetic compounds

Figure: 2 Antimicrobial activity of different compound sat
concentration of 10 mg/mL
MIC of 3NQ and 4 NQ compounds against different pathogenic
microorganisms

21
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o _—

E/E
17
o /
15 - /i
— 14 ¢
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T 3
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16
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Fig.3 (A) MIC of 3NQ and 4NQ compounds against B.subtilis
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Fig.5 (C)MIC of 3NQ and 4 NQ compounds against C.albicans

Table 2: MIC of 3NQ and 4 NQ compounds against different
pathogenic microorganisms

G3 i
Compound (Ijr.]h'b't'on Zone MIC(pg/mL)
No. iameters (mm)
Bacillus subtilits
3NQ 13 50
4NQ 14 50
E.coli
3NQ 14 50
4NQ 13 50
C. albicans
3NQ 11 100
4NQ 13 250

The MIC of the synthesized compounds are presented in the
Table 2, Figure 2(A, B and C). The MIC recorded 50 pg/ml
based on the compounds tested, but was differed in inhibition
zone obtained and ranged from 12 to 14 mm. The MIC of the
compound 3NQ and 4NQ were 50 pg/ml against Bacillus sutbtilis
and E. coli (Fig.2: A and B), but it is 100 pg/ml and 250pug/mL
against C.albicans for 3NQ and 4NQ respectively ( Fig.2: C).

CONCLUSION
In conclusion, four new compounds 5-(4- benzimidazole-2-yl-

phenylazo) —quinoline-8-ol (4NQ), 5-(3-benzimidazole-2-yl-
phenylazo)-quinoline-8-ol (3NQ), 5-(4-benzothiazol-2-yl-
phenylazo)-quinolin-8-0ol (4SQ) and 5-(3-benzothiazol-2-yl-

phenylazo)-quinolin-8-ol (3SQ) were synthesized and evaluated
for their antimicrobial. Furthermore, the attachment of
benzothiazole  and/or  benzimidazole  moiety to 8-
hydroxyquinoline via azo scaffold enhance the activity whether
antimicrobial or antifungal. 5-(4- Benzimidazole-2-yl-phenylazo)
—quinoline-8-ol (4NQ), showed the highest activity against gram
positive and gram negative microorganism.

REFERENCES

1) Hong-yu L., William TM, Charles RH, Denis JM, et al..
optimization of a Dihydropyrrolopyrazole Series of Transforming
Growth Factor-f Type I Receptor Kinase Domain Inhibitors:
Discovery of an Orally Bioavailable Transforming Growth Factor-p
Receptor Type I Inhibitor as Antitumor Agent. J. Med. Chem., 2008;
51:2302-2306

2)  Venusia G, Ignazio C, Gianfranco, CP, Vincenzo, et al., Synthesis
and Biological Activity of 7-Phenyl-6,9-dihydro-3H-pyrrolo[3,2-
flquinolin-9-ones: A New Class of Antimitotic Agents Devoid of
Aromatase Activity. J. Med. Chem., 2006; 49: 1910-1915.

3)  Yu-Hsun C, Mei-Hua H, Sheng-Hung W, Li-Jiau H, et al. Design
and Synthesis of 2-(3-Benzo[b]thienyl)-6,7-methylenedioxyquinolin-
4-one Analogues as Potent Antitumor Agents that Inhibit Tubulin
Assembly. J. Med. Chem., 2009; 52: 4883-4891.

4) Shreelekha A, Vivek BD, Fakhara A, Ping DQ, et al., Novel
Schiff Base Copper Complexes of Quinoline-2 Carboxaldehyde as
Proteasome Inhibitors in Human Prostate Cancer Cells. J. Med.
Chem., 2006; 49: 7242-7246.

5) Easmon J, Pu'rstinger G, Thies K.-S, Heinisch G, Hofmann J.
Synthesis, structure-activity relationships, and antitumor studies of
2-benzoxazolyl  hydrazones  derived from  alpha-(N)-acyl
heteroaromatics. J. Med. Chem., 2006; 49: 6343—6350.

6) Jasna DK, Mira G, Neda S, Branimir Z, et al. Novel Derivatives of
Benzo[b]thieno[2,3-c]quinolones: Synthesis, Photochemical
Synthesis, and Antitumor Evaluation. J. Med. Chem., 2003; 46:
4516-4524.

7) Rasoul-Amini S, Shafiee AA, Daneshtalab M, et al., Anti-tumor
Activity of New Quinoline Derivatives in Human Breast Cancer
T47D Cells. Int. J. Cancer Res., 2006; 2: 102—-108.

8)  Hussein SA, Abd El Maksoud!l H, Moustafa KA., Afify MM, Abdel-
Bakky MS, Abdelgawad MA. Synthesis of new 7-benzothiazol-2-yl
quinolone derivatives as antitumor agents. Journal of Chemical and
Pharmaceutical Research, 2016; 8(1) : 503- 509.

9) Abdelgawad MA, Lamie PF, Ahmed OM. Synthesis of New
Quinolone  Derivatives Linked to Benzothiazole or Benzoxazole
Moieties as Anticancer and Anti-Oxidant Agents. Med Chem (Los
Angeles), 2016: 652- 657.

10) Abdelgawad MA, Amany B, Omar HA, Hagazy L, Rateb ME.
synthesis, Anti Breast Cancer Activity and Molecular Modeling of
Some Benzothiazole and Benzoxazole Derivatives. Archiv. Der
Pharmazie, 2013; 346: 534-541.

11) Amany B, Abdelgawad M A. New benzothiazole/ benzoxazole —
pyrazole hybride with potential as COX inhibitors design, synthesis
and anticancer activity evaluation. Research on Chemical
Intermediates, 2017; 43,7) :3859-3872.

12) Khokra S, Arora K, Mehta H, Aggarwal A, Yadav M. Common
methods to synthesize Benzothiazole derivatives and their medicinal
significance: 4 review. Int. J. Pharm. Res 2011; 2(6): 1356-1377.

13) Brukshtus A., Sirvidite A., Garalene V, Labanauskas L. Synthesis of
N-acetyl derivatives of 5-and 6-ethoxy-2-methylthiobenzimidazole
and their cardiotonic activity. Chem. Heterocycl. Compd., 1997; 33:
665-671.

14) Piskillii MO, Karaaslan C, Bakar F, Goker H. SYNTHESIS AND
POTENT CYTOTOXICITY OF SOME NOVEL
IMIDAZOPYRIDINE DERIVATIVES AGAINST MCF-7 HUMAN
BREAST ADENOCARCINOMA CELL LINE. Chem. Heterocycl.
Compd., 2015; 51: 723-733.

15) Rezazadeh M, Pordel M, Davoodnia A, Saberi S. New fluorescent
3H-imidazo[4,5-e][2,1]benzoxazoles:  synthesis,  spectroscopic

1317



16)

17)

18)

19)

20)

21)

22)

23)

Mohamed A. Abdelgawad et al /J. Pharm. Sci. & Res. Vol. 10(6), 2018, 1314-1318

characterization, and antibacterial
Compd., 2015; 51: 918-922.
Gurvinder S, Maninderjit K, Mohan C. benzimidazoles; the latest
information on biological activity. Int. Res. J. Pharm., 2013; 4; 82-
87.

Ansari KF, Lal C. Synthesis and evaluation of some new
benzimidazole derivatives as potential antimicrobial agents. Eur. J.
Med. Chem., 2009; 44: 2294-2299.

Jesudason E P, Sridhar S K, Padma M E J, Shanmugapandiyan P,
Inayathullah M, Arul V, Selvaraj D, Jayakumar R. Synthesis,
pharmacological screening, quantum chemical and in vitro
permeability studies of N-Mannich bases of benzimidazoles through
bovine cornea. Eur. J. Med. Chem., 2009; 44: 2307-2312.
Andreadou I, Tasouli A, Bofilis E, Chrysselis M, Rekka E,
Tsantili-Kakoulidou K, Iliodromitis E, Siatra T, Kremastinos DT.
Antioxidant activity of novel indole derivatives and protection of the
myocardial damage in rabbits. Chem. Pharm. Bull., 2002; 50: 165-
168.

Pandey J, Tiwari V K, Verma SS, Chaturvedi V, Bhatnagar S, Sinha
S, Gaikwad AN, Tripathi RP. Synthesis and antitubercular screening
of imidazole derivatives. Eur. Chem., 2009; 44: 3350-3355.

Sharma MC, Kohli DV, Sharma S. Benzimidazoles derivatives with
(2-{6-Chloro-5-nitro-1-[2-(1H-tetrazol-5-yl) ~ biphenyl4-ylmethyl]
1H-benzoimidazol-2-yl} -phenyl)-(substituted-benzylidene)-amine
with potential angiotensin II receptor antagonists as antihypertensive
activity. Int. J. Drug. Delivery, 2010; 2: 228- 237.

Cho SY, Kang S K, Kim SS, Cheon H G, Choi J K, Yum E K.
Synthesis and SAR of Benzimidazole Derivatives Containing
Oxycyclic Pyridine as a Gastric H/K" ATPase Inhibitors. Bull.
Korean Chem. Soc.,2001; 22: 1217-1223.

Xu'YS, Zeng CC, Jiao Z G, Hu LM, Zhong R; Design, Synthesis and
Anti-HIV  Integrase Evaluation of 4-Oxo-4H-quinolizine-3-
carboxylic Acid Derivatives Molecules 2009, 14, 868- 883.

activity. Chem. Heterocycl.

24)

25)

26)

27)

28)

29)

30)

31)

Zhang Z, Koh CY, Ranad R M, Shibata S et al. 5-
Fluoroimidazo[4,5-b]pyridine Is a Privileged Fragment That
Conveys Bioavailability to Potent Trypanosomal Methionyl-tRNA
Synthetase Inhibitors. ACS Infect. Dis. 2016: 2: 399-404.

Mohamed AM, El-Sayed WA, Abdel-Hafez NA, Bagato O.
Synthesis and antiviral activity of novel 3,5-disubstituted-1,2,4-
triazoleglycoside derivatives. Der Pharma Chemica, 2016: 5; 8(11):
35-44.

Rashad AE, El-Sayed WA, Mohamed AM, Ali MM. Synthesis of
New Quinoline Derivatives as Inhibitors of Human Tumor Cells
Growth. Arch. pharm.Chem. Life Sci., 2010; 8: 440-448.
Arthington-Skaggs BA, Motley M, Warnock DW, Morrison CJ.
Comparative evaluation of PASCO and National Committee for
Clin- ical Laboratory Standards M27-A broth microdilution methods
for antifun- gal drug susceptibility testing of yeasts. J
ClinMicrobiol., 2000; 38 :2254-2260.

Vijesh A M, Arun MI, Sandeep T, Peethambar SK, Sankappa RN.
Synthesis and antitubercular screening of imidazole derivatives. Eur
J Med Chem., 2009; 44: 3350-3355.

Rocha L, Marston A, Potterat O, Kaplan MAC, Stoeckli-Evans H,
Hostettmann K. Antibacterial phloroglucinols and flavonoids from
Hypericum brasiliense. Phytochem., 1995; 40(5): 1447-1452.

Mac Lowry DJ, Jaqua MJ, Selepak ST. Detailed methodology and
implementation of a semiautomated serial dilution microtechnique
for antimicrobial susceptibility testing. App! Microbiol.,1970; 20:
46-53.

MacSween and Whaley, 1992 RN.M. MacSween and K. Whaley,
Muir's Textbook of Pathology, 13th Edn., Edward Arnold, London,
pp. 3542, 1992.

1318





