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Novel 1,2,3-Triazole Derivatives as Antimicrobial Agents
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Abstract: 2-Substituted benzimidazoles 3a-c was prepared via condensation of ethyl pyruvates 2a-c with 2-
phenylenediamine in glacial acetic acid. Pyrrolo[1,2-a]benzimidazole derivatives 5 and 8 were prepared via
cyclocondensation of compounds 3a,b with phosphorus oxychloride or acetic anhydride in presence of sodium acetate
respectively. Reactivity of pyruvate 2 towards 2-aminophenol, hydroxylamine and cyanothioacetamide was also
investigated. They exhibited potent antimicrobial activity comparable to clinical drugs such as ciprofloxacin and
ketoconazole. Compounds 3a, 11 and 13 showed excellent antimicrobial activity against all the tested microbes, and
Compound 11 showed lower MIC values against all the tested organisms.
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1. INTRODUCTION

Pyruvic acid is a natural metabolite, which plays an
important role in biochemistry. In addition, derivatives
of pyruvic acids are convenient synthons for the
synthesis of various heterocyclic compounds [1-5]. For
example, they have been utilized for the synthesis of
benzimidazole [2] and 1,4-benzoxazine-2-one [3-5].
Also, 1,2,3-triazoles display significant biological
activities such as antimicrobial activity against Gram
positive bacteria [6]. In addition, the derivatives of
1,2,3-triazole also are applied as insecticides [7],
fungicides [8] and plant growth regulators [9, 10].
Continuing our work in this research field [11-13] and in
an attempt to identify new and potent antimicrobial
agents, we tried here to generate new 1,2,3-triazole
derivatives bearing benzimidazole, benzo[b][1,4]
oxazin-2-one, isonicotine, isoxazole substituent as
potential antimicrobial agents.

2. EXPERIMENTAL

2.1. Chemistry

All melting points were taken on Electrothermal 1A
9000 series digital melting point apparatus. Elemental
analytical data were carried from the micro-analytical
unit, Cairo University, Giza, Egypt. The IR spectra were
recorded in potassium bromide disks on a JASCO
FT/IR-6100. "H-NMR and >C NMR spectra were run
on JOEL-ECA 500MHz in deuterated dimethylsul-
phoxide (DMSO-ds). Chemical shifts values (8) are
given in parts per million (ppm). The mass spectra
were performed using mass Varian MAT CH-5
spectrometer at 70eV.
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Ethyl 4-(5-methyl-1-subs. phenyl-1H-1,2,3-triazol-4-
yl)-2,4-dioxobutanoates (2a-c)

A mixture of appropriate 4-acetyl-5-methyl-1,2,3-
triaozles 1a-c (1 mmol) and diethyl oxalate (2 mmol) in
50 cm® sodium methoxide solution (0.005 g Na/25 cm®
methanol) was refluxed for 30 min, and then cooled.
The solid that separated was washed with dilute
hydrochloric acid and recrystallized from ethanol to
give 2a-c.

Ethyl 4-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-2,4-
dioxobutanoate (2a)

Yield 70 %; m.p. 120-2°C; IR (KBr) vmax/cm™,
1662, 1745 (2 C=0), 3198 (OH); 'H NMR (DMSO-dg) &
1.30 (t, 3H, CH3), 2.47 (s, 3H, CH3), 4.56 (q, 2H, CH,),
7.34 (s, 1H, enolic-CH), 7.46-7.55 (m, 5H, Ar-H), 12.41
(s, 1H, OH, D,O exchangeable); MS m/z (%): 301 (M",
15), 91 (100); Anal. Calcd forC4sH15N304 (301.30): C,
59.79; H, 5.02; N, 13.95%. Found: C, 59.83; H, 5.18; N,
14.12%.

Ethyl 4-(5-methyl-1-4-tolyl-1H-1,2,3-triazol-4-yl)-2,4-
dioxobutanoate (2b)

Yield 72 %; m.p. 128-9°C; IR (KBr) vmax/cm™”,
1666, 1747 (2 C=0), 3222 (OH); 'H NMR (DMSO-ds) &
1.31 (t, 3H, CH3), 2.31 (s, 3H, CHj), 2.46 (s, 3H, CH3),
4.56 (q, 2H, CH,), 7.36 (s, 1H, enolic-CH), 7.46-7.53
(m, 4H, Ar-H), 12.46 (s, 1H, OH, D,O exchangeable);
MS m/z (%): 315 (M*, 9), 91 (100); Anal. Calcd
forC1gH17N30, (315.32): C, 60.94; H, 5.43; N, 13.33%.
Found: C, 61.10; H, 5.51; N, 13.43%.

Ethyl 4-(1-(4-fluorophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-2,4-dioxobutanoate (2c)

Yield 75 %; m.p. 140-1°C; IR (KBr) vmax/cm™”,
1670, 1750 (2 C=0), 3220 (OH); 'H NMR (DMSO-ds) &
1.31 (t, 3H, CHj3), 2.43 (s, 3H, CH3), 4.58 (q, 2H, CH,),
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7.33 (s, 1H, enolic-CH), 7.44-7.54(m, 4H, Ar-H), 12.43
(s, 1H, OH, D,O exchangeable); MS m/z (%): 319 (M",
4), 91 (100); Anal. Calcd for C15H14FN3O4 (319.29): C,
56.43; H, 4.42; N, 13.16 %. Found: C, 56.61; H, 4.53;
N, 13.20%.

1-(1H-Benzo[d]imidazol-2-yl)-3-(5-methyl-1-4-
subs.phenyl-1H-1,2,3-triazol-4-yl)propane-1,3-
diones (3)

A mixture of appropriate 2 (0.01 mol) with 2-
phenylenediamine (0.01 mol) in acetic acid (15 cm3)
was heated under reflux for 1 h. The product obtained
was collected by filtration, washed with ethanol and
dried.

1-(1H-Benzo[d]imidazol-2-yl)-3-(5-methyl-1-phenyI-
1H-1,2,3-triazol-4-yl)propane-1,3-dione (3a)

Yield 68 %; m.p. 290-1°C; IR (KBr) vmax/cm™”,
1680(C=0), 3161 (NH); '"H NMR (DMSO-dg) & 2.44 (s,
3H, CHs), 7.10 (s, H, CH), 7.21-7.67(m, 9H, Ar-H),
11.97 (s, 1H, OH, D,O exchangeable), 13.23 (s, 1H,
NH, D,O exchangeable); MS m/z (%): 345 (M*, 17), 91
(100); Anal. Calcd for C1gH1sNsO, (345.35): C, 66.08 ;
H, 4.38; N, 20.28 %. Found: C, 66.13; H, 4.41; N,
20.20%.

1-(1H-Benzo[d]imidazol-2-yl)-3-(5-methyl-1-4-tolyl-
1H-1,2,3-triazol-4-yl)propane-1,3-dione (3b)

Yield 73 %; m.p. 296-8°C; IR (KBr) vmax/cm™”,
1680(C=0), 3168 (NH); 'H NMR (DMSO-dg) & 2.44,
2.56 (2s, 6H, 2CH3), 7.09 (s, H, CH), 7.21-7.67(m, 8H,
Ar-H), 11.89 (s, 1H, OH, D,O exchangeable), 13.22 (s,
1H, NH, D,O exchangeable); MS m/z (%): 359 (M",
20), 91 (100); Anal. Calcd for CyoHi7NsO, (359.38): C,
66.84; H, 4.77; N, 19.49 %. Found: C, 66.90; H, 4.83;
N, 19.59%.

1-(1H-Benzo[d]imidazol-2-yl)-3-(1-(4-fluoropheny])-
5-methyl-1H-1,2,3-triazol-4-yl)propane-1,3-dione
(3c)

Yield 72 %; m.p. 301-2°C; IR (KBr) vmax/cm™”,
1687(C=0), 3180 (NH); 'H NMR (DMSO-dg) & 2.44 (s,
3H, CHa3), 7.10 (s, H, CH), 7.22-7.69 (m, 8H, Ar-H),
11.93 (s, 1H, OH, D,O exchangeable), 13.31 (s, 1H,
NH, D,O exchangeable); MS m/z (%): 363 (M*, 17), 91
(100); Anal. Calcd for C1gH14FN50, (363.35): C, 62.81;
H, 3.88; N, 19.27%. Found: C, 62.92; H, 3.89; N,
19.36%.

1-(5-Methyl-1-4-subs.phenyl-1H-1,2,3-triazol-4-yl)-
3H-benzo[d]pyrrolo[1,2-aJimidazol-3-ones (5a,b)

A solution of 3 (0.01 mol) in phosphorus oxychloride
(30 cm® was heated on a under reflux for 3 h. The

reaction mixture was cooled and poured into water.
The product obtained was filtered off, washed with
water and dried to give 5 as pale yellow crystals.

1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3H-
benzo[d]pyrrolo[1,2-a]Jimidazol-3-one (5a)

Yield 30 %; m.p. 202-3°C; IR (KBr) vmax/cm™', 1650
(C=0); '"H NMR (DMSO-dg) & 2.67 (s, 3H, CHs), 7.60
(s, 1H, CH), 7.67-7.86 (m, 9H, Ar-H); °C NMR(DMSO-
ds) & 10.1, 107, 114, 115.2, 123.1, 128, 125, 130,
133.2, 138, 139, 141, 149, 172; MS m/z (%): 327 (M",
7), 169 (100); Anal. Calcd for C19H13N5O (327.34): C,
69.71; H, 4.00; N, 21.39 %. Found: C, 69.88; H, 3.96;
N, 21.22%.

1-(5-Methyl-1-4-tolyl-1H-1,2,3-triazol-4-yl)-3H-
benzo[d]pyrrolo[1,2-a]Jimidazol-3-one (5b)

Yield 32 %; m.p. 208-9°C; IR (KBr) vmax/cm™, 1647
(C=0); '"H NMR (DMSO-dg) & 2.43, 2.67 (2s, 6H,
2CHj3), 7.61 (s, 1H, CH), 7.66-7.83 (m, 8H, Ar-H); MS
miz (%): 341 (M*, 6), 169 (100); Anal. Calcd for
CooHs5Ns0 (341.37): C, 70.37; H, 4.43; N, 20.52%.
Found: C, 70.44; H, 4.60; N, 20.68%.

1-Methyl-2-(5-methyl-1-subs. phenyl-1H-1,2,3-
triazole-4-carbonyl)-3H-benzo[d]pyrrolo[1,2-
aJimidazol-3-one (8a,b)

A solution of 3 (0.01 mol) in acetic anhydride (30
cm3) and sodium acetate (3g) was heated under reflux
for 3 h. The product formed after being cooled was
filtered off dried and purified by recrystallization with
ethanol to give 8 as yellow crystals.

1-Methyl-2-(5-methyl-1-phenyl-1H-1,2,3-triazole-4-
carbonyl)-3H-benzo[d]pyrrolo[1,2-aJimidazol-3-one
(8a)

Yield 48 %; m.p. 162-3°C; IR (KBr) vmax/cm™”,
1680, 1701 (2C=0); '"H NMR (DMSO-dg) & 1.83, 2.34
(2s, 6H, 2CH3), 7.22-7.67 (m, 9H, Ar-H); MS m/z (%):
369 (M", 7), 312 (100); Anal. Calcd for CuHsN50;
(369.38): C, 68.28; H, 4.09; N, 18.96%. Found: C,
68.31; H, 4.16; N, 19.08%.

1-Methyl-2-(5-methyl-1-4-tolyl-1H-1,2,3-triazole-4-
carbonyl)-3H-benzo[d]pyrrolo[1,2-a]imidazol-3-one
(8b)

Yield 48 %; m.p. 210-2°C; IR (KBr) vmax/cm™,
1678, 1713 (2 C=0); 'H NMR (DMSO-ds) & 1.81, 2.35,
3.52 (3s, 9H, 3CHj), 7.19-7.62 (m, 8H, Ar-H); "°C
NMR(DMSO-dg) & 10, 17, 21, 114, 115, 116, 123, 125,
129, 130, 132, 133, 138, 139, 141, 153, 172,175; MS
miz (%): 383 (M*, 6), 312 (100); Anal. Calcd for
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C22H17N502 (38340) C, 6892, H, 447, N, 18.27%.
Found: C, 68.99; H, 4.52; N, 18.36%.

3-(2-Hydroxy-2-(5-methyl-1-p-tolyl-1H-1,2,3-triazol-
4-yl)vinyl)-2H-benzo[b][1,4]oxazin-2-one (9)

A mixture of 2b (0.01 mol) with 2-aminophenol (0.01
mol) in acetic acid (15 cm®) was heated under reflux for
1 h. The product obtained was collected by filtration,
washed with ethanol and dried.

Yield 54 %; m.p. 208-9°C; IR (KBr) vmax/cm™”,
1648, 1660 (C=0), 3280 (OH); '"H NMR (DMSO-dg) &
2.35, 3.48 (2s, 6H, 2CH3), 7.12-7.68 (m, 9H, Ar-H +
olefinic-H), 12.44 (s, 1H, OH, D,O exchangeable); MS
miz (%): 360 (M’, 5), 91 (100); Anal. Calcd for
Con16N403 (36037) C, 6666, H, 448, N, 15.55%.
Found: C, 66.73; H, 4.56 N, 15.69%.

Ethyl 5-(5-methyl-1-4-tolyl-1H-1,2,3-triazol-4-
yl)isoxazole-3-carboxylate (10)

A mixture of compound 2b (2 mmol) in ethanol (20
cm®), hydroxylamine-HCI (0.14 g, 2 mmol) and fused
sodium acetate (0.16 g, 2 mmol) was refluxed for 2 h,
then left to stand at room temperature. The product
obtained was filtered off and dried.

Yield 39 %; m.p. 205-6°C; IR (KBr) vmax/cm™, 1750
(C=0); "H NMR (DMSO-ds) & 1.42 (t, 3H, CH3), 2.33,
2.42 (2s, 6H, 2CHs), 4.39 (q, 2H, CH,), 7.44-7.64(m,
5H, 1H4-oxazole + 4Ar-H); MS m/z (%): 312 (M", 3), 91
(100); Anal. Calcd.for CyH1gN4O3 (312.32): C, 61.53;
H, 5.16; N, 17.94%. Found: C, 64.62; H, 522; N,
18.10%.

5-(5-methyl-1-4-tolyl-1H-1,2,3-triazol-4-yl)isoxazole-
3-carboxylic acid (11)

A suspension of appropriate of isoxazole-3-
carboxylates 10 (1 mmol) in ethanol (10 cm®) and 5%
NaOH (10 cm3) was refluxed for 4 h. Left to cool to
room temperature, and the white solid product was
filtered and washed with ethanol.

Yield 38 %; m.p. 235-6°C; IR (KBr) vmax/cm™, 1768
(C=0), 3345 (OH); '"H NMR (DMSO-dg) & 2.33, 2.42
(2s, 6H, 2CH3) 7.44-7.64 (m, 5H, 1H-oxazole + 4Ar-
H), 12.34 (s, 1H, OH, D,0 exchangeable); MS m/z (%):
284 (M+, 3), 91 (100), Anal. Calcd.for C14H12N403
(284.27): C, 59.15; H, 4.25; N, 19.71 %. Found: C,
59.26; H, 4.32; N, 19.83%.

Ethyl 3-cyano-2-mercapto-6-(5-methyl-1-4-tolyl-1H-
1,2,3-triazol-4-yl)isonicotinate (13)

A mixture of 2b (2 mmol) in ethanol (20 cm3),
cyanothioacetamide (2 mmol), and a few drops of

piperidine were refluxed for 4 h and left to cool. The
resulting solid product was filtered off and dried.

Yield 42 %; m.p. 218-20°C; IR (KBr) vmax/cm™,
1745 (C=0), 2223 (CN); '"H NMR (DMSO-dg) & 1.50 (t,
3H, CH3), 2.33, 2.42 (2s, 6H, 2CH3), 4.34 (q, 2H, CH,),
7.33 (s, 1H, CH-pyridine) 7.41-7.60 (m, 4H, Ar-H),
12.96 (s, 1H, SH, D,O exchangeable); MS m/z (%):
379 (M+, 13), 65 (100), Anal. Calcd for CqgH17N50,S
(379.44): C, 60.14; H, 4.52; N, 18.46 %. Found: C,
60.24; H, 4.64; N, 18.57%.

2.2. Antimicrobial Activity

Chemical compounds were individually tested
against a panel of gram positive and gram negative
bacterial pathogens, yeast and fungi. Antimicrobial
tests were carried out by the agar well diffusion method
[14] using 100 pL of suspension containing 1x10°
CFU/mL of pathological tested bacteria and 1 x10°
CFU/ml of yeast spread on nutrient agar (NA) and
Sabour and dextrose agar (SDA) respectively. After the
media had cooled and solidified, wells (10 mm in
diameter) were made in the solidified agar and loaded
with 100 pL of tested compound solution prepared by
dissolving 100 mg of the chemical compound in one ml
of dimethyl sulfoxide (DMSQ). The inculcated plates
were then incubated for 24 h at 37 °C for bacteria and
48h at 28°C for fungi. Negative controls were prepared
using DMSO employed for dissolving the tested
compound. Ciprofloxacin (50 ug/ml) and Ketoconazole
(50 pg/ml) were used as standard for antibacterial and
antifungal activity respectively. After incubation time,
antimicrobial activity was evaluated by measuring the
zone of inhibition against the test organisms and
compared with that of the standard. The observed zone
of inhibition is presented in Table 1. Antimicrobial
activities were expressed as inhibition diameter zones
in millimeters (mm). The experiment was carried out in
triplicate and the average zone of inhibition was
calculated.

2.2.1. Minimal
Measurement

Inhibitory Concentration (MIC)

The bacterio-static activity of the active compounds
(having inhibition zones (IZ) = 16 mm) was then
evaluated using the two fold serial dilution technique
[15]. Two fold serial dilutions of the tested compounds
solutions were prepared using the proper nutrient
broth. The final concentration of the solutions was
200,100, 50 and 25 pg/ml. The tubes were then
inoculated with the test organisms, grown in their
suitable broth at 37 °C for 24 hours for bacteria (about
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1x10° CFU/ml), each 5 ml received 0.1 ml of the above
inoculums and incubated at 37 °C for 24 hours. The
lowest concentration showing no growth was taken as
the minimum inhibitory concentration (MIC).

3. RESULTS AND DISCUSSION

3.1. Chemistry

2,4-Dioxoesters 2 were prepared by Claisen
condensation of the appropriate 4-acetyl-5-methyl-
1,2,3-triazoles 1 with diethyl oxalate in the presence of
sodium ethoxide. Acidification of the resulting solution
with dilute acid to give excellent yields of the precursor
2 which present in the enolic form 2°(Scheme 1).

Condensation of 2a-c with 2-phenylenediamine in
glacial acetic acid under reflux, gave the corresponding
tautomeric benzimidazole 3a-c and 3'a-c. 1-(1H-
Benzo[d]imidazol-2-yl)-3-(5-methyl-1-p-subs.  phenyl-
1H-1,2,3-triazol-4-yl)propane-1,3-dione 3a,b reacted
with phosphorus oxychloride under reflux on a water
bath affording 1-(5-methyl-1-subs. phenyl-1H-1,2,3-
triazol-4-yl)-3H-benzo[d]pyrrolo[1,2-alimidazol-3-one
5a,b via the intermediate 4a,b. 1-Methyl-2-(5-methyl-1-
subs.  phenyl-1H-1,2,3-triazole-4-carbonyl)-3H-benzo
[d]pyrrolo[1,2-a]imidazol-3-one 8a,b was prepared by
the cyclocondensation of benzimidazoles 3a,b with
acetic anhydride in the presence of fused sodium
acetate under reflux through the intermediates 6a,b
and 7a,b (Scheme 2).

The structures of 3-8 were fully supported by
elemental analysis and spectral analysis. In the H
NMR spectrum of 3b the NH proton of benzimidazole
ring appears at & 13.22 ppm. In the mass spectra of 3a,
5a and 8b showed the molecular ion peaks at m/z 345,
327 and 383 respectively in agreement with the
calculated masses.

aTe
A0

CO,Et o CO,Et

Me

The condensation of 2,4-dioxoesters 2b with 2-
aminophenol in acetic acid afforded 3-(2-(5-methyl-1-p-
tolyl-1H-1,2,3-triazol-4-yl)-2-oxoethyl)-2H-benzo[b][1,4]
oxazin-2-one 9. When ethyl 2,4-dioxobutanoate 2b was
treated with hydroxylamine hydrochloride gave ethyl 5-
(5-methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)isoxazole-3-
carboxylates 10, which then hydrolyzed with 5%
sodium hydroxide to give the corresponding acids 11.
In addition, ethyl 2,4-dioxo-pentanoate 2b was
condensed with 2-cyano-thioacetamide in the presence
of piperidine to give ethyl 3-cyano-2-mercapto-6-(5-
methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)isonicotinate 13
via the intermediate 12 (Scheme 3).

The structures of compounds 9-13 were confirmed
by 'H NMR, IR, MS, spectroscopic data, and elemental
analysis. In the 'H NMR spectrum of 11 the OH proton
of carboxylic acid appears at & 12.34 ppm and
presence of SH proton in compound 13 at & 12.96
ppm. In the mass spectra of 9, 11 and 13 showed the
molecular ion peaks at m/z 360, 284 and 379
respectively in agreement with the calculated masses.

3.2. Antimicrobialactivity

The antimicrobial activity of the synthesized
compounds has been evaluated by filter paper disc
method [14]. The synthesized compounds have been
tested for their antibacterial activity against Gram
positive bacteria (Staphylococcus aureus ATCC 29213,
Bacillus subtilis ATCC6633, and Bacillus megaterium
ATCC 9885); Gram negative bacteria (Klebseilla
peneumoniae ATCC13883, Pseudomonas. Aeroginosa
ATCC27953 and Echerichia coli ATCC 25922) and
fungal (Saccharomyces cervesia, Candida Albicans
NRRL Y-477 and Aspergillus niger) at a concentration
of 100 ug/mL in DMSO. Ciprofloxacin and Ketoco-
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nazole were respectively used as standard antibacterial
and antifungal reference, respectively. The inhibitory
effects of compounds 2-13 against these organisms
are given in Table 1. The screening data indicate that
compounds 3a, 11 and 13 showed excellent
antimicrobial activity against all the tested microbes,
Also, compounds 2¢, 3¢, and 8a showed good
activities against the majority of the tested organisms.
Compounds 5b and 8a showed no activity B. subtilis

l AcONa/Ac,0

[ é Me
N Me
Ny S

ATCC6633 and B. megaterium ATCC 9885;
compounds 8b and 9 showed no activity against
Staphylococcus  aureus ATCC and  Bacillus
subtilisATCC6633 respectively. From the inhibition
zone diameter analysis the diketo-ester 3, isoxazole 11
and pyridine 13 were identified the more active
compounds compared with the other synthetic
compounds.
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Table 1: Antimicrobial Activity Expressed as Inhibition Diameter Zones in Millimeters (mm) of Chemical Compounds
Against the Pathological Strains Based on well Diffusion Assay
Chem. Gram positive bacteria Gram negative bacteria Yeast Fungi
Cpds. Staphelococcus | B. subtilis B. Klebseilla Pseudomonas. E. Saccharomyces | Candida | A.niger
aureus ATCC6633 | megaterium peneumoniae Aeroginosa coli cervesia Albicans
ATCC 29213 ATCCo9gss | ATCC13883 ATCC27953 | ATCC NRRL
25922 Y-477
2a 26 22 21 23 21 22 15. 15 30
2b 15 20 21 18 17 15 15 12 25
2c 26 19 17 24 22 21 22 21 35
3a 32 29 30 25 29 27 22 21 38
3b 17 12 15 22 21 20 15 12 18
3c 25 15 16 16 17 18 15 12 35
5a 28 15 14 27 28 26 19 17 38
5b 21 N.A. N.A. 24 25 24 12 13 20
8a 22 N.A. N.A. 30 29 30 13 12 34
8b N.A. 23 24 15 19 20 19 17 37
9 17 N.A. 12 27 25 24 14 14 38
10 21 15 18 26 29 27 18 14 38
11 35 32 35 33 36 34 32 30 38
13 32 23 24 22 21 23 19 15 34
Ciprofloxacin 20 22 24 25 24 23 N.A. N.A. N.A.
Ketoconazole N.A. N.A. N.A. N.A. N.A. N.A. 30 29 30

The experiment was carried out in triplicate and the average zone of inhibition was calculated.



76 Journal of Modern Medicinal Chemistry, 2014 Vol. 2, No. 2

Abdel-Wahab et al.

Table 2: Minimum Inhibitory Concentration (uLg/ml) Against the Pathological Strains Based on Two Fold Serial Dilution

Technique
Gram positive bacteria Gram negative bacteria Yeast Fungi
Chem. Staphelococcus B. subtilis B. Klebseillape | Pseudomonas E. Saccharomyces | Candida A.niger
Cpds. aureus ATCC6633 | megaterium neumoniaeA Aeroginosa coli cervesia Albicans
ATCC 29213 ATCCoggs | 1CC13883 ATCC27953 | ATCC NRRL
25922 Y-477
2a 100 100 200 200 200 200 N.A. N.A. 50
2b N.A. 200 200 200 200 N.A. N.A. N.A. 50
2c 50 200 200 100 200 200 200 200 50
3a 25 50 50 100 100 100 200 200 25
3b 200 N.A. N.A. 200 200 200 N.A. N.A. 200
3c 100 N.A. N.A. N.A. 200 200 N.A. N.A. 50
5a 50 N.A. N.A. 100 100 100 200 200 25
5b 200 N.A. N.A. 100 100 100 N.A. N.A. 200
8a 100 N.A. N.A. 50 50 50 N.A. N.A. 25
8b N.A. 100 100 N.A. 200 200 200 200 25
9 100 N.A. N.A. 50 100 100 N.A. N.A. 25
10 100 N.A. 200 100 50 100 200 N.A. 25
11 25 25 25 50 50 50 25 50 25
13 50 100 100 200 200 100 200 N.A. 25
Ciprofloxacin 25 25 25 25 25 25 N.A. N.A. N.A.
Ketoconazole N.A. N.A. N.A. N.A. N.A. N.A. 25 25 25
The experiment was carried out in triplicate and the average zone of inhibition was calculated.
3.2.1. Minimal Inhibitory Concentration (MIC) have less antimicrobial activity than paramethyl

The minimal inhibitory concentration (MIC, ug/ml) of
compounds 2-13 in comparison to Ciprofloxacin and
Ketoconazole against antibiotic susceptible strains of
both Gram positive bacteria, Gram negative bacteria
and fungal were determined (Table 2). Amongst all the
tested compounds, Compound 11 showed lower MIC
values against all the tested organisms, also
benzimidazole 3a showed lower MIC level against
Gram positive bacteria. All the synthetic compounds
exhibited lower MIC values against A.niger except
compounds 3b and 5b.

3.3. Structure-Activity Relationship

The structure-antimicrobial activity relationship of
the synthesized compounds against the pathological
strains of bacteria and fungi revealed that,
benzimidazole 3a, isoxazole-3-carboxylic acid 11,and
ethyl isonicotinate 13 have superior antimicrobial (i.e.

compounds 11 and 13. It is obvious from our
antimicrobial data the compounds incorporating
isoxazole and isonicotine moieties showed higher
antimicrobial activity.

4. CONCLUSION

The present investigation offers rapid and effective
procedures for the synthesis of the poly condensed
new heterocyclic ring systems incorporating 1,2,3-
triazole nucleus as bezoimidazole 3, pyrrolo[1,2-a]
benzimidazole derivatives 5 and 8, benzoxazinone 9,
isoxazole-3-carboxylates 10, and isonicotinate 13. The
antibacterial and antifungal activities of the prepared
compounds were evaluated showing moderate to
excellent activities. 1,2,3-triazole derivatives 3a, 11
and, 13 exhibited the highest antibacterial and
antifungal activities comparable to standard antibiotics.
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