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Abstract: A series of novel acrylonitrile derivatives 4-10 have been synthesized and characterized by spectral data. The
in-vitro antitumor activity of all compounds was assessed in the MCF-7 human breast cancer cell line. The results
showed that compound 8a exhibited promising anticancer activity with 1Csy = 9.92 pg/mL while, compounds 4b, 4c,
7b, 8c and 10b possessed moderate cytotoxic effect with 1Cs, ranging 15.64-20.76 pg/mL. The final targets were also
tested for their antimicrobial activity. The results revealed that compounds 4a, 5b, 8a and 8c showed remarkable broad
spectrum antimicrobial activity, while compounds 5c, 8a and 8c displayed high antifungal activity against candida
albicans compared to amphotericin B reference drug with 1Cs, = 9.30, 6.25 and 2.30 pg/mL, respectively.
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1. Introduction combination may enhance the potential anticancer
Cancer is a disease, in which the control of profile.
growth is lost in one or more cells, leading to a solid From the view point of molecular design, the
mass of cells known as a tumor. The initial tumor often combination of two biologically active molecules or
becomes life-threatening by obstructing vessels or pharmacophores is a well-known approach for the
organs. However, death is most commonly caused by build-up of drug-like molecules, which allows us to
spread of the primary tumor to one or more other sites find more potent agents. It was thought that it would be
in the body. On the other hand, the most common of interest to synthesize a single molecule containing
cancer in women is breast cancer which remains the more than one pharmacophore conjugates.
most frequent cause of malignancy-associated death On the other hand, the development of effective
among women [1]. Although the use of available antibacterial is essential to avoid the major cause of
chemotherapeutics is often limited due to undesirable death by bacterial infection. During the past decades,
side effects and the interest in novel anti-cancer agents the human population had been affected with life-
is stimulated by growing incidence of drug resistance threatening infectious diseases caused by multidrug-
to cancer chemotherapeutic agents [2], more efforts resistant Gram-positive and Gram-negative pathogen
should be developed in this field. bacteria [27]. Moreover, the long term use of several
Literature survey, many investigators reported drugs to treat microbial infections may cause serious
that cyanoacrylate and acrylamide derivatives [3-7] health problems, especially in patients with impaired
either  substituted aromatic or heteroaromatic liver or kidney functions [28]. Therefore, there is an
compounds were found to display potent anti- increasing need to design new antibacterial and
proliferative activity against MCF-7 cell lines [8]. They antifungal agents with better activity and higher safety
have attracted considerable attention on the part of profile. Additionally, we are facing now with the major
synthetic chemists and pharmacists because some problem of increasing bacterial resistance to
representatives exhibit anticancer activity [9-12]. antibacterial drugs. Since, there is unmet need for the
The present work comprises the combination synthesis of new antibacterial agents to overcome this
between 2-cyanoacrylate pharmacophore with either increase in bacterial resistance.
aminoguanidine moiety as in compounds (4a-c) or Furthermore, in light of the antimicrobial and
thiosemicarbazide as in compounds (5a-c) which antifungal importance of cyanoacrylamide, hydrazine
possessed potent anticancer activity [13-16] (schemel). moiety and /or aromatic, heterocyclic compounds,
Additionally, in light of anticancer activity observed by hybridization of the different bioactive molecules with
imidazole moiety [17-19] and 1,2,4-triazole moiety complementary pharmacophoric functions or with
[20-24], it was interesting to synthesize conjugates of different mechanisms of action often showed
cyanoacrylamide hydrazide and each moiety synergistic effects. The biological relevance of these
(compounds 6-10) (schemes 2 and 3), to study the heteroaromatic moieties is due to their being good
potential additive effect of the combined molecule bioisosteres of biomolecules. Based on these prior
towards cytotoxic activities [25,26] hoping the new observations, we postulated that compounds containing
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both acrylamide hydrazide [29-32] and imidazole [33-
35] or triazole [36-38] pharmacophores could be
effective as antibacterial agents. These merged
pharmacophores, may be addressing the active site of
different targets for the purpose to overcome drug
resistance, as well as reducing side effects. In the
meanwhile, multi-targets drug strategies have emerged
as a therapeutic approach to treat diseases that stem
from a combination of factors and leading to the final
pathology such as cancer. Using this strategy, a single
molecule hits multiple targets, which participate in
pathways implicated to a given disease, leading to
more efficacious therapy and minimizing the
emergence of resistance.

2. Experimental Protocols

2.1 General Remarks:

Melting points are uncorrected and determined in
one end open capillary tubes using Gallen Kamp
melting point apparatus MFB-595-010M (Gallen
Kamp, London, England). Microanalysis was carried
out at Micro-analytical Unit, the regional centre for
microbiology and biotechnology, Al-Azhar University.
Infrared Spectra were recorded on Schimadzu FT-IR
8400S spectrophotometer (Shimadzu, Kyoto, Japan),
and expressed in wave number (cm™), using potassium
bromide discs. The NMR spectra were recorded on a
Varian Mercury VX-300 NMR spectrometer. H
spectra were run at 300 MHz and *3C spectra were run
at 75.46 MHz in dimethylsulphoxide (DMSO-ds).
Chemical Shifts are quoted in 6 and were related to that
of the solvents. Mass spectra were recorded using
Hewlett Packard Varian (Varian, Polo, USA) and
Shimadzu Gas Chromatograph Mass spectrometer-QP
1000 EX (Shimadzu, Kyoto, Japan). TLC were carried
out using Art.DC-Plastikfolien, Kieselgel 60 F254
sheets (Merck, Darmstadt, Germany), the developing
solvents  were chloroform/methanol  (9:1) or
benzene/acetone (8:2) and the spots were visualized at
366 and 254 nm by UV Vilber Lourmat 77202 (Vilber,
Marne La Vallee, France). Compound 4a was reported
with no data [39,40].

2.2. Chemistry
2-(2-Cyano-3-substitutedphenylacryloyl)
hydrazinecarboximidamide (4a-c)

Method A: a mixture of aminoguanidine
bicarbonate (1.36 g, 0.01 mol), ethyl cyanoacetate
(1.13 g, 1.07 mL, 0.01 mol), anhydrous potassium
carbonate (2.76 g, 0.02 mol) and the appropriate
aromatic aldehyde (0.01mol) in absolute ethanol (25
mL) was heated under reflux for 12 hours. The formed
precipitate was filtered while hot, washed twice with
water (20 mL), dried and crystallized from ethanol.

Method B: a mixture of aminoguanidine
bicarbonate (1.36 g, 0.01 mol), ethyl cyanoacetate
(1.13 g, 1.07 mL, 0.01mol), and the appropriate
aromatic aldehyde (0.01 mol) was added to sodium
ethoxide solution (sodium metal 2.3 g in absolute
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ethanol (25 mL) with continuous stirring for 30 min.
The reaction mixture was heated under reflux for 5
hours. The solvent was evaporated under vacuum and
after cooling the residue was extracted twice with ethyl
acetate (20 mL). The ethyl acetate layer was washed
twice with 10% hydrochloric acid (15 mL), and then
washed twice with 5% sodium hydroxide (15 mL). The
organic layer dried over anhydrous sodium sulphate,
filtered and the filtrate was evaporated under reduced
pressure and cooled. The crystalline solid was
separated, collected and recrystallized from methanol.
2-(2-Cyano-3-substitutedphenylacryloyl)
hydrazinecarboximidamid (4a-c) and
2-(2-Cyano-3-substitutedphenylacryloyl)
hydrazinecarboxthioamide (5a-c)

Method C: a mixture of ethyl cyanoacetate (1.13
g, 1.07 mL, 0.01mol), and the appropriate aromatic
aldehyde (0.01 mol) was added to potassium hydroxide
solution (potassium hydroxide (0.56 g, 0.01 mol) in dry
dimethylformamide (20 mL) with continuous stirring
for 30 min. A solution of aminoguanidine bicarbonate
(1.36 g, 0.01 mol) or thiosemicardazide (0.91 g, 0.01
mol) in dry dimethylformamide (10 mL) was added
with continuous stirring for 24 hours at room
temperature. The formed precipitate was filtered and
suspended in a solution of acetic acid/water (15
mL)(1:1) and filtered. The precipitate was dried and
crystallized from ethanol.
2-(2-Cyano-3-phenylacryloyl)hydrazine
carboximidamide (4a)

Faint yellow cubic crystals; yield 21% [method
A, yield 30% [method B], yield 81% [method C]; mp:
166-167°C; IR (KBr, cm™): 3365, 3256 (NH,, NH),
3171 (CH aromatic), 2214 (CN), 1686 (CO); *H-NMR
(DMSO-d6): 6 3.61 (br, 2H, NH, exchangeable by
D,0), 4.64 (s, 1H, NH exchangeable by D,0), 7.35-
7.81 (m, 5H, ArH), 7.56 (br, 1H, NH exchangeable by
D,0), 8.05 (s, 1H, =CH-Cg¢Hs), 9.51 (s, 1H, NH
exchangeable by D,0); MS (El) m/z: 227 (M-2), 228
(M-1); Anal. Calcd for C;;H;1NsO (229.24): C, 57.63;
H, 4.84; N, 30.55; Found: C, 57.49; H, 4.81; N, 30.56.
2-(2-Cyano-3-(4-fluorophenyl)acryloyl)
hydrazinecarboximidamide (4b)

yellow needle crystals; yield 20% [method A],
yield 33% [method B], yield 76% [method C]; mp:
140-141°C; IR (KBr, cm™): 3362, 3255 (NH,, NH),
3144 (CH aromatic), 2218 (CN), 1682 (CO); *H-NMR
(DMSO-d6): 6 3.20 (br, 2H, NH, exchangeable by
D,0), 4.25 (s, 1H, NH exchangeable by D,0), 7.33,
7.96 (2d, 4H, ArH), 8.05 (br, 1H, NH exchangeable by
D,0), 8.19 (s, 1H, =CH-Cg¢Hs), 9.01 (s, 1H, NH
exchangeable by D,0); *C-NMR (DMSO): 168.66,
165.44, 161.57, 156.34, 144.32, 130.67, 130.15,
116.62, 116.37, 114.90, 114.61; MS (El) m/z: 248
(M+1); Anal. Calcd for CyHioFNsO (247.23): C,
53.44; H, 4.08; N, 28.33; Found: C, 53.52; H, 4.15; N,
28.11.
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2-(3-(4-Bromophenyl)-2-cyanoacryloyl)
hydrazinecarboximidamide (4c)

Dark yellow micro crystals; yield 19% [method
A], yield 28% [method B], yield 74% [method C]; mp:
146-147°C; IR (KBr, cm™): 3353, 3256 (NH,, NH),
3144 (CH aromatic), 2214 (CN), 1682 (CO); ‘H-NMR
(DMSO-d6): 6 3.42 (br, 2H, NH, exchangeable by
D,0), 5.25 (s, 1H, NH exchangeable by D,0), 6.06 (br,
1H, NH exchangeable by D,0), 7.28, 7.72 (2d, 4H,
ArH), 7.61 (br, 1H, NH exchangeable by D,0), 8.18 (s,
1H, =CH-C¢Hs); MS (EI) m/z: 305 (M-2), 307 (M+);
Anal. Calcd for Cy1H;0BrNsO (308.13): C, 42.88; H,
3.27; N, 22.73; Found: C, 42.59; H, 3.21; N, 22.93.
2-(2-Cyano-3-phenylacryloyl)hydrazine
carbothioamide (5a)

Dark yellow crystals; yield 68% [method C]; mp:
158-160°C; IR (KBr, cm™): 3387, 3264 (NH,, NH),
3174 (CH aromatic), 2261 (CN), 1662 (CO), 1372
(CS); 'H-NMR (DMSO-d6): & 4.50 (s, 2H, NH,
exchangeable by D,0), 7.20 (s, 1H, NH exchangeable
by D,0), 7.37 (m, 3H, Cs;, C4, Cs ArH), 7.78 (m, 2H,
C,, Cs ArH), 8.21 (s, 1H, =CH-C¢Hs), 11.41 (s, 1H,
NH exchangeable by D,0); MS (EI) m/z: 247 (M+H);
Anal. Calcd for Ci;H;oN4OS (246.29): C, 53.64; H,
4.09; N, 22.75; Found: C, 53.44; H, 4.12; N, 22.87.
2-(2-Cyano-3-(4-fluorophenyl)acryloyl)hydrazine
carbothioamide (5b)

Faint brown crystals; yield 61% [method C]; mp:
125-127°C; IR (KBr, cm™): 3379, 3260 (NH, NH),
3175 (CH aromatic), 2241 (CN), 1644 (CO) , 1365
(CS); 'H-NMR (DMSO-d6): & 4.51 (s, 2H, NH,
exchangeable by D,0), 7.21 (m, 2H, Cs, Cs ArH), 7.57
(s, 1H, NH exchangeable by D,0), 7.87 (m, 2H, C,, Cs
ArH), 8.02 (s, 1H, =CH-C¢Hs), 11.44 (s, 1H, NH
exchangeable by D,0); MS (El) m/z: 262 (M-2), 263
(M-1); Anal. Calcd for C;;HgFN4OS (264.28): C,
49.99; H, 3.43; N, 21.20; Found: C, 49.91; H, 3.21; N,
21.11.
2-(3-(4-Bromophenyl)-2-cyanoacryloyl)
hydrazinecarbothioamide (5c¢)

Brownish yellow crystals; yield 59% [method CJ;
mp: 230-231°C; IR (KBr, cm™): 3433, 3287 (NH,,
NH), 3167 (CH aromatic), 2245 (CN), 1665 (CO) ,
1388 (CS); 'H-NMR (DMSO-d6): & 4.52 (s br, 2H,
NH, exchangeable by D,0), 7.17 (m, 2H, Cs, Cs ArH),
7.83 (m, 2H, Cg, Ce Arﬂ), 8.04 (S, 1H, :%-CeHs),
8.61 (s, 1H, NH exchangeable by D,0), 11.40 (s, 1H,
NH exchangeable by D,0); *C-NMR (DMSO):
181.19, 177.99, 164.59, 161.31, 141.13, 130.76,
130.73, 129.48, 129.37, 115.77, 115.48; Anal. Calcd
for CyHeBrN,OS (325.18): C, 40.63; H, 2.79; N,
17.23; Found: C, 40.41; H, 2.32; N, 17.00.

General procedure for synthesis compounds 6a-c

A mixture of 4a-c (0.01 mol) and ethyl
chloroacetate (1.65 g, 1.38 mL, 0.01 mol) in absolute
ethanol (25 mL) was heated under reflux for 15 hours
with continuous stirring. The solvent was evaporated
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under reduced pressure and cooled. The formed
precipitate was collected, dried and crystallized from
ethanol.
2-Cyano-N’-(4-oxo-4,5-dihydro-1H-imidazol-2-yl)-
3-phenylacrylohydrazide (6a)

Buff micro crystals; yield 44%; mp: 266-267°C;
IR (KBr, cm™): 3402, 3236 (NH), 3170 (CH aromatic),
2224 (CN), 1701, 1662 (2CO); *H-NMR (DMSO-d6):
& 4.69 (s, 2H, CH,CO), 4.64 (s, 1H, NH exchangeable
by D,0), 7.11-7.82 (m, 5H, ArH), 7.20 (br, 1H, NH
exchangeable by D,0), 8.90 (s, 1H, =CH-C¢Hs), 10.21
(s, 1H, NH exchangeable by D,0); MS (El) m/z: 267
(M-2); Anal. Calcd for Cy3H;3NsO; (269.26): C, 57.99;
H, 4.12; N, 26.01; Found: C, 57.69; H, 4.41; N, 26.16.
2-Cyano-3-(4-fluorophenyl)-N'-(4-oxo0-4,5-dihydro-
1H-imidazol-2-yl)acrylohydrazide (6b)

Faint yellow micro crystals; yield 44%; mp:
>300°C; IR (KBr, cm™): 3412, 3294 (NH), 3132 (CH
aromatic), 2199 (CN), 1700, 1659 (2CO); 'H-NMR
(DMSO-d6): & 3.53 (s, 2H, CH,CO), 5.01 (s, 1H, NH
exchangeable by D,0), 7.29 (s, 1H, NH exchangeable
by D,0), 7.34 (d, 2H, ArH), 7.84 (d, 2H, ArH), 8.17 (s,
1H, =CH-CgHs); MS (El) m/z: 285 (M-2), 286 (M-1),
287 (M+); Anal. Calcd for Cy3H30FNsO, (287.25): C,
54.36; H, 3.51; N, 24.38; Found: C, 54.41; H, 3.54; N,
24.53.
3-(4-Bromophenyl)-2-cyano-N'-(4-oxo0-4,5-dihydro-
1H-imidazol-yl)acrylohydrazide (6c)

yellow micro crystals; yield 44%; mp: 266-
267°C; IR (KBr, cm™): 3452, 3325 (NH), 3150 (CH
aromatic), 2227 (CN), 1710, 1667 (2CO); 'H-NMR
(DMSO0-d6): 6 3.71 (s, 2H, CH,CO), 4.61 (s, 1H, NH
exchangeable by D,0), 7.53-7.74 (m, 4H, ArH), 7.66
(s, 1H, NH exchangeable by D,0), 8.09 (s, 1H, =CH-
CeHs), 8.61 (s, 1H, NH exchangeable by D,0); MS
(El) m/z: 348 (M+H), 349 (M+2); Anal. Calcd for
C13H10BrNsO, (34815) C, 44.85; H, 2.90; N, 20.12;
Found: C, 44.69; H, 2.87; N, 20.16.

General procedure for synthesis compounds 7a-c

A mixture of 4a-c (0.01 mol) and ethyl
orthoformate (1.48 g, 1.66 mL, 0.01 mol) in acetic
anhydride (10 mL) was heated under reflux with
stirring for 8 hours. The solvent was removed under
reduced pressure and the product was left overnight.
The formed solid was collected, dried and crystallized
from methanol.
N-(1-(2-Cyano-3-phenylacryloyl)-1H-1,2,4-triazol-3-
yl)acetamide (7a)

Brownish yellow micro crystals; yield 45%; mp:
302-303°C; IR (KBr, cm™): 3433, 3267 (NH), 3179
(CH aromatic), 2936 (CH aliphatic), 2222 (CN), 1708,
1641 (2CO); 'H-NMR (DMSO-d6): & 2.05, 2.20 (2s,
3H, CH;CO), 7.30-7.47 (m, 5H, ArH), 7.80 (s, 1H,
triazole), 7.49 (s, 1H, NH exchangeable by D,0), 8.01
(s, 1H, =CH-C¢Hs); *C-NMR (DMSO): 179.11,
175.07, 149.97, 140.87, 134.57, 128.12 (2C), 126.99
(2C), 111.62, 115.80, 24.73, 22.88; MS (El) m/z: 282
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(M+H), Anal. Calcd for Cy4Hi1N50, (28127) C,
59.78; H, 3.94; N, 24.90; Found: C, 59.90; H, 3.74; N,
24.61.
N-(1-(2-Cyano-3-(4-flourophenyl)acryloyl)-1H-
1,2,4-triazol-3-yl)acetamide (7b)

Brownish yellow micro crystals; yield 39%; mp:
217-218°C; IR (KBr, cm™): 3437, 3244 (NH), 3082
(CH aromatic), 2890 (CH aliphatic), 2214 (CN), 1713,
1681 (CO); 'H-NMR (DMSO-d6): § 2.05, 2.22 (2s,
3H, CH,;CO), 7.19 (m, 2H, ArH), 7.86 (m, 2H, ArH),
8.16 (s, 1H, triazole), 8.21 (s, 1H, =CH-CgHs), 11.09
(s, 1H, NH exchangeable by D,0); MS (El) m/z: 299
(M+), 300 (M+1); Anal. Calcd for Ci4HioFNsO,
(299.26): C, 56.19; H, 3.37; N, 23.40; Found: C, 56.22;
H, 3.42; N, 23.68.
N-(1-(3-(4-Bromophenyl)-2-cyanoacryloyl)-1H-
1,2,4-triazol-3-yl)acetamide (7c)

Brownish yellow micro crystals; yield 39%; mp:
217-218°C; IR (KBr, cm™): 3431, 3228 (NH), 3075
(CH aromatic), 2936 (CH aliphatic), 2212 (CN), 1712,
1685 (CO); 'H-NMR (DMSO-d6): & & 2.04, 2.17 (2s,
3H, CH;CO), 7 .62-7.77 (m, 4H, ArH), 7.80 (s, 1H,
triazole), 7.91 (s, 1H, =CH-C¢Hs), 11.35 (s, 1H, NH
exchangeable by D,0); MS (El) m/z: 357 (M-2), 359
(M+) ; Anal. Calcd for Cy4H;oBrNsO, (360.17): C,
46.69; H, 2.80; N, 19.44; Found: C, 46.77; H, 2.87; N,
19.61.

General procedure for synthesis compounds 8a-c

A suspension of equimolar amounts of 4a-c and
an appropriate aromatic aldehyde (0.01 mol each) in
absolute ethanol (20 mL) and glacial acetic acid (2 mL)
was heated under reflux for 11 hours. After cooling,
the obtained product was filtered and recrystallized
from ethanol.

N-(4-Chlorobenzylidene)-2-(2-cyano-3-
phenylacryloyl)hydrazine carboximidamide (8a)

Buff needle crystals; yield 66%; mp: 164-165°C;
IR (KBr, cm™): 3444, 3256 (NH), 3140 (CH aromatic),
2214 (CN), 1686 (CO); ‘H-NMR (DMSO-d6): & 7.44
(m, 3H, C3, C4, C5 Arﬂ), 7.62 (d, 2H, p-CI-CsHs), 7.85
(m, 2H, C,, Cs ArH), 7.87 (s, 1H, NH exchangeable by
Dzo), 7.96 (d, 2H, p'CI'C6H5), 8.12 (S, 1H, :%-CGHN
Cl), 8.18 (s, 1H, =CH-C¢Hs), 12.62 (br.s, 2H, NH
exchangeable by D,0); Anal. Calcd for CigH;4CINsO
(351.79): C, 61.46; H, 4.01; N, 19.91; Found: C, 61.29;
H, 4.11; N, 19.88.
N-(4-Chlorobenzylidene)-2-(2-cyano-3-(4-
fluorophenyl)acryloyl) hydrazinecarboximidamide
(8b)

Buff scales crystals; yield 60%; mp: 282-283°C;
IR (KBr, cm™): 3424, 3395 (NH), 3140 (CH aromatic),
2214 (CN), 1681 (CO); *H-NMR (DMSO-d6): & 7.25
(d, 2H, ArH), 7.37 (m, 2H, ArH), 7.91 (d, 2H, ArH),
7.94 (s, 1H, NH exchangeable by D,0); 7.95 (m, 2H,
ArH), 8.13 (s, 1H, =CH-C¢H,4-Cl), 8.17 (s, 1H, =CH-
CeHs), 12.55 (br.s, 2H, NH exchangeable by D,0); MS
(El) m/z: 367 (M-2), 369 (M+), 370 (M+1); Anal.
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Calcd for CigH;3CIFNsO (36978) C, 58.47; H, 3.54;
N, 18.94; Found: C, 58.29; H, 3.41; N, 18.82.
2-(3-(4-Bromophenyl)-2-cyanoacryloyl)-N-(4-
chlorobenzylidene) hydrazinecarboximidamide (8c)

Yellow micro crystals; yield 60%; mp: 298-
299°C; IR (KBr, cm™): 3472, 3352 (NH), 3163 (CH
aromatic), 2218 (CN), 1678 (CO); 'H-NMR (DMSO-
d6): & 7.15 (s, 1H, NH exchangeable by D,0), 7.41 (d,
2H, ArH), 7.43 (d, 2H, ArH), 7.70 (d, 2H, ArH),; 7.75
(d, 2H, ArH), 7.78 (s, 1H, =CH-C¢H,4-Cl), 8.03 (s, 1H,
=CH-CgHs), 12.52 (br.s, 2H, NH exchangeable by
D,0); MS (El) m/z: 429 (M+), 430 (M+H); Anal.
Calcd for C1gH;3BrCINsO (430.69): C, 50.20; H, 3.04;
N, 16.26; Found: C, 50.29; H, 3.01; N, 16.01.

General procedure for synthesis compounds 9a,b

A mixture of 4b,c (0.01 mol) and dry
dimethylformamide (10 mL) was heated under reflux
with stirring for 13 hours. The solvent was reduced to
half its volume under vacuum and the product was
poured into ice-cold water (20 mL). The formed solid
was collected, dried and crystallized from methanol.
N'-(5-(1-cyano-2-(4-fluorophenyl)vinyl)-1H-1,2,4-
triazol-3-yl)-N,N-dimethylformimidamide (9a)

faint yellow crystals; yield 73%; mp: >300°C; IR
(KBr, cm™): 3367 (NH), 3086 (CH aromatic), 2939,
2831 (CH aliphatic), 2218 (CN), 1631 (C=N); 'H-
NMR (DMSO-d6): & 2.72, 2.88 (2s, 6H, 2CH,), 6.02
(s, 1H, NH exchangeable by D,0), 7.07 (d, 2H, ArH),
7.38 (s, 1H, N=CH), 7.95 (d, 2H, ArH), 8.50 (s, 1H,
=CH-Cg¢H;), MS (El) m/z: 284 (M+), 285 (M+1);
Anal. Calcd for Ci4H;3FNg (284.29): C, 59.15; H, 4.61;
N, 29.56; Found: C, 59.04; H, 4.72; N, 29.47.
N'-(5-(2-(4-bromophenyl)-1-cyanovinyl)-1H-1,2 4-
triazol-3-yl)-N,N-dimethylformimidamide (9b)

Faint brownish yellow crystals; yield 67%; mp:
212°C; IR (KBr, cm™): 3325 (NH), 3089 (CH
aromatic), 2958, 2812 (CH aliphatic), 2210 (CN), 1632
(C=N); ‘H-NMR (DMSO0-d6): & 2.73, 2.91 (2s, 6H,
2CHa), 6.23 (s, 1H, NH exchangeable by D,0), 7.13
(d, 2H, ArH), 7.34 (s, 1H, N=CH), 7.93 (d, 2H, ArH),
8.51 (s, 1H, =CH-CgsH,.); Anal. Calcd for Cy4H;3BrNg
(345.2): C, 48.71; H, 3.80; N, 24.35; Found: C, 48.76;
H, 3.78; N, 24.44.

General procedure for synthesis compounds 10a,b

A mixture of 4b,c (0.01 mol) and ethyl
orthoformate (4.44 g, 5 mL, 0.03 mol) in absolute
ethanol (5 mL) was heated under reflux with stirring
for 6 hours. The solvent was removed under reduced
pressure and the product was left overnight. The
formed solid was collected, dried and crystallized from
methanol.

Ethyl N-1-(2-cyano-3-(4-fluorophenyl)acryloyl)-1H-
1,2,4-triazol-3-ylformimidate (10a)

Yellow fine crystals; yield 63%; mp: 193-194°C;
IR (KBr, cm™): 3089 (CH aromatic), 2931, 2851 (CH
aliphatic), 2212 (CN), 1690 (C=N); ‘H-NMR (DMSO-
d6): & 1.11 (t, 3H, CHs), 3.53 (g, 2H, CH,), 7.31 (d,
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2H, ArH), 7.60 (s, 1H, N=CH-0), 7.91 (d, 2H, ArH),
7.96 (s, 1H, triazole), 8.52 (s, 1H, =CH-CsH,); MS (EI)
m/z: 312 (M-1), 313 (M+); Anal. Calcd for
Found: C, 57.58; H, 3.93; N, 22.43.

Ethyl N-1-(3-(4-bromophenyl)-2-cyanoacryloyl)-1H-
1,2,4-triazol-3-ylformimidate (10b)

Dark yellow crystals; yield 56%; mp: >300°C; IR
(KBr, cm™): 3113 (CH aromatic), 2920, 2843 (CH
aliphatic), 2210 (CN), 1694 (CO); *H-NMR (DMSO-
d6): 6 1.07 (t, 3H, CH3), 3.47 (q, 2H, CH,), 7.29-7.62
(m, 4H, ArH), 7.58 (s, 1H, N=CH-O), 7.94 (s, 1H,
triazole), 8.51 (s, 1H, =CH-C¢H,); *C-NMR (DMSO):
158.83, 146.64, 138.88, 131.57, 131.38, 130.92,
130.66, 130.12, 129.69, 128.38, 121.08, 120.60,
118.37, 48.20, 22.52; Anal. Calcd for Cy5H;,BrNsO,
(374.19): C, 48.15; H, 3.23; N, 18.72; Found: C, 48.23;
H, 3.21; N, 18.89.

2.3. Biological Evaluation

The antitumor screening of the novel synthesized
compounds was carried-out at the National Cancer
Institute (NCI), Biology Department, Pharmacology
Unit, Cairo, Egypt. However, the antimicrobial testing
was carried-out at Biotechnology Center, Faculty of
Pharmacy, Cairo, Egypt.
2.3.1. Preliminary in-vitro antitumor screening

The novel synthesized compounds were subjected
to SulfoRhodamine-B (SRB) assay for cytotoxic
activity against human breast adenocarcinoma cell line
(MCFT7), at concentrations between 1 and 10 mg/mL
according to Shehan method [41]. The data was
represented in Table 1 and Figs. 1 & 2.
2.3.1.1. Measurement of cytotoxicity by SRB assay

The cytotoxic activity of some of the newly
synthesized compounds was measured in vitro using
the Sulfo-Rhodamine-B stain (SRB) assay according to
the method of Skehan. Cells were plated in 96-
multiwell microtiter plate (10° cells\well) for 24 hours
before treatment with the compound(s) to allow
attachment of cell to the wall of the plate. Test
compounds were dissolved in DMSO and diluted with
saline to the appropriate volume. Different
concentrations of the compounds under test (0, 1, 2.5, 5
and 10 pg/mL) were added to the cell monolayer.
Triplicate wells were prepared for each individual
dose. Monolayer cells were incubated with the
compound(s) for 48 hours at 37°C and in atmosphere
of 5% CO, . After 48 hours, cells were fixed, washed
and stained for 30 minutes with 0.4% (wt/vol) with
SRB dissolved in 1% acetic acid. Unbound dye was
removed by four washes with 1% acetic acid and
attached stain was recovered with Tris EDTA buffer.
Color intensity was measured in an ELISA reader. The
relation between surviving fraction and drug
concentration was plotted to get the survival curve. The
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concentration required for 50% inhibition of cell
viability (1Cs) was calculated.

Data were collected, checked, revised and entered
the computer. Data were analyzed by SPSS statistical
package version 17. Excel computer program was used
to tabulate the results, and represent it graphically.

Probity regression analysis procedure will be
introduced to select the best model that describes the
relationship among the Probity (IC) (as a dependent
variable) in order to be used for prediction of the
concentration of the drug that cause inhibition of 50%
or 90% of cancer cells. The probity (P) = intercept +
(regression coefficient x conc.).

The results are given in Table 1, and presented
graphically in Figs. 1 & 2.

2.3.2. Antimicrobial activity screening

The newly synthesized compounds were
evaluated for their in vitro antibacterial activity against
Staphylococcus aureus ATCC 6538P, Bacillus subtilis
ATCC CC33, Escherichia coli ATCC 5087 and
Pseudomonas aeruginosa ATCC 9027, as well as for
their antifungal activity against Candida albicans
ATCC 60193 and Aspergillus niger ATCC 1718109
using the microbroth dilution method [42].

The  Gram-positive  antibacterial ~ agent,
amoxacillin, the Gram-negative antibacterial agent,
gentamycin, and the anti-fungal agent, amphotericin B,
were used as controls. In addition to, MICs (minimum
inhibitory concentration, MBCs (minimum bactericidal
concentration and 1Csy (the concentration which
inhibits 50% of microorganisms) of all compounds
were determined according to reported method [42,43].
The in vitro antimicrobial properties against a number
of Gram-negative and Gram-positive bacteria, and
yeasts are presented in Tables 2 & 3 and Fig. 3,
respectively.
2.3.2.1. Determination of the Minimum Inhibitory
Concentration (MIC)

The preliminary MICs were firstly determined by
the microbroth dilution method [42]. Briefly, 100 pL
of double strength DMSO (Sigma-Aldrich, Germany)
were placed in each well of a 96-well microtiter plate.
Aliquot of 100 pL of the solutions to be tested were
added to the first column. Then two fold dilutions were
carried out from one well to the next up to final well in
each row for each tested compound.

MICs were then determined using agar streaking
technique as per Clinical Laboratory Standard Institute
guidelines [42]. A total of 15 mL molten (45° C)
Neutrient agar (Sigma-Aldrich, Germany) were
supplemented with the required concentration then
were added into sterilized Petri dishes, allowed to
solidify. Then 10 pL of each bacterial or fungal
suspension (10° CFU mL™) were streaked onto the
surface. Finally all plates were incubated at 37 °C for
24 hours for bacterial strains and 25 ° C for 48 hours
fungal strains under aerobic conditions. MIC was
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determined as the average between the last plate had
growth and the first plate with no growth.
2.3.2.2. Determination of the MBC and ICs,

MBC and ICsy were determined in 96 well
microtiter plate where a 100 pL of trypcase soya broth
(Oxoid, USA) for bacterial isolates or sabaroud's
dextrose broth for fungal strains were placed in each
well. A proper amount of the stock solution of the
tested compounds was added to reach the desired
concentration. All columns were then inoculated with
20 pL of bacterial suspension (10° CFU mL™) and
incubated for 5-6 hours. An aliquot of 100 pL from
each well was transferred into another pre-
supplemented with 100 pL f Dey-engly broth medium
(Fluka, USA) and allowed to stand for 10-20 minutes
to neutralized any antimicrobial activities. Then these
neutralized solutions were subjected to proper dilutions
and streaked onto trypcase soya agar or sabaroud's
dextrose agar plates to determine the viable count [43].
Controls were done for sterility and growth and
subjected to the same regimen of treatment. MBC was
determined as the lowest concentration which
decreased the number of viable bacteria by 3 log units.
IC5o was determined as the lowest concentration
reduced the viable count by about 50 %.

3. Results and Discussion
3.1. Chemistry

The synthetic approaches adopted to obtain the
target compounds 4-10 are depicted in Schemes 1-3.
The structures of the newly synthesized compounds
were established on the basis of their elemental
analyses and spectral data.

The starting compounds 4a-c was synthesized by
three methods varying in the yield percentage. Firstly,
it was prepared in 19-21% vyield through heating
ternary component (ethyl cyanoacetate, appropriate
aldehyde and aminoguanidine) in boiling ethanol
according to the reported method [44]. The second
procedure is one pot reaction by refluxing the reactants
in strong alkaline medium for five hours to give
compounds 4a-c in yield 28-33% following Fadda
procedure [45]. Method C was adopted by stirring the
reactants in alkaline polar aprotic solvent DMF
(dimethyl formamide) to afford 4a-c in yield 74-81%.
On the other hand, the target compounds 5a-c was
prepared in 59-61% following method C by using
thiosemicarbazide instead of aminguanidine. However,
the three procedures failed to obtain cyclic
aminotriazepine compound 3. IR spectra of compounds
4a-c & 5a-c showed absorption bands in the range
3433-3365 cm™ of (NH, NH) and bands at 16451683
cm™ which confirmed the presence of carbonyl
function, additionally characteristic band at 1365, 1388
due to C=S (compounds 5a-c) . Furthermore, *H-NMR
spectra of 4a-c and 5a-c showed sharp singlet signal
for CH protons at 8.22 ppm [open structure]. **C-NMR
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depicted spectra at 168.66 (C=NH) in 4b and 181.19
(C=S) in 5c, respectively.

In scheme 2, the reaction of ethyl chloroacetate
and compounds 4a-c was adopted according to the
literature method [46] to obtain
imidazoacrylohydrazide 6a-c. The structures of all
synthesized compounds were determined by spectral
and microanalytical analyses. The *H-NMR spectra of
6a-c have shown new singlet signals around 6 3.53 and
4.69 ppm corresponding to the CH,CO protons. All the
other aromatic protons were observed in the expected
regions. The title compounds were further confirmed
by mass spectral data which showed the molecular ion
peak. Moreover, compounds 7a-c was achieved by
cyclization of 2-(2-Cyano-3-substitutedphenyl
acryloyl)hydrazinecarboximidamide (4a-c) using ethyl
orthoformate [47] followed by acetylation of amino
(imino) group by acetic anhydride. IR spectra exhibited
very similar features and showed the expected bands
for the characteristic groups which are present in the
compounds such as NH stretching vibrations, amide
C=0 stretching, and another aliphatic band for CHs
vibrations. *H-NMR spectra were consistent with the
proposed structures which showed two singlet peaks
around & 2.04 and 2.22 ppm corresponding to the
acetyl group, in addition to the aromatic protons
observed in the expected region. *C-NMR depicted
spectra at 24.73 (CHj) of acetyl amino and at 22.88
(CHs) of acetyl imino,  respectively.  4-
Chlorobenzylidene derivatives 8a-c was obtained by
refluxing of 4a-c with an equimolar amount of 4-
chlrobenzaldehyde in acidified absolute ethanol [48].
The structures of new compounds were elucidated by
analytical and spectroscopic measurements, *H-NMR
spectra showed benzylidene CH around 7.78 and 8.18
ppm.

Scheme 3 deals with the preparation of the target
1,2,4-triazole derivatives 9a,b and 10a,b. Refluxing of
4b,c in dimethylformamide (DMF) vyielded the
corresponding N,N-dimethylformimidamide
derivatives 9a,b. The reaction proceeds through
cyclodehydration followed by condensation with DMF,
the experimental procedure was similar to the literature
[49,50]. IR spectra showed appearance of absorption
bands for methyl group in the range of 2958-2830 cm™
and disappearance of carbonyl group. *H-NMR spectra
revealed two equivalent peaks in the region 2.72-2.91
ppm due to methyl group and additional sharp peak at
7.34 and 7.38 for CH=N proton corresponding to 9a
and 9b, respectively. In addition to, the mass spectrum
data of compound 9a showed the molecular ion peak.
On the other hand, compounds 10a,b obtained in 56-
63% vyield through heating 4b,c in excess ethyl
orthoformate [51]. 'H-NMR spectra showed the
characteristic triplet and quartet peaks which were
informative to the ethyl group and singlet signal of
triazole at 7.96 and 7.94 ppm corresponding to 10a and
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10b, respectively. Moreover, C-NMR depicted
spectra at 48.20 and 22.52 pointed to ethyl group in
compound 10b (c.f. experimental part).

Table 1: In vitro cytotoxic activity of some of the
synthesized compounds against the human breast
cancer cell line (MCF-7).

Cell line
Compds.no. ICeo 1Coo
4a 46.62%+2.11 89.29'+0.73
4b 19.52°+1.29 65.41°+1.38
4c 16.45°+1.45 71.79'+2.59
5a 26.59%+0.03 71.04"+2.59
5b 47.93"+0.57 82.55"+0.85
5¢ 26.76%+1.39 71.36'+0.57
6a 41.39"+1.53 78.13%2.46
6b 28.05+2.38 74.11+1.53
6¢c 44.78'+1.57 82.96"+1.79
7a 27.5f+1.19 80.36%1.24
7b 16.19°+2.57 64.33%+0.99
7c 23.77°+0.52 69.23%+2.28
8a 9.92°+2.62 68.49"+0.95
8b 30.56"+2.25 72.94'+0.72
8¢ 20.76°+1.61 67.71°+2.7
%a 26.36%+2.05 66.80°°+1.86
9b 42.27'+1.58 79.18%0.62
10a 32.92%+0.57 68.32+2.73
10b 15.64°+2.78 69.67%+0.64
F-value 126.30 47.46
p-value 0.000* 0.000*

All values are represented as Mean = S.D

*= There is a significant difference between the com.

no. by using One Way ANOVA at p< 0.05

The different letters means that there is a significant
difference between the two compounds by using

Duncun multiple comparison test at p<0.05

Values were calculated from dose-response curves
done in triplicate for each compound.
ICsopug/mL : dose of the compound which caused 50%

reduction of survival.

ICgoug/mL: dose of the compound which caused 90%

reduction of survival.

3. 2. Results of in-vitro antitumor screening

All compounds were evaluated for their in-vitro
antitumor  activity  against  human breast
adenocarcinoma cell line (MCF-7). The ICsy and ICq
(the concentration required for 50% and/or 90%
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inhibition of cell viability) were calculated for each
compound and the results are given in Table 1 and
Figs. 1 & 2.

All the newly tested compounds were found to
possess moderate to weak antitumor activities against
breast adenocarcinoma cell line (MCF-7) with ICg
range from 9.92 to 47.93 pg/mL). Nevertheless,
compound 8a displayed the highest anti-breast cancer
activity with 1C5,=9.92 pg/mL. and 1C¢,=68.49 pg/mL
(the concentration required for 90% inhibition of cell
viability). On the other hand, compounds 4b,c, 7b, 7c,
8c and 10b possessed moderate activity with 1Cs
ranged from 15.64 to 23.77 pg/mL and 1Cgy=64.33-
71.79 pg/mL.

Regarding the structure activity relationship of 2-
(2-Cyano-3-substituted  phenylacryloyl)  hydrazine
carboximidamide (4a-c) toward MCF-7 breast cancer
cell lines: Compounds 4b and 4c showed significant
activity more than the unsubstituted congener 4a. This
may attributed to the lipophilicity of halogen
substitution which enhances the cytotoxic activity [52].
On the other hand, the thioxo analogues 5a-c found to
be moderate to weak anticancer effect with 1Cso=
26.59-47.93 pg/mL. Whereas, compound 4b displayed
promising activity against MCF-7 cell panel compared
to 5b, this could be assigned to the presence of the
amino group which favors the potency than that thioxo
moiety [53]. The cyclized imidazolidinone
acrylohydrazide derivatives 6a-c led to compounds that
had slightly inhibitory efficacy compared to the
precursor hydrazine carboximidamide 4a-c. For
instance, the analogue p- Fluoro 6b exhibited the best
member in this series with 1C5,=28.05 pg/mL. All
acetamidotriazole derivatives 7a-c showed moderate
anticancer activity [54] with ICsq around 16.19 to 27.50
pg/mL. Interestingly, within Shiff's bases derivatives
8a-c displayed potent to moderate antitumor activity
against MCF-7 breast cancer, which is well known to
have potential anticancer activity [55,56]. It was
envisioned that compound 8a possessed remarkable
cytotoxic activity than other congeners 8b and 8c. On
the other hand, triazole derivatives compound 9a
recorded fair antitumor activity with 1C5,=26.36
pg/mL, while compound 9b showed weak activity with
ICsy value 4227 pg/mL although the N,N-
dimethylformimidamide derivatives proved recently to
be have potential antitumor activity [57]. Moreover,
compounds 10a and 10b displayed moderate to weak
anticancer activity with 1C5,=15.64 and 32.92 pg/mL,
respectively.

lifesciencej@gmail.com



Life Science Journal 2012;9(1)

http://wwwilifesciencesite.com

60
50 @aic50 |
V’ 7
% % 2
c40 4 A % 7 p
.‘%40 g g %
el ¢ ¢ X
E?’U' % hi7 77 70
= 17 ¢ 5 5
s 17 g A 2 020007
1070 7 - 00799
100999 9 7 18 U9 9
% 77N 9 9 % U A 9 7
a0 00000000000
4a 4b 4c 5a 5b 5 6b 6¢c 7a 7b 7c 8a 8b 8c 9a 9b10a10b
Compound
Fig. (1): 1Csq values of the new synthesized compounds against the human breast cancer cell line (MCF-7).
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Fig. (2): 1Cqy values of the new synthesized compounds against the human breast cancer cell line (MCF-7).

3.3. Results of antimicrobial activity

The newly synthesized compounds were
subjected for evaluation their antimicrobial activities
using microbroth dilution method [42]. The data
presented in table 2 which revealed that compounds 4a,
4c, 5b and 8a and 8c showed broad spectrum
antibacterial and antifungal activities, while
compounds 7a and 9a were only active against Gram
negative strains. Moreover, compounds 7b and 10b
showed antibacterial activity against Gram positive
bacteria. The remaining compounds 4b, 6a-c, 7c, 8b
and 9b had no significant activity against any of the
tested strains at concentration up to 50 pg/mL. (Fig. 3).
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tested compounds
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Table 2: Antimicrobial activity of the synthesized compounds expressed as minimum inhibitory concentration (MIC),
minimum bactericidal concentration (MBC) and concentration that inhibit 50% of microorganisms (ICs) in pg /mL
against the pathological strains based on two fold serial dilution technique.

Compds. no. S. aureus B.subtilis E.coli  P.aeruginosa C.albicans A.niger
4a MIC 18.75 18.75 18.75  18.75 18.75 37.50
MBC 18.37 18.75 18.75  18.75 18.75 37.50
ICso 12.50 12.50 9.30 12.50 12.50 12.50
4b MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICso >50 >50 >50 >50 >50 >50
4c MIC 37.50 37.50 3750  37.50 37.50 >50
MBC 37.50 37.50 3750  37.50 37.50 >50
ICso 12.50 25 25 25 12.50 >50
5a MIC >50 >50 18.75  37.50 37.50 >50
MBC >50 >50 18.75 50 37.50 >50
1Cso >50 >50 9.30 37.50 25 >50
5b MIC 18.75 18.75 9.38 9.38 18.75 18.75
MBC 18.75 18.75 9.30 9.30 18.75 18.75
ICso 9.30 12.50 6.25 6.25 9.30 12.50
5c MIC >50 >50 >50 >50 9.38 18.75
MBC >50 >50 >50 >50 12.50 18.75
ICso >50 >50 >50 >50 9.30 12.50
6a MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICso >50 >50 >50 >50 >50 >50
6b MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICso >50 >50 >50 >50 >50 >50
6c MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICso >50 >50 >50 >50 >50 >50
7a MIC >50 >50 18.75  18.75 >50 >50
MBC >50 >50 1875 25 >50 >50
1Cso >50 >50 9.30 12.50 >50 >50
7b MIC 37.50 37.50 >50 >50 >50 >50
MBC 37.50 42.50 >50 >50 >50 >50
1Cso 12.50 28.75 >50 >50 >50 >50
7c MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICso >50 >50 >50 >50 >50 >50
8a MIC 4.69 2.34 4.69 2.34 9.38 18.75
MBC 4.70 2.30 4.70 2.30 12.50 25
ICso 3.13 0.78 1.17 0.78 6.25 9.30
8b MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICs >50 >50 >50 >50 >50 >50
8c MIC 4.69 4.69 9.38 9.38 4.69 18.75
MBC 4.70 4.70 9.30 9.30 4.70 18.75
1Cso 2.30 2.30 3.13 3.13 2.30 9.30
9a MIC >50 >50 >50 18.75 18.75 >50
MBC >50 >50 >50 25 18.75 >50
1Cs >50 >50 >50 18.75 9.30 >50
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9b MIC >50 >50 >50 >50 >50 >50
MBC >50 >50 >50 >50 >50 >50
ICs >50 >50 >50 >50 >50 >50
10a MIC >50 >50 >50 >50 >50 37.50
MBC >50 >50 >50 >50 >50 >50
ICs >50 >50 >50 >50 >50 >50
10b MIC 9.38 2.34 >50 >50 >50 >50
MBC 12.50 3.13 >50 >50 >50 >50
ICs 6.25 2.30 >50 >50 >50 >50
Amoxicillin MIC 10 100 NA NA NA NA
Gentamicin MIC NA NA 10 25 NA NA
Amphotericin B MIC NA NA NA NA 10 15
NA: no action.
Table 3: Relative potency (%) of tested compounds against six microorganisms at concentration 50 pug/mL
M. O. 4a 4c 5a 5b 5c 7a 7b 8a 8c 9a 10a 10b Reference
S. aureu 5445 409 0 4545 0 0 4091 131.82 100 0 0 8636 Amoxicillin
B. subtilis 57.89 3684 0 4737 0 0 3158 200 147 0 0 89.47  Amoxicillin
E. coli 50 409 6881 8181 0 63.63 0 109.09 11111 50 0 0 Gentamicin
P.aeruginosa  72.22 4444 83.33 100 0 8333 0 17222 11111 5556 0 0 Gentamicin
C. albicans 133 3888 0 13888 122 0 0 127.77 86 0 0 0 Amphotericin B
A. niger 62.5 0 0 77.71 119 0 0 93.38 75 0 5625 0 Amphotericin B
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The structures activity correlation of the tested
compounds showed that the starting compound 4a
possessed broad antibacterial spectrum against S.
aureus , B. subtilis (G+) and E. coli, P. aeruginosa
(G-) bacteria. Also, it recorded superior antifungal
activity against C. albicans than amphotericin B
reference drug at concentration 18.75-50 pg/mL. The
percentage of relative potency of compound 4c against
(G+) bacteria ranged 40.9-36.8% compared to
amoxicillin reference drug at concentration 37.50-50
pg/mL. However, it exhibited an inhibitory activity
against (G-) bacteria around 44.44 - 40.90% compared
to gentamicin standard drug and it showed antifungal
activity against Candida albicans with relative potency
38.88% at the same concentration. Compound 5a
displayed decent an inhibitory activity against E. coli
and P. aeruginosa (G-) bacteria with % of potency
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68.81 and 83.33, respectively at concentration 18.75-50
pg/mL. Moreover, compound 5b showed promising
broad spectrum antimicrobial activities, this may be
attributed to the combination of p-fluorophenyl and
thiosemicarbazide enhances the antimicrobial activity
[58]. It exhibited comparable activity against
P.aeruginosa as gentamicin reference drug at
concentration 9.38 pg/mL, while it showed higher
antifungal activity against C. albicans compared to the
standard at concentration 18.75 pg/mL . Additionally,
compound 5c showed better antifungal activity more
than reference drug against C. albicans in
concentration 9.38-50 pg/mL and against A. niger in
concentration 18.75-50 pg/mL, respectively. The
percentage of relative potency of compound 7a against
E. coli and P. aeruginosa (G-) bacteria is 63.63 and
83.33%, respectively at concentration 18.75 pg/mL for
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each. On the other hand, compound 7b showed
moderate activity against Gram positive bacteria only
at concentration 37.50 pg/mL. Compound 8a recorded
the best antimicrobial activities derivative in this work.
It displayed about two folded antibacterial activity
against B. subtilis (G+) and P. aeruginosa (G-) bacteria
compared to the reference drug in concentration 2.34
pg/mL. In additions to, it exhibited superior
antimicrobial activity against S. aureus (G+), E. coli
(G-) and C. albicans compared to the amphotericin B
standard drug. This is may be referred to the combined
factors of the unsubstited phenyl residue and shiff's
base with two atom spacer may be potentiate the
activity [59].

Moreover, compound 8c registered an excellent
antibacterial activities against both (G+ and G-)
bacteria more than the reference drugs at concentration
4.69 and 9.38 pg/mL, respectively, while it exhibited
good antifungal activity with percentage relative
potency ranged 86 to 75% at concentration 4.69 and
18.75 pg/mL. On the other hand, compound 9a showed
narrow moderate inhibitory activity against E. coli and
P. aeruginosa (G-) bacteria with percentage relative
potency 50 and 55.56 %, respectively. Furthermore,
compound 10a showed moderate antifungal activity
against A. niger at concentration 37.50-50 pg/mL. On
the other hand, compound 10b displayed promising
antibacterial activity against S. aureus , B. subtilis (G+)
bacteria with percentage relative potency values 86.36
and 89.47%, respectively.

4. Conclusion

This study reports the synthesis of acrylonitrile
based compounds 4-10 as potential antitumor and
antimicrobial agents. According to the results of
bioactivity; the in vitro cytotoxic screening of novel
derivatives revealed that most of the compounds had
moderate to limited anticancer activity against MCF-7
human breast cancer cell line. However, compound 8a
exhibited potent inhibitory effect against human breast
adenocarcinoma cell line with IC50 = 9.92 pg/mL.
Considering the imidazolone derivatives 6a-c, they
proved to have negative impact on the anticancer
activity. On the other hand, several of the newly
compounds displayed promising antimicrobial activity
compared to the reference drugs amoxicillin,
gentamicin and amphotericin B. It can stated that, the
starting amino derivatives 4a, 4c, thioxo analogue 5b
and shiff's bases compounds 8a,c were found to be
broad spectrum than the remaining compounds. These
findings demonstrated a new potential for acrylonitrile
derivatives which could be useful templates for further
derivatives to obtain more potent antitumor and
antimicrobial agent(s).

Acknowledgments

The author is grateful to Prof. Dr. Samia
Shouman, Professor of Pharmacology, and all members
of the department of Cancer Biology, National Cancer

http://www.sciencepub.net/life

1003

Institute, Cairo, Egypt, for carrying out the cytotoxicity
testing. The author wish to thank the Biotechnology
Center, Faculty of Pharmacy, Cairo University, Egypt,
for carrying the antimicrobial screening for the new
compounds. The author grateful to Dr. Fatehia El-
Halawany, Ph. D. In statistics, Cairo University, for
performing statistical calculations for cytoyoxic
evaluation of new compounds.

References

1. Smith, R. A.; Cokkinides, V. and Brawley, O. W., A
review of current American Cancer Society guidelines
and issues in cancer screening. Cancer J Clin. 2009, 59:
27-34.

2. Rojo, F.; Albanell, J.; Rovira, A.; Corominas, J. M. and
Manzarbeitia, F., Targeted therapies in breast cancer.
Semin Diagn Pathol. 2008, 25: 245-261.

3. Hranjec, M.; Starcevi¢, K.; Piantanida, I; Kralj, M.;
Marjanovi¢, M.; Hasani, M.; Westman, G. and
Karminski-Zamola, G., Synthesis, antitumor evaluation
and DNA binding studies of novel amidino-
benzimidazolyl substituted derivatives of furyl-phenyl-
and thienyl-phenyl-acrylates,  naphthofurans  and
naphthothiophenes. Eur. J. Med. Chem. 2008, 43(12):
2877-2890.

4. Song, B.; Yang, S.; Zhong, H.; Jin, L.; Hu, D. and Liu G.,
Synthesis and bioactivity of 2-cyanoacrylates containing
a trifluoromethylphenyl moiety. J Fluorine Chem. 2005,
126(1):87-92.

5. Cheddadia, M.; Lopez-Cabarcosb, E.; Slowingc, K.;
Barciaa, E. and Carballido, A.F., Cytotoxicity and
biocompatibility evaluation of a poly(magnesium
acrylate)hydrogel  synthesized for drug delivery.
International. J. Pharma. 2011, 413:126— 133.

6. Pérez-Garridoa, A.; Helguerac, A. M.; Rodriguezb, F. G.;
Natalia M. and Cordeiroe D.S., QSAR models to predict
mutagenicity of acrylates, methacrylates and unsaturated
carbonyl compounds. Dental Materials. 2010, 26: 397—
415.

7. Hranjec, M.; Grdis™a, M.; Pavelic, K.; Boykin, D. W. and

Karminski-Zamola, G., Synthesis and antitumor
evaluation of some new substituted
amidinobenzimidazolyl-furyl-phenyl-acrylates and

naphtho[2,1-b]furancarboxylates. 1l Farmaco. 2003, 58:
1319-1324.

8. Barz, M.; Luxenhofer, R.; Zentel, R. and Kabanov, A. V.,
The uptake of N-(2-hydroxypropyl)-methacrylamide
based homo, random and block copolymers by human
multi-drug resistant breast adenocarcinoma  cells.
Biomaterials. 2009, 30 : 5682-5690.

9. Dallavalle, S.; Cincinelli, R.; Nannei, R.; Merlini, L.;
Morini, G.; Penco, S.; Pisano, C.; Vesci, L.; Barbarino,
M.; Zuco, V.; De Cesare, M. and Zunino, F., Design,
synthesis, and  evaluation of  biphenyl-4-yl-
acrylohydroxamic acid derivatives as histone deacetylase
(HDAC) inhibitors. Eur. J. Med. Chem. 2009, 44:900—
1912.

10. Stargevié, K.; Kralj, M.; Piantanida, I; Suman, L.;
Paveli¢, K. and Karminski- Zamola, G., Synthesis,
photochemical synthesis, DNA binding and antitumor
evaluation of novel cyano- and amidino-substituted
derivatives of naphtho-furans, naphtho-thiophenes,

lifesciencej@gmail.com


http://www.sciencedirect.com.dlib.eul.edu.eg/science/article/pii/S0022113904003252
http://www.sciencedirect.com.dlib.eul.edu.eg/science/article/pii/S0022113904003252

Life Science Journal 2012;9(1)

http://wwwlifesciencesite.com

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

thieno-benzofurans, benzo-dithiophenes and their acyclic
precursors. Eur. J. Med. Chem. 2006, 41:925-939.
Jia-Shen, W.; Hong-Bo, Z.; Shao-Qiong, L.; Xiao-Gong,
W.; Eng Hock, T.; Yi-Yan, Y., Temperature- and pH-
sensitive core-shell nanoparticles self-assembled from
poly(n-isopropylacrylamide-co-acrylic acid-co-
cholesteryl acrylate) for intracellular delivery of
anticancer drugs. Journal and Virtual Library. 2005, 10:
3058-3067.
Yong, Q.; Hong-Jia, Z.; Hao, Z.; Chen, X.; Jing, Z. and
Hai-Liang, Z., Synthesis, molecular modeling, and
biological evaluation of cinnamic acid metronidazole
ester derivatives as novel anticancer agents. Bioorg. &
Med. Chem. 2010: 18 (14), 4991-4996.
Silvia, B.; Massimiliano, G.; Alberto, L.; Alessandra,
L.; Rita, M.; Mirella, R.; Lucilla, V.; Giovanna, F.;
Claudio, S.; Lanfranco, M. and KunkelMark, W.,
Synthesis and antitumor activity of guanylhydrazones
from 6 -(2,4 -dichloro -5 -nitrophenyl) imidazo [2,1-b
]thiazoles and 6 -pyridylimidazo [2,1-b Jthiazoles. J.
Med. Chem. 2006, 49(26):7897-7901.
Qian, Y.; Zhang, H.; Lv, P. and Zhu, H., Synthesis,
molecular modeling and biological evaluation of
guanidine derivatives as novel antitubulin agents .
Bioorg. & Med. Chem. 2010, 18(23):8218-8225.
Brzozowski, Z.; Saczewski, F. and Stawinski, J.,
Synthesis of novel 3-amino-2-(4-chloro-2-
mercaptobenzenesulfonyl)- guanidine derivatives as
potential antitumor agents. Eur. J. Med. Chem. 2007,
42(9):1218-1225.
Aly, A. A,; Brown, B. A.; EI-Emary, T.; Ewas, A. and
Ramadan, M., Hydrazinecarbothioamide group in the
synthesis of heterocycles, Reviews and account Arkivoc.
20009, (i): 150-197.
Baroniya, S.; Anwer, Z.; Sharma, P.; Dudhe, R. and
Kumar, N., Recent advancement in imidazole as anti
cancer agents . A review, Pelagia Research Library, Der
Pharm. Sinica . 2010, 1 (3):172-182.
Krezel, 1., New derivatives of imidazole as potential
anticancer agents, |l Farmaco. 1998, 53(5):342-345.
Narasimhan, B.; Sharma, D. and Kumar, P., Biological
importance of imidazole nucleus in the new millennium.
Med. Chem. Res. 2011, 20(8):119-1140.
Murty, M.; Kesur, R. R.; Rayudu, V. R.; Yadav, J. S;;
Janapala, V. R. and Velatooru, L. R., Synthesis of New
S-alkylated-3-mercapto-1,2,4-triazole Derivatives
Bearing Cyclic Amine Moiety as Potent Anticancer
Agents. Lett. Drug Design & Disco. 2012, 9(3):276-281.
Hu, G. Q.; Hou, L.; Xie, S. Q. and Huang, W. L., Design,
Synthesis and Antitumor Activity of Asymmetric Bis(s-
triazole Schiff-base)s Bearing Functionalized Side-Chain.
Chinese J. Chem. 2008, 26(6): 1145-1149.
“Unver, Y.; Du gdu, E.; Sancak, K.; Er, M. and Karaoglu,
S. A, Synthesis and Antimicrobial Evaluation of Novel
Di-triazoles and 4-Arylidene Amino 4,5-Dihydro-1H-
[1,2,4] triazole-5-one Derivatives. Turk J Chem. 2008,
32, 441 — 455.
Bekircan, O.; Kuxik, M.; Kahveci, B. and Kolayli, S.,
Convenient synthesis of fused heterocyclic 1,3,5-triazines
from some N-acyl imidates and heterocyclic amines as
anticancer and antioxidant agents. Arch Pharm. 2005,
338(8), 365-72.

http://www.sciencepub.net/life

1004

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

El-Sayed, W. A.; Flefel, E. M. and Morsy, E. H.,
Anticancer and antimicrobial activities of some
synthesized pyrazole and triazole derivatives. Der
Pharma Chemica. 2012, 4 (1), 23-32.

Kumar, D.; Kumar , N. M.; Chang, K. H. and Shah, K.,
Synthesis and anticancer activity of 5-(3-indolyl)-1,3,4-
thiadiazoles. Eur. J. Med. Chem. 2010, 45(10), 4664-
4668.

Subtel’na, I.; Atamanyuk, D.; Ewa Szymanska, E.; Kie¢-
Kononowicz, K.; Zimenkovsky, B.; Vasylenko, O.;
Gzella, A. and Lesyk, R., Synthesis of 5-arylidene-2-
amino-4-azolones and evaluation of their anticancer
activity. Bioorg. & Med. Chem. 2010, 18(14), 5090-
5102.

Grare, M.; Mourer, M.; Fontanay, S.; Regnouf-de-Vains,
J.B; Finance, C. and Duval, R. E., In vitro activity of
para-guanidinoethylcalix[4]arene against susceptible and
antibiotic-resistant Gram-negative and Gram-positive
bacteria. J. Antimicrob. Chemother. 2007, 60, 575-581.
Bayrak, H.; Demirbas, A.; Demirbas, N. and Karaoglu,
S.A., Cyclization of some carbothioamide derivatives
containing antipyrine and triazole moieties and
investigation of their antimicrobial activities. Eur. J.
Med. Chem. 2010, 45, 4726-4732.

Uygun, M.; Kahveci, M. U.; Odaci, D.; Timur, S. and
Yagci, Y., Antibacterial Acrylamide Hydrogels
Containing Silver Nanoparticles by Simultaneous
Photoinduced Free Radical Polymerization and Electron
Transfer Processes. Macromol. Chem. Phys. 2009, 210,
1867-1875.

Rashid, M.; Gafur, M.; Sadik, M. and Rahman, M.,
Biological activities of a new acrylamide derivative from
Ipmoea turpethum. Pakistan J. Biolog. Sci. 2002, 5(9),
968-969.

Hetal, J.; Mitesh, G.; Rajesh, J.; Kirit, H. and Rajni, M.,
Synthesis, Characterization, Thermal Studies, and
Antimicrobial Screening of Poly (acrylate)s Bearing 4-
Methyl Coumarin Side Groups. Iran. Polymer J. 2008,
17(8), 635-644.

Singh, R.V.; Fahmi, N. and Biyala, M.K., Coordination
Behavior and Biopotency of N and S/O Donor Ligands
with their Palladium(Il) and Platinum(ll) Complexes. J.
Iran. Chem. Soc. 2005, 2(1), 40-46.

Nagarapu, A. L.; Rajashaker, S. B.; Srinivas, P K.; Rupa
rani, K R. and Subhashini, G. R., Synthesis and
antimicrobial activity of novel C-linked imidazole
glycoconjugates. Bioorg. & Med. Chem. Lett. 2008,
18(3), 1167-1171.

34. Abdel-Wahab, B. F.; Awad, G. E. and Badria, F. A.,

35.

36.

37.

Synthesis, Antimicrobial, Antioxidant, Antihemolytic
and Cytotoxic Evaluation of New Imidazole-Based
Heterocycles. Eur J Med Chem. 2011, 46(5),1505-1511.

Dutta, S.; Singh, S.; Mariappan, G. and Pandey, L.,
Synthesis and antimicrobial activity of some 2-
substituted-4, 5-diphenyl imidazole. Interntional J. of
Applied Chem. / Jan. 2010.

Bektas, H.; Karaali, N.; Sahin, D.; Demirbas, A.;
Karaoglu, S. A. and Demirbas, N., Synthesis and
Antimicrobial Activities of Some New 1,2,4-Triazole
Derivatives, Molecules. 2010, 15, 2427-2438.

Bayrak, H.; Demirbas, A.; Bektas, H.; Karaoglu, S. and
Demirbas, N., Synthesis and antimicrobial activities of

lifesciencej@gmail.com


http://www.scirus.com/srsapp/sciruslink?src=sd&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%3F_ob%3DGatewayURL%26_origin%3DScienceSearch%26_method%3DcitationSearch%26_piikey%3DS0968089610005237%26_version%3D1%26_returnURL%3Dhttp%253A%252F%252Fwww.scirus.com%252Fsrsapp%252Fsearch%253Fq%253Dacrylate%252Bas%252Banticancer%2526t%253Dall%2526fdt%253D0%2526tdt%253D2013%2526sort%253D0%2526drill%253Dyes%26md5%3D7011436770e763729ae7cf00beb23388
http://www.scirus.com/srsapp/sciruslink?src=sd&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%3F_ob%3DGatewayURL%26_origin%3DScienceSearch%26_method%3DcitationSearch%26_piikey%3DS0968089610005237%26_version%3D1%26_returnURL%3Dhttp%253A%252F%252Fwww.scirus.com%252Fsrsapp%252Fsearch%253Fq%253Dacrylate%252Bas%252Banticancer%2526t%253Dall%2526fdt%253D0%2526tdt%253D2013%2526sort%253D0%2526drill%253Dyes%26md5%3D7011436770e763729ae7cf00beb23388
http://www.scirus.com/srsapp/sciruslink?src=sd&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%3F_ob%3DGatewayURL%26_origin%3DScienceSearch%26_method%3DcitationSearch%26_piikey%3DS0968089610005237%26_version%3D1%26_returnURL%3Dhttp%253A%252F%252Fwww.scirus.com%252Fsrsapp%252Fsearch%253Fq%253Dacrylate%252Bas%252Banticancer%2526t%253Dall%2526fdt%253D0%2526tdt%253D2013%2526sort%253D0%2526drill%253Dyes%26md5%3D7011436770e763729ae7cf00beb23388
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(BURNELLI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(GRANAIOLA)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(LEONI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(LOCATELLI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(MORIGI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(RAMBALDI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(VAROLI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(FARRUGGIA)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(STEFANELLI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(MASOTTI)
http://www.refdoc.fr/?traduire=en&FormRechercher=submit&FormRechercher_Txt_Recherche_name_attr=auteursNom:%20(KUNKEL)
http://www.sciencedirect.com/science/journal/09680896
http://www.sciencedirect.com/science/journal/02235234
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0223523407X01673&_cid=271932&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=45d377f9e950afd68115bc940e7d484a
http://www.sciencedirect.com/science/journal/0014827X
http://www.springerlink.com/content/?Author=Balasubramanian+Narasimhan
http://www.springerlink.com/content/?Author=Deepika+Sharma
http://www.springerlink.com/content/?Author=Pradeep+Kumar
http://www.springerlink.com/content/1054-2523/
http://www.ingentaconnect.com/content/ben/lddd;jsessionid=d0290i975fla0.alexandra
http://onlinelibrary.wiley.com/doi/10.1002/cjoc.v26:6/issuetoc
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bekircan%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22K%C3%BCx%C3%BCk%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kahveci%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kolayli%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16041836
http://www.sciencedirect.com/science/article/pii/S0223523410005039?_rdoc=1&_fmt=high&_origin=article&_docanchor=&_ct=31682&_zone=related_art_hover&md5=23d07a9e0c1f47b905bd5e064537cdc1
http://www.sciencedirect.com/science/article/pii/S0223523410005039?_rdoc=1&_fmt=high&_origin=article&_docanchor=&_ct=31682&_zone=related_art_hover&md5=23d07a9e0c1f47b905bd5e064537cdc1
http://www.sciencedirect.com/science/journal/09680896
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0968089610X00141&_cid=271397&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=ffce2d0a2cfc0b9c2ba79c8562c2c306
http://www.sciencedirect.com/science/journal/0960894X
http://www.sciencedirect.com/science/journal/0960894X/18/3
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abdel-Wahab%20BF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Awad%20GE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Badria%20FA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21353349
http://findarticles.com/p/articles/mi_7095/
http://findarticles.com/p/articles/mi_7095/
http://findarticles.com/p/articles/mi_7095/is_1_6/

Life Science Journal 2012;9(1)

http://wwwlifesciencesite.com

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

some new 1,2,4-triazole derivatives. Turk J Chem. 2010,
34, 835 — 846.

Upmanyu, N.; Kumar, S.; Kharya, M.; Shah, K. and
Mishra, P., Synthesis and anti-microbial evaluation of
some novel 1,2,4-triazole derivatives. Acta Poloniae
Pharmaceutica Drug Research. 2011, 68(2), 213-221.
Medne, K.; Grinsteins, V.; Lavrinovics, E. and Baumanis,
E., Tuberculostatic activity of certain derivatives of
cyano carboxylic acids and its correlation with the
chemical structure of the compounds. Latvijas PSR
Zinatnu Akademijas Vestis Russian. 1962, 4, 131-138.
Grinstein, V., Tuberculostatic activity of derivatives of
aminoguanidine and diaminogunidine and its correlation
with  chemical structure. Latvijas PSR Zinatnu
Akademijas Vestis, Russian. 1961, 10 (171), 89-99.
Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A,
McMahon, J.; Vistica, D.; Warren, J.T.; Bokesch, H.;
Kenney, S. and Boyd, M.R.,, New Colorimetric
Cytotoxicity Assay for Anticancer-Drug Screening. J.
Natl. Cancer Inst. 1990, 82, 1107-1112.

Zhang, S.X.; Rawte, P.; Brown, S.; Lo, S.; Siebert, H.;
Pong-Porter, S.; Low D.E. and Jamieson, F.B.,
Evaluation of CLSI Agar Dilution Method and Trek
Sensititre Broth Microdilution Panel for Determining
Antimicrobial Susceptibility of Streptococcus
pneumoniae. J. Clin. Microbiol. 2011, 49, 704-706.
Azéma, J.; Guidetti, B.; Korolyov, A.; Kiss, R.; Roques,
C.; Constant, P.; Daffé M. and Malet-Martino, M.,
Synthesis  of lipophilic  dimeric  C-7/C-7-linked
ciprofloxacin ~ and  C-6/C-6-linked levofloxacin
derivatives. Versatile in vitro biological evaluations of
monomeric and dimeric fluoroquinolone derivatives as
potential antitumor, antibacterial or antimycobacterial
agents. Eur. J. Med. Chem. 2011, 46, 6025-6038.

Kambe, S.; Saito, K. and Kishi, H., A One-Step Synthesis
of 4-oxo-2-thioxopyrimidine derivatives by the ternary
condensation of ethyl cyanoacetate, aldehydes and
thiourea, Synthesis. 1979, 287-289.

Fadda, A.; Abd El-Latif, E.; Bondock, S. and Samir, A.,
Synthesis of some new pyrimidine and pyrimido[4,5-
d]pyrimidine derivatives. Synth. Commun. 2008, 38,
4352-4368.

Osman, A. N.; EI-Gendy, A. A.; Omar, R. H.; Wagdy, L.
and Omar, A. H., Synthesis and pharmacological activity
of 1,4-benzodiazepine derivatives. Boll Chim Farm.
2002, 141(1), 8-14.

Glushkov R. G., Nikolaeva L. A., Kozlova O. V.,
Dronova L. N., Chernov V. A. and Minakova S. M.,
Synthesis and  antitumor  activity of  9-(B-

aminoethyl)purines. Pharm. Chem. J. 1984, 18(6), 387-
391.

Taher, A. A.; Abdullah, N. and Ahmed, E., Synthesis of
Certain 2-Substituted-1H-Benzimidazole Derivatives as
Antimicrobial and Cytotoxic agents. Chem. Pharm. Bull.
2012, 60(6), 778-784.

2/11/2012

http://www.sciencepub.net/life

1005

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Osman, A. N.; Botros, S.; Kandeel, M.; Khalil, N. and
Abdel-Latif, H., Synthesis and screening of certain
aryloxyacetylaminoguanidines as potential
antihypertensive agents. Ind. J. Chem. 1996, 35B, 446-
455,

Abu-Shanab, F.; Sayed, A. S.; Mousa, S. A.; Eshak, E.
A.; Ahmed, Z; Sayed A. Z. and Al-Harrasi, A.,
Dimethylformamide Dimethyl Acetal (DMFDMA) in
Heterocyclic Synthesis: Synthesis of Polysubstituted
Pyridines, Pyrimidines, Pyridazine and Their Fused
Derivatives. International J. Org. Chem. 2011, 1, 207-
214.

Taher, A. T. and Raafat, M., Imidazo[1,2-b]pyrazole-2,6-
dione;Synthesis and preliminary evaluation of anti-
inflammatory and analgesic activity. Bull. Fac. Pharm.
Cairo Univ. 2005, 43(3), 43-55.

Williams, D. A. and Lemke, T. L. “Foye’s Principles of
Medicinal Chemistry,” 5" ed., Lippincott Williams &
Wilkins. 2002, p. 48.

Agostinelli, E.; Tempera, G.; Viceconte, N.; Saccoccio,
S.; Battaglia, V.; Grancara, S.; Toninello, A. and
Stevanato, R., Potential anticancer application of
polyamine oxidation products formed by amine oxidase:
a new therapeutic approach. Amino Acids. 2010, 38(2),
353-368.

Kharb, R.; Sharma, P. C. and Shahar, M.,

Pharmacological significance of triazole scaffold. J. Enz.
Inhibit. and Med.Chem. 2011, 26(1), 1-21.
Jesmin, M.; Ali, M. M. and Khanam, J. A., Antitumour
activities of some schiff bases derived from benzoin,
salicylaldehyde, amino phenol and 2,4 dinitrophenyl
hydrazine. Thai J. Pharm. Sci. 2010, 34, 20-31.

Nirmal, R.; Prakash, CR.; Meenakshi, K. and
Shanmugapandiyan, P., Synthesis and pharmacological
evaluation of novel schiff base analogues of 3-(4-amino)
phenylimino) 5-fluoroindolin-2-one. J. Young Pharm.
2010, 2(2), 162-168.

Yoo, E.; Hayat, F.; Rhim, H. and Park Choo, HY.,
Synthesis and biological evaluation of benzoisothiazole
derivatives  possessing  N,N-dimethylformimidamide
group as 5-HT receptor antagonists. Bioorg. Med. Chem.
2012, 20(8), 2707-12.

Gopalakrishnan, M.; Sureshkumar, P.; Thanusu, J. and
Kanagarajan, V., Unusual Formation of N-hydroxy-3,3-
dimethyl-2,6-diarylpiperidin-4-one and its
Thiosemicarbazide Derivative-Synthesis and
Antimicrobial Activity. J. Korean Chem. Soc. 2008,
52(5), 503-510.

Jarrahpour, A.; Khalili, D.; De Clercq, E.; Salmi, C. and
Brunel, J. M., Synthesis, antibacterial, Antifungal and
antiviral Activity evaluation of some new bis-Schiff's
bases of Isatin and their derivatives. Molecules. 2007, 12,
1720-1730.

lifesciencej@gmail.com


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osman%20AN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22el-Gendy%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Omar%20RH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagdy%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Omar%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/12064063
http://www.springerlink.com/content/?Author=R.+G.+Glushkov
http://www.springerlink.com/content/?Author=L.+A.+Nikolaeva
http://www.springerlink.com/content/?Author=O.+V.+Kozlova
http://www.springerlink.com/content/?Author=L.+N.+Dronova
http://www.springerlink.com/content/?Author=L.+N.+Dronova
http://www.springerlink.com/content/?Author=V.+A.+Chernov
http://www.springerlink.com/content/?Author=S.+M.+Minakova
http://www.springerlink.com/content/r1936l802rq36m76/
http://www.springerlink.com/content/r1936l802rq36m76/
http://www.springerlink.com/content/0091-150x/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Agostinelli%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tempera%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Viceconte%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saccoccio%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saccoccio%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Battaglia%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grancara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Toninello%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stevanato%20R%22%5BAuthor%5D
http://www.springerlink.com/content/a1j21203l8x3n453/
http://www.springerlink.com/content/a1j21203l8x3n453/
http://www.springerlink.com/content/a1j21203l8x3n453/
http://www.ncbi.nlm.nih.gov/pubmed/20012114
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Kharb%2C+Rajeev%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Kharb%2C+Rajeev%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Yar%2C+Mohammed+Shahar%29
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Nirmal%2BR%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Prakash%2BC%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Meenakshi%2BK%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Shanmugapandiyan%2BP%5bauth%5d

