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ABSTRACT

A new series of benzimidazole molecules hyride with oxadiazole ring were design with an intention to search new antiproliferative lead compound. In-Silico
toxicity of lead compound was also performed by using T.E.S.T software tool, a program from US Environmental Protection Agency. Drug like properties and
bioactivity score for drug targets of designed compounds were calculated by molinspiration tool and obtained result found to obey Lipinski’s rule that indicates the
compound are orally active molecules. Osiris property explorer was used for the prediction of drug relevant properties and toxicity of synthetic compounds. Pre
ADMET server was also used to estimate ADME properties of synthetic compounds. Antiproliferative activities of compounds were investigated at the National
Cancer Institute (NCI) against NCI 60 cell line panel, results showed good to notable anticancer activity. So that, these new hybrids compounds could serve as
potential template to become leads in near future for the discovery and development of new effect orally drugs molecules. Two compounds,
4c[1-(1H-benzo[d]imidazol-2-yl)-3-(5-((4-methylpiperazin-1-yl)methyl)-1,3,4 -oxadiazol-2-yl) propan-1-one] and 4k[3-((5-(3-(1H-benzo[d]imidazol-2-yl)-3-
oxopropyl)-1, 3, 4-oxadiazol-2-yl) methyl)-5-methylpyrimidine-2,4(1H, 3H)-dione] were exhibited highest drug score and emerged as lead compounds and motivates

for further development of more effective and safer compounds.

Keywords: Benzimidazole, Oxadiazole, Lipinski’s rule, OSIRIS Property, Pre ADMET, T.E.S.T tool, NCI and Antiproliferative activity.

1. INTRODUCTION

Cancer is not only affects the health but also the economy of the patient. During
the life of a healthy species tissue is constantly regenerated through cell death
and cell division. It is essential for survival that a delicate balance between the
two is kept. Damage of the genetic material can disrupt this balance which may
give rise to abnormal growths. So that a term for disease in which abnormal cells
divide mitosis without control (uncontrolled growth of cells) is called Cancer.
Cancer cells can invade nearby tissues and spread through bloodstream and
lymphatic system to other parts of the body (metastasis)[1-3]. In the present era,
a large number of medications acting through different mechanisms for the
treatment of cancer are available but the effectiveness of many existing
medication is limited by their toxicity to normal rapidly growing cells and may
develop resistance to that drug. Another drawback is that majority of the drugs
currently in the market are not specific [4]. Therefore there is a substantial need
to develop a new, most effective and less toxic anticancer agents.

Different classes of heterocyclic and fused heterocyclic compounds have been
identified through molecular biology, empirical screening and rational drug
development in search of anticancer agents [5-6]. Especially nitrogen containing
heterocyclic systems like azoles nucleus playing a vital role in the discovering
novel drugs with potential anticancer activity. In terms of searching it could be
considered that the benzimidazole nucleuses are of great importance in their
biological as well as synthetic approach of medicinal chemistry. Scientists from
worldwide have reported remarkable anticancer/antitumor/antiproliferative [7-
17], anti-inflammatory [11], antifungal [18], antioxidant [19], antiviral including
anti-HIV [20], antibacterial [21] and cysticidal activities [22] of benzimidazole
derivatives. Similarly oxadiazole is a class of heterocyclic compounds that have
attracted significant interest in medicinal chemistry owing to their wide range of
pharmacological activities including anticancer/antitumor/antiproliferative
activities [23-26]. The present research work, involves the design, synthesis,
characterization, in-silico analysis and in-vitro anticancer activity is based on
foregoing background review literature described in Figure 1.
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Figure 1. Research outline for the searching of new Antiproliferative agents.

We tried to shed some rational design target compounds from market approved
anticancer drugs like Bendamustine (Treanda) and Chlorambucil having
benzimidazole nucleus and other related heterocyclic moiety. Treanda is
comprises of mechlorethamine and benzimidazole heterocyclic ring with a
butyric acid substituent, a rationally design purine analog and alkylation hybrid
of Chlorambucil [9] (Figure 2). It was approved by the FDA (U.S.) for the
treatment of chronic lymphocytic leukemia (CLL) on 20 March 2008 and about
6 months later (31 October 2008), also approved for patients with indolent B-cell
non-hodgkin's lymphoma (NHL) [27-28]. In view of these facts, it was thought
worthwhile to design a rational template having benzimidazole residue as
pharmacophoric group with butyric acid substituent and further clubbed with
oxadiazole heterocyclic ring systems [9, 14] like Proxazole [29], IMC-094332
[30], Hoechst-33258 [31] and Nocodazol [32] having antitumor activity with a
sight to produce potential anticancer agents (Figure 3).
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Figure 2. Rationally design and prepared a template for synthetic Scheme from
marketed anticancer drug like Bendamustine and Chlorambucil.

Majority of the synthetic drugs fails because of inadequate information about
their ADMET (absorption, distribution, metabolism, excretions and toxicity),
Drug likeness, drug score and bioactivity profile. In view of these facts, it was
thought worthwhile to design a rational template having benzimidazole residue
as pharmacophoric group with butyric acid substituent and further clubbed with
oxadiazole heterocyclic ring systems like Proxazole [29], IMC-094332 [30],
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Hoechst-33258 [31] and Nocodazol [32] having antitumor activity with a view
to produce potential anticancer agents (Figure 3).
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Figure 3. Rational template used for preparing synthetic derivatives.

A number of new hybrid molecules were synthesized and screened for their
anticancer activities at the Development Therapeutic Program (DTP), National
Cancer Institute (NCI), Chemotherapeutic Research Division, United States of
America (USA) against full NCI 60 cell line panel representing on full nine
human systems as Leukemia, Melanoma and cancers of Lung, Colon, Brain,
Breast, Ovary, Kidney and Prostate according to their applied protocol. The
synthetic scheme was carried out into the scientific microwave synthesizer
(model No. CATA-R, Catalyst systems, India) and followed to prepare the title
compounds. Modern analytical techniques (IR, NMR & Mass) and elemental
analysis were applied to establish the structure of the newly synthesized
compounds.

The selected compounds were submitted to NCI and granted NCS codes as
NCS: 759209(4a), NCS: 759210 (4b), NCS: 759211 (4c), NCS: 760445(4d),
NCS: 759212 (4e), NCS: 755140(4f), NCS: 755141 (4g), NCS: 755142 (4h),
NCS: 755143(4j), NCS: 761982 (4k) and NCS: 761983 (4l) for screening their
anticancer activity against full NCI 60 cell line panel at the dose of 1x10-°M
(Table 1). Majority of the synthetic drugs fails because of inadequate
information about their ADME/T (absorption, distribution, metabolism,
excretions and toxicity), drug likeness, drug score and bioactivity profile. So that
in the present study author design and synthesized new benzimidazole
derivatives having oxadiazole ring and also predict their physiochemical
property, ADMET, drug likeness, drug score, bioactivity profile and in-silico
toxicity on the basis of Molinspiration, Pre ADMET prediction, Osiris property
explorer and T.E.S.T tool respectively.

Table 1: Growth percent and mean growth percent of NCI cancer cell lines against the compounds at the dose of 1x 10° M, sensitivity and NSC: Code.

. - . Growth % of the most Range of .
Compd. NSC: Code The most sensitive cell line sensitive cell line growth, % Mean Range Activity

HOP-92 .
4a 759209 (Non-Small Cell Lung Cancer) 61.48 61.48-119.43 93.83 57.95 active
4b 750210 MOLT-4 55.75 55.75-117.03 | 8891 6128 | active

(Leukemia)
4c 750211 vo-s1 68.81 68.81-137.83 | 99.18 69.02 | active
(Renal Cancer)

EKVX .
4d 760445 (Non-Small Cell Lung Cancer) 67.58 67.58-148.14 100.53 80.56 active
de 750212 vo-s1 83.36 83.36-132.66 | 10380 | 4930 | inactive

(Renal Cancer)
af 755140 uo-31 84.84 84.84-12033 | 10604 | 4449 | inactive
(Renal Cancer)
49 755141 CCRF-CEM (Leukemia) 28.46 28.46- 125.48 96.09 97.02 active
SR . .
4h 755142 (Leukemia) 82.01 82.01-126.78 105.73 4477 inactive
4i Nt
4j 755143 MALME-3M (Melanoma) 77.82 77.82-123.77 104.78 45.95 inactive
4k 761982 MDA-MB-435 (Melanoma) -45.79 -45.79-90.70 20.03 136.49 active
41 761983 MOLT-4 (Leukemia) 8.54 8.54-104.24 78.75 95.70 active

Active compounds, which showed growth inhibition < 32% for that particular cell lines, Percent cell growth reduction following 48 h incubation with test compounds

(Sulphorhodamine B procedure), Negative numbers indicate the cell killed.
2. MATERIAL AND METHODS
2.1. General information

Melting points were taken on a liquid paraffin bath in open capillary tubes and
are uncorrected. Progress of the reactions was monitored by using TLC plates
(silica gel G), Toluene: Ethyl acetate: Formic acid (5:4:1, v/v/v) and Benzene:
Acetone (9:1, v/v) used as solvent systems. The spots were located by exposure
to iodine vapors or under UV-light. Microwave irradiation of reactions was done
in a scientific microwave synthesizer (model No. CATA-R, Catalyst systems).
The chemicals (reagents and solvents) used for experimental work were
commercially procured from various chemical unit like E. Merck Ltd., CDH,
S.D. Fine chemicals and Qualigens. These solvent and reagents were of LR grade
and purified before use. Nuclear magnetic resonance (*H-NMR &*C-NMR)
spectra were recorded on Bruker spectrops in DPX-300 MHz in
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DMSO-d¢/CDCl3; chemical shift () values reported in parts per million (ppm)
and coupling constants (J) in Hz using tetramethylsilane as internal reference.
The splitting pattern abbreviations are as follows: s, singlet; bs, broad singlet; d,
doublet; dd, double doublet; t, triplet; g, quadruplet; m, multiplet. The
exchangeable protons (OH and NH) confirmed by the addition of D,O. Mass
spectra were recorded on LCMS/MS (Perkin-Elmer and LABINDIA, Applied
Biosystem, Mass Lynx version 4.1) spectrometer, model no APl 3000 and
presented as m/z. The m/z values of the more intense peaks are mentioned. The
Fourier Transform Infra Red (FTIR) spectra recorded on FT/IR (Jasco, Japan),
model no. 410, using KBr pellets; vmax Values are given in cm™. Elemental
analyses performed on a Perkin-Elmer 240 analyzer and found in the range of
+0.4% for each element analyzed (C, H & N). The synthetic compounds were
purified by recrystallization with suitable solvent and found pure upon TLC
examination.



2.2. Synthesis
Compounds (4a-1) were synthesized by the following steps as per Scheme 1.
2.2.1. Synthesis of 4-(1H-benzo[d]imidazol-2-yl)-4-oxobutanoic acid (1)

A solution of o0-phenylenediamine (0.01 mol), a-ketoglutaric acid (equimolar;
0.01 mol) in methanol/water mixture (1:1) and HCI (4N; 5 mL) was refluxed for
6 h and then left to cool to room temperature. The NaOH solution (10% w/v) was
added slowly to neutralize the reaction mixture, a solid mass precipitated out,
which was filtered, washed with water and recrystallized with ethanol. It gave
effervescence when treated with sodium bicarbonate. Yield: 87%; Mp. 261-
262°C; R¢=0.71(T:E:F). IR (KBr, cm™): 3394(0-H), 3326(N-H), 3114(C-H, Ar-
H), 2972(C-H, CH,), 1728(C=0), 1600(C=N), 1562(C=C). *H-NMR (DMSO-
de): 0 1297 (s, 1H, OH, D,O exchangeable), 12.34(s, 1H, NH, DO
exchangeable), 7.66(d, 1H, J = 7.5Hz, H-4, benzimidazole), 7.48(t, 1H, J =
7.2Hz, H-7, benzimidazole), 7.27(t, 2H, J = 8.7Hz, H-5,6, benzimidazole),
3.05(t, 2H, J = 6.9Hz, CHy), 2.76(t, 2H, J = 6.9Hz, CH,). *C-NMR (DMSO-d¢):
4 175.57(C=0), 168.21(C=0, COOH), 159.67(C=N), 138.27, 132.21, 130.19,
128.57, 124.65, 123.64(Ar-C), 34.23(CH,, CH,CO), 31.36(CH,, CH,COOH).
ESI-MS (m/z): 218 (M*). Anal. calcd. for C;;HioN,Os: C, 60.55; H, 4.62; N,
12.84. Found: C, 60.63; H, 4.65; N, 12.98.

2.2.2. Synthesis of ethyl-4-(1H-benzo[d]imidazol-2-yl)-4-oxobutanoate (2)

A solution of compound (1) (0.01 mol) in absolute ethanol (25 mL) was
refluxed for 10 h in presence of conc. H,SO,4 (0.1 mL). After completion of the
reaction, it was cooled to room temperature, diluted with cold water and then
neutralized with NaHCOgtopH 7. A precipitate formed which was filtered and
crystallized from ethanol. Yield: 81%; Mp. 253-254°C; R; = 0.60(T:E:F). IR
(KBr, cm™): 3330(N-H), 3047 (C-H, Ar-H), 2958(C-H, CH,), 1718(C=0),
1640(C=N), 1570(C=C). *H-NMR (DMSO-ds): ¢ 12.51(bs, 1H, NH,D,0
exchangeable), 7.73(d, 1H, J = 7.8Hz, H-4, benzimidazole), 7.54 (t, 1H, J =
7.5Hz, H-7, benzimidazole), 7.12(t, 2H, J = 7.5Hz, H-5,6, benzimidazole),
3.82(q, 2H, J = 5.4Hz, CH,, CH,CHs), 3.03(t, 2H, J= 7.2Hz, CH,, CH,CO),
2.71(t, 2H, J = 7.2Hz, CH,, CH,CO-0), 1.15(t, 3H, J = 1.2Hz, CH3). ®*C-NMR
(DMSO-de): 6177.61(C=0), 165.37(C=0, ester), 156.47(C=N), 138.32, 137.93,
129.13, 128.17, 124.55, 123.74(Ar-C), 69.07(CH,, ester), 30.81(CH,, CH,CO),
28.36(CH,, CH,COO0), 20.31(CH3). ESI-MS (m/z): 246 (M*). Anal.calcd. for
C1sHuN,Os: C, 63.40; H, 5.73; N, 11.38. Found: C, 62.77; H, 5.81; N, 11.35.

2.2.3. Synthesis of 4-(1H-benzo[d]imidazol-2-yl)-4-oxobutane hydrazide
©)]

A solution of compound 2 (0.01 mol) and hydrazine hydrate (0.015 mol) in
ethanol (25 mL) was refluxed for 8 h. The reaction mixture was cooled, a solid
precipitate separated out, which was filtered, dried and recrystallized from
methanol. Yield: 85%; Mp. 241-242°C; R¢ = 0.53(T: E: F). IR (KBr, cm?):
3494(N-H, NH,), 3359(N-H, NH), 3151(C-H, Ar-H), 2947(C-H, CH,), 1691
(C=0), 1643(C=N), 1600(C=C). H-NMR (DMSO-de): § 11.51(s, 1H, NH,
benzimidazole, D,O exchangeable), 10.72(s, 1H, NH, hydrazide, D,O
exchangeable), 9.05(bs, 2H, NH,, D,O exchangeable), 7.68(d, 1H, J = 7.8Hz, H-
4, benzimidazole), 7.50(t, 1H, J = 7.2Hz, H-7, benzimidazole), 7.27(t, 2H, J =
7.5Hz, H-5,6, benzimidazole), 3.02(t, 2H, J = 7.5Hz, CH,CO), 2.52(t, 2H, J =
7.8Hz, CH,, hydrazide).*C-NMR (DMSO-ds): 5 179.15 (C=0), 162.72(C=0,
hydrazide), 156.32 (C=N), 133.99, 132.28, 129.59, 128.45, 122.92, 116.85 (Ar-
C), 30.17(CH,, CH,CO), 22.27 (CH,, hydrazide). ESI-MS (m/z): 232 (M*).
Anal.calcd. for C1;H1,N4O2: C, 56.89; H, 5.21; N, 24.12. Found: C, 56.73; H,
5.27; N, 24.15.

2.2.4. Synthesis of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-(chloromethyl)-
1,3,4-oxadiazol-2-yl) propan-1-one (4)

A mixture of 4-(1H-benzo[d]imidazol-2-yl)-4-oxobutanehydrazide 3 (0.001
mol) and chloro acetic acid (equimolar; 0.001 mol) and POCI; (5 mL) was placed
into a microwave reaction vessel equipped with a magnetic stir bar. The reaction
vessel was kept into the scientific microwave synthesizer and irradiated at a
power level of 6 (60%, 420 W) for 6-13 min. After completion of the reaction,
checked by single spot TLC using the solvent systems; Toluene: Ethyl acetate:
Formic acid (5:4:1) or Benzene: Acetone (9:1), the reaction mixture was cooled
and poured slowly onto crushed ice, neutralized with sodium bicarbonate
solution. A solid mass precipitated out, which was filtered, washed with excess
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quantity of water to remove the inorganic component and then recrystallized with
carbinol to get the pure compounds (4). Yield: 85%; Mp. 223-224°C; R =
0.65(T.E.F.). IR (KBr, cm™): 3350(N-H), 3020(C-H, Ar-H), 2935(C-H, CH)),
1710(C=0), 1682(C=N), 1574(C=C), 1304(N-N=C), 1164(C-O-C asymmetric),
1028 (C-O-C, symmetric), 714(C-Cl). *H-NMR(CDCl3): § 12.51(s, 1H, NH,D,0
exchangeable), 7.80(d, 1H, J = 7.8Hz, H-4, benzimidazole), 7.48(t, 1H, J =
7.2Hz, H-7, benzimidazole), 7.33(t, 2H, J = 5.4Hz, H-5,6, benzimidazole),
4.39(s, 2H, CHCI), 3.29(t, 2H, J = 6.9Hz, CH>), 2.90(t, 2H, J = 6.6Hz,CH,,
CH,CO). ®C-NMR (CDCls):5 169.45(C=0), 157.21, 155.36(2C, oxadiazole),
153.67(C=N), 135.15, 133.21, 131.13, 127.53, 125.10, 125.84(Ar-C),
50.01(CH.CI), 38.75(CH,, CH.CO), 27.41(CH,). ESI-MS (m/z): 290 (M*).
Anal.calcd. for C15H11CIN,O;: C, 53.71; H, 3.81; N, 19.27. Found: C, 53.62; H,
3.83; N, 19.41.

2.3. General procedure for synthesis of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-
(methyl substituted)-1,3,4-oxadiazol-2-yl)propan-1-one (4a-I)

The suspension of compound 4 (0.003mol) and a secondary amine (equimolar;
0.003mol) in absolute ethanol (10mL) was placed into a microwave reaction
vessel equipped with a magnetic stir bar and adding sodium acetate (0.001mol).
The reaction vessel was placed into the scientific microwave synthesizer (model
No. CATA-R, Catalyst systems, India) and irradiated at a power level of 5 (50%,
350 W) for 8-13 min. The completion of reaction was checked by single-spot
TLC by using Toluene: Ethyl acetate: Formic acid (5:4:1) and Benzene: Acetone
(9:1) solvent system. The reaction mixture was cooled, poured onto crushed ice
and acidified with glacial acetic acid to yield a solid mass. It was filtered and
washed with water to remove the inorganic components, dried and recrystallized
with carbinol.

2.3.1. Synthesis of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-((diethylamino)
methyl)-1,3,4-oxadiazol-2-yl) propan-1-one (4a)

Yield: 78%; Mp. 242-243°C; R¢ = 0.49(T:E:F). IR (KBr, cm): 3309(N-H),
3072(C-H, Ar-H), 2950(C-H, CH,), 2873(C-H, CH3), 1715(C=0), 1670(C=N),
1547(C=C), 1373(N-N=C), 1184(C-O-C, asymmetric), 1077(C-O-C,
symmetric). *H-NMR (CDCls): 6 12.04(s, 1H, NH, D,0 exchangeable), 7.73(d,
1H, J = 7.8.Hz, H-4, benzimidazole), 7.42(d, 1H, J = 11.7Hz, H-7,
benzimidazole), 7.28(t, 2H, J =8.7Hz, J =9.6Hz, H-5,6, benzimidazole), 4.13(q,
4H, J =5.4Hz, 2xCH,), 3.23(t, 2H, J = 6.9Hz, CH,), 2.87(t, 2H, J = 6.6Hz, CH,
CH,CO), 2.60(s, 2H, CHy), 1.25(t, 6H, J = 1.2Hz, 2XCH3). *C-NMR (CDCls): &
171.50 (C=0), 165.11, 161.19(2C, oxadiazole), 155.02(C=N), 132.83, 131.96,
129.86, 128.52, 124.73, 123.48(Ar-C), 60.24(CH,, CH,N), 30.21(CH,,CH,CO),
28.08(CH,), 14.60(CHs). ESI-MS (m/z): 327(M*). Anal.calcd. for Ci7HzN5O2:
C, 62.37; H, 6.47; N, 21.39. Found: C, 63.87; H, 6.51; N, 21.35.

2.3.2. Synthesis of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-((diphenylamino)methyl)-
1,34-oxadiazol-2-yl) propan-1-one (4b)

Yield: 80%; Mp. 243-244°C; R¢ = 0.45(T:E:F). IR (KBr, cm™): 3290(N-H),
3067(C-H, Ar-H), 2957(C-H, CH,), 1690(C=0), 1654(C=N), 1583(C=C),
1287(N-N=C), 1162(C-O-C, asymmetric), 1027 (C-O-C, symmetric). *H-NMR
(DMSO-de): 6 12.13(s, 1H, NH, DO exchangeable), 7.92(d, 1H, J = 8.7Hz, H-
4, benzimidazole), 7.70(d, 1H, J = 7.8Hz, H-7, benzimidazole), 7.48(t, 2H, J =
7.5Hz,H-5,6, benzimidazole), 7.27-6.87(m, 10H, phenyl), 3.72(s, 2H, CHy,),
3.16(t, 2H, J = 7.2Hz, CHy), 2.54(t, 2H, J = 7.2Hz, CH,, CH,CO). *C-NMR
(DMSO-dg): o 173.43(C=0), 163.51, 162.73(2C, oxadiazole), 157.23(C=N),
150.43, 149.27, 148.03, 133.17, 132.56, 128.12, 127.53, 127.02, 124.35, 123.43,
122.73, 120.47 (Ar-C), 57.48(CH,, CH;N), 33.71(CH,,CH,CO), 25.32 (CH,).
ESI-MS (m/z): 423(M"). Anal.calcd. for CosH,:NsO,: C, 70.91; H, 5.00; N, 16.54.
Found: C, 70.93; H, 5.07; N, 16.68.

2.3.3. Synthesis of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-((4-
methylpiperazin-1-yl)methyl)-1,3,4 -oxadiazol-2-yl) propan-1-one (4c)

Yield: 78%; Mp. 225-226°C; Ry = 0.59(B:A). IR (KBr, cm™): 3317(N-H),
3015(C-H, Ar-H), 2941(C-H, CH,), 2868(C-H,CHj3), 1711(C=0), 1645(C=N),
1576(C=C), 1363(N-N=C), 1183(C-O-C, asymmetric), 1057(C-O-C,
symmetric). 'H-NMR (DMSO-ds): § 11.45(s, 1H, NH, D,O exchangeable),
7.84(d, 1H, J = 7.5Hz, H-4, benzimidazole), 7.54(d, 1H, J = 7.5Hz, H-7,
benzimidazole), 7.41(t, 2H, J = 7.8Hz, H-5,6, benzimidazole), 3.74(s, 2H, CH,),
3.59 (t, 4H, J = 7.8Hz, 2xCH,, piperazine), 3.15 (t, 4H, J = 6.9Hz, 2xCH,-NCHg,
piperazine), 3.01(t, 2H, J=7.2Hz, CH), 2.77(t, 2H, J = 7.2Hz, CH,, CH,CO),
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1.91(s, 3H, CHa). *C-NMR (DMSO-dg): 617531 (C=0), 165.32, 163.84(2C,
oxadiazole), 156.13 (C=N), 131.52, 128.25, 124.57, 123.61, 123.04, 122.81(Ar-
C), 61.23(CH,,CH,N), 54.27, 54.13, 51.83, 51.09(4C, piperazine), 43.71(CH),
35.02(CH; CH,CO), 26.51(CH,). ESI-MS (m/z): 354 (M*). Anal.calcd.
forC1sH22Ns0,: C, 61.00; H, 6.26; N, 23.71. Found: C, 61.09; H, 6.27; N, 23.83.

2.3.4. Synthesis of 1-((5-(3-(1H-benzo[d]imidazol-2-yl)-3-oxopropyl)-
1,3,4-oxadiazol-2-yl) methyl) indoline-2,3-dione (4d)

Yield: 72%; Mp. 240-241°C; R¢ = 0.68(T:E:F). IR (KBr, cm™): 3293(N-H),
3041(C-H, Ar-H), 2957(C-H, CH,), 1716(C=0), 1687(C=N), 1572(C=C),
1338(N-N=C), 1168(C-O-C, asymmetric), 1052 (C-O-C, symmetric). *H-NMR
(DMSO-de): 0 11.95(s, 1H, NH, D,0 exchangeable), 8.74-7.52 (m, 4H, phenyl),
7.64(d, 1H, J = 7.5.Hz, H-4, benzimidazole), 7.51(d, 1H, J = 7.5Hz, H-7,
benzimidazole), 7.30 (t, 2H, J = 7.8Hz, H-5,6, benzimidazole), 4.36(s, 2H, CH,),
3.07(t, 2H, J = 7.2Hz, CH,), 2.63(t, 2H, J = 7.2Hz, CH,, CH,CO). *C-NMR
(DMSO-de): 6 177.65(C=0, COCH), 175.23(CO), 170.31(C=0, CON), 161.83,
159.75(2C, oxadiazole), 154.97(C=N), 147.23, 135.76, 133.63, 132.23, 124.35,
124.02, 123.43, 122.73, 122.16, 121.43, 120.73(Ar-C), 56.89 (CH.,CH:N),
34.85(CH,,CH,CO), 26.53(CH,). ESI-MS (m/z): 401(M*). Anal.calcd.
forCxHisNsO.: C, 62.84; H, 3.77; N, 17.45. Found: C, 62.87; H, 3.73; N, 17.52.

2.3.5. Synthesis of 3-((5-(3-(1H-benzo[d]imidazol-2-yl)-3-oxopropyl)-
1,3,4-oxadiazol-2-yl) methyl) pyrimidine-2,4(1H,3H)-dione (4e)

Yield: 86%; Mp. 237-238°C; R¢ = 0.66(T:E:F). IR (KBr, cm™): 3345(N-H),
3028(C-H, Ar-H), 2911(C-H, CH,), 1703(C=0), 1681(C=N), 1578(C=C),
1316(N-N=C), 1193(C-O-C, asymmetric), 1034 (C-O-C, symmetric). *H-NMR
(DMSO-de): ¢ 11.00(s, 1H, NH, benzimidazole, D,0O exchang eable), 10.81(s,
1H, NH, D,0O exchangeable), 7.81(d, 1H, J = 7.8Hz, H-4, benzimidazole), 7.54
(d, 1H, J = 7.5Hz, H-7, benzimidazole), 7.27(t, 2H, J = 7.5Hz, H-5,6,
benzimidazole), 4.32(s, 2H, CH,), 3.23(t, 2H, J = 7.2Hz, CH,), 2.57(t, 2H, J =
6.9Hz, CH,, CH,CO). ®C-NMR (DMSO-ds): § 173.51(C=0), 170.38(CO,
CON), 159.02 (C=0, NCON), 164.75, 162.86(2C, oxadiazole), 156.46(C=N),
132.45, 131.64, 129.84, 124.76, 123.43, 122.53, 121.43, 118.83(Ar-C),
58.96(CH,,CH:N), 38.54(CH,,CH,CO), 28.57(CH,). ESI-MS (m/z): 366 (M*).
Anal.calcd. for C17H14N¢O4: C, 55.74; H, 3.85; N, 22.94. Found: C, 55.71; H,
3.85; N, 22.82.

2.3.6. Synthesis of 3-(5-((6-amino-9H-purin-9-yl)methyl)-1,3,4-oxadiazol-
2-yl)-1-(1H-benzo [d] imidazol-2-yl)propan-1-one (4f)

Yield: 90%; Mp. 225-226°C; R; = 0.67(T:E:F). IR (KBr, cm™): 3352(N-H),
3027(C-H, Ar-H), 2987(C-H, CH,), 1716(C=0), 1682(C=N), 1568(C=C),
1312(N-N=C), 1160(C-O-C, asymmetric), 1022(C-O-C, symmetric), 834(C-
N).*H-NMR (CDCls): § 12.63(s, 1H, NH,D,0 exchangeable, benzimidazole),
8.51(s, 2H, NH,,D,0 exchangeable, adenine), 8.37(s, 1H, adenine), 7.97(s, 1H,
adenine), 7.70(d, 1H, J = 7.5Hz, H-4, benzimidazole), 7.49(t, 1H, J = 7.8Hz, H-
7, benzimidazole), 7.27(t, 2H, J = 7.5Hz, H-5,6, benzimidazole), 4.17(s, 2H,
CH,, adenine), 2.96(t, 2H, J = 7.2Hz, CH,), 2.51(t, 2H, J = 7.2Hz, CH,, CH,CO).
BC.NMR (CDCly): & 175.31(C=0), 161.74, 160.12(2C, oxadiazole),
153.17(C=N), 141.32, 138.61, 137.52, 136.79, 134.92, 129.81, 129.03, 128.56,
127.63, 124.74, 122.87(Ar-C), 63.41(CH,, adenine), 30.72(CH,, CH,CO),
28.45(CH,). ESI-MS (m/z): 389(M*). Anal. calcd. for C15H15NO,: C, 55.52; H,
3.88; N, 32.38. Found: C, 55.86; H, 3.97; N, 32.47.

2.3.7. Synthesis of 1-((5-(3-(1H-benzo[d]imidazol-2-yl)-3-oxopropyl)-
1,3,4-oxadiazol-2-yl) methyl)-1 H-purin-6(9H)-one (4g)

Yield: 87%; Mp. 233-234°C; R¢ = 0.65(T:E:F). IR (KBr, cm™): 3364(N-H),
3086(C-H, Ar-H), 2952(C-H, CH,), 1724(C=0), 1672(C=N), 1480(C=C),
1328(N-N=C), 1116(C-O-C, asymmetric), 1020(C-O-C, symmetric). *H-NMR
(CDCly): 6 12.31(s, 1H, NH,D,0O exchangeable, benzimidazole), 10.87(s, H,
NH,D,0 exchangeable, guanine), 8.02(s, 1H, guanine), 7.85(s, 1H, guanine),
7.78(d, 1H, J = 7.8Hz, H-4, benzimidazole), 7.40(t, 1H, J = 7.8Hz, H-7,
benzimidazole), 7.27(t, 2H, J = 7.5Hz, H-5,6, benzimidazole), 3.92(s, 2H, CH,,
guanine), 3.23(t, 2H, J = 6.9Hz, CH,), 2.85(t, 2H, J = 7.2Hz, CH,, CH,CO). **C-
NMR (CDCly): § 168.73(C=0), 166. 23(C=0, guanine), 158.45, 157.31(2C,
oxadiazole), 156.85(C=N), 137.93, 137.12, 136.87, 134.92, 127.53, 126.74,
12456, 124.01, 122.87, 120.91(Ar-C), 57.37(CH,, guanine), 38.61(CH,,
CH,CO), 25.43(CH,). ESI-MS (m/z): 390(M~). Anal.calcd. for C15H14NgO3: C,
55.38; H, 3.61; N, 28.71. Found: C, 55.41; H, 3.75; N, 28.92.
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2.3.8. Synthesis of 3-(5-((1H-1,2,4-triazol-1-yl)methyl)-1,3,4-oxadiazol-2-
yl)-1-(1H-benzo [d] imidazol-2-yl)propan-1-one (4h)

Yield: 92%; Mp. 221-222°C; Ry = 0.55(T:E:F). IR (KBr, cm™): 3321(N-H),
3178(C-H, Ar-H), 2819(C-H, CH,), 1724(C=0), 1662(C=N), 1523(C=C),
1384(N-N=C), 1191(C-O-C, asymmetric), 1033(C-O-C, symmetric), 848(C-N).
'H-NMR (CDCls): 6 12.03(s, 1H, NH, D,O exchangeable), 8.04(s, 1H, H-5,
triazole), 7.88(s, 1H, H-3, triazole), 7.79(d, 1H, J = 8.1Hz, H-4, benzimidazole),
7.63(t, 1H, J = 7.2Hz, H-7, benzimidazole), 7.45(t, 2H, J = 7.2Hz, H-5,6,
benzimidazole), 4.73(s, 2H, CH,, triazole), 3.29(t, 2H, J = 6.9Hz, CH,), 2.87(t,
2H, J = 6.9Hz, CH,, CH,CO). ®C-NMR (CDCl;):6 172.87(C=0), 165.11,
161.19(2C, oxadiazole), 155.05(C=N), 132.83, 131.96, 129.86, 128.52, 124.73,
123.48, 117.67, 115.68(Ar-C), 60.24(C, triazole), 30.21(CH,; CH,CO),
28.20(CH,). ESI-MS (m/z): 323(M*). Anal.calcd. for C45H13N;O2: C, 55.72; H,
4.05; N, 30.33. Found: C, 55.75; H, 4.13; N, 30.39.

2.3.9. Synthesis of 3-(5-((4H-1,2,4-triazol-4-ylamino)methyl)-1,3,4-
oxadiazol-2-yl)-1-(1H-benzo[d] imidazol-2-yl)propan-1-one (4i)

Yield: 85%; Mp. 215-217°C; R¢ = 0.53(B:A). IR (KBr, cm™): 3317(N-H),
3104(C-H, Ar-H), 2994(CH,), 1698(C=0), 1612(C=N), 1574(C=C), 1356(N-
N=C), 1178(C-O-C, asymmetric), 1036(C-O-C, symmetric), 834(C-N). 'H-
NMR (CDCl3): ¢ 12.47(s, 1H, NH, D,0O exchangeable), 7.89(s, 2H, triazole),
7.60(d, 1H, J = 7.8Hz, H-4, benzimidazole), 7.33(t, 1H, J = 7.5Hz, H-7,
benzimidazole), 7.26(t, 2H, J = 7.5 Hz, H-5,6, benzimidazole), 3.72(s, 2H, CH,,
CHyNH), 3.21(t, 2H, J = 6.9Hz, CH,), 2.92(t, 2H, J = 6.9Hz, CH,, CH,CO),
2.63(s, IH, NH). BC-NMR (CDCly): 6 176.10(C=0), 163.41, 160.85(2C,
oxadiazole), 155.71(C=N), 137.32(C, aminotriazole), 129.63, 128.91, 124.73,
123.86, 121.18, 120.83(Ar-C), 66.51(CH,, NHCH,), 32.68(CH,, CH.CO),
28.36(CH,). ESI-MS (m/z): 338(M*). Anal.calcd. for C15H14NgO,: C, 53.25; H,
4.17; N, 33.12. Found: C, 53.43; H, 4.25; N, 33.71.

2.3.10. Synthesis of 3-(5-((1H-imidazol-1-yl)methyl)-1,3,4-oxadiazol-2-yl)-
1-(1H-benzo[d] imidazol-2-yl) propan-1-one (4j)

Yield: 82%; Mp. 207-208°C; R¢ = 0.57(T:E:F). IR (KBr, cm): 3348(N-H),
3054 (C-H, Ar-H), 2942(C-H, CH,), 1726(C=0), 1685(C=N), 1532(C=C),
1328(N-N=C), 1176(C-O-C, asymmetric), 1042(C-O-C, symmetric). *H-NMR
(CDCly): 6 11.87(s, 1H, NH, D,O exchangeable), 8.07 (s, 1H, H-2, imidazole),
7.74(d, 1H, J = 7.5Hz, H-4, benzimidazole), 7.30(t, 1H, J = 7.5Hz, H-7,
benzimidazole), 7.27(t, 2H, J = 7.5Hz, H-5,6, benzimidazole), 6.65(d, 1H, J =
7.2Hz, H-5, imidazole), 6.48(d, 1H, J = 8.1Hz, H-4, imidazole), 4.03(s, 2H, CH,,
imidazole), 3.12(t, 2H, J = 7.2Hz, CHy), 2.85(t, 2H, J = 6.9Hz, CH,, CH,CO).
BC-NMR (CDCls): § 175.21(C=0), 161.92, 158.32(2C, oxadiazole),
154.63(C=N), 136.25, 132.53, 131.54(3C, imidazole), 126.43, 125.82, 123.35,
122.61, 121.57, 119.64(Ar-C), 60.73(CH,, imidazole), 35.31(CH,, CH.CO),
27.93 (CHy). ESI-MS (m/z): 322(M"*). Anal.calcd. for C16H14NgO2: C, 59.62; H,
4.38; N, 26.07. Found: C, 59.74; H, 4.25; N, 26.35.

2.3.11. Synthesis of 3-((5-(3-(1H-benzo[d]imidazol-2-yl) -3-oxopropyl)-1,
3, 4-oxadiazol-2-yl) methyl)-5-methylpyrimidine-2,4(1H, 3H)-dione (4k)

Yield: 85%; Mp. 236°C; Ry = 0.58(T:E:F). IR (KBr, cm™): 3344(N-H),
3105(C-H, Ar-H), 2974 (C-H, CH,), 1724(C=0), 1662(C=N), 1566(C=C),
1384(N-N=C), 1180(C-O-C, asymmetric), 1064(C-O-C, symmetric). *H-NMR
(CDCl3): 6 14.10(s, 1H, NH, D,0 exchangeable, pyrimidine), 12.37(s, 1H, NH,
D,0 exchangeable, benzimidazole), 8.03(s, 1H, pyrimidine), 7.67 (d, 1H, J =
7.8Hz, H-4, benzimidazole), 7.43(t, 1H, J = 7.2Hz, H-7, benzimidazole),
7.29(dd, 2H, J = 7.8Hz, J = 7.5Hz, H-5,6, benzimidazole), 4.09(s, 2H,
CH,,pyrimidine), 3.49(t, 2H, J = 6.9Hz, CH,), 3.09(t, 2H, J = 6.9Hz, CH,,
CH,CO), 2.57(s, 3H, CHj). ®C-NMR (CDCly): § 173.61(C=0), 173.14,
172.15(C=0, pyrimidine), 159.19, 159.07(2C, oxadiazole), 156.42(C=N),
132.64, 130.84, 129.88, 129.84, 128.87, 128.48, 124.16, 115.70(Ar-C),
60.52(CH,, pyrimidine), 30.30(CH,, CH,CO), 28.02(CH,), 14.31(CHs). ESI-MS
(m/z): 380 (M*). Anal.calcd. for C15H15NsO4: C, 56.84; H, 4.24; N, 22.10. Found:
C,56.87; H, 4.33; N, 22.17.

2.3.12. Synthesis of 1-((5-(3-(1H-benzo[d]imidazol-2-yl)-3-oxopropyl)-
1,3,4-oxadiazol-2-yl) methyl)-4-aminopyrimidin-2(1H)-one (41)

Yield: 82%; Mp. 234-235°C; R; = 0.59(T:E:F). IR (KBr, cm): 3372(N-H),
3043(C-H, Ar-H), 2957(C-H, CH,), 1703(C=0), 1674(C=N), 1587(C=C), 1372



(N-N=C), 1184(C-O-C, asymmetric), 1065(C-O-C, symmetric). ‘*H-NMR
(CDClg): 6 12.17(s, 1H, NH, D,O exchangeable), 8.34(d, 1H, J = 8.1Hz,
pyrimidine), 8.01(s, 2H, NH,,D,0 exchangeable), 7.71(d, 1H, J = 7.5Hz, H-4,
benzimidazole), 7.33(t, 1H, J = 7.2Hz, H-7, benzimidazole), 7.24(t, 2H, J =
8.1Hz, H-5,6, benzimidazole), 6.72(d, 1H, J = 7.5Hz, pyrimidine), 4.13 (s, 2H,
CH,, pyrimidine), 3.27(t, 2H, J = 7.2Hz, CH,), 2.76(t, 2H, J = 6.9Hz, CH,,
CH,CO). B®C-NMR (CDCly): 6 174.53(C=0), 165.01(CO, pyrimidine), 160.23,
159.10(2C, oxadiazole), 155.41 (C=N), 138.10, 135.29, 130.13, 129.69, 128.43,
123.14, 120.34, 118.72, 110.51(Ar-C), 55.72 (CH,, pyrimidine), 32.56(CH,,
CH,CO), 27.13(CHy). ESI-MS (m/z): 365 (M*). Anal.calcd. for C;7H1sN;Os: C,
55.89; H, 4.14; N, 26.84. Found: C, 55.97; H, 3.65; N, 26.95.
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Scheme 1. Synthesis of benzimidazole bearing oxadiazole derivatives (4a-I).

J. Chil. Chem. Soc., 66, N°2 (2021)

2.4. In-Silico Analysis Study
2.4.1. Drug likeness and Lipinski’s rule

Christopher A. Lipinski was formulated a rule in 1997 of molecular properties
for the prediction of drug’s pharmacokinetics (ADME; Absorption, distribution,
metabolism and excretion) in human body. The modification in molecular
structure often leads to drugs with higher molecular weight, more rings, more
rotatable bond and a higher lipophilicity. The rule is significant for drug
development where a pharmacologically active lead compound is boosted
stepwise for increased activity and selectivity as well as drug like properties. The
rule states that poor absorption or permeation are more possible when a ligand
molecule violates Lipinski rule of 5, that is has more than five hydrogen bond
donors, molecular weight is over 500, log P is over 5 and sum of N and O is over
10 [33]. Drug likeness may be defined as a complex balance of numerous
molecular properties and structure features which determine whether particular
molecule is similar to the known drugs. These properties, mainly are
hydrophobicity, electronic distribution, hydrogen bonding characteristics,
molecule size, flexibility and presence of several pharmacophoric features
influence the behavior of molecule in a living organism, including
bioavailability, transport properties, affinity to proteins, reactivity, toxicity and
metabolic stability [34-36].

2.4.2. Drug-likeness Prediction

This screening methodology was implemented to analyze the drug likeness of
proposed ligands as it influences the behavior of molecule in a living organism,
including bioavailability, transport properties, affinity to proteins, reactivity,
toxicity and metabolic stability [35-36]. Pre ADMET contains drug-likeness
prediction module based on Lipinski’s rule. Also, it is possible to use several
drug-like rules that defined drug-like characteristics of drug such as Ghose filter
[37], CMC [38], WDI [39] and MDDR DB [40]. Ghose filter defines drug-
likeness constraints as follows: calculated log P is between -0.4 and
5.6, molecular weight between 160 and 480, molar refractivity between 40 and
130, and the total number of atoms between 20 and 70 [38]. The filter has been
developed that discriminates between drug-like and nondrug-like chemical
matter.

2.4.3. Molinspiration and Prediction of Drug likeness

Chemical structures and smiles notations of the synthetic compounds were
obtained by Chem. Bio draw Ultra software (11.0 versions) (Table 2). Smiles
notations of benzimidazole derivatives then fed in Molinspiration (2018.02
version) and drug likeness tool to calculate many molecular properties (Table 3
&4) and to predict bioactivity score for drug targets including enzymes and
nuclear receptors, kinase inhibitors, GPCR ligands and ion channel modulators
(Table 5). Molecular properties such as partition coefficient (Log P), topological
polar surface area (TPSA), hydrogen bond donors and acceptors, rotatable bonds,
number of atoms, molecular weight and violations of Lipinski’s rule of five were
calculated to evaluate the drug likeness of the synthesized compounds and
represented in Table 3. The absorption percentage (% Ab) was also calculated
by using the following formula: %Ab = 109 - [0.345 x TPSA] (Table 3). These
properties are calculated on the basis of Lipinski’s rule of five, which states that
any compound considered as drug should have partition coefficient less than 5,
its polar surface area within 140A2, it should have H bond acceptor less than 10,
it should have H bond donor less than 5 and its molecular weight within 500
dalton [41-46].
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Table 2: Chemical structure and smiles of benzimidazole hybrid with oxadiazole ring (4a-l).

Compound Chemical Structure Smiles Notation
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These are following molecular properties which are calculated with the help of
Molinspiration. LogP (Octanol/water partition coefficient): The sum of
fragment-based contributions and correction factors. TPSA (Topological Polar
Surface Area): A sum of fragment contributions. O" and N- centered polar
fragments are considered. TPSA has been shown to be a very good descriptor
characterizing drug absorption, including intestinal absorption, bioavailability,
Caco-2 permeability and blood-brain barrier penetration. Molecular volume:
The sum of fragment contributions to real 3D volume for a training set of about
twelve thousand, mostly drug-like molecules. Rule of 5 Properties: The rule
states, that most drug-like molecules have logP <=5, molecular weight <=500,
number of hydrogen bond acceptors <= 10and number of hydrogen bond donors
<= 5. Molecules violating more than one of these rules may have problems with
bioavailability. The rule is called ‘Rule of 5°, because the border values are 5,
500, 2*5, and 5. Number of Rotatable Bonds (n-rotb): Rotatable bond is defined
as any single non-ring bond, bounded to nonterminal heavy (non-hydrogen) atom
and a measure of molecular flexibility. Amide C-N bonds are not considered
because of their high rotational energy barrier [34, 47-51]. Drug likeness: Drug
likeness may be defined as a multifarious balance of numerous molecular
properties and structure features which determine whether particular molecule is
similar to the known drugs. These properties, mainly hydrophobicity, electronic
distribution, hydrogen bonding characteristics, molecule size, flexibility and
presence of various pharmacophoric features influence the behavior of molecule
in a living organism, including bioavailability, transport properties, affinity to
proteins, reactivity, toxicity, metabolic stability and many others [33-34, 49-51].

2.4.4. Osiris Property Explorer and Drug Relevant Properties Prediction

Property explorer is a free tool to predict physicochemical and toxicological
molecular properties, which need to be optimized when designing
pharmaceutically active compounds. It was originally developed by T. Sander
and used at Actelion Pharmaceutical Ltd. as integrated component of the
compound registration system in the drug discovery department. Now days, it is
a de-facto standard for physicochemical property prediction and toxicity risk
indication. For predicting drug relevant properties of a chemical compound just
draw its structure and property explorer will start calculating properties as soon
as a chemical structure is valid. Prediction results are valued and color coded [52-
53].

Properties with high risks of undesired effects like mutagenicity or a poor
intestinal absorption are shown in red. Whereas a green color indicates drug
conform behavior. Charges should be balanced and atom valances not exceeded.
Nitro-groups, for instance, should be drawn with a positive charge on nitrogen
and a negative on one of the oxygens with a single bond connecting these two
atoms. The drug relevant properties and toxicity risk assessment by OSIRIS
property explorer are represented in Table 6 &7. These are the following drug
relevant properties and toxicity risk. Molecular weight: Compounds with higher
weights are less likely to be absorbed and therefore to ever reach the place of
action. lopP prediction: Low hydrophilicities and therefore high logP values
cause poor absorption or permeation. It has been shown for compounds to have
a reasonable probability of being well absorb their logP value must not be greater
than 5.0. Aqueous Solubility: The aqueous solubility of a compound significantly
affects its absorption and distribution characteristics. It shows that more than
80% of the drugs on the market have a calculated logS value greater than -4.
Topological polar surface area: The contributions of all polar atoms being
exposed to the molecule's surface sum up to an area beyond 80 or 100 A2, then
the molecules likelihood to pass membranes easily is significantly reduced. Drug
likeness: There are many approaches around that assess a compound's drug
likeness partially based on topological descriptors, fingerprints of MDL structure
keys or other properties as cLogP and molecular weights. Overall drug score:
The drug score combines drug likeness, cLogP, logS, molecular weight and
toxicity risks in one handy value than may be used to judge the compound's
overall potential to qualify for a drug [54-60].

2.4.5. Toxicity Assessment

While drawing a structure the toxicity risk predictor will start looking for
potential toxicity risks as long as the currently drawn structure is a valid chemical
entity. Toxicity risk alerts are an indication that the drawn structure may be
harmful concerning the risk category specified. However, risk alerts are by no
means meant to be a fully reliable toxicity prediction. Prediction results are
evaluated and color coded. Unfavorable properties or those with a high risk
of side effects like mutagenicity or poor intestinal absorption are shown
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in red. Green color instead indicates drug conform behavior. The toxicity risk
assessment is mandatory to avoid destructive substances for further processing
of drug discovery and development. The mutagenic, tumorigenic, irritant and
reproductive toxicity risks were measured by means of pre-computed set of
structural fragment which was created based on the classification of compounds
from the Registry of Toxic Effects of Chemical Substances (RTECS) database.
The toxicity risks are estimated with color code. The undesired (toxic risks)
effects of molecule are displayed in red and while the green color indicates the
desired effects of compound [56-60, 61-62].

2.4.6. Pre ADMET

Over 50% of the candidates failed due to ADME/Toxicity deficiencies during
development. To avoid this failure at the development a set of in-vitro
ADME/Toxicity screens has been implemented in most pharmaceutical
companies with the aim of discarding compounds in the discovery phase that are
likely to fail further down the line. Even though the early stage in-vitro ADME
reduces the probability of failure at the development stage, it is still time
consuming and resource intensive. Pre ADMET consists of main four parts as
following. Molecular descriptor calculation: The ADME/Toxicity properties are
closely related to physicochemical descriptors such as lipophilicity (logP),
molecular weight, polar surface area and water solubility. Drug likeness
prediction: Pre ADMET contains drug-likeness prediction module based on
Lipinski’s and Lead-like. ADME Prediction: Caco2 cell model and MDCK
(Madin darby canine kidney) cell model has been recommended as a reliable in-
vitro model for the prediction of oral drug absorption. Additionally, in-silico HIA
(human intestinal absorption) model and skin permeability model can predict and
identify potential drug for oral delivery and transdermal delivery. In distribution,
BBB (blood brain barrier) penetration can give information of therapeutic drug
in the central nervous system (CNS), plasma protein binding model in its
disposition and efficacy [37, 39, 62-63].

2.4.7. Acute toxicity prediction

Toxicity prediction is the more and more importance in early drug discovery
since 30% of drug candidates fail owing to these issues. The toxicity prediction
was done by mutagenicity of Ames test and T.E.S.T. tool (Version 4.2.1) a
program from the US Environmental Protection Agency.

Ames test: Ames test is a simple method to test mutagenicity of a compound,
which is suggested by Dr. Ames. It uses several strains of bacterium salmonella
typhimurium that carry mutations in genes involved in histidine synthesis, so that
they require histidine for growth. Ames TA100 (+S9); In-vitro Ames test result
in TA100 strain (Metabolic activation by rat liver homogenate). Ames TA100 (-
S9); In-vitro Ames test result in TA100 strain (No metabolic activation). Ames
TA1535 (+S9); In-vitro Ames test result in TA1535 strain (Metabolic activation
by rat liver homogenate). Ames TA1535 (-S9); In-vitro Ames test result in
TA1535 strain (No metabolic activation) [64-66]. T.E.S.T program tool: This is
a software program developed by US environmental protection agency for the
assessment of acute toxicity of compound. QSAR/QSPR (Quantitative structure—
activity relationship/Quantitative structure—property relationship) descriptor was
used in this tool for the prediction of toxicity of synthetic as well as natural
compounds. A types of descriptor, which are used in the tool is based on the
molecular structures of compound [67-69].

2.5. Pharmacological evaluation

All the selected compounds were submitted to National Cancer Institute (NCI),
USA for evaluation of their in-vitro anticancer activity at dose (1x10°M) against
full NCI 60 cell lines panels representing on full nine human systems as
leukemia, melanoma and cancers of lung, colon, brain, breast, ovary, kidney and
prostate. The screening is a two-stage process, beginning with the evaluation of
all compounds against the 60 cell lines at a single dose. The compounds added
at a concentration (1x10°M) and the culture incubated for 48 h. End point
determinations made with a protein binding dye, Sulforhodamine B [70-71].
Results for each compound were reported as a mean graph of the percent growth
of the treated cells. Results of each test agents are reported as percentage growth
of the treated cells when compared with untreated control cells [72-73]. The
output from the single dose screen is analyzed by the COMPARE program and
compounds which exhibit significant growth inhibition at a single dose of 10 mM
are further evaluated against the 60 cell panel found results are represented in
Table 11.

5170



J. Chil. Chem. Soc., 66, N°2 (2021)

3. RESULT AND DISCUSSION
3.1. Chemistry

The purity of compounds was checked by single-spot TLC using Toluene:
Ethyl acetate: Formic acid (5:4:1) and Benzene: Acetone (9:1) solvent systems
and spots located under iodine vapors/UV light. The structures of the synthesized
compounds were established on the basis of modern analytical techniques; IR,
'H-NMR, BC-NMR, Mass spectral data and elemental analysis. The title
compounds were synthesized in four steps, as outlined in Scheme 1.

In the first step, the starting material, 4-(1H-benzo[d]imidazol-2-yl)-4-
oxobutanoic acid (1), was synthesized by reacting o-phenylenediamine with a-
ketoglutaric acid in presence of 4NHCI. It gave effervescence with sodium
bicarbonate solution and showed sharp melting point. It was further identified on
the basis of IR, *H-NMR, **C-NMRand massspectral data. The IR spectra of the
compound showed peaks at 3394 and 3326¢cm*for O-H and N-H, respectively.
In *H-NMR spectra, there appeared a singlet at § 12.97 indicative of ring O-H
and another singlet at 6 12.34 for N-H, both disappeared by the addition ofD,0
as confirmation for these groups. The appeared peak in IR spectra at around1728
and 1600cm™* accounted for C=0 and C=N. The chemical shift in *C-NMR
spectraat 6 175.5 and 159.6 could be accounted for C=0 and C=N. The *H-NMR
spectra indicated the two triplets at around ¢ 3.05 (J = 6.9Hz) and 2.76 (J =
6.9Hz) and in *C-NMR appeared peak at 631.36 and 34.23 could be accounted
for CH, and CH,CO, respectively. The presence of two doublet, one triplet in *H-
NMR spectra at around ¢ 7.6 (J = 7.5Hz), 7.4 (J = 7.2Hz) and 7.2 (J = 8.7Hz)
indicative of benzimidazole hydrogen and **C-NMR appeared peaks at 6138.27,
132.21,130.19, 128.57, 124.65, and 123.64 indicated benzimidazole carbon. The
mass spectrum exhibited molecular ion peak at m/z 218 according to their
molecular formula C11H1oN2Os.

In second step, compound 1 was treated with hydrazine hydrate through an
ester intermediate (2) to furnish  4-(1H-benzo[d]imidazol-2-yl)-4-
oxobutanehydrazide (3). It showed different TLC spot, R¢ value and melting
point while comparing with starting compound 1.1t did not react with sodium
bicarbonate solution. The IR spectra of compound 3 showed characteristic band
at 3494 and 3359cm™ due to N-H, and N-H group. In'H-NMR spectra, there
appeared a singlet at 6 11.5 indicative of ring N-H, singlet at 6 10.7 for hydrazide
N-H and another broad singlet at 6 9.0 for NH, group, three disappeared by
addition of D,0O as confirmation for these groups. The appeared peak in IR
spectraat around 1691 and 1643cm™ accounted for C=0 and C=N. The chemical
shift in *C-NMR spectra at §179.1 and 156.3 could be accounted for C=0 and
C=N. The compound showed two triplets at appropriate signals and chemical
shifts in *H-NMR spectra at around § 3.0 (J= 7.5 Hz) and 2.5 (J= 7.8 Hz) and
13C-NMR spectra showed at around §30.1 and 22.2 which could be accounted for
two methylene groups (-CH,-CH.-) forming a linker chain through which
benzimidazole ring attached with hydrazide. The presence of two doublet and
one triplet at around 6 7.6 (J=7.8Hz), 7.5 (J=7.2Hz) and 7.2 (J=7.5Hz) indicative
of benzimidazole hydrogen. The mass spectrum exhibited molecular ion peak at
m/z 232 according to their molecular formula C1;H12N4O,. In third step, different
types of acids were reacted with compound 3to get 1-(1H-benzo[d]imidazol-2-
yl)-3-(5-(chloromethyl)-1,3,4-oxadiazol-2-yl) propan-1-one (4). In fourth step
the compound 4was further treated with different types of secondary amines in
presence of sodium acetate to furnish new 1-(1H-benzo[d]imidazol-2-yl)-3-(5-
(methyl substituted)-1,3,4-oxadiazol-2-yl)propan-1-one (4a-1).

In general, IR spectra of the compounds showed peaks at 3326 cm* for N-H.
In *H-NMR spectra, there appeared a singlet at around 6 12.3 indicative of ring
N-H and it disappeared by addition of D,O as confirmation for this group. The
appeared peak in IR spectra at around 1724 and 1660cm™* accounted for C=0
and C=N group. The chemical shift in *C-NMR spectra at ¢ 173.1 and 154.9
could be accounted for C=0 and C=N group. The characteristic peaks at around
1384 and 1028cm? for N-N=C and C-O-C as indicative the formation of
oxadiazole ring. All the synthetic compounds showed two triplets at appropriate
signals and chemical shifts in *H-NMR spectra at around ¢ 2.8 (J= 6.9Hz), 3.2
(J=7.2Hz) and *C-NMR spectra showed at around ¢ 30.2 and 27.9 which could
be accounted for two methylene group (-CH,-CH,-) forming a linker chain
through which benzimidazole attached with oxadiazole ring made up the
complete back bone of all the synthetic compounds. The presence of two doublet
and one triplet at around 7.6 (J= 7.8Hz), 7.4 (J= 7.5Hz) and 7.2 (J= 7.5Hz)
indicative of benzimidazole hydrogen. The signals in *C-NMR spectra which
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appeared at around ¢ 161.1 and 159.1 could be for oxadiazole carbon ring. Other
peaks were observed at appropriate J values supporting the structure of
compounds. The mass spectra (ESI-MS) showed the presence of peak at definite
m/z value in accordance to the molecular ion peak.

3.2. In-silico data prediction
3.2.1. Physicochemical properties prediction

Molecular descriptors and drug likeliness properties of compounds were
analyzed by using Molinspiration server based on Lipinski rules of five.
Lipinski’s rule of five is commonly used by pharmaceutical chemists in drug
design and development to predict oral bioavailability of potential lead or drug
molecules. The rule states that most drug-like molecules have logP <=5, molecu-
lar weight <=500 daltons, number of hydrogen bond acceptors <=10 and number
of hydrogen bond donors <=5. Molecules violating more than one of these rules
may have problems with bioavailability. Physicochemical parameters play a vital
role in generation and escalation of bioactivity of chemical entity [33-34].

Molinspirationa web based software was used to acquire parameter such as
Log P, TPSA, drug likeness. LogP (octanol/water partition coefficient), which
are necessary in QSAR studies and rational drug design as a measure of
molecular  hydrophobicity. Hydrophobicity —affects drug absorption,
bioavailability, hydrophobic drug-receptor interactions, metabolism of
molecules, as well as their toxicity. It is calculated by the methodology developed
by Molinspiration as a sum of fragment based contributions and correction
factors used to predict the permeability of molecule across the cell membrane.
Topological polar surface area (TPSA) is a very useful parameter for prediction
of drug transport properties. Polar surface area is defined as a sum of surfaces of
polar atoms (usually oxygen, nitrogen and attached hydrogen) in a molecule. The
absorption percentage (% Ab) was also calculated by using the following
formula: %Ab = 109 - [0:345 x TPSA] (Table 3) [36-40].

The molecular descriptors of synthetic compounds were tested with Lipinski’s
rule of five, interestingly all the ligands have molecular weight in range of 330—
450 (<500). Low molecular weight drug molecules (<500) are easily
transported. Diffuse and absorbed as compared to heavy molecules. Molecular
weight is an important aspect in therapeutic drug action, if it increases
correspondingly it effects the drug action. Number of hydrogen bond donors (NH
and OH) in the tested compounds were found to be within Lipinski limit range
that is less than 5 and number of hydrogen bond acceptors (O and N atoms) were
also found within the limit that is less than 10 except compound 4e, 4f, 4g, 4i, 4k
and 41. Lipophilicity (logP value) and TPSA values are two important properties
for the prediction of oral bioavailability for drug molecules. Topological polar
surface area (TPSA) was calculated and found within the range. O" and N
centered as polar fragment were considered. TPSA has shown to be a very good
descriptor and characterizing drug absorption including intestinal absorption,
bioavailability, Caco-2 permeability and BBB penetration. The highest degree of
lipophilicity was found with the compounds, which are an indication for good
lipid solubility that will help the drug to interact with membranes. TPSA was
calculated from the surface areas that are occupied by oxygen and nitrogen atoms
and hydrogen atoms attached to them. Thus, the TPSA is closely related to
hydrogen bonding potential of a compound. In the present study, all compound
were exhibited 87.92-139.45A value of TPSA, indicates good bioavailability by
oral route except 4e, 4f, 4g and 4l. Good bioavailability is more likely for
compounds with <10 rotatable bonds and TPSA 0f<140 A. As the number of
rotatable bonds increases, the molecule becomes more flexible and more
adaptable for efficient interaction with a particular binding pocket. Interestingly
all compounds have 7-8 rotatable bonds and flexible within the Lipinski limit
[41-44].

The calculated molecular properties of compounds (4a-1) were presented in
Table 3 and 4. The compounds did not violate Lipinski’s rule of five and Ghose
filter, however zero violation was observed for compounds except 4e, 4f, 4g, 4i,
4k and 41 compound (one violation detected). The compounds were showed 0-1
violations and are expected to be orally active. Molecular hydrophobicity or
lipophilicity is indicated by Log P or partition coefficient. Log P values of the
compounds were found to be less than 5 and are in not violation of Lipinski’s
rule of five and Ghose filter, suggesting good permeability across cell membrane.
Molecular weight of compounds were found to be less than 500 and thus these
molecules are anticipated to be easily transported, diffused and absorbed in
compare to large molecules. Numbers of hydrogen bond donors (NH and OH) in



the synthetic compounds were found in accordance with Lipinski’s rule of five
that is less than 5. TPSA of compound was observed in the range of 87.92—
139.45A and that is below the limit of 160A. The percentages of absorption for
the compounds calculated from TPSA were found in the range 51.38-78.67 and
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indicated good oral bioavailability (Table 3). The molar refractivity of
compounds was found in the range 93.94-107.09 except compound 4b (134.53)
that is obeyed Ghose filter (Table 4).

Table 3: Lipinski’s rule of five predicted physicochemical properties of compounds (4a-l).

Compd. % Abs miLog P o/w | TPSA (A% n atoms MW n-ON n-OHNH n-violation | n-rotb MV
RO5 <5 <500 <10 <5 <1
4a 78.67 0.74 87.92 24 327.39 7 1 0 8 302.43
4b 78.67 3.39 87.92 32 423.48 7 1 0 8 378.52
4c 73.40 -0.36 103.18 27 369.43 9 2 0 7 333.81
4d 62.15 0.31 135.78 31 416.40 10 2 0 7 346.64
4e 56.70 -1.42 151.57 28 381.35 11 3 1 7 315.05
4f 51.38 -0.29 166.34 30 404.39 12 4 1 7 33491
49 53.70 -1.25 160.28 30 405.38 12 3 1 7 331.74
4h 65.04 -1.13 127.42 25 338.33 10 2 0 7 283.78
4i 60.88 -1.37 139.45 26 353.35 11 3 1 8 296.19
4j 69.48 -0.60 114.53 25 337.34 9 2 0 7 287.94
4k 58.59 -0.01 146.11 29 397.39 11 3 1 7 337.82
4 54.62 -1.04 157.62 28 380.37 11 4 1 7 318.21

%ADbs: Percentage of absorption, TPSA: Topological polar surface area, n atoms: Number of atoms, n-rotb: Number of rotatable bonds, MW: Molecular weight,
MV: Molecular volume, miLogP: Logarithm of partition coefficient between n-octanol and water, n-OHNH: Number of hydrogen bond donors, n-ON: Number of

hydrogen bond acceptors, n violations: Number of “Rule-of-five ” violation, ROS5:

Table 4: Ghose filter predicted drug likeness properties of compounds (4a-l).

Rule of five.

Compd. logP Molar Refractivity Molecular Weight Number of atoms Polar Surface Area Color Indication
Ghose filter -0.4-5.6 40-130 160-480 20-70 <140 Green
4a 1.883 93.94 306 24 66.62 Green
4b 3431 134.53 402 32 66.62 Pink
4c 0.606 104.71 346 27 69.86 Green
4d 1.506 116.21 400 31 100.76 Green
4e 1.227 98.73 366 28 100.76 Green
4f -0.576 108.15 388 30 103.7 Green
49 0.806 107.09 390 30 108.41 Green
4h 1.038 91.77 324 25 91.34 Green
4i 1.362 95.07 338 26 91.34 Green
4j 0.673 93.25 322 25 78.98 Green
4k 1.235 103.31 378 29 100.76 Green
41 0.722 99.79 364 28 96.05 Green

3.2.2. The score of bioactivity

The compounds were also checked for bioactivity by calculating activity score
for different target such as GPCR (G-protein coupled receptor) ligand, ion
channel modulator, kinase inhibitor, nuclear receptor ligand [29, 45-46]. The
compounds were showed good GPCR ligand affinity and compound 4c, 4f and
4k showed excellent GPCR ligand affinity. Compounds were also showed good
enzyme inhibitor and compound 4d, 4f, 4h, 4j and 4l were found excellent
enzyme inhibitor activity. Compounds 4k and 4l showed good protease
inhibition and compounds 4f showed better kinase inhibitor. The obtained result
indicate that compound 4f has better Enzyme inhibitor >GPCR ligand >Kinase
inhibitor >Protease inhibitor >lon channel modulator> Nuclear receptor ligand

and compound 4k are found better ligand for GPCR ligand >Protease
inhibitor>enzyme inhibitor> lon channel modulator>Kinase inhibitor > Nuclear
receptor ligand. Compound 4v is also shown better ligand for enzyme inhibition
and GPCR ligand as per in-silico data prediction (Enzyme inhibitor >GPCR
ligand >Kinase inhibitor >Protease inhibitor >lon channel modulator> Nuclear
receptor ligand). A molecule having bioactivity score more than 0.00 is most
likely to exhibit considerable biological activities, while values -0.50 to 0.00 are
expected to be moderately active and if score is less than -0.50 it is presumed to
be inactive [45-48]. The most promising compounds as per the bioactivity scores
were identified such as 3iii, 4iii and 4v which are predicted to act by more than
three mechanisms (Table 5).
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Table 5: Predicted bioactivity score of compounds (4a-l).

Compd. 3D Structure QPCR lon channel . Ki_na_tse Nuclegr _Prqte_ase .En_zy_me

ligand modulator inhibitor receptor ligand inhibitor inhibitor
4a \l/r 0.15 -0.12 -0.16 -0.51 0.04 0.12
4b | 0.13 -0.05 -0.05 -0.14 0.03 0.18
4c \Iap 0.25 -0.10 -0.02 -0.55 0.08 0.10
4d \_SP& 0.06 -0.29 -0.12 -0.56 -0.02 0.22
4e ¢ -0.01 -0.42 -0.34 -0.73 -0.06 0.1
4f \?‘?&‘ 0.29 -0.12 0.26 -0.95 -0.00 0.48
49 w 0.08 -0.48 -0.20 -1.10 -0.30 0.14
4h \Q/ 0.08 -0.28 -0.13 -0.65 0.01 0.24

: v

4i M 0.07 -0.19 -0.16 -0.56 0.02 0.22
4j w 0.17 -0.20 0.01 -0.61 -0.00 0.45
4k W 0.27 -0.10 -0.27 -0.55 0.21 0.14
41 3 S 0.12 -0.38 -0.00 -0.88 0.11 0.30

GPCR= G-protein coupled receptor, >0- active, -5.0-0.0- moderately active, < -5.0- inactive.
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3.2.3. Osiris property explorer

Osiris property explorer was used to determine pharmacokinetic parameters
such as toxicity potential, solubility, overall drug-likeness and drug score of
compounds (www.organicchemistry. org/prog/peo/). The results of virtual
screening are valued and color coded either green/red/ yellow for properties such
as effect on mutagenicity, reproductive system, irritant effect and tumorigenicity.
Properties shown in red color indicate high risks of undesired effects while a
green color showed drug conform behavior, compatibility and safety in-vivo
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[52-53]. This program predicts on the basis of functional group similarity of
investigated compound with the extensively in-vitro and in-vivo studied
compounds present in its database. The results clearly indicated that all
compounds showed green color except 4a (yellow color for Irritant effect) would
be safe and expected to show no toxicity regarding tumorigenicity, mutagenicity,
irritant effect and effect on reproductive system. Results of toxicity risks, drug
likeness score and drug score of compounds were presented in Table 6.

Table 6: Osiris property explorer toxicity and drug-relevant properties of compounds (4a-1).

Compd. Toxicity Drug-relevant properties
Tumorigenic Rep;?f(iléftive Ig_gz?t Mutagenicity cLogP Solubility Iiigﬁgés Schur?e
4a Green Green Yellowish red Green 131 -1.47 5.41 0.55
4b Green Green Green Green 2.85 -4.73 1.18 0.56
4c Green Green Green Green -0.85 -0.53 6.87 0.91
4d Green Green Green Green 0.24 -2.69 0.54 0.67
4e Green Green Green Green -1.58 -2.04 2.85 0.86
4f Green Green Green Green 0.03 -5.47 -0.7 0.4
4q Green Green Green Green -1.41 -2.36 5.13 0.85
4h Green Green Green Green 0.26 -2.7 3.68 0.88
4i Green Green Green Green -0.15 -2.89 3.68 0.86
4j Green Green Green Green 0.2 -3.63 3.85 0.83
4K Green Green Green Green -1.04 -1.98 5.97 0.86
41 Green Green Green Green -2.07 -2.18 -0.87 0.57

Green color indicates no risk or low risk, yellow color medium risk and red color high toxicity risk.

3.2.4. ADME and Toxicity prediction

PreADMET server was used for prediction of ADME (Absorption,
Distribution, Metabolism and Excretion) and toxicity profile of compounds. Oral
dosing is quiet most prefer route for drug administration and therefore to get
optimum therapeutic efficacy, intestinal absorption of drug is the first criteria to
be considered. Lipinski’s rule of five identified some critical property continued
indeed the general requirement for absorption of drug molecule. LogP, TPSA,
MW, nON, nOHNH, nviolation, nrotb and MV data revealed that compounds
retain drugs like property and fulfilling the rule of five and to exhibit optimum
absorption and bioavailability [61-63]. For accurate and effective prediction of
intestinal absorption, several in-vitro methods have been developed. Among
them, the most popular cell based model for intestinal permeability is Caco-2 cell
system [39]. P-glycoprotein (P-gp) activity in the apical cell membrane may limit
the bioavailability of drug molecule [74].

3.2.5. ADME/T Properties Prediction

HIA (Human intestinal absorption), BBB (Blood-brain barrier) penetration,
Caco-2 cell permeability and Ames test were calculated by Pre ADMET server
[37, 39, 63]. The result from Pre ADMET server revealed that the compound 4a,
4b and 4d shown better human intestinal absorption (HIA) score. More HIA
values indicate that the compound could be better absorbed from the intestinal
tract upon oral administration. AMES toxicity test was used to identify that a
compound is mutagenic or not. The tested compound displayed negative AMES
toxicity test, which means that maximum ligands showed negative [75-76]. It is
apparent that from the toxicity prediction study that the designed compound
predicted negative test for carcinogenicity (Mouse) and to be carcinogenic (in
Rat) and outcomes results are presented in Table 7.
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Table 7: Toxicity prediction by Pre ADMET tool of compounds (4a-l).

Compd.

Toxicity prediction

Name of Test

Values of Test

4a

Ames test

Ames TAL00 (+59)

Ames TAL00 (-S9)

Ames TA1535 (+59)

Ames TAL535 (-S9)

+ |

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+

b

Ames test

Ames TAL00 (+59)

Ames TAL00 (-S9)

Ames TA1535 (+59)

Ames TA1535 (-S9)

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

4c

Ames test

Ames TAL00 (+S9)

Ames TAL00 (-S9)

Ames TA1535 (+59)

Ames TAL535 (-S9)

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

4d

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+ |+ |+

Ames TA1535 (+S9)

Ames TA1535 (-S9)

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+ |

4e

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+ |

Ames TA1535 (+S9)

Ames TA1535 (-S9)

+ [

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+ [

4f

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+

Ames TA1535 (+S9)

Ames TA1535 (-S9)

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+ |

49

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+ |

Ames TA1535 (+S9)

Ames TA1535 (-S9)

+ |

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

4h

Ames test

Ames TA100 (+S9)

+ [+ |+

Ames TA100 (-S9)

Ames TA1535 (+S9)

Ames TA1535 (-S9)

+ |

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

4i

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+ |+ |+

Ames TA1535 (+S9)

Ames TA1535 (-S9)

+ |

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+ |

4j

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

+ [

Ames TA1535 (+S9)

Ames TA1535 (-S9)

+ |

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)

+

4k

Ames test

Ames TA100 (+S9)

Ames TA100 (-S9)

Ames TA1535 (+S9)

Ames TA1535 (-S9)

Carcinogenicity

Carcinogenicity (Mouse)

Carcinogenicity (Rat)
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41 Ames test Ames TA100 (+S9) +
Ames TA100 (-S9) +

Ames TA1535 (+S9) -

Ames TA1535 (-S9) +

Carcinogenicity Carcinogenicity (Mouse) -

Carcinogenicity (Rat) +

-: Negative; +: Positive

These constraints have been shown to associate very well with the human
intestinal absorption, Caco-2 mono layers permeability and blood-brain barrier
penetration. The compound which has less polar chemical structure was
predicted to cross BBB and getting data is presented in Table 8. Molecular polar
surface area (MPSA\) is calculated based on the methodology published by Ertl
[34] as a sum of fragment based contributions in which O and N'centered polar
fragments are to be measured and calculated by surface areas that employed by

Table 8: ADME/T prediction by Pre ADMET server of compounds (4a-l).

oxygen, nitrogen and active hydrogen atoms attached to them. Molecular volume
(MV) governs the transport characteristics of molecules, such as intestinal
absorption or blood brain barrier penetration. Molecular volume is therefore
often used in QSAR studies to model molecular properties and biological
activity. Method for the calculation of molecular volume developed at
Molinspiration is based on group contributions. Number of rotatable bonds
(nrotb) is a simple topological parameter that measures molecular flexibility..

Compd. Toxicity prediction Name of Test Values of Test
4a Absorption HIA, % (Human intestinal absorption) 92.215603
Caco-2 cell permeability in nm/sec ( In-vitro) 15.7825
MDCK cell permeability in nm/sec ( In-vitro) 215.717
Skin permeability (logKp) in cm/hour ( In-vitro) -4.11061
Bioavailability Buffer solubility in mg/ml 367.222
Pure water solubility in mg/ml 1247.44
Distribution Plasma protein binding % ( In-vitro) 47.279628
Blood-brain barrier penetration ( In-vivo) 0.0493072
(C. brain/C. blood)
4b Absorption HIA, % (Human intestinal absorption) 95.342099
Caco-2 cell permeability in nm/sec ( In-vitro) 27.4034
MDCK cell permeability in nm/sec ( In-vitro) 37.0983
Skin permeability (logKp) in cm/hour ( In-vitro) -2.86615
Bioavailability Buffer solubility in mg/ml 4.12198
Pure water solubility in mg/ml 0.389741
Distribution Plasma protein binding % ( In-vitro) 95.889629
Blood-brain barrier penetration ( In-vivo) 0.207344
(C. brain/C. blood)
4c Absorption HIA, % (Human intestinal absorption) 88.872345
Caco-2 cell permeability in nm/sec ( In-vitro) 7.42263
MDCK cell permeability in nm/sec ( In-vitro) 2.63357
Skin permeability (logKp) in cm/hour ( In-vitro) -4.98237
Bioavailability Buffer solubility in mg/ml 1267.96
Pure water solubility in mg/ml 1661.14
Distribution Plasma protein binding % ( In-vitro) 28.649417
Blood-brain barrier penetration ( In-vivo) 0.0584475
(C. brain/C. blood)
4d Absorption HIA, % (Human intestinal absorption) 91.308684
Caco-2 cell permeability in nm/sec ( In-vitro) 1.13618
MDCK cell permeability in nm/sec ( In-vitro) 2.52908
Skin permeability (logKp) in cm/hour ( In-vitro) -4.95527
Bioavailability Buffer solubility in mg/ml 3.02145
Pure water solubility in mg/ml 0.346366
Distribution Plasma protein binding % ( In-vitro) 80.038452
Blood-brain barrier penetration ( In-vivo) 0.0465817
(C. brain/C. blood)
de Absorption HIA, % (Human intestinal absorption) 75.207209
Caco-2 cell permeability in nm/sec ( In-vitro) 1.70306
MDCK cell permeability in nm/sec ( In-vitro) 0.833755
Skin permeability (logKp) in cm/hour ( In-vitro) -5.12146
Bioavailability Buffer solubility in mg/ml 185.214
Pure water solubility in mg/ml 154.972
Distribution Plasma protein binding % ( In-vitro) 54.013105
Blood-brain barrier penetration ( In-vivo) 0.0420603
(C. brain/C. blood)
4f Absorption HIA, % (Human intestinal absorption) 83.700104
Caco-2 cell permeability in nm/sec ( In-vitro) 1.7489
MDCK cell permeability in nm/sec ( In-vitro) 0.687794
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Skin permeability (logKp) in cm/hour ( In-vitro) -5.1046
Bioavailability Buffer solubility in mg/ml 28.2703
Pure water solubility in mg/ml 4.12212
Distribution Plasma protein binding % ( In-vitro) 60.886301
Blood-brain barrier penetration ( In-vivo) 0.0549292
(C. brain/C. blood)
49 Absorption HIA, % (Human intestinal absorption) 73.189010
Caco-2 cell permeability in nm/sec ( In-vitro) 0.943094
MDCK cell permeability in nm/sec ( In-vitro) 0.457272
Skin permeability (logKp) in cm/hour ( In-vitro) -5.22165
Bioavailability Buffer solubility in mg/ml 10.4568
Pure water solubility in mg/ml 41.8636
Distribution Plasma protein binding % ( In-vitro) 43.962351
Blood-brain barrier penetration ( In-vivo) 0.0358059
(C. brain/C. blood)
4h Absorption HIA, % (Human intestinal absorption) 85.778193
Caco-2 cell permeability in nm/sec ( In-vitro) 0.502463
MDCK cell permeability in nm/sec ( In-vitro) 2.52258
Skin permeability (logKp) in cm/hour ( In-vitro) -5.0398
Bioavailability Buffer solubility in mg/ml 163.365
Pure water solubility in mg/ml 328.207
Distribution Plasma protein binding % ( In-vitro) 60.687062
Blood-brain barrier penetration ( In-vivo) 0.0421355
(C. brain/C. blood)
4i Absorption HIA, % (Human intestinal absorption) 77.584349
Caco-2 cell permeability in nm/sec ( In-vitro) 0.51027
MDCK cell permeability in nm/sec ( In-vitro) 1.46159
Skin permeability (logKp) in cm/hour ( In-vitro) -5.06709
Bioavailability Buffer solubility in mg/ml 0.0007629
Pure water solubility in mg/ml 1011.94
Distribution Plasma protein binding % ( In-vitro) 51.762693
Blood-brain barrier penetration ( In-vivo) 0.0296899
(C. brain/C. blood)
4j Absorption HIA, % (Human intestinal absorption) 88.249693
Caco-2 cell permeability in nm/sec ( In-vitro) 0.797294
MDCK cell permeability in nm/sec ( In-vitro) 4.73256
Skin permeability (logKp) in cm/hour ( In-vitro) -4.99595
Bioavailability Buffer solubility in mg/ml 106.264
Pure water solubility in mg/ml 431.279
Distribution Plasma protein binding % ( In-vitro) 65.290656
Blood-brain barrier penetration ( In-vivo) 0.0466395
(C. brain/C. blood)
4k Absorption HIA, % (Human intestinal absorption) 76.683939
Caco-2 cell permeability in nm/sec ( In-vitro) 2.3402
MDCK cell permeability in nm/sec ( In-vitro) 1.91347
Skin permeability (logKp) in cm/hour ( In-vitro) -5.0762
Bioavailability Buffer solubility in mg/ml 346.266
Pure water solubility in mg/ml 98.2177
Distribution Plasma protein binding % ( In-vitro) 57.895070
Blood-brain barrier penetration ( In-vivo) 0.0395919
(C. brain/C. blood)
4 Absorption HIA, % (Human intestinal absorption) 75.297321
Caco-2 cell permeability in nm/sec ( In-vitro) 2.83561
MDCK cell permeability in nm/sec ( In-vitro) 0.581086
Skin permeability (logKp) in cm/hour ( In-vitro) -5.1312
Bioavailability Buffer solubility in mg/ml 435.553
Pure water solubility in mg/ml 63.5098
Distribution Plasma protein binding % ( In-vitro) 38.872860
Blood-brain barrier penetration ( In-vivo) 0.0627287
(C. brain/C. blood)

BBB indicates compounds can cross blood brain barrier, HIA indicates compounds can absorb through intestine; Caco-2 indicates compounds can cross Caco-2
cell.
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3.2.6. Acute toxicity prediction by T.E.S.T. server (US-EPA)

T.E.S.T software (version 4.2.1) was used for the prediction of toxicity through
molecular features of synthetic compounds as a descriptor for the quantitative
structure—activity relationship studies. These molecular features are very
important for predicting of QSAR of harmful substances. The acute toxicity such
as oral lethal dose for 50% of test rats (LD50) and mutagenicity of compounds
(4a, 4b, 4c, 4i, 4k and 41) were evaluated by T.E.S.T. software program through

J. Chil. Chem. Soc., 66, N°2 (2021)

a types of method such as Consensus, Hierarchical clustering, FDA and nearest
neighbor method. The predicted value of oral rat LD50 was found in the range
of 2.30-2.82 (-Logl0 (mol/kg) by consensus method, 1.98-2.74 (-Logl0
(mol/kg) by FDA method and 2.25-2.90 (-Logio (mol/kg) by Nearest neighbor
method of compounds. The Mutagenicity value of the compounds was found in
the range 0.30-0.67 by Consensus method, 0.29-0.64 by Hierarchical clustering
Method, 0.28-1.03 by FDA method and 0.00-0.67 by Nearest neighbor method
and other toxicity results are presented in Table 9.

Table 9: T.E.S.T. software (US-EPA) results of predicted toxicities of compounds (4a-c, 4i & 4k-I).

Methods Toxicity parameters Toxicity results of compound
4a 4b 4c 4i 4k 4
Consensus Oral rat LD50
“Log10(mol/kg) 2.69 2.59 2.82 2.31 2.30 2.49
Mutagenicity value 0.67 0.33 0.55 0.59 0.62 0.30
Bioaccumulation
factor Log10 1.49 112 -0.17 0.15 -0.08 -1.02
Developmental 048 0.66 0.85 161 0.67 0.85
Toxicity value
Hierarchical clustering Oral rat LD50 261 N/A 3.30 N/A 261 N/A
-Log10(mol/kg)
Mutagenicity value 0.64 0.52 0.49 N/A 0.29 0.29
Bioaccumulation 052 1.03 0.03 -0.43 -0.84 -0.94
factor Logl10
Developmental 0.47 0.59 0.56 0.60 0.78 0.96
Toxicity value
FDA Oral rat LD50
-Log10(mol/kg) 2.74 2.31 2.65 2.38 1.98 2.08
Mutagenicity value 1.03 0.46 0.48 0.52 0.90 0.28
Bioaccumulation
factor Log10 3.55 1.46 N/A 0.13 0.74 N/A
Developmental
Toxicity value 0.37 0.46 1.16 0.26 0.30 0.69
Nearest neighbor Oral rat LD50
“Log10(mol/kg) 2.73 2.87 2.53 2.25 2.31 2.90
Mutagenicity value 0.33 0.00 0.67 0.67 0.67 0.33
Bioaccumulation NIA 0.80 N/A 161 103 N/A
factor Log10
Developmental N/A 1.00 N/A N/A N/A N/A
Toxicity value

3.2.7. Metabolism prediction

The metabolic phase 1 of compound was predicted by Pre ADMET server by
setting the strictness of fingerprint matching in default and selecting all models.
The most important parameter is cytochrome P450 (CYP 450) which is known
as isozymes group and it is involved in metabolism of drugs, fatty acids, steroids,
bile acids and carcinogens etc. Some of the cytochrome P450 isoforms could be
inhibited by one or more of the tested compounds. Cytochrome P450 enzymes
are important enzymes for drug metabolism. Cytochrome P450 enzymes are a
family of heme proteins involved in the metabolism of frequent phar-

macologically active compounds and can cause drug to drug interactions with
co-administered drugs as well as unwanted adverse side effects [66, 77]. In-silico
data indicate that the entire designed compounds are substrate for CYP 450 3A4
except compound 4l (non substrate). All compounds are found non-substrate for
CYP 450 2D6 except compound 4a (substrate) and non inhibitor for CYP 450
2D6 but remarkably compounds 4h, 4i and 4j are inhibitor of CYP 450 2C19,
CYP 450 2C9 and CYP 450 3A4 and substrate for CYP 450 3A4 (Table 10).

Table 10: Cytochrome P450 enzymes and P-glycoprotein inhibition of compounds (4a-l).

CYP 450 CYP 450 CYP 450 CYP 450 CYP 450 CYP 450
Compd. 2C19 2C9 2D6 2D6 3A4 3A4 P-gp inhibitor

Inhibition Inhibition Inhibition Substrate Inhibition Substrate
4a Non Inhibitor Non Inhibitor Non Inhibitor Substrate Non Inhibitor Substrate Non Inhibitor
4b Non Inhibitor Non Inhibitor Non Inhibitor Non Substrate Non Inhibitor Weakly Substrate | Non Inhibitor
4c Non Inhibitor Non Inhibitor Non Inhibitor Substrate Non Inhibitor Substrate Non Inhibitor
4d Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
de Non Inhibitor Inhibitor Non Inhibitor Non Substrate Non Inhibitor Weakly Substrate | Non Inhibitor
4f Non Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
49 Non Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
4h Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
4i Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
4j Inhibitor Inhibitor Non Inhibitor Non Substrate Inhibitor Substrate Non Inhibitor
4k Non Inhibitor Inhibitor Non Inhibitor Non Substrate Non Inhibitor Substrate Non Inhibitor
41 Non Inhibitor Inhibitor Non Inhibitor Non Substrate Non Inhibitor Non Substrate Non Inhibitor

CYP 450; Cytochrome P450 enzyme, P-gp = P-glycoprotein.
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3.2.8. Drug likeness and Violation Prediction for Synthetic Compounds

Several drug-like rules that defined drug-like characteristics of chemical such
as Lipinski’s rule, Ghose filter, Lead-like rule, CMC, WDI and MDDR. Pre
ADMET server contains drug-likeness prediction module based on these
different rules. But the well-known rule for the prediction of drug likeness of
newly designed molecules is Lipinski’s rule and generally called as rule of five.
Another well-known rule is the Lead-like rule that is starting from a quantitative
survey based upon 18 lead and drug pairs of chemical structure. Ghose

filter outlines drug-likeness limitations as follows: calculated log P is between -
0.4 and 5.6, molecular weight between 160 and 480, molar refractivity between
40 and 130 and total number of atoms between 20 and 70 [37]. The rules have
been developed that discriminates between drug-likeness and nondrug-likeness
of chemical molecules. All the compounds are found drug likeness and suitable
according to MDDR like rule and rule of five respectively. The designed
compounds are also qualified the CMC like rule except compound 4g and 41. The
outcomes results of compounds with different rules are presented in Table 11.

Table 11: Drug likeness/Violation prediction by different rules for compounds (4a-l).

Compd. CMC like Rule Lead like Rule MDDR like Rule Rule of Five WDI like Rule
Rule Violation Rule Violation Rule Violation Rule Violation Rule Violation
4a Qualified 0 Suitable 0 Drug like 0 Suitable 0 Out of 90% cut off 1
4b Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 2
4c Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 1
4d Qualified 0 Violated 1 Drug like 0 Suitable 0 Out of 90% cut off 0
4e Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 1
Af Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 2
49 Not Qualified 1 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 2
4h Qualified 0 Violated 1 Drug like 0 Suitable 0 Out of 90% cut off 1
4i Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 1
4j Qualified 0 Violated 1 Drug like 0 Suitable 0 Out of 90% cut off 1
4k Qualified 0 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 1
4 Not Qualified 1 Violated 2 Drug like 0 Suitable 0 Out of 90% cut off 1

3.3. Pharmacological evaluation

All the selected compounds were submitted to National Cancer Institute (NCI),
USA for evaluating their anticancer activity at the dose 1x10°M against full NCI
60 cell lines panels representing full nine human systems as leukemia, melanoma
and cancers of lung, colon, brain, breast, ovary, kidney and prostate. The
compounds added at a concentration (1x10°M) and the culture incubated for 48 h.
End point determinations was made with a protein binding dye, Sulforhodamine B.

Results of each compound were reported as a mean graph of percent growth of
treated cells. There after obtaining the results for one dose assay, analysis of
historical Developmental Therapeutics Program (DTP) was performed and
compound 4b (NCS: 759210), 4k (NCS: 761982) and 41 (NCS: 761983) satisfied
pre-determined threshold inhibition criteria and obtained result are mentioned in
Table 12.

Table 12: % Growth inhibition of NCI 60 cancer cell line against the test compounds.

Panel Compd.— 4a 4b 4c 4d 4e 4f 4g 4h 4j 4k 41
Cell line NSC: NSC: NSC: NSC: NSC: NSC: NSC: NSC: NSC: NSC: NSC:
759209 759210 759211 760445 759212 755140 755141 755142 755143 761982 761983
Leukemia CCRF-CEM | 87.72* 77.62* 93.40 96.83 95.27 104.99 28.46** | 96.41 101.30 100.43 Nt
HL-60(TB) | 90.80 84.07* 78.35* 99.19 85.05* 110.13 90.58 108.40 105.83 89.62 80.52*
K-562 82.19* 76.34* 81.71* Nt 95.36 112.13 94.23 104.19 101.20 90.58 79.77*
MOLT-4 73.39* 55.75** | 78.41* 102.58 84.81* 96.25 75.29* 92.39 92.80 82.75 8.54**
RPMI-8226 76.16* 70.66* 92.97 105.47 100.21 109.99 57.38** | 107.56 117.33 95.43 73.07*
SR Nt Nt Nt Nt Nt 91.40 82.26* 82.01* 87.70* Nt 14.94**
Non-Small AB549/ATCC | 92.62 94.74 102.78 104.19 115.06 104.25 98.46 105.31 103.34 78.87 63.75**
Cell Lung | EKVX 64.27** | 63.40** | 85.15* 67.58** | 132.66 106.15 103.83 115.97 99.24 45.11** | 84.06*
Cancer HOP-62 94.14 89.13* 97.14 106.06 102.07 111.22 101.38 103.37 102.09 82.28 82.02*
HOP-92 61.48** | 60.61** | 70.86* Nt 98.17 Nt Nt Nt Nt Nt 66.09**
NCI-H226 104.08 106.51 103.80 89.72* 109.36 101.91 103.65 101.32 115.21 46.79** | 73.72*
NCI-H23 86.47* 85.13* 98.60 97.36 95.41 101.45 95.77 101.85 101.88 68.28** | 74.48*
NCI-H322M | 90.00 84.41* 87.65* 103.84 102.21 101.46 110.89 114.68 92.89 63.12** | Nt
NCI-H460 102.09 99.59 108.45 104.64 112.99 115.88 110.10 108.30 115.69 90.73 34.60**
NCI-H522 79.43* 73.95** | 90.77 108.07 98.86 101.36 86.25* 95.52 98.40 87.29 84.17*
Colon Cancer | COLO 205 105.45 101.62 102.35 Nt 102.60 113.69 112,51 124.25 119.33 132.71 103.12
HCC-2998 119.43 90.34 137.83 113.38 102.03 107.23 104.56 111.83 107.62 127.87 79.80*
HCT-116 82.17* 73.63* 97.63 102.52 98.03 121.84 107.74 110.74 105.50 93.75 63.80**
HCT-15 107.30 97.41 99.24 104.54 100.31 99.55 106.85 101.90 100.24 34.71** | 89.25*
HT29 92.87 93.43 99.89 106.40 109.17 Nt Nt Nt Nt 91.57 89.51*
KM12 96.72 99.77 104.25 106.41 105.69 117.54 104.42 113.71 111.44 95.02** | 84.39*
SW-620 108.38 103.19 110.30 102.17 107.04 109.14 103.13 113.16 108.71 71.07 83.48*
CNS Cancer SF-268 107.94 93.57 100.85 102.29 109.10 117.80 104.36 105.04 111.14 63.37** | 95.85
SF-295 100.52 95.65 105.07 102.41 115.69 109.89 125.48 102.92 111.23 78.53 79.75*
SF-539 98.84 97.47 116.23 99.26 102.22 98.83 92.56 103.33 100.30 115.22 86.76*
SNB-19 101.14 92.67 100.83 102.15 101.33 100.20 92.95 110.96 108.21 66.82 90.97
SNB-75 92.63 86.92* 84.59* 71.91* 101.49 89.77* 96.08 99.11 97.88 132.99 67.51**
U251 90.92 94.87 105.84 96.08 106.75 102.56 99.39 103.41 109.90 83.35 85.55*
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Melanoma | LOX IMVI 92.90 80.32* | 95.97 94.67 101.05 88.61* | 67.52** | 94.44 90.45 64.41** | 53.93**
MALME-3M 99.90 94.26 98.34 11233 | 94.16 93.56 96.33 92.00 77.82* 52.15** | 90.91
M14 102.96 101.96 98.03 106.02 98.95 129.33 100.58 111.16 104.85 116.65 89.84*
MDA-MB-435 101.82 94.32 105.00 102.36 108.82 111.61 76.71* 102.72 111.29 14579 | 91.89
SK-MEL-2 96.82 88.65 104.28 103.41 108.88 Nt Nt Nt Nt 74.78 100.33
SK-MEL-28 108.42 112.03 110.50 106.45 107.74 112.86 105.02 105.40 116.12 59.14 104.24
SK-MEL-5 100.49 99.41 105.38 96.70 107.42 104.97 99.75 105.41 104.12 86.78 68.87*
UACC-257 101.31 103.00 111.69 104.28 111.48 109.21 113.54 111.94 113.59 18.60** | 101.20
UACC-62 76.58* 69.38.* | 89.91* 97.24 100.64 105.18 78.94* 97.94 91.04 58.95** | 66.22**
Ovarian IGROV1 82.61* | 74.58* | 90.46 91.31 99.70 104.33 123.92 117.72 105.89 52.18** | 65.32**
Cancer OVCAR-3 106.45 | 95.04 117.74 102.05 117.54 124.13 121.00 122.41 117.84 114.80 101.59
OVCAR-4 94.07 82.93* 104.50 104.98 104.43 104.79 100.38 110.84 106.52 86.20 Nt
OVCAR-5 103.08 107.85 111.87 110.86 105.71 92.23 88.73* 106.54 102.86 Nt 97.97
OVCAR-8 93.64 88.35* | 101.42 101.60 108.05 110.39 105.39 106.87 104.73 78.97 88.49
NCI/ADR-RES 92.55 91.44 110.54 105.98 103.53 98.58 97.04 105.29 99.80 9.30** 86.11
SK-OV-3 100.21 96.16 97.57 102.98 104.86 113.63 114.42 116.12 107.81 107.95 | 98.72
Renal 786-0 101.54 100.14 105.07 108.02 103.46 101.93 81.10* 103.76 105.16 71.26 97.21
Cancer A498 103.39 80.48* 105.86 105.83 101.91 99.94 93.24 96.03 100.86 88.46 61.74**
ACHN 103.03 108.21 | 89.77* | 101.30 100.41 105.35 100.72 112.71 106.71 38.88** | 87.01*
CAKI-1 81.27* 84.08* 92.93 90.21 106.78 97.21 97.44 101.66 109.82 36.53** | 82.78*
RXF 393 117.10 113.43 125.13 111.73 128.11 115.45 99.90 121.29 123.77 107.83 | 98.48
SN12C 85.50* | 86.86* | 87.25* | 96.08 100.05 94.39 86.84* | 92.60 98.54 69.75** | 87.14*
TK-10 112.01 117.03 121.38 148.14 114.19 109.10 100.05 107.92 109.98 35.89** | 100.43
U0-31 72.01** | 61.32** | 68.81* | 83.60* | 83.36* | 84.84* | 86.26* | 92.36 91.95 55.85** | 44.17**
Prostate PC-3 79.94* | 76.32* | 78.91* | 96.38 92.11 Nt Nt Nt Nt 80.70 77.04*
Cancer DU-145 110.17 103.88 112.54 Nt 113.19 116.71 110.59 108.53 108.35 135.32 98.38
Breast MCF7 84.29* | 76.01* | 84.59* | 82.77* | 92.76 94.33 64.24** | 91.03 105.96 90.56 35.66**
Cancer MDA-MB- 76.05* | 75.32* | 80.26* | 90.35 91.94 111.18 93.85 98.71 89.67* 73.95 87.25*
231/ATCC
HS 578T 95.94 92.26 104.42 Nt 109.68 109.36 100.25 126.78 111.82 89.85 81.30*
BT-549 87.10* 84.83* 103.89 91.65 97.76 116.61 101.02 111.51 113.54 81.14 74.46*
T-47D 79.11* 74.37* 83.93* 88.76 101.25 108.68 81.56* 108.06 102.27 65.66** | 71.58*
MDA-MB-468 104.54 89.05* 118.77 95.51 120.64 112.87 106.20 103.62 108.19 101.54 79.03*
Mean 93.83 88.91 99.18 100.53 103.89 106.04 | 96.09 105.73 104.78 20.03 78.75
Delta 32.35 33.16 30.37 32.95 20.53 21.20 67.63 23.72 26.96 22.01 70.21
Range 57.95 61.28 69.02 80.56 49.30 44.49 97.02 44.77 45.95 51.21 95.70
*good anticancer activity, ** significant active for particular cell line.
CONCLUSION ACKNOWLEDGMENTS

The series of 1-(1H-benzo[d]imidazol-2-yl)-3-(5-(methyl substituted)-1,3,4-
oxadiazol-2-yl) propan-1-one (4a-1) with the secondary amine was synthesized
under microwave irradiation in good yields. FT-IR, *H-NMR, *C-NMR, Mass
Spectroscopy and Elemental analysis were used for the spectral characterization
of synthetic compounds. The compounds were evaluated for their anticancer
activity against full NCI 60 cell lines panel. The screening data obtained from
NCI indicated that the compounds 4b, 4k and 4l exhibited good percentage
growth inhibition against human cancer cell lines. Oral bioavailability, molecular
descriptors, drug likeness properties and bioactivity was estimated as per the
Lipinski rules of five and results outcomes of compounds showed good oral
bioavailability. Drug relevant properties was predicted by OSIRIS property
explorer and results indicates that compounds get good drug score but compound
4a, 4c and 4k get excellent drug likeness and compounds 4c, 4k and 4i get
excellent drug score.

The acute toxicity of compounds was evaluated by T.E.S.T program (US-EPA)
in form of LD50 and mutagenicity. The synthetic compounds were found to have
a high degree of lipophilicity, which designates a good lipid solubility that helps
the drug to interact with membranes. The compounds are found substrate for
CYP 450 3A4 except compound 41 and non substrate for CYP 450 2D6 except
compound 4a and 4c but specially compounds 4h-4j are found inhibitor of CYP
450 2C19, CYP 450 3A4 and CYP 450 2C9. Compound 4c was exhibited higher
drug score, bioactivity score and revealed good drug relevant properties, ADME
and no toxicity profile in compared to other compounds. The most active
compound of the series was found 4c and 4k therefore further studies on this
compound continue in our research laboratory to acquire more information about
SAR and QSAR.
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