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Abstract

Two Schiff base ligands ((benzimidazol-2-phenyl)iminomethyl)phenol (HL1) (1) and 2-(1-H-benzimidazol-2-
yl)phenyl)imino)methyl) naphthol (HL2) (2) were synthesized via condensation of 2-(1H-benzimizadol-2-yl)aniline and
respectively salicylaldehyde or naphtylaldehyde. The synthesis of mixed complexes (3)-(6) was realized by reacting ligands
HL1 (1) and HL2 (2), copper salt (CuCl2.2H20) and respectively one equivalent of 2-mercaptobenzothiazole or 2-
aminobenzothiazole. The ligands as well as the metal complexes have been identified with multiple spectroscopic techniques.
The results data indicate that the copper is linked to ligands via deprotonated phenolic oxygen atom, nitrogen or sulphur atom
of co-ligands and the coordination was realized through the azomethine group. X-ray powder diffraction analysis of
complexes suggests that they posses monoclinic structure for complexes (3) and (4), while complex (5) has orthorhombic
structure and rhombohedral structure for complex (6). The in vitro anticancer activities of the different complexes were
evaluated and the results revealed an important cytotoxicity of complex (6) against lung human cancer A-549 and very good
selectivity with 12.4 values of inhibitory concentration 1C 50. The best result was described with complex (4) and present
high activities on both A-549 and Caco-2 indicating good selectivity on lung human cancer A-549 and moderate selectivity
on colorectal cell line Caco-2 with 10.9 and 15.7 respectively of 1C 50.

Keys words: Copper mixed complex, Schiff base, anticancer evaluation, 2-(1H-Benzimizadol-2-yl) aniline, 2-
aminobenzothiazole, 2-mercaptobenzothiazole

Introduction

Benzimidazole scaffolds is an excellent structure
that displays great physiological and therapeutic
activity. In past years, the study reporting the
influence of systems containing benzimidazole
moiety was considerably increased and incorporated
vast activities including antimicrobial [1,2],
antihelminthic [3], antithrombotic, antiplatelet and
anticoagulant [4], anti-inflammatory [5,6], antiulcer
[7], antifungal and acetylcholinesterase [8],
antiprotozoal and antitubercular [9], antileishmanial
[10], antimycobacterial [11], antiviral [12], anti-HIV
[13] and antitumour [14].

In addition, benzimidazole target was described as
inhibitors of the hepatitis C virus [15], indoleamine
2,3-dioxygenase-1 (IDO1) inhibitors from structure-
based virtual screening to in Vivo pharmacodynamic
activity [16], anti-hypertensive agent [17], Zika Virus

Inhibitors [18], in vitro alpha-glucosidase inhibitory
[19], NOD2 antagonists [20], antiglycation and
antioxidant [21] and antileukemic agents [22].
Surineni G. et al. considered that the benzimidazole
core were used with excellent efficiency for the
treatment  of  tuberculosis  [23].  Recently,
benzimidazole scaffolds were reported as anti-cancer
agents in a diverse review [24,25].

As a consequence, diverse drugs originated from
benzimidazole system have been introduced into the
market ~ cover  albendazole (antimicrobial),
omeprazole (Anti-ulcer), Bendamustine (Anti-tumor),
Enviradine  (Anti-viral),  Candesartan  (Anti-
hypertensive) and Benoxaprofen Analog (Anti-
inflammatory) [26].

On the other hand, benzimidazoles nucleus gained
diverse applications, particularly, they extensively
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used as ligands in the development of the metal
complex. Among, a diverse of benzimidazole
complexes were reviewed and manifested several
significant biological activities covering antibacterial
[27], antifungal [28], antioxidant activity against
DPPH and antidiabetic activity against a-amylase
[29], antiameobic [30], Potent inhibition of protein
tyrosine phosphatases [31] and antimalarial [32].

Furthermore, the Schiff base elaborated from 2-
(1H-benzimizadol-2-yl)aniline and 2-
hydroxysalisaldehyde was recognized as an essential
precursor leading the synthesis of diversely metal
complexes owning therapeutic potential including
antibacterial [33], analgesic and anti-inflammatory
[34], and anticancer [35]. The architecture complex
involving 2-((methyl-benzimidazol-2-phenyl) imino
methyl) phenol have been also a multitude of
applications as chemosensors [36-38].

Moreover, 2-(1H-benzimizadol-2-yl) aniline was
reviewed as important of targeted owning a broad
range of applications in different fields. In particular,
a complex established with 2-hydroxynaphtaldehyde
is well described in medicinal chemistry as anticancer
[39].

In recent years, cancerous disease has been
regarded as one of the public health problems in
many countries, and research in this area has thus
greatly increased. A variety of drugs was introduced
in the market covering Paclitaxel known as Taxol
used to treat a number of cancer including ovarian
cancer, breast cancer, lung cancer, Kaposi sarcoma,
cervical cancer and pancreatic cancer [40]. Docetaxel
(known as Taxotere) is a chemotherapy medication
used against a number of cancers. This includes
breast cancer, head and neck cancer, stomach cancer,
prostate cancer and non-small-cell lung cancer [41].
Bevacizumab, (Avastin) is a drug employed against
colon cancer, lung cancer, glioblastoma, and renal-
cell carcinoma [42].

In continuation to develop and discover a novel
molecular architecture possessing biological activities
[43-48], we report the synthesis and anti-cancer
evaluation of new mixed metal copper complexes
derived from 2-aminomethylbenzothiazole, 2-
aminomethylbenzothiazole and Schiff base of 2-(1H-
benzimizadol-2-yl)aniline as ligand.

Experimental

Material and Methods

Electronic absorption spectra were registered
using a UV-2102 PC Shimadzu spectrophotometer in
the 200-900 nm wavelength range using DMF as a
solvent. The FT-IR spectra was achieved from a
Thermo-Nicolet-6700 FT-IR  spectrometer  with
performing a KBr disc procedure in the range 400-
4000 cm . TGA and DTA studies were realized
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using Shimadzu DTG-60 (10°C/min heating rate).
The mean sample weight was 10 mg a-Al,Oz as
reference. X-ray powder diffraction patterns was
obtained on Philips XRD diffractometer Model PW
1710 control unit with anode spacing Cu Ko (A=
1.54180 A), 40 kV and 30 mA for optics. All
reagents applied to synthesize different complexes
were commercially available without purification. 2-
(1H-benzimizadol-2-yl) aniline, 2-aminobenzthiazole
and 2-mercaptothiazole were purchased from Sigma-
Aldrich. The high-Resolution mass spectra were
acquired on Mass Spectrometer type AccuTOF LC-
Plus from JEOL (Japan). Mass spectra of different
complexes are recorded in positive mode using
DART-TOf-MS. Two to five of the most intense
fragment ions resulting from cleavage possible from
the compounds detected were chosen and analyzed.
The 'H and **C-NMR spectra were performed on
Bruker NMR at 400 and 100 MHz respectively. The
chemical shifts were determined using TMS as an
internal standard reference in DMSO-d6 as the
solvent.

Preparation of ((benzimidazol-2-phenyl)imino
methyl)phenol (HL1) (1)

This protocol was realized according the literature
condition [37]. A solution of 2-(1H-benzoimidazol-2-
yDaniline (1.05 g, 5mmol) in 35 mL of anhydrous
methanol was heated gradually at 65 °C for 30min.
Then, a solution of salicylaldehyde (0.67 ¢, 5.5
mmol) dissolved in 10 mL of anhydrous methanol
was added and the mixture was refluxed for 4h. After
the end of the reaction, the mixture was cooled and
the solvent was removed under reduced pressure. The
residue was purified by recrystallization in ethanol to
give as a pale yellow crystal powder. Described data
agreed with that reported.

Yield: 82%., Mp = 122-124, *H NMR (400MHz,
DMSO-d6), s(ppm): 10.18 (s,1H), 7.94 (s,1H), 7.64
(d, 1H), 7.15 (m, 7H), 6.89 (dd, 2H), 6.80 (t, 1H) ,
6.65 (m, 2H). *C NMR (100 MHz, DMSO-d6)
Sppm): 154.77, 147.81, 144.35, 143.97, 133.36,
131.98, 130.46, 126.95, 126.57, 125.05, 122.60,
122.43, 119.73, 119.06, 118.29, 116.29, 115.24,
112.03, 110.68, 63.50. IR (KBr pellets, cm?):
3398.67 (O-H). 3252.22 (N-H), 1651 (C=C), 1664
(C=N), 1298.83 (C-N). Elemental analysis For
C20H16N3O calced.: C, 76.58; H, 4.98; N, 13.32%.
Found: C, 76.66; H, 4.82; N, 13.41%. HRMS for
ConleNgo calcd.: 314.1288, Found: 314.1289.

Preparation of 2-(1-H-benzimidazol-2-yl)phenyl)
imino)methyl) naphthol (HL2) (2)

The ligand (HL2) (2) was prepared via the general
procedure reported in the literature [40]. To a
solution of 2-(1H-benzoimidazol-2-yl)aniline (1.05 g,
5 mmol) dissolved in 50 mL of ethanol, was added a
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solution of 2-hydroxy-1-naphthaldehyde (0.86 g, 5
mmol) dissolved in 20 mL of ethanol and three drop
of acetic acid were added. Then, the mixture left at
reflux for 5 h. A t the end of the reaction, the volume
was reduced. Diethyl ether was added and the
solution was left in refrigerator. Light yellow crystals
collected, filtered, washed with diethyl ether and
dried. Described data agreed with that reported.

Yield: 75%. IR (KBr pellets, cm?): vC=N: 1634. 'H
NMR (CDCls, 400 MHz), 6 (ppm): 14.43 (s, 1H,
OH), 9.41 (s, 1H, CH=N), 7.95 (d, 1H, Ar-H), 7.88
(s, 1H, Ar-H), 7.78 (d, 1H, Ar-H), 7.68 (m, 1H, Ar-
H), 7.53 (s, 1H, Ar-H), 7.50 (s, 1H, Ar-H), 7.45 (s,
1H, Ar-H), 7.40 (s, 1H, Ar-H), 7.34 (m, 1H, Ar-H),
7.01 (d, 1H, Ar-H). *C NMR (CDCls, 75. MHz), §
(ppm): 166.31, 158.85, 136.14, 132.35, 131.47,
129.23, 128.08, 127.57, 126.66, 123.65, 123.01,
120.54, 119.84, 119.54, 119.17, 109.75. Elemental
analysis for CzsH19N30, Calcd.: C, 79.56; H, 5.08; N,
11.11%. Found : C, 79.78; H, 4.99; N, 10.99%.

Preparation of mixed complex (3) and (4).

To a solution of ((benzimidazol-2-phenyl)imino
methyl)phenol (0.43 g, 1.377 mmol) in 10 mL of
ethanol was added a solution of copper chloride
dehydrate (0.234g, 1.377 mmol) in 10 mL of ethanol.
The reaction mixture was stirred at room temperature
for 30 mn and respectively a solution of 2-
mercaptobenzothiazole (0.23g, 1.377 mmol) or 2-
aminobenzothiazole (0.20g, 1.377 mmol) in 10mL of
ethanol was added. Then, the reaction mixture was
refluxed for 4 h. The progress of reaction was
monitored with TLC (DMF/ethanol: 20/80). At the
end of the reaction, the mixture was cooled, filtered,
washed with ethanol and then with small portion of
DMF.

Complexe (3)

Yield:78%, Mp: 165°C, UV-Vis (DMF); Amax [nm]:
272; 290, 298, 302, 331, 345. IR (KBr, v /cm?): =
3226 (m), 2628 (m), 1631 (m), 1606 (s), 1531 (s),
1489(m), 1462 (s), 1362 (m), 131 (s), 1272 (m), 1237
(m), 1183 (m), 1156 (m), 1080 (m), 1051 (s),
1005(m), 874 (m), 792 (m), 757 (m), 742 (m), 644
(m), 606 (m), 562 (m), 535 (m), 509 (m),. 455 (m),
433 (m). HRMS (DART-TOf-MS, positive mode)
m/z= 624.41257, 564.36313, 520.33287, 476.31261,
446.26794, 432.27610, 388.26014, 363.03582,
332.96718, 314.13189, 300.20138, 269.01905,
250.13027, 229.04522, 210.10099, 136.04938.

Complexe (4)

Yield: 75%, 229, UV-Vis (DMF); Ama [nm]: 292;
417. IR (KBr, v fem™Y): = 3181 (m), 1606 (m), 1577
(m), 1530 (s), 1461 (), 1441(m), 1383 (s), 1321 (m),
1280 (s), 1225 (m), 1183 (m), 1141 (m), 1094 (m),
966 (m), 928 (s), 861(m), 823 (M), 795 (M), 755 (m).
742 (m), 701 (m), 644 (m), 606 (M), 580 (s), 561(m),
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532 (m), 510 (m), 455 (m). 433 (m). HRMS (DART-
TOf-MS, positive mode) m/z= 521.25317,
477.23183, 429.20721, 373.13017, 345.16007,
301.06311, 264.12219, 229.04528, 151,03002.

Preparation of mixed complex (5) and (6)

To a solution of 2-(1-H-benzimidazol-2-yl)phenyl)
imino)methyl) naphthol (0.5 g, 1.377 mmol) in 10
mL of ethanol was added a solution of copper
chloride dehydrate (0.234g, 1.377 mmol) in 10 mL of
ethanol. The reaction mixture was stirred at room
temperature for 30 mn and respectively a solution of
2-mercaptobenzothiazole (0.23g, 1.377 mmol) or 2-
aminobenzothiazole (0.20g, 1.377 mmol) in 10mL of
ethanol was added. Then, the reaction mixture was
heated under reflux for 4 h. The progress of reaction
was controlled with TLC (DMF/ethanol: 20/80). At
the end of the reaction, the mixture was cooled,
filtered , washed with ethanol and then with small
portion of DMF.

Complexe (5)

Yield: 82%, Mp: 328°C, UV-Vis (DMF); Amax [nmM]:
273; 292, 302, 326, 432. IR (KBr, v /cm™): = 3112
(m), 3060 (m), 1600 (m), 1567 (s), 1529 (s),
1487(m), 1443 (s), 1362 (m), 1241 (s), 1185 (m),
1149 (m), 1079 (m), 1006 (m), 865 (m), 831 (),
747(m), 722 (m), 696 (m), 604 (m). 559 (m), 526
(m), 505 (m), 455 (m), 427 (m). HRMS (DART-TOf-
MS, positive mode) m/z=: 314.12871, 279.18635,
236.11896, 220.08488, 183.01010, 151.05363.

Complexe (6)

Yield: 85%, Mp: 267°C, UV-Vis (DMF); Amax [nm]:
258; 272, 292, 302, 324, 432. IR (KBr, v /cm™): =
3117 (m), 3361 (m), 3267 (m), 1598 (s), 1566 (),
1529(m), 1486 (s), 1443 (m), 1421 (s), 1291 (m),
1185 (m), 1148 (m), 1092 (m), 1050 (m), 975 (s),
863(m), 831 (m), 739 (m), 695 (m). 648 (m), 559
(m), 503 (m), 455 (m), 427 (m). HRMS (DART-TOf-
MS, positive mode) m/z=: 436.33991, 380.27461,

352.26318, 324.22095, 296.19604, 268.15132,
235.23617, 219.24212, 180.14166, 151.03025,
102.08938.

In-vitro anticancer activities

The cytotoxicity activities toward one lung human
cancer (A-549), two human colorectal cancer (Caco-2
and HT-29), and normal retina (RPE-1) cell lines
were evaluated using the 3-[4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay [49-51]. These different cancer cell
lines were purchased from ATCC (Rockville, MD,
USA). The cytotoxicity test was realized from
National Research Centre, Cairo 12311, Egypt.

The cells were cultivated in a 96-well sterile
microplate (5x104 cells per well) at 37 °C in Roswell
Park Memorial Institute medium (RPMI-1640)
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supplemented with 10% heat-inactivated fetal bovine
serum (FBS) and 100 U/mL of both penicillin and
streptomycin in a 5% CO, humidified atmosphere.
After 24 hours, the media were removed and a fresh
serum-free medium (90 uL/well) was added together
with 10 uL of series of compounds or doxorubicin
(positive control) concentrations in DMSO for 48
hours. Then, media were removed, MTT (40 uL of
2.5 mg/mL) was added to each well and incubated for
4 hours. 200 pL of DMSO was added to solubilized
the formazan dye crystals (purple color). Using a
SpectraMax Paradigm Multi-Modemicroplate reader,
the absorbance was measured at 590 nm. Each
experiment was repeated on three different days and
conducted in triplicate. The relative cell cytotoxicity
was measured according to the following equation:
% cytotoxicity = (1 — As/Ab)*100

OHG
N/
JO =0
SN HO

HN °N

HL1 (1)

Where; As: Absorbance of each sample and Ab:
blank Absorbance. The probit analysis using the
SPSS software program (version 20, SPSS Inc.,
Chicago, IL, USA) was used to determine each 1C50.

Results and Discussion
Chemistry

Our study started with the synthesis of ligands
((benzimidazol-2-phenyl)iminomethyl)phenol (HL1)
(1) and 2-(1-H-benzimidazol-2-yl)phenyl)imino)
methyl) naphthol (HL2) (2) via condensation of 2-
(1H-Benzimizadol-2-yl)aniline  and  respectively
salicylaldehyde or naphtylaldehyde according to the
literature conditions [37, 40] and following the
Scheme 1

N N HO

Ethanol reflux : : Methanol, reflux

HL2 (2)

Scheme 1: Synthesis of Ligands HL1 (1) and HL2 (2)

The synthesis of mixed complexes (3) and (4) was
realized by reacting one equivalent ethanolic solution
of HL1 (1), one -equivalent of copper salt
(CuCl22H20) in the same solvent and respectively
one equivalent of 2-mercaptobenzothiazole or 2-
aminobenzothiazole (Scheme 2). The same protocol
was adopted to the synthesis of complexes (5) and (6)
from 2-(1-H-benzimidazol-2-

yl)phenyl)imino)methyl) naphthol HL2 (2) (Scheme
3). All new obtained complexes were fully
characterized by spectroscopic data of high resolution
Mass spectrometry (HRMS), UV-Visible electronic
absorption, FT-IR, thermal analysis and X-ray
powder diffraction. Analytical data was resumed in
Table 1

N—( 4 E

/CuClZZHZO HN

HL1 (1)

CuCl,.2H, 0

@”“ 6)

Scheme 2: Structure of mixed complexes derived from ((benzimidazol-2-phenyl) iminomethyl)phenol (HL1) (1)
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Scheme 3: Structure of mixed complexes derived from 2-(1-H-benzimidazol-2-yl)phenyl)imino) methyl)
naphthol (HL2) (2)

Table 1: Analytical data of mixed synthesized complexes

Entry Complex Colour Empirical formula Yield (%)  Mp(°C)
1 3 Green C27H1sN4OS,Cu 78 165-167
2 4 Dark Green C27H19NsOSCu 75 229-230
3 5 Brown Csz1H20N40OS,Cu 82 328-330
4 6 Dark Brown C31H21CuNs0OS 85 335-337

Mass spectra of complex (3) represented in Figure
1, manifest that the structure is tetrahedral. This
structure was accomplished essentially by molecular
ion peak situated at m/z 564.36313 (calcd.
564,01157) attributed to [M+Na]*. Also, the spectra
display the presence of another peak at m/z
446.26794 (calcd 446,11624) assigned to ligand HL1
(1) linked with copper and but-2-enamine. The peak
at m/z= 432.27610 (calcd. 432.10059) was assigned

128.04928
268.01205

210.1009%

232.96718

214.12189

.

250.13027

{229.34522
. |||\ |||I|||IJ|| b _ulliih

200.20138

18208820

b |l. Hl

|h| I|In 1

383.03582

1 |I.Ll ek,

to ligand HL1 (1) connected with copper and prop-2-
enamine. The fragment at m/z= 314.13189 (calcd.
314.12879) corresponding to ligand HL1*. The basic
fragment at m/z= 136.04938 (calcd. 136,07569) was
associated to tetrahydrobenzooxazin-1-ium. These
data confirm also that the copper atom is linked with
Ligand HL1 (1) and 2-mercaptpbenzothiazole and
coordinated with the two azomethine group of
ligands HL1 (1) (Scheme 2).

38826014

2 278
43227610 47821281
448.28794

520.22287 584383213 624.41257
b ib [T 1

=
150 200 28D 200 350

Figure 1: Mass

The mass spectrum of complex (4) presented in
Figure 2, manifest the absence of molecular ion. The
structure was also confirmed by: the first fragment at
m/z = 477.23183 (calcd. 477,06791) corresponding to
ligand HL1(1) linked to copper ion and 4,5-
dihydrothiazol-2-amine. The fragment at m/z
429.20721 (calcd. 429,06791) associated to the
benzoimidazolphenyliminopropanol motif connected

Egypt. J. Chem. 64, No. 7 (2021)

T
400 480 500 550 &00

Spectra of complex (3)

to copper metal and 4,5-dihydrothiazol-2-amine. The
peak at m/z 373.13017 (calcd. 373,09584) is
connected to benzoimidazolphenyliminopropanol to
copper ion and methanediamine. Another peak at
m/z= 345.16007 (calcd. 345,07711) was attributed to
benzoimidazolphenyl aminopropanol attached to
copper ion and ammonia molecule. The spectra it
reveals also a peak located at m/z= 301.06311 (calcd.
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301,02709) assigned to benzoimidazobuta-1,3-
dienamino acrylaldehyde linked with copper ion. The
fragment at m/z=229.04528 (calcd. 229,02709) was
qualified to 3-amino-3-vinylaminoallylamino acryl
aldehyde connected to copper ion. The basic peak at
m/z = 151.03002 (calcd. 151,03245) was allowed to

tetrahedral structure of copper and it is linked with
ligand HL1 (1) via deprotonated phenolic oxygen
atom and 2-aminobenzothiazole via nitrogen atom.
The coordination of the copper has been provided by
the amino groups of both azomethine groups
(Scheme 2).

benzothiazol-2-aminium. These results suggest
151.02002
228.04528 a01.08211
272.12017
42820721
\‘ L 26412219 |L L| 24818007 L | | 47723122 52128347

I I L [ W s 1 vl il L e \ L, 1 L

T L T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 200 280 200 280 400 480 00

Figure 2: Mass Spectra of complex (4)

The mass spectra of complex (5) observed in
Figure 3, exhibited the absence of a molecular peak.
The structure was proved essentially by ion peak
located at m/z = 314.12871 (calcd. 314.12871)
corresponding to  benzoimidazolphenylamino-2-
methylpropanal linked with copper. The peak situated
at m/z= 279.18635 (calcd. 279.04329) attributed to
benzoimidazol ethylaminopropanal connected with
copper. Furthermore, the spectra manifest the
presence of another peak at m/z=236.11898 (calcd.

fragment at m/z= 200,08488 (calcd. 200,04950) was
associated to  N-propylcyclohexa-1,5-dienamine
linked to copper metal. The peak at m/z = 151.05363
(calcd. 151,03245) assigned to benzothiazol-2-
aminium.

These results prove the formation of the complex
and posses tetrahedral structure. The copper is linked
to ligand via hydroxyl group and mercapto group of
co-ligand 2-mercaptobenzothiazole. The coordination
of copper metal was established with both the

236,02435)  assigned to  benzoimidazolethyl azomethine group of ligand (Scheme 3).
methanimine connected with copper metal. The basic
220.08488 314 12871
1561.06383
|l 238.118838
1 || 1 ; |I1 Ba-lt: ! DI1 0 II | L ll | |I|| ; ; ; LI?B. 1|IB?.3EE.| 1 :| ; |.|_'I_| ; !IL! ; ; ; ; ; ; . ; ; ; ; ; ;
150 200 250 200 350 400 450

Figure 3: Mass Spectra of complex (5)

Regarding the mass spectra of complex (6),
illustrated in Figure 4, reaveal the nonexistence of
molecular peak. The structure was proved essentially
by ion peak situated at m/z = 436.33991 (calcd.
436,04136) associated to
benzoimidazolphenyliminomethylphenol linked with
copper and methanimidothioic acid. The peak located
at m/z= 235.23617 (calcd. 235,11043) attributed to
N-cyclohexylmethanediamine connected with copper

Egypt. J. Chem. 64, No. 7 (2021)

and ethylamine. Furthermore, the spectra manifest the
presence of another peak at m/z=219.24212 (calcd.
219,07913) assigned to N-cyclohexylmethanediamine
connected with copper metal and methanimine. The
peak at m/z = 151.03025 (calcd. 151,03245) assigned
to benzothiazol-2-aminium. The basic fragment at
m/z=102,08938 (calcd. 102,12773) was associated to
hexanaminium.
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This information, in the case of complex (6),
affirms that the metal is associated first to the ligand
by the hydroxyl group and with amino group of co-

102.08938

23523517

86.02479 \l
|

180.14188 L
I|| . 1 1l Il 1

151.02025 |
- :|| . [

268.156132 208 10804 224.22095 352 paaqp 380 27461
. 1 L ! L | ! L '

ligand 2-aminobenzothiazole. The coordination of
copper was assured with both azomethine group of
principle ligand HL2 (2) (Scheme 3).

436.33991
1

T T T T T T T . T T T 1T T T
100 150 200 250

L e T T T T T T T T T T
200 350 400 450

Figure 4: Mass Spectra of complex (6)

These results manifest, for all complexes that the
chlorine atoms are a good leaving groups and they
have undergone the nucleophilic attacks via hydroxyl
group of ligands as well as mercapto or amino group
of both co-ligand respectively 2-mercaptobenzo
thiazole or 2-aminobenzothiazole.

The IR results of free ligands and its copper
complexes were summarized in Table 2. The ligand
HL1 (1) display the presence of broad and strong
band at 3398 cm? attributed to the stretching
vibration of the phenolic hydroxyl group. In the case
of complexes (3) and (4), the spectra reveal the
absence of the OH stretching vibration which
corresponding to the deprotonation of the hydroxyl
group in the formation processes of the complex.

The spectra of HL1 (1) present another band at
3252 cm' assigned to the vw(NH) group of
benzimidazole moiety. This band was shifted at a
lower frequency in the complex (3) and (4) and
located respectively at 3226 and 3181 cm™.
Eventually, the spectra of HL1 (1) exhibited the
presence of a strong band situated at 1664 cm™
assigned to azomethine group. This band which
deviates in the complexes (3) and (4) and shifted to
lower frequencies (1631, 1606 cm™) that is in a good

agreement with the previously reported data [52, 53].
This mode of chelation is supported by the
appearance of new bands in the 455 cmand (561-
562) cm attributed to v(O—M) and v(N—M) and
respectively (Table 2). These bands were absent in
the spectra of the ligand, thus confirming the
participation of oxygen, nitrogen and sulfur atoms in
the coordination.

Consulting the Table 2, the ligand HL2 (2)
manifest also the presence of strong band at 3385 cm-
! corresponding to v(OH) of phenolic group. This
band disappeared completely in the case of complex
(5) and (6) indicating the coordination of oxygen with
copper atom. The ligand HL2 (2) reveal the presence
of another band at 1634 cm? associated to
azomethine function. This band is still observed in
the complexes (5) and (6), but it is shifted to lower
frequencies at 1600 and 1598 cm™ respectively
involving the coordination of ligand HL2 (2) with
copper metal via azomethine group. Furthermore, the
coordination of the ligand with the metal ions was
manifested by the appearance of new bands at the
range of 559 cm?, and 455 cm™ respectively assigned
to metal-nitrogen (M-N) and (M-O) vibrations
respectively (Table 2) [54,55].

Table 2: The vibrational assignment wavenumbers in cm* of ligands and mixed complexes

complex v(OH) V(N-H)benzim v(C=N) v(M-0) v(M-N)

HL1 (1) 3398 3252 1664 - -

HL2 (2) 3385 3235 1634 - -
Complex (3) - 3226 1631 455 562
Complex (4) - 3181 1606 455 561
Complex (5) - 3112 1600 455 559
Complex (6) - 3117 1598 455 559

The electronic spectra of ligands and mixed metal
complexes were realized in DMF at room
temperature. The results of the electronic spectral
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data of the Schiff base and their complexes are given
in Table 3. The Free ligand HL1 (1) present first
band absorption at 282 nm attributed to n—m*
transition associated with azomethine group (-
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CH=N). This band is still observed in the complexes
(3) and complex (4), but it is shifted to lower
frequencies respectively at 290 and 292 nm [55]. The
spectra of complex (3) display also, two bands at 302
and 331 nm relatively to n—n* transition and another
band at 345 nm associated with ligand-to-metal
charge transfer transition (phenoxy-to-copper) [40].
The complex (4) manifests a band at 388 nm assigned
to m—n* transition and also a band at 345 nm
attributable to ligand-to-metal charge transfer
transition (phenoxy-to-copper). The complexes (5)
and (6) reveal the presence a band located
respectively at 326 and 324 nm corresponding to
n—* transition of azomethine group and a transition
attributed to ligand-to-metal charge transfer transition
(phenoxy-to-copper) located at 432 nm.

The investigation of thermal decomposition of
several complexes was performed at room
temperature. The thermograph degradation of the
hybrid complex (3) reveals principally two
endothermic  decomposition  stages. The first
endothermic stage at 221-405°C is responsible for the

desorption of ligand HL1 (1) with mass loss
amounting to 57.71% (calcd. 57.61). The second
exothermic step in the range of 475-577 °C is
assigned to the elimination copper oxide molecule
with a mass loss amounting to 13.31 % (calcd. 13.47
%). The thermal decomposition of complex (4)
engender essentially an endothermic stage at 250-385
°C with a mass loss 56.54% (calcd. 56.68)
corresponding to the detachment of ligand HL1 (1).
Moreover, complex (5) exhibited two endothermic
decomposition stages. The first step at 245-306°C
associated for the degradation of benzene ring with
mass loss amounting to 13.67% (calcd. 13.17). The
second consist to desorption of naphthalen-2-ol at
327-395°C with mass loss amounting to 24.79%
(calcd. 24.32). Two endothermic stages described the
thermal analysis of complex (6). In fact, located at
236-307°C, first endothermic stage assigned to
exclusion of benzothiazole with mass loss amounting
to 23.90% (calcd. 23.47). Second stage manifests also
the elimination of 3-methylnaphthalen-2-ol with mass
loss to 27.59% (calcd. 27.50).

Table 3: The electronic data of free ligands and their mixed complexes

Compound Amax [nm] v(Cm?) Assignment
Ligand HLL (1) 282 35460 ——
290 34482 n—m*(CH=N)
302 33112
Complex (3) 331 30211 nom(CHEN)
345 28985 2B1g— 2Aqq
292 34246 n—m* (CH=N)
Complex (4) 388 25773 n—m* (CH=N)
417 23980 B1g—?Aqg
Ligand HL2 (2) 310 30581 -
292 34246
302 33112 n—m (CH=N)
Complex (5) 326 30674 n—m* (CH=N)
432 23148 2By —?Asq
292 34246
302 33112 n—mx (CH=N)
Complex (6) 324 30864 n—m* (CH=N)
432 23148 2B1—Ag

Single crystals of different hybrid complexes (3)-
(6) with different solvents covering DMF, ethyl
alcohol, chloroform is failed and they were identified
by XRD powder diffraction. X-ray powder diffraction
study of metal hybrid complexes was provided to
determine the type of crystal system, lattice
parameters, 26 range and crystallinity size, and the cell
volume. From the indexed data, the unit cell
parameters were also calculated and are listed in Table
4. The powder XRD patterns of synthesized
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compounds posses monoclinic structure for complexes
(3) and (4), while complex (5) has orthorhombic
structure and Rhombohedral structure for complex
(6). The crystal structures of similar type of samples
were reported as monoclinic and orthorhombic [56,
57]. Moreover, using the diffraction data, the
meancrystallite sizes of the complexes, D, were
determined according to the Scherrer equation (D = K
A/ Bcost) ,where K is the shape factor and Ais X-ray
wavelength (1.5406 A ), 4 is Bragg diffraction angle,
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and 6 is the full width at half maximum of the
diffraction peak) [58,59]. Biology

In vitro anticancer activities

The cytotoxicity of the synthetic metal complexes
(3)—(6), against lung human cancer A-549 (served as
models of alveolar type Il pulmonary epithelium),
human colorectal cancer Caco-2 (heterogenous
human epithelial colorectal adenocarcinoma cells)
and colon cancer cell line HT-29 and normal retina
RPE-1 cell lines were assessed using the 3-[4,5-

dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay.

The results of the different analyses were
collected in Table 5-7. As depicted in Table 5, for all
human cells, the percentage cytotoxicity of the
complexes (at 100 uM) reveals that the complexes
(4) and (6) have the most important percentage of
cytotoxicity. Complexes (3) and (5) indeed exhibit
moderate cytotoxicity. This result may be due to the
presence of the amino group of co-ligand 2-
aminobenzothiazole.

Table 4: X-ray powder diffraction crystal data of complexes: Lattice constant, inter axial angle, Crystal system,
unit cell volume, 260 range and cristallinity size of different metal complex

Parameters Complex (3) Complex (4) Complex (5) Complex (6)
Empirical formula C27H18N40S,Cu C27H19NsOSCu C31H20N40S,Cu C31H21NsOSCu
. a(A) 10.536 12.172 11.38 23.20
Lattice
b (A) 9.706 14.012 16.63 17.58
constant
c (A) 12.791 15.901 10.82 16.34
Inter axial a(°) 90.000000 90.000000 90.000000 90.000000
angle B 111.96 91.26 90.000000 90.30
v (®) 90.000000 90.000000 90.000000 90.000000
a=b=c, a= v =90, azb=c, o= v =90, azb=c, a=pf=17y = a=b=c, o=y =90,
Crystal syst
rystai system 8290 8290 90 3290
Monoclinic Monoclinic Orthorhombic Rhombohedral
Unit cell Volume (A3) 1213 2711 2047 6664
20 range 11.594-45.74 11.614-79.48 10.577-55.22 10.612-52.28
Crystallite Size 133 649 192 747
Density ( gcm®) 1.720 3.597 1.782 -
Table 5: Percentage cytotoxicity of the compounds at 100 uM*
Complex A 549 Caco-2 HT-29 RPE-1
(3) 68.6 £ 6.5 98 + 0.05 71.3+05 716157
(4) 99.8+0.3 99.9 £ 0.05 945+ 0.7 99.3+2
(5) 725145 28.7+12.2 87.9+0.7 55.6 £5.1
(6) 89.6+15 96.6+19 98.6 £ 0.2 100
Dox 0.31+£0.019 4.22+£0.33 2.75+£0.15 89+21
*Results are calculated as average cytotoxicity + standard deviation
100 -
r
80
mA549
60 1 B Caco-2
40 HT-29
RPE-1
20
0 T T l
3 4 5 6

Figure 5: Percentage cytotoxicity of the compounds at 100 uM
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The half-maximal inhibitory concentration 1C50
of the compounds, summarized in Table 6, manifests
that the complex (5) present week cytotoxicity
against diverse human cell lines. Complex (3)
presents a good activity on both A-549 and Caco-2
but with little selectivity. Complex (4) was highly
active on both A-549 and Caco-2, with good
selectivity on lung human cancer A-549 and
moderate selectivity on colorectal cell line Caco-2.

The best result was described with complex (6)
and present highly active on lung human cancer A-
549 with a very good selectivity versus its effect on
the normal cell line. It was also active but not highly
selective on HT-29. Therefore, complex (6) is a good
candidate for further study on A-549 and complex (4)
is a good candidate for further study on both A-549
and Caco-2 cell lines.

Table 6: half maximal inhibitory concentration 1Csq of the compounds in uM

Complex A-549 r2 Caco-2 r2 HT-29 r2 RPE-1 r?
(3) 27.7+14 056 |31+5 094 |65+4 098 | 51.7+7, 0.98
(4) 109+25 0.81 | 157+1, 098 |30+2 0.99 | 345+2.56, 0.84
(5) 47.7+15 0.78 | 166.6 £10 0.75 | 57.9+115 0.84 | 92.6 £5.6, 0.96
(6) 124+2 096 |48+15 099 | 23.7+35 094 |36.6+1.7 0.90

Dox 0.2+0.02 095 |61 099 |09+1 0.86 | 22.9+13.9 0.85
180
160
140
120 - A 549
100 m Caco-2
80 7 = HT-29
60 - &
1 RPE-1
40 = 5
o | T ool L=k
: el
3 4 5 6 Dox
Figure 6: inhibitory concentration 1Cso of the compounds in uM
Table 7: Selectivity index (ICsoon cancer cell line / 1Csoon normal cell line)
Complex RPE-1/A-549 RPE-1/Caco-2 RPE-1/HT-29
(3) 1.8 1.66 0.79
(4) 3.1 2.19 1.15
(5) 1.94 0.55 1.59
(6) 2.95 0.76 1.5
Dox 2.5 3.7 25
has orthorhombic structure and Rhombohedral
Conclusion structure for complex (6). The in vitro anticancer

Novel mixed Complexes (3)-(6) was elaborated from
two  Schiff base ligand ((benzimidazol-2-
phenyl)iminomethyl)phenol (HL1) (1) and 2-(1-H-
benzimidazol-2-yl)phenyl)imino)methyl)  naphthol
(HL2) (2), copper salt (CuCl,.2H,0) and respectively
2-mercaptobenzothiazole or 2-aminobenzothiazole.
The resulted data indicate that the copper is linked to
ligands via deprotonated phenolic oxygen atom,
nitrogen or sulphur atom of co-ligands and the
coordination was realized through the azomethine
group. X-ray powder diffraction analysis of
complexes suggest that they possess monoclinic
structure for complexes (3) and (4), while complex (5)

Egypt. J. Chem. 64, No. 7 (2021)

activities of the different complexes were evaluated
and the results revealed an important cytotoxicity of
complex (6) against lung human cancer A-549 and
very good selectivity with 12.4 values of inhibitory
concentration IC 50. The best result was described
with complex (4) and present high activities on both
A-549 and Caco-2 indicating good selectivity on
lung human cancer A-549 and moderate selectivity
on colorectal cell line Caco-2 with 10.9 and 15.7
respectively of 1C 50.
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