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Introduction                                                                                

Cancer stillone of the common reasons of death 
over our planet, although the great efforts were 
exerted to treat this disease, we need a new 
approach to improve the efficacy of current 
remedies against aggressive tumors.in recent 
decades, metal complexes are used in the 
development and design of anticancer where 

metal complexes containing transition metals 
such as copper, nickel, cobalt and others can 
interact with active sites of enzymes via transition 
metal leading to increase its efficiency[1-3].

There is no doubt that benzimidazole 
compounds have a noticable interest among 
chemists due to the wide spectrum of its 
applications [4-7] especially biological 

2-(2-amino-4,10-dihydrobenzo[4,5]imidazo[1,2-a][1,3,5]triazin-4-yl)phenol (ligand)and its 
related  metal complexes of Mn  (II), Co (II), Ni (II), Cu (II) and Zn (II)were prepared 

under microwave irradiation. The structures of prepared compounds were elucidated in terms 
of elemental analysis, FT-IR, UV-Vis, 1HNMR, 13CNMR, EPR spectra and mass spectra in 
addition to magnetic studies at room temperature and thermal properties. Elemental analysis 
results determined mole ratios between the ligand and metal 1:1 or 1:2. The microwave 
approach provides clean, shorter reaction times and enhancements in yields. Coats Redfern and 
Horowitz Metzger equation were used to study Thermal kinetic parameters of dehydration and 
decomposition of the complexes.The geometries of the ligand and its Mn (II), Co (II),Cu (II) 
and Zn (II) complexes were optimized using Gaussian 09 W; density functional theory (DFT) 
B3LYP method. Also, the cytotoxic activity of the ligand and its metal complexes were evaluated 
against liver cancer cells (HepG-2) and the Cu (II) complex exhibited the highest cytotoxic 
activity with promising IC50 value = 3.5µg/mlcompared to standard referencecisplatin.

Keywords  : Green chemistry, microwave, metal complexes, molecular modelingand anticancer 
activity.
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applications where many benzimidazole 
derivatives have antiviral [8], antibacterial  [9, 
10], antifungal [11,12], antihistaminic [13-15] or 
anticonvulsant activity [16,17]. In addition to the 
prevoisly mentioned applications, benzimidazole 
derivatives exhibit good anticancer activity 
against different types of cancer [18-21]. Such 
as, Bendamustine (Trade Names Treanda®, 
Bendekatm, 1) is used for treatment of chronic 
lymphocytic leukemia (CLL) [22], Dovotinib (2) 
exhibits activity toward multiple RTK enzymes 
such as PDGFR and  VEFGR [23, 24]. where it 
is applied for  cases of gastrointestinal stromal 
tumor resistant to imatinib [25], Carbendazim 
(FB 642, 3) has anticancer activity in preclinical 

trials, against colon cancer cell lines (HT-29) [26, 
27]. Nocodazole (NSC-238189, 4) inhibits several 
kinases such as C-KIT, AB1and  MET so it has 
promised activity against many cancer cells[28] 
(Fig. 1) .

Many 1,3,5- triazines derivatives were 
synthesized and exhibited inhibitory activities 
against various cell lines  such as Altretamine  
(1,3,5- triazine derivative drug, 5) that is used in 
treatment of ovarian cancer[29-31], also a variety 
of substituted 1,3,5-triazine derivatives were 
studied and displayed anticancer activity such as 
ZSTK474 compound 6 and  AMG 511 compound 
7 [32, 33] (Fig. 2). 

Fig.  1.  Reported benzimidazole anticancer agents.

Fig. 2.  Reported 1,3,5-triazine anticancer agents.
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In continuation of our interest in green 
chemistry and synthesis [34-44]. we aim to use 
microwave irradiation for synthesis of  novel zinc, 
copper, nickel, cobalt and manganese complexes 
based on 1,3,5-triazino [1,2-a] benzimidazole 
Moiety and studying the effect of metal on the 
biological activity of ligand where the antitumor 
activity of ligand and its metal complexesagainst 
HepG2 were studied and compared.

Experimental                                                                     

Materials and physical measurements
All organic solvents were purchased from 

commercial sources and used as received or 
dried using standard procedures unless otherwise 
stated. All chemicals were purchased from Merck, 
Aldrich and used without further purification, 
thin layer chromatography (TLC) was performed 
on precoated Merck 60 GF 254 silica gel plates 
with fluorescent indicator, detection by means of 
UV light at 254 and 360 nm. Melting point was 
measured by electrothermal apparatus, without 
correction The UV-Vis range (9091-52631 cm-1f) 
using Jenway 6715 UV/Vis spectrophotometer 
at holding company for water and wastewater, 
all of compoundsdissolved in glacial acetic acid 
before measurements.the Fourier transform 
infrared spectra of the ligand, as well as the 
metal complexes using KBr,  were recorded on 
Vertex 70 Analyzer, Bruker, USA from 4000–400 
cm-1 and metal ions estimation was determined 
by complexometric titration using general lab 
glassware [45] at the faculty of science, Al-
Azhar University, Cairo, Egypt.The magnetic 
susceptibility of the solid complexes was carried 
out at room temperature by the Gouy’s technique 
for magnetic susceptibility instrument. 

The thermogravimetric analyses (TGA) 
of the solid complexes were performed using 
the Schimadzu TG-50 thermogravimetric 
analyzer with a heating rate of 10oC/min under 
nitrogen atmosphere, in the range of 25—800oC 
at the faculty of sciences, Cairo University. 
The thermodynamic activation parameters 
of decomposition processes of dehydrated 
complexes namely activation energy (E*), 
enthalpy (ΔH*), entropy (ΔS*) and Gibbs free 
energy change of the decomposition (ΔG*) are 
evaluated graphically by employing the Coats–
Redfern [46] relation and Horowitz-Metzger [47]. 
The thermodynamic activation parameters for the 
thermal decomposition steps in complexes were 
calculated using the relationships :

ΔH = E*-RT                                                      (1)                                                                                                                                              
ΔS* = R[ln(Ah/kT)-1]                                       (2)  

ΔG* = ΔH* - TΔS*                                           (3)

Where R is the universal gas constant, A is the 
frequency factor, h is Plank’s constant and k is 
Boltezmann constant.

The ESR spectra of the powdered Cu(II) 
sample were carried out on Bruker-EMX-
(Xbands-9.7 GHZ) spectrometer with 100 
KHZ frequency, microwave power 1.008 MW, 
modulation/amplitude of 4 GAUSSES at National 
Center for Radiation Research and Technology, 
Egyptian Atomic Energy Authority. The elemental 
analysis for carbon, hydrogen and nitrogen are 
carried out using a Flash 2000 organic Elemental 
Analyzer, Thermo, USA, the mass spectra were 
performed by Schimadzu Qp-2010  plus by GCms 
Solution. The cytotoxicity evaluation was applied 
against one cell line; liver cancer cells (HepG-
2) inhibitory activity against Hepatocellular 
carcinoma cell, read the absorbance at 490 nm 
using ELISA reader (SunRise, TECAN, INC, 
USA) were studied at theRegional Center for 
Mycology & Biotechnology Al-Azhar University.
The 1HNMR and 13C spectra were recorded on 
an Agilent Technologies model spectrometer 
NMR400-mercury. 1H spectra were run at 
300 MHz and 13C spectra were run at 75.46 
MHz in dimethylsulphoxide (DMSO-d6). 
Tetramethylsilane (TMS) was used as an internal 
reference and chemical shifts are quoted in δ 
(ppm) at the Main Chemical Warfare Laboratories, 
Chemical Warfare Department, Ministry of 
Defense, Cairo, Egypt. Microwave-assisted 
reactions conducted on a commercially household 
microwave energy output 900 W, frequency 2450 
MHz, manufactured by DAEWOO technologies 
Corporation, model: KOR-9G2B, Korai. 

Synthesis and preparation
synthesis of 2-guanidinobenzimidazole (2-GB)
A mixture of o-phenylenediamine (1 

mol.), dicyandiamide (1 mol.), concentrated 
hydrochloric acid (2 moles) and distilled water 
was heated under reflux for 3 hours. The reaction 
mixture allowed to cool down and treated with 
10% NaOH to afford the crude products 2-GB 
(Scheme 1) [48]. The solid product in the present 
study has been recrystallized from methanol to 
affordpure needles in 67% yield.
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Synthesis of 2-(2-amino-4,10-dihydrobenzo 
[4,5]imidazo[1,2-a][1,3,5]triazin-4-yl)phenol 
(ligand)

An equimolar amount (1:1) ratio of 
2-guanidinobenzimidazole and salicylaldehyde 
was refluxed andstirredfor 5 hours in the presence 
of piperidine as catalyst (Scheme 1). The progress 
of the reaction and purity of the product was 
monitored by TLC. The product was recrystallized 
with hot methanol to afford 2-(2-amino-4,10-
dihydrobenzo [4,5] imidazo [1,2-a] [1,3,5]triazin-
4-yl)phenolin excellent yield (92.66%). 

Preparation of the solid complexes
All the isolated solid complexes were prepared 

by mixing equimolar amounts of theprepared 
ligand and metal (II) acetates [M =Mn (II), Co(II), 
Ni(II), Cu(II),  and Zn(II)] in presence of 4-6 drops 
of methanol assolvent. The reaction mixtures 
were subjected to microwave for appropriate time 
(4-6 min.) to afford metal complexes in good 
yields (73-87 %). The obtained products were 
washed by hot methanol and ether then finally 
dried under reduced pressure over anhydrous 
CaCl2 in a desiccator (Scheme 2). The progress 
of the reaction and purity of the products were 
monitored by TLC. Table 1 shows the elemental 
analysis and physical properties of the amine, 
novel ligand and their metal complexes.

Molecular Modelling Methodology
The optimized structural geometries of 

ligand and its Mn  (II), Co (II),Cu (II) and Zn 

(II) complexes were determined using the DFT/
B3LYP method with differentbase sets using 
Gaussian 09 software [49]. Gauss-Viewmolecular 
visualization program was used to display 
Gaussian files. [50] In agreement with the 
numerical patternappearing in the view of the 
compounds in gasphase. significantbond lengths 
and angles in optimized structures were deduced.

Ni (II) complex was not implemented in 
gaussian 09 software because our computer 
cannot perform it .

Cytotoxicity evaluation using viability assay
The cells were seeded in 96-well plate at a 

cell concentration of 1×104 cells per well in 100µl 
of growth medium. Fresh medium containing 
different concentrations of the test sample was 
added after 24 h of seeding. Serial two-fold 
dilutions of the tested chemical compound were 
added to confluent cell monolayers dispensed 
into 96-well, flat-bottomed microtiter plates 
(Falcon, NJ, USA) using a multichannel pipette. 
The microtiter plates were incubated at 37ºC 
in a humidified incubator with 5% CO2 for a 
period of 24 h. Three wells were used for each 
concentration of the test sample. Control cells 
were incubated without test sample and with or 
without DMSO. The little percentage of DMSO 
present in the wells (maximal 0.1%) was found 
not to affect the experiment. After incubation of 
the cells for at 37°C, for 24 h, the viable cells yield 
was determined by a colorimetric method[51].

TABLE 1. Melting points, yields, reaction time, analytical and physical properties of the prepared compounds.

Comp.
Molecular
Formula

M.P
°C

Yield
%

Time
min

Color

Elemental Analysis
Calc. / (Found) %

M+

Calc./
(Found)C H N M

Start C8H9N5 242 67 180
Buff 

crystal
54.85

(54.73)
5.18

(5.14)
39.98
(40.1)

-
175.20
(175)

Ligand C15H13N5O 272 92.66 180 White
64.51

(64.24)
4.69

(5.18)
25.07

(25.29)
-

279.30
(279.11)

Mn C17H21MnN5O6 >330 76.8 4 Buff
45.75 

(45.32)
4.74 

(4.51)
15.69 

(15.09)
12.31 

(11.57)
446.09
(446)

Co C17H17CoN5O4 >330 85.6 5
Dark 
Green

49.29
(49.19)

4.14
(4.06)

16.9
(16.77)

14.23
(14.10)

414.28
(414)

Ni C31H31.5N10NiO6 >330 73.77 5
Reddish 
orange

53.2
(52.83)

4.65
(4.60)

20.04
(19.97)

10.93
(11.78)

698.5
(699)

Cu C17H19CuN5O5 >330 75.22 5
Black 46.73 

(46.37)
4.38 

(3.92)
16.03 

(15.60)
14.54
14.61

436.07
(436)

Zn C17H17N5O4Zn >330 87.7 6
Pale 

Yellow
48.53 

(48.32)
4.07 

(4.45)
16.65 

(16.22)
15.54 

(14.87)
419.06
(419)
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In brief, after the end of the incubation period, 
media were aspirated and the crystal violet 
solution (1%) was added to each well for at least 
30 minutes. The stain was removed and the plates 
were rinsed using tap water until all excess stain 
is removed. Glacial acetic acid (30%) was then 
added to all wells and mixed thoroughly, and then 
the absorbance of the plates were measured after 
gently shaken on Microplate reader (TECAN, 
Inc.), using a test wavelength of 490 nm. All 
results were corrected for background absorbance 
detected in wells without added stain. Treated 
samples were compared with the cell control in the 
absence of the tested compounds. All experiments 
were carried out in triplicate. The cell cytotoxic 
effect of each tested compound was calculated. 
The optical density was measured with the 
microplate reader (SunRise, TECAN, Inc, USA) 
to determine the number of viable cells and the 
percentage of viability was calculated as [(ODt/
ODc)] x 100% where ODt is the mean optical 
density of wells treated with the tested sample 
and ODc is the mean optical density of untreated 
cells. The relation between surviving cells and 

drug concentration isplotted to get the survival 
curve of each tumor cell line after treatment 
with thespecified compound. The 50% inhibitory 
concentration (IC50), the concentration required 
to cause toxic effects in 50% of intact cells, was 
estimated from graphic plots of the dose response 
curve for each conc. using Graph pad Prism 
software (San Diego, CA. USA).

Results and Discussion                                                        

The ligand 2-(2-amino-4,10-dihydrobenzo 
[4,5] imidazo [1,2-a] [1,3,5] triazin-4-yl)
phenolwas prepared by the reaction of 
2-guanidinobenzimidazole and salicylaldehyde 
(Scheme 1). Then reacted with metal (II) acetates 
under microwave irradiation as an approach for 
green chemistry (Scheme 2) all structures were 
confirmed based on the elemental analysis and 
spectroscopic data.All compounds containing six 
member rings with -N- heterocycle and oxygen 
atom possess basic characteristics due to the 
presence of lone pair electron-donating character 
of the double bond of (-C=N) and the capability to 
form metal complexes as illustrated in Scheme (2).
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IR spectra
The IR spectra of 2-guanidinobenzimidazole 

revealed characteristic bands at 3444-3425,3187 
and 1651 cm-1 due to (NH2), (N-H) and (C=N) 
respectively, while in the IR spectra of 2-(2-amino-
4,10-dihydrobenzo[4,5]imidazo[1,2-a][1,3,5]
triazin-4-yl) phenol  (ligand) four characteristic 
bands appeared at 3534, 3437-3410,3132 and 
1616 cm-1  due to (OH), (NH2), (N-H) and (C=N) 
respectively in addition to bands at 2954 and 
3055 due to aliphatic and aromatic (C-H) (Table 
2)_ENREF_21.

In metal complexes, 2-(2-amino-4,10-
dihydrobenzo[4,5] imidazo [1,2-a] [1,3,5]triazin-
4-yl) phenol coordinate with the metal ions in 
di-dentate forming stable six-membered chelate 

rings around the metal ions. this diverse behavior 
of ligand can be confirmed by comparing IR 
bands of complexes with IR bands of ligand as 
following :
1. The (C=N) stretch shows either a negativeor 

positive shift on complexation[52, 53].
2. Vibration of ν(M–N) in all the metals (II) 

complexes, exhibited a new band 537–439 
cm-1 proving the coordination of nitrogen 
of azomethine with the metal ionsand these 
within the band of 411-458 cm-1 are assigned 
to ν(M–O) [54].

3. All other bands of ligand and their 
corresponding metal complexes appeared at 
the same region without change.
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 Electronic spectra and magnetic properties
The electronic absorption spectra of the ligand 

and its complexes as shown in Table 3 were 
performed in glecial acetic acid. The electronic 
spectra of the ligand showed four absorption 
bands at 33112 cm-1 refers to n π*, of 
C=Nbenzimidazole and at 33783 cm-1 refers to 
π π*, of C = Nazomethane. The third 
band was at 39062 cm-1 refers to π
π*, of C=Caromatic rings and band at 46296 
cm-1 refers to n σ*, of phenolic group. 
For Mn (II) complex: The electronic spectra of 
Mn (II) complex showed absorption bands at 
(26315, 21052) cm-1  assigned to 6A1g→4T1g (G) 
and 6A1g→2T2g (G) transition srespectively. The 
observation of these bands suggests an octahedral 
configuration around Mn (II) ion and the complex 
is paramagnetic where the magnetic moment is 
4.18 BM. For Co (II) complex:The electronic 
spectra of Co (II) complex showed bands of 
appreciable intensity at (17857, 15625) cm-1and 
assigned to 4T1g→4A2g (F) and 4T1g (F) →4T2g (P) 
transitions respectively. The observation of these 
bands suggests an octahedral andthe complex 
is paramagnetic and the magnetic moment 
is5.14B.M. For Ni (II) complex: The electronic 
spectra of the Ni (II) showed absorption bands at 

(21141, 19011) cm-1   assigned to 3A2g→
3T1g (P) 

and 3A2g→
3T1g (F) transition  srespectively. The 

observation of these bands suggests an octahedral 
configuration around Ni (II) and the magnetic 
moment is  2.25 B.M. For Cu (II) complex : The 
electronic spectra of the  Cu(II) complex revealed 
bands of considerable intensity at (16393) cm-1 

assigned to the transitions (2B1g → 2A1g) assuming 
a tetrahedral configuration,thus the prepared Cu 
(II) are paramagnetic, the obtained magnetic 
moment value 1.38 B.M.  For Zn(II) complex : 
the absorption bands at the range (21008) cm-1 
for ligand in The electronic spectra of Zn (II) 
complex can be assigned to metal ligand (M →L) 
transition and its position in agreement with low-
spin tetrahedral geometry for Zn(II) complex and 
the complex is diamagnetic.

Mass spectra 
The mass spectra chart of 2-guanidin 

obenzimidazole revealed molecular ion peak at 
m/e = 175 which is corresponding to its structure 
(figure 3). The molecular ion peak of the ligand 
and its nickel complex are showed at m/e =279 
and m/e = 699 respectively as shown in figures 4 
and 5 which are corresponding to their structure.

TABLE 2. Shows the main IR bands displayed by 2-guanidinobenzimidazole, ligand and novel complexes.

Sym.
ν(OH),

H2O
ν(NH2) ν(NH)

ν(C-H)
Ar/Alph

ν(C=N) ν(C=C) ν(C-O) ν(OAc) ν(M-N) ν(M-O)

2-GB - 3444
3425 3187 3101

3055 1651 1508 - - - -

Ligand 3534 3437
3410 3132 3055

2954 1616 1523 - - - -

L-Mn 3589 3433
3409 3130 3056

2926 1619 1523 1352 1456 537 412

L-Co 3564 3441
3352 3217 3059

2927 1620 1519 1273 1458 505 439

L-Ni 3583 3406
3340 3136 3059

2931 1620 1519 1276 1462 474 435

L-Cu 3541 3425
3348 3218 3058

2925 1605 1519 1278 1457 529 458

L-Zn 3587 3416
3345 3138 3055

2929 1655 1525 1289 1449 439 411
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TABLE 3. Magnetic, ESR and spectral data of the ligand and their metal complexes.

Comp. λmax, cm-1 Assignments µeff (BM) g g\\ gav Suggested Structure

Ligand

33112
33783
39062
46296

(n-π*, C=N),
(π -π*, C=N),

(π -π*, aromatic ring)
(n- σ*, phenolic group )

- - - - -

L-Mn 26315
21052

6A1g→
4T1g (G) 

6A1g→
2T2g (G) 

4.18 - - - Octahedral

L-Co 17857
15625

4T1g(F)→4A2g
4T1g(F)→4T2g (P)

5.14 - - - Octahedral

L-Ni 21141
19011

3A2g→3T1g (P)
3A2g→3T1g (F)

2.25 - - - Octahedral

L-Cu 16393 2B1g → 2A1g 1.38 2.14 2.08 2.12 Tetrahedral

L-Zn 21008 M →L Dia - - - Tetrahedral

Fig.  3. Mass spectra of 2-guanidinobenzimidazole. 

Fig.  4.  Mass spectra of ligand.
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NMR Spectra
The 1HNMR spectra of ligand have been 

recorded in DMSO-d6.. The 1HNMR (DMSO) 
of ligand showed peaks at  δ = 6.31 ppm (s, 
1H, NH), 6.69-7.1 ppm (m, 8Harom), 7.25 ppm 
(s, 2H, NH2), 7.72 ppm (s, 1H, triazino carbon 
(C15)) and 10.24 ppm (s, 1H, O-H) (Fig. 6). The 
13CNMR (DMSO) of the ligand showed  peaks 

at δ = 61.561 ppm (C15 ), 108.26 ppm (C14), 
116.23 ppm (C13), 116.27 ppm (C12), 119.25 
ppm (C11), 119.66 ppm (C10), 121.11 ppm (C9), 
126.38 ppm (C8), 127.02 ppm (C7), 130.46 ppm 
(C6), 131.88 ppm (C5), 143.69 ppm (C4), 154.32 
ppm (C3), 155.03 ppm (C2) and 156.05 ppm (C1)
(Fig. 7).

Fig.  5. Mass spectra of Ni (II) complex.

Fig.  6. 1H NMR spectra of the ligand in DMSO d6.

Fig. 7. 13C NMR spectra of the ligand in DMSO d6.
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Electron spin resonance Spectrum (ESR)
The spectra of the complexes exhibit a single 

anisotropic broad signal with hyperstructure 
indicating the contribution of free acetate ligand 
with complex formation. The ESR spectra of the 
Ligand-Cu complex as shown in Table 3.  It is 
showed broad signals with two “g” values (g\\, 
g┴) (Fig. 8). For all complexes the value of g\\ 

< g┴ < 2.3 [55] suggesting covalent character 
of copper–ligand bonds in the present complex, 
where, g// > 2.3 concerns to ionic metal–ligand 
bond characteristic of complex with 2B1(dx2-y2) 
orbital ground state. The average g values were 
calculated according to the equation gav = 1/3[g\\ 
+2g┴] and it was equal to2.12for copper complex 
of ligand respectively [56] .

Fig.  8. ESR spectra of the Cu(II) complex.

Thermal analysis (TG)
The results of thermal gravimetric analysis 

of nickel (II), copper (II) and zinc (II) complexes 

are showed in Table 4 and can be summarized as 
follow :

C17H19CuN5O5 C17H15CuN5O3
-OAc C15H12CuN5O CuO

   M. Wt.: 436.9    M. Wt.: 400.9   M. Wt.:341.9 M. Wt.: 79.55
100 % 78.25 % 20.93 %

-2H2O -C15H12N5

C32H27N10NiO4
-1/2OAc

M. Wt.: 699 M. Wt.: 663 M. Wt.: 597.5 M. Wt.:336.9
100 % 94.84% 85.47 % 48.19 %

2H2O C31H31.5N10NiO6 C30H24N10NiO2
-C15H12N5O C15H12N5NiO -C15H12N5 NiO

M. Wt.:74.7
10.68%

91.76 %

C17H17N5O4Zn C17H15N5O3Zn
-OAc C15H12N5OZn ZnO

  M. Wt.: 420.7  M. Wt.: 402.7  M. Wt.:343.7  M. Wt.: 81.4
100 % 81.69 % 19.34 %

-H2O -C15H12N5

95.72 %

-2H2O
1-

2-

3-

Thermo-kinetic parameters
Kinetic parameters of different stages were 

summarized in Table 5. From those results we 
concluded that :
1- The reactions are endothermic and most of 

these reactions are slow and the reactants are 
less stable than products.

2- the values of ΔG increase which means that 
the reactions are non-spontaneous.
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Fig. 9. Thermal analysis of nickel, copper(II) and zinc(II) complexes.

TABLE 4. Thermo-gravimetric data of the thermal decomposition of Ni (II), Cu (II) and Zn (II) complexes.

Ligand Complex Molecular
Formula

Molecular
Weight Steps

Δ T ºC mass %
AssignmentTiTf Calc. Found

L

Ni C31H31.5N10NiO6 699

1st 22 157 5.15 5.63 2H2O
2nd 180 320 14.5 14.02 2H2O,1/2OAc
3rd 340 526 51.8 52.3 C15H12N5

4th 560 700 37.48 37.3 C15H12N5
Residue 10.68 NiO

Cu C17H19CuN5O5 436.9

1st 40 152 8.24 7.69 2H2O
2nd 240 390 13.51 12.92 AcO
3rd 410 555 57.32 56.67 C15H12N5

Residue 18.20 CuO

Zn C17H17N5O4Zn 420.7

1st 24 126 4.28 4.23 H2O
2nd 240 414 14.03 14.13 AcO
3rd 405 575 62.35 62.23 C15H12N5

Residue 19.34 ZnO

TABLE 5. Thermodynamic data of the thermal decomposition of Ni(II), Cu(II) and Zn(II) complexes of ligand.

C
om

pl
ex

e s

St
ep

s

Coats Redfern Horowitz-Metzger

R2
Ea
KJ 

mol-1

A
S-1

∆S*
mol-1

 K-1

∆H*
KJ 

mol-1

∆G*
KJ

 
mol-1

R2
Ea
KJ 

mol-1

A
S-1

∆S*
mol-1

K-1

∆H*
KJ 

mol-1

∆G*
KJ

 mol-1

Ni

1st 0.99 99 5.83 x109 -59.9 67 93 0.99 72 5. 87 
x101 -252 40 99

2nd 0.97 187 3.12×109 -225 150 115 0.97 110 1.32 x101 -263 73 124
3rd 0.98 536 3.93×106 -163 494 132 0.99 190 8.47 x101 -247 148 139

4th 0.90 921 8.80 
x1011 -249 855 283 0.90 535 3.39 x102 -260 469 253

Cu
1st 0.96 32 3.32 

x1011 -25.5 29 81 0.95 19 1.66 x102 -204 65 87

2nd 0.98 38 1.13 x108 -235 75 139 0.98 74 8.02 x101 -245 135 129
3rd 0.99 178 5.50 x106 -138 172 272 0.99 130 8.01 x108 -83.4 124 184

Zn
1st 0.94 153 1.02 

x1010 -57 11 93 0.94 101 7.98 x101 -256 6 125

2nd 0.91 311 1.98 x108 -237 26 167 0.90 172 1.95x101 -252 12 162
3rd 0.90 567 8.39 x102 -205 50 199 0.90 279 6.63x101 -239 21 195
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Molecular modeling
Density functional theory (DFT) calculations 

for ligand and its metal complexes were carried out 
at B3LYP using Gaussian 09 quantum mechanical 

(QM) calculations. The bond lengths, bond angles 
and geometrical structures (Fig. 10, 11) are in 
agreement with the thermal fragmentation (Table 
6, 7).

Fig. 10. Optimized structure of ligand and its numbering system.

Fig. 11. Optimized structures of complexes and its numbering system.

TABLE 6. Optimized Structure Parameters of Ligand.

Structure parameters B3LYP/3-21G*

rav(C-C) benzene ring 1.399

rav(C-H) benzene ring 1.083

<av(C-C-C) benzene ring 120.0

rav(C-N) 1.416

rav(C=N) 1.306

r (C-O) 1.369

r (O-H) 1.045

E in Hartree -923.31679 Hartree



335

Egypt. J. Chem. 64, No. 1 (2021)

DESIGN, SYNTHESIS, DFT STUDIESAND ANTICANCER ACTIVITY OF NOVEL METAL...

Anticancer activity of Ligand and itsNi(II)), 
Cu(II) and  Zn(II) complexes

It is well known that the substance appears 
effective and exhibits cytotoxic activity when it 
is able to inhibit growth of cancer cells at low 
concentrations. Data compiled in Table 8 showed 
that ligand and its Cu(II)  complex exhibited 
the highest cytotoxic activity against HEP-G2 
with IC50  value (43.9 and 3.5 µg/ml) which 
is comparable to that ofthe standard reference; 
Cisplatin (Table 8). This because of lower 
concentrations of the ligand and this complex 
required to decrease viability of these cancer 
cells. It was found that concentrations of the metal 
complex required to inhibit growth of cancer cells 
are convergent. This was in accordance with 
who reported that the metal complexes possess 

higher cytotoxic activity against the selected 
human cancer cells[57].  The antitumor activity 
of metal complexes have more than one potential 
mechanism such as cupper complexes where its 
activity could be related to transport of copper 
II ions into the cell [58].  The submission of 
cupper II ions is carried out by specific copper 
transporters in the Cu (I) form. the presence of 
natural system for cupper transportation enable 
us to cancel the using of exogenous drug carrier 
which is pivotal from clinical point of view. Thus, 
the interaction of metal complexes with proteins 
or nucleic acid determines the cellular effects 
of metal complexes activity. Considering metal 
complexes activity not only the interactions with 
DNA but also with proteins should be analyzed as 
the targeted molecules in antitumor mechanisms.

Fig. 12. Anticancer activity of Ligand and its Ni(II), Cu(II) and  Zn(II) complexes.

TABLE 7. Optimized Structure Parameters of Mn (II), Co (II), Cu (II) and Zn (II) complexes.

Structure parameters Co(II) complexb Zn(II) complex b Mn(II) complex b Cu(II) complex b

rav(C-C) benzene ring 1.399 1.401 1.399 1.400

<av(C-C-C) benzene ring 119.9 119.9 120.0 120.0

rav(C-O) 1.380 1.345 1.374 1.345

rav(C-N) 1.408 1.417 1.412 1.411

rav(C=N) 1.320 1.318 1.316 1.320

r (M –NLigand)
 a 1.915 1.881 2.104 1.857

r (M–OLigand)
 a 1.970 1.848 2.169 1.823

r (M–Owater)
 a 1.963 1.902 2.456 1.886

r (M–OAcetate)
 a 1.929 1.910 2.062 1.896

E in Hartree -2754.351184 -2996.948901 -2523.736336 -2858.729940

a) M =Co, Zn, Mn or Cu
b) DFT calculations were carried out at B3LYP/3-21G*
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Conclusion                                                                        

The novel ligand was obtained from 
cyclocondensation of 2-Guanidin obenzimidazole 
and Salicylaldehyde which acted as bidentate 
ligand and coordinated through the azomethine-N 
and hydroxy-O to the metal ions; Mn (II), 
Co (II), Ni (II), Cu (II) and Zn (II) forming 
novel complexes. The thermal dehydration 
and decomposition of Ni (II), Cu (II) and Zn 
(II) complexes show dehydration of water, and 
elimination of acetate then organic content and 
metal oxide remained as a residue. Although 
concentrations of the ligand and its Ni (II), Cu (II) 
and Zn (II) metal complexes required to inhibit 
growth of HEPG2 are in convergent, the Cu (II) 
complex exhibited the highest cytotoxic activity.
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جديدة  لمتراكبات  البيولوجية  الفاعلية  و   (DFT) حاسوبية  دراسات  و  تشيييد  و  تصميم 
 تحتوى على مجموعة 1و3و5-ترايازينو1[و2-]aبنزاميدازولباستخدام الميكروويف كوسيلة 

للكيمياء الخضراء 

 على مصطفى على حسن ، باسم هيكل و حمدى خميس ، جمال عبد النعيم و عمـــاد مرزوق و ميـــرال أحمد 
 عبد المعزو أحمد يونس* 

استخدام أشعة الميكروويف كأحد وسائل الكيمياء الخضراء فى تحضير متراكبات جديدة من المنجنيز و الكوبلت 
التركيب  اثبات و دراسة  تم  قد  الخارصين تحتوى على مشتق ترايزينوبنزايميدازول و  النحاس و  النيكل و  و 
التحاليل  و  الكتلة  طيف  تحليل  و  المختلفة  الطيفية  التحاليل  باستخدام  الجديدة  والمتراكبات  للمترابط  البنائى 
العنصرية و غيرها و تم اختبار الفاعلية البيولوجية للمترابط و بعض المتراكبات الجديدة على الخلايا السرطانية 
للكبد و أظهرت النتائج ان متراكب النحاس له فاعلية أفضل من المترابط و باقى المتراكبات التى تم اختبارها. 


