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ABSTRACT

In this research, new ligand (LBe) 2-(1,1-dimethyl-1,3-dihydro-2H-benzo[e] indol-2-ylidene)
propane-1,3-diylidene) bis(azanylylidene) diphenol was synthesized by the condensation reaction
of 2-hydoxy aniline with 2-(1,1-dimethyl-1,3-dihydro-2H-benzo[e]indol-2-ylidene) malonaldehyde
(Be) in ratio 2:1. (LBe) was used as ligand to synthesis a series of metal complexes by its reaction
with different metal chlorides in a molar ratio 1:1 and 1:2 of M:L in ethanol such as (NiCl,.6H,0,
CuCl,.2H,0, CoCl,.6H,0, MnCl,.4H,0 and ZnCl,). The chemical structures of the ligand and its
complexes were characterized by 'H-NMR spectroscopy, infrared spectroscopy, ultra violet-visible
spectroscopy, magnetic susceptibility, and molar conductivity measurements. According to the results
obtained the suggested structures of the complexes, Square planar geometry for [Co(LBe)], [Ni(LBe)],
[Cu(LBe)], octahedral geometry for [Mn(LBe)] and tetrahedral geometry for [Zn(LBe),]. Cytotoxicity
effect of ligand LBe and its complexes have been evaluated against Hella cell line (cervical cancer)

in two exposure times 24 and 48 hours.
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INTRODUCTION

Indole is an aromatic heterocyclic
compound'. A heterocyclic compound is one which
possesses a cyclic structure with at least two
various kinds of hetro atoms in the ring. Oxygen,
nitrogenand sulfur are the most widespread
hetrocyclic compounds are very vastly distributed
in nature and are essential to life in different ways?
3. In general, Schiff bases form through the reaction
of a primary amine and ketone or aldehyde with
removal of water molecule in convenient solvent*®.
Schiff bases have been known by various names

such as azomethines, imines, and anils. Broadly,
the Schiff bases that have been derived from
aldehydes are named aldimine and from ketones are
ketamine’®. In Schiff base azomethane nitrogen and
other donor atoms like oxygen play a major role in
coordination chemistry®. Schiff bases are beneficial
chelates because of their ease of preparation,
structural varieties, assorted densities and subtle
steric and electronic control on their framework.
In industry, Schiff bases were used as corrosion
inhibitors, rubber accelerators, and antioxidants, also
used as plasticizers, and stabilizers for polymers,
polymerization, initiators, antioxidants ... etc.'"'2,
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The transition metal one of the more interesting
aspects to form coordination compounds's. The
coordination compound are of huge interest,
because metal ions found in the active sites of a large
number of metalloproteins such as, hemocyanin,
and in metalloenzymes like in tyrosinase, ureases,
lactase and ascorbateoxidase. These proteins are
contributory in the various biological processes
such as biological electron-transfer reaction, oxygen
atom insertion into substrates, dioxygen reduction
to hydrogen peroxide or water and hydrolytic
reactions'. Study of coordination chemistry of
transition metal ions with unlike types of ligands has
been enhanced by the current evolutions in the fields
of medicine and bioinorganic chemistry's. Through
the years, Schiff bases have played a particular
role as chelating ligands in coordination chemistry,
due to their stabilization under a variety of oxidative
and reductive conditions, and to the actuality that
imine ligands are borderline between soft and hard
Lewis bases'®. This research include synthesis and
characterization of LBe compound and used as
ligand to synthesize a new complexes by its reaction
with different salts of metal chlorides in a molar ratio
1:1 and 1:2 of M: L, as shown in scheme 1.
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Scheme 1. Synthetic pathway to nickel, cobalt, cupper,
manganese and zinc complexes

EXPERIMENTAL

Materials and Measurements

All chemical compounds used in this
work were purchased form Merck, BDH, Sigma
Aldrich, Alpha, GCC and Fulka Chemical Company.
The starting material (Be) was synthesized with
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modification of a procedure defined by Ali W. B.".
The purity of the synthesized compounds and
ending of reaction was checked by TLC sheet and
the spots were detected by using (florescence
analysis cabinet model CM-10). Melting points were
determined by using (Melting point SMP10). FT-IR
spectra were registered in the range (400-4000 cm'™)
using KBr disk by using (PerKin Elmer Spectrum
65 FT-IR Spectrophotometer). Molar conductivity
measurements for metal complexes(10%) in DMSO
at room temperature. Magnetic susceptibility
measurements for the complexes were carried
out using (Johnson Matthey catalytic systems
Division Engineered products). Electronic spectra
were recorded on the (UV-Visible double beam
spectrophotometer equipped with 10mm quartz cell,
JASCO V-650, Japan). NMR-spectra using DMSO-d6
were registered on a Bruker 400 MHz spectrometer.

Synthesis Methods
Synthesis of (Be) compound

(29, 0.01mol) of 1,1,2-Tri methyl-1H-benzo
[e] indole was dissolved in10 ml of DMF and cooled
in to ice bath. The solution of (4.6 ml, 0.03 mol) of
phosphoryl chloride in 10 ml of dimethylformamide
was cooled in an ice bath also and then was added
dropwise to first solution with stirring for 1 h at below
5°C. After that, the reaction mixture was reflux for
3 hours. The mixture of reaction was poured on ice
water, the pH was mend to 8.0 by added aqueous
solution of (NaOH 25%), the solid product was
precipitated and the product was filtered, washed with
water and then dried to afford solid product of yellow
crystals of (Be). Yield (91%), m. p.199-200°C.

Synthesis of (LBe)

A mixture of (1 g, 0.008mol) of (Be) and
(1.74 g, 0.016mol) of 2-hydoxy aniline was dissolved
in toluene 40 ml, then added glacial acetic acid 2
ml to the solution. The mixture was refluxed for 5
hours. The solvent was reduced to one quarter;
orange precipitate was formed, filtered off, washed
with toluene and dried in oven. Recrystallization was
done by using hexane. The purity of compound was
determined by using TLC (3:1) hexane — ethyl acetate
which gave one spot. Yield (75%), m. p.168-170°C.

Synthesis of [Ni (LBe)]

Solution of (0.2 g, 0.0004mol) of ligand was
dissolved in 20 ml hot ethanol, then a few drops of
triethylamine (5drops) was added into the solution
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followed by addition (0.095 g, 0.0004) of NiCl,.6H,0
was dissolved in 10 ml of distilled ethanol. The
solution was refluxed for 4 h where upon the deep red
solid of the product precipitated. Then the mixture
was cooled and the precipitate was filtered off,
washed with ethanol and dried, m.p decomposition
above 300°C. Yield 81%.

Synthesis of [Cu (LBe)]

Solution of (0.2 g, 0.0004) of (LBe) ligand
was dissolved in 20 ml hot ethanol, then 5drops of
triethylamine was added into the solution followed
by addition (0.068 g, 0.0004) of CuCl,.2H,0 was
dissolved inm8 ml of distilled ethanol. The solution
was refluxed for 4 h where upon the dark brown
solid of the product precipitated. Then the mishmash
was cooled and the solid precipitate was filtered off,
washed with ethanol and dried, m.p. decomposition
above 300°C. Yield 70%.

Synthesis of [Co ((LBe)]

(0.15 g, 0.00034) of (LBe) ligand was
dissolved in 20 ml hot ethanol then a few drops of
triethylamine was added into the solution and then
addition(0.067 g, 0.00034 mol) of CoCl,.6H,0O was
dissolved in 8 ml of distilled ethanol. The solution
was refluxed for 5 h where upon the brown solid
of the product precipitated. Then the mixture was
cooled and the brown precipitate was filtered off,
washed with ethanol and dried, m.p decomposition
above300°C, yield 93%.

Synthesis of [Mn (LBe)]

Solution of (0.2 g, 0.0004) of ligand was
dissolved in 20 ml methanol then trimethylamine was
added into the solution followed by the addition(0.079
g, 0.0004) of MnCl,.4H,0O was dissolved in 10 ml of
methanol. The solution was refluxed in air for 4 h
whereupon the solid of the product precipitated. Then
the mixture was cooled and the maroon precipitate
was filtered off, washed with ethanol and dried, m.p.
decomposition above 300°C. Yield 85%.

Synthesis of [Zn (LBe),]

(0.25 g, 0.0006) of ligand was dissolved
in 20 ml ethanol then 5 drops of triethylamine was
added into the solution followed by the addition
(0.041 g, 0.0003) of ZnCl, was dissolved in 8 ml
of distilled ethanol. The solution was refluxed for
4 h where upon the orange solid of the product
precipitated. Then the mixture was cooled to
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room temperature and the orange precipitate was
filtered off, washed with ethanol and dried, m.p.
decomposition above 300°C., yield 75%.

CellularToxicity Test for Raw Extracts in The Growth
of Hella Cell Line, A Cervical Cancer Cell Line

Prepare the cell suspension by adding
trypsin-fersin solution to the tissue culture pot size
(50 cm?) and add 20 ml of the irrigated medium with
the serum. The cell suspension was mixed well and
0.2 ml was taken after each mixture. Each hole of
the (96-microtiter plates) was applied using a precise
automatic pipette, each hole contained 105 x 1
(cell/hole). The surface of the dish was covered with
a transparent adhesive paper and gently stirred
the dish to smooth the distribution Cells in the pits.
Leave the dishes in the incubator warm 37°C for
a period ranging from 12-18 hours. Until adhesion
of the cells in the hole. Then remove the old plant
medium in the drilling, and added 0.2 ml of the
concentrations prepared for each vessel by using
the Serum Free Media (SFM) for control with DMSO
and four replicates of control, add phosphate buffer
saline (PBS) which was added to it 0.2 ml of serum
free medium, incubate the dishes at 37°C. After the
expiry time, remove the dish from the incubator and
add 50 mL of violet dye to each hole. Return the dish
to the incubator for 20 minutes. Remove the dish,
remove the contents and wash with PBS until the
dye is gone. The results were read using the optical
spectroscopy device of the fine calibration dishes
with a wavelength of 492 nm. The growth inhibition
rate of the cancer cells was determined according
to the equation by converting the toxic effect values
of the water extract and alkaloids for long-term plant
in cellular lines to cancerous proportions.

RESULTS AND DISCUSSION

FT-IR of Ligand (LBe) and its Complexes

The FT-IR spectra of ligand was displayed
new absorption bands of new functional group
on spectrum, as well as disappearance some
absorption bands of starting materials from spectrum
like Be, this is a good an evidence for designated
and approved formation the new ligand. For example
appearance a new broad absorption band at the
3372 cm™ which belonged to new functional group
of (O-H), absorption band at the 3181 cm™ was
assigned to (N-H) group and new functional group
at 1644 cm™ for azomethine'®?'. In addition, the
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absorption band at 1608 cm™ and 1580 cm™ was
belonged to (C=C) group. Finely a sharp peak at 750
cm' was attributed to (C-H) bending out of plain®.

FT-IR spectra, for new synthesized
complexes, (nickel, copper, cobalt and manganese)
were showed shift to lower frequency of absorption
bands of (CH=N) from 1644 cm™ to (1589, 16086,
1589 and 1592) cm' respectively. In addition,
disappearance absorption bands of hydroxyl group
from complexes spectrums in comparison with that
of free ligand that supported coordination ligand with
central metal ion and formation complexes?.

FT-IR spectra for new zinc complex shown
shift to lower frequency of absorption bands of (C=N)

Table 1: IR spectra data cm of free ligand
(LBe) and its complexes

Comp. O-H N-H C-H C-H CH=N C-N C-O C-H
arom. aliph.
(LBe) 3372 3181 3049 2993 1644 1207 1149 750
[Ni(LBe)] 3208 3055 2978 1589 1207 1005 731
[Cu(LBe)] - 3191 3062 2978 1606 1203 1151 752
[Co(LBe)] 3252 3069 2971 1589 1207 1103 745
[Mn(LBe)] 3269 3063 2976 1592 1208 1051 747
[Zn(LBe)2] 3432 3063 2983 1606 1208 1116 747

£
I

HHEEREHEEEEUEN

1211

from 1644 cm™ to 1606 cm™, and disappearance
absorption bands of NH group from complex
spectrum in comparison with that of free ligand which
supported coordination ligand with central metal ion
and formation complexes?. The IR spectra result of
ligand and their complexes were listed in Table 1.

Nuclear Magnetic Resonance Spectroscopy
Study (NMR)

The "H-NMR results for compound (Be)
Fig. 1 displayed a single signal at 13.79 ppm was
belonged to proton of (NH) of indole ring. A singlet
signal at 9.71 ppm was referred to two proton atoms
of carbonyl group and signal were appeared between
(8.02-7.19) ppm were belonged to protons of aromatic
ring. Finally, singlet signal at 1.96 ppm was belonged
to six protons of two methyl groups 172526,

The H-NMR outcomes for ligand, Fig. 2
displayed single signal at 13.65 ppm were belonged
to proton of (NH) of indole ring. A signal at 11.95 ppm
was referred to two protons of hydroxyl group and
single signal at 9.06 ppm was attributed to protons
of Schiff base (CH=N). In addition, signals were
appeared in the region between (8.70-6.90) ppm
were belonged to fourteen protons of aromatic ring.
Finally, singlet signal at 1.89 ppm was belonged to
six protons of two methyl groups2+27:28,
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Magnetic Susceptibility and Molar Conductance
The effective magnetic moment calculated
from the following equation®.

us =/4s(s+1)

Where, ys (magnetic moment for spin only),
S (Spin quantum number, S=n/2, n=no. of unpaired
electrons).

The experimental values corrected
for diamagnetic effects using the following
relationship®.

Hepr = 282X, * T
X,=X_-D
X, = X" M. Wt

Where, u , (effective magnetic moment), T
(absolute temperature in K), XA (atomic susceptibility),
Xm (molar susceptibility), D (correction factor) and
Xg (mass susceptibility).

According to the magnetic moment values, the
complexes of the LBe ligand were paramagnetic except
complexes [Ni(LBe)] and [Zn(LBe),] were diamagnetic.

The molar conductance of complexes
measured at room temperature. The values obtained
lie in the range (0-0.2 S.cm?.mol™), this indicates that
all these complexes are nonelectrolyte and satisfied
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the oxidation state of the central ion (+2)%' . The molar
conductance values and the (peff.) of all complexes
are summarized in Table 2.

Electronic Spectra

The electronic spectrum of ligand showed
three absorption bands attributed to(n-n*) and
(n- =*) transition®. The Ni(ll) complex showed two
bands in visible region assigned to (d-d)transition,
referto 'A, —'A, and 'A, —'B, in a square planar
geometry®. The Co(Il) complex show two prominent
(d-d) absorption bands attributed to the transitions
A, >A,, and 2A, —%B, , for a low spin square
planner. Low spin manganese (Il) has the electronic
configuration d°. The ground term in which octahedral
stereochemistry is ?T, . The electronic spectra of the
complex Mn(ll) showed three bands assigned to
(d-d) electronic transition T, — *A, , T, — *E_and
2ng» 2A1934' The electronic spectrum of Cu(ll)
complex show two bands assigned to transitions
’B,,—~?B,, and *B, —?E_ for a low spin square
planner®. The Zinc complex showed no absorption
band for (d-d) transition because the d orbital is field.
The spectra of Zn complex, show change in the
bands position compared to that of the free ligand
due to charge transfer between Zn(ll) and ligand, that
is a good result for zinc(ll) tetrahedral complex®: 37,
Table 2 explain UV-Vis bands of the ligand and all
complexes with their assigned transition.

Table 2: The conductivity measurements, magnetic susceptibility and
electronic spectral data of ligand (LBe) and its complexes

Comp. Wave length  Wave no.  Assignment My Conductivity Suggested
A(nm) v(em) (BM) (S.cm2.mol') Geometry
LBe 283.6 35260 TOT* e e e
331.8 30138 n ot
393.8 25393 n —n*
[Cu(LBe)] 488.8 20458.26 *B,,~>E, 1.83 0.1 Square
741.2 13491.63 *B,;~>%B,, planner
[Co(LBe)] 500.1 19996 A, B,, 191 0 Square
740.2 13509.86 2A‘g—> 2Azg planner
[Ni( LBe)] 476.6 20981.95 ‘A~ By, 0.2 0.2 Square
740 13513.51 A A, planner
[Mn(LBe)] 506 19747.2 T, A, 2 0 Octahedral
540 18491.12 T, —~°E,
736 13586.95 T, 2A,,
[Zn(LBe),] 268.2 37285.6 C.T 0.3 0 Tetrahedral
297.2 33647.37
454.2 22016.73

Biological Activity
Cytotoxicity effect of ligand (LBe) Fig. 4,
and its complexes have evaluated against Hella cell

line, a cervical cancer after exposure to (125) pg/
ml for (24 and 48 hours.) as shown in Table 3. The
results revealed that the [Zn(LBe),] complex Fig. 5,
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had greater inhibition rate on Hella cell line at time
of exposure 24 and 48 h respectively. In time of
exposure 48 h the results recorded high inhibition
rates for the ligands and its complexes.

Table 3: show the hella cell line for ligands LBe and
their complexes

Concentration 24 h standard error 48 h standard error

125 pg/ml + Inhibition ratio + Inhibition ratio
The control h  0.00+1.15 h  0.00+1.17

LBe f 0.81+7.86 f 0.81+18.61
[Mn( LBe)] e 0.30+13.16 e 0.30+20.95
[Co (LBe)] d 0.23+24.89 d 0.23+34.90
[Cu (LBe)] ¢ 0.33+31.28 ¢ 0.33+47.73
[Ni (LBe)] b 1.12+36.21 b 1.12+61.62
[Zn (LBe),] a 0.37x41.28 a 0.37+70.46

Fig. 3. Cell carcinoma Hela which represents controland
illustrates dense line cells, (100 X)

(B)
Fig. 4. Hela cell line after exposure to (125) pg/ml of LBe
ligand for (A) 24 h and (B) 48 h, (100X)

(A) (B)
Fig. 5. Hela cell line after exposure to (125) pg/ml of
[Zn (LBe),] complex for (A) 24 h and (B) 48 h, (100X)
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CONCLUSION

The ligand (LBe) was successfully
synthesized by condensation reaction. The new
ligand behave as tetradentate ligands through
coordination with two nitrogen atoms of azomethane
group and two oxygen atoms of hydroxyl group with
Ni(Il), Co(ll), Cu(ll) and Mn (Il) ions and behave
as bidentate ligands through coordination with
nitrogen atom of azomethane group and nitrogen
atom of indole ring with Zn (ll) ion. Conductivity
measurements showed that all the synthesized
complexes to be non-ionic. The results of biological
activity of the ligand and its metal complexes at
time of exposure 48 h and 24 h for cancer cell line
Hella exhibited decrease in inhibition rate according
to[Zn (LBe),] > [Ni(LBe)] > [Cu(LBe)] > [Co(LBe)] >
[Mn(LBe)] > LBe. In addition the highest inhibition
rate in time of exposure 48 h than 24 h for the ligands

and their complexes.
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