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A series of novel metal complexes with the Schiff
base ligands 4-((((1H-benzo[d]imidazol-2-yl)methyl)imino)methyl)
benzene-1,3-diol, H;L!, and (((1H-benzo[d]imidazol-2-yl)methyl)
thio)propanenitrile, HL?, have been synthesized and identified by
elemental and spectral (UV-vis, IR, 1H NMR, mass) analyses, mo-
lar conductivities, as well as magnetic moment measurements tech-
nique. The ligands behave either as neutral tridentate or bidentate
ligand. The antitumor activity of the new compounds was tested
against breast cancer cell line MCF-7. Ag and Cu complexes 2,
8 and 9 showed a remarkable smaller value of IC50 than that of
the Tamoxifen, the standard. This would provide a new potential
antitumor drug that deserves more attention.

Keywords benzimidazole complexes, cytotoxic activity, human
breast cancer cell line (MCF-7), Schiff base metal com-
plexes

1. INTRODUCTION

The benzimidazole ring is an important pharmacophore in
modern drug discovery.l') Benzimidazole derivatives exhibit
significant activity against several viruses such as HIV, her-
pes (HSV-1), RNA, influenza, and human cytomegalovirus
(HCMV).”l Benzimidazole and its derivatives have been used
to act as topoisomerase inhibitors, selective neuropeptide Y Y
1 receptor antagonists, angiotensin II inhibitors, inhibitors of
HCMV replication, 5-HT3 antagonists in isolated guinea pig
ileum, potential antitumor agents, antimicrobial agents, smooth
muscle cell proliferation inhibitors, a treatment for interstitial
cystitis, and in diverse areas of chemistry.[*! In addition, benzim-
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idazoles are very important intermediates in organic reactions.!
Cancer is thought to reflect a multistep process, resulting from
an accumulation of inherited and/or acquired defects in genes in-
volved in the positive or negative regulation of cell proliferation
and survival.’! Breast cancer has been defined as an abnormal
division or proliferation of epithelial cell in lactiferous duct or
lobe and can be classified into ductal carcinoma and lobular
carcinoma.!®! The importance of metal compounds in medicine
dates back to the 16th century with reports on the therapeutic
use of metals or metal-containing compounds in the treatment
of cancer. Now the list of therapeutically prescribed metal-
containing compounds includes platinum (anticancer), silver
(antimicrobial), gold (antiarthritic), bismuth (antiulcer), an-
timony (antiprotozoal), vanadium (antidiabetic), and iron (an-
timalarial).[”) Metal ions are electron deficient, whereas most
biological molecules (proteins and DNA) are electron rich; con-
sequently, there is a general tendency for metal ions to bind to
and interact with many important biological molecules. Metal
ions also have a high affinity for many small molecules (e.g.,
O,) that are crucial to life. These considerations alone have fu-
eled much of the past and current interest in developing novel
means to use metals or metal containing agents to modulate bi-
ological systems.®! Schiff bases of azomethine nitrogen donor
heterocyclic ligands are well known due to their wide range
of applications in pharmaceutical and industrial fields.”! Tran-
sition metal complexes of Schiff bases have attracted a lot of
interest due to their potent biological activities such as antifun-
gal, antibacterial, anticancer, and herbicidal applications.!!
These studies have shown that complexation of metals to Schiff
base ligands improves the antimicrobial and anticancer activ-
ities of the ligands.™'!! A group of complex compounds of
2-aminobenzimidazole derivatives with some metals, such as
cobalt, zinc, and copper, showed also antifungal and antibacte-
rial activity.!"?l While complexes with ruthenium were cytotoxic
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in vitro against SKW-8 cells (human T-lymphoma).['3 The main
target of present work is to study the coordination behavior of
the benzimidazole ligands H;L and HL? that incorporate many
binding sites towards Ag', Cu', Fe'", Pt", Ru'™, Ni"", and Zn"
ions. The structures of the ligands and their metal complexes
were elucidated by elemental analysis, IR, 'H NMR, 13C NMR,
UV-vis, mass spectra, conductivity, and magnetic susceptibility
measurements at room temperature. The biological activity of
the present organic ligands and their metal complexes are also
reported. The remarkable smaller value of IC50 of Ag and Cu
complexes 2, 8 and 9, than that of the Tamoxifen would provide
a new potential antitumor drug that deserves more attention.

EXPERIMENTAL

Materials and Methods

All the reagents and solvents employed for the preparation of
the ligand and its complexes were of the best grade available and
used without further purification. 2-aminomethylbenzimida-
zoledihydrochloride and 2,4-dihydroxybenzaldehyde were pre-
pared according to the literature procedures.[!+!3]

Physical Measurements

The ligands and their metal complexes were analyzed for C,
H, N, and S contents at the Microanalytical Laboratory, Faculty
of Science, Cairo University, Egypt, but all other analyses were
carried out at Microanalytical Laboratories, National Research
Centre, Dokki, Giza, Egypt. Analytical and physical data of the
ligands H3L' and HL? and their metal complexes are reported
in (Table 1). The metal ion contents of the complexes were also
determined by the previously reported methods.!"-'?! IR spectra
of the ligands and their metal complexes were measured using
KBr discs with a Jasco FT/IR 300E Fourier transform infrared
spectrophotometer covering the range 400—4000 cm™' and in
the 500100 cm™' region using polyethylene-sandwiched Nu-
jol mulls on a Perkin-Elmer FT-IR 1650 spectrophotometer. 'H

NMR spectra were obtained on Brucker Avance 300-DRX or
Avance 400-DRX spectrometers. Chemical shifts (ppm) are re-
ported relative to TMS. The electronic spectra of the ligands
and their complexes were obtained in Nujol mulls using a Shi-
madzu UV-240 UV-visible recording spectrophotometer. Molar
conductivities of the metal complexes in DMSO (103 M) were
measured using a dip cell and a Bibby Scientific Limited con-
ductimeter MC1 at room temperature. The resistance measured
in ohms and the molar conductivities were calculated according
to the equation: A =V x K x Mw/g x 2, where A is molar
conductivity (ohm™' cm? mol™), V is the volume of the complex
solution (mL), K is the cell constant 0.92 cm™!, Mw the molec-
ular weight of the complex, g is weight of the complex, and
2 is resistance measured in ohms. Magnetic moments at 298 K
were determined using the Gouy method with Hg[Co(SCN)4] as
calibrant. Mass spectra of the solid ligand were recorded using
JEUL JMS-AX-500 mass spectrometer.

Synthesis of the Schiff Base Ligands
Synthesis of 4-((((1H-benzo[d]imidazol-2-yl)methyl)imino)me-
thyl)benzene-1,3-diol, H St

The methanol solution (40 mL) of 2-aminomethyl-
benzimidazoledihydrochloride (4.42 g, 20.0 mmol) was neu-
tralized by NaOH, then filtrated to remove the sodium chloride
precipitation. The filtrate was then added to the solution of
2,4-Dihydroxybenzaldehyde (2.76 g, 20.0 mmol) in methanol
(20 mL). The reaction mixture was stirred for 1 h. The excess
solvent was evaporated under reduced pressure. The formed
yellow precipitate is washed several times by ethanol and dried
under vacuum over anhydrous CaCl, (Scheme 1).

Synthesis of (((1H-benzo[d]imidazol-2-yl)methyl)thio)
propane-nitrile, HL?

A mixture of 2-thiomethylbenzimidazole (1.64 g, 10 mmol)
and potassium hydroxide (0.56 g, 10 mmol) in MeOH (50 mL)
was stirred for 15 min then acrylonitrile (0.53 g, 10 mmol) was

1) POCI
DME/CH,CN™ e
!
N NH: N
N NH,CH,COOH (\:[ M NH; 2 HCl
/ 6 NHCI, 30 h N
NH, |

SCH. 1. Schematic representation for the formation of the Schiff base ligand HzL! and its numbering.



UZSENCID'THD

C (S'81)9°81 (1'6)0°6 GIDST11T  (9Te  (FLESLE 89 9°€Se MO[[K DUz, TH (4!
SIENCDMTHYD
8T Toncor (9959 weLrs (€T (€LOVLT 9L €E8y  MO[PA IO IH TT
umolrq CSTOIN®NBEHD
€C 966 (SoDgor  ®enLel  OwLy  (19T1S 8 Y119 Usippal “*HO(0)DO)INUTH) 01
chmZSQQImHQ
@ OvDLYL  FLSL L6)86 (66T FINSTY 88 0Ssy  umolq YOTHUHI(ODOMD,TH 6
vavaaﬂm_::U
81 (9'92)L9T (6'LLL ®cneer  (@oee ((9TesTe 69 (44014 MO[[K (O'H)(*ONO)3V, TH 8
mmz:m:o
- - @¥DLy1  (€eDg6l (I'OT'S  (809)809 0L €LIT MO[[K JIH L
—\_MNOmZm_UQIQQ
€T (€101°1C — 68906 08T (089)6LE L L'SLy  umoiq Oy, TEH 9
WdCONUDHHED
78 (9'9€)5°9¢ - (6'2)0°8 (9T (8celLee 6L £ees MO[[K D10, T¢H] S
NOmZOEﬁUQIQU
vT €D — ®eLe aore Oy z8 g6ty umoiq 004, TS H ¥
oOmZSUQISQ
81 TyDev1 — F6)<6 €Ty (8°09)L08 98 6871 umolq “*HD(0)D0)ND, T*H €
quZM«QfIDU
IC (LYD)8¥T - @®cDLelr ©91re  @IPETy 6L cLeY noffeh CONOS3V | TtH (4
NOmZQImHU
— — — (Lsnsst  (emsy  (FLYE LI L €L97  MO[PA TH T
(j_Iow ;wo _g5)wy N S N H o) (%) PPIA  Md 010D soxa[dwo)/spuesry “ON

90UBJONPUOD IB[OIN

(%) ('PI[ED "[eUV)pUnO]

saxa[dwod [ejowr 1ay) pue TH pue "TEH spuesI ays Jo ejep [edrsAyd pue [eondreuy

€702 11dY ST 917:0T e [P69]10D pleAkeH] Aq pepeojumoq

I 419VL

48



Downloaded by [Harvard College] at 10:46 15 April 2013

SYNTHESIS, CHARACTERIZATION, AND CYTOTOXIC ACTIVITY 49

N
C[ NSt
N +

~ 7

H

SCH. 2. Schematic representation for the formation of the Schiff base ligand HL? and its numbering.

added. The reaction mixture was stirred for 2 h. The excess
solvent was evaporated under reduced pressure. The salt was
collected and dissolved in cold water then, acidified by drops
of hydrochloric acid. The solid formed was filtered off and
washed with cold water then, crystallized from methanol as
orange powder (Scheme 2).

Synthesis of the Metal Complexes

The following general procedure was used in the synthesis
of all metal complexes. The salts—AgNO; (0.84 g, 5 mmol),
Cu(CH3COO0); (0.90 g, 5 mmol), FeCl3.6H,0 (1.35 g, 5 mmol),
Ni(CH3COO),.4H,0 (1.24 g, 5 mmol), ZnCl, (0.68 g, 5 mmol)
and RuCl;-3H,0 (1.30 g, 5 mmol)—were dissolved in a hot
(70°C) methanol solution (25 mL) and the solution was added
to a hot (70°C), stirred ethanolic solution (25 mL) of the corre-
sponding ligand H3L! (1.33 g, 5 mmol) and HL? (1.08 g, 5 mmol
for all complexes except Ni [2.17 g, 10 mmol] was used). The
mixture was left under reflux with continuous stirring for 5 h
and the solid complexes precipitated. The resulting solid was
filtered off, washed several times with methanol and then with
diethyl ether, and dried under vacuum at 50°C for 5 h. In case of
platinum(IT) compounds a stock [PtCl4]?" solution was used by
dissolving PtCl, (2.66 g, 10 mmol) in concentration HCI (un-
til dissolved) under reflux, and the turbidity of the undissolved
material is then removed by filtration. The solution is then neu-
tralized with Na,COs and diluting with distilled water up to
250 mL (pH 6.0-6.5) to yield a solution of 0.04 M [PtCLL]*,
then (125 mL, 5 mmol) was used.?Y

Biological Evaluation

The cytotixic activity was measured in vitro for the newly
synthesized compounds using the sulfoRhodamine-B stain
(SRB) assay using the method of Skehan at The National Cancer
Institute, Cairo University, Cairo, Egypt.[?!!

Test compounds were dissolved in DMSO and diluted with
saline to the appropriate volumes. Different concentrations of
the compound under test (5.0, 12.5, 25.50, and 50.0 pg/mL)
were added to the cell monolayer. Tamoxifen, a standard and
well-known anticancer drug, was used as a standard drug to eval-
uate the relative cytotoxic efficiency of the tested compounds at
the same concentrations.

The relation between surviving fraction and drug concentra-
tion is plotted to get the survival curve. The results of cytotoxic
activity were expressed as an IC50; the dose of compound (in

pg/mL), that inhibits proliferation rate of the tumor cells by
50% as compared with control untreated cells.

RESULTS AND DISCUSSION

Elemental Analysis

The elemental and physical data of the ligands and their com-
plexes (Table 1) showed that the stoichiometry of the complexes
obtained is either 1:1 or 1:2 M/L (metal:ligand).

Mass Spectra of the Ligands

The mass spectra of the Schiff bases H;L! and HL? revealed
the molecular ion peaks at m/e 267 and 217, which is coincident
with the formulae weights 267.3 and 217.3, respectively, for
these compounds and supports the identity of their structures.

Conductivity Measurements

All metal complexes are stable in air and insoluble in com-
mon organic solvents but soluble in DMSO. The molar conduc-
tivities of the complexes in DMSO (1073 M) are listed in Table 1.
Only complex 5 behaved as a 1:1 electrolyte. The elevated value
of the conductance of this complex may be due to partial dissoci-
ation of the coordinated chlorine with the solvent molecules.*?!
The rest of the complexes showed a non-electrolyte
nature.[*!

Infrared Spectra

The infrared spectra of the ligands showed sharp band in
the 3375-3405 cm™' region due to NHyenzimidazole, Which re-
main unchanged after complexation indicating that it was not
involved in complex formation. The band due to v(OH) stretch-
ing vibration of ligand H;L! was found as strong band around
3230 cm™!,?*) while the sharp band located around 1620 cm™!
was assigned to v(C=N) stretch. The presence of hydrogen
bonding between NH of benzimidazole and other electronega-
tive atoms in ligand is indicated by the appearance of several
medium intensity bands in the range 25002700 cm™'. These
bands are also present in complexes indicating the presence of
hydrogen bonding in complexes.!*>) The IR data of the Schiff
bases H;L! and HL? and their complexes are listed in (Table 2).
The IR spectra of the complexes are compared with those of the
free ligand in order to determine the coordination sites that may
be involved in chelation. In all complexes of HsL!, the ligand
behaved as neutral tridentates ligand coordinating through both
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imine groups and one hydroxyl group (NNO). These complexes
showed a shift to lower wave number with decreasing intensity
of the bands of both imine’s and one of the hydroxyl groups
indicating they are involved in coordination to the central metal
while the other hydroxyl group almost retained its original po-
sitions indicating it was not involved in coordination.®2"! The
appearance of two bands due to v(C-O) one almost at its orig-
inal position while the other was shift to higher wave number
further supports the coordination of only one of the two pheno-
lic oxygen to the central metal.*” In case of the ligand H;L?
complexes, the ligand behaved as neutral bidentate ligand coor-
dinating through the imine and thio-ether groups. The IR data
of these complexes showed a shift to lower wave number in the
band corresponding to the imine group along with a decrease
in its intensity, indicating its involvement in coordination. /26301
The thio-ether band in the free ligand appeared as a split band
at 700 and 645 cm~'. However, this mode is shifted in the
spectra of the complexes and appeared at 670-650 cm~! and
630610 cm™! suggesting the bonding of the metal ion through
sulfur atom of the ligand."*!! The most important absorption oc-
curred at 2251 cm™! and corresponds to the v,,(C=N) stretching,
which remain unchanged in complexes excluding participation
of this group in complexation.®?) The new bands in spectra
of all complexes in the 435-475, 334-380, and 520-570 cm™!
regions were assigned to v(M-N), v(M-S), and v(M—-O) vibra-
tions, respectively.!’33*! The acetato group in complexes 3, 9,
and 10 acted as a monodentate ligand and this is supported by
the appearance of two new bands in the ranges 1580-1560 cm™
and 1366-1340 cm™', which may be attributed to Vasym.(COO7)
and vgym (COO), respectively. 1351 The separation value (A) be-
tween Vaeym (COO7) and vy (COO) in these complexes were
more than 200 cm™! (208-223 cm™), suggesting the coordina-
tion of carboxylate group in a monodentate fashion.!*® Further,
the complex exhibits §(COO™) at 750 cm™', which is consid-
ered diagnostic for monodentate acetates.!*>! The broad bands
in 3464-3441 cm™ region in the spectra of complexes 6, 8, and
9 are due to coordinated water rather than water of crystalliza-
tion. This is supported by the presence of bands at 1585-1595,
925-950, and 600-625 cm™! due to H,O deformation, H,O
rocking, and H,O wagging, respectively.[?”-*8! The spectrum of
nitrato complexes 2 and 8 showed bands in 1452-1448 (v1),
1075-1055 (v2), 1364-1360 (v4), and 710-699 (v5) regions

TABLE 3
The electronic absorption spectral bands (nm) and magnetic
moment (B.M.) for the ligands H;L' HL? and their metal

complexes
Ligands/ Amax (nNm) (&

No. Complexes [mol~! cm™]) e in BM
1 H;L! 312, 381, 462 —
2 H;L'AgONO, 290, 325, 395, —

465, 550
3 H;L!'Cu(OC(0O) 285, 330, 415, 1.74
CHj3), 455, 650
4 H;L!FeCls 290, 320, 430, 59
465, 750
5 [H;L'PtCI]Cl 300, 340, 410, —
460
6 [H3L1RuC12 295, 325, 410, 1.85
(H,0)ICI 460, 590, 675
7 HL? 300, 340, 402 —
8 HL’Ag(ONO,) 310, 330, 365, —
(H,0O) 420, 468, 560
9 HL2Cu(OC(O) 315, 370, 430, 1.89
CH3)2(H>0), 745
10 (HL2),Ni(OC(0) 315, 350, 410, 3.45
CHs3), 585, 815
11 HL2PtCl, 295, 320, 354, —
425
12 HL2ZnCl, 290, 325, 360, —
440

with v1-v4 separation of 88 cm~!, characteristic of monoden-
tate nitrato group.*”’

Electronic Spectra and Magnetic Moments

The structure of the ligand reveals that the two lone pairs
of electrons of azo group are not the only interacting non-
bonding electrons because the ligand contains nitrogen and
oxygen atoms, which also may be extra sources of lone pair
of electrons. Thus, other n—* transition is expected to take
place from these non-bonding orbital to different 7* molecular

TABLE 4
(a): "H-NMR spectral data of H;L' and some of its metal complexes
H(23),
H(31)H(24),
Compound  H(21) H(19), H(20) H(Q27) H(26) H(29), H(30) H(25) H(22), H(23)
H;L! 13.61br 13.05(s, 1H), 12.67(s, 1H) 8.62(s, IH)  7.55(m, 4H) 7.25(dd, 2H) 6.41(s, 1H)  4.97(s, 2H)
2 13.60br 13.04(s, 1H), 12.60(s, 1H) 8.47(s, IH)  7.59(m, 4H) 7.25(dd, 2H) 6.40(s, 1H)  5.03(s, 2H)
6 13.61s  13.05(s, 1H), 12.53(s, 1H) 8.39(s, 1H)  7.59(m, 4H) 7.15(dd,2H) 6.47 (s, 1H)  4.93(s, 2H)




Downloaded by [Harvard College] at 10:46 15 April 2013

52 A.M. A. EL-SEIDY ET AL.

TABLE 5
"H-NMR spectral data of HL?

Compound H(12) H(17), H(22)

H(23), H(24)

H(19), H(21) H(18), H(20), H(25), H(26)

HL? 13.40 (br, 1H) 7.54 (S, 2H)

7.17 (S, 2H)

4.04(s, 2H) 2.86(m, 4H)

orbital extending over such a large molecule. The data (Table 3)
reveal that the ligand comprises three sets of bands in the UV
and visible regions.[*’! The first set of the shortest wavelength
is 300-340 nm range, which may be assigned to the w—m*
transition in the aromatic moiety and intraligand 7 — 7 * transi-
tion.[*!! The second set appears in the 381-402 nm range, which
may be assigned to n—n* of the azomethine group.l**! The
band located in the visible region at 462 nm can be assigned to
m—* transition involving the whole electronic system of the
compounds with a considerable charge transfer character arising
mainly from the phenolic moiety./***3! The spectral data of the
free ligands and their metal complexes in DMSO are listed in
Table 3. The spectra of the diamagnetic Ag(I) complexes (2, 8)
exhibited two bands in the 550-560, 465-468, and 365-395 nm
ranges; the latter two may arise from charge transfer of the type
may arise from charge transfer of the type ligand (7) — by,
(Ag™) and ligand (o) — by, (Ag™), respectively, in a typically
distorted square planar environment around the metal ion.#4-4¢]
The electronic spectra of the copper complex 3 showed a band

at 650 nm and ascribed to the d-d transition (dxz; dyz— dx’-
y?). These results are typical of square pyramidal geometry,”)
while complex 9 exhibited a band at 745 nm range assignable to
E,— T, transition, which is the expected band for d’ ion in an
octahedral configuration with low crystal field splitting.!*3! The
magnetic moments of the copper complexes at room tempera-
ture lied in 1.74-1.89 B.M. range (Table 3), corresponding to
one unpaired electron.!*’! The electronic spectrum of the ferric
complex 4 showed a band at 750 nm, that may be assigned to
6A;—*T|(G), indicating distorted octahedral geometry around
Fe(III) ion.’%>!"" The magnetic moment of this complex was
found to be 5.9 B.M. and fall within the range observed for
octahedral Fe(IIT) complexes.’>34 The ruthenium complex 6
showed two bands at 675 and 590 nm. The ground state of
ruthenium(II) in octahedral environment is *T,g, arising from
the t52g configuration, and the first excited doublet levels in the
order of increasing energy are >A,g and °T g, arising from the
t“zgelg configuration. Hence, these two bands may correspond
to ’Trg — %A,g and *T,g — ?T,g. Thus, the pattern of the

TABLE 6
Thermal data for the metal complexes

Temp. DTA TGA (wt. loss%), Composition of

No. °O) (Peak) Anal. Calcd. (Found) Assignment the residue

3 265 Endo 26.31(26.55) Loss of 2 acetate groups [H;L!'Cu]
325 Endo - Melting point [H3L'Cu]
560 Exo 17.72(18.09) Decomposition and formation of CuO CuO

4 250 Endo 24.76(25.04) Loss of three chloride ions [H;L'Fe]
315 Endo - Melting point [H;L!Fe]
550 Exo 37.18(37.58) Decomposition and formation of Fe,;O3 Fe,03

6 268 Endo 22.41(22.774) Loss of three chloride ions [H;L'Ru]
290 Endo - Melting point [H;L'Ru]
645 Exo 52.69(52.98) Decomposition and formation of Ru,03 Ru,03

9 137 Endo 8.28(8.54) Loss of two coordinated water [HL2Cu(OC(O)CH3)s]
260 Endo 27.15(27.42) Loss of two acetate groups [HL2Cu]
340 Endo - Melting point [HL?Cu]
510 Exo 18.29(18.38) Decomposition and formation of CuO CuO

10 245 Endo 19.32(19.58) Loss of 2 acetate groups [(HL?),Ni]
275 Endo - Melting point [(HL?),Ni]
615 Exo 12.22(12.44) Decomposition and formation of NiO NiO

12 270 Endo 20.05(20.35) Loss of two chloride ions [HL?Zn]
310 Endo - Melting point [HL?Zn]
520 Exo 23.02(23.37) Decomposition and formation of ZnO ZnO
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FIG. 1. The proposed structures of metal complexes.

electronic spectra of the ruthenium (III) complex indicates the
presence of an octahedral environment around the ruthenium
(IH) iOH.[24’53’55_57]

The electronic spectrum of Nickel(I) complex, complex 10,
showed bands at 815 and 585 nm that may be arising from
3A,g— 3T, g(F) and 3A,g— 3T, g(P) transitions, respectively in
octahedral geometry.38-60!

THNMR Studies of the Ligands and Some of Their
Diamagnetic Complexes

The insolubility of the complexes in the other or-
ganic solvents necessitates recording 'H NMR spectra in
dimethylsulfoxide-d¢ (DMSO-de) (Tables 4 and 5).

The "THNMR spectrum of the ligand H3L! showed three sig-
nals at 13.61, 13.05, and 12.67 ppm. The former was assigned
to NHimidazole While the other signals were assigned the phe-
nolic OH’s protons. These signals disappeared on the addition
of D,0. The singlet at 8.62 ppm was assigned to CH=N pro-
ton. The signals in the 7.55-6.41 ppm range may be due to the
aromatic rings protons. The signal due to the -CH,- appeared
as a singlet at 4.97. The singlet of the NHinidazole Showed no
significant shift in the spectrum of all complexes, indicating it
is not involved in complexation. The signals at 12.67 showed
downfield shift in the spectra of complexes 2 and 6 while the
other signal at 13.05 almost retained its original position. This
supports that only on phenolic oxygen is involved in complex
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FIG. 2. Cytotoxic activities of ligands and their complexes against human breast cancer cell line (MCF-7).

formation. The singlet at 8.62 ppm showed a downfield shift
(Aé = 0.15-0.23 ppm) on complex formation, which indicates
the coordination of the azomethine nitrogen to the central metal.
The 'HNMR spectrum of the ligand HL? showed a signal at
13.40 assigned to NHjmidazole- The signals in the 7.54-7.17 ppm
range may be due to the aromatic rings protons. The signals due
to the -CH;- appeared in 4.04-2.86 ppm range.

Thermal analyses (DTA and TGA)

The results of DTA and TGA of complexes 3,4, 6,9, 10, and
12 are shown in Table 6. The results showed good agreement
with the theoretical formulae as suggested from the analytical
data.

Biological Activities

This study has shown that the two ligands and their metal
complexes were cytotoxic against human breast cancer cell line
(MCF-7). The cytotoxic activity of the Schiff base ligands H3L'
and HL? could be attributed to the antiproliferative activity of
hydroxyl group and the occurrence of C=N moiety, respectively,
which may be an important fragment for hydrogen bonding for-
mation at the receptor site.[®1=%3 Also, the study has shown that
complexation of metals to the Schiff base ligands improves the
anticancer activities of the ligands (2, 5, 6, 8, and 9). This may be
attributed to the lipophilic character of the central metal atom
explained by Tweedy’s chelation theory.l'**! The decreased

activity of complexes (3, 4) and (10-12) compared to that of
ligands (1, 7) could be attributed to their poor solubility than
their respective free ligands.!%! Additionally, the current com-
parative study with Tamxifen, and based on the IC50 values

104
—— Tamoxifen
.o ogy--- Hal!
0.8 4 A HiL'AgONO:
3 v-- H:L!'Cu(OC(O)CHs):
‘%’ gy~ HiLFeCly
&= 0.6 e [HSLTPICIC
g’ > > [H:L'RuCl2(H:20)]C1
Z
c
=
D 0.4 4
0.24
o+

0 10 20 30 40 50
Concentration

FIG. 3. Effect of different concentrations of ligand H3L! and its complexes
on the viability of human breast cancer cell line (MCF-7).
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FIG. 4. Effect of different concentrations of ligand HL? and its complexes on
the viability of human breast cancer cell line (MCF-7).

obtained with human breast cancer cell line (MCF-7) revealed
that the Hs;L'! ligand and HL?-silver complexes were between
2.53 and 2.8 and HL2-copper complexes were 3.35 times more
cytotoxic than Tamxifen, whereas the Ag(I) complexes induce
apoptosis (programmed cell death) in cancer cells which may be
adirect result of their action on the cell, while copper complexes
would cause intracellular generation of hydroxyl radicals from
H,0; produced during normal cellular activities by the reduc-
tion of Cu(Il) to Cu(I), leading to a growth inhibition in tumor
cells.!®! The ligand HL? and its complexes, except complexes 8
and 9, showed a very low reactivity and we can regard the reac-
tivity in case of complexes 8 and 9 to the presence of copper and
silver ions. The very high reactivity in case of complex 9 com-
pared to the low reactivity of complex 3 is due to the presence
of sulfur in the ligand HL?. Since sulfur is a medium-soft base it
stabilizes copper in the low oxidation state and hence facilitates
the reduction of Cu(II) to Cu(I). This reduction will increase the
formation of hydroxyl radicals from H,O,. Oxygen is a hard
base and stabilizes the presences of copper in the high oxidation
state. The close cytotoxic value of H3L'-platinum complex 11
to Tamxifen value supports the use of cisplatin and related plat-
inum complexes as anti-cancer agents, which has stimulated a
search for other active transition metal complexes, which are as
or more effective but with fewer side effects.[6!

The IC50 values were summarized as shown in Figure 2 and
the effect of different concentrations of the ligands and their
complexes on the viability of human breast cancer cell line
(MCF-7) are shown in Figures 3 and 4.

CONCLUSION

In the present work, we synthesized two novel Schiff base lig-
ands H3L' and HL? and their Ag', Cu"l, Fe', Pt", Ru", Ni", and
Zn!', The ligands and their metal complexes have been synthe-
sized and identified by elemental analyses, molar conductivities,

and spectral (UV-Vis, IR, '"H NMR, '3C NMR, mass) and mag-
netic moment measurements techniques. The ligands behaved
either as neutral tridentate or neutral bidentate ligands. Conduc-
tance measurements suggest the non-electrolytic nature for all
the metal complexes except complex 5, which behaves as a 1:1
electrolyte. Complexes 2, 8, and 9 showed a remarkable smaller
value of IC50 than that of Tamoxifen, which would provide a
new potential antitumor drug that deserves more attention.
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