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Abstract

New binary metal (I)/(II) complexes derived from benzohydrazide oxime ligand were prepared. Physicochemical studies (IR, UV-Vis,
Mass,1HNMR, Magnetic Moment, Thermal analysis, conductivity, ESR) revealed that, the ligand coordinates to the metal ion in a neutral bidentate or
neutral hexadentate mode through nitrogen atoms of amino and oxime groups and oxygen atom of the amide group. All metal complexes are non-
electrolytic in nature as suggested by molar conductance measurements. The complexes are adopted to be a linear as Ag (I) complex or tetragonal

distorted octahedral geometry around the metal ions.

The cytotoxic activity of the ligand as well as some of its metal complexes was evaluated against human liver cancer (Hep-G2). It is worth noting,
the cytotoxic activity was enhanced upon complexation. Also, it was interestingly found that, the Cu (II) complex (2) which formed in (1L: 2M)
molar ratio, recorded the highest cytotoxicity against Hep-G2. On the other hand, Zn (II) complex (4) recorded moderate IC50 value against Hep-G2.
However, the other tested complexes showed a weak cytotoxicity against the same cell line compared with a standard drug (vinblastine sulfate).

Keywords: Hydrazon Oxime, Complexes, Spectra, Magnetic Moment, ESR, Cytotoxicity, Anti-Inflammatory, Analgesic, Anticonvulsant,

Antituberculosis, Antitumor, Anti-HIV, Antimicrobial Activity

Introduction

Hydrazones and their derivatives constitute a versatile class of
compounds in organic chemistry. These compounds have interest-
ing biological properties such as anti-inflammatory, analgesic, anti-
convulsant, antituberculosis, antitumor, anti-HIV and antimicrobial
activity [1]. Hydrazones are important compounds for drug design,
as possible ligands for metal complexes, organocatalysis and for the
syntheses of heterocyclic compounds [2]. The ease of preparation
increased hydrolytic stability relative to imines, and tendency to-
ward crystallinity are all desirable characteristics of hydrazones.
Due to these positive traits, hydrazones had been under study for
a long time, but much of their basic chemistry remains unexplored.
Hydrazone ligands create an environment like the one present in

biological systems usually by making coordination through oxygen
and nitrogen atoms. Various important properties of carbonic acid
hydrazides, along with their applications in medicine and analyti-
cal chemistry, have led to increased interest in their complexation

characteristics with transition metal ions [3].

The hydrazone unit offers several attractive features such as the
degree of rigidity, a conjugated system and a NH unit that readi-
ly participates in hydrogen bonding and may be a site of proton-
ation-deprotonation. It is well established that, the formation of
metal complexes plays an important role to enhance the biological
activity of free hydrazones [4]. Hydrazone ligands are promising
compounds because of their ability towards complexation and wide
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range of biological and non-biological properties [5,6]. The chemis-
try of transition metals with ligands from the hydrazine family has
been of interest to coordination as well as bio-inorganic chemists
due to their different bonding modes with both electron-rich and
electron-poor metals [7]. The structural motif, -N=C-CH=N-NH-
C=N-, present in hetero-cyclic hydrazones is a remarkable tool for
development of multi-functional organic receptors that find appli-

cations in chemical, environmental and biological sciences.

Acyl-hydrazones have an additional donor site like C=0, which
determine the versatility and flexibility of these compounds [8-15].
Metal complexes of acyl-hydrazones (i.e. Cu (II), Co (II), Pt (II) com-
plexes) are known for wide spectrum of biological and pharmaceu-
tical activities, such as inhibition of tumor growth [16-22], antioxi-
dative effect [23,24], antimicrobial and antiviral [25-27]. Continue
to our work, new metal complexes of benzohydrazide oxime ligand
have been prepared and spectroscopically characterized and cyto-
toxic activity was studied.

Experimental

Instrumentation and Measurements

The ligand and its metal complexes were analyzed for C, H, N,
Cl and M at the Micro analytical center, Cairo University, Egypt.
Standard analytical methods were used to determine the metal ion
content [23]. 1H-NMR spectra were obtained on Bruker 400MHz
spectrometer. Chemical shifts (ppm) are reported relative to TMS.
FT-IR spectra of the ligand and its metal complexes were measured
using Kerr discs by a Jasco FT/IR 300E Fourier transform infrared
spectrophotometer covering the range 400-4000cm’. Electron-
ic spectra in the 200-900nm regions were recorded on a Perkin-
Elmer 550 spectrophotometers. The thermal analyses (DTA and
TGA) were carried out on a Shimadzu DT-30 thermal analyzer from
room temperature to 800°C at a heating rate of 10°C/min. Magnetic
susceptibilities were measured at 25°C by the Gouy method using
mercuric tetrathiocyanatocobaltate (II) as the magnetic suscepti-
bility standard. Diamagnetic corrections were estimated from Pas-
cal’s constant 30. The magnetic moments were calculated from the
equation:

1/2
peff =2.828(XnxT)
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The molar conductance of 10-*M solution of the complexes in
DMSO was measured at 25°C with a Bibby conductometer type MCL.
The ESR spectra of solid complexes at room temperature were re-
corded using a varian E-109 spectrophotometer, DPPH was used
as a standard material. The TLC of all compounds confirmed their
purity.

Synthesis of the ligand

The ligand, (H,L) was synthesized by mixing (10.0g, 0.08mol)
ethyl chloroacetate with sodium methyl benzoate. The solution was
refluxed with stirring for two hours at 80°C, then left to cool at room
temperature. The precipitated yield was filtered off then dried un-
der vacuum over anhydrous CaCl,. (3.0 g, 0.013mol) of yield reacts
with (1.34g, 0.026mol) of o-phynelendi amine in the presence of
50cm? of ethanol solution. The solution was refluxed for another
two hours with stirring at 80°C, then left to cool at room tempera-
ture. The precipitate was filtered off, and then dried. This product
(1.0g, 0.0045mol) was added to (4.6g, 0.008mol) of oxime in the
presence of 50cm? of ethanol solution The mixture was refluxed for
another two hours with stirring at 80°C, then left to cool to room
temperature. Filtered off and the product collect to give the ligand.

Preparation of metal complexes (2-17)

Synthesis of complexes (2-17) were synthesized using( 1L:2M)
molar ratio, by refluxing of (1.0g, 0.002 mol) of the ligand in 30cm?
ethanol with 30cm?® ethanolic solution of the metal salts of (1.1g,
0.0045mol) CuS0,.5H,0 complex(2), (0.75g,0.0044mol) CuCl,.2H,0
complex (3), (0.98g, 0.0044mol) Zn(OAc),.2H,0 complex (4),
(1.09g, 0.004mol) Mn(0Ac),.4H,0 complex (5), (1.1g, 0.0045mol)
C0S0,.5H,0 complex (6), (0.74g ,0.044mol) AgOAc complex (7) ,
(1.8g, 0.0044mol) Pb(NO,),.4H,0 complex (8), (1.8g, 0.0044mol)
Cd(NO,)2.4H,0 complex (9), (0.89g, 0.004mol) Cu(OAc),.H,0 com-
plex (10), (1.04g, 0.044mol) Ni(CO,), .3H,0 complex (11), (0.55g,
0.0022mol) MgSO0,.5H,0 adding to (0.64g, 0.0022mol) BaSO,.4H,0
to give complex (12), (0.75g, 0.0044mol) HgCl,.2H,0 complex (13)
(0.55g, 0.0022mol) CrSO,.5H,0 complex (14) (0.44g, 0.0022mol)
Cu(0OAc),. H,0 adding to (0.49g, 0.0022mol) Zn(0Ac),.2H,0 to give
complex (15), 0.55g, 0.0022mol) CoSO,.5H,0 adding to (0.64g,
0.0022mol) ZnS0,.7H,0 to give complex (16), (1.1g, 0.0044mol)
Co(0OAc),.4H,0 complex (17) for two hour under continuous stir-
ring at 80°C. The obtained precipitate was filtered off and dried in
desiccators over CaCl, to give anew complexes.

Table 1: Analytical and Physical Data of the Ligand [H,L] and its Metal Complexes.
Molar conduc-
. Anal. /Found (Calc.) (%)
SNo | Ligands/Complexes | Colour | FW | M.P°C \?(;Ol)d tance*
C H N M
1 (H,L) C,,H,,N.O, Black 601 >350 70 61.4(61.1) | 6.1(5.4) | 12.6(13.9) - -
[(H,L)Cu,(- Dark 11.8
2 |s0,),].4H,0C, H, N O- 1062 | >350 65 34.4(35.0) | 4.2(3.7) 7.4 (7.9) 0.27
brown
15CU,S, (13.4)
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[(H,L) Cu,(- Red 13.1
3 | CL),]:3H,0C, H, N,0- 887 | >350 70 | 41.5(41.9) | 3.9(4.1) | 9.1(9.4) 0.45
brawny
,Cu,ClL (14.2)
[(H,L)(Zn),(0A- Dark 44.6 115
4 | 9J2H,0 CHNO-| = | 1038 | >350 | 60 4.2(4.6) | 7.7(8.0) 0.264
Lln, (45.0) (12.6)
[(H,L)Mn,(OA- 45.0 9.5
5 ¢),]:3H,0C, H- Brown | 1035 | >350 70 44(4.6) | 8.0(8.1) 0.563
N0, Mn, (45.1) (10.6)
[(H,L)Co,(- Red 7.1
6 | S0,),].4H,0C, H,N,O- 1052 | >350 | 70 |35.1(353) 5.1(3.8) 213 (22.4) 0.23
brawny
1500,5, (7.8)
43.9 4.0 8.5
7 ES@”Q&I&OQCE' Brown | 952 | >350 | 53 12.8 (13.5) 0.49
29035t NV 1i88, (44.1) (4.2) (8.8)
[(H4L) sz(- Dark
8 NO,),.4H,0]C, H- brown | 1282 | >350 70 | 282(29.0) | 3.0(3.1) | 4.1(3.1) 32.0 (32.2) 0.27
4078717
[(H,L)Cd,(- Yel-
9 NO,),].4H,0C, H- lowish | 1216 | >350 | 60 |30.1(30.5) | 29(3.2) | 9.1(9.2) 19.1 (19.5) 0.34
0Ng0,,Cd, brown
[(H,L) Cu,(OA-
10 | ¢),]2H,0C, H NO- | Brown | 1035 | >350 | 85 | 45.0(45.2) | 3.6 (4.6) | 83(8.11) 12.0 (12.2) 0.76
17cu2
[(H,L)Ni,(- Dark
11 €0,),].3H,0C, H- brown | 965 | >350 70 | 40.8(41.0) | 4.1(43) | 8.1(8.7) 12.0 (12.1) 0.445
42N6017Ni2
[(H4L)MgBa(- 20
12| 50,),J4H,0C,H N, | Brown | 1098 | >350 | 60 | 332(338) | 34(36) = 7.1(76) | (5501700124 0.56
0,,S,MgBa
[(H,L) Hg, Dark
13 | (C1),].3H,0C, H, N 1162 | >350 | 60 | 31.2(32.0) | 3.0(3.1) | 7.1(7.2) 5.2(17.2) 0.477
2 2 31 737" 6 brown
0,ClLHg,
[(H,L)Cr,
14 | (S0,),].4H,0C, H,N, | Brown | 833 | >350 70 | 44.1(44.6) | 4.1(4.8) | 9.9(10.0) 5.1(6.2) 0.327
019 Zch
[(H,L)CuZn,(OA-
15 | ¢),].2H,0C, H,N,O- Dark | 1037 | >350 | 85 | 44.6(45.1) | 3.9(4.6) | 8.0(8.1) | 5.9(6.1)5.8(6.2) 0.79
17zn2
[(H,L)CoZn(-
16 | S0,),]4H,0C, H, N, | Brown | 1060 | >350 65 | 35.4(35.0) | 3.5(3.7) | 7.2(79) | 5.4(5.5)6.0(6.1) 0.56
0,,S, CoZn
[(H,L) Co,(OA- Dark
17 | ¢J2H0CH,NO- | o= 1025 | >350 | 85 | 44.8(45.6) | 41(46) | 7.8(8.1) 10.8 (11.4) 0.36
17C02
Table 2: IR frequencies of the Ligand [H,L] and its Metal Complexes.
No. v(g)g))/ .(Hbonding) V((NH) | v(C=0) | v(C=N) | v(C=NO) v(Ar) v(NOH)/NO v (0Ac, SO, NO, Co,) v(M-0) v(M-N) | v(M-CL)
3390 3540-3280
1 3270 1688 1620 1595 1508,762 | 128,411,661,115,959 - - - -
- 3260-2670
3326 3570-3280
2 3250 1638 1620 1585 1,540,761 | 12,791,152,111,890 12,851,153,853,670 610 595 -
3340-
3200 3270-2800
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3360 3515-3350
3 3455- 3260 1643 1625 1590 1,540,766 | 128,011,631,118,960 - 612 540 445
3330-2600
3225
3380 3530-3320
4 3560- 3255 1640 | 1613 1595 1,560,769 | 128,411,801,024,990 145,011,320 615 558 -
3310-2680
3220
3390 3560-3300
5 3550- 3250 1645 1615 1585 1,560,760 | 128,411,601,117,960 14,311,284 617 547 -
3200-2700
3180
3370 3570-3220
6 3375- 3250 1642 1615 1590 1,559,763 | 128,311,181,101,848 1241,1164,848, 680 610 590 -
3200-2700
3180
3280 3530-3210
7 3490- 3257 1645 1610 1575 1530,775 | 128,311,701,035,985 14,501,335 617 520 -
3200-2750
3190
3380 3610-3320
8 3300- 3260 1642 1614 1580 1550, 760 | 128,811,621,107,890 13,671,288,840 610 510 -
3300-2750
3170
3380 3600-3220
9 3550- 3250 1640 | 1610 1580 1560, 754 | 128,111,601,110,950 12,801,125,845,650 616 570 -
3200-2800
3180
3350 3560-3150
10 3500- 3170 1670 | 1610 1590 1,510,766 12,851,043,958 1450,1385 616 585 -
3140-2290
3110
3365 3520-3240
11 3490- 3200 1660 | 1612 1580 1575,773 1160, 1025, 950 179,013,601,116,835 620 560
3200-2600
3150
3370 3520-3260
12 3550- 3370 1680 | 1615 1590 1,570,752 11,591,110,980 127,811,591,110,752 610 540
3150-2690
3330
3350 3575-3220
13 3520- 3260 1675 1610 1585 1560, 769 11,811,059,970 - 610 550 430
3200-2700
3310
3375 3500-3230
14 3540- 3250 1645 1615 1580 1,575,790 | 127,211,591,110,980 126,711,501,038,780 615 545
3150-2700
3180
3370 3520-3215
15 3150 1648 | 1615 1590 1560,760 | 128011651033, 950 14,271,325 588 500
3430-
3178 3210-2800
3375 3530-3255
16 3250 1640 1605 1580 1,570,765 | 1285,1161,1110,960 | 128,511,611,118,985,000 600 570 -
3510-
3215 3150-2700
3280 3540-3350
17 3150 1680 | 1610 1590 1,558,762 | 1280,1160,1100, 960 14,241,320 620 520 -
3560-
3220 3320-2670
Table 3: The electronic absorption spectral bands (nm) and magnetic moments B.M.) for the ligand (1) and its complexes.
No. A, (nm) M in B.M.
1 265,310,325
2 265,305, 320, 435, 565, 610 1.66
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3 265,300, 370, 430,570, 613 1.67
4 265,305,322 Diamagnetic
5 263,303,322, 435,570, 622 5.5
6 265,300, 312, 440, 565, 608 4.54
7 265,310,320 Diamagnetic
8 265,310, 320 Diamagnetic
9 263,306,322 Diamagnetic
10 265,305, 318, 435, 570, 630 1.65
11 265, 305, 320, 475, 585, 610, 710 2.83
12 265,308,322 Diamagnetic
13 265,305,320 Diamagnetic
14 265,300, 315, 450, 640 3.22
15 262,305, 315, 435, 575, 605 1.7
16 265. 305, 320, 450, 560, 630 5.3
17 265,307, 320, 465, 580, 618 445

Results and Discussion

The ligand and its metal complexes are non-hydroscopic, col-
ored, crystalline and air-stable at room temperature. They are sol-
uble in both Dimethylformamide (DMF) and Dimethyl Sulfoxide
(DMSO) but insoluble in water, ethanol, methanol, benzene, tolu-
ene, acetonitrile and chloroform. The analytical and physical data
(Table 1) and spectral data (Table 2 & 3) are consistent well with
the proposed structures. Many attempts were carried out to pre-
pare single crystal but unfortunately, they were failed. The analyti-
cal data indicated that, all complexes formed in 1L: 2M molar ratio.

Conductance Measurements

1x107 molar solutions of the ligand and its metal complexes
in DMSO were used for molar conductivities measurements. The
compounds recorded low molar conductivities values (listed in the
experimental section) referring that, both the ligand and its metal
complexes have non-electrolytic nature [24-27], which confirmed
coordination of the anions to the metal ions.

Mass spectra

Mass spectrum of the ligand showed a molecular ion peak at
m/e 601amu, corresponding to its formula weight (FW.601) and
supporting the, proposed structure and the purity of the ligand
prepared. The prominent mass fragmentation peaks observed at
m/z = 55,59, 97, 113, 129, 143, 155, 171 210, 313, 368, 523 and
600amu corresponding to C,H,0, C,H.0, C,H.0, C.H N, C.H NO,
C,H,NO,, C.HNO,, C.H N,0,, C.H.N,0,, CH N0, CH,N,O, C_H-

577777273 Y67 273 e 7 274 910 24
»-N,0,, C,H NO, C, H, NO, C, H NGO, moieties respectively

300727 V405 31032
and also support the suggested structure of the ligand. While mass
spectrum of the Zn (II) complex (4) showed a molecular ion peak at
m/e 1038amu corresponding to its formula weight (EW. 1038) and
supporting the proposed structure, and the purity of the complex

prepared.

The prominent mass fragmentation peaks observed at m/z
= 60,62, 93, 109, 146, 182, 283, 312, 356, 500, 590, 710, 900,
1038amu corresponding to C,H, N, C.H. N, C.H ,N O, C.H ,N O

37710 37712 3771372 377137 272

CH_.NO,CH, NO,CH NO C.H NO,CH NO,CH NO

37713772772 Y3720 373 Y6 7200 7373 1377210 13737 137721 "33 13721 34

¢ HNO, CHNO, CH,NO_ , CHMNO_ CHNO Zn,

167726 376" 227738758 25 74475711 27744775717 337751 "6 19

C,,H,,N,0,,Zn, moieties respectively and also support the suggest-

ed structure of the this complex.

!H-NMR Spectra of Ligands

ﬂ-—CHa
HDN=f
\‘=0
n,c/c
\ ‘,'E’}_ ool & -
| . }r | :—m ‘:- ‘:-\ "#1'1:"1
. :} A
A €
." ‘I

Figure 1: Structure representation of the ligand [H4L] (1).

The spectrum of the ligand showed two peaks at 9.8 broad
[s, 1H] and 6.3 [s, 1H] assigned to protons of (OH)_ . and v(NH)
respectively. The two peaks disappeared in Cd (II) complex (9) in-
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dicating their participation in the coordination process. Protons
signals of the methyl and acetyl groups appeared at 3.5[3H] and
4.2[3H] ppm respectively. Finally, the multiples set observed in the
(7.5-8.2) ppm range assignable to the protons of the aromatic ring
[27]. These finding is going consistent with the proposed structure
of the ligands respectively (Figure 1).

IR spectra of the Ligands [H4L] (1) and its Metal
Complexes

While the IR spectral data of the ligand and its metal complex-
es are represented in Table 2 the spectrum of the ligand showed
broad band centered at 3390cm™ which assigned to v(OH). How-
ever, strong broad bands appeared in the 3540-3280 and 3260-
2670cm™ ranges confirm the presence of non-equivalent intra and
intermolecular hydrogen bondings [28]. Also, the spectrum of li-
gand displayed three bands at 1650, 1620 and 1595cm™ assignable
to v(C=0), v(C=N) and v(C=NO)
bands were observed at 1508 and 762cm™ which are related to vi-
bration of v(Ar) ring. The v(NH) of the ligand appeared at 3270cm™,
however, the (NOH) group was observed at 1284,1166,1115 and

959cm™ and these bands appeared in the same position in metal

respectively [29-33]. Medium

oxime

complexes indicating non-participating in coordination process
.The mode of bonding of the ligand can be predicted by comparison

the IR spectra of the complexes with that of the free ligand.

Copy@ Abdou Saad EI Tabl

The complexes show a broad band in the 3390-3280cm range,
assigned to the presence of hydrated or coordinated water mole-
cules. However, the bands appeared in the 3560-3110cm™ range
is due to intra-and intermolecular hydrogen bondings. The v(NH)
group appears in the 3270-3150cm™ ranges. The complexes show
v(C=0) and v(C=N) at (1688-1640) and (1625-1605)cm™ respec-
tively. These bands were shifted to lower frequency suggesting the
participation of the carbonyl and azomethine groups in the coordi-
nation process. IR spectral data of complexes (2)-(17) revealed the

presence of the v(OH) However, it subjected to a negative shift

oxime"

to higher or lower wavenumber comparing to the ligand referring
to its participation in the metal coordination.

Furthermore, v(OH)_, , v(C=N) and v(C=NO) oxime were also
shifted to lower wave numbers suggestion their participation in the
metal bonding [34,35]. The chloro complexes (3) and (13) showed
new bands at 445 and 430cm™ respectively, this band was assigned
to v(M-Cl). The sulphate complexes (2), (6), (12), (14) and (16)
show bands at (1285, 1153, 853, and 670), (1241, 1164, 848 and
680), (1278, 1159, 1110 and 752), (1267, 1150, 1038 and 780)
and (1285, 1161, 1118, 985 and 621)cm™ respectively, these values
indicate that, the sulphate ion is coordinated to the metal ion [33].
The mode of coordination is supported by presence of additional
bands in the 620-588 and 595-500cm™ regions corresponding to
v(M-0) and v(M-N) bands respectively [34-38] (Figures 2-8).

M--'":l‘
I\Fmp"“ﬁ“.ﬂ
) HO *
. &
, .L" L
e -
Wil
i - _.L- Il'! [ u
P ‘Li--q""'l*f"

Figure 2: Structure representation of Cu (ll), Zn (Il), Mn (II) and Co (II) complexes.

M=Cu (Il) X=OAc (2) n=2
M=Zn (Il) X=OAc (4) n=2
M=Mn (Il) X=OAc (5) n=3

M=Co (Il) X=OAc (17) n=3

American Journal of Biomedical Science & Research



Am ] Biomed Sci & Res Copy@ Abdou Saad El Tabl1

e ey
'q J— _\I_’-J- [ -~ o .
i '
L . ¥ i
o - ol <

Figure 3: Structure representation of Ag(l) complex (7).

Figure 4: Structure representation of Cu (ll), Cd (ll) and Cr (ll) complexes.

M=Cu (Il) X=S04 (2) n= 4
M=Co (Il) X=SO4 (6) n=2

M=Cr (Il) X=S04 (14) n=2

M - g_._:,':/N 7 nHO
—-_._N-—"':%‘ﬁ._lgo Hzg”)l\\N o
.
- .
= w e - - v - - -
" T S o S

Figure 5: Structure representation of Cu (Il) and Hg (Il) complexes.

M=Cu (Il) X=Cl (3) n=3

M=Hg (Il) X=CI (13) n=3
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Figure 6: Structure representation of Pb (Ill) and Cd (lll) complexes.

M=Pb (Ill) X= NO3 (8) n=4

M=Cd (lll) X=NO3 (9) n=4

1] M
o - ’/x \N
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Figure 7: Structure representation of Ni (I) complex.

M=Ni (I) X= CO3 (11) n=3
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1 QL +
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Figure 8: Structure representation of [Cu (II) Zn ()] and [Co (lI) Zn (ll)] complexes.

M=Cu (Il) M= Zn (Il) X=OAc (15) n=2

M= Co (Il) M= Zn (Il) X=SO, (16) n=2
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Electronic Spectrum

The electronic absorption data of the ligand and its metal com-
plexes in Dimethylformamide (DMF) are given in Table 3. The li-
gand [H,L] showed three bands at 265, 310 and 325nm due to
m—T* transitions within the aromatic moieties, n—>m* transition
of chromophore moieties present in the ligand, and CT transitions,
respectively [39,40] The electronic absorption spectra of Cu (II)
complexes (2), (3), (10) and (15) showed bands at [265, 305, 320,
435,565 and 610nm] and [265, 300, 370, 430, 570and 613nm] and
[265,305, 318, 435, 570 and 630nm] and [262, 305, 315, 435, 575,
605nm] respectively, the first bands are due to intra ligand tran-
x2-y2)_)2A1gd22
) (v,) transi-

sitions however, the other bands correspond to 2Blg(d
(Vl) ZBlg(dXZ—yZ)_)ZBZg(dxy) (VZ) and ZBlg(dXZ—yZ)_)ZEg(dzy'dxz
tions. The position as well as the broadness of these bands suggest
that these complexes have a tetragonal distorted octahedral geom-

etry [41,42].

This could be due to the Jahn teller effect that operates on the
d? electronic ground state of six coordinate system, elongating one
trans pair of coordinate bonds and shortening the remaining four
ones [42,43]. Magnetic moment values are in the range (1.65-1.70)
B.M. corresponding to one unpaired electron, spin-only value. The
electronic absorption spectra of Ni(I[) complex (11) displayed
bands at 265, 305, 320, 475, 585, 610, 710nm attributable to intra-
ligand transitions and the other bands are assigned to 3AZK(F)—>3T-
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x(F)(v,), °A, (F)=°T (v,) and *A, (F)-°T, (P)(v,) transitions re-
spectively, which are consistent with octahedral stereo chemistry
[44,45]. This observation is further confirmed by peff value (3.18
B.M) corresponding to two unpaired electrons [46]. The v, /v, ratio
is 0.95 which is less than the usual range of octahedral nickel (II)
complex (1.5-1.75), indicating that, the nickel (II) complexes have
distorted octahedral geometry [45-47] The bands observed for the
diamagnetic: complexes (4), (7-9) and (12) and (13) are due to in-
traligand transitions (Table 4).

Thermal Analyses

The thermal data of complexes (10), (16) and (17) are listed in
Table 5. These complexes were introduced as representative exam-
ples. Thermogram of complex (10) [(H,L) (Cu),(0Ac),(H,0),].2H,0
showed a decomposition in six steps, the first step involving break-
ing of H-bondings accompanied with endothermic peak at 45°C. In
the second step, two molecules of hydrated water were lost endo-
thermically with peak at 85°C accompanied by 3.6% (Calc 3.4%)
weight loss. Such a low temperature endothermic dehydrations in-
dicated that the water molecules were not coordinated to the metal.
Loss of two coordinated water molecule was recorded in the third
step as an endothermic peak at 120°C with 4.1 (Calc. 3.6) weight
losses. The 24.9% weight loss (Calc 24.5%) accompanied by an
endothermic peak which observed at 230°C was assigned to loss
of four Acetate Groups (OAc), whereas the endothermic peak ob-
served at 370°C refers to the melting point of the complex.

Table 4: Thermal analyses for some metal (Il) complexes.
45 endo - - - Broken of H-bondings
85 endo 3.4 3.6 Loss of (2H,0) hydrated water molecules
Complex (10) [(H,L) (Cu),(0Ac),(H,0),]. 120 endo - 3.6 4.1 Loss of (2H,0) coordinated water molecules
2H,0C,,H N0, Cu,
230 endo - 24.5 24.9 Loss of coordinated 40Ac group
350 endo - - - Melting point
430,490, 550 - exo 24.5 24.9 Decomposition process with formation of 2Cu0O
40 endo - - - Broken of H-bondings
80 endo 6.7 6.9 Loss of (4H,0) hydrated water molecules
120 endo - 3.6 3.8 Loss of (2H,0) coordinated water molecules
C(()I-I;:gl)i)](g—li%)%:;lﬁ%)l(\lig)lggg)érslosfz 220 endo 20.2 21.4 Loss of coordinated 250, group
370 endo - - - Melting point
380,420,480 ) ex0 190-.77 190-?8 Decomposition proct;slfdwziglz)the formation of CoO
45 endo - - - Broken of H-bondings
80 endo 5.1 5.5 Loss of (2H,0) hydrated water molecules
Complex (17) [(H,L) 120 endo - 3.6 3.9 Loss of (2H,0) coordinated water molecules
(Co),(0AC),(H,0),].2H,0C,,H N0, Co, 225 endo 247 | 251 Loss of coordinated 40Ac group
370 endo Melting point
430,510.55 - exo 20.6 21.2 | Decomposition process with the formation of 2Co0
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Table 5: ESR. Data for some metal (Il) complexes.
A Av A 2 2 2 2 2 2 2
g, & |8 | (| @ | e | & A AE, | K? | K?| K | K |gA | «| B2 |R?| 28 | t
(2)2.22 2.09 2.13 | 120 15 50 244 | 17699 22988 1.2 | 0.58 1 1 185 [ 0.63 | 1.9 | 092 184.2 4
(3)2.25 2.08 2.14 | 100 10 40 3.13 | 17544 23256 1.09 | 0.65 | 0.96 | 0.94 | 225 0.6 | 0.55 | 1.08 140 0

The final step observed as exothermic peaks 430,490 and
550°C with 26.9.% weight loss (Calc 24.5%), refers to complete
oxidative decomposition of the complex which exceed up with the
formation of 2CuO. The first step observed in the thermogram of
complex (16) [(H,L) (Co)(Zn)(SO,), (H,0),].4H,0 involves break-
ing of H-bondings accompanied with endothermic peak at 40°C. In
the second step, four molecules of hydrated water were lost endo-
thermically with a peak at 80°C accompanied by 6.9% (Calc 6.7%)
weight loss. The third step involved loss of two coordinated water
molecules accompanied with an endothermic peak which observed
at 120°C with 3.8 (Calc. 3.6%). weight loss 21.4% (Calc 20.2 %)
weight loss accompanied by an endothermic peak was observed at
220°C, which was ascribed to loss of a coordinated two sulphate
group (S0,), while the endothermic peak appeared at 370°C refers

to the melting point of the complex.

The final step observed at 380, 420 and 480°C with 9.9%
weight loss (Calc 9.7%) and 10.8 weight loss (Calc 10.7%) as exo-
thermic peaks, refers to complete oxidative decomposition of the
complex which ended up with the formation of CoO and ZnO re-
spectively. The first step observed in the thermogram of complex
(17) [(H,L) (Co),(0ACc),(H,0),].,H,0 involving breaking of H-bond-
ings accompanied with endothermic peak at 45°C. In the second
step, two molecules of hydrated water were lost endothermically
with peak at 80°C. accompanied by 5.5% (Calc 5.1%) weight loss.
Loss of two coordinated water molecules was recorded in the third
step as an endothermic peak observed at 120°C with 3.9 (Calc. 3.6)
weight loss. The 25.1% weight loss (Calc 24.7%) accompanied by
an endothermic peak appears at 225°C was assigned to loss of four
Acetate Groups (OAc), whereas the endothermic peak observed at
370°C refers to the melting point of the complex.

The final step observed in 430,510 and 550°C with 21.2%
weight loss (Calc 20.6%), refers to complete oxidative decomposi-
tion of the complex which exceed up with the formation of 2CoO0.
Loss of two coordinated water molecules was recorded in the third
step as an endothermic peak observed at 120°C with 4.2 (Calc. 3.9)
weight loss. The 39.3% weight loss (Calc 38.7%) accompanied by
an endothermic peak appeared at 250°C was assigned to loss of
four Acetate Groups (OAc), whereas the endothermic peak which
observed at 350°C refers to the melting point of the complex. The
final step observed in 420,460 and 500°C with 30.3% weight loss
(Calc 29.8%), refers to complete oxidative decomposition of the
complex which exceed up with the formation of 2Zn0. Thermogram

of complex.

Electron Spin Resonance (ESR)

The spectra of copper (II) complexes (2), (3) are characteristic
of species, d° configuration having axial type of a d(x?-y?) ground
state which is the most common for copper (II) complexes [48]. The
complexes show &, > &, >2.0023 indicating octahedral geometry
around the copper (II) ion [49]. The g-values are related by the ex-
pression G:(gu72)/(gL72) [49,50], where (G) is exchange coupling
interaction parameter. If G < 4.0, a significant exchange coupling is
present, whereas if G value > 4.0, local tetragonal axes are aligned
parallel or only slightly misaligned.

Complexes (2) show 2.4 value, indicating spin- exchange in-
teractions take place between copper (II) ions. This phenomenon
is further confirmed by the magnetic moments values which were
found in the (1.65- 1.67B.M.) range. The g /A” value is also con-
sidered as a diagnostic term for stereochemistry [51], the g, / AII
values were in the (185-225cm™) range which are expected for dis-
torted octahedral copper(1I) complexes.

The g-value of the copper (II) complexes with a 2B, ground
state ( g, >g+) may be expressed by [261]:

g, =2002-(8K2 4"/ AEw) (2)

g, =2002-(267 2" /4 ) )

Where k\l and k, are the parallel and perpendiculaor com-
ponents respectively of the orbital reduction factor (K), A is the
spin-orbit coupling constant for the free copper, AExy and AExz
are the electron transition energies of 2B, —2B,, and 2B, —2E,
I ki /K,
which are measure terms for covalency [50], can be calculated. For

From the above relations, the orbital reduction factors (

an ionic environment, K=1; while for a covalent environment, K<1.

The lower the value of K, the greater is the covalency.
K =(g+-2.002)AExz /22" Y

O
K, =(g,~2.002) AExy / 82

K’ = (1{2H +2K2L)/3 (6)

K values, for the copper (II) complexes (2), (3) are indicating
covalent bond character [48-52]. Kivelson and Neiman [49] noted
that, for ionic environment g, > 2.3 and for a covalent environ-
ment g > 2.3 [51]. Theoretical work by Smith seems to confirm
this view [52]. The g-values reported here Table 5 show consider-
able covalent bond character [48]. Also, the in-plane O -covalency

parameter, a?(Cu) was calculated by
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o’ (Cu)=(4,/0.036)+(g,-2002)+3/7(g, —2.002)+004 (7)

The calculated values suggest a covalent bonding [51,52]. The
in-plane and out of-plane m- bonding coefficients 2‘112 and 4° re-
spectively, are dependent upon the values of AExy and AExz in the
following equations [52].

a’p’ =(g, —2.002)AExy /22" (8)

@ f =(g,-2.002) A /82 (9)

A2

In this work, the complex (2) show &,
moderate degree of covalency in the in-plane m-bonding [50-52].

value 0.92 indicating

value for complex (3) are 1.08 indicating ionic character of the out-
of-plane, it is possible to calculate approximate orbital populations
ford orbitals [52] by

4 =4,-2B[1£(7/4)Ag, | Ag =g, —g, (10

a,=2B/28" (11)

Where A° and 2B° is the calculated dipolar coupling for unit
occupancy of d orbital respectively. When the data are analyzed, the
components of the Cu hyperfine coupling were considered with all
the sign combinations [53]. The only physically meaningful results
are found when A and A, were negative. The resulting isotropic
coupling constant was negative and the parallel component of the
dipolar coupling 2B are negative (184, and -140). These results can
only occur for an orbital involving the d(x?-y?) atomic orbital on
copper. The value for 2B is quite normal for copper (I1) complexes
[51]. The |A,_ | value was relatively small. The 2B value divided by
2B° (The calculated dipolar coupling for unit occupancy of d(x?*-y?)
using equation (10) suggests all orbital population close to 60-89.2
% d-orbital spin density, clearly the orbital of the unpaired electron
is d(x%-y?) [53].

a= (g‘I +2gl)/3

¢ :(gu _2)/(& -2)
Biological studies

Invitro cytotoxicity

The Antiproliferative activity of the ligand (1) and some of their
metal complexes (2), (3), (7) and (17) (were evaluated against
HEPG-2 cell line and shown in Figures [54-57]. In this study, we try
to know the chemotherapeutic activity of the tested compounds by
comparing them with the standard drug (IMURAN (azathioprine).
The treatment of the different complexes in DMSO showed similar
effect in the tumoral cell line used as it was previously reported
[57]. The solvent DMSO shows no effect in cell growth. The Cu (II)
complex (2) and (3) have shown a weak inhibition effect at rang-
es of concentrations used, however, The obtained data indicate the
surviving fraction ratio against HEPG-2 tumor increasing with the
decrease of the concentration in the range of the tested concentra-

Copy@ Abdou Saad El Tabl1

tions.

After the tumor cells were incubated in the presence of the
tested compound for 48h, the IC, values for all of ligand and its
complexes ranged from 62.1 to 500pg/ml against Hep-G2, indicat-
ing varying degree of antitumor activity of the ligand and its metal
complexes. It was reported that compounds exhibiting IC, values
more than 10-25pg/ml indicate weak cytotoxic activities while
compounds with IC, values less than 5ug/ml are very active. Those
having intermediate values ranging from 5 to 10pg/ml are classi-
fied as moderately active [266]. IC, values refer to a weak cyto-
toxic activity of the ligand against both Hep-G2 with IC, (37.7 and
24.9ug/ml) respectively. IC,, of Cu (II) complex (7), (17) is (54.1
and 62.1pg|ml) respectively.

The chemotherapeutic activity of the complexes may be at-
tributed to the central metal atom which was explained by Tweedy’s
chelation theory [54,55]. Also, the positive charge of the metal in-
creases the acidity of coordinated ligand that bears protons, leading
to stronger hydrogen bonds which enhance the biological activity
[56]. Moreover, Gaetke and Chow had reported that metal has been
suggested to facilitate oxidative tissue injury through a free-rad-
ical mediated pathway analogous to the Fenton reaction [54]. By
applying the ESR-trapping technique, evidence for metal-mediated
hydroxyl radical formation in vivo has been obtained [55]. Reactive
oxygen species are produced through a Fenton-type reaction as fol-
lows:

LM(II) + H,0, - LM(I) +.00H + H*
LM(1) + H,0,- LM(II) +.0H + OH-

Where L=organic ligand

1 10

AR

SO0yg/m 250 pgmi1B5pgml 625 3125 156 78ug/ml 39ygml 1pg/m
pg/ml g/l pg/ml

B Standard drug MLigand (1) W Complex (2) W Complex (3) WComplex (7) @ Complex(17)

s & 8 =58

Figure 9: Cytotoxic activity of ligand, [H4L], (1) and against its metal
complexes human liver Hep-G2 cancer cell at different concentration.

Furthermore, metal could act as a double-edged sword by
inducing DNA damage and by inhibiting their repair [55]. The OH
radicals react with DNA sugars and radicals react with DNA sugars
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and bases, resulting in the release of free bases and strand break release of the free bases. Another form of attack on the DNA bases
occurs. Bases and the most significant and well characterized is by solvated electrons, probably via a similar reaction to those
of the OH reactions are hydrogen atom abstraction from the C4 discussed below for the direct effects of radiation on DNA [57,58]
on the deoxyribose unit to yield sugar radicals with subsequent (Figure 9&10).
[-elimination. By this mechanism strand break occurs as well as the

HEPG-2 IC50

S8 888 88

B HEPG-2 1C50 I
I B T b

Standard  Complex Complex (6) Complex (5) Complex (3] Ligand (1)
(11)

Control HepG2

Cu (Il) complex (2) at concentration 250ug|ml
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Cu (Il) complex (2) at concentration 500ug|ml.

Cu (Il) complex (3) at concentration 250ug|ml.

Cu (Il) complex (3) at concentration 500ug|ml.
Figure 10: IC, values of the ligand, H4L (1) and some metal complexes against human liver HEP-G2 cancer cell lines.
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