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Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Sr(II), Hg(II), Tl(I), UO2(II) and ZrO(II) complexes of
(3E)-2-(hydroxyimino)-N-P-Tolyl-3-(P-tolylimino) butanamide have been prepared and characterized by
elemental analyses, IR, UV–Vis spectra, magnetic moments, conductances, 1H NMR and mass spectra
(ligand and its Zn(II) complex), thermal analyses (DTA and TGA) and ESR measurements. The IR data
show that, the ligand behaves as monobasic bidentate or neutral bidentate. Molar conductances in
DMF indicate that, the complexes are non-electrolytes. ESR spectra of solid Cu(II) complexes at room tem-
perature show axial type (dx2�y2) with covalent bond character in an octahedral environment. Complexes
showed inhibitory activity against hepatocellular carcinoma (HepG-2 cell line).

� 2012 Published by Elsevier B.V.
Introduction

Recently, considerable attention has been given to oximes and
their coordination complexes due to their biological activities as
fungicides [1,2] bactericides [1–3], analgesic, anti-inflammatory
[4], antioxidant [1] and antitumor [5–7]. Also, oximes and their
complexes have applications in medicine, bioorganic systems,
catalysis, electrochemical, electro-optical sensors, semiconducting
properties and as model compounds [8–11]. Oximes formed mixed
ligands with pyridine, imidazol etc., that are very similar to those
found in nature [12]. The bioactivity of oximes was related to the
coordination mode of the oxime site (N and O coordination modes)
Elsevier B.V.

).
[13,14] as well as to the bridging capacity of the coordinated oxi-
mato group to metal ions [15,16]. The bridging oxygen atom of
the oximato group serves as a binding site for developing supermo-
lecular structures [17]. Oximes have been used in analytical chem-
istry for isolation, separation and extraction of different metal ions
[18,19]. Complexes [Ni(HL1)2](ClO4)2, [Ni(HL2)2](ClO4)2 and
[Ni(HL3)]ClO4 have been prepared and spectrally characterized
[20], where [HL1 = 3-(2-amino-ethylimino)-butan-2-one oxime,
HL2 = 3-(2-amino-propylimino)-butan-2-one oxime] and HL3 = 3-
[2-(3-hydroxy-1-methyl-butan-2-enylideneamino)-1-methyl-eth-
ylimino)-butan-2-one oxime. Copper(II) complexes of N,N-diacety-
loximo-1,3-phenylenediamine have been prepared and spectrally
characterized [21]. This paper describes the synthesis of a new li-
gand and its complexes and to investigate the ESR and spectral
data associated with the resulting structures. This approach is of
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fundamental importance to the structural estimation of the other
metal complexes and to the metal binding sites of various metallo-
enzymes [22].
Experimental

Materials

All the reagents were of the best grade available and used with-
out further purification.

Physical measurements

C, H, N and Cl analyses were determined at the Analytical Unit
of Cairo University, Egypt. A standard method [gravimetric] was
used to determine metal(II)/(III) ions [23]. All complexes were
dried under vacuum over P4O10. The IR spectra were measured as
KBr and CeBr pellets using a Perkin-Elmer 683 spectrophotometer
(4000–200 cm�1). Electronic spectra were recorded on a Perkin–El-
mer 550 spectrophotometer. The conductance of (10�3 M DMF) of
the complexes were measured at 25 �C with a Bibby conductimeter
type MCl. 1H NMR spectra (ligand and its Zn(II) complex) were ob-
tained with Perkin–Elmer R32-90-MHz spectrophotometer using
TMS as internal standard. Mass spectra (ligand and its Zn(II) com-
plex) were recorded using JEULJMS-AX-500 mass spectrometer
provided with data system. The thermal analyses (DTA and TGA)
were carried out in air on a Shimadzu DT-30 thermal analyzer from
27 to 800 �C at a heating rate of 10 �C per minute. Magnetic suscep-
tibilities were measured at 25 �C by the Gouy method using mercu-
ric tetrathiocyanato cobalt(II) as the magnetic susceptibility
standard. Diamagnetic corrections were estimated from Pascal’s
constant [24]. The magnetic moments were calculated from the
equation: leff ¼ 2:84

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
vcorr

m :T
p

. The ESR spectra of solid complexes
at room temperature were recorded using a varian E-109 spectro-
photometer, DPPH was used as a standard material. The T.L.C of the
ligand and its complexes confirmed their purity.

Preparation of the ligand and its metal complexes

Preparation of the ligand, [HL] (1)
Ligand (1) was prepared by refluxing with stiring equimolar

amounts of oxime (10 g, 0.0628 mol) and para-toludine (6.72 g,
0.0628 mol) in ethanol (100 cm3) for 2 h. The pale yellow product
obtained was filtered off, washed several times with ethanol and
dried in vacuum over P4O10. Analytical data are given in Table 1.

Synthesis of metal complexes (2)–(20)
A filtered ethanolic (100 cm3) of Cu(OAc)2�H2O (4.02 g,

0.0201 mol) was added to an ethanolic (100 cm3) of the ligand,
(1) (5.0 g, 0.0201 mol) [1L:1M], complex (2), (8.04 g, 0.0402 mol)
of Cu(OAc)2�H2O [1L:2M], complex (3), (2.01 g, 0.01 mol) of
Cu(OAc)2�H2O [2L:1M] complex (4), (3.21 g, 0.0201 mol) of CuSO4

complex (5), (2.71 g, 0.0201 mol) of CuCl2 complex (6), (4.87 g,
0.0201 mol) of Cu(NO3)2�3H2O complex (7), (5.01 g, 0.0201 mol)
of Ni(OAc)2�4H2O complex (8), (3.12 g, 0.0201 mol) of CoSO4�H2O
complex (9), (4.94 g, 0.0201 mol) of Mn(OAc)2�4H2O complex
(10), (4.42 g, 0.0201 mol) of Zn(OAc)2�2H2O complex (11), (8.55 g,
0.0201 mol) of UO2(OAc)2 complex (12), (6.42 g, 0.0201 mol) 0f
Hg(OAc)2 complex (13), (5.31 g, 0.0201 mol) of Tl(OAc) complex
(14), (5.44 g, 0.0201 mol) of FeCl3�6H2O complex (15), (5.37 g,
0.0201 mol) of CrCl3�6H2O complex (16), (6.49 g, 0.0201 mol) of
ZrOCl2�8H2O complex (17), (5.37 g, 0.0201 mol) of SrCl3�6H2O com-
plex (18), (5.37 g, 0.0201 mol) of Cd(OAc)2�H2O complex (19),
(5.17 g, 0.0201 mol) of CdSO4 complex (20). All complexes were
prepared using 3 ml DMA except complexes (2), (3), (4), (8) and
(10). The mixture was refluxed with stirring for 1–3 h, depending
on the nature of metal salts, the colored complex was filtered off,
washed with ethanol and dried under vacuo over P4O10.
Biological evaluation

The antiproliferative activity was measured invitro for the syn-
thesized complexes according to Sulfo-Rhodamine-B-stain (SRB)
assay using the published methods [25]. Cells were plated in 96-
multiwell plate (104 cells/well) for 24 h before treatment with
the complexes to allow attachment of cell to the wall of the plate.
Different concentration of the compound in DMSO (1.56, 3.125,
6.25, 12.5, 25 and 50 lg/ml) was added to the cell monolayer trip-
licate. Monolayer cells were incubated with the complexes for 48 h
at 37 �C under atmosphere of 5% CO2. After 48 h, cells were fixed,
washed and stained with Sulfo-Rhodamine-B-stain. Excess stain
was wash with acetic acid and attached stain was recovered with
Tris EDTA buffer (10 m M TrisHCl + 1 m M Disodium EDTA, pH
7.5–8). Color intensity was measured by ELISA reader. The relation
between surviving fraction and drug concentration is plotted to get
the survival curve of each tumor cell line after the specified com-
plex. Sorafenib is used as a standard drug.
Results and discussion

All the complexes are stable at room temperature, non hydro-
scopic, insoluble in water and partially soluble in common organic
solvents such as CHCl3, but soluble in DMF and DMSO. The analyt-
ical and physical data of the ligand and its complexes are given in
Table 1, spectral data Tables 2–5 are compatible with the proposed
structures, Fig. 1. The molar conductances are in the (22–
11) ohm�1 cm2 mol�1 range, Table 1, indicating a non-electrolytic
nature [26]. The high value for some complexes suggests partial
dissociation in DMF. Many attempts were made to grow a single
crystal but unfortunately, they were failed. Reaction of (1) with
metal salts using (1L:1M), (1L:2M) and (2L:1M) molar ratios in eth-
anol gives complexes (2)–(20). The composition of the complexes
formed depends on metal salts, the medium of the reaction and
the molar ratios.
1H NMR spectra

The 1H NMR spectra of the ligand and its Zn(II) complex (11) in
deuterated DMSO show signals consistent with the proposed struc-
ture. Ligand shows peaks at 7.59 and 7.34 ppm, are assigned to
protons of NH group [27–29]. The signal of oxime group is ob-
served at 9.6 ppm [29–31]. The lower the value, may be due to
hydrogen bonding of the oxime group. Resonances appeared in
the 4.0–4.18 and 2.5–2.17 ppm ranges are due to methyl attach
to imino group and methyl group attach to phenyl group respec-
tively [27,29,32]. Also, the spectrum showed a set of peaks as mul-
tiples at 6.65–7.33 ppm range which are assigned to the protons of
aromatic ring [2]. However, for Zn(II) complex (11), the signal due
to the oxime proton is disappeared, indicating coordination to the
Zn(II) ion. The signals observed at 7.42 and 7.12 ppm are assigned
to ANH proton [2]. A set of peaks appeared as multiples at 6.25–
7.28 ppm range are corresponding to protons of aromatic ring
[2]. The signals appeared at 3.48 and 2.79–2.32 ppm range are
due to methyl attach to imino group and the methyl attach to
the phenyl group [2]. The appearance of new signal at 1.88 ppm
is due to protons of coordinated acetate group [33,34].



Table 1
Analytical and physical data of the ligand [HL], (1) and its metal complexes.

No. Ligands/complexes Color FW M.P. (�C) Yield (%) Anal./Found (Calc.) (%) Molar conductance
Km(X�1 cm2 mol�1)

C H N M

(1) [HL] Pale yellow 309 191 75 69.92 6.22 13.34 – –
C18H19N3O2 (69.99) (6.14) (13.59)

(2) [LCu(OAc)(H2O)3]�H2O Dark green 502.5 >300 80 47.5 5.31 7.91 11.98 12
C20H29N3O8Cu (47.76) (5.77) (8.35) (12.63)

(3) [L(Cu)2(OAc)3(H2O)5]�3H2O Dark green 756 >300 84 38.72 5.33 5.21 16.32 14
C24H43N3O16Cu2 (38.09) (5.68) (5.55) (16.79)

(4) [(L)2Cu(H2O)2]�H2O Green 733.5 >300 72 58.86 5.21 11.1 8.41 13
C36H42N6O7Cu (58.89) (5.72) (11.45) (8.65)

(5) [(HL)Cu(SO4)(H2O)3]�5H2O Pale green 636.5 260 69 33.35 5.95 6.91 10.1 14
C18H39N3O14SCu (33.93) (6.12) (6.59) (9.97)

(6) [LCu(Cl)(H2O)3]�2H2O Pale green 496.9 >300 71 42.96 5.16 8.2 12.54 15
C18H28N3O7ClCu (43.46) (5.63) (8.45) (12.77)

(7) [LCu(NO3)(H2O)3]�3H2O Dark green 541.5 >300 80 39.8 5.26 9.91 11.21 16
C18H30N4O11Cu (39.88) (5.54) (10.34) (11.72)

(8) [LNi(OAc)(H2O)3]�3H2O Pale green 533.6 196 72 44.49 5.69 7.23 10.45 14
C20H33N3O10Ni (44.97) (6.18) (7.87) (10.98)

(9) [HLCo(SO4)(H2O)3]�2H2O Brown 557.9 >300 68 38.06 5.19 7.22 10.11 12
C18H33 N3O11SCo (38.71) (5.91) (7.52) (10.55)

(10) [LMn(OAc)(H2O)3]�H2O Dark brown 493.9 250 65 48.3 6.01 8.12 11.07 13
C20H29N3O8Mn (48.59) (5.87) (8.5) (11.11)

(11) [LZn(OAc)(H2O)3]�3H2O Pale brown 540.39 >300 65 44.8 5.9 7.81 12.4 18
C20H33N3O10Zn (44.41) (6.1) (7.77) (12.1)

(12) [LUO2(OAc)(H2O)3]�H2O Yellow 677 >300 89 35.1 4.0 6.0 35.9 11
C20H29N3O8UO2 (35.45) (4.28) (6.2) (35.15)

(13) [HLHg(OAc)2]�H2O Dark green 645.59 270 55 39.9 4.32 6.4 29.87 14
C22H27N3O7Hg (40.89) (4.18) (6.5) (30.07)

(14) [HLTl(OAc)(H2O)3]�H2O Pale white 644.38 >300 82 37.13 4.51 6.5 31.01 19
C20H30N3O8Tl (37.24) (4.65) (6.51) (31.71)

(15) [LFe(Cl)2(H2O)2]�3H2O Dark brown 524.6 205 74 40.98 5.32 8.1 10.41 20
C18H28N3O7Cl2Fe (41.17) (5.33) (8.0) (10.63)

(16) [LCr(Cl)2(H2O)2]�3H2O Dark green 520.7 165 66 41.22 5.51 8.11 9.81 22
C18H28N3O7Cl2Cr (41.48) (5.37) (8.06) (9.96)

(17) [LZrO(Cl)2(H2O)]�H2O Pale yellow 522 >300 73 41.01 4.71 8.0 17.92 21
C18H22N3O5Cl2Zr (41.37) (4.21) (8.04) (17.47)

(18) [HLSr(Cl)2(H2O)2]�2H2O Pale yellow 539.42 >300 76 39.9 5.12 7.65 15.93 21
C18H27N3O6Cl2Sr (40.04) (5.005) (7.78) (16.24)

(19) [LCd(OAc)(H2O)3]�2H2O White 569.41 >300 70 41.9 5.04 7.03 19.22 17
C20H31N3O9Cd (42.14) (5.44) (7.37) (19.66)

(20) [HLCd(SO4)(H2O)3]�2H2O White 607.41 >300 66 35.0 5.0 6.23 17.9 16
C18H29N3O11SCd (35.56) (4.77) (6.91) (18.5)
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Mass spectra

The mass spectra of the ligand and its Zn(II) complex (11) con-
firmed their proposed formulations as shown in Table 6. The spec-
trum of ligand reveals the molecular ion peaks (m/z) at 309 amu
consistent with the molecular weight of the ligand (309). Further-
more, the fragments observed at m/z = 70, 83, 86, 130, 168, 189,
203, 216, 240, 277 and 309 correspond to C3H4NO, C3HNO2,
C3H4NO2, C4H8N3O2, C10H4N2O, C10H9N2O2, C10H9N3O2,
C11H10N3O2, C13H10N3O2, C14H11N3O2 and C18H19N3O2 moiety
respectively. However, the Zn(II) complex (11) shows peak (m/z)
at 540.39 amu. Additionally, the peaks observed at 76, 104, 148,
214, 318 and 433 are due to C6H4, C7H5O, C7H4N2O2, C7H5N2O2Zn,
C14H11N3O2Zn and C20H22N3O2Zn moieties respectively.

IR spectra

The IR spectra of the ligand and its complexes (2)–(20) are given
in Table 2. The spectrum of (1) showed m(OH) band of the oxime
group at 3400 cm�1, the appearance of two broad bands at 3060–
3650 and 2450–3000 cm�1 ranges, commensurate the presence
of two types of intra-and intermolecular hydrogen-bonded oxime
group [21,35]. Thus, the higher frequency band is associated with
a weaker hydrogen bond and the lower frequency band with a
strong hydrogen bond. Also, the spectrum shows bands at 3200,
1665, 1620, and 1610 cm�1, assigned to m(NH), m(C@O),
m(C@N)imine and m(C@N)oxime respectively [31,36,37]. Medium
bands at 1120, 1025 and 950 cm�1 are assigned to m(NO) vibration
[29,31,38]. P-substituted aromatic ring appears at 1605 and
750 cm�1 [39]. The IR spectra of the complexes show, the
m(C@N)imine stretching frequency undergoes a shift to lower fre-
quency by 9–19 cm�1. This is indicative of nitrogen coordination
of the azomethine to the metal ion [40,41]. The m(C@O) of amide
group appears in the 1646–1678 cm�1, range. This vibration is lo-
cated in the region of non-coordinated carbonyl group attached
to a five-membered chelate ring [40,42]. The m(NH) appears in
the 3200–3426 cm�1 range [27,43]. The bands observed in the
1540–1610 cm�1 and 1540–1604 and 725–775 cm�1 ranges are



Table 2
IR frequencies of the bands (cm�1) of ligand [HL] and its metal complexes and their assignments.

No. ((OH)/)H 2O m(H-bonding) m(NH) m(C@O) m(C@N) m(C@NO) m(Ar) m(NO) t(OAc)/SO4/[NO3] t(MAO) t(MAN) t (MACl)

(1) 3400 3650–3060 3200 1665 1620 1610 1605, 750 1120, 1025, 950 – – – –
3000–2450

(2) 3600–3320 3590–3280 3255 1655 1610 1585 1604, 735 1160, 1110, 1025, 910 (1510, 1395) 525 460 –
3300–3060 3300–2350

(3) 3570–3300 3650–3290 32,483,228 1646 1608 1595 1565, 730 1166, 1109, 1024 (1555, 1515, 1442, 1380) 537 487 –
3280–3032 3285–2860

(4) 3620–3310 3580–3262 3250 1672 1607 1585 1565, 735 1172, 1125, 985 – 550 575, 485 –
3280–3050 3250–2980

(5) (3370) 3630–3213 3231 1650 1601 1598 1590, 730 1165, 1109, 1025, 954 1109, 1037, 819, 648, 400 585 489 –
3516–3196 3195–2865
3145–3022

(6) 3785–3230 3640–3160 3274 1654 1608 1572 1560, 725 1106, 1065, 1047 – 508 484 426
3165–3030 3080–2710

(7) 3650–3320 3650–3230 3426 1678 1607 1590 1560, 738 1176, 1106 [1384, 1286, 819, 767] 526 432 –
3195–2900 3165–2700

(8) 3614–3259 3641–3179 3230 1655 1611 1575 1565, 738 1183, 1116, 1024, 970 (1516, 1388) 526 434 –
3160–3056 3114–2550

(9) (3394) 3650–3200 3215 1653 1605 1550 1585, 737 1175, 1022, 975 1107, 1028, 807, 807, 695, 489 531 434 –
3600–3275 3186–2780
3270–2980

(10) 3590–3300 3630–3155 3352 1655 1610 1590 1553, 735 1121, 1072, 984 (1531, 1367) 505 466 –
3290–3000 3119–2750

(11) 3550–3260 3600–3250 3260 1665 1608 1560 1550, 750 1142, 1118, 1024 (1510, 1408) 537 478 –
3250–3070 3126–2474

(12) 3576–3337 3650–3300 3337 1670 1607 1608 1573, 735 1142, 1113, 1062 (1537, 1416) 564 479 –
3320–3030 3275–2598

(13) (3386) 3655–3165 3232 1665 1605 1590 1566, 740 1184, 1111, 1026, 970 (1515, 1389) 543 468 –
3512–3259 3125–2643
3232–3068

(14) (3390) 3620–3100 3266 1665 1607 1600 1540, 770 1174, 1175, 1020, 980 (1520, 1414) 587 462 –
3650–2920 3045–2750

(15) (3426) 3595–3230 3230 1657 1608 1610 1572, 765 1190, 1053, 1021 – 565 480 418
3634–3255 3160–2780
3165–2910

(16) 3640–3250 3637–3110 3252 1665 1607 1590 1560, 745 1183, 1103, 980 – 524 446 415
3205–3065 3080–2790

(17) 3590–3270 3660–3190 3260 1670 1606 1570 1560, 730 1188, 1108, 1023, 995 – 555 460 411
3245–3010 3165–2780

(18) (3427) 3630–3130 3292 1665 1605 1601 1570, 775 1194, 1144, 1023, 975 – 522 454 412
3620–3245 2985–2780
3214–3060

(19) 3655–3145 3320 1665 1607 1583 1563, 725 1183, 1106, 991 (1506, 1405) 543 462 –
3575–3350 3080–2600
3335–2980

(20) (3340) 3650–3210 3280 1670 1608 1540 1565, 750 1188, 1105, 1023, 970 619, 450 527 431 –
3590–3335 3124–2650
3300–3010
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Table 3
The electronic absorption spectral bands (nm) and magnetic moment (B.M.) for the
ligand [HL] and its complexes.

No. kmax (nm) leff (B.M.)

(1) 295 nm (log e = 4.05), 380 nm (log e = 5.03),
400 nm (log e = 4.29)

(2) 290, 307, 380, 450, 530, 625 1.76
(3) 290, 310, 385, 490, 520, 615 1.53
(4) 280, 300, 380, 475, 530, 615 1.82
(5) 295, 308, 390, 456, 537, 640 1.79
(6) 285, 303, 380, 459, 532, 653 1.76
(7) 292, 310, 390, 445, 586, 645 1.65
(8) 285, 300, 385, 490, 615, 730 3.32
(9) 280, 295, 390, 530, 625 4.19

(10) 275, 300, 390, 465, 575, 630 5.29
(11) 280, 305, 400 Diam.
(12) 290, 310, 395 Diam.
(13) 265, 300, 380 Diam.
(14) 270, 305, 390, 415 2.15
(15) 265, 320, 390, 465, 590, 645 5.33
(16) 280, 305, 380, 460, 560, 635 4.40
(17) 280, 315, 400 Diam.
(18) 280, 305, 410 Diam.
(19) 285, 370, 395 Diam.
(20) 290, 365, 390 Diam.

Table 4
ESR data for the metal (II) complexes.

No. g|| g\ giso
a A|| (G) A\ (G) Aiso

b (G) G c DExy DEx

(2) 2.10 2.02 2.04 130 15 53.3 5.0 18868 202
(3) 2.12 2.06 2.08 140 25 63.3 2.0 19231 204
(7) 2.16 2.03 2.07 150 30 70 2.3 17065 224
(9) – – 2.09 – – – – – –

(10) – – 2.12 – – – – – –

a giso = (2 g\ + g||)/3.
b Aiso = (2A\ + A||)/3.
c G = (g|| � 2)/(g\ � 2).

Table 5
Thermal data for the metal complexes.

No. Temp. (�C) DTA (Peak) TGA (wt

Calc.

(3) 60 Endo 7.14
170 Endo 10.25
255 Endo 9.36
285 Endo 20.66
365 Endo –
465, 515, 595 Exo 17.55

(6) 65 Endo 7.24
145, 165 Endo 11.71
250 Endo 8.72
325 Endo –
365, 390, 430, 500, 570 Exo 21.53

(7) 80 Endo 9.93
170 Endo 11.02
255 Endo 13.90
330 Endo –
360, 445, 500, 540, 615 Exo 20.83

(9) 60 Endo 6.51
120 Endo 10.44
220 Endo 20.73
257 Endo 47.41
316 Endo –
400, 480, 595 Exo 38.34

(11) 64 Endo 9.3
125, 161 Endo 10.24
294 Endo 12.46
332 Endo –
416, 550, 600 Exo 19.54
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due to m(C@N)oxime and aromatic groups [21,39,40]. The complexes
show strong bands in the 1103–1194 and 970–1097 cm�1, ranges,
indicating N-coordination of the oximato group [21,40,44]. Com-
plexes (5), (9), (13), (14), (15), (18) and (20) show bands in the
1020–1194 and 954–980 cm�1, ranges Table 2 corresponding to
m(NOH) [40,42]. However, complexes (5), (9), (13), (14), (15),
(18) and (20) show medium band in the 3340–3427 cm�1 range
is due to m(OH) group [21,39]. Complexes show broad bands in
the 3100–3660 and 2350–3335 cm�1, ranges, corresponding to in-
tra-and intermolecular hydrogen bondings [21,35], however, the
hydrated and coordinated water molecules appear in the 3196–
3650 and 2900–3320 cm�1 ranges [27,45,46]. Extensive IR spectral
studies reported on metal acetate complexes [39,47] indicate that,
the acetate ligand coordinates in either a monodentate, bidentate
or bridging manner, the ma(CO2) and ms(CO2) of the free acetate
are observed at 1560 and 1416 cm�1 respectively. In monodentate,
the coordination of m(C@O) is observed at higher energy than ma(-
CO2) and m(CAO) is appeared at lower than ms(CO2). As a result, the
separation between (CO) bands is much larger in monodentate
complexes. In complexes (2), (3), (8), (10), (11), (12), (13), (14)
and (19), the band is due to m(CO2) appears in the 1506–
1537 cm�1 and the ms(CO2) observed in the 1367–1416 cm�1
z K2
? K2

k
K g||/A|| a2 ß2

b2
1

�2ß a2
d (%)

04 0.23 0.28 0.53 165.4 0.50 0.46 0.56 157 66.7
08 0.71 0.34 0.58 151.4 0.56 1.27 0.61 160 68.1
72 0.38 0.41 0.64 144 0.65 0.58 0.63 173.2 74.0

– – – – – – – – –
– – – – – – – – –

. loss%) Assignment

Found

7.34 Loss of three hydrated water
10.45 Loss of four coordinated water

9.79 Loss of one terminal coordinated acetate
21.1 Loss of two bridge coordinated acetate
– Melting point
17.66 Decomposition with formation CuO

7.42 Loss of two hydrated water
11.9 Loss of three coordinated water

8.91 Loss of one Cl
– Melting point
21.57 Decomposition with formation of CuO

9.63 Loss of three hydrated water
11.85 Loss of three coordinated water
13.33 Loss of one NO3 group

– Melting point
20.74 Decomposition with formation of CuO

6.03 Loss of two hydration water
10.34 Loss of three coordinated water
21.36 Loss of SO4

47.41 Loss of two (C7H7)
– Melting point
38.79 Thermal decomposition with the formation of CoO

9.02 Loss of three hydrated water
10.52 Loss of three coordinated water
12.46 Loss of acetate group
– Melting point
19.1 Decomposition with formation of ZnO
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ranges. The difference between these two bands is in the 101–
164 cm�1 range, suggesting that, the acetate group coordinates in
unidentate manner with the metal ion [39,47,48]. However, bridg-
ing acetate with both oxygen atoms coordinated have m(CO) bands
close to the free ion values [39,47,48] as found for complex (3), ma(-
CO2) = 1555 and ms(CO2) = 1422 cm�1. Complexes (5), (9) and (20)
show bands at 1109, 1037, 819, 648 and 441, 1107, 1028, 807,
695 and 489 and 1112, 1030, 809, 619 and 450 cm�1 respectively
are corresponding to monodentate coordinate sulfate group [49].
Complexes (6), (15)–(18) show bands at 426, 418, 415, 411 and
412 cm�1 respectively, assigned to m(MACl) [50]. Complex (7)
shows bands at 1384, 1286, 819 and 767 cm�1, assigned to coordi-
nated nitrate group [51,52]. Complex (12) shows a band at
900 cm�1 is due to O@U@O [53], however, complex (17) shows a
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band at 841 cm�1, assigned to (ZrO) vibration [54]. The bonding of
the metal ions to the ligand through the oxygen and nitrogen
atoms is further supported by the presence of new bands in the
505–587 and 431–489 cm�1 ranges respectively [27,40,50].

Magnetic moments

The magnetic moments of the complexes (2)–(20) are shown in
Table 3. Copper(II) complexes (2)–(7) show values 1.53–1.82 B.M.
range, corresponding to one unpaired electron in an octahedral
structure [47,50], complexes (3) and (7) show values which are
well below the spin only value (1.73 B.M.), indicating that, spin-ex-
change interactions takeplace between the copper(II) ion through
acetate group, or hydrogen bonding in an octahedral geometry
[55]. Nickel(II) complex (8) shows a value 3.32 B.M., indicating
an octahedral geometry around Ni(II) ion [56]. Cobalt(II) complex
(9) shows 4.19 B.M., indicating high spin octahedral cobalt(II) com-
plexes [27,57]. Manganese(II) complex (10) shows 5.29 B.M., sug-
gesting high spin octahedral geometry around the Mn(II) ion
[27,57]. Thalium(I) complex (14) gave 2.15 B.M., indicating octahe-
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Table 6
Mass spectra of (1) and its Zn(II) complex (11).

m/z Rel. Int. Fragment

70 50 C3H4NO
83 55 C3HNO2

86 65 C3H4NO2

130 25 C4H8N3O2

168 100 C10H4N2O
189 70 C10H9N2O2

203 68 C10H9N3O2

216 85 C11H10N3O2

240 86 C13H10N3O2

277 70 C14H11N3O2

309 100 C18H19N3O2

Mass spectra of Zn(II) complex (11)
76 50 C6H4

104 70 C7H5O
148 22 C7H4N2O2

214 21 C7H5N2O2Zn
318 18 C14H11N3O2Zn
433 15 C20H22N3O2Zn
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dral Tl(I) complex [58]. Iron(III) complex (15) and chromium(III)
complex (16) show values 5.33 and 4.4 B.M., indicating high spin
octahedral structure [57]. Zinc(II), complex (11), uranyl(II) com-
plex (12), mercury(II) complex (13), zironyl(II) complex (17),
strontium(II) complex (18), cadmium(II) complexes (19) and (20)
show diamagnetic property [21].

Electronic spectra

The electronic spectral data for the ligand and its complexes in
DMF solution are summarized in Table 3. Ligand in DMF solution
shows three bands at 400 nm (log e = 4.29), 380 nm (log e = 5.03)
and 295 nm (log e = 4.05), which may be assigned to the n ? p�

and p ? p� transitions respectively [59]. Copper(II) complexes
(2)–(7) show bands in the 295–280, 310–300 and 390–380 nm
ranges, these bands are due to intraligand transitions, however,
the bands appear in the 490–445, 586–520 and 653–615 nm
ranges are assigned to O ? Cu charge transfer, 2B1 ? 2E and
2B1 ? 2B2 transitions, indicating a distorted tetragonal octahedral
structure [60–62]. Nickel(II) complex (8) shows bands 285, 300,
385, 490, 615 and 730 nm respectively, the first three bands are
within the ligand and the other three bands are attributable to
3A2g(F) ? 3T1g(P)(m3), 3A2g(F) ? 3T1g(F)(m2) and 3A2g(F) ? 3T2g

(F)(m1) transitions respectively, indicating an octahedral Ni(II) com-
plex [60,63]. The m2/m1 ratio for the complex is 1.19, which is less
than the usual range of 1.5–1.75, indicating a distorted octahedral
Ni(II) complex [60,64]. Cobalt(II) complex (9) shows bands at 280,
295, 390, 530 and 625 nm, the first three bands are within the
ligand and the other bands are assigned to 4T1g(F) ? 4A2g and 4T1g

(F) ? 4T2g(F) transitions respectively, corresponding to high spin
Co(II) octahedral complexes [65]. Manganese(II) complex (10)
shows bands at 275, 300, 390, 465, 575 and 630 nm, respectively,
the first three bands are within the ligand, however, the other
bands are corresponding to 6A1g ?

4Eg, 6A1g ?
4T2g and

6A1g ?
4T1g transitions which are compatible to an octahedral

geometry around the Mn(II) ion [66]. Tl(I) complex (14) gave bands
at 270, 305 and 390 nm, respectively. These bands are due to
intraligand transitions since these bands appear almost in the
spectrum of the ligand, additional weak band appears at 415 nm,
which may be assigned to the 1S0 ?

3P1 transition of Tl(I) complex
[67]. Iron(III) complex (15) shows bands at 265, 320, 390,465, 590
and 645 nm respectively, the first three bands are within the ligand
while the other bands are due to charge transfer and 6A1 ?

4T1

transitions, suggesting distorted octahedral geometry around the
iron(III) ion [68,69]. While chromium(III) complex (16) shows
bands at 280, 305, 380, 460, 560 and 635 nm respectively. The first
three bands are within the ligand and the other bands are assigned
to 4A2g ?

4T1g(F), 4A2g ?
4T2g and 4A2g ?

2T2g transitions respec-
tively, indicating octahedral structure around the Cr(III) ion
[70,71]. Zinc(II) complex (11), uranyl(II) complex (12), mercury(II)
complex (13), zirconyl(II) complex (17), strontium(II) complex (18)
and cadmium(II) complexes (19) and (20) show three bands in the
290–265, 370–300 and 415–380 nm ranges, which are assigned to
intraligand transitions.

Electron spin resonance (ESR)

The ESR spectral data for complexes (2), (3), (7), (9) and (10) are
presented in Table 4. The spectra of copper(II) complexes (2), (3)
and (7) are characteristic of species, d9 configuration and having
axial type of a d(x2�y2) ground state which is the most common
for copper(II) complexes [72,73]. The complexes show
g|| > g\ > 2.0023, indicating octahedral geometry around copper(II)
ion [74,75]. The g-values are related by the expression [74,76],
G = (g|| � 2)/(g\ � 2), if G > 4.0, then, local tetragonal axes are
aligned parallel or only slightly misaligned, if G < 4.0, the signifi-
cant exchange coupling is present. Complexes (3) and (7) show val-
ues 2.0 and 2.3 indicating spin–exchange interactions takeplace
between copper(II) ions through acetate group (3) or hydrogen
bondings (7). This phenomenon is further confirmed by magnetic
moments (1.53 and 1.65 B.M. respectively). However, complex
(2) shows 5.0 indicating tetragonal axes are present in this com-
plex. Also, the g||/A|| values are considered as a diagnostic of stereo-
chemistry [77]. The g||/A|| values lie just within the range expected
for the complexes Table 4. The orbital reduction factors (K||, K\, K),
which are a measure of covalency can be calculated [78]. K Table 4,
for the copper(II) complexes (2), (3) and (7), indicating covalent
bond character [57,79]. The g-values reported here Table 4 show
considerable covalent bond character [57,80,81]. Also, the in-plane
r-covalency parameter, a2(Cu) Table 4 suggests a covalent bonding
[49,57,79]. The complexes show show b2

1 values 0.56, 0.61 and 0.63
indicating a covalency in the in-plane p-bonding [74,79,82]. While
ß2 for complexes (2) and (7) are 0.46 and 0.58 respectively, indicat-
ing covalent bonding character out of-plane p-bonding, however,
complex (3) shows 1.27, indicating ionic character of the out of-
plane [79,82]. The calculated orbital populations ða2

dÞ for the cop-
per(II) complexes (2), (3) and (7), Table 4, indicate a d(x2�y2) ground
state [83,84]. Cobalt(II) complex (9) and manganese(II) complex
(10) show isotropic spectra with values 2.09 and 12.12, respec-
tively indicating octahedral structures [54,73].

Thermal analyses (DTA and TGA)

The thermal curves in the temperature 27–800 �C range for
complexes (3), (6), (7), (9) and (11) are thermally stable up to
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Fig. 2. Antiproliferative effect of (2), (11), (14), (16) and (20) against HEPG-2 liver cell line (50) lg/ml.
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Fig. 3. Antiproliferative effect of (2), (11), (14), (16) and (20) against HEPG-2 liver cell line at (25) lg/ml.
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Fig. 4. Antiproliferative effect of (2), (11), (14), (16) and (20) against HEPG-2 liver cell line at (12.5) lg/ml.
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Fig. 5. Antiproliferative effect of compound (2), (11), (14), (16) and (20) against HEPG-2 liver cell line at (6.25) lg/ml.
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Fig. 6. Antiproliferative effect of compounds (2), (11), (14), (16) and (20) against HEPG-2 liver cell line at (3.125) lg/ml.
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Fig. 7. Antiproliferative effect of compounds (2), (11), (14), (16) and (20) against HEPG-2 liver cell line at (1.56) lg/ml.
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Table 7

The concentration Order of antiproliferative effect of the studied
complexes

At concentration
50 lg/ml

Cd(II) complex (20) > Cu(II) complex (2) > Standard >
Tl(I) complex (14) > Zn(II) complex (11) > Cr(III)
complex (16)

At concentration
25 lg/ml

Standard > Cd(II) complex (20) > Cu(II) complex (2) >
Tl(I) complex (14) > Cr(III) complex (16) > Zn(II)
complex (11)

At concentration
12.5 lg/ml

Standard > Cd(II) complex (20) > Cu(II) complex (2) >
Tl(I) complex (14) > Zn(II) complex (11) > Cr(III)
complex (16)

At concentration
6.25 lg/ml

Standard > Cd(II) complex (20) > Cu(II) complex (2) >
Tl(I) complex (14) > Cr(III) complex (16) > Zn(II)
complex (11)

At concentration
3.125 lg/ml

Cd(II) complex (20) > Standard > Tl(I) complex (14) >
Cu(II) complex (2) > Zn(II) complex (11) > Cr(III)
complex (16)

At concentration
1.56 lg/ml

Cd(II) complex (20) > Tl(I) complex (14) > Standard >
Cu(II) complex (2) > Zn(II) complex (11) > Cr(III)
complex (16)
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50 �C. Complexes show decomposition step within temperature
60–80 �C range, is due to elimination of hydrated water [85,86]
(3H2O, (3), 2H2O, (6), 3H2O, (7), 2H2O, (9) and 3H2O, (11)). Another
thermal decomposition within 120–170 �C range, is due to loss of
coordinated water (4H2O, (3), 3H2O, (6), 3H2O, (7), 3H2O, (9) and
3H2O, (11)). The complex (3) shows one endothermic peak at
255 �C, corresponding to the loss of one terminal coordinated ace-
tate group. Another endothermic peak observed at 285 �C, corre-
sponds to loss of two bridge coordinated acetate group.
Endothermic peak observed at 365 �C may be due to melting point.
Finally, the complex shows exothermic peaks at 465, 515, 595 and
660 �C corresponding to oxidative thermal decomposition which
proceeds slowly with final residue at 660 �C, assigned to CuO
[85]. Complex (6) shows endothermic peak at 250 �C is due to loss
of chloride anion. The endothermic peak observed at 325 �C may be
assigned to the melting point. Oxidative thermal decomposition
occurs at 365, 390, 430, 500 and 570 �C with exothermic peaks,
leaving CuO. Complex (7) shows endothermic peak at 255 �C is
due to loss of one NO3 group. The endothermic peak observed at
330 �C may be due to melting point. Oxidative thermal decomposi-
tion occurs at 360, 445, 500, 540 and 615 �C with exothermic
peaks, leaving CuO [87]. Complex (9) shows endothermic peak at
220 �C is due to loss of one sulfate group. The endothermic peak
appears at 257 �C is assigned to the loss of two C7H7 moiety. Also,
another endothermic peak observed at 316 �C is due to melting
point. Oxidative thermal decomposition occurs at 400, 480 and
595 �C with exothermic peaks, leaving CoO. Finally, complex (11)
shows endothermic peak at 294 �C is due to loss of acetate group.
At 332 �C, endothermic peak appears which is due to melting point.
Oxidative thermal decomposition occurs at 416, 550 and 600 �C
with exothermic peaks, leaving ZnO [87]. The thermal data are
present in Table 5.

Antiproliferative studies

The antiproliferative effects of the ligand, (1) and its complexes
(2), (11), (14), (16) and (20) in DMSO were evaluated against
HEPG-2 cell line. These were tested by comparing them with the
standard drug (Sorafenib). The solvent DMSO showed no effect
on cell growth as it reported previously [88]. The ligand (1),
showed a weak inhibition effect at ranges of concentration used,
however, the complexes showed moderate effect against HEPG-2
cell line.There was a positive correlation between the surviving
fraction ratio of HEPG-2 tumor cell line and the concentration.
Also, the Cd(II) complex (20) showed a high potency of inhibition
(65%) at 25 lg/ml against HEPG-2 cell line, compared with a stan-
dard drug [87]. This could be explained as follow Cd(II) could bind
to DNA where it seemed that, change the anion and the nature of
the metal ion in complexes may have effect on the biological
behavior, by altering the binding ability of DNA [88–92]. Moreover,
Gaetke and Chow had reported that, metal has been suggested to
facilitate oxidated tissue injury through a free-radical mediated
pathway analogous to the Fenton reaction [93]. By applying the
ESR-trapping technique, evidence for metal-mediated hydroxyl
radical formation invivo has been obtained [79]. Radicals are pro-
duced through a Fenton-type reaction as follows [93]:

LMðIIÞ þH2O2 ! LMðIÞ þ �OOHþHþ

LMðIÞ þH2O2 ! LMðIIÞ þ �OHþ OH�

where L is the ligand.
Also, metal could act as a double-edged, sword by inducing DNA

damage and also by inhibiting their repair [94]. The OH radicals re-
act with DNA sugars and bases and the most significant and well-
characterized of the OH reactions is hydrogen atom abstraction
from the C4 atom to yield sugar radicals with subsequent b-elimi-
nation. Scheme 1, by this mechanism strand breakage occurs as
well as the release of the free bases. Another form of attack on
the DNA bases is by solvated electrons, probably via a similar reac-
tion to those discussed below for the direct effects of radiation on
DNA [81] (Scheme 1).

The relation between the concentration of the complexes in
DMSO and their antiproliferative activity shown in Table 7 and
Figs. 2–7. Although, complexes were octahedral structures and
had the same anions, the variable activity of the complexes might
be due to their oxidation–reduction potentials.

Conclusion

Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Sr(II),
Hg(II), Tl(I), UO2(II) and ZrO(II) complexes of (3E)-2-(hydroxyimi-
no)-N-P-Tolyl-3-(P-tolylimino) butanamide have been prepared
and spectrally characterized. The IR data show that, the ligand be-
haves as monobasic bidentate or neutral bidentate. Molar conduc-
tances in DMF indicate that, the complexes are non-electrolytes.
ESR spectra of solid Cu(II) complexes at room temperature show
axial type (dx2�y2) with covalent bond character in an octahedral
environment. Complexes showed inhibitory activity against hepa-
tocellular carcinoma (HepG-2 cell line).
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