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Abstract: Metal complexes of N- (amino [2- hydroxy] methylene) amino - methylene — carbono ctra of solid
Cu(ll) complexes show axial type symmetry with g, > g1 > 2.00, indicating a dy».y») ground state with significant
covaent bond character, The spectrum of Cu(ll) complex (2) [(L)2(Cu),(OAc),].3H,0 is a characteristic of atriplet
state of a dimmer species and the distance found between the two Cu(ll) centers is 4.2 A°. Complexes showed
chemotherapeutic effects where they showed inhibitory effect on hepatocellular carcinoma (HepG- 2 cell line) in
comparing with the standard drug.
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I ntroduction

Growing interest in guanidinum Schiff base stems from their potential applicationsin the field of chelating
chemistry. Guanidiniums are very weakly acidic molecules with the capacity to form intermolecular contacts
mediated by H-bonding interactions'. The guanidinium moiety is common in natural products’ and is often used in
molecular recognition®. They also play important biological roles*”*. Various methods exist for the synthesis of
guanidiniums from different starting materials and reagents °. One of the well-known methods is the conversion of
thioureas into guanidiniumsin the presence of a coupling reagent®. The conversion of thioureasinto guanidiniumsis
usually accomplished with an electron withdrawing protecting group on the thiourea, that are not only capable of
facile deprotection, but also activate the thiourea for the coupling reaction. Most thioureas that contain these
activating groups can be only coupled with primary amines. Furthermore, the efficiency of guanylation depends on
the group attached to the primary amine. Thioureas mostly react with primary amines attached to primary carbons
due to the bulkiness of the protecting groups. Amines attached to electron withdrawing groups tend to give lower
yields in guanylation. Recent advances have demonstrated the importance of the guanidinum group in receptors
capable of binding molecular anions” ®. A number of reviewed articles had been reported dealing with coordination
chemistry of guanidinum derivatives, which has reflected great attention during the last years from avariety of
reasons including as antitumer agent®'® green corrosion inhibitor for mild acidic solution™, anti-glaucouma and
cardiotonic derivatives, and for synthesis of polymer types?*®. Guanidinum groups serve as anion-building
fragmentsin designed superamolecular receptors”®, used to improve insulin sensitivity ** and to promote weight loss
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selectivity from a dipose tissue in animal models of non-insulin dependent diabetes mellitus™. Also, guanidinum
derivatives affect on the mitochondrial function in the cell™®, in mineralization of guanidinum derivatives in soils™.
The guanidinium ion a so participates in numerous enzymatic transformations, asit is able to adopt atransition state
assembly with the substrates to reduce the activation energy or to stabilize anionic intermediates, and is able to
orient specific substrates based on their electronic properties'.

Complexes of Schiff base (Figure 1) had been synthesized and characterized using different physical tools and the
complexes have square planar or octahedral structure™. Boghaei®® synthesized and investigated non-symmetrical
tetradentate Schiff base complexes of nickel(ll) and copper(ll) ions. Some unsymmetrical diimino tetradentate
Schiff bases derived from  3,4-diaminobenzophenone,(N-salicyliden-N'-5-OMe.salycyliden)-3,4-diamino-
benzophenone (H,sal-5-OMe.sal.dabp) (H.Li), (H.sal-5-Br.sal.dabp) (H.L,), (H.sal-5-Cl.sal.dabp)(H.L3) and
(H2sal-5-NO,.sal.dabp) (H.L4) and their nickel(I1) and copper(ll) complexes were synthesized and characterized by
elemental and spectral analyses®. Zinc(ll), nickel(11) and copper(ll) complexes of Schiff base, synthesized by
condensation of o- vanilline with allyl thiourea have been prepared and spectroscopically characterized®.

g Complexes with the generd formula MX,(hppH),,
- [hppH = 1,34,6,7,8- hexahydro- 2H- pyrimido].
] [*" H‘I’ Pyrimidine, have been synthesized and structurally
FARS) N characterized™.
ﬂ ] | J: o Due to guanidine ligands importance, we reported,
Ay Yy synthesis, spectroscopic characterization and cytotoxic
|;| effect of new ligand N- (amino [2- hydroxy]
| ] methylene) amino - methylene — carbono hydrazonic
4 diamide Ligand and its metal complexes.
M=15 and o Experimental
E=Cibde, Br, Cland X0y Materials
All the reagents were of the best grade
Figure (1) available and used without further purification.

Physical measurements

C, H, N and CI analyses were determined at the Analytical Unit of Cairo University, Egypt. A standard
gravimetric method was used to determine metal ion 2 All metal complexes were dried under vacuum over P,Oxy.
The IR spectra were measured as KBr and CeBr pellets using a Perkin-Elmer 683 spectrophotometer (4000-200 cm
1. Electronic spectra (qualitatively) were recorded on a Perkin-Elmer 550 spectrophotometer. The conductance of
10" M solutions of the complexes in DMF were measured at 25°C with a Bibby conductimeter type MCl. *H-NMR
spectra (ligand and its Cd(l1) complex) were obtained with Perkin-Elmer R32-90-MHz spectrophotometer using
TMS asinterna standard. Mass spectrum of the ligand was recorded using JEULIM S-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 susceptibilities were measured at
25°C by the Gouy method using mercuric tetrathiocyanato cobat(ll) as the magnetic susceptibility standard.
Diamagnetic corrections were estimated from Pascal's constant ?°. The magnetic moments were cal culated from the

_ corr
equation: My = 284ycy T . The ESR spectra of solid complexes at room temperature were recorded using a
varian E-109 spectrophotometer, DPPH was used as a standard material. The T.L.C of al compounds confirmed
their purity.
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Prepar ation of theligand and its metal complexes

Preparation of theligand, [HL], (1)

Ligand (1) was prepared by refluxing thiourea (20 gm, 0.3228 mol) and hydrazine hydrate (8 gm, 0.16 mol)
in ethanol (100 cm®) for 2 hours with stirring. Cool the product at room temperature and filter it to separate the
hydrazide. Salicaldhyde (8.42 gm, 0.0689 mol) was added to the hydrazide crystals (8 gm, 0.0689 mol) and refluxed
with stirring for 2 hours, the yellow precipitate was filtered off, washed by ethanol several times and dried in
vaccum over P,Oyo. Analytical dataare givenin Table 1.

Synthesis of metal complexes (2) - (19)

To the ligand (1) (5.0 gm, 0.0171 mol) in ethanol (50 cm?) was added to (30 cm?) ethanolic solution of
(3.417 gm, 0.0171 mol) of Cu(OAc),.H,O, (1L:1M), complex (2), (2.302 gm, 0.0171 mol) of CuCl,.2H,0,
(1L:1M), complex (3), (2.73 gm, 0.0171 mol) of CuS0,.5H,0 (1L:1M), complex (4), (4.135 gm, 0.0171 mol) of
CU(NOs),.3H,0, (1L:1M), complex (5), (4.26 gm, 0.0171 mol) of Ni(OAC),.4H,0, (1L:1M), complex (6), (4.26 gm,
0.0171 mol) of Co(OAC),.4H,0, (1L:1M), complex (7), (4.195 gm, 0.0171 mol) of Mn(OACc),.4H,0, (1L:1M),
complex (8), (3.755 gm, 0.0171 mol) of Zn(OAc),.2H,0, (1L:1M), complex (9), (4.562 gm, 0.0171 mol) of
Cd(OAC),.2H,0, (1L:1M), complex (10), (7.259 gm, 0.0171 mol) of UO,(OAC),.2H,0, (1L:1M), complex (11),
(5.454 gm, 0.0171 mol) of Hg(OAC),, (1L:1M), complex (12), (4.508 gm, 0.0171 mol) of TI(OAc), (1L:1M),
complex (13), (4.626 gm, 0.0171 mol) of FeCl;.6H,0, (1L:1M), complex (14), (4.561 gm, 0.0171 mol) of
CrCl3.6H,0, (1L:1M), complex (15), (5.516 gm, 0.0171 mol) of ZrOCl,.8H,0, (1L:1M), complex (16), (2.516 gm,
0.0171 moal) of CaCl,.2H,0, (1L:1M), complex (17), (4.563 gm, 0.0171 mol) of SrCl,.8H,0, (1L:1M), complex
(18) and (2.909 gm, 0.0171 mol) of AgNQ;, (1L:1M), complex (19). The mixture was refluxed with stirring for 2-4
hrs , depending on the nature of the metal ion and the anion. When the precipitate appeared, it was removed by
filteration, washed with ethanol and dried in vacuo over P,O,. Analytical dataaregivenin Table 1.

Biological activity

The Chemotherapeutic effect was measured invitro for the synthesized complexes using the Sulfo
Rhodamine-B-stain (SRB) assay using the puplished methods®. Cells were plated in 96-multiwell plate (10*
cells/well) for 24 hrs before treatment with the compounds to allow attachment of cell to the wall of the plate.
Different concentrations of the compound in DM SO under test (O, 1.56, 3.125, 6.5, 12.5 and 25 pg/ml) were added
to the cell monolayer triplicate wells were prepared for each individual dose. Monolayer cells were incubated with
the compounds for 48 hrs at 37°C and in atmosphere of 5% CO,. After 48 hrs, 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 mMTrisHCI, 1 mM disoduim EDTA, pH= 7.5- 8). Color intensity was measured in an
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 compound.

Result and discussion

The analytical and physical data (Table 1), spectral data (Tables 2 and 3) reveal that, the complexes are
formed in (1:1) or (1: 2) (M: L) stiochiometric ratio. All the complexes are stable at room temperature, insoluble in
common solvents, viz. MeOH, EtOH, CHCl;, CCl, and (CH3),CO but soluble in DMSO* #. Ligand (1), was
synthesized by condensation of tetraamine with salicaldhyde (1: 1) — (1: 3), molar ratios as shown in Figure (2).

NH,
% :< HZNYN\N)\N/
Ethanol NH,
Reflux 3 hrs HO

)
Synthesis of the ligand

Figure (2)
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Table 1. Analytical and physical data of theligand [HL] and its metal complexes.

No. LigandsComplexes Color Fw ?(A)CF; \E(',/eol)d c A:al./Foun'j (Calc.):;A)) al con,\élljl)clzta%\ce_
L m (W cm“mol
O Gy Yelow 20220 185 74 Glon 0o oo : :
@ lorconn e Darkgren 7312 30 @ iy ugy (23 (159D 12
O WIGENTO  iegen s 20 w X o8 gB M EE L
0 TGO  omge wmw w0 U5 05 OB BE
®) g:;h);ﬁ‘ifgjé)f 3H:0 Palebrown 68206 >300 79 (3311'% (j'_z,g) ég:% (;_13'2) i 14
©) gh)zzmul(zgg\c“)g 20 Green 65327 >300 80 (38:4512) (5'2‘123) (gg:% (g:g) - 15
0 PEATIHO s w0 0y 55 L2 A2
® o Noma O Dakgen 6052 30 65 ot oo oy gan 14
©) giﬁlﬁg@ﬁ)zmpm Yellow 43974 >300 68 éﬁjﬁ% (g'.gzzt) (igﬁ) &312% - 12
o PUCARTTO g e w0 Th 42 2E ER
(1 gZE)ze(kljs(O;l)l(S AR 2 orange  s041 >a00 73 égég) (g:gg) (1122.595) (3’3:518) - 18
(12) giﬁﬂf&fﬁgﬂ Darkgreen 53896 >300 63 (3233% (g:g% (ig:észa) (3377.52) - 1
(13) gh);nﬂz(g?r?mzo)] Green 7059 220 €0 (gg:gg) (ﬁcz)) (gigg) (22;311) - 14
(14) g;)fu;ﬁl(lfgiglz ge)].szo bEr)g\rAlf(n 58379 >300 61 (3??7712) (j'.gg) (gg%) (9?517) Zﬁ?ﬁ 19
(15) gfg)ﬁuiﬁlﬁfgiguﬁ)]'ZHzo Darkgreen 57994 >300 64 (:333%) (j'.;i) (2288.558) (5.558) (2113) 20
9 oo Pdegrem 45241 30 6L roe oy (85 (2016 (157 %
n g?HLllr\(fGao(fcl)lzz(gefo)ﬂ' 0 %H%T 38526 >300 67 (g:gg) (:'751) (gigi) (1822) (11552?3) 2
18 oy O pdegren 4m28 20 s Z0 00 (0 03 (64 21
(19) [é:'HLl)zl\i%A,NAOgS)] Dark green 407~ >300 60 (g:g) (ffl) (22:678) (2252?9) - 17
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Table 2. IR frequencies of the bands (cm™) of ligand [HL] and its metal complexes and it's assignments.

U (OAC) INOs

No. V(HO/OH) v(Hbond)  N(NH)  W(C=N) VNN)  VAD | cone o p M-0) gy UMD
OH)/(C- s .
1 3407 3600 3200 - -
@ a0 3009000 8163275 1617 1081 1546,744 1966
3580- 3190
(2)  3500-3300 32903190 za00,3270 1603 1022 1530, 754 1198 1570,1420 508 4 -
3376
(3)  3s0-320 32903190 355 3p35 1614 2025 1530,752 . 582 464 -
3210- 3060 1273
1120, 1028
4 3378 3560-3100 + 1028, )
(4 500 3080.9500 33%6:3285 1619 1028 1535749 1273 896, 62, 581 464
3410
(5)  3650-3250 32903180 53503247 1621 1021 1569, 748 130126 s 458 -
3180- 3040 - 1273 :
(6) MO 023130 s 3230 1605 1026 1560, 756 1306 15451440 509  4g, -
7 3430 3560- 3180
(7) 3600-3250 30003180 az5.370 1611 1026 1550, 754 1274 1537,1382 583 487 -
3240- 3100
8 3414 3500-3020 )
@) L o o300 330,340 1609 1028 1580, 757 1974 1543,1440 587 4g
9 3422 35603300 ]
©) 2 003300 335,320 1606 1015 1566, 760 1086 1540,1380 508 4
(10) M o o320 330,300 1621 1025 1567755 1281 152,140 501 g4y -
3429
(11)  3s80-3150 093160 54553380 1602 1022 1569, 766 1281 1530,1437 583 482 -
e 3e0  3150- 2500
3580- 3150
(12) a0 3350 30,3250 1619 2021 1567744 1299 1480,1346 560 4gg -
13) 3420 3550- 3200 ]
(13 o or %0 34163370 1620 1080 157,750 1973 1530,1380 558 4
3600-3250  3600- 3150
(14) 3000 320 30003150 3350,3250 1601 1026 1576, 760 1199 : 580 43 410
(15) 3000 300 o290 3380,3270 1617 1025 1563756 1201 : 537 4eq 412
16) 3405  3580- 3100 ]
(16) o a0 3080.0000 3303250 1611 1026 1570,756 1270 540 4o 430
3416
(17)  3250-3120 32903170 34003380 1621 1025 1568, 748 1276 : 580 467 440
3250- 3120 i
18) 3428 3600- 3190 ]
(18) 2 s 30 31503000 1622 1026 1575750 1973 558 453 440
19 3600- 3200 1386, 1198, )
(19 sa7 3903900 31503080 1619 1020 1576, 750 1973 o 2L a5
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We notice that, (1:1) or (1:2) or (1:3) molar ratios of tetraamine with salicaldhyde give ligand (1), may be due to the
formation of strong hydrogen bondings or steric effect. The proposed structures of the complexes are shown in
Figure (3). Scheme (1) illustrates that, the composition of the complexes formed depends on metal salts, the
medium of the reaction and the molar ratios.

Complex (7) Complex (6) Complex (5) Complex (4) Complex (3) Complex (2)

Co(OAC),.4H,0 Ni(OAC),.4H,0 Cu(NO3)2.3H0 | CuS0,.5H,0 CuCl,.2H,0 Cu(OAC),.H,0
(1L :1M) (1L :1M) (1L :1M) (1L :1M) (AL :1M) (1L : 1M)
EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs
(DMA)

—>
Complex (12 oo | Mn(OAQ, a0  CoMPlex (8)
plex (12)
Hg(OAC), (1L :1M)
(1L :IM) EtOH, 2hrs
EtOH, 2hrs
(DMA)
— Complex (9)
Complex(13) < Zn(OAc),.2H,0
TI(GA) o (1L :1M)
(1L :1M) HL EtOH, 2hrs
EtOH, 2hrs | FL | VA
DMA
( : ( 1) - 5 Complex (10)
Complex (14) ‘ Cd(OAC),.2H,0
FeCl3.6H,0 Y
(1L :1M) :
EtOH, 2hrs EtOH, 2hrs
DMA
( ) Complex (11)
Complex (15) - ﬂUOZ(OAc)Z.Z 0
(1L :1M) EtOH, 2hrs
EtOH, 2hrs (DMA)
(DMA)
oL 2w o Toamo
: (1L :1M) : ;
EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs EtOH, 2hrs
(DMA) (DMA) (DMA) (DMA)

Complex (19) Complex (18) Complex (17) Complex (16)

Scheme (1)
DMA = dimethyl amine
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Table 3. The electronic absor ption spectral bands (nm) and magnetic moment (B.M) for the

ligand [HL] and its complexes.

No. Amax (€) My; in BM
255 (= 6.15x10° mol ™t cm'®),
(1) 319 (e = 7.69x10° mol* cm'}), -
388 (¢ = 9.36x10°° mol cm™)
2 255, 321, 389, 490, 520, 581, 580 0.81
©) 255, 318, 385, 519, 584, 647 1.76
(4) 255, 324, 390, 524, 582, 649 1.75
(5) 260, 319, 388, 505, 576, 640 1.68
(6) 260, 315, 380, 490, 625, 875 2.86
7 250, 321, 390, 550, 610 3.40
(8) 265, 315, 375, 465, 510, 605 4.90
9) 270, 315, 380 Dia
(10) 265, 310, 385 Dia
(11) 265, 320, 380 Dia
(12) 260, 315, 385 Dia
(13) 265, 310, 350, 380 2.19
(14) 265, 315, 390, 450, 630 5.96
(15) 270, 320, 380, 440, 530, 630 3.94
(16) 260, 320, 375 Dia
17) 265, 315, 390 Dia
(18) 270, 318, 385 Dia
(19) 255, 310, 380 Dia
*innm
NH,
H-----N )\ NZ
I I i 4 H,0
HN\( N----- H\O
NH,
HL (1)
)N\HZ
A
o %C HNYN----—H
X, G Cu— X
A R o
NN
HNY N-----H
NH,

Complex (2)

3H,0
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N T H2N "
|_|| /\N ......... VT — N_ |\_| nH0
N 7 N
R
Vi NH,

Complex (3) M =Cu(ll), x=CI, n=2
Complex (5) M = Cu(ll), x=NOs, n=3
Complex (6) M =Ni(ll), x=0Ac, n=2
Complex (8) M =Mn(ll), x=0OAc, n=2
Complex (10) M =Cd(Il), x = OAc, n=2

Complex (4) M =Cu(ll), x=S04 n=0
Complex (13) M =TI(l), x=0Ac, n=0

OH2 NH
K, ‘ N b nHO
M”" --------------- ~ L
x/ | > N i

Complex (7) M =Co(ll), x=0Ac, n=3

Complex (9) M =2Zn(Il), x=0Ac, n=0

Complex (11) M =UO,(Il), x=0Ac, h=2
Complex (17) M =Ca(ll), x=CI, n=1
Complex (18) M =Sr(ll), x=Cl, n=1
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Hglllll .................. P

N \ N

@//

OH

Complex (12)

\ M ................. o N
Ne— N \
O
H§“§N/ OH2
HN N /NH
S

Complex (14) M =Fe(lll), x=Cl, n=2
Complex (15) M =Cr(lIl), x=Cl, n=2

Complex (16)

nH,O
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Complex (19)
Figure (3)

M ass spectrum of theligand, (1)

The mass spectrum of the ligand supported, the suggested structure, Figure (2) revealing a molecular ion
peak (m/z) at 294.1, coincident with the molecular weight of the ligand. Morever, the fragmentation pattern splits a
parent ion peak at (m/z) = 67 am.u. corresponding to C;HN3 while the fragments at (m/z) = 121, 135, 207 and 222
am.u. 84, 93 Correspond to C,H4N., CsHs0, C;H7NLO, CgH11NgO and CgH15NgO, reSpeCtlver (Ta.ble 1)

'H - NMR spectra

The 'H — NMR spectra of ligand and its cadmium(l1) complex (10) in deuterated DMSO show signals
consistent with the proposed structure. The peak at 11.3 p.p.m is due to proton of OH group® %. The signas
observed at 3.42 and 2.5 p.p.m, are due to the protons of NH, group™. The azomethine proton of CH =N group
appears at 9.1 p.p.m**!. The peaks observed as multiple ones at 6.0 — 7.7 p.p.m may be assigned to aromatic
protons”. The spectrum of cadmium(Il) complex (10) shows, the protons of NH, group at 3.32 and 2.49 p.p.m and
the signal characteristic to the phenolic hydroxyl group (OH) appeared in the same position of the ligand, indicating
that, the hydroxyl group did not participate in the coordination®. Complexation leads to a significant downfield
shift of the azomethine proton (8.9 p.p.m) relative to the free ligand confirms that, the azomethine nitrogen atom
coordinates to the metal (N - Cd)?. The aromatic protons appear in the 6.1- 8.0 p.p.m range *. A new signal was
observed at 1.84 p.p.m which may be assigned to the protons of the coordinated acetate group®- *.

Conductivity

The molar conductance values of the complexes in DMF (10° M) lie in the 22 — 11 Q mol™*cm? range
(Table 1), indicating that, all the complexes are not electrolytes " *. This confirms that, the anion is coordinated to
the metal ion.

IR spectra

The modes of bonding between the ligand and the metal ion can be revealed by comparing the IR spectra of
the solid complexes with that of the ligand. The IR spectral data of the ligand and its metal complexes are presented
in Table 2. The IR spectrum of the ligand shows broad medium bands in the 3600- 3200 and 3180- 2950 cm™*
ranges, attributed to intra- and intermolecular hydrogen bonds between aromatic OH or —~NH, with C=N groups®*.
Thus, the higher frequency band is associated with a weaker hydrogen bond and the lower frequency band with a
stronger hydrogen bond. The spectrum also shows bands at 3407 and 3316 and 3275 cm™, assigned to the stretching
vibrations of the phenolic hydroxyl v(OH) and amino v(NH,) associated through intermolecular and intramolecular
hydrogen bondings®™®** ¥, The relatively strong bands located at 1617, 1266, 1031 and 1546 cm™ are assigned to the
v(C=N)imine, v(OH), V(N-N), v(C=C)a, respectively?®. A broad band appears in the 3500- 3220 cm* range
corresponds to the hydrated water molecules B In al complexes, the band due to azomethine v(C=N)imine Was
shifted with decreasing its intensity indicating its coordination to the central metal ion?®*. The v(NH,) and v(OH)
groups appear in the 3430 — 3230 and 3430 - 3376 cm™ ranges™*" and v(N-N) group observed in the 1028- 1015
cm™ range which are shifted to lower frequency compared to the ligand. The v(C=C), appears in the 1580- 1530
and 766- 744 cm™ ranges™*'. The complexes show broad bands in the 3650 — 2900 and 3270 — 2650 cm™ ranges
except complexes (12) and (13), assigned to the presence of hydrated or coordinated water molecules™. However,
the bands appear in the 3600 — 2920 and 3190 — 2500 cm* ranges, are due to intra- and intermolecular hydrogen
bondings™ ***". New bands in the 616 — 501 and 488 — 434 cm™* ranges were taken as indication of coordination
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between the metal ions with oxygen and nitrogen atoms ** *°. Complexes (3) - (13), (16) — (19) show bands
in the 3430 — 3376 cm™ ranges are due to v(OH) group [44]. Complex (4) shows bands at 1120, 1028, 898, 685 and
464 cm™ due to the coordinated monodentate sulphate group™. Extensive IR spectral studies reported on metal
acetate complexes™ indicate that, the acetate ligand coordinates * in either a monodentate, bidentate or bridging
manner, the v, (CO,) and v{(CO,) of the free acetate are at 1560 and 1416 cm™ respectively. In monodentate,
coordination v(C=0) is at higher energy than v, (CO,) and v(C-0O) is lower than v{(CO,). As aresult, the separation
between v(CO) bands is much larger in monodentate complexes. In complexes (6) — (13), the bands is due to
v4(CO,) appeared in the 1545 — 1480 cm™ and the v(CO,) observed in the 1440 — 1346 cm™ ranges. The difference
between these two bandsis in the 160 — 103 cm™ range, suggesting that, the acetate group coordinates in unidentate
manner with the metal ions . However, bridging acetate group with both oxygen atoms coordinated (as in
copper(I1) acetate) have v(CO) bands close to the free ion values *® *® as found for complex (2), v{(CO,) = 1570 and
vg(CO,) = 1420 cm™ . A new band observed in the 440 — 410 cm™, may be assigned to v(M-Cl) in the chloro
complexes (14) — (18)*. Complexes (5) and (19) show bands at 1386, 1273, 827 and 785 and 1386, 1198, 840 and
765 cm™ respectively, assigned to coordinated nitrate group®* *. The complex (19) has a monomeric trigonal planar
in which the guanidine coordinates as a pseudo- bidentate ligand interacting with silver ion and nitrate group via
Nimine @nd NH moieties®. The complexes show v(OH) band in the 1306 — 1270 cm™, except complexes (2), (14) and
(15) show v(CO) band at 1198, 1199 and 1201 cm™ respectively® “®. The appearance of v(OH) group at higher
wave number comparing to the ligand (1266 cm™), indicating non- coordinated of this group to the metal ion.
However, complexes (2), (14) and (15) show bands at lower wave number (Table 2) indicating deprotonated of the
OH group due to coordination to the metal ion. Complex (11) shows band at 885 cm™ due to O=U=0", however,
complex (16) shows aband at 848 cm™, assigned to v(ZrO) vibration™.

M agnetic moments

The room temperature magnetic moments of the complexes (2) — (19) are shown in Table (3). Copper(ll)
complexes (3), (4) and (5) show values 1.76, 1.75 and 1.68 B.M., corresponding to one unpaired electron in an
octahedral structure®*', however, complex (2) shows a value 0.81 B.M. which is well below the spin only value
(1.73 B.M.), indicating that, spin — exchange interactions take place between the copper(ll) ions through acetate
group in an square planar geometry***!. Nickel(Il) complex (6) gives 2.86 B.M., confirmed t,g° eg’ electronic
configuration with two unpaired electrons in an octahedral Ni(ll) complex® . Cobalt(ll) complex (7) and
manganese(l1) complex (8) show values 3.4 and 4.9 B.M., indicating high spin octahedral structure ** >, Thalium(l)
complex (13) gives 2.19 B.M., indicating an octahedra structure. Iron(l11) complex (14) and chromium(lil)
complex (15) show values 5.96 and 3.94 B.M., indicating high spin octahedral structure**. Zinc(I1) complex (9),
cadmium(11) complex (10), uranyl complex (11), zirconyl(I1) complex (16), calcium(I1) complex (17), strontium(11)
complex (18) and silver(l) complex (19) show diamagnetic values.

Electronic spectra

The electronic spectral data for the ligand and its metal complexes in DMF solution are summarized in
Table (3). The ligand in DMF solution shows three bands at 388 nm (¢ = 9.36x10° mol™*cm™), 319 nm (g =
7.69x10° mol™*cm™) and 255 nm (¢ = 6.15x10° mol™cm™), which may be assigned to the n— n* and n— n*
transitions respectively *. Copper(I1) complexes (3), (4) and (5) show bands in the 265 — 255, 324 — 318 and 390 —
385 nm ranges, these bands are due to intraligand transitions, however, the bands appear in the 524 — 505, 584 —
576 and 649 — 640 nm ranges are assigned to O — Cu charge transfer, B, - °E and B, - ?B, transitions, indicating a
distorted tetragonal octahedral structure 2> %, However, cu(ll) complex (2) shows bands at 255, 321 and 389 nm,
these bands are within the ligand and bands at 490, 520 and 580 nm are corresponding to “Big - “Bag, “B1g— *Ey and
’Byg— *A4 respectively, suggesting a square planar geometry ** . Nickel(Il) complex (6) shows bands a 260,
315,380,490,625 and 875 nm respectively, the first three bands are within the ligand and the other three bands are
attributable t0 *Ax(F) - Tig(P)(va), *Ax(F) - *T1g(F)( v2) and *Ay(F) - To(F)( vy) transitions respectively,
indicating an octahedral Ni(Il) complex®”>. The v,/v, ratio for the complex is 1.4, which is |ess than the usual range
of 1.5 - 1.75, indicating a distorted octahedral Ni(ll) complex®"®. Cobalt(ll) complex (7) shows bands at 250, 321,
390, 550 and 650 nm, the first three bands are within the ligand and the other bands are assigned to 4Tlg(F) - 4Azg
and “Ti(F) - *T(F) transitions respectively, corresponding to high spin Co(ll) octahedral complexes™.
Manganese(l1) complex (8) shows bands at 265, 315, 375, 465, 510 and 605 nm, respectively, the first three bands
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are within the ligand, however, the other bands are corresponding to °Ay, - *Eg, ®Asg— *Tog and ®Ayy— *Tg
transitions which are compatible to an octahedral geometry around the Mn(l1) ion®%. TI(I) complex (13) gave bands
at 265, 310 and 350 nm, respectively. These bands are due to intraligand transitions since these bands appear al most
in the spectrum of the ligand, additional weak band appears at 380 nm, which may be assigned to the 'S, - °P;
transition of TI(1) complex®. Iron(l11) complex (14) shows bands at 265, 315, 390,450 and 650 nm respectively, the
first three bands are within the ligand while the other bands are due to charge transfer and °A, - T, transitions,
suggesting distorted octahedral geometry around the iron(I11) ion * *. While chromium(l11) complex (15) shows
bands at 270, 320, 380, 440, 530 and 630 nm respectively. The first three bands are assigned to 4Azg_>4T1%( ,
Aoy — Tag and Ay — °To, transitions respectively, indicating octahedral structure around the Cr(l11) ion * ®.
Zinc(11) complex (9), cadmium(ll) complex (10), uranyl(I1) complex (11), mercury(ll) complex (12), zirconyl(l1)
complex (16), calcium(l1) complex (17), strontium(11) complex (18) and silver(l) complex (19) show three bandsin
the 270 — 255, 320 — 310 and 390 — 375 nm ranges, which are assigned to intraligand transitions.

Electron Spin Resonance (ESR)
The ESR spectral data for complexes (2), (3), (5), (7), (8) and (14) are presented in Table 4.The spectra of
copper(l1) complexes (2), (3) and (5) are characteristic of species, d° configuration and having axial type of a dixz-y2)

ground state which is the most common for copper(ll) complexes®™ ®. The complexes show g; >0, > 2.0023,
indicating square planar or octahedral geometry around copper(ll) ion® ™. The g- values are related by the
expresson® ™, G=( gr-2)/(d,-2), if G > 4.0, then, local tetragonal axes are aigned paralel or only slightly

misaligned, if G < 4.0, the significant exchange coupling is present. Complexes (2) and (5) show values 3.71 and
3.86 indicating spin — exchange interactions take place between copper(ll) ions through acetate group (2) or
hydrogen bondings (5). This phenomenon is further confirmed by magnetic moments (0.81 and 1.68 B.M.
respectively). However, complex (3) shows 4.0 indicating tetragonal axes are present in this complex. Also, the
gy/A values considered as diagnostic of stereochemistry”,in the range reported for square planar complexes are 105
to 135 cm™ and for tetragonal distorted octahedral complexes 150 to 250 cm™. The gy/A, values lie just within the
range expected for the complexes (Table 4). The g- value of the copper(ll) complexes with a ZBlg ground state

(99 , ) may be expressed [73] by
01 = 2.002 = (8K Ao /AEy) wvvveeeee ettt )

O] =2002=(2K* | Ro/DEx)) woeeeieeeiieiieee e, 2)

where kjand k | are the parallel and perpendicular components respectively of the orbital reduction factor (K), A °
is the spin — orbit coupling constant for the free copper, AE,, and AE,, are the electron transition energies of

’Byg— *Bag and °Byg - °E. From the above relations, the orbital reduction factors (K, K | ,K), which are ameasure

of covalency " can be calculated. For an ionic environment K=1 and for a covalent environment K<1. The lower
the value of k, the greater is the covalency

K2 | (0 | - 2.002) AExg /2M0 cv e e e e e (3)
K2 = (G~ 2.002) AEyy /8Ro vvvvvvieieeee e e et e e (4)
K2 = (K2 H2K2 | )3ttt (5)

K (Table 4), for the copper(l1) complexes (2), (3) and (5), indicating covalent bond character ** ™. Kivelson and
Neiman’ noted that, for ionic environment g, = 2.3 and for a covalent environment g; < 2.3. Theoretical work by
Smith " seems to confirm this view. The g- values reported here (Table 4) show considerable covalent bond
character ®. Also, thein-plane 8- covalency parameter, a®(Cu) was calculated by

oP(CU)=(A/0.036)+(gy-2.002)+3/7(q , -2.002)+0.04. .......ooovvoorerrerere 6)

The calculated values (Table 4) suggest a covalent bonding *> ** ™. The in-plane and out of- plane n- bonding
coefficients B, and B respectively, are dependent upon the values of AE,, and AE,, in the following equations ®.
OB = (g, = 2.002) ABuy/ 2k« et (7



Abdou Saad El-Tabl et al /Int.J.ChemTech Res.2013,5(1) 442

0% = (0 = 2.002) AExe/Bho «eveneeean et e e (8)

in this work, the complexes show R,?values 0.78 and 0.72 (2) and (3), indicating a moderate degree of covalency in
the in-plane 7t- bonding, however, complex (5) shows 1.02 indicating ionic character ™ ”". While R*for complexes
(3) and (5) are 0.87 and 0.82 respectively, indicating covalent bonding character out of- plane - bonding, however,
complex (2) shows 1.1, indicating ionic character of the out of- plane " ”’. It is possible to calculate approximate
orbital populationsfor s, p or d orbitals ® by

A” =Aix— 2B [1 + (7/4) A g"] ........................................................... (9)
A ZAGHBLE(TI2) DG Tt (10)
&= A/ A° L @pd = 2B 2B i (11)

where A° and 2B° are the calculated dipolar coupling for unit occupancy of s and d orbitals respectively. The
calculated orbital publications for the copper(I1) complexes (2), (3) and (5), (Table 4), indicate a di..,2) ground state
2 The ESR spectrum for complex (2) shows seven lines in the low and high field regions with some lines in the
centre field region were also observed. This is a characteristic of the triplet state for a dimmer species. The zero
field splitting parameter (D) for the paralel components of the dimmer complex (2) was estimated from the
spectrum and is equal to 500 G. The distance between the two copper centers was calculated using the following
equation **

D =B/2R%(3C0S8 = 1) eeeviees ee e e e e, (12)

Where *B is the magnetic moment of the electron and R, is the distance (A°) between the electrons. For parallel
component (D), 8 = 0, by substitute in equation (12), D is equal to *B/R® for a bi-radical system in the triplet state,
it isfound that, D for the parallel componentsis equal to 402 G and the distance between the two radicalsis equal to
5.2 A°. From these data, the distance between the two copper(ll) centers was calculated and is equal to 4.2 A°. This
value is close to that for a dimeric copper(ll) compound in the triplet —state ** . Cobalt(Il) complex (7),
manganese(l1) complex (8) and iron(l11) complex (14) show isotropic spectra with values 2.1, 2.008 and 2.09,
respectively confirmed octahedral structure *® %,

Table 4. ESR datafor themetal (I11/111) complexes

No. g g gt P A’ o AE, DE, K2 K2 K g/A o’ B2 B2 2R o
© © © (%)

2 226 207 213 220 50 1067 371 19230 25641 105 075 097 113 096 10 078 205 87

(3 220 205 210 140 20 60 40 15456 19268 056 046 073 1571 064 087 072 303 90

(5) 227 207 214 150 15 65 386 15625 19802 064 08 083 1427 078 082 102 2443 728

% 21

®) 2.007

(14) 2.09

Q) Oip = (201 + g))/3, b) Aiso = (2AL + A))/3,¢) G=(9;- 2)/ (g~ - 2)

Thermal Analyses[DTA and TGA]

Since the IR spectra indicate the presence of water molecules, thermal analyses (DTA and TGA) were
carried out to a certain their nature. The thermal curves in the temperature 27 - 800°C range for complexes (2), (5),
(7) and (9) are thermally stable up to 35°C. Dehydration is characterized by endothermic peaks within the
temperature 70 - 90°C range, corresponding to the loss of hydrated water molecules® #. The decomposition step for
complex (2) occurred at 90°C with 7.33% weight loss (Calc. 6.92%), which could be due to the elimination of
3H,0. Another therma decomposition at 175 and 257°C with 29.32% weight loss (Calc. 30.6%), which could be
due to the loss of C4H1:N1o moiety. Also, the complex shows two endothermic peaks at 263 and 321°C with 24.2%
weight loss (Calc. 24.48%), corresponding to the loss of two acetate groups. Endothermic peak observed at 335°C
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gwith no weight loss may be due to melting point. Finally, the complex shows exothermic peaks in the 400
- 600°C range, corresponding to oxidative thermal decomposition which proceeds slowly with fina residue at
660°C, assigned to CuO®". Complex (5) shows endothermic peak at 70°C, with 3.3% weight loss (Calc. 3.2%), due
to one hydrated water, however, the peak observed at 140°C with 7.2% weight loss (Calc. 6.69%), assigned to two
coordinated water molecules, C4H15N;o moiety decomposed at 180 and 215°C with 40.67% weight loss (Calc.
39.84%). The endothermic peak observed at 315°C may be assigned to the melting point. Oxidative thermal
decomposition occurs in the 350 - 650°C range with exothermic peaks, leaving CuO 26.27% weight loss (Calc.
26.32%)%. Complex (7) shows endothermic pesk at 70°C with 11.0% weight loss (Calc. 11.1%) due to three
hydrated water molecules, however, endothermic peak observed at 135°C with 7.8% weight loss (Calc. 8.3%), due
to the loss of two coordinated water. However, the endothermic peak appears at 170°C with 22.8% weight loss
(Cac. 23.1%) is assigned to C,HgNs moiety. The endothermic peak observed at 237°C with 35.1% weight loss
(Calc. 35.43%) is due to the loss of two coordinated groups. The endothermic peak observed at 370°C may be
assigned to the melting point. Oxidative thermal decomposition occurs in the 400 - 650°C range with exothermic
peaks, leaving CoO with 34.2% weight loss (Calc. 34.88%)%. Finaly, complex (9) shows endothermic peak at
150°C with 8.4% weight loss (Calc. 8.2%) due to the loss of two coordinated water molecules, another endothermic
peak is appeared at 213°C with 24.37% weight loss (Calc. 24.74%) is assigned to the loss of C,H¢Os moiety,
however, the acetate group lost as endothermic peak at 363°C with 39.49% weight loss (Calc. 38.81%). The
endothermic peak appears at 413°C may be assigned to the melting point, oxidative thermal decomposition occurs
in the 430 - 590°C range with exothermic peaks, leaving ZnO at 590°C with 43.6% weight |oss (Calc. 43.55%) ®.

Table5. Thermal data for the metal complexes

TGA (wt. loss
No. Team. PTA %) Assignments
(°C) (Peak)
Calc. Found
90 Endo 6.92 7.33 Loss of three molecules of hydrated water
175, 257 Endo 30.6 29.32  Lossof C4H1oN o moiety
(2) 263,321 Endo 24.48 242  Lossof two acetate groups
335 Endo - - Melting point
400- 600 Exo - - Decomposition and formation of 2CuO
70 Endo 32 33 Loss of one molecule of hydrated water
140 Endo 6.69 7.2 Loss of two coordinated water molecules
(5) 180,215 Endo 39.84  40.67  Lossof C4Hq,Nqo moiety
315 Endo - - Melting point
350- 650 Exo 26.32 26.27  Decomposition and formation of CuO
70 Endo 111 110 Loss of three molecules of hydrated water
135 Endo 83 7.8 Loss of two coordinated water molecules
170 Endo 23.1 22.8 Loss of C,HgN5 moiety
U 237 Endo 35.43 35.1 Loss of two acetate groups
370 Endo - - Melting point
400- 650 Exo 34.88 34.2 Decomposition and formation of CoO
150 Endo 8.2 8.4 Loss of two coordinated water molecules
213 Endo 24.74 24.37  Lossof C,HgNs moiety
9 363 Endo 38.1 3949  Lossof two acetate groups
413 Endo - - Melting point

430- 590 Exo 43.55 43.6 Decomposition and formation of ZnO




Abdou Saad El-Tabl et al /Int.J.ChemTech Res.2013,5(1) 444

Table 6. Mass spectrum of (1)

m/z Rel. Int. Fragment
HeN3 48 150
C:N, 52 100

C,HN; 67 100

CH4N3 74 90

C;HsO 84 40
C;H:N,O 135 50
CgH11NgO 207 85
CgH1:NsO 222 8

Biological activity

The biological activity of the ligand, (1) and its metal complexes (2), (4), (9),(10) and (13) were evaluated
against HEPG- 2 cell line. In this study, we try to know the chemotherapeutic activity of the tested complexes by
comparing them with the standard drug (IMURAN® (azathioprine)). The treatment of the different complexes in
DM SO showed similar effects in the tumoral cell line used as it was previously reported®. The solvent (dimethyl
sulphoxide, DMSO) shows no effect in cell growth. The ligand (1), shows a weak inhibition effect at ranges of
concentration used, however, the complexes showed moderate effect against HEPG- 2. The obtained data indicate,
the surviving fraction ratio against HEPG- 2 tumor cell line increasing with the increase of the concentration in the
range of the tested concentration. Also, the Cd(I1) complex (10) shows a high potency of around 65% inhibition at

25M g/mf against HEPG- 2, compared with a standard drug®. This can be explained because cadmium(l1) binds to

DNA. It seems that, change the anion and the nature of the metal ion has effect on the biological behavior, due to
ater binding ability of the DNA binding, so testing of different complexes is very interesting from this point of
view. Chemotheraputic activity of the complexes may be attributed to the central metal atom which was explained
by Tweedy's chelation theory ** %, Also, the positive charge of the metal increases the acidity of coordinated ligand
that bears protons, leading to stronger hydrogen bonds which enhance the biological activity ® ~ %, Moreover,
Gaetke and Chow had reported that, metal has been suggested to facilitate oxidated tissue injury through a free-
radical mediated pathway anal ogous to the Fenton reaction®. By applying the ESR-trapping technique, evidence for
metal - mediated hydroxyl radical formation in vivo has been obtained . ROS are produced through a Fenton-type
reaction as follows:

LM(I1) + HO;, ~ LM() + OOH + H'
LM() + H)0, - LM(l) + OH + OH
Where L, organic ligand

Also, metal could act as a double-edged, sword by inducing DNA damage and also by inhibiting their repair®. The
OH radicals react with DNA sugars and bases and the most significant and well-characterized of the OH reactionsis
hydrogen atom abstraction from the C, on the deoxyribo usenit to yield sugar radicals with subsequent (-
elimination,

Scheme 2. By this mechanism strand breakage occurs as well as the rel ease of the free bases. Another form of attack
on the DNA bases is by solvated electrons, probably via a similar reaction to those discussed below for the direct
effects of radiation on DNA * Figure 3.



Abdou Saad El-Tabl et al /Int.J.ChemTech Res.2013,5(1) 445

o° o°
I B Base
weO—p—0 O e O—p—0 0!
o ° SH o °
O—> + Hzo
T T
G)o—ﬁ—omw G’o—ﬁ—om
o) o)
o®
| Base
wwO—P—0O_ O
I o +
o)
®

Scheme (2)

In the ranges of concentrations used, the obtained data indicate that, the order of chemotherapeutic effect. At
concentrations 25, 12.5 and 6.5 g is standard > Cd(I1) complex (10) > Cu(ll) complex (4) > Cu(ll) complex (2) >
TI(I) complex (13) > Zn(Il) complex (9), however, at concentration 3.125 pg is Cd(l1) complex (10) > Cu(ll)
complex (4) > standard > Cu(ll) complex (2) > TI(l) complex (13) > Zn(Il) complex (9) and at 1.56 pg is TI(I)
complex (13) > Cd(ll) complex (10) >Zn(ll) complex (9) > standard > Cu(ll) complex (2) = Cu(ll) complex (4)
Although, the complexes are octahedral structures and have the same anions, the variable activity of the complexes
may be used to oxidation — reduction potentials. The chemotherapeutic effect of a standard drug and metal
complexesin the ranges of concentrations used against human HEPG- 2 cancer cell line are shown in Figure 4.
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