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Abstract : The reaction of benzotriazole
carbaldehyde with 5-(4-chloro-phenyl)-[1,3,4]
thiadiazol-2-ylamine, and 5-(3-bromo-phenyl)-
[1,3,4]thiadiazol-2-ylamine resulted in the forma-
tion of new tridentate ligands; benzotriazol-1-
ylmethylene-[5-(4-chloro-phenyl)-[ 1,3,4] thiadiazol -
2-yl]-amine L and benzotriazol-1-ylmethylene-[5-
(3-bromo-phenyl)-[1,3,4] thiadiazol-2-yl]-amine L2,
respectively. Monomeric complexes of general for-
mulae[M (L") CI] (where; M = Co(ll), Ni(ll), Zn(I1))
wereobtained from the reaction of theseligandswith
Co(I1), Ni(ll) and Zn(ll) metal ions. The mode of
bonding and overall geometry of the complexeswere
determined through IR, UV-Vis, NMR, magnetic

INTRODUCTION

The coordination chemistry of nitrogen—sulfur
containing heterocyclic ligands, such as 1,2,4-
triazoles, 1,3,4-oxadiazoles and 1,3,4-thiadiazol es,
is an interesting and rapidly developing area of re-

moment measurements, elemental analysis, metal
content, chloride content and conductance. The IR
data revealed that the nitrogens of the Schiff-base
and that of triazole moiety are coordinated to metal
ion, in atridentate fashion. The physico-chemical
studies revealed the formation of four-coordinate
complexes with distorted square planar for Co(ll),
and Ni(I1) and five coordinate complex with Zn(11).
© Global Scientificlnc.

Keywords : Benzotriazole carbaldehyde; 5-(4-
Chloro-phenyl)-[1,3,4]thiadiazol -2-ylamine, and 5-
(3-Bromo-phenyl)-[1,3,4]thiadiazol-2-ylamine;
Metal complexes; Structural study.

search*-%l, These compounds have drawn the atten-
tion of researchers dueto their important pharmaco-
logical activities?. Triazole derivatives have been
used as starting materials to fabricate a variety of
drug-based compounds and also act as ligands to
obtain metal complexes that have specific proper-
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ties®. Oxadiazole and 1,3,4-thiadiazole derivatives
bearing an important group of heterocyclic com-
pounds that have diverse biological activities, such
as anti-tubercul ostatic, anti-intammatory, analgesic,
antipyretic, anticonvul sant, antibacterial and antifun-
gd activities®®. 1,2,4-Triazoleswith amino groups
on the backbone are potential materials for obtain-
ing various Schiff-base derivativeswith well known
antimicrobia propertied®*t. Polyazoles, imazoles
and triazoles ligands have been extensively used to
construct various coordination networks with di-
versetopol ogiesand interesting properties®® 4. The
structure and propertiesof metal complexes depend
on the metal ion and the donor atoms, aswell asthe
structure of theligand and the metal-ligand interac-
tiong®™. Thegood choice or design of organicligands
coupled with suitable metal ions may lead to com-
plexes with specific structures and properties®.
Great effortshave been focused on ligands based on
azoles heterocycles which have both good coordi-
nation ability and diverse coordination modes'”. In
this paper, we report the preparation of new triden-
tate ligands benzotriazol-1-ylmethylene-[5-(4-
chloro-phenyl)-[1,3,4] thiadiazol-2-yl]-amine (L1)
and benzotriazol-1-ylmethylene-[ 5-(3-bromo-phe-
nyl)-[1,3,4]thiadiazol-2-yl]-amine (L?), and their
complex formation with some metal ions. Theam
of thiswork isto examinetheinfluenceimposed on
the geometry of complexes upon using two types of
azoletriazole and thiadiazole moieties.

EXPERIMENTAL

M aterialsand methods

Reagentswere obtained commercially and used
without further purification. Solventsused inthe syn-
thesis were distilled from appropriate drying agent
immediately prior to use.

Physical measurements

Elemental analyses (C. H. N) were carried out
on aHeraeusinstruent (Vario EL). IR spectrain the
range 4000-400 cm™* were recorded as KBr discs
using a Shimadzu 8400 SFTIR spectrophotometer..
Electronic spectra were measured from 200-1100
nm for 10° M solutionsin DM SO at 25°C using a

Shimadzu 1800 spectrophotometer. Mass spectrafor
ligands and some metal complexes were obtained
by positive Electrospray (ES) massusing a Thermo
LTQ Orbitrap XL spectrometer. *H- *C-NMR spec-
trawereacquired in DM SO-d, solution using a Jeol
400 MHz spectrometer with tetramethylsilane (TMS)
asaninternal standard for *H NMR analysis. Melt-
ing pointswere obtained on an Electro-thermal Stuart
melting point SM P40 capillary melting point appa-
ratus and are uncorrected. Metals were determined
using a Shimadzu (A.A) 680 G atomic absorption
spectrophotometer. Chloride content was determined
using potentiometer titration method on a686-Titrp
processor-665Dos mat-M etrohm Swiss. Conductiv-
ity measurements were made with DM SO solutions
using aPW 9526 digital conductivity meter and room
temperature magnetic momentswere measured with
amagnetic susceptibility balance (Johnson Matthey
Catalytic SystemsDivision).

Synthesis
Prepar ation of ligands

The ligands were prepared using a standard
method reported in*¥ and as follows:

Preparation of L*

A mixture of thiosemicarbazide (0.4557q,
0.01mol) and (0.78g, 0.01moal) of p-chlorobenzoic
acid with (10 ml) of phosphorous oxychloride was
allowed to reflux for 7 h. The reaction mixture was
kept at room temperature, and then diluted with 25
ml of water before heated at reflux for 8 h. There-
action solution was allowed to cool at RT, and then
neutralized with 10% of KOH. The deep yellow pre-
cipitate was filtered off and recrystallised from hot
methanol. The product 5-(4-chloro-phenyl)-
[1,3,4]thiadiazol-2-ylamine then reacted with 1
equivalent of benzotriazol e carbal dehyde in metha-
nol medium and refluxed for 2 h. Solvent was re-
moved under reduced pressure, and precipitate was
formed, which washed with water (5 mL). Thesolid
product was recrystallised with amixture of EtOH/
water, and then washed with (5 mL) of diethyl ether
and dried in vacuo. Yield: 0.24 g (73%) of thetitle
compound, m.p. = 242-244 °C. NMR data (ppm),
J,,(300 MHz, DMSO-d,): 7.054 (2H, C ,, ,,-H),
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7.540 (2H,C , -H), 7.858 (2H, C, ), 8.178 (1H,
C.),8348(2H,C, ). . (10063MHz DMSO- d6)
119.12 (C,, ), 122.45 (Cl 234 12372(C,, )
12419 (C ), 129.24 (C 3) 132.49 (C,), 155. 36
(C), 170. 05 (C,), (seesupporting information, Fig-
ures Sl 11, 12). The mass spectrum of L* showed
several peaks corresponding to successive fragmen-
tations of the molecule. Peak detected at m/z 340.39
(16%) (M)* represents the molecular ion peak of L*
ligand. Other distinct peaks were observed in the
spectrum at m/z 222.11 (100 %) which represents
the molecular ion peak of the ligand losing
benzotriazole moiety [M-(C.H,N,)]*. Peak detected
at 198.09 (15 %) refer to losing [M-
(CH,N,+HC=N)]*. Thelast peak detected at 111.02
(21%) assigned to the [M-
(CH,N,+HC=N+C H,N,S)]* fragment (see support-
inginformation, Figure Sl 9).

Preparation of L2

The method used to prepare L? was anal oguesto
that reported for L, but with (0.5g, 0.01mol) of m-
bromobenzoic acid instead of p-chlorobenzoic acid.
Other reagents were adjusted accordingly. A simi-
lar work-up procedure was used to obtain 5-(3-
bromo-phenyl)-[1,3,4]thiadiazol-2-ylamine, which
then reacted with 1 equivalent of benzotriazole
carbal dehyde in methanol. The required compound
was obtained as a pale yellow precipitate. Yield:
1.43 g (68%), m.p 266-268 °C. NMR data (ppm),
0,,(400MHz,DMSO-d): 7.46 (2H,C _, ,,-H), 7.51
(2H, C ,, ~H), 7.78 (2H, J=7.33 Hz, C , ), 8.14
(1H,C,),8.27(2H,C, ). . (100. 63MHz DMSO-
d): 123.28 (C,), 125 16 (C 0, 128.13 (C,,, ),
129.24 (C , ), 133.72(C ), 137.70 (C ), 161.34
(C), 166. 96 (C ), (seesupportinginformation, Fig-
ures Sl 13, 14). The negative mass spectrum of L?
showed several peaks corresponding to successive
fragmentations of the molecule. Peak detected at m/
z 384.98 (7 %) (M-1)* represent the molecular ion
peak of the ligand losing only one hydrogen atom.
Other distinct peaks observed in the spectrum at m/z
265.28 (15 %), 239.09 (5 %) and 154.07 (100%)
refer to [M-(CH,N,)]*, [M-CH,N_+HC=N]* and
[M-CH,N_+HC=N+C,H,N_S]* fragments, respec-
tively (see supporting information, Figure S| 10).

General synthesis of complexes with L* and L?
ligands

A solution of the appropriateligand (1 mmol) in
ethanol (20 ml) was allowed to stir for 30 min, and
then a solution of metal chloride (1 mmoal) in etha-
nol (5 ml) was added drop-wise. The reaction mix-
ture was refluxed for 2 h. The coloured solid that
formed was filtered off, washed with acetone (10
ml), and dried in vacco. Elemental analysis data,
colours, and yields for the complexes are given in
(TABLE 1).

RESULTSAND DISCUSSION

Chemistry

The new benzene triazole Schiff-base ligands,
L!and L?, were obtained in good yields by the reac-
tion of benzene triazole carboxyldehyde with 5-(4-
chloro-phenyl)-[ 1,3,4] thiadiazol-2-ylamine and 5-
(3-bromo-phenyl)-[ 1,3,4]thiadiazol -2-ylamine, re-
spectively (see Scheme 1). The ligands were pre-
pared in asimilar fashion in methanol medium. The
ligands were characterised by elementa analysis
(TABLE 1), IR (TABLE 2), UV-Vis (TABLE 3),
H, 3C NMR spectroscopy and mass spectra. The
complexes were prepared from the reaction of the
ligands with Co(I1), Ni(ll) and Zn(Il), by heating 1
mmole of each ligand with 1 mmole of metal chlo-
ride, using ethanol solvent. Elyctrolyte complexes
of the genera formulae [M(L")CI]Cl (M = Co(ll)
and and Ni(Il)) and neutral [M(L"CL,] (M = Zn(l1));
n =1 or 2) were obtained (Scheme 2). The com-
plexesareair-stable solids, soluble only in hot DMF
and DM SO with stirring, and not soluble in other
common organic solvents. Spectral data were used
to figure out the coordination geometries of the com-
plexes. The analytical data (TABLE 1) agree well
with the suggested formulae. The most important in-
frared bands of the ligands and their complexes to-
gether with their assignments are collected in
(TABLE 2). The electronic spectra for the ligands
and their complexes are presented in (TABLE 3).

IR and NMR spectra

Theimportant infrared bandsfor theligandsand
their complexestogether with their assignmentsare
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Scheme 1 : General synthetic route for Iigands

Where: X=0=L!, Y=Cl
Y=0=L%X=Br

M= Co(IT), Ni(I)
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Scheme 2 : General structure for the proposed complexes

listed in (TABLE 2). The IR spectra of the free
ligands show characteristic bands due to the imine
v(C=N) and v(C=C) functional groups. Bands de-
tected around 1614 and 1641 cm! are due to the
v(C=N) in L*and L?, respectively (see supporting
information, Figures Sl 1, 2)18 19, Peaks at 1602,
1473 inL'and 1612, 1486 in L? are dueto v(C=C).
Bands recorded at 1328, 856 and 1376, 853 cm*
are attributed to (C-S) in L*and L?, respectively?,
The IR spectrashow bandsat 1107 and 1082 which
can be attributed to v(N=N) group in L* and L?, re-
spectively?Y,

TheIR spectraof the complexesexhibited ligand

bands with the appropriate shifts due to complex
formation (TABLE 2). Thev(C=N) iminebandswere
appeared at lower frequency and observed in the
range 1606-1610 and 1620-1634 cm!, for L*andL?,
respectively (compared with that detected inthefree
ligands at 1614 and 1641 cm™ in L* and L?, respec-
tively). The shift of these bands to lower frequen-
ciesisdueto reduced bond order in L*and L2 This
can be attributed to delocalisation of metal electron
density (tzg) tothen-system of theligandi??, indicat-
ing coordination nitrogen of imine group and nitro-
gen of the triazole moietiesto the metal atoms. The
v(C-S) of the thiadiazole groups is detected in the
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TABLE 1 : Colours, yields, elemental analyses, and molar conductance values

Compound Colour Yiedd (%) mp Found (Calcd.) (%) Total halide o . 4
Ay(cm“Q1mol™)
M C H N (Cl/Br)
Lt Yellow 78 218 5207 234 2426 9.76 -
(52.87) (2.66) (24.66)  (10.40)
[Ca"(LYcIial Blue 65 287 1228 3787 191 17.22 22.35 32.13
(1252) (38.28) (1.93) (17.86)  (22.60)
[Ni"(LhHCICl Green 74 279 1207 3812 184 1767 22.17 35.78
(12.48) (38.30) (1.93) (17.87)  (22.61)
[zn'(LYHCl,) Yellow 82 253* 1304 3727 187 17042 21.83 6.24
(13.71) (37.76) (1.90) (17.61)  (22.29)
L? Dark yellow 73 267 - 4595 224 2157 20.17 -
46.77) (235 (21.81)  (20.74)
[ca'(Lheia Blue 79 289 11.26 3483 173 1612 28.93 36.82
(11.44) (34.98) (1.76) (16.32)  (29.28)
[Ni"(LYcI)Cl Green 68 288 11.16 3483 168  16.09 28.87 33.46
(11.40) (34.99) (1.76) (16.32)  (29.29)
[zn"(LYCly] Yellow 77 285 689 3861 1165 1781 24.27 5.07
(7.07) (38.96) (12.18) (18.17)  (24.95)
* Decomposed
same region that observed in the free ligands, indi-  (2H, C,, ..-H) appear at down field dueto effect of

cating the non coordinationto metal ioninL*and L2,
Bandsat 1107-1080 cm* attributed to v (N=N) in
L! complexes, while 1151-1022 cm* in L? com-
plexes. The bands at 1007-1016 cm* assigned to
v(N-N). The fashion and the shape of the bands re-
fer to the coordination of the imine moieties to the
metal atoms?3. Further, the IR spectra of the com-
plexes display characteristic bands for v(M-N) vi-
bration mode around 426-565 and 435-499 cm*
which assigned to two type of v(M-N) of imine and
triazolenitrogenin L and L?, respectively (see sup-
porting information, Figures Sl 3-8)124. These bands
indicated that the imine nitrogen and the triazol e of
benzotriazole for the ligands are involved in coor-
dination with metal ion.

TheH and *C NMR spectraof theligands dis-
played signals corresponding to the various protons
and carbons nuclei (See Experimental section). The
'H NMR spectra of the ligands displayed signals
corresponding to the various protons. The spectrum
show peak around 7.054 ppm assigned to (-CH)
group (2H, C ,, ,,-H) of the aromatic ring proton,
which appear at high chemical shift dueto effect of
chloro group, the chemical shift at 7.540 assigned to

nei ghbouring thiadiazole group, the signal at 7.858
may bedueto (2H, C, ), theappearance the chemi-
cal shift at high chemical shift dueto benzotriazole
of carbaldehydegroup, the signd that appear in down
field at 8.178 (1H, C ) assigned to imine group
which deshielding, 8.348 (2H, C, ), (see support-
ing information, Figure SI 11). 5 (100.63 MHz,
DMSO-d,): thesignal at 119.12 asggned to(C,, )
dueto neighbouring of thiadiazolering, 122.45 (C
.. 3 4 the signal at 123.72 (C,,, ) due to
neighbouring electron with drawing chlore group,
124.19 (C , (), the chemical shift at 129.24 (C )
which appear at high chemical shift dueto attached
the carbon atom by chlore, 132.49 (C, ), the signal
at 155.36 (C,) appear in down field due to
deshielding of carbon atom by the effect of double
bond of imine group, 170.05 (C ), (see supporting
information, Figure Sl 12).

L*:7.46 (2H, C ,, ,-H), 751 (2H, C , .-H),
7.78 (2H, =733 Hz, C , ), 814 (1H, C ), 8.27
(2H, C, ), (see supporti ng information, Figure S|
13). o, (100.63 MHz, DM SO- d): 123.28 (C,),
125. 16 (C,), 128.13(C,,,,), 129.24(C ), 133.72
(C ), 137.70(C), 16134(C) 166. 96 (CS) (see
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supporting information, Figure S| 14).

Electronic spectra, magnetic moments and con-
ductivity measur ements

The UV-Vis spectra of L' and L2 show peaks at
245 and 265 nm, respectively and at 305 nm as-
signed to 1 — n* and n — x* transitions, respec-
tively. The electronic spectraof the complexesof L!
exhibited various extents of hypsochromic shift of
the bands related to the intra-ligand = — ©* transi-

tion. The electronic spectra of the Co(Il) and Ni(ll)
complex are consistent with square planar assign-
ment(?+28, The magnetic moment of Co-complex is
typical for alow spin square planar structure. The
Ni(ll) complex is diamagnetic suggesting a square
planar geometry?”-%0, The el ectronic spectrum of this
complex, as well as the other analytical data, was
consistent with thisassignment. The spectrum of the
Zn(11) complex exhibited band assigned to intraigand
n — ¥4, Thiscomplex isdiamagnetic as expected,

TABLE 2: IR frequencies (cm™) of the compounds

Compound v(CH)aro  v(C=N) v(C=C) v(C-N) v(C-9) v(N=N)  v(N-N) v(M-N)
L 3055 1614 1602,1473 1222  1328,856 1107 1007 -

[ca'(Lhalcl 3061 1606 1606, 1490 1221 - 1080 1010 426, 459

[Ni"(LYcICl 3035 1610 1610, 1493 1220 1330, 851 1083 1016 428,460

[zn"(LYCl,] 3063 1609 1609, 1492 1224 1342,856 1080 1011 498,565
L? 3047 1641 1612,1486 1225 1376, 853 1082 930 -

(0] y i ’
[Ca'(LAcIcl 3065 1620 1603,1487 1224 1368, 833 1151 1010 436,499
[Ni"(L?chcl 3038 1634 1611,1468 1230  1348,845 1045 1002 435,486
[Zn"(L?)Cl,] 3048 1632 1597, 1458 1218 1369, 841 1022 963 440, 476

TABLE 3 : Magnetic moment, and u.v-vis spectral datain DM SO solutions
Peit (BM) Band position Extinction coefficient .
Compound (per atom) (Anm) Emax(dm® mol'em™) Assgnments
245 631 L.F
ey 1 305 1066 intraligand
[ca'(LYcial 1.82 370 400 cT
422 570 ’Eg— *Tog
650 70 ’Eg— Tig
260 Intraligand
Ay 1 . . 350 CT
[Ni"(LHCl]Cl Diamagnetic 425 1053 A0 — Bg
510 A9 > "Ag
265 1744 Intraligand
[zn"(LYCl,] Diamagnetic 370 800 CcT
423 1055 CT
[ca' (LAl 1.83 240 861 T
315 1307 nom
347 1170 CT
421 61 ’Eg— T.g
626 63 ’Eg— Tyg
[Ni"(LACICl Diamagnetic 245 1924 L.F
265 744 Intraligand
370 1189 CT
422 156 'A1g > 'Big
525 142 'Alg— 'Ag
260 1443 Intraligand
ly 2 . . 280 1865 Intraligand
[Zn" (L CI,] Diamagnetic 345 1240 CcT
422 100 CT
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d* system. The analytical datawas consisted with the
formation of acomplex inwhich thegeometry about Zn
atomistrigond bipyramida. Thisisinaccordancewith
Zn-complexesreported preveiouselyEL-32, The el ec-
tronic spectraof the complexesof L2 exhibited bands
related totheintra-ligand t — n* andthe CT transi-
tions (see TABLE 3). The spectra of the Co(Il) and
Ni(11) complexesof L2 showed similar trendto those
of L suggesting square planar geometriesfor the com-
plexes. The magnetic moment valueswere cons stent
withthesquare planar structures. Thespectrum of Zn(11)
complex of L2 showed similar behaviour tothoseof L*
suggesting trigonal bi pyramide geometry!?®l, The mo-
lar conductivity measurements indicate that both
Co(Il) and Ni(ll) complexes are 1:1 electrolyte,
whilemeasurementsreved ed non-€ ectrolytefor Zn(l1)-
complexes(see TABLE 1),

CONCLUSION

In this paper, we have investigated the synthesis
and coordination chemistry of somecomplexesobtained
fromthereactionof Schiff-baseswithtriazole-thiadiazole
moi etieswith some metal ions. Themode of bonding
and overd| structure of the complexesweredetermined
through physi co-chemical and spectroscopic methods.
Thesestudiesreved ed theformation of complexesbear-
ing mixedtri-thiadiazolemoieties. In Co(ll) and Ni(ll)
complexes, the geometries about metal centreisdis-
torted square planar. On the other hand, a trigonal
biypyramida geometry has suggested for n-complexes.

REFERENCES

[1] B.J.McCormick, R.Bereman,
Coord.Chem.Rev., 54, 99 (1984).

[2] Y.T.Wang, GM.Tang, W.Y.Ma, W.Z.Wan; Poly-
hedron, 26, 782 (2007).

[3] A.T.Mavrova, D.Wesselinova, Y.A.Tsenov,
P.Denkova; Eur.J.Med.Chem., 44, 63 (2009).

[4] M.T.Abdel-Aal, W.A.El-Sayed, S.M.EI-Kosy,
E.S.H.ElI-Ashry; Arch.Pharm.Chem.Life &ci., 341,
307 (2008).

[5] K.Drabent, A.Biaoska, Z.Ciunik; Inorg.Chem.
Commun., 7, 224 (2004).

[6] M.Du, X.J.Zhao; J.Mol.Sruct, 694, 235 (2004).

[7] A.Foroumadi, M.Mirzagl, A.Shaiice; Pharmazie, 56,

D.M.Baird;

ORIGINAL ARTICLE

610 (2001).

[8] Y.G.Wang, L.Cao, J.Yan, W.F.Ye, Q.C.Zhou,
B.X.Lu; Chem.J.Chin.Univ., 20, 1903 (1999).

[9] S.N.Pandeya, D.Sriram, GNath, E.De Clercq; Eur
J Pharm&i., 9, 25 (1999)

[10] P.Panneerselvam, R.Nair, G.Vijayalakshmi,
E.H.Subramanian, S.K.Sridhar; Eur.J.Med.Chem.,
40, 225 (2005)

[11] M.Yildiz, H.Unver, B.Dulger, D.Erdener, N.Ocak,
A.Erdonmez, T.N.Durlu; J.Mol.Sruct., 738, 253
(2005).

[12] S.Belaid S, Landreau A, Djebbar S, Benali-Baitich
O et a.; J Inorg Biochem., 102, 63 (2008).

[13] X.Zhu, H.Y.Ge, Y.M.Zhang, B.L.Li, Y.Zhang; Poly-
hedron, 25, 187 (2006).

[14] X.L.Tong, D.Z.Wang, T.L.Hu, W.C.Song, Y.Tao,
X.H.Bu; Cryst.Growth Des., 9, 2280 (2009).
[15] N.A.Negm, M.F.Zaki; Colloids Surf., B, 64, 179

(2008).

[16] D.Z.Wang, T.L.Hu, J.P.Zhao, X.H.Bu; Cryst
EngComm, 12, 3587 (2010).

[17] C.Y.Sun, X.J.Zheng, S.Gao, L.C.Li, L.PJin;
Eur.J.Inorg.Chem., 8, 4150 (2005).

[18] M.J.Al Jeboori, A.H.Al-Dujaili, A.E.Al Janabi;
Transition Met Chem., 34, 109-113 (2009).

[19] M.J.Al-Jeboori, A.A.Abdul Rahman, S.Atia; Jour-
nal of Ibn Al-Haitham for Pure and Applied Sci-
ences, 18(2), 51 (2005).

[20] K.Nakomoto; Infrared spectraof inorganic and co-
ordination compounds, 4" Edition, JWely and
Sons, New York, (1996).

[21] A.Z.EI-Sonbati, A.A.El-bindary, A.A.Al-Sarawy;
Spoectrochim Acta Part A, 58, 2771 (2002)

[22] A.L.Pochodylo, R.L.LaDuca; Inorg.Chem.Comm.,
14, 722-726 (2011).

[23] E.Q Gao, Y.F Yue, S.Q Bai, Z.Yan He;
J.Am.Chem.Soc., 126, 1419 (2004).

[24] M.N N.Raman, S.Esther, C.Thangaraj;
J.Chem.Soc, 116(4), 209 (2004).

[25] M.J.Al Jeboori,, A.H.Al Dujaili, A.E.Al Janabi;
Transition Met.Chem., 34, 109 (2009).

[26] M.J.Al Jeboori, A.J.Abdul Ghani, A.JAl Karawi;
Transition Met Chem, 33, 925-930, (2008).

[27] R.M.Ahmed, E.l.Yousif, H.A.Hasan, M.J.Al-
jeboori; The Scientific World Journal, ID 289805,
7, (2013).

[28] A.J.Abdul Ghaniy, M.J.AL Jeboori, A.JM.AL
Karawil; J.of Coord.Chem., 62, 16, 2736-2744
(2009).



68

ChemXpress9(1), 2016

ORIGINAL ARTICLE

[29] M.J.Al Jeboori, H.H.Al Tawel, R.M.Ahmad,;
Inorganica ChimicaActa, 363, 1301-1305 (2010).

[30] A.A.ElI-Asmy, N.M.EI-Metwally, A.A.Abou-
Hussen; Int J.Pure Appl Chem, 1(1), 75 (2006),

[31] M.T.Tarafder, K.Chew, K.A.Crouse, M.A Ali,
B.M.Yamin, H.K.Fun; Polyhedron, 21(27), 2683
(2002).

[32] JC.MarequeRivas, R.Prabaharan S.Parsons; Dalton
Trans., 1648,, 2004.doi:10.1039/b402084g

[33] W.Huang, S.Gou, D.Hu, S.Chantrapromma,
H.K.Fun, Q.Meng, Inorg Chem., 41, 864 (2002),
doi:10.1021/ic010407k

[34] W.J.Geary; Coord.Chem.Rev., 7, 81 (1971).



