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Abstract: New Cu’" and Ni*" complexes of N'-phenyl-2-[1H-1,2,3-bezotriazol-1-yl] 3-phenyl-3-oxopropane
thioamide, HL, has been synthesized and characterized by different spectral and magnetic measurements and
elemental analysis. The spectral studies indicated that HL exist in the thion form in the solid state and the IR spectra
of the complexes indicated that the ligand act as monobasic bidentate ligand giving distorted tetragonal structure in
case of Cu”"and square planar structure in case of Ni**, which was the reason of their different antimicrobial activity.
Thermal decomposition of both complexes showed similar steps.
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1.Introdction

Compounds containing triazole derivatives have
attracted much interest because of their biological
applications [1-9]. Furthermore, triazole appears
frequently in the structures of various natural
products [10]. Triazole containing compounds
appear in many metabolic products of fungi and
primitive marine animals. Many triazole derivatives
having different functionalities are used as dyes and
as photographic chemicals [11]. The coordination
chemistry of benzotriazole derivatives was studied
due to their importance in industry, agriculture,
synthesis of supramolecular complexes which are
useful in the functional materials with controlled
non-linear optical, magnetic and photo luminescent
properties [ 11 - 22] as well as their biological
activity. The mercapto group often coordinates to
metal ions in many biological molecules [22- 26]
and information about the relative reactivity of the
coordinated mercapto group might give insight into
the specific reactivity of active sites in some
metalloproteins. On the other hand, some of the
transition metals such as vanadium, copper, iron and
magnesium present in trace quantities are essential
elements for biological systems. In view of the
above facts and in continuation of our interest in
studying the ligating behavior of such compounds
[12 - 27], we aim to (i) synthesize and characterize
the solid complexes of the ligands containing both
the triazole and thioamide moieties,, I, with, some
transition metal ions, (i) to characterize both
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organic ligands and their complexes, (iii) to study of
their thermal decomposition characteristics and (iv)
to study their biological activity
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2. Material and Methods:

Materials: All chemicals were reagent grade quality
obtained from Fluka and Aldrich Chemical
Companies, and used as received. All solvents used
were of high analytical reagent grade and used
without further purification.

Instruments: CHNS analysis was obtained using
LECO-CHNS 932 analyser, FT-IR spectra was
recorded as KBr discs with Schimadzu 2000 FT-IR
spectrophotometer. Electronic spectra Beckman
DB.G spectrophotometer or 160A u.v. visible
recording spectrophotometer, Schimadzu in matched
quartz cells at room temperature, the room
temperature magnetic susceptibility measurement
for complexes were determined by Gouy balance
using Hg[Co (NCS),] as a calibrant. Thermal
analysis measurement was performed by using a
dynamic nitrogen atmosphere with a TGA-50
Schimadzu thermogravimetric analyzer at a flow
rate of 50 mL.min". The heating rate was 10"C.min"'
and the sample sizes ranged in mass (6-8) mg.



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

'"HNMR was determined on a Bruker DPX 400
MHz superconducting spectrometer in CDCl; and
DMSO-d¢ as solvents and using TMS as internal
standard.

Synthesis of the organic ligands: The organic
ligands were synthesized according to the
previously reported method [29] as shown in
scheme 1.
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Synthesis of the Cu(Il) complexes: The
complexes were synthesized according to general
procedure: A stoichiometric amount of  Cu
(OAc),.H,O (0.001mol ) was dissolved in methyl
alcohol followed by the addition of 3-5 mL
triethylamine (TEA) and added to ethanolic solution
of the ligand ( 0.0022mol) and the reaction mixture
was refluxed for 2-3 hours on a water bath and
cooled at room temperature, the solid products was
filtered and washed with ethanol and diethyl ether.

Synthesis of the Ni(I) complexes: The
complexes are synthesized according to general
procedure: A  stoichiometric amount of Ni
(OAc),.4H,0 (0.001mol ) was dissolved in ethyl
alcohol followed by the addition of 3-5 mL
triethylamine (TEA) and added to ethanolic solution
of the ligand ( 0.0022mol) and the reaction mixture
was refluxed for 2-3 hours on a water bath and
cooled at room temperature, the solid products was
filtered and washed with ethanol and diethyl ether.

Biological activity :The antimicrobial activity
of synthesized HL, copper(Il), and nickel(II)
complexes  against  staphylococcus  aurous,

salmonella sp', Salmonella sp’ and Bacillus, using
the gel diffusion and respirometric method as
previously described [30]

3. Results and Discussion:
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Characterization of the ligands and their solid
complexes:

The reaction of HL with Cu(OAc),. H,O and
Ni(OAc),. 4H,0 gave the complexes presented in
table 1

Table 1: Elemental analysis, color, and room temperature effective magnetic moments of HL(1 and 2)

and their complexes

Compound Color et Calc. (found) %
C H N S
HL, C;;H;(N,SO Buff . 67.72 4.32 15.04 8.6
(67.70) (4.52) (15.16) (8.4)
[LyCu] Light blue 1.82 62.56 3.75 13.89 7.96
C4pH30N5S,0, Cu (62.54) (3.77) (13.9) (7.87)
[L,Ni] Dark blue Dia 62.94 3.77 13.98 7.99
CoH30NgS,0, Ni (63.00) (3.6) (14.0) (8.0)
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NMR and IR spectra: The °C NMR spectra of
HL(land 2) in de-DMSO was recorded [29],
showing a signal at ca. 190 ppm which is assigned
to the presence of conjugated carbonyl carbon and
the signal of CH, group was not observed, The
infrared of ligands and their complexes are collected
in table 2, the spectra of the ligands do not show
bands at 2600-2500 cm correspond to v (SH). The
spectra of the ligands showed four bands at ca.
1493, 1360,1073 and 836 cm'which are assigned to
the thioamide ( HNC=S) bands [31,32]. The
thioamide bands at v;1073 and 836 cm” are
strongly shifted to lower wave numbers in the
complexes supporting sulphur donation and
deprotonation of the ligand as well, while the bands

Table 2: Main IR bands for HL and its metal complexes.

at 1493 and 1360 cmare not greatly affected
indicating that nitrogen is not bonded to the metal
ion. The HL posses weak band at v1607cm’
'corresponds to C=0 and medium to strong band at
v 3163cm corresponds to NH, the shifting of the
NH band and weakness of CO band may be
attributed to hydrogen bond formation. A band
appeared at 3045 cm’ which is attributed to CH
stretching for sp”carbon.

These data indicated that the ligand is found in
the form B in the solid state. Upon complexation red
shift by (18-44) cm'indicating the M-O bonding,
the ligand act as monobasic bidentate ligand
coordinating the metal through the thiolo-sulphure
and keto-oxygen atoms [33,34].

Compound v v v
(NH) (C=0) (thioamide)
I 11 111 v
HL, C,1HsN4SO 3163 1607 1493 1360 s 1073m 841m
S w Vs

[L,Cu] 3230 1578 1495 1380s 1026m 735m
C42H30N88202 Cu S w S
[L,Ni] 3280 1578 1499 1389s 1034m 723m
C42H30N8 5202 Ni S w M
(w= weak, m= medium, s= strong)
Electronic spectra and magnetic studies: The intraligand and LMCT transition which support the
electronic spectra (Table 3) showed intense bands at tetragonally distorted copper (II) complex.
375- 350 and 340- 335 nm suggesting O-M(I) Nickel (II) complex showed bands at ; 590,
bond. The spectra also showed strong band at 445- 500, 413 nm assignable to lAlg—>1A2g, 1Alg—>1B1g
400 nm characteristic to S-M(II) LMCT transition. for d-d transitions and 1A1g—>1Eg for strong CT

Copper (II) complex [L,Cu] gives a room transition, respectively, characteristic to square
temperature magnetic moment 1.78 B.M. indicating planar nickel(IT) complexes.
magnetically diluted Cu(Il) ion. Its -electronic The zero magnetic moment of [L,Ni] assure the
spectrum showed an intense band at 380 nm due to square planar geometry.
Table 3: Electronic spectral data (nm):
Compound Intraligand and CT d-d transition
[L,Cu] 380 -
C42H30N88202 Cu
[L,Ni] 337,350, 408 413, 500, 590
CarH30NsS,0, Ni

Thermal analysis : The thermogravimetric (TG)
and the derivative thermogravimetric (DTG) plots of
the complexes in the 25-1200°C range under
nitrogen. [L,Cu] exhibit two significant steps ; the
first decomposition step in the temperature range
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(158-315)C with net weight loss of 52.0%, (
%calc.=52.14% ) which correspond to 2 BTA+2
CeHgN, and The second step (445-549)°C, with net
weight loss of 36.1 (% calc.=36.22), corresponds to
the loss of SO, and 2 CyHs.
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[L,Ni] exhibit two significant steps. The first
decomposition step in the temperature range (220-
330)C with net weight loss of 52.3%,
(%calc.=52.45% ) which correspond to 2 BTA+2

CsHgN. The second step (410-610)C with net
weight loss of 36.1 (% calc.=36.0), corresponds to
the loss of SO, and 2 CyHs.

Table 4: Thermogravimetric characteristics of Cu(Il) and Ni(Il) complexes

Compound Molar mass | TGrange | Weight loss Assignment | Metallic residue
“Q) Calcd | Found
[L,Cu] 158-315 52.14 | 52.0 2BTA+
C42H30N85202 Cu 2C6H6N
806.42 445-549 36.0 36.1 SO+ CuS
2 C9H5
[L,Ni] 220-330 5245 | 523 2BTA+
C4H30NsS,0, Ni 2C¢HgN
801.56 410-610 36.22 | 36.1 SO,+ NiS
2 CoHs
Biological activity, The antibacterial activity Acknowledgement

of HL and metal (II) complexes were studied, and

the results show that [L,Cu] complex is active

towards staphylococcus aurous and salmonella sp’,
while [L,Ni] complex is not, on the other hand both
complexes were found to be inactive towards

Salmonlla sp’. Both complexes are active towards

Bacillus.

The biological activity of metal complexes is
governed by the following factors [35] :a) the
chelate effect of the ligands. b) the nature of donor
atoms, ¢) the nature of the metal ion, d) the total
charge on the complex ion, e) the nature of the
counter ions that the neutralize the complex-if ionic-
and f) the geometrical structure of the complex [36].
Comparing [L,Cu] and [L,Ni], both have the same
donating atoms(S/O) with the same (C.N=4), same
chelate effect (6 membered chelating rings), they are
neutral and no counter ion and have same metal
oxidation state, therefore the effective factor is the
geometrical shape and nature of central atom. The
higher antimicrobial activity of Cu(II) complex may
also attributed to the stronger Cu-Ligand bond.
Conclusion
e The interaction of HL with Cu®" and Ni*'leads to

the formation of neutral comlpexes [L,M].

e Their structures are determined by elemental
analysis, spectral properties, magnetism and
thermal analysis.

e The [L,Cu] has a distorted tetragonal structure
whereas [L,Ni] is square planar

e The [L,Cu] is more antibacterial effective than
[LoNi].
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