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ABSTRACT

A 2-pyrazoline based bi dentate ligand 3-(2-thiophen-2-yl)-5-(4-bromophenyl)-1-carbothiomyl-2-
pyrazoline has been synthesized by Claisen-Schmidt condensation of 2-acetylthiophene with 4-
bromo benzaldehyde followed by cyclization of the resulting chalcone with thiosemicarbazide. The
chromium(Ill), manganese(ll), cobalt(ll), nickel(ll), copper(ll) and zinc(ll) complexes of the new
pyrazoline based-ligand were prepared by the direct reaction of their hydrated metal chlorides with
the free ligand and separated in solid state. The metal complexes were characterized by (C.H.N.S)
elemental analysis, FT-IR, UV-Vis, 1H, B¢ NMR and mass spectra. As well as the molar
conductance measurements in DMSO solutions suggested non-electrolytic nature of all complexes
except chromium(lll) complexes which was electrolyte in 1:1 ratio supporting the proposed formula
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Burkholderia cepacia.

of the complexes [ML,Cl,] M= Mn, Co, Ni, Cu, Zn(ll) and [CrL,ClI,]CIl. The solution of ligand and it’s
metal complexes were investigated for their ability to kill Esherichia coli and Staphylococcus
aureas bacteria, Candida albicans and Burkholderia cepacia via diffusion method. It is found from
biological results that the copper(ll) and zinc(ll) complexes showed high inhibition for bacteria
growth with compared to the antibiotic drug. However, the free ligand in DMSO exhibited highest
inhibition in 12 mm zone compared with its complexes. The resulted obtained showed that the
Mn(Il), Co(ll), Cu(ll) and Ni(ll) complexes showed medium activity whereas the chromium(lll)
complex showed inhibition zone toward in the range (18-22) against Esherichia coli and

Keywords: Metal

complexes of 2-pyrazoline; biological

study of 2-pyrazoline-based ligands;

spectroscopic study of 2-pyrazoline complexes.

1. INTRODUCTION

Pyrazole and pyrazolines are well-known
important heterocyclic bioorganic molecules
[1,2]. The region selective preparation of 2-
pyrazoline derivatives have been done by the
reaction of  substituted hydrazine  with
unsaturated ketones [3,4]. The 2-pyrazoline
derivatives and their metal complexes have been
exhibiting various pharmacological activities [5-
7], antimicrobial [8,9], hypoglycemia [10],
pesticide [11], antibacterial [12] and
anticonvulsant activities [13,14]. The hemolysis
assays and anticancer studies of copper(ll),
nickel(ll) and iron(lll) complexes with pyrazoline-
based ligand has indicated quite good binding
with DNA [15]. The copper(ll) complexes of 1-
phenyl-4,5-diacetyl-2-pyrazoline has attracted
extensive attention due to their applications in
the field of molecular biological technology and
drug development [16]. The Iluminescence
properties of aluminum(lll) and copper(ll)
complexes with bi dentate pyrazoline ligand
showed models in electronic sensors [17]. The
presence of pyrazoline moiety besides other
heterocyclic rings like benzothiazole and
thiophene might have given industries wide
applications in drug chemistry and light
emitting diodes [18]. In the present work the
metal complexesofchromium(lll), manganese(ll),
cobalt(ll), nickel(ll), copper(ll) and zinc(Il) with bi
dentate ligand of derived from ring closure of
thiosemicarbazide with (Z)-3-(4-bromophenyl)-1-
(thiophen-2-yl)prop-2-en-1-one.in methanol
solvent were prepared, characterized and
biologically screened against some negative and
positive gram bacterias and Candida albicans
fungus.

2. EXPERIMENTAL
2.1 Instrumentations

Melting points are determined in open capillary
tubes in a Gallen Kamp MFB-600-Melting Point

apparatus and are uncorrected. The mass
spectra of the organic compounds were carried
out by using SHIMADZU GC- DIMS QP 2010
Ultra and Orbitrap LTQ XL- Thermo Fisher
scientific  mass spectrometer in the AL-
Mustansiriyah University. Elemental analyses
(CHNS) of the new ligand and its metal(ll)
complexes were determined using Carlo-Erba
1106 Elemental analyzer and Perkin-Elmer
CHNS240 elemental analyzer at Al-Mustansiriya
university, college of science, chemistry
department and laboratories of ministry of
science and technology respectively. The UV-
Visible spectra of the compounds were
measured in the region (200-1000) nm
(concentration of each sample solution in
C=5x10" M, path length= 1.0 cm) at room
temperature by using (Varin Cary 100 Conc. UV—-
Vis) spectrophotometer. The *H and *C NMR
spectra were carried at Albait University, Jordan
on Bruker 300 MHz spectrometer in DMSO-dg
solvent. Infrared spectra were recorded using a
SHIMADZU FT-IR 8400S in the range (4000-
600) cm™. The molar conductivity (S.cm”mol™)
of the complexes solution were recorded at 25C
for (1x10° M) solution of dimethylsulfoxide
(DMSO) using a (WTW 740) terminal conduct
meter.The percent of metal contents of the
complexes were determined by the Analytik Jena
/ A Spect LS /FL 1.3.0.0, Abn Sina Center,
Ministry of Industry.

2.2 Materials

The hydrated metal chlorides CrCls-6H,0,
Mnc|2'4H20, N|C|26H20, CUC|22H20 and ch|2
were supplied from Sigma-Aldrich company and
used without purification. The 2-acetyl-thiophene
and 4-bromobenzaldehyde were supported by
Sigma-Aldrich Company (99% purity). The other
organic starting materials were supplied from
Sigma-Aldrich company and wused without
purification.
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2.3 Methods

2.3.1 Synthesis of (Z2)-3-(4-bromophenyl)-1-
(thiophen-2-yl)prop-2-en-1-one

A considerable variety of methods are
available in literature for the synthesis of
chalcones. The most convenient method is the
one, that involves the Claisen-Schimidt
condensation of equimolar quantities of an aryl
methyl ketones with arylaldehyde in presence of
alcoholic alkali. A mixture of 2-acetyl thiophene
(0.01 mol) 1.26 gm and the corresponding 4-
bromobenzaldehyde (0.01 mol) 1.85 gm was
dissolved in 20 ml ethanol. Then, an ethanolic
solution of sodium hydroxide (0.025 mol, 20 ml)
was added drop wise to the reaction mixture
during a period of 0.5 h with vigorous stirring.
The mixture was stirred vigorously for further 24
h until the mixture became thick. The product
was filtered under vacuum, washed with ice
water until the filtrate be neutral to litmus,
washed several times with n-hexane to remove
the un reacted materials and finally re
crystallized from ethanol. The physical properties
of chalcone (A), (Scheme 1).

2.3.2 Synthesis of 5-(4-bromophenyl)-3-
(thiophen-2-y1)-4,5-dihydro-1 H-pyrazole-
1-carbothioamide

A mixture of (0.01 mole,2.29gm) of (2)-3-(4-
bromophenyl)-1-(thiophen-2-yl)prop-2-en-1-one
and thiosemicarbazide (0.012 mole, 0.94 gm)
with sodium hydroxide (1 g in 5 ml, water) was
refluxed in 50ml absolute ethanol for 12 hours.
The product was poured into ice water and the
crude product, which was separated out(L), was
filtered and re crystallized from methanol then
dried in vacuum desiccators. The physical
properties and elemental analyses of ligand were
shown in Table 1.

2.4 Synthesis of the Metal Complexes

A methanolic solution (100 mL) of (1 mmole)
from hydrated metal chloride
(NiCl,-6H,0(0.2379),ZnCl, (0.135 g), CoCl,.6H,0
(0.233 g), CuCl,.2H,0 (0.171 g) and CrCl3.6H,0
(0.322 g)) was added with constant stirring to an
ethanolic solution of the ligand (0.365 g, 2 mmol)
followed refluxing the mixture on water bath for
1.5 hours except the manganese(ll) and zinc(ll)
which required stirring on water bath for 2-3 h.
then keep the mixture in ice bath with stirring
to yield colored precipitates of complexes. The

obtained crudes were separated by filtration
under suction, washed with methanol and dried
in air overnight then re crystallization from
mixture of acetonitrile: absolute ethanol to get
purified colored solids, Table 1.

2.5 Biological Activity

Four kinds of bacteria were used as Gram-
negative  bacteria  Escherichia coli and
Bacillus subtitis and Gram-positive bacteria
(Staphylococcus aureas (Staph) and
Burkholderia cepacia. These bacteria were
diagnosed and cultured on Eosin methylene blue
(EMB) and Mueller-Hinton agar medium for use
in this experiment, and in measuring the
deactivating  capacity of the prepared
compounds. The deactivating capacity agent of
the isolated bacteria of these compounds was
tested by using the holes method. In this method
the holes were saturated with 100 pm of 1x10°°M
of the given compound and left for about 15 min
in order to spread on the medium then incubated
at 25<C for 24 hour. The deactivation diameters
were measured by special ruler designed for this
purpose. Testing was done in the seeded broth
(10-6 to 10-7 cfa\ml). The test complexes were
taken at 20 pyg\ml and the standard solution of
chloromiphenical drug prepared at 20 pg/ml of
sterile distilled water and DMSO were maintained
throughout the experiment simultaneously as
control.

3. RESULTS AND DISCUSSION

The new metal complexes prepared in this
research were non-hygroscopic (stable at the
room temperature) and in the form of amorphous
solids. These are soluble easily in DMSO, DMF
and sparingly in ethanol and methanol whereas
they are insoluble in chlorinated hydrocarbons.
The elemental analysis data of the ligand and its
metal complexes along with molar conductivity
values are shown in Table 1. In this study, the
chalcon(2)-3-(4bromophenyl)-1-(thiophen-2-
yl)prop-2-en-1-one. was synthesized by literature
methods as described [14] and treated with
thiosemicarbazide to obtain 5-(4-bromophenyl)-
3-(2-thienyl)-2-pyrazolines, (Scheme  2).This
reaction probably involved in the intermediate
formation of thiosemicarbazone and subsequent
addition of N-H on the olephinic bond of the
propenone moiety. Condensation of chalcon with
thiosemicarbazide can lead to the free ligand of
pyrazoline, Scheme (3).
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Scheme 2. Synthesis of ligand L

Table 1. Some physical properties and elemental ana  lyses of the ligand and its complexes

Molecular Color M.P Yeild Elemental analysis (%)
formula (°C) (%) Found (calc.)
C H N S M
L Cream 205-207 70 (45.91) (3.33) (11.47) (17.55)
44.98 3.00 10.66 16.84
[CrL,CLL]JClI  Deep > 253 72 (52.91) (3.20) (10.15)  (7.75) (6.35)
Green 51.98 2.05 11.09 6.79 5.22
[MnL,Cly] Brown 272 (dec) 68 - - - - (6.70)
6.01
[CoL,Cly] Greenish- 245 80 - - - - (7.12)
blue 6.988
[NIL,Cl,] Green 220 89 - - - (6. 88)
6.22
[CuL,Cly] Green 265 80 - - - - (7.50)
6.66
[ZnL,Cl;] Off white 225 72 - - - - (7.62)
7.11

R1=4-bromophenyl and R2=2-thienyl

Scheme 3. Proposed mechanism of Pyrazoline ligand f  ormation
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3.1 IR Spectra Studies

Selected diagnostic bands of the IR spectra
of the «cyclised pyrazoline analogues of
thiosemicarbazones showed useful information
about the structure of the compounds. The free
ligand  (Z)-3-(4bromophenyl)-1-(thiophen-2-yl)-
prop-2-en-1-one showed intense bands in the
region 1093cm™ due to the v(C=S) stretch of the
thiocarboxamide group [2,15]. The IR spectra of
the ligand showed v(C=N) stretch at 1616 cm ™
because of the ring closure. In addition, the
absorption bands at 1003-1424 cm™ were
attributed to the v (N-C=S) stretch vibrations,
which also confirm the formation of desired
pyrazoline ring in all the compounds. The ligand
also showed additional sharp bands in the region
3383 cm™ due to the v(NH) stretching [14,15]. As

o
How, L A

well as the medium intensity band at 619 cm™
reveals the C-S bond of thiophene ring [3,16].
The lowering in wave numbers of v(C=S) and
v(C=N-Pz) in all complexes in the region 1040-
1184 and 1610-1583 cm™ confirms the
coordination of thioamide sulphur and nitrogen of
pyrazoline moiety with the metal ion [17].
Moreover, (N-C=S) undergoes strong vibrational
coupling and exhibits two to three bands around
1005, 1190 and 1424 cm™ respectively, whereas
the IR spectra of all complexes reveal slight but
specific changes from the spectrum of the free
ligand. Furthermore, the spectra of all complexes
showed weak to medium absorptions around
400-460 and 490-577 cm™ which are attributed
to the vibrations of M-S and M-N respectively
[16-18].

E 1
1 0 it ; i L T TR S N R,
- -l“h'.'-‘“"".i""l """“‘.".llu'\-‘ A At A

Ancn oy 12w 2000 2600 2m

1800 1600 T 260 oo mo

Fig. 1. FT-IR spectra of chalcone in KBr disc
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Fig. 2. FT-IR spectra of ligand in KBr disc



Table 2. FT-IR absorptions of the pyrazoline L liga
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nd and its metal complexes in cm

Compound VvNH, vC=S vC=N VN-C=S vC-N vM-N vM-S vC-H

L 3383(br) 1093(d) 1616 (s) 1003,1420(m) 1330(s) - - 3070(w), 2965
[CrLCly]CI 3450(m) 1075 1595(s) 1006, 1424(m) 1340(s) 550(w) 410(w) 3050,2978(m) 3100(w)
[MnL,Cl] 3400(br) 1060 (s) 1590 (s) 1005, 1433 1370(s) 510(w) 460(w) 3040(w)

[CoL,Cl;] 3384-3267(m) 1040(m) 1610-1583 1003,1473(m) 1390(m)  573(w) 451(w) 3082(w)

[NiL,Cl;] 3381-3263(d) 1184(d) 1610-1587 (d) 1007,1469 1377(m)  577(m) 455(w) 3074(w)

[CuL,Cl;] 3460(br) 1070(m) 1587 (s) 1003, 1425 1377 (m)  499(m) 424(m) 3089(w)

[ZnL,Cl;] 3519(br) 1059(m) 1600-1588 (d)  1005,1437 1375(m)  500(w) 400(m) 3012(w)

* s = strong, m = medium, br = broad, w = weak
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Fig. 3. FT-IR spectra of [CuL ,Cl;] in Csl disc

3.2 Mass Spectra Study

The mass spectra of compounds showed [M*]
peaks, in agreement with their molecular formula.
The Fig. 4 shows the molecular ion M*=292
and 294 which is remarkably investigate the
proposed structure of compound (2)-3-(4-
bromophenyl)-1-(thiophen-2-yl)prop-2-en-1-one

%

with C;3HyOSBr formula [13]. The Fig. 5 exhibits
the molecular ion related to free ligand L that is
remarkably observed from the base peak at M*?
= 367 and 365 which gives strong evidence for
isotopic effect of Br substituted in para position of
phenyl ring. The other fragments at 333,332 and
285 may be assigned to cleavage of H,S gas
and H,N-C=S moiety respectively [18].

100{ 79 24

75

o

.

oL ———tea 23 | w5 o3 4n  smoss s o 66 710 765 om0 0 o
100 200 300 400 500 600 700 800 900

Fig. 4. Mass spectra of A chalcone

40 79

I 0841

T
50 100 150 200 250 300

G 451 azs 510 546 580

T T T T
350 400 450 500 550 600

Fig. 5. Mass spectra of the ligand (L)
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3.3 Electronic
Moments

Spectra and Magnetic

The electronic spectral data of the metal
complexes in DMSO solution are given in Table
3. The nature of the ligand field around the metal
ion has been deduced from the electronic
spectra. The UV-Vis spectrum of the ligand in
DMF within the range 200-1000 nm, Fig. 6,
displays mainly three peaks. These transitions at
250,308,418 nm could be ascribed to the
moderate energy 1i- Tt* transition of the aromatic
rings. Furthermore, the sharp (Anax) peaks at
(308,418 nm) were related to the w-m*
transition of intermolecular charge-transfer taken
place through the azo group (-C=N-, -C=C and —
C=0) [10,16]. The UV-visible spectra of zinc(Il)
and cadmium complexes showed high-handed
mark absorptions in the regions240-390 and
322-470 nm, these may be part to LMCT of
L—Cd and to zinc(ll) respectively [16,17]. The
electronic spectra of nickel(ll) in DMF solution
exhibited spin-allowed d-d transitions at 615 and

2

{8 1)

Fig. 6. UV-Visible spectra of ligand in ethanol sol

1.4
1.2
1.0
5 [N ]
0.8
0.4

0.z

0.0

740nm_ which are assigned to the *A,g— °T,g
and 3Azg—> 3Tlg transitions  respectively,
suggesting the octahedral geometry around
nickel(ll) ion [19,20]. At the comparable in like
manner, the electronic spectra of cobalt(ll) and
copper(ll) complexes in DMF solvent, the bands
showed in the visible region 426-400 and 480-
562 nm are assigned to Tg— >T.9(F),
*T.9—°A0(F) and “Eg— 2T,g respectively
[21,22]. As well as the green solution of
chromium(lll) complex in DMF exhibited three
spin-allowed transitions at 565,400 and 380 nm
which are corresponded to “A,g— “T.g, “A.g—
“T.g(F) and LMCT respectively [21], these
transitions agree well with the expected spectra
of octahedral structure of Cr(lll) complex. The
magnetic moment data are summarized in Table
3. The effective magnetic moment values for
these compounds range from 2.80 to 6. 0 BM,
clearly indicating that these Cr(lll), Mn(ll), Co(ll),
Ni(ll), and Cu(ll) complexes are high-spin
paramagnetic and gives strong proof for their
monomer octahedral geometry [23,24].

m—

' mrd—

ution

LT

200 250 300 350

Wawelength (nmj)

Fig. 7. UV-Visible spectra of [CuL

2Cl,] in DMSO solution
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3.4 'H NMR Study

The Fig. 7 shows the proton and C-13 NMR
spectra of the chalcone derivative (A) in DMSO-
d6 solution. The germinal coupling —HC=CH- of
alfa-beta carbonyl compounds fall in the range
8.1-8.50 ppm. As well as the aromatic protons
were shown as doublt-doublet in the region 7.20-
7.45 ppm, whereas the multiplet peak at 7.75-
7.76 ppm may be attributed to 3H of thiophene
moiety [12,17]. Furthermore the resonance spin
of C-13 for the chalcone derivative displayed
peaks at 181,171,145,141,135,134,131,130,128,
123,122 and 74 ppm which are consistiuent with
the chemical shifts of —C=0,CH=CH-,aromatic
C=C- and —C-S of thiophene ring. The 1H NMR
spectra was recorded using d6-DMSO as the

Y

solvent clearly supports the proposed structure of
the new pyrazoline ligand. The protons at C4 and
C5 carbons appeared as broad triplets at
3.88 and 5.66 ppm, respectively. The strong
deshielding of the C5 protons compared with the
C4 protons of the pyrazoline ring can be
assumed due to its conformation. The NH proton
of thiocarboxamide group(H2N-C=S) bonded
directly to N1 of pyrazoline ring showed a singlet
at 8.45 ppm [9,11]. The protons belonging to the
phenyl ring and the other C-H of thiophene ring
were observed with the expected chemical shift
and integral values. The 13C NMR spectra of the
compound L was taken in DMSO-d6 and the
signals obtained are in good agreement with the
proposed structures.

e Wi

G5

| Ll\ll |

T T T T
200 180 160 140 120 100 80

Fig. 9. "*C NMR spectra of A compound chalcone in d6-DMSO sol
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Fig. 11. *C NMR spectra of L in DMSO- dg solution

Table 3. The electronic spectra and molar conductan  ce of the prepared complexes

Compound UV-visible, A (nm) M (BM)  A,(S.mol*.cm?) * Geometry
L 250,308,418 - 5 -
[CrLCIy]CI 255,332,380,562 3.80 80 -

[MnL,Cl,] 300, 498,509 6.0 20 Octahedral
[CoL,Cl,] 259,598,675 5.02 26 Octahedral
[NIL,Cl,] 328,615,740 3.34 13 Octahedral
[CuL,Cl,] 315,562,873 2.80 28 Octahedral
[ZnL,CL].H,0 259,345(CT) 0.00 17 Octahedral

* Am = molar conductance was measured in DMF solutions

3.5 Biological Activity present study show that the complexes have a

relatively moderate inhibition against the
Table 4 listed the deactivation capacity against staphylococcus aureus, E. coli and. and
the Dbacteria specimen of the prepared Bascillus bacteria, while copper(ll) and zinc(ll)
compounds under study. The results of the complexes exhibited the highest inhibition zones

10
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in the range (22-30 mm) against Burkholderia However, introduction of metal in complexes
cepacia in compared with Fluconazole drug [25]. increase the deactivating capacity of the ligand.

Table 4. Diameters inhibition zone (mm) of the prep  ared compounds against bacteria

and fungi
Compound Candida Bacillus Staphylococcus  Esherichia  Burkholderia
albicans subtilis aureas coli cepacia

L 12 - - 5 6
[CrL,Cl,]Cl - 22 20 20 18
[MnL,Cl,] 5 6 10 15 8
[CoL,Cl,] 3 _ _ _ 12
[NIL,Cl,] 1 10 7 10 15
[CuL,Cl,] 4 27 17 13 30
[ZnL,Cl,] 2 - - 11 22
Control - - - - -
Chlormphenicol - 28 30 25 15
Flucanazole 80 - - - -

Fig. 13. Inhibition zone of complexes against ~ Candida albicans

Scheme 3. 3D-optimized structure of the prepared co  mplexes

11
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The inhibition zone (mm) for all solutions were
recorded as minimum inhibition concentration
(MIC) so the values are generally within the
range 10-20 ppm against all evaluated strains.
The antifungal activity of the ligand and it's metal
complexes was studied with one pathogenic
fungi. The results obtained in Table 4, showed
that the ligand in DMSO solution showed
inhibition for growing the Candida albicans at 12
mm value whereas it's complexes could not give
any activity in comparing with Chloromphenicol
drug [26].

4. CONCLUSIONS

According to the results obtained from elemental
analyses, NMR, Mass, IR and UV-Visible
spectra, the complexes of manganese, cobalt,
nickel(ll),copper(ll),zinc(ll) and chromium(lll) with
the new pyrazoline based-ligand were octahedral
in [MLCI,] formula. The vibration frequencies of
the metal complexes were compared with the IR
spectra of the free L ligand and it is found that L
behaved as neutral bi dentate Lewis base via
nitrogen of pyrazoline ring besides the sulphur
atom of thione moiety. The solutions of L and it’
complexes in DMSO were screened their
biological activity against some bacteria and
Candida albicans fungus and it is found that the
complexes of copper(ll) and zinc(ll) have greater
activity than the free ligand due to the lipophilicity
of their structure which make them more
penetrate to cell wall of these bacteria. However
the free ligand showed good inhibition zone
against the Candida albicans verse no activity of
the complexes.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Gulhan TZ, Ahmet O, Kiymet G. Synthesis
of some 1-[(N,N-Disubstituted
thiocarbamoylthio)acetyl]-3-(2-thienyl)-5-
aryl-2-pyrazoline derivatives and
investigation of their antibacterial and
antifungal activities. Arch. Pharm. Chem.
Life Sci. 2005;338:96-104.

2. Berta H, Zoran D, Peter P, Attila K,
Vukadin M, Katalin M. Transition metal
complexes with pyrazole-based ligands.
Part 28. Synthesis structural, DFT and
thermal studies of cadmium(ll) halides and

12

10.

11.

zinc(ll) chloride complexes with 3,5-
dimethylpyrazole-1-carboxamidine.
Polyhedron. 2009;28:3881-3889.

Amir M, Kumar H, Kjan SA. Synthesis and
pharmacological evaluation of pyrazoline
derivatives as new anti-inflammatory and
analgesic. Bioorg. Med. Chem. Lett. 2008;
18:918-923.

Cheng PL, Li HQ, Sun J, Zhou Y, Liang H.
Synthesis and biological evaluation of
pyrazole derivatives containing thiourea
skeleton anticancer agents. Bioorg. Med.
Chem. 2010;18:4606-4614.

Froggett JA, Hockley MH, Titman RB.
Novel preparation of 1-aryl-3-(2-
hydroxyphenyl)-2-pyrazolin-5-ones and
their conversion into 2-aryl-4-methyl[1]
benzopyrano[4,3-c]pyrazol- 3(2H)-ones. J.
Chem. Res. (S). 1997;30-31.

Sasikala R, Thirmuthy K, Mayavel P,
Thirunarayanan G. Eco-friendly synthesis
and antimicrobial activities of some 1-
phenyl-3(5-bromothiophen-2-yl)-5-
(substituted phenyl)-2-pyrazolines.
Med. Chem. Lett. 2012;2(20):2-13.

Bogumila K, Krzysztof S, Katarzyna M,
Kamila K, Malgorzata C, Bernhard K,
Elzbieta B. Copper(ll) complexes with
derivatives of pyrazole as potential
antioxidant enzyme mimics. Med. Chem.
Res. 2013;22:2395-2402.

Hai-Bin Shi, Shun-Jun J, Bing Bian.
Studies on transition metal ions recognition
properties of 1-(2-benzothiazole)-3-(2-
thiophene)-2-pyrazoline derivative. Dyes &
Pigments. 2007;73:394-396.

Hiroshi M, Nashida S, Kashige N, Yuki Y,
Omari M, Ryoko T, Eichi M, Fumi O,
Fumio M, Kenji Y, Fujioka T. Synthesis
and biological activity of some new
pyrazole  copper(ll)  complexes. J.
Heterocyclic Chem. 2012;49:1218-1223.

Srinavasa B, Naveen K, Gurunath S,
Sathisha MP, Vidyand R. Synthesis and
spectroscopy of Co, Ni, Cu and zn(ll)
complexes derived from 3,5-disubstituted-
1H-pyrazole  derivative: A  special
emphasis on DNA binding and cleavage
studies. Eur. J. Med. Chem. 2010;45:455-
462.

Imran A, Waseem A, Amber K, Ashanul H,
Aijaz A, Kishwar S, Nikhat M. Synthesis
and synergistic antifungal activities of a
pyrazoline based ligand and its copper(ll)
and nickel(ll) complexes with conventional

Org.



12.

13.

14.

15.

16.

17.

18.

Aljibouri and Neamah; IRJPAC, 13(1): 1-13, 2016; Article no.IRJPAC.29451

antifungals. Microbial
66-73.

Shengli H, Shushu Z, Yang H, Qing T,
Anxin W. Anew selective pyrazoline-based
fluorescent chemosensor for Cu® in
aqueous solution. Dyes and Pigments.
2013;509-515.

Amir M, Agarwal R. Synthesis and
antibacterial activity ofl-thiocarbamoyl-3-
methyl-4-(arylhydrazono)-2-pyrazolin-5-
one. J Ind Chem Soc. 1997;74:154-155.
Asha B, Mohammad A, Amir A. Synthesis,
characterization and in vitro antiamoebic
activity of new Pd(Il) complexes with 1-N-
substituted thiocarbamoyl-3,5-diphenyl-2-
pyrazoline derivatives. 2007;42:544-551.
Saleem K, Wani W, Haque A, Nadeem M,
Fa. Hsieh M, Jairajpuri M, Ali I. Synthesis,
DNA binding, hemolysis assays and
anticancer studies of copper(ll), nickel(ll)
and iron(ll) complexes of a pyrazoline-
based ligand. Future Med. Chem. 2013;
5(2):135-146.

Shengli H, Jinging S, Gongying W, Cuixia
C, Qing G. Anew pyrazoline-based
fluorescent sensor Al**in aqueous solution.
Spectrochimica Acta Part A. Molecu &
Biomolec Spectra. 2015;136:1188-1194.
Nakamoto K. Infrared and raman spectra
of inorganic and coordination compounds.
Wiley Interscience, New York; 1997.
Angeleska S, Kefalas P, Detsi A. Crude
peroxidase from onion solid waste as a
tool for organic synthesis. Part |l
Synthesis of tetracyclic heterocycles

Pathog. 2012;53:

19.

20.

21.

22.

23.

24.

25.

26.

(coumestans and benzofuroquinolinones).
Tetrahedron Lett. 2013;54(19):2325-2328.
Silverstein RM, Webster FX. Spectrometric
identification of organic compounds, 6"
Edn, John Wiley & Sons Inc., New York;
1998.

Kumar S, Jar |, Serhiy D, Sebastian D,
Franc M. Bis(terdentate) pyrazole/pyridine
Ligands: Synthesis, crystal structures and
magnetic properties of bridged binuclear
and tetranuclear copper(ll) complexes.
Eur. J. Inorg. Chem. 2009;3431-343.

Lever ABP. Electronic spectra of inorganic
compounds, Electronic Spectroscopy, 2™
Edn. Elsevier: Amsterdam; 1984.

Bondock S, Fadaly W, Metwally MA.
Synthesis and antimicrobial activity of
some new thiazole, thiophene and pyrazol
derivatives containing benzothiazole
moiety. Eur J Med Chem. 2010;45:3692—
3701.

Lever ABP. Inorganic electronic
spectroscopy. Elsevier, Amsterdam; 1968.
Cotton FA, Wilkinson G. The elements of
first transition series, in Avanced Inorganic
Chemistry, 3 Edn, Wiley: Chichester;
1992.

Karali N, Apak 1, Ozkinmh S, Girsoy A,
Dog S, Eraslan A, Ozdemir O. Arch.
Pharm. Pharm. Med. Chem. 1999;332:
422-426.

Koneman EW, Allen SD, Winn WC. Colour
atlas and textbook of diagnostic
microbiology. Lippincott Raven Pub.,
Philadelphia; 1997.

© 2016 Aljibouri and Neamah; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/16873

13



