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ABSTRACT

Complexes of copper (II) with 4-chloro-2-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl)phenols (H.L') and 2,
4-dichloro-6-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenol (H.L?) ligands derived from reaction of 3-
aryl-1-phenyl-1H-pyrazole-4- carbaldehyde with NaBH4 have been prepared. All the complexes have been
characterized by elemental analyses, conductance measurement, magnetic moment, infrared, NMR, ESR and
electronic spectral studies. The complexes were found to have stoichiometry (1:2), ML,. On the basis of spectral
and magnetic studies square planar geometry has been assigned for these complexes. The formation of copper(Il)
complex with (HoL'") and (H2L?) has been studied spectrophotometrically at an absorption maximum of 658 nm
at different temperatures. The data shows that copper(II) and (H,L') and (H,L?) combine in the molar ratio of 1:
2 at pH 5.0. The stability constants of the complexes were calculated to be 14x10%, 9.33x10* and 4.39x10* and
3.18x10% 3.36x10% 5.98x10* for (H,L') and (H,L?) respectively by continuous variation method and 0.45x10?,
0.58x10% and 0.51x10* and 0.62x10% 0.51x10% 0.48x10* for (H.L'") and (H.L?) respectively by mole ratio
method at 30, 35 and 40°C, respectively.
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synthetic target in pharmaceutical industry.
Celecoxib is the commercial available pyrazole
derivative is use in the treatment of acute pain,
painful menstruation and menstrual symptoms, and
to reduce numbers of colon and rectum polyps in
patients with familial adenomatous polyposis>>.
Tepoxalin is also a commercial available pyrazole
derivative is use non-steroidal anti-inflammatory
drug approved for veterinary use in the United
States and the European Union*®. There are a
number of book chapters’® and literature reviews”!!
dedicated to the synthesis of pyrazoles and
condensed pyrazoles. Pyrazole synthesis involves
the cyclocondensation of hydrazine, or hydrazine
derivatives, with 1, 3-dicarbonyl compounds is the
first general method. While a symmetrical 1, 3-
dicarbonyl gives a single pyrazole isomer,
unsymmetrical-substituted dicarbonyl can give one
or both isomers'2. On the basis of literature survey,
in the present work, we report the synthesis,
characterization and spectrophotometric study of
stability constant of Cu(Il) metal complexes with
ligands  4-chloro-2-(4-(hydroxymethyl)-1-phenyl-
1H-pyrazol-3-yl) phenols (H>L'!) and 2, 4-dichloro-
6-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl)
phenol (H,L?) at different temperature.

MATERIAL AND METHODS

All the chemicals and solvents used were of AR
grade were obtained from Sisco-chem. Industries.
The metal salts were purchased from commercial
sources. Metal contents were estimated using
standard methods'®  The electronic spectral studies
of the complexes were carried out by using an Elico
SL 159 spectrophotometer in the 200-1000nm
ranges in DMF solution (1072). The elemental
analyses data of the ligands and complexes were
obtained HERAEUS C, H, N-O rapid analyzer.
E.S.R measurements were carried out on a VARAN
E-109 GHz., by taking DPPH as the reference with
the field set at 3200 Gauss. The magnetic
susceptibilities were determined by the Faraday
method using a Model 300 Lewis Coil Force
Magnetometer of one Tesla field strength at room
temperature, the instrument being calibrated with
Hg [Co (SCN)4]'+13.
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All melting points were uncorrected and measured
using an Electro-thermal IA 9100 apparatus
(Shimadzu, Japan). Infra-Red spectral study of the
prepared ligands and complexes were recorded by
using  Perkin-Elmer 1650  spectrophotometer
(Shimadzu). As potassium bromide pellets. Proton
NMR ('H NMR) spectra were recorded on a Varian
Gemini 180 spectrometer (Varian, UK) and
chemical shifts were expressed as (ppm) values
against TMS as internal reference.

Electric spectral measurements were performed on
a UV- 1700 Shimadzu double beam
spectrophotometer (Japan) using matched 10 mm
quartz cells. Elico pH meter, was used for pH
measurements and calibrated with standard buffer
solutions. Copper (II) sulphate pentahydrate and
other chemicals used were of AR grade was
purchased from Merck, Germany. Double-distilled
water was used throughout this study.

General procedure for the preparation of ligands
3-aryl-1-phenyl-1H-pyrazole-4-carbaldehyde
The  derivatives of  2-hydroxyacetophenone
phenylhydrazone (0.01 mol) was dissolved in DMF
(15 ml) and then POCI; (0.03 mol) was added drop
wise at 0° C, the reaction mixture warmed at room
temperature and heated at 60-70° C for 2.5-3h. The
reaction mixture was poured into crushed ice and
then neutralized with 10% aqueous NaOH solution.
The precipitate was filtered, strongly washed with
water and crystallized from ethanol, yielding 84-
88%.
2-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl)
phenols

To a solution of 3-aryl-1-phenyl-1H-pyrazole-4-
carbaldehyde (1.2 m mol) in methanol (30 ml),
NaBH4 (3.6 m mol) was added at 0°C slowly. Then
the mixture of reaction was removed to room
temperature for 2 h. Then the reaction mixture was
poured onto crushed ice and neutralized by
hydrochloric acid. 4-chloro-2-(4-(hydroxymethyl)-
1-phenyl-1H-pyrazol-3-yl) phenols (HoL!) and 2, 4-
dichloro-6-(4-(hydroxymethyl)-1-phenyl-1H-
pyrazol-3-yl) phenol (H.L?) was precipitated and
filtered. The crud compounds were crystallized
from ethanol.
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Preparation of metal complexes

The preparation of the complexes were performed
by adding a hot solution of each of (0.16 g, 0.951m
mole) copper chloride CuCl>.2H20, (0.23g, 0.951m
mole) in absolute ethanol (5 ml) to (0.20g, 0.951m
mole) of HoL! and H>L? in absolute ethanol (10 ml).
The mixtures were refluxed with stirring for six
hours, the resulting precipitates were filtered and
washed with diethyl ether and recrystallized from
hot ethanol, and it was then dried at room
temperature. Table No.l shows the physical
properties of the ligands and metal complexes.

RESULTS AND DISCUSSION

The prepared pyrazoline ligands and their
complexes were characterized based on elemental
analyses, conductance measurement, magnetic
moment, infrared, NMR, ESR and electronic
spectral studies. All the complexes were found to
have stoichiometry (1:2) ML on the basis of
elemental analysis. The magnetic moment et of the
ligand complexes was measured by Faraday
method!¢ at room temperature. The pesr values for
the complexes Cu(H2L!) and Cu(H:L?) were 1.65
and 1.63 BM respectively, indicating these
complexes are square planar geometry. The molar
conductivities of the complexes were measured
using Johns and Brad Method'” at room temperature
(1x10* M) in DMF. The molar conductance values
of the complexes were high indicating that they are
electrolytic in nature. IR spectra of ligand show a
broad medium intensity band in the region 3450-
3300cm™ due to phenolic-OH!'8, in complexes these
bands were not observed due to the coordination
through O via deprotonation of phenolic-OH. The
band in the region 1640-1590cm™ is assigned to
C=N group in the complexes, indicating that the
involvement in coordination of metal ions through
nitrogen. In complexes the bands due to C=N group
are shifted to lower frequency by 30-20cm™. In
complexes IR spectra of ligand show a broad
medium intensity band in the region 3450-3300cm™!
due to phenolic-OH', in complexes these bands
were lightly observed due to the coordination
through O via deprotonation of phenolic-OH and
one phenolic-OH remains as it is.
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The electronic spectral study for the ligands and
their complexes were carried out, the ligands HoL!
and H,L? showed aromatic band around 223nm
attributed to benzene ring n—n* transition, while the
band around 343 nm are ascribed to the n-m*
transition of the non-bonding electrons present on
the nitrogen of the azomethine group in the Schiff
base?®. For CuL!, and CuL? complex showed a
broad band with maximum at 412 nm due to metal
to ligand charge transfer’!. The band maxima
observed in the present study for CuL? complex is
at 16120cm™. These observation suggest that the
Copper(Il) complexes with ligands 4-chloro-2-(4-
(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl)
phenols (H.L') and 2, 4-dichloro-6-(4-
(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenol
(H2L?) ligands are having Square planar
geometries.

The Schiff bases and corresponding complexes
were scanned for 'H NMR spectra in DMSO-ds
solvent in the range of 0-15 &(ppm) down field of
TMS. The 'H NMR spectrum of these ligands 4-
chloro-2-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-
3-yl) phenols (H,L') and 2, 4-dichloro-6-(4-
(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenol
(H,L?») in DMSO - solvent gave well-resolved
multiplets at 7.550—7.846 corresponding to aromatic
protons. In the complexes these signals were shifted
to lower field were observed at 7.30-7.77 6 due to
complexation. In ligands and complexes the
multiplets observed in the range 7.23-7.45 &(ppm)
due to resolution of aromatic protons. The
resolution of azomethine protons at 8.22-8.45
O(ppm) in ligands but in complexes these signals are
shifted to down field. The signals at 12.15 &(ppm)
due to —OH (phenolic) group of ligands are
disappeared in complexes due to -OH (phenolic)
group is involved in bonding through oxygen with
metal ions.

The X-band ESR spectrum of the polycrystalline
copper(Il) complexes has been recorded at room
temperature, measurements on homogeneous
powder sample give gl and go values only as
observed in the case of copper complexes under
study. The width and shapes of the absorption lines
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offer a means of studying the magnetic coupling
and extraction within substance?’. The g|l and gn
values are calculated according to the procedure
indicated by Peisach and Blumberg?. In the present
investigation, the observed gl value is 2.02,
indicate that the complex is covalent in nature g|| >
go. 2.0036), ga.v it is evident that the unpaired
electron lies predominantly in the dx? -y? orbital of
Cu (II) ion, the g values are related by the
expression’?. Kivelsen and Nieman*%. Have
shown that the gl| is moderately sensitive function
of metal ligand covalently. For ionic environment
gl is normally 2.4 or larger and for more covalent
environment it is less than 2.3. G = {(glI-2)/ (go-2}
which measures the measures the exchange
interaction between copper centre in the
polycrystalline solid. In the present study, all copper
(IT) complexes have G values in the range of 2.16 —
2.19 indicating the exchange interaction of the
copper centers. According to Hathaway?® if value of
G is greater than four, the exchange interaction is
negligible, where as he value of G is less than four,
considerable exchange interaction is indicated in the
solid complex. Based on the above observations of
elemental analysis, IR, electronic spectral data, 'H
NMR spectra, magnetic measurements, conductance
measurements, proposed the square planar structure
for CuL! and CuL’complexes.

The reaction of Ligands HoL! and H,L? with
copper(Il) sulfate pentahydrate was investigated at
pH 50 + 0.05 buffer solutions, at three
temperatures, i.e. 25, 35, and 45 °C. The absorption
spectra of the pyrazoline derivatives as ligands with
copper(Il) sulphate pentahydrate formed a dark
blue, water soluble complexes. The complexes gave
an absorption peak at 638 nm (Figure No.2) and
was used for the analytical measurements. Under
the same conditions, pure ligands HoL! and H,L?
does not absorb significantly over the investigated
wavelength range. Water behaves as a weak field
ligand so copper-aquo complex acts as a labile
complex, which can be easily replaced by ligands
H,L! and HyL? to form a stable complexes ML
(Mmax = 638 nm). Concentration effects of
copper(Il) sulphate pentahydrate on the formation
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of Cu with ligands H,L! and H,L? complexes
showed that a two-fold mole ratio of reagent to
analyze 1is necessary for maximum complex
formation. The color development was observed
immediately and the absorbance remained
unchanged. Metal ion binding is not able to change
some conformational features of ligands.

The Composition of Complex and Stability
Constant

The stochiometric ratio of HoL' and HoL? to Cu(Il)
in the complex was determined by Job’s method of
equimolar  solutions*”?®.  Copper(Il)  sulfate
pentahydrate standard solution 3x102 M was
pippetted into seven volumetric flasks (0, 1, 2, 3, - -
-6 mL) and an aliquot of 3x10? M

HoL! and HoL? (6, 5, 4, -- - Oml) was added,
respectively, keeping the mole ratio constant. For
all the prepared complexes  absorbance

measurements were made at 638 nm at three
temperatures, i.e. 30, 35, and 40°C (Table No.1).
The curve displayed a maximum at a mole fraction
Xmetal = 1, which indicates the formation of complex
with 1:2 metal to ligand ratio. The corresponding
equation used in this study for Job’s method is as
ML AZ/A1
follows: Kr = [En][i] , K = CM(TZ/Al)Z
Where, A1 = absorbance at break point, A, = actual
absorbance, Cy = concentration of metal, and Cr =
concentration of ligand. The absorbance have been
measured for the mole ratio method?*=° at constant
Cu(Il) concentration (06x10*M) and varying
ligands H>L! and H,L? concentrations (0 to 14x10°
“M ) at 638 nm at different temperatures (Table
No.3 and No.4), a sharp band was observed at 1:2
mole ratio for all Cu(Il) complexes (Figure No.4).
The following equation is used for mole ratio
method:

Kt

_ b

G CHPY

Where &, = molar absorptivity constant, and A =
absorbance at peak point.

On the basis of data obtained by using Job’s and
Mole ratio methods, the stability constants have
been determined and the mean value of Kr obtained
by two different methods are in fair agreement
(Table No.5).
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Table No.1: Analytical data of the ligands and their complexes

S.No Ligands/ | Yield | M.p Molecular Elemental analysis found/(calcd)
Complexes | (%) °C) Formula M C H N Cl

1

! Lilgzirl;d-l 86 11167_ C1eHn 0Nl ) (gjig) é;i) (Zig) (ﬁ:ZZ)
2

2 LiI;:r]:d—Z 89 11167_ C1eH1002NoCl ) (Z:Zg) 518; (Ziig) (ﬁg)

s | cury | 3| 2 | cucnonen oo | S10 | 22 1855 1065

o | ey | so | 2T cucmomcin | a0 25 (260 1768 | 1038

The values given in the parenthesis are calculated one.

Table No.2: Jobs continues variation method, experimental data of copper(I) complexes with 4-chloro-2-
(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenols (Hz2L!) at different temperature

S.No Metal Conc. Ligand Conc. - Absorbance at 638 nm

(x10* moles) (x10* moles) 30°C 35°C 40°C
1 0 30 0.0 0.035 0.045 0.030
2 5 25 0.142 0.152 0.155 0.152
3 10 20 0.29 0.257 0.264 0.277
4 15 15 0.43 0.358 0.345 0.356
5 20 10 0.57 0.275 0.287 0.285
6 25 5 0.71 0.177 0.172 0.171
7 30 0 1 0.059 0.062 0.067

Table No.3: Experimental data of copper(Il) complexes with 2, 4-dichloro-6-(4-(hydroxymethyl)-1-
phenyl-1H-pyrazol-3-yl) phenol (Hz2L?) at different temperature Jobs continues variation method

S.No Metal Conc. (x10# Ligand Conc. - Absorbance at 638 nm

moles) (10" moles) 30°C 35°C 40°C
1 0 30 0.0 0.032 0.045 0.030
2 5 25 0.142 0.155 0.155 0.146
3 10 20 0.29 0.265 0.266 0.277
4 15 15 0.43 0.331 0.355 0.356
5 20 10 0.57 0.275 0.285 0.284
6 25 5 0.71 0.189 0.166 0.167
7 30 0 1 0.063 0.067 0.066
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Table No.4: Mole ratio method, experimental data of copper(Il) complexes with4-chloro-2-(4-
(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenols (H2L!")

. . Absorbance at 638 nm
S.No | Metal conc. (10 mole) | Ligand conc. (104 mole) 30°C 35°C 40°C
1 06 0 0.0 0.0 0.0
2 06 2 0.082 0.089 0.075
3 06 4 0.140 0.144 0.135
4 06 6 0.163 0.166 0.167
5 06 8 0.174 0.186 0.170
6 06 10 0.184 0.190 0.175
7 06 12 0.186 0.193 0.184
8 06 14 0.195 0.198 0.196

Table No.5: Mole ratio method, experimental data of copper(Il) complexes 2, 4-dichloro-6-(4-
(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl) phenol (H2L?)

Absorbance at 638 nm
-4 : 4
S.No | Metal conc. (10 mole) | Ligand conc. (10 mole) 30°C 350C 40°C
1 06 0 0.0 0.0 0.0
2 06 2 0.068 0.073 0.064
3 06 4 0.142 0.146 0.144
4 06 6 0.161 0.159 0.165
5 06 8 0.175 0.177 0.175
6 06 10 0.183 0.187 0.184
7 06 12 0.187 0.190 0.188
Table No.6: Metal-ligand formation constants calculated from continuous variation method and mole
ratio method at 30°C, 35°C and 40°C and PH of 5.0 = 0.05
Metal: Formation Constants at temperatures
S-No Methods Ligand | 30°C 350C 40°C
Continuous variation method . 4 4 4
1 Copper(IT) complexes with (H>L") 1:2 14x10 9.33x10 4.39x10
2 Copper(I) complexes with (H2L?) 1:2 3.18x10* 3.36x10* 5.98x10*
Mole ratio method . 4 4 4
3 Copper(IT) complexes with (L) 1:2 0.45x10 0.58x10 0.51x10
4 Copper(I) complexes with (HoL") 1:2 0.62x10* 0.51x10* 0.48x10*
R2
R1 . O H
N |
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Figure No.1: Pyrazoline derivatives as ligands H2L! Ri= H, R2=Cl and Hz2L? R>=Cl, R2=Cl
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Cu(Il) complex with HoL? at 35°C  Cu(II) complex with HoL? at 40°C
Figure No.2: Representative Jobs curves of equimolar solutions of Copper(II) complexes with
(Hz2LY) and (H2L?) at 35°C and 40°C
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Figure No.3: Representative Mole ratio curves for Copper(II) complexes with (Hz2L') 35°C and 40°C

CONCLUSION

In this paper reported that the preparation and
characterization of a new bidentate ligands
namely: 4-chloro-2-(4-(hydroxymethyl)-1-phenyl-
1H-pyrazol-3-yl) phenols (H2L!) and 2, 4-dichloro-
6-(4-(hydroxymethyl)-1-phenyl-1H-pyrazol-3-yl)
phenol (H:L?) and their complexes. All the
complexes are colored, stable in air and insoluble in
water and common solvents but soluble in polar
solvent like DMF and DMSO. The analytical data
obtained were suggested that 1:2(M: L)
stoichiometry for all complexes. The prepared
complexes have electrolytic nature. Based on the
above observations of IR, electronic spectral data,
'H NMR spectra, magnetic, conductance
measurements, proposed the square planar structure
for CuL! and CuL’complexes. The Copper(I)
complexes with (HoL') and (H.L? benefits from a
moderately high formation constant in acidic media.
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The proposed method provides an appropriate
selectivity and sensitivity for easy determination of
Cu(II) ions. One of the advantages of this method is
directly measuring of Cu(Il) in various aqueous
media, such as pharmaceutical samples. Pyrazoline
derivative HoL' and HoL?, forms a reasonably stable
complexes with Cu?* ions. The stability constant
data obtained from Job’s method corresponds well
with the analogous values obtained by the mole
ratio method. Formation of complexes takes place
in acidic medium at room temperature. Owing to
high formation constant at body temperature,
pyrazoline derivative HoL' and H,L? intake can
remove copper (an essential trace element) from the
body. A new type of complex as a Copper(Il)
complexes with (H,L') and (H2L?) was developed
for determination of Cu(Il) with spectrophotometric
method.

January — March 230



Parvati S G. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 7(1), 2019, 224-232.

ACKNOWLEDGEMENT

The authors are thankful to Poojya Dr.
Sharanbasvappa Appa, President Sharanbasveshwar
Vidya vardhak Sangha, Kalaburagi, Prof. Dr. V D.
Mytri, Principal, Dr. Anilkumar Bidve, Dean, Appa
Institute of  Engineering and Technology,
Kalaburagi, Karnataka, for encouragement during
the process of carrying out this work.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.

BIBILIOGRAPHY

1. Wiley R H. The Chemistry of Heterocyclic
Chemistry: Pyrazoles, Pyrazolines,
pyrazolidines, Indazoles and Condensed
Ring; Behr, L C; Fusco R; Jarboe C H;
Interscience Publishers: John Wiley and
Sons, 1967, 3-20.

2. Habeeb A G, Rao P NP, Knaus E E. Design
and Synthesis of Celecoxib and Rofecoxib
Analogues as Selective Cyclooxygenase-2
(COX-2) Inhibitors:  Replacement of
Sulfonamide and Methylsulfonyl
Pharmacophores by an Azido Bioisostere, J.
Med. Chem, 44(18), 2001, 3039-3042.

3. Szabo G, Fischer J, Kis-Varga A, Gyires K.
New celecoxib derivatives as anti-
inflammatory agents, J. Med. Chem, 51(1),
2008, 142-147.

4. Leone S, Ottani A, Bertolini A. Dual Acting
Anti-Inflammatory Drugs, Curr. Topics
Med. Chem, 7(3), 2007, 265-275.

5. Zhou I, Ritchie D, Wang E Y, Barbone A G,
Argentieri D, Lau C Y. Tepoxalin, a novel
immunosuppressive agent with a different
mechanism of action from cyclosporin A, J.
Immunology, 153(11), 1994, 5026-5037.

6. Lee D H S, Macintyre J P, Taylor G R,
Wang E, Plante R K, Tam S S C, Pope B L,
Lau C Y. Tepoxalin Enhances the Activity
of an Antioxidant, Pyrrolidine
Dithiocarbamate, in Attenuating Tumor
Necrosis Factor o-Induced Apoptosis in
WEHI 164 Cells, JPET, 289(3), 1999, 1465-
1471.

Available online: www.uptodateresearchpublication.com

7.

10.

11.

12.

13.

14.

15.

16.

17.

Eicher T, Hauptmann D, Speicher A. The
Chemistry of Heterocycles, Ed.; Wiley
VCH: Federal Republic of Germany, 2™
Edition, 2003, 86-184.

Gilchrist T 1. Heterocyclic Chemistry,
Addison Wesley, Longmann: Harlow, 3rd
Edition, 1992, 432.

Makino K, Kim H S, Kurasawa Y. Synthesis
of pyrazoles and condensed pyrazoles, J.
Heterocycl. Chem, 36(2), 1999, 321-332.
Escribano F C, Alcantara M P G.
Heterocycle  formation from 1, 3-
dinitroalkanes. A novel pyrazole synthesis,
Tetrahedron Lett, 29(46), 1988, 6001-6004.
Grimmett M R, Iddon B. Synthesis and
Reactions of Lithiated Monocyclic Azoles
Containing Two or More Hetero-Atoms.
Part III: Pyrazoles, Heterocycles, 37(3),
1994, 2087-2147.

Gupton J T, Clough S C, Miller R B,
Norwood B K, Hiekenboth C R, Chertudi I
B, Cutro S R, Petrich S A, Hicks F A,
Wilkinson D R, Sikorski J A. The
application of vinylogous iminium salt
derivatives to the regiocontrolled
preparation of heterocyclic appended
pyrazoles, Tetrahedron, 58(27), 2002, 5467-
5474.

Vogel A I. A Text book of Quantitative
Inorganic Chemistry, ELBS and Longmanns
Green and Co. Ltd. London, 3™ Edition,
1962.

Setwood P W. Magneto Chemistry,
Interscience, New York, 2" Edition, 1958.
Jain A C, Mathur S K and Shashadri T R. J.
Sci. Ind. Res, 21B, 1962, 214.

Berezovskii V M and Yurkevich A M. An
improved synthesis of adenine, Zh. Obshch.
Khim, 32, 1962, 1655-1659. Ref. Chem.
Abstr, 58, 1963, 4566d.

Sayed H H, Ahmeda Shamrokh and Aymne
Rashad. Synthesis and biological evaluation
of some pyrimidine, pyrimido[2, 1-b] [1, 3]
thiazine and thiazolo [3, 2-a] pyrimidine
derivatives, Acta Pharm, 56(2), 2006, 231-
244.

January — March 231



Parvati S G. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 7(1), 2019, 224-232.

18. Curtis N F. 855. Transition-metal complexes 27. Likussar W and Boltz D F. Theory of
with aliphatic Schiff bases. Part 1. Nickel(II) continuous variations plots and a new
complexes with N-isopropylidene- method for spectrophotometric
ethylenediamine schiff bases, J. Chem. Soc, determination of extraction and formation
10, 1960, 4409-4413. constants, Anal Chem, 43(10), 1971, 1265-

19. Kohout J and Smogrovic J K. Copper(Il) 1272.
complexes with organic ligands. VIL 28Das A R and Nair V S K A

20.

21

22.

23.

24.

25.

26.

Magnetic properties of copper(Il) acetate
and copper(Il) salicylate complexes of
pyridine and quinoline N-oxides, Chemicke
Zvesti, 22(7), 1968, 481-492.

Nakamoto N. “Infrared and Raman Spectra
of Inorg and Coord, Complexes” John
Wiley, New York, 3" Edition, 1978.

. Nishida Y and Kida S. Magnetic Moments

and Electronic Spectra
Cobalt(Il) Complexes, Bull.
Japan, 45(2), 1972, 461-465.
Usharani M, Akila E and Rajavel R.
Derivation of N, N, O Donor Sites of
Organic Schiff Base Ligand Based on 2-
Hydroxynapthalene-1-Carbaldehyde and
their Cu(Il) and Co(Il) Complexes, Int. J.
Advanced Scientific Technical Research,
5(3), 2013, 198-206.

Lancanster F W and Walter Gordy.
Paramagnetic Resonance Absorption of
Microwaves, J. Chem. Phys, 19(9), 1957,
1181.

Hirianaya K. Choudhry and Okhil K. Medhi.
Ind J. Chem, 37A, 1988, 130.

Kivelsen O and Neiman R. ESR Studies on
the Bonding in Copper Complexes, J. Chem.
Phys, 35(1), 1961, 149.

Hathaway B J and Billing D E. The
electronic properties and stereochemistry of
mono-nuclear complexes of the copper(Il)
ion, Coord. Chem. Rev, 5(2), 1970, 143-207.

of Low-spin
Chem. Soc.

29.

30.

spectrophotometric determination of the
second dissociation constant of 5-
nitrosalicyclic acid and the stability of its
1:1 copper complex in aqueous solution at
25°C, J Inorg Nucl Chem, 34(4), 1972,
1271-1275.

Tarun Kumar Pal, Md. Ashraful Alam,
Subrata Paul, Md. Chanmiya Sheikh and
Hasan Ahmad. Physico-chemical,
Antioxidant and Antimicrobial Investigation
on New Mixed Ligand Complexes
Containing bis (2, 4, 4-trimethylpentyl)
dithiophosphinic acid and 2, 2'-bipyridine,
Oriental Journal of Chemistry, 34(3), 2018,
1213-1221.

Harvey A E and Manning D L.
Spectrophotometric Methods of Establishing
Empirical Formulas of Colored Complexes
in Solution, J Am Chem Soc, 72(10), 1950,
4488-4493.

Please cite this article in press as: Parvati S G et al. Physico-chemical and spectrophotometric study of stability
constant of cu(ii) metal complexes with ligands 2-(4-(hydroxymethyl)-1-phenyl-1h-pyrazol-3-yl) phenols derivatives
at different temperature, Asian Journal of Research in Chemistry and Pharmaceutical Sciences, 7(1), 2019, 224-232.

Available online: www.uptodateresearchpublication.com January — March 232




