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ABSTRACT

The stability constants of the complexes of chldvsstuted pyrazoles and pyrazoline in 70 % )(diexane-water
mixture have been determined by'-Meter. The proton-ligand and metal-ligand stapilitconstants of
Cu(ll),Ni(11),Co(ll) and Nd(II) metal ions with 32-hydroxy-3,5-dichlorophenyl)-4-anisoyl-5-(4’-megyphenyl)-
1-phenylpyrazole(}),3-(2-hydroxy-3,5-dichlorophenyl)-4-anisoyl-5-(@#lethoxyphenyl)-1-phenylpyrazoline )L
and 4-(2-chlorophenyl)-3-(3-furanoyl-5-(2-hydroxgptyl) pyrazole(t) have been performed pH metric method at
0.1 M ionic strength at 27+ 0°C. The value of Log Kand Log K were used to determined the stepwise and
simultaneous complex formation and to verify theits of Log K= a. pK + b relation.

Keyword: stability constant, chlorosubstituted pyrazofggazoline, complex formation.

INTRODUCTION

The pyrazoles and their derivatives have been kndevntheir strong complex forming ability [1, 2].€h
determination of the metal — ligand stability camétrequires the knowledge of reliable and accuvataes of
proton-ligand stability constants. Thus, protoratig and metal-ligand stability constants are cateel with each
other. Pyrazoline derivatives are found to be bamtil [3], fungicidal [4] and also used in theadindustry [5].
The chlorosubstituted pyrazolines effectively uasdantitumor [6] antidiabatic [7] and analgesic $&jveral type of
drugs [9] such as antileprotic, high ceiling diigst antibacterial etc and their metal complexegehspecial
importance in biochemical system. Some metal i@sgnmt in biological fluids e.g. cobalt, nickel acmpper are
energy sources of life. The protonation study ofaggles [10] in aqueous medium is already done dweral
peoples. Little information is known about the dfgbconstant of substituted pyrazoles and metahplexes in
70% (v/v) dioxane-water medium with respect totipeotonation and stability constant or salvatioogerties [11-
13]. The hydroxy pyrazole is significant compoud formation of complex with various transition rakst [14].
The electrochemical behavior of some sulphamoyhitmppyrazole has been studied over a wide rarfige'.oThe
different substituted aryl pyrazole is used for fitetection of plants against fungal disealdéd. Some of the
arylpyrozoles were reported to have nucleoside —HIMverse transcriptase inhibitor actiVity]. Paulmony et al
[17] have studied antibacterial activity of the aletomplexes of some Pyrazole and metal ions adZWNi (I1)
and CO (Il). Pyrimidino pyrazoles are being studiedhe fight against Cancgt8]. 3-(4-pyridyl)-2-H-Naphtho -
1,2-C-pyrazoles is an ant fertility agent for feematammal$19].The binary complexes of various metal ionshwit
substituted pyrazoles have been studied by mankes®{20,21]. Narwade et al [22] have investigatesl metal-
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ligand stability constants of UO(Il) and Cu (II) complexes with some substitutetpbonic acids. The formation
constants of the complexes of substituted pyrazsigssome lanthanides metal ions have been stumiddaik and

Narwade [23]. Narwade [24] and Ramteke also repatfte acoustical properties of chlorosubstitutethpyles at

different concentration and percentage range.

The present work describes the interaction betw@er(ll), Ni (II), Co (Il) and Nd (lll) with 3-(2-hgroxy-3,5-
dichlorophenyl)-4-anisoyl-5-(4’-methoxy phenyl)-hegnyl pyrazole(;), 3-(2-hydroxy-3,5-dichlorophenyl)-4-
anisoyl- 5-(4’-methoxyphenyl)-1-phenyl pyrazolibg) and 4-(2- chlorophenyl)-3-(3-furanoyl-5-(2-hydygmhenyl)
pyrazole(s) as ligands in 70% (v/v) dioxane-water mixturéheTligands are insoluble in water hence, 70%
dioxane-aqueous medium was used as solvent. Tiiditgtaonstants were calculated using the MATLABgram,
which is a computer program using the matrix-bas@dronment for the second order global analysigHbfmetric
data.

MATERIALS AND METHODS

2.1 Materials and Solutions

The ligands were synthesized by known literaturéhiows [25, 26]. The purity of these compounds werified by
TLC, and structures were confirmed by NMR, IR andltmg points. All chemicals used were Anala Rdgra
KNO3;, HNO; and NaOH .The stock solutions of the ligands (0M)1were prepared by dissolving the requisite
quantity of the ligands in a minimum volume of dame subsequently diluted to the final volume. Nétsaof
transition and lanthanide metal ions were usedrépgre metal solutions (0.01 M) and standardizethbyEDTA
titration method as discussed in literature [2#e Tonic strength (0.1 mol dfhwas maintained constant by using 1
M potassium nitrate solution. The carbonate freusn hydroxide solution (0.1057 mol dinwas prepared.

2.2Apparatus and procedure

All pH-metric titration were carried out at ZC in an inert atmosphere by bubbling oxygen freeogen gas
through an assembly containing the electrodes deroto prevent atmospheric oxidation using carberiete
NaOH. The pH of the solution measured using wittUBTRONICS digital p meter (model EQ — 610) equipped
with combined glass electrode and magnetic sti@ecuracy + 0.005 units). The instrument could rpadh the
range 0.00 — 14.00 in the steps of 0.005. Thismpeter has built in internal electronic voltage fypwith
temperature compensator covering the range 0 t&C10he p' meter was switched on half an hour before starting
the titration for the initial warm up of the insinents. Before taking any reading, the electrode® weshed with
distilled water and dried with filter paper. Theadings were recorded only when the instrument regd a steady
value for at least one minutes. THeémeter was standardized before each titration avituffer solution of 4.00,
7.00 and 9.20, prepared from a Qualigens buffdetsb

The following three solutions were titrated sepelsadigainst standard carbonate free NaOH (totalmel25 ml). a)
Free HNQ (2.5 ml) + KNQ; (2.5 ml). b) Solution a + ligand solution (5 nt). Solution b + metal solution (1 ml).
The ligands were acidified with HNOn a 70% dioxane-water medium and the ionic stifemgas kept constant by
added the KN@ The ligands were titrated against standard NaG&tbpnate free) using Calvin-Bjerrum and
Calvin-Wilson pH titration methods [28, 29]. The pheter reading were taken after fixed interval lustible
reading was obtained and then curves of pH verdesf mlkali were plotted (Fig.1). The proton-ligamdnstant
were calculated from the pH values obtained froentitination using the Irving-Rossotti method [30].

RESULTS AND DISCUSSION

The proton-ligand stability constant and metal#idastability constants(Log K) of,lL,,Ls and their complexes
with Cu(ll),Ni(11),Co(ll) and Nd(lll) metal ions dermined in 70% dioxane-water mixture at £27 The extent of
deviation- may be the dissociation of OH group catedy. The proton-ligand formation numbeywas calculated
by the Irving-Rossotti expression. The pK valuestaf ligands and formation constants of the congdewere
calculated by the algebraic method point wise datmn and also estimated from formation curegss pH (half
integral method) by noted the pH at-whiche10.5 (Bjerrum 1957). The accurate values of pK waatermined by
point wise calculations which are represented iblda. The pvalues were calculated by using the equation.
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(E°+N)x (V2-Vy)
(1)

na=7-| (Vo+V)xTh

Wherey denote the replaceablé ibn, T.°is concentration of ligands s concentration of acid, N is normality of
alkali, and Vis the total volume of the mixture. The data gfabtained at variousvalues along with horizontal
difference (M-V,) for representative systems. The acid + ligandttdn curves (A+L) deviated from acid titration
curves (A) in case of ligand (Lat g' 3.10, ligand (k) at g* 4.40 and Ligand (4) at g' 9.30 and deviation increased
continuously up to 'H13.00, p' 12.10 and P 12.80 respectively, which shows the dissociatibrRQH group of
ligands. The increase in deviation is due to tlssatiiation of —OH group of the ligands. The ligandsd in present
investigation may be considered as monobasic awithining only one dissociablebn from phenol —OH group
and it can be therefore, represented as HL. Thdisting equilibrium can be shown as

e
HL ﬁé H L

The formation curves are constructed by plotting talues of g against P of the solution. The dissociation

constant P of ligands are calculated from formation curvebe Values of p obtained are given in Table 2. The

accurate$ values of the ligands are calculated by the paise calculation method is in good concordance with

those obtained by the half integral method (Tabl&'Be metal-ligand stability constants were calted by the half
integral method by plotting n vs pL. The n values determined by using the equation

(E°+N)x (Vi— V)

= (V0+ V) x T )

Where N, B, V°and \4 have the same significance as in Eq. (3)isvthe volume of alkali added in the metal
titration to attain the given pH reading, an%}, % the concentration of the metal ion in the reactinixture.The
stability constants of complexes have been caledlahd are represented in the Table. 3.

It is observed that from the Table 2, tHey@mlue for ligand (k) is found to be greater as compared to other and
showed the 'hvalues order is'a < P, < ps. The ¢ values of L, and L, are smaller than“pvalues of k. This may
be due to the fact of the presence of chloro astrele withdrawing group nearer to OH group. THevalues of
ligand Ls is greater than ligand;land Ly, this is because the absence of chloro grobp.accurate values of proton-
ligand stability constants are used for the deteation of metal-ligand stability constants. The kgand log Kk
values obtained are found to be in good concordaittehalf integral method and point wise calciudatimethods.
Higher values of log Kand log k showed that ligands are stronger chelating agemsvice versa. Metal.-ligand
stability constants of the complexes (log &d log k) from Table 3 showed that the log Kalues are slightly
greater than log Kvalues. It could be also, seen from same tablethiese is reduction of log Kand log K values
for Cu (Il) — L, and Ni (II) — L, systems that may be due to their pyrazoline Hinig. also observed from (Table 3)
metal-ligand stability constants of the complexXes the difference between log End log K values for Co (II), Ni
(1) and Nd (I11) is greater. This shows the stepgvicomplex formation but in case of Cu (ll), thisrgimultaneous
formation of complex due to minimum difference be#n log K and log K values. The proton — ligand stability
constant (p) and metal-ligand stability constants (log K) ased to verify the validity of log K = a¥p+ b relation.
This relation was verified for vanadyl ion complexa sulphonic acid@1] and uranyl complexes of chalcorig2]

at 0.1 M ionic strength. This relationship has gegood to many workers [33, 4} the use of a series of similar
ligands. The validity of this relationship can lested only for the metal complexes of similar sitistd ligands.
The linear relationship between log K artf'pwas observed by Irving and Ross{@5] for complexes of some
metals with substituted oximes and substituteccyalidehyde were attributed by Jones ef3é] to the fact that
study was limited to two particular groups of ligarwith variation of dissociation constants witaimarrow range.
For complexes of Fe (lll) with oximes and subsétusalicylic acid$37], the values of slopes are 0.90 and 0.75
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respectively whereas Cu (Il) and Ni (II) imidoadetd38] and catechol complexes of Cu (Il), Ni (1) add (II)
gave slopes greater than one. On other hand, foali acid complexes of Cu (Il) and Ni (Il), thivges less than
unity have been reported.

In present investigation, linear relation betweeg K, / log K, and [§ is observed for Cu (11), Ni (1l) and Co (ll).
The values of slopes of the straight lines arergineTable 4(Slope value are calculated from thaigit line which
obtained from plot of log K, Vs'). The slope values are nearly equal to unity. Tinicated that the change in
partial molar free energy of metal — ligand andt@no- ligand complexes exactly compensated witth edleer, so,
log K, Vs g plot should give a straight line with unit slopeck a line was obtained for 1:1 and 1:2 complexes.
Thakare[39] has also studied transition and lanthanideamebtmplexes with some pyrazoles. Meshfd6] has
studied the transition metal complexes Cu (II)(Niand Co (II) with pyrazolines. The transitioretal complexes
are reported to exhibit a major deviation from whitpe for ligands with substituent adjacent todhelating atom
[41]. In the present investigation lanthanide metahplex with some chlorosubstituted pyrazoles pyrzolines
obey linear relationship for 1:1 complexes the slaplues are as given in Table 4. The slopes wvafiu@o (II)
complexes is not in good agreement with the vabfelones et gB6], the disagreement may be attributed to the
fact thatm - electrons donating and accepting propertiesatibo may not be the only factor which influenckxpe
values of other factors, such as ionization poatmf metal ion, nuclear repulsion between metal amd donor
atoms, tendency of metal ions to form- bonds, ligand field stabilization may influensiepe values. The
difference between logand log Kk complexes was less than 2.5, indicating the samelbus formation of 1:1 and
1:2 complexes. They showed the linear relationstgifween log K and"pvalues of ligands suggesting identical
binding sites in all ligands. Irving and Rossottiive observed that irrespective of the nature @iy stability of
metal complexes always follow the following ordéig < Zn < Ni < UQ < Cu) whether the sterric hindrance
occurs or not.

pH

——A Ll —e— 12 —— L3

14

12 4

10 -

0 04 08 12 16 2 24 28

Volume added of NaOH

Figure 1: pH (on y-axis) against volume of NaOH (om-axis) in ml at Constant ionic strength 0.1 mol th? at +27°C.

The stability constants of metal complexes in thesent investigation, the order of metal complexés
chlorosubstituted pyrazoles and pyrazolines ar¢heeithe Irving — Williams nor any of the empiricatder
reviewed by Irving — Williams. Most of the log K s of Nd (lll) complexes are greater than tramsit
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complexes. Ingl¢42] has observed similar discrepancy in the ofdercomplexes of substituted acetophenone-
oximes ligand, in which chelation occurs througtnagen and oxygen donor atoms. But the differeretevéen log

K; and log Kk values is smaller in all systems. It seems theeetbat both 1:1 and 1:2 complexes are formed
simultaneously and not in a stepwise process.

Table 1: Proton-ligand dissociation constants at 27C+0.1 K and at the ionic strengthl= 0.1 mol.dm*KNO3in 70% dioxane-water

medium.
Ligand | p™" | Vi | Vo [AV=VoVy | T
6.4 | 0.90] 1.05 0.15 0.6815
6.6 | 0.95] 1.10 0.15 0.682[L
Ly 6.8 | 0.95] 1.15 0.20 0.5745
7.0 | 095] 1.15 0.20 0.574b
7.2 | 095] 1.20 0.25 0.468[
9.0 [ 0.79] 0.97 0.18 0.616D
9.2 | 0.79] 0.98 0.19 0.5940
L. 9.4 | 0.79] 0.99 0.20 0.573p
9.6 | 0.79] 1.00 0.21 0.552p
9.8 | 0.79] 1.10 0.31 0.338D
11.0] 0.67] 0.81] 0.14 0.7001
11.2] 0.70] 0.85 0.15 0.6790
Ls 11.4] 0.72] 0.90 0.18 0.61501
11.6]| 0.74] 0.93 0.19 0.59411
11.8] 0.76] 1.10 0.34 0.2741

Table 2: pK Value of ligands L, L, and Ls.

K K
Ligand (Half Integral Methoc | (Point wise caﬁculaion Method
Ly 7.12 7.1882 +0.02
L, 9.64 9.3596 + 0.05
Ls 11.70 11.3405 £ 0.01

Table 3: Metal-ligand stability constants by diffelent methods

L Method
System Constant Half Integral Point wise
log K; 5.9440 5.9335 +0.01
culn-L log K; 3.851( 3.7188 +0.0
Ni (1) — L log K; 7.143( 7.1250 0.0
! log K; 4.6530 4.4994 +0.0¢
log K; 7.1430 6.9641 +0.0%
Colh-L log K; 4.1072 3.9688 + 0.0¢
log K; 7.5440 7.3285 +0.0
Nd (IIh - L log Ky 3.756¢ 3.6146 +0.0
log K; 3.431 3.3738 +0.0
Cullh-L 50, 11553 | 1.1048 = 0.0%
Ni (1) — L log K; 3.8380 3.8004 +0.0
: log K; 1.1554 1.1023 *0.0¢
log K; 4.0413 3.9850 +0.0%
Con-Le log Ky 2.755¢ 2.3820 +0.0
log K; 6.1430 6.0817 +0.0¢
Nd (Il) - L log K, 3.1643 3.0881 *0.07
log K; 8.7403 8.6123 + 0.0
culn-Ls log K; 4.2552 4.1999 +0.0%
N (1) — L log K; 5.5440 5.4608 +0.0
8 log K» 3.8567 3.8027 +0.0%
log K; 7.9444 7.8582 +0.0¢
Coll)-Ls —joqk, 46757 | 4.6714 00}
log K1 7.0413 6.8587 +0.0
Nd (I - Ls log K; 6.0530 5.9560 +0.07
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Table 4: Slopes values for transition and lanthanid metal ions.

Metal ion¢ | Slope value
Culd |25
v | o
CoM —oos;
v |92
CONCLUSION

The stability constants of complexes of chlorositilitstd pyrazoles and pyrazolines with metals Cy@b (II), Ni

(I and Nd (1) that concluded the difference Wween log K and log k values for Co (11), Ni (1) and Nd (lll) is
greater. This shows the stepwise complex formaktiohin case of Cu (ll), there is simultaneous faiora of
complex due to minimum difference between logakd log K values. The observed values of the proton — ligand
stability constant (f) and metal-ligand stability constants (log K) ased to verify the validity of log K = a“pr b
relation, from their slope value. The linear ralatbetween log K/ log K, and 5 is observed for Cu (lI), Ni (1) Co
(I and Nd (lll) metal complexes. The slopes valug the straight lines are given in Table 4. Tlifgeence
between log K and log k complexes was less than 2.5, indicating the sanalbus formation of 1:1 and 1:2
complexes. They showed the linear relationship betwiog K and 'pvalues of ligands suggesting identical binding
sites in all ligands.
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