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ABSTRACT

The formation constant of mixed ligand complexes of zinc (1) with Schiff bases (1-(2-hydroxy benzamido)-2-(fur-2-
yl)-azomethine) L,, (1-2-hydroxyhexamido)-2-(thien-2-yl)-azomethine) L, as primary ligands and Glycine (R,) , DL-
Valine (Ry) as secondary ligands have been determined potentiometrically in 40% (v/v) THF-water mixture at 30°C
and ionic strength of 0.1 M NaClO, . The proton ligand stability constants of free ligands and stability constant for
ternary systems involving Schiff bases and amino acids were also determined under identical conditions .The P!
titration data were analysed using the computer SCOGS programme. The relative stability of ternary complexes as
compared to that of corresponding binary complexes has been quantitatively explained in terms of AlogK, Kg, and
K, values. The concentration distribution of various complex species as a function of P" was evaluated.

Keywords: formation constants, transition metals, Schids Amino acids, ternary complexes.

INTRODUCTION

The Schiff bases achieved a special status amamgahic compounds because of their Co-ordinatinzplogity,
industrial, analytical, catalytic and biologicattiaities[1-5]. The chelating ligands containingygen and nitrogen
atoms show broad biological activity and are ofcsgleinterest becase of the variety of ways in \Whibey are
bonded to metal ion [6]. In biological fluids wheseveral metal ions are present in trace quantiBame ligand
show a marked tendency to complete for metal i@sdies on metal-ligand formation at room tempemmare
therefore very important. Many of the Schiff basee reported to be physiologically active and tls&pw
fungicidal, bactericidal, antitumor, antitubercuyland anticancer activities.[7-10]. It is well knowhat Zn(Il) ions
is an integral component of many proteins anahdspensable for their catalytic function and sttuwal stability.
The biological role of Zn(ll) have been well reviesv[11-13]. and seem dominated by its ability teuase distorted
four or five Co-ordinated structure in enzymes. Tiberature survey revelas that no systematic stiody been
reported on the binary and ternary complexes oflZm{ith present schiff bases. In view of this feamhd the
continuation of our earlier studies on binary agchary complexes of Schiff bases[14-18]. We hawdeutaken the
study of complexes equilibrium of Zn(ll) complexaissome newely synthesized Schiff bases and hksaernary
complexes of these Schiff bases as primary ligandsamino acids as secondary ligands.
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MATERIALS AND METHODS

All the reagents used were of AR grade and all sbkitions were prepared in doubly distilled wated a
standardized by usual procedure [19]. The Sch#tEbd1-(2-hydroxy benzamido)-2-(fur-2-yl)-azome#)ih;, (1-2-
hydroxyhexamido)-2-(thien-2-yl)-azomethine) , Lwere synthesized by refluxing equimolar quantitie$
salicylhydrazine and respective aldehyde in eth&omaix hours. The products obtained were filtengdshed with
ethanol and dried over calcium chloride. The punBs tested by elemental analysis, melting poibC Bnd IR
spectra. The melting point of ;Lis 227C(found:C,62.05%;H,4.08%;N,12.05% calculated for,HzsO3N,
:C,62.60%; H,4.38%; N,12.17%). The melting point lof is 246C (found: C,58.81%; H,4.27 %; N,11.16%
calculated for GH;O,N,S C,58.52%; H,4.09; N,11.38%) The two IR bands appg at 1600-1630 chmand
1190-1205 criwere assigned to stretching vibration mod€s0, V../ OH deformation. The phenolic. —OH
stretching was found to be absent due to stronmgrimdlecular hydrogen bonding with orthocarbonylugroThe
observed lowering in normal carbonyl group frequemtay be due to the effect of intramolecular hyerog
bonding.[20]. The titrations were carried out usingligital pH meter (Elico model L1-120) in conjtiga with
combined electrode. All titrations were carried att30+0.2C. For the determination of formation constants of
ternary complexes, following solutions were prepgafe02M perchloric acid, 0.01M metal solutions dodionic
strength, 0.1M sodiumperchlorate. The titrationgemplotted by using experimental data, which weikzad to
analyze the proton ligand formation constants ohary and secondary ligands and stability constahteeir metal
complexes. Concentration of total metal, total igafree metal, free ligand and various possiblecigs that are
formed during the complexation are calculated usB@OGS programme[21-22] Complex formation equgibri
were elucidated with the help of species distritmutturves obtained.

RESULTS AND DISCUSSION

a) Binary metal complexes:-

The proton ligand and metal ligand stability constaof primary ligands (1-(2-hydroxy benzamido)f@+2-yl)-
azomethine) L, (1-2-hydroxyhexamido)-2-(thien-2-yl)-azomethind), and secondary ligands {fDL- Glycine
and DL- Valine (R) with Zn (ll) ions determined in 40% (v/v) THF:tem medium at 36C and ionic strength
0.1M NaCIQ have been determined by Irying-Rossoti technidter appropriate pH corrections determined by
using the method suggested by Van Uitert. Thepwige metal-ligand formation constants were alserdgned
for the comparison with those of the ternary systeimder identical conditions. The values are piteskin Tablel.
The primary ligands both forms 1:1 and 1:2 compexfere as secondary ligands form 1:1 complexds Zvi{ll)
ions. The complexing tendency of Zn(ll) is foundomore with L than L.

Ternary metal complexes:-

In the ternary system, The pH titration curves esponding to mixed chelation always run below ftratton
curves of the pure ligand as well as their binangtal ligand curves indicating the formation ofi@y complexes.
Since the mixed ligand curve coincide with indivédlunetal complexe titration curves, The formatidnldl:l
complex by simultanius equilibria was interred. fAggH of precipitation, the mixed ligand curve degitowards x-
axis due to the formation of hydroxide species. Tdrenation constant of ternary complexes were deitezd by
computational programme “SCOGS” [22] to minimize #tandard deviation.

The formation of 1:1:1 ternary complex have beeadus this study to ensure the exclusive formatbrthe
simplest ternary complex MLR considerning the pkuea of the ligands and hydrolytic constant ot Nbns the
following species have been considered to exittiéncomplexation equilibira. MLH,, LH, L> M(OH), ML, LR*,
MR(OH), R and MLR(OH). The relative stability of the binaapd ternary complexs are quantitatively expressed
in terms offf11, B2o, o2, KL, Kr, @andAlogK values which are represented in table (2). Sihgplest cause of the mixed
ligand complex formation is the co-ordination ofotligands with central metal ion. The two differdigiands are
symbolized as L and R the following equilibiria aeglilibirium constant must be considered.

M+ L ML Kio= [ML] [M] 2[L] 1)
ML + L ML, Koo = [ML] [ML] [ML] *[L]™ 2)
K10K20= Boz

M+R MR k1= [MR] [M] *[R]™ ®)
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MR +R MR Kp=[MR;] [MR]*[R]* (4)
Koz Koz= Boz

Ternary complexes

MLR M+L+R By =[MLR][M] *[R][L]™ (5)
MLR ML + R K = [MLR] [ML] *[R]? (6)
MLR =——= MR+L k = [MLR] [MR] L] * (7)
2MLR MR, + ML,  Kr = [MRI]* [MR,]*[ML,]* (8)

The relationship between equilibrium constantsheftliinary complexes are.

AlogK =1ogf 13 - log Ko — log Koy
Kr=BZ 11/ Kz Koz

Kr=B11/Ko1
Ki=PB11/ Ko

The comparison db;; values withp,,of these systems reveals the preferential formaifdernary complexes over
binary ones. The low values ofzkand K show more stability of ternary complexes with exdpto binary
complexes of primary and secondary ligands. Thgative values ofAlogK revelas that the stability of mixed
ligand complex is comparable with 1:2 complex afidsy species. The stability of1:2 complex is ldsant the
stability of 1:1 complex. Hence the stability ofxad ligand complex is less than the stability oftdmplex. In
ZnRyL; systems, the primary ligand from 1:1 and 1:2 caxes where as secondary ligand from only 1:1 coxmple
with Zn(ll). It has been observed from table (2ttthe stability of mixed ligand complexes ofake found to be
higher than that of the mixed ligand complexe3he positive values of, Kand K, show the stability of mixed
ligand complexes but these complexes are lessesthbh the 1:1 binary complexes of primary ancwsdary
ligands and hence we get negative value\lobK. It is however, observed that tiadogK values for Zn(ll)
complexes are less negative than those for thegmonding Cu(ll) complexes. This may be attributethe fact
that intermolecular ligand-ligand interaction ishance in tetrahedral Zn(ll) complexes, leading targer shift of
the equilibrium to the right and therefore resugtin less negative and positixsogK.

The species distribution curve of ZnR; system indicates the formation of ternary compex represented in fig
(2). The initial concentration of ternary complexssl.08% which increases with increasing pH. Theximum
concentration is found to be 18.60% which indicates lower tendency of primary as well secondaggrds
towards the formation of ternary complex. Frommléure of curves it can be observed that theresisagp decrease
in concentration of HR (§ up to pH 4.9, which is the pH range of sharp éase of concentration of ZnR. From
this observation it is clear that, the major pdriH&® concentration is utilized in the formation&fR and relatively
very small amount of it may be used in the fornmatd ternary complex. Formation of ZgR; to small extent is
also possible by reaction (7).

In ZnL;R, system, the maximum concentration of ternary cem 42.2% at 5.4 pH. The concentration of HR(C
is 76.4% at 3.7 pH and then decrease continuaasiytain minimum value of 2.6% at 5.2 pH. Concatidn of L
(Cy also found to decrease with increasing pH. Thésrelasing nature of the curves &d G confirms the
formation of ternary complexes by reaction (5) &mio the ZnLR, system the strong involvement of HR species
in the formation ZnR is indicated by the natureCedurve. Formation of ternary complexes is also fmsgb same
extent by reaction(7). The species distributiorgchan of ZnL,R,; system, shows the similar treand as that of,RaL
system other systems ZjRR, andZnL,R; also shows similar behavior.

Table 1: Proton — ligand and metal —ligand stabiliy constants in binary system

Ligand K" | K7 | Log K™
L1(C12H1003N2) 4.63 - 2.81
Lo(CioHidO:NoS) | 8.26] - 3.69
R, 3.1 | 9.7¢ 3.9¢
R, 3.27 | 9.81 3.51
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Table2: Stability constants of ternary complexes

L R B Bao Boz Kr Ky AlogK

L, Glycine 6.64| 281 398 266 3.83 -0.7%
L; | DL-valine | 7.79| 2.81| 351 428 497 -1.16
Lo Glycine 8.78| 3.69 398 48D 5.09 -1.39
L, | DL-valine | 8.12| 3.69| 351 461 443 -1.49

Fig-1 Potentiometric titration curve in L;R;Zn system
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Fig-2 Species distribution diagram for LLR:Zn and L1R,Zn

ZnL1R1 o
70 -
—2
60 - ok
C4
50 - —cs
— R
e 40 —7
f=]
(8]
X an -
20 -
10 -
0 . ;
37 47 5.7 6.7
PH
a0 - —1
ZnL1R2 oo
80 - CS
70 - c4
—s
6o -
——Cb
: 50 - |—0CT7
g U\
(8]
2 40 -
30 -
20 -
10 -
0 . ;
37 47 57 6.7
PH
REFERENCES

[1] G. M. Tumer, H. Demirelli, an&. A. Wheathley|norg. Chim, Acta. (2005 358,178%
[2] H. S. Sellem, B. A. El. Shetar$, M. E. Khalil, and MShelb,J. Serb.Chem. Soc. (2003)68,729.
[3] M. S. MayadaoJ. V. NalgirkarJ. Chem 27A (1988 456.

173
www.scholar sresear chlibrary.com



Trimbak K. Chondhekar et al Der Pharma Chemica, 2014, 6 (3):169-174

[4] B. Katia, L. Simon, R. Anns, C. Geragd D. Franwesd M. Bernard,norg. Chem. Soc (1996 81, 324.
[5] A. P. Mishra, S. K. Gavtarnd, Ind. Chem. Soc. (2004 81, 324.

[6] R. C. Maurya, P. Patel, S. Rajp8nth.React. Inorg. Met. Org. Chem. (2003 33,817.

[7]1 P. Pandierao, S. Gupta, S. Samant, L. Deodhdian J. Chem. 20B, (1986 929.

[8] D. Dash, M. Patra, S. Praharaggian J. Chem. 19B, (1980 894.

[9] S. Brooker, T. C. Davidsan, E. Bill, and E. Bqt@e-ordination Chem. Red. (2001) 3, 216.

[10]N. A. Venkariya, M. D. Khunt, A. P. Parikindian J. Chem. 42(B), 003 421.

[L1]A. M. Cheh, J. B. Neilands3ruct. Bonding (Berlin) (1976 29, 123.

[12]A. Galdes, H. A. O. Hillln Inorganic biochemistry, Edited by Hill H. A. O., Specialist Periodical Report,
Chemical Society of Londat®79 p. 317.

[13]R. H. Prince Adv. Inorg. Chem. Radiochem. (1979 22, 349.

[14]S. D. Naikwade, P. S. Mane, T. K. Chondhekanndian. Chem. Soc. 12(1) 000 91.

[15]S. D. Naikwade, P. S. Mane, T. K. Chondhekandndian. Chem. Soc. (200]) 78, 41.

[16]R. K. Pardeshi, N. G. Palaskar, T. K. Chondhekadndian. Chem. Soc. (2002 79, 958.

[17]S. G. Shankarwar, A. G. Shankarwar, T. K. Chondhekd ndian. Chem. Soc. (2008 85, 739.

[18]S. G. Shankarwar, V. A. Shelke, A. G. ShankarwaK.TChondhekarTrade Science. 2011

[19]1. A. Vogel, A Text Book of practical organic chemistry 3" Edn (Longmans, London},959 p.177.
[20] G. A. Nelson, M. P. Crawford and edd&srg. Chem, 9 (1970 1123.

[21]Harned, and B. B. OwneBhys. Chem. of dectrolytic soln. Reinhold pub. Corp, New York958

[22]1. G. SayeeTalenta, (1988 15, 1937.

174
www.scholar sresear chlibrary.com



