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ABSTRACT

The complex formation betwe€ua(l1), Ni(ll), Co(l1) andFe(l11) Metal lons And 2-Hydroxy-4-(4’- Aminophenyl) -
6-(2’-Hydroxy-5-Bromophenyl) Pyrimidine[H4AHBP]().Jand 2- Hydroxy -4-(4’-Chlorophenyl)-6- (2'-Hydnpx
5’-Bromophenyl)Pyrimidine[H4CHBP](L2) have beenditd at 0.1 M lonic Strength(3040.1) 0C in 70% Daove-
water mixture by Bjerrum method as adopted by @adwid Wilson. It is observed th@u(l1), Ni(l1), Co(I1) and
Fe(ll11)Metal ions form 1:1 and 1:2 complexes with ligafids & L2). The data obtained were used to estinaate
compare the values of proton-ligand stability cams$t(pK) and metal-ligand stability constants (l&y From
estimated data (pK and log k), the effects of stulestts were studied.

Key words: 2- Hydroxy -4-Substituted Phenyl-6-Substituted Bhé&tyrimidines, Dioxane-water mixture, Stability
Constants.

INTRODUCTION

The literature survey reveals that a lot of worls leen done on heterocyclic compounds for theibacterial
activities on gram positive and gram negative b#&tso their antifungal activity on different fgirs. Pyrimidine
derivatives have found to possess various biolbgical antibacterial and antifungal properties. Ridine
derivatives are known to shows antitumor, anti@nfinatory, anti-malarial, anti-diabetic, insecti¢idand
antimicrobial activities.

It is interested to know, in a view of analyticgipdications of pyrimidines, the physiochemical pedpes such as
stability of the complexes with lanthanide metand. The lanthanide compounds have remarkable tamoe in
everyday life [1,2]. More explicitly in the previsudecades their use in various organic technicalgsses led to a
rapid growth especially in the field of complexés.recent years the luminescence properties of @arth metal
complexes with differen-diketones have been widely studied due to thedr insfabrication of polymer light
emitting diodes to enable low cost, full colortfieanel display.

On the study of complexes[3,4]considerable reseammtk has been done in the past. The studies imalfigand
complexes in solution of a number of metal ionshvdarboxylic acids, oximes, phenols etc. would fteresting
which throw light on the mode of storage and tramspf metal ions in biological kingdom. Metal coleyation not
only bring the reacting molecules together to giegdvated complex[5]but also polarised electronsrfithe ligands
towards the metal. With the view to understand lihenorganic chemistry of metal ions, Banerjee §6]have
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synthesised a number of mixed-ligand alkaline eamttal complexes. Bjerrum's[7] dissertation hastakhe
initiative to develop the field. The relation betmestability and basicity of the ligands is indeghby the formation
constant and free energy change value. Bulkier mioareases the basicity of ligands as well asilgtabThe
stability of complexes is determined by the natfreentral metal atom and ligands. The stabiliticofnplexes is
influenced by the most important characteristike liegree of oxidation, radius and electronic $tmec Irving and
Williams[8] had studied the order of stability ofetal complexes of transition metal ions by compatime ionic
radius and second ionisation potential of metak,aas it is valid for most nitrogen and oxygen doligands.
Narwade et al[9] have investigated metal-liganitityg constants of some lanthanides with some Sulsd
sulphonic acids. Many workers[10-14]have reporteeirt results on metal-ligand stability constantedihe et
al[15]have reported the metal-ligand stability danss of somep-diketones. Shekhon[16] potentiometrically
determined proton-ligand stability constants inimas aqueous organic mixtures. Prasad[17]studiedsthbility of
same metal complexes pfdiketones. Deosarkar [18]have studied stabilitystants of Al(ll1), Cr(lll) and Fe(lll)
metal ion complexes with substituted sulphonidaBiund[19] have investigated interaction betwiafill) and
Nd(l1l) metal ions and 1-(4-hydroxy-6-methylpyriniig)-3-substituted thiacarbamide of 0.1 M ioniesgth pH
metrically. Speciation of binary complexes of Cg(Mg(ll) and Zn(ll) with L-glutamic acid in DMSO-ater
Mixtures has been studied[20]. Recently Thakur[Baye studied complexation of Th(lll),Sm(lIl),Nd{lland
Pr(1ll) metal ions with 2-hydroxy-4-substituted piye-6-substitued phenyl pyrimidines at 0.1 M iositength pH
metrically.

The present paper describe the interactions leetv@i(11),Ni(ll),Co(ll) and Fe(ll) Metal lons And 2-Hydroxy-4-
(4’-Aminophenyl)-6-(4’-Hydroxy-5’-Bromophenyl)Pyriidine[H4AHBP](L;)  and 2- Hydroxy  -4-(2'-
Chlorophenyl)-6-(2’-Hydroxy-5’-Bromophenyl)Pyrimide[H4CHBP](L,) have been studied at 0.1 M lonic
Strength in 70 % Dioxane-water mixture at (30 +)(¥ Bjerrum pH metric method as adopted by Cakbvi
Wilson.

EXPERIMENTAL SECTION

Materials and Solutions

The ligands [H4AHBP] Lk & [H4CHBP] L, were synthesized in the laboratory by known liigme method. The
purity of these compounds exceeds 99.5% and stasctuere confirmed by NMR, IR and melting pointeestock
solutions of the ligand was prepared by dissolvieguired amount of ligand in a minimum volume axéne

subsequently diluted to final volume. Metal ionugmin was prepared by dissolving metal nitrate if&g Aldrich)

and standardized by EDTA titration method as disedsn literature . Carbonate free sodium hydroxsdetion

was prepared by dissolving the Analar pellets ilwmised water and solution was standardized . Tbekssolution

of percholric acid was prepared and used aftedstalization .

Measurements :-

All measurements were carried out at (30 + 8(1) Systronic microprocessor based pH meter withnagg stirrer
and combined glass and calomel electrode assersbly for pH measurements. The sensitivity of pH mist6.01
units. The instrument could read pH in the ran@® @ 14.00 in the steps of 0.005. The pH meterswaghed on
half an hour before starting the titration for imitwarm up of the instrument. It was calibratedobe each titration

with an aqueous standard buffer solution of pH a0 9.20 at (30 + 0.19C prepared from a 'Qualigens' buffer
tablets. The hydrogen ion concentration was medsuith combined glass electrode.

Procedure :-
The experimental procedure involved the titratiohs

i. Free acid HCIQ (0.01 mol.dnd)
ii. Free acid HCIQ (0.01 mol.dn) and ligand (20 x 1¢ mol.dni3)
iii. Free acid HCIQ (0.01 mole dﬁ13) and ligand (20 x 14 mol.dm'3) and metal ion (4 x 16 mol.dm'3) against

standard carbonate free sodium hydroxide (0.142 I.dmnbg) solution using Calvin-Bjerrum and Calvin-Wilson
pH titration techniques. The ionic strength of tilé solutions were maintained constant by addinyapiate
amount of NaCIQ solution. All titrations were carried out in 7@ngeentages of Dioxane-water mixtures and
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reading were recorded for each 0.1 ml addition. Gimves of pH against volume of NaOH solution weleatted
(fig 1,2). The Proton-Ligand constants were cakaddgrom pH values obtained from the titrationvas using the
Irvin-Rossotti method and MATLAB computer programable 1) .

RESULTS AND DISCUSSION

The extent of deviation may be the dissociatiorQifi group. 2-mercapto-4-substitued phenyl-6-sulttit phenyl

pyrimidine may be considered as a monobasic acithhane replaceable*Hon from phenolic -OH group and can
be represented as

HLe——= H+L

The titration data were used to construct the cufaeid curve (A), acid + ligand curve (A+L) anddae ligand +
metal ion curve (A+L+M)] between volume of NaOH &g pH.

The proton-ligand formation numbep iwere calculated by Irving and Rossotti expresgi@blel)

w = (D)

wherey denotes the number of dissociable protons, Nasctincentration of sodium hydroxide (0.1333 mor.%)m
(Vo-V4) is the measure of displacement of the ligand euelative to acid curve, where\and Vj are the volume

of alkali added to reach the same pH reading taagetirate values of /V4): the titration curves were drawn on
an enlarged scale:Oand TLO are the resultant concentration of perchloric sid concentration of Ligand,

respectively. ¥ is the initial volume of reaction mixture (50 é}n Proton-Ligand stability constant pk values of

Ligand were calculated by algebraic method poirgewgalculation and also, esti mated from formatiorves (fig
3,4) my Vs pH (Half integral method) by noting pH at whicR = 0.5 [Bjerrum 1957] (Table 2).

Metal-Ligand stability constants (log k) were detared by the half integral method by plotting ns pL. The
experimental n values determined using expression

Where N, g, V5 and \, have same significance as in equation (X ,s/the volume of NaOH added in the metal

ion titration to attain the given pH reading anoOMT (4 x 104 mol dm'3) is the concentration of metal ion in
reaction mixture. The stability constants for vagdinary complexes have been calculated ( Table 3)

Proton-Ligand stability constant (pK):-

It is observed from titration curve in (fig. 1, @)at the ligand curves starts deviating from freiel dHCIO,) curves
at pH > 2.5. The extent of deviation s may be tlsatiation of —OH group completely. The resultgesd that
(Table 2) , the pK Value of ligand- 2 is slightiyeater than pK Value of Ligand- 1.
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Metal-Ligand stability constant(Log K) :-

It is observed that (Table 3) sufficiently largdfelience between log & log K,Values indicates the stepwise
formation of complex between metal ion and ligamess difference between log & log K, values indicates metal
— Ligand complexes are occurring simultaneously.

The values of log kK& log K, for Cu(ll),Ni(ll) and Co(ll)-Ligandl & Ligand 2 copiexes are higher than Fe(lll)-
Ligand-1 & Ligand 2 complexes, indicate that Cylifll) and Co(ll)-forms more stable complex wiilgdnd 1 & 2

than Fe(lll) metal ions.

The higher value of ratio(Log K Log K,) for Co(ll) & Fe(lll)- Ligand- 2 complex indicatethe more stable
stepwise complex formation as compare to Cu(ll) iflIN- Ligand 2 complexes.

Table 1 : Proton-Ligand formation number (ny) at (30+ 0.1)°C and at ionic strength p= 0.1 mol.dif NaClO,in 70% Dioxane-Water

mixture
[H4AHBP]L,

pH V. Vs, V.-V, Na

3.0 1.72] 1.76] 0.04 0.944p
3.5 1.75| 1.86] 0.11 0.847B
4.0 1.78] 1.92| 0.14 0.806B
4.5 1.7¢ ] 1.9¢ ] 0.1f 0.792¢
5.C 1.8C | 1.9¢ | 0.1¢ 0.751:
5.5 1.80( 2.00f 0.20 0.7234
6.0 1.80] 2.02] 0.22 0.695f
6.5 1.80| 2.03] 0.23 0.681P
7.0 1.80| 2.04] 0.24 0.668[L
7.5 1.8C | 2.0 | 0.2 0.654:
8.0 1.80| 2.06] 0.26 0.640B
8.5 1.80| 2.08 0.28 0.612)
9.0 1.80] 2.09] 0.29 0.598B
9.5 1.80| 2.10f 0.30 0.585[L
10.0| 1.80] 2.121 0.32 0.557B
10.£ | 1.8C | 2.1¢ | 0.34 0.529¢
11.0| 1.80] 2.16 0.36 0.5020
115| 1.82] 223 041 0.4331L
12.0| 1.82] 2.320 047 0.350p
12.5| 1.90| 2.46/ 0.56 0.2269

[H4CHBP]L:

pH V1 Vz Vz'Vl NaA

3C | 172 | 1.74£| 0.0z | 0.972:
3 | 1781181 | 0.0¢ | 0.930
40 | 1.78| 1.84] 0.06] 0.916P
45 | 1.79| 1.87] 0.08] 0.893B
50 | 1.80| 1.88 0.08] 0.893p
55| 1.80f 1.90f 0.10{ 0.861p
6.C | 1.8C | 1.9C | 0.1C | 0.861¢
6.5 | 1.80] 1.91] 0.11] 0.847B
7.0 | 1.80f 1.92] 0.12| 0.847B
75 | 1.80] 194 0.14] 0.834p
8.0 | 1.80| 1.94] 0.14] 0.80683
85 | 1.80| 196/ 0.16] 0.778f
9.C | 1.8C | 1.97 | 0.17 | 0.764¢
95 | 1.80] 1.99] 0.19] 0.737p
10.0| 1.80) 2.0 0.21] 0.7096
10.5| 1.80] 2.05 0.25 0.654p
11.0| 1.80| 2.100 0.30[ 0.5850
115( 1.82] 2.17) 0.35 0.5161
12.0| 1.82] 2.27) 042 0.419
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Table 2: Proton-Ligand Stability constants (pK)

pK
Sr.No System Half Integral method | Point wise calculation method
1 [H4AHBP] L, 110034 11.1024
2 [H4CHBP] L, 11.527¢ 11.622°

Table 3: Metal-Ligand Stability constants (Log K)

System Log K | LogK; | LogKi-Log K, | Log Ki/Log K>
Cu(ll)- Ly | 9.3447 | 4.7638 4.5809 1.9616
Ni(ll)- L, | 9.2447 | 4.8538 4.3909 1.9046
Co(ll)- Ly | 9.1227 | 4.9637 4.1590 1.8378
Fe(lll)- L, | 7.2447 | 3.8538 3.3909 1.8798
Cu(ll)- L, | 8.8647 | 5.3538 3.5109 1.6557
Ni(ll)- L, | 8.7447 | 5.2121 3.5326 1.6777
Co(ll)- L, | 9.2447 | 4.6132 4.6315 2.0039
Fe(lll)- L, | 8.6787 | 4.7958 3.8829 1.8096
: ; Fig. 2 System: H4CHBP
14 - Fig. 1 System: H4AHBP() 14 g2 >y &
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Fig 1 &2 : pH against volume of NaOH at p= 0.1M at30 + 0.1)°C
Fig 3 &4 : Formation Curves of n, against pH at pu= 0.1M at (30 + 0.15C
Fig. 3 System : HAAHBP(L,)
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Fig. 4 System : H4CHBP(L)
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CONCLUSION

From the titration curve, it is observed that tlepalture between (Acid + Ligand) curve & (Acid +aigl +Metal)
Curve for all system of ligand-1 started from pks2 3.0 and of ligand to started from pH=3.253t60, this
indicate the commencement of complex formationoAlsange in color from yellow to brown in pH rarfgem 3.0
to 9.0 during the titration showed the complex fation between Metal & Ligand.
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