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ABSTRACT

The complex formation between Th(lll), Sm(ll), (INd and Pr(lll) Metal lons And 2-Hydroxy-4-(4'-
Aminophenyl)-6-(2’-Hydroxy-5’-Bromophenyl)Pyrimig{iti4AHBP] (L) and 2- Hydroxy -4-(4’-Chlorophenyl)-6-
(2’-Hydroxy-5'-Bromophenyl)Pyrimidine[H4CHBP]¢). have been studied at 0.1 M lonic Strength(308CLin 70

% Dioxane-water mixture by Bjerrum method as addtig Calvin and Wilson. It is observed that Th(IBm(IIl),
Nd(ll1) and Pr(lll) Metal ions form 1:1 and 1:2 cqfexes with ligands (-& L,). The data obtained were used to

estimate and compare the values of proton-ligaathibty constant (pK) and metal-ligand stability niants (log
k). From estimated data (pK and log k), the effe€tsubstituents were studied.

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

INTRODUCTION

Pyrimidine derivatives have found to posses varitimogical and antibacterial and antifungal prajes:
Pyrimidine derivatives are known to shows antitupzotti-inflammatory, anti malarial , anti dialwetinsecticidal
and antimicrobial activities .

In a view of analytical applications of pyrimidines is interest to know the physiochemical projgsrtsuch as
stability of the complexes with lanthanide metains. The lanthanide compounds have remarkable taopo in
everyday life [1,2]. More explicitly in the previewdecades their use in various organic technicadgsses led to a
rapid growth especially in the field of complexés.recent years the luminescence properties of @arth metal
complexes with differenp-diketones have been widely studied due to thedr insfabrication of polymer light
emitting diodes to enable low cost, full colortftenel display.

Considerable research work has been done in thegrathe study of complexes[3,4]. The studies etahligand
complexes in solution of a number of metal ionshvagarboxylic acids, oximes, phenols etc. would fteresting
which throw light on the mode of storage and tramsjpf metal ions in biological kingdom. With théew to
understand the bi-inorganic chemistry of metal jd&nerjee et al[5] have synthesised a humber &édnligand
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alkaline earth metal complexes. Bjerrum's[6] disg@&m has taken the initiative to develop the dfieMetal
complexation not only bring the reacting molecutegether to give activated complex[7] but also peéd
electrons from the ligands towards the metal. Téiation between stability and basicity of the ligans indicated
by the formation constant and free energy changigeva@ulkier group increases the basicity of ligard well as
stability. The stability of complexes is determinggthe nature of central metal atom and ligande 3tability of
complexes is influenced by the most important ofteréstics like degree of oxidation, radius andcetmic
structure. Irving and Williams[8] had studied theler of stability of metal complexes of transitioretal ions by
comparing the ionic radius and second ionisaticiemtéal of metal ions, as it is valid for most pigen and oxygen
donor ligands. Narwade et al[9] have investigatextatdigand stability constants of some lanthanidé® some
substituted sulphonic acids. Many workers[10-14yehaeported their results on metal-ligand stabitibnstants.
Bodkhe et al[15] have reported the metal-ligandbitg constants of someB-diketones. Tekade et al[16]
investigated stability constants of some substitutpyrazolines, isoxalline and diketone. Shekhon[17]
potentiometrically determined proton-ligand stdbili constants in various aqueous organic mixtures.
Prasad[18]studied the stability of same metal cemgs ofp-diketones. Deosarkar [19] have studied stability
constants of Al(lll), Cr(lll) and Fe(lll) metal 0 complexes with substituted sulphonic acid. Pubp[Rave
investigated interaction between La(lll) and Nd(Hetal ions and 1-(4-hydroxy-6-methylpyrimidinejs@bstituted
thiacarbamide of 0.1 M ionic strength pH metrigaRecently Speciation of binary complexes of Qa(g(ll) and
Zn(ll) with L-glutamic acid in DMSO-water Mixturesas been studied[21].

The present paper describe the interactions leetvigh(lll), Sm(lll), Nd(lll) and Pr(lll) Metal lonsAnd 2-
Hydroxy-4-(4’-Aminophenyl)-6-(4’-Hydroxy-5'-Bromopdnyl)Pyrimidine[H4AHBP](ly)) and 2- Hydroxy -4-(2'-
Chlorophenyl)-6-(2’-Hydroxy-5’-Bromophenyl)Pyrimide[M2CHBP](L,) have been studied at 0.1 M lonic
Strength in 70 % Dioxane-water mixture at (30 +)Mm¥ Bjerrum pH metric method as adopted by Cab4mnl
Wilson.

EXPERIMENTAL SECTION

The ligands [H4AHBP] L & [HACHBP] L, were synthesized in the laboratory by known liie& method. The
purity of these compounds exceeds 99.5% and stagctvere confirmed by NMR, IR and melting pointeeTstock
solutions of the ligand was prepared by dissolviaguired amount of ligand in a minimum volume dne

subsequently diluted to final volume. Metal ionudmn was prepared by dissolving metal nitrate f&ig Aldrich)

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

was prepared by dissolving the Analar pellets iiomised water and solution was standardized . Ttekssolution

of percholric acid was prepared and used aftedstatization .

Measurements

All measurements were carried out at (30 + 0.18¢stronic microprocessor based pH meter with magysétrer
and combined glass and calomel electrode assembly for pH measurements. The sensitivity of pH mist6.01
units. The instrument could read pH in the ran@® @o 14.00 in the steps of 0.005. The pH meter svatched on
half an hour before starting the titration for i@litwarm up of the instrument. It was calibratedobe each titration
with an aqueous standard buffer solution of pH &A@ 9.20 at (30 + 0.1) °C prepared from a 'Quakgéuffer
tablets. The hydrogen ion concentration was medswith combined glass electrode.

Procedure

The experimental procedure involved the titratiohs

. Free acid HCIQ(0.01 mol.dr)

i Free acid HCIQ (0.01 mol.dr) and ligand (20 x T®mol.dm?)

ii. Free acid HCIQ (0.01 mole drfi) and ligand (20 x THmol.dm® and metal ion (4 x Tbmol.dm®) against
standard carbonate free sodium hydroxide (0.142 |.dmd) solution using Calvin-Bjerrum and Calvin-Wilson
pH titration techniques. The ionic strength of thié solutions were maintained constant by addiny@apiate
amount of NaCl@solution. All titrations were carried out in 7@rgentages of Dioxane-water mixtures and reading
were recorded for each 0.1 ml addition. The cunfgsH against volume of NaOH solution were plottgid 1,2).
The Proton-Ligand constants were calculated fromvalies obtained from the titration curves usihg brvin-
Rossotti method and MATLAB computer program (Table
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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 acithgane replaceable*Hon from phenolic -OH group and can
be represented as

HL ——— H+LU

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

The proton-ligand formation numbepf rwere calculated by Irving and Rossotti expresgiablel)

(B*N) (Vo-Vq)

T = Y- e (1)

MV + V)T O
wherey denotes the number of dissociable protons, Ndsctimcentration of sodium hydroxide (0.1333 mol3im
(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 @#V): the titration curves were drawn on
an enlarged scale: E° and Tare the resultant concentration of perchloricdagnd concentration of Ligand,
respectively. Y is the initial volume of reaction mixture (50 ®mProton-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 whief = 0.5 [Bjerrum 1957] (Table 2).

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

d&N) (V3Vo)

Where N, f, V5 and \, have same significance as in equation (1 is/the volume of NaOH added in the metal
ion titration to attain the given pH reading andy,T(4 x 10*mol dm°) is the concentration of metal ion in reaction
mixture. The stability constants for various binapmplexes 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 freig §HCIO,) curves
at pH > 2.5. The extent of deviation s may be tlsatiation of —OH group completely. The resultgess that
(Table 2) , the pK Value of ligand- 2 is slighgyeater than pK Value of Ligand- 1.

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 liganxdept Sm(lll) for ligand-1. It showed that lessfeiEnce
between log K& log K;values indicates Sm(lll) — Ligand-1 complexesa@reurring simultaneously.

The values of log kK& log K, for Th(lll)-Ligandl & Ligand 2 complexes are highttan Sm(lll), Nd(l11) & Pr(ll1)-
Ligand-1 & Ligand 2 complexes, indicate that TH(fisorms more stable complex with ligand 1 & 2 tiam(lll) ,
Nd(l11) & Pr(lll) metal ions.

The higher value of ratio(Log K Log K;) for Pr(lll) & Nd(lIl)- Ligand- 2 complex indicate the more stable
stepwise complex formation as compare to Th(IlI$&(lIl) — Ligand 2 complexes.
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Table 1 : Proton-Ligand formation number (n,) at (30+ 0.1)°C and at ionic strength p=0.1 mol.drit
NaClO,4in 70% Dioxane-Water mixure.
[H4AHBP]L [HACHBP]L

pH Vi V2 Vo-Vy Na
3.0 | 1.72] 1.76] 0.04] 0.944
35 | 1.75] 1.86] 0.11] 0.847
40 | 1.78] 1.92] 0.14] 0.806
45 | 1.79] 1.94 0.5/ 0.792
5. | 1.8C | 1.9¢ | 0.1¢ | 0.751:
55 [ 1.8C] 2.0 [ 0.2 | 0.723¢
6.0 | 1.80| 2.02] 0.22] 0.695
6.5 | 1.80] 2.03 0.23] 0.681
7.0 | 1.80| 2.04] 0.24] 0.668
75 | 1.80] 2.05 0.25] 0.654
8.C | 1.8C | 2.0¢ | 0.2¢ | 0.640:
8E | 1.8C| 2.0¢ | 0.2¢ | 0.612
9.0 | 1.80] 2.09] 0.29] 0.598
95 | 1.80] 2.10] 0.30] 0.585
10.0| 1.80] 2.12] 0.32] 0.557
105| 1.80] 2.14 0.34] 0529
11.0| 1.80] 2.1 0.36] 0.502
115 1.82 | 2.2¢ | 0.41 | 0.433:
12.0] 1.82] 2.32 0.47] 0.350
125] 1.90] 2.46 0.56] 0.226

OrT W T O1

= O J

OO0 WHF

[¢2]

©

PH T Vi | Vo [VaVi]| ma
3.C |17z 1.74] 0.0z | 0.972
35 | 1.75] 181 0.05] 0.930
40 [ 1.78] 1.84] 0.06] 0.916
45 | 1.79] 1.87] 0.08] 0.893
5.0 | 1.80] 1.88] 0.08] 0.893
55 | 1.80] 1.90] 0.10] 0.861
6.C | 1.8C | 1.9C | 0.1C | 0.861¢
65 | 1.80] 1.91] 0.11] 0.847
7.0 | 1.80] 1.92[ 0.12] 0.847
75 | 1.80] 1.94 0.14] 0.834
8.0 | 1.80] 1.94] 0.14] 0.806
85 | 1.80| 1.96] 0.16] 0.778
9.C | 1.8C | 1.97| 0.17 | 0.764¢
9.5 [ 1.8C | 1.9¢| 0.1¢ | 0.737:
10.0| 1.80] 2.01 o0.21] 0.709
105 1.80] 2.05 0.25[ 0.654
11.0| 1.80] 2.10] 0.30] 0.585
115 1.82] 217 035 0516
12.C | 1.82 | 2.27 | 0.4z | 0.419¢

O N W TN

NW O o

F O N O

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, 11.5279 11.6227

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

System Log K | LogK, | Log Ki-Log K, | Log Ki/Log K,
Th(ll)- L, | 8.2447 | 3.9558 4.2889 2.0842
Sm(lll)- Ly | 6.2447 | 4.3558 1.8889 1.4336
Nd(lll)- Ly | 7.7447 | 3.9273 3.8174 1.9720
Pr(lN)- Ly 7.3327 | 3.8538 3.4789 1.9027
Th(ll)- L, | 9.2958 | 4.7121 4.5837 1.9727
Sm(Ill)- L, | 8.1336 | 3.9638 4.1698 2.0579
Nd(lll)- L, | 8.2441 | 3.8538 4.3903 2.1392
Pr(lll)- L, | 8.7958 | 3.7538 5.0420 2.3431
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Fig 1 &2 : pH against volume of NaOH at p= 0.1M af30 + 0.1)°C

14 - Tig. 1 System: II4ATIBP(L,) - Ig. 2 System: II4CIIBP(L,)

Alkali Added (ml) ’ ' Alkali Adécd (ml)

Fig 3 &4 : Formation Curves of n, against pH at p= 0.1M at (30 + 0.1C

Fig. 3 System : H4AHBP(L,)
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Fig. 4 System : H4CHBP(L;)
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CONCLUSION

From the titration curve, it is observed that tleparture 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 formationoAdsange 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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