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ABSTRACT

Substituted thiopyrimidine drugs are synthesize in laboratory by reported method. The physic-chemical study of
substituted thiopyrimidine carried out by pH-metric method by considering their interaction with Ni(Il), Cu(ll) and
Zn(11) metal ionsat 0.1 M ionic strength in 70 % DMF-water mixture by Bjerrum method as adopted by Calvin and
Wilson. These study useful to understand type of complex formation between transition metal ion and thiopyrimine
drugs(L, and L,). Present work deal s with determination and comparison of stability constant.
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INTRODUCTION

In medicinal chemistry pyrimidine derivative areryewell known for their therapeutic applications.aMy
pyrimidine derivative have been developed as cheemapeutic agents and are widely used. A survdiesiture
has shown that compounds having a Antiviral [1lik@cterial[2], antimalarial[3], antihypertensivg[dnd anti-
inflammmatory activities[5,6]. So physico-chemistlidy of substituted thiopyrimidine has an impoctan

Mixed metal complexes play vital role in varioudlbiical systems[7] and in different fields of chistry[8,9].
Hence, the stability and reactivity of these cometiehave been an active field of research[10]. ugrowing
interest in the use of sulphur containing compoundanalytical as well as structural studies of ahebmplexes,
sulphur containing substituted thiopyrimidine drugse taken in present study. The significance afse¢h
thiopyrimidine enhanced by the fact that it disglaydependent therapeutic activity[11].

Coordination compounds also played a very importald in biological activities for removal of undesble and
harmful metals from living organisms. The applioatiof coordination chemistry is varied in the fiafibiology,
biochemistry, medicine, agriculture, organometalticemistry, solid state chemistry, catalysis andemdar
receptors and devices. The metal ion complexescatadyst are invariably involved in various indiatprocesses.

Stability constant is well known tool for solutiochemist, biochemist, and chemist. In general t Hek
determination the properties of metal-ligand reaxgi in water and biological system[12]. In the gtunf
coordination compound in solution, first and foreeequirement is the knowledge of stability constaf
complex. For correct interpretation of complex, knewledge of stability constant is essential. &gk information
of stability constant is of great importance in Igtieal and separation procedure. To remove undbkgrand
harmful metals from living organism, chelating atgeare very much useful in biological systems. Tdjilges
importance to the study of determination of st@ponstant of metal complexes.
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Many workers study the effect of transition metal a stability of complex by pH metrically[13,14,16]. The

most important characteristics of the central atwimich influence the stability of complex compoura® the

degree of oxidation, the radius and electroniccstme. The strength of binding of ligand to the tcelnmetal ion is
depending on structure of ligand molecule or ioAsI8,19]. The stability of complexes is dependguiruthe size
and number of chelating rings also. The structdirehelating agent determines the size of the cimgaings and
the number of rings formed on chelation. It haschathed that five and six member rings of amino atidlates are
the most stable and it is observed that, in gertbalfive member ring is more stable when the iggntirely

saturated[20,21].

In the present work, effect of metal ions such a@l)N Cu(ll) and Zn(ll) on the properties of suliated
thiopyrimidine complexes in 70% DMF+water mixturé 809K had studied. Ligands used ( Substituted
thiopyrimidine drugs)

L;: R= -3-Chloro
J\ L,: R= -3-Bromo
=N

]
L,: 6-chloro-3-(6-(3-chlorophenyl)-2-mercapto-3,4-dikidropyrimidin-4-yl) cinnolin-4(3H) one
L2: 3-(6-(3-bromophenyl)-2-mercapto-3,4-dihydropyrimdin-4-yl)-6-chlorocinnolin- 4(3H)one

Cl

MATERIALS AND METHODS

All chemicals of AR grade are used. The ligandg) & (L,) were synthesized in the laboratory by reported
protocol. The stock solutions of the ligand waspared by dissolving required amount of ligand iofa 70%
(DMF+water) mixture.

Metal ions used (divalent metal ion in nitrates foms)
Ni(I1), Cu(I) and Zn{I).

Stock solution
1M KNO; solution, 0.1M HNQ solution, 0.1M NaOH and 0.01M Transition metal i@wdution are prepared in
double distilled water . 0.01 M ligand (Bnd L) solution in 70% (DMF —water) mixture.

 Calvin —Bjerrum titration methods

All pH-metric titrations and pH-measurements weagried out with EQIP-TRONIC DIGITAL pH meter model
EQ-610 (accuracy +0.05 units) with a glass androal electrodes assembly. at (36x8clp 70% (DMF-water)
mixture and at an inert atmosphere by bubblingpgén gas .

General procedure :

Types of Titrations

i) Free acid HNQO0.01 M)

i) Free acid HNQ(0.01 M) and ligand (20 x 1)

iii)Free acid HNQ (0.01 M) and ligand (20 x 19 and metal ion (4 x ItM) against  standard 0.1N NaOH
solution.

The ionic strength of all the solutions was maiméai constant 1M by adding appropriate amount of Kki&ution.
All the titrations were carried out in 70% (DMF-wat mixture and the reading were recorded for daéhml
addition. The graph of volume of alkali added (NgQ@idainst pH were plotted.

CALCULATION
Titration curves are used to estimate the valueg,ofproton -ligand formation number) which are preednn

Table-1 to 2. Formation curve are constructed &aetWTA and pH. The pH values at Ori represent the pK values
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(proton-ligand dissociation constants) of respectigand. Proton ligand dissociation constants (pk evaluated
and presented in Table-3, which are calculatedatfyiitegral and verified by pointwise calculatiomgthod.

RESULTS AND DISCUSSION

The ligands involved in the present work may besidered as a monobasic acid having only one diablecH ion
from thiolic -SH group and it can therefore, beresgnted as HL. The dissociating equillibria castb@wvn as.

HL H" + L~
By the law of mass action, we have,
PR I |

[HL ] 1)

where, the quantities in bracket denote the ams/inf the species at equilibrium.

Calculation of Proton-Ligand Stability Constant (FA)

The plots between volume of NaOH and pH of the temluwere used to determine the proton ligand Btabi
constant (representing the replacement bfads from functional group of ligand with respeotgH value). The
horizontal difference (V) was measured accurately between the titratiomesuof free acid and acid + ligand. It

was used to calculate the formation numEgr at various pH values and fixed ionic strength Q.M using Irving
and Rossotti’'s equation[22,23]

= Vv, -V)IN+E")
A= ' |1._": + 1‘.-: :'T._‘:

where, V is the initial volume of the solution.°@nd TL° are initial concentrations of the mineral acid digdnd
respectively. Y and \4 are the volumes of alkali of normality N duringethcid and ligand titration at given pyis
the replaceable proton from the ligand.

The data ofniA obtained at various pH along with the horizontdledence for some representative systems are
represented in Table 1 to 2.

The metal-ligand formation numberYis estimated by Irving-Rossotti's equation.

— _ (v,-Vv,)(N+E)
(Ve +v,)n, T,°

where the notations have the same meaning as givesrlier equation. The horizontal difference-{,) between

the metal complex (A+M+L) and reagent (A+L) cungeused to evaluate the value Bf using Irving Rossotti’'s
equation.

134
Pelagia Research Library



. P. Wadekar et al

Adv. Appl. Sci. Res,, 2014, 5(6):132-138

Fig-1:pH metric titration Fig-2:pH metric titration
14 Free acid+LigandL, 1 Free acid+LigandL, 1
12 12 - 12
10 10 - 10
8 - 8 -8
s S
6 6 - 6
4 4 -4
2 2 -2
0 0
0
0 2 4 6
0 2 4 6
Volume of alkali (ml) Volume of alkali (ml)
Table —1: Determination oan Values of Ly Table — 2: Determination ofl’!A Values of L,
pH Vi Vs V-V N pH Vi V, V-V, LN
4.50 3.00 3.08 0.08 0.7143 4.50 3.00 3.05) 0.04 12.82
5.00 3.15 3.24 0.09 0.6803 5.00 3.15 3.21 0.06 69.78
5.50 3.21 3.32 0.11 0.6101 5.50 3.21 3.28 0.07 1975
6.00 3.25 3.37 0.12 0.5752 6.00 3.25 3.34 0. 0.6814
6.50 3.28 341 0.13 0.5403 6.50 3.28 3.38 0.1¢ 63.64
7.00 3.33 3.47 0.14 0.5058 7.00 3.33 3.45) 0.17 63.57
7.50 3.36 3.52 0.16 0.4358 7.50 3.36 3.49 0.13 16.54
8.00 3.40 3.57 0.17 0.4014 8.00 3.40 3.55 0.1§ 1®47
8.50 3.43 3.61 0.18 0.3669 8.50 3.43 3.59 0.14 @43
9.00 3.46 3.65 0.19 0.3324 9.00 3.46 3.64 0.14 5.36
9.50 3.49 3.69 0.20 0.2980 9.50 3.49 3.68 0.14 .33
10.00 3.53 3.75 0.22 0.2289 10.00 3.53 3.74 0.21 2639,
10.50 3.56 3.80 0.24 0.1597 10.50 3.56 3.78 0.22 2247.
11.00 3.59 3.84 0.25 0.1256 11.00 3.59 3.83 0.24 1605
11.50 3.65 3.92 0.27 0.0576 11.50 3.65 3.90 025 127
Table 3 : Proton —Ligand stability Constants (pk)
pK pK
Ligand (Half Integral | (Pointwise
Method ) Method )
(L,): 6-chloro-3-(6-(3-chlorophenyl)-2-mercapto-3,4-dingpyrimidin-4-yl) chlorocinnolin-4(3H) one 8.30 A.
(L,): 3-(6-(3-bromophenyl)-2-mercapto-3,4-dihydropyrinmii-yl)-6-chlorocinnolin-4(3H)one 7.80 7.89
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Fig-3: Formation of nA Vs pH Ligand-L3 Fig-4: Formation of nA Vs pH Ligand-L4
1.0000
1.0000
0.8000
0.8000
0.6000
0.6000
<
< <
[ =
0.4000
0.4000
0.2000
0.2000
0.0000 0.0000
2.00 4.00 6.00 H8.00 10.00 12.00 200 4.00 6.00 H800 10.00 12.00
p . . 00pH8- . .
Table — 4: Table - 5: Table — 6:
Determination of N Determination of N Determination of N
System L + Ni(ll) System Ly + Cu(ll) System Ly + Zn(ll)
pH Vs, V3 V3V, n pH Vs, V3 V3V, n pH Vs, V3 V3V, n
5.00 | 3.05| 3.07] 0.02] 0.3993 5.00 3.p5 3|07 002 39 | 5.00| 3.05 3.01 0.02] 0.3993
550| 3.13| 3.16 0.03] 0.6488 550 3.3 3|16 0/03 8864 | 550| 3.13] 3.1 0.03] 0.6488
6.00 | 3.20| 3.24 0.04| 0.9014 6.00 3.0 324 0/04 1890 | 6.00| 3.20] 3.24 0.04 0.9014
6.50 | 3.26| 3.300 0.04| 1.0400 6.50 3p6 3|30 004 0DQO4 | 6.50| 3.26/ 3.31 0.09 1.3000
7.00| 3.31| 3.36 0.05] 1.2966 7.00 3B1 3|37 0/06 5B55 | 7.00| 3.31] 3.3§ 0.09 1.2946
7.50| 3.37| 3.43 0.06] 1.7314 750 3B7 344 007 9@01 | 750| 3.37] 3.43 0.06 1.7314
8.00 | 3.43| 3.49 0.06] 2.0890 8.00 343 350 007 7243 | 8.00| 3.43] 350 0.07 2.4372
8.50| 3.48| 3.55 0.07| 26118 8.50 348 3|55 0/07 1841 | 850| 3.48 3.5 0.08 2.9849
Table - 7: Table — 8: Table — 9:
Determination of N Determination of N Determination of N
System L, + Ni(ll) System L, + Cu(ll) System L, + Zn(ll)
pH Vz V3 V3—V2 n pH Vz V3 V3—V2 n pH Vz V3 V3—V2 n
5.00 | 3.06| 3.08 0.02| 0.4157 500 3p6 308 0/02 3943 | 5.00| 3.06) 3.08 0.02] 0.4339
5.5C | 3.14 | 3.17 | 0.0z | 0.677¢ 5.5( | 3.14| 3.17 | 0.0z | 0.677¢ 55C | 3.14 | 3.17 | 0.0z | 0.677«
6.00| 3.21| 3.24 0.03] 0.7078 6.00 3Pp1 325 0/04 2994 | 6.00| 3.21] 3.24 0.03 0.7072
6.50 | 3.27| 3.31 0.04| 1.0968 6.50 3.7 331 0/04 8BQ3 | 6.50| 3.27| 3.31 0.04 1.0383
7.00| 3.33| 3.37] 0.04] 1.1569 7.00 383 3|37 004 2009 | 7.00| 3.33 3.37 0.04 1.0921
7.50| 3.39| 3.43 0.04] 1.3046 750 3B9 343 0/04 222 | 750| 3.39] 3.44 0.09 1.5277
8.0C | 3.44 ] 3.48 | 0.0¢ | 1.497( 8.0 | 3.44 | 3.4¢ | 0.08 | 1.623( 8.0C | 3.44 | 3.4¢| 0.0t | 1.623(
8.5( | 3.4¢ | 3.5¢| 0.0t | 2.016: 8.5( | 3.4¢ | 3.5¢| 0.0 | 1.859¢ 8.5( | 3.4¢ | 3.58 | 0.0€ | 2.231¢
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Fig-5 : plot of n Vs pH of Fig-6 : plot of n Vs pH of Fig-7 : plot of n Vs pH of
Syst L1-Ni(ll - -
ystem i(n) System L1-Cu(ll) 2.0000 System L1-Zn(ll)

2.0000 2.0000

1.5000
1.5000 1.5000
1.0000 1.0000 1.0000
c c c
0.5000 0.5000 0.5000
0.0000 0.0000 0.0000

4.00 6.00 8.00
4.00 pH 6.00 8.00 4.00 oH 6.00 8.00 oH
Fig-8 : plot of n Vs pH of Fig-9 : plot of n Vs pH of System Fig-10 : plot of n Vs pH of
System L2-Ni(l) L2-Cu(i) System L2-Zn(ll)
2.0000 2.0000 2.0000
1.5000 1.5000 1.5000
c < <
1.0000 1.0000 1.0000
0.5000 0.5000 0.5000
0.0000 0.0000 0.0000
4.00 pHG.OO 8.00 4.00 pHG.OO 8.00 4.00 pH 6.00 8.00

Table 10 : Metal —Ligand stability Constants (Logkvalues)

Ligasgjt:-enh;létal logK; | logK; | logKi/logK; | logks-logk,
Zn(ll) 5.8447| 4.0038 1.459788 1.8409
Ly Cu(ll) 5.7947| 4.0538 1.429449 1.7409
Ni(ll) 5.7947| 3.9038 1.484374 1.8909
Zn(Il) 5.2947 | 2.9538 1.792505 2.3409
L, Cu(l 5.4447| 2.8538 1.907877 2.5909
Ni(ll) 5.3947| 2.6538 2.032821 2.7409
CONCLUSION

From figure 1 and 2, it is observed that the désmabf (acid + ligand) curve and (acid +ligand €tal) curve for
all systems started from pH = 4.40 this indicateel tommencement of complex formation. Colour change
yellow to brown in the pH range from 4.40 to 11dfring titration support the complex formation beem metal
and ligand. Table 3 show proton-ligand stabilitpstant of ligand (1) is higher than ligand ¢). Due to greater +R
effect of bromo than chloro substituent, ligand) (icom more stable metal complex than ligang) (Erom table-10

it is observed that difference of stability constanall system is more than 2.5 indicate thera isimultaneous
complex formationlf the ratio between metal- ligand stability coma{bogk,/ Logk,) is greater than 1.5 then there
is a stepwise formation of metal ligand complexrfrthe table-10 it is observed that, ratio of digbconstant of
ligand Ly and L, is more than or close to 1.5 for all metal ioridate stepwise complex formation.
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