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Stability studies on solution equilibria of Zn(I1) pyrimidine nucleus bases
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pH-metric titrations were carried out to determine the activity and stability of metal chelates of a substituted
pyrimidine nucleus base namely 5-Fluorouracil(5-FU: A) and some essential peptide constituents ie., amino acids viz.
glycine(gly; B), L-alanine(ala; B), L-valine(val; B), L-phenylalanine(phe; B). From the titration data, we have obtained
satisfactory stability constant values for the metal chelates and the stability decreased with increasing temperature. At
different temperatures (300, 310, 320 and 330 + 0.1 K), the thermodynamic parameters (A*G, A*H and A*S) of the formed

species were calculated from the stability constants.
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INTRODUCTION

The transition metal(ll) ions play a vital role in
complexation with nucleus bases and peptides since
metal(Il) ions which act as cofactors in the
enzymatic regulation reactions [1] and as models for
transition metal-based chemical nucleases in
Nucleic acid and Medicinal chemistry [2, 3]. The
chelates derived from nitrogen and oxygen donor
atoms with transition metal (I1) ions take a crucial
place in biological, analytical, industrial and
therapeutic applications [4]. The interactions of
substituted pyrimidine nucleus bases and peptides
with transition metal (II) ions are of considerable
biological interest since such mixed chelation in
biological fluids of living systems shows a sturdy
relation between chelation therapy and pH-metry
[5]. Thus, classical coordination and bioinorganic
chemistry reaches to modern organometallic and
bioorganometallic chemistry [6]. The interaction of
a substituted pyrimidine nucleus base (A) with
Zn(11) metal ion can be interpreted satisfactorily in
terms of the equilibria for the 1:5 stoichiometry;

nTT+ A == ZnA", ZnAT+A"

ZI’IAE
where A = Primary Ligand

The Zn(Il)-amino acids (1:5) systems indicate the
following equilibria, for which the constants have
been measured.

* To whom all correspondence should be sent:
E-mail: psubramaniam.ac@gmail.com

Zn? +B=—= ZnB* |, ZnB¥ <—= znB"+ H', ZnB? + B =~ ZnB,’
Zn* +B == ZnB?" , ZnBY'+—= ZnB'+ H', Zn* +B" = ZnB’
nB T === ZnB + H~ where B = Secondary Ligand

The metal transport is possible in biofluids due to
the extra stability of the formed mixed chelates [5].
The strong affinity of the metal (11) ions to ligands
with nitrogen donor atoms makes peptides
interesting targets for chelate formation research [7—
9]. In view of this, the present work explores the
stability constant and thermodynamic parameters
(A*G, A*H and A*S) at 300, 310, 320 and 330 K
studies on Zn(I11)-5-FU(A)-gly/ala/val/phe(B) metal
chelates.

EXPERIMENTAL
Materials

All the chemicals were of extra pure Sigma
Aldrich and Fluka (Puriss) products. The solvents
used for the physical measurements are of AR grade
and are purified by standard methods [10].
Carbonate free sodium hydroxide (NaOH) solution
(0.3 M) was prepared from a Titrisol solution (CINa)
(Merck) and its concentration was standardized
against standard potassium hydrogen phthalate
(KCgHs0.) solution [11]. Zinc (1) perchlorate:
Zn(ClO4), solution was prepared and estimated.
Doubly distilled CO, free water (H.O) with a
specific conductance equal to (1.81 £ 0.1 At cm™)
was used for the preparation of the solution.
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pH-metric and mixed equilibria studies

Multiple pH-metric titrations were carried out for
each system as per the previously reported procedure
[12-14] and the measurements were restricted
within the pH range 2.5-9.0. Above these pH values,
the systems undergo hydroxylation to form a
precipitate of [Zn(OH),] which interferes with the
measurements. The pH-metric titration curves are
shown in Fig. (1).

25 30 35 40 45
Volume of NaOH added (mL)

Fig. 1. pH-metric titration curves of 5-FU (0.15 M),
Zn(11)-5-FU(A) (1:5), Zn(l1)-5- FU(A)amino acids(B)
(2:1:1) systems at 310 K and | = 0.15 M (where | = lonic
strength).

These pH-metric data were analysed with the aid
of SCOGS (Stability Constants of Generalized
Species) computer program [11-14]. The present
experimental pH readings were corrected by the Van
Uitert and Hass relation [15]. The concentration
distribution curves of various metal speciations in
solution were analysed by HySS (Hyperquad
Simulation and Speciation) program using the
calculated stability constant values [16].

RESULTS AND DISCUSSION
pH-metric and mixed equilibria studies

The binary chelate formation of Zn(ll) with  5-
FU(A) in 1:5 stoichiometry and calculated stability
constant values for the binary systems have been
reported [12, 13]. In addition to various binary
species HA(5-FU-H), ZnA(Zn-5-FU), ZnA(Zn-5-
FU.), HB(gly/ala/val/phe-H), H.B(H-
gly/ala/val/phe-H), ZnB (Zn-gly/ala/val/phe) and
ZnBy(Zn—gly./alaz/vala/phey), the formation of metal
chelates of  stoichiometry = MAB(Zn-5-FU-
gly/ala/val/phe) and MAB:; (Zn-5-FU-
gly-/alaz/vala/phe;) have also been detected  pH-
metrically. Above pH > 9.0, the systems undergo
hydroxylation, forming hydroxo species [Zn(OH)].
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Zn Zn i
The logK 7. ag /logK ZnAB, values obtained at
different  temperatures in  Zn(l)-5-FU(A)-

gly/ala/val/phe(B) systems are given in Table (1) and

are compared favourably with log K %HA value in

Zn(11)-5-FU(A) binary systems. This shows that, the
ligand 5-FU(A) in mixed ligand system binds with a
Zn(1l) ion in a manner similar to its binding in their
binary ZnA system i.e., the ligand 5-FU(A) acts as
bidentate and binds through deprotonated N3 and Cs

carbonyl oxygen atoms. Again, IogK%RB/
IogK%RBzvalues in  ZnAB/ZnAB: systems

compare favourably with logK %RB /

logK §RBZ values in Zn(Il)-amino acid systems

and this shows that the binding mode of secondary
amino acid ligands(B) in mixed chelate
ZnAB/ZnAB; species is similar to its bidentate
binding mode in the corresponding binary systems.
Thus, the four coordinating positions in Zn (11)-5-
FU(A)-gly/ala/val/phe(B) systems would be
occupied by the bidentate binding of 5-FU(A) and
amino acids(B) respectively. The remaining
positions in ZnAB systems would be occupied by
two water molecules to form a stable hexa
coordinated environment Fig. (2).

R = H: Glycine (gly)

CHj; L-Alanine {ula}

CH-CHg; L-Valine (val)

CHy

CHy-CyHe: L-Phenylalanine (phe)

R = H; Glycine (gly)
CHj: L-Alanine (ala)

Zn(11)-5-FU(A)-gly»/alaz(B); MABy

Fig. 2. The proposed structures of (a) MAB and (b)
MAB: species as solution states.
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The binding of amino acid(B) ligands in ZnAB
species in the presence of 5-FU(A) ligand involves a
stable chelate ring. This is also confirmed from the

plot of log K %RA / log K %HEB vs. pKa values

of 5-FU(A) from which it is evident that all the
points due to the binary species fit on a straight line
[17]. Also, the points corresponding to the ZnAB
metal chelates form a straight line parallel to those
of the binary species which is shown in Fig. (3).
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\;: 1og K aiin)-5FU-atad N
" Znfll)-phe
¥ 102 K Znit1)-5FU-phe 4
=56
- &nfll)-val
02K Zniif)-5FU-val
S ez
o2 K Zuii)-srt
+
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b
= .
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Fig. 3. The plot between log K MA I log K MBo vs.

pK values of primary ligand 5-FU(A) at different
temperatures

From Table (1), the overall stability of ZnAB
metal chelates follows the stability order as: Zn (11)—
5-FU—gly > Zn(Il)- 5-FU-ala > Zn(I1)-5-FU-val >
Zn(I)-5-FU-phe. From Table (1), the calculated
Alog Kznap Vvalues for all these systems are more

positive compared to the statistically expected value
[18] which indicates that the marked stabilities of
metal chelates as compared to their binary
analogues.

The calculated disproportionation parameter  (
log X)) values for all the species are higher than 2.28

(statistically expected value = + 0.6) which suggest
that the preference for the formation of ZnAB metal
chelates when compared to the formation of
corresponding binary ZnA./ZnB; species i.e., the
inter—ligand and electronic interactionsare presentin
the metal chelates [19].

The log X wvalues can only indicate the

coordination tendency of the secondary ligand
towards binary ZnA species, but it fails to explain
the stabilizing order of metal-ligand bonds after the

species formation. Hence, a new parameter log X

is considered and the observed log X " values are
greater than 0.3. It suggests that ZnA and ZnB bonds

in mixed chelate systems are stronger than those of
binary systems. Also, the percentage relative
stabilization % R.S. parameter indicates a noticeable
stabilization is present in the ZnAB metal chelates
than the corresponding binary species [20].

Stability and structure of MAB; species

The ZnAB; species for the Zn(11)-5-FU(A)-
gly/ala(B) systems, the solvent water molecules of
ZnAB species would be replaced by a second
molecule of glycine/alanine ligands(B). The

; ZnB .
obtained 2/ ZnA _ values in
logK ZnAB, logK ZnAB,

Zn(11)-5-FU—gly/ala systems are comparable with
Zn ZnA : -
logK and |ogK values in the binary

9% Zna 9" ZnB,

systems. The ZnAB; species in the Zn(I1)-5-FU(A)-
gly/ala(B) systems would be six coordinated due to
the bidentate binding nature of one molecule of 5-
FU(A) and two molecules of gly/ala(B) ligands

respectively. The calculated AlogK ZnA82

values are more positive while compared to the
statistically expected values indicating the enhanced
stabilities for ZnAB; systems [19, 20].

Species distribution diagram

The speciation diagram for Zn(Il) metal chelate
systems, taken as a representative pyrimidine amino
acid, is given in Fig. (4). The deprotonated Zn(11)-5-
FU(A)-gly(B) species (M:A:B = 1:1:1) attains a
maximum concentration of 61 % at pH 6.3. The log
f value of this species is 10.50 at 310 K with a %
R.S. value of 9.89. The species Zn(11)-5-FU(A)-
ala(B) starts to form at pH ~3.4 and with increasing
pH, its concentration increases reaching the
maximum of 66% at a pH ~ 6.4. The MAB species
of zZn(I)-5-FU(A)-val(B) and Zn(I)-5-FU(A)-
phe(B) metal chelate systems were found with
maximums of 63 % and 64 % at pH 7.1 and 6.4
respectively.

In addition, the ZnAB; species is formed with
gly/ala(B) and the formation starts above a pH of 7.2.
It has been found that their percentage of formation
increases with the pH in the range 7.2-8.4 and
reaches saturation values at only ca. 17.12-18.31 %
of the total of Zn(ll) ions.

Effect of temperature and thermodynamic
parameters

Determination of the thermodynamic parameters
(A*G, A*H and A*S) relative to the formation of metal
chelates for binary Zn(l1) systems are given in Table
(2) and are shown in Fig. (5).
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Table 1. Stability constant and stabilization effects of the metal chelates for Zn(11)-5-FU(A)—gly, ala, val and phe(B)
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systems in an aqueous medium at different temperatures in | = 0.15 M (NaClOa,)

Pararaeters

Stahility const ant values o dif ferent terrperature

300K 30K 30K DK
gly ala wal ple gly ala val ple gy ala wal ple gly ala val ple
bef pdn 10639 1096 100607 100D 105000 103603 10063 99EE) 10 1023 99WT 924 10.28(6) 1009(7  BANA 9755
lugﬂz,ﬂgg 1491(5) 14657 14716 14547 1455 148408 1406 1435
lugK% 524 507 477 4653 522 508 473 455 521 510 430 457 521 511 479 457
lngK?YjB 536 565 564 565 515 569 569 559 575 572 570 572 57 5175 576 573
b2, 051 92 943 926 939 927 932 926
Z AR !
B,
longz 593 532 585 580 584 578 580 5175
B
log& 4238 410 421 413 418 417 411 415
&5 mAB,
MogKzrgp 03r 026 025 026 047 041 04l 04t 0358 053 053 035 069 067 063 085
Alog &
BL7ndBpsy  pa3 057 052 067 061 072 057
g Xz, 239 240 232 228 260 244 241 238 263 247 248 244 270 251 254 249
logX'p, 146 135 134 135 149 143 143 143 151 148 146 148 157 155 156 153
SRS 760 54 553 505 959 27 938 9567 1253 129 1241 135 1527 1509 16.55 16.17
Standard deviations are given in parentheses [Error limit: + (0.02 — 0.08)
100 Zn(l1)-5-FU(A)-gly(B) - Zn(11)-5-FU(A)-ala(B)
= 80 80
t =
g £
2 H
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Fig. 4. Species distribution diagrams of Zn(I1)-5-FU(A)-gly/ala/val/phe(B) chelates(1:1:1) at 300 K in aqueous
medium (1) free Zn(l1) ion, (2) Zn(11)-A, (3) Zn(I1)-Az, (4) Zn(I1)-B, (5) Zn(I1)-By, (6) Zn(I1)-AB and (7) Zn(11)-AB;

species.
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Table 2. Thermodynamic parameters for binary systems of Zn(I1)-5-FU(A) and Zn(I1)—gly/ala/val/phe(B) and

Zn(11)-5-FU(A)- gly/ala/val/phe(B) metal chelates.

-A*G (kJ mol™)

A'S (I Ktmol?)

. —AIH
System Species KJ mol-X
Temperature (K) (k) mol™) Temperature (K)

300 310 320 330 300 310 320 330

HA 4458 4594 4736 4872 38.16 2138 2510 28.76 31.99

Zn(I)-5-FU(A) HA - - - - - - - - -
ZnA 30.96 3134 3168 32.10 19.72 3746 3748 3736 3751

ZnA, 55.66 56.63 57.66 58.64 2577 99.63 99.53 99.64 99.51

HB 56.12 56.86 56.86 56.68 50.82 17.68 19.51 18.88 17.76

2i1-ay®) H.B 69.22 69.68 70.83 70.83 52.71 55.02 54.75 55.08 54.91
gy ZnB 27.97 28.19 2837 28,56 2217 19.34 19.43 19.36 19.36

ZnB, 5158 52,59 53.43 5434 24.24 91.14 91.45 9121 9121

HB 57.67 57.60 58.12 58.83 4851 3053 20,62 30.10 3125

(1D ala® H.B 7111 72.12 73.04 73.80 4413 89.95 90.29 90.33 89.92
n(In-ala(B) ZnB 2763 2772 27.88 28.05 23.32 14.36 14.11 14.24 1434
ZnB, 50.72 51.88 53.06 54.28 1518 11846 11837 11837 11846

HB 58.07 58.41 59.13 59.58 42.86 50.70 50.14 50.82 5067

Z0(Ival®) H.B 72.72 73.90 7457 7557 45.09 92.12 92.94 92.13 92.38
ZnB 2576 25.94 26.16 25.97 2577 064 0.54 1.22 0.60

ZnB, 4773 48.49 4932 50.04 24.45 7761 7756 7772 7755

HB 5451 5473 54.90 55.48 45.38 30.42 30.14 2073 3058

Z0(11)-phe(8) H.B 68.70 69.27 70.34 7121 4251 87.30 86.32 86.97 86.97
ZnB 25.10 25.17 2524 25.40 2219 970 9.60 9.54 9.72

ZnB, 4636 4713 47.98 48.84 19.51 89.48 89.00 88.95 88.88

(I 5FUAglyE) 2B 61.06 60.08 5856 57.56 2164 13141 14335 13392 13503
ZnAB, 85.65 84.15 83.11 75.07 3186 17928 24547 16911 17474

Zn(l5-FUCA)alaE) Z7AB 62.32 61.49 59.71 58.04 1708 13125 14327 13396 13514
ZnAB, 8731 86.30 87.73 82.01 1951 17888 21546 17311 16211

Zn(I)-5-FU(A)—val(B) ZnAB 63.60 62.93 61.08 6029 1819 13113 24327 13487 13502
Zn(I-5-FU(A)—phe(B) ZnAB 89.21 88.48 82.36 72.60 1705 17922 21551 17890  188.44

The calculated A*H and A*S values can be
considered as the sum of two contributions such as
the release of solvent (H.O) moleculesand  metal-
ligand bond formation. From Table (2), the abnormal
high positive A*S values of the binary systems are
consistent with the hypothesis that a large number of
water molecules are released upon complexation
[19, 20].

The thermodynamic parameters for all the mixed
ligand ZnAB and ZnAB; systems are given in Table
(2). A negative A*G values for all these complexes
suggest the complexation process is spontaneous
[17-20]. The negative A*H values show that the
chelation process is exothermic and the
complexation process favorable at very low
temperature. All the species show positive A*S
values which suggest that the complexation of the 5-
FU(A) ligand with a zZn(ll) ion in the presence of
amino acid(B) ligands is entropically favorable.

14 Zn(l1)-5-FU(A)-gly (B)
Enill-5-FUiA)-ala (B)
Zn(l1)-5-FU(A)-gly(B)
13 In(I1)-5-FUiA)-ala(B)
Zn(11)-5-FU(A)-val(B)
Zn(l1)-5-FU{A}-phe(B)

e e S

0.00301

0.00308  0.00315  0.00322

i
Fig. 5. The Van’t Hoff plot of 10g B 1 values of

0.00329  0.00336

Zn(I)-5-FU-gly/ala/val/phe(B) and |og BM AB, values

of Zn(11)-5-FU(A)—-gly./ala; systems vs. 1/T for MAB
and MAB; mixed chelates.
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Electronic absorption spectra

The diamagnetic nature of the Zn(Il) ion does not
show any d-d transition in the visible region.
However, the Zn(I)-5-FU(A)-gly, ala, val and
phe(B) metal chelates show only one band at 26381
(379 nm), 26246 (381 nm), 26455 (378 nm) and
26372 cm™ (379 nm) respectively in the UV region
due to L—M charge transfer (LMCT) transition,
which corresponds to a six—coordinated distorted
octahedral environment around the Zn(ll) ion with
two water molecules present in the z—axes of the
cartesian coordinate [21].

CONCLUSION

The solution equilibria studies of Zn(Il)-5-
FU(A)—gly/ala/val/phe(B) metal chelates in an
aqueous medium at different temperatures (300,
310, 320 and 330 *+ 0.1 K) have been studied at a
constant ionic strength (I = 0.15 M). The percentage
distribution of various binary and metal chelate
species in the solution state on the basis of various
equilibrium data have shown that ZnAB metal
chelates have a higher stability than other species
formed. Moreover, the amino acids gly(B) and
ala(B) have found to form moderately stable ZnAB;
species in addition to the most stable ZnAB species.
The thermodynamic factors such as A*G, A*H and
A*S, and the binding nature of ligands in terms of
Alog K have also been determined along with the

log X statistical parameter.

Acknowledgement: All of us dedicate this paper
to our beloved late Professors Dr. T. C. Manohar
and K. Natesan, Department of Chemistry and
Research Centre, South Travancore Hindu College,
Nagercoil, India. PS and SS thank the Management
of Aditanar College of Arts and Science,
Tiruchendur for providing Research facilities.

352

REFERENCES

1.S. A. Rahim, S. Hussain, M. Farooqui, Chem. Science
Trans., 4, 176 (2015).

2.J. Mosquera, M. I. Sanchez, J. L. Mascaren aS, M.
Eugenio Vazquez, Chem. Commun., 51, 5501 (2015).
3.A.T. Abdelkarim, International Journal of Pharma

Sciences., 5, 839 (2015).

4.M. M. Mahrouka, A. T. Abdelkarim, A. A. El-Sherif,
M. M. Shoukry, Int. J. Electrochem. Sci., 10, 456
(2015).

5.V. Shalini, S. Dharmveer, K. Rajendra, S. Brajesh
Kumar, V. Krishna, Res. J. Chem. Sci., 5, 42 (2015).
6.W. Beck, Z. Naturforsch., B: Chem. Sci., 64b, 1221

(2009).

7.M. S. Aljahdali, A. T. Abdelkarim, A. A. El-Sherif, M.
M. Ahmed, J. Coord. Chem., 67, 870 (2014).

8.A.T. Abdelkarim, A. A. EI-Sherif, Eur. J. Chem., 5, 328
(2014).

9.M. S. Aljahdali, A. T. Abdelkarim, A. A. EI-Sherif, J.
Solution Chem., 42, 2240 (2013).

10.D. D. Perrin, W. L. F. Armarego, D. R. Perrin,
Purification of Laboratory Chemicals, Pergamo Press,
Oxford, 1980.

11.G. Gran, Analyst, 77, 661 (1952).

12.S. Shobana, J. Dharmaraja, S. Selvaraj, Spectrochim.
Acta, 107,117 (2013).

13.S. Shobana, P. Subramaniam, J. Dharmaraja, S.
Arvindnarayan, Inorg. Chim. Acta, 435, 244 (2015).
14.J. Dharmaraja, P. Subbaraj, T. Esakkidurai, S.
Shobana, S. Raji, Acta Chim. Slov., 61, 803 (2014).
15.L. G. Van Uitert, C. G. Haas, J. Am. Chem. Soc.,

75, 451 (1953).

16.L. Alderighi, P. Gans, A. lenco, D. Peters, A. Sabatini,
A. Vacca, A., Coord. Chem. Rev., 184, 311 (1999).

17.H. Sigel, Chem. Soc. Rev., 22, 255 (1993).

18. H. Sigel, Angew. Chem. Int. Ed., 14, 394 (1975).

19.H. Sigel, IUPAC Coordination Chemistry—20, D.
Banerjea (Ed.), Pergamon Press, Oxford, New York,
27 1980.

20.R. Thanavelan, G. Ramalingam, G. Manikandan, V.
Thanikachalam, J. Saudi Chem. Soc., 18, 227 (2014).

21.M. Zaky, M. Y. El-Sayed, S. M. EI-Megharbel, S. A.
Taleb, M. S. Refat, Bulgarian Chem. Commun., 47,

105 (2015).



S. Shobana et al.: Stability studies on solution equilibria of Zn(ll) pyrimidine nucleus bases

N3CJIEABAHNA HA CTABMJIHOCTTA HA PABHOBECHETO B PA3TBOPU HA Zn(1)-
KOMIUIEKCHU C ITMPUMUJINHOBU BA3U1

C. llo6anal, IT. Cybpamanuam™™, k. xapmapamka?, C. Apeuna Hapasu®, JI. Mury*

Yenapmamenm no xumus ¢ Mscnedosamencku yenmup, Konesxc ,, AOunamap * 3a uskycmeo u nayxa,
Bupananouannamuam, Tupyuendyp—628 216, Tamun Haoy, Unous

2lenapmamenm no xumus, Paxynimem 3a Hayka u xymanumapnu oetinocmu, Konexc ,, Cpu Cayoambuxa* no
unacenepcmeo, Yemuxypuuu, Apynykomai — 626 134, Tamyn Haoy, Unous

2flenapmamenm no nayka u xymanumapHu oeiinocmu, Konesxc ,, Poxunu “ no unsjicenepcmso u mexuono2uu,
Anooicyepaman, Kansaxymapu—629 851, Tamyn Haoy, Hnous

4flenapmamenm no ¢usuxa u xumus, Yuusepcumem 6 Humewy, ITumewy —110040, Pymvrus

Iocrbnuna Ha 19 oxkTomBpH, 2015 r.; kopurupana Ha 8 anyapu, 2016 1.
(Pesrome)

N3znomssano € pH-MeTpruyHO THUTpyBaHE 3a ONpEAENsHE Ha aKTUBHOCTTA M CTAOMIHOCTTAa HAa METAIHU XEIAaTH
Ha 3aMECTEeHH NUPUMUANHOBH 0a3u T.e. S-uyopoarmin(5-FU: A) u HIKOM eceHIMalHHU NEeNTHIHH KOMIIOHEHTH, T.C.
amuHokucenuHu: riauuuH (gly; B), L-ananun (ala; B), L-Banun (val; B), L-¢pennnananun (phe; B). Ot nannure or
TUTPYBAHETO HHE IOJyYMXME 3aJI0BOJIMTEIHU CTOHHOCTH 3a CTAaOWIMTETHHTE KOHCTAHTHM HAa METAJHU XeNlaTH, KaTo
CTaOMIIHOCTTa HaMaJsIBallle C MOBUIABAaHETO Ha Temmeparypara. OT Te3u CTaOMJIMTETHH KOHCTAHTH Ca WU3YHCIICHH
TEpMOMHAMHYHHUTE TIAPAMETPH Ha M3cieBaHuTe cheaunenus (A*G, A*H u A*S) npu pasnuunu temneparypu (300, 310,
320 1 330 + 0.1 K).
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