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ABSTRACT

Ternary 1:1:1 complexesof Pd(I1) with dipicolinic acid (DPA) or iminodiacetic
acid (IDA) asaprimary ligands and some selected mono- and dicarboxylic
amino acids (glycine, a-alanine, leucine, valine, phenylalanine, tryptophan,
methionine, histadiene aspartic acid, and glutamic acid), aromatic carboxylic
acids (salicylic and phathalic), and aliphatic carboxylic acids (succinic, ox-
alic, malic, maleic, malonic, and tartaric) asasecondary ligands by potentio-
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metric techniqueat T=30°C and | =0.1 mol-dm®NaNO,. Theternary com-
plexesareformed in astepwise mechanism. Confirmation of theternary com-
plexesin solution has been carried out using conductometric measurements.
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INTRODUCTION

Interest in the study of reaction of the Pd(l1) ions
with variousdonor atom ligands of biological impor-
tance began with the discovery of Rosenberg et d. that
certain platinum complexesexhibit carcinostatic activ-
ity Amongthefirst to beusedfor clinica trid sagainst
tumors, werethe anal oguesto cisplatin, complexes of
Pd(I1), cis-Pd(en)Cl, and cis-Pd(DACH),Cl, because
Pd (1) hasavery similar chemistry to Pt(I1) forming
sguare planar complexes.? Both Pd(11) and Pt(11) are
soft lewisacidsand form stronger bondswith nitrogen
or sulfur donors (soft bases) than oxygen donors (hard
base). Thedifficulty instudying theplatinium complexes
directly istheir kineticinertnessand dueto thesimilari-

tiesinthegenera chemistry of Pt(11) and Pd(11), aswell
as the increased rates of reaction of Pd(Il) ions (on
average approximatdy 10 timesfaster than platinum),
palladium anal ogues are studied instead of, or aswell
as, the platinum compounds. It was al so suggest that
thefaster aquation of palladium (1) than of platinum
(1) invitro, makestheformer abetter mode for stud-
iesof thereactionsof thelatter invivo4 with biologi-
cal molecules, sincethesereactionsawaysstart with
theaguation of the platinum (I1) complexes. The Pd(11)
ionsare capable of interactioning with DNA .57 Das
and Livingston€® had suggest that S, N- chelate com-
plexesof Pd(I1) were expected to exhibit anti-tumor
and anti-microbid activities, despitethenon-activity and
hightoxicity of itscomplexswith mono-dentateligands.
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Dipicolinicacid (pyridine2,6-dicarboxylicacid) is
present in nature as an oxidative degradation product
of vitamins, coenzymesand dkaoids. Dipicolinicacid
showsvarioushiologica functionsind uding activation/
inactivation of some meta loenzymes,®% inhibition of
€l ectron transport system,™! actsasapotent inhibitor
of LDL oxidation."? Dipicolinicacidisadesirablemetd
ion ligand because of itslow toxicity and amphophilic
nature. Dipicolinic acid isfurthermorere ated to pyri-
dine-2,3- dicarboxylic acid (quinolinic acid), whichis
dsoanintermediatein thetryptophan degradation path-
way and aprecursor of NAD.

In the present work, wereport astudy on the solu-
tion equilibriainvolved in the formation of ternary
Pd(I1)complexesinvolvingdipicolinicacid (DPA) and
iminodiacetic acid (IDA), an important biological
complexing agent, asaprimary ligandsand someamino
acids(glycine, a-alanine, leucine, valine, phenylalanine,
tryptophan, methionine, histadieneaspartic acid, and
glutamicacid), aromatic carboxylicacids(sdicylicand
phathalic), and adiphatic carboxylic acids (succinic, ox-
alic, maic, maeic, maonic, andtartaric) asasecond-
ary ligands by potentiometric techniqueat T =30°C
and | =0.1mol-dm?=.

EXPERIMENTAL

M aterialsand Solutions

PdCl., dipicolonic acid (DPA), andiminodiacetic
acid (IDA) werefrom fluke. Amino acids (glycine, a-
danine, leucine, vaine, phenylaanine, tryptophan, me-
thionine, histadiene aspartic acid, and glutamic acid),
aromatic carboxylicacids(sdicylicand phathdic), and
aliphatic carboxylic acids(succinic, oxdic, malic, ma
leic, mdonic, andtartaric) wereandytica-grade (Aldrich
or Merck) products. Stock solutions of Pd salt was
prepared in delonized water. A carbonate-free sodium
hydroxide (titrant, prepared in 0.1 mol-dm* NaNO,
solution) was standardi zed potentiometrically with KH
phthalate (Merck AG). A nitric acid solution (0.04
mol-dm3) was prepared and used after standardiza-
tion. Sodium hydroxide, nitricacid, and sodium nitrate
werefromAldrich.

Apparatusand Procedure
Thetitrationswereperformed at (30+0.1) °Cina
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double-waled cdl fitted with athermostat CG 825 pH-
meter using aglass el ectrode was used to monitor the
pH changes. Thetitrant (CO,-free standard NaOH)
wasadded tothetitration cdll, and the pH changeswere
monitored through the pH meter. The pH meter was
calibrated with standard buffer solutions (pH 4.0 and
10.0) beforethe pH measurements. Theionic strength
waskept congtant (0.10 mol-dm™) usingaNaNO, so-
lution, and atota volume of 50 cm® wasused for each
titration.

For thestudy of ternary (1:1:1) complexes, thedif-
ferent solutionstitrated were asfollows: 0.004 mol-dm
* HNO, +0.1 mol-dm® NaNO, (a), solutiona+0.001
mol-dm=DPA or IDA (b), solution b+ 0.001 mol-dm
3Pd(I) ion (c), solution a+ 0.001 mol-dm= amino
acid or carboxylicacid (d), solution d + 0.001 mol-dm
3Pd (Il) ion (e), and solution a+ 0.001 mol-dm=M(II)
ion +0.001 mol-dm DPA or IDA + 0.001 mol-dm
amino acid or carboxylicacid. Thecomplexesarequite
stableupto high pH values. Inall cases, our calcula-
tions of stability constants have been determined suc-
cessfully at theoptimum pH region (usudly low pH re-
gion); hence, thehydroxyl specieslikely to beformed
after thispoint could not be studied. In analyzing the
titration datafor the determination of the proton disso-
ciation constantsof thefreeligandsand the stability
constants of binary and ternary meta-ligand complexes
insolution, Bjerrum-Calvin’s pH titration technique,**4
as adopted by Irving and Rossotti*>¢ for binary sys-
temsand by Chidambaram and Bhattacharyd™” for ter-
nary systems, has been used at (30 +£ 0.1) °C. It is
worth mentioning that many papersrelatedto the pro-
tonation constants of thelingands under investigation
and their stability constantswith Pd(11) ion, were ex-
tensively measured and discussed. e.g.[*¥%2 |t is be-
yond the scope of thisarticleto cal culate the protona-
tion constants and the stabiliy constant of the binary
Systems.

Conductometric titrationswerefollowed with a
HANNA HI 9835, Microprocessor conductivity/ TDS
Meter.

Thefollowing mixturewastitrated conductometricaly
against a0.10 mol-dm= NaOH solution: 0.01 mol-dm
Pd (I1) (10cm?®) + 0.01 mol-dm= DPA or IDA (10 cmd)
+0.01 mol-dm=aminoacid or carboxylicacid (10 ml).
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RESULTSAND DISCUSSION

Representative potentiometrictitration curvesare
showninFigure1forthePd(ll) + DPA + valinesys-
tem.

When asolution containstwo different ligandsand
ameta ion, they may exist inequilibriain which either
(i) both theligands may combinewith themetal ion si-
multaneousdly or (ii) thetwo ligandsmay be combined
oneby oneat different pH. Asisevident fromthetitra-
tion curvesin the present study, the addition of two
ligandsisstepwise. It was deduced that DPA or IDA
interactsfirst withthe Pd (I1) ion, followed by theinter-
action of theamino acid or carboxylicacid ; that is, the
ternary complex formation could be considered in
stepwisecomplexation equilibria, i.e., theformation of
aternary complex can berepresented by the stepwise
equilibrium;

M+ A MA @
MA + L MAL 2
Ko =[MAL]/[MA][L] €)

where M = Pd(1l), A represents primary ligand (DPA or IDA)
and L representsthe secondary ligand (amino acid or carboxy-
lic acid); for instance, examining Figure 1, one may observe
that the curves obtained for the different 1:1:1 ternary complex
solutions (curve f) overlap with the titration curve of the 1:1
binary Pd(DPA)- (curvec) at low pH values and a divergence
of the ternary complex titration curve from that of the binary
Pd(DPA)- is observed. This shows the coordination of the
valineto the Pd(DPA)-binary complex in astepwise manner as

represented by the following equations:

Pd(I1) + (DPA) Pd(DPA) 4

Pd(DPA) + valine Pd(DPA)(valine) (5

The stability constantsfor ternary complexeshave
been calculated at 30°C and | =0.1 mol-dm3and are
tabulatedin Tables 1.

In general, the observed order of stability of ter-
nary systems with respect to the primary ligand is
dipicolinicacid>iminodiacetic acid, whichmight bea
result of zacidic character inthedipicolinicacid, due
tothepossbility of M — N7 bondformation. A smilar
behavior hasbeen previoudy observed in M-dipyridyl-
L] systems.[Z

TABLE 1: Formation constant of theternary complexes of
pd(I1) involving DPA and | DA asa primary ligandsand amino
acid or aliphaticand aromaticacid asa secondary ligand at 30
°Cand | =0.1mol-dm*(NaNO,).

Ligands  JogK Eg((gEAA))(L) log Klf’)g((llgﬁ))(L)
Glycine 5.35+0.06 5.24+0.04
Alanine 5.30+ 0.05 5.17+ 0.07
Valine 5.93+0.06 6.31+0.05
Phenylalanine 5.49 + 0.07 5.20+0.05
Tryptophan 6.02+0.05 5.96 + 0.06
Methionine 6.16 = 0.04 5.72+0.05
Leucine 6.09 + 0.05 5.92+0.06
Aspartic acid 6.20+ 0.07 5.64 +0.05
Glutamic acid 6.18+0.04 6.23+0.06
Histadiene 6.33+0.06 6.31+0.05
Phathalic acid 6.83+0.04 6.62 + 0.06
Salicylic acid 6.89+0.03 6.54+0.04
Succinic acid 6.70+0.05 6.42+0.04
Malonic acid 6.23+0.04 6.03+0.06
Malic acid 5.41+0.06 5.10+ 0.05
Oxalic acid 5.92+0.05 5.80+ 0.03
Tartaric acid 5.18+ 0.07 5.09+ 0.05
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Figurel: Potentiometric titration curvesfor the Pd(l1) +
DPA +valinesystemat 300.1°C and | =0.1mol-dm*NaNO,.

InFigure2, aconductometrictitration curvefor the
ternary complex of Pd(I1) withIDA and a-alanine is
displayed, asarepresentative. Thetitration curveshows
aninitia decreaseand aninflectionat a=2 (a=moles

Tnorganic CHEMISTRY
A Tndian ﬂoawﬂ/



ICAIJ, 4(3) September 2009

Hassan A.Ewais et al.

129

of base added per mole of ligand). This probably cor-
respondsto theneutraization of H*ionsoriginating from
theformation of the Pd(l1) + IDA binary complex. In
the3>a> 2 range, the conductanceincreasesdightly
dueto theformation of aternary complex associated
with thereleaseof aH* ionfrom a-alanine. Beyond a=
3, the conductance increases appreciably dueto the
presence of an excess of NaOH.
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Figure2: Conductometrictitration curvefor Pd(l1)-1DA- a-
alaninesystemsat at 300.1°C and | =0.1 mol-dm*NaNO..
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