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ABSTRACT

Formation of binary and ternary complexes of some transition metal ions (M*?=Cu*2, Co*?, and Ni*?) with some
selected aromatic hydroxamic acids (benzohydroxamic acid and salicylhydroxamic acid) and some biologically
relevant ali phatic carboxylic acids (succinic acid, maleic acid, and tartaric acid) or dipicolinic acid was studied pH-
metrically at 25°C and I=0.1mol dm*NaNO, in agueous sol ution. The acid-base properties of ligandswereinvesti-
gated and discussed. The formation of the different 1:1, and 1:1:1 ternary complexes is inferred from the corre-
sponding titration curves. Theternary complexes are formed in a stepwise mechanism. The stability constants of
the binary and ternary systems were evaluated. The order of stability of the ternary complexes in terms of the
nature of hydroxamic acid, aliphatic carboxylic acid, and dipicolinic acid isinvestigated and discussed. The stabil-
ity of the ternary complexesis also discussed in relative to that of the binary complexes of secondary ligands.

© 2008 Trade SciencelInc. - INDIA
INDRODUCTION

Hydroxamic acids, agroup of naturally occurring
and synthetic weak organic acids of general formula
RC(=O)N(R)OH, arewidespread intissuesof plants,
inmetabalitesof bacteriaand fungi, including complex
compounds. They have been found as constituents of
therapeutics, mostly related with themicrobial trans-
port of iron and theiron-overl oad chel ating therapy!™.
Recently, hydroxamic acidshaved so been extensvely
studied asmeta binding complexing agentsinthefield
of zincand nickel metaloenzymeinhibition, namely as
inhibitors of matrix metalloproteinase(MMP)?>land
urease*®, respectively. Most of them have even ad-
vanced into human clinical trialsfor the treatment of
diseases such ascancer and arthritis. However, patients
treated with hydroxamic acid drugs such assiderphore
desferrioxamine B(DF) trihydroxamic acid, frequently
experienced problemsduring clinicd treatment. These
problemsinclude agranurocytoss, joint pains, lupus-
like syndromes aswell asgastricintolerance®. More

recently, anew ord iron chdator, sdicylhydroxamicacid
(Sham) is devel oped and found to have apromising
advantage, sincenotoxicity has, asyet, beenrecorded”.
Theiron chelating property isdueto presence of the
hydroxamic acid moiety (-CO-NOH ), whichit shares
with desferrioxamine B and another lower molecular
weight iron chelator, acetohydroxamic acid (Aha),
which may aso have potentia asiron chelator®. A de-
tailed knowledge of the complexation behavior of
hydroxamicacidswith metd ions, oftenexistingin bio-
logical fluids, has confirmed theimportance of these
andytica reagentsinmedicine.

The present work concernsastudy of the solution
equilibriainvolved in theformation of binary and ter-
nary complexesof divalent metal ionsconta ning some
sdlected aromati ¢ hydroxamic acids (benzohydroxamic
acid (Bha), and salicylhydroxamic acid (Sham)) and
other biologicaly rdlevant ligands (succinicacid, maeic
acid, tartaricacid, and dipicolinic acid), toinvestigate
the compl exation behavior of these systemsand to de-
terminethestability constants of the complexesformed
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insolution, using the pH-metrictitrations, asthesesys-
temsmimic many biological reactions. Thepresentin-
vestigationisan extension of our earlier work on solu-
tion studies on the Hydroxamic acidg®043,

EXPERIMENTAL

M aterialsand solutions

Benzohydroxamic acid (Bha) was obtained from
Sigmaproducts. Sdicylhydroxamic acid (Sham) was
purchased in pure form from Nasr Pharmaceutical
ChemicalsCo., Egypt. Dipicolinic acid was provided
by Huka Thereagent wasrepesatedly recrystdlized from
water, dried at 115°C, and checked by its melting point
(250°C). The metal salts were provided also by BDH
asnitratesor chlorides. All solutionswere preparedin
bidistilled water. A stock solution of tricinewas pre-
pared by dissolving an accurate amount by massinthe
appropriate volumeof bidistilled water. Themetal ion
solutionswere standardized by EDTA using suitable
indicatorgY. Carbonate-free sodium hydroxide solu-
tion was prepared by dissolvingtheAnaar pelletsin
bidistilled water, and the sol ution was standardized po-
tentiometrically with potassium hydrogen phthalate
(Merck AG). Aliphatic acid, nitricacid, sodium hydrox-
ideand sodium nitratewerefrom Merck p.a

Apparatusand procedure

ThepH titrationswere performed usingaMetrohm
702 titroprocessor equi pped with a665 dosmat (Swit-
zerland). Thetitroprocessor and €l ectrode were cali-
brated with standard buffer solutions, based onthescale
of theU. S. Nationd Bureau of Standardg*?. ThepH-
metrictitrationswere carried out at the desired tem-
peraturein apurified nitrogen atmosphere.

Thefollowing solutionswere prepared (tota vol-
ume50cm?) and titrated potentiometrically againg stan-
dard carbonate-free NaOH (0.10mol dm) solution:
a. HNO,(0.003mol dm®) + NaNO,(0.10mol dm)
b. Solution a+(0.001mol dnm3) hydroxamic acids
c. Solutionb+(0.001mol dm®) meta ion
d. Solutionat+(0.001mol dm) diphatic carboxylicac-
idsor dipicolinicacid
Solution d+(0.001mol dm3) metal ion
Solution a+(0.001mol dm3) meta ion+(0.001mol
dm®) hydroxamic acids+(0.001mol dn®) diphatic

.o
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carboxylicacidsor dipicolinicacid

Each of the above solutions was thermostated at
therequired temperaturewith an accuracy of + 0.1°C,
wherethe solutionswereleft to stand for about 15 min
beforetitration. Magnetic stirrer was used during all
titrations. Multipletitrationswere carried out for each
system. All calculationswere performed using acom-
puter program based on unweighted linear least-squares
fits

RESULTSAND DISCUSSION

Figures1and 2 display representative set of ex-
perimental titration curves obtained according to the
segquence mentioned in the experimental section, for
Cu?*- benzohydroxamic acid-succinic acid and Cu?*
dipicolnic acid-sdicylhydroxamic acid systems, respec-
tivey.

Thedissociation constantsof hydroxamicacidsin-
vestigated (benzohydroxamic acid and salicylhydro

0,100 mol dm™ NaOH/em®
Figurel: Potentiometrictitration curvesfor the Cu? -
benzohydroxamicacid - succinicacid system at 25°C and
1=0.1mol dm*NaNO,

pH’

0.100 mol dm™ NaCOHfem®
Figure 2: Potentiometric titration curvesfor the Cu'" -
dipicalinicacid-salicyhydroxamicacid sysem at 25°C and
1=0.1mol dm*NaNO,
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TABLE 1: Dissociation constantsof theligands studied at
(25+0.1)°C and I=0.10mol dm* NaNO,

Ligand pK 1 pK,
Bha 8.63+ 0.03 --
Sham 7.40+0.02 9.75+0.07
Succinic acid 4.20+0.04 5.65+ 0.06
Maleic acid 1.80* 6.22 +0.05
Tartaric acid 3.00+0.03 4.35+0.03
Dipicolinic acid 2.32+0.02 4.53+0.04
*from refl*
xamic acid) have been determined fromtitration curves
(a) and (b).

Benzohydroxamic acid (Bha) can release onepro-
ton in the measurable pH-range. The pK  value for
benzohydroxamic acid =8.63+0.03.

Sdlicylhydroxamic acid (Sham) containstwo hy-
droxyl groups, so that the potentiometrictitration curve
(b) showstwo buffer regions (seefigure2).

Thefirst oneextendsup to theneutralization of the
hydroxamic proton, and thesecond regionismost likely
associ ated with the neutralization of the phenolic hy-
droxyl group of sham. The stepwise protonation con-
stantsamount to pK_,_7.40+0.02 for the hydroxamic
hydroxyl group and pK ,_9.75+0.07 for the phenolic
group. Thegresater acidity of the hydroxamicacid OH
groupinshamreativetothat of Bhaisdueto stabiliza-
tion of the conjugate base by intermolecular hydrogen
bonding with the phenolic OH group. Theresultsob-
tained arein good agreement with literature va ueg 3419,

Theacidity constantsof aliphatic carboxylic acids
anddipicolonicacid (DPA) have been determined from
titration curves(a) and (d) under the same experimen-
tal conditions.

Potentiometric pH titrationsof Cu?*, Co™? and Ni*2
were performed at both 1:1 metal/ligand molar ratio.
Andysisof thecomplexed ligandscurves(c) and (€) as
showninfigures1and 2, indicatesthat the addition of
metal ionto thefreeligand solutions shiftsthe buffer
region of theligand to lower pH vaues. Thisshow that
complex formation reactions proceed by rel easing of
protonsfrom suchligands.

Generdly, itisobserved that thebinary metal com-
plexes of hydroxamic acids begin to form in the pH
range 2.8-4.8 with respect to thetitration curves of the
binary metd-ali phatic carboxylic acid complexes,; one
may deducethat these complexesstart toforminthe
pH range 3.2-5.2. Thecomplexesarequite stable up
to high pH values. In all cases, no calculations have
been performed beyond the preci pitation point, hence,
thehydroxyl specieslikdy to beformed after thispoint
could not be studied.

With respect to thetitration curvesof thedifferent
metd-dipicolonicacid (DPA) investigated, itisobserved
that themetal ions Cu'", Co'" and Ni "' show high ten-
dency toform binary complexeswith DPA where com-
plete complex formation takes place at very low pH
vaues. Accordingly, determination of theformation con-

TABLE 2: Stability constantsfor Cu®* binary and ternary complexes at (25 0.1 )°C and I=0.1mol dm NaNOj

Ligands logK , log K WAL logBmar Alog K R.S. (%)
Bha Sham Bha Sham Bha Sham Bha Sham
Bha 7.63+0.04
Sham 13.06 £ 0.06
Succinic acid 3.20+0.03 6.06 £ 0.02 6.65+0.02 19.12 1971 286 345 8937 10781
Maleic acid 4.07 +0.05 5.97+0.02 6.38+£0.05 19.03 1944 190 231 46.68 56.76
Tartaric acid 5.16+0.02 5,52+ 0.04 6.22+0.02 1858 1928 036 106 6.98 2054
Dipicalinic acid 9.14* 4,40+ 0.02 568+006 1354 1482 -323 -7.38 -42.33 -56.51
*From refl”

TABLE 3: Stability constants for Co* binary and ter nary complexes at (25 0.1)°C and I=0.1mol dm™ NaNOs

Ligands |0gK1 |OgKMQL lOQBMAL AIogK R.S. (%)
Bha Sham Bha Sham Bha Sham Bha Sham

Bha 474 +0.04

Sham 6.59 + 0.03

Succinic acid 2.96+0.04 5.49+0.06 6.12+0.04 10.23 12.97 253 3.16 85.47 106.76
Maleic acid 3.02+0.05 4.88+0.04 5.10+0.05 9.62 11.69 1.86 2.08 61.59 68.87
Tartaric acid 3.17+£0.02 3.31+0.03 3.93+0.02 8.05 11.56 0.14 0.76 442 23.97
Dipicalinic acid 6.65* 3.72+0.04 3.84+0.03 10.37 11.09 -2.87 -275 -6055 -41.73
*From ref!t”
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TABLE 4 : Stability constantsfor Ni** binary and ternary complexes at (25 + 0.1)°C and I=0.1mol dm™ NaNO;

MA M 0
Ligands logK , log K maL 10g B AL AlogK R.S. (%)
Bha Sham Bha Sham Bha Sham Bha Sham

Bha 5.05+0.07
Sham 6.02+ 0.03
Succinic acid 3.12+004  588+006 6.38+004 119 1240 276 3.26 8846 104.49
Maleic acid 3.70+0.05 559+0.04 594+005 1064 1196 189 224 5108 60.54
Tartaric acid 468+002  483+003 546+002 988 1148 015 078 321 1667
Dipicolinic acid 6.95* 421+0.04 511+003 1116 12.06 -1.81 -0.91 -3584 -1512
*From refl*”

stant val ues of such complexes could not be possible.
Thevaduesof gability congantsaretakenfromthework
of Anderegg!’ using acopper amalgam e ectrode (P
method) asshownin TABLES 2-4.

Thestability constantsof 1:1 binary complexes of
theligandsstudied, except those containing DPA, have
been determined at 25°C and 1=0.10mol dm®NaNO,,
Theformation of the mixed-ligand complex isascer-
tained by comparison of themixed ligandtitration curve
withtheadditive curve, obtained fromthelinear addi-
tion of the secondary ligand titration datato that of the
1:1 metd-primary ligandtitration curve. Therefore, itis
assumed that, the hydroxamic acid (A) interactsfirst
withthemetal ionformingal:1 MA binary complex
then followed by ligation of aliphatic carboxylic acid
(L);i.e., theternary complex formation could be con-
Sderedinstepwiseequilibria(Egqsland 2):

M+A —=—= MA 1)
MA+L == MAL @
ma _ [MAL]
MAL — [MA][L] (3)

However, inthe case of ternary systemsinvolving
M2+, dipicolinicacid (DPA) and hydroxamicacids (Bha
and Sham), itisobserved from thetitration curvesthe
dipicolinic acid (DPA) actsas aprimary ligand (A)
whereas hydroxamic acidsact as secondary ligand (L).
Theoveral stability constant gl ,, may berepresented

by Eq. (4)
M+A+L === MAL 4
gt __[MAL]
MAL T AL
=K MQL xK MA
Oneapproach, commonly used to quantify thesta:
bility of aternary complex, isby comparison withthe

stability of thebinary complex, and canbeexpressedin
termsof AlogK, which representsthedifferencein sta-
bilitiesfor theaddition of ligand (L) tothe 1:1 MA bi-
nary complex and totheagquated metal ionasshownin
equation (5).

AlogK =logk MR =—logk M ©)

Thevdueof logK isthelogarithm of theequilibrium
constant derived from equation (6).

MAL+MA —= MAL+M (6)
In the ternary systems studied, the values of
logk M2 were found to lie in the sequence:

succinic>maeic>tartaric>dipicolnic acid. Thiscande
explained inaccord with basicities(pK  +pK ) of the
ligands. Itiswell knownthat theincreasesin basicity of
aligandincreasesthe stability of itsmeta complexes.
Theobserved order of sability with respecttotheligand
hydroxamic acidis Sham>Bha. Thismay be ascribed
toan additiond interaction of thephenalic group (sham)
withthemeta ion.

Theobservanceof gatisticaly unexpected positive
AlogK vauesfor themagjority of theternary systems
involving diphatic carboxylic acid indicatesthat ligands
form more stableternary complexes.

Itisobserved, that internary complexesinvolving
DPA, AlogK isnegative as expected from the statisti-
cal considerations. Thereisr acidic character inthe
primary Ligand (DPA), dueto thepossibility of M—Nn
bond formation. Thisbehaviour issimilar to that ob-
served previoudy in[M-dipyridyl-L] complexes89,

Another parameter, percent Relative Stabilization
(%R.S.) to quantify stability of aternary complex may
be defined?® as

% R.S.=[(logK MA, —logK M )/logK M, 1* 100
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The values of % R.S. have been calculated
(TABLES 2-4). For someternary systems, The pa-
rameter % R.S. isnegative. Thismay beattributed to
thehigher stability of binary M?-L complexesinvolving
secondary ligandsthan those corresponding theternary
systemsMAL. Negativevaluesof % R.S. agreewith
the AlogK valuesasshownin TABLES2-4.
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