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ABSTRACT

Equilibrium studies on metal ligand complex systawolving cadmium metal with drugs, (2S)-1-(3-metoa2-
methyl propionyl)-L- proline i.e. captopril and 2-hydroxy- 3(1-methyl ethyl amino) propoxy] benzaoetamide
i.e. atenolol with alanine, phenyl alanine andtini@nine in 50%(v/v) alcohol-water mixture at 30#)C and ionic
strength of 0.1M NaCl@has been made. Formation of complex species heste évaluated by computer program

SCOGS and discussed by Irving-Rossoti technique.
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INTRODUCTION

Drugs have special importance in biochemical systes they are used to cure an ailment caused due to
microorganisms. Drugs have N, O, S which can bal asdorm metal ligand complexes. The affinity ottals
towards sulphur containing ligand was attributedawls reduced steric hindrance and increase irripaleon of
sulphur atom [1]. The metal complexes of Cu (11}l @) and Ni (II) with sulphur containing ligarghowed by IR
spectra that the co-ordination takes place thrdagyh sulphur and oxygen as potential donors [2jalt been shown

that the stability of transition metatiecreases as the group changes from —SH to ~ONHQ L3]_ Captopril is a

sulpha drug which is widely used in treatment dem@al hypertension [4]. Atenolol i8-adrenoceptor blocking
agent. Its principle effect is to reduce cardiativitg by diminishingB-adrenoceptor stimulations. This property is
used in treatment of angina. Both these drugs hhiligy to bind metals by form N, O and S to fometal chelates.
Interesting results have been reported earlier amptex formation reactions on oxygen, nitrogen amgigen-
nitrogen mixed donor ligands [5-13]Expecting some useful information on mixed ligaramplexes of such

ligands a detailedhp Metric study involving captopril and atenolol with cadmiumetal has been made and the
results are discussed.

MATERIALS AND METHODS

All the reagents used were of A.R. grade and &l $blutions were prepared in doubly distilled waaed
standardized by usual procedure [14]. The titratimere carried out using a digital pH meter [Elisodel LI-120]
in conjunction with combined electrode. All titratis were carried out at 30%£0.1°C. For the detertinnaof
formation constants of ternary complexes followisglutions were prepared.0.008M perchloric acid,0PND
primary ligands (drugs), 0.002M secondary ligarasifio acids), 0.002M metal solutions and an iotriergth of
0.1M sodium perchlorate. The experimental data whkvere obtained from titration utilized to analythe proton
ligand formation constants of primary and secondayand and their metals. Concentration of totaltahetotal
ligands, free metal free ligands and various pdssipecies that are formed during the complexadi@ncalculated
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using SCOGS program [15]. Complex formation equiditwere elucidated with the aid of the speciesrithistion
curves obtained as computer output [16]
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(2S)-1-[(2S)-2-methyl-3-sulfanylpropanoyl] pyrraim-2-carboxylic acid ie.captopril

OH
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CHs
HoN

(RS)-2-{4-[2-Hydroxy-3-(propan-2-ylamino)propoxy]ehyl} acetamide ie. atenolol
RESULTS AND DISCUSSION
Binary complexes
By following Irving Rossoti technique the protormaticonstants'h and 5 of drugs (captopril and atenolol), amino
acids (alanine, phenyl alanine and methionined)tarir stepwise metal ligand formation constaldg K;and log

K,) have been determined (Tablel) From the titrattmmplete formation of MR (charges are omittedtfar sake
of simplicity) is found to occur at lower pH andethare stable at higher pH

Tablel: Proton -ligand and metal - ligand stabilityconstants

Ligands pKi | pK; | LogK; | Log K,

Drugs Captopril R 3.85| 10.68] 10.03 7.96
Atenolol R 9.00 - - 3.10

Amino acids | Alanine Ly 3.23| 9.90 5.00 4,01
Phenylalanine 4 | 3.01| 9.18 4.06 3.45

Methionine I3 3.28| 9.30 4.70 3.45

The complexing tendency of cadmium metal is founté more with captopril than atenolol. In captbire higher
equilibrium constant of metal ligand interactionbiscause the sulphur containing donor captopritibithe metal
through mercapto group. The lower pK of —-COOH grdluign any saturated aliphatic acid is because ifidea
group present near the carboxylic group is havingralency of electron withdrawal by mesomeric eff&tight

enhancement in the dissociation constant pin be justified by partial steric hindrance akged with mercapto
group. In atenolol the only one pK observed fonatel can be attributed to dissociation of conjeglacid formed
by interaction of secondary amine and perchlorid adich is used as a medium of titrating mixtusewever the
observed pK is somehow lower than that of dimetinytee. The lower value of metal ligand interactisrbecause
no inductive or field effect is operative. The hyglyl group present in the structure is alcoholid drence the
complex formation expected at much higher pH 1&MBich cannot be determined by this technique. Theze
atenolol shows only one pK which is associationstamt of -NH groups. The amino (M)Hyroup present in the
structure is so neutral that it cannot dissociate.
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Mixed ligand complexes

The stability of mixed ligand complexes is mainlgvgrned by the characteristics of the approachewprsdary
ligand .The stability therefore depends mainly ba ting size which affects the overall basicitytleé secondary
ligand .It can inferred that the stability of corapldepends more on the length and spatial configmraf the

chelate ring than on the acidity of the complexaggnt. At the pH of secondary ligand combinatibie, formation

of mixed ligand can be represented by equilibr)a&(12)

M(@g) +R---—--- MR 1)
MR + L - MRL (2)

(Charges are omitted for simplicity)

Only 1:1:1 ternary complex have been used in thidysto ensure the exclusive formation of the sempternary
complex MRL. Considering the pK values of the ligarand hydrolytic constants of4ibns the following species
have been considered to exist in the complexatiiibria.

M?*, RH,, RH, R, M (OH),, MR (OH), MR, [**, ML (OH), L*and MRL (OH)

The relative stabilities of mixed ligand complexas be quantitatively expressed in termadbg K, Ky, K; and
K, values which are defined by equations.

AlogK= log B3, - logK,, - log Ky 3)
Kr= r%112/ o Boo 4)
Ke= By,/log Ky, (5)
K = B, /logKy, (6)
Type | Total number of species -9

C=HR ~ HR+H (1a)
C=HR —~ H+R (1b)
Ci=HlL —~ HL+L (2a)
Co=HL ~  H+L (2b)
C=Cd+R = CdR (3a)
C=CdR+R —  CdR (3b)
C,=Cd+L = cdL (4a)
C=CdL+L = cdb (4b)
Co=Cd+R+L = CdRL (5a)

(Charges are omitted for brevity)

In Cd LyRy(Fig. 1) system the primary ligand captoprikRnd secondary ligand alaning)both form 1:1 and 1:2
complexes with Cd (ll). Mixed ligand complex of tapril (R;) with alanine (L) shows following types of
equilibria.

The formation of ternary complexes also takes placthe reaction

CdR + L— CdRI (6a)
CdL+ R— CdRL (7a)

The other way of the characterizing these ternammexes in by the disproportion reaction represgrity the
following equilibria
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CdL, + CdR, — 2 CdLR 8)

This reaction is for the system conaining ligandoitform 1:1 and 1:2 complexes individually witretmetal ion.
The other form of reaction are

CdR,+ CdL = CdRL + CdR 9)
CdL, + CdR = CdRL + CdL (20)
CdR+CdL =  CdRL+Cd

Therefore reaction (9) and (10) correspond to yséesns containing one ligand which forms only loinplex and
other forms both 1:1 and 1:2 complexes. The equilib reaction (11) represents the system contaitliegigand
which form 1:1 binary complex with the metal ion.

The species distribution curve points to the faett formation of ternary complex is about 93% frphh 4.2 and
remains constant at pH 8.0. The formation of birgggcies CdR is 7.3%and remains constant up to.pHI&
constant value of the concentration of ternary igseduring the entire pH range shown by percertiligion curve
of ternary species indicates that the formationashplex takes place by reaction (5a).

The comparison of 3 values with3,, and 3, of these systems reveals the preferential formatibternary
complexes over binary ones. The low valueXgBnd K show more stability of ternary complexes with resge
binary complexes of primary and secondary ligafde positive value oKr also confirms the stability of mixed

ligand complexes. The negative valuefotog K reveals that the stability of mixed ligandneplex is comparable
with 1:2 complex of binary species. The 1:2 cometeis less stable than the stability of 1:1 compléance the
stability of mixed ligand is less than stabilityifl complex. Hence negative values\dbg K.

CdR4L4
100
000000 00000000000000
80 -
2 60 -
8 —a—C3
X 40 A ——C7
——C9
20 -
I I Y T R R R R 2 2 5 )

4.2 6.2 8.2
pH

(Species ¢ C,, C4, G, C;, G, have very low concentration so the curves ofelsgecies are approx. on x axis)
Fig. 1

In the Cd RL, (Fig 2) system, it is observed that the primarptid Rand secondary ligarld, form both 1:1 and 1:

2 complexes witked (II). The positive values of KK, and Krconfirm the stability of ternary complexes The low
values ofK, alsoindicate low stability of ternary complexes. Thegative value oh log K of these complexes is
compared with the 1:2 complexes which is less ettidn 1:1 complex in binary species.
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(Species g€ C,, Gy, G5, C;, G5, have very low concentration so the curves ofdfsgecies are approx. on x axis)
Fig. 2

The species distribution curve of to GiiRsystem. Shows that the per ml concentration of $ihdgligible iex 2
at pH 4.5 and reduces to zero at pH 5. The coratamrof CdR is 59% at pH 4.5 and remains consaaupt-H 6.9
which is shown by parallel straight line to thexisa The percent formation of the ternary complexains constant
~ 42% at pH 4.5 to 6.9 which is shown by straightaflal line to the x-axis. The constant value of tiernary
complex in the complete pH range indicates its ffom by reaction (5a) at the initial stage of tleaction,
comparatively higher concentration of (CdR) species prove its higher stability thantém@ary species. Similarly
its constant concentration indicates its non ingoient in the formation reaction of ternary complak. other
species are meagireamount which cannot take part in the formatieaation.

It is observed from Fig. 3 that the ternary compkefor Cd RL; system are formed at relatively higher pH regions.
The primary R and secondary ligandzlboth form 1:1 and 1:2 complexes with Cd (ll). T¢mecies distribution
diagram for Cdi_3 system points to the fact that the concentratiohimary species is 44% at initial pH 4.5 and
remains constant throughout till 7.9 which is shdwnstraight parallel line to x-axis. The mixeddigl formation
takes place upto 56% and remains constant throagheyH range. The ternary complex formation nakgtplace
by the reaction involving Cd, R and L species actm@n (5).

100
CdR L, —m—C3
—e—C5
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0 T T T T .\T\I\.‘_‘_ T - !
4.5 5.0 55 6.0 6.5 7.0 7.5 8.0

(Species g G, Gy, C;, Gs, have very low concentration so the curves ofetspecies are approx. on x axis)

Fig. 3
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The Krand K_species show positive values which reveal the peafeal formation of ternary complexes over
binary ones. The negativelog K values reveal the stability of mixed ligawith 1:2 complexes of binary species.

The stability of mixed ligand is less than the #8ilgbof complex. Hence thé log K has negative value.

Mixed ligand complex of atenolol gRwith alanine (L) shows following types of equilibria.

Type Il Total number of species -7

C,=HR = H+R (1a)
C=HL — HL+H (2a)
C=HR —~ H+R (2b)
C,=Cd+R —  CdR (3a)
Ci=Cd+L — cdL (4a)
Ce=CdL+L = cdb (4b)
C,=Cd+R+L = CdRL (5a)

(Charges are omitted for brevity)

In CdR.L; (Fig. 4) system, the primary ligand forms 1:1 coexgls and the secondary ligand forms 1:1 and 1:2
complexes with Cd(ll).It has been observed thatstability of mixed ligand complexes of captopriédound to be
higher than the mixed ligand complexes of atenafuich is shown in Table2. The positive values gf K andKr
show the stable nature of mixed ligand complexdstirese complexes are less stable than the 1:1leregpof
binary ones hence we get negative values 60 K.

The species distribution diagram reveals the peet&l formation of ternary species over binarycsge of primary
and secondary ligands. The species R, which is 1id@Pally, goes on sharply decreasing to about 1&19%H 9.9.
The concentration of CdR increases to 4.5 % at [gHafid also the concentration of binary species @Hich is
96% at pH 6.3 slowly decreases to 84%. From thbserwations it is clear that R is used in the faromaof CdRL
with increasing pH.

CdR,L,
100 —+—C1
%Con(E:30 —eo—C4
60
40 T
20 —a—C7
0
6.9 7.9 8.9 99 109
pH

(Species & C;, G, have very low concentration so the curves ofglspecies are approx. on x axis)

Fig. 4

The percentage formation of mixed ligand complexeisy less i.e. 9%. The decrease in R to suchge laxtent may
be due to its use in formation of CdR, which alsoréases with pH and some other species, whichotdra
detected by this method.

22
Pelagia Research Library



Anjali. S. Rajbhoj et al Der Chemica Sinica, 2013, 4(4):17-24

In Cd RL,(Fig. 5) system,the primary ligand R form 1:1 complex and secondary ligand forms 1:1 argi
complexes with Cd (ll). The stability of mixed ligg complexes of phenyl alanine as secondary ligandss as
compared to CdR, system. The negative values &flog K indicate stability of binary complex over aser
ternary ones. For the system formation of ternammlex does not take place. The binary complex &ion of
primary ligand is preferred over ternary complekeTinitial concentration of R is 100% which is d=ase very
slowly to 87% and CdL. The conc. Of HR at pH 4.lichhis~2% remaince in same and at pH 8.0 the concentration
of CdR, which isx2% at pH 4.1 reduces to zero which is 80% inifialso decreases very slowly to 78%.

CdR 2L>
100 JM
—=—C1
80 l)—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.
%Conc e C5
60 -
——C4
40 7 —a-C3
20
O Axssssassssasssstattl
41 6.1 8.1
pH

(Species & C;, have very low concentration so the curves ofefsggcies are approx. on x axis)

Fig. 5

In CdR.L3 (Fig. 6) system the primary ligand forms 1:1 andoselary ligand forms 1:1 and 1:2 complexes with
cadmium. The percentage distribution curve shomdai nature as earlier systems

In the species distribution diagram the concemnatf R which is 94% initially decreases rapidly34% and the
concentration of CdL which is 86% decreases sldwl$¥3% at pH 10.10. The concentration of @diRcomplexes
is 4 at pH 7.30 increases upto 47% at pH 10. Cenisig decrease in R and CdL species it can be thetrthe
formation of CdRL is increasing during the same naidge in such a way so as to compensate for theakng
amounts of R and CdL. From the above discussianadlear that the formation of CdRL is favouredtbg reaction
involving CdL and R species and to some extent isprdportionation reaction (11). Similarly decredga) in
concentration of R and increase in of CdR specidicate the involvement of R to some extent in fation of
CdR.

Table 2 Stability constants of ternary complexes

R L By | B | By | Ke | KL | K | AlogK
Alanine (L) 15.02| 17.99] 9.01 4.9% 10.02 141 -0.65
Captopril (Ry) [ Phenyl alanine () | 12.84| 17.99] 751 281 878 114 -1.89
Methionine (lg) 13.23| 1799 81§ 320 853 140 -2.14
Alanine (L) 760 | 3.10| 9.0l 450 260 125 -0.50
Atenolol (R,) | Phenylalanine 8 | 5.85 | 3.10| 751 2.7% 179 140 -1d1
Methionine (I) 780 | 3.10| 8.15 4.70 3.40 148 0.0p
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(Speciesg Gs, G5, have very low concentration so the curves ofdfspecies are approx. on x axis)
Fig. 6

CONCLUSION

The stability of mixed ligand complex with respéstsecondary ligands in captopril complexgslls>L, and in
atenolol complexes isskL;>L,. The stability of ternary complexes is mainly gmes by the characteristics of the
approaching secondary ligand. The stability theeetiepends on the ring size which is offsets trexall/basicity of
the secondary ligand. It can therefore be infethed the stability of ternary complexes depend mundre on the
length and spatial configuration of the chelatggrifow on the acidity of the complexing agent. Tétability
constants of ternary complexes were found to batgrén R than in R.The higher stability of Reomplex may be
due to the extra stabilization of five memberedjramd also because it is a sulpha drug. The lohilizition of R,
complexes may be due to its only one dissociatmrstant. The\ log Kvalues were less negative or positive. This
may be attributed to th@-acidic character of drugs and O-N coordinatioamino acids.
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