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Fig. I-Species distribution curves of Cu2 + -ad-apa system l1.
apaH{; 2. apaH+; 3. adHl; 4. adH; 5. Cu2+; 6. apa-; 7. ad-; 8.
Cu(OH)'; 9., Cu(OHlz; 10. Cu(apa)+; 11. Cu(ad)', 12.

Cu(apa)(ad); 13. Cu(apa)(ad)(OH) ; 14. C\l(apa)(ad)(OH)~+ 1

Results and Discussion
The ligand species apaH; titrates as a biprotic ac­

id and acts as a (N,O) and (N,S) bidentate chelating
agent towards Cu2+ to form only 1:1 binary com­
plexes using the amino nitrogen and carbonyl oxy­
gen or thiazolidine sulphur atoms3• Binary Cu(L)
and Cu(apa) species are predominant at pH values
lower than 5. The region between pH 5 and 8 is
dominated by the ternary Cu(L)(apa) complexes,
which are formed according to the following equi­
libria:

Cu + LH + apaH ~ Cu(apa)(L) + 2H (ii)

Cu(apa) + LH ~ Cu(apa)(L) + H (iii)

Cu(L)+apaH~Cu(apa)(L)+H (iv)

Cu(L)+Cu(apa) ~ Cu(apa)(L)+Cu (v)

where, L=bipy, gly ~ and ad ~. These equilibria are
supported by the species distribution curves (Fig. 1).
Charges are omitted for clarity. The stability con­
stants of ternary complexes, ~ (~llu!L)(a]Da)' were directly

Stability constants, ~pqrs' of ternary
[Cup(L)q(apa)r(OH)s] complexes as defined below:

pCu + qL+ rapa + sOH i~ CUpLq(apa)r(OH)s

~ J(Cu)p(L)q(apa)r(OH)sl ( )
pqrs [CuJP[L]q[apa]'[OHY ... 1

were calculated with the aid of SCOGS programme2
run on a PC-XT computer system. Proton-ligand
and Cu2 + -ligand binary stability constants) --8, sup­
plied to the computer as input data, were also deter­
mined under identical conditions.
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Experim ntal
AR q ality 6-aminopenicillanic acid, bipyridine,

glycine a d adenine, obtained from Aldrich Chemi­
cal Com any, Inc. (USA), were used as such. For the
determi tion of binary Cu: + -ligand stability con­
stants, t e Cu2+: ligand ratios in the experimental
solution were kept 1:1, 1:5 and 1:10. For studying
the rnixe ligand complexation equilibria th¢ Cu2 +:

apaH: L" atios were 1:1:1 and 1:2:1.
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Penicillin roup of drugs, because of their abWty to
inhibit PI' tein synthesis in the ribosome. are widely
used in edicine as broad spectrum antibiotiics 1. A
study on he chemical equilibria in the metal-drug­
ligand sy terns may be of importance in exploring
the molie ular mechanism of action of these drugs.
In this no e we describe the results of our pH metric
study, a the mixed ligand complex formation of
Cu2 + io with 6-aminopenicillanic acid, hereafter,
apaH (I) n the presence of some typicalligands of
biologica importance, viz., bipyridine, glyci~e and
adenine i aqueous solution at 37 ± 0.1 °C at a fixed
ionic stlre gth (/= 0.1 MNaNO)).

Mixed !igand complex formation of eu2 +

ion wi h 6-aminopenicilllanic acid in the
presenc of bipyridine, glycine and adenine

A pH-· etric study of the mixed ligand complex for­
mation 0 Cu2+ ion with 6--aminopenicillanic acid
(apaH) an bipyridine/glycine/adenine (L) has been car­
ried out at 37°C in aqueous solution (1=O.1l\JNaN03)·
The resul show the evidence of formation of ternary

complexe of the type Cu(apa)(L), in addition to the bi­
nary com exes Cu(apa) and CUlL). Quaternary hydroxo
complexe. Cu(apa)(L)(Om and Cu(apa)(L)(OH)2 have
been iden ified at pH> 7. Complexation equilibriC' are
evaluated with the aid of the computer programme,
SCOGS, d correlated with the modes of bonding of
the ligand.



NOTES

Table 1-Cu' + /Uapa ternary constants, I3pq", wit.h L= bipy, gly
and ad at 37 ±O.loC in aqueous solution (1= 0.1 MNaNO,)

logl3l'w' L

bipyglyad

)og~f~'Li!apa

12.5412.8613.17

log~~:~,I ,!lapa HOHi

6.046.216.12

log~ ~:~:'I;'apa:iOH,

- 2.16-2.84- 2.13

logK ~'·~,L'!lapa I

4.724.744.52

logK ~'~;~~~;(LI

8.448.769.07

pK ~!UIL)\apai

6.506.657.05

pKgwL){apaiIOHi

8.659.058.25

LllogKcu

0.620.640.42

Ionic product of water pKw (at 37"C), 13.65; limits of error in the
constants ± 0.02- ± 0.05 log units.
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computed from which the other constants, viz.,
KCu(apa) KCu(L) d Al K I I t dCu(apa)(L;' CuiL)(apa) an Ll og Cu were ca cu a e
using standard relations9 (Table 1).

~logKcu values are positive suggesting favoured
formation of the ternary Cu(L)(apa) complexes.

With rise of pH, all these ternary Cu(L)(apa) com­
plexes disappear and two quaternary hydroxo com­
plexes, Cu(L)(apa)(H20)(OH)- and
Cu(L)(apa)(OH)~- are formed, obviously due to
successive deprotonation of the two coordinated
H20 molecules in these complexes. Intramolecular
rearrangement involving the replacement of the
carbonyl oxygen atom from the copper coordina­
tion sphere by the thiazolidine sulphur atom, ac­
cording to the following equilibria (Scheme 1), pos­
sibly provides the driving force leading to the depro­
tonation of coordinated H20 molecules. Such trans­
formation of apa - from (N, 0) bidentate to (N, S) bi­
dentate ligand within the coordination complex in­
creases electronegativity of the Cu2 + ion as a conse­
quence of delocalization of metal ion cht electrons
over to the vacant cht orbitals of the sulphur atom,
resulting in an increase in acidity of coordinated
H20 molecules. Such :n:-electron delocalization,
however, is not possible when apa - acts as a bident-

ate (N, 0) chelating agent to Cu2+ ion, due to the
absence of any :n:-acceptor orbitals on the oxygen at­
om. Deprotonation constants, pK~u(LXapa)'

pK~u(L)(apaXOH) are 5 to 7 log units lower than the
pK w of water. This indicates the extent of :n:-e!ectron
delocalization, Cu 2 + (cht) -. S(cht), in these ternary
complexes.

Cu(L)(apa)(OH) complexes for L= bipy and gly
contain about 80% of total copper at pH 8-9 and
Cu(L)(apa)(OHh contribute more than 90% at
pH ~ 10, whereas the Cu(ad)(apa)(OH)- and
Cu(ad)(apa)(OH)~- complexes dominated at pH va­
lues greater than 7.
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