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Summary

In the presence of ampicillin copper(Il) ions form different coordination compounds. Their formation and the properties of
particular species were examined by means of UV, Vis and IR spectrometry. The dynamics of complex formation was studied.
Firstly, an unstable blue-violet coordination compound with an absorption maximum at 590 nm was formed, later being
transformed into a more stable compound. Hydrolysis of the B-lactam group is promoted by copper(Il) and /or hydroxide ions and
as a result the ampicillin ligand (L) is transformed into ampicilloic acid (L*). Consequently, the coordination compounds [CuL]™,
CuL,, [CuL;])™ are changed to [CuL*]*, CuL} and [CuL%]", respectively.

Introduction

Antibiotics can form coordinative compounds
with metal ions. The formation of these usually
slightly soluble compounds can exert an influence
on the antibacterial activity of the parent antibi-
otic and can contribute to some of the side effects
observed with antibiotic therapy, e.g., neurologi-
cal symptoms, gall bladder colics, etc. (Silber and
D’Angelo, 1985; Kucers and McBennet, 1988).
Additionally, because antibiotics are synthesized

Correspondence to: M. Veber, Department of Chemistry and
Chemical Technology, Faculty of Natural Sciences and Tech-
nology, University of Ljubljana, 61000 Ljubljana, Slovenia.

in metal ion-containing microbiological systems
the uncontrolled presence of metal ions can have
not only an inhibitor effect but also a beneficial
influence on biosynthesis (Helmut, 1985).

The interactions in the copper(II) ions-ampicil-
lin system at equilibrium conditions were studied
by electrochemical and spectroscopic method in
previous work (Sher et al., 1993). It was reported
that two aqueous soluble coordination com-
pounds and one precipitate had been formed
depending on the molar ratio of reactants in the
solution. It is known that penicillins undergo hy-
drolysis in alkaline aqueous solutions resulting in
the formation of the corresponding penicilloic
acids (Rapson and Bird, 1963), the rate of hydrol-
ysis depending on the pH of the solution. Also,
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the presence of some metal ions in the solution,
e.g., copper(ll) ions, promotes hydrolysis (Cress-
man et al., 1966; Niebergal et al., 1966; Davies
and Abraham, 1974; Dideberg et al., 1980; To-
mida and Schwartz, 1983; Page, 1984). The pur-
pose of this investigation was to study the dynam-
ics of reactions between copper(Il) ions and
ampicillin as a function of pH, metal ions and
ligand concentration as well as their molar ratio
composition.

Experimental

Materials

Ampicillin preparations in sodium salt and
acidic forms were used in the investigation.
Ampicilloic acid was prepared by hydrolysis of
ampicillin at pH 12 for 30 min at room tempera-
ture in the manner described by Rapson and Bird
(1963). The solutions were prepared just before
performing the experiment. All reagents were of
analytical grade purity. The solutions with molar
metal-to-ligand ratios of 10:1 to 1:10 were pre-
pared by pouring together aqueous solutions of
ampicillin or ampicilloic acid and Cu(II) ion solu-
tion.

Apparatus and procedures

The copper content was determined using a
2280 Perkin Elmer AAS spectrometer, whereas
UV and Vis spectra were recorded on an M40
Specord, Carl Zeiss spectrophotometer and IR
spectra on a 727B Perkin Elmer infrared spec-
trophotometer. KBr pellets were prepared from
solid precipitates or sample residues obtained

after rapid evaporation and drying (air stream,
room temperature) of sample solutions.

Results and Discussion

The reports of the hydrolysis of the B-lactam
group of penicillins reported in the literature
were confirmed by our results. Moreover, it was
established that a knowledge of the dynamics of
the processes taking in the presence of metal ions
is necessary if the interactions involving the for-
mation of coordination compounds with peni-
cillins are to be elucidated.

At first the dynamics of ampicillin hydrolysis in
solution lacking metal ions was studied. The UV
spectrum of ampicillin changes rapidly at pH 12
while in the pH 6 acidic solution the shape of the
curve remained unaltered even after 7 days. The
same behavior was observed for ampicillin in acid
as well as in sodium salt form at pH 12. The band
at 1780 cm™' corresponding to the g-lactam
group was present in the IR spectrum of the
residue after evaporation of the ampicillin solu-
tion at pH 6, but was absent in the sample
obtained from the solution of pH 12 after 60 min.
Accordingly, we can conclude that the hydrolysis
of ampicillin to ampicilloic acid via the B-lactam
group took place in alkaline media. The corre-
sponding reaction could be represented as shown
in Scheme 1.

The dynamics of interactions of copper(Il) ions
with ampicillin was studied at molar ratios of 1:1,
1:2 and 1:3 in order to obtain evidence on the
behavior of compounds which are present in these
concentration ranges (Sher et al., 1993). First, an
unstable blue-violet coordination compound with
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Scheme 1.



an absorption maximum at 590 nm is formed due
to bonding of donor electrons and the amino
group of ampicillin with the acceptor orbitals of
copper(Il) ions. The evidence for this conclusion
is based on the similarity of the spectra of the
compound discussed and of [Cu(NH,),]*", the
maxima of which occur at 590 and 600 nm, re-
spectively. Then, rearrangement to a more stable
coordination compound occurs in accordance with
the metal-to-ligand molar ratio. Thus, in the re-
gion of molar ratio 1:1, the peak at 590 nm
disappears with time and that at 755 nm in-
creases. The band at 1780 cm ™! corresponding to
the B-lactam group was also observed in the IR
spectrum of the above residue. This suggests that
the coordination compound [Cul]* was present
in the solution. However, the band at 1780 ¢cm !
was absent in the spectrum of the solution after
48 h. Consequently, ampicillin ligand in the com-
pound was transformed to ampicilloic acid as a
result of hydrolysis of the B-lactam group and the
coordination compound [Cul*]* was formed in
the system.

As in the previous case, the violet color also
appears when pouring together Cu(Il) and ampi-
cillin solutions in a molar ratio of 1:2. However,
when the color fades, the solution becomes turbid
due to the formation of a precipitate. The IR
spectra of ampicillin and its insoluble compounds
were recorded. Between 1800 and 1300 cm™!,
C=0 vibrations of the B-lactam, amide and car-
boxylic acid groups are expected. The bands at
1780 and 1680 cm™! can be assigned to the C=O
and C-O vibrations, respectively. These assign-
ments were made on the basis of literature data
(Nakamoto, 1978; Ogorevc et al., 1985). In the
spectrum of ampicillin bands at 1780 cm™! (-
lactam), 1680 cm ™! (amide), 1605 and 1400 ¢cm !
(carboxylic acid) were observed, while in that of
the precipitate obtained at equilibrium, the bands
of the amide and two carboxylic groups were
shifted to 1660, 1610 and 1390 cm ™, respectively,
the band of B-lactam at 1780 cm ™! being absent.
Thus, it can be supposed that the precipitate with
ligand lacking the B-lactam group was present
under these experimental conditions. However,
the peak at 1780 cm ™! was observed in the spec-
trum of the precipitate investigated immediately
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Fig. 1. The IR spectra of ampicillin (a) and precipitates with

copper(Il) ions (b-f): immediately (b), after 24 h (c), 48 h (d),

72 h (e), 150 h (f); and ampicilloic acid with copper(II) ions
(2).

after pouring together copper(II) ion and ligand
solutions. Therefore, it can be assumed that the
compound contained the B-lactam group. This
compound can subsequently be transformed to
the compound without the B-lactam group, i.e.,
the first compound contained ampicillin as a lig-
and and the second one ampicilloic acid.

The band at 1780 cm™! was present in the
spectrum of freshly prepared precipitate which
was stable for a considerable period if dried. The
band related to the B-lactam group was observed
in the IR spectrum for a period of 3 months.
However, the spectrum of the precipitate which
was retained in the solution did not exhibit this
peak, indicating that hydrolysis of the B-lactam
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group took place with in a few days (Fig. 1). The
rate of hydrolysis increased sharply with rising
pH of the solution. Additional proof for these
suppositions was the observation that the spec-
trum of the precipitate after pouring together
Cu(Il) ion and penicilloic acid solutions was anal-
ogous to that of the hydrolyzed precipitate.

On the basis of all the observations mentioned
above, it can be concluded that a precipitate,
CuL, (D), is formed in the presence of the corre-
sponding concentrations of copper(II) ion and
ampicillin in aqueous solutions, which is subse-
quently transformed to CuL% (I*) according to
Scheme 2. It can also be supposed that the pre-
cipitate CuL? is formed owing to the interactions
of Cu(Il) ions with the carboxyl group of hydro-
lized ampicillin. Additional evidence that the car-
boxyl group is involved in the bonding between
copper(Il) ions and penicillins is the absence of
precipitate formation when the carboxyl group is
blocked, e.g., in the case of bacampicilin.

Furthermore, when pouring together the Cu(Il)
ion and ampicillin solutions at a molar ratio of
1:3 or at higher concentrations of ligand, a blue-
violet coordination compound with an absorption
maximum at 590 nm was initially formed. As in
the former cases, the compound was transformed

CqH; (le CO—NH

O
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to the more stable compound [CuL];. There-
after, hydrolysis of the B-lactam group in this
compound took place. The system under equilib-
rium conditions is thus characterized by the pres-
ence of only [CuL¥%]~. The same substance is also
formed when excess of ligand solution is added to
the precipitate CuL, or CuL%. All the above can
be confirmed by the similarity in the measured
IR spectra with those of substances obtained by
pouring together copper(Il) ion and ampicilloic
acid solutions at the same molar metal-to-ligand
ratio.

On the basis of the measurements performed,
the following reactions can be supposed to occur:

Cu?*+L"~ —— [CcuL]”
Cu?*+2L~ ——2 Cul,
[CuL]"+L~ ——= CuL,
L~ — L*7
[CuL]” HOM &% TcuL*]
Cu?*+L*~ —— > [CuL*]”

NH—CO— CH C.H;

(I
CH3 H,C H,
H H
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NH COOH NH,
o
."" \\C
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HOH, Cu?*
CulL, ————7 Cul}

[CuL*]" +L*~ ——— CuL%

Cu?*+2L*~ ———2 Cul}

CuL,+L~  —— [CuL,]”
[CuL]"+2L- —— [CuL,]”
Cu®*+ 3L~ —= [CuL;]”
[CuL,]” OO, [cuLs]”
CuL,+ 1+ HOOT royrs)”
CulL*+L* ————2 [CuL}]

[CuL*]" + 2L* " ———— [CuL%]”
Cu®*+3L*~ ——— [CuL%]”
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