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The protonation and divalent cation complexation equilibria of several quinolone antibiotics such as nalidixic
acid (NAL). flumequine (FLU). oxolinic acid (OX0O). ofloxacin (OFL). norfloxacin (NOR) and cnoxacin
(ENQ) have been examined by potentiometric titration and spectrophotometric method. The antibacterial
activity of these drugs depends upon the pH and (he concentration of metal cations such as Mg™. Ca™ in solu-
tion. The apparcnl ionization constants of NAL. FLU. OXO. OFL. NOR and ENO in aqucous solution were
found to be 6.33.6.31.6.72. 7.18. 7.26. and 7.53. respectively. Inaqucous solution. NAL. FLU and OXO were
found 1o be present mainly as two chemical specics : molecular and anionic: but OFL. NOR and ENO were
present mainly as three chemical specics @ anionic. ncutral zwitlerionic and cationic form. in cquilibrium, The
pKar and pK;:» are found 1o be 6.10 and 8.28 for OFL: 6.23 and 8.55 for NOR: 6.32 and 8.62 lor ENO. respec-
tively, The complex formation constants between OFL. NOR or FLU and some divalent cations arc measurcd
atpH7.5. The 1 : | complexes are formed mainly by ion-dipolc intcraction. FLU has somewhat larger Ky valucs

than OFL and NOR bccause its molecular sizc is small and the FLU is present as anionic form at pH 7.5,

Introduction

Because (he quinolone antibacierial agents have a broad
antibacterial spectrum. good oral absorption and widc tissuc
distribution. they have been used cextensively in the treat-
ment of infcctious discascs.' Thesc biologically active molc-
cules arc (ully or partially ionized at physiological pH. and it
has often been shown that the presence ol charged groups is
nccessary for biological activity and solubility. The un-ion-
ized form. however. has a more lavorable partition coclli-
cient toward nonaqucous solvents. Therelore. knowledge ol
the dissociation constants of these drugs may be cssential for
practical purposcs (dissolution raics. ratcs of gastromicstinal
absorption. efc.) and for (he interpretation of structurc-activ-
ity rclationships.>* The antibacicrial activity of quinolongs is
pH-dependent. because these drugs act by inhibition of bac-
tcrial DNA gvrasc. a process that depends upon both the pH
and conceniration of the acid.* To this cffect. the behaviour
of quinoloncs fn vive is influcnced significantly by their
phvsicochemical propertics. in particular their degree of ion-
ization.™® Furthcrmorc. quinolonc antibiotics having differ-
ent substituents and structurcs exhibit different antibactenal
responscs in various cnvironments.” For cxample. with
ofloxacin (OFL) and norfloxacin (NOR). which have a pip-

*I'o whom correspondence should be addressed. e-mail: kiminb
inongac.gsnuac.kr: Tel. +82-55-751-36635: Fax. +82-33-751-
3666

crazinyl group. increascs in pH from 5.6 to 8.3 increase their
activily in nutricnt agar progressively, On the other hand.
nalidixic acid (NAL). flumequine (FLU) and oxolinic acid
(OXO). which do not have a piperazinyl group. become
morc aclive in nutricnt agar as the pH falls. Also. because
somc of these antibiotics contain carboxyl and amine groups.
this acid-basc bchavior may be influnced by the change of
the molccular structure in the cxeited state. Icading to intra-
molccular proton transfer or intramolecular charge transfer.®
Unfortunately. the ionization of these drugs has not been
studicd on an active basis. The apparent ionizalion constants
of NAL and OXO have been reported previously.” Recently.
the ionization cquilibria and dissociation constants ol several
these drugs were studied in aqucous solution and aqucous
acctonitrile mixtures. "' Still. the few reporied acid disso-
ciation constants for biologically active subslances arc often
conflicting n the results for the same compound. and an
cffort to give thermodynamic significance and homogeneity
to the collected data is lacking,

It 1s reported that quinolone antibiotics can form com-
plexes with divalent cations. This chelation of certain metal
10ns between the carbony 1 and carboxy 1 groups of these mol-
ccules plays an important biological role. The ability of the
quinolonc antibiotics to interact with some cellular compo-
nents 1s mediated by their complexation with divalent metal
cation.” Several studics have shown that a DNA gyrasc can-
not bind quinolones in the absence of DNA and the amount
of quinolonc bound to DNA is modulaicd by the Mg™ con-
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centration. " Some of quinolonc antibiotics hasve been shown
to display photocarcinogenic potential and this could be
related to their ability to interact with DNA.'¥ When Mg™ is
added 1o an achicyable urinary concentration (3.6 mM). the
activity of these antibiotics is reduced for virtually every pH
tested. but the antagonistic action of Mg™ ™ on two groups of
drugs. with and without the piperazinyl group. docs not
exhibit a similar pH dependence. ™" Furthermore. complex
formation with divalent cations of transition mctals would
be of far greater inferest and possible importance. since it
has been reported that many enzymes having nucleic acids
as substratcs or (cmplates contain an nonmagnesium diva-
lent cation. "7

In this work. we determined the ionization conslants and
complex formation constants with some divalent cations of
the quinolonc antibacicrial agenis such as NAL. FLU. OXO.
OFL. NOR and cnoxacin (ENO) by mcans of spectropho-
tometry and potentiomelric litration al room lcmperature.
Their molecular structures arc presented in Figure 1. As pre-
viously stalcd. OFL. NOR and ENO have a piperaziny]
group but NAL. FLU and OXO do not have this substituent.
Also. NAL and ENO arc naphthyridine derivatives. bul
FLU. OXO. OFL and NOR arc quinoline derivatives, There-
fore. from (he comprchensive study of the chemical proper-
tics of various (yvpes of qunmolone antibiotics. valuable
informations arc¢ provided for further insights into the mech-
anisms of antibaclcrial activity. phototoxicity of these drugs.

Experimental Section

NAL. FLU. OXO. OFL. NOR. and ENO were purchascd
(rom Sigma and uscd without further purification. The other
chemicals were rcagent grade and uscd as reccived. Sample
solution were preparcd using quadruply distilled watcr. which
was obtained by passing distilled water through Bamstcad
(U.S.A)) Nanopure 11 deionization system. For the spectro-
photomctric determination ol the ionization constants. the
pH of cach solution was adjusted by adding HCIO;. NaOH
or buffer solution. Acetic acid. tris(hyvdroxymethyl)amine-
methane (Tris). ammonium chloride. and borax buffers were
used in the pH range 4.2-6.0. 6.0-7.9. 8.1-8.7. and 8.7-9.6,
respectively. The concentration of buffers was maintained at
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Figure 1. Chemical structures of selected qumolone antibiotics.
The proposed hvdrogen bond 15 represented by a dotted lme.

Hvowng-Rvun Park ef al.

lower than 0.01 M. The buffers did not absorb UV light
longer than 240 nm. UV/visible absorption spectra were
recorded by Uvikon model 943 spectrophotometer at room
temperature. The concentration of stock solutions preparcd
for potentiometric titration was low. owing to the low solu-
bility of drugs in water (NAL. FLU and OXO arc 5 x 107
M: OFL. NOR and ENQ arc 1 x 10~* M). For back titration.
cach 200 mL of the stock solution was mixed with 30 mL
1 x 107 M perchloric acid. Then. the solution was degassed
by purging high purity Ar gas for 1 hr. This air-frec solution
was titrated by 1 x 10 M sodium hydroxide. DMP400 pH
meter (DMS) with glass combination clectrode was used for
potentiometric titrations. The cnd point was taken as the
point where the lirst derivative of the titration curve was
greatest.

To find the formation constants with divalent cations. dif-
ference speetra were measured at pH 7.5 Tris bulfer.” The
final concentrations of this bufler were 0.03 M Tris and 0.1
M KCI. The pH was adjusted by the appropriatc amount ol
(.1 M HCI. The concentration of drugs was held constant
while the concentration of cation was raised from zcro until
no [urther change in the dilference spectrum was observed.
To [ind the fraction of total drugs complexed to cation, . at
cach cation concentration. the height of the difference spec-
trum maximum was divided by the maximum difference at a
saturating concentration of cation. Since only the ionized
form of the antibiotics will be involved in complex forma-
tion. the formation constant. Ky can be calculated from the
cxpression.

o 1+ {[HVK,}
T - M- oAl

where K7 is the apparent ionization constant and [M]r and
|4]r arc the total cation and total antibiotic concentrations.
respectively. The final concentrations of all drugs i this
study were 3 x 1075 M,

Results and Discussion

The UV/visible absorption spectra of quinolone antibiotics
in aqueous solution are changed as a function of pH. As
shown in Figure 2 (A). the absorption spectra of NAL con-
tain twwo bands. a strong peak at 238 nin and a weak peak at
332 nm in neutral aqueous solution. respectively. It implies
that NAL should have two chromophores : one assigned from
the nitrogen atom at position | to carboxyl group (Chro-
mophore I) and the other from the methy| group attached to
the 7-carbon atom to carbony| group (Chromophore II). The
weak absorption peak of NAL shifts toward the long wave-
length side as the pH of solution increases from 3.31 to 7.235.
However. anv significant shift of the strong absorption peak
is not observed at different pH. These results indicate that
the weak absorption peak corresponds to the chrommophore L
because the carboxvl group will be deprotonated with an
increase in pH. On the other hand. the strong absorption
peak in the short wavelength region corresponds to the chro-
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Figure 2. Ultraviclet absorption spectra of 3x 10 M NAL (A)
and OFI. (B) in aqueous solution. The actual pH of the solution are
shown 11 the mset of the figures.

mephore [1 because this chromophore docs not have any
functional groups showing signilicant acid-basc propertics
in pH region 3.31-7.23. FLU and OXO also have two
absorption bands. and the shape and band positions ol spec-
tra arc similar (0 those of NAL (Dala arc not shown). Also.
the change in (he absorption bands of FLU and OXO as a
function of pH 1s about the samc as that for NAL. although
FLU and OXO de not have a ring nitrogen al position 8. and
OXO has clectron donating oxygen altached to the 7-carbon
atom. Furthcrmore. NAL. FLU and OXO havc onc isos-
bestic point in the UV absorplion spectra obtained within the
pH ranges of pharmaccutical importance. Therclore. we can
suggest that NAL. FLU and OXO have similar types of
chromophores.

The absorption spectra of OFL in aqueous solution also
have two peaks: strong peak at 287 nm and a weak peak at
332 nm. as shown in Figure 2(B). Contrary to the NAL. the
strong absorption peak of OFL shifts toward the short wave-
length side much greater compared with the change of the
weak absorption peak as the pH of solution increases. This
means that the strong peak corresponds to the chromophore
involving from the nitrogen atom at position 1 to carboxyl
group. The weak absorption peak at the long wavelength
side corresponds to the chromophore involving from the
nitrogen of the piperaziny] group attached to the 7-carbon to
the carbonvl group. The change of absorption spectra of
NOR and ENO as a function of pH is similar to that of OFL.
Also. the absorption spectra of OFL. NOR and ENO exhibit
two isosbestic points as a function of pH. We can suggest
that OFL. NOR and ENO contain similar types of chro-
mophores. Therefore. regardless of the naphthyridine or
quinoline derivatives. the absorption properties are deter-
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Table 1. UV Absomption Maxima (Fuw) and Tsosbestic Point
(L) of the Quumolone Antibiotics i Aqueous Solution, Eyyy 18
Obscrved m Natural Solution,

Antibiotics Fia (nm) Fiw (1)
NAL 238 332 328
FLU 248 330 327
0OX0O 200 337 286
OIL 287 332 330 336
NOR 272 323 317 345
LNO 203 333 293 333

mined mainly by the presence or absence of piperazing sub-
stituent. The UV absorption spectroscopic data [or these
drugs in various pH solutions arc presented in Table L.

Quinolone antibiotics have scyveral potentially ionizable
lunctional groups. However. because the pK, of aniling
(4.60) and pyridine (3.23) arc very small. the nitrogen atoms
at position 1. 8 and N of the piperazine ring can hardly
cxhibit acid — basc propertics within the pH ranges of phar-
maccutical or physiological importance. So. NAL. FLU and
OXO have only one relevant ionizable functional group. cor-
responding to the 3-carboxyl group. Onge isosbestic point in
UV spectra strongly supports the fact that NAL. FLU. and
OXO will be present as two chemical specics in aqucous
solution. In contrast. OFL. NOR and ENO have two relevant
ionizable lunctional groups. the 3-carboxy! group and Ny of
the piperazine substitucnt. Since a carboxyl group is nor-
mally a stronger acid than the ammonium group. the first
ionization constant. pKj;. corresponds to the dissociation of
a proton [rom the carboxyl group and pKi: corresponds to
the dissociation of proton from Ny in the piperazinyl group.
Also. the two isosbestic points observed lor these drugs indi-
catc that OFL. NOR. and ENO will ¢xist mainly as three
chemical specics in aqueous solution. The ionization cqui-
libria of NAL and OFL arc presented in the scheme as
below,

GaHs CoHs
HiC NN pKa G NN
(T o ==="TUI 1,
| Yogd # A
I 1
O\H/O o O
(NAL) (NAL")

() o o-
(OFLH") (OFL) (OFL")
HaC., CH;
N o
(N /ju/
F 0
0,0
(OFL)

To obtain the ionization constants by spectrophotometric
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determination. the absorption spectra of the drugs are mca-
surcd as a function of pH. As shown in Figurc 2(A). the
absorption spectrum of NAL obtained at pH 2 is considered
the spectrum of the molecular species and the spectrum
obtained at pH 12 is regarded as that of the ionized specics.
The largest increase ol absorbance as a function of pH is
found at 340 nm. Henge. 340 nm is sclected as the analytical
wavclength for NAL. Using the same method. the analytical
wavclength for FLU. OXO. OFL. NOR. and ENQ is choscn
at 343, 341, 335, 340, and 350 nm. respectively. From the
mcasurcment of the absorbance change at this wavelength as
a [unction of pH. we can calculaic the concentration ratio of
the diflcrent chemical species. The apparent ionization con-
stant (pK,") arc calculated from the cquation.

pK."=pH + log{(A - A)Y (A - A}

where Ap. Ay, and A are the absorbance of the ionized spe-
cics. the melccular species and the solution at the given pH
valucs. respectively. For OFL. NOR and ENQ. A is the
absorbance of anionic [orm (OFL™). which is mcasurcd al
pH 12. and A, is the absorbance of cationic form (OFLH").
which is mcasured at pH 2. The apparent ionization con-
stants of the drugs determined by this procedure arc summa-
rized in Table 2.

By polentiometric litration. onc ionization conslant is
mcasurcd for NAL. FLU. and OXO but two ionization con-
stants arc obscrved [or OFL. NOR. and ENO as shown in
Table 2. Furthermore. the 1onization constants ol NAL. FLU
and OXO obtained by potentiometric titration and spectro-
photometric methods arc the same within experimental crror.
This result 1s further clear evidence that NAL. FLU and
OXO cxist mainly as (wo chemical specics. molecular form
and anionic form. in cquilibrium. Also. the isoclectric points
of OFL. NOR and ENQ. oblaincd by avcraging the pKj; and
pKaz arc the samc as (he apparent ionization constant derived
by spectrophotometric method within experimental crror,
This fact strongly supports that OFL. NOR and ENO cxist in
three chemical specics as a function of pH n cquilibrium,

Quinolone antibiotics has a carboxy1 group and this part is
struchurally related with benzoic acid (pXK,= 4.20). However.
the pKa) of these drugs. indicating the ionization of carboxyl

Table 2. Tonization Constant of Quinolone Antitnotics m Aqueous
Solution using both Spectrophotometric and Polentiometic Titration
Methods

Spectrophotometric Potentiometric titration

Qumolone

R Method method
Antibiolics -

PR, PR PRs N
NAL 6.33 641 6.41
I'LU 6.51 6.50 6.50
0X0O 672 6.61 6.61
OIL 7.18 6.10 828 719
NOR 7.26 6.23 835 7.39
LENO 7353 6.32 8.62 747

pha and pA indicate the apparent 1omzation constant and 1soclectne
point, respectively. Uncertaomty of all these data 1s less than 1.5%,.
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group. arc rather high. about 2 pK unit. as shown in Table 2.
This result suggests that an intramolccular hydrogen bond
cxists between the proton of the un-ionized carboxylic acid
group and the keto oxygen at position 4. Such an intramole-
cular hydrogen bond can be found in other cases.”!'™” The
pKa: of OFL. which corrcsponds to the ionization of Ny in
piperazinyl group. is smaller than the pKy: of NOR and
ENQ. The protonated form ol the sccondary amine of NOR
and ENO is stabilized by the greater number of water mole-
cules involved in its hydration sphere compared with the
corresponding tertiary aming of OFL.™ Also. the pKy» of
OFL will be further decrcased by the steric hindrance of Ny-
methy1 substituent in the piperazinyl group. These obscrva-
tions arc supported by the carly studics for similar sccondary
and tertiary amines: piperazing. pK,=9.71 and N-mcthyl
piperazinc. pK, = 8.98 in water.~'= The acidity of the amine
group in piperazing substituent of OFL. NOR. and ENQ is
still greater than that of piperazine. [I the proton can mose
from the carboxylic group to the Ny in the piperazinyl group
via hydrogen bonding of water molccules. the ionization of
the aminc group in the pipcrazine substituent may arisc
partly from thc combination with the proton produced by
ionization of the carboxy] group instcad of hydrolysis ol
water. This proton transfer may contribute to the increasc in
the acidity of the amine group in this substitucnt. The pK, off
OXO is slightly higher than that of NAL. Timmer and
Sternglan/” suggesicd that this obscrvation might comc from
the presence of an clectron donating oxy gen at position 7
and the abscnce ol an clectron withdrawing ring nitrogen at
position 8, Both of these changes would tend to give the 4-
keto oxyvgen of OXO a greater patial ncgative charge than
that of NAL. strengthening the intramolecular hydrogen bond
and thus making OXO the weaker acid. Since FLU docs not
have an 8-ring nitrogen. the acidity of FLU can be slightly
weaker than that of NAL although this difference docs not
¢xceed the experimental crror. However. although ENO has
an 8-ring nitrogen. the acidity of ENO is not sironger (han
that of NOR. In our laboratory. further study 1s in progress to
understand these properties in detail.

The formation constants with some divalent cations are
measured for OFL. NOR and FLU in pH 7.5 buffer solution.
In this pH, OFL and NOR exist mainly as zwitterion. but
FLU as anion.”* Table 3 lists the formation constants of each
antibiotics with several divalent cations. All drugs have
moderate affinities for most of the divalent cations tested.
These complexes will mainly be forined by ion-dipole inter-
action because any significant absorption bands due to orbital-
orbital interactions between metals and drugs are not observed.
These complexes may involve the 4-keto oxvgen and the
ionized 3-carboxylic acid groups. since the spectral changes
accompanyving complex fornation are similar to those occur-
ring on protonation of the carboxy1 group as shown in Figure
3. This similarity supports our hypothesis of an intraniolecu-
lar hvdrogen bond and its electronic effects in the un-ionized
molecules. For cations belonging to the alkaline earth met-
als. the K; values decrease going down a group in the peri-
odic table owing to the increase of cationic radii. In transition
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metals. the K; valucs of Mn®' and Zn®" arc relatively small
comparcd with those of Ni*" and Co™". The d orbital of Mn*'
is half filled and that of Zn*" is fully filled. So. the orbital-
orbital intcraction between mctal and ligand (antibiotics)
will be very weak. and the sizc of Ky is determined primarily
by ion-dipole interaction. If we compare the Ky values of
Ca~". Mn*" and Zn"' with the nuclear charge of these metals.
Ky values increasc gradually as the nuclear charge increases.
For Ni*'(d*) and Co~"(d"). additional orbital-orbital intcrac-
tions will exist between metals d orbital and ligands. There-
forc. thesc metals form more stable complexes than Mn™'
and Zn*' (scc Table 3). For all the ions tested. FLU has

Table 3. Apparent Complex Fennation Constants of OlL, NOR
and I'LU with Divalent Cations

. logk”
Cation
OrL NOR I'Lu
Mg*' 2.9 29 3.
Ca™ 2.3 2.2 3.1
Sr 1.1 1.2 1.3
Ba* 1.1 1.1 1.1
Mn*' 33 34 3.0
Zn* 3.9 3.9 40
Co™! 4.2 44 4.0
Ni* 4.3 44 4.3
"Uncertainty is less than 495,
0.4
) —— [H']=0.05M
© — ' [Mg?]=0.01M
2 027 — - [N®']= 5 X 10M
8
?
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<
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Figure 3. Trifference spectra of OFL (A) and FLU (B), showmg
elleets of Mg®', Ni*', or 11" versus reference solution of drug at pii
7.5, I'inal coneentrations in relerence cuvelle: 0.02 M Tris-1HC1, 0.1
M KCL pH 7.5 and 3 x 107" M OFI, or FLIL Tn sample cuvette,
same as reference cuvette phas Mg~ or Ni™*. The actual concentrations
arc shown in the inset of the figure: for the 1™ sample, final KC1
concentration was reduced to .03 M and extra HC1 was added (o a
final concentration of (.03 M.
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somewhat larger K¢ values than OQFL and NOR becausc the
molecular size of FLU is the smallest among three mole-
cules. Furthermore. for OFL and NOR. the positive charge
on the zwitterion makes it harder for the metal cations to
aproach the binding site. but for FLU. this kind ol clectro-
static repulsion docs not occur. To determine the composi-
tion of the complex clearly. the data were analyzed by
Roman Cecba method ** The plotted lincs obtained in this
technique exhibit best straight line only when the composi-
tion of the complex is 1: 1 for all cations (Data arc not
shown). Also. all ol the results in Table 3 are the same as the
K¢ valucs obtained by Roman Ceba’s within ¢xperimental
Crror.

The Ny in the piperaziny] group of OFL and NOR may
also participate in the complexation with divalent cations. [
this intcraction is present. the Ky values of NOR arc greater
than thosc of OFL because the steric hindrance from the
methy] substituent of Ns in the piperaziny] group of OFL
results in a weak intcraction between the nitrogen atom and
mctal ion. However. the Ky values of NOR arc the same as
thosc of OFL within ¢xperimental crror. Furthermore. for
such an intcraction to occur. adjacent molecules would have
to mnicract resulting in 2 : 2 complexing. but this possibility
is very low owing to the large excess of the metal ion present
in solution.” Also. no cvidence of 2 : 2 complex formation
was obscryved as described above. Thercefore. it is likely that
the pipcrazinyl nitrogen scrves 1o stabilize the complex
slightly but can not be considered the primary binding site. It
is reported that the formation of 2: 1 (drug : metal) com-
plexcs between NAL and both Mg™ and Ca®' results in
higher order solid complexes than obscrved in our spectro-
scopic studics as the predominant specics in solution.™ Also.
the presence of 2 ¢ 1 (drug : metal) complexes has been ndi-
cated for Mg® -Muoroquinolone antibiotics by mass spectro-
scopy at a drug : metal ratio of 4 - | in sample.”’ Therelore.
the absence of the cvidence of 2 ¢ 1 {drug : metal) complexes
in this study may be due partially to the excess of (he metal
ion present,

For OFL and NOR. the red shift of the strong absorption
peak at 283 nm for OFL and 273 nm for NOR, and the blue
shift of the small absorption peak at 330 nun are observed as
the divalent cations are added (Data are not shown). The
lone pair electrons on N can conjugate with the 3-carboxy-
late anion. and this anionic group is destabilized. When diva-
lent cations are complexed between carboxylate anion and
4-keto oxygen. this conjugation will occur more effectively
and the energy levels of both the ground and excited states
will be stabilized. However, the effect on the excited state
may be greater. with the energy differences becoming smaller
with complex formation. resulting in significant red shift of
strong absorption peak. The intrammolecular electron transfer
from N of the piperazinyl group to 4-keto oxvgen will facil-
itate the complex formation between drmgs and metal cat-
ions.” However. this influence on the metal complex formation
will be minor because this intramolecular charge transfer can
occur in the excited state. The ground state energy level of
this chromophore mav be stabilized to a greater extent than
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the excited state. owing 1o the addition of divalent cations.
because the stable six-membered chelate ring is formed
between the keto and carboxyl oxygen of OFL and NOR.
Therefore. small blue shifis of absorption peak at 330 nm are
cexhibited. For FLU. any shift of the strong absorption pcak
at 250 nm is not obscrved. but the blue shift of the small
peak around 323 nm is exhibited when cations are added. If
the ground statc of the chromophore involving Ny to car-
boxy] group. which corresponds to the absorption peak at
325 nm. is stabilized to a greater extent than the excited
statc. owing to the formation of six-membered chelate ring,
this bluc shift of small absorption band can be cxplained.
The cffeet of Co~ on the absorption spectra of OFL. NOR
and FLU is not similar to the cfTects of ihe other divalent cat-
ions (This clcct consists of a broadening of the strong band
at short wavclength side). This phenomenon is most sighifi-
cant in FLU. Timmer and Stemglanz” also obscrved similar
results for OXO. This fact indicates that these drugs do not
form complexes with Co~ of the same type that they form
with other divalent cations.

In the present work. ionization constants and cation com-
plex formation constants of some quinolone antibiotics arc
mcasurcd. For (hese two groups of antibiotics. with and
withoul a pipcrazinyl group. the relative absorption band
positions and intensity arc quite different. However. any sig-
nificant differences of spectroscopic protertics  between
quinoline (FLU. OXO. OFL and NOR) and naphthyridinc
derivatives (NAL and ENQ) arc not obscryed. The ioniza-
tion constants obtamed by the two different methods. spec-
trophotometric and polentiometric titration (cchniques. agree
well with cach other within experimental crror. Belween
antibiotics and cations. 1 : 1 complexcs arc formed by ion-
dipole interaction. using the 4-keto oxygen and the ionized
3-carboxylic acid group. With Ni* and Co™'. additional
orbital-orbital interaction between the metal d orbital and
ligand is also obscrved. The Ny atom at the piperazinyl
group of OFL and NOR could not be considered as the pri-
mary binding sitc.
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