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Study of acid–base equilibria of fleroxacin
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Abstract

The acid-base equilibria of fleroxacin were studied by means of potentiometry and spectrophotometry. It was
established that fleroxacin undergoes a complex acid-base equilibrium due to its zwitterionic nature and two
proton-binding sites of similar acidity. The stoichiometric equilibrium constants were determined at 25°C and
constant ionic strength 0.1 M (NaCl). The acidity constants pK1=5.5990.01 and pK2=8.0890.04 were found by
potentiometry, and pK1=5.6190.03 and pK2=8.1190.06 by spectrophotometry. The distribution diagram of the
corresponding ionic species is given. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Fleroxacin, belongs to the third generation of
multiple fluorinated antibacterial quinolone
derivatives widely used in the treatment of urinary
infections. This generation members are of
broader spectrum and greater activity compared
to nalidixic and oxolinic acid [1–3]. The mecha-
nism of their action was extensively studied [4].
These agents are proved to prevent bacterial
DNA biosynthesis by inhibiting the bacterial en-
zyme DNA gyrase.

The behavior of fluoroquinolones are signifi-
cantly influenced by their physicochemical proper-
ties, particularly by their ionization degree
expressed by the pKa value and partition coeffi-

cient [5,6]. These data are important for a thor-
ough understanding of absorption transport and
receptor binding of these drugs at the molecular
level.

Fleroxacin is 6,8-difluoro-1-(2-fluoro ethyl)-1,4-
dihydro-7-(methyl-1-piperazinyl)-4-oxo-3-quino-
line carboxylic acid.

Acid–base equilibrium of several fluoroquino-
lones has been reported in literature recently [6,7].
Fleroxacin as the other fluoroquinolones have two
potentially ionizable functional groups, namely
the carboxylate and piperazine amino groups.

In the present work the acid–base properties of
fleroxacin was studied by potentiometry and UV
spectrophotometry. Since these molecules contain
two proton-binding sites of similar basicity, the
acid–base properties are depicted by equilibrium
constants, K1 and K2, respectively.* Corresponding author.
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Scheme 1. Protonation Scheme of fleroxacin.

2. Experimental

2.1. Apparatus and reagents

The following apparatus was used: a PHM-62
pH meter (Radiometer, Copenhagen, Denmark)
with a glass-calomel electrode assembly; titrator
TTT-60 with an ABU-12 autoburette (Radiome-
ter); and Spectrophotometer Beckman DU 650.

All investigations were carried out with flerox-
acin produced by Hoffmann La Roche (Basel,
Switzerland). Other reagents, HCl, NaOH and
NaCl were of analytical reagent grade from
Merck. Double distilled water was used through-
out. Standardization of HCl and NaOH was per-
formed potentiometrically. The ionic strength was
kept constant (0.1 M) by addition of NaCl, and
all measurements were performed at 25°C. The
conversion of measured pH values into pcH for
I=0.1 M was done by using the following rela-
tion [8]:

pcH= − log [H3O+]=pH−0.04.

2.2. Determination of acidity constants

2.2.1. Potentiometric determination of acidity
constants

The acidity constants were determined from the
data obtained by potentiometric titration. Aliquot
(25 ml) containing 2.5×10−3 M fleroxacin and
3.882×10−3 M HCl were titrated by 0.1454 M
NaOH. The constant ionic strength of 0.1 M was
kept by NaCl.

2.2.2. Spectrophotometric determination of acidity
constants

Two aliquots of 5×10−5 M fleroxacin solu-
tions were prepared in either 1×10−2 M HCl or
1×10−2 M NaOH with a total ionic strength of
0.1 M (NaCl). By mixing the acidic and basic
solutions, the solutions of different pH were ob-
tained and their spectra were recorded in the
wavelength range of 220 to 400 nm.

3. Results and discussion

The neutral nonionic form of fleroxacin is rear-
ranged spontaneously to the zwitter ion due to the
protolysis of the carboxyl group and the proton
acceptance of the piperazine-amino group. In the
pH range 2–12 fleroxacin as a zwitter ion under-
goes a complex acid–base equilibrium as shown in
Scheme 1, where HQ9 , H2Q+ and Q− represent
a zwitter, a cation and an anion species, respec-
tively. The corresponding equilibrium constants are
as follows:

K1=
[H+][HQ9]

[H2Q+]
(1)

K2=
[H+][Q−]

[HQ9]
(2)

Potentiometric determination of equilibrium con-
stants was performed by application of the forma-
tion function method [9]. The method is based on
the determination of n̄, i.e. the average number of
protons bound to the free base. In the case exam-
ined it is given by:
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Fig. 1. Formation function dependence on pH.
Fig. 3. The absorption spectra of fleroxacin obtained in: 1,
0.01 M HCl (H2Q+); 2, pH 3.50; 3, pH 4.95; 4, pH 5.98; 5,
pH 6.85; 6, pH 8.25; 7, pH 9.00; 8, 0.01 M NaOH (Q−).n̄=

2[H2Q+]+ [HQ9]
[H2Q+]+ [HQ9]+ [Q−]

(3)

By combining Eqs. (1) and (2) and Eq. (3), the
linear dependence was obtained:

n̄−1
n̄

[H+]=
1

K1

2− n̄
n̄

[H+]2 − K2 (4)

on the basis of which K1 and K2 can be deter-
mined from the slope and intercept, respectively.

The determination of the n̄ from experimental
data was calculated according to the equation:

n̄=
cHQ+cHCl−cNaOH− [H+]+ [OH−]

cHQ

(5)

where cHQ, cHCl and cNaOH, correspond to the
stoichiometric concentrations of fleroxacin, hy-
drochloric acid and sodium-hydroxide solution
respectively; [H+] and [OH−] were obtained from
pH measurements.

The dependence of formation function, n̄ versus
pH is shown in Fig. 1.

Linear dependence of (n̄−1)n̄−1[H+] versus
(2− n̄)n̄−1[H+]2 gives K1=2.58×10−6 (pK1=
5.59), and K2=8.23×10−9 (pK2=8.08) (Fig. 2).

The absorption spectra of fleroxacin obtained
in pH range from 2 to 12 are shown in Fig. 3.

The spectra of H2Q+ species (pH 2) and spec-
tra of fleroxacin obtained at higher pH values, up
to pH 5.98, pass through the isosbestic point at
279 nm, since the spectra of Q− species (pH 12)
and the spectra of fleroxacin obtained at lower
pH values, up to 6.85, show the second isosbestic
point at 286 nm. Since the classic spectrophoto-
metric approach [10] in investigation of the acidity
constants demands the spectra of all pure species
to be known, the application of this method was
not possible due to the overlapping acid–base
equilibrium of fleroxacin. In this case it was possi-
ble to estimate the spectra of two pure species,
H2Q+ and Q−, at pHB3.6 and pH\10, respec-
tively. Because of that, for determination of K1

and K2 of fleroxacin the basic spectrophotometric
equations:

pK1=pcH+ log
A−AHQ9

AH2Q+ −A
(6)

pK2=pcH+ log
A−AQ−

AHQ9−A
(7)Fig. 2. Graphical presentation of Eq. (4) for potentiometric

evaluation of ionization constants K1 and K2.
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were transformed into the following linear
dependences:

A=AHQ9+
1

K1

(AH2Q+ −A) [H+] (8)

and A=AHQ9+K2

AQ− −A
[H+]

(9)

According to Eqs. (8) and (9) the estimation of K1

and K2 is possible on the basis of A—pH data,
knowing the absorbance of only one pure species,
H2Q+ and Q− , respectively. The Eqs. (8) and (9)
represent linear dependence of A= f{(AH2Q+ −
A)[H+]} and A= f{(AQ− −A)/[H+]} on the ba-
sis of which K1 and K2 were calculated by linear
regression from the slopes of the corresponding

Table 1
Stoichiometric ionization constants of fleroxacina

Method appliedConstant

Potentiometry Spectrophotometry

5.6190.03pK1 5.5990.01
pK2 8.0890.04 8.1190.06

6.84 6.86pIb

a I=0.1 M (NaCl), t=25°C.
b Isoelectric point.

graphs , Fig. 4. Determination of K1 was per-
formed at 290 nm in pH range from Eq. (2) to
5.93, and K2 at 280 and 290 nm in pH range from
7.90 to 12.

The equilibrium constants obtained by the po-
tentiometric and spectrophotometric methods are
summarized in Table 1. A good agreement of K1

and K2 is obtained with both methods. The spec-
trophotometric method is a less precise method
for determination of K2 compared to pH-metric
method as seen from Table 1. This can be as-
cribed to the small change of the quinolone spec-
trum caused by the piperazine moiety
protonation. An extensive literature review [6,7]
related to the numerical values of the ionization
constants of fluoroquinolones show that the val-
ues for pK1 and pK2. are approximately 5.3–6.5
and 7.6–9.3, respectively. According to Ross and
Riley [6] in the case of single fluorinated
quinolones (at C-6 position) the pK1 and pK2 of
both ionization centres are considered in detail ,
related to the influence of the fluorine and 4%-N
methyl supstituents. By introducing the second
fluorine atom into the molecule of quinolone (at
C-8 position), i.e. in the case of lomefloxacin,
8-fluoro-norfloxacin and 8-fluoro pefloxacin, the
pK1 varies from 5.33 – 5.55 [7]. The value of pK1

obtained for fleroxacin is in a good accordance to
those values. At the same time, the pK2 for
lomefloxacin and 8-fluoronorfloxacin are 8.78 and
9.33, respectively. The pK2 of 8-fluoro pefloxacin
which contains 4%-N methyl supstituent is 8.13.
This value can be compared with the pK2 of
fleroxacin, due to their very similar structure (the
difference is in fluorine atom of side ethyl chain in
the molecule of fleroxacin). This findings show

Fig. 4. Graphical presentation of Eqs. (8) and (9) for spec-
trophotometric determination of ionisation constants: (a) K1

(290 nm); (b) K2 (���, 280 nm; � � �, −290 nm).
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Fig. 5. The distribution diagram of fleroxacin.

can be utilazed for better understanding and inter-
pretation of the protein binding of these drugs.
The poor binding of the zwitterionic form has
been recently reported [12]. Besides, a progressive
decrease of the activity of some quinolones at low
pH can be atributed to the poor penetrating of
the cationic through the cell membrane [13,14].
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probably the minor influence of the fluorine side
chaine atom to both ionizable centres.

On the basis of the determined constants, the
relative concentration of the equilibrium species
can be calculated using the following equations:

aH2Q+ =
[H+]2

[H+]2+K1[H+]+K1K2

(10)

aHQ9=
K1[H+]

[H+]2+K1[H+]+K1K2

(11)

aQ− =
K1K2

[H+]2+K1[H+]+K1K2

(12)

The corresponding distribution diagram of
fleroxacin is presented in Fig. 5.

The literature data show that antibacterial ac-
tivity of fluoroquinolones is pH dependent [11].
For this reason, the fluoroquinolones distribution

.


