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Abstract—New compounds of sparfloxacin (C19H22F2N4O3, SfH) and levofloxacin (C18H20FN3O4, LevoH)
with mineral acids, namely, sparfloxacinium bromide (SfH ⋅ HBr, I) and levofloxacindium diperchlorate
(LevoH ⋅ 2HClO4, II), have been synthesized and characterized by X-ray diffraction. Crystallographic data
are a = 7.7151(7) Å, b = 26.109(3) Å, с = 10.008(1) Å, β = 103.556(1)°, V = 1959.7(3) Å3, space group P21/n,
Z = 4 for I and a = 9.727(6) Å, b = 20.440(12) Å, с = 12.286(7) Å, β = 104.327(8)°, V = 2367(2)Å3, space
group P21, Z = 4 for II. The structures of these compounds are stabilized by intra- and intermolecular hydro-

gen bonds and π–π interaction between  or  ions.

DOI: 10.1134/S0036023616110073

Fluoroquinolones selectively inhibit DNA gyrase,
a microbial cell enzyme responsible for the normal
biosynthesis and DNA replication of bacteria. They
are the most important class of synthetic antibiotics
[1]. Among its representatives are sparfoxancin
(С19H22F2N4O3, SfH) [2, 3] and levofloxacin or
S-ofloxacin (C18H20FN3O4, LevoH) [1, 4]. Their
application in medicine is complicated by a low solu-
bility in water, hygroscopicity, and the formation of
polymorphic and hydrated forms [5–7]. Ionic com-
pounds of f luoroquinolones are better soluble and
crystallized [8–12] and can be suitable ingredients of
new medicines. Within the framework of the system-
atic study of their molecular and supramolecular
structure, two new compounds, such as sparfloxa-
cinium bromide SfH ⋅ HBr (I) and levofloxacindium
diperchlorate LevoH ⋅ 2HClO4 (II) have been synthe-
sized and characterized by X-ray diffraction.

EXPERIMENTAL
Sparf loxacin C19H22F2N4O3 (Sigma; ≥98% pure),

levof loxacin semi-hydrate C18H20FN3O4 ⋅ 1/2H2O
(Zhejiang Kangyu Pharmaceutical, China), HBr
(chemically pure), and HClO4 (chemically pure) were
used without additional purification.

Synthesis. Compound I was synthesized by adding
2 М HBr drop by drop to a suspension of SfH (0.20 g)
in water (5 mL) until рН 2–3 was attained. Com-
pound II was synthesized by adding 10 M HClO4

(3 mL) to LevoH (0.20 g). The formed yellow crystal-
line precipitates were filtered out, washed with ace-
tone, and dried in air. Single crystals of compounds I
and II precipitated during the slow evaporation of
water from the resulting filtrates at room temperature.

Single-crystal X-ray diffraction analysis. Single
crystals of I and II selected for structural characteriza-
tion were 0.18 × 0.14 × 0.07 and 0.43 × 0.38 × 0.21 mm
in size, respectively. Reflection intensities were mea-
sured on a SMART APEX II X-ray single-crystal dif-
fractometer with a Bruker AXS CCD detector (MoKα
radiation) at 298 K. Experimental corrections for
absorption were applied using the SADABS software
[13] by the multi-scan method. The structural model
was solved by direct methods and refined in the aniso-
tropic approximation for non-hydrogen atoms using
the SHELXTL software suite [14]. The structures of
compounds I and II were deposited with the Cam-
bridge Structure Database (nos. 1047052 and 1047051,
respectively). The data can be accessed at www.ccdc.
cam.ac.uk/data_request/cif.

The positions of all hydrogen atoms in compounds
I and II were determined from difference electron
density syntheses and further refined as bonded with
fixed distances. Some parameters of X-ray diffraction
experiment and refinement details for their structures
are given in Table 1.
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The asymmetric part of the crystal unit cell of com-

pound I contains one  ion and one Br− ion. The
two six-membered rings (N1–C2–C3–C4–C10–C9

and C5–C6–C7–C8–C9–C10) in the  cation
are nearly planar, and the third ring N2–C14–C15–

2SfH+

2SfH+

N3–C16–C17 has a “chair” conformation (Fig. 1).
The N4 atom is bonded to two hydrogen atoms located

in the plane of the two first rings. The  cation also
contains the С11–С12–С13 three-membered ring
bonded to the N1 atom. The interatomic distances and
bond angles in compound I coincide with the values
obtained for sparfoxacin [7, 15] and its derivatives [2, 16].

2SfH+

Table 1. Parameters of X-ray experiment and details of structure refinement for compounds I and II

Formula C19H23BrF2N4O3 (I) C18H22Cl2FN3O8 (II)

Space group, Z P21/n, 4 P21, 4

2θmax, deg 50 50

a, b, c, Å; β, deg 7.7151(7), 26.109(3),
10.008(1); 103.556(1)

9.727(6), 20.440(12),
12.286(7); 104.327(8)

V, Å3 1959.7(3) 2367(2)

ρ, g/cm3 1.604 1.578

μ, mm–1 2.146 0.351

Total measured reflections 14261 17505
Independent reflections 3448 8263
Number of ref lections with F > 4σF 2046 5387

h, k, l ranges –9 ≤ h ≤ 9, 
–31 ≤ k ≤ 30,
–11 ≤ l ≤ 11

–11 ≤ h ≤ 11,
–24 ≤ k ≤ 24,
–14 ≤ l ≤ 14

Refined parameters 257 654
R1 [Fo > 4σ(Fo)] 0.055 0.063

wR2 0.113 0.163
GOOF 1.02 1.04
Flack parameter – –0.09(6)

Δρmax/Δρmin, e/Å3 0.79/–0.50 0.50/–0.36

(Δ/σ)max 0.0 0.01

Fig. 1. Cations  in compound I and  in compound II with numbered atoms. Thermal oscillation ellipsoids are cal-
culated with a 50-% confidence probability. Hereinafter, dashed lines are hydrogen bonds.
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The asymmetric part of the unit cell of in a crystal of
compound II contains two  cations (А and В)
and four ClO4

− anions. The bond lengths and bond

angles in  (Fig. 1) coincide with the literature
data for levofloxacin [15] and its derivatives [12]. The
oxygen atoms in  ions are strongly disordered,
especially in the case of Cl4, so the OClO angles at the
Cl1 atom are from 107.9(5)° to 110.3(5)°, and the Cl–
О bond lengths are 1.411–1.448(7) Å, while these
ranges for the Сl4 atom are 97.6°–118.1(13)° and
1.306–1.452(13) Å, respectively. The two independent

 cations have an ordinary structure [12]: the
two six-membered rings N1–C2–C3–C4–C10–C9
and C5–C6–C7–C8–C9–C10 are nearly planar, and
the third ring N2–C14–C15–N3–C16–C17 has a
“chair” conformation. The fourth ring C8–C9–N1–
C11–C18–O4 in cation A has an “envelope” confor-
mation, where the С18 atom is 0.667 Å out of the
plane, in which the other ring atoms lie (maximum
deviation is 0.010(5) Å for N1), and the same ring in
cation B has a “half-chair” conformation, where the
atoms С11 (0.28 Å) and С18 (0.44 Å) deviate in differ-
ent directions from the plane in which the other ring
atoms lie nearly without any deviations (Fig. 2). The
fourth rings alone do not obey the inversion bond
between  ions, thus causing a non-cen-
trosymmetric character of the structure.

The structures of compounds I and II (Figs. 3 and
4) contain both intra- and intermolecular hydrogen
bonds. The presence of an additional NH2 group in

 in comparison with  and the different
natures of anions and the different degrees of proton-
ation of f luoroquinolones have various effects on the
hydrogen bonds in compounds I and II. The O1 atom
in the  ion is a double acceptor of intramolecular
O2–H1···O1 and N4–H5···O1 hydrogen bonds, and
Br− is bonded to three  cations via N–H···Br
hydrogen bonds (Table 2) to form an infinite three-
dimensional structure. Alongside with the intramo-
lecular O1–H···O2 hydrogen bond typical for dipro-
tonated f luoroquinolones [17, 18], the structure of
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compound II contains four intermolecular hydrogen
bonds like N3–H···O and О3–H···O. In this case,
these bonds link each  cation to two 
ions (Fig. 4). C14–H···F hydrogen bonds typical for
fluoroquinolones [17] are formed in both structures.

The  cations in the structure of compound I
are arranged in pairs in an antiparallel fashion through
the inversion center and are bonded via “head-to-tail”
π–π-interaction [19] (Table 3). Cations А and В in
compound II are also linked into pairs via “head-to-
tail” π–π-interaction, and the structural units consist-
ing of two  cations and four  anions are
bonded only by van der Waals forces. The geometric
parameters of π–π-interactions in compounds I and
II are close to the values found in some other f luoro-
quinolone derivatives [8–11, 17].

2
3LevoH +
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2SfH+

2
3LevoH +

4ClO ,−

Fig. 2. Shape of the C8–C9–N1–C11–C18–O4 rings in

the two independent  ions in the structure of
compound II.

A B

C(12A)

O(4A)

C(11A)

C(18A)
N(1A)

C(12B)
C(18B)

O(4B)

C(11B)
N(1B)

2
3LevoH +

Fig. 3. Hydrogen bonds in the structure of compound I.
Nitrogen atoms are horizontally shaded, and bromine
atoms are shown as grey circles.
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Fig. 4. Hydrogen bonds in the structure of compound II.
Nitrogen atoms are horizontally shaded.
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Translated by E. Glushachenkova

Table 3. Parameters of π–π-interactions between the N1–C2–C3–C4–C10–C9 rings in compound I and the N1–C2–
C3–C4–C10–C9 and C5–C6–C7–C8–C9–C10 rings in compound II

Compound Cgi–Cgj d, Å α, deg β, deg Cgi_p, Å Δ, Å

I Cg1–Cg1 3.664(3) 0 10.31 3.604(2) 0.656
II Cg1A–Cg2B 3.779(5) 4.2(4) 22.80 3.396(3) –

Cg2A–Cg1B 3.861(5) 5.1(4) 23.67 3.429(3)
Cg1B–Cg2A 3.861(5) 5.1(4) 27.34 3.370(4)
Cg2B–Cg1A 3.780(5) 4.2(4) 26.02 3.484(3)

Table 2. Geometric parameters of D–H···A hydrogen bonds (d, Å; angles, deg) in the structures of compounds I and II

D–H D–H H···A ∠DHA D···A A Symmetry codes for atom А

Compound I
O2–H1
N3–H2
N3–H3
N3–H3
N4–H4
N4–H5
C14–H12

0.95
0.98
0.98
0.98
0.98
0.98
0.97

1.61
2.43
2.26
2.66
2.60
1.94
2.38

154
160
132
126
157
128
115

2.498(5)
3.371(4)
3.006(5)
3.342(4)
3.518(4)
2.654(5)
2.932(4)

O1
Br
O3
Br
Br
O1
F1

x, y, z
x – 0.5, 0.5 – y, z – 0.5
0.5 – x, 0.5 + y, 1.5 – z
x, y, z
x – 0.5, 0.5 – y, z + 0.5
x, y, z
x, y, z

Compound II
O1A–H1A
О3A–H3A
N3A–HN3A
O1B–H1B
O3B–H3B
N3B–HN3B
C14A–H14A
C14B–H14B

0.95
0.95
0.98
0.95
0.95
0.98
0.97
0.97

1.77
1.86
1.99
1.77
1.74
1.83
2.31
2.33

143
146
150
142
163
171
116
115

2.597(8)
2.702(9)
2.876(12)
2.586(9)
2.665(10)
2.807(12)
2.877(12)
2.878(11)

O2A
O12
O41
O2B
O21
O31
FA
FB

x, y, z
x – 1, y, z – 1
x + 1, y, z
x, y, z
x + 1, y, z
–x, y – 0.5, –z
x, y, z
x, y, z
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