Journal of Southeast University (English Edition)

Vol. 27, No. 4, pp. 449 - 451

Dec. 2011 ISSN 1003—7985

Crystal structure and fluorescence property of antofloxacin
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Abstract: Antofloxacin free base is prepared from antofloxacin
hydrochloride by removing hydrogen chloride. Its crystal is
obtained by slow evaporation of an acetonitrile-methanol mixed
solution.  Single-crystal X-ray diffraction reveals that the

crystallography belongs to a triclinic P1 space group with cell
parameters: a =0.663 07(13) nm, b =0. 898 39(18) nm, ¢ =
1.569 0(3) nm, a =75.12(3)°, B =87.92(3)°, y =71.57
(3)°. Antofloxacin shows no fluorescence in solution, but the
crystalline state emits strong green light at 510 nm under the
excitation of 360 nm, indicating a fluorescence enhancement
induced by aggregation. It demonstrates that intermolecular
packing and interaction in the crystal lead to the improved
fluorescence quantum yield. These results provide important
information for the further exploration of the structure-activity
relationship of antofloxacin and the development of new drugs.
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uinolone antibacterial agents are among the most at-

tractive drugs in the anti-infective chemotherapy
field. They are generally characterized by a broad antimicro-
bial spectrum, high efficiency and low cardiac toxicity since
the advent of Naphthyridine acid in 1962. After nearly 50
years of rapid development, more than 10’ quinolone com-
pounds have been synthesized and screened for pharmaco-
logical activity, which creates a new era of synthetic antibi-
otics"' ™. Although the fluorescence properties of quinolones
have been reported many times in the literature"’™ | little at-
tention is paid on the correlation between the fluorescence
properties and the molecular structure of quinolones, which
is important for understanding structure-activity relation-
ships, designing new drugs, and developing new analysis
methods'® .

Antofloxacin (see Fig. 1) is the first innovative fluoro-
quinolone antimicrobial drug developed in China, common-
ly used as antofloxacin hydrochloride in clinical trials'”. It
is authorized by the Chinese Patent Office on compound,
synthesis, antimicrobial drug applications etc. in 2000, and
it is approved for marketing by the State Food and Drug Ad-
ministration (SFDA) in 2009. An HPLC method is estab-
lished for the assay of antofloxacin hydrochloride which is
found to be accurate and convenient for the quality con-
trol™ . A UV spectrophotometry method is also used for the
assay of antofloxacin hydrochloride in tablets and is found to

be convenient with good reproducibility' .
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As a new member of the fluoroquinolones, antofloxacin
has a long biological half-life, a broad anti-bacterial spec-
trum, high antibacterial activity, a wide tissue distribution,
good absorption and bioavailability, small side effects and
other characteristics. Its overall performance is superior to
that of similar drugs currently on the market especially for
the treatment of infections in the dermal system, the respira-
tory system and urinary tract''" .

Antofloxacin is likely to become one of the most promising
antibacterial drugs on the market. As part of our interests,
the crystal structure and its solid-state fluorescence are repor-
ted and the correlation between them is analyzed. This re-
search will provide important information for the further ex-
ploration of the structure-activity relationship of antofloxacin.
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Fig.1 Chemical structure of antofloxacin
1 Experimental Section
1.1 Chemicals and instruments

Antofloxacin hydrochloride are supplied by Nanjing Jing-
hua Biological Engineering Co., Ltd. Methanol, acetoni-
trile, anhydrous ethanol, 95% ethanol and NaOH are ana-
lytical reagents. The X-ray data are collected on a Rigaku
SCXmini diffractometer ( Japan with Manasseh); the ab-
sorption spectrum is measured on a V2201 type UV-Vis
spectrophotometer ( Japan Shimadzu company). The fluo-
rescence spectrum is obtained on an FLS-920 type steady-
state/transient fluorescence spectrometer ( British Endin-
burgh Instruments Company).

1.2 Preparation of antofloxacin free base

A sodium hydroxide solution (0.43 g, 2.2 mL) is added
dropwise to the solution of antofloxacin hydrochloride (4. 13
g, 10.97 mol) in distilled water (65.0 mL) at 55 to 60 C
for a period of 15 min. Then the precipitation is filtered,
washed with distilled water and 95% ethanol consecutively
and then dried in vacuum to afford the antofloxacin free base
as a yellow solid.

1.3 Preparation of antofloxacin single crystal

The antofloxacin free base (0.10 g) is dissolved in an
acetonitrile solution (20. 0 mL) with stirring, and then heat-
ed to reflux. A solution of acetonitrile (8. 0 mL) and meth-
anol (4.0 mL) is added until the solution is clarified. The
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obtained solution is cooled and kept still at room tempera-
ture. After 3 d, the large yellow prism crystals of antofloxa-
cin are obtained.

1.4 X-ray crystallographic determination of antofloxacin

The size of a single antofloxacin crystal is 0. 20 mm x
0.28 mm x 0. 21 mm. The single-crystal X-ray diffraction
data of antofloxacin are collected on a Rigaku SCXmini dif-
fractometer with graphite-monochromated Mo-Ka radiation
(A =0.71073 nm) by w-scan technique at 293(2) K. The
structures are solved by direct methods with the SHELXS-97
program, and refinements on F° are performed with the
SHELXL-97 program by full-matrix least-squares techniques
with anisotropic thermal parameters. All the non-hydrogen
atoms are refined anisotropically, and hydrogen atoms are
inserted at their calculated positions and fixed. The methyl
H atoms are then constrained to an ideal geometry with C—
H of 0.096 nm and U, , =1.5U,, .. All other H atoms are
placed in geometrically idealized positions and constrained
to ride on their parent atoms with C—H of 0. 093 nm and
Ugu=12U,.

2 Results and Discussion
2.1 Crystal structure analysis of antofloxacin

The crystallographic data is summarized in Tab. 1. The
selected bond length and bond angles are listed in Tab. 2 and
Tab. 3, respectively. The molecular view and the crystal
packing diagram of antofloxacin are shown in Fig. 2 and
Fig. 3, respectively.

In the molecular structure of antofloxacin, the piperazine
ring demonstrates a chair type structure with the angles of
N1-C20-C22 and C20-C22-N2 being 113. 63° and 113. 58°,
respectively. For the quinolone fragment, atoms F, N3,
C17, 02, O3, O4 and C19 are all coplanar with the quino-

Tab.1 Summary of crystallographic data for antofloxacin

Parameter Value
Formula C;sH, FN,O,
Formula weight 376. 39
Crystal system Triclinic
Space group Pl

a=0.66307(13) nm, a=75.12(3)°
b =0.89839(18) nm, B=87.92(3)°
¢=1.5690(3) nm, y=77.57(3)°

Unit cell dimensions

Volume/nm? 0.8820(3)
z 2
F(000) 396

Full-matrix least-squares on F>
2.455
R=0.2045, R, =0.5830
R=0.2195, R, =0.5907

Refinement method
Goodness-of-fit on F2
Final R indices [I >20(])]
R indices (all data)

Tab.2 Selected bond length

Bond  Length/nm|| Bond Length/nm| Bond Length/nm
O1-C7 0.1240(8) || F-C12 0.1337(7) || C5-N4 0.1403(8)
C6-N2  0.1425(9) || 02-C17 0.1342(9) || C11-04 0.1377(8)
N4-C14  0.1305(9) || N4-C19 0.1490(8) || O3-C17 0.1207(9)
04-C24 0.1491(14)[| N2-C22 0.1417(12)|] N2-C27 0.1430(2)
C19-C24 0. 1429(15)|| C19-C30 0.1690(2) || C20-N1 0.1356(17)
C20-C22 0.1500(13)f| N1-C29 0.1506(18)| N1-C23 0.1520(2)
C23-C27 0.1600(3)

Tab.3 Selected bond angles

Bond Angle/(°) Bond Angle/(°) Bond Angle/(°)

C11-04-C24 108.5(7)
C6-N2-C27 115.8(10)
N4-C19-C30 105.0(7)
C20-N1-C23 106. 4(11)
N1-C23-C27 100. 5(18)

C22-N2-C6 114.9(6)
C24-C19-N4  110.0(8)
NI1-C20-C22 113.7(10)
C29-N1-C23 105.5(13)
C19-C24-04 110.4(10)

C22-N2-C27 108.6(15)
C24-C19-C30 107.6(10)
C20-N1-C29 109.2(12)
N2-C22-C20 113.6(8)
N2-C27-C23  104(2)

Fig.2 Molecular structure of antofloxacin with displacement el-
lipsoids drawn at 30% probability level

Fig.3 Crystal packing of antofloxacin along b-axis

lone plane, while the atoms C24 and C30 show a deviation
of 0.069 2 and 0.156 7 nm from the quinolone plane,
respectively, and form a distortion angle of 93.23° (C30-
C19-N4-Cl14). The plane of piperazine is nearly perpendic-
ular to that of quinolone with a dihedral angle of 85. 50°.

In the crystal structure, the intramolecular hydrogen
bonds O,-H,...0, and N,-H,;...O, and the 7 bond stacking
interaction (the adjacent parallel fluoroquinolone rings with
the distance of 0. 331 1 nm) are observed, which packs the
molecules into intricate 3-D structures.

2.2 Fluorescence property of antofloxacin

Plotted in Fig. 4 is the UV-Vis spectrum of the antofloxa-
cin in the ethanol solution. It shows that antofloxacin has
absorption peaks at 226. 5, 309.5 and 382 nm, respective-
ly, and the strongest absorption peaks are located at 309. 5
nm. No fluorescence is found in the solution, but in a solid
state a strong green fluorescent light peaking at 510 nm can
be found with excitation at 360 nm. Obviously, the fluores-
cence can be ascribed to the intramolecular -7 " transition
of the antofloxacin, and aggregation-induced fluorescence
enhancement effect exists in its crystal.

Antofloxacin has a rigid planar structure with a large delo-
calized 7 bond, and has the lowest 7-1 " excitation energy.
In a crystal state, primary amino is released due to the re-
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moval of HCI and forms hydrogen bonds with carboxyl oxy-
gen atoms resulting in enhanced rigidity of the co-planarity,
thus reducing the intramolecular non-radiative deactivation
probability and improving the quantum efficiency of lumi-
nescence!'™'. Meanwhile, the accumulation of molecules
in the crystal mode also plays an enhanced role in their fluo-

rescence.
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Fig.4 UV-Vis spectrum of antofloxacin in ethanol solution (10 ~*
mol/L) and fluorescence spectrum in solid state (A,, =360 nm)

3 Conclusion

A simple method for the preparation of antofloxacin and
its single crystal is developed. The crystallography belongs
to triclinic P1 space group. The crystal cell parameters are a
=0.663 07(13) nm, b =0.898 39(18) nm, ¢ =1.569 0
(3) nm, a=75.12(3)°, B=87.92(3)°, y=77.57(3)°.
The crystalline antofloxacin demonstrates aggregation-in-
duced fluorescence enhancement with an emission peak at
510 nm excited at 360 nm which may be due to the fact of
intermolecular packing in the crystal structure. This paper
provides important information for further exploration of the
structure-activity relationship of antofloxacin and the design
and development of new drugs.
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