
Sitafloxacin (DU-6859) is a newly developed fluoroquinolone
antibacterial agent.  Its antibacterial activity is significantly
better than those of other quinolones.1 Three hydrate forms
(hemihydrate, monohydrate and sesquihydrate) and three
anhydrate forms (α, β and γ-forms) of sitafloxacin crystals have
been found so far.  The polymorphic and pseudopolymorphic
crystals show different physicochemical properties.  The crystal
structure of the β-form has been already reported.2 In this
paper, we report the X-ray structure of the sesquihydrate.

The crystal used for the X-ray analysis was yellowish
prismatic, and its size was approximately 0.20×0.18×0.10 mm3.
The crystal and experimental data are listed in Table 1.
Intensity data were collected in the ω–2θ scan mode using

graphite-monochromated Cu Kα radiation (λ = 1.5478 Å).  The
structure was solved by direct method, and refined by block-
diagonal least-squares method.  Non-hydrogen atoms were refined
anisotropically.  Hydrogen atoms were located in the difference
Fourier map and refined isotropically.  The highest peak in the
map was assigned as an extra water molecule (O54).  The
hydration number of this crystal is known to vary from 1.5 to
2.0 according to relative humidity.  Since the crystal used in this
experiment was treated in an ordinary circumstance, the
occupancy value of the extra water was assumed to be 0.5.

The final atomic coordinates and equivalent temperature
factors of non-hydrogen atoms are listed in Table 2.  Selected
bond distances and angles are listed in Table 3.  The bond
distances and angles are within expected values.

The two independent sitafloxacin molecules in the unit cell
take slightly different conformations (Fig. 2).  The quinolone
rings in either molecule do not take planar conformation, because
of steric hindrance between the CL atom and a cyclopropyl ring.
Comparing these conformations with that of β-form, the aza-
cyclopentyl ring takes quite different orientations.  C10(C30)–
C11(C31)–N02(N22)–C14(C34) take trans conformation in this
crystal, while the corresponding bond takes gauche conformation
in β-form.

In addition to this conformational difference, ionization states
of the sitafloxacin molecules are different between the two
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Fig. 1 Chemical structure of sitafloxacin.

Table 1 Crystal and experimental data

Formula: C19H18ClF2N3O3·1.5H2O
Formula weight = 436.84
Crystal system: orthorhombic
Space group: P212121 Z = 8
a = 13.749(4)Å
b = 20.990(5)Å
c = 13.609(2)Å
V = 3927.4 Å3

Dx = 1.49 g/cm3

(Cu Kα) = 2.23 mm–1

No. of reflections used = 2867
T = 295 K
R = 0.065, Rw = 0.052
Minimum residual density = – 0.34 eÅ–1

Maximum residual density = 0.75 eÅ–1

Measurement: RIGAKU AFC5RU
Program system: KPPXRAY
Structure determination: MULTAN88
Refinement: block-diagonal

µ

Fig. 2 Molecular drawing of sitafloxacin in sesquihydrate form
with atom numbering.



crystal forms.  The difference Fourier map show protonation of
amino groups and dissociation of carboxyl groups in this
crystal.  The molecules in the present crystal are in zwitterionic
form, while the molecule in β-form exists as a neutral form.
Crystal packing is shown in Fig.3 and hydrogen bonds are listed
in Table 4.  The amino N03 atom in molecule 1 forms

intermolecular hydrogen bonds with the two carboxyl groups
(O01 and O22) and one water molecule (O54).  All hydrogen
atoms of the N23 amino group participate in intermolecular
hydrogen bonds.  The water molecules in the crystal form a
hydrogen bonding linkage, N03–O54–O52–O51–O02, between
the sitafloxacin molecules.
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Table 2 Atomic coordinates and equivalent temperature factors, 
Ueq, of non-hydrogen atoms

Ueq = 1/3 (U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos + 
2U13(aa*cc*)cos  + 2U23(bb*cc*)cos ).
* occupancy 0.5 (fixed).

Atom x y z Ueq 

γ
β α

Table 3 Selected bond distances (Å) and bond and torsion angles (˚)

Table 4 Hydrogen-bonding geometry (Å, ˚)

Donor H Acceptor D...A H...A H–D...A H...A...D

Symmetry code:  (i) +x,+y,1+z ;  (ii) –1/2+x,3/2–y,1–z;  (iii) +x,+y,–1+z;  
(iv) –x,–1/2+y,1/2–z.

Fig. 3 Crystal packing of sitafloxacin sesquihydrate, looked down
the c-axis.


