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Abstract
C36H52F2N8O14, triclinic, P1 (no. 2), a = 6.9775(4) Å,
b = 9.0785(6) Å, c = 16.8942(10) Å, β = 92.778(2)°,
V = 990.91(11) Å3, Z = 1, Rgt(F ) = 0.0397, wRref(F

2) = 0.1088,
T = 170 K.

CCDC no.: 2131232

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

The mixture of enoxacin (160 mg, 0.5 mmol) and adipic
acid (36.5 mg, 0.25 mmol) was dissolved in 8 mL of
deionized water. The resulting mixture was stirred and
dissolved in a constant temperature water bath at 50 °C to
obtain a clear solution, which was filtered and placed in a

Table : Data collection and handling.

Crystal: Colourless needle
Size . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker D venture, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], Olex [], SHELX
[, ]
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10 mL glass bottle. The bottle was sealed with a film with a
puncture hole. The filtrate was slowly evaporated at room
temperature. Crystal of the title compound were obtained
after two days.

Experimental details

Absorption corrections were applied by using multi-scan
program [1]. Using Olex2 [2], the structure was solved with
the ShelXT [3] structure solution program and refined with
the ShelXL [4] refinement package. TheH atomswere fixed,
fixed Uiso were set to 1.2 times of all C(H) groups, C(H,H)
groups and N(H,H) groups; 1.5 times of C(H,H,H,H) groups,
O(H) groups and O(H,H) groups.

Comment

As a third-generation quinolone antibiotic, enoxacin has
antibacterial effects on Staphylococcus, Escherichia coli,
Streptococcus, Helicobacter, etc., which has no cross with
other antibiotics [5]. Although enoxacin has good
permeability as a BCS class II drug, its solubility is
extremely poor, which made it difficult to achieve optimal
antibacterial activity. Recently, many studies on quino-
lone antibiotics with enoxacin-like structures have re-
ported that solubility, permeability and efficacy was
improved through the formation of drug salts/co-crystals
[6]. For example, the solubility of enrofloxacin with the
pharmaceutical salts/co-crystals of maleic, succinic, and
oxalic acids was significantly higher, the solubility and
stability of the drug [7]. Thus, we believe that the medic-
inal salt/co-crystal of enoxacin can also be prepared by
drug co-crystal technology, which will improve the solu-
bility and permeability of enoxacin and improve the
clinical efficacy.

The title crystal was formed by connecting the raw
materials enoxacin, adipic acid and water molecules
through a protonation/deprotonation reaction of the
starting materials followed by crystallisation. The

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

F . () . () . () . ()
O . () . () −. () . ()
O . () . () −. () . ()
O . () . () −. () . ()
H . . −. .*
N . () . () . () . ()
HA . . . .*
HB . . . .*
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
HC . . . .*
HD . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . −. .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () −. () . ()
C . () . () −. () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
HA . () . () . () .*
C . () . () −. () . ()
O . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
O . () . () . () . ()
HB . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

O . () . () . () . ()
HA . . . .*
HB . . . .*
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asymmetric unit consists of one monoprotonated enox-
acine cation, one half of an adipate and two water
molecules. N1H1A in the piperazinium group participates
in a classical N1–H1A/O4 hydrogen bond to the oxygen
atom of the adipate (see the figure). Furthermore the
N1H1B in the piperazine group is involved in a N1–
H1B/O7 hydrogen bond with water molecule
(d(N1/O7) = 2.7180(16) Å; N1–H1B/O7 = 161.5°). Two
oxygen atoms in a molecule of the adipate dianion form
three hydrogen bonds with two water molecules: O6–
H6A/O5 (d(O6/O5) = 2.7989(17) Å; angle: O6–
H6A/O5 = 167(2)°); O7–H7A/O41(1 = 1 + x, +y, +z;
d(O7/O4) = 2.7726(15) Å; angle: O7–H7A/O4 = 174.9°);
O7–H7B/O52 (2 = 2−x, 1−y, 1−z; d(O7/O5) = 2.7340(15) Å;
angle: O7–H7A/O5 = 175.5°). Bond lengths and angles
derived from the title crystal structure are in the expected
ranges.
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