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The title compound hydroxyethylammonium enro¯oxacinate

[systematic name: 2-hydroxyethanaminium 1-cyclopropyl-7-

(4-ethylpiperazin-1-yl)-6-¯uoro-4-oxo-1,4-dihydroquinoline-

3-carboxylate], C2H8NO+�C19H21FN3O3
ÿ, contains enro¯ox-

acinate anions and 2-hydroxyethanaminium cations. The

quinoline ring system in the anions is essentially planar. The

piperazine moiety adopts a chair conformation. The cations

lie parallel to each other about inversion centers. The

structure is stabilized by strong intermolecular hydrogen

bonds involving the carbonyl, carboxyl and terminal piper-

azine N groups of the anion and the hydroxyl and ammonium

groups of the cation.

Comment

Fluoroquinolone antibiotics display a wide spectrum of

activity against both gram positive and gram negative bacteria.

These antibiotics stop the multiplication of bacteria by inhi-

biting the reproduction and repair of their DNA (Bauditz,

1990; Cinquina et al., 2003). 4-Oxo and 3-carboxylic groups are

essential for antibacterial activity of quinolones (Dax, 1997).

According to the most convincing and commonly accepted

model of the molecular mechanism of the antibacterial activity

of quinolones (Shen et al., 1989), the two groups interact with

guanine of bacterial DNA in the gyrase±DNA complex

(GøoÂ wka et al., 2003; Souza et al., 2004). The same groups are

also capable of intramolecular hydrogen-bond formation,

which enables a quinolone to mask the acidic H atom of the

carboxylic acid group and thus enhance permeability of

quinolones through lipophilic biological membranes. On the

other hand, the intramolecular hydrogen bond decreases the

concentration of quinolone forms capable of a speci®c inter-

action with DNA. Therefore, the analysis of various interac-

tions in ¯uorquinolone drugs is of particular importance to

drug action. Enro¯oxacin is a ¯uoroquinolone marketed for

use in veterinary medicine. We report here the crystal struc-

ture of enro¯oxacin in its anionic form, enro¯oxacinate with

2-hydroxyethanaminium as the cation.
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The title compound, (I), was obtained as colorless prismatic

crystals in the triclinic space group P1. X-ray data allowed

determination of the relative stereochemistry of the molecules

in the crystal studied; a view of the structure, with the

numbering scheme, is shown in Fig. 1, and selected dimensions

are given in Table 1. The structure is composed of an enro-

¯oxacinate anion and a 2-hydroxyethanaminium cation. The

quinoline ring system is essentially planar and the cyclopropyl

ring makes an angle of 54.6 (5)� with the quinolonyl unit. The

piperazinyl moiety adopts a chair conformation. The

2-hydroxyethanaminium cations lie parallel to each other

about inversion centers.

The carbonyl (O1), carboxyl (O2 and O3) and terminal

piperazinyl N atoms of the cation, and the hydroxyl (O4) and

aminium (N2) atoms of the cation, participate in hydrogen

bonding. The aminium and hydroxyl groups of the

2-hydroxyethanaminium cation serve as hydrogen-bond

donors, and carbonyl and carboxyl O atoms and terminal

piperazinyl N atoms as hydrogen-bond acceptors (Table 2),

resulting in ®ve intermolecular hydrogen bonds. As the

enro¯oxacin is present in its deprotonated anionic form in this

crystal structure there is no H atom available to form the

strong intramolecular hydrogen bond between carbonyl and

carboxyl groups observed in most cases of ¯uoroquinolone

crystal structures found in the literature (Prasanna & Guru

Row, 2001; GøoÂ wka et al., 2003). The enro¯oxacinate anion

and 2-hydroxyethanaminium cation are linked by O4Ð

H4O� � �O3 hydrogen bonds. The other hydrogen bonds are

between adjacent symmetry-equivalent ions. In the solid state,

the molecules are linked by N4ÐH4C� � �O1i, N4ÐH4C� � �O2i

and N4ÐH4B� � �O2ii [symmetry codes: (i) 1 + x, y, z; (ii)

2 ÿ x, 1 ÿ y, ÿz] hydrogen bonds to form two-dimensional

sheet-like structures, which stack approximately perpendi-

cular to the b axis. The sheet-like structure is further stabilized

by N4ÐH4A� � �N3(1 + x, y, z ÿ 1) hydrogen bonds.

Experimental

The sample of enro¯oxacin was obtained from Haizheng Pharma Ltd

Co., Zhejiang, China. Crystals of enro¯oxacin and ethanolamine

suitable for diffraction work were grown from an aqueous solution of

ethanolamine by slow evaporation.

Crystal data

C2H8NO+�C19H21FN3O3
ÿ

Mr = 420.48
Triclinic, P1
a = 9.791 (2) AÊ

b = 9.858 (1) AÊ

c = 12.274 (2) AÊ

� = 69.12 (1)�

� = 75.74 (1)�

 = 89.54 (1)�

V = 1068.5 (3) AÊ 3

Z = 2
Dx = 1.307 Mg mÿ3

Mo K� radiation
Cell parameters from 34

re¯ections
� = 4.3±15.9�

� = 0.10 mmÿ1

T = 298 (2) K
Prism, colorless
0.54 � 0.32 � 0.24 mm

Data collection

Siemens P4 diffractometer
! scans
Absorption correction: none
4509 measured re¯ections
3932 independent re¯ections
2733 re¯ections with I > 2�(I)
Rint = 0.009

�max = 25.5�

h = 0! 11
k = ÿ11! 11
l = ÿ14! 14
3 standard re¯ections

every 97 re¯ections
intensity decay: 5.3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.102
S = 0.95
3932 re¯ections
309 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.06P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.20 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.041 (3)

Table 1
Selected geometric parameters (AÊ , �).

FÐC6 1.3639 (17)
O1ÐC3 1.2405 (18)
O2ÐC13 1.2495 (18)
O3ÐC13 1.2522 (19)
N1ÐC1 1.3539 (18)

N1ÐC9 1.3948 (18)
N1ÐC10 1.4564 (18)
N2ÐC7 1.4071 (18)
N3ÐC18 1.4805 (18)
N4ÐC21 1.480 (2)

C1ÐN1ÐC9 119.35 (12)
C1ÐN1ÐC10 119.96 (12)
C9ÐN1ÐC10 120.60 (12)
N1ÐC1ÐC2 125.49 (14)
O1ÐC3ÐC2 125.29 (13)

C12ÐC10ÐC11 60.02 (12)
C12ÐC11ÐC10 59.90 (12)
C10ÐC12ÐC11 60.08 (12)
O2ÐC13ÐO3 124.18 (14)

C1ÐN1ÐC10ÐC12 41.7 (2)
C9ÐN1ÐC10ÐC12 ÿ141.65 (16)
C1ÐN1ÐC10ÐC11 111.40 (17)

C9ÐN1ÐC10ÐC11 ÿ71.92 (19)
C3ÐC2ÐC13ÐO2 ÿ23.4 (2)
C1ÐC2ÐC13ÐO3 ÿ22.3 (2)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O4ÐH4O� � �O3 0.98 (3) 1.69 (3) 2.6687 (19) 175 (2)
N4ÐH4C� � �O1i 0.901 (9) 2.033 (13) 2.7973 (17) 141.8 (15)
N4ÐH4C� � �O2i 0.901 (9) 2.216 (14) 2.9171 (19) 134.3 (14)
N4ÐH4B� � �O2ii 0.906 (9) 1.888 (10) 2.7937 (18) 179.1 (17)
N4ÐH4A� � �N3iii 0.915 (9) 2.185 (10) 3.085 (2) 167.6 (18)

Symmetry codes: (i) 1� x; y; z; (ii) 2ÿ x; 1ÿ y;ÿz; (iii) 1� x; y; zÿ 1.

H atoms attached to the hydroxyl (O4), aminium (N4) and

cyclopropyl C atoms (C10, C11 and C12) were located in difference

Fourier syntheses. These were re®ned with distance restraints. Other

H atoms were placed in calculated positions and included in a riding

model, with CÐH = 0.93±0.97 AÊ and Uiso(H) = 1.2Ueq(carrier atom). .
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Figure 1
A view of (I), with the atomic numbering scheme. Displacement ellipsoids
are drawn at the 50% probability level.



Data collection: XSCANS (Siemens, 1994); cell re®nement:

XSCANS; data reduction: SHELXTL/PC (Siemens, 1991);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: SHELXTL/PC; software used to prepare mate-

rial for publication: SHELXTL/PC.
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