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supporting information at journals.iucr.org/e significant contribution of H- - -O interactions to the consolidation of the crystal
structure.

1. Chemical context

Fluoroquinolones (FQs) are among the most widely used
classes of antimicrobial agents, with broad therapeutic
applicability in the treatment of respiratory, urinary tract,
gastrointestinal, and gynecological infections (Abidi et al.,
2016). Among them, norfloxacin, C;cH;gFN3O3, is a well-
known fluoroquinolone with broad-spectrum antibiotic
activity effective against both Gram-positive and Gram-
negative bacteria (Grangé et al., 1998). Structurally, norflox-
acin contains a basic piperazinyl nitrogen atom and a carb-
oxylic acid functional group, which contribute to its versatile
chemical behavior. In addition to its antibacterial activity,
different solid forms of norfloxacin also demonstrate a range
of biological properties, including anticancer, antiviral, anti-
oxidant, and antifungal activities (Barry et al., 1984; Grangé et
al., 1998; Jiang et al., 2025; Pandeya et al., 2000; Goldstein,
1987; Ferrazzi et al., 1988; Zeng et al., 2024). Under appro-
priate conditions, protonation of the piperazinyl nitrogen
atom can occur, while the carboxylic acid group may undergo
deprotonation, resulting in a zwitterionic form of the mol-
ecule. This structural feature also enables norfloxacin to
function as an effective ligand in metal complexation (Rasulov
et al., 2025). As part of our studies in this area, we report
herein the synthesis and crystal structure of the title hydrated
salt, C]6H]()FN303+‘C2H302_'1.5H20 (I)
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Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
Ol1A—HI1A---03A 0.82 1.75 2.520 (2) 155
O1B—HI1B---0O3B 0.82 1.77 2.533 (2) 154
N3A—H3AA---06 0.89 1.84 2.709 (3) 164
N3A—H3AB---04 0.89 1.80 2.673 (3) 165
N3B—H3BA---010 0.89 245 3.161 (4) 137
N3B—H3BB---08 0.89 1.80 2.679 (3) 171
C13B—HI13C- - -F1B 0.97 227 2.881 (3) 120
CI3A—HI13A- - -F1A 0.97 2.34 2.867 (3) 114
O6—H6A---07 0.85 1.82 2.664 (5) 172
O6—H6B:--09 0.85 1.92 2.706 (5) 153
09—H9A: - -08' 0.85 1.91 2706 (4) 156
09—H9B- - -05' 0.85 1.93 2.733 (3) 158
0O10—H10A---04 0.85 2.00 2.734 (3) 145
0O10—H10B- - -05' 0.85 1.99 2.811 (3) 161

Symmetry code: (i) x + 1, y, z.

2. Structural commentary

Compound (I) crystallizes in the triclinic space group P1. The
crystal structure analysis reveals that the asymmetric unit
comprises two norfloxacin cations (NF), two acetate anions
and three water molecules (Fig. 1). Equivalent atoms in the
cations A and B are given suffixes A and B. In neutral
norfloxacin, the piperazine N3 nitrogen atom is typically
protonated by a hydrogen atom originating from the carb-
oxylic acid group, resulting in the formation of a zwitterionic
species (e.g., Gunnam & Nangia, 2023). However, in the
crystal structure of compound (I), the hydrogen atom remains
associated with the carboxylic acid moiety, while the N3
nitrogen atom of the piperazine ring is protonated by a proton
donated by an acetic acid molecule. This assignment is
supported by the significant differences observed in the C—O
bond lengths: 0.115 A between Cl0A—Ol1A and
Cl0A—02A4, and 012A between C10B—OI1B and
C10B—O2B. In contrast, a delocalized carboxylate group
typically exhibits nearly equivalent C—O bond lengths, with
differences of approximately 0.006 A (Rasulov et al., 2024).
This characteristic delocalization is evident in the acetate
anions present in the structure, where the C—O bond lengths
are nearly identical: 1.244 (3) and 1.242 (3) A for C17—04
and C17—05, respectively, and 1.212 (4) A for C19—07 and
1.221 (3) A for C19—08. The atoms of both the carboxyl and
quinoline moieties are essentially coplanar: the maximum
deviations from the mean plane are 0.035 (12) A for atom
C6A in cation A and 0.032 (12) A for atom C3B in cation B.

Figure 1
The molecular structure of (I) with ellipsoids drawn at the 30% prob-
ability level. Weak interactions are shown as dotted lines.

Figure 2
Visualization of the packing in (I) along the g-axis direction, showing
hydrogen bonds as black dashed lines.

The dihedral angles between the carboxyl and quinoline
planes are 2.00 (12)° for A and 1.46 (12)° for B, indicating
near planarity, as expected. The nitrogen atoms N2A and N2B,
which are bonded to the quinoline rings, exhibit near-planar
geometry, as indicated by the sums of the bond angles around
them (353.3 and 353.1°, respectively). In contrast, the proto-
nated nitrogen atoms N3A and N3B display tetrahedral
geometries. The piperazine rings in both independent mol-
ecules adopt chair conformations. Furthermore, the ethyl
substituents attached to atoms N1A and N1B are oriented
approximately perpendicular to the quinoline plane, as
evidenced by the C1—N1—-Cl11—Cl12 torsion angles of
94.8 (2) and 94.2 (2)°, respectively. Both cations feature an
intramolecular O—H- - -O hydrogen bond.

3. Supramolecular features

The packing of (I), as illustrated in Fig. 2, reveals that the
acetate anions and water molecules occupy interstitial sites
between norfloxacinium cations. These species act as bridging
units, linking the cations through numerous O—H---O and
N—H---O hydrogen-bonding interactions (Table 1) into
chains propagating along the a-axis direction. Weak
C—H---O interactions further consolidate the structure.
Aromatic m—m stacking interactions, with centroid—centroid
separations ranging from 3.5395 (12) to 3.7393 (12) A, arise
from the overlap of aromatic rings of the norfloxacinium
moieties.

4. Hirshfeld surface analysis

Hirshfeld surface (HS) analysis and two-dimensional finger-
print plots were calculated using CrystalExplorer (Spackman
et al.,2021). The Hirshfeld surface (HS) of the norfloxacinium
cation in (I) exhibits two prominent dark-red spots, indicating
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Figure 3

Hirshfeld surface and corresponding two-dimensional fingerprint plots
for the norfloxacinium cations within (I) illustrating the contributions of
different intermolecular contacts to the overall Hirshfeld surface area.

the presence of strong close contacts. These interactions are
attributed to N-H- - -O hydrogen bonds, specifically between
the protonated nitrogen atom and the oxygen atoms of the
acetate anion. The two-dimensional fingerprint plots quantify
the contributions of various intermolecular contacts to the
Hirshfeld surface. The dominant interactions are H---H
(42.4%), O---H/H---O (30.1%), C---C (9.3%), H-- -F/F---H
(7.0%),C---H/H- - -C(4.1%), and C- - -O/O- - -C (3.1%), which
together account for approximately 96.0% of the total surface
area of the norfloxacinium cation in (I). The two-dimensional
fingerprint plots further reveal that the O- - -H interactions are
characterized by a distinct spike at d; + d. values of approxi-
mately 1.7 A, indicative of strong hydrogen-bonding inter-
actions (Fig. 3).

5. Database survey

A survey of the Cambridge Structural Database (CSD,
Version 6.01, November 2025; Groom et al., 2016) identified 85
crystal structures based on norfloxacin. Most of these struc-
tures incorporate water molecules of crystallisation. Among
these, only one structure contains norfloxacin together with
both methanol and water (CSD refcode KEBROZ; Wang et
al., 2005). In contrast, six structures include norfloxacin along
with additional components and two different types of solvent
molecules, namely water in combination with another solvent:
three structures contain methanol (KEBGEH, KEBGAD,
O’Malley et al., 2022; KAHWAY, Jiao et al., 2021), two contain
acetonitrile (KEBQOB, O’Malley et al., 2022; OFOZOC,
Zhang et al.,2025), and one contains ethanol (DONQIK; Zeng
et al., 2024). However, no crystal structure has been reported
that contains a norfloxacinium cation, water molecules, and
acetate anions simultaneously within the same structure.

6. Synthesis and crystallization

31.9 mg (0.100 mmol) of NF was dissolved in 5 ml of a 0.1 M
acetic acid solution. The resulting clear solution was stirred at

Table 2

Experimental details.

Crystal data
Chemical formula
Mr

Crystal system, space group
Temperature (K)
a, b, c (A)

o By ()

v (AY)

V4

Radiation type

f (mm~")
Crystal size (mm)

Data collection
Diffractometer

Absorption correction

Tmim Tmax

No. of measured, independent and
observed [ > 20()] reflections

Rinl

(sin 6/1)max (A7)

Refinement

R[F? > 20(F%)], wR(F?), §
No. of reflections

No. of parameters

H-atom treatment

Apmaxs Apmin (e AiB)

2C;6H9gFN505"2C,H50, -3H,0
812.82

Triclinic, P1

293

6.9746 (2), 15.8203 (5), 17.7430 (4)
81.803 (2), 88257 (2), 85.917 (2)
1932.44 (9)

2

Cu Ko

0.96

0.2 x 0.18 x 0.14

XtaLAB Synergy, Single source at
home/near, HyPix3000

Multi-scan (CrysAlis PRO; Rigaku
OD, 2021)

0.744, 1.000

18863, 7459, 5848

0.025
0.615

0.057, 0.173, 1.06

7459

529

H-atom parameters constrained
0.52, —0.41

Computer programs: CrysAlis PRO (Rigaku OD, 2021), SHELXT2014/5 (Sheldrick,
2015a), SHELXL2016/6 (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009).

room temperature for 30 minutes. The solution was then
transferred to a vial with small holes in the lid to allow for
evaporation. After about a week, block-like single crystals of
the title salt were obtained.

7. Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 2. H atoms were positioned geome-
trically (N—H = 0.89, O—H =0.82- 0.85, C—H = 0.93-0.97 A)
and refined as riding with Ujsq(H) = 1.2-1.5U4(C).
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Synthesis and structure of norfloxacinium acetate sesquihydrate

Abdusamat Rasulov, Batirbay Torambetov, Aziza Erejepova, Umidjon Annaev, Jabbor Suyunoy,

Bekmurod Alimnazarov and Jamshid Ashurov

Computing details

4-(3-Carboxy-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinolin-7-yl)piperazin-1-ium acetate sesquihydrate

Crystal data

2C16H19FN3O3+'2C2H302_‘3H20
M,=812.82

Triclinic, P1

a=6.9746 (2) A

b=15.8203 (5) A

c=17.7430 (4) A

o =81.803 (2)°

B=288.257 (2)°

y=185.917 (2)°

V'=1932.44 (9) A

Data collection

XtaLAB Synergy, Single source at home/near,
HyPix3000
diffractometer

Radiation source: micro-focus sealed X-ray
tube, PhotonJet (Cu) X-ray Source

Mirror monochromator

Detector resolution: 10.0000 pixels mm*

 scans

Absorption correction: multi-scan
(CrysAlisPro; Rigaku OD, 2021)

Refinement

Refinement on F?
Least-squares matrix: full
R[F?> 20(F?)] = 0.057
wR(F?) =0.173

§=1.06

7459 reflections

529 parameters

0 restraints

zZ=2

F(000) =860

D,=1.397 Mg m™

Cu Ko radiation, A = 1.54184 A

Cell parameters from 8364 reflections
0=2.5-71.0°

4 =0.96 mm™!

T7=293K

Block, colourless

0.2 x0.18 x 0.14 mm

Tin = 0.744, Thax = 1.000
18863 measured reflections
7459 independent reflections
5848 reflections with 7> 2a(1)
Ry =0.025

Omax = T1.5°, Opin = 2.5°

h=-7—-8
k=-19—18
I=-21-21

Primary atom site location: dual

Hydrogen site location: mixed

H-atom parameters constrained

w = 1/[6X(F,?) + (0.0889P)* + 0.5189P]
where P = (F,2 +2F2)/3

(A/6)max = 0.001

Apmax =0.52 ¢ A3

Apmin=—0.41 ¢ A

Acta Cryst. (2026). E82
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Special details

Geometry. All esds (except the esd in the dihedral angle between two L.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate

(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso*/Ueq

FIA 0.2271 (2) 0.10803 (9) 0.21519 (6) 0.0656 (4)
FIB 0.2578 (2) 0.90602 (9) 0.28426 (7) 0.0701 (4)
03A 0.1952 (2) ~0.11888 (9) 0.04641 (9) 0.0546 (4)
03B 0.2017 (2) 1.13549 (9) 0.45354 (9) 0.0569 (4)
NI1A 0.3160 (2) 0.10123 (10) ~0.09290 (8) 0.0393 (3)
Ol1A 0.1938 (3) ~0.19340 (10) ~0.06997 (10) 0.0630 (4)
H1A 0.184965 —0.183275 —0.025899 0.095%*

NIB 0.3139 (2) 0.90822 (10) 0.59231 (8) 0.0410 (4)
O1B 0.1845 (3) 1.20998 (11) 0.57105 (11) 0.0679 (5)
H1B 0.177109 1.200554 0.527005 0.102*

N2A 0.2993 (3) 0.25701 (12) 0.12489 (10) 0.0539 (5)
N2B 0.3319 (3) 0.75145 (11) 0.37614 (10) 0.0514 (4)
02A 0.2583 (3) —0.12359 (12) ~0.18336 (10) 0.0757 (5)
04 0.2323 (3) 0.53324 (12) 0.13304 (12) 0.0752 (5)
02B 0.2360 (3) 1.13513 (12) 0.68401 (10) 0.0780 (5)
05 ~0.0768 (3) 0.52372 (14) 0.12313 (11) 0.0782 (5)
N3A 0.3704 (3) 0.38585 (12) 0.21162 (11) 0.0560 (5)
H3AA 0.431488 0.399232 0.251153 0.067*

H3AB 0.305395 0.433043 0.189864 0.067*

C9A 0.2517 (2) 0.02858 (12) 0.03328 (10) 0.0369 (4)
C8A 0.2945 (2) 0.10365 (12) —0.01480 (10) 0.0357 (4)
CS8B 0.2952 (2) 0.90688 (12) 0.51440 (10) 0.0370 (4)
C9B 0.2545 (2) 0.98432 (12) 0.46637 (10) 0.0379 (4)
08 0.1701 (3) 0.49489 (13) 0.35463 (12) 0.0856 (6)
N3B 0.4308 (3) 0.60690 (12) 0.30312 (11) 0.0627 (5)
H3BA 0.508044 0.585644 0.268562 0.075%*

H3BB 0.354762 0.566199 0.322928 0.075%*

C6A 0.2827 (3) 0.18372 (13) 0.09223 (11) 0.0410 (4)
C7A 0.3106 (3) 0.18033 (12) 0.01525 (10) 0.0386 (4)
H7A 0.340474 0.229429 —0.017112 0.046*

C7B 0.3154 (3) 0.82937 (12) 0.48467 (10) 0.0403 (4)
H7B 0.340104 0.778641 0.517418 0.048*

C3A 0.2318 (3) ~0.05117 (12) 0.00358 (11) 0.0408 (4)
C2A 0.2563 (3) ~0.04716 (13) ~0.07723 (11) 0.0422 (4)
C4A 0.2272 (3) 0.03187 (13) 0.11181 (10) 0.0423 (4)
H4A 0.200490 —0.017159 0.144881 0.051*

C6B 0.2994 (3) 0.82664 (13) 0.40730 (11) 0.0418 (4)
C2B 0.2491 (3) 1.05993 (13) 0.57697 (11) 0.0436 (4)
C3B 0.2324 (3) 1.06567 (12) 0.49635 (11) 0.0422 (4)
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CIB 0.2878 (3)
HIBA 0.296616
ClA 0.2947 (3)
HIAA 0.306757
C5A 0.2427 (3)
C4B 0.2389 (3)
H4B 0.212894
C5B 0.2619 (3)
CI3A 0.1453 (3)
HI3A 0.062871
H13B 0.067847
ClIA 0.3431 (3)
HI1A 0.399889
H11B 0.431490
ClIB 0.3469 (3)
H11C 0.404138
H11D 0.436182
CI5A 0.4185 (3)
HI5A 0.340331
H15B 0.513823
010 0.5646 (3)
H10A 0.469795
H10B 0.659860
06 0.5910 (4)
H6A 0.506869
H6B 0.645614
C17 0.0784 (3)
C10B 0.2235 (3)
CI10A 0.2379 (3)
C15B 0.4305 (3)
H15C 0.337474
H15D 0.512109
CI3B 0.1983 (3)
H13C 0.127172
H13D 0.107168
CI6A 0.5156 (3)
H16A 0.601180
H16B 0.592237
Cl4A 0.2320 (4)
H14A 0.131053
H14B 0.297794
09 0.8405 (4)
H9A 0.936726
H9B 0.867824
CI2B 0.1613 (4)
H12D 0.105828
HI12E 0.073458
HI12F 0.186273

0.98236 (13)
0.981076
0.02830 (13)
0.029063
0.10651 (14)
0.98184 (13)
1.032166
0.90562 (14)
0.28851 (14)
0.242774
0.334530
0.17965 (13)
0.164110
0.214231
0.82843 (14)
0.841281
0.789170
0.32425 (14)
0.370435
0.302264
0.61555 (18)
0.596598
0.581644
0.39611 (18)
0.404931
0.442910
0.55213 (14)
1.13691 (15)
~0.12345 (14)
0.67673 (14)
0.639771
0.694182
0.72648 (15)
0.776901
0.689036
0.35635 (15)
0.310907
0.403440
0.32049 (15)
0.345461
0.273057
0.5136 (3)
0.492552
0.501967
0.78664 (16)
0.772923
0.825207
0.735161

0.62046 (11)
0.672809
~0.12103 (11)
~0.173459
0.13895 (10)
0.38799 (11)
0.354859
0.36073 (10)
0.17340 (11)
0.191753
0.144400
~0.14694 (11)
~0.194072
~0.125760
0.64605 (11)
0.691903
0.623093
0.09158 (13)
0.063113
0.057078
0.1305 (2)
0.110789
0.121437
0.33261 (18)
0.366787
0.322921
0.09908 (13)
0.61620 (14)
~0.11555 (13)
0.41897 (13)
0.445470
0.456469
0.32242 (12)
0.296989
0.349571
0.15547 (15)
0.181027
0.134896
0.23964 (12)
0.270064
0.271602
0.27560 (15)
0.301912
0.231058
0.66655 (13)
0.621306
0.689845
0.701559

0.0445 (4)
0.053*
0.0428 (4)
0.051*
0.0445 (4)
0.0443 (4)
0.053*
0.0459 (4)
0.0493 (5)
0.059*
0.059*
0.0493 (5)
0.059*
0.059*
0.0487 (5)
0.058*
0.058*
0.0520 (5)
0.062*
0.062*
0.1193 (10)
0.179%
0.179%
0.1090 (9)
0.163*
0.163*
0.0531 (5)
0.0557 (5)
0.0525 (5)
0.0538 (5)
0.065*
0.065*
0.0553 (5)
0.066*
0.066*
0.0579 (6)
0.070*
0.070*
0.0553 (5)
0.066*
0.066*
0.1274 (11)
0.191*
0.191*
0.0618 (6)
0.093*
0.093*
0.093*
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C14B 0.3101 (4) 0.68100 (15) 0.26473 (13) 0.0642 (6)
H14C 0.221888 0.661063 0.230960 0.077*
H14D 0.391638 0.720451 0.234254 0.077*
C16B 0.5497 (4) 0.62967 (16) 0.36460 (16) 0.0666 (7)
H16C 0.650172 0.665141 0.342073 0.080*
H16D 0.610662 0.577863 0.392199 0.080*
CI12A 0.1558 (4) 0.23150 (16) —0.16366 (14) 0.0653 (6)
H12A 0.178247 0.281177 —0.199823 0.098*
H12B 0.101955 0.249023 —0.117443 0.098*
H12C 0.067786 0.197322 —0.184365 0.098*
07 0.3490 (4) 0.4337 (3) 0.44396 (15) 0.1414 (12)
C19 0.1935 (5) 0.4465 (2) 0.41421 (16) 0.0816 (8)
C18 0.0819 (5) 0.6111 (2) 0.02576 (17) 0.0877 (9)
HI18A 0.164861 0.656058 0.029906 0.132*
H18B —0.045778 0.635463 0.014468 0.132%*
HI18C 0.128918 0.579859 —0.014351 0.132*
C20 0.0277 (6) 0.4020 (3) 0.4541 (2) 0.1067 (12)
H20A 0.023375 0.346453 0.438543 0.160*
H20B —0.090181 0.435196 0.441045 0.160*
H20C 0.044072 0.395760 0.508178 0.160*
Atomic displacement parameters (4°)

Ull lj22 l]})} U]Z U13 lj23
FI1A 0.0998 (10) 0.0691 (8) 0.0290 (6) —0.0120 (7) 0.0079 (6) —0.0097 (6)
FIB 0.1138 (12) 0.0670 (8) 0.0295 (6) 0.0038 (8) —0.0074 (6) —0.0108 (6)
03A 0.0650 (9) 0.0426 (8) 0.0560 (9) —0.0132 (6) 0.0041 (7) —0.0025 (6)
03B 0.0671 (9) 0.0444 (8) 0.0580 (9) 0.0063 (7) —0.0061 (7) —0.0071 (7)
NIA 0.0440 (8) 0.0437 (8) 0.0315 (7) —0.0081 (6) 0.0039 (6) —0.0082 (6)
O1A 0.0687 (10) 0.0456 (8) 0.0792 (11) —0.0114 (7) 0.0000 (9) —0.0205 (8)
NIB 0.0462 (8) 0.0467 (9) 0.0312 (7) —0.0031 (7) 0.0011 (6) —0.0093 (6)
O1B 0.0757 (11) 0.0530 (9) 0.0783 (12) 0.0058 (8) —0.0010 (9) —0.0256 (9)
N2A 0.0597 (10) 0.0572 (11) 0.0512 (10) —0.0184 (8) 0.0184 (8) —0.0262 (8)
N2B 0.0644 (11) 0.0491 (10) 0.0436 (9) 0.0052 (8) —0.0096 (8) —0.0190 (8)
02A 0.1024 (14) 0.0727 (12) 0.0613 (11) —0.0161 (10) 0.0016 (9) —0.0366 (9)
04 0.0624 (10) 0.0633 (11) 0.0952 (14) —0.0036 (8) —0.0108 (9) 0.0066 (9)
02B 0.1050 (14) 0.0768 (12) 0.0595 (11) 0.0030 (10) —0.0004 (9) —0.0392 (9)
05 0.0591 (10) 0.1017 (15) 0.0737 (12) —0.0077 (9) 0.0117 (9) —0.0139 (11)
N3A 0.0667 (11) 0.0508 (10) 0.0544 (10) —0.0001 (8) —0.0108 (9) —0.0206 (8)
C9A 0.0323 (8) 0.0424 (9) 0.0362 (9) —0.0039 (7) 0.0014 (7) —0.0057 (7)
C8A 0.0325 (8) 0.0433 (10) 0.0319 (8) —0.0047 (7) 0.0018 (6) —0.0069 (7)
C8B 0.0354 (9) 0.0451 (10) 0.0314 (8) —0.0045 (7) 0.0026 (7) —0.0084 (7)
C9B 0.0343 (9) 0.0435 (10) 0.0368 (9) —0.0023 (7) 0.0016 (7) —0.0091 (7)
08 0.1035 (15) 0.0771 (13) 0.0731 (12) —0.0296 (11) 0.0000 (11) 0.0114 (10)
N3B 0.0771 (13) 0.0517 (11) 0.0641 (12) —0.0118 (9) 0.0242 (10) —0.0259 (9)
C6A 0.0401 (9) 0.0475 (10) 0.0377 (9) —0.0066 (8) 0.0038 (7) —0.0127 (8)
C7A 0.0409 (9) 0.0417 (9) 0.0340 (9) —0.0063 (7) 0.0037 (7) —0.0068 (7)
C7B 0.0451 (10) 0.0420 (10) 0.0340 (9) —0.0032 (8) —0.0005 (7) —0.0057 (7)
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C3A 0.0343 (9) 0.0427 (10) 0.0455 (10) —0.0045 (7) 0.0003 (7) —0.0054 (8)
C2A 0.0373 (9) 0.0453 (10) 0.0469 (10) —0.0049 (8) —0.0009 (8) —0.0154 (8)
C4A 0.0443 (10) 0.0466 (10) 0.0349 (9) —0.0065 (8) 0.0024 (7) —0.0005 (8)
C6B 0.0427 (10) 0.0477 (10) 0.0366 (9) —0.0007 (8) —0.0007 (7) —0.0127 (8)
C2B 0.0373 (9) 0.0483 (11) 0.0481 (11) —0.0023 (8) 0.0044 (8) —0.0182 (9)
C3B 0.0327 (9) 0.0466 (11) 0.0476 (10) —0.0002 (7) 0.0014 (7) —0.0096 (8)
C1B 0.0448 (10) 0.0550 (12) 0.0367 (9) —0.0055 (8) 0.0025 (8) —0.0167 (8)
Cl1A 0.0434 (10) 0.0515 (11) 0.0361 (9) —0.0060 (8) 0.0010 (7) —0.0139 (8)
C5A 0.0504 (11) 0.0553 (11) 0.0284 (9) —0.0054 (9) 0.0040 (7) —0.0083 (8)
C4B 0.0477 (10) 0.0478 (11) 0.0361 (9) 0.0007 (8) —0.0029 (8) —0.0030 (8)
C5B 0.0560 (11) 0.0540 (11) 0.0277 (9) —0.0010 (9) —0.0024 (8) —0.0073 (8)
C13A 0.0529 (11) 0.0567 (12) 0.0405 (10) —0.0041 (9) 0.0071 (8) —0.0158 (9)
Cl1A 0.0653 (13) 0.0513 (11) 0.0324 (9) —0.0150 (9) 0.0089 (8) —0.0061 (8)
C11B 0.0612 (12) 0.0534 (12) 0.0309 (9) 0.0015 (9) —0.0051 (8) —0.0054 (8)
C15A 0.0521 (11) 0.0518 (12) 0.0544 (12) —0.0099 (9) 0.0106 (9) —0.0148 (9)
010 0.0627 (12) 0.1161 (19) 0.199 (3) —0.0055 (12) 0.0016 (16) —0.091 (2)
06 0.0963 (17) 0.1104 (19) 0.133 (2) 0.0145 (13) —0.0382 (15) —0.0637 (17)
C17 0.0538 (12) 0.0519 (12) 0.0546 (12) 0.0019 (9) 0.0034 (10) —0.0147 (10)
C10B 0.0503 (12) 0.0565 (13) 0.0648 (14) —0.0012 (10) 0.0039 (10) —0.0266 (11)
C10A 0.0491 (11) 0.0518 (12) 0.0613 (13) —0.0061 (9) —0.0030 (9) —0.0219 (10)
C15B 0.0617 (13) 0.0485 (12) 0.0530 (12) 0.0011 (10) —0.0059 (10) —0.0147 (9)
C13B 0.0691 (14) 0.0575 (13) 0.0429 (11) —0.0042 (10) —0.0072 (10) —0.0181 (10)
C16A 0.0519 (12) 0.0501 (12) 0.0750 (15) —0.0058 (9) —0.0012 (10) —0.0187 (11)
Cl4A 0.0738 (14) 0.0542 (12) 0.0400 (10) —0.0019 (10) 0.0011 (10) —0.0154 (9)
09 0.0998 (18) 0.199 (3) 0.0768 (15) 0.0219 (19) 0.0200 (13) —0.0157 (19)
C12B 0.0737 (15) 0.0604 (14) 0.0482 (12) —0.0097 (11) 0.0042 (11) 0.0046 (10)
C14B 0.1024 (19) 0.0537 (13) 0.0397 (11) —0.0181 (12) 0.0125 (11) —0.0146 (10)
C16B 0.0580 (13) 0.0547 (13) 0.0916 (18) —0.0018 (10) 0.0052 (12) —0.0280 (13)
CI12A 0.0877 (17) 0.0576 (14) 0.0484 (12) —0.0036 (12) —0.0082 (12) 0.0009 (10)
07 0.110 (2) 0.218 (4) 0.0845 (17) —0.037 (2) —0.0192 (15) 0.035 (2)
C19 0.099 (2) 0.091 (2) 0.0563 (15) —0.0226 (17) —0.0116 (15) —0.0045 (15)
C18 0.103 (2) 0.087 (2) 0.0665 (17) 0.0013 (17) 0.0024 (16) 0.0070 (15)
C20 0.130 (3) 0.111 (3) 0.079 (2) —0.051 (2) 0.005 (2) 0.0091 (19)
Geometric parameters (A, °)

F1A—C5A 1.357 (2) C2B—CI1B 1.367 (3)
F1B—C5B 1.357 (2) C2B—C10B 1.484 (3)
03A—C3A 1.259 (2) C1B—HIBA 0.9300
03B—C3B 1.257 (2) ClIA—H1AA 0.9300
NI1IA—C8A 1.395 (2) C4B—H4B 0.9300
NIA—CI1A 1.340 (2) C4B—CS5B 1.359 (3)
NIA—CI11A 1.476 (2) CI3A—HI3A 0.9700
OlA—HI1A 0.8200 CI13A—HI13B 0.9700
O1A—C10A 1.323 (3) CI13A—Cl14A 1.503 (3)
N1B—C8B 1.396 (2) CI1A—HI11A 0.9700
N1B—CIB 1.338 (2) Cl1A—HI11B 0.9700
N1B—CI11B 1.478 (3) CI1A—CI12A 1.507 (3)
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O1B—HI1B
O1B—C10B
N2A—C6A
N2A—CI3A
N2A—CI15A
N2B—C6B
N2B—CI15B
N2B—C13B
02A—C10A
04—C17
02B—C10B
05—C17
N3A—H3AA
N3A—H3AB
N3A—CI16A
N3A—CI14A
CH9A—CBA
C9A—C3A
C9A—C4A
C8A—C7A
C8B—C9B
C8B—C7B
C9B—C3B
CI9B—C4B
08—C19
N3B—H3BA
N3B—H3BB
N3B—C14B
N3B—C16B
C6A—C7A
C6A—C5A
C7TA—HTA
C7B—H7B
C7B—C6B
C3A—C2A
C2A—CI1A
C2A—CI10A
C4A—HA4A
C4A—C5A
C6B—C5B
C2B—C3B

C8A—N1A—CI1A
CIA—N1A—CS8A
Cl1A—N1A—CI1A
C10A—O1A—HIA
C8B—NIB—CI11B
C1B—N1B—C8B

0.8200
1.325 (3)
1.381 (2)
1.460 (3)
1.445 (3)
1.383 (2)
1.452 (3)
1.465 (3)
1.207 (3)
1.244 (3)
1.205 (3)
1.242 (3)
0.8900

0.8900

1.497 (3)
1.488 (3)
1.405 (3)
1.452 (3)
1.407 (2)
1.406 (3)
1.405 (3)
1.399 (3)
1.458 (3)
1.405 (3)
1.221 (3)
0.8900

0.8900

1.488 (3)
1.489 (3)
1.382 (2)
1.415 (3)
0.9300

0.9300

1.388 (3)
1.432 (3)
1.367 (3)
1.482 (3)
0.9300

1.350 (3)
1.409 (3)
1.428 (3)

121.32 (15)
120.06 (16)
118.35 (15)
109.5

121.49 (15)
119.84 (16)

C11B—HI11C 0.9700
C11B—HIID 0.9700
C11B—C12B 1.507 (3)
C15A—HI5A 0.9700
C15A—HI5B 0.9700
CI5A—CI16A 1.504 (3)
O10—H10A 0.8500
O10—H10B 0.8500
O6—HO6A 0.8500
0O6—H6B 0.8500
C17—C18 1.490 (4)
C15B—H15C 0.9700
C15B—HI15D 0.9700
C15B—C16B 1.498 (3)
C13B—H13C 0.9700
C13B—H13D 0.9700
C13B—C14B 1.502 (3)
Cl16A—HI16A 0.9700
Cl6A—H16B 0.9700
Cl4A—HI14A 0.9700
Cl14A—H14B 0.9700
09—H9A 0.8500
09—H9B 0.8500
C12B—HI12D 0.9600
C12B—HI12E 0.9600
C12B—HI12F 0.9600
C14B—H14C 0.9700
C14B—H14D 0.9700
Cl6B—HI16C 0.9700
Cl6B—HI16D 0.9700
CI12A—HI2A 0.9600
C12A—HI2B 0.9600
Cl12A—HI12C 0.9600
O07—C19 1.212 (4)
C19—C20 1.503 (5)
CI18&—HI18A 0.9600
C18—HI18B 0.9600
C18—HI18C 0.9600
C20—H20A 0.9600
C20—H20B 0.9600
C20—H20C 0.9600
C12A—C11A—H11A 109.3
C12A—C11A—H11B 109.3
N1B—C11B—HI11C 109.4
N1B—C11B—HIID 109.4
N1B—C11B—CI12B 111.00 (17)
HI11C—CI11B—HI11D 108.0
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C1B—NIB—Cl11B 118.49 (15) C12B—C11B—H11C 109.4
C10B—O1B—HI1B 109.5 C12B—C11B—H11D 109.4
C6A—N2A—CI3A 120.89 (17) N2A—CI5A—HI15A 110.2
C6A—N2A—CI5A 122.30 (16) N2A—CI15A—HI15B 110.2
C15A—N2A—C13A 112.09 (17) N2A—CI5A—CI16A 107.69 (19)
C6B—N2B—C15B 120.62 (16) HI5A—CI5A—H15B 108.5
C6B—N2B—CI13B 121.53 (17) C16A—C15A—HI5A 110.2
C15B—N2B—C13B 111.00 (17) Cl16A—C15A—HI15B 110.2
H3AA—N3A—H3AB 107.8 HI0A—O10—H10B 104.5
C16A—N3A—H3AA 109.0 H6A—O6—H6B 104.5
C16A—N3A—H3AB 109.0 04—C17—C18 118.1 (2)
Cl14A—N3A—H3AA 109.0 05—C17—04 123.1 (2)
C14A—N3A—H3AB 109.0 05—C17—C18 118.8 (2)
C14A—N3A—C16A 113.13 (16) O1B—C10B—C2B 115.1(2)
C8A—CY9A—C3A 121.51 (16) 02B—C10B—O1B 121.0 (2)
C8A—CY9A—C4A 118.54 (17) 02B—C10B—C2B 123.9 (2)
C4A—C9A—C3A 119.95 (17) Ol1A—C10A—C2A 115.14 (19)
N1A—C8A—C9A 118.88 (16) 02A—C10A—O1A 120.9 (2)
N1A—C8A—CT7A 120.69 (16) 02A—C10A—C2A 123.9 (2)
CIA—CS8A—CTA 120.41 (16) N2B—C15B—H15C 110.0
N1B—C8B—C9B 119.12 (16) N2B—C15B—H15D 110.0
N1B—C8B—C7B 120.38 (17) N2B—C15B—C16B 108.6 (2)
C7B—C8B—C9B 120.50 (16) HI15C—C15B—H15D 108.4
C8B—C9B—C3B 121.28 (16) C16B—C15B—HI15C 110.0
C4B—C9B—C8B 118.30 (17) C16B—C15B—H15D 110.0
C4B—C9B—C3B 120.41 (17) N2B—C13B—HI13C 109.9
H3BA—N3B—H3BB 107.8 N2B—C13B—H13D 109.9
C14B—N3B—H3BA 109.0 N2B—C13B—C14B 109.1 (2)
C14B—N3B—H3BB 109.0 H13C—C13B—H13D 108.3
C14B—N3B—C16B 113.09 (18) C14B—C13B—H13C 109.9
C16B—N3B—H3BA 109.0 C14B—C13B—H13D 109.9
C16B—N3B—H3BB 109.0 N3A—C16A—C15A 110.78 (18)
N2A—C6A—CT7A 123.27 (18) N3A—C16A—HI16A 109.5
N2A—C6A—CS5A 119.65 (17) N3A—C16A—HI16B 109.5
C7TA—C6A—CS5A 117.03 (17) C15A—C16A—HI16A 109.5
C8A—CT7A—HTA 119.6 CI5A—C16A—H16B 109.5
C6A—CT7TA—CRA 120.88 (17) HI16A—C16A—H16B 108.1
C6A—CT7A—HTA 119.6 N3A—C14A—C13A 109.98 (18)
C8B—C7B—H7B 119.3 N3A—C14A—HI14A 109.7
C6B—C7B—C8B 121.35 (18) N3A—C14A—H14B 109.7
C6B—C7B—H7B 119.3 CI13A—C14A—H14A 109.7
03A—C3A—C9%A 121.85 (17) C13A—C14A—H14B 109.7
03A—C3A—C2A 122.73 (18) HI14A—C14A—H14B 108.2
C2A—C3A—C9A 115.42 (17) H9A—O9—H9B 104.5
C3A—C2A—CI10A 121.34 (19) C11B—C12B—HI12D 109.5
C1A—C2A—C3A 120.20 (17) C11B—C12B—HI12E 109.5
C1A—C2A—CI10A 118.45 (18) C11B—C12B—HI12F 109.5
C9A—C4A—H4A 120.2 H12D—C12B—HI2E 109.5
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C5A—C4A—C9A
C5A—C4A—H4A
N2B—C6B—C7B
N2B—C6B—C5B
C7B—C6B—C5B
C3B—C2B—C10B
C1B—C2B—C3B
C1B—C2B—C10B
03B—C3B—C9B
03B—C3B—C2B
C2B—C3B—C9B
N1B—C1B—C2B
N1B—C1B—HI1BA
C2B—C1B—HI1BA
N1IA—C1A—C2A
N1A—Cl1A—HIAA
C2A—Cl1A—HIAA
FIA—C5A—C6A
C4A—C5SA—F1A
C4A—C5A—C6A
C9B—C4B—H4B
C5B—C4B—C9B
C5B—C4B—H4B
F1B—C5B—C6B
F1B—C5B—C4B
C4B—C5B—C6B
N2A—C13A—H13A
N2A—C13A—H13B
N2A—C13A—C14A
HI3A—CI3A—H13B
C14A—C13A—HI3A
C14A—C13A—HI13B
N1A—C11A—HIIA
N1A—C11A—HII1B
N1A—C11A—CI12A
HITA—C11A—HI11B

03A—C3A—C2A—CI1A
03A—C3A—C2A—C10A
N1A—C8A—C7A—C6A
N1B—C8B—C9B—C3B
N1B—C8B—C9B—C4B
N1B—C8B—C7B—C6B
N2A—C6A—CT7A—CBA
N2A—C6A—C5A—F1A
N2A—C6A—C5A—C4A
N2A—C13A—C14A—N3A
N2A—C15A—C16A—N3A

119.70 (17)
120.2
122.18 (18)
121.09 (17)
116.58 (17)
121.56 (19)
120.43 (17)
118.01 (19)
121.72 (18)
123.02 (18)
115.26 (17)
124.01 (17)
118.0
118.0
123.90 (17)
118.0
118.0
117.41 (17)
119.11 (18)
123.42 (17)
120.1
119.78 (18)
120.1
118.19 (17)
118.25 (18)
123.48 (17)
109.8
109.8
109.17 (18)
108.3
109.8
109.8
109.3
109.3
111.70 (18)
107.9

179.57 (18)
0.6 (3)
177.68 (16)
0.2 (3)
179.12 (16)
~179.32 (16)
179.12 (17)
~1.6 (3)
~178.95 (19)
55.1(2)
~56.6 (2)

H12D—C12B—HI12F
HI2E—C12B—HI12F
N3B—C14B—C13B
N3B—C14B—H14C
N3B—C14B—H14D
C13B—C14B—H14C
C13B—C14B—H14D
H14C—C14B—H14D
N3B—C16B—C15B
N3B—C16B—H16C
N3B—C16B—H16D
C15B—C16B—H16C
C15B—C16B—H16D
H16C—C16B—H16D
C11A—CI12A—HI12A
C11A—CI12A—H12B
C11A—CI12A—H12C
HI2A—CI12A—HI12B
HI2A—CI12A—H12C
H12B—C12A—H]12C
08—C19—C20
07—C19—08
07—C19—C20
C17—C18—HIBA
C17—C18—HI18B
C17—C18—HI18C
HI8A—C18—HI18B
HI8A—C18—HI18C
H18B—C18—HI18C
C19—C20—H20A
C19—C20—H20B
C19—C20—H20C
H20A—C20—H20B
H20A—C20—H20C
H20B—C20—H20C

C4A—C9A—C8A—CTA
C4A—C9A—C3A—O03A
C4A—C9A—C3A—C2A
C6B—N2B—C15B—C16B
C6B—N2B—C13B—C14B
C3B—C9B—C4B—C5B
C3B—C2B—C1B—NI1B
C3B—C2B—C10B—OI1B
C3B—C2B—C10B—O02B
C1B—N1B—C8B—C9B
C1B—N1B—C8B—C7B

109.5
109.5
110.58 (18)
109.5
109.5
109.5
109.5
108.1
111.45 (19)
109.3
109.3
109.3
109.3
108.0
109.5
109.5
109.5
109.5
109.5
109.5
120.7 (3)
121.7 3)
117.6 (3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

—0.6 (3)
-0.9(3)
178.98 (16)
~145.3 (2)
145.3 (2)
179.30 (18)
0.5(3)

0.0 (3)
179.9 (2)
1.8 (3)
~177.76 (17)
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N2B—C6B—C5B—F1B 0303) C1B—NIB—C11B—CI12B 94.2 (2)
N2B—C6B—C5B—C4B —176.5 (2) C1B—C2B—C3B—O03B —178.19 (18)
N2B—C15B—C16B—N3B -55.9(3) C1B—C2B—C3B—C9B 1.5(3)
N2B—C13B—C14B—N3B 55.6 (3) CIB—C2B—C10B—O1B —179.39 (19)
CI9A—CS8A—CTA—CoOA -0.7 (3) C1B—C2B—C10B—02B 0.503)
CI9A—C3A—C2A—CI1A -0.3(3) CIA—N1A—C8A—C9A 0.4 (3)
CI9A—C3A—C2A—CI10A —179.30 (16) CIA—N1A—C8A—CT7A —178.04 (16)
CI9A—C4A—C5A—F1A —177.18 (16) CIA—N1A—C11A—CI12A 94.8 (2)
CIA—C4A—C5A—CoOA 0.1 (3) CIA—C2A—CI10A—O1A —177.65 (18)
C8A—NI1A—C1A—C2A -1.6 (3) CIA—C2A—C10A—O0O2A 1.4 (3)
C8A—NIA—C11A—CI12A =79.1 (2) C5A—C6A—CT7A—C8A 1.6 3)
C8A—C9A—C3A—O03A 179.32 (17) C4B—C9B—C3B—O03B -1.0(3)
C8A—C9A—C3A—C2A -0.8 (2) C4B—C9B—C3B—C2B 179.32 (16)
C8A—C9A—C4A—C5A 0.9 (3) CI3A—N2A—C6A—CT7A 127.7 (2)
C8B—NI1B—C1B—C2B -2.33) CI3A—N2A—C6A—CS5A -54.8 (3)
C8B—N1B—C11B—CI12B —80.9 (2) CI3A—N2A—CI15A—CI16A 63.6 (2)
C8B—C9B—C3B—03B 177.84 (17) CIIA—N1A—C8A—C9A 174.25 (16)
C8B—C9B—C3B—C2B -1.8(3) CIIA—N1A—C8A—C7A -4.1(3)
C8B—C9B—C4B—C5B 0.4(3) CIIA—N1A—C1A—C2A —175.62 (18)
C8B—C7B—C6B—N2B 175.47 (18) C11B—N1B—C8B—C9B 176.91 (17)
C8B—C7B—C6B—C5B 0.0(3) C11B—N1B—C8B—C7B -2.7(3)
C9B—C8B—C7B—C6B 1.1 (3) Cl11B—N1B—C1B—C2B —177.51 (18)
C9B—C4B—C5B—F1B —175.99 (17) CISA—N2A—C6A—CT7A —26.0 (3)
C9B—C4B—C5B—C6B 0.7 (3) CISA—N2A—C6A—CS5A 151.4 (2)
C6A—N2A—CI13A—Cl14A 140.2 (2) CI5A—N2A—CI13A—CIl14A —63.6 (2)
C6A—N2A—C15A—CI16A —140.6 (2) C10B—C2B—C3B—03B 24 (3)
C7TA—C6A—C5A—F1A 175.97 (17) C10B—C2B—C3B—C9B —177.92 (17)
C7TA—C6A—C5A—C4A -1.4(3) C10B—C2B—CI1B—NI1B 179.95 (18)
C7B—C8B—C9B—C3B 179.81 (17) CI0A—C2A—C1A—NI1A —179.45 (18)
C7B—C8B—C9B—C4B -1.3(3) CI15B—N2B—C6B—C7B -15.7(3)
C7B—C6B—C5B—F1B 175.79 (18) C15B—N2B—C6B—C5B 159.6 (2)
C7B—C6B—C5B—C4B -0.9 (3) CI15B—N2B—C13B—C14B —63.6 (2)
C3A—C9A—CS8A—NI1A 0.8(2) C13B—N2B—C6B—C7B 132.7 (2)
C3A—C9A—C8A—CTA 179.21 (16) C13B—N2B—C6B—C5B -52.0 (3)
C3A—C9A—C4A—C5A —178.93 (17) C13B—N2B—C15B—C16B 63.2(2)
C3A—C2A—CIA—NI1A 1.5(3) C16A—N3A—C14A—CI3A -51.4 (2)
C3A—C2A—CI10A—O1A 1.4 (3) Cl14A—N3A—C16A—CI5A 52.7(3)
C3A—C2A—CI10A—O02A -179.5 (2) C14B—N3B—C16B—C15B 50.9 (3)
C4A—C9A—CS8A—NI1A —179.00 (16) C16B—N3B—C14B—C13B =50.5(3)
Hydrogen-bond geometry (4, °)

D—H-4 D—H H--A D4 D—H-4
014—H14--034 0.82 1.75 2.520 (2) 155
O1B—HI1B--03B 0.82 1.77 2.533(2) 154
N34—H344--06 0.89 1.84 2.709 (3) 164
N34—H34B:--04 0.89 1.80 2.673 (3) 165
N3B—H3B4:-010 0.89 2.45 3.161 (4) 137
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N3B—H3BB--08
C13B—H13C-F1B
C134—H134---F14
06—H64:--07
06—H6B:--09
09—H94:--08!
09—H9B:+-05'
O10—H104:--04
010—H10B---05

0.89
0.97
0.97
0.85
0.85
0.85
0.85
0.85
0.85

1.80
2.27
2.34
1.82
1.92
1.91
1.93
2.00
1.99

2.679 (3)
2.881 (3)
2.867 (3)
2.664 (5)
2.706 (5)
2.706 (4)
2.733 (3)
2.734 (3)
2.811 (3)

171
120
114
172
153
156
158
145
161

Symmetry code: (i) x+1, y, z.
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