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surface; weak hydrogen bonds. biological and pharmacological relevance, including applications as fungicides,
CCDC reference: 2465512 herbicides, and therapeutic agents. The title compound, CgH;>,CIN3;O5 (I), is a

structural analogue and impurity of the anti-protozoal drug metronidazole,
Supporting information: this article has making it valuable for mechanistic and drug development studies. Here, we
supporting information at journals.iucr.org/e report its crystal structure and Hirshfeld surface analysis. Crystals of I are

triclinic, space-group type P1, with two independent molecules (A and B) in the
asymmetric unit, each exhibiting chloroethoxyethyl chain disorder over two
conformations. Both molecules have essentially planar methyl-nitro-1H-imida-
zole cores, with conformational variation arising from the side chains. The
structure lacks conventional hydrogen bonds but features several weak
C—H---O, C—H--:N, and C—H-: - -Cl interactions, connecting molecules into
dimers and layers parallel to the ac-plane. Hirshfeld surface analysis reveals that
the molecular environments of A and B are similar and dominated by contacts
involving hydrogen.

1. Chemical context

Imidazoles are a common class of heterocyclic compounds
found in natural and synthetic pharmacologically active
substances (Neilde et al., 2014; Adamovich et al., 2014; Have et
al., 1997), exhibiting diverse biological properties (Lombar-
dino & Wiseman, 1974). Many imidazole derivatives act as
fungicides, herbicides, plant growth regulators, therapeutic
agents (Maier et al., 1989), anticancer agents (Krezel, 1998),
and bactericides (Jackson et al., 2000). Recent reviews high-
light the medicinal relevance of synthetic imidazole analogs
(Rulhania et al., 2021) and advances in imidazole-based drug
development (Zhang et al., 2014). Nitro-imidazoles have seen
broad application in drug synthesis (Hori et al., 1997), with
derivatives used as radio-sensitizers, and as anti-protozoal,
anti-fungal, anti-bacterial, or anti-epileptic agents (Olender et
al., 2009; Duan et al., 2014; Sutherland et al., 2010).
1-[2-(2-Chloroethoxy)ethyl]-2-methyl-4-nitro-1 H-imidazole
(I), CgH,CIN;O3, is an analogue of (and impurity in) the anti-
protozoal drug metronidazole. Its value in drug development
and mechanistic studies results from its structural similarity to
metronidazole and other nitro-imidazoles. The nitro group
confers distinctive chemical and biological properties, making

® it a promising candidate for exploring new therapies, espe-
OPEN @ ACCESS cially against protozoal infections. In this context, we present
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646 https://doi.org/10.1107/52056989025005493 Acta Cryst. (2025). E81, 646-649


https://doi.org/10.1107/S2056989025005493
https://journals.iucr.org/e
https://scripts.iucr.org/cgi-bin/full_search?words=crystal%20structure&Action=Search
https://scripts.iucr.org/cgi-bin/full_search?words=disorder&Action=Search
https://scripts.iucr.org/cgi-bin/full_search?words=Hirshfeld%20surface&Action=Search
https://scripts.iucr.org/cgi-bin/full_search?words=Hirshfeld%20surface&Action=Search
https://scripts.iucr.org/cgi-bin/full_search?words=weak%20hydrogen%20bonds&Action=Search
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=csd&csdid=2465512
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Mohan%20Kumar,%20T.M.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Bhavya,%20P.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Bhaskar,%20B.L.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Shankara%20Prasad,%20H.J.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Shankara%20Prasad,%20H.J.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Yathirajan,%20H.S.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Parkin,%20S.
mailto:yathirajan@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1107/S2056989025005493&domain=pdf&date_stamp=2025-06-24

research communications

Cl

2. Structural commentary

Crystals of I are triclinic, space-group type P1, with two
molecules (A and B) in the asymmetric unit (Z' = 2).
Chemically, the molecules comprise an imidazole ring substi-
tuted with N-nitro, methyl, and chloroethoxyethyl groups (see
Scheme and Fig. 1). The chloroethoxyethyl chains of both
independent molecules are each disordered over two confor-
mations with refined major:minor occupancies of
0.7256 (4):0.2744 (4) and 0.6384 (4):0.3616 (4) for molecules A
and B respectively. Thus, there are four separate conforma-
tions. However, as is clear from a least-squares overlay plot
(Fig. 2), the two major conformers are very similar, as are the
two minor conformers. This similarity prompted us to test
whether the structure was simpler at higher temperatures,
either by resolution of the disorder, or by transition toa Z' =1
structure. No such changes were apparent up to 250 K.

The methyl-nitro-1H-imidazole moieties are largely planar
[r.m.s. deviation = 0.0242 A (A),0.0584 A (B)], with maximum
deviation at atoms O3A [0.0456 (17) A] and O3B
[0.1144 (17) A] resulting from slight twists of the nitro groups
[dihedrals with the imidazole ring are 2.75 (13)° and 5.64 (6)°
in A and B, respectively. The overall geometry of the mol-

Figure 1

An ellipsoid plot (50% probability) of the asymmetric unit of I. Minor
disorder components are omitted for the sake of clarity. Hydrogen atoms
are shown as small white spheres of arbitrary radius.

Table 1

Conformation-defining torsion angles (°) in L.

Torsion angle A (major) A (minor) B (major) B (minor)
CI-N1—C5—C6  —76.1(7)  —927(19)  71.4(9) 882 (13)
NI—C5—C6—01  —656(8)  —64(2) 638(10)  67.1(16)
C5—C6—01—C7  —818(5)  —1692(10) 884 (5) 176.3 (8)
C6—01—C7—C8  —165.1(3) 168.8(7) 166.9 3)  —162.7 (6)
O1—C7—C8—CIl  —668(2)  68.1(6) 682 (4) —69.9 (7)
Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D-H H--A DA D—H---A
ClA—HIA- - -N2B' 0.95 2.61 3.5144 (15) 160
C4A—H4AA---Cl1A 0.98 291 3.888(2) 172
C4A—HA4AA---O1C 0.98 2.39 3.024 (4) 122
C4A—H4AB---O2B 0.98 2.34 3.2626 (14) 157
C5A—H5A1---024" 0.99 2.65 3.562 (10) 153
C5A—H5A2---03B' 0.99 2.51 3.202 (10) 127
CTA—HTA2---CI1B™ 0.99 2.96 3.778 (3) 141
C84—H8A1---O1B" 0.99 242 3.338 (3) 153
C84—H8AL1---Cl1B" 0.99 2.99 3.725 (3) 132
C8A—HBA2---N2B"™ 0.99 2.63 3.419 (3) 137
C5C—H5C2---03B' 0.99 231 3.16 (3) 144
Cl1B—HI1B--:N2A 0.95 2.65 3.5495 (14) 157
C4B—H4BB- - -02A" 0.98 245 3.2622 (15) 140
C4B—H4BC---O1D 0.98 2.38 3.124 (3) 133
C5B—H5B1---03A 0.99 2.53 3.199 (12) 124
C5B—H5B1---02B" 0.99 2.60 3.439 (10) 142
C5B—H5B2---02B™ 0.99 2.60 3.379 (10) 135
C8B—HS8B2---014 0.99 2.39 3.292 (5) 151
C5D—H5D1---034 0.99 2.53 3.26 (2) 130
C5D—H5D1---02B" 0.99 2.52 3.345 (19) 141
CSD—H5D2---02B""  0.99 2.61 3.297 (17) 127
C7ID—H7D2---Cl1C™" 0.99 2.81 3.742 (6) 157

Symmetry codes: (i) x,y,z—1; (i) x—1,y,z; (i) x—1,y,z—1; (iv)
—x+1,—y+1,—z4+1 (V) x,y,z+1; (vi) =x+ 1, —y, —z + 1; (vii) x + 1, y, z; (viii)
—x+2,—y+1,—z+1L

ecules results from the relative orientations of the planar
moieties with the chloroethoxyethyl chains, whose confor-
mations result from torsions about the N1—C5, C5—C6,
C6—01, O1—C7, and C7—C8 bonds, as quantified in Table 1
and shown in the overlay (Fig. 2).

1A-major
1A-minor
1B-major (inv)
1B-minor (inv)

Figure 2

A least-squares overlay plot of the four conformations (major and minor
disorder for molecules A and B). Atoms are drawn with CPK colours,
bond colours identify the particular conformer. Molecule B was inverted
for the optimal fit.
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and B. One such weak interaction is strictly intra-molecular,
namely C4A—H4AA- - -Cl1A [dp_, = 3.888 (2) A], enclosing
an S(10) motif (Etter et al., 1990). For the sake of simplicity,
considering just the major disorder components within the
asymmetric unit, three inter-molecular ~ contacts
C4A—H4AB---0O2B, C1B—HIB- - -N2A, and C5B—H5B1- - -
O3A connect the independent molecules into dimers,
enclosing two different R%(9) ring motifs, which combine with
symmetry equivalents to link the molecules into layers parallel
to the ac plane, as shown in Fig. 3. Additional contacts
between layers build up the full three-dimensional structure.

A Hirshfeld surface analysis conducted using Crystal-
Explorer2] (Spackman et al., 2021) calculated independently
for molecules A and B (major components only) indicate that
the environment of each molecule is similar and that the vast
majority of intermolecular contacts involve hydrogen (92.8%
for A, 93.8% for B). These results are summarized in the 2D-
fingerprint plots shown in Fig. 4.

4. Database survey

A search of the Cambridge Structural Database (CSD, v5.46,
Figure 3 Nov. 2024; Groom et al., 2016) using a search fragment
A partial packing plot of I viewed normal to the ac plane. A selection of consisting of 2-methyl-4-nitro-1H-imidazole and X = ‘any
tl.le \yeak' hyd.rogen l?ond§ listed in Table 2‘ are czlrawn as dotted lines, group’ attached to the equivalent of Nl(A/B) resulted in 116
highlighting ring motifs with graph-set notation Ry(9). hits. Searches with *-C-X" and ‘-C-C-X" at that position gave 52
and 33 matches, respectively, while a search with *-C-C-O-X"
returned six hits, two of which were duplicates. Of the four
unique structures, CADDUJ (Yu et al., 2015) has a tetraphenyl
There are no conventional hydrogen bonds in I, but a number Zn(EtOH)-porphyrinato group attached at the equivalent of
of weak hydrogen-bond-type contacts are flagged by  O1(A/B). Entry IFOSUN (Zama et al., 2013) has a methyl
SHELXL as ‘potential hydrogen bonds’. These are listed in ester attached at O1(A/B) and KUZVUX (Wang et al., 2010)
Table 2 for major and minor disorder components of both A has an ethyl ester group. The remaining refcode, NOBVIJ

3. Supramolecular features

e e
.
ici
»
.
”
| (@) Mol-Amajor: H..0=33.3% o | (b) Mol-Amajor: H.H=25.1%  d | () Mol-A major: H..C1 = 17.0% @] | (@ Mol-Amajor H.N=11.1% | | () Mol-A major: H...C = 6.3% d
d, o d [ [
) .
.. L
. .
i .
| (0 Mol-B major: H...O - 35.1% dl (g Mo-Bmajor H.H=-27.0% | | (W) Mol-Bmajor: H..CI= 167% | | (i) Mol-B major: H..N = 10.0% d| | () Mol-B major: H..C = 5.0% d
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Figure 4

Hirshfeld surface two-dimensional-fingerprint plots calculated individually for the major disorder components in I. The panels are arranged in vertical
pairs for (a,f) H- - -O contacts (33.3%, 35.1% for A and B, respectively, (b,g) H---H (25.1%, 27.0%), (¢,h) H---Cl (17%, 16.7%), (d,i) H---N (11.1%,
10.0%), (e,j) H---C (6.2%, 5.5%), showing the similar environments for both independent molecules.
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(Skupin et al., 1997), has a methyl ester at O1(A/B) and a
chloromethyl group attached to C6(A/B).

5. Synthesis and crystallization

The sample of I was synthesized as per the literature proce-
dure of Kaifez et al. (1968). In brief, direct alkylation of 2-
methyl-4-nitroimidazole led to the product, which was then
purified by column chromatography (silica gel, ethyl acetate/
hexane system) and recrystallized from ethylacetate by slow
evaporation (m.p.: 383-385 K).

6. Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 3. Hydrogen atoms were found in
difference-Fourier maps, but subsequently included in the
refinement using riding models, with constrained distances set
to 0.95 A (Csp’—H), 0.98 A (RCH3) and 0.99 A (R,CH,).
Uiso(H) parameters were set to values of either 1.2U.q or
1.5U.q (RCHj; only) of the attached atom. To ensure satis-
factory refinement for the disordered chains in the structure, a
combination of constraints and restraints were used. The
constraints (SHELXL command EADP) were used to
equalize displacement parameters of overlapping disordered
atoms. Restraints were used to maintain the fidelity of the
disordered chains (SHELXL commands SAME, SADI,
SIMU, and RIGU).
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Crystal structure and Hirshfeld surface analysis of 1-[2-(2-chloroethoxy)-

ethyl]-2-methyl-4-nitro-1H-imidazole

Thaluru M. Mohan Kumar, Papegowda Bhavya, Besagarahally L. Bhaskar, Holehundi .

Shankara Prasad, Hemmige S. Yathirajan and Sean Parkin

Computing details

1-[2-(2-Chloroethoxy)ethyl]-2-methyl-4-nitro-1H-imidazole

Crystal data

C8H12CIN303

M, =233.66
Triclinic, P1
a=18.5810(4) A
b=11.1448 (7) A
c=11.5757(5) A

o =98.662 (2)°

£ =93.164 (2)°
y=103.444 (2)°
V=1059.71 (10) A3

Data collection

Bruker D8 Venture dual source
diffractometer

Radiation source: microsource

Detector resolution: 7.41 pixels mm!

¢ and w scans

Absorption correction: multi-scan
(SADABS; Krause et al., 2015)

Tin = 0.892, Tinax = 0.959

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F?)]=0.031

wR(F?)=0.076

§=1.06

4879 reflections

365 parameters

416 restraints

Primary atom site location: structure-invariant
direct methods

Z=4

F(000) =488

D,=1.465Mgm3

Mo Ka radiation, 1 =0.71073 A

Cell parameters from 9978 reflections
6=2.7-27.6°

4 =0.35mm!

T=100K

Solvent-rounded block, colourless
0.25 % 0.21 x 0.13 mm

34130 measured reflections
4879 independent reflections
4337 reflections with I > 20(])
Ry =0.025

Ormax = 27.6°, Oin = 1.9°
h=-10—11

k=-14—14

I=-15—>14

Secondary atom site location: difference Fourier
map

Hydrogen site location: difference Fourier map

H-atom parameters constrained

w = 1/[6*(F,?) + (0.0258P)* + 0.4798P]
where P = (F,2 + 2F2)/3

(A/6)max < 0.001

Apmax =0.51 e A7

Appin=—035e A3
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Special details

Experimental. The crystal was mounted using polyisobutene oil on the tip of a fine glass fibre, which was fastened in a

copper mounting pin with electrical solder. It was placed directly into the cold gas stream of a liquid-nitrogen based

cryostat (Hope, 1994; Parkin & Hope, 1998).

Diffraction data were collected with the crystal at 100K.

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.

Refinement. Refinement progress was checked using Platon (Spek, 2020) and by an R-tensor (Parkin, 2000). The final

model was further checked with the IUCr utility checkCIF.

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

X y z Uiso™ Ueq Occ. (<1)
O2A 0.92119 (11) 0.09620 (9) 0.10635 (8) 0.0291 (2)
0O3A 0.92893 (11) 0.11525 (10) 0.29564 (8) 0.0349 (2)
NI1A 0.47096 (11) 0.15624 (9) 0.13212 (8) 0.01687 (19)
N2A 0.62164 (11) 0.14669 (9) 0.29175 (8) 0.01833 (19)
N3A 0.86024 (12) 0.11372 (10) 0.19955 (9) 0.0218 (2)
Cl1A 0.61200 (13) 0.13743 (10) 0.09384 (10) 0.0187 (2)
HI1A 0.641682 0.129776 0.015705 0.022%*
C2A 0.70087 (13) 0.13209 (10) 0.19353 (10) 0.0178 (2)
C3A 0.48135 (13) 0.16128 (10) 0.25182 (9) 0.0173 (2)
C4A 0.35045 (15) 0.18143 (12) 0.32518 (11) 0.0245 (2)
H4AA 0.344755 0.269030 0.332592 0.037*
H4AB 0.372346 0.161678 0.403229 0.037*
H4AC 0.247736 0.126885 0.288206 0.037*
C5A 0.3362 (11) 0.1720 (6) 0.0572 (9) 0.0202 (4) 0.726 (4)
H5A1 0.237703 0.158758 0.099079 0.024* 0.726 (4)
H5A2 0.316384 0.108581 -0.015167 0.024* 0.726 (4)
C6A 0.3727 (5) 0.3019 (4) 0.0251 (3) 0.0229 (6) 0.726 (4)
H6AL1 0.475029 0.316384 -0.012149 0.027* 0.726 (4)
H6A2 0.286365 0.306822 —0.033069 0.027* 0.726 (4)
O1A 0.38532 (18) 0.39806 (13) 0.12420 (15) 0.0220 (4) 0.726 (4)
C7A 0.2349 (2) 0.41695 (19) 0.15685 (16) 0.0259 (5) 0.726 (4)
H7A1 0.180335 0.347938 0.196203 0.031* 0.726 (4)
H7A2 0.165106 0.417948 0.086170 0.031* 0.726 (4)
C8A 0.2632 (3) 0.5393 (2) 0.2385 (2) 0.0274 (5) 0.726 (4)
H8ALl 0.158339 0.558782 0.252617 0.033* 0.726 (4)
H8A2 0.326692 0.606367 0.200905 0.033* 0.726 (4)
Cl1A 0.36807 (19) 0.53736 (14) 0.37668 (12) 0.0386 (2) 0.726 (4)
Cs5C 0.341 (3) 0.1759 (15) 0.054 (2) 0.0202 (4) 0.274 (4)
H5C1 0.236152 0.137875 0.081366 0.024* 0.274 (4)
H5C2 0.345245 0.132358 —0.026044 0.024* 0.274 (4)
ceC 0.3512 (15) 0.3136 (10) 0.0509 (8) 0.0217 (15) 0.274 (4)
H6C1 0.457012 0.354212 0.027037 0.026* 0.274 (4)
H6C2 0.265792 0.322112 —0.006061 0.026* 0.274 (4)
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O1C
CcicC
H7Cl1
H7C2
C8C
H8Cl1
H8C2
ClIC
O2B
O3B
Ni1B
N2B
N3B
C1B
HIB
C2B
C3B
C4B
H4BA
H4BB
H4BC
C5B
H5BI1
H5B2
C6B
H6B1
H6B2
O1B
C7B
H7B1
H7B2
C8B
H8BI1
H8B2
CIIB
C5D
H5D1
H5D2
C6D
H6D1
H6D2
O1D
C7D
H7D1
H7D2
C8D
H8D1
H8D2

0.3310 (6)
0.3083 (7)
0.225414
0.410135
0.2564 (7)
0.161515
0.222764
0.4080 (5)
0.31302 (10)
0.32527 (10)
0.79607 (11)
0.64632 (11)
0.38786 (11)
0.64369 (13)
0.607010
0.55580 (13)
0.79288 (13)
0.93855 (15)
0.982002
0.910085
1.019765
0.9357 (11)
0.910198
1.027707
0.9854 (6)
1.073322
0.892957
1.03761 (19)
1.2020 (3)
1.263984
1.223886
1.2537 (6)
1.220284
1.372571
1.1692 (2)
0.937 (2)
0.904352
1.015649
1.0118 (11)
1.098517
0.929752
1.0767 (3)
1.1612 (5)
1.083704
1.229548
1.2633 (12)
1.338712
1.327000

0.3704 (3)
0.4938 (5)
0.495346
0.552217
0.5327 (6)
0.468239
0.611874
0.5545 (4)
0.11153 (8)
0.15036 (9)
0.14491 (9)
0.15332 (9)
0.13284 (9)
0.13249 (10)
0.122179
0.13829 (10)
0.15741 (10)
0.17517 (13)
0.100900
0.187629
0.248707
0.1542 (6)
0.085226
0.143070
0.2777 (4)
0.274029
0.289801
0.38096 (16)
0.4077 (3)
0.406201
0.343287
0.5338 (5)
0.596075
0.557584
0.5392 (2)
0.1368 (12)
0.077503
0.106792
0.2649 (8)
0.261355
0.298498
0.3445 (2)
0.4697 (4)
0.520077
0.466398
0.5263 (9)
0.605825
0.468248

0.1662 (4)
0.1727 (4)
0.110339
0.161089
0.2901 (5)
0.303757
0.290270
0.4069 (3)
0.58764 (7)
0.77777 (7)
0.64445 (8)
0.79508 (8)
0.68559 (8)
0.59632 (9)
0.515661
0.69080 (9)
0.76422 (10)
0.84634 (11)
0.832161
0.927358
0.833718
0.5756 (11)
0.507494
0.624673
0.5312 (4)
0.479890
0.483202
0.62241 (18)
0.6584 (2)
0.588835
0.702940
0.7340 (4)
0.691951
0.747663
0.87550 (19)
0.580 (2)
0.504957
0.627016
0.5563 (6)
0.503766
0.517142
0.6658 (2)
0.6524 (3)
0.636796
0.586434
0.7665 (6)
0.758187
0.788573

0.0233 (9)
0.0267 (11)
0.032*
0.032*
0.0242 (12)
0.029*
0.029%*
0.0406 (6)
0.02304 (18)
0.0271 (2)
0.01650 (19)
0.01790 (19)
0.01845 (19)
0.0163 (2)
0.020%
0.0160 (2)
0.0177 (2)
0.0267 (3)
0.040%
0.040%
0.040%
0.0193 (8)
0.023*
0.023*
0.0233 (8)
0.028*
0.028*
0.0281 (5)
0.0312 (6)
0.037*
0.037*
0.0293 (9)
0.035*
0.035*
0.0367 (3)
0.0193 (8)
0.023*
0.023*
0.0236 (13)
0.028*
0.028*
0.0178 (6)
0.0271 (9)
0.033*
0.033*
0.0341 (17)
0.041*
0.041*

0.274 (4)
0.274 (4)
0.274 (4)
0.274 (4)
0.274 (4)
0.274 (4)
0.274 (4)
0.274 (4)

0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.638 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
0.362 (4)
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CI1D 1.1350 (4) 0.5536 (4) 0.8748 (4) 0.0367 (3) 0.362 (4)
Atomic displacement parameters (4°)

Ull U22 (]33 U12 U13 l]ZS
02A 0.0239 (4) 0.0449 (6) 0.0233 (4) 0.0149 (4) 0.0088 (3) 0.0084 (4)
0O3A 0.0228 (5) 0.0607 (7) 0.0221 (5) 0.0145 (4) —0.0032 (4) 0.0051 (4)
NIA 0.0171 (4) 0.0174 (4) 0.0162 (4) 0.0051 (4) 0.0012 (3) 0.0017 (3)
N2A 0.0196 (5) 0.0188 (5) 0.0170 (4) 0.0052 (4) 0.0027 (4) 0.0030 (4)
N3A 0.0174 (5) 0.0271 (5) 0.0209 (5) 0.0055 (4) 0.0017 (4) 0.0041 (4)
CIA 0.0190 (5) 0.0199 (5) 0.0175 (5) 0.0056 (4) 0.0037 (4) 0.0015 (4)
C2A 0.0156 (5) 0.0191 (%) 0.0186 (5) 0.0044 (4) 0.0023 (4) 0.0019 (4)
C3A 0.0188 (5) 0.0154 (5) 0.0177 (5) 0.0040 (4) 0.0030 (4) 0.0031 (4)
C4A 0.0249 (6) 0.0312 (6) 0.0222 (6) 0.0123 (5) 0.0076 (5) 0.0086 (5)
CSA 0.0183 (8) 0.0229 (7) 0.0180 (7) 0.0063 (6) —0.0032 (6) —0.0011 (5)
C6A 0.0271 (15) 0.0249 (11) 0.0175 (14) 0.0120 (9) —0.0016 (10) —0.0014 (10)
OlA 0.0195 (7) 0.0220 (7) 0.0242 (8) 0.0083 (5) 0.0007 (5) —0.0015 (6)
C7A 0.0205 (9) 0.0276 (10) 0.0291 (9) 0.0101 (8) 0.0000 (7) —0.0028 (7)
C8A 0.0302 (10) 0.0264 (10) 0.0269 (13) 0.0130 (8) 0.0012 (10) —0.0008 (10)
CIIA 0.0536 (7) 0.0319 (4) 0.0280 (6) 0.0127 (4) 0.0008 (4) —0.0042 (4)
C5C 0.0183 (8) 0.0229 (7) 0.0180 (7) 0.0063 (6) —0.0032 (6) —0.0011 (5)
C6C 0.024 (3) 0.027 (3) 0.018 (3) 0.014 (2) —0.001 (3) 0.004 (2)
o1C 0.031 (2) 0.0221 (16) 0.0192 (17) 0.0131 (15) 0.0025 (15) 0.0020 (13)
C7C 0.034 (2) 0.025 (2) 0.023 (2) 0.015 (2) —0.0030 (18) 0.0020 (18)
C8C 0.030 (2) 0.022 (2) 0.020 (3) 0.0110 (17) —0.001 (2) —0.001 (2)
ClIC 0.0540 (17) 0.0357 (13) 0.0318 (16) 0.0149 (11) —0.0056 (10) 0.0022 (11)
02B 0.0167 (4) 0.0348 (5) 0.0172 (4) 0.0065 (3) —0.0011 (3) 0.0034 (3)
O3B 0.0211 (4) 0.0440 (5) 0.0184 (4) 0.0123 (4) 0.0074 (3) 0.0032 (4)
NIB 0.0132 (4) 0.0191 (4) 0.0164 (4) 0.0043 (3) 0.0012 (3) 0.0001 (3)
N2B 0.0164 (4) 0.0204 (5) 0.0165 (4) 0.0034 (4) 0.0008 (3) 0.0037 (4)
N3B 0.0161 (4) 0.0222 (5) 0.0178 (5) 0.0058 (4) 0.0027 (3) 0.0033 (4)
CIB 0.0139 (5) 0.0174 (5) 0.0163 (5) 0.0034 (4) —0.0006 (4) —0.0001 (4)
C2B 0.0135 (5) 0.0168 (5) 0.0171 (5) 0.0037 (4) 0.0007 (4) 0.0014 (4)
C3B 0.0168 (5) 0.0182 (%) 0.0180 (5) 0.0044 (4) 0.0005 (4) 0.0027 (4)
C4B 0.0194 (6) 0.0374 (7) 0.0232 (6) 0.0070 (5) —0.0022 (5) 0.0067 (5)
C5B 0.0146 (6) 0.0227 (18) 0.0201 (10) 0.0068 (13) 0.0032 (6) —0.0026 (16)
C6B 0.0210 (17) 0.0255 (12) 0.0212 (17) 0.0004 (11) 0.0067 (11) 0.0031 (11)
O1B 0.0187 (7) 0.0266 (8) 0.0339 (10) 0.0004 (6) 0.0045 (7) —0.0036 (7)
C7B 0.0209 (10) 0.0336 (13) 0.0343 (11) —0.0001 (9) 0.0051 (8) 0.0001 (9)
C8B 0.0219 (14) 0.0274 (14) 0.0350 (19) —0.0007 (10) 0.0009 (14) 0.0049 (14)
CllB 0.0289 (8) 0.0350 (5) 0.0429 (2) 0.0056 (4) —0.0032 (5) 0.0020 (3)
C5D 0.0146 (6) 0.0227 (18) 0.0201 (10) 0.0068 (13) 0.0032 (6) —0.0026 (16)
C6D 0.019 (2) 0.035 (2) 0.018 (3) 0.0084 (17) 0.0032 (18) 0.0055 (19)
O1D 0.0180 (12) 0.0181 (12) 0.0161 (12) —0.0006 (9) —0.0018 (9) 0.0082 (9)
C7D 0.0276 (18) 0.0176 (17) 0.0355 (18) —0.0008 (14) 0.0101 (14) 0.0101 (14)
C8D 0.028 (2) 0.023 (2) 0.044 (4) —0.0038 (18) —0.003 (3) 0.002 (3)
CI1D 0.0289 (8) 0.0350 (5) 0.0429 (2) 0.0056 (4) —0.0032 (5) 0.0020 (3)
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Geometric parameters (4, )

02A—N3A
0O3A—N3A
NIA—CIA
NIA—C3A
NIA—C5A
NIA—C5C
N2A—C3A
N2A—C2A
N3A—C2A
Cl1A—C2A
ClA—HI1A
C3A—C4A
C4A—H4AA
C4A—H4AB
C4A—H4AC
C5A—C6A
C5A—H5A1
C5A—H5A2
C6A—O1A
C6A—HO6A1
C6A—HO6A2
O1A—C7A
C7A—CS8A
C7A—H7A1
C7A—H7A2
C8A—CIIA
C8A—HBA1
C8A—HS8A2
C5C—Co6C
C5C—H5C1
C5C—HS5C2
C6C—OIC
C6C—H6C1
C6C—Ho6C2
01C—C7C
C7C—C8C
C7C—H7C1
C7C—H7C2
C8C—CI1C
C8C—HSC1
C8C—HS8C2

ClIA—N1A—C3A
CIA—N1A—C5A
C3A—N1A—C5A
CIA—N1A—C5C

1.2336 (13)
1.2257 (13)
1.3617 (14)
1.3753 (14)
1.466 (5)
1.470 (14)
1.3197 (14)
1.3648 (14)
1.4286 (14)
1.3643 (16)
0.9500
1.4827 (15)
0.9800
0.9800
0.9800
1.516 (6)
0.9900
0.9900
1.427 3)
0.9900
0.9900
1.417 (2)
1.498 (3)
0.9900
0.9900
1.797 3)
0.9900
0.9900
1.523 (13)
0.9900
0.9900
1.426 (8)
0.9900
0.9900
1.424 (6)
1.488 (7)
0.9900
0.9900
1.772 (6)
0.9900
0.9900

107.79 (9)
125.0 (5)
127.2 (5)
123.1 (13)

02B—N3B
0O3B—N3B
NIB—CIB
N1B—C3B
N1B—C5B
N1B—C5D
N2B—C3B
N2B—C2B
N3B—C2B
C1B—C2B
C1B—HIB
C3B—C4B
C4B—H4BA
C4B—H4BB
C4B—H4BC
C5B—C6B
C5B—H5B1
C5B—H5B2
C6B—OI1B
C6B—H6B1
C6B—H6B2
O1B—C7B
C7B—C8B
C7B—H7B1
C7B—H7B2
C8B—Cl11B
C8B—HS8B1
C8B—HS8B2
C5D—CeéD
C5D—H5D1
C5D—HS5D2
C6D—O1D
C6D—Ho6D1
C6D—H6D2
O1D—C7D
C7D—C8D
C7D—H7D1
C7D—H7D2
C8D—CIID
C8D—HS8D1
C8D—HS8D2

C1IB—NIB—C3B
CIB—NIB—C5B
C3B—NIB—C5B
C1B—NIB—C5D

1.2337 (12)
1.2306 (12)
1.3607 (14)
1.3749 (14)
1.468 (7)
1.474 (12)
1.3188 (14)
1.3652 (14)
1.4257 (14)
1.3643 (15)
0.9500
1.4840 (15)
0.9800
0.9800
0.9800
1.518 (6)
0.9900
0.9900
1.408 (4)
0.9900
0.9900
1.398 (3)
1.495 (5)
0.9900
0.9900
1.826 (5)
0.9900
0.9900
1.494 (11)
0.9900
0.9900
1.435 (7)
0.9900
0.9900
1.450 (4)
1.508 (8)
0.9900
0.9900
1.752 (9)
0.9900
0.9900

107.89 (9)
123.2 (5)
128.6 (5)
126.2 (10)
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C3A—N1A—C5C 129.0 (13) C3B—NIB—C5D 125.7 (10)
C3A—N2A—C2A 103.88 (9) C3B—N2B—C2B 103.77 (9)
03A—N3A—02A 123.38 (10) 0O3B—N3B—O02B 123.41 (9)
03A—N3A—C2A 119.06 (10) 0O3B—N3B—C2B 118.99 (9)
02A—N3A—C2A 117.55 (9) 02B—N3B—C2B 117.59 (9)
N1IA—C1A—C2A 104.08 (9) N1B—C1B—C2B 103.94 (9)
N1A—CIA—HIA 128.0 N1B—C1B—HI1B 128.0
C2A—Cl1A—HIA 128.0 C2B—C1B—HI1B 128.0
C1A—C2A—N2A 112.85 (10) C1B—C2B—N2B 112.97 (9)
Cl1A—C2A—N3A 125.68 (10) C1B—C2B—N3B 125.27 (10)
N2A—C2A—N3A 121.47 (10) N2B—C2B—N3B 121.75 (9)
N2A—C3A—NIA 111.39 (9) N2B—C3B—NI1B 111.43 (9)
N2A—C3A—C4A 125.06 (10) N2B—C3B—C4B 125.39 (10)
N1A—C3A—C4A 123.55 (10) N1B—C3B—C4B 123.18 (10)
C3A—C4A—H4AA 109.5 C3B—C4B—H4BA 109.5
C3A—C4A—H4AB 109.5 C3B—C4B—H4BB 109.5
H4AA—C4A—H4AB 109.5 H4BA—C4B—H4BB 109.5
C3A—C4A—HA4AC 109.5 C3B—C4B—H4BC 109.5
H4AA—C4A—H4AC 109.5 H4BA—C4B—HA4BC 109.5
H4AB—C4A—H4AC 109.5 H4BB—C4B—H4BC 109.5
N1A—C5A—C6A 110.6 (5) N1B—C5B—C6B 113.7 (5)
N1A—C5A—HS5A1 109.5 N1B—C5B—H5B1 108.8
C6A—C5A—HSA1 109.5 C6B—C5B—H5B1 108.8
N1A—C5A—H5A2 109.5 N1B—C5B—H5B2 108.8
C6A—C5A—HS5A2 109.5 C6B—C5B—H5B2 108.8
H5A1—C5A—HS5A2 108.1 H5B1—C5B—H5B2 107.7
OIA—C6A—CSA 112.8 (5) O1B—C6B—C5B 113.0 (5)
OIA—C6A—HO6ALI 109.0 O1B—C6B—H6B1 109.0
C5A—C6A—H6A1 109.0 C5B—C6B—H6B1 109.0
OlA—C6A—H6A2 109.0 O1B—C6B—H6B2 109.0
C5A—C6A—H6A2 109.0 C5B—C6B—H6B2 109.0
H6A1—C6A—H6A2 107.8 H6B1—C6B—H6B2 107.8
C7A—O1A—C6A 113.8 (2) C7B—0O1B—C6B 113.8 (2)
OIA—C7A—CS8A 108.77 (17) O1B—C7B—C8B 109.9 (3)
OIA—C7A—HT7ALI 109.9 O1B—C7B—H7B1 109.7
C8A—C7A—HT7A1 109.9 C8B—C7B—H7B1 109.7
Ol1A—C7A—HT7A2 109.9 O1B—C7B—H7B2 109.7
C8A—C7A—HT7A2 109.9 C8B—C7B—H7B2 109.7
H7A1—C7A—H7A2 108.3 H7B1—C7B—H7B2 108.2
C7A—C8A—CI1A 112.35 (16) C7B—C8B—CIl1B 113.0 (3)
C7A—C8A—HS8A1 109.1 C7B—C8B—HS8B1 109.0
CI1A—C8A—HS8A1 109.1 Cl1B—C8B—HS8B1 109.0
C7A—C8A—HS8A2 109.1 C7B—C8B—HS8B2 109.0
CI1A—C8A—HB8A2 109.1 Cl1B—C8B—HS8B2 109.0
H8A1—C8A—HS8A2 107.9 H8B1—C8B—HS8B2 107.8
NIA—C5C—C6C 113.1(12) N1B—C5D—C6D 107.5 (9)
N1IA—C5C—HS5Cl1 109.0 N1B—C5D—HS5D1 110.2
C6C—C5C—H5Cl1 109.0 C6D—C5D—H5D1 110.2
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N1IA—C5C—HSC2
C6C—C5C—HS5C2
H5C1—C5C—HS5C2
01C—C6C—C5C
01C—C6C—H6C1
C5C—C6C—Ho6Cl1
01C—C6C—H6C2
C5C—C6C—Ho6C2
H6C1—C6C—H6C2
C7C—01C—C6C
01C—C7C—C8C
01C—C7C—H7C1
C8C—C7C—H7Cl1
01C—C7C—H7C2
C8C—C7C—HT7C2
H7C1—C7C—H7C2
C7C—C8C—CIIC
C7C—C8C—HSCl1
Cl1C—C8C—HSCl1
C7C—C8C—HS8C2
Cl1C—C8C—HS8C2
H8C1—C8C—HSC2

C3A—N1A—CIA—C2A
C5A—N1A—CIA—C2A
C5C—NIA—CIA—C2A
N1IA—C1A—C2A—N2A
NIA—C1A—C2A—N3A
C3A—N2A—C2A—CI1A
C3A—N2A—C2A—N3A
03A—N3A—C2A—CI1A
02A—N3A—C2A—CI1A
O3A—N3A—C2A—N2A
02A—N3A—C2A—N2A
C2A—N2A—C3A—NI1A
C2A—N2A—C3A—C4A
CIA—N1A—C3A—N2A
C5A—N1A—C3A—N2A
C5C—NIA—C3A—N2A
Cl1A—N1A—C3A—C4A
C5A—N1A—C3A—C4A
C5C—NIA—C3A—C4A
Cl1A—N1A—C5A—C6A
C3A—N1A—C5A—C6A
N1IA—C5A—C6A—O1A
C5A—C6A—O0O1A—CT7A
C6A—O1A—CT7A—CRBA
O1A—C7A—C8A—CI1A

109.0
109.0
107.8
107.2 (13)
110.3
110.3
110.3
110.3
108.5
113.8 (6)
108.6 (5)
110.0
110.0
110.0
110.0
108.3
113.6 (4)
108.8
108.8
108.8
108.8
107.7

-0.01 (12)
178.2 (3)
176.0 (8)
0.01 (13)
~179.85 (10)
0.00 (13)
179.87 (10)
177.43 (11)
-3.03 (17)
~2.42(17)
177.12 (10)
~0.01 (12)
~179.66 (11)
0.02 (13)
~178.2 (3)
~175.7 (9)
179.67 (10)
1.5 (4)
3.9(9)
~76.1 (7)
101.8 (7)
~65.6 (8)
-81.8 (5)
~165.1 (2)
~66.8 (2)

N1B—C5D—HS5D2
C6D—C5D—H5D2
H5D1—C5D—HS5D2
O1D—C6D—CS5D
O1D—C6D—H6D1
C5D—C6D—H6D1
O1D—C6D—H6D2
C5D—C6D—H6D2
H6D1—C6D—H6D2
C6D—O1D—C7D
O1D—C7D—C8D
O1D—C7D—H7D1
C8D—C7D—H7D1
O1D—C7D—H7D2
C8D—C7D—H7D2
H7D1—C7D—H7D2
C7D—C8D—CI1D
C7D—C8D—H8D1
Cl1D—C8D—HS8D1
C7D—C8D—HED2
Cl1D—C8D—HS8D2
H8D1—C8D—H8D2

C3B—NI1B—C1B—C2B
C5B—N1B—C1B—C2B
C5D—N1B—C1B—C2B
N1B—C1B—C2B—N2B
N1B—C1B—C2B—N3B
C3B—N2B—C2B—CI1B
C3B—N2B—C2B—N3B
03B—N3B—C2B—CI1B
02B—N3B—C2B—CI1B
O3B—N3B—C2B—N2B
02B—N3B—C2B—N2B
C2B—N2B—C3B—NI1B
C2B—N2B—C3B—C4B
C1B—N1B—C3B—N2B
C5B—N1B—C3B—N2B
C5D—N1B—C3B—N2B
C1B—NI1B—C3B—C4B
C5B—N1B—C3B—C4B
C5D—N1B—C3B—C4B
C1B—N1B—C5B—C6B
C3B—N1B—C5B—C6B
N1B—C5B—C6B—O1B
C5B—C6B—O0O1B—C7B
C6B—O1B—C7B—C8B
01B—C7B—C8B—Cl11B

110.2
110.2
108.5
108.7 (9)
109.9
109.9
109.9
109.9
108.3
113.3 (4)
106.2 (5)
110.5
110.5
110.5
110.5
108.7
108.1 (6)
110.1
110.1
110.1
110.1
108.4

0.02 (12)
~174.9 (3)
175.7 (6)
~0.18 (12)
178.29 (10)
0.27 (12)
~178.27 (10)
~173.51 (11)
5.93 (16)
4.84 (16)
~175.72 (10)
~0.25 (12)
178.83 (11)
0.15 (13)
174.7 (3)
~175.6 (6)
~178.95 (11)
~4.4 (4)

5.3 (6)

71.3 (8)
~102.5 (8)
63.8 (10)
88.4 (5)
166.9 (3)
68.2 (4)
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ClIA—NI1A—C5C—Co6C —92.7 (19) C1B—NI1B—C5D—C6D 88.2 (13)
C3A—NI1A—C5C—Co6C 82 (2) C3B—NI1B—C5D—C6D —96.8 (14)
NIA—C5C—C6C—O01C —64 (2) N1B—C5D—C6D—O01D 67.1 (16)
C5C—C6C—01C—C7C —169.2 (10) C5D—C6D—01D—C7D 176.3 (8)
C6C—0O1C—C7C—C8C 168.8 (6) C6D—01D—C7D—C8D —162.6 (6)
01C—C7C—C8C—Cl1C 68.1 (6) 01D—C7D—C8D—CIID —69.9 (7)
Hydrogen-bond geometry (4, °)

D—H-4 D—H H--A D4 D—H-4
Cl4—HI14-N2Bt 0.95 2.61 3.5144 (15) 160
C44—H4A44---Cl14 0.98 291 3.888 (2) 172
C44—H444---01C 0.98 2.39 3.024 (4) 122
C44—H4A4B--02B 0.98 2.34 3.2626 (14) 157
C54—H5A41--024" 0.99 2.65 3.562 (10) 153
C54—H542-+03B! 0.99 2.51 3.202 (10) 127
C74—H7A42--Cl1 B 0.99 2.96 3.778 (3) 141
C84—HB8A1-+-0O1B"Y 0.99 2.42 3.338(3) 153
C84—H8A41--Cl1BY 0.99 2.99 3.725 (3) 132
C84—HB8A2:"N2B"Y 0.99 2.63 3.419 (3) 137
C5C—H5C2:+038B: 0.99 2.31 3.16 (3) 144
C1B—HI1B-N24 0.95 2.65 3.5495 (14) 157
C4B—H4BB+-024" 0.98 2.45 3.2622 (15) 140
C4B—HA4BC-+01D 0.98 2.38 3.124 (3) 133
C5B—H5B1:-034 0.99 2.53 3.199 (12) 124
C5B—H5B1-+02B" 0.99 2.60 3.439 (10) 142
C5B—H5B2:+-02B"i 0.99 2.60 3.379 (10) 135
C8B—H8B2:-014" 0.99 2.39 3.292 (5) 151
C5D—H5D1--034 0.99 2.53 3.26 (2) 130
C5D—HS5D1-+-02B 0.99 2.52 3.345(19) 141
C5D—HS5D2-+-02B 0.99 2.61 3.297 (17) 127
C7D—H7D2+-Cl1CYH 0.99 2.81 3.742 (6) 157

Symmetry codes: (i) x, y, z—1; (ii) x—1, y, z; (iii) x—1, y, z—1; (iv) —x+1, —=y+1, —z+1; (V) x, y, z+1; (vi) —x+1, =y, —z+1; (vii) x+1, y, z; (viii) —x+2, —p+1,

—z+1.
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