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The crystal packing of the title compound, C10H8BrN3O2, is

determined mainly by relatively strong bifurcated CÐBr� � �O
halogen±nitro bonds. Both O atoms are involved in this

interaction in an almost symmetrical manner and the

difference [0.078 (3) AÊ ] between the Br� � �O contact lengths

is one of the smallest found in similar compounds. Halogen

bonds and weak hydrogen bonds connect molecules into

layers which are stacked along the [100] direction.

Comment

The attractive interactions between organic halogen (X) and

nitro-group O atoms have been identi®ed as robust and

effective supramolecular synthons, as de®ned by Desiraju

(1995). Allen et al. (1997) carried out an analysis of the

Cambridge Structural Database (CSD) and an ab initio

molecular study, which showed that the degree of inter-

penetration of the X and O atoms increases in the order Cl <

Br < I, and that the CÐX� � �O angle becomes closer to 180� as

the X� � �O separation decreases. This is an example of a wider

group of so-called `halogen bonds', the attractive interaction

between organic halogen and atoms possessing electron lone

pairs [for a recent review see, for example, Metrangolo et al.

(2003)]. This interaction is directional and can compete

successfully with hydrogen bonds for the leading role in

driving self-assembly processes (Corradi et al., 2000). There

are examples of the presence of halogen bonds in liquid

crystals (Nguyen et al., 2004), in solution (Wash et al., 1999)

and in the gas phase (Legon, 1998).

In the case of the X� � �O halogen±nitro bond, three different

motifs have been identi®ed (Desiraju et al., 1993). The ®rst is

the symmetrical bifurcated motif, in which the two X� � �O
distances are almost equal and X effectively interacts with

both O atoms. The second is the asymmetrical bifurcated

motif, in which one of the X� � �O distances is too long for any

interaction, but the X atom still approaches the bonded O

atoms trans to the CÐN bond. The third is the monocoor-

dinated motif, when the X� � �O contact is cis to the CÐN

bond. Allen et al. (1997) found that the tendency to form the

bifurcated motif increases in the order Cl < Br < I.

Against this background, and as part of a wider study of

weak interactions in 4-nitroimidazole derivatives, the crystal

structure of 1-(4-bromophenyl)-2-methyl-4-nitro-1H-imida-

zole, (I), has been determined and the results are presented

here.

The crystal packing of (I) could, in principle, be in¯uenced

by at least three speci®c interactions, namely �±� stacking of

planar aromatic fragments, weak CÐH� � �O(N) hydrogen

bonds and Br� � �O halogen bonds. All three kinds of interac-

tions have been found in similar compounds (e.g. 1-aryl-4-

nitro-5-methylimidazole derivatives; Kubicki, 2004).

Fig. 1 shows the molecule of (I), which consists of three

planar fragments: the phenyl ring [maximum deviation from

the least-squares plane 0.007 (3) AÊ for atom C14], the imida-

zole ring [maximum deviation 0.006 (2) AÊ for atom C5] and

the nitro group. The dihedral angle between the phenyl and

imidazole ring planes is 56.4 (1)� and the nitro group is almost

parallel to the imidazole plane [1.8 (6)�]. The bond lengths and

angles are typical.

There is an interesting asymmetry in the geometry of the

nitro group. The NÐO bond cis to atom N3 (N4ÐO41) is

slightly shorter [by 0.013 (4) AÊ ] than the trans bond (N4Ð

O42). This asymmetry is accompanied by a difference in the

CÐNÐO angles, with C4ÐN4ÐO41 being 2.3 (3)� greater

than C4ÐN4ÐO42. Exactly the reverse situation was found in

the series of 1-aryl-4-nitro-5-methylimidazole derivatives

(Kubicki, 2004). A CSD (Version 5.25; Allen, 2002) analysis

shows that this can be regarded as a strong tendency: asym-

metry similar to that in (I) is observed in simple 1-substituted-

4-nitroimidazoles, without the substituent at the 5-position,

while in case of 5-substituted compounds, the situation is

reversed, with C4ÐN4ÐO42-type angles being greater than

C4ÐN4ÐO41.
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Figure 1
A view of the molecule of (I) with the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are depicted as small spheres of arbitrary radii.
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The crystal structure of (I) is determined by relatively short

Br� � �O halogen bonds of the ®rst type mentioned above, i.e.

almost symmetrical and bifurcated. The Br� � �O41i distance is

3.364 (3) AÊ and Br� � �O42i is 3.286 (3) AÊ [symmetry code: (i)
3
2 ÿ x, 1 ÿ y, z ÿ 1

2]. The difference between these contacts,

0.078 (3) AÊ , is one of the smallest found in similar compounds.

In the January 2004 version of the CSD, there are 111

compounds which have both aromatic Br and nitro groups

(only organics, no errors, coordinates available, duplicate

entries excluded). In 34 (ca 31%) of these structures, the

Br� � �O contact is shorter than the sum of the van der Waals

radii. When the limit is set at the sum of the van der Waals

radii plus 0.2 AÊ , the fraction of structures ful®lling this

condition grows to almost 43% (47 structures, 66 fragments).

Only for 12 of these cases is the difference between Br� � �O
distances less than 0.3 AÊ . The smallest difference, 0.072 AÊ , was

found in the structure of 1-acetyl-5-bromo-7-nitroindoline

(Moreno et al., 1998), and the present case provides the second

most symmetrical Br� � �O(nitro) approach.

This CSD analysis con®rms the directionality of this type of

interaction and the tendency towards more linear CÐBr� � �O
angles as the Br� � �O separation decreases. In particular, for

Br� � �O distances shorter than 3.33 AÊ there are no CÐBr� � �O
angles smaller than 139�. The case of (I) follows this tendency,

with the CÐBr� � �O41 angle being 158.5� and CÐBr� � �O42

157.3�.
These halogen bonds, together with weak CÐH� � �O and

CÐH� � �N contacts (Table 2 and Fig. 2), connect the molecules

of (I) into layers. Using graph-set notation (Etter et al., 1990;

Bernstein et al., 1995), there are ®rst-order chains,

C(10)[R1
2(4)], C(4) and C(7), and more interesting higher-

order rings, R2
2(9) and R4

4(18). Following, for example, Bryant

et al. (1998), we have taken the Br� � �O halogen bonds as

pseudo-hydrogen bonds, with Br as the donor and O as the

acceptor. These layers are stacked on top of one another, and

there are only weak CÐH� � �O contacts between neigh-

bouring layers, as the distance between the ring planes is too

long for a signi®cant stacking interaction (4.15 AÊ ).

Experimental

Compound (I) was synthesized according to the method described

elsewhere by SuwinÂ ski & SÂ wierczek (1996). Crystals suitable for

data collection were grown from a methanol solution by slow

evaporation.

Crystal data

C10H8BrN3O2

Mr = 282.10
Orthorhombic, P212121

a = 4.1443 (5) AÊ

b = 10.4459 (8) AÊ

c = 24.1758 (19) AÊ

V = 1046.59 (17) AÊ 3

Z = 4
Dx = 1.790 Mg mÿ3

Mo K� radiation
Cell parameters from 2848

re¯ections
� = 3±18�

� = 3.92 mmÿ1

T = 100 (1) K
Prism, colourless
0.60 � 0.15 � 0.10 mm

Data collection

Kuma KM-4 CCD four-circle
diffractometer

! scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1989)
Tmin = 0.389, Tmax = 0.676

4145 measured re¯ections
2308 independent re¯ections

1977 re¯ections with I > 2�(I)
Rint = 0.096
�max = 29.2�

h = ÿ5! 3
k = ÿ13! 13
l = ÿ31! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.040
wR(F 2) = 0.097
S = 1.10
2308 re¯ections
146 parameters
H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0539P)2

+ 0.104P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.73 e AÊ ÿ3

��min = ÿ0.95 e AÊ ÿ3

Absolute structure: Flack (1983),
613 Friedel pairs

Flack parameter = ÿ0.018 (15)

Figure 2
The layer of molecules of (I), as seen along the [100] direction. Halogen
bonds and weak hydrogen bonds are drawn as dashed lines.
[Symmetry codes: (i) 3

2 ÿ x, 1 ÿ y, z ÿ 1
2; (ii) 3

2 ÿ x, 1 ÿ y, 1
2 + z; (iii)

1 ÿ x, 1
2 + y, 3

2 ÿ z; (iv) x ÿ 1
2,

3
2 ÿ y, 1 ÿ z; (v) 1 ÿ x, y ÿ 1

2,
3
2 ÿ z; (vi) x ÿ 1

2,
1
2 ÿ y, 1 ÿ z.]

Table 1
Selected geometric parameters (AÊ , �).

N1ÐC5 1.372 (5)
N1ÐC2 1.389 (5)
N1ÐC11 1.443 (4)
C14ÐBr14 1.900 (4)
C2ÐN3 1.322 (5)

N3ÐC4 1.363 (5)
C4ÐN4 1.439 (5)
N4ÐO41 1.224 (4)
N4ÐO42 1.237 (4)

C5ÐN1ÐC2 107.8 (3)
C15ÐC14ÐC13 120.9 (3)
C15ÐC14ÐBr14 119.5 (3)
C13ÐC14ÐBr14 119.6 (3)
C2ÐN3ÐC4 104.3 (3)

N3ÐC4ÐN4 121.0 (3)
C5ÐC4ÐN4 125.7 (4)
O41ÐN4ÐO42 124.2 (3)
O41ÐN4ÐC4 119.0 (3)
O42ÐN4ÐC4 116.7 (3)

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

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

C12ÐH12� � �O41i 0.95 2.52 3.114 (5) 121
C21ÐH21A� � �O42ii 0.98 2.48 3.026 (5) 115
C21ÐH21C� � �O42iii 0.98 2.62 3.434 (5) 141
C5ÐH5� � �N3iv 0.95 2.85 3.759 (5) 161

Symmetry codes: (i) 2ÿ x; yÿ 1
2;

3
2ÿ z; (ii) 1ÿ x; 1

2� y; 3
2ÿ z; (iii) 2ÿ x; 1

2� y; 3
2ÿ z; (iv)

1ÿ x; yÿ 1
2;

3
2ÿ z.



The positions of the H atoms were constrained with appropriate

AFIX instructions and their Uiso values were set at 1.2Ueq of the

carrier atom (1.3Ueq for the methyl group).

Data collection: CrysAlis CCD (Oxford Diffraction, 2002); cell

re®nement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford

Diffraction, 2002); program(s) used to solve structure: SHELXS97

(Sheldrick, 1990); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: Stereochemical Workstation

Operation Manual (Siemens, 1989); software used to prepare material

for publication: SHELXL97.

The author thanks Dr Paweø Wagner for providing the title

compound and for stimulating discussions.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FG1748). Services for accessing these data are
described at the back of the journal.
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