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In two closely related 1-aryl-2-methyl-4-nitro-5-cyanoimid-
azoles, namely 2-methyl-4-nitro-1-phenyl-1H-imidazole-5-
carbonitrile, C;;HgN,O,, and 1-(4-chlorophenyl)-2-methyl-
4-nitro-1 H-imidazole-5-carbonitrile, C;;H,CIN,O,, different
weak intermolecular interactions determine the crystal
packing. In the 1-phenyl derivative, dipole—dipole interactions
between antiparallel cyano groups connect molecules into
centrosymmetric dimers, while in the 1-(4-chlorophenyl)
derivative, the dimers are connected by C=N...Cl-C
halogen bonds. These interactions, together with weak C—
H---O(N) hydrogen bonds, connect molecules related by
subsequent centres of inversion into infinite tapes.

Comment

Weak intermolecular interactions play a decisive role in
determining the three-dimensional structure of molecular
crystals. Hydrogen bonds are by far the most important — and
best known — of these interactions, but in the absence of strong
hydrogen-bond donors or acceptors (or sometimes in spite of
their presence), other weak interactions stabilize certain
structures. The list of these interactions is long and still
growing.

Among these, the attractive interaction between a carbon-
bound halogen atom and atoms having electron lone pairs has
been known for some time (Hassel & Rgmming, 1962; Hassel,
1970). This interaction has been termed ‘halogen bonding’
(Dumas et al., 1983; Legon, 1998) in order to stress the analogy
with hydrogen bonding [for recent reviews see, for example,
Legon (1999), Metrangolo & Resnati (2001) and Metrangolo
et al. (2003)]. The reorganization of electron-density distri-
bution connected with this interaction is directed from a Lewis
base electron-donor site to the halogen atom, which acts as a
Lewis acid. The acidity scale I > Br > Cl (for fluorine there is
no detectable tendency to form this type of interaction) was
established on the basis of Cambridge Structural Database
(Allen, 2002) studies (Lommerse et al., 1996) and quantum-
chemical calculations (Valerio et al., 2000). A special case of

this interaction involves the cyano group as an electron donor.
The existence of short C=N- - -X—C contacts was postulated
over 40 years ago (Hassel & Rgmming, 1962) and confirmed
by the structures of some simple cyano-halogen compounds
(Witt et al., 1972). The role of cyano-halogen interactions in
the crystal structures of 4-halobenzonitriles was described by
Desiraju & Harlow (1989), and C=N- - -Cl—C halogen bonds
were used as the supramolecular synthon [as defined by
Desiraju (1995)] to create linear zigzag arrays of flat molecules
(molecular tapes; Reddy et al., 1993). These contacts were also
identified in a series of tetrachlorodicyanobenzenes (Britton,
2002, and references therein).
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In addition, the cyano group can accept hydrogen bonds
(Ziao et al., 2001) and can take part in dipole—dipole inter-
actions, analogous to the carbonyl-carbonyl interactions that
have been found to be able to compete successfully with
hydrogen bonds (Allen et al., 1998).

In the course of studies of weak interactions in nitro-
imidazoles (Kubicki ez al., 2001, 2002), the crystal structures of
two closely related 5-cyano derivatives, namely 2-methyl-
4-nitro-1-phenyl-1H-imidazole-5-carbonitrile, (I), and 1-(4-
chlorophenyl)-2-methyl-4-nitro-1H-imidazole-5-carbonitrile,
(II), have been determined. Because of the lack of strong
hydrogen-bond donors, these compounds offer the opportu-
nity of comparing the weak interactions described above.

Figs. 1 and 2 show anisotropic displacement-ellipsoid
representations of the molecules of (I) and (II), respectively.
The bond lengths and angles are almost identical; the only
(and obvious) differences are related to the presence of the Cl
substituent in (IT). This substituent causes modest changes in
the intra-annular bond angles of the benzene ring, in general
agreement with those described by Domenicano & Murray-

Figure 1

A view of the molecule of (I). Displacement ellipsoids are drawn at the
30% probability level and H atoms are depicted as spheres of arbitrary
radii.
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Figure 2

A view of the molecule of (II). Displacement ellipsoids are drawn at the
30% probability level and H atoms are depicted as spheres of arbitrary
radii.

Rust (1979) for monosubstituted benzene derivatives; in
chloro derivative (II), the angle at the site of substitution
(C13—C14—C15) is larger and the two adjacent angles
(C12—C13—C14 and C14—C15—C16; Tables 1 and 3) are
smaller than the equivalent angles in (I).

The conformations of (I) and (II) are slightly different. The
dihedral angles involving the three effectively planar frag-
ments, viz. the imidazole ring (A), the benzene ring (B) and
the nitro group (C), are larger in (II); the angle between
planes A and B is 87.64 (6)° in (II) and 76.29 (4)° in (I), and
the angle between planes A and C is 7.65 (2)° in (II) and
0.59 (13)° in (1).

In the crystal structure of (I), relatively short contacts exist
between antiparallel C=N groups of molecules related by a
centre of inversion. The distance between the mid-points of
these bonds is 3.271 (2) A and the C5—C51---N51 angle is
82.9 (1)°. These dipole-dipole interactions lead to the
formation of centrosymmetric dimers in (I). The only other
intermolecular interaction that plays a role in the crystal
packing is the weak CI2—HI12---041(1 —x, —y, 1 —12)
hydrogen bond (Table 2), which also closes the dimers related
by another centre of inversion (Fig. 3).

Figure 3
The chain of molecules of (I) connected by dipole-dipole and C—H- - -O
interactions, viewed approximately along the [010] direction. [Symmetry
codes: (i) 2 —x, —y, 1 — z; (ii)) 1 —x, —y, 1 — z; (iii)) —1 + x, y, z.]

Figure 4

The chain of molecules of (II) connected by C=N---Cl—C and C—
H---N interactions, viewed approximately along the [100] direction.
[Symmetry codes: (iv) 1 —x,1 —y,2 —z; (V) 1 —x,2 —y, 1 — z; (Vi) x,
1+y, —1+2z]

In (II), the presence of the Cl atom changes the hierarchy of
intermolecular interactions. In this case, the main driving force
of crystal packing is the C—Cl. - -N=C interaction, which also
closes the centrosymmetric dimers (Fig. 4). The Cl---N
distance is short but typical for this kind of interaction
[3.250 (2) A], and the linearity of the C—CI---N contact
[168.30 (8)°] testifies to the proposed mechanism of charge
donation (the donation of the lone pair to the o-antibonding
orbital of C—X). The C—H---N hydrogen bonds (Table 4)
between neighboring molecules (connected by another centre
of inversion) also take part in the crystal packing (Fig. 4).

There are some similarities in the crystal-packing modes of
(I) and (II). In both cases, the structure consists of tapes of
molecules connected by alternating pairs of weak interactions
[~dipole-dipole~C—H:--O~ in (I) and ~C=N.--Cl—
C~C—H- - ‘N~ in (II)], and these tapes utilize the consecutive
centres of inversion. No other symmetry elements are used in
creating the principal packing motifs, even though the space
group (P2,/n) contains such elements.

Experimental

The methods of synthesis of (I) and (II) were described by Salwinska
& Suwinski (1990) and Suwinski et al. (1994). Crystals suitable for
data collection were grown from methanol solutions.

Compound (1)

Crystal data

C,1HgN,O, Mo Ko radiation

M, = 22821 Cell parameters from 2418
Monoclinic, P2,/n reflections

a=98976 (9) A 6 =3-21°

b =9.6168 (9) A =010 mm™

¢ = 11.6700 (10) A T=293(2)K

B=103313(7)°
V =1080.94 (17) A?
Z=4

D, =1.402Mgm™>

Prism, colourless
0.30 x 0.25 x 0.15 mm
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Data collection

Kuma KM-4 CCD four-circle
diffractometer

 scans

6917 measured reflections

2708 independent reflections

1380 reflections with 7 > 20(1)

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.039
wR(F?) = 0.093

S =091

2708 reflections

176 parameters

H atoms: see below

Rine = 0.027
O = 29.3°
h=-13 > 11
k=—-11— 13
I=—14 > 15

w = 1/[o*(F2) + (0.04P)?]
where P = (F2 + 2F?)/3

(A/6)max = 0.003

Apmax = 0.11e A™3

Apmin = —0.18 e A™3

Table 1

Selected bond angles (°) for (I).

C12—C13—-C14 120.5 (2) Cl4—C15—-C16 120.2 (2)
C13—C14—C15 120.4 (2)

Table 2 .

Hydrogen-bonding geometry (A, °) for (I).

D—H --A D—H H--A DA D—H--A
Cl2—HI12.--041" 0.95 (2) 259 (2) 3.456 (2) 151 (1)

Symmetry code: (i) 1 —x, —y, 1 — z.

Compound (Il)

Crystal data

C,1H;CIN,O,

M, = 262.66
Monoclinic, P2, /n
a=12.6819 (16) A
b =6.8018 (11) A
¢ =15.1799 (16) A
B =114.497 (11)°
V =11915(3) A®
Z=4

D, =1464 Mgm™>

Data collection

Kuma KM-4 CCD four-circle
diffractometer

 scans

Absorption correction: multi-scan
(SORTAYV; Blessing, 1989)
Tnin = 0.889, Ty = 0.971

7375 measured reflections

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.042
wR(F?) = 0.102
§=097

2968 reflections

182 parameters

H atoms: see below

Mo Ko radiation
Cell parameters from 2798
reflections
6 =3-18°
©n=032mm"
T=293(22)K
Plate, colourless
0.6 x 0.5 x 0.1 mm

1

2968 independent reflections
1647 reflections with I > 20(I)
Ry = 0.038

BOrax = 29.3°
h=-17—>15
k=-9->6

I=—20— 20

w = 1/[0*(F2) + (0.045P)’]

where P = (F2 + 2F2)/3
(A/0)max = 0.001
Apmax=017¢ A7
APmin = —021 e A7
Extinction correction: SHELXL97
Extinction coefficient: 0.011 (2)

The positional parameters of the H atoms of the aryl groups were
refined isotropically, giving C—H distances in the range 0.89 (2)—
0.97 (3) A. Methyl H atoms were treated as riding, with C—H

distances of 0.96 A.

Table 3

Selected bond angles (°) for (II).

C12—C13—-C14 119.00 (18) Cl4—C15—-C16 119.32 (19)
C13—-C14—-C15 121.36 (16)

Table 4

Hydrogen-bonding geometry (A, °) for (II).

D-H---A D—H H--A D---A D—H---A
C21—H21A---041™ 0.96 2.61 3.392 (3) 139
C21—H21C- - -N3" 0.96 2.53 3.479 (3) 171

Symmetry codes: (v) 1 —x,2 —y, 1 —z; (vii) }+x,3 —y, 1+ 2.

For both compounds, data collection: CrysAlis CCD (Oxford
Diffraction, 2002); cell refinement: CrysAlis CCD; data reduction:
CrysAlis RED (Oxford Diffraction, 2002); program(s) used to solve
structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
Stereochemical Workstation Operation Manual (Siemens, 1989).

The author thanks Dr Pawet Wagner for providing the
compounds and for stimulating discussions.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GD1304). Services for accessing these data are
described at the back of the journal.
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