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2-Methyl-4,5-dinitroimidazole

The title compound, C;H4;N,O,, is a stable energetic com-
pound suitable for use as a propellant ingredient. There are
two molecules in the asymmetric unit, which differ in their
nitro group out-of-plane torsion values.

Comment

Nitroimidazoles have been extensively studied because of
their biological activity (Boyer, 1986); their syntheses are also
of interest because they are stable energetic compounds,
suitable for use as propellant and explosive ingredients
(Bracuti, 1999). The title molecule, (I), contains an imidazole
ring with a methyl and two nitro group substituents. The
conformations of mono- and dinitroimidazoles have been
studied theoretically by Cho et al. (1998). When the nitro
groups are on adjacent C atoms, as in (I), the conformational
potential energy surface is difficult to predict accurately. This
is because the actual conformation is a compromise between a
planar structure, which would maximize rr-orbital conjugation,
and a structure with one or both nitro groups twisted out of
plane, so as to minimize the electrostatic repulsion between
neighboring nitro-group O atoms.
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There are two molecules in the asymmetric unit of (I), one
of which contains a disordered nitro group (Fig. 1). The first
molecule, without disorder, adopts a pseudo-twofold confor-
mation (with the local twofold axis down the C2—C2A methyl
bond), wherein each nitro group twists approximately 19° out
of the plane of the adjacent ring atoms. In the second mol-
ecule, the N15-nitro group is almost coplanar (+3.8° twist),
while the N14-nitro group is disordered, and is either
approximately —19° out of the plane in the major form
[82.9 (5)% occupancy] or approximately 30° out-of-plane in
the minor form [17.1 (5)% occupancy].

There are two short intermolecular N—H- - -N hydrogen
bonds (Table 1). The crystal structure also contains several
intermolecular contacts, not involving H atoms, which are less
than the sum of van der Waals radii. Two of the shortest of
these are near-perpendicular approaches between polar N—O
bonds and C atoms in neighboring imidazole rings, suggesting
a dipole-m-bond interaction. They are contacts O13---
C4(1 —x,1—y, 1 —z2) of 2.867 (3) A and O12---C5(1 — x,
1—y,1—2z) of 2948 (5) A; both distances are significantly
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less than the van der Waals contact distance of 3.22 A
(Rowland & Taylor, 1996). These short interactions are likely
to have an attractive electrostatic component; the nitro group
is considered to be one of the strongest electron-withdrawing
substituents known when substituted on a 7-bonded system. A
third, short intermolecular O- - -C distance is listed as the third
entry in Table 1. Since it is between a methyl C atom and a
nitro O atom, one might expect it to be due to C—H---O
hydrogen bonding, but it has an extremely bent (106°) C—
H---O angle. The contact is better described as a near-
perpendicular approach of the N—O dipole to the C—C
methyl bond; the N14—011'- - -C2A angle is 151.0 (4)° and the
C2—C2A---0O11’ angle is 90.6 (3)°.

Experimental

The title compound, (I), was synthesized by P. Kasu and R. Dama-
varapu of the ARDEC (Dover, NJ, USA) by nitration of 2-methyl-
imidazole. Crystals suitable for diffraction were grown by slow
evaporation of a solution in a mixture of 2-butanone and octane. The
solid displayed a '"H NMR peak at 2.5 p.p.m. and a melting point of
480 K.

Crystal data

C4H4N,Oy

M, =172.11
Triclinic, PT
a=79962 (9) A

Z=4

D, =1.660 Mgm™>

Mo Ko radiation

Cell parameters from 1898

b = 82860 (9) A _ reflections
c=11.8913 (13) A 0 =2.7-26.3°
a =70.702 (2)° u=015mm™"
B =71.205 (2)° T=1532)K

y =72.983 (2)°

- Plate, pale yellow
V =688.50 (13) A°

0.45 x 0.10 x 0.03 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

¢ and o scans

Absorption correction: by integra-
tion (Wuensch & Prewitt, 1965)
Tnin = 0.938, Trax = 0.994

4569 measured reflections

Refinement

Refinement on F>

R[F? > 20(F%)] = 0.040

wR(F?) = 0.080

§=0.86

2785 reflections

235 parameters

H atoms treated by a mixture of
independent and constrained
refinement

2785 independent reflections
1679 reflections with I > 20([)
Rin = 0.041

Onax = 26.4°
h=-9— 10
k=-10— 10
[=—14 — 14

w = 1/[0*(F,%) + (0.0255P)*]
where P = (F,” + 2F.2)/3

(A/0)max = 0.001

Apmax=025¢ A7

APmin = —024e A

Extinction correction: SHELXTL

Extinction coefficient: 0.0050 (13)

Table 1

Hydrogen-bonding geometry (A, °).

D—H---A D—H H--A D---A D-H---A
N1—H1.- N13' 0.87 (2) 1.97 2) 2.837 (2) 168.1 (19)
NlI—HIl-- N3 0.92 (2) 1.92 (2) 2.837 (2) 176.9 (19)
C2A—H2B---011" 0.98 2.58 2.996 (4) 106

Symmetry code: (i) 1 +x,y — 1, z.

All H atoms were found in difference Fourier maps, but during the
refinement the methyl H atoms were placed geometrically and
allowed to ride on their parent C atoms, with C—H = 0.98 A and

Figure 1

Aview of (I), with 25% probability displacement ellipsoids. There are two
molecules in the asymmetric unit. The occupation factors of the
disordered nitro O atoms O11/012 and O11'/012" are 82.9 (5§) and
17.1 (5)%, respectively.

Figure 2

A packing diagram of (I). The dashed lines that illustrate the N—H- - -N
hydrogen bonds (Table 1) are more or less horizontal in this view. The
dashed lines extending in the vertical direction are short non-bonded
distances between nitro N- - -O dipoles and C atoms in adjacent aromatic
imidazole rings.

Uiso = 1.5U4(C). Positional parameters of the amino H atoms were
refined with Uy, = 1.2U(N). Their N—H bond distances are 0.87 (2)
and 0.92 (2) A.

Data collection: SMART (Bruker, 2001); cell refinement: SAINT
(Bruker, 2001); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine
structure: SHELXTL (Sheldrick, 1997); molecular graphics:
SHELXTL; software used to prepare material for publication:
SHELXTL.

The authors acknowledge financial support from the Office
of Naval Research, Mechanics Division, and P. Kasu and R.
Damavarapu of ARDEC (Dover, NJ, USA) for supplying the
crystals.
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