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In the crystal state at room temperature, the molecule of
dibromoiodomesitylene (1,3-dibromo-5-iodo-2,4,6-trimethyl-
benzene), CoHgBr,1, is prone to strong disorder, apparently
involving only the three halogen sites (occupied identically by
66.7% Br and 33.3% I). This disorder, of the rotational type
according to previously published NMR measurements,
corresponds to fast 27/3 stochastic in-plane reorientations of
the whole molecule between three discernable locations. This
kind of rotational disorder can be revealed for the first time by
diffractometry thanks to the C,, idealized molecular symmetry
of the title compound, although it has been indirectly
suspected at room temperature in other trihalogenomesityl-
enes of similar crystal packing but of D3, molecular symmetry.
The average endocyclic angles facing the Br/I sites and the
methyl groups are 124.14 (6) and 115.85 (2)°, respectively. The
angle between the normal to the aromatic ring and the normal
to the (100) plane is 4.1°. TLS analysis indicates that only the
aromatic ring and the methyl groups behave as a rigid body
with respect to the thermal librations.

Comment

Most benzene compounds hexasubstituted by halogens,
methyl groups or other small radicals crystallize at room
temperature in the monoclinic space group P2,/n (Z = 2),
according to the hexachlorobenzene structure type (Brown &
Strydom, 1974; Reddy et al, 2006). Partial compilations of
previous contributions can be found in Kitaigorodsky (1973),
Tazi et al. (1995), Brock & Fu (1997) and Reddy et al. (2006).
The packing of these compounds is dominated by inter-
molecular -7 interactions and the molecules are arranged in

stacks (at distances typically ranging from 3.8 to 4.3 A)
parallel to the unique monoclinic axis. In addition, they form
corrugated (110) molecular planes, with the halogen—halogen
interactions within these planes turning out to be weaker than
the m—m inter-stack forces. Another crystal packing is
observed, too, at room temperature, especially if the mol-
ecules display a threefold axis of symmetry: they are stacked
into a triclinic unit cell, space group P1 (Z = 2), derived from
the hexamethylbenzene structure type (Hamilton et al., 1969;
Le Magueres et al, 2001). This is the case for the tri-
halogenomesitylene series (1,3,5-trihalogeno-2.4,6-trimethyl-
benzene; Table 1), of which only trichloromesitylene (TCM)
(Tazi et al., 1995; Hernandez et al., 2006), tribromomesitylene
(TBM) (Meinnel et al., 2000; Bosch & Barnes, 2002) and
triltodomesitylene (TIM) (Boudjada et al., 2001, 2002; Bosch &
Barnes, 2002) have been characterized so far. The methyl
groups in these compounds experience relatively small
hindering potentials and interesting tunnelling properties
have been reported (Meinnel ez al., 1992, 1995, 2000; Boudjada
et al., 2002). What happens if one of the halogen atoms is
replaced by another atom, breaking the idealized D3, mol-
ecular symmetry of these molecules? If it is an H atom, as
encountered for dibromomesitylene (DBM) (Hernandez et al.,
2003), the ordered low-temperature phase (the phase is
disordered above ~297 K) is monoclinic, space group P2,/n
(Z = 4). Unexpectedly, however, the methyl group located
between the two Br atoms is a quasi-free rotor with H atoms
highly delocalized in a sixfold potential, whereas the rotation
of the other two methyl groups is quasi-forbidden (Meinnel ez
al., 1995; Plazanet et al., 2002). In order to establish for the
trihalogenomesitylene series the impact of small changes on
the molecular symmetry, we report here the crystal structure
of 1,3-dibromo-5-iodo-2,4,6-trimethylbenzene (dibromoiodo-
mesitylene, DBIM), (I), obtained by single-crystal X-ray
diffraction at 293 K. This compound can indeed be viewed as a
TBM with one Br atom substituted by I, or alternatively as a
TIM with two I atoms substituted by Br, the idealized
symmetry of the isolated molecule (ignoring H atoms)
decreasing in both cases from Dy, (6m2) to Cy, (mm?2).
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The best refinement with 54 geometric soft restraints (see
Refinement) led to the molecular structure shown in Fig. 1. The
crystallographically inequivalent halogen sites are identically
constituted by 67% Br and 33% 1 (see Refinement), the other
atoms apparently not being affected by any kind of disorder.
NMR measurements at room temperature showed a long time
ago that in this family of compounds — at least for the
hydrogenated materials — there is evidence for a dynamic
reorientation of the molecules by jumps of 2n7/6 within their
plane (n is an integer), at a frequency in the MHz range
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Figure 1

A view of the molecule of DBIM, (I), at 293 K, showing the atom-
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level and H atoms are shown as small spheres of arbitrary
radii.

(Eveno & Meinnel, 1966). The disorder in (I) therefore
corresponds to fast 27/3 stochastic in-plane reorientations of
the whole molecule between three discernable locations,
inducing the apparent overlap of Br and I atoms, according to
a %% ratio. This novel feature has been characterized by
diffractometry thanks to the idealized (instantaneous) C,,
molecular symmetry of the isolated molecule (ignoring H
atoms), which is time-averaged towards an apparent idealized
D5, symmetry by means of the diffraction probe. The same
kind of rotational disorder, although suspected at room
temperature in TCM (Tazi et al., 1995; Hernandez et al., 2006),
TBM and TIM, has not been directly proved so far, due to the
ternary symmetry of these latter molecules.

In (I), significant deformation of the angles of the benzene
ring from a regular Dg, (6/mmm) hexagon is observed. The
average endocyclic angle is 124.14 (6)° around the C atoms
linked to Br/I sites, and an average value of 115.85 (2)° is
observed for the C atoms bonded to the methyl groups,
making the aromatic ring a distorted hexagon fulfilling
approximately D3;, symmetry. This deformation is close to that
found in TCM, TBM and TIM compounds at the same
temperature and is in agreement with systematic trends
establishing that the endocyclic angle facing the C atom
bearing the most electronegative substituent is enlarged
(Domenicano et al., 1975). After the restrained refinement, the
mean values for the C,,—Br and C,,—I distances are 1.907 (9)
and 2.106 (6) A, respectively.

The crystal packing of (I) can be described as a stacking of
(100) molecular layers at x/a ~1 and 3, forming zigzag mol-
ecular columns propagating along the a axis (Figs. 2 and 3).
The angle between the normal to the aromatic plane and the
normal to the (100) plane is 4.1°. Within each column, the
arrangement is approximately ‘antiferroelectric’: a given
molecule is sandwiched between two molecules at ~4.06 A
generated by inversion centres and belonging to adjacent
layers. A Br/I site is more or less directly below the methyl
groups and vice versa. The symmetry centres are located on
the a axis, but the centres of mass of the molecules are shifted
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Figure 2
The crystal packing of (I) at 293 K, along the b axis. H atoms have been
omitted for clarity.

Figure 3

The crystal packing of (I) at 293 K, along the a axis. H atoms have been
omitted for clarity. Notice within the (100) planes the pseudo-hexagonal
environment around a given molecule.

away from the latter axis by 0.46 A (Fig. 3), which explains the
slightly zigzag shape of the molecular rows. Within each (100)
layer, one probe molecule is surrounded by six neighbours in
such a way that characteristic triangular halogen-halogen and
Me-Me intermolecular contacts are formed, the three corre-
sponding contact distances being very similar (e.g. mean value
of 3.61 A for I.- -I). For molecules in different layers, the
shortest intermolecular contact distances, compared with
those between molecules within the same layer, are signifi-
cantly shortened for Cys- - -Cye contacts, almost unchanged
for Cy---halogen contacts and significantly increased for
halogen-halogen contacts. The same structural topology is
encountered at room temperature in TBM (Meinnel et al.,
2000) and TIM (Boudjada et al., 2001), and also in TCM below
160 K (lowest temperature phase, or phase 1V; Hernandez et
al., 2006).

The C atoms of the ring display Ueq displacement para-
meters significantly lower (mean 0.039 A?) than those of the
substituted atoms (mean values of 0.057, 0.048 and 0.059 A?
for Br, I and Cye, respectively). In order to clarify this point,
we performed a conventional TLS analysis using the CRY'S-
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TALS program (Betteridge et al., 2003). The overall rigid-
body motion tensors T, L and S (Schomaker & Trueblood,
1968) were least-squares fitted to the individual anisotropic
displacement parameters. At first, we included only the C
atoms in the rigid-body treatment, and the reliability factor for
the U values was R = 0.054, revealing the rigid character of the
body constituted by the aromatic ring and the methyl groups.
Clearly, the translation and screw tensors are negligible, the
thermal motion of the aforementioned rigid body being
essentially of librational origin. The eigenvalues of the libra-
tion tensor are L;; = 9°2 (in-plane libration), and L,, = 19°2
and L3 = 22°% (both corresponding to off-plane librations). In
the second step of the TLS analysis, we added the Br and I
atoms, i.e. we took into account all the non-H atoms. The
reliability factor for the U values increased substantially to R =
0.131, indicating that, relative to the aromatic ring and methyl
groups, the halogen substituents do not behave rigidly.

Experimental

Compound (I) was synthesized at 353 K by adding dropwise a
mixture of sulfuric acid (20 ml), nitric acid (30 ml) and acetic acid
(150 ml) to a balloon flask containing dibromomesitylene (0.07 mol),
iodine (0.04 mol) and acetic acid (200 ml). After 1h of reaction, a
powder of dibromoiodomesitylene was obtained. Subsequent
recrystallization of a saturated solution in chloroform yielded pure
colourless crystals of (I) suitable for X-ray analysis. High-resolution
mass spectrometry (electron energy 70 eV, temperature source
418 K) indicated m/z = 401.8114 versus a theoretical value of
401.81157. NMR decoupled spectra for protons were recorded for
solutions of (I) and reveal that only one material is present. Solid-
state >*C NMR spectra carried out with a rotation at the magic angle
(speed 6000 Hz) demonstrate that there is only one component at
each molecular site within the entire crystal.

Crystal data

CoHoBr,I ¥ = 95.100 (10)° _
M, = 403.84 V = 54533 (13) A?
Triclinic, PT i Z=2

a =17.8950 (10) A Mo Ko radiation
b =9.3180 (9) A u=1021 mm™!

¢ =93130 (11) A T =293 K

o =60.187 (8)° 0.29 x 0.28 x 0.18 mm

B =172.998 (9)°

Data collection

5479 measured reflections
2995 independent reflections
1629 reflections with I > 30([)
Riye = 0.045

Nonius KappaCCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.06, Tpax = 0.16

Refinement

R[F? > 20(F%)] = 0.040
WR(F?) = 0.044
§=118

1629 reflections

138 parameters

54 restraints

H-atom parameters constrained
Apmax = 121 ¢ A3

Apmin = —1.01 e A3

The triclinic unit-cell setting, although not conventional, was
chosen for the sake of comparison with the previously published
isomorphous compounds TCM, TBM and TIM (Table 1). For the
sake of stability, the refinement was undertaken by initially fixing the

Table 1

Published unit-cell parameters for the room-temperature phases of the
trihalogenomesitylene compounds (1,3,5-trihalogeno-2,4,6-trimethylben-
zene) discussed in the Comment.

Formula
Chemical name

CyCl3H,
1,3,5-Trichloro-

2,4,6-trimethyl-

CyBr;Hy
1,3,5-Tribromo-
2,4,6-trimethyl-

Col3Ho
1,3,5-Triiodo-
2.,4,6-trimethyl-

benzene benzene benzene
Common Trichloro- Tribromo- Triiodo-
name mesitylene mesitylene mesitylene
Usual TCM TBM TIM
shortened
name
Reference Tazi et al. (1995) Meinnel et al. Boudjada
(2000) et al. (2001)
IUCr CIF code pa0298b av1075
T (K) 297 295 293
Space group Pl P1 P1
V4 2 2 2
a(A) 7.738 (6) 7.808 (4) 8.0486 (1)
b (A) 8.842 (4) 9.123 (4) 9.6105 (1)
¢ (A) 8.880 (3) 9.143 (4) 9.6204 (1)
a (%) 59.74 (3) 59.77 (3) 60.1766 (6)
B(°) 66.51 (5) 67.97 (4) 66.7586 (7)
7 () 73.06 (4) 73.18 (4) 85.3542 (7)
V(A% 478.1 5175 586.97 (2)

occupancies of the Br and I atoms to 0.667 and 0.333, respectively.
These values are in agreement with the compound stoichiometry and
with the above-mentioned dynamic disorder, and they were checked
once convergence was reached (see below). Due to the disorder, 54
geometric soft restraints were applied in order to maintain a
chemically reasonable molecule, according to the distances and
angles calculated for the isolated molecule by means of density
functional theory quantum chemistry calculations (MPWI1PW91
function, LanL.2DZ basis set; GAUSSIANYS; Frisch et al., 1998): C,—
Br=1.920 (5) A, C,—1=2.120 (5) A, C,—C, =140 (1) A, C,— Cpye =
150 (1) A, C,—C,—Br(I) = 117.0 (3)°, C,—C,—C, = 124.0 (1) or
116.0 (1)° in front of a halogen site or methyl group, respectively, and
C,—C,—Cye = 122.0 (4)°, with planarity = 0.02 A for all non-H
atoms. The final refinement cycles included the atomic coordinates
and the anisotropic displacement parameters for all non-H atoms.
Methyl H atoms, not detectable in the difference Fourier map, were
generated geometrically, with their positions riding on their parent C
atoms and their isotropic displacement parameters set to one least-
squares parameter. Starting from the final structure model, refine-
ment of the Br and I occupancies for each halogen site (plus the scale
factor) led to the following values: 0.671 (3)/0.3351 (16), 0.663 (3)/
0.3309 (17) and 0.666 (3)/0.3327 (16) for sites 1, 3 and 5, respectively,
without changing the agreement factors (i.e. not significantly different
from the reported model with 3:1 disorder).

Data collection: COLLECT (Nonius, 2001); cell refinement:
DIRAX (Duisenberg et al, 2003); data reduction: EVALCCD
(Duisenberg et al., 2003); program(s) used to solve structure: SIR97
(Altomare et al., 1999); program(s) used to refine structure: CRYS-
TALS (Betteridge et al., 2003); molecular graphics: CAMERON
(Watkin et al., 1996); software used to prepare material for publica-
tion: CRYSTALS.

The authors thank the Centre de diffractométrie de 1’Uni-
versité Rennes 1 (CDIFX) for the data collection.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FG3100). Services for accessing these data are
described at the back of the journal.
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