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2,4,5-Trimethoxy-1-nitrobenzene: a
structure in the rare space group P4,

The achiral title compound, CoH;;NOs, crystallizes as a chiral
structure in space group P4,. Short contacts between the nitro
group and two methoxy groups on neighbouring molecules
can be seen, as can methoxy—methoxy contacts between the
other methoxy groups not involved in this interaction.

Comment

2,4,5-Trimethoxy-1-nitrobenzene, (I) (Fig. 1), was synthesized
as an intermediate in the route to highly substituted PPV
oligomers. It is achiral in solution, but crystallizes as a chiral
structure (Flack, 2003) in the tetragonal space group P4, with
four symmetry-equivalent molecules in the unit cell. There is
one molecule in the asymmetric unit.
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The solid-state structure of (I) is quite remarkable since
only 30 compounds in the Cambridge Structural Database
(CSD, Version 1.6 with April 2004 update; Allen, 2002) crys-
tallize in space group P4, and, of those, only two are non-
organometallic compounds without chiral centres, namely
refcodes HYDTML (Liminga & Sgrensen, 1967) and
OKAHUD (Eaton et al., 2003).

The distances and angles in this molecule conform to the
expected values within experimental error. Note that the
lengthening of the C4—C5 bond and the associated shortening
of C3—C4 and C5—C6 are due to the lone-pair repulsion of
the methoxy O atoms. Indeed, all the methoxy groups lie
within 5° of the mean plane of the molecule (see Table 1). The
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Figure 1
The molecular structure of (I), showing 50% probability displacement
ellipsoids and the atom-numbering scheme.
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Figure 2
A view of the cell of (I), showing the methoxy double helix around the 4,
axis and the contacts between atom OS5 and the other methoxy groups.

angle between the least-squares planes of the nitro group and
the benzene ring is 12.9 (2)°. These out-of-plane torsions of
the substituents introduce the chirality in the molecule. The
reason for the existence of this torsion and the particular
packing can be found in the interactions that exist in the
crystal structure. The majority of the contacts shorter than the
sum of the van der Waals radii are between nitro and methoxy
groups. A nitro group, and in particular atom OS5, contacts the
2- and 4-methoxy groups of neighbouring molecules (see
Table 2, and Fig. 2 for a view of the structure and these
interactions). Atom O6 also contacts a number of methoxy
groups, but the distances for these contacts are longer than the
van der Waals cut-off criterion. In the CSD, we found only
97 structures which display these kinds of phenyl-
methoxy- - -nitro—phenyl contacts with a distance shorter than
the sum of the van der Waals radii, and an N—O- - -H angle
between 180 and 90°.

Even though these appear to be relatively rare features, in
the present case it is clear that they are very important in the
construction of the crystal structure, as hardly any other
interactions are available to determine the stacking. The
exception to this is the methoxy—-methoxy contact between the
5-methoxy group designated by C9---O4(y, 1 —x, z — %) =
3204 (3) A and O—C9---04(y, 1 — x, z — 1) = 161.95 (18)°,
which results in a double helix of interacting 5-methoxy
groups around the fourfold screw axis; this can be seen clearly
in Fig. 2. Another possible factor stabilizing the stacks of rings
in the crystal structure is the parallel-displaced n—m interac-
tion evident between the benzene rings, with a centroid-to-
centroid distance equal to the length of the ¢ axis [3.900 (2) A]
and a perpendicular centroid-to-plane distance of 3.65 (6) A.
Thus we have stacks of benzene rings around the screw tetrad,
which are stabilized via a double helix of methoxy interactions
on one side and via weak hydrogen bonds between methoxy
and nitro groups on the other. These last two types of inter-
actions appear to force the structure into the unusual space
group in which it crystallizes.

Experimental

Compound (I) was synthesized by slowly adding fuming nitric acid
(6 g, 0.036 mol) to 1,24-trimethoxybenzene (2.3 g, 0.036 mol) in
CH,Cl, solution (50ml) at 273 K and, after warming to room
temperature, distilling off the solvent under vacuum and recrys-
tallizing the brown compound from ethanol; the yield was 77% (5.9 g,
0.028 mol) of yellow—green crystals of (I). Crystals suitable for X-ray
diffraction were grown by slow evaporation of a saturated solution in
1:1 hexane-CH,ClL,. '"H NMR (in p.p.m., 400 MHz, CDCl;): 7.58 (s,
1H, H6), 7.26 (s, 1H, H3), 3.98 (s, 3H, 4-OCH3;), 3.98 (s, 3H, 5-OCH,),
3.90 (s, 3H, 2-OCH3), >C NMR (in p.p.m., 400 MHz, CDCl5) 154.85
(C4), 150.36 (C2), 142.56 (CS5), 131.15 (C1), 109.20 (C6), 97.96 (C3),

57.32, 56.61, 56.48 (OCHs;).

Crystal data

CoH;NO;
M, =213.19
Tetragonal, P4,
a=15749 (9) A
€=3.900(2) A

V =967.3 (9) A®
Z=4

D, =1464 Mgm™

Data collection

Enraf-Nonius MACH3
diffractometer

/26 scans

Absorption correction: none

5058 measured reflections

1895 independent reflections

1070 reflections with 7 > 20(1)

Rin = 0.029

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.040
wR(F?) = 0.118

S =1.00

1895 reflections

169 parameters

Mo Ko radiation
Cell parameters from 25
reflections
6 =5.8-16.5°
pn=0.12mm"
T=293(2)K
Prism, yellow—green
0.3 x 0.3 x 0.2 mm

1

Omax = 32.0°
h=-23—19
k=-23—->19
[=-5—=0

3 standard reflections
frequency: 60 min
intensity decay: 1%

w = 1/[6*(F,%) + (0.0635P)*
+0.0428P]
where P = (F,” + 2F.%)/3
(A/6)max = 0.041
Apmax =016 A3
APmin = —0.17 ¢ A7

Only coordinates of H atoms

refined
Table 1
Selected torsion angles (°).
C7—-01-C2—-C1 —176.6 (3) C8—03—-C4—-Cs5 1753 (3)
C9—04—C5—C4 1762 (3)
Table 2
Intermolecular nitro-methoxy contacts (A,°) in (I).
Atom 1 Atom 2 (B) Distance Symmetry code N—O---B
05 c7 3209 (4) -y xz—1 1142 (3)
05 H7C 245 (3) -y, Xz =1 125.8 (11)
05 H7A 2.64 (4) -y, X, z+1 157.6 (7)
05 H8C 252 (3) —y, X%, 41 102.6 (8)

H atoms were located in a difference map and their coordinates
were refined [C—H = 0.94 (3)-1.05 (4) A] The Ui, (H) values were
fixed at 1.2Ucq(Caromatic) and 1.5Ucq(Cpemyr)- In the absence of
significant anomalous scattering, Friedel pairs were merged.
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Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell
refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms,
1996); program(s) used to solve structure: SHELXS97 (Sheldrick,
1997); program(s) used to refine structure: SHELXL97 (Sheldrick,
1997); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997);
software used to prepare material for publication: WinGX (Farrugia,
1999).

CVV thanks the Fund for Scientific Research (FWO
Vlaanderen) for a grant as a research assistant. The authors
also thank Professor R. Dommisse and J. Aerts for recording
the NMR spectra.
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