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Abstract:

 The title compound (3) was prepared from 4-chloroaniline in good yield on successive oxidation and methylation and its crystal and molecular structure is reported. The compound crystallizes in the monoclinic space group P 21/n with unit cell dimensions a = 13.5698(8), b = 3.7195 (3), c = 13.5967 (8) Å, ß = 91.703(3) °, V = 685.96 (10) Å3. The molecule is essentially planar with a dihedral angle of 6.2(3) ° between the nitro group and the phenyl ring. The crystal structure is stabilised by π...π contacts between adjacent benzene rings together with C–H...O hydrogen bonds and close Cl...O contacts.
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1. Introduction

1-Chloro-2-methyl-4-nitrobenzene, also called 2-chloro-5-nitrotoluene, belongs to the family of chlorinated nitroaromatic compounds. These are important building blocks for synthesis of diverse heterocycles and a number of industrial chemicals. Thus, the isomeric 2-chloro-6-nitrotoluene is a common intermediate in the synthesis of industrial chloronitrotoluenes, as well as of pharmaceuticals such as the bronchodilatory compound vasicine [1]. It is toxic to the fresh water flea D. magna and freshwater protozoa T. pyriformis, suggesting it as a harmful pollutant [2,3]. Similarly, 1-chloro-4-nitrobenzene is used in the industrial production of azo and sulfur dyes, drugs and pesticides [4]. It is found in industrial wastes [5] and is a serious environmental pollutant [6], causes methemoglobinemia in humans and animals [7] and is weakly mutagenic and carcinogenic [8]. Several Pseudomonas species have been reported to be able to reduce mono-nitro compounds to the corresponding anilines under aerobic conditions [9]. The bacterial strain LW1 (family Comamonadaceae), utilizes 1-chloro-4-nitrobenzene as a sole source of carbon, nitrogen, and energy and transforms it into 2-amino-5-chlorophenol [10]. The title compound was prepared as a key starting material towards some heterocyclic compounds and to study its biodegradation pathway.



2. Results and Discussion

An efficient synthesis of the target compound was carried out according to the route depicted in Figure 1. It started from 4-chloroaniline (1) which, on oxidation using peroxy trifluoroacetic acid in dry dichloromethane, was converted to 4-nitrochlorobenzene (2) in nearly quantitative yield. Friedel-Crafts alkylation of (2) using methyl iodide in the presence of anhydrous aluminum chloride afforded the title compound (3) Figure (1).

Figure 1. Synthesis of 1-chloro-2-methyl-4-nitrobenzene (3).
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The molecular structure of 1-chloro-2-methyl-4-nitrobenzene shown in Figure 2 is close to planar with the chloro- and methyl- substituents lying 0.022(4) and 0.067(4) Å from the meanplane of the benzene ring (rms deviation = 0.0022 Å). The nitro group is inclined at 6.2(3) ° to the ring plane. The hydrogen atoms of the methyl group are disordered over two positions of equal occupancy. Bond distances in the molecule are normal [11], and bond lengths and angles are similar to those reported for the structure of 2-chloro-3,5-dinitro-p-xylene [12,13] when the difference in data collection temperature and the precision of the measurements are taken into account.

Figure 2. The structure of 3 showing the atom numbering, with displacement ellipsoids drawn at the 50% probability level [16]. For clarity in all of the figures, the H atoms of only one component of the disordered methyl group are shown.
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In the crystal structure, π…π contacts stack the molecules along the a axis with centroid to centroid distances 3.719(4) Å, Figure 3. In addition, bifurcated C–H...O hydrogen bonds, Table 1, link adjacent molecules into centrosymmetric dimers generating R21(6), R22(10) and R22(14) ring motifs [14], Figure 4. Cl...O contacts (3.215(3) Å) [15] link the molecules into chains running approximately along the [010] diagonal, Figure 5. These and additional C–H...O contacts generate an extensive three dimensional network with layers of molecules stacked along the b axis, Figure 6.

Figure 3. π…π stacking interactions [17] between adjacent aromatic rings in 3.
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Figure 4. Inversion related dimers formed from C–H…O hydrogen bonds [17].
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Figure 5. Short Cl…O contacts forming chains along the [010] diagonal [17].



[image: Crystals 02 00137 g005 1024]





Figure 6. Overall crystal packing for 3 showing layers of molecules stacked along the b axis [17].
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Table 1. Hydrogen-bond geometries for 3.


	Bond
	D–H
	H···A
	D···A
	D–H···A





	C5—H5···O2 i
	0.95
	2.69
	3.129(4)
	109



	C7—H7D···O1 ii
	0.98
	2.20
	3.137(4)
	161



	C3—H3···O1 ii
	0.95
	2.57
	3.320(4)
	136





Symmetry codes: (i) −x + 1/2, y − 1/2, −z + 1/2; (ii) −x + 1, −y, −z
















3. Experimental Section

Synthesis of 1-Chloro-2-methyl-4-nitrobenzene (3). A solution of peroxytrifluoroacetic acid was prepared by addition of 17.0 mL. (0.12 mole) of trifluoroacetic anhydride to a suspension of 2.7 mL. (0.1 mole) of 90% hydrogen peroxide in 50 ml of dichloromethane cooled in an ice-bath. The resulting solution was stirred for five minutes and the cooling bath was removed. To this solution was added dropwise over a 30 minute period 2.35 g. (0.025 mole) of 4-chloroaniline in 10 mL of dichloromethane. After the addition was complete, the reaction mixture was refluxed for one hour. It was successively washed with water and 10% sodium carbonate solution. The dichloromethane extract was dried and concentrated to afford 4-nitrochlorobenzene (2) which was converted to 1-chloro-2-methyl-4-nitrobenzene (3) using methyl iodide and anhydrous aluminum chloride according to standard procedure m.p. 46–47 °C (lit. 40–44 °C). A single crystal of the title compound was grown by slow evaporation of a chloroform solution of the compound over 5 days.

X-ray Data Collection and Structure Solution. Data for 3 were collected on a Bruker APEX II CCD diffractometer using graphite monochromated Mo-Kα radiation, λ = 0.71073 Å at 92 K. The crystal was mounted on a mylar loop in a thin film of Paratone N oil. Intensity data were collected using 60 second ω scans with the APEX2 program and processed with SAINT with absorption corrections applied using SADABS [18]. The structure was solved by direct methods using SHELXS and refined against ׀F׀2 using SHELXL [16] and TITAN [19]. Crystals were very weakly diffracting which results in the measured fraction of data being somewhat low. However solution and refinement proceeded smoothly and residuals and standard uncertainties reported for the structure are acceptable.

Crystal Data for 3. C7H6NO2Cl, Mr = 171.58, yellow, rectangular plate, 0.34 × 0.13 × 0.08 mm. Monoclinic, P21/n, a = 13.5698(8), b = 3.7195 (3), c = 13.5967 (8) Å, β = 91.703(3) °, V = 685.96 (10) Å3, Z = 4, F(000) = 352, T = 91(2) K, ρcalc = 1.661,μ = 0.494 mm-1, 6202 reflections measured, Rint = 0.0536, 1229 merged reflections, 987 with I > 2σ(I), 101 parameters, R indices [I > 2σ(I)]: R1 = 0.0498, wR2 = 0.1482, [all data] R1 = 0.0607, wR2 = 0.1546, w = 1/[σ2(Fo2) + (0.0846P)2] where P = (Fo2 + 2Fc2)/3, largest diff. peak and hole 0.497 and −0.376 e Å−3. CSD deposition number: CCDC 859847



4. Conclusions

A nitroaromatic compound was synthesized as an intermediate towards some heterocycles and for biodegradation studies. The crystal structure of 3 is stabilized by C–H…O hydrogen bonds together with short Cl…O and π…π contacts
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