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Summary: A facile thermally activated aromatic nucleophilic substitution reaction is shown to take place in the 
solid state in cccrystals of 4-chloro-3,5dinitrobenzoic acid and 4-aminobenzoic acid. The cocrystals are also 
made in the solid state by grinding the two acids together at room temperature. 

As part of a project on solid-state preparation of hydrogen-bonded organic cocrystals,l we attempted to 

prepare a 1: 1 cocrystal (III) of 4-chloro-3,Llinitrobenzoic acid (I) and 4-aminobenzoic acid (II) by grinding the 

two compounds together. This process has proven to be a very efficient method for preparing a wide variety of 

cocrystals, particularly when one component is a good proton donor and the other is a good proton acceptor. For 

carboxylic acid pairs, solid-state cocrystal formation involving heterodimer association appears to be favored 
when the two acids have quite different pK,‘s. We found that III could be prepared either in solution, by rapid 

cooling of an equimolar solution of I and II in ethanol/methanol, or in the solid state by grinding I and II in a 

mill for about twenty minutes at rmrn temperature. Mass spectroscopy, solid-state R, and X-ray powder pattern 

analyses were used to characterize the complex.2 
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Samples of III darken when heated, and melt at 290°C ( mp I, 159’C; II, 188’C). Differential scanning 

calorimetry (Mettler FP84/80) on III shows that an irreversible exothermic phase change (10 + 2 kJ/mole) 

occurs at 18O”C, at which time the sample has turned dark yellow-orange. IR spectra, solution NMR spectra, X- 

ray powder patterns, and mass spectra taken from samples of III after they have been heated to 18O’C are all 

consistent with formation of the nucleophilic aromatic substitution product (IV). 
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Loss of HCl during step 2 was monitored by use of a simple device, shown below. The set-up, which is 

designed for use on a microscope stage, consists of a heated microscope slide which holds the sample,3 and a 

drop of AgN03 suspended over the sample on an inverted Petri dish. As the sample is heated and HCl is 

evolved, a white AgCl precipitate is readily seen in the suspended solution. A negative Beilstein test confirmed 

that chlorine was not present in the sample after HCl evolution ceased. 
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Compound IV was prepared independently in solution using the method of Clemo and Daglish.4 

Compound IV was produced in high yield by both the solid-state and solution methods. The solid-state method 

is the superior preparative technique because is eliminates the need for solvents and specialized glassware. The 

solid-state technique also eliminates the need for acidification of the product. 

Crystals obtained by the solution method are a different polymorph (IVa) than those obtained in the 

solid-state reaction (IVj3). High quality crystals of IV were obtained as a third form (Ivy) from 

benzene/methanol solution. Both IVY and IVP may be recrystallized to IVa from ethyl acetate. Compound 

IVa can easily be distinguished from IVP and IVY by the position of the -NH peak in its IR spectrum.5 The 

different crystal forms are characterized by unique X-ray powder patterns.6 

Crystal structure analysis shows that Ivy is a benzene solvate of IV.7 The molecules pack in a 

heterodimer hydrogen-bond pattern, as expected. Because the two different carboxylic acid groups bond to one 

another in IV7, it is reasonable that they may also bond in that pattern in crystals of III. Further evidence that 

III is in the heterodimer form comes from the crystal structure of a closely related cocrystal (V) of II and 35 

dinitrobenzoic acid, where the heterodimer pattern is again found. 1 Because the -NH and carbonyl stretching 
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bands of III and V are shown by IR analysis to be identical,8 the hydrogen-bond patterns are assumed to be 

similar. Attempts to grow single crystals of III for X-ray structural analysis continue. 

This work is an example of a two-step solid-state organic synthesis that proceeds in quantitative yield in 

both steps. The products formed at the completion of reaction are homogeneous. The reaction of III to give 

IV@ occurs at high temperatures where mobility of the reagents prior to reaction should be substantial. It is not 

clear that the heterodimer is maintained during the course of reaction, nor is it clear whether the reaction 

mechanism follows the principles of least motion. 9 Because the reaction reported here proceeds at quite a high 

temperature, large molecular motions including diffusion as well as reorientation should be possible.lO 

Solid-state organic reactions occur frequently,1t yet no methodology exists for making these reactions 

generally useful, The work presented here shows that the scope of reactions possible in the solid state can be 

increased significantly by using cocrystals containing two or more of the necessary reagents. There is only one 

other known solid-state nucleophilic aromatic substitution reaction12 which, like ours, was discovered 

serendipitously. A conscious effort to design cocrystals of other compounds capable of reacting in the solid state 

should prove fruitful, particularly if the effort is coupled with a study of solid-state packing patterns. The 

experimental simplicity of solid-state reactions, as shown here, is a compelling reason to use these reactions as 

preparative procedures. 

w: We gratefully acknowledge financial support to MCE by the Office of Naval Research 

(N00014-86-K-0660) for this work, and Professor Doyle B&ton, University of Minnesota, for crystallographic 

assistance. 
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