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ABSTRACT 

A rapid, efficient separation of multigram quantities of 2- and 
6-nitro-4-chloro-3 -methoxybenzoic acid was achieved by pH- 
zone-refining CCC. 
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INTRODUCTION 

DUDDING ET AL. 

Quinolinic acid, 1, is an excitotoxic metabolite of L-tryptophan that has 
been found in much higher than normal concentrations in humans and animals 
with several neurological disorders.'-3 

Although 1 is an agonist of NMDA receptors, it may also serve as an 
indicator of inflamation. Heyes et al. investigated effects of 6-chlorotryptophan 
and 4-chloroanthranilic acid. 2, on the metabolism of L-tryptophan to 
kynurenate and quinolinate in the central nervous system.4 

4-Chloroanthranilic acid has been shown to inhibit 3-hydroxyanthranilic 
acid oxidase5 and to reduce quinolinate production in v ~ v o . ~ . ~  In order to 
determine if secondary damage to neurons found in animal models of stroke. 
spinal cord injury. and other CNS disorders can be diminished by reducing 
quinolinic acid production, multigram quantitics of 1 were required for animal 
studies. A difficult separation of 2- and 6-nitro-4-chloro-3-methox~benzoic 
acid was necessary in our synthesis of 1 shown in Figure 1. 

Although 10 g or less of the isomeric mixture could be separated by 
column chromatography on silica gel. the large quantities of solvent. and silica 
gel required prompted us to examine the use of pH-zone-refining 
Countercurrent Chromatography (CCC). 

pH-Zone-refining CCC is a preparative method for purification recently 
developed in our laboratory."'" Compounds elute as highly concentrated 
rectangular peaks. Multigram quantities of ionic compounds have been 
separated using CCC according to differences in their PKa and hydrophobicit?. 

EXPERIMENTAL 

Synthesis of 2- and 6-Nitro-4-Chloro-3-Methoxpbenzoic acid 

An ice-cold solution of rcd fuming nitric acid (151 mL. 3.6 mol) vas  
added dropuisc to similarly cooled acetic anhydride (59.5 mL, 0.6 mol). Slow 
addition of this cold mixture to solid 4-chloro-3-methoxybenzoic acid (42.3 g. 
0.227 mol) o i w  30 min with vigorous stirring at 0°C afforded a mixture ivhich. 
on gradual warming to room temperature, became a reddish-brown solution. 
Thc solution was poured onto 400 g of ice and the mixture stored at 0°C 
overnight. Thc resulting precipitate was collected by filtration. washed u ith 
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Figure 1 .  Synthesis of 2-amino-3-hydroxy4-chlorobenzoic acid. 

cold water. and dried under high vacuum to yield 43.76 g (83%) of a white 
solid. The crude reaction product contains a 2: 1 mixture of the 2- and 6-nitro 
isomers. as determined by integration of the peaks at 6 = 7.82 and 8.10 ppm in 
a 'H NMR spectrum of the mixture, and other materials. 

Reagents for CCC Separations 

The organic solvents employed were methyl t-butyl ether, acetonitrile, and 
trifluoroacetic acid. glass-distilled chromatographic grades purchased from 
Fisher Scientific. and reagent grade ammonium hydroxide (28%) from 
Mallinckrodt . 

CCC Apparatus 

The separation \\as performed using a commercial model of the high- 
speed CCC centrifuge (Ito Multilayer Coil SeparatorExtractor, P.C. Inc.. 
Potomac. MD. USA). The detailed design of the apparatus is described 
elsewhere A 160-m long, 1.6 mm i.d. Tefzel tube (Zeus Industrial Products. 
Raritan. NJ. USA) was wound onto a spool-shaped holder, making multiple 
coiled lajers with a total capacity of 310 mL. Each end of the column was 
connected to a flow tube of 0.85 mni i.d. The speed of the apparatus was 
regulated at 800 rpm using a speed controller (Bodine Electric Co., Boston, 
MA. USA). 
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198 DUDDING ET AL. 

Preparation of Solvent Phases and Sample Solutions 

A two-phase solvent system, composed of methyl t-butyl ether. acetonitrile 
and water. at a volume ratio of 4: 1 :5, was prepared. The solvent mixture was 
thoroughly equilibrated in a separatory funnel and the phases were separated 
shortly before use. Trifluoroacetic acid (TFA) was added to the upper organic 
phase at 0.3% ( 1  2 n M ,  pH 2.2) which was employed as the stationary phase. 
Ammonia 0.8% (100 mM. pH 10.6) was added to the lower aqueous phase. 
The misture of isomers (10 g) was dissolved in the stationary phase (40 mL). 
Prior to injecting this solution onto the column. 1 mL of the Ion-er aqueous 
phase was added to verifi formation of two phases (cloudy appearance) in the 
sample solution. 

Separation Procedure 

The column n a s  filled with the organic stationary phase, followed by 
injection of the sample solution through the sample port. The aqueous mobile 
phase was then pumped through the head-end of the column at a flow-rate of 3 
mL/min while the apparatus was rotated at 800 rpm. The effluent from the tail 
end of the column was continuously monitored with a UV detector (Uvicord S. 
LKB Instruments. Stockholm. Sweden) at 280 nm. The solution was passed 
through a pH flow cell (Sensores. Stanton, CA. USA).12 and collected as 6 mL 
portions using a fraction collector (Ultrorac. LKB Instruments). Alternatively. 
the pH of the fractions \vas measured using a portable pH meter (Accuinet 
1001).  The separation of 11.7 g of crude mixture of 2- and 6-nitro-l-chloro-3- 
methoqbenzoic acid was accomplished with 71 1 nlL of a 4: 1 :5 misture of 
iiiethyl t-butyl ether : acetonitrile: water. 

Analysis of CCC Fractions 

The fractions \\ere anah led b> thin la>er chromatography on silica gel 
using 98% ineth>lene chloride and 2% acetic acid The pure 6-nitro isomer 
( 3  1 I g) eluted in fractions 33-43 while the pure 2-nitro isomer ( 5  93 g) eluted 
i n  fractions 53-80 Fractions 44-52 (0 78 g) contained a miltlire of the t\+o 
isomers 

RESULTS AND DISCUSSlON 

A typical separation of 2- and 6-nitro-4-chloro-3-methoxybenzoic acid by 
pH-zone refining CCC is shonn in Fig. 2. The two isomers were eluted as 
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Figure 2. Separation of 2- and 6-nitro-4-chloro-3-metyhoxybenzoic acids by pH-zone- 
refining countercurrent chromatography. 

fused rectangular peaks (thick curve) each corresponding to the specific pH 
zone (thin curve). Utilizing this procedure, an 11.7 g sample of the mixture 
was separated to yield 5.93 g of 2-nitro-4-chloro-3-methoxybenzoic acid, 
3.11  g. of 6-nitro-4-chloro-3-methoxybenzoic acid, and 0.7 g of a mix?ure of 
isomers. With a sample size of 20 g the separation yielded 9 g of the pure 2- 
nitro compound, 5.3 g of the 6-nitro isomer and 2 g of the mixture of isomers. 
In an earlier separation of 2- and 6-nitro-3 -acetamidod-chlorobenzoic acid by 
pH-zone-refining CCC the upper organic phase was employed as the mobile 
phase (displacement mode). l2  In that separation approximately 40% of the 
material was present as a mixture, i.e. there was a relatively large overlapping 
zone. The results of these studies demonstrate that pH-zone-refining CCC can 
be efficiently used for the purification of multigram quantities of structural 
isomers from a crude reaction mixture. The separation took less than four 
hours and required much less solvent than what would have been used in 
conventional column chromatography. Furthermore, the methodology does not 
require the use of expensive silica gel. 
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