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Introduction 
Davies1 has pointed out that 6-chloro-o-nitro-w-toluenesulfonic acid 

may be used for separating potassium and rubidium on the one hand from 
lithium, sodium and cesium on the other, since the salts of the acid with 
the two former metals are very slightly soluble in water, while those with 
the three latter are quite soluble. It seemed desirable to study in more 
detail the steps involved in the preparation of the acid with the purpose 
of improving the procedures and increasing the yields at the different steps. 
We did not attempt to obtain the acid itself, but converted it instead into 
its sodium salt, which possesses a solubility markedly lower than that of 
the free acid and on that account separates more readily from aqueous 
solution. 

The operations involved are as follows. 
CH3 CH3 CH3 

1SO2Cl NCU JSO2Cl NO2I JSO3Na 

o-Toluidine is first sulfonated to o-toluidine-3-sulfonic acid (II), which 
through the diazo reaction is converted into 6-chloro-w-toluenesulfonic 
acid (III). This with phosphorus pentachloride yields 6-chloro-m-
toluenesulfonechloride (IV) and the latter on nitration gave 6-chloro-5-
nitro-w-toluenesulfonechloride (V) which is easily converted into sodium 
6-chloro-5-nitro-m-toluenesulfonate (VI). 

The first step, namely, the sulfonation of o-toluidine, was studied in 
detail. I t was found that the presence of iodine, the use of which has been 
recommended by Ray and Dey,2 is a decided detriment, since it catalyzes 
the oxidation of the toluidine by the sulfuric acid and leads to considerable 
charring with decreased yields. Best results were obtained by the use 

1 Davies, / . Chem. Soc, 121, 785 (1922). 
* Ray and Dey, ibid., 117, 1405 (1920). 
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of fuming sulfuric acid3 (20%) in the ratio of two moles of acid to one of 
toluidine, and heating on an oil-bath for ten hours at 180°. 

In the second step, the replacement of an amino group by a chlorine 
atom through the diazo reaction with cuprous chloride present, practically 
quantitative results were obtained. I t is not necessary, as Davies recom­
mends, to remove copper from the nitrate in order to obtain subsequent 
crops of the chlorosulfonic acid (III), since the latter crystallizes in fairly 
pure condition as the liquid is evaporated. 

In the third step, the conversion of the sulfonic acid (III) to the sulfone-
chloride (IV), Davies obtained a practically quantitative yield, using, 
however, the sodium salt instead of the acid. His result is more satis­
factory than that obtained with the free acid, but his procedure involves 
an additional step, namely, the conversion of the sulfonic acid to its sodium 
salt. The reaction of the acid with phosphorus pentachloride is carried 
out in the usual way. 

The nitration of the sulfonechloride (IV) was done by following the di­
rections of Davies and gave similar results. 

The hydrolysis of the nitrated sulfonechloride (V) to the acid was also 
carried out as he directs, and the conversion of the latter to its sodium salt 
(VI) was a simple matter. 

I t is possible to obtain a 37% yield of the sodium salt (VI) from o-
toluidine (I) by following the modified procedures as described below. 

Experimental Part 

Sulfonation of o-Toluidine.—Table I shows the results obtained by 
sulfonating o-toluidine (Eastman) with sulfuric acid at different tem­
peratures and for different periods of time. The product from most of 
the runs was purified by one crystallization from water. In some cases, 
especially where it was evident that the yield was low, the crude material 
was not crystallized from water. The pronounced evolution of sulfur 
dioxide, accompanied by more or less extensive carbonization when iodine 
is present, shows conclusively that this element catalyzes the oxidation 
by sulfuric acid and causes a decreased yield of the sulfonic acid. The 
best results were obtained by heating the base with two molecular propor­
tions of fuming sulfuric acid at 180° for ten hours in the absence of iodine. 
A modification of the conditions, that is, a shorter or longer time of heating, 
a higher or lower temperature, a larger amount of fuming sulfuric acid, 
the use of ordinary sulfuric instead of the fuming acid or the presence of 
iodine, resulted in a decreased yield. 

In this method the acid should be added to the toluidine in small por­
tions at a time and during cooling, in order to avoid charring. After the 
mixture had been heated for a few hours in the oil-bath, crystals of the 

3 Gerver [Ann., 169, 374 (1873)] used fuming sulfuric acid. His yields were low. 
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sulfonic acid separated. At the end of ten hours the semi-solid mass is 
poured into a dish, two and one-half times its volume of water is added 
slowly during stirring and the mixture allowed to set overnight. The mass 
of crystals is filtered off, the filtrate cooled to 0° and a second small crop 
is obtained. The solid acid is purified by dissolving it in a minimum 
amount of hot water (300-400 cc), boiling the solution with animal char­
coal, filtering while hot and cooling. Fine white needles separate, which 
appear pure. After being filtered, the liquid is evaporated to 100 cc , 
and a second crop obtained. Since the solubility of the acid is only 26 g.4 

in 100 cc. of water at 11°, it is not worth while to obtain a third crop. 
The acid was dried by heating for a few hours at 100°; yield, 78%. 

The equivalent weight of the sulfonic acid after drying for three hours 
at 120° was determined by titration against a standard solution of alkali, 
and found to be 187.4 and 187.2. The value calculated for C7H9O3NS 
is 187.1. 

Diazotizing o-Toluidine-5-sulfonic Acid.—The procedure of Davies, 
which works well, was improved by using a mechanical stirrer and taking 

TABLS I 

SULPONATION OF 0-TOLUIDINB 
Molecular Molecular Average 

Strength 
of 

acid 

9 6 % H2SO4 

9 6 % H2SO4 

9 6 % H2SO4 

96% H2SO4 

9 6 % H2SO4 

100% H2SO4 

2 0 % SOs 
2 0 % SO3 

2 0 % SO8 

20% SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO3 

2 0 % SO, 
2 0 % SO3 

20% SO3 

2 0 % SO3 

2 0 % SO3 

ratio, 
acid to 

toluidine 

1.5 
2 
2 
2 
3 
3 
1.5 
1.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
3.0 
3.0 
3.0 
3.0 

ratio, 
iodine to 
toluidine 

0.00 
.04 
.00 
.00 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.00 
.00 
.00 
.00 
.04 
.04 
.04 
.04 
.00 

temp, of 
oil-bath, 

0C. 

180 
155 
180 
180 
155 
160 
180 
180 
140 
153 
158 
172 
178 
180 
180 
180 
180 
190 
155 
177 
180 
180 
180 

Time, 
hours 

10 
8 
9 

10 
8 
5 

12 
10 
13 
8 
2 .5 
3.25 
7 

10 
9 

10 
12 
10 

5 
6.5 
7 

10 
11 

Sulfonic 
acid, 

yield, % 

51 
21" 
72 
62 
39" 
48 
48* 
486 

53 
43 
48 
54 
71 
53 
72 
78 
69 
65 
61 6 

58 
61 
51 
57 

. Ren 
Odor of SOs 

Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Strong 
Strong 
Strong 
Strong 
Strong 
Slight 
Slight 
Slight 
Moderate 
Strong 
Strong 
V. strong 
V. strong 
Moderate 

Ir-
Carbonization 

Slight 
Moderate 
Slight 
Slight 
Moderate 
Moderate 
Slight 
Slight 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Negligible 
Negligible 
Slight 
Moderate 
Extensive 
Extensive 
Extensive 
Extensive 
Moderate 

° Toluidine not all sulfonated. * Impure. 

« Hasse, Ann., 230, 287 (1885). 
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two hours instead of one and one-half for introducing the sodium nitrite 
solution. The reaction was finished as soon as oxides of nitrogen were 
evolved continuously, showing that an excess of nitrite had been added. 

Replacement of the Diazonium Group by Chlorine.—The diazo solution obtained 
from 200 g. of sulfonic acid is placed in a large evaporating dish, and to it is added slowly 
a solution of 200 g. of cuprous chloride dissolved in 1000 cc. of coned, hydrochloric acid 
and 200 cc. of water. Much frothing accompanies the reaction. After being heated 
for two hours on the water-bath the mixture is allowed to stand until morning, when the 
crop of colorless plates is filtered off and washed first with dil. hydrochloric acid, then 
with water. The filtrate on evaporation yields two small crops of thin plates which, 
added to the previous one, give a total weight of 216 g. of thoroughly dried 6-chloro-wi-
toluenesulfonic acid (III); yield, 98.2%. 

6-Chloro-w-toluene-sulfonechloride (IV).—Instead of converting III to its sodium 
salt, the acid itself is treated with phosphorus pentachloride. The phosphorus chlor­
ide (500 g.) is added to the well-ground, thoroughly dried sulfonic acid (216 g.) and 
heated on a boiling water-bath for two hours during occasional shaking. The prod­
uct is poured upon ten times its weight of finely crushed ice, following which the dark 
brown liquid soon changes to a coarsely granular, grayish solid. On filtering off the 
aqueous phase and grinding the residue with fresh portions of water, the solid can be 
freed from phosphorus chlorides. After drying, the product weighs 235 g. and melts 
at about 65 °;5 yield, 85%. 

6-Chloro-S-nitro-m-toluenesulfonechloride (V).—The nitration of IV above is 
carried out as described by Davies. It is essential that the material be thoroughly dried 
before nitrating. It may be done by heating the sulfonechloride at 45° for six hours; 
yield, 75%. 

Sodium 6-Chloro-S-nitro-)n-toluenesulfonate (VI).—The hydrolysis of V with 
alcohol followed by evaporation with water is done according to the directions of Davies. 
The solution is then diluted, neutralized with sodium hydroxide and boiled with animal 
charcoal. The salt is recovered by crystallizations and evaporations; yield, 80%. 

In Table II a comparison is made between the results of Davies and those obtained 
by us. 

TABLE II 

SODIUM 6-CHLORO-5-NITRO-«-TOI<UENBSUI,FONATE FROM O-TOLUIDINE 
Per cent, yield per step Per cent, yield in process 

Product Davies S. and L. Davies S. and L. 

o-Toluidine-5-sulfonic acid 57 77 57 77 
6-Chloro-w-toluenesulfonic acid 59.8 98.2 34 75 
6-Chloro-w-toluenesulfonechloride 96 85 33 63.5 

(from Na salt) 
6-Chloro-5-nitro-m-toluenesulfone-

chloride 70.8 75 23 47.5 
Sodium 6-chloro-5-nitro-»«-toluene-

sulfonate ? 80 ? 37 

Summary 

An investigation has been made of the sulfonation of o-toluidine and 
optimum conditions have been determined. 

A study has also been made of the operations involved in preparing from 
6 Davies gives 64-66°. 
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o-toluidine-5-sulfonic acid, sodium 6-chloro-5-nitro-m-toluenesulfonate, a 
compound recently shown to be suitable for the separation of the rarer 
alkali metals. This has resulted in an improvement of the methods and 
in obtaining a 37% yield of the sodium salt calculated to the o-toluidine. 

PASADENA, CALIFORNIA 

NEW BOOKS 

Atlas de Spectres d'Arc: Tableaux d'Analyse pour les Rechercb.es Spectrochimiques. 
(Atlas of Arc Spectra. Analytical Tables for Spectrochemical Research.) By DR. 
JACQUES BARDET. Preface by G. URBAIN, Professor at the Sorbonne. Gaston 
Doin and Company, 8, Place de l'Odeon, Paris, 1926. 54 pp. 54 figs. 24.5 X 
18 cm. Price 240 fr. 

After an enthusiastic preface by Professor G. Urbain, extolling the 
spectroscopic method of analysis, is given a brief description of the neces­
sary apparatus for and methods of making arc spectrograms with carbon 
electrodes, followed by directions for reading and interpreting the spectro­
grams by comparison with the iron arc, and a discussion of the peculiarities 
of individual spectra. 

By far the most valuable part of the book is the Atlas itself, a series of 
accurate drawings of the iron arc prismatic spectrum with a wave-length 
scale and with the positions indicated of the important arc lines of all 
the elements which give arc spectra. These reproductions, which cover 
the range 2500-3500 A. only, furnish a rapid and accurate means of identi­
fying spectrum lines and should be of great assistance to spectroscopists 
of either brief or long experience. 

G. P. BAXTER 

Tabelle der Hauptlinien der Linienspektra aller Elemente nach Wellenlange Geordnet. 
(Table of the More Intense Lines in the Emission Spectra of AU Elements, Ar­
ranged According to Wave Length.) By H. KAYSER, Professor of Physics at the 
University, Bonn. Julius Springer, Linkstr. 23-24, Berlin, W 9,1926. vii + 198 pp. 
19 X 25 cm. Price, bound, Rm. 24. 

The table which concludes the sixth volume of the author's Handbuch 
der Spectroscopie has been extended and brought up to date. Among 
the important changes are included the exclusive use of the International 
System of wave lengths, an increase in the number of lines from 10,000 
to 19,000 so that lines of lower intensity are included, an extension of the 
region of short wave lengths from 1854 to 124 A. and an indication of the 
particular ionization stage (when known) in which the emission originates. 
Wave lengths are given with one doubtful figure. Besides the method of 
excitation, the intensities as well as the characters of the lines are indicated. 
Only the long experience of the author could have provided the critical 
judgment necessary for correlating the somewhat conflicting evidence in 

Rechercb.es

