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I. INTRODUCTION 

A .  The nature of the reaction 
In this review the term “Herz reaction” will be used to describe the overall 

reaction leading to the preparation of o-aminobenzenethiols by the condensation 
of aromatic amines with sulfur chloride and hydrolysis of the condensation prod- 
uct. There are three discernible steps. 

In  the first step the amine (e.g., p-chloroaniline) reacts with sulfur chloride 
to give a thiazathiolium chloride (I). 

I 
Hydrolysis of the thiazathiolium chloride (which is called a Herz compound) 
proceeds through the replacement of chlorine by hydroxyl to give a thiazathio- 
lium hydroxide (IIA). This replacement can usually be carried out in neutral 

1 Present address : Chemistry Unit, Glaxo Laboratories, Ltd., Greenford, Middlesex, 
England, 
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solution, but the hydroxy compound is not always isolated. Aqueous or aqueous- 
alcoholic alkali then opens the five-membered ring to give the sodium salt of 
the o-aminobenzenethiol (111) and sodium hydrogen sulfite. 

IIA I IR 

The reaction mixture containing the hydrolysis product can be used directly 
in many syntheses, but the thiol can be precipitated and collected, if required, 
as the free base or as the zinc mercaptide. 

B. Early aitempis to thionate aniline 

The chemical literature of the period from about 1870 to 1890 described many 
attempts to  prepare dyes from aniline (and other aromatic amines) and sulfur 
or compounds of sulfur. Some interesting chemical discoveries arose from these 
experiments, of which an important example is the reaction between sulfur and 
p-phenylenediamine t o  give Lauth’s Violet, the first phenothiazine t o  be pre- 
pared (35). In  the same year (1874) Caro prepared methylene blue from sulfur 
and p-aminodimethylaniline. Caro’s work has been reviewed by Bernthsen ( 5 ) .  

Claus (18) observed that sulfur chloride and aniline reacted violently in the 
cold, with destruction of the aniline, to  produce a small amount of a violet- 
brown dye. The reaction was moderated by using carbon disulfide as a diluent 
and yielded several compounds which were investigated in 1871 by Claus and 
Krall (19). 

Claus and Krall reported t’hat the reaction proceeded in two steps, in the first 
of which the carbon disulfide took part as follows: 

4CsH5NH2 + S2C1:! + CS2 3 CJ3l2K2S + 2CsHSNH2.HCl + 35 
Diphenylthiourea 

The &phenylthiourea was isolated from the reaction mixture and shown to 
take part in a second reaction with excess sulfur chloride to give triphenylguani- 
dine and phenyl isothiocyanate, both of which m r e  also isolated. 

3C13H12N2S + S2C12 --+ C1BH17?S3*€IC1 + C7HbNS + HC1 + 3s 
Koorda-Smit (39) used anhydrous ether instead of carbon disulfide as a 

diluent and obtained a product which was insoluble in ether and on distilla- 
t,ion gave an oil of the composition ClzHIQNzS. This oil formed a picrate. Roorda- 
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Smit called the compound “thioanilide” and thought that it probably had the 
structure CsHsNHSiZ“CsHE. It was different from the “thioaniline” described 
by Merz and Weith (36) and by Krafft (34), which was undoubtedly 4,4’- 
diaminodiphenyl sulfide. 

Schmidt (40) heated aniline IT-ith “sulfur iodide” (possibly a mixture of sulfur 
and iodine) and reported a small yield of 4,4’-dianiinodiphenyl sulfide. Sulfur 
bromide and aniline reacted vigorously in benzene to  give a tarry mixture, 
from Tvhich acid extracted a base called “dithioaniline.” This compound, which 
analyzed poorly for C12H10S2S2, was not obtained crystalline. Schmidt assigned 
to it the structure: 

S 

Sulfur chloride reacted with acetanilide a t  100°C. to  give a mixture which 
yielded, after hydrolysis, “pseudo-dithioaniline,” to  which Schmidt assigned the 
st rue t ure H2SC6H4SSCsH4SH2. 

Edeleano (21) confirmed the formation of diphenylthiourea in the presence of 
carbon disulfide, as reported by Claus and &all (19), and observed the forma- 
tion of “thioanilide” when chloroform was used as a diluent. 

Some of the reactions described in this section would undoubtedly repay fur- 
ther investigation. 

11. THE DISCOVERY O F  THE HERZ REACTION 

A .  Formation and hydrolysis of thiaxathioliwn compounds 
I n  a German patent which was granted in 1914, but not published until 1922 

(lo), Richard Herz, working in the laboratories of Leopold Cassella and Co. in 
Frankfurt, announced the discovery of a reaction which was to prove of great 
value in the preparation of o-aminobenzenethiols and which opened the way for 
the systematic large-scale production of a variety of interesting dyes. By treat- 
ing aniline hydrochloride, instead of the free base, with four or five equivalents 
of sulfur chloride, and allowing the mixture to react at a moderate temperature 
until all the amine was consumed, Herz directed the reaction so that the product 
was the thiazathiolium chloride (I), The introduction of chlorine into the ben- 
zene ring will be discussed later. 

The characterization of the Herz compound as a thiazathiolium chloride was a 
remarkable feat, for the ring system n-as completely unknown, and the Herz 
compomid from aniline cannot be recrystallized or obtained analytically pure. 
Herz stated that the reaction m-as not limited to aniline but Ti’as applicable 
generally to  aromatic amines containing a free ortho position. He also described 
the reaction of Herz compounds with water, which led to  the liberation of hydro- 
gen chloride and the introduction of hydrogen and oxygen. 

I n  later patents, Herz shon-ed that the hydrolysis followed the course described 
above, to  give compounds of the type of IIA or IIB, and that these compounds 
reacted with alkali, preferably in the dark and in the presence of sodium hydro- 
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sulfite, to give o-aminobenzenethiols (111) (12). Other patents protected varia- 
tions of the process. For example, an acyl derivative of the amine may be used 
(12), and the free base map be used under suitable conditions if diluents are 
present (13). These diluents include carbon disulfide. Diluents are not necessary 
if the hydrochloride or the monoacyl derivative is used (14). N-Acyl and N-alkyl 
groups are lost in the reaction. The separation of the benzenethiol as the 
zinc salt, and the purification and decomposition of the latter, are mentioned 

Herz stated that the hydrolysis product (IIX or IIB) reacted with aromatic 
bases in water to give dyes (10). The p-chlorine atom is easily replaced by the 
anilido group (4, 44). The main application of the reaction-condensation of the 
o-aminobenzenethiol with chloroacetic acid-is described in a separate patent 
(16). A solution of the crude alkaline hydrolysis product is treated with sodium 
chloroacetate, when the o-aminoarylthioglycolic acid is formed. When heated, 
this loses water; the “inner anhydride” so formed is easily purified. Later patents 
(28, 29) protect the preparation of o-aminobenzenethiols as well as the use of 
substituted thioglycolic acids (30). 

Various methods for the hydrolysis of Herz compounds have been described. 
Sometimes the Hers compound is converted to the hydroxide, which is collected 
(11) and may, in special cases, be purified by recrystallization before further 
hydrolysis. These cases are mentioned in Section II1,A. Although sodium hy- 
droxide is normally used, hydrolysis by making alkaline with sodium carbonate 
and subsequently heating with sodium hydrosulfite has also given good results 
(2). 

(15). 

B. Nuclear substitution 
Substitution in the para position of the benzene nucleus usually occurs during 

a Hers reaction, and if this position is already occupied, replacement by chlorine 
may occur. Herz drew attention t o  this fact (10). He did not state specifically 
whether the Herz compound from aniline itself contained a chlorine atom para 
to the amino group, but used a symbol for an aromatic ring which might or might 
not have become substituted. Farrington and Warburton (22,23) unsuccessfully 
tried to find conditions for the preparation of o-aminobenzenethiol from aniline 
by the Herz reaction but obtained only 2-amino-5-chlorobenzenethiol. Konig 
(33) prepared the same compound from aniline, and both Konig and Weinberg 
(43, 44) prepared 2-amino-5-chloro-3-methylbenzenethiol from o-toluidine. 
Konig (33) also obseri-ed that when p-anisidine underwent the Herz reaction 
and the thiol was treated with acetic anhydride, a small amount of a mono- 
chloro-6-methoxy-2-methylbenzothiazole was formed as a by-product ; probably 
it was the 4-chloro isomer. This indicated some substitution by chlorine ortho 
t o  the amino group. 

Farrington 2nd Warburton (22) n-ere not able t o  isolate any recognizable 
compound from the reaction between sulfur chloride and m-chloroaniline, but 
from o-chloroaniline they obtained a 20 per cent yield o€ 2-amino-3,5-dichloro- 
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benzenethiol. Substitution in the para position occurs also in 5-isopropyl-2- 
niethylaniline (31). 

Herz found (10) that nitro and carboxyl groups, as well as arsonic and sul- 
fonic acid residues, were readily expelled from the para position and replaced 
by chlorine. ,4 more remarkable observation is that of Blomquist and Duguid 
(9), who found that the nitro groups of 4-chloro-2-nitroaniline and o-nitroaniline 
were replaced by chlorine. Since ortho substitution has never been observed 
with p-chloroaniline, it seems that an ortho nitro group is more liable to expul- 
sion than a hydrogen at)om in the same position. Rlomquist and Duguid repeated 
the Herz reaction with 2-nitro-p-toluidine and 4-amino-3-nitrobenzonitrile, 
but could not hydrolyze the products. The only groups which have been defi- 
nitely reported to withstand replacement in the para position are bromo (41), 
dimethylamino (44), ethoxyl ( Z O ) ,  methosyl (2, 25, 33), and methyl (33). 

111. THE MECHAPU'ISM O F  THE REACTIOS 

Little more is known of the mechanism of the Herz reaction than is contained 
in the patent announcing it (lo), but confirmation of the structural types which 
are intermediates has been obtained by later workers who have isolated a few of 
them in a more or less analytically pure condition. Herz (10) considered that the 
origin of the group --S-S-Cl in the heterocyclic ring was the same group in 
sulfur chloride. He offered no opinion on the nature of the sulfur-chlorine bond. 

The composition of the Herz compound from 5-isopropyl-2-methylaniline 
has been confirmed by recrystallization and analysis (31). The analyses for sul- 
fur and chlorine are only moderately good, and analyses for the other elements 
are not reported. 

The Herz compound from 3-nitro-p-anisidine gave a hydrolysis product which 
analyzed well for carbon and hydrogen, but no analytical figures for the other 
elements are reported (25) .  

There are no grounds for deciding whether the hydrolysis product has struc- 
ture IIA or structure IIB, and Herz left this question unanswered. Bezzubets and 
Ignatyuk-Maistrenko (8) used the form IIB, but gave no reasons for their choice. 
The Here compound from o-anisidine has been written as shown in formula IV 
by Weinberg (43, 44), but again no reason for using this structure is given. 

Bezzubets and Ignatyuk-Maistrenko (8) showed that the rate of formation of 
the Herz compound from p-chloroaniline was much greater in the polar solvent 
acetic acid than in benzene, ligroin, or carbon tetrachloride. 

Rezzubets ( 7 )  explained the first step of the Herz reaction (formation of a 
thiazathiolium chloride) by considering sulfur chloride as the chloride of the 

OH 
/ 

\ 
hypothetical thiosulfinic acid S=S and suggested the possible reaction sequence : 

OH 



1016 W .  K .  WARBURTON 

c1 

N=S=S 

- HC1 
____) 

I c1 

C1 
A serious objection to this view is that sulfur chloride has the structure ClSSC1. 
Palmer’s electron-diffraction studies (38) exclude the structure in which two 
chlorine atoms are attached to the same sulfur atom. Palmer found that the 
sulfur-sulfur distance m-as 2.05 A. and calculated the S-S-C1 angle a t  103’ 
35’. Ackermann and Mayer (1) arrived at  the same conclusion, and dipole-mo- 
ment and Raman-spectrum studies (37) have given results consist,ent with the 
structure suggested by Palmer. 

Bezzubets suggested that the thio-keto form of the cyclic hydrolysis product 
could be regarded as a lactam of the hypothetical o-aminoarylthiosulfinic acid 
(V), and that the sodium salt of t)his acid could split out sodium sulfite in an 
alkaline medium and form t,he sodium salt of the o-aminobenzenethiol. This 
suggestion conflicts with that of Drozdov and Ignatyuk-Maistrenko (20) that 
the initial hydrolysis products of Herz compounds are bases. 

IV V 

The mechanism of the substitution reaction is quite unknown. It is not even 
known whether the Herz compound is formed and then substituted, or whether 
an intermediate compound between the amine and sulfur chloride is formed and 
substituted before ring closure takes place, Some support for the latter course is 
found in the replacement of o-nitro groups (9)’ a reaction which indicates a 
greater reactivity at  the ort’ho position than the Hers compounds themselves 
possess. 
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A few trial experiments using reactive aromatic compounds which are riot 
amines have indicated that sulfur chloride is not a very effective chlorinating 
agent (42). 

IV.  SOME APPLICATIOSS OF THE REACTION 

A .  D y e s  prepared f r o m  o-aminoarylthioglycolic acids 
This section of the review is not comprehensive, and only a few representative 

types are mentioned. Sulfur dyes have been discussed more fully by Chapman 
(17). The amino group of an o-aminoarylthioglycolic acid may be convertd by 
the Sandmeyer reaction to  the nitrile, and thence to  the dicarboxylic acid (30). 
Ring closure, decarboxylation, and oxidation give the thioindigo (VI! (26). 
The dye shown is Vat Pink F.F.R. 

The active methylene group in t’hioindoxyl will condense with diketones. 
Thioindoxyl and acenaphthenequinone give dyes of the Cibs Scarlet G type 
(V-11) (27), and condensation with isatin in fhe 3-positCion of the latter corn- 
pound gives dyes of the Thioindigo Scarlet type (VIII) (6? 14). 

co 

Thioindoxyls will also condense with t,he 2-position of isatins if the latter are 
first treated with phosphorus pentachloride. 

The importance of the thioindigo dyes is that subst’itution causes large changes 
in color, so that a large part of the visible spectrum can be covered, whereas in 
the indigo series the effect of substitution on color is small (31). 

Metal salts of o-aminobenzenethiols condense readily with acid chlorides. 
With p-nitrobenzoyl chloride the product, after reduction, is a 2-(p-amino- 
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pheny1)benzothiaxole. Treatment with methyl iodide gives a dye of the Thio- 
flavine class, and treatment of the thiazole with sulfur and hypochlorite gives 
dyes of the Chloramine Yellow class (2). The dye Immedial Pure Blue has been 
prepared by condensing 2-amino-5-dimethylaminobenxenethiol with chloranil 
and treating the product with sodium polysulfide. Its structure is complex (4, 32). 

B. Other heterocyclic compounds 
Ring systems which can be prepared from o-aminobenzenethiols include 

benxothiaxole and thionapht’hene, which have already been mentioned, and 
phenothiazine. Phenothiazines are formed by the Smiles rearrangement (3) 
of 2-acylamino-2’-nitrodiphenyl sulfides and ring closure of the intermediate 
diphenylamine, which is not usually isolated. The acyl and nitro groups are 
expelled, and yields are often quantitative, as in the following example (22): 

two steps 

NH 

S-- 
S 

V. OTHER METHODS O F  PREPARING 0-hMISOBEXZENETHIOLS 

The Herx reaction cannot be used to  prepare o-aminobenxenethiols with a free 
5-position, whether substituted or not (22, 23). X few other useful synthet’ic 
methods will be briefly mentioned. 

Formation of diphenyl disulfides from o-halonitrobenzenes and sodium di- 
sulfide, followed by reduction with zinc and acetic acid, gives zinc salts of o-amino- 
benzenethiols, but the method fails when applied to 2,4-dichloronitrobenzene 
(22). Alkaline hydrolysis of 2-mercaptobenzothiazole under pressure is the most 
useful method for the laboratory synthesis of o-aminobenzenethiol, but m y  
halogen substituents in the benzene ring may be replaced by hydrogen (22). 

VI. SCOPE AND LIMITSTIOh-S OF THE HERZ REACTION 

The reaction is limited t<o the preparation of o-aminobenzenethiols containing 
as substituents in the 5-position chlorine, or a group which is not replaced by 
chlorine (bromine, dimethylamino, ethoxyl, methoxyl, or methyl). Because 
nitro groups are replaced, it is not possible to protect the 5-position with a nitro 
group and subsequently reduce and remove or alter the protecting group in the 
usual way. This is a severe limitation, which might be overcome by closer 
study. For example, t,here is no report of a Herx reaction with p-iodoaniline, 
and no report of the use of sulfur bromide since 1878 (40). 

In some cases the hydrolysis of Herx compounds has failed to give the ex- 
pected thiols. These Herz compounds include those from p-chloroaniline (9) 
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TABLE 1 
o-Aminobenzenethiols prepared by the Herz reaction 

Starting Material 

Aniline . . .  
4-Bromoaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-C hloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Chloroaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Chloro-5-isopropyl-2-met hylaniline. . . . . . . . . . . . .  
4-Chloro-2-nitroaniline . . . . . . . . .  
2,4-Dichloroaniline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Dimethylaminoaniline . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Methoxyaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Ethoxyaniline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4-Methoxyaniline. . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
4-Methoxy-3-nitroaniline . . . . . . . . . . . . . . . . .  
2-Methylaniline 
4-Methylsniline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5-Isopropyl-2-methykniline. . . . . . . . . . . . . . . . . . . . . . .  
2-Nitroaniline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3-Aminocarbazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Product: Derivative of 
2-Aminobenzenethiol 

5-Chloro 
5-Bromo 
3,5-Dichloro 
5-C hloro 
5-C hloro-6-isopropyl-3-methyl 
3,5-Dichloro 
3,5-Dichloro 
5-Dimethylamino 

5-Chloro-3-methoxy 
3-Chloro-5-methoxy (?) 
5-Methoxy-4-nitro 
5-C hloro-3 -methyl 
3-Chloro-5-methyl 
5-C hloro-6-iaopropyl-3-methyl 
3,5-Dichloro 

5-Ethoxy 

3-Amino-4-mercap tocarbazole 
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(although other workers have obtained the expected thiol in this way (8, 22)), 
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