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INTRODUCTION

Dibenzo-1,4-thiazines, usually called 
phenothiazines, are a sub-group of the thiazine 
class, and are six-membered heterocycles 
containing one sulphur atom and a single nitrogen 
atom in which two benzene rings are fused to the 
heterocycle. Phenothiazine (1) was first reported 
by Bernthsen [1] and was named 
thiodiphenylamine, presumably because it was 
obtained from sulphur and diphenylamine. 
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Phenothiazines represent an important class of 
drug substances which find application against 
several disorders. Their psychotherapeutic, 
chemotherapeutic, antihistaminic, antiemetic and 
antiseptic properties were recognised several years 
ago. However, early interest in this heterocyclic 
system was more concerned with textile colorants, 
involving sulphur dye chemistry. Lauth’s violet 
(thionine) (2a), a purple dye, was prepared in 1876 
by heating p-phenylenediamine with sulphur and 
treating the resulting hydrochloric acid solution 
with ferric chloride [2]. At about the same time, in 
a similar reaction using p-aminodimethylaniline, 
Methylene Blue (MB) (2b) was obtained [3,4]. 

MB (C.I. Basic Blue 9) is representative of the 3,7-
bis(dialkylamino)phenothiazin-5-ium compounds 
and its physico-chemical properties have found 
numerous applications. Examples of such 

applications include textile dyeing (cellulosic fibres 
and leather), as an antioxidant, an antiseptic and 
in photogalvanic cells. Moreover, its remarkable 
histochemical and photodynamic properties are of 
considerable importance in biology and medicine. 
MB has been used in histology for staining cellular 
components since the discovery of the nucleus of 
the malarial parasite by Romanowsky in 1891 [5] 
and it has more recently been recommended for 
photodynamic inactivation of blood viruses [6], this 
effect being known since 1965 [7]. 

Aspects of the chemistry [8-10] and applications [5, 
11-13] of this group of phenothiazines have been 
reviewed.  Routes to the 3,7-bis(dialkylamino)-
phenothiazin-5-ium system have not been 
reviewed for several years, and in view of the 
increasing technical importance of this class of 
compound, it was felt timely to present an updated 
overview of  synthetic methods. 

METHODS OF PREPARATION  

The two classical methods for the synthesis of 
unsubstituted phenothiazine derivatives are the 
thionation of diphenylamines and the cyclisation of 
o-amino-o′-halogenodiphenyl sulphides [9] 
(Schemes 1a and 1b respectively). 

For the synthesis of 3,7-bis(dialkylamino)-
phenothiazin-5-ium derivatives, alternative 
methods are used, and are summarised in the 
following sections. 
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Lauth’s hydrogen sulphide method 

This ring-forming method was adopted from the 
beginning as a general route to phenothiazine 
derivatives, and is summarised in Scheme 2 for 
Lauth’s violet (2a). Modifications of the method led 
to better yields using iodine as a catalyst [14] or 
1,2-dichlorobenzene as the solvent [15]. 

In an attempt to prepare disulphonated thionine 
derivatives, Albery and co-workers treated 2,5-
diaminobenzenesulphonic acid, firstly with FeCl3 
and then with other oxidising agents under a 
variety of reaction conditions, but failed to produce 
the phenothiazine nucleus in useful yield (Scheme 
2) [16]. 
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This method has been used for the synthesis of MB 
and MB derivatives [31-33] and several such 
examples are listed in Table 1 below [34-37]. 

Table 1: MB analogues prepared by Bernthsen’s 
method 
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1,9-Dimethylmethylene Blue (Taylor’s Blue) (3) 
was prepared by this method from p-amino-N,N-
dimethyl-m-toluidine [17]. 

  R R1 R2 R3 R4 
4a Azure A NMe2 H H NH2 H 
4b Azure B NMe2 H H NHMe H 
4c Azure C NHMe H H NH2 H 
4d Methylene Green NMe2 H H NMe2 NO2 

4e New Methylene Blue NHEt Me Me NHEt H 
4f Toluidine Blue O NMe2 H Me NH2 H 

Scheme 3 
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The more complex MB derivative (5) has also been 
prepared by the Bernthsen thiosulphate method 
[38]. Bernthsen thiosulphate method 
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Lauth’s method is a relatively simple way to 
prepare thionine. However, for 3,7-derivatives 
with alkyl-substituted amino groups, Bernthsen’s 
classical synthesis [4, 18-29] is preferable. MB can 
be obtained by this route from N,N-
dimethylaniline in a reaction involving several 
steps [30] (Scheme 4). 
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Scheme 6 Albery et al. [39], when examining in detail the 
oxidative coupling route to disulphonated 
thionines by Lauth’s method, were able to obtain 
better yields by the Bernthsen method. The 
strategy (Scheme 5) involved the synthesis of 3,3´-
disulphonato-4,4´-diaminodiphenylamine (9) by 
sodium borohydride catalysed reduction (10% Pd-
C) of the nitro compound (8). The latter was 
prepared from 1,2-dinitrochlorobenzene (6) by 
sulphonation and chloride ion displacement with 
2,5-diaminobenzenesulphonic acid. Subsequent 
reduction of (8) and treatment of the resultant 
diphenylamine (9) with sodium thiosulphate and 
oxidative ring closure afforded a mixture of two 
isomeric disulphonated thionines (11) and (12) 
(Scheme 5). 
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This cationic species (14) can undergo several 
nucleophilic reactions such as hydroxylation, 
leading to 5-oxides or derivatives carrying 
oxygenated groups in position 3, or substitution 
with non-oxygen nucleophilic agents at position 3 
and/or 7 [9]. 

Scheme 5 
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It has been known for a long time that oxidation of 
phenothiazine by bromine or iodine gives 
phenothiazin-5-ium perhalides [40-42]. These 
compounds are believed to be charge-transfer 
complexes where phenothiazine behaves as a 
donor and the electronegative halogens as 
acceptors [9]. 

Symmetrical 3,7-aminoderivatives of 
phenothiazine are easily synthesised by treating 
phenothiazin-5-ium perhalides [10] with secondary 
amines. Kehrmann et al. [43] obtained MB from 
dimethylamine and phenothiazine using the 
charge-transfer complex formed between 
phenothiazine and bromine. Similarly, 3,7-bis(4-
methylpiperazin-1-yl)phenothiazin-5-ium bromide 
(15) was prepared  by reaction of phenothiazine 
with 1-methylpiperazine in the presence of 
bromine [44] (Scheme 7). 

Scheme 7 According to the authors, the key to disulphonated 
as well to higher sulphonated thionines resides in 
the direct sulphonation of thionine with 
chlorosulphonic acid under controlled reaction 
conditions. S
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Reaction of phenothiazin-5-ium perhalides 
with amines 

Phenothiazine is readily oxidised by chemical 
oxidants to the phenothiazin-5-ium cation (14) 
(Scheme 6), through the oxidation and 
deprotonation of the radical cation (13) (Scheme 6) 
[10]. 

Other examples include the compounds (16 – 24) 
listed in Table 2. 
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Table 2: MB analogues prepared by Kehrmann’s 
method 

N S
+

N

N
R
RR

R 1

2

1

2  
28 

 R1 R2  
16 CH3 C18H37 [45] 
17 CH2CH2Cl CH2CH2Cl [44] 
18 CH2CH2OH CH2CH2OH [46] 
19 H Ph [47] 
20 CH3 Ph [48] 
21 H 

R
 

R = CH3, OCH3, OC2H5, Cl, I 

[48] 

22 CH2Ph CH2Ph [48] 
23 H CH2Ph [48] 
24 CH3 (CH2)3CO2H [49] 

28a:  R1 = R2 = R3 = R4 = Si(OCH3)3  

28b:  R1 = R2 = R3 = R4 =  

28c:  R1 = R3 = ,  R2 = R4 = CH3 

MB derivatives were synthesised from 
phenothiazine (1) by reacting this first with an 
excess of bromine in acetic acid to give 3,7-
dibromophenothiazin-5-ium bromide, according to 
a reaction sequence that involves two electrophilic 
aromatic substitutions and one oxidation (Scheme 
9). The subsequent reaction of the dibromo 
compound with diallylamine via nucleophilic 
aromatic substitution gave 3,7-bis[di(2-propenyl)-
amino]phenothiazin-5-ium bromide (28b). 
According to the authors, the choice of the solvent 
for the second step is critically important as 3,7-
dibromophenothiazin-5-ium bromide is very 
reactive and prone to irreversible oxidation, 
reduction and ipso attack at the 3- and 7- 
positions. Also, the best yields for compounds (28b, 
28c) were obtained when CHCl3 and CH2Cl2 were 
employed as solvents for the nucleophilic aromatic 
substitution step. 

 

Unsymmetrical 3,7-amino derivatives of 
phenothiazine are difficult to obtain [45, 50]. 
Strekowski and co-workers [50] reported a general 
synthesis of 3-(dialkylamino)phenothiazin-5-ium 
salts and disubstituted derivatives which contain 
two different dialkylamino groups at positions 3 
and 7. On reinvestigating the classical oxidation of 
phenothiazine by iodine, he obtained the periodide 
(25) (Scheme 8). Subsequent treatment of (25) 
with two equivalents of the secondary amine gave 
3-(dialkylamino)phenothiazin-5-ium triiodide (26) 
(Scheme 8) as the major product. The triiodide was 
then reacted with several secondary amines to give 
the corresponding 3,7-(dialkylamino) 
phenothiazin-5-ium iodides (27) (Scheme 8). 

Scheme 9 
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Nitration/reduction of phenothiazine 

An alternative strategy for the production of Azure 
derivatives has been suggested which involves 
nitration of phenothiazine, followed by reduction, 
oxidation, formation of sulphonamides and 
substitution by amines [52]. Thus, (Scheme 10), 

Leventis et al. [51] when preparing compound (28) 
via the conventional routes of MB synthesis [30, 
43], reported the results of a mechanistic 
investigation of Kehrmann’s method. 
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Scheme 11 phenothiazine was nitrated and the resultant 3,7-
dinitrophenothiazine (29) was reduced to the 
corresponding diamine (30) and oxidised to 3,7-
diaminophenothiazinium chloride (thionine) (31). 
Reaction of (31) with p-toluenesulphonyl chloride, 
and substitution of the resultant bis-sulphonamide 
(32) with methylamine, gave 3,7-
bis(methylamino)phenothiazinium chloride (33). 
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Driscoll et al. [53] obtained thionine by preparing 
3,7-dinitrophenothiazine sulphoxide by 
Kehrmann’s method [54] and reducing this by 
catalytic hydrogenation with platinum oxide. 

Scheme 10 
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Methods for the purification of MB derivatives 
based on column chromatography [56], paper [57] 
chromatography, and extraction with organic 
solvents [58, 59] have been described. 

Further derivatisation of the 3,7-bis-
aminophenothiazine system 

Polymers with covalently attached Toluidine Blue 
O (4f) have been prepared by reacting the latter 
with poly(methyl methacrylate) [60].  The polymer 
obtained (34) was purified by repeated 
precipitation from dioxane solution into water. 
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Bellus and Mader [55] suggested an alternative 
method to obtain MB derivatives (Scheme 11) 
involving nitration of N-acyl derivatives of 
phenothiazine in acetic acid. Hydrogenation of the 
resultant 3,7-dinitrophenothiazine catalysed by 
platinum metal gave the corresponding diamino 
compound which could be reacted with the 
appropriate alkylating reagent. In the final step, 
the leuco dye was converted to its oxidised 
coloured form by oxidation with alcoholic silver 
nitrate at room temperature. 

Shigehara et al. [61] prepared polymeric dyes such 
as (35) by reacting poly(4-vinylpyridine) with 
epichlorohydrin in DMF at 60 °C for 24 hours, 
under nitrogen, and then allowing  thionine (2a) to 
react with the resultant chlorine-containing 
polymer. 
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Phenothiazinium dyes have been proposed for 
parathyroid scintigraphy to localise parathyroid 
glands visually during surgery. Blower and Carter 
[62] described a method for the preparation of 
iodine derivatives of MB and Toluidine Blue O by 
treatment of the dyes with 123I-sodium iodide in 
the presence of potassium iodate and dilute 
hydrochloric acid solution at 100 ºC for one hour. 
MB and TBO are heteropolycyclic dyes that should 
be amenable to iodination by electrophilic aromatic 
substitution by virtue of their aromaticity. 
According to the authors, iodination would be 
expected to occur at one or more of the sites 
indicated by arrows in Scheme 12. 

37 

Theodoropulos [75] was able to prepare the 
isothiocyanate derivative (38) of Toluidine Blue O 
by reacting the latter dye with 1-isocyanato-5-
isothiocyanato pentane in pyridine at room 
temperature for six days (Scheme 13). 
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Other examples of derivatisation of MB derivatives 
include dye (40) [76, 77] (Scheme 14) obtained by 
condensation of phenothiazinium derivative (39) 
with pentaacetyl-α-D-glucopyranose in methylene 
chloride at low temperature followed by 
deacetylation to yield the diglucoside (40). 

Brown et al. [63] synthesised heavy 
radiohalogenated substituted derivatives (125I, 127I, 
211At) of MB (36) by thermal halogen isotope 
exchange in molten crown ether catalyst. 

Scheme 14 
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R1 = H, 125I, 127I 
R2 = H, 125I, 127I 
R3 = H, 125I, 127I 

Methylene Green is a nitro derivative of MB 
obtained in high yield by nitration of MB with 
nitric acid and sodium nitrite at 0-10 °C [22, 64].  
Azure A (4a) and Azure B (4b) can be obtained by 
oxidation of MB under acid [65] or alkaline 
conditions [66]. Toepfer [65] prepared Azure A by 
refluxing for 45 minutes a water solution of MB in 
the presence of potassium bichromate and HCl 
35%. 

CONCLUSIONS 

3,7-Bis(dialkylamino)phenothiazin-5-ium 
compounds constitute a long-known class of 
colorants, whose current importance in areas of 
high technology, medicine and biochemistry far 
outstrips their relevance as textile dyes. Synthetic 
routes to these compounds are diverse, and often 
complex. The principal methods of their synthesis 
have been reviewed and newer methods for 
preparing symmetrical and unsymmetrical 
derivatives in high purity have been described. 
Methods for preparing side-chain derivatised 
compounds have also been overviewed.  

The syntheses of 10-acyl [67-72] and 3-acyl [73] 
MB derivatives has been reported. Adams et al. 
[68] prepared 10-naphthoyl derivatives by 
refluxing for one hour the zinc chloride double salt 
of leuco MB with 2-naphthoyl chloride, in pyridine. 
Compound (37) was prepared at room temperature 
by monoacylation of thionine with decanoyl 
chloride in dry acetonitrile [74]. 
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