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What did W. H. Perkin Actually Make when He Oxidised Aniline to Obtain 
M auvei ne? 

Otto Meth-Cohn * and Mandy Smith t 
Chemistry Department, University of  Sunderland, Sunderland SR I 3S0, UK 

The literature structure for mauveine has been shown to be wrong. Analysis of samples of mauveine 
made by Perkin in his factory show them to be primarily a mixture of two phenazinium dyes, 3-amino-2- 
methyl- 5- phenyl-7- (p-tolyl) phenazinium acetate and 3-amino-2,9-dimethyl-5- phenyl-7 - (p-tolyl) 
phenazinium acetate 

In 1856 William Henry Perkin at the age of 18 years, 
endeavoured to make quinine by oxidative dimerisation of N-  
allyltoluidine (mostly para) with potassium dichromate. The 
synthesis of quinine was not achieved for a further 88 years.' 
However, when he similarly oxidised 'aniline' (derived from 
crude coal-tar benzene and thus containing toluene) he 
obtained a black precipitate from which he was able to extract a 
purple dye in about 5% yield. This dye became known as 
mauveine and was sold as an acetate salt. This remarkable 
event signalled the birth of the dyestuffs industry and indeed 
the chemical industry. 

Perkin established that a similar dye was obtained by 
oxidation of toluidines, xylidines and other anilines and that his 
original impure aniline gave a better dye than that obtained 
from pure aniline. This latter product was named pseudo- 
mauveine from which he showed that mauveine was derived 
from a base of formula C27H24N4. He concluded that mauveine 
was a mixture of pseudomauveine (to which he gave the 
structure of the parent base C,,H,,N,) and a trimethyl 
derivative derived from p-toluidine and aniline., 

The Literature Structure of Mauvehe.-The structure of 
pseudomauveine 1 was established by Fischer and Hepp and 
by Nietzki4 by synthesis in several ways. These involved 
oxidative couplings as outlined in Scheme 1. However, the 
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Scheme 1 Synthetic methods for pseudomauveine 

literature structure for mauveine 2 emerged without any 
indication of proof. It appears in Chemical Abstracts (the first 
appearance referring to Volume 72, in 1970),5 and in the dyers 
definitive bible, The Colour Index from its first edition in 1924 
to date.6 Beilstein does not give a ~tructure ,~ Comprehensive 
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Heterocyclic Chemistry gives two different ones and the 
definitive Weissberger volume on Phenazines correctly quotes 
the empirical formula of Perkin but presents yet another 
erroneous ~tructure .~ A recent review on phenazine dyes refers 
to the structure 2"  while the latest definitive work on the 
history of dyeing attributes the same erroneous structure to 
Fischer and Hepp, a commonly accepted fallacy." 

Results and Discussion 
Given that mauveine is made by oxidation of crude aniline 
derived by nitration and reduction of a benzene-toluene mix- 
ture, it is clear that the literature structure cannot be correct in 
that it implies that m-toluidine is a key requirement (Scheme 2). 

the 

Scheme 2 A retrosynthetic analysis of the literature structure of 
mauveine 

We therefore obtained a sample of mauveine produced in 
Perkin's factory from the Perkin collection at Zeneca$ as well 
as another sample from the British Museum (donated by 
Imperial College and probably deriving from Hofmann's 
collection). Perkin commented on the dyes amazing stability 
and other workers examining a sample of the 1856 dye almost 
100 years later noted that it was ~nchanged.~* We were 
surprised to discover that the dye gave essentially the same 

?In partial fulfilment of the requirements for the B.Sc. degree of 
Sunderland University. 
1 Thanks to Mr Ken McGee for help in obtaining this compound. 
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combustion analysis data as Perkin recorded. Chemists who 
examined a sample of Perkin's material 57 years later found 
that it lost 16.1% weight at 110 OC, mostly water, while Perkin 
rigorously dried his material prior to analysis.I3 

A direct insertion mass spectrum confirmed the presence of 
several of the methylated homologues of pseudomauveine, the 
di- and tri-methyl derivatives giving the largest molecular ions 
together with small peaks for the mono- and tetra-methyl 
analogues. 

Thin layer chromatography on silica was most effectively 
conducted utilising a mixture of isobutyl alcohol, 10% aqueous 
acetic acid and ethyl acetate (6:1:3, v/v) and revealed two 
major products A and B, R, values 0.45 and 0.52, respectively, 
as well as some very minor purple dyes. Flash chromatography 
on silica gel using the same eluent with rechromatography of 
the two major fractions gave two fairly pure purple dyes. 

Standards to Help Elucidate the Mauveine Structure: 
Phenosafranin and Safranine 0.-In order to help elucidate the 
structures we also examined the spectra of two commercially 
available standards, phenosafranin 3 and safranine 0 4 (both 
from Aldrich, the latter being rather impure despite its claimed - 95% purity). The symmetry of the standards allowed ready 
assignment of their NMR spectra by use of HH-COSY and 
HC-COSY spectroscopy and further decoupling studies. 
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Structure of the mauveine component A (RF 0.45) 5. By a 
similar study of the 1- and 2-D NMR spectra and the coupling 
data we now assign the structure of this major component of 
mauveine as the acetate salt of 5. This molecule can be seen to 
derive from 2 molecules of aniline, 1 of p-toluidine and 1 of o- 
toluidine. Noteworthy, in the spectra are the signals to very 
high field of the 4/6 nuclei both in the standards and the 
mauveine component A due to the shielding effects of the 
orthogonal phenyl group and the amino substituents at the 3- 
and 7-positions. 

These nuclei are non-equivalent in the mauveine component, 
one signal showing meta-coupling and the other not, thus 
indicating the position of one of the methyl substituents. This is 
supported by the presence of only one proton at -7.21/122 
ppm in the proton and carbon spectra, respectively. The extra 
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para-coupled protons clearly indicate the position of the other 
methyl substituent in the N-phenyl ring. The lower field proton 
signals of the 2- and 4-protons of component A compared to 
those of phenosafranin due to the deshielding effect of the N- 
phenyl ring supports the relative disposition of the two methyl 
su bsti tuen ts. 

Phenosafranin shows a mass spectral molecular ion for the 
cation (m/z 287) and a larger one for the radical cation of the 
neutral species, M - 1. Strong peaks are evident at m/z 273 
(M - N, the 10-nitrogen) and m/z 196 (M - NPh). The mass 
spectrum of component A conforms to the above structure 
showing the molecular ion as the base peak (m/z  390) and the 
next strongest peak (m/z 284) for the M - MeC6H4NH ion. 
In support of this fragmentation a peak at m/z 106 is significant 
for the ion MeC6H4NH+. 

Structure of the mauveine component B (RF 0.52) 6. The mass 
spectral and NMR data confirms that the second component is 
very similar to the first but contains an extra methyl group. 
That this group is in the 1-position and the others are as in 
component A is evident from the very close similarity in the 
spectra except for the absence of the characteristicl-proton/ 
carbon signals and the ortho-coupling of the 2-proton (cf spectra 
for 5 and 6). It is also clear that this minor component derives 
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from 1 molecule of aniline, 1 of p-toluidine and 2 molecules of 
o-toluidine. As was recognised by the early chemists involved 
with mauveine, o-toluidine and p-toluidine are vital for the 
formation of the most effective dye and are clearly significantly 
more reactive in the oxidative coupling process. 

Experimental 
General Details.-Phenosafranin and safranine 0 were 

obtained from Aldrich and used as supplied. Samples of 
mauveine were obtained from the Perkin Collection, Zeneca 
p.l.c., Blackley, Manchester and from The Science Museum. 
Silica gel thin-layer was performed using Merck 0.2 x 
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200 x 200 mm precoated plates (Art. 5735) and flash 
chromatography was conducted with silica from Janssen 
(0.0354.070 mm). NMR spectra were recorded on a JEOL 
GSX 270 using [2H,]methanol as solvent relative to internal 
tetramethylsilane. Mass spectra were recorded on a VG Trio 
2000 Quadrupole instrument by direct insertion. Microanaly- 
tical data were provided by Medac Ltd, Brunel University. 

Mauveine. -The material was examined as supplied. 
Chromatography was conducted using isobutyl alcohol-ethyl 
acetate-aqueous acetic acid (5%, v/v) in the ratio 60:30:10 
(v/v). The two different samples gave identical results. Flash 
chromatography was conducted on 0.1 g samples and the two 
main fractions were rechromatographed separately using the 
same solvent system and the material obtained was dried 
thoroughly in a vacuum oven at 5OoC prior to examination 
(Found: C, 67.2; H, 6.3; N, 10.8. Calc. for [C27H25N4]+- 
[CH,CO2]--3H,O, C, 67.16; H, 6.61; N, 10.80%). The spectral 
details are recorded in the Discussion. 
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