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of p-phenylenediamine in hair dyes after conversion

to an imine derivative

Maria Luisa Di Gioiaa, Antonella Leggioa, Adolfo Le Peraa, Angelo Liguoria,∗,
Anna Napolib, Francesca Perria, Carlo Sicilianoa

a Dipartimento di Scienze Farmaceutiche, Universit`a degli Studi della Calabria, Via P. Bucci, Cubo 15/C, I-87036 Arcavacata di Rende (CS), Italy
b Dipartimento di Chimica, Universit`a degli Studi della Calabria, Via P. Bucci, Cubo 15/C, I-87036 Arcavacata di Rende (CS), Italy

Received 22 June 2004; received in revised form 30 December 2004; accepted 11 January 2005
Available online 2 February 2005

Abstract

ology
t matography
( of the two
a rate method.
C ine
a e regression
c
©

K

1

p
a
v
d
p
c
t
f
o
i
[

f hair
tion

o-
rac-
m-
three
hich
ility

e
uce
.g.,
dye.
s
that
tion

0
d

In this paper we describe an analytical method for the determination ofp-phenylenediamine (PPDA) in hair dyes. In the adopted method
he analyte is transformed into the corresponding imine derivative by treatment with benzaldehyde, and then analyzed by gas chro
GC) combined to mass spectrometry (MS), operating in SIM conditions. The direct and simultaneous chemical derivatization
mino functions of the analyte with benzaldehyde enhances the instrumental responses enabling the use of a sensitive and accu
oncentrations of PPDA in a set of commercial hair coloring creams are determined making use ofN-benzylidene-4-methylbenzene-am
s a very stable internal standard which is easily prepared by condensation of 4-methylbenzene-amine with benzaldehyde. Th
alibration curves for PPDA in hair dyes are linear within 0.1± 25 mg/ml with 0.99 as a typical correlation coefficient.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Commercial hair coloring products contain a mixture of
-phenylenediamine, benzenediols, aminophenols and other
ctivated aromatic substrates which are dye precursors in-
olved in the process of hair dyeing. These dye interme-
iates have shown mutagenicity in vitro and carcinogenic
roperties in vivo[1–7]. Because of the toxicity of their
omponents, the coloring paste composition is under con-
rol of the European Council Directive (76/768/EEC). There-
ore, a number of analytical procedures have been devel-
ped to separate and determine dye intermediates in color-

ng products and/or hair, including GC/MS[8–10], HPLC
11–14], CE[15–16]and MEKC[17]. Some of these meth-
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ods require laborious and time expensive extractions o
dye components followed by their chemical derivatiza
[8–10].

Among the known protocols, the extractive heptafluorn-
butyrylation on an extrelut column is one of the most att
tive procedures[18]. Complete separation of eight dye co
ponents, including three isomers of aminophenol and
aromatic amines was achieved by this methodology w
nevertheless suffers from rather low levels of reproducib
and recovery.

In the formation of the hair color,p-phenylenediamin
or p-aminophenol react with hydrogen peroxide to prod
imine derivatives which in turn react with a coupler (e
3-aminophenol,1,3-benzenediol) to furnish the target
The stability of these aromatic imines[19] suggested u
to convert the PPDA into an imine, taking in account
coloring product composition should not affect the reac
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of PPDA with aldehydes. Application of the gas chromatog-
raphy/mass spectrometry technique operating in SIM mode
to determine the so derivatized PPDA obtained from com-
mercially available hair dyes is the central aspect of this
work.

2. Materials and methods

2.1. Chemicals

Benzaldehyde (+99%, chlorine free),p-phenylenediamine
(+99%), andp-toluidine (+99%, powder), were purchased
from Sigma–Aldrich (Milan, Italy).

Thin layer chromatography (TLC) was performed on
neutral Al2O3 precoated glass plates (Merck, Darmstadt,
Germany), using CHCl3/MeOH (9:1, v/v) as eluent, and visu-
alizing the spot of residual benzaldehyde with a 5% solution
of 2,4-dinitrophenylhydrazine in ethanol.

2.2. Standard solution

To plot the calibration curves, two solutions of 40 mg/ml
of N-benzylidene-4-methylbenzene-amine (solution A) and
140 mg/ml ofN1,N4-dibenzylidenebenzene-1,4-diamine (so-
l
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time, the solvent was evaporated under vacuum and the re-
sulting residue was treated with a saturated aqueous solution
of NaHCO3 (pH 8) and extracted with chloroform (3× 5 ml).
The combined organic extracts were dried over Na2SO4 and
evaporated to dryness. The obtained product was dissolved
in diethyl ether (10 ml) and stored at 4◦C. One microliter of
this solution was injected for the GC/MS analysis.

2.4. Preparation of the
N1,N4-dibenzylidenebenzene-1,4-diamine

Benzaldehyde (975.6 mg, 9.20 mmol) was added to a mag-
netically stirred solution ofp-phenylenediamine (497.1 mg,
4.60 mmol) in THF (20 ml). The resulting mixture was
treated with a catalytic amount of 4-methylbenzenesulfonic
acid (23.74 mg, 0.138 mmol) and then Na2SO4 (236.13 mg,
18.4 mmol) was added as drying agent.

After 5 h at 70◦C, the reaction mixture was filtered and the
solvent evaporated under vacuum, to give a yellow oil which
was dissolved in CHCl3 (2 ml). The product was recovered
in 81% yield after precipitation fromn-hexane (15 ml). The
purity of the final compound was checked by GC/MS and1H
NMR.

1H NMR (CDCl3), δ (ppm): 7.29–7.31 (m, 4 H; Ar–H),
7.46–7.52 (m, 6 H; Ar–H), 7.90–7.95 (m, 4 H; Ar–H), 8.52
(
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ution B) in tetrahydrofuran (THF) were prepared.
An appropriate volume of the solution B was adde

.25 ml of the solution A in a screw capped vial, and
esulting mixture was diluted to 5 ml with THF. Thus, 10 d
erent concentration levels ofN1,N4-dibenzylidenebenzen
,4-diamine were prepared: solutions1a-5a contained
0 mg/ml of internal standard and 0.1, 0.5, 1.0, 3.0
.0 mg/ml ofN1,N4-dibenzylidenebenzene-1,4-diamine,
pectively; solutions1b-5b contained 10 mg/ml of inte
al standard and 3.0, 5.0, 10, 20 and 25 mg/ml ofN1,N4-
ibenzylidenebenzene-1,4-diamine, respectively. One
roliter of each solution was injected for the GC/M
nalysis.

Calibration standards were analyzed by GC/MS
he peak area ratios (PPDA/internal standard) were pl
gainst the concentration of PPDA in the calibration s
ards. Calibration curves were obtained from weighted l
quare linear regression analysis of data.

To test the linearity of analysis, the two solution series1a-
aand1b-5bwere injected three times during the same
1a-5a: y= 0.040x− 0.004,R2 = 0.997; y= 0.040x− 0.004,
2 = 0.998; y= 0.040x− 0.003, R2 = 0.997. 1b-5b: y=
.119x−0.412,R2 = 0.992; y= 0.121x− 0.420,R2 = 0.991;
= 0.117x− 0.413,R2 = 0.990).

.3. Derivatization of hair dye components with
rifluoroacetic anhydride

Trifluoroacetic anhydride (5 ml) was added to 2 g of bl
air coloring cream dissolved in THF (15 ml). The resul
ixture was stirred for 5 h at room temperature. After
s, 2 H; HC N).
m.p.: 136–138◦C.
GC/MS (EI): 284 [M

•+, 100%]; 283 (40); 207 (9); 180 (5
7 (7).

.5. Preparation of
-benzylidene-4-methylbenzene-amine

Benzaldehyde (4.18 g, 39.40 mmol) was added to a
etically stirred solution ofp-toluidine (4.0 g, 37.40 mmo

n THF (50 ml). The resulting mixture was treated with a
lytic amount of 4-methylbenzenesulfonic acid (193.0
.12 mmol) and then Na2SO4 (10.6 g, 74.8 mmol) was add
s drying agent. After 5 h at 70◦C, the reaction mixture wa
ltered and the solvent evaporated under vacuum to g
ellow oil which was dissolved in CHCl3 (6 ml). The produc
as recovered in 84% yield after precipitation fromn-hexane

60 ml). The purity of the final compound was checked
C/MS and1H NMR.
1H NMR (CDCl3), δ (ppm): 2.43 (s, 3 H; CH3), 7.15–7.32

m, 4 H; Ar–H), 7.48–7.57 (m, 3 H; Ar–H), 7.90–7.99 (m
; Ar–H), 8.50 (s, 1 H; HCN).
GC/MS (EI): 195 [M+•

, 96%]; 194 (100); 180 (5); 11
11); 91 (41); 77 (4); 65 (12).

.6. Sample preparation

1.25 ml of the solution A (see standard solution paragr
as added to a crimp top vial containing 0.50 g of hair col

ng cream and benzaldehyde (0.11 g, 1.04 mmol) suspe
n THF (3 ml). The resulting mixture was treated with
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catalytic amount of 4-methylbenzenesulfonic acid (5.93 mg,
0.031 mmol) and then Na2SO4 (443.0 mg, 3.12 mmol) was
added as drying agent. After stirring for 5 h at 70◦C, the re-
action mixture was filtered, the mother liquor was diluted to
5 ml with THF, and the resulting solution was stored at 4◦C.
One microliter of this solution was injected for the GC/MS
analysis.

2.7. GC/MS

The GC/MS analyses were performed using a GC sys-
tem G1800 Series II (Agilent Technologies Inc., Palo Alto,
CA, USA), equipped with an HP-5MS (30 m× 0.25 mm,
PhMesiloxane 5%) capillary column. Complete charac-
terization of the imines was carried out operating in
scan mode. The confirmation of the identity ofN1,N4-
dibenzylidenebenzene-1,4-diamine was performed by EI
(70eV, RT 24.03 min) mass spectrum, which shows the ions
at m/z 284, 180, 104 and 77 corresponding to the species
[M]

•+, [M− C7H6N]
•+, [C7H6N]

•+, and [C6H5]
•+, respec-

tively. The quantitative analysis of the PPDA imine deriva-
tive was performed in selected ion monitoring (SIM) mode.
For N1,N4-dibenzylidenebenzene-1,4-diamine were moni-
tored the ionsm/z 283 and 284, while forN-benzylidene-
4-methylbenzeneamine, the internal standard, the ionsm/z
1
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3. Results and discussion

The analytical technique GC/MS in SIM mode, applied
to determine the concentration levels ofp-phenylenediamine
in hair dyes, requires complete derivatization of this in-
termediate to enhance the instrumental response[20]. The
development of a rapid and sensitive derivatization pro-
cedure of hair dye intermediates, without pre-purification
steps, is therefore essential for the accuracy in a quantita-
tive determination and for obtaining the best recovery of
the analytes. Amines are successfully analyzed by GC/MS
after preparation of their trifluoroacetyl-, trimethylsilyl-,
ethyloxycarbonyl- or butyloxycarbonyl-derivatives[21,22].
Pentafluoropropionylation and heptafluorobutyrylation are
two protocols preferred when complex mixtures have to
be analyzed. Consequently, we first investigated a trifluo-
roacetylation procedure to get complete chemical derivatiza-
tion of dye components. The total ion chromatogram (TIC)
obtained by injecting 1�l of the organic solution arising from
the treatment of an hair coloring cream with trifluoroacetic
anhydride showed several peaks within 4–18 min which
were recognized as myristyl myristate (Rt = 17.72 min), 2-
amino-4-hydroxyethylaminoanisole sulfate (Rt = 15.72 min),
cetearyl alcohol components (Rt = 12.10, 11.84, 11.37, 10.89,
and 10.90 min), 1-naphthol (Rt = 8.07 min), and butylated
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r
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The GC/MS analyses were carried out in splitless m

1 min purge off) using helium as carrier gas at a flow
f 1 ml/min. The injection port temperature was 250◦C; the
ven was maintained at an initial temperature of 60◦C for
min, and then programmed at 14◦C/min (11◦C/min for

rimethylsilyl derivatives) to a final temperature of 280◦C,
here it was maintained for 20 min.

.8. Validation

1.25 ml of the solution A (10 mg/ml) were added
wo crimp top vials containing 5 and 15 mg/ml of PPD
espectively. The resulting solutions were then tre
ith benzaldehyde according the above described p
ure. The obtained products were analyzed and mea
gainst the calibration curve (y= 0.040x− 0.004,R2 = 0.998;
= 0.119x− 0.412,R2 = 0.992, respectively). To test repea
ility and reproducibility of the analyses, 1�l of each solu

ion product was injected three times during the same
he determined concentration levels were 4.89, 4.91
.93 mg/ml for the sample containing 5 mg/ml of PPDA.
uracy was 97.60% and the medium value (MV) determ
as 4.88 mg/ml with a standard deviation (SD) of 0.02.

he sample containing 15 mg/ml of PPDA the accuracy
8.33% and the determined concentration levels were 1
4.78 and 14.80 mg/ml. In this case, MV was 14.75 mg
ith SD of 0.07.
The limit of detection (0.05 mg/ml) was calculated a

epeated injections of the appropriately diluted solution
ydroxytoluene (Rt = 8.04 min). Nevertheless, the triflu
oacetyl derivative ofp-phenylendiamine (Rt = 8.60 min)
ave a low intensity peak responsible for only a very s
ercentage of the recorded total ion current.

By considering the complexity of the TIC obtained fr
his preliminary experiment, and the very low response
ained in the case of trifluoroacetylated PPDA, we reta
his procedure to be totally useless to the aim.

In another set of analyses, we tried to perform the
ultaneous derivatization of all amino and phenol fu

ions of hair dye intermediates making use ofN,O-bis-
trimethylsilyl)trifluoroacetamide and trimethylsilyl chlori
23], after dehydration of the hair dye creams. GC/MS an
is of the trimethylisilyl derivative mixtures provided a co
lete determination of phenolic components, but no de

ization of amino functions was observed. Even though
rocedure allowed the contemporaneous characterizat

our dye components, it did not account for a quantita
nalysis of PPDA.

In analogy to the hair dyeing process, a complete de
ization of PPDA could be performed by a stable imine;
ause the content and the composition of the colouring p
cts should not affect the reaction with an aldehyde. Th

ore, benzaldehyde was chosen as the best reactant to p
mine derivatives from PPDA, and the very good stab
enerally observed for aromatic imines[15] enabled us t
ropose a novel and very efficient protocol for the dete
ation of PPDA in commercial hair dyes.

Time and reaction conditions useful to prepare the ta
mine were determined using different solutions of a p
ample of PPDA. In a typical procedure, 1 equivalen
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Fig. 1. Total ion chromatogram of imine derivatives: benzylidene-4-methylbenzeneamine (Rt = 14.84 min), cetearyl alcohol (Rt = 16.97 min) andN1,N4-
dibenzylidenebenzene-1,4-diamine (Rt = 24.03 min).

PPDA was treated with a two-fold stoichiometric amount
of benzaldehyde in dry THF. The mixture was maintained
under magnetic stirring at 70◦C, and after 5 h TLC analy-
sis of the crude mixture showed the complete conversion of
PPDA. The obtained imine (N1,N4-dibenzylidenebenzene-
1,4-diamine) was characterized by1H NMR and mass spec-
trometry (see experimental section). GC/MS analysis of the
pure diimine derivative did not show peak splitting, indi-
cating that condensation of the aldehyde with PPDA un-
der the adopted experimental conditions affords only one
product. From1H NMR data we determined the exclu-
sive formation of only one isomer, the structure of which
is reported inFig. 1. In particular the 300 MHz spectrum
recorded on a solution of the pure PPDA diimine dissolved
in CDCl3 was explicative of an (E)-geometry for both the
C N bonds. In fact, the couple of azomethine protons ap-
peared in the spectrum as a narrow singlet downfield shifted
and resonating at 8.52 ppm. This value exactly matches that
already reported in literature for the same geometric iso-
mer of theN1,N4-dibenzylidenebenzene-1,4-diamine[24].
N-Benzylidene-4-methylbenzeneamine was also recovered
in form of the only one (E)-isomer, as demonstrated by
the singlets attributable to the methyl and azomethine pro-
ton resonances, emerging in the1H NMR spectrum at ppm
values typically referred for this type of geometry. The sta-
b 1 4 HF
w and
1 ob-
s stor-
a iva-
t

Moreover, the investigated hair dyes products were pre-
liminary subjected to GC/MS analyses performed on their
extracts collected making use of different organic solvents
and under different experimental conditions. The results
demonstrated the total absence ofp-toluidine, prompt-
ing us to select the corresponding imine derivative, the
N-benzylidene-4-methylbenzene-amine, as the optimal inter-
nal standard.

The procedure of derivatization was extended to sev-
eral commercially available hair dyes spiked with an
appropriate amount ofN-benzylidene-4-methylbenzene-
amine. GC/MS analysis of the resulting solutions
showed a marked enhancement of the instrumental re-
sponse for N1,N4-dibenzylidenebenzene-1,4-diamine
(Fig. 1).

To test the repeatability of the analysis, the concentration
level of PPDA in the samples3, 4and8, obtained by weight-
ing 0.5 g of black, brown and blond dye cream respectively,
was measured three times by the proposed methodology af-
ter spiking each sample with a definite amount (10 mg/ml) of
the internal standard and the concentration was estimated by
using a calibration curve (Table 1).

Subsequently, in order to evaluate the analyte recovery, the
concentration level of PPDA in the same samples3, 4 and8
was determined after addition in each sample of a definite
a 1 4 ,4-
d e-
a sub-
j

per-
c lack
ility of N ,N -dibenzylidenebenzene-1,4-diamine in T
as confirmed by subjecting this compound to GC/MS

H NMR analyses, daily. No degradation products were
erved after 15 days and more prolonged times of
ge did not change the purity of the PPDA imine der

ive.
mount of a mixture ofN ,N -dibenzylidenebenzene-1
iamine (10 mg/ml) andN-benzylidene-4-methylbenzen
mine (10 mg/ml). In this case also, every sample was

ected three times to measurement.
From all samples, the analyte was recovered with

entage values ranging from 97.50 to 99.06% for the b
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Table 1
p-Phenylenediamine (PPDA) concentration of samples3, 4 and8 (0.5 g of
cream) replicated three times each

Sample Colour Colour
number

PPDA
(mg/ml)a

MV CV (%)

3 Black V. 2.2 8.05 8.01 0.46
8.00
7.98

4 Brown M. 5 3.49 3.47 0.57
3.47
3.45

8 Blond T.M. 6 0.87 0.87 2.29
0.90
0.85

MV: medium value, CV: coefficient of variation.
a PPDA concentration measured in the final solution.

Table 2
p-Phenylenediamine (PPDA) concentration determined using 0.5 g of hair
cream

Sample Colour Colour
number

PPDA
(mg/ml)a

PPDA/cream
(g/kg)

1 Black C. 2.2 4.40 44.0
2 Black R.B. 2.2 7.48 74.8
3 Black V. 2.2 8.01 80.1
4 Brown M. 5 3.47 34.7
5 Brown C. 5 2.31 23.1
6 Red C. 7.46 0.16 1.6
7 Dark blond C. 7.25 0.96 9.6
8 Blond T.M. 6 0.87 8.7
9 Blond C. 6.5 0.41 4.1

10 Blond C. 9.03 0.31 3.1
a PPDA concentration measured in the final solution.

samples, from 97.80 to 98.67% for the brown samples, and
from 98.10 to 98.80% for blond samples.

The method developed was applied to determine the con-
tent of PPDA in some commercially available black, red,
brown, dark-blond, and blond hair dyes. All samples were
purchased from the same producing company. Ten different
hair dye samples were analyzed and the determined PPDA
concentration levels are reported inTable 2.

N1,N4-Dibenzylidenebenzene-1,4-diamine andN-
benzylidene-4-methylbenzeneamine are detected by GC/MS
in SIM mode monitoring the ions atm/z 284 and 283 for
N1,N4-dibenzylidenebenzene-1,4-diamine andm/z 195 and
194 forN-benzylidene-4-methylbenzeneamine.

The concentration levels of PPDA determined in all the
examined hair dye creams, from blond to dark colour, range
from 1.6 to 80.1 g/kg of cream. All these values are consistent
with those established by the European Council Directive
(76/768/EEC).

4. Conclusions

A sensitive and accurate analytical method for the de-
termination of PPDA in commercial hair dyes was devel-
oped. The protocol combines an efficient sample deriva-

tization, using the commercially available benzaldehyde,
and a post-derivatization clean-up by filtration. In particu-
lar, the GC/MS technique operating in SIM mode, which
involves the use ofN-benzylidene-4-methylbenzeneamine
as the internal standard, allows the estimation of concen-
tration levels of PPDA up to 0.05 mg/ml. The good lin-
earity, the excellent results for the recovery of PPDA and
the high levels of sensitivity and precision recommend the
use of the proposed methodology for the quantification
of PPDA in all commercially available hair dyeing prod-
ucts.
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