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Abstract

Impurity profiling of 1-(3,4-methylenedioxyphenyl)-2-nitropropene, an intermediate in the
synthesis of 3,4-methylenedioxymethamphetamine (MDMA), has been studied by SPE com-
bined with TLC. Extraction of impurities was performed on C;g columns. TLC separation was
performed on 0.2 mm silica gel 60 plates, with fluorescent indicator F,s4, in a horizontal
developing chamber. To improve the qudlity of the profile (increase the TLC sensitivity) SPE
extracts were concentrated by evaporation in a stream of nitrogen. The usefulness of methanol,
ethanol, ethyl acetate, chloroform, acetonitrile, and their mixtures as mobile phases was tested
by use of Gibbs's triangle. Spots of the separated impurities were observed under UV light
(Aexc = 254 and 366 nm).

The proposed characteristics of profile quality (optimization criteria) are based on matrix
presentation of the TLC pattern. They take into account, simultaneously, the number of spots
revealed, differences between Rr values, and the infensity of fluorescence.
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Introduction

Drug abuse remains a very serious social
problem in Europe. According to the last
annual report of the European Monitor-
ing Centre for Drugs and Drug Addic-
tion [1] amphetamine and MDMA,
known as ‘ecstasy’, seizures and con-
sumption have increased substantially
over the last decade. Although use of
recreational drugs (for example ecstasy)
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among the general population is low, use
among people in nightlife settings is rela-
tively high [2]. Rough estimation suggests
that between 3 and 3.5 million adults in
the EU have tried ecstasy at least once. Of
these, about 500 000 have used it once a
week or more over a period of time.

To control the production and abuse
of drugs it is necessary to develop
analytical procedures which provide the
valuable information required for law-
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enforcement purposes. Drug profiling
procedures seem to deliver useful infor-
mation. The main aim of profiling the
impurities in a drug is determination of
chemical similarities between drug sam-
ples seized by police. Consequently, pro-
filing enables differentiation between
drug samples produced by different
methods of synthesis, in different illicit
laboratories, or under different experi-
mental conditions.

Of the methods developed for profiling
impurities in amphetamine and its deriv-
atives, chromatographic methods, both
GC and HPLC, are used most fre-
quently [2-11]. Spectroscopic methods,
e.g. MS,NMR, FTIR, UV, and NIR, have
also been reported [8, 12, 13]. A few papers
describe the profiling of MDMA impuri-
ties by gas chromatography [14-20].

The aim of our work was to establish
a TLC method for screening profiling
MDMA impurities. This paper focuses
on SPE-TLC profiling of 1-(3,4-methy-
lenedioxyphenyl)-2-nitropropene, an
important intermediate in MDMA syn-
thesis. It was obtained in our laboratory
from piperonal, which is also used as
substrate in a method used in clandestine
laboratories. The intermediate can be
assumed to contain impurities from the
first steps of synthesis to the final product
(MDMA). To improve profile quality
(increase TLC sensitivity) the SPE extract
was concentrated by evaporation under a
stream of nitrogen. The usefulness of
one-component and multicomponent
mobile phases was examined. The com-

481

© 2004 Friedr. Vieweg & Sohn/GWV Fachverlage GmbH



ethyl acetate
100%

acetonitrile 7 8 9 10
100 %

11 12

13 14

chloroform
100%

Fig. 1. Gibbs’s triangle — the composition of two- and three-component mobile phases (Table 2)
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Fig. 2. Matrix presentation of SPE-TLC pro-
file quality. NV is the number of spots revealed;
a; and a;; are explained in the text

position of the latter was varied in
accordance with Gibbs’s triangle. The
quality of profiles was estimated by
means of semiquantitative criteria based
on matrix presentation of TLC pat-
terns [21, 22]. These take into account,
simultaneously, the number of spots re-
vealed, differences between Rp values,
and fluorescence intensity.

The approach has previously been
employed for SPE-TLC profiling of
impurities in PMMA (p-methoxymeth-
amphetamine) [21, 22].

Experimental
Chemical and Reagents

1-(3,4-Methylenedioxyphenyl)-2-nitro-

propene was synthesised from pipero-
nal [7]. Phosphate buffer, pH 7, and
chloroform, methanol, and acetonitrile,
all gradient grade, were from Merck
(Darmstadt, Germany). Ethyl acetate and
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ethanol were from POCh (Gliwice, Po-
land) and were analytical grade.

Profiling Procedure

1-(3,4-Methylenedioxyphenyl)-2-nitro-
propene (100 mg) was added to 1 mL
phosphate buffer (pH 7). The suspension
was mixed on a horizontal vortex shaker,
centrifuged, and 500 pL supernatant li-
quid was taken for solid-phase extraction
(SPE). SPE was performed on 100-mg
Cig columns (Baker Bond) with use of
VacElut (Varian, USA) equipment. The
sample matrix was washed from the col-
umn with distilled water (2 X 2 mL) and
the impurities were removed with meth-
anol (10 x 50 pL). The extract was
evaporated to dryness under a stream of
nitrogen, the residue was dissolved in
100 uL. methanol, and the solution ob-
tained was shaken on a horizontal shaker
for 2 min.

A Nanomat IV (Camag, Switzerland)
application device was used to apply 8 pL
of the concentrated extract to silica gel 60
plates with fluorescent indicator Fjsy4
(Merck). TLC separations were con-
ducted in a horizontal developing cham-
ber (Camag). Spots of the separated
impurities were observed under UV light
(Zexe = 254 and 366 nm).

Initial experiments were performed
with one-component mobile
phases—methanol, ethanol, ethyl acetate,
chloroform, and acetonitrile. Multicom-
ponent mobile phases were then used; the
compositions of these were varied in
accordance with Gibbs’s triangle, as pre-
sented in Fig. 1.
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Quality of Profile

The efficiency of SPE-TLC profiling, i.e.
the quality of the chromatogram ob-
tained, was characterized by use of a
symmetrical matrix of dimension equal to
the number (N) of spots revealed [21, 22].
It was assumed, arbitrarily, that an ele-
ment a; of the matrix equals 1 if 100
(Rp; — Rgj) > 6, because spots i and j are
then completely separated. If spots i and j
are partly separated, but can be distin-
guished, a; = 0.5. Otherwise a; =0. At
Aexc = 366 nm the spots fluoresce and the
diagonal element a; =1 if spot i fluo-
resces intensely, a; = 0.5 if fluorescence is
clearly apparent, and a; = 0.1 if faint
fluorescence is observed. A schematic
diagram of the matrix is shown in Fig. 2.

The elements a; of this matrix were
determined for each TLC separation and
values of the following quality criteria
were calculated:

N N
Y= Zaij(254nm)§ h= Zaij(%énm);

ij=1 ij=1

i<j i<j (1)

N
h=Y+hilu= Zaii(%(:nm)

=1
where a; and a; are explained in Fig. 2
(the number of spots revealed, N,
might be different for .. =254 and
Aexe = 366 nm).

Results and Discussion

One-Component Mobile
Phases. Effect of Concentration
of SPE Extract on Profile
Quality

Values of criteria Y, Y>, Y3, and Y4
(Eq. 1) calculated for TLC separations
obtained by use of one-component mo-
bile phases are presented in Table 1. The
results of profiling without and with
concentration of SPE extracts are com-
pared. It is apparent that concentration
of the extracts of the impurities resulted
in significant improvement of profile
quality for all mobile phases except
chloroform. A possible explanation of
this behaviour is that more volatile
impurities could vaporized whereas the
other contaminants, the concentrations
of which increased as a result of evapo-
ration of the solvent, could be separated
with the use of chloroform and detected
on TLC plate.
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Table 1. Values of the quality criteria, Y, obtained by use of one-component mobile phases without and with concentration of the SPE extract

Mobile phase  Without concentration

With concentration

Number of
spots revealed*

Quality criteria**

Number of
spots revealed*

Quality criteria**

254 nm 366 nm Y] Y2 Y3 Y4 254 nm 366 nm Yl Y2 Y3 Y4
Acetonitrile I;1 I;1 0 0 0 1.00 1;2 33 0.50 2.75 3.25 1.35
Chloroform 1;1 4;4 0 5.50 5.50 0.90 3:4 I;1 4.50 0 4.50 0.10
Ethanol 11 1;2 0 0.50 0.50 0.55 1;1 2;3 0 2.00 2.00 0.85
Methanol 1;1 I;1 0 0 0 0.10 1;1 2;3 0 1.75 1.75 0.85
Ethyl acetate 2;2 2;2 1 1 2.00 1.30 1;1 3:4 0 4.25 4.25 1.35

*In duplicate SPE-TLC procedures.

**Mean values calculated from the results of two extractions and two TLC separations of each extract.

On the basis of results presented in
Table 1 subsequent experiments were
performed with the mobile phases
characterized by the highest values of
Y5 and Y4 (acetonitrile, chloroform, and
ethyl acetate) and the SPE extracts were
concentrated by evaporation of the sol-
vent before TLC separation of the
impurities.

Multicomponent Mobile
Phases

Quality data calculated for multicompo-
nent mobile phases are compared in Ta-
ble 2. The compositions of the mobile
phases applied are presented on the
Gibbs triangle in Fig. 1. From among
mobile phases 1-6 the highest values of
Y5 and Y, were obtained for 1:1 aceto-
nitrile—chloroform. Several acetonitrile—
chloroform mixtures were then investi-
gated (mobile phases 7-14 in Table 2);
the best profile quality was obtained by
use of 2:8 acetonitrile—chloroform.

Repeatability of SPE-TLC
Profiling

To verify the repeatability of extraction
of impurities and their TLC separation
five extractions and five TLC separations
(for each extract) were performed with
2:8 acetonitrile—chloroform as the best
mobile phase.

Repeatability Within Extraction

The errors in Y5, Y3, and Y,, estimated
on the basis of experimental results from
TLC separations performed on the same
extract, were 0.27, 0.27, and 0.11,
respectively (there was no reason to esti-
mate AY; because N = 1).
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Table 2. Values of the quality criteria, Y, obtained by use of multi-component mobile phases in
accordance with the Gibbs triangle (with concentration of the SPE extract)

Mobile phase (see Fig. 1) Proportions  Quality criteria*
No. Components Y, Y, Y3 Y,
1 Acetonitrile-ethyl acetate 1:1 0 5.13 5.13  2.00
2 Acetonitrile—chloroform—ethyl acetate  1:1:2 0.50 5.50 6.00 1.60
3 Chloroform—ethyl acetate 1:1 0.88  3.00 338 1.50
4 Acetonitrile—chloroform—ethyl acetate ~ 1:2:1 0.75 5.75 6.50 1.60
5 Acetonitrile—chloroform—ethyl acetate ~ 2:1:1 0.50 2.75 3.25  1.50
6 Acetonitrile—chloroform 1:1 0.63  6.00 6.63 1.90
7 Acetonitrile—chloroform 9:1 0.56 3.81 437 1.20
8 Acetonitrile—chloroform 8:2 0.50 1.75 225 1.35
9 Acetonitrile—chloroform 7:3 0.50 2.56 3.06 1.50
10 Acetonitrile—chloroform 6:4 0 5.38 538 1.73
11 Acetonitrile—chloroform 4:6 0.50 4.38 488 1.71
12 Acetonitrile—chloroform 3.7 1.00 6.25 7.25 1.20
13 Acetonitrile—chloroform 2:8 1.00  9.64 10.64 1.27
14 Acetonitrile—chloroform 1:9 1.00  3.00 4.00 0.56

* Mean values calculated from the results of two extractions and two TLC separations of each

extract.

Repeatability Between Extractions

For five extractions of the same sample
the errors in the Y criteria estimated on
the basis of the experiments were com-
parable with those obtained within
extraction, except for Y. The relatively
high value of AY, can be explained by the
ambiguity of visual estimation of fluo-
rescence intensity and the arbitrary scale
assumed for a;; (Fig. 1). It is expected that
objective (e.g. densitometric) measure-
ment of TLC spot ‘intensities’ will result
in significant reduction of RSD for Y.
The repeatability between extractions
represents the repeatability of the profil-
ing process used.

Conclusion

This work has demonstrated that profil-
ing of impurities in an intermediate in
MDMA synthesis can be achieved effec-
tively by SPE-TLC. A 2:8 acetonitrile—
chloroform mixture seemed to be the best
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mobile phase for TLC separation and
gave a contaminant profile containing
several clearly fluorescing spots. The
repeatability of the method proved to be
satisfactory.
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