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3,4-Methylenedioxymethamphetamine (MDMA, ecstasy) is consumed as the racemate but some

metabolic steps are enantioselective. In addition, chiral properties are preserved during MDMA

biotransformation. A quantitative analytical methodology using gas chromatography/mass spectro-

metry (GC/MS) to determine enantioselective disposition in the body of MDMA and its main

metabolites including 3,4-methylenedioxyamphetamine (MDA), 4-hydroxy-3-methoxymethamphe-

tamine (HMMA), and 4-hydroxy-3-methoxyamphetamine (HMA) was developed. Plasma and urine

samples were collected from a male volunteer. The analysis of MDMA, MDA, and 4-hydroxy-3-

methoxy metabolites by GC/MS required a two-step derivatization procedure. The first step con-

sisted of derivatization of the amine with enantiomerically pure Mosher’s reagent ((R)-MTPCl).

Triethylamine was used as a base to neutralize hydrochloric acid formed during the reaction allow-

ing quantitative derivatization, which resulted in a substantial improvement in the sensitivity of

the method compared with other previously described techniques. Further treatment with ammo-

nium hydroxide was required since both amine and hydroxyl groups underwent derivatization in

the reaction. Ammonium hydroxide breaks bonds formed with hydroxyl groups without affecting

amine derivatives. The second derivatization step using hexamethyldisilazane was needed for

metabolites containing phenol residues. This derivatization method permitted the stereochemically

specific study of MDMA and its main monohydroxylated metabolites by GC/MS. A detailed study

of the chemical reactions involved in the derivatization steps was indispensable to develop a

straightforward, sensitive, and reproducible method for the analysis of the parent drug compound

and its metabolites. Copyright # 2003 John Wiley & Sons, Ltd.

3,4-Methylenedioxymethamphetamine (MDMA, ecstasy) is a

methamphetamine derivative extensively used among youth.

Although amphetamine and mescaline possess obvious struc-

tural similarities, MDMA has specific pharmacological prop-

erties that have led to categorization of this compound into a

new drug group of substances known as entactogens.1 MDMA

in humans is responsible for acute intoxication cases and ulti-

mately death.2–5 The main concern, however, relates to med-

ium- and long-term serotonergic neurotoxicity.6,7

The main metabolic reactions of MDMA in humans include

O-demethylenation followed by O-methylation (mainly in

position 3 of the benzene ring), and conjugation with

glucuronic acid and sulfate. N-Demethylation is a minor

metabolic pathway. Major metabolites found in biological

fluids are 3,4-dihydroxymetamphetamine (HHMA) and 4-

hydroxy-3-methoxymethamphetamine (HMMA). 3,4-Meth-

ylenedioxyamphetamine (MDA) and 4-hydroxy-3-methox-

yamphetamine (HMA) are minor metabolites.8–14

Oxidative O-demethylenation of MDMA to HHMA is an

enantioselective pathway, favored for the (S)-(þ)-MDMA

stereoisomer, mainly catalyzed by the isoenzyme of cyto-

chrome P450, CYP2D6.8,9,15–20 The higher affinity of (S)-(þ)-

MDMA for CYP2D6 results in a R/S ratio>1 for MDMA

(consumed as the racemate) in biological fluids.9,19,21–23 R/S

ratios reported for MDA are lower than 1. Some authors

explain these ratios as a result of diminished bioavailability of

(S)-(þ)-MDMA.17,19 In a recent study conducted by our

group,23 including monitoring a major MDMA metabolite

(HMMA), it was observed that the HMMA R/S ratio was

constant and close to 1, although it might have been expected
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that HMMA enantiomeric ratios would be clearly in the

opposite direction to those found for MDMA. This observa-

tion may be explained by catalysis of the MDMA biotrans-

formation to HHMA by P450 isoenzymes other than CYP2D6

(e.g., CYP1A2, CYP2B6 and CYP3A4) which are not

enantioselective for MDMA.13 Consequently, the R/S ratio

for HMMA is balanced whereas the MDMA R/S ratio is >1

but lower than expected.23 If CYP2D6 was the only

cytochrome P450 involved in the O-demethylenation of

MDMA, higher MDMA R/S ratios than those determined

experimentally would be observed.

Most pharmacokinetic data available for the MDMA

enantioselective disposition have been focused on MDMA

and MDA. Nevertheless, it has been postulated that the

neurotoxicity of MDMA is mainly related to metabolites

other than these compounds.24 The (S)-enantiomers of MDA

and MDMA are more potent than the (R)-enantiomers as

inducers of the release of both serotonin and dopamine, and

as inhibitors of serotonin reuptake.25,26 On the other hand,

both enantiomers have shown similar activity in inhibiting

monoamino oxidase type A.27 According to recent observa-

tions for the two enantiomers of the MDMA-like drug 3,4-

methylenedioxyethylamphetamine (MDE),28 the so-called

entactogenic effects are likely to be caused by the (S)-

enantiomer, whereas (R)-MDE appears to be responsible for

neurotoxic effects. Therefore, the availability of analytical

methods for stereoselective detection of MDMA and its main

metabolites in biological fluids, especially in plasma, is

highly relevant for pharmacological and toxicological char-

acterization of the drug effects.

Drug analysis by gas chromatography/mass spectrometry

(GC/MS) cannot distinguish between enantiomers unless

their chemical transformation into diastereoisomers is

performed. This reaction is usually carried out with an

enantioselectively pure reagent. When metabolites bear other

functional groups not involved in their chirality, a second

derivatization reaction is required in order to make the

compound amenable to GC analysis. The aim of this study

was to develop a GC/MS method that would allow

assessment of the enantioselective disposition of MDMA in

humans. The presence of different chemical groups suscep-

tible to derivatization before chromatography prompted us

to conduct a detailed study of reactions that resulted in

significant improvements of the analytical method compared

to previous reports.19 This GC/MS method permitted the

determination of MDMA, HMMA, MDA, and HMA in

plasma and urine human samples.

EXPERIMENTAL

Materials
MDMA, MDA, HMMA, HMA and MDMA-D5 (1-[3,4-

(methylenedioxy)phenyl)]-2-[1,2-dideutero-3,3,3-trideutero-

methylaminopropane]) were purchased from Lipomed (Arle-

sheim, Switzerland); MDA-D5 (1-[3,4-(methylenedioxy)

phenyl)]-2-[1,2,3,3,3-pentadeuteroaminopropane]) was obtai-

ned from Cerilliant (Austin, TX, USA); and pholedrine

(4-hydroxymethamphetamine) was kindly supplied by the

Deutsche Sporthochschule, Biochemistry Department

(Cologne, Germany). Enantiomerically enriched standards

(S)-MDMA and (S)-HMMA were previously synthesized by

our group.29

(R)-(�)-a-Methoxy-a-trifluoromethylphenylacetyl chlor-

ide (Mosher’s reagent, (R)-MTPCl; 98% ee/GLC) and

1,1,1,3,3,3-hexamethyldisilazane (HMDS; 99.9%) were pur-

chased from Aldrich (Steinheim, Germany). N-Methyl-

bis(trifluoroacetamide) (MBTFA; GC grade) was purchased

from Macherey-Nagel (Düren, Germany). Triethylamine

(Et3N; 99%) and b-glucuronidase from Helix pomatia (HP-2)

were supplied by Sigma (St. Louis, MO, USA). Ethyl acetate

(HPLC grade), phosphorus pentoxide (extra pure) and

ammonium hydroxide (NH3; 25%, analysis grade) were

obtained from Merck (Darmstadt, Germany), and hexane

(HPLC grade) was from Sharlau Chemie (Barcelona, Spain).

Plasma and urine samples
Plasma and urine samples analyzed by the present analytical

methodology were collected from a volunteer who partici-

pated in a clinical trial.30 The dose administered was 100 mg

of (R,S)-MDMA�HCl.

Instrumentation
A gas chromatograph (6890 N; Agilent Technologies,

Wilmington, DA, USA) equipped with a mass selective detec-

tor (5973 Network, AT) and an autosampler injector (7683

series, AT) was used. Enantiomeric separation of analytes

was performed on a cross-linked 5% phenylmethylsiloxane

column, 12 m� 0.22 mm� 0.33 mm film tickness (Ultra 2,

AT). The temperature program was as follows: from 1508C
(starting temperature maintained during 1 min) to 2908C
at 208C/min. Final temperature was maintained for 7 min.

2 mL of sample were injected in the split mode (1:10).

The mass spectrometer was operated in electron impact

ionization (70 eV) mode, using selected ion monitoring (SIM).

Three m/z values were selected for the identification of each

analyte (ion ratios were checked for each analysis and were

considered acceptable when there was <20% deviation),

although only onem/z value was used for their quantification

(see Table 1). Dwell time per SIM chanel was 30 ms in all

Table 1. GC/MS parameters for the enantiomeric analysis

of MDMA and its metabolites. The m/z values in bold font are

those used for quantification. For compounds for which no

enantiomeric standards were available, enantiomers are

labeled 1 and 2 corresponding to their elution order

rt (min) Derivatized enantiomer Ions

6.47 (1)-MDA-D5-N-MTP 136, 167, 264
(1)-MDA-N-MTP 135, 162, 260

6.60 (2)-MDA-N-MTP 135, 162, 260
(2)-MDA-D5-N-MTP 136, 167, 264

6.82 (1)-PHOLEDRINE-N-MTP-O-TMS 206, 179, 274
(1)-HMA-N-MTP-O-TMS 209, 236, 469

6.91 (2)-PHOLEDRINE-N-MTP-O-TMS 206, 179, 274
6.94 (1)-MDMA-D5-N-MTP 136, 164, 278

(R)-MDMA-N-MTP 135, 162, 274
7.00 (2)-MDMA-D5-N-MTP 136, 164, 278

(S)-MDMA-N-MTP 135, 162, 274
7.02 (2)-HMA-N-MTP-O-TMS 209, 236, 469
7.22 (R)-HMMA-N-MTP-O-TMS 236, 274, 483
7.35 (S)-HMMA-N-MTP-O-TMS 236, 274, 483
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cases, and effective resolution of the mass spectrometer was

0.5 u (specified by high-resolution parameters from the tune

file of the mass spectrometer).

Working standards
Solutions of racemic MDMA, MDA, HMMA, and HMA (1

mg/mL) were prepared by dissolving 10 mg of each sub-

stance in 10 mL methanol. Working solutions of 0.1, 1, and

10 mg/mL of each compound were prepared by further dilut-

ing the corresponding starting solutions. MDMA and MDA

deuterated analogues (D5) were used as internal standards

(IS) for their analysis. Pholedrine (4-hydroxymethampheta-

mine) was used as IS in HMMA and HMA analyses. A mix-

ture (20 mL) containing 10 mg/mL of both MDMA-D5 and

pholedrine, and 1 mg/mL of MDA-D5, were added to each

sample. Enantiomerically enriched standard solutions of

100 mg/mL of (S)-MDMA and (S)-HMMA were used for

enantiomeric identification.29

Calibration and sample preparation
quality control
Calibration curves were prepared by adding appropriate

volumes of working solutions to test tubes each containing

1 mL of drug-free plasma. Final concentrations were 25,

100, 200, 300, and 400 mg/L of racemic MDMA and HMMA,

and 2.5, 10, 20, 30 and 40 mg/L of racemic MDA and HMA.

Control plasma samples containing appropriate analytes at

different concentrations were prepared in drug-free plasma

and kept frozen at �208C in 1-mL aliquots. Control concen-

trations were as follows: 30, 150 and 350 mg/L of racemic

MDMA; 30 and 350 mg/L of racemic HMMA; 3, 15 and

35 mg/L of racemic MDA; and 3 and 35 mg/L of racemic

HMA. Control samples were prepared with working stan-

dard solutions different from those used for the preparation

of calibration curves.

Hydrolysis and extraction procedures
Both hydrolysis and extraction procedures were performed

as described previously.23,31 In summary, samples were sub-

jected to an enzymatic hydrolysis using b-glucuronidase

from Helix pomatia (HP-2). Samples were extracted using a

solid-phase extraction procedure using Bond Elut Certify col-

umns (BEC1). Compounds of interest were eluted using 2 mL

of ethyl acetate with 2% NH3. Eluates were evaporated to dry-

ness under a nitrogen steam in a water-bath at 238C and 10 psi

(in order to avoid analyte losses by evaporation).

Chiral derivatization procedure
Two derivatization steps were required. Initially extracts were

reconstituted in 2 mL of a mixture of ethyl acetate/hexane (1:1)

which contained Et3N (0.015%). Then, 20 mL of a 190 mM solu-

tion of (R)-MTPCl in hexane were added, and the tubes were

capped and incubated for 20 min at 808C. After reaching room

temperature, 10 mL of NH3 were added and a new incubation

was performed for 20 min at 808C. Tubes were then centri-

fuged at 3500 rpm for 5 min, and the organic phase was sepa-

rated from salt precipitates and transferred to a new tube.

Samples were then taken to dryness under a N2 stream at

408C, and kept in a vacuum oven in the presence of phos-

phorus pentoxide for 1 h at 508C. Finally, a second

derivatization step was performed by adding 50 mL of

HMDS and incubating for 1 h at 808C. Extracts were injected

directly into the chromatographic system.

Achiral analysis
Compounds in plasma and urine samples were also analyzed

following an achiral analysis as previously published.23

Briefly, achiral quantification consisted of the same sample

preparation procedure used for chiral analysis except for

the derivatization step, which was performed by incubating

extracts with MBTFA at 708C for 45 min. Trifluorosilyl deri-

vatives of the corresponding compounds (a mixture of enan-

tiomeric pairs) were analyzed by GC/MS.

Validation procedure
The analytical chiral methodology was validated following a

3-day protocol. Calibration curve linearity was tested over

the range 12.5–200 mg/L for MDMA and HMMA enantio-

mers, and over the range 1.25–20 mg/L for MDA and HMA

enantiomers. Peak area ratios between compounds and the

IS were used for calculations. A weighted (1/concentration)

least-squares regression analysis was used (SPSS, version

9.0.1 for Windows). Three replicates of each level of the quality

control samples were analyzed. Three and ten standard devia-

tions (SD) of the calculated concentrations for the low control

level were used to estimate the limits of detection and quanti-

fication, respectively. Intermediate precision was calculated as

the relative SD of concentrations calculated for quality control

samples. Inter-assay accuracy is expressed as the relative error

with respect to the calculated concentrations.

RESULTS AND DISCUSSION

A unified approach for the detection and quantification in

plasma of the enantiomers of MDMA, MDA, HMMA, and

HMA, to be used in clinical studies of the enantiomeric dispo-

sition of MDMA in humans, was developed. It was the pur-

pose of the present study to develop an analytical

methodology for the chiral analysis of MDMA and metabo-

lites in biological fluids. Only validation results in plasma

are presented here as sensitivity requirements are more

demanding for this biological fluid. However, similar valida-

tion results were obtained for urine.

By analyzing enantiomerically enriched (S)-MDMA and

(S)-HMMA standards, it was observed that each (S)-

enantiomer eluted after its corresponding (R)-enantiomer.

Because of the lack of the appropriate enantiomeric stan-

dards, MDA and HMA enantiomers could not be assigned to

the corresponding chromatographic peaks. Thus, for these

two metabolites, the members of each pair of enantiomers

were identified and designed using their elution order, as the

(1)- and (2)-enantiomers.

The enantioselective determination of MDMA and some

analogues, such as MDEA and its metabolites, has been

achieved by applying different analytical approaches. GC/

MS and capillary electrophoresis (CE) are the most common

methods used for that purpose,19,21,23 although HPLC has

also been used with some success. Both GC/MS and CE have

some advantages and disadvantages. On the one hand, CE
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does not require a very demanding sample preparation

because the derivatization step is not required since working

buffers can provide chiral conditions. In contrast, since

enantiomers have identical behavior under chromatographic

conditions, conventional GC/MS requires specific enantio-

mer derivatization to diastereoisomers, that are chromato-

graphically distinguishable. On the other hand, GC/MS

provides a sensitivity that is difficult to reach by CE methods,

although some strategies to decrease limits of detection have

been developed for electrophoresis.32,33 With regard to

HPLC, enantiomers of amphetamine-like compounds are

usually separated with the use of specific chiral columns,

resulting in a substantial increase in cost.

Recently, a method for the analysis of MDEA and its main

metabolites by chiral HPLC has been developed.34 However,

two chromatographic phases (b-cyclodextrin in the mobile

phase for MDEA and MDA and a chiral protein phase, chiral-

CBH, for the remaining compounds) and two types of

detector (fluorescence and electrochemical detectors) were

required for analysis. A useful method to analyze urine

samples by CE has been recently developed.23 MDMA, MDA

and HMMA enantiomers could be analyzed but MDA

required further concentration of samples. Also, the electro-

phoretic conditions for enantiomeric analysis of MDMA and

HMMA were slightly different, and two runs were required

for quantification of all analytes. When considering analysis

of plasma samples, a higher turnaround compared with urine

samples, and a further increase in sensitivity, are required. As

current CE developments did not meet these criteria, we

turned our attention to GC/MS methodology, and therefore

the derivatization of enantiomeric analytes to its diastereo-

mers was required.

There are several chiral derivatizing reagents, of high

purity, which have been used for the stereochemical study

of amphetamine-like compounds: (R)-(�)-a-methoxy-a-tri-

fluoromethylphenylacetyl chloride (Mosher’s reagent, (R)-

MTPCl),19 N-trifluoroacetyl-L-prolyl chloride (LTPCl),35,36

1R,2S,5R-(�)-menthylchloroformate (MCF),37 and N-hepta-

fluorobutyryl-L-prolyl chloride (HFBPCl).9,22 Some studies

indicate that LTPCl and HFBPCl can undergo an unpredict-

able racemization.19 In addition, HFBPCl has to be synthe-

sized as it is not commercially available. MCF has successfully

been used for amphetamine and methamphetamine deriva-

tization. Mosher’s reagent is stereochemically stable and

readily available commercially, and has been successfully

used in a study of MDMA stereochemical metabolism.19

These reasons led us to select it as the derivatization reagent

for the present study.

For our purposes, a second derivatization step was required

for metabolites bearing hydroxyl groups. In related studies,

both N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA)

and N-methyl-bis(trifluoroacetamide) (MBTFA) have pre-

viously been used.9,22 More reproducible results and a higher

detector response were observed with silyl derivatives.22

The derivatization procedures previously described in the

literature for MDMA and related compounds are simple and

faster than the method reported here. However, taking into

account some chemical considerations, important improve-

ments over previously described methods were obtained.19

Firstly, with our method, higher chiral reaction yields compa-

red with other reported procedures are obtained. Secondly,

when hydroxylated metabolites are also target compounds,

previously published methodologies were of limited useful-

ness. However, by following the present method, these

metabolites were suitably derivatized and quantified.

Validation results
Calibration curves were linear in the concentration range

tested for each enantiomer, with correlation coefficients (R2)

higher than 0.99 in all cases. Detection and quantification lim-

its were appropriate for every enantiomer (lower than the

corresponding first concentration calibration level). Precision

and accuracy were always lower than 20%, values that satis-

fied standard acceptance criteria. Validation data for each

enantiomer are summarized in Table 2.

Sample analysis
MDMA, MDA, HMMA, and HMA enantiomers were ana-

lyzed using the present chiral methodology in both plasma

and urine samples from a healthy volunteer. Figures 1 and 2

show the selected ion chromatograms for chiral analysis of

plasma and urine samples, respectively. Results obtained

by analyzing samples following both achiral and chiral meth-

odologies were compared and were found to be consistent for

both plasma and urine samples (see Table 3).

Primary and secondary amines derivatization
Amines were derivatized with the enantiomerically pure

reagent (R)-MTPCl (Mosher’s reagent) using an improved

procedure (see Experimental section). Accordingly, enantio-

meric pairs, which are not separated with a non-chiral proce-

dure, were converted into diastereomers that could be easily

separated and analyzed in a conventional capillary column

by GC/MS. Two important considerations in the amine deri-

vatization step should be considered. These involve the role

of two of the reagents, triethylamine and NH3.

Table 2. Validation data for chiral analysis of MDMA and its metabolites

R2 Detection limit (mg/L) Quantification limit (mg/L) Precision (RSD, %) Accuracy (error %)

(R)-MDMA 0.998 2.4 7.3 4.2 6.1
(S)-MDMA 0.996 3.1 9.3 4.5 5.4
(1)-MDA 0.998 0.3 1.0 11.8 13.8
(2)-MDA 0.996 0.2 0.8 14.6 17.7
(R)-HMMA 0.996 1.3 4.1 14.8 14.0
(S)-HMMA 0.994 0.9 2.8 14.0 15.6
(1)-HMA 0.993 0.2 0.5 13.1 18.2
(2)-HMA 0.992 0.2 0.6 14.4 14.9

GC/MS analysis of MDMA and metabolites 333
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Figure 1. SIM chromatograms for plasma samples using the chiral GC/MS methodology. In

each case the top chromatogram is that used for quantification, and arrows indicate the retention

times of the target analytes. The top set of chromatograms corresponds to drug-free plasma

(control) and the bottom set to a plasma sample from the dosed volunteer subject.

Figure 2. SIM chromatograms for urine samples using the chiral GC/MS methodology. In

each case the top chromatogram is that used for quantification, and arrows indicate the

retention times of the target analytes. The top set of chromatograms corresponds to drug-free

plasma (control) and the bottom set to a urine sample from the dosed volunteer subject.
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With respect to triethylamine, as a result of the reaction of

every primary and secondary amine with the Mosher

reagent, an amide bond is formed and HCl is produced.

HCl is neutralized by the amines present forming the

corresponding hydrochlorides, since protonated amines are

unable to react with (R)-MTPCl. Thus, an additional base is

required to neutralize the HCl formed and to allow complete

reaction of the analytes. Pyridine and Et3N were tested at

different amounts, incubation times and temperatures. Both

bases significantly improved the analytes’ response (increas-

ing with derivatization temperature), but better results were

obtained with Et3N (data not shown). When Et3N (0.015%)

was added to the derivatization mixture and incubation was

performed at 808C for 20 min, the response was twice that

obtained in the absence of base for MDMA (see Figs. 3(a) and

3(b)). With regard to HMMA in the presence of Et3N, the

amide bond was formed in a quantitative way from the amine

group. Nevertheless, in addition, the formation of an ester

bond with the phenol group by Mosher’s reagent was also

observed (see Figs. 3(a) and 3(b)).

Thus, in the presence of Et3N, a considerable number of

target compounds reacted their amine and phenol groups

with (R)-MTPCl, producing an amide and an ester (see

Fig. 3(b)), respectively. Gentle amine derivatization condi-

tions avoided formation of esters, but lower responses were

obtained. NH3 was able to reconvert all esters to their original

hydroxyl groups without affecting the amides (Fig. 3(c)).

When adding NH3, ammonium chloride precipitates inter-

fere with the next derivatization step. Solids were efficiently

removed by centrifugation for 5 min at 3500 rpm, and the

remaining supernatant was transferred to another tube and

taken to dryness under a nitrogen stream at 408C and 20 psi.

Phenol derivatization
The common silylation agents, such as N-methyl-N-tri-

methylsilyltrifluoroacetamide (MSTFA), produced the

desired O-TMS derivatives but also to some extent the N-

TMS derivatives for primary amines which, after amide for-

mation via Mosher’s reagent, still had a proton available for

reaction. Hexamethyldisilazane (HMDS), a mild silylation

reagent, allowed alcohol derivatization without affecting

Table 3. Results obtained using both chiral and achiral methodologies for plasma and urine samples from a healthy volunteer

dosed with 100 mg of racemic MDMA

Compound

Plasma sample* Urine sample*

Chiral Analysis Achiral analysis Ratio R/S Chiral analysis Achiral analysis Ratio R/S

(R,S)-MDMA 98.7 449.8
(R)-MDMA 53.1 (92.1)** 1.36 265.3 (466.9)** 1.32
(S)-MDMA 39.0 201.6
(R,S)-MDA 3.1 7.8
(1)-MDA 0.6 (2.1)** 0.43 2.2 (7.9)** 0.39
(2)-MDA 1.4 5.7
(R,S)-HMMA 173.0 326.7
(R)-HMMA 83.6 (169.7)** 0.97 154.5 (324.2)** 0.91
(S)-HMMA 86.1 169.7
(R,S)-HMA 0 0
(1)-HMA 0 0 (2.7)**
(2)-HMA 0 2.7

*Concentrations in mg/L.
**Sum of both enantiomer determinations.

Figure 3. Chiral GC/MS analyses of MDMA and HMMA

using different derivatizing conditions. (a) Mosher’s reagent

with no added base; (b) Mosher’s reagent with triethylamine

added, using optimized conditions (see text); and (c) Mosher’s

reagent with triethylamine, followed by a second incubation

with ammonia to reconvert O-MTP esters to the hydroxyl

groups (see text). HMDS was used for alcohol derivatization

to O-TMS derivatives.

GC/MS analysis of MDMA and metabolites 335
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primary amines, and the most suitable reaction conditions

were found to involve heating for 60 min at 808C (see Fig. 3(c)).

Sample quantification
One plasma sample from a volunteer dosed with 100 mg of

(R,S)-MDMA�HCl was analyzed by both chiral and achiral

methods. The sample selected for illustration of the results

corresponds to 90 min after drug ingestion, close to peak

MDMA plasma concentration values. Good agreement

between the two methodologies is observed, particularly

for major compounds. HMA concentrations were below the

limit of quantification in both chiral and achiral analytical

approaches. A urine sample from the same volunteer, corre-

sponding to the 0–2-h collection period after MDMA inges-

tion, was analyzed under chiral and achiral conditions.

Plasma and urine chiral analysis confirmed the stereo-

selective disposition of MDMA,23 that is, MDMA R/S

enantiomeric ratios were >1 (1.36 and 1.32 for plasma and

urine samples, respectively), and HMMA enantiomeric ratios

were close to 1 (0.97 and 0.91 for plasma and urine samples,

respectively).

CONCLUSIONS

The derivatization procedure described here allows the

stereochemical study of MDMA and its main monohydroxy-

lated metabolites using GC/MS. A detailed study of all che-

mical reactions involved in derivatization steps allowed us to

develop a straightforward, sensitive, and reproducible analy-

tical method for these compounds.
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