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I Abstract ‘

The various samples from a clandestine drug laboratory
reported to be involved in the synthesis of 3,4-methylene-
dioxymethamphetamine (MDMA, Ecstacy, or XTC) are analyzed
by gas chromatography-mass spectrometry (GC-MS). Safrole,
the starting material for the synthesis, is obtained from the
roots of the sassafras plant. GC-MS of the sassafras oil
reveals the presence of safrole (4-allyl-1,2-methylene-
dioxybenzene) as the major component, as well as smaller
quantities of camphor, eugenol, a dimethoxyallyl- and
trimethoxyallylbenzene. A second sample obtained from the
clandestine laboratory is from the treatment of the sassafras
oil with HBr. Although this sample contains many brominated
and several nonbrominated components, the major constituent
is the synthetic precursor for MDMA, 1-(3,4-methylenedioxy-
phenyl)-2-bromopropane, along with quantities of the
regioisomeric 3-bromopropane. The samples from the
clandestine laboratory do not reveal the presence of any MDMA.
However, upon treatment with methylamine, the brominated
sassafras oil gives MDMA as the major amine product.

Introduction

The various N-substituted derivatives of 1-(3,4-methylene-
dioxyphenyl)-2-propanamine (3,4-methylenedioxyamphetamine,
MDA) have been popular drugs of abuse in the past decade
(1-3). The N-methyl derivative, 3,4-methylenedioxymetham-
phetamine (MDMA, also called Ecstacy or XTC) is perhaps the
most widely abused drug of this series. MDMA is reported to
have the unique ability to facilitate interpersonal communication
by reducing the anxiety and fear that normally accompanies the
discussion of emotionally painful events (4). In recent years
other so-called designer drug analogs of MDA, including the N-
ethyl (MDE) and N-hydroxy (NOHMDA) analogs, have also
been encountered in forensic samples, and appear to possess
pharmacological activities comparable to MDA and MDMA.
The continued designer drug exploration of the MDA series has
resulted in recent legislation to upgrade the penalties associated
with the synthesis and abuse of these compounds.

A variety of methods have been reported for the synthesis of

MDA, MDMA, and related compounds (5,6). The most direct
approach involves treatment of a commercially available ke-
tone, 1-(3,4-methylenedioxyphenyl)-2-propanone (3,4-
methylenedioxyphenylacetone) with ammonia or methylamine
under reducing conditions as shown in Scheme 1. Based on this
synthetic strategy, the availability of the ketone was controlled
by the Drug Enforcement Administration (DEA) under the
Chemical Diversion and Trafficking Act in March of 1989. The
restricted availability of the key ketone precursor has forced
clandestine laboratory operators to seek alternative approaches
for the synthesis of MDA and MDMA. One such alternate
method employs the natural product safrole, which is commer-
cially available or can be obtained by extraction or distillation of
the sassafras plant native to the United States. Safrole may be
brominated with hydrobromic acid to yield 2-bromosafrole,
which can be converted to MDA or MDMA by direct displace-
ment with ammonia or methylamine, respectively (Scheme 2). It
appears that this latter approach was being employed by the op-
erator of a clandestine laboratory seized recently. In this labora-
tory, safrole was obtained by steam distillation of the roots of the
sassafras plant and then treated with HBr to generate 2-bro-
mosafrole. In this paper we report the results of the analysis of
samples obtained from this laboratory and identification of the
key constituents and products in the isolated oil and reaction
products by gas chromatography—mass spectrometry (GC-MNS).

Experimental

Gas chromatographic—mass spectrometric analysis. These
analyses were performed using a Hewlett-Packard 5970B mass
selective detector. The sample was introduced into the mass
spectrometer via a GC equipped with a 12-m X 0.20-mm i.d.
fused-silica column with a 0.33-um thickness of methylsilicone
(HP1). The column temperature was programmed from 70° to
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SCHEME 2
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150°C at a rate of 15°/min and from 150° to 250°C at a rate of
25°/mn.

Bromination reactions. Samples of sassafras oil or alkenes
(5.0 g of safrole, isosafrole, eugenol, isoeugenol, etc.) in 48%
HBr (25 mL) were stirred at room temperature for 7 days. The
reactions were then quenched with the addition of crushed ice
(25 mL) and extracted with ether (2 X 50 mL). The ether extracts
were evaporated to dryness under reduced pressure and the re-
sultant product oils analyzed directly.

Amination reactions. The crude bromination products (2.0 g)
were dissolved in methanol (100 mL) containing 40% aqueous
methylamine (20 mL) and stirred at room temperature for 4
days. The reaction mixture was evaporated to dryness and the re-
sultant oil dissolved in 10% HCI (50 mL). The aqueous acidic
solution was washed with ether (2 X 50 mL) and then made
basic (pH 12) by the addition of NaOH pellets. The aqueous
base solution was extracted with ether (2 X 50 mL) and the
combined ether extracts evaporated to dryness under reduced
pressure. The resulting oil was analyzed directly.

Results and Discussion

This project originated from the samples obtained from a
clandestine laboratory which was reported to be involved in the
synthesis of 3,4-methylenedioxymethamphetamine. The initial
analysis did not reveal the presence of MDMA or any -related
amines in the various items obtained from the laboratory. The
absence of any MDMA in the sample likely indicates that the
laboratory was seized before the synthesis was completed. The
starting point for the synthesis appeared to be a plant extract, an
oil obtained by steam distillation of roots from the sassafras
plant. The oil extract of sassafras bark is reported to consist of
about 80% safrole, 4-allyl-1,2-methylenedioxybenzene (7).

The chromatogram in Figure 1 shows the GC analysis of the
sassafras oil sample obtained from the clandestine lab. The total
ion chromatogram (TIC) trace showed one major component
with a retention time of 5.686 min (peak C) and several minor
components. Peak A, eluting at 4.567 min, has a molecular ion
of m/z = 152 and a fragmentation pattern matching that of cam-
phor. The second minor component at 5.016 min (peak B) ap-
peared to be a methylenedioxystyrene, a safrole homologue,
but was not identified. The major component in this sample at
5.686 min (peak C) matches both the chromatographic proper-
ties and the mass spectrum for safrole (4-allyl-1,2-methylene-
dioxybenzene). Figure 2A shows the chromatogram and mass
spectrum obtained from the analysis of an authentic sample of
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Figure 1. GC-MS analysis of sassafras oil distillate. Chromatogram peaks

A, B, C, D, E, and F produced the mass spectra shown in 1A-F.
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safrole. These data were obtained under conditions identical to
those used for the analysis of the sassafras oil distillate. An ad-
ditional minor component in the sassafras oil eluting at 6.097
min (peak D in Figure 1) corresponds to eugenol, a hydroxy,
methoxy substituted allylbenzene. The chromatogram and mass
spectrum 1n Figure 2B were obtained from the analysis of a
known sample of eugenol (4-allyl-1-hydroxy-2-methoxyben-
zene) under identical analytical conditions. Eugenol may be
considered a methylenedioxy ring cleavage product of safrole;
however, this compound was not found in the authentic sample
of safrole. Thus it appears to be a component of the plant distil-
late and not an artifact of the analysis.
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Figure 2. GC-MS analysis of authentic samples of compounds reported
to be components of sassafras oil. (2A) safrole, (2B) eugenol, and (2C) 4-
allyl-1,2-dimethoxybenzene.
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The peak in Figure 1 at 6.352 min (peak E) shows a molecular
ion at m/z 178 and a mass spectrum which corresponds to 4-
allyl-1,2-dimethoxybenzene. Figure 2C shows the chromato-
graphic and mass spectral analysis of a known sample of 4-
allyl-1,2-dimethoxybenzene, confirming the identity of peak E in
Figure 1. The peak at 7.272 min (peak F) appears to have an
MW of 208 and may represent a trimethoxy substituted allyl-
benzene, although no standard was available for conclusive
identification. The assignment of the side chain alkene as an
allyl group in the trimethoxy compound rather than the isomeric
propenyl moiety having the double bond in conjugation with the
aromatic ring is based simply on observations for safrole, eugenol,
and 4-allyl-1,2-dimethoxybenzene. However, the allyl moiety
was confirmed 1n these three compounds via comparison with
authentic samples of 1sosafrole, 1soeugenol, and 1,2-dimethoxy-4-
propenylbenzene. These compounds are the positional 1somers
of the sample components, each containing the conjugated
double bond in the side chain.

Thus, the data shown in Figures 1 and 2 show that the o1l ob-
tained from steam distillation of the roots of the sassafras plants
contains several aromatic compounds. The major component
appears to be safrole (4-allyl-1,2-methylenedioxybenzene).
However, this volatile organic fraction contains other substi-
tuted allylbenzenes such as eugenol and 4-allyl-1,2-dimethoxy-
benzene. Several other aromatic compounds were tentatively
identified based on mass spectral data. Literature reports (7,8) on
the o1l of sassafras bark indicate safrole as a major component
(approximately 80%) with smaller amounts of pinene, eugenol,
camphor, and phellandrene.

A second sample obtained from the clandestine laboratory
was reported to be the result of hydrobromic acid (HBr) treat-
ment of the sassafras distillate. The chromatogram obtained
from the GC-MS analysis of the HBr-treated sassafras oil is
shown in Figure 3. The mass spectra of the individual peaks in
this chromatogram indicates the presence of several brominated
products as well as other nonbrominated compounds. Peaks A
and B in Figure 3 were 1dentified respectively as unreacted cam-
phor and safrole from the sassafras oil distillate. Peaks C and D
have mass spectra which are essentially identical to that ob-
tained for safrole. However, the GC properties for both com-
pounds yield higher retentions than safrole (see Figure 2A).
Isomerization of the safrole double bond could give rise to
1sosafrole, which can exist in either cis- or trans-isosafrole form.
The GC-MS analysis of an authentic sample of isosafrole
(Figure 4) shows two peaks of similar retention to peaks C and
D (Figure 3). The two compounds yield mass spectra identical to
each other and very similar to that of safrole. These data confirm
the presence of cis- and trans-isosafrole in the HBr-treated sas-
safras oil, yet these geometric isomers were not found in the
original oil from the plant distillate. It is likely that the source of
isosafrole 1s an acid-catalyzed isomerization of the side chain
double bond of safrole or possibly the elimination of HBr from
the side chain bromination of safrole to yield the isomeric con-
jugated oletins (see Scheme 3).

Peaks E (6.738 min) and F (6.844 min) in Figure 3 appear to
be the result of the respective additions of methanol and water to
the double bond of safrole. The compound of MW 194 is the
methanol addition product, and the methoxy group appears to be
attached to the side chain at the 2-position in order to yield the
m/z 59 base peak (CH;-O=CH-CH,). Both the methanol and
water addition products are likely the result of displacement-
hydrolysis reactions from the major safrole bromination product.
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Thus, these compounds may be artifacts of the sample workup
procedure or the GC analysis process.

The major component in the HBr-treated sassa

ras oil sample

(Peak G) has a retention time of 7.580 min, an MW of 242,
and contains one bromine atom. A second peak at 7.781 min
(Peak H), which is only partially resolved from the major com-
ponent, also contains one bromine atom and has a mass of 242.
These peaks both give mass spectra consistant with the addition
of HBr to safrole. Both compounds have a fragment at m/z 163
in the MS which corresponds to the loss of Br from the parent
molecule. However, the base peak for the two components dif-
fers. The base peak for the major component has an m/z of 135

while the base peak for the secondary product has an m/z of
149. These peaks are likely the result of fragmentation of the
carbon—carbon bond alpha to the bromine atom, with the m/z
135 arising from 2-bromosafrole and the m/z 149 arising from 3-
bromosafrole (Scheme 4). The presence of these two regio-
1someric bromo products is reasonable based on the mechanism
of the HBr addition reaction (9). Such electrophilic additions are
initiated by protonation of the double bond to yield either a pri-
mary or secondary carbocation (Scheme 5). Of these, the sec-
ondary carbocation forms preferentially because of greater hy-
perconjugative stabilization. Because the 2-bromosafrole product
would form by bromination of the secondary carbocation, it

Figure 3. GC-MS analysis of sassafras oil distillate after treatment with 48% HBr.
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would be expected to form in higher propor-
tion than the 3-bromosafrole product which
results from bromine addition to the primary
carbocation intermediate. Such a hypothesis
accounts for the formation of both bromo re-
gioisomers, with the 2-bromo isomer pre-
dominating.

The chromatogram of the HBr-treated sas-
safras o1l (Figure 3) also has a small peak at
7.967 min (Peak I) for a compound which
contains bromine, has an MW of 244, and a
base peak at m/z 137. These data are consis-
tent with the addition of HBr to eugenol; thus
the molecular ion and the base peak should
be two mass units higher than the corre-
sponding 10ns from safrole. Because the base
peak occurs at m/z 137 and not m/z 149, the
bromine atom of this compound is at the 2-
carbon, which is consistent with the addition
of bromine to the more stable carbocation,
also observed for safrole. The presence of
the minor 3-bromo addition product from
eugenol was not detected under these ana-
lytical conditions.

The peaks at 8.181 (J) and 8.291 min (K)
in the chromatogram shown in Figure 3 have
a similar MS fragmentation pattern as was
observed for Peaks G and H. Both J and K
have an MW of 258 and contain one bromine
atom. The base peaks at m/z 151 for J and
m/z 165 for K differ by 14 mass units (a
methylene group), with the lower mass base
peak being the compound present in higher
concentration based on relative peak heights.
These data are consistent with HBr addition
to the isolated double bond in 4-allyl-1,2-
dimethoxybenzene. The major addition
product of this pair is the 2-bromo derivative
which fragments to yield the lower mass base
peak at m/z 151. The minor product of this
pair fragments to yield the m/z 165 ion. Thus,
both the 2- and 3-bromo products from the
HBr addition to 4-allyl-1,2-dimethoxyben-
zene were observed in the sample. The peak
in Figure 3 at 9.168 min (peak L) corre-
sponds to the bromination of the trimethoxy-
substituted allylbenzene at the 2-position in
the side chain. This assignment is substanti-
ated by the presence of a molecular ion at
m/z 288 and a peak at m/z 209 resulting from
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Figure 4. GC-MS analysis of (A) isosafrole, (B)
isoeugenol, and (C) 1,2-dimethoxy-4-propenylbenzene.
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the loss of bromine. The base peak in this spectrum at m/z 181 is from the loss
of CH;CHBr* to yield the trimethoxybenzyl fragment, demonstrating that
bromination occurred at the 2-position.

The small peaks (region M) in the chromatogram in Figure 3 with retention
times between 9.5 and 10.0 min appear to be various dibromination products
of safrole and their specific identification was not undertaken. The peaks be-
tween 14 and 16 min in the chromatogram of Figure 3 are high molecular
weight compounds and may be the result of dimerization of safrole and related
olefins in the sassafras oil, as well as bromination of these dimers. The major
peak in this region (Peak N) at 14.150 min appears to have an MW of 324 and
loses a mass 29 fragment to yield the base peak m/z = 295. The specific 1den-
tification of these compounds is the subject of additional work in our lab.
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A chromatogram very similar to that shown in Figure 3 was obtained after

a sample of sassafras oil was allowed to react with 48% aqueous HBr for 7

3088 3 days. The mass spectra for the various major peaks were essentially identical

2. 9L 242 to those obtained from the analysis of the sample from the clandestine labo-

| ! i ratory. An aliquot of the bromination reaction mixture was removed each

e ca . e me day and analysis showed the bromination occurred slowly and require ap-
fazssCharge proximately 7 days to consume most of the safrole.

i An authentic sample of safrole was subjected to the bromination reaction

ace | i | under the same conditions for 7 days and, after isolation, yielded the chromato-

j gram in Figure 5. The first three peaks in the chromatogram eluting at 5.684,

i | 5.993, and 6.215 min each show a molecular ion at m/z 162, and also correspond

.acsi ” - ] l - to safrole (5.68:4 1inin)‘and the cis and rran.:g—iwmers of is'ﬂsafmle_ No attempt

> 4 6 8 10 12 14 1t 16 2o was made to distinguish the two geometric isomers of 1sosafrole. However,

Lo b based on relative product stability, the trans-isomer would be expected to form

(7.723 min) in greater concentration and can thus be assigned to the larger of the two peaks.

¢ 0883 hg The major component of the safrole bromination reaction (Figure 5) elutes

at 7.605 min, and a second, partially resolved component elutes at 7.723

¢ oes. /3‘-" N8 Jas N min. As in the case for peaks G and H of the sassafras oil bromination (Figure
R NP A I B SN | 3), these compounds have molecular ions at m/z 242 with a base peak of m/z

50 log 130 we 135 for the major component and m/z 149 for the minor component. These
ass/Charge _ . . .
peaks represent the two possible HBr addition products from safrole, and

the difference in the base peaks allows the major component to be identified
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Figure 5. GC-MS analysis of safrole after treatment with

48% HEr as the 2-bromo isomer, with the minor component identified as the 3-bromo
isomer. The trace components between 9 and 10 min appear to be the dibro-
mosafrole compounds and the peaks above 14 min appear to be safrole dimers
and brominated dimers. Similar peaks and spectra were observed in the anal-

T ysis of the brominated sassafras oil.
T A The brominated sassafras oil was treated with methylamine in an attempt to

L Vaeed s show that N-methyl-1-(3,4-methylenedioxy-phenyl)-2-propanamine (3,4-

5 3. BE6 . methylenedioxymethamphetamine, MDMA) could be synthesized by this

E fﬁi AN /'/':"‘5 135 163 173 method. The chromatogram in Figure 6 was obtained following isolation of

A MR T AR S AT AL the basic fraction from the reaction mixture. The major component in the
Hass/Charge chromatogram has a retention time of 7.350 min and its mass spectrum shows

: , a molecular ion at 193 and a base peak at m/z 58. These data are consistent

. BES: with the profile for MDMA under identical analysis conditions. Thus, this syn-

5 6.ees: thetic procedure can be used to prepare MDMA in significant quantities from

T 4,068 the constituents of a plant material native to the U.S. The various other amine

g 2965 L | components in the chromatogram in Figure 6 were not identified in this work.

L A T AT %,; However, amine displacement reactions with the various brominated com-
Ttme (min.) pounds identified in Figure 3 would yield a number of products. These amine

Figure 6. GC-MS analysis of the basic fraction isolated products are the subject of current work in our laboratory. The results of the

following methylamine treatment of the brominated sas- present study clearly show that MDMA and related designer drug analogues of

safras oil. MDA can be prepared by amine displacement of bromosafrole obtained via

bromination of the organic steam distillate of the roots of the sassafras plant.

References 5. U. Braun, A.T. Shulgin, and G. Braun. J. Pharm. Sci. 69: 192
(1980).

1. F.T. Noggle, Jr., J. DeRuiter, S.T. Coker, and C.R. Clark. J. 6. T.A. Dal Cason. J. Forensic Sci. 35: 675 (1990).

Assoc. Off. Anal. Chem. 70: 981 (1987). 7. V.E. Tyler, L.R. Brady, and J.E. Robbers. In Pharmacognosy,

2. F.T. Noggle, Jr., J. DeRuiter, C.L. McMillian, and C.R. Clark. J. 7th ed., Lea and Febiger, Philadelphia, 1976, p. 165.

Liq. Chromatogr. 10: 2497 (1987). 8. J.E.F. Reynolds. In Martindale the Extra Pharmacopoeia, 28th

3. F.T. Noggle, Jr., C.R. Clark, A.K. Valaer, and J. DeRuiter. J. ed., Pharmaceutical Press, London, 1982, p. 683.

Chromatogr. Sci. 26: 410 (1988). 9. J. March. In Advanced Organic Chemistry, 2nd ed.,

4. A.T. Shulgin and D.E. Nichols. In The Psychopharmacology of McGraw-Hill Book Company, New York, 1977, p. 687.

Hallucinogens, R.C. Stillman and R.E. Willette, Eds., Pergamon Manuscript received October 17, 1990;
Press, New York, 1987, p. 74. revision received January 25, 1991.

173



