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‘ Abstract \

The synthesis of amphetamine and related compounds from several
arylpropenes is investigated using gas chromatography-mass
spectrometry and liquid chromatography. Treatment of
allylbenzene with acetonitrile and sulfuric acid yields a mixture of
1-phenyl-2-acetamidopropane and 1-phenyl-1-acetamidopropane.
Hydrolysis of this product mixture gives the corresponding
propanamines, amphetamine and 1-phenyl-1-propanamine. When
the isomeric compound trans-B-methylstyrene is subjected to this
reaction sequence, a single amine product, 1-phenyl-1-
propanamine, is obtained. Treatment of the isomeric 3,4-
methylenedioxyphenylpropenes (safrole and isosafrole) with
acetonitrile and sulfuric acid followed by acid hydrolysis did not
result in the formation of 3,4-methylenedioxyamphetamine (MDA).
Safrole yields a dihydroisoquinoline derivative, whereas isosafrole
gives simple dimers under these reaction conditions. The
differences in the products obtained in these studies appear to be
determined by differences in the electronic nature of the starting
arylpropenes.

Introduction

Several 1-aryl-2-propanamines, including amphetamine,
methamphetamine, 3,4-methylenedioxyamphetamine (MDA),
and 3,4-methylenedioxymethamphetamine (MDMA), remain
popular synthetic drugs of abuse in the United States (Chart 1),
Compounds of this structural class are often synthesized in
clandestine laboratories by treatment of the appropriate

norephedrines, and phenylpropanolamine (3-5). In an attempt
to limit the clandestine manufacture of 1-aryl-2-propanamine
drugs of abuse, the sale and distribution of a variety of synthetic
precursors, including P-2-P, MDP-2-P, the ephedrines, and
norephedrines, are now federally regulated (6). This regula-
tion of precursor chemicals has prompted clandestine chemists
to pursue alternative methods for the synthesis of amphetamine
and MDMA-type compounds. For example, there have been
several reports recently of clandestine chemists preparing
1-phenyl-2-nitropropene and converting this intermediate to
P-2-P for the manufacture of methamphetamine (7). The
MDMA precursor, MDP-2-P, can be prepared from isosafrole in’
a reaction sequence involving treatment with hydrogen per-
oxide and formic acid followed by sulfuric acid (8). Also, an al-
ternative method using safrole for the clandestine manufacture
of MDMA has been described recently (9). In this approach,
safrole is treated with HBr to yield the intermediate bromosaf-
role that, upon reaction with methylamine, affords MDMA.
This latter method, when applied to commercially available al-
lylbenzene instead of safrole, can be used for the synthesis of
amphetamine and methamphetamine (Scheme 1). It also has
been reported that this same starting material, allylbenzene,
may be converted to amphetamine by an alternative method in-
volving treatment with acetonitrile and sulfuric acid, followed
by acid hydrolysis of the 2-acetamido intermediate (Scheme 1).
In this study, the latter approach for the synthesis of am-
phetamine was investigated using gas chromatography-mass
spectrometry (GC-MS) and liquid chromatography. The scope
of this general method and its application for the synthesis of
MDA-type drugs of abuse was also studied by analysis of the

ketones, 1-phenyl-2-propanone (P-2-P) or 1-
(3,4-methylenedioxyphenyl)-2-propanone
(MDP-2-P) with an amine under reducing
conditions (1-3). Additionally, the am-
phetamine-type compounds are prepared by

hydrogenolysis of commercially -available ReH: AMPHETAMINE R=H: METHYLENEDIOXYAMPHETAMINE (MDA)

1-phenyl-1-hydroxy-2-propanamines, in-
cluding ephedrine, pseudoephedrine,

* Author to whom correspondence should be addressed.

R=CHy: METHAMPHETAMINE R-CHy: METHYLENEDIOXYMETHAMPHETAMINE (MDMA)

Chart 1. Synthetic drugs of abuse: amphetamine, methamphetamine, methylenedioxyamphetamine,
and methylenedioxymethamphetamine.
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amine products formed upon treatment of frans-B-methyl- Treatment of arylpropenes with acetonitrile and sulfuric acid
styrene, safrole, and isosafrole with acetonitrile and sulfuric The arylpropenes (allylbenzene, frans-B-methylstyrene, saf-
acid followed by acid hydrolysis. role, or isosafrole) were added to a mixture of acetonitrile and

concentrated sulfuric acid, and the mixture was stirred at room
temperature for several hours. The reaction mixture was cooled
and made alkaline by the addition of NaOH. The aqueous alka-

Experimental line suspension was extracted twice with ether, and the com-
bined ether extracts were washed successively with water, sat-

GC-MS analyses were performed using a
Hewlett-Packard 5970B mass selective de-

CHy
tector (Wilmington, DE). The mass spec- ner m
trometer was operated in the electron im- Br ﬂ-’*
pact mode at 70 eV. The source temperature

N H
was maintained at 220°C. The samples m | m 2
(1 pL) were introduced into the mass spec- CH,

trometer with an autoinjector-equipped GC E o HC I
that had a 12-m x 0.20-mm 1.d. fused-silica CHCN ©/Y NS H,0
column with a 0.33-pm film thickness of HISO: CHy O
methylsilicone (HP-1). The column temper-

ature was held at 70°C for 2 min and pro- Scheme 1. Synthesis of amphetamine from allylbenzene.

grammed to 170°C at a rate of 10°C/min
and from 170°C to 275°C at a rate of

25°C/min with a hold time of 2 min. The in- Abundance A
jector port temperature was 175°C. The GC ;Eg:;;
was operated in the split mode with a split 8.00e+06
ratio of 20:1. The carrier gas was ultra-pure :Eﬂ::::
helium. On-column acetylation of the 5.000+06
amines was accomplished by injection of nooeeo
the amine in an excess of acetic anhydride. 2.00e+06
1.00e+06 LL N
0.00e+00 L S L A i e S e s e
Liquid chromatography ¢ ° ’ "0 T.m:mm) oo vz
The liquid chromatograph consisted of a I,
Laboratory Data Control Constametric 3000 Abundance FO-35 M ' B
pump, a 3100 Spectromonitor ultraviolet 3000000 - " N CH
detector, a CI 4100 integrator (Riviera - ©/\l/ b i
Beach, FL), and a Rheodyne 7125 injector 2000000 - CHy 0
(Cotati, CA). ] N
The analytical column had dimensions of 1000000 - 1 .

30 cm x 3.9-mm i.d. and was packed with | 55 o i
Bondclone Cy3 (Phenomenex; Torrance, CA). il :‘;.' o ' . l. N 24 198 e 177
The analytical column was preceded by a TTae  so | so 1a0 | 120 1a0 10 180
Direct Connect guard column (Alltech As- Mass/Charge
sociates; State College, PA) packed with Abundance 10.44 min 0 C
CO:Pell ODS. The samples were dissolved V000000 - 106 HHH)'I\ oH
in HPLC-grade methanol, and a 5-uL injec- | "
tion was analyzed using a mobile phase of 16000007 ©)\¥
pH 3.0 phosphate buffer, HPLC-grade 1200004 - CHy
methanol, and triethylamine (500:100:1). 5000004 ua 148
The pH 3.0 phosphate buffer was prepared b 77 78
by mixing 9.2 g monobasic sodium phos- 4000007 st le LA 77
phate in 1 L double-distilled water and ad- od dull b vy L L 0 Y NI S W R 1
justing the pH to 3.0 with H3PO,. The mo- * w - L?I:ss!(}har;ﬂ o o b
bile phase flow rate was 1.5 mL/min, and , | |
the detector was operated at 240 nm and Figure 1. Gas c.hmmatﬂgraphm and mass spgctra! analysis of the products formed from treatment of
0.9 AUFS. allylbenzene with acetﬂnftnle and sulfuric acid: A, chmmatmgram; B, mass spectrum of thelacetamlde

of 1-phenyl-2-propanamine; C, mass spectrum of the acetamide of 1-phenyl-1-propanamine.
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Scheme 2. Mass spectral fragmentation of the acetamide of 1-phenyl-2-
propanamine.
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under reduced pressure yielded the product oils, which were
analyzed by GC-MS without further purification.

Hydrolysis reactions

The crude oils obtained from treatment of the arylpropenes
with acetonitrile and sulfuric acid were stirred at reflux in
aqueous HCI for several hours. The reaction mixture was
cooled to room temperature and washed with ether. The
aqueous acid solution was cooled and made basic by the addi-
tion of NaOH pellets. The aqueous base suspension was ex-
tracted twice with methylene chloride, and the combined or-
ganic extracts were washed with water and dried over
anhydrous potassium carbonate. Filtration followed by evapo-
ration of the filtrate solvent yielded the amine fraction, which
was analyzed without further purification.

1-Phenyl-1-propanamine

A suspension of propiophenone, ammonium acetate, and
sodium cyanoborohydride in methanol was stirred at room
temperature for several days. The pH of the reaction mixture
was maintained at neutrality by periodic addition of concen-
trated HCI. The reaction mixture was evaporated to dryness to
yield a white solid. The solid was suspended in water and acid-
ified by the addition of concentrated HCI. The acidic suspension
was washed with methylene chloride and made basic by the ad-

0
HH_NACHS
70eV +
> CH;—C=0
CH
m/ z=43
70eV
v
H . 0 H X
~. . _H
N""LL‘CH3 N
| —_— |
H H
m/z=148 m/z=106

Scheme 3. Mass spectral fragmentation of the acetamide of 1-phenyl-1-

propanamine.

Results and Discussion

The initial goal of this project was to identify the products,
by-products, and contaminants involved in the preparation of
amphetamine from allylbenzene (3-phenylpropene). Allylben-
zene 1s a commercially available and uncontrolled precursor
substance that contains the carbon skeleton of the am-
phetamine-type drugs of abuse. It is reported that the uncon-
jugated double bond in allyl-substituted aromatic systems can
be functionalized at the 2-position by treatment with acetoni-
trile and sulfuric acid (9). The resultant 2-acetamido interme-
diate or N-acetylamphetamine is hydrolyzed with aqueous HCl
to yield amphetamine, presumably as the major or only amine
product (Scheme 1).

The GC-MS analysis of the crude sample obtained following
treatment of allylbenzene with acetonitrile in sulfuric acid is

dition of NaOH pellets with cooling. The
resultant basic suspension was extracted
twice with methylene chloride, and the
combined organic extracts were evapor-
ated under reduced pressure to yield a
yellow oil. The oil was dried at room tem-
perature under vacuum and dissolved in

Abundance

2400000 -

2000000 -
; a3

1600000

1200000 -

91

. V77
anhydrous ether. Addition of HCI gas to 700898, ) :
the ether solution yielded the product 400000 | |l| | | I’ | ]“ | i;“' ' 2 e v

. . : . . .1! R 1 ORI 0 Y I RN { P £ PO DO { S—— 11 [ e e FT M S E,
amine hydrochloride as a white solid. The o=t - o o e - Tl

product was isolated by filtration and re-
crystallized from a mixture of ether and
ethanol.

Figure 2. Mass spectrum of the acetamide of 1-phenyl-3-propanamine.

Mass/Charge
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shown in Figure 1. The peak eluting at 2.35 min is the starting min is a mixture of at least two compounds, one band at 10.35
material allylbenzene, and the other small peak at 4.92 min is min and a second band at 10.44 min. The major component
1-phenyl-2-propanol. The identity of these two minor contam- shows a molecular ion at m/z 177 and fragment ions of signif-
inants was confirmed by GC-MS analysis of the appropriate icant relative abundance at m/z 118, 91, 86, and 44 (Figure 1B).
reference materials. The major fraction eluting at just over 10 A molecular ion at 177 amu is consistent with the addition of
acetamide across the double bond of allyl-
N benzene, and the m/z 86 and 44 1ons suggest
©/\/;\ the acetamido group is attached at the
0~ "CHy 2-carbon of the propyl side chain, yielding
1-phenyl-2-acetamidopropane (Scheme 2).
70eV ‘ The ions at m/z 91 and 118 represent the
benzyl cation and the phenylpropyl radical
cation, respectively. Thus the major compo-
v v v v nent resulting from the treatment of allyl-
+ N H benzene with acetonitrile in the presence of
. CH, CH, - __Hf H sulfuric acid appears to be the acetamide of
CH;—C=0 @N ©/ 2 Fo’ amphetamine.
cHy T The later eluting minor component in
Figure 1A gave the mass spectrum shown in
m/z=43 77117 /791 /g=73 Figure 1C. This spectrum also shows a
i i ‘ molecular ion at m/z 177; however, the
Scheme 4. Mass spectral fragmentation of the acetamide of 1-phenyl-3-propanamine. major fragment ions occur at 148 and 106
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Figure 3. Gas chromatographic and mass spectral analysis of the acetamide hydrolysis product: A, chro-
matogram; B, mass spectrum of 1-phenyl-2-propanamine (amphetamine); C, mass spectrum of 1-
phenyl-1-propanamine.

amu. One initial prediction for this compo-
nent would be the addition of the acetamido
group across the double bond of allyl-
benzene in the opposite manner, resulting in
acetamido substitution at the 3-carbon.
However, the fragment ion in the mass spec-
trum at m/z 148 indicates a loss of 29 mass
units from the molecular ion, and the base
peak at m/z 106 represents the loss of the
acetyl group through a hydrogen rear-
rangement from the m/z 148 ion (Scheme
3). These data suggest addition of the ac-
etamido group at the 1-position of the
propyl side chain and not the 3-position.
This could be the result of initial carbocation
formation at the 2-position as expected, fol-
lowed by rearrangement to the more stable
1-position (benzylic position) before attack
by the reactive nitrogen-containing species.

Reference standards of the acetamides of
1-phenyl-1-propanamine, 1-phenyl-3-
propanamine and amphetamine (1-phenyl-
2-propanamine), were prepared for compar-
ison with the sample mixture analyzed in
Figure 1. A sample of 1-phenyl-1-
propanamine was prepared by reductive am-
ination of propiophenone using ammonium
acetate and sodium cyanoborohydride. Sam-
ples of 1-phenyl-3-propanamine and am-
phetamine were obtained from commercial
sources. The acetamides were prepared by
treating each amine with acetic anhydride.
Although the three isomeric acetamides
were not well resolved under the GC-MS
conditions employed in this study, the indi-
vidual mass spectra clearly allow the identi-
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fication of the components in the original reaction sample. The
reference spectra for the acetamides of amphetamine and 1-
phenyl-1-propanamine match those of the two major compo-
nents (Figures 1B and 1C, respectively) obtained following
treatment of allylbenzene with acetonitrile in sulfuric acid.
The mass spectrum for the acetamide of 1-phenyl-3-
propanamine (Figure 2) is significantly different from either of
the regioisomeric acetamides found in the product mixture.
The fragmentation reactions observed for the three regioiso-
meric acetamides are shown in Schemes 2-4.

The sample analyzed in Figure 1 subjected to hydrolysis in
15% HCI, and the amine fraction isolated from this reaction
produced the data shown in Figure 3, revealing the presence
of two peaks eluting in the 5-min range. The component
eluting at 4.88 min has a base peak at m/z 44 and other frag-
ments consistent with the spectrum for amphetamine. The
other component eluting at 4.97 min has a base peak at m/z
106 from loss of 29 mass units from the molecular ion and
therefore appears to be the positional isomer, 1-phenyl-1-
propanamine. The chromatographic properties and mass
spectra for authentic samples of amphetamine and 1-phenyl-1-
propanamine match those of the two early eluting compo-
nents in Figure 3.

Figure 4 shows the results of reversed-phase liquid chro-
matographic analysis of the amine fraction isolated following
hydrolysis of the allylbenzene—-acetonitrile reaction interme-
diate. The two major components are well resolved and can be
compared with the separation of the three isomeric 1-phenyl-
propanamines shown in Figure 5. These data again show the
amines obtained from allylbenzene to be a mixture of am-
phetamine and 1-phenyl-1-propanamine. The reversed-phase
separations were accomplished using a Cyg stationary phase

Journal of Chromatographic Science, Vol. 33, May 1995

and a mobile phase of pH 3 phosphate buffer, methanol, and tri-
ethylamine (500:100:1). These experiments show that signifi-
cant quantities of amphetamine can be prepared from allyl-
benzene and that the presence of 1-phenyl-1-propanamine in
the samples can serve as an indicator substance for this route
of synthesis.

The scope of this synthetic method was investigated further
by treating frans-B-methylstyrene with acetonitrile and sul-
furic acid under reaction conditions identical to those em-
ployed in the allylbenzene study. Allylbenzene and frans-B-
methylstyrene are isomeric, differing only in the position of the
double bond in the propene side chain. Treatment of the con-
jugated double bond in #rans-B-methylstyrene with acetoni-
trile and acid followed by hydrolysis gave a basic fraction con-
taining one major component. The liquid chromatographic
analysis of this sample showed a single peak, and the retention
properties of this component matched those of 1-phenyl-1-
propanamine. GC-MS analysis of the intermediate acetamide
from this reaction showed one peak whose mass spectrum was
identical to that shown in Figure 1C, the acetamide of 1-phenyl-
1-propanamine. These results indicate that only the benzylic
carbocation is formed via protonation of frans-B-methylstyrene,
and addition of the acetamido group occurs at the benzylic po-
sition. Thus, no amphetamine was obtained from this procedure.

The side chain of (3,4-methylenedioxyphenyl)propenes has
been functionalized to produce the methylenedioxyam-
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Figure 4. Liquid chromatographic separation of 1-phenyl-2-propanamine
(amphetamine, 8.72 min) and 1-phenyl-1-propanamine (11.03 min).
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Figure 5. Liquid chromatographic separation of 1-phenyl-2-propanamine
(amphetamine, 8.61 min), 1-phenyl-3-propanamine (10.12 min), and 1-
phenyl-1-propanamine (10.96 min).
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phetamine drugs of abuse, including MDA and MDMA, as de-
scribed earlier (8,9). Safrole (3-[3,4-methylenedioxyphenyl]-1-
propene or 3,4-methylenedioxyallylbenzene) has been con-
verted to MDA and related compounds in a two-step procedure
involving activation of the double bond by addition of HBr fol-
lowed by displacement with an appropriate amine (9). Figure 6
shows the GC-MS analysis of the product obtained following
treatment of safrole with acetonitrile and sulfuric acid. This

spectrum of N-acetyl MDA.
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Figure 6. Gas chromatographic and mass spectral analysis of the products formed from treatment of
safrole with acetonitrile and sulfuric acid: A, chromatogram; B, mass spectrum of dihydroisoquinoline
product.
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Figure 7. Gas chromatographic and mass spectral analysis of N-acetyl MDA: A, chromatogram, B, mass

product remained unchanged after hydrolysis in aqueous HCI.
The chromatogram suggests one major component, and the
mass spectrum suggests a compound with a molecular weight
of 203. The high relative abundance (base peak) at m/z 203 in-
dicates a very stable molecule that does not readily undergo sig-
nificant fragmentation. Figure 7 shows the GC-MS analysis of
an authentic sample of N-acetyl MDA prepared by treating MDA
with acetic anhydride. A comparison of the chromatograms in

Figures 6 and 7 and the corresponding mass
spectra shows that the sample component in
Figure 6 is not N-acetyl MDA. The molecular
ion from the sample occurs at 18 mass units
lower than that for N-acetyl MDA, sug-
gesting the loss of water (or equivalent).
Furthermore, the spectrum in Figure 6 for
the sample component contains no m/z 135
lon, suggesting extensive substitution or cy-
clization in this material. One possible struc-
ture that fits these observations is a dihy-
droisoquinoline product that would result
from cyclization of the intermediate ob-
tained by attack of the reactive acetonitrile
species upon the activated safrole moiety
(Scheme 5). Treatment of an authentic
sample of N-acetyl MDA with sulfuric acid
did not, however, produce the suspected di-
hydroisoquinoline product. This would sug-
gest that the cyclization reactions occur
through some intermediate prior to forma-
tion of the N-acetyl species, perhaps the ini-
tial acetonitrile addition product as shown in
Scheme 5. These experiments confirm that
MDA is not a likely product via this syn-
thetic procedure.

Treatment of isosafrole (1-[3,4-methylene-
dioxyphenyl]-1-propene) under the same re-
action conditions produced only a non-
nitrogen containing product. The GC-MS
analysis of this product (Figure 8) shows a
major product and a minor product that
each produce identical mass spectra. These
likely isomeric products were also obtained
when isosafrole was treated with sulfuric acid
in the absence of acetonitrile. The molecular
ion at m/z 324 suggests a dimer of isosafrole
(MW = 162), and this product fragments to
yield an ion at (M-29)* suggesting the loss of
an ethyl group. The absence of a significant
m/z 135 10n again suggests further substitu-
tion or cyclization. The structure shown in
Figure 8 is an example of one of the possi-
ilities for this compound. This product
would result from protonation of isosafrole
to yield a benzylic carbocation, followed by
attack of a second molecule of isosafrole
upon the carbocation, then cyclization of the
resulting second benzylic carbocation onto
the aromatic ring. The primary fragment
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Scheme 5. Mechanism of formation of the dihydroisoquinoline derivative upon treatment of safrole
with acetonitrile and sulfuric acid.
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Figure 8. Gas chromatographic and mass spectral analysis of the products formed from treatment of
isosafrole with acetonitrile and sulfuric acid: A, chromatogram; B, mass spectrum of the product.

from this compound would be the loss of 29 mass units from the .
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propanamine and 1-phenyl-2-propanamine
(amphetamine). The isomeric 1-phenyl-1-
propene (frans-B-methylstyrene) gave only
1-phenyl-1-propanamine under the same re-
action conditions. GC-MS and liquid chro-
matographic methods were used to differ-
entiate between the isomeric 1-phenyl-1-,
2-, and 3-propanamines. These compounds
and their acetamides provided characteristic
mass spectra, and the compounds were well
resolved by reversed-phase liquid chromato-
graphic procedures. The corresponding 3,4-
methylenedioxyphenylpropenes (safrole and
isosafrole) did not yield the corresponding 1-
propanamine and 2-propanamine (3,4-
methylenedioxyamphetamine, MDA) prod-
ucts. In this case, the allyl substituted
system (safrole) gave a cyclized product
likely of the dihydroisoquinoline-type, and
isosafrole gave a non-nitrogen dimer.
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