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ABSTRACT: Encountering a novel controlled-substance analog (designer drug) has become 
a distinct possibility for all forensic drug laboratories. 3,4-Methylenedioxyamphetamine 
(MDA) in particular is a receptive parent compound for the molecular modifications which 
produce such homologs and analogs. The identification of these compounds, however, can 
prove to be an arduous task. It would be desirable to direct the focus of the identification 
to those compounds which are the more likely candidates for clandestine-laboratory synthesis. 
The process of narrowing the range of theoretical possibilities to logical choices may be 
enhanced by using a suitable predictive scheme. Such a predictive scheme for MDA analogs 
is presented based on putative Central Nervous System activity, existence or formulation of 
a reasonable synthesis method, and availability of the required precursors. 
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To circumvent statutes enacted to control the use of various dangerous drugs (controlled 
substances), clandestine laboratory operators will sometimes make minor  alterations in 
the molecular structure of a parent  compound.  These structural changes are reflected in 
the chemical nomenclature  of the new analog or homolog, and, in the past,2 had effectively 
removed it from the purview of the law. Such modifications, at least in the case of 3,4- 
methylenedioxyamphetamine (MDA) ,  do not appear to be haphazard. They are made 
by design and are frequently based on information published in legitimate chemical and 
medical journals.  A number  of M D A  analogs and homologs have been reported, and a 
much larger number  are theoretically possible. To aid the identification of new M D A  
derivatives, it would be useful if the forensic chemist had a predictive scheme. This 
scheme could be used to target the most likely candidates at the commencement  of the 
analysis or to supplement  analytical data as it was acquired. 

Intuitively, there are three questions which should govern the appearance of new 
substituted M D A  compounds:  (1) Will the synthesized M D A  derivative have central 
nervous system (CNS) activity? (2) Is there a suitable method of synthesis? (3) Are  the 
required precursors available? Obviously, compounds  without some physiological effect 
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1Senior forensic chemist. U.S. Department of Justice, Chicago, IL. 
'-This loophole in Federal Law was recently remedied through passage of "The Controlled Sub- 

stance Analogue Enforcement Act of 1986," Public Law 99-570, Title I, Subtitle E, 27 Oct. 1986. 
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will not intentionally 3 be produced. Syntheses which must be newly designed, or for which 
the published prototypes require a large number of steps, necessitate a high degree of 
skill, use specialized equipment, or result in low yields, will be poor candidates for 
clandestine manufacture of MDA analogs. Finally, if the precursor chemicals required 
are not commercially available (or are economically impractical) and must themselves 
be synthesized by the clandestine laboratory operator,  then the manufacture of the 
corresponding analog is not likely. Each of these areas is important and will be dealt 
with separately. 

CNS Activity 

Of the three areas to be considered, CNS activity is certainly the most difficult to 
evaluate. The estimations of potential CNS activity presented here are based on a variety 
of substituted phenethylamines and are not limited to M D A  and its immediate derivatives. 
In addition, the CNS studies cited employed both human subjects and a variety of 
laboratory animals for determination of activity. Although human studies provide obvious 
advantages, man [1,2] and animals [1-4] each present problems in testing and evaluation 
of drug-induced activity. For example, the choice of animal species can affect the observed 
response to a given drug [2,5] and lead to results which appear contradictory. Similarly, 
extrapolation from animal studies to man may not produce an absolute correlation in 
either degree or type of CNS activity. 

Terminology [I], consensus as to what constitutes a particular category of action [1,3], 
and dosage-dependent responses [1-5] may each pose problems in the evaluation process. 
For the forensic chemist primarily concerned with compound identification, the distinction 
between terms used to define the drug-induced activity may be of small consequence. 
However, without some demonstrable and desirable pharmacological effect, new analogs 
will be of no value to those who illegally use controlled substances. To determine which 
drugs may elicit a particular CNS response, the clandestine chemist has at his or her 
disposal the same primary source of information as the forensic chemist: animal or clinical 
reports from legitimate scientific and medical journals. A review of this literature will 
permit reasonable evaluations of which compounds may be likely candidates for clan- 
destine synthesis. 

The CNS activity initiated by substituted phenylisopropylamines covers a spectrum of 
physiological actions from the purely stimulant activity found in amphetamine to the 
purely hallucinogenic activity of 2,5-dimethoxy-4-methylamphetamine (DOM) [1,6-11]. 
Small changes in the structure of a molecule, such as addition or change of location of 
a substituent, can markedly alter, or abolish, the CNS action of the parent compound. 
The correlation between a particular aspect of molecular structure and the physiological 
activity of the compound has been widely studied in an effort to synthesize improved 
pharmaceuticals [10,11]. These structure-activity relationship (SAR) studies attempt to 
mimic some desirable physiological response to one compound by manipulating the 
molecular fragment believed responsible for that action onto, or within, a parent mol- 
ecule. Experimentally, these molecular modifications must be evaluated one at a time 
since the observed effects may differ in qualitative or quantitative aspects from the 
anticipated results and are not necessarily additive. 4 Although SARs have proven quite 
useful, it should be kept in mind that they are not infallible. Several examples follow 
which illustrate some of the anomalies which have been encountered using SARs. 

3For some brief comments on MDA analogs perhaps produced unintentionally, see Ref 41, pp. 
71 and 74, and Ref 61, p. 293. 

4R. A. Glennon, Department of Medicinal Chemistry, Virginia Commonwealth University, Rich- 
mond, VA, personal communication, Oct. 1988. 
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The compound 3,4-MDA has been established as having both stimulant and halluci- 
nogenic properties 5 [7=9,12,13]. In "drug discrimination" [3,4] studies using rats, relo- 
cation of the methylenedioxy bridge to give 2,3-MDA, produced an isomer which is 
reportedly only one-fifth as active as 3,4-MDA [9]. This isomer elicited a response in 
the animals indicating that they recognized the compound as 3,4-MDA. Remarkably,  
however, rats trained to identify either stimulant or hallucinogenic effects could distin- 
guish neither in 2,3-MDA [8,9]. NoMethylation of MDA, to give N-methyl MDA,  de- 
creases the duration of action of the analog [14] and appears to minimize or abolish the 
hallucinogenic aspect [6,12-15]. N-Ethylation of MDA produces an analog which exhibits 
neither stimulant nor hallucinogenic effects. 6 In contrast, N-ethylation of amphetamine 
slightly reduces potency while retaining the stimulant effect of the parent compound. 7 

Homologation of N-methyl MDA,  to a butyl side chain, instills new CNS properties 
termed "entactogen" [14,16] and provides a compound devoid of hallucinogenic activity 
with little or no stimulant effect remaining [14]. 3,4-Methylenedioxyphenethylamine 
(MDPEA),  the alpha-demethylation derivative of MDA,  is without central effect in man 
[1,13] at 200 mg. These examples provide a prelude to the following discussion and 
illustrate the difficulty in predicting the effect that small structural changes will have on 
human CNS activity. With this in mind, the following SAR review should serve as a 
guide for assessing the potential, or lack of potential, for some form of CNS activity. 
Ideally, the assessments made by the forensic chemist, even if incorrect, will parallel 
those of the clandestine chemist. 

Table 1 presents many of the possible substitution patterns for MDA. Throughout this 
discussion 3,4-MDA will be considered the parent, or reference, compound (R1 = CH3; 
R4 = CH2; R2, R3, R5 to R l l  = H), upon which the indicated modification is effected. 
When nonbridged phenylisopropylamines such as ephedrine, DOM, phentermine, or 
cathinone are being described, it should be recognized that the 3 and 4 ring positions in 
Table 1 are occupied by hydrogen or, as appropriate,  the substituents shown for R7, R8, 
and R9. 

Length (R1) and Branching (R2) of Side Chain 
The three-carbon side chain (R1 = CH3) provides the most active compounds [17- 

21]. Decreasing the side chain by one carbon (R1 = H) produces phenethyl derivatives 
which exhibit reduced stimulant or hallucinogenic activity or both [1,2,8,13]. Increasing 
the side chain of the hallucinogenic amphetamines by one carbon (R1 = C~Hs) to give 
butane analogs causes abolition of hallucinogenic activity [14,22]. However, the N-meth- 
ylated butane derivative of MDA is reported to have novel CNS effects ~ [14,16] with 
neither stimulant nor hallucinogenic properties. In amphetamine, (R1 = CH3; R2 = H )  
branching produces phentermine (R1 = R2 = Ctt3) and a resultant decrease in stimulant 
activity [10,11]. With the ethyl homolog (R1 = CH3; R2 = C2Hs), CNS stimulation [11] 
is absent. An indirect assessment [23] of the corresponding methylenedioxy phentermine 
analog (R1 = R2 = CH3) indicates that the above trend of decreased stimulant activity 
with increased branching may also hold for this compound. 9 

5MDA possesses a chiral center and can exist as [R], [S] and [R,S] configurations. The S (+)  
enantiomer appears responsible for the stimulant effects of racemic [R,S] MDA, whereas hallucin- 
ogenic activity is attributed to the R ( - )  enantiomer [7,13]. 

6See Footnote 4. 
7See Footnote 4. 
SA. T. Shulgin, 1483 Shulgin Road, LaFayette, CA, personal communication, Dec. 1987. 
9See Footnote 8. 
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TABLE 1--Substitution patterns for clandestinely produced MDA analogs or homologs 
or both. 

Where 

R1, R2 = 

R 3 =  
R 4 =  
R5. R6 = 

R7, R8, R9 = 

RI0 = 
Rl l  = 

or R10, Rl l  = 

R, R 

R 8 R, / \  
R R 

10 11 

H, CH3, C~H5 
and R1 = R2 or R1 ~: R2 

H, OH, CH3, Cl, Br, O= 
C, C2Hz, C3H~. if R5 = R6 = H 
H, CH:, C_,Hs, C3H,, when R4 = CR5R6 

andR5 = H o r R 5  = R6 

H, CH3, C_~Hs, C3H7, OCH3, OC,H~, Br, SCH3 and R7 = R8 = R9 
orR7 = R 8 ~ R 9  
o r R 7 ~ R 8 ~  R9 

H, OH 
H, CH~, C2H~, i-CH7, n-C3H~ 
CH3 

Beta Substitution (R3) 

By analogy with the amphetamine/phenylpropanolamine [10,11,24] and methamphet- 
amine/ephedrine pairs, hydroxy substitution (R3 = OH) of MDA could lead to a decrease 
in CNS stimulant activity. Oxidation of the hydroxy group of phenylpropanolamine or 
ephedrine produces the aminoketones (R3 = O =)  cathinone and methcathinone, re- 
spectively. Examination of cathinone in rats [4,8] and methcathinone in mice [6,11] 
indicate a stimulant effect similar to that of their nonoxygenated counterparts. Potentially, 
beta keto MDA and beta keto MDMA could retain stimulant activity similar to the 
unbridged parent compounds. 

Substitution of a methoxy group at the beta position [R3 = OCH3] on MDPEA has 
been reported to give an hallucinogenic homolog of equal potency with MDA [24]. In 
view of this, a clandestine laboratory chemist may assume that beta methoxy substitution 
on MDA would also yield an hallucinogenic analog and target this compound for syn- 
thesis. The beta chloro and bromo derivatives of amphetamine have been prepared as 
synthetic intermediates but apparently have not been evaluated for CNS activity. Masking 
or decreasing the polarity of the atom or group attached to the beta carbon can lead to 
increased CNS stimulation [24]. It may be anticipated that beta halo derivatives would 
have some CNS activity. 

Alteration of  the Alkyldioxy Bridge (R4, R5, R6) 

The alkyldioxy bridge may occupy either of two isomeric positions on the phenyl ring: 
3,4 or 2,3. When substitutents are added to the ring, tbe 3.4 position is equivalent to the 
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4,5 position and the 2,3 position is identical to the 5,6 position. The appropriate choice 
of numbers will be determined by the location of substituents R7, R8, and R9. Both 
isomers and their various methoxy derivatives (R7, R8, and R9, see the following) 
[1,2,11,25] appear to stimulate hallucinogenic/psychotomimetic activity to some degree. 
Insertion of methylene groups into the methylenedioxy bridge (R4), to give an ethy- 
lenedioxy (-O-CH2CH2-O-) or trimethylenedioxy (-O-CH_~CH2CH2-O-) compound, leads 
to a decrease in CNS effectiveness [17,18]. 3-Methoxy-4,5-ethylenedioxyamphetamine is 
reported to have one third the hallucinogenic activity of MDA [2]. Addition of one 
methyl group (R5 = CH3, R6 = H) to the methylenedioxy bridge diminishes activity, 
while two methyl groups (R5 = R6 = CH3) inactivates the parent molecule [26]. 

Ring Substitution (R7, R8, R9) 
Addition of one methoxy group (R7 = OCH3, R8 = R9 = H) in either ortho ring 

position (2-methoxy or 6-methoxy) greatly increases the hallucinogenic activity of MDA 
[1,2,11,27,28]. Meta substitution (5-methoxy) produces a less potent isomer [1,2,11,27,28] 
having CNS effects which could not be accurately defined as either psychotomimetic or 
hallucinogenic [25]. Putting a methoxy group at the 2 position of the homolog MDPEA 
yields a "mood elevator" [1] of greater activity than 3,4-MDA; a methoxy group at the 
5 position decreases the psychotomimetic activity induced by this substituent [1,2]. Di- 
methoxylation of 3,4-MDA can produce either 2,5-dimethoxy-3,4-MDA or 2,3-dimeth- 
oxy-4,5-MDA, each of which has greater hallucinogenic [1] activity than the parent 
compound [1,2,11]. Bromination of 3,4-MDA at the 6 position (that is, 2-Br-4,5 MDA) 
results in a less active hallucinogen with an amphetamine-like stimulant activity [29]. 

Table 1 presents several substituents that are possible candidates for ring addition 
[19,29-36]. Exploration of these substituents has primarily been undertaken using 2,5- 
dimethoxyamphetamine (2,5-DMA) as the parent compound with substitution frequently 
occurring at the 4 (para) position. This position yields particularly active hallucinogenic 
analogs [33-36]. Substitutents that are more resistant to metabolic oxidation will generally 
produce greater potency [34,36]. The para position is already occupied by part of the 
methylenedioxy bridge in 3,4-MDA prohibiting substitution and making a comparison 
by analogy impossible. The compound 4-methoxy-2,3-MDA [1,2] is the single 4-substi- 
tuted methylenedioxy compound which has been evaluated. It exhibits activity and po- 
tency approximately equal to 3,4-MDA [1,2] and is five times as potent as 2,3-MDA [9]. 
Attachment of other groups listed in Table 1 may also produce some compounds with 
CNS activity. In general, substitution with ethoxy [30] or thiomethyl [31,32] groups at 
ortho or meta positions in substituted phenylisopropylamines resulted in less active com- 
pounds. In para (this is, 4)-substituted 2,5-dimethoxyamphetamines, moving the methyl, 
methoxy, or bromo substituent to the meta (that is, 3) position yielded less active analogs 
[81. 

N-Substitution (RIO, Rll) 
Introduction of a methyl (R10 = CH3, R l l  = H) or an ethyl (R10 = C~Hs, R l l  = 

H) group to the nitrogen atom provides CNS active compounds [20,21,37]. In general, 
N-methylation of phenylisopropylamines, which are hallucinogenic (for example, DOM), 
decreases their potency; however, it has little effect on compounds which have stimulant 
activity (for example, amphetamine) [6,8,12]. The N-propyl and N-isopropyl analogs 
have not shown CNS activity in humans at dosages of 160 mg [21]. The tertiary amine 
analog, N,N-dimethyl MDA, has also proved ineffective at the 160-rag level [21] but may 
produce CNS effects at 0.5- to 1-g doses [38]. The N-hydroxy analog (R10 = OH, 
R l l  = H) possesses CNS activity comparable to MDA [20]. The N-alkyl-N-hydroxy 
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MDA derivatives apparently have not been evaluated or synthesized. Two phenethylam- 
ine derivatives, N-methyl- and N,N-dimethyl-3,4-MDPEA, give no indication of CNS 
response at low dosages [1]. 

Examination of these factors raises an expectation that future MDA analogs will have 
a 3 carbon straight chain and that the oxygen atoms at the 3,4 (that is, 4,5) positions of 
the phenyl ring will be bridged by an unsubstituted methylene group. Monomethoxy 
substitution at the 2 and 6 position and dimethoxy substitution at the 2,5 or 5,6 positions 
of 3,4-MDA will be obvious choices for experimentation by clandestine chemists. Re- 
placement of an amino hydrogen with small alkyl groups or addition of oxygen to give 
N-hydroxy-MDA will yield analogs with proven CNS activity. A number of these N 
substituted analogs have been reported by forensic science drug laboratories. Placing a 
methoxy group or keto oxygen on the beta carbon atom has the potential to provide 
compounds approximately equal to MDA in quantitative and qualitative effect. Less 
effective CNS active products may result with the above substituent combinations on 3,4- 
MDPEA, but other variables being equal, these lower-potency drugs would not be the 
products of first choice for the clandestine chemist. 

Synthesis 
The second important area is selection of the synthetic method (Figs. 1-4 and Table 

2). In general, the single-step techniques, which require little knowledge of chemistry 

TABLE 2--Products (I-VI) and nitrogen sources (a-m) for Figs. 1-4. 

I. MDA ]~. N-methyl MDA 

H jN~.cH2CH 3 

m. N-ethyl MDA IV. N,N-dimethyl MDA 

v. N-hydroxy MDA '#J[. N-(n or/)-prowl MDA 

(a) ammonium acetate (h) methylamine solution 
(b) methylamine HC1 (i) ethylamine sohuion 
(c) ethylamine HCI (j) formic acid/formamide 
(d) dimethylamine HCI (k) ammonium formate 
(e) hydroxylamine HCI (l) formic acid/N-methylformamide 
(f) n-propyl or i-propylamine HCI (m) ammonia 
(g) ammonium hydroxide 
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S c h e m e  I [21] 
(cyanoborohyddde) 

I(a), ]]]b) NaBH4C N m(G), IV(d) - 
v(e), VI{f) ~ GHsOH 

S c h e m e  4 [47-49]  
(borohyddde) 

NaBH 4 a(h) [47] r 
toO) HS] m~tux 

Nitrogen compound (a-m) 
+ 

/ 

S c h e m e  2 [14,  39 -41 ]  
(aluminum amalgam) 

AVHgCL~ I(e or g)ll [39, 411 
]I(b or h) [14, 40, 41] C2HsOH 

3,4-methylenedioxy- ~ Raney Ni / H 2 
phenyl_2_pmpanonelO '~ ,~ 

(3,4-MDP-2-P) C2HsOH 

S c h e m e  3 [42,  43]  
(catalysis) 

I(g), lI(h), re(i) 

S c h e m e  5 [50-56]  
(Leuckart reaction) 

(i) [50, Sl, 54, ss] I 
(k) [~, sl, r~ I 

N-formyl MDA H 

l (i) 152, 53| 

0 " ~ " ~ ' ~  CH~ 

N-methyI-N-formyl MDA H 

hydrolysis 
(NaOH or HCI) 
[~-52, S4-,~! 

hydrolysis 1 [L~ ]H, ~ NaOH or HGI) LiAIH 4 

I1 II IV 

FIG. 1--Reactions using 3,4-MDP-2-P as a precursor in synthesis of  MDA and some analogs. 

(Schemes 1 through 4, Fig. 1), are the ones most likely to be used in clandestine labo- 
ratories. An experienced, innovative chemist may be able to devise novel syntheses or 
employ more difficult synthetic routes. However, the ready availability of established 
techniques should ensure their continued dominance in clandestine laboratory applica- 
tions. In particular, the wide variety of reactions successfully used to synthesize am- 
phetamine and its analogs, homologs, and derivatives provides a fertile area for inves- 
tigation by the clandestine chemist. 

A number of the references provided herein describe the synthesis of various phenyl- 
isopropylamines other than MDA. These additional references will enable forensic sci- 
ence chemists to examine the types of reactions, and the range of parameters, available 
for use and modification by the clandestine chemist. Appropriate substitutions of reactants 

~~ Refs 21, 41, and 85 for preparation of the oxime from this ketone and Refs 21, 85~9 for 
reductive techniques. 

"Unpublished results, "Hydroxylamine hydrochloride produces MDA: Amine hydrochlorides in 
water substitute well for the free bases as aqueous solns." 
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Scheme 6 [47, 57-61] 
(brornopropane) 

i ~  CH3 

safrole 
§ 

HBr 

O~ ~ ~ ~CH~ 
I rl' 91 [47,58,60.611 (m) [47] 

3,4-met hylenedioxyphenyl- 
2-bromopropane 

Scheme 7 [45, 46] 
(Ritter reaction) 

safrole 
+ 

CH3CN 

1) H2SO 4 
2) NaOH 

O ~  GH3 
HCI [reflux) / LiAIH 4 

I ~ ~1 \ o ~  ~ . , ~ . o  [19,211 ~- m 

N-acetyl MDA CH3 

FIG. 2--Reactions using safrole as a precursor in synthesis of MDA and so)me analogs. 

in many of these syntheses can permit a variety of MDA analogs and homologs to also 
be prepared. However, the choice of substitutions in a particular reaction is not always 
unrestricted. For example, the aluminum amalgam reduction (Scheme 2, Fig. 1) [14,39- 
411 initially described the production of methamphetamine. Substituting ammonium hy- 
droxide and 3,4-methylenedioxyphenyl-2-propanone (MDP-2-P) [41] for aqueous meth- 
ylamine and phenyl-2-propanone (P-2-P), will yield the expected product, MDA. If 
hydroxylamine hydrochloride is used as the amine source in an attempt to make N- 
hydroxy MDA, only unsubstituted MDA is recovered. Braun, et al. (Scheme 1, Fig. 1) 
[21] successfully used N,N-dimethylamine  hydrochloride (HCI) to synthesize, N,N-di-  
methyl MDA. Yet simple substitution of N,N-diethylamine HCI or N-methyl-N-ethyl- 
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Scheme 8 [62, 631 
(nitropropene) 

NO 2 

3,4.methylenedioxyphenyl_2_nitropropena12 

Reduclion method 
A) LiAIH 4 [17-19,29,30,35,37,62-64] 
B) A|H 3 [24, 32] 
c) e~eardytic [SS, ss] 
D) Na(l'lg) [66] 
E) BH3-THF/NaBH 4 [69] 
F) ~laly~: Ran w Ni [671 

Pd / BaSO 4 [68 I 
G) Zn(Hg) [70] 

I 

! 

HCOOH / Cell e I (CH3CO)20/CsH5N 

[71,72] [211 

N-formyl MDA H N-acetyl MDA ella 

I LiAIH'= I UAIH4 
[72] [21] 

II m 

FIG. 3~Conversion of 3,4-rnethylenedioxyphenyl-2-nitropropene to MDA and some analogs. 

amine HCI in the same reaction fails to provide the diethyl [21] or the methyl ethyl 
analogs. Attempts '3 at this laboratory to use catalytic means [42,43] to produce the above 
analogs through use of the secondary amines as free bases (Scheme 3, Fig. 1) were also 
unsuccessful. 

Several modifications of Schemes 1-8 (Figs. 1-3) have already been encountered in 
clandestine laboratories synthesizing a variety of phenylisopropylamines. An example of 
a potential synthesis modification [44] to produce MDA in the clandestine laboratory 
can be formulated from the Ritter reaction (Scheme 7, Fig. 2), which originally detailed 
the manufacture of amphetamine from allylbenzene [45]. Substitution of 3,4-methyl- 
enedioxyphenyl-2-propanol and hydrogen cyanide [44] for the listed reactants in Scheme 
7 [46] could result in successful synthesis of MDA. In this instance, the concomitant risks 
from using hydrogen cyanide must be fully recognized. 

~See Refs 86 and 87 for techniques which could be used to prepare MDP-2P oxime from this 
compound. 

~3Raney Nickel (W-2), 95% ethanol, MDP-2-P, secondary amine, and H2 (55 psi [379 kPa]) reacted 
in a Parr hydrogenator at ambient temperature. 
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Scheme g [74-82] 
(substituted cinnamic acid) 

substi tuted 3,4-methylenedioxycinnamic acid 
[75] 

Na(Hg) [75, 79, 80, 82[ 
or PrO 2 [761 

~L~ RaneY N r  IH2 181' 109] 

~x-methyl-3,4-methyle nedioxyphenylpropionid acid 

SOCL a [78, 76, 78, 7~, 80, 82,1071 
or PCI 3 [781 ~ or C COCOCI [81] 

c=-methyl-3,4-rnethyle nedioxyphenylpropionyl chloride 

l H40H [78, 76, 78, 80, 82, 109] 
or N H s [75, 79] 

cr 
(Hotmann reaction) 

/ 

H2S04 / NaOCI / KOH [75, 77, 78, 80, B2, 109] 
NaN 3 [81] I or KOBr / NaOH [76, 77, 80] 
(Schmidt reaclJon) [83] or 1) CH3OH-NalBr[79 ] 

2) HCI, reflux 

I [ I 
[78, 781 

F I G .  4~-Techniques for converting substituted cinnamic acids to MDA. 

NaN 3 [811 
(Curtis rea~don) [841 

Of the synthesis techniques presented, Scheme 1 (Fig. 1) [21] is probably the most 
attractive. It requires no knowledge of chemistry, has a wide applicability, offers little 
chance of failure, produces good yields, does not require expensive chemical apparatus 
or glassware, and uses currently available (and easily synthesized) precursors. Scheme 2 
(Fig. 1) [14,39-41] has most of the desirable features of Scheme 1, but may not be as 
versatile in terms of the amines which can be employed. Scheme 3 (Fig. 1) [42,43], 
catalytic hydrogenation (Raney Nickel), is frequently successful at atmospheric pressure 
but is most effective under increased pressure. This requires purchase or construction of 
a suitable hydrogenation unit. Use of pyrophoric activated Raney Nickel (or other active 
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catalysts) and hydrogen are drawbacks with this method. Nonetheless, a significant num- 
ber of clandestine laboratories have successfully used catalytic hydrogenation for am- 
phetamine and methamphetamine manufacture. 

Reduction of the intermediate imine (ketone + amine ~ imine) using sodium boro- 
hydride, Scheme 4 (Fig. 1) [47-49], is a relatively simple reaction. Harsher conditions 
(that is, reflux) [48] may be required when using sodium borohydride as the reducing 
agent than in the techniques using aluminum amalgam or sodium cyanoborohydride. A 
substantially lower yield is also obtained. 

Scheme 5 (Fig. 1) [50-56], the Leuckart reaction, is a more difficult synthesis than the 
other ketone-based schemes which use a single reaction to obtain the desired product. 
Refluxing may be necessary to form the N-substituted intermediate and, subsequently, 
hydrolysis or reduction produces the final product. Longer reaction times are inherent 
in the process, yields are expected to be less than the first three methods, and chemical 
apparatus must be used. 

Scheme 6 (Fig. 2) also uses a two-reaction sequence to produce the final product. 
Although safrole is an inexpensive and readily available starting material, preparation 
of the intermediate 1-(3,4-methylenedioxyphenyl)-2-bromopropane [47,57-61] is a pro- 
cess that may be time-consuming [47,57,60] and potentially hazardous [47]. In addition, 
the yield is no better than with Scheme 4. 

Reported yields for amphetamine using the Ritter reaction [45] (Scheme 7, Fig. 2) 
were less than 30%. As in Schemes 5 and 6, a two-step synthesis is involved. Safrole is 
first converted to the immediate precursor N-acetyl MDA. This compound must then be 
either hydrolyzed or reduced to yield the desired product. The process is time-consuming, 
requires a degree of laboratory skill, and may give low yields. 

A substantial amount of literature has been devoted to the synthesis and reduction of 
nitro alkenes [17-19,24,29,30,32,35,37,62-70] (Scheme 8, Fig. 3, and Scheme 10, Fig. 
5). The compound 1-(3,4-methylenedioxyphenyl)-2-nitropropene (beta-nitroisosafrole) 
is commercially available and easily synthesized [62,63]. However, preparation of N- 
substituted analogs requires that the reduction product, MDA, be further processed 
[21, 71,72]. It is unlikely that the clandestine chemist would continue to manipulate chem- 
ically a controlled substance to produce an analog of similar monetary value and mar- 
ketability. If the appropriate piperonals are available to react with nitroethane, the 
Knoevenagel-Walter condensation ~4 will permit the synthesis of ring-substituted analogs 
[24,29] through nitropropene intermediates (Fig. 5). 

Currently, alpha-methyl-3,4-methylenedioxycinnamic acid (Scheme 9, Fig. 4) and its 
ring substituted derivatives are not commercially available [73]. Synthesis [74-82] of the 
substituted cinnamic acid precursors requires several steps having various modifications 
[79,80,83,84], in addition to the reaction sequence necessary for preparation of MDA or 
its analogs [75, 78,82]. This technique requires substantial laboratory skills, and the con- 
comitant low yields imply that his method will infrequently be encountered. 

One approach not delineated in Fig. 1 is the preparation of 3,4-methylenedioxyphenyl- 
2-propanone oxime from the ketone [21,41,85]. Nitropropenes [86,87] have also been 
used to produce oximes. Even though MDP-2-P oxime [21,85] has been found in clan- 
destine laboratories, the additional steps required for the synthesis and isolation of oximes 
prior to reduction [21,85-89] will limit their use for preparation of MDA analogs. Oximes 
have served as precursors for the synthesis of N-alkyl, N-hydroxy amines [90]. 

Based on synthesis considerations, Schemes 1-4 are the most likely to be used in 
clandestine laboratories. Schemes 5-9 are more time-consuming, require greater labo- 
ratory skills, generally result in poorer yields, and thus are less likely to be used. 

t*l'his modification of the classical Knoevenagel condensation is briefly discussed in Organic 
Reactions, Vol. 15, R. Adams, Ed., Wiley, 1967, pp. 254-257 and 496-497. 
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Precursors 

The remaining topic is availability of precursors. As noted in prior sections of this 
paper, the literature citations provided here and in Table 5 are listed to illustrate general 
reaction types or variations in reactants and catalysts and do not necessarily delineate a 
synthesis which is specific for a methylenedioxy compound. This will provide the forensic 
science chemist with the widest possible acquaintance with potential clandestine labo- 
ratory synthesis modifications. Table 3 includes alternative names for some precursors 
and related compounds. The relationship between the five most often used precursors, 
safrole, isosafrole, piperonylacetone (that is, 3,4-MDP-2-P), piperonal, and beta-nitro- 
isosafrole, is illustrated in Fig. 5 [17,3 7,54-56, 62-65, 79,86, 87, 91-105,107,108]) -~ All five 
compounds are commercially available [73]. The first two are usually encountered as the 
starting materials in preparation of piperonylacetone, whereas piperonal generally serves 
as the primary precursor for beta-nitroisosafrole. Safrole, isosafrole, and piperonal may 
themselves be prepared in good to excellent yields from 1,2-methylenedioxybenzene 
through the 4-bromo intermediate [106]. Substitution of 1,4-benzodioxane as the starting 
material in that reaction should produce ethylenedioxy precursors. 

Several analog precursors suitable for substitution in Schemes 1-8 are available on the 
open market [73], although the selection is rather limited: 2,3-methylenedioxybenzal- 
dehyde, 5-methoxysafrole, 5-methoxypiperonal, 6-nitropiperonal, and 2,5-dimethoxy- 
safrole. The current price of these chemicals ranges between $1 (6-nitropiperonal) to 
over $200 per gram (2,3-methylenedioxybenzaldehyde). 

An abundance of literature exists on the preparation of the isomeric methoxypiperonals 
[107-111], 5-methoxysafrole [112], ortho-safrole [113], 5.6-dimethoxysafrole [114], al- 
kylenedioxy bridges [26,106,109,I10,I15,116], and brominated phenethylamine-based 
compounds [29,106,117]. Ring-substituted alpha methyl-3,4-methylenedioxyhydrocin- 
namic acids [74,75,80] may be prepared from appropriate aldehydes (three steps) and 
converted into methylenedioxyphenylisopropylamine analogs through the multi-step syn- 
thesis shown in Scheme 9 (Fig. 4). In two instances cinnamic precursors are commercially 
available which would enable the clandestine-laboratory operator to avoid their lengthy 
synthesis. 3,4-Methylenedioxycinnamic acid [82] used in Step 1 of Scheme 9 yields 3,4- 
MDPEA as the final product. Oxidation of the second compound, alpha-methyl-3,4- 
methylenedioxyhydrocinnamic aldehyde, gives the appropriate precursor (Step 2, Scheme 
9) for synthesis of MDA. The 2,3 isomer of methylenedioxycinnamic acid has been 
synthesized from ortho-piperonal, but efficiency of the reaction was not reported [118]. 

Using the appropriate reactants and making slight changes in reaction parameters [119- 
124] for the preparation of beta-nitroisosafrole (Fig. 3) may permit the production of 1- 
(3,4-methylenedioxyphenyl)-2-nitro-l-propanol. Nitro alcohols may be reduced to the 
amino alcohol with zinc and sulfuric acid [124], zinc and acetic acid [125], sodium amalgam 
[124,125], or by catalytic hydrogenation [124-126]. 

The conversion of amino alcohols to amines is accomplished directly by reduction with 
hydriodic acid [120,125] or indirectly through preparation of the l-chloro intermediate, 
which is then catalytically reduced [126,I27]. Phentermine (alpha, alpha-dimethyl- 
phenethylamine) and N-methylphentermine have both been synthesized from nitro al- 
cohols [125-126]. The former drug has also been prepared by a modified Ritter reaction 
[44]. Each of these methods presents a potential synthesis approach for the production 
of methylenedioxy analogs of phentermine. Amino alcohols have also been prepared by 
using propiophenones [127-129] as starting materials. Considering this, 3,4-methylene- 

~'W. W. Sy and A. W. By, Drug Enforcement Administration, Forensic Science Section, personal 
communication, Dec. 1984. 
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dioxyphenyl-l-propanone (3,4-MDP-1-P) may prove suitable as a precursor for 1-hy- 
droxy-MDA. Chromic acid oxidation [6] of this alcohol may lead to the 1-keto analog 
of MDA. 

Many of these precursor preparations have serious drawbacks. Synthesis of the 2- 
methoxy and 5-methoxy piperonals by the procedure of Campbell et al. [110] requires 
the use of a heated reaction bomb and multiple steps, resulting in poor yields. Reasonable 
yields of 6-methoxypiperonal [110] might be obtained with this procedure if a commer- 
cially available intermediate 6-nitropiperonal [73] is purchased rather than synthesized. 
Another method for the synthesis [107,109] of 5-methoxypiperonal (myristicinaldehyde) 
requires an expensive precursor, 5 methoxysafrole (myristicin), for preparation [112] of 
the starting material, 5-methoxyisosafrole (isomyristicin). The synthesis of 5-methoxy- 
safrole has also been described [109], but the process is encumbered by multiple steps 
and a poor yield. The first described preparation of 2-methoxysafrole (croweacin) used 
2-hydroxysafrole [130], a compound which is not currently marketed. Use of sesamol to 
prepare 6-methoxy-MDA has also been reported [27], but exact details and the yield 
were not presented. 

The preparation of alkylenedioxy bridges from dihydroxy compounds [109-115,118] 
has generally suffered from moderately difficult synthesis or low yields, or both. Using 
cesium fluoride, Clark et al. [131] produced high yields (>80%) of 3,4-methylenedioxy 
compounds from catechol, 3-methylcatechol, and 3,4-dihydroxybenzaldehyde. This pro- 
cedure with 2,3-dihydroxybenzaldehyde yields less than 50% [132] ortho-piperonal. Pi- 
peronal and 5-methoxypiperonal have been prepared in good yields from the correspond- 
ing dihydroxybenzaldehydes by catalyzing the reaction with copper oxide [116]. 

Involved and rather difficult syntheses [74, 76, 79, 80] will probably deter the preparation 
of substituted alpha-methyl methylenedioxyhydrocinnamic acid precursors [75,109] and 
thus limit their use. Unless a 1-substituted derivative is desired as the final product, 3,4- 
MDP-1-P is also an unlikely precursor. Preparing MDA (or an N-alkyl analog) from this 
propiophenone requires a multi-step synthesis which has no advantage over the more 
facile procedures using 3,4-MDP-2-P. 3,4-MDP-2-P, unlike its amphetamine precursor 
counterpart phenyl-2-propanone (P-2-P), is not currently a controlled substance. 

A frequently overlooked source of precursors with potential importance are the es- 
sential oils [28,46,92,133-135]. Sassafras oil (80 to 90% safrole), Indian dill seed oil (up 
to 53% dill apiol, that is, 2,3-dimethoxysafrole) [136], nutmeg oil (0.5 to 13.5% myristicin, 
that is, 5-methoxysafrole; 0.1 to 3.2% safrole) [107,135,137], mace oil (10% myristicin, 
some safrole) [135], and parsley seed oil (9 to 77% myristicin; 0 to 80% parsley apiol, 
that is, 2,5-dimethoxysafrole) [138] each contain suitable precursors for preparation of 
MDA or its mono- or dimethoxy derivatives. All of these essential oils have additional 
components which are of no value in the synthesis of MDA analogs. It may be possible 
to use these mixtures as starting materials without initial processing and then purify the 
resulting products to isolate the MDA analogs. The primary drawback for clandestine 
laboratory operators in using essential oils as precursors (with the exception of sassafras 
oil) is the unknown, and sometimes substantial, variation in concentration of the desired 
constituent between lots or commercial sources or both. The forensic science chemist, 
identifying a mixture [92,133-135,137,138] of ring-substituted methoxy MDA analogs or 
finding methoxy amphetamine contaminants, might suspect essential oils as precursors. 

Evaluation of the potential for MDA analog synthesis based on precursor availability 
(either commercial or synthetic) points to the conclusion that 3,4-MDP-2-P will be the 
precursor of choice for MDA and its N-substituted analogs. This precursor is commercially 
available, lends itself to a variety of synthesis, is not currently controlled, and, if necessary, 
can be fairly easily synthesized. The methoxy-substituted safroles, found in the essential 
oils, will serve as precursors for preparation of ring substituted 3,4-methylenedioxyphenyl- 
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2-propanones.~6 These ketones will permit a series of monomethoxy and dimethoxy an- 
alogs and their N-substituted derivatives to be prepared. 

Conclusion 

Integrating the three components, the evaluations of potential CNS activity, synthesis 
method, and precursor availability, several likely, and unlikely, candidates for clandestine 
manufacture are suggested. Because of the lack of commercially available precursors and 
a reduced CNS activity, compounds containing the 2,3-methylenedioxy bridge, or ex- 
panded bridges in either position, are not likely candidates. Future analogs will almost 
certainly contain the 3,4-methylenedioxy bridge. Suitable precursors are commercially 
available for preparation of piperonylethylamines (that is, substituted piperonals with 
nitromethane) and piperonylbutylamines (that is, 3,4-methylenedioxyphenyl-2-butan- 
one), however, the propyl side chain provides the most active analogs and would therefore 
be preferred. Nonetheless, substituted phenylethylamines have recently appeared in illicit 
drug traffic and the synthesis of substituted MDPEA analogs, although remote, is tenable. 

Preparation of substituted amino nitrogen analogs (Scheme 1) is relatively simple. 
Illicit drug exhibits containing the N-methyl, N-ethyl, N-n-propyl, N,N-dimethyl and N- 
hydroxy analogs have been reported. Bromination of the ring requires an additional 
synthesis step, and the resulting compounds are likely to be less active than the corre- 
sponding nonhalogenated compound. Brominated ring analogs are therefore unlikely to 
be manufactured. 

Using the essential oils as precursors, 3-methoxy-4,5-MDA (nutmeg oil, mace oil, or 
parsley seed oil); 2,5-dimethoxy-3,4-MDA (parsley seed oil); and 2,3-dimethoxy-4,5- 
MDA (dill seed oil) are ideal candidates for clandestine-laboratory synthesis. Since prep- 
aration of these analogs would most likely proceed through the synthesized ketones (Fig. 
5), Scheme 1 would provide access to a series of their N-substituted homologs. 

Lack of commercially available precursors will probably prevent additional ring-sub- 
stituted analogs from being synthesized. Analogs which are synthesized and prove to be 
inactive will not be sustained by the underground market. The occurrence of such analogs 
will be transient, and, although of forensic science interest, will not become drug abuse 
problems. 
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