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GLENNON, R. A. AND B. MISENHEIMER. Stimulus properties of a new designer drug: 4-Methylaminorex (‘‘U4Euh’’).
PHARMACOL BIOCHEM BEHAV 35(3) 517-521, 1990.—Like other phenylisopropylamine derivatives, 4-methylaminorex is a
central stimulant. The cis isomer of 4-methylaminorex (‘‘U4Euh’’; “‘ICE’") has appeared on the clandestine market as a novel designer
drug and was recently classified as a Schedule I substance. In the present investigation, the stimulus properties of racemic cis, racemic
trans, and all four individual optical isomers of 4-methylaminorex were examined in rats trained to discriminate 1 mg/kg of
S(+)amphetamine sulfate from saline. The S(+)amphetamine stimulus generalized to all of the agents investigated and the relative
potencies of the optical isomers (followed by EDs, values) were as follows: trans(4S,55) (0.25 mg/kg) > cis(4S,5R) (1.2 mg/kg) =
cis(4R,58) (1.5 mg/kg) > trans(4R,5R). The trans(4R,5R) isomer did not completely substitute for S(+)amphetamine unless a longer
(i.e., 60-min) presession injection interval was used, suggesting that it has a longer duration of onset than the other isomers of
4-methylaminorex. The results, which are consistent with established structure-activity relationships, suggest that the trans(4S$,55)
isomer (which has not been scheduled) is similar in potency to (+)amphetamine (EDs, =0.4 mg/kg) and is more potent than either

of the cis isomers.

Amphetamine 4-Methylaminorex Stimulants

Discrimination

Drug abuse

AMONGST the numerous phenylisopropylamines that are capable
of producing central stimulant effects, one of the best known
examples is amphetamine. Amphetamine is an interesting agent
from the standpoint that, although many analogs have been
prepared and evaluated over the past 50 years, few structural
modifications of amphetamine retain its activity and potency (5).
N-Monomethylation (e.g., methamphetamine) and introduction of
a benzylic keto group (e.g., cathinone, methcathinone) are two of
the few alterations that result in potent agents (5,7). Stereochem-
istry also plays a role, albeit a relatively small one, in determining
the potency of these agents. For example, S(+)amphetamine (see
Fig. 1 for structures) is about 3 to 5 times more potent than
R(—)amphetamine as a central stimulant (5).

The 2-amino-4-methyl-5-phenyloxazoline 4-methylaminorex,
which possesses a phenylisopropylamine moiety embedded within
its cyclic structure, recently appeared on the clandestine market as
anew designer drug. Cis( =+ )-4-methylaminorex (‘‘U4Euh,”’ “ICE”’)
has been misrepresented by drug dealers as cocaine and metham-
phetamine, and has already been responsible for at least one
fatality (1). As of this year, cis 4-methylaminorex is classified as
a Schedule I substance (3). The cis racemate had been earlier
examined as a potential anorectic agent (McN 822) (10,11); it is an
indirect acting sympathomimetic agent (9,14) and has been re-
ported to possess central stimulant properties qualitatively similar
to those of amphetamine (11,13). 4-Methylaminorex exists as a
pair of geometric isomers (i.e., cis and trans) and each isomer
consists of a pair of optical isomers. That is, there exists four
optical isomers of this agent (Fig. 2). Although there is relatively
little information on the cis and frans racemates, even less is
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known about the individual optical isomers. Klein and co-workers
(8) recently synthesized all four isomers and we saw this as a
unique opportunity (a) to compare the activity of the four isomers
in the same study, and (b) to apply established structure-activity
relationships (SARs) to make predictions regarding the relative
potencies of these isomers. Using rats trained to discriminate
S(+)amphetamine sulfate from saline, we examined the stimulus
effects of the cis and frans racemates as well as the individual
optical isomers of 4-methylaminorex.

METHOD

Nine male Sprague-Dawley rats (200-300 g) were trained to
discriminate intraperitoneal (IP) injections of 1.0 mg/kg of (+)am-
phetamine sulfate from 1.0 mlkg of sterile 0.9% saline in a
manner exactly as previously described (6). In brief, the animals
were first trained to respond on the levers of a standard two-lever
operant chamber (Coulbourn Instruments model E10-10) for food
(sweetened powdered milk) reward and were then trained to
discriminate (+)amphetamine from saline using a variable interval
15-sec schedule of reinforcement. For five of the animals, re-
sponses on the right lever were reinforced after administration of
amphetamine; for the remaining animals, responses on the left
lever were reinforced after administration of amphetamine. All
drugs were administered via the IP route 15 min prior to testing
(i.e., a 15-min presession injection interval was used, except
where noted). During the stimulus generalization studies, mainte-
nance of the drug/saline discrimination was insured by continuing
the training sessions throughout this period. Training sessions
were conducted with drug or saline on the four days prior to a
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FIG. 1. Chemical structures of S(+)amphetamine (A), R( — )amphetamine
(B), S-cathinone (C), and (+)norpseudoephedrine (15,25) (D) showing
stereochemical relationships.

generalization test; that is, animals would be administered either
training drug or saline and the proper responses were reinforced
during a 15-min training period. Once per week, the animals’
learning would be assessed by allowing the animals to respond
under each of the two conditions during a nonreinforced 2.5-min
extinction session, followed by a reinforced 12.5-min training
session. Animals not making 80% or greater of their responses on
the drug-appropriate lever after administration of the training dose
of the training drug, or making more than 20% of their responses
on the same lever after administration of 1 ml/kg of saline, during
the 2.5-min portion of the session, were not used in that particular
week’s generalization test session. In the generalization test
sessions, animals administered doses of 4-methylaminorex iso-
mers were allowed to respond under extinction conditions for 2.5
min and were then returned to their individual home cages. Where
longer pressession injection intervals were employed, animals
were administered drug and then returned to their home cages until
just prior to testing. No animal received more than a single dose of
challenge drug per week. Doses of agents were normally admin-
istered in a random sequence with the proviso that only lower
doses of a given agent would be examined once a dose had been
found to result in stimulus generalization. Criterion for stimulus
generalization was =80% of total responses on the drug-appro-
priate lever; disruption of behavior was considered to have
occurred if an animal made less than S responses during the
2.5-min extinction session. Where stimulus generalization oc-
curred, ED, values were calculated by the method of Finney (4)
and represent the approximate dose at which the animals would be
expected to make 50% of their responses on the drug-appropriate
lever.
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FIG. 2. Chemical structures of the four optical isomers of 4-methylami-
norex.

S(+)Amphetamine sulfate was purchased from Sigma (St.
Louis, MO) and the isomers of 4-methylaminorex were a gift from
Dr. Robert Klein of the DEA Special Testing and Research
Laboratories. With the exception of the cis racemate (hydrochlo-
ride salt), all of the isomers were used as their free bases; these
bases were dissolved in one equivalent of 0.01 N or 0.1 N
hydrochloric acid solution before dilution to the proper concentra-
tions with sterile 0.9% saline. All solutions were made fresh daily,
and all drugs were administered via the IP route.

RESULTS

Both the cis and trans racemic mixtures resulted in
S(+)amphetamine-stimulus generalization, with the frans race-
mate (EDs, dose =0.41 mg/kg; 2.3 pmoles/kg) being three times
more potent than the cis racemate (EDy, dose =1.56 mg/kg; 7.3
pmoles/kg) (Table 1). Both agents are somewhat less potent than
(+)amphetamine (EDs, value =0.42 mg/kg; 1.7 wmoles/kg). Of
the individual isomers of 4-methylaminorex, three resulted in
stimulus generalization (using the standard 15-min presession
injection interval) with the trans(45,5S) isomer being the most
potent (EDs, dose=0.25 mg/kg; 1.4 pmoles/kg) (Table 1). The
two cis isomers [cis(45,5R) EDs, dose = 1.22 mg/kg; 6.9 pmoles/
kg, and cis(4R,55) ED;, dose = 1.52 mg/kg; 8.6 pmoles/kg] were
similar in potency, and were several times less potent than the
trans(45,5S) isomer. The frans(4R,5R) isomer did not substitute
for S(+)amphetamine at a dose of more than ten times the EDs,
dose of the trans(4S,5S) isomer. Approximately 45 to 50 min after
injection, it was noticed that the animals receiving the 3 mg/kg
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TABLE 1

RESULTS OF STIMULUS GENERALIZATION STUDY WITH 4-METHYLAMINOREX
ISOMERS IN RATS TRAINED TO DISCRIMINATE S(+)AMPHETAMINE

(1 mg/kg) FROM SALINE

% Amph- EDsy Dose
Dose Appropriate  Mean Resp/ (95% Confidence
Agent (mg/kg) N* Respondingt  Minutet Limits)
(£)Cis 1.2 3/4 26% (13) 17.7 (5.1)
1.5 4/4 31% (8) 24.9 (7.3)
1.8 3/4 63% (11) 18.4 (6.5)
2.2 3/3 97% (3) 18.7 (8.5)
3.0 2/3 100% 12.2 (9.4)  1.56 (1.21-1.98) mg/kg
Cis(45,5R) 1.0 3/5 29% (11) 12.4 (4.9)
1.2 4/4 46% (25) 12.7 (4.9)
1.8 4/6 8% (7 4.9 (2.5)
2.2 3/4 97% (3) 14.4 (5.0) 1.22 (0.86-2.22) mg/kg
Cis(4R,55) 1.2 3/3 34% (9) 12.0 (8.8)
1.8 4/4 46% (16) 20.6 (1.7)
2.2 3/4 81% (11) 7.32.2)
2.5 3/4 9% (1) 25.1 (7.7)  1.52 (0.90-2.14) mg/kg
(=)Trans 0.1 4/5 4% (3) 10.9 (1.1)
0.3 79 32% (15) 9.8 (2.5)
0.38 4/4 49% (14) 14.2 (2.8)
0.5 9/9 74% (8) 7.1(1.8)
1.2 4/5 89% (11) 6.3(2.3)
2.2 4/5 97% (2) 13.5(5.1) 0.41 (0.24-0.70) mg/kg
Trans(4S,5S) 0.15 4/4 20% (10) 14.0 (3.4)
0.25 4/4 21% (13) 14.6 (4.3)
0.30 3/4 59% (13) 14.0 (5.5)
0.38 3/4 98% (1) 16.1 (8.6)  0.25 (0.17-0.36) mg/kg
Trans(4R,5R) 0.38 4/4 15% (7) 17.9 (5.1)
1.0 3/3 3% (3) 8.2 (6.2)
1.8 4/5 7% (5) 10.4 (5.9)
2.5 4/6 40% (24) 8.8 (6.7)
3.0 4/4 35% (18) 13.2 (3.1
5.0 2/4 43% (1) 7.8(2.2)
3.0f 3/4 42% (7 11.3 (7.0)
3.08 4/4 3% (17) 15.5 (6.1)
408 679 85% (9) 14.7 (5.6)
S(+)Amph 1.0 9/9 93% (5) 14.6 (4.1)  0.42** mg/kg
S(+)Amph§ 1.0 4/4 95% (2) 21.8 (6.1)
Saline 9/9 12% (3) 14.1 3.1)
(1.0 ml/kg)

*N = Number of animals responding/number of animals receiving drug.

tData obtained during 2.5-min extinction session.

}Although a 15-min presession injection interval was routinely employed, a 40-min
presession injection interval was used for this dose.

§A 60-min presession injection interval was used for this dose.

fOne additional animal (not included in the count) made only 16% of its responses on
the amphetamine-appropriate lever; tested the following week, this same animal made
23% of its responses on the amphetamine-appropriate lever. With one exception, all other
animals made more than 80% of their responses on the amphetamine-appropriate lever.

**An ED, value was previously published (6).

dose of the trans(4R,5R) isomer appeared hyperactive. For this
reason, during subsequent weeks, the presession injection interval
was lengthened from 15 to either 40 or 60 min. Although there was
little difference in amphetamine-appropriate responding for 3
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mg/kg of the trans(4R,5R) isomer when the presession injection
interval was 15 min (35%) or 40 min (42%) (Table 1), amphet-
amine-appropriate responding increased to 73% when the 60-min
interval was used. Using the 60-min interval, amphetamine-
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appropriate responding increased to 85% when 4 mg/kg of the
trans(4R,5R) isomer was administered. The training drug, 1
mg/kg of S(+)amphetamine, produced 93% and 95% amphet-
amine-appropriate responding at 15 and 60 minutes, respectively,
postinjection.

DISCUSSION

Benzylic hydroxylation is known to significantly reduce the
central stimulant potency of phenylisopropylamines (5). This is
due, most probably, to the increased polarity of the resulting agent
(and, consequently, to its reduced ability to penetrate the blood-
brain barrier) (5), and not simply to the intrinsic nature (i.e., the
presence) of a benzylic oxygen atom. Cathinone, for example,
which possesses this oxygen atom in the form of a keto group (Fig.
1), is similar in action and potency to amphetamine itself [e.g.,
(7). N-Alkylation of amphetamine with small alkyl groups results
in retention of amphetamine-like stimulus properties; for example,
both N-monomethylamphetamine and N-monoethylamphet-
amine substitute for amphetamine (6). [N,N-Dimethylation of
S(+)amphetamine results in an agent that produces saline-appro-
priate responding at doses (e.g., 18 mg/kg) of more than forty
times the EDs, dose of S(+)amphetamine (Glennon, unpublished
findings).] Thus, it is not surprising that 4-methylaminorex, a
cyclic, conformationally restrained N-monoalkyl phenylisopro-
pylamine, is a central stimulant.

On the basis of established structure-activity relationships for
the central stimulant and discriminative stimulus properties of
phenylisopropylamines (5,15), predictions can be (and were)
made as to the relative potency of each of the optical isomers of
4-methylaminorex. Structurally, the 4- and 5-positions of 4-
methylaminorex correspond to the alpha- and benzylic-positions,
respectively, of the phenylisopropylamines. Because greater po-
tency is associated with phenylisopropylamines that have an alpha
methyl group in the S absolute configuration than in the R
configuration (5), the 4S-isomer of 4-methylaminorex would be
expected to be more potent than the corresponding 4R-isomer.
Benzylic hydroxylation of S(+)amphetamine affords two optical
isomers: (+)norpseudoephedrine (i.e., cathine; 1§,25) and (—)-
norephedrine (15,2R). Although (+)norpseudoephedrine is only
one-tenth as potent as (+)amphetamine as a locomotor stimulant
(2) and one-seventh as potent as S-cathinone in drug discrimina-
tion studies using rats trained to discriminate cathinone from saline
(5), it is, nonetheless, more potent than ( — )norephedrine (2). The
absolute configuration of the hydroxyl group in (+)norpseudoephed-
rine is S (i.e., 25). (12). Thus, a greater potency is associated with
this S hydroxyl group, and a greater potency might be expected for
the isomers of 4-methylaminorex where the 5-position possesses
an absolute configuration of S. On this basis, the trans(4S,55)
isomer of 4-methylaminorex would be expected to be the most
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potent, and the trans(4R,5R) isomer the least potent, isomer. The
cis(4S,5R) and cis(4R,5S5) isomers each possess one substituent in
the “‘correct’’ configuration and one in the ‘‘incorrect’ configu-
ration. It might be anticipated that these agents would be roughly
equipotent and fall somewhere between the trans(45,55) and
trans(4R,5R) isomers in terms of potency. Indeed, this is found to
be the case. The relative rank-order of potencies is found to be:
trans(4S,5S) > cis(4S,5R) = cis(4R,55) > trans(4R,5R).

The trans(4R,5R) isomer failed to result in stimulus generali-
zation (using the standard 15-min presession injection interval);
doses of 2.5 to 5 mg/kg resulted only in partial generalization (i.e.,
35-43% amphetamine-appropriate responding). Unlike the other
isomers, however, the trans(4R,5R) isomer appeared to produce
locomotor stimulation and hyperactivity 45 to 50 min postadmin-
istration. With the possibility that this isomer may have a delayed
onset, several doses were evaluated using a longer presession
injection interval. With a 60-min interval, a 4 mg/kg dose of
the trans(4R,5R) isomer substituted for S(+)amphetamine.
S(+)Amphetamine produced greater than 80% amphetamine ap-
propriate responding both at 15 and 60 minutes postadministra-
tion. Although limited supplies of trans(4R,SR) 4-methylaminorex
precluded a more detailed evaluation, it would seem that (at 60
min) this isomer is approximately ten times less potent (on a molar
basis) than S(+)amphetamine (at 15 min).

In summary, this study reports the first pharmacological
investigation of all four optical isomers of 4-methylaminorex. This
agent appears to possess an amphetamine-like discriminative
profile, and consistent with established SAR, the trans(4S,55)
isomer is more potent than the cis isomers, which are, in turn,
more potent than the trans(4R,5R) isomer. Although the
trans(4R,5R) isomer did not completely substitute for S(+)amphet-
amine when a 15-min presession injection interval was used,
stimulus generalization occurred with a 60-min interval. Evi-
dently, this isomer possesses a longer duration of onset, and may
conceivably contribute to the overall pharmacology of the trans
racemate. Interestingly, only the cis isomers (i.e., ‘‘U4Euh’’) and
not the trans isomers (i.e., trans ‘“U4Euh’") are included in the
recent control (Schedule I) of this agent (3). The present results
demonstrate that the trans(4S,5S) isomer of 4-methylaminorex is
similar in potency to S(+)amphetamine (EDs, values=1.4 and
1.7 pmoles/kg, respectively) in drug discrimination studies and
suggest that the frans racemate might also be an amphetamine-like
agent subject to abuse. However, at this time, there is insufficient
evidence to conclude that 4-methylaminorex produces only am-
phetamine-like effects; its pharmacology, particularly its human
pharmacology, needs to be examined in greater detail.
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