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‘Legal highs’ are compounds, plant or fungal material which can be readily bought from the internet with-
out legal restriction and the single chemicals may be structurally related to illegal drugs of abuse such as
the amphetamines. Several recent deaths in the UK have been attributed to these legal highs and unfor-
tunately there is little chemical or biological literature on these materials or certified standards. Here, we
detail the analysis of the widely consumed synthetic N-methyl-cathinone analogue known as mephed-
rone ((1) 2-aminomethyl-1-tolyl-propan-1-one (4’-methylmethcathinone)) and report its spectral data
and molecular properties. Material was purchased from an internet site and examined by extensive
one- and two-dimensional NMR studies, high-resolution mass spectrometry, elemental analysis and opti-
cal rotation, which demonstrated the sample to be of high purity and racemic in nature.
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Legal highs Additionally, we report the molecular modelling properties of methyl-cathinones and compare them to
Methylone their corresponding methyl-amphetamine series. This indicated that the methyl-cathinones are consid-
Methedrone erably more hydrophilic than the methyl-amphetamines which may account for the higher doses that
BMUSISSI\C;HE are needed to demonstrate similar effects. The presence of a ketone in the side chain introduces a far

more planar quality to the methyl-cathinones which is absent in the methyl-amphetamine series, and

this planarity may contribute to toxicity.

© 2010 Elsevier Ltd. All rights reserved.

In the last few years there has been a dramatic increase in the
sale of legal highs.! These materials may be bought through the
internet at low cost and are sometimes pure compounds which
display highly similar chemical structures to existing and illegal
drugs of abuse, for example the legal high methylone (2) and meth-
ylenedioxy-methamphetamine (8, MDMA, ecstasy) (Fig. 1). Legal
highs may also be plant materials that contain hallucinogenic nat-
ural products as part of their secondary metabolism, for example,
the seeds of convolvulaceous plants of the genera Argyreia, Convol-
vulus and Ipomoea producing ergine-type tryptamine analogues.?

In some cases, legal high plant materials have been adulterated
with either plant extracts or synthetic chemicals, as seen with
‘Spice’, a plant material contaminated with one or a cocktail of can-
nabinoid receptor agonists such as JWH-018.3

Several deaths amongst young people in the United Kingdom*
have recently been attributed to the consumption of legal highs,
in particular to mephedrone ((1) 2-aminomethyl-1-tolyl-propan-
1-one (4-methylmethcathinone)), a synthetic drug related to the
plant natural product cathinone (13). Mephedrone was first syn-
thesised in 1933 but surprisingly there is a paucity of published
data relating to this compound.®> A very recent publication has
dealt with the analysis of 1 and other beta-keto amphetamines
in urine by GC-MS.® Cathinone (13) is the stimulant alkaloid found
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in Catha edulis, the leaves of which are chewed in some Somali,
Yemeni and Ethiopian communities.” This compound is controlled
by the UK 1971 Misuse of Drugs Act and is currently classified as a
class C drug and in Schedule 1 of the Act having no medicinal use.

Surprisingly very little is known about the chemistry and biol-
ogy of the synthetic cathinone derivatives despite an increasing
number appearing on the internet for sale. These include mephed-
rone (1), methylone (2), methedrone (3), butylone (4) and methy-
lenedioxypyrovalerone (MDPV, 5) (Fig. 1). Unfortunately these
names are confusing and do not relate to systematic nomenclature
(Fig. 1). Methyl-cathinones are very similar in structure to several
existing illegal drugs of abuse including methcathinone (6) which
is a class B drug, and the highly addictive and destructive class A
drug methamphetamine colloquially known as ‘crystal meth’ (12).

Strikingly and most worryingly from the perception perspective
for young people who are tempted to try these materials, some of
these cathinones such as methylone (2) show exceptional struc-
tural similarity with the class A drug MDMA (8, ecstasy) possessing
just one carbonyl in place of a methylene moiety (Fig. 1). As ecstasy
is still widely consumed as a recreational and illicit drug of abuse,
the appearance of methylone on the internet, which is marketed as
a high-purity plant food, may well induce young people to exper-
iment with this chemical because of its structural resemblance to
ecstasy and the false implication that it might be safe to consume.
Ecstasy has been demonstrated to have toxic effects in a variety of
systems®™!° but unfortunately there is a paucity of literature
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Figure 1. Cathinone and amphetamine derivatives. Mephedrone (4'-meth-
ylmethcathinone, 4'-MMC, 1), methylone (2), methedrone (3), butylone (4),
methylenedioxypyrovalerone (MDPV, 5), methcathinone (6), 4’-methylmetham-
phetamine (7), methylenedioxy-methamphetamine (MDMA, ‘ecstasy’, 8), 4’-meth-
oxymethampetamine (4-MMA, 9), methylenedioxy-ethylamphetamine (MDEA,
10), methylbenzodioxolylbutanamine (MBDB, ‘Eden’, 11), methamphetamine
(‘crystal meth’, 12), S-cathinone (13), amphetamine (14).
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Figure 2. Sample of mephedrone obtained from the internet.

pertaining to the chemistry, biology and toxicity of the synthetic
and natural cathinones.

To partly address the lack of data on these compounds, we have
acquired a sample of mephedrone and conducted an extensive
spectroscopic analysis and the full spectral data are reported here.
Additionally, we have subjected a series of methyl-cathinones and
their corresponding methyl-amphetamine analogues to molecular
modelling studies to predict physical differences such as log P and
log BBB (log of the ratio of the concentration in the brain, to that in
the blood), and ascertained how different the series are from each
other with respect to molecular conformation.

A sample of mephedrone (1, 500 mg, Fig. 2) was acquired from
an internet site where the material was marketed at 99.8% purity
as a plant food and ‘not for human consumption’. 474.0 mg were
recoverable from the plastic sample bag and a portion of this
was subjected to full structure elucidation.!!

The HRESIMS gave an [M+H]" peak at 178.1233 (calculated for
178.1232) supporting the molecular formula of C;;H;5NO and the
identity of the sample as mephedrone ((1) 2-aminomethyl-1-to-
lyl-propan-1-one (4’-methylmethcathinone)). The 'H NMR spec-
trum (Fig. 3 and Table 1) showed the characteristic AA’BB’
aromatic system for a 1,4 unsymmetrically substituted aromatic
system (5 7.42 2H, § 7.62 2H), a deshielded one-hydrogen quartet
at 5.09 ppm (CH-CHs3), a deshielded three-hydrogen singlet at
2.77 ppm (N-CH3), a slightly deshielded methyl singlet attribut-
able to a methyl attached to an aromatic ring (6 2.45) and finally
a methyl doublet (6 1.57, ] = 7.2). The '"H NMR spectrum indicated
that this compound was clean with no apparent starting material
or unreacted reagents such as methylamine which has been seen
before in other cathinone legal highs such as the fluorinated ana-
logue flephedrone.!? The '*C NMR spectrum (Table 1) again sup-
ported a predominantly pure material with nine carbons evident.
Full spectral analysis using HMQC and HMBC spectra allowed
unambiguous assignment of all carbon and hydrogen resonances
(Table 1 and Fig. 4) and gave final proof that compound 1 was
mephedrone.’® The N-methyl resonance gave a ] correlation to
C-2 which was in turn coupled to by the methyl doublet (C-3). In
the HMBC spectrum, the hydrogens of this methyl resonance also
coupled to a deshielded carbon (§ 196.6, C-1) and this completed
the 2-aminomethyl-propan-1-one side chain. Further couplings
in the HMBC spectrum between H-2//6' and C-1 (%]) supported
placement of the side chain at C-1’ on the aromatic ring (between
C-6’ and C-2'). This was further supported by a NOESY correlation
between H-2 and H-2'/6'. COSY correlations between H-2'/6" and
H-3’/5' confirmed the presence of an AA'BB’ aromatic system. The
methyl singlet at 2.45 ppm (C-7’) exhibited a 3] HMBC correlation
to C-3//5" and a ? correlation to C-4' completing the assignment
of all resonances (Table 1). This data is consistent with that re-
cently reported by Camilleri et al. for material recovered from cap-
sules obtained from an internet company.'*

Elemental analysis was carried out to establish whether the
sample was present as a free base or as a salt. Analysis revealed
62.04% (C), 7.57% (H) and 6.55% (N) which corresponded very clo-
sely for the theoretical percentage for the hydrochloride salt of
61.82% (C), 7.56% (H) and 6.56% (N). The material was also sub-
jected to measurement of optical rotation and an [a]p of 0 with a
concentration (c) of 0.5 indicated that the sample was racemic.
This is unsurprising given that the current proposed synthesis of
mephedrone is by bromination of 1-tolyl-propan-1-one yielding
the 2-bromo-1-tolyl-propan-1-one racemic product. This is then
conveniently treated with methylamine which displaces bromide
resulting in a racemic 2-methylamino-1-tolyl-propan-1-one
(mephedrone).® It is possible that an excess of methylamine is used
to drive the reaction to completion and the purity of this particular
sample may be due to removal of the volatile methylamine under
vacuum.
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Figure 3. '"H NMR spectrum of mephedrone (1) in CD50D.

Table 1
'H (500 MHz) and '3C NMR (125 MHz) spectral data and 'H-'3C long-range
correlations of 1 recorded in CD;0D

Position 1
lH 13C 2] 3]
1 — 196.6 —
2 5.09qJ=72 60.5 C-1,C-3 N-CH3
3 1.57dJ=72 16.3 C-2 C-1
1 — 131.7 -
2'[6' 7.62dJ=85 130.1 Cc-3'|5 Cc-2'l6/, C-4/, C-1
3|5 742 dJ=85 131.0 Cc-2'/6/ Cc-3'/5, C-1
4 — 147.6 — -
7 245 s 21.8 C-4 C-3'/5
N-CH3 2.77 s 31.7 C-2
o
N
>~

Figure 4. Structure of 1 and key HMBC correlations.

We then conducted molecular modelling studies to predict the
molecular properties log P and log BBB of a series of methyl-cathi-
nones and to compare them with the commonly abused methyl-
amphetamine analogous series (Table 2).!° This showed that the
cathinones were generally more hydrophilic, with their log P values
lower by one unit when compared with the equivalent methyl-

amphetamine analogue. Similarly, the log BBB of the methyl-cathi-
nones were also lower than the corresponding analogues.

We also modelled both series in an attempt to understand their
shape in the protonated form. The predicted pK, value (9.9) of d-
amphetamine was in good agreement with its experimental value
of 9.5,'¢ indicating that the predicted values of pK, (8.4-9.5) for
the methyl-cathinones should be accurate and that they were most
likely to be protonated at physiological pH. Conformational studies
were very revealing as the methyl-cathinones were much more pla-
nar with respect to the methyl-amphetamines (Fig. 5) and the pres-
ence of the carbonyl group at C-1 introduces this planarity with the
arylring, and a hydrogen bond is formed with the protonated amino
group. This is very different for the methyl-amphetamines which are
far less planar and in which the amino group is perpendicular to the
pi-cloud of the aryl ring (as opposed to parallel in the cathinone ser-
ies). This planarity in the cathinones could result in intercalation
with DNA and may indicate why these compounds could be toxic.
The molecular lipophilicity potential surfaces indicated that the
methyl-cathinones were less lipophilic in nature and therefore less
likely to penetrate the blood-brain barrier.

Whilst there is a paucity of biological data relating to mephed-
rone, both enantiomers of methcathinone (6) which differ purely in
the lack of the methyl group on the aryl ring compared to mephed-
rone, have been shown to be toxic to rat dopamine neurons and the
S-enantiomer was also toxic against serotonin neurons.'” Given the
close structural similarity between mephedrone and methyl-cathi-
none it is highly likely that mephedrone will display neurotoxicity.
As ‘street-mephedrone’ is clearly a racemic mixture, it is also pos-
sible that this will display toxicity towards both dopamine and
serotonin neurons and this may in part explain some of the very
unfortunate deaths seen recently with this material. Very recently
a case report on multiple-drug fatal-toxicity caused by co-adminis-
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Table 2
Predicted molecular properties, virtual log P and log BBB of cathinones and amphetamines. All R and S stereoisomers were modelled and the values for the R-enantiomers are
given below

Cathinones Ampetamines

vLog P Log BBB Log BBB vLog P

N
~ ~1.36 0.25 039 ~0.25 m
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Figure 5. The lowest energy structures and their molecular lipophilicity potential surfaces of mephedrone (1) (a and b) and its amphetamine analogue (7) 4'-
methylmethamphetamine (c and d). The intramolecular hydrogen bond is depicted by an orange line.
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tration of heroin and mephedrone has been published.'® This sug-
gested that the overall contribution of mephedrone to the death
could not be neglected.

In April the UK government introduced generic classification to
cover many cathinone derivatives including mephedrone and these
materials have been placed in the class B category of the 1971
Misuse of Drugs Act.
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