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Abstract

The aim of the presented study was to identify the metabolites of the new designer drug 4′-methyl-α-pyrrolidinobutyrophenone (MPBP) in
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at urine using GC–MS techniques. After enzymatic hydrolysis, extraction and various derivatizations, seven metabolites of MPB
dentified suggesting the following metabolic steps: oxidation of the 4′-methyl group to the corresponding alcohol and further oxidation t
espective carboxy compound, hydroxylation of the pyrrolidine ring followed by dehydrogenation to the corresponding lactam or
f the keto group to the 1-dihydro compound. A previously published GC–MS-based screening procedure for pyrrolidinophenones
nzymatic hydrolysis and mixed-mode solid-phase extraction of urine samples allowed detection of MPBP metabolites. Assum
etabolism and dosages in humans, an intake of MPBP should be detectable via its metabolites in urine.
2005 Elsevier B.V. All rights reserved.
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. Introduction

1-(4-Methylphenyl)-2-pyrrolidin-1-ylbutan-1-one (4′-me-
hyl-�-pyrrolidinobutyrophenone, MPBP) is a new designer
rug of the pyrrolidinophenone type. After�-pyrrolidin-
propiophenone (PPP)[1,2], 4′-methyl-�-pyrrolidinopropio-
henone (MPPP)[1–3], 4′-methyl-�-pyrrolidinohexano-
henone (MPHP) [4], 4′-methoxy-�-pyrrolidinopro-
iophenone (MOPPP)[5], 3′,4′-methylenedioxy-�-pyrro-

idinopropiophenone (MDPPP)[1,6], it was the latest of this
ew class of designer drugs to enter the illicit drug market

n Germany. Their chemical structures are given inFig. 1.
PBP was seized as powder by the German police. It is
ssumed to be taken orally as the other pyrrolidinophenones,
hich are distributed among drug abusers as tablets, cap-
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sules, or powders[1]. Statements on the frequency of th
occurrence cannot be made, because they cannot be de
with usual routine analysis procedures[2–6] and might
therefore, have been overlooked. Nevertheless, PPP (1
MPPP (1999), and MDPPP (1997) have been schedul
the German Controlled Substances Act and possess
strictly prohibited.

So far, little information about the dosage as wel
the pharmacological and toxicological effects of the py
lidinophenones is available. However, they may be expe
to be very similar to those of pyrovalerone (4′-methyl-�-
pyrrolidinovalerophenone) due to their close structural r
tion to this drug as shown inFig. 1. Pyrovalerone is
psychostimulant which acts by releasing dopamine and
pinephrine from the respective nerve terminals[7,8]. It was
first pharmacologically characterized in animal experim
by Stille et al.[9] in the early 1960s. These authors repo
comparable central stimulatory effects but less influe
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Fig. 1. Chemical structures of pyrrolidinophenone-type designer drugs and of the psychostimulant pyrovalerone.

on locomotor activity and autonomous function compared
to amphetamine. The LD50 of pyrovalerone in mice was
reported to be 350 mg/kg bodyweight (BW) per os. Compa-
rable psychostimulatory effects[10,11] and smaller effects
on motor function[11] of pyrovalerone in comparison to
amphetamine were also found in controlled studies with
humans. Pyrovalerone had been studied as a therapeutic drug
[12–14], but was withdrawn from the market and sched-
uled as a controlled substance after reports of its intravenous
abuse by polytoxicomaniacs[15]. Beside this, the chemi-
cal structure of pyrrolidinophenones is closely related to�-
aminopropiophenone anorectics like amfepramone, drugs of
abuse like cathinone/methcathinone and antidepressants like
bupropion and might therefore evoke similar effects[16–19].
Clearly, such pharmacological profiles are in line with the
abuse of pyrrolidinophenones as stimulant designer drugs.

While the metabolism and toxicological detection of PPP,
MPPP, MPHP, MOPPP, MDPPP, and pyrovalerone have been
described[2–6,20–22], MPBP has never been studied in this
respect. However, the knowledge about metabolic steps is a
prerequisite for toxicological risk assessment and for devel-
oping screening procedures for toxicological detection, as in
both cases the metabolites may play a major role. Further-
more, determination or screening procedures for MPBP are
necessary for confirmation of the diagnosis of an intoxication
or drug abuse.

ly to
i MS
i ical
i dge
f S
b ther
p

2

2

m
H ) for
r en by
m -

lute Confirm HCX cartridges (130 mg, 3 ml) were obtained
from Separtis (Grenzach-Wyhlen, Germany).N-Methyl-
N-trimethylsilyl-trifluoroacetamide (MSTFA) was obtained
from Fluka (Steinheim, Germany). Diazomethane was syn-
thesized in the authors’ laboratory according to the procedure
of McKay et al.[23]. All other chemicals and biochemicals
used were obtained from Merck, Darmstadt (Germany) and
were of analytical grade.

2.2. Urine samples

The investigations were performed using male rats (Wis-
tar, Ch. River, Sulzfleck, Germany) for toxicological diag-
nostic reasons according to the corresponding German law.
They were administered a single 20 mg/kg body mass dose
(for metabolism studies) or a 1 mg/kg body mass dose (for
development of the screening procedure) of MPBP-HNO3
in an aqueous suspension by gastric intubation. Urine was
collected separately from the faeces over a 24 h period. All
samples were directly analyzed and then stored at−20◦C
until further analysis. Blank urine samples were collected
before drug administration to check whether the samples
were free of interfering compounds.

2.3. Sample preparation for metabolism studies

ith
a t
5 n
u ryl-
s
S l of
w usly
c ter
p 1 ml
o ned
n ction
v sic
c t vial
w ous
a ntly
e
d yla-
Therefore, the aim of the presented study was first
dentify the MPBP metabolites in rat urine using GC–
n the electron impact (EI) and positive-ion chem
onization (PICI) mode and secondly to use this knowle
or incorporation of MPBP into the authors’ EI GC–M
ased toxicological screening procedure for the o
yrrolidinophenone-type designer drugs in urine[2,4–6].

. Experimental

.1. Chemicals and reagents

MPBP·HNO3 from a drug seizure was provided fro
essisches Landeskriminalamt, Wiesbaden (Germany

esearch purposes. The purity and identity had been prov
ass spectrometry, infrared and1H NMR spectroscopy. Iso
A 0.5 ml portion of urine was adjusted to pH 5.2 w
cetic acid (1 M, approximately 10–50�l) and incubated a
6◦C for 1.5 h with 50�l of a mixture (100,000 Fishma
nits per ml) of glucuronidase (EC No. 3.2.1.31) and a
ulfatase (EC No. 3.1.6.1) fromHelix pomatiaL. (Roman
nail). The urine sample was then diluted with 2.5 m
ater and loaded on a Confirm HCX cartridge, previo
onditioned with 1 ml of methanol and 1 ml of water. Af
assage of the sample, the cartridge was washed with
f water and 1 ml of 0.01 M hydrochloric acid. The retai
on-basic compounds were first eluted into a 1.5 ml rea
ial with 1 ml of methanol (fraction 1), whereas the ba
ompounds were eluted in a second step into a differen
ith 1 ml of a freshly prepared mixture of methanol/aque
mmonia (98:2, v/v; fraction 2). The eluates were ge
vaporated to dryness under a stream of nitrogen at 56◦C and
erivatized by methylation, acetylation, combined meth
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tion/acetylation or trimethylsilylation according to published
procedures[24]. Briefly, methylation was performed after
reconstitution in 50�l of methanol with 50�l of a solu-
tion of diazomethane in diethyl ether. The reaction vials
were sealed and left at room temperature for 30 min. There-
after, the mixture was once again gently evaporated to dry-
ness under a stream of nitrogen and redissolved in 100�l
of methanol. Acetylation was conducted with 100�l of an
acetic anhydride–pyridine mixture (3:2, v/v) for 5 min under
microwave irradiation at about 440 W. After evaporation, the
residue was dissolved in 100�l of methanol. A 3�l aliquot
each was injected into the GC–MS system. In case of com-
bined methylation/acetylation, extracts were first methylated
and subsequently acetylated. For trimethylsilylation, 50�l of
MSTFA were added to the extract previously reconstituted in
50�l of ethyl acetate and derivatization was carried out for
5 min under microwave irradiation at 440 W. A 3�l aliquot
was injected into the GC–MS with an alcohol- and water-free
syringe. The same experiments were repeated without the use
of enzymatic hydrolysis to study which metabolites of MPBP
were excreted as glucuronides/sulfates.

2.4. Sample preparation for toxicological analysis

The extraction procedure was the same as described under
2.3, but only the second eluate (fraction 2) was used for fur-
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sponding pull down menu which executes the user defined
macros[25,26]. The identity of the peaks in the mass chro-
matograms was confirmed by computerized comparison[27]
of the mass spectra underlying the peaks (after background
subtraction) with reference spectra recorded during this study
(Fig. 2and ref.[27]).

3. Results and discussion

3.1. Sample preparation

Cleavage of conjugates was necessary before extraction
and GC–MS analysis of the suspected metabolites in order
not to overlook conjugated metabolites. Gentle enzymatic
hydrolysis was used because the analytes were destroyed
during acid hydrolysis. The described cleavage procedure
at elevated temperature (56◦C) for a short period of time
(1.5 h) had been successfully used in routine screening pro-
cedures for other pyrrolidinophenones[2,4–6]. In the present
study, this short procedure was also used for metabolism
studies, since it had proven to yield similar results (i.e.
same compounds detected at similar abundances) as the
authors’ standard conditions for metabolism studies (37◦C
for 12 h).

The use of common liquid–liquid extraction under alkaline
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her workup. It was gently evaporated to dryness und
tream of nitrogen at 56◦C and then reconstituted in 50�l
f ethyl acetate. After addition of 50�l of MSTFA the
econstituted extract was trimethylsilylated for 5 min un
icrowave irradiation at 440 W. A 2�l aliquot of this mixture
as injected into the GC–MS with an alcohol- and water-
yringe.

.5. Gas chromatography–mass spectrometry

The MPBP metabolites were separated and identifie
erivatized urine extracts using a Hewlett Packard (Agi
aldbronn, Germany) 5890 Series II gas chromatog

ombined with an HP 5989B MS Engine mass spectr
ter and an HP MS ChemStation (DOS series) with
1034C software. The GC conditions were as follows: s

ess injection mode; column, HP-1 capillary (12 m× 0.2 mm
.D.), cross linked methylsilicone, 330 nm film thickne
njection port temperature, 280◦C; carrier gas, helium; flow
ate 1 ml/min; column temperature, programmed from
o 310◦C at 30◦/min, initial time 3 min, final time 8 min
he MS conditions were as follows: full scan mode,m/z
0–550 u; EI ionization mode: ionization energy, 70
hemical ionization using methane, positive mode (PI
onization energy, 230 eV; ion source temperature, 220◦C;
apillary direct interface heated at 260◦C.

For toxicological detection of MPBP and its trimethy
ylated metabolites, mass chromatography with the sele
onsm/z112, 126, 178 and 318 was used. Generation o

ass chromatograms could be started by clicking the c
r acidic conditions followed by acetylation or methylat
24,26,28–30], respectively, was not appropriate, becaus
ajority of the metabolites showed amphoteric proper

n addition, volatility of the free bases and the instability
he analytes under alkaline and high temperature cond
ad caused difficulties with structurally related compou

31,32]. In contrast, mixed-mode SPE had been success
pplied for extraction of amphoteric metabolites of o
yrrolidinophenones[2–6], and also proved to be applic
le for extraction of MPBP and its metabolites.

Derivatization was needed to improve the GC prope
f these relatively polar metabolites thus increasing
ensitivity of their detection. Methylation with diazometh
s well known to be versatile for derivatization of metabol
ith phenolic hydroxy or carboxy groups. In contra
liphatic hydroxy groups remain unaffected thus allow

heir distinction from phenolic hydroxyl groups. Moreov
he resulting derivatives often show favorable fragmenta
roperties in the EI mode. They yield easily interpreta

ragment ions, which is advantageous for the elucidatio
etabolite structures. In the present study, methylation
erformed, because MPBP was expected to be metaboli

he respective 4′-carboxy compound as it had been descr
or other 4′-methyl-pyrrolidinophenones [2–4,22,33].
cetylation has also proved useful in metabolism stu

28–30,34]. It can be employed for derivatization of prima
nd secondary amino groups as well as alcoholic and/or
olic hydroxy groups. Generally, the fragmentation patt
f the resulting derivatives in the EI mode are also eas

nterpret. In the present study, acetylation was used to a
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Fig. 2. EI and PICI mass spectra, gas chromatographic retention indices (RI), structures and predominant fragmentation patterns of MPBP and its metabolites
after methylation or trimethylsilylation. The axes are only labeled for 1.
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Fig. 2. (Continued).
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Fig. 2. (Continued).
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Fig. 2. (Continued).

detection of possible primary or secondary amine metabo-
lites resulting from degradation of the pyrrolidine ring as it
has been described for PPP[2]. Finally, trimethylsilylation
was performed in order to record the mass spectra of the
trimethylsilyl derivatives of the MPBP metabolites needed to
incorporate MPBP into the authors’ screening procedure for
pyrrolidinophenones[2,4–6]. Trimethylsilylation, which is a
common derivatization procedure in many routine methods,
is safer and easier to handle than methylation with dia-
zomethane and the reagent is commercially available. Even
though the resulting mass spectra are generally less useful
for elucidation of metabolite structures, the trimethylsily-

lated extracts were checked for the presence of additional
metabolites.

3.2. Identification of metabolites

The urinary metabolites of MPBP were identified by
full-scan EI and PICI MS after GC separation. The postu-
lated structures of the metabolites were deduced from the
fragments detected in the EI mode which were interpreted
in correlation to those of the parent compound according
to the rules described by, e.g. McLafferty and Turecek[35]
and Smith and Busch[36]. In order to verify the molecular
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mass of the postulated metabolites, PICI mass spectra were
recorded, because they contain strong molecular peaks
(M + H+), in contrast to the EI spectra. In addition, adduct
ions (M + C2H5

+, M + C3H5
+) are produced which are

typical for PICI using methane as reagent gas.
EI and PICI mass spectra, the gas chromatographic reten-

tion indices (RI), structures and predominant fragmentation
patterns of MPBP (mass spectra no. 1) as well as of its
methylated and trimethylsilylated metabolites are shown in
Fig. 2. From these mass spectra, the following metabo-
lites (nos. inFig. 2) could be deduced: 4′-hydroxymethyl-
PBP (no. 8), 2′′-oxo-MPBP (no. 3), 4′-carboxy-PBP (nos.
4 and 9), 4′-carboxy-2′′-oxo-PBP (nos. 5 and 10), 2-oxo-
4′-carboxy-BP (no. 2), 1-dihydro-4′-carboxy-PBP (no. 7),
1-dihydro-4′-carboxy-2′′-oxo-PBP (nos. 6 and 11). Acety-
lation did not lead to detection of further metabolites, so
degradation of the pyrrolidino-moiety of MPBP to sec-
ondary or primary amine structures obviously did not occur.
With an estimated share of 40% of the excreted MPBP
metabolites, 4′-carboxy-PBP was the metabolite in greatest
abundance.

With the exception of 2′′-oxo-MPBP, which carries no
derivatizable moiety, one would have expected detection
of all metabolites in the methylated(/acetylated) and in the
trimethylsilylated extracts. However, 4′-hydroxymethyl-PBP
and 1-dihydro-4′-carboxy-PBP were only detected in the
t ble
t ed
m inor
m y
d indi-
c ylsi-
l not

detected in any of the prepared samples, although the limit
of detection (S/N 3) was 100 ng/ml. In addition, the extrac-
tion efficiency for MPBP was 77± 12% (n= 5) measured at
1000 ng/ml.

Concerning the structures of the metabolites, it must be
mentioned that the exact position of the oxo group in the
pyrrolidino-oxo metabolites of MPBP could not be deduced
from the fragmentation patterns. However, the 2′′-position
seems to be the most likely as lactam formation is common
in the metabolism of pyrrolidino compounds such as prolin-
tane and nicotine[37]. Based on the same assumption, the
corresponding lactam metabolites had also been postulated
for other pyrrolidinophenones[2–6,22]. Only one peak was
detected for the diastereomeric dihydro metabolites. On the
one hand, this might be explained by enantioselective for-
mation of only one diastereomer. On the other hand, more
than one diastereomers might have been formed which were,
however, not separated under the applied chromatographic
conditions.

Based on the identified metabolites of MPBP, the follow-
ing partly overlapping metabolic pathways could be postu-
lated (Fig. 3): hydroxylation of the 4′-methyl group to the
corresponding alcohol (no. 8) followed by oxidation to the
corresponding carboxylic acid (no. 4/9); hydroxylation of
the 2′′-position of the pyrrolidine ring followed by dehydro-
genation to the corresponding lactams (nos. 3, 5/10, 6/11);
r e
c xida-
t ng
2 lites
2 and
s artly
e

F mberin orresponding
d

rimethylsilylated extracts. This was most likely attributa
o insufficient sensitivity after methylation and combin
ethylation/acetylation, because these two were only m
etabolites. In contrast, 2′′-oxo-4′-carboxy-BP was onl
etected in methylated(/acetylated) extracts, which may
ate degradation of this compound during the trimeth
ylation procedure. The parent compound MPBP was

ig. 3. Proposed scheme for the metabolism of MPBP in rats. The nu
erivative inFig. 2.
eduction of the keto group of 4′-carboxy metabolites to th
orresponding secondary alcohols (nos. 7, 6/11); and o
ive deamination of 4′-carboxy-PBP to the correspondi
-oxo compound (no. 2). As the peaks of the metabo
, 8 and 6/11 were more abundant after glucuronidase
ulfatase hydrolysis, it can be concluded that they are p
xcreted as glucuronides and/or sulfates.

g of the compounds corresponds to that of the mass spectra of the c
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3.3. Toxicological detection by GC–MS

MPBP metabolites were separated by GC and identified
by full-scan EI MS after fast enzymatic hydrolysis, SPE and
trimethylsilylation. Only fraction 2, where – among others –
the MPBP main metabolite 4′-carboxy-PBP was eluted, was
needed for the toxicological detection. Mass chromatography
with the following ions was used to detect the presence of
MPBP and/or its metabolites:m/z 112, 126, 178, 318. The
selected ionm/z112 was used for monitoring the presence of
compounds with unchanged pyrrolidine ring (mass spectra
nos. 7–9 inFig. 2), m/z 126 for compounds with oxidized
pyrrolidine ring (mass spectrum nos. 3, 10, and 11 inFig. 2)
andm/z178, 318 for trimethylsilylated carboxy-metabolites
(mass spectra nos. 7, 9–11 inFig. 2).

Fig. 4shows reconstructed mass chromatograms indicat-
ing the presence of MPBP metabolites in a trimethylsilylated
extract of rat urine after administration of 1 mg/kg body
mass of MPBP·HNO3. For MPBP’s structural homologue
pyrovalerone, single doses of 20–75 mg of pyrovalerone
were used in studies on pharmacological and therapeutic
effects in humans[10,12,13,38], while intravenous drug
abusers reportedly injected single doses of 60–140 mg of
pyrovalerone[15]. Assuming a similar dosage for MPBP the
above-mentioned 1 mg/kg body mass dose of MPBP should,
therefore, approximately correspond to a dose ingested by
a fact

that seized tablets of the related designer drug PPP contained
approximately 40 mg.

The identity of the peak in the mass chromatograms was
confirmed by computerized comparison of the underlying
mass spectrum with reference spectra recorded during this
study[27]. Fig. 5illustrates the mass spectrum underlying the
marked peak inFig. 4, reference spectrum (no. 9 inFig. 2),
structure, and the hit list found by computer library search.
The gas chromatographic RIs provide preliminary indica-
tions, allow distinguishing between positional isomers and/or
diastereomers and may be useful to gas chromatographers
without an MS facility. Therefore, RIs are also provided in
Fig. 2. They were recorded during the GC–MS procedure
(Section2.5) and calculated in correlation with the Kovats’
indices[39] of the components of a standard solution of typ-
ical drugs which is measured daily for testing the GC–MS
performance[40,41]. The reproducibility of RIs measured
on capillary columns was better using a mixture of drugs
than that of the homologous hydrocarbons recommended by
Kovats.

Unfortunately, no authentic human urine samples after
intake of MPBP were available. However, based on the
findings of Michaelis et al.[33], that the corresponding
metabolite of pyrovalerone was the main metabolite of
this drug in humans, one would expect 4′-carboxy-PBP
to be an important metabolite of MPBP also in humans.
T for

F
o
s

busers. This assumption is further supported by the
ig. 4. Typical mass chromatograms with the ionsm/z112, 126, 178 and 318. T
f a rat urine sample collected over 24 h after ingestion of 1 mg/kg body ma
pectra of the corresponding derivative inFig. 2. The merged chromatograms ca
hus, the previously published screening procedure
hey indicate the presence of MPBP metabolites in a trimethylsilylated extract
ss of MPBP·HNO3. The numbering of the peaks corresponds to that of the mass
n be differentiated by their colors on a color screen.
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Fig. 5. Mass spectrum underlying the marked peak inFig. 4the reference spectrum, the structure, and the hit list found by computer library search.

pyrrolidinophenones[2,4–6] should also be applicable for
detecting an ingestion of MPBP.

4. Conclusions

The presented studies revealed that the new designer drug
MPBP was extensively metabolized via four pathways by
the rat. Screening must, therefore, be focused on metabo-
lites. The described screening procedure should be suitable
for detection of MPBP and/or its metabolites in human urine
in clinical or forensic cases.
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