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and toxicological detection in rat urine using gas
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Studies are described on the metabolism and the toxicological analysis of the phenethylamine-derived
designer drug 4-iodo-2,5-dimethoxy-B-phenethylamine (2C-I) in rat urine using gas chromatographic/mass
spectrometric (GC/MS) techniques, and for a particular question, using capillary electrophoretic/mass
spectrometric (CE/MS) techniques. The identified metabolites indicated that 2C-I was metabolized on
the one hand by O-demethylation in position 2 and 5, respectively, followed either by N-acetylation or
by deamination with subsequent oxidation to the corresponding acid or reduction to the corresponding
alcohol, respectively. The latter metabolite was hydroxylated in B-position and further oxidized to the
corresponding oxo metabolite. On the other hand, 2C-I was metabolized by deamination with subsequent
oxidation to the corresponding acid or reduction to the corresponding alcohol, respectively. 2C-I and most
of its metabolites were partially excreted in conjugated form. The authors’ systematic toxicological analysis
(STA) procedure using full-scan GC/MS after acid hydrolysis, liquid-liquid extraction and microwave-
assisted acetylation allowed the detection of an intake of a dose of 2C-I in rat urine that corresponds to a
common drug users’ dose. Assuming similar metabolism, the described STA procedure should be suitable

for proof of an intake of 2C-I in human urine. Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

A wide variety of g-phenethylamine derivatives are abused
as illicit synthetic drugs. g-phenethylamine itself is not a
common drug of abuse, because it is rapidly metabolized,!
but derivatives with methoxy groups in positions 2
and 5 and a hydrophobic 4-substituent, so-called 2Cs,
have obviously psychoactive properties and are abused.
Typical 2Cs are 4-bromo-2,5-dimethoxy-p-phenethylamine
(2C-B), 4-iodo-2,5-dimethoxy-B-phenethylamine  (2C-I),
4-ethylthio-2,5-dimethoxy-p-phenethylamine (2C-T-2), or
2,5-dimethoxy-4-propylthio-A-phenethylamine (2C-T-7).1-*
2C-I was described in Shulgin’s compilation 'PIHKAL’ in
1991.! Later, it appeared on the illicit drug market as a

i

designer drug in the form of tablets with the ‘i’ logo,

*Correspondence to: Hans H. Maurer, Department of Experimental
and Clinical Toxicology, University of Saarland, D-66421 Homburg
(Saar), Germany. E-mail: hans.maurer@uniklinikum-saarland.de
fParts of these results were reported at the 14th meeting of the
GTFCh, Mosbach, Germany, 14-16 April 2005.
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powder, and liquid preparations.>>~7 Therefore, it was
scheduled in the lists of controlled substances of several
countries.>$

Only little information is available on pharmacological
and toxicological properties of 2C-I, but it is known that
the compounds of the 2C series show affinity to 5-HT,
receptors, acting as agonists or antagonists at different
receptor subtypes.’~17 For the related substance 2C-B, partial
agonism at the a;-adrenergic receptor was described.!81°
Because of these properties, radioactive 2C-I was synthesized
as a label for the 5-HT, receptor and as a potential
brain scanning agent for nuclear medicine.”* The chemical
structure that is responsible for hallucinogen-like activity
comprises a primary amine functionality separated from
the phenyl ring by two carbon atoms (‘2C’), the presence
of methoxy groups in positions 2 and 5 of the aromatic
ring, and a hydrophobic 4-substituent (alkyl, halogen,
alkylthio, etc.).?! Furthermore, several quantitative structure-
activity relationships (QSAR) studies were published about
hallucinogenic g-phenethylamines including 2C-1.22-%° Using
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the results of these analyses, predictions of the hallucinogenic
potency of new B-phenethylamines should be possible.

For some substances of the 2C-series, analytical data are
available.3*~* Screening for and validated quantification of
2C-T and others of the group in human blood plasma have
recently been published using gas chromatography/mass
spectrometry (GC/MS).*® However, comprehensive screen-
ing for detection of thousands of drugs, poisons and/or their
metabolites is performed in urine.?® For developing such
procedures, the analytical data of the metabolites of the com-
pounds in question must be known, because they are the
target analytes, if excreted in urine primarily or even exclu-
sively. Furthermore, data on the metabolism are needed for
toxicological risk assessment, because the metabolites may
play a major role in the toxicity of a drug. Some studies
have been published about the metabolism of psychoactive
B-phenethylamines,®**%-5 but metabolism of 2C-I has
never been described before. Therefore, the aim of the
study presented here was to identify the 2C-I metabolites
in rat urine using GC/MS in the electron ionization (EI)
and positive-ion chemical ionization (PICI) modes. For a
particular question, capillary electrophoretic/tandem mass
spectrometric techniques (CE/MS/MS) were used owing to
their high separation efficiency and orthogonal selectivity
with the added benefit of a high tolerance of very complex
sample matrices.’*~%¢ In addition, the detectability of 2C-I
and its metabolites within the authors’ systematic toxico-
logical analysis (STA) procedure in urine by GC/MS was
studied.’” !

EXPERIMENTAL

Chemicals and reagents

2C-I HCl was provided by the Landeskriminalamt Baden-
Wiirttemberg (Stuttgart, Germany) for research purposes.
N-Methyl-bis(trifluoroacetamide), ammonium formate and
LC/MS-grade 2-propanol/water (50 : 50) were obtained from
Fluka (Taufkirchen, Germany). All other chemicals and bio-
chemicals were obtained from Merck (Darmstadt, Germany).
All chemicals and biochemicals were of analytical grade.

Urine samples

The investigations were performed using urine of male rats
(Wistar, Ch. River, Sulzfleck, Germany) for toxicological
diagnostic reasons according to the corresponding German
law. They were administered a single 20 mg/kg body mass
(BM) dose for metabolism studies or a single 0.3 mg/kg
BM dose for the STA study in aqueous suspension by
gastric intubation (1 = 2 for each dose). Urine was collected
separately from the feces overa 24 h period. All samples were
directly analyzed. Blank rat urine samples were collected
before drug administration to check whether they were free
of interfering compounds.

Sample preparation for identification of
metabolites by GC/MS or CE/MS/MS

A 5-ml portion of urine was worked up as described for 2C-T-
7.39 After enzymatic cleavage of conjugates, the liquid-liquid
extract was derivatized by acetylation or trifluoroacetylation,
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as described for 2C-T-7.% Aliquots (2 ul) of the derivatized
or underivatized extracts were injected into the GC/MS.
Another urine sample was worked up as described in the
following. A 1-ml portion of urine was adjusted to pH
5.2 with acetic acid (1 M) and incubated at 50°C for 1.5h
with 100 pl of a mixture (100000 Fishman units per ml) of
glucuronidase (EC no. 3.2.1.31) and arylsulfatase (EC no.
3.1.6.1). The sample was then diluted with 2 ml of water and
loaded on a solid-phase extraction (SPE) cartridge (Isolute
Confirm HCX, 130 mg, 3 ml), previously conditioned with
1ml of methanol and 1 ml of water. After passage of the
sample, the cartridge was conditioned with 1 ml of water
and 1 ml of 0.01 M hydrochloric acid. The retained nonbasic
compounds were eluted into a 1.5-ml reaction vial with
1ml of methanol and gently evaporated under a stream
of nitrogen at 56°C. After evaporation, the residue was
dissolved in 50 ul of methanol and derivatized for 10 min at
room temperature with 100 pl of a solution of diazomethane
in diethyl ether. After evaporation to dryness, the sample
was derivatized by trifluoroacetylation as described for 2C-
T-7% and finally redissolved in 50 ul of ethyl acetate. Again,
2 ul were injected into the GC/MS. The same procedures
with the exception of enzymatic hydrolysis were used to
study whether the metabolites were excreted as glucuronide
and/or sulfate conjugates. For CE/MS/MS analysis, 10 ul
of the rat urine SPE extract derivatized by methylation
and trifluoroacetylation were evaporated to dryness and
redissolved with 20 ul of isopropanol/runbuffer (1:1). A1 ul
aliquot of this mixture was diluted to 20 pl with run buffer.
The run buffer consisted of ammonium formate (0.02 mol/1),
adjusted to pH 10.0 with ammonia and containing 25% (v/v)
isopropanol.

Sample preparation for STA by GC/MS

A 5-ml portion of urine was worked up as described for
2C-T-7.¥ After cleavage of conjugates by acid hydrolysis,
the liquid-liquid extract was derivatized by acetylation.
Aliquots (2 pl) of the derivatized extracts were injected into
the GC/MS.

GC/MS apparatus for identification of metabolites
The extracts were analyzed using a Hewlett Packard (Agilent,
Waldbronn, Germany) 5890 Series II gas chromatograph
combined with an HP 5989B MS Engine mass spectrometer
and an HP MS ChemStation (DOS series) with HP G1034C
software version C03.00. The GC conditions were as
follows: splitless injection mode; column, HP-1 capillary
(I12m x 0.2mm LD.), cross-linked methyl silicone, 330 nm
film thickness; injection port temperature, 280°C; carrier
gas, helium; flow rate 1ml/min; column temperature,
programmed from 100-310°C at 30° /min, initial time 3 min,
final time 8 min. The MS conditions were as follows: full-
scan mode, 11/z 50-800 u; EI mode, ionization energy, 70 eV;
PICI mode using methane: ionization energy, 230 eV; ion
source temperature, 220 °C; capillary direct interface, heated
at 260°C.

GC/MS apparatus for STA
The extracts were analyzed using a Hewlett Packard (Agilent,
Waldbronn, Germany) 5890 Series II gas chromatograph
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combined with a HP 5972A MSD mass spectrometer and a
HP MS ChemStation (DOS series) with HP G1034C software
version C03.00. The GC conditions were as follows: splitless
injection mode; column, HP-1 capillary (12m x 0.2 mm
ID.), cross-linked methyl silicone, 330 nm film thickness;
injection port temperature, 280 °C; carrier gas, helium; flow
rate 1 ml/min; column temperature, programmed from
100-310°C at 30°/min, initial time 3 min, final time 8 min.
The MS conditions were as follows: full-scan mode, m/z
50-550 u; EI mode, ionization energy, 70 eV; ion source
temperature, 220°C; capillary direct interface, heated at
280°C.

GC/MS procedure for recording the mass spectra of
2C-I and its GC artifacts formed in methanolic
solution

A solution of 0.1 mg/ml 2C-I in ethyl acetate, methanol or
methanol-d; was prepared and 2 pl of each solution were
injected into the GC/MSD in the EI full-scan mode.

GC/MS procedure for identification of metabolites
and for STA by GC/MS

2C-I and its metabolites were separated by GC and identified
by MS in the corresponding urine extracts. For STA, mass
chromatography was used extracting characteristic fragment
ions from the total ion current. The following ions were
used for this purpose: m/z 290, 349, 276, and 335. They
were selected from the mass spectra recorded during this
study. The identity of the peaks in the mass chromatograms
was confirmed by computerized comparison®? of the mass
spectra underlying the peaks (after background subtraction)
with reference spectra recorded during this study.

CE/MS/MS apparatus and procedure for
identification of metabolites

The sample was introduced into a Beckman-Coulter P/ACE
5510 system by hydrodynamic injection with 3.45 kPa for
6 s. Separation was performed in a bare 75 pym LD. (363 pm
O.D.) fused silica capillary from Polymicro Technologies
LLC (Phoenix, AZ, USA) with a length of 90 cm. For
separation, the capillary inlet was put on a voltage of +-30 kV,
keeping the sprayer on the ground. For data acquisition the
software Beckman P/ACE Station 1.2 was used. The CE
was connected to an HCTplus ion-trap mass spectrometer
(Bruker Daltonik, Bremen, Germany) via the Agilent coaxial
sheath-liquid sprayer interface (Agilent Technologies, Palo
Alto, CA, USA). Electrospray ionization (ESI) was performed
at 4500 V. The sheath-liquid isopropanol:water (1:1) was
adjusted to pH 11.3 with ammonia and supplied at a flow
rate of 2 ul/min by a syringe pump (Cole-Parmer, Vernon
Hill, IL, USA). Nebulizer gas pressure was set to 5 p.s.i. Flow
and temperature of the dry gas (nitrogen) were 4.0 1/min
and 250 °C. ESI-MS spectra were obtained in the negative-
ion mode with a scan speed of 26 000 11/z per second in the
mass range m/z 50—600 in scanning mode and automatic
data-dependent switching between MS and MS/MS mode.
Auto-MS/MS experiments were performed by isolation
and subsequent fragmentation with ramped fragmentation
amplitude. Postprocessing software DataAnalysis (version
3.2, Bruker Daltonik) was used for data processing.

Copyright © 2006 John Wiley & Sons, Ltd.
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RESULTS AND DISCUSSION

Mass spectrum of 2C-I

The mass spectrum of 2C-I recorded in methanolic solution
differed markedly from that recorded in ethyl acetate
solution, as already described for 2C-T-7 and 2C-T-2.%42
In analogy to them, the mass spectrum of 2C-I dissolved
in ethyl acetate showed a molecular ion of m/z 307
corresponding to the molecular mass of 2C-I (mass spectrum
no. 1 in Fig.1) and fragment ions that were interpreted
as depicted. In methanolic solution, the mass spectrum
(no. 2 in Fig.1) corresponded to a methylene artifact,
which was in accordance with that of the deuteromethylene
artifact recorded in a solution prepared with methanol-
dy (no. 3 in Fig. 1). Further discussion was conducted in
Refs 39,42.

Identification of the metabolites

The urinary metabolites of 2C-I were separated by GC
and identified by EI MS and PICI MS after gentle enzy-
matic hydrolysis, extraction, acetylation, trifluoroacetylation,
methylation plus trifluoroacetylation, or without deriva-
tization. Acetylation was chosen as main derivatization
procedure, because of the authors’ experiences it is con-
sidered as a versatile method for elucidation of the struc-
tures of metabolites.34257:59.63-68 Fyrthermore, acetylation
is the standard derivatization procedure in the authors’
STA, so for STA it was necessary to record the spectra
of the acetylated metabolites. However, using acetylation
as derivatization procedure, physiologically N-acetylated
metabolites cannot be differentiated from acetyl derivatives.
For this particular question, the presence of N-acetylated
metabolites was confirmed in urine extracts without deriva-
tization and after trifluoroacetylation. For detection of
acidic metabolites, the urine samples were extracted by
SPE, after enzymatic cleavage of conjugates, followed by
methylation and trifluoroacetylation. SPE was chosen as
extraction procedure of acidic metabolites, because it led
to cleaner extracts than the LLE procedure used for sim-
ilar metabolism studies in the authors’ laboratory in the
past.

The postulated structures of the (derivatized) metabo-
lites 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® and Smith
and Busch.”? To verify the molecular mass of the pos-
tulated metabolites, PICI mass spectra were recorded,
because they contain abundant peaks of the protonated
molecule [M + H]* with adduct ions typical for PICI using
methane as reagent gas [M + C,Hs™, M + C3H5"]. The EI
and PICI mass spectra, the retention indices (RI), the
structures and predominant fragmentation patterns of 2C-
I and its metabolites after derivatization are shown in
Fig. 2. In the acetylated urine extract, the following com-
pounds could be identified. The numbers of EI and PICI
spectra in Fig. 2 are given in brackets: N-acetyl-2C-I (1),
N-acetyl-acetoxy-4-iodo-methoxy-B-phenethylamine isomer
1 (2), N-acetyl-acetoxy-4-iodo-methoxy-pg-phenethylamine
isomer 2 (3), 2-(4-iodo-2,5-dimethoxyphenyl)ethyl acetate
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Figure 1. El mass spectra, Rls, structures and predominant fragmentation patterns of 2C-I, its methylene and deuteromethylene

artifacts.

(4), 2-(acetoxy-4-iodo-methoxyphenyl)ethyl acetate isomer
1 (5), 2-(acetoxy-4-iodo-methoxyphenyl)ethyl acetate iso-
mer 2 (6), 2-acetoxy-2-(acetoxy-4-iodo-methoxyphenyl)ethyl
acetate (7), and 2-(acetoxy-4-iodo-methoxyphenyl)-2-oxo-
ethyl acetate (8).

For confirmation whether the N-acetyl derivatives were
formed by metabolism or by derivatization, the urine extracts
were analyzed without derivatization or after trifluoroacety-
lation. The following metabolites in question could be iden-
tified in an underivatized urine extract: N-acetyl-hydroxy-
4-iodo-methoxy-B-phenethylamine ),
N-acetyl-hydroxy-4-iodo-methoxy-g-phenethylamine
mer 2 (10) showing that both metabolites were excreted
as N-acetyl conjugate. In the trifluoroacetylated urine
extract, the following compounds could be identified: N-
trifluoroacetyl-2C-I (11), N-trifluoroacetyl-trifluoroacetoxy-
4-iodo-methoxy-g-phenethylamine isomer 1 (12),
N-trifluoroacetyl-trifluoroacetoxy-4-iodo-methoxy-g-phen-
ethylamine isomer 2 (13). After enzymatic hydrolysis of
urine, SPE followed by methylation and trifluoroacetylation,
methyl 4-iodo-2,5-dimethoxy-B-phenyl acetate (14), methyl
trifluoroacetoxy-4-iodo-methoxy-g-phenyl acetate (15) and
6-iodo-5-methoxy-1-benzofuran-2(3H)-one (16) could be
identified in addition.

isomer 1 and

iso-

and

Copyright © 2006 John Wiley & Sons, Ltd.

Proposed fragmentation patterns

N-acetyl-2C-I (1) showed a fragmentation pattern that was
characteristic also for most of the detected metabolites. Loss
of acetamide may lead to a fragment ion of m/z 290, addi-
tional loss of one methyl group may lead to a fragment
ion of m/z 275. Benzyl cleavage may lead to fragment ion
m/z 277 and additional loss of the methyl moieties of the
two-methoxy groups may lead to ion m/z 247. Alternatively,
the fragment with m/z 247 might also be explained by ben-
zyl cleavage and neutral loss of CH,O from one methoxy
group. N-acetyl-acetoxy-4-iodo-methoxy-B-phenethylamine
isomer 1 (2) showed a fragment ion of m/z 335, which may
be explained by the loss of the acetyl moiety, additional
loss of acetamide may form ion m/z 276. Benzyl cleavage
and loss of the acetyl moiety may lead to fragment ion m/z
263 and additional loss of CH,O from the methoxy group
may produce m/z 233. The exact position of the metabol-
ically formed hydroxy group could not be determined by
means of GC/MS. This is indicated by the wavy binding
lines in Fig. 2. However, since two isomers of this compound
could be detected, it can be concluded that both methoxy
groups are demethylated. N-acetyl-acetoxy-4-iodo-methoxy-
B-phenethylamine isomer 2 (3) showed mass spectra similar
to the other isomer. 2-(4-iodo-2,5-dimethoxyphenyl)ethyl
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Figure 2. El and PICI mass spectra, Rls, structures and predominant fragmentation patterns of 2C-I and its metabolites after
acetylation, trifluoroacetylation, methylation and trifluoroacetylation, or underivatized. The numbers of the spectra correspond to
those of the structures shown in Fig. 5. lons selected for toxicological detection are underlined.

acetate (4) showed a molecular ion of m/z 350. Loss of
acetic acid may lead to a fragment ion of m/z 290, addi-
tional loss of one methyl group may lead to a fragment
ion of m/z 275. Benzyl cleavage may lead to fragment ion
m/z 277 and additional loss of the methyl moieties of the

Copyright © 2006 John Wiley & Sons, Ltd.

two-methoxy groups may lead to ion m/z 247. Again, the
fragment with m/z 247 might also be explained alterna-
tively by benzyl cleavage and neutral loss of CH,O from
one methoxy group. 2-(acetoxy-4-iodo-methoxyphenyl)ethyl
acetate isomer 1 (5) showed a molecular ion of m/z 378, loss

J. Mass Spectrom. 2006; 41: 872-886
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Figure 2. (Continued).

of the acetyl moiety may lead to fragment ion m/z 336.
Additional loss of acetic acid may form m/z 276, further
loss of one methyl group may lead to fragment ion m/z
261. 2-(acetoxy-4-iodo-methoxyphenyl)ethyl acetate isomer
2 (6) showed mass spectra similar to the other isomer. Again,
the exact position of the metabolically formed hydroxy
group could not be determined by means of GC/MS, but
since two isomers of this compound could be detected it
can be concluded that both methoxy groups are demethy-
lated.

Copyright © 2006 John Wiley & Sons, Ltd.

2-Acetoxy-2-(acetoxy-4-iodo-methoxyphenyl)ethylace-
tate (7) showed a molecular peak of m/z 436. Loss of one
acetyl moiety may lead to fragment ion m/z 394, fur-
ther loss of acetic acid may lead to fragment ion m/z
334. Further loss of another acetyl moiety may form m/z
292. Unfortunately, no PICI spectra of this compound
could be recorded, probably due to its low concentration
in the sample. 2-(acetoxy-4-iodo-methoxyphenyl)-2-oxoethyl
acetate (8) showed a molecular ion of m/z 392, loss of one
acetyl moiety might lead to fragment ion m/z 350, further
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Figure 2. (Continued).

loss of another acetyl moiety to m/z 308. Loss of one acetyl
moiety and of acetic acid may form m/z 290, loss of the
acetyl moiety and cleavage in benzylic position with loss
of the oxygen moiety may produce m/z 262. Another hint
for the correctness of the deduced structures of the latter
two metabolites was the authors” metabolism study with
the related halogen compound 2C-B. In this study similar
to the presented one here, the corresponding metabolites
to 2C-I1 were detected with corresponding fragmentation
patterns.”! The two N-acetyl conjugates (9 and 10) showed
fragmentation patterns similar to the corresponding deriva-
tized O-demethyl-N-acetyl compounds (2 and 3) with benzyl
cleavage and loss of acetamide. N-trifluoroacetyl-2C-I (11)
showed a fragmentation pattern that was similar to that one

Copyright © 2006 John Wiley & Sons, Ltd.

of the acetylated parent compound (1). N-trifluoroacetyl-
trifluoroacetoxy-4-iodo-methoxy-g-phenethyl amine isomer
1 (12) showed a fragment ion m/z of 372, which may be
explained by loss of trifluoroacetamide, additional loss of
one trifluoromethyl moiety may lead to fragment ion m/z
303. Furthermore, benzyl cleavage may lead to fragment ion
m/z 359. N-trifluoroacetyl-trifluoroacetoxy-4-iodo-methoxy-
B-phenethylamine isomer 2 (13) showed mass spectra sim-
ilar to the other isomer. Methyl 4-iodo-2,5-dimethoxy-p-
phenylacetate (14) showed a molecular ion of 1/z 336. Loss
of one methyl group may lead to m/z 321. Benzyl cleavage
may produce fragmention m/z 277 and additional loss of two
methyl moieties may form fragment ion m/z 247. Alterna-
tively, the fragment with m/z 247 might also be explained by
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Figure 2. (Continued).

benzyl cleavage, and neutral loss of CH,O from one methoxy
group.

Methyl trifluoroacetoxy-4-iodo-methoxy-g-phenylacet-
ate (15) showed a molecular ion of m/z 418. Benzyl cleav-
age may produce fragment ion m/z 359, additional loss of
the trifluoromethyl moiety may form fragment ion m/z 289.
Furthermore, loss of the trifluoroacetyl moiety may produce
fragment ion m/z 321. Loss of trifluoroacetic acid may lead
to fragment ion m/z 305. Only one isomer of this derivative
could be detected, but the detected lactone (16) could be
formed probably during GC by dehydration of the other

Copyright © 2006 John Wiley & Sons, Ltd.

isomer ((2-hydroxy-4-iodo-5-methoxyphenyl)acetic acid).
This lactone (16) showed a molecular ion of m/z 290, loss
of carbon monoxide may lead to fragment ion m/z 262, loss
of the furanone ring may produce fragment ion m/z 234. A
further hint for a ring structure is the fact that the molecular
ion is the base peak. The question arose, why (2-hydroxy-
4-iodo-5-methoxyphenyl)acetic acid was not derivatized in
contrast to the other isomer. One of the most probable rea-
sons could be formation of an intramolecular hydrogen bond
between the 2-hydroxy group and the carboxy group. If this
assumption was correct, the free acid should be detectable by
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Figure 2. (Continued).

an alternative analytical method without the extreme condi-
tions of the GC injection port. Capillary electrophoretic/mass
spectrometry (CE/MS) was considered to be such an
appropriate method, under which conditions, the above
described loss of water should not occur, and therefore,
(2-hydroxy-4-iodo-5-methoxyphenyl)acetic acid should be
detected, whereas the lactone should not be detectable.
The pronounced suitability of capillary electrophoresis for
separation of positively or negatively charged analyte ions
ideally matches the high flexibility of modern ESI ion-trap

Copyright © 2006 John Wiley & Sons, Ltd.

m/z [u]

MS instruments in both polarity modes that even permit the
alternating detection of positively and negatively charged
molecule ions within a single run. Together with the mild
ESI conditions, a coelectroosmotic CE procedure with a high
pH run buffer and ESI-MS in negative-ion mode permits the
direct analysis and identification of unstable free carboxylic
acid metabolites. Their anions migrate against the direction of
the electroosmotic flow (EOF) and are, thus, separated from
the big surplus of uncharged metabolites. The detected [M —

H]~

deprotonated molecules can be identified by subsequent
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Figure 2. (Continued).

fragmentation in the auto-MS/MS mode. Figure 3 shows the
extracted ion electropherograms (EIE, m/z 307) indicating
the anion of (hydroxy-4-iodo-methoxyphenyl)acetic acid and
the EIE (m/z 334) indicating the deprotonated molecule ion
of the two isomers of N-acetyl-hydroxy-4-iodo-methoxy-
B-phenethylamine, uncharged comigrating with the EOF.
Figure 4 shows the corresponding MS/MS spectra (nega-
tive ion and neutral loss) for the parent ion m/z 307. The
fragment anions correspond to decarboxylation (/z 263) or
loss of acetic acid (m/z 248) and to the cleaved iodide anion
(m/z 127). Together with the migration time being typical
for a monocharged aryl carboxylic acid, the fragmentation
pattern and the molecule anion mass proved the presence of
the questioned 2-O-demethyl deamino carboxy metabolite,
which could not be derivatized as discussed before.

Proposed metabolic pathways
On the basis of these identified compounds, the following
metabolic pathways, shown in Fig. 5, could be postulated:

Intens.

O-demethylation of the parent compound in position 2
and 5 of the aromatic ring, respectively, followed either
by partial glucuronidation/sulfation or by N-acetylation
with subsequent partial glucuronidation/sulfation or by
deamination to the corresponding aldehyde, which was
not detected, followed by oxidation to the corresponding
acid or reduction to the corresponding alcohol, followed
by partial glucuronidation/sulfation. The latter alcohol was
further hydroxylated in g-position and further oxidized to
the corresponding oxo metabolite.

Another metabolic pathway was the deamination of the
parent compound to the corresponding aldehyde, which was
not detected, followed by oxidation to the corresponding acid
or reduction to the corresponding alcohol with subsequent
partial glucuronidation/sulfation. Such conjugation was
concluded because the peak areas of these metabolites
were more abundant after glucuronidase and sulfatase
hydrolysis. In the same way, N-glucuronidation of 2C-I
parent compound was concluded.

x10%

1.25 1
1.00 1
0.75 1
0.50 1
0.25 1

m/z = 307

0.00

o N~ O
—

m/z =334

v
EOF

25 30 35 40 45

Time [min]

Figure 3. Extracted ion electropherograms (deprotonated molecule ions) of a CE/MS/MS analysis of a trifluoroacetylated rat urine
extract. EIE (m/z 307) indicating the anion of an O-demethyl deamino carboxy metabolite (upper part). EIE (m/z 334) indicating the
deprotonated molecule ion of the two isomeric N-acetyl O-demethyl metabolites, uncharged comigrating with the EOF (lower part).
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Figure 4. MS/MS spectra (negative ion (a) and neutral loss (b)) for the parent ion m/z 307 (underlying the peak at a migration time of
21.6 min in Fig. 3) from an auto-MS/MS CE analysis of a rat urine extract.
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numbers of the compounds correspond to those of the mass spectra in Fig. 2.
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Figure 6. Typical reconstructed mass chromatograms with the given ions of an acetylated extract of a rat urine sample collected
over 24 h after intake of 0.3 mg/kg BM of 2C-I (a). They indicate the presence of 2C-I and its metabolites. Mass spectrum underlying
the peak at retention time 8.16 min (b). The peak numbers correspond to those of the mass spectra in Fig. 2.

The above mentioned O-demethylation has also been
observed for the related compounds 2C-B,*5L71 2C-
T-2,2%  para-methoxyamphetamine (PMA),>7® or para-
methoxymethamphetamine (PMMA).*77 N-Acetylation
seems to be a common metabolic step for g-phenethylamines
and was described, e.g. for 2C-T-2,4*% 2C-T-7,* for 2C-B,*-"!
or for mescaline.” The metabolic pathways of 2C-I in rats
described here are similar to those of the related halogen 2C
compound 2C-B in rats or mice. #5171

Detection by GC/MS within the STA

2C-Tand its metabolites were separated by GC and identified
by full-scan MS. Mass chromatography with the ions m/z
290, 349, 276, and 335 was used to indicate the presence
of 2C-I and its main metabolites. Figure 6 shows typical
reconstructed mass chromatograms with the given ions of
an acetylated extract of a rat urine sample collected over 24 h
after application of 0.3 mg/kg BM of 2C-I that corresponded
to a common users’ dose of about 20 mg. The identity
of peaks in the mass chromatograms was confirmed by
computerized comparison of the underlying mass spectrum
with the reference spectra.®> The selected ions m/z 290 and
349 were used for indication of acetylated 2C-I itself, the ions
m/z 276 and 335 were used for indicating the presence of
N-acetyl-2-acetoxy-5-methoxy-g-phenethylamine as well as
N-acetyl-5-acetoxy-2-methoxy-g-phenethylamine. The ions
m/z 290 and 276 are characteristic fragments resulting
from loss of acetamide, ion m/z 335 results from loss of
the acetyl moiety. Although interferences by biomolecules

Copyright © 2006 John Wiley & Sons, Ltd.

or further drugs cannot be entirely excluded, they are
rather unlikely, because their mass spectra and/or their
RIs should be different. The RIs were recorded during the
GC/MS procedure and calculated in correlation with the
Kovats” indices” of the components of a standard solution
of typical drugs which is measured daily for testing the
GC/MS performance.”” The extraction efficacy determined
for 2C-1 after STA working-up was 60 £17% (mean =+
standard deviation, n = 5) at 1000 ng/ml and the limit of
detection was 50 ng/ml (signal-to-noise S/N > 3) for 2C-I.
For lack of authentic human urine samples, a comparison
of the metabolites found in rat and human urine after
administration of 2C-I was not yet possible. However, other
studies showed a good correspondence between the rat
model and humans.5:61.63.78.79

CONCLUSIONS

The metabolism studies presented here showed that the
B-phenethylamine-derived designer drug 2C-I was mainly
metabolized by O-demethylation of the parent compound in
position 2 and 5 of the aromatic ring, respectively.

The authors” STA procedure allowed the detection
of an intake of a dose of 2C-I that corresponds to a
common drug users’ dose in urine. The target analytes were
the corresponding O-demethyl metabolites. The authors’
experience in metabolism and analytical studies on rats and
humans support the assumption that the metabolites found
in rat urine should also be present in human urine.5:61:63.78.79
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Therefore, it can be concluded that the procedure should also
be applicable for human urine screening for 2C-I in clinical
or forensic cases.
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