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Fig. 2 Liquid chromatography—mass spectrometry (LC—MS) anal-
ysis of product A. Liquid chromatography—ultraviolet photodiode
array (LC—UV—PDA) chromatogram (a), total ion chromatograms
(TICs) in positive (b) and negative (¢) modes using elution program 2.

(Waters, Milford, MA, USA) with a photodiode array
(PDA) detector (Waters). The measurement conditions
were the same as reported previously [V].
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Ultraviolet (UV) and electrospray ionization (ESI) mass spectra of
peaks 1 (d), 2 (e), 3(D), 4 (h). 8 (§), authentic A-834735 (g), authentic
QUPIC N-(5-fluoropentyl) analog (i), and authentic 8-quinolinol
(k) obtained by LC—MS are also shown

For the isolation of each compound, preparative gel
permeation liquid chromatography (GPLC) was performed
on a JAI (Japan Analytical Industry, Tokyo, Japan) LC-
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Fig. 3 Gas chromatography —mass spectrometry (GC—MS) analysis
of product A. TIC (a) and electron ionization (EI) mass spectra of
peaks 1 (b), 2 (¢), 3 (d, £), 4 (h), 8 (j), authentic A-834735 (e),
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9201 instrument with JAIGEL GS-310 columns (JAI) and
0.5 % triethylamine (TEA) in methanol as eluent. Optical
rotations were obtained with a digital polarimeter (DIP-
370, JASCO, Tokyo, Japan).

The NMR spectra were obtained on ECA-800 and 600
spectrometers (JEOL, Tokyo, Japan). Assignments were
made via 'H NMR, '*C NMR, heteronuclear multiple
quantum coherence (HMQC), heteronuclear multiple-bond
correlation (HMBC), double quantum filtered correlation
spectroscopy (DQF-COSY), and rotating-frame nuclear
Overhauser effect (ROE) spectra.

Isolation of compounds 1 and §

A white solid precipitate in a 5-ml sample of colorless
liquid (product D) was filtered, and compound 1 was
obtained as a white solid (6 mg). A 5-ml sample of liquid
product B was evaporated to dryness, and then the extract
was dissolved in 0.5 % TEA in methanol and purified by
recycle GPLC (eluent: 0.5 % TEA in methanol) to give
compound 5 (88 mg) as a pale yellow oil.

Isolation of compound 6

A 5-ml sample of liquid product C was evaporated to
dryness. The extract was placed on a preparative silica-gel
thin-layer chromatography (TLC) plate (Silica Gel 60,
20 x 20 cm, 2 mm thick; Merck, Darmstadt, Germany),
which was then developed using hexane/acetone/TEA
(10:30:1, v/v). A portion of the silica gel containing a target
compound in the TLC plate was detected under ultraviolet
(UV) light (254 nm). It was then scraped from the plate and
eluted with chloroform to obtain fraction 1, which was
further purified by repeated preparative TLC with hexane/
acetone/TEA (10:30:1, v/v). Finally, compound 6 (1 mg)
was obtained as a white solid.

. Results and discussion

Identification of unknown peaks 1—4

Four unknown peaks (1—4) were detected along with a
known 8-quinolinol (8) in the LC-—MS and GC—MS
chromatograms for product A, as shown in Figs. 2a~c and
3a. In the LC—MS analysis, the unknown peak 1 at
24.7 min showed a protonated molecular ion [M + H]*
signal at m/z 349 (Fig. 2d). The other unknown peak 2 at
22.7 min showed major ion peaks at m/z 319 (IM + H)
and m/z 317 ([M — H]™) in the positive and negative
modes, respectively (Fig. 2e). The UV spectra of both
compounds showed the same absorbance maximum at
258 nm (Fig. 2d, e).

The LC~MS and GC—-MS analyses revealed that prod-
ucts D and E mainly contained compounds 1 and 2,
respectively. Therefore, compound 1 was isolated from
product D and compound 2 was directly analyzed without
isolation from product E. The accurate mass spectra of
compounds 1 and 2 were measured by LC—TOF—MS in the
positive mode. The ion peaks observed at m/z 349.2643 and
319.1653 suggested that the protonated molecular formulae
of compounds 1 and 2 were C,4H33N, (caled. 349.2644)
and C;7H,3N,0, (caled. 319.1658), respectively.

The structure of compound 1 was elucidated by NMR
analysis (Table 1; Fig. 4a). The 'H and '*C NMR spectra
of compound 1 suggested the existence of 32 protons and
24 carbons, as shown in Table . The observed DQF-
COSY, HMQC, HMBC, and one-dimensional (1D) ROE
spectra of compound 1 suggested the presence of a 1,2-
diphenylethyl moiety, a piperazine group, and a cyclo-
hexane group as shown in Fig. 4a and Table 1. The con-
nections of the three moieties were revealed by the HMBC

Table 1 Nuclear magnetic resonance (NMR) data for compound 1

No. Compound 1 in CDCl;*
3¢ g
2 44.5 4.14, 1H, tdd, J = 12.7, 9.6, 3.0 Hz

338, IH, brd, J = 12.7 Hz
3 472 3.95, 1H, tdd, J = 12.7,9.6, 3.0 Hz
3.22, IH, brd, J = 12.7 Hz

5 48.1 4.22, 1H, m, overlapped
4.04, 1H, brd, / = 12.7 Hz

6 44.5 449, 1H, tdd, J = 12.7, 9.6, 3.0 Hz
3.55, 1H, brd, J = 12.7 Hz

1 74.4 420, 1H, m

2 37.4 377, 1H, dd, J = 13.4, 4.5 Hz
3,51, 1H, dd, J = 134, 10.7 Hz

-1 131.3 -

1-2/1'-6 1294 7.50, 2H, brs

1-3/1-5 129.8 7.36, 2H, m, overlapped

-4 130.5 7.36, 1H, m, overlapped

21 134.5 -

2/.2/2'-6 129.1 6.92,2H,dd,J = 76,24 Hz

2/.3/2'-5 128.8 7.13, 2H, m, overlapped

2'-4 127.4 7.14, 1H, m, overlapped

1" 64.5 311, 1H, g, J = 124,34 Hz

2" 16" 26.7 2.26,2H, brd, J = 124 Hz
1.52,2H, m

31751 24.8 1.94, 2H, brd, J = 124 Hz
1.29, 2H, brq, / = 12.4 Hz

4" 24.7 1.70, 1H, brd, J = 124 Hz

1.14, 1H, qt, J = 12.4, 3.4 Hz

* Recorded at 600 MHz (‘H) and 150 MHz (‘3C), respectively; data
in 3 ppm
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Fig. 4 Double quantum filtered
correlation spectroscopy (DQF-
COSY), selected heteronuclear
multiple-bond correlation
(HMBC), and selected rotating-
frame nuclear Overhauser effect
(ROE) correlations of
compound 1 (a) and compound
2 (b)

correlations between the piperazine protons (H-3 and H-5)
and the 1,2-diphenylethyl carbon (C-17), and between the
other piperazine protons (H-2 and H-6) and the cyclohexyl
carbon (C-1”) (Fig. 4a). In addition, the major fragment
ions at m/z 181, 167, 91, and 257 of peak 1 in the GC—-MS
spectra suggested the presence of 1,2-diphenylethyl and
I-cyclohexylpiperazine moieties (Fig. 3b). Therefore, the
structure of 1 was determined as I-cyclohexyl-4-(1,2-
diphenylethyl)piperazine (MT-45, synonym: IC-0), as
shown in Fig. 1. MT-45 (1) has been reported to have
affinities for the p and x opioid receptors and a potent
analgesic activity similar to that of morphine [I1, [2].
Natsuka et al. [12] have also reported that the analgesic
activity of (S)-(+)-MT-45 in mice was 1.6- and 26.4-fold
more potent than those of the racemate and (R)-(—)-MT-
45, respectively. No optical rotation of compound 1, which
was isolated from product D, was observed (¢ 0.5, meth-
anol), revealing that compound 1 exists as racemic MT-45.
This is the first case in which MT-45 has been detected as a
designer drug in illegal products.

The 'H and '*C NMR spectra of compound 2 suggested
the existence of 22 protons and 17 carbons (Table 2). The
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1D NMR spectra of compound 2 suggested the presence of
two carbonyl amide carbons [8. 171.5 (C-1), 8. 171.4 (2/-
CONH)] and a carbonyl ester carbon [, 169.6 (C-1")] as
shown in Table 2. The 2D NMR spectra of compound 2
indicated the presence of three moieties; namely, a phen-
ylacetyl group, a prolylglycine group, and an ethoxy group
(Fig. 4b). In addition, the connections of the three moieties
were revealed by two HMBC correlations between the
prolyl proton (H-2') and the carbonyl amide carbon (C-1),
and between the ethyl proton (H-1""") and the carbony! ester
carbon (C-1") as shown in Fig. 4b. In addition, the 1D
ROE correlations (Fig. 4b) and the major fragment ions at
mfz 91, 188, 216, 245, and 273 of peak 2 in GC—MS
spectra (Fig. 3c) supported the existence of the three
moieties and their connections. Therefore, the structure of
compound 2 was determined as ethyl 2-[1-(2-phenylace-
tylpyrrolidine-2-carboxamido]acetate (synonym IUPAC:
N-phenylacetyl-prolylglycine ethyl ester) and called
Noopept (synonym: GVS-111), as shown in Fig. I.
Noopept (2) was reported by a Russian group as a synthetic
N-phenylacetyl dipeptide and having nootropic (cognitive
enhancer) activity [13]. Compound 2 showed optical
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Table 2 NMR data for compound 2

No. Compound 2 in CDCl3*
Be 4
1 i71.5 -
2 41.9 3.70, 2H, s
3 134.2 -
4/8 129.0 7.26, 2H, d, J = 6.9 Hz, overlapped
517 128.7 7.31, 1H, t, J = 7.6 Hz, overlapped
7.30, 1H. t, J = 7.6 Hz, overlapped
6 127.0 7.24, 1H, t, J = 6.8 Hz, overlapped
i - -
2 59.7 4.65,1H,d, /=72 Hz
3 27.2 240, 1H, m
1.83, 1H, m
4 25.0 2.07, IH, m
1.94, IH,m
5 477 3.56, 1H,td, J =99, 28 Hz
345, 1H,td, J =96,72 Hz
I 169.6 -
2" 414 3.95,2H,dd, J = 127,58 Hz
I 61.3 4.16,2H,qd, J = 72,24 Hz
2! i4.1 1.24,3H,t, /=72 Hz
CONH 1714 -
CONH - 7.44, 1H, brs

? Recorded at 600 MHz (]H) and 150 MHz (BC), respectively; data
in & ppm
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activity {|« 3 _115.0° (¢ 0.4, chioroform)} and a value
D

similar to that of authentic Noopept {[o)5 —120.0° (¢ 0.4,
chioroform)} [13]. Thus, compound 2 was identified as the
S-(—)-form, the same form as that of authentic Noopept (V-
phenylacetyl-L-prolylglycine ethyl ester) [13]. Although
Noopept is sold as a dietary supplement on the Internet,
this is the first detection of Noopept from illegal products.

The remaining unknown peaks 3 and 4 were identified
as two synthetic cannabinoids, A-834735 (Figs. 2f, 3d, f)
and QUPIC N-5-(fluoropentyl) analog (Figs. Zh, 3h), by
direct comparison of the data with those of the purchased
authentic compounds, respectively (Figs. 2g, i, 3e, g, 1). In
addition, 8-quinolinol (8) was detected as the synthetic
component of compound 4 in the same manner in which
compound § was detected with a known cannabimimetic
quinolynyl carboxylate QUPIC (PB-22) in illegal products
(Figs. 23, k, 3j, k) [9]. A-834735 (3) was reported to act as
an agonist at both cannabinoid CB; and CB, receptors (X
values for CB; and CB, of 4.6 and 0.31 nM, respectively)
[14]. Compounds 3 and 4 were detected as newly distrib-
uted designer drugs in Japan.

Identification of unknown peaks 5 and 6
Unknown peak 5 was detected together with known

cathinone derivative 4-methylbuphedrone (7) (Fig. 1) in
the GC—MS and LC~MS chromatograms of product B
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Fig. 5§ GC—MS and LC—-MS analyses of product B. TIC (a) and EI mass spectra of peak 5 (b) obtained by GC—MS analysis. LC-UV—-PDA
chromatogram (¢) and TIC (d) using elution program 2 obtained by LC~MS. UV and ESI mass spectra of peak § (e)
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Fig. 6 DQF-COSY and
selected HMBC correlations of
compound 5 (a) and compound
6 (b)

Table 3 NMR data for compound 5§

No. Compound 5 in pyridine-ds®
13 T

i 197.2 -
2 66.7 4.88, 1H, brs
3 32.6 2.05,2H, m
4 19.8 1.36, 2H. m
5 14.2 0.77,3H,t, J =74 Hz
v 129.9 -
2'/6' 131.7 8.35,2H,d,J =87 Hz
315 114.6 7.06,2H,d,J = 8.7 Hz
4 164.6 -
2" /5" 513 3.23, 2H, brs

3.03, 2H, brs
374" 23.9 1.77, 4H, m
4-MeO 55.6 3.72, 3H, s

* Recorded at 800 MHz ('H) and 200 MHz (**C), respectively; data
in & ppm

(Fig. 3a, ¢, d). The proposed fragment pattern and the
presumed structure of peak 5 obtained by GC—MS analysis
are shown in Fig. 5b. The LC—MS data revealed that peak
5 showed an absorbance maximum at 292 nm in the UV
spectrum, and a protonated ion signal at m/z 262
(IM + H]") as shown in Fig. Se. After the isolation of
compound 5, the accurate mass spectrum obtained by LC—
QTOF—MS gave an ion peak at m/z 262.1795, suggesting
that the protonated molecular formula of compound 5 was
Ci6Ho4NO; (caled. 262.1807). The observed DQF-COSY
and HMBC spectra of compound 5 suggested the presence
of 2-(pyrrolidin-1-yl)pentan-1-one and a methoxyphenyl
moiety as shown in Fig. 6a and Table 3. The fragment ions
at m/z 107, 126, and 135 of compound § in the GC—MS
spectrum supported the presence of these moieties
(Fig. 5b). The connection of the two moieties was revealed
by HMBC correlations from the phenyl protons (H-2'/H-6")
to the carbonyl carbon (C-1), as shown in Fig. ¢a. There-
fore, the structure of compound 5 was identified as

@_ Springer
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4-methoxy-a-pyrrolidinovalerophenone (4-methoxy-o-
PVP, Fig. 1). No optical rotation was observed for the
isolated compound 5 (c 0.3, methanol), revealing that
compound 5 was present as a racemate. In addition, com-
pound 7, which was isolated with compound 5 from the
same product B (data not shown), also showed no optical
rotation (¢ 0.5, methanol). Hence, compound 7 also exists
as a racemate.

In the GC—MS and LC—MS chromatograms of product
C, unknown peak 6 was detected along with the peak of
4-methylbuphedrone (7) (Fig. 7a, d, ). The fragment pat-
tern of compound 6 was very similar to that of 4-meth-
ylbuphedrone (7) by GC—MS analysis (Fig. 7b, c).
However, the LC—MS data revealed that peak 6 showed a
protonated ion signal at m/z 194 (IM + H]") (Fig. 7f) and
the UV spectra of peaks 6 and 7 showed quite different
patterns (Fig. 7f, g). After the isolation of compound 6, the
accurate mass spectrum obtained by LC—QTOF-MS
showed an ion peak at m/z 194.1540, suggesting that the
protonated molecular formula of compound 6 was
C1oHyoNO (caled. 194.1545). The C NMR spectra of
compound 6 suggested the presence of a tertiary hydroxyl
carbon (8¢ 71.6) instead of the carbonyl group (8¢ 196.0,
data not shown) in 4-methylbuphedrone (7). In addition, on
the basis of the observed NMR spectra as shown in Fig. 6b
and Table 4, the structure of compound 6 was deduced as
4-methylbuphedrine (Fig. 1), which is a reduced form of
4-methylbuphedrone (7). The relative configuration of
compound 6 was presumed on the basis of data for buphe-
drine [2-(N-methylamino)-1-phenyl-1-butanol], which is a
reduced form of buphedrone, published by Fraser et al. [15];
they reported that the anti-form of buphedrine has a smaller
J value (8y 4.83, d, J = 4.0 Hz) for the H-1 position
(CHOH) than that of the syn-form (84 4.30, d, / = 7.8 Hz);
these J values are consistent with expectations based on
Karplus relationships [15]. Hence, the relative configuration
of compound 6 with a J value of 3.8 Hz (8 4.82,d, H-1), as
shown in Table 4, was assigned as the anti-form (1R*, 2R¥).

Although compounds 5§ and 6 are analogs of the known
cathinone derivatives «-PVP and 4-methylbuphedrone,
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Fig. 7 GC—MS and LC—MS analyses of product C. TIC (a) and EI mass spectra of peaks 6 (b) and 7 (¢) obtained by GC—MS. LC—UV—PDA
chromatogram (d) and TIC (e) using elution program 2 obtained by LC—~MS. UV and ESI mass spectra of peaks 6 (f) and 7 (g)

Table 4 NMR data for compound 6

No. Compound 6 in CDCl;*

13 g
1 71.6 482, 1H,d,J = 3.8 Hz
2 66.9 2.54, IH, m
3 20.9 1.30 and 1.20, each 1H, m
4 10.9 0.82,3H,t,J = 7.6 Hz
Iy 138.2 -
216 126.0 720, 2H,d, J = 79 Hz
375 128.8 7.12,2H,d, /=79 Hz
4 136.6 -
N-Me 344 2.51, 3H, s
4'-Me 21.1 2.32,3H, s

2 Recorded at 600 MHz ("H) and 150 MHz (**C), respectively; data
in & ppm

respectively, no pharmacological information for com-
pounds 5 and 6 is available.

Conclusions

We detected two new-type designer drugs, piperazine
derivative MT-45 (I-C6, 1) and synthetic peptide Noopept
(GVS-111, 2), along with synthetic cannabinoids

A-834735 (3) and QUPIC N-(5-fluoropentyl) analog (syn-
onym: 5-fluoro-PB-22, 4) in illegal products distributed in
Japan. We also detected cathinone derivative 4-methoxy-o-
PVP (5) and phenethylamine derivative 4-methylbuphe-
drine (6) in the products. Considering the results of this
study, it is obvious that new types of designer drugs emerge
rapidly, and their combinations in illegal products can be
expected to become more and more diverse. The provision
of timely and objective information on new designer drugs
and the current trends are thus essential to prevent abuse of
these drugs.
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Abstract The changes in the prevalence of designer
drugs and their legal status in Japan were investigated on
the basis of the analyses of 686 different products con-
taining synthetic cannabinoids and/or cathinone derivatives
obtained from 2009 to February 2012. In the early stages of
distribution of herbal-type products containing synthetic
cannabinoids, cyclohexylphenols and naphthoylindoles
were mostly found in the products. In November 2009,
however, cannabicyclohexanol, CP-47,497 and JWH-018
were controlled as “designated substances” under the
Pharmaceutical Affairs Law in Japan, and the cyclo-
hexylphenols have since disappeared from the illegal drug
market and been replaced by various analogs of the
naphthoylindoles, phenylacetylindoles and benzoylindoles.
These compounds, which have high affinities for the can-
nabinoid CB; receptor, have become very popular, and the
number of emergency hospitalizations associated with their
use has dramatically increased from 2011. Other synthetic
compounds with different structures and pharmacological
effects, such as cathinone derivatives, have been detected
together with the synthetic cannabinoids in herbal-type
products since 2011. Moreover, many new types of syn-
thetic cannabinoids, different from the four typical struc-
tures described, have also begun to appear since 2011. In
addition to the synthetic cannabinoids, liquid or powdery-
type products containing cathinone derivatives have been
widely distributed recently. In 2009, the most popular
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cathinone derivative was 4-methylmethcathinone. After
this compound was controlled as a designated substance in
November 2009, cathinone derivatives, which have a pyr-
rolidine structure at the nitrogen atom and a 3,4-methyl-
enedioxy structure, or analogs of 4-methylmethcathinone,
became popular. In the present analysis, tryptamines were
also detected in 31 % of the products containing cathinone
derivatives. Local anesthetics such as procaine, lidocaine,
benzocaine and dimethocaine were also frequently detec-
ted. In total, we identified at least 35 synthetic cannabi-
noids and 22 cathinone derivatives during this survey.

Keywords Designer drugs - Synthetic cannabinoids -
Cathinone derivatives - Designated substances -
Prevalence changes

Introduction

In recent years, many analogs of narcotics have been
widely distributed as easily available psychotropic sub-
stances and have become a serious problem in Japan. To
counter the spread of these designer drugs, the Pharma-
ceutical Affairs Law in Japan was amended in 2006 to
establish a new category, “designated substances,” to more
strictly control these drugs. Since 31 compounds and 1
plant were first controlled as designated substances in April
2007, 77 substances (13 tryptamines, 17 phenethylamines,
11 cathinone derivatives, 4 piperazines, 23 synthetic can-
nabinoids, 6 alky! nitrites and 3 other compounds) and 1
plant (Salvia divinorum) have been listed in this category
(data from July 2012). However, simultaneously with the
control of these designer drugs, new analogs of the con-
trolled substances began to appear one after another on the
illegal drug market, and the identification and control of
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these compounds are rapidly devolving into a cat and
mouse game. In particular, the recent spread of products
containing various analogs of synthetic cannabinoids and/
or cathinone derivatives has been a matter of great concern
in Japan [1].

Before 2007, the major compounds distributed in the
illegal drug market were tryptamines, phenethylamines and
piperazines [I-11]. Alkyl nitrites, such as isobutyl nitrite
and isopenty! nitrite, were also widely distributed [9, 12].
After they were listed as narcotics or designated substances
in 2007, these compounds, especially the tryptamines,
quickly disappeared from the market. In their place, vari-
ous analogs of cathinone derivatives in the forms of liquid
or powdery products, called “legal drugs” or “aroma lig-
uids,” have been widely distributed, as well as different
phenethylamines and piperazines [{, 2, 13—17]. Since 2008,
herbal-type products containing various synthetic cannab-
inoids have appeared in Japan under names such as “legal

OH

OH

Cyclohexylphenols

<1> Cannabicyclohexanol (CCH) R = (CH,);CH;
<1> CP-47,497 R = (CH,)sCH,

Naphthoylindoles

<3> JWH-015 R,= (CH,),CHz R,= CH; Ry=H
<1>JWH-018 R,= (CH,),CH; R,=H Ry=H

<4> JWH-019 R,= (CH,);CH; R,=H Ry=H

<2> JWH-073 Ry= (CH,);CH; Ry=H Rg=H

<3> JWH-081 R,= (CH,),CH; R,=H R;= OCHj,4
<3> JWH-122 Ry= (CH,),CH; Ry=H Rg=CH;

<5> JWH-022 R= (CH2),CH=CH, R,=H Rg=H
<3> JWH-200 Ry= 2-morpholinoethyl Ry=H Rg=H
<4> JWH-210 R;= (CH,),CHy R,=H Ry= CH,CH;,
<4> AM-2201 R,= (CH,),CH,F R,=H Rgy=H

<5> AM-1220 R,= (1-methylpiperidin-2-yl)methyl R,=H R;=H

Phenylacetylindoles

<4> JWH-203 R,= (CH,),CH; R,=ClI
<2> JWH-250 R= (CH,),CH; R,= OCHj,4
<3> JWH-251 R;= (CH,),CHs Ry= CHj
<5> Cannabipiperidiethanone (CPE)

R;= (1-methylpiperidin-2-yl)methyl R,= OCH,
o}

herbs” and “incense” [1, 2, 18, 19]. These synthetic can-
nabinoids had been originally synthesized by medicinal
chemistry during the development of new medicines
affecting the central nervous system. They have been
reported to have high affinity actions on cannabinoid CB;
and/or CB, receptors {20, 21]. At present, the synthetic
cannabinoids and cathinone derivatives are the most pop-
ular designer drugs sold on the illegal drug market in Japan
[1, 2, 22-34]. Among the 27 designated substances that
have been controlled since 2011, 89 % of the compounds
were either synthetic cannabinoids (18 compounds) or
cathinone derivatives (6 compounds).

In this study, we analyzed two types of products, the
herbal-type products sold as “legal herbs” or “incense”
and the liquid/powdery-type products sold as “legal drugs”
or “aroma liquids” on the Internet during the last 3 years,
and the changes in the prevalence of these designer drugs
and their legal status in Japan were investigated.

N
|
Ry

Benzoylindoles

<4> AM-694 R,= (CH,),CHF Ry=1 Ry=H

<4> RCS-4 Ry= (CH,),CHs Ry=H Rg= OCH,

<5> AM-2233 R,= (1-methylpiperidin-2-y)methy!
Ry=| Rg=H

=z
O

<5> APICA

<5> CB-13 (CRA-13)

Designted substances
<1> since 20 Nov.2009
<2> since 24 Sep.2010
«<3> since 14 May 2011
<4> since 20 Oct. 2011
<5>since 1 July 2012

<5> APINACA

Fig. 1 Structures of synthetic cannabinoids controlled as designated substances in Japan (as of July 2012)
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Materials and methods
Materials

Five hundred sixty-two different herbal-type products, sold
as “legal herbs” or “incense” for their expected cannabis-
like effects in Japan, were purchased via the Internet from
January 2009 to February 2012. Most of them contained
mixtures of dried cutting leaves, although some of the
products contained powders or resin-like solids without
herbal mixtures. In addition to herbal-type products, 124
different liquid or powdery-type products, sold as “legal
drugs” or “aroma liquids,” were also purchased via the
Internet from September 2009 to February 2012.

Chemicals and reagents

Most of the authentic synthetic cannabinoids and cathinone
derivatives were purchased from Cayman Chemical
(Ann Arbor, MI, USA), LGC standards (Luckenwalde,
Germany) and Sigma-Aldrich Co., LLC (St. Louis, MO,
USA). Other authentic compounds were isolated from
products and identified as described in our previous studies
[18, 19, 27, 31]. All other common chemicals and solvents
were of analytical reagent grade or HPLC grade.

Sample extraction procedures

The products consisting of a mixture of dried cutting leaves
(10 mg) were crushed into powder and extracted with 1 ml
of methanol under ultrasonication for 10 min. The powdery
product (2 mg) or liquid product (20 ul) was dissolved
with 1 ml of methanol. After centrifugation (5 min at
3,000 rpm), the supernatant solution was passed through a
centrifugal filter (Millex LG filter, 0.45-pum; Merck Milli-
pore, Darmstadt, Germany). When necessary, the solution
was diluted with methanol to a suitable concentration
before instrumental analyses.

Instrumental analyses

The methanol extracts were analyzed by gas chromatog-
raphy-mass spectrometry in the electron ionization mode
(GC-EI-MS) and by ultra-performance liquid chromato-
graphy-electrospray ionization—mass spectrometry (UPLC-
ESI-MS). The identification of unknown compounds was
mainly carried out by nuclear magnetic resonance (NMR)
analysis and by direct analysis in real time (DART) ion
source coupled to a time-of-flight mass spectrometer
(TOF-MS). The analytical conditions were described in
detail in our previous report [33].

Table 1 Specification of 562 herbal-type products purchased via the Internet from January 2009 to February 2012

Years Total
2009 2010 2011 2012%
Total numbers of products purchased for the testing 67 80 365 50 562
in the form of dried cutting leaves 66 64 344 48 522
in the form of powders 0 12 21 2 35
in the form of resin-like solids 4 0 0 5
Total numbers of products in which synthetic cannabinoids were detected 62 79 365 50 556
without other synthetic compounds® 60 78 311 33 482
with cathinone derivatives® 0 0 27 5 32
with tryptamines® 0 0 12 10 22
with local anesthetics® 0 0 7 2 9

with other synthetic compounds except the above compoundsb‘ ¢ 2 (caffeine) 1 (caffeine) 38 3 (caffeine) 38
with constituents of psychotropic pl ants® 4 2 1 0 7
Total numbers of products in which synthetic cannabinoids were not detected 5 1 0 0
without other synthetic compounds® 5 1 0 0 6
with constituents of psychotropic plants® 1 0 0 0 1
Average numbers of synthetic compounds detected in one product 2.0 1.9 29 22 2.6

? During January and February in 2012
® Data were partially overlapped with those of other compounds

¢ a-Tocopherol and flavoring agents were excluded
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Table 2 Non-controlled and controlled cathinone derivatives detected in this survey and our other studies

‘?2
e "~
R4/\ R
Common name Ry Rs R3 Ry Regulation category in Japan (as of July 2012)
Cathinone® CHs H H H Narcotic
Methcathinone (ephedrone)® CH; CH; H H Narcotic
3,4-Dimethylmethcathinone CH; CH,; H 3,4-Dimethyl Designated substance (since 1 July 2012)
Ethcathinone CH; CH,CH; H H Designated substance (since 16 Jan 2009)
Amfepramone (diethylpropion)® CH; CH,CH; CH,CH; H Psychotropic
4-Methylmethcathinone CH; CH; H 4-CH; Designated substance (since 20 Nov 2009)
(mephedrone)
4-Methylethcathinone CH; CH,CH; H 4-CH; Designated substance (since 20 Oct 2011)
3-Fluoromethcathinone CH; CH; H 3-F Designated substance (since 14 May 2011)
4-Fluoromethcathinone CH; CH; H 4-F Designated substance (since 20 Oct 2011)
(flephedrone)
4-Methoxymethcathinone CH; CH; H 4-OCHj3 Designated substance (since 14 May 2011)
(methedrone)
4-Methoxy—N,I‘J—dirrzethy}cathincmeb CHj CH; CH, 4-OCH;
Buphedrone CH,CH; CH, H H
4-Methylbuphedrone” CH,CH; CH; H 4-CH;,
4-Methyl-N-methylbuphedrone CH,CH; CH; CH;, 4-CH;
N-Ethylbuphedrone (NEB) CH,CH; CH,CH; H H
Pentedrone CHCHCH,  CHs H H
Methylone (bk-MDMA) CH; CHs H 3,4-Methylenedioxy  Narcotic (since 3 Feb 2007)
Ethylone (bk-MDEA)® CH; CH,CH; H 3,4-Methylenedioxy  Designated substance (since 11 Jan 2008)
Butylone (bk-MBDB)® CH,CH; CH; H 3,4-Methylenedioxy = Designated substance (since 11 Jan 2008)
Pentylone CH,CH,CHs  CHj H 3,4-Methylenedioxy
%-PBP CH,CH; Pyrrolidinyl H
%-PVP CH,CH,CH;  Pyrrolidinyl H
4-MePPP CH; Pyrrolidinyl 4-CH;
Pyrovalerone CH,CH,CH;  Pyrrolidinyl 4-CH;, Psychotropic
MDPBP CH,CH; Pyrrolidiny! 3,4-Methylenedioxy
MDPV CH,CH,CHs  Pyrrolidinyl 3.4-Methylenedioxy  Designated substance (since 16 Jan 2009)
Naphyrone CH,CH,CH;  Pyrrolidinyl (Naphthyl structure)  Designated substance (since 20 Oct 2011)

«-PBP 1-phenyl-2-(pyrrolidin-1-yl)butan-1-one, «-PVP 1-phenyl-2-(pyrrolidin-1-yl)pentan-1-one, 4-MePPP 1-(4-methylphenyl)-2-(pyrrolidin-1-yl)pro-
pan-1-one, MDPBP 1-(3 4-methylenedioxyphenyl)-2-(pyrrolidin-1-yl)butan-1-one, MDPV 1-(3,4-methylenedioxyphenyl)-2-(pyrrolidin-1-yl)pentan-1-one

# Cathinone, methcathinone and amphepramone were never detected in our survey
" These compounds were not detected in this survey, although we detected them in the second quarter of 2012 [32]

¢ These compounds were not detected in this survey, although we detected them in our previous survey [10]

Resulis and discussion

Survey of herbal-type products sold as “legal herbs”
or “incense”

In the last 3 years, synthetic cannabinoids described as
“legal highs” or “synthetic marijuana” have been the most
popular non-controlled designer drugs in the world. In July
2012, 23 synthetic cannabinoids were controlled as

designated substances in Japan, as shown in Fig. 1. Table |
shows the summary of our survey of 562 different herbal-
type products purchased via the Internet under the
descriptions “legal herbs” or “incense” from January 2009
to February 2012. Most of these products were in the form
of dried cutting leaves (522 products), although some of
them were in the forms of powders (35 products) or resin-
like solids (5 products) without herbal mixtures, as shown
in Table 1. The synthetic cannabinoids were detected in
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Sep. 2008 - Nov. 2009

Nov. 2009 - Sep. 2010

Sep. 2010 - May 2011

May 2011 - Oct. 2011

& Cyclohexylphenols
Naphthoylindoles

& Phenylacetylindoles
J Benzoylindoles

0 Others

Oct. 2011 - Feb. 2012

Fig. 2 Changes in the rates of various types of synthetic cannab-
inoids, i.e., cyclohexylphenols, naphthoylindoles, phenylacetylin-
doles, benzoylindoles and others, detected in 562 herbal-type

556 of the 562 products. The other six products, which
were purchased in 2009 and 2010, contained no synthetic
compounds, and one of them contained some active con-
stituents derived from typical psychotropic cacti and plants.
Typical constituents of marijuana (Cannabis sativa),
Ag—tetrahydrocannabinol, cannabidiol and cannabinol, were
detected together with the synthetic cannabinoids in an
herbal product in 2009. Before 2011, there was no product
that contained other types of synthetic compounds except
caffeine. However, cathinone derivatives [e.g., 1-(4-meth-
yilphenyl)-2-(pyrrolidin-1-yl)propan-1-one (4-MePPP),
4-methylethcathinone, 1-phenyl-2-(pyrrolidin-1-yl)pentan-
i-one {(a-PVP), ethcathinone, N-ethylbuphedrone (NEB),
1-(3,4-methylenedioxyphenyl)-2-(pyrrolidin-1-yl)pentan-1-
one (MDPV) and pyrovalerone; the structures are shown in
Table 2], tryptamines [e.g., o-methyltryptamine (AMT),
which has been controlled as a narcotic in Japan since
2005; N,N-diallyl-5-methoxytryptamine (5-MeG-DALT),
which has been controlled as a designated substance since
2007; and N, N-diethyl-4-hydroxytryptamine (4-OH-DET)],
and local anesthetics (e.g., lidocaine, procaine and dime-
thocaine) have been detected together with the synthetic
cannabinoids from 2011. Methoxetamine (a derivative of
ketamine), 2-diphenylmethylpyrrolidine and some phen-
ethylamines were also found in the products in 2011.
Overall, the average number of synthetic compounds
detected per product was 2.6 over the 3 years. In 2009 and
2010, most products contained only one or two synthetic
compounds, except caffeine and a frans-form of cannabi-
cyclohexanol, which was mostly detected together with
cannabicyclohexanol [25]. However, the numbers of the
synthetic compounds detected in the products dramatically
increased in 2011, with one of the products containing as
many as ten synthetic compounds.

@ Springer

products that were sold as “legal herbs” or “incense” on the Internet
between January 2009 and February 2012

The synthetic cannabinoids detected in Japan were
divided mainly into four groups, cyclohexylphenols,
naphthoylindoles, phenylacetylindoles and benzoylindoles,
as shown in Fig. 1. The changes in the rates of these four
types and other types of synthetic cannabinoids, detected in
the herbal-type products purchased from January 2009 to
February 2012, are shown in Fig. 2. In the earliest stage,
only cyclohexylphenols and naphthoylindoles were found
in the products. However, following the control of canna-
bicyclohexanol, CP-47,497 and JWH-018 in November
2009, the cyclohexylphenols disappeared from the illegal
drug market, and various analogs of naphthoylindoles,
phenylacetylindoles and benzoylindoles were widely dis-
wibuted. Furthermore, in 2011, various compounds began
to appear that had structures different from those of the
four groups described above.

Figure 3 shows the changes in the detailed prevalence of
each synthetic cannabinoid and their legal status on the
basis of our survey of the 562 herbal-type products sold as
“legal herbs” or “incense” during the last 3 years. We
identified at least 35 synthetic cannabinoids in the products
during this survey. As described above, cannabicyclohex-
anol, CP-47,497 and JWH-018 were the most frequently
detected until November 2009. After these three com-
pounds were listed as designated substances in that month,
the synthetic cannabinoids in herbal products were quickly
replaced by JWH-073 and JWH-250. After the prohibition
of these two compounds in September 2010, various ana-
logs, such as JWH-081, J'WH-122 and JWH-210, began to
be widely distributed. At that time, the analogs, structures
of which featured the introduction of a halogen substituent,
appeared on the drug market; these included JWH-203,
AM-2201 and AM-694. Compounds having higher affini-
ties to the cannabinoid CB; receptors, such as JWH-122
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Fig. 3 Changes in the prevalence of synthetic cannabinoids and their
legal status on the basis of our survey of 562 herbal-type products
sold as “legal herbs” or “incense” on the Internet between January
2009 and February 2012. The horizontal axis shows the number of

(the K; value for binding the CB, receptor was 0.69 nM)
[35], TWH-210 (0.46 nM) [21] and AM-694 (0.08 nM)
[36], have also become popular, and the number of

products. & products purchased from January 2009 to November
2009; B from November 2009 to September 2010; & from
September 2010 to May 2011; & from May 2011 to October 2011;
1 from October 2011 to February 2012

emergency hospitalizations associated with the products
containing these synthetic cannabinoids has increased since
2011.
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Table 3 Specification of 124 liquid or powdery-type products pur-
chased via the Internet from September 2009 to February 2012

Years Total
2009% 2011 2012°
2010
Total numbers of products purchased 34 75 15 124
for the testing
in the form of liquids 28 70 13 i1
in the form of powders 6 5 2 i3

Total numbers of products in which 34 75 15 124
cathinone derivatives were

detected
without other types of compounds 29 37 6 72
with tryptamines® 1 32 6 39
with local anesthetics® 0 16 6 22
with other synthetic compounds® 5 8 2 15
Average numbers of synthetic 2.0 27 3.1 2.6
compounds detected in one
product

? From September to December in 2009
® During January and February in 2012
¢ Data were partially overlapped with those of other compounds

In 2011, a total of 11 synthetic cannabinoids were added
to the designated substance list in May and October.
However, new synthetic cannabinoids were simultaneously
emerging throughout Japan. After the six synthetic can-
nabinoids were listed in October 2011 (Fig. 3), new com-
pounds, such as APICA and APINACA, appeared on the
illegal drug market [31]. Many of the synthetic cannabi-
noids have a 3-carbonyl indole moiety, while these com-
pounds belong to a new type of synthetic cannabinoids
having each adamantylcarboxamide structure. APINACA
additionally has an indazole group in place of an indole
group. The adamantyl groups are also found in the struc-
tures of AB-001 and AM-1248, which have been distrib-
uted since 2011 [31, 33]. AM-1220 and AM-2233 were the
most popular synthetic cannabinoids together with APICA
and APINACA at the beginning of 2012. AM-1220 and
AM-2233 have a (1-piperidin-2-yl)methyl structure at the
nitrogen atom in an indole structure [31]. AM-1248, AM-
1241 and cannabipiperidiethanone also have this structure
and were also found in some products. Moreover, CB-13,
JWH-030 and JWH-307 do not have an indole group and
are newly found compounds [31, 33]. Although the data are
not shown in this study, we also identified UR-144 and
XLR-11 (having a tetramethylcyclopropyl structure), [1-(5-
fluoropentyl)-1H-indol-3-yl](pyridin-3-yl)methanone  and
URB754 (which was originally reported to be a potent
inhibitor of monoacylglycerol lipase [37]) as synthetic
cannabinoids having novel structures distinct from
those described above in the second quarter of 2012 [33].

@ Springer

As shown in Fig. 2, after October 2011, about 50 % of the
synthetic cannabinoids consisted of new types that do not
belong to the typical four types of structures mentioned
above. Seven synthetic cannabinoids, APICA, APINACA,
AM-1220, AM-2233, CB-13, JWH-022 and cannabipipe-
ridiethanone, were controlled as designated substances in
July 2012. Additionally, cannabicyclohexanol and JWH-
018 will be changed from designated substances to nar-
cotics in August 2012 in Japan.

Survey of liquid or powdery-type products sold
as “legal drugs” or “aroma liquids”

In addition to synthetic cannabinoids, the products con-
taining cathinone derivatives have also been widely dis-
tributed throughout the world, often under the names
“legal highs” or “bath salts.” In Japan, cathinone, meth-
cathinone and methylone are controlled as narcotics, and
pyrovalerone and amfepramone are controlled as psycho-
tropics under the Narcotics and Psychotropics Control
Law. As of July 2012, 11 cathinone derivatives had been
controlled as designated substances in Japan (Table 2).
Two of these derivatives, 4-methylmethcathinone and
MDPV, will be changed from designated substances to
narcotics in August 2012, together with cannabicyclo-
hexanol and JWH-018.

Table 3 shows the summary of our survey of 124 dif-
ferent liquid or powdery-type products (111 liquid and 13
powdery-type products) purchased via the Internet from
September 2009 to February 2012, all of which were sold
as “legal drugs” or “aroma liquids.” We detected cathi-
none derivatives in all 124 products. These products also
contained various kinds of synthetic compounds having
different pharmacological effects. A few powdery products
contained both synthetic cannabinoids and cathinone
derivatives, although synthetic cannabinoids have never
been detected in liquid products. The failure to detect
synthetic cannabinoids in these products may be due to
their high hydrophobicities, which would prevent their
dissolution in liquids. Tryptamines such as AMT, 5-MeO-
DALT and 4-OH-DET were detected in 31 % of the
products together with cathinone derivatives. In particular,
in 2011, 32 of the 75 products contained tryptamines. In
addition to tryptamines, local anesthetics such as procaine,
lidocaine, benzocaine and dimethocaine were frequently
detected in the liquid or powdery-type products from 2011.
Caffeine, methoxetamine, methiopropamine (an analog of
methamphetamine), 2-diphenylmethylpyrrolidine and other
compounds have also been found together with the cathi-
none derivatives in these products. Since 2010, the average
number of synthetic compounds detected in these products
has risen steadily from 2.0 to 3.1, as shown in Table 3. In
this survey, 48 of the 124 products contained only one
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| Since 20 Nov. 2009 l 4-Mehtylmethcathinone

l Since 14 May 2011 I 3-Fluoromethcathinone
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4-Fluoromethcathinone

Since 20 Oct. 2011 Naphyrone

4-Methylethcathinone
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o-PVP

N-Ethylbuphedrone

3,4-Dimethylmethcathinone
4-Methoxy-N,N-dimethylcathinone

4-Methyl-N-methylbuphedrone

o-PBP

Pyrovalerone (Psychotropic)

Methylone (Narcotic)

Ethcathinone (Designated Substance)

MDPV (Designated Substance)

& Sep. 2009 - Nov. 2009
BNov. 2009 - Sep. 2010
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IMay 2011 - Oct. 2011
0Cct. 2011 - Feb. 2012

Fig. 4 Changes in the prevalence of cathinone derivatives and their
legal status on the basis of our survey of 124 liquid or powdery-type
products sold as “legal drugs” or “aroma liquid” on the Internet
between September 2009 and February 2012. The horizontal axis
shows the number of products. &: products purchased from September
2009 to November 2009; B&: from November 2009 to September 2010,
m=: from September 2010 to May 2011; £ from May 2011 to October

compound, while there was a liquid product containing as

many as eight synthetic compounds (data not shown).
Figure 4 shows the changes in the prevalence of cathi-

none derivatives and their legal status on the basis of our

2011; 3 from October 2011 to February 2012; 4-MePPP 1-(4-
methylphenyl)-2-(pyrrolidin-1-yl)propan-1-one, MDPBP 1-(3,4-meth-
ylenedioxyphenyl)-2-(pyrrolidin-1-yl)butan-1-one, «-PVP 1-phenyl-2-
(pyrrolidin-I-yl)pentan-1-one, «-PBP  1-phenyl-2-(pyrrolidin-1-y1)
butan-1-one, MDPV 1-(3,4-methylenedioxyphenyl)-2-(pyrrolidin-1-y1)
pentan-1-one

survey of the 124 liquid or powdery-type products sold as
“legal drugs” or “aroma liquids” during the last 3 years.
We have identified 22 cathinone derivatives [including
isopentedrone: 1-(methylamino)-1-phenylpentan-2-one] in
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this survey. Table 2 shows non-controlled and controlled
cathinone derivatives detected in this survey as well as those
detected in our other studies [11, 33]. In 2009, the most
popular cathinone derivative was 4-methylmethcathinone
(mephedrone). After this compound was listed as a desig-
nated substance in September 2010, the cathinone derivative
in the products was replaced by its analogs, 4-meth-
oxymethcathinone (methedrone) and 4-methylethcathinone,
in addition to 3- and 4-fluoromethcathinone (flephedrone).
Following the control of these compounds in 2011, cathi-
none derivatives, which have a pyrrolidine structure at the
nitrogen atom [such as «-PVP and 1-phenyl-2-(pyrrolidin-1-
yDbutan-1-one (9-PBP)], a 3,4-methylenedioxy structure
(such as pentylone), and analogs of 4-methylmethcathinone
(such as 3.,4-dimethylmethcathinone) have become popular.
Methylone (narcotic), pyrovalerone (psychotropic), ethca-
thinone and MDPV (designated substances), which were
controlled before September 2009, were also detected in this
survey.

Conclusions

After the introduction of the category “designated sub-
stances” into the Pharmaceutical Affairs Law in 2007, the
conventional designer drugs (such as tryptamines and
piperazines) disappeared from the illegal drug market in
Japan, and the active entries of various synthetic cannabi-
noids dramatically changed the situation in the market.
These compounds were originally invented in medicinal
chemistry. Until now, their numerous analogs have been
synthesized during the development of new medicines
affecting the central nervous system, and only some of these
analogs have appeared as designer drugs in the illegal drug
market. Therefore, we are sure that other analogs that have
strong activities will appear one after another. In fact, the
actual composition in terms of synthetic additives in the
products is dynamically changing and rapidly responding to
the newly implemented control measures. This fact makes it
difficult to control these compounds using the existing
systems. The number of emergency hospitalizations asso-
ciated with synthetic cannabinoid use has increased dra-
maticaily from 2011. There have been some fatal cases,
which are possibly related to the smoking of these products.
Another group of designer drugs extensively appearing on
the illegal drug market in Japan is cathinone derivatives; we
have detected as many as 22 kinds of this group in this
survey. To avoid health problems caused by these new
designer drugs, we have to continuously monitor the dis-
tribution of these dubious products.
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ABSTRACT: The metabolism by human liver microsomes of several new illicit drugs, that is, N-(1-amino-3,3-dimethyl-1-oxobutan-2-
yi}-1-{4-fluorobenzyl)-1H-indazole-3- carboxamide (ADB-FUBINACA), N-(1-amino-3-methyl-1-oxobutan-2-yl)-1- (4-fluorobenzyl)-15-
indazole-3-carboxamide (AB-FUBINACA), N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-pentyi-1H-indazole-3-carboxamide (AB-PINACA),
quinolin-8-yl 1-pentyl-(1H-indole)-3-carboxylate (QUPIC), quinolin-8-yl 1-(5-fluoropentyl)-(1H-indole)-3-carboxylate (5 F-QUPIC) and
a-pyrrolidinovalerothiophenone (a-PVT), which have indole, indazole, quinolinol ester and thiophene structures, was
investigated using reversed-phase chromatography and mass spectrometry. The present method is based upon the oxi-
dation by cytochrome p450 superfamily enzymes in the microsomes. The oxidation of ADB-FUBINACA and AB-FUBINACA
mainly occurred on the N-(1-amino-alkyl-1-oxobutan) moiety. However, the oxidation of AB-PINACA seemed to occur on
the 1-pentyl moiety. On the other hand, QUPIC and 5 F-QUPIC, which have a quinolinol ester structure, predominantly
underwent a cleavage reaction to produce indoleacetic acid type metabolites. In contrast, the metabolism reaction of
a-PVT was different from that of the other tested drugs, and various oxidation products were observed on the chromato-
grams. The obtained metabolites are not in conflict with the results predicted by MetabolLynx software. However, the
exact structures of the metabolites, except for 1-pentyl-1H-indole-3-carboxylic acid (QUPIC metabolite) and 1-(5-flucropentyl)-
1H-indole-3-carboxylic acid (5 F-QUPIC metabolite), are currently not proven, because we have no authentic compounds for
comparison. The proposed approach using human liver microsome seems to provide a new technology for the prediction of
possible metabolites occuring in humans. Copyright © 2014 John Wiley & Sons, Lid.

Keywords: illicit drugs; metabolism; human liver microsome; LC/ESI-MS/MS

Introduction Many analytical methods, such as gas chromatography
(Matsumoto et al, 2005), capillary electrophoresis {Chiu et al, 2004),

The health hazards caused by the abuse of illicit drugs frequently thin-layer chromatography (Doi et al, 2006), gas chromatography-

occur among young people and have become a serious concern.
Such drugs are easily obtainable via the Internet and in adult S — S
shops a.nd street T?rkeu (Uchlyama etal, 20.1'1;_ Nakajima etal, * Correspondence to: T. Toyo'oka, Laboratory of Analytical and Bio-Analytical
2012; Kikura-Hanajiri et af, 2013a). The use of illicit drugs is also a Chemistry, School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada,
gateway to narcotic drug abuse. In Japan, the Pharmaceutical Suruga-kuy, Shizuoka 422-8526, Japan. Email: toyooka@u-shizuoka-ken.acjp
Affairs Law was revised, and the regulation was tightened by
introducing a system of controlled substances, designated as
Shitei-Yakubutsu, in April 2007 (31 compounds and one plant;
Uchiyama et al,, 2010; Doi et al., 2006). More than 100 com- ® Division of Pharmacognosy, Phytochemistry and Narcotics, National Institute
pounds possessing various structures such as phenethylamines, of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
tryptamines, cathinones, piperadines and cannabinoids are cur-
rently listed as Shitei-Yakubutsu (Uchiyama et al., 2012a, 2012b).

* Laboratory of Analytical and Bio-Analytical Chemistry, School of Pharmaceutical
Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan

Abbreviations used: 5F-QUPIC, quinolin-8-yl 1-(5-fluoropentyl)-(1H-in-
dole)-3-carboxylate; a-PVT, a-pyrrolidinovalerothiophenone; AB-FUBINACA,

This system temporarily decreased the distribution of desig- N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-indazole-3-
nated substances in Japan. However, various new analogs, such carboxamide; AB-PINAC, N-(1-amino-3-methyl-1-oxobutan-2-yl)
as Syntheﬁc Cannabino!s’ have appeared one aﬂ:er another in —1—pentyl-1H-indazole-?.—Carboxamide (A); ADB-FUBINACA, N-{1-amino-3,3-di-

t and hav come on the m iou methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-indazole-3- carboxamide;
the drug marke ave be e one of ost serious CYP, cytochrome p450; FA, formic acid; QUPIC, quinolin-8-yl 1-pentyl-

social problems in Japan (Zaitsu et al, 2011; Kneisel et al, (1H-indole)-3-carboxylate; SIC, selected ion chromatogram; TIC, total
2012; Kikura-Hanajiri et al., 2013b; Uchiyama et al., 2013). ion chromatogram.

Biomed. Chromatogr. 2014; 28: 831-838 Copyright © 2014 John Wiley & Sons, Ltd.
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mass spectrometry (GC/MS; Frison et al., 2005; Theobald et al.,
2005; Kikura-Hanajiri et al., 2005), liquid chromatography (LC)
with chemiluminescence (Nakamura et al., 2007) or fluores-
cence detection (Tomita et al,, 2006; Min et al., 2008), LC with
electrochemical detection (Min et al, 2010) and LC/MS
(Inagaki et al., 2009, 2012) for illicit drugs have been reported.
Many of these methods have successfully been used to deter-
mine various illicit drugs in products. However, information on
their metabolism is very limited (Staack and Maurer, 2005;
Markus et al.,, 2010, 2012), because of a lack of and/or delay in
research in this field. The rapid appearance of various new illicit
drug substances is another concern. This lack of information
led us to investigate the metabolism of several new types of
iflicit drugs, viz,, N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-1-
(4-fluorobenzyl)-1H-indazole-3- carboxamide (ADB-FUBINACA),
N-(1-amino-3-methyl-1-oxcbutan-2-yl)-1-(4-fluorobenzyl)-1H-
indazole-3-carboxamide (AB-FUBINACA), N-(T-amino-3-methyl-1-
oxobutan-2-yl)-1-pentyl-1H-indazole-3-carboxamide (AB-PINACA),
quinolin-8-vi 1-pentyl-(1H-indole)-3-carboxylate (QUPIC), quinolin-
8-yl 1-(5-fluoropentyl)-(1H-indole)-3-carboxylate (5 F-QUPIC) and
a-pyrrolidinovalerothiophenone (a-PVT; Fig. 1). Because it is
difficult to obtain biological specimens from drug abusers, the
study of the metabolism of drugs in humans is very difficult.
Thus, the metabolite identification was carried out using the
human liver microsomal fraction. The present method mimics
the first oxidation reaction by cytochrome p450 (CYP) super-
family enzymes in the human metabolism. Mammalian liver is
the principal organ for the metabolism of drugs and other
foreign compounds such as xenobiotic substances. Microsomes
are prepared by differential centrifugation from a crude liver
homogenate. The microsomes provide an enriched source of
membrane-bound drug metabolizing enzymes. The CYP super-
family of oxidative hemoprotein enzymes comprises the princi-
pal enzymes in the microsome fraction. The metabolism
reactions of six illicit drugs by the human microsomes were
investigated in this study, which provides a new approach to
the prediction of actual metabolites in humans before real
sample analysis is performed.
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Experimental

Materials and chemicals

The analyzed compounds, ADB-FUBINACA (C;;H23FN4O,: molecular
weight, MW, 382.4), AB-FUBINACA (CyoH21FN;O5: MW 368.4), AB-PINACA
(CigH26N402 MW 330.4), QUPIC (CosHaoN-050 MW 358.4), 5F-QUPIC
(CaaH21FNLO9: MW 376.4) and a-PVT (Cy3H;oNOS: MW 237.4), were
obtained from the National Institutes of Health Sciences (Tokyo, Japan).
Indoleacetic acids, 1-pentyl-1H-indole-3-carboxylic acid (Cy4H,7NOy)
and 1-(5-fluoropentyl)-1H-indole-3-carboxylic acid (Cy4H;6FNO,), were
purchased from Cayman Chemical (Ann Arbor, Ml, USA).

Acetonitrile (CH3CN), methanol (CH;OH) and formic acid (FA) of LC-MS
grade were purchased from Kanto Chemicals (Tokyo, Japan). Deionized
and distilled water (H,0) was used throughout the study (Aquarius
PWU-200 automatic distillation apparatus, Advantec, Tokyo, Japan). All
other reagents and solvents were of analytical grade and used without
further purification.

UPLC/ESE-MS/MS

The ultra-high-performance liquid chromatography (UPLC) system was
an Acquity ultra-performance liquid chromatograph (UPLC-| class, Waters
Co., Milford, MA, USA). The reversed-phase chromatographic analysis was
performed using an Acquity UPLC BEH Cyg column (1.7 um, 100x 2.1 mm
i.d,; Waters) at 40 °C. The mobile phases A and B consisted of 0.1% FA in
water and 0.1% FA in acetonitrile, respectively. The flow rate was
0.3 ml/min. The linear gradient elution program was as follows: 5% B
(1 min), 5% B to 95% B (1-11min) and 95% B (11-12 min). The separated
compounds were detected using a Xevo™ TQ-S triple quadrupole-mass
spectrometer (Waters Co.). The parent compounds and metabolites were
analyzed by ultra-high-performance liquid chromatography-electrospray
ionization-tandem mass spectrometry (UPLC/ESI-MS/MS) in the positive-
ion (ESI") and negative-ion (ESI7) modes. The detection conditions were
as follows: mass range, m/z 50-500; capillary voltage, 3.00kY; cone
voltage, 30 V; desolvation gas (N,) flow rate, 1000 L/hr; cone gas (N,) flow
rate, 150 L/h; nebulizer gas (N,) flow rate, 7.0 L/h; collision gas (Ar) flow
rate, 0.15 mL/min; collision energy, 20eV; collision cell exit potential, 5V;
desolvation temperature, 500°C. Analytical software (MassLynx, version
4.1: Waters, Co.) was used for the system control and data processing.
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Figure 1. Structures of tested illicit drugs.
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