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Zhao et al. (2013) reported that in heterologous expression
systems using Chinese hamster ovary cells, the surface
protein level of R423H mutant hKv3.3 channels i3 30%
of that of WT hKv3.3 and that the conductance density
of the mutant is 16% of that of the WT. Therefore, we
cannot exclude the possibility that the reduced surface
expression of mKv3.3 channels by the mutation would
also contribute to the broadening of action potentials
(Fig. 6) and lower firing frequency (Fig. 7) in transduced
PCs. However, the reduction of the conductance density
cannot be explained fully by the reduced surface protein
expression.

To xplain = the  negligible  activity  and
dominant-negative property of R424H mutant channels,
we propose two hypothetical mechanisms. First, the
positively charged arginine at position 424 in mKv3.3 may
be a critical residue in the 54 segment, serving as a part of
the voltage sensor domain (Seoh et al. 1996). The partial
disruption of the sensor domain by R424H mutation
would make the subunits less sensitive to membrane
voltage changes, resulting in the loss of channel function.
Second, an arginine residue at position 174 in the $4
segment of KAT1, which is a voltage-gated Kt channel
in Arabidopsis, plays an essential role in the appropriate
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integration of the 53 and 54 segment into the endoplasmic
reticulum membrane (Sato er al. 2003). Given that the
R174 is homologous to R424 in mKy3.3, defective
membrane insertion of R424H mutant subunits could
occur in Xenopus oocytes, leading to a defect in channel
activity.

Purkinje cell death by R424H mutsnt expression and
the inhibition by blodkade of P/Q-type voliage-gated
Ca** channais

In this study, we revealed that expression of R424H mutant
subunits caused cell death and impaired dendritic growth
in PCs (Figs 2 and 3) and that these effects were reversed by
the blockade of P/Q-type Ca®* channels (Fig. 9). Addition
of w-agatoxin IVA also enhanced dendritic elongation in
PCs expressing GFP alone (Fig. 9E and F; filled circles in
Fig. 91 and ]). Together with a previous report showing
that chronic application of TTX in cerebellar cultures
caused dendritic elongation in PCs (Schilling et al. 1991),
activation of P/Q-type Ca** channels by neuronal activity
may adversely influence dendritic elongation in PCs.
Addition of w-agatoxin IVA in R424H mutant-expressing
cultures did not completely restore PC survival rates
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(Fig.9D). This may be because some Ca®" currents in
cultured PCs are mediated by Ca®" channels other than
the P/Q-type (Gillard et al. 1997), and activation of
these channels may contribute to PC death. We therefore
performed the same rescue experiments using CdCly
(0.2 mn; a non-selective Ca®t channel blocker) or a
combination of w-agatoxinIVA and verapamil hydro-
chloride (0.02 mm; an L-type Ca*t channel blocker), but
these chemicals markedly deteriorated the viability and
development of cerebellar cultures within 3 DIV (data not
shown).

In contrast to PCs, there were no significant decreases
in the numbers of granule cells upon R424H mutant
expression (Fig. 2E). This may be because granule cells
do not express endogenous mKv3.3 channels with
which R424H mutant subunits form oligomeric channels
(Supplemental Fig. S3C), resulting in the absence of the
dominant-negative influence on the endogenous channels
by the expression of mutant channel subunits.

Comparison with preceding papers on Kv3.3
knockout mice and zebrafish expressing mutant Kv3.3

In contrast to the impaired dendritic development
in R424H mutant-expressing PCs (Fig. 3CV" and D),
the cerebellum of Xv3.3 knockout mice shows neither
dendritic shrinkage of PCs nor cerebellar atrophy (Zagha
et al. 2010). Furthermore, the knockout mice display only
moderate motor dysfunction and no ataxic phenotype,
although SCAI3 patients show severe ataxia (Joho
et al. 2006; Hurlock er al. 2008; Waters & Pulst, 2008;
Figueroa et al. 2010). This difference may be attributable
to the following factors. In PCs, mKv3.3 is thought to
form heteromultimeric channels by assembling with Kv3.1
andfor Kv3.4 (Goldman-Wohl er al. 1994; Weiser ef al.
1994), and Kv3 channels contribute to repolarization
of both somatic Na* spikes and dendritic Ca*" spikes
(McKay & Turner, 2004). Genetic elimination of Kv3.3
subunits may be insufficient to exhibit the dendritic
shrinkage and severe ataxia phenotypes because of
functional compensation by Kv3.1 and Kv3.4 in PCs
{Goldman-Wohl et al. 1994; Weiser er al. 1994; Martina
et al. 2003). We detected the expression of Kv3.4 sub-
units in cultured PCs (Supplemental Fig. S3D). It is
therefore reasonable to hypothesize that R424H mutant
subunits form heteromultimeric channels not only with
endogenous mKv3.3 but also with other members of
Kv3.3, including Kv3.4, resulting in total inhibition of
the K* channel activity in PCs. This may account for the
differences in the morphological phenotypes of PCs in our
results versus the knockout mice.

Zebrafish expressing infant-onset mutant zebrafish
Kv3.3 (homologous to the F448L mutant in SCAI3
patients) in spinal motoneurons show defective axonal
pathfinding (Issa ez al., 2012). Indeed, the zebrafish is an
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interesting mode] for understanding the effects of mutant
Kv3.3 expression in spinal motoneurons. However, as they
used a motoneurcn-specific enhancer of MnxI (HbB9)
gene, the exogenous proteins were not expressed in the
cerebellar neurons. To examine the effects of mutant Kv3.3
in the cerebellum, it would be necessary to express the
mutant protein directly in the cerebellar neurons using a
different method.

Comparison of our culture results with $CA13
patienis harbouring the R423H mutation

Spinocerebellar ataxia type 13 patients harbouring
the R423H mutation generally show early-onset,
slow-progressive ataxia and cerebellar atrophy (Figueroa
et al. 2010, 2011). Our immunohistochemical analyses
demonstrated that expression of R424H mutant subunits
impaired dendritic development and induced cell death
in cultured PCs (Figs 2 and 3). Those defects may be
responsible for the cerebellar atrophy and ataxia observed
in SCA13 patients, although it is necessary to verify that
similar impairments are also observed in post-mortem
cerebellum of the patients.

In functional aspects, we found that expression of
R424H muiant subunits significantly decreased outward
sEPSCs, broadened action potentials and altered firing
properties (Figs 4-7 and Table 2), suggesting the existence
of similar functional changes in SCAI3 patients. As
PCs are the sole output neurens from the cerebellar
cortex and make inhibitory synaptic contacts dirvectly onto
neurons in the deep cerebellar nuclei and the vestibular
nuclei in the brainstern, PCs play crucial roles in motor
co-ordination (Zheng & Raman, 2010). Accordingly, it
is easily assumed that the reduction of spontaneous
excitatory inputs and the changed firing properties in
PCs disrupt synaptic transmission to neurons in the
deep cerebellar nuclei and vestibular nuclei, resulting in
impaired motor co-ordination. To examine the effects of
the R424H mutation on electrophysiological properties
of PCs and animal behaviour, we tried expressing R424H
mutant subunits in PCs in vive by directly injecting the
virus solution into mouse cerebellar cortex as described
in our previous papers (Torashima et al. 2006, 2008;
Shuvaev ef al. 2011). However, despite the presence of the
infection, sufficient overexpression of mKv3.3 channels
and apparent ataxia were not observed (data not shown).
This may be because endogenocus mKv3.3 proteins are
abundantly expressed in PCs and the overexpression failed
to reach the endogenous protein level. Efficient reduction
of K" currents in PCs in vivo as observed in cultured
PCs may be attained by using a different type of viral
vector, such as adeno-associated virus vectors (Nathanson
et al. 2009). Alternatively, K currents in PCs in vivo
may be effectively decreased using viral vector-mediated
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expressions of R424H mutant subunits in Kv3.37/~ or
Kv3.3%/~ mice, which express no mKv3.3 proteins or only
half the normal amount.

Currently, three different missense mutations in hKv3.3
channels have been reported from distinet pedigrees, and
the disease onset and clinical phenotypes also differ among
them (Waters 7 al. 2006; Figueroa ef al. 2010,2011). In the
present study, we focused on only one mutation (R423H
in hKv3.3) because of the drastic changes it induced
in channel properties in the Xenopus cocyte expression
systern and its early-onset phenotype in SCA13 patients.
Further studies of the effects of other mutants (R420H
and F448L in hKv3.3) on cultured PCs may provide
explanations for the differences in the disease phenotypes.

Possible significance of this study

We developed an in vitro SCA13 model using mouse
cerebellar cultures and lentivirus vector-mediated gene
expression. This model has advantages over invivo models,
such as transgenic mice, in the ease of controlling culture
conditions by applying chemical compounds. Therefore,
this model would be useful in screening drugs for SCA13
and in detailed investigations of the signalling cascades
that promote the observed cell death. Given that blockade
of P/Q-type Ca’" channels rescued the phenotypes
found in this research, the channel blockers may be
potential therapeutic drugs for SCA13. Furthermore, this
culture method, in combination with virus-mediated gene
expression, may be applicable to the study of other types
of hereditary spinocerebellar ataxia.
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Abstract Six new psychoactive substances were identified
together with two other substances (compounds 1-8) in
illegal products by our ongoing survey in Japan between
January and July 2014. A new synthetic cannabinoid, FDU-
NNEI [1-(4-fluorobenzyl)-N-(naphthalen-1-yl)-1H-indole-
3-carboxamide, 2], was detected with the newly distributed
synthetic cannabinoid FDU-PB-22 (1). Two 2H-indazole
isomers of synthetic cannabinoids, AB-CHMINACA 2H-
indazole analog (3) and NNEI 2H-indazole analog (4), were
newly identified with 1H-indazoles [AB-CHMINACA and
NNEI indazole analog (MN-18)]. In addition, 2-methyl-
propyl N-(naphthalen-1-yl) carbamate (5) and isobutyl
1-pentyl-1H-indazole-3-carboxylate (6) were detected in il-
legal products. Compound 6 is considered to be a by-product
of the preparation of NNEI indazole analog from compound 5
and 1-pentyl-1H-indazole. A phenethylamine derivative, N-
OH-EDMA  [N-hydroxy-3,4-ethylenedioxy-N-methylam-
phetamine, 7], and a cathinone derivative, dimethoxy-o-PHP
(dimethoxy-o-pyrrolidinohexanophenone, 8), were newly
identified in illegal products. Among them, compounds 1 and
8 have been controlled as designated substances (Shitei-
Yakubutsu) under the Pharmaceutical Affairs Law in Japan
since August and November 2014, respectively.

Keywords 2H-indazole isomer - Synthetic cannabinoid -
FDU-NNEI - N~-OH-EDMA - Dimethoxy-o-PHP -
Cathinone derivative
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Introduction

The consumption of new psychoactive substances (NPSs)
including synthetic cannabinoids and cathinone derivatives
has become widespread despite regulatory control mea-
sures [1-7]. The EMCDDA (European Monitoring Cenire
for Drugs and Drug Addiction) reported that 81 NPSs were
identified by the EU early warning system in 2013, with 37
NPSs reported from January to May 2014 [2]. Ninety-seven
NPSs were reported to the UNODC (United Nations Office
on Drugs and Crime) in 2013 alone [3].

We previously reported the appearance of 45 newly
distributed substances in Japan between January 2013 and
May 2014, by our ongoing survey of NPSs in the illegal
drug market in Japan [8-10]. The detected compounds
were 18 synthetic cannabinoids, 13 cathinone derivatives,
five phenethylamines, and nine other substances, including
the N-methyl-p-aspartate (NMDA) channel blocker
diphenidine [8-10]. In the present study, we describe the
identification of eight newly distributed compounds: four
synthetic cannabinoids (1-4), two other substances (5 and
6), a phenethylamine derivative (7), and a cathinone
derivative (8) in illegal products purchased from January to
July 2014 (Fig. la).

Materials and methods
Samples for analyses
The analyzed samples were purchased via the Internet

between January and July 2014 as 241 chemical-type or
herbal-type products being sold in Japan. Among them, we

@_ Springer
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Fig. 1 Structures of the newly
detected compounds (1-8, a),

detected, but known compounds
(b), and related compounds (c)
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show the analysis data of five products (A-E) for  approximately 3 g of mixed dried plants. The single
describing the identification of compounds 1-8 in this pa-  powder-type product called ‘‘fragrance powder’’ consisted
per. Each of the herbal-type products (A-D) contained  of 400 mg of a brown powder (E).
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Fig. 2 Liquid chromatography—mass spectrometry (LC-MS) and gas
chromatography—mass spectrometry (GC-MS) analyses of product A.
The liquid chromatography-ultraviolet-photodiode array (LC-UV-
PDA) chromatogram (a), total ion chromatogram (TIC) (b), and

Chemicals and reagents

FDU-PB-22 (1), FUB-PB-22, AB-CHMINACA,
5-fluoro-AMB, AM-2201 indazole analog (THIJ-2201),
NNEI indazole analog (MN-18), 4-methylbuphedrone,
DL-4662, and 3,4-EDMA were purchased from Cayman
Chemical (Ann Arbor, MI, USA); 2-methylpropyl
N-(naphthalen-1-yl) carbamate (5) and diphenidine from
Otava Ltd. (Toronto, Canada) and Tocris Bioscience
(Bristol, UK), respectively. All other common chemicals
and solvents were of analytical reagent grade or high-
performance liquid chromatography (HPLC) grade. As
solvents for nuclear magnetic resonance (NMR) analysis,
chloroform-ds; (99.96 %), methanol-d;, (99.96 %),
methanol-d; (99 %), pyridine-ds (99.96 %), and dimethyl
sulfoxide (DMSQO)-ds (99.96 %) were purchased from the

(e) TIC

Diphenidine

N

1

L

5.0 1010015 00 2000 2500 20,00 35,00 40,00 45,0050 0055 006000 (1nin)
252

(f) Compound 1 (55.80 min)
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(g) Authentic FDU-PB-22 (55.76 min)
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electrospray ionization (ESI) mass and ultraviolet (UV) spectra of
peaks 1 (¢) and the authentic FDU-PB-22 (d) are shown. TIC (e),
electron ionization (EI) mass spectra of peaks 1 (f) and the authentic
FDU-PB-22 (g) obtained by GC-MS are also shown

ISOTEC division of Sigma-Aldrich (St. Louis, MO,
USA).

Preparation of sample solutions

For the qualitative analyses, 10 mg of each herbal-type
product was crushed into powder and extracted with 1 ml
of methanol under ultrasonication for 10 min. A 2-mg
portion of each powder-type product was extracted with
1 ml of methanol under ultrasonication for 10 min. After
centrifugation (3,000 rpm, 5 min) of each extract, the
supernatant solution was passed through a centrifugal filter
(Ultrafree-MC, 0.45-um filter unit; Millipore, Bedford,
MA, USA) to serve as the sample solution for the analyses.
If necessary, the solution was diluted with methanol to a
suitable concentration before instrumental analyses.
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Fig. 3 LC-MS and GC-MS analyses of product B. LC~-UV-PDA
chromatogram (a), TIC (b), extracted-ion chromatograms at m/z 395
(¢) and 397 (d), and ESI mass and UV spectra of peak 2 (e) are

Analytical conditions

Each sample solution was analyzed by ultra-performance
liquid chromatography-electrospray ionization—mass spec-
trometry (UPLC-ESI-MS) and by gas chromatography—
mass spectrometry (GC-MS) in the electron ionization (EI)
mode according to our previous report [11]. Two elution
programs were used in the LC-MS analysis. Each analysis
was carried out with a binary mobile phase consisting of
solvent A (0.1 % formic acid in water) and solvent B
(0.1 % formic acid in acetonitrile). The elution program (1)
used for analysis of cannabinoids was as follows: 35 % B
(4-min hold), 65 % B to 75 % B (4-16 min), and up to
90 % B (16-17 min, 6-min hold) at a flow rate of 0.3 ml/

@ Springer

(F) Tic
8-Quinolinol
4-Methylbuphedrone

e

FUB-PB-22

/

h

i

5 B0 10 0015 00 2010 25010 30700 35,00 40,00 45 00 50 00 56 00 5000

(min)

252

W
N
Swihe
N
,'\
285, .- 109
52
F

(g) Compound 2 (59.35 min)

103

[M*]
» I
e 9 e | oms wmoar | am 503
m/z> 80 100 150 200 260 300 350 400 480 500

shown. TIC (f) and EI mass spectrum of peak 2 (g) obtained by GC-
MS are also presented

min. The elution program (2) used for the analysis of
cathinone derivatives and other compounds was as follows:
5% B to 20% B (0-20 min), and up to 80 % B
(20-30 min, 10-min hold). In this study, products A, B, and
D were analyzed using program (1), and products C and E
analyzed using program (2). GC-EI-MS was performed on
an Agilent 6890N GC with a 5975 mass selective detector
(Agilent Technologies, Santa Clara, CA, USA) using a
capillary column (HP-1IMS capillary, 30 m x 0.25 mm
i.d., 0.25-um film thickness; Agilent Technologies) with
helium gas as a carrier at 0.7 ml/min. The conditions were:
electron energy, 70 eV; injector temperature, 220 °C;
injection, splitless mode for 1.0 min; oven temperature
program, 80 °C (1-min hold) and increase at a rate of
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Fig. 4 Results of HH
correlation spectroscopy (HH
COSY), heteronuclear multiple-
bond correlation (HMBC),
selected nuclear Overhauser
effect (NOE) correlations (a),
'H-">'N HMBC correlations

(b) and deuterium-induced
isotope shift of NH protons for
the "°C nuclear magnetic
resonance (NMR) signals of
compound 2 (FDU-NNEI) in
CD;0D (¢)

HH COSY e
HMBC TN
Selected NOE #» *

TH-N HMBC -~
in CDCI3

Deuterium shift (ppm)
CD3;0H to CD;0D

5 °C/min to 190 °C (15-min hold) followed by increase at
10 °C/min up to 310 °C (15-min hold); transfer line tem-
perature, 280 °C; scan range, m/z 40-550.

The obtained GC mass spectra were compared to those
of an EI-MS library (Mass Spectra of Designer Drugs
2013; WILEY-VCH, Weinheim, Germany). We also used
our in-house EI-MS library of designer drugs obtained by
our ongoing survey of illegal products and commercially
available reagents for the structural elucidation.

We measured the accurate mass numbers of the target
compounds by liquid chromatography—quadrupole-time-
of-flight-mass spectrometry (LC-QTOF-MS) in the ESI
mode according to our previous report [12].

For the isolation of each compound, we performed two
preparative methods. One was recycling preparative HPLC
on a JAI (Japan Analytical Industry, Tokyo, Japan) LC-
9201 instrument with gel permeation JAIGEL-1H columns
(JAI) and chloroform as an eluent. The other was silica gel
or ODS column chromatography (CC) on a Biotage
(Stockholm, Sweden) Isorela One instrument with a SNAP
KP-sil column (particle size: 50 um), SNAP Ultra column
(particle size: 25 pm), or SNAP KP-C18-HS column
(particle size: 50 um) (Biotage).

The nuclear magnetic resonance (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
(HMBCO), SN HMBC, HH correlation spectroscopy (HH
COSY), nuclear Overhauser effect (NOE), and incredible
natural abundance double-quantum transfer experiment
(INADEQUATE) spectra.

Isolation of compound 2

A 3.0-g sample of mixed dried plants (product B) was
extracted with 250 ml of chloroform by ultrasonication for
30 min. The extraction was repeated three times, and the
supernatant fractions were combined and evaporated to
dryness. The extract was separated by silica gel CC (SNAP
KP-sil, 25 g; Biotage) [hexane/ethyl acetate
(100:0-75:25)] and ODS CC (SNAP KP-CI18-HS, 12 g;
Biotage) [water/methanol (30:70-0:100)]. The extract was
then recrystallized in ethyl acetate/hexane, which gave
compound 2 (28 mg) as a pale yellow solid.
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Isolation of compound 3

A 2.8-g sample of mixed dried plants (product C) was
extracted by the same method as that used for compound 2.
The separation of extract by silica gel CC (SNAP KP-sil,
50 g; Biotage) [hexane/ethyl acetate (50:50)] and ODS CC
(SNAP KP-CI18-HS, 12 g; Biotage) [water/methanol
(35:65)] resulted in the isolation of compound 3 (8 mg) as
a white solid.

Isolation of compounds 4 and 6

A 5.6-g sample of mixed dried plants (product D) was
extracted by the same method described above. Separation
of extract by silica gel CC (SNAP Ultra, 25 g; Biotage)
[hexane/ethyl acetate (87:13-0:100)] gave fractions | and
2. Fraction 1 was further separated by silica gel CC (SNAP
KP-sil, 50 g; Biotage) [hexane/ethyl acetate (90:10)] to
obtain compound 4 (5 mg) as a white solid. Fraction 2 was
dissolved in chloroform and purified by recycling pre-
parative HPLC (eluent: chloroform) to give compound 6
(1 mg) as a white solid.

Isolation of compounds 7 and 8

A 600-mg sample of powder (product E) was dissolved in
2.5 % triethylamine (TEA) in hexane/ethyl acetate (50:50)
and then loaded onto a silica gel CC (SNAP KP-sil, 50 g;
Biotage), which was then eluted with a stepwise gradient of
25 % TEA in hexane/2.5 % TEA in ethyl acetate
(90:10-0:100) to give compound 7 (73 mg) and compound
8 (302 mg) as a colorless oil, respectively.

Results and discussion
Identification of an unknown peak 1

An unknown peak 1 was detected with an NMDA receptor
channel blocker, diphenidine (Fig. 1b) [13] in the LC-MS
and GC-MS for product A (Fig. 2a, b, €). Based on the
LC-MS and GC-MS data, peak 1 was finally identified as a
synthetic cannabinoid FDU-PB-22 (Figs. la, 2¢, f) by
direct comparison of the data to those of the purchased
authentic compound (Fig. 2d, g). Compound 1 was thus
detected as a newly distributed NPS in Japan. In addition,
FDU-PB-22 (1) has been controlled as a designated sub-
stance (Shitei-Yakubutsu) in Japan since August 2014.

Identification of an unknown peak 2

In the LC-MS and GC-MS analyses, an unknown peak 2
was detected with a synthetic cannabinoid (FUB-PB-22),
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Table 1 NMR data of compound 2

No. Bc 'H
1 167.5 -
2 133.0 8.25, 1H, brs
3 s -
3'a 128.6 -
4 122.7 822, 1H,d,J = 7.8 Hz
5 122.7 720, 1H,t,J =78 Hz
6 124.0 724, 1H,t,J =78 Hz
7 111.6 7.45,1H,d,J =78 Hz
7'a 138.2 -
1 50.7 5.48, 2H, s
2" 134.5, d, -
J=28Hz
377" 130.3, d, 7.30 and 7.29, each 1H, d,
J=177Hz J = 8.7 Hz, overlapped
416" 116.6, d, 7.08 and 7.07, each 1H, d,
J=222Hz J = 8.7 Hz, overlapped
5" 163.8, d, -
J = 2447 Hz
1" 134.9 -
2" 125.2 7.61, 1H,d,J =69 Hz
3" 126.6 7.53, 1H, m, overlapped
4" 127.8 7.82, 1H,d, J =83 Hz
4" 135.9 -
5" 129.3 791, 1H, m
6" 127.1 7.51, 1H, m, overlapped
7" 127.2 7.51, 1H, m, overlapped
8" 124.1 8.06, 1H, m
8"a 131.3 -
NH - 9.96, 1H, s

Recorded in CD;OH at 800 MHz ('H) and 200 MHz ('*C), respec-
tively; data in 8 ppm (J in Hz)

its synthetic component 8-quinolinol, and a cathinone
derivative (4-methylbuphedrone) in product B (Figs. b,
3a, b, d, f). By GC-MS analysis, peak 2 showed a
molecular ion at m/z 394 (Fig. 3g). The major fragment
ions of peak 2 (m/z 109 and 252) are the same as those
of FDU-PB-22 (1) except for the molecular ion of
compound 1 at m/z 395 (Fig. 2g). In the LC-MS ana-
lysis, peak 2 showed the protonated molecular ion at m/z
395 (IM + HIM) (Fig. 3c, e). However, the major frag-
ment ion at m/z 252 of FDU-PB-22 (1) given by
cleavage of an ester group (Fig. 2d) was not observed in
the mass spectrum of peak 2 (Fig. 3e). The accurate
mass spectrum obtained by LC-QTOF-MS gave an ion
peak at m/z 395.1565, suggesting that the protonated
molecular formula of compound 2 was CogH,oN,OF
(caled. 395.1560).
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Fig. 5 LC-MS and GC-MS analyses of product C. The LC-UV-
PDA chromatogram (a), TIC (b), and ESI mass and UV spectra of

peak 3 (¢) and the authentic AB-CHMINACA (d) are shown. TIC (e),

and EI mass spectra of peaks 3 (f) and the authentic AB-CHMINACA
(g) obtained by the GC-MS analysis are also shown
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The structure of compound 2 was elucidated by NMR
analysis (Fig. 4; Table 1). The analyses by '"Hand '?*C NMR,
HH COSY, HMQC, HMBC, "N HMBC and 1D-NOE
spectra of compound 2 revealed the presence of a 1-(4-
fluorobenzyl)-1H-indole (positions 1’ to 7'a and positions 1”
to 77y and a N-(naphthalen-1-yl)-carboxamide moieties
(position 1 and positions 1” to 8”a) as shown in Fig. -a, b.
However, no HBMC correlation between the two moieties
was observed. We, therefore, measured the deuterium iso-
tope effect on the NH amide proton on the '*C chemical shift
to determine the connection between the two moieties.

We compared the *C NMR spectrum of compound 2,
measured in CD3;OH, with that in CD;OD. The isotope
shift values for the '*C NMR signals of this compound are
shown in Fig. Jc. The first- to fourth-largest deuterium
shifts (0.115, 0.081, 0.043, 0.034 ppm) were observed at
the positions of C-17’, C-1, C-2"”, and C-8"a of the N-
(naphthalen-1-yl)carboxamide moiety. The fifth-largest
deuterium shift of 0.024 ppm was attributed to the three-
bond deuterium isotope effect of the NH amide proton on
the indole carbon (C-3"). These results strongly suggested
that the 1-(4-fluorobenzyl)-1H-indole moiety is connected
at the 3'-position of the indole to the carboxamide (1-
CONH).

On the basis of the above data, compound 2 was finally
identified as 1-(4-fluorobenzyl)-N-(naphthalen-1-y1)-1H-
indole-3-carboxamide (Fig. la). Compound 2 is a novel
compound, and therefore, we named it FDU-NNEI because
the structure of compound 2 consists of a [1-(4-
fluorobenzyl)-1H-indolyl]carbonyl moiety and a (naph-
thalen-1-yl)amino moiety, which are characteristic parts of
two synthetic cannabinoids, FDU-PB-22 (1) and NNEI,
respectively (Fig. la—c) [10].

Identification of an unknown peak 3

We detected an unknown peak 3 together with seven peaks
of five known synthetic cannabinoids (AB-CHMINACA,
5-fluoro-AMB, FUB-PB-22, AM-2201 indazole analog and
NNEI indazole analog), a known cathinone derivative DL-
4662, and 8-quinolinol in the LC-MS and GC-MS chro-
matograms for product C (Fig. 5a, b, e). In the LC-MS and
GC-MS analysis, the unknown peak 3 showed a protonated
molecular ion signal at m/z 357 [M + H*] (Fig. 5¢) and a
molecular ion signal at m/z 356 [M*] (Fig. 5f). The accu-
rate mass spectrum obtained by LC-QTOF-MS gave an
ion signal at m/z 357.2282, suggesting that the protonated
molecular formula of compound 3 was C,0H,9N40, (caled.
357.2291). The presumed molecular formula of compound
3 (CyoHogN4O,: 356) was thus the same as that of AB-
CHMINACA (Fig. 1b). However, the LC-MS and GC-MS
spectra patterns, in addition to each retention time, were
different (Fig. 5c¢, 4, f, g).
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Table 2 NMR data of compound 3 and AB-CHMINACA

No. AB-CHMINACA Compound 3
130 3¢ 4

I 172.6 1726 -

2 56.7 584 438 1H,dd, J =87,69Hz

3 31.2 30.1 215 1H, m

4 19.3 193  099,3H,d,J = 64 Hz,
overlapped

5 17.9 182 096, 3H, d, / = 6.9 Hz,
overlapped

iU - - -

2 - — —

3 1364 129.1 -

3a 121.8 1203 -

& 121.6 1202 781, 1H,d, J =83 Hz

5 1224 1227 720, 1H,t,J=73Hz

6 126.6 1257 731, 1H,t,J =73 Hz

7 110.6 1174 7.68,1H,d,J =87 Hz

7a 141.2 1464 -~

1" 54.5 57.3 458 and 4.49, each 1H, dd,
J=128,73 Hz

2" 38.3 389 190, 1H, m

3" 30.0 30.0 097, 2H, m, overlapped

4" 25.0 25.1  1.11, 2H, m, overlapped

5" 257 257 156, IH. m

1.09, 1H, m, overlapped

6" 25.1 251 1.61,2H, m

7" 29.9 299 147,2H,d, J =124 Hz

- 161.3 159.8 838, 1H,d, J = 8.7 Hz

CONH
1-NH, - - 7.54 and 7.16, each 1H, brs

Recorded in DMSO-dg at 800 MHz ('H) and 200 MHz (*°C),
respectively; data in & ppm (J in Hz)

The observed 'H and '°C NMR spectra (Table 2), HH
COSY, HMQC, HMBC and >N HMBC correlations for
compound 3 indicated the presence of N-cyclohexyl-
methyl-indazole and N-(1-amino-3-methyl-1-oxobutan-2-
yl)-carboxamide moieties (Fig. ¢a, b). Additionally, 2D-
INADEQUATE correlation revealed that the cyclohexyl-
methyl-indazole moiety is connected at the 3’-position of
the indazole to the carboxamide (C-1""). Nevertheless, the
'3C NMR chemical shifts of compound 3 were significantly
different at the C-3’ (8¢ 129.1), C-7' (8¢ 117.4) and C-7'a
(8¢ 146.4) positions from those of AB-CHMINACA [C-3'
(8¢ 136.4), C-7 (8¢ 110.6) and C-7'a (8¢ 141.2) as shown
in Table 2.

We next compared the N NMR chemical shifts of
compound 3 with those of 1H-indazole derivatives
(Table 3). The '°N chemical shifts at the N-1' (8 —85.5)
and N-2' (dy —153.9) of the indazole moiety in compound
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