Metabolism of illicit drugs by LC/MS/MS

Metabolynx XS (Waters Co.) was also used for the prediction of the
metabolites (Tiller et al, 2008). This software automatically lists the
predicted metabolites. Initially, total ion chromatograms (TICs) and mass
spectra were obtained from the parent solution and the metabolism

Table 1. Yields of metabolites of illicit drugs by human liver
microsomes

Drug Metabolite
Time (min) Yield (%)°
ADB-FUBINACA 6.32 324
AB-FUBINACA 6.09 37.2
AB-PINACA 522 339
543 12.8
6.51 12.5
QUPIC 7.36 474
5 F-QUPIC 6.51 89.8
a-PVT 3.25 149
340 7.55
361 285

Intensity of each metabolite
Intensities of parent drug+metabolities
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reaction solution. The data were then compared and only the metabo-
lites in the metabolism reaction solution were listed. Based upon the
listed results, the species and locations of the metabolism were deter-
mined by the combination of the TIC and MS/MS data.

Metabolism by human liver microsomes

A 2 pl aliquot of the 5 mwm parent substrate (ADB-FUBINACA, AB-PINACA,
AB-FUBINACA, QUPIC 5 F-QUPIC, or -PVT) dissolved in dimethylsulfoxide
(DMSQ) was combined with freshly prepared solutions of the NADPH
regeneration systern solutions A (100 uL) and B (20 ul; BD Biosciences,
Woburn, MA, USA), 0.5w phosphate buffer (pH 7.4, 400 ul) and water
(1428 pL). The solution was vigorously mixed and incubated at 37°C
for 5min. A 50 pL aliquot of the human liver microsomes (UltraPool™
HLM 150; BD Biosciences) was then added to the solution and the
mixture was incubated at 37°C for 60 min. Thereafter, acetonitrile
(2mL) was added and the solution was centrifuged at 26,000g for
10min. A 1.0mL sample of the upper layer solution was suitably
diluted by water—acetonitrile containing 0.1% FA. The solution was
dried under reduced pressure using a Personal Evaporator (EZ-2,
Genevac, Stone Ridge, NY, USA). The residues were redissolved in
100 ul of the initial mobile phase and used as the metabolism sample.

The blank solutions, without addition of parent drugs or without
addition of the microsomes, were also tested according to the procedure
described for the metabolism reaction of illicit drugs.

®)

100 6.32

0 oy e Time
4.00 6.00 8.00
miz 253
NH;
~OH
(d) mz 109”:@\ 23325
100
A !
@
° 109.23
! ]
T T T T T T T T T T )7
100 200 300 400
+OH
miz 380
miz 225 [+4
CINH;
+0OH
172 171

¥
E?o 171,19 225.25K©\

%

t i N N
100 200 300 400

Figure 2. LC/MS analysis of ADB-FUBINACA, and its metabolites by liver microsomes. (a) Selected ion chromatogram (SIC) of the [M+H]" ion at m/z
383; (b) SIC of the [M + O +H]" ion at m/z 399; (c) MS/MS product ion spectrum of m/z 383 from the parent drug peak at 7.20 min (positive ion mode);
(d) MS/MS product ion spectrum of m/z 399 from the metabolite peak at 6.32 min (positive ion mode); (&) MS/MS product ion spectrum of the [M — H]™
precursor ion at m/z 381 from the peak at 7.20 min {negative ion mode); and (f) MS/MS product ion spectrum of the [M + O-H]™ precursor ion at m/z 397

from the metabolite peak at 6.32 min (negative ion mode).
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Identification of metabolites of indoleacetic acid esters
(QUPIC and 5 F-QUPIC)

The authentic indoleacetic acids, 1-pentyl-1H-indole-3-carboxylic acid
and 1-(5-fluoropentyl)-1H-indole-3-carboxylic acid, dissolved in DMSO
(5 mm), were diluted to 0.5 um with the mobile phase. Aliquots of 2 uL
of the solutions (corresponding to 1 pmol) were then analyzed by LC/
ESI-MS/MS. The results (chromatographic retention times and MS/MS
product ion spectra) were compared with those for the metabolites
produced from the reactions of the microsomes.

Results and discussion

The identification od the metabolites derived from ADB-
FUBINACA, AB-FUBINACA, AB-PINACA, QUPIC, 5F-QUPIC and
o-PVT (Fig. 1) was carried out by comparison of the MS data,
TICs, selected ion chromatograms (SICs) and MS/MS product
ion spectra, before and after the metabolism reaction by the
human liver microsomes.

Metabolites of the drugs without the addition of the micro-
somes were not identified in all the chromatograms of the
tested drugs. Therefore, the newly appeared compounds were
probably caused by the action of the CYP enzymes. The rough
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vields of the metabolites, calculated from the ratios of
intensity of each metabolite and total intensities of parent
drug and the metabolites after the microsome treatment, are
shown in Table 1.

Figure 2 shows the ESI-MS results obtained for ADB-
FUBINACA. Based on the TICs of the parent drug solution, the
metabolism reaction solution and the blank solution without
parent drug, an oxidation reaction seemed to occur. Figure 2
(2 and b) shows the SICs of m/z 383 ion corresponding to the
[M+HI" ion of parent drug, and m/z 399 corresponding to
the [M+H]" ion of the hydroxyl form. The SICs suggest that
the peaks at 7.20 and 6.32min are ADB-FUBINACA and the
oxidation metabolite. To identify the hydroxylation position,
the MS/MS product ion spectra of m/z 383 and m/z 399 from
these peaks were acquired and the results are shown in Fig. 2
(c and d). Based on the product ion spectra obtained for the
parent drug and the metabolites, the hydroxylation seems to
occur on the N-(1-amino-3,3-dimethyl-1-oxobutan) moiety, as
predicted by the Metabolynx software. The existence of a
hydroxylated metabolite was also supported by the product
ion spectrum of the [M—H]™ precursor ion at m/z 397 in
negative ion mode (Fig. 2f). A change of the product ions in
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Figure 3. LC/MS analysis of AB-FUBINACA, and its metabolites by liver microsomes. (a) SIC of the [M + HI" ion at m/z 369; (b) SIC of the [M+ O +H]" ion
at m/z 385; (c) MS/MS product ion spectrum of m/z 369 from the parent drug peak at 6.76 min (positive ion mode); (d) MS/MS product ion spectrum of
the [M+0O +HJ" ion at m/z 385 from the metabolite peak at 6.09 min (positive ion mode); (e) MS/MS product ion spectrum of the [M — H]™ ion at m/z
367 from the parent drug peak at 6.76 min (negative ion mode); and (f) MS/MS product ion spectrum of the [M+ O — H] ™ ion at m/z 383 from the me-
tabolite peak at 6.09 min (negative ion mode).
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Figure 4. LC/MS analysis of AB-PINACA, and its metabolites by liver microsomes. (a) SIC of the [M + H]™ ion at m/z 331; (b) SIC of the [M+ O+ H]" ion at
m/z 347; (c) MS/MS product ion spectrum of m/z 331 from the parent drug peak at 7.28 min (positive ion mode); (d) MS/MS product ion spectrum of m/z
347 from the metabolite peak at 5.22 min (positive ion mode); (e) MS/MS product ion spectrum of the ion at m/z 347 from the metabolite peak at
5.43 min (positive ion mode); and (f) MS/MS product ion spectrum of the ion at m/z 347 from the metabolite peak at 6.51 min (positive ion mode).
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Figure 5. LC/MS analysis of QUPIC, and its metabolites by liver microsomes. (a) SIC of the [M + H]* ion at m/z 359; (b) SIC of the [M — CoHsN + H]" ion at
m/z 232; (c) MS/MS product ion spectrum of m/z 359 from the parent drug peak at 9.07 min (positive ion mode); (d) MS/MS praduct ion spectrum of m/z
232 from the metabolite peak at 7.36 min (positive ion mode); (e) SIC of m/z 232 of the authentic metabolite compound; and (f) MS/MS product ion
spectrum of m/z 232 from the authentic metabolite compound at 7.40 min (positive ion mode).
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Figure 8. LC/MS analysis of 5 F-QUPIC, and its metabolites by liver microsomes. (a) SIC of the [M + HI" ion at m/z 377; (b) SIC of the [M — CoHsN +HI"
ion at m/z 250; (c) MS/MS product ion spectrum of m/z 377 from the parent drug peak at 8.24 min (positive ion mode); (d) MS/MS product ion spectrum
of m/z 250 from the metabolite peak at 6.51 min (positive ion mode); (e) SIC of m/z 250 from the authentic metabolite compound; and (f) MS/MS
product ion spectrum of m/z 250 from the authentic metabolite compound at 647 min (positive ion mode).

negative ion mode from m/z 364 and m/z 155 in the parent
drug (Fig. 2e) to m/z 380 and m/z 171 in the metabolite at
6.32 min (16 m/z units increase; Fig. 2f) was also found. Further-
more, the appearance of ions at m/z 253 (positive ion mode)
and m/z 225 (negative ion mode) by the product ion specira
of the metabolite (Figs. 2d and f) suggests that the hydroxyl-
ation does not occur in the fluorobenzyl-indazole moiety but
in N-(T-amino-3,3-dimethyl-1-oxobutan) moiety. However, the
exact hydroxylation position is not obvious because we do
not have the authentic compound for comparison.

Similar results were obtained from the metabclism reaction of
AB-FUBINACA. Figure 3(a and b) show the SICs corresponding to
the parent drug and the hydroxyl metabolite, while Fig. 3(c and d)
shows the product ion spectra (positive ion mode) of the [M+H]™
jons at m/z 369 from the peak at 6.76 min (corresponding to the
parent drug) and m/z 385 from the peak at 6.09 min (correspond-
ing to the metabolite), respectively. These results show that the
peak at 6.09min is the hydroxyl metabolite. Furthermore, the
MS/MS product ion spectra suggest that the hydroxylation
occurred on the N-(1-amino-3-methyl-1-oxobutan) moiety. The
prediction was supported by the results of the product ion
specira of the [M —H]™ ions in negative ion mode, as shown in
Fig. 3(e and f). Based on the results obtained for ADB-FUBINACA
and AB-FUBINACA, the oxidation reaction does not easily occur
on the aromatic ring, but predominantly proceeds on the
aliphatic carbon chain or the nitrogen atom.

AB-PINACA, which has a structure similar to those of ADB-
FUBINACA and AB-FUBINACA, was also metabolized by the
microsomes. As shown in Fig. 4, the main metabolite eluted
at 5.22min and minor metabolites at 5.43 and 6.51 min.
Judging from the MS/MS product ion spectrum of the
[M+HI* ion at m/z 347 shown in Fig. 4(f), the metabolite at
6.51 min seems to be similar to those produced from

wileyonlinelibrary.com/journal/bmc
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ADB-FUBINACA and AB-FUBINACA, which are hydroxylated
on the N-(T-amino-3,3-dimethyl-1-oxobutan) moiety. in con-
trast, the product ion spectra of the other metabolites at
5.22 and 5.43 min suggest that these AB-PINACA metabolites
have different hydroxylation positions from those of the ADB-
FUBINACA and AB-FUBINACA metabolites. From the MS/MS
product ion spectra of the [M + H]I" ions at m/z 347 from the
peaks at 5.22 and 5.43 min (Fig. 4d and e), the hydroxylation
seems {0 occur on the 1-pentyl carbon chain of AB-PINACA,
because a product ion at m/z 231 appears in the specira
(16 m/z units increase from m/z 215 in Fig. 4¢ and f). Similar
hydroxylation on an alkyl carbon was reporied for a series of
aminoalkylindole synthetic cannabinoids (e.g. JWH-018}, and
various hydroxylated metabolites (e.g. pentyl w-OH and w-1-
OH metabolites) were detected in urine samples (Wohifarth
et al., 2013; Moran et al., 2011; Chimalakonda et al,, 2011).

The metabolism of QUPIC and 5F-QUPIC, which have a
quinolinol ester structure, was also tested. Figures 5 and 6 show
the SICs of the parent drugs and the metabolites for QUPIC and
5F-QUPIC, respectively. The compounds detected as the peaks
at7.36 min in Fig. 5(b) and 6.51 min in Fig. 6(b) seemed to be cleav-
age metabolites possessing an indoleacetic acid structure. Their
structures were assigned by comparison of the SICs and the MS/
MS product jon spectra with those of authentic compounds
(Figs 5e, f and 6e, f). However, the opposite cleavage compound,
8-quinolinol, could not be identified on the chromatograms.
Although the Metabolynx software also suggested that a metab-
olite could be formed by replacement of the fluorine atom by a
hydroxyl group, the corresponding peak did not appear in the
chromatogram of the reaction solution of 5 F-QUPIC.

Finally, a-PVT, which has a unique structure, was metabolized
by the liver microsomes. Figures 7(a and b) shows the SICs of the
parent drug and the oxidation metabolites. Because the masses

Biomed. Chromatogr. 2014; 28: 831-838
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Figure 7. LC/MS analysis of a-PVT, and its metabolites by liver microsomes. (a) SIC of the [M + H1* jon at m/z 238; (b) SIC of the [M+ O +H]" ion at m/z
254; (¢} MS/MS product ion spectrum of m/z 238 from the parent drug peak at 3.79 min {positive fon mode), (d) MS/MS product ion spectrum of m/z 254
from the metabolite peak at 3.25 min (positive ion mode); (&) MS/MS product ion spectrum of m/z 254 from the metabolite peak at 3.40 min (positive
ion mode); and (f) MS/MS product ion spectrum of m/z 254 from the metabolite peak at 3.61 min (positive ion mode).

of the [M+HI" ions of the metabolites increase by 16 m/z units
from that of the parent drug (m/z 254 vs m/z 238), several hy-
droxyl metabolites seem to be produced by the treatment. To
identify the hydroxylation position, MS/MS product fon specira
of the [M+ HI" ions at m/z 238 of the parent drug that appeared
at 3.79min and at m/z 254 from the metabolite peaks at 3.25,
340 and 3.61 min were obtained. The MS/MS spectrum from
the parent drug is shown in Fig. 7(c), and Fig. 7{d-f} shows the
spectra of the hydroxylated metabolites. By inspection of the
spectra shown in Fig. 7(c, e and f), it can be seen the product
jons at m/z 142, 16 m/z units higher than the ion at m/z 126
obtained for the parent drug (Fig. 7¢), appeared in the MS/MS
spectra of the metabolites shown in Figs. 7(e and f). The product
ion at m/z 167 was observed both in the spectrum from the me-
tabolite peak at 3.61 min (Fig. 7f) and in that of the parent drug
(Fig. 7c). Therefore, the peak at 3.61 min seemed to be the me-
tabolite formed by oxidation of the pyrrolidine moiety. On the
other hand, the ion m/z 167 was not found in the MS/MS spec-
trum of the [M+H]* ion at m/z 254 from the metabolite peak at
3.40 min, whereas the m/z 142 ion was observed (Fig. 7e). There-
fore, the metabolite at 340 min seems to be hydroxylated on
the pyrrolidinoalkyl moiety. The metabolite at 3.25 min was pre-
dicted to be formed by oxidation of the thiophene ring, because
the m/z 142 ion was not present in the MS/MS spectrum of its
[M +H]" ion at m/z 254 (Fig. 7d). The production of various metab-
olites has previously been identified in pyrrolidinophenon-type
drugs, viz. methylenedioxy-pyrovalerone, in rat and human urine
(Markus et al,, 2010). Thus, many metabolites of a-PVT seem to ap-
pear in the urine of drug users, and the confirmation of the illicit
drug use might be difficult.

Biomed. Chromatogr. 2014; 28: 831-838
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Conclusion

The metabolism of the cannabimimetic ADB-FUBINACA,
AB-FUBINACA, AB-PINACA, QUPIC and 5 F-QUPIC, which have in-
dole, indazole and guinolinol ester structures, were investigated
using human fiver microsomes and UPLC/ESI-MS/MS. The
metabolism study of a stimulant thiophene analog, a-PVT, was
also carried out by the proposed procedure. Since the present
procedure is based upon the CYP superfamily enzymes in
the microsomes, oxidation was the dominant prcoess in
ADB-FUBINACA, AB-FUBINACA and AB-PINACA. However, QUPIC
and 5F-QUPIC, which have the gquinolinol ester structure,
predorninantly underwent a cleavage reaction to produce
indoleacetic acid type metabolites. In contrast, a-PVT underwent
complicated metabolism reactions when exposed to the
microsomal enzymes. Therefore, several metabolites of a-PVT
were formed, where oxidation had occurred in various positions.

The predicted metabolites of the six illicit drugs were not in
conflict with the results predicted by the MetaboLynx sofiware.
The Metabolynx software predicted the structure of the metab-
olite by matching of the data obtained from the chromatogram
and mass spectra of the metabolite(s) and the parent
compound. The software seems to be useful for confirmation
of whether the results obtained from the metabolism reaction
are reliable. However, authentic compounds are required for
the actual structural determination of the metabolites.

Because the present method using the human liver microsomatl
fraction is simple and easy, the determination of metabolites is pos-
sible using a small quantity of the various drugs. This technology
using human liver microsome seems to provide a new approach
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for the prediction of the metabolites of new illicit drugs in human
users. Furthermore, confirmation of drug abuse seems to be possi-
ble, if the predicted metabolite(s) are really detected in biological
specimens, such as plasma, urine and hair. Thus, a further metabo-
lism study is underway in our laboratory.
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Abstract From November 2013 to May 2014, 19 newly
distributed designer drugs were identified in 104 products
in our ongoing survey of illegal products in Japan. The
identified compounds included 8 synthetic cannabinoids,
FUB-PB-22 (1), 5-fluoro-NNEI indazole analog (5-fluoro-
MN-18, 2), AM-2201 indazole analog (THJ-2201, 3),
XLR-12 (4), 5-fluoro-AB-PINACA (5), 5-chloro-AB-
PINACA (6), AB-CHMINACA (7), and 5-fluoro-AMB (8);
5 cathinone derivatives, DL-4662 (9), «-PHP (10),
4-methoxy-o-POP  (11), 4-methoxy-o-PHPP (12), and
4-fluoro-o-PHPP (13); and 6 other substances, namely, the
benzofuran derivative 2-(2-ethylaminopropyl)benzofuran
(2-EAPB, 14), nitracaine (15), diclofensine (16), dipheni-
dine (17), 1-benzylpiperidine (18), and acetylfentanyl (19).
To our knowledge, this is the first report on the chemical
properties of compounds 9-11 and 14. A total of 33
designer drugs, including compounds 1-19, were detected
in the 104 illegal products, in 60 different combination
patterns. The numbers of detected compounds per product
ranged from 1 to 7. In addition, several products contained
three different types of compounds, such as synthetic
cannabinoids, cathinone derivatives, and phenethylamine
derivatives per product. It is apparent that the types of
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compounds emerging as illegal products are becoming
more diverse, as are their combinations.

Keywords 2-(2-Ethylaminopropyl)benzofuran (2-
EAPB) - Synthetic cannabinoid - Cathinone derivative -
Diclofensine - Diphenidine - Nitracaine

Introduction

Since 2009, the world has seen a dramatic emergence of
synthetic cannabinoids, cathinone derivatives, and other
new psychoactive substances (NPS) [1-0]. In fact, 384
NPS have been reported to the United Nations Office on
Drugs and Crime (UNODC) since 2009, with 97 NPS being
reported in 2013 alone [7]. The European Monitoring
Centre for Drugs and Drug Addiction (EMCDDA) simi-
larly reported that 81 NPS were identified by the EU Early
Warning System in 2013 [8]. As a part of our ongoing
survey of designer drugs in the illegal drug market in
Japan, we reported the appearance of 26 newly distributed
substances in Japan in 2013 [9-11]. The detected com-
pounds were classified into three major types of designer
drugs: 10 were synthetic cannabinoids, 8 were cathinone
derivatives, and 5 were phenethylamines. In addition, 3
other substances were detected, including the opioid
receptor agonist MT-45 and the methylphenidate analog
3,4-dichloromethylphenidate [9-11]. In this study, we
describe the identification of 19 newly distributed designer
drugs, of which 8 were synthetic cannabinoids (1-8), 5
were cathinone derivatives (9—13), and 6 were other sub-
stances (14—19) (Fig. 1). In addition, we investigated the
combination patterns of detected designer drugs, including
compounds 1-19, in 104 illegal products purchased
between November 2013 and May 2014.

— 223 —



Forensic Toxicol (2014) 32:266-281

267

FUB-PB-22 (1)
CosH7FN,0,: 306

N
‘\F

5-Fluoro-AB-PINACA (5)
CigHasFN, O, 348

¢ 2 )
She “T T 0
NN - SN N
N N |
1 !\1 CF,
L L

5-Fluoro-NNE! indazole
analog (5-Fluoro-MN-18, 2)
CpgHapFNZO: 375

S cr*j/w

5-Chloro-AB-PINACA (6)
C1gH2sCIN,O,: 365

o z¥
o2 q . E “O
MeO. 3] NN N2 3/WN 4
| 3 ! | 2 8
MeO/A\S/S K]ﬂ 4%/5' q\i‘*
: .,
DL-4662 (8) o-PHP (10) 4-Methoxy-o-POP (11)

C1sHosNOy: 265

2-(2-Ethylaminopropylibenzofuran
(2-EAPB, 14)
Cy3H,7NO: 203

NS

V

|
= i/i
;\I

Diphenidine (17)
CygHagN! 265.40

C1gHg3NO: 245

CygHaaNO,: 303

SROSe

O«N/V

Nitracaine (15)
C1gHosN,0,: 308

@

1-Benzylpiperidine (18)
CypHysNI 175

Fig. 1 Structures of the newly detected compounds (1-19)

Materials and methods

Samples for analyses

The analyzed samples were purchased via the Internet
between November 2013 and May 2014 as 104 chemical-
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type or herbal-type products being sold in Japan. Among
them, we show the analytical data of 14 products (A-N) for
describing the identification of compounds 1-19 in this
article. Each of the herbal-type products (A-D) contained
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about 3 g of mixed dried plants. The 7 powder-type pro-
ducts called ‘“fragrance powder’” consisted of 400 mg of a
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white powder (G, I-L), a mixture of a white solid and a
pale brown solid (E), or a mixture of a white solid and a
pale purple solid (N). The 3 liquid-type products called
““liquid aroma’” consisted of about 5 ml of brown liquid (F
and M) or pale yellow liquid (H). Products M and N were
analyzed by nuclear magnetic resonance (NMR) spectros-
copy. A 5-ml sample of liquid product M was evaporated to
dryness, and then compound 10 (182 mg) was obtained
from the dried sample as a brown oil. Compounds 9 and 14
were directly analyzed as white solids from products E and
N, respectively, without isolation. Compound 11 from
product G was directly analyzed without isolation.

Chemicals and reagents

FUB-PB-22, 5-fluoro-NNEI indazole analog (5-fluoro-MN-
18), AM-2201 indazole analog (THIJ-2201), XLR-12,
5-fluoro-AB-PINACA, 5-chloro-AB-PINACA, AB-
CHMINACA, 5-fluoro-AMB, 4-methoxy-o-PHPP, 4-flu-
oro-o-PHPP, nitracaine, and acetylfentany! were purchased
from Cayman Chemicals (Ann Arbor, MI, USA). Diclo-
fensine, diphenidine, and I-benzylpiperidine were pur-
chased from LGC (Teddington, UK), Tocris Bioscience
(Bristol, UK), and Wako Pure Chemical Industries (Osaka,
Japan), respectively. All other common chemicals and
solvents were of analytical reagent grade or HPLC grade.
As solvents for NMR analysis, methanol-d;, (99.96 %),
pyridine-ds {(99.96 %), and dimethyl sulfoxide (DMSO)-dg
(99.96 %) were purchased from the ISOTEC division of
Sigma~Aldrich (St. Louis, MO, USA).

Preparation of sample solutions

For 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. A 20-ul portion
of each liquid-type product was mixed with 1 ml of
methanol under ultrasonication for 10 min. After centri-
fugation (3,000 rpm, 5 min) of each extract, the superna-
tant 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 the instrumental analyses.

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)

_@ Springer

mode according to our previous report [|2]. Three 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). Elution program (1)
used for analysis of cannabinoids was as follows: 35 % B
(4-min hold) and 65-75 % B (4~16 min), and up to 90 % B
(16-17 min, 6-min hold) at a flow rate of 0.3 ml/min.
Elution program (2) used for the analysis of cathinone
derivatives and other compounds was as follows: 5-20 %
B (0-20 min), and up to 80 % B (20-30 min, 5-min hold).
Elution program (3) used for the analysis of compounds 5
and 6 was as follows: 45 % B (15-min hold) and up to
90 % B (15-16 min, 2-min hold), and down to 45 % B
(18~1% min, 5-min hold). In this study, products A, B, and
D were analyzed using program (1), products E-L were
analyzed using program (2), and product C was analyzed
using program (3). GC-EI-MS was performed on an Agi-
lent 6890N GC with a 5975 mass selective detector (Agi-
lent, Santa Clara, CA, USA) using a capillary column (HP-
IMS capillary, 30 m x 0.25 mm i.d., 0.25 pm film thick-
ness; Agilent) 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;
mass selective detector temperature, 280 °C; scan range,
mfz 40-550. Two programs were used in the GC-MS
analysis, as follows. The oven temperature program (1),
80 °C (1-min hold) and an increase at a rate of 5 °C/min to
190 °C (15-min hold) followed by an increase at 10 °C/
min up to 310 °C (15-min hold), and the oven temperature
program (2), 150 °C (1-min hold) and increase at a rate of
20 °C/min to 280 °C (10-min hold) followed by an
increase at 5 °C/min up to 310 °C (15-min hold). Program
{(2) was used for the analysis of product C. Other products
were analyzed using program (1).

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 [6].

NMR spectra were obtained on ECA-800 and 600
spectrometers (JEOL, Tokyo, Japan). Structural assign-
ments were made based on interpretation of "H NMR, BC
NMR, heteronuclear multiple quantum coherence
(HMQC), heteronuclear multiple-bond  correlation
(HMBC), SN HMBC, and double quantum filtered corre-
lation spectroscopy (DQF-COSY) spectra.
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