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CP-47,497 might be due to slower metabolisms than AS-THC
caused by the absence of allylic methyl hydroxylation, although
the metabolites of CCH, CP-47,497 and JWH-018 have not been
completely elucidated.

Atwood et al. [32] reported that JWH-018 had profound CB;
receptor-mediated effects on cellular signaling and neurotrans-
mission, although the impact of CCH and CP-47,497 on CB1
receptor-mediated activities remains unclear. The diversity in
specificity of the synthetic cannabinoids and their metabolites for
CB;, CB; and other receptors may also account for their differences
on the duration of changes in EEG power densities and suppression
of the locomotor activities.

Here, we demonstrated that the synthetic cannabinoids CCH,
CP-47,497 and JWH-018 changed EEG power spectra and
suppressed the locomotor activity of rats more significantly and
for a longer duration than A®-THC, indicating that these synthetic
cannabinoids are associated with potent pharmacological actions
in the central nervous system. Therefore, the psychotropic effects
of the synthetic cannabinoids need to be clarified by further
detailed study.

At present, it is difficult to assume health risks associated with
the use of these synthetic cannabinoids, because only limited
information about their pharmacology, toxicology and metabolism
is currently available. However, these compounds may have large
potential to cause harm by acting as CB receptor agonists. Because
the composition of synthetic cannabinoids varies considerably in
herbal products [7,8], accidental overdosing of those compounds
may cause serious psychotropic symptoms. Therefore, further
studies are essential to reveal the risks and to prevent serious
health problems caused by the abuse of these compounds.
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Recently, many psychotropic herbal products, named such as ‘“Spice’’, were distributed worldwide via the Internet.
In our previous study, several synthetic cannabinoids were identified as adulterants in herbal products being available in
Japan due to their expected narcotic effects. Among those, two derivatives of A%tetrahydrocannabinol (4°-THC),
which is major psychotropic cannabinoid of marijuana, cannabicyclohexanol (CCH, 3-[2-hydroxy-4- (2-methylnonan-
2-yl) phenyl] cyclohexan-1-0l) and CP-47,497 (3-[2-hydroxy-4-(2-methyloctan-2-yl) phenyl] cyclohexan-1-0l), have
been controlled as designated substances (Shitei-Yakubutsu) under the Pharmaceutical Affairs Law since November
2009. CCH was detected together with its trans-form (1-epimer) in many herbal products, and CCH and CP-47,497
have two chiral centers in the structures. However, the pharmaceutical activities of the isomers of CCH have not been
reported. This study presents chiral separations of CCH, its trans-form and CP-47,497 in the products using LC-circular
dichroism (CD) and LC-MS analyses. The enantiomeric pairs of CCH, its trans-form and CP-47,497 were separated,
respectively. Subsequently, the analyses of the herbal products showed that CCH and its trans-form existed as mixtures
of enantiomers and the relative ratios of CCH and the trans-form enantiomers ranged from 42/58% to 53/47% and
from 33/67% to 52/48%, respectively. '

Key words——synthetic cannabinoids; chiral separation; cannabicyclohexanol; CP-47,497; designer drug; LC-MS
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E, BERSITHHTE, N—T0BEFEH
U, H#EWREER Ty JRENLEKRTE I NS HERA
BAHLND, TOHTHRIC, HFE/) A REED
ERZ BT 5EDREROTEMSEML TWh5,
bhbIINETIZ, INHEMREERS v
RO ATV, BERH S BEEOSRA
CFEJARZEE-FELTWSH, 1 Ins
LEMITRTHFTE/ A RBEOEBIERZHT
SMEEMELTEREINESDTHoH. FDD
B, KEED EFEMR S A°%-tetrahydrocannabinol (4°%-
THC) O#%#{kTd 5 cannabicyclohexanol (CCH,
3- [2-hydroxy-4- (2-methylnonan-2-yl) phenyl] cyclo-
hexan-1-ol), CP-47,497 (3-[2-hydroxy-4-(2-methyl-
octan-2-yl) phenyl] cyclohexan-1-o01) V3, g% 21 £
11 AT 1RS, 3SR D531k, 2), 5,6 LT,

o

ERVA L AN e
*e-mail: goda@nihs.go.jp

fEEEYcfEE SN/~ (Fig. 1). CCH (1or2) K&
U CP-47,497 (5 or 6) 1%, TNFN 1, 3MLITHRFE
REEZETHILLEWMTH 54, CCH O trans /&
(1-epimer,3ord) 8 CCH & & B2 DEEMN S
BHEINTNS. ¥ £k, (—)-CP-47,497 (5) 13,
(+)-CP-47,497 (6) XV BEFHRNVWIHOFE /A
REESBREEINTWE 6D BEdicEEIN5
INo LB OMAREASTIIHRESIN TV
W, X512, CP-47,497 O 4-hydroxypropyl /K T&H
D, REWBA>FE 1 REZEMK (cannabinoid
receptor: CB-R) 7 T = X b T&H % CP-55,940
(Fig. ) 1%, (=)-fR2 (H) KX DD 88 {5581
CBI-REMEZFE DI EINAENTNS. 9 £z,
BEHATOBRBEMIRVD, I—0v /07 X
b THENRBESNTWAEARIYFE /IR
HU-210 (7 AU A TRMREICHEE) 1387 CB-
RYIDZAXAMTHDH,® ZD enantiomer TH 5
HU-2111350 > F E /A REROEHEEEN RN D
ERFHLNTWS (Fig. 1) .29 20 kdic, Zh
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1: (-)-Cannabicyclohexanol
({1R.38)-3-[2-hydroxy-4-(2-methylnonan-

2-ylyphenyljcyciohexan-1-ol) yhphenyljcyclchexan-1-ol)

H OH

%
5"@\/\/\/

2: (+)-Cannabicyciohexanol
((18,3R)-3-[2-hydroxy-4-(2-methylnonan-
2-yljphenyijcyclohexan-1-of)

[e)

yhphenyljcyciohexan-1-ol)

3 or 4: (+) or (-)-trans-Diastereomer of 1
{(18,38)-3-{2-hydroxy-4-(2-methylnonan-2-

O, 1 7
3”/©><\/\/v 3’”©X\/\/\

3 or 4: (+) or (-)-trans-Diastereomer of 1
{(1R,3R)-3-{2-hydroxy-4-(2-methyinonan-2-

OH
S

(e X
10a |1
i\
5

oS3

HU-210); 6aRr,10aR
HU-211. 6as,10aS

5: (-)-CP-47,497
({1R,38)-3-[2-hydroxy-4-(2-methyloctan-
2-yhphenylicyclohexan-1-ol)

OH OH
OH
he '\
2
OH

6: (+)-CP-47 497
((18,3R)-3-[2-hydroxy-4-(2-methyloctan-
2-yhphenyilcyclohexan-1-of)

(-)-CP-55,940: 1R, 3R, 4R
(+)-CP-55,940: 18, 35, 48

Fig. 1. Structures of Synthetic Cannabinoid Enantiomers

SERRATE A RONEFEREERG OE R
13, BEHENICATHEHRENVEETHD, 20ED
WIET, HFREERSTEORLNEE LS.
¥, VFaAaSMNI—HA I ADERNEHD
&, BEEWPTOSEICFTE /A RBREDLDR
BERAEREROMRBERAETS I L, §8OD
BMEIEWMOMBEDDOHD HFEEADETCEETH
5. F I TAWZE TIE, LC-circular dichroism
(CD) #&BEWT, CCH, trans A& X CP-47,497 %
F )V HPLC 1 5 AT K D HH5 B 21T 5 LRk
I, HRMEAEDO CD AR MVEBEIET S ZEITK
D, AERMEGHEIToZ. 51T, BERSY
TEBIZOWTEFSIHPLC A LEHVE
LC-MS #2217V, BibE% D enantiomer DAHNF
HEFHEDOTHRET 5.

2 B F &

1. SHRERURE TR 2021 FEITA >
=%y NENUTHEBALEIFE /1 REIER
EEBLUEMREBERS v JEBHRT, 500
» GC-MS KU LC-MS ##ic &V, CCH kKU
trans &, CP-47,497 OW§ s S - 37 8
BESTCAWE.Y b, BEHY THL 7= 34 8
BICIA, FHRTERIFE 1 R Ehiz
3EEIEDNTS, WICHN/=. CCH KU trans
#VE Melvin 5 D FEDICHES TEZESHBERL,
BRLABOZAWE. CAY-10596 (CCH O #

£), (£)-CP-47,497, (—)-CP-47,497 T} (+)-
CP-47,497 1Z Cayman Chemical #tJ: D BEA L J=.
HPLC, LC-MS OB HHICAWEY = UL
WEHPLC /' L—REEHALEZ. ZoMoEEids
IRFEERAZFERL . MHBROEABICE,
Ultrafree-MC (0.45 um filter unit, MILLIPORE #
) 2HAWE.

2. AEAREORARE HEWHFIZASTY
KL T 10mg #EHL, MeOH 1ml 2%, 8
FET 10 0HMHE2iTok. SHCESBET
WV, RNEYZBROBRWTHIERE S Uz,

3. LC-CD 3#h%kfs  #iE : [HPLC] JASCO
Gulliver Series, J7 A : Chiralpak-IA3 (2.1 mmi.d.
X150 mm, 3 um, Daicel) Xid Chiralpak-IA (4.6
mm i.d. X250 mm, 5 ym, Daicel), $®1HH : 0.1%F
HB/KBEHK/0.1%F B 72 b= NUJL (30/70), #HiE
TE 210420 nm, FE : 0.2ml/min X% 1 ml/
min, HFTLIBE 130°C, AR lul, Bl UV
BmHE (UV-970) RUMH - (CD) B
(CD-2095).

4. LCMS £ 7 L3 Hm&EHE B8 : [LC]
Waters ACQUITY UPLC/[MS] Waters Single
Quadrupole Detector (SQD), 715 /A : Chiralpak-
IA3 (2.1mm i.d. X150 mm, 3 um, Daicel), 8
A 0.1%FH/KEW/0.1%FBET b= MU
(35/65), BIEWE : 190-500 nm, FEE : 0.2ml/
min, BT ALRE $30°C, BAE -3, K
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T+ "NFAF—-R7 LM HE (PDA) KUVEE
B HEs.

5. HEAWEH AL rbhoxY
L — 2t (ESD #, Positive and negative mode,
Desolvation gas flow: N, 6501/h, Desolvation gas
temp.: 350°C, Cone voltage: 30 V, Capillary voltage:
3000 V, scan range: m/z 50-500,

BB OREIZ, LCMS OXHF 1 7E—R
BB EEEFO CCHA or 2) (Mw 332), trans
& (3 or 4) (Mw 332) OT O b ALHTA A
(IM-H]- m/z 331) K&If CP-47,497 (5 or 6) (Mw
318) iy o b FA A2 (IM-H]I- m/z
BN BZEZAVVTTHIERCKDIFo = £,
B9, b D ZALE YW D enantiomer DABXF LI, BT
0ok FAFE—7 OHEBHMSEHL .

o R

1. @hr+E/ 4 EDOLCCD RT LC-MS
CLBEFERMEFH LCCD HHOKE, &
R TdHS CCH (1 and 2), transfk (3 and 4) &
Uil (£)-CP-47,497 (5 and 6) D% enantio-
mer |ZZNTNREFIC/HTEEL 7= [Figs. 2(A)-(C)].
¥z, BERS VRSP MSHEBELZ CCHY B
& & FBEI enantiomer & U THEICHEEL /-
(Data not shown). F7z, HilR&®D (—)-CP-47,497
(5) RV (+)-CP-47,497 (6) WFFhFh1E—7%
ELUTRHEZIN, CDRBWTHENETNELAR
B X/ [Figs. 2(D) and (B)]. 5T, LCH
HrHIZ stop-flow mode & LT, CCH (1 and 2) K&
O (£)-CP-47,497 (5 and 6) ZTNFND CD AR
JMVERBIELEEZA, BHEEMDAXRYT MV
EERIL Tz [Figs. 2(F) and (G)]. CCH & CP-
47,497 DLARBENELYUL Twas I &b (Fig.
1), % enantiomer DX G ICIIHHBEND 2 &F
Zondi=H, (—)-CCHIXk&EW1, (+)-CCH
EEm 2 Lm<HEESI N

E5IC, LCMS KK VBEBREER T v TH
D MeOH #HH#MIC DWW T 217 o /= (Figs. 3
and 4). EFOBERITEREFERTDH 54, Cay-
man Chemical #iZHB W T (1R,3S)-3-[2-hydroxy-4-
(2-methylnonan-2-yl) phenyl] cyclohexan-1-ol (1) &
UTHRFEIN T CAY-10596 iZDWNTH 5L
7m& A, RILEIZELD enantiomer DEEY (1

and 2) THBHIENHLEMNER DR [Fig. 4(D)].
¥/, ®WHNo. 6 25 L72#ER, CCH (1 and 2)
K trans 4k (3 and 4) @ enantiomer |% REFIC 5
BEL 7= (Fig. 4(E)]. £/, EHThH % CCH,
trans & X (£)-CP-47,497 M4 enantiomer D& —
7 HifE L Table 1 1278 L /=,

2. BERZ v TRBRBPOFTERH-TE/AF
enantiomer DEXN LD @FR  KIT, BERS v
7 37 BRI DOV THRFEREE T (T > = (Table
. TOHKRE, 2ERBITBVT, FFh TV
CCH K U trans f£1Z enantiomer & U C5RE 8L
7=. CCH O enantiomer Q&' — 7 EfEL (1/2) &
42/58(%)-53/47(%) TH YD, trans (KO — VW
. (3/4) 1X33/67(%)-52/48(%) THho=
(Table1). U774 > T, CCH RU trans (Fi3 &
enantiomer DREW & L THEFITEAIHTY
LTENHENEED T, T, CP-47,497 1385
No. 1 ;06 QA BB X1, enantiomer DE —
7 EREEL (5/6) V3 52/48(%) TH—oJ= (Table 1).
B, EHELUTHWE CCH, trans KK T (%)
-CP-47,497 5’ — 7 £, & T ? enantio excess
NEZEINDD, IholbaMORENTERICITE
IERTHBENVWIHIFERHETRL, ZOREHAEHEIIT-
Tz,

Z 5

4 ElI4H %17 o /= CCH, CP-47,497 1%, KD
EEHR S A-THC OF &k & L T 1980 F£RI1C
Pfizer &V CBR7IdA M ELTEREINIL
BEYTHD, TOBECARFRBEHELTVS.
NETIZ, BRI FE /AL ROHEZESEITDONT
BV OMHEENH D, FIRO HU-210 RTZD
enantiomer T& 5 HU-211 OY¥2E4H8)ICDOWNWTIE,
Abu-Lafi 5 S HEL TWB. D £/, (£)-CP-
47,497 (5 and 6) IZDWTIE, trans K& LB L T,
LF0BWHYFE A RBROEBIERZET S
L, &5z, (—)-CP-47,497 (5) &, (+)-CP-
47,497 (6) XD H 2 &5\ CB-R k2D Z
ERHEIN TS, 6D CCH IZDW TSR R
HAROFEERET RN, SEMTEITOZBERT
w237 B2 DO WTIE, Table 1 I2bmR LD,

- BIS O CCH & trans D HEIZTDWTIE, CCH

(cis &) DBED65->90% LIXHDENHB I &
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(A) o 1 CCH (cis)
. AN 2
(275 nm)  §:9E+08 Tw 000 W ww o
in)
cD :5‘30 at }’\\\A
R —
W W T
(B) oo ®F 3 CCH (trans)
o 4
(@75 om) 4808 LT - S ww el
w¥
0 it ettt e
51@.53 i) W 53.90 fotn)
© o g 6 (2£)-CP-47 497
(275 nm) igkgﬁ f\ AN
. 1060 .00 30.%0 C AT
n
w¥
- 1848 E KT W 4000
(D) . 6 {ain)
UV Lseeos” (+)-CP-47,497
(2750M) g gg+00 0750 2000 W@ W o
in)
- _‘ul’
cD Eéggsw PPN
(E) 5?5'65 FIK) X W tain]
uv ii gFE E «¥ p (-)-CP-47 497
@7enm) gt 1000 20.00 Wi W
in)
a¥
cD :Egg: !‘,
A oas T o TR
inl
(F) (-)-CCH (1) (G) (-)-CP-47,497 (5)
03 — 0.3 !
of-- . o
CD[mdeg]-0.2[~ /N /’\ CDmdeg]-0.2[
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Fig. 2. LC-UV and CD Chromatograms of the Standard of Synthetic Cannabinoid Enantiomers
The compounds CCH (A), CCH trans-form (B), (+)-CP-47,497 (C), (+)-CP-47,497 (D) and (—)-CP-47,497 (E) were analyzed. Upper and lower traces:
UV and CD signals at 275 nm. CD and UV spectra of the each peak of CCH (F) and (£)-CP-47,497 (G) at the stopped-flow mode.

EHCHELTNWS Y ZOHEIRDWTIE, UFo SN EHRTDE, BRJV— MIIEKRD 2 )V—
EOIEZAD EFEMACHHETEERS. Tkb NEZONS. (1) RiBRETHST b AROHIVR
5, B OHEICED CP-47,497 & R IC AR — )V # % sodium borohydride (NaBH,) 2k D8

- 227 —



No. 7 1145

Table 1. Relative Ratios (Peak Areas of MS Chromatograms) of Synthetic Cannabinoid Enantiomers (1-6) in the Herbal Products

CCH CCH-trans CP47,497 Ratio of the
No. Product form cis-form
oo oo | o | o | | araiiire

Cannabicyclohexanol (CCH) 52/ 48 -/ - -/ = -

Cayman CAY10596 3 / 51| — / — -/ = -
CCH-trans -/ - 46 / 54 - /= -
(%)-CP-47,497 -/ - -/ - 44 / 56 -

1 Dried leaf (cutting) 48 / 52 47 / 53 52 / 48 H
2 Dried leaf (cutting) 42 / 58 38 / 62 n.d.® / n.d. +
3 Dried leaf (cutting) 45 / 56 4 / 56 nd. / nd. 1t
4 Dried leaf (cigarette type of No. 2) 45 / 55 448 / 52 nd. / n.d. +H
5 Dried leaf (cigarette type of No. 3) 45 / 55 4 / 56 nd. / nd. +
6 Dried leaf (cutting) 46 / 54 49 / 51 nd. / nd. +H
7 Dried leaf (cutting) 45 / 55 48 / 52 nd. / n.d +
8 Dried leaf (cutting) 49 / 51 52/ 48 nd. / nd. +#
9 Dried leaf (cutting) 46 / 54 48 / 52 nd. / n.d. +
10 Dried leaf (cutting) 47 / 53 49 / 51 nd. / nd. +
11 Dried leaf (cutting) 47 / 53 48 / 52 nd. / n.d. 1
12 Dried leaf (cigarette type of No. 11) 47 / 53 48 / 52 nd. / n.d. H
13 Dried leaf (cutting) 47 / 53 51/ 49 nd. / nd. 1t
14 Dried leaf (cutting) 51 / 49 47 / 53 nd. / nd +
15 Dried leaf (cutting) 50 / S0 4 / 56 nd. / nd. +
16 Dried leaf (cutting) 46 / 54 33 / 67 nd. / nd. +
17 Dried leaf (cigarette type of No. 16) 4 / 56 39 / 61 nd. / nd +H
18 Dried leaf (cigarette type) 51 / 49 50 / 50 nd. / nd. +
19 Dried leaf (cutting) 47 / 53 50 / 50 nd. / n.d. +
20 Dried leaf (cutting) 45 / 55 45 / 55 nd. / nd 1
21 Dried leaf (cigarette type) 45 / 55 49 /) 51 nd. / n.d. H
22 Dried leaf (cutting) 47 / 53 47 / 53 nd. / nd. +
23 Dried leaf (cutting) 47 / 53 46 / 54 nd. / nd. +
24 Dried leaf (cutting) 45 / 5§ 44 / 56 nd. / n.d. H
25 Dried leaf (cutting) 46 / 55 | nd. / nd.| nd. / nd. H#H
26 Dried leaf (cutting) 47 / 53 42 / 58 nd. / nd. 1
27 Dried leaf (cutting) 48 / 52 43 / 57 nd. / n.d. R
28 Dried leaf (cutting) 43 / 57 43 / 57 nd. / n.d. +
29 Dried leaf (cutting) 47 / 53 45 / 55 nd. / n.d. +
30 Dried leaf (cutting) 45 / 55 42 / 58 nd. / nd. +
31 Dried leaf (cutting) 43 / 57 42 / 58 nd. / nd. +
32 Dried leaf (cutting) 53 / 47 52/ 48 nd. / nd. biis
33 Dried leaf (cutting) 49 / 51 44 / 56 nd. / n.d. +
34 Dried leaf (cigarette type) 50 / S0 48 / 52 nd. / n.d. +
35 Dried leaf (cutting) 49 / 51 46 / 54 nd. / nd. +
36 Dried leaf (cutting) 4 / 56 47 / 53 nd. / n.d. +
37 Dried leaf (cutting) 47 / 53 45 / 55 nd. / nd. +

# The number of ‘+’ indicates a ratio of the cis-form (1+2) as estimated from signal intensities in the corresponding GC-MS chromatograms. # : >90%,
#: <90%-80%, +: <80%—65%.> ¥ Not detected (S/N<3).

JtL, cyclohexanol & L 7-#8, palladium on carbon ZBILTDHETHD. EE6HBREODDER
(Pd-C) T7x/—VEORBEENTHE, ) W—bhThHY, BRE2ERTIBOTFHEARNT
AIBRATH ST b EEECPICTT 2/ —IVE 1%, MEEORMRAITRERILEZ2HBALTVWS, Fh
DEEHRZN U, NaBH, ICE D HIVRDIVE THOHGBPRIE SN — P TERINEZLETS
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(A) 1 CCH (cis)
gaA 2 m/z 331
10.00 2000 3000 40.00
3 H (trans)
(B) cc
2] J\ 4 vz 331
1 S /-\_
LA | T e ey L P B )
10.00 2000 3000 40.00
(€ 5 4 (%)-CP-47,497
& U m/z 317
0 | 1 ¥ L] ¥ i T 1
10.00 2000 3000 40.00
(D) 6 (+)-CP-47,497
g /\ m/z 317
=
L =
10.00 20.00 3000 40.00
(E) 5 (-)-CP-47,497
3&% h m/z 317
U H ¥ H i 1 i 1 1 Tme
10.00 2000 3000 40.00

Fig. 3. LC-MS Chromatograms of the Standard of Synthetic
Cannabinoid Enantiomers at m/z 331 (A, B) and m/z 317
(C-B).

(A) 1 CCH (cis)
2.0e-3+ UV (275 nm)
2
0.0._-/&‘ /\._.
T T T e e P R T T T oot
" opo 0 2000 30.00 40.00
B 1 CGH (cis)
f\ 2 mz 331
g_
1 /\
A L U R T i
10.00 2000 3000 40.00
© - 3 CCH (trans)
= 4 m/z 331
1 ! [ PRALELALEE REELELSLY S T -'/9\'1""
10.00 20,00 30.00 40.00
1 Cayman CAY 10596
D) 2
e /\ /\ m/z 331
R e i A e = T
10.00 20.00 30.00 40.00
1
() - 2 Product No. 6
3 m/z 331
" /\/\ A\ !
0 ""I""l""l"“l“"l""{j"\"l""lTime
10.00 2000 30.00 40,00

Fig. 4. LC-UV (A) and m/z 331 MS Chromatograms (B-E)
of the Standard of Synthetic Cannabinoid Enantiomers and
the Product No. 6

&, B CCH & trans (R D ELEDIETR 5 FIREMEDS
B, EoDENKELRS, 5K, EHHICK
0, CCH KU trans &\ enantiomer DR & L
THRBFIZREAINTWS Z EZ2RLE (Table
D. Z0k3iZ, BREINAREEKOSENRR
DTWEIENG, 98, GRICFTE/ A1 RO#
EHIFPRETTFOBFBRBAF TELSS, Hlz
AFTE G LRI O diastereo excess (d.e.)
B TF enantio excess (e.e.) 2B TBILICX
D, MBEREZHEETTESRENDS. £z, &
BrgE ARt E LT, CCH & trans D& IFRM
ROFEEEENHS M X, 48, XoEYR
HREITS ZEDAETH A DD EEL NS,

& Eu

ARFFETIX, LC-CD KU LC-MS #HWWT, #F
TEFHY)TH S cannabicyclohexanol (CCH), CP-47,
497, KU CCH O trans fEDHFEHE ZfTo/mE T
%, % enantiomer [T NTNERIFICHBEL /=, X
BIT, BERT v 3THRBIIOWTHHET o2
MR, MBEPIZEEh T/ CCH, trans KK
CP-47,497 |X enantiomer & U T F N8 L5 Bk
U7, U7=83> T, CCH, trans fk & U8 CP-47,497
(& enantiomer DIREME L THBPIZEBAINT
WHZENHLN LR, LERST, &R
FE/ A REZ0ORRLIGEBIER T v T Oi@EE
BREZTOHE, SR ONFEREEI T ROR
EHEETHEIHDEZLZ SN

AEE AR, BENEREHTREM S
CREAGHEEEMBESEBT R TITDNLD
OTHY, BREMICEHNKRLET.
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Direct Analysis in Real Time (DART)-TOFMS % B\ 7-FRPEE WEIR D
3,4-methylenedioxymethamphetamine (MDMA) HEBX 7 ) —= L 4 EDO#KET
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Simple and Rapid Screening for Methamphetamine and 3,4-Methylene-
dioxymethamphetamine (MIDMA) and Their Metabolites in Urine
Using Direct Analysis in Real Time (DART)-TOFMS

Maiko KAWAMURA, Ruri KIKURA-HANAJIRL* and Yukihiro GODA
National Institute of Health Sciences, 1-18—1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
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An ionization technique, direct analysis in real time (DART) has recently been developed for the ambient ioniza-
tion of a variety samples. The DART coupled with time-of-flight mass spectrometry (TOFMS) would be useful as a sim-
ple and rapid screening for the targeted compounds in various samples, because it provides the molecular information of
these compounds without time-consuming extraction. In this study, we investigated rapid screening methods of illicit
drugs and their metabolites, such as methamphetamine (MA), 3,4-methylenedioxymethamphetamine (MIDMA), am-
phetamine (AP) and 3,4-methylenedioxyamphetamine (MDA) in human urine using DART-TOFMS. As serious
matrix effects caused by urea in urine samples and ionizations of the targeted compounds were greatly suppressed in the
DART-TOFMS analyses, simple pretreatment methods to remove the urea from the samples were investigated. When a
pipette tip-type solid-phase extraction with a dichloromethane and isopropanol mixed solution as an eluent was used for
the pretreatment, the limits of detection (LODs) of 4 compounds added to control urine samples were 0.25 gg/ml. On
the other hand, the LODs of these compounds were 0.5 ug/ml by a liquid-liquid extraction using a dichlorornethane and
hexane mixed solution. In both extractions, the recoveries of 4 compounds from urine samples were over 70% and these
extraction methods showed good linearity in the range of 0.5~5 ug/ml by GC-MS analyses. In conclusion, our proposed
method using DART-TOFMS could simultaneously detect MA, MDMA and their metabolites in urine at 0.5 gg/ml
without time-consuming pretreatment steps. Therefore it would be useful for screening drugs in urine with the molecular
information.

Key words——direct analysis in real time; methamphetamine; 3,4-methylenedioxymethamphetamine; urine; time-of-
flight mass spectrometry

#

JEFEBRFE S /- Direct Analysis in Real Time
(DART™) o F bk, KRKET TIHERMBIZ
Bl AL TE, ES5ICEBRHEEIC time-of-
flight mass spectrometry (TOFMS) 2 FH W3 Z &
T, BREEREAEICED S tHHERMEENTIEE &R
%.V DART T3k, BREFORBBREZED
T, AFBCHITET THEORENA T 1t
N, FFERORESFIRETD S0, RIFHD
fAE R CRELSHFTES. BEIC DART #ff
ALEARRDPORYIDMRS, 0 ARAREEF

i

B 37 BE B B A A AR B FE R

*e-mail: kikura@nihs.go.jp

DIy, 1010 R G, 1219 BRIy 1416 4 (RE R
th DAY, 0 DI & TR BT BT S 0 80E
BHREEINTWS, £k, bhvbhidBxEi
DART-TOFMS z flW/c ¥ REE R T v V&
BROEEHBED OBERA 7 ) —Z 2 TEICDONWT
WELTNDB, 0

RPEAEYO 1 KAV V- F3®RELT, 1
L2 RIS 74— ERWEESEREST Y P2
K OREED, BERAHRELTELOBETHEA
INTWD. IholBMmEF Y ML, RERH/Y
FNVOLIZOY, MEEH T 5% 0UMRIET
HETEDN, HECBIA2RENBIHAEYTH
5 HE B VWAl methamphetamine (MA) K&
3,4-methylenedioxymethamphetamine (MDMA) #%
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#FA U THRICRHAIEERM A/ 7O T 57
1 —Fy MNIRFEO L IARBINTHWRN, T
T, AW TII MA KU MDMA, Zh&{L&Ho
¥ amphetamine (AP) & Uf 3,4-methylenedioxy-
amphetamine (MDA) % [FI¢ICH B u] 872, DART-
TOFMS ZHW=RPEHBEMDRA Y ) —= 2 Tk
DOREEEfT-> 2.

R 5 &

1. RE SFHREWELTAPRERE MA
HERIE, MDMA B, MDA B, 7z GC-
MS RO NEEYE & LT MA EKEERE
(2-methylamino-1-phenylpropane-2,3,3,3-d4, MA-d4)
DEALEYIKIEREERL =, MAEBIBIIARHSE:
FERUENSEAL, TOMDIEEWIBRIZER
U, @XTHRELZDOEFERL .22 sl ER
DRFSfEBEF & U T urease Type C3 from Jack
beans, 1490000 U/g (Sigma Aldrich #, MO, USA)
z, A7 OEHBEAEXY bF v 7L Omix
pipette tips C18 & TF C4(Varian £, CA, USA) %,
FIONIUERBRBOBREAB 7+ VF—&1LT
UltraFree-MC (L% 0.45 yum) (Millipore #:, MA,
USA) 2fEMLE. ZofoRKIIHREERZA
W, REBHIR T T+ T BRE2EY 7Y —
Ot braryho—VREUVTERLEZ b MRER
BREOZOR0FENL, BYEELLRREETE
FFEREZEERCII2GHEEZOREEZRT, @
BZEROEDHHEICHD, BFTXEEEITR
> TEML 7.

2. BILEZE RPORBICLDFEEEEL,
DART-TOFMS HIE 12 B} 2 EY O MR E %
FEELDIL TR U B SRR EREL
z.

2-1. BEf#EHZE Y OoOEMEmEERY B
F w7 (Omix pipette tips C18 i C4) 2HANTE
HEYMEERIR 2 N BE 0.5-5 ug/ml ICTB L /= /R
HElholbemE, UTIORUZBIETHR 217-
7z. OBEMOEE : AY ) —)) 1004l 2 [, #ik
100pl 2 EE Ry NMBEEZTD. OQRBORE &
EMERMLUZE R I MO—IVR 1004112 0.1 M
KRBT FU T LKEK 20wl 204, WP TER
v MEEE S EREDERT. QULE : #liZk 100 41 2 [H,
5% A% J—IVKIEHKR 100 ul 2 [HE Ry MMEERT

5. @FEH  RHIEE S0ul R TERy MRER S
EI%EDIRY. B 5N/ AHKE DART-TOFMS 4
WICEER LU/,

22, H-#HZE bbharbho—)LR1ml
IR Y EHEYEWR 2 0.5-5 ug/ml 12725 X D5 M
L, PEO25S%T EZTAKEMAZ. E512500
N OFEBBREBEMATIRES L, RERERAE
BAEREICERL .

2-3. BRUEZE REBREOLEDITNE®IC
BV, BEMBFRMUEZE bT > FO—IVR 100 4l
IZ urease (1000 U/ml U > ER#BEIEIR) 104l &N
A, 3TCTIO4HIIRE S UEBEERIGEIT D 2.

3. DART-TOFMS %41 DART-TOFMS #|&E
B LT, 4 1B Direct Analysis in Real Time
(DART) ZEESHTEF AccuTOF JMS-T100 (&%
WKHASTHE) 2ERELADOZERLE. BE
BERAKR ST 7 Z2BOERIAESE, AI—R
¥tz 1| 1-2 43 D4y Hisp THEEE DART 1 F >R
hEL, AR MVOERETo 2. 2B, BE
RIEICIE PEG600 2 L, SHIEONEENE
& U T caffeine (CgH(N,O,) B ZHWE., =0
DOFERMFZUATOED TH 5.

DART 444 : Positive mode; gas flow: He, 2.01/
min; gas temp.: 200°C; needle: 3200 kV; electrode 1:
100 V; electrode 2: 250 V

TOFMS 4t : Postive mode; orifice 1: 15 V, 80°C;
orifice 2: 5 V; ring lens: 5 V; ion guide: 500 V; reflec-
tron: 950 V; mass range: 100-500 (Da)

4. GC-MSHT  BRILEEICBT DR H
50D MA, AP, MDMA, MDA QEINERRT, BE
HEDOEREEHRT 5201, SUBEToR#%
GC-MS ZRHWTEBS T EfTo 2. <AV OEMH
MHEAERY bFy 7EHEL K BE-RHHBICX5H
HRIC, WEEYE MA-d4KIBIR (BIKIBE 2ug
/mD) ROEHEAS J—)L % MA, AP EEEEE OIS
R IEODICHERML 2%, ERKR T TER
8. [ X ¥ /=, Trifluoroacetic anhydride (TFAA, Sig-
ma Aldrich #£) 100 ul R OVEEEE =5 )1 100 ul 2 1
A, 60°C T2 pHIRIGEE, BEOREZEREK
MFTHEEL, BFEETFIL 1004 AL T, &
{EEHDO TFAEREL T GC-MS HIE®fro /=, X
7o, BERABFEKICOWTIE, RIGKICHEEYS
MA-d4 KB (BAEHBE 2ug/ml) ROLY ) —

- 232 -



No. 5

829

N09ml ZMATH DN BBk, BK
74NV —AEL, ERTM FCERLZESE
TFAA % Fi\W TRBRICHEEMAR(L L T GC-MS BIER
Bl

GC-MS 1% Selected ion monitoring (SIM) & —
RTHIEZTW, SEEMENEEREEOEY—Y
B ZHEHL, 0.5-5.0ug/ml DR EHFEICB
LAV OEREEZR Lz, BEINERE, KRE
CBT L ERERKR S ILERROY -V ERE (&
L&Y /NEEYE) 2T LICKDEML
7=,

GC-MS HIEHE & U T, 689N GC-5975MSD
(Agilent £L8) ZF /=,

GC-MS &4 : Column: HP-1IMS (30mX0.25
mm i.d., 0.25 ym, Agilent) ; Gas: He; Flow: 1.0 ml/
min; injection volume: 1 ul; splitless mode; Injection
temp.: 200°C; Column temp.: 60°C (1 min hold) —20
°C/min—280°C (5 min hold) ; ionization: EI; transfer
temp.: 280°C; monitoring ions: m/z 140 (TFA-AP),
154 (TFA-MA, TFA-MDMA), 135 (TFA-MDA),
158 (TFA-MA-d4)

WRRUER

1. REFERUCRPEPOEEDT  HRHE
MOBEERBIRIT, 25%7 BT KZHMEMALE

3). &b, EnliREEOEEZD 10 mmu A
DFEE THEHEE WRERBERS LAY 1 pg/ml 2L
ETHodz. Table 1 KPENAYKUIRFE dimer
OHEBR (O b AME) RKEE/ 714V RE Y
VEEMEERLZ.
RICRALHT MA KBKREZRML TRIEZET-
e Z 3, R%F (CHN,0) @ dimer ([2M+H]*:
121.0725) W2k B A1 4 2 LHMHENED 5N, MA O
7Ok RMBFAAY M+HH]*BHRTE 5
E (S/N>3) IZKIBIIETL, 20ug/mlBETDH
> 7= (Fig. 1). # 2T, DART-TOFMS iz & % R
REPSITCBNT, REOFEZ KR LRHRE
ZR LS50 OEERRRTAEEEZ R L.
2. YA/ OBEBEBHEAERY bFy TERW:
S A ZOEEBEAERY My TR, F
v ERICEEMEREL TR, 170Xy
MIEEL TEEOEXRy MRMETHEKZKS], ot
W92 ET—EHOBEMEMBRELZITD 2 &ATAEE
THO, REEMHMOFAEICEANSNTY
6024)

Table t: Elemental Compositions of Targeted Compounds,
Caffeine and Urea (Dimer) and Their Exact Mass (Calculat-
ed)

Compound Elemental compositions Exact mass

HESEE & UTHIE 21T o 2. DART A F V{RICH (protonated) (calculated)
—HEERVBLIT S ABORMICHZE I ETHLE AP CoHuN 136.11262
- A . - MA CyoH N 150.12827
EfTofz. TORERE MA, AP, MDMA, MDA /K¥& MDMA CHyNO, 194.11810
OO NMBFA A4 [M+H] ORI, caffeine CgH N0, 195.08820
HALEW 0.5 pg/ml £ CHATETH /2 (S/N> urea (dimer) CaH,N,O, 121.07255
urea [2M+H]*
~21.0715
MA
1501299
2101612
o rerizee 1541205 l —— -
100"' 150 ""-—'"200".‘-‘,’1-"25’0‘7'_‘—— """" 31‘1'1
REBLE M/

Fig. 1. DART-TOFMS Mass Spectrum of the Urine Sample Spiked with MA (20 ug/ml) without Any Pretreatments
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DART-TOFMS TRIAHKEETDEEN T A
KBS ETHIEZTO 20, BHERZRRBO
YELETEHIET, EEMEN2HBIEBHEITSCE
MHEETH-> 7. BHBHEELTAY )/ —LDH,
A J—=W/TENZPUIVER, PrnnAy/
4 7anN/ —)Vig#E % BT, DART-TOFMS
BIEZfToZETH, WTNOBEHBEIIBNTY,
4{eEmoro bk maF14 4 e—2 IM+H]+
VR TERE BORENERF ChoEI7ODR
/A4 TunN)—IViRE 3:1) CEEFvS

Ta4{Laho M+H]DHEZRTEETHo - (/N
>3) [Fig. 2(A)].

3. B-mEHEAVCAEST E-OREHIRS
HEYOMELHHETH O, oA ENHN
HENTWS, FFE TR, DART-TOFMS 471
BNTAHLEVORHBRENL L, METITXDY
ENDRROHHAEEZRN L 2. MHBEE2 20X
FH T A I3 X8 DART-TOFMS THIEL 2
R OEBRLFINERAVWERS, dime THB
2M+H]+ 177 B < BRH S h, 4{LEPOREE

CI8 DMABDE T, RHKMM|E 0.25ug/ml  EANEFLE. SIFNI-FLEAVSBL,
. fﬁz 1143 2852891~
MDMA '
MA caffeine 275.2671
57.2603

AP 150.1354 Xﬁ 2
255.2526

136.1089 %8@5194,111 38'”15

BRERL /2
(B) MA
] 136.11/13;'? 1801333 MDMA 279.1656
] MDA
180.1116

102.4892 ‘ J

200 250 300
"ERwkm/2)
C
] (C) M14.0619 AP
186.1096
MA
150.1335 MDA

152.1348

1 65.1I 186

1 150

180991 MIDMA 226.1402

194.1‘284

~187.1055

225.1523 | ~227.1523

(254.‘! 796

T T I LI e e s 4

250 “ado

EETFLL /)

Fig. 2. DART-TOFMS Mass Spectra of the Extracts from the Urine
(A) at 0.25 ug/ml by C18 pipette tip-type solid-phase extraction (B) at 0.5 ug/ml by liquid-liquid extraction with a mixed solution of dichloromethane and

hexane and (C) at 5 ug/ml treated with urease.
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DART HIEFICHERELTLES =0, BELEH
FEVRRBETH 7. AFHUEHVWDE, RPEE
BR5y DIEB SR T E/H, AP KU MDA O
BRENML2/LEMCH~ETLE %, Y7ono
AY D EERLUEBEE, FEREENTERRED,
DART BIEBICBNTH I A BICHEEIAEE D »
ERBEIRDZZENPRETH . T T, ~\FY
vieavrans =, ¥ )=, 7ebr, ¥
JOORAY 2 EMAFRSRIIOWTHRN 2T~
R OAFH/Or/OOAYE2 1 TRETS
L, BN LEREERD 4{LEMORERENKE
Xhi=. Figure 2B)ITRLEXDIZ, 0.5ug/ml D
RAPEDBE T 4{LAMOLF o E—S M+H]*
MHERFHRETH D (S/N>3), MOEHEHHIE S
BLTEDIVWERENE SN,

4. BRABCLZ29H BRRKOBERENTS
ABITAF % 8T, DART-TOFMS 2 & 0 #IE %
fFolel?, REBOHBIARERTELZIMRT D
HEIZED, 4bEMED Lug/ml LI TORETA
Fo¥—%7 [M+HI"OBREREETH > /.
Figure 2 (C) IZ 4 {L &% Sug/ml ML, urease
MEZ2fTo/z bar bo—IVREE D DART-
TOFMS AR MV &ERU.

5. GCMS BICL 2 BRIABROTEEBHR

(A)

100 (L

PL E® DART-TOFMS IZ X 5 HIERBRICE D
&, BATAEEOMERELZEZET 572D GC-MS
2HWTHUERKRICOWTERDHT 2o 7.

BEAEMHE T, BHBEELL T 7onAy >
/v 7anN—JViER (3:1), BEMEICCI8 #H
WEBERT, BMEEMORS NS OREINE,
0.25 ug/ml (BRAELIBE 0.5 ug/ml) TIX AP, MDA
IZBWTT0%LL T TH o 2h, 0.5-5ug/ml (Bi&
BE 1.0-10pug/ml) OBREMETI 4LaPEd
I 70% LA EoENNERZ R L [Fig. 3(A)], EHEH
H R2>>0.990 TH > 7.

TR EER PN, MERCAFT T OH
MM UZEE, AP RU MDA 0 EIXED 40-50
% LENVEERERLE —F, ProniAy > Raf
LEBEE, BINEBNIO%LULETH-o. £Z
T, "NFY/PrnoXy &2 1 TRELEE
ZA, 4EEWTRTORNRSEEE T 70% L L
iZm kU [Fig. 3(B)], E#&HED R2>0.990 TH>
7z

T/, BROUBEIIBWTE, ¥ 7EBRED
EAiEt%, FHEBMACET B2 GC-MS TH#H
L7fsE, 1.0-5.0 ug/ml O JBEEHEE TIXEINERAS
60-80% TH o=, GC-MSZu~x S ALET
REEERPIC L BHHENKEL, 0.5 pg/ml TIZ

80

60

Fedl AR

o
N
o
o

B

120(

100
80
60
40
20 |

0

Fig. 3. Recoveries of Targeted Compounds

N

ISR

AP (O),MA &, MDA and MDMA @ . (A) from urine samples extracted by CI18 pipette tip-type solid-phase extraction, (B) a liquid-liquid extrac-
tion with a mixed solution of dichloromethane and hexane and (C) treated with urease.
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BLAPOEIGEHN K E <FE 5D [Fig. 3(0)].
i El

MA, AP, MDMA, MDA 2Lz o> b
O— VRSB % DART-TOFMS i X D HEIE L= &
5, REZOEERMICXSENLEYMD1A >
{LHHIAED SN, REBRENSKEIETFTLE £
ZT, fASMHEERS UER, BRHEgicY
DoAY /4y 7/ —IViRRERWE<1 2
OEMHEMEEE Ry b Fy 7ok, &1 0.25
ug/ml DPEET, JO0 MNP TFAAE—D
IM+HI*BRIEARETH > 72 (S/N>I). Fi-,
NFH/vrnOAy ViERER W ERIEMHT
1E, 0.5 pug/ml ETRSFIRETH o /2 (S/N>3).
—7%, urease ZHWTRHARZEZDBITHFET
12, RPRSICLDHENKREL, Lug/ml LT
BECIRESRECH> /-, RFEICHWEES
RILEE DM R 2 RS 52012, LEEORl
BEBEDEY S GC-MS KXV HIELEE, B
FR R R - VR T 4 & o EIERIE 70
BLAEETRD, 0.5-5 ug/ml O R HEEM B HipE T
BHIREREEZRU .

ARERCHBNT, HHERMLEZTS ZLiCK
D, BERSTKDA T ACMHEMERL, Rk
P OEYS T A E— 275 DART-TOFMS 12 &
DBRHTTEETH o /. X BITHRBRARYT MIVIREE
BRELN2EBBERICBVWTE, BEEEED
5, MRHEEZITO ZENAETH 2. ik,
KEILAEY - BHEEY-C2XEEE (SAMH-
SA) BOWRT DAy bF 7 ERE 0.5ug/ml LA
+FORH MA KR MDMA IZDOWT, BEM#EEX
BE-EHBICLSRI0NEIC 1 4B E, DART-
TOFMS IZX2BET 120 &, &5 3 H9URDEL
WK CEBICRBT 2 ZENTRETHD, Fi,
SHREOBSIIMMRECICLZHPNTETH 3.
EoiT, K@mERRBHETSZEICED, RO
MA, MDMA ORAZEETE, A7V —=2F
DEEENEES. BFEORREBSF v T
MA & MDMA KOS O RBRHSEETH 3
ZEEEETSHE, DART-TOFMS IIRF O N
BEYO IRAIV - THEELTERTHD L
Zzohi. Lrl, MIRASRA—LaEmcon
TiX, DART-TOFMS O A THBHTER W &IZ

BIHLENDD. EAHETE, RPCEFE
T HEREHEND DMOERS EYHRMZED)
BRETHEIRFLTEST, 4% EROEY
EREZIORL BRRABHI DV TR Z2MA 54
BRdB.

#HE  FWRL, BEEFHREMRERMGST
TohizbDTHD, BERSMICERHZLET.
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Phenylacetylindole,
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A new cannabimimetic phenylacetylindole (cannabipiperidi-
ethanone, 1) has been found as an adulterant in a herbal prod-
uct which contains two other known synthetic cannabinoids,
JWH-122 and JWH-081, and which is distributed illegally in
Japan. The identification was based on analyses using GC-MS,
LC-MS, high-resolution MS and NMR. Accurate mass spec-
trum measurement showed the protonated molecular ion peak
of 1 at m/z 377.2233 [M+H]|" and the molecular formula of 1
was C,,H,(N,0,. Both mass and NMR spectrometric data re-
vealed that 1 was 2-(2-methoxyphenyl)-1-{1-[(1-methylpiperi-
din-2-ybmethyl}-1 H-indol-3-yl}ethanone. Compound 1 has a
mixed structure of known cannabimimetic compounds: JWH-
250 and AM-2233. Namely, the moiety of phenylacetyl indole
and N-methylpiperidin-2-yl-methyl correspond to the structure
of JWH-250 and AM-2233, respectively. However, no synthetic,
chemical or biological information about 1 has been reported. A
binding assay of compound 1 to cannabinoid receptors revealed
that 1 has affinity for the CB, and CB, (IC.,=591, 968 nwm, re-
spectively) receptors, and shows 2.3- and 9.4-fold lower affinities
than those of JWH-250. This is the first report to identify
cannabimimetic compound (1) as a designer drug and to show
its binding affinity to cannabinoid receptors.

Key words synthetic cannabinoid; JWH-081; JWH-122; 2-(2-meth-
oxyphenyl)-1-{ 1-[(1-methylpiperidin-2-yl)methy!]- | H-indol-3-yl}ethanone;
JWH-250: designer drug

Numerous psychotropic products have been made readily
available via the Internet. In Japan, various herbal products
with brand names such as “Spice” and “herbal incense,” hint-
ing at cannabis-like effects, began to appear in 2008, follow-
ing their advent in several European countries in 2006. In
early 2009, we reported that these herbal products contained
synthetic cannabinoids such as cannabicyclohexanol (CCH)
and JWH-018 as psychoactive adulterants.” German groups
have also found these compounds in some herbal products.’
More than 20 synthetic cannabinoids have been detected as
psychoactive ingredients in herbal products around the world
since 2009.*'" and ten of those cannabinoids—CCH, CP-
47,497, JWH-018, JWH-073, JWH-250, JWH-015, JWH-
122 (2), IWH-081 (3), JIWH-200 and JWH-251—were con-
trolled as designated substances (Shitei-Yakubutsu) under the
Pharmaceutical Affairs Law in Japan as of May 2011. Most
of these compounds were synthesized as cannabimimetic
substances having affinities to cannabinoid CB, and/or CB,
receptors in the course of drug development.'” However,

* To whom correspondence should be addressed.  e-mail: goda@nihs.go.jp
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Fig. 1. Structures of the Detected Compounds (1—3) and Related
Cannabimimetic Indoles

some of these synthetic cannabinoids have been abused as
psychoactive drugs in place of Cannabis sativa L. (cannabis,
marijuana, hemp), which naturally contains psychoactive
cannabinoids such as A’-tetrahydrocannabinol (A°-THC).
During our successive survey of designer drugs distributed in
Japan, we found a new compound (1) contained in a herbal
product together with two known cannabimimetic sub-
stances, JWH-122 (2) and JWH-081 (3) (Fig. 1). In the pres-
ent study, we describe the identification of the novel phenyl-
acetylindole (1) and its affinity to cannabinoid CB, and CB,
receptors.

Experimental

Chemicals and Reagents JWH-122 (2), JWH-081 (3) and JWH-250
were purchased from Cayman Chemical Co. (Ann Arbor, M1, US.A.). (R)-
(+)-WIN-55.212-2 was purchased from Sigma (St. Louis. MO, US.A.). All
other common chemicals and solvents were of analytical reagent grade or
HPLC grade.

Sample for Analysis The analysis sample was purchased via the inter-
net in January 2011 as a herbal product being sold in Japan. The product
contained 2 g of mixed dried plants,

Preparation of Sample Solution For qualitative analyses, 10 mg of the
herbal product was crushed into powder and extracted with 1 ml of MeOH
under ultrasonication for 10 min. After centrifugation (5 min, 3000 rpm), the
supernatant solution was passed through a centrifugal filter (Ultrafree-MC,
0.45 um filter unit; Millipore). If necessary, the solution was diluted with
MeOH to a suitable concentration before instrumental analyses.

Analytical Conditions The sample solution was analyzed by GC-MS
(electron impact (El)) and LC-MS (electrospray ionization (ES1)) analyses
according to our previous report.” The accurate mass spectrum of the target
compound was measured using a direct analysis in real time (DART) ion
source coupled to a time-of-flight (TOF) mass spectrometer (AccuTOF
JMS-100LC; JEOL, Tokyo, Japan) in a positive mode.'”’ The measurement
conditions were as previously reported.”

For NMR analysis, pyridine-d; (99.96%) was purchased from the ISOTEC
division of Sigma-Aldrich (St. Louis, MO, U.S.A.). The NMR spectra were
obtained on ECA-600 spectrometers (JEOL). Assignments were made via
'H-NMR, PC-NMR, heteronuclear multiple guantum coherence (HMQC).
heteronuclear multiple-bond correlation (HMBC), double quantum filtered
correlation spectroscopy (DQF-COSY). one-dimensional total correlation
spectroscopy (1D-TOCSY), and rotating frame nuclear Overhauser effect
(ROE) spectra. For isolation of the compound. recycling preparative HPLC
(Japan Analytical Industry, Tokyo, Japan) was used with a JAIGEL-GS310
column (500 mmX20 mm i.d.: Japan Analytical Industry) and monitored by
UV absorbance and refractive index (R1) detectors,

Isolation of Compound 1 A 2-g sample of the herbal product was ex-
tracted with 150 ml of CHCI;/MeOH (1 : 1) by ultrasonication for | h. The
extractions were repeated three times, and the supernatant fractions were
combined and evaporated to dryness. The extract was placed on a prepara-
tive TLC plate (Silica Gel 60, 20X20cm, 2mm: Merck, Darmdstadt, Ger-
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many), which was then developed using CHCl;/MeOH (20:1). A portion of
the silica gel in the TLC plate that contained the target compound was de-
tected by UV 254 nm and DART-TOF-MS, and scraped from the plate. The
target compound was then cluted with CHCly/MeOH (1:1) to obtain frac-
tion 1. and fraction 1 was further purified by recycling preparative HPLC
with CHC1/MeOH (1 : 1) to obtain compound 1 (43 mg).

Compound 1: A pale vellow oil; UV (MeOH) A, nm: 242, 300; 'H-
NMR (600 MHz) and “C-NMR (150 MHz): see Table 1: EI-MS m/z (% rel-
ative intensity): 376 (0.6, [M™]), 355 (5), 338 (3). 298 (3), 255 (0.8), 214
(2), 157 (2). 129 (6). 121 (1), 112 (2), 98 (100) and 70 (5), as shown in Fig.
2; DART-TOF-MS m/z: 377.2233 [M+H]* (Caled for C,,H,,N,0;:
377.2229).

Binding Assay for Cannabinoid CB, and CB, Receptors The binding
affinities of 1 and JWH-250 for the CB,/CB, receptors were determined by
the competition of agonist [*H]-CP-55.940 (PerkinElmer Inc., MA. US.A.)
binding to human recombinant cannabinoid CB,/CB, receptors. To deter-
mine the 1Cy, values of the tested compounds, eight different concentrations
of each compound in the range of 3 nai to 10 M were investigated. (R)-(+)-
WIN-55212-2, which is a cannabinoid receptor agonist, was used as a posi-
tive control.

Results and Discussion

Identification of Compound 1  An unknown peak 1 was
detected along with two major peaks 2 (JWH-122) and 3
(JWH-081) in the GC-MS and LC-MS chromatograms of the
herbal product (data not shown). The compounds for the
peaks 2 and 3 were completely identical to JWH-122 and
JWH-081, respectively, by direct comparison with the au-
thentic samples.>” The unknown peak 1 at 52.67 min in the
GC-MS chromatogram showed a mass spectrum having 12
major ion peaks, as shown in Fig. 2. The LC-MS analysis de-
termined that the peak 1 at 4.4 min showed a major ion peak
at m/z 377 [M+H]" and absorbance maxima at 242 and
300 nm of the UV spectrum (data not shown). In the accurate
mass spectrum obtained by DART-TOF-MS with direct ex-
posure of the sample extract to the ion source, the major ion
peak showed a protonated molecular ion peak ([M+H]") at
m/z 377.2233 in the positive mode, suggesting that the mo-
lecular formula of 1 was C,,H,,N,0..

The 'H- and "*C-NMR spectra of 1 exhibited 28 protons
and 24 carbons as shown in Table 1. The NMR spectra of 1

Vol. 59. No. 9

Table 1. NMR Data” of IWH-250 and Compound 1
JWH-250" Compound 1
Position
B Be H
1 193.1 192.2 e
2 40.9 40.7 443, 1H, d, /=15.1 Hz, overlapped
4.40, 1H, d. /=15.1 Hz. overlapped
2 135.0 136.4 837 1H,s
3! 116.1 16l —
3a 126.8 126.6 —
4' 122.8 122.3 8.88, 1H, d-like, J=7.5Hz
5 123.1 123.0 7.36. TH, m. overlapped
6' 1224 122.0 7.38, 1H. m, overlapped
7 109.7 110.3 7.55.1H,d, J=6.8 Hz
7'a 136.6 1373 —
N-CH, — 48.5 4.48. 1H, dd, /=141, 4.1 Hz
4.00, 1H. dd, J=14.1, 8.3 Hz
1" 47.1 —— -
2" 205 62.3 231, 1H.m
3 29.0 28.6 1.17. tH, m
1.10, 1H. m
4" 223 23.0 1.40. 1H, m. overlapped
0.93, IH. m
5" 13.9 25.0 1.38. 2H, m. overlapped
6" — 56.2 2.74, IH. d-like, J=11.3 Hz
1.95. IH, m
1 124.7 124.9 —
2" 156.9 157.2 —
3" 110.5 110.4 6.91, IH. d. /=83 Hz
4" 128.0 127.7 7.25. 1H, ddd, /=8.3,7.6, | 4 Hz
5" 120.7 120.2 6.97, IH. ddd. /=7.2,7.6, 1.1 Hz
6" 131.0 131.0 7.50. 1H, d-like, /=7.2Hz
N-Me — 42.7 2.34,3H. s
OMe 55.4 54,7 3.65.3H,s

@) Recorded at 600 MHz ('H) and 150 MHz (*C). respectively: data in 8 ppm (J in
¢) Recorded in pyridine-ds.

Hz). ) Recorded in CDCI,.

3 DQI-COSY

and 1D-TOCSY ==

HMBC T

Selected ROE .~ &

Fig. 3. DQF-COSY, ID-TOCSY, HMBC and Selected ROE Correlations

of 1

(Table 1, Fig. 3) showed the presence of a methoxy group. a
carbonyl carbon (C-1) with a methylene group which was ad-
jacent to the carbonyl group (position-2), an indole group
(positions-2', 3', 3'a, 4’, 5, 6’, 7, 7'a) and a pheny! group
(positions-1" to 6”). These spectra were very similar to those
of the o-methoxy phenylacetyl indole, JWH-250 (Fig. 1.
Table 1), except for the remaining data indicating a C,H,N,
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Table 2. Effect of Synthetic Cannabinoids on ["H]-CP-35,940 Binding to
Human Cannabinoid Receptors

1C5q (n)
Compound
B, CB,; Ratio CB,/CB,
1 591 968 0.61
JWH-250 260 103 2.52
(R)-{+)-WIN-55,212-2¢ 456 138 3.30

a) Positive control. cannabinoid receptor agonist.

unit in place of the n-pentyl group. The HMBC and ROE
spectra of 1 confirmed that the indole, methoxy, phenyl and
acetyl groups were in the same arrangement as in JWH-250
(Figs. 1, 3). The "“C-carbon, the HMQC, the DQF-COSY
and the 1D-TOCSY spectra of the remaining unit suggested
the existence of a 1,2,6-substiuted hexane moiety and one in-
dependent methyl group. The chemical shifts at the three car-
bons of C-2", C-6" and the independent methy! suggested
that these carbons were connected to the nitrogen atom, and
the HMBC correlations between the methylene protons (H-
6") and the methine carbon (C-2") and between the N-methyl
protons at §;, 2.34 and the C-2" and C-6" carbons confirmed
that the remaining unit of 1 was a N-methylpiperidin-2-yl-
methyl group (Fig. 3). The connection of the remaining unit
to the indole nitrogen was revealed by the HMBC correla-
tions from the bridging methylene protons (N-CH,) to the
two carbons (C-2', C-7’a) and from the methine proton at the
2'-position to the bridging methylene carbon (N-CH,) (Fig.
3). The observed ROE correlations also supported the struc-
ture, as shown in Fig. 3. On the basis of these mass and
NMR spectral data (Figs. 2, 3, Table 1), the structure of com-
pound 1 was finally deduced as 2-(2-methoxyphenyl)-1-{1-
[(I-methylpiperidin-2-yl)methyl}- | H-indol-3-yl}ethanone.
This is the first report of this compound, and it was revealed
that 1 has a mixed structure of known cannabimimetic com-
pounds: JWH-250 and AM-2233 (Fig. 1). Considering its
structure, compound 1 has been named cannabipiperidi-
ethanone. By using chiral HPLC analysis, compound 1 has
been revealed to exist as a racemic mixture (data not shown).

Binding Activity of Compound 1 to Cannabinoid CB,
and CB, Receptors No chemical or biological information
about compound 1 has yet been reported. However, I has a
mixed structure of known cannabimimetic compounds,
JWH-250 and AM-2233 (a racemic compound), and both
compounds have been reported to possess affinity to cannabi-
noid CB, and CB, receptors (JWH-250: K;=11, 33 nm, re-
spectively; AM-2233: K,=2.8, 2.9nm, respectively).'*""
Therefore, we thought that 1 might have some cannabinoid
receptor-binding activity. Subsequently, the binding affinity
of 1 to cannabinoid CB, and CB, receptors was determined
in competition with agonist [*H]-CP-55,940 binding, as
shown in Table 2. As a result, 1 was shown to have affinity

1205

for the CB, and CB, receptors (IC;,=591, 968 nm, respec-
tively), and to have 1.6-fold selectivity for the CB, receptor
(Table 2). The affinities of 1 for the CB, and CB, receptors
were 2.3- and 9.4-fold lower than those of JWH-250, and 13-
and 70-fold lower than those of (R)-(+)-WIN-55,212-2, as
shown in Table 2. Since the chiral resolution of AM-2233
has been reported and the (R)-(+)-enantiomer has very high
affinities for the CB, and CB, receptors, 300- and 260-fold
greater than those of the (S)-(—)-enantiomer,'*' it might be of
additional interest to determine the affinities of each enan-
tiomer of 1 from the view point of medicinal chemistry.

In this study, we first identified a novel cannabimimetic
compound (1) in an illegal product and revealed its affinity
for cannabinoid CB,/CB, receptors. When certain synthetic
cannabinoids became controlled substances under Japanese
law, new analogs of the controlled substances replaced them
as adulterants. Since the pharmacological and toxicological
data for most of these cannabimimetic compounds have not
been reported, there are serious health risks involved in their
use. Therefore, we are continuously monitoring such com-
pounds in illegal products to prevent their abuse.
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Rapid enantiomeric separation and
simultaneous determination of
phenethylamines by ultra high performance
liguid chromatography with fluorescence and
mass spectrometric detection: application to
the analysis of illicit drugs distributed in the

Toshimasa Toyo ‘oka®*

A rapid enantiomeric separation and simultaneous determi ) met
raphy (UHPLC) was developed for phenethylamine-type abused drugs using (R)-(—)<4-(N,N- d|methylammosulfonyl)—7—
(3-|sothmcyanatopyrrolldm- -yi)-2, 1 3—benzoxad|azole ((R)-(= “')~DBD—Py -NCS) as the chlral fluorescent derivatization reagent.

R
Introduction ' cannabinoids, 1 diterpene, and 1 plant) are listed as designated
substances; the list is continually revised and improved as neces-

Health hazards caused by fliéabiise of illicit drugs occur fre-  sary. Diphenyl(pyrrolidin-2-yl)methanol (D2PM), and 1-(2-fluoro-

quently among young peopléiand have become a serious con-  phenyl)-N-methylpropan-2-amine (N-methyl-2FMP), were recently
cem. Such drugs a aSﬂ)fy btainable via the Internet, adult  added to the designated substances list; there is concem that ana-
shops, street markets, ‘on. The use of illicit drugs is also  logs of these substances may be distributed as new illicit drugs. In
the gateway to narcoti d psychostimulant drugs abuse. In  particular, D2PM and its analogs are organocatalysts used for vari-
Japan, the Pharmaceutical Affairs Law was revised, and the regu-  ous asymmetric syntheses; however, such chemical reagents are
lation was tightened by introducing a system of controlled
substances, designated as Shitei-Yakubutsu, in April 2007 (31
1 -
compounds ?nd ! plant).[ * Under this Act, cgmpounds t.ha.t Analytical Chemistry, School of Pharmaceutical Sciences, and Global COE
have potential harmful health effects are designated Shitei- Program, University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-
Yakubutsu, and rapid response to such compounds is facilitated. 8526, Japan. E-mail: toyooka@u-shizuoka-ken.ac.jp
This system temporarily decreased the distribution of designated
substances in Japah. However, due to synthetic modification, a LabarfrtoryofAnalytical and Bio-AnalyticaIHCheAmistry, S.choo! of Pharmaceuti-
structural analogs of designate d compounds may slip past regu- cal Sciences, and Global COE Program, University of Shizuoka, Japan

lations. As of August 2011, 60 substances (classified as 26 phe- Division of Pharmacognosy, Phytochemistry and Narcotics, National Institute
nethylamines, 12 tryptamines, 6 alkyl nitrites, 4 piperazines, 10 of Health Sciences, Tokyo, Japan
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likely abused.*” To prevent distribution of these substances, it is
crucial to establish an analytical method of detection before they
enter the Japanese market. Therefore, development of simple and
rapid screening methods of illicit drugs and their structurally related
compounds is required.

Most phenethylamine compounds are chiral, and their enan-
tiomers can possess different pharmacological activities and
pharmacokinetic/pharmacodynamic properties. For example, it
is well known that the enantiomers of methamphetamine and
amphetamine differ in their biological and metabolic activities.
The d-isomer has the greatest biological activity, whereas the
Jisomer is far less active.®® Therefore, it is important to ensure
enantiomeric purity by chiral separation. Furthermore, relevant
information can be gathered by indentifying the manufacturing
method, the producer countries, and their sources by analyzing
impurities and determining of the ratio of optical isomers in the
distributed illicit drugs.

Numerous strategies for enantiomeric separation of chiral
compounds are available using various separation techniques
such as gas chromatography (GC), high performance liquid chro-
matography (HPLC), supercritical fluid chromatography (SFC),
capillary electrophoresis (CE), and capillary electrochromatogra-
phy (CEC). %8 Among these methods, HPLC is one of the most
effective tools for chiral separation. The methods are divided into
three broad classes: chiral stationary phase (CSP) methods, chira
mobile phase methods, and chiral derivatization methods. !>~
CSP methods use packing materials combined with chiral male

cules at the carrier surface as the stationary phase. A number of-

CSP methods have already been developed and are widely used,
However, to perform chiral separations of target enantior ;
HPLC, the CSP must be selected through a trial-and-error process
based so|e|y on prior experience. Chlral mobile phase ‘methods

“molecules or complicated handling; howe er,
tiomers that can be separated using th;

pyl &cyclodextnn (HP-B-CD) as a chn‘al mobne phase additive
has been mvestxgated for the chlral separatlon of amphetamlne

tend to broaden peaks in conseq ence of residual silanol in the
column. On the other hand, the.chiral derivatization method
does not require the comparatively expensive analytical column
containing a CSP, and ariélys; can be performed using a conven-
tional HPLC column-isuch as:an ODS column. Guillame et al.
reported  that  N-a-(2/4-dinitro-5-fluorophenyl)-i-alaninamide
(Marfey's reagent) and 2,34-tri-O-acetyl-o-p-arabinopyranosyl
isothiocyanate (AITC) would be effective for enantiomeric separa-
tion of amphetamine, its derivatives, and several -blockers (ate-
norol, propranorol, and so on) using HPLC-UV.'™ Furthermore,
using a fluorescence derivatization method such as HPLC-fluores-
cence (HPLC-FL) detection has the advantage of highly sensitive
detection.

In our previous study, we reported an HPLC-FL method for the
enantiomeric separation of D2PM and psychotropic methylphe-
nidate (MPH) using a chiral fluorescent derivatization reagent,
(R)~(—)-4-N, N-dimethyiaminosulfonyl) 7 -(3-isothiocyanatopyrrolidin-

1-y)-2,1,3-benzoxadiazole ((R)-(—)-DBD-Py-NCS)*® However, to the
best of our knowledge, the method and the reagent have not been
applied for the analysis of other drugs.

In this study, we conducted to develop a method for rapid
enantiomeric separation and simultaneous determination of
phenethylamine-type abused drugs and established a detection
method using UHPLC-FL and electrospray ionization time-of-
flight mass spectrometry (ESI-TOF-MS). UHPLC is an analytical
technique developed in the last half decade that is an extension
of conventional HPLC techniques; it uses small particles in the
separation column and pumping of the mobile phase under
ultra-high pressure conditions2' 3 Application to the analysis
of phenethylamine drugs dtstnbuted on the Japanese market
and the analysis of rat-hair sp: (mens after oral dose of racemic,
(R)-, and (S)-D2PM are also dlscussed

Experimentalﬂ‘[‘

Materials and §ént§ :

The hydroch 6rig;;: lac‘fd salts of racemic phenethylamines, ie.
1-(34-methylenedioxyphenyl)butan-2-amine  (BDB), 1-(4-iodo-2,5-
dimethoxyphenyl)propan-2-amine (DOI), 2-ethylamino-1-phenylpro-
pan-1-one “(IN-ethylcatinone), 1-(4-fluorophenyl)propan-2-amine
(4-FMP);. 2-methylamino-1-(3,4-methylenedioxyphenyl)butan-1-one
), 2-ethylamino-1-(3,4-methylenedioxyphenyl)propan-

471 (bk-MDEA),  1-(2-fluorophenyl)-N-methylpropan-2-amine
N—me;hyl -2FMP), 2-(methylamino)-1-(4-methylphenyl)propan-1-one
4-methylmethocatinone), 1-{2-methoxy4, 5-methylenedioxyphenyl)
propan-2-amine (MMDA-2), and 1-(4-methoxyphenyl)-N-methylpro-
an-2-amine (PMMA) were obtained from the National Institutes of
Health Sciences (NIHS, Tokyo, Japan). Products sold in the past as
legal substances on the Japanese market were used for the deter-
mination of the phenethylamine-type abused drugs. Racemic
methylphenidate hydrochloride (MPH), (2R,2'R)-(+)-threo-methyl
a-phenyl-a-(2-piperidylacetate hydrochloride (o-MPH), (25,2°5)-
(—)-threo-methyl  a-phenyl-u-(2-piperidyl)acetate hydrochloride
(.-MPH), and leucine enkephalin were purchased from Sigma-
Aldrich Chemical Co. (St Louis, MO, USA). (R)-Diphenyl(pyrrolidin-
2-yl)methanol ((R»-(+)-0,0-diphenyl-2-pyrrolidinemethanol,
(R)-D2PM), (S)-diphenyl(pyrrolidin-2-ylimethanol ((5)-(-)-a,a-diphe-
nyl-2-pyrrolidinemethanol, (5)-D2PM), a-(4-piperidyl)benzhydrol
(PBH as internal standard), (R)-(—)-4-(N.N-dimethylaminosulfonyl)-
7-(3-isothiocyanatopyrrolidin-1-yl)-2,1,3-benzoxadiazole  ((R)}-(—)-
DBD-Py-NCS), (R)-(+)-4-nitro-7-(2-chloroformylpyrrolidin-1-yl) -2,1,3-
benzoxadiazole ((R)-(+)-NBD-Pro-COCl), 234 6-tetra-O-acetyl-B-o-
glucopyranosyl isothiocyanate (GITC), and triethylamine were
obtained from Tokyo Kasei Co. (Tokyo, Japan). Diethyl ether,
dimethyl sulfoxide (DMSO), and trifluoroacetic acid (TFA) were
obtained from Kanto Kagaku Co. (Tokyo, Japan). Sodium dodecyl
sulfate (SDS) and hydrochloric acid (HCl) were purchased from
Wako Pure Chemicals (Osaka, Japan). Acetonitrile (CH;CN),
methanol (CHs;OH), and formic acid (FA) were of LC-MS grade
(Wako Pure Chemicals, Osaka, Japan). Saline was purchased from
Otsuka Pharmmaceutical Factory, Inc. (Naruto, Japan). All other
reagents were of analytical-reagent grade and were used without
further purification.

UHPLC-FL and ESI-TOF-MS conditions

A Shimadzu (Kyoto, Japan) ultra-fast liquid chromatograph
system consisting of two LC-20AD pumps, a degasser (DGU-20As3)
and an auto-injector (SIL-20AG.y) was used. Reversed-phase liquid
chromatography was performed using TSK-gel ODS-140HTP
column (2.1 mm i.d. x 100 mm, 2.3 um, Tosoh, Tokyo). The column
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