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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-ol), 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.
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1: (-)-Cannabicyclohexanol

((1R,3S)-3-[2-hydroxy-4-(2-methylnonan-

2-yl)phenyl]cyclohexan-1-ol)

2: (+)-Cannabicyclohexanol

((18,3R)-3-[2-hydroxy-4-(2-methylnonan-

3 or 4: (+) or (-)-trans-Diastereomer of 1
((1S,3S)-3-[2-hydroxy-4-(2-methylnonan-2-
yl)phenyl]cyclohexan-1-ol)

OH

3 or 4: (+) or (—)-trans-Diastereomer of 1
((1R,3R)-3-[2-hydroxy-4-(2-methylnonan-2-

2-yl)phenyl]cyclohexan-1-ol) yl)phenyl]cyclohexan-1-ol)

HU-210: 6aR,10aR
HU-211: 6as,10aS

5: (-)-CP-47,497
((1R,3S)-3-[2-hydroxy-4-(2-methyloctan-
2-yl)phenyl]cyclohexan-1-ol)

OH OH
Q. & oF:
e.'u©><\/\/\ Nl O
OH
6: (+)-CP-47,497
((18,3R)-3-[2-hydroxy-4-(2-methyloctan- (-)-CP-55,940: 1R, 3R, 4R
2-yl)phenyl]cyclohexan-1-ol) (+)-CP-55,940: 1s, 3S, 48

Fig. 1. Structures of Synthetic Cannabinoid Enantiomers
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LC-MS 3 #rz21TVy, ZAb & D enantiomer O FHNT
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LC-circular dichroism

%), (£)-CP-47,497, (—)-CP-47,497 T8 (+)-
CP-47,497 13 Cayman Chemical #- X DA L 7=.
HPLC, LC-MS OB EMHICHWAEZTYE = MU
\dHPLC 7 L — Rz L. £l
IR 2 AL 7=, HHERO KA &I,
Ultrafree-MC (0.45 ym filter unit, MILLIPORE #
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KL T10mg ZHL, MeOH 1 ml 2%, #
Hi T 10 it 2o/, SSRCEABET
W, RNEMZED RN THIEREE U 2.

3. LC-CD ¥t & : [HPLC] JASCO
Gulliver Series, 775 /. : Chiralpak-IA3 (2.1 mmi.d.
X150 mm, 3 um, Daicel) X|Z Chiralpak-IA (4.6
mm i.d. X250 mm, 5 um, Daicel), BEfH : 0.1%F
B /KB /0.1% ¥ 87 N =~ UL (30/70), MIE
W 210-420 nm, {iE : 0.2ml/min X% 1 ml/
min, 515 AIRE 30°C, {EARE: 1ul, B UV
i (UV-970) KO @t (CD) #ii#
(CD-2095).

4. LC-MS ¥ Z Lotk # %iE: [LC]
Waters ACQUITY UPLC/[MS] Waters Single
Quadrupole Detector (SQD), 51 /A : Chiralpak-
IA3 (2.1 mm i.d.X150 mm, 3 um, Daicel), &)
A 01% FRAKER/01%FH Y= MU
(35/65), MIE £ : 190-500 nm, ik : 0.2ml/
min, 717 AMRE 30°C, FAE: 1-3ul, B
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5. HENWMEHE 1AL rhnxT
L —-1 A Ak (ESI) {3, Positive and negative mode,
Desolvation gas flow: N, 6501/h, Desolvation gas

(PDA) K OVEH &

temp.: 350°C, Cone voltage: 30 V, Capillary voltage:
3000 V, scan range: m/z 50-500.
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CEDAFEMKEDT  LC-CD HofER, &
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w737 BT D W TIE, Table 1 1267k L7270,
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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.

EHICHELTWS.Y om0 TiE, UFo SN LT D E, GV — MTERD 2 )b— b
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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
G | @ | | arurizseee

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

Cayman CAY10596 43 / 57 -/ = -/ = -
CCH-trans -/ - 46 / 54 - / = -
(+)-CP-47,497 -/ - -/ - 4 / 56 -

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

@ The number of ‘+  indicates a ratio of the cis-form (1+42) as estimated from signal intensities in the corresponding GC-MS chromatograms. # : >90%,
H#:<90%-80%, +: <80%—65%.Y » Not detected (S/N<3).

gL, cyclohexanol & L 7-#, palladium on carbon FBRILITDHETHD. EE5HZRMDOH2ER
(Pd-C) T7x/—NVEORERLZNTHE Q) NVW—FThD, EREERTI2EOFHAMRGT

HIBMATH 27 h K2 RIT PA-CTT =/ —)LHk W, WEEDERAERI EEERALTNVS., 21
DREREZH L=, NaBH, IZK D VARV H TNOHEN RIS —FTHEKRSNEZLET D
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(A) CCH (cis)

1
:! j\ 2 m/z 331
=
1 LELS) I L WU R R N L LR R LI |
10.00 20.00 30.00 40.00
(B) 3 CCH (trans)
ge; “/\ 4 m/z 331
1 /\
S m e e e
10.00 20.00 3000 40.00
© 5 & (+)-CP-47,497
B.sji U m/z 317
D 1 L 1 L] 1  } 1 1
10.00 20.00 30.00 40.00
:i I’\ m/z 317
\dg
D 1 T T L] T T T 1
10.00 20.00 30.00 40.00
(E) 5 (-)-CP-47,497
Sg% A mlz 317
o T T 1 T T T T \ Time
10.00 20.00 30.00 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-E).
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e e o B L S s s e e
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:-,2_
L e e e /,\-,,
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1
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[\ /\ m/z 331
=]
U e L AE
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1 Product No. 6
(B) 1 2
3 m/z 331
. -
0 ”..,....,....,..”,‘.......,{:\T“r.,.”.,Time
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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

&, M CCH & trans KD LN TR S agetEN
<, XH6DENKELRD, 51T, AoMick
D, CCH kU trans {&IZ enantiomer DJE &M & L
THEHHEPIZEAINTWS Z &% (Table
D. ZO&SiT, BHEIRREEROE BN
S2TWBH I ENS, 4%, Al FE/ A RO
B E T OB MNAF TE A, Hikz
AFTEREGESHE O diastereo excess (d.e.)
J2 U enantio excess (e.e.) % KT 5 Z LITK
0, FMBERKEHETELEENDS. £z, A
925 E LT, CCH & trans (KD &6 Bk
R OIEBYEMEDH & ) E7xiud, 4, KDYk
HHITTS ZENEETH D HDEEZ LN D.

& A

AWFETIE, LC-CD KU LC-MS ZHWT, 5
FEHY)Td % cannabicyclohexanol (CCH), CP-47,
497, TN CCH O trans (kDY 5 E| 217> & 2
5, %5 enantiomer |3 ZFNFTNRIFICHBEEL /=, &
51T, BERT YT 3THEBIIOWTHHZEIT> &
WEE I RICE £ TW/= CCH, trans K & 8
CP-47,497 1% enantiomer & U TENFNE L4 Bk
L7=. L7Zz»>T, CCH, trans {k } U8 CP-47,497
I& enantiomer DR G & L THRFFIZTRASINT
WBHZENHLMNERS T2, LEENoT, &kl
FTE /A REBOMAIREER T v 7l OiftiaE
BHEZITOBEG, &S OIEF BRSO
EFHLEETHLIHDEEZ LN,

HEE AW, EAET BRI A B S
CIBLEGBEERMEESFRBTETTDNLD
DTHO, BERSAICHEHMEL K7
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