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A new type of designer drug, a cannabinoid analog (1), was
found in a herbal product distributed on the illegal drug market
in Japan in expectation of its narcotic effect. The structure of 1
was identified by LC-MS, GC-MS, high-resolution MS, and
NMR analyses. Compound 1 showed a molecular weight of 332,
and accurate mass measurement exhibited its elemental compo-
sition to be C22H36O2. Together, the mass and NMR spectromet-
ric data revealed that 1 was (1RS,3SR)-3-[4-(1,1-dimethyloctyl)-
2-hydroxyphenyl]cyclohexan-1-ol, which was first synthesized in
1979 by a group at Pfizer Inc. and reported as a potent cannabi-
noid analog possessing cannabinoid receptor binding activity
and analgesic activity in the 1990s. This is the first report to
identify a cannabinoid analog in an illegal drug.
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Many types of chemicals are widely distributed and
abused as psychotropic substances. In Japan every year this
decade, a market survey of illegal drugs is performed by the
Ministry of Health, Labour and Welfare.1—9) Following the
results of the survey, the compound identified and recognized
as a designer drug10—12) came to be strictly controlled by the
Narcotics and Psychotropic Control Law or by the Pharma-
ceutical Affairs Law as designated substances (Shitei-
Yakubutsu).13—16) In 2008, seven new designer drugs were
classified as narcotics or designated substances, and all of
them are analogs of phenylethylamine or tryptamine.

Cannabis sativa L. (cannabis, hemp, marijuana, mari-
huana) is widely abused around the world because it contains
psychoactive cannabinoids, such as D9-tetrahydrocannabinol
(D9-THC), which contains no amine groups (Fig. 1). In the
past few decades, a number of analogs of D9-THC were 
synthesized, and their structure–activity relationships were
studied.17,18) In the 1980s, a group at Pfizer Inc. explored 
the development of analgesics using potent synthetic
cannabinoids.19—22) After the discovery of cannabinoid recep-
tors, type 1 (CB1, central type) and type 2 (CB2, peripheral

type), as well as the discovery of an endogenous cannabinoid,
their physiological roles were elucidated; a number of
cannabinoid analogs were then newly synthesized, and their
pharmacological activity for the treatment of various diseases
was studied.23,24)

Recently, cannabis abuse seems to have spread in Japan. In
this study, we identified a novel designer drug (1) possessing
cannabinoid activity as an adulterant in a herbal product 
(Fig. 1). Compound 1 was first synthesized by Pfizer Inc. 
in 1979,25) and reported as a cannabinoid analog in the
1990s.26—30) Although many designer drugs having phenyl-
ethylamine, tryptamine, and piperazine structures have been
found,10—12) this is the first report to identify a non-nitrogen-
ated compound, a phenylcyclohexane derivative having can-
nabinoid activity.

Experimental
Chemicals and Reagents HPLC-grade acetonitrile and all other chemi-

cals (analytical grade) were obtained from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). Centrifugal filter devices (Ultrafree-MC, 0.45 mm filter
unit) were from Millipore (Bedford, MA, U.S.A.).

Samples A product was purchased via the Internet (June 2008). The
product was described as a herbal mixture and had the appearance of dried
plants. The ingredients were listed as “Baybean,” “Blue lotus,” “Dwarf skull-
cap,” “Indian warrior,” “Lion’s tail,” “Maconha brava,” “Marshmallow,”
“Pink lotus,” “Red clover,” “Rose,” “Siberian motherwort,” “Vanilla,” and
“Honey.”

Preparation of Sample Solution A product (20 mg) was crushed into
powder and extracted with 2 ml of methanol under ultrasonication for
10 min. After centrifugation (5 min at 3000 rpm), the solution was filtered
through a centrifugal filter device.

Instrumentation Gas chromatography-mass spectrometry (GC-MS) in
the electron impact (EI) mode at 70 eV of electron energy was used. Analy-
sis was performed on a Hewlett-Packard 6890N GC with a 5975 mass selec-
tive detector using a capillary column (HP1-MS capillary, 30 m�0.25 mm
i.d., 0.25 mm film thickness) and helium gas as a carrier. An initial column
temperature of 80 °C was employed and the temperature was increased at a
rate of 5 °C/min to 190 °C and at a second rate of 10 °C/min to 310 °C. Data
were obtained in a full scan mode with a scan range of m/z 40—550. An
ultra-performance liquid chromatography-electrospray ionization-mass spec-
trometer (UPLC-ESI-MS), consisting of a Waters ACQUITY UPLC system
equipped with a Single Quadrupole Detector (SQD) mass detector and a
photo diode array (PDA) (Waters, Milford, MA, U.S.A.), was also used. The
sample solutions were separated using a Waters ACQUITY UPLC HSS T3
column (2.1�100 mm i.d., 1.8 mm; Waters) at 40 °C. The following gradient
system was used with a mobile phase A (10 mM ammonium formate buffer,
pH 3.5) and a mobile phase B (acetonitrile) delivered at 0.3 ml/min; A : B
50 : 50 (0 min)–20 : 80 (20—40 min). The injection volume was 5 m l. The
wavelength of the PDA detector for screening was set from UV 190 to
400 nm, and chromatographic peaks were monitored at UV 254 and 280 nm.
Mass analysis by the ESI was used in both a positive and a negative mode.
Nitrogen gas was used for desolvation at a flow rate of 600 l/h at 350 °C. The
capillary voltage was 3000 V, and the cone voltage was 30 V. MS data were
recorded in the full scan mode (m/z 150—700). Preparative TLC was carried
out using a silica gel plate (silica gel 60, 20�20 cm, 0.5 mm, Merck, Dar-
mdstadt, Germany).

Isolation of Compound 1 A product (3 g) was extracted with 100 ml of
methanol by ultrasonication for 1 h. After the extraction was performed three
times, the supernatant was evaporated to dryness. The extract was subjected
to preparative silica gel TLC using CHCl3–acetone (4/1) as developing sol-
vent. A portion of the silica gel in the TLC plate was taken and eluted with
CHCl3–MeOH (1/1) to give a fraction 1. Repeated fractionation of fr. 1 by
preparative silica gel TLC with CHCl3–MeOH (20/1) gave compound 1
(15 mg) as an off-white solid.

Measurement of Accurate Mass The accurate mass of the target com-
pound was measured by the LTQ OrbiTrap XL instrument (Thermo Fisher
Scientific Inc., Waltham, MA, U.S.A.) with the direct-infusion ESI positive
and negative ion modes under the following conditions: solvent flow rate
5 m l/min, sheath gas flow rate 20 arb, auxiliary gas flow rate 10 arb, spray
voltage 5 kV, capillary temperature 275 °C, capillary voltage 4 V, and tube
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Fig. 1. Structures of Compound 1 and D9-Tetrahydrocannabinol (D9-THC)



lens 60 V. Tyrosine 1,3,6 standard was used as a mass calibrant of FT mass
analyzer (resolution�100000), and tyrosine 3 standard was used as a lock
mass ion (m/z 508.20783) during the measurement. Theoretical mass and
delta value (mmu) were calculated by using the elemental composition tool
of Xcalibur/Qual Browser software (Thermo Fisher Scientific Inc.). MS data
were recorded in the full scan mode (m/z 100—1000).

NMR Analysis CDCl3 (99.96%) and DMSO-d6 (99.96%) were pur-
chased from ISOTEC Inc., which is part of Sigma-Aldrich Inc. (St. Louis,
MO, U.S.A.). The NMR spectra were obtained on ECA-600 and ECA-800
spectrometers (JEOL Ltd., Tokyo, Japan). Assignments were made via 1H-
NMR, 13C-NMR, heteronuclear multiple quantum coherence (HMQC), het-
eronuclear multiple-bond correlation (HMBC), double quantum filtered cor-
relation spectroscopy (DQF-COSY), and rotating frame nuclear Overhauser
effect (ROE) spectra.

Results and Discussion
In the sample solution of the product, an unknown main

peak was detected by GC-EI-MS and by LC-ESI-MS analy-
ses. The former found a peak at 47.9 min and showed four
ion peaks at m/z (% relative intensity) 332 (16), 314 (14),
233 (80), and 215 (100). On the other hand, the latter de-
tected a peak at 14.5 min and exhibited major ion peaks at
m/z 333 [M�H]�, 315 [M�H�18]� in the positive scan
mode and at m/z 331 [M�H]� in the negative scan mode.
The PDA-sliced UV spectrum of the peak exhibited maxima
at 220 and 275 nm and minima at 212 and 249 nm. The accu-
rate mass of 1 revealed [M�H]� at m/z 333.27918 in the
positive scan mode and [M�H]� at 331.26442 in the nega-
tive scan mode, suggesting molecular formulae of C22H37O2

and C22H35O2, respectively. The errors between the observed
mass and theoretical mass of [M�H]� and [M�H]� are
�0.71 and �0.18 mmu, respectively. The 1H- and 13C-NMR
spectra of 1 exhibited 36 protons and 22 carbons. These re-
sults suggested that 1 contained oxygen atoms but no nitro-
gen atoms.

The 1H-NMR spectrum of 1 exhibited 36 non-exchange-
able protons, including three methyl signals at d 1.22 (6H, s)
and 0.83 (3H, t, J�7.2 Hz), as well as ABX-type aromatic
proton signals at d 7.06 (1H, d, J�8.2 Hz), 6.84 (1H, dd,
J�8.2, 2.0 Hz), and 6.67 (1H, d, J�2.0 Hz), as shown in
Table 1. In addition, the 1H-NMR spectrum also showed two
methine proton signals at d 2.86 (1H, tt, J�12.4, 3.1 Hz) and
3.76 (1H, tt, J�11.0, 4.1 Hz), and a characteristic signal as-
signable to hydroxy proton at d 4.51 (1H, br d, J�4.6 Hz)
and 9.01 (1H, br s). The 13C-NMR spectrum of 1 showed 22
carbon signals, including three methyls, ten methylenes, two
methines with one oxygenated carbon (d 71.2) and one 
quaternary carbon, three aromatic carbons (d 113.1, 118.5,
126.3), and three quaternary carbons (d 128.7, 149.1, 152.3).
The presence of three partial structures (1,3-substituted cy-
clohexyl group, 1,1-dimethyloctyl group, and 1,2,4-substi-
tuted phenyl) was suggested from its DQF-COSY, HMQC,
and HMBC spectra (Table 1, Fig. 2). The connectivity of
these groups was deduced from the HMBC spectrum (Table
1, Fig. 2). A methine proton at d 2.86 (H-3) of the cyclo-
hexyl group correlated to the phenyl carbons at d 152.3 and
126.3 (C-2�, C-6�), and two aromatic protons, at d 6.67 and
6.84 (H-3�, H-5�) of the phenyl group, showed correlations to
the quaternary carbon at d 37.3 (C-1�). In addition, the ir-
radiation of the hydroxyl proton at d 9.01 (2�-OH) resulted 
in ROE on the aromatic proton (H-3�), as shown in Fig. 3.
The relative configuration between two methine protons at 
C-1 and C-3 established a cis configuration by the ROE 
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Fig. 3. Selected ROE Correlations of Compound 1

Table 1. NMR Data of Compound 1 in CDCl3
a)

No. 13C 1H HMBCb)

1 71.2 3.76, 1H, tt, J�11.0, 4.1 Hz 2, 6c)

2 41.9 ax, 1.44, 1H, m, overlapped 3, 4, 1�
eq, 2.16, 1H, br d, J�11.7 Hz 1, 3, 4

3 35.3 2.86, 1H, tt, J�12.4, 3.1 Hz 2, 4, 1�, 2�, 6�
4 31.7 ax, 1.30, 1H, m, overlapped 2, 3, 5, 1�c)

eq, 1.82, 1H, d, J�13.1 Hz 2
5 24.5 ax, 1.44, 1H, m, overlapped 1, 4, 6

eq, 1.87, 1H, dq, J�13.4, 3.4 Hz 1, 4, 6
6 35.5 ax, 1.27, 1H, m, overlapped 1, 2, 5

eq, 2.05, 1H, br d, J�12.0 Hz 1, 2, 4
1� 128.7 — —
2� 152.3 — —
3� 113.1 6.67, 1H, d, J�2.0 Hz 1�, 2�, 4�, 5�, 1�
4� 149.1 — —
5� 118.5 6.84, 1H, dd, J�8.2, 2.0 Hz 1�, 2�, 3�, 6�, 1�
6� 126.3 7.06, 1H, d, J�8.2 Hz 3, 2�,3�, 4�, 5�
1� 37.3 — —
2� 44.6 1.51, 2H, m 4�, 1�, 3�, 4�, 

1�-(CH3)2

3� 24.7 1.04, 2H, m 2�, 4�, 5�
4� 30.3 1.17, 2H, m, overlapped 2�, 3�, 5�
5� 29.2 1.17, 2H, m, overlapped 3�, 7�
6� 31.9 1.17, 2H, m, overlapped 5�, 7�
7� 22.6 1.24, 2H, m 6�, 8�
8� 14.1 0.83, 3H, t, J�7.2 Hz 6�, 7�
1�-(CH3)2 28.9 1.22, 6H, s 4�, 1�, 2�
1-OH — 4.51, 1H, br d, J�4.6 Hzd) 1, 2, 6d)

2�-OH — 9.01, 1H, br sd) 1�, 2�, 3�d)

a) Recorded in CDCl3 at 600 and 800 MHz (1H) and 150 and 200 MHz (13C), re-
spectively; data in d ppm (J in Hz). b) J�8 Hz, the proton signal correlated with the
indicated carbons. c) J�4 Hz. d) Recorded in DMSO-d6.

Fig. 2. Selected DQF-COSY and HMBC Correlations of Compound 1



correlations (Fig. 3). Therefore, the structure of 1 is finally
elucidated as (1RS,3SR)-3-[4-(1,1-dimethyloctyl)-2-hydroxy-
phenyl]cyclohexan-1-ol.

The deduced structure has already been synthesized by
Pfizer Inc. and reported as a cannabinoid analog.25,26) Phar-
maceutical studies showed that 1 has potent cannabinoid re-
ceptor binding activity in vitro and analgesic activity in vivo
in mice.27—30) Compton et al. reported that compound 1 was
approximately 5-fold more potent than D9-THC at the view-
point of pharmacological activity.28)

This is the first case in which 1 has been detected as a de-
signer drug and an ingredient in a herbal product. Pfizer Inc.
has also reported many analogs of 1 and has described their
synthesis with pharmacological data.19,22,31,32) Additionally,
various cannabinoid analogs are synthesized one after an-
other and their pharmacological activity studied for the de-
velopment of new useful drugs for the treatment of a number
of diseases.23,24) This situation alerts us that these described
cannabinoid analogs other than 1 may be found as designer
drugs or adulterants in illegal products in the near future. To
avoid health problems and abuse caused by new designer
drugs, we have to continuously monitor such compounds
during our surveillance.

Acknowledgments Part of this work was supported by a Health and
Labor Sciences Research Grant from the Ministry of Health, Labour and
Welfare, Japan.

References
1) Satake M., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku

(Bulletin of National Institute of Health Sciences), 118, 204—205
(2000).

2) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 119,
121—123 (2001).

3) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 120,
143—145 (2002).

4) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 121,
152—154 (2003).

5) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 122,
70—73 (2004).

6) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 123,
80—83 (2005).

7) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 124,
94—98 (2006).

8) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 125,

129—132 (2007).
9) Goda Y., Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Hokoku, 126,

137—141 (2008).
10) Kikura-Hanajiri R., Kawamura M., Saisho K., Kodama Y., Goda Y., J.

Chromatogr. B, 855, 121—126 (2007).
11) Uchiyama N., Kikura-Hanajiri R., Kawahara N., Goda Y., Yakugaku

Zasshi, 128, 1499—1505 (2008).
12) Kikura-Hanajiri R., Hayashi M., Saisho K., Goda Y., J. Chromatogr. B,

825, 29—37 (2005).
13) Ministry of Health, Labour and Welfare, Japan, websites: listed in

�http://www.mhlw.go.jp/shingi/2006/11/s1109-4.html� [in Japanese].
14) Kikura-Hanajiri R., Kawamura M., Uchiyama N., Ogata J., Kamakura

H., Saisho K., Goda Y., Yakugaku Zasshi, 128, 971—979 (2008).
15) Uchiyama N., Kawamura M., Kamakura H., Kikura-Hanajiri R., Goda

Y., Yakugaku Zasshi, 128, 981—987 (2008).
16) Ministry of Health, Labour and Welfare, Japan, websites: listed in

�http://www.mhlw.go.jp/shingi/2007/09/s0920-4.html� [in Japanese].
17) Razdan R. K., Pharmacol. Rev., 38, 75—149 (1986).
18) Rapaka R. S., Makriyannis A., “NIDA Research Monograph,” Vol. 79,

National Institute on Drug Abuse, Rockville, MD, 1987.
19) Howlett A. C., Johnson M. R., Melvin L. S., “NIDA Research Mono-

graph,” Vol. 96, National Institute of Drug Abuse, Rockville, MD,
1990, pp. 100—111.

20) Johnson M. R., Melvin L. S., Milne G. M., Life Sci., 31, 1703—1706
(1982).

21) Weissman A., Milne G. M., Melvin L. S., J. Pharmacol. Exp. Ther.,
223, 516—523 (1982).

22) Melvin L. S., Johnson M. R., Herbert C. A., Milne G. M., Weissman
A. A., J. Med. Chem., 27, 67—71 (1984).

23) Pacher P., Batkai S., Kunos G., Pharmacol. Rev., 58, 389—462 (2006).
24) Kulkarni S. K., Ninan I., Indian J. Pharmacol., 33, 170—184 (2001).
25) Harbert C. A., Johnson M. R., Melvin L. S. Jr., DE Patent 2839836

(1979).
26) Thomas B. F., Compton D. R., Martin B. R., J. Pharmacol. Exp. Ther.,

255, 624—630 (1990).
27) Melvin L. S., Milne G. M., Johnson M. R., Subramaniam B., Wilken

G. H., Howlett A. C., Mol. Pharmacol., 44, 1008—1015 (1993).
28) Compton D. R., Johnson M. R., Melvin L. S., Martin B. R., J. Pharma-

col. Exp. Ther., 260, 201—209 (1992).
29) Compton D. R., Rice K. C., De Costa B. R., Razdan R. K., Melvin L.

S., Johnson M. R., Martin B. R., J. Pharmacol. Exp. Ther., 265, 218—
226 (1993).

30) Martin B. R., Compton D. R., Thomas B. F., Prescott W. R., Little P. J.,
Razdan R. K., Johnson M. R., Melvin L. S., Mechoulam R., Ward S.
J., Pharmacol. Biochem. Behav., 40, 471—478 (1991).

31) Howlett A. C., Johnson M. R., Melvin L. S., Milne G. M., Mol. Phar-
macol., 33, 297—302 (1988).

32) Devane W. A., Dysarz F. A. 3rd., Johnson M. R., Melvin L. S., Howlett
A. C., Mol. Pharmacol., 34, 605—613 (1988).

April 2009 441


