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Three indole alkaloids, voacamine (1), 3,6-oxidovoacangine (2), and a new alkaloid, 5-hydroxy-3,6-oxid-
ovoacangine (3), isolated from Voacanga africana were found to exhibit potent cannabinoid CB1 receptor
antagonistic activity. This is the first example of CB1 antagonists derived from natural alkaloids.
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The endocannabinoid system is involved in a wide variety of
psychological and physiological processes. The cannabinoid (CB)
receptors are G-protein-coupled receptors (GPCRs) and two sub-
types are known: CB1 and CB2.1 The CB1 receptor is distributed
throughout the body, mainly expressed in the brain, and involved
in memory, cognitive process, pain, and appetite. It is also one of
the targets of drug development for the treatment of obesity, met-
abolic syndrome, obesity-related cardiovascular disorder, sub-
stance abuse, and cognitive impairment. The therapeutic
potential of CB1 receptor antagonists has been demonstrated.1 In
this Letter, we disclose three indole alkaloids possessing CB1
receptor antagonistic activity: voacamine (1), 3,6-oxidovoacangine
(2), and a new alkaloid, 5-hydroxy-3,6-oxidovoacangine (3), iso-
lated from Voacanga africana (Fig. 1).

The screening of plant extracts and isolated alkaloids for agonis-
tic or antagonistic activity on the CB1 receptor was performed
using the aequorin/GPCR cell-based Ca2+ functional assay.2

CP55940 or rimonabant was used as the positive control for ago-
nist or antagonist. As a result, we found that the MeOH extract of
V. africana root bark showed potent activity. This prompted us to
clarify the active principle in V. africana. Separation of the crude
base that was prepared from V. africana root bark resulted in the
isolation of three active indole alkaloids: one iboga-vobasine-type
All rights reserved.
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bis-indole alkaloid, voacamine (1), and two iboga-type monomer
alkaloids, 3,6-oxidovoacangine (2)4 and 5-hydroxy-3,6-oxidovo-
acangine (3).5 These compounds exhibited relatively potent CB1
receptor antagonistic activity with IC50 of 0.041, 0.199, and
0.141 lM, respectively, compared with that of rimonabant (IC50

0.004 lM). These are a new class of small molecules possessing
CB1 receptor antagonistic activity. Figure 2 shows that their effects
were concentration-dependent. Interestingly, well-known co-
existing alkaloids, such as voacangine (4), vobasine (5), and tabers-
onine (6), did not show the activity.

Among the three alkaloids, 5-hydroxy-3,6-oxidovoacangine (3)
is a new alkaloid and its structure was deduced by spectroscopic
analysis as follows. Compound 3 was found to have the molecular
formula C22H26N2O5 from HREIMS [m/z 398.1844 (M+)], which
indicated that 3 has an extra oxygen atom compared to 3,6-oxid-
ovoacangine (2). The UV spectrum exhibited a characteristic 5-
methoxyindole chromophore. Its NMR spectra were similar to
those of 3,6-oxidovoacangine (2) except for the existence of a
low-field oxygenated methine group at dH 5.16 and dC 92.7 in the
1H and 13C NMR spectra, respectively, instead of a methylene group
due to C-5. HMBC correlation of the proton at d 5.16 to the carbon
at d 59.0 due to C-21, together with the above data, indicated that
the hydroxyl group was attached to C-5 (Fig. 3). As a result of the
rigid character of the skeleton, the relative configuration at C-3,
C-6, C-14, C-16, and C-21 was restricted, that is, 3S⁄, 6R⁄, 14R⁄,
16S⁄, and 21S⁄. The NOE correlation of H-5 to H-21 suggested that
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Figure 3. Selected HMBC and NOE correlations of 5-hydroxy-3,6-oxidovoacangine
(3).

Voacamine (1)

3'

11 N
H

N

CO2Me

H

MeO

N
H

N Me

MeO2C H

H

R=H : 
   3,6-Oxidovoacangine (2)
R=OH : 5-Hydroxy-3,6-
          oxidovoacangine (3)

6

3

N
H

N

CO2Me

H

MeO
O

5 R

Voacangine (4)

N
H

N

CO2Me

H

MeO

H

N
H

N

CO2Me

H

Tabersonine (6)

CB1 Receptor Antagonists

Vobasine (5)

N
H

N
O

Me

MeO2C H

Figure 1. Structures of indole alkaloids 1–3 with CB1 receptor antagonistic activity
and alkaloids 4–6 from Voacanga africana.
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both protons were in cis relationship and the hydroxyl group at C-5
had R⁄ configuration. The absolute configuration at C-16 was de-
duced to be S from the negative Cotton effect that appeared at
approximately 280 nm in the CD spectrum, which was the same
as that of voacangine (4), whose absolute configuration is known.6

Therefore, new alkaloid 3 was deduced to be 5-hydroxy-3,6-
oxidovoacangine.

In conclusion, we have found three cannabinoid CB1 receptor
antagonists, voacamine (1), 3,6-oxidovoacangine (2), and 5-hydro-
xy-3,6-oxidovoacangine (3), from V. africana. As far as we know,
these are the first examples of natural alkaloids having CB1 recep-
tor antagonistic activity. Further studies of the medicinal chemis-
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Figure 2. CB1 receptor antagonistic activity of MeOH extra
try using these structurally and biologically unique alkaloids are
under way in our laboratories.
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