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Cannabinoid CB1 receptor agonists exhibit potent analgesic effects in rodents and humans, but their clin-
ical utility as analgesic drugs is often limited by centrally mediated side effects. We report herein the prep-
aration of N-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxamides as a
novel class of hCB1/hCB2 dual agonists with attractive physicochemical properties. More specifically, (R)-
N,9-dimethyl-N-(4-(methylamino)-4-oxobutyl)-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-
carbazole-6-carboxamide, displayed an extremely low level of CNS penetration (Rat Cbr/Cplasma = 0.005
or 0.5%) and was devoid of CNS side effects during pharmaco-dynamic testing.

� 2012 Elsevier Ltd. All rights reserved.
O

OH

C6H13

OH

O

O
C H

N O

O

N

O

O

OH

C4H9

OH O

1, HU-210 2, WIN55,212-2
Cannabinoid receptors belong to the super family of G-protein
coupled receptors (GPCRs) and two of them have been cloned
and characterized so far; CB1 and CB2.1,2 CB1 is widely expressed
in neurons in the brain3,4 and is responsible for most of the psycho-
active properties of cannabinoids. Even though it was recently
demonstrated that CB2 is expressed in the central nervous system
(CNS) under certain conditions,5 it is primarily abundant in spleno-
cytes and leukocytes2 and responsible for many of the immuno-
modulatory and anti-inflammatory effects of cannabis.6 CB1 is also
found in a variety of tissues including immune cells. A wide variety
of potential therapeutic applications associated with cannabinoid
ligands are currently under investigations, including eating disor-
ders,7 obesity,8 drug addictions9 and central immune functions.5

Cannabinoids and cannabinoid receptors have been implicated
in pain transduction and perception10 as well as neuroinflamma-
tion.11 Many published studies have demonstrated that cannabi-
noids, both CB1 and CB2 agonists, are potent analgesics not only
in a variety of preclinical pain models but also in the clinic.12–15

Unfortunately, the exploitation of the therapeutic potential of
CB1 agonists in man has been generally limited by their CNS side
All rights reserved.
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effects, mostly associated with the CB1 receptors.16 Several studies
have established that CB2-selective agonists (relative to CB1) exhi-
bit efficacy in many rodent pain models and lack the CB1-mediated
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Figure 1. Several CB1 or CB1/CB2 dual agonists.
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Figure 2. Scaffold-hopping around the c-carboline core.
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Scheme 2. Reagents and conditions: (a) NaOH, MeOH/H2O (88%); (b) R0R0 0NH,
HATU, DIPEA, DMF (60–90%); (c) chiral separation with ChiraPak� AD column,
Hexane/EtOH (60/40).
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Scheme 3. Reagents and conditions: (a) LiOH, dioxane/H2O (99%); (b) R0R0 0NH,
HATU, DIPEA, DMF (60–90%).
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CNS effects at analgesic doses.17,18 Specifically, CB2-selective ago-
nists have shown efficacy in preclinical models of neuropathic
and inflammatory pain.19,20

Another approach to effective and safe cannabinoid analgesics
would be to aim for the development of low brain penetrant CB1

agonists21–26 as analgesic drugs. This strategy, adopted by other
groups,25,26 demonstrated the reduction of CNS side effects by
peripherally restricted CB1 agonists while keeping their analgesic
effects. In clinical trials, topical administration of HU-210 (1,
Fig. 1) (a dual CB1/CB2 agonist) reportedly reduced thermal and
mechanical hyperalgesia and allodynia induced by capsaicin. No
psychoactive effects were observed.27 Ajulemic acid (3, Fig. 1), a
dimethylheptyl analogue of the 11-carboxylic acid metabolite of
THC with modest CB1/CB2 binding affinity, reportedly has a reduced
CNS penetration and showed promising efficacy and a better side
effect profile in both animals and humans when compared to D9-
THC.28,23 Naphthalen-1-yl-(4-pentyloxynaphthalen-1-yl) metha-
none (4, Fig. 1) was reported to be a CB1/CB2 dual agonist29 with
limited brain penetration, displaying good oral bioavailability and
potent antihyperalgesic activity in animal models. However, this
compound possesses poor physicochemical properties, including
an extremely poor solubility.

Our interest in the discovery and development of novel thera-
peutics for pain management prompted a high-throughput screen
of our GPCR focused libraries. The c-carboline scaffold was identi-
fied in the efforts as a chemical series with attractive physicochem-
ical properties.30 Compound (5) (AZ599) exhibited binding affinities
on both human cannabinoid receptors (hCB1 Ki: 120 nM; hCB2 Ki:
9 nM) and was a CB1 full agonist (EC50: 49 nM, Emax: 120%) with good
solubility (>1000 lM) and low CNS penetration (Cbr/pl: 0.07). By
performing scaffold hopping from this series, we observed
compounds having a tetrahydrocarbazole core (6) exhibiting CB1

potency and desirable physico-chemical properties (Fig. 2). In the
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Scheme 1. Reagents and conditions: (a) (i) BuLi, THF, �78 �C; (ii) tetrahydro-4H-pyran-4
(d) Bleach, TEMPO, CH2Cl2, (88%). (e) (i) 4-Hydrazinobenzoic acid hydrochloride, HCl, dio
(60/40).
present study, we report N-methyl-3-(tetrahydro-2H-pyran-4-yl)-
2,3,4,9-tetrahydro-1H-carbazole-6-carboxamides as a novel class
of hCB1/hCB2 dual agonists with very low CNS penetration.

The synthesis of common intermediate (13) is outlined in
Scheme 1.31 Commercially available or readily prepared 1-(benzyl-
oxy)-4-bromobenzene (7) was treated with BuLi at �78 �C and
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xane; (ii) MeOH, HCl (89%). (f) NaH/MeI THF (90%); (g) ChiralCel�OD, Hexane/EtOH



Table 1
Properties of selected N-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxamides

N

O

R'R"N

Me

O

Compound R0R0 0N hCB1 Kia (nM) hCB2 Kia (nM) hCB1 EC50
a,b (nM) hClintc (lL/min/mg) hERG IC50 (lM) Solubilityd (lM, pH 7.4)

2 46 2 112 (100%) nd nd 2
4 35 19 73 (112%) nd nd 0
AZ599 120 9 49 (120%) 52 3.1 >1030

15 N
N
H

O
7.1 nd 16.2 (113%) 73 >33 444

16 N
N
H

O
2.8 nd 2.9 (114%) 143 >33 224

17 N

H

N
H

O
1440 nd nd 47 >31 1

18
N
H

O

N 44.5 26.3 95.3 (121%) 37 >33 108

19
N
H

O

N 7.3 nd 6.2 (106%) 53 >33 36

20
N

O

N
H

655 nd nd nd >33 523

21 N
N
H

O
53.7 nd 78.9 (121%) 27 >33 1550

a Values are means of at least three measurements.
b Emax are reported in brackets.
c Metabolic stability performed in human liver microsomes in presence of NADPH using test compounds at 1 lM.
d Thermodynamic solubility measured in a pH 7.4 buffer using HPLC with UV detection for quantification; nd: not determined.
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followed by addition of tetrahydro-4H-pyran-4-one to give 4-[4-
(benzyloxy)phenyl]tetrahydro-2H-pyran-4-ol (8), which was re-
duced to 9 under acidic hydrogenation conditions.

4-(Tetrahydro-2H-pyran-4-yl)phenol was further reduced
under rhodium-catalyzed hydrogenation to 4-(tetrahydro-2H-pyr-
an-4-yl)cyclohexanol (10), which was oxidized to 11. 4-(Tetrahy-
dro-2H-pyran-4-yl)cyclohexanone was subjected to standard
Fischer indole synthesis condition with 4-hydrazinobenzoic acid
hydrochloride and followed by esterification to provide methyl
3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-
carboxylate (12). N-Methylation of 12 was done under basic condi-
tions to afford the desired product 13. Methyl 9-methyl-3-(tetrahy-
dro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxylate
was separated into its enantiomers (R)-13 and (S)-13, whose
configurations were established by vibrational circular dichroism
(VCD)32 and X-ray crystallography.

Synthesis of N-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-
tetrahydro-1H-carbazole-6-carboxamides (15–21) is outlined in
Scheme 2. Compound 13 was hydrolyzed under basic conditions
to 9-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-
carbazole-6-carboxylic acid 14, which was subjected to amide
coupling conditions using 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,
3-tetramethyluronium hexafluorophosphate (HATU) to afford the
desired amides 15–21. Compounds 18,19 and 21 were further
separated into their enantiomers (R)- & (S)-18, (R)- & (S)-19, and
(R)- & (S)-21.

Synthesis of (R)-N-methyl-3-(tetrahydro-2H-pyran-4-yl)-
2,3,4,9-tetrahydro-1H-carbazole-6-carboxamides (22–31) is
shown in Scheme 3. (R)-13 was hydrolyzed under basic conditions
to (R)-9-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-
1H-carbazole-6-carboxylic acid (R)-14, which was subjected to
amide coupling conditions to afford the desired amides 22–31.

During the efforts on the c-carbolines, it was found that the
incorporation of an amide moiety provided compounds with full
CB1 agonist potency completely devoid of affinity for the hERG
potassium channel.

When this SAR was applied to the tetrahydrocarbazole series,
similar effects were found on the CB1 potency33 and hERG activity.
As shown in Table 1, linear chain amide derivative 15 exhibits very
potent hCB1 binding affinity (hCB1 Ki = 7.1 nM) and excellent hCB1

agonist activity (hCB1 EC50 = 16.2 nM) while its hERG IC50 is over
33 lM. As compared to the N-methyl amide 15, the N-ethyl deriv-
ative 16 is even more potent with increased hCB1 EC50 by over
5-fold. In the case of glycine amides, N-ethyl derivative 19 displays
a 15-fold increase in hCB1 EC50 as compared to its N-methyl analog
18. On the other hand, compound 17 displays very poor hCB1 bind-
ing affinity, which indicates that the NH has detrimental effects on
CB1 potency.

Chirality plays an important role in CB1 potency. Selected com-
pounds are presented in Table 2. Racemic 21 was separated into its
faster eluting (R)-enantiomer and slower eluting (S)-enantiomer
by preparative chiral HPLC separation. The stereochemical assign-
ments were established by X-ray analyses. (S)-21 is much less ac-
tive (hCB1 Ki = 576 nM). The more potent (R)-enantiomer (R)-21
demonstrated good hCB1 full agonist activity with extremely low
hERG activity. Racemates 18 & 19 were also separated by chiral



Table 3
Properties of (R)-N-methyl-3-(tetrahydro-2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxamides

N

O

R'R"N

Me

O

Compound R0R0 0N hCB1 EC50
a,b (nM) hClintc (lL/min/mg) Cbr/pl hERG IC50 (lM) Caco-2d (10�6 cm/s) Solubilitye (lM, pH 7.4)

2 112 (100%) nd 2.3 nd nd 2
4 73 (112%) nd 0.29 nd nd 0
AZ599 49 (120%) 52 0.07 3.1 13 >1030

(R)-18
N
H

O

N 39.9 (116%) 30 0.024 >33 27 86

(R)-19
N
H

O

N 1.9 (106%) 36 0.09 nd 23 30

(R)-21 N
N
H

O
51.4 (116%) 26 0.02 >33 12 1120

22
N
H

O

NF 9.8 (107%) 33 0.068 nd nd 71

23 N
N
H

O

F 12.9 (108%) 50 0.02 nd nd 470

24 N
N
H

O
OH

30.7 (113%) 38 <0.02 >33 nd 760

25 N
N
H

OO
43.7 (116%) 29 0.019 >33 nd 1670

26
N

N
H

O

OH
F

61.4 (118%) 27 0.025 >33 0.11 1310

(continued on next page)

Table 2
Chirality effects on CB1 potency

N

O

R'R"N

Me

O

*

Compound R0R0 0N hCB1 Kia (nM) hCB2 Kia (nM) hCB1 EC50
a,b (nM) hClintc (lL/min/mg) hERG IC50 (lM) Solubilityd (lM, pH 7.4)

(R)-18
N
H

O

N 24.5 21.5 39.9 (116%) 30 >33 86

(S)-18 177 49.1 446 (111%) 38 >33 63

(R)-19
N
H

O

N 4.2 nd 1.9 (106%) 36 nd 30

(S)-19 17.3 nd 24.2 (106%) nd nd 49

(R)-21 N
N
H

O
29.3 15.5 51.4 (116%) 26 105 1123

(S)-21 576 nd nd 31 nd 1070

a Values are means of at least three measurements.
b Emax are reported in brackets.
c Metabolic stability performed in human liver microsomes in presence of NADPH using test compounds at 1 lM.
d Thermodynamic solubility measured in a pH 7.4 buffer using HPLC with UV detection for quantification; nd: not determined.
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Table 3 (continued)

Compound R0R0 0N hCB1 EC50
a,b (nM) hClintc (lL/min/mg) Cbr/pl hERG IC50 (lM) Caco-2d (10�6 cm/s) Solubilitye (lM, pH 7.4)

27
N

N
H

O

OH

78.7 (126%) 21 0.011 >33 0.21 1930

28
N

N
H

O

OH

101 (124%) 15 <0.02 >33 0.15 >3000

29 N
N
H

O
OH

173 (120%) 17 nd >33 nd 2490

30 N
N
H

OCN
70.6 (110%) 42 nd >33 nd 300

31 N
N
H

O

O 291 (104%) 36 nd >33 nd 1330

a Values are means of at least three measurements.
b Emax are reported in brackets.
c Metabolic stability performed in human liver microsomes in presence of NADPH using test compounds at 1 lM.
d Transwell assay: apparent permeability (apical to basolateral) across a Caco-2 cell monolayer measured under pH gradient pH 6.5–7.4 using test compound at 10 lM

applied on the apical side.
e Thermodynamic solubility measured in a pH 7.4 buffer using HPLC with UV detection for quantification; nd: not determined.

Table 4
Pharmacokinetic Parameters of (R)-21 in Sprague–Dawley Ratsa

Intravenous administration (2 lmol/kg)

t 1/2
b 2.4 h

VDss 0.3 L/kg
CL 2.8 mL/min/kg
Intravenous administration (9 lmol/kg)
Tmax 2.2 h
Cmax 6.3 lM
F (%) �100%

a Values represent the means only for n = 3.
b Terminal half-life.
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HPLC. In both cases, the (R)-enantiomers display better hCB1 ago-
nist activities (hCB1 EC50) by over 10-fold as compared to the cor-
responding (S)-enantiomers.

Once the stereospecificity of the compounds on hCB1 had been
determined, efforts were focused on enantiomerically pure (R)-iso-
mers. The selected compounds are presented in Table 3. Various
groups are tolerated on the linear amide moiety, including F,
MeO, CN, and hydroxyl. All the compounds tested exhibited full
hCB1 agonist properties with very low hERG binding affinity for
the compounds tested and low CNS distributions. However, be-
cause of its overall pharmacokinetics and solubility profiles, (R)-
21 was preferred over the other analogues to be tested in vivo.

The pharmacokinetic profile of (R)-21 after oral and intravenous
administration to Sprague–Dawley rats is shown in Table 4. Oral
bioavailability was excellent (�100%), indicating that pre-systemic
first-pass metabolism is limited and gut permeability is not limit-
ing. The small steady-state volume of distribution (0.3 L/kg) and
moderate terminal half-life (2.4 h) after iv administration were
likely due to the low systemic clearance (2.8 mL/min/kg). Com-
bined with high affinity for plasma protein (97.9% bound), the fact
that (R)-21 is a good P-glycoprotein (Pgp) substrate (efflux ratio of
31 in MDR1-MDCK cells) resulted in a low CNS distribution as
demonstrated by in vivo microdialysis studies.34 Following oral
administration of 9 lmol/kg, a Cmax of 6.3 lM was observed at
2 h post dose.

The metabolic stability of (R)-21 in rat and human liver micro-
somes was moderate (Clint: 61 and 26 lL/min/mg of microsomal
protein respectively). When considering the plasma protein bind-
ing in rat and binding to microsomal incubations (as calculated
by method published by Austin et al.35), the predicted clearance
(CL) was low (3.2 mL /min/kg) and in line with the observed
in vivo CL (2.8 mL/min/kg). Applying the same scaling method,
the predicted clearance in human would be approximately 2 mL/
min/kg, which is consistent with our expectation of an acceptable
bioavailability in man. The cytochrome P450 inhibitory potential of
(R)-21 was determined in human liver microsomes by use of the
major isoforms CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4,
in order to assess the potential likelihood of drug interactions.
Compound (R)-21 exhibited only moderate inhibition against
CYP2C9 (IC50 = 7 lM) and was inactive (>20 lM) against the other
isoforms.

Compound (R)-21 showed a dose dependant reversal of heat
hyperalgesia in vivo when tested subcutaneously in the rat Carra-
geenan inflammatory pain model at doses of 10, 30 and 100 lmol/
kg.36 These doses resulted in total plasma concentrations of 6.9, 9.1
and 50.7 lM, while none could be detected in the brain.37 These
observations further validate that peripherally restricted cannabi-
noid agonists can contribute to analgesia.

In summary, we have identified a new N-methyl-3-(tetrahydro-
2H-pyran-4-yl)-2,3,4,9-tetrahydro-1H-carbazole-6-carboxamide
series as potent mixed CB1/CB2 agonists with good physicochemi-
cal properties and low CNS penetration. Investigations into the
further development of these ligands are currently underway.
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