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Abstract—C-3 Amido-indoles were found to selectively bind to the CB2 receptor. SAR studies led to optimized compounds with
excellent in vivo potency against LPS induced TNF-a release in murine models of cytokine production. # 2002 Elsevier Science
Ltd. All rights reserved.

The discovery of the human peripheral cannabinoid
(CB2) receptor,1 has focused a significant amount of
research effort on the development of CB2 selective
ligands.2 The CB2 receptor, a member of the GPCR
superfamily, is expressed in cells of the immune system,3

whereas the CB1 receptor is predominantly in the cen-
tral nervous system.4 While the endogenous role of the
CB2 receptor has yet to be identified, CB2 selective
agonists are considered to be useful for the treatment of
inflammatory disorders such as rheumatoid arthritis
(RA), asthma, and chronic obstructive pulmonary dis-
ease (COPD) while being devoid of psychotropic effects
associated with CB1 agonism.5 The objective of our
study was to prepare an orally active CB2 selective
agonist.

Initiation of our efforts to find CB2 selective agonists
started with a survey of known CB2 ligands.6 The
structurally dissimilar WIN-55212–2 (1)6b and the
Japan Tobacco cinnamides7 (2 and 3) served as refer-
ence compounds in our efforts (Fig. 1, Table 1). From
our initial studies we discovered that indoles such as 4,
having novel C-3 amide substitution, are moderately
potent CB2 ligands (4, CB2 Ki 250 nM).8 Additionally,
incorporation of a C-7 methoxy9 gave 5a, which had a
CB2 Ki of 8 nM and was 500-fold selective for the CB2

receptor. It had been previously reported that CB2 ago-
nists inhibit activation of nuclear factor-kappa B (NFkB)
induced by lipopolysaccharide (LPS).10 Since NFkB is
required for TNF production,11 we chose to utilize the
LPS activation of human PBMC’s as our secondary
assay.12 Compound 5a was shown to inhibit LPS sti-
mulated TNF-a production with an IC50 of 12 mM.13

Chiral discrimination was observed with these systems
since the enantiomer of 5a had minimal CB2 affinity.
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Figure 1. Development of the C-3 amido-indole CB2 ligands.
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Preliminary metabolic stability studies with 5a demon-
strated that the ester moiety was susceptible to micro-
somal hydrolysis and therefore, our initial focus
centered on finding a suitable replacement via pre-
cedented ester isosteres and 5-membered heterocycles.
Additionally, high throughput synthesis was used to
explore alternative C-3 amide substituents.

Starting with 2-methyl-7-methoxy indole 6 (Scheme 1),14

conversion to 7 was carried out using a mild, 2 step
acylation protocol developed in our laboratories.15

Alkylation at N-1 with chloroethylmorpholine hydro-
chloride gave 8, which was saponified and converted to
the acid chloride to give 9 as a stable salt. Exposure of 9
to a variety of amines16 generated the C-3 amide analo-
gues 5 or 10.

The results of these efforts, outlined in Table 2, demon-
strate that there is limited substitution tolerability at C-3
apart from ester substituents (10b–d). Ketones 5h and
5i, oxime 5j, and isoxazole 5m were the few non-esters
that achieved binding affinities under 200 nM. Fenchyl
amide 10a and the enantiomer (ent-10a) were the first
non-ester replacements at C-3 with appreciable affinity
to CB2.17 The (S)-fenchyl analogue 10a was selective
(CB1 Ki 10 mM) and showed moderate functional cell
activity (LPS-TNF IC50 33 mM). The tetrasubstituted
cyclohexylamine 10e had comparable affinity to 10a. In
addition, approximately 25 anilines of varied substitu-
tion patterns were coupled to 9. Compounds of this

class failed to demonstrate appreciable CB2 affinity or
functional activity. A comparison of the dose related
inhibition of LPS stimulated TNF-a production for 5a,
10a, and WIN-55212 (1) is shown in Figure 2.

Having identified a non-ester lead (i.e., 10a), the SAR at
N-1 was investigated. In an effort to maximize synthetic
throughput, we undertook an approach that would
allow for incorporation of the SAR variant in the last
synthetic step. To this end, 2-methyl-7-methoxy indole-
3-carboxylic acid 1118 was coupled with (S)-fenchyl
amine followed by chemoselective alkylation at N-1
with an alkyl halide and NaH (Scheme 2).

Representative compounds are listed in Table 3 with
their CB2 Ki. Improvement in CB2 binding affinity
relative to 10a was limited to 13, however, this com-

Table 1. CB2 and CB1 binding constants for compounds 1–5

Compd Ki (nM) CB1/CB2 LPS-TNF

CB2 CB1 IC50 (mM)

1 4 40 10 8
2 120 5700 48 —
3 86 51%a — —
4 250 —b — —
5a 8 4000 500 12

a% Inhibition at 1mM.
bNot tested.

Table 2. SAR of C-3 amide substitution

Compd R CB2 Ki (nM)

5a CO2CH3 8
5b CH3 263
5c CH2CH3 18%a

5d CN 18%
5e CH2OCH3 6%
5f CONHCH3 294
5g CON(CH3)2 29%
5h COCH3 8
5i COCH2CH3 24
5j C(NOCH3)CH3 184
5k 3-Pyrazole 7%
5l 3-Isoxazole 235
5m 5-Isoxazoleb 169
10a (S)-fenchyl 30
Ent-10a (R)-fenchyl 41
10b l-3-Chlorophenylalanine-OMe 31
10c 3-(4-Thiazolyl)-l-alanine-OMe 20
10d 3-(2-Thienyl)-l-alanine-OMe 12
10e 2,2,5,5-Tetramethylcyclohexyl 38
10f 2,2-Dimethylcyclopentyl 205

aPercent values indicate % inhibition at 100 nM ligand concentration.
bRacemic.

Figure 2. In vitro inhibition of LPS induced TNF-a with 5a and 10a.

Scheme 1. (a) ClCOCCl3, collidine, MeCN; KOH, MeOH; (b) NaH,
2-chloroethyl morpholine.HCl, DMF; (c) 3 N aq NaOH, MeOH then
SOCl2, DCE; (d) RNH2, TEA, DCE.

Scheme 2. (a) S-fenchylamine, EDC/HOBt/DCM; (b) RBr or RCl,
NaH/DMF, 0–80 �C.
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pound failed to demonstrate significant functional
activity (ca. 20% inhibition at 20 mM). Analogues 15
and 16 showed relatively good CB2 affinity but with no
obvious advantage over 10a.

In light of the limited improvements obtained from the
N-1 substitution studies, focus shifted to C-2 and the
phenyl ring of the indole core (Table 4). Replacement of
the C-2 methyl with hydrogen generated 19a with com-
parable CB2 binding affinity to 10a and a 3-fold
increase in functional cell potency (LPS-TNF IC50

13 mM). This represented the first non-ester compound
with comparable functional activity to the original lead
5a. Compounds 19b–d also maintained good CB2 affi-
nity with this modification. Increasing the size of the
C-2 substituent (20a and b) had a deleterious effect on
binding and they were not pursued further.

Aryl ring substitution was next investigated. C-4 (21a–c)
and C-6 (21g–h) and substitutions generally were not
tolerated. C-5 modifications were limited to fluoro (21f)
while maintaining the CB2 affinity observed with 19a.

Having a potent non-ester CB2 ligand (i.e., 19a) in
hand, we chose the murine model of LPS induced TNF-a
production19 to evaluate the in vivo efficacy of this

compound. Amide 19a displayed a dose dependant
inhibition of TNF-a production with an ED50 of 5 mg/
kg when administered intraveneously (Fig. 3).20 When
administered orally, however, TNF-a inhibition was
not observed up to a dose of 50 mg/kg. Preliminary
metabolism studies indicated that de-alkylation at N-1
contributed to the poor oral efficacy. Additionally,
diminished receptor subtype selectivity was observed
(CB1 Ki 380 nM).

The results described herein represent our initial efforts
toward the development of novel C-3 amido-indole
derived CB2 receptor modulators. We have demon-
strated that these compounds bind to the CB2 receptor
and inhibit pro-inflammatory responses in a murine
model of acute inflammation. Further studies addres-
sing efforts to increase oral bioavailability will be
reported in the near future.
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