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The discovery of novel CB2 ligands based on the 3-carbamoyl-2-pyridone derivatives by adjusting the
size of side chain at 1-, 5- and 6-position is reported. The structure–activity relationship around this tem-
plate lead to the identification of S-777469 as a selective CB2 receptor agonist, which exhibited the sig-
nificant inhibition of scratching induced by Compound 48/80 at 1.0 mg/kg po and 10 mg/kg po (55% and
61%, respectively).
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CB1 is mainly expressed in neurons in the brain1,2 and is
responsible for most the psychoactive properties of cannabinoids.
CB2 is abundant in splenocytes and leukocytes3 and is responsible
for many of the immunomodulatory and anti-inflammatory effects
of cannabinoids.4 Because of the predominant peripheral distribu-
tion of the CB2 receptor, CB2 selective agonists are very attractive
therapeutic agents without CB1 mediated psychoactive effects.

Recently, various chemical scaffolds having high affinity and
selectivity for CB2 receptor have been reported. Preclinical data
support the effects of these cannabinoids in a wide range of pain
models, including neuropathic pain and chronic pain. In spite of
the high CB2 selectivity, most of these compounds exhibit CB1
mediated side effects at higher doses. For example, CB2 selective
ligand A-836339 (Abbott) possesses high hCB2 affinity (0.64 nM)
with 425-fold selectivity against hCB15 and does not display signif-
icant affinity at other GPCRs and ion channels. However, at high
doses, A-836339 displayed brain CB1 mediated decrease of sponta-
neous motor activity.6

Cannabinoid ligands often have highly lipophilic structures that
facilitate passage through the blood–brain barrier (BBB). One way
to limit CNS exposure is to add polar functional groups such as car-
boxylic acid. Ajulemic acid, CB1/CB2 dual agonist, exhibits analge-
sic and anti-inflammatory activity.7–9 However, some CNS side
effects were displayed. This compound may pass through the
BBB and activate the central CB1 receptor.10 These findings indicate
ll rights reserved.
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the need to discover a safer CB agonist having high CB2 selectivity
and CNS exposure restriction.

Recently, we reported on CB receptor agonists having carboxylic
acid at the 3-position in the 3-carbamoyl-2-pyridone system
(Fig. 1). Among these compounds, compound 1 exhibited CB2
selectivity (Ki (hCB1): 793 nM, Ki (hCB2): 6.2 nM). However, in
spite of good selectivity for CB2 (>130) and the presence of carbox-
ylic acid which could limit BBB penetration, compound 1 displayed
CNS side effects in our psychoactive test (PS = 0.7).11 It seemed that
the high lipophilicity of compound 1 facilitated passage through
the BBB and could induce CNS side effects by activating CB1 recep-
tors. Therefore, we directed our attention to reducing the lipophil-
icity by using C logP as an index to design an analogue of
compound 1 which would not show any CNS side effects.

The syntheses and structures of the compounds in this Letter
were presented in Scheme 1 and Table 1. As a general synthetic
scheme, amines were reacted with various ketones in refluxing tol-
uene to give the corresponding imines in situ, then diethyl
ethoxymethylene malonate was reacted with refluxing to give
3-carbamoyl-2-pyridones 1a–16a (24–98%).12 Hydrolysis of com-
pound 1a–16a afforded the core compound 1b–16b (47–98%).
Carboxylic acid 1b–16b were converted to acid chloride then con-
densed with the appropriate amino acid methyl esters to give com-
pound 1c–16c (66–97%). Compound 1–16 were obtained by
alkaline hydrolysis of the corresponding esters (75–98%).

First, we investigated various Z groups to reduce C logP. We uti-
lized various a-amino acids in the pyridone ring-constructing step
to introduce various Z groups (1–6). The binding affinities of these
compounds with different Z groups are summarized in Table 2.
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Figure 1. Structures of the lead compound 1.

a, b

NO
R1

O

NO

N
H

O
Z

R1

1c–16c: Y = OMe

1–16: Y = OH

Y

O
X

O

d

e
1a–16a: X = OEt

1b–16b: X = OH
c

R1 NH2
R2 R3

R2

R3

R2

R3

Scheme 1. Reagents and conditions : (a) toluene, reflux. (b) diethyl ethoxymethylene malonate, toluene, reflux. (c) aq NaOH, THF. (d) oxalyl chloride, cat. DMF, THF followed
by amino acid methyl ester, Et3N. (e) aq NaOH, THF.
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Unsubstituted methylene derivative 2 showed decreased affin-
ities for CB receptors, especially for the CB2 receptor, compared
with compound 1. Substitution with small alkyl groups such as
the gem-dimethyl group did not improve the affinities. Among
the spiro-derivatives, cyclohexylidene analogue 5 had high affini-
ties as compound 1. Cyclohexyl substituted congener 6 resulted
in reduction of affinities. These results suggest that a spiro-frame-
work and an appropriate ring size are crucial for the affinities for
CB receptors. In our psychoactive test, compound 5 did not show
CNS side effects (PS = 0).11 Judging from the C logP value, com-
pound 5 had still high lipophilicity (C logP = 6.20), so we next ex-
plored the possibility of further reducing the lipophilicity by
modification of other moieties.

To reduce the lipophilicity, less lipophilic R1 groups were intro-
duced. The binding affinities of the compounds having several side
chains at the 1-position of pyridone skeleton are summarized in
Table 3.

The compound substituted with n-butyl: 7 exhibited moderate
affinity and strong IC50 value for CB2 receptor. Interestingly, the
affinity for CB1 receptor was drastically reduced in comparison
with 5. However, the introduction of methoxyethyl moiety: 8 led
to marked reduction in affinities for CB2 receptor compared with
7. As another approach to reduce the lipophilicity, introduction of
a polar group such as tetrahydrofuranyl methyl: 9 and N-ethyl pyr-
rolidinyl methyl: 10 led to marked reduction in affinities for CB
receptors. In the case of a compound having a benzyl group with
slightly reduced C logP, introduction of p-fluorobenzyl: 11 led to
moderate affinities for CB receptors compared with 5. In contrast,
p-cyano derivative 12 led to low affinities for CB receptors. From
these data, the 1-position of the pyridone skeleton was restricted
at the lipophilic site and did not tolerate the polar groups. However,
these results suggest that reduction of lipophilicity at the 1-position
contributes to improve the selectivity for CB2 against CB1.

To optimize the 5- and 6-substituents of the pyridone skeleton,
we directed our attention toward opening the 8-membered ring to
reduce lipophilicity. The CB receptors affinities of those com-
pounds (13–16) are shown in Table 4.
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Figure 2. Evalution of 15 with the pruritic model of the ICR mice. Compound 15
was dosed after injection of Compound 48/80 as a pruritogen. n = 9–11 per group.
Data are expressed as a mean percentage of vehicle ± SEM and the results of two
experiments. ⁄P <0.05 versus vehicle by Welch test.

Table 1 (continued)

Compd Z R1 R2 R3
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Table 3
C logP and CB receptor affinities of compound 7–12

Compd C logPa Ki
b (hCB1)

(nM)
Ki

b (hCB2)
(nM)

IC50
c (nM)CB1

(cAMP)
IC50

c (nM) CB2
(cAMP)

5 6.20 181 6.7 76 7.0
7 5.14 >5000 56 >2000 7.0
8 3.77 >5000 294 — —
9 3.99 >5000 247 — —
10 2.61 — 2114 — —
11 5.46 266 16 514 9.0
12 4.75 3952 144 — —

a Calculated by ChemDraw Ultra 9.0.7.
b See Ref. 13 for assay protocol.
c See Ref. 14 for assay protocol.

Table 2
C logP and CB receptor affinities of compound 1–6

Compd C logP
a

Ki
b (hCB1)

(nM)
Ki

b (hCB2)
(nM)

IC50
c (nM) CB1

(cAMP)
IC50 (nM)c CB2
(cAMP)

1 7.32 793 6.2 468 1.0
2 4.27 1056 177 — —
3 4.89 1354 349 — —
4 5.64 258 56 113 14
5 6.20 181 6.7 76 7.0
6 6.70 3062 111 >2000 51

a Calculated by ChemDraw Ultra 9.0.7.
b See Ref. 13 for assay protocol.
c See Ref. 14 for assay protocol.

Table 4
C logP and CB receptor affinities of compound 13–16

Compd C logPa Ki
b (hCB1)

(nM)
Ki

b (hCB2)
(nM)

IC50
c (nM) CB1

(cAMP)
IC50

c (nM) CB2
(cAMP)

13 3.92 — 348 — —
14 4.98 >5000 382 — —
15 4.25 4607 36 >2000 24
16 5.304 >5000 263 — —

a Calculated by ChemDraw Ultra 9.0.7.
b See Ref. 13 for assay protocol.
c See Ref. 14 for assay protocol.
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The n-butyl (13 and 14) or p-fluorobenzyl (15 and 16) group
was selected as the R1 substituent due to their favorable CB2 affin-
ity and the selectivity against CB1 receptor for optimization. For
analogues with the n-butyl group at the 1-position, ring opening
resulted in loss of affinities for CB receptors (13 and 14). However,
when the p-fluorobenzyl group was used as R1, compound 15
exhibited moderate potency for CB2 receptor and excellent selec-
tivity (>120). In addition, C logP of compound 15 was dramatically
reduced to 4.25. The reduction of lipophilicity might avert the
undesired CNS side effects (PS = 0). Introducing the longer alkyl
chain 16 led to decreased affinities for CB receptors.

The selected compound 15 was further evaluated with the
in vivo animal model.15 The inhibition of scratching induced by
Compound 48/80 is shown in Figure 2. In this test, compound 15
was compared with Fexophenadine, which is a type of antihista-
mine. Fexophenadine was mild inhibition of scratching at 30 mg/
kg (39%). On the other hand, compound 15 revealed significant
inhibitions when dosed at 1.0 mg/kg (46%), 3.0 mg/kg (48%) and
10 mg/kg (59%).

The data indicated that CB2 selective agonists had the antipru-
ritic effect. The pharmacokinetic properties of 15 were evaluated in
several species (Table 5). Compound 15 had moderate clearance
and absorption across species.

In summary, we discovered novel CB2 receptor agonists con-
taining a 3-carbamoyl-2-pyridone system with carboxylic acid at
the 3-position. Among them, we selected compound 15 (S-
777469) as a CB2 selective agonist for development. This com-
pound is considered to be a promising candidate for an orally ac-
tive antipruritic.
Table 5
Pharmacokinetic Properties of 15

Species Clearance (mL/min/kg)a t1/2
b (h) Vdss

c (L/Kg) BAd (%)

Rat 11.3 6.20 1.90 37.9
Dogc 6.00 12.8 1.23 18.7
Monkeyd 13.6 7.43 0.87 9.01

a iv dose at 3.0 mg/kg.
b Oral dose at 10 mg/kg.
c Beagle dog.
d Cynomolgus monkey.
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