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Cannabinoid CB-1 receptors have been the focus of extensive studies since the first clinical results of
rimonabant (SR141716) for the treatment of obesity and obesity-related metabolic disorders were
reported in 2001. To further evaluate the properties of CB receptors, we have designed and efficiently pre-
pared a series of oxadiazole-diarylpyrazole 4-carboxamides. Six of the new compounds which displayed
high in vitro CB1 binding affinities were assayed for binding to CB2 receptor. Noticeably, 5-(4-bromophe-
nyl)-3-(5-tert-butyl-1,3,4-oxadiazol-2-yl)-1-(2,4-dichlorophenyl)-N-phenyl-1H-pyrazole-4-carboxamide
(12q) and 5-(4-bromophenyl)-3-(5-tert-butyl-1,3,4-oxadiazol-2-yl)-1-(2,4-dichlorophenyl)-N-(pyridin-
2-yl)-1H-pyrazole-4-carboxamide (12r) demonstrated good binding affinity and decent selectivity for
CB1 receptor (ICso = 1.35 nM, CB2/CB1 = 286 for 12q; ICso = 1.46 nM, CB2/CB1 = 256 for 12r).

© 2009 Elsevier Ltd. All rights reserved.

Recent development of obesity drugs reveals that it is possible
to control appetite and reduce weight by blocking cannabinoid
receptors in the brain, liver or muscle, via cannabinoid (CB1) recep-
tor antagonists or CB1 receptor inverse agonists.'? A cannabinoid
CB1 receptor antagonist is designed to block the effects of endoge-
nous cannabinoids. This type of drug is particularly interesting
since it not only causes weight loss but also reverses the metabolic
effects of obesity such as insulin resistance and hyperlipidemia.
The other cannabinoid receptor, CB2 is related to immune regula-
tion and neurodegeneration.* Therefore, the CB2/CB1 selectivity
should be taken into consideration for new drug development of
anti-obesity agent.

The first specific cannabinoid CB1 receptor antagonist, rimona-
bant was discovered in a high throughput screening program at
Sanofi-Synthélabo in 1994.5 Several CB1 receptor antagonists
including SR141716 (rimonabant), SLV319 (ibipinabant),® CP-
945,598 (otenabant) and MK-0364 (taranabant)’ have been re-
ported to be in various phase of clinical trials.®%?* A pharmaco-
phore model for the binding of a low energy conformation of
rimonabant in the CB1 receptor has been well-documented.®!°
The key receptor-ligand interaction is known to be a hydrogen
bond between the carbonyl group of rimonabant and the Lys192-
Asp366 residue of the CB1 receptor, thereby exerting a stabilizing
effect on the Lys192-Asp366 salt bridge as shown in Figure 1.!

To date, various analogs of rimonabant by replacing the key car-
bonyl group have been designed for the purpose of enhancing
binding affinity and selectivity for the CB1 receptor. We note that
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Figure 1. Rimonabant and its receptor-ligand interaction.

such approaches were already demonstrated successfully with
imidazole,'! tetrazole.'> Subsequently, we also discovered that
the oxadiazole!? scaffold has also been employed for this purpose,
even though there are clear differences evident between our previ-
ous works'* and these prior examples.

With our efforts to discover and develop a new medicine for the
treatment of obesity, we have recently reported the diarylpyrazolyl
oxadiazole derivatives as potent, selective, orally bioavailable can-
nabinoid-1 receptor antagonists for the treatment of obesity.'
Therein, we demonstrated that incorporation of a 1,2,4-triazole
ring onto the C-4 region of pyrazole scaffold via a methylene linker
improved in vitro binding affinity, in turn leading to excellent
in vivo efficacy on animal model.'> We envisioned that the polar
amide groups in the C-4 region of pyrazole scaffold can be accom-
modated based on the observation that this region is capable of
embracing substituents of varying functionality, size, and polarity.
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Scheme 1. Reagents and conditions: (a) NBS, AIBN, CCl,, reflux, 55% (b) AgNOs,
acetone-H-0, rt, 96%; (c) TIPSCI, imidazole, DMF, rt; (d) NH,NH,, EtOH, 90 °C, 97%
(2 steps); (e) R'CO,H, EDC, HOBt, DMF, rt, 71%; (f) (i) Burgess reagent, THF, reflux,
76%; (ii) TBAF, THF, rt, 95%; (g) (i) Dess-Martin periodinane, CH,Cl,, rt, 78%; (ii)
NaClO,, KH,PO4, 2-methylbut-2-ene, t-BuOH-H,O0, rt, 95%.
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Scheme 2. Reagents and conditions: (a) NBS, AIBN, CCly, reflux, 78%; (b) (i) NaOAc,
THF-H,0, rt, 63%; (ii) LiOH, THF-H,O, rt, 95%; (c) (i) Dess-Martin periodinane,
CH,Cly, 1t, 78%; (ii) NaClO,, KH,PO,4, 2-methylbut-2-ene, t-BuOH-H,0, rt, 95%.
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Herein, we wish to describe the chemical synthesis, biological
evaluation of oxadiazole-diarylpyrazole 4-carboxamide analogs
as our additional research efforts toward discovery of a promising
antiobesity agent.

Synthesis of oxadiazole-biarylpyrazoles commenced with the
generic carboxylate 1.1° he carboxylate 1 was converted to the bro-
mide 2 using NBS in the presence of a catalytic amount of AIBN,?
and this intermediate was then treated with silver nitrate in aque-
ous acetone!” to afford the corresponding alcohol 3. Subsequently,
alcohol 3 was protected with TIPSCI (triisopropylsilyl chloride) in
the presence of a suitable base such as imidazole to provide 4.
Treatment of the ester 4 with hydrazine efficiently gave rise to
hydrazide 5 which was used to couple with an acid in the presence
of appropriate coupling reagents such as EDC and HOBt to provide
acyl hydrazide 6. Cyclization was then performed using the Bur-
gess reagent'® under heating conditions, and subsequent TIPS
deprotection with TBAF was conducted to afford alcohol 7. Oxida-
tion of the alcohol 7 to the corresponding aldehyde was achieved
through the use of Dess-Martin periodinane.'® Aldehyde was fur-
ther oxidized to acid 8 by use of sodium chlorite and monobasic
potassium phosphate in aqueous t-BuOH as shown in Scheme 1.4

Alternatively, acid 8 can be prepared by benzylic bromination-
type reaction on pyrazole 9 as illustrated in Scheme 2.24 The
alcohol functionality was then introduced by treating bromide 10
with sodium acetate, followed by basic hydrolysis of the resulting
acetate. Subsequent two-step oxidation of alcohol 7 to acid 8 was
conducted in the same way as described previously.'4?

With requisite acid 8 in hand, the preparation of various amides
was conducted as shown in Scheme 3. The first approach toward
12 using coupling reagents such as EDC, HOBt in the suitable base
was unable to effect the requisite coupling reaction in a satisfac-
tory manner. Subsequently, we found out that the two-step se-
quence via acyl chloride 11 proved to be more efficient in
producing amides 12 in reasonable yields.

The target analogs were evaluated in vitro at a rat CB1 binding
assay,2?? and the results are shown in Table 1.2°> Unsubstituted
carboxamide 12a had modest in vitro activity for rat CB1 receptor
(ICsp = 23.8 nM). As the size of the carbon chain on carboxamide in-
creases, increase in the binding affinity for rat CB1 receptor is ob-
served up to C-3 chain. Thus, N-methyl 12b, N-ethyl 12¢, and N-
propyl 12d showed rat binding affinity for CB1 receptor
ICso=18.3, 12.7, 5.72 nM, respectively. The binding affinity for
CB1 was decreased when the alkyl chain became more prolongated
(12g, ICso = 17.8 nM).

Preferable in vitro binding affinity displayed for the carbocycle
(N-cyclopropyl, 12f, ICso = 3.27 nM) than straight chain (N-propyl,
12d, 1Cso=5.72nM) or branched chain (N-isopropyl, 12e,
ICso =9.31 nM) if the same number of carbons are counted. As
the size of carbocycle increases, the binding affinity for CB1 recep-
tor decreases. For example, N-cyclopentyl, 12h showed the slightly
weaker binding affinity for CB1 receptor (ICso = 7.25 nM), whereas
N-cyclopropyl, 12f showed the superior binding affinity for CB1
receptor (ICsg = 3.27 nM). N,N-disubstitution on carboxamide such
as N,N-dimethyl 12m, N-ethyl-N-methyl 12n appeared to be toler-
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Scheme 3. Reagents and conditions: (a) oxalyl chloride, cat. DMF, CH,Cl,, rt (b) NHR?R3, THF, rt, 60-70% (2 steps).
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Table 1
Binding affinity of 4-carboxamide diarylpyrazoles to rCB1 receptor®

R! R? Compound rCB1 ICs°
Rimonabant 5.0+1.0°
H H 12a 23.8

Me H 12b 183

Et H 12¢ 12.7
n-Propyl H 12d 5.72
i-Propyl H 12e 9.31
c-Propyl H 12f 3.27
n-Butyl H 12g 17.8
c-Pentyl H 12h 7.25
N-Piperidinyl H 12i 17.2

Ph H 12 1.66
2-Pyridinyl H 12k 1.47
CH,(CO)CH5 H 121 3.51

Me Me 12m 13.4

Et Me 12n 11.5

Et Et 120 62.1
CH,CH;  TH,CH, 12p 934

2 CB1 receptor was collected from brain tissue of SD rat.

b These data were obtained by single determinations.

¢ The CB1R binding affinity for rimonabant has showed a certain number in the
close range (ICso = 5.0 £ 1.0 nM) in each different assay (>1500 compounds tested).

ated for the replacement to a degree, but as the size of substituted
chains become bigger (120, 12p), none appeared more potent than
the monosubstituted carboxamide (12c). As shown in N-(2-oxo-
propyl)-1H-pyrazole-4-carboxamide 12l, polar carbonyl group ap-
pears to be tolerated, indicating that there might be some SAR
potential for other carbocycles. Among the various rings, or chains
tested on carboxamide, the best result was obtained when nitrogen
on carboxamide has simple phenyl (12j) or 2-pyridinyl (12Kk). They
showed excellent binding affinity for rat CB1R (ICsg = 1.66 nM for
12j, 1.47 nM for 12k, respectively).

Table 2
Binding affinity of 4-carboxamide diarylpyrazoles to rCB1 and hCB2 receptors*®
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In order to improve the binding affinity levels for the CB1 recep-
tor, a structural replacement of 4-chlorophenyl moiety to 4-
bromophenyl was undertaken.

In addition, the surrogate effect of the cyclopropyl group for a
gem-dimethyl group was also studied. A structurally related series
of oxadiazole-diarylpyrazole 4-carboxamide derivatives was pre-
pared in an analogous fashion previously described. The binding
affinity data of these oxadiazole-diarylpyrazole 4-carboxamide
analogs are shown in Table 2. The interesting compounds were fur-
ther evaluated with observation of the CB2 receptor binding affin-
ity. The ICsq values were measured for the recombinant human CB2
receptor expressed in CHO cells and employing [3H]WIN-55,212-2
as a radio-ligand.?! Replacement of 5-(4-chlorophenyl) 12j
(ICs0=1.66 nM) with 5-(4-bromophenyl) 12q (ICs0=1.35nM)
slightly improved CB1 receptor binding affinity. However, this phe-
nomenon is not clearly demonstrated by replacement of 12k
(ICsp = 1.47 nM) with 12r (ICsg = 1.46 nM). Regarding the CB2/CB1
selectivity, there appeared to deteriorate as chlorines were
switched to the corresponding bromides, as exemplified by two
pairs of compounds involving 12j (CB2/CB1 selectivity = 445) to
12q(CB2/CB1 selectivity = 286) and 12k(CB2/CB1 selectivity = 433)
to 12r (CB2/CB1 selectivity = 256). As far as the CB2 receptor activ-
ity is concerned, the best result was obtained when R? is substi-
tuted with bulky (4-chlorophenyl)cyclopropyl (12s, ICs5¢ =>10 pM
for CB2R), indicating the importance of massive groups for the re-
gion for improvement of the CB2/CB1 selectivity.?®

In conclusion, we investigated a series of oxadiazole-diarylpy-
razole 4-carboxamide derivatives for their binding affinity for can-
nabinoid CB1 and CB2 receptors. We have identified a novel series
of small molecule cannabinoid CB1 ligands that shows binding
affinity superior to that of known CB1 antagonists. Several com-
pounds in this series exhibited potent CB1 receptor binding affini-
ties, validating the hypothesis that the polar amide groups in the C-
4 region of pyrazole scaffold can be accommodated. Importantly,
these analogs also display good selectivity for CB1R over CB2R.
Additional PK and in vivo efficacy studies in addition to further
SAR studies of the oxadiazole-diarylpyrazole 4-carboxamide deriv-
atives will be the subject of future investigations.
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