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Abstract—A novel series of sulfonamide derivatives 3, the CB, receptor agonists, was synthesized and evaluated for activity against
the human CB, receptor. We first identified sulfonamide 3a, which was obtained by random screening of our in-house chemical
library as a moderately active (CB, ICsq = 340 nM) CB, receptor agonist. We then attempted to test its analogues to identify com-
pounds with a high affinity for the CB, receptor. One of these, compound 3f, exhibited high affinity for the human CB, receptor
(ICsq = 16 nM) and high selectivity for CB, over CB; (CB; IC5,/CB,ICsq = 106), and behaved as a full CB, receptor agonist in

the [**S]GTPyS binding assay (CB, ECsp = 7.2 n1M, Epax = 100%).

© 2007 Elsevier Ltd. All rights reserved.

Cannabis sativa L. (marijuana) has been used for its
psychoactive and medicinal properties since times
immemorial, and delta’-tetrahydrocannabinol (delta’-
THC) was isolated as its major psychoactive compo-
nent in the 1960s.! THC and its analogues are classified
as cannabinoids, and possess numerous biological
properties, including analgesic, antiemetic, anti-inflam-
matory, anticonvulsive, and anticancer effects.? Signifi-
cant advances have been made in the understanding of
the manner in which cannabinoids interact with biolog-
ical systems, after the discovery of the CB; and CB,
receptors.>* The CB,; receptor is expressed primarily
in the CNS and activates the psychotropic effects of
marijuana. The CB, receptor is expressed in immune-
related tissues and cells, such as the spleen, tonsils,
and thymus, natural killer cells, T cells, and B cells.>”’
It has been suggested that the immunomodulatory effects
of the cannabinoid present in marijuana are mediated via
the CB, receptor. Recent studies have indicated that the
CB, receptor may be involved in the control of peripheral
pain,®’ inflammation,'® and cancer development.!' The
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receptor has also been suggested to have an antifibrogen-
ic role in the liver'? and to act as a regulator of microglial
cell migration in the brain.'>!* It is considered that the
development of a highly selective CB, receptor ligand is
important for an understanding of the physiological ef-
fects of cannabinoids, such as their immunosuppressive,
anti-inflammatory, and antinociceptive activities. How-
ever, there are a few compounds, such as aminopyrimi-
dil’le15 (GW842166X, CBZ EC50:50 nM, CB] EC50>
30,000 nM) and 3-carbonylindole'® (A-0796260, CB,
IC5o = 0.77 nM, CB; ICsy =330 nM), that are selective
for the CB, receptor (Fig. 1).

In this paper, we report the identification of novel, selec-
tive, and potent CB, receptor agonists. Sulfonamide 3a
was identified as one of the hits by our high-throughput
screening and showed moderate binding affinity for the
CB, receptor (ICsg = 340 nM). Compound 3a was found
to be an aéonist of the CB, receptor as confirmed by the
human [7S]GTPyS binding assay (ECsy,=110nM,
Eax = 110%). This compound has attractive attributes,
including a low molecular weight and various sites in the
molecule that render themselves to structural modifica-
tion for optimization. We, therefore, tried exploring its
analogues to identify compounds with a high affinity
for the CB, receptor.
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Figure 1. Structure of delta®-THC, CP-55940, GW842166X, A-
796260, and anandamide.

The synthetic chemistry for the preparation of 3a-g is
outlined in Scheme 1. Sulfonamides 3a-g were synthe-
sized from 2-aminothiazole (1), a commercially available
compound (Fluorochem Ltd). Compound 1 was treated
with aryl sulfonyl chlorides under basic conditions, fol-
lowed by treatment with alkyl halides in the presence of
sodium hydride, to obtain sulfonamides 3a—g (the proce-
dure for synthesis of compound 3f is described in detail
in the note).!”

Compound 3a, which was identified by our high-
throughput screening, exhibited moderate affinity for
the CB, receptor (ICso =340 nM) and no affinity for
the CB; receptor (ICsy> 50,000 nM). These findings
encouraged us to use sulfonamide 3a to seek a new type
of selective CB, receptor ligand (Table 1). First, we
modified the methyl group at the position-3 of the
thiazole ring to clarify the effects of substituents on the
CB, receptor activity. We designed 3b with an allyl

Table 1. Pharmacological profile of sulfonamide derivatives

R
N
N
S \

group based on the presence of the double bond of
anandamide,'® an endogenous ligand of the cannabinoid
receptor. Replacing the methyl group at 3a with an allyl
group markedly increased the binding affinity of the
compound for the CB, receptor (3a vs 3b), therefore,
we investigated its analogues (3c—e). Substitution with
bulky alkenyl groups, such as the prenyl group, resulted
in a lowering of the affinity for the CB, receptor as com-
pared with that of the straight-chain alkenyl compound
(3¢ vs 3b). Compound 3e (R = propargyl) exhibited
about threefold lower affinity for the CB, receptor than
compound 3b (R = allyl). The results of structural trans-
formations indicated that the most suitable group for
this site was a cyclopropylmethyl group (3d), which
was used as an alternative to the allyl group. Compound
3d demonstrated a significant increase, by about five-
fold, of the affinity for the CB, receptor over that of
3a. These findings suggest that the improved affinity
associated with the introduction of the allyl and cyclo-
propylmethyl groups may depend on the donor—accep-
tor interaction with the m electron between these
functional groups and the CB; receptor, and that the
sterically acceptable space on R for interaction with
the CB, receptor is narrow.

Next, modification focused on the phenyl group in 3d.
Substitution of the phenyl group of 3d with a 2-naphthyl
group (3g) decreased the affinity for the CB, receptor by
about sevenfold. However, replacement of the phenyl
group of 3d with a 1-naphthyl group (3f) resulted in a
significant increase in the affinity for the CB, receptor
(3f vs 3d). These results suggest that the conformation
of the aromatic ring is important to obtain a high affin-
ity for the CB, receptor. Furthermore, 3f exhibited a
high selectivity for the CB, receptor (CB; ICs5¢/CB,
IC5o = 106) and was found to be a full CB, receptor ago-
nist (CB2 EC50 =72 nM, E.x = 100%))

In this paper, we have reported the synthesis and SAR
of novel CB, receptor ligands. The SAR study showed
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Compound Ar R Binding affinity Agonist activity
1(25()2l (HM)

CB, CB, CB, ECso°® (nM) Enax” (%)
3a Ph Me 340 >50,000 110 110
3b Ph CH,-CH=CH, 75 — — —
3c Ph CH,-CH=CMe, 170 — — —
3d Ph CH,—(Cyclopropyl) 65 — — —
3e Ph CH,-CCH 210 — — —
3f 1-Nap CH,—(Cyclopropyl) 16 1700 7.2 100
3g 2-Nap CH,—(Cyclopropyl) 490 — — —
CP-55,940 Ref. 19 0.82 2.1 0.86 100

2 Evaluated on the basis of [PH]-CP-55,940 binding to membranes of Chinese hamster ovary (CHO) cells expressing the human CB, or CB; receptor.
® Evaluated by using a functional assay based on [>°S]JGTPyS binding to membranes of CHO cells expressing the human CB, receptor.
¢Compared to the maximal response to CP-55,940, a full agonist of the human CB, receptor.
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Scheme 1. Reagents and conditions: (a) ArSO,Cl, cat. DMAP, pyridine, rt; (b) RX, cat. Nal, NaH, DMF, rt.

that the functional group at position-3 of the thiazole
ring and the Ar group of sulfonamide greatly affected
the CB, receptor affinity. These studies led to compound
3f, which combines good potency with a high selectivity
for the CB, receptor. We believe that SAR studies will
provide new opportunities to explore newer CB, recep-
tor ligands with improved features.

Supplementary data
Supplementary data associated with this article can be

found, in the online version, at doi:10.1016/
7.bmcl.2007.07.005.
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