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Abstract—Piperidine, pyrrolidine, and azetidine sulfonamides were examined as linkers in designing novel human b3 adrenergic
receptor (b3-AR) agonists. The azetidine derivative 37, and piperidine derivatives 7, 8, and 13 were found to be potent b3-AR
agonists and have good selectivity against b1- and b2-AR.
# 2003 Elsevier Science Ltd. All rights reserved.
Selective beta-3 adrenergic receptor (b3-AR) agonists
have been shown in rodent models to be effective agents
for treating obesity and type II diabetes.1 The selectivity
of such agents minimizes the adverse side effects,
namely, increased heart rate and muscle tremor, asso-
ciated with b1-AR and b2-AR agonistic activities
respectively. These promising results have prompted
intensive research to discover b3-AR agonists for ther-
apeutic use in humans.2 Despite the immense efforts of
the last two decades, no b3-AR agonists have been suc-
cessfully developed to date. Several early drug candi-
dates, identified based on the rodent b3-AR, failed in
human clinical trials.1a The advent of cloning of the
human b3-AR in 1989,3 which was found to have dif-
ferent pharmacology from the rodent receptor,4 spurred
renewed interest to develop selective human b3-AR ago-
nists as anti-obesity and anti-diabetes agents. Some of
these investigations have produced b3-AR agonists that
show promise in primate as well as human studies.2a,2b,5

The potential use of b3-AR agonists for treating urinary
incontinence has also been reported recently.6 In our
continuing research to develop b3-AR agonists for ther-
apeutic use, we have discovered potent and selective
human b3-AR agonists containing cyclic amine sulfona-
mides as linkers. The design and synthesis, as well as
some preliminary structure–activity relationship of these
compounds will be described in this communication.
Most b3-AR agonists reported in the literature pos-
sess the general structure 1 (Fig. 1), in which an
aryloxy-propanolamine (R1=aryloxymethyl) or aryl-
ethanol-amine (R1=aryl) pharmacophore is attached
to a substituted aryl group through an ethylene
chain. In search of novel linkers to replace the eth-
ylene chain, we investigated the cyclic amine sulfona-
mide derivatives 2, 3, and 4 as shown in Figure 1.
The three sulfonamide linkers were designed to pro-
vide varying degree of spacing and conformational
constraint, as well as additional hydrogen bonding
capability in these molecules that we were interested
in exploring.

Piperidine sulfonamide derivatives 2 were prepared by a
convergent synthesis outlined in Scheme 1. 4-Piperidone
hydrate was sulfonylated with an arylsulfonyl chloride7

to give the sulfonamide 5 which underwent reductive
amination with amines 6 to yield final products, 7–20.8

The requisite aryloxypropanol-amines 6a–c, and aryl-
ethanolamine 6d (Fig. 2) were prepared according to
procedures reported in the literature.9 Two examples of
pyrrolidine sulfonamide 3 were synthesized as illu-
strated in Scheme 2. Racemic 3-pyrrolidinol was sulfo-
nylated with 4-butoxybenzene-sulfonyl chloride to give
compound 21, which was converted to the benzylamine
derivative 23 through amination of the mesylate 22.
Alkylation of the common intermediate 23 with the
iodo compound 249d or the epoxide 25,9b followed by
hydrogenolysis, gave the corresponding products 26
and 27.8
0960-894X/03/$ - see front matter # 2003 Elsevier Science Ltd. All rights reserved.
doi:10.1016/S0960-894X(03)00387-1
Bioorganic & Medicinal Chemistry Letters 13 (2003) 2191–2194
*Corresponding author. Fax: +1-845-602-5561; e-mail: sums@wyeth.
com

http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.sciencedirect.com
mailto:sums@wyeth.com
mailto:sums@wyeth.com


An azetidine sulfonamide incorporating the aryletha-
nolamine 6d was prepared according to Scheme 3.
Commercially available 1-(diphenylmethyl)-3-hydroxy-
azetidine was oxidized to the azetidinone 28 under
modified Swern oxidation conditions.10 Removal of the
diphenylmethyl group and protection of the amino
function of 28 were accomplished in one step by treat-
ment with 1-chloromethyl chloroformate,11 yielding inter-
mediate 29. Reductive amination with arylethanolamine
30, followed by methanolysis gave azetidine 31, which was
sufonylated with 4-butoxysulfonyl chloride, and then
hydrogenolyzed to give product 32.8 An alternative syn-
thetic route (Scheme 4) was employed to prepare azetidine
sulfonamides containing the aryloxypropanol-amines 6a
and 6b. Azetidinol 33, obtained by hydrogenolysis of
1-(diphenylmethyl)-3-hydroxyazetidine, was sulfonylated
with the appropriate arylsulfonyl chloride to give 34. Dis-
placement of the sulfonate group with benzylamine led to
intermediate 35. Ring opening reaction with epoxides 25,
and 36,9 and subsequent removal of the benzyl group yiel-
ded products 37–38, respectively.8

The b3-AR agonistic activity of all the cyclic amine sul-
fonamide final products described in this report were
measured using Chinese hamster ovary (CHO) cells
expressing the cloned human b3-AR.12 Selectivity
against cloned human b1- and b2-ARs13 was also deter-
mined for selected compounds. Results of these studies
are summarized in Tables 1 and 2.
Figure 1.
Scheme 1. (a) Et3N, CH2Cl2; (b) 6, CH(OMe)3, MeOH; (c) NaBH-
(OAc)3, 1,2-dichloroethane.
Figure 2.
Scheme 2. (a) Et3N, CH2Cl2; (b) CH3SO2Cl, Et3N, CH2Cl2; (c)
BnNH2, THF, reflux; (d) 24, i-Pr2NEt, DMPU, 100 �C; (e) 25, MeOH,
reflux; (f) 10% Pd/C, ammonium formate, MeOH, reflux.
Scheme 3. (a) Phenyl dichlorophosphate, DMSO, Et3N, CH2Cl2; (b)
1-chloroethyl chloroformate, CH2Cl2; (c) 30, NaBH(OAc)3, 1,2-
dichloroethane; (d) MeOH, reflux; (e) 4-butoxysulfonyl chloride,
Et3N, CH2Cl2; (f) 10% Pd/C, ammonium formate, MeOH, reflux.
Scheme 4. (a) 10% Pd/C, ammonium formate, MeOH, reflux; (b)
ArSO2Cl, Et3N, CH2Cl2; (c) BnNH2, THF, reflux; (d) epoxide,
MeOH, reflux; (e) 10% Pd/C, ammonium formate, MeOH, reflux.
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Within the piperidine series of compounds, the struc-
ture–activity relationship varies with each of the four
aryloxypropanolamine and arylethanolamine (6a–6d)
investigated. For analogues containing 6a (7, 10, and
15), the smaller 4-methoxy group in 7 is superior to both
4-butoxy and 4-hexylureido groups in conferring b3-AR
activity. A similar trend also prevails for the 6b deriva-
tives (8 and 13 are >15-fold more active than 11 and
12), albeit to a lesser extent. The 4-hexylureidophenyl
derivatives, 16 and 17, incorporating amines 6c and 6d,
respectively, have good b3-AR activities comparing to
the methoxy substituted compounds 9 and 14. However,
as indicated by compound 17, the selectivity against
b1-AR is only marginal. The analogues with tricyclic
and bicyclic aryl groups (18, 19, and 20) show moderate
b3-AR activities. In general, methoxy-substituted phe-
nylsulfonamides in the piperidine series are beneficial
for b3-AR activity and selectivity as exemplified by
compounds 7, 8, and 13.

Comparing the piperidine (11), pyrrolidine (27), and
azetidine (38) derivatives containing the aryloxy-propa-
nolamine 6b, the piperidine analogue shows better
b3-AR activity and good selectivity. Interestingly, for
analogues containing 6a, the azetidine 37 is superior to
the piperidine 10, and for analogues containing the
arylethanolamine 6d, the pyrrolidine 26 shows slightly
better b3-AR activity.

In conclusion, we have demonstrated that cyclic amine
sulfonamides, such as piperidine sulfonamide, are use-
ful linkers in designing human b3-AR agonists. Com-
pounds 7, 8, 13, and 37 were found to have potent
b3-AR activity, as well as high selectivity against b1-
AR and b2-AR. We have also developed efficient syn-
thetic routes for the preparation of these cyclic amine
sulfonamide derivatives, which will facilitate future
investigations.
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