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Abstract—Tetrahydroisoquinoline derivatives containing a 4-(hexylureido)benzenesulfonamide were examined as human f; adre-
nergic receptor (AR) agonists. Notably, 4,4-biphenyl derivative 9 was a 6 nM full agonist of the B3 AR. Naphthyloxy compound 18
(B3 ECso=78 nM) did not activate the B; and B, ARs at 10 uM, and showed >1000-fold selectivity over binding to the ; and B,

ARs. © 2000 Elsevier Science Ltd. All rights reserved.

In recent years, elevation of metabolic rate by activation
of the human B3 adrenergic receptor (AR) has attracted
much attention as a potential approach toward the
treatment of obesity.! Selectivity over both binding to
and activation of B; and B> ARs has always been an
important issue in developing B3 AR agonists free of the
side effects seen with early drug candidates.> Design of
potent, selective human B3 AR agonists has traditionally
focused on compounds with an aryloxypropanolamine
or arylethanolamine pharmacophore. These two groups
are exemplified by phenoxypropanolamine 1 and pyr-
idineethanolamine 2, which have been recently reported
from our laboratories (Fig. 1).>* Both of these derivatives
are very potent B3 AR agonists (B3 ECs50=0.43 and
6.3nM, respectively), which show excellent selectivity
over binding to the B; and B>, ARs (>440- and >1400-
fold, respectively).

In a search for novel structural classes of B3 AR agonists,
we turned our attention to trimetoquinol 3 (TMQ), a
human B AR agonist containing a tetrahydroisoquino-
line core.> TMQ is a potent agonist of the human B; AR
(ECso=1.7nM, 92% activation), which exhibits only
marginal selectivity over the B; and B> ARs (Table 1).
Other workers have investigated catechol bioisosteres in
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an effort to improve the selectivity of TMQ.” This led to
the discovery of aminothiazole 4, which in our assays
was a weak partial agonist of the B; AR and did not
activate the B; and B, ARs. It did not, however, show
any selectivity for activation of the B3 AR over binding
to the B; and B, ARs (Table 1).
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The excellent in vitro profiles of analogues 1 and 2 are
due in part to the presence of the benzenesulfonamide
moiety,>* and it was postulated that the selectivity of
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TMQ might be enhanced by incorporation of the 4-
(hexylureido)benzenesulfonamide into the potent tetra-
hydroisoquinoline backbone. Hence, amine 5 was pre-
pared and tested at the human B ARs.3° Despite a
considerable drop in potency compared to TMQ, sulfo-
namide 5 retained all of its agonist efficacy at the B3 AR
with only minimal agonist activity at the B; and B, ARs.
Selectivity over binding to the B; AR was also slightly
improved (18- vs 4-fold).

Superimposition of low energy conformations of pyr-
idineethanolamine 2 (pink) with tetrahydroisoquinoline
5 (green) revealed that when the  agonist pharmaco-
phores are aligned, overlay of the benzenesulfonamide
and hexyl urea moieties is not possible (Fig. 2).!° In this
paper we would like to describe our efforts to improve
the potency and selectivity of benzyl derivative 5 by
designing compounds in which all the hydrogen bond-
ing regions of the molecule could be aligned with the
corresponding groups in pyridineethanolamine 2. Thus,
the phenyl ring of the benzyl linker was replaced with
either a biphenyl, naphthyl, or aryloxy unit (Schemes 1
and 2).

Biphenyl analogues 6-11 were prepared from bromides
13-15 by Suzuki coupling using either 3-aminophenyl
boronic acid or the pinacol ester of 4-nitrophenyl boro-
nic acid (Scheme 1).!''12 In the latter case, the nitro
group was then reduced with palladium hydroxide and
hydrogen (which resulted in concomitant loss of the
benzyl ethers) or Raney nickel and hydrazine. Reaction
of the biphenyl anilines with 4-(hexylureido) benzene-
sulfonyl chloride® and deprotection yielded the desired
compounds. Phenoxy derivative 12 was prepared directly
from the nitro compound 16 in an analogous manner.
The synthesis of both naphthalene compounds 17 and 18
originated from BOC protected 2-amino-6-hydro-
xynaphthalene 19 (Scheme 2).!3 Alkylation, saponifica-
tion and treatment with oxalyl chloride gave acid chloride
20 (n=1). Triflate formation, palladium coupling with
TMS acetylene, and oxidative hydroboration yielded
the acid precursor to 20 (n=0). The acid chlorides were

Figure 2. Superimposition of low energy conformations of pyridine-
ethanolamine 2 (pink) and tetrahydroisoquinoline 5 (green).

coupled with 3,4-dibenzyloxyphenethylamine hydro-
chloride, followed by sulfonamide formation to yield
amides 21. Cyclization and deprotection gave the
desired compounds 17 and 18.

Compounds 6-12, 17, and 18 were tested at the cloned
human B ARs and the results are shown in Table 1. Of
the biphenyl derivatives 6-9, the 4,4-substitution pattern
was obviously preferred as compound 9 was >20-fold
more potent than the other biphenyl derivatives (B3
ECso=6nM). Derivative 9 had an ICsy at the PBs
AR=94nM and hence showed >300-fold selectivity
for both activation of and binding to the f; AR over
binding to the f; and B, ARs. The compound exhibited
only weak partial agonist activity at the B; and B, ARs
(EC50=1800 and 340nM, respectively). Additionally,
several 4,4-biphenyl derivatives lacking the benzene-
sulfonamide were prepared and shown to be non-
selective B AR agonists (B3 ECso=8-230nM, data not
shown). The exception was 3,4,5-trimethoxy compound
22 (Scheme 1), which was prepared as a comparison to
TMQ. The longer compound 22 was nearly 16-fold less
potent than TMQ (B3 ECs5o=27nM), but showed
improved selectivity over the B; and B, ARs.

Of the oxygen linked derivatives 10-12, only the 4,4-
biphenyl 11 showed any agonist activity at <100 nM. It

Table 1. Activity of tetrahydroisoquinoline derivatives 3-12, 17, 18 and 22, at the cloned human B adrenergic receptors

Compound B3 ECso nM By ECso nM B, binding B> ECso nM B, binding
(Yact)? (Yoact)? 1C5® nM (Yoact)? 1Cso® nM
3 1.7 (92) 14 (50) 6.1 3.5(77) 6.1
4 800 (36) (2 @ 10,000) 780 (1 @ 10,000) 56
5 66 (82) (19 @ 10,000) 1200 (36 @ 10,000) 200
6 360 (62) >10,000 (22) 530 2700 (36) 710
7 600 (64) >1000 (12) 100,000 >1000 (33) 100,000
8 140 (100) 970 (69) 10,000 1300 (71) 32,000
9 6091 1800 (44) 3000 340 (67) 3400
10 (10 @ 100) nd® 6500 nd® 990
11 16 (72) 2400 (23) 2000 580 (29) 160
12 (4 @ 100) nd® 1000 nd® 300
17 (7 @ 100) nd® 1000 nd® 300
18 78 (72) (3 @ 10,000) 80,000 (37 @ 10,000) >100,000
22 27 (77) 6100 (45) 1800 1500 (85) 760

2Adenylyl cyclase activation given as % of the maximal stimulation with isoproterenol. Single point data are reported in parentheses as (% activa-

tion @ concentration in nM).

PReceptor binding assays were carried out with membranes prepared from CHO cells expressing the cloned human receptor in the presence of

125]-iodocyanopindolol.
°nd = Not determined.
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was a potent B3 AR agonist (ECsy=16nM), however,
the selectivity over binding to the B> AR was only 10-
fold. A much greater degree of selectivity was seen with
naphthyloxy derivative 18. A moderately potent f; AR
agonist (ECsy 78 nM, 72% activation), this derivative
was >1000-fold selective for agonist activity at the P
AR over binding to the f; and B, ARs. Compound 18
exhibited only minimal agonist activity at the B; and f3,
ARs. Interestingly, naphthyl derivative 17, lacking the
oxygen linker, was devoid of agonist activity at the s
AR at <100nM.

Low energy conformations of tetrahydroisoquinolines 9
and 18 were superimposed on pyridineethanolamine 2 in
order to see if there was indeed superior alignment of the
hydrogen bonding regions of the molecules (Figs. 3 and
4). As predicted the biphenyl derivative 9 showed
improved overlap of the urea moiety, while the naph-
thyloxy compound 18 demonstrated excellent alignment
of all parts of the molecule with pyridinecthanolamine 2.

In this paper we have described a novel series of B3 AR
agonists derived from trimetoquinol. In particular, the

Figure 3. Superimposition of low energy conformations of pyridine-
ethanolamine 2 (pink) and tetrahydroisoquinoline 9 (yellow).

4,4-biphenyl derivative 9 is a very potent compound (B3
ECso=6nM), which is a full agonist of the ;3 AR and
exhibits good selectivity over binding to the B; and B,
ARs. Also noteworthy is naphthyloxy derivative 18,
which shows excellent selectivity for the 3 AR, with
minimal binding to or activity at the ; and B, ARs. The
improvements in selectivity for the B3 AR seen in this
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Figure 4. Superimposition of low energy conformations of pyridine-
ethanolamine 2 (pink) and tetrahydroisoquinoline 18 (yellow).

class of compounds represent an important break-
through in the design of structurally distinct human [
AR agonists as potential therapeutics for the treatment
of obesity.
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