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Abstract—Novel 2'-heteroaryl-2-(phenoxymethyl)imidazolines have been identified as potent agonists of the cloned human o;-
adrenoceptors in vitro. The nature of the 2'-heteroaryl group can have significant effects on the potency, efficacy, and subtype
selectivity in this series. a4 Subtype selective agonists have been identified. © 2002 Elsevier Science Ltd. All rights reserved.

a-Adrenoceptors are 7TM G-protein coupled receptors
that are activated by the neurotransmitter nor-
epinephrine and the neurohormone epinephrine. Three
ag-adrenoceptor subtypes (a4, o1, and o;p) have been
confirmed via cloning techniques.! Included in the many
functions of oy-adrenoceptors are important physi-
ological roles in the cardiovascular and urogenital sys-
tems. Differential expression of o subtypes in various
tissues is well documented, and therefore the develop-
ment of subtype-specific ligands may result in more
effective therapeutic agents with fewer side effects.> We
have been particularly interested in the possibility that
subtype-specific ligands may separate the cardiovascular
and urogenital effects of o, agonists, improving their
utility for the treatment of stress urinary incontinence.

Stress urinary incontinence is characterized by the
involuntary loss of urine due to a sudden increase in
intra-abdominal pressure (e.g., pressure from sneezing,
laughing, coughing, or strenuous exercise).® The cause
can be weakened or damaged bladder neck and urethral
muscle tissue. Activation of o;-adrenoceptors in the
bladder neck and urethral smooth muscle causes muscle
contraction, leading to increased bladder outlet resis-
tance which can offset increases in intra-abdominal
pressure. While o; agonists are sometimes prescribed
(off-label in the US) for stress urinary incontinence,
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typical o-adrenergic side effects (cardiovascular and
CNS) limit doses, and therefore likely limit clinical effi-
cacy.* Some literature evidence suggests that o; o may be
the predominant subtype in urethral tissue.> Based on
this, our initial goal was to identify novel, potent, highly
selective oo agonists (vs oyp and ap) to test as agents
for treatment of stress urinary incontinence with an
improved side effect profile. This hypothesis was sup-
ported by reports that NS-49 (1), a selective o o agonist,
exhibited good uroselectivity versus blood pressure in
animal models® (Fig. 1).

Many 2-(anilinomethyl)imidazolines are adrenergic
receptor ligands, and within that series novel, selective
o agonists have recently been identified.” A number of
ortho-substituents on the anilino ring are tolerated for
oA agonist activity in the 2-(anilinomethyl)imidazo-
lines, including amides and esters (for example, diethyl-
amide 2).8 We wanted to take advantage of the structure—
activity relationships in the 2-(anilinomethyl)imidazoline

NI

<7 NH

Y NH,
F OH

1 (NS-49)

Figure 1.

0960-894X/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.

PII: S0960-894X(01)00764-8



472 M. J. Bishop et al.| Bioorg. Med. Chem. Lett. 12 (2002) 471-475

series when looking for novel o; o agonists in related series,
such as the 2-(phenoxymethyl)imidazolines. Based on the
2-(anilinomethyl)imidazoline SAR, we focused on
ortho-substituents on the phenol ring. However, while
compound 2 was a potent a5 agonist, the correspond-
ing diethylamide in the 2-(phenoxymethyl)imidazoline
series (3) was inactive at aja. For compound 2, a
hydrogen bond between the amide carbonyl and the
N-H of the aniline might be important for achieving the
active conformation with the receptor, and compound 3
cannot make this hydrogen bond (Fig. 2).

However, there are potent o5 agonists in the 2-(anili-
nomethyl)imidazoline series that do not have a hydro-
gen bond donor on the ortho-substituent of the anilino
ring and therefore cannot form this type of intramole-
cular H-bond (e.g., compound 6, which has a pECsq at
a4 of 8.1). This fact, coupled with the knowledge that
there are known 2-(phenoxymethyl)imidazolines (such
as cirazoline, 4) that are o agonists, assured us that the
anilino N—H was not critical for o; agonist activity in all
compounds from these series.® Additionally, 2’-phenyl-
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2-(phenoxymethyl)imidazoline (5) was as potent at o
as the corresponding 2'-phenyl-2-(anilinomethyl)imida-
zoline (6).'° In the 2-(anilinomethyl)imidazoline series,
replacement of the 2/-phenyl group with heteroaryl rings
led to the identification of compounds that were potent,
selective oo agonists. Therefore, we decided to explore
the SAR of 2'-heteroaryl-2-(phenoxymethyl)imidazolines
in search of novel a5 agonists (Fig. 3).

Chemistry!!

A large number of 2’'-heteroaryl-2-(phenoxymethyl)-
imidazolines were prepared and evaluated for agonist
activity at the a-adrenoceptor subtypes. A representa-
tive set of 2/-heteroaryl-2-(phenoxymethyl)imidazolines
was selected to illustrate the SAR in this series (Fig. 4).

All of these analogues of compound 5 were prepared
using a two-step approach from phenols using chloro-
acetonitrile followed by heating in neat ethylenediamine
(Scheme 1).12

The 2-(heteroaryl)phenols used in the syntheses of
compounds 7-14, 16-20, and 24-26 were prepared via
Suzuki couplings.!® Generally, the commercially avail-
able heteroarylhalide was coupled with 2-methoxy-
phenylboronic acid, followed by demethylation using
pyridine hydrochloride, to generate the appropriate
phenol (e.g., the synthesis of the phenol for compound
20 is shown in Scheme 2).'4 The phenols for compounds
15, 22, 28, and 29 were prepared from chromones as
described in the literature (see Scheme 3).!>1¢ The phe-
nol for compound 23 was synthesized using a modifica-
tion of a literature method (see Scheme 4).!”

The phenol for compound 21 was prepared using a
straightforward approach to pyrazoles,'® and the phe-
nol for compound 27 was prepared by a standard thia-
zole synthesis.!” Compound 30 was made from the
commercially available phenol.
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Results

To model the potential ability of ligands to activate the
individual o; subtypes in humans, all compounds were
evaluated in a cell-based functional assay using the
cloned human receptors expressed in rat-1 fibroblasts.°
The agonist potency (expressed as the pECsg) and effi-
cacy (expressed as a percent of the maximal effect of the
ar-adrenoceptor agonist standard, phenylephrine) of
selected 2’-heteroaryl-2-(phenoxymethyl)imidazolines are
reported in Table 1.

2'-Phenyl-2-(phenoxymethyl)imidazoline (5) is a potent
and selective o5 agonist (it did not interact with the o
or ojp in a manner to activate the receptors) and subtle
changes to the 2-aryl ring result in interesting effects on
the o4 agonist activity and selectivity. The 2-pyridyl
compound (7) retained most of the potency and o 5 selec-
tivity of 5; however, the 3-pyridyl (8) picked up agonist
activity at the other two o receptors, and the 4-pyridyl (9)
had no agonist activity at any of the o receptors. These
effects of nitrogens at the 3- and 4-positions were also
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observed in the pyrazine (14), which had more agonist
activity at oy than 7, and the pyrimidine (15), which
was inactive at all three subtypes. The steric require-
ments are also interesting, as a methyl at the 5- or 6-
position (relative to the aryl ring, compounds 11 and 10,
respectively) of the 2-pyridyl caused a loss of all o
agonist activity, while a methyl at the 3-position (12)
resulted in some loss of a4 (without picking up agonist
activity at the other two subtypes).

The five-membered heterocyles with one heteroatom
and no additional substitution were able to potently
activate all three of the o receptors (16-20). Adding an
additional heteroatom often led to some o4 subtype
selectivity (e.g., 21 and 23). However, there were excep-
tions, for instance thiazole 24 was slightly more selective
than the corresponding pyrrole (18), but no more selec-
tive than the corresponding thiophene (17). Addition of
a methyl group to the ortho heterocyclic ring often led
to improved selectivity (e.g., methylfuran 25 and
methylthiophene 26), and the addition of a second het-
eroatom and a methyl group also resulted in com-
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pounds with o o selectivity (27-30). The role of increased
steric bulk [on the 2'-substituent of the 2-(phenoxy-
methyl)imidazolines] on subtype selectivity is clearly
exemplified in the selectivity improvement seen by
adding a methyl group to thiazole 24 (compound 24 is
~10-fold selective vs og and ap while methylthiazole
27 is >2000-fold selective).

Consistent with literature reports and receptor theory,
the o;5 subtype selectivity observed in the cell-based
agonist functional assays did not correlate directly with
subtype selectivity in receptor binding assays, as illu-
strated by the affinity data for selected 2'-heteroaryl-2-
(phenoxymethyl)imidazolines shown in Table 2.%?

Table 1. In vitro functional agonism activity®

R oA B 9475

pEC5() oA)M'de pEC50 %Maxb pEC5() %Maxb

1 (NS-49) 6.5 86 <4.0 — <4.0 —
2 7.5 105 5.7 32 <53 —
3 <53 — <5.3 — <5.3 —
4 (cirazoline) 7.9 93 7.2 72 6.9 31
5 8.5 96 <4.0 — <4.0 —
6 8.1 101 <4.0 — 6.1 20
7 7.9 104 <4.0 — <4.0 —
8 8.7 109 7.1 111 6.8 38
9 <4.0 — <4.0 — <4.0 —
10 <4.0 — <4.0 — <4.0 —
11 <4.0 — <4.0 — <4.0 —
12 6.9 80 <4.0 — <4.0 —
13 5.9 90 <4.0 — <4.0 —
14 8.6 97 6.2 46 <4.0 —
15 <4.0 — <4.0 — <4.0 —
16 8.9 106 8.0 110 <4.0 —
17 9.0 101 8.4 112 7.8 93
18 8.9 99 9.0 104 8.2 111
19 9.3 104 8.3 111 8.3 126
20 9.6 98 7.8 103 7.9 120
21 8.3 119 7.1 39 <4.0 —
22 8.3 99 7.9 56 7.6 82
23 7.0 122 <4.0 — <4.0 —
24 8.6 102 7.7 100 7.5 113
25 8.5 99 <4.0 — <4.0 —
26 7.6 97 <4.0 — <4.0 —
27 7.6 104 <4.0 — <4.0 —
28 6.8 75 <4.0 — <4.0 —
29 7.9 104 <4.0 — <4.0 —
30 7.4 107 <4.0 — <4.0 —

2See ref 20 for a description of the assay. Each entry represents the
mean of at least two experiments, with pECsos having an average SEM
of £0.11.

94 of phenylephrine response (40 uM).

Table 2. Binding affinities for selected phenoxymethylimidazolines®

Ara B %D

pICso (£ SEM)® pICso (£SEM) pICso (£SEM)

5 7.56 (£0.03) 6.13 (£0.03) 6.49 (£0.02)
7 6.94 (£0.01) 5.69 (£0.02) 5.95 (£0.07)
8 7.30 (£0.03) 5.89 (£0.06) 6.59 (£0.01)
11 5.89 (£0.07) 5.61 (£0.09) 5.85 (£0.11)
18 7.49 (£0.06) 6.57 (£0.01) 7.27 (£0.10)
25 7.46 (£0.08) 6.11 (£0.01) 6.38 (£0.02)

2See ref 21 for a description of the assay.
PEach entry is the mean of at least two experiments.

Conclusions

A number of novel o agonists have been identified in
the 2'-heteroaryl-2-(phenoxymethyl)imidazoline series,
including some compounds with sub-nanomolar agonist
potencies at the cloned human o;s-adrenoceptor (19
and 20). Several compounds in the series displayed
agonist subtype selectivity for the cloned human oa-
adrenoceptor, with compounds 7, 25, 26, 27, 29 and 30
exhibiting greater than 1000-fold selectivity versus the
cloned human o,3- and a;p-adrenoceptors in our func-
tional agonism assay. These selective o;-adrenoceptor
agonists are useful tools to test the relationship between
aa-subtype selectivity and uroselectivity in animal
models.
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