
N-[3-(1H-Imidazol-4-ylmethyl)phenyl]-
ethanesulfonamide (ABT-866, 1),1 a Novel
r1-Adrenoceptor Ligand with an
Enhanced in Vitro and in Vivo Profile
Relative to Phenylpropanolamine and
Midodrine

Robert J. Altenbach,* Albert Khilevich,†
Michael D. Meyer, Steven A. Buckner, Ivan Milicic,
Anthony V. Daza, Michael E. Brune,
Alyssa B. O’Neill, Donna M. Gauvin, John C. Cain,
Masaki Nakane, Mark W. Holladay,‡
Michael Williams,§ Jorge D. Brioni, and
James P. Sullivan

Neuroscience Research, Global Pharmaceutical Research
and Development, Abbott Laboratories,

100 Abbott Park Road, Abbott Park, Illinois 60064

Received June 5, 2002

Abstract: N-[3-(1H-Imidazol-4-ylmethyl)phenyl]ethanesulfona-
mide (ABT-866, 1) is a novel R1 agent having the unique profile
of R1A (rabbit urethra, EC50 ) 0.60 µM) agonism with R1B (rat
spleen, pA2 ) 5.4) and R1D (rat aorta, pA2 ) 6.2) antagonism.
An in vivo dog model showed 1 to be more selective for the
urethra over the vasculature than A-61603 (2), ST-1059 (3,
the active metabolite of midodrine), and phenylpropanolamine
(4).

Introduction. Stress urinary incontinence (SUI) is
the involuntary leakage of urine due to a stress on the
abdomen such as coughing or sneezing. In the human,
urethral tone is largely maintained by activation of
postsynaptic R-adrenoceptors.2 Nonselective R1-adreno-
ceptor agonists such as midodrine3 and 44 (see Chart
1) have been assessed clinically for the pharmaceutical
treatment of SUI. These agents increase intraurethral
pressure and reduce urine leakage but suffer from side
effects that can include blood pressure elevation.2-5

The discovery of subtypes of the R1-adrenoceptor (R1A,
R1B, and R1D)6 has allowed for the identification of the
R1A-adrenoceptor as the primary subtype in the human
urethra and the receptor most likely to be responsible
for the contraction of the urethra.7 There is conflicting
information on the role of the R1A subtype in blood
pressure regulation. R1A-Adrenoceptors have been re-
ported to be present in the cardiovasculature in humans
and other species.8 However, in vitro radioligand bind-
ing selectivity of antagonists for the R1A over the R1B
subtype has been shown to correspond with selectivity
in vivo for blockade of agonist-induced increases in
intraurethral versus arterial pressure.9,10 Evidence in
support of a prominent role for the R1B receptor in the
regulation of blood pressure is derived from a recent
study where R1B knockout mice displayed a substan-
tially reduced responsiveness to phenylephrine-induced
increases in blood pressure.11 Although the physiological
role of the R1D subtype remains uncertain, the R1D

subtype has recently been demonstrated to play a part
in the pressor responses to sympathetic stimulation.12

Given the evidence that the R1A- and R1B-adrenoceptors
participate in the control of urethral and vascular tone,
respectively, we hypothesized that an agent that selec-
tively activated the R1A-adrenoceptor, especially versus
the R1B subtype, would constrict the urethra with
reduced cardiovascular side effects.

In the course of our studies, we discovered 1,1,13 an
R1A agonist that possesses antagonistic activity for the
R1B- and R1D-adrenoceptor subtypes. The in vitro and
in vivo profile of 1 will be discussed and compared to
the highly selective R1A agonist 2 as well as the
nonselective R1 agonists 3 and 4.

Chemistry. Scheme 1 depicts the synthesis of 1.
Treatment of the Grignard reagent,14 generated in situ
from compound 5, with 3-nitrobenzaldehyde provided
benzyl alcohol 6, which was reduced to 3-nitroben-
zylimidazole 7 using excess triethylsilane in refluxing
trifluoroacetic acid. Catalytic reduction of the nitro
group provided aniline 8, which was treated with
ethanesulfonyl chloride in the presence of pyridine to
yield the ethanesulfonamide 9. Deprotection of the
imidazole of compound 9 in 2 M HCl provided 1, which
was converted to the maleic acid salt.

Results and Discussion. Radioligand binding as-
says were performed on compounds 1-4 essentially as
described by Knepper et al.15 Results are summarized
in Table 1. The order of potencies of these agents for
the R1A-adrenoceptor is 2 > 1 > 3 > 4. The order of
selectivities of these agents for the R1A vs R1B and R1D
subtypes is 2 . 1 > 3 > 4.

The functional agonism of 1-4 for the pharmacologi-
cally defined R1-adrenoceptor subtypes16 was evaluated
and is reported in Table 2. All were agonists at rabbit
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Chart 1. Selective and Nonselective R1 Agonists

Scheme 1. Synthesis of Compound 1a

a Reagents and conditions: (a) EtMgBr, CH2Cl2, 3-nitrobenzal-
dehyde; (b) TFA, triethylsilane, reflux (33% yield, two steps); (c)
H2, Pd/C, EtOAc (quantitative); (d) ethanesulfonyl chloride, pyri-
dine, CH2Cl2; (e) 2 M HCl, reflux (75% yield, two steps).
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urethra (R1A), and the relative potencies of these agents
for the rabbit urethra correlate with the relative R1A
binding affinities.

Compound 2, a full agonist at all of the R1 tissue
subtypes, was highly selective for the rabbit urethra
(R1A). Compound 3 demonstrated moderate selectivity
for rabbit urethra (R1A) over rat spleen (R1B), but 4 was
nonselective in this regard. Both 3 and 4 displayed some
preference for the rat aorta (R1D). Compound 1 was
found to be inactive at both rat spleen (R1B) and rat
aorta (R1D) and therefore was highly selective for the
rabbit urethra (R1A) (see Figure 1). The lack of efficacy
of 1 for the rat spleen (R1B) and rat aorta (R1D) was
surprising in light of the radioligand binding results
where it displayed greater binding affinity for the R1B
and R1D subtypes than 2. This discrepancy between the
relatively high binding affinity and low functional
efficacy led us to examine 1 for antagonism of the R1B
and R1D subtypes. Compound 1 was indeed found to be
an antagonist of the R1B- and R1D-adrenoceptors with
pA2 values of 5.4 and 6.2, respectively (see Table 3).

In vivo assessments of agonist uroselectivity were
performed in a dog model similar to one used to evaluate
R1 antagonists.9 Briefly, mean arterial pressure (MAP)
and intraurethral pressure (IUP)17 were measured
simultaneously in isoflurane-anesthetized female beagles
using a chronically implanted telemetry transducer/
transmitter and a urethral catheter, respectively. In-
creasing doses of the target agents were administered
via iv injection, and the maximal effect18 of each dose
was determined. The doses corresponding to a 5 mmHg
increase in IUP (IUP ED5)19 and a 20 mmHg increase
in MAP (MAP ED20)20 were calculated. For the purposes
of comparing compounds, the ratios of MAP ED20 to
IUP ED5 (MAP/IUP ratio) for 1-4 are shown in Table
4.

The rank order of in vivo potency for constriction of
the urethra is 2 . 1 > 3 > 4, which, as expected,
parallels the relative potencies seen in R1A binding and
functional studies. Somewhat surprisingly, the rank
order of potencies for increases in MAP also parallels
the relative potencies seen in R1A binding and functional
studies rather than R1B activity. The MAP/IUP ratio
indicates that the order of uroselectivity for these agents
is 1 > 2 > 3 > 4.

Our original hypothesis was that an R1 agonist
selective for R1A over the R1B subtype would have
increased uroselectivity over a nonselective R1 agonist.
This was observed with 1, a full agonist for rabbit
urethra (R1A) and inactive at both rat spleen (R1B) and
rat aorta (R1D). Compound 1 displayed greater urose-
lectivity than the R1A selective agonist 2 as well as the
nonselective agents 3 and 4. The fact that 1 and 2 still
had significant effects on mean arterial pressure lends
support for a prominent role of the R1A-adrenoceptor in
the control of vascular pressure.21 In view of the
intrinsic pressor effects mediated by the R1A receptor,
absolute urethral selectivity may not be achievable with
agents that act via the R1A mechanism.22 The antago-
nism of the R1B and R1D adrenoceptors by 1 may be
indirectly blunting the apparent R1A-mediated increases
in MAP, thus providing the observed enhancement in
the in vivo selectivity.

Compound 1 is a novel R1 agent possessing a unique
pharmacological profile of R1A agonism with R1B and R1D
antagonism. Compound 1 demonstrates greater selec-
tivity for constricting the urethra over increasing MAP

Table 1. Radioligand Binding Profile

bindinga (Ki, µM) selectivity

compd R1A R1B R1D R1B/R1A R1D/R1A

1 0.14 0.88 0.28 6 2
(0.12, 0.15) (0.76, 1.0) (0.24, 0.32)

2 0.012 2.9 1.5 240 120
(0.009, 0.015) (2.0, 4.4) (1.3, 1.6)

3 2.0 6.9 1.7 3.5 1
(1.6, 2.5) (6.2, 7.7) (1.5, 1.9)

4 9.8 9.6 8.4 1 1
(6.2, 15) (6.4, 14) (5.5, 13)

a R1A, rat submaxillary gland; R1B, hamster clone; R1D, rat clone.
Number of determinations is g4. Values in parentheses are the
upper and lower limits derived as a result of the standard error
of the mean.

Table 2. In Vitro Functional Profile

potency and efficacy
for tissuesa (EC50, µM) functional

selectivity
compd

rabbit urethra
R1A

rat spleen
R1B

rat aorta
R1D R1B/R1A R1D/R1A

1 0.60 ( 0.07 inactiveb inactiveb

(80%)
2 0.0093 ( 0.003 0.32 ( 0.07 2.6 ( 0.4 34 280

(88%) (91%) (100%)
3 7.1 ( 1.2 85 ( 14 1.9 ( 0.6 12 0.3

(133%) (68%) (106%)
4 230 ( 60 280 ( 90 58 ( 15 1 0.3

68% 34% 91%
a Agonist dose-response curves were determined against rabbit

urethra (R1A), rat spleen (R1B), and rat aorta (R1D). The dose (
SEM that contracted the tissue 50% (EC50) and the percent efficacy
(in parentheses) relative to phenylephrine are reported. Number
of determinations is g4. b EC50 < 15% at 10 µM.

Figure 1. Compound 1 in vitro functional profile.

Table 3. In Vitro Antagonism Profile (pA2)a

compd rat spleen R1B rat aorta R1D

1 5.4 ( 0.2 6.2 ( 0.4
(1.2) [18] (0.96) [16]

a Antagonistic activity was determined for each compound using
phenylephrine challenge in rat spleen (R1B) and rat aorta (R1D)
isolated tissues. Data are expressed as a pA2 ( SEM. The Schild
slope is shown in parentheses. The number of determinations is
shown in brackets.

Table 4. In Vivo Assessment of Agonist Uroselectivity

compd IUP ED5
a MAP ED20

a MAP/IUP ratiob

1 12 ( 1 80 ( 10 6.5 ( 0.5
2 0.16 ( 0.02 0.27 ( 0.05 1.7 ( 0.4
3 205 ( 32 250 ( 20 1.3 ( 0.2
4 1100 ( 400 330 ( 80 0.40 ( 0.10

a Data expressed as nmol/kg ( SEM. Number of determinations
is g4. b Data expressed as the mean ( SEM of the calculated MAP/
IUP ratios for each determination.
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than the highly R1A selective agonist 2, as well as
midodrine and 4, two agents that have been clinically
tested for the treatment of stress incontinence.
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