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Introduction. Chronic obstructive pulmonary dis-
ease (COPD) and asthma are diseases where there are
degrees of hyperreactivity of the airways.1 This hyper-
reactivity can lead to an exaggerated reflex response to
a variety of stimuli and can give rise to many symptoms
of both COPD and asthma (bronchoconstriction, dysp-
nea, cough, and mucus production).2 COPD is still a
poorly treated disease, even though topically adminis-
tered â2-adrenoceptor agonists3 and topically applied
steroids4 are well-established treatments for asthma.
Neither of these classes of compounds was designed to
reduce airway hyperreactivity, and relatively little
attention has been paid to the provision of compounds
that could specifically reduce sensory nerve activity in
the lung.

Hyperreactivity of the airways is intimately associ-
ated with the neural reflex pathways which contain both
afferent and efferent nerves;5 however, the receptors
that modulate the activity of afferent and/or efferent
nerves in the lung are not well-characterized. Despite
this paucity of information, attempts have been made
to antagonize the actions of one of the efferent neu-
rotransmitters, acetylcholine, and this has given rise to
antimuscarinic agents such as ipratropium bromide.6
It has now been recognized that efferent nerve activity
is not solely mediated by acetylcholine and that neu-
ropeptides are probably involved in this process.5 A
more efficient approach to the control of reflex nerve
activity in the airways would be to modulate the activity
of afferent nerves. Our objective has been to discover
compounds that are receptor agonists (or antagonists)
which would suppress afferent nerve activity in the
lung. We also required that these compounds should
possess antibronchoconstrictor activity. This dual activ-
ity should provide an effective symptomatic treatment
for both COPD and asthma and has the added advan-
tage that, if neurogenic inflammation is a significant
component of human airway disease, this approach
would beneficially affect some aspects of the underlying
inflammation in the lung.

Studies of the central and peripheral actions of
dopamine have shown that it can act as an inhibitor of
a variety of neural systems, e.g., sympathetic7 and
chemoreceptor,8 via the stimulation of D2-receptors,
although at the time that some of these studies were
conducted it would not have been possible to distinguish
between D2/D3/D4-receptor agonist effects.9 Recent work
has shown D2-receptor mRNA to be present in nerves
associated with reflex pathways (rat vagal afferent
neurons10 and dorsal root ganglia11), however, the
presence of D2-receptors on sensory nerve endings in
the lung remains to be demonstrated. Our working
hypothesis has been that the stimulation of D2-receptors
on afferent nerves in the lung would lead to the
suppression of sensory nerve activity. D2-Receptor
agonist activity should reduce reflex bronchoconstric-
tion, dyspnea, cough, and mucus production; however,
it seemed less likely that it would diminish the direct
acting bronchoconstrictor activity of locally released
mediators of bronchoconstriction. â2-Adrenoceptor ago-
nists are the most commonly used antibronchoconstric-
tor agents3 but have less obvious effects on dyspnea,
cough, and mucus production. With this in mind we
set out to discover compounds that were dual D2-
receptor and â2-adrenoceptor agonists, a combination
of activities that should provide an effective symptom-
atic treatment for COPD and asthma. This report
describes the discovery and biological evaluation of some
7-(2-aminoethyl)-4-hydroxybenzothiazol-2(3H)-one de-
rivatives that possess dual D2-receptor and â2-adreno-
ceptor agonist activity.

Chemistry. The compounds were prepared using the
pathways shown in Scheme 1. Reaction of the aryl-
ethylamines (1 or 2) and the appropriate acid (3; see
Supporting Information) activated using N,N′-carbon-
yldiimidazole (CDI) or dicyclohexylcarbodiimide (DCCI)
afforded the amides (4 or 5). Subsequent reduction of
these amides with diborane and, where necessary,
demethylation with aqueous hydrobromic or hydrochlo-
ric acid, followed by purification, afforded the secondary
amines (7) as their salts with hydrochloric, hydrobromic,
or trifluoroacetic acid. The reduction of the amides (4
or 5) to the amines (6 or 7) proved to be difficult
reactions, requiring tedious purification procedures;
consequently some of the yields are poor. Work is in
hand to optimize the yields of the more important
compounds, e.g., 7d, and these studies will be reported
in subsequent communications.

Biology. Compounds 7a-d and 812 (see Chart 1)
were evaluated in the in vitro systems noted below, and
the results are shown in Table 1. D2-Receptor activity:
ligand binding to bovine pituitary membranes13 (D2-
(LB): pKH, pKL); field stimulated rabbit ear artery14 (D2-
(REA): p[A]50, intrinsic activity (IA) vs 2-amino-6,7-
dihydroxy-l,2,3,4-tetrahydronaphthalene ) 1.0). â2-
Adrenoceptor activity: guinea pig trachea15 (â2(GPT):
p[A]50, IA vs isoprenaline ) 1.0). R1-Adrenoceptor
activity: rabbit ear artery16 (R1(REA): p[A]50, IA vs
phenylephrine ) 1.0).

Results and Discussion. Our studies in the D1-
receptor area established that Dopacard (9) possesses
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agonist activity at D1-receptors and â2-adrenoceptors
and is a relatively weak D2-receptor agonist.17 During
our search for compounds that were more potent as D2-
receptor agonists, we prepared hybrids of 9 and the
potent D2-receptor agonist 8.12 A representative ex-
ample of these compounds (7a) is indeed a potent D2-
receptor agonist (D2(LB): pKH 8.99, pKL 6.44; see Table
1; where pKH - pKL g 1.5, compounds have been shown
to be receptor agonists when evaluated in the field
stimulated rabbit ear artery preparation). For com-
pounds 7a-c R1-adrenoceptor agonist activity (vasocon-
striction) does not allow a reliable estimate of D2-
receptor agonist activity to be made using the field
stimulated REA. 7a is also a â2-adrenoceptor partial
agonist with low intrinsic activity (â2(GPT): p[A]50 7.19,
IA 0.18). Although salmeterol (10) is a â2-adrenoceptor
partial agonist (â2(GPT): p[A]50 7.52, IA 0.61), it is also
an efficacious antibronchoconstrictor agent;18 conse-
quently we required compounds with an intrinsic activ-
ity of g0.5. 7a is also an R1-adrenoceptor agonist
(R1(REA): p[A]50 6.81, IA 0.82), and in the context of
the treatment of respiratory diseases R-adrenoceptor

agonist activity is undesirable, given that it could
produce bronchoconstriction19 and/or pulmonary vaso-
constriction.20 Among the analogues of 7a that were
prepared, the ether (7b) possesses a more encouraging
profile of activity. 7b is a potent D2-receptor agonist
(D2(LB): pKH 9.01, pKL 6.93) and â2-adrenoceptor
partial agonist with an increased intrinsic activity (â2-
(GPT): p[A]50 7.89, IA 0.40); however, it is still a potent
R1-adrenoceptor agonist (R1(REA): p[A]50 7.56, IA 0.96).
Salmeterol (10) had been described as a long-acting â2-
adrenoceptor partial agonist;18 consequently the ana-
logue of 10 in the benzothiazolone series was prepared,
i.e., 7c. While 7c is a potent D2-receptor agonist (D2-
(LB): pKH 9.33, pKL 7.11), it, like 7b, is a â2-adreno-
ceptor partial agonist with low intrinsic activity (â2-
(GPT): p[A]50 7.33, IA 0.11) and is also an R1-adreno-
ceptor agonist (R1(REA): p[A]50 6.85, IA 0.82).

Intensive studies in the area around 7b,c were carried
out with the aim of removing the unwanted R1-adreno-
ceptor agonist activity. The strategy was to produce

Table 1. Biological Activity of D2-Receptor and â2-Adrenoceptor Agonists

D2(LB)a D2(REA)b â2(GPT)c R1(REA)d

entry pKH pKL p[A]50 (IA)e p[A]50 (IA)e p[A]50 (IA)e

7a 8.99 ( 0.10 6.44 ( 0.07 f 7.19 ( 0.05 6.81 ( 0.11
(0.18 ( 0.05) (0.82 ( 0.07)

7b 9.01 ( 0.02 6.93 ( 0.02 f 7.89 ( 0.05 7.56 ( 0.07
(0.40 ( 0.05) (0.96 ( 0.07)

7c 9.33 ( 0.24 7.11 ( 0.01 f 7.33 ( 0.14 6.85 ( 0.15
(0.11 ( 0.02) (0.82 ( 0.06)

7d 8.61 ( 0.13 6.48 ( 0.05 8.94 ( 0.07 7.95 ( 0.05 6.08 ( 0.15
(0.90 ( 0.04) (0.69 ( 0.03) (0.08 ( 0.03)

8 9.34 ( 0.08 6.85 ( 0.04 9.60 ( 0.04 <5.00 6.03 ( 0.15
(0.81 ( 0.05) (0.63 ( 0.06)

10 ntg ntg ntg 7.52 ( 0.04 5.49 ( 0.04
(0.61 ( 0.04) (0.44 ( 0.03)

a See ref 12; pKH, pKL ( SEM. b See ref 13; p[A]50 ( SEM. c See ref 14; p[A]50 ( SEM. d See ref 15; p[A]50 ( SEM. e IA, intrinsic activity
versus standard agonist ) 1.0. f Data compromised by high R1-adenoceptor agonist activity. g nt, not tested.

Scheme 1. Synthetic Routes to Dual D2-Receptor and
â2-Adrenoceptor Agonists

Chart 1. Structures of D2-Receptor and â2-Adrenoceptor
Agonists
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compounds where the steric and/or electronic properties
of the nitrogen substituent were modified such that
activity at the R1-receptor was reduced while maintain-
ing, or possibly enhancing, activity at the D2-receptor
and â2-adrenoceptor. This was achieved by the incor-
poration of an O, S, or SO2 moiety into the (CH2)6
portion of the ethylamine nitrogen substituent. A
representative compound (7d) is, as required, a weak
R1-adrenoceptor agonist (R1(REA): p[A]50 6.08, IA 0.08).
7d is a dual D2-receptor agonist (D2(REA): p[A]50 8.94,
IA 0.90; essentially a full agonist at the D2-receptor) and
â2-adrenoceptor partial agonist (â2(GPT): p[A]50 7.95,
IA 0.69) that is 3-fold more potent than 10. An
important structural feature of 7d is that it is achiral,
as it does not contain the benzylic hydroxy group
present in the phenylethanolamine component of es-
tablished â2-adrenoceptor agonists (e.g., 10), despite this
7d is still a potent â2-adrenoceptor agonist.

While there are no convincing in vivo animal models
of COPD, compounds such as 7d do show good activity
in a number of in vivo D2-receptor and â2-adrenoceptor
models that are relevant to COPD and asthma. When
dosed to the lung (nebulized aqueous aerosol) 7d reduces
histamine-induced tachypnea in the â-blocked anesthe-
tized dog (D2), ammonia-induced mucus production in
the â-blocked anesthetized dog (D2), and histamine-
induced bronchoconstriction in the anesthetized dog (â2)
with an ED50 dose of ∼1 µg‚kg-1. These studies will be
described in more detail in subsequent communications.

Conclusions. Our search for compounds that are
able to modulate the hyperreactivity of pulmonary
sensory nerves and provide an effective therapy for
COPD and asthma has resulted in the discovery of some
dual D2-receptor and â2-adrenoceptor agonists. Initially
these 7-(2-aminoethyl)-4-hydroxybenzothiazol-2(3H)-one
derivatives also possessed an inappropriate level of R1-
adrenoceptor agonist activity; however, this was reduced
by modification of the substituent present on the ethy-
lamine nitrogen atom. The most promising compound
(7d, AR-C68397AA) has been selected for further de-
velopment as a potential treatment for COPD and
asthma. These, and other, studies will be described in
subsequent communications.
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