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Abstract—Two series of compounds, 2 and 3, were synthesized and their binding affinities were evaluated for the human recombi-
nant muscarinic M1 receptor subtype expressed in CHO cells. Comparing their binding affinities for the NMS binding sites and the
Oxo-M binding sites, they were assumed as agonists. In particular, compound 2e was a good ligand for the agonist binding sites
with an IC50 of 23 nM, which represents over 1585 times stronger binding than for the antagonist binding sites. # 2001 Elsevier
Science Ltd. All rights reserved.

Recently, we have reported that 3-(3-phenylisoxazol-5-
yl)methylidene-1-azabicyclic compounds 1 showed
characteristic binding to acetylcholine receptors
according to the substituent on the phenyl group.1

Generally they exhibited preferential binding to mus-
carinic receptors over nicotinic receptors. Thereafter we
have focused on ligands that preferentially bind to
muscarinic receptors and modified the structure of the
lead compound accordingly. The methylidene group of 1
was replaced by oxyimino group and oxyiminomethyl
group to give the compounds 2 and 3, respectively (Fig. 1).

We wish to report the synthesis and binding affinities of
the 1-azabicyclic compounds 2 and 3 to the muscarinic
M1 receptor in this paper.

Chemistry

The 1-azabicyclic compounds 2 and 3 were prepared by
the condensation reaction of isoxazol-5-ylmethoxy-
amines with the corresponding carbonyl compounds,
that is 4 and 5, respectively (Scheme 1).2 Analysis of 1H
NMR spectra showed that they were obtained as 1:1
mixtures of syn and anti isomers. When n=1, the reac-
tants (4 and 5) and the products (2 and 3) are all race-
mates. All the final compounds were subjected to
receptor binding study without further separation.
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Figure 1. Structures of 1-azabicyclic compounds. Scheme 1. Synthesis of 1-azabicyclic compounds.
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Results

The abilities of the compounds 2 and 3 to displace [3H]-
N-methylscopolamine (NMS), a muscarinic receptor
antagonist, and [3H]-oxotremorine-M (Oxo-M), a mus-
carinic receptor agonist, from the muscarinic M1 recep-
tor were determined by methods described previously
with some modification.3�9 Test results for the
compounds 2 are summarized in Table 1.

Binding affinities of arecoline and oxotremorine-M,
muscarinic receptor agonists, were also measured for
comparison. The affinities of the compounds for the
receptors labeled by NMS were considered to be the
compounds’ affinities for the antagonist binding sites
while affinities for the receptors labeled by Oxo-M were
considered to be the compounds’ affinities for the ago-
nist binding sites. Generally, the compounds showed
exclusive displacement of Oxo-M implying that they
might be functionally muscarinic receptor agonists.
Almost all of the compounds were stronger ligands than
arecoline for both binding sites of the M1 receptor. In
particular, the compound 2e was the best ligand of the
compounds tested for the agonist binding sites. It
showed an IC50 of 23 nM for the Oxo-M binding sites
and an IC50 of 36,300 nM for the NMS binding sites,
giving an IC50 ratio of over 1585. The quinuclidine
compounds (n=2) bound to the antagonist binding sites
more strongly than the 1-azabicyclo[2.2.1]heptane com-
pounds (n=1). When R=CN or Br, the two types of
compounds showed similar binding affinities for the
agonist binding sites.

Binding affinities of the compounds in series 3, one-car-
bon homologues of the compounds in series 2, are
summarized in Table 2.

Insertion of a carbon unit between the nitrogen atom
and the azabicycle of 2 gave unfavorable effects on

binding. All the compounds 3 exhibited weaker binding
affinities than the compounds 2 to the agonist binding
sites of the M1 receptor. Their putatively agonistic
activities apparently decreased. Except when R=CN, 1-
azabicyclo[2.2.1]heptane compounds (n=1) showed
much stronger binding affinities than the quinuclidine
compounds (n=2) to the agonist binding sites. The
compound 3e, which corresponds to 2e of the former
series, however, was still the strongest ligand of this
series.

In the previous report,1 the compound 1 showed con-
siderable binding affinity for the NMS binding sites
when R was 4-p-methoxybenzyloxy group (IC50<1
mM), but the compounds 2 and 3 with the same R
showed almost no binding affinities for the same sites
even at 1 mM concentration. Thus the increase in size of
molecules seemed not good for binding.

In summary, both the compounds 2 and 3 seemed to be
agonists of the M1 receptor, and the compounds 2 were
better ligands than the compounds 3 for the agonist
binding sites. Generally 1-azabicyclo[2.2.1]heptane sys-
tem (n=1) was favorable for the agonist binding sites,
and the quinuclidine system (n=2) for the antagonist
binding sites.
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Table 1. In vitro binding affinities of 2 to the muscarinic M1 receptor
a

Compd n R IC50 (mM)b NMS/Oxo-M
ratio

[3H]-NMS [3H]-Oxo-M

2a 1 OCH3 40.54�8.9 0.131�0.010 309.47
2b 2 35.6�9.1 0.362�0.110 98.38

2c 1 CN 32.5�7.2 0.082�0.016 396.34
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2h 2 11.5�1.3 0.072�0.002 158.79
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Arecoline 115.5�19.5 0.115�0.019 1001.62

aSee refs 3–9.
bIC50 (mM)=mean�SE, n=3.

Table 2. In vitro binding affinities of 3 to the muscarinic M1 receptor
a

Compd n R IC50 (mM)b NMS/Oxo-M
ratio

[3H]-NMS [3H]-Oxo-M

3a 1 OCH3 16.7�2.9 0.287�0.034 58.11
3b 2 29.5�6.2 1.641�0.194 17.97
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3h 2 8.4�2.1 1.217�0.186 6.87

Oxotremorine-M 27.1�7.7 0.0023�0.0013 11,645.95

Arecoline 115.5�19.5 0.115�0.019 1001.62

a,bSee the corresponding footnotes in Table 1.
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2. A typical synthetic procedure is as follows: to a solution of
3-quinuclidinone (10 mg, 0.18 mmol) in ethanol (0.5 mL) were
added (3-chloroisoxazol-5-yl)methyloxyamine hydrochloride
(22 mg, 0.12 mmol), pyridine (19 mL, 0.24 mmol) and mole-
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MeOH/43% NH4OH: 3:1:2%, v/v) to give 1-azabicy-
clo[2.2.2]octan-3-one O-(3-chloroisoxazol-5-ylmethyl)oxime
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