Novel Isoxazoles which Interact with
Brain Cholinergic Channel Receptors Have
Intrinsic Cognitive Enhancing and
Anxiolytic Activities

David S. Garvey,"t James T. Wasicak,
Michael W. Decker, Jorge D. Brioni,
Michael J. Buckley, James P. Sullivan,
George M. Carrera, Mark W. Holladay,
Stephen P. Arneric, and Michael Williams

J. Med. Chem. 1994, 37, 1055-1059 1055
Communications to the Editor
Scheme 1
Br a . b
t-BuO/gO OJ\Ot-Bu t-BuO/gO O-N
5a * = () 6a "= (9) 7a *=(8)
5b *=(R) &b *=(R) 76 *=(R)
j c
. d

N // CHa -— y * // CHa
CHy O-N 4 O-N
Neuroscience Research Division, D-47W, 4a *=(9) 32 *=(9)
4 =R 3 *=(R)

Pharmaceutical Discovery, AP-10, Abbott Laboratories,
Abbott Park, Illinois 60064

Received December 9, 1993

Alzheimer’s disease (AD) is a central nervous system
(CNS) neurodegenerative disorder which leads to dramatic
personality changes as well as a profound dementia in
individuals who are afflicted. Studies performed on
autopsied brain tissue have shown that AD affects a
number of brain neurochemical systems with the most
pronounced and consistent change being a deficiency in
markers of cholinergic tone in the neocortex and hippo-
campus. Decreases in markers of cholinergic activity such
as choline acetyltransferase, high-affinity choline uptake,
and acetylcholine esterase activity 2 as well as regional
reductions in the population of cholinergic receptors which
recognize either muscarinic or nicotinic ligands have been
found to occur in AD brains.>? The decreases in cho-
linergic markers have been correlated with the severity of
dementia, and thus, these findings have led to the
cholinergic hypothesis of AD-related memory loss.8-10

Experimentally, it has been demonstrated that (S)-
nicotine (2a) can improve the cognitive performance of
rodentsi!-13 and primates!4 in a variety of behavioral
paradigms. Compound 2a is also known to produce
anxiolytic effectsin humans.}® Morerecently, pilot clinical
studies have suggested that 2a may be useful in the
palliative treatment of deficits in attention and information
processing associated with AD.1617 Patients with ADshow
a significant reduction in the number of neuronal cho-
linergic channel receptors (CCR’s) in regions of the brain
associated with cognitive function;1%:18: 19 however, clinical
studies have shown an inverse relationship between
smoking and the disease.2? Furthermore, chronicexposure
to 2a has been shown to upregulate neuronal CCR’s in
both rodents?! 22 and in humans.? Chronic 2a treatment
additionally appears to elicit a beneficial neuroregenera-
tive/neuroprotective effect in animal models utilized to
evaluate neuronal survival.24 2

The prototypical agonist for CCR’s, 2a, is also known
to mediate a number of adverse side effects including
irritations of the gastrointestinal tract?:?7 and negative
effects on the cardiovascular system.28-32 Thus, 2a itself
represents a poor therapeutic choice in the search for a
safe and effective treatment for the elderly population
with Alzheimer’s dementia. Recent advances in the field
of molecular biology have, however, led to the discovery
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¢ Reagents: (a) n-BuLi, THF,-78°C, then NaHCOjgsq); (b) PANCO,
EtsN, CoHsNO3, benzene; (¢) TFA-CH.Cly; (d) 37% (CHzO).q, 88%
HCO.H, reflux.

of the existence of a number of potential subtypes of
CCR’s.333¢ These new findings have raised the possibility
that one may be able to design CCR ligands that may be
differentiated from 2a by selectively interacting with
subtypes of CNS CCR's. Such cholinergic channel acti-
vators (ChCA’s) represent a potentially novel class of
psychoactive drugs for the safe and effective treatment of
AD.35 To this end, medicinal chemistry efforts have
focused upon the preparation of ligands which will possess
the beneficial behavioral effects associated with 2a yet
have significantly reduced side effects. Hereinisdescribed
a novel series of compounds in which a substituted
isoxazole has been incorporated as a bioisosteric replace-
ment of the pyridine ring found in the enantiomers of 2.

Chemistry. The nornicotine enantiomers 1a and 1b
were resolved via HPLC on a chiral column.® The
3-methyl-5-(2-pyrrolidinyl)isoxazoles were prepared as
outlined in Scheme 1. Briefly, the dibromovinyl derivative
5%7 prepared from N-(tert-butyloxycarbonyl)-protected
(S)- or (R)-prolinal was converted to acetylide 6 according
to Corey's procedure.’® Reacting compound 6 with the
nitrile oxide generated in situ from nitroethane afforded
the protected isoxazole derivatives 7. Nitrogen depro-
tection and salt formation gave the product amines 3a
(A-79814) and 3b (A-82695). Both enantiomers were
converted to the corresponding N-methylated tertiary
amines 4a (ABT-418) and 4b (A-81754) via Eschweiler—-
Clarke conditions. The enantiomeric purities of 4a and
4b were determined to be >99% ee by HPLC assay on a
chiral column.??

Biology. The binding-affinity profile of each compound
at neuronal CCR's was determined by measuring the
displacement of [3H]cytisine from a preparation of whole
rat brain®0 according to the procedure of Pabreza et al.4!
A further CCR binding selectivity profile was completed
by measuring displacement of [125]]-a-bungarotoxin (a-
BgT) from rat brain using a modification of the procedure
of Marks et al.42 and from the membranes of Torpedo
californica electroplax according to the method of
Charurvedietal.#® Brain muscarinicreceptor binding was
determined in rat brain by the displacement of [3H]-
oxotremorine M using a modification of the procedure of
Birdsall et al.#¢ Thebindingresults of the test compounds
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Table 1. Cholinergic Binding Profile
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binding affinitye (K;, nM)

[1%1]a-BgT [12*T]-BgT [¥H]Oxo-M
compd [®H]cytisine (rat brain) (rat brain) (Torpedo electroplax) (rat brain) formula anal.

la 22.0£ 3.0 (56)® >20000 11000 >20000 CyH,2N2-2HCI-0.2H0 CHN
ib 170+ 2.0 41)® >20000 300 £ 98 >20000 CyH,3N22HCl CHN
2a 1.1+£04 (1.4)° 4000 >20000 >20000

2b 16.0 £ 3.4 (32)% >20000 1500 >20000

3a 333 + 50 >20000 >20000 >20000 CsH),N20-C;H,0, CHN
3b 74£0.7 >20000 3400 8000 CsH,9N20-C;H;0, CHN
4a 4.2+06 >20000 >20000 >20000 CoH,4N20:1.1C.H;0, C,HN
4b 44 £12 >20000 >20000 >20000 CoH,(N:0-HCl CHN

¢ Values are the means £SEM. ? Literature value for displacement of [*H]nicotine from ref 51.

have been normalized to their equilibrium dissociation
constants (K;).45

Behavioral studies were performed utilizing CD1 mice.
Drug enhancement of cognitive performance was evaluated
utilizing an inhibitory avoidance (IA) paradigm,* while
anxiolytic-like activities were assayed utilizing the elevated
plus-maze (EPM) paradigm.4748

For the IA task, animals are initially trained 15 min
after an intraperitoneal (ip) administration of a solution
of either the drug or saline. During the training session
animals are placed into the illuminated half of an apparatus
of which also contains a darkened area. Rodents, being
nocturnal animals, have a natural tendency to move into
the dark area. Upon stepping into the darkened space,
the animal receives a mild foot shock, after which it is
returned to its home cage. Twenty-four hours later each
animal is again placed into the same illuminated area and
the latency to step through to the darkened compartment
is a measure of how well the animal has remembered the
test (i.e., the aversive experience which was learned during
the training session). Longer latencies above those of the
saline-treated control group of animals are attributed to
the cognitive-enhancing properties of the drug.

The EPM test is a pharmacologically validated animal
model of anxiety. The maze consists of four arms elevated
above the floor with two of the arms having side walls and
the other twobeing open. Naiveanimals are administered
drug or saline ip and 15 min later placed in the center of
the maze. Each animal is then given 5 min to explore the
apparatus. The amount of time that drug-treated animals
spend in the open arms of the maze over and above that
of the saline-treated control group is a measure of the
anxiolytic-like properties of the drug.

Results and Discussion, [3H]-(-)-Cytisine has been
shown to bind with high affinity to the 482 subtype of
CCR's, the major subtype in rodent brain accounting for
greater than 90% of (-)-nicotine binding sites.4®5® Con-
sistent with previously published results,5! initial exami-
nation of the data shows that there is a significant
difference in the binding potencies of the enantiomers of
nicotine at the site labeled by [3H]cytisine (Table 1). The
(S)-enantiomer, 2a (K; = 1.2 nM), is 1 order of magnitude
more potent than the corresponding (R)-enantiomer (K;
~ 16 nM). This is in contrast to the nornicotine enan-
tiomers which have nearly identical binding potencies (K;
= 20nM). Comparing the trends in binding potencies of
the nornicotine and nicotine enantiomers, it was noted
that N-methylation enhanced the potency in the (S)-
enantiomeric series while it had virtually no effect on the
affinity of the (R)-enantiomers.

From the results with 3b (K; = 7.4 nM) and 4a (K; ~
4.2 nM), it is apparent that potent nanomolar binding

affinity at brain CCR’s can be achieved with either
enantiomer of the isoxazoles. Of particular note is that
the trend in potency for each enantiomeric isoxazole series
isdifferent. Thatis, for the (S)-enantiomeric compounds,
the N-methylated pyrrolidine 4a is approximately 80-fold
more potent than the desmethyl analog 3a. Although the
potency enhancement is not as dramatic, this is the same
trend observed upon comparison of the pyridine deriva-
tives 1a and 2a. The opposite trend is observed with the
two isoxazoles in the (R)-enantiomeric series. Analog 3b,
the compound with the unsubstituted pyrrolidine nitrogen,
is 7-fold more potent than the N-methyl derivative 4b.
This enhanced binding potency is not observed upon
N-demethylation of 2b to afford 1b.

In contrast to the activity at the «482 nicotinic
acetylcholine receptor (nAChR) subtype labeled by [3H]-
cytisine, all of the compounds were nearly 3 orders of
magnitude less potent in displacing [126]]-a-BgT binding
from the a-BgT-sensitive CCR subtype present inrat brain
membranes (Table 1). However, a trend in the structure-
activity binding profile emerged when the binding of [1251]-
a-BgT to the subtype of nAChR present in Torpedo
electroplax, which is similar to the neuromuscular CCRs,
was examined. At the [125]]-a-BgT site defined in
Torpedo, the general trend observed was that (R)-
enantiomers of theisoxazole and pyridine derivatives were
slightly more potent than the corresponding derivatives
in the (S)-enantiomeric series. With the exception of 4a,
N-demethylation in both enantiomeric series enhanced
binding affinity. None of the compounds had appreciable
activity at muscarinic cholinergic receptors labels by [3H]-
oxotremorine-M (Table 1), highlighting the predominant
selectivity of these compounds for the ligand-gated ion
channel cholinergic receptors found in brain.

On the basis of the potent binding affinities of 4a and
3b at the a482 brain CCR subtype, it was decided to
evaluate these two analogs in comparison to 2a in the
rodent IA and EPM behavioral paradigms. The results
of these compounds in the IA task is shown in Figure 1.
Although each of the compounds was able to produce a
significant enhancement in cognitive performance, of great
interest was the fact that both 4a and 3b were significantly
more potent than 2a. Cognitive enhancing effects were
observed with 4a at a dose of 0.036 umol/kg and with 3b
at 0.062 umol/kg, while the effects with 2a required a much
higher dose of 0.620 umol/kg. Although the 482 brain
binding affinities were slightly less potent, the behavioral
results with the two isoxazole compounds showed them to
be at least 10-fold more potent than 2a in their ability to
produce a cognitive enhancing effect.

Figure 2 graphically depicts the results obtained with
these three compounds in the EPM behavioral test. With
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Figure 1. The effects of 3b and 4a on retention of inhibitory
avoidance training in mice. Shown are the mean test latencies
in seconds (& SEM). Significant improvement in retention test
performance was observed for 4a [F(4,52) = 2.59; p < 0.05] and
for 3b [F(6,92) = 2.62; p < 0.05] 2a data redrawn from ref 46 for
comparative purposes. *Significantly different from appropriate
saline group, p < 0.05.
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Figure 2. The effects of 3b and 4a on elevated plus-maze
exploration in mice. Shown are the mean times spent in the open
arms in seconds (= SEM). Significant improvement in retention
test performance was observed for 4a [F(5,69) = 3.21; p < 0.05]
and for 3b [F(5,63) = 5.06; p < 0.001]. 2a data redrawn from ref
46 for comparative purposes. *Significantly different from
appropriate saline group, p < 0.05

regard to the anxiolytic effects of the compounds, a similar
trend in potency to that which was observed with the
compounds in the IA paradigm was apparent. The
minimal effective doses for 4a and 3b to producesignificant
anxiolytic effects were again at concentrations much lower
than the lowest dose at which 2a was active. The lowest
dose at which 4a produced anxiolytic effects was at 0.036
umol/kg while 8b produced beneficial effects at a dose as
low as 0.019 umol/kg. Thus, the anxiolytic activities of
the two isoxazoles in the EPM paradigm is manifested at
levels which are 3-30-fold lower than the dose of 0.62 umol/
kg minimally required for 2a to show activity.

To assess potential side-effect liabilities of the new
isoxazole compounds, 2a, 3b, and 4a were evaluated for
their abilities to modulate the general locomotor activity
of the rodents as well as to determine their effects on the
animals’ body temperature. As shown in Figure 3, 2a
significantly reduced body temperature at a dose which
was at least three-fold lower than that observed with either
of the isoxazoles tested. As summarized in Figure 4, a
significant reduction in locomoter activity was observed
with 2a at a dose which was minimally 6-fold lower than
the dose required to produce a comparable hypolocomotor
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Figure 3. The effects of 2a, 3b, and 4a on body temperature
taken 15min after injection. Shown are mean rectal temperatures
in °C = SEM. Differences from baseline performance were
evaluated by paired ¢ tests. *Significantly different from pre-
injection baseline, p < 0.05.
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Figure 4. The effects of 2a, 3b, and 4a on locomotor activity
measured for 20 min in an open field beginning approximately
2 min after injection. Shown are mean activity counts (infrared
beam breaks) = SEM. Significant effects were noted for 2a
[F(5,42) = 6.65; p < 0.0001] and 3b [F(3,28) = 4.30; p < 0.05],
but not for 4a [F(4,32) = 0.74; p = 0.57]. *Significantly different
from appropriate saline group, p < 0.05.

effect with either 3b or 4a. With 2a, locomoter activity
was reduced at the same dose which facilitated memory
performance and produced anxiolytic effects. Thus, on
the basis of the results of these in vivo experiments, the
potential therapeutic utility of the isoxazoles 3b and 4a
issignificantly higher thanthat of 2a. With 2a, side effects
are produced at the same dose level as that required for
the production of the beneficial behavioral activities while
for 3b and 4a the cognitive enhancing and anxiolytic
activities occur at dose levels which are at least 10-fold
lower than those which produce hypolocomotive or hy-
pothermic effects.

In summary, the discovery a novel series of neuronal
CCR ligands in which asubstituted isoxazole ring has been
incorporated as a bioisosteric replacement for the pyridine
ring of nicotineisreported. Receptor binding studies show
that this modification is favorable in both the (S)- and
(R)-enantiomeric series to interact with the a462 subtype
of neuronal CCR, the major receptor subtype with the
(-)-nicotine binding site in brain.4®% Remarkably
beneficial cognitive enhancing and anxiolytic effects have
also been produced in mice with 4a and 3b at dosage levels
averaging 1 order of magnitude lower than those observed
with 2a. Further in vitro5 characterization of 4a has
indicated that it is a potent and selective agonist of some
putative subtypes of neuronal CCR’s. Moreover, 4a-HCI
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had less emetic liability in dogs compared to 2a and was
less potent in eliciting seizures and death in mice.53
Ligands for neuronal CCR's possessing such a behavioral
profile and with a more favorable therapeutic window with
respect to nicotinically mediated adverse side effects may
be useful in the treatment of AD related personality
changes and memory loss. This novel series of isoxazole
compounds represents an exciting new area of investigation
where safe and effective ChCAs to treat CNS disorders
involving loss of cholinergic function will continue to be
explored.
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