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a b s t r a c t

High throughput screening led to the identification of a novel series of quinolone a7 nicotinic acetylcho-
line receptor (nAChR) agonists. Optimization of an HTS hit (1) led to 4-phenyl-1-(quinuclidin-3-
ylmethyl)quinolin-2(1H)-one, which was found to be potent and selective. Poor brain penetrance in this
series was attributed to transporter-mediated efflux, which was in turn due to high pKa. A novel 4-fluor-
oquinuclidine significantly lowered the pKa of the quinuclidine moiety, reducing efflux as measured by a
Caco-2 assay.

� 2013 Elsevier Ltd. All rights reserved.

The a7 nicotinic acetylcholine receptor (nAChR) has been a tar-
get of significant and growing interest in neuroscience research for
more than two decades as evidence has accumulated that it may be
a viable target for treating the cognitive deficits and negative
symptoms seen in schizophrenia.1–3 Although current antipsy-
chotic medications are able to manage the positive symptoms of
schizophrenia (e.g., hallucinations, delusions), no treatments exist
which alleviate the negative symptoms (e.g., reduced affect, anhe-
donia, social withdrawal) or cognitive deficits which are also core
features of the disorder. Several a7 nAChR agonists have demon-
strated improvement in preclinical models of memory and cogni-
tion, and a few examples have shown signs of alleviating both
cognitive deficits and negative symptoms in clinical trials for
schizophrenia.2 a7 nAChR agonists have also become targets of
interest for alleviating the cognitive deficits seen in Alzheimer’s
disease and as anti-inflammatory agents.2,4

Several known a7 nAChR agonists are shown in Figure 1.5–7 Ace-
tylcholine (ACh) is the natural ligand for the a7 nAChR, and most of
the known a7 nAChR agonists can be considered ACh mimetics,
containing a carbonyl or carbonyl isostere connected by a three-
atom linker to a basic amine, expected to be highly charged at
physiological pH.

A high-throughput screen of the Bristol–Myers Squibb com-
pound collection for a7 nAChR agonists was performed using a
Fluorometric Image Plate Reader (FLIPR) that measured calcium
ion influx in HEK293 cells expressing the rat a7 nAChR.8,9 Quino-
lone 1 ( Fig. 2) was identified as a novel a7 nAChR agonist (a7
EC50 = 1.3 lM). Although the potency was only modest, we were
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Figure 1. Examples of known a7 nAChR agonists.
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encouraged by good selectivity (EC50s >100 lM at a3b4, a4b2 and
a1b1de; IC50 = 19 lM at the closely related 5HT3 receptor), rela-
tively low molecular weight (331 g/mol) and novelty compared
to other known a7 agonists. Another interesting aspect of quino-
lone 1 was that the 4 atom linker connecting the basic amine
and carbonyl moieties was longer than those present in most
known agonists (see Fig. 1 for comparison).10

The initial route to quinolone 1 and analogs varying at the
amine or in linker length followed along the lines of the previously
reported synthesis (Scheme 1).11 Thus, acylation of o-aminobenzo-
phenone with cyanoacetic acid followed by intramolecular Knoe-
venagel condensation led to cyanoquinolone 2, which was
treated with sodium hydride and iodochloropropane to afford a
separable mixture of the O- and N-alkylated compounds ( 3, 4).
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Figure 2. Lead compound from high-throughput screen.

Table 1
a7 nAChR FLIPR data for selected compounds

N
R1

O

R2

N
R1
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N
R1

O

R2

1, 8-10 11 12

Compd R1 R2 a7 nAChR EC50
a (lM)

1 N CN 1.3

8 N H 2.8

9 N H >10

10 N H >10

11 N CN >10

12 N CN >10

a All values are averages of at least two independent experiments.

Table 2
SAR of amine analogs

N
R1

O

R2

13-21

Compd R1 R2 a7 nAChR EC50
a (lM)

13b
N H >10

14b
N H >10

15 N CN 4.3

16 N CN 9.3

17 N
H

CN 0.90

18b NH CN 0.46

19 NH H 0.21

20b N CN >10

21c NH
O

H 0.26

22c N H 0.15

a All values are averages of at least two independent experiments.
b Racemic.
c Homochiral, final compounds separated by chiral supercritical fluid chroma-

tography (SFC). Data reported for more potent enantiomer (absolute configuration
not determined).
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Scheme 1. Reagents and conditions: (a) cyanoacetic acid, PCl5,CH2Cl2, reflux
30 min, then NaOH (87%); (b) NaH, 3-chloro-1-iodopropane, DMF, rt, 3.5 h (3:21%,
4:38%); (c) dimethylamine, THF, NaI (cat) 70 �C, 4 h (60%).
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