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Existing drugs for the treatment of schizophrenia
have poor side-effect profiles, in particular causing
major movement disorders known as extrapyramidal
side effects (EPS).1 Schizophrenia has been associated
with up-regulation of the dopaminergic system, and
existing drugs are believed to exert their antipsychotic
effects via blockade of D2-like receptors.2 Recent ad-
vances in the molecular biology of dopamine receptors
have allowed these D2-like receptors to be classified as
D2, D3, and D4.3-5 On the basis of studies of receptor
distribution, it has been proposed that the EPS caused
by existing drugs are due to the blockade of D2 receptors
in the striatum. Studies based on the distribution of
mRNA suggest that D4 receptors are preferentially
located in cortical and other areas of the brain associ-
ated with antipsychotic activity and have low density
in the striatum.5,6 A selective D4 antagonist thus has
the potential to be an effective antipsychotic agent
lacking the EPS of current therapy.
Two further pieces of evidence have also driven the

search for selective D4 antagonists. The atypical an-
tipsychotic agent clozapine has been shown to be ap-
proximately 10-fold selective5 for D4 over D2 receptors.
Clozapine has higher efficacy than other antipsychotic
agents and low propensity to cause EPS, and it has
therefore been proposed that the D4 selectivity of
clozapine may contribute to its highly beneficial profile.
In addition, it has been reported that D4 receptor levels
are elevated in schizophrenia,7,8 although the evidence
for this has been questioned.9
There is therefore a clear need for a selective D4

antagonist to explore the potential of such a compound
in the treatment of schizophrenia. The only compound
reported to date with high selectivity is NGD 94-1, but
no structure has been revealed.10 This Communication
describes the discovery of the first compound with
>1000-fold selectivity for the D4 over the D2 receptor.
Compounds were screened on human cloned D4 and

D2 (long) receptors11 using [3H]nemonapride and [125I]-
iodosulpride, respectively, as the radioligands, and
results are reported as pKi values.12 From a program
of rapid parallel synthesis based on known dopaminer-
gic structural motifs, the ester 1 and naphthamide 2
emerged as leads with pKi values of 7.6 and 8.4 at D4
receptors and selectivities of 80 and 10, respectively,
against D2 receptors.
On the basis of these leads, a series of 3-methoxy-2-

naphthyl derivatives was prepared. Esters 3 and 4 and
amide 5 were obtained from 3-methoxynaphthalene-2-
carboxylic acid 11 via conversion to the acid chloride

followed by reaction with the appropriate alcohol or
amine 12 (Scheme 1). Ester 6 was obtained from

3-methoxy-2-naphthol 13 by coupling with acid 14.
Reduction of 11 with LAH followed by treatment with
SOCl2 gave chloride 15 which reacted with the anion
derived from alcohol 12 (X ) O, n ) 2) to give ether 7
(Scheme 2). Coupling of 13 with alcohol 16 under

Mitsunobu conditions gave 8. Conversion of 11 to the
Weinreb amide followed by reaction with MeLi gave 17,
which was condensed with pyridine-4-carboxaldehyde.

Scheme 1

Scheme 2
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Subsequent reductions and benzylation gave ketone 9
(Scheme 3). Alkene 21 was prepared as a mixture of
isomers from reaction of phosphonium salt 19 and
aldehyde 20. Oxidation of 21 to the epoxide with
mCPBA, followed by rearrangement, deprotection, and
benzylation, gave ketone 10.
The affinities of compounds 3-10 for D4 and D2

receptors are shown in Table 1.
The pyrrolidinyl naphthoate 3 gave an encouraging

improvement in selectivity compared to ester 1. Expan-
sion of the pyrrolidine ring to piperidine 4 further
improved D4 affinity and maintained the high selectivity
of 3. However, replacement of the ester moiety by
related functionalities both reduced D4 affinity and
increased D2 affinity, resulting in marked reductions in
selectivity. Only by reversal of the ester linkage of 4 to
give 6 was high D4 affinity and selectivity maintained.

The affinity order at D4 receptors was esters 4, 6 >
amide 5, ethers 7, 8, ketone 9 > ketone 10, whereas at
D2 receptors the affinity order was amide 5 > ketone 9
> ethers 7, 8, ketone 10 > esters 4, 6. It is interesting
to note that only the esters 4 and 6, which possess two
electronegative areas capable of accepting hydrogen
bonds, show both high D4 affinity and selectivity. The
almost complete loss of selectivity with amide 5, despite
the retention of relatively high D4 affinity, is remarkable
and may be due to the formation of an intramolecular
hydrogen bond between the amide NH and 3-methoxyl
group, which has been shown to be a key feature in
benzamide dopamine antagonists.13
In conclusion, naphthoate esters with high D4 affinity

and selectivity have been described. To our knowledge
compound 6 is the first compound to be reported in the
literature with >1000-fold selectivity over its affinity

Scheme 3

Table 1. Dopamine Receptor Affinity of 3-Methoxy-2-naphthyl Esters, Amides, Ethers, and Ketones

a All new compounds received satisfactory analytical and/or spectroscopic data (see Supporting Information for full details of their
preparation. b Free base. c HCl salt. d pKi values represent the means of at least two determinations. For compounds 4 and 6 values are
the means of four determinations. e Selectivity for D4 compared to D2.
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for the D2 receptor.14 Functional studies in vitro have
shown that 4 and 6 are antagonists at the D4 receptor.15
These compounds therefore represent tools for the in
vitro determination of the distribution and function of
dopamine D4 receptors in the brain.
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