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Following the isolation and characterization of the cDNA for the
dopamine (DA) D3 receptor,1 a number of non-selective and selec-
tive DA D3 receptor antagonists have been reported.2 GlaxoSmithK-
line (GSK) has shown a long-standing interest in this field and has
contributed to the discovery of selective DA D3 receptor antago-
nists.3–7 Some of these derivatives are illustrated in Figure 1.

Growing evidence suggests that selective antagonists of the DA
D3 receptor can reduce the reinforcing efficacy of drugs of abuse,
reverse cognitive deficits, and show efficacy in animal models of
schizophrenia. Accordingly, potential manifold therapeutic appli-
cations (e.g., Parkinson’s disease, schizophrenia, drug addiction)
exist for selective DA D3 antagonists and they have recently been
the subject of a comprehensive review.8

In our quest to identify small molecules in the field of selective
DA D3 antagonists, we recently reported a new structural template
(6, Fig. 1) endowed with low molecular weight and described its
potential applications.9 Such a template is slightly smaller, in
terms of size and molecular weight, with respect to the other
derivatives reported in Figure 1.

To identify another alternative small template beyond deriva-
tive 6, it was decided to investigate a series of azabicy-
clo[3.1.0]benzensufonamides. The working hypothesis behind
ll rights reserved.

: +39 045 8218196.
cheli).
this choice was related to the identification of three potentially dis-
tinct and specific regions in derivative 6: an aromatic region (the
cyanophenyl group), a hydrogen bond acceptor (the imidazoli-
none), and a basic region (the trifluoromethyl piperidine).

To test such a theory, a first derivative compound 710,11 was
prepared where the hydrogen bond acceptor was represented by
a sulfonamide, a phenyl-3-azabicyclo[3.1.0]hexane was introduced
as a basic side chain, and the aromatic region was represented by
an additional benzene ring attached to the sulfonamide moiety
(the one with the i-Pr group in compound 7).

The compounds were tested according to the screening cascade
previously reported5–7 and the results are reported in Table 1.

Derivative 7 showed high DA D3 activity coupled with a 100-fold
selectivity versus the DA D2 receptor and about 400-fold selectivity
versus the hERG (human ether-a go–go K+ channel) ion channel, a
liability target potentially associated with cardiovascular adverse
events.

The presence of a hydrogen bond donor, not present in deriva-
tive 6, was not detrimental to DA D3 activity and constituted a
further point of interest in the exploration of this new series.

Accordingly, a minimal synthetic activity was performed to
identify the existence of a potential SAR around this original start-
ing point. The introduction of a N-methyl group on the [3.1.0]
portion (derivative 8) slightly decreased the activity at the DA D3

receptor, while a minimal increase at the DA D2 receptor reduced
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Figure 1. GSK selective DA D3 antagonists.
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the selectivity to just 10-fold. No major consequence was observed
on the hERG channel. The N-ethyl derivative (9) was almost equi-
potent to derivative 8, while the introduction of a N-allyl moiety
(10) fully restored the affinity at the primary target. This may have
been related, in this specific case, to the increased clogD which was
the highest achieved in this mini-series. The selectivity towards
the DA D2 receptor was slightly reduced, while the affinity at the
hERG channel was unexpectedly high. Once again a potential rela-
tion to the increased clogD might be considered.

The introduction of a methoxy group (11) in a position able to
stabilize the sulfonamide further increased the activity at both
dopaminergic targets, leading to a 40-fold selectivity window.
The replacement of the i-Pr group with a –CF3 group (12) deter-
mined a 100-fold loss of potency at the D3 receptor. This might
have been explained by the significant drop in clogD. However,
derivative 13, the –OCF3 substituted compound also demonstrated
a low activity at the primary target despite a similar clogD to deriv-
ative 7. Considering that the polar surface area was also similar in
these three derivatives, the presence of a specific lipophilic pocket
able to fit the isopropyl group of this specific series might be
theorized.

To better understand the role of the acidic sulfonamide hydro-
gen, the NH moiety was appropriately modified. In derivative 14,
it was replaced by a –CH2– leading to a sulfone, while in 15 it
was N-methylated. The presence of the ‘acid’ benzylic methylene
of compound 14 whilst retaining some DA D3 activity led to a
10-fold drop of potency, while the N-methylation (15) of the sys-
tem determined a larger drop in activity. The latter result might
potentially be due to the lack of the NH group, but a full conforma-
tional change of the system cannot be ruled out. In fact, this was
the only derivative to completely abolish the hERG affinity and this
might also find an explanation in a completely different conforma-
tional pose able to prevent access to the hERG channel.

The isomeric sulfone 16 was also prepared; no major difference
with respect to derivative 14 was noticed as far as DA D3 activity
was concerned, while a complete deletion of the activity at the
DA D2 receptor was observed.

To explore further the hypothesis of the presence of a lipophilic
pocket able to fit the i-Pr substituent, derivatives 17 and 18 were
prepared. Both compounds showed excellent activity at the DA D3

receptor, but a slightly inferior selectivity with respect to the DA
D2 target. This might be related to the specific spatial orientation
of the i-Pr group with respect to the butyl and neopentyl moieties.

Finally, a new preparation of racemate 7 was used to separate12

the two enantiomers and evaluate their individual activities (19, 20
Table 1). It may be noticed that one enantiomer demonstrated a
significant greater activity than the other, suggesting an enantio-
specific mode of binding within the receptor.

To complete their characterization, derivatives 19 and 8 were
tested for their ability to cross the blood/brain barrier in rat.13

While the presence of two acidic NH moieties hampered this task
for compound 19 (brain/blood ratio = 0.6), the presence of a single
sulfonamide NH had no negative effect on derivative 8 (brain/
blood ratio = 7.3), suggesting a high potential for this derivative
to achieve CNS distribution.

In summary, a new and selective class of DA D3 antagonists was
reported. Derivative 7 demonstrated excellent potency and selec-
tivity versus the DA D2 receptor and the hERG channel. The syn-
thetic activities performed around this scaffold demonstrated the
existence of a SAR and critical interaction points were identified



Table 1
Activity (fpKi) results for derivatives 1–20
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D2

fpKi

hERG
pIC50

PSA
(Â2)

ACD
log D*

1 NA NA NA 9.3 6.9 6.0 60 2.1
7 H A H 8.6 6.6 6.0 58 1.5
8 Me A H 8.2 7.2 5.8 49 1.8
9 Et A H 8.1 7.0 5.9 49 2.3
10 Allyl A H 8.6 7.2 7.0 49 3.1
11 H A OMe 8.9 7.3 5.9 67 1.4
12 H B H 6.6 <5.5 6.1 58 0.7
13 H C H 6.2 6.0 5.0 55 1.6
14 H D H 7.6 6.5 5.9 46 0.9
15 H E H 7.1 6.3 <4.2 49 �0.8
16 H G H 7.6 <5.5 5.5 46 1.0
17 H L H 8.3 6.9 5.7 58 1.6
18 H Q H 8.2 7.3 5.9 58 1.6
19 (enant. 1) H A H 8.4 6.3 5.3 58 1.5
20 (enant. 2) H A H 6.7 6.1 5.8 58 1.5

SEM for D3 GTPcS and hERG data sets is ±0.1 and for the D2 GTPcS data is ±0.2.
* ACD_log D_ Version 11. fpKi = functional pKi obtained from the GTPcS functional assay.
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in these new scaffolds. Enantioselective preference for one of the
isomers was also demonstrated as well as the presence of good
brain penetration for a selected derivative. Further aspects of the
medicinal chemistry have to be evaluated to fully exploit the po-
tential of this new series.
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