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Abstract—Starting from the tetrahydroisoquinoline SB-277011 1, a novel series of 5-substituted-2,3-dihydro-1H-isoindoles has been
designed. Subsequent optimisation resulted in identification of 19, which has high affinity for the dopamine D5 receptor (pK; 8.3)
and >100-fold selectivity over other aminergic receptors. In rat studies 19 was brain penetrant with an excellent pharmacokinetic
profile (oral bioavailability 77%, t;,» 5.2h). © 2001 Elsevier Science Ltd. All rights reserved.

All clinically effective antipsychotic agents share the
property of dopamine D, and D5 receptor antagonism.
Since these drugs occupy both D3 and D, receptors at
clinical doses, their antipsychotic effects could be medi-
ated via D, and/or Djs receptors. Blockade of D, recep-
tors in the striatum leads to serious extrapyramidal side-
effects, resulting in poor patient compliance and there-
fore poor control of the disease. Interestingly, dopamine
Dj; receptors are preferentially located in limbic brain
regions, such as the nucleus accumbens, where dopa-
mine receptor blockade has been associated with anti-
psychotic activity. Consequently, a selective dopamine
D; receptor antagonist offers the potential for an effec-
tive antipsychotic therapy, free of the serious side-effects
of currently available drugs.'* The presence of the
dopamine D5 receptor in projection regions of the meso-
corticolimbic system also suggests a potential therapeutic
role in reinforcement processes and drug abuse.?

Recent reports from these laboratories have described
the design and synthesis of SB-277011 1, a potent and
selective dopamine D5 antagonist.® As part of our con-
tinuing studies around SB-277011 1, it was important to
establish the effect on Dj affinity and selectivity of
replacing the tetrahydroisoquinoline with a 2,3-dihydro-
1H-isoindole. Examination of molecular models sug-
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gested a good overlap between the 6-substituted-tetra-
hydroisoquinoline of 1 and 5-substituted-2,3-dihydro-
1 H-isoindoles, such as 2 (Fig. 1). However, the model-
ling study also indicated the different spatial require-
ments of the 2,3-dihydro-1H-isoindole, which might
adversely affect dopamine Dj affinity. Accordingly, a
series of 5-substituted-2,3-dihydro-1H-isoindoles, rela-
ted to 1, has been synthesised and the structure—activity
relationship investigated, the results of which are
disclosed in this paper.

The synthesis of the starting 5-substituted-2,3-dihydro-
1 H-isoindoles 3b—e is outlined in Scheme 1. Preparation
of 5-methanesulfonyloxy- and 5-cyano-2,3-dihydro-1H-
isoindoles 3b,c was accomplished via the key 5-hydroxy
intermediate 4, derived from 5-methoxy-2,3-dihydro-
1 H-isoindole 3a’ by sequential O-demethylation and
N-protection. Reaction of 4 with methanesulfonyl chlo-
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ride or trifluoromethanesulfonic anhydride gave the
sulfonates 5 and 6, respectively. Palladium catalysed
reaction of 6 with Zn(CN), furnished the 5-cyano deri-
vative 7. Deprotection of 5 and 7 then afforded the
required 2,3-dihydro-1H-isoindoles 3b,c. The 5-tri-
fluoromethyl-2,3-dihydro-1H-isoindole 3e was obtained
from the 5-bromo intermediate 87 by reaction
with potassium trifluoroacetate in DMF, followed by
N-detosylation of 9 with 48% hydrobromic acid in the
presence of phenol and propionic acid. Similarly, 8
afforded the 5-bromo analogue 3d.”

Figure 1. Overlap of S5-cyano-2,3-dihydro-1H-isoindole (cyan) with
SB-277011 (magenta).
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Transformation of the 2,3-dihydro-1H-isoindoles 3a—e
into the final compounds 2 and 13-19 is outlined in
Scheme 2. Thus, reductive amination of the aldehyde
10° with the requisite 5-substituted-2,3-dihydro-1H-iso-
indole 3a—e in the presence of NaBH(OAc); afforded
the corresponding protected amines 11a—e. N-Depro-
tection with TFA, followed by EDC-HOBt mediated
coupling of the resulting amines 12a—e with an appro-
priate acid provided the amides 2 and 13-19. All com-
pounds were purified by chromatography and isolated
as their hydrochloride salts.

For direct comparison with the tetrahydroisoquinoline,
the first derivative prepared and evaluated was the 5-
cyano-2,3-dihydro-1H-isoindole 2. Albeit less potent
than the corresponding tetrahydroisoquinoline SB-277011
1, the 5-cyano-2,3-dihydro-1H-isoindole analogue 2 had
encouraging affinity for the D3 receptor (pK; 7.2) with
40-fold selectivity over the D, receptor (Table 1). By
replacement of the 4-quinolinyl group by a 2-indolyl
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Scheme 1. Reagents: (i) 48% HBr, 100°C, 2h, 80%; (ii) (Boc),O, NEt;, CH,Cl,, rt, 16 h, 40%:; (iii)) MeSO,Cl, NEt;, CH,Cl,, rt, 16 h, 70%; (iv)
TFA, CH,Cl,, 40°C, 0.5h, 90%; (v) (CF3S0,),0, NEt;, CH,Cl,, —20°C-rt, 6 h, 70%; (vi) Zn(CN),, Pd(PPh3),, DMF, 100°C, 4h, 90%; (vii)
CF;CO5K, Cul, DMF-PhMe, 110°C, 1.5h, 90%; (viii) 48% HBr, PhOH, EtCO,H, 150°C, 6 h, 65%.
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group, as in compound 13, D; affinity was slightly
increased and 100-fold selectivity over the D, receptor
was demonstrated. It had previously been observed in
the 6-cyano-tetrahydroisoquinoline series that a 4-
fluorocinnamide moiety gave higher dopamine Dj
receptor affinity than the 4-quinolinylcarboxamide
group.®!% This modification to the acylamino moiety
identified the trans-cinnamide 14, which had high affi-
nity for the D; receptor with a pK; of 7.9. Unfortu-
nately, D, receptor affinity also increased, with a slight
reduction in selectivity to 50-fold. Variation of the
phenyl substituent identified the 3-methoxycinnamide
15, which firmly established that both high affinity (pK;
8.0) for the D5 receptor and 100-fold selectivity over the
D, receptor was achievable in this series. On cross-
screening against other aminergic receptors, cinnamide
15 was shown to be only 50-fold selective over the 5-
HT,p receptor. The reduced selectivity over the 5-HTp
receptor observed in the 5-cyano-2,3-dihydro-1H-iso-
indole series was in contrast to the 6-cyano-tetra-
hydroisoquinoline series® and may result from the

Table 1. Affinities (pK;) of substituted 2,3-dihydro-1H-isoindole
derivatives at dopamine D3 and D, receptors

O,NHCOR
N
R'

2

Compound?® R' R? D;> D, Selectivity®
SB-277011 — — 80 6.0 100
2 NC— 4 72 56 40
13 NC— /[D 76 5.6 100
N
.
14 NC- /\/@’ 79 62 50
S
15 NC- /\/@\ 80 6.0 100
x OMe
F
16 FiC— N@’ 80 64 40
x
F
17 Br— /\/@’ 85 7.0 35
\
.
18 McO— /\/@’ 8167 25
x
.
19 MeS0,0— /\/@’ 83 6.3 100
A

2All new compounds gave satisfactory analytical and/or mass spectral
data.®

PAll values represent the mean of at least 3 experiments, each within
0.3 of the mean.’

“Selectivity is defined as the antilogarithm of the difference between D3
and D, pK; values.

subtly different spatial requirements of the 2,3-dihydro-
1 H-isoindole and tetrahydroisoquinoline rings (see Fig.
1). With the aim of maintaining Dj affinity and
improving the overall selectivity, alternative 5-sub-
stituted-2,3-dihydro-1H-isoindole  derivatives  were
investigated in the 4-fluorocinnamide series. While the
S-trifluoromethyl- and 5-methoxy-analogues, 16 and 18
respectively, had similar Dj affinity to the 5-cyano ana-
logue 14, the 5-bromo analogue 17 had increased D;
affinity with a pK; of 8.5. These modifications however,
resulted in a similar enhancement of D, receptor affinity
and therefore only 25-40-fold selectivity over D,. In
previous studies on a series of 2-aminotetralin deriva-
tives, replacement of methoxy by methanesulfonyloxy
had maintained D; affinity and enhanced D, selectiv-
ity.!! In agreement with this observation 19 demon-
strated excellent affinity (pK; 8.3) for the D3 receptor,
and 100-fold selectivity over the D, receptor. Further-
more, 19 had an excellent cross-screening profile, being
270-fold selective over the 5-HTp receptor (pkK; 5.9)
and >200-fold selective over other aminergic receptors
(pK; 5-HTa 5.5, 5-HTp 5.3, 5-HT,54 <5.3, 5-HTy
<6.0, S-HTZC <5.1, 5-HT6 <5.0, 5-HT7 <5.4, o1B
<5.3). Studies in the in vitro functional assay’ showed
19 to be a potent antagonist at the D5 receptor with a
pKy of 8.3. In vivo evaluation in the rat demonstrated
that 19 was centrally penetrant (brain:blood 0.5:1) and
had an excellent pharmacokinetic profile, with high oral
bioavailability (77%), low clearance (CL;, 14 mL/min/
kg) and long terminal half-life (t; > 5.2h)."?

Conclusions

Based on the tetrahydroisoquinoline SB-277011 1, a
novel series of 5-substituted-2,3-dihydro-1H-isoindoles
has been designed and structure—activity relationships
investigated. From this study, the 5-methanesulfonyloxy
derivative 19, with a binding affinity (pK; 8.3) for the D3
receptor 2-fold higher than SB-277011 1 and with similar
100-fold selectivity over the D, receptor, was identified.
Furthermore it has been shown that 19 was >200-fold
selective over a package of 63 receptors and ion channels.
Additional studies established that 19 had an exceptional
pharmacokinetic profile and was also brain penetrant,
and therefore represents an excellent pharmacological
tool for the further characterisation of the role of the
dopamine Dj receptor in the central nervous system.
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