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1-Arylpiperazinyl-4-cyclohexylamine derived isoindole-1,3-diones
as potent and selective a-1a/1d adrenergic receptor ligands
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Abstract—Subtype-selective a-1a and/or a-1d adrenergic receptor antagonists may be useful for the treatment of benign prostatic
hyperplasia (BPH) and lower urinary tract symptoms (LUTS) with fewer adverse effects than non-selective drugs. A series of 1-aryl-
piperazinyl-4-cyclohexylamine derived isoindole-1,3-diones has been synthesized, displaying in vitro a1a and a1d binding affinity Ki

values in the range of 0.09–38 nM with Ki(a1b)/Ki(a1a) and Ki(a1b)/Ki(a1d) selectivity ratios up to 3607-fold.
� 2007 Elsevier Ltd. All rights reserved.
Benign prostatic hyperplasia (BPH) is a non-malignant
enlargement of the prostate and is the cause of lower uri-
nary tract symptoms (LUTS) in a large segment of the
elderly male population. There are two major types of
symptoms: the voiding (obstructive) symptoms and the
irritative (storage) symptoms. Symptoms such as strain-
ing, hesitancy, dribbling, weak stream, and incomplete
emptying are classified as voiding or obstructive symp-
toms. These are primarily due to pressure upon the ure-
thra from the physical mass of the enlarged prostate
gland (the static component) and the increased tone of
the smooth muscle of the prostate stroma and bladder
neck (the dynamic component).1 Symptoms such as
increased frequency, urgency, nocturia, dysuria, and
burning sensation belong to irritative or storage symp-
toms, and patients feel that these symptoms are more
disturbing than the obstructive symptoms. LUTS also
develop in women of a certain age. As in men, LUTS
0960-894X/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2006.12.111

Keywords: Adrenergic receptor antagonists.
* Corresponding author. Tel.: +1 609 409 3489; fax: +1 609 655

6930; e-mail: sli3@prdus.jnj.com
� Present address: Johnson & Johnson Pharmaceutical Research and

Development LLC, 8 Clark Drive, Cranbury, NJ 08512, USA.
� Present address: Wyeth Research, 865 Ridge Road, Monmouth

Junction, NJ 08852, USA.
§ Present address: Oncology Department, Sanofi-Aventis, 1041 Route

202-206, PO Box 6800, Bridgewater, NJ 08807-0800, USA.
– Present address: Hoffmann-La Roche, Inc., 340 Kingsland Street,

Bldg. 76/5E11, Nutley, NJ 07110, USA.
in women include both filling symptoms such as urgen-
cy, incontinence, and nocturia, and voiding symptoms
such as weak stream, hesitancy, incomplete bladder
emptying, and abdominal straining.

The adrenergic receptors (ARs), through which norepi-
nephrine and epinephrine exert their biological activi-
ties, are targets for many therapeutically important
drugs. The a1-ARs are members of the G-protein cou-
pled receptor superfamily, and in most cells the primary
functional response to activation of all a1-AR subtypes
is an increase in intracellular Ca2+. They play a domi-
nant role in control of smooth muscle contraction and
are important in control of blood pressure, nasal con-
gestion, prostate function, and other processes.2 To
date, a1-ARs have been characterized as three subtypes
(a1A, a1B, and a1D) that represent the receptors from
animal or human tissues.3–5 Three genes encoding differ-
ent a1-AR subtypes (a1a, a1b, and a1d) have been
cloned.6–8

Functional studies have established that prostate
smooth muscle tone is maintained through a1-ARs
and that these receptors mediate the dynamic compo-
nent of obstruction. a1-AR antagonists have successfully
been used to treat the obstructive symptoms associated
with BPH.9 Furthermore, the a1a-AR subtype comprises
the majority of a1-ARs in human prostatic smooth mus-
cle and has been shown to mediate contraction in this
tissue. a1-AR antagonists reduce smooth muscle tone
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in the prostate and lower urinary tract, thereby relaxing
the bladder outlet and increasing urinary flow. The
major disadvantage of non-selective a1-blockers is their
adverse effect profile, particularly vasodilatation leading
to dizziness, postural hypotension, asthenia, and occa-
sionally syncope.

It remains unclear which a1-AR is dominant in the hu-
man bladder. One study reported a predominance of
the a1a subtype mRNA in the bladder dome, base, and
trigone.10 Another report found that the a1d subtype is
present as 66% of the a1-ARs at both the mRNA and
protein levels, while the a1a subtype is present as 34%
of the total, with no evidence of the a1b subtype.11 Drugs
that selectively antagonize only the a1a-AR subtype ap-
pear to have little effect upon the irritative symptoms of
BPH. Ro-70004, an a1a subtype-selective compound,
was reported to be discontinued in clinical studies when
it was found to have poor efficacy in treating these
symptoms.12 a1d-ARs may be involved in mediating
the irritative symptoms; however, the location of these
a1d-ARs is unknown.13

There may be clinical advantages to the pharmacologi-
cal blockade of the a1d-ARs in the CNS in reducing
BPH symptoms. Antagonism of a1d-ARs in the CNS
and bladder may be an important activity in reducing
the irritative or filling symptoms of BPH and improving
patient symptom scores.14 Tamsulosin (Flomax�,
Yamanuchi and Boehringer Ingelheim) is an a1-AR
antagonist that is about 15-fold selective for the a1a

and a1d subtypes over the a1b subtype. Large clinical tri-
als of BPH patients with tamsulosin showed improve-
ment in both obstructive and irritative symptoms;
however, cardiovascular and erectile dysfunction side
effects were seen.15–17 Ejaculatory dysfunction, or retro-
NNN
O

O

O

"Bridge" site

1

2 3
4

1 (NAN-190)

Scheme 1.

N
NHO CO2H

HO2C
N

NHO
O NHBoc

N
NO N

O

O

O

O

O
X Y

O

O

O

.2
NaOH

DCM NaBH(OAC)3
DCM, 96%

2 3

C6H6, reflux

6

or R2

Scheme 2. Synthesis of 1-arylpiperazinyl-4-cyclohexylamine derived isoindol
grade ejaculation, is a side effect seen in 10–35% of pa-
tients using tamsulosin.18,19 This activity has been
attributed to tamsulosin antagonism at the 5-HT1a

receptor. Patients treated with non-selective a1 antago-
nists also have shown improvement in both obstructive
and irritative symptoms, although the risk of vascular
side effects is greater. The non-selective a1-AR antago-
nists and tamsulosin are contraindicated for use in con-
junction with PDE inhibitors. There is likely to be high
co-morbidity between LUTS and erectile dysfunction
patients. Patients being treated for LUTS with the cur-
rent a1-AR blockers will find that they are excluded
from using PDE inhibitors.

Generally, the a1a subtype predominates in arteries at
the mRNA and protein levels, while all three subtypes
are found in veins. The particular vessel bed is impor-
tant in that a1a is the subtype found primarily in the
splanchnic and coronary arteries, while the a1d subtype
is the predominant subtype found in the aorta. The a1-
AR subtypes in the vasculature have been found to
change with age. Contraction of the mammary artery
is mediated by both a1a and a1b subtypes. The number
of a1 receptors in the mammary artery doubles with
age; however, the a1b subtype increases to a greater ex-
tent than the a1a subtype.20 The a1b subtype may play a
greater role in vascular tone in elderly patients. This sug-
gests that an a1a- and a1d-selective antagonist may have
less effects upon the vasculature in elderly BPH patients,
resulting in fewer cardiovascular side effects than are
seen with non-selective a1 antagonists and allowing for
use in conjunction with PDE inhibitors, while providing
relief from both obstructive and irritative symptoms.
Such compounds are predicted to be more efficacious
treatments for BPH/LUTS patients and may have fewer
side effects than existing pharmaceuticals.
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Table 1. Binding affinities (Ki, nM) to human a1-ARs

Compound Structurea Ki(a1a) Ki(a1b) Ki(a1d) Ki(a1b)/Ki(a1a) Ki(a1b)/Ki(a1d)

1
N

O

O

N N

O

(NAN-190)

0.26 0.96 0.3 3.7 3.2

6a
N

O

O

N N

O

F
F

F
F

cis/trans
mixture

37.8 4108 30.2 109 136

6b
N

O

O

N N

O

Cl

Cl
cis/trans
mixture

2.7 1082 0.3 401 3607

6c
N

O

O

N N

O

F

isomer A

0.2 18 0.09 90 200

6d
N

O

O

F

N N

O
isomer B

1 127.1 14.9 127 9

6e
N

O

O

N N

O cis/trans
mixture

1.8 15 0.2 8 75

6f

N

O

O

N N

O

F
isomer A

15 269 16.4 18 16

6g

N

O

O

N N

O

F
isomer B

3.9 46.5 0.5 12 93

7a N
N

O

O

N N

O cis/trans
mixture

0.8 44.6 1.5 56 30

7b N
N

O

O

N N

O cis/trans
mixture

0.4 22.4 0.8 56 28

a In some cases, cis and trans stereoisomers were not separable by silica gel chromatography. 6a, 6b, 6e, 7a, and 7b are approximate 1:1 cis/trans

mixtures. For separable isomeric pairs 6c/6d and 6f/6g, NMR spectroscopy failed to allow unambiguous assignment of stereochemistry. In this

event, the less polar constituent (6c or 6f) was termed ‘isomer A’ and the more polar constituent (6d or 6g) was termed ‘isomer B’.
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A number of studies21–25 including those from our orga-
nization26,27 have demonstrated that compounds with
an open-chain linker between arylpiperazinyl and isoin-
dole-1,3-dione-2-yl groups (e.g., NAN-190, 1) bind to a1

adrenergic receptors with high affinity but have very lim-
ited subtype selectivity. We hypothesized that bridging
sites 1 and 4 of the n-butyl linker in compounds like 1,
that is, the incorporation of a cyclohexyl ring into such
compounds, will retain binding affinity and improve
selectivity among the three a1-AR subtypes (a1a, a1b,
and a1d). Herein, we report a series of 1-arylpiperazi-
nyl-4-cyclohexylamine derived isoindole-1,3-diones as
a1a- and a1d-selective ligands (Scheme 1).

The synthesis of 1-arylpiperazinyl-4-cyclohexylamine
derived isoindole-1,3-diones 6 or the corresponding het-
erocyclic diones 7 starting from 1-(2-isopropoxyphe-
nyl)piperazine difumarate 2 is outlined in Scheme 2.28

The free base 3, which was generated from 2, underwent
reductive alkylation uneventfully at room temperature
to produce the t-Boc-protected key intermediate 4 in
high yield. Deprotection with trifluoroacetic acid gener-
ated the free amine 5 that was subsequently condensed
with either the appropriately substituted phthalic anhy-
dride or the anhydride of a pyridine-dicarboxylic acid
under reflux in benzene, forming the 1-arylpiperazinyl-
4-cyclohexylamine derived isoindole-1,3-diones 6 or
aza derivatives 7.

Binding data (Ki) were determined utilizing a 125I HEAT
[(±)-(b-(([125I] 3-iodo-4-hydroxyphenyl)-ethyl)-amino-
methyl)-tetralone] radioligand binding assay. In this
assay the binding affinities of the synthesized com-
pounds to COS cell membranes expressing the human
adrenergic receptor subtypes (a1a-AR, a1b-AR, and
a1d-AR) were evaluated. Binding Ki(nM) values as well
as ratios of Ki(a1b) to Ki(a1a) and Ki(a1d) are summa-
rized in Table 1.29

The open-chain amine derived arylpiperazinyl isoin-
dole-1,3-dione 1 displayed strong affinity toward a1a-
AR, a1b-AR, and a1d-AR with sub-nanomolar binding
Ki values. The selectivity ratios Ki(a1b)/Ki(a1a) and
Ki(a1b)/Ki(a1d) were only about 3. By contrast, the
cyclohexylamine derived tetrafluoro-isoindole-1,3-dione
6a showed an improvement in selectivity; ratios Ki(a1b)/
Ki(a1a) and Ki(a1b)/Ki(a1d) were 109- and 136-fold,
respectively, although the binding affinities Ki(a1a)
and Ki(a1d) were 30 and 38 nM, respectively. By chang-
ing substituents on the aromatic ring of the isoindole-
1,3-dione, Ki(a1b)/Ki(a1a) and Ki(a1b)/Ki(a1d) selectivity
ratios could be further enhanced. Compound 6b exem-
plified such an improvement and retained a1a-AR and
a1d-AR binding Ki values that were 2.7 and 0.3 nM,
respectively.

The removal of some fluorine atoms on the aromatic
ring of the isoindole-1,3-dione had a mixed effect on
both the binding affinity and selectivity (6a vs 6c/6d).
Interestingly, the less polar isomer 6c showed a better
Ki(a1b)/Ki(a1d) selectivity (200-fold) than Ki(a1b)/Ki(a1a)
selectivity (90-fold). In contrast, the more polar isomer
6d showed a reverse preference of selectivity (Ki(a1b)/
Ki(a1a) was 127-fold, Ki(a1b)/Ki(a1d) was only 9-fold).
Lastly, the replacement of the phenyl ring of the isoin-
dole-1,3-dione with either fused aromatic rings (e.g.,
naphthalenyl 6e or substituted naphthalenyl 6f and 6g)
or pyridine (7a and 7b) led to compounds that had high-
er selectivity than NAN-190 (1) but were somewhat less
selective than 6a, 6b, and 6c. With the exception of iso-
mer 6f, the naphthalenyl derivatives 6e and 6g, and the
pyridine analogues 7a and 7b maintained high binding
affinities toward both a1a-AR and a1d-AR.

In summary, a series of 1-arylpiperazinyl-4-cyclohexyl-
amine derived isoindole-1,3-diones was synthesized. The
study of their binding affinities for a1a-AR, a1b-AR, and
a1d-AR has led to the discovery of novel family of potent
and selective a1a-AR and a1d-AR ligands.
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