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High throughput screening of our compound collection led to the discovery of a novel series of N-alkyl-
5H-pyrido[4,3-b]indol-1-amines as urotensin-II receptor antagonists. Synthesis, initial structure and
activity relationships, functional and animal ortholog activities of the series are described.
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Human urotensin-II (hU-II), the most potent mammalian vaso-
constrictor identified to date,! and its cognate receptor hUT (for-
merly known as human GPR-14) are proposed to be involved in
the (dys)regulation of cardiorenal function.? Together, they have
been implicated in the etiology of numerous cardiorenal and
metabolic diseases including hypertension,® heart failure,*> ath-
erosclerosis,® renal failure,” and diabetes.® The impressive pharma-
cological activity of U-II has stimulated a great deal of interest in
developing small molecule UT modulators. Several non-peptidic
UT ligands (1-3, Fig. 1) have recently been reported.>!® Herein,
we describe the discovery of a novel series of N-alkyl-5H-pyr-
ido[4,3-b]indol-1-amines as UT antagonists.

High throughput screening (HTS) of our compound collection
using a fluorometric imaging plate reader (FLIPR) assay (measuring
inhibition of hU-II induced [Ca®'];-mobilization in HEK293 cells
expressing human recombinant UT receptor)!! identified com-
pound 4 as a submicromolar antagonist (pICso = 6.3). The tricyclic
compound 4 also showed good hUT binding affinity (pK;=8.1)
in a ['?°1]hU-1I radioligand binding assay using HEK293 cell
membranes stably expressing human recombinant UT receptors.!!
The hUT binding assay was used as the primary assay for SAR
exploration.
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The synthesis of N-alkyl-5H-pyrido[4,3-b]indol-1-amines
started with commercially available phenylhydrazine 5 and 4-hy-
droxy-2(1H)-pyridinone 6 (Scheme 1). Heating 5 and 6 in diphenyl
ether (DPE) gave 4-(2-phenylhydrazino)-2(1H)-pyridinone, which
underwent Fischer indole cyclization under reflux condition to af-
ford 2,5-dihydro-1H-pyrido[4,3-b]indol-1-one 7.'? Refluxing 7 in
neat POCl3, followed by HCI treatment produced the key interme-
diate, 1-chloro-5H-pyrido[4,3-blindole 8. Nucleophilic aromatic
substitution of 8 with a variety of amines under conventional or
microwave heating led to 5H-pyrido[4,3-b]indol-1-amines 9.'? N-
Alkylation of 8 with alkyl halides under ultrasonic condition
formed 1-chloro-5-alkyl-5H-pyrido[4,3-b]indoles 10,'> which
upon nucleophilic aromatic substitution with different amines
afforded 5-alkyl-5H-pyrido[4,3-b]indol-1-amines 11.

N-Alkyl-1H-pyrido[2,3-b]indol-4-amines 14 were prepared
from 4-chloro-9H-pyrido[2,3-blindoles 13 via nucleophilic aro-
matic substitution with N-alkylamines (Scheme 2). The 4-chloro
compounds 13 can be synthesized from 9H-pyrido[2,3-b]indole
1-oxides which can be made from the corresponding 9H-pyr-
ido[2,3-b]indoles or a-carbolines 12.

We first explored the amino side-chain moiety by preparing
analogs containing a variety of N-alkyl or aromatic amines. For
straight chain alkylamines (4, 9a-9d), hUT binding affinity in-
creases with the length of alkyl side-chain, e.g., Et < Pr < Bu, Pent,
Hex (Table 1). Branched alkylamines (9e-9g) are also allowed
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Figure 1. Examples of non-peptidic UT ligands (1-3) and HTS hit 4.
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Scheme 1. Reagents and conditions: (a) i—DPE, heating (Dean-Stark); ii—DPE,
reflux; (b) i—POCls, reflux; ii—HCI, heating (33% yield for two steps); (c) 'R?RNH,
heating; (d) >RX, KOH, TBAI, toluene, ultrasound.

but hUT binding affinity decreases dramatically when a branch is
located at a-position of alkylamines. The trend was also observed
for cycloalkyl amines (9h-9Kk). For example, both cyclopropyl
amine and cyclohexyl amine were found to have little or no bind-
ing affinity while the corresponding cyclopropylmethyl amine and
cyclohexylmethyl amine showed high hUT binding affinity. A sim-
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ilar trend was observed with aromatic amines (91-90), e.g.,
phenyl <« phenethyl < thienylmethyl, benzyl. In general, less steri-
cally hindered amines exhibited good hUT binding affinity. For het-
eroalkyl amines, oxygen-containing analogs (9p-9r) showed good
hUT binding affinities while nitrogen-containing compounds (9s
and 9t) were found to have no binding affinity. Furthermore, amide
containing side chains (9u and 9v) completely abolished binding
affinity. Also notable is that compared to secondary amino groups,
the tertiary amino groups (9w and 9x) showed much less hUT
binding affinity.

The SAR of other parts of the tricyclic molecule was subse-
quently explored (Table 2). While 5-methyl (11a) and 5-isopropyl
(11b) had good hUT binding affinity, 5-benzyl (11c) showed poor
binding affinity. All three compounds had less binding affinity to
hUT compared to 4 (where >R = H). Tricyclic analogs with the pyr-
ido-nitrogen at 4-position (or N-alkyl-1H-pyrido[2,3-b]indol-4-
amines) were tested in the hUT binding assay. Compared to the
corresponding analogs with pyrido-nitrogen at 2-position, these
4-pyrido tricyclic compounds were found to have less hUT binding
affinity (comparing 4 to 14d, 9p to 14e, 9i to 14f, and 9k to 14g).
For 4-pyrido tricyclic compounds, substituents on indole phenyl
ring (14h-14j) were well-tolerated with hUT binding pKj's of 7.2,
7.3, and 7.5, respectively.

In addition to high hUT binding affinity, the tricyclic com-
pounds showed good functional activities in a hUT FLIPR assay
(Table 3). For example, compound 4 was found to be a competitive
and reversible antagonist with a pA, of 7.0.'> The tricyclic com-
pounds were also evaluated for their cross-species activities and
found to be active in a cat UT binding assay'® (Table 3). For exam-
ple, compound 4 showed cat UT binding pK; of 6.2. However, these
tricyclic compounds were inactive or much less active in a rat UT
binding assay.!”

2

Scheme 2. Reagents and conditions: (a) 30% H,0,, HOAc, heating; (b) POCl5, DMF, rt; (c) 'R?RNH, heating.
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Table 1
SAR of the amino side-chain moiety
R Z/R
~N
—N
\_/

N

H
Compound TR-N-2R hUT binding (pK;)?
9a Et-NH 5.8
9b Pr-NH 7.6
4 Bu-NH 8.4
9c Pent-NH 8.4
9d Hex-NH 8.2
9e (1-Me)Bu-NH 6.1
9f (2-Me)Bu-NH 8.0
9g (3-Me)Bu-NH 7.9
9h c-Pr-NH 5.6
9i c-Pr-CH,-NH 8.2
9j c-Hex-NH <5.1
9k c-Hex-CH,-NH 8.0
91 Ph-NH <5.1
9m Bn-NH 7.9
9n Ph-(CH2),-NH 7.0
90 thienyl-CH,-NH 7.6
9p (2-OMe)Et-NH 7.7
9q (2-OEt)Et-NH 7.9
9r (tetrahydro-2-furanyl)-CH,-NH 7.1
9s [2-N(Me), |Et-NH <5.1
9t [2-(4-morpholinyl)]Et-NH <5.1
9u (2-acetylamino)Et-NH <5.1
9v (2-aminocarbonyl)Et-NH <5.1
9w (2-OMe)Et-NMe <5.1
9x (Bu);N 6.1

¢ Mean of at least two determinations; pK; was calculated from K; using formula,
pK; = —logK;; for K; determination, see Ref. 9e.

Table 2
SAR of the >R, “R, and pyridine regions

Compound X Y  'R-N-2R R R hUT binding (pK;)*
4 N C Bu-NH H H 8.4
11a N C Bu-NH Me H 7.3
11b N C Bu-NH ipr H 7.2
11c N C Bu-NH Bn H 5.4
14d C N BuNH H H 7.1
14e C N (2-MeO)Et-NH H H 6.5
14f C N  c-Pr-CHy-NH H H 7.0
14g C N cHex-CH-NH H H 6.1
14h C N BuNH H 8-Me 7.2
14i C N Bu-NH H 8-Cl 7.3
14§ C N Bu-NH H 6-OMe 7.5

4 Mean of at least two determinations; pK; was calculated from K; using formula,
pKi = —logK;; for K; determination, see Ref. 9e.

Exemplars in the series exhibited good physicochemical proper-
ties. For example, compound 4 had good aqueous solubility
(195 uM) and artificial membrane permeability (470 nm/s).'® For
selectivity, compound 4 showed at least 100-fold selectivity vs a
number of 7TM receptors (5HT1A, 5HT1B, 5HT1D, 5HT2A, 5HT2C,
5HT3, 5H4A, 5HT6, 5HT7, Histamine H1, Histamine H3, Dopamine
D2, Dopamine D3, Adrenergic alpha 1A, Adrenergic alpha 1B,
Adrenergic beta 2, Adenosine A1, Adenosine A2a, Adenosine A2b,

Table 3
cat UT binding and hUT FLIPR data

Compound cat UT binding pK;? hUT FLIPR pA,'®
4 6.2 7.0

9c 6.4 —

9d 6.7 —

9f 5.9 7.0

9g 58 -

9i 5.6 6.9

9m 6.0 7.7

90 5.5 6.8

11a 6.0 =

2 Mean of at least two determinations; pK; was calculated from K; using formula,
pK; = —logK;; for K; determination, see Ref. 9e.

M1, M2, M3, M4, M5, CXCR2) and about 400-fold selective for
hUT over hERG (binding pICso=5.8). However, compound 4
showed potent cytochrome P450 inhibition of the 2D6 (pICsg=
8.1) and 3A4 (pICsg = 7.0) isoforms. In an in vivo rat iv/po pharma-
cokinetic (PK) study (0.49 mg/kg iv, 0.97 mg/kg po), compound 4
showed high clearance, short half life, and low oral bioavailability
(Clb =110 mL/min/kg, Ty = 1.3 h, F=11%).

In summary, we discovered a novel series of N-alkyl-5H-pyr-
ido[4,3-b]indol-1-amines and derivatives as urotensin-II receptor
antagonists. Tractable SAR was demonstrated through analog syn-
thesis. The compounds in the series exhibited high hUT binding
affinity and functional and ortholog activities. The preliminary data
suggests that this series constitutes a reasonable starting point for
further lead optimization.
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FLIPR pA, value determination: the experiments were performed with various
concentrations of agonist (urotensin-II) added to the cells in the presence and
absence of antagonist compounds. Eleven concentrations of each test
compounds were applied to the studies. ECso values of the agonist were
measured for all conditions and dose-ratios calculated for each concentration
of antagonist. The antagonist potency of test compounds (pA, value) were
calculated using Schild plot analysis using dose-ratios. See: Kenakin, T.
Pharmacologic Analysis of Drug—Receptor Interaction, 3rd ed.; Lippincott-Raven
Press, 1997.

For cat and rat UT receptor radioligand binding assay details, see: Ref. 9e.
The reason that the binding affinity was different across species for the tricyclic
series was not clear. This phenomenon was also observed for the other UT
ligand. See, Ref. 9c.

The artificial phospholipid membrane technique is similar to the widely used
Caco-2 cell monolayer permeation technique. In short, egg phosphatidyl
choline (1.8%) and cholesterol (1%) are dissolved in n-decane. A small amount
of the volatile mixture is applied to the bottom of the microfiltration filter
inserts. Phosphate buffer (0.05 M, pH 7.05) is quickly added to the donors and
receivers, and the lipids are allowed to form self-assembled lipid bilayers
across the small holes in the filter. Permeation experiment is initiated by
spiking the compounds of interest to the donor sides, and the experiment is
stopped at a pre-determined elapsed time. The samples are withdrawn and
transferred to appropriate vials for analysis by HPLC with UV detection
(215 nm).
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