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In this study, we synthesized the BF-3 binding small molecules, a series of pyridazinone-based com-
pounds, as a novel class of non-LBP antiandrogens for treating prostate cancer by inhibiting androgen
receptor. The new class compound was discovered to inhibitor the viability of AR-dependent human
prostate LNCap cells and AR activity combining with the computational method. It showed a good phys-
icochemical and PK property.

� 2013 Elsevier Ltd. All rights reserved.
Androgen receptor (AR) that belongs to the nuclear receptor
superfamily of transcription factors is a major target for prostate
cancer.1,2 Prostate cancer (PCa) is the most popular cancer in
men and one of the major causes of cancer related death.3 AR
structure consists of a variable amino-terminal activation function
domain (AF-1), a highly conserved DNA-binding domain (DBD), a
hinge region including the nuclear localization signal, a C-terminal
ligand-binding domain (LBD) consisting of a 12 helical structure
that surrounds a ligand binding pocket (LBP), a second activation
function domain (AF-2) located at the carboxy terminal end of
the LBD,4 and a recently reported additional secondary binding
function domain (BF-3) located on the surface of the AR controlling
the allosteric modulation of the AF-2.5 Until now, all clinically ap-
proved AR-targeting inhibitors directly block the binding of andro-
gen to the ligand binding site of the receptor.6 But the targeting the
ligand binding pocket (LBP) has occurred several limitations such
as drug resistance.7 This is common problem for hormone nuclear
receptor antagonists including AR and estrogen receptor antago-
nists. To overcome these limitations, AF-2 or BF-3 blocking small
molecules without affecting natural ligand binding has been re-
cently demonstrated as a novel class of non-LBP antiandrogens.8

Here, we discovered the BF-3 binding small molecules, a series
of pyridazinone-based compounds, to inhibit the viability of LNCap
cells and AR activity combining with the computational method.
Since LNCap cells are the representative AR-positive human pros-
tate cancer cells lines, LNCap cells were used in this study. At early
stage, we screened in-house compounds in LNCap cell. The most
potent compound among the screened compounds was N-(3-(1-
(4-cyanophenyl)-1-methyl-6-oxo-1,6-dihydropyridazin-4-yl)phenyl)-
ethanesulfonamide (1) as shown in Figure 1.

In the viability of LNCap cells, compound 1 exhibited the IC50

value 39 lM when bicalutamide as a reference compound showed
the IC50 value 23 lM.9 Next, to improve the inhibitory activity of
compound 1 and its derivatives in LNCap cells, the docking exper-
iment to evaluate its binding mode was carried out. First, we tried
to dock at the LBP substituting androgen dihydrotestosterone
(DHT) using the known X-ray crystallography structure, but the
compound 1 was not fitted at the LBP of AR. We further explored
the known surface binding site, AF-2 and BF-3, of AR and then
found that the compound 1 can be well docked into BF-3
hydrophobic pocket of AR. Docking study was carried out from
the X-ray crystal structure having a testosterone and a BF-3 bind-
ing small molecule (pdb code: 2YLQ).8 The CDOCKER module10 in
Discovery Studio 3.5 with CHARMM force field was used. The eth-
ane sulfonamide group of hit compound 1 interacts with side chain
of N727 through hydrogen bonding and thus is expected to be good
for binding with AR, as shown in Figure 2a. But, 4-cyanide group of
phenyl ring of hit compound 1 is positioned nearby hydrophobic
pocket. The phenyl ring bonded 4-cyanide group formed
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Scheme 1. Synthesis of pyridazinone analogs, reagents and conditions: (a) 1-methylimid
(ii) 2N-NaOH, MeOH; (c) (i) H2NNH2, EtOH, reflux, 3 h, 84%; (ii) SeO2, AcOH, 100 �C, 3 h, 9
74%; and (e) Aryl boronic acids or pinacol aryl boronate, Cu(OAc)2, Et3N, 4 Å molecular
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Figure 2. The binding mode for the primary hit (a) and a compound 2 (b). The blue
lines represent hydrogen bond between AR residue and small molecules. The
magenta line in (b) represents hydrophobic interaction between guanidium group
of R840 residue and benzene ring of compounds.
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Figure 1. Primary hit compound (1).
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pi-stacking interaction with the guanidium group of R840, but its
surrounding residues made the shallow hydrophobic pocket
consisting of F673 and L674. To evaluate our result on the binding
of compound 1, we synthesized a series of compounds having
hydrophobic substituents instead of 4-CN group of compound 1.

According to the Scheme 1, we synthesized desired compounds,
as follows.

The synthetic route of 2-aryl-5-(2-ethanesulfoneamido) pyrida-
zine-3(2H)-one analog is depicted in Scheme 1. Commercially
available 3-nitrophenylacetic acid 6 was reacted with 1-methylim-
idazole in acetic anhydride at room temperature to afford ketone
7.11 Alkylation of 7 with ethyl bromoacetate using lithium diiso-
propylamide (LDA) in THF followed by hydrolysis of ester to give
acid 8. Treatment of 8 in refluxing ethanol with hydrazine gave
the cyclized dihydropyridazinones, which was oxidized with
SeO2 in acetic acid to provide pyridazine-3(2H)-ones 9 in good
yield. Reduction of 9 with iron powder followed by sulfonylation
with ethanesulfonyl chloride in pyridine to afford key intermedi-
ates 10. Finally, desired compounds 1–512 were obtained by cou-
pling reaction of 10 with the appropriate aryl boronic acids or
pinacol aryl boronates13 using copper(II) acetate in moderate
yield.14

As we expected, the substitution of hydrophobic group instead
of 4-CN in the structure of compound 1 improved the inhibitory
potential to LNCap cell viability and AR transcriptional activity
(Table 1). Among them, compound 2 was the most active in the cell
viability assay and AR luciferase assay. The binding modes of com-
pound 1 and the most active compound 2 were shown in Fig. 2. The
di-Cl group was well fitted at the position of shallow hydrophobic
pocket. We further determined physicochemical properties,15,16

metabolic stability17 and CYP inhibition activity18 of compound
2. As shown in Table 2, compound 2 showed appropriate logP
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azole, Ac2O(5 equiv), rt, 56%; (b) (i) LDA, BrCH2COOEt, THF, �78 �C to 0 �C, 5 h, 80%;
5%; (d) (i) Fe powder, c-HCl, EtOH, reflux, 2 h, 87%; (ii) EtSO2Cl, pyridine, 50 �C, 2 h,

sieves, CH2Cl2, rt, 40–85%.

Table 1
Viability of LNCap cells and AR luciferase activity

Compound X IC50 (lM)

LNCap cell viability AR luciferase activity

1 4-CN 39.02 ± 5.74 6.26 ± 0.35
2 3,4-di-Cl 11.57 ± 2.67 2.65 ± 0.01
3 3,5-di-Cl 22.93 ± 2.06 13.19 ± 0.03
4 3-Cl, 4-F 26.65 ± 1.62 5.07 ± 0.81
5 2-Naphthalene 18.27 ± 0.15 9.76 ± 0.27

Bicalutamide 23.79 ± 0.99 0.27 ± 0.01



Table 2
Physicochemical properties, metabolic stability, CYP inhibition of thiazole derivatives

Compound Physicochemical properties CYPa MS

Log P PAMPA
permeability

3A4
(%)

2D6
(%)

Rat,
in vitro

2 3.82 ± 0.03 �5.86 ± 0.06 6.7 0 >99%

a Inhibition at 10 lM CYP concentration (%).

Figure 3. Plasma concentration-time plots after an intravenous (h) and oral (s)
administration of compound 2 in SD male rats (n = 3).
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values and medium permeability against artificial permeable
membrane. In the metabolic stability assay, compound 2 remained
99% after 1 h incubation with rat liver microsomes. Compound 2
did not show the strong CYP inhibition activity. In in vitro assay,
compound 2 exhibited an acceptable in the permeability, meta-
bolic stability and CYP inhibition, but good in vitro activity may
not reflect good in vivo efficacy. Therefore, we further investigated
the in vivo pharmacokinetic profile of compound 2. As shown in
Figure 3 and Table 3, after oral administration of a 2.5 mg/kg dose
of compound 2 to rats, the peal plasma concentration (Cmax) of
0.767 lg/mL was observed at 10.3 h. The elimination half-life for
compound 2 following oral administration was 21.6 h in rats. Com-
pound 2 showed perfect oral bioavailability (F = 102%) and low
blood clearance (CL = 84.4 mL/kg/h) in rats.

In this study, we synthesized the BF-3 binding small molecules
without affecting natural ligand binding, a series of pyridazinone-
based compounds, to inhibit the viability of AR-dependent human
prostate LNCap cells and AR activity combining with the computa-
tional method, having a good physicochemical and PK property.
Table 3
Pharmacokinetic parameters after an intravenous and oral administration of
compound 2 in SD male rats (n = 3)

Parameters I.v. (2.5 mg/kg) P.o. (2.5 mg/kg)

Tmax (h) – 10.3 ± 2.9
Cmax (lg/mL) – 0.767 ± 0.055
Tk1/2 (h) 19.2 ± 4.5 21.6 ± 2.9
AUC0–72 h (lg h/mL) 27.5 ± 2.4 26.8 ± 3.4
AUC0–1 (lg h/mL) 29.8 ± 3.0 30.5 ± 4.9
CL (mL/kg/h) 84.4 ± 7.9 –
Vss (mL/kg) 2250 ± 259 –
MRT (h) 26.9 ± 4.2 34.9 ± 6.3
F (%) – 102.5 ± 16.4
Furthermore, we want to seriously optimize for our compound 2
to discovery a new prostate cancer treatment.
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15. Log P: Log P is measured by a pH-metric method, based on a two-phase acid–
base titration in a mixture of water and octanol using GLpKa system by Sirius.

16. Parallel artificial membrane permeability (PAMPA) permeability: Donor solution
(500 lM) was prepared by diluting 1 mM DMSO compound stock solution
using the diluted system buffer (pH adjusted to 7.4). Five microliters lipid
solution was applied to each filter membrane. Donor solution (150 lL) was
added to each well of the filter plate. The filter plate was then put onto a
receiver plate with preloaded acceptor sink buffer. The sandwich was
incubated at room temperature for 16 h. Samples were taken from both
receiver and donor sides at the end of the incubation and analyzed using UV
spectrometer. Donor solutions were also analyzed for initial concentration.

17. Metabolic stability: Using rat liver microsomes, the amount of parent
compound remaining after 1 h incubation. The concentration of the used
compound is 5 mM and protein concentration is 1 mg/mL.

18. CYP3A4 enzyme assay: The assay was carried out using fluorometric enzyme
assays with Vivid CYP3A4 assay kit (PanVera, USA, CA) in a 96-well microtiter
plate following the manufacturer’s instruction with some modification. The
compounds including ketoconazole known as CYP3A4 inhibitor were prepared
in acetonitrile to give final concentrations of 10 mM. NADP generating solution
(1.0 mM NADPþ, 3.3 mM glucose-6-phosphate, 3.3 mM MgCl2�6H2O, and 0.4 U/
mL glucose-6-phosphate dehydrogenase in 10 mM KPO4, pH 8.0) was added to
each well of the microtiter plate followed by the vehicle acetonitrile (control)
and the test samples. The plate was covered and then incubated at 37 �C for
20 min. Enzyme reaction was initiated by the addition of enzyme/substrate (E/
S) mixture (0.5 pmol recombinant human CYP3A4 enzyme and 5 mM
dibenzylfluorescein, DBF). The plate was further incubated for 20 min,
followed by the addition of the stop solution to terminate the enzyme
activity. Background reading was measured in a similar manner except for the
E/S mixture which was added after the enzyme reaction was terminated. The
fluorescence of DBF metabolite fluorescein was measured on a fluorescence
plate reader with an excitation wavelength of 485 nm and an emission
wavelength of 530 nm.
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