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ARTICLE INFO ABSTRACT

Keywords: Dysfunction of the androgen receptor (AR) signalling axis plays a pivotal role in the development and progression
Dihydrotestosterone of prostate cancer (PCa). Steroidal and non-steroidal AR antagonists can significantly improve the survival of PCa
Pyridines

patients by blocking the action of the endogenous ligand through binding to the hormone receptor and pre-
venting its activation. Herein, we report two synthetic strategies, each utilizing the advantages of microwave
irradiation, to modify the A-ring of natural androgen 5a-dihydrotestosterone (DHT) with pyridine scaffolds.
Treatment of DHT with appropriate Mannich salts led to 1,5-diketones, which were then converted with hy-
droxylamine to A-ring-fused 6’-substituted pyridines. To extend the compound library with 4’,6'-disubstituted
analogues, 2-arylidene derivatives of DHT were subjected to ring closure reactions according to the Krohnke’s
pyridine synthesis. The crystal structure of a monosubstituted pyridine product was determined by single crystal
X-ray diffraction. AR transcriptional activity in a reporter cell line was investigated for all novel A-ring-fused
pyridines and a number of previously synthesized DHT-based quinolines were included to the biological study to
obtain information about the structure-activity relationship. It was shown that several A-ring-fused quinolines
acted as AR antagonists, in comparison with the dual or agonist character of the majority of A-ring-fused pyr-
idines. Derivative 1d (A-ring-fused 6’-methoxyquinoline) was studied in detail and showed to be a low-
micromolar AR antagonist (ICsop = 10.5 pM), and it suppressed the viability and proliferation of AR-positive
PCa cell lines. Moreover, the candidate compound blocked the AR downstream signalling, induced moderate
cell-cycle arrest and showed to bind recombinant AR and to target AR in cells. The binding mode and crucial
interactions were described using molecular modelling.

Androgen receptor
Crystal structure
Transcriptional activity

1. Introduction relaxation of its regulation is strongly connected with the development

of prostate cancer (PCa), which is the second most common cancer in

The androgen receptor is a ligand-activated transcription factor from
the family of steroid hormone receptors, which plays a fundamental role
in the normal development and physiology of male tissues. Upon bind-
ing of androgens, AR undergoes substantial conformational changes,
various post-translation modifications, and is imported into nucleus
where it interacts with co-regulators and DNA and modulates its tran-
scriptional program [1].

Overexpression of AR, which might be accompanied by the
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men (USA). First-line therapy targets androgen biosynthesis to decrease
the level of plasma-circulating androgens (by orchiectomy, modulation
of the luteinizing hormone release or CYP17A1 inhibitors). Androgen-
deprivation therapy is usually combined with the AR antagonists, to
block the pro-oncogenic signalling. Several steroidal (abiraterone,
galeterone) or non-steroidal antagonists (e.g., enzalutamide, apaluta-
mide, darolutamide, rezvilutamide) (Fig. 1) have entered clinical trials
or were successfully approved as drugs [2]. Despite being very effective
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and demonstrating an overall survival benefit in the castration-sensitive
state, the treatment frequently progresses into the castration-resistant
PCa (CRPC) stage characterized by further alterations in AR signalling
and undruggable splicing variants. Although various anti-AR strategies
have been introduced (targeting the transcription of the AR gene, sta-
bility of transcript or protein, intracellular trafficking of AR or its
downstream signalling [3-5]), still a number of AR-related mechanisms
of resistance exist and novel strategies are needed to overcome them.

Pyridine-based ring systems, including quinolines comprising
benzene-fused pyridines, are among the most prevalent structural motifs
in drug design, with numerous bioactive representatives already iden-
tified [6-9]. The best-known steroidal pyridine derivative, abiraterone
(Fig. 1), used as its acetate prodrug in the treatment of
castration-resistant PCa, inhibits the CYP17A1 enzyme involved in
androgen biosynthesis, thus preventing testosterone production in the
adrenal glands and intratumorally [10]. Besides reduced hormone
levels, abiraterone is also able to bind directly to the AR and block its
activity as a ligand-dependent transcription factor [11]. Other D-ring--
modified steroidal pyridines, structurally similar to abiraterone, were
also investigated and found to be effective in vitro against
androgen-sensitive and -insensitive prostate cancer cell lines (LNCaP
and PC-3) [12]. Moreover, some D-ring-condensed [13] and D-secos-
teroid-connected quinolines [14] were also found to be effective anti-
cancer agents. In contrast, steroids fused with a pyridine or quinoline
moiety in the A-ring are less studied and only a few examples have been
reported but without biological supplementation [15].

We have previously demonstrated that introducing different N-con-
taining heterocycles to the A-ring of DHT can result in compounds that
reduce the transcriptional activity of AR and exhibit antiproliferative
activity in AR-positive PCa cell lines [16,17]. As our goal - in the
absence of an AR crystal structure in antagonistic conformation [18] —is
to investigate systematically the effect of additional heterorings
condensed to the A-ring of DHT on biological activity, in this article we
report the synthesis and biological evaluation of novel mono- and
disubstituted pyridine-fused derivatives (series 2 and 3, Fig. 2). All new
compounds were structurally characterized by 'H and 3C NMR spec-
troscopy and electrospray ionization mass spectrometry (ESI-MS), and in
the case of a representative novel pyridine derivative, by single crystal
X-ray diffraction. A number of steroidal A-ring-fused quinolines (1a-i,
Fig. 2) that have displayed modest antiproliferative activity against a
panel of human gynaecological malignant cell lines [19], but have not
previously been investigated for their effects on AR signalling, were also
included in the current biological study due to structural similarity.
Accordingly, the DHT-based quinolines and the newly prepared
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Fig. 2. Steroidal A-ring-fused quinolines [19] and pyridines investigated in
this study.

pyridines were primarily screened for their ability to affect the tran-
scriptional activity of AR in a reporter cell line. Candidate compound 1d
was further studied and showed to be a low-micromolar AR antagonist,
it suppressed the viability and proliferation of AR-positive PCa cell lines.
Moreover, the candidate compound blocked the AR downstream sig-
nalling, mainly in wild-type AR model, induced moderate G1 arrest and
was proven to bind the AR in cells and the recombinant AR protein as
well. The binding mode and interaction was described using molecular
modelling.

2. Results and discussion
2.1. Synthesis and characterization of DHT-based pyridine derivatives

As a first synthetic step, the regioselective modification of the A-ring
of DHT was planned to be carried out using 3-(dimethylamino)propio-
phenone hydrochloride (4a) leading to a 1,5-diketone moiety at C-2

position. By amine elimination, f-amino ketone hydrochloride salts are
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Fig. 1. Examples of different types of antiandrogens.
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Table 1
Synthesis of DHT-derived A-ring-fused 6’-substituted pyridine derivatives.
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Entry R' Product” Yield (%)
1 Ph 2a 81
2 p-CH3-CeH, 2b 70
3 Pp-MeO-CeHy 2c 79
4 p-NO,-CeHa 2d 72
5 p-F-CeHy 2e 80
6 p-Cl-CeHy 2f 72
7 p-Br-CeHy 2g 78
8 0-OH-CgH4 2h 67

Reagents and conditions: i) pyrrolidine, 1,4-dioxane, 120 °C, 20 min, MW; ii) HONH,-HCl, EtOH, 90 °C, 10 min, MW.

@ Heterocyclization was performed with the crude diketone intermediate.
b Calculated for two steps from DHT after column chromatography.

able to form a,p-unsaturated ketones in situ [20], which can act as
Michael acceptors in the reaction with DHT. Preliminary experiments
under conventional heating in absolute EtOH, using triethylamine (TEA)
as a base, showed the formation of a new product, but complete con-
version was not achieved even after 24 h. In order to facilitate the
alkylation reaction, pyrrolidine was applied instead of TEA in 1,
4-dioxane to generate the corresponding enamine in situ from DHT,
which then readily reacted as a more efficient Michael donor under
microwave (MW) conditions with 4a according to the Stork enamine
alkylation [21]. After 20 min of irradiation, only a small amount of re-
sidual starting material and a spot of a newly formed compound with a
similar retention factor were detected by thin-layer chromatography
(TLC). The crude product was used in the heterocyclization reaction
without further purification (Table 1, entry 1).

Our initial attempts for a tandem-like cyclization of the dicarbonyl
intermediate with hydroxylamine hydrochloride as an ammonia surro-
gate [22] in the previously used 1,4-dioxane led to incomplete conver-
sion and the formation of a dioxime product verified by ESI-MS. In
contrast, the desired 6’-phenylpyridine derivative 2a was successfully
obtained when the dioxane was evaporated and the residue was redis-
solved in absolute EtOH. Compound 2a was purified by column chro-
matography on silica gel, but high yields were only obtained when
dichloromethane containing 1 v/v% TEA was used as eluent. To extend
the compound library, Mannich salts 4b-h from various substituted
aryl-methyl-ketones were synthesized according to methods described
previously [23,24]. These were then all subjected to 1,5-diketone for-
mation from DHT, followed by cyclization to obtain the corresponding
6’-monosubstituted A-ring-condensed pyridines (2b-h) in moderate to
good yields, regardless of the electronic nature of the R! substituent
(Table 1, entries 2-8).

Fig. 3. Molecular model and atom labelling of 2a. Ellipsoid representation,
displacement parameters are drawn at the 50% probability level.

The solid phase structure of a colourless prism of 2a was determined
by single crystal X-ray diffraction (Fig. 3). The molecule crystallized in
the monoclinic crystal system, in P2; space group. The asymmetric unit
contains two molecules in the opposite position and the unit cell con-
tains four molecules.

The configuration of 2a is established based on the known absolute
configuration of the utilized natural starting compound, R at C8 and
C8 * and S at C5, C5 *, C9, C9 *, C10, C10 *,C13,C13 *,C14,C14 *,
C17,C17 * (Fig. S1). Molecules of 2a are arranged parallel to each other
in columns running along the b crystallographic axis (Fig. 4). C-H...n
interactions stabilize the packing (Fig. S2). In the molecule of 2a, only
one acceptor (N1, N1°) and one donor atom are present (O1, O1’) and a
hydrogen bond is formed between them that connects the columns
formed by the stacking of the molecules. Additionally, the O1 oxygen
accepts a hydrogen from a carbon donor (Table S1).

As a continuation, similar analogues substituted at both C-4’ and C-6’
positions of the pyridine moiety were aimed to be synthesized. For this,
steroidal arylidene derivatives 5a-e, previously obtained from DHT [16,
17,25] were used as starting materials, since these a,p-enones can be
reacted with a-pyridinium methyl ketone salts in Krohnke pyridine
cyclization reactions. Thus, 1-(2-oxo-phenylethyl)pyridinium iodide
(6a) and its analogues (6b, 6¢) were first prepared in an Ortoleva-King
reaction by heating acetophenone, 2’-hydroxyacetophenone or 2-acetyl-
pyridine with elemental iodine in pyridine according to the method
described in the literature [26,27]. The resulting precipitates were
washed with cold pyridine and diethyl ether several times, and the crude
products were used in the following cyclization of 5a—e with ammonium
acetate under Krohnke conditions (Table 2). Systematic combination of
5a-e with 6a—c in the pyridine formation reactions resulted in 15
differently substituted heterocyclic products 3a—o in moderate to good
yields (51-82%) after chromatographic purification.

The structure of all novel products was confirmed by NMR spec-
troscopy and ESI-MS measurements. The characteristic splitting of 1-Hp
(two doublets) and 4-H, (two double doublets) in the TH NMR spectra is
indicative for the 2,3-fused heteroring. The signals of protons at C4’ and
C5’ of the pyridine ring in 2a-g can be detected as doublets with the
same coupling constant of around 8 Hz. However, only a singlet proton
peak (5’-H) can be noticed for the highly substituted pyridine ring of
3a-o.
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Fig. 4. Crystal packing of 2a shown in the a, b and c crystallographic directions. Molecules are drawn by stick representation, hydrogens are omitted for clarity.

Table 2
Synthesis of DHT-derived A-ring-fused 4°,6’-disubstituted pyridine derivatives.

OH

[o} = |
R1lj\/g\
F

5a-e
Entry Enone R? R! Product Yield (%)
1 5a CH3 Ph 3a 72
2 0-OH-CgH,4 3b 65
3 pyridin-2-yl 3c 71
4 5b Ph Ph 3d 77
5 0-OH-CgH,4 3e 76
6 pyridin-2-yl 3f 82
7 5c p-F-CeHy Ph 3g 67
8 0-OH-CgH, 3h 59
9 pyridin-2-yl 3i 68
10 5d p-Cl-CeHy Ph 3j 73
11 0-OH-CgHy4 3k 70
12 pyridin-2-yl 31 77
13 5e p-Br-CeHy Ph 3m 52
14 0-OH-CgH,4 3n 51
15 pyridin-2-yl 30 54

Reagents and conditions: i) NH4«OAc, EtOH, MW, 90 °C, 20 min.

2.2. Screening of compounds for their activity towards AR and PCa cells’
viability

We recently reported several DHT-based A-ring-fused (hetero)aryli-
denes, azolo[1,5-a]lpyrimidines, and differently substituted pyrazoles
and their targeting of the AR in PCa cell lines [16,17].

In this study, novel DHT derivatives by modifying the A-ring with
mono- and disubstituted pyridines (2a-h and 3a-o0) are introduced.
These series were extended with some structurally similar quinolines
(1a-i, Fig. 2), which were previously published but were not pharma-
cologically investigated in relation to AR.

Transcription of AR-regulated genes is tightly connected to its ac-
tivity, as AR is a direct transcription factor. Therefore, inhibition of
transcriptional activity was evaluated at first using AR-dependent re-
porter cell line (22Rv1-ARE14), expressing the inserted luciferase gene
under the control of AR-response element [28]. All compounds were
screened to their effect on AR transcriptional activity at three concen-
trations (2 — 10 — 50 uM) in both agonist (evaluation of the ability to
induce the AR activation in comparison to the synthetic agonist R1881)
and antagonist mode (evaluation of the ability to suppress the AR acti-
vation in the presence of synthetic agonist R1881).

The analysed library comprised 9 already published steroidal A-ring-
fused quinolines (1a-1i) [19], 8 novel A-ring-fused 6’-substituted pyr-
idine derivatives (2a-2h) and 15 A-ring-fused 4’,6’-disubstituted

pyridine derivatives (3a-30). From the 32 evaluated compounds, 14
were able to decrease the AR-transcriptional activity in the antagonist
scheme of the experiment in 50 uM. Overall, A-ring-fused quinoline
derivatives were the most potent derivatives (Table 3), from which 3
compounds (1a, 1d, 1i) were able to diminish the R1881-activated AR
transcriptional activity to approx. 50% at 10 uM concentration. Based
on the structure comparison, the potent derivatives were unsubstituted
A-ring fused quinoline (1a) or 6’-substituted quinoline derivatives
bearing methoxy- or bromo-moiety (1d, 1i, respectively). All these 3
compounds reached similar activity as steroidal standard galeterone, but
did not outperform the non-steroidal standard enzalutamide, which
decreased the AR transcriptional activity below 25%.

Analysing the agonist activities of the studied compounds towards
the AR, we have observed that 2 of 8 A-ring-fused quinolines displayed
dose dependent agonist activity (1b and 1g in correspondence with the
antagonist mode). Two other A-ring fused quinolines exerted moderate
agonist activities in 10 uM and 2 uM (1c¢, 1i), while the rest of this group
was found to be no AR agonist, including 1a and 1d, which belong to the
most potent antagonists and were selected for further experiments.

Despite the fact that there is no generally clear SAR within series 2
and 3, several characteristics can be pointed out. The monosubstitution
at C-6’ position of the A-ring fused pyridine by an aromatic moiety
clearly led to compounds exerting strong agonist activities in series 2,
except for compounds 2f and 2g (bearing a p-Cl-phenyl or p-Br-phenyl
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Table 3
AR transcriptional activity in antagonist and agonist modes.
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AR transcriptional activity

AR transcriptional activity

cmpd. antagonist mode® agonist mode®

50M  10uM  2uM  50uM  10puM  2uM
" 1a 4 50 85 3 17 20
2 1b 142 121 108 41 30 24
S 1c 11 98 104 16 59 43
El 1d 16 53 96 5 10 16
3 1e 46 % 103 8 14 16
E 1f 7 103 114 3 18 19
o2 19 110 106 106 93 65 56
z 1h 96 67 92 10 10 14
1i 18 52 102 5 49 53
2a 115 90 94 121 67 66
5 2b 196 116 107 190 110 83
28 g 2¢ 183 136 123 194 133 122
82£ 2d 124 83 93 73 43 30
285 2e 151 110 110 146 56 34
= 2f 36 85 89 51 69 69
< 29 70 105 105 69 68 53
2h 116 88 89 19 13 15
3a 71 105 105 58 43 23
8 3b 26/ 1000 102 24 62 34
k<] 3c 4 92 103 5 % 100
2 3d 78 100 99 31 23 17
B 3e 113 114 11 % 77 57
2 3f 99 92 104 85 88 63
2 3g 70 111 111 47 40 21
2 3h g4l 1061 113 63 72 64
o 3i 113 130 120 89 17 120
¥ 3 135 129 114 16 16 16
g 3k 109 113 110 55 23 16
2 3l 167 148 127 143 127 116
2 3m 129 111 111 31 19 16
< 3n 115 114 112 55 24 16
30 163 123 106 120 70 32
galeterone 8 48 84 3 12 14
enzalutamide 20 24 46 12 14 14

# Transcriptional activity of AR upon 24 h treatment of 22Rv1-ARE14 with analysed compounds in antagonist (competition with standard agonist, 1 nM R1881) and
agonist (compound alone) modes, normalised to the signal of 1 nM R1881. Measured in duplicate and repeated twice, mean is presented.

substituent, respectively), which displayed moderate antagonist activ-
ity. In series 3, the combination of a methyl moiety at 4’-position with an
aryl substitution in C-6’ position of the A-ring fused pyridine yielded
compounds with weak to moderate antagonist properties (3a-3c).
Similar beneficial effect was recently observed in very potent disubsti-
tuted A-ring fused pyrazoles [17]. In contrast, substitutions by aryl
groups in both C-4’ and C-6’ positions of the pyridine moiety yielded
compounds with moderate to strong agonist activities, where the com-
bination of p-halophenyl with pyridin-2-yl functionalities at these po-
sitions led to the most potent agonists from the series 3. This observation
also correlates with our previous research, where biaryl derivatives of
A-ring fused pyrazoles were found to be potent AR agonists [17].
Next, all compounds were evaluated in 20 uM concentration for their
effect on PCa cell lines’ proliferation using the resazurine-based cell
viability assay after 72 h treatment. The collection of PCa cell lines
represented LAPC-4 (wild type AR), 22Rv1 (LBD mutation AR-H875Y
and splicing variant V-7), LNCaP (LBD mutation T877A) and DU145
(AR negative). It is known that AR antagonists induce only moderate

cytotoxicity, since the blockage of AR-mediated signalling leads rather
to cytostatic effect. Our results confirmed those studies, because the
majority of compounds decreased the viability only to 70-80% of the
vehicle-treated cells. Generally, the viability of DU145 was not influ-
enced by most of the compounds, which, in our hypotheses, supports the
targeting of the AR (Table 4).

In the 3 most potent antagonists from the A-ring-fused quinoline
derivatives (1a, 1d, 1i), we expected to observe the antiproliferative
activity against AR-positive PCa cells. Corresponding with the AR-
antagonist activity, compounds 1d and 1i indeed displayed reasonable
antiproliferative activity predominantly in 22Rvl (decreasing the
viability to approx. 20% of the control treated by vehicle), but also in
LAPC-4 and LNCaP. Compound 1d outperformed the standard antago-
nist galeterone in 22Rv1 and displayed similar potency to this standard
in LNCaP and LAPC-4. There was a clear difference between the sensi-
tivity of the AR-positive cell lines and the AR-negative DU145 (Table 4).
Based on the structure of compounds, the unsubstituted A-ring fused
quinoline (1a) displayed weaker antiproliferative activity compared
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Table 4
Viability of PCa cells after 72 h treatment with 20 uM compounds.

Viability of Pca cell lines after
treatment with 20 uM for 72 h (mean)

a

Cmpd

LNCaP LAPC-4 22Rv1 DU145

” 1a 80 84 77 98
2 1b 85 98 114 88
S 1c 83 74 99 104
E 1d 56 80 [ 24 [ 89
3 1e 92 86 | 111 103
3 1f 80 71 66 92
> 1g 84 90/ 122 106
2 1h o] ENe2 W4 T

1i 81 [ 59 [l 19 [ 84

2a 85 61 91 112

) 2b 84 90 113 107
28 g 2c 85 98 75 103
325 2d EG7| W9 ENC2 ENOO |
> 8 s 2e 8 [ 79 [ 106 [ 102
< a 2f 80 33 67 112
< 2g 84 73 73 107
2h 85 89 | 87 | o7

3a 83 66 124 111
8 3b 78 61 [ 98| [ 112
he} 3c 70 59 49 108
2 3d 79 80 69 113
B 3e 74 62 [ 70 [100]

2 3f 63 [ 78 [ 70 114
§ 3g 70 64 56 106
2 3h 65 16 67 98
© 3i 60 69 81 103
*.f 3 89| (1100 86 (1103
® 3k 87 [ 107 84 | 105
2 3l I 68 | 8 [ 9% [ 106
g 3m 86/ [ 100 [ 85 [ 108
< 3n 90 106 | | 89 101
30 79 os | s | O3
galeterone 58 76 | 95 109 |
enzalutamide 99 81 102 96

@ Cytotoxic effect of compounds was evaluated by resazurine-based viability
assay (72-hour treatment) with a single dose of 20 uM compounds. Measured in
duplicate and repeated twice.

with the 6’- methoxy- or bromo-substituted analogues (1d, 1i, respec-
tively). Interestingly, the most sensitive cell line to these two derivatives
was 22Rvl, with less but still notable sensitivity to 1h (8’-chlor-
oquinoline derivative) and 1f (6’-chloroquinoline derivative).

CTRL 1a , 1c
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Fig. 6. Several A-ring fused quinolines display agonist mode of action. Effect on
AR-signalling was evaluated using immunoblotting in LAPC-4 cells treated with
10 uM concentration of selected compounds for 48 h.

Since the most promising compounds were found within series 1, we
have evaluated the antiproliferative activity of these derivatives in
10 uM towards the LAPC-4 cell line using the colony-formation assay
(CFA) for 10 days. Compounds 1a, 1¢, 1d, 1g, 1h and 1i decreased the
colony-formation to 16-30% of control treated by vehicle, while 1b, 1e,
and 1f did not have such effect (Fig. 5).

The perspective members of series 1 (except for 1b and 1g) were
further tested for their effect on the AR protein level and AR-regulated
proteins in LAPC-4 at 10 pM concentration, upon 48-h treatment. We
did not observe any profound decreases in AR and AR-regulated pro-
teins. On the other hand, compounds 1c and 1i increased the level of
PSA. Selected compounds from series 2 (2f, 2g) and 3 (3b, 3c and 3h)
increased the AR and PSA protein level that confirmed their agonist
mode of action (Fig. 6). Within analogous experiment in LNCaP, we
observed a marked decrease in Nkx3.1 and PSA level upon 48-h treat-
ment with 10 uM of 1d (Fig. S3). On the other hand, compounds 1a, 1e,
1f, 1h affected only the Nkx3.1 protein level, by significant decrease in
case of 1f and moderate decrease for the rest (Fig. S3).

Based on all the above-mentioned results, we have evaluated that
compound 1d displayed the highest potency towards the AR transcrip-
tional activity, AR-positive PCa cell lines’ viability and beneficial effects
on AR signalling, therefore we further evaluated other characteristics of
this lead compound.

2.3. Detailed effect of 1d on AR signalling, PCa cells’ viability,
proliferation, and the cell cycle

We have evaluated the effect of 1d on the AR-transcriptional activity
using the reporter cell line 22Rv1-ARE14 again, in wide concentration
range, both in agonist and antagonist modes. It was found that ICsq value
of 1d antagonism (10.5 uM) (Fig. 7A) shows weaker, but comparable
potency to galeterone (7.6 M), a known standard antagonist. After

cmpd Colonies of LAPC-4 (%)
1a 24
1b 89
1c 22
1d 19
1e 64
1f 52
19 32
1h 17
1i 16
gal 18
enz 65

Fig. 5. A-ring fused quinolines reduce LAPC-4 derived colony formation. Antiproliferative activity of compounds from series 1 was evaluated in 10 uM concentration
using colony-formation assay (10 days treatment). Gal, galeterone; Enz, enzalutamide.
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B LAPC-4
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Fig. 7. Compound 1d acts as a pure antagonist, interferes with AR-downstream signalling and displays selective antiproliferative activity towards AR-positive PCa
cell lines. (A) Transcriptional activity of AR upon treatment with 1d in antagonist (competition with standard agonist, 1 nM R1881) and agonist (compound alone)
modes, normalised to the signal of 1 nM R1881. Curves were plotted via non-linear curve fit in GraphPad Prism 5 from 4 independent experiments, error bars
represent SD. (B) Effect of 1a and 1d on expression of AR and its downstream targets using immunoblotting. The cells were deprived of androgens (in CSS) for 24 h
and stimulated with 1 nM of R1881 alone or with analysed compounds for additional 24 h. (C) Cytotoxic effect of 1d and standards was evaluated by resazurine-
based viability assay (3-days treatment), measured in duplicate and repeated twice. (D) Antiproliferative activity of 1d and standards was evaluated using colony-
formation assay (10-days treatment) in duplicate and repeated twice. Gal, galeterone; Enz, enzalutamide.

steroid withdrawal and subsequent stimulation of AR signalling by
synthetic androgen R1881, we observed the ability of 1d and 1a to
diminish the AR activating phosphorylation on S81 and suppression of
AR signalling in 10 uM concentration (decrease of the PSA protein
level), similar to the effect of galeterone (Fig. 7B). We observed similar
activity of the lead compound mainly on the PSA level even in LNCaP
and 22Rv1 (Fig. 54).

The antiproliferative effect of 1d was further evaluated in PCa cell
lines in dose dependent manner, using both the resazurine-based
viability assay upon 3 days of treatment (Fig. 7C) and colony forma-
tion assay upon 10 days of treatment (Fig. 7D). We clearly confirmed
that 1d targets preferentially the AR-positive PCa cell lines. Upon 3 days
of treatment, compound 1d was able to decrease the viability of LAPC-4
and 22Rv1 below the 50% of control treated by vehicle at 50 uM and
25 pM, with 22Rv1 being slightly more sensitive. The lead compound
outperformed the standard galeterone, which displayed an anti-
proliferative activity only at 50 pM after 3 days, and enzalutamide,
which exerted moderate antiproliferative effect only in LAPC-4. In
contrast with galeterone, which markedly affected also the AR-negative

DU145 at 50 uM, we did not observe significant effect of 1d towards the
DU145 cell line (Fig. 7C). In agreement with previous findings, the
antiproliferative activity of the lead compound was enhanced after 10
days of treatment, which was assessed by the colony-formation analysis.
The lead compound preferentially blocked the formation of LAPC-4 and
22Rv1 cell colonies in dose dependent manner and showed to be more
effective than galeterone and enzalutamide (Fig. 7D).

Cell cycle analysis after 24 h of treatment showed an increased
number of cells in G1 phase with reduced S-phase cells’ percentage,
which reflected the proliferation blockage of LAPC-4 and LNCaP, mainly
at 10 uM concentration of the lead compound. The effect of 1d was more
profound, in comparison with galeterone or enzalutamide (Fig. S5).

2.4. Interaction of 1d with the AR-LBD and molecular modelling

To verify the ability of 1d to bind to the AR cavity in cells, we per-
formed “the rescue experiment” in LAPC-4 cells. The cells were treated
with 1d for 2 h to saturate the AR-ligand-binding domain (LBD) and
then bavdegalutamide (ARV-110, an effective AR degrader) was added
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for additional 6 h. As presented in Fig. 8A, the degradation of AR
induced by bavdegalutamide was attenuated by 20 uM of 1d and
confirmed its cellular interaction with the AR cavity.

Next, the interaction of 1d was also confirmed by the microscale
thermophoresis (MST) using His6-tagged human AR-LBD [29]. Binding
of 1d in 12.5 uM and 25 pM concentrations led to an extensive change of
the labelling dye-fluorescence (Fig. 8B). Moreover, the change was
consistent with the effect of 25 uM galeterone (Fig. 8B).

We recruited the flexible molecular docking of the candidate com-
pound 1d into AR-LBD co-crystal structure with natural agonist DHT
(PDB: 2PIV). The key residues in extremities of the cavity (Asn705,
GIn711, Arg752, and Thr877) were set flexible, which allowed rear-
rangement of the cavity to fit 1d. The best pose displayed high binding
energy (AGyina = —10.2 kcal/mol) and similar orientation as was
observed for steroidal antagonists cyproterone [30] or galeterone [31].
Overall, the A-ring fused 6’-methoxyquinoline part was sandwiched
between the helix 2 and 3 and the methoxy moiety was oriented towards
the Val 684, with possible hydrogen bonds between the oxygen and
Arg752 and GIn711. The fused quinoline moiety was stabilised by

A
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hydrophobic bonds with Leu707, Met749 and Phe764. Further hydro-
phobic interactions were formed between the steroid ring and side
chains of Leu704, Met780 and Leu873. The 17p-OH on the D-ring
formed a conserved bond with Thr877, with a possible interaction with
Asn705 as well (Fig. 8C).

3. Conclusions

In conclusion, we reported the efficient syntheses of A-ring-fused
mono- and disubstituted pyridine derivatives of DHT in two different
synthetic pathways, using microwave irradiation as an energy source.
1,5-Diketones were prepared using Mannich salts, which were then
converted to A-ring-fused 6’-substituted pyridines with hydroxylamine.
The compound library was extended with 4°,6’-disubstituted analogues
by the Krohnke’s pyridine synthesis. Single crystal X-ray diffraction
confirmed the exact structure of a representative monosubstituted pyr-
idine derivative. Pharmacological investigations were performed in
prostate cancer cells in comparison with previously prepared, structur-
ally similar quinolines. It was shown that several A-ring-fused quinolines
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Fig. 8. Compound 1d binds the AR protein in vitro and in silico. (A) Compound 1d suppresses bavdegalutamide-induced AR-degradation. LAPC-4 cells were
cultivated in CSS-supplemented medium, pre-treated with 1d for 2 h and then bavdegalutamide was added for the next 6 h. Level of f-actin served as protein loading
control. Bavdeg, bavdegalutamide. (B) Binding of 1d to recombinant AR was evaluated by MST measurement with His6-tagged human AR-LBD. Bar chart displays
the mean + SD (n = 2). Gal, galeterone. (C) Binding pose of 1d in the LBD of AR (PDB: 2PIV) performed by flexible docking. AR protein is shown in grey, orange
sticks represent interacting amino acid residues, labelled in bold are residues displaying hydrogen bonds. Nitrogen atoms are shown in blue, oxygen atoms in red,

hydrogens in white. Hydrogen bonds are shown as cyan dash lines.
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acted as AR antagonists, in comparison with the dual or agonist char-
acter of the majority of A-ring-fused pyridines. Based on the antagonist
and antiproliferative activity of the whole set of compounds, the best
derivative 1d (6’-methoxy-substituted A-ring fused quinoline) was
chosen as the lead compound. It was further studied and showed to be a
low-micromolar AR antagonist (ICso = 10.5 uM), it suppressed the
viability and proliferation of AR-positive PCa cell lines. Moreover, the
candidate compound blocked the AR downstream signalling, induced
moderate cell-cycle arrest and was proven to bind the AR in cells and the
recombinant AR protein as well. The binding mode and interaction was
described using molecular modelling.

4. Experimental
4.1. General

Chemicals, reagents and solvents were purchased from commercial
suppliers (Sigma-Aldrich, TCI and Alfa Aesar) and used without further
purification. For MW-assisted syntheses, a CEM Discover SP laboratory
MW reactor was used with a max. power of 200 W (running a dynamic
control program). Elementary analysis data were obtained with a Per-
kinElmer CHN analyzer model 2400. The transformations were moni-
tored by TLC using 0.25 mm thick Kieselgel-G plates (Si 254 F, Merck).
The compound spots were detected by spraying with 5% phosphomo-
lybdic acid in 50% aqueous phosphoric acid. Column chromatography
(CC) was carried out on silica gel 60, 40-63 pm (Merck). Melting points
(Mp) were determined on an SRS Optimelt digital apparatus and are
uncorrected. NMR spectra were recorded with a Bruker DRX 500 in-
strument at room temperature in CDCl3 using residual solvent signal as
an internal reference. Chemical shifts are reported in ppm (5 scale) and
coupling constants (J) are given in Hz. Multiplicities of the 'H signals are
indicated as a singlet (s), a doublet (d), a double doublet (dd), a triplet
(t), or a multiplet (m). 3¢ NMR spectra are 1H—decoupled and the J-
MOD pulse sequence was used for multiplicity editing. In this spin-echo
type experiment, the signal intensity is modulated by the different
coupling constants J of carbons depending on the number of attached
protons. Both protonated and unprotonated carbons can be detected
(CH3 and CH carbons appear as positive signals, while CH, and C car-
bons as negative signals). The purified derivatives were dissolved in high
purity acetonitrile and introduced with an Agilent 1290 Infinity II liquid
chromatography pump to an Agilent 6470 tandem mass spectrometer
equipped an electrospray ionization chamber. Flow rate was
0.5 mL-min— 1 and contained 0.1% formic acid or 0.1% ammonium
hydroxide to help facilitate ionization. The instrument operated in MS1
scan mode with 135 V fragmentor voltage, and the spectra were recor-
ded from 300 to 500 m/z, which were corrected with the background.

4.2. Chemistry

4.2.1. General procedure for the synthesis of A-ring-fused 6’-substituted
pyridine derivatives of DHT (2a-h)

DHT (290 mg, 1 mmol) and the corresponding Mannich salt (4a-h, 2
equiv.) were dissolved in 1,4-dioxane (5 mL), and pyrrolidine (246 pL, 3
equiv.) was added. The mixture was irradiated in a closed vessel at
120 °C for 20 min. After completion of the reaction, the mixture was
cooled to room temperature, and the solvent was evaporated under
reduced pressure. The brown oil thus obtained was dissolved in absolute
EtOH (10 mL), then hydroxylamine hydrochloride (83 mg, 1.2 equiv.)
was added and the mixture was irradiated in a closed vessel at 90 °C for
10 min. During work-up, the mixture was cooled to room temperature,
poured into water (20 mL) and saturated NaHCOj3 solution was added to
neutralize the reaction mixture. The water phase was extracted with
CHyCly (2 x 10 mL). The combined organic layer was washed with
water (2 x 10 mL) and brine (20 mL), dried over anhydrous Na;SO4 and
the solvent was evaporated under reduced pressure to yield a brown oil,
which was then purified by CC with a pure solvent or solvent mixture as
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described in each subchapter containing 1 v/v% TEA.

4.2.1.1. 6’-Phenylpyridino[2’,3":3,2]-5a-androstan-17p-ole (2a).
According to Section 4.2.1., 4a (427 mg) was used. The crude product
was purified by CC (CHxCly). Yield: 326 mg (81%, off white solid). Mp
213-216 °C; THNMR (CDCl3, 500 MHz): 6y 0.77 (s, 3 H, 18-H3), 0.81 (s,
3 H, 19-Hjy), 0.81-1.02 (overlapping m, 3 H, 9a-H, 7a-H and 14a-H),
1.13 (m, 1 H, 12a-H), 1.24-1.52 (overlapping m, 5 H, 158-H, 11p-H, 64-
H, 88-H and 16f-H), 1.60-1.70 (overlapping m, 4 H, 11a-H, 5a-H, 15a-H
and 6a-H), 1.77 (m, 1 H, 7p-H), 1.88 (m, 1 H, 123-H), 2.07 (m, 1 H, 16a-
H), 2.51 (d, 1 H, J = 16.3 Hz, 1a-H), 2.76-2.83 (overlapping dd and d,
2 H, 4f-H and 1p-H), 3.25 (m, 1 H, 4a-H), 3.66 (m, 1 H, 17a-H), 7.42 (t-
likem, 1 H, 4°°-H), 7.48 (t-like m, 2 H, 3”’-Hand 5"-H), 7.52 (d, 1 H, J =
7.9Hz) and 7.56 (d, 1 H,J =7.9Hz): 4-Hand 5’-H, 7,99 (d, 2 H, J =
7.2 Hz, 2”°-H and 6”-H); '3C NMR (CDCls, 125 MHz): §¢ 11.2 (C-18),
11.9 (C-19), 21.1 (C-11), 23.6 (C-15), 28.7 (C-6), 30.8 (C-16), 31.4 (C-
7), 35.4 (C-10), 35.9 (C-8), 37.0 (C-4), 37.1 (C-12), 42.4 (C-5), 43.1 (C-
13), 43.3 (C-1), 51.2(C-14), 54.1 (C-9), 82.1 (C-17),118.1 (C-5), 127.0
(2C, C-2 and C-67"), 128.5 (C-4’), 128.7 (2 C, C-3”* and C-5), 129.9
(C-2),138.1 (C-4°), 140.0 (C-1""), 154.9 (C-6’), 156.4 (C-3); ESI-MS 402
[M-++H]"; Anal. Calcd. for C2gH35NO C 83.74; H 8.78. Found C 83.63; H
8.76.

4.2.1.2. 6’-(p-Tolyl)pyridino[2°,3’:3,2]-5a-androstan-17f-ole (2b).
According to Section 4.2.1., 4b (455 mg) was used. The crude product
was purified by CC (CHzClp). Yield: 290 mg (70%, off white solid). Mp
251-254 °C; 'HNMR (CDCl3, 500 MHz): 6y 0.78 (s, 3 H, 18-H3), 0.81 (s,
3 H, 19-Hj), 0.83-1.03 (overlapping m, 3 H), 1.12 (m, 1 H), 1.25-1.52
(overlapping m, 5 H), 1.62-1.72 (overlapping m, 4 H), 1.76 (m, 1 H),
1.88 (m, 1 H), 2.07 (m, 1 H, 16a-H), 2.39 (s, 3 H, 4’-CH3), 2.47 (d, 1 H,
J=16.2 Hz, 1a-H), 2.67 (dd, 1 H, J = 18.0 Hz, J = 12.6 Hz, 4p-H), 2.75
(d, 1 H,J =16.2 Hz, 18-H), 2.93 (dd, 1 H, J = 18.0 Hz, J = 5.2 Hz, 4a-
H), 3.66 (t, 1 H, J = 8.3 Hz, 17a-H), 7.24 (d, 2 H, J = 7.9 Hz, 3”’-H and
5°-H), 7.36 (d, 1 H, J = 7.9 Hz, 4’-H), 7.43 (d, 1 H, J = 7.9 Hz, 5’-H),
7.85 (d, 2 H, J = 7.9 Hz, 2”’-H and 6"°-H); 13C NMR (CDCls, 125 MHz):
¢ 11.2 (C-18), 11.9 (C-19), 21.1 (C-11), 21.4 (4’-CHj3), 23.6 (C-15),
28.8 (C-6), 30.8 (C-16), 31.4 (C-7), 35.4 (C-10), 35.9 (C-8), 37.0 (C-4),
37.1(C-12), 42.4 (C-5), 43.1 (C-13), 43.3 (C-1), 51.2 (C-14), 54.1 (C-9),
82.1 (C-17),117.8 (C-5°),126.8 (2 C, C-2”> and C-6"’), 129.5 (2 C, C-3”
and C-5"), 129.5 (C-4""), 137.3 (C-2), 138.0 (C-4), 138.4 (C-1""), 154.9
(C-6°), 156.3 (C-3); ESI-MS 416 [M+H]*; Anal. Caled. for CogHsyNO C
83.81; H 8.97. Found C 83.95; H 8.99.

4.2.1.3. 6’-(p-Methoxyphenyl)pyridino[2’,3’:3,2]-5a-androstan-17f3-
ole (2c). According to Section 4.2.1., 4c (487 mg) was used. The crude
product was purified by CC (CHgCly). Yield: 342 mg (79%, off white
solid). Mp 230-233 °C; H NMR (CDCl3, 500 MHz): 6y 0.78 (s, 3 H, 18-
Hs), 0.81 (s, 3 H, 19-H3), 0.85 (m, 1 H), 0.93-1.02 (overlapping m, 2 H),
1.12 (m, 1 H), 1.24-1.52 (overlapping m, 5 H), 1.60-1.77 (overlapping
m, 5 H), 1.87 (m, 1 H), 2.07 (m, 1 H, 16a-H), 2.46 (d, 1 H, J = 16.2 Hz,
la-H), 2.67 (dd, 1 H, J = 18.0 Hz, J = 12.5 Hz, 4p-H), 2.75(d, 1 H,J =
16.2 Hz, 1p-H), 2.91 (dd, 1 H, J = 18.0 Hz, J = 5.3 Hz, 4a-H), 3.66 (t,
1 H,J=8.6 Hz, 17a-H), 3.85 (s, 3 H, 4’-OMe), 6.97 (d, 2 H, J = 8.8 Hz,
3”’-Hand 5’-H), 7.35(d, 1 H,J= 8.0 Hz, 4’-H), 7.40 (d, 1 H, J= 8.0 Hz,
5’-H), 7.90 (d, 2H, J = 8.8 Hz, 2”’-H and 6’’-H); 3¢ NMR (CDCl3,
125 MHz): 6¢11.2 (C-18),11.9(C-19), 21.1 (C-11), 23.6 (C-15), 28.7 (C-
6), 30.7 (C-16), 31.4 (C-7), 35.4 (C-10), 35.8 (C-8), 36.9 (C-4), 37.1 (C-
12), 42.3 (C-5), 43.0 (C-13), 43.2 (C-1), 51.1 (C-14), 54.0 (C-9), 55.5
(4’-OMe), 82.1 (C-17),114.1 (2 C,C-3” and C-5’), 117.4 (C-5°), 128.1
(2C,C-2” and C-6),129.1 (C-1"), 132.7 (C-2), 138.1 (C-4’), 154.5 (C-
6’), 156.2 (C-3), 160.2 (C-4""); ESI-MS 432 [M+H]"; Anal. Calcd. for
Co9H37NO, C 80.70; H 8.64. Found C 80.88; H 8.67.

4.2.1.4. 6’-(p-Nitrophenyl)pyridino[2’,3’:3,2]-5a-androstan-17p-ole
(2d). According to Section 4.2.1., 4d (517 mg) was used. The crude
product was purified by CC (EtOAc/CHyCly = 2:98). Yield: 321 mg
(72%, light yellow solid). Mp > 250 °C decomposes; 'H NMR (CDCls,
500 MHz): 6y 0.78 (s, 3 H, 18-H3), 0.82 (s, 3 H, 19-Hs), 0.88 (m, 1 H),
0.95-1.04 (overlapping m, 2 H), 1.13 (m, 1 H), 1.28-1.53 (overlapping
m, 5 H), 1.60-1.72 (overlapping m, 4 H), 1.77 (m, 1 H), 1.88 (m, 1 H),
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2.08 (m, 1 H, 16a-H), 2.51 (d,1 H,J=16.4 Hz, 1a-H), 2.69 (dd, 1 H,J =
18.2 Hz, J = 12.4 Hz, 4p-H), 2.82 (d, 1 H, J = 16.4 Hz, 1p-H), 2.95 (dd,
1H,J=18.2Hz, J = 5.3 Hz, 4a-H), 3.67 (t, 1 H, J = 8.3 Hz, 17u0-H),
7.46 (d, 1 H, J = 8.0 Hz, 4’-H), 7.54 (d, 1 H, J = 8.0 Hz, 5’-H), 8.14 (d,
2H,J=8.7Hz,2’-Hand 6’-H), 8.29 (d, 2 H,J = 8.7 Hz, 3"’-H and 5’-
H); 13CNMR (CDCl3, 125 MHz): 6¢11.2 (C-18),11.9 (C-19), 21.1 (C-11),
23.6 (C-15), 28.7 (C-6), 30.7 (C-16), 31.3 (C-7), 35.4 (C-10), 35.8 (C-8),
36.9 (C-4), 37.0 (C-12), 42.3 (C-5), 43.0 (C-13), 43.3 (C-1), 51.1 (C-14),
53.9 (C-9), 82.1 (C-17), 118.7 (C-57), 124.1 (2 C, C-3” and C-5"), 127.6
(2C,C-2”and C-6’), 131.9 (C-2), 138.4 (C-4’), 145.9 (C-1"*), 147.9 (C-
4"), 152.0 (C-6"), 157.2 (C-3); ESI-MS 447 [M-+H]"; Anal. Calcd. for
CogH34N503 C 75.31; H 7.67. Found C 75.08; H 7.66.

4.2.1.5. 6’-(p-Fluorophenyl)pyridino[2’,3’:3,2]-5a-androstan-17-
ole (2e). According to Section 4.2.1., 4e (463 mg) was used. The crude
product was purified by CC (EtOAc/CH,Cly = 2:98). Yield: 337 mg
(80%, off white solid). Mp > 200 °C decomposes; 'H NMR (CDCls,
500 MHz): 5y 0.78 (s, 3 H, 18-H3), 0.81 (s, 3 H, 19-H3), 0.87-1.03
(overlapping m, 3 H), 1.13 (m, 1 H), 1.25-1.53 (overlapping m, 5 H),
1.61-1.72 (overlapping m, 4 H), 1.76 (m, 1 H), 1.88 (m, 1 H), 2.07 (m,
1 H, 160-H), 2.48 (d,1 H,J=16.2 Hz, 1a-H), 2.67 (dd, 1 H,J=18.1 Hz,
J=12.6 Hz, 4p-H), 2.77 (d, 1 H, J = 16.2 Hz, 18-H), 2.92 (dd, 1 H, J =
18.1 Hz,J = 5.2 Hz, 4a-H), 3.66 (t, 1 H, J = 8.5 Hz, 17a-H), 7.11 (t, 2 H,
J=28.7 Hz,3’-Hand 5°°-H), 7.38 (d, 1 H,J=8.0 Hz, 4’-H), 7.41 (d, 1 H,
J=28.0Hz,5’-H), 7.94 (dd, 2 H,J = 8.7 Hz,J = 5.5 Hz, 2”’-H and 6°’-H);
13¢ NMR (CDCl3, 125 MHz): 6¢ 11.2 (C-18), 11.9 (C-19), 21.1 (C-11),
23.6 (C-15), 28.7 (C-6), 30.8 (C-16), 31.4 (C-7), 35.4 (C-10), 35.9 (C-8),
37.0 (C-4), 37.1 (C-12), 42.4 (C-5), 43.1 (C-13), 43.2(C-1), 51.2 (C-14),
54.1 (C-9), 82.1 (C-17), 115.6 (2 C, J = 21.4 Hz, C-3"’ and C-5"), 117.7
(C-5%),128.7 (2C,J =8.2Hz, C-2”’ and C-6""), 129.9 (C-2), 136.2 (J =
2.9 Hz, C-1"), 138.2 (C-4’), 153.8 (C-6’), 156.5 (C-3), 163.5 (J =
247.5 Hz, (C-4""); ESI-MS 420 [M+H]"; Anal. Calcd. for CogH34FNO C
80.15; H 8.17. Found C 79.94; H 8.15.

4.2.1.6. 6’-(p-Chlorophenyl)pyridino[2’,3’:3,2]-5a-androstan-17-
ole (2f). According to Section 4.2.1., 4f (496 mg) was used. The crude
product was purified by CC (EtOAc/CHyCly = 5:95). Yield: 313 mg
(72%, off white solid). Mp > 200 °C decomposes; 'H NMR (CDCl3,
500 MHz): 6y 0.78 (s, 3 H, 18-H3), 0.81 (s, 3 H, 19-Hg3), 0.86 (m, 1 H),
0.91-1.03 (overlapping m, 2 H), 1.13 (m, 1 H), 1.23-1.52 (overlapping
m, 5 H), 1.59-1.72 (overlapping m, 4 H), 1.76 (m, 1 H), 1.87 (m, 1 H),
2.08 (m, 1 H, 16a-H), 2.47 (d, 1 H,J=16.3 Hz, 1a-H), 2.67 (dd, 1 H,J =
18.0 Hz, J = 12.7 Hz, 4B-H), 2.77 (d, 1 H, J = 16.3 Hz, 1-H), 2.92 (dd,
1H,J=18.0Hz, J = 5.1 Hz, 4a-H), 3.66 (t, 1 H, J = 8.3 Hz, 17ua-H),
7.38-7.44 (overlapping m, 4 H, 4’-H, 5’-H, 3”’-H and 5’’-H), 7.90 (d,
2H,J=8.2Hz, 2”-H and 6’’-H); 3¢ NMR (CDCl3, 125 MHz): 6¢c 11.2
(C-18), 11.9 (C-19), 21.1 (C-11), 23.6 (C-15), 28.7 (C-6), 30.7 (C-16),
31.4 (C-7), 35.4 (C-10), 35.8 (C-8), 36.9 (C-4), 37.1 (C-12), 42.3 (C-5),
43.0 (C-13), 43.2 (C-1), 51.1 (C-14), 54.0 (C-9), 82.1 (C-17), 117.9 (C-
5%),128.5 (2 C, C-3"" and C-5"), 131.9 (2 C, C-2"’" and C-6""), 130.3 (C-
2), 134.6 (C-4"), 138.2 (C-4"), 138.4 (C-1""), 153.5 (C-6"), 156.6 (C-3);
ESI-MS 436 [M-++H]"; Anal. Calcd. for CogH34CINO C 77.13; H 7.86.
Found C 77.23; H 7.88.

4.2.1.7. 6’-(p-Bromophenyl)pyridino[2’,3’:3,2]-5a-androstan-17-
ole (2g). According to Section 4.2.1., 4g (585 mg) was used. The crude
product was purified by CC (EtOAc/CHoCly = 5:95). Yield: 374 mg
(78%, off white solid). Mp 223-226 °C; TH NMR (CDCl3, 500 MHz): 6y
0.78 (s, 3H, 18-H3), 0.81 (s, 3 H, 19-H3), 0.86 (m, 1 H), 0.92-1.03
(overlapping m, 2 H), 1.13 (m, 1 H), 1.25-1.53 (overlapping m, 5 H),
1.60-1.72 (overlapping m, 4 H), 1.77 (m, 1 H), 1.88 (m, 1 H), 2.08 (m,
1 H, 160-H), 2.47 (d,1 H,J =16.3 Hz, 1a-H), 2.67 (dd, 1 H,J=18.1 Hz,
J=12.5 Hz, 4p-H), 2.77 (d, 1 H, J = 16.3 Hz, 1p-H), 2.92 (dd, 1 H, J =
18.1 Hz, J = 5.3 Hz, 4a-H), 3.66 (m, 1 H, 17a-H), 7.38 (d, 1 H, J =
8.0 Hz, 4’-H), 7.43 (d, 1 H, J = 8.0 Hz, 5’-H), 7.56 (d, 2 H, J = 8.4 Hz,
3”’-H and 5°-H), 7.84 (d, 2 H, J = 8.4 Hz, 2’-H and 6°’-H); 13¢ NMR
(CDCl3, 125 MHz): 6¢ 11.2 (C-18),11.9 (C-19), 21.1 (C-11), 23.6 (C-15),
28.7 (C-6), 30.8 (C-16), 31.4 (C-7), 35.4 (C-10), 35.9 (C-8), 37.0 (C-4),
37.1 (C-12), 42.4 (C-5), 43.1 (C-13), 43.3 (C-1), 51.2 (C-14), 54.1 (C-9),
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82.1 (C-17), 117.8 (C-5%), 122.9 (C-4’), 128.5 (2 C, C-2” and C-6""),
130.4 (C-2), 131.9 (2C, C-3” and C-5), 138.2 (C-4’), 138.9 (C-1"),
153.6 (C-6’), 156.6 (C-3); ESI-MS 480 [M+H]"; Anal. Calcd. for
CogH34BrNO C 69.99; H 7.13. Found C 70.12; H 7.14.

4.2.1.8. 6’-(0-Hydroxyphenyl)pyridino[2’,3’:3,2]-5a-androstan-17-
ole (2h). According to Section 4.2.1., 4h (459 mg) was used. The crude
product was purified by CC (CH2Cly). Yield: 278 mg (67%, white solid).
Mp 298-300 °C; 'H NMR (CDCl3, 500 MHz): 6y 0.78 (s, 3 H, 18-H3),
0.80 (s, 3 H, 19-Hs), 0.86 (m, 1 H), 0.94-1.02 (overlapping m, 2 H), 1.13
(m, 1 H), 1.26-1.52 (overlapping m, 5 H), 1.60-1.70 (overlapping m,
4H),1.76 (m, 1 H), 1.88 (m, 1 H), 2.08 (m, 1 H, 160-H), 2.47 (d, 1 H, J
= 16.3 Hz, 1o-H), 2.65 (dd, 1 H, J = 18.0 Hz, 12.5 Hz, 4p-H), 2.77 (d,
1H,J=16.3 Hz, 18-H), 2.86 (dd, 1 H, J = 18.0 Hz, J = 5.1 Hz, 4a-H),
3.66 (m, 1 H, 17a-H), 6.88 (t-like m, 1 H, 4°-H), 7.00 (d, 1 H, J =
8.2 Hz, 6°’-H), 7.26 (t-likem, 1 H, 5°-H), 7.48 (d, 1 H, J = 8.3 Hz, 4’-H),
7.66 (d,1 H,J=8.3 Hz,5-H), 7.77 (d, 1 H, J = 8.0 Hz, 3’’-H), 14.78 (s,
1 H, Ph-OH); 13¢ NMR (CDCl3, 125 MHz): ¢ 11.2 (C-18), 11.9 (C-19),
21.1 (C-11), 23.6 (C-15), 28.5 (C-6), 30.7 (C-16), 31.3 (C-7), 35.5 (C-
10), 35.7 (C-8), 36.0 (C-4), 36.9 (C-12), 42.0 (C-1), 42.9 (C-5), 43.0 (C-
13), 51.1 (C-14), 53.9 (C-9), 82.1 (C-17),116.5 (C-6’"), 118.6 and 118.7
(C-5’ and C-5), 119.2 (C-2), 126.0 (C-4’"), 129.7 (C-2), 131.0 (C-3’),
139.2 (C-4’), 153.0 (C-6’), 155.1 (C-1""), 160.3 (C-3); ESI-MS 418
[M-+H]"; Anal. Calcd. for CogH3sNO5 C 80.53; H 8.45. Found C 80.49; H
8.42.

4.2.2. General procedure for the synthesis of A-ring-fused 4°,6’-
disubstituted pyridine derivatives of DHT (3a-0)

2-Ethylidene (5a) or 2-arylidene (5b-e) derivative (1.0 mmol),
appropriate pyridinium iodide salt (6a—c, 1.4 equiv.) and ammonium
acetate (771 mg, 10.0 equiv.) were suspended in absolute EtOH (5 mL),
and the mixture was irradiated in a closed vessel at 90 °C for 20 min.
After completion of the reaction, the mixture was cooled to room tem-
perature, poured into water (20 mL) and extracted with CHyCly (2 X
10 mL). The combined organic layer was washed with water (2 x
10 mL) and brine (20 mL), dried over anhydrous NaSO4 and the solvent
was evaporated under reduced pressure. The crude product thus ob-
tained was purified by CC with a pure solvent or solvent mixture as
described in each subchapter containing 1 v/v% TEA.

4.2.2.1. 4’-Methyl-6’-phenylpyridino[2’,3’:3,2]-5a-androstan-17-
ole (3a). According to Section 4.2.2., 5a (316 mg) and 6a (455 mg) were
used. The crude product was purified by CC (EtOAc/hexane = 30:70).
Yield: 298 mg (72%, white solid). Mp 263-265 °C; IH NMR (CDCl3,
500 MHz): 6y 0.79 (s, 3 H, 18-H3), 0.82 (s, 3 H, 19-H3), 0.86-1.04
(overlapping m, 3 H), 1.15 (m, 1 H), 1.25-1.55 (overlapping m, 5 H),
1.61-1.66 (overlapping m, 3 H), 1.75 (overlapping m, 2 H), 1.89 (m,
1 H), 2.08 (m, 1 H, 16a-H), 2.23(d, 1 H,J=16.6 Hz, 1a-H), 2.27 (s, 3 H,
4’-CHgs), 2.69-2.77 (overlapping dd and d, 2 H, 4p-H and 1p-H), 2.90
(dd, 1H, J = 17.9 Hz, J = 5.0 Hz, 4a-H), 3.67 (m, 1 H, 17a-H), 7.36
(overlapping m, 2 H, 5’-H and 4’’-H), 7.43 (t, 2 H, J = 7.6 Hz, 3’-H and
5"-H), 7.94 (d, 2H, J = 7.4 Hz, 2’-H and 6°-H); '3C NMR (CDCls,
125 MHz): 6¢ 11.2 (C-18), 12.3 (C-19), 19.6 (4’-CH3), 21.1 (C-11), 23.6
(C-15), 28.6 (C-6), 30.8 (C-16), 31.4 (C-7), 35.2 (C-10), 35.8 (C-8), 36.9
(C-4), 37.2 (C-12), 40.3 (C-1), 41.9 (C-5), 43.0 (C-13), 51.2 (C-14), 54.3
(C-9), 82.1 (C-17), 119.9 (C-5°), 127.0 (2 C, C-2”’ and C-6’"), 128.4 (C-
4), 128.7 (2 C, C-3”" and C-5’"), 128.8 (C-2), 140.1 (C-1"), 146.7 (C-
4%), 154.3 (C-6’), 155.8 (C-3); ESI-MS 416 [M+H]"; Anal. Calcd. for
Co9H37NO C 83.81; H 8.97. Found C 83.99; H 8.99.

4.2.2.2. 6’-(0-Hydoxyphenyl)-4’-methylpyridino[2°,3°:3,2]-5a-
androstan-17p-ole (3b). According to Section 4.2.2., 5a (316 mg) and 6b
(478 mg) were used. The crude product was purified by CC (CHCly).
Yield: 281 mg (65%, off white solid); Mp 265-267 °C; 'H NMR (CDCl3,
500 MHz): 6y 0.78 (s, 3 H, 18-H3), 0.80 (s, 3 H, 19-H3), 0.84-1.02
(overlapping m, 3 H), 1.14 (m, 1 H), 1.26-1.54 (overlapping m, 5 H),
1.57-1.67 (overlapping m, 3 H), 1.74 (overlapping m, 2 H), 1.89 (m,
1 H),2.08 (m, 1 H, 160-H), 2.21 (d, 1 H, J = 16.7 Hz, 1a-H), 2.30 (s, 3 H,
4’-CHgs), 2.67 (dd, 1 H, J = 18.2 Hz, 12.5 Hz, 4p-H), 2.73 (d, 1 H, J =
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16.7 Hz, 1p-H), 2.81 (dd, 1 H, J = 18.2 Hz, J = 5.1 Hz, 4a-H), 3.67 (m,
1H,170-H), 6.86 (t,1 H,J=7.6 Hz,4’’-H), 7.00 (d,1 H,J=8.2 Hz,6’-
H), 7.25 (t-like m, 1 H, 5°-H), 7.52 (s, 1 H, 5’-H), 7.77 (d, 1 H, J =
8.0 Hz, 3°-H), 15.0 (s, 1 H, Ph-OH); 13C NMR (CDCls, 125 MHz): 5q11.2
(C-18),12.3 (C-19), 19.9 (4’-CH3y), 21.1 (C-11), 23.6 (C-15), 28.4 (C-6),
30.7 (C-16), 31.3 (C-7), 35.3 (C-10), 35.7 (C-8), 36.1 (C-4), 36.9 (C-12),
40.1 (C-1), 41.6 (C-5), 43.0 (C-13), 51.1 (C-14), 54.2 (C-9), 82.1 (C-17),
117.9 (C-6’), 118.5 (2 C, C-4”’ and C-5’), 119.1 (C-2’*), 125.9 (C-5""),
128.7 (C-2), 130.8 (C-3), 148.2 (C-4’), 152.2 (C-6’), 154.4 (C-1""),
160.3 (C-3); ESI-MS 432 [M+H]™; Anal. Calcd. for CogHs7NO5 C 80.70;
H 8.64. Found C 80.51; H 8.61.

4.2.2.3. 4’-Methyl-6’-(pyridin-2"’-yDpyridino[2’,3":3,2]-5a-andro-
stan-17p-ole (3c). According to Section 4.2.2., 5a (316 mg) and 6¢
(457 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 40:60). Yield: 294 mg (71%, off white solid). Mp 226-229 °C;
1H NMR (CDCls, 500 MHz): 8 0.78 (s, 3 H, 18-H3), 0.81 (s, 3 H, 19-H),
0.86-1.03 (overlapping m, 3 H), 1.14 (m, 1 H), 1.25-1.55 (overlapping
m, 5 H), 1.60-1.67 (overlapping m, 3 H), 1.76 (overlapping m, 2 H),
1.89 (m, 1 H), 2.08 (m, 1 H, 16a-H), 2.24 (d, 1 H, J = 16.7 Hz, 1a-H),
2.29 (s, 3 H, 4’-CHy), 2.69-2.79 (overlapping dd and d, 2 H, 4f-H and
1B-H), 2.90 (dd, 1 H, J = 17.8 Hz, J = 4.8 Hz, 40-H), 3.67 (t, 1 H, J =
8.5 Hz, 17a-H), 7.25 (t-like m, 1 H, 5°-H), 7.77 (t, 1 H, J = 7.7 Hz, 4>’-
H),7.97 (s,1 H,5-H), 8.35(d, 1 H,J=8.0 Hz, 3""-H), 8.65 (d, 1 H, J =
4.9 Hz, 6”’-H); 3C NMR (CDCls, 125 MHz): 5¢ 11.2 (C-18), 12.3 (C-19),
19.5(C-4’), 21.1 (C-11), 23.6 (C-15), 28.6 (C-6), 30.7 (C-16), 31.4 (C-7),
35.2 (C-10), 35.8 (C-8), 36.9 (C-4), 37.2 (C-12), 40.5 (C-1), 41.9 (C-5),
43.0(C-13),51.2(C-14), 54.3 (C-9), 82.1 (C-17), 120.2 (C-57), 121.1 (C-
37), 123.3 (C-57), 130.7 (C-2), 136.9 (C-4"), 147.1 (C-4’), 149.2 (C-
6°"), 152.8 (C-6"), 155.5 and 157.0: C-2” and C-3; ESI-MS 417 [M+H]";
Anal. Calcd. for CogH3gN>O C 80.73; H 8.71. Found C 80.95; H 8.74.

4.2.2.4. 4’,6’-Diphenylpyridino[2’,3’:3,2]-5a-androstan-17f-ole
(8d). According to Section 4.2.2., 5b (379 mg) and 6a (455 mg) were
used. The crude product was purified by CC (EtOAc/hexane = 20:80).
Yield: 368 mg (77%, white solid). Mp 139-142 °C; 'H NMR (CDCl3,
500 MHz): 6y 0.72 (s, 3 H, 18-H3), 0.75 (s, 3 H, 19-Hs), 0.81 (m, 1 H),
0.91-1.07 (overlapping m, 3 H), 1.23-1.46 (overlapping m, 5 H),
1.59-1.76 (overlapping m, 6 H), 2.06 (m, 1 H, 16a-H), 2.32 (d, 1 H, J =
16.5 Hz, 1a-H), 2.68-2.79 (overlapping dd and d, 2 H, 4p-H and 1p-H),
3.05(dd, 1 H, J = 18.1 Hz, J = 5.4 Hz, 4a-H), 3.63 (t, 1 H, J = 8.4 Hz,
170-H), 7.33-7.48 (overlapping m, 9 H, Ph-H*, Ph-H3, Ph-H®, Ph-HZ, Ph-
HS, 4”-H, 3"-H, 5-H and 5°-H), 7.98 (d, 2 H, J = 7.7 Hz, 2”’-H and 6 ’-
H); 13C NMR (CDCl3, 125 MHz): 6¢11.2 (C-18),11.8 (C-19), 21.0 (C-11),
23.6 (C-15), 28.6 (C-6), 30.7 (C-16), 31.4 (C-7), 35.5 (C-10), 35.8 (C-8),
36.8 (C-4), 37.6 (C-12), 41.4 (C-1), 42.1 (C-5), 43.0 (C-13), 51.1 (C-14),
54.0 (C-9), 82.1 (C-17),119.5 (C-5°), 127.0 (2 C, C-2”” and C-6™"), 127.4
(G-2), 127.9 (Ph-C*), 128.5 (2 C, Ph-C? and Ph-C®), 128.6 (C-4"), 128.7
2c¢ Ph-C and Ph-CS), 128.8 (2 C, C-3”’ and C-5*), 139.9 and 140.0:
Ph-C! and C-1”, 150.9 (C-4’), 154.4 (C-6’), 156.9 (C-3); ESI-MS 478
[M+H]"; Anal. Caled. for C34H3oNO C 85.49; H 8.23. Found C 85.19; H
8.20.

4.2.2.5. 6’-(0o-Hydoxyphenyl)-4’-phenylpyridino[2’,3":3,2]-5a-andro-
stan-17p-ole (3e). According to Section 4.2.2., 5b (379 mg) and 6b
(478 mg) was used. The crude product was purified by CC (EtOAc/
CH,Cl, = 2:98). Yield: 377 mg (76%, off white solid). Mp 146-149 °C;
1HNMR (CDCl3, 500 MHz): 6y 0.71 (s, 3 H, 18-H3), 0.74 (s, 3 H, 19-H3),
0.80 (m, 1 H), 0.87-1.06 (overlapping m, 3 H), 1.22-1.46 (overlapping
m, 6 H), 1.57-1.76 (overlapping m, 5 H), 2.06 (m, 1 H, 16a-H), 2.30 (d,
1 H,J=16.5Hz, 1a-H), 2.66 (d, 1 H, J = 16.5 Hz, 1p-H), 2.71 (dd, 1 H,
J=18.0 Hz, 12.4 Hz, 4p-H), 3.05 (dd, 1 H, J = 18.1 Hz, J = 5.5 Hz, 4a-
H), 3.62 (m, 1 H, 17a-H), 6.85 (t, 1 H,J = 7.5 Hz,4’-H), 7.00 (d, 1 H, J
=8.2 Hz, 6"°-H), 7.27 (t-likem, 1 H, 5"’-H), 7.32 (d, 2 H, J = 7.1 Hz, Ph-
H? and Ph-H®), 7.44 (t-like m, 1 H, Ph-H*), 7.48 (t-like m, 2 H, Ph-H®
and Ph-HS), 7.58(s,1 H,5-H),7.76 (d,1 H,J = 7.9 Hz, 3"’-H), 14.82 (s,
1 H, Ph-OH); '3C NMR (CDCls, 125 MHz): ¢ 11.2 (C-18), 11.8 (C-19),
20.9 (C-11), 23.5 (C-15), 28.5 (C-6), 30.7 (C-16), 31.3 (C-7), 35.5 (C-
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10), 35.7 (C-8), 36.5 (C-4), 36.8 (C-12), 41.2 (C-1), 41.8 (C-5), 42.9 (C-
13), 51.1 (C-14), 53.9 (C-9), 82.1 (C-17),117.8 (C-6’), 118.6 and 118.7
(C-4’ and C-5°),119.1 (C-2"’), 126.1 (C-5*), 127.3 (C-2), 128.3 (Ph-C4),
128.6 (2 C, Ph-C? and Ph-C%), 128.7 (2 C, Ph-C® and Ph-C%), 131.1 (C-
3), 139.4 (Ph—Cl), 152.2 (C-4’), 153.4 (C-6’), 154.6 (C-1""), 160.3 (C-
3); ESI-MS 494 [M+H]"; Anal. Calcd. for C34H39NO, C 82.72; H 7.96.
Found C 82.98; H 7.97.

4.2.2.6. 4’-Phenyl-6’-(pyridin-2"’-yl)pyridino[2’,3’:3,2]-5a-andro-
stan-17p-ole (3f). According to Section 4.2.2., 5b (379 mg) and 6¢
(457 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 40:60). Yield: 391 mg (82%, white solid). Mp 156-159 °C; Bii
NMR (CDCls, 500 MHz): 6y 0.72 (s, 3 H, 18-H3), 0.75 (s, 3 H, 19-H3),
0.81 (m, 1 H), 0.91-1.06 (overlapping m, 3 H), 1.22-1.46 (overlapping
m, 5 H), 1.60-1.76 (overlapping m, 6 H), 2.06 (m, 1 H, 16a-H), 2.34 (d,
1 H,J=16.7 Hz, 1a-H), 2.72-2.80 (overlapping dd and d, 2 H, 4p-H and
1p-H), 3.05 (dd, 1 H, J = 18.1 Hz, J = 5.5 Hz, 4a-H), 3.62 (t-like m, 1 H,
17a-H), 7.26 (t-like m, 1 H, 5°-H), 7.35 (d, 2 H, J = 7.7 Hz, Ph-H? and
Ph-H®), 7.39 (t-like m, 1 H, Ph-H*), 7.44 (t-like m, 2 H, Ph-H® and Ph-
Hs), 7.79 (t, 1 H,J="7.7 Hz, 4”-H), 8.04 (s, 1 H,5’-H),8.39(d, 1 H,J =
8.0 Hz, 3’°-H), 8.64 (d, 1H, J = 4.3 Hz, 6’-H); 3¢ NMR (CDCl3,
125 MHz): ¢ 11.2(C-18),11.8 (C-19), 21.0 (C-11), 23.6 (C-15), 28.7 (C-
6), 30.7 (C-16), 31.4 (C-7), 35.5 (C-10), 35.8 (C-8), 36.8 (C-4), 37.6 (C-
12), 41.6 (C-1), 42.1 (C-5), 43.0 (C-13), 51.2 (C-14), 54.0 (C-9), 82.1 (C-
17),119.9(C-5%),121.2(C-3"),123.4 (C-5""), 127.8 (Ph—C4), 128.4 (2 C,
Ph-C2 and Ph-C®), 128.8 (2 C, Ph-C? and Ph-C®), 129.1 (C-2), 136.9 (C-
4°), 139.8 (Ph-C), 149.3 (C-6°"), 151.2 (C-4’), 153.1 (C-6°), 156.5 and
156.8: C-2’ and C-3; ESI-MS 479 [M+H]"; Anal. Caled. for C33H3gN20 G
82.80; H 8.00. Found C 82.58; H 7.98.

4.2.2.7. 4 -(p-Fluorophenyl)-6’-penylpyridino[2’,3’:3,2]-5a-andro-
stan-17p-ole (3g). According to Section 4.2.2., 5¢ (397 mg) and 6a
(455 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 20:80). Yield: 334 mg (67%, white solid). Mp 209-211 °C; B
NMR (CDCl3, 500 MHz): 6y 0.72 (s, 3 H, 18-H3), 0.75 (s, 3 H, 19-H3),
0.81 (m, 1 H), 0.92-1.08 (overlapping m, 3 H), 1.23-1.47 (overlapping
m, 6 H), 1.59-1.78 (overlapping m, 5 H), 2.06 (m, 1 H, 16a-H), 2.30 (d,
1 H,J=16.5Hz, 1a-H), 2.65 (d, 1 H, J = 16.5 Hz, 1p-H), 2.75 (dd, 1 H,
J=18.0 Hz, J = 12.5 Hz, 4p-H), 3.05 (dd, 1 H, J = 18.1 Hz, J = 5.3 Hz,
4a-H), 3.64 (m, 1 H, 170-H), 7.16 (t, 2 H, J = 8.4 Hz, Ph-H® and Ph-H>),
7.30 (t-like m, 2 H, Ph-H2 and Ph-H®), 7.38 (overlapping m, 2 H, 4”°-H
and 5°-H), 7.45 (t, 2H, J = 7.4 Hz, 3”-H and 5°-H), 7.97 (d, 2 H, J =
7.7 Hz, 2”°-H and 6”-H); '3C NMR (CDCls, 125 MHz): 5¢ 11.2 (C-18),
11.8 (C-19), 21.0 (C-11), 23.6 (C-15), 28.6 (C-6), 30.7 (C-16), 31.4 (C-
7), 35.5 (C-10), 35.8 (C-8), 36.8 (C-4), 37.6 (C-12), 41.4 (C-1), 42.1 (C-
5), 43.0 (C-13), 51.1 (C-14), 54.0 (C-9), 82.1 (C-17), 115.6 (d, J = 21.3,
Ph-C® and Ph-C%), 119.4 (C-5°), 127.0 (2 C, C-2"* and C-6""), 127.4 (C-2),
128.7 (C-4’),128.8 (2 C, C-3°’ and C-5’"), 130.5 (d, 2 C, J = 8.1 Hz, Ph-
C? and Ph-C%), 135.9 (d, J = 3.4 Hz, Ph-C1), 139.7 (C-1""), 149.9 (C-4’),
154.5 (C-6’), 157.0 (C-3), 162.6 (d, J = 247.2 Hz, Ph-C*); ESI-MS 496
[M+H]"; Anal. Calcd. for C34H3gFNO C 82.39; H 7.73. Found C 82.57; H
7.75.

4.2.2.8. 4’-(p-Fluorophenyl)-6’-(0-hydoxyphenyl)-pyridino[2’,3°:3,2]-
5a-androstan-17p-ole (3h). According to Section 4.2.2., 5¢ (397 mg) and
6b (478 mg) were used. The crude product was purified by CC (EtOAc/
CHCly = 2:98). Yield: 301 mg (59%; off white solid). Mp > 110 °C
decomposes; THNMR (CDCl3, 500 MHz): 63 0.72 (s, 3 H, 18-H3), 0.73 (s,
3 H, 19-Hy), 0.81 (m, 1 H), 0.87-1.08 (overlapping m, 3 H), 1.23-1.47
(overlapping m, 6 H), 1.57-1.79 (overlapping m, 5 H), 2.07 (m, 1 H,
16a-H), 2.29 (d, 1 H, J = 16.6 Hz, 1a-H), 2.63 (d, 1 H, J = 16.5 Hz, 1pB-
H), 2.71 (dd, 1 H, J = 18.1 Hz, 12.3 Hz, 4-H), 2.96 (dd, 1 H, J =
18.2 Hz, J = 5.2 Hz, 40-H), 3.63 (t, 1 H,J = 8.3 Hz, 17a-H), 6.86 (t, 1 H,
J=7.5Hz, 4°-H), 7.01 (d, 1 H, J = 8.2Hz, 6”-H), 7.18 (t, 2H, J =
7.9 Hz, Ph-H® and Ph-H), 7.29 (overlapping m, 3 H, 5°’-H, Ph-H? and
Ph-H6), 7.56(s,1H,5-H),7.76 (d,1 H,J=7.9 Hz, 3’’-H), 14.73 (s, 1 H,
Ph-OH); '*C NMR (CDCl3, 125 MHz): 5c 11.2 (C-18), 11.8 (C-19), 21.0
(C-11), 23.5 (C-15), 28.5 (C-6), 30.7 (C-16), 31.3 (C-7), 35.6 (C-10),
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35.7 (C-8), 36.5 (C-4), 36.8 (C-12), 41.3 (C-1), 41.8 (C-5), 43.0 (C-13),
51.1 (C-14), 53.9 (C-9), 82.1 (C-17), 115.8 (d, J = 21.4, Ph-C® and Ph-
CS), 117.8(C-6’),118.6 and 118.7 (C-4’’ and C-5’), 118.9 (C-2"’), 126.1
(C-57), 127.3 (C-2), 130.4 (d, 2 C, J = 8.1 Hz, Ph-C? and Ph-C®), 131.2
(C-3), 135.3 (d, J = 3.4 Hz, Ph—Cl), 151.2 (C-4’), 153.6 (C-6’), 154.7
(C-1), 160.3 (C-3), 162.7 (d, J = 247.8 Hz, Ph-C4); ESI-MS 512
[M+H]"; Anal. Calcd. for C34H3gFNO, C 79.81; H 7.49. Found C 79.57;
H 7.47.

4.2.2.9. 4’-(p-Fluorophenyl)-6’-(pyridin-2’’-y)pyridino[2’,3":3,2]-
5a-androstan-17p-ole (3i). According to Section 4.2.2., 5¢ (397 mg) and
6c¢ (457 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 40:60). Yield: 339 mg (68%, off white solid). Mp 148-151 °C;
'HNMR (CDCl3, 500 MHz): 6y 0.72 (s, 3 H, 18-H3), 0.74 (s, 3 H, 19-H3),
0.81 (m, 1 H), 0.92-1.07 (overlapping m, 3 H), 1.22-1.46 (overlapping
m, 6 H), 1.58-1.78 (overlapping m, 5 H), 2.06 (m, 1 H, 16a-H), 2.32 (d,
1H,J=16.6 Hz, 1a-H), 2.69 (d, 1 H, J = 16.6 Hz, 1p-H), 2.75 (dd, 1 H,
J =18.0 Hz, 12.5 Hz, 4p-H), 3.05 (dd, 1 H, J = 18.2 Hz, J = 5.2 Hz, 4a-
H), 3.63 (t, 1 H, J = 8.5 Hz, 17a-H), 7.13 (t, 2 H, J = 8.5 Hz, Ph-H® and
Ph-H%), 7.27 (m, 1 H, 5”-H), 7.32 (t-like m, 2 H, Ph-H? and Ph-H®), 7.79
(t, 1H,J=7.7 Hz, 4°-H), 8.03 (s, 1 H, 5°-H), 8.40 (d, 1 H, J = 8.0 Hz,
3"-H), 8.64 (d, 1 H, J = 4.5 Hz, 6”’-H); 13C NMR (CDCls, 125 MHz): 5¢
11.2 (C-18), 11.8 (C-19), 21.0 (C-11), 23.6 (C-15), 28.6 (C-6), 30.7 (C-
16), 31.3 (C-7), 35.5 (C-10), 35.8 (C-8), 36.8 (C-4), 37.5 (C-12), 41.6 (C-
1), 42.1 (C-5), 43.0 (C-13), 51.1 (C-14), 54.0 (C-9), 82.1 (C-17), 115.5
(d,J=21.4, Ph-Cand Ph-CS), 119.8(C-5%),121.2(C-3"),123.5(C-5""),
129.2 (C-2), 130.5 (d, 2 C, J = 7.9 Hz, Ph-C? and Ph-C®), 135.7 (d, J =
3.3 Hz, Ph—Cl), 137.0 (C-4’), 149.3 (C-6’"), 150.2 (C-4’), 153.1 (C-6°),
156.6 and 156.7: C-2’ and C-3, 162.6 (d, J = 246.9 Hz, Ph-C*); ESI-MS
497 [M+H]"; Anal. Calcd. for C33H3,FN20 C 79.80; H 7.51. Found C
79.91; H 7.52.

4.2.2.10. 4’-(p-Chlorophenyl)-6’-penylpyridino[2’,3":3,2]-5a-andro-
stan-17p-ole (3j). According to Section 4.2.2., 5d (413 mg) and 6a
(455 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 20:80). Yield: 374 mg (73%, white solid). Mp 164-167 °C; g
NMR (CDCls, 500 MHz): 6y 0.72 (s, 3 H, 18-H3), 0.74 (s, 3 H, 19-Hj3),
0.81 (m, 1 H), 0.91-1.08 (overlapping m, 3 H), 1.23-1.47 (overlapping
m, 6 H), 1.59-1.79 (overlapping m, 5 H), 2.06 (m, 1 H, 16a-H), 2.30 (d,
1H,J=16.5Hz, 1a-H), 2.65 (d, 1 H, J = 16.5 Hz, 1p-H), 2.75 (dd, 1 H,
J =18.1 Hz, J = 12.5 Hz, 4p-H), 3.05 (dd, 1 H, J = 18.2 Hz, J = 5.3 Hz,
40-H), 3.64 (t-like m, 1 H, 17a-H), 7.27 (m, 2 H, Ph-H® and Ph-H>), 7.38
(overlapping m, 2 H, 5°-H and 4’’-H), 7.44 (overlapping m, 4 H, Ph-H2,
Ph-HS, 3”’-H and 5"-H), 7.97 (d, 2 H, J = 7.9 Hz, 2”’-H and 6"-H); 13C
NMR (CDCl3, 125 MHz): 6¢c 11.2 (C-18), 11.8 (C-19), 21.0 (C-11), 23.6
(C-15), 28.6 (C-6), 30.7 (C-16), 31.3 (C-7), 35.5 (C-10), 35.8 (C-8), 36.8
(C-4), 37.6 (C-12), 41.4 (C-1), 42.1 (C-5), 43.0 (C-13), 51.1 (C-14), 54.0
(C-9), 82.1 (C-17), 119.3 (C-5°), 127.0 (2 C, C-2”’ and C-6""), 127.2 (C-
2), 128.7 (C-4""), 128.8 (4 C, C-3"", C-5, Ph-C® and Ph-CS), 130.1 (2 C,
Ph-C? and Ph-C%), 134.0 (Ph-C*), 138.3 (Ph-C}), 139.7 (C-1°*), 149.7 (C-
4%), 154.5 (C-6’), 157.1 (C-3); ESI-MS 512 [M+H]"; Anal. Calcd. for
C34H3gCINO C 79.74; H 7.48. Found C 79.56; H 7.45.

4.2.2.11. 4’-(p-Chlorophenyl)-6’-(o-hydoxyphenyl)-pyridino[2’,3°:3,2]-
5a-androstan-17p-ole (3k). According to Section 4.2.2., 5d (413 mg)
and 6b (478 mg) were used. The crude product was purified by CC
(EtOAc/CHCly = 2:98). Yield: 379 mg (70%, light yellow solid). Mp
260-263 °C; 'H NMR (CDCl3, 500 MHz): 64 0.73 (s, 3 H, 18-Hg3), 0.74 (s,
3 H, 19-Hs), 0.81 (m, 1 H), 0.91-1.00 (overlapping m, 2 H), 1.06 (m,
1 H), 1.23-1.47 (overlapping m, 6 H), 1.59-1.79 (overlapping m, 5 H),
2.07 (m, 1 H, 16a-H), 2.29 (d, 1 H, J =16.6 Hz, 1a-H), 2.62 (d, 1 H,J =
16.6 Hz, 1p-H), 2.71 (dd, 1 H, J = 18.1 Hz, 12.5 Hz, 4p-H), 2.97 (dd,
1 H,J=18.2 Hz, J = 5.3 Hz, 4a-H), 3.64 (t-like m, 1 H, 17a-H), 6.86 (t,
1H,J=7.5Hz, 4°-H), 7.01 (d, 1 H, J = 8.2 Hz, 6°-H), 7.27 (over-
lapping m, 3 H, 5°’-H, Ph-H® and Ph-H®), 7.47 (d, 2 H, J = 7.7 Hz, Ph-H?
and Ph-H6), 7.55(s,1H,5-H),7.75(d, 1 H, J= 8.0 Hz, 3"’-H), 14.69 (s,
1 H, Ph-OH); '3C NMR (CDCls, 125 MHz): ¢ 11.2 (C-18), 11.8 (C-19),
21.0 (C-11), 23.5 (C-15), 28.5 (C-6), 30.7 (C-16), 31.3 (C-7), 35.6 (C-
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10), 35.7 (C-8), 36.5 (C-4), 36.8 (C-12), 41.2 (C-1), 41.8 (C-5), 43.0 (C-
13), 51.1 (C-14), 53.9 (C-9), 82.1 (C-17),117.6 (C-6’), 118.6 and 118.7
(C-4 and C-5’), 118.9 (C-2”’), 126.1 (C-5"), 127.2 (C-2), 129.0 (2 C,
Ph-C® and Ph-C®), 130.0 (2 C, Ph-C? and Ph-C®), 131.2 (C-3""), 134.5
(Ph-C4), 137.8 (Ph—Cl), 150.9 (C-4’), 153.7 (C-6’), 154.8 (C-1""), 160.3
(C-3); ESI-MS 528 [M+H]"; Anal. Calcd. for C34H3sCINO, C 77.32; H
7.25. Found C 77.08; H 7.22.

4.2.2.12. 4’-(p-Chlorophenyl)-6’-(pyridin-2’’-yl)pyridino[2’,3°:3,2]-
5a-androstan-17p-ole (31). According to Section 4.2.2., 5d (413 mg) and
6¢ (457 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 40:60). Yield: 394 mg (77%, off white solid). Mp 142-145 °C;
1H NMR (CDCls, 500 MHz): 8y 0.72 (s, 3 H, 18-H3), 0.74 (s, 3 H, 19-Hg),
0.81 (m, 1 H), 0.93-1.07 (overlapping m, 3 H), 1.22-1.46 (overlapping
m, 6 H), 1.59-1.78 (overlapping m, 5 H), 2.05 (m, 1 H, 16a-H), 2.32 (d,
1 H,J=16.6 Hz, 1a-H), 2.68 (d, 1 H, J = 16.6 Hz, 1p-H), 2.75 (dd, 1 H,
J =18.0 Hz, 12.5 Hz, 4B-H), 3.05 (dd, 1 H, J = 18.1 Hz, J = 5.3 Hz, 4a-
H), 3.63 (t,1 H, J = 8.5 Hz, 17a-H), 7.27 (m, 1 H, 5°-H),7.29 (d, 2 H, J
=7.9 Hz, Ph-H® and Ph-H%), 7.42 (d, 2 H, J = 7.9 Hz, Ph-H? and Ph-H®),
7.79 (t, 1 H, J = 7.7 Hz, 4°-H), 8.02 (s, 1 H, 5°-H), 8.40 (d, 1 H, J =
8.0 Hz, 3’°-H), 8.64 (d, 1H, J = 4.6 Hz, 6’-H); 3¢ NMR (CDCl3,
125 MHz): 6¢c 11.2 (C-18), 11.8 (C-19), 21.0 (C-11), 23.6 (C-15), 28.6 (C-
6), 30.7 (C-16), 31.3 (C-7), 35.5 (C-10), 35.8 (C-8), 36.8 (C-4), 37.5 (C-
12), 41.6 (C-1), 42.1 (C-5), 43.0 (C-13), 51.1 (C-14), 54.0 (C-9), 82.1 (C-
17),119.7 (C-5),121.2(C-3"),123.5(C-5""),128.7 (2 C, Ph-C® and Ph-
C%), 129.0 (C-2), 130.2 (2 G, Ph-C% and Ph-C%), 133.9 (Ph-C*), 137.0 (C-
4°),138.2 (Ph-C), 149.3 (C-6°"), 150.0 (C-4’), 153.2 (C-6°), 156.5 and
156.7: C-2° and C-3; ESI-MS 513 [M+H]"; Anal. Calcd. for
C33H37C1N20 C 77.25; H 7.27. Found C 76.98; H 7.24.

4.2.2.13. 4’-(p-Bromophenyl)-6’-penylpyridino[2’,3’:3,2]-5a-andro-
stan-17p-ole (3m). According to Section 4.2.2., 5e (457 mg) and 6a
(455 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 20:80). Yield: 292 (52%, white solid). Mp 163-166 °C; B
NMR (CDCl3, 500 MHz): 6y 0.73 (s, 3 H, 18-H3), 0.74 (s, 3 H, 19-H3),
0.81 (m, 1 H), 0.91-1.08 (overlapping m, 3 H), 1.23-1.47 (overlapping
m, 6 H), 1.60-1.79 (overlapping m, 5 H), 2.06 (m, 1 H, 16a-H), 2.30 (d,
1 H,J=16.5Hz, 1a-H), 2.65 (d, 1 H, J = 16.5 Hz, 1p-H), 2.75 (dd, 1 H,
J=18.0 Hz, J = 12.5 Hz, 4p-H), 3.05 (dd, 1 H, J = 18.2 Hz, J = 5.2 Hz,
4a-H), 3.64 (m, 1 H, 170-H), 7.21 (d, 2 H, J = 7.8 Hz, Ph-H? and Ph-H®),
7.38 (overlapping m, 2 H, 5°-H and 4°-H), 7.44 (t,2 H,J=7.4 Hz, 3”"-H
and 5”°-H), 7.60 (d, 2 H, J = 7.8 Hz, Ph-H® and Ph-H>), 7.97 (d, 2 H, J =
7.6 Hz, 2”°-H and 6”-H); '3C NMR (CDCls, 125 MHz): 5¢ 11.2 (C-18),
11.8 (C-19), 21.0 (C-11), 23.6 (C-15), 28.6 (C-6), 30.7 (C-16), 31.3 (C-
7), 35.5 (C-10), 35.8 (C-8), 36.8 (C-4), 37.6 (C-12), 41.4 (C-1), 42.1 (C-
5), 43.0 (C-13), 51.1 (C-14), 54.0 (C-9), 82.1 (C-17), 119.2 (C-5°), 122.2
(Ph-C%, 127.0 (2 C, C-2” and C-6""), 127.2 (C-2), 128.7 (C-4°"), 128.8
(2C, C-3” and C-5*), 130.4 (2 C, Ph-C2 and Ph-C®), 131.8 (2 C, Ph-C>
and Ph-CS), 138.8 (Ph-Cl), 139.6 (C-1""), 149.7 (C-4’), 154.6 (C-6°),
157.1 (C-3); ESI-MS 558 [M+H]™; Anal. Calcd. for Cs4H35BrNO C 73.37;
H 6.88. Found C 73.51; H 6.90.

4.2.2.14. 4’-(p-Bromophenyl)-6’-(o-hydoxyphenyl)-pyridino[2°,3":3,2]-
5a-androstan-17p-ole (3n). According to Section 4.2.2., 5e (457 mg)
and 6b (478 mg) were used. The crude product was purified by CC
(EtOAc/CHyCly = 2:98). Yield: 293 mg (51%, light yellow solid). Mp
269-271 °C; THNMR (CDCl3, 500 MHz): 65 0.73 (s, 3 H, 18-H3), 0.73 (s,
3 H, 19-H3), 0.80 (m, 1 H), 0.91-1.00 (overlapping m, 2 H), 1.05 (m,
1 H), 1.23-1.47 (overlapping m, 6 H), 1.59-1.80 (overlapping m, 5 H),
2.07 (m, 1 H, 16a-H), 2.28 (d, 1 H, J = 16.6 Hz, 1a-H), 2.62 (d, 1 H, J =
16.6 Hz, 1p-H), 2.71 (dd, 1 H, J = 18.2 Hz, 12.3 Hz, 4p-H), 2.96 (dd,
1H,J=18.2 Hz, J = 5.3 Hz, 4a-H), 3.64 (m, 1 H, 17a-H), 6.86 (t,1 H, J
= 7.5Hz, 4°-H), 7.00 (d, 1 H, J = 8.2Hz, 6°-H), 7.21 (d, 2H, J =
7.8 Hz, Ph-H2 and Ph-H®), 7.27 (t-like m, 1 H, 5’-H), 7.54 (s, 1 H, 5°-H),
7.62(d, 2 H, J = 7.8 Hz, Ph-H® and Ph-H®), 7.74 (d, 1 H, J = 8.0 Hz, 3"
H), 14.68 (s, 1 H, Ph-OH); 13C NMR (CDCl3, 125 MHz): 6¢c 11.2 (C-18),
11.8 (C-19), 21.0 (C-11), 23.5 (C-15), 28.5 (C-6), 30.7 (C-16), 31.3 (C-
7), 35.6 (C-10), 35.7 (C-8), 36.5 (C-4), 36.8 (C-12), 41.2 (C-1), 41.7 (C-
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5),43.0(C-13),51.1 (C-14),53.9(C-9),82.1 (C-17),117.5(C-6""),118.6
and 118.8 (C-4" and C-5), 118.9 (C-2"), 122.6 (Ph-C*), 126.0 (C-5"),
127.1 (C-2),130.3(2C, Ph-C? and Ph-C(’), 131.2(C-3),131.9 (2 C, Ph-
C® and Ph-C), 138.3 (Ph-C1), 150.9 (C-4"), 153.7 (C-6’), 154.8 (C-1""),
160.3 (C-3); ESI-MS 574 [M-+H]"; Anal. Caled. for Cs4HsgBrNO, C
71.32; H 6.69. Found C 71.06; H 6.67.

4.2.2.15. 4’-(p-Bromophenyl)-6’-(pyridin-2’’-yDpyridino[2’,3":3,2]-
5a-androstan-17p-ole (30). According to Section 4.2.2., 5e (457 mg) and
6c¢ (457 mg) were used. The crude product was purified by CC (EtOAc/
hexane = 40:60). Yield: 303 mg (54%, off white solid). Mp 146-148 °C;
'H NMR (CDCls, 500 MHz): 8y 0.73 (s, 3 H, 18-Hj3), 0.74 (s, 3 H, 19-Hs),
0.81 (m, 1 H), 0.91-1.00 (overlapping m, 2 H), 1.05 (m, 1 H), 1.23-1.47
(overlapping m, 6 H), 1.59-1.79 (overlapping m, 5 H), 2.06 (m, 1 H,
160-H), 2.32 (d, 1 H, J = 16.6 Hz, 1a-H), 2.69 (d, 1 H, J = 16.6 Hz, 1p-
H), 2.75 (dd, 1 H, J = 18.0 Hz, 12.4 Hz, 48-H), 3.05 (dd, 1 H, J =
18.1 Hz, J = 5.3 Hz, 40-H), 3.64 (t, 1 H,J = 8.4 Hz, 17a-H), 7.23 (d, 2 H,
J = 7.8 Hz, Ph-H? and Ph-H®), 7.27 (m, 1 H, 5"°-H), 7.58 (d, 2 H, J =
7.8 Hz, Ph-H? and Ph-HS), 7.79 (t, 1 H, J = 7.7 Hz, 4°-H), 8.02 (s, 1 H,
5°-H), 8.39 (d, 1 H, J = 8.0 Hz, 3"°-H), 8.64 (d, 1 H, J = 4.6 Hz, 6”’-H);
13¢ NMR (CDCl3, 125 MHz): 6¢ 11.2 (C-18), 11.8 (C-19), 21.0 (C-11),
23.6 (C-15), 28.6 (C-6), 30.7 (C-16), 31.3 (C-7), 35.5 (C-10), 35.8 (C-8),
36.8 (C-4), 37.5 (C-12), 41.6 (C-1), 42.1 (C-5), 43.0 (C-13), 51.1 (C-14),
54.0 (C-9), 82.1 (C-17), 119.6 (C-5’), 121.1 (C-3"*), 122.1 (Ph-C*), 123.5
(C-5"), 128.9 (C-2), 130.5 (2 C, Ph-C? and Ph-C®), 131.6 (2 C, Ph-C® and
Ph-CS), 137.0 (C-4"), 138.7 (Ph-Cl), 149.3 (C-6""), 149.9 (C-4’), 153.2
(C-6’), 156.6 and 156.8: C-2”’ and C-3; ESI-MS 559 [M+H]"; Anal.
Calcd. for C33H37BrN,0 C 71.09; H 6.69. Found C 71.38; H 6.72.

4.3. X-ray data collection, structure solution and refinement for
compound 2a

A colourless prism of 2a was mounted on a loop and measured by
single crystal X-ray diffraction. Intensity data were collected on a Rigaku
R-Axis Rapid diffractometer (graphite monochromator; Mo-Ka radia-
tion, A = 0.71073 ;\) at 103(2) K. A numerical absorption correction was
applied to the data using NUMABS [32] and CrystalClear [33] software.
The structure was solved by direct methods by SIR [34] software and
was refined using SHELX [35] program package under WinGX [36]
software. The structure was visualized using Mercury [37] software.
Selected bond lengths and angles were calculated by PLATON [38]
software. The ratio of anomalous scattering centres is low in 2a and the
absolute structure could not be determined on the basis of the diffraction
data. The absolute structure parameter is 0.6(16). The handedness of the
crystal structure was set on the basis of the known absolute configura-
tion of the molecule. (Friedel coverage: 0.936, Friedel fraction max.:
0.994, Friedel fraction full: 0.998). The weighting scheme applied was w
= 1/[6(F2)+ (0.04460.4073 P)?> + 0.4073 P] where P = (F2 +2F2)/3.
Hydrogen atomic positions were calculated from assumed geometries.
Hydrogen atoms were included in structure factor calculations, but they
were not refined. The isotropic displacement parameters of the
hydrogen atoms were approximated from the U(eq) value of the atom
they were bonded to. Crystal data and details of the structure determi-
nation and refinement are listed in Table 5. Bond lengths and angles
respectively are listed in Tables S2 and S3. The crystallographic data file
for compound 2a has been deposited with the Cambridge Crystallo-
graphic Database as CCDC 2247232.

4.4. Cell lines

The 22Rv1-ARE14 reporter cell line [28] (kind gift from prof. Zdenék
Dvorak from Palacky University Olomouc, Czech Republic), the LNCaP
and DU145 cells (purchased from ECACC) were grown in RPMI-1640
medium. The LAPC-4 (kind gift from doc. Jan Bouchal, Palacky Uni-
versity Olomouc and University Hospital Olomouc, Czech Republic) cell
line was grown in DMEM medium. All media were supplemented with
10% fetal bovine serum or charcoal-stripped serum (steroid-depleted),
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Table 5

Crystal data and details of structure refinement.
Empirical formula C28 H35 N O
Formula weight 401.57
Temperature 103(2)
Radiation and wavelength Mo-Ka, A = 0.71073 A
Crystal system monoclinic
Space group P21

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient, p
F(000)

Crystal colour

Crystal description

Crystal size

Absorption correction

Max. and min. transmission
6 — range for data collection
Index ranges

Reflections collected
Completeness to 20
Absolute structure parameter
Friedel coverage

Friedel fraction max.
Friedel fraction full
Independent reflections
Reflections I> 26()
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I> 26(D)]

R indices (all data)

Max. and mean shift/esd
Largest diff. peak and hole

a = 9.6396(4A

b = 17.8123(6)A

¢ =13.1637(5)A

o =90°

B = 93.553(7)°

¥ =90°

2255.91(15)A°

4

1.182 Mg/m®

0.070 mm™!

872

colourless

prism

0.65 x 0.57 x 0.47 mm
numerical

0.9920.995

3.101 <6 < 27.471°
F12<h<12;-23<k<23;-17<1<17
66,337

0.998

0.6(16)

0.936

0.994

0.998

10,343 [R(int) = 0.0698]
8680

full-matrix least-squares on F2
10,286 /1 /548

1.062

R1 = 0.0567, wR2 = 0.1013
R1 = 0.0715, wR2 = 0.1059
0.000;0.000

0.304;— 0.190 e. A3

100 IU/mL penicillin, 100 pg/mL streptomycin, 4 mM glutamine and
1 mM sodium pyruvate. Cells were cultivated in a humidified incubator,
in 5% CO- atmosphere, at 37 °C.

4.5. AR transcriptional luciferase assay

AR-transcriptional luciferase assay was performed using the 22Rv1-
ARE14 cells based on the published protocol [17]. The Nunc™ Micro-
Well™ 96-well optical flat-bottom plate (Thermo Fisher Scientific) were
used for luciferase assay and the luminescence of the samples was
measured using a Tecan M200 Pro microplate reader (Biotek).

4.6. Cell viability assay

Cells were seeded into the 96-well tissue culture plates. The
following day, solutions of compounds were added for 72 h. Upon
treatment, the resazurin solution (Sigma Aldrich) was added for 4 h, and
then the fluorescence of resorufin was measured at 544 nm/590 nm
(excitation/emission) using a Fluoroskan Ascent microplate reader
(Labsystems). Percentual viability or Glsy value were calculated using
GraphPad Prism 5.

4.7. Colony formation assay

Cells were seeded in low density into 6-well plates. After two days,
the medium was replaced with fresh medium containing different con-
centrations of the compounds. Cells were cultivated for 10 days. Then,
the medium was discarded, and colonies were fixed with 70% ethanol
for 15 min, washed with PBS and stained with crystal violet (1% solution
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in 96% ethanol). Finally, wells were washed with PBS and photograph
was captured. After drying, cell colonies were dissolved in 1% SDS,
collected from the plate and the absorbance of the crystal violet was
measured in 570 nm.

4.8. Immunoblotting

Cell pellets were obtained after treatments, washed with PBS and
kept frozen at - 80 °C. Lysis of the cell material was performed in ice-cold
RIPA (radioimmunoprecipitation assay) buffer supplemented with pro-
tease and phosphatase inhibitors. After the ultrasound sonication (10 s
with 30% amplitude), supernatants were obtained by centrifugation at
14.000 g for 30 min. Protein concentration in supernatants was
measured and balanced, proteins were denatured in SDS-loading buffer
with heating at 95 °C. After the separation by SDS-PAGE, proteins were
electroblotted onto nitrocellulose membranes. For immunodetection,
membranes were blocked in 4% BSA and 0.1% Tween 20 in TBS solution
and incubated overnight with primary antibodies, subsequently washed
and incubated with secondary antibodies conjugated with peroxidase.
Peroxidase activity was detected by SuperSignal West Pico reagents
(Thermo Scientific) using a CCD camera LAS-4000 (Fujifilm). Primary
antibodies were purchased from Santa Cruz Biotechnology (anti-p-actin,
clone C4). Primary antibodies were purchased from Merck (anti-
a-tubulin, clone DM1A; anti-phosphorylated AR (S81)). Specific anti-
bodies were purchased from Cell Signaling Technology (anti-AR, clone
D6F11; anti-PSA/KLK3, clone D6B1; anti-Nkx3.1, clone D2Y1A); anti-
rabbit secondary antibody (porcine anti-rabit immunoglobulin serum);
anti-mouse secondary antibody (rabbit anti-mouse IgG, clone D3V2A)).
All antibodies were diluted in 4% BSA and 0.1% Tween 20 in TBS.

4.9. Cell-cycle analysis

Cells were treated with test compounds for 24 h, they were harvested
by trypsinisation, washed with PBS and fixed with 70% ethanol. After
rehydration, cells were permeabilised by 2 M HCl, 0.5% Triton X-100.
Following neutralization and wash with PBS, the cells were stained with
propidium iodide and analyzed by flow cytometry with a 488 nm laser
(BD FACS Verse with BD FACSuite software, version 1.0.6.). Cell cycle
distribution was analyzed using ModFit LT (Verity Software House,
version 5.0).

4.10. Molecular docking

The flexible molecular docking was recruited to model the binding of
the candidate compound 1d into AR-LBD co-crystal structure with nat-
ural agonist DHT (PDB: 2PIV). The key residues in extremities of the
cavity (Asn705, Gln711, Arg752, and Thr877) were set flexible. The 3D-
structures of compound 1d was obtained and its energy was minimized
by molecular mechanics with Avogadro 1.90.0. Polar hydrogens were
added to ligands and proteins using the AutoDock Tools program [39]
and docking studies were performed using AutoDock Vina 1.05 [40].
Interactions of the candidate compound with the protein and the figure
were generated in Pymol ver. 2.0.4 (Schrodinger, LLC).

4.11. Preparation and micro-scale thermophoresis (MST) of AR-LBD

AR-LBD (with Hisg-tag) was expressed using recombinant plasmid
PET-15b-hAR-663-919, which was a generous gift from Elizabeth Wil-
son (Addgene plasmid # 89083) in expression bacteria BL21(DE3) pLysS
similar to the original protocol [29]. Cells were homogenized in lysis
buffer (50 mM Tris, 300 mM KCl, pH 8.0, 5 mM dithiotreitol (DTT),
1 mM mono-thioglycerol (MTG) supplemented with protease inhibitors
and 1% Nonidet P-40), using an ultrasound sonicator. Supernatant was
clarified by centrifugation at 19,000 g for 30 min at 4 °C. The purifica-
tion was performed using the NGC chromatographic system (Bio-Rad)
on Ni**- metal affinity-Sepharose column (His-Trap, Cytiva),

14

Journal of Steroid Biochemistry and Molecular Biology 231 (2023) 106315

equilibrated with 50 mM Tris, 300 mM KCl, pH 8.0, 5 mM DTT, 1 mM
MTG and 50 mM imidazole. After loading, the column was washed with
the equilibration buffer, followed by a wash with 100 mM imidazole in
the equilibration buffer. Elution was performed by 500 mM imidazole in
storage buffer (50 mM Tris, 300 mM KCl, pH 8.0, 5mM DTT, 1 mM
MTG). The imidazole was washed out and the protein was concentrated
in the storage buffer up to 0.5 mg/mL using centrifugal filter unit with
10 kDa cutoff (Merck). MST method was used to prove interaction of 1d
with the AR-LBD, which was labelled with the Red-Tris-NTA 2nd gen-
eration labelling dye (NanoTemper Technologies) (100 nM dye +
800 nM His-tagged protein) for 30 min on ice. The labelled protein
underwent the MST measurements with or without 1d in final concen-
tration of 400 nM His-tagged protein in the storage buffer, supple-
mented with 0.1% Tween. Measurements were done on a Monolith
NT.115 instrument (NanoTemper Technologies) at 37 °C. Obtained re-
sults were evaluated and normalised fluorescence in t = 20 s was used to
create a bar chart in GraphPad Prism 5.
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