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Graphical abstract

Two types of testosterone-platinum(l1) complexes (compounds 3a and 3b,c) were made
and tested for their antiproliferative activity. Hybrid 3a was as active as cisplatin and

showed selectivity on androgen-dependent prostate cancer cells LNCaP.
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Abstract

Prostate cancer is the most diagnosed type of camoeen in Canada. One out of eight men will
be stricken with this disease during the courdeiofife. It is noteworthy that, at initial diagres
80-90% of cancers are androgen dependent. Here@ntirogen receptor is a viable biological
target to be considered for drug targeting. We rdexeeloped a new generation of testosterone-
Pt(Il) hybrids for site-specific treatment of horn@dependent prostate cancer. The hybrid
molecules are made from testosterone using an-sigptreaction sequence with about 7%
overall yield. They are linked with a stronger tatlchain between the testosterone moiety and
the Pt(ll) moiety in comparison to our first gerteya hybrids. The new hybrids were tested on
hormone-dependent and —independent prostate ceeitdines. The hybridBa presents the best
antiproliferative activity and was selective on fmone-dependent prostate cancer with |Gf
2.2uM on LNCaP (AR+) in comparison to 1381 on PC3 (AR-) and 8.8@M on DU145 (AR-)
prostate cancer cells. On the same cell lines, COBplayed 1G, of 2.1 uM, 0.5uM and 1.0
UM, respectively. Remarkably, hybriga was inactive on both colon carcinoma (HT-29) and
normal human adult keratinocyte cells (HaCat) withiG;, of > 25uM. This is not the case for
CDDP showing IGy of 1.3 uM and 5.1uM on HT-29 and HaCat cells, respectively. The
potential for selective activity on androgen-recegtositive prostate cancer cells is confirmed
with hybrid 3a giving new hope for an efficient and less toxiatplum-based treatment of

prostate cancer patients.
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1. Introduction

Cancer is a difficult disease to cure if not detdcind treated at its early stages. It is the skcon
leading cause of death globally, and is respondirien estimated 9.6 million deaths in 2018

[1]. Worldwide, about 1 in 6 deaths is due to can&ostate cancer (PCa) is a major health
problem afflicting men with an estimate of 1.28Imit cases worldwide [1]. In fact, PCa is the

fourth most frequent cancer in the world with 7.5%all cases, after lung (11.6%), breast
(11.6%), and colorectal (10.2%) cancers. In CanB@a, is estimated to be ranked first among all
cancer cases diagnosed in the Canadian men witlt 216300 new cases [2]. The projected
mortality for PCa is about 4,100 cases and is ltive most lethal cancer in men [2]. Most PCa
(74%) are diagnosed at stage | or Il and are géndrmarmone-dependent [2,3]. Considering the
latter fact, it is theoretically possible to use #mdrogen receptor (AR) as a biological target to

direct an anticancer drug to PCa cells.

Today, despite the use of innovative anticancegsithere is still a need to improve selectivity,
efficacy and, at the same time to reduce the margpiacitating side effects of cancer treatments.
Hence, there is great scientific interest in udiiyprid molecules to combat several types of
diseases, including cancer. One can appreciatediver of hybridization technology used during

many drug discovery projects through recent reviewthe subject [4-9].

We have investigated the use of testosterone aaréerc molecule united to different DNA
alkylating agents [10,11]. Two types of testosteranticancer agent hybrids were made using

either a nitrogen-mustard or a platinum(ll) complex For example, the testosterone-



chlorambucil hybridl was made and tested in our laboratory with thd gbaexpanding the use
of chlorambucil to PCa [10]. Indeed, chiroambutieigkerarf) is a long-standing anticancer
drug that is still in use for the treatment certeamcers such as leukemias and lymphomas. The
hybrid 1 was as active as chlorambucil and displayed seiyobn hormone-dependent PCa cells
[10]. We also developed a first generation of tesimne-platinum(ll) hybrid molecules for the
treatment of PCa [11]. It was discovered that thazoblylalanine hybri® possesses the best
vitro antiproliferative activity with 1G, of 1.8uM and 1.4uM on LNCaP (AR+) and PC3 (AR-)
cancer cells, respectively. Cisplatin, the refeeedug was 3.7 and 5.3 times less potent on the
same cell lines [11]. Encouraged by these resaltsecond-generation testosterone-platinum
hybrids 3 was investigated and the results are presentddsmanuscript (see Fig. 1). For this
second generation of hybrids, it was decided toauk®,3-triazole functior8f instead of an ester
function @ and 2) to bind the steroid moiety with the platinum(ioiety in order to obtain
chemically stable hybrids for subsequeant vivo biological assays. In earlier studies, we
investigated using multiple spectroscopic methdus interactions of the hybri@a and its
precursoréa with several bio-macromolecules (see Scheme J1g.first study showed that both
compounds interact with serum proteins (HAS, BSA @stactoglobulin) via ionic contacts with
BSA forming more stable conjugates than HSA gnds [12]. Their interaction with DNA was
also studied in our laboratory. Likewise, the dEM§A conjugation occurs via ionic interactions
with 3a forming more stable DNA adducts théa with Kgaona =1.80 (£0.5) x 18M™ and ks,

ona = 2.3 (+0.8) x 18M7* [13]. Finally, it was observed that the interactigith tRNA was also
through ionic interactions witBa forming more stable tRNA complexes in comparisorbd:

Kaamna= 3.2 (+ 0.9) x 10M™ > Kgamna= 2.1 (+ 0.7) x 10M™ [14]. This manuscript describes



the design, synthesis and characterization of #eorgl-generation testosterone-platinum(ll)

hybrid. It also presents their antiproliferativeigty on several human cancer cell lines.

Insert Fig. 1 and its legend

2. Design and chemistry

Testosterone was selected as the carrier moleé€ules dnybrids based on its inherent affinity for
prostate tissue, to optimize the pharmacokinetind the pharmacodynamics of testosterone
towards AR and to allow the activation of AR signglpathways. As in our earlier work, the 7
position of testosterone was used as it is nicatated at the midway of the important binding
sites (3-C=0 and 17-OH groups) involved in esséhidrogen bonds with AR. It is important
that these two key groups remain free of steridf@inces to promote strong interactions with AR
allowing its activation. As aforementioned, it waascided to construct the new hybrids using a
1,2,3-triazole ring system allowing easy accegbédinal hybrid molecules via the azide-alkyne

cycloaddition coupling reaction [15,16].

The synthetic methodology for the preparation @& slecond-generation hybrids is described in
Scheme 1. Derivativd was prepared in good yield via the intermediateallyl-4-androstene-
17B-ol-3-one acetate using a five-step reaction sezpi@s reported by Bastiehal. [10]. Next,

a simple substitution of the chloride atom usindigm azide gave derivative with 92% yield.
This derivative is now ready for the 1,3-dipolarisfien cycloaddition with an appropriate
alkyne. So, upon treatment of azi@ewith commercially available 2-ethynylpyridin&a),
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sodium carbonate and copper sulfate in a mixtutetodihydrofuran and water, the 1,2,3-triazole-
pyridine ligandéa was obtained with 54% yield. The cycloadditionctean was performed with
two additional alkynes, derivative® and7c. These amino-pyridine alkynes were obtained by
alkylation of picolylamine and 2-(2-aminoethyl)pdine with propargyl bromide following a
known procedure (Scheme 2) [17]. Compouiitdsand 7c were obtained with 50% and 46%
yield, respectively. The Huisgen cycloaddition teat with azide5 and the relevant alkyn&l{
and 7c) gave the 1,2,3-triazole-aminopyridine liganls and 6¢c with 29% and 60% yield,
respectively. Finally, complexation of derivativésc with potassium tetrachloroplatinate(ll) in
a mixture of dimethylformamide (DMF) and water ledthe testosterone-platinum(ll) hybrids
(compounds3a-c). As expected, the hybrigh (34%) is bound to the bidentate ligaaland the
hybrids3b (77%) and3c (60%) are obtained with tridentate ligar@lsand6c, respectively. All
compounds were characterized by their respectifrarad (IR), nuclear magnetic resonance

spectroscopy (proton and carbon NMR) and by higbltg¢ion mass analysis.

Insert scheme 1 and its legend

Insert scheme 2 and tislegend

3. Results and discussion

3.1 Antiproliferative activity on prostate cancer cell lines

The antiproliferative activity of compoun@a-c and6a-c was assessed using the sulforhodamine

B colorimetric test on three PCa cell lines: LNGaR+), PC3 (AR-) and DU145 (AR-) [18,19].
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Also, to further verify their biological potentiabur products were tested on two additional cell
lines: on colon carcinoma (HT-29) and on primarymam immortalized keratinocyte cells
(HaCat). CDDP was used as a positive control dnugrder to better appreciate and compare the
biological activity of the synthesized compoundbleTesults from the antiproliferative activity
assay are summarized in Table 1.5 the concentration of drug inhibiting cell grémiby

50%.

The ligands and platinum complexes were dissoluddNIF at an initial concentration of 2B8V.

This concentration was selected as the platinunvateres 3b and 3c were not completely
soluble at higher concentrations. The solubilityheff platinum comple8a was much better. One
factor contributing to the solubility of these molées is their chemical structure that are quite
different from one another. Indeed, platinum(llguex 3a is obtained with a bidentate ligand
while complexes3b and 3c are coordinated with tridentate ligands. The latemplexes are
charged positively while the comple3a is neutral. The literature describes the synthesis
estradiol-platinum(ll) complexes bonded to a tridém ligand (2,2":6’,2”-terpyridine) displaying

similar low solubility [20].

The results show that the ligand precurstas are active on all cell tested at the exception of
ligand 6¢ which is inactive on AR+ PCa cells displaying adCG 25 uM. The 1G, for the
precursor ligands ranged from 6.3 to|#@ (Table 1). There is no selective activity on dapge
of cancer cells tested in the panel. This in itseHn interesting result. It is important to ntitat

platinum(ll) complex3a displays higher activity in comparison to its presor ligandéa on only
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two types of cells: LNCaP: 2j2M vs 6.3uM, and DU145: 8.&4M vs 12.3uM. Derivative3a
and6a have similar activity on PC3 cells: 13u81 vs 11.0uM. Hence, the precursor ligands are
more broadly active than the final platinum comp&xThis observation can be explained by the
fact that compounds bearing a 1,2,3-triazole riggfesn possess an intrinsic biological activity

being used in some cases as anticancer agents [21].

Intriguing results were observed with the platincomplexes. Indeed, complex@s and3c were
inactive on all cells tested showing an,d& 25uM in each case. These results can be explained
by two main factors; the low solubility of the colapes and the unsuitable complexation pattern
obtained with a tridentate ligand. On the otherdhdhe classic platinum(ll) complea displays
very interesting antiproliferative activities. Iretg it possesses ansfCof 2.2 UM which is
essentially equal to that of CDDP displaying agol@f 2.1uM on AR+ PCa cell LNCaP. Even
more interesting, comple3a shows selectivity towards the AR+ PCa cell limefdct, it is about

4 to 6 times more potent on LNCaP cell in comparisnthe AR- PCa cells: DU145 (§¢of 8.8

pM) and PC3 (13.3tM). On the latter two types of cells, CDDP showedl@s, of 1.0puM and

0.5 uM, respectively. Hence, no selectivity was obserwgith CDDP on any type of cells, its
inhibitory concentration varying from 0.5 to 5uM on the cell tested. It is worth noting that, not
only the testosterone-platinum(ll) compl8a is selective on hormone-dependent PCa cells but,
it also displays low activity on primary human immnadized keratinocyte cells (HaCat) as well as

on the colon carcinoma (HT-29) withd&> 25uM in both cases.



3. Conclusion

In this study, we prepared and characterized sktestosterone-platinum(ll) hybrid molecules
designed for the treatment of PCa. Two types ofidgbwere made: hybrid8a constructed with a
bidentate ligand and two hybriddb and 3c synthesized with tridentate ligands. They were
prepared by efficient transformation of testosteramto an azide derivativé (37% overall)
which was reacted with pyridine-alkyne derivativda a cycloaddition reaction to give the
precursor 1,2 3-triazole ligandda-c with 48% average yield. Complexation occurred upon
treatment with potassium tetrachloroplatinate teedgie final hybrids3a-c with 57% average
yield. Antiproliferative assays showed that theafigs possess intrinsic biological activities on
the cells tested exhibiting égranging from 6.3 to 2QM at the exception of liganéc with 1Csg

> 25 uM on LNCaP cells. Unfortunately, the platinum(lipraplexes3b and 3c had low
solubility and were found to be completely inactatethe maximum dose tested. However, the
platinum(ll) complex3a exhibited promisingn vitro selectivity on AR+ PCa cells LNCaP, being
from 4 and 6 times more active than on the AR- D&JaAd PC3 cancer cells. Furthermore, this
hybrid was inactive on primary human immortalizegtdtinocyte cells (HaCaT) as well as on
colon carcinoma (HT-29). Despite the fact thathkibrids3b and3c were inactive, the precursor
ligands give surprising results and could potelytiné used as antiandrogens. Further study are
needed to confirm this hypothesis. In conclusion,isi recommended to design classic
platinum(ll) hybrid molecules such a3a in order to obtain products with significant

antiproliferative activity and selectivity on AR-CR.

4. Experimental protocols



4.1 Biological M ethods

The antiproliferative activity assay of all compdsnwas assessed using the procedure
recommended by the National Cancer Institute fer dtug-screening program with minor
modifications [22]. LNCaP androgen-sensitive hurpaostate adenocarcinoma, PC3 androgen-
insensitive human prostate adenocarcinoma, DU1l48rogen-insensitive human prostate
adenocarcinoma, HT-29 human colon carcinoma andaMa@rimary human immortalized
keratinocyte cells were purchased from the Ameritgpe Culture Collection (Manassas, VA).
LNCap, PC3, DU145 and HT29 were cultured in RPMidmm (Hyclone, Logan, UT)
supplemented with 10% of calf serum and PeniclBireptomycin-Glutamine. HaCat were
cultured in DMEM medium supplemented with 10% FBE &enicillin-Steptomycin-Glutamine.

The cells were maintained at 37 °C in a moistuteraged atmosphere containing 5% L0
4.1.1 Antiproliferative activity assay

The antiproliferative activity of compoun@a-c, 6a-c and CDDP was assessed using the SRB
assay [18,19]. Briefly, the 96-well microtiter pdatwere seeded with (& of cells suspended
(LNCaP, 12 x 18 PC3, 6 x 18 DU 145, 6 x 16 HT-29, 3 x 16; HaCat, 5 x 18 in medium.
Plates were incubated at 37 °C, 5%,3@ 24 h. Freshly solubilized drugs in DMF weréutid

in fresh medium, and 7pL aliquots containing serially diluted concentrasoof the drug were
added and the plates were incubated for 72 h. [ingj concentrations ranged from 25 uM to
0.780 puM. The final concentration of DMF in thetou media was 0.1% and was kept constant
in all experiments. Plates containing attachedsogkre then stained with sulforhodamine B to
determine the number of viable cells. Briefly, sellere fixed by addition of cold trichloroacetic

acid to the wells (10% (w/v) final concentratiofgy 30 minutes at 4 °C. Plates were washed five
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times with tap water and dried. Sulforhnodamine Ritson (75uL) at 0.1% (w/v) in 1% acetic
acid was added to each well, and the plates wereated for 15 minutes at room temperature.
Unbound dye was removed by washing five times wlithh acetic acid. Bonded dye was
solubilized in 10 mM Tris base, and the absorbames read using aQuant Universal
microplate spectrophotometer (Biotek, Winooski, \afJa wavelength between 530 and 565 nm
according to color intensity. Readings obtainedmfrareated cells were compared with
measurements from control cells plates fixed onttkatment day, and the percentage of cell
growth inhibition was then calculated for each drlige experiments were performed three times
in triplicate at the exception of the LNCaP celliein was performed once in triplicate. The
assays were considered valid when the coefficiénapation for a given set of conditions and

within the same experiment was < 10%.

4.2 Chemistry

Anhydrous reactions were performed under an inértogphere of nitrogen. The starting
material, reactant and solvents were obtained cowially and were used as such or purified and
dried by standard means [23]. Organic solutionsewsied over magnesium sulfate (Mg$O
filtered and evaporated on a rotary evaporator umdduced pressure. All reactions were
monitored by UV fluorescence. Commercial TLC platese Sigma T 6145 (polyester silica gel
60A, 0.25mm). Flash column chromatography was perfdraeeording to the method of Still et
al. on Merck grade 60 silica gel, 230-400 mesh.[2d] solvents used in chromatography were

distilled prior to use.
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The infrared spectra were taken on a Nicolet Imga®t FT-IR spectrophotometer. Mass spectral
assays were obtained using a MS model 6210, Agiteahnology instrument. The high
resolution mass spectra (HRMS) were obtained by Ti#e of flight) using ESI (electrospray
ionization) using the positive mode (ESI+) (Unive&¥du Québec a Montréal and at Université
Laval). Nuclear magnetic resonance (NMR) spectreewecorded on a Varian 200 MHz NMR
apparatus. Samples were dissolved in deuteratemtotbtm (CDC}) or in the cases of the
platinum complexes in a mixture of deuterated aftmmm and methanol (CDg# CD;OD ~ 2
drops) for data acquisition using the residual eotwsignal as internal standard (chlorofoln,
7.26 ppm for'H NMR andd 77.23 ppm fof°*C NMR). Chemical shifts&) are expressed in parts
per million (ppm), the coupling constants (J) ampressed in hertz (Hz). Multiplicities are
described by the following abbreviations: s forgsat, d for doublet, t for triplet and m for

multiplet and, bs for broad singlet.

Note: The nomenclature of the testosterone deviestireported herein was based on the
androgen skeleton (4-androsterf3ddl-3-one) for clarity to the readers. This shofadilitate the

visualization of the molecular structures, partely for researchers working with steroids.

4.2.1 Synthesis of testoster one-platinum(l1) hybrids

4.2.1.1 Synthesis of 7a-(4-chloro-but-2-enyl)-4-androsten-17-ol-3-one (4)
The #-allyl-4-androstene-13ol-3-one acetate (842 mg, 2.01 mmol, 1 eq.) isal®d in
methanol (16 mL) and the solution is stirred. 5 @ldolution (5 mL) is added to the mixture and

stirred for 48 hours at room temperature. The gwius then diluted with ether (50 mL) and the
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organic layer is then washed with saturated Naki€a@tion (50 mL). The organic layer is then
washed 3 times with distilled water (25 mL), drieder MgSQ, filtered and evaporated. The
product is purified by flash chromatography (hexXaoetone, 8:2) to give 640 mg4fYield, 95
%; white solid; mp: 142 — 14%. IR v (cm): 3423 (O-H), 1669 (C=0, enone), 1614 (C=C),
1250 (C-0).*H NMR (200 MHz, CDC}, & ppm): 5.67 (1H, s, 4-CH), 5.56 (2H, m, 21-CH and
22-CH), 3.98 (2H, m, 23-CH|, 3.62 (1H, t, J=8.2 Hz, 17-CH), 1.17 (3H, s, 195 0.76 (3H, s,

18-CHp).

4.2.1.2 Synthesis of 7a-(4-azido-but-2-enyl)-4-androsten-174-ol-3-one (5)

Steroid4 (218 mg, 0.58 mmol, 1 eq.) is dissolved in methgf@6lmL). Sodium azide (226 mg,
3.47 mmol, 6 eq.) is added to the solution, stiard heated (reflux) for 2 hours. Let the mixture
cool down to room temperature. A liquid-liquid eadtion is performed with a mix of ether and
ether (8:2). The organic layer is extracted 3 podiof water (25 mL) and one portion of
saturated NaCl solution (25 mL). The organic phaséhen dried over MgSg filtered and
evaporated under pressure to give 204 mg of theedesaterial. No purification needed for this
compound. Yield, 92 %; beige solid; mp: 139 — 2@3IR v (cm™): 3432 (O-H), 2945, 2915 and
2873 (C-H), 2094 and 2073 (N=N=N), 1653 (C=0), 1§CZC), 1239 (C-0), 875 (C-CIjH
NMR (200 MHz, CDC}4, 8 ppm): 5.72 (1H, s, 4-CH), 5.56 (2H, m, 21-CH a2dCH), 3.67 (3H,
m, 23-CH and 17-CH), 1.21 (3H, s, 19-GH0.80 (3H, s, 18-Ch). **C NMR (200 MHz, CDG},

3 ppm): 199.1 (C-3), 169.1 (C-5), 134.9 (C-21), 226C-22), 125.1 (C-4), 81.6 (C-17), 52.6,
47.2, 46.2, 42.9 (C-23), 38.9, 38.8, 36.9, 36.54386.2, 34.2, 30.5, 28.8, 23.0, 21.1, 18.2, 11.2.

HRMS (ESI+): (M+H] calculated for GsH34NzO,= 384.2646; found : 384.2662.
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4.2.1.3 Synthesis of prop-2-ynyl-pyridin-2-ylmethylamine (7b)

2-picolylamine (1.0 mL, 9.70 mmol, 2 eq.) angddO;(1.34 g, 9.70 mmol, 2 eq.) are dissolved in
CH3CN (5 mL) and stirred for 10 minutes. Propargylrbide (430uL, 4.85 mmol, 1 eq.), diluted
in CHsCN (25 mL), is added dropwise to the mixture ovéioRrs and then stirred for 16 hours at
room temperature. The reaction is then filteredliminate KCO; and the solvent is evaporated.
The product is purified by flash chromatography {@@ethanol/TEA, 100:5:1) to givéb (355
mg). Yield, 50 %:; orange oil. IR (cm?): 3293 (NH secondary), 1674, 1590, 1569, 14743143
1357, 1148, 1121H NMR (200 MHz, CDC4, 8 ppm): 8.55 (1H, d, J=4.7 Hz, a-CH), 7.62 (1H,
td, J=7.8 Hz 1.8 Hz, c-CH), 7.30 (1H, d, J=7.8 #H), 7.14 (1H, m, b-CH), 3.98 (2H, s, pyr-
CH,-NH-CHy), 3.48 (2H, dJ= 2.3 Hz, pyr-CRNH-CH,), 2.23 (1H, t, J=2.5 Hz, CH alkyne),
2.12 (1H, bs, NH)**C NMR (200 MHz, CDGJ, 3 ppm): 159.0, 149.3, 136.4, 122.4, 122.0, 81.8,

71.7,53.6, 37.7. HRMS (ESI+): (M+E)alculated for H1:N, = 147.0917; found : 147.0920.

4.2.1.4 Synthesis of prop-2-ynyl-pyridin-2-ylethylamine (7¢)

2-(2-aminoethyl)pyridine (1.0 mL, 8.40 mmol, 2 egrd KCO; (1.16 g, 8.41 mmol, 2 eq.) are
dissolved in CHCN (5 mL) and stirred for 10 minutes. Propargylrbide (370uL, 4.2 mmol, 1
eq.), diluted in CHCN (25 mL), is added dropwise to the mixture ovéroirs and then stirred
for 16 hours at room temperature. The reactiohes filtered to eliminate ¥CO; and the solvent
is evaporated. The product is purified by flashoomtography (DCM/methanol/ &, 100:5:1)
to give 7c (309 mg). Yield, 40 %; orange oil. lR(cm™): 3294 (NH), 1674, 1591, 1568, 1474,
1433, 1116, 749, 629H NMR (200 MHz, CDCJ, & ppm): 8.51 (1H, d, J=4.7 Hz, a-CH), 7.59
(1H, td, J=7.8 Hz and 2.0 Hz, c-CH), 7.17 (1H, €7.8 Hz, d-CH), 7.10 (1H, m, b-CH), 3.44

(2H, d, J=2.7 Hz, CKCH,-NH-CHy), 3.10 (2H, mCH,CH,-NH-CH,), 2.96 (2H, m, ChCH,-
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NH-CHy), 2.18 (1H, t, J=2.5 Hz, CH alkyne), 1.81 (1H, N8{). *C NMR (200 MHz, CDGJ, &
ppm): 159.9, 149.2, 136.3, 123.2, 121.3, 82.0,,74840, 38.0 (2 Ch). HRMS (ESI+): (M+H]J

calculated for GH1sN> = 161.1073; found : 161.1077.

4.2.1.5 Synthesis of 7a-[4-(4-pyridin-2-yl-[1,2,3]triazol-1-yl)-but-2-enyl]-4-androsten-175-ol-3-

one (6a)

Azide 5 (84 mg, 0.22 mmol, 1 eq.) and 2-ethynylpyridi®a)((37 uL, 0.37 mmol, 1.7 eq.) are
added to a mixture of THF/water (3:1, 6 mL) andret. Then, sodium ascorbate (0.55 mmol,
2.5 eq.) and CuSE 5 H,O (16.4 mg, 0.07 mmol, 0.3 eq.) are added and ik&ura is stirred at
room temperature for 16 hours. The product is etgcawith EtOAc (50 mL) and washed thrice
with water (3 x 30 mL). The organic phase is droeer MgSQ, filtered and evaporated under
reduced pressure. The crude product is purifiefldsh chromatography (hexanes/acetone, 7:3)
to give 6a (57 mg). Yield, 54 %; brownish oil. IR (cni?): 3391 (O-H), 3150 (C-H triazole),
2944 (C-H), 1610 (C=0), 1570 (C=N), 1436, 1355,3,250, 785H NMR (200 MHz, CDC},

5 ppm): 8.56 (1H, d, J=5.2 Hz, a-CH), 8.17 (1H, d7.8 Hz, d-CH), 8.13 (1H, s, 24-CH-
triazole), 7.77 (1H, td, J=7.8 Hz and 1.6 Hz, c-CH?1 (1H, m, b-CH), 5.68 (3H, bs, 4-CH, 21-
CH and 22-CH), 4.98 (2H, m, 23-GH 3.65 (1H, t, J=8.0 Hz, 17-CH), 1.20 (3H, s, 194
0.79 (3H, s, 18-CH. *C NMR (200 MHz, CDC, & ppm): 198.9, 168.9, 150.2, 149.3, 148.5,
136.9, 135.5, 126.1, 124.9, 122.9, 121.7, 120.%,832.1, 47.1, 46.2, 42.9, 38.7, 38.5, 36.3,
36.2, 36.1, 35.9, 33.9, 30.2, 28.6, 22.8, 20.89,170.9. HRMS (ESI+): (M+H)calculated for
CsoH39N4O, = 487.3068; found : 487.3080.

4.2.1.6 Synthesis of 7a-[4-(4-(((pyridin-2-ylmethyl)-amino)-methyl)-[1,2,3]-triazol-1-yl)-but-2-

enyl]-4-androsten-17p-ol-3-one (6b)
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Azide 5 (55 mg, 0.14 mmol, 1 eq.) and alkyik (42 mg, 0.29 mmol, 2 eq.) are added to a
mixture of THF/water (1:1, 1.3 mL) and stirred. fhesodium ascorbate (5.7 mg, 0.029 mmol,
0.2 eq.) and CuS@® 5 H,0 (3.6 mg, 0.015 mmol, 0.1 eq.) are added and iR&ure is stirred at
room temperature for 16 hours. The product is etechwith EtOAc (50 mL) and washed twice
with saturated NaCl solution (2 x 30 mL). Aqgueousages are combined and reextracted with
EtOAc. Organic phases are combined and dried ovgb@ filtered and evaporated under
reduced pressure. The crude product is purifiefldsh chromatography (DCM/methanoliH
100:5:1) to givesb (22 mg). Yield, 29 %; orange oil. RR(cmi‘): 3304 (O-H), 2939 (C-H), 2094,
2073, 1654 (C=0), 1611 (C=C} NMR (200 MHz, CDC4, 5 ppm): 8.54 (1H, m, a-CH), 7.65
(1H, m, c-CH), 7.56 (1H, s, 24-CH), 7.35 (1H, mCHp, 7.18 (1H, m, b-CH), 5.60 (3H, bs, 4-
CH, 21-CH and 22-CH), 4.89 (2H, m, 23-@H4.03 (4H, m, 26-Ckland27-CH,), 3.64 (1H, t,
J=8.2 Hz, 17-CH), 1.19 (3H, s, 19-@HO0.79 (3H, s, 18-C#.1*C NMR (200 MHz, CDG,

o ppm): 199.0, 169.0, 158.7, 149.3, 146.4, 136.6,23126.1, 125.1, 122.5, 122.2, 121.7, 81.5,
51.9, 47.1, 46.1, 44.1, 42.9, 38.7, 38.5, 36.42,386.0, 35.9, 33.9, 30.2, 29.7, 28.8, 22.8, 20.8,

17.9, 10.9. HRMS (ESI+): (M+HYalculated for GH44NsO, = 530.3490; found : 530.3505.

4.2.1.7 Synthesis of 7a-[4-(4-((2-pyridin-2-yl-ethylamino)-methyl)-[1,2,3]-triazol-1-yl)-but-2-
enyl]-4-androsten-17-ol-3-one (6¢)

Azide 5 (56 mg, 0.15 mmol, 1 eq.) and alkyie (25 mg, 0.16 mmol, 1.1 eq.) are added to a
mixture oft-BuOH/water (1:1, 2 mL) and stirred. Then, sodiusoabate (5.8 mg, 0.029 mmol,
0.2 eqg.) and CuSE 5 H,O (3.6 mg, 0.015 mmol, 0.1 eq.) are added and ik&ure is stirred at
room temperature for 16 hours. The product is etegchwith EtOAc (50 mL) and washed twice

with saturated NaCl solution (2 x 30 mL). Agueousages are combined and reextracted with
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EtOAc. Organic phases are combined and dried ovgB®) filtered and evaporated under
reduced pressure. The crude product is purifiefldsh chromatography (DCM/methanol{N{
100:5:1) to give 48 mg dic. Yield, 60 %:; light brown oil. IR (cmi‘): 3306 (O-H and N-H),
2936 (C-H), 1659 (C=0), 1613 (C=C), 1592, 1374,2,2P138, 1051, 750H NMR (200 MHz,
CDCls, & ppm): 8.47 (1H, d, J=4.7 Hz, a-CH), 7.56 (1H,3d7.8 Hz and 1.8 Hz, c-CH), 7.48
(1H, s, 24-CH-triazole), 7.10 (2H, m, b-CH and d)C5158 (3H, bs, 4-CH, 21-CH and 22-CH),
4.85 (2H, m, 23-Ch), 3.93 (2H, s, 26-Ch), 3.61 (1H, t, J=8.2 Hz, 17-CH), 3.01 (4H, m, 2@C
and 28-CH), 1.22 (3H, s, 19-C), 0.76 (3H, s, 18-Ch. 3C NMR (200 MHz, CDCJ, 8 ppm):
198.9, 168.9, 159.9, 149.2, 146.5, 136.5, 135.3,112125.1, 123.3, 121.5, 121.4, 81.4, 51.9,
48.7, 47.1, 46.1, 44.5, 42.9, 38.7, 38.5, 36.42,386.0, 35.9, 33.9, 30.2, 29.7, 28.7, 22.8, 20.8,

17.9, 10.9. HRMS (ESI+): (M+HYxalculated for GsHsNs0, = 544.3646; found : 544.3662.

4.2.1.8 Synthesis of 7a-[4-(4-pyridin-2-yl-[1,2,3]triazol-1-yl)-but-2-enyl]-4-androsten-173-ol-3-
one dichloroplatinum(l1) (3a)

Triazole compounda (57 mg, 0.117 mmol, 1 eq.) is added to 1.0 mL of ®B&hd stirred for
several minutes. Potassium tetrachloroplatinatd@hPtCL) (51 mg, 0.12 mmol, 1.1 eq.) is
diluted in 0.5 mL of distilled water and added ke tsolution of compoun@a. The mixture is
stirred for 5 days in the dark. After 5 days, 2 ofLa saturated KCI solution and 0.2 g of solid
KCl is added to the mixture and stirred vigorouslyernight (16 hours). The product is filtered
and washed with distilled water. The product is if,rd by flash chromatography
(CH.CIlx/MeOH, 95:5) to give3a (31 mg). Yield, 34 %; yellow solid, mp: 255 — 28Z. IR v
(cm®): 3403 (N-H and OH), 3103, 2931 (C-H), 1653 (C=0823 (C=C), 1463, 1356, 1274,

1052, 985, 775'*H NMR (200 MHz, CDC4, & ppm): 9.08 (1H, m, a-CH), 8.55 (1H, s, 24-CH),
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8.05 (2H, m, c-CH and d-CH), 7.26 (1H, m, b-CHR®%5(1H, m, 4-CH), 5.65 (2H, m, 21-CH and
22-CH), 5.12 (2H, m, 23-CH}, 3.62 (1H, t, J=9.0 Hz, 17-CH), 1.19 (3H, s, 19:; 0.78 (3H, s,
18-CHy). *C NMR (200 MHz, CDGJ + CDsOD (9:1), 8 ppm): 199.9, 170.4, 149.4, 148.4,
139.7, 139.1, 137.0, 125.8, 124.9, 122.8, 122.41,834.8, 50.6, 50.1, 47.1, 46.1, 42.8, 38.7,
38.5, 36.5, 36.1, 35.8, 33.9, 29.8, 28.9, 22.78,207.9, 10.9. HRMS (ESI+): (M+H)Xalculated

for C30H42C|2N502Pt: 770.2348; found : 770.2376.

4.2.1.9 Synthesis of 7a-[4-(4-(((pyridin-2-ylmethyl)-amino)-methyl)-[1,2,3]-triazol-1-yl)-but-2-
enyl]-4-androsten-17p-ol-3-one chloroplatinum(l 1) chloride (3b)

Triazole compoundb (34.2 mg, 0.06 mmol, 1 eq.) is added to 1.0 mL &Mand stirred for
several minutes. Potassium tetrachloroplatinatd@hPtCl) (28 mg, 0.07 mmol, 1.1 eq.) is
diluted in 0.5 mL of distilled water and added ke tsolution of compoun@b. The mixture is
stirred for 5 days in the dark. After 5 days, 2 ofla saturated KCI solution and 0.2 g of solid
KCl is added to the mixture and stirred vigorouslyernight (16 hours). The product is filtered
and washed with distilled water to gi8b (37.4 mg). Yield, 77 %; beige solid, mp: degrades
256°C. IR v (cm™): 3438 (O-H and N-H), 3080, 2931 (C-H), 2360 — 21(BI-N=N), 1653
(C=0), 1614 (C=C), 1442, 1348, 1240, 1056, 950, TAINMR (200 MHz, CDC} + CD;OD

(9 :1), 8 ppm): 8.82 (1H, m, a-CH), 7.96 (2H, m, 24-CH ar@H), 7.51 (1H, m, d-CH), 7.35
(1H, m, b-CH), 5.82 — 5.45 (3 H, m, 4-CH, 21-CH &8CH), 4.91 (2H, m, 24-C}) 4.59 (2H,
m, CHb), 4.22 — 4.00 (2H, m, CH| 3.49 (1H, t, 17-CH), 1.12 (3H, s, 19-@H0.69 (3H, s, 18-

CHs). HRMS (ESI+): (M+H] calculated for gsH43CINsO.Pt= 760.2747; found : 760.2771.

18



4.2.1.10 Synthesis of 7a-[4-(4-((2-(pyridin-2-yl-ethylamino)-methyl)-[1,2,3]-triazol-1-yl)-but-2-
enyl]-4-androstene-173-ol-3-one chloroplatinum(l 1) chloride (3c)

Triazole derivative6e (53 mg, 0.1 mmol, 1 eq.) is added to 1.5 mL of Dtk stirred for
several minutes. Potassium tetrachloroplatinatgffhPtClL) (42.5 mg, 0.1 mmol, 1 eq.) is
diluted in 0.75 mL of distilled water and addedthe solution of compoun@c. The mixture is
stirred for 5 days in the dark. After 5 days, 2 ofla saturated KCI solution and 0.2 g of solid
KCl is added to the mixture and stirred vigorousliernight (16 hours). The product is filtered
and washed with distilled water to gide (45 mg). Yield, 60 %; beige solid, mp: degrades at
253°C. IR v (cm): 3413 (N-H and O-H), 3120, 2925 and 2854 (C-H6R2 — 2160, 1653
(C=0), 1612 (C=C), 1446, 1352, 1272, 1020, 960, 747NMR (200 MHz, CDC} + CDsOD

(9 :1), 5 ppm): 9.14 (1H, d, J=6.3 Hz, a-CH), 8.09 (1H,4,CH), 7.87 (1H, t, J=7.2 Hz, c-CH),
7.38 (2H, m, b-CH and d-CH), 5.75 — 5.51 (3H, nCH; 21-CH and 22-CH), 5.01 (2H, m, 23-
CHy), 4.10 — 3.83 (2H, m, 26-G} 3.59 (1H, t, J=8.2 Hz, 17-CH), 3.38 — 2.84 (41,27-CH
and 28-CH), 1.17 (3H, s, 19-C}), 0.76 (3H, s, 18-CH. HRMS (ESI+): (M+HJ calculated for

C33H45C|N502Pt: 774.2904; found : 774.2928.
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L egend of Figure and Scheme

Fig. 1. Structure of testosterone-anticancer hybtiddand3 designed in our laboratory.
Scheme 1

Reagents and conditions: (i) NaN;, CH;OH, reflux, 2 h (92%), (ii) 1. Relevant pyridine-
acetylene, sodium ascorbate, copper sulfate, THF-(3:1), 22 °C, 16 h (48% average yield).
(iif) K ,PtCL, DMF:H,0 (2:1), 22 °C, 5 days (57% average yield).

Scheme 2

Reagents and conditions: i) 1. 2-Picolylamine or 2-(2-aminoethyl)pyridinE,COs;, CH;CN,
addition of propargyl bromide over 2 h at 22 °CS#rring at 22°C for 16 h (48% average yield).
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Tablel

Antiproliferative activity of novel testosterone2]3-triazole-pyridine ligands (compoun€éa-c)
and testosterone-platinum(ll) hybrids (compourgéésc) and CDDP on androgen-sensitive
(LNCaP) and androgen-insensitive (PC3 and DU14®druprostate adenocarcinoma cell lines
and on colon carcinoma (HT-29) and normal humarit &euatinocyte cells (HaCat).

ICs0 (UM)?
Compound

LNCaP (AR) PC3(AR) DU145 (AR) HT-29 HaCat

6a 6.3 11.0 12.3 19.9 18.0

6b 20.0 13.3 13.8 14.7 18.3

6C >25 10.5 14.4 8.5 16.4

3a 2.2 13.3 8.8 >25 >25

3b >25 >25 >25 >25 >25

3c >25 >25 >25 >25 >25
CDDP 2.1 0.5 1.0 1.3 5.1

& Inhibitory concentration (I€) is concentration of drug inhibiting cell growtly 50%. Cisplatin
(CDDP)
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Highlights

» Nove testosterone-platinum(l1) hybrids are reported.

» The best hybrid exhibits ICsp in of 2.2 UM on AR+ prostate cancer cells (LNCaP).

» Thebest hybrid was selective on AR+ LNCaP cells and was as active as cisplatin.

» Thebest hybrid was inactive on norma human adult keratinocyte cells (HaCaT).

» The precursor ligands showed significant antiproliferative activity.



