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Sixteen platinum(Il) complexes of estrone and estradiol were synthesized in this work to evaluate their
cytotoxic activity against several cancer cell lines including estrogen dependent and independent ones.
The synthesis of all the complexes was done in three steps. The reaction of steroids with dibromoalkanes
was followed by a reaction of the bromoalkyl steroids with 2-(aminomethyl)pyridine or 2-(2-amino-

ethyl)pyridine. The last step was a reaction of steroidal diamino ligands with potassium tetrachloroplat-
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inate to obtain the desired platinum(Il) complexes. Cytotoxicity assays showed that most of the
complexes prepared are active against the cancer cell lines used—CEM, U-2 OS, MCF7, MCF7 AL,
MDA-MB-468, BT-474, BT-549, and BJ fibroblasts. The six-membered platinum complexes are more
active than five-membered ones.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Platinum complexes are still widely used as anticancer drugs.
Since the discovery!? of antiproliferative activity of cisplatin in
1965, many platinum compounds with a significant anticancer ef-
fect have been prepared.>~!> Some of them are used clinically in
the treatment of solid tumors nowadays (Fig. 1).'%1” However, their
toxicity causes occasional undesirable side effects and certain tu-
mors develop resistance, which has motivated research groups
worldwide to synthesize more specific analogues. One of the possi-
bilities to solve the problem of specificity is using steroidal hor-
mones (e.g., estrogens, androgens) as a transporter of platinum
into cancer cells. Steroidal units have often been chosen with re-
spect to possible translocation into the nucleus of mammary tumor
cells by the steroid hormone receptor system, especially in hor-
mone-dependent cancer (e.g., breast cancer).’2° Estrone (1) and
estradiol (2) play an important role in the evolution and develop-
ment of hormone dependent breast cancers in more than 90% of
cases.?! This can be caused primarily by the total cumulative expo-
sure of the breast tissue to bioavailable estrogens.?? This fact
sparked an interest in the preparation and structure-activity rela-
tionship studies of new cytotoxic estrogen derivatives. Further-
more, over the last few decades many anticancer estrogen
derivatives have been synthesized?>-3° while utilizing two potential

* Corresponding author. Tel.: +420 220 183 316; fax: +420 220 183 578.
E-mail address: kvasnica@uochb.cas.cz (M. Kvasnica).

0968-0896/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bmc.2012.10.013

anticancer units—platinum and estrogens. Many steroidal platinum
complexes have been prepared up to now.>!-4!

Herein, we report on the synthesis of aminomethylpyridine and
aminoethylpyridine derivatives of estrone and estradiol as well as
their cis-dichloroplatinum complexes. While most of the estrogen
platinum complexes were prepared using other position than
C-3, in this work we studied the anticancer activity of complexes
bound to phenolic hydroxyl group despite the fact that the free
phenolic hydroxyl is essential for receptor affinity.*? All the plati-
num(ll) complexes were tested against several cancer cell lines,
T-lymphoblastic leukemia CEM, human osteosarcoma U-2 OS,
estrogen-dependent human breast adenocarcinoma MCF7 (ER+),
estrogen dependent human breast adenocarcinoma cultivated in
the steroid free medium MCF7 AL (ER+), estrogen-independent
human breast adenocarcinoma MDA-MB-468 (ER—), an ERa (—)
and ERB (+) human breast ductal carcinoma cell line BT-474,
estrogen-independent human breast ductal carcinoma BT-549
(ER-) and against normal human fibroblasts (BJ).

2. Results and discussion
2.1. Synthesis and characterization of the complexes

The synthesis of 16 platinum(Il) complexes 19a-26a and 19b-
26b was done in three reaction steps starting with estrone and
estradiol (Scheme 1). Both starting steroids were used for the reac-
tion with dibromoalkanes in the presence of sodium hydroxide to
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Figure 1. Structure of clinically used platinum complexes.

afford bromoalkyl derivatives 3-10. Such bromoderivatives were
then used for the reaction with 2-(aminomethyl)pyridine or
2-(2-aminoethyl)pyridine in ethanol to prepare steroidal diamin-
oligands 11-18. These ligands were used for a complexation reac-
tion with potassium tetrachloroplatinate in a solution of DMF and
water.

All of the compounds synthesized were fully characterized with
TH NMR spectra, IR spectra, MS, and elemental analysis. Due to
their low solubility in basic non-complexing NMR solvents (CDCls,
CD50D, dioxane-dg, benzene-dg), compounds 19a, 20a, 21a, 22a,
and 24a were not characterized by NMR spectra, but other tech-
niques (IR, MS and elemental analysis) were sufficient to prove
their structure and purity.

In contrast to free ligands, the IR spectra of the platinum com-
plexes showed a significant shift of the NH, band to lower frequen-
cies by about 100-200 cm~'. However, a more significant shift is
caused by the use of a different method of analysis for platinum
complexes where chloroform was replaced with potassium bro-
mide because of their low solubility in chloroform. Other vibra-
tions like the C=0 (~1730cm™"'), O-H (~3600cm™!) or C=C of
aromatic systems (~1610, 1570 cm™!) are strong but without
any significant change when compared with the free ligands.

The 'H NMR spectra of the above platinum complexes showed
significant downfield shifts of pyridyl moiety hydrogens, especially
H-6 (A ~0.7 ppm). Because of the formation of a new ring, aliphatic
CH hydrogens lost their chemical equivalence, which resulted in
two separate peaks in contrast to one peak in the case of free
ligands. Moreover, in some cases it is possible to see splitting of
several signals in >C NMR (see Supplementary data). This is caused
by formation of a chiral center at the aliphatic amino group after
platinum complexation.

2.2. Stability assay

It was necessary to test the stability of the platinum complexes
to be sure that these compounds are not decomposed during cyto-
toxicity experiments. Dulbecco’s Modified Eagle’s Medium
(DMEM) was used for the stability test, because this medium
was utilized for the 72 h cultivation of cancer cells. After incuba-
tion (see 4.46. in the Section 4), the mixture was analyzed by HPLC
(High Performance Liquid Chromatography). Six measurements
were done according to the time of incubation (3, 4, 5, 24, 48,

72 h). To test the stability of the complexes, we also analyzed each
fraction by MS (ESI). According to the MS spectra, no free ligand
was detected; consequently, there is no decomplexation process
in the medium used. However, we observed a decrease of the peak
intensity. This can be caused by the hydrolysis of chloride ions or
complexation of the whole complex to another component of the
medium, most probably to sulfur-containing molecules. Neverthe-
less, these processes do not affect the cytotoxicity assays as they
are quite common for dichloroplatinum complexes in physiological
solutions and blood.

2.3. Cytotoxicity

The platinum complexes were screened against various tumor
cells. The suspension cell line CEM proved to be the most sensitive
to the tested compounds (Table 1); all of the compounds tested
were effective against it at micromolar concentrations. The cyto-
toxicity (ICsp) value of 25b (1.2 uM) was highest in the CEM cells,
which was comparable with the activity of cisplatin; the cytotoxic-
ity of some complexes against MCF7 (ER+) and MDA-MB-468
(ER-) cells was 3- to 4-fold better than cisplatin.

Estrone 6-membered ring complexes were more cytotoxic
towards all of the cell lines than the other tested complexes. The
compounds were also tested for cytotoxicity to normal BJ human
fibroblasts and all proved to be less toxic towards them than to-
wards cells of the malignant CEM cell line (Table 1). The length of
the side chain seems to be optimal at x=2 for 17B-estradiol
5-membered platinum ring derivatives, where we observed ICsq
of 8.1 and 7.4 uM for the MCF7 AL (ER+) and MDA-MB-468 (ER—)
cells, respectively. The complexes with longer side chains (x =3-
5) were less active.

The ICsq values of estrone and 17B-estradiol were also included
for comparison. The platinum(II) complexes were more effective on
all tested cell lines than estrone, or 17p-estradiol. The effects of
estrone and 17p-estradiol on the growth of MCF7 (ER+) and MDA-
MB-330 (ER-) breast-cancer cells had been determined previously
after 72 h.** 17p-Estradiol inhibited the growth of both breast can-
cer cell lines in concentrations >50 puM. Estrone did not have any
significant influence on the growth of breast cancer cells.*?

However, it was important to indicate that all of the plati-
num(Il) complexes were generally more cytotoxic than cisplatin
on breast cancer cell lines.*
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Scheme 1. Reagents: (a) (CH;)xBr,, NaOH, THF, H,0; (b) 2-(aminomethyl)pyridine or 2-(2-aminoethyl)pyridine, EtOH; (c) K»[PtCl,], DMF, H,0.

Our results show that there is no significant difference between
estrogen-dependent (e.g., MCF7 (ER+), BT-474 (ER+)), and estro-
gen-independent (e.g., MDA-MB-468 (ER-), BT-549 (ER-)) breast
cancer cell lines (Table 1) which confirms the necessity of free
hydroxyl group on position 3.

3. Conclusion
Within the global research in the field of anti-tumor agents, a

number of platinum(Il) complexes were studied. Our study dem-
onstrates that new platinum(Il) complexes of steroidal diamines

can result in compounds with significant cytotoxic activity against
tumor cell lines of different histogenetic origin, especially breast-
cancer tumors. These complexes showed cytotoxicity also against
the human fibroblast BJ, selected as an example of normal cells.
This fact proves general knowledge that substitution in position
3 leads to loss of receptor selectivity. However, all of the com-
pounds tested were more cytotoxic in cancer cells than in normal
human cells—fibroblasts. The synthesized complexes are also sta-
ble against the decomplexation of platinum from steroidal ligands,
which is very important for further studies of their biological activ-
ities and for the future design of other analogues.
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Table 1

ICso (uM) values for the complexes 19a-26a and 19b-26b and estrone, 17p-estradiol and cisplatin as controls obtained from the Calcein AM assays with the tested cancer cell
lines and normal human fibroblasts after 72 h; means + SD obtained from three independent experiments performed in triplicates. Data for cisplatin are taken from the

literature.>>#4 NT = not tested.

CEM U-20S MCF7(ER+)  MCF7 AL(ER+) BT 474 (ER+) BT 549(ER-)  MDA-MB-468(ER-)  BJ
ESTRONE 19a 24401  62+04 93+1.0 71+04 53403 49+18 46408 6.6+0.3
5-Membered ring ~ 21a 3.0£0.1 13.8+0.1 13.2+3.8 247408 120+1.7 75+1.0 451+62 75404
23a 27404  73%00 9.7+14 15.6 +6.2 8.0£0.1 74+1.0 227+44 6.6+0.2
25a 22401 7.5+09 9.7£2.0 114+42 10.1+2.8 6.7+0.8 13.9+1.6 9.6+3.9
ESTRONE 19b 25402  6.0%05 7.9+0.38 53+0.1 2.8+03 3.1£03 50+15 6.8 +0.6
6-Membered ring  21b 1.7+06  52+04 2906 6.0+1.1 35+0.1 2.6+03 40+1.0 2403
23b 19+03  49+07 42+10 6.3+0.9 4307 3.9+04 5.1+0.5 3.1£06
25b 12+01  3.0+03 3406 5.0+1.0 3.1+0.1 25023 34+£1.0 25+0.1
17B-ESTRADIOL 20a 43+1.1  69+04 235+49 8105 88+15 74+13 74+13 75+05
5-Membered ring ~ 22a 49+16 8.1+16 10.5+2.9 209+6.4 14.6+7.1 86+19 40.1+15 7.0+35
24a 34+15  84%06 148+12 304£35 133+6.5 85422 31741038 7629
26a 27407  147+00  105%15 245+154 10.0+7.3 75406 428+05 9529
17p-ESTRADIOL 20a 22+00 6.0+04 7.1+0.1 5.4+04 2.8+02 75416 75+1.6 7.4+0.7
6-Membered ring ~ 22b 1.8+0.4 6.3+0.5 41+09 6.9+0.6 50+1.1 3401 6.9 +0.6 32402
24b 20+0.1 7.5+06 56+1.8 72406 37+1.1 27401 105+3.7 42+18
26b 19+02  43+13 5.0+0.5 51+13 45416 33401 13.4+0.6 3.0£06
ESTRONE 1 357+97  >50 >50 >50 >50 >50 41.9+46 >50
17p-ESTRADIOL 2 252+64  324%16  >50 >50 457+37 484+23 212403 >50
CISPLATIN 1.6+05  NT 182404 NT NT NT 17.2+23 5.1+0.2

The additional advantage of the steroidal platinum complexes
above is also the potential of the use of many modified steroids
to increase the cytotoxic activity and simultaneously decrease
the toxicity. Hence, this kind of complexes represents an interest-
ing class of compounds for further studies. The synthesis of new
steroid analogues of similar platinum complexes with free pheno-
lic hydroxyl are planned for next research.

4. Experimental
4.1. General methods

The melting points were determined on a Hund H 600 apparatus
(Helmut Hund, Germany). The elemental analyses (C, H, N) were
carried out on a Perkin-Elmer 2400 II elemental analyzer. Optical
rotations were measured on an Autopol IV polarimeter (Rudolf Re-
search Analytical, Flanders, USA) at 25 °C in chloroform (unless
otherwise stated) and [o]p values are given in 10" deg cm? g. The
infrared spectra were recorded on a Bruker IFS 55 spectrometer in
chloroform or in KBr in the case of some platinum complexes. The
wave numbers are given in cm~'. The '"H NMR spectra were taken
in CDCl3 on a Bruker AVANCE-400 (at 400 MHz) instrument with
tetramethylsilane as an internal reference, unless otherwise stated.
Chemical shifts are given in ppm (8-scale), coupling constants (J) in
Hz. All of the values were obtained by first-order analysis. The mass
spectra (ESI) were obtained with a LTQ Orbitrap XL (Thermo Fisher
Scientific). For column chromatography, neutral silica gel (60 pm)
was used (Fluka). The HPLC system consisted of an Agilent 1200
Series high pressure quaternary pump, thermostatted autosampler,
thermostatted column compartment, vacuum degasser, diode array
detector, and a Polymer Laboratories light scattering detector. HPLC
was controlled with Agilent Chemstation for the LC and LC/MS Sys-
tems. The analytical column was Agilent ZORBAX Eclipse XDB C18.

The estrone and estradiol used in this work were purchased
from Steraloids, Inc. The potassium tetrachloroplatinate, 2-(amino-
methyl)pyridine, 2-(2-aminoethyl)pyridine, and dibromoalkanes
were purchased from Sigma-Aldrich.

4.2. General procedure for the preparation of bromoalkyl
derivatives (A)

Dibromoalkane (5 mmol) was added to a solution of estrone or
estradiol (3.7 mmol) and NaOH (5 mmol) in THF (20 mL) and water

(5 mL). The reaction mixture was heated under reflux for 6-7 h.
The end of the reaction was monitored by TLC (toluene/Et,0 5:1).
The mixture was diluted with toluene and extracted with 10%
aqueous HCI, water, and dried over MgSO4. The solvents were
evaporated and the crude product was purified by chromatography
on silica gel (toluene/Et;0 30:1). All compounds were obtained as
white crystals after crystallization from methanol.

4.3. 3-(2-Bromoethoxy)estra-1,3,5(10)-trien-17-one (3)

Compound 3 was prepared from 1 according to the general pro-
cedure A. Yield: 84%, [o]p +120° (c 0.41). 'H NMR (CDCl3) 6 0.91 (s,
3H, CHs), 2.25 (m, 1H, H-9), 2.39 (m, 1H, H-11a), 2.50 (dd, 1H,
J=19.2, = 8.8 Hz, H-16B), 2.83-2.96 (m, 2H, H-60, H-6p), 3.62 (t,
2H, J=6.4 Hz, CH,Br), 4.27 (t, 2H, J=6.4 Hz, CH,0), 6.66 (d, 1H,
J=2.5Hz, H-4), 6.67 (dd, 1H, J = 8.6, J= 2.5 Hz, H-2), 7.21 (d, 1H,
J=8.6Hz, H-1). IR v (cm™!) 1734, 1609, 1575, 1498, 647. MS
(ESI) mjz 378 (M", 94), 376 (M", 100). Anal. Calcd for CyoH;5BrO,:
C, 63.66; H, 6.68. Found: C, 63.57; H, 6.73%.

4.4. 3-(2-Bromoethoxy)estra-1,3,5(10)-trien-17g-ol (4)

Compound 4 was prepared from 2 according to the general pro-
cedure A. Yield: 88%, mp 90-92 °C, [a]p +59° (¢ 0.33). 'H NMR
(CDCl5) 5 0.78 (s, 3H, CH3), 1.70 (m, 1H, H-150), 1.88 (m, 1H, H-
7B), 1.95 (dt, 1H, J = 12.4, J = 3.2 Hz, H-12), 2.08-2.22 (m, 2H, H-
9, H-16a), 2.31 (m, 1H, H-11a), 2.79-2.90 (m, 2H, H-6a, H-6B),
3.62 (t, 2H, J = 6.4 Hz, CH,Br), 3.73 (t, 1H, J = 8.4 Hz, H-17a), 4.26
(t, 2H, J = 6.4 Hz, CH,0), 6.64 (d, 1H, J = 2.5 Hz, H-4), 6.71 (dd, 1H,
J=8.6, j=25Hz, H-2), 7.21 (d, 1H, J=8.6 Hz, H-1). IR v (cm™")
3614, 1608, 1574, 1498, 647. MS (ESI) m/z 380 (M*, 93), 378 (M,
100). Anal. Calcd for CygH,;BrO,: C, 63.33; H, 7.17. Found: C,
63.30; H, 7.26%.

4.5. 3-(3-Bromopropoxy)estra-1,3,5(10)-trien-17-one (5)

Compound 5 was prepared from 1 according to the general pro-
cedure A. Yield: 86%, mp 89-92 °C, [a]p +110° (c 0.33). 'H NMR
(CDCl3) § 0.91 (s, 3H, CHs), 2.25 (m, 1H, H-9), 2.30 (pentet, 2H,
J = 6.0 Hz, BrCH,CH,), 2.40 (m, 1H, H-11a), 2.51 (dd, 1H, J=18.9,
J=8.5Hz, H-16B), 2.84-2.97 (m, 2H, H-60, H-6p), 3.60 (t, 2H,
J=6.4Hz, CH,Br), 4.08 (t, 2H, J=5.8 Hz, CH,0), 6.66 (d, 1H,
J=2.7 Hz, H-4), 6.72 (dd, 1H, J=8.7, f= 2.7 Hz, H-2), 7.20 (d, 1H,
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J=8.7Hz, H-1). IR v (cm™') 1733, 1609, 1574, 1499, 649. MS (ESI)
mfz 392 (M*, 92), 390 (M*, 100). Anal. Calcd for C;;Hy7BrO;: C,
64.45; H, 6.95. Found: C, 64.48; H, 7.05%.

4.6. 3-(3-Bromopropoxy)estra-1,3,5(10)-trien-17g-ol (6)

Compound 6 was prepared from 2 according to the general pro-
cedure A. Yield: 87%, mp 88-90°C, [a]p +61° (c 0.30). 'TH NMR
(CDCl3) 6 0.78 (s, 3H, CH3), 1.70 (m, 1H, H-15a), 1.88 (m, 1H,
H-7B), 1.95 (dt, 1H, J=12.4, = 3.0 Hz, H-12p), 2.08-2.22 (m, 2H,
H-9, H-16a), 2.31 (m, 1H, H-11a), 2.30 (pentet, 2H, J= 6.0 Hz,
BrCH,CH,), 2.79-2.91 (m, 2H, H-6a, H-6B), 3.60 (t, 2H, J= 6.7 Hz,
CH,Br), 3.73 (t, 1H, J=8.4Hz, H-17a), 4.07 (t, 2H, J=6.1Hz,
CH,0), 6.64 (d, 1H, J = 2.7 Hz, H-4), 6.71 (dd, 1H, J= 8.5, ] = 2.7 Hz,
H-2), 7.21 (d, 1H, J=8.5 Hz, H-1). IR v (cm™!) 3613, 1608, 1574,
1499, 649. MS (ESI) m/z 394 (M*, 94), 392 (M", 100). Anal. Calcd
for C,1H,9BrO,: C, 64.12; H, 7.43. Found: C, 64.03; H, 7.48%.

4.7. 3-(4-Bromobutoxy)estra-1,3,5(10)-trien-17-one (7)

Compound 7 was prepared from 1 according to the general pro-
cedure A. Yield: 87%, mp 112-113 °C, [a]p +115° (c 0.38). 'H NMR
(CDCl3) 6 0.91 (s, 3H, CH3), 2.25 (m, 1H, H-9), 2.40 (m, 1H, H-110),
2.50 (dd, 1H, J= 18.8, J = 8.7 Hz, H-16p), 2.84-2.96 (m, 2H, H-60,
H-6B), 3.49 (t, 2H, J = 6.7 Hz, CH,Br), 3.97 (t, 2H, J = 6.0 Hz, CH,0),
6.64 (d, 1H, J = 2.5 Hz, H-4), 6.70 (dd, 1H, J = 8.8, J = 2.5 Hz, H-2),
7.20 (d, 1H, J=8.8 Hz, H-1). IR v (cm™') 1733, 1609, 1573, 1499,
647. MS (ESI) m/z 406 (M", 94), 404 (M", 100). Anal. Calcd for
CayHy9BrO5: C, 65.18; H, 7.21. Found: C, 65.11; H, 7.28%.

4.8. 3-(4-Bromobutoxy)estra-1,3,5(10)-trien-17p-ol (8)

Compound 8 was prepared from 2 according to the general pro-
cedure A. Yield: 89%, mp 108-109 °C, [a]p +52° (¢ 0.36). 'TH NMR
(CDCl3) 6 0.78 (s, 3H, CHs), 1.70 (m, 1H, H-15a), 1.85-1.97 (m,
4H, H-78, H-128, BrCH,CH,), 2.02-2.11 (m, 2H, CH,CH,0), 2.09-
2.22 (m, 2H, H-9, H-16a), 2.31 (m, 1H, H-11a), 2.78-2.91 (m, 2H,
H-60, H-6B), 3.48 (t, 2H, J= 6.8 Hz, CH,Br), 3.73 (t, 1H, J=8.4 Hz,
H-17a), 3.97 (t, 2H, J = 6.0 Hz, CH;0), 6.62 (d, 1H, J = 2.8 Hz, H-4),
6.69 (dd, 1H, J = 8.4, J=2.8 Hz, H-2), 7.20 (d, 1H, J = 8.4 Hz, H-1).
IR v (cm™') 3614, 1608, 1573, 1499, 648. MS (ESI) m/z 408 (M",
95), 406 (M*, 100). Anal. Calcd for C,,H3,BrO,: C, 64.86; H, 7.67.
Found: C, 64.80; H, 7.76%.

4.9. 3-(5-Bromopentoxy)estra-1,3,5(10)-trien-17-one (9)

Compound 9 was prepared from 1 according to the general pro-
cedure A. Yield: 91%, mp 85-87 °C, [a]p +110° (c 0.33). 'H NMR
(CDCl3) & 0.91 (s, 3H, CH3), 2.25 (m, 1H, H-9), 2.40 (m, 1H,
H-110), 2.50 (dd, 1H, J=19.0, j=8.6 Hz, H-16p), 2.84-2.96 (m,
2H, H-60, H-6p), 3.44 (t, 2H, J=6.8 Hz, CH,Br), 3.94 (t, 2H,
] =6.5Hz, CH,0), 6.64 (d, 1H, ] = 2.8 Hz, H-4), 6.71 (dd, 1H, ] = 8.6,
Jj=2.8Hz, H-2), 7.19 (d, 1H, J=8.6Hz, H-1). IR v (cm™') 1733,
1609, 1573, 1499, 647. MS (ESI) m/z 420 (M*, 93), 418 (M, 100).
Anal. Calcd for C,3H3:BrO,: C, 65.87; H, 7.45. Found: C, 65.79; H,
7.53%.

4.10. 3-(5-Bromopentoxy)estra-1,3,5(10)-trien-17g-ol (10)

Compound 10 was prepared from 2 according to the general
procedure A. Yield: 92%, mp 79-81 °C, [a]p +68° (¢ 0.26). 'H NMR
(CDCl3) 6 0.78 (s, 3H, CHs3), 1.70 (m, 1H, H-15a), 1.80 (m, 2H,
BrCH,CH,), 1.85-1.97 (m, 4H, H-7B, H-12B, CH>CH,0), 2.07-2.22
(m, 2H, H-9, H-16a), 2.32 (m, 1H, H-11a), 2.78-2.91 (m, 2H,
H-60, H-68), 3.43 (t, 2H, J = 6.8 Hz, CH,Br), 3.73 (t, 1H, J= 8.4 Hz,
H-17a), 3.94 (t, 2H, J = 6.3 Hz, CH,0), 6.62 (d, 1H, J = 2.8 Hz, H-4),

6.69 (dd, 1H,]=8.4,]=2.8 Hz, H-2), 7.19 (d, 1H, J = 8.4 Hz, H-1).
IR v (cm™') 3614, 1608, 1573, 1499, 643. MS (ESI) m/z 422 (M",
94), 420 (M*, 100). Anal. Calcd for Cy3H33BrO,: C, 65.55; H, 7.89.
Found: C, 65.49; H, 7.96%.

4.11. General procedure for the preparation of diaminoderiva-
tives (B)

2-(Aminomethyl)pyridine or 2-(2-aminoethyl)pyridine (1.0
mmol) was added to a solution of bromoalkylestrone or bromoalky-
lestradiol (0.5 mmol) in EtOH (5 ml). The reaction mixture was
heated under reflux for 7-8 h. The end of the reaction was monitored
by TLC (toluene/Et,0 5:1) for disappearance of the starting material.
The solvent was evaporated and the crude oil product was purified
by chromatography on silica gel (CHCl; with NH3/MeOH 20:1).

4.12. 3-(2-(Pyridin-2-ylmethylamino)ethoxy)estra-1,3,5(10)-
trien-17-one (11a)

Compound 11a was prepared as a pale yellow oil from 3 accord-
ing to the general procedure B using 2-(aminomethyl)pyridine.
Yield: 79%, [o]p +109° (¢ 0.25). 'H NMR (MeOD) & 0.90 (s, 3H,
CHs), 2.21 (m, 1H, H-9), 2.38 (m, 1H, H-110), 2.47 (dd, 1H,
J=19.2, j=8.8 Hz, H-16p), 2.78-2.87 (m, 2H, H-6a, H-6B), 2.97
(t, 2H, J = 5.3 Hz, NHCH,CH,), 3.94 (s, 2H, PyrCH,NH), 4.04 (t, 2H,
J=5.3 Hz, CH,0), 6.63 (d, 1H, J = 2.8 Hz, H-4), 6.69 (dd, 1H, J = 8.5,
J=2.8Hz, H-2), 7.15 (d, 1H, J = 8.5 Hz, H-1), 7.29 (ddd, 1H, J = 7.7,
J=4.8, J=0.8Hz, Hyy-5), 7.46 (br d, 1H, J=7.9 Hz, Hpy,-3), 7.79
(td, 1H, J=7.7, j=1.6 Hz, H,y,-4), 8.49 (ddd, 1H, J=4.8, J=1.6,
J=0.8Hz, Hpy,-6). IR v (cm™') 3320, 1733, 1608, 1593, 1572,
1499. MS (ESI) m/z 405 [M+H]*. Anal. Calcd for CygH3,N,0,: C,
77.19; H, 7.97; N, 6.92. Found: C, 77.13; H, 7.98; N, 6.90%.

4.13. 3-(2-(2-(Pyridin-2-yl)ethylamino)ethoxy)estra-1,3,5(10)-
trien-17-one (11b)

Compound 11b was prepared as a pale yellow oil from 3 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 77%, [o]p +100° (c 0.26). 'H NMR (MeOD) & 0.89 (s, 3H,
CH3), 2.20 (m, 1H, H-9), 2.37 (m, 1H, H-11a), 2.46 (dd, 1H,
J=19.2, j=8.8 Hz, H-16B), 2.77-2.86 (m, 2H, H-60, H-6pB), 2.98-
3.08 (m, 6H, PyrCH,CH,NHCH,), 4.03 (t, 2H, J=5.2 Hz, CH,0),
6.60 (d, 1H, J = 2.5 Hz, H-4), 6.66 (dd, 1H, J = 8.6, J = 2.5 Hz, H-2),
7.15 (d, 1H, J=8.6Hz, H-1), 7.24 (ddd, 1H, J=7.6, [=4.28,
J=1.1Hz, Hpy-5), 7.31 (br d, 1H, J=7.7 Hz, Hpy-3), 7.73 (td, 1H,
J=7.7,]=1.9 Hz, Hpy-4), 8.43 (ddd, 1H, J=4.8, J=1.6, j=0.8 Hz,
Hpy-6). IR v (cm ') 3317, 1733, 1608, 1594, 1571, 1499. MS (ESI)
m(z 419 [M+H]". Anal. Calcd for C7H34N,0;: C, 77.48; H, 8.19; N,
6.69. Found: C, 77.42; H, 8.26; N, 6.75%.

4.14. 3-(2-(Pyridin-2-ylmethylamino)ethoxy)estra-1,3,5(10)-
trien-17g-ol (12a)

Compound 12a was prepared as a pale yellow oil from 4 accord-
ing to the general procedure B using 2-(aminomethyl)pyridine.
Yield: 81%, [a]p +90° (c 0.20). "H NMR (CDCls) 6 0.77 (s, 3H, CHs),
1.69 (m, 1H, H-15a), 1.83-1.96 (m, 2H, H-7p, H-12B), 2.08-2.21
(m, 2H, H-9, H-16a), 2.30 (m, 1H, H-110), 2.78-2.87 (m, 2H,
H-60, H-6B), 3.06 (t, 1H, J=5.2Hz, NHCH,CH,), 3.72 (t, 1H,
J=8.4Hz, H-17a), 4.00 (s, 2H, PyrCH,NH), 4.09 (t, 2H, J=5.2 Hz,
CH,0), 6.64 (d, 1H, J = 2.4 Hz, H-4), 6.71 (dd, 1H, J= 8.6, ] = 2.4 Hz,
H-2), 7.17 (ddd, 1H, J = 7.3, J=5.0, j = 1.1 Hz, Hpy-5), 7.19 (d, 1H,
J=8.6Hz, H-1), 7.35 (br d, 1H, J=7.5Hz, Hyy,-3), 7.65 (td, 1H,
J=7.5, J=1.6 Hz, Hyy-4), 8.56 (ddd, 1H, J=5.0, j=1.6, j= 0.8 Hz,
Hpy:-6). IR v (cm™') 3614, 3320, 1607, 1593, 1572, 1499. MS (ESI)
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m/z 407 [M+H]". Anal. Calcd for Cy6H34N,0;: C, 76.81; H, 8.43; N,
6.89. Found: C, 76.77; H, 8.48; N, 6.87%.

4.15. 3-(2-(2-(Pyridin-2-yl)ethylamino)ethoxy)estra-1,3,5(10)-
trien-17p -ol (12b)

Compound 12b was prepared as a pale yellow oil from 4 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 80%, [ot]p +50° (c 0.20). 'H NMR (CDCls) 6 0.77 (s, 3H, CH3),
1.69 (m, 1H, H-15a), 1.93 (td, 1H, J=11.9, J=3.2, H-7p), 2.07-
2.21 (m, 2H, H-9, H-160), 2.30 (m, 1H, H-110a), 2.79-2.88 (m, 2H,
H-60, H-6B), 2.99-3.12 (m, 6H, PyrCH,CH,NHCH,), 3.72 (t, 1H,
J=8.4Hz, H-17a), 4.05 (t, 2H, J=5.5Hz, CH,0), 6.61 (d, 1H,
J=2.4Hz, H-4), 6.68 (dd, 1H, J=8.4, f=2.4Hz, H-2), 7.13 (ddd,
1H, J=7.5, J=5.0, =12 Hz, Hpy,-5), 7.18 (m, 2H, H-1, Hyy-3),
7.60 (td, 1H, J=7.5, J=1.9Hz, Hp,-4), 853 (ddd, 1H, J=5.0,
J=1.6, J=0.8Hz, Hy-6). IR v (cm ') 3613, 3317, 1607, 1594,
1571, 1499. MS (ESI) m/z 421 [M+H]". Anal. Calcd for
C,7H36N;05: C, 77.10; H, 8.63; N, 6.66. Found: C, 77.02; H, 8.72;
N, 6.62%.

4.16. 3-(3-(Pyridin-2-ylmethylamino)propoxy)estra-1,3,5(10)-
trien-17-one (13a)

Compound 13a was prepared as a pale yellow oil from 5 accord-
ing to the general procedure B using 2-(aminomethyl)pyridine.
Yield: 82%, [ot]p +82° (¢ 0.33). "H NMR (CDCl3) 5 0.91 (s, 3H, CHs),
2.25 (m, 1H, H-9), 2.39 (m, 1H, H-11a), 2.50 (dd, 1H, J=19.2,
f=8.8Hz, H-168), 2.79-2.91 (m, 4H, H-60, H-6p, NHCH,CH,),
3.95 (s, 2H, PyrCH,NH), 4.04 (t, 2H, J = 6.1 Hz, CH,0), 6.65 (d, 1H,
J=2.8Hz, H-4), 6.71 (dd, 1H, J=8.5, J=2.8 Hz, H-2), 7.17 (ddd,
1H, J=7.6, J=4.8, J=0.8 Hz, Hpy-5), 7.19 (d, 1H, J=8.5 Hz, H-1),
7.31 (br d, 1H, J=7.9 Hz, Hpy-3), 7.64 (td, 1H, J=7.6, J=2.0Hz,
Hpy-4), 8.55 (ddd, 1H, J=4.8, J=2.0, J=0.8 Hz, Hpy-6). IR v (cm
-1y 3328, 1733, 1608, 1593, 1572, 1499. MS (ESI) m/z 419
[M+H]". Anal. Calcd for C7H34N,0,: C, 77.48; H, 8.19; N, 6.69.
Found: C, 77.40; H, 8.25; N, 6.66%.

4.17. 3-(3-(2-(Pyridin-2-yl)ethylamino)propoxy)estra-1,3,5(10)-
trien-17-one (13b)

Compound 13b was prepared as a pale yellow oil from 5 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 79%, [ot]o +87° (¢ 0.38). 'H NMR (CDCl3) 6 0.91 (s, 3H, CH3),
225 (m, 1H, H-9), 2.40 (m, 1H, H-11a), 2.50 (dd, 1H, J=19.0,
j=8.5Hz, H-16p), 2.84 (t, 2H, ] = 6.8 Hz, NHCH,), 2.84-2.91 (m,
2H, H-60, H-6B), 2.97-3.07 (m, 4H, PyrCH,CH,), 4.00 (t, 2H,
J=6.0Hz, CH>0), 6.62 (d, 1H, J = 2.8 Hz, H-4), 6.68 (dd, 1H, J = 8.6,
J=2.8Hz, H-2), 7.24 (ddd, 1H, J=7.6, J=4.8, J=1.1Hz, Hyy-5),
7.16-7.19 (m, 2H, H-1, Hpy,-3), 7.58,(td, 1H, J=7.6, J=1.6 Hz,
Hpy-4), 8.51 (ddd, 1H, J=4.8, j=1.6, J= 0.8 Hz, Hpy,-6). IR v (cm
-1y 3324, 1733, 1608, 1594, 1571, 1499. MS (ESI) m/z 433
[M+H]". Anal. Calcd for CygH3gN,0,: C, 77.74; H, 8.39; N, 6.48.
Found: C, 77.69; H, 8.40; N, 6.45%.

4.18. 3-(3-(Pyridin-2-ylmethylamino)propoxy)estra-1,3,5(10)-
trien-17p-ol (14a)

Compound 14a was prepared as a pale yellow oil from 6 accord-
ing to the general procedure B using 2-(aminomethyl)pyridine.
Yield: 85%, [at]p +46° (c 0.26). "TH NMR (CDCl3) 6 0.77 (s, 3H, CHs),
1.70 (m, 1H, H-15a), 1.87 (m, 1H, H-12p), 1.94 (td, 1H, J=12.2,
J=3.6Hz, H-7B), 2.01 (t, 2H, J = 6.8 Hz, NHCH,CH,), 2.09-2.21 (m,
2H, H-9, H-160), 2.31 (m, 1H, H-11a), 2.78-2.89 (m, 4H, H-60,
H-68, NHCH,CH,), 3.73 (t, 1H, J=8.4Hz, H-17a), 3.93 (s, 2H,
PyrCH,NH), 4.03 (t, 2H, J=6.3 Hz, CH,0), 6.63 (d, 1H, J=2.4 Hz,

H-4), 6,70 (dd, 1H, J = 8.4, j = 2.4 Hz, H-2), 7.16 (ddd, 1H, J=7.5,
J=4.9,J=1.2Hz, Hyy,-5), 7.19 (d, 1H, J = 8.4 Hz, H-1), 7.30 (br d,
1H, J = 7.5 Hz, Hpy-3), 7.64.(td, 1H, = 7.5, J = 1.6 Hz, H,y,-4), 8.55
(ddd, 1H, J=4.9, J=1.6, j=0.8 Hz, Hpy,~6). IR v (cm™!) 3613,
3325, 1607, 1594, 1572, 1499. MS (ESI) m/z 421 [M+H]*. Anal.
Calcd for C,7H36N,0,: C, 77.10; H, 8.63; N, 6.66. Found: C, 77.05;
H, 8.67; N, 6.60%.

4.19. 3-(3-(2-(Pyridin-2-yl)ethylamino)propoxy)estra-1,3,5(10)-
trien-17g-ol (14b)

Compound 14b was prepared as a pale yellow oil from 6 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 82%, [ot]p +48° (¢ 0.23). "H NMR (CDCl3) 5 0.78 (s, 3H, CHs),
1.69 (m, 1H, H-150), 1.87 (m, 1H, H-12p), 1.93 (m, 1H, H-7p),
2.07-2.21 (m, 2H, H-9, H-16a), 2.30 (m, 1H, H-11a), 2.79-2.88
(m, 4H, H-60,, H-6B, NHCH,CH,), 2.98-3.07 (m, 4H, PyrCH,CH,),
3.73 (t, 1H, ] = 8.4 Hz, H-17a1), 3.99 (t, 2H, J = 6.4 Hz, CH,0), 6.60
(d, 1H, J = 2.4 Hz, H-4), 6.67 (dd, 1H, J=8.4, j = 2.4 Hz, H-2), 7.11
(ddd, 1H, J=7.6, ] =5.0, ] = 1.2 Hz, Hpy,-5), 7.16-7.19 (m, 2H, H-1,
Hpy-3), 7.58 (1d, 1H, J=7.6, J=1.9 Hz, Hyy-4), 8.50 (ddd, 1H,
J=5.0, J=1.6, J=0.8 Hz, Hpy,-6). IR v (cm™!) 3613, 3323, 1607,
1594, 1571, 1499. MS (ESI) m/z 435 [M+H]*. Anal. Calcd for
CgH3gN,0;: C, 77.38; H, 8.81; N, 6.45. Found: C, 77.33; H, 8.86;
N, 6.44%.

4.20. 3-(4-(Pyridin-2-ylmethylamino)butoxy)estra-1,3,5(10)-
trien-17-one (15a)

Compound 15a was prepared as a pale yellow powder from 7
according to the general procedure B using 2-(aminomethyl)pyri-
dine. Yield: 83%, mp 86-88 °C, [a]p +99° (c 0.20). 'TH NMR (CDCl5)
40.91 (s, 3H, CHs), 2.25 (m, 1H, H-9), 2.39 (m, 1H, H-11a), 2.50 (dd,
1H, J=19.0, j = 8.8 Hz, H-16B), 2.74 (t, 2H, ] = 7.2 Hz, NHCH,CH),
2.81-2.93 (m, 2H, H-6a, H-6B,), 3.93 (s, 2H, PyrCH,NH), 3.95 (t,
2H, J=6.3 Hz, CH,0), 6.63 (d, 1H, J=2.8 Hz, H-4), 6.70 (dd, 1H,
J=8.5, ]=2.8Hz, H-2), 7.15-7.20 (m, 2H, H-1, Hpy,-5), 7.31 (br d,
1H, J=7.6 Hz, Hpy-3), 7.64,(td, 1H, J = 7.9, J=1.6 Hz, Hpy-4), 8.56
(ddd, 1H, J=4.8, J=1.6, j=0.8 Hz, Hpy,-6). IR v (cm™!) 3318,
1733, 1608, 1593, 1572, 1499. MS (ESI) m/z 433 [M+H]". Anal.
Calcd for CygH36N20,: C, 77.74; H, 8.39; N, 6.48. Found: C, 77.71;
H, 8.41; N, 6.48%.

4.21. 3-(4-(2-(Pyridin-2-yl)ethylamino)butoxy)estra-1,3,5(10)-
trien-17-one (15b)

Compound 15b was prepared as a pale yellow powder from 7
according to the general procedure B using 2-(2-aminoethyl)pyri-
dine. Yield: 82%, mp 85-87 °C, [at]p +100° (c 0.24). '"H NMR (CDCl5)
§0.91 (s, 3H, CHs), 2.25 (m, 1H, H-9), 2.39 (m, 1H, H-110), 2.50 (dd,
1H,J = 18.8,] = 8.4 Hz, H-168), 2.73 (t, 2H, = 7.1 Hz, NHCH,), 2.84-
2.91 (m, 2H, H-60, H-6B), 2.98-3.07 (m, 4H, PyrCH,CH,), 3.94
(t, 2H, J = 6.3 Hz, CH,0), 6.63 (d, 1H, ] = 2.8 Hz, H-4), 6.69 (dd, 1H,
J=8.4, J=2.8Hz, H-2), 7.13 (ddd, 1H, J=7.6, J=4.8, J=1.2Hz,
Hpyr-5), 7.16-7.19 (m, 2H, H-1, Hpy,-3), 7.60, (td, 1H, J=7.6,
J=1.6Hz, Hyy-4), 8.53 (ddd, 1H, J=4.8, J=1.6, ] = 0.8 Hz, H,,-6).
IR v (cm™") 3306, 1733, 1608, 1594, 1571, 1499. MS (ESI) m/z
447 [M+H]+. Anal. Calcd for CooH3gN,0,: C, 77.99; H, 8.58; N,
6.27. Found: C, 77.95; H, 8.67; N, 6.29%.

4.22. 3-(4-(Pyridin-2-ylmethylamino)butoxy)estra-1,3,5(10)-
trien-17g-ol (16a)

Compound 16a was prepared as a pale yellow oil from 8
according to the general procedure B using 2-(aminomethyl)
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pyridine. Yield: 84%, [o]p +40° (c 0.27). 'TH NMR (CDCl5) 6 0.77 (s,
3H, CHs), 1.94 (td, 1H, J=12.3, J=2.8 Hz, H-7B), 2.07-2.21 (m
2H, H-9, H-16a), 2.31 (m, 1H, H-11a), 2.74 (t, 2H, J=6.8 Hz,
NHCH,CH,), 2.78-2.90 (m, 2H, H-60, H-6p), 3.73 (t, 1H,
J=8.4Hz, H-17a), 3.93 (s, 2H, PyrCH,NH), 3.94 (t, 2H, | = 6.4 Hz,
CH,0), 6.61 (d, 1H, J=2.4Hz, H-4), 6.69 (dd, 1H, J=8.6,
J=2.4Hz, H-2), 7.15-7.20 (m, 2H, H-1, Hpy,-5), 7.31 (br d, 1H,
J=7.6Hz, Hy,-3), 7.64 (td, 1H, J=7.6, = 1.6 Hz, Hyy,-4), 8.55
(ddd, 1H, J=4.8, J=1.6, J=0.8 Hz, Hpy,-6). IR v (cm™') 3615,
3318, 1607, 1594, 1572, 1499. MS (ESI) m/z 435 [M+H]". Anal.
Caled for C,ygH3gN,0,: C, 77.38; H, 8.81; N, 6.45. Found: C,
77.35; H, 8.82; N, 6.41%.

4.23. 3-(4-(2-(Pyridin-2-yl)ethylamino)butoxy)estra-1,3,5(10)-
trien-17g-ol (16b)

Compound 16b was prepared as a pale yellow oil from 8 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 84%, [at]p +54° (c 0.26). 'TH NMR (CDCl3) 6 0.78 (s, 3H, CHs),
1.94 (td, 1H, J=12.3, j= 2.8 Hz, H-7p), 2.07-2.21 (m, 2H, H-9, H-
16a), 2.30 (m, 1H, H-11a), 2.71 (t, 2H, J=7.0 Hz, NHCH,CH,),
2.79-2.88 (m, 2H, H-6a, H-6B), 2.97-3.06 (m, 4H, PyrCH,CH),
3.73 (t, 1H, J=8.4 Hz, H-17a), 3.93 (t, 2H, J = 6.1 Hz, CH;0), 6.60
(d, 1H, J=2.6 Hz, H-4), 6.68 (dd, 1H, J= 8.4, J=2.6 Hz, H-2), 7.12
(ddd, 1H, J = 74] 49] 1.2 Hz, Hpy-5), 7.16-7.19 (m, 2H, H-1,

Hpy-3), 7.59 (1d, 1H, J=7.6, J=1.6Hz, Hpy,-4), 8.53 (ddd, 1H,
J=49, j=16, J=08Hz, Hpy-6). IR v (cm™') 3614, 3311, 1607,
1594, 1571, 1499. MS (ESI) m/z 449 [M+H]". Anal. Calcd for
Co9H4oN20,: C, 77.64; H, 8.99; N, 6.24. Found: C, 77.59; H, 9.07;
N, 6.20%.

4.24. 3-(5-(Pyridin-2-ylmethylamino)pentoxy)estra-1,3,5(10)-
trien-17-one (17a)

Compound 17a was prepared as a pale yellow oil from 9 accord-
ing to the general procedure B using 2-(aminomethyl)pyridine.
Yield: 85%, [at]p +84° (¢ 0.21). "H NMR (CDCl5) 6 0.91 (s, 3H, CHs),
2.25 (m, 1H, H-9), 2.39 (m, 1H, H-11a), 2.50 (dd, 1H, J=19.1,
J=8.8Hz, H-16B), 2.69 (t, 2H, J=7.2 Hz, NHCH,CH,), 2.82-2.95
(m, 2H, H-60, H-6B), 3.92 (s, 2H, PyrCH,NH), 3.93 (t, 2H,
J=6.7Hz, CH,0), 6.63 (d, 1H, J = 2.6 Hz, H-4), 6.70 (dd, 1H, ] = 8.6,
j=2.6Hz, H-2), 7.15-7.20 (m, 2H, H-1, Hpy,-5), 7.30 (br d, 1H,
J=7.8Hz, Hpy-3), 7.64 (td, 1H, J=7.7, j=18Hz, Hpy-4), 8.57
(ddd, 1H, J=4.8, J=1.5, J=0.7Hz, Hyy-6). IR v (cm™!) 3318,
1733, 1608, 1593, 1572, 1499. MS (ESI) m/z 447 [M+H]*. Anal.
Calcd for C,gH3gN,0,: C, 77.99; H, 8.58; N, 6.27. Found: C, 80.01;
H, 8.63; N, 6.20%.

4.25. 3-(5-(2-(Pyridin-2-yl)ethylamino)pentoxy)estra-1,3,5(10)-
trien-17-one (17b)

Compound 17b was prepared as a pale yellow oil from 9 accord-
ing to the general procedure B using 2-(2-aminoethyl)pyridine.
Yield: 84%, [ot]p +76° (¢ 0.25). "H NMR (CDCls)  0.91 (s, 3H, CH3),
225 (m, 1H, H-9), 2.40 (m, 1H, H-11a), 2.50 (dd, 1H, J=18.7,
j=8.5Hz, H-16B), 2.68 (t, 2H, J = 6.9 Hz, NHCH,), 2.87-2.91 (m
2H, H-60, H-6B), 2.97-3.06 (m, 4H, PyrCH,CH,), 3.92 (t, 2H,
J=6.9 Hz, CH,0), 6.63 (d, 1H, J = 2.6 Hz, H-4), 6.70 (dd, 1H, ] = 8.6,
J=2.6Hz, H-2), 7.12 (dd, 1H, J = 7.5, j = 4.9 Hz, Hpy-5), 7.17-7.20
(m, 2H, H-1, Hpy-3), 7.60 (td, 1H, J=7.7, J= 1.8 Hz, prr-4) 8.53
(ddd, 1H, J=4.8, j=1.5, J=0.7Hz, Hp,-6). IR v (cm™ ') 3307,
1733, 1608, 1594, 1571, 1499. MS (ESI) m/z 461 [M+H]*. Anal.
Calcd for C3gH49N;0,: C, 78.22; H, 8.75; N, 6.08. Found: C, 78.16;
H, 8.81; N, 6.04%.

4.26. 3-(5-(Pyridin-2-ylmethylamino)pentoxy)estra-1,3,5(10)-
trien-17g-ol (18a)

Compound 18a was prepared as a pale yellow powder from 10
according to the general procedure B using 2-(aminomethyl)pyri-
dine. Yield: 82%, mp 112-114°C, [a]p +61° (c 0.24). '"H NMR
(CDCl3) 6 0.77 (s, 3H, CHs), 1.94 (td, 1H, J = 12.5, J = 3.4 Hz, H-78),
2.04-2.24 (m, 2H, H-9, H-16a), 2.31 (ddd, 1H, J=13.2, J=6.9,
J=3.9Hz, H-11a), 2.69 (t, 2H, J = 7.0 Hz, NHCH,CH,), 2.75-2.94
(m, 2H, H-6a, H-6B), 3.73 (t, 1H, J=8.5 Hz, H-17a), 3.91 (s, 2H,
PyrCH,NH), 3.92 (t, 2H, J=6.5 Hz, CH,0), 6.61 (d, 1H, J=2.6 Hz,
H-4), 6.69 (dd, 1H, J = 8.6, ] = 2.6 Hz, H-2), 7.11-7.20 (m, 2H, H-1,

Hpy:-5), 7.30 (br d, 1H, J=7.8 Hz, Hpy-3), 7.64 (td, 1H, J=7.7,
J=1.8Hz, Hyy-4), 8.55 (ddd, 1H, J=4.9, J=1.7, ] = 0.9 Hz, Hyy,-6).
IR v (cm™!) 3613, 3316, 1607, 1594, 1572, 1499. MS (ESI) m/z
449 [M+H]". Anal. Calcd for CygH4oN,0,: C, 77.64; H, 8.99; N,
6.24. Found: C, 77.58; H, 9.06; N, 6.19%.

4.27. 3-(5-(2-(Pyridin-2-yl)ethylamino)pentoxy)estra-1,3,5(10)-
trien-17g-ol (18b)

Compound 18b was prepared as a pale yellow oil from 10
according to the general procedure B using 2-(2-aminoethyl)pyri-
dine. Yield: 83%, [a]p +49° (c 0.16). "TH NMR (CDCls) 6 0.78 (s, 3H,
CH3), 1.94 (td, 1H, J = 12.4, J = 3.2 Hz, H-7p), 2.07-2.21 (m, 2H, H-
9, H-1601), 2.31 (m, 1H, H-1101), 2.67 (t, 2H, J = 7.1 Hz, NHCH,CH>),
2.76-2.90 (m, 2H, H-60, H-6B), 2.94-3.08 (m, 4H, PyrCH,CH,), 3.73
(t, 1H,J = 8.5 Hz, H-17a), 3.91 (t, 2H, J = 6.5 Hz, CH,0), 6.61 (d, 1H,
J=2.6Hz, H-4),6,69 (dd, 1H, J = 8.6,] = 2.6 Hz, H-2), 7.12 (ddd, 1H,
J=J=75]=49,]= 0.9 Hz, Hpy-5), 7.16-7.20 (m, 2H, H-1, Hpy-3),
760 (td, 1H,J=7.7, /= 1.8 Hz, Hyy,-4), 8.53 (ddd, 1H, J = 49] 1.6,
Jj=0.8Hz, Hpy~6). IR v (cm™") 3613, 3306, 1607, 1594, 1571, 1499.
MS (ESI) m/z 463 [M+H]". Anal. Calcd for C3gH4,N»0,: C, 77.88; H,
9.15; N, 6.05. Found: C, 77.80; H, 9.22; N, 5.99%.

4.28. General procedure for the preparation of the platinum
complexes (C)

The solution of potassium tetrachloroplatinate (90 mg,
0.22 mmol) in DMF (2 mL) and distilled water (2 mL) were added
to a solution of steroidal ligand (0.22 mmol) in DMF (2 mL). The
resulting mixture was stirred in the dark for 3 days. Then, the sol-
vent was evaporated and the residue was stirred vigorously in a sat-
urated aqueous potassium chloride solution (5 mL) for 20 min. The
resulting suspension was filtered, washed with water, and dried in a
desiccator over phosphorus pentoxide for 1 day. All complexes were
prepared as precipitated off-white powder and due to sufficient
purity (according to elemental analysis) were not recrystallized.

4.29. cis-Dichloro[3-(2-(pyridin-2-ylmethylamino-
kN1,kN2)ethoxy)estra-1,3,5(10)-trien-17-one]platinum(II)
(19a)

Compound 19a was prepared from 11a according to the general
procedure C. Yield: 91%, mp 264-267 °C (decomp.), [ot]p +85° (¢
0.31, DMF). IR (KBr) v (cm™') 3143, 3113, 1739, 1612, 1593,
1573, 1499. MS (ESI) m/z 670, 671, 672 [M+H]", 691, 692, 693,
694, 695 [M+Na]". Anal. Calcd for CygH3,CI;N,0,Pt-H,0: C, 45.35;
H, 4.98; N, 4.07. Found: C, 45.29; H, 4.80; N, 4.05%.

4.30. cis-Dichloro[3-(2-(2-(pyridin-2-yl-kN)ethylamino-
kN)ethoxy)estra-1,3,5(10)-trien-17-one|platinum(II) (19b)

Compound 19b was prepared from 11b according to the general
procedure C. Yield: 89%, mp 268-272 °C (decomp.), [ot]p +65° (c
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0.11). "H NMR (CDCl5) 6 0.91 (s, 3H, CHs), 1.94-2.22 (m, 5H), 2.36
(m, 1H, H-11a), 2.51 (dd, 1H, ] = 18.8, j = 8.6 Hz, H-16p), 2.66 (dd,
1H, J = 20.6, j = 10.6 Hz), 2.73-2.93 (m, 2H), 3.02 (dd, 1H, J=15.3,
J=3.0Hz), 3.23 (m, 1H), 3.36 (m, 2H), 4.17 (m, 1H), 4.31 (t, 1H,
J=13.2 Hz), 4.90 (m, 1H), 6.37-6.43 (m, 2H), 6.65 (br s, 1H, NH),
6.99 (m, 1H), 7.24 (ddd, 1H, J=7.6, J=4.9, J=1.1 Hz), 7.31 (br d,
1H, J = 7.7 Hz), 7.70 (tdd, 1H, J= 7.7, j= 4.2, J = 1.5 Hz), 9.01 (ddd,
1H, J=11.0, j=6.0, J=1.0Hz). IR (KBr) v (cm!) 3166, 3127,
1739, 1610, 1574, 1538, 1498. MS (ESI) m/z 705, 706, 707, 708,
709 [M+Na]*. Anal. Calcd for C,;H34CI,N,0,Pt-H,0: C, 46.16; H,
5.16; N, 3.99. Found: C, 46.05; H, 5.01; N, 3.81%.

4.31 cis-Dichloro[3-(2-(pyridin-2-ylmethylamino-
kN1,kN2)ethoxy)estra-1,3,5(10)-trien-17p-ol]platinum(II) (20a)

Compound 20a was prepared from 12a according to the general
procedure C. Yield: 88%, mp 275-280 °C (decomp.), [o]p +55° (¢
0.17, DMF). IR (KBr) v (cm™') 3613, 3143, 3114, 1608, 1574,
1498. MS (ESI) m/z 693, 694, 695, 696, 697 [M+Na]*. Anal. Calcd
for Cy6H34CI;N,0,Pt-Hy0: C, 45.22; H, 5.25; N, 4.06. Found: C,
45.28; H, 5.28; N, 4.00%.

4.32. cis-Dichloro[3-(2-(2-(pyridin-2-yl-kN)ethylamino-
KkN)ethoxy)estra-1,3,5(10)-trien-17g-ol]platinum(II) (20b)

Compound 20b was prepared from 12b according to the general
procedure C. Yield: 88%, mp 179-182 °C, [at]p +43° (¢ 0.13). 'TH NMR
(CDCl5) & 0.78 (s, 3H, CH3), 1.87 (m, 1H), 1.95 (dt, 1H, J=12.2,
J=2.8Hz), 2.10-2.17 (m, 2H), 2.28 (m, 1H, H-1101), 2.62-2.84 (m,
3H), 3.01 (d, 1H, J=14.3 Hz), 3.16-3.45 (m, 3H), 3.73 (t, 1H,
J=8.4Hz, H-170), 4.16 (m, 1H), 4.33 (m, 1H), 4.95 (m, 1H), 6.32
(dd, 1H, J=10.6, J=2.6 Hz), 6.40 (td, 1H, J=9.1, j= 2.7 Hz), 6.74
(br s, 1H, NH), 6.95 (m, 1H), 7.06 (dd, 1H, J=8.6, = 1.6 Hz), 7.20
(d, 1H, J=7.8 Hz), 7.68 (m, 1H), 8.98 (ddd, 1H, J=11.0, = 6.0,
J=1.0Hz). IR v (cm™') 3613, 3241, 3144, 1610, 1573, 1488. MS
(ESI) m/z 707, 708, 709, 710, 711 [M+Na]’. Anal. Calcd for
Cy7H36CILN,0,Pt2H,0: C, 46.62; H, 5.36; N, 4.03. Found: C,
46.55; H, 5.42; N, 3.89%.

4.33. cis-Dichloro|3-(3-(pyridin-2-ylmethylamino-
kN1,kN2)propoxy)estra-1,3,5(10)-trien-17-one platinum(II)
(21a)

Compound 21a was prepared from 13a according to the general
procedure C. Yield: 86%, mp 170-172 °C, [at]p +56° (¢ 0.25, DMF). IR
(KBr) v (cm™") 3140, 3120, 1735, 1610, 1573, 1498. MS (ESI) m/z
684, 685, 686 [M+H]*, 705, 706, 707, 708, 709 [M+Na]". Anal. Calcd
for Cy7H34CI;N,0,Pt-H,0: C, 46.16; H, 5.16; N, 3.99. Found: C,
46.03; H, 5.29; N, 4.00%.

4.34. cis-Dichloro[3-(3-(2-(pyridin-2-yl-kN)ethylamino-
kN)propoxy)estra-1,3,5(10)-trien-17-one]platinum(II) (21b)

Compound 21b was prepared from 13b according to the general
procedure C. Yield: 91%, mp 154-156 °C, [a]p +51° (¢ 0.17). '"H NMR
(CDCl3) 6 0.90 (s, 3H, CH3), 1.90-2.25 (m, 7H), 2.29-2.41 (m, 2H),
2.50 (dd, 1H, J = 18.8, f = 8.6 Hz, H-16B), 2.85-2.89 (m, 2H), 2.98-
3.16 (m, 2H), 3.24-3.38 (m, 2H), 3.95-4.04 (m, 2H), 4.37 (t, 1H,
J=12.7Hz), 6.46 (m, 1H, NH), 6.58 (d, 1H, J=2.5 Hz), 6.64 (dd,
1H, J=8.6, f=2.7 Hz), 7.16 (d, 1H, J = 8.6 Hz), 7.26-7.29 (m, 2H),
7.83 (td, 1H, J=7.7, J=1.5Hz), 9.24 (m, 1H). IR v (cm™!) 3239,
3145, 1733, 1611, 1573, 1499, 1485. MS (ESI) m/z 719, 720, 721,
722, 723 [M+Na]". Anal. Calcd for C,gH36C2N,0,Pt-H,0: C, 46.93;
H, 5.34; N, 3.91. Found: C, 46.77; H, 5.39; N, 3.99%.

4.35. cis-Dichloro[3-(3-(pyridin-2-ylmethylamino-
kN1,kN2)propoxy)estra-1,3,5(10)-trien-17p-ol]platinum(II)
(22a)

Compound 22a was prepared from 14a according to the general
procedure C. Yield: 86%, mp 166-168 °C, [a]p +52° (¢ 0.14, DMF). IR
(KBr) v (cm™') 3481, 3324, 3116, 1609, 1573, 1498. MS (ESI) m/z
707, 708, 709, 710, 711 [M+Na]*. Anal. Calcd for Cy7H36CI;N,0,
Pt-H,0: C, 46.03; H, 5.44; N, 3.98. Found: C, 46.07; H, 5.30; N,
3.82%.

4.36. cis-Dichloro[3-(3-(2-(pyridin-2-yl-kN)ethylamino-
kN)propoxy)estra-1,3,5(10)-trien-17g-ol]platinum(II) (22b)

Compound 22b was prepared from 14b according to the general
procedure C. Yield: 87%, mp 150-152 °C, [a]p +61° (¢ 0.20). 'TH NMR
(CDCl3) 6 0.77 (s, 3H, CH3), 1.85 (m, 1H), 1.94 (dt, 1H, J=124,
J=3.0Hz), 1.99-2.21 (m, 4H), 2.26-2.39 (m, 2H), 2.77-2.84 (m,
2H), 3.04-3.11 (m, 2H), 3.26-3.36 (m, 2H), 3.72 (t, 1H, J=8.5 Hz,
H-17a), 3.94-4.03 (m, 2H), 4.34 (m, 1H), 6.42 (m, 1H, NH), 6.56
(d, 1H, J=2.6 Hz), 6.62 (dd, 1H, J=8.6, J=2.6 Hz), 7.16 (d, 1H,
J=8.6Hz), 7.25-7.29 (m, 2H), 7.82 (td, 1H, J= 7.7, f = 1.5 Hz), 9.23
(m, 1H). IR v (cm™") 3612, 3239, 3146, 1610, 1572, 1499, 1485.
MS (ESI) mjz 721, 722, 723, 724, 725 [M+Na]". Anal. Calcd for
CogH35ClLN,0,Pt-H,0: C, 46.80; H, 5.61; N, 3.90. Found: C, 46.75;
H, 5.60; N, 3.77%.

4.37. cis-Dichloro[3-(4-(pyridin-2-ylmethylamino-
kN1,kN2)butoxy)estra-1,3,5(10)-trien-17-one]platinum(II)
(23a)

Compound 23a was prepared from 15a according to the general
procedure C. Yield: 90%, mp 165-167 °C, [a]p +64° (¢ 0.15, DMF).
'H NMR (CDCl3) 6 0.90 (s, 3H, CH3), 1.79-1.89 (m, 3H), 1.91-2.27
(m, 6H), 2.37 (m, 1H, H-11a), 2.50 (dd, 1H, J=18.8, j=8.5 Hz,
H-168), 2.83-2.91 (m, 2H), 3.07 (m, 1H), 3.19 (m, 1H), 3.93 (t,
2H, J=5.5Hz), 4.00 (d, 1H, J=16.7 Hz), 5.31 (dt, 1H, J=11.8,
J=7.3Hz), 6.49 (m, 1H, NH), 6.61 (d, 1H, ] = 2.6 Hz), 6.66 (dd, 1H,
J=8.6,J=2.6Hz), 7.16-7.21 (m, 2H), 7.41 (d, 1H, J = 7.8 Hz), 7.90
(td, 1H, J=7.8, J=1.4Hz), 9.02 (m, 1H). IR (KBr) v (cm~') 3117,
1735, 1611, 1572, 1498. MS (ESI) m/z 698, 699, 700 [M+H]*, 719,
720, 721, 722, 723 [M+Na]’. Anal. Calcd for CygH36Cl;N,0,Pt: C,
48.14; H, 5.19; N, 4.01. Found: C, 48.27; H, 5.30; N, 3.95%.

4.38. cis-Dichloro[3-(4-(2-(pyridin-2-yl-kN)ethylamino-
kN)butoxy)estra-1,3,5(10)-trien-17-one]platinum(II) (23b)

Compound 23b was prepared from 15b according to the general
procedure C. Yield: 87%, mp 144-146 °C, [o]p +52° (¢ 0.28). '"H NMR
(CDCl3) 6 0.90 (s, 3H, CH3), 1.80 (pentet, 2H, J= 6.5 Hz), 1.93-2.19
(m, 6H), 2.24 (m, 1H), 2.38 (m, 1H, H-11a), 2.50 (dd, 1H, J=18.8,
J=85Hz, H-16p), 2.86-2.98 (m, 2H), 3.04 (dd, 1H, J=154,
J=2.6Hz), 3.15-3.29 (m, 2H), 3.91 (t, 2H, J=6.0Hz), 445 (m,
1H), 6.46 (m, 1H, NH), 6.59 (d, 1H, J=2.4Hz), 6.64 (dd, 1H,
J=8.5, j=2.6 Hz), 7.17 (d, 1H, ] = 8.6 Hz), 7.23-7.27 (m, 2H), 7.81
(td, 1H, J=7.7, J=1.4Hz), 9.23 (m, 1H). IR v (cm!) 3240, 3147,
1733, 1611, 1572, 1499, 1485. MS (ESI) m/z 733, 734, 735, 736,
737 [M+Na]". Anal. Calcd for C,gH3gCI,N,0,Pt-H,0: C, 47.67; H,
5.52; N, 3.83. Found: C, 47.77; H, 5.48; N, 3.68%.

4.39. cis-Dichloro[3-(4-(pyridin-2-ylmethylamino-kN1,kN2)
butoxy)estra-1,3,5(10)-trien-17g-ol]platinum(II) (24a)

Compound 24a was prepared from 16a according to the general
procedure C. Yield: 88%, mp 185-190 °C (decomp.), [ot]p +21° (c
0.21, DMF). IR (KBr) v (cm™!) 3465, 3158, 1609, 1574, 1499. MS
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(ESI) m/z 721, 722, 723, 724, 725 [M+Na]'. Anal. Calcd for
C,gH35CI,N,0,Pt: C, 48.00; H, 5.47; N, 4.00. Found: C, 47.89; H,
5.58; N, 3.88%.

4.40. cis-Dichloro[3-(4-(2-(pyridin-2-yl-kN)ethylamino-
kN)butoxy)estra-1,3,5(10)-trien-17p-ol]platinum(II) (24b)

Compound 24b was prepared from 16b according to the general
procedure C. Yield: 90%, mp 140-142 °C, [o]p +26° (¢ 0.16). "H NMR
(CDCl3) & 0.77 (s, 3H, CHs), 1.80 (pentet, 2H, J = 6.5 Hz), 1.87 (m,
1H), 1.94 (dt, 1H, J=12.2, f = 3.0 Hz), 2.02-2.20 (m, 4H), 2.30 (m,
1H, H-11a), 2.77-2.86 (m, 2H), 3.03 (dd, 1H, J=15.3, J= 2.9 Hz),
3.13-3.29 (m, 2H), 3.73 (t, 1H, J=8.4Hz, H-170), 3.90 (t, 2H,
J=6.0 Hz), 4.44 (m, 1H), 6.49 (m, 1H, NH), 6.56 (d, 1H, J = 2.6 Hz),
6.63 (dd, 1H, J=8.6, f= 2.6 Hz), 7.17 (d, 1H, J = 8.6 Hz), 7.23-7.26
(m, 2H), 7.80 (td, 1H, J=7.7, J=1.5Hz), 9.22 (dd, 1H, J=6.5,
j= 1.5Hz). IR v (cm™!) 3613, 3241, 3147, 1610, 1572, 1499, 1485.
MS (ESI) m/z 735, 736, 737, 738, 739 [M+Na]". Anal. Calcd for
Ca9H4oCIN,0,Pt: C, 48.74; H, 5.64; N, 3.92. Found: C, 48.59; H,
5.75; N, 3.81%.

4.41. cis-Dichloro[3-(5-(pyridin-2-ylmethylamino-
kN1,kN2)pentoxy)estra-1,3,5(10)-trien-17-one]platinum(II)
(25a)

Compound 25a was prepared from 17a according to the general
procedure C. Yield: 91%, mp 169-171 °C, [a]p +51° (¢ 0.13). 'TH NMR
(CDCl3) 5 0.90 (s, 3H, CHs), 1.91-2.18 (m, 6H), 2.25 (m, 1H), 2.38
(m, 1H, H-11a), 2.50 (dd, 1H, J=18.8, j=8.5 Hz, H-16B), 2.87-
2.94 (m, 2H), 3.02 (m, 1H), 3.14 (m, 2H), 3.90 (t, 2H, = 6.2 Hz),
3.98 (dd, 1H, J=16.7, j = 2.4 Hz), 5.35 (dd, 1H, J = 16.6, ] = 6.7 Hz),
6.44 (br s, 1H, NH), 6.62 (d, 1H, J = 2.6 Hz), 6.68 (dd, 1H, J = 8.5,
j=2.6Hz), 7.16-7.21 (m, 2H), 7.40 (d, 1H, J = 8.0 Hz), 7.90 (td, 1H,
J=78, J=1.4Hz), 9.03 (dd, 1H, J=5.9, J=0.7Hz). IR v (cm™")
3146, 1733, 1609, 1573, 1499. MS (ESI) m/z 712, 713, 714
[M+H]*, 733, 734, 735, 736, 737 [M+Na]". Anal. Calcd for
C9H35CI,N,0,Pt: C, 48.88; H, 5.37; N, 3.93. Found: C, 48.77; H,
5.46; N, 3.88%.

4.42. cis-Dichloro[3-(5-(2-(pyridin-2-yl-kN)ethylamino-
kN)pentoxy)estra-1,3,5(10)-trien-17-one]platinum(II) (25b)

Compound 25b was prepared from 17b according to the general
procedure C. Yield: 88%, mp 132-134 °C, [a]p +53° (¢ 0.13). '"H NMR
(CDCl3) § 0.90 (s, 3H, CH3), 1.89-2.18 (m, 6H), 2.24 (m, 1H), 2.38
(m, 1H, H-11a), 2.50 (dd, 1H, J=18.8, j=8.5 Hz, H-16B), 2.86-
2.94 (m, 2H), 3.03 (dd, 1H, J=15.3, f = 2.8 Hz), 3.15 (m, 1H), 3.25
(m, 1H), 3.89 (t, 2H, J=6.1 Hz), 4.47 (m, 1H), 6.46 (m, 1H, NH),
6.60 (d, 1H, J=2.5Hz), 6.66 (dd, 1H, J=8.5, j=2.5Hz), 7.17 (d,
1H, J = 8.5 Hz), 7.23-7.27 (m, 2H), 7.80 (td, 1H, J= 7.7, J= 1.5 Hz),
9.23 (d, 1H, J=5.7 Hz). IR v (cm™ ') 3242, 3148, 1733, 1611, 1572,
1499, 1485. MS (ESI) m/z 747, 748, 749, 750, 751 [M+Na]*. Anal.
Calcd for C3oH40CI,N,0,Pt-2H,0: C, 47.24; H, 5.82; N, 3.67. Found:
C, 47.37; H, 5.72; N, 3.50%.

4.43. cis-Dichloro[3-(5-(pyridin-2-ylmethylamino-
kN1,kN2)pentoxy)estra-1,3,5(10)-trien-17p-ol]platinum(II)
(26a)

Compound 26a was prepared from 18a according to the general
procedure C. Yield: 88%, mp 208-212 °C (decomp.), [ot]p +28° (c
0.18, DMF). "H NMR (MeOD with addition of CHCl3) 6 0.77 (s, 3H,
CHs), 1.88 (m, 1H), 1.96 (dt, 1H, J=12.2, j = 3.0 Hz), 1.98-2.10 (m,
2H), 2.18 (m, 1H), 2.30 (m, 1H, H-11a), 2.84 (m, 2H), 2.91 (m,
1H), 3.01 (m, 1H), 3.69 (t, 1H, J= 8.6 Hz, H-17a), 3.84 (br s, 1H,

NH,), 3.92 (t, 2H, J=6.2 Hz), 4.01 (d, 1H, J=16.4 Hz), 4.75 (d, 1H,
J=16.4Hz), 6.60 (d, 1H, J=2.8Hz), 6.67 (dd, 1H, J=8.6,
J=2.8Hz), 7.19 (d, 1H, J= 8.6 Hz), 7.34 (t, 1H, J = 6.6 Hz), 7.49 (d,
1H, J=7.8Hz), 8.00 (td, 1H, J=7.8, J=1.6Hz), 9.14 (dd, 1H,
J=5.9, j=16Hz). IR (KBr) v (cm™!) 3506, 3153, 1612, 1572,
1498. MS (ESI) m/z 714, 715, 716 [M+H]", 735, 736, 737, 738, 739
[M+Na]*. Anal. Calcd for C9H40CI,N,0,Pt-2H,0: C, 46.40; H, 5.91;
N, 3.73. Found: C, 46.52; H, 5.83; N, 3.80%.

4.44. cis-Dichloro[3-(5-(2-(pyridin-2-yl-kN)ethylamino-
kN)pentoxy)estra-1,3,5(10)-trien-17p-ol]platinum(II) (26b)

Compound 26b was prepared from 18b according to the general
procedure C. Yield: 86%, mp 128-130 °C, [at]p +20° (¢ 0.18). TH NMR
(CDCl3) 6 0.77 (s, 3H, CH3), 1.83-1.97 (m, 3H), 2.02-2.20 (m, 3H),
2.30 (m, 1H, H-11a), 2.77-2.94 (m, 3H), 3.04 (dd, 1H, J=15.2,
J=3.0Hz), 3.11 (m, 1H), 3.25 (m, 1H), 3.73 (t, 1H, J=8.5 Hz, H-
17a), 3.88 (t, 2H, J=6.2 Hz), 4.48 (m, 1H), 6.52 (m, 1H, NH), 6.58
(d, 1H, J=2.6 Hz), 6.65 (dd, 1H, J=8.6, j=2.6 Hz), 7.17 (d, 1H,
J=8.6Hz), 7.23-7.26 (m, 2H), 7.80 (td, 1H, = 7.7, f = 1.5 Hz), 9.22
(dd, 1H, J=6.5, J=1.4Hz). IR v (cm™!) 3613, 3242, 3148, 1610,
1572, 1499, 1485. MS (ESI) m/z 728, 729, 730 [M+H]*, 749, 750,
751, 752, 753 [M+Na]+. Anal. Calcd for C30H42C12N202Pt~H201 C,
48.26; H, 5.94; N, 3.75. Found: C, 48.12; H, 5.99; N, 3.71%.

4.45. Evaluation of the platinum(Il) complexes stability in
DMEM

The platinum complex 25a (1 mg) was dissolved in 0.5 mL of
dimethylformamide (DMF) followed by the addition of 1.5 mL of
Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma, MO, USA)
supplemented with 10% of fetal calf serum, 2 mM of glutamine,
10,000 U of penicillin, and 10 mg/mL of streptomycin. This solution
was incubated at 37 °C. After the given time (3, 4, 5, 24, 48, and
72 h), a sample of the solution was taken and the purity and con-
centration of the platinum complex was assessed by HPLC (mobile
phase water/methanol; gradient elution: 20 min 100/0, 20-30 min
0/100; flow rate: 1 mL/min; detection: UV 300 nm). All of the frac-
tions were analyzed by MS (ESI). The same procedure was followed
for complex 25b.

4.46. In vitro studies

4.46.1. Cell culture

The stock solutions (10 mM) of the platinum complexes were
prepared by dissolving an appropriate quantity of each substance
in DMF (Sigma, MO, USA). Dulbecco’s modified Eagle’s medium
(DMEM), DMEM F12, RPMI 1640 medium, fetal bovine serum
(FBS), L-glutamine, penicillin and streptomycin were purchased
from Sigma (MO, USA). Calcein AM was obtained from Molecular
Probes (Invitrogen Corporation, CA, USA).

The screening cell lines (T-lymphoblastic leukemia cell line
CEM, human osteosarcoma cell line U-2 OS, estrogen dependent
human breast adenocarcinoma cell line MCF7 (ER+), estrogen
dependent human breast adenocarcinoma cell line—cultivated in
steroid free medium MCF7 AL (ER+), estrogen independent human
breast adenocarcinoma cell line MDA-MB-468 (ER-), an ERa (—)
and ERB (+) human breast ductal carcinoma cell line BT-474
(ER+), estrogen independent human breast ductal carcinoma BT-
549 (ER-) and human fibroblasts B]) were obtained from the
American Type Culture Collection (Manassas, VA, USA). The CEM
cells were cultured in RPMI 1640 medium (Sigma, MO, USA), sup-
plemented with 15% of heat-inactivated fetal bovine serum, 2 mM
of L-glutamine, 10,000 U of penicillin, and 10 mg/mL of streptomy-
cin. The MCF7 AL cells were cultured in DMEM F12 medium
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(Sigma, MO, USA), supplemented with 10% of heat-inactivated fetal
bovine serum, 2 mM of r-glutamine, 10,000 U of penicillin, and
10 mg/mL of streptomycin. The MDA-MB-468 were cultured in
DMEM medium (Sigma, MO, USA), supplemented with 10% of
heat-inactivated fetal bovine serum, 2 mM of L-glutamine, 1 mM
of sodium pyruvate, 15 mM of glucose, 10,000 U of penicillin and
10 mg/mL of streptomycin. All other cell lines were cultured in
DMEM medium (Sigma, MO, USA), supplemented with 10% heat-
inactivated fetal bovine serum, 2 mM L-glutamine, 10,000 U peni-
cillin and 10 mg/mL streptomycin. The cell lines were maintained
under standard cell culture conditions at 37 °C and 5% CO, in a
humid environment. The cells were subcultured two or three times
a week using the standard trypsinization procedure.

4.46.2. Cytotoxicity assay

The suspensions of the cell lines tested (ca. 1.0 x 10° cells/mL)
were placed in 96-well microtiter plates and after 3 h of stabiliza-
tion (time zero) the tested compounds were added (in four 20 pL
aliquots) in serially diluted concentrations in dimethylformamide
(DMF). The control cultures were treated with DMF alone, and
the final concentration of DMF in the incubation mixtures never
exceeded 0.6%. The compounds tested were typically evaluated at
six 3-fold dilutions, with the highest final concentration being gen-
erally 50 M (these conditions varied in a few cases, depending on
the compound). After a 72 h incubation, 100 pl Calcein AM solution
was added, and incubation continued for an additional hour. The
fluorescence of the viable cells was then quantified using a Fluoros-
kan Ascent instrument (Labsystems, Finland). The percentage of
surviving cells in each well was calculated by dividing the intensity
of the fluorescence signals from the exposed wells by the intensity
of signals from the control wells and multiplying the result by 100.
These ratios were then used to construct dose-response curves,
from which ICsy values and the concentrations of the respective
compounds that were lethal to 50% of the tumor cells, were calcu-
lated. Estrone and 17B-estradiol were used as controls.
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