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Synthesis and preliminary in vitro biological activity of non-steroidal cytotoxic
estrogens designed for the treatment of breast cancer
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The development of resistance to endocrine therapy as well as chemotherapy is presently a major problem in the treatment
of breast cancer. To minimize this obstacle, new, more selective and potent, chemotherapeutic agents should be de-
signed. One way to improve selectivity is to link a cytotoxic moiety to a molecule possessing an affinity to the estrogen
receptor (ER). The latter would be used to direct the cytotoxic portion of the molecule towards the target cells. Our ini-
tial approach led us to the synthesis of new triphenylethylene—platinum(Ii) complexes la—c. The commercially avail-
able desoxyanisoin (10) was efficiently transformed in seven steps into the platinum(II) complexes 1la—c with an overall
yield exceeding 30%. The biological activity of compounds la~c was evaluated in vitro on ER+ and ER— human breast
tumor cell lines: MCF-7 and MDA-MD-231.

G. BEruUBE, P. WHEELER, C.H.J. FOrRD, M. GALLANT et Z. TsaLtTas. Can. J. Chem. 71, 1327 (1993).

Le dévelopement de la résistance aux thérapies hormonales aussi bien qu'a la chimiothérapie est présentement un
probléme majeur dans le traitement du cancer du sein. De maniére & minimiser cet obstacle, de nouveaux agents chemo-
thérapeutiques plus selectifs et puissants devraient étre congus. Afin d’améliorer la sélectivité, il est possible de lier une
portion cytotoxique & une molécule possédant une affinité pour le récepteur de ’estrogéne (ER). Cette dernidre serait
utilisée pour diriger la portion cytotoxique de la molécule aux cellules cibles. Notre approche initiale nous a mené a la
synthése de complexes de triphényléthyléne—platine(Il) 1a—c. La désoxyanisoine (310) commerciale fut transformée, en
sept étapes, en complexes de platine(Il) 1a—c avec un rendement global excédent 30%. L activité biologique des com-
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posés la—c fut évaluée in vitro sur des cellules cancéreuses du sein : ER+ (MCF-7) et ER— (MDA-MD-231).

Introduction

Breast cancer is the most common form of cancer among
women in North America. In 1993, it is estimated that more
than 5000 women will die of this disease in Canada. Much
progress has been accomplished for the treatment and the
detection of this malady. Unfortunately, resistance to en-
docrine therapy as well as cytotoxic chemotherapy is still
considered one of the major obstacles to successful treat-
ment of breast cancer (1). Thus, many researchers are de-
veloping new drugs that are designed to overcome the
problem of drug resistance. An attractive solution to this
impediment is drug targeting. As we know, the aim of drug
targeting is to deliver drugs only to those sites needing
treatment; when this objective is met, not only the efficacy
of the treatment will be improved, but toxic side effects will
also be minimized (2). Therefore, we believe that new, more
selective and potent, chemotherapeutic agents should be de-
signed to rapidly eradicate the disease, preferably before any
sign of resistance occurs.

The concept of linking an anti-cancer agent to a ligand with
affinity for a tumor cell has some encouraging experimental
precedent. As early as the 1960s, researchers investigated the
possibility of linking nitrogen mustard groups to the steroi-
dal skeleton in order to induce cytotoxic effects on hor-
mone-dependent tumor cells (3). Since that time, several
compounds (steroids and others) have been linked to var-
ious alkylating agents, including nitrogen mustards (4), ni-

'Author to whom correspondence may be addressed. Present
address: Département de chimie, Université du Québec & Trois-
Rivieres, CP 500, Trois-Rivieres, QC G9A 5H7, Canada.

trosoureas (5), and platinum complexes (6). However, in the
early attempts, the cytotoxic moiety was often inappro-
priately linked to the estrogenic portion at the binding sites
of the molecules, i.e., carbon 3 or 17 (steroid numbering,
3, Scheme 1). This resulted in an inefficient interaction with
the ER, and consequently a low biological activity. More
recently, compounds 5 and 6, synthesized in Germany (7,
8), showed very promising biological activities. The plati-
num complex 5 was found to be more potent than the parent
drug cisplatin (2) and was selective on hormone-dependent
breast cancer in vivo (in vitro, no selectivity was shown (7)).
On the other hand, compound 6 showed selectivity on hor-
mone-dependent breast cancer in both situations, i.e., in vitro
and in vivo (8). In both cases, the exact mechanism(s) of
action remains to be elucidated.

The new derivatives 1la—c were synthesized on the struc-
tural basis of the steroidal antiestrogens ICI 164 384 (3) and
ICI 182 780 (4) recently described in the literature (9). Cy-
totoxic triphenylethylene with a long alkyl chain in the mid-
dle part of the molecule will, therefore, mimic the pure
antiestrogens ICI 164 384 and ICI 182 780 bearing a 7-« side
chain (see Scheme 1). This structural analogy should confer
upon the new platinum(Il) complexes both antiestrogenic and
cytotoxic activity. We wish to report the details of our ini-
tial effort towards the synthesis of such derivatives (10) as
well as their in vitro biological activity on MCF-7 (ER+) and
MDA-MD-231 (ER—) human breast cancer cell lines.

Results and discussion

Synthesis of platinum(Il) complexes
As shown in Scheme 3, three new (1,2-diaminoethane)
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dichloroplatinum(Il) complexes la—c were synthesized from
commercially available desoxyanisoin (10). Initially the ap-
propriate iodotetrahydropyranyl ethers were prepared. The
choice of the length of the starting bromoalcohol 7 with 6,
8, and 10 carbon atoms is important since it has been ob-
served that at least 6 carbon atoms are needed to give plati-
num derivatives such as compound 6 good estrogen receptor
binding activity (11). The high affinity of compound 6 was
possibly due to the interaction with an additional binding site
removed from the receptor (11). As illustrated in Scheme 2,
the alcohols 7a—c were protected as a tetrahydropyranyl ether
(12) to give compounds 8a—c, which, upon treatment with
sodium iodide in dry acetone, gave the iodotetrahydropyra-
nyl ethers 9a—c (95% average yield for the two steps).
Alkylation of desoxyanisoin (10) with the iodotetra-

hydropyranyl ethers 9a—c was achieved using sodium hy-
dride in tetrahydrofuran to give compounds 11a—c with an
average yield of 65% (98% taking in consideration the alkyl
iodide recovered, Scheme 3). Addition of an excess of
p-methoxyphenylmagnesium bromide to ketones 11a—c and
subsequent treatment of the crude tertiary alcohols with
pyridinium-p-toluenesulfonate in ethanol at reflux afforded
directly the triphenylethylene alcohols 12a—c¢ with an aver-
age yield of 90% as the result of dehydration of the tertiary
alcohol intermediates and simultaneous deprotection of the
tetrahydropyranyl ethers (12). With the desired triphenyl-
ethylenes in hand the following sequence of reactions are
simple functional group transformations. Initially, alcohols
12a—c were transformed to the bromides 13a—c (85% av-
erage yield) with carbon tetrabromide and triphenylphos-
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Reagents: (a) NaH, [-(CH,),-OTHP, THF, 25°C, 17 h, 65% (98%); (b} MeOCgH,MgBr, ether, 25°C, 17 h; (c¢) crude tertiary alochol,
ethanol, PPTS, reflux, 5 h, 90% from 11; (d) CBr,, PhsP, ether, 25°C, 24 h, 85%; (e) H,NCH,CH,NH,, methanol, reflux, 24 h, 95%
crude; (f) BBr;, CH,Cl,, -60°C to 25°C (15 h) to reflux (2 h); (g) K,PtCl,, DMF: H,0, 2 days, 60% from 14

SCHEME 3

phine in dry ether (13). The amines 14a—c were obtained with
an average yield of 95% by refluxing bromides 13a—c in the
presence of an excess of ethylenediamine in dry methanol
(11). Finally, demethylation with boron tribromide gave the
intermediate tris-phenols 15a—c¢, which, upon treatment with
potassium tetrachloroplatinate(ll) in a mixture of dimethyl-
formamide and water, led to the desired platinum(II) com-
plexes la—c (60% average yield for the two steps (11, 14,
15)).

In vitro antitumor activity

Two human breast tumor cell lines were chosen, based on
their estrogen receptor content, to evaluate the antitumor
activity of our new platinum(II) complexes (16). The “cy-
totoxic antiestrogens” (la = Pt-6, 1b = Pt-8, 1¢ = Pt-10)
were tested along with controls (vehicle, cisplatin = Cis-Pt,
tamoxifen = TAM) on both ER+, i.e., MCF-7, and ER—,
i.e., MDA-MD-231, human mammary carcinomas in order
to assess the potential selective anti-neoplastic effect on
hormone-dependent breast cancer. The antitumor activity was
evaluated with a colorimetric assay that uses the ability of

viable cells to reduce a soluble tetrazolium salt, 3(4,5-di-
methylthiazol)-2,5-diphenyltetrazolium bromide (MTT), into
an insoluble formazan precipitate (17). A recent report (18)
indicates that the MTT assay can be used to replace the [*H]-
uridine assay for chemosensitivity screening. The colori-
mefric assay has the advantages of being safer, less costly,
and simpler than the radiometric assay.

As shown by the MTT assays on human breast cancer cell
lines, the new compounds demonstrated similar activity on
either MCF-7 (ER+) or MDA-MD-231 (ER—) cells (see
Table 1). Interestingly, the longer the side chain, the better
the activity. This could be explained in the following fash-
ion: a more lipophilic compound (Pt-10) could theoretically
penetrate more easily the lipophilic cell membranes, there-
fore killing the cells more readily and (or), assuming an
identical rate of infiltration in the cells, a compound with a
longer chain could possibly alkylate DNA more efficiently
due to fewer steric interactions between the triphenylethyl-
ene moiety and DNA. These interesting biological results
also indicate that our new products are not selective to-
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TaBLE 1. Inhibitory concentration on breast tumor
cells®

MCF-7 (ER+) MDA-MD-231 (ER—)

ICso (M) ICso (M)
Cis-Pt 31 14
TAM 14 22
Pt-6 225 188
Pt-8 100 94
Pt-10 48 47

“ICs as obtained by the MTT assay (see Experimental).

wards ER+ human breast cancer cells. It is important to in-
dicate that the desired selectivity might be expressed more
clearly (and possibly only) in vivo as was demonstrated
previously for compound 5. The fact that these compounds
exhibit activity against both ER+ and ER— tumor cells may
have advantages in that selective accumulation in the ER+
tumor could quench any ER— tumor cells that are known to
spring up from the initial ER+ cells or destroy any ER— cells
already present in the original, and predominantly ER+,
tumor. This hypothesis will be further evaluated both in vitro
and in vivo in the future.

Three new platinum(Il) complexes have been synthe-
sized and tested for biological activity. The synthesis of this
type of compound is straightforward and efficient. The
strategy described could be used to synthesize other types of
DNA alkylating agents such as nitrogen mustards and nitro-
soureas. Work is in progress in our laboratory to synthesize
similar derivatives with improved biological activity.

Experimental
Synthesis of PYII) complexes

General procedures

Anhydrous reactions were performed under an inert atmo-
sphere, the setup assembled and cooled under dry nitrogen. Un-
less otherwise noted, starting material, reactant, and solvents were
obtained commercially and were used as such or purified and (or)
dried by standard means (19). Organic solutions were dried over
magnesium sulphate (MgSQ,), and evaporated on a rotatory evap-
orator and under reduced pressure. All reactions were monitored
by thin-layer chromatography (TLC). The plates were visualized
by UV fluorescence, or by staining with iodine or spraying with an
aqueous solution of phosphomolybdic acid followed by heating the
plate at ~135°C. Commercial TLC plates were Sigma T 6145
(polyester silica gel 60 A (0.25 mm)). Preparative TLC was per-
formed on 1 mm silica gel 60 A, 20 X 20 plates (Whatman, 4861
840). Flash chromatography was performed according to the method
of Still et al. (20) on Merck grade 60 silica gel, 230—400 mesh. All
solvents used in chromatography had been distilled. Melting points
(mp) were recorded on an Electrothermal 9100 apparatus and are
uncorrected. The infrared spectra (IR) were taken on a Nicolet
model 205 FT-IR spectrophotometer. Mass spectral assays (MS,
m/e) were obtained using a VG Micromass 7070 HS instrument
using an ionization energy of 70 eV. Elemental analyses were
conducted by Microanalysis Laboratories Limited, Markham,
Ontario. Nuclear magnetic resonance (NMR) spectra were ob-
tained in CDClI, solution, unless otherwise noted, on a General
Electric GE 300-NB (300 MHz) instrument: chemical shifts were
measured relative to internal standards: tetramethylsilane (TMS, 8
0.0 ppm) for 'H and CDCl, (8 77.0 ppm) for *C NMR. Multiplic-
ities are described by the following abbreviations: s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), dd (double doub-
let), tq (triple quartet), mm (multiple multiplets), and so on. The

NMR assignments were assisted by *C—'H correlation (HET-
CORR) 2-D spectra.

General procedure for conversion of bromoalcohols to
iodotetrahydropyranyl ethers

1-Tetrahydropyranyloxy-6-bromohexane (8a). A solution of
6-bromo-1-hexanol 7a (5.0 g, 27.6 mmol), dihydropyran (2.58 g
(2.8 mL), 30.6 mmol), and pyridinium p-toluenesulfonate (PPTS,
10 mg, 3.97 x 10~° mol) in dichloromethane (CH,Cl,, 50 mL) was
stirred for 5 h under nitrogen. Afterwards, sodium bicarbonate
(NaHCO,, 500 mg) and MgSO, (5.0 g) were added to the reaction
mixture and stirred 15 min before being filtered on a short pad of
Celite /silica gel (1 cm/4 cm) using CH,Cl, as eluent. The filtrate
was evaporated to a viscous oil 8a (7.16 g, 98%), which was used
without further purification in the next step. IR (neat): 1170—-1000
(C—O0), em™'. 'H NMR (3 ppm): 4.57 (1H, t apparent, J =
3.2 Hz, -OCHO-), 3.87, 3.74, 3.50, and 3.38 (4H, 4 X m,
-CH,OCHCH,-), 3.41 (2H, t, J = 6.7 Hz, -CH,Br), 1.3-2.0 (14H,
m, BrCH,-(CH,),-CH,O-THP). MS (m/e): 265 M* +1), 163 M*
—OTHP).

1-Tetrahydropyranyloxy-6-iodohexane (9a). To a solution of
crude bromide 8a (7.16 g, 27 mmol) in dry acetone was added so-
dium iodide (6.07 g, 40.5 mmol). The reaction mixture was stirred
at 25°C for 5 h. Then, most of the solvent was evaporated and the
residue was transferred to an extraction flask with ether (100 mL)
and water (100 mL). The organic phase was washed with water
(6 X 50 mL), dried, filtered, and concentrated to a viscous liquid.
The crude iodide 9a (8.26 g, 98%) was used as such at the alkyl-
ation step. IR (neat): 1170-1000 (C—O) cm™'. '"H NMR (3 ppm):
4.57 (1H, t apparent, J = 3.2 Hz, -OCHO-), 3.87, 3.74, 3.50, and
3.38 (4H, 4 X m, -CH,OCHOCH,-), 3.19 2H, t, J = 7.0 Hz,
-CH,l), 1.3-2.0 (14H, m, ICH,-(CH,),-CH,O-THP). MS (m/e):
311 (M* —H), 211 (M* —OTHP).

1-Tetrahydropyranyloxy-8-bromooctane (8b): 98% yield. IR
(neat): 1170—1000 (C—O) cm™'. '"H NMR (8 ppm): 4.58 (1H, t
apparent, J = 3.5 Hz, -OCHO-), 3.87, 3.73, 3.50, and 3.38 (4H,
4 X m, -CH,OCHOCH,-), 3.41 (2H, t, J = 6.8 Hz, -CH,Br), 1.2—
2.0 (18H, m, BrCH,-(CH,)s-CH,O-THP). MS (m/e): 293 (M* +1).

1-Tetrahydropyranyloxy-8-iodooctane (9b): 98% yield. IR (neat):
1170-1000 (C—O) cm™'. '"H NMR (3 ppm): 4.58 (1H, t appar-
ent, J = 3.5 Hz,-OCHO-), 3.87, 3.73, 3.50, and 3.38 (4H, 4 X
m, -CH,OCHOCH-), 3.19 (2H, t, J = 7.0 Hz, -CH,l), 1.2-2.0
(18H, m, ICH,~(CH,)s-CH,O-THP). MS (m/e): 339 (M* —H), 239
(M* —OTHP).

1-Tetrahydropyranyloxy-10-bromodecane (8c): 99% yield. IR
(neat): 1170-1000 (C—O) cm™'. '"H NMR (8 ppm): 4.58 (1H, t
apparent, J = 3.5 Hz, -OCHO-), 3.87, 3.73, 3.50, and 3.38 (4H,
4 X m, -CH,OCHOCH,-), 3.41 2H, t, J = 6.8 Hz, -CH,Br), 1.2—
2.0 (22H, m, BrCH,-(CH,),-CH,O-THP). MS (m/e): 321 (M* +1).

1-Tetrahydropyranyloxy-10-iododecane (9c): 98% yield. IR
(neat): 1170—1000 (C—O) cm™'. '"H NMR (3 ppm): 4.58 (1H, t
apparent, J = 3.5 Hz, -OCHO-), 3.87, 3.73, 3.50, and 3.38 (4H,
4 X m, -CH,OCHOCH,-), 3.19 (2H, t,J = 7.0 Hz, -CH,I), 1.2—
2.0 (22H, m, ICH,-(CH,)s-CH,O-THP). MS (m/e): 367 (M™ —H).

General procedure for conversion of desoxyanisoin to
triphenylethylene platinum(ll) complexes

A. Synthesis of 1,2-bis(4-methoxyphenyl)-X-tetrahydropyranyl-
oxy-alkylones 11a—c. To a stirred suspension of sodium hydride
(732 mg, 18.3 mmol, 60% dispersion in mineral oil) in dry tetra-
hydrofuran (THF, 150 mL) was added rapidly desoxyanisoin (10)
(4.47 g, 17.4 mmol). The reaction mixture was heated (50°C) with
a water bath for 1 h under a nitrogen atmosphere. After cooling,
the iodotetrahydropyranyl ether (18.3 mmol) was added dropwise
and the resulting mixture stirred overnight (17 h). Most of the sol-
vent was then evaporated and the residue was diluted with ether
(200 mL) and treated with water (50 mL). The ethereal phase was
washed thoroughly with water (6 X 50 mL), dried, and evapo-
rated to give an oil that was purified by flash chromatography
(hexane:acetone, 85:15). A viscous oil was obtained. The aver-



Can. J. Chem. Downloaded from www.nrcresearchpress.com by 141.114.238.19 on 11/09/14

For personal use only.

BERUBE ET AL. 1331

age yield was 65% (98% taking into account the alkyl iodide re-
covered).

1,2 - Bis(4 - methoxyphenyl) - 8 - tetrahydropyranyloxy - octanone
(11a): IR (neat): 1674 (C=0), 1599 (C=C), 1254 (C=0) cm™".
'H NMR (3 ppm): 7.95, 6.84 and 7.21, 6.80 (8H, 2 X two d,J =
8.88 and 8.66 Hz, 2 X para-substituted anisyl group), 4.55 (1H,
t,J = 3.45 Hz, -OCHO-), 4.44 (1H, t, J = 7.23 Hz, -CH-), 3.82
and 3.47 (2H, two m, -CH,OTHP), 3.70 and 3.34 (2H, two m,
-CHOCH,-), 3.77 and 3.71 (6H, two s, 2 X -OCH,), 2.20-1.10
(16H, br singlets, 8 X -CH,-). C NMR (8 ppm): 198.57, 162.97,
158.23, 132.03, 130.69(2), 129.69, 128.91(2), 113.98(2),
113.44(2), 98.62, 67.37, 62.13, 55.17, 54.93, 52.08, 33.83,
30.60, 29.50, 29.30, 27.47, 25.92, 25.32, 19.53. MS (m/e): 440
(M"), 356 (M* —DHP).

1,2 -Bis(4-methoxyphenyl) -10 - tetrahydropyranyloxy-decanone
(11b): IR (neat): 1674 (C=0), 1599 (C=C), 1255 (C—O0) cm™".
'H NMR (3 ppm): 7.95, 6.86 and 7.21, 6.81 (8H, 2 X two d, J =
8.87 and 8.62 Hz, 2 X para-substituted anisyl group), 4.56 (1H,
t,J = 3.45 Hz, -OCHO-), 4.44 (1H, t, J = 7.23 Hz, -CH-), 3.82
and 3.47 (2H, two m, -CH,OTHP), 3.70 and 3.35 (2H, two m,
-CHOCH,-), 3.81 and 3.74 (6H, two s, 2 X -OCHj3), 2.20-1.10
(20H, br singlets, 10 X -CH,-). >C NMR (8 ppm): 198.77, 163.07,
158.32, 132.20, 130.82(2), 129.84, 129.03(2), 114.09(2),
113.55(2), 98.75, 67.58, 62.26, 55.32, 55.10, 52.24, 33.98,
30.72, 29.65, 29.53, 29.33(2), 27.64, 26.14, 25.44, 19.64. MS
(m/e): no molecular ion, 384 (M™ —DHP).

1,2 - Bis(4 -methoxyphenyl)-12 - tetrahydropyranyloxy-dodecanone
(IIc): IR (neat): 1674 (C=0), 1599 (C=C), 1254 (C—O0) cm™".
'H NMR (3 ppm): 7.95, 6.87 and 7.21, 6.81 (8H, 2 X twod, J =
8.88 and 8.67 Hz, 2 X para-substituted anisyl group), 4.57 (1H,
t,J = 3.45 Hz, -OCHO-), 4.40 (1H, t, J = 7.23 Hz, -CH-), 3.82
and 3.47 (2H, two m, -CH,OTHP), 3.70 and 3.34 (2H, two m, -
CHOCH,-), 3.80 and 3.73 (6H, two s, 2 X -OCH,), 2.20-1.10
(24H, br singlets, 12 X -CH,-). >C NMR (3 ppm): 198.74, 163.04,
158.31, 132.18, 130.78(2), 129.82, 129.00(2), 114.05(2),
113.52(2), 98.73, 67.58, 62.24, 55.28, 55.04, 52.20, 33.97,
30.69, 29.65, 29.55, 29.44(2), 29.39(2), 27.61, 26.14, 25.42,
19.63. MS (m/e): no molecular ion, 412 (M* —DHP).

B. Synthesis of X,Y,Y-tris(4-methoxyphenyl)-X-alken-1-ols 12a—c.
A Grignard reagent was prepared from 460 mg (18.9 mmol) of
magnesium and 2.98 g (2 mL, 15.9 mmol) of 4-bromoanisole in
the presence of a crystal of iodine in 100 mL of dry ether. The
Grignard reagent was usually ready after stirring at room temper-
ature overnight (17 h), but sometimes required heating at reflux to
initiate the reaction. A solution of ketone 11 (3.0 mmol) in dry ether
was treated with the excess of Grignard reagent for 3 h under ni-
trogen at 25°C and was then hydrolysed with 50 mL of 10% aqueous
ammonium chloride. The ethereal phase was washed with water
(5 X 50 mL), dried, and evaporated to give the crude tertiary al-
cohol intermediate. The oily residue was dehydrated and depro-
tected in 100 mL of 95% ethanol in the presence of PPTS (100 mg,
0.34 mmol) at reflux for 2.5 h. After evaporation of the solvent,
the residue was taken with ether and extracted with water (5 X
50 mL), dried, and evaporated to an oil. Flash chromatography
(hexanes:acetone, 85:15) gave 12 in 90% average yield as a vis-
cous oil.

7,8,8-Tris(4-methoxyphenyl)-7-octen-1-o0l (12a): IR (neat): 3640—
3150 (OH), 1605 (C=C), 1242 (C—0), cm~'. '"H NMR (3 ppm):
7.13, 6.85 and 7.01, 6.69 and 6.78, 6.54 (12H, 3 X two d, J =
8.70, 8.70, and 8.78 Hz, 3 X para-substituted anisyl group), 3.78,
3.71,and 3.64 (9H, 3 X s, 3 X -OCHs), 3.51 (2H, t, J = 6.65 Hz,
-CH,0OH), 2.40 (2H, m, -C=CCH,-), 1.90 (1H, br s, -OH), 1.50-
1.10 (8H, m, -CH,-(CH,),-CH,-). "C NMR (3 ppm): 157.93,
157.48, 157.09, 139.06, 137.40, 136.34, 135.88, 134.88,
131.76(2), 130.46(4), 113.25(2), 113.11(2), 112.58(2), 62.61,
55.02, 54.88, 54.82, 35.69, 32.43, 29.35, 28.81, 25.25. MS (m/e):
446 (M), 359 M —C,H,,0OH).

9,10,10-Tris(4-methoxyphenyl)-9-decen-1-ol (12b): IR (neat):
3690—3150 (OH), 1605 (C=C), 1242 (C—O0) cm™'. "H NMR (3

ppm): 7.13, 6.87 and 7.02, 6.72 and 6.78, 6.55 (12H, 3 X two d,
J =8.70, 8.73, and 8.81 Hz, 3 X para-substituted anisyl group),
3.81,3.75, and 3.68 (9H, 3 X s, 3 X -OCH3y), 3.59 2H, t,J =
6.65 Hz, -CH,OH), 2.40 (2H, m, -C=CCH,-), 1.90 (1H, br s,
-OH), 1.60—1.10 (12H, m, -CH,-(CH,)s-CH,-). >C NMR (3 ppm):
158.02, 157.55, 157.22, 139.29, 137.42, 136.50, 136.03, 135.04,
131.87(2), 130.56(4), 113.34(2), 113.19(2), 112.67(2), 62.99,
55.16, 54.99(2), 35.82, 32.71, 29.59(2), 29.19, 28.91, 25.62. MS
(m/e): 474 (M"Y), 359 M* —~C,H,,OH).
11,12,12-Tris(4-methoxyphenyl)-11-dodecen-1-ol (12c): IR (neat):
3640-3150 (OH), 1605 (C=C), 1242 (C—0), cm'. 'HNMR (3
ppm): 7.13, 6.87 and 7.02, 6.70 and 6.78, 6.55 (12H, 3 X two d,
J = 8.70, 8.73, and 8.80 Hz, 3 X para-substituted anisyl group),
3.81, 3.74, and 3.67 (9H, 3 X s, 3 X -OCHj,), 3.62 2H, t,J =
6.65 Hz, -CH,OH), 2.40 (2H, m, -C=CCH,-), 1.80 (1H, br s,
-OH), 1.60—1.10 (16H, m, -CH,-(CH,)s-CH,-). ®C NMR (3 ppm):
157.92, 157.47, 157.12, 139.29, 137.32, 136.46, 136.02, 135.02,
131.84(2), 130.54(4), 113.28(2), 113.14(2), 112.63(2), 62.92,
55.10, 54.98, 54.92, 35.80, 32.62, 29.62, 29.45, 29.32(2), 29.19,
28.90, 25.63. MS (m/e): 502 (M*), 359 (M* —C,H,;OH).

C. Synthesis of 1-bromo-X,Y,Y-tris(4-methoxyphenyl)-X-al-
kenes 13a—c. A solution of alcohol 12 (5.83 mmol), carbon tetra-
bromide (7.73 g, 23.3 mmol), and triphenylphosphine (6.11 g,
23.3 mmol) in dry ether (250 mL) was stirred at room temperature
(25°C) for 20 h under a nitrogen atmosphere. The triphenylphos-
phine oxide precipitate was filtered and the resulting solution was
washed thoroughly with water (5 X 50 mL), dried, and evapo-
rated to an oil. The crude material was purified by flash chroma-
tography (hexanes:acetone, 95:5) to give the bromide 13 in 85%
average yield as a viscous oil.

1-Bromo-7,8,8-tris(4-methoxyphenyl)-7-octene (13a): IR (neat): -
1605 (C=C), 1242 (C—0O), cm . '"H NMR (3 ppm): 7.13, 6.86
and 7.02, 6.69 and 6.78, 6.54 (12H, 3 X two d, J = 8.67, 8.69,
and 8.74 Hz, 3 X para-substituted anisyl group), 3.79, 3.72, and
3.64 (9H, 3 X s, 3 X -OCH3,), 3.30 (2H, t, J = 6.84 Hz, -CH,Br),
2.41 2H, m, -C=CCH,-), 1.73 (2H, p, J = 7.20 Hz, -CH,CH,Br),
1.26 (6H, m, -CH,-(CH,),-CH,CH,Br). >C NMR (3 ppm): 158.02,
157.55, 157.19, 138.91, 137.55, 136.31, 135.83, 134.80,
131.77(2), 130.46(4), 113.29(2), 113.17(2), 112.61(2), 55.06,
54.91, 54.84, 35.62, 33.87, 32.53, 28.66(2), 27.72. MS (m/e):
508 (M™), 510 (M* +2), 359 (M* —CsH,(Br).

1-Bromo-9, 10, 10-tris(4-methoxyphenyl)-9-decene (13b): IR (neat):
1605 (C=C), 1242 (C—0), cm™'. '"H NMR (8 ppm): 7.13, 6.87
and 7.02, 6.71 and 6.77, 6.55 (12H, 3 X two d, J = 8.73, 8.79,
and 8.79 Hz, 3 X para-substituted anisyl group), 3.82, 3.76, and
3.69 (9H, 3 x s, 3 X -OCHa3), 3.37 (2H, t, J = 6.87 Hz, -CH,Br),
2.42 (2H, m, -C=CCH,-), 1.80 (2H, p, J = 7.35 Hz, -CH,CH,Br),
1.40-1.10 (10H, m, -CH,-(CH,)s-=CH,CH,Br). °C NMR (5 ppm):
158.05, 157.57, 157.21, 139.22, 137.46, 136.46, 136.01, 134.00,
131.87(2), 130.57(4), 113.33(2), 113.19(2), 112.67(2), 55.18,
55.04, 54.98, 35.80, 34.08, 32.74, 29.53, 29.02, 28.87, 28.56,
28.05. MS (m/e): 536 (M™), 538 M™ +2), 359 (M* —C;H,4Br).

1-Bromo-11,12,12-tris(4-methoxyphenyl)-11-dodecene (13c): IR
(neat): 1605 (C=C), 1242 (C—O0) cm~". 'H NMR (5 ppm): 7.13,
6.85 and 7.02, 6.69 and 6.78, 6.54 (12H, 3 X two d, J = 8.70,
8.77, and 8.84 Hz, 3 X para-substituted anisyl group), 3.78, 3.71,
and 3.64 (9H, 3 X s, 3 X -OCH,), 3.36 (2H, t, J = 6.86 Hz,
-CH,Br), 2.40 (2H, m, -C=CCH,-), 1.81 (2H, p, J = 7.35 Hz,
-CH,CH,Br), 1.40~1.10 (14H, m, -CH,-(CH,),-CH,CH,Br). °C
NMR (8 ppm): 157.98, 157.51, 157.14, 139.20, 137.36, 136.39,
135.95, 134.94, 131.80(2), 130.50(4), 113.24(2), 113.11(2),
112.60(2), 55.04, 54.89, 54.83, 35.78, 33.95, 32.68, 29.60,
29.28(2), 29.14, 28.88, 28.62, 28.05. MS (m/e): 564 (M™), 566
(M"* +2), 359 (M* —C,H §Br).

D. Synthesis of 1-[(2-aminoethyl)amino]-X,Y,Y-tris(4-methoxy-
phenyl)-X-alkenes 14a—c. Under a nitrogen atmosphere, ethyle-
nediamine (592 mg (658 L), 9.84 mmol) was added to a solution
of triphenylethylene bromide 13 (0.984 mmol) in 50 mL of dry
methanol. After boiling for 2 days under reflux (sometimes a longer
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reaction period is required), the solvent was evaporated. The re-
sulting residue was dissolved in ether (100 mL) and washed with
a solution of NaHCO; (30 mL, 5% aqueous) and with water (5 X
50 mL). The ethereal phase was dried and evaporated to a viscous
oil. The average yield was 75%.

I-[(2-Aminoethyl)amino]-7,8,8-tris(4-methoxyphenyl)-7-octene
(I4a): IR (neat): 3565-3130 (N—H), 1605 (C=C), 1242 (C—O0)
cm™'. "H NMR (8 ppm): 7.13, 6.85 and 7.01, 6.67 and 6.78, 6.52
(12H, 3 X two d, J = 8.28, 8.33, and 8.21 Hz, 3 X para-substi-
tuted anisyl group), 3.74, 3.64, and 3.59 (9H, 3 X s, 3 X -OCHjy),
2.75 (2H, br s, -CH,NH,), 2.61 (2H, br s, -CH,CH,NH,), 2.51
(2H, t, J = 7.0 Hz, -CH,NH-), 2.42 2H, t, J = 7.0 Hz,
-C=CCH,-), 2.29 (3H, brs, -NH and -NH,), 1.50-1.10 (8H, m,
-CH,-(CH,),-CH,-). “C NMR (8 ppm): 157.68, 157.21, 156.87,
138.76, 137.11, 136.00, 135.55, 134.53, 131.47(2), 130.16(4),
112.96(2), 112.82(2), 112.28(2), 54.66, 54.50, 54.44, 51.69,
49.32,41.02, 35.44, 29.49, 29.22, 28.56, 26.62. MS (m/e): 488
(M™), 458 (M* -CH,NH,), 445 (M* —CH,CH,NH).

1-[(2-Aminoethyl)amino]-9,10,10-tris (4- methoxyphenyl)- 9-de-
cene (14b): IR (neat): 3660-3130 (N—H), 1605 (C=C), 1242
(C—O0) cm™!. '"H NMR (8 ppm): 7.13, 6.86 and 7.02, 6.68 and
6.78, 6.53 (12H, 3 X two d, J = 8.32, 8.35, and 8.52 Hz, 3 X
para-substituted anisyl group), 3.95 (3H, br s, -NH and -NH,),
3.77, 3.70, and 3.63 (9H, 3 X s, 3 X -OCH3), 2.93 (2H, m,
-CH,NH,), 2.82 (2H, m, -CH,CH,NH,), 2.66 (2H, m, -CH,NH-),
2.40 (2H, m, -C=CCH,-), 1.60-1.10 (12H, m, -CH,-(CH,)s
CH,-). ®C NMR (8 ppm): 157.77, 157.30, 156.94, 138.95, 137.17,
136.15, 135.73, 134.70, 131.60(2), 130.29(4), 113.06(2),
112.95(2), 112.40(2), 54.85, 54.69, 54.64, 50.24, 48.85, 39.60,
35.58,29.38, 28.95(2), 28.69, 28.37, 26.84. MS (m/e): 516 (M*),
486 (M* -CH,NH,), 473 (M* —CH,CH,NH).

1-[(2 - Aminoethyl)amino J-11, 12, 12- tris(4- methoxyphenyl)-11 -
dodecene (14c): IR (neat): 3660—-3140 (N—H), 1605 (C=C), 1242
(C—0) cm™!, "H NMR (3 ppm): 7.13, 6.86 and 7.02, 6.70 and
6.78, 6.55 (12H, 3 X two d, J = 8.66, 8.70, and 8.80 Hz, 3 X
para-substituted anisyl group), 3.81, 3.74, and 3.67 (9H, 3 X s,
3 X -OCHjy), 2.80 (2H, t, J = 6.0 Hz, -CH,NH,), 2.66 (2H, t,
J = 6.0 Hz, -CH,CH,NH,), 2.59 (2H, t, J = 7.2 Hz, -CH,NH-),
2.40 2H, m, -C=CCH,-), 2.04 (3H, brs, -NH and -NH,), 1.50—
1.10 (16H, m, -CH,-(CH,)s-CH,-). >C NMR (8 ppm): 157.97,
157.49, 157.14, 139.26, 137.31, 136.42, 136.00, 134.99,
131.81(2), 130.51(4), 113.25(2), 113.12(2), 112.61(2), 55.08,
54.91(2), 52.32, 49.81, 41.55, 35.80, 30.02, 29.66, 29.46(3),
29.23, 28.92, 27.28. MS (m/e): 544 (M"), 514 (M" -CH,NH,),
501 (M™ —CH,CH,NH).

E. Synthesis of 1-[(2-aminoethyl)amino]-X,Y,Y-tris(4-hydroxy-
phenyl)-X-alkenes 15a—c. A solution of trimethyl ether 14 (0.665
mmol) in dry CH,Cl, (30 mL) was treated with a solution of boron
tribromide (2.33 mL (1 M), 2.33 mmol) at —60°C, under a nitro-
gen atmosphere. After the addition, the reaction mixture was al-
lowed to warm to room temperature (25°C) and was stirred for
17 h. The mixture was refluxed during 2 h. The reaction was cooled
with an ice bath before adding 15 mL of methanol. The resulting
solution was concentrated to 2—3 mL, treated with saturated
NaHCO; solution (30 mL), and extracted with ethyl acetate (5 X
30 mL). The crude yields range from 50 to 85%. Compounds 15a—c
were used without further purification in the next step.

F. Synthesis of 1-[cis-[(2-aminoethyl)amino]dichloroplatinum-
(11)]-X,Y,Y-tris(4-hydroxyphenyl)-X-alkenes Ia—c. A solution of
potassium tetrachloroplatinate(Il) (219 mg, 0.527 mmol) in 7.5 mL
of a mixture of dimethylformamide (DMF) and water (2:1) was
added to a warm (35°C) solution of diamine 15 (0.527 mmol) in
5 mL of DMF. The resulting mixture (pH 9—10) was stirred in the
dark for 2—3 days until the pH value reached 4—5. Then, 1 drop of
dimethyl sulfoxide was added and the stirring was continued for
2 h. The solvent was evaporated and the residue was suspended in
saturated potassium chloride solution (30 mL; note: a vigorous
stirring was essential to pulverized the lumps of platinum(II) com-
plex). The resulting suspension was filtered, washed with water

(100-250 mL), and dried in a desiccator. The product can be fur-
ther purified either by flash chromatography or by preparative TLC
(CH,Cl,: methanol, 9:1). The crude yields range from 70 to 95%.

I-[cis-[( 2-Aminoethyl) amino]dichloroplatinum(ll)]-7,8,8-tris (4-
hydroxyphenyl)-7-octene (1a): mp >148°C (dec.). IR (KBr): 3640—
3050 (N—H, O—H), 1605 (C=C), 1223 (C—O) cm™". '"H NMR
(acetone-dg, 8 ppm): 8.6—8.2 (3H, brs, 3 X -OH), 7.02, 6.83 and
6.94, 6.64 and 6.69, 6.48 (12H, 3 X two d, J = 8.57, 8.59, and
8.59 Hz, 3 X para-substituted phenol), 5.64, 5.08, and 4.97 (3H,
3 X brs, -NHCH,CH,NH,), 3.15 (6H, br s, -CH,NHCH,CH,NH,),
3.03 (2H, br s, -CH,CH,NH-), 2.80-2.55 (2H, br s, CH,CH,-
CH,NH-), 2.39 (2H, m, -C=CCH,-), 1.80-1.10 (4H, m, -C=
CCH,-(CH,),-). "C NMR (acetone-dg, & ppm): 156.70, 156.20,
155.88, 139.39, 138.78, 136.16, 135.93, 134.64, 132.55(2),
131.43(2), 131.26(2), 115.61(2), 115.44(2), 114.84(2), 56.11,
53.43, 47.67, 36.21, 27.58, 26.81. (N.B. 2 carbons are hidden by
acetone.) Anal. calcd. for Cp3H1,CLN,O,Pt: C 47.26, H4.78, N
3.94; found: C 47.52, H4.50, N 3.81.

1-[cis-[(2-Aminoethyl)aminoJdichloroplatinum(I1)]-9,10,10-tris(4-
hydroxyphenyl)-9-decene (Ib): mp >150°C (dec.). IR (KBr): 3700—
3000 (N—H, O—H), 1605 (C==C), 1223 (C—O0) cm"". 'H NMR
(acetone-ds, & ppm): 8.53, 8.39, and 8.32 (3H, 3 X brs, 3 X -OH),
7.02, 6.83 and 6.94, 6.64 and 6.69, 6.48 (12H, 3 X two d, J =
8.50, 8.60, and 8.64 Hz, 3 X para-substituted phenol), 5.75, 5.19,
and 5.05 (3H, 3 X br s, -NHCH,CH,NH,), 3.24 (6H, br s,
-CH,NHCH,CH,NH,), 3.08 (2H, br s, -CH,CH,NH-), 2.73 (2H,
br s, -CH,CH,CH,NH-), 2.39 (2H, m, -C=CCH,-), 1.80-1.10
(8H, m, -C=CCH,~(CH,),-). '*C NMR (acetone-ds, & ppm):
156.01, 155.62, 155.20, 138.87, 138.10, 135.54, 135.25, 134.03,
131.88(2), 130.71(2), 130.58(2), 114.91(2), 114.76(2), 114.15(2),
55.43, 52.90, 46.99, 35.69, 27.12, 26.54. (N.B. 4 carbons are
hidden by acetone.) Anal. calcd. for C;3H;,CLN,O,Pt: C 48.71,
H 5.14, N 3.79; found: C 48.82, H 5.14, N 3.68.

1-[cis-[(2 - Aminoethyl)amino]dichloroplatinum(II)]-11,12,12-
tris(4-hydroxyphenyl)-11-dodecene (Ic): mp >150°C (dec.). IR
(KBr): 3775-3050 (N—H, O—H), 1605 (C=C), 1223 (C—0)
em™!. '"H NMR (3 ppm): 8.53, 8.39, and 8.32 (3H, 3 X s, 3 X
-OH), 7.02, 6.81 and 6.93, 6.63 and 6.69, 6.48 (12H, 3 X two d,
J = 8.51, 8.62, and 8.65 Hz, 3 X para-substituted phenol), 5.72,
5.11, and 4.98 (3H, 3 X br s, -NHCH,CH,NH,), 3.14 (6H, br s,
-CH,NHCH,CH,NH,), 3.05 (2H, br s, -CH,CH,NH-), 2.72 (2H,
br s, -CH,CH,CH,NH-), 2.39 (2H, m, -C=CCH,-), 1.80-1.10
(12H, m, -C=CCH,-(CH,)s-). *C NMR (acetone-ds, d ppm):
156.72, 156.23, 155.88, 139.59, 138.70, 136.23, 135.63, 134.70,
132.58(2), 131.39(2), 131.27(2), 115.52(2), 115.40(2), 114.89,
114.84, 56.13, 53.51, 47.82, 36.43, 27.82, 27.26. (N.B. 6 car-
bons are hidden by acetone.) Anal. calcd. for Cs;,H,>CI,N,O4Pt: C
50.20, H 5.49, N 3.66; found: C 50.53, H 5.62, N 3.70.

In vitro antitumor activity

Microcytostasis assay

MTT was dissolved in phosphate-buffered saline (PBS) at a
concentration of 5 mg/mL and stored in a dark environment at 4°C
for a maximum of 3 weeks. Cell lines were grown until they were
subconfluent, then trypsinized, washed in PBS, and resugpended
in fresh media. A total of 100 pL medium containing 10" viable
cells was plated per well into 96-well microtitre plates. Cells were
allowed to attach to the plates for 24 h at 37°C in a 5% CO,
atmosphere. The new drugs were dissolved in 0.25 mL of
95% ethanol and 4.75 mL of fresh media to a concentration of
1000 pm. Drug dilutions were prepared in culture medium (range
1-1000 psm). Medium was removed from the cells and test dilu-
tions were added in 100 pm fresh medium. Tests were carried out
with 10 control wells (cells, no drug treatment) and 3 wells for each
test dilution. Cells were exposed to the drug for 24 h at 37°C in 5%
CO,. Medium was removed and the cells were washed three times
with sterile PBS. Next, 100 pL fresh medium was added to each
well, followed by a 24 h recovery period. Subsequently, the me-
dium was aspirated from each well and 100 pL 1:10 dilution of
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MTT stock (5 mg/mL) was added to each well, followed by a4 h
incubation period at 37°C. MTT/medium blank controls with no
cells also received 100 pM MTT /well. After incubation, medium
was aspirated from each well, 100 pL DMSO was added per well,
and the plates were agitated on a plate shaker for 20 min at room
temperature (RT). The plates were read spectrophotometrically
using a dual wavelength filter (570 and 630 nm) with a BIO-Tek
EL310 E1A reader interfaced with a Samsung Deskmaster 386
microcomputer. Absorbance at 630 nm was used as the reference
wavelength for detecting artefacts in the plastic plates and was
subtracted from the 570 nm values. Wells with medium only (no
cells) were processed in exactly the same manner as the rest of the
plate, and the mean absorbance for these wells was subtracted from
the absorbance values in the other wells.
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