Ferrocenyl hydroxytamoxifen: a prototype for a new range of oestradiol

receptor site-directed cytotoxics
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The synthesis of ferrocenyl hydroxytamoxifen 1, a
prototype for a new range of oestradiol receptor
site-directed cytotoxic compounds, and some preliminary
biochemical tests are reported.

Breast cancer, which affects one in nine women in the Western
world, is the most common type of malignancy and one of the
leading causes of death in this demographic group. Recent
papers indicate that this disease is now recognised as also a
serious threat in man with genetical predisposition.! Aromatase
inhibitors are well advanced as potential therapeutic agents?
while oestrone sulfatase inhibitors are promising novel weapons
against this type of disease.? Tamoxifen (TAM), a non-steroidal
anti-oestrogen, has been shown to provide effective treatment in
both pre- and post-menopausal women, at all stages of the
disease.* As its primary action is to halt the progress of the
tumour rather than to eradicate it, TAM must be used as part of
a long-term therapeutic strategy. Certain problems have been
linked to its use; in particular, patients tend to build up
resistance to the drug over time, and eventually may develop
TAM-stimulated tumours and endometrial cancers.> Research
aimed at finding new and effective anti-oestrogens, without the
disadvantages of TAM, are clearly of great importance.6

Given the fact that (Z)-4-hydroxytamoxifen (OH-TAM), with
its OH group enhancing recognition of the oestradiol receptor,
is the active metabolite of TAM, and the fact that ferrocene’s
first metabolite is the ferricinium ion, itself a proven anti-
tumour agent,” a synthetic method for (Z)-Fc-OH-TAM 1 or
related compounds would seem to be particularly advantageous.
It would provide a means for two effects to coexist within a
single molecule, and could lead to a range of compounds with
both anti-oestrogen and anti-tumour properties.

The synthesis of the (Z)- and (E)-isomers of ferrocenyl
hydroxytamoxifen, 1 and 2 respectively, requires a synthetic
strategy that takes into account the particular nature of ferrocene
chemistry. Scheme 1 shows the approach that was adopted. The
ethyl ester 3 was prepared following the literature method.8

The next transformation involved ethylating the «-carbon of
the ferrocene ring. This was best achieved by nucleophilic
attack of the anion, generated from the ethyl ester 3 by use of
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ButOK in Me,SO, or iodoethane. In order to avoid formation of
the disubstituted compound, iodoethane must be added rapidly
and hydrolysis must follow immediately. This gave ethyl
2-ethyl-2-ferrocenylacetate 4 in 47% yield. 1,1-Bis(4-methoxy-
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Scheme 1 Reagents and conditions: i, ButOK, Me,SO; ii, Etl; iii, 2
MeOCgH,Li; iv, H*/H,O; v, BBr;, CH,Cl,; vi, EtONa; vii,
Me,NCH,CH,Cl, HCI
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phenyl)-2-ferrocenyl-butene 5 was obtained in 63% yield by the
action of MeOCgH,Li on the ester 6.° Demethylation of §, using
3 equiv. of BBr3,10 gave 1,1-bis-(4-hydroxy-phenyl)-2-ferroce-
nyl-butene 6 in 79% yield.

The final step was to attach the basic chain onto one of the
two phenolic functions of compound 6. The action of sodium
ethoxide followed by that of 2-dimethylaminoethyl chloride
produced a mixture of the (Z)- and (£)-isomers, 1 and 2,
(50:50) plus a small quantity of the disubstituted compound
7

After investigating various approaches, we discovered a
simple and effective method to separate the diastereoisomers 1
and 2 by fractional crystallization using a 5:1 diethyl ether—
hexane mixture as a solvent.

The structures of 1 and 2 have been determined by
examination of the NMR spectra. 1 and 2 were identified,
respectively, as the (Z)- and (E)-isomer according to the fact that
the aromatic ring located between the ferrocenyl and the second
aromatic ring is subjected to a shielding effect. For example, in
the case of the C¢H4OH ring, the values change from & 6.97 and
6.71 in the case of compound 1, to & 6.80 and 6.63 in the case
of compound 2.

The Relative Binding Affinity (RBA) for the oestradiol
receptor was measured for the (Z)- and (E)-isomers of
FcOHTAM 1 and 2, as well as for (Z)-OHTAM and the (Z + E)
OHTAM mixture. In order to minimize the isomerization
caused by the alcohol, stock solutions of the compounds to be
tested were made in Me,SO (final concentration of Me,SO in
the biological medium: 5%). The RBA values obtained are
reported in Table 1.

The relative recognition of the ferrocene compounds by the
oestradiol receptor is good for both compounds but superior for
the (Z)-compound. Better recognition of the (Z)-isomer is also
observed in the tamoxifen series.!2 The presence of a ferrocene
group, which is bulkier than a phenyl group, explains the
difference in affinity between 1 and OHTAM.

These high RBA values encouraged us to make a preliminary
test of cytotoxicity for these complexes. This was performed on
a human cell line derived from a breast cancer and possessing
oestradiol receptor sites (MCF7 ATCC). These cells are a
classic model for study of oestrogen derivatives.!> The
inhibitory values (ICsg), corresponding to the molar amount of
the compound required to destroy 50% of the cells, are 3.4 and
4.9 umol dm—3 for 1 and 2 respectively. Tamoxifen under the
same conditions has an ICsg of 6.4 umol dm—3.

Furthermore, recently a new assay called 3D (damaged DNA
detecton) has been published that permits a quick and easy
assessment of DNA damage induced by genotoxic com-
pounds.!4 The preliminary results show a dramatic difference
between 1, the mixture of 1 and 2 and tamoxifen as a control.
While the ferrocenic molecules exhibit a clear genotoxic
activity at micromolar concentrations, tamoxifen does not
present, as expected, any effect under the same conditions.!>

Table 1 Relative binding affinity (RBA) of the compounds for the
oestradiol receptor?

Compound RBA (%) Compound RBA (%)
Qestradiol 1002
(2)-OHTAM 107 (Z)-FcCOHTAM 1 40

(Z) + E)-OHTAM 38.5 (E)-FcOHTAM 2 12

2 The RBAs for the estrogen receptor were determined in a competition
radioreceptor binding assay using lamb uterine cytosol as a source of
receptor, [3H]oestradiol as a tracer and an incubation period of 3 h at 0 °C.11
® Value by definition.
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The new FcOHTAM series has thus been shown to have a
better cytotoxic effect than TAM due to the presence of the
ferrocenyl group but the persistence of the antagonist effect in
1 remains unchecked. This very encouraging result suggests
that complementary studies, at the biochemical level as well as
in terms of new syntheses, are clearly warranted.
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t Spectroscopic data of 1 and 2. For 1: 'H NMR (200 MHz, Me,SO-[2Hg])
5 9.34 (s, 1 H, OH), 6.97 and 6.71 (dd, 4 H, J 8.7 Hz, Cs¢H4-OH), 6.89 and
6.80 (dd, 4 H, J 8.5 Hz, CcsH4,0OCHy), 4.11 (s, 5 H, CsHs), 4.07 (m, 2 H,
CsHa), 3.99 (t, 2 H, J 6.0 Hz, OCH,), 3.80 (m, 2 H, CsHy), 2.60 (t, 2 H, J
6.0 Hz, NCHy), 2.49 (partially obscured by signals from Me,SO, 2 H,
CH,CHs), 2.20 (s, 6 H, NMe;), 0.98 (t, 3 H, J 7.3 Hz, CH,CH5). For 2. 'H
NMR (200 MHz, Me,SO-[2Hs] 6 9.29 (s, 1 H, OH), 7.08 and 6.89 (dd, 4 H,
J 8.5 Hz, CcH4OCHs), 6.80 and 6.63 (dd, 4 H, J 8.4 Hz, C¢H,0H), 4.11 (s,
5H, CsHs),4.08 (m, 2 H, CsH,),4.03 (t, 2H,J 6.0 Hz, OCH;), 3.82 (m, 2 H,
CsHa), 2.64 (t, 2 H, J 6.0 Hz, NCHy), 2.49 (partially obscured by signals
from Me,SO, 2 H, CH,CH3s), 2.23 (s, 6 H, NMe), 0.98 (t, 3 H, J 7.3 Hz,
CH,CH>).
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