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A route to the organometallic complex 8 is described, along
with a study of its antiproliferative effects on breast cancer
cell lines; in the examples studied, 8 behaves in a very similar
manner to tamoxifen, suggesting new possibilities for
applications in organometallic chemistry.

Tamoxifen 1 and its active metabolite, 4-hydroxytamoxifen 2
(Scheme 1) have been the subject of numerous studies owing to
their efficacy in breast cancer treatment.1,2 Currently however,
substitutes are being sought in order to obviate the effects of
resistance build up, as well as to improve the therapeutic
effectiveness of the current treatments.3,4 Our study is an
attempt to potentiate the effects of these medications by
introducing an organometallic-type modification to the base
skeleton. Some organometallic complexes have in fact proven
to be of interest either as antitumour agents, as in the case of the
metallocenes of Fe and Ti,5,6 or as radiopharmaceuticals, for
example certain isotopes of Tc and Re.7,8 If the organometallic
moiety could be incorporated into this molecule while still
preserving its character as an anti-oestrogen vector, this would
provide a route to new products of added interest in a variety of
applications. The question of preservation of antagonist activity
is not an idle concern; we have shown that merely substituting
the phenyl in the b position in 2 with a ferrocenyl group in 3
resulted in a significant drop in anti-oestrogenic effects in vitro
on breast cancer cell lines, as well as in vivo, in nude mice.9,10

Here we show that by attaching to the diphenylethylene
skeleton a moiety of Re(I), in the form of cyclopentadienyl
Re(CO)3, small in size and difficult to oxidize, we obtain an
anti-oestrogenic organometallic complex comparable to
hydroxytamoxifen 2 but with the added advantage, owing to the
presence of the metal Re, of allowing access to a new type of
radiopharmaceutical compounds of 99mTc, 186Re or 188Re.

Compound 8 is prepared as shown in Scheme 2 starting from
dihydroxybenzophenone 4 and the (h5-C5H4COEt)Re(CO)3
complex 6, itself prepared by a Friedel–Crafts reaction between
cyclopentadienyl rhenium tricarbonyl and propionyl chloride.
The aromatic ketone 4 is first reacted with KH, to give the
potassium salt, which reacts with dibromobutane. The mono-

brominated compound 5 is obtained in 35% yield. A McMurry
cross-coupling reaction11,12 between 5 and the organometallic
compound 6 in the presence of TiCl4 and Zn in THF under
reflux gives 7 in 62% yield, and the latter when heated with
dimethylamine in an autoclave produces 8 (Z + E) in a yield of
64%.† Separation of the isomers 8Z and 8E was done by reverse
phase preparative HPLC. Identification of the isomers was
ascertained by NOE NMR on the E isomer (effect between the
protons CH3-CH2 and C6H4-O(CH2)4N(CH3)2, as well as
between h5-C5H4–Re(CO)3 and C6H4-OH). In contrast to what
is observed in the ferrocene series, no rapid interconversion was
noticed between 8Z and 8E, then showing a similarity of the
rhenium derivatives with tamoxifen.

The relative binding affinity values (RBA) of 8 were
measured for the mixture (Z + E) and for the individual isomers
Z and E on the two oestrogen receptor subtypes ERa and ERb
using a competitive radiometric binding assay, with tritium-
labeled oestradiol as tracer and protamine sulfate precipitation
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of the bound fraction of the tracer.13 ERa was prepared from
sheep uterus and ERb, expressed in baculovirus, was obtained
commercially from PanVera. The RBA values (mean of 2 or 3
experiments) found at 0 °C for 8 on ERa are 8% for the mixture
8 (Z + E), 7.4% for 8Z and 5.2% for 8E, thus showing only a
slight difference between the two isomers. In contrast, the RBA
value obtained for ERb is higher with 8Z (17.8%) than for the
mixture 8 (Z + E) (6%) or the E isomer 8E (5.6%). However it
is important to notice that ERb is a purified receptor devoid of
the effectors naturally present in the receptor alpha preparation
obtained from sheep. Nevertheless the affinity for both ERa and
ERb are still satisfactory even if these RBA values are lower
than the values found for 2 (Z + E) on ERa (38.5%) and ERb
(20%). This decrease probably reflects the greater steric
crowding of (h5-C5H4)Re(CO)3 in 8 relative to the phenyl group
in 2.

We studied the agonist–antagonist effect of compound 8 (Z +
E) on cell lines derived from breast cancer tumours (MVLN,
MDA-MB231) (Table 1). In the MVLN line recently developed
by Pons14 it has been shown that the expression of the luciferase
gene is proportional to the oestrogenic effect of the product
tested. It contains a high level of ERa while the MDA-MB231
line does not contain any. In these tests, the control value is set
by definition at 100%. For any given product, a value above
100% indicates an oestrogenic effect, and a value below 100%
an anti-oestrogenic effect. As usual oestradiol is used as the
reference for oestrogens and hydroxytamoxifen 2 (Z + E) for
anti-oestrogens. The results obtained with MVLN cells show
that the Re complex 8 behaves as an anti-oestrogen with almost
identical efficacy as 2. The observed effect with 8 is certainly
hormonally based, since it is abolished by addition of oestradiol
into the medium (values in square brackets in the Table). On
MDA-MB231 cells which do not possess ERa but may possess
ERb,15 8 and 2 have no effect. It thus appears that the observed
antiproliferative effect is dependent on the oestradiol receptor
a, as is also the case with tamoxifen.

It appears that 8 may have a higher potential as an
organometallic radiopharmaceutical, despite the fact that up to
now the chelate route has been the one explored with
tamoxifen;17 in the latter case the ER binding rate was found to
be too small to measure, which was not the case with 8. It is
therefore important to find a rapid route by which to attach
useful isotopes of Tc and Re to 8. To this end, we plan to use a
selective photochemical decomplexation reaction that we have

recently discovered, followed by rapid recomplexation in water
with a new reagent reported by Alberto,18,19 (H2O)3M+(CO)3
with M = 99mTc, 188Re.

Notes and references
† Procedure for the preparation of 7 and 8. Titanium tetrachloride (2 ml, 18
mmol) was added dropwise to a suspension of zinc powder (2.34 g, 36
mmol) in 60 ml of THF at 0 °C. The mixture obtained was heated at reflux
for 2 h and then cooled to rt. A second solution was prepared by dissolving
4-(4-bromobutoxy)-4A-hydroxybenzophenone (4.25 g, 6 mmol) and cyclo-
pentadienyltricarbonylrhenium ethyl ketone (2.35 g, 6 mmol) in 30 ml of
THF. This latter solution was added dropwise to the first one and then the
resulting mixture was heated for 2 h. After cooling to rt, the mixture was
stirred with water and CH2Cl2. After treatment the pure oily Z + E mixture
of 7 was obtained with a yield of 62%; MS (IE, 70 eV) m/z: 708 (M+.), 624
(M 2 3CO)+. Halide 7 (3 mmol) and a solution of dimethylamine in MeOH
(2 M, 15 ml, 30 mmol) were heated with stirring in an autoclave at 60 °C for
1 day. After cooling, the solution was concentrated under reduced pressure.
After treatment the pure amines 8 (Z + E) were isolated as oil containing a
mixture of Z and E isomers with a yield of 64%; MS (IE, 70 eV) m/z: 673
(M+.). The Z and E isomers were separated on reverse phase preparative
Kromasil C18 column, solvent MeOH phosphate buffer (KH2PO4, 25 mM,
pH 7) 80/20, flow rate 6 mL min21. The retention times obtained on an
analytical column of the same type (Kromasil C18, 10 mM, 250 mm) are
repectively of 19.4 min for 8Z and 26.4 min for 8E in the proportion
48.5/51.5. Selected data for the two isomers: 8E: mp 153 °C, 1H NMR d
7.04 (d, J = 8.4 Hz, 2H, Harom), 6.93 (d, J = 8.4 Hz, 2H, Harom), 6.78 (d,
J = 8.4 Hz, 2H, Harom), 6.70 (d, J = 8.4 Hz, 2H, Harom), 13C NMR d (all
aromatic carbons) 135.5 (C), 134.6 (C), 130.6 (2 CH), 130.1 (2 CH), 129.9
(C), 115.6 (2 CH), 114.1 (2 CH). 8Z: mp 134°C, 1H NMR d 7.00 (d, J = 8.4
Hz, 2H, Harom), 6.99 (d, J = 8.4 Hz, 2H, Harom), 6.75 (d, J = 8.4 Hz, 2H,
Harom), 6.74 (d, J = 8.4 Hz, 2H, Harom), 13C NMR (all aromatic carbons) d
135.9 (C), 134.8 (C), 130.5 (2 CH), 129.9 (2 CH + C), 115.3 (2 CH), 114.3
(2 CH).
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Table 1 Antiproliferative activity of compounds 8, 2 and E2 on different cell
lines

Cell

Compound Molarity (M) MVLNa MDA-MB231b

8 1 3 1026 55.5 [97]c n d
1 3 1027 51.5 [101]c 91

2 1 3 1027 51.5 88
E2 1 3 10210 258 91
a Cells with a high level of ERa. Results are expressed as percentage of the
luciferase induction after 24 h of culture.14 b Cells with no ERa, but
presumably with ERb.15 Results are expressed as the percentage of DNA/
control after 120 h of culture.16 c Value obtained after simultaneous addition
in the medium of 10 nM of E2.
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