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We have designed and synthesized estrogen antagonists bear-
ing dicarba-closo-dodecaborane (carborane) as a hydrophobic
pharmacophore based on the structure of 1-(4-hydroxyphenyl)-
1,12-dicarba-closo-dodecaborane, a potent estrogen agonist that
we reported previously. Compounds with a long alkyl chain
bearing an amide moiety on the carborane skeleton (6, 7)
showed estrogen antagonistic activity in a luciferase reporter
gene assay using COS-1 cells transfected with a rat ERo-expres-
sion plasmid and as an appropriate reporter plasmid.
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The carborane (dicarba-closo-dodecaborane)” skeleton is
stabilized by 26 delocalized skeletal electrons and exhibits
remarkable thermal and chemical stability. The icosahedral
geometry, in which the carbon and boron atoms are hexaco-
ordinated, accounts for these unusual properties, which make
such molecules uniquely suitable for several specialized ap-
plications, including materials chemistry”? and medicinal
chemistry.” We have focused on the possibility of using
carboranes as a hydrophobic component in biologically ac-
tive molecules which interact hydrophobically with recep-
tors. We reasoned that the remarkable thermal and chemical
stability, the exceptionally hydrophobic character and the
spherical geometry of carboranes made them interesting can-
didates for use as a hydrophobic pharmacophore. Recently,
we have reported a potent estrogen agonist bearing a carbo-
rane, 1-hydroxymethyl-12-(4-hydroxyphenyl)-1,12-dicarba-
closo-dodecaborane (Chart 1, 1),¥ which exhibits greater ac-
tivity than that of 17f-estradiol (3). We also designed and
synthesized novel estrogen antagonists based on the structure
of tamoxifen.” In the present article, we describe the synthe-
sis and biological evaluation of new estrogen antagonists
based on the phenylcarborane skeleton.

Since the discovery of the estrogen antagonist tamoxifen,®
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Chart 1. Structures of Potent Estrogen Agonists Bearing a Carborane
Skeleton, and Conventional Steroidal Estrogen Agonist and Antagonists
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many stilbene derivatives and triarylethylenes have been syn-
thesized and shown to possess activity, and some have been
developed for clinical use.” Steroidal estrogen antagonists
have also been developed, and although substitutions at vari-
ous carbon atoms of estradiol have been tried, one of the
most potent classes of antagonists consists of compounds
that are 7 -substituted with an alkyl chain bearing an amide
(ICI 164,384, 4) or sulfoxide moiety (ICI 182,780, 5).”

The high agonistic activity of compound 1 suggested that
the carborane cage works as a hydrophobic group binding to
the hydrophobic cavity of the estrogen receptor (ER), and the
hydrophobic and van der Waals contacts along the spherical
carborane cage produce a stronger interaction than that in the
case of 17B-estradiol. Further, 1-(4-hydroxyphenyl)-1,12-di-
carba-closo-dodecaborane (2), which lacks a hydroxymethyl
group on the carborane cage, also exhibits potent estrogenic
activity. Therefore, we set out to design new estrogen antago-
nists based on the carborane skeleton. Substitution of an
alkyl group at the 2-position of the carborane cage might
correspond to substitution at the 7-position of the steroidal
skeleton. Therefore, we synthesized and biologically evalu-
ated compounds having an o- or m-carborane skeleton with
an alkyl chain bearing an amide and a hydroxyl group at the
para-position of the aromatic nucleus (6—9), as shown in
Chart 2. In icosahedral cage structures throughout this paper,
closed circles (o) represent carbon atoms and other vertices
represent BH units.

The syntheses of the designed molecules are summarized
in Chart 3. Compounds 6 and 7 were prepared from 1-(4-
methoxyphenyl)-1,2-dicarba-closo-dodecaborane (10), which
was prepared by construction of the o-carborane cage from
4-ethynylanisole and nido-decaborane. Compound 10 was
converted to 11 by reaction of the lithiate of 10 with 2-(11-
bromoundecyloxy)tetrahydro-2H-pyran (50%). Deprotection
of the THP group of 11 with p-toluenesulfonic acid gave the
alcohol 12 (92%). Oxidation of 12 with chromium trioxide
gave the acid 13 (15%) and the ester 14 (48%). The ester 14
was hydrolyzed with sulfuric acid-1,4-dioxane to give the
acid 13 (70%). Demethylation of the methoxy group of 13
with boron tribromide followed by coupling with n-buty-
lamine or N-n-butyl-N-methylamine afforded 6 (38%) or 7
(26%), respectively. Compounds 8 and 9 were prepared from
1-(4-methoxyphenyl)-1,7-dicarba-closo-dodecaborane'” by
means of the same procedures as used in the synthesis of 6
and 7. The structures of the carborane-containing molecules
(6—9) were confirmed by spectroscopic data including 'H-
NMR and HRMS.'?
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Chart 2. The Designed Carborane-containing Molecules (6—9)
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Fig. 1. [Inhibition of Transcriptional Activation of 17S-Estradiol by the
Test Compounds

COS-1 cells were transfected with EREX5-pGL-TK and pCI-rER & (see text) and in-
cubated with no agonist (ethanol), with 17B-estradiol (10~°m) or with a test compound
(107°—107"m) plus 17B-estradiol (10~ m). Results are shown as means=S.D. for trip-
licate transfections.

The estrogenic activities of the synthesized compounds
were examined by luciferase reporter gene assay,'? in which
a rat ERa-expression plasmid'® and a reporter plasmid,
which contains 5 copies of an estrogen response element, are
transiently transfected into COS-1 cells. 17p-Estradiol at
1X107"%—1Xx10"*m induced the expression of luciferase in
a dose-dependent manner. The results of inhibition of tran-
scriptional activity of 17f-estradiol at a concentration of
10~°M by our carborane-containing molecules (6—9) are
summarized in Fig. 1. Compounds based on ortho-carborane
(6 and 7) inhibited the activity of 17S-estradiol in the con-
centration range of 1X107*—10""m. The potency of 6 is
less than that of ICI 182,780, which is the most potent full
estrogen agonist currently known. However, compound 6 at
1X107 "M inhibited 85% of the transcriptional response to
10~"m 17B-estradiol. Compounds based on meta-carborane
(8 and 9) did not exhibit antagonistic activity.

Recently, studies on the three-dimensional structures of
the complexes formed by raloxifene and the human estrogen
receptor-« ligand binding domain (hRERaLBD),'” and by 4-
hydroxytamoxifen and hER «LLBD have been reported.'> The
structural studies suggest that an agonist-induced conforma-

Chart 4. Core Structures of 6 and 8

tional change involving helix 12, the most C-terminal helix
of LBD, is essential for activation function (AF-2) activity
and the appearance of estrogenic action.'” Although the
binding mode of 7-substituted steroidal antagonists to ER
has not been clarified, the role of a linear alkyl substituent
seems to be similar to that in the case of 4-hydroxytamox-
ifen. The alkyl group is considered to fit in a narrow corridor
in the receptor cavity. Although the linear alkyl substituents
of these antagonists are flexible, the direction of the sub-
stituents plays a critical role in the antagonistic activity.
Chart 4 shows the core structures of compounds bearing an
o- or m-carborane skeleton. The great difference in activity
between 6 and 8 may be interpreted in terms of the direction
of the alkyl substituent. The antagonistic activity of these
carborane-containing molecules is moderate, but optimiza-
tion of the structure may afford more potent and selective
antagonists.

In summary, we have developed novel carborane-contain-
ing molecules with antagonistic activity for estrogen. These
carborane-containing estrogen antagonists, having a new
skeletal structure and unique characteristics, should provide a
basis for the design of further compounds as potential thera-
peutic agents.

References and Notes

1) For a recent review see: Bregradze V. 1., Chem. Rev., 92, 209—223
(1992).

2) For arecent review see: Plesek J., Chem. Rev., 92, 269—286 (1992).

3) For recent reviews see: Hawthorne M. F., Angew. Chem. Int. Ed. Engl.,
32, 950—984 (1993): Soloway A. H., Tjarks W., Barnum B. A., Rong
F-G., Barth R. F, Codogni I. M., Wilson J. G., Chem. Rev., 98,
1515—1562 (1998).

4) Endo Y., lijima T., Yamakoshi Y., Yamaguchi M., Fukasawa H., Shudo
K., J Med. Chem., 42, 1501—1504 (1999).

5) Endo Y., Yoshimi T., lijima T., Yamakoshi Y., BioMed. Chem. Lett., 9,
3387—3392 (1999).



314
6)

7

8)
9)

10)

11)

Bedford G. R., Richardson D. N. Nature, 212, 733—734 (1966):
Harper M. J. K., Walpole A. L., Nature, 212, 87 (1966).

Ray S., Dwivedy I., “Advances in Drug Research,” Vol. 29, ed. by
Testa B., Meyer U. A., Academic Press, San Diego, 1997; pp. 171—
270.

Bowler J,, Lilley T. J., Pittam J. D., Wakeling A. E., Steroids, 54, 71—
99 (1989).

Wakeling A. E., Bowler I. 1., Steroid Biochem. Molec. Res., 43, 173—
177 (1992).

Coult R., Fox M. A., Gill W. R., Herbertson P. L., MacBride J. A. H.,
Wade K., J Organometal. Chem., 462, 19—29 (1993). Fox M. A.,
MacBride J. A. H., Peace R. J., Wade K., J. Chem. Soc., Dalton Trans.,
401—411 (1998).

Compound 6: Colorless viscous liquid, "H-NMR (CDCl;) 0.85—1.40
(m, 18H), 0.95 (t, J=7.3 Hz, 3H), 1.50—1.60 (m, 2H), 1.5—3.2 (br m,
10H), 1.80 (m, 2H), 2.22 (t, J=7.3Hz, 2H), 3.31 (dt, J=5.8, 7.1 Hz,
2H), 5.60 (br s, 1H), 6.86 (d, /=8.8 Hz, 2H), 7.44 (d, /=8.8 Hz, 2H),
9.50 (br s, 1H). HRMS: Caled for CpH,5'"B,''BgNO,, 475.4453;
Found, 475.4450. Compound 7: Colorless viscous liquid, '"H-NMR
(CDCl,) 0.85—1.40 (m, 18H), 0.94, 0.97 (tX2, J=7.3 Hz, 3H), 1.50—
1.65 (m, 2H), 1.5—3.2 (br m, 10H), 1.79 (m, 2H), 2.35, 2.36 (tX2,
J=7.3Hz, 3H), 2.98, 3.02 (sX2, 3H), 3.30, 3.42 (tX2, J=7.5Hz, 3H),
6.87, 6.88 (dX2, J=8.8Hz, 2H), 7.43 (d, /=8.8 Hz, 2H), 9.79, 9.82

12)
13)

14)

15)

Vol. 48, No. 2

(br sX2, 1H) (conformational mixture of cis- and trans-amide (1: 1) in
CDCl;). HRMS: Caled for C,,H,,'°B,''B{NO,, 489.4610; Found,
489.4607. Compound 8: Colorless viscous liquid, "H-NMR (CDCl,)
0.92 (t, J=7.3Hz, 3H), 1.05—1.42 (m, 18H), 1.48 (quint, J=7.6 Hz,
2H), 1.6—3.1 (br m, 10H), 1.95 (m, 2H), 2.16 (t, J=7.6 Hz, 2H), 3.25
(dt, J=5.9, 7.0 Hz, 2H), 5.44 (br s,1H), 6.30 (br s,1H), 6.71 (d, J=8.8
Hz, 2H), 7.26 (d, J=8.8 Hz, 2H). HRMS: Calcd for C,3H,;''B,''BgNO,,
475.4453; Found, 475.4460. Compound 9: Colorless viscous liquid,
"H-NMR (CDCl,) 0.91, 0.95 (X2, J=7.3Hz, 3H), 1.05—1.42 (m,
18H), 1.45—1.60 (m, 2H), 1.6—3.1 (br m, 10H), 1.95 (m, 2H), 2.29,
2.31 (tX2, J=7.4Hz, 3H), 2.92, 2.98 (sX2, 3H), 3.26, 3.36 (tX2,
J=17.5Hz, 3H), 6.72 (d, J=8.8 Hz, 2H), 7.25 (d, J=8.8 Hz, 2H). (con-
formational mixture of cis- and #rans-amide (1: 1) in CDCl;). HRMS:
Calcd for C,,H,;'"B,!'BNO,, 489.4610; Found, 489.4613.

Meyer T., Koop R., von Angerer E., Schonenberger H., Holler E. A, J.
Cancer Res. Clin. Oncol., 120, 359—64 (1994).

Koike S., Sakai M., Muramatsu M., Nucleic Acids Res., 15, 2499—
2513 (1987).

Brzozowski A. M., Pike A. C. W,, Dauter Z., Hubbard R. E., Bonn T,
Engstrom O., Ohman L., Greene G. L., Gustafsson J., Carlquist M.,
Nature, 389, 753—758 (1997).

Shiau A. K., Barstad D., Loria P. M., Cheng L., Kushner P. J., Agard
D. A., Greene G. L., Cell, 95, 927—937 (1998).



