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ESTROGEN NUCLEUS DERIVATIVES FOR
USE IN THE INHIBITION OF SEX STEROID
ACTIVITY

RELATED APPLICATIONS

This application is a division of application Ser. No.
08/017,045, filed Feb. 12, 1993, now U.S. Pat. No. 5,631,
249, which is in turn a division of application Ser. No.
917,915 filed Jul. 21, 1992 now U.S. Pat. No. 5,204,337,
which is in turn a continuation of application Ser. No.
07/377,010 filed Jul. 7, 1985, abandoned, which is in turn
continuation-in-part of U.S. patent application Ser. No.
07/322,154 filed Mar. 10, 1989, now abandoned, and of U.S.
application Ser. No. 07/265,716 filed Nov. 1, 1988, now
abandoned, and of U.S. application Ser. No. 07/265,150 filed
Oct. 31, 1988, now abandoncd, the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to novel inhibitors of sex steroid
activity such as anticstrogen compounds having effective
antagonistic capability while substantially lacking agonistic
effects. More particularly, certain preferred embodiments of
the invention relate to certain estradiol and non-steroidal
diphenylethylene analogs which have high affinity for estro-
gen receptars but do not activate such receptors and/or
which inhibit the production of sex steroids or their precur-
SOTS.

During the treatmnent of certain sex steroid-dependent
diseases, it is important to greatly reduce or, if possible,
eliminate certain sex steroid-induced effects. For this
purpose, it is desirable both to block receptor sites stimu-
lated by sex steroids and also to reduce the amount of sex
steroid available to act at these sites. For example, alterna-
tive or concurrent therapy to administration of antiestrogens
could involve attempts to block the production of estrogens
(e.g. by ovariectomy) such that less is available to activate
receptor sites. However, prior art methods for blocking
estrogen production insufficiently inhibit estrogen-induced
functions, Morcover, it is possible that even in the total
absence of sex steroids, unoccupied sex steroid receptors
may be biologically active. Hence, antagonists of sex ste-
roids may produce greater therapeutic results than therapy
which only inhibits sex steroid production. Prior art
antagonists, however, often have insufficient affinity for
receptors, and some, although capable of binding the
receptors, may themselves act as agonists and undesirably
activate some receptors and induce the same effects as a sex
steroid.

There is, therefore, a need in the art for antiestrogens
which effectively block estrogen receptors with minimal or
no agonistic effect. Numerous compounds have been tried in
the art with mixed results. Known antiestrogens continue to
exhibit undesirable agonistic activity. See, for instance,
Wakeling and Bowler, “Steroidal Pure Antioestrogens”, J.
Endocrinol. (1987) 112, R7-R10. The net effectiveness of
prior art compounds is determined by the balance between
their agonistic and antagonistic activities, Certain steroidal
derivatives similar to those disclosed in the foregoing
article, and which are stated to have antioestrogenic effect,
are set forth in Bowler et al., U.S. Pat. No. 4,659,516.

In U.S. Pat. No. 4,094,994, it is disclosed that the use of
certain antiestrogens may inhibit certain human breast tumcr
cells.

H. Mooridsen et al.,, Cancer Treatment Review S,
131-141, (1978), discloses that Tamoxiphen, an
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antiestrogen, is effective in remission of advanced breast
cancer in about 30 percent of the women patients treated,

The combined use of the antiestrogen Tamoxiphen and a
luteinizing hormone-releasing hormone agonist, Buserelin,
is also known for treatment of breast cancer. See, for
instance, Klijn et al., J. Steroid Biochem, 420, No. 6b, 1381
(1984); The objective remission of such cancers, however,
remains ubacceptably low.

It has been found that certain 7o-substituted derivatives of
estradiol possess antiestrogenic activity (Bowler et al., 1985;
Eur. Patent Application 0138504; Wakeling and Bowler, J.
Steroid Biochem. 30: 141-147, 1988).

In U.S. Pat. No. 4,659,516, Bowler et al. report anties-
trogenic activity for certain 7o substituted derivatives of
estradiol.

For a number of years, there has been research for
compounds which can efficiently inhibit androgen and/or
estrogen formation (e.g. enzyme inhibitors) or for com-
pounds which may suppress androgen or estrogen action
(steroid antagonists), without causing adverse effects to
heaithy tissues.

Recently, estradiol derivatives bearing a carboxyalkyl
substitucnt at the 7a-position maintained their affinity for
the estrogen receptor when linked via their carboxy group to
agarose or polyacrylamide resin for affinity chromatography
purification of the estrogen receptor (Bucourt et al., J. Biol.
Chem. 253: 8221, 1978).

Non steroidal compounds bearing a similar aliphatic side
chain have also been found to possess antiestrogenic activity
(U.S. Pat. No. 4,732,912).

Some steroid derivatives, such as especially 16-methylene
estradiol and 16-methylene estrone, have been described as
inhibitors of 17B-hydroxysteroid dehydrogenase activity
(Thomas ‘€t al; J. Biol. Chem. 258: 11500, 1983).

Prior art methods have not been completely effective in
inhibiting sex steroid synthcsm while avoiding undesirable
side effects.

Certain nonsteroidal compounds which are stated to have
antiandrogenic effect are described by Furr et al., J. Endocr.
113, R7-R9, 1987,

In U.S. Pat. No. 4,659,695 relates to a method of treat-
ment of prostate cancer for susceptible male animals includ-
ing humans whose testicular hormonal secretions are
blocked by surgical or chemical means, ¢, g., by use of an
LHRH agonist, ¢.g., [D-Trp®, des-Gly-NH,'°]LHRH ethy-
lamide. The treatment includes administering an
antiandrogen, e.g., flutamide in association with at least one
inhibitor of sex steroid biosynthesis, e.g., aminoglutethimide
and/or ketoconazole.

U.S. Pat. No. 4,472,382 relates to a method of treating
prostate cancer using the combination of an antiandrogen
and an LHRH agonist,

In U.S. Pat. No. 4,386,080 relates to new amide
derivatives, and more particularly novel acylanilides, pos-
sess antiandrogenic properties.

In French, Patent 2528434 and in Jordan and Koch,
“Regulation of Prolactin Synthesis in vitro by estrogenic and
antiestrogenic derivatives of estradiol and Estrone”, Endo-
crinclogy 124(4): 1717-1725 (1989), antiestrogenic effects
are described for certain 11f-long chain substituted estradiol
derivatiyes,;.

In U.S, Pat. No. 3 995,060 U.S. Pat. No. 4,161,540 and
U.S: Pat. No. 4,139,638, it is disclosed that certain
4'-substituted and 3'-, 4'-disubstituted anilides have antian-
drogenic properties.
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EP Pat. No. 138 504, EP Pat. No. 166 509, EP Pat No. 124
369. EP Pat. No. 160 508, EP Pat. No. 163 416, U.S. Pat. No.
4,732,912, U.S. Pat. No. 4,760,061, U.S. Pat. No. 4,751,240,
U.S. Pat. No. 4,659,516 and Wakeling A. E. and Bowler J.,
J. Endocr. 112, R7-R10, 1987, and J. Steroid Biochem. 30,
141-147, 1988 disclose that certain long chain substitutions
onto an estrogenic aucleus may result in compositions
exhibiting anticstrogenic activity.

For a number of years, there has been scarch for com-
pounds which can efficiently inhibit androgen and/or estro-
gen formation without causing adverse effects to healthy
tissues. More particularly, the inhibition of 17p-
hydroxysteroid dehydrogenase, which is involved in the
biosynthesis of testosterone, androst-5-cne-38,178-diol and
estradiol, has been studied by some workers. Some affinity-
label inhibitors for human placental estradiol 17f-
dehydrogenase have been described (C. C. Chin and J. C.

15

‘Warren, J. Biol. Chem. 250, 7682-7686, 1975; Y. M. Bhat- -

pagar ct al., J. Biol. Chem. 253, 811-815, 1978; C. C. Chin
et al., J. Biol. Chem. 255, 3660-3664, 1980; J. L. Thomas
and R. C, Strickler. J. Biol. Chem. 258, 1587-1590, 1983).

B. Tobias et al., J. Biol. Chem. 257, 2783-2786, 1982 and
R. J. Auchus and D. F. Covey, Biochemistry 25, 7295-7300,
1986 disclose, respectively, the use of 178-propynyl-
substituted progestins and propynyl-substituted 3-hydroxy-
14,15-secoestra-1,3,5(10)-trien-17-one as inhibitors of the
17B-estradiol dehydrogenase.

Thomas J. L. et al., J. Biol. Chem, 258, 11500, 1983 have
described that 16-methylene cstradiol and 16-methylene
estrone are inhibitors of 17f-hydraxysteroid dehydrogenase
activity.

OBJECTS OF THE INVENTION

1t is an object of the present invention to provide methods
of inhibiting sex steroid activity. Such methods may be
useful in the treatinent of sex steroid-related diseases.

It is another object of the invention to provide a steroidal
pure antiestrogen for therapeutic use.

It is another object of the invention to provide composi-
tions capabie of inhibiting sex steroid synthesis, especially
estrogen synthesis.

It is another object to provide an antiestrogen having good
affinity for estrogen receptors, but substantially lacking

undesirable agonistic activity regarding these receptors and

substantially lacking harmonal activity.

- Tt is another object of the invention to provide a thera-
peutic antiestrogenic composition useful in the treatment of
estrogen-related diseases, These diseases includc, but are not
limited to, breast cancer, uterine cancer, ovarian cancer,
endometriosis. uterine fibroma, precocious puberty and
benign prostatic hyperplasia.

It is another object of the invention to provide inhibitors
of sex steroid production useful in the treatment of both
esrogen- and androgen-related diseases. Androgen-related
discases include but are not limited to prostate cancer, ache
vulgaris, hirsutism. precocious puberty, benign prostatic
hyperplasia, scborthea, androgenic alopecia and sexual
deviants. Control of androgen activity may also be useful in
male coatraception.

SUMMARY OF THE INVENTION

The present invention provides a method of inhibiting sex
steroid activity in a warm-blooded animal. including
humans. comprising administering to said animal a thera-
peutically cffective amount of a compound having as part of
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its molecular structure an estrogenic nucleus of general
structure I

wherein the dotted lines represent optional pi bonds and
wherein said compound includes as another part of its
molecular structure a side chain substituents onto a ring
carbon of said §eneral structure I represented by the formula
—R!'[—B—R*—],L—G wherein at least one of said side
chains is substituted at a ring carbon selected from the group
consisting of carbon 14, carbon 15, carbon 16 and carbon 17,
wherein:

x is an integer from O to 6, wherein at least one of L and
-G is a polar moiety distanced from said ring carbon by

.. .atleast three intervening atoms, and wherein:

~. RYand R? arc independently cither absent or selected
from the group consisting of straight- or branched-
chain alkylene, straight- or branched-chain alkynylene,
straight- or branched-chain alkenylene, phenylene, and
fluoro-substituted analogs of the foregoing;

B is either absent or selected from the group oonsisting of
-0, —8§—, —Se—, —S0—, —S0;—, —NR"—,
—SiR’,—, —CR’0OR’*—, —NR°CO—, —NR3CS—
—CONR“— —CSNR*—, —C0OQ--, —COS—,
—SCO—, —CSS—, —SCS-—, —QOCO— and phe-
nylene (R? being hydrogen or lower alkyl);

L is either a moiety which together with G, forms a
hctcrocychc ring having at least one nitrogen atom or
is selected from the group conslsung of lowcr alkyl,
—CONR*—, —CSNR*—, —NR*CO—, —NR*CS—,

NR’CONR‘

NR¢
Il
~NRSC—NR*~,

~—80,NR*—, —CSS—, —SOS—, —(NO)R*—,
—(PO)R*—, —NR*COO—, NR’so2 —0—,
—NR*—, —§—, —SO— and —SO,— (R‘ and R
" being independently sclected from the group consisting
of hydrogen and lower alkyl; and R® being sclected
from the group consisting of hydrogen, nitrile and
nitro); and
G is cither 2 moiety which together with L forms a
heterocyclic ring having at least one nitrogen atom, or
is selected from the group consisting of hydrogen,
lower alkyl, lower alkenyl, lower alkynyl, (C;-C,)
cycloalkyl, bromo(lower)alkyl, chloro(lower)alkyl,
fluoro(lower)alkyl, iodo(lower)alkyl, cyano(lower)
alkyl, carboxy(lower)alkyl, (lower)alkoxycarbonyl
(lower)alkyl, (Cs—C,o) aryl, (C,-C,,) arylalkyl,
di(lower)alkylamino(lower)alkyl and fluoro-
substituted analogs of the foregoing.
The invention further provides a method of inhibiting sex
steroid activity in a warm-blooded animal, including
humans, comprising administering a therapeutically effec-
tive mount of at least one compound having, as part of its
molecular structure, a substituted or unsubstituted estrogenic
nucleus of general structure I
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Preferred estrogenic nuclei suitable for use in accordance
with the invention include but are not limited to estradiol and
derivatives thereof. Other suitable estrogenic nuclei include
but are not limited to those which (as reported in the

references set forth below) effect more than the threshold 5

increase in uterine weight of ovariectomized rats set forth
above as defining an estrogenic nucleus (Sunard et al., Mol.
Endocrinol. 2:775-784 (1988).

10

Some preferred estrogenic nuclei include but are not
limited to:

OR4
15
R3O’

wherein x is a halogen, preferably chiorine or bromine;
wherein R, and R, are independently selected from the
group consisting of hydrogen, lower alkyl, lower
alkoxy carbonyl, (C,~C,,), alkanoyl, (C,-C,g)

alkenoyl, (C3;—C,o) alkynoyl and (C,~Cy;) aroyl, 30

alkylsilyl, 1-alkyloxy-alkyl and 1-alkyloxy cycloalkyl.

H
C=CH
.

o .

wherein R, is selected from the group consisting of
hydrogen, lower alkyl, lower alkoxy carbonyl,
(C,=Cyo). alkanoyl, (C4~C,0) alkenoyl, (C;-C)
alkynoyl and (C,—C,,) aroyl, alkylsilyl, 1-alkyloxy- 43
alkyl and 1-alkyloxy cycloalkyl.

@“

OQ

”
60

wherein R, is sclected from the group cons1stmg of
hydrogen, lower alkyl, lower alkoxy carbonyl,
(Cy—Cy0), alkanoyl, (C3;—C,) alkenoyl, (C3-C,) 65
alkynoyl and (C,-C,,) aroyl, alkyisilyl, lalkyloxy-
alkyl and 1-alkyloxy cycloatkyl.

RO

wherein R, is selected from the group consisting of
hydrogen, lower alkyl, lower alkoxy carbonyl,
(C,—C30), alkanoyl, (C,-C,;) alkenoyl, (C3-C,,)
alkynoyl and (C,~C,;) aroyl, alkylsilyl, 1-alkyloxy-
alkyl and l-alkyloxy cycloalkyl.

R3O0

wherein R, is selected from the group consisting of
hydrogens, lower alkyl, lower alkoxy carbonyl,
(C4—C,), alkanoyl, (C,-C,) alkenoyl, (C,—C,)
alkynoyl and (C,—C,,) aroyl, alkylsilyl, 1-alkyloxy-
alky! and 1-alkyloxy cycloalkyl.

 °“‘
R50~ _ N

‘Wheréin the dotted lines are optional double bonds;

wherein R and Ry are independently selected from the
group consisting of hydrogen, lower alkyl, lower
alkoxy carbonyl, (C;-C,,), alkanoyl, (C;—C,0)
alkenoyl, (C3;-C,,) alkynoyl and C,-C,,) aroyl,
alkylsilyl, 1-alkyloxy-alkyl and 1-alkyloxy cycloalkyl.

‘ ORg
(I
RsO
wherein the dotted lines are optional double bonds;
wherein R and R, arc independently selected from the
group consisting of hydrogens, lower. alkyl, lower
alkoxy Carbonyly (Cl-C20)a alkanoyl9 (CS-C2O)
alkenoyl, (C;—C,,) alkynoyl and (C,—C,,) aroyl,
alkylsilyl, 1-alkyloxy-alky! and 1-alkyloxy cycloalkyl.

RO

-wherein q is absent, methylene or ethylene
 wherein R and Ry are independently selected from the

group consisting of hydrogens, lower alkyl, lower
alkoxy carbonyl, (C,-C,,), alkanoyl, (C;-C,,)
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capped hydroxy! group at carbon atom No. 3. The estrogens
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or (C,~C,)acyl; R® is H, a-(C,-C,)alkyl, a-(C,-C,)alkenyl
or a-(C,~Calkynyl; R® is H or (C,-C,)alkyl, (C,-C,)
alkenyl or (C,—C,)alkynyl, each at location 15 or 16 of the
steroid skeleton; R*is H or (C,~Cs)alkyl, (C,—Cs)alkeny! or
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preferred is ethynyl; R® is H, (C,—C,)alkyl or (C,—C;)acyl;
R® is (C,-Cyalkyl, (C,—Cs)alkenyl, (C,~Cs)alkynyl or
(C,—Cy)alkylidene, each optionally substituted.
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NON-AROMATIC ESTROGENIC STEROIDS
WITH A HYDROCARBON SUBSTITUENT IN
POSITION 11

This application is a 371 of PCT/EP00/08406 filed Aug.
28, 2000.

FIELD OF THE INVENTION
The invention is in the field of estrogenic compounds with
a steroid skeleton having a non-aromatic A-ring and a free
or capped hydroxyl group at carbon atom No. 3. Estrogenic
compounds have a generally recognised utility in contra-

ception and in the treatment of estrogen-deficiency related
disorders, such as menopausal complaints, and osteoporosis.

BACKGROUND OF THE INVENTION

Many estrogenic compounds are known. For example, an
instructive publication on estrogenic compounds with a
non-aromatic A-ring and a free or capped hydroxyl group at
carbon atom 3 is U.S. Pat. No. 3,413,287. Other documents
describing estrogenic or hormonal effects of non-aromatic
streroids with 3-hydroxyl substitution and a 4-5 double
bond are WO 94 18224, U.S. Pat. No. 3,465,010, FR
2099385, U.S. Pat. No. 3,652,606 and EP 145 493. A
document in which non-aromatic steroids with 3-keto sub-
stitution and a 5-10 double bond are disclosed is Baran et al
(U.S. Pat. No. 3,377,366. Such compounds are described in
gencral terms as agents with, among other, estrogenic or
anti-cstrogenic effects. Recently, in the field of drugs for
estrogen receptors (ER) attention is focussed on the discov-
ery of two distinct types of estrogen receptors, denoted ERa.
and ERP(Mosselanan et al., FEBS Lerters 392 (1996) 49-53
as well as EP-A-0Q 798 378). Since these receptors have a
different distribution in human tissue, the finding of com-
pounds which possess a selective affinity for either of the
two is an important technical progress, making it possible to
provide a more selective treatment of estrogen-deficiency
related disorders, with a lower burden of estrogen-related
side-cffects.

BRIEF SUMMARY OF THE INVENTION

This invention provides estrogens satisfving the general
formula

in which

R' is H, (C,—C,)alkyl or (C,—Cj)acyl;

R is H, a-(C,~Calkyl, a-(C,-C)alkenyl or a-(C.=C,)
alkynyl;

R* is H or (C,-C,)alkyl, (C.~C,)alkenyl or (C,-C,)
alkynyl, cach at location 15 or 16 of the steroid
skeleton;

R* is H or (C,~Csalkyl, (C,—Cs)alkenyl or (C,—Cs)
alknyl, each optionally substituted with halogen; pre-
ferred is ethynyl;

R® is H, (C,—C5alkyl or (C.—Cj)acyl;

R® is (C,=Cs)alkyl, (C,—Cs)alkenyl, (C,—Cy)alkynyl or
(C,-Cs)alkylidene, each optionally substituted with

8

2
halogen or (C,-Cj)alkyloxy; allyl is preferred; pre-
ferred halogens in R® are fluorine and chlorine.
Dotted bonds represent optional double bonds. When R®
is alkylidene, the dotted line to R® represents the additional
bond present in an alkylidene moiety, and when R is alkyl
or alkenyl, the bond from atom 11 to R® is a single bond.
It has been found that these non-aromatic estradiol deriva-
tives with a substituent at the 11 position of the steroid
skeleton possess selective affinity for the ERa-receptor.
The compounds according to the present invention are
suitable as improved estrogens, in the sense that they can be

- used in estrogen-related disorders, such as menopausal com-

plaints and osteoporosis. Utility they also find in
contraception, and they further may be suitable in the
treatment or prevention of Alzheimer’s desease, breast
tumor, benign prostate hypertrophy, and cardiovascular dis-
orders. The compounds of the invention are particularly
suitable in the treatment and prevention of estrogen-

. deficiency related disorders under diminished estrogen-
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related side-effects.

DETAILED DESCRIPTION OF THE
INVENTION

In this description terms have the following meaning:

(C,—Cs)alkyl is a branched, unbranched or cyclized alkyl
group having 1-5 carbon atoms, for example methyl,
ethyl, isopropyl, 2-methylcyclopropyl, butyl, sec-butyl,
tert-butyl etc,;

(C,—Cy)alkenyl is a branched, unbranched or cyclized
alkenyl group having 2 to 5 carbon atoms, such as
ethenyl, 2-butenyl, etc.

(C,—Cy)alkynyl is a branched or unbranched alkynyl
group having 2-5 carbon atoms, such as ethynyl and
propynyl.

(C,~Cy)acyl is a group having 2-3 carbon atoms and
derived from an alkylcarboxylic acid, the alkyl moiety
having the meaning as defined previously.

(C,-C)alkylidene is a branched, unbranched or cyclized
alkylidene group having 1-5 carbon atoms, such as
methylene and ethylene.

Within the general formula given above, the compounds

of the invention preferably are those satisfying the general
formula II,

formula II

RIO

in which

R is H, (C,-Cy)alkyl, (C,—Cj)acyl;

R? is H, a-{(C,—Calkyl, a-(C,—C,)alkenyl, a-(C,~C,)
alkynyl;

R* is H or (C,—C,)alkyl at location 16 of the steroid
skeleton;

R* is ethynyl

R is H or (C,~Cj5)alkyl, (C.—C)acyl;

R® is (C,—Csalkyl, (C,~Cs)alkenyl, (C.~Cs)alkynyl;
each can be substituted with chlorine or fluorine. When
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