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Claim

1. 14alpha, 17alpha-Ethanoest:ratrienes of general formula I

in which
R1 means a hydrogen ate®, an alkyl or acyl group with 1 to 

12 carbon atoms,
Ή2 means a hydrogen sitom or a methyl group,
R3 means a hydrogen atom or an acyl group with 1 to‘

12 carbon atoms and

—a either 18

15

or

H λΛ 
TieV

a 5
4

../2H
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(10) 643671
and R4 is an alpha- or beta-position alkyl radical with 1 to 8 

carbon atoms or an alpha,beta-alkenyl radical or an alpha,beta- 
alkinyl radical, optionally exhibiting several double bonds, both 
radicals with 2 to 8 carbon atoms.
5. A method of fertility control of women, comprising administering thereto an 

effective amount of a compound according to claim 1 or claim 2 either alone or 

together with a pharmaceutically acceptable diluent or carrier.

6. A method of treatment of estrogen deficiency symptoms of women, 

comprising administering thereto an effective amount of a compound according to 

claim 1 or claim 2 either alone or together with a pharmaceutically acceptable 

diluent or carrier.

R2 stands for a hydrogen atom or a methyl group and either X means an

/“
alpha-position carbaldehyde group .... c and

%

A-B means a C-C single bond as well as E-F means a C-C double bond or 

C-C single bond,

or *
X means a beta-position carbaldehyde group -c^ and

A-B and E-F mean two C-C double bonds or two single bonds.
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(54) TMe: 14a,17a-ETHANO-ESTRATRIENES 

(54) Bezelchnung: 14a, 17a-ETH ANO-ESTRATRIENE

(II.

Nr
Γ16 (III,

H15

(II)
:i5

i 1 6

— C

Nt
I

— B 
(a)

(57) Abstract

New 14a.l7a-ethano-estratrienes of general formula (I) wherein R1 is a hydrogen atom, an alkyl or acyl group with 1 to 
12 carbon atoms, R2 is a hydrogen atom or a methyl group, R3 is a hydrogen atom or an acyl group with 1 to 12 carbon at­
oms and (a) is either (II) or (III), where R4 is an alkyl residue in the a or β position with I to 8 carbon atoms or an a,β-alkenyl 
residue which may contain several double bonds or an α,β-alkinyl residue, both with 2 to 8 carbon atoms, are described. Also de­
scribed is a process for producing them. These new compounds have a marked oestrogenic activity.

(57) Zusammenfassung

Es werden neue 14a,17a-Ethano-estratriene der allgemeinen Formel (1), worm R1 ein Wasserstoffatom, elne Alkyl- oder 
Acylgruppe mit 1 bis 12 Kohlenstoffatomen, R2 ein Wasserstoffatom oder eine Methylgruppe, R3 ein Wasserstoffatom oder 
eine Acylgruppe mit 1 bis 12 Kohlenstoffatomen und (a) entweder (II) oder (III), wobei R4 ein a- oder β-standiger Alkylrest 
mit 1 bis 8 Kohlenstoffatomen oder ein gegebenenfalls mehrere Doppelbindungen aufweisender α,β-Alkenyl- oder ein α,β-Alki- 
nylrest, beide mit 2 bis 8 Kohlenstoffatomen, ist, bedeuten, beschrieben sowie ein Verfahren zu deren Herstellung. Die neuen Ver- 
bindungen besitzen Starke Ostrogene Wirksarakeit.
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14alpha,I7alpha-Ethanoestratrienes 

This invention relates to 14alpha,17alpha-ethanoestratrienes

of general formula I

(I).

in which

R1 means a hydrogen atom, an alkyl or acyl group with 1 to 

12 carton atoms,

R2 means a hydrogen atom or a methyl group, 

a
R means a hydrogen atom or an acyl group with 1 to

12 carbon atoms and

H
•^C H

• r ·• « ·* * » «
U t t»• » i *

, either
16

15

Ί6
or _C

15—B

4 « ι a» a ·« · ·

>((·*< ( · ·

and is an alpha- or beta-position alkyl radical with 1 to 8 
carbon 'atoms or an alpha,beta-alkenyl radical or an alpha,beta- 
alkinyl radical, optionally exhibiting several double bonds, both 
radicals with 2 to 8 carbon atoms.

Further, the invention relates to a process for the 
production of compounds of general formula I, pharmaceutical 
preparations, which contain compounds of general formula I as
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well as the use of the compounds according to the invention for
fertility control of women as well as for treatment of estrogen
deficiency symptoms of women.

As^acyl groups R and R , radicals of organic carboxylic 
acids with 1 to 12 carbon atoms are suitable. They are derived 
from aliphatic, cycloaliphatic, aliphatic-cycloaliphatic, 
cycloaliphatic-aliphatic and aromatic and aromatic-aliphatic 
monocarboxylic acids, preferably those acids that are derived 
from hydrocarbons. The number of carbon atoms in the
cycloaliphatics varies from 3 to 7, the phenyl as well as the
naphthyl radical can be mentioned as aromatics.

' . 1 3As radicals R and R for the acyl groups the acetic, 
propionic, butyric, isobutyric, pivalic, caproic, acrylic, 
crotonic, heptylic, caprylic, pelargonic, decanoic, undecanoic, 
dodecanoic, 3-cyclopentylpropionic and benzoic acid are 
preferred.

If R1 stands for an alkyl group, in this case alkyl 
radicals, optionally with one or more unsaturations, with 1 to 12 
carbon atoms are suitable. R1 can thus be an alkyl, alkenyl or 
alkinyp. - radical with up to 12 carbon atoms. Especially to be 
mentioned are all.alkyl radicals corresponding to the acyl groups 
mentioned for R1 and R3. The methyl group is especially
preferred.

• 2A hydrogen atom is the preferred radical for R .

ςοΓ the fragment there can stand either a C15-C1 $
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f 16

i

whichdouble bond or a C15-C16 alkylene group
:15

is substituted in the 16 position with an alpha- or beta-position 
coA’/airti/y /π>μ I /t> f CAr^on αΊ~όΜ$/

alkyl radical^ or an optionally repeatedly unsaturated alk-1,2- 
hftVing

enyl radical -with 1 -to 0 or^ 2 to 8 carbon atoms. They are 

especially the methyl, ethyl, propyl, isopropyl, propenyl, butyl, 

t-butyl, butadienyl, cyclopentylmethyl and cyclopentylmethylene 

as well as the hexyl group, of which the methyl group can be 

mentioned as preferred.

finally a straight-chain alk-l,2-inyl group with 2 to 8

carbon atoms is suitable as substituent R4. The ethinyl and 
f>rooif\y(

■jarepieny·!^group are preferred.

14alpha,17alpha-etheno-bridged steroids are described in J.
Chem. Soc., Chem. Comroan., 1986, 451-453 and 14alpha,17alpha- 
etheno-bridged an/ 14alpha,17alpha-ethano-bridged steroids in 
international patent application PCT/DE87/00361 as the compounds 
coming closest to the compounds of the general formula I, with 
the same substituents in 3 and 17 position as the compounds 
nccorcfcing to the invention; in 13 position the known compounds 
exhibit- a methyl group. While the compounds of general formula I 
present here exhibit the C15-C16 double bond or the alkyl radical 
on the C-16 atom in the uppe?.' ring of the steroid skeleton, the 
C15-C16 double bond .or the C.-16 alkyl substituent in/on the lower 
D ring of the steroid skeleton is in the same arrangement (in 
each qase beta) of the 17 OR substituent (R = H, acyl), In other
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words, with the present compounds of formula I 14alpha,17alpha 

ethanoestratrienes (A) or 14alpha,17alpha-ethano-16-alkyl- 

estratrienes (B) are involved, while with the already known 

compounds I4alpha,17alpha-ethenoestratrienes (C) or 

14alpha,"17alpha-alkylethano estratrienes (D) are involved:

(A) (BI

(0)
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Further, from PCT/DE87/00361 it comes out that the 

14alpha,17alpha-ethenoestratrienes of type C can be hydrogenated 

to the also strongly estrogen-effective corresponding 15,16- 

dihydro “compounds. ·

Like the compounds belonging to the prior art, the compounds 

according to the invention are distinguished by an 

extraordinarily strong estrogenic effectiveness. In the Allen- 

Doisy test after subcutaneous administration they are as strongly 

estrogenically effective as ethinylestradiol and of comparable 

effectiveness as the already known compounds of type (C).

the Allen-Doisy test, an evaluation of vaginal smears in 

ovariectomized rats is performed on days 3, 4, 5 and 8 after the 

single administration of the test substance. The following cycle 

stages are distinguished:

1= diestrus (leukocytes and nucleated epithelial cells),

2= proestrus (nucleated epithelial cells),

3= estrus (denucleated horny plaques),

4= metestrus (denucleated hC'ny plaques, leukocytes,

epithelial cells).

.‘After oral or subcutaneous administration, estrogenically 

effective substances result in the proliferation of the vaginal 

epithelium and in the cornification of surface cell layers. That 

amount of an estrogen is considered as a threshold value, at 

which 50% of the animals reach stage 3.

•z
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The results of the Allen-Doisy test with 14alpha,17alpha- 

ethano-1,3,5(10),15-estratetraene-3,17beta-diol as test compound 

as well as 14alpha,17alpha-ethano-l,3,5(10)estratriene-

3,17beta-diol and estradiol as comparison compounds are

summarized in table 1. The uterus weights are determined after 

autopsy of those animals on which vaginal smears had previously 

been made.

- J
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Table 1

w,„, w «.< «-.I- <·*■>» " ’·’ m "·· ■"’■ -

» «’S ~>W Λ· "* n'W· " .

•dalnlsVtt Ion.

Treatment

Difference body 
- «eight

(9)

Uterus «eight

d 5 - d I 

Ke«n SO

(moist) »1 •(dry) '1

Ke«n 50 Ke«n SO

14alpha,17alpha-
••fcthano-1,3,5(10),
15-estratriane-3,
17beta-dfol

/ J,00 ug 
I 1,00 ug 
/ O,jo «9 
I 0,10 ug 
/ 0,03 ug

■0.33
6.50

11.50·

16.50

18.17

6.98

<•75

713.92 

<15.62 

238.«5 

156.62 

128.07

360.43

250.80

25.65

10.85

12.22

135.83

7).23

««.93

29.23

25.38

5«.62 

37.73 

3.8« 

2.76 

5.28

14alpha,1?alpha-
ethano*1,3,5(10),
15-estratetraene-3,
17beta-dfol

/ J.00 uj 

/ 1,00 ug 

/ 0.J0 ug 

/ 0,10 ug 

/ e.oj »9

0,6?

2.81

11.33 

10.83

17.33 3.72

576.37

323.72

299,50

191.80

131.80

2«.15 

37.8) 

71.3« 

105.71 

«1.83

92.98 

66.87 

«5.72 

28.18 

2«.18

21.53
13.52

6.0«

5.62
3.13

estradiol
/ J,00 ug 
I :,00 ug 
/ 0,50 ug 
I O.TO ug 
/ 0,0J «9

7.67

H.n.
ZO.Ii

36).28
23«.77 

192.10 

137.05 
173.17

108.65

21.88

«0.03
17.9«

13.79

71.65
59.65 

«2.18 
2S.O7 
73.00

H.)0

19.30
17.18
3.50
«.98

Control 21.08 «.25 123.77 20.19 77.53 6.09

Uterus «eight

(moist)

(«jJZIOOg «9

(dry)

Smears .

• tpoi. / 

a,' ft.

Ke*n SO Hetn SO

3)5.57 156.29 6«.61 23.10 6/6

199/21 179.50 36.97 19.6« 6 / 6

110.19 14.62 70.7« 2.21 6/6

70.72 6.58 11.22 1.70
6 /.6

58.89 6.68 11.65 2.1) o/ 6

276.18 113.26 ««.81 10.05 6 / 6

(S8.32
Th83 32.38 7.77 6 / 6

I3S.O6 34.94 20.» 2.28 6/6

89.92 .51.58 13.1« 2.58 5 / 6

60.90 22.05 10.83 1.51 2 / 6

110.30 <9.06 33.18 ).18 6 / 5

1(1.65 9.91 28. <2 9.<9 6/6

89.32 18.90 59.57 8.01 6 / 6

61.85 9.30 11.27 1.44 6 / 6

54.05 5.67 10.57 2.3? 0 / 6

5«. 20 11-27 17.09 3.11 0-/ 12

. «--p «« 0-05 « >»“*

at ε dose of 0.3 micrograms/d s.c. an ° *=
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It is surprising that the compounds according to the 

invention, which contain no 17alpha-ethinyl group, are at least 

as effective as ethinylestradiol. Ethinylestradiol is still the 

most often used estrogen in oral treatment. ’

In comparison with ethinylestradiol, the compounds according 

to the invention offer the advantage that they exhibit no^ ·1-7·ί> ο t-a~ 

■hyd'gexy· group, which could cause undesirable metabolic reactions.

As is still to be explained, moreover they can be produced 

by a substantially simpler process than the structurally close 

compounds of type (C).

Thus, the invention also relates to compounds of general 

formula I for use in the treatment of estrogen deficiency 

symptoms and for fertility control in women.

The compounds according to the invention can be formulated 
and used in the same way as ethinylestradiol. They are processed 
according to methods known in the art into the usual
pharmaceutical agent forms with the additives, vehicles and/or 
taste corrigents usual in galenic pharmacy. For oral 
administration, tablets, coated tablets, capsules, pills, 
suspensions or solutions are especially suitable. For parenteral 
administration, oily solutions, such as, for example, sesame oil 
or castor oil solutions, are especially suitable, which can 
optionally contain in addition another diluent, such as, for 
example, benzyl benzoate or benzyl alcohol.
‘ " The active ingredient concentration in the pharmaceutical 
compbs’itions is dependent on the form of administration and the
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field of use. Thus, for example, for the treatment of estrogen 
deficiency symptoms, capsules or tablets can contain 0.001 to 
0.05 mg of active ingredient, oily solutions for intramuscular 
injection per 1 ml approximately 0.01 to 0.1 mg of active 
ingredient and vaginal ointments about 0.1 to 10 mg per 100 ml of 
ointment. For contraception in women, the estrogens according to 
the invention can be used in combination witn gestagens. Tablets 
or coated tablets for daily intake of a tablet or a coated tablet 
are to contain preferably 0.003 to 0.05 mg of the estrogen 
according to the invention and 0.05 to 0.5 mg of a gestagen.

.The compounds according to the invention can be used in the 
case of estrogen deficiency symptoms of women, such as, for 
example, amenorrhea, dysmenorrhea, sterility, frigidity, 
endometritis, colpitis and menopausal symptoms. Further, the 
compounds can be used as estrogenic components in compound 
preparations with gestagens for fertility control in women.

The new compounds of general formula I

r\. of

in which R1, R2 and R3 and have the meaning already
indicated, are produced so that 

.. a) if \a) if

stands for
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a compound of general formula Ilia

in which
ο .... . .R has the meaning indicated in formula I is first 

hydrogenated and then decarboxylated and oxidized to a compound 

of general formula II'a

meaning a methyl group,
4
a-:compound of general formula Illb
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c) or if u oic
|
I stands for |16 with P?lc meaning

an alkyl radical or an alpha,beta-alkenyl radical, both with 2 to 
8 carbon atoms, optionally exhibiting several double bonds

a ecmpounl of general formula IIIc

in which has the meaning already indicated, is reacted with an 
appropriate Wittig reagent to a compound of general formula ll"c



. . 4c" .in which R represents an alpha,beta-alkenyl radical, with 2-8 

carbon atoms, optionally exhibiting several double bonds

the compound of general formula II"c optionally is 

hydrogenated to a compound of general formula II'o

in which R^ represents an alkyl radical with 2 to 8 carbon 
atoms, .

d) or if "-cif

— B stands for ■ —c with R4d
«2

meaning an alpha,beta-alkinyl radical with 2 to 8 carbon atoms, a
. . . ■ . . ■compound of general formula III c

'J
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is reacted in a modified Wittig reaction with a mixture of 
triphenylphosphane and tetrahalomethane CHal,), and Hal can be 
bromine and iodine, preferably bromine, to a compound of general 
formula II*'d ·

IRCO

·, ϊ 1 ‘ ‘ d)

and then in a compound of one of general formulas Il'a, Il'b, 
II"Ci, II'c or II'‘d optionally the 3-methyl ether is cleaved and 
if the process variant d) is present, after conversion of the 
compound of general formula II''d or the corresponding 3-hydroxy 
compound by cleavage of HHal with a base and halogen/hydrogan 
exchange and optionally after coupling of the resulting H-ethinyl 
compound with a linear alkylation reagent exhibiting 1 to 6 
carbon atoms to a compound of general formula II'd

in which R4d has the .meaning already indicated and then
Optionally the released 3-hydroxy group is again etherified 
and/or^ the 17-acetoxy group is saponified, optionally the 3-and,
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17-hydroxy groups are again esterified and optionally a 3,17- 
diacyloxy compound thus obtained is selectively saponified to the 
3-hydroxy-17-acyloxy compound.

Depending on which intermediate or end product of general 
formulas Il’a, Il'b, II"c, II'c or II·’d (the compounds of these 
formulas can also be end products of general formula I, if R1 is 
to be & methyl group and R3 is to be an acetyl group) is desired, 
different procedures according to the invention are necessary.

a) The D ring is to exhibit a C15-C16 double bond: 
starting from a 16alpha-carbaldehyde of general formula IVa

in which R2 stands for an H atom or a methyl group, by oxidation 
of the carbonyl group, for example with Jones reagent 
(chromium(VI) oxide/sulfuric acid), the corresponding carboxyl 
group Ilia is produced.

*3



η

By hydrogenation of the 14alpha,17alpha-etheno bridge,

decarboxylation and oxidation (introduction of the C15-C16 double 

bond) Ilia is converted into a compound of general formula II'a.

The decarboxylation and oxidation are performed by heating in a 

solvent·under the action of at least one oxidation agent, for 

example with lead tetraacetate and copper(II) acetate hydrate in 

benzene or toluene.

b) The D ring is to have a C-16 alpha- or beta-methyl 

group:

a compound of general formula IIIc

Λ O

in which R stands for an H atom or a methyl group and the 

aldehyde function can be in the alpha or beta position, by 

reaction with 1,2-dimercaptoethane is converted in its ethylene- 

1, 2-dithioketal derivative Illb;

A·?



this compound of formula lilb is then reduced with a protic 

solvent to a compound of general formula II'b

for example, with Raney nickel in alcohol.
c) The D ring is to carry a C16-alpha or beta-alkyl or C-

16alpha- or beta-alkenyl radical, with 2 to 8 carbon atoms, 
optionally exhibiting several double bonds:

also starting from an aldehyde of general formula IIIc by a
C-C linkage reaction the 16alpha or 16beta-alkenyl or alkyl side
chainiis synthesized, for example, by Wittig reaction of IIIc 

« *5. · - » ·with a'-'suitable Wittig reagent, i.e., with a Wittig reagent
4cwpoorer by one C atom than R .

The double bond resulting in the C16 side chain by the
Wittig reaction (as .well as optionally present in other double
bonds) can optionally be again eliminated by hydrogenation.
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By the variant described under c) there are achieved both

• · 4c"in which R represents at least one simply unsaturated alkenyl 

radical with 2 to 8 carbon atoms and compounds of general formula 

II'c

. . . — 4c* 4r"in which now in R the double bonds which were present m R 
are hydrogenated.

d) The D ring is to exhibit a straight"Chain C16 alpha- or
C16 beta-alk-l,2-inyi radical with 2 to 8 caibcn atoms as

substituent:·«·
Ancaldehyde of formula IIIc as starting product is reacted 

in a modified Wittig reaction with a mixture of
triphenylphosphine'and tetrabromomethane or tetraiodomethane. In 
this case, triphenylydibromo (or diiodo) methylene phosphoraneI

functions as reactive species. Then hydrogen bromide or hydrogen 
iodide^'is then eliminated from the resulting Wittig reaction
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product of general formula II"d with a base, such as, for 
example, n-butyllithium. In the aqueous working up of the 
reaction product obtained after the elimination, the 
corresponding 16 alpha- or 16 beta-isthinyl compound is obtained; 
if after dehydrohalogenation an n-alkylation reagent with 1 to 6 
carbon atoms in the alkyl radical is added, compounds of general 
formula II'd are achieved, in which R4 is an alpha- or beta- 
position alk-l,2-inyl radical with 3 to 8 carbon atoms. Thus, 
for example, working up in the presence of methyl iodide leads to 
the corresponding 16-prop-l,2-inyl compound.

-This invention also relates to the compounds of formula IV

in which
R2 stands for a hydrogen atom or a methyl group and either

X means an alpha-position carbaldehyde group and

*··■}
aKb means a C-C single bond as well as E-F means a C-C 

double bond or C-C single bond,
or

’ Z.
• X means a beta-position carbaldehyde group and
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A-B and E-F mean two C-C double bonds or two single bonds, since 
these compounds represent valuable and variously usable 
intermediate products because of the chemically versatile keto 
group. ,

The production of the compounds of general formula IV takes 

place starting from 3-methoxy-l,3,5(10),14,16-estrapentaen-17-yl 
acetate (R^=H)

• * F• « «* · »« « «

» ♦ «
1 ■

[G. H. Rasmusson et al., Steroids 22. 107, (1973)] or starting
from 3-methoxy-l,3,5(10),14,16-estrapehtaene-18-methyl-17-yl

9 i * .acetate (R-CH3) by reaction with an unsaturated aldehyde m 
vicinal position to the keto group. Instructions for preparation
of the last-named compound are found in example 16. For example, 

9 » . *reaction of the first compound (R =H) with acrolein m the cold 
and in the presence of a Lewis acid yields the [4+2] cyclo adduct

• · ·« · ·
• «* ···»*»·
Ή» ·»·♦ » ··* »ι»< » »» · ·• ·

with alpha-position aldehyde function on the C16 atom, while the
[4+2] cyclo adduct with beta-position aldehyde function on the @n
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the C1G atom is formed with propinal in the heat. Both cyclo 

adducts can be catalytically hydrogenated, for example with 

palladium-activated carbon (also if R2=CH3) .

Thus the compounds of general formula I according to the 

invention are distinguished especially by their high estrogenic 

effectiveness, and they can in addition be produced according to 

a relatively simple process and easily by the compounds of 

general formula IVa or IIIc.

The known 14alpha,17alpha-etheno-l,3,5(10)-estratrienes (C) 

so far have been produced by reduction of the corresponding 1§- 

phenyl sulfones of formula

in which

Rla _ R1 and R3a __ R3 or mean precursors of R1 or R3, with an 
excess of 6% sodium amalgam (J. Chem. Soc.., chem. Commun. 
1986/^51-453). For example, for reductive elimination of the

□ί
phenyl''sulfone groups from 2 g of I4alpha,17alpha-ethenc-3- 
methoxy-16alpha-phenylsulfonyl-l, 3,5(10) -estratrien-17beta-ol 
acetate in the usual way 31.5 g of 6% sodium amalgam is 
necessary, which contains almost 30 g of mercury. For reasons of 
economy and because of the extreme toxicity of the mercury, such 
a synthesis cannot be transferred on a reasonable technical
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scale, since, for example, to reduce 100 kg of the above-named 
sulfone, 1.5 tons of mercury would be necessary. On the other 
hand, the present process avoids these disadvantages and damages 
that occur in dealing with mercury. ·

Moreover, the compounds of general fc ;mula I according to
the invention, in which A stands for a C15-C16 double

_6

bond, as shown in example 15, can be hydrogenated, by which 
identical 15,16-dihydro compounds are achieved as by 
hydrogenation of the known 14alpha,17alpha-ethenoestratrienes of 
type 'C.

This invention is explained in greater detail by the 
following examples.

«1 •.X
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Example l
17beta-Acetoxv-l4alpha, 17alpha-etheno-3-methoxv-l ,3,5(10)-

estratriene-16alpha-carbaldhyde (2)

10.0 g (30.8 mmol) of 3-methoxy-l,3,5(10),14,16-estra-
pentaen-17-yl acetate (i) [G. H. Rasmusson et al., Steroids 22 - 
,107, (1973)] and 4.17 ml (62.7 mmol) of acrolein in 124 ml of 
toluene were mixed by instillation with ice cooling with 0.19 ml 
(1.6 mmol) of boron trifluoride etherate in 11.4 ml of toluene. 
The reaction was stirred for 16 hours at room temperature and 
then poured onto ice/water. Then it was extracted with ethyl 
acetate and the organic phase, after washing with sodium 
bicarbonate solution and water, was dried on sodium sulfate. 
Filtration and evaporation of the solvent yielded 9.9 g of solid 
residue. By chromatography on silica gel with ethyl
acetate/hexane (1:2——>l:l), 8.55 g of (2) with a melting point
of 183-185°C was obtained.

AO[CX]D + 102,5° (C 0.120, CHC13)

Example 2

l7be,ta-Acetoxv-14alpha, 17aIpha-etheno-3-methoxv-l ,3,5(10)-
$ ·estratriene-iealpha,-carboxylic acid Q.)

8.0 g (21.0 mmol) of 2 in 180 ml of acetone was mixed by
instillation with 11.0 ml (29.3 mmol) of Jones reagents (2.67 g 
of chromium(VI) oxide in 7.7 ml Of water and 2.3 ml cone, 
sulfuric acid) at 0°C. The reaction mixture was stirred for 3 
1/2 hojirs with ice cooling and 1 hour at room temperature and

■ ■ Λ
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then poured onto ice/water. Then it was extracted with ethyl 

acetate, the organic phase was washed with water and dried on 

sodium sulfate. Filtration and removal of solvent yielded 8.03 g 

of (3.) with a melting point of 194-198°C. ·

Example 3
Λ '

17beta-Acetoxv-14alpha,17alpha-ethano-3-methoxv-l,3,5(101-
estratriene-16alpha-carboxvllc acid (4.)

87 0 g of (3,) was hydrogenated in 672 ml of ethanol in the 

pres* ‘TSe of 1.76 g of Pd-C (10%) at standard pressure. After 

filtration and evaporation of the solvent, 7.5 g of (4) was 

obtained as crude product with a melting point of 224-227°C.

Example 4

14alpha, 17alpha-Ethanc/-3-methoxv-l ,3.5(10), 15-estratetraen-

17beta-ol acetate (5)

7.45 g (18.7 mmol) of (4) and 0.65 (3.26 mmol) of copper(II) 
acetate hydrate were stirred in 1*5 ml of pyridine and 137 ml of 
benzene first for 30 minutes at room temperature and after
addition of 13.5 g (30.4 mmol) of lead tetraacetate at 90°C were

s .stirred for 4 hours in a nitrogen atmosphere with exclusion of 
light. The reaction mixture was filtered through silica gel, 
rewashed with 2 liters of ethyl acetate/hexane (1:1) and the 
filtrate was concentrated by evaporation. By chromatography of 
the oily residue on silica gel with ethyl acetate/hexane (1:1),
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1.27 g of (5) was obtained as bright yellow oil, additionally 
1.16 g was contaminated.

Example 5 ·

14alpha , 17aIpha-Ethano-l, 3,5(10) , 15-estratetraene-3,17beta-diol 
(6) .

1.18 g (3.35 mmol) of (5) in 354 ml of toluene was refluxed 
with 88.5 ml (106.2 mmol) of diisobutylaluminium hydride (1.2 
molar in toluene) .for 14 hours in a nitrogen atmosphere. The 
cooled reaction mixture was poured on ice/dilute acetic acid.
Then "it was extracted with ethyl acetate and the organic phase, 
after washing with sodium bicarbonate solution and water, was 
dried on sodium sulfate. After filtration and evaporation of the 
solvent, 1.3 g of solid was obtained, which after chromatography
on silica gel with hexane ■--- hexane/ethyl acetate (1:1) yielded
540 mg of (6,) with a melting point of 200°C.

[Ο/ϊο " 11.4° (C 0.105 CHC13) .

Example 6
17beta-Acetoxv-14alpha,17alpha-etfrano-3-methoxy-1, 3 .5(10) -

•4 ' ' . '
3j.estratriene-16alpha-carbaldhvde (7,)
2.0 g of (2) in 250 ml of ethyl acetate was hydrogenated 

with 0.5 g of Pd-C (10%) at standard pressure. After r^w/al of 
the catalyst and evaporation of the solvent, 1.99 g of (7) with a 
melting point of 151-153°C was obtained.
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Example 7
IGalpha-(1,3-Dithiolan-2-yl) -14alpha,17alpha-ethanc-3-methoxv-

1,3,5f 10)-estratrien-17beta-ol acetate (8.)

6.51 g (17.0 mmol) of (7) and 2.26 ml (26.9 mmol) of 1,2- 

dimercaptoethane were dissolved in 15 ml of methylene chloride 

and mixed with instillation at 0°C with 0.6 ml (4.76 mmol) of 

boron trifluoride etherate in 5.9 ml of methylene chloride at 

0°C. The reaction mixture was stirred for 3 more hours at room 

temperature, diluted with ethyl acetate ard washed with 5% sodium 

hydroxide solution and water. Drying of the organic phase on 

sodium sulfate, filtration and evaporation of the solvent yielded 

7.62 g of crude product of (8) , which is used for Raney nickel 

desulfurization.

Example 8
14alpha. 17alpha-Ethano-3-methoxv-l. 3,5(10) -estratriene-16alpha^

metiivl-17beta-ol acetate (9)

7.52 g of (8,) was refluxed in 400 ml of ethanol together 

with About 15 g of Raney nickel in a nitrogen atmosphere. After

filtra’tion ahd removal of the solvent 5.60 g of (9) with a
■ : '*$··.···'· . . . ' ■
m<Ltih%· point of 115°C was obtained.

•x
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Example 9
lAalpha,l7alpha-Ethano-16alpha-methvl-l .3.5(10)-escratriene- 

3.17bet:a-diol (10)

2.0 g (5.42 mmol) of (2) was refluxed with 75.0 ml (91.4 

mmol) of diisobutylaluminum hydride (1.2 molar in toluene) for 5 

1/2 hours under nitrogen. The cooled reaction mixture was 

diluted with toluene and poured onto ice/dilute acetic acid.

After addition of common salt, it was extracted with ethyl 

acetate and the organic phase was washed with sodium bicarbonate 

solution and water. After drying on sodium sulfate, filtration 

and a'fter removal o.f the solvent, 1.71 g of solid was obtained. 

Recrystallization in acetone/hexane yielded 610 mg of (10) wi'ch a 

melting point of 264-265°C.

Γοζίο5 +30.4° (C 0.105; CHC13) .

Example 10
17beta-Acetoxv-14alpha,17alpha-etheno-3-methoxv-l,3.5(10) . 15-
estratetraene-16-carbaldhvde (11)

10.0 g (30.8 mmol) of (1) and 28.21 g of a mixture of
propihal, 2-butanone and diethyl ether [produced according to 
M.G. VaPliev et. al. Synthesis 461 (1960); batch;36.5 g (0.65 
mmol) of propargyl alcohol; the product after working up 
according to instructions still contains 2-butanone and diethyl 
ether] in 114 ml of .toluene were refluxed for 10 hours. The 
cooled reaction mixture was concentrated by evaporation (15.57 g

I
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of crystallizing oil) and recrystallized in ethyl acetate/hexane.

7.84 g of (11) with a melting point of 155.5°C was obtained.

]D° -52.3° (C 0.105; CHCI3)

Example 11
17beta-Acetoxv-14alpha,17alpha-ethano-3-methoxy-l,3,5(10)- .

estratriene-16beita- carbaldhyde (12)

2.0 g of (11) was hydrogenated with 400 mg of Pd-C (10%) in

40 ml of ethyl acetate at standard pressure. After filtration 

and removal of the solvent, 2.06 g of solid remained.. The crude 

product — according to ’h-NMR consisting of 85% I6beta- and 15% 

16alpha-carbaldhyde — is used for thioketalation.

Example 12
16beta-(1,3-Dithiolan-2-vl)-14alpha,17alpha-ethano-3-methoxv-

1,3,5(10)-estratrien-17beta-ol acetate (13)

3.0 g (7.84 mmol) of (12) and 1.04 ml (12.4 mmol) of 1,2-

dimercaptoethane are dissolved in 7 m3, of methylene chloride and 

mixed by instillation at 0°C with 0.28 ml (2.20 mmol) of boron

trifluoride etherate in 2.7 ml of methylene chloride. The■
$., ήreaction mixture was stirred for 20 minutes at 0 C and 3 hours at 

room temperature. After dilution with ethyl acetate, the 
reaction mixture was washed with 5% sodium hydroxide solution and 
water. The organic, phase was dried on sodium sulfate, filtered 
and evaporated to dryness. 3.06 g of (13.) was obtained as crude 
produejt, which was used for Raney nickel desulfurization.
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Example 13
14alpha,17alpha-Ethano-3-methoxv-l, 3,5 (10) -estratriene-iebeta- 
methvl-17beta-ol acetate (14)

3.0 g of (13) was refluxed together with about 7.5 g of 
Raney nickel in 200 ml of ethanol' under protective gas. After 
cooling, filtration and evaporation of the solvent, 2.40 g of 
colorless oil was obtained, which then is reacted with 
diisobutylaluminum hydride.

Example. 14
14alpha. 17alpha-Ethano-16beta-methvl-l, 3,5 (10) -estratriene-
3,17beta-diol (15)

2.22 g (6.02 mmol) of (14) was refluxed with 84.4 ml (101.2 
mmol) of diisobutylaluminum hydride (1.2 molar in toluene) for 5 
hours under inert gas. The reaction mixture was worked up 
analogously to (10). After drying, 1.70 g of solid was obtained, 
which after chromatography on silica gel with toluene —-£> 
toluene/ethyl acetate (4:1) yielded 355 mg of (15) with a melting 
point of 233°C.

itfXlD + 82.0° (C 0.1; CHC13).
-I· · .

Example 15
14alpha. 17alpha-Ethano-1.3.5(10) -estratriene-3,17beta-diol (16)

200 mg (0.675 mmol) of (6) in 25 ml of ethanol was
hydrogenated in the presence of 50 mg of Pd-C (10%) at standard
pressure. After filtration and evaporation of the solvent, 200Λ
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mg of (16) with a melting point of 227-230°C was obtained as 

crude product.

Example 16 ■
17beta-Acetoxv-16alpha-(2,2-dibrcmovinvl)-I4alpha,17alpha-ethano-

3-methoxv-l,3,5(10)-estratrlene (17)

18.9 g of carbon tetra,bromide is added at -10°C to 7.3 g of

2 and 30.0 g of triphenylphosphine in 583 ml of methylene 

chloride. The reaction mixture is stirred for 2 more hours at 

—10°C and then washed with sodium bicarbonate solution and water. 

The organic phase is dried on sodium sulfate, filtered and 

concentrated by evaporation. Filtration of the solid residue 

(46.3 g) with ethyl acetate/hexane (1:3) through silica gel 

yields 9.8 g of 17 as crystallizing oil.

Example 17
17beta-Acetoxv-16alpha-(2,2yaibromovinvl)-14alpha.17alpha-ethano-

3-methoxy-1,3,5(10)-estratrien-3-ol (18)

38.1 ml of a 1 molar solution of boron tribromide in
methylene chloride is instilled at -35°C in 9.5 g of 17 in 229 ml

B . . o
of methylene chloride. After 4 hours stirring at 0 C the 
reaction mixture is mixed with ice water and with methylene 
chloride* The organic phase is washed with water and dried on 
sodium sulfate* After filtration and removal of the solvent, 9.2 
g of 18 is obtained as bright yellow foam.

‘i
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Example 18
16alpha-Ethinvl-14alpha,17alpha-ethano-l,3,5 (10)-estratriene-
3,17beta-diol (19)

4.0 g of 18 in 73 ml of tetrahydrofuran is mixed with 
instillation at -78°C under nitrogen with 28.6 ml of a 1.6 molar 
solution of butyllithium in tetrahydro fur an. After 3.5 hours 
stirring at -78°C 100 ml of saturated ammonium chloride solution 
is added to the reaction mixture. After heating to room 
temperature it is extracted with ethyl acetate and the organic 
phase is.washed with water. After drying on sodium sulfate, 
filtration and evaporation of the solvent, 3. g of solid 
accumulates, which after chromatography on siliqa gel with ethyl 
acetate/hexane (1:2) yields 1.4 g of solid. After
recrystallization In isopropanol 380 mg of 19 with a melting 
point of 226-22*/'* is obtained.

Example 19
3-Methoxv-l, 3,5 (10) , 14,16-estra-pentaene-18-methyl-17-vl acetate

2.5 g of 18beta-ethyl-3-methoxygona-l,3,5(10),14-tetraen-17- 
one (produced according to US patent 3,577,410) and 1.0 g of p- 
tolueriesulfonic acid anhydride are refluxed in a mixture of 25 ml 
of acetic anhydride and 25 ml of isopropenyl acetate for 8 hours. 
For working up, the reaction mixture obtained was poured into ice 
water and then pyridine was added. It was stirred for 2 more 
hours, taken up in ethyl acetate, washed neutral with sodium 
bicarbonate and common salt solution and dried on sodium sulfate.
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Removal of the solvent in a vacuum yielded 2.4 g of crude 

product, whose further purification [HPLC, reversed phase, 600 ml 

column, eluent hexane/ethyl acetate (0 «->>30% ethyl acetate)]

yielded 800 mg of the title compound with a melting point of 

120°C.
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Claims
1. 14alpha,17alpha-Ethanoestratrienes of general formula I

in which

R1 means a hydrogen atom, an alkyl or acyl group with 1 to

12 carbon atoms,
2

■R means a hydrogen atom or a methyl group,

R3 means a hydrogen atom or an acyl group with 1 to-

12 carbon atoms and

*• » »

AI either 16

15

or
its

-c
H 15

2

4
H

t » » »*«t >
« · «

a ·■• * a · •• t i ·I< » ··< I. I It t I t ·«

and R4 is an alpha- or beta-position alkyl radical with 1 to 8 
carbon atoms or an alpha,beta-alkenyl radical or an alpha,beta- 
alkinyl' radical, optionally exhibiting several double bonds, both 
radicals with 2 to 8 carbon atoms.

2. 14alpha, 17alpha-ethano-i,3,5(10),l5-estratetraene-3- 
17beta-diol;

14alpha, 17alpha-ethano-16alpha-methyl-l, 3,5 (10) -estratriene-
3,17beta-diol;
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14alpha,17alpha-ethano-16beta-methyl-l,3,5(10) -estratriene 

3,17beta—diol;

lialpha,17alpha-ethano-3-methoxy-l,3,5(10),15-estratetraen 

17beta-ol acetate; ·

14alpha,17alpha-ethano-3-methoxy-l,3,5(10)-estratriene- 

16alpna-methyl-17beta-ol acetate;

14alpha, 17alpha-et'hano-3-methoxy-l, 3,5 (10) -estratriene- 

16beta-methyl-17beta-ol acetate and

16alpha-ethinyl-14alpha,17alpha-ethano-l,3,5(10)- 

estratriene-3,17beta-diol.

'3. Process for the production of compounds of general

formula I

a) if \
\6

stands for ft
—X +5

a compound of general formula Ilia

(Ilia).
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in which
R has the meaning indicated m formula I is first 

hydrogenated and then decarboxylated and oxidized; to a compound 

of general formula II'a

•b) or if ""a H Rtb

\ stands for p6 with R4

meaning a methyl group,
a compound of general formula lllb

A
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• . 7in which R indicated, is reduced to ahas the meaning already

with R4c

ill 'b)

meaning

an alkyl radical or an alpha,beta-alkenyl radical, both with 2 to 

8 carbon atoms, optionally exhibiting several double bonds

a compound of general formula IIIc

in which R2 has the meaning already indicated, is reacted with an
appropriate Wittig reagent to a compound of general formula II"c
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• · 4c"in which R represents an alpha,beta-alkenyl radical, with 2-8 

carbon atoms, optionally exhibiting several double bonds

the compound of general formula II”c optionally is 

hydrogenated to a compound of general formula II'c

' · \ 04c

”R*C’ tll’c).

. * 4c’m which R represents an alkyl radical with 2 to 8 carbon
atoms,

d) or if *
H ~R4d
I161

stands for — c,K with R4<1

meaning an alpha,beta-alkinyl radical with 2 to 8 carbon atoms, a 
£compound of general formula III c

(IIIc)



is reacted in a modified Wittig reaction with a mixture of
triphenylphosphane and tetrahalomethane CHal.4, and Hal can be
bromine and iodine, preferably bromine, to a compound of general

39

and then in a compound of one of general formulas II'a, II'b, 
II"c, II'c or II''d optionally the 3-methyl ether is cleaved and 
if the process variant d) is present, after conversion of the 
compound of general formula II''d or the corresponding 3-hydroxy 
compound by cleavage of HHal with a base and halogen/hydrogen 
exchange and optionally after coupling of the resulting H-ethinyl 
compound with a linear alkylation reagent exhibiting 1 to 6 
carbon atoms to a compound of general formula II'd

optionally the released 3-hydroxy group is again etherified
and/or ?the 17-acetoxy group is saponified, optionally the 3-and
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17-hydroxy groups are again esterified and optionally a 3,17-diacyloxy compound thus 

obtained is selectively saponified to the 3-hydroxy-17-acyloxy compound.

4. Pharmaceutical preparations comprising at least one of the compounds 

5 according to claim 1 or claim 2 together with a vehicle usual in galenicals.

5. A method of fertility control of women, comprising administering thereto an 

effective amount of a compound according to claim 1 or claim 2 either alone or 

together with a pharmaceutically acceptable diluent or carrier.

10

6. A method of treatment of estrogen deficiency symptoms of women, 

comprising administering thereto an effective amount of a compound according to 

claim 1 or claim 2 either alone or together with a pharmaceutically acceptable 

diluent or carrier.

« 4 * ·

·· » i ·
* t· » * r» ·

fc · ‘ A♦ ·
• It ίί * t4 · 4t4 ‘ I «

♦ · • « < ·

1 I • «• · · · « '
4 » · ·

♦ ·« ·« I ♦ · tI i « ·i
• 1 ‘ ,

« » t < ··* ·

R2 stands for a hydrogen atom or a methyl group and either X means an

/«
25 alpha-position carbaldehyde group ...»c and 

' %

A-B means a C-C single bond as well as E-F means a C-C double bond or 

C-C single bond,

or h

30 X means a beta-position carbaldehyde group -cf and

A-B and E-F mean two C-C double bonds or two single bonds.

930326,p:\oper\b)c,45l 14·89,rap,40
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8. 14alpha,17alpha-Ethanoestratnenes as claimed in claim 1 substantially as 

herein described with reference to the Examples.

&

5

10 ·

DATED this 13th day of July, 1993.
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III. EINSCHLAGIGE VEROFFENTUC1IUNGEN ’

Art.” Kennzdchnung de VertffentUehung11, sowell erfordellch unte Angabe de maltgebllchen Telle11 D«r, Anipruch Nr,13

X WO,A,8801275 (SCHERING AG) 25 Febr-uar 1988 '
siehe das ganze Dokument 
(In der Anmeldung erwahnt)

1-6

X Journal of the Chemical Society, Chemical
Communications
no. 6, MSrz 1986, CAMBRIDGE GB
Seiten 451 - 453; J.R. Bull et ab:
"Cycloaddition route to 14alpha-formylestrone 
and derived 14alpha-subst1tuted products" 
siehe Seite 452, Verblndungen 2, 3a 
(in der Anmeldung erwahnt)

1, 2

-/--

• Besondere Kategorien win angegebeien Vebrientllehnngen 10 :

Ά" Varttffentlichung, die de» allgamdnea Stand der Teebalk 
definlert, «be nichl ats besonders bedestsan aazasehaa 1st

Έ" litem Dokumeot, das |eaoch erst an ode nach dem Intema- 
tlonalen Aaineldedatum verttffeatlldM «rordtai 1st

*L* Ver&ffentiicfcang. die gedgaet 1st, einen Priorititsansnech 
zwelfelhafl erscheiaea xa iassea, ode dereb die das verttf- 
fenlllchungsditam eiae anderen Im Rechercheabertebl ge- 
nannten Verttffentllchang bdegt werdee soil ode die aas deem 
andecn besoadeen Grand angegeben 1st (wie aasgefahrt)

*O* VerttflentUckang, die tleb aaf dae nlndllche OfTenbarang, 
dee Benefiting, dae Aasstdlang ode andera MaDnabiaei 
bezlehl

*P* Verttffenllichnng, die vor den Intematlonalea Aamddeda- 
tum, ater nach den beanspnicfeten PriorlUttsdataai veritffenl- 
llcht wordea 1st

T Sgltete V.wMIentllebaeg, die aacb dem lateraalknalea Ae- 
tnddedatkm ode dem Prlorlittudataia veMleatllcbt worden 
1st and mit de Anmddana nleht bawdiest, soadera nar lam 
Versilndals de de Erflndang cagraaddlegeeden Prinlpt 
ode de ibr tagranddlegenden Thearia angegeben 1st

Τί* VerOfTentlldsang voa besondere Redeatang; die beaasgrad»· 
te Erflndang kann nleht als nea ode aaf efladerlscke Tltlg- 
kdt berabend bdnehtet werden

Ύ VerOffentllehang von besoedera: Bedenteac die beaaieneb- ' 
te Erflndang kann nlcbt alt aaf erfladertscbe Tltlgkdt be- 
rabend btHFiehlet werden, weka dla Verhffentllchung mil 
eine odeft menrertn andean Verttlfenlllebangea diese Kite- 
tori» la Veblkdang gtbncbt wild end diese Verhladang fir 
dnen Facbmsan nabdlegend 1stΆ* Vcrttffenillehang, dla Mltgtled detsdben Patentfamllla 1st

IV. BESCUEINICUNG
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PCT/DE 89/00712IntemlioMle Akletir.eichei)

111. FlINSCllLAGIGE VEROEFENTUCIIUNCKN (fr'ottsetMtiit voa Blitt Z)

Art” Kcamriehnunit ia VerWfeatlidmig, tomit erforAerllch «met AttRike Aw maBgebllchen Telle B«r. Aejpruch Nr.

P,x Liebigs Annalen der Chemle
no. 2, Februar 1989, VCH Verlagsges. mbH,
WEINHEIM DE
Selten. 151 - 158; S. Scholz et al.:
“Synthese von 14,17-UberbrUckten 
llbeta-Arylsterolden" 
siehe das ganze Dokument

1, 4-6

•

FrrebllU PCT/ISAZ1I0 <2vtaukn«| (Jaaur m3)



ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT
OBER DIE INTERNATIONALE PATENTANMELDUNG NR, PCT/DE 89/00712

SA 32272
In diesem Anhang rind die Mitglieder der Patentfamilien der im obengenannten internationaien Recberchenbericht angefShrten 
Patentdokumente angegeben.
Die Angaben iiber die Familienmitglieder entsprecben dem Stand der Datei des Europltschen Patentamts am
Diese Angaben dienen nor zur Unterrichtung und erfolgen ohne Gewahr. 13/02/90

Im Recberchenbericht 
angefQhrtes Patentdokument

Datum der 
Verlffentlicbung

Mkgbed(er) der 
Patentfamiiie

Datum der 
VeriHentlkbung

‘ W0-A-8801275 25-02-88 DE-A- 3628189 25-02-88
- AU-A- 7757187 08-03-88

EP-A- 0318490 07-06-89
US-A- 4789671 06-12-88
ZA-A- 8705359 05-02-88
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Fiir nihire Einzelheiten zu diesem Anhang t siehe Amtsblatt des F.uroplischen Patentamts, Nr.ll/R2


