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1. 1l4alpha,l7alpha-Ethancestratrienes of general formula I
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R'O
in which
leeans a hydrogen atem, an alkyl or acyl group with 1 to

12 caxboen atoms,
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and R 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. |

S. 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 2 compourd according to
claim 1 or claim 2 either alone or together with a pharmaceutically acceptable

diluent or carrier.

7. Compounds of formula IV

in which
R? stands for a hydrogen atom or a methyl group and either X means an
A
alpha-position carbaldehyde group .. ¢ and
| - N, _
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 o /" |
X means a beta-position carbaldehyde group -¢  and

\0

A-B and E-F mean two C-C double bonds or two single bonds.
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(57) Abstract (II)

New l4a,17a-ethano-estratrienes of general formula (I) wherein R! 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 (11I), where R4 is an aiky! residue in the & or B position with 1 to 8 carbon atoms or ar a,B-alkenyl
residue which may contain several double bonds or an «,-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 14¢;17a-Ethano-estratriene der allgemeinen Formel (1), worin R! ein Wasserstoffatom, eine Alkyl- oder
Acylgruppe mit 1 bis 12 Kohlenstoffatomen, R2 ein Wasserstoffatom oder eine Methylgruppe, R3 ein Wa‘sserstgf fatom oder
eine Acylgruppe mit | bis 12 Kohlenstoffatomen und (a) entweder (1I) oder (I1I), wobei R4 ein a- oder B-standlg;r Alkylre§!
mit ) bis 8 Kohlenstoffatomen oder ein gegebenenfalls mehrere Doppelbindungen aufweisender a,p-Alkenyl- oder ein o,B-Alki-
nylrest, beide mit 2 bis 8 Kohlenstoffatomen, ist, bedeuten, beschrieben sowie ein Verfahren zu deren Herstellung. Die neuen Ver-
bindungen besitzen starke &strogene Wirksamkeit.
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l4alpha,l17alpha-Ethanoestratrienes

This invention relates to l4alpha,l7alpha-ethanocestratrienes

of general formula I

(I)'

r'o
in which
Iﬂ means a hydrogen atom, an alkyl or acyl group with 1 to
12 cagbon atcms,
IQ means a hydrogen atom or a methyl group,

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

12 carbon atoms and

H H R
o Ne ~c
. llS 16
| either L or l

and RY 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, Eoth
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 wemen as well as for treatment of estrogen
deficiency symptoms of women.

As~acyl groups R'and:ﬁ% radicals of organic .carboxylic
acids with 1 to 12 carbon atoms are suitable. They are derived
from aliphatic, cycloalippatic, 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
napht§§l radical can be mentioned as aronatics.

| As radicals R} and R3 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 Rr! stands for an alkyl group, in this case alkyl

~radicals, optionally with one or more unsaturations, with 1 to 12

carbon atoms are suitable. Rl

can thus be an alkyl, alkenyl or
alkin?g-radical with up to 12 carbon atoms. Especially to be
menti§%éd are all alkyl radicals corresponding to the acyl groups
mentioned for R! and R}. The methyl group is especially
preferred.

A hydrogen atom is the preferred radical for RZ.

AN

Wen=P

there can stand either a Cl15-Cis

Sonm—

For the fragment




double bond or a C15-Cl6 alkylene group which

is subsfituted in the 16 position with an alpha- or beta-position

containiag From ( to € carbon atowms,
alkyl radica A O an optionally repeatedly unsaturated alk-1,2-

) ) having
enyl radlcal-w*%h—}—%e-s—eizz to 8 carbon atoms. They are
especially the methyl, ethyl, propyl, isopropyl, propenyl, butyl,
‘t—butyl, butadienyl, cyciopentylmethyl and cyclopentylmethylene

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

“mentioned as preferred.

Tﬁnally a straight-chain alk-1,2-inyl group with 2 to 8

carbgﬁjatomS‘is suitable as substituent rY. The ethinyl and

pro H\Y( '
-psoégenyihgroup are preferred.

’ 14a1pha,17alpha—etheno4bridged steroids are described in J.

Chem. Soc., Chem. Comman., 198€¢, 451-453 and 14alpha,l7alpha-

etheno-bridged éhd l4alpha,17alpha-ethano-bridged steroids in
international patent application PCY/DE87/00361 as the compounds
coming closest to the compounds of the Qenéral formula I, with
the same substituents in 3 and 17 position as the compounds
accorﬁ?ng to the invention; in 13 position the known compounds
exhigﬁé a methyl group. While the compounds of general fofmula I
present here exhibit the C15-C16 double bond or the alkyl radical
on the C-16 atom in the upper 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 é%se betia) of the 17 OR substituent (R = H, acyl). In other




words, with the present compounds of formula I l4alpha,l7alpha-

ethanoestratrienes (A) or l1l4alpha,l7alpha-ethano-16-alkyl-

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

compounds 1l4alpha,l7alpha-ethenoestratrienes (C) or

l4alpha,17alpha-alkylethano estratrienes (D) are involved:

(A) (8}

Alkyl
N¢'

el
R

“~

c) (D)

s
wb oy



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

l4alpha,l7alpha-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 inventiop are distinguished by an
extraordinarily strong estrogenic effectiveness. 1In 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).

'1% 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:
o 1= diestrus (leukocytes and nucleated epithelial cells),

2= proestrdé (nucleated epithelial cells),

3= estrus (denucleated horny plaques),

4= metestrus (denucleated hc—ny plaques, leukocytes,
epithelial cells).

»féfter oral or subcutaneous adminiwctration, estrogenically
effeééfve 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.

W oy
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The results of the Allen-Doisy test with 1l4alpha,i7alpha-
ethano-1,3,5(10),15-estratetraene-3,17beta-diol as test compound
as well as 14alpha,17a1pha—ethano-1,3,5(10)es£ratriene-
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.

.
(B

TANG



L smear test according to Allen and Doisy (

Table 1

A 1.1 modified) on rats with s.c.

sdninistration,

Vagina
. lnjectio_ﬂ:,‘.,,}x on di; sutopsy 05, n=b /group: v
R control n = 427 " ‘
Difference Body—r--——‘ - -
Treatment - weight uterus weight Uterus weight (wq)/300q Kq Smears .
as — a1 (9] {mist) t) (dry) 1 - (molst) (dry) sspos./
- i Bean $0 Kean sn Keaa 50 Nean 0 neon o ay’ trL.
“:::(ﬂ]G,‘Za[pha_ / )._/00 vg -0.33 3.56 113.92 360.43 135.83, 54.62 335,57 - | 156.29 64,61 3 )
_8"0-1,3,5(10)’ I 1.00 5.0 2.8 $.6 17.23 - — —_— ] —— ——— _M_ [ / 6 -
15-estratriane-3 ug | 60 G 259 _uis.62 ) 250.89 - n.n 199:21 129.50 36.92 | 19.8¢ 6§/
17beta-diol [030ug | 1.0 2.26 238.45 25.65 | 44.93 1.8 110.19 14.62 20.2¢ .20 6§/
[ 0,10 vg 16.50 6.98 156.62 | 1085 | 9.3 2.26 20.22 6.8 .22
/0,03 ug 18.12 415 128.0 1.22 25.38 ) ) .19 6 /.6
. . . . 5.28 $8.89 6.68 11.68 .10 o/ &
14alpha, 17alpha- 0.67 66 5 '
ethano-1,3,5(10), ,/ :.:g ve - - sfs,;r 245.15 92.98 sy | U618 113.26 44.61 10.05 6/ 6
15-estratetraens-3, .00 vg 2.83 4.83 s 31.87 66.87 13.51 158.32 2).8 32.38 %) /6
17beta-diot 0,30 vg .33 | 386 _299.50 71.3¢ 45.12 6.04 135.06 34.9¢ 20.50 2.28 6/ 6
/0,10 vg 10.83 2.9 191,80 | 10s.11 | 28.18 5.62 29.92 | s1.s8 13.14 7.8 </
at .
] 8.2% u9 12.33 3.2 13080 | a83] 2418 IR} £0.90 22.05 | 10.8 L 1/ 6
estradiol ] 5,00 vg REL 528 361,28 | 108.65 | _71.65 14.10 110.30 .06 | 1.8 1.18 6§/ %
3,0 i hrRT o 5| ma | e
;o‘ 0 ug s.u 2.1 aen | ues | 5355 19.30 | 1uL.6s 9.9 8.Q 9.43 6/ 6
30 ug 12.00 2490 192.10 0.0} 42.18 17.18 69.32 18.90 19.57 s8.01 s/ &
{ 0,10 «g 14.33 .| 3.6 137.05 12.94 2s.97 3.50 61.85- 9.30 n.2? 1.4¢ 67 6
7 0,0} vq 20.12 4,18 123.12 13.29 23.60 .98 $4.05 5.67 10.52 . o/ ¢
Control 21.08 .25 123.22 20.19 21.58 6.09 54.20 1.2 12.09 AT o/ 12
e d
-- test)
a-diol was tested;

(M + S0--=-p les

As other compounds, 14alph

at & dose of 0.3 micrograms/d s.c. 8

s than 0.05 vs.

a,17alpha-

controf, LSD
ethano-1,3,5(10)
L 6 examined an

- estratriene-16alpha-ethinyl-3,’,7bet
imals show positive smears.
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It is surprising that the compounds according to the
invention, which contain no 17alpha-ethinyl group, are at least
as effecﬁive as ethinylestradiol. Ethinylestradiol is still the
most often used estrogen in oral treatment.

In comparison with ethinylestradiol, the compounds according
to tﬁe invention offer the advantage that they exhibgia?ﬁZZSjiggi
-hfdeexy-group, which could cause undesirable metabolic reactions.

As is‘stili to be explained, moreover they can be produced
by a substantially simpler process than the structurally close
compounds of type (C).

Zhus, 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,
‘ﬁuspeé?ions or soclutions are especially suitable. For parenteral
adminf%tration, oily solutions, such as, for example, sesame o0il
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 pharmaceutidal

compositions 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 taﬁlets 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 yaginal ointments about 0.1 to 10 mg per 100 ml of
ointment. Fbr contraception in women, the estrogens according to
the inyention can be used‘in combination wita 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
«.>cording to the invention and 0.05 to 0.5 mg of a gastagen.

“The compounds éccording to the invention can be used in the
case of estrogen deficiency symptoms of wdmen, such as, for
example, amenorrhea, dysmenorrhea, ste:ility, frigidity,
endometritis, colpitis and menopéus&l symptoms. Further, the
compounds can be used as estrogenic compcnents in compound
preparations with gestagens for fertility control in women.

The new compounds of general formula I

(1),

iy

in which Rl, R and R3 and _,é have the meaning already

indicated, are prq&gced so that

a) if "

. N
. . (d
- stands fer \VG
) .
) —8 —Cys
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a compound of general formula IIIa

(1113},

in which

R? has the meaning indicated in formula I is first
hydrogenated and then decarboxylated and oxidized to a compound
of general formula II'a

- R"

OAc

{11'ay

heo” N
b) \vr lf \A H R‘b
N : 4b
\ stands for |‘5 with R
8B —C
ML

meaniﬁg a methyl group,

g“compound of general formula IIIb
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(11ib), -

KCo

in which R? has the meaning already indicated, is reduced to a

compound of general formula II'b

(11°p)

i &
. \

R}(o'&/
. ~ i
c) or if A HANWR~~
N
c .
stands for |6 with RY® meaning
"':15
2

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

a ccmpouni of general formula IIIc

L
k\ SAC

. A

{111c¢d,

in which K” has the meaning already indicated, is reacted with an

appropriate Wittig reagent to a compound of general formula II"c
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(I1°c).,

"o~

in which Rﬁd'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

11'e),

Kgo”

in which R'® represents an alkyl radical with 2 to 8 carbon

d

atoms, . %
d) or if \“:15
— stands for n—C with rY
. H

meaning an alpha,beta-alkinyl radical with 2 to 8 carbon atoms, a
<3

compoﬁha~of general formula III c

{111e)

HCO

e ooy
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is reacted in a modified Wittig reaction with a mixture of
triphenylphosphane and tetrahalomethane CHaly, and Hal can be
bromine and iodine, preferably bromine, to a compound of general

formula II''4

ﬁ\' OAc
(/ﬁ\ 5 naJ 11" 'd)
/
NN hﬂJ/ Ho)
Xy
- u@o”/§$§(/ .

and then in a compound of oné of general formulas II'a, II'L,
IIYc, iI'c or II'tad 6ptiona11y the 3-methyl ether is cleaved and
if the process variant 4) is present, after cornversion of the
compound of general formula II''d or the corresponding 3-hydroxy
compound by cleavage of HHal with a base and halogen/hydrog:n
exchange and opﬁionally arter 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

3

OAc

ek (11°'9),

HO/u‘co

in which R has the .meaning already indicated and then
optionally the released 3-hydroxy group is again etherified

and/ox; the 17-acetoxy group is saponified, cptionally 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.

formulas II'a,

Depending on which intermediate or end product of general
I1'b, II"c

II'c or I1''d (the compounds of these
formulas can also be end products of general formula I, if R! is

to be ©» methyl group and R} is to be an acetyl group) is desired,
a)

different procedures according to the invention are necessary.

The D ring is to exhibit a C15-C1l6 double bond:

starting from a 16alpha-carbaldehyde of general formula IVa

(Iva),
Heo

in which R® stands for an H atom or a methyl group; by oxidation

group IIIa is produced.

of the carbonyl group, for example with Jones reagent
(chromium(VI) oxide/sulfuric acid), the corresponding carboxyl

L.
_,)Y..\ X34

(111a)
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By hydrogenation of the 14alpha,l7alpha-etheno bridge,
decarboxylation and oxidation (introduction of the C15-C16 double
bond) IIIa is converted into a compound of general formula II'a.

2
R
OAc

(11°a)

Wee

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 (IX) 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 IIXc

al

i< vAC
/
‘“/)0*\" (I11c),
[}
,A\»/N\//

HYCO

-~

~

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 IIIb;

.
whe




¥
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$111b)

Keo

this compound of formula IIIb is then reduced with a protic

solvent to a compound of general formula II'b

(11'n)

HyCo

for example, with Raney nickel in alcohol.

c) The D ring is to carry a Clé-alpha or beta-alkyl or C-
l6alpha- or beté;alkenyl fadical, 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 l1l6alpha or 1lébeta-alkenyl or alkyl side

chainiis synthesized, for example, by Wittig reaction of IIIc
“

with a“suitable Wittig reagent, i.e., with a Wittig reagent

poorer by one C atom than R,

The double bond resulting in the €16 side chain by the
Wittig reaction (as ,well as optionally present in other double

bonds;) can optionally be again eliminated by hydrogenation.

. !
3 i
B
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By the variant described under c) there are achieved both

compounds of general formula II"C

(1I1°c),

HyCo

in which Rﬁd'represents at least one simply unsaturated alkenyl
radical with 2 to 8 carbon atoms and compounds of general formula

II'c

(11°¢),

in which now in R% the double bonds which were present in R
are hydrogenated.

d) The D ring is to exhibit a straight-thain C16 alpha- or
Cl6 beta-alk-1l,2-inyl radical with 2 to 8 carbun atoms as
subst%;uent:
i%taldehyde of formula IIIc as starting product is reacted
in a modified Wittig reaction with a mixture of
triphenylphosphine' and tetrabromomethane or tetraiodomethane. 1In
this case, triphenyl:dibromo (or diiodo) methylene phosphorane

functions as reactive species. Then hydrogen bromide or hydrogen

iodideiis then eliminated from the resulting Wittig reaction
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product of general fbrmula I1"d with a base, such as, for
ekample, n-butyllithium. In the aqueous working ﬁp of the
reaction product obtained after the elimination, the
corresponding 16 alpha- or 16 beta-ethinyl éomﬁouhd_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 R is an alpha- or beta-

position alk-1,2-inyl radical with 3 to 8 carbon atoms. Thus,
for éxample, working up in the presence of methyl icdide leads to
the corresponding 16-prop-1,2-inyl compound.

This invention also relates to the compounds of formula IV

(1v).

, _WCo
in which _

Rz stands for a hydrogen atom er a methyl group and either

%

X means an alpha-position carbaldehyde group .“.£§\ and
) 0

: -
a

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 /.

X means a beta-position carbaldehyde group —C and

Y4

-

“a
Sy
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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-methoxy51,3,5(10),14,16—estrapentaen-17—yl

acetate (R2=H)
OAc

H4CO

[G. H. Rasmusson et al., Steroids 22, 107, (1973)] or starting
from 3-methoxy-1,3,5(10),14,l6-estrapentaene-18-methyl-17-yl
acetate (R2=CH3) by reaction with an unsaturated aldehydevin
vicinal positioﬁ‘to tlie keto group. Instructions for preparation

$ of the last-named compound are found in example 16. For example,

Pees

-~

5 reaction of the first compound (R2=H) with acrolein in the cold _
and in the presence of a Lewis acid yields the [4+2] cyclo adduct

e OAc

e veve oo eass
: -

HaCO
with alpha-position aldehyde function on the C16 atom, while the

[4+2] éyclo adduct with beta-position aldehyde function on the @n
OAc

HaCO
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the €16 atom is formed with propinal in the heat. Both cyclo
adductss 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 l4alpha,l7alpha-etheno-1,3,5(10)-estratrienes (C)
so far have been produced by reduction of the corresponding 1&-

phenyl sulfones of formula

in which

la _ g! ana R3 = R3 or mean precursors of R! or R}, with an

R
excess of 6% sodium amalgam (J. Chem. Soc.., Chem. Commun.
19861@51—453). For example, for reductive elimination of the
pheny%“sulfone groups from 2 g of 1l4alpha,l7al_sha-ethenc-3-
methoxy-16alpha-phenylsulfonyl-1,3,5(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, sihce, for example, to reduqe 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 \ﬁ stands for a C15-Cl6 double

—8

bond, as shown in example 15, can be hydrogenated, by which
identical 15,16-dihydro compounds are achieved as by
hydrogenation of the known l4alpha,l7alpha-ethenocestratrienes of
type C. |

This invention is explained in greater detail by the

following examples.

anEAs

N
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Example 1
17beta-Acetoxy-14alpha,l7alpha-etheno-3-methoxy-1,3,5(10)~
estratriene-l6alpha-carbaldhyde (2)

20.0 g (30.8 mmol) of 3-methoxy-1,3,5(10),14,16-estra-
peritaen-17-yl acetate (1) [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 (1l:2==—>1:1), 8.55 g of (2) with‘a melting point
of 183-185°C was obtained.

[FA]";)D+ 102.5° (C 0.120, CHClj3)

dxampnle 2

(D)

;19gt§%Acetoxz-14algha,17algha-ethang:§-methogy-l.3,5(10)-
estrati“iene-16alpha-carboxylic acid (3)

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 conc.

sulfuric acid) at 0°C. The reaction mixture was stirred for 2

1/2 hojars with ice cooling and 1 hour at room temperature and
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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°cC.

Example 3

i}

l7beta-Acetoxy-l4alpha,l7alpha-ethano-3-net

hZoxy-1,3,5(10)-

estratriene-l6alpha-carboxylic acid (4)

8.2 g »nf (3) was hydrogenated in 672 ml of ethanol in the
pres:- sge 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 predact with a melting point of 224-227°C.

Example 4

l4alpha,l7alpha-Ethang-3-methoxy-1,3,5(10),15-eskratetraen-

17beta~ol acetate (5)

7.45 q (18.7 mmol) of (4) and 0.65 (3.26 mmol) of copper(II)
acetiyte hydrate were stirred in 1.5 ml of pyridine and 137 ml of
benzene first for 30 minutes at room temperature and after
a@@itéon of 13.5 g (30.4 mmol) of lead tetraacetate at 90°C were
sﬁirrgﬁ‘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 (151),

-

‘&
2
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1.27 g of (5) was obtained as bright yellow oil, additionally

1.16 g was contaminated.

Example 5
l4alpha,l7alpha-Ethano-1 ,' 3,5(10),15-estyatetraene—3,17beta-diol
(8)

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 ef the
solvent, 1.3 g of solid was obtained, which after chromatography
on silica gl with hexane ~--- hexane/ethyl acetate (1:1) yielded
540 mg of (6) with a melting point of 200°C.

o
(034 ]'}3 - 11.4% (C 0.105 CHCl3).

Example 6

17beta-Acetoxy-14alpha,l7alpha-ethano-3-methoxy-1,3.5(10)=
estraéi‘iene-16alpha-carba1dhyde (7)

2.0 g of (2) in 250 ml eof ethyl acetate was hydrogenated
with 0.5 g of Pd-C (10%) at standard pressure. After rewaval of
the catalyst and evaporation of the solvent, 1.99 g of (1) with a

melting point of 151-152°C was obtained.

B

B



¥

27

Example 7
l6alpha-(1,3-Dithjolan-2-yl)-14alpha,l7alpha—-ethanc-3-methoxy-
1,3,5(10)-estratrien-17bet:a-o0l acetate (8)

6§.51 g (17,0 mmol) of (7Z) and 2.26 ml (26.9 mmol) of 1,2-
dimercaptoethane were dissolved in 15 ml of methylenz chloride
and mixed with instillation at 0°c with 0.6 ml (4.76 mmol) of
boron trifluoride etheraté in 5.9 ml of methylene chloride at
0°%¢. The reaction mixture was stirred for 3 more hours at room
temperature, diluted with ethyl acetate anrd 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

14a1pha.17a1bha:ﬁthano-3-methoxv-l.3.5(10)-estratriene-lsqlpha?

metiiyl-17beta-ol acetate (9)

7.52 g of (8) was refluxed in 400 ml of ethanol together
with zbout 15 g of Raney nickel in a nitrogen atmosphere. After
filtr§tion and removal of the solvent 5.60 g of (9) with a

n
melting point of 115°C was obtained.

N Y
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Example 9
l4alpha,l7alpha-Ethano-16alpha-mpethyl-1,3,5(10)-escratriene-

3,17beta-diol (10)

2.0 g {3.42 mmol) of (9) was refluxed with 75.0 m) (91.4
mmol) of diisobutylaluminum hydride (1.2 molar in toluene) for 5
1/2 hours urider nitrogen. The cooled reaction mixture was
diluted with toluene and poured onto ices/dilute acetic acid.
After addition of common salt, it was extracted with ethyl
acetate and the organic phase was washed with sodium bicarbona-z
solution and water. After drying on sodium>sulfate, filtrution
and after removal of the solvent, 1.71 g of solid was obtained.
Recrystallization in acetone/hexane yielded 610 mg ©of (10) with a
melting point of 264-265°C.

[o(g"ff +30.4° (C 0.105; CHClj3).

Example 10

17beta-Acetoxy-14alpha,l7alpha-etheno-3-methoxy~1,3,5(10} ,15~-
estratietraene-16-carbaldhyde (11)

10.0 g (30.8 mmol) of (1) and 28.21 g of a mixture of
propiégl, 2-butanone and diethyl ether [produced according to
M.G. é%liev et. al. Synthesis 461v(1960); batch:36.5 g (0.65
mmol) of proparng 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

. ]
N Y :
2
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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.

. a0 ‘0 -
[X1p -52.3° (C 0.105; CHCl3)

Example 11

17beta-Acgtoxyf14algha,17;lgha—ethano-B-methaxy—l,3,5(10L;
estrat;iene#;6bqtg-.cazgaldhyde.(;g)

2.0 g of (11) was hydrogenated with 400 mg of Pd-C (10%) in
40 m) 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% l6beta- and 15%
l6alpha-carbaldhyde -- is used for thioketalation.
Example 12

l6beta-(1,3-Dithiolan-2-yl)-14alpha,l7alpha-ethano-3-methoxy-
1,3,5(30)-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 m) of methylene ch.nride and
mixed by instillation at 0°C with 0.28 ml (2.20 mmol) of boron
triflépride etherate in 2.7 ml of methylene chloride. The
reactf%h mixtu‘e 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 organis¢ phase was dried on sodium sulfate, filtered
and evaporated to dryness. 3.06 g of (13) was obtained gs érude

produq&, which was used for Raney nickel desulfurization.
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Example 13

l4alpha,l7alpha-Ethano-3-methoxy=-1,3,5(10)-estratriene-16heta~

methyl-l7beta-ol adetate (14)

3.0 g of (13) was refluxed together with abcut 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

l4alpha,l7alpha-Ethano-16beta-methyl-1,3,5(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 -—:ﬁ>
toluene/ethyl acetate (4:1) yielded 355 mg of (15) with a melting
point of 233%c.

pATD + 82.0° (€ 0.1; cHCly).
X

L
..
SRAS

Example 15

l4alpha,l7alpha~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 my of Pd-C (10%) at standard

pressq%e. After filtration and evaporation of the solvent, 200
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mg of (16) with a melting point of 227-230°C was obtained as

crude product.

Example 16

l7beta-Acetoxy-16alpha-(2,2~dibrcmovinyl)-14alpha,l7alpha-ethano-

3-methoxv-1,3,5(10)—estratriene (17)

18.9 g of carbon tetrabromide 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
concenﬁrated by evapbration. Filtration of the solid residue
(46.3 g) with eﬁhyl acetate/hexane (1:3) through silica gel

yields 9.8 g of 17 as cyystallizing oil.

Example 17

17beta-Acetoxy—~l6alpha~-(2,2+dibromovinyl)-14alpha,17alpha-ethano-

'3-methoxy-1,3,5(10) -estratyrilen-3-01 (18)

38.1 ml of a 1 molar solution of boron tribromide in
methygfne chloride is instilled at -35°C in 9.5 g of 17 in 229 ml
of meé%ylene 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 cobtained as bright yellow foam.

i
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Example 18

l16alpha-Ethinyl=14alpha,l17alpha-ethano-1,3,5(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 tetrahydrofuran. After 3.5 hours
stirring at -78°c 106 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
accumdlates, which after chromatography on silica gel with ethyl
acetate/hexane (1:2) yields 1.4 g of solid. After
recrystallizatirn in isopropanol 380 mg of 19 with a melting

point of 226-22%7 is obtained.

Example 19

2.5 g of 18beta-ethyl-3-methoxygona-1,3,5(10),14-tetraen-17-
one (éroduced according to US patent 3,577,410) and 1.0 g of p-
tolueé&sulfonic 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 pyriqine was added. It was stirred for 2 more
hours, taken up in ethyl acetate, washed neutral with sédipﬁ

bicarhonate 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 (0-7930% ethyl acetate)]

yielded 800 mg of the title compound with a melting point of
120°c.

[ AL



.
v - -
nea

o -

-a .

®e eeee. 6b ajes
. a

L]
ceee
tLee
0
Cere

e
tLritee
. *

34

Claims

1. 1l4alpha,l7alpha-Ethanoestratrienes of general formula I

(1),

Rlo
in which
R! means a hydrogen atom, an alkyl or acyi group with 1 to

12 carbon atoms,

R? means a hydrogen atom or a methyl group,

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

12 carbon atoms and

4

) H R
’\A \}c{ \c;},\/"
\ either u‘s or I
s B ) -C
— '5 ‘ “15
H

and R? is an alpha- or beta-position alkvl 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. 1l4alpha,l7alpha-ethano-1,3,5(10),1l5-estratetraene~3-

17beta-diol;
14alpha,17alpha-ethano-16alpha-methyl—1,3,5(10)-estratfiene-

3,17beta-diol;
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l4alpha, l7alpha-ethano-16beta-methyl-1,3,5(10) ~estratriene-

3,17beta-diol; .
4dlpha, 17alpha-ethano-3-methoxy-1,3,5(10) ,15-estratetraen-

17beta-ol acetate;

l4alpha, 17alpha-ethano-3-methoxy-1,3,5(10)-estratriene-
l6alpha-methyl-17beta-ol acetate;

14alpha,17a1pha-ethano-3-methoxy—l,3,5(10)—estratriene-
lébeta~methyl-17beta-ol acetate and

l6alpha-ethinyl-14alpha,l17alpha-ethano-1,3,5(10)-
estratriene-3,17beta-diol.

3. Process for the production of compounds of general

formula I

(1),

l\A
. . 1 2 3
in which R’, R® and R” and |

have the meaning already

indicated, are characterized in that

é) if \A \“
e 16
o stands for \
-8B “"C\S
)

a compound of general fourmula IIIa

R
OAc

{ i mm</0

mo (111a),

Ko
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1

in which

R? has the meaning indicated in formula I is first

hydrogenated and then decarboxylated and oxidized ' to a compound

of general formula II'a

kY

R

(11%a)

(%]

\ stands for PS with RP

—C
i)

meaning a methyl group,

a compound of general'formula I1Ib

(111b),

A

11
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in which R? has the meaning already indicated, is reduced to a

compound of generai formula II'b

] Cir'p)
weo
c) or if =, L
! stands for 1f:f with Rﬁcmeaning
-__B
—Cs
"2

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

iy

S

(I1lc),

in which R® has the meaning already indicated, is reacted with an

-

appropriate Wittig reagent to a compound of general formula II"c
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OAC
LT

(11r-e),

HCo "

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 generazi formula II'c

(11'¢),

in which R*® represents an alkyl radical with 2 to 8 carbon

-

atoms, \d
H’J,,.R
d) or if A \(i's
stands for — C with R4d

2

meaning an alpha,beta-alkinyl radical with 2 to 8 carbkon atoms, a
o

compmfimd of general formula III c

0
I
/L‘\/W/\H ~ (111¢)
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is reacted in a modified Wittig reaction with a mixture of
triphenylphosphane and tetrahalomethane CHaly, and Hal can be
bromine and iodine, preferably bromine, to a compound of general

formula II'‘'d

(11°°d)

and then in & compound of one of general formulas II'a, II'D,
II"c, II'c or XI''d 6ptiona11y 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

AN

{11'd),

Ho! uco
in which R% 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



.
ore eae

10

15

20

30

..40..

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

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

S. 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.

7. Compourids of formula IV

in which
RZ? stands for a hydrogen atom or a methyl group and either X means an
y H
alpha-position carbaldehyde group .. ¢ 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 -¢ and

\0

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

930326,p:\oper\hjc,45114-89.rsp,40
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8. 14alpha,17a1pha-Ethanoest‘ratu‘enes as claimed in claim 1 substantially as

‘herein described with reference to the Examples.

10
DATED this 13th day of July, 1993.
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