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This invention relates to new derivatives of
estrogen hormones and is more particularly
concerned with the novel mono-pentyl ethers
of 3 - hydroxy - oestra - 1,3,5 - trien - 17~
oxygenated, for example the amyl and cyclo-
pentyl ethers of 3-hydroxy-17-keto-oestratriene
(estrone), the amyl and cyclopentyl ethers of
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3,164,178 - trihydroxy - oestratriene (estriol),
the amyl and cyclopentyl ethers of 3,176-
dihydroxy - oestratriene (estradiol), of the
corresponding 17a-ethynyl derivative and 173-
acyl esters thereof,

The new compounds of this invention can
be represented by the following structural
formula: —
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X
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where X represents a ketonic oxygen (=0), a
B-hydroxy group, or a |3-hydroxy w«-ethynyl
=CH
grouping (< ), Y represents hydrogen or,
OH
when X represents a hydroxy group, a hydroxy
group, and R represents an aliphatic hydro-
carbon radical having an open, branched or

30
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cyclic chain, containing five carbon atoms. In

exceptional estrogenic activity by far superior
to that of the corresponding free 3-hydroxy
steroids.

While the esterification of the phenolic
hydroxyl of the estrogens, for instance under
the form of propionate, benzoate or palmitate,
apparently increases the efficaciousness of the
substances by parentera]l administration,
although causing only a delay of the absorption
from the site of injection, the etherification of
said hydroxyl group with a pentyl alcohol, and
especially with n-amyl or cyclopentyl alcohol,
really enhances the oral activity of such
hormones.

Certain mono ether derivatives of estrogens
are already known, but none of the prior art
compounds show an adequate potency by oral
route. We have found that new mono-pentyl
ethers of natural and synthetic estrogens, con-
taining an open, branched or cyclic chain
hydrocarbon, exhibit a higher degree of oral
activity and a superior therapeutic ratio when
compared with the corresponding free 3-
hydroxy steroids.

In particular, the new mono-pentyl ethers
of estrone and estradiol are orally effective
with an activity about ten times higher, than
the corresponding natural hormones which, as
known, lose much of their effectiveness when
given orally. )

Also the amyl and cyclopentyl ethers of
estriol show orally an activity two to three
times superior to estrone which, among the
natural estrogens, is the unique possessing by
oral route an effect nearly equal to that shown
in the parenteral administration.
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easily prepared by reacting 3-hydroxy-17-keto- - 3-cyclopentyl ether which, after recrystallisa- crys
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40 or cyclopentyl bromide or chloride, in the ExAMPLE 3. 105
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45 alcoholate can be employed. hours at room temperature, then treated with 110 ; _ ob
The preparation of the pentyl monoethers 10 cc. of acetic acid and diluted with water +
of 3,17-dihydroxy-estratriene can be carried up to complete precipitation. The product ; we
out either directly by submitting the diol t0 filtered and dried, consists of 3-cyclopentyl 3
partial etherification, or indirectly by first pre- ether of estradiol whlch after recrystallization 50 e
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corresponding 3 - hydroxy - 17 - keto - estra- ' \
triene and then transforming the 17-keto group EXAMPLE 4.
into a hydroxy group by normal reduction A solution of 1.5 g. of 17«-ethynyl-estradiol s i
methods to form the 3-pentyl ether of estradiol. in 50 cc. of absolute ethanol is added slowly i 55 1
55 The same procedure can be followed for the to a mixture of 3 g. of cyclopentyl bromide j ‘
preparation of the pentyl mono-ethers of and 2 g. of potassium carbonate. This mixture 120 ; 1
3,173 - dihydroxy oestratriene - 17s-ethynyl- is heated at reflux and stirred for three hours, H
substituted. For instance, the 3-pentyl ether of then filtered. Most of the alcohol is eliminated ;
172-ethynyl-estradiol can be prepared either by distillation and the resulting solution diluted 60
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methods. In each case the 178-hydroxy group of 17x-ethynyl-estradiol shows melting point i 65
65 may be subsequently acylated. 80.5—82°C. ]
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prepared using #-amyl bromide. fifteen hours at a temperature of about 15°C,
EXAMPLE 7. ) After addition of water a precipitate is
30 To 1.1 g. of estrone there is added 35 cc. . obtained of estradiol 178-formate 3-n-amyl 95
of absolute methanol, 1.5 g. of n-amy! bromide ether which, recrystallised from methanol,
and 1.5 g. of potassium carbonate. The mix- melts at 63—65°C.; [2]p= + 32.5 +1 (dioxan
ture is refluxed for four hours under stirring ¢=0.3). Yield 80% of the theoretical amount.
then most of the solvent is eliminated by dis- WHAT WE CLAIM IS: —
f 35 tillation and the resulting solution diluted with 1. Pentyl mono ethers of 3-hydroxy-oestra- 100
i water. Thus a precipitate of n-amyl ether of 1,3,5-triene-17-oxygenated of the formula:
estrone is obtained which, filtered and re-
“crystallised from a mixture methylene chloride- X
methanol, melts at 86—87°C.; [«]p=+
40 133.8° (1.5 in dioxan). Yield 100% in weight. y
ExAMPLE 8.
Reacting 1.8 g. of estrone with 2.5 g. of
isoamyl bromide in methanol solution and the
presence of 1.9 g. of potassium carbonate as #7
45 in Example 7, the iso-amyl ether of estrone is
- obtained, melting at 99—101°C.; [«]p=
+140° (1.1% in dioxan). Yield 98% in where X represents a ketonic oxygen or a 8-
weight. hydroxy group or a B-hydroxy a-ethynyl
In the same manner as above, 17a-ethynyl- grouping in which in each case the said 8- 105
50 estradiol is reacted with iso-amyl bromide to hydroxyl group may be esterified with an
give 3-iso-amyl ether of 17x-ethynyl estradiol. aikanoic acid containing from one to four
_ EXAMPLE 9. carbon atoms inclusive, Y is hydrogen or, when
To a sodium ethylate solution (obtained X represents a hydroxy group, a hydroxy
i from 0.2 g. sodium) in 12 cc, absolute ethanol group and R represents a five carbon open 110
i 55 there is added a mixture of 1.5 g. of estradiol chain, branched chain or cyclic aliphatic group.
; and 1.2 g. of n-amyl iodide. After heating at 2. 3-n-amyl ether of estrone.
] reflux for three hours, the solvent is eliminated 3. 3-cyclopentyl] ether of estrone.
and the residue diluted with a little water and 4. 3-n-amyl ether of estriol.
cooled at 0°('3. to give 3-n-amyl ether of 5. 3-cyclopentyl ether of estriol. 115
60 estradiol, melting at 83—85°C, Yield 83%. 6. 3-n-amyl ether of estradiol.
1 g of this product dissolved in 5 cc. of 7. 3-cyclopentyl ether of estradiol.
aphydrous pyndme., is treated at reflux for 8. 3-isc-amyl ether of 17a-ethynylestradiol.
about one hour with 2 g. acetic anhydride. 9. 3-cyclopentyl ether of 17a-ethynylestra-
After cooling, the mixture is diluted with diol. 120
65 water causing the precipitation of a product 10. A process for the preparation of the -
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of absolute methanol, 1.5 g. of #n-amyl bromide
and 1.5 g. of potassium carbonate. The mix-
ture is refluxed for four hours under stirring
then most of the solvent is eliminated by dis-
tillation and the resulting solution diluted with
water. Thus a precipitate of n-amyl ether of
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estrone is obtained which, filtered and re--

“crystallised from a mixture methylene chloride-

methanol, melts at 86—87°C.; [e]p=+

133.8° (1.5 in dioxan). Yield 100% in weight.
EXAMPLE 8.

Reacting 1.8 g. of estrone with 2.5 g. of
isoamyl bromide in methanol solution and the
presence of 1.9 g. of potassium carbonate as
in Example 7, the iso-amyl ether of estrone is
obtained, melting at 99—101°C.; [a]p=
+140° (1.1% in dioxan), Yield 98% ' in
weight.

In the same manner as above, 17«-ethynyl-

estradiol is reacted with zso—amyl bromide to
give 3-iso-amyl ether of 17z-ethynyl estradiol.
i EXAMPLE 9.
! To a sodium ethylate solution (obtained
: from 0.2 g. sodium) in 12 cc, absolute ethanol
55 there is added a mixture of 1.5 g. of estradiol
and 1.2 g. of n-amyl iodide. After heating at
reflux for three hours, the solvent is eliminated
and the residue diluted with a little water and
cooled at 0°C. to give 3-m-amyl ether of
estradiol, melting at 83—85°C. Yield 83%.

1 g of this product dissolved in 5 cc. of
anhydrous pyridine, is treated at reflux for
about one hour with 2 g. acetic anhydride.
Afier cooling, the mixture is diluted with
wacer causing the precipitation of a product
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c=0.3), Yield 80% of the theoretical amount,
WHAT WE CLAIM IS : —
1. Pentyl mono ethers of 3-hydroxy-oestra- 100
1,3,5-triene-17-oxygenated of the formula:
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where X represents a ketonic oxygen or a 8-

hydroxy group or a [B-hydroxy u-ethynyl

grouping in which in each case the said -

hydroxyl group may be esterified with an

alkanoic acid containing from one to four

carbon atoms inclusive, Y is hydrogen or, when

X represents a hydroxy group, a hydroxy

group and R represents a five carbon open

chain, branched chain or cyclic aliphatic group.
2. 3-n-amyl ether of estrone,

. 3-cyclopentyl ether of estrone.

. 3-n-amyl ether of estriol.

3-cyclopentyl ether of estriol.

3-n-amyl ether of estradiol,

3-cyclopentyl ether of estradiol. -

3-iso-amyl ether of 17«-ethynylestradiol.

3-cyclopentyl ether of 17«-ethynylestra-
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10. A process for the preparation of the
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or its sodium salt, where X represents a ketonic
oxygen atom or a fS-hydroxy group or a 8-
hydroxy «-ethynyl grouping and Y is hydrogen
or a hydroxy group when X represents a
hydroxy group, is reacted with a five carbon
chain aliphatic hydrocarbon halide in the pre-
sence of a condensing agent.

11. A process as claimed in claim 10 in
which the 178-hydroxy group is subsequently
acylated with an alkanoic acid containing from
1 to 4 carbon atoms.

12. A process as claimed in claim 10 or
claim 11 in which the five carbon chain hydro-

carbon halide is the #-amyl or isoamyl bromide
or chloride.

0 aj i whlch carbon chain hydro-
i" S% tﬁeeggélopentyl bromide or

chlondc

14. A process as claimed in claim 10 in
which the 3 - hydroxy - oestra ~ 1,3,5 - triene-
17-oxygenated is the 3 - hydroxy - 17 - keto-
oestratriene.

15. A process as claimed in claim 14 .in
which the pentyl ether of 3-hydroxy-17-keto-
ocstratriene is either further reduced to form
a 178-hydroxy group or 17xz-ethynylated and
178-hydroxylated with potassium acctylide to
form a 1783 - hydroxy - 17« - ethynyl grouping,
followed in each case by acylation of the 17-
hydroxy group, in order to obtain the desired
end product.

16. A pharmaceutical composition suitable
for oral administration including one of the
compounds mentioned in claim 1 to 9 mixed
with a pharmaceutically acceptable earrier.

17. A pharmaceutical composition as defined
in claim 16 where the carrier includes an orally
acceptable lipid.
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103, Kingsway, London, W.C.2,
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Page 1, line 73, for "estrone" read "estriol":
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