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Title: PROGESTATIONAL 3-(6,6-ETHYLENE-17b-HYDROXY-3-OXO0-17a-PREGNA-4-ENE-

17a -YL) PROPIONIC ACID g-LACTONES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention: The present invention is generally directed to novel 3-(6,6-

ethylene-17p-hydroxy-3-oxo-17a-pregna-4-ene-17a-yl)propionic  acid y—lacfone derivatives.
More particularly, the invention is related to such derivatives having progestational and

aldosterone antagonistic activity and methods of preparing and using these compounds.

[0002] 2. Description of the Relevant Art: - Many of the side effects associated with oral

contraceptive pills and hormone replacement therapies are due to administration of hormones.
Some of the potential side effects from contraceptives and hormone'replacement therapies
include: depression, vaginal discharge, changes in menstrual flow, breakthrough bleeding,
nausea, vomiting, headaches, changes in the breasts, changes in blood pressure, loss. of scalp
hair, skin problefns and skin improvements, increased risk of deep venous thrombosis (DVT)
and pulmonary embolism, stroke, increased incidence of cancer, and myocardial infarction (heart
attack). The incidence of various side effects appears to be related, to some extent, on the
dosage of the progestogen and, in some cases, the estrogen Components.

[0003] One of the most commonly used combined progestogens is 6p3,78,15B,16B-dimethylene-
3-0x0-170-pregn-4-ene-21,17-carbolactone (drospirenone). This compound is described in
German Patent No. 3,022,337. Drospirenone, however, is only sparingly soluble in water at
various pH values. The low aqueous solubility of drospirenone reduces its effectiveness due to
poor bioavailability. For example, the absolute bioavailability of drospirenone from a single
entity tablet is about 76%.

[0004] Other methylene-substituted-170 spirolactones have been reported to exhibit the
combination of progestational and antialdosterone antagonistic activity. In EP 0 150 157, 6,6-
ethylene-15,16-methylene spirolactones are described that exhibit a strong progestational and
antialdosterone activity. EP 0 255 464 reports 2,2:6,6-diethylene-3-0xo-17a-pregn-4-ene 21,17-
carbolactones having a stronger anti mineralcorticoid activity with a somewhat reduced
progestational activity. As described in EP 0 150 157, these compounds are primarily suited for
contraceptive use in women with cardiovasculai risk facfors such as obesity, age, smoking and

elevated blood pressure.
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[0005] Additionally, under acidic conditions (such as encountered in the gastric environment)
17a. spiroléctones (e.g., drospirenone) undergo isomerization to a form that is inactive. The
combination of poor aqueous solubility and potenﬁal for isomerization makes the use of low
dosage forms of 17a spirolactones difficult. This leads to the use of higher than necessary
amounts of 17a spirolactones to counteract the inactivation and slow absorptidn of the active
form.

[0006] The use of high dosages of a 170 spirolactones progestogen may lead to an increase in -

the occurrence of side effects. It is therefore desirable to develop 170 spirolactones

progestogens that are highly effective for use in contraceptive and hormone replacément
therapies, that are more resistant to the gastric environment, exhibit improved bioavailability,

and/or reduce the incidence of side effects.

SUMMARY OF THE INVENTION

[0007] In one embodiment, a progestogen compound has the structure of formula (IL):

where the dotted line in Formula II represents a double bond between carbons 9 and 11 or
a double bond between carbons 11 and 12;
'R; and R, are hydrogens, an additional bond between carbons 1 and 2, or a -CH,- bridge
between carbons 1 and 2; and .
R3 and Ry are hydrogéns or a -CH,-~ bridge between carbons 15 and 16.
[0008] When the progestogen compound (II) has a double bond between carbons 9 and 11, the
progestogen compound has the structure of formula (LII):
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I
where R; and R; are hyd:rogens, an additional bond between carbons 1 and_2, or a -CH,-
bridge between carbons 1 and 2; and _ | |
5 R3 and Ry are hydrogens or a -CH,- bridge between carbons 15 and 16.
~ [0009] When the progestogen compound (ID) has a double bond between carbons 11 and 12, the
progestogen compound has the structure of formula (__IV) :

10 - where R, and R, are hydrogens, an additional bond between carbons 1 and 2, or a -CH>-
bridge between carbons 1 and 2; anAdb ‘

R; and Ry are hydrogens or a -CH,- bridge between carbons 15 and 16.
[0010] Compounds of formula (If) may be used to produce a contraceptive state in a subject

* when an oral dosage form comprising an effective amount of a progestogen compound (II) is

15  administered to the subject.

[0011] In another embodiment, a progestogen compound has the structure of formula ™)
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where R; and R; are hydro gens an additional bond between carbons 1 and 2, or a -CHy-
bridge between carbons 1 and 2; and .

R; and Ry are hydrogens or a -CH,- bridge between carbons 15 and 16.
[0012] Compounds of formula (V) may be used to produce a contraceptive state in a subject
when an oral dosage form comprising an effective amount of a progestogen compound (V) is '

administered to the subject.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] It is to be understood the present invention is not limited to particular devices or

biological systems, which may, of course, vary. Itis also to be understood that the terminology

used herein is for the purpose of describing particular embodiments only, and is not intended to .

“be limiting. As used in this specification and the appended claims, the singular forms “a”, “an”,

and “the” include singular and plural referents unless the content clearly dictates otherwise.
[0014] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art.

[0015] Compounds described herein embrace both racemic and optically active compounds.
Chemical structures depicted herein that do not designate specific stereochemistry are intended
to embrace all possible stereochemistries. 7 | »
[0016] It W111 be appreciated by those skilled in the art that compounds having one or more
chiral center(s) may exist in and be isolated in op’ucally active and racemic forms. Some

compounds may exhibit polymorphism. It is to be understood that the present invention

_encompasses any racemic, optically-active, polymorphic, or stereoisomeric form, or mixtures

thereof, of a compound. As used herein, the term “single stereoisomer” refers to a compound
having one or more chiral center that, while it can exist asbtwo or more stereoisomers, is isolated
in greater than about 95% excess of one of the possible stereoisomers. As used herein a
compound that has one or more chiral centers is considered to be “optically active” when
isolated or used as a single stereoisomer. |

[0017] The term “pharmaceutically acceptable salts” includes salts prepared from by reacting
pharmaceutically acceptable non-toxic bases or acids, including inorganic or organic bases, with
inorganic or organic acids. Pharmaceutically acceptable salts.may include salts derived from
inorganic bases 'include aluminum, ammonium, calcium, copper, ferric, ferrous, - lithium,

magnesium, manganic salts, manganous, potassium, sodium, zinc, etc. Examples include the
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ammonium, calcium, magnesium, potassium, and sodium salts.  Salts derived from

pharmaceﬁticallyvacceptable organic non-toxic bases include salts of primary, secondary, and
tertiary amines, subé_tituted amines including naturally occurring substituted amines, ‘cycli‘c

amines, and basic ion exchange resins, such as arginine, betaine, caffeine, choline, N,N™

dibenzyleﬁlylenediamine, diethylamine, 2-dibenzyle’thylencdiamine; 2-diethylaminoethanol, 2-

dimethylaminoethanol, ethanolamine, ethylenediamine, N—efhyl-_rhbrpholine,’N-ethyli)iperidine,

glucamine, glucosamine, histidine, hydrabamine, isopropylafrlihe, lysine, methylglucamine,

morpholine, piperazine, piperidine, polyamihe resins, procaine, purines, theobromine, -
triethylamine, trimethylamine, tripropylamine, tromethamine, etc.

[0018] Described herein are progestogen compounds, methods of making progestogen

compounds and methods of using progestogen compounds. Progestogen are hormones that

produce effects Siinilar to those of progesterone. Progestogens ﬂavé antiestrogenic (counteracting

the effects of estrogens on the body) and antigonadotropic (inhibiting thé production of sex:
steroids by gonads) 'properties. For the structures described herein, the standard steroid

numbering scheme is used. Specifically, steroids are numbered according to the genergl formula

(D below.
12

17

where the dotted line in Formula I represenfs a double bond between carbons 9 and 11 or’

a double bond between carbons 11 and 12;
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R, and R are hydrogens, an additional bond between carbons 1 and 2, or a -CH,- bridge
between carbons 1 and 2; and ' ' ' |

Rz and Ry are hydrogens or a -CH;- Bridge between carbons 15 and 16.
[0020] Inan embodifnent, when the progestogen compound has a double bond between carbons

5 9 and 11, the progestogen compound has the structure of formula (m):

i
Specific examples include: ,
o 0 » 0
10  TIa R,R,=H. o Ilb: Ry, R,=H

Ry, Re=H | |  Rs, Rq=CH, bridge

' O O

Illc: Ry, Ry = double bond 1IId: R;, R; =double bond

R;,Ry=H Rs, Ry = CH, bridge
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IMle: Ry, R, =CH, bridge | | INf: Ry, Ry = CH, bridge
Rs, Ry=H _ . Rs,Ry=CH,bridge
[0021] In an embodiment, when the progestogen compound has a double bond between carbons

5 11and12, th.e' progestogen cofnpound has the structure of formula (_I_\_7) :

Specific examples include:

IVb: Ry, R,=H
Rs, Ry = CH; bridge

10

IVe: Ry, Ry =double bond _ IVd: Rj,R;=doublebond
R3, R4s=H R3, R4 = CH, bridge
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IVe: R,R,=CH,bridge = IVE Ry, R,=CH,bridge
R;,Ry=H B Rs, Ry = CH; bridge
’ [0022] In another embodiment, a pro gestogen componnd has the strucfure of formula (V): - :

1<

R; and R, are hydrogens an additional bond between carbons 1 and 2, or a -CH,- bridge
between carbons 1 and 2; and '
R; and Ry are hydro gens or a -CHa- bndge between carbons 15 and 16.

10 Specific examples 1nelud_e.

Va: Ry, R,=H | | Vb: Ry, R,=H
R, Ry=H ~ Rs,Ry=CH, bridge
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Ve: Ry, Ry =double bond vd.: Rl, R, = double bond
Ry, Ru=H | Rs, Ry = CH, bridge

Q. | - S o

'Ve: Ry,R,=CHpbridge =~~~ Vf Ry, Ry=CH,bridge

Ry, Re=H . R, Ry= CH, bridge

[0023] The above described progestogen' compounds show é more balanced endocrinological :
profile, making them ideal candidates for broad application as contraceptives.

[0024] The doses of the progestogen compounds described herein in oral contraceptive products

are preferentially between 0.3 and 5.0 mg per day. The progestogen compounds may be

" administered in combination with an estrogen. In some embodiments, the progestogen -

compounds may be combined with ethinylestradiol. When combined with ethinylestradiol, the
amount of ethinylestradiol used is in the range of 0.2 to 0.35 mg per.day.

[00251 The following biological tests were used to characterize the biological activity of the

_ progestogen derivatives.

[0026] Progestin receptor binding assay: .= This assay involves competitive binding to

recombinant human progesterone receptors A and B using [Hlprogesterone as the standard.

The ICs and relative binding affinity (RBA) were tested in two independent assays at 7-8

" concentrations.

[0027] Androgen receptor binding assay: This assay involves competitive binding to

‘recombinant rat androgen receptor ligand binding domain (ARLBD) using [3H]R1881 as the
~ standard. The ICsp and relative binding affinity (RBA) were tested in two independent assays at

7-8 concentrations.
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[0028] Mineralocorticoid activity was tested according to the method of Kagawa (1964) Anti-
aldosterones, in Methods in Hormone Research vol.3 R:I: Dorfmann Academic Press p. 351

[0029] Androgen transactivation agsay: This assay involves transient transfection of a luciferase

reporter vector containing three pro geétin/ glucocorticoid/androgen response elements (BXHRE-

LUC) and a human androgen receptor expression vector (pCMVShAR3 1) into CV-1 African
 green monkey kldney cells and treatlng the transfected cells with the test compound at 10-13

different concentratlons to obtain a dose-response,curve and estimate an ECso. To test for
antagorﬁst activity, various concentrations of the :test compound were 'ﬁsed to block testostérone-
induced transactivation of 3XHRE-LUC. | '

[0030] Synthesm of various denvatlves of compounds having the formula (II), where Ry, R, =

H, may be prepared as indicated in Scheme 1, from the corresponding compounds (VI).

 Examples of this procedure nday be found, for example, in the paper to Nickischet al.

“Aldosterone Antagonists. 4. Synthesis and Activities of Steroidal 6,6-Ethylene 17-

‘Spirolactones.” J. Med. Chem., 34, 2464-2468 (1991), which is incorporated herein by

reference.

Scheme 1

10
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Reaction of compounds of general structure (VI) with a base in the presence of formaldehyde or
a formaldehyde equivalent (for example, formalin, halomethyl alkyl ethers, 'dialkoxymethaneé
(such as dimethoxymethane or diéthoxymethane), etc.) yields the desired 6-hydroxymethyl
compounds of general formula (VID). Reaction of the hydroxymethyl compounds of general
formula (VII) with an apprépriate‘ reactant will functionalize the hydroXy group to form a
léaying group “X” as depicted in formula (VIID). Examples of leaving groups "incluvde, but are
not limited to I, Cl, Br, tosyl, brosyl, mesyl, or tﬁfyl. Finally, treatment of the compounds of

~ general formula ( Y!II)VWith a methylene ylid gives the target compounds of general for‘mulav (H,"

Ry, Ry = H). Phosphorous or sulfur ylids may be used. In one embodiment, a sulfur ylid formed |

- by the reaction of trimethylsulfoxonium iodide and a strong base (e.g., NaH) in an aprotic

solvent (e.g., dimethylsulfoxide)) may be used.
[0031] Compounds of general formula (II) wherem R, and R; represent a double bond between- ,

carbons 1 and 2 may be prepared as shown below i in Scheme 2.

Dehydrogenation

Y

II. R1, R2 form a double bond
' ScheineZ » ‘

Reaction of compounds of general structure (IL, R, R, are hydrogen} with a suitable

 dehydrogenating agent gives the corresponding A***'"-3-one derivatives of general formula (LI,

Ry, R, for a double bond). Examples of suitable dehydrogenating agents include, but are not
limited to, metals (e.g, Pd, Pt, etc), sulfur, selenium, A_ and quinones (e.g.,

dichlorodicyanoquinone, tetrachloroquinone, etc.).

- [0032] Compounds of general formula (II) wherein R; and R; represent a CH2 bndgmg group

may be prepared as indicated below in Scheme 3. Examples of this procedure may be found, for

~ example, in the paper to Nickisch et al. “Aldosterone Antagonists. 1. -Synthesis and Activities

of 6pB,7B:150,16B-Dimethylene Steroidal ‘Spi.rolactones.” J. Med. Chem. 28, 546-550 (1985),

- which is incorporated herein by reference.

11
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‘Methylene Ylid

Y

II, R1, R2 form bridging CH,

Scheme 3

Reaction of compounds of general formula (L (_ Ri, R2 forma doublebond)‘ with a methylene ylid
gives the target compounds of general formula (_ Ry, R, are a bridging CH,). Phosphorous or
sulfar ylids may be used. In one embodrment a sulfur yhd formed by the reactron of

tnmethylsulfoxomum iodide and a strong base (e g, NaH) in an aprotlc solvent (e.g., .

d1methylsu1foxrde)) may be used

* [0033] Compounds of general formula (Y) wherein R1, R, =H canbe prepared from compounds

of gen_eral formula (IIIa,b) as shown below in Scheme 4. Examples of this procedure may be
found, for example, in U.S. Patent 3,966,713, which is incorporated herein by reference.

F}, Br .

Y

=

Debromination

v

12
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Scheme 4

Reaction of compounds of general formula @) with fluorine and bromine gives the 11-fluoro,
9-bromo derivative of general formula (_) In one embodinlent, formation of the derivative

(IX) may be accomplished with hydrogen ﬂuonde and N-bromOsuccininnde in’

_ d1methy1formarmde ata temperature of -78 to -30 °C. Debromlnatlon of compounds of general

_ formula (IX) vsing a sultable agent (e g tnalkyltm hydrlde in the presence of a radical-forming

agent (e.g.,- a,a-azodnsobutyrommle)) gives the correspondmg 11p-fluoro derivatives of general
formula (Va, ) v R . v
[0034] Compounds of general formula (Ved) may be prepa:red from compounds of general

formula (Ya.b), respectively, as shown below in Scheme 5.

| Scheme 5

Reaction of compounds of general structure (Va,b) with a suitable dehydrogenating agent gives |
tne corresponding AM3-6ne derivatives of gene;al '_fOnnula (Y&(_i_) Exempleé of suitable
dehydrogenating agents include, buf are not limited to, metals (e.g., Pd, Pt, etc.), sulfur,
selenlum and quinones (e.g., dlch1010d1cyanoqu1none tetrachloroqumone etc.). |
[0035] Compounds of general formula (_Y__,_t_') may be prepared as indicated below in Scheme 6.
Examples of this procedure may be found, for example, in the paper to Nickischet al.
“Aldosterone Antagonists. 1. Syntldesis and Activities of 6B,70:158,16B-Dimethylene Steroidal
Spirolactones” J. Med. Chem. 28, 546-550 (1985), which is incorporated herein by reference.

13



10

15

20

25

WO 2010/068500 PCT/US2009/065949

MethyleneYlid .

Y

Scheme 6 '

‘Reaction of compounds of general formula ( c.d) with a methylene ylid glves the target

compounds of general formula- (V ,i) Phosphorous or sulfur y11ds may be used. In .one
embodiment, a sulfur yhd formed by the reaction of trlmethylsulfoxomum iodide and a strong

base (e.g., NaH) in an aprotlc solvent (e g., dnnethylsulfomde)) may be used.

10036] In one embodlment the progestogen compounds dlsclosed herein may be ‘used to .

produce a contraceptwe state in a subject. - The method of achlevmg such a state includes
administering, to said subject, on each day of at least 21 consecutlve days, a progestogen -
compound descnbed herein. The method further includes admlmstermg, on each day of 7 or less
consecutive days, a da11y dosage unit containing no active agent, or alternatively, administering

no dosage units for 7 days or less.

© [0037] In suitable embodjments of this method, the daily dosage units including a combination a

progestogen compound described herein may be administered for 21, 22, 23 or 24 consecutive

days, and the daily dosage units containing no active agent may then be administered for 7, 6, 5

or 4 consecutive days, as appropn'ate Furthermore, the daily dosage units including the
progestogen compounds described herein may be adm1mstered for 28 consecutive days. “
[0038] Alternatively, the present method mcludes admlmstermg, on each day of at least 21
consecutive days, a daily dosage unit that includes a progestogen compound as described herein,
followed by administering, on each day of 7 or less consecutive days, a daily dosage unit

containing an estrogen alone in an amount of from about 0.01 mg to about 1.0 mg. Oral dosage-

forms of an estrogen may be formed by hot-melt extrusion, as described above or any of known

tabletmg procedures.

[0039] In this alternative method, the daily dosage units that include a progestogen compound as’

described herein may suitably be administered for 21, 22, 23 or 24 consecutlve days, and the -

14
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daﬂy dosage units that include an estrogen alone may then be administered for 7, 6 5or4
consecutive days as appropnate

[0040] Further embodiments descnbed herein also relate to oral dosage forms that are designed
to inhibit ovulation in a human female by the administration of a combination of a progesto gen

compound dlsclosed herein and an estrogen.

B [0041] Estrogens 1nclude but are not limited to, estradlol (17[3-estrad101) estridiol acetate

10

15

20

25

estradiol benzoate, estridiol cypionate, estndlol decanoate, estradiol "diacetate, estradiol

heptanOate, estradiol-valerate, '17a-estradiol, estriol, estriol succinate, es‘dsone, estrone acetate,

estrone sulfate, estropipate (piperazine estrone sulfate), 'ethynyleStradioI (17a—ethyny1estradiol

‘ethinylestradiol, ethmyl estradiol, ethynyl estradlol) ethynyles‘cradlol 3-acetate, ethynylestradml

-benzoate mestranol qulnestrol and nitrated estrogen derlvatlves

| [0042] Nltrated estrogen derivatives are described in U.S. Patent No. 5,554,603 to Kim et al.

" whlch 1s 1ncorporated herein by reference. Nitrated estrogen derivatives that may be used in -

comblnatlon with a pro gesto gen include compounds having the structure:

where R1 is hydrogen, C;-Cs aikyl,- cycloalkyl, or C;-Cs acyl;
R, is hydro'geﬂor C;-Cg alkyl;

" Rz is hydrogen, hydroxy or C;-Cyg alkyl; |

R4 is hydrogen or C;-Cg alkyl;
Where each Rs and Re is, independently, hydro gen or nitrate; and wherein at least one of R5 and
Rg 1s a nitrate group. '

[0043] In some embodiments, the mtrated estrogen denva’uve has the structure:

where R1 is hydrogen, C;-Cs alkyl, cycloalkyl, or C;-Cq acyl;
Ro is hydrogen or C;-Cs alkyl,

Rj is hydrogen, hydroxy or C,-Cs alkyl;

R4 is hydrogen or Cy-Cs alkyl;

15
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where each Rs and R is, independently, hydrogen or nitrate; and wherein at ledst one of Rs and
Rg is a nitrate group.
[0044] A speciﬁc compound that may be used in combination with a progestogen in an oral

contraceptrve to inhibit ovulation in a female subject includes the compound (+)-3 11[3 17p-

' tnhydroxyestra—l 3,501 O)—trlene 11,17- drmtrate ester which has the structure

[0045] In ‘one embod1ment a combma‘uon of a progesto gen compound disclosed herein and an

_ estrogen. compound may be used to produce a contraceptrve state in a subJect The method of

achrevrng such a state includes admlmstenng, to sa1d subJect on each day of at 1east 21

: consecutlve days, a da11y oral dosage umt that mcludes a combination of the progestogen and .

the estrogen. The method further includes administering, on each day of 7 or less consecutive

days, a daily dosage unit confaining no active agent, or alternatively, administering no dosage

“units for 7 daysor less.

[0046] In suitable embodiments of this 'method. the combination of a progestogen compound
disclosed herem and an estrogen compound may be administered for 21, 22, 23 or 24
consecutive days, and a daily dosage units contarmng no active agent may then be administered
for7, 6, 5 or 4 consecutive days, as appropriate. Furthermore, the combmatron ofa progesto gen
compound disclosed herein and an estrogen compound-may be administered for 28 consecutive

days.

' [0047] _ Specific oral dosage forms described herein for use as an oral contraceptive include one

or more progestogen compounds disclosed herein and the estrogen compound ethrnylestradiol in
amounts effective to inhibit ovulation in a female subject. An oral dosage form may include, but
is not limited to, between about 0.5 mg to about 50 mg, between about 1 mg to 30 mg, or
between about 2 mg to 10 mg of progestogen compounds disclosed herein. An oral dosage form
includes, but is not limited to, 1 mg, 1.5 mg, 2 mg, 2.5 'mg,3 mg, 3.5 mg, 4 mg, 4.5 mg, or 5 mg
of progestogen compounds disclosed herein. '

[0048] In addition to. a progestogen compound disclosed herein, an' oral dosage form further
includes ethinylestradiol. An oral dosage form may 1nclude ‘but is not limited to, between about
0.01 mg to about 0.05 mg, between about 0.015 mg to 0.04 mg, or ‘between about 0.02 mgto -
0.03 mg of ethinylestradiol. An oral dosage form includes, but is not limited to, 0.0'l mg,‘ 0.015
mg, 0.02 mg, 0.025 mg, 0.03 mg, 0.035 mg, 0.04 mg, 0.045 mg, or 0.05 mg of ethinyl_estradiol. ,
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[0049] Another specific oral dosage form includes a combination of one or more progesto‘gen‘
compounds disclosed herein ‘and ‘a nitrated estrogen denvative " The oral dosage form may
include, but is not limited to, between about 0.5 mg to about 50 mg, between about 1 mg to 30
mg, or between about 2 mg to 10 mg of one or more progestogen compounds- disclosed herein.

An oral dosage form includes, but is not hmited to, 1 mg, 1.5 mg, 2 mg, 2.5 mg, 3 mg, 3.5mg, 4

mg, 4.5 mg, or 5 mg of one or more progestogen compounds disclosed herein.

[0050] In addition to one or more prooestogen compounds disclosed herein an oral dosage form -

further includes a nitrated estrogen derivative. ‘The oral dosage form may include, but is not

- limited to, betWeen about 0.01 mg to about 1.0 mg ofa nitrated estrogen derivative. An oral

dosage. form includes, but is not limited to, 0.01 mg, 0.05 mg, 0.1 mg, 0.2 mg, 0.3 mg, 0.4 mg,
0.5mg, 0.7 mg, or'1.0 mg of a nitrated estrogen derivative.

-[0051] Oral dosage forms may be made usmg any.known techniques. In one embodiment, oral

.dosage forms may be made by a tableting process in which the progestogen compound, and

optionally, the estrogen compound are disposed in a compressed tablet When in the form of a

tablet, the progestogen compound may be in micronized form (1 e. havrng a partlcle size of less

than 100 pm).

[0052] In an alternate embodiment, oral dosage forms may include a progestogen dispersed in an
enteric polymer and, optionally an estrogen. Such oral dosage forms may be prepared by the
process described n U.S'. Patent Publication No. 2009/ 0269403, which is incoporated herein by
reference, using the progestogen compounds described herein in place of drospirenone.

[0053] While oral dosage forms may be a preferred embodiment of delivery, it should be
understood that any suitable route of administration may be employed for providing a patient
with an effective dosage of progestogen compounds described herein. For example rectal, -
topical, parenteral, ocular, pulmonary, nasal, and the like may be employed. Dosage forms
include tablets, troches, disper_sions, suspensions, solutions, capsules, creams, ointments,
aerosols, and the like. »

[0054} The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in the.
practice of the invention, and thus can‘.be considered to constitute preferred modes for its

practice. However, those of skill in the art should, in light of the present disclosure, appreciate

- that many changes can be made in the specific embodiments which are disclosed and still obtain

~ alike or similar result without departing from the spirit and scope of the invention. =
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Example 1
6p3- (Hydroxymethyl) 15B,16[3-methylene-3 0X0- 17a-pregna—4 9(11)-diene-21,17- carbolactone

1VIIaD

A solution of 158, 16B-Methylene-3-oxo—'17a’-pregna—4 9(11)¥diene—21 '17—carBolactone -
4.0g 11.35 mmol) m 35 mL methanol was combined with pyrrohdme (2 mL, 24 mmol) and

heated for 20 min under reflux. After coohng, the prempltated 3—pyrrol1d1ny1 mtermedlate ‘was

| suct1oned off and Washed with a small amount of cold methanol and dned This material was

| -dlssolved in 45 mL benzene and 90 mL ethanol and treated dropw1se with formahn solution

(37%, 45 mL, ~ 30 mmol). The mixture was stlrred for 1 hr at room temperature and ‘
concentrated ﬁnder vacuum. The'roéultant crudé ».‘mix'ture was _puﬁﬁe’d by chromatography -
followed by crystallization to give the pure 6_[55hydroxymethy1dérivative (V1la, 1.95 g, 45%).

IR (ATR) v;ngx 3410, 1765, 1670, 1650, 1615 cm'l. NMR_ (300 mHz, CDCl3) 8 0.85 (s, CHj),

10.95 (s, CH), 3.75 (m, CH,0H), 5.6 (m, C11-H), 5.8 (m, C4-H).

Example 2

6,6- Ethylene—lSB 16[3 -methylene 3-0X0- 17a-pregna—4 9(11) -diene-21,17-carbolactone ( II )

b

A solution of the compound of Example 1 (V1la, 1.9g, 5 mmol) in pyndlne 20 mL) was
combined with p-toluenesulfo_nyl chlorlde (2.86 g, 15 mmol). The mixture was stirred for 3 h at

" room temperature, combined with 0.3 mL water, and stirred for another hour. The crude product
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was precipitated into ice water, filtered off, washed with water and dried. A solution of

- trimethysulfoxonium iodide (3.84 g, 17.4 mmol)-in DMSO (75. inL) was combined with sodium

hydride (60% oil éuspension 057 g, 14. 2 mmol) and stirred for 1 h at room temperature. To

this solution was added the dried crude tosylate dissolved in DMSO (2 mL) dropwise. The

react1on ‘mixture was stirred for 30 min and. prec1p1tated into'ice water. The crude product was

' collected by ﬁltration washed w1th water, dried and puriﬁed by chIomato graphy to give the pure

6,6-ethylene compound (IIIb, 0.8 g, 42 %) IR (ATR) Vinax 1765, 1670, 1650, 1615 cm™ NMR
(300 mHz, CDCl3) 8 0.85 (s, CH3) 0.95 (s CH3) 5.6 (m, Cll-H) 5.8 (m C4 -H).

Example 3

- 6,6- Ethylene 158, l6|3-methylene 3 -0X0- 17a pregna 1 4 9(1 1) tr1ene—21 17 carbolaotone (1ILd)

| 1Id | |
A solution of the compound of Example 3 (ITTh, 3.2 g, 8.5 mmol) and 2,3-dichloro-5,6-

dioyano-p—benzoquinone (DDQ, 3.5 g, 15 ;4 mmol) in toluene (50 mL) was heated for 5 hat 100
° C. The reaction solution was then diluted with ether, washed with sodium bicarbonate solution
and water, dried over Na;SOs, and evaporated. The residue was purified. by chromatography
followed by crystallizetiOn to give the pure 1,4,9(11)-triene derivative (IIId, 2.1 g, 67 %).

TR (ATR) Vaax 1770, 1660, 1630, 1620 cm™. NMR (300 mHz, CDCls) 8 1.09 (s, CHz), 1.22 (s,
CHs), 5.6 (m, C11-H), 6.13 (d, C4-H), 6.3 (dd, C2,), 7.2 (d, C1) ppm.

Example 4

10,20 15B l6B Dimethylene -6,6- ethylene -3-0x0-170-pregna-4 9(11) -diene-21,17- carbolactone

I .
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IIIf

A solutlon of trrmethylsulfoxomum 1od1de (1.75 g, 8 mmol) in DMSO (20 mL) was .
added to sodlum hydnde (60% oil suspens1on 0. 175 g, 7.25 mmol) and stirred for 1 h at room
temperature To this solutron was added the 1 A4 9(11)—tr1ene derlvatlve (L 1 6 g, 4.25 mmol) =
drssolved in DMSO (5 mlL) dropwise. The reaction mixture was then st1rred at room

temperature untrl the reaction was complete‘ as evidenced by tle. The reactlon rmxture was

_ poured into ice water and neutralized w1th sulfunc ac1d The resultrng precipitate was collected. )

by filtration, Washed with water and dried. The crude product was purified by chromatography =
followed by crystallrza’uon to g1ve the pure lo,20-methylene derrvatwe (IIIf, 0.5 g, 30%) as a
foam.

IR (ATR) Vinax 1770 1660 1630 1620 cm™ NMR (300 mHz, CDClg) 8 1.05 (s CH3) 1 35 (s,
CHs), 5.6 (m, C11-H), 5.8 (s, C4-H) ppm.

Example 5
6B- (Hydroxymethyl) 15[3 16B-methylene—3 0X0- l7oc-pregna—4 11-diene- 21 17-carbolactone
(IVb)

As described in Example 1, 15B,16[3—Methylene—3—oxo—17(x—pregna-4,11-diene-21,'l7-

- carbolactone (4.0 g, 11.35 mrnol) was reacted with pyrrolidine (2 mL) in methanol (35 mL) at

reflux. The thus formed 3-pyrrolidinyl intermediate was then reacted with 5 mL 37% formalin

~in
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45 mL benzene and 90 mL ethanol to give the crude product. Purification by chromatography -

followed by crystallization gave the pure 6B—hydroxymethyl derivative (V1Ib, 2.1 g, 48%).
IR (ATR) vimax 3412, 1765, 1675, 1650, 1615 cm™. NMR (300 mHz, CDCl5) 8 0.85 (s, CH_o,),

0.95 (s, CH), 3.75 (m, CH,OH), 5.6-5.8 (m, C11-H and C12-H), 5.95 (s, C4-H). -

Example 6

- 6,6-Ethylene-158,168-methylene-3-0x0-1 Ja-pregna-4,11-diene-21,1 7—carbolactone.( IVb)

“As déscribed in Example’.Z, a solution of the Compound of .Example 5 (VIIb,_Z.Og, 53

rinnol) vin pyﬁdine (20 ml) was reacted with p-toluenesulfonyl chloride '(2.86Vg, 15 mmbl)

followed by reaction of the crude ‘tosylate thus formed with trimethysulfoxonium iodide (3.84 g,
17.4 mmol) and sodium hydride (60% oil suspension, 0.57 g, 14.2 mmol) to give the crude

product. Purification by chromatdgraphy_ gave the pure 6,6-cthylene compound (IVb, 0.9g,45

" %). TR (ATR) Vi 1765, 1670, 1650, 1615 cm™. NMR (300 mHz, CDCls) § 0.85 (s, CHy), 0.95
(s, CHs), 5.6 — 5.8 (m, C11-H and C-12H), 6.1 (m, C4-H). |

Example 7 v v A _
6,6-Ethylene-158,1 6B—1hethy1ene—3-oxo-'1 To-pregna-1,4,11-triene-21,17-carbolactone (IVd)
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As described in Example 3, a solution of the compoim_d of Example 6 (IVh,3.5g, 9.2‘
minol) was reacted with 2,3-dichl'oro-5,6-dicyano-p-benzoquinone (DDQ, 3.5 g, 15.4 mmol) in
‘toluene at reflux. Puriﬁcatibn of the crude product thus obtainéd gave the pure 1,4,11-triene
derivative (IVd, 2.0 g, 58 %). IR (ATR) Vmax 1770, 1660, 1630, 1620 cm™. NMR (300 mHz,
CDCl3) 6 1.09 (s, CH3), 1.22 (s, CHs), 5.6 — 5.8 (m, C11-H and C12-H), 6.13 (d, C4-H), 6.3 (dd,
€2),72 (4, Ci) ppm. A ' '

Example 8 o - , . . -
10,20:15B,16B-Dimethylene-6,6-ethylene-3-0x0-1 7o-pregna-4,11-diene-21,17-carbolactone -

As described‘in Exaxﬁple 4,a solution of the compound df Eiafnple 7 .(M, 1.'7g, 4.5
mmol) was reacted with trimethylsulfOanium iodide (1.75 g, 8 mmol) and sodium hydride A
(60% oil suspension; 0.175 g, 7.25 mmol) in DMSO (25 mL) to give the crude product. -
Purification by chromatography ga{fé th’é pure 1a,2a-methylene derivative (IVE, 0.6 g, 34 %). IR
(ATR) Verex 1770, 1660, 1630, 1620 cm™. NMR (300 mHz, CDCL) § 1.05 (s, CHz), 135,
CHz), 5.6 — 5.8 (m, C11-H and C12-H), 5.95 (s, C4-H) ppma. |

Example 9

.90L-Bromo-6,6-ethylene-1 1B-fluoro-3-0x0-170-pregna-4-ene-21,17-carbolactone (IXa) a
, o ,
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At -78 °C, the compound of Example 2 (I1Ib, 5.0 g, 13.2 ~_mﬁ101) was combined with

liquid hydrogen fluoride (20 mL, ~ 1 M), dimethylformamide (8 mL), and N-bromdsuccinimidé

(3.2 g, 17.98 mmol). The mixture was allowed to stand at -30 °C for 1.5 h and then introduced
into ice water'andi ammonia solution (25 %). ‘Thé precipitate was. filtered off, taken up in a
mixtdre of ethyl acetate and methylene chloride, washed with water, and dried over sodium

sulfate. The solvents were removed in vacuo and the residue purified by chromatography-to give

" the pure 9a-bromo-11p-fluoro derivative (IXa, 2.0 g 32 %). IR (ATR) Vaae 1765, 1670, 1650,

1615 cm™. NMR (300 mEz, CDCly) § 1.04 (s, CHy), 1:66 (s, CH), 5.25 (m, C11-H), 5.8 (m,
C4H). o S |

Example 1 v : _ '
6,6-Ethylene-1 1B-ﬂ1ioro-3-’0xo- 170-pregna-4-ene-21,1 7-‘carb01act0r_1'e (Vb)

Vb

. A solution of the comﬁouﬁd'of Exa1_hp1e 9 (_IX_a, 73.0 g, 6.28 frnnbl) iﬁ tetrahydroﬁlran (60
niL_) ‘was-treated with tributyltin hydridé (7.5 mL) and u,ot'-azbiéobutyrodinittile (0.05 g). The
reaction mixture Was stirred at room temperature for 5h then concentrated in vacuo. The residue
was purified by chroniatography to give the pure 11B-fluoro derivative (Vb, 1.3 g 52 %). IR
(ATR) Vinax 1765, 1670, 1650, 1615 .cm'l. NMR (300 mHz, CDCls) 6 1.04 (s, CHs), 1.66 (s, .
CHs), 5.2 (m, C1 1-H), 5.8 (m, C4-H). | '

Example 11

6,6-Ethylene-11 B-ﬂuoro-3-oX0—170L-prégna-1 ,A-diene-21,17-carbolactone (Vd)
| 0
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As described in: Examﬁl.e 3, a solution of thevcompo,und of Exampie 10 (¥Yb,3.5¢g, 8.8
mmol) W_aé reacted with 2,3-dichloro-S,6—diéyanb-p-benzoquinone (DDQ, 3.5 g, 15.4 mmol) in
tolue‘n'e‘ at reflux. Purification of the cnide product thus obtained gave the pure 1,4-diene -
derivative (Vd, 1.8 g, 51 %). IR (ATR) Vinax 1770, 1660, -1630, 1620 cm™. NMR (300 mHz,
CDCl3) 6 1.09 (s, CH3),‘ 1.22 (s, CHj), 5.2'(m, C1 1-H), 6.13 (d, C4-H), 6.3 (dd, C2,), 72 (d; C1)

ppm.

- Example 12

10,20:158, 1’6B-Diméthylene—6,6—ethylene—_1 1 [3'—'ﬂuoro_—3*—o'xo'— 170-pregna-4-ene-21, 17-

Ao decerihad 1n
4 A0 UVAIVLIUVAGE Lz

mr“nol)A was reacted with ’tﬁlhethylsﬁlfoxohium iodide (1.75 g, 8 mniol)“an_d sodium hydride '
(60% oil suspension; 0.175 g, 7.25 mumol) in DMSO (25 mL) to give the crude product. -

Purification by chromatography gave the pure 1d,20-methylene derivative (V£, 0.6 g, 34 %). IR

(ATR) Vmax 1770, 1660, 1630, 1620 cm™. NMR (300 mHz, CDCl;) & 1.05 (5, CHa), 1.35 (s,
CH;), 5.25 (m, C11-H), 5.95 (s, C4-H) ppm. '

In this patent, certaiﬁ U.S. patents, U.S. patent applications, and other materials (e.g.,
articles) have been incorporated by reference. | The text of such U.S. patents, U.S. patent
applications, and other materials is, however, only incorporated by reference to the extent that rib :
conflict exists between such text and the other stétements and drawings set forth herein. In the
event of such conflict, then any such conflicting text in such incorporated ny reference U.S..

patents, U.S. patent applications, and other materials is specifically not incorporated by reference

in this patent.
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Further modifications and alternatwe embodiments of various aspects of the 1nvent10n
W111 be apparent to those skilled in the art in view of this descnptlon Accordingly, this
description is to be construed as illustrative only and is for the purpose of teaching those skilled
in the art the general manner of carrying out the invention. Itis to be undefstood that the forms
of the invention shown and described herein are to be taken as examples of embodiments.
Elements and materials may be substituted for those illustrated and described herem parts and
processes may be reversed, and certain features of the invention may be utilized independently,

all as would be apparent to one skilled in the art after having the benefit of this description of the

~ invention. Changes may be made in the elements described herein without depai.ting, from the
10 -

spirit and scope of the invention as described in the following claims.
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WHAT IS CLAIMED IS: -

1. A pro gestogen compound having the structure of formula -(I_I):.

where the dotted hne in Formula II represents a double bond between carbons 9 and 11 or '
100 a double bond between carbons 11 and 12; v :
i Ryand Ry are hydrogens an additional bond between carbons 1 and 2,0ra- CHz- bridge
between carbons 1 and 2; and '

R3 and R4 are hydrogens ora -CHz- bridge between carbons 15 and 16.

15 2. The progestogen compound of claim 1, Whereln the progestogen compound has a double
bond between carbons 9 and 11, the progestogen compound and the progestogen compound has ~

the structure of formula (HI):

| 20 - : _ oI
wherein R; and R, are hydrogens, an addrtional bond between carbons 1and 2,0ra-
CHj;- bridge between c_arbons 1 and 2; and |
‘ : »Wherein R and Ry are hydrogens or a -CH;- bridge between carbons 15 and 16.
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3. The progestogen compound of claim 2, wherein the progestogen compound has a double
bond between carbons 11 and 12, the progesto gen compound and the progesto gen compound has

the structure of formula (_I_V)

:_5.
Whereln R1 and R, are hydro gens an add1t10na1 bond between carbons 1 and 2,0ra-
. CHZ- bridge between carbons 1 and 2 and R
. wherem Rz and R4 are hydrogens ora -CH;- bndge between carbons 15 and 16

10
| 4. A method of 'producing a contraceptive state in a subject comprising administeririg toa
subject an oral dosage form compnsmg an effectlve amount ofa pro gesto gen compound as

described in any one of claims 1-3.

15 5. The method of claim 4, wherein the oral dosage form further comprises an estrogen,

compound.
* 6. The method of claim 4, wherein the oral dosage form further comprises ethinylestradiol.

. 20 7. A progestogen compound having the structure of formula (V):

27
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wherein R1 and R, are hydrogens an additional bond between carbons 1 and 2, ora -

CH,- bridge between carbons l'and 2; and
wherem R3 and Ry are hydrogens ora- CHz- brldge between carbons 15 and 16.

8. A method of producmg a contraceptlve state ina subJ ect comprising administering to a

'sub] ect an oral dosage form compnsmg an effect1ve amount of a pro gestogen compound as

described in clalm 5.

9. The method of olaim 8, wherein the oral dosage form further comprises an estro gen

compound.

10. The method of claim 8, Whereiﬁ the oral 'dosége form further comprises ethinylestradiol.
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