TITLE DERI VATI VE PRODRUGS OF ETHI NYL ESTRADI OL BACKGROUND OF THE I NVENTI ON
Field of the Invention [0001] Unbound 17b-estradiol is the nost active,
nat ur al | ywoeeama2iszg human estrogen. However, due to poorcasesopipsss2 and
extensive first-pass nmetabolismin the gastrointestinal tract and liver
following oral absoiption, it is not generally orally active. Methods of
increasing activity have included the use of mcronized drugs to inprove
absorption and the use of prodrugs such as estradiol- 17-valerate and
equi ne estrogens which are a conbination of sulfate and gl ucuronide
derivatives. [0002] Another method of increasing activity is to alter the
structure of the 17b- estradiol. Ethinyl estradiol is an exanple of this.
The ethinyl group on the 17 position greatly reduces liver first-pass

met abol i sm conpared to 17b-estradiol, enabling the conpound to be nore
active than the natural estrogen, 17b-estradiol.

TITLE

DERIVATIVE PRODRUGS OF ETHINYL ESTRADIOL

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] Unbound 17(B-estradiol is the most active, naturally occurring human
estrogen. However, due to poor absorption and extensive first-pass metabolism in
the gastrointestinal tract and liver following oral absorption, it is not generally
orally active. Methods of increasing activity have included the use of micronized
drugs to improve absorption and the use of prodrugs such as estradiol-17-valerate
and equine estrogens which are a combination of sulfate and glucuronide
derivatives.
[0002] Another method of increasing activity is to alter the structure of the 17p-~
estradiol. Ethinyl estradiol is an example of this. The ethinyl group on the 17
position greatly reduces liver first-pass metabolism compared to 17B-estradiol,
enabling the compound to be more active than the natural estrogen, 17B-estradiol.
[0003] Ethinyl estradiol is the most common estrogen used in contraceptive
preparations. Given its increased potency over 17B-estradiol it is used in
comparatively lower doses (i.e., orally 15 to 50pg per day). It is also more potent

by other routes of administration, i.e., vaginally where it can be employed at a



[0003] Ethinyl estradiol is the npst common estrogen used in contraceptive
preparations. Gven its increased potency over 1l7b-estradiol it is used in
conpar at iwelzgoimwsss doses (i.e., orally 15 to 50nmg per aay)us2006/0e85al so
nore potent by other routes of administration, i.e., vaginally where it can
be enpl oyed at adaily dose of 15ng (see U_S. Patent No. 5,989,581). It has
al so been used in Hornone Repl acenent Thélzapy al though to a | esser extent

t han 17b-estradi ol.. ,[] 0004 il hi nyl radi ol . ha een preferred over
17b- estradi ol , tdﬁlel}f gésﬁrog1%66d$§%%%¥]89§2§9a§3i)§?]5'} Sé‘iso\?\??hus?‘]l@ use of

et hinyl estradi Hormbfd REIRERER ThBRDy AtlouH tolaN&ss&leiehVthareSiptadi gl that is
adm nistered is biologically available. Ethinyl estradiol is netabolized in

the intestinal VAP Affdleicihind estigliothasdpéremrefsred evebl Yaestndiabilieitaye  Mor eover ,
its bioavail abi | [BY% g o LPdi Vi Lopindi vidual . In
addi tion, it has bl?)%gn olgl\sﬁg o t&ﬁ%’g@@ ﬂEae?L i h€ hlé 1f|e rg%l i F?rsex?r%l%)%b%qtl zed in
the liver, enterdioépateiliny egipdiol thet 1@@@uimstere[dﬁé)Bﬁ]ogkalmsomilatﬁqs. dﬁ:lhimgl of
et hi nyl estradi (%lstmd-cg%t Lineo %I'Il ] ki idt1i¥z V\/%JI ? Pfet Lghly
advant ageous. SUMMVARY OF %Fi‘ %{ﬁ%lg ﬁ%{tlﬁm Wat and frver, Wiich allects 1

bioavailability. Moreover, its bioavailability may vary somewhat from individual

to individual. In addition, it has been observed that as ethinyl estradiol is

metabolized in the liver, enterohepatic recycling occurs.

[0005] A novel prodrug of ethinyl estradiol, that improves bioavailability would be

highly advantageous.

SUMMARY OF THE INVENTION

[0006] The present invention is a prodrug derivative of ethinyl estradiol according

to Formula I:

Formula I

X

and enantiomers and pharmaceutically acceptable salts thereof; wherein X is

selected from the group consisting of
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[ 0006] The present invention is a prodrug derivative of ethinyl estradiol
according to Formula | : Formula |I and enantioners and pharnmaceutically
accept ablwozadlte4isier eof ; wherein X is sel ected from t hecgruse@enesss: st i ng
of [ 0007] The present invention includes a pharmaceutical dosage unit
conprising (a) a prodrug derivative of ethinyl estradiol according to
Formula |, and (b) one or nore pharnaceufﬁCaIIy accept abl e exci pi ents.

[ 0008] In another aspect of the present invention, a nethog of providing
contraception is provided. The nmethod cappriggs the step of adfd ni stering

to a patient in need thergpf, an effect}N: afolint_ of a pr Nrughderjvative
of ethinyl estradOq t [ pventiop,cforqan tive ipd oO'tine.
[ 0009] In yet anothgr aspectoof t he ihvention, lla method o rovi di ng

hornone treatnent tBerapy is provided. The nmet Rod conprises the step of
admnistering to a patient in need thereof, an effective anmount of a
prodrug derivative of ethinyl estradiol of the invention, for an effective
period of tinme.- A -

H,C

o) OH

[0007] The present invention includes a pharmaceutical dosage unit comprising (a)
a prodrug derivative of ethinyl estradiol according to Formula I, and (b) one or
more pharmaceutically acceptable excipients.

[0008] In another aspect of the present invention, a method of providing
contraception is provided. The method comprises the step of administering to a
patient in need thereof, an effective amount of a prodrug derivative of ethinyl
estradiol of the invention, for an effective period of time.

[0009] In yet another aspect of the invention, a method of providing hormone
treatment therapy is provided. The method comprises the step of administering to
a patient in need thereof, an effective amount of a prodrug derivative of ethinyl

estradiol of the invention, for an effective period of time.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0010] For the purposes of the
present invention a prodrug is an entity, which either conprises an

i nacti ve worzm7i438 active drug or includes a chem cal @gcoas2evaioessszonfers
preferred characteristics on the drug. [0011] For the purposes of the
present invention, roomtenperature i s understood to nean 25C +/- 5C.
[0012] In the present invention, the prodﬂug derivative of ethinyl
estradi ol has the structural fornmula: Fornula | wherein X is selected from
the group consisting of[0013] In a preferred enbodinment, X is [0014]

Not abl y, X attaches to th®BIWILEY DESSRIPTION OF ampanvEratiofhe 3' C position
of the ethinyl ﬁﬁ@@ﬁﬁio co ounp It shoul d be understood that the

i nventive conpo TE8 PHRAPSES P 10 RICSRAL NP tion A @Tqdruga AR pite rdidind t hei r

phar maceuti cal | yitaercepipaitsan gatie. fodDSbalact\e dsest iRGiRk B chdnli&al BRuBS e
"pharnaceutlcalk%ﬁgcce tablgng |t" refers to a

) confers pre characteristics on the drug.
[0011] For the purposes of the present invention, room temperature is understood
to mean 25°C +/- 5°C.
[0012] In the present invention, the prodrug derivative of ethinyl estradiol has the

structural formula;

Formula I

X



salt that retains the biological effectiveness of the free acids and bases
of a specified conpound and that is not biologically or otherw se
undesi r abWe.2007102488 The prodrug derivative of ethinyl egsCtrase@/oedsst he
present invention may be conbined with one or nore pharmaceutically
acceptabl e excipients to forma pharnmaceutical dosage unit. [0017]
Exci pi ents useful herein include a w de Vériety of additives, or
ingredients, sughaas, fillers, diluents (solid and |iquid), bioconpatable
pol yners (such a§%ﬁzaﬁo ol ysi | oxanes, pol yurethanes d

pol ynmet hyl acryl ates), sKin penetrators and penetrati enhancers,

sol ubilizers, |ubr¥Ca ,Ostabilizer fl ow contre” agent s, ccol orants,
glidants, effervesce agents, swg%% ,5>H£M%Mpr%0 per , and the |ike.
[0018] Ot her sterords, e.g., progestogens y be in oA e

phar maceuti cal dosage unit. 'Exenplary progéstogens ircludé noret hindrone,
drospi renone, trimegestone, |evonorgestrel, desogestr®el, §\§§H6@esogestrel,

gest odene, denegestone, dydrogesterone, nedrogestone, nedroXy progesterone

and esters thereof and the |ike. [0019] The pharnaceuti cal sage unit may

be in an orally ingegsﬁblg form sugh, o
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[0014] Notably, X attaches to the ethinyl estradiol compound at the 3°C position of
the ethinyl estradiol compound. It should be understood that the inventive
compounds of Formula I include all their enantiomers and their pharmaceutically
acceptable salts.

[0015] As used herein, the phrase “pharmaceutically acceptable salt” refers to a
salt that retains the biological effectiveness of the free acids and bases of a
specified compound and that is not biologically or otherwise undesirable.

[0016] The prodrug derivative of ethinyl estradiol of the present invention may be
combined with one or more pharmaceutically acceptable excipients to form a
pharmaceutical dosage unit.

[0017] Excipients useful herein include a wide variety of additives, or ingredients,

such as, fillers, diluents (solid and liquid), biocompatable polymers (such as



as tablets, capsules, chewable tablets or capsules, troches, liquid
suspensions, pills, or sustained rel ease dosage forns. Alternatively, the
phar macewocad7/dezsage unit may be a transdernal deliver pCIyst@ai025852 i n
anot her enbodi nent the pharmaceutical dosage unit may be a topical
conposition such as a gel, cream ointh%[, liquid and the like. O in an
alternative enbodi nent, the pharnaceutical dosage unit may be designed for

vagi nal adm ni s{. j - nal. ki [ g of

et hi nyl estrad?%%ﬁﬁggg%gxgﬁ%ﬁﬁgﬁﬁggﬁ%ﬁgﬁhg teépﬁgﬁhgéggggggrﬁ e%%%grein
These net hods meyetipsionorliafi¢eat sedubibiterse bsitanise stglihtens fow costrdlegentsay be
enpl oyed as desj | 0 ]! ' ] i nyl
estradi ol as thdgiogggsr’ gpﬁagﬁyﬁ%{%ﬁ%gﬁ% 5%%{9 sg%ﬁﬁ%%&%ﬁ%lé&%’@glﬁ%ﬁl\}gﬁ %&@E’ fr“gne. I t
shoul d be underl801d Qthdreieenids; ¢.gt tratesiizensanet e inglhded st thaghomacaiticaldi cat ed,

dor vat ves oF G, P2eath o e Hage B4R o lRygECC, T
React i on Sequendomegestofibdevopagtiteh desoglyimie 3-ketoliesngdstrelsgastodenal, and mal ei ¢
anhydri de | .n t hc'ieenl%rgees oeng,c cgld%]cges%erg%? gle r%J[géasllfo\flg,t1iled?é)g/'ﬁrogsce(s)tgriolﬂgn and esters
thereof and the like.

[0019] The pharmaceutical dosage unit may be in an orally ingestible form, such
as tablets, capsules, chewable tablets or capsules, troches, liquid suspensions, pills,
or sustained release dosage forms. Alternatively, the pharmaceutical dosage unit
may be a transdermal delivery system. Or in another embodiment the
pharmaceutical dosage unit may be a topical composition such as a gel, cream,
ointment, liquid and the like. Or in an alternative embodiment, the pharmaceutical
dosage unit may be designed for vaginal administration e.g., a vaginal ring.

The steroidal prodrugs of ethinyl estradiol may be synthesized using the methods
described herein. These methods may be modified or alternative synthesis
methods may be employed as desired. The synthesis methods typically begin with
ethinyl estradiol as the starting material, but could also begin with estrone. It
should be understood, however, that where ethinyl estradiol is indicated,
derivatives of ethinyl estradiol may be used.

[0020] In one embodiment, a fumaric acid ethinyl estradiol ester may be formed in
accordance to Reaction Sequence 1. The reaction combines ethinyl estradiol and
maleic anhydride in the presence of a base catalyst, e.g., sodium
hexamethyldisilylamide (NaHMDS) and a solvent, e.g., tetrahydrofuran (THF) at -
78°C. Deprotecting agents such as hydrochloric acid (HCI) and ether are then

added to yield the desired product.



hexanet hyl di si |l yl am de (NaHVDS) and a sol vent, e.g., tetrahydrofuran (THF)
at - 780C. Deprotecting agents such as hydrochloric acid (HCO) and et her
are then wodear/2e33gi el d the desired product. Reacti on Se®UEnSe00&/0pBO21]
Reaction Sequence 2 provides a route to synthesize a derivative ethinyl
estradi ol ester conpound by reacting et hi_gyl estradiol or a derivative
thereof with a conpound having the structure in the presence of NaHMDS,

nmal ei ¢ anhydride, and THF (-8 0C) to form an internediate canpound, which

is then reacted with HOAdI dxame. Reaction Sequence 2 [0Qd = anot her
enbodi nent, a prodrug

d, Qf.st he invention may be si zed by
reacting ethinyl of ~di r egtyeni th a conpound ™R structureThe
intermedi ate co

@% THF/-78° . @* . . .
Tpoune ergoe%éﬁ:pfe{eect |_Faras 2 mal i c acid et hinyl
estradiol ester, as depicted in Reaction Jequence 3. Followed by
deprotection step Reaction Sequence 3

Reaction Sequence 1

[0021] Reaction Sequence 2 provides a route to synthesize a derivative ethinyl

estradiol ester compound by reacting ethiny] estradiol or a derivative thereof with a

compound having the structure

0 0
o]
iy P
o]
o)

in the presence of NaHMDS, maleic anhydride, and THF (-78°C) to form an

intermediate compound, which is then reacted with HCl/dioxane.
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Reaction Sequence 2

[0022] In another embodiment, a prodrug compound of the invention may be

synthesized by reacting ethinyl estradiol directly with a compound having a

structure



[0023] In Reaction Sequence 4, ethinyl estradiol is reacted with pyruvic
acid. An internediate conpound is formed, which is then treated with a
depr ot ectwogoereni3s such as sodi um borohydride (NaBH ) PCThis200e828852 ng
conpound is the lactic acid ethinyl estradiol ester. CH3 Reaction Sequence
4[ 0024] In Reaction Sequence 5, an acetox§acetic acid ester of ethinyl
estradiol is synthesized by reacting ethifnyl estradiol with acetoxyacetic
acid. Reaction Sequence 5 [0025] A prolinage ethinyl estradiol ester

derivative may be formed in accordanée Reacti on Sequence 6. Ethinyl
estradiol is conbined with Boc-proli in~dhe presence of a coupling agent,
e.g., DCC, form ng an internedi ate coppound. A deprotecting agent, such as
HCl / di oxane, is then added to formt N ed ol i nate et hi nyl estradi ol
ester derivative. Reaction Sequenceo’6 [ 0026] tion Sequence 7 provides a

synthesis route for nmaking a serine ethinyl estra@ifiol ester derivative.
Et hi nyl estradiol is conbined with Boc-serine. An

The intermediate compound undergoes deprotection and forms a malic acid ethinyl
estradiol ester, as depicted in Reaction Sequence 3.

CHs OH
COHZ Yz

%Q o CH:;%
o 0 o
+ OH —— » O
o (@]

0

HO

Followed by deprotection step

CHs OH 2z CHa OH 2
CH%(Zis
J 9 - . o
: HO. A
NO \H/\)j\o
o]

e}

Reaction Sequence 3
[0023] In Reaction Sequence 4, ethinyl estradiol is reacted with pyruvic acid. An
intermediate compound is formed, which is then treated with a deprotecting agent,

such as sodium borohydride (NaBHy). The resulting compound is the lactic acid

ethinyl estradiol ester. CHs

Reaction Sequence 4



i nternedi ate conmpound is formed which is then reacted in the presence of a
deprotecting agent, such as HC /di oxane, to produce the serine ethinyl
estradi olweaveva238 Reacti on Sequence 7 [0027] Reacti onpr&aqisessm285pr ovi des
a synthesis route for nmaking the acetyl lactic acid ester derivative of
ethinyl estradiol. Ethinyl estradiol is conbined with acetyl lactic acid to
formthe desired conpound. Reaction Sequefice 8 [0028] Utilizing Reaction
Sequence 9, ethinyl estradiol is conbined with a conpound having the
structure to forman internediate conpound that is then treated with a

deprotecting aggoi24] slREwcASH $¥ghéRb Bein ackiOxPib@icheldicaesNeliaf katdfol aci d
et hinyl estradiol ester.Reaction Sequence 0029] Reaction Sequence 10

9 [ .
depicts a proces¥ntheized hriaredieAttiny] srradiohweh goctppiesyie 2dt r adi ol est er .
Et hinyl estradiol is conbined with Boc-am no acetic acid, which forns an

i nternedi ate conpound. As shown in Reaction Sequence 10, a
HJDHy s %

o, CH,
\{/ Q o CH,

+ 0\/U\O Y i

" o\)

[o!

HO'
Reaction Sequence 5

[0025] A prolinate ethinyl estradiol ester derivative may be formed in accordance
to Reaction Sequence 6. Ethinyl estradiol is combined with Boc-proline in the
presence of a coupling agent, e.g., DCC, forming an intermediate compound. A
deprotecting agent, such as HCl/dioxane, is then added to form the desired

prolinate ethinyl estradiol ester derivative.

CHy OH_2 CH, OH.Z
boc O
|
N IIBOC 0
0
HCl/Dioxane CH, OH &
l|4 0
e
(0]

Reaction Sequence 6

HO

[0026] Reaction Sequence 7 provides a synthesis route for making a serine ethinyl
estradiol ester derivative. Ethinyl estradiol is combined with Boc-serine. An
intermediate compound is formed which is then reacted in the presence of a
deprotecting agent, such as HCl/dioxane, to produce the serine ethinyl estradiol

ester.



conpound having the structure is added to the intermedi ate conpound, which
is then treated with HO to formthe desired prodrug ethinyl estradiol

deri vat i weoast7@n4idgact i on Sequence 10 [0030] Reaction Sequarse@ehissstarts by
conbining ethinyl estradiol with Bocaspartic acid t-butyl C . This

conbi nation fornms an internedi ate conpoun which is then treated with a
deprotecting agent, such as HC /dioxane to'yield the aspartic acid ethinyl

estradi ol ester. Reaction Sequence 11[ 0031] Utilizing Reacti orn,, nce 12,
ethinyl estradiol is reallied’ A t h Bocaspartic acid t-butyl Cl,_mwh€h forns

an internedi ate conmpou
conbined with the pnte
et hinyl estradiol g
where et hinyl ed®radio
be used.

A jeprot ecsing agent, such as HCI/e is
di—at e co/qp/olgnd to formthe desirvdasparti

HCl Ré'Qct |gon0$eqm1u9®\3 A'*- above,

i s indicat 8% derivativés ogHBOeCPL hi'nyl™ estradi ol may

HCl/Dioxane

CH; OH =
Ho Ao
RH,

HCH

Reaction Sequence 7

[0027] Reaction Sequence 8 provides a synthesis route for making the acetyl lactic
acid ester derivative of ethinyl estradiol. Ethinyl estradiol is combined with acetyl

lactic acid to form the desired compound.

CH; OH_~ CH, OH_=
o. Chs
(@] CHs
o
7; Yo
+ T ©oH 0.,
HO CH;, 0
CH;,

Reaction Sequence 8

[0028] Utilizing Reaction Sequence 9, ethinyl estradiol is combined with a

compound having the structure

to form an intermediate compound that is then treated with a deprotecting agent,

such as HCV/ether, to yield diacetyltartaric acid ethinyl estradiol ester.



[ 0033] Coupling agents that may be used in synthesizing the prodrug
derivative of ethinyl estradiol of the present invention, may be for

exanpl e, Wo(er02m338r ophenyl ) car bonate (b-NPC), PCT/US2006/025852

N, N - di cycl ohexyl - carbodiim de (DCC), I|-(3-

di et hyl am nopr opyl ) - 3- et hyl - car bodi i m de,_hydrochl oride (EDCI), and

m xtures thereof. Alternative conmpounds ‘n]dy be used, so long as they
fulfill the intended purpose. [0034] In the synthesis reactigns described,
a base may be used.as a edi4af yst. Suitable bases include, Aare not
I|mtedto4d|rrethylyr/f@|negQIVA t}iethyl ani n, [NaHVDS or

m xtures thereof. ¥ X T”ote g aLt@ 5 a the synthesis
reactions when needed, _Non-Ii mi xanpl ¥ Z. di oxane, ether,
sodi um borohydride (NaBH ), and mxtures ther ofé_s Qh as, for exanple,
acetic acid: THF: water. [0036] Sol vents that y %/used in the synthesis
reactions are for exanple, tetrahydrofuran (THF), net ha,no , pyridine,

chl orof orm dichl oronet hane (DCM, and the lik o “it shoul d be noted
t hat many ot her organic sol vents may bejtsuitabl e.

Reaction Sequence 9

[0029] Reaction Sequence 10 depicts a process for synthesizing an Asp-Gly
ethinyl estradiol ester. Ethinyl estradiol is combined with Boc-amino acetic acid,
which forms an intermediate compound. As shown in Reaction Sequence 10, a

compound having the structure

boc
AN

OtBu
is added to the intermediate compound, which is then treated with HCI to form the

desired prodrug ethinyl estradiol derivative ester.



[0037] To increase the purity of the prodrug derivative of ethinyl
estradiol, the prodrug may be treated to one or nore washing steps, one or
nore dryiwgQ 2847aps33sand/ or a recrystallization step. [00®87/Urh@omassht ng st ep
may be used to rinse the precipitate that is forned by the prodrug
derivative of ethinyl estradiol. As noted,, one or nore washing steps may be
used. Water, sodi um hydroxi de, or any SUI{%mle alternative can be generally
used for mashlng purposgs. [0039] As previously noted, the pusity may be

i ncreased by subj ecting_f ¥ prodrug derivative of ethinyl e afirol to one
or nore drying steps. ryi ng, stfep may be perforned s met hods,

i ncl udi ng but not | @o t 0, p@t ¥ ng—vacuym,dr
filtration, and:w e. Drying may be enhanced by using drying agent
such as magnesium sulfate to assist in dr¥|ng the product. [0040] The

prodrug derivative of ethinyl estradl ol NHt he present ijnventi§ be
used for providing contraception “IAPHAes caIIy effectivé nt of the
prodrug derivative of ethinyl J oI if the ' nv 5‘1\0 ni stered
to a patient hoe a9 HN
HN;IT\N/N o ml:'l' HC
o] OtB?l
CHs o1y 2
HCI
i~
2 I\n/ 0
(o] OHO

Reaction Sequence 10

[0030] Reaction Sequence 11 starts by combining ethinyl estradiol with Boc-
aspartic acid t-butyl C4. This combination forms an intermediate compound, which
is then treated with a deprotecting agent, such as HCl/dioxane to yield the aspartic

acid ethinyl estradiol ester.

CHs
o Of oz

butO (0] o
Boc-asp-Thu C4 U
Y 0

boc”

HO

CHs OH?

HO (0]
T
H 0O

HCI

Reaction Sequence 11



in need thereof, for an effective period of tinme. Preferably, the prodrug
:2 adm ni stered in conbination with a progestogen. [0041] The prodrug

deri vat i weoaho7aiizayl estradi ol of the invention can al soThs200800585n
providing hornone treatnment therapy. Such a nethod of treatnent woul d
conprise the step of adnministering to a ppfient in need thereof, a
therapeutically effective amount of a prodrug derivative of ethinyl -
estradiol of thqoomyentiaRRefton 8Bnhdc0! itfiy RELIRA i0kalildBy hOO42] The
prodrugs of ethinyl estradiol of the present”invention are istere

a "therapeut i cal®fkArid Foikichuid CGartpliph formsar igteitgedimidemsonod Adem@ﬁhr% i
sufficient amounbeffsugh £OTORY &91119[5:, cgﬁﬁﬂl%wgﬂ'u{? n%th%%d}’g'té clg 8@%}@8@{ ‘ool vo
the synptons and/or condition to be treated. The therapeutice ec
amount can be r d¥disiedpspastinaidethiny! eshiobia egibr. or di nary skill in the art, but
of course will depend upon several factors. For exanple, one
consi der the condition ang,sgyerity of the condition being t

atjet
age, body wei ght, gener Bt h, diet, and physical condi @g t he
patient being treated, ration of the t!‘"é (3 [ ATAL YT
ti cubaraspttuicne | nhg‘r. edi e(r)lt g enpl oyed, the

boc” H

CHa OH?
HO.__O
1
N 0
HCl
Reaction Sequence 12

[0032] As noted above, where ethinyl estradiol is indicated, derivatives of ethinyl
estradiol may be used.

[0033] Coupling agents that may be used in synthesizing the prodrug derivative of
ethinyl estradiol of the present invention, may be for example, bis(4-
nitrophenyl)carbonate (b-NPC), N,N’-dicyclohexyl-carbodiimide (DCC), 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDCI), and mixtures
thereof. Alternative compounds may be used, so long as they fulfill the intended
purpose.

[0034] In the synthesis reactions described, a base may be used as a catalyst.
Suitable bases include, but are not limited to 4-dimethylamino pyridine (DMAP),
triethylamine, NaHMDS or mixtures thereof.

[0035] Deprotecting agents may be used in the synthesis reactions when needed.
Non-limiting examples include HCI, dioxane, ether, sodium borohydride (NaBHy),
and mixtures thereof such as, for example, acetic acid: THF:water.

[0036] Solvents that may be used in the synthesis reactions are for example,

tetrahydrofuran (THF), methanol, pyridine, chloroform, dichloromethane (DCM),



pharmaceutical | y-acceptabl e excipients utilized, the tine of

adm ni stration, nmethod of adm nistration, rate of excretion, drug

conmbi nat iwo,20emd438y ot her relevant factors. [0043] Theppraseegs23s62t he
invention are preferably adm nistered orally, transdermally, topically or
vaginal ly. The preferred dosage forms are tablets, gels, creams or vaginal
rings. [0044] The prodrug derivative of el 1 nyl estradi ol corrpounds of the

resent inventi b characterized uysin I ous an tical nethods.
Igor exanpl e, 3%‘1 Ia%\{ S %ﬁ’%‘éﬂ’l &mu@ bg ﬁ,otgﬁﬂ%@ 9%{/6 ()F%g}_]@)so S%%Be to
establish the pwmtab}fe of the synt he5| zed product. 1H and l?lcRnucI ear

magneti c resona onetr nd i nf ectroscopy
We?e used to ver (?3]5 %ﬂ% arseuchBPéty kg’le@b({fl‘{g(%fl %IVBID%)%F[] I qradiol e her _
characteri zed bwr@tbmgmmybaﬂn@tadtts ofiedrtuhdrg wpeHind stepk, 24 5 mSRaRyih Gegirbodi ment s

of the invention e denpnstrated by reference to the foll ow ng
exanples. It shé‘ﬂ%f becﬁ’ﬁtﬁglrzgqoél pt hat these exanples are discl osed solely

by way of il ust[0Gas] Mge tvhshingWephdydit ud&ttho S HhEl pR6Thitde tHa P Enied by the
prodrug derivative of ethinyl estradiol. As noted, one or more washing steps may
be used. Water, sodium hydroxide, or any suitable alternative can be generally
used for washing purposes.
[0039] As previously noted, the purity may be increased by subjecting the prodrug
derivative of ethinyl estradiol to one or more drying steps. The drying step may be
performed by various methods, including but not limited to, air drying, vacuum
drying, oven drying, filtration, and the like. Drying may be enhanced by using a
drying agent such as magnesium sulfate to assist in drying the product.
[0040] The prodrug derivative of ethinyl estradiol of the present invention may be
used for providing contraception. A therapeutically effective amount of the
prodrug derivative of ethinyl estradiol of the invention, is administered to a patient
in need thereof, for an effective period of time. Preferably, the prodrug is
administered in combination with a progestogen.
[0041] The prodrug derivative of ethinyl estradiol of the invention can also be used
in providing hormone treatment therapy. Such a method of treatment would
comprise the step of administering to a patient in need thereof, a therapeutically
effective amount of a prodrug derivative of ethinyl estradiol of the invention, for
an effective period of time.
[0042] The prodrugs of ethiny! estradiol of the present invention are administered
in a “therapeutically effective amount.” This is understood to mean a sufficient
amount of a compound or dosage unit that will positively modify the symptoms
and/or condition to be treated. The therapeutically effective amount can be readily
determined by those of ordinary skill in the art, but of course will depend upon
several factors. For example, one should consider the condition and severity of the
condition being treated, the age, body weight, general health, diet, and physical
condition of the patient being treated, the duration of the treatment, the nature of



any way to |imt the scope of the present invention. EXAMPLE 1 Exanple
lprovides stability, solubility and rate of hydrolysis neasurements for
et hi nyl esoreadimkssacet oxy acetate. Solubility was perforocedseeemaissr. Al l
stability was conducted at 40C/ 75% RH, with the prodrug being assayed at
specific time-points for degradation to t parent conpound, et hinyl
estradiol. The tine-points for stability' re T=0 nont hs, T=2 weeks, T=I

f
o TS o Rl R I e Nl et sn LRl St e of
[ % the foll ow ngllmamn@mpaltyia)cc?ndbll\gxc@mmhmnzaalntheﬁﬁk@f&ﬁ?ﬁgﬂgggf&l@%ﬁg, 2.8
naL of water |
sol ution was vort gg?éu %aUOIllﬁtesoggéﬂ%fllz%lg fﬂ@blﬁ?tﬂlu?’é{ %ch’?‘ﬂé]ﬁv?l%ft to stand
for specific tidetarnt erval s (e g., 5 m nu]Ees blfom putez, etc.); (4) the
mxture was t heTO(ﬂlg]UIl“fle pro& Tugs c\ﬁd tfle 1nven:‘|ﬁrcpﬁ al% pre erall)'lly agmfnis?eged orally,

transdermally, topically or vaginally. The preferred dosage forms are tablets, gels

2

creams or vaginal rings.

[0044] The prodrug derivative of ethinyl estradiol compounds of the present
invention have been characterized using various analytical methods. For example,
high performance liquid chromatography (HPLC) was used to establish the purity
of the synthesized product. 'H and '*C nuclear magnetic resonance (NMR), mass
spectrometry and infrared (IR) spectroscopy were used to verify its structure.
Moreover, the product was further characterized by determining its melting point.
[0045] Specific embodiments of the invention will now be demonstrated by
reference to the following examples. It should be understood that these examples
are disclosed solely by way of illustrating the invention and should not be taken in

any way to limit the scope of the present invention.

EXAMPLE 1

Example 1 provides stability, solubility and rate of hydrolysis
measurements for ethinyl estradiol acetoxy acetate. Solubility was performed in
water. All stability was conducted at 40°C/75% RH, with the prodrug being
assayed at specific time-points for degradation to the parent compound, ethinyl
estradiol. The time-points for stability were T=0 months, T=2 weeks, T=1 month,

T=3 months and T=6 months.

Hydrolysis studies refer to the rate of hydrolysis to the parent drug,
ethinyl estradiol. Hydrolysis was conducted in the following manner:
(1) 1 mL of a solution containing the prodrug, 2.8 mL of water and 0.1 mL of
0.5N NaOH were combined;

(2) the resulting solution was vortexed for 10 seconds;



lutions were finally injected to quantify the di sappearance of
'EﬁZa tpPgdflcj)guand t he formationyof the parent conpound. The results of these
studi es omoendmyisgestradi ol acetoxy acetate, which mayPo#/yse@paesss2 i n
accordance with reaction sequence 5, are shown in TABLE 1. IABL% 1 M
| nvesti gati on Assay Prodrug Monomer Sol ubjlity Hydrolysis T=0 T=2W T=I

i i i 8 97.2 97.0 Acetate The
Et hi nyl Estradiol Acetoxy 2.0ug/nL 100% (5m n) 97. . .
foL owi ng out ]! nesi TR SARML WO ki Liithel OB Sl L Lois prodrug,
Anal ysi s was conducted using Hi gh-Performnc -qul aphy ( .
The retention timnme f@Pm@Fhilngmé@wta&ii ol acetoxy acetate was approxi mately

! | - : - 5 4.6 x
15. 0 m nutes usi ng4} hesSKixeROGALL oD Sen Y Whn'o. 1481, %F X ou er;Ca]fl?i m

mm
250 (5) the solutions were finally injected to quantify the disappearance of the

prodrug and the formation of the parent compound.

The results of these studies on ethinyl estradiol acetoxy acetate

which may be prepared in accordance with reaction sequence 5, are shown in
TABLE 1.

TABLE 1

Investigation
Hydrolysis
100% (5min)

Assay
T=2w T=IM

Prodrug Monomer
Ethinyl Estradiol Acetoxy
Acetate

Solubility
2.0ug/mL

T=0

The following outlines the conditions utilized for analysis of this
prodrug. Analysis was conducted using High-Performance Liquid
Chromatography (HPLC). The retention time for ethinyl estradiol acetoxy acetate
was approximately 15.0 minutes using these conditions.

Column : Zorbex SB-C18 5um, 4.6 x 250mm
Flow rate: 1.0 mL/min

Temperature: Ambient

Wavelength: 210nm

Injection Volume 10uL

Sample solvent: MeCN (acetonitrile)

Retention Time: ~15.0 minutes

As can be seen in TABLE 1 above, ethinyl estradiol acetoxy acetate
has a solubility of 2.0 ug/ml in water, and 100% of this compound hydrolyzes to
ethinyl estradiol in 5 minutes (by the method described above). After 1 month at

40°C/75% RH, 97% of the compound still exists as ethinyl estradiol acetoxy

acetate.



Fl ow r at e:

1.0 nmL/m n Tenperature:

Anbi ent Wavel engt h: 210nm I nj ection
Volunme | OrL Sanple solvent: MeCN (acetonitrile) Retention Tinme: -15.0

m nut es AsOcaor/aes3seen in TABLE 1 above, ethinyl estradipoll/tse@sozsssacet ate
has a solubility of 2.0 ug/m in water, and 100% of this conpound

. : : :  bed
hydrol yzes to ethinyl estradiol in 5 mnufes (by the method descri

a%ove)y After 1 nnn?h at 40C¢/ 75% RH, 97% of the conmpound still exists as
et hinyl estradiol acetoxy acetate.E EIIQLEQG results of solubility,

rate

[ i ' [ - tate, which
of hydrolysis and stability for ethinyl estradiol |actate-ace .
may )l;e prgpar ed in accordance with reaction sequence 8, are shown in TABLE

2. TABLE 2

The results of solubility, rate of hydrolysis and stability for ethinyl
estradiol lactate-acetate, which may be prepared in accordance with reaction

sequence &, are shown in TABLE 2.

TABLE 2
Investigation
Hydrolysis®
100% (5min)

Assay (%)
T=IM T=3M T=6M

Prodrug Monomer
Ethinyl Estradiol
Lactate-Acelate

" Solubility
2.4ug/mL

T=0

The following outlines the conditions utilized for analysis of this
prodrug. Analysis was conducted using HPLC. The retention time for ethinyl

estradiol lactate acetate was approximately 11.0 minutes using these conditions.

Column : Symmetry Shield RPg 5pum, 4.6 x 250mm
Flow rate: 1.0 mL/min

Temperature: Ambient

Wavelength: 2]10nm

Injection Volume 10pL

Sample solvent: MeCN (acetonitrile)

Retention Time: ~11.0 minutes

As can be seen from TABLE 2, the solubility of ethinyl estradiol
lactate acetate was 2.4 ug/ml. From the hydrolysis studies, 100% of this
compound hydrolyzes to ethinyl estradiol in 5 minutes (by the method described
above). After 6 months at 40°C/75% RH, 95.9% of the compound still exists as
the prodrug.

EXAMPLE 3
The results of stability for ethinyl estradiol N-acetyl proline, which

may be prepared in accordance with reaction sequence 6, are shown in TABLE 3.



ITowing outlines the conditions utilized for analysis of this _

;Pgd]; 39. Analgysi s was conducted using HPLC. The retention time for ethinyl
estradi olwbaet7aessacet ate was approxi mately 11.0 ni nut eSCUAISRMP6DIBSE . 0
conditions. Colum : Symretry Shield RPj 8 5mm 4.6 x 250mm Flow rate: 1.
niL/mn Tenperature: Anbient Wavel ength: 210nm Injection Volume | O o
Sanmpl e solvent: MeCN (acetonitrile) Retention Time: -11.0 mnutes As can be
seen from TABLE 2, the solubility of et’ﬁﬁ%f estradiol |actate acetate was
2.4 ug/m. Fromthe hydrol ysis studies 0 Of t s conpound hyd][ ol yzgs to
ethinyl estradiol in 5 mnutes Prodrug Monomer Tﬁ;fe’-:«-.m ped above). A tgr
nmont hs at 400 75% RH, 95. 9% of GRS EVIIHRETTO | 5715 WM sts as the prodrug.
Acetyl Prolinate

The following outlines the conditions utilized for analysis of the
prodrug. Analysis was conducted using HPLC. The retention time for ethinyl

estradiol N-acetyl proline was approximately 15.0 minutes using these conditions.

Column : Luna C18, 5.0um, 250mm x4.6mm
Flow rate: 1.0 mL/min

Temperature: Ambient

Wavelength: 210nm

Injection Volume 10pL

Sample solvent: MeCN:H,O0 (50:50)

Retention Time: ~15.5 minutes

Mobile phase: MeCN/0.1M Formic acid (50:50)

As can be seen from TABLE 3, after 2 weeks at 40°C/75% RH,
96.6% of the compound still exists as the prodrug.

[0046] While the invention has been described above with reference to specific
embodiments thereof, it is apparent that many changes, modifications, and
variations can be made without departing from the inventive concept disclosed
herein. Accordingly, it is intended to embrace all such changes, modifications, and
variations that fall within the spirit and broad scope of the appended claims. All
patent applications, patents, and other publications cited herein are incorporated by

reference in their entirety.



EXAMPLE 3 The results of stability for ethinyl estradiol N-acetyl proline,
whi ch may be prepared in accordance with reacti on sequence 6, are shown in
TABLE 3. W8ke7A24:8ay (% Prodrug Mononer T=0 T=2W Et hi npCTHESRe0a0eIs52 N- 97. 2
96.6 Acetyl Prolinate The followng outlines the conditions utilized for
anal ysis of the prodrug. Analysis was congucted using HPLC. The retention
time for ethinyl estradiol N-acetyl proline was approximately 15.0 mninutes
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1. A prodrug derivative of ethinyl estradiol having the following formula:

OH 40'4

X

and enantiomers and pharmaceutically acceptable salts thereof,

wherein X is selected from the group consisting of
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Sampl e solvent: MCN: H20 (50:50) Retention Tine: -15.5 mnutes Mbile
phase: MeCNO. IM Formc acid (50:50) As can be seen from TABLE 3, after 2
weeks at WOQHYAZRB, 96. 6% of the conmpound still existsPas/ush@ecfpesdzr ug.

[ 0046] While the invention has been descri bed above with reference to
specific enbodi nents thereof, it is appaff%t t hat many changes,

nodi fi cations, and variations can be made”w t hout departing fromthe
inventive concept djsclosed hereinosAccordingly, it is intended to enbrace
al |l such changes, tiehs,yfand variations that fall within the spirit
and broad scope of tRe a laims. Al patent applications, patents,
and ot her publications cited erein are incor porated by reference in their
entirety. WHATI S CLAI MED | S—dl. A prodrug derivative of ethinyl estradiol
having the foll QWiTrl'lg I,O rmul.a; . and enantjoners and pharnaceutically
acceptabl e sal t & thePEoFS REIRLN"Be518 Xd8| ect ed from the group consisting
of2 . The prodrug of claim1, wherein 5 IS

HSC/[kO/kﬂ/O\ MO/ HSC/U\O/\”/O\
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! or O

3. A pharmaceutical dosage unit comprising:

(a) a prodrug derivative of ethinyl estradiol having the following formula:

OH CH
CHs Z

X

and enantiomers and pharmaceutically acceptable salts thereof,
wherein X is selected from the group consisting of
@) O
HO i
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3. A pharmaceutical dosage unit conprising: (a) a prodrug derivative of

et hinyl estradiol having the follow ng fornmula: and enanti oners and

phar mmcewocadtog4mscept abl e salts thereof, wherein X ispselusetsd2dsspm t he
group consi sting ofb) one or nore pharnaceutically acceptabl e excipients.

4. A nmethod of providing contraception co?prlsing the step of:
admnistering to a patient in need thereo an effective anount of said
prodrug derlvatuvq;ofcfthinyl estradiol of claiml, for an effective period
of time. 5. A nmetho cprovi di ng hornone treat ment :giiapy to a patient in

need thereof, conprising the step of: qadmnistering tg said patient in need
t hereof, an effecttve., of said odrug deri viattrve~@f etshi nyl
estradiol of claim1,/for an effeq;b Qm\tlne
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, and

b) one or more pharmaceutically acceptable excipients.

4. A method of providing contraception comprising the step of:
administering to a patient in need thereof, an effective amount of said

prodrug derivative of ethinyl estradiol of claim 1, for an effective period of time.

5. A method of providing hormone treatment therapy to a patient in need thereof,
comprising the step of:
administering to said patient in need thereof, an effective amount of said

prodrug derivative of ethinyl estradiol of claim 1, for an effective period of time.



