TI TLE NOVEL PRODRUGS OF ESTRADI OL BACKGROUND OF THE | NVENTION Field of the
I nvention [0001] This invention is directed to a prodrug derivative of

est r adi olwendoptsamaaceut i cal |y acceptabl e sal ts thereof pPCThis20060e3353 on al so
i ncl udes pharmaceutical dosage units of the prodrug derivative. Rel ated
Background Art [0002] Unbound 17b-estradiol is the nost active, naturally
occurring human estrogen. However, due to poor absorption and extensive
first-pass nmetabolismin the gastrointestinal tract and |iver foll ow ng
oral absorption, it is not generally orally active. Several nethods have
been utilized to increase its oral activity. A mcronized form (to provide
an increased surface area of drug for absorption) of estradiol which has
sufficient oral bioavailability to be active is available. Alternatively
estradi ol can be formulated as a conjugate, e.g., conjugated equi ne
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TITLE
NOVEL PRODRUGS OF ESTRADIOL

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] This invention is directed to a prodrug derivative of estradiol and
pharmaceutically acceptable salts thereof. The invention also includes

pharmaceutical dosage units of the prodrug derivative.

Related Background Art

[0002] Unbound 17B-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. Several methods have been utilized to increase its oral activity. A
micronized form (to provide an increased surface area of drug for absorption) of
estradiol which has sufficient oral bioavailability to be active is available.
Alternatively estradiol can be formulated as a conjugate, e.g., conjugated equine
estrogens which are essentially estrogen metabolites purified from the urine of
pregnant mares that contain sulfate and glucuronide derivatives (Martindale 324,

1999, Pharmaceutical Press). These conjugates are orally active as they are



estrogens which are essentially estrogen netabolites purified fromthe
urine of pregnant mares that contain sulfate and gl ucuroni de derivatives
(Marti ndave 28248474999, Phar maceuti cal Press). These comcugmst@s/023863 oral |y
active as they are- Z - hydrolyzed by enzynmes in the | ower gastrointestinal
tract allow ng absorption of the active estrogen. Another alternative is
the oral adm nistration of estradiol esters. Such conpounds are known in

the art for oral admnistration of, e ' tion of
estradiol -3, 1738%923@?‘2{’%?“3&6? glc}ﬁ%ﬁoyv%éag%g?tg%g@ i érdg%‘ﬁ%% %bg?rpll_O?I} Val erate,
est r.adi ol - 3- val th¢ adtee afithgas t Amdben bkerdafive &l thy anladnifiiettdion of estrediphpi dl y
hydrolyze to free estradi ol follow ng .oral 1.0 Stk al ] U S.
Patent No. 3, 91880 ”flbcowggﬁar%ﬁoﬁ.mggf & ]‘gaergl aghlﬁlrg%@rgn 8#6(1]’%? gomeri c
esters of andr ag@ridudee@stkddngariicdiandtepesgdist- Ghaniate, sttediol-8ld 7 aleiatey t he

f la: R-O CO (CH2)n- O wher ej i 2 h i
ormil e R OCQADICO0 Whsieln Mok SELIESN: AN Bgadeech ¥ i

a nonoval ent st®€rd real s rom steroids
havi ng a hydr oxjyde sstRBslifblkshg sl @Agniefatibhe carbon atons nunbered 3, 16 or
ey De B YR S4B A of AR GBRBQY! radical's of

oligomeric esters of androgenic, estrogenic and progestogenic steroids having the

formula: R-O-CO-(CH,),-CO-O-R, wherein n is between 2 and 8, and eachRisa

monovalent steroid radical. The steroid radical is derived from steroids having a

hydroxyl substituent at one of the carbon atoms numbered 3, 16 or 17. They can

be produced by esterification of the two carboxyl radicals of dicarboxylic acid

with a steroid alcohol having a hydroxyl radical substituent at carbon atoms

mumbered 3, 16, or 17.

[0004] A novel prodrug of estradiol that may increase oral activity would be

highly advantageous.

SUMMARY OF THE INVENTION

[0005] The present invention is a prodrug derivative of estradiol according to

Formula I:

OH

X

and enantiomers and pharmaceutically acceptable salts thereof;, wherein X is

selected from the group consisting of



with a steroid al cohol having a hydroxyl radical substituent at carbon

atons nunbered 3, 16, or 17. [0004] A novel prodrug of estradiol that may

i ncrease woabo7amsini ty woul d be hi ghly advant ageous. SURNRRY2606/0734E3

| NVENTI ON [ 0005] The present invention is a prodrug derivative of estradi ol

according to Formula | : and enantioners @?d phar maceutical ly acceptabl e
salts thereof; wherein X is selected from

ﬁga group consisting of [0006] The

present invention also ing)l udes a pharnaceutical dosage unit conprising (a)

a prodrug of estradiol acgording to Formula ||, and (b) one 0P nore

phar maceut i cal | yHagc a exci pi ent s, kn anot heg _aspect of the
present invention, e hodoof provi B?)ng nt r%cepti onmlgs oviaded. The

met hod conprises the st8p,of adm nisterindgi{,0 a patient i ngneed t her eof ,
ef fective anount of a prodrug of estradiol of the invention, for an’
effective period of tine.
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[0006] The present invention also includes a pharmaceutical dosage unit
comprising (a) a prodrug of estradiol according to Formula I, and (b) one or more
pharmaceutically acceptable excipients.

[0007] 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 of estradiol of the
invention, for an effective period of time.

[0008] 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 of estradiol of the '

invention, for an effective period of time.

an



[0008] In yet another aspect of the invention, a nethod of providing
hornone treatnment therapy is provided. The nethod conprises the step of
adm ni st ewongotosa4pati ent in need thereof, an effectivecamasows/oedssa
prodrug of estradiol of the invention, for an effective period of

time. DETAI LED DESCRI PTI ON OF THE | NVENTI QY [ 0009] For the purposes of the
present invention, a prodrug is an entity which either conprises an

i nactive formof an acti r i i up which confers
preferred characteristi c?Wﬁg%ﬁggéﬁb?gg\ig?%ﬁm@%%}goses of the
present invention, roomtenperature i s understood to nean 25C +/- 5C.
[0011] In the p IgveRtd cPhIANMESH, Qfpr &8l 8 gh edtithaurhan X group
attached to at qoﬁzﬁgﬁoét%&gﬁdls%;bfgy%n@egt r.adi ol prrpi eg'[y. | t tj,s]houl d be

under st ood t hat eithecanpyiseramivact wrios AERN BHVESREOT ROPdesRabERsa) HRYR

enant i omer's and, { g} L BOBMRES Uk Gl koAGRPLARl e sal ts. [0012] The prodrug
of estradiol of e rnvention has the structural fornula: Fornula I

[0010] For the purposes of the present invention, room temperature 1s

understood to mean 25°C +/- 5°C.

[0011] In the present invention, the prodrugs of estradiol have an X group

attached to at the 3'C position of an estradiol moiety. It should be understood that

the inventive compounds of Formula I include their enantiomers and their

pharmaceutically acceptable salts.

[0012] The prodrug of estradiol of the invention has the structural formula:

Formula I

X

wherein X is selected from the group consisting of
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wherein X is selected fromthe group consisting of[0013] In a preferred
enbodi nent, X is selected fromthe group consisting of: [0014] Notably, X
attaches wo 2oémooesir adi ol conmpound at the 3' C position eCTiuseoossssasli ol
conmpound. It should be understood that the inventive conpounds of Fornula I
include all their enantioners and their phgrnaceutically acceptabl e 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 conpound and that] is not biologically or otherw se
undesi rabl e. [0016L)A phar maceuti cg I ge gnit may be fogpul gted to

i ncl ude the prodru derlvatlve of estra ol |pf the present]invgntion in
conbi nati on mﬁtm \pharnﬁ@ 9ecepta5? f . [0017]
Exci pi ents useful herein |nclude a wide vaglety of addit|ves, or

i ngredi ents, such as for 8xanple, filloers,o ¢ient s (sol Pd and i quird),
bi oconpati bl e pol yners (such as organopolysi oxanes, pol yurethanes and
pol ynmet hyl acryl ates), skin penetrators and penetration enhancers,
solubilizers, lubrigants, stabilbzers
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[0013] In a preferred embodiment, X is selected from the group consisting of:

O  CH,

0
H,C~ O ~

O

[0014] Notably, X attaches to the estradiol compound at the 3’C position of the
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] A pharmaceutical dosage unit may be formulated to include the prodrug
derivative of estradiol of the present invention in combination with one or more
pharmaceutically acceptable excipients.

[0017] Excipients useful herein include a wide variety of additives, or
ingredients, such as for example, fillers, diluents (solid and liquid), biocompatible
polymers (such as organopolysiloxanes, polyurethanes and polymethylacrylates),
skin penetrators and penetration enhancers, solubilizers, lubricants, stabilizers,
flow control agents, colorants, glidants, effervescent agents, sweeteners, flavors,

perfumes, and the like.



fl ow control agents, colorants, glidants, effervescent agents, sweeteners,
flavors, perfunes, and the |ike.[0018] O her steroids, e.g., progestogens
may be i nwbuderhos474t he pharmaceuti cal dosage unit. Exenplars2@ecogsst ogens
i ncl ude norethi ndrone, drospirenone, trinegestone, |evonorgestrel,
desogestrel, 3-ketodesogestrel, gestodene, denegestone, dydrogesterone,
medr ogest one, mnedr oxy progesterone and est8s thereof and the Iike. [ 0019]

The pharnaceuti e uni be in an orally._in t ble for such as
(abl ota capsul dOSERIRRE s pPabiortiorRpu EenelgIdn b6 Phitpges fieal

suspensi ons, pi ldosage @hit. sm&ﬁmmgrog@t@aﬁﬁna@mﬁetﬁ@mﬁe dﬂspﬂneﬂél vely, the
pharnaceutlcal dosage uni t ransder nmal dellvery system O in

anot her enbodi né’ﬁ’f‘e%eﬁ@n?)ﬁeé’f’ﬂ‘ﬁ&"e“ﬂ?]l é%?PgedE%IaﬁgetBﬁlﬁs?geﬁ‘E?} galodeneopi cal

conposi tion suckle@dsgedtod§dydds&amineOnbdiiRRone, nhddkixg pedtdstébe dddkiersO i N an
al ternative enbodi nent ge phar maceuti cal dosage unit may be designed for

vagi nal adn1n|st??ﬁQSﬁd@C§<? a vaginal ring. [0020] The prodrug derivatives
of estradiol mayodi®] ayBHRLThIREHcA AbdAGe tfifmay 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.

[0020] The prodrug derivatives of 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 estradiol as the starting material. It should be understood, however,
that where estradiol is indicated, derivatives of estradiol may be used.

[0021] In one embodiment, a fumaric acid estradiol ester may be formed in
accordance to Reaction Sequence 1. The reaction combines 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.

OH
OH cH,

1. NaHMDS
Maleic anhydride o}

THF/-78°C
BT e e
HO ' S

o}

Reaction Sequence 1



nmet hods descri bed herein. These nethods nay be nodified or alternative
synt hesi s nethods may be enpl oyed as desired. The synthesis nethods

typi cal | ywbegomosi7uh estradi ol as the starting materi al PCirtusséveobsssbe
under st ood, however, that where estradiol is indicated, derivatives of
estradi ol maybe used. [0021] In one enbodigent, a fumaric acid estradi ol
ester may be formed in accordance to Reacti'on Sequence 1. The reaction

conbi nes estradi d | ei ¢ anhydri.de in the presence of .a base catalyst,
e "aadt um neXdizal R Segiea HECTRE B TSRS gof Jutip eeRgedo

t et r ahydr of ur an eftdHompatind Ki8@4etinPeprdiobatd degivape MiietecF wath aasmpyehidochl ori c
acid (HO) and ether are then added to yield the desired product. Reaction
Sequence 1[ 00221 BBALEISBIC EEquence 2 provides a route to synthesize a
derivative estradiol ester conmpound by reacting estradiol or a derivative
thereof with a conpound having the strugture jn the presence of NaHWVDS,

mal ei ¢ anhydride, and THF(-78C) to fqr internedi ate conpound, which is
then reacted with HC /di oxane. o
O
0]

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

HO’

[0023] In another embodiment, a prodrug compound of the invention may be

synthesized by reacting estradiol directly with a compound having a structure

H30><CH3
o7 Yo
O

[0024] The intermediate compound undergoes deprotection and forms a malic

acid estradiol ester, as depicted in Reaction Sequence 3.
CHs OH CHaQH
CHy /7 CHa
0 o CH%L
o_ i Q ©
+ OH — ON
HO o] 0

0]



Reaction Sequence 2 [0023] In another enbodi nent, a prodrug conmpound of the
i nvention may be synthesized by reacting estradiol directly with a conpound
havi ng a wonruetwss4[ 0024] The internedi ate conmpound undecgamsoodepssss ecti on
and forms a malic acid estradiol ester, as depicted in Reaction Sequence

3. Fol | oned by deprotection step Reaction S& uence 3 [0025] In Reaction

Sequence 4, estradiol is reacted with pyruvic acid. An internediate
conmpound is for ﬂ ilfiigegi s then treated with a deprotecting agent, such
as sodi um bor oh;}g’ P‘Hém( Foiseton §48R, 1 esul ting conpound is the lactic acid
estradi ol ester. Reaction Sequence 4,[,0026] In Reaction Sequence 5, an
acet oxyacetic acid ester of estradipll is synthesized by reactfhg estradi ol
with acetoxyacetic gcft. Reacti oence 5 [0027] A prol ist r adi ol
ester derivative ma% e for etk dgccordance to oy o
) HO 8

0 0

Reaction Sequence 3
[0025] In Reaction Sequence 4, estradiol is reacted with pyruvic acid. An
intermediate compound is formed, which is then treated with a deprotecting
agent, such as sodium borohydride (NaBH,). The resulting compound is the

lactic acid estradiol ester.

Hs OH
o]
OH
HyC
+ — 0
0]
HO' HJC)]\’(

[e] l NaBH4 OH

OH
CHs

CH;

&)
HiC

o]

Reaction Sequence 4
[0026] In Reaction Sequence 5, an acetoxyacetic acid ester of estradiol is
synthesized by reacting estradiol with acetoxyacetic acid.

oH cn, 31

CHa
OYCH;\O
0, CH,
- L=
OH

Reaction Sequence 5
[0027] A prolinate estradiol ester derivative may be formed in accordance to
Reaction Sequence 6. 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 estradiol

ester derivative.



Reaction Sequence 6. Estradiol is conbined with Boc-proline in the presence
of a coupling agent, e.g., DCC, form ng an internedi ate conpound. A

depr ot ectwogoemyesi’s such as HC / di oxane, is then added traTfusconstobssssiesi red
prolinate estradiol ester derivative.Reaction Sequence 6 [0028] Reaction
Sequence 7 provides a synthesis route fondmaking a serine estradiol ester
derivative. Estradiol is conbined with Boc-serine. An internediate conpound
is formed which is then reacted in the presence of a deprotegiéng agent,
such as HO /di oxane, to pr@eiice the serine estradiol ester,~Be&ction
Sequence 7 [0029] Reacti Eﬁpuen&e<ﬁ provi des a synthesis e for making
the acetyl lactic acid e derivaphye of jestradiof, est radi ol

| act at e- acet ate. Est is eokb/ne kﬁ§/¥a idto formthe
desired conpound. Reacti on Sequence 8 [0030] Wi I\ ingﬂReaction Sequence 9,

estradiol is conbined with a conpound having the strugtyre to form an
OH
i nternmedi ate conpound that is then treated with a deprjotecti ngjagent,

Reaction Sequence 6
[0028] Reaction Sequence 7 provides a synthesis route for making a serine
estradiol ester derivative. 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 estradiol ester.

OH
H
oanely 5
(0]
~ N a
+ HOT Y Yon A)J\
HO NHBoc ot Y 0
NHBoc
HClDioxane
CHaOH

e}
NH.
HCI

2

Reaction Sequence 7

[0029] Reaction Sequence 8 provides a synthesis route for making the acetyl
lactic acid ester derivative of estradiol, i.e., estradiol lactate-acetate. Estradiol is

combined with acetyl lactic acid to form the desired compound.



such as HCl /ether, to yield diacetyltartaric acid estradiol ester. Reaction
Sequence 9 [0031] Reaction Sequence 10 depicts a process for synthesizing
an Asp- Gwoesivmei’al ester. Estradiol is conbined with BortAmpioao2msEti C
acid, which formsan internediate conpound. As shown in Reaction Sequence
10, a conpound having the structure is added to the internediate conpound,
which is then treated with HJ to formthe desired prodrug estradi ol
derivative ester. Reaction Sequence 10 [0032] Reaction Sequenceg, bl starts
by conbi ni ng estradi ol w BYBoc- aspartic acid t-butyl C4. Thi gabi nati on
fornms an internediate d,owstch is then treaged with aectlng
agent, such as HCO /dig yi IdOthe asparticoger g e di~at” est er . HCl
Reacti on Sequence 33] Wil i%ingoReaction Seguedce t radiol is
reacted with Bogs c acid t-Bytyl G, which fof ms®an”i nf er nedi at e
conpound. A depr otecting agent, CHs

Reaction Sequence 8

[0030] Utilizing Reaction Sequence 9, estradiol is combined with a compound

having the structure

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

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

or
OH CH,

CH,
[v] (o]
CHQ/”\ O, ska Hac/lko o
+

& 'CH
_—
NaO.
o 0 Y (o}

HO' Q

Reaction Sequence 9

[0031] Reaction Sequence 10 depicts a process for synthesizing an Asp-Gly

estradiol ester. Fstradiol is combined with Boc-amino acetic acid, which forms



such as HC /di oxane is conbined with the internediate conpound to formthe
desired aspartic acid estradi ol ester. Reaction Sequence 12 [0034] As noted
above, wwoeoestseadi ol is indicated, derivatives of estpadiuskoormyssbe used.
[ 0035] Coupling agents that may be used in synthesizing the prodrug
derivative of ethinyl estradiol of the present i nvention, may be for
exanpl e, bis(4- nitrophenyl)carbonate (b N

N, N - di cycl ohexyl - carbodi i m de (DCC),

di met hyl ani nopr GByHFrEdistgfpmpewid o Sihmweiél Wa@%ﬁﬁqcheléo @Epmpyundand

m xt ur est her eof .p 0} @fenahiénig conpounds may be used, so long as they ful fil
the intended purpose. [0036] Deprotecting agents may be used in the

synt hesi s reacti ons when needed. Nonsde{ M ti ng exanpl es include HO,

di oxane, ether, sodi um borohydri de (Na , ahd m xtures thereof such as,
for exanple, acetic acid: THF:. water. [003F7] In|the synthesis reactions
descri bed, a base may be used as a t gl . i tabl e bases include, but
are not limted to DVAP, triethylam ng, NaHWVDS &

OtBu

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

desired prodrug estradiol derivative ester.

CH; OH CH; OH
O
H
_N
+ boc OH ~——— ™ BocHN
HO : ©
bOC CH, OH
CH; oy
OH
OB
oc u HEN\/H\O
H \)J\ HCI
OtBu
CH; OH
HCl - o]
HN N\)]\
'Iﬁ( 0 :
(o]
0~ "oH

Reaction Sequence 10

[0032] Reaction Sequence 11 starts by combining 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 estradiol ester.



m xtures thereof. [0038] Solvents that may be used in the synthesis
reactions are for exanple, tetrahydrofuran (THF), chloroform

di chl or orwohasmnosead the | i ke. However, it shoul d be un#eratsoad/obdsas nany
ot her organic solvents nay be suitable. [0039] To increase the purity of
the prodrug of estradiol, the prodrug may_ig_treated to one or nore washing
steps, and/or recrystallization steps. [0040] The washing step may be used
torinse the precipitate that is fornmed by the prodrug of eé{tr diol. As

not ed, one or nore washing steps nay be used. Water, sodiynr roxi de, or
any suitable alternati ve Ct 6 general ly used far washl n oses [ 0041]
As previously noted, t mayB(}gean é@asm ~ ng the prodrug
to one or nore recryst ) —sx—eps—t%ﬁ%r»e Y ANZ. on step may be
performed by variousonethods, and using swtabl exsol vents such as but not
limted to ethyl acetate, hexane or THF, or m 8¢ ures ther eof . [ 0042] The
drying step in the synthesis may be conduct ed by various nethods

peveca

HCl

Reaction Sequence 11
[0033] Utilizing Reaction Sequence 12, estradiol is reacted with Boc-aspartic
acid t-butyl Cy, which forms an intermediate compound. A deprotecting agent,
such as HCl/dioxane is combined with the intermediate compound to form the

desired aspartic acid estradiol ester.

CH: OH
CH; OH
butO
Boc-asp-tbu C1 \E)f\
boc” H
HO
CH; OH

N 0
Hel

Reaction Sequence 12
[0034] As noted above, where estradiol is indicated, derivatives of estradiol may
be used.
[0035] 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



including but not limted to, air drying, vacuumdrying, oven drying,
filtration, and the like. Drying may be enhanced by using a drying agent
such as mugnresis7sul fate to assist in diying the produecT/yseasdrssihe
prodrug of estradi ol conpounds of the present invention have been
characterized using various anal ytical methods. For exanple, high
performance |iquid chronatography (HPLC3 mas used to establish the purity

of the synthesi Ztﬁge&r %%éﬁ at1ve nﬁ’l%dlﬂi maézc Fruas CS(')O l)c;n%e %ey fuggls‘él) g%\}ncﬁﬁ NMVR)

mass spectronetry and y its
structure. Moreqgwepose.t he product was further characterrzed by determ ning

(e 11119, PO o048k 0 R HLAA Sl B DHBRI BB 514200
of estradiol of Nhelimitingekimpled iscladkHQL, Sibearrepleﬂh@ sadijpai boestydiide need t her eof ,
ol L B by S A0 e B F  otpr T
i nvention can al [smmdnmllﬂleslmemﬁom d@cﬂi&ﬂmmee b ebhd RO bLs 4 bRAIGHY. Such a
met hod of treat rTsy'aurtabl\,\l%ases 111081 rblutS aere Enoﬁumte?l to DMAP, triethylamine, NaHMDS or

mixtures thereof.

[0038] Solvents that may be used in the synthesis reactions are for example,

tetrahydrofuran (THF), chloroform, dichloromethane, and the like. However, it

should be understood that many other organic solvents may be suitable.

[0039] To increase the purity of the prodrug of estradiol, the prodrug may be

treated to one or more washing steps, and/or recrystallization steps.

[0040] The washing step may be used to rinse the precipitate that is formed by

the prodrug of 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.

[0041] As previously noted, the purity may be increased by subjecting the

prodrug to one or more recrystallization steps. The recrystallization step may be

performed by various methods, and using suitable solvents such as but not limited

to ethyl acetate, hexane or THF, or mixtures thereof.

[0042] The drying step in the synthesis may be conducted 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.

[0043] The prodrug of 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 the melting

point.



of admnistering to a patient in need thereof, a therapeutically effective
anount of a prodrug of estradiol of the invention, for an effective period
of tinme. WOQ4@)oog4re prodrugs of estradi ol of the presenPCrseNvsioosssar e
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articul ar phar ticall e excipi.ents utilized, the.tinme of
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i nvention are pr rably adm ni stered orall
P o% gmlmstéémg to a patient in need thereofy a therapeutically effective amount of

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

[0046] The prodrugs of estradiol of the present invention are administered in a
“therapeutically effective amount.” This is understood to mean a sufficient
amount of a compound or composition 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 concurrent therapy, the particular active ingredient being employed,
the particular pharmaceutically-acceptable excipients utilized, the time of
administration, method of administration, rate of excretion, drug combination,
and any other relevant factors.

[0047] The prodrugs of the invention are preferably administered orally,
transdermally, topically or vaginally. The preferred dosage forms are tablets,
semi-solid dosage forms such as creams or gels, or vaginal rings.

[0048] 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.

EXAMPLES

The following is an example of stability for the preferred compound

described previously. Stability was conducted at 40°C/75%RH, with the prodrug



transdernally, topically or vaginally. The preferred dosage forms are

tabl ets, sem -solid dosage fornms such as creans or gels, or vaginal rings.
[ 0048] Spwoizberoesmvodi ments of the invention will now becaarseemsemssed by
reference to the follow ng exanples. It should be understood that these
exanpl es are disclosed solely by way of illustrating the invention and
shoul d not be taken in any way to Iimt the scope of the present invention.

EXAMPLES The f ol i | | e.of -stabili.ty for th ref er.red
conpound descr i bﬂeegl\g%rg %3‘%%%%1%%@%&1@? for s a‘icagﬂ%f?ctﬁ%aarg}%c W@W@OARH, with
the prodrugbei ngsasiely 8te tine-ppintsifhi satflitpeepoi=timortey Te2grddal+onoitn, t he
par ent corrpound,ang%;g%goin IS. The tine-points for stability were T=O nonths,
T=2 weeks, T=I nonth; and T=3 nonths. The results of these studies on
estradiol |actate-acetate, which may be prepared according to reaction

sequence 8, are ﬁlre] QM hied B ti{eps\g Is'tlédi:cléé 01;r ébs\gléclizioll lacegtg-gge%ﬁe,qulqglqggy be prepared

according to reaction sequence 8, are shown in TABLE 1.

TABLE 1

(%)
T=3

Assay
T=1

Prodrug Monomer T=0 T=2w

Estradiol Lactate-Acetate

The following outlines the conditions utilized for analysis of the
prodrug. Analysis was conducted using High-Performance Liquid
Chromatography (HPLC). The retention time for estradiol lactate acetate was

approximately 9.0 minutes using these conditions.

Conditions for HPLC analysis :

Column : Symmetry Shield RP;g Sum, 4.6 x 250mm
Flow rate: 1.0 mL/min

Temperature: Ambient

Wavelength: 210nm

Injection Volume 10pL

Sample solvent: MeCN (acetonitrile)

Retention Time: ~9.0 minutes

As can be seen from TABLE 1, the estradiol lactate acetate was

assayed at 94.3% after storage at 3 months at 40°C/75% RH.

[0049] 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.



Estradi ol Lactate-Acetate | 94.45 | 93.47 | 92.77 | 94.3 The foll ow ng
outlines the conditions utilized for analysis of the prodrug. Analysis was
conduct edwoemosizgh- Per f or mance Li qui d Chr omat ogr aphy @HPISR006/D3853
retention tinme for estradiol |actate acetate was approximately 9.0 m nutes
usi ng these conditions. Conditions for Hl?gg:_anal ysis : Colum : Symetry
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Wavel engt h: 210nm Injection Volunme | OrL Sanpl e sol vent: MCN
(acetonitrile) Ae%iﬁ%hWﬁBJSug. 0 ninutes As can be seen from TABLE 1,
the estradiol |actate acetate was assayed at 94.3% after storage at 3

mont hs at 40C/ 75% RH. )
i. A prodrug derivative of estradiol having the following formula:

OH

X

and enantiomers and pharmaceutically acceptable salts thereof,

wherein X is selected from the group consisting of
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[ 0049] While the invention has been descri bed above with reference to
speci fic enbodi nents thereof, it is apparent that nmany changes,
nodi fi catworns)7/msg4vari ati ons can be made w t hout depar rmgskeosoeishe
i nventive concept disclosed herein. Accordingly, it is intended to enbrace
all such changes, nodifications, and variations that fall within the spirit
and broad scope of the appended clains. AT patent applications, patents,
and ot her publicatio It i e.incorporated by reference in their
entirety. WHAT | 'CLAﬁ%E%#P%%cgskgﬁgfg%?ﬂﬁ&gérivative of estradi ol having
the follow ng fornula: and enantioners @nd rmaceutically acceptabl e
salts thereof, wherein X is selected frﬁnlt edgroup consisting of2. The

f e

prodrug of claim1, wherein X is 3. %: eutQcal dosage unit
conprising: (a) a prodrug derivatiJ$3o tradi ol having the follow ng
formul a: and enantioners and pharmaceuti cal |l yCacceptabl e salts thereof,
wherein X is selected fromthe group consisting ofand (b) one or nore
pharmaceutically accept abl e exci pi ents.

3. A pharmaceutical dosage unit comprising;

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

OH
CHj;

X

and enantiomers and pharmaceutically acceptable salts thereof,

wherein X is selected from the group consisting of
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4. A nmethod of providing contraception conprising the step of:
admnistering to a patient in need thereof, an effective amount of said
prodrug dwoivetdosg4of estradiol of claiml, for an effeetirus@ensds of
time. 5. A method of providing hornone treatnment therapy to a patient in
need thereof, conprising the step of: adm’lgi stering to said patient in need
t hereof, an effective anobunt of said prodrug derivative of estradiol of

claim1, for an effective perigd of time. , o on
H\/[K g
N
Hac}\“/o\ HO Y o o o o O
o » Nz O and \—-0
and

L) 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 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 estradiol of claim 1, for an effective period of time.



