WO 2007/ 024338 PCT/ US2006/ 025852 -1- TI TLE DERI VATI VE PRODRUGS OF ETHI NYL
ESTRADI O BACKGROUND OF THE | NVENTION Field of the Invention [0001] Unbound
170-estradiol is the nost active, naturally occurrlnggQHﬁ%g s9gen.
However WORIRT2433800r absorption and extensive first- pass HEPSHG |sm in the
gastrointestinal tract and liver follow ng oral absorption, it is not
generally orally active. Methods of increasing activity have included the
use of micronized drugs to inprove absorption and the use of prodrugs such
as estradiol-17-valerate and equi ne estrogens which are a conbi nati on of
sul fate and gl ucuroni de derivatives. [0002) Another nethod of increasing
activity is to alter the structure of the 17[3- estradiol. Ethinyl estradiol
is an exanple of this. The ethinyl group on the 17 position greatly reduces
liver first-pass nmetabolismconpared to 17[3-estradiol, enabling the
conmpound to be nore active than the natural estrogen, 17[3-estradiol.

[ 0003] Ethinyl estradiol is the nost conmpn estrogen used in contraceptive
preparations. Gven its increased potency over 17[3-estradiol it is used in
conparatively | ower doses (i.e., orally 15 to 50g per day). It is also nore
potent by other routes of admnistration, i.e., vaginally where it can be
enpl oyed at a WD 2007/ 024338 PCT/ US2006/ 025852 -2 daily dose of 15g (see

U S. Patent No. 5,989,581). It has al so been used in Hornone Repl acenent
Therapy al though to a | esser extent than 170-estradiol. [0004] Wile
ethinyl estradiol has been preferred ovér 17(3-estradiol, there are sone

di sadvant ages associated with the use of ethinyl estradiol. For exanple, not
all of the ethinyl estradiol that is qggiﬁistered is biologically avail abl e.
Et hi nyl

DERIVATIVE PRODRUGS OF ETHINYL ESTRADIOL

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] Unbound 17f3-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 17f3-
estradiol. Ethinyl estradiol is an example of this. The ethinyl group on the 17
position greatly reduces liver first-pass metabolism compared to 173-estradiol,
enabling the compound to be more active than the natural estrogen, 17p-estradiol.
[0003] Ethiny] 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 50ug per day). It is also more potent

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



estradiol is netabolized in the intestinal wall and liver, which affects its
bi oavai l ability. Mreover, its bioavailability may vary somevx/nat from
individual to . individual. In addition, it has been o ﬁ] désy as et hinyl
estradlwpzl"%mzf‘r@?abol ized in the liver, enter ohepatlc recyc ng occurs

[ 0005] A novel prodrug of ethinyl estradlol t hat inproves bloavallablllty
woul d be highly advantageous. SUMVARY .Gk THE | NVENTI ON [ 0006] The present

i nvention is a prodrug derivative of ethinyl estradiol according to Formula

| Formula I datly Gbbe@fi3spdstd BiS. Patéit oe5)98Y, IS NER Hasilsd HebpiisgBgeut i cal |y
acceptabl e salts thereof; wherein X is selected fromthe group consisting

of 00O HOO HmmensBepjacemeny Eherpp aifhopeh OO YU SBBRCTsRBge) 025852 - 3. O
CHHO-j |/ I161)04] Wl%lel_glgn}('—l) emdgl hgs) b%eﬁ_grgferﬂ]!&) O\Q:r 17B-estradiol, there are

some disadvantages associated with the use of ethinyl estradiol. For example, not
all of the ethinyl estradiol that is administered is biologically available. Ethinyl
estradiol is metabolized in the intestinal wall and liver, which affects its
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

o) 0

0
HO\H/\(U\O/ HO/\/U\O/ Hsc\”/[ko/

O NH, NH,



"6'j~~ 0/1J\ O HBCOCH 3 How0 O-CH3 OHO OO HO 0/ H3C TY OL~ HON v
QO OONHz Oand OHY O 0 [00071 The present invention includes a

phar maceyt | sage unit conprising (a) a prodrug i j et hi nyl
estradigﬁ)g@@@¥gﬁng to Formula 1, and (b) one or nnrgﬁ%/g$%%%§ag%cally
accept abl e excipients. [00081 In another aspect of the present invention, a
nmet hod of providing contraception is provided. The nethod conprises the
step of adm nistering to a patient in need thereof, an effective anount of
a prodrug derivative of ethinyl estradiol of the inventitbn, dgor an
effective period of tinmeQ 100091 In yel an er aspect oﬂlth invention, a

nmet hod of prov't@' ng hornpne treatnent}{{ he Yy (bs\ provi ged-, tfet hod
conprises the 0 @'/st eringl;€o0 & pafifent™in nekd fhereof, an
ef fective anount a prodrug derivative of hi nyl estradiol of the

i nvention, for anQffective period of time. WO 2007/024338 PCTI US2006/ 025852
-4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00101 For the purposes of the
present invention a prodrug is an entity, which either conprises an
inactive formof an active drug or includes a chem cal group
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[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.



whi ch confers preferred characteristics on the drug.

of the present

I nvention, roomtenperature is understood
C. 100121 In the present invention, the prodrug deriv

est r adi WO W40 structural fornula: Formula |
wherein X is selected fromthe group consisting of OO O HO ~ LO HO OD
H3C0 ONH2 NH2 OO CH3 HO HOB OH 3C4A .'J" 0 0 WO 2007/ 024338
PCT/ US2006/ 025852 -5 H3CYO 0 OO AHO (vr HBC O'-rO- HOo 0 0 0 Y CH3
OHOOH OO HsC'YO-' HO NLQ,'

DETAILED DESCRIPTION OF THE INVENTION
[0010] For the purposes of the present invention a prodrug is an entity, which

OH

10011] For the

Pl

either comprises an inactive form of an active drug or includes a chemical group

which confers preferred 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

wherein X is selected from the group consisting of

0O 0
HO O/ HO O/
0] NH, NH2
@) CH

pur poses

to nean 25 C +/- 5

|
HH X/



O OONHz Oand OH[00131 In a preferred enbodinent, Xis O CH3 H3CY0O 0 O
H3C10 "0 H3C J~ 00 Ov or O [0014] Notably, X attaches to the ethinyl
estradi at the 3'C position of the ethinyl } npound.
It shou%og(goqﬁ%‘éggstood that the inventive conpounds g&@é@g@??pi ncl ude
all their enantioners and their pharnmaceutically acceptable salts. [00151
As used herein, the phrase "pharnmaceutieélly acceptable salt" refers to a
salt that retains the biological effectiveness of the free acids and bases
of a specified,€ und and that is not biologicalloy or otherw se

undesi rabl e. [0016% Th@ prodrug derivative of ethinyl estradiol of the
present invention xuay fpe (conbi ned @ th one or npgk rmageutically
accept abl e exci pkent orma phgr mageut igal dosage uni [ 0017]

Exci pi ents useful\_hérein incl udeH, &8 W@ vafi ety 8o a i of

ingredients, such as, fillers, diluents olid and]fli quEd), i oconpat abl e
pol ymers (such as WD 2007/024338 PCT/ US2006/ 025852 6 opgan | ysi | oxanes,
pol yur et hanes and pol ynet hyl acryl ates), skin penetrators a penetration
enhancers, solubilizers, lubricants, stabilizers, flow contirol agents,
colorants, glidants, effervescent agents, sweeteners, flavors, perfunes, and

the like. [00181 Qdgr gteroids, QHg., progestegens may be dgncluded in the
aryo
me

phar maceut i cal C?osa e it. Exenp rogest odens i nclHide [hor et hi ndrone,
dr ospi renone, HAN t , |Hggonoygestr el 1Hcﬁg§€‘@é§gf‘”1 o~

3- ket odesogestrel ,ll gest odene, deneggstone, dydro%est one, nedrogestone,
medr oxy progestercﬁ‘ne and esters H, O and

[0013] In a preferred embodiment, X is

HC o
ISP S P!
o 0
H,C o/H\/ ~ Mo/ H,C o/\[r ~
O ' or C .

[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



t hereof and the like. [00191 The pharnaceutical dosage unit may be in an
orally ingestible form such as tablets, capsules, chewable tablets or
capsul e %? | i qui d suspensions, pills, or sustg| dosage
formns. if’?élrr)na ?ségl y, the pharnmaceutical dosage unit %g;t é&)g)o b;%g%sder mal
delivery system O in another enbodi nent the pharmaceuti cal dosage unit may
be a topical conposition such as a gel -6cream ointnment, liquid and the
like. O in an alternative enbodi nent, the pharnmaceutical dosage unit nmay
be desi gned f c¥gapgpdlysloxangmipalysrethanssand polymethylacrylgienla Skin pengtratyrsaandt er oi dal
prodrugs of etfj ki £eitafdirO Lol eshia ' ods

descri bed herté&igh. !?ﬂes.e rretﬁ(L)oc}s ﬁ%&?g@){% f%eggg#ﬁg?'?g@%gta vtg}’]synt hesi s
met hods may besolonpits glidhntsseffrrediscentiageiis,swestendis favorsipetfodes, anduthe Hkd.y begi n

wi th ethinyl | ol , asst [t t.erni al .59 begin with
estrone. It s[ﬁ@té‘? gﬁllll)eg Stﬁﬁ%desf gg‘b@‘égesho&a\%v@,b%t%cﬁde\%ﬁ#e{rhg(ﬁg%k‘g%%lhgagst radiol is
I ndi cat ed, delosagatuniteExaiiplay pragpdtogesd inelddenorethindioae, dswsgirerjod€ 201 | n one
enbodi nent, a fumarjc gcid ethinyl estragdiol .ester may he fornmed in
accordance to %‘5%?40(‘}?\’6} é’aﬁfgﬁ%@ﬂ\é‘?m?ﬁ el g‘k&‘f’i‘%ﬂﬁ‘*&%ﬂ&%@?ﬁ‘&z hi nyl estradi ol
and nal ei ¢ arde@gdstide, dydidaestdrbms RB&Ogdions, nsdsckypadgRbtédhe al diters S0di um

hexarmet hyl di si | yl apni (NaHVDS) and a solvent, e.g., tetrahydrofuran (THF)
at - 78C. Deprtg%é‘gf{p‘?ggwé&@'nts such as hydrochloric acid (HCl) and ether are

then added tqm’% eﬁ)ﬂﬂm@@eﬁﬁé:ﬁ_ﬂodﬁ%@ﬂﬂﬁﬁa ee@,a@eanga@eama%,meooes/ 025852
-7 N CH CH6 AlYabmhydiltlTe THFAMC HCYetltlr HC )
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.



z Ho Reaction Sequence 1 [00211 Reaction Sequence 2 provides a route to
synt hesi ze a derivative ethinyl estradiol ester conpound by reacting
ethinyl estradiol or a derivative thereof with a cofauRd kgzg t he
structWO207/4338 ¢ 0 in the presence of NaHVDS, maleic angdy};g?i de, and THE
(-78C) to forman internmedi ate conpound, which is then reacted with

HCl / di oxane. xcuew. Reaction Sequence 72 [ 00221 I n anot her enbodi nent, a
prodrug conpound of the invention may be synthesized by reacting ethlnyl
estradiol directly wthea onpound haV|ng a structurg fAC
PCT/ US2006/ 025852 3 H3EX O0O0 O The inte
under goes deprot g APPE i mal i c aC|d eLiDy

depicted in Reaeuencemac CH, I—VTCI-l\a/@-la
ZHCUEM

Reaction Sequence 1

-te conpound
radi ol ester, as

[0021] Reaction Sequence 2 provides a route to synthesize a derivative ethinyl
estradiol ester compound by reacting ethinyl estradiol or a derivative thereof with a

compound having the structure

O 0
o]
L P
d
o)

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

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

Pl m@&fi/

HCY Diaxane

! 2

4

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



~C. CHo \ OO'4Q'"\ + OHHOOO Followed by deprotection step CHa Hg
-$ H CHa_ CH3 00 v I \ 9" O/ HOO/ O Reaction Sequence 3 [0023] In
Reactio 4, ethinyl estradiol is reacted with YdoGoRgkd. An
interneHV§?@H@g%§%und is formed, which is then treatedpﬁyt a ﬁeprotecting
agent, such as sodi um borohydride (NaBH4). The resulting conpound is the

|l actic acid ethinyl estradiol ester. CHd-as ~ Reaction Sequence 4 WO

2007/ 024338 1' CT/ US2006/ 025852 9 [0024] In Reaction Sequence 5, an

acet oxyacetic acid ester of ethinyHCst so0l is synthesized by reacting
ethinyl estradiol with acetoxyaceti c att CH, Reaction Sequence 5 [00251 A
prolinate ethinyl estradiol ester d ival?ve may be formed in accordance to
Reaction Sequence 6. Ethinyl estradi isi conbigied with Boc-proline in the

presence of a coupling agent, €. 9.4 DCC, fwr g an internedi ate conpound. A
deprotecting agent, such as HC | dioxane, is thehggdded to formthe desired

The intermediate compound undergoes deprotection and forms a malic acid ethinyl

estradiol ester, as depicted in Reaction Sequence 3.

CH; OH 2 CHyOH_~
CH,
CH:% H CH,
Q ’%
o_ i Q
+ OH —— o~ O
HO 0 O

0

Followed by deprotection step

CH, QH 2 CHs QH, 2
CH,
3

CH
749 OH
0 o
o o

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 (NaBHjs). The resulting compound is the lactic acid
CHs

cﬂ./
”J\r-_
Hy

ethiny] estradiol ester.

HoO'

Reaction Sequence 4



prolinate ethinyl estradiol ester derivative. CH OH CH3 H +{ Y SOCH DCC _
N c I/ HO HCVD[ maneCH, H HNC JQ~ Reaction Sequence 6 [0026] Reacti on
Sequenc gdes a synthesis route for nmaking a seri | estradi ol
ester dg‘ylz)vigwdvéég%ahi nyl estradiol is conbined with Bgﬁ@wg@&gﬁ
I nternmedi ate conpound is formed which is then reacted in the presence of a
deprotecting agent, such as HCl/di oxane-9to produce the serine ethinyl
estradiol ester. WD 2007/024338 PCT/ US2006/ 025852 -10 CH, Hj CHa OH +
HO OH HO / NHBOC HO Z ~O NHBoc HCUD oxane CHa OH HO' ~O/ NHzZ HC
Reacti on Seque 027] Reactiagn Sequence, 8 provi des .a synthesis route
for making thejﬁ@é‘z# F%’E}"i‘ eq“ﬁ‘?ﬁeé’ o xﬁﬁ?‘t}c\?& jegier .?theeﬂ@{‘ﬂieﬁ%d‘ $tradiol .
Et hi nyl eStradla?_'i/xﬂlda%eﬁdﬁmaﬁﬁiké&iﬁﬁe&ﬁa@loﬂviﬂxla@&&dyﬁceﬁﬁhﬁdl0 formthe desired
t

conpound. CHa
P g i 2
FecaiRe B

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 CHy OH 2
li;oc 0
Cy/“\oH occ 1 f
+ —_— N
HO (_7)\°

HCVDloxane CH, OH 4

/
N
Qi°

Reaction Sequence 6

[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.



OaOCFlaO". Y OH-0,.~0 I / + HOCHa CHa Reaction Sequence 8 [0028]
Utilizing Reaction Sequence 9, ethinyl est radiol is conbined with a

conpound Q?ﬁi’%@gﬂ%e structure 0Ol 0 CH/ O ~0~ CH9 G&yySbHisssan

i nt er medY und that is then treated with a deprotecting agent, such
as HC lether, to yield diacetyltartaric acid ethinyl estradiol ester. WO
2007/ 024338 PCTI US2006/ 025852 -11- 's -Q0-/ HCUeinm ,y 16 Reaction Seguence
9 [0029] Reaction Sequence 10 depicts a process for synt hesi zing an Asp-Qy
ethinyl estradiol estercnibenyl estradiol is conbined with -- 2720

acid, which fornms an 2 1
10, a conpound havin he structu boc\ NH @)

4 HO OH
HO NHBoc HO™ 7Y
NHBoc
HCllDloxane
HCI

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¢ CH3 OH//

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 HCl/ether, to yield diacetyltartaric acid ethinyl estradiol ester.



0O OH OBUis added to the internedi ate conmpound, which is then treated W th
HCl to formthe desired prodrug ethinyl estradiol der| vative ester.

2007/ 02 2006/ 025852 -12 CHa Hj CHa OH j N~ / HO /
hae\ | @%@%wm ON -~ laa D\ CHa H ~ HaN~O / | Pﬁa‘“@“"gﬁé@@u CHa Hi

HO HH H, NN~O O OHO Reacti on Sequence 10 [ 0030] Reactl on Sequence 11 starts

by conbi ning ethinyl estradiol with Boc-1laspartic acid t-butyl C4. This

conbi nation forms an internmedi ate conpound, which is then treated with a
deprotecting agent, such sgz HCI/d| oxane to yield the aspar # aci d et hi nyl

estradi ol ester. CHa y O-Hy/lm /ﬁ\

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\

OtBu
is added to the intermediate compound, which is then treated with HCI to form the
desired prodrug ethinyl estradiol derivative ester.



butO 0 Boc-asp-Tbhu C41 o HO~{ boo CHa O~ HOMO NH2 HCI Reaction
Sequence 11 WD 2007/024338 PCT1l1JS2006/ 025852 -13 [0031] UWilizing

React i on 12, ethinyl estradiol is reacted wt ic acid
e BB 0BRSS

t - butyl

forms an intermedi ate conpound. A deprotecting agent,

such as HCl/di oxane is conbined with the internediate conpound to form the
desired aspartic acid ethinyl estradiol-Bster. CH CH oH butO O

Boc-asp-tbu d boCHO HOCH HOMO H N 1\/~u{~O HCI

React j on Sequence 12

[ 0032] As noted above, cwhgee ethinyl estradiol is i ndi cat ed, {4 vatives of

et hi nyl
+ /n\i
boc OH

HO

OiBu
- ) , H,N.
HN N HCl
0
o)
0% o

CH; H?

ﬁf&nu\io

0 "OH

Reaction Sequence 10

BocHN\/ﬁ\o
NH
X H7 oﬁ/i\/ﬁ\
OH
\J\o

CH, oz

[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 HCV/dioxane to yield the aspartic

acid ethinyl estradiol ester.

CH, OI—I?

HO _NH

Y o
NH,
HCl

Reaction Sequence 11

CH, o%

e



estradi ol may be used. [0033] Coupling agents that may be used in

synt hesi zing the prodrug derivative of ethinyl estradiol of the present
invention, may be for exanple, bis(4- nitrophenyl)car )

NN - di Q28984338 car bodi i m de (DCCO), 1-(3- W sodeftn iRt

di met hyl am nopropyl ) - 3-et hyl - car bodi i m de hydrochl oride (EDClI), and m xtures
thereof. Alternative conpounds may be ud$®d, so long as they fulfill the

i ntended purpose. [00341 In the synthesis reactions described, a base may
be used as a d8f3] JLili.zings’maQtimlseqwa@eB, ¢thinylastsadieliis reagted wish Boénmi ted to

4-di met hyl am b i P RMARL; [ \: HQHMPS of... M XL ures thereof.
[ 0035] Deprot gg?#ﬁéég%gﬁ%tg Hﬁyhlgléf&l?qs’ggﬁﬁén?gaelﬁg% esfsArd(; %Hé% when
needed. Non- |dgent} such aeHElibeme isvombihed With thedhierasdinte atniyennd ®ddinum

bor ohydri de (NaBH4 and. m.xture hereof such as, for exanple, acetic
acid:THF:matehﬁe?ﬁ%@%?mg%fegﬁF@”Vﬁﬁ%mﬁﬁﬁm%é used in the synthesis reactions
are for exanple, tetrahydrofuran (THF), nethanol, pyridi neChchligy of orm

di chl oronet hane (DCM, W& 2807/ 024338 PCT/ US2006/ 025852 4 d the like.

However, it should be _msfled”that many ot hery,grganic sglve be
suitable. [0037] To i :!1?* the purity of thefprg vative of ethinyl
estradiol, the may be BPEBPEN € ong-smypesesbing steps, one or
nore drying st eps and/ or a recrystalliz&d8n step. 10038] The washi ng step

may be used totinse the precipitate that is fornmed byl the prodrug
derivative of ethinyl estradiol. As noted, one or norel washing steps may be
used. Water, sodium hydroxide, or any suitable altern general ly
used for washi ng purposes. [0039] As previously noted,[th may be

i ncreased by subjecting the prodrug derivag&ye of ethiny diol to one

or nore drying steps. The drying step may be \riijt
N“ 0

H,
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 (NaBHs),
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),



performed by various nethods, including but not limted to, air drying,
vacuum drying, oven drying, filtration, and the |like. Dryi ng may be

enhance ' a drying agent such as magnesi um s SoRgHi St in
drying M%B?l@tfg%t [ 00401 The prodrug derivative of g‘?ﬁ n% estradl ol of

the present invention may be used for providing contraception. A

t herapeutically effective anount of thel4prodrug derivative of ethinyl
estradiol of the invention, is admnistered to a patient in need thereof,
for an effectlmeltbehkand-lqweven, itshoulRt leef reoteglithat many ethpr argamigsalentsaahyitei st ered i n
conmbi nation w %]h ﬁl progest ogen. 100411 The prodrug derivative of ethinyl
estradi ol of t Rvention can al so be used in provi di ng hornone treat nent

therapy. Such H08Ht Twilcehsetthentritesftheyrodrdg derivative cfettilyd es:tadtml afie
adm nistering to.a patlent need t here

thera euti call ef fective
Smount of & o BOE AR ped i GE OB e e ReRints Ot Hors AGERBRG | on. f or
an effective pg{dvadr@cfrygtamguoﬁg%ml The prodrugs of ethinyl estradi oI of the
present inventjon are admnistered in a therapeutlcal Ly effective amount "

This i s underst083% Ths washine step may be pesd to rinsgHherrecymitate thygisformed Brtheiosage unit

that will posi f)ﬂoHﬁn@deHmﬂvé ¥f &Gy ISR AR n@t&d/oﬁé oﬁﬁ&dlv&ahmﬂ 5tEpsfayt I €at ed.
The therapeutical |y effective ambunt can be readily determ ned By those of

ordi nary skil |bq wseflh Waggrisodiymehydroxide.argay siteble gliqgraative apiobe geseplly al factors.
For exanpl e, %ngmﬁ?ﬁl@bggr the condition and severity of the

condi tion belng treate age, body weight, general health, diet, and
physi cal cond [QOEQinAblpreYIheslpmtub e pbetyngaytheemr@ded Wyheubitoting thoprodfugt he

{reat ment, 1 neangbiye. QP A0RER2A230 PETLRPA0N AR0BRR e adSypApeur ot

t her apy, the pa Icular active 1 ngredi I cul ar
phar maceut i cal perfonmedpy edrioas mnthbqln', cluding bud rior Babjted heaﬁ: dnymgo(racauim ni stration,

met hod of adm nistration r g ti dru i on, and any

ot her rel evant % %?@Pé‘m’f’% 1°‘f’ﬁ‘8 ﬁf’dﬁ‘?u ﬁ’ RS8% preferably

adm ni st ered odlrdg)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 ethiﬁyl estradiol of the invention, for
an effective period of time.
[0042] The prodrugs of ethinyl 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



transdennal ly, topically or vaginally. The preferred dosage forns are
tablets, gels, creans or vaginal rings. [00441 The prodrug derivative of
et hi nyl Lol conmpounds of the present invention

char act éﬁé%@@%‘gﬁ%g various anal ytical nethods. For exgrrpl sﬂﬁ@/ﬂzssﬁz
performance |iquid chromatography (HPLC) was used to establish the purity
of the synthesized product. 1H and 13C 413Gl ear magneti c resonance (NWR),
mass spectronetry and infrared (I R) spectroscopy were used to verify its
structure. Mrasugent tltek@ypmeﬂuﬁculmsﬁﬁedngrétﬁentbbiag ampbyéd;dﬂ pasticdiat er mi ni ng

I fi nb f | b
emonst rat ad by PRSP AREeTR R P BET BN ke atemptipm Aol "0

under st ood thabf5dﬁﬁﬁetrﬂioamateeﬁ'exmtbn;ura@b@ﬂﬁﬁhtﬁﬂlaaliym}bythmyle@éntl | lustrating
the invention ? ﬂ)should not be taken in any way to limt the scope of the
present invent (GH™ EXAMPLE 1 Exanple 1 provides stability, solubility and

rate of hydrol m45] Tﬁ@smm@nﬁ@m@mpfeyéralﬂﬁadr&ms&kedaﬁm}oxy acetate.
Solubility was per or med water. Al stability was conducted at 40C/ 75%

RH, with the preeiergnady tﬁacalb(ﬁamllat Tbi)ﬁrefefrpéd?%%fow #7e dabley 2eldgr adat i on
to the parent @ﬁgﬁp&nﬁmg;ﬁ“ yl estradiol. The tinme-points for stability
were T=0 nonths, T=2 weeks, T=1 nonth, T=3 nonths and T=6 nonths.

Hydrol ysi s st ulfi0dd] Fespredmg derivativeafethityl ppradiol sesipounds of the ij%ﬁmtnt dr ug,

et hinyl estrad Bar B (1) 1
mL of a sol utlck:)n(r?l3 cooﬁﬁlgl('ér)lil)éréﬁ ?11 rzg‘g%ﬁagg%g%ﬁw%l%w oﬁé"" rﬁ_ of 0.5N
NaOH wer e conblltxb@eerm)ancdmuncb@mmatwamI(HPL@)Wmsed/torestaklmli theopurit) seconds:

VO 20071 024338 PETL 1402008 BRBR21 i Ry Balft MBS ORART st 1o stand

for specific t Phe
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,

=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;



(4) the mxture was then neutralized with 0.1 nL of a buffer; and (5) the
solutions were finally injected to quantify the di sappearance of the
prodrug and the formation of the parent conpound. The gs3 hese

st udi egwgﬁo%"t’%‘ml estradi ol acetoxy acetate, which rﬁggﬁ%zéoglrog{oar ed in
accordance wth reaction sequence 5, are shown in TABLE 1. TABLE 1

I nvestigatioll Assay Ethinyl Estradi otl6Acetoxy 2. Qup/rL 100% (5m n) 97.8
97.2 97.0 Acetate The followi ng outlines the conditions utilized for

anal ysi s of thi s(3) pheoniotige WAsndieybiftstommfoosn&cﬁﬁcdimetjstcwglslé&.ghS Per f or mance
Liquid Chromat ogra&lnxteg Hg’ml ut S ret ention time for ethinyl estradiol
acet oxy acetate was ap éF ’15.0 m nutes using these conditions.
Col um : Zorbex @B- tﬁéﬁlmwsﬁwunélﬁ@hzm“ﬁﬂlm mato€a biffé; add m n Tenperat ure:

(Agtéiate gtni t\r/\ia?lgl) en&i&éﬁ‘ﬁ%ﬁ“ﬂ" find %{‘)‘%c I T A&?‘ S‘E%B%‘%‘gl%ﬁﬁgﬁ TABLE 1
above, ethinyl est paglirag ariché mmﬁaﬁ@amhe@u@oﬁm,ubl lity of 2.0 ug/m in

wat er, and 100% of this conpound hydrolyzes to ethinyl estradiol in 5
m nutes (by the nethod described above). After 1 nonth at 400 75% RH, 97%

of the conpound still erhéfew@%f&fe&y shidies B8 eihf StradioPicetoiy acetfd,at €. VO
2007/ 024338 PCT/ US2006/ 025852 -
which may be prepared in accordance with reaction sequence 5, are shown in

TABLE 1.
TABLE 1

Investigation Assay
Prodrug Mononmer Solubility Hydrolysis T=0  T=2w T=IM

Ethiny! Estradiol Acetoxy 5 100% (Smin)
| Acetate

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 5pun, 4.6 x 250mm
Flow rate: 1.0 mL/min

Temperature: Ambient

Wavelength: 210nm

Injection Volume 10pL

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 ethiny] estradiol acetoxy

acetate.



EXAMPLE 2 The results of solubility, rate of hydrolysis and stability for
ethinyl estradiol |actate-acetate, which may be prepared in accordance with
reaction sequence 8, are shown in TABLE 2. TABLE 2 Etgy 28§k Cl

2. 4ughnWo ¥ %/!{%msn) 94. 43-[ 7377 Lactate, - Acetate The fﬂéjlrl:}%%\zlioﬁzd outlines the
conditions utilized for analysis of this prodrug. Analysis was conducted
using HPLC. The retention time for ethrAyt estradiol |lactate acetate was
approximately 11.0 m nutes using these conditions. Columm : Symretry Shield
RP18 5prn, 4.6 x 250mm Flow rate: 1EXAMBEENR2 Tenperature: Anbient

Wavel ength: 21 Om Injection Volunme 10L Sanple solvent: MeCN (acetonitrile)
Retention Tine: -11.0 mnutes As can be seen from TABLE 2, the solubility of
ethinyl estradiol | act dheresasofselubility, @teofibydmlysis Endstability forediioyly si s

studies, 100% -y { . ' t ol in 5 mnutes
(by the met hod™ %&slgfrlﬁ%“é%g%%\%‘&y%té %ﬁmrrg(r?l ﬁ%méigl){éz?o@i’fg&)%, 95. 9% of the
conpound sti | | seguénse B, aasshowvingn FABHERg. EXAMPLE 3 The results of stability
for ethinyl estradiol N-acetyl proline, which nay be prepared in accordance
wi th reaction sequence 6, are shown in TABLE 3. WD 2007/024338

PCT/ US2006/ 025852 -18 TABLE 3 prod] TABLE20011011lel T=0 1110

Investigation Assay (Yo
uydroziysiﬁ T=0 'r:mn '1'(:3;1
100% (Smin)

Prodrug Monomer
Ethiny! Estradiol
Lactate-Acelate

Solubility T=6M

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

estradiol lactate acetate was approximately 11.0 minutes using these conditions.

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

Temperature: Ambient

Wavelength: 210nm

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.



EUtinyl Estradiol N- 972 96.6 Ace 1 Prolinate The follow ng outlines the
conditions utilized for analysis of the prodrug. Analysis was conducted
using HPLC. The retention tine for ethinyl estradiol Jas8 |l i ne was
appr oxi W 280700243380 i nut es usi ng these conditi ons. ColJIE:er ?y(){s'(oaﬁdasé‘d 8,

5. 0Enn, 250mm x4.6mm Flow rate: 1.0 mJm n Tenperature: Anbient

Wavel engt h: 210nm | njection Vol unme 10t1&anpl e sol vent: MeCN: H20 (50: 50)
Retention Tinme: -15.5 m nutes Mobile phase: MeCN 0.1M Formi c acid (50:50) As
can be seen from TABLE 3, after 2 weekdBBE340C/ 75% RH, 96.6% of the
conmpound still exists as the itk eyt he | nvention has been
descri bed above with referenciiRrIstas: R aent s thereof, it is
apparent that nmany changes, : Mdbbns,i ations can be nade

W t hout departing fromthe i nvS¥EIRB e oncapt diselased herein. Accordingly,
it is intended to enbrace all such changes, nodifications, and variations
that fall w thin the spiThe follawthglhutings the ofditivhs tifilized fyrangdeds efithe ns. Al |

s sool Lot B R Gk LE, G RIS, ©
conpound havi ngtrhdi6l Xi-atdr@\rdlihe Wak Bpprékiméekly @l 0hin@tedhising these conditions.

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

Temperature: Ambient

Wavelength: 210nm

Injection Volume 10pL

Sample solvent: MeCN:H;0 (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.
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wherein X is HO O 2. A pharmaceuti cal

\ a and enantioners and pharnmaceutically acceptable salts thereof,
dosage unit conprising: (a) a

conmpound having the following formula: OH ~CH CHa H H and enanti oners and
pharmaceutically acceptable salts thereof, wherein Xis J

one or

nore pharmaceutically acceptabl e excipients.
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WHAT IS CLAIMED IS:

1. A compound having the following formula:

X

and enantiomers and pharmaceutically acceptable salts thereof,

wherein X is

H,{ﬁ\o/\f\'

2. A pharmaceutical dosage unit comprising:

(a) a compound having the following formula:

X

and enantiomers and pharmaceutically acceptable salts thereof,
wherein X is
HgJL\d/ﬁ\wrfa\\
o »and

(b)  one or more pharmaceutically acceptable excipients.

H G OO0 and (b)



