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BACKGROUND OF THE | NVENTION Field of the Invention

WO 0@8A0709Fhi s i nvention is directed to a di-stePCi/u81004/041469
prodrug of ethinyl estradiol and pharmaceutically
acceptable salts thereof. The invention also includes
phar maceuti cal dosage units of the di-steroidal
prodrug and a nmethod of form ng the di-steroida
prodrug of ethinyl estradiol. Related 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 follow ng ora
absorption, it is not generally orally active. Mthods
of increasing activity have included the use
of m croni zed drugs to i nprove absorption and the use
of prodrugs such as estradiol-17-val erate and equi ne
estrogens which are a conbi nati on of sul phate and
gl ucuroni de derivatives (Martindale 32ed, 1999,
Phar maceuti cal Press). [0003] Another mnethod of
increasing activity is to alter Hi estructure of the
17b- estradiol. Ethinyl estradiol is an exanple of
this. The ethinyl group on the 17

TITLE

DI-STEROIDAL PRODRUGS OF ETHINYL ESTRADIOL

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention is directed to a di-steroidal prodrug of ethinyl estradiol and
pharmaceutically acceptable salts thereof. The invention also includes
pharmaceutical dosage units of the di-steroidal prodrug and a method of forming

the di-steroidal prodrug of ethinyl estradiol.

Related Background Art

[0002] Unbound 17pB-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 prodrags such as estradiol-17-valerate
and equine estrogens which are a combination of sulphate and glucuronide
derivatives (Martindale 32, 1999, Pharmaceutical Press).

[0003] 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,



position greatly reduces liver first-pass netabolism

conpared to 17b-estradiol, enabling the conpound to be
wWOorRNs/ 0250 ve t han t he natural estrogen, 17b- esPCHUBZIN4/041469

(Martindal e 32ed, 1999, Pharmaceutical Press). [0004]

Et hi nyl estradiol is the nost common estrogen used in

contraceptive preparations.-&&ven its increased

pot ency over 17b-estradiol it is used in conparatively

| oner doses (i.e., orally 15 to 50ng per day)
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etrhdivallis desivedaftoro Istemndsehzyvmg 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 a dicarboxylic acid with a steroid alcohol having a hydroxyl
radical substituent at carbon atoms numbered 3, 16, or 17. However, Taubert et
al. does not disclose a novel di-steroidal prodrug of ethinyl estradiol that is linked

at the 3'C position of the ethiny! estradiol moiety.

[0006] While ethinyl estradiol has been preferred over 17B-estradiol for use in
contraception, there are some disadvantages associated with the use of etlﬁnyl
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 (Journal of Steroid Biochemistry and
Molecular Biology, 1991;6: 733-736). In addition, it has been observed that as
ethinyl estradiol is metabolized in the liver, enterohepatic recycling occurs
(Methods And Findings in Experimental Clinical Pharmacology, 1982;4:133-42).
[0007] A novel prodrug of ethinyl estradiol, that impoves bioavailability would
be highly advantageous.



[ 0006] While ethinyl estradiol has been preferred over
17b-estradiol for use in contraception, there are sone
walt@advast ages associ ated with the use of et hiPyl/US2004/041469

estradi ol . For exanple, not all of the ethinyl

estradiol that is admnistered is biologically

avai |l able. Ethinyl estradiocl3+s netabolized in the

intestinal wall and liver, which affects its
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in Experinental dinical Pharmacol ogy, 1982;4:133-42).

[ 0007] A novel prodrug of ethinyl estradiol, that

i npoves bioavailability would be highly Formulal

advant ageous. SUMWARYOF THE | NVENTI ON [ 0008] The

pr 'Eyentlon is a di-steroidal prodrug of eqﬂhnyy/
est rad acé&hﬂlng to formula I: Fornula | argd 5
phar macetti_cdl¥y~accept abl e salts thereof; Lo R
is selec e group consisting of and
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and pharmaceutically acceptable salts thereof; wherein R is selected from the

group consisting of
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and Z is

@) an aliphatic straight chain having 1 to 10 carbon atoms which may be
saturated or unsaturated and optionally may be substituted by one or more lower
alkyl, hydroxy or amino groups,

(ii)




(i) an aliphatic straight chain having 1 to 10 carbon
atons which may be saturated or unsaturated and
W@piosomasl ymay be substituted by one or nore | POEDS2004/041469
al kyl, hydroxy or am no groups, (ii) A B D Awherein A
and D are independently -CO(CH2)f -, whereinf is O to
5 and Bis -O (CH2CH20 P-,-4herein p is 1 to 700, or
(ii1) a peptide |linkage having 2 to 15 anmi no acid
units derived independently from am no aci ds sel ected
f r ohertineé\ grddupredoiapengdenttyy of al ani ne, ar gi ni ne,
asparagi ne, aspartic acid, cysteine, glutamne,
glutam c acid, glycine, histidine, isoleucine,
| e\ (OEL): 4, Whieftin £ 8B 15 Qid Beis -QHERYCH} @RI, R@eref ©1silne 700,
serine, threonine, tryptophan, tyrosine, valine, or
coWblnatlons t hereof wherein the end groups of the
peptide are am no acid units independently derived

fromaspartic acid and %Hgtanlc aci d. .]00Q9] .The
pr88knt anpEdn imkasedaxing e la geinoacitupi ram ipdgpendently

dOgaRGHY doids QBB theddrodh éiinm%x?g"d}‘a%hnepz{rgﬁiﬁfé of
et hinyl estradiol according to formula |, ph) one

or aspaiesing eaparticcasis Pysiaing chiduipe. gbitemisyeeidpglseine histiging,
pafsEfeﬁHﬁé L:lu¥1ne, lysine, methionine, phenylalanine, proline, serine, threonine,

tryptophan, tyrosine, valine, or combinations thereof wherein the end groups of the
peptide are amino acid units independently derived from aspartic acid and glutamic
acid.

[0009] The present invention also includes a pharmaceutical dosage unit
comprising (a) a di-steroidal prodrug of ethinyl estradiol according to formula I,
and (b) one or more pharmaceutically acceptable excipients. In a particularly
preferred embodiment, a progestogen is included in the pharmaceutical dosage
unit.

[0010] The present invention also includes a method for fonning a di-steroidal
prodrug of ethinyl estradiol having the structure of formula I, corﬁprising the step
of reacting ethiny! estradiol and a linking agent under conditions effective to
form the di-steroidal prodrug of ethinyl estradiol. Optionally, the process may
include further purification steps such as chromatography or recrystallization.
[0011] 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 di-steroidal prodrug of ethinyl
estradiol of the invention, preferably in combination with a progestogen, for an
effective period of time.

[0012] 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 di-steroidal prodrug of ethinyl

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



preferred enbodi nent, a progestogen is included in the
phar maceuti cal dosage unit. [0010] The present
w0 poositdosm al so i ncl udes a nmethod for form ng BCT/US2004/041469

di -steroi dal prodrug of ethinyl estradiol having the
structure of formula I, conprising the step of
reacting ethinyl estradiol and a |inking agent under
conditions effective to formthe di-steroidal prodrug
of ethinyl estradiol. Optionally, the process may
i nclude further purification steps such as
chromat ography or recrystallization. [0011] In another
aspect of the present invention, a nethod of providing
cont r acept i APETAILEDOVESIERIPTIONR O THEINYENIIOdes t he
step of administering to a patient in need thereof, an
ef fective anount of a di-steroidal prodrug of ethinyl
es[oond}i Edn: thd purpees ofitbaypre@nt inpmebeay afabirup s azmmﬁtyrm}tib}o n
Wi t esta n effecgtiv
Lot odRiptes e b7 of B S Shigs ket f ghemiget oy
metvhiel codferd lpmﬁrﬁﬂdmgara@éﬁmwaoﬂth@ah@e nt therapy is
prﬁyiﬂe? The net hod conprises the step of

Ot e thapprpesesolil prasent MFRQBFopRdrTaRAratuzg s understood
ef foahdanvgc@wnyrt, of a di-steroidal prodrug of ethinyl
estradi ol of the invention, for an effective period of
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entlty whi ch eit her conprl ses an | nactive orm of an
ac¥'Cinesidipn of the ething] estrediolmeiptemlba linkjng gypup R in a particularly

preferred embodiment may be selected from the group consisting of a carbonate
group or a dicarboxylic group having an aliphatic backbone of 2 to 10 carbon -
atoms which may be saturated or unsaturated, straight or branched, and which
optionally may be substituted by amino, hydroxyl, or lower alkyl. As used herein
lower alkyl is a straight chain or branched aliphatic group having 1 to 6 carbon
atoms. In another embodiment R may be a dicarboxylic group having a
polyoxyethylene backbone. In yet a further embodiment the linking group may
be a peptide with a carboxylic acid function at each end.
[0016] In the present invention, the di-steroidal prodrug of ethinyl estradiol has
the structural formula:

Formula I

HC\ HO CH

: CHs CH§H

AN

R

wherein R is selected from the group consisting of



whi ch confers preferred characteristics on the drug.

[0014] For the purposes of the present invention, room
W@ eqoper@sure i s understood to nean25C +/- 5C. PODLSI004/041469

the present invention, the di-steroidal prodrug of

et hinyl estradiols have ethinyl estradiol noieties

that are linked b y a dival-ent 1inking group R at the

3'C position of the ethinyl estradiol noiety. The

linking group Rin a particularly preferred enbodi nent

may be sel ggted fromthe group consisting of a

carbonat e aLoup or a dicarboxylic group having an

al i phat.i c ckbone of 2 to 10 carbon atons whi ch may

be saturated or “unsaturated, s®traight or YBranched, a

whi ch optionally may be substltuted by am no,

hywhaysip X angrY hrgwedependently selagiediBet herei n | ower al kyl

is a straight chain or branched aliphatic grOﬁaihaving

1 to 6 carbon atons. In another enbodi ment R ‘be a
di car boxylic group having a pol yoxyet hyl ene baclkbone.
In yet a furthe©Qenbodi ment the |inkmg
peptide with a rboxylic acid function at eac
[0016] In the priesent invention, the di-stero
prodrug of ethinyl estradiol h& the structura
formula: Formula | wherein Ris selected fromthe
grad sonsi sting ofwherein X and Y are independently
sel ected from

@) an aliphatic straight chain having 1 to 10 carbon atoms which may be
saturated or unsaturated and optionally may be substituted by one or more lower
alkyl, hydroxy or amino groups,

(i)

A B D

wherein A and D are independently
-CO(CHa)¢-, wherein fis 0 to 5, and B is ~-O-(CH2 CH,0)p-, wherein p is 1 to 700,

or

(iii)  peptide linkage having 2 to 15 amino acid units derived independently
from amino acids selected from the group consisting of alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine, or combinations thereof wherein the end groups of the
peptide are amino acid units independently derived from aspartic acici and glutamic
acid.

[0017] It should be apparent that when Y and X are a carboxylic or sulfonic

group that the carbonyl or sulfur of those groups is bound to Z. Thus, ina

preferred embodiment when Y and X are both carbonyl then R is



and Z is (i) an aliphatic straight chain having 1 to

10 carbon atons which may be saturated or unsaturated
wa@easoposonal |y nmay be substituted by one or nPCEHUSZO&041469

al kyl, hydroxy or am no groups, ( ) A B D wherein A

and D are independently -COCH2)f -, whereinf is O to

5 and Bis -0-(CH 2CH20O) P-7-wherein p is 1 to 700, or

(ii1) peptide linkage having 2 to 15 am no acid units

derived independently fromam no acids selected from

t he groupoconsi sto ng of al ani ne, arginine, asparagine,

aspartic gcid, cysteine, glutamne, glutamc acid,

glycipe,—pistzdi URIsRGu1d b6 UtteBappadat Bne of
met hi oni ne, phenyl al ani ne, proline, serine, threonine,
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In another embodiment, R is
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[0019] Preferably, the di-steroidal prodrug of ethinyl estradiol is selected from
the group consisting of



preferred enbodi nent when Y and X are both carbonyl
then RisOOCZ CO. it should be further apparent

wao o00sn®9sd ordinary skill in the art that the PCT/US2004/041469
stereochem cal conformati on of each ethinyl estradio
noiety in the di-steroidal prodrug will be dependent
on the structural conformatigen of R [0018] In a
preferred enbodinent, Ris selected fromthe group
consi sting of: In another enbodinent, Ris [0019]
Preferabt &he di - steroidal prodrug of ethipylcH
estradi ol ~ C - s€l%ected fromthe group consgéyi

of di - (3- et hij radi ol ) carbonate, et hi nyl
est radi ol ) -(3-ethiny
succi nate, dr- est r adi
glutarate, di-(3-¢ kst radi @
-(3-ethinyl estradi gt - (3- eth|nyl

estradi ol ) adi pate, di-(3-ethinyl estradlol) mal at e,
and pharmaceutically acceptable salts thereof. [0020]
Asﬁ&ﬁeﬁhﬁ@mmhMpohbmphnase "“pharmaceutically
acceptable salt” refers to a salt that retains the

bi ol ogi cal effectlveness of the free acids and bases

of a spesi \nd and that is not biologically
OrH(ﬁ_iza e N ola 2\a

di-(3-ethinyl estradiol) fumarate,

(:)H CHg

di-(3-ethiny! estradiol) glutarate,



Exanpl es of pharmaceutically acceptable salts include
sul fates, pyrosulfates, bisulfates, sulfites,

wher@ahfisses, phosphates, nonohydr ogenphosphat eBCT/US2004/041469

di hydr ogenphosphat es, net aphosphat es, pyrophosphat es,
chl ori des, brom des, iodides, acetates, propionates,
decanoat es, capryl ates, acryl-ates, fornmates,

i sobutyrates, caproates, heptanoates, propiolates,
oxal ates, nmal onates, succinates, suberates, sebacates,

fuparates, mal eates, butyne-I, 4-dioates, oH 1
hexﬁﬁeﬂﬁcﬁgdloates benzoat es, chl orobe CH?:S?
nmet hyl e : d|n|trobenzoates oat es,

pht hal at es, sul
S , henyl acet at e
phenyl but yr tratles, |actat
- ghydr oxybut ObyC atesd tartrat es,
nmet hane- sulfonates (rmesyl.ates), propanesul f onates,
napht hal ene- 1-sul f onat es,” napht hal ene- 2- sul f onat es,
andi-(Aetickel attadiol)Asphetgiey ed salt may be prepared by any
suitabl e method known i n the art, including treatnent
of the free base with an inorganic acid, such as
hythiegchghor i c acid, hydrobromc acid, sulfuric acid,
nltrl':aq i phosphorlc acid, and the like, or with an
[ such as acetic acid, maleic acid,

gudel ic acid, fumaric acid, malonic
oxglic acig, glycolic acid,
Q d . such as glucuronic

acid or galacturonlc'a0| , al pha-
citric acid or tartaric &8&id, amn

di-(3-ethinyl estradiol) glutamate,

di-(3‘ethiny] estradiol) adipate,



acid, such as aspartic acid or glutamc acid, aromatic

acid, such as benzoic acid or cinnamc acid, sulfonic
wa@eiod/p7®sch as p-tol uenesul fonic acid or PCT/US2004/041469

et hanesul foni cacid, or the like. In the present

i nvention the hydrochloride salt is the preferred

salt. [0021] A pharnaceutiedl-dosage unit may be

formul ated to i nclude the disteroidal prodrug of

et hinyl estradiol of the present invention in

cotfgi ngi Lon with one or nore pharmaceutically

acceptNabEe~exci pients. [0022] Ex0|p|entsmg4q%ﬁﬁ herei n
i ncl ude 3§ de variety of additives, ngr edi ent s,
such a pl e, fillers, dlluent ‘ d and
l'iquid), -ble pol yner s S

ponnEthyIacryIates) perfet rators and penetration
enhancers, solubilizegys, buybricants, stabilizers, flow
control agents, colorants, glidants, effervescent
agents, sweeteners, flavors, perfunes, and the |iKke.

[0&2(gleﬂﬁﬁ3h%§tra§foﬁrn9&l§§, e.g., progestogens may be
i ncluded i n the pharmaceutical dosage unit. Exenplary

pr@@é&@@@@ﬁ%wﬂb@W@ﬂﬁmﬁﬁﬁﬁﬁﬁ¢%@ﬁone nor et hi ndr one
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t r Bedrapled df gbdrohasutipdliy sceeptblepills| include sulfates, pyrosulfates,
bisulfates, sulfites, bisulfites, phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides, bromides,
iodides, acetates, propionates, decanoates, caprylates, acrylates, formates,
}isobutyrates, caproates, heptanoates, propiolates, oxalates, malonates, succinates,
suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-dioates,
benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
hydroxybenzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates,
phenylacetates, phenylpropionates, phenylbutyrates, citrates, lactates, g-
hydroxybutyrates, glycollates, tartrates, methane-sulfonates (mesylates),
propanesulfonates, naphthalene-1-sulfonates, naphthalene-2-sulfonates, and
mandelates. A desired salt may be prepared by any suitable method known in the
art, including treatment of the free base with an inorganic acid, such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like, or with an organic acid, such as acetic acid, maleic acid, succinic
acid, mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid,
glycolic acid, salicylic acid, pyranosidyl acid, such as glucuronic acid or
galacturonic acid, alpha-hydroxy acid, such as citric acid or tartaric acid, amino
acid, such as aspartic acid or glutamic acid, aromatic acid, such as benzoic acid or

cinnamic acid, sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic



or sustained rel ease dosage forns. Alternatively, the
phar maceuti cal dosage unit nmay be a transder nmal
wa@ledospaEyo system O in anot her enbodi ment thePCT/US2004/041469
pharmaceuti cal dosage unit may be a topica
conposition such as a gel, cream ointnent, liquid and
the like. O in another altétrnative enbodi nent, the
pharmaceuti cal dosage unit may be designed for vagi na
adm nistration e.g., a vaginal ring. [0025] The
st @id) otik 1iRé.oRlIthggeht iatdtioy the dgdmeidirile satals trepreferred
synt hesi zed usi ng the nethods descri bed herein. These
met*hods nmay be nodified or alternative synthesis
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met ho cally begin wth ethinyl estradiol as the
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estradiol 1s indicated, derivatives of ethinyl

es10023i Breipienss preful bergin inderiza] wife vagishic afditiyaseor
di mgfeafeﬂas dakn %rfaplé;y Eb!gi%:f 1848 'dﬂuémigﬂ{daﬂa ﬁgmef t he

invéntion Is forned Dy reacting I nyl estfadiol or a
d ebipgcaniatablet fobmesns (sadhcis argsnonobisilexanésnpalyigethenes andhder

Boci{nﬁétﬁié? era{eg')C %}&Y ﬁene % %%{pj @gu%%@%%%%?égg%luﬁ’ﬁi&@{s,“9
syhtbhamtsz stalglizersy ﬂewtcemtml dgdntspsdlemnte fgliddanitd, aff¢rvessént adi ol

{ nyegtﬁg . rgacA% %5eth|nyl estradi ol or
%‘%CPS VAT P’%r(%’fp PR>&"car BShat e 1 nki ng agent
an fbo2a3]cothet stagidaganprogestobens piagde hiwtrded inghdpimemactigcal

dosage unit. Exemplary progestogens include norethindrone, norethindrone

-

acetate, norgestrel, levonorgestrel, desogestrel, 3-ketodesogestrel, gestodene,
medroxyprogesterone acetate and the like. |

[0024] The pharmaceutical dosage unit may be in an orally ingestible form, such
as tabiets, capsules, chewable tablets or capsules, troche, 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 another alternative embodiment, the
pharmaceutical dosage unit may be designed for vaginal administratione.g., a
vaginal ring.

[0025] The steroidal prodrugs of ethiriyl 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.

[0026] In general, the di-steroidal prodrug of ethinyl estradiol of the invention is

formed by reacting ethinyl estradiol or a derivative thereof and a suitable linking



resul ting conmpound is di-(3-ethinyl estradiol)
carbonate. The reaction is depicted in Reaction
w@e@aeneso 1. et hinyl estradi ol di-(3-ethinyl eRCT/EHS1004/)41469
carbonate Reaction Sequence 1 [0028] In a preferred
enbodi nment, bi s(4-nitrophenyl) carbonate (b-NPC)
serves as the carbonate |ink2ng agent and coupling
agent, 4-dinethylam no pyridine (DVAP) is selected as
the base, and tetrahydrofuran (THF) is selected as the
S 0 g¢iinded RAGbnsVERE MRS to PRI NRitsheadiddTRyodBg; dfe@fhyll O
synthesji ze a di-steroidal prodrug of ethinyl estradiol
of estrpdigl. | nvent i on conprises reacting ethinyl estradiol

Of m@zﬂ e@héfﬁuhw er REGRQT iy atdil-st%fbl@ah bl b@ingi @%&ioﬁ dJrat
carbon atons, i.e ,nlsanlngg from1

t oth¥0nV6me@:ﬁ bragacties efhinylesadip! OF 2 derivative thete
o 0

ol TR a0 o) POLDAN BB YRPRPlocREE Free L, ¢
srestﬂ‘eng ¢qm0ngd Bgefit- ethmml avtiydigibcarbopptee Taeshetiongudepictadc
acing{ea‘%@or S% h&lcgﬁtl d, malic acid, glutaric acid, adipic

, runarl e acid, maleic acid, glutamc acid or

aspartic-acid. In one enbodi nent, a coupling agent can
be"dgastgd with a diacid PRyt beCHpresence of a base _, ou 4

cat al =as, shown in Reactiofy ence 2. Reaction
Se que coupling agent
base
oH solvent o o
T
ethinyl estradiol di-(3-ethinyl estradiol) carbonate

Reaction Sequence 1

[0028] In a preferred embodiment, bis(4-nitrophenyl) carbonate (b-NPC) serves
as the carbonate linking agent and coupling agent, 4-dimethylamino pyridine
(DMAP) is selected as the base, and tetrahydrofuran (THF) is selected as the
solvent. |
[0029] Another method that may be used to synthesize a di-steroidal prodrug of
ethinyl estradiol of this invention comprises reacting ethinyl estradiol or a
derivative thereof with an aliphatic diacid that has 1 to 10 carbon atoms, i.e., nis
an integer from 1 to 10, which may be saturated or unsaturated and optionally
may be substituted by one or more lower alkyl, hydroxy or amino groups. The
aliphatic diacid is the linking agent and may be, for example, succinic acid,

\ tartaric acid, malic acid, glutaric acid, adipic acid, fumaric acid, maleic acid,
glutamic acid or aspartic acid. In one embodiment, a coupling agent can be
reacted with a diacid in the presence of a base catalyst as shown in Reaction

Sequence 2.



[ 0030] Reaction Sequence 2A shows a preferred
enbodi nrent where the coupling agent is

wo 2qo34dioset hyl am nopr opyl ) - 3- et hyl - car bodi i m dBCT/US2004/041469
hydrochl oride (EDCI) and the base catal ysts are
4-di met hyl am no pyridine (DVAP) and triethylam ne. The
solvent used to carry out tfe-reaction is preferably
chloroform although as one skilled in the art wll
readily recognlze many ot her organi c sol ventsmay be

suicg. abl e. 2 dl -(8-ethi O@stradlol) succi nate n= 3, .oH CH
di - (3 g 'nyI esty &m%§. akate n=4 di- (3 et hi 7oL
estrd adi pate 3- di '

car bodi i | dg& hydr @ehéi de (EDG

[0031] T pRodrolg genmpound of

be synt hesized by rgagting ethinyl estrao'
derivative thereof directly with a |inking agent

‘having the formul a - CReacti¥n Seqaetidter €in G i s a hal ogen
and Z and X are defined as previously noted. The
preferred hal ogens are chloro and brono. For exanpl e,

t hgodo) r‘l@a@ﬂor?&%ﬁéncgm( sh&vsth HbfeR6d bmbodiment where the coupling
agent is 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDCI)
and the base catalysts are 4-dimethylamino pyridine (DMAP) and triethylamine.
The solvent used to carry out the reaction is preferably chloroform, although as

one skilled in the art will readily recognize, many other organic solvents may be

suitable.

CH
CH30H00/7

coupling agent

OH base
ethinyl estradiol solvent
n=2 di-(3-ethinyl estradiol) succinate
MO ™S N ¢C¢N\/CH3 ( . Y )
TH or N n=3 di-(3-ethinyl estradiol) glutarate

CHa n=4 di-(3-ethinyl estradiol) adipate
1-3-dimethylaminopropyl-3-ethyl
carbodiimide hydrochloride (EDCI)

Reaction Sequence 2A

[0031] The prodrug compound of this invention may also be synthesized by
reacting ethinyl estradiol or a derivative thereof directly with a linking agent

having the formula

G CO Z X G

wherein G is a halogen and Z and X are defined as previously noted. The preferred
halogens are chloro and bromo. For example, the linking agent may be a di-acyl
chloride, which reacts with ethinyl estradiol in the presence of a base, as depicted

in Reaction Sequence 3.



chloride, which reacts with ethinyl estradiol in the

presence of a base, as depicted in Reaction Sequence
w@2@blraeyd estradi ol solvent =2 di-(3-ethinyl PCT/US2004/041469

estradi ol ) succinate n=3 di-(3-ethinyl estradiol)

glutarate n=4 di-(3-ethinyl estradiol) adipate

Reaction Sequence 3 n is anjgnteger from1l to 10.

[0032] Utilizing Reaction Sequence 3, DVAP and

triethylam ne may be enpl oyed as the base catal ysts.

[0033] Yet another nmethod for formng the di-steroida

pmggrqg of ethlnyloesgragkp%Hof the invention is Mﬁth;

F.am no aci uch™as &8partic acid or gl ut ag§'y.-
he |i nk‘i ngadent . { Reaction Seq a’
S esi : m o D-¢ 3- ety
;XYob: ate eact i on apde 3k a
Di - st eroi dal rodru °of et hi nyl estrad’ nnmay al so be
synt hétéir‘yi%;ﬂa%ﬁer e t erf but oxycqnp@mkhmgg&go%guc@igéted

serves as the |linking agent,

Sequence 5. Reaction Sequence 5 %%@%mgﬁ“@%ﬂﬁfg@
pol yet hyl ene gl ycol can be read‘E‘b‘&(?’vﬁ‘ht"Heﬁfa‘E%)lai’i?a@
~anhydri de

Reaction Sequence 3
n is an integer from 1 to 10.

[0032] Utilizing Reaction Sequence 3, DMAP and triethylamine may be
employed as the base catalysts.

i0033] Yet another method for forming the di-steroidal prodrug of ethinyl
estradiol of the invention is with a diacid amino acid, such as aspartic acid or

glutamic acid, as the linking agent.



to produce a diacid |linking agent that connects the

ethinyl estradiol noieties at the 3 C position, as
wa@ele@sot®s i n Reacti on Sequence 6. Reacti on SeqREnUs2064/041469

wherein nis an integer from1l to 700. Preferably nis

4 to 200, and nore preferably nis 4 to 60. [0037]

Mor eover, ethinyl estradiolismy be reacted with a

di peptide or any suitable |Iength of peptide, which

serves as the linking agent. The peptide |inking agent

Wi [lobszﬁ W& cRort Rqhenct RicksinHRiet MRH o kHAMsAMRRrAEE dS, such

as al ani ne, arginine, asparagine, aspartic acid,

cyst ei ne, gIWﬁan?nga glutam c acid, glycine,

hi sti di ne,isole | euci ne, Iysi nmet hi oni ne,
Serine, tpLZQpngthryptophan
| nati ons therebf. The end

phenyl al ani ne,
tyrosi ne, valine,

groups of the pepti S @ri ved kmdépendently from
aspartic acid or %%?BC acid to formthe dival ent

l'i nki ng agent. 0 15 Am no acids may be |inked
together to forn1the peptide|linker so long as,the

am no aci dggabtached at the pnds are aso..ifé?aC|d
glutam c aci .01~ combi nati pn t her eof e
to 12 am no &
peptide. Mre prg
di val ent pepti de. ‘
G y-Asp-Boc with the am ne Fpn tion protected with
n-(tert butoxycarbonyl) caw act as the |inking group,
as shown in Reaction Sequence 7.0R

L CH
cH 3OH\\ &7

D-(3-ethinyl estradiol) aspartate

Reaction Sequence 4

[0035] Di-steroidal prodrug of ethinyl estradiols may also be synthesized where
tert-butoxycarbonyl cysteic acid serves as the linking agent, as depicted in

Reaction Sequence 5.



Reacti on Sequence 7 [0038] Preferably, the linking

agents that are used to formthe di-steroidal prodrug
w@booshmiony! estradi ol of the invention are carPOHESE)4/041469

VI L"7. LV L J j--CO Z Xwherein Gis a halogen. Z nay

be a dival ent peptide group. [0039] Coupling agents

that may be used in synthesihging the di-steroidal

prodrug of ethinyl estradiol of the present invention,

may be for exanple, b-NPC, EDCI, and m xtures thereof.

Al ternative conpounds may be used, so |long as they

fulfill the int® our pose. [0040] In the synt hesi s

r eadt Bers descmﬂ’k a hase ey be used as a catal ystcHoHC/CH

Sui t aBT§ bases i natoade, DU "§ke not limted to DVAPNLX

2, Oloudg Xkl €St er @of . [ 0041] Sol

t hat may @ pd i Rt he synthestszfgacti ong ar

exanpl e, tetrah)farg,tew an (THF) J S
di chl oronet hane, and the |ike. [0042] Te ,Nncrease t he
purity of the di-steroidal prodrug of e} R hyl
estradiol, the prodrug nay be treated tb one or nore _
washi ng steps, and/or l“%&%rsﬁssﬁaal | i zat i on/I8¥Y¥Ys. gs

o

Reaction Sequence 5

[0036] Alternatively, polyethylene glycol can be reacted with succinic anhydride
to produce a diacid linking agent that cormects the ethinyl estradiol moieties at

the 3'C position, as depicted in Reaction Sequence 6.

HO H, |LH OO 20 ] i
Cl
cH, ‘o + v —— od _CH, OH
HO cH, O
n
3 n o

polyethylene glycol  succinic anhydride

o} o] .
O CH (o)
O)x\/\n/ ‘E:H; QM
e} n o}

Reaction Sequence 6

wherein n is an integer from 1 to 700. Preferably n is 4 to 200, and more
preferably n is 4 to 60.

[0037] Moreover, ethinyl estradiol may be reacted with a dipeptide or any
suitable length of peptide, which serves as the linking agent. The peptide linking
agent will have 2 to 15 units derived from amino acids, such as alanine, arginine,

asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,



[0043] The washing step may be used to rinse the
precipitate that is formed by the di-steroidal prodrug
wo@Rooenhiony| estradiol. As noted, one or nore WeSHUSIP04/041469

steps may be used. Water, sodium hydroxi de, or any
suitable alternative can be generally -used for washing
pur poses. [0044] As previousty noted, the purity may
be increased by subjecting the disteroidal prodrug to
one or nore recrystallization steps. The

re |k &Rt § i erM! thiRUfine,
reb SRR, b, bRe ShOROTRY, PRERRAIAY Bt Yerka .

| i tngptagtian, tyrexitey valme etndtcembinatiang theresf. Tharend groups dthi es

thereof . [004 Th [V [ t

o5 s PO T 0 BB AR st e
| i diiviled likking agent. diryinr2gp 15 amineracids ywian b ligsed toggipt tagorm
filtration, and. the Like. Dryin hy
usPh T aE iR e e (o th s I R R RERGHED
as&did lglutaini€l boldl BEa sdacbimition deteof. | BOREDlyTh® i ansiheaddschad

prodrug of ethinyl estradjol conppun f the.present
ot st o AL D P T B oot T APt S BRER
anghytht$aptidde FhogEmpleQthe aipagsuﬂea}lymsgmop efith diermiine
Iigﬁid chromat o rapﬁy (HPLC m%ﬁ used to establish the
pufuneijongrotegied @3@1?1@@% bR oY GIFROHYR a1 apt s PRt Sy Bar
na?% 16 RE&SON 88 uendeNMVR) , mass spectronetry and
infrared (IR) spectroscopy were used to verify
itsstracture. Mreover, the product was further
characterized by determning the nelting point.




[0047] The di-steroidal prodrug of ethinyl estradio
of the present invention nmay be used for providing
w@ovsnaeept i on. A therapeutically effective anmeCmuUSwhH4/041469
the di-steroidal prodrug of ethinyl estradiol of the
invention is admnistered to a patient in need
thereof, for an effective pégiod of tine. Preferably,
the disteroidal prodrug is adm nistered in conbination
with a progestogen. [0048] The di-steroidal prodrug of
et hi Ag{ egtradi ol of the invention can also be used in
provid?ﬁ~;h§F pne treatnent therapy. Such a nethod of
treat men yal dyconprise the step of adm nistering to
a patien i hereof , a thera eutﬁcally fective
amount of "a d ¥roi glal  pr ddr ugoof hiyty N estheadi ol
of the inventi an effective peri ofyut | me.
[ 0049] The prodrugs~of ®thinyl estradiol offo¢he
present invention are admnistered in a
"therapeutically effective anount.” This is understood
to e guf ficient amount gf a conpound or dos 9@1{&

unit thgtk w positively nodify the synptons

condi ti« ¢ treated. The 'therapeutically e
anount ¢ deg er g ned byt hose

skill in the of|| course wi |l || de

sever al ; ) gt o er the

ondj,tion being treated,
t he age, body weight, general(%ealt%, sex, diet, and
physi cal condition of the patient being treated, the
duration of the

OR

Reaction Sequence 7

[0038] Preferably, the linking agents that are used to form the di-steroidal

prodrug of ethinyl estradiol of the invention are carbonate,
H Y Z X H o




treatnent, the nature of concurrent therapy, the
particul ar active ingredient being enployed, the
w@200si07095@r phar maceuti cal | y- accept abl e exci pi BCL/BS2004/041469
utilized, the tinme of adm nistration, nmethod of
adm ni stration, rate of excretion, drug conbination,
and any other relevant factd¥s. Typically, the anount
of prodrug of ethinyl estradiol of this invention
adm nistered on a daily basis will have a potency
e B+v-a-eQD X826—® about 100neg of et hinyl
estradi ol. [0050] The prodrugs of the invention are
prefieasialel iy a dalskei. A iekt odiedlént peptideggiupal | y. The

prefered dosage forns are tablets or, vagi pal rings.
POBBE) i Reemis ioambn i r SerieSrind Sl P
beorde i sitfadldd df Y preffne @ BE R Bayt Biefof &labPW, BINPC, EDCI,
exanples. It should be understood that these

exayprisEss dhegead c AYeayive spEpgrndy M he Bied; Jorlprg 3sfhey fplfill

t hie ifRAR hdPornd shoul d not be taken in any way to
limt the scope of the present invention. EXAMPLE 1

Syl048 slinghegynthiesig Bagtionp Agsrrilieds 2 base glay beusadapacatalyst.

SRR R B ke 6
0. ®&Fofiol ) and THF (200 nlL) were added to a 500 nilL

L i R R s e

€ reac
t etepaydtofuren {THF)attdarbfotr8, didueremethimee, prebtbe libn ni xt ur e

V\aﬁ)ﬁft)ﬁ Ut s glcrease the purity of the di-steroidal prodrug of ethinyl estradiol, the
prodrug may be treated to one or more washing steps, and/or recrystallization
steps. -

[0043] The washing step may be used to rinse the precipitate that is formed by
the di-steroidal prodrug 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.

[0044] As previously noted, the purity may be increased by subjecting the di-
steroidal 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, heptane or THF, or mixtures thereof.

[0045] 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 sulphate to assist in drying the product.

[0046] The di-steroidal prodrug 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



into 500 nL of water and a yell ow precipitate forned.

2M hydrochloric acid (25 nL) was used to extract the
wOorRoosar®smi th stirring. The yel |l ow preci pit at eP€T/USI®A4/041469

white. [0053] The resulting reaction m xture was

filtered and the precipitate was washed thoroughly

with 500 nL of water and fipgdered. The precipitate was

t hen thoroughly washed with 500 nL of | M sodi um

hydroxi de and filtered. [0054] The precipitate was

t Qﬁ'ﬂcthltég IM)#%EJ %, 1 %@t Wste RO ChdFhot@ize VB Bdierdfifing the

filtere tlng di - (3-ethinyl estradiol)
c anditmgpcantwas dried in a vacuum oven overni ght (about
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f i patiedtetineed igsrdoif) for aﬁie&"femm pﬂhbdmﬂﬂné oPrefamblyaﬁnd di-

recrystalljzed Next e dl- 3- et
es??é‘gﬁldﬂfﬁd%‘ﬁ B@‘H %346\%@ ogfpi Pfr"g?fF‘Sﬁe [ 0056]
Thie048) "RRUIG RG] podhigZE dthiiyl éﬂﬁ’a&ioﬂb’ﬂihé Autiod Ganfso be
98.5% pure.. Structural analysis by 13C and_ 1H NVR a
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or mati on of
effective amount of a di-steroidal prodrug of ethinyl estradiol of the invention, for

an effective period of time.

[0049] 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, sex,
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. Typically, the amount of prodrug of ethinyl
estradiol of this invention administered on a daily basis will have a potency
equivalent to about 0.025 to about 100 mcg of ethinyl estradiol.

[0050] The prodrugs of the invention are preferably administered orally or
vaginally. The prefered dosage forms are tablets or vaginal rings.

[0051] Specific embodiments of the invention will now be demonstrated by

reference to the following examples. It should be understood that these examples



the conpound. The nelting point was found to be

2350C. EXAMPLE 2 Synthesis of D -(3-ethinyl estradiol)
wEemsiomase Preparation [0057] Succinic acid (3PAiUZ004/041469

0.027 nol) was placed into a 500 nL 3-necked

round-bottoned flask fitted with a magnetic stirrer.

Chl orof orm (300 nL) was added-and the m xture was

stirred. EDCI (1.2g, 0.094 nol) and triethylam ne (12

m.) were added and stirred for about 15 m nutes.

Et {4 ﬁiéjclo%%tsfﬂ%ﬁr' W wdyo? iflistrind e TRnkioNEBK1 $hBSIA ndtidesken

foll owed by 4-dinmethyl am no pyridine (0.93 g, 0.007

nofn)eny W%“H@!@ﬁlﬂtelsﬁ‘@})e%ﬁ?m@ﬁmm@n%% rred for about 18

hours at roomtenperature and then the reaction

m xture was diluted with chloroform (500 nL). A 2M

hydrochl ori c sol ution (ZEXAHﬂﬁJﬁL) and then brine (400

nm.) was used r y

sat ur at ed sodlggntﬁﬁscogﬁ%é%gt%ﬂgg ut| on “ B&%ELOO nm.) was

usEmpm@hmutract t he solutlon The resulting

e a dr over
o022 Bl el @l BoBHREhANEGHRE 4,08 RUE-
ReDMA}a{d 852@’010071 mvBtaho d’ H[FQQ)(HH};L}I’\!V&&: dilded3e @500 mi13-necked
estra 10 n tur of .et hyl
ot At btk BBt S abnehe Stofiar Pieaciod it e
3- ﬁ&fdﬂ&drdogueﬂpa@ﬁﬁecrﬁﬁdaoﬁi Boufsi The Eba\tﬁdrhnﬁtt@@ﬂdﬁfdﬁ&ﬂ
anglton?(%nneli Io% Wgtte} e{nrdearyellc-)rwh %rergpi(tgtg rfoennV\@SZM ydroghlonc acid (25
mL) was used to extract the mixture with stirring. The yellow precipitate turned

~ white.
[0053] The resulting reaction mixture was filtered and the precipitate was
washed thoroughly with 500 mL of water and filtered. The precipitate was then
thoroughly washed with 500 mL of 1M sodium hydroxide and filtered.
[0054] The precipitate was then thoroughly washed with 500 mL of water and
filtered. The resulting di-(3-ethinyl estradiol) carbonate was dried in a vacuum

oven overnight (about 18 hrs) at 40°C.

Recrystallization Method

[0055] Di-(3-ethinyl estradiol) carbonate (18.1 g) and ethyl acetate (1L) were
added into a 3-necked round-bottomed flask fitted with a condenser and magnetic
stirrer. The mixture was heated to reflux. Tﬁe hot mixture was filtered. The
filtrate was allowed to cool and recrystallized slowly. Next, the di~(3-ethinyl
estradiol) carbonate was allowed to air dry.

[0056] The compound was analyzed by HPLC and found to be 98.5% pure.
Structural analysis by C and "H NMR and IR spectroscopy revealed that the 3'C
to 3'C carbonate prodrug had formed. Mass Spectroscopy revealed formation of

the compound. The melting point was found to be 235°C.



reflux so that nearly all the ethinyl estradiol ester
di ssol ved. The hot m xture was then filtered. The

wo pdosozoe0 was al |l owed to cool and recrystalli zedI/BE1904/§41469
(about 18 hrs). Next, the di-(3-ethinyl estradiol)
succinate was filtered and allowed to air dry. This
was followed by drying in azyacuum oven at room
tenperature for about 18 hours. [0059] The conpound
was anal yzed by HPLC and found to be 97.8% pure.
Structural analysis by Bampiglk NVR and IR
spectroscopy revealed that the 3'Cto 3'C |inked
prodrug had f ovpiesis offa-GEeihin gstiseioRtSurisat ound to be
1980QC EXAMPLE 3 Synthesis of Di-(3-Ethinyl Estradiol)
G utarate Preparation [0060] Gutaric acid (3.43 g;
0. D277 InBicrinigasidP d ¢ gul0.P2it mola weoplagad igo adOR ad- 3-necked

£t . . :
oA P ST SR WP CRORRAGo88 B
st addedand thOMlixtirk4vad stigred0 BDL3 (hidg, 0.08A cnol x and tipthydamine (12
12 ded d.st] d bout . 1 L, ut
SRR et T R
f oo wid tHey addcBMBROWEd By 4gdimBthyhzhimpps)ridinkl{e.93% @) 0u@G7amol).
was, Stir

Thds i ien it S oroReN 16 Pyt SR ERRR B aFbr m

( 28Qn fHe)rea2fich @kinira&hed itddwittechldyboyd (SI0RhIOX izc2Mci d

zglp w 1'1') i _1'1(czsofl(1tic§19 8 XIELO)O n?I?)%n(ti eelq bgneb{4|0(r)1 ?nLS %v%gusgc_i)to extract
the solution. Finally saturated sodium bicarbonate solution (2 x 400 mL) was
used to extract the solution. The resulting di-(3-ethinyl estradiol) succinate was

dried over magnesium sulfate, filtered, and concentrated.

Recrytallization Method

[0058] The di-(3-ethinyl estradiol) succinate (10 g) and a mixture of ethyl
acetate/heptane (50:50; 200 mL) were placed into a 3-necked round-bottomed
flask fitted with a condenser and magnetic stirrer. The mixture was heated to
reflux so that nearly all the ethinyl estradiol ester dissolved. The hot mixture was
then filtered. The filtrate was allowed to cool and recrystallized slowly (about 18
hrs). Next, the di-(3-ethinyl estradiol) succinate was filtered and allowed to air
dry. This was followed by drying in a vacuum oven at room temperature for
about 18 hours.

[0059] The compound was analyzed by HPLC and found to be 97.8% pure.
Structural analysis by *C and 'H NMR and IR spectroscopy revealed that the 3'C
to 3'C linked prodrug had formed. The melting point was found to be 198°C.



Finally saturated sodi um bi carbonate solution (500 nL

then 250 nL) was used to extract the solution. The
wo@e@aniosd ayer was dried over magnesi um sul f at BCT/US2004/041469

filtered and concentrated to give di-(3-ethinyl

estradiol) glutarate. Recrystallization Method [0061]

The di-(3-ethinyl estradiol-p3glutarate (10.6 g) and a

m xture of ethyl acetate/heptane (50:50; 200 nlL) were

pl aced into a 3-necked round-bottoned flask fitted

W th a condenser and magneim@®isrrer. The m xture was

heated to reflux so that nearly all the ethinyl

estradi ol est éWH@P%%QﬂDﬁE(éTEWHﬂYE}%?dl?I“} Qf“t?r‘%te was

fi The filtrate was allowed to cool and

re%;reggr?g?nl ized slowmy (about 18 hrs). D -és- et hi ny|
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c onghied and tha snixmalwes eticrdsly BIRTIC14hg, 4.¢13mool) endgdethplaniee

pure. Struct I al ysis.b : .
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Finally saturated sodium bicarbonate solution (500 mL then 250 mL) was used to

extract the solution. The organic layer was dried over magnesium sulfate, filtered

and concentrated to give di-(3-ethinyl estradiol) glutarate.

Recrystallization Method

[0061] The di-(3-ethinyl estradiol) glutarate (10.6 g) and a mixture of ethyl
acetate/heptane (50:50; 200 mL) were placed into a 3-necked round-bottomed
flagk fitted with a condenser and magnetic stirrer. The mixture was heated to
reflux so that nearly all the ethinyl estradiol ester dissolved. The hot mixture was
filtered. The filtrate was allowed to cool and recrystallized slowly (about 18 hrs).
Di-(3-ethinyl estradiol) glutarate was filtered and allowed to air dry. This was
followed by drying in a vacuum oven at room temperature for about 18 hours.
[0062] The compound was analyzed by HPLC and found to be 96.0% pure.
Structural analysis by *C and "H NMR and IR spectroscopy revealed that the 3'C
to 3'C prodrug had formed. The melting point was found to be 194°C.



and the m xture was stirred. EDCI (14.1 g, 0.073 nol)
and triethylamne (12 nL) were added and stirred for
W@k@an7@®50 m nutes. Ethinyl estradiol (15 g; O.PSLUS®N)/041469

was then added, followed by 4-dinethylamno pyridine
(1.5 g, 0.012 nol). The resulting solution was stirred
for about 18 hours at roomdixnperature. The reaction
m xture was diluted with chloroform (500 nL) and
extracted wth a 2M hydrochloric acid solution (2 x
400 nL) and then brine (EME4Fi naIIy sat ur at ed
sodi um bi car bonat e sol ut.i on C)1 was used to
extract the sofyuthesi of é?"&ﬂ@‘&’r\ﬁéﬁqd&i}b‘?* P48 dried over
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saturated sodium bicarbonate solution (2 x 400 mL) was used to extract the

solution. The organic layer was dried over magnesium sulfate, filtered and

concentrated to give di-(3-ethinyl estradiol) adipate.

Recrystallization Method

[0064] Tl;é di-(3-ethinyl estradiol) adipate (9 g) and a mixture of ethyl
acetate/heptane (50:50; 150 mL) were placed into a 3-necked round-bottomed
flask fitted with a condenser and magnetic stirrer. The mixture was heated to
reflux so that nearly all the ethinyl estradiol ester dissolved. The hot mixture was
then filtered. The filtrate was allowed to cool and recrystallized slowly (about 18
hrs). Di-(3-ethinyl estradiol) adipate was filtered and allowed to air dry. This
was followed by drying in a vacuum oven at room temperature for about 18
hours.

[0065] The compound was analyzed by HPLC and found to be 90.9% pure.
Structural analysis by >C and "H NMR and IR spectroscopy revealed that the 3'C
to 3'C prodrug had formed. The melting point was found to be 179°C.



[ 0065] The conmpound was anal yzed by HPLC and found to
be 90.9% pure. Structural analysis by 13C and 1H NMR
wa@eashRIsSpect roscopy reveal ed that the 31C t o BCTZUS2004/041469
prodrug had formed. The nelting point was found to be
1790C. EXAMPLE 5 Synthesis of Di - (3-Ethinyl Estradiol)
Fumar at e Preparation [0066}2&t hi nyl estradiol (25g
0.085 nmol) was placed into a 1 L 3-necked
roundbottonmed flask fitted wwth a nmagnetic stirrer.
Di chl or omet hane (375 rolpgxAmprEdled and the m xture
was stirred at roomtenperature under_nitrogen.
Tri et hyl ami ne Syatbesigof Qi E é&?‘m%l‘fg) F‘f“é@&te\?vas pl aced
Bqa r&ﬁilmater bath and cooled to 0OC. 4-DVAP (0.78 g,
no

: was then added. The solution was stirred
f ol006 cEhinybestradiol(252; 2{08DmeD) Waspiacd Mt biddeecker 1qupdy.
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maintaining the temperature below 5°C. After final addition, the solution was
slowly warmed to room temperature and then stirred (about 20 hours) at room
temperature under nitrogen. The suspension that resutted was diluted with
dichloromethane (1L) and filtered to capture any solids. The solids were then
washed with dichloromethane (500 mL) and a 2M hydrochloric acid solution
(500 mL). The organic phase was separated and extracted with 2M hydrochloric
acid (500 mL), sodium hydrogen carbonate solution (2 x 500 mL) and brine (500
mL). The resulting di-(3-ethinyl estradiol) fumarate was dried over magnesium
sulphate, filtered, and concentrated. The solids were dissolved in fresh
dichloromethane (1000 mL). Decolorizing charcoal (35 g) was added to the
mixture, which was then heated to 40°C for about 30 minutes. The solids were

" then filtered on a bed of celite and rinsed with dichloromethane (500 mL). The

yellow filtrate was then concentrated.

Recrystallization Method

[0067] The di-(3-ethinyl estradiol) fumarate (14.6g) and a mixture of
THF/heptane (2:1; 300 mL) were placed into a 3-necked round-bottomed flask
fitted with a condenser and magnetic stirrer. The mixture was heated to reflux.
The hot mixture was then filtered to remove the insoluables. The filtrate was

allowed to cool and recrystallized slowly (about 18 hrs). The resulting di-(3-



(500 nL). The organi c phase was separated and

extracted with 2M hydrochloric acid (500 nm), sodium
whyasoges car bonate solution (2 x 500 nL) and BPECT/NE2004/041469

(500 nmL). The resulting di-(3-ethinyl estradiol)

fumarate was dried over magnesi um sul phate, filtered,

and concentrated. The solidsgwere dissolved in fresh

di chl oromet hane (1000 nL). Decol ori zing charcoal (35

g) was added to the m xture, which was then heated to
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allowed to air dry. This was followed by drying in a
valranPBestteBt room tenperature for about 18 hours.
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triethylamine (16 mL) were added and stirred for about 15 minutes. Ethinyl
estradiol (20 g; 0.067 mol) was then added, followed by 4-DMAP (2.0 g, 0.016
mol). The solution was stirred for about 20 hours at room temperature under a
nitrogen atmosphere. The reaction mixture was diluted with chloroform (500
mL), washed with a 2M hydrochloric acid solution (2 x 500 mL), then brine (500
mL), and finally saturated sodium bicarbonate solution (2 x 500 mL). The
organic phase was dried over magnesiun; sulphate, filtered, and concentrated to
afford di-(3-ethinyl estradiol) aspartate, as a white solid, which gave a purity by
HPLC of 80.0%. This crude material was purified by HPLC.

[0070] The compound was analyzed by HPLC and found to be 94.0% pure.
Structural analysis by °C and "H NMR and IR spectroscopy revealed that the 3'C
to 3'C prodrug had formed. The melting point was found to be 141°C.

Preparation Step 2 - Deprotecting Reaction to Produce Di-(3-Ethiny! Estradiol)
Aspartate.

[0071] The boc protected Aspartate ethinyl estradiol ester (26 g; 0.033 mol) was
placed into a 500 mL 3-necked round-bottomed flask fitted with a magnetic
stirrer. 4M hydrochloric acid in dioxane (130 mL) was added and the mixture

was stirred for about 18 hours at room temperature under nitrogen. Excess



EXAMPLE 6 Synthesis of Di-(3-Ethinyl Estradiol)

Aspartate (Boc protected) Preparation-Step 1 [0069]
wWOR(sATMSMOUt oxycar bonyl ) aspartic acid (8.65 g;POI/032004/041469

nol) was placed into a 1L 3-necked round-bottoned

flask fitted with a magnetic stirrer. Chloroform (400

m.) was added and the m xtue2-was stirred. EDCl (24q,

0.125 nol) and triethylamne (16 nL) were added and

stirred for about 15 mnutes. Ethinyl estradiol (20 g;
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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.



Preparation Step 2 - Deprotecting Reaction to Produce
Di-(3-Ethinyl Estradiol) Aspartate. [0071] The boc
w@eoseowed Aspartate ethinyl estradiol ester (R2GI/ys2004/041469
0.033 nmol) was placed into a 500 nL 3-necked
round-bottoned flask fitted with a magnetic stirrer.
4AM hydrochloric acid in diox8ne (130 nL) was added and
the m xture was stirred for about 18 hours at room
tenperature under nitrogen. Excesshydrochloric acid
andygdhoxane AweEe [genoved under reduced pressure. DCM
(300 nmL) was added. The solid was dissol ved conpletely
and the solvent was renoved. under reduced ress
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filtered and washed in heptane and dried to afford a
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wherein X and Y are independently selected from

0]
0 0 ﬂ
O C or 0O
and Z1is

@ an aliphatic straight chain having 1 to 10 carbon atoms which may be
saturated or unsaturated and optionally may be substituted by one or more lower

alkyl, hydroxy or amino groups,

(i)
A B D

wherein A and D are independently

-CO(CHy)s-, wherein fis 0 to 5, and B is -O-(CH,CH,O)p-, wherein p is 1 to 700,

or



Al'l patent applications, patents, and other
publications cited herein are incorporated by

WO efosase in their entirety. WHAT | S CLAI MED | BCT/1IS2004/041469
di -steroi dal prodrug of ethinyl estradiol having the
following formula: wherein Ris selected-fromthe
group consisting of wherein2¥-and Y are independently
selected fromand Zis (i) an aliphatic straight chain
having 1 to 10 carbon atons which may be saturated or
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3. The prodrug of claim 1, wherein R is selected from the group consisting of:

/T’\\{’% S
R S o

,and
Y
4, The pr(;drug of claim 1, wherein R is
RO e o ag
5. The prodrug of claim 1, wherein said prodrug is selected from the group

consisting of di-(3-ethinyl estradiol) carbonate, di-(3-ethiny! estradiol) malate, di-
(3-ethinyl estradiol) succinate, di~(3-ethinyl estradiol) glutarate, di-(3-ethinyl
estradiol) adipate, di-(3-ethinyl estradiol) fumarate, di-(3-ethiny! estradiol)



peptide are amino acid units independently derived
fromaspartic acid and glutam c acid. 2. The prodrug
w@booshzione 1, wherein Ris 3. The prodrug of clBECTU$2004/041469
wherein Ris selected fromthe group consisting of: 4.
The prodrug of claim1, wherein Ris 5. The prodrug of
claim1, wherein said prodrugjs selected fromthe
group consi sting ofdi-(3-ethinyl estradiol) carbonate,
i-(3-ethinyl estradiol) nmalate, di- (3-ethinyl
es u
ol Gy i SRR facich asptl gh B Bb O bceptabe sl
dli%@ﬂﬁhhlnyl estradiol) fumarate, di-(3-ethinyl
estradi ol )glutamate, di-(3-ethinyl estradiol)
aspartate, and pharmaceutically acceptable salts
t hér eof A pharmAcpiiasinipseaihit abmshixéipge unit conpri si ng:
(a) a di-steraidal odrug, .of. et hi.nyl .estradjol. havi
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wherein R is selected from the group consisting of
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wherein X and Y are independently selected from
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and Z is
(i) an aliphatic straight chain having 1 to 10 carbon atoms which may be

saturated or unsaturated and optionally may be substituted by one or more lower
alkyl, hydroxy or amino groups,
(i)

A B D

wherein A and D are independently



(ii) wherein A and D are independently-CO(CH2)f -,

wherein f is 0 to 5 and Bis -O (CH2CH20 P-, wherein
W@2008/02095@ 700, or (iii) a peptide |inkage havPemyuR2004041469

15 amino acid units derived independently from am no

acids selected fromthe group consisting of alanine,

argi ni ne, asparagi ne, aspartic.acid, cysteine,

glutam ne, glutam c acid, glycine, histidine,

i sol euci ne, |eucine, |ysine, nethionine,
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(b) one or more pharmaceutically acceptable excipients.

7. A method of synthesizing a di-steroidal prodrug of ethiny! estradiol having

the formula
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(ii) wherein A and D are independently -CQ(CH2)f -,

wherein f is 0 to 5 and Bis -O (CH2CH20 P-, wherein
W@2008/02095@ 700, or (iii) a peptide |inkage havPemyuR2004041469

15 amino acid units derived independently from am no

acids selected fromthe group consisting of alanine,

argi ni ne, asparagi ne, asparitjzc acid, cysteine,

glutam ne, glutam c acid, glycine, histidine,

i sol euci ne, |eucine, |ysine, nethionine,

phgpy! al z@ﬁh@ﬁaﬁc@ﬁ@ﬂghﬁ%ﬂmqﬁ{'lh € to {JWaRRRIaREs WHiMPhAPRAN,
tyrosine, valine, oOr conbinafions thereof wherein the

enéptgpigt prsuresﬁtutaltﬁél and priinellamay herbubetituted By ens qrgnore lower

a0|39ﬁﬂﬂﬁ&5h¥ gﬂ)fron1aspart|c acid and glutanic

conpri si ng t steps of : (A) providing ethinyl
esﬁﬂadlol or a der|vat|ve thereof; (B) adm xing said
et hi nyl estradi ol and Q.Ilnkb o gﬁnt wherei n said
l'inking agent is selected fromthe group consisting
of : (a) a carbonate; (b) an aliphatic diacid having a
baekbreineA afid I ateclinddperdentipn atons; (c) GCO Z X G

-CO(CHa)¢-, wherein fis 0 to 5, and B is -O-(CH,CH;O)p-, wherein p is 1 to 700,
or
(i) a peptide linkage having 2 to 15 amino acid units derived independently
. from amino acids selected from the group consisting of alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine, or combinations thereof wherein the end groups of the
peptide are amino acid units independently derived from aspartic acid and glutamic
acid, comprising the steps of:
(A)  providing ethinyl estradiol or a derivative thereof}
(B)  admixing said ethinyl estradiol and a linking agent, wherein said
linking agent is selected from the group consisting of:
(a) a carbonate;
(b)  analiphatic diacid having a backbone of 1 to 10 carbon
atoms;

c) © CcO Z X G

wherein G is a halogen;

(d)  apeptide linkage having 2 to 15 amino acid units derived
independently from amino acids selected from the group consisting of alanine,
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine, valine, or combinations thereof wherein the end

groups of the peptide are amino acid units independently derived from aspartic

acid and glutamic acid;



wherein Gis a halogen; (d) a peptide |inkage having 2

to 15 amino acid units derived i ndependently from
w@pioso7@st ds sel ected fromthe group consi sti NRCD1S2004/041469

al ani ne, arginine, asparagine, aspartic acid,

cysteine, glutamne, glutamc acid, glycine,

hi sti di ne, isoleucine, |eucisne, |ysine, nethionine,

phenyl al ani ne, proline, serine, threonine, tryptophan,

tyrosi ne, valine, or conbinations thereof wherein the

end groups off he, Replitdg cAbshyRPoRR A Heit MilSnd
i ndependent |y ‘derived fromaspartic acid and gl utamc

acid; (e) a tdbt - barelystbaerosiydol prdsuecinie gnigidsilai ¢ aci d;
and (f) pol . 1R i.de,
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bafemirgseidetipptefaidalrprodrugaif dthihy! sstredioli it pharpraceitiglyof
etg&p%%mesﬁg$dig or pharnmaceutically acceptable salt

t her C& THE et hod of claim 7, wherein said
l'i nking agent is a carbonate, HY Z XHQ - GCOZ X

G in G| I . 9. The nethod. of claim?7,
whbr o nbpe b iSRG, HGERE oHE OEPEBF RS ARBOEHE. o oup
consi sting of: bis(4-nitrophenyl)carbonate,

I-g?-dineghylan%noprqul)-ﬁ-

G CO Z X G

wherein G is a halogen.

9. The method of claim 7, wherein said coupling agent is selected from the
group consisting of: bis(4-nitrophenyl)carbonate, 1-(3-dimethylaminopropyl)-3-

ethyl-carbodiimide hydrochloride, and mixtures thereof.

10.  The method of claim 7, wherein said at least one base is selected from the
group consisting of: 4-dimethylamino pyridine, triethylamine, and mixtures
thereof.

11.  The method of claim 7, wherein said prodrug is di~(3-ethinyl estradiol)

carbonate or a pharmaceutically acceptable salt thereof.

12.  The method of élaim 7, wherein said prodrug is selected from the group
consisting of: di-(3-ethinyl estradiol) succinate, di-(3-ethinyl estradiol) malate, di-
(3-ethinyl estradiol) glutarate, di-(3-ethinyl! estradiol) adipate, di-(3-ethinyl
estradiol) fumarate, di-(3-ethinyl estradiol) glutamate, di-(3-ethinyl estradiol)

aspartate, and a pharmaceutically acceptable salt thereof.

13. A method of providing contraception comprising the step of:



et hyl - carbodi i m de hydrochl ori de, and m xtures
thereof. 10. The nethod of claim7, wherein said at
WO e@soH7ne base is selected fromthe group conBCBHUBI0G4/041469
of : 4-dinethyl am no pyridine, triethylanm ne, and
m xtures thereof. 11. The nethod of claim?7, wherein
said prodrug is di-(3-ethim4-estradiol) carbonate or
a pharmaceutically acceptable salt thereof. 12. The
met hod of claim1l, wherein said prodrug is sel ected
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