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Dl - STERO DAL PRODRUGS OF ESTRADI OL BACKGROUND OF THE
wo DMERTIO@N Field of the Invention [0001] Thi SPCT/US2004/041464
invention is directed to a di-steroidal prodrug of
estradi ol and pharmaceutically acceptable salts
thereof. The invention also includes pharmaceutica
dosage units of the di-steroidal prodrug and a nethod
of formng the di-steroidal prodrug of estradiol.
Rel at ed Background Art [0002] Unbound 17(3-estradi ol
is the nost active, naturally occurring human
estrogen. However, due to poor absorption and
extensive first-pass netabolism in the
gastrointestinal tract and liver follow ng ora
absorption, it is not generally orally active.
Several nethods have been utilized to increase its
oral activity. A mcronized form(to provide an
i ncreased surface area of drug for absorption) of
estradi ol which has sufficient oral bioavailability to
be active is available. Alternatively estradiol can be
formul ated as a conjugate, e.g., conjugated equi ne
estrogens which are essentialtl-estrogen netabolites
purified fromthe urine of pregnant mares that
contai n sul phate and gl ucuroni de derivatives
(Martindal e 32ea, 1999, Phathddeutical Press). These
conjugates are orally active as they are hydrolyzed
by enzynes in the | ower gastrointestinal tract
al | owi ng absor LRS! R4 ESTRADIOL
PCT/ US2004/ 041464 -2 the active estrogen. Anot her
alternative is th 1 N t tradio
esters. Such conp§dﬁﬁg%@ﬂﬂtﬁgakhiﬂkSEQﬂgpﬁﬁfor or al
adm ni stration of estrogen and include
est rBididaif {18 Idventdoacet at e, estradi ol -1 7-acet at e,

estr g' l+3,17-val erate estradi gl -3-val erate..and
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t 0 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 estradiol.

Related Backgroimd Art
. [0002} Unbound 17B-estradiol is the most active, naturally occurring human
estrogen. However, due to poor absorption and extensive first-pass metabolism
in the gastrointestinal tract and liver following oral absorption, it is not generally
orally active. Severai methods have been utilized to increase its oral activity. A
micronized form (to provide an increased surface area of drug for absorption) of
estradiol which has sufficient oral bioavailability to be active is available.
Alternatively estradiol can be formulated as a conjugate, e.g., conjugated equine
estrogens which are essentially esﬁogen metabolites purified from the urine of
pregnant mares that contain sulphate and glucuronide derivatives (Martindale
32°9, 1999, Pharmaceutical Press). These conjugates are orally active és they are

hydrolyzed by enzymes in the lower gastrointestinal tract allowing absorption of



free estradiol follow ng oral adm nistration. [0003]

U.S. Patent No. 3,916,002 to Taubert et al. describes
wa@20vatmer9 of ol i goneric esters of androgeni c, PCT/US2004/041464

estrogeni ¢ and progestogeni c steroids having the

formula: RROCO(CH2),,-COOR wherein n is between 2

and 8, and each Ris a nonovalent steroid radical.

The steroid radical is derived fromsteroids having a
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i ncrease oral a t| vity would be _highly advantageous.
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X abeipreduned by nﬁ@fgf@nd@mﬂtbc @\@I cethoryl ridieats @f 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 estradiol that is linked at the 3'C position of the estradiol
moiety. ‘

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

SUMMARY OF THE INVENTION

[0005] The present invention is a di-steroidal prodrug of estradiol according to

formula I:

HO  cH, CH, PH

0

R

and pharmaceutically acceptable salts thereof; wherein R is selected from the

group consisting of



OOSI~11 OCor O and Zis (i) an aliphatic

straight chain having 1 to 10 carbon atons whi ch may
wWheoossadwy at ed or unsaturated and optional |y nBgT/D82004/041464

substituted by one or nore |ower alkyl, hydroxy or

am no groups, (ii) ABD wherein A and D are

i ndependently CO(CH2)r- wheregn f is O to 5 and Bis

-0 (CH2CH20O) p-, wherein p is 1 to 700, or (iii) a

peptide |linkgge having 2 to 15 amno acid units

derived indefpendently from am no acids selected from

the groyp comsi sting of al anine, arglnlne

aspar agine, @spardic aci d, @ysteine, Ygrota e X
glutam c acid, glycine, histidine, isoleucine,

| euwiherein X ysd Were inddpandenilnselecpddronl al ani ne, proline,
serine, threonine, tryptophan, tyrosine, valine, or
combi nati ons thereof wherein the end groups of the
peptide are amino acid units independently derived
fromaspartic acid and glutam c acid. [0006] TqF

pr esent inventCDn al so includes a phaLnngfuLLgaLS
dosage unit cgnprising (a) a di-steroidal prodrifig of
estradi ol accofiding to formula I, and (b) one Jr nor e
pharnaceuOrcarCy—atceptabIe]ex0|plents In a 0
particularly preferred enbodinent, a progestogen is
inc%&%g% in the pharnaceuti cal dosage unit. WO

200 949 PCT/ US2004/ 041464 -4 [0007] The present

i nv €énht i om aiphetid sweightidwinchameg i dal 16 carbcfrmwrhagh'mh may be

S t ; 3&? L rel((el%g}msfio i) ec{ oleona n% {naag ¢ subtsﬁtél{ %gtﬁ))lrleg pT more lower
reaamyngy@ﬁiyadmﬁhogmdm@ | i nki ng agent under
con%btions effective to formthe di-

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

(i)  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.

[0006] The present invention also includes a pharmaceutical dosage unit
comprising (2) a di-steroidal prodrug of 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.



steroidal prodrug of estradiol. Optionally, the

process may include further purification steps such
wa@sooshromat ogr aphy or recrystallization. [0008PCT/IS2004/041464

anot her aspect of the present invention, a nethod of

providing contraception is provided. The nethod

conprises the step of admnisjering to a patient in

need t hereof, an effective anount of a di-steroida

prodrug of estradiol of the invention, for an

effective period of time. [0009] In yet another aspect

of [08€7]i Hheepreseoninvantioe thothclyflesgrosthet! fag fymingond-steroidal
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| ower al kyl is a straight chain or ali phatic
group having 1 to 6 carbon atons. |n another
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[001 1] For the purposes of the present invention, room temperature is
understood to mean 25°C +/- 5°C.
[0012] In the present invention, the di-steroidal prodrugs of estradiol have
estradiol moieties that are linked by a divalent linking group R at the 3'C position
of the estradiol moiety. The linking group R is preferably 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



at each end. [00131 In the present invention the
di -steroidal prodrug of estradiol of the invention
wha®some4st ructural fornula: Formula | HO CH3PEHBEI04/041464
I '\ R wherein Ris selected fromthe group
consisting of O11 -0-CO or Y Z X wherein X and Y
are independently selected fsam Ol 0 Os |1 11
-0-c- or O and Zis (i) an aliphatic straight chain
haviyfif ditnehPhd HulGARE ?@ﬁ‘p ﬁlﬁ? B8 2 PEitRD with Y B oxARLUIdFRMRT
unsaturated and optionally may be substituted by one
or atesckehdwer al kyl, hydroxy or amino groups, (ii) A
e R G b S Sl
p iisvehtibohagQlk stwrtufal farjaul: pepti de |'i nkage having 2 to
15 am no acid units derived i ndependent | )Fo}%%lal
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HO “ch, cn O

R

. wherein R is selected from the group consisting of
0O

ral
A

or Y 4 X

wherein X and Y are independently selected from

o]
O=—=——=U====0

O=———=0O

(@)

or
and Z is

(6] 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)

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

(i)  apeptide linkage having 2 to 15 amino acid units derived independently



fromam no acids selected fromthe group consisting of

al ani ne, arginine, asparagine, aspartic acid,
w@yaseree gl utam ne, glutam c acid, glycine, PCT/US2004/041464

hi stidine, isoleucine, |eucine, lysine, mnethionine,

phenyl al ani ne, proline, serine, threonine,

tryptophan, tyrosine, valineg.or conbinations thereof

wherein the end groups of the peptide are amno acid
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016] I n anot her enbodi nment, s WO 2005/ 070949
pPCTyrefcmed anbefimed wheryY and X are both carbonyl then R is

O O

O0——C—~Z C—=o0 . It should be further apparent to one of

ordinary skill in the art that the stereochemical conformation of each estradiol
moiety in the di-steroidal prodrug will be dependent on the structural conformation
of R.

[0015] In a preferred embodiment, R is selected from the group consisting of:
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[0016] In another embodiment, R is



\'o000O0 "1~0 )Y~ 01-1, 11---~0ONH, O OOOCHO
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walreospamaed dal prodrug of estradiol is sel ect edp€T/OR0N@I1464
group consisting of OH CH3 CH3CH )aoY0 O
di - (3-estradiol) carbonate CH3OH OH CH3 (% O 1 /
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PCT/ US2QQ04/ 041464 -8 CH30H
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[0017] Preferably, the di-steroidal prodrug of estradiol is selected from the group

consisting of

M cHy cHay"

di-(3-estradiol) carbonate

cHgOH

M crg

di-(3-estradiol) succinate

M cg cHa®

o} (o]

di-(3-estradiol) glutarate



OHCH3 \ 11-CO (r) di-(3-estradiol) aspartate, and

phar maceutically acceptable salts thereof. [00181 As
wais@d/oheaei n, the phrase "pharmaceutical | y accR@I/akioed/041464

salt" refers to a salt that retains the biol ogica

effectiveness of the free acids and bases of a

speci fied conmpound and that ks not biologically or

ot herwi se undesirabl e. Exanples of pharnaceutically

acceptabl e salts include sulfates, pyrosulfagg&w

bi sul fategr gwlfites, bisulfites, phosphate

nonohydr o phat es, d|hydrogenphosph*

net aphospg pyr ophosphat es, chl opide nj/des,
i odi des, & ~Qpi ogat es, decH

caprylates f ofjmat es, ’

caproates, hepts ResS >Sopt ORI 0 es, oxalates

mal onat es, su00|nates suber at s, sebacat es,
fumar at es, nal eat es, butyne-’,4-dioates,
hexdis(Beestradiol) ngpmttets, benzoates, chl orobenzoat es,

nmet h Ibenzoate Q oates, hydroxybenzoates,
ne?ﬂ%?(%?ﬁ‘@?wcfgté(fa ¥a°°p?ﬁ{ahfgl t}f 3 eell  onat es, '

XY [[@018p WsfuestElicgsin, theptenyg|“pleehadeaticallp laem:pia‘p]e epi onftds p
phenglbut rates, citra

ny g P dtdilogeg b ireads ot P and bases of

R &n@t&a tHaABSt BibRgikally @lotRanes itdesinales,
nap halene -sul f onat es, napht hal ene sulfonahg
andxapglsgef lﬁ@@%ace‘ﬁlcégg AfcaRfakle palts h‘“é’@’dﬁ Sulftes e lias any

SUipiahies, TRERQChi&k ML) phékphdiss, m@ﬁ&hydidgs &indﬁph@teﬁ r eat ment

of the free base with an i norganjc )
“hy diiloetrigenbesrietcs mqﬁwpep@af@mpwoabqsahat% plilppdes, bé%m’&es’

NI 48 4iGes @tk ltes ﬁg&ﬁ%%s' Gechils, caﬁ?ﬂtets ha%r}Jlétgse forRhtedM t h

an or gahl C acC SUCh as acetic acid , rmal ei ¢ aci
su asn“bntymtesacapcbatmahnﬁ@hp@esmmmolatqanﬁplaéesa@aﬂanat%%ﬁmﬁe&

acl sgberﬁgsr Hf\:‘oagaééascfu%arﬁé%ahlg e-$,4¥ I4 @tésche@(%éji 6-dioates,

ranosi éC| , such as’ gl ucuronic
ac |11¢nmates gﬂnloa@ieuzaamsanah}’lblenzaatwh dinlisplienegtesaci d, such

22 r}jgfhtf I&Igb g%gaée% oreth%ﬁbe%oa&s %ﬁglglateerguﬁ?nate%% ?eﬁgf&gﬂ
berﬂlen}daoatataé pjfenylpnopmamteg pmnyﬂnixtysajéi cifinies, émta:ﬂés, such as

ARG L O RGO RS
| S pro@nBuEb@itésehhaphthalene-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
acid, or the like. In the present invention the hydrochloride salt is the preferred

salt.



salt. WD 2005/070949 PCT/ US2004/ 041464 -9 [0019] A
phar maceuti cal dosage unit nmay be fornulated to
wOo pwsd®4e he di - steroidal prodrug of ethinyl BPST/Dszi0Ob41464

of the present invention in conbination with one or

nore pharnmaceutically acceptabl e excipients. [0020]
Exci pi ents useful herein inchyde a w de variety of
additives, or ingredients, such as for exanple,

I

1 10A0P A Hlab @0k al 88h Ay deGtinfhlaredbAraiTRAM Bl €
polyrrer s quc as organopol ysi | oxanes, pol yurethanes
andteiday preitihiel dethyrlyh teiiiol ofshé pregsatiaveniipn frscaaphdnation with
penetration. enhancer ol.ubi | i , lubricants,
stéB??Y?%??Pmnpf%ﬁﬁ%gﬁ¥§%¥ﬁgﬁéﬁ@§?:bolorants,

gl ifel20} Excpfeheeslientin agkde s widewesety o€ pdditives.aror s,
perfungs, and the |ike. 021 er..st er.oi.ds,. -
or R ﬁ%ﬁ%ﬁ?@ﬁé@ﬁ‘& TS R%Oﬁlsﬁa‘? QUG picSgfloarve
d0$8Bthett (ikch aE¥BARbEIKIlP06L polpgeihsnds and pelgmethylacrylates),
nor et hi ndrone, norethj ndrone acet.ate or st{gL

| o PP HRRsireAnd RABIEER FRaRoerss SRt HpBGYs slabiizers
ge QAR 6] aghRS (BYRHD GRERA! SReveasat Aleisaitelchers | flakérs,

[ 0022 The@gharnaceutlcal dosage unit may be in an

or aerfymengesthe ke form such as tablets, capsul es,
g ng@ﬁl %tﬁ@r@ke%ia% l@.rg.,‘i)?c%%ydo%%s mhaf 88 Hl@lﬁlded Gk harmaceutical

pensions, pil'l's, or sustained rel ease dosage
f ordesage Ahit.e Excanlaripyogesthgenp inghida serathindgine gepseihiadropa) ¢
may, i £ (Foekitt B&k
Bl S S S
“t ophaiadxypmigpoadibe aatata ol thedika. gel , cream  oi nt nent,

8 LAt S o P 5 Ao PR
v agisfdblet dipsties chewitdatable o capsulvggbeisb, liguitgusijed o8]
T CE W T T
be wmdhdy R0 t@insdnhel dedivdry systynt Mreia iasothereibodisentthie be
SRR TEN LN A
shoythheb€ ligidand thedile. DPMEYAIternith@lembodiment, the
pharmaceutical dosage unit may be designed for vaginal administration e.g., a
vaginal ring.
[0023] The steroidal prodrugs of estradiol may be synthesized using the methods
described herein. These methods may be modified or alternative synthesis
methods may be employed as desired. The synthesis methods typically begin
with estradiol as the starting material. It should be understood, however, that
where estradiol is indicated, derivatives of estradiol may be used.
[0024] In general, the di-steroidal prodrug of estradiol of the invention is formed
by reacting estradiol or a derivative thereof and a suitable linking agent under
conditions effective to form the di-steroidal prodrug of estradiol.
[0025] One method for synthesizing a di-steroidal ester of estradiol of this

invention is by reacting estradiol or a derivative thereof with a carbonate linking



where estradiol is indicated, derivatives of estradio
may be used. [0024] In general, the di-steroida
wee@dnuy4of estradi ol of the invention is fornmedr/ub3004/041464
reacting estradi ol or a derivative thereof and a
sui tabl e I'inking agent under conditions effective to
formthe di-steroidal prodrug,of estradiol. [0025] One
nmet hod for synthesizing a di-steroidal ester of
estr r el el
or e o Qpliak fasul HR b 2c 5t Bl ARG sl SR
20 G DM@ 4i0]) Rarbbhise 0D 10146 1 depit®d syRenctiamBeqaence 1.
coupling agent in the presence of a base. The

resul tiag conpound is i -(3-estradiol) carbonate. The
reggt.i is depicted in Reacpéon Sequence 1. HOB" HO
H3 Criyc 0 ) agendoupig@yemH 85eCH3 sol vent \ oH

bi s(4-nitrophe
carbonate |inking agent and coupling
4-di met hyl ami no pyridine (DVAP) is selected as the
base,estiadiolt et r ahydr of uran (THF) ids(3sasiradiolpehrhenatehe
solvent. [0027] Another nethod that may be used to
synt hesi ze a di - st er oi Rehctpnddquegcof estradi ol of
this invention reacts estradiol or a derivative
thereof with an aliphatic diacid that has 1 to 10
carjpoae] atle mpreférreﬁ embbdinﬁana bis{(4atigrgehenyl) cmbdnateqb-INPC) serves
whi ¢ na S urat nsatura tion IIy
oy’ oF ERal og rEront et Gief T fo e

d(:! )MAK PY3iE séléBtdt0ns GHebHRS, and” ’@:&al@ldtdfﬁlaﬁ (THE) iasdlettddss tHee

in

|ng agent
solvent.

[0027 ] Another method that may be used to synthesize a di-steroidal prodrug of
estradiol of this invention reacts estradiol or a derivative thereof with an aliphatic
diacid that has 1 to 10 carbon atoms, i.e., n is 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.

M cng M ong cHap”
2 HO OH ~3
n

———
coupling agent O e a
OH base OJLEEIJ\O
n

solvent

Reaction Sequence 2



and may be, for exanple, succinic acid, tartaric acid,
malic acid, glutaric acid, adipic acid, fumaric acid,
woredosionnoaxi d, gl utam c acid or aspartic acid. PCT/OS®04/041464

enbodi nment, a coupling agent can be reacted with a

diacid in the presence of a base catalyst as shown in
Reaction Sequence 2. OH CH3 Q O '~~ OH OH3 OH | F] J~
sol vent n Reaction Sequence WO 2005/ 070949

PCT/ US2004/ 041464 -11 [0028] Reaction Schenme 2A shows

a preferred enbodi nent where the coupling agent is

1- (@26] nRtdeyibaSchenp Laphbys Spefdmetl embodimeit whetkethe coupling

hydr ochl or.i de DCl and _t he base..ca ts. are
1 SR S B RPBIORED SR AT B RGAARHeS gEpeD
~ Th @?@&E ‘giﬁdétcatﬁll;ﬁ@ alieq-cﬁﬁfeﬂllylaﬁﬁhio ﬂri]:yhiﬂirfeQBMAB) m_n? laiethy_lamineri
prefera chl or of or al t hou, s ..one ski in the
ar thgsqlyent ssedit if’“‘iyé’c‘:lg)@ﬁ if%‘fmwg ﬁﬁ%{l‘ﬂ-‘é&ﬁwgﬂm g‘%mgh as
sol,¥eQtifedTR LR wifl WadabtRe , mefPotBlerr i ddBrebisigiady be
dHoMbH coupling agent o O\ base o'lo n estradiol
sobvigable. r N CH n=2 di-(3-estradiol) succinate NH |
Cr Nn=3 di-(3-estradiol) glutarate CH3
1- 3-di met hyl am nopr opyl - 3-et hyl carbodii m de
hydrochl oride (EDClI) Reaction Schene 2A [0029] The

prasdrgg conmpoundfof fthis i mventi on may al so be crsSH
synthesj zed bymf#s%%b&ng egtLathol or a derivative '
t ctly wih g Ii t having th
coupling agent 1 @
OH base o)LE%'“\o
estradio} solvent n
N _CH, n=2 di-(3-estradiol) succinate
HSC\NH(.\/\N/:/ h n=3 di-(3-estradiol) giutarate

1-3-dimethylaminopropyl-3-ethyl
carbodiimide hydrochloride (EDCI)

Reaction Scheme 2A

[0029] The prodrug compound of this invention may also be synthesized by
reacting 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. For example,
the linking agent may be a di-acyl chloride which reacts with estradiol in the

presence of a base, as depicted in Reaction Sequence 3.



formula G COZ X Gwherein Gis a halogen and Z and X

are defined as previously noted. For exanple, the
woO povkiomg4gent nmay be a di-acyl chloride whi chPCEES1084/041464

with estradiol in the presence of a base, as depicted

in Reaction Sequence 3. WD 2005/ 070949

PCT/ US2004/ 041464 -12 OH 2,0 0 OHCB CGBOH " C

Cn V1 -\ 1 00 OHcoupling agent o A*- o

estradi ol base solyent n=2 di-(3-estradiol) succinate

ﬂﬂm 3-estradio Iutaraf%mhReactlon Sequence 3 e

S an i ntteg

estradiol of the inwenRtion is Mﬁth a d|aC|o“anino

aci d, sﬁ%’ﬁ I%{S aspart LogenaCI d or gl ut aﬁn.'zcdl-iﬁés@radlol)las%¥c‘ing@

I|nk|ng agent. [00321 Reaction Sequence exe I es
such a synthesis nmechanism WO 2005pﬁ§0@4@amamm)mmmme
PCT/ US2004/ 041464 -13- OHCH3 O HO OH C(6a0H NH O

Reaction Sequence 3

where n is an integer from 1to 10

[0030] Utilizing Reaction Sequence 3, DMAP and triethylamine can be
employed as the base catalysts.

[0031] Yet another method for forming the di-steroidal prodrug of estradiol of
the invention is with a diacid amino acid, such as aspartic acid or glutamic acid,
as the linking agent.

[0032] Reaction Sequence 4 exemplifies such a synthesis mechanism.



t-BOC estradiol J:30H O NHO t-BOC OH CH3 X30H \

\' 1l O/ NH2 O D-(3-estradiol) aspartate Reaction
wEegaenee 4 [ 00331 Di -steroidal prodrugs of esPCHUSIIN4/041464

may al so be synthesized where tert- butoxycarbonyl

cysteic acid serves as the |inking agent, as depicted

in Reaction Sequence 5. WO 2005/ 070949

PCT/ US2004/ 041464 -14- 0 OHCH3 HOS\\ | OH CH3CH O

NH CHt- OC = Q—%/ I coupling agent 0 \ OH base i o

solvent O\\/ I D3NH t-BOC OH deprotect CH3OH CH3

OH
HO ;
NH 0
OH t-BOC
estradiol
OH
CH
M chg )
Y
o]
O
(0]
NH (o]
/
t-BOC
OH
CH
M ong ’
Y
0
)J\‘/\”/O
O
NH, O

Di-(3-estradiol) aspartate

Reaction Sequence 4
[0033] Di-steroidal prodrugs of estradiol may also be synthesized where tert-
butoxycarbonyl cysteic acid serves as the linking agent, as depicted in Reaction

Sequence 5.



ANO o\ 1. 0 NH3 Reaction Sequence 5 [00341
Alternatively, polyethylene glycol can be reacted with

W@ a@siomioa9 anhydride to produce a diacid |inkiPQI/a§m®04/041464
that connects the estradiol noieties at the 3'C
position, as depicted in Reaction Sequence 6. 0
HOCHCHOGH.~. O ~CHz OH, ( ZHOIC' "on JJf I
0 n 0 polyethylene glycol succinic anhydride OH OH
CH3 OCHZ O/ CH3 00Qd/ HZOOnNn o wherein nis an
integer from1l to 700, nore preferably nis 4 to 200,
and nost. preferably nis 4 to 60 Reacti on Sequence 6
WO 2005/ 070949 PCJ/ US2004/ 041464 -15 [0035] Moreover,
estradi ol R be feacted with a di peptide or any
S Laabl e | eRgti ofeipeptide, which serves as the
I agent ® he pepti GbeC,L i nki ng agent

e )

coupling agent ‘

OH base \\ /% ‘
solvent o \\

tBOC

CH3OH

o deprotect chaQH
CH3
/\rguc:

Reaction Sequence 5

[0034] Alternatively, polyethylene glycol can be reacted with succinic anhydride
to produce a diacid linking agent that connects the estradiol moieties at the 3'C

position, as depicted in Reaction Sequence 6.

HO\‘;C H,chgcJ/H + v —— /U\/\(( { ,CHZM
n

polyethylene glycol succinic anhydride l

CH3OH

o crig

(o]
)‘\/\n/ \E: 7CHe MO
n 0

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

Reaction Sequence 6



will have 2 to 15 units derived fromam no acids, such

as al ani ne, arginine, asparagine, aspartic acid,
w@yaseree gl utam ne, glutam c acid, glycine, PCT/US2004/041464

hi stidine, isoleucine, |eucine, lysine, mnethionine,

phenyl al ani ne, proline, serine, threonine,

tryptophan, tyrosine, valine, and conbinations

t hereof. The end groups of the pepti de are derived

i ndependently from aspartic acid or glutamc acid to

formthe divalent |linking agent. From2 to 15 am no

aCI gﬁsﬂam&&ka @éﬁ%&otl RASHORLCEPWIRE RipeptitR RaRy bd@ble

as the aimno acids attached at the ends

ar deng8pafipeptide, ‘abnchi seryesurs i linkinginaentr The paphas akingpagent
th %ﬁ 21[1\76 Pi8t %Bﬁph%weg fibff 2 gﬁn@éﬁdéosu%ﬁ héjﬁaﬁﬁ@ aréuhﬁ‘é‘ ed

POPIRT More preferabl’y,” 2 to 5
a m anpmr@med sspﬁlmuc mrdmysteme y@htemme;@p@m@ewd;&ycﬂﬁdﬁwd@e

t. de h t
pr df SOPER i e By e A bfnine
WPhgt, @m@mneaSahnsImMOmme%mm thieoaof. SEpd grotps oiNde

2005/ 07094 [ ys20Q4/ 0 1464 6-

e e WO P ek PR Eef e

OH d%ent lifkiB ¥gent. From 2 to 15 amino acids may be linked together to form
the peptide linker so long as the amino acids attached at the ends are aspartic

acid, glutamic acid or a combination thereof. Preferably, 2 to 12 amino acids are
linked together to form the peptide. More preferably, 2 to 5 amino acids form the
divalent peptide. For example, the dipeptide Gly-Asp-Boc with the amine
function protected with n-(tert butoxycarbonyl) can act as the linking group, as

shown in Reaction Sequence 7.



OH'NHO + NHO" v OH (%H 0 OH CH3 CH3CH H NHZ O
I NOO 0O Reaction Schene 7 [0036] Preferably, the

WO povkiomy4agent s that are used to formthe di - sPEr/ObTIaY/041464
prodrug of estradiol of the invention are carbonate, H
YZ XH or GCOZ X G W 2005/070949
PCT/ US2004/ 041464 - 17 mhere% G is a hal ogen. Z maybe
a di val ent peptide group 37] Coupling agents t hat
may be usgd in synthesizing the di-steroidal prodrug
of estradi of'3of the present invention, nmay be for

exanpl e EDCI, suitable al%ermiatives
m xt ures Alternative co used
so long as t Il th€ int®nded 8038]

In the synthes §
used as a catalyst.  Suitable bases i ncl udd2C but ar e
not limted to DVAP, triethylam ne, or mxtures
thereof. [0039] Solvents thafi may be used in the
synthesﬁﬁcn@actlons are for exanple, tetrahydrofcs

(THF), orm dichl orongt hane, and the |
[ 0040] ase the purity of the di-stero
pr odr ug “ef 8 , the pnodrug say pe

one or nore
st eps.

tﬂ\/WV

NH,

OR

M chg -

Reaction Scheme 7

[0036] Preferably, the linking agents that are used to form the di-steroidal

prodrug of estradiol of the invention are carbonate,
H—Y——Z——X——-H or

G Cco Z X G




[0041] The washing step may be used to rinse the
precipitate that is fornmed by the di-steroida
wee@dnuy4of estradiol. As noted, one or nore WeSTIUSZP04/041464
steps may be used. Water, sodi um hydroxide, or any
suitable alternative can be generally wused for
washi ng purposes. [0042] As previously noted, the
purity may be increased by subjecting the di-
steroidal prodrug to one or nore recrystallization
steps. The recrystallisatipon step.,my be perforned by
vaihergi Grisalsérgen af Py oe A g {?Pftlﬁg?%e %%TR]ent s such as
but not linmted to ethyl acetate, heptane or THF, or
m E(fﬂ%ﬁ]e %oﬁﬁgfg%%gnts {thtﬁa%] behi3gd E{rsymtﬁ@izsﬂ@ﬁe distéddrlal prodrug
synthesi s e conducted by various ne%&ggg bl
i nof entiadigl dfiibe provent mHTEH reay befprexgmplentyNEa By suitable

dr Xit%gativgﬁgﬂn&g}f. Nereds [AlieAhiR bompBtls hbe Heiuksd, sPlovg B
may be en

ance y using a drying agent such as
metheg Sulfithtlsuihfghdédepursassi st in drying the product.
[O he di-steroi ' nds
of 180 I BreGirpBheRtyBiitphy RAQREL S e AL EACL Ly £ O
usiSagablabdsedinclada byt dre adt limstet M AR tricthyiempng or WiTghres
perforqance l'iquid chromat ography (HPLC) was used to
estBBf9sh the purity of the synthesized product. 'H

andodsdC Sauehr diat iy e tied il ths oyl r¢aibYs, arerfos sxample,

spectronetry and. infrared spectro wer e used
t o tGtEALY ‘Flﬁ?fqnl‘%ﬁ}ﬂ: 91?&‘15‘%8@’ dﬁ?bi‘f%% araiy é}%@%‘ge?%%eu ct was
furihti 1iasested ey Shddisersidipnginighe eaddidlnfe prodrug
poi nt. WD 2005/ 070949 P [U82004/8A1464 '181%$g45]
Thema bedreatediteiame g5mus WaShate sE@ @R Phiccryptallizaian Slpin

| NVigeUh O R¥hiAE SM?%Q bt Qed B Aidedhd e inkd BEEPFrmBd bA
t herapeutical |y ef eCFIVG amount of the di-_steroida

pr dlie digstapidalgrpdiug of estpdieln dsingigd ine GRMOLE HRRHNSGISEPEPEY
to i IsBai I @hy suftle AferRitive el MSodaehitpd
of %&rgrg& \g%%ggggﬁ%?dﬁogﬁg&di Fteroi dal prodr ug iz ?
admised &tr sagdng purpesshi nati on with a progest ogen. [0046]

The, di+1Sk €L.al - I i LAY gRtg-on
Tl A g5Rial RNl 85 haplesshy ity o
t hegtapidal fBodrhg & onetonowrexferystaliration stepso Uhg recrystallisation 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.

[0043] 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.

[0044] The di-steroidal prodrug of estradiol compounds of the present invention
have been characterized using various analytical methods. For example, high
performance liquid chromatography (HPLC) was used to establish the purity of
the synthesized product. ' and "C nuclear magnetic resonance (NMR), mass
spectrometry and infrared (IR) spectroscopy were used to verify its structure.
Moreover, the product was further characterized by determining the melting

point.



conprised the step of admnistering to a patient in
need thereof, a therapeutically effective anount of a

waleosvaaed dal prodrug of estradi ol of the inveP€T/U82004/041464

for an effective period of tinme. [0047] The prodrugs
of estradiol of the present invention are adm ni stered
ina "therapeutically effectdve amount."” This is
understood to nean a sufficient anmount of a conpound

or co ition that wll si.ti vel y _nmodi.f .he

oy R R et ondie peRRR Y B halpalepffmay be used
t hesrapedihg 8bdtdc@tibeCh ithkgapattiually efativéemount aflihk vi-
determ ned by those of ordinary.skjl.l.in the

of S Brodig ot g of b BYORisds smipisie

eX @R o8, foPRErRRAM 16 @ BSiAE PreRebEO Blidikeididi frodrug is
severity of the condition being treated, the age, body
weiadhinisteyedsrogmbination with g pspgesiofedt . and physi cal

gfo T?(Hgi OfnOi-stelSiaf Pl B ofRE DI b B8 irfentidnten 146 86 1RA in

_treatnent, "the nature of concurrent therapy,
t heroading berhmne tredtinges themapy e §hdva mphphef traafmpingyedld t he
particyl ar d.cal Ly b Di .
Dbl A GRSl 5 PERAE ABL s Ayl i
adriffaétiie matountimf ardisterodfal prdme of eatradidh efghe mmiritioat fovan

and ot he el evant factors. Typically, the anount
ofeggaﬁ?ﬁﬁn 40%@??adiol of this invention
adrmoei7$t ame grodiugd ofledtlaioba shespredeht intrantien arepdtéristsred in a

equj val ent to _about O. to about 100 ntg of.. .

oo TheRarcal 1B R O o s SHTR9R P AT e FUTCigPe

Pr ehfRfudbdia ReFbakdirebafostioal thit wall postagynabdify. thd Byemptoms.
preferred dosage forns are tablets or. vagi nal rings.

[ OCBSPr SpReEionte be HEE A B1TpPRoALy PHRFER FBRGF Ponow

be GemusiohahedbPihosd EloflifRE Sifl & thb ertfak bOodurg will depend
exanpl és. It shoul d be understood that these,exaques

ar ewngh seierd Egtosn| r gxamplagye rould opdds fq Gegdiparan
' nvﬁ{}@dtg Br AP ot i3 Heatb® thedeMbodly Rvedshy, g@ﬁéfalt}@alm, Baxt
t he scope of t 5/0

{egrtg ap [ tink%llégd

] _the present invention. WO 2005/ 070949
PCHitISEOhy gl geulitiond theypafiit being Bp#ed dig duragion of the

D 't{fe%ﬁﬁtt,rtﬁ‘éjﬁa%r)e ofeRARat ﬁeraﬁ&ﬁﬂ@ﬁa@iﬁéuﬁ? 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 estradiol of
this invention administered on a daily basis will have a potency equivalent to
about 0.025 to about 100 meg of estradiol.

[0048] The prodrugs of the invention are preferably administered orally or
vaginally. The preferred dosage forms are tablets or vaginal rings.

[0049] 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.



[0050] Estradiol (37.5 g, 0.138 nmol), b-NPC (21.0 g,
0.069 nol), DVAP (1.7 g, 0.0138 nol) and THE (400 ni)
wowrrs/oadded to a 1 L 3-neck round-bottom fl askPCT/Us10e4041464
with a magnetic stirrer. The reaction m xture was
stirred at roomtenperature for 18 hours. 400 niL of
di chl or onet hane (DCM was aqged and the reaction

m xture was stirred for 10 m'nutes. The reaction

m xture was poured into ter. 2M hydrochloric
acid (50 nL) was added V\F%ﬁkgﬁ]? ing to extract the

conpound. The or gpfliesisloBPe(3-BamdibbEiiednad and washed
with dilute hydrochloric acid (20 M of 2M
hyaﬁﬁérml@h c acid in 1 L of water) and further washed -

tdbsﬁ]o ﬁb&%&ixﬂf 9§l(ﬂfz 8(n401}< b NDG (218 0Wish olRDRIAK @. g, 1
separ at ed @@gneSI um sul phat.e

f ] b10é$ EaoRrgd THEEE VT giHieddo a Tkes-Reck R togn fask
i3] il Yok iR B0 16 WAS(SH ikl 4ad Hirk@%PAIEmANC

I’'S process was repeated, and the
p r eamg@rahae dr \Rehoursc APfbinhed dishigrandtiane @@M) diegaddgdeand

I I i Z
i iRichon p s N0 | Pilfibles nd gaBRAAUR as poured
| nﬁn‘to a L3ofivexds. rzmumdrdahtono acifl KSj)sth)‘ wasa@ided/mﬂhstanng to
conden r and gnetic st rrer.
oGt 5 PP Lo e eABt Pl ir sriiieThit sfied P piue
fi hi8atidoMescid @olmwEdM lydembloriancid et E.yoé tvatet) ané further

St G 1) G ]

ur I 9@ Sdith YaSH tebfilté‘r'@&&d%@hcﬁ:@ eBs. DPne98sul i di-

ural anal ysis by 13C and NMR and IR
spé@wsta@mwrhoae@avaealumé@n hdxancand ﬁlie@ds This PEICBHTERS e

pr (%%%?&d had tlfxe ﬁtat&%?e %ﬂ'ﬁ)‘iﬁeﬁ%ﬁ& QMYvdaqy 88! if dir.

for Ioh of e compoun Melting point was found to
be 192C. EXAI\/PLE 2 Synthesis of Di-(3-Estradiol)

;fgelg {fl*zatpneﬁ?ﬁ%' on [0053] To a 3-neck round-bottom

a magnetic stirrer was added
est[DﬁﬂjJ] abi- ((34£trﬂﬁolg ¢carbond® (hbb))and sthyhesstaterts §Umphaere added

pCﬁn%gz’%ge% agl g)fgtom ﬂachftge]d \M@L a co%één%zr 24 cT)nagnetlc stirrer.

The mixture was heated to reflux. The hot mixture was filtered. The filtrate was
allowed to cool and recrystallized slowly. The di-(3-estradiol) carbonate was
isolated by filtration and allowed to air dry. |

[0052] The compound was analyzed by HPLC and found to be 99.3% 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. Melting point was found to be 192°C.

EXAMPLE 2
Synthesis of Di-(3-Estradiol) Succinate
Preparation
[0053] To a 3-neck round-bottom flask fitted with a magnetic stirrer was added
estradiol (48.92 g; 0.18 mol), magnesium sulphate (400g) and anhydrous THF (1



-20 L). The m xture was stirred under nitrogen for 2
hours at roomtenperature, and then filtered. The
wo pioseroseake was washed with anhydrous THE ( 10BCTU$2004/041464

The filtrate was placed in a 3-neck round bottom

flask and cooled to OC under nitrogen. To this flask

was added triethylamne (229 .9, 0.22 nol) with

stirring for 10 mns, followed by DVAP (1. 669,
14%’201‘% Y %Qgsg hﬁde?gltx%gérﬁ:? 9'30ur§51‘ rBBﬁQerfq%’iat&-l@ and

1 oNn 0 Succl ny Orl de g,
rTTTﬂieﬁl ﬁilmred afthey fitey gake TH4E WasiBd with) aﬂm@o@ma@p SEwi E@

keep ct%%tnh;gt SHnSI %tb%as%tagﬁ &vxc%s'ied ol i on

|rre for tes at t hen
ov ﬁi’[ﬂdg@htTcﬁﬂnSrﬂh@]ﬂWﬁﬂmﬁi taikthylmitdeh(@2. |5 €a¢ 22 owl)rwisht stireng

vva thenfll e ter,.ca was i.th THE
Tor 10 gy, pttovver oy AP D oo, b GRS Be HRRREE sk 0

t o sﬂn@éﬂ\/@f dr R)’lmgisl W srolnﬁlbﬂl uesucdibg chroude(lrg&l‘)% pammud)sin

purifie ry cqlum romat ogr. .usjng eth

P EnliEus FEFAA0 P 6ot e et 1 Sy efire

Pr geldGtse8P The YRERnGRIRRINRS: RaTstERa Ea 0 hihees 4t0°Qhitthen

whi t e powder 0541 The conmpound was analy ed.b PLC
an avqsrmghbpttr@pnbgn@zras% pLhegeaction paetysg s thep @@ﬁ&x%g

13 VARATHIR 3 SPRO LIS TRNnh 8 YR8 Lettehthald A hec
@Mkéua%nkgd }grciodr ug hEz?d f or med. I\/Eltleng polllnt "

vva$o re@-mm aily rbeed@ld@e cImigNpteral 3vas Pt Firdshysdrp polamn
- Est
D SRl A0 Blibe ChLBLAE QoxloARRIA! FObABAhnhG: e 2L

itted wth a nechani ca
st |prcrdact spoceere cmnbm@igmd cmn‘@aj:cﬂm geestaaldtealowdso. 0 g,

TH@(F%?I}%MC Ourﬂ | uaamf“é gfﬁrregng g R%él?;és,(ﬂ gfl!f’oom

t erspRE@tal pealysistgerC md ﬂrblgm emddespd:cmeSoedy teveided that the 3°C

nitr d the filter .c sTHE
(1007 R e S e e AN e BT

round- bottonmed flask and cooled to OTC (under
nitrogen). To this was adgd et hyl am ne (23. 30g,
0.23 nol) with stirring fwggﬂﬁi‘m%utes DVAP (1.70 g,
13.9 mol ) and t hgyniiREbbE DRG Es@ﬂa&lbl)cﬁ}]utsiaterred for 10

mn. A solution of glutaryl
Preparation

[0055] To a 2L 3-neck round-bottom flask fitted with a mechanical stirrer under

nitrogen was added estradiol (50.0 g, 0.18 mol), magnesium sulfate (400 g) and
anhydrous THF (1 L). The mixture was stirred for 2 hours at room temperature
under nitrogen and filtered under nitrogen and the filter cake washed with
anhydrous THF (100 mL). The filtrate was placed in a 2 L 3-necked round-
bottomed flask and cooled to 0°C (under nitrogen). To this was added
triethylamine (23.30g, 0.23 mol) with stirring for 10 minutes, DMAP (1.70 g,
13.9 mmol) and the resulting solution stirred for 10 min. A solution of glutaryl
chloride (16.28 g, 96.3 mmol) in anhydrous THF (250 mL) was added dropwise
while keeping the temperature below 5°C. The reaction mixture was then stirred
for 1 hour at 0°C and then overnight at room temperature. The reaction mixture

was then filtered and the filter cake washed with THF (3 x 200 mL). The filtrate



chloride (16.28 g, 96.3 muol ) in anhydrous THE (250

m.) was added dropwi se while keeping the tenperature
whetsn7®@ The reaction mxture was then stirredi/USmn4/d41464

hour at OC and then overnight at roomtenperature. The

reaction mxture was then filtered and the filter

cake washed with THE (3 X Z_%Q_m_). The filtrate WO

2005/ 070949 PCT/ US2004/ 0414 -21 was concentrated in

vacuo to | eave an orange/ brown solid... cru .
Mae e R R R b LR R M e
( lwas f@ified By filtrioh Hrowb eiirh €1.5 kexahg ctlybikewf) hasne he
elutant. Fractions containjn %@2% Rrodu t spot were .
Cofdr b s R alutasb R Eelier sOBAE D pIR SPoL B RO D
angdpez@ghidly HPLC and found to be 92. 0% pure.

Structural analysis by 13C and 1H NVMR and IR
spHWBsl The prmpaspnd ypeialyaed byt HRLG apd fougd to be 3 WHPHE had

fo ' | i ! BYAMRIE #C
o AR LAY PY s MO L GG

Pr ep3Carodmg Brddformed; Adgite printavas found feba2Meek
round-bottom flask fitted with a nagnetic stirrer
under nitrogen was charged N

(tert-butoxycarbonyl ) aspBXAMPEEi4d (9.44 g; 0.04 nol),

and chl or of orm (440, . \.thStif (27.60 g,
0.14 nol), and :é??%?sﬁ%ﬁf\gﬁrﬁ(ggié%ld}&ésggprﬁn)gg\?ere added
an@rephiatio@Stepdr 15 minutes. Estradiol (20.00 g; 0.07
nol charged foll owed, b . 24 0..0 L),
T 8ot S tree Bp P RS gy T Bhder
t e RRJEH WaScHARGREN- Qﬁrt;ﬁ_ufﬁ&?&ﬂﬂ]ﬁﬁ@l)&fpaﬂﬁ:cfaﬁiﬂ?@im g 04lilnﬁ'emoO ?1?’)
reaction mxture was dilute t r of or :
an@ndellpriprmg G Bl aTithaitigrng %]P\ng @?\/&E%g)r léclﬁ‘i’lgﬁ“é aci d
solykdthABm{nd (¥7. 4001 Wete ddaedardrstined fo# Q8 mifiltys. Bdadidli20.0y
saturated sodi um bi carbonate sol ution

2 400 ml ). .
Thes Bogamcvasciesd Dlavet POSMETUE g g el dppirbiton
il e560.ARE26 ARAEEREEGL ?e%ﬂeﬁttﬁé fitfed a@ atdiblieRe §0Likr6ken.

The crude material was purified by dry colum on
si |The acagipmuizdure gieadiluern with ehlorefpruf(4¢isbrmnd vashad)

acel at e/ #9n b IO adnioRE 364 sARSoS @ A MM hen brine (400
ml) and finally saturated sodium bicarbonate solution (2 x 400 ml). The organic
layer was dried over magnesium sulphate filtered and concentrated to afford a
white solid. The crude material was purified by dry column on silica using a
gradient elution of Hexane: Ethyl acetate 70:30 to 60:40. Fractions containing
product were combined and concentrated to afford a white solid.
Preparation-Step 2. Deprotection Reaction
[0058] To a 250 ml 3-neck round-bottom flask fitted with a magnetic stirrer
under nitrogen was charged the di-(3-estradiol) aspartate (Boc protected) (16 g;
0.02 mol) and 4M hydrochloric acid in dioxane (80 ml). The solution was stirred
at room temperature under nitrogen for 18 hours. The reaction mixture was
concentrated in vacuo, and the residue dissolved in dichloromethane and then

evaporated to dryness. This residue was then slurried in diethyl ether and the



product were conbi ned and concentrated to afford a

white solid. Preparation-Step 2. Deprotection
wRe@sH7wme [ 0058] To a 250 ml 3- neck round- bot t POT/UE8K041464

fitted with a magnetic stirrer under nitrogen was

charged the di-(3-estradiol) aspartate (Boc protected)

(16 g; 0.02 nol) and 4M hydeechloric acid in di oxane

(80 m). The solution was stirred at roomtenperature

un ' u t4,. 00, 47 S

concuiPletig el fiue el 18 plotkRRE AR FhtSoe

di ditecrdowedhhdweh aerine mahdried\e plferd merchite soldtk yness. Thi s

resj s then .slurri.ed.in giet hul. ethe WO
0BT RS omRa P e BLATPL AR o be I B

pr eStiupiutA bifalfsid tyef@and TFEMIOAiddRwastiokepy sdvealed thatt thei3°C
hot gggtoge, é'lte ed, washed wi th hexane and dried

t o AP OPRIHERAT fo5med| i d. [0059] The conpound was
angoyeug dwhile P lfvedive Haousrd destribed abbvd Yith béference to specific
Structural apalysis by 13C and 1H NMR ang I R

s pePrtodurepinihererfalh Isegparpndhat mangehenggsgmadificaliopy apd had
f oryBdtions GO mMei Wigholh@ph g Rbinahe MiddntRE 8thceRtidciober
above with reference to specrfic _enbodi ments ¢thereof,
i t heseimppegoedingly. s intendpd w08 all el ghppges, retdfications.
varfatbONRng Al Qf ugiﬁﬂﬁp%ﬁih%h bHBRIEIpk ROt LATBnIEE Taims.
i nventive concept disclosed herein. "Accordingly, it

i s Ahpgentegplicatiensinatants, aipd otbarphblidationgeded herein are

nmodi { | j . partkons that fall within the
spHP%#&gﬁ%gE?ggggg%g%gé%?h%%g:appended clainms. Al

pat ent applications, patents, and other publications
cited herein are incorporated by reference in their
entirety. WO 2005/ 070949 PCT/ US2004/ 041464 -23- WHAT
IS CLAIMED IS: 1. A di-steroidal prodrug of estradio
having the following formula: HO CH3 CH3OH R




wherein Ris selected fromthe group consisting of O

O(--(;-0- Y Z X or wherein X and Y are independently
w@edosptwd fromO | I OOSII |1 OC or ande@I/ius2004/941464

an aliphatic straight chain having 1 to 10 carbon

atons which may be saturated or unsaturated and

optionally may be substituted,Qy one or nore | ower

al kyl , hydroxy or am no groups, (ii) AB-D wherein A

an ntly -CQ(CH2)f- wherein f is O to

5,%&%5¥£3§¥%$¥§Q§§C}QC»p , Wherein pis 1to 700, or

WO 2005/ 070949 PCT/ US2004/ 041464 -24 (iii) a peptide

| i nkage Vi n aci s der.ive

| ndbspersdafirbdiod Bf AR B8 shlebdung sty

group consWKllgq of alanlne, ar gi ni ne, asp@ﬁ@‘Hne

aspartic acid, zcysteine, glutam ne, gl utarid 8\

gl yci ne, higtid i sol euoi ne, |euci

met hi oni ne, ani ne, proline

trypt ophan, 'hereof
wherein t'he end g he b am no acid
uni ts i ndependent G r oT\a.sf e” acid and
glutanmic acid. R

wherein R is selected from the group consisting of

o
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x
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©

or

wherein X and Y are independently selected from

o

O
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Q

O

O

or
and Z is

1) 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(CHp)s-

wherein fis 0 to 5, and B is -O~(CH;CH,O)p-~, wherein p is 1 to 700, or



2. The prodrug of claim1, wherein Ris OOO | | Il

I OCOor - 0- (3-ZCO0O3. The prodrug of claim1,
wob@seTe4R i s sel ected fromthe group consi stiPQI/U82004/041464

~~ ,and HH= o 4. The prodrug of claim1l, wherein Ris:

OOOHH= 0 |10 HoOOHOr ooff 5 The prodrug of

claim1, wherein said prodrug,js selected fromthe

group consisting of di-(3-es%radi ol ) carbonat e,

di-(3-estradjol) succinate,. di.-(3-.est. i-0l ).
gl dé“ir afl@e@ﬁi&%af‘a-gf 2g8g ?%\Oﬂ oty %cﬁ(g}l?lgsﬁpvg independently
gha&dtafamg iaiﬁiaé S&dgfm(fﬁ)itr% he Broap g@{slisﬁi;]@qf al{rdne, arg;mlrel
i-steroidal prodrug of estradio avi ng, t he. l.owi n
f o RRAAENVESPOHS 87iE 7SR P DS QAP 2y gg?’?%qw@%aﬁ k
CH igTéuc':ﬁle,:gl_euc\inel, lylsine,/ mé%tﬁoﬂ‘iﬁ@,rpﬁér%ldﬁﬂiﬁe, sRlife, seithef thedninBe
group consisting of Ol | -0-CO- or Y Z :X wherein
X drtophas §TosRse primgecPbEations thegpof Wt the end groups of the

peptide are amino acid units independently derived from aspartic acid and glutamic

acid.

2. The prodrug of claim 1, wherein R is

I I
0—C—0 o —0—C——Z—C—0

3. The prodrug of claim 1, wherein R is selected from the group consisting of:

/Q\B/\ , \)]V\L(D\ , \/“\/\)‘\/ ) and\*»m/\.

4. The prodrug of claim 1, wherein R is:

\3 g o Q [+
o \ B NH; 5 ] 5

\;__@_(,/ /"M/ N /M/

5. The prodrug of claim 1, wherein said prodrug is selected from the group
consisting of di-(3-estradiol) carbonate, di-(3-estradiol) succinate, di-(3-estradiol)

glutarate and di-(3-estradiol) aspartate.

6. A pharmaceutical composition comprising:

(a) a di-steroidal prodrug of estradiol having the following formula:



I I OOSOCor O and Zis (i) an aliphatic
straight chain having 1 to 10 carbon atons whi ch may
wWheoossadwy at ed or unsaturated and optional |y nBgT/D82004/041464
substituted by one or nore |ower alkyl, hydroxy or
am no groups, (ii) ABD wherein A and D are
i ndependently -CQ(CH2)r whergikn f is O to 5 and Bis
O (CH2CH20O) p-, wherein pis 1 to 700, or (iii) a
.peptide | i nkage having 2 to 15 amino acid units
der gjwed i ndependently from am no acidssel ected from
t he grdﬂﬁacon5|st|ng of al ani ne, ar di'fa

asp aspartic acid, cyste tam ne,

gl ui egC|ne hlstldl uci ne,

| euc \ ne, proline,
serine PCT/USZOO4/O41464
-26 tryptad or conbi nati ons

t her eof where€in i Rd grotups e pepti de are
amno acid units independently derived fromaspartic
aci wheasitl ROk b61&utd dCfron@ the Gro u?rwns(l@:hg@ﬂe or nore
pharmaceutically acceptable excipients. 7. A nmethod of
synt hesi zing a di-steroidal prodrug of estradiol
havi ng t he ormula HO CH3 CH3CH R wherein Ris
sel ect ed fr4 the group. consisting of O

O——C 0 or Y 74 ~X

wherein X and Y are independently selected from

O
ﬁ o S
0 C |
> ¥ or O
and Z is {
1) 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)

A B D

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

(iii)  a peptide linkage having 2 to 15 amino acid units derived independently
from amir}o 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,



I I OCOY Z X or wherein X and Y are independently

selected fromO I I OIll Il pCor 0O and Zis (i)
wa@eooalormat i ¢ straight chain having 1 to 10 carP®@DOS2004/041464

atons which may be saturated or unsaturated and

optionally may be substituted by one or nore | ower

al kyl , hydroxy or am no grou (ii) ABDW

2005/ 070949 PCT/ US2004/ 04146 -27- wherein A and D

are i ndependently_ -CQ . f.wherein f i.s 0 tg 5, an

5 FptbRbp RO bR, ohRrAof eyl Yisrsinghe < vupf Phthe
a peRidk dR dnlinkAGeuhiRVAdRPendedtly deBivaliréid agsaitit 441l 4nd glutamic -
deri'ved i ndependently from am no acids selected from
t hecigraddp consi sting of al ani ne, arginine, asparagine,
aspartic acid, cysteine, glutam ne, glutamc acid,

gl yci ne, histidine, isoleucine, |I|eucine, |ysine,

me{t)i ension enorpplammpcghagaly acceplpde p¥favienfer i ne, t hreoni ne,
tryptophan, tyrosine, valine, or conbinations thereof
wherein the end groups of the peptide are amno acid
uni7t s Andethahadfemtthssiziey 4 disttréida prakysofiesitadidibaviagthe
gI#tan}c acid, conprising the steps of: (A) providing
estP8%! or a derivative thereof:

HO o, CHy

R

wherein R is selected from the group consisting of

Q=0

@]
@)

Y Z X
or
wherein X and Y are independently selected from
(0]
ﬁ 0 ﬂ
I ||
O A or O t

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)




(B) adm xing said estradiol and a |inking agent,
wherein said linking agent is selected fromthe group
weonsiomieng of (a) a carbonate; (b) an al i phatPCT/UbR04/011464
havi ng a backbone of 1 to 10 carbon atonms; (c) G CO Z

X Gwherein Gis a halogen; (d) a peptide |Iinkage
having 2 to 15 amno acid unlf; derived i ndependently
fromanm no acids selected fromthe group consisting of
al ani ne, arginine, asparagine, aspartic acid,
cysteine, glutamne, glutamc acid, glycine,

hi $hb@in& and D& igdHEMRNtly euci ne, |ysine, methionine,
phenyl al ani ne, proline, serine, threonine,

trypt ophan, tyrosine, valine, or conbinations thereof

wh e@@{(ﬁl}é}’b@wr&ﬁ‘ £hs 9R® 5 R%d B is tOLCRETHIGIE, Bhéreiam 151 ) tc&lﬂOd or
uni ts 1 ndependent |y derived from aspar.tic %?
s

gl mlawp@t@e ligkage 83ving 3 oS- aminesqyt wplssiRiivedd
CY $hn@lcCachls %ec @d"ﬁiom {e)erdipRBhY &Ik Elﬁﬁn |laygihe, aﬁkﬁragme,

succl ni ¢ anhy C) optionally, adm Xing
c Olamartmgaca@ ememﬁn@lll@rm@, plataaic adid of ]@Ftiﬁ“??g ISQ]QPHHG

SE&EY gﬁé ert}H%L gﬁeﬁmyﬁ n%#rgﬁne erhB %ﬁ&ﬁﬁé‘?nﬂyg@bﬁa)ﬁ

acéep%a e sa od of clai
wheyresine, salih, b1 aokabi ucagehﬁtreqfs:vlare@:aﬂlb onchgreups\ybihe Peptlde are

2005/.070949 P US O
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,dwmgﬁﬁh@ﬂﬁamﬁs@bupllng agent is selected fromthe
gro consj.stin 4 ni.t r ophenyl ) car bonat e,
g‘?d %%ﬁ?ﬂ@d‘é‘g‘w‘g h’@f‘i‘? | - carbodi i i de
hy QBpC REREiklEsaidREadidEhdI ﬁﬁlqh@ geRnfwheibh safhimkingtagerd iof

claim7, wherein said at | east one ba
fr d;ﬁyet:tﬁ@from the group cons1st?ng of: se is selected

(a)  acarbonate;

from

(b)  an aliphatic diacid having a backbone of 1 to 10 carbon atoms;
(©) G CO Z X G

wherein G is a halogen;
(@  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, ghutamic 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;
(e)  atert-butoxycarbonyl protected cysteic acid; and
® a polyethylene glycol and succinic anhydride,

(C) optionally, admixing a coupling agent and/or a base,

thereby forming said di-steroidal prodrug of estradiol or pharmaceutically

acceptable salt thereof.

8.  The method of claim 7, wherein said linking agent is a carbonate,



group consisting of: 4-dinethylam no pyridine,

tri

et hyl am ne, and m xtures thereof. 11. The nethod

w@pRooslozione 7, wherein said prodrug is di-(3-estPeriustop4/041464

car

bonate or a pharmaceutically acceptable salt

thereof. 12. The nethod of claim7, wherein said
prodrug is selected fromthe ggQup consisting of.
'-(3-estradio|) succi nate, di-(3-estradiol)
glutarate, di-(3-estradiol) aspartate, and a
phaHnnceuLycangziuxuqxuﬂﬂJﬂ salts thereof. 13. A
nethod of providing contraceﬁflon conprising the step

eff
est
14.

adm nj sterling to Q patl,ent in need thereof, an

fBCtive ghnunt of sal*d di-~steroidal prodrug of
r d|oI h@ka|n11, for an effective period of tine.
whergia Gy 66 &PY ovi di ng hor nmone treat ment therapy to

.a patient in need thereof, conprising the s

adni-ni stherRRpds cleiim d- ‘ﬁ%ﬁr@é s copphias agenhis @%léqteff %ﬂn the

ef f
est

r adi ol of 1, for "an effedtive per’ od
ethyl carbodnmlde hydrochlonde and mixtures thereof.
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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-estradiol) carbonate or

a pharmaceutically acceptable salt thereof.

12.  The method of claim 7, wherein said prodrug is selected from the group
consisting of: di-(3-estradiol) succinate, di-(3-estradiol) glutarate, di-(3-estradiol)
aspartate, and a pharmaceutically acceptable salts thereof.

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

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

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

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



