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estra-5(10), 7fﬂ'u%“ot3 & 'chntrol with @isthldrAetylaifintiéthat PTRIS) to prevent
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estra-5(10), 7estrogens). U. S Patent 2,930,805 discloses the preparation of 3,17p-dihydroxy-
5(10),7-estradienes, and their use as antiestrogens. U.S. Patent 3,340,278
discloses the preparauon of 5(10),7-estradien-3,17-dione, 3,17p-dihydroxy-
5(10),7-estradiene, and 17B—hydroxy-S(10),7-estrad1en-3—one, which are useful as

25 intermediates in the preparation of equilin.

DESCRIPTION OF THE INVENTION

In accordance with this invention, there are provided estra-5(10),7-dien-3B-ol-

30 17-one or a pharmaceutically acceptable salt of its 3-sulfate ester, estra-5(10),7-dien-35-
ol-17-one 3-glucuronide or a pharmaceutically acceptable salt thereof, estra-5(10),7-
dien-3a-0l-17-one or a pharmaceutically acceptable salt of its 3-sulfate ester, and estra-
5(10),7-dien-30-01-17-one 3-glucuronide or a pharmaceutically acceptable salt thereof.

This invention also provides a compound which is a 3-alkali metal salt of estra-5(10),7-

35 dien-38-0l-17-one or estra-5(10),7-dien-3c-o0l-17-one. These are all collectively
' referred to as the compounds of this invention. The structures of estra-5(10),7-dien-




35 dien-3[err]-ol -17-.one or. estra-5(10), 7-dien-3[err]-ol -17-one. These
are all collectivel iﬁ referred to as the conpounds of th'f‘cﬁ‘ﬁfﬁ?ﬁ&&?ﬁ‘
ra-5(1
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3[err]-ol-17-one and estra-5(10), 7-di en- 3a oI 17 one are shown bel ow as
conpounds 5B -~ and 5A respectively.

Phar naceuti cal S tr 0 -
3-sulfate 4‘%@‘?@?’0 n%?i@ %&?éﬁ’@[@%‘]g%‘; Q@&ngkgf 54 i ((})"‘7nn|d§er}{3B
estra-5(10), 7-mhkie§A,3aspnbm1e1y.one 3-sulfate ester, or

estra-5(10), 7-dien-3[err]-ol-17-one 3-gl ucuronide include but are not
limted to, the alkali netal salts Idgal ine earth netal salts, amﬁgm‘
salts, 10  al kyl ammoni um sal ts coy ning 1-6 carbon atons or
dlalkylannDnlun1saIts cont ai 1-6 carbon atons in eg
group, and trial kyl anmoni um § | Ni
al kyl" group. The al kal
5(10), 7-dien-3[err] w0
lithium sodium
estra-5(10), 7-di en-X

conponent of PREMN at ed equi ne est roqq@é‘) N r€ntion al so
br ovi des ~estra-5(10), 7-dien-3[err]-ol-17-one 3-sulfate sodiumsalt in
greater t han one percent p@gBty. This inventi on aBAo provides a

conpound consi sting essentially of estra-
5(10),7-di@n-3[err]-ol -17-one or a pharnaceutically acceptable salt of its

5ol oot O Pl Gl W of L T o9 s el
consi sting essestdrj esttay5(30) ‘bdimaSﬂSQlim-oﬁe d+guciepnide,) estita-3(10pFrdiem-3e-0l-17-one
22?: gag(elljgl) C‘;‘l %—I\é\éln F%P%&%ﬁé@%{}ogfl-&élﬁiﬁ-& il 5He®3-Shichfonide include, but are not
limited to, alkali metal salts, alkaline earth metal salts, ammonium salts,
10  alkylammonium salts containing 1-6 carbon atoms or dialkylammonium salts contmmng
1-6 carbon atoms in each alkyl group, and trialkylammonium salts containing 1-6
: carbon atoms in each alkyl group. The alkali metal of the 3-alkali metal salts of estra-
5(10),7-dien-3p-0l-17-one or estra-5(10),7-dien-3a-0l-17-one may be lithium, sodium,
or potassium.
15 As estra-5(10),7-dien-3p-0l-17-one 3-sulfate ester sodium salt is a minor
component of PREMARIN (conjugated equine estrogens), this invention also provides
| estra-5(10),7-dien-3B-o0l-17-one 3-sulfate sodium salt in greater than one percent purity.
. This invention also provides a compound consisting essentially of estra-
_ 5(10),7-dien-3p-0l-17-one or a pharmaceutically acceptable salt of its 3-sulfate ester or
20  estra-5(10),7-dien-38-0l-17-one 3-glucuronide or a pharmaceutically acceptable salt
_thereof; and a compound consisting essentially of estra-5(10),7-dien-30-0l-17-one or a
pharmaceutically acceptable salt of its 3-sulfate ester or estra-5(10),7-dien-3a-o0l-17-one
3-glucuronide or a pharmaceutically acceptable salt thereof.

25 As used in accordance with this invention, treating covers treatment of an
existing condition, ameliorating the condition, or providing palliation of the condition
and inhibiting includes inhibiting or preventing the progress or development of the
condition.




3-glucuronide or a pharnaceutically acceptable salt thereof. 25

As used in acc%rl%ﬁfg:e with this invention, treating covers tr egirfgRoboede1an
exi sting cond? aneliorating the condi t | on, or providing palliation of

the condition and inhi biting includes |nh|b|t|ng or preventing the
progress or devel opnent of the ~condi_tg on. WO 98/ 45315
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The conpounds of t p d ' i
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3- hydr oxyest rcanme» 7-di en-17-one, for exanple,
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3p- hydr oxyes tsunobu react’ on
recovering 3aneyor oxyestra-5(10), 7-di en- 17 one; or 10 (c) converting

Ceact i on i 1ok oustblestipd SBHRoRE. K10)7-gier #1 ol f0 4P Wlsphotil eton, and®Y
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sul fur trpoxic pwmémﬂg JoRhyRoRYestra-5(20), RAEB I Mohe ﬁkd(w aamm ¢ster thereof

di al kylammnlum trial um ridjni . fate salt
desired, convdr reagion H@‘)(‘ ‘PraFé”‘é‘[ﬁ' 3 5 ?(lﬁ@m% tﬂgﬁ%

exchange of Cathin@ féagemt sich bysnilmrrmﬁﬁd&mimhﬁhmhﬂl dr sujfut mmae;pynmnmtoafomt al

hydr oxi de sol ution; (

3T er 11 hy dr oxdfeRimenES o opmoniors. iy g, Mhtivipramoniusy of pyrigigiur
by reaction vi-sulfae salt dnd; iftdesived, cronverting the, 3-sulfate isaltrinte anotberaB-lsylfamsnb byr
-trial Kyl §AY i

L s FaRARTE 5 bl of Sl A AT St

§di al kyl ammoni selytions prl kyl ammoni um or pyri di ni um 3-sulfate salt and,
| f desired, ?Verédﬂ%rt&xﬁe.%@hfdibiy”fés&a%@l@) J1-tiea- 1Reticimo & 3-shifae st therbof

exchange of calons, orm a net al | hy treat nt W|th.a t al
hydroxi de by reacfion "B&‘ cﬂé{lf Jmmog @nvé‘%ﬂt fe, - trialkyT-
3a- hydr oxyestxxﬁms(ré@:nﬂsudh as sdlfmanexidenﬁethylamawgd»mm niioide rpytisline softirnm
salt t her of ; _or t ?ﬁﬁ yridini
3[err]- x%@‘l“f‘%?“%{“io‘}]@“&f’@ﬁ“%- l%“n’(gml}%curonllgre1 TP um
sodi um sal t t 3rsuléate salvand, if desir¢dy)converting éhq Bﬁglfate salt into another 3-sulfate salt by
3a- hydr oxyest Lanal Jr chroheS @ gl by fobmitigt Hietl 4t 8§ velinfon? with metal hydroxide

solution; or

© converting 3a-hydroxyestra-5(10),7 -dien-17-one into its. 3-glucuromde or

25  sodium salt thereof; or ;
® converting 3f-hydroxyestra-5(10),7-dien-17-one into its 3-glucuronide or

sodium salt thereof; or
() converting 3a-hydroxyestra-5(10),7-dien-17-one 3-glucuronide into a phar-

maceutically acceptable salt thereof by neutralisation with a base; or
30 (h) converting 3p-hydroxyestra-5(10),7-dien-17-one 3-glucuronide into a phanna—
ceutically acceptable salt thereof by neutralisation with a base; or
@ converting 3a—hydroxyestra—5(10) 7-dien-17-one into an alkali metal salt
thereof by reaction with an alkali metal-containing base; or
® converting 3p-hydroxyestra-5(10),7-dien-17-one into an alkali metal salt thereof
35 by reaction with an alkali metal-containing base.
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maceutically acceptable salt thereof by neutralisation with a base; or 30

(h) converting 3[err]-hydroxyestra-5(10), 7-di en-17-one 3-glu ' LNt o
a pharma- wog%%’cﬁ cally acceptable salt thereof by neutral iEQ?%hQ%4Fﬂ a

base; or (1) converting 3a-hydroxyestra-5(10), 7-di en-17-one_into
an alkali netal salt t hereof by reactjon with an al kali
met al - cont ai ni ng base; o ' converting
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starting i S. exa [ He re?aratl . ]
estra-5(10), 7-sedinm sgle7)] angd espra- 9),‘(&9!1,-3@01- 7-one 3-sulfate ester tricthylammonium
S5 15165, 1 Sher i tamplsScfepes | A8 i o i eyl e (U, e
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whi ch is her eldien-8cai{idrmeed -gucuronide sodiein salt (17) can be prepared according to
Estra- 5( 1g)b 7-§éhgﬂlé§§er r]-ol-17-one 3-glucuronide sodiumsalt (16) and
“estra-5(10), 7- ien-3[err]-ol-17-one 3-glucuroni de sodiumsalt (17)
can be prepared accds shawn indcheme 1.ahe d7rsthylenedioxy derivative of equilin masthylpther 1
converted to tpciiehid S99 e 9 Ui O Bingh réibon A fuld ammoria.|
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of the 7-Ber Erstp R e i1l GrolATRRY Sl Btron e boandt A Fra 3B
of the invent i@nthadnentipn tag reemixiurghincwhichcthg 3oi-isomer SHAprdontnates(4sd ratiol
Al ). 1 qui SRR AN RAAR diRBly BEHroBlbA hifh DheRERPAGAL oHfortiiBltaphy.
yressure |iquid chronmptography. ternatively,, 1 nversiqQn Q >
gonf i gurati on Yo MVEFIGH BF Gontigupaomy At (3 Q @?:fmr%whl& the 3B-isomer
B yst ol | e 3 T ey tysaling 33,5
‘crystalli 3-(.3. 55 i ni tro)benzoatgs, products o e suno
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. Scherme || outlines the conversion of -5- '
17[ err]-hydroxyestra-5(10), 7-di en-3-one (8) to a mxture of 5A and 5B
(6.6:1 ratio) by a reduction-oxidati gg (ﬁ% ence requiring a
differential protection-deprotection Bé ce for the CG3 and C-1
functionalities. Reductiog at G- 3 utilized |ithium QN
tri-tertbutoxyal um num hydr) g€, a Spern-t e|50xidatio A—ted the G 17
i ket one. Separation of 5A @@ was S%R'M&"by HPLC. 0@ onver si on
of 5A to the 3[err]-so\jare Y it —Ae=suf ur @ e F gagent is
exenplified. The al <@@l salts wéuénd and 5B-Ca épared by

treatnent of the e3pective alcohol with an atkali netal hydride, such
as sodi um hydride, in a non- aqueous sol vent such ag THF or DMF. The
al kali metal saltsEgpiimmethylothes 5re useful 10 as interpediates in the
preparation of the sulfate esters (via anmine:sulfur trio o/ THF

treatnent) of 5A and 5B, and are al so useful as estrogenjc conpounds.
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2
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Acetoneag,
4
3,5-Dinitrophenylbenzoic acid
PPh,, DEAD, Toluene
Chromatography
LIOH
Aq MeOH

1. EtaN:SOs/THF
2. NaOH




WD 98/ 45315

PCT/ US98/ 06461 7

Schene 111 sA¥XE84HLS preparation of estra-5(10), 7-dien-3[err]- gﬁﬁ?%’%se“ -
gl ucuroni de sodiumsalt (16) and estra-5(10),7-dien-3[err]-ol-17-one

3- gl ucuroni de sodiumsalt (17) from

estra-5(10), 7-dien-3[err]-ol-17-one (5B) an%' estra- 5(10), 7-di en-
3[err]-ol-17-one (5A), respectively. The sodium gl ucuronides _916) and (17)
can be 5 treat edSehieme Thpptdinesthg convession pf d 7BAhydraxypsra-5(10),7-dien-3-one (8)

3- gl ucuroni de ; 6: io) b : idat e
[orr] O o e et e
estrogeni c, asdiffersatial; proteson-feprpiertipm seduepce for the;| 3 ferdY gfunctionalities.
phar macol ogi caReduefibn Rit OCE3] UtBized! il G-tttk yalhnffingh hg@fidQUa dSwemn-type
estra-5(10), 7- dl.&ql”lﬁ 3[[&5“}1{3%' - ]é_—lgﬁg 0@@3 and. £SA . by HPL
estra-5( 10), 7-Fridationprpyifleq the {717 ketons, Sepapation of SA and AR was achigved by HPLC.
repr esent at i veTleoognversin of StAhites thenSarsulfate. 15 with pyridine:sufur trioxide reagent is
exemplified. The alkali metal salts of SA and SB can be prepared by treatment of the
respective alcohol with an alkali metal hydride, such as sodium hydride, in a non-

_ aqueous solvent such as THF or DMF. The alkali metal salts of 5A and 5B are useful

1 10 as intermediates in the preparation of the sulfate esters (via amine:sulfur trioxide

: treatment) of SA and 5B, and are also useful as estrogenic compounds.



15 Estrogen Receptor Binding An initial evaluation exam ned
t he conpetitive ? ndi ng properties of 5B and SA t 0 t hepmISH8/B6I6T Ogen
recept or (WIQR”{“@ ) prepared as a soluble cell extract (cytosol). In

this standard pharmacol ogi cal test procedure, 5B and 5A denonstrated no
specific bi nding activity. Howeverg when estrogen receptor binding
was anal yzed using a 20 whol e cell test procedure, specific binding was
clearly denonstrated. This test "’ p&o&edurl indicated an I (Jerr] of
1.5 x 10[err] Mor an estimated Klerr] o CHeIHAM for 5B. _ WO

98/ 45315 H OAc
PCT/ US98/ 06461 -

Simlarly, 5A denonstrated an | f
ng‘? °'ei ﬂé?‘%l?

conpared with a Klerr] 3
and 375nM respectively. Nitro Co-Trangl

enen of 51, 67
Hrest Procedure 5

In this standard pharnac test procedur¥, RER-[err] over-expressed
in Chi nese hanmster ovary (CHO cells infected with

adeno- 2x- ERE-t k- | uci f er ase, a® estrogen responsive reporter gene
construct, cells were exposed to varying concentrations

(10[err]-10[err]M of 5B or 5A for 24 hoyr$ACells were al so exposed to
17[err]-estradiol at 10[err] M Follo » e 24-hour -treatnment, cells were
| ysed and cell 10 extyiAEtBIHSERy cd f dr _leudf f er aTRDPSiCtInivagdey . The results
provi ded that 5B had amEC®rT]” o appr oxi ery 29nM and 5A of 43nM
Using a simlar test procedureHrevivids data indicate a 5.6nM EC[err]
for estrone. In Vivo Uerotropic Activity 15 | Mmature rats
were treated with varying doses of 5B%r 5A for three days (S.C.) as
wel | as additional groups (n=6) of rats treated with 0.5 [err]g ethinyl
estradi ol and vehicle as pdo@Acti ve and negative jcdgfitrol s,
respectively. The results of H ' i
procedure are presented
PCT/ US98/ 06461

t est

i py:SOy, THF
ii Dowex Na resin
iii chromatography / TEAA

EtsNHO;SO"



Tr eat ment Ut erine Wi ght Significant Differences

(n=6/gr oup) (mg) SD from Vehicl

Vehi cl e WO 98/45315 25.4 4.4 PeTUSSB06461

Et hi nyl Estradiol (0.5 [err]g) 101.2 2.8 p < .001 SB
(500 [err]Q) 82.6 8.6 8- p <. 001 5B
(100 [err]Q) 79.7 5.8 <. 001 5B (10

Lerr] [g)er ] 6.6  Scheme i %hg%grklefsp?epamggn g f pesingqi(’; -,_dlen_{BBbl(ﬂ-, LgErio)

34.1 6.2 glucuronide sodmmp salt (3$) and esgn— §l-17-one 3-glucuronideg. 9
13.6 sodium salt (mf ﬁ&ﬂ%stra—S(lO%5%éﬂ-@ .ol-27/0h8)(5B) and estra-5(10),708ieR-

. 3a«>1-17<§le=(s@s4)8 Cspectively, ( e[ sl ;J:@Qummdes (16) and (15@3(%13@ .
p=.40 5 ueatcdwﬂriﬂl&aﬁ&%rbﬁd&hh@te@pﬁndéﬁ%ﬂlﬁfmﬁdbssl gnificant uterine
sti rrul ation conpared with 5 vehicle at alnost all doses. At doses above
10 [err]g/rat, the difference fromvehicle was significant at a

p-val ue less than 0.001 for both 5B andSehem&Hk estimated ECerr] from

this test procedure would be approximately 30 [err]g/rat or 0.6 ng/kg for

L

5B and sonewhat |ower for 5A. The ECJerr] for estrone -has been
estimated to be 0.2 ng/kg in si m | gookest - procedures. Thus, the data
fromthis in vivo standar dophar macaogidal test 10 procedure data
_blermnstrate t hat 5B and pA havg signifj capt estrogenic activity.

Based on the results a X BPndact gtaeacol ogi cpboNest pr es

usi ng repre 2 vp~Lonpounds of Bkés invenaj s+ _
estra-5(10), 7-di r!]! ol=I7-OomEOr A phar i {chept abl e
salt of its 3H9 >~ester, %‘F’?ﬂé‘éo) 7-di en- >
3-glucuronide or a p rmaceutl ceptable salt &her eof

estra-5(10), 7-di en-3[€rr]-ol - 17-one or a phar maceut i ¢ | y acceptabl e
salt of its 3-sulfate ester, estra-5(10), 7-di&is

b

2, NaOH, MeOH

10 The compounds of this invention are cstrogenizz,-as shown in the in vitro and jn
vivo standard pharmacological test procedures described. below in which compounds
estra-5(10),7-dien-3p-o0l-17-one (5B) and estra-5(10),7-dien-3c-0l-17-one (5A) were
evaluated as representative compounds of this invention.

15 Estrogen Receptor Binding
An initial evaluation examined the competitive binding properties of 5B and 5A
to the human estrogen receptor (hER-c) prepared as a soluble cell extract (cytosol). In
this standard pharmacological test procedure, SB and SA demonstrated no specific
binding activity. However, when estrogen receptor binding was analyzed using a
20 whole cell test procedure, specific binding was clearly demonstrated. This test
procedure indicated an IC,, of 1.5 x 107 M or an estimated K; of 150nM for 5B.
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3[err]-ol- 1Y ?ﬁé“sélsgl ucuroni de or a pharmaceutically acceptable salt

t hereof, estra- 5(10), 7-dien-3[err]-ol-17-one 3-alkali netal salt,
and estra-5(10), 7-dien-3[err]-ol-17-one 3-g_ al kali metal salt are
useful in replacenent therapy in estrogen deficiency. The conpounds

fL this inve m&lgffAhQ&Bﬁéﬂt&imﬁE%fﬂW%l dmgw%%ldaaeamw%aﬁmm 5
erapy foll Var wctgg/mr nerdpause 2 @a rel | eving Synpt oms
sIERRRCHY

related to foresmc,rﬁﬂydm ileprn 0 5n§76¥!ﬁ1 Yyt ons, such as
hot flushes, and ot her rrenopausal rel at ed condi ti ons, such as vagi nal
at rophy, vagi.ni t| S, A of the |l ower urinary tract
whi ch may cadla 1cy, incontinence, and

and 1n 105t é"?ﬁﬁﬂﬂbﬁ% %{anb?r'dt hé‘rﬁ%@%ﬁ?sﬂa@ B E‘!ﬁﬁr%ﬁ?%%’%rjﬁ%ggo#"“
this invent :c aChin¢se hamster ovargi ((HO) eells \infeated withyadme-lstREHk’rlncifmc,
o oper 11 e, arBugeen, eSO renotiE” e, qonsfift, (UIRSGhag e

no ausa
patients wit rcoaeemmgenﬂs(lloﬁ M'Mnof 5Bt®0%®rf9§2§%m i ﬁeﬁhy% g\SPFBﬁ

t th
estrogen erﬂ%shgdlbpge gﬁer@gﬁg}gmﬁo&f trbdthient, raéﬂwesia efl ﬁids&ll

anti oxi dants and are in_treat.i.n 5#] |t| gfree
50

radi cal ilBducatragts asseyed giferase acuvxtgp fregults;propid

anti oxi dant tippfoxiately zm@aam bﬁ4BﬁMNaUEﬁa@t£§inﬁllaﬁtest pi‘bcedure, ptb&mrd%ta
central nerVQu ers, Al zheiner's disease, bone disease, aging,
i nfl amat ory 18 Bédefg}‘ﬂﬁ@og%% B¢ ascul ar di sease, rheumatoid arthritis,
aut oi nmune d| seases, respl ratory di stress, enphysemm, prevention of
reperfusion i ter 'c epatitis, chronic active hepatitis,

tub I t
copi v at 43, bt pcludihy ndr one, ﬁ‘éclzwe]ﬁ?t‘r“{!ﬂ;'mnerv gdﬁéyt&% A ﬁg’dﬂ%e days

respiratory dlstress li/ temtrauma an

strake. Addi t(SeBalasywell pe addifional geanps(nrh) of msﬁﬁ%m@& U £thnyl estragdiol
Suppr essi on Gjnq vehlcle &@p‘dsﬂi\}c%d negdlive %oh&asmsﬁebubayl Tha eksullts &5F 18 tandhrd
munps orchiti S}@ﬂpﬁ@l %e‘lﬂ’;enco oung% .Of a&%ﬁl vention can be used

al one as a so¥ ogiealtsstp are presegied n "'n conbi nation with
ot her agents, such as other estrogens, progestins, or and androgens. -

The conpounds of this invention can be fornulated neat or with a 30
pharmaceutical carrier for adm nistration, the proportion of which is

determ ned by the solubility and chem cal nature of the conpound,
chosen route of adm nistration and standard pharmacol ogi cal practice.
The pharnmaceutical carrier may be solid or |iquid. , A solid

carrier can include one or nore substances which nay al so act as

flavoring agents, lubricants, solubilizers, suspending agents, fillers,
glidants, 35 conpr essi on aids, bi nders or tablet-disintegrating agents;

it can also be an encapsul ati ng material. In powders, the carrier is a
finely divided solid which is in adm xture with the :
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finely divi dNP84Bl% ingredient. In tablets, the active i ngre'(,ﬁ]’.é}lJ 98/06461

m xed with a carrier havi ng the necessary conpression properties in
sui tabl e proportions and conpacted in t he shape and size desired. The
powders and tablets preferably contain up” 11%'99% of the active

i ngredient Suitable solid carriers include, for exanple, calcium phosphate,

S5 '‘magnesiumstearate, talc, sugars, lactose, dextrin, _starch_gelatin
cellulose, ngrMYT “opeo : F Uted ificapt ' Diffefences
pol yvi nyl pyr ol i dl(ple_dG/ ¢ agdhidies! Ns.

Liquid carrig 8 e St _ SPrOm—_
syrups, elixifr dﬁ&g pressurized fonpositions. The active ingredient cangbe

di ssol ved or f1 uspended in_al phardaddidAcal I}y acceptable |iquid carfier
such as waterf an organic 50l vent, a m xt re of both or _

phar maceut i c4l finiig BeRhdbl @.9ud)s| or 1019+ 318e |ijgui d carrp 001 can
cont ai n ot he rtattepihrar e en T araduT T Tves 5 asSotruhTtTzeTS:

enul sifiers, i uffers, presprvatjyes, sweeteners, flavopgng agents
suspendi ng age &506)“@ kening a#i‘ﬁis'%rn i 0 200011 3t 0

stabilizers @ osnop-regul ators. Sui t abl e exanpl gs 15 of Iiw'd carriefs
for oral and jpSB¢b0®pg) adnini stfatiof9.7dcs.8de water (parR Fa i/
éontaining agdrtrves as above, €] g. celTulose deyivalilVves, pretreranly

sodi um w boxyget hyl cel | uf ose £gn), pl cohols g knodldi ng
monohydri ¢ aljeeRe ; 56 225% 2 I R L A AN s e e

derivatives, Jethicins, and oils|(e.g, fragti onated Gogqnut oi | apd
arachis oi 1) 19B(Aent eral adm nist3h¥F86 thel carrier Ban'20 also be
an oily esterf such as ethyl oleajle and isopropyl| nyristate. Sterile |iqgpid
carriers sBr(@.1usgf ul in stefile B4qut @.2f or nj conposit Perd3 or
parenteral adStratiom. sieime 5 E =T .
conpositions kg hal ogenat ed hydr r r of her maceut i chl |

ac(r:ne)pt abl e prippe @&M‘A J Y 8§§|£ﬁgrﬁgar acellt ralpﬁgﬂqi tions Y
which are stdgile solutions or sfispensions 25 l:an be uti Iiagf by, for
exampl e, i nt rlSAYE00 gg) i ntraper{toned.5 dr4.Zubcuf aneous P <-Minjection
Sterile solut§fons can also be aHﬁ‘Tnl Stered rnirapenously. The conpoundsjof

this inventioa 5ga(qoﬂg§o be adm n ster§§13g,§lhly ejther in pi=q048 or sol i}
conmposi tion fl+ Hre—eetpethes—af— R -s—frerten—ray—be
adm nistered fectally or vaginalky in the formof a_co nti onal
supposi tory. [E34 (Adrlfﬁ)sni stration by i M&AAe®3 orl 30 | .o hi al

inhal ation or 1nsufflation, the conpounds o IS 1nvention may Dbe

tormul ated into an aqueous or. partially agueous solution, which can then be

utilized in t ; brafd : . b Sel t
may al so be admi ni s?@?&qﬂﬁmg ?‘}?ﬁé‘g@%‘f‘éﬁ %gﬁ%iﬁroug_ _t%ﬁ%@g?@m Wi
{ransder mal> pavelfrlearalaosialrlosee At dpses aboym B ne/rat, the diffprenee Ggmr yabicle s

Id S| i nert t]9 :hhﬁgﬁﬁbax%t%%ﬁﬁmwé{léss_thﬁl%gm fc{i?ﬂoﬁx SBtédElf’ShAk"Ihe easﬁﬁataaédlmg,_ﬁ&nh
gel 1 very ot .agen or, 'SYyS apsorptiqQn J.nto e (0] rea I a e
Skin The | Uhis kst ppcetus YOS b poROmERACIS 3 petrer oS cbelkec Bt 5B Gna
oi ntnments, passomewigeiowersfoflSA. The EC,, for estrone has been estimated to be 0.2 mg/kg in

: similar test procedures. Thus, the data from this in vivo standard pharmacological test

10  procedure data demonstrate that SB and SA have significant estrogenic activity.

- Based on the results of these standard pharmacological test procedures using
representative compounds of this invention, estra-5(10),7-dien-3B-0l-17-one or a
pharmaceutically acceptable salt of its 3-sulfate ester, estra-5(10),7-dien-3p-0l-17-one

15  3-glucuronide or a pharmaceutically acceptable salt thereof, estra-5(10),7-dien-3a-ol-
17-one or a pharmaceutically acceptable salt of its 3-sulfate ester, estra-5(10),7-dien-
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-occl usi ve déq}%selgs?lsl'he creanms and oi ntnments nay be viscous |i qﬁi ’éjsg?/ o
sem solid emul sions of either the oil-in-water or water-in-oil type.
Pastes conprised of absorptive powdeyg _di spersed in petrol eum or
“hydr ophi | i c petrol eum contai ning the active ingredient may al so be
~ suitabl e. | &E@pse
active i ngre fi%ﬂft?% St)%l%'g%hmg Qf\rée uéﬁl}“ se% lgr ?rﬂet th rrerrbf';édr:lhg
covering a ré&bﬁ)ﬂjﬂlencmlarhpﬁ IaH@ha@F‘P\/ i r?QFie?fFéTﬁ( '4‘14138?3%91'1{6199333

carrier, or lkak mewtmxmoageannwgem&&nm itheapyn i e d@ﬁbﬂﬁcpccml ve

?fﬁéh;?iniﬁfskc@%ua& R fiis imemtipt aﬁrﬂeﬁ%&yfmlgnmmswosfﬁ:wmt e
gar ?I (r:nmn:i ft rahmpylﬁgcblmag\waneﬁ?g%dr empmﬁae:rm Eﬁg‘?ﬂe\h@ sym;iiH related tot e
., standard pharm 5‘?%@93‘?&?@?{%1 %Q?&ﬂsresﬁg%]rbj ec ﬁ °§b§ﬁ‘g

active conpo tmehopamabl rdjated comlifions; jughlag vagmslcatrophy, \{agtmqug ,an@ atﬂlipbamhwges

Wi L1 gener ol lof herchfle et Whicl bl SRS Sinbl el
ence
dose of the corrpou ereafter t osag e |s |ncrea e ntlcf e optl fum

effect 15  nddysurife 'B;ermmd%e%tmsgnv@wen@ep ussfud dn wgwxgg@eflms anddin
parenterap, RAG Mhibiflbn o ueduﬁéﬁta&f 85tebpcrbsisdNTHE ThinpbhMiy ¥f Ithis davélRioAr sened

by the adm nistgrin n based n ex erlen th the I ndj,vi dual
subj ect treatcéﬂjel %Fg‘?% ‘§ ‘g?hérﬁﬂﬁ?%déu g ‘PFBA SOSEIERDiS; o SGni t
dosage form cardiovassultmabpretestive propértics s ard noﬁughafoimportdnee when u-caung

corpeai 17, st Vi e S BBy

conposi ti ons esﬁ’ogenahemphﬁ indigated: e'ﬂhe compqnmdd@f ¢his invention arepalso estioxidants,

fill
P be. efciofyred)!(lgrr_p R D 6O Btng o "Z‘ﬁgd free Hifcdf hfuced ¢isdi8 el o' "
appropriate Spect Lﬁ’\‘Bé‘i‘W@fma’HVC aotipxadanp s‘nﬂlﬁa'ﬁ‘&é?&géﬂw arepwith

The fol | ow ngaRE&Y, dtatal Meeved eﬂiﬂi@ﬂrdéf's, rAehameré diseyse, GORP AiNedse, Aging)l S

:n\éﬁgt:?n Ir%néartlcula{ tg{}e pre. gﬁ]:)l on .of .t he Cﬁ,gg g)gcfmﬁlr(gvm i n.Sc emes

is al so used diseabés; respiratdrgl d1mssg emphypérms, prevention of reperfusion injury, vn-al
I 20  hepatitis, chronic active hepatitis, tuberculosis, psoriasis, systemic lupus

erythematosus, adult respiratory distress syndrome, central nervous system trauma and
stroke. Additionally, the compounds of this invention are useful in the suppression of
lactation, and in the prophylaxis and treatment of mumps orchitis.

25 The compounds of this invention can be used alone as a sole therapeutic agent
or can be used in combination with other agents, such as other estrogens, progestins, or
and androgens.

The compounds of this invention can be formulated neat or with a

30  pharmaceutical carrier for administration, the proportion of which is determined by the

solubility and chemical nature of the compound, chosen route of administration and
standard pharmacological practice. The pharmaceutical carrier may be solid or liquid.

A solid carrier can include one or more substances which may also act as

flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants,

35 compression aids, binders or tablet-disintegrating agents; it can also be an encapsulating

material. In powders, the carrier is a finely divided solid which is in admixture with the
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EXAVPLE 1 W@Bﬁr ation of Estra-5(10), 7-dien-3[err]-ol-17-one (5B

Estra-5(10), 7-dien-3[err]-ol-17-one 3-sulfate ester sodiumsalt (7) 5
A

17- Et hyl enedi oxy- 3- et hoxyest ra-1.3.5(10), { tetraene (1)
- suspension of equilin 3-nethylether (5 g, 78 mml) et hyl ene glycol (10 nmi,

0.18 nol) and ﬂew%?@%&qmgﬁ% xﬂé (lﬂ%émﬁmﬂ mixed Wtk a blrier

t ol uene (100 was h , azeotropl c renvoval
of water usi navingdamdegessagy compreswpms “Tﬁ'é‘ »nd cempagted in -

Yvas hed with S%ea?iad@ugd Bﬁ%@%ﬁfd&n ‘mr:]é: \b&éi@taﬁd 14blet§ Preferably rﬂe}uat;)xI g t6'99%d1b13

ayer was separate ri 0 ous r.oonat e .an

concent r at ed %“F%fﬁef&- &H‘“ﬂg §‘§ﬁ 5‘&95’ T gxample, ¢ ﬁ‘PBV’rﬂ SphgeE

g |(_3|)DC3| ([)er7r5]% magnesn?m&té‘arité falo, sdghrs, ﬁc&sébdeﬂnnl starch3 . gbfar : tgmcenhi)ose,3mEﬂayI S,

S

130.72, 129. 4&?"'%?? éﬂd‘“ﬂg&%‘y%ll‘%ﬁ%g @;’“@%@?ﬂ%@ Q’W el Baxes,

50. 25, 48. 32, andicipexchangedesi@R. 80, 32.56, 30.48, 14.63

17- Et hyl enedi OXy- 31 I 8s 2

solution of the are@‘? %&Xﬂ%& die M p;eé]a&iFgF‘??lgébxpﬁ:) s1\lNgen %%sdeﬁ%le%l%

liquid anmoni syrupscelixiry andpres mp@muqnseahp;ac%mmgtemmmm dissajvei gr

86 Mol ) 19 sudpRnBed @flg tﬁﬁﬁt{cc@udaﬂ&' Bﬁbléhgﬂxﬂ catrier 38ch %r%ﬁ&'hﬁn Qﬁ;‘&

bl ue sol ution s stirre d et ha (10 10

L) was added SBUYERL & qucphﬁrnacevﬁeﬁfy accep%ﬂﬁeﬂ? ffmfs qleﬁwgcwer

Fv apo ][ ate gnd mbonm{:ﬁ&hmkm?m ptﬁﬁﬁﬁbed utitid adiioives i swchhas solubilizbtsc e:nmsiﬁers

ransferred t par.at or unnel and gextracted with et

The. et her _ext PHEFE: PANARES. AafFenBl JIFVfiee agtnh. Shpfhdiik AatptS, dpickals

é:ar bonat e agents,ccolerscescasity eegnﬂnoa:t Stabﬂﬁza'ssumlqsmovnegnlatoml Sdltalzne ckamples

Was hed wi %n%&s E,Iag?"? t gﬁﬂ[ﬁ ( .

terr]H NI\/II!'Q§ CB?:IQ?%H] }g&@'ﬂlﬁ&u \}a‘ér ggiﬂ@

ZLH) 3.56 (s copfpining 7addjtives 3p5  abpye, e-sf] ﬁ\w dotivatives] )preferably um
carboxymethyl cellulose solution), alcohols (including monochydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, lethicins, and oils (e.g.
fractionated coconut oil and arachis oil). For parenteral administration, the carrier can

20  also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid carriers

are useful in sterile liquid form compositions for parenteral administration. The liquid

carrier for pressurized compositions can be halogenated hydrocarbon or other
pharmaceutically acceptable propellant.

Liquid pharmaceutical compositions which are_ sterile solutions or suspensions

25 can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous

injection. Sterile solutions can also be administered intravenously. The compounds of

this invention can also be administered orally either in liquid or solid composition form.

The compounds of this invention may be administered rectally or vaginally in

the form of a conventional suppository. For administration by intranasal or

30 intrabronchial inhalation or insufflation, the compoimds of this invention may be

formulated into an aqueous or partially aqueous solution, which can then be utilized in

the form of an aerosol. The compounds of this invention may also be administered

transdermally through the use of a transdermal patch containing the active compound

and a carrier that is inert to the active compound, is non toxic to the skin, and allows

35  delivery of the agent for systemic absoxpﬁon into the blood stream via the skin. The

carrier may take any number of forms such as creams and ointments, pastes, gels, and




152. 86, . 137. 94, 126.96, 123.11, 119.97, 114.76, 90.98, 65.64, 65.04, 54.20,
49,90, 48.42, 42 50 34,74, 33.68, 31.72, 29.31, 28.91, 20.45,pdfuSkoeds1
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17- Et hyl enedi oxyestra-5(10), 7-di en- 3-one ( To a sol ution of
 he enol ether 2 (0.5 g, 1.52 mml) |n d|c Iororrethane (30 THF

20 n.) and ) I Vﬁﬁ} Y%r©
aci d di hydr a{%;cl%ﬂg dév?(g,ss I; and e res r?n%l phasi ¢ lxturge&ijlj'\/{/%fgld

Vi gor ousi y emuberQfdem @°5°1Frm'WI@FyéYa§¢fv%§ $¥ar aPeaeammed of

aqueous | ayer paashing rs dispefibd th PeRHIBEMGE hydophiBie pékrbleutd) oftafiiny
ayers were C%ﬂbl nedlwtﬁl ed over % :}édrous‘, ssl um car bonaLg an o
10

Foncent rat ed 3GviRgEedieRs may alse bs sggabcle ¥%"§F‘%8f?€f’ usive devicesAngy
[ err] H NM3 ( Gfdabe thie] active ingrediént dnito (the b}bodlsh&am Suddag msetﬁiﬂiermeablé nfenbrizd)

C NWR ( CDC 2 .85 29. 9 5 119 706,
o0 53 "he & [oovsting g Teservois copfiifi the active jgmdient Wity o Wifiay 4 gaidde: or a

31.86, 31.73, mﬁﬁnQﬁqntﬁﬂnghe 2A0t@4 ingtedigt. Ofher occlusive devices are known in the
17- Ethylenediﬁ@%?gra 5(10), 7-di en- 3-ol (4) To a well -stirred
suspensi on of Lum al um num hydride (0.3 g, 7.9 1) in di et hyl -

sther (20 ni) at 0Tde daskge requiresipsts vary vathide maatqom%mom@mmdet@
0.47 10 9, rohte>®f ’mﬁiﬁxsﬁﬂh&t *Iﬁé C?é\?&uf‘&f théf 81 t&ﬂé : Hte&oéndlpﬁmgt it

Feaction m xture was uenc e he seque It .
L), 15% aquEbiest bejag mteg a#ﬁcﬂwk ¢ Frsultgol ntqm asméja;#p aﬂmmteSt-

stirred for 3progedures,projected dosifgesbpbéthk&:ompound\mtﬂd lbec0.02 1Dg/kg 250
Fori ned Lﬂde@%seﬁsﬁagps% W%ﬁnﬁeﬁﬁs%@é B e OGER WS i e ol
B[ err] - al cofimdesof the compomind. f Theredf@er 4he dosagedsiincreased until the optimum effect -
15 under the circumstances is reached; precise dosages for oral, parenteral, nasal, or
intrabronchial administration will be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical
composition is in unit dosage form, e.g. as tablets or capsules. In such form, the
composition is sub-divided in unit dose containing appropriate quantities of the active
20 ingredient; the unit dosage forms can be packaged compositions, for example, packeted
powders, vials, ampoules, prefilled syringes or sachets containing liquids. The unit
dosage form can be, for example, a capsule or tablet itself, or it can be the appropriate

number of any such compositions in package form.

25 The following provides the preparation of representative compounds of this
invention. In particular the preparation of the compounds shown in Schemes I and II
are described. The compound numbering used in these schemes is also used in the

following examples.



25 [er.r]H NVR (CDO [err]) 5.17 (br s, 1H), 3.98 (m 0.2H), 3.88 (m

0.8H), 3.8 ( 4 0.66 (s, 0.6H), 0.65 (s, 2.4H)

3[err]-Hydr OS&QQFH'%?I%( 10), 7-di en-17-one (5A) and PCT/USI8/06461
3[err]-Hydroxyestra-5(10), 7-di en-17- 30 one (5B) To a
solution of the alcohol 4 (0.46 g, 1.45 in acetone (10 nL), THF

(3 m) and water (1 nlL) was added p-tol uen sulfonlc aci d nonohydrate (0.1

g, 0.52 nmol ). After stirring fo t reaction m xture was

diluted with ether (50 n) and % ' -
PCT/ US98/ 0646 1Preparation of: Egga 511Q).z-dlgn-3§;gl-17-one (SB) - 16 -
washed w th aqueous 5% poiRggisHi)F.-dighB8L Eutdidoker s
dried over anhydrous sodi um su e organic

| ayer gave a m xture of the al cohol's 5A and 5B as a waxy solid (0.45

g, quant). 5 17-EifjidaefioRy-3 vesh 2289 mm  60% net hanol in
wat er, 205nm 5 'separation of 0. 35g of an [err] m xture of al cohols

provi ded 5A (0. 145 g)suspeasion of equilif G-fi&hylgiher (6 Jnethylene glyodl (10 mL,

)iy IO Y 45 i o bl

68. 07, 50.68, mb)was heated 1o refbhixcior 8B&nﬂ8azeotrop1cmof3iata&;smgzamnﬂarkl
27.66, 20.03,
T %5 o by o gk Vi U 5 oy e i

25 mL). 'I‘he organic layer was separated, dried over anhydrous potassium
carbonate and concentrated to give 1 as a white solid (5.8 g, 99 %).

'H NMR (CDCL)
7.8-6.74 (m, 3H), 5.4 (br s, 1H), 3.8 (m, 4H), 3.74 (s, 3H), 0.75 (s, 3H)
; ~ BC NMR (CDCL) |

- 15 157.94, 134.84, 130.72, 129.48, 119.94, 114.70, 113.13, 112.83, 65.82, 65.14,
? 55.56, 50.25, 48.32, 40.72, 34.86, 32.80, 32.56, 30.48, 14.63

17-Ethylenedioxy-3-methoxyestra-2.5(10),7-triene (2)
To a solution of the arene 1 (1.63 g, S mmol) in THF (25 ml.) was condensed
20  liquid ammonia (100 mL). Small pieces of freshly cut lithium wire (0.6 g, 86 mmol)
were added over a period of 5 min at -50 °C. The deep blue solution was stirred at -33
; °C for 30 min and ethanol (100%, 10 mL) was added over a period of 10 min. The
i ammonia was allowed to evaporate and water (20 mL) was added. The biphasic
mixture was transferred to a separatory funnel and extracted with ether (3 X 30 mL).
25  The ether extracts were combined, washed with brine, dried over potassium carbonate
and concentrated to afford a shiny white solid which was washed with ether (4 X 20

mL) to give the enol ether 2 (1.2 g, 73%).

'H NMR (CDCL)
527 (br s, 1H), 4.66 (br s, 1H), 3.91 (m, 4H), 3.56 (s, 3H), 0.74 (s, 3H)
30 CNMR (CDCL,)

152.86, 137.94, 126.96, 123.11, 119.97, 114.76, 90.98, 65.64, 65.04, 54.20,
49.90, 48.42, 42.50, 34.74, 33.68, 31.72, 29.31, 28.91, 20.45, 14.83




20 220.56,.136.35, 128.40, 122.99, 116.41, 66.59, 50.75, 50.12, 43. 24,
38.84, 36.17 32.41, 32.38, 30.80, 28.39, 24.32, 20.00, pHyishsiosds1
3[err]-(3, 5P AP/A3 (ﬁ)enzoyl oxy)estra-5(10), 7-di en-17-one (6) -

To a suspension of the alcohols 5 (0.45 g, 1.6 mml), 3,5-dinitrobenzoic
acid 25 (0.44 g, 2 mmol) and triphenyl phggphine (0.52 g, 2 nml) in

toluene (20 nm.) at O [err]C, under nrtrogen, was added

di et hyl azodi car boxyl ate (0 32 m., 2 mol) dropw se over a period of 2
mn. The rea . MRH- 6h to roomtenperature and
lstlrredfor %{g‘_ﬁﬂ‘l eat e - [err]C for 4h and

concentrated to dr'mafsalunon ofméfbmc‘ewle (0.9 CISW&ﬁmBBmedl@lﬁoﬁiném 30

L 0 0 A i s S0 L s L e

9.2-8.4 (8 3did dihydrate((D.2 @,4)9 5 ﬁnﬁbl)(dmﬂ the rdsdltingdbiphagic miktdre was v1gorousl¥’0

g%faéég /06 46sI1rred for 8.5 h. The layers were separated and the aqueous layef7washed with

3[err] - Hydr o@dﬂbmﬁ(:me)(znﬁlmnm orEhe( 6iganic layers were combingid,itdried overt he

S?Ea:'[ eg \(Motﬁ o g‘%m P CArBoRaL gﬂgaﬁ%godyeﬂtsﬁ%to‘rﬁgﬁhegﬁeéo t rredglpgs? sﬁluld

Li t hi um hydr di47eg(BBR g, 0.84 mmol) was added and stirring was conti nued
an addi t nal 38 m. n. The reaction mxture was diluted with ether (20
m), wasHEd gp)eous 5% pot assi um bi carbonate (2 X 20 nL) and

dried over an us di vaporati on of solvents gave the
al cohol 7 as £%§§& s@'& Li{B@n’O"FI’p é-jgé?/éﬂl)z with a purple hue. This
product was fg émgo ontam nated with small anmounts of 10 '
3[err]-hydroxy ,6,8-trien-17-one 14. [err]H NVR (CDA [err])

agrees w L 15 5ATpg go0l gp@%d {2333, 0 76 13438 @ 6F L 6a 00, 409paAign

of 5A and 5B. *derivati v
retention ti rﬁl@@é(),rﬁ?ﬁ 3467 31.86, 3173 29.26, 28.87, 034 14.81

15
-Eth ioxyestra-5(10).7-dien-3-ol (4)
To a well-stirred suspension of lithium aluminum-hydride (0.3 g, 7.9 mmol) in
diethyl ether (20 mL) at 0 °C under nitrogen was added a solution of the ketone 3 (0.47
g, 1.52 mmol) in ether (20 mL). After stirring for 1.5 h the reaction mixture was
20 quenched by the sequential addition of water (0.3 mL), 15% aqueous sodium
hydroxide (0.3 mL) and water (1 mL) and stirred for 30 min. The inorganic precipitate
was filtered out and washed with ether (3 X 10 mL). The ether extracts and washings
were combined and concentrated to afford a mixture (4:1) of the 3o~ and 38— alcohols

4 as a foam (0.47 g quant).
25 'HNMR (CDCL)

5.17 (br s, 1H), 3.98 (m, 0.2H), 3.88 (m, 0.8H), 3.8 (m, 4H), 0.66 (s, 0.6H), 0.65
(s, 2.4H)

To a solution of the alcohol 4 (0.46 g, 1.45 mmol) in acetone (10 mL), THF
(3 mL) and water (1 mL) was added p-toluene sulfonic acid monchydrate (0.1 g, 0.52
mmol). After stirring for 10 h the reaction mixture was diluted with ether (50 mL) and



15 3[err]-Hydroxyestra-5(10), 7-di en-17-one, 3-sulfate ester ‘sodi um sal t

(7) Crude al cohol SB (0.07 g, 0.25 nmol) was dlgﬁ_ﬁl ﬁ? THF
(5 mL) and WO MG od with triet hyl am ne-sul fur trioxi de conplex 18&4%1
0.55 mml ) for 48 h. The crystalline precipitate was isol ated through

filtration, dissolved in water (5 nL) and treated with 0.1 NaOHaqg. to
pH 10. The aqueous sol uti on was washed vm!?'n et her (2 X 20 10 m) and

| 5P ect ron "2sH %ﬁ“ﬂﬁaﬁeﬁﬁ % pordisiifp BltattonbE 2 0 m ahbnn%r@*“m W@ﬁ%
mi ns. over anhyrirges (sedio sylfgtg. Concentration of the) organigdayex gpve a ruixture of

1H), 1.77 (1 193 1H), 2.02 (1H),
2“2)8 o (Z'E%eal%oﬁﬁsﬁk"and%ﬁélamsoixd?@%%ﬂhu (1H), 52, (1H)H)

2 48 (02l o, 3 2 i B o, i Sy
29.2, 92.8  RomugPof 033 & a &g bt Siokols Fromaed Bk Yo.145 g i 38

PCT/ US98/ 064 - 18 -
EXAMPLE 2 0op1 A '%ruecfﬂn%f
Estra-5(10), &4li en- 3[err] -17-one (5B) 5
Estra-5(10), - 3I eﬁ éLHS{:H -17-one (5A)
Fstra-5(10), 7 -17-one 3-sulfate ester triethylamoni um salt
15) 5130 evrrs| 1FD)s 3esxﬁ§nm,- 0690, IHyi en- 3-one (9)
10
3C NMR (CDCL)
220.56, 136.33, 128.45, 123.89, 116.34, 68.07, 50.68, 50.12, 43.47, 39.64, 36.18,
32.58, 32.33, 32.27, 28.41, 27.66, 20.03, 14.14
15 §B

'H NMR (CDCl,)
538 (br s, 1H), 4.08 (m, 1H), 0.76 (s, 3H)

C NMR (CDCl,)

20 220.56, 136.35, 128.40, 122.99, 116.41, 66.59, 50.75, 50.12, 43.24, 38.84, 36.17,
32.41, 32.38, 30.80, 28.39, 24.32, 20.00, 14.14

3p-(3.5-Dinitrobenzovloxy)estra-5(10).7-dien-17-one "‘(6)

To a suspension of the alcohols 5 (0.45 g, 1.6 mmol), 3,5-dinitrobenzoic acid
25 (0.44 g, 2 mmol) and triphenylphosphine (0.52 g, 2 mmol) in toluene (20 mL) at 0 °C,
under nitrogen, was added diethylazodicarboxylate (0.32 mL, 2 mmol) dropwise over a
period of 2 min. The reaction mixture was allowed to warm to room temperature and
stirred for 16 h. It was then heated to 55-58 °C for 4h and concentrated to dryness.
The crude product was purified by flash chromatography, eluting with hexanes/ethyl

30 acetate (7:3) to give the ester 6 as a yellow solid (0.13 g, 17.4 %).

'HNMR (CDCL,)
9.2-8.4 (m, 3H), 5.54 (m, 1H), 5.41 (br s, 1H), 0.80 (s, 3H)




A sol-ution of 17[err]-hydroxyestra-5(10), 7-dien-3-one (1.24 g, 4.5 mol)
ina 10 m xtwoesa$stpyridine (20 nL) and di chl oronet hane (20 mPCRA898/06461

treated with acetic anhydride (2.0 eq, 0.86 nL) and DVAP (0.1 eq, 10
ng, 0.08 mmol). The sol ution was stirred 16h at roomtenperature and
then poured into water (50 nmL). The |l ayers17- wer e separated and the

aqueous |ayer was extracted with ethyl acetate (3 x 50 mL). The
organi c |ayers were corrbl ned washed with saturated aqueous NaC sol ution.
(50 nL), 15 drypet 90).7dicnJ| 7-eh€ (8BY concentrated under reduced
pressure to give t at was purlfled by flash col um

he acetate (1.03 gh *Pi\?)a"q‘eéf Belfhier8 i3 0% mpon i BHE (61805 ahd W2
recryst al | i zedmiis)omas] gestet pemrpmssmwerbooataf(ﬂmdg ilﬂennmé)jm stirrpd for3 84.

L7 2 RO SRt o] iy
4¥), 2.28 (m additional ¢ipeaction gixtare e dilut 0 mLyw I’H}h
1.42 (dt, 13. 23&08&'5% %Hiassx&ﬂﬁﬂxc&%emd 3( ﬁ&ﬂ%an&'&wdoo&? Rydréii sodfum Z

(El) 314 %&m@%ﬂfdsque%% dchgo-i LN @do 0.073 &3¢

C' 76.4; H 8
17[err] - Acet oxmtar purple i, Thill prodietodas( folihd to be contarmnated Viith Gl aamowits dhe
ketone 9 (1.03 28 ml) in dry THE (20 nl) at O [err]C under

niit rogen wHd tﬁgehy droxyesza-S¢10)ifpé-trien-d F-onetddi um

tri-tert-butoxyal um nohydride (1.0 30 M 1.5 eq, 4.92 n, 4.92 mol).

After 2h the 3HEUNM‘E (@DCRY ugreds i witly thé\ saiiple( bﬁﬁancd frgnmﬂ?]e pﬁ(pardtﬂeeH‘PLC
were separate e ayer was extracted with ether (3 x 50

nh) The organ@#%%?&%@%%&%%#‘m ned, washed w th saturated aqueous NaC
s@l ution . . aAA. N .
PET/ US98/ 0646 1GC/MS &\@yl%?é/ddéﬁ%hve) Analysis of 5B: M/Z = 344; retention time 15.592 min.

(50 m), dried over magnesium sulfate and concentrated under reduced

pressure t % Et QAc/ hexane
'\Fl)\hl ch was 80N (Q’F )

: Crude alcohol 5B (0.07 g, 0.25 mmol) was dissolved in THF (5 mL) and
] treated with triethylamine-sulfur trioxide complex (0.1 g, 0.55 mmol) for 48 h. The
crystalline precipitate was isolated through filtration, dissolved in water (5 mL) and
treated with 0.1 NaOHagq, to pH 10. The aqueous solution was washed with ether (2 X
20 10mL) and tyophilized to provide 7 as a fluffy solid (70 mg).

LC/MS (Negative Ion Electron Spray) Analysis of 7 M/Z = 351; retention time =
31.54 mins.
‘ 'H NMR (CDCL,)
0.78 (1H), 1.30 (1H), 1.47 («d, 1H), 1.77 (1H), 1.80 (1H), 1.84 (1H), 1.88 (_lH),
25 193 (1H), 2.02 (1H), 2.08 (1H), 2.19 (dd, 1H), 2.21 (1H), 2.27 (1H), 2.30 (1H),

2.40 (1H), 2.44 (1H), 2.48 (dd, 1H), 2.54 (bd, 1H), 2.63 (bd, 1H), 4.78 (m, 1H),
5.40 (bs, 1H).

13C NMR (CDCl,)

30 14.2, 20.7, 25.0, 29.1, 29.2, 32.8, 33.2, 36.7, 36.9, 44.2, 51.0, 51.5, 75.3, 117.1,
- 123.6, 129.3, 137.3, 223.3.



i

5 17[err]-Acetoxy-3-(tert-butyl di phenylsilyl)oxyestra-5(10), 7-di ene (11)
To a solution of the alcohols 10 (1.08g, 3.42 mmol) in dichlor Q@'fh 20
m.) was addeWQ9¥4¥& 0l e (1.6 eq, 0.37 g, 5.43 mml) fol |l owed blgl)gfﬁe)r -%441
but yl di phenyl silylchloride (1.6 eq, 1.42 nm, 3.64 mmol). The m xture was

stirred 16h at room tenperature undeijl nitrogen then poured into 1IN HC
(100 nm.). The layers 10 wer e separated i%ﬁ:l t he aqueous | ayer was
extracted with ether (3 x 50 nL). The organi c | ayers were conbi ned,

washed wi th saturated agueous NaCl solution (50 ni), dried over
magnesi um sul fate and concentr at ed um pressure to give an oil
(2.2 g), Rerr]0.55 (%O%EtOAc/hexan ) s used wi thout further

puri fi cat i onPreparatign of:

3-(tert-Butyl di ph 108783 e OB pxyestra-5(10), 7-di ene (12)

To the acetates 1 . , xture of nethanol (60 nL) and
di chl or on®t hane ( 1 IO &J&} carbonate (0.1 eq, 55 ng, 0.4
nol ) . Af t er BytraIS{10VT-8ieh-Yholal7-anki3 sulbite bsteaFieihgAnihorieh 3815 ( 15)
carbonate (1.0 eq, 0.55 g, 4.0 mmol ) was added. The m xture was

stirred 16h and nore potassium carbonate (1.0 eq, 20 0.55 g, 4.0 nmmol)

“was added. Afggr & ‘)WMM 9gdded, the | ayers were
separated an € aqueous layer was extracted with dichloronethane (3 x 100
m.). The organi c |ayers were conbi ned, washed with saturated aqueous

NaCl sol ution (10G\ solution pf §7B-dytieskyestea-5(HYkdicnrd-ond (k24 gartiS aomoBnnraat ed
under reduced .pressure .to gLye an ..,0 |l that s nurified f] ash,
¢ol umm cﬂ#onﬂ?‘wg%ﬁﬁ?yﬂ&‘ngﬂwégfb@d QWW%%(%%I;SW“ Iﬂ'mangilaﬁ%mt 0

gi ve the al cahinydside22(0le®40.85 mib 21 DMAP (B0 %qE1 (4ng, @88 mnol)asThe Wit

' oam whi ch sed ,dit e .
b CTer - But vV ARES 16h A rodfn seruperaturs ) then powred gty water (0.L). The layers
E’o t he al cohmese sepatatedahdghe aqugonsiayyr was atmced sdthrathylacetatgi(3 i r8h). The

i riethyl am ”%réa]-ﬂc dvePe i 43HEH WithRSuBREE ' ks r
trioxide C rrpiﬁg?(rs( 5. 4%’3‘,’13%'3% g, ')1"51‘% 1), ﬁ?%ﬁ%@ng&?gﬁw’
under ni 1% og e&merrmemmm s“KﬂW.P“@\ﬂ%“ paderfedyced myessure @ give aateous
phase was exilisdGiRdpwifidd by [feish] Sirfin *chidiRatographyioh. silici goll eRtihE witly 20%
Wer e combi ne%t&?\%/h\ggasn%etg g?v%ctﬁee eslgétz}/tg l(ly0¥\'I g,tﬁ%}) a5 uw?x?tg Yoam. A small portion was

’ recrystallized from 10% Et,O/hexane to afford white needles (mp 113-4 °C).

'H NMR (400 MHz, CDCl,)

H
i

20 8 5.29 (1H, m), 477 (dd, J=6.15, 3.7Hz, 1H), 2.76 (m, 2H)_,.2.62 (m, 2H), 2.50
(m, 4H), 2.28 (m, 2H), 2.40 (s, 3H), 1.96 (m, 2H), 1.90 (m, 1H), 1.74 (m, 1H),
1.42 (dt, 13.2, 3.9Hz, 1H), 1.24 (dq, J=12, 3.9Hz, 1H); 0.69 (s, 3H). m / z (EI) 314
o).

 Anal. (C,H,0,) C, H, N: caled C: 76.4; H, 8.34, N, 0.0; found C, 76.18, H, 8.20,
25 N, 0.06.

17B-Acetoxyestra-5(10).7-dien-3-ol (10)

A solution of the ketone 9 (1.03 g, 3.28 mmol) in dry THF (20 mL) at 0 C -
under nitrogen was treated, via syringe, with lithium tri-ters-butoxyaluminohydride (1.0
30 M, 1.5eq,4.92 mL, 4.92 mmol). After 2h the solution was poured into IN HC1 (100
_ mL). The layers were separated and the aqueous layer was extracted with ether (3 x 50
; mL). The organic layers were combined, washed with saturated aqueous NaCl solution



-silyl protected al cohols 13 (1.16 g, 2.3 mol)

WD 98/-45315

PCT/ US98/ 064&;98,45315 - BOT/US98/064611C]
(100 nlL), saturated -aqueous sodi um bi carbonate sol ution (100 m.) and :
sat ur at ed agueous NaCl solution (100 nL). The organic | ayer was dried
over magnesi um sul fate and concentcrayed under reduced pressure to give
an oil that was purified by flash -col um chr omat ography on silica gel

el uting w t fys@ afio)t E&W\m% mﬁmgummmcmdeydram&uﬁd@&amcedpf&smbed givé3
B

1.34 0 0 te.f wWhi

t(Jsed d?% ec?l[as‘;’ sghd(&(é l{%@%%owl S‘I‘Ch.?%’r%ﬁ“é&? g%hoghgur\ﬁ?er

Est ra- 5( 10) ,porificatiori3[ err] - ol - 17-one (SB) ~ To a solution of the
in THF (10 10 m.) at room

in
'tenperature under nitrogen was added, via syringe, a solution of

-~ for 24 hs

tetrabutylarrrmnlumfluorlde(10I\/l 13eq, 2.9 nL, 3 mol). After stirring
b i DO §iB Rrausi g : and the aqueous
| ayer was extracte acet ate (3 X 100 m.). The organic

| ayers were conbi [ (100
m.), saturated aqﬁ‘ggtﬁmggis%?mﬂ ar %%gt(\f&% u3t420n w%g jrﬁhlﬁ EQZO
sat ur at ed adqukbuwas\edded oimidazele 3h 8, 0 Seflh i mmoh)y dpllgw db}'e%ver
magnesi um S%Jzﬁaﬁ)heﬁﬂugqa%ﬁaé ateeq qruhaﬁmr gmqaﬂm [ q!h%%ﬁtﬁre vﬂzs\éﬁn‘éﬂ 18h!

t hat was urif ash col urm chro \)\ﬂp{]’t %ge

el uting witHt A ETEPGIAEE, Waer nitrogen, etp 113 egﬁayers
Fur t her 1pur Iwﬁmeagepﬁﬂtebmartﬁa aédusela L\&as exmteammmwﬁ Bex SD[

gave. " Sigae ISy 50@5?8@ E&%@%&%ﬁ'@%f’s@%&wﬁheﬂp

anal og] dried| aver ]magrmm Sﬁlfatwldnd com@nfrated jupder reduced| pressurd 1 @ivebars pil 2 H)
4.15 (m 1H H,
205 (m 29 Bk @l% xR Lok lich Wk o pripcueife B puyificarioft)
(ES-pos) 293 (M+Na[err] 5A[[err]= 17.16 mn] (330 ng), np 139- 42
[err] C~ [err]H NIVR(300M-|Z CDCl [err]) 8 5.37 (m 1H), 3.93
(m 1H) 482 6L ¢ , e ¢ 2.10-1.80 (m
TH, 1.1 # ) 2 (Es pos) 295
(I\/H\la[ err])

To the acetates 11 (2.2 g, 4.0 mmol) in a mixture of methanol (60 mL) and

dichloromethane (10 mL) was added potassium carbonate (0.1 eq, 55 mg, 0.4 mmol).

After stirring for 4h an additional portion of potassium carbonate (1.0 éq, 0.55 g, 4.0

mmol) was added. The mixture was stirred 16h and more pmassium carbonate (1.0 eq,

20 0.55 g, 4.0 mmol) was added. After 24h water (100 mL) was added, the layers were

separated and the aqueous layer was extracted with dichloromethane (3 x 100 mL). The

organic layers were combined, washed with saturated aqueous NaCl solution (100

mL), dried over magnesium sulfate and concentrated under reduced pressure to give an

oil that was purified by flash column chromatography on silica gel eluting with 20%

25 EtOAc/hexane to give the alcohols 12 (1.34 g), R;0.5 (30% EtOAc/hexane), as a white
foam which was used directly.

To the alcohols 12 (1.34 g, 2.6 mmol) in DMSO (20 mlL) containing

30 triethylamine (11 eq, 4.0 mL, 28.7 mmol) was added trimethylaminessulfur trioxide
complex (5.4 eq, 1.97 g, 14 mmol). After stirring for 16h under nitrogen water (100

mL) was added to the mixture and the aqueous phase was extracted with Et,0 (6 x 100

mL). The organic layers were combined and washed successively with 1N aqueous



7
H

VO 98/ 45315

PCT/ US98/ 06461 I

5B [[err]= 1WORMSHS (50 ny), np 124-7 [err]C [err]H Nnﬁégi"é'ﬁﬁ”‘l\%&‘,
coc [err]) 8 5.38 (m 1H), 4.10 (m 1H), 2.75-2.45 (m 3H), 2.45-2.15
(m 5H), 2.15- 1 95 (m OH), 1.95-1.7Q.(m 7H), 1.65-1.40 (m 3H), 1.27
(m 12H), 0.76 (s, m/ z (ES- 5 posS)Y™295 (MrNa[err]).

(s 0 e ﬁ"*ﬁ‘?@f el daiBpSs solbdl icfor Sl ADORPTIRE #ﬁm”

THF (2 nlL) atagueous NaCl solutiopdi0Q mle. Whe orgimilapsnwasi dmdmer magncsu

ﬁﬁgglre)r(n 'Erlogen a“&c%rhen tﬁn&%ﬁgﬂv%as prré%ou{/%ggﬁ(fe(%ﬂr& ﬁﬁ? uc lg‘ﬂ?)%dzelsgure
The solid resolen ghromgiestaphy,pn filiea gelrelpting yith %E@é@!mxae@tq givg the silyl

m xture of MyirbRbel alcbholll3 end4 Wd! R} 0.51Q0%M-EtOAMENE)) 4508 white 188mWhickas
added, the m'xture ﬁgg@)ncentrat ed under reduced pressure and transferred

to a si n¥asused ‘funnel. The resin was washed w th net hanol / wat er
(1:1) until TLC 15 analysis of the washings indicated all the product (ca.
200 ng) had been washed of f. Further purification by HPLC (converted

(P mesonor e §¥ 384 B Bt SE0PLFLRS" @B

(Primesphere,

5/75 @5' to 50/ L6, t

§0/10 @31 (MBOH 5%%0 08 B 0 ot feckole s @822 3%%“9@3‘?%
20 ni/dPn) mb)smbm%@qmwn%omoggwea%d@%rw syr@zemanfolpgqn
19 as a teftabit 1ammomﬁﬁrﬂdoHdlélP(/R0(M0P3 29%&&@1 ]After sumn5 for 24 h

180 (o Tolgme fgiae&e S phyred g e dg&#@@d the %wp%s Was Ssigd yith
§ ES- 25  negithyatetatd (B 0anL ). Ahe okganiclaydrs were combined and washed successively
: with 1IN aqueous HCl (100 mL), saturated aqueous sodium bicarbonate solution (100
i 15 mL) and saturated aqueous NaCl solution (100 mL). The organic layer was dried over
magnesium sulfate and concentrated under reduced pressure to give an oil that was
purified by flash column chromatography on silica gel, eluting with 40% EtOAc/hexane
; to provide a white foam (0.56 g). Further purification by preparative HPLC
(Primesphere, C,-HC, 10y, 50 x 20 mmy; isocratic: 50/50 MeCN/H,0; Flow 50

20 mL/min) gave-
14[z, = 13.85 min, stereoisomers of the B-ring aromatic analog]

'H NMR (300 MHz, CDCL)

i
1
i

8 6.96 (brs, 2H) 4.15 (m, 1H), 2.97 (m, 2H), 2.95-2.50 (m, 6H), 2.50-2.25 (m,
2H), 2.05 (m, 2H), 1.85 (m, 3H), 0.77 and 0.75 (2 smglets, 2H).
25 miz (ES-pos) 293 (M+Na*)
- 5A[=17.16 min] (330 mg), mp 139-42 °C.
'H NMR (300 MHz, CDCL,)

8 5.37 (m, 1H), 3.93 (m, 1H), 2.61 (m, 2H), 2.48 (m, 2H), 2.45-2.10 (m, 5H),
2.10-1.80 (m, 7TH), 1.7-1.4 (m, 2H), 1.26 (m, 2H), 0.76 (s, 3H).

30 m/z(ES-pos) 295 (M+Na").



{
. 22 - V\HATISCLAINEDIS 1. - A conmpound which is

estra-5(10), 7-dien-3[err]-ol-17-one or a pharmaceutically acce |
of its 3- suIWﬁ%aﬁglc r or estra-5(10), 7-dien-3[err]-ol-17-one g%%gﬂﬁaﬁ
or a pharmaceutically acceptabl-e salt thereof. 2. ‘The conpound of
claim1 wherein the pharmaceutical Iy acceptable salt of the 3- sulfate
ester or 3-glucuronide is an alkali netal “salt, alkaline earth netal salt,

anmoni um sal t _y i ng 1-6 carbon atons, or

di al kyl anmoni # achilalit g)aln% EQLIZ?F;n atons in each al kyI group, or
trial kyl arrrmn % q?@g) 1-6 carbon atons in each al kyl group. 3.
The conpound o o al m 2 I'C the 3-sulfate ester of

17 one 5 sul 189380 JED Ao tE X7l (o 3D, P04 Y b B 5

A conpound | r 0 i ! 129! (ml i28pe _
phar maceut i ca la%cgqpa(gf %Jis)al)lté:)? P{bsng? s)h}th(e esz?gr 08'1'6@ 3H).m/z (ES
pstra- 5( 1(5), gf@ﬂ"‘] -17-one 3-glucuronide or a pharmaceutically

acceptabl e salt ther eof . 6. The conpound of claimb5 wherein the

bhar maceutical |y accept abl e salt of the 3- sulfate ester or 3-gl ucur oni de

alskslnaﬁlnl;ﬁ: Iu h ahleii iHJm sal t

ontai ning 1.6 Eiiﬁﬁﬁsélﬁlﬁﬁiofﬁw%iceﬁoﬁ%éy épﬂ o ”ba' TF Tl faod
I ai m 6 whi crtempeltam %as addes pyrisiacesulfir tdoxide cafiplex, (I.-3deqsrﬂ 34 e, 10,87 mmol).
;=st I:‘LZI 2?18) 7- cf en n? ergﬁ)wdg% %&g{ﬁc?oag[é’ﬂ il théh the THF was removed under
reduced pressure. The solid residue was washed with ether (20 mL) and dissolved in a

mixture of methanol (10 mL) and water (10 mL). Dowex-50 resin (700 mg) was
added, the mixture was concentrated under reduced pressure and transferred to a
sintered glass funnel. The resin was washed with methanol/water (1:1) until TLC

15  analysis of the washings indicated all the product (ca. 200 mg) had been washed off.
Further purification by HPLC (converted to the product to the triethylammonium salt

during chromatography) (Primesphere, C,;—HC, 10y, 50 x 250 mm, S#171320; 10/90

t0 25/75 @ 5’ to 50/50 @ 15’ 10 60/40 @ 23’ 10 65/35 @ 26.5’ 10 80720 @ 36’ to
90/10 @ 31’ (MeOH / 50 mM triethylammonium acetate (TEAA); pH=7); Flow 70.0
20  mL/min); 950PSI 850UV=214nm; 900PSI gave 15 [, = 31 min] (21 mg, 7%) as a
gum..
*H NMR (300 MHz, MeOH-d,) g
5.39 (s, 1H), 4.55 (m, 1H), 3.18 (q, J=7.3Hz, 1. 6H), 2.61 (br s, 2H), 2.55-
1.60 (m, 16H), 1.50 (m, 1H), 1.30 (t, J=7.3Hz, 12.5H), 0.76 (s, 3H). m / z (ES-
25  neg) 351 M-NH(C,H,),).

ARSI WY AP TS b WA % s £ n s e 4 %
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ester triethylamoniumsalt.

- 23 - 9. The use of an antioxi dant anmount of
estra-5(10), 7v@8H#5Perr]-ol - 17-one or a phar maceut i cal I%F%%%M%I e
salt of its 3-sulfate ester or estra-5(10), 7cr'reu olcllj-OI 17-one

3-glucuronide or a pharnmaceutically acceptabl I he
preparation of a nedicanent for the treat'n%?']t 'l'hii%lllla%gilﬁ érceatl ng

free radical sease. 10. The
estra-5(10), 7Vﬁﬂéﬁl§[@r}$ﬁ§g¥ﬂj§7 one or a phar mac tabl e salt

of its 3- sulfate ester or estra-5(10), 7-di en- 3[err] ol - 17 one 3-gl ucuroni de

of a medi cament. f ork compound gRSGTR, AkaryAG) T piglrR 175, ob (BB BB Ba

radi cal i nvol aeceptable saltthfisIssmlfate ester orlemal—iﬂlﬁh?rﬁmmﬁfealnb'bom 3eghuourariide or

nervous sygte ‘ﬂ!aﬁﬂzﬂ:g Bsdgul ar : di sease, rheumatoid
arthritis, 5 ?pm mmn‘g&&%l?'g‘g&?&%@é% ratory distress, enphysens,
prevention of reperfusion injury, viral hepatitis, chronic active
hepatitis, tuaerculmg.%o% BAY bAckitn 1 WHEIA{hE phitBiibe iclly SERpABISalt W the 3-
. respiratory str s synd rorre centrgg ryoys sy te trauma and
stroke, or i njSuiate g8es ¢rp-glucuronide as,an alkaki &&6‘("&% ¢1al 3y promerium

adni ni st eri ng sgist faﬁirﬁbmimdmﬂcaﬁtﬁinid Q-6 carbon atoiﬂs (h"te mum salt

phar maceut i cal | acce bl t of | f at e est est.r a- 0
o3 or 19 oot P Garbort Aoinsd caft wiph P & bl i sphealip
t her eof . 11 l-6cﬂi‘bmammsahea¢haihyllgmmmant armount of
gstra-5(10), 7-di en-3a-ol -17-one or a phar maceuti cal |y acceptabl e
salt of its 3-sulfate ester or estra-5(10), 7-di en-3a-ol - 17-one
3- gl ucuroni de 3or a Preompound pEelriny 2 aduclpisabe 3-sulfite estesof estra-H610){Trdien-3p-
nrepar ation ofs1 7084l cament for the treatment of inhibiting or treating
firee radical I nduced di sease states. 12. The use of
QStra 5( 16—? 7-di en-3a-ol -17-one or a pharnaceutically acceptable salt
af its 3-sulfae egistra-S(10)Pdich-3P-310)7-dneiB-gulfat ested salinrh Galtpnwhithdk 4 Wasgm de
dr a phar rraL:eu%i cally acceptable salt thereof, for the preparation
of a nedi cameFTEOHPUS

;

5. A compound which is estra-5(10),7-dien-30-0l-17-one or a pharmaceutically
: 20 acceptable salt of its 3-sulfate ester or estra-5(10),7- d1en-30c—ol—l7-one 3-glucuronide

or a pharmaceutically acceptable salt thereof.

6. The compound of claim 5 wherein the pharmaceutically acceptable salt of the 3-
sulfate ester or 3-glucuronide is an alkali metal salt, alkaline earth metal salt, ammonium

25  salt, alkylammonium salt containing 1-6 carbon atoms, or dialkylammonium salt
containing 1-6 carbon atoms in each alkyl group, or trialkylammonium salt containing
1-6 carbon atoms in each alkyl group.

7. The compound of claim 6 which is the 3-sulfate ester of estra-5(10),7-dien-3c-
30 ol-17-one.

8. The compound of claim 5 which is estra-5(10), 7-d1en-3a-ol-17-one 3-sulfate
ester triethylammonium salt.

35 9. A method of inhibiting or treating free radical induced disease states by
administering an antioxidant amount of estra-5(10),7-dien-3f-0l-17-one or a
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estra-5(10) jgen- 3a-ol -17-one or a phar maceutlcal | y accept abI e
salt of its -sulfate ester or estra-5(10),7-dien-3[err]-ol - 17-one
3-glucuronide or a pharnaceutically acceptable salt for the preparation of
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eficie
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estra-5 one or a.pha HRCeut ] ccept abl '
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gr rrgdl camen B i9EC Catirhifitdring a%t&mse%n)evfmhisﬁtmemoﬁefor hhqahmmawuﬁnallyn of
at nent o

estrogen demqp&m‘?mlwfd%ﬂﬁémesm°f°$%gﬁ§2a§3i‘ @%’m%"?é aua;ltﬁed%g’é of

cl ai m 15, whaghatmadendcaliyaoceptable satithereof, tesa nmnmalmnmi thereof.

15
11. A method of inhibiting or treating free radical induced disease states by
administering an antioxidant amount of estra-5(10),7-dien-3c-0l-17-one or a
pharmaceutically acceptable salt of its 3-sulfate ester or estra-5(10),7-dien-3c-0l-17-one
3-glucuronide or a pharmaceutically acceptable salt thereof, to 2 mammal in need
20  thereof.

12. A method of inhibiting endogenous free radical involvement in disease
development of cancers, central nervous system disorders, dimentias, Alzheimer's
disease, bone disease, aging, inflammatory disorders, peripheral vascular disease,

25 rheumatoid arthritis, autoimmune diseases, Tespiratory distress, emphysema,
prevention of reperfusion injury, viral hepatitis, chronic active hepatitis, tuberculosis,
psoriasis, systemic 'lupus erythematosus, adult respiratory distress syndrome, central
nervous system trauma and stroke, or injury during reperfusion procedures which
comprises administering estra-5(10),7-dien-30-0l-17-one or a pharmaceutically

30 acceptable salt of its 3-sulfate ester or esu'a-5(10),7-dien-3a-ol-17-ofxe 3-glucuronide or
a pharmaceutically acceptable salt thereof, to a mammal in need thereof.

13. A method of providing estrogen replacement therapy or treating estrogen
deficiency in a mammal in need thereof, which comprises administering an estrogenic
35 amount of estra-5(10),7-dien-3p-ol-17-one or a pharmaceutically acceptable salt of its
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17. The use of estra- , /-di en-3a-o0l -17-one or a pharnaceuti cal | y

acceptabl e salt ' ester or
estra- 5(10) ,V?03¥/é$?.1§a-H \“H“ﬁ @ \ﬂmroni de or a PCT/US98/06461
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pharnmaceutically acceptable salt thereof for the preparation of a
medi canent for the treatnment of vd&Sonotor synptons related to

estrogen defjci | N - qion 2 114 t . 8 The .use of
crai m'17, wr PR bt o el Tion ol L RBE tiRBice or BopharmfRGatE, ©
ant i - ost eopoacseptablefsiletherooé toesaidlmamofal.est r a- 5(10), 7-di en-3[err] -ol - 17- one
or a pharmaceutically acceptable salt of its 3-sulfate ester or
estra-5(10), 7-di en- 3[err]-ol-17-one 3-glucuronide or a,

phar maceut | b y Acosthadhpé pravidinghestengen wsplageraent therapy por: frgating sstregena
medi canent fgeficidi@y tif @3hdrRmbl i nebd teedfl Whichf codiiried ad@fisiering &n estrogenic
manmal i n need ther.eof. (ﬁa . A use.ol an anfi-osteoporosis ef fectl ve
amount of es¥peuntof estra-S(1Q){-dign-3p-ol-A7,ope or a pharmgceutically, acceptable;salt of yits
a[ccep} ab: e SHstilfaré e‘solies oﬁemd-g(&())ﬂ-diﬁne?na-ol-lmea-ﬁl(ulilﬂ'bniaedir hmmaoeul ltically '
3[err]-ol-17-0n - uropide.or a armaceutically acceptable salt

:t hereof for ?%ﬁmﬁew&ﬁeggk’rﬁ%‘ﬁmﬁa medi canent for the treatnent or
:inhibition of osteoporosis in a - mammal in need thereof. 21. A
use of anj & - at qlgeé ' . .
estra- 5(al 0), j7’k-)'di e%?@?%rglri%? %I%%l - JSS&B&%H?\@Q %i?% ﬁ%‘ﬁ‘érm rrgg%o&eincgiffc&ency ma
accept abl e swammgl in peedsthereof,aviick somprises administamengstra-5(10),7-dien-3p-0l-17-
di en- 3[ er r | - §ie drar phafinacetlichlly aBctptibleOdal CofiRAS SREAL ehterbs ¥st§1¢5@9§,ﬁ@i&-§@l t

t her eof for h reparati on of a. nedi canent for, the treatnent or
nEi it on ofl-Li-s 3 8ficBrapie.or a Phamaceiicaly aRaAREAOIs s dbeogh 18 S8l gmammal.
15 16.  The method of claim 15, wherein the vasomotor symptom is hot flushes.

17. A method of treating vasomotor symptoms related to estrogen deficiency in a

mammal in need thereof, which comprises administering estra-5(10),7-dien-3c-0l-17-

one or a pharmaceutically acceptable salt of its 3-sulfate ester or estra-5(10),7-dien-30-
20  ol-17-one 3-glucuronide or a pharmaceutically acceptable salt thereof to said mammal.

18.  The method of claim 17, wherein the vasomotor symptom is hot flushes.

19. A method of treating or inhibiting osteoporosis in a mammal in need thereof

25  which comprises administering an anti-osteoporosis effective amount of estra-5(10),7-
dien-3B-0l-17-one or a pharmaceutically acceptable salt of its 3-sulfate ester or estra-
5(10),7-dien-3p-ol-17-one 3-glucuronide or a pharmaceutically acceptable salt thereof
to said mammal.

30 20. A method of treating or inhibiting osteoporosis in a mammal in need thereof
‘which comprises administerihg an anti-osteoporosis effective amount of estra-5(10),7-
dien-30-0l-17-one or a pharmaceutically acceptable salt of its 3-sulfate ester or estra-
5(10),7-dien-3a-0l-17-one 3-glucuronide or a pharmaceutically acceptable salt thereof
to said mammal. '
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22. A.use of -an anti-atherosclerosis effective anobunt of

estra-5( 10)W§9§$$1 3a-ol -17- ' one or a pharmaceutical | ypesg_pdissase
salt of its ('St e ester or estra- 5(10), 7- dien-3[err]-ol-17-one
3-glucuroni de or a pharnaceutically acceptable salt thereof for t he
preparation of a nedi canent for the tregzggnt or inhibition of

at heroscl erosi s in a mmual in ne t her eof .

-estzfa_S( 10) i; di A%ngmgﬁgaﬁka%r mceu@%ccep a e salt

of its 3-suMhiche cempases;radmustan& ) agti-gtherosgleeosis| effgetive7 ameunt of estra-
3- gl ucuroni ggoar —ﬁeﬂ-@?fquf‘dﬂe' dral mnﬁs&ﬁeéaw fosible sNESLRE 330HaR ester or

phar maceuti c carrre maceyt’i cal osifi
conpri ses e§8¥ar>€l0)Fydion-gBol-13rane; ?éjl‘F curonide, Q8 %Pﬁﬂggﬁ%%&é@f‘%%ﬁ/ salt
accept abfe mdréofdb saiimadmpnl. f ate ester or estra-5(10), 7-dien-3[err] -

ol -17-one 3-glucuroni de or a pharnaceutically acceptabl e salt thereof and a
pharmaceutical carrier. 25. A conpound which is
estra- 5(10) 22: di eAniitieod ¢f wéatih mrlntuBmglaﬂheroMS #ed mamnadl in neéd thergofund

which i's es Wi (c%g)pnseg aﬁﬂnﬂgxgtgﬁﬁé "R ahtiaiostleRlt? efrelfe® andRht of estra-
5(10),7-dien-30-0l-17-one or a pharmaceutically acceptable salt of its 3-sulfate ester or
10 estra-5(10),7-dien-30-0l-17-one 3-glucuron1de or a pharmaceutically acceptable salt

thereof to said mammal.

23. A pharmaceutical composition which comprises estra-5(10),7-dien-38-0l-17-
one or a pharmaceutically acceptable salt of its 3-sulfate ester or estra-5(10),7-dien-38-

15 ol-17-one 3-glucuronide or a pharmaceutically acceptable salt thercof and a
pharmaceutical carrier.

24, A phammaceutical composition which comprises estra-5(10),7-dien-3a-0l-17-
one or a pharmaceutically acceptable salt of its 3-sulfate ester or estra-5(10),7-dien-3c-

20 ol-17-one 3-glucuronide or a pharmaceuncally acceptable salt thereof and a
pharmaceutical carrier.

25. A compound which is estra-5(10),7-dien-38-ol-17-one 3-alkali metal salt.

25 26. A compound which is estra-5(10),7-dien-30-0l-17-one 3-alkali metal salt.
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