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BENZOPYRANS AS SELECTI VE ESTROGEN RECEPTOR- BETA AGONI STS 5 BACKGROUND OF
THE | NVENTI ON The present invention relates to novel cycl oal kyl -benzopyr ans
and derivatives thereof, conpositions containing those conpounds, their
use as selective estrogen. receptor-beta agonists, and their use in the
treatnent of estrogen receptor-beta nediated diseases such as prostate
cancer, benign prostatic hyperplasia, testicular. cancer, ovarian 10
cancer, | unyO8¥Héws  cardi ovascul ar di seases, neur odegeP@rei?/622di sor der s,
urinary incontinence, central nervous system (CNS) disorders,
gastrointestinal (G) tract disordesis, and osteoporosis. Estrogens play
important roles in the devel opnent and honeostasis of the reproductive,
central nervous, skeletal, and cardi ovascul ar systens of both males and 15
femal es. The estrogen receptor (ER) is currently the only nenber of the
steroid subfaml &1 F3Br ubt ypes.
Recently, a new |so g#ﬁ?mﬂ§§§9 j 4 nowX#i?ﬁ?ﬁ EPZ 1) was cl oned
froma rat prostatic cDNA RESWPW’HPSAGQMSEW in marine and human
prostates. Consequently, the previous ER is now designated as ER-al pha.
ER- al pha and ER-beta share high am no acid honol ogy, have simlar 17-E3 20
Estradifol (E2) bindi ng aBAGKHGRQUINDLOATHAENVENEOBN or honodi nerize to form
a signaling c I 0 70 (1997);

Kui per GG et amrg%gtcm}lm ?]% tgﬁ%vél cgﬁioalﬁagsig\&%:id}g gsgazng%%va%lg%) Al t hough
E2 acti vattkescofsompaitions pmtaininedhERopEpennds, Eﬁﬂaﬁf{ﬂﬁaﬂ@ﬁ’Wa&e@s transeription

and cel | ulyasndaf. eéta sgt%m% 'aQ&‘ﬂaei‘Mlée' if 1R IBLAt FLRREESSRFtor-5E Abdiliag act i vati on.
I nterestingly, bet a- andr ost anedi ol _and  5- al pha- andr ost ane 25

have been dﬂﬁ%‘;ﬁb B a3 psosee févr&b&émmmﬁ@@fa%@%% teEi*‘c‘“B’éP%PWV%‘F‘H% Z. et al.
PNAS 98: c@x?b%phﬁg@%Qgrlaardl@aﬁﬁta@chséaZeéJﬁélﬁGc@@ﬂérﬁkﬁk@ﬁ&dbx@|urln&rya mej or

nmet abolite of . dihydraotestosterone educed active

al p
|ntracelIdWﬁ?‘%ﬂﬂ%ﬁﬁgﬂnpﬁmﬁéwgmnQ@E&E@ﬁ??m%ﬁﬁwﬂP Q?Géﬁpﬂeta_actlvatlon
al so sti mdisaides, AddcsRaRAMsgl Ut at hi one S ‘

Estrogens play important roles in the development and homeostas;s of the

" reproductive, central nervous, skeletal, an_d cardicvascular systems of both males ax}d
15  females. The estrogenreceptor (ER) is éurrently the only member of the steroid |
subfamily of nuclear receptors that has different subtypes. Recently, a new ER isoform,
" ER-beta (also known as ER-betal) was cloned from a rat prostatic ¢DNA library and is
present in murine and human prostates. Consequently, the previous ER is now demgnated .
as ER-alpha. ER—aIpha and ER-beta share high amino ac:d homology, have similar 17- B
. 20  Estradiol (E2) binding aﬂimtles and can hetero- or homodimerize to form a signaling '
. complex; Kuiper GG, et al., Endocrinol. 138: 863-70 (1997); Kulper GG et al., Proc. Natl.
- Acad. Sci. USA 93; 5925-30 (1996). Although E2 activates both ER—'alpha and -ER-beta,
‘ ER-élpha stimulates transcription and cellular proliferation, while ER-beta suppresses
. ER-alpha activation.. Intems_ﬁngly, 3-beta, 17-beta-androstanediol and 5~a1pha;androstane
25  have been proposed to be enﬂqgenous ligands for ER-beta; Weihua Z. et al. 'PNAS 98:
| 6330-5 (2001). 3-Beta, 17-beta-androstanediol is a major metabolite of
.dihydrotestosferoné (DHT),'th& 5-a]pha-re8uc§d active infracellular androgen in male
accessofy SEX Organs. ER—bet.a,ac'tivation also stimulates in¢rcased glutathione S-
, transferase and quinone -reduétasevéxpression. These two enzymes have been shown to
- 30 ‘possess chemoprotective detoxification progérties; Chang WY et al., Prostate 40: 115-24
© (1999); Montano MM et al., J. Biol. Chern. 273: 25443-9 (1998). |




t ransf erase and qui none reduct ase expre55| on. These HueepRAyEEBoHAVE been
"shown to. 30 possess chenpprotective det oxification properties, Chang WY et
al ., -Prostate 40: 115-24 - (1999); Montano MM et al., J. Biol.-Chem 273:
25443 9 (1998). 19 September 2006 WO 03/ 044006 PCTI US02/ 33622 - 2 Wth the
recent identification of ER-beta,. and t he recognltlon t hat ER-al pha and
ER-beta have different biological roles, ER-selective nodul ators woul d
simi'larly possess significant clinical utility. Since ER-beta is strongly
expressed wo @ndsigber of tissues .including prostate, bhagdassiavary,
testis, lung, small intestine, vascul ar endothelium and 5 various parts of
the brain, conpounds that sel ectlvelé modul ate ER-beta woul d be of

clinical inportance in the treatment of a variety of disease conditions,
such as prostate cancer, testicular cancer, ovarian cancer, |ung cancer,

car di ovascul arweth aeee;eeadenmaaﬁedewnee%tah&elgdécsgﬁtde(rjteatBttalplearaﬁd - such

| nconttne ct 1.S0Or , an Opor osi s. uc
conpoundsg&oq{?fagyﬁ‘g%f metﬁ r@tﬂf -Selgtivg wedplalors Watldéeﬁtagtﬁoeeslo al pha,
anldl tgus l&lgiﬂﬁbaélt ?I?icfaftﬁih@ﬂﬁlrﬁ:e @R-tetd‘lee&on@rycet\pﬂeeed m-EhMﬁtbeIER‘tibﬁfeﬁ agom st:s

W ISp a | e t..ther.apeuti pro es CO ar e :

ant agoni st t“ggfj’ﬁtﬁ{ e'ﬂ’édder ﬁvdrﬁb‘?it'ﬁiﬂ‘é s“t?hlé’f‘tésrhéﬁ aW’E‘BWEﬁ gti in tissues
relyi ng omrﬁlﬁsbetsafe;sgnaatmgmuidsehaeeasdnatlen@heﬁtdﬁnmfﬂmwrponents t hat
‘are f.ound he senen and bl o d Soms these are regul atory pepti des.

‘The prost a1 tioa) TERRHNER P Latmeny tﬁ“é’p‘f‘t“ﬂ‘&?’?suﬂt AP Ene | atter
gr oup caningér mgacmt:@ﬁdeuemnemeehmgyamet baidz&d‘i&:ulhaﬂﬁmﬂﬂn-' secretory

|1 i f f th b tr |l
o ves. ri SE AR R, wiet Roprara SRy Gronis Uhreipdhil IS
prost at e eitepaneis. Btehtcmmpoandspm@gtmfe mxmmbaff&cttommesuemm dostailBER-act eri zed by
the n;p@m ﬁp?f%@df‘%‘ YRSk dl?‘llfe npmdege’f%ct ﬁles %ﬁebet easggl 12“’@8'%1 i3 ObSt ruction

of the ure IS results 1n |ncreased ré uency ds}t} I nati on,
noncur i ‘a, difigeent therapeaticpro@esmonmped teER wlpha mtaggmstdet mesw, mavvldty the urine

flow: . hy - of - bl adder shooth -
nuscl e; dﬁ%ﬁﬂgﬁﬁeﬂfaaaﬁﬁéﬁgﬁdﬁ}% ?jﬁ}:?%a{ggé;c?mﬁm dence. of. urinary t ract
i nfection. Theﬂdmta@pﬁt@ﬁpfodﬁc%mml)@eﬂte%W@P@iﬂtthﬁ Sbewlatmﬂhi@eapabl e
phenhonen 090&1961‘ théye a@gégﬂﬂto%eﬁn&@p ‘ﬂu@ftﬂog’tﬁte gﬁﬁ)d'lzohﬁmses stroma and

1_5 ' . epxthehum cells, the latter group eonsxstmg of columnar secretory cells and basal non- B -
' secretory cells. The prollfetatlon of these basal cells, as Well as stroma cel]s glves rise. to .
. bemgn prostatic hyperpiasm (BPH), whlch is one common prostate dtseas'e BPHisa
progress:ve condltlen that is characterized by the nodu]ar enlargement of the prostatte
' tassue resultmg in obstruct:on of the urethra Thxs results in mcreased frequeney of

w20 .unnatton noncuna, poor urme stream, and hes;tatmn or delay in startmg the urine ﬂow

o Consequences of BPH can mclude hypertrophy of b!adder smooth musele decompensated,{:- o

SEREEN ) b}adder and mcreased mcldence of unnary t:ract mfectlon The development of BPH lS N
L cons;dered to be an mescapable phenomenon for the agmg male populatlon ‘BPHi is }_'_;.":"'-" 7
observed in apprommateiy 70% of males over the age of 70. Dmg treatment for BPH

;25" currently emp]oys alpha andrenerglc antagomsts for symptomatic relief or stermd 5-alpha o

S _:_-."reductase 1nh1b1tors to reduce hyperplastlc tissue bulk “These approaches are o ltmlted'
' therapeutlc beneﬁt ﬁ Lo T R

| | Mortahty due to prostatlc cancer when the strategem of watchﬁﬂ wattmg is
R »-ladopted is generally low (9%- 5%) inmen who have locahzed tumors I—Iowever these

30 . Iates pertam to patients with locallzed dlsease they do ot necessanly apply to.younger .

::'men at hlgher nsk Younger meén w1th stage Tla tumers have a longer prOJected perlod of ' »

& stage of; the dxsease and are therefore candldates fora.
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observed in approxi mately 70% of nal es over the age oqggg eiﬁ%ygo(}ﬁreatnent
for BPH.2° 5 currently enploys al pha andrenergic antagoni sts for. synptomatic
relief or steroid 5-alpha reductase inhi-bitors to reduce hyperplastic

ti ssue bul k.. These approaches are of Limited therapeutic benefit ' ,
Mortality due to prostatlc cancer when the strategem of watchful maltlng IS
adopted is generally low (9% 15% in nmen who have |ocalized tunors.

- However, these  30. rates pertain to patients with |ocalized.disease; they
do not necessarlly apply to younger men.at higher-risk. Younger men with
stage Tl a tumors have a | onger prolected period of ri sk than ol der: nmen
with the sane stage of the disease and3are therefore candi dates for a 19.
Sept enber 2006 -3 potentially curative. treatnent. In studies of watchful

ot o1y Bolfly bLES Bhunflnd 3235 Bi U RN, B sty or o
| N\/EI\FI'I O\I ngs%ﬂ@s(éd“/m/éumdmteehanfmeﬂminﬂlymm;tﬁ@ﬂosw| vati ves of fornul a
S(h)r” °§f5%?gaQR5 O-=Y,. (1) 10 or derlvatlves of formJIaI'I '

: where1n 15, Rl R2, R3; :and R4 are each
o ndependently H, Cl C6 .al kyl , O—l Cl C6 al koxy, .. -

5 S BRIEF SUI\A]VIARY OF THE INVENTION

D1sclosed herem are novel benzopyran denvatlves of formula (I)

0 brdeﬁvaﬁvwof fa‘:‘mui#ﬁ =

wherem , - : C
‘15_ o AR' R2 R3 and R" arceachmdependenﬂy—H C,—Cg alkyl 0H, CrCs alkoxy, - o
. halo, amido or-CF;, o g
“ i R¥is hydrogen or Ci-Cy alkyl | . B
*j. Y', Y2, and Y areeach mdepcndenﬂy ~H or C,-Cg. a.lkyl andG'us ~CH2- -CH;- e
o - CHy,, or ~CH2-CH2—CH2~, o -
-20 or a pharmaoeuhcally acceptable selt thereof




hal o, amido or -CF;; RS is hydrogen or Cl-C6 alkyl; thcq&em&QQmeég are
- each independently -H or. C1-C6 alkyl; and Gis - 2, :
- -CH2-CH2-CH2-; 20 or a pharnaceutlcally acCeptabIe salt thereof. 19
Sept enber 2006 _3a_ In a first aspect @f,the present invention, :there is
provi-ded a conpound of the fornula: Y3 R YZG343R3 2 R5 OVY
~wherein R, R2 and R3 are each independently -H, Cl-C6 al kyl, -OH Cl-C6
~al koxy, hal 0, Ofip a*fFEi3ispd® of $heprelicROmPerition Gherels gﬁﬂdea a\éompb’&,d éntle Y3 are
each Independently -Hor C1-C6 alkyl; and Gis -CH2-, --CH2- CH2-, or -
- CH2- CH2- cHprmulg ~ 5 pharmaceutical ly acceptable salt thereof. In a second
aspect of the present invention, there is provided a. conpound of. formla
I'tl G Rib\ 432 R3b... R O ' ‘ L -

. wherem ‘ = : , : : o
RI R? and R3 are each mdependently —H C;-C5 alkyl -OH C]-Cﬁ alkoxy, halo or -
-CF3; ' - -
- -R is hydrogen or Cy- C(, alkyl
CYLYA and Y* are each mdependently -Hor c,-c,; alkyl and Gis -Cng -CHz-
o CHajor —CHZ-CHZ—CHQ- o
- _. - ora phannaceutlcally acceptable salt thereof

" In a second aspect of the present invention, there is prowded a compound of

- formula ITI

am -

o ‘wherein

L Rlb is am1do or hydroxy,
R2b j is -H or C;-Csalkyl

 R3bis-H or cl-cf, alkyl;
| R s amldo or hydroxy, and _
"G is -CHp-, -CH;CH;— —CHgCHzCHz-
: table_salt thereof |

" or ahpharmaoeutlcall' aci




R (III) wherein .Rlb. i's ani do or. hydroky, R2b is - kyl; Rib
is -Hor Cl-C6 alkyl; R46 i's anmido or hydroxy; and G |938 Fﬁ—ré)ecg&les

. - CH2CH2- , - CH2CH2CH2-; . or 'a pharnaceutically. accept abl e salt thereof: 19

Septerrber 2006 WO 03/ 044(194 PCT/ US02/ 33622 -4 Oorrpounds of the invention
i ncl ude the follow ng, which should not be construed as in any way
limting the compounds included in the invention: a)

() -2- (4- hydr oxyphenyl ) - 6- hydr oxy- cycl opentyl [c]3 4-di hydro 2H 1- benzopyran

5 b) -7 WO 037844006 - PCT/US02/33622 -
C()-2- (4 hydroxyphenyl) 6- trlfluororretlryl cyclopentyl[c]3 4- d|||ydro 2H1-
benzopyran c) - ~4-

' _() 2-(4- hydroxyphenyl) 6- et hyl - cycI opentyl [c]3 4-di hydr o- 2H 1- benzopyran:

.(g 2- (4- hydr 0P PR ?fthe‘F‘Y%?‘Uﬂ’éy‘@ﬂ%@ﬂ?WEﬂ@thlﬁwb@ﬁ@ﬂl‘@dbenzopyran
10 e) ()- &”lﬁﬁﬁWQE&th@o&d@MQhﬁﬁhﬁﬁ%@ﬂﬁﬁty| [c] 3, 4-di hydro-2H1-

benzopyran f dr ox en -7- droxy-cycl opentyl[c]-3 -
4- diI Pg;dr o- 2?4_ !L (+ l(!j%imk yp Qﬂy roxy—cyclc:penty c]3¥.-d1hygro~’7 1-[ -]_

-2-(4- hydroxyph&uaﬁo),yr& hydroxy 8- met hyl -cycl opentyl [ €1 3, 4- di’ hydro 2H—1 15
benzopyran h)

(+J- 2- 4- hydr 5’%%ﬁﬂ%ﬂ%&w@%&Vlﬂegﬁe{l’aﬁlwlp%yyfpm}rycﬁ 404%g¢w%HH 1-.
~ benzaopyran - . benzopyran n
Lo '5"; c) (_)-2-(4 hydroxyphenyl}ﬁ-meﬂlyl cyclopentyl[c]?: 4~d1hydro-2H l-
benmpyran ' '
. €) (__)-2-(4~hydroxyphenyl)»5—hydroxy—cyclopentyl[c]3 4~d1hydro 2H—l- i
' bcnzopyran : S : S
a f) (_) 2+ (4-hydr0xyphenyl)-‘?-hydroxy—cyclopentyl[0]3 4-cllhydro-2H-l~ '
| banzopyran ‘ . ‘ R
7 g ($)-2- (4-hydroxyphenyl) 6~hydroxy—8-methy1 cyclopenty![c]S 4—dlhydro-2H-l-_
15 - - benzopyran - : ' —
b {_) 2- (4-hydroxyphenyl)-6-hydroxy—cyclohepty1[c)3,4 dlhydro-ZH-l-
N benzopyran : | ‘
i) (__) -2-(4-hydroxyphenyl)- 6-hydroxy—8~methoxy-cyclepentyl[c]3 4-d1hydto—2H— ‘
, -benzopyran
L2000 D r_i(_)—2-(4-hydroxyphenyl) 6 hydroxy—ll ]l-dimethyl-cyclopentyl[c]?: 4- :
o __d:hydm-2H l-benzopyran L T L EEEFEEED
) -_ kj?"(__)-2—(4-hydroxypheny]) 6~hydr0xy—11 Il—dlethyl~cyclopentyl[c]3 4-dlhydro- N B
B & -benzapyran EREE S S Bk
- D @) 2—(4~hydmxyphenyl) 6—methoxy—cyclopentyl[c]3 4—dlhydro -2H-1-
25 benzopyran,‘_ e ' ‘ -
o ;-'m) (_) 2-(4~hydroxy-3-methylpheny])—ﬁ hydroxy—cyclopentyl[c]3 4—dlh}’dl’0—2H-1--l L
benzopyran R S S s

n) - L)—Z-{Z-methylA-hydroxypllenyl) 6'h)'droxy-cydopentyl{c}3 4-d1hydro-2H- - ‘_
T benzopyrau, . 7 | .
_ 3 0 0} (_)-2 (4~hydroxypheny1)-cyclopentyl[c]3 :4.{11},},,‘11.0_21_1~ 1+ enzopyran, _
. ‘..:_._,:_;P ). (‘)"2'(4‘hyd‘°"y-l’hc“ﬂ) 6‘h3’df°XY-7-m6ﬂ1yl-c:y’clopentyl[c]3 4~d1hydro-2H-l- o




i) ()-2-(4- hydroxyphenyl) 6 hydroxy 8- et hoxy cycl Ope{ggép{é&]b%,ﬂmgl hydro 2H
1- benzopyran 20 j) :

(t)-2-(4- hydroxyphenyl) 6- hydroxy 11 11 dlnethyl cyclopentyl[c]3 4-

di hydro- 2H 1-benzopyran, = k) = -

() - 2- (4- hydroxyplrenyl) - 6 hydroxy 11, 11- dlethyl cycIopentyI[C]S 4- dlhydro-

2H 1-benzopyran 1) -5—
(-2-(4-hydr.oxyphenyl) - 6-net boxy cycl opentyl-[c] 3, 4-di hydro 2H-1 25

b ,
()e ngo?ir ﬁgdroﬂ)/ @%fWFO&HBWY‘) 5@1%&?&?&@}%%13@@@@9{3 4. di hydr o- 2H 1-

benzopyran, n) benzopyran,

2-(2- et hyl < oxyphenyl dr oxy-cycl opent Cc 3,4-,d|,h dro-2H—1-
l(o)en 7 Oé)ﬂ an 3% (_5] X—?t{—metxgxyphényg)-ﬁ-me oxy{yt%llope%tyl[c]g MIZYCL‘OJZH-I- _ Y
(+2-.(4- hydroxypiempyr)n,cycl opentyl [ c] 3, 4- di-hydr o- 2H- 1- benzopyran, ,.p)

((err)g-2- (4 y- 7- et hyl clopentyl[c] 3, 4- d| hydro 2H

. 1- benzopyr any ct%g%_gs r’t’ﬂ%ﬁ%’?“’ﬂg‘é’%ﬂ?‘é@“l!]')""‘\‘ﬂPOﬂyi"c)’cYOPentyl[013 4-dihydro-

) - 2- (4- hydr, oxypfﬁéhybotz@ghyrdr oxy-cycl ohexyl [c]3 ‘4-di hydro-2H 1- Benzopyran,
2-(4- hox t h tyl di-hyd: 2H—1---,

) & T PR s oIS S SRSt s e G052

(+)-2(4-am nocarbmnqumenyl) 6-am nocar bonyI cycl opentyl [ c] 3, 4- d| hydro-

: b
o 62%0%23’36% Ry ATy i My o- 2 1

benz Y-an “u)j- nzopymn

(12 (4 hydr O ekndioA e H%niy.axﬁta%sp mrﬁ}& S hyor o261 10

v)..((err))- 2. (keﬂmyﬁ’éxyphenyl ) - 6- hydr oxy cycl opent yl:[ €] 3, 4- di hydr e- 2H- 1- h
benzopyr an W) (}Z-methyl-2—(4—hydroxypheny!)~6-hydroxy—cyclopentyl[c]3 4—dlhydro~2H—l- .
[EEUR benzopyran, ' o o g
?‘5.‘-' - e x) (_)-2-ethy1-2-(4~hydroxyphenyi)—6—hydroxy—cyclopentyl[c}3 4-d1hydro-2H-1-— .
' 7 enzopyran, , oL _ _
y) (_)-2—(1 -methylethyl)-2{4-hydroxyphenyl)-G hydroxy-cyclopentyl[c]3 4-
_ dﬂlydro-ZH— ~benzopymn
o a phannaceut:ca!ly acceptable salt or ena.ntromer thereof
20 R
. In a third aspect of the present mventlon, there is prov1ded a pharmaceutlcal ‘
; composrtton cornpnsmg a compound as deﬁned above’ and a pharmaceuncalljrr acceptable
camer '

S I a Secon‘ti‘ embodlment there may bea pha,nnaceutrcal conlposmon oompnsrng;‘._..__;',;;:_
S . therapeuncally effectlve amount Of a Compound of formula (1) and a pharrnaceuncally"" S

' _ acceptable carrier: ) : : o R
Ina fourth aspect of the present mventton, there i is provrded a use of a compound .-

.as deﬁned above in the manufacture of a medrcament for the treat:ment of prostate cancer h

et formula (I) as agonists of estrogen receptor (“ER”) beta, further utilized for the treatment
o of ER beta-medlated dlseases such as prostate cancer, bemgn prostatrc hypexplasm
. testrcular cancer cardrovascular dlseases neurodegeneratwe disorders, unnary

'Vmcontmence central nervous system (CNS) drsorders, gastromtestuml (GI) tract
diso Cl‘Srﬂnd osteoporosrs ' - :
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(J=2-net hyl - 2- (.4- hydroxyphenyl) 6- hydroxy cyclopentyl[c] , 4- dlhydro 2FL1-

benzopyran 15. - X)

(I-)-2--efllyl- 2-(4-hYdrCMYPhenYt)-G-hydroxy-c3--|opentyl[c]3 4wd|bydro-2H-

1- benzopyran, Y). _

-2-(1-net hyl et hyl) - 2- (4 ‘hydr oxyphenyl ) - 6- hydr oxy- cyclopentyl[c]3 .4-

di hydr o- 2H-.1- benzopy a pharmaceuti-cal |y accept abl-e salt or enant i omer

t her eof . -1 WO #ii6r d .aspect of  the present invention, < thansedscnr ovi ded a

pharnaceutlcal conposi tion conprising a conpound as defined above -and a

phar maceutical ly acceptable - carrier6-In. a second enbodi nent, there nay be
a pharmaceutical conposition conprising,- , . 25 a t herapeutical ly:

ef fective amount of a co nound of fornula (1) and a pharmaceutically

acceptabl e carrier. Oa L 3 AP RESAR INKENTEX®ENt i nvention, there is.

provi ded a uses@&ﬂang@ﬂggg&ﬂmlas def i-ned above in the manufacture of a

medi cament for, the. treatnent of -prostate cancer, benign prostatic

hyper pl asi a of an ‘B%F’Fﬁg@ﬂ’di?"éé@fﬁf@ﬁn Eélﬂacmb’ls(t@(@)mi%)@sw condu tion 30 -

Fur ther - embodbyentthe toRBYHAS! ks bQ ﬂlﬁﬁh&zﬁemr%i Ezé?’afb‘ Cormound
formulia (1) as agoné;;ts of -estrogen receptor bet a, urt utilized

for the treatnment * ¢ #fNpet a- redi ated. . di seases such as pr ostate cancer,

“beni gn prostatjc hpRmRMesCAlkylt Rk suhasﬁmseasrsrmgh@afaswrsﬁ%ksr di seases,
neur odegenerat i % dlsordﬁp -urinary incontinence, central nervoussystem
(CNS)- djsor%’g?’@ o5 %é‘P’fnﬁ'a‘EPd{@I“}cth?E e, n-rsrpyb sapPm, a0t eopor.osi s,

19. Sept erm!butyﬂﬁﬁﬁulyw@bﬁ@( Qér{tﬁQ(exﬁ, &/ uso2r 33622 -6 DETAI LED: DES_GRI PTION OF
THE | NVENTI ON, Astﬂsed Lo 8ﬁppllcat|on a) the term"an do” rofers to
an ani nocar bor?y N @Ii refers to a stre_rght or branched:alkoxy group : 1! R

: 10 containing from 1 to 6 carbon atoms such as methoxy, ethomy, -prop'c')i{y, 1sopropoxyr, n- '; B

_ butoxy, rsobutoxy, sec—butoxy, t- butoxy, pentos.y, hexoxy, efc; - -~ .

A d) the des1gnatron « ot o refers toa bond for whmh the stereochemlstly rs SR
' notdesrgnated ' ' A o ‘ . o S

oo ) e) ; the desrgnatron e 1 refers to a bend that protmdes for\krard out of the _-‘:;

.18 _‘; planeofthepage, e ' ' B

. '. ) rthe desrgnatron ir " refers to a _l?qu_d thatprotrudesbacf(ward out oﬁthe :

' planeofthepage o D - IR

e as used m the preparahons and examples the followmg terms’ have the

mdrcated meamngs, "ng" refers to: Danograms; "ug“ refers to micrograms; “mg" refers to .‘-

| 2e ) '_ mrlhgrams g refers to grams "kg" refers to hlograms, "nmole" refers o nanomoles,

o ‘ ."nmol" refers to nullrmeles, "mol" refers to moles; "pL"refers 10 mlcreliters "m M rf: 15

K f--;._.to mrlhhters "L‘" refers to: llters, "R; " refers to. retentlen factor "°C " refsrs to degrees
e 5 Célsius;, "bp“ refers to bm]mg pomt, "mm of Hg“ refers to pressure in rml'hmeters of I ,'_
) ) mercnry- "mp“ refers to melting pomt, "dec" refers to deeomposrtwn “{d!f e refer 0
; 25 ‘ 3peclﬁc rotatron of the D lme of sodrum at 20°C obtamed inal decuneter cetl; Ly refe s ‘-
;to concentrzruon in gfml; "HM" Iefﬁfs to nanomelar- “p.M" fefers to mxcremolaf‘ "mivf
- -"refers to 'mrlhmelar, LY refers to molar “K ” refers to mhrbrton constant “Kd” refers to o |

drssocratron constant “psr refers to pounds per square mch "rpm" refersto revolutmns | ‘
o per; mmute. “HPLC“ refers to hrgh performance hqmd chromatography- "HRMS“ refcrs t¢ o o

- 30 | hlgh I'GSOIUtmn mass spectrum; "TH_F" refers tQ tﬂrahy dro ﬁn‘aﬁ "brine® refers to . N -:__:" S

e saturated aqueous solutron of sodmm chlonde, "L.0.D." refers to loss on drymg* "P-Cr" o




b) the term"halo" refers to a fluorine atom chloringygdgdmbebpsi ne at om
or 5 iodine atom b) the term"Cl-C6 alkyl" refers to . a branched or.. =~
strai ght chained alkyl radical containing from1 to 6 carbon atons, such
as methyl, ethyl, n-propyl isopropyl, n-butyl, isobutyl sec butyl; - =
t-butyl, pentyl, hexyl etc., C the term" Cl-C6 al koxy" refers to a :
strai ght or branched al koxy group 10 containing from1 to 6 carbon atons,
such as net hoxy, ethoxy, n-propoxy, isopropoxy, n- butoxy, isobutoxy,
sec- but oxy, t BB pent oxy, hexoxy, etc; d) the desi grefriusmsdsez’ ' -
"refers to a bond for which the stereochem stry is not designated; e) the
designation" " refers to a bond that pfotrudes forward out of the 15 pl-ane
of the page; f) the designation """' " refers to a bond that protrudes
backward ou f.the plane of the page, g) as used in the preparations and
exanpl es t hte‘e‘?%PlnBWHS"aﬁe’rm@mﬁ%w “ﬁﬁ‘ eritorEallys ' daferda MmAyEouslyandr ef ers to
nanogr ans; " '""BPMF efeey te disintegiatioRiepiite’ " refers to 20 milligrams; "g"
refers to grans;. kg FeIers; to kilograns; "nnole" refers.to nanonol es;
"rnmol " refers t8 mi PYPRgFim@ation g v ofers to noles, "(err)L refers to

mcrollters, "nmL":refers to nillilgperg "C'' refers to-liters; "Rf"
refers to retention facto r,"C. " reflen y deg degree. 'a Celsius, "bp"
refers to boiling point; "nmof Hg" re + to pressure in mllineters of

mercury; "mp" refers to melting point; "dec"refers to -deconposition; ,
"[(err)] gDO':tr.ef ar. to 25 specific rotatjon of the D line of sodiumat .20C - -/
obt ai ned>i n" 4" "R HER!dhe Ryl is attached @fthsr lsposition apthibe mrbstpanbN in grn., "
nM ' refers sstitamaredresentedby R ednficSitticBed th 6APSMST, 3 E,fﬂ\@rsﬂbﬁﬁﬁaﬁé‘ 1o, ..
mlillimlar; "M . efeihs to molar, "Kl"refers to inhi‘blton constant; "Ka" = .
refers to dissdtiat PEARBREMant; "psi” refers to pounds per square inch; -
"rpnt refers to revolutions per mngee, "HPLC' refers to high performance .-
liquid chronatography; "HEMS' refers i Q high resolution nmass spectrum -
"THF" refers to tetrahydrofuran; "bg} refers to a : L

refers to a phenyl or substituted phenyl and it is understood that either substituent : L

10 | can be attached at any one of positions 1,2, 3, 4, 5, or 6. It is further wnderstood ﬁat

when‘ one of the substituents is attached at the 1-position the other substituent representéd ‘, _

by R can be attached in any of the 2, 3, 4, 5, or 6 positions, that when one of the |

substituents is attached at the 2-position the other substituent represented by R can be

attached in any of the 1, 3, 4, 5, o1 6 positions, that when one of the substituents is
15 attached at the 3-position the other substituent represented by R can be attached in any of

e 1,2,4,5, or 6 positions, that when one of the substituents is aﬁaghed at the 4-posi_tioxi__,, o
- the other substituent represénted by R can be attached in any of the 1,2,3,5,0r6 " “ e
N " ‘position‘s:, that when one of the substitﬁen;s ‘i's'.a‘\ttached' at the. S-positiﬁn the o't_her“ S

substituent représented by R can be attached in any of the 1, 2,3, 4, or 6 positions, and LT
20 that when one of the substituents is attached at the 6-position the other substituént o
represented by R can be attached in any of the 1, 2, 3, 4, or‘S.positfidns;




saturated aqueous sol ution of sodium chloride; "L.O Dy sifbfRies 2668 | 0SS on
drying; ".(err)G" 19 Septenber 2006 WO 113/034006 PCT/U802/33622 -7
refers to microcuries; "i.p." refers to intraperitoneally; "iv." refers to
~intravenously; and 'DPM refers to disintegrations per mnute; h) by the
designation HSC~- a R 5 it is understood that the nethyl is attached at the
1-position and the substituent or substituents represented by R can be
attached in any of the 2, 3, 4, 5 or 6 positions; i) the designation RZ 2
6 RL 2 Is rebewmsubeo a phenyl or substituted phenyl andpdtiushgsépader st ood
that either substituent 10 can be attached at any one of positions 1, 2,
3, 4, 5 or 6. It is further underst#®ed that when one of the substituents.
is attached at the 1- positi on the ot her substituent represented by R.can
be attached in jany § '-g‘ﬂ’ positions, that when one of the
substituents i ¢ at't 3N eﬁ'tg’tyf’r%‘nind??B’é‘fgtqfaﬁﬂteﬁ’é@@t%tg%%?| t-uent

r epr esent etbrinyla B) agiforhela (MtkesHagbwisn any of the 1, 3, 4, 5, or 6 positions,
t hat when one of the substituents is 15 attached at.the 3-position the,

ot her substituent represented by R can be attached in any of the 1, 2, 4,
5, or 6 po%her Gns-CH2hat when one of the substituents is attached at the
4-position the other substituent reppesent ed by R can be attached in any
of the. 1, 2, 3, 5, or 6 p03|t|on§ p when one of the substituents is
attached at. the 5-position the at stituent represented by R can be .-
attached in any of the 1, 2, 3, p05|t|ons and 20 that when one of
the substituents is attached at 't pdsition the other substituent S
_represeﬁtted by R can be attached in ahy of the 1, 2, 3, 4, or 5 positions;

ya ' . cyclopentylfc]3 4~d:hydro-2H—1-benzopymn

where G is ~-CH2-CH2-

: _10 o : cyc]ohexyl[c]S,4—diltydro-2H—1 -benzopyran

where G is -CH2-CH2-CH2-

, cycIohept)rl[c]3,4—dil_1ydrof2H-l-benzopyran ‘
15 _ - '
K the term "énantiomeric'e:tcess" or "ee" refers to the percent by which one
enantiomer, E1, is in excess in a mixture of the two enantlomers El plus E2 such that
{(E1 —E2)—(EI+E2)}><I 00=ee;
- The oompounds used in the method of the present invention may have one or more

_ 29 asymmetric centers. Asa consequence of these chiral centers, the compounds of the

‘ present invention occur as racemates and as individual enantiomers, as well as

_diastereomers and mixtures of diastereomers. Al asymmetric forms, individual isomers




19 Septenber 2006 WD 03/044606 PCT/ US02133622 -g
and nam ng of the the tricyclic ring systemof fornu
(I'1) are as follows: where Gis -CH2 11 10 5 4 6\
cycl opentyl [ c] 3, 4-di hydr o- 2H- 1- benzopyran where G
463 702 8110 cyclohexyl[c]3,4-dihydro-2H 1-
-CH2-CH2-CH2 12 11 135416 6\ 39 2/ 02091

cyql oheptyl [\%%mﬂ'wg' hydro- 2 1-benzopyran PCT/US02/33622

J ) 19 $&dmpabgiobNg syst em
la (1) and formul a

3 7Q2 5.. a1l

s -CH2-CH2 12 11 10 5

e

i
benzopyran where Gis

-9

and combinations thereof, are within the scope of the present invention. The three main
chiral centers, signified as 2, 3, and 4, are illustrated in formula (I). The preferred relative
stereochemistry of compounds of formula (I) is when chiral centers 2, 3, and 4 are all in

the cis-configuration, as demonstrated by formulae IB and IC below:

0'_"\.’1

For the purpose of this invention, a compound demgnated “IB racemic” or “IC
" racemic” , or their structure, indicates a racemic structure of compound 1B and IC. AIso
10 forthe purpose of this invention, a compound designated “ID racemic™ or “IE racemic”,

or their structure as shown below, indicates a racemic structure of compound ID and IE.

15 In order to j)feférentia]]y prepare one optica]- isomer over its enantiomer, a number
of Toutes are available. As an example, a mixture of enantiomers may be prepared, and |
then the two enantiomers may be separated. Acommonly émployed method for the
'separatmn of a racemic mixture is the use of chiral high pressure liquid chmmatograpﬁy
Further detalls regardmg resolution of enantlomenc mixtures may be found in J, Jacques,

20 etal, Enantlon_aers, Racemates, and Resolutions, (1991). "The term "phannaceuucally _

acceptable salts thereof” refers to either an acid addition salt or a basic addition salt.




15 k) the term "enantioneric excess" or "ee" refers Hg€§ ntQ@SQt by mhlch
one enantioner, El, is in excess in a mixture of the tWb ERAnt| ONers,

pl us E2, -such t hat {(El - E2) - (E1+E2) ) x| 00=ee; The conpounds used in the

met hod of the present invention may have one or nore 20 asynmetric
centers. -As a consequence of these chiral centers, the conpounds of the
present invention occur as racemates and as individual enantioners, as well
as diastereoners and m xtures of diastereoners. Al asymetric forns,

i ndi vi dual YRG0 - - ... 19 Sept ember 2006 MOAGSHBEL006

PCTI US02/-33622 -9 and conbi nations  thereof, are within the scope of the
present invention. The three main <dRiral centers, signified as 2, 3, and
4, are illustrated in fornula (I'). The preferred relative stereochem stry

?L conpounds qE? r Ty | a @mﬁgﬁﬂ mﬁen charang ﬂ%?rsaﬁmia’ %E%t4 are all in
e cis-confi guf SErEH" R 1igally pcepablg a¢ig pdifionsaltss isilgndetthel ow 5 Rt YZ
G R G YZappi2to asGofRsoxdo ok Bande ar ifdrganf acid alllitiérl )t oK badelcbpdandé For t he
Facem o - regleBo bPERy OF B Rnicsenl rt S GMAERUPEST | compound | B
and | C. Ah}sioochlmc bmroﬁrmxcpsmngmoﬁ@ aff pHokijhSri¢ Mvi@nid aofd maalcapaliasg desi gnat ed
! P e 5 S St o B R SR 1 ot
: : organic acids that form su:table salts include the mono-, di-, and tricarboxylic acids. )
ustrative of such acids are for example, acetic, glycolic, lactic, pyruvic, malonic,
) su'ccinic,. glutaric, fimmaric, malic, tartaric, citric, ascorbic, maleic, hydroxymaleic,
benzoic, hydroxy-benzoic, phenylacetic, cinnamic, salicyclic, 2-phenoxy-benzoic, p-
10  toluenesulfonic acid, and sulfonic acids such as benzenesulfonic acid, methanesulfonic
‘acid, and 2-hydroxyethanesulfonic acid. Such salts can exist in either a hydraied or
substantially anhydrous form. In general,‘the acid addition salts of these compounds are
soluble in water and various hydrophilic organic so]vents,'and which in comparison to
 their free base forms, generally demonstrate higher melting points. o
.15 The expression “pharrnaceutxcally acceptable basic addition salts” is intended to
apply 1o any non-toxic organic or inorganic. basic addition salts of the compounds
represented by formula (T). Hiustrative bases which form suitabie salts include alkali
metal or alkahne«earth ‘metal hydroxides such as sodium, potassium, calcium, magneszum
or barium hydro:udes, ammonia, and ahphatxc alicyclic, or aromatic organic amines such
20 °  as methylamine, dimethylamine, trimethylamine, and picoline. Either the mono- or di-
_ basic salts can be formed with those compounds., |
'Preferred embodiments of formula (I) are prbv;decf below: ,
(1y Compounds in which the chiral centers des:g;nated as 2,3, and 4 are all in the
. cis-position; o ‘
25 ~ (2) Compounds in which G is—CHy- are preferred, .
' (3) Compounds in which Y2 and Y3 are both ~H are preferred
(4) Compounds in which one of RY and R2 is -OH are preferred
(S) Compounds in which R3 is -H are preferred;
| (6) Compounds in which Y1 is —H are preferred; :
30 -~ (7)) Compounds in whmh one of R1 and R2 is -OH and the other is —-H are
' preferred




243 RB243R OR2 O" (ID OY, (1B | - 0-Y1l4d8lnd-9666 t O
preferentially prepare one optical isonmer over its enantioner, a nunber of
routes are available: As an exanple, a m xture of enantionmers may be
‘prepared, and then the two enantioners may be separated. A commonly
enpl oyed nmethod for the -separation of a racemic mxture is the use of
chiral high pressure liquid chromatography. Further details regarding
resol ution of enantiomeric m xtures maybe found in J. Jacques, 20 et al.,
Enanti oners, Waeoimbkes, and Resol utions, (1991). "The L= O
"pharnmaceutically acceptable salts thereof' refers to eilther “anaci d
addition salt or .a basic addition salt-11------- 19 Septenber 2006 WO
113/ 0440% PCT/ US02/ 33622 - 10 The expression "pharnaceutical ly acceptable
acid addition salts" is intended to apply to any non-toxic organic or
i norganic aci d adHF tidstosdthat fisther hrsfaygd embadinpotsf®mule (i} esbdatdwtedy f or mul a
(1). Illustr k;ﬁnﬂ E ab |nclude
hydr ochl ori caﬁ y orgrllaﬁci:'dn@oiat é]ﬂréﬁrgﬁmg g{rﬁpﬁosp(ﬁoril:%eg%ga g‘nd acid netal
sal ts such alémg 6*'0‘? %CWGPP}@P%‘@W@HIMMW& the lipitatiqpoe3kdiawke hydr ogen
sul fate. Illbtﬁﬁb’nﬁﬁhvvtﬁthe@fxﬂﬁﬁn%ﬁ(ﬁ] %ﬁntiahoﬁsgr K ésﬁl?é)e@?%&@ Lk ude the

‘nmnox di- tric ¥1|c aci IIIustr ive O ¢h ac are for
exanple ace?x%IEGva ?E | acti c, pyrUV|c mal oni ¢, succinic, glutarlc,
fumaric, malic, tewtherdmbodifesritiof fe pﬁ@&)@i’nbéxﬁmu ﬁ@b&hﬁundamd{hemhm c,

benzoic, hydroxy benzoi c, phenyl aceti c, nnam ¢, salicyclic,

2- phenoxy-benzoic, p 10 toluenesulfonl and sul fonic acids such as
benzenesul foni c aC|d met haréd gnd 2- hydr oxyet banesul foni c
acid. Such salts can exist in e draped or substantially anhydrous
form In general, the acid addi sal 3 flthese conpounds are soluble
in water and various hydrophilic i i
to. their free base forms, generagtay denongtrafe higher nelting points.

wherein
10 Rlajs.q, -OH, or-F;
R2%2j5 H, -CHa, or -OCHs;
R32 is Hor -CHjs;
G s -CHy-, -CHy-CHj-, or -CHQ-CHQ—CHz— and
ora phannaceutxcally acceptable salt thereof. '

i5
Another embodiment of thé present invention are compounds of the formula IV:
. R
- wherein -
- 20 R1b is amido or hydroxy;. -

R2b is -H, or C)-Cealkyl;
R3b i5 -H or C)-Cy alkyl;
R* is amido or hydroxy; and




15 The expression "pharnmaceutical ly acceptable ba5|c a4ldL %#gme§&jts" IS
intended to apply to any non-toxic organic or inorganic basic addition
salts of the conpounds represented by formula (l1). Illustrative bases
which formsuitable salts include alkali nmetal or alkaline-earth netal
hydr oxi des such as sodi um potassium calcium nmagnesium or barium -
hydr oxi des; ammoni a, and ali phatic, alicychc, or aromatic organi c am nes
such 20 as met hyl am ne, dinmethylam ne, trinmethylanrine, and picoline.
Ei t her "t hewmn@uegr di- basic salts can be formed withpd ,ﬁ?ﬁ %gnpounds.
Preferred enbodi nents of formula (1) are provided belomr ? npounds in
which the chiral centers designated.gs 2, 3, and 4 are all in the
cis-position; 25 (2) Conpounds in which G is -CH2- are preferred; (3)
Conpounds in which Y2 and y3 are both -H are preferred; (4) ‘Conpounds in
whi ch one of RPigtdReCHLCH O B CGE:0Hef erred; (5) Conpounds in which R3 is
-H are prekebhfdacels ich Yl is -Hare preferred; 30 (7)
Conpounds |nbmh|c g%g£%§£@Mﬁg§Hm%3wrs -OH and the other is -H are
preferred. 19 Septenber 2006 - WO 03/ 044006 PCTI US02/33622 It is understood
that further pﬂﬂét&hff@&aﬁﬁf@é)&*'ﬂ%@ﬁlﬁoﬂﬁs éu@& é?ed%%%he%% en?ﬁwéﬁil:g cted by

S a

reqU|r|ng 0 nore ‘o referred ove or exanple, . the
limtatiod "%E‘F?‘Fﬁ“’&%fﬁub@méwghmamm ftnﬁnttomrﬂ of Hetfellowinesompoyngdy::  t he .
limtations of (3) can be conbined-with ¢e limtations of (4); the
limtations of (1), (2 (3), (9), ) (7) can be 5 conbined; and the
l'i ke. Anot her HOQodi e Ihe gnti on are conpounds of the
formula I11:

racemic racemic.

10

racemic racentic




O Rea OH [IIll. wherein 10 Rlais _H-OH or -F R2a {oSepteiberobdds, or
-OCH3; R3a is'-Hor -CH3;, Gis -CH2-, -CH2-CH2-, or -CH2-CH2-CHZ ; and or
a pharmaceutically acceptable salt thereof. 15 Another enbodi ment of the
present invention are conmpounds of the formula IV: G Rb 2 R3b / R~ O Rob
wherein 20 Rib is anido or hydroxy;. . Rbis -H or C-C6alkyl; Rbis
-Hor CC6 alkyl; Wb is am do or hydroxy; and 19 Septenber 2006 WO

113/ 0441106 PCT/US02/33622 -12 Gis -CH,)-, -CH2CH2-, -CH2CH2CH2-; or a
phar maceuti cgld ¥pamcept abl e salt thereof. Illustrative ercamsEssnf the
conpounds enconpassed by the present invention 5 include the racernic

m xtures and the specific enantioners “bF the foll ow ng conpounds:

.10

racemic = racemic

15




H3C CH3 HO HO OH OH racem c racem ¢ H3C CH3 F HO § §eptenibefddd. CH
racemc racenic 10 Ho H3ICOO I / OH OH racemc racemc ----- ----- -
-- -- 19 Septenber 2006 WD 03/044006 PCT/US02/33622 13 FHOOp | CH3
OHOH racemc racemc OHHOH3 51 OH "OoOH racemc racemc \ HO\
HO~OIl~ O ~~ ’

WO 834044006 |
1006 PCT/USU2/33622

-14-

racemic

10 racemic O

- racemic

~




CH3

HO 5

044006

WO 037044006 . : ' . PCTIUSH2/33622

-15-

racemic

5 ' " racemic ’ racemic

~ Reaction Schemes

- Compounds of formula () and intermediates thcrcof can be prepared as described
in Reaction Schemes A through D below. All substltuents unless otherwise mdlcated are

10 previously defined. The reagents and starting materials are readily available to one of

‘ordinary skill in the art.

i OH CH3 OH racemic racemic HOOH | OH 10 racem@‘gg ‘%merodép pp al
OHI OH racemc racem-c 15 19 Septenber 2006

PCT/ US02/ 33622 -14 HOl HO H3C O\ H3C Q I/ OH OH racemc racem c
/- OHOH racemc racemic_CH OHOI\ ~/ QI \/ Ol \ CH3 O

HO




OH CH3 racemc racemic H3 QO \ QMHZNI NHZ CH3. 1§ 8g88thser90060 NO \ HZN
-\ O NHZj OH 100 10 racemc O racem c 19 Septenber 2006 WO 03/0440116

- PCT/ US02/ 33622 -15 HOi HO Ol i 0.CH3 ( / Oracemc H3C OH racemic HO
HOOO i H3C '\ H3C CH; and CH3 CH

WO 03104406

-16. PCTIUS02/3362,




5 racemic racemc Reaction Schenes Conpounds of f or myb 8efibhnéiBegs
i nt ermedi at es thereof can be prepared as described in Reaction.Schenes A

‘through D below. All substituents, unless. otherw se indicated, are 10

previ ously defined. The reagents and starting materials are readily
available to one of ordinary skill in the art. 19 Septenber 2006 *O

03/ 044006 -16_- ACTI US02133622 R SCSC qOH daH R3 MOMCl (2) step la r07O
CH3 -CH T3 RtBuLj R~-O[H 4) f 2Y, f~\ zZnCl2 Yz) d P16 H ~) H3 Q
ste y3G/ 2 W&("F’W&DM 2 0 OCH3 (5) 3Cstep 2 R (6) H3CrOI/tbabER 3 Hz 3

Pd/c OiprMycl Ryz Cy3 HN( )M Cl-l'[l,](_')“ ROO

As used herein, R", R, R¥, and Y correspond to the substituents R’, Rz,_ R, and
Y', respectively, except for when the R', R?, and R substituents would be hydroxy and
the Y' substituent would be —H (making the ~O-Y" group a hydroxy). In these cases, the
corresponding hydroxy group is protected with an alkoxymethylether, such as
5 methoxymethyl (“MOM”) or methoxyethoxymethyl (“MEM™).
In reaction Scheme A, step 1a, the hydroxy groups on the phenol of formula (2)
are ’p_rotected with a suitable protecting group to provide the protected phcnof of formula
% utilizing techniques and procedures well know to one of érdinary skill in the art. For | _ ,
| exan_lple, the phenol qf formula (2) is combined with a suspension comprising a suitable
- .10 . anhydrous solvent such as anhydrous dhnethylfomlémide (DMF) and a suitable strong
base such as a metal hydride, most preferably sodium hydride. To this suspension is
added an amount of alkoxymethyl ether chloride, preferably MOM-CI, 'whjqﬁ corresponds
‘o a roughly equimolar amount depending on the numbér of hydroxy groups to be
protected on the phenol of formula (2). The reaction may be conducted at room
‘15 temperature for a time ranging from about 30 minutes to about 2 days. The reaction is
then quenched With water and an appropriate ether, such as diethyl ether or EtOAc, and
the organic layer is washed with an appropriate base, such as sodium hydroxide or
NaHCO;, and brine. The protected phenol of formula (4) may be isolated and punﬁed by
‘techniques well known i in the art, such as extractlon evaporatmn, trituration, ‘
20 chromatography, and recrysta]hzatlon
In Scheme A, step 1b, a_2—oxocyc16a1kanec_:aﬂmxy]ate of formula (3) is activated
'via the triflate to provide the activated cycloalkane carbdxﬂate of formula (5) utilizing
procedures and techniques well known in the art; G. T. Crisp et al,, J. Org. Chem. 57,
| ' :6972 6975 (1992). For example, a methyl 2—oxocycloalkanecarboxylate of formula (3) is
‘25 dissolved under anhydrous conditions in a suitable solvent, such as tetrahyd:ofuran
dichloromethane, acetone, ethyl acetate, toluene, or diethyl ether and contacted with a
suitable activating agent such as triflic anhydride. The reaction is carried out in the
" presence of a base, such as N-methylmorpholine, sodlum carbonate tncthylamme, N,N-
dusomopylethy]mmne potassium carbonate, sodium b:carbonate, pyridine and 2 6—d1~tert-
30 butyl- 4-methyl-pyndmc The reaction is generaily carried out at temperatures of frorn -
78°C to ambient temperature. Generally, the reactions require 1-to 24 hours. The
- ;-eactlpn may then be.quenched. The product of formula (5) can be isolated and purified




CH3 step 4 RY3 {8) racemc R3. RZ -CH 3 step 5 O_¥+Sép?e)m6e?§®2‘ (9)
R3. R - TsOH/ MeOH NaBH3CNVHCI RZ ONNI R &3 ~~ 0 (2V Coba (1A R3 Ili
Rr OOCH3 ~ racenmic Y1 (10) ORracenic step 6b 3 R3$iHTFq R2 O (1A R3
racem c y+ 19 Septenber 2006 WO 0310440116 PCT/US02/33622 -17 As used
herein, RL R2', R3', and Y1l correspond to the substituents R; R2, R3, and
Y', respectively, except for when the R, R2, and R3 substituents woul d be
hydroxy and the Y substituent would be -H (making the -O Y1l group a
hydroxy). | WOGHé4¥écases, the correspondi ng hydroxy grorqisszpsnt ect ed

wi th an al koxynet hyl et her such as 5 pget hoxynet hyl ("MOM') or
nmet hoxyet hoxynet hyl (" I\/EM'). In reaction Scheme A, step | a, the hydroxy

groups on the phenol of fornula (2)
by techniques well known in the art, such as extraction, evaporation, trituration,

chromatography, and recrystallization.
In Scheme A, step 2, the protected phenol of formula (4) is coupled with the
activated cycloalkane carboxylate of formula (5) to provide the coupled product of
5  formula (6). For example, the coupling reaction is conducted in the presence of
butyilithium, zinc chloride and a Pd species. The reaction is preferably carried out in a
suitable solvent such as tetrahydrofuran (THF), and may initially be carried out under
~ anhydrous condition. Preferably, the protected phenol of formula (4) is dissolved in a
Suitable éolvent such as THF, treated with butyllithium at reduced temperature, zinc
10 chloride in solvent is then added and the temperature allowed to rise to ambient, The
palladium species, such as tetrakis(triphenylphosphine)Pd(0), is added together with the
 activated cycloalkane carboxylate of formula (5) and the temperature is preferably raised
to the reflux temperatureé of the solvent for a period of time i ranging from about 6 to 24
- hours. The coupled product of formula (6) can be 1so]ated and purified by tecbmques well
15 knowni in the art, such as exiractlon, evaporat:on, tntumtlon, chromatography, and
recrystalhzanon
In Scheme A, step 3, the coupled product of formula (6) is reduced with a suitable
reducing agent to provxde the reduced product of formula (7) utilizing techniques and
procedures well known in the art. For cxample the coupled product of formula (6) is
20  contacted with a suitable reducing agent, such as a palladium species, preferably 5% or
10% carbon on paltadium, ina soitable solvent of solvent mixture, such as methanol. The
reaction is preferably carried out in the presence of a suitable base, such as a |
trialkylamine, more preferably, triethylamine. The reaction mixture is then heated to a
temperatire ranging from about 30°C to about reflix for a period of time ranging from
| 25 about2 to 24 hours. The reduced product of formula (7) can be isolated and purified by
' ¥ techmquas well known in the art, such as extractlon evaporatlon trituration,
chromatography, and recrystalhzaﬁon
In Scheme A, step 4, the reduced product of formula (7) can be ‘convertod to the
- Weinreb-amide of formula (8). This reaction can be performed utilizing a reactin of the
| 30 type described by I M. W1111ams, et al., Tetrahedron Letters 36, 5461- 5464 { 1995) For
example, the reduced product of formula (7} is combined with N,0-
dlmethylhydroxylamme hydrochloride in a suitable apl‘Oth solvent, such as




are protected with a suitable protecting group to proyéggptérj;&r tected
phenol of formula (4) utilizing techniques and procedures well know to one
of ordinary skill in the art. For exanple, the phenol of formula (2) is
conbioned with a suspension conprising a suitable 10 anhydrous sol vent such
as anhydrous. di net hyl formam de (DMF) and a suitable strong base such as a
nmetal hydride, nost preferably sodium hydr| de. To this suspension is added
an anount of al koxyrmethyl ether chloride, preferably MOM O, which

corresponds wé @aueboughl y equi nol ar anount  dependi ng onpéﬁgs‘,@mger of
hydr oxy groups to be protected on the phenol of formula (2). The reaction

may be conducted at room 15 tenperatug®e for a time ranging from about 30

m nutes to about 2 days. The reaction is then quenched with water and an
appropriate ether, such as diethyl ether or EtOAc, and the organic |ayer
"is washed vxﬁemyé*ﬁﬁlaiﬁwfefsﬁbb(ﬂ!edm)a@ﬁdm\sswenﬂlmls sestiiogied Injeckewperaige or  NaHOOB,

and br i ne. Bt ARLERCRORALS6' kol M/l 0RE A SRR °0 and, purified

by , t echni ques wel I known 1 n as extraction, evaporation,
triturati onGrigmer 6ngmfﬁ°gﬁﬂblpﬂﬁypmmﬁdlamswy§hian¢q, isdbangdediima 180l hrantio A, step |

b, a 2- OXOCM‘C&BQ@l k aRPeAtB IRk g Jﬂxtredf{?rr JEP{l(tangrﬁAutéssm Qﬁﬁh%/ ?%g&a?t ypa the

triflate to, provide the activat ane car box ormul a (5)
Cutiliziimy 'BFBE&‘HB‘PI’@%W&HGPFWHWW@%#OI exepplfnsatumate tim G T. Crisp et

at, J. Ore.chloaé The WeinB8.4mide 87
rret hyl - 2- oxcorﬁﬁ?npoal kaeﬁecar box |§#%@%P%ﬁﬁﬁﬁ‘)@‘§ﬁ§€bﬁ°§?8T ved under

anhydrous c% Visindhe 3t suckgs f’@lﬁf*@“’s‘?ﬁ?ﬁ?éﬂﬁf’n t%‘ﬂfé‘ﬁ°’&§hf?@ﬁtpa??}‘&r39¢ ur an,
di chl or onet kapeillizasel one, ethyl acetate, toluene, or diethyl ether and

contacted with ui t bIe atlng gent such as triflic anhydride. The
reaction is car S@E fﬁ’@ g%"fé?m’é’latfﬁ%‘éc"‘%‘ﬂ%q‘}“ﬁ@ ¥

N- met hqumrlilhimlnloﬁﬁnnﬂmcﬂ) mﬁoﬁﬁnieckataﬁee;ffdmmat(tw.l Mﬁeﬁﬁnplé\l,tﬁ‘hryl lithivm
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(égr ri e?l outsobmnttsedmraahmrcms'fﬂf (fobletﬂno-a tg%ﬁ;‘]dnﬂe a@%ﬁbmhmteommr e. o ]
neral ly, 3 iy 9 urs e action nay then be

- gquenched. The Sr(gg%t({%r&nfo fc’g%IIHII imc%fgs °d B tlmem'l’%'fgefaom gb(?mp]&rnfl? ®d 19

Se pte nmber 29@ Gours\(Fhg 3¢20tiar0is GrePPRAIE] M 83!@2)2 sourdd such as, for example,

15  saturated sodium bicarbonate. The ketone of formula (10) can be isolated and purified by -
techniques well known in the art, such as extraction, evaporation, trituration, chfomato-
graphy, and recrystallization, o -

In Séheme A, step 6a or 6b, the ketone of formula (10) is subjected to an acid-
~ -catalyzed cycli;atio'p followed by reduction of the resulting hemiketal to provide a
20 compound of fqrmula (1A or IA®), which represents thé racemic mixture of a compound -
. of formula (I). For example, in step 6a, p-toluenesulfonic acid is added in roﬁghly '
- gquimo]ar proportions to the ketone of formula (10) in a suitable alcohol soIvent, such as
‘ 7 anhydrqus mcfthanol. The mixture is then heated at a temperature ranging from 40°C to
| -60°C, preferably SQ"C,‘for a period of time ranging from 12 to 24 hours, preferably 18
25  hours. The reaction is then cooled to ambient temperamre and a suitable reducing agent,
such as sodium cyanoborohydride, is added along with a suitable indicator such as
] bromocreosol green in a procedure similar to that described by A, Srikrishna, et; Al,
- Tetrabedron, vol. 51, no. 11, pp. 3339-3344, 1995. Methanol saturated with hydrochloric
acid js then slowly added until a yellow color is mamtamed The reaction is stirred for

0. about 1 to 2 hours past the point of final color change. The reaction is then quenched

with a suifable proton acceptor, such as saturated sodium bicarbonate. This set of reaction

conditions for step 6a will result in a cis-configuration of the chiral centers (e.g., those




by techniques well known in the art, such as extracti Ll on,
trituration, chromatography, and recrystallization. ?é]s??%%%% , Step 2,
the protected phenol. of fornula (4) is coupled with the activated
- cycloal kane carboxylate of fornmula (5) to provide the coupled product of 5
formula (6). For exanple, the coupling reaction is conducted in the
presence of butyllithium zinc chloride and a Pd species. The reaction is
preferably carried out in a sui tabl e sol vent such as tetrahydrofuran
(THF), "and MB%{%%6 al |y be carried out under anhydr ouscoaseséen.
Preferably, the protected phenol of fgpnula (4) is dissolved in a suitable
sol vent such as THF, treated with butyllithium at reduced tenperature, zinc
10 chloride in solvent is then added and the tenperature allowed to rise to

anbi ent . Themppedds &chbHI(;)pq‘ﬁé ReSHPHONeoAdibildr dh B Ll BARRYA RRSPNI ne) Pd(0),
is added to eéher activated cycl oal kane carboxyl ate of formula

(5) and t he Pehpdionp ‘%Cl}l@l whsrds-gbibsecampernds imdDiandE)r dhe preduckeofper at ur e of
the sol ventfofila @AP@iACFcaf thehibBRoRAD G DSk @BY B&Je&é@m%ﬁ gh‘ﬂ%' hnThe
ec

coupled pr oduct of formula (6) can be i'solated an uri i ques
wel | 15 kndtinSich 2 Fractiop, eV@?&?“&@@?@E‘P‘&@bﬁ%ﬁ“&@n@p@tda'ﬁqrmmlhmhmt uration,

chr omat &gr aphy, Aaadauvregcmys&ugieh pl?eahétfaﬁfonhﬁka %%?‘3 hg&,%a a9 deshidacoup! ed
product - of Lpera%u ggg%%m 'guce with a suifab ucl ng agenfl

provi de thé redie Frpes Sy ess (’t’ﬂ)“'“{ﬁelﬂllqlcﬂeﬁgaf?wﬁm#}ues and
procedur es defhdd. Rhewmngentd ahd@arfifd mattidils 8% RAH1ySvailbR (& e SiREAdCt  Of
formula (6), lh%ago contacted w th a suitable reducing agent, such as a

pal | adi um speC| es, preferably 5% or . 10% carbon on palladium in a suitable
sol vent. or solvent m-xture, such as nethanol. The reaction is preferably
carriedgout in the presence of a s b e base, such as a trialkylam ne,
nore preferably, triethylamne. Th on mxture is then heated to a
tenperature ranging from about 30C to -about reflux for a period of tine
rangi ng from25 about 2 to 24 hours. The reduced product of formula (7) can
be isolated B pyi fied by gtechniques well known in the art, such as

extraction, e rati oNaHtri tu -8h, chronat ography, an ,
recrystalli oH N 1E0Nede ep.4,cp he reduced prodict of fornula (7)
can be convertﬁzd to thffe_We R? - afi d€@ of forgaha (8& Offi.sredttion can be
perforrred Utl|( Ying aFBdctin efzthe M Qs
ZnCl,
W jf ' Pd(PPh,), oo s
X o o
& & e ®)
() -

In Scheme B, step 1, the hydroxy groups on the bromophenol of formula (11) are
protected with a suitable protecting group to pfovide the protected bromophenol of |
15 formula (12) utilizing techniques and procedures as set forth in Scheme.A step la.
In Scheme B, step 2, the protected bromophenol of formula (12) is coupled with
the actwated cycloalkane carboxylate of formula ¢5) to prov:de the coupled product of
formula (6) according the techniques and procedures set forth in Schcme A, step 2.

) _ An alternative method for providing specific bromo- substltutcd intermediates are
20 prov:ded in Scheme C,




30 type described by J. M Wllians, et al., Tetrahedqgg $ gr?¥$6
5461-5464 (1995). For exanple, the reduced product of tornu

conbi ned with N, O di net hyl hydr oxyl am ne hydrochloride in a suitable aprotic
sol vent, such as 19 Septenber 2006 WO 03/044006 PCT/ US02/33622 -19

t etrahydrof uran, preferably under anhydrous conditions and cooled to a
tenperature ranging fromabout 0OC to about -30C, nore preferably about
-10C.- A suitable Gignard reagent, preferably isopropyl. magnesi um
chloride, iswdhmenimeided in-a nolar ratio of about 1.5 agegnke@asikon m xture
is stirred for about 15 mnutes to 2 hours. The reaction 5 is then quenched
with a proton source such as, for exaﬁﬂre saturated ammoni um chl ori de.

The Weéinreb-am de of formula (8) can be isolated and purified by techniques
wel | known in the art, such as ext rggihq ﬁ evaporation, trituration,

chr omat ogr aphy, and recrystalllzarrU' Schenme A, step 5, the

Wei nreb-am de of fornula (8) is conblned with the amyg 10 l'ithium of ‘
formula (9) to formthe ketoggg f@rnula flO) For | exanpl e, the aryl
lithium of H@ —~ -K9) i s adiled 6 & i on V@kpreb am de of formula
(8) in a SUIta| r ot MO §b|vent s s angétousD Brooled to a

t enperature rang n i r ond¥aout -20Cto  aout pref 4 Iy 0. Q;Hand
stirred for a pefiod of time ranging fron1§bout 15 m nut §(Dt633 Rours. The
reaction is then quenched with a proton so €, such as,Rfor exanple, 15
saturated sodi um bi carbonate. The ketone of formula (10) can be isol ated
and purified by techniques well known in the art, such as extraction,
evaporati on, tr|éﬂ@%??@hﬂmﬁﬁ?%Wﬁpbmhgfﬁphﬁathummé%ﬁystéWszbﬁ|on In
Scherme As stpapaédadebrdfib to $chndiet one of fornula (10) is subjected to an

aci d-' catal yzed cyclization followed by reduction of the resulting

- hem ketal to provide a 20 conpound of forrmula (A or 1A"), which represents
the racem c mxture of a conpound sgghMEpula (1). For exanple, in step 6a,
p-tol uenesul fonic acid is added in roughly equinol ar proportlons to the
ketone of fornmula (10) in a suitable al cohol solvent, such as ‘"anhydrous
nmet hanol . The m xture is then heated at a tenperature ranging from40C to

o R1 - suifuric acid/TEA
- 2 OH R’

2 Hydrogen

PdIC

racemic

CH,

- 10




60C, preferably 50C, for a period of tine ranging fro urs
preferably 18 25 hours. The reaction is then cooled tgbz%rgw%%'g?le[%%?&ﬁperature

and a suitable reducing agent, such as sodium cyanoborohydrl de, is added
along with a suitable indicator such as bronocreosol green in a procedure
simlar to that described by A Srikrishna, et. Al., Tetrahedron, vol. 51,
no. 11, pp. 3339-3344, 1995. Methanol saturated with hydrochloric acid is
then slowy added until a yellow color is maintained. The reaction is
stirred f ow®B@puedeout 1 to 2 hours past the point of fpr@lsoggi®er change.
The reaction is then quenched with a suitable proton acceptor, such as _
saturated sodi um bi carbonate. This sgt of reaction conditions for step 6a
will result in a cis-configuration of the chiral centers (e.g., those.19
Sept ember 2006 WD 03/ 0441106 PCT/ US(12133622 -20 conpounds in IB or 10).
The R3Si H TFA ééﬁiﬁﬁnﬁﬂbﬁ@ldﬁfwﬁp@pﬂﬁﬁ fwma (H)e%&ﬁhpwnmcdfmmdn@(iﬁmdfl guration
of the chlmalca,gﬁrg?,ﬁﬁeglzg@asgje ﬁ@qh‘érﬁ JSosliftediPu Bssé wiskhe product of
formula (1A can t e |so and puri y technl ques wel |
known in tf "at"ésraFePr%‘G@ﬁYa@ﬁ%@dtractl on, evapo_r ation, trituration,

chromat ography, and recrystallization. 5 Alternati veI y, the coupl ed product
of 'forrEJIa ('6) may be synthesized as described in reaction Schene B. Al
-substitluents,  unless otherw se i n¢IEMBE are previously defined. The
reagents and starting materials are-readily available to one of ordinary
skill - in the art. 10 SCHEMEB R Br RBr NaH~ CH R2 I OHMOMC i i. CH
s (11) step 1 R2 12) Opg) s2 $puLi G [MT%,Ya Y Pd(P1Ph3)4 R |

' : NTF,
lOO 1 12 #o Cs,G0,
+
step 1 (14) ot (s OTf
(13) OH racemic racemic
racemic ’
Pd{Ph,P),Cl,. ston 2 Pd{Ph,P),CL,
HMDS, CO - P HMDS, CO

The reagents and starting materials are readily available to one of ordinary skill in
10 theart. Inscheme E, step 1, a dihydroxy of formula (13) can be converted to a mixture of
the monotriflate of formula (14) and the ditriflate of formula (15). The resulting mixture
canbe separated using conventlonal chromatography In scheme E, step 2, the
monotriflate of formula (14) and the datnflate of formula (15) are CTOSS coupled under
paliadium catalyzed carbonylauon condltlons with 1,1,1,3,3 3—hexamethyld181lylazane to
-15  afford carboxamxdes of forrnulae (16) and (17).




GHQstep 2 (6) (B) 3 In Scheme B, step 1, the hydr @x¥e Qs Sosn t he
bromophenol of formula (11) are protected with a suitable protecting group
to provide the protected bronophenol of 15 formula (12) utilizing

techni ques and procedures as set forth in Schene A step la. In Schene B,
step 2, the protected bronmophenol of formula (12) is coupled with the
activated cycl oal kane carboxylate of forrmula (5) to provide the coupled
product of formula (6) according the techniques and procedures set forth
in Scheme A Wetgp4®s An alternative nethod for providi ngcepsesfic
bronp-substituted internmedi ates are 20 provided in Schenme C. 19 Septenber
2006 WO 031014006 PCT/US02/33622 -223-SCHEME C IH HO Br H3C-OHO Br O
MOM Cl sBuLi OBr OH NaH Rtl Br Br ZO0 0 CH3 Rt~ CH3 Additionally,

speci fic conmpoungds:. ok mul . erein Y is nethyl can be 5 prepared
according to Schjg&rrjét%&wst&ﬁﬁ"%ﬁaéﬁ*ﬁp?%m@ﬁlwws‘ﬁ@dlﬂﬁcm R2 OHR 2

'O O R DI BALAll substituents, unless otherwise indicated, are previously defined.

SCHEMEF
1) PhNTf2
-2} Pd(0), CO, HMDS
- 3H, N
slep 2
OH 0OBn

(13) (18)

racemic

The reagents and starting materials are readily available to one of ordinary skill in
the art, ‘In scheme F, step 1, the dihydroxy of formula (13) can be selectively converted to
_ the benzy] ether of formula (18). In scheme F, step 2, the remaining phenol is triflated,
- 10  then immediately cross-coupled under identical conditions as scheme E, step 2. Finally, .

the benzyl group is removed to afford the carboxamide of formula (19) after HPL.C
parification. ' '




ArMgBr R R2 O racemic O CH+ 3 Hydrogen t \ \ - Ry5g Grdods RI1IM R
ra(I\:/gmc CH3 010 R2 racemic CH3 10 19 Septenber 2006 V\%E%é (524006
PCTI US02133622 -22 Additionally, am do compounds of fornula-(I1) as shown
in of fornulae (16) and (17) can be synthesized as described in scheme E.
"Al'l substituents, unless otherwise indicated, are previously defined. 5
SCHEME E PhNTf2 HO Tf0 HO\ Cs20CB / 0 5+ I/ O RS O5 | R R step 1 14)
orf (IS) [ Orf (13) OHracemc racemc racemc
WO 03/ Hov6 PCT/USH2/33622

-24-

Additionally, compounds where R*is C] C5 alkyl can be prepared as described in
~ Scheme G.

SCHEME G

racemic
5 , | ,
In Scheme G, the ketone of formula (10) is reacted with an alkyl organometallic
- - reagent such as methyl lithium or ethy] magnesium bromide to form tértimy alcohols of
formula (20). Under the acidic condltlons described in Scheme A, step 6a, the tertxaly
_ alcohols fonn benzopyrans of formula (21).
10

Preparation 1

Stir a suspension of sodium hydride (60% in mineral oil, 3.81 g, 95.45 mmol) in
15  anhydrous DMF (50 m_Lj_ under nitrogen atmosphcré af 0°C and add a solution of
hydroquinone (5.00 g, 45.45 mmol) in aiﬂljrdrous DMF (50 mL) dropwise. Add to this
~ suspension methoxymethyl chloride (7.2 mL, 95.45 mmol) dropmse with addztlonal gas
evolution noted. Allow the reaction to warm to ambient temperature and. stir for one
hour. Quench the reaction with water and add diethyl ether. Wash the organic layer with
20 1N sodium hydroxide and brine. Dry the ‘organic iaycr over sodium sulfate, concentrate in
' “vacuo, and flash chromatograph with 20% ethyl acetate/hexane to yield Preparation 1 '
'(5 64 g, 63%) as a clear 011 'I-INMR (CDCI3) 6.97 (s, 4H), 5 11 (s, 4H), 347 (s 6H).




Pd(Ph3P) 2C12, Pd(Ph3P)2C1 2, HM3S, CO step 2 HMOS, CO, E%Qﬁ%r CRS NH2 O
R1 / -NH2 (16) (17) racemc - O racemc 0O The reagen%s an tqartlng
materials are readily available to one of ordinary skill in 10 the art. In
schene E, step 1, a dihydroxy of forrmula (13) can be converted to a m xture
of the nonotriflate of fornmula (14)7and the ditriflate of fornula (15).
The resulting m xture can be separated using conventional chromatography.
In scheme E, step 2, the nonotriflate of fornula (14) and the ditriflate of
formul a (15)wamsn@mess coupl ed under pal | adi um cat al yzegcpesulrsaxl ati on
conditions with 1,1, 1,3, 3, 3-hexanet hyl di silylazane to 15 afford

carboxami des of fornulae (16) and (17)35-19 Septenber 2006 - WO 03/ 044006
PCT/ US02/ 33622 -23 Additionally, the am do of formula (19) can be

synt hesi zed as described in schene F. All|_substituents, unless otherw se

i ndi cated, are previously defined. Psepig8E 1 phNTf 2CO, HO gnGi, HO, HO
Pd( 0) HI\/DS\ Cs2C%\ 3)H |/ %Re step 1- Q;Rs/ step 2 (13) O—|p8) OBn
racem c racemc O H2N 0R(19) : o O

Stira suspensnon of sodium hydride (60% in mineral oil, 0.67 g, 16.67 mmol) jin
5 anhydrous DMF (25 mL) under nitrogen atmosphere at 0°C and add a solution of o, o0t -
| triflouromethyl-p-creosol (2.50 g, 15.15 mmol) in anhydrous DMF (25 mL}) dropw:se.
Add to this suspension methoxymethyl chloride (1.3 mL, 16.67 mmol) dropwise. Allow
the reaction to warm to ambient temperature and stir for one hour. Quench the reaction
with water and add diethy] ether. Wash the organic ]ayer with 1N sodium hydroxide and
10  brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash ‘
chromatograph with 20% ethyl acetate/hexane to yield Preparation 2 (2.50 g, 80%) asa
clear oil. ‘HNMR(CDCIg) 7.25 (d, J=8. 6, 2H), 6.83 (d, T = 8.3, 2H), 4.93 (s 2H),3.19
. {s, 3H).

15 ' o Preparation 3

Sti; a suspension of sodium hydride (60% in mineral oil, 0.89 g, 22.17 mmol) in
_ anitydrous DMF (25 mL) under nitrogen atmosphere at 0°C and add a solution of gualacol
20 (2.50g, 20.16 mmo}) in anhydrous DMF {25 mL) dropwise'. Add to this suspénsion
-methoxymethyl chloride (1.7 mL, 22.17 mmol) dropwise. Allow the- reaction to warm to
' ‘ambient temperature and stir for one hour. ‘Quench the reaction with water and add
- diethyl ether. Wash the organic layer with IN sodium hydroxide and brine. Dry the
organic layer over sodium sulfate, concentrate in vacuo, and ﬂash chromatograph with
| 25  20% ethyl acetate/hexane to Yield Preparation 3 (222 g, 66%) as a clear oil. ‘H NMR
. (CDCls): 6.97-6.89 (m, 4I-I), 5.01 (s, 2H), 3.89 (s, 3H), 3. 22 (s, 3H).




OH 5 racemic The reagents and starting nmaterials are1é§@&énl,%r%y(§i | able to
one of ordinary skill in the art. In schene F, step 1, ‘ I hydr oxy of
formula (13) can be selectively converted to the benzyl ether of formula
(18). In scheme F, step 2, the renmining phenol is triflated, 10 then
| mmedi ately cross-coupl ed under identical conditions as schene E, step 2.
Finally, . the benzyl group is renoved to afford the carboxam de of
formula (19) after HPLC purification. . 19 Septenber 2006 WO 03/044006
PCT/ US02/ 3382nidocAddi ti onal |y, conpounds where RS is %ﬁﬁ@*ﬁe@f' can be
prepared as described in Scheme G SCHEME G Oy O Yr, { yz
R~ G OGRSMRS TsOH MeOH R\ y2 y3.GRz Re y2 ~- R p R~. R3 OpO Rz 00)
(10) (21) racemc (20) racemic 5 In Schene G the ketone of formula (10)
Is reacted with an al kyl organorretal lic

: Preparation 4

B 7
0_0

H3
H,C

 Stir 2 suspension of sodium hydride (60% in mineral oil, 0.41 g, 10.30 mmol) in
5° arihydrous DMF (25 mL) under nitrogen atmosphere at 0°C and add a solution of 2-
bromo—4-methylphenol (2.50g, 14.71 mmol} in anhydrous DMF (25 mL) dropwise. Add
" to this suspension methoxymethyl chloride {0. 78 mL, 10.30 mmol) dropwise. Allow the
reaction to warm to ambient temperature and stir for one hour. Quench the reaction with
‘water and add diethy] ether. Wash the organic layer with IN sodium hydroxide and brine.
10 Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph
with 20% ethyl acetate/hexane to yield Preparation 4 (2.45 g, 72%) as a cléar oil.

Preparation 5
Br FH:%

F ovo

‘Stir a suspension of sodium hydnde (60% in mineral oil, 0.58 g, 14 40 mmol)} in
anhydrous DMF (25 mL) under nitrogen atmosphere at 0°C and add a solution 2-bromo-
. 4 ﬂourophenol (2.50g, 13.09 mmol) in anhydrous DMF (25 mL) dropwise. Add to this
suspension methoxymethyl ch]onde (1.1 mL, 14.40 mmo]) dropwise. Allow the reaction
- 20 to warm to ambient temperature and stir for one hour, Quench the reaction with water
and add diethyl ether. Wash the organic layer with IN sodivm hydroxide and brine. Dry
| the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph w1th
20% ethyl acetate/hexane to yield Preparation 5 (2.71 g, 88%) as a clear oil. "H NMR
o .(CDC13) 7.40-7.35 (m, IH), 7.01-6.89 (m, 1H), 6. 85~6 79 (m, IH) 4.99 (s 2H), 3.87 (s,
25 3H).

15
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"reagent such as nmethyl lithiumor ethyl magnesi um bronj tertiary
al cohols of formula (20). Under the acidic conditi on?ggs%@ﬁgg@ n Scherre
A, step 6a, the tertiary alcohols formbenzopyrans of formula (21).
Preparation.l. H3 ~OvO H3C 60 O Stir a suspension of- sodi um hydri de (60%
in mneral oil, 3.31 g, 95.45 mol) in 15 anhydrous DVF (50 ni) under
nitrogen atnosphere at 0C and add a solution of hydroquinone (5.00 g,

45. 45 mmol ) in anhydrous DMF (50 nmi) dropwise. Add to this suspension

net hoxymet hyVO&HH#P¢ de (7.2 ml; 95.45 mol) dropwi se witkcragdidasnnal gas
evolution noted. Allow the reaction tg,warmto anbi ent tenperature and.
stir for one hour. Quench the reactidén with water and add diethyl ether.
Wash the organic layer with 20 I'N sodi um hydroxide and brine. Dry the

~organic layer over sodium sulfate p,c;; 6rate in vacuo, and flash
chromat ograph with 20% et hyl exane to yield Preparation | (5.64
g, 63% as a clear oil. "H NI\/R I3) 6.97 (s, 4H), 5.11 (s, 4H), 3.47

(s, 6H) 19 September 2006 WO @31(144006 R§F11JS02133622 -25 Preparation
2 CH OHO F F Stir a suspens\lon of sodifuni hydride (60%in mineral. oil,
0.67 g, 16.67 mmwl) in 5 anhydr s BMOL28 nl) under nitrogen at rmsphere
at 0C. 'and add a sol ution of (err) triflouronethyl-p-creosol (2.50 g,
-15. 15 mmol) in anhydrous DVF (25 niL dropvvi se. Add to this suspension

met hoxynet hyl chloride (1.3 nL, 16.67 nmmol’) dropwi se. Allow

) Stir a suspension of sodium hydride (60% in mineral oil, 1.90 g; 47.68 mmol) i in
5 anhydrous DMF (25 mL) under nitrogen atmosphere at 0°C and add a solution of

resorcinol (2.50g, 22.70 mmol) in anhydrous DMF (25 mL) dropwise. Add to this
suspension methoxymethyl chloride (3.6 mL, 47.68 mmol) dropwise with additional gas
evolution noted. Allow the reaction to warm to ambient temperature and stir for one
hour. Quench the reaction with water and add d_iethyl ether. Wash the organic layer vﬁth :

- 10 1N sodium hydroxide and brine. Dry the organic layer over sodium sulfate, concentrate in
vacuo, and flash chromatograph with 20% ethyl acetate/hexane to yleld Preparation 6
(249 g, 55%) as a clear oil. "H NMR (CDC13): 720 (1, 1=8.2, lH), 6.74-6.68 (m, 3H),
5.16 (s, 4H), 3.48 (s, 6H) MS caled. 198.2; MS (M+1) 199.0.

15 | - ' Preparation 7
3 e

| : - OJ'@,OVO
- . Br '

Stir a suspension of sodium hyi_iride (60% in mineral oil, 1.11 g 2,7.78 mmol) in
| anthydrous DMF (25 mL) under nitrogep atmosphere at 0°C and add a solution of 4- |
. 20 bromoresorcinol (2.50g, 13. .22 mmol} in anhydrous DMF (25 mi,) dropwise. Add to this
suspension methoxymethy] chloride (2.1 mlL,27.78 mmol) dropwwe with additional gas
evolution noted. Allow the reaction to warm to ambient temperature and stir for one
o hour. Quench .the reaction with water and add diethyl ether. Wash the organic layer w:th
IN sodium hydroxide and brine. Dry the organic layer over sodium sﬁlfate, coﬁcentrate in

25 - vacuo, and flash chr omatograph with 20% ethyl acetate/hexane to yield Preparation 7




the reaction to warmto anbient tenperature and stir fgc one Hopgts Quench
the reaction wth water and add di ethyl ether. Wash the organic |ayer with
I N sodi um hydroxi de and 10 brine. Dry the organic | ayer over sodium
sul fate, concentrate in vacuo, and flash chromatograph with 20% et hyl
acet ate/ hexane to yield Preparation 2 (2.50 g, 80% as a clear oil. 'H NWR
(cbCl3): 7.25 (d, J =8.6, 2H), 6.83 (d, J =8.3, 2H), 4.93 (s, 2H), 3.19
(s, 3H). 15 PreParation 3 CH3 CHO 3 Stir a suspension of sodi um hydri de
(60% in mn&HBAHME 0.89 g, 22.17 mol) in anhydrous DNE/USEB36L) under
nitrogen atnosphere at 0C and add a sol ution of gualacol 20 (2.50g, 20.16
mmol ) in anhydrous DMF (25 nl) dropwi?fe. Add to this suspension
met hoxynet hyl chloride (1.7 nmL, 22.17 mml) dropwi se. Allow the reaction to
warmto anbient nperature._and stir fqor agne hour ench the reaction
with water q%!ilutgg’ga%'?ascﬁ%‘?aﬁﬁ}‘ﬁ‘ @E&P.(&J&\Ebﬁc}t"ﬁzdﬁr‘gﬁgﬁ 1), Ve@r}v"\h' 3B 1IN sodi um
hydr oxi de aHp| stesi(ad J =Dy 78NEH), sm:gﬁ,ru}g, 3. BYQI 21V S51 GOIIBUS (4] SHL 84S
~concentrate |(£ﬁz’§g. @Qg}ﬁ ;rs%tgc romat ograph with 25 20% et hyl

~ acet at e/ hexafe?% _;‘49@'( Baraon 3 (2.22 g, 66% as a clear oil. 1H NMR
(CDA 3): 6.97-6.89 (m 4H), 5.01 (s, 2H), 3.89 (s, 3H), 3.22 (s, 3H. 19
Sep_tenb%r' 2006 WD 0314411% PCT/ USCR/ 3362 -26 Preparation 4 Br CH3 H3C |
/[ Stir "a suspension of sodium hyiﬁﬁpé@—(g%é%i n mneral oil, 0.41 g, 10.30
mmol) in 5 anhydrous DVF (25 nL) @pder nitrogen at nosphere at 0OC and add a
solution of 2 brono-4-nethyl phenol 2.&0g>. 14. 71 mol) in anhydrous DMF (25
m.) dropwi se. Add to this suspen§ met hoSylget.hyl chloride (0.78 i,
10. 30 mmol ) dropwi se: Allow theg Br

9
CH,

Stir a suspension of sodium hydride (60% in mineral oil, 1.58 g, 39.21 mmol) m
anhydrous DMF (50 mL) under nitrogen aﬁnosphere at 0°C and add a solution of 2,6-
10  dibromohydroquinone {5.00'g, 18.67 mmol) in anbydrous DMF (50 ml) dropwise. Add
to this suspension methoxymethyl chloride (3.0 mL, 39,21 mmol) dropwise with
“additional gas evolution noted. Allow the reaction to warm to ambient temperature and
stir for one hour. Quench the reaction with water and add diethyl ether. Wash the orgénic
layer With 1N sodium hydroxide and brine, Dry the organic layer over sodium sulfate,
15 - concentrate in vacuo, and flash chromatograph with 20% ethyl écetate/hexane to vield
Preparation 8 (3.49 g, 53%) as a clear oil. 'H NMR (CDCls): 7.23 (s, 2H), 5.10 (s, 4H),
3.46 (s, 6H). | : | |

Preparation 9.
H,C o

0._0 '
e
(o M -

o

N
20 CH,
| - Stir a suspension of sodium hydride (60% in mineral oil, 3.00 g, 74.92 mmol) in
anhydrous DMF (50 mL) under nitrogen atmosphere at 0°C and add a solution-of




reaction to warmto anbient tenperature and stir for Qqgech@Mber 2EBENCH the
reaction with water and add diethyl ether. Wash the organic layer with IN
. sodi um hydroxi de and brine. 10 Dry the organic. |ayer over sodium sulfate,
concentrate in vacuo, and flash chromatograph with 20% et hyl
acet ate/ hexane to yield Preparation 4 (2.45 g, 72% 'as a clear oil.
Preparation 5. Br CHs OvO0 F I ~ 15 Stir a suspension of sodium hydride
(60%in mneral oil, 0.58 g, 14.40 mmol ) in anhydrous DMF (25 nl) under

ni trogen at magRle ﬁwat O0C and add a sol ution 2-brono- 4-§ “gﬂpﬁnol
(2.50g, 13.09 mmo ) i n anhydrous DVF (25 i) dropwi se. A this
suspensi on nmet hoxynet hyl chloride (1.1y90l, 14.40 mmol) dropmﬁse Al |l ow t he
reaction 20 to warmto anbient tenperature and stir for one hour. Quench-:
the reaction with water and add diethyl ether. Wash the organic layer wth
I N sodi um hyustimzyigeroguicbnb (5.00g, 3D6Y muiol)en ShgamisOMBY mOV@spviadisgm sul f at e,

concentrate fla chro ra th 20% et h
acet at e/ hexalr)lgutsg&)g?s'ie 11crlne%l B’érﬁl&l “@ﬂ“‘ga(%*gg"}‘l?‘& BEON E?QWEFE(‘,"I' ar oil. 1H NMR
(CDC13) : 7. 40divior@bgas pyohition poted? . MlkmﬁthBﬂ:au{ﬁtm toldrArm t6 aBbieft. t&ﬂae(amre &l3), 4.99
s, 2 3. 200 06.,PCT/ US11213 3 6
(2 2. [4)27 Pr %Z%’iog?l}eéﬁ%é% ﬁ%sé@@éa%a Bé?r anﬁ?iid\sé&tﬁ'g%Lg Vagh the SreeTt, hydri de
(60%in mi né‘ﬂﬁtwﬂi IN sofliugChygroxid7 mgBbrimanDiy themrgaﬁlcdmﬁydsreosmin!ﬁl\ﬁlﬁe,S m.) under
ni trogen at @Q%ﬁ@:ﬁﬁn%cug %n@ﬁ% @%gmgt V\Fl%%h%:ﬁﬁ%}‘ﬂethjfl Ig|1ce LR o S’l 13209, 22.70

ol ) in anhydrous
reparatmn9{5 84 g, 72%) asaclearml HNMR(CDCh),.?OS (d, J=8.6, 1H), 6.63

(d, J=2.7, 1H), 6.55 (dd,  =9.0, 2.7, IH) 5.14 (s, 2H), 5.12 (s, 2H), 3.86 (s, 3H), 3.51
(s, 3H), 3.47 (s, 3H).

10
Preparation 10

' 0._0 _ - N
e
oo

f
CH,

Stira Suspension of sodium hydride (69% in mineral oil, 3.54 g, 88.61 mmol) in
15 anhydrous DMF (100 mL} under nitrogen atmosphere at 0°C and add a solution of 4
~ methoxyphenol (10.00 g, 80.55 mmol) in anhydrous DMF (50mL) dropwise, Add to this-
suspens:on mefhoxymethyl chloride (6.7 mL, 88.61 mmol) dropwise. Allow the reaction
to warm to ambient temperature and snr for one hour. Quench the reaction with water
and add dicthyl ether. Wash the orgamc layer with IN sodium hydroxlde and brine. Dry
20 the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph with

* 20% ethy! acetate/hexane to yield Preparation 10 (11.55 g, 85%) as a clear oil.

Preparation 11
CHy
o._0.
~UNCH,
_ Br
Toa suspensiox_l of hexane washed sodium hydride (60% in mineral oil, 1..64 [:A
_68.2'1111110’1) in anhydrous THF (70 mL) under a nitrogen atmosphere at room temperature




suspensi on met hoxynethyl chloride (3.6 nL, 47.68 Mol jo &LAPNSSoW t h
additional gas evolution noted. Allow the reaction to warmto anbi ent
temperature and stir for one hour. Quench the reaction with water and add
di ethyl ether. Wash the organic |ayer with 10 I N sodi um hydroxi de and
brine. Dry the organic |layer over sodiumsulfate, concentrate in vacuo,
and fl-ash chromat ograph with 20% et hyl acetate/ hexane to vyi eI d Preparation
6 (2.49 g, 55% .as a clear oil. "H NWR (CDC13): 7.20 (t, J = 8.2, 111),
6.74-6.68 wmea@liby, 5.16 (s, 4H), 3.48 (s, 6H). M5 cal Gl 2;39_;?:2 M5 (M+1)
199.0. 15 Preparation 7 CHs d IHE OOvO Br I Stir a suspen5|on of

sodi um hydride (60%in mneral oil,33 11 g, 27.78 mmol) in anhydrous DWF
(25 rnL) under nitrogen atnosphere at OC and add a solution of 4 20

bi onoresorcinol (2509, 13.22 mmol ) in anhydrous DWF (25 nlL) dropw se. Add
to this Ythagéadsiselntionaf Hhdromme?- hg:‘solﬂﬂ&ndeén(nﬂﬂ)]thhneﬂ?o&yﬁ&hyrnDI ) dropw se
w th addi thaiE \, he .re lon.to S to anbi ent
t enperat ur e an(tjs%??r@% o@ha%in%nw%?usq&@ ‘?{ap"r'%ea?f‘f%ﬁlww ter and add
di et hyl e¥RExrgwagpagtitienedbgtuesrc dilvigmodiuw titarbohdte smeius andgicthgxhele and bri ne.
Dry the omigafdagich 5 rate..in vacuo, and

. flash chr ong'?goq @W S%&Ed %ﬁg%gm%gg dﬁ?%%vgaﬁgy({r%usff“g‘r"ﬂ s'é?aé ar ation,7 19
| Septerﬁ)erc"ﬂﬁﬁﬁae%‘fﬂs@zmdlmasawzlt(@o?gl/ggsmsac}z&can 46 g, 67% as a
clear oil. 1H NMR (CDC13): 7.40 (d,- J = 7 8, 1H), 6.87 (d, J =2.7, 1H),
6.63 (dd, J = 2.7, 7.8,1H, 5.22 (s, 5.14 (s 2H), 3.51 (s, 3H), 3.46
(s, 3H ..M calcd 277.12; NB(MMQZ 279.2. 5 Preparation 8 .Br \

- 0vO~CH3 . CH,

. o_0
TSy
o Br

?J

CH,

10 Cool a solution of Preparatlon (1. 00 £, 2.81 mmol) to -78°C and add s-BulLi (1.3
Min cylcohexane 2.10 mL, 2.81 mmol) dropwise. Stir the solution for 15 minuties, then
- add methy] md:de (0.18 mL,_Z.Bl mmol) and stir overnight, allowmg to warm to ambient
temperature. Quench- with saturated sodium bicarbonate and add ethyl acetate. Wash |
with brine, dry the organic layer over sodium sulfate, concentrate in vacuo, and flash -
15  chromatograph with 10% ethyl acetate/hexane to yield Preparation 12 (0.66 g, 81%) as a
clear oil. '"H NMR (CDCL): 7.12(d, I = 2.9, 1H), 6.83 (d, T=2.9, 1H), 5.10 (s, 2H), 5.04 .
(s, 2H) 3.63 (s, 3H), 3.48 (s, 3H), 2.30 (s, 3H). MS caled 291.1; MS (M+1) 291.2, 293.2.

Preparation 13 = -

C{\,o
|=>(
é*o
20 s ChH,

This preparation was f_olloweci according to J. Org, Chem. 57, 1992, 6972-6975.
Stira sollution of methyl 2-0Xo'cylcopentanecarboxyiate (10.0 g,7042 mmol}in




OBr OCH3 Stir a suspension of sodium hydride (60% il, 1.58
g, 39.21 mml) in anhydrous DMF (50 nlL) under nltrogg!r%%aeﬁegg%%g?bg at OC
and add a solution of 2,6 10 di bronohydroqui none (5.00 g, 18.67 mmol)
anhydrous DMF (50 nl) dropWi se. Add to this suspension nethoxynethyl
chloride (3.0 m., 39.21 mmvol ) dropwi se with additional gas evolution

noted. Al low the reaction to warmto anbient tenperature and stir for one
hour. Quench the reaction with water and add di et hyl ether. Wash the

organi c | ayeresmisbds | N sodi um hydroxi de and brine. Dry phguah8sas c | ayer
over -sodi um sul fate, 15 concentrate in vacuo, and flash chromatograph wth
20% et hyl acetate/ hexane to yield Prgparation 8 (3.49 g, 53% as a clear
oil. "HNWR (CDO 3): 7.23 (s, 2H), 5.10 (s, 4H), 3.46 (s, 6H). Preparation
9 H3C~0 | vO~CHa 0 20 CH3 Stir a suspensi on of sodium hydride (60%in
nmineral oi |2nhydrogpdighlorprmethaner(Aefl LY cnoledinhy8thus aBMHisop@pyitillylakidaer ni t rogen

at m)sphere nber. 2006 WD, 03/ 14411116
PCT/ US02/ 3 622“%‘C 3%%%&?&‘9%’%&? “d’é&‘f“r‘?%hé]z(%‘?% m‘%@) 6T RSt ¥as nhy dr ous
DVE (50 i ptifeolflioyss, aliashing it to wahi ® anibizpeEmpaaue ey Rirbtionchittor i de (5. 2

nm., 74.92 as, evol ution noted. Allow the
reaction t%arn%q%aggar%g?%%c}"?cem%%wﬁ?gyh Uy e ofgpic bayer o Quench the

reacti off wistdurpefate, comgendraid ndvaenmynid ftakfmhromdi@kplﬁvhm HP/m]iyl c 5 layer with IN
sodi um hyduQddhgx 0 sul fat e,
concentrate in vg%%go%g Hﬁﬁ‘pﬁ%sl% faﬂﬁo@r&t%gglﬁ)a’b% ‘Pluwg’(ﬁ{’/& ERS'éet at e/ hexane
to yield. frtherpurification. 'HNMR (CDCly): 3.79 (s, 3H), 2.75-2.68 (m, 4H), 2.03-1.98 (m, ,
- ). :
Preparation 14
ROF

| | Cj)to |
. A
i0 - . . CH,

' Using a method similar to the preparation of Preparation 13, with an exception of

- using methyl 2-oxo-1 -cycloheptanecarboxylate (5.00 g, 29. 37 mmol) to yield Preparation
14 (4 34g,49%)asa dark oil.
15

Pregaratibn 15

o ‘Stira solution of methyl 2-0x0-5 5~dlmethyi~cyclopentanecarboxy]ate (3. Chem.
20 Soc., 1996, 1539-1540) (0. 85 B, 5. 00 mmol) n anhydrous dichloromethéne (15 mlL)
. rc:ooled to ~78°C and add dnsopropylethylamme (4.4 ml, 25.00 mmol) and triflic
' anhydnde (1.0'mL, 6.00 mmol). Stir the reaction was stir for 16 hours, allowing it to
warm to ambient temperature. Quench the reaction with water and wash w1th 10% cifric

| acid followed by brine. Dry the organic layer over sodium sulfate, concentrate in vacuo,




Preparation 9 (5.84 g, 72%,as a clear oil. 1H NWR ( %éé)temger@éoe(d J =
8.6, 1H), 6.63° (d, J =23, IH, 6.55 (dd, J =9.0, 2.7, 1H), 5.14 (s,.2H),
5.12 (s, 2H), 3.86 (s, 3H), 3.51 (s, 3H), 3.47 (s, 3H). 10 Preparatlon 10
3 CH3 Stir a suspension of sodiumhydride (60%in mneral oil, 3.54 g,
88.61 mml.) in 15 anhydrous DMF (100 nlL) under nitrogen atnosphere at 0C
and add a sol ution of 4- nethoxyphenol (10.00 g, 80.55 nmmol) in anhydrous
DMF (50 mL) dropwi se. Add to this suspension nethoxynethyl chloride (6.7
nL, 88.61 P> dH¥hwi se. Allow the reaction to warm t ecnisigBie
tenperature and stir for one hour. Quench the reaction with water and add
diethyl ether. Wash the organic layer3% th | N sodi um hydroxide and bri ne.
Dry 20 the organic |ayer over sodiumsulfate, concentrate in vacuo, and

flash chroggit_ﬁl gsrafl)rh %th 20% et h?/ acet at e/ hexane to yield Preparation 10
(11.55 g, @ﬂ htremalograph wifh 15% ﬂﬁﬁ?‘ﬁﬁ'ﬁ@‘ﬁﬂeﬂﬂ)’@k@r@aﬁ@&m B@H6Br 25 To a
suspensi on 76%)heexdhﬂeml/mblﬂdu@ﬂ%ﬂhﬂ%t%ﬂfe&ﬂ%ﬂ(z@cﬂn{o "I@Nﬂlﬁ‘fﬁ 10498 1 64 0

68.2 mvl) h?gf%B? % T:ngééz under a nitrogen a here at room

t enper at uré é ertef t-\/@%é&?@‘l%@)@ @Y/ USOZ/ 33622 -30 was added a
solution of 4-brono-2-cresol (10.6 g, 56.8 mmol) plus nethoxynet hyl

brom de.(5.6 nmL, 68.2 mmol) in anhydrous THE (30 nlL) dropw se. After

stirring 18 h, the mxture was p bet ween dil ute sodi um
bi.car bonate aqueous and di et hyl echeo 0
F>I_S
o 0
H,C ci)
, H,C | CH,

Stir a solution of methyl 2-0%0-5,5-diethyl- cyclopentanecarboxylate . Chem.
- Soc., 1996, 1530- -1540) (2:94 g, 14.85 mmol) in anhydrous dichloromethane (100 mL)
10 cooled to-78°C and add diisopropylethylamine (13.0 mL, 74.25 mmol) and triflic

anhydride (3.0 mL, 17.82 mmo])' Stir the reaction was stir for 16 hours, élllowing it fo

wann to ambient temperature. Quench the reaction with water and wash with 10% citric

acid followed by brine. Dry the organic layer over sodium sulfate, concentrate in vacto,

and flash chromatograph with 15% ethy] acetate/hexane to yield Preparation 16 3 96 £

15 82%) a$ a dark oil whlch 1s used without further punﬁcatlon 'H NMR (CDCl3) 3 78 (s

3H), 2.60 (1, =174, 7.8, 2H)183(tJ 7.8,7.1,2H), 1.46 (q, ] = 7.4, 7.4, 7.4, 4HD), .
09I(tJ 74,74, 6.

¥

Preparation 17 7
I3
o A

¢
: o 0._0
H3C~_\O/\O

Coola solutxon of Preparatlon 1(0.95 g, 4.81 mmol) in anhydrous THF (25mlL)
10 ~78°C and add t—BuLl (1.7M in pentane, 2.8 mL, 4.81 mmol) Stir the solutlon 15
" minutes, then warm to 0°C Add a solution of zinc chlonde (1.0 M in diethyl ether 4.8

20




The organic |ayer was washed with water and brine, dri g@e&g,gger%ggldrous
sodiumsul fate, 5 concentrated in vacuo to yield Preparatlon 11 (12.74 g,
97% as a clear oil. Preparation 12 CH3 CH3 j Br 0 CHs 10 Cool a .
solution of Preparation 8 (1.00 g, 2.81 mmml) to -78C and add s-BuLi (1.3 M
in cyl cohexane, 2.10 nL, 2.81 mmwol) dropwi se. Stir the solution for 15

m nutes, then add nethyl iodide (0.18 nL, 2.81 nmol) and stir overnight,
allowing to wane to anbient tenperature. Quench with saturated sodi um

bi car bonat e vadmaed et hyl acetate. Wash with brine, drycwissyotgani c | ayer
over sodium sul fate, concentrate in vacuo, and flash 15 chromatograph with
10% et hyl acetate/ hexane to yield Prefaration 12 (0. 66 g 81% as a clear

oil. "HNWR (CDA3): 712 (d, J = 2.9, 1H), 683(d J = 1H, 510 (s,
2 5.04 3 \Y/S) | cd
2oL, 1, M5 L '4)8iz g 1)%&%5%%5(1 el ’5?“2?“%8““'1“?‘6‘(" “rg‘%if H) FFO0OO 20
CH3 This Eafuag- |(Emm$&ﬁsthfsabllummoacsohnm af@repmtibn 19088 £eon 57, 1992,

6972- 6975. anecarb e (10.0 g,
20, a2 ol e o kit o RO By Y 0 R BB AB R T °o{
anhydr ous enla Ahdlreatthe fesutitg (A0Mnrth F0°Cadl Bchotis. eaoﬁfaeamdu@dd ambient

di i sopr @py't&ﬁa%mnﬁguenéééitéwa er. 33 oyl WeStath aS Wash e resufiing onghome | 0¢ (142 ML

84.51 mmol
: Iayer with saturated sodium bncarbonate and brine. Dry the organic layer over sodivm

sulfat_e, concentrate in vacuo, and flash chromatograph with 30% ethyl acetate/hexane to
yield Preparation 17 (0.56 g, 55%) as a clear oil. "H NMR (CDCly): 7.04 (4, J = 9.0, 1),
_ 16.50 (dd, ¥=3.1,9.0, 1H), 6.81 (d, J = 3.1, 1H), 5.10 (s, 2H), 5.02 (s,. 2H), 3.56 (s, 3H),
10 3.46 (s, 3H), 3.42 (s, 3H), 2.80 {t, T = 8.6, 8.2, 4H), 2.05-1.95 (m, 2H). MS calcd 322.2;
© MS (M+1)323.1.

Prcparatioxi 18
.
0

Gt
0

N
O O"
- Cool a solution of Preparation 2(2.50 é, 12.14 mmol) in anhydrous THF (40 mL)
to ~78°C and add t-BuLi (1.7M in pentane, 7.9 mL, 13.35 mmol). Stir the solution 15
. ninutes, then warm t0 0°C. Add a solution of zinc chloride (LOM in dlethyl ether, 12. 1 '
7_ mL, 12.14 mmol} dropwise and allow the resulting solution to warm to ambient
20 temperature, Cannulate this golutmn into a solution of Preparahon 13 (3.32 g, 12.14
~ mmol) _gnd tetrakis(triphenylphosphine)Pd(0) (0.70 g, 0.61 mmol) in anhydrous THF (40 .
mL) and heat the resu}ﬁng solution to 50°C for 16 hours. Cool the reaction to ambient
temperature and quench with water. Add ethyl acetate and wash the resulting organic
| 1ayer with saturated sodium blcaxbonatc and brine. Dry the organic layer over sodium
25 sulfate, concentrate in vacuo, ‘and flash chromatograph with 15% ethy! acetate/liexane to
" yield Preparation 18 (2.87 g, 72%) as a clear oil. "H NMR (CDCly): 7.49 (dd, T= 1.9, 8.2,




stir for 16 hours, allowing it to warmto anbient tenpeg ' Q&ench t he
reaction with water and wash with 10%citric acid fwo%%ﬁ%{/ rine. Dry

t he organi-c | ayer over 5 sodiumsulfate, concentrate in vacuo, and flash
chromat ograph with 15% ethyl acetate/hexane to yield Preparation 13 (12.0
g, 63% as a dark oil which is used without further purification. 1H NWR
(cbCl3): 3.79 (s, 311), 2.75-2.68 (in, 4H); 2.03-1.98 (m. 2H). Preparation
14 F P o s\ 00 O10 CH3 Using a nethod simlar to the preparation of

Pr epar at i on M2P¥WM6h an exception of using nethyl PCT/USH2/33622 |

2- 0x0- 1- cycl ohept anecar boxyl ate (5.00,0, 29.37 mmol) to yield Preparation
14 (4.34 g, 49% as a dark oil. 15 Preparation 15 F 0~ 0 FFSOO H3CO

113 I CH3 Stir a solution of nethyl _
2- 0X0- 5, 5- di -IGyES QP Nt I : 996,
PRI/ E, Dﬂ,ﬁﬁl@?&?ﬁ,bﬁﬁ?&%@, 24 B'ﬁlg%ﬂeﬁéﬁgﬁ%zganu cool ed

1539- 1540) £g.,_§5 ? .00 nmol ) 1 n anhydrous dic

to -78C and“Add-d -F:s‘%ﬁr%%l-g% [2Hri M8 cplad 230:4; M@0 38tbl ) and triflic
anhydride (1.0 mL, 6.00 nmol). Stir the reaction was stir for 16 hours,
allowing it to warmto anbient tenperature. Quench the reaction wth water
and wash with 10%citric - Preparation 19

P
GHy

- 0 0 o .v
_ ~
T
.S
H,C _

5 ‘ 3

Cool a solution of -Preparation 6(2.49 g, 12.57 mmol) in anhydroué THF (25 mL)
' 10 —78°C and add t-BuLi (1.7M in pentane, 7.4 mL, 12.57 mmol). Stir the solution 15
minutes, then warm to OOC', Add a solution of zinc chloride (1.0 M in diéthyi ether, 12.6
10 mL, 12.57 mmol) dropwise and allow the resulting solution to warm to ambient
temperature, Cannulate this solution into a solution of Preparation 13 (2.30 g, 8.38
mmeol) and tétrakis(i_:riphenylphosPhine)Pd(U) (0.48 g, 0.41 mmol) in anhydrous THF (25
mL) and heat the resulting solution to 50°C for 16 hours. Cool the reaction to ambient
temperature and quench with water. Add ethyl acetate and Wash the resultihg orgﬁﬁc
15  layer with saturated sbdiumr biéarbonate and brine. Dry the organic layer over sodiuxﬁ
sulfate, concentrate in vacué, and flash chromatograph with 20% ethyl acetate/hexane to
yield Preparation 19 (1.70 g, 41%) as a colorless oil. *H WR (CDCLY: 7.15(, T=82, '
_8.6, 1H), 6.78 (d, J =8.2, 2H), 5.09 (bs, 4H), 3.52 (s, 3H), 3.42 (s, 6H), 2.83-2.77 (m, 4H),
2.04-1.99 (m, 2H). MS caled 322.1; MS (M+1) 323.1. o '
20 - : ' '




acid followed By brine. Dry the organic | ayer over so : :
concentrate in-.vacuo, 19 Septenber 2006 WO 1)3/ 11141??%%%5#%%8@ 33622
-32 and flash chromatograph with 15% et hyl acetate/ hexane to yield
Preparation 15 (1.16 g, 77% as a dark oil which is used w thout further
purification. "H NWMR (CDCI3): 3.78 (s, 3H), 2.64 (t, J =7.1, 2H, 1.83
(t, J =7.1, 2H), 1.18 (s, 61D. 5 Preparation 16 F 00 FSOF 0 H3CQ
H3C C H3 Stir a solution of methyl _

2- oxo-5, 5- dlgpi‘iﬂ‘/‘fu‘@?cl opent anecar boxyl ate (J. Chem  SoopcT/l@9662:1539- 1540)
(2:94 g, 14.85 mmol) in anhydrous dichl oronethane (100 nL) 10 cooled to
-78C and add dii sopropyl et hyl am ne (133 O nm, 74.25 mmol) and triflic
anhydride (10 nm, 17.82 mmol)..- Stir the reaction was stir for 16 hours,
allowing it to warn to anbient t ratu Quench the reaction with water
.and wash with 10%citric acid f_o%@fbrl ne. Dry the organic |ayer
over sodiumsulfate, concentrate in vacuo, & flash chromatograph with
15% et hyl acetate/hexane to yield Preparatiopg 16 (3.96 g, 15 82"/0) as a
dark oil which is used without further purifircation. 'H NVR (CDO 3): 3.78
(s,, 3H), 2.60 (t, J = 7.4, 7 ,- §30(t, J = 7.8, 7.1, 2H), 1.46 (q,
J =7.4, 7.4, 7A, 4H), 0. 91 (fdy ‘](?Z‘Fﬁ 4, 6H). Preparation 17 H3 CH3
O Ov0 20 HC .00 Cool a 'solution o jion 1 (0.95 g, 4.81 muol) in
anhydrous THE (25 nL) '

CHy.

Cool a solution of Preparation 1 (2.00g,10.13 mmol) in anhydrous THF (25 mL) |
§  10-78°Cand add t-BuLi (1.7M in pentane, 5.9 raL, 10.13 mmol). Stir the solution 15
minutes, then warm to 0°C. Add a solution of zinc ch]onde (1 0 M in diethyl ether, 10.1
mL, 10.13 mmol) dropwise and allow the resulting solution to warm to ambient
temperature. Cannu]at_e this solutlon into a solutmn Preparation 14 (2.04 g, 6.75 mmol)
and tetrakig(triphenylphosphjne)Pd(O) (0.40 g, 0:34 mimol) in anhydrous THF (25 mL) '
10  and heat the resulting solution to 50°C for 16 hours. Cool the reaction to ambient
temperature and quench with water. Add ethyl acetate and wash the resultmg organic
- layer with saturated sodium bicarbonate and brine. D1y the orgamc layer over sodmm
sulfate, concentrate in vacuo, and flash chromatograph thh 20% ethyl acetate/hexane to
‘yield Preparation 20 (2.13 g, 90%) as a colorless oil. 'H NMR (CDCl): 6.98(d, J=9. 0,
© 15 1H, 685(dd I=31, 9.0, 1H), 665(d J=3.1, 1H),5.10 (s, 4H), 3.45 (s, 3H),3.44 (s,

- 3H), 3.38 (s, 3H), 2.56-2.50 (m, 4H), 1.84-1.80 (m, 2H), 1.65-1.60 (m, 4H). MS caled
S e 350.1; MS (M+1)3511




‘to -78C and add t-BuLi (13Min pentane, 2.8 n, 4.81 %@e}zxem%r
solution 15 mnutes, then warmto 0C. Add a sol ution of grne ¢ orlde (1.0
Mn diethyl ether, 4.8 19 Septenber 2006 WD 03/043006 PCT/US02/33622 -33
m., 4.81 mmol) -dropwi se and allow the resulting salution to wane to anbient
tenperature. Cannulate this solution into a solution of Preparation 13
(0.88'g, 3.21 muol) and tetrakis(triphenyl phosphine)Pd(0) (0.37 g, 0.32
mol ) in anhydrous THE (25 nlL) and heat the resulting solution to 50C for
16 hours. CoWPodioseaction to anbient 5 tenperature angegi@nsiWith

wat er. Add ethyl acetate and wash the resulting organic layer wth
saturated sodi um bi carbonate and bring- Dry the organic | ayer over sodium
sul fate, concentrate i'n vacuo, and flash chromatograph with 30% et hyl
acetate/ hexane to vyield Preparatl on 17 (0.56 g, 55% as a clear oil. "H
NVR (CDCl 3): 7.04 (d, J =-9.0, 1H) Prepgratien Aidd, J 3.1, 9.0, 1H), 6.81 (d, J
= 3.1, 1 H, 5.10 (s, 2H), 5. 02 (sCHZH) 3.56 (s, 311), 10 3.46 (s, 311),
3.42 (s, 3H), 2.80 (t, J = 8.6, 8. , 2.05-1.95 (m 2H). MS calcd
322.2; M5 (MHl) 323.1.. Preparat| CH O F\ FF 15 Cool a
solution of Preparation 2 (2,50 g, . ¥4 mmol " ¥ n anhydrous THE (40 nlL) to
-78C and add t-BuLi (1.7Min pentane, 0 13.35 mml ). Stir the
solution 15 minutes, then wW&n to 0 d a solution of zinc chloride (1.0
Min diethyl ether, 12.1 nL, 129140 ) @dropwi se and al | ow the resul ting
solution to warmto anbient 20 t enper at ur gyq Cannul ate this solution into a
sol ution .of Preparation 13 (3.32 g, 12.14 rnol). and .
tetrakis(triphenyl phosphine) Pd(O (0.70 g, 0.61 mol) in anhydrous THE (40
tmc_)) aﬁg?egteat th@oJIg%&iht&dnrg)gl’r%ggnﬂwn%qztlgg,SQOS% Jm%l) é%nlby%lrjgug THFO%?Olmt)he reaction

5  10-78°C and add t-BuLi (1.7M in pentane, 6.2 mL, 10.52 mmol). Stir the solution 15

_minutes, then warm to 0°C. Add a solution of zine chloride (1.0 M in diethyl ether 9 6
mL, 9.56 mmol) dropwzse and allow the resulting solution to warm to ambient
temperature, Cannulate this solution into a solution of Preparation 13 (2.62 g, 9.56
mmol) and tetrakis(triphenylphospl'xine)Pd(O) (0.55 g, 0.48 mmol) in anhydrous THF (40
1.0 mL) and heat the resulting solution to 50°C for j6 hours. Cool the reaction to ainbient
temperature and guench with water. Add ethyl acetate and wash the resulting orgaﬁic
layer with saturated sodium bicarbonate and brine. Dry the organic layer over sodium
sulfate, concentrate in vacuo, and fiash chromatograph with 20% ethyl acetate/hexane to
yield Preparation 21 {0.62 g, 18%) as a colorless 011._ ’H NMR (CDCl3): 6.57 (d, J_= 2.1,
15 1H), 6.40 (d,)=2.7,1H),5.11 (s, 2H), 4.89 (s, 2H), 3.81 (s, 3H), 3.58 (S, 3H), 3.47, (s,

3H), 3.44 (s, 3H), 2.83-2.77 (m, 4H), 2.03-1.96 (m, 2H). MS caled 352.1; MS (M+1)
353.1.

P’reparation 2 7

20
Cbol a solution of Preparation 1 (1.13 g, 5.71 mmdl) in anhydrous THF (40 mL)

~ t0~78°C and add t-BuLi (1.7M in pentane, 3.4 mL, 5.71 mmol). Stir the solution 15




tenperature and quench with water. Add ethyl acetate rfwﬁ%r%l% resul ting
organic ‘layer with saturated sodi um bi carbonate and bri y the organic
| ayer over sodium 25 sulfate, concentrate in vacuo, and flash chromatograph
with 15% et hyl acetate/ hexane to yield Preparation 18 (2.87 g, 72% as a
clear oil. "HNWR (CDA 3): 7.49 (dd, J =1.9, 8.2, 19 Septenber 2006
W00314144 116 PCT/ uso2/ 33622 -34 1H), 7.37 (d, J = 2.3, 1M 7.20 (d, 8.6,
111), 5.16 (s 3.55 (s, 311), 3.43 (s,. 3H), 2.80 (t, J =7.4, 7.8,
4H), 2.06: 1%“3("H1""'911). M5 cal cd 330.1: M (M+l) 331. 1.pdamepasabi on 19
CH3 O 013 @Qj 5 H3C Cool a solutign of Preparation 6 (2.49 g, 12.57
nmol ) in anhydrous THE (25 nL) to -7 and add t-BuLi (1.7Min pentane,
7.4 L, 12.57 mol). Stir the solution 15 mnutes, then wvarmto 0C. Add a
sol ution of mizhtag tiehWakh B0°C 1 AQa Midiihidi 2.57 ol )
dropwi se an %glJ ow the resulting s‘ghogtoi?%lﬁy%hcl)&ﬁv\%rfﬂwd%oﬂgeﬁ]tmr 5t%rrperat ure.
Cannul at e tRrs-d MRl gaPyise @dallg\bﬂmmsghmssolmmwm tommbignt( 2. 30 g, 8. 38
mol ) and tigh e@&ﬁhrﬁ(tﬁdnﬁﬂf% RiaRRE 1) in

anhydr ous THEIE$ m.) anm{lkeat ?hmet'glfﬂe@% ti ﬁbggé%ucglsgl ?%g% for 16 hours.
Cool the rd¥Bel Hﬁ“ft@kbiﬁﬁﬂ@nﬁpllo@@wdéﬂ)lﬁaésarmn&mmwm anhydrousEHE(40 Add et hyl
acet at e andpMyagi e th s rated sodi um

bi car bonat e %yﬁd %%Pﬁggéﬁ%é éoﬁ%mﬁﬁo%&% g"ﬁ]‘g?‘é'%go@"ew 5?5"36%% ppiE e,

concent r at dPR{TAfYE Bt quam Vflihawﬁrchﬂd)ﬂhﬂ @gﬂtaq:)imd\mdslhthz a%laﬁmganac et at e/ hexane
to vyiel d & p.airt@ga Ior S oil. '"'HNVR (CDC13)
7.15 (t, He Med]ﬁ%f% g&ﬂg?atc %”? brige. @”’3 e‘?ﬁ”ﬂ Tyt BET 88 411y, 3.52
(s, 311), 3‘“11?23 e@we'ﬁﬁye mzaoasrazd figsh Chromatogipph with 05% ith@iGcdtar/heiddto MS cal cd

322.1; N5 (¥id Drephdatiod 22 (0.42 g, 32%) as a coloxless oil. 'H NMR (CDCls): 7.05 (d, = 5.0,
10 1H), 6.92(dd, ] =3.1,9.0, 1H), 6.62 (d, ] =3.1, 1H), 5.11 (S, 2H), 5.01 (s, 2H),349(s'

3H), 3.46 (s, 3H), 3.40 (s, 3H), 2.70 (1, } = 7.0, 7.4, 2HD), 186(t,J 7.4,7.0,2H), 1.59

(bs, 6H). MS caled 350.1; MS (M+1) 351.1. : _ Vo

Preparatioh 23
CH, CH,

L

O en,

-0 0_ 0
NS

| Cool a solution of Preparation .(3.64 g, 18.38 mmol) in anhydrous THF (50 mL)_
' " tq ~78°C.and add t-BuLi (1.7M in pentane, 3.4 mL, 5.71 mmol), Stirthe solution 15

15

| .min-utes? then warm to 0°C. Add a solution of zinc chloride.(l.o M in diethyl ether, 10.8
20 mL, 18.38 mmol) _d_ropwise and allow the resulting solution to warm to ambient
temperature, Cannuiate this solution into a solution of Preparaﬁoﬁ 16(3.96¢g, 12.25
mmol) and tetrakis(triphenylphosphine)Pd(0) (0.71 g, 0.61 mmol) in anhydrous THF (50 |
| .mL) and heat the resulting solution to 50 C for 16 hours. Cool the reaction to ambient
temperature and quench with water. Add ethyl acetate and wash the resulting organic
25 | layer with saturated sodium bicarbonate and brine. Dry the orgamc layer over sodium
sulfate, concentrate in vacuo, and flash chromatograph with 15% ethyl acetate/hexane to
yield Preparation 23 (3.30 £.84%) as a colorless oil, '"H NMR (CDClg) 7.05 (d J=9.0,
‘ 1H),689(dd J=3.1,9.0, lH),662(d J=273, IH) 5.11 (s 2H) 500(3,2H),349(3

T A s et




20 19 Septenber 2006 WD 03/044006. PCT/ US02/ 33622 n 20 CH3
O H3C 00 i OCH3 Cool a solution of Preparation 1 (qugg&gﬁ%%é%annnl) in
anhydrous-THE (25 nL) 5 to -78C and add t-BuLi (1.7Min pentane, 5.9 niL,
10.13 mol ). Stir the solution 15 mnutes, then warmto 0C. Add a solution
of zinc chloride (1.0 Min diethyl ether, 10.1 M., 10.13 mmol) dropw se
and allow the resulting solution to warmto anbi ent - tenperature. Cannul ate
this solution into a solution Preparation 14 (2.04 g, 6.75 mol) and
t et raki s(trYBHREHBhosphi ne) Pd(0) (0.40 g, 034 nunol) i rrcanisydseus' THF (25
m.) 10 and heat the resulting solution to 50C for 16 hours. Cool the
reaction to anbient tenperature and -3ftench with water. Add ethyl acetate
and mash the resul ting organic Iayer mnth sat urated sodi um bi carbonate and
concentrate in vacuo,

bri ne. fate

and flash c gnﬁ&%gr §ﬁ6§%$%)gé g%%égbéV%%&&né7§34'yﬂbﬂﬂ'Preparatlon
20(2. 13 g, 198%n, 48, (EQOdbszj(m 613 mlcaicdbnz?\lvﬁaﬁ{@@%@ww 98 (d, J = 9.0, 15
111,6.85 (dd, J = 3.1, 9.0, Ili), 6.65 (d, 7 = 3.1, IH, 5.10 (s, 411),

3.45 (s, 311), .3.44 (s, ‘. 311), 3.38 (s, 311), 2.56-2.50 (m 411),
1.84-1.80 (m 211), 1.65-1.60 (m Pkpdhtion¥s cal ed 350.1; M5 (Mrl) 351.1. 19
Sept enber 2006 WO 0311144006c§FT/U802/33622 -36 Preparation 21 ‘CHs O

13
O

G

. ‘ 0.0 '
' _v \CHa
H,C

| Cool a solution of Preparation 4 (2.43 g, 10.51 mmol} in anhydrous THF (25 mL)
to —~78°C and add s—BuLi (1.3M in cyclohexane, 8.9 mL, 11.56 mmol). Stir the solution
| 15 minutes, then warm tb 0°C. Add a solution of zinc chloride (] .0 M in diethyl ether,
‘10 10.51 mL, 10.51 mmol) dropwise and allow the resulting solution to warm to ambient
temperature, Cannulate this solution into a soluﬁon of Preparation 13 (2.88 g, 10.51
mmgol) and tetrakis(triphenylphosphine)Pd(0) (0.60 g, 0.52 mmol) in THE (25 mL) and
‘ | heat the resulting solution to 50°C for 16 hours Cool the reaction to ambient tempérafure
and quench with water. Add ethyl acetate and wash the resultmg organic layer with
~15 | saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfate,
concentrate in vacuo, and ﬂash chromatograph with 20% ethyt acetate/hexane to yxeld
Preparation 24 (1 07g, 26%) as a pale yellow ol. ‘H NMR (CDCl): 7.05 (bs, 2H), 6. 95
. (bs, 1H), 5.10 (5, 2H), 3.59 (s, 3H), 3.48 (s, 3H), 2.85 (t, I = 7.0, 7.0, 4H), 2.32 (5,31, N

 2.06-1.99 (m, 2H). MS caled 276.1; MS (M+]) 277.1,
20




OCHS$ [/ pv0.3C OO O CH3 Cool a solution of Prepar 18 g, 9.56
mmol ) in anhydrous THE (40 nL) 5 to -78C and add t- Buﬂgg%l%&?%ri&ﬁﬂ%ent ane,
6.2 nmL, 10.52:mmol). Stir the solution 15 mnutes, then warmto 0C. Add a
solution of zinc chloride (1.0 Min diethyl ether, 9.6 nL, 9.56 mmvl)
dropwi se and allow the resulting solution to warmto anbient tenperature.
Cannul ate this solution into a solution of Preparation 13 (2.62 g, 9.56
nmol ) and tetrakis(triphenyl phosphine)Pd(0) (0.55 g, 0.48 mmol) in

anhydr ous THEO(4G4w€ nl) and heat the resulting sol utionpdwusaf)Sef2or 16
hours. Cool the reaction to anbient " tenperature and quench with water. Add
et hyl acetate -and wash the resulting 8pganic |ayer with saturated sodi um
bi carbonate and brine. Dry the organic |ayer over sodium sulfate,
concentrate in vacuo, and flash chromatograph with 20% et hyl acet at e/ hexane
to yield Preparation 21 (0.62 g, Drepesalign23 colorless oil. 'H NVR (CD 3):
6.57 (d, J = 2.7, 15 1H), 6. 4OCHd J =27 1H), 5.11 (s, 2H), 4.89 (s,
2H), 3.81 (s, 3H), 3.58 (S, 3% 3 ', (s, 3H), 3.44 (s, 3H), 2.83-2.77
(m 4H), 2.03-1.96 (m 211). e d 352.1; M5 (Mtl) 353.1. Preparation
22 CH3 OCH3 CH3 OCH3 H3Q © 20 O Cool a solution of Preparation
1 (21.13 g, 5.71 mml) in anhydroug to -78C and add t- BuL| (13M
in pentane, 3.4 nL, 5.71 nunol).F : the so u°‘t| on 15 :

on

Cool a solution of Preparation 5 (2.60 g, 11.06 mmol) in anhydrous THF (25 mL) o
5  t0-78°C and add s-BuLi (1.3M in cyclohexane, 9.3 mL., 12;16 mmol). Stir the solution
15 minﬁtes, then wamm to 0°C. Add a solution of zinc chloride (1.0 M in diethyi ether,
11.0 mL, 11.06 mmol) dropwise and allow the resulting solution to warm to a:mbient
temperature. Cannulate this solution into a solution of Préph‘ration 13(3.03 g,11.06
mmol) and tetrakis(triphenylphosphine)Pd(0) (0.63 g, 0.50 mmol) in THF (25 mL) and
10 heat the resulting solution to 50°C for 16 hours. Cool the reaction to ambient temperature
‘and quench with water. Add ethyl acetate and wash the resulting organic layer with
 saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfate,
- concentrate in vacuo, and flash chromatograph with 15% eﬂay! acetate/hexane to yleld
Preparatlon 25(1.45¢g, 8%) as a pale yellow oil. "TH NMR (CDC];) 7.07-7.04 (m, 1H),
15 6.93-6.90 (m, 1H), 6.82 (dd, J = 3.1,9.0, 1H), 5.05 (s, 2H), 3. 56 (s, 3H), 3.42 (5, 3H), 2.82
2.78 (m, 4H), 2. 03 1 96 (m, 2H) MS caled 280.1; MS (M+1) 281.1,

S ' ' Preparation 26

20
 Coola solution of Preparahon 7(2.46 g, 8.88 mmol) in an_hydrous THF (25 mL)
to -—78°C and add s—BuLl (1 A3Min cyclohexane 6.8 mL, 8 .88 mmol) Stir the solution 15




19 Septenber 2006 WO 03/044006 PCT/US02/33622 - 37 warm t o
0C. Add a solution of zinc chloride (LO Min diethyl m‘@ﬁé&&" .?&%rrL 5.71
rrm)l) dropwi se and allow the resulting solution to warmto anbient
tenmperature. Cannulate this solution into a solution of Preparation 15
(1.15 g, 3.80 mol) and tetrakis(triphenyl pl rosphine)Pd(0) (0.55 g, 0.48
nmml ) in anhydrous THE (40 5 nL) and heat the resulting solution to 50C for
16 hours. Cool the reaction to anbient tenperature and quench with water.
Add et hyl ac¥® 8¥igind wash the resulting organic |ayer poirfubissiur at ed

sodi um bi carbonate and brine. Dry the organic |ayer over sodium sulfate,
concentrate in vacuo, and flash chrorograph with 15% et hyl acet at e/ hexane
to yield Preparation 22 (0 42 g, 32% as a coI orless oil. 1H NIVR (CDCI 3)
7.05 (d, J-t é (? 1H), 6.62

111), 5.11 7% B‘z@‘i‘) Waf%‘ BGA dzﬂlsf “t'°‘8°f@91°(°§1°ﬂd%ﬂ)0 M3n dleﬂlrlﬁﬂwe 3 40 (s
3H), 2.70 (L, 838 ﬁm'Zml)Qiroﬂwé an@ﬂiww thé-reﬁﬁh solufiortoA wﬁm tJ argbiengll) 1 59 (bs,
611). I\/Bc%n 0.&;%&%? repar ation CHa 0 CH3 O
ov0o~ 15 BEYRe sy ‘UPWWWIUP% repapatian 1‘{‘@ 6@4,5386 18.38 mmol ) in

~ anhydrous Tiolf tdﬁh&ls(mpﬂew%&pﬁmé)Pa@ﬁ(ot51%Jbl44 tnhnoith TRFRSHBNGe 3- 4 N,
571 mrgl)hegtﬂﬁ 0K}]I‘ut m nutes, then warmto O0C °Add a sol utlon
of zi nc chl 6t gé&*¢ 1‘”’65 HoR t‘ﬁ?c’e@ﬁ‘gfll‘sé?‘ﬁ%rcooiémgeaﬂz@ tapmbity terpist ) dr opwi se
and. al | ow tahequeadubith wigerS BhdibthARcd:Be WaRRT e ATk RRE Cannul at e

this soluti Qr I olrutl on %f cPre arati 0?1 ﬁg&é&ﬁ ghiSS mol ) and

tetrakis(tr pﬁ{éﬂ%%m@ﬁﬁ?%étfmwe(m © gy ganip 161¢‘ﬁ1’ﬁ§}59d"i1ﬁs'%fﬁhydr ous THE (50
m.) and heaonceitaicriesaths,iapgsh L:hkbin@tﬂglﬁlﬂl voith 5694 & ﬁ]ace@at@ﬁé*ﬁ& 1o el the

reaction t ture ugnch w t ter. Add ethyl acetate
e e ¢ e%?%go& i(ln.%ef"g‘r%g‘%ﬁ?scacoloaless i i NMR (CDCB): 7.05 (4, J=8.6, 1H),

10 6.81(d,7=2.0,1H), 6.69 (dd,Y=2.3,8.6, 1H), 5.15 (s, 2H), 5.09 (s, 2H), 3.58 (s, 3H),

3.48 (5, 30, 343 (s, 3H), 2.79 (5, 1= 7.0, 7.4, 41{),204195@1 21—1) MS caled 322.2;
MS (M+1) 323.1.

: Prep‘aratlion 27

15

| Cool a solution of Prepamhon 12(1.24 g, 4.26 mmol) in anhydrous THF (20 mL)
- to -—78°C and add s-BuLi (1.3M in cyclohexane, 3 3 mL, 4.26 mmol}. Stir the solution 15
' minutes, then warm to 0°C. Add a solution of zinc chloride (1.0 M in diethyl ether, 43
20 | mL, 4.26 mmol) dropwise and allow the resulting sb]ution to warm to ambient
temperature. Cannulate this solution into 2 solution of .Preparétion 13 (1. 17 g, 420 -
mmol) and tetrak:s(tnphenylphosphme)Pd(O} (0.24 g, 0.21 ‘mmeol) in THF (20 mL) and
| beat the resultmg solution to 50°C for 16 hours Cool the reaction to ambient temperature
~ and quench w:th water. Add ethyl acetate and wagh the resulhng organic layer with
25  saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfate,
' éqncentrate in vacuo, and flash chromatograph with 20% e$yl acetate/hexane to yield
Preparation 27 (0.54 g, 38%) as a colorless oil. ' NMR (CDCls): 6.80(d, =24, 1H),




25 layer W|th saturated sodi um bi carbonate and bri ne. {$Eyd g 95d4ani c 1ayer
over sodium sulfate, concentrate in vacuo, and flash chromat ograph with
15% et hyl acetate/ hexane to. yield Preparation 23 (3.30 g, 84% as a
coI orless oil. 1H NWR (CDO 3): 7.05 (d, J = 9.0, 111), 6.89 (dd, J = 3.1,

IIVl 6. 62 (d J =2.7,111), 5.11 (s, 211), 5.00 (s, 211), 3.49 (s, ill
|t .......... 19 Septenber 2006 WD 03/.044006 PCT/ US02/33622 -38 3H), 3.46

(s. 3 A‘? gw 3H), 2.65 (bt, J =7.8 7.0, 2H, 1.87 (t, J =7.8 7.4,
211), 1 4H), 0.90-0.82 (m 61-1). M cal cd IET850R23308 (M+1)

379. 1. Preparatl on 24 CHa O0 3 5 N3C Cool a solution of Preparation 4
(2.43 g, 10.51 mmol) in anhydrous. THE! 125 nL) to -78C and add s-BulLi
(1.3Min cycl ohexane, 8.9 nL, 11.56 nmol). Stir the solution 15 m nutes,

then war m t ©g0@. y A\ r i i.ethyl . et her,
10 10.51 ni lgj 29 lﬁ)%% ‘%gﬁdﬁgﬁw\/\@’t%ﬂ %%Wh %(g’lg’gb’i on to warm
t o anbi ent 2?%?1’%%1“3%8”@% I2é)t~el Pehis 2Ep M# daled 35612; M&(Mﬁl)GBif pn of
Preparation 13 (2.88 g, 10.51 - et raki s(tri phenyl phosphi ne) Pd(0)
(0.60 g, 0.52 nmol) in THE (25 nL)’*aEFTG t the resulting solution to 50C
for, 16 hours. Cool the reaction to anbi gntOLQg:per ature and quench with
. water. Add ethyl acetate and wash t esul ting organic layer with 15
sat.urated sodi um bi carbonate wﬁ\ﬁ the organic | ayer over sodium
sul fate, concentrate in vacuo d-flas ¢hr omat ograph with 20% et hyl
- acetate/ hexane to yield Preparatlﬁ@ 24 (1.07 g, 26% as a pale yellow oil.
1H NMR (€DO3): 7.05 (bs, 211), 6.95 @By 1 H, 5 10 (s, 211), 3.89 (s,
311), 3.48 (s 3H), 2.85 (t, J =7.0, 7.0, 4H, 2.32 (s, 311); 2.06-1.99
(m 211)5 M5 cal cd 276.1; M5 (M+1) 277.1.

Cool a solution of Preparation 10 (2.00 g, 11.90 mmol) in anhydrous THEF (20 mL)
to —78°C and add s-BuLi (1.3M in cyclohexane, 7.7 mL, 13.09 mmol). Stir the solution

15 minutes, then warm to 0°C. Add a solution of zinc chloride (1.0 M in diethyl ether,

. 11.9 mL, 11.90 mmol) dr0pwi'se and allow the résu]ting‘ sohition to warm to ambient

- 10  temperature. Canmulate this solution into a solution of Preparation 13 (3.26 g, 11.90

: mmol) and tetrakis(triphenylphosphine)Pd(0) (0.69 g, 0.58 mmol) in THF (20 mL} and
heat the resultmg solution to 50°C for 16 hous: Cool the reaction to ambient temperature
and quench with water. Add ethyl acetate and wash the resulting organic layer with
saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfaté,
15  concentrafe in vacuo, and flash chromatograph with 20% ethyl acetate/hexane to yié!d the

title compound (1.28 g, 38%) as a colorless oil, which is a mixture of reglmsomers by 'H
NMR. MS caled 292.1; MS (M+I) 293.1.

Preparation 29

20
' racemic

. Toa suspenswn of 3% palladmm on carbon (0.27 g) in methanol (15mL) add a
. solution of Preparahon 17 (0 27 2 0 84 mmol) in methanol (10 mL). Place the mixture




20 19 Septenber 2006 WD 113/044006 PCT/ 0S02/ 33622 n 25 CH3
O O QVQ-CH3 F Cool a solution of Preparation 5 (2. 60388%‘%9%%660 in
anhydrous THP (25 nmL) 5 to -78C and add s-BuLi (1.3Min cycl ohexane 9.3
m., 12.16 mol ). Stir the solution 15 mnutes, then warmto 0C. Add a
solution of zinc chloride (1.0 Min diethyl ether, 11.0 ni, 11.06 nmol)
dropwi se and allow the resulting solution to warmto anbi ent t enper at ure.
Cannul ate this solution into a solution of Preparation 13 (3.03 g, 11.06
mol ) -and t WO03kien6t r i phenyl phosphi ne) Pd(O) (0.63 g, O.BOMusewb3Fz2zi n THE (25
m.) and 10 heat the resulting solution to 50C for 16 hours. Cool the
reaction to anbient tenperature and ﬁ’uench wth water. Add ethyl acetate
and wash the resulting organi c | ayer with saturated sodium bi carbonate and
ymsulfate, ~concentrate in vacuo,

brine. Dry th ni c r oy odi
and fl ash 8?1? 1%8 a’t'ﬂﬂer%}ﬂ'/‘% H§’c A0 gé@ttﬂ?lg?%ﬁggw‘cﬁa&?% Pr epar at i on
g59g 164809 with@9ogerSand fidad ﬁléW@gﬂeOWoﬂUehtratelthE hMBte(n@%h@alm fibstO7- 7. gg Em 1H)H) 15
= S
3.42'(a, 3 ?mi‘.t%énh ‘zﬁh;%‘f" Fﬁ}*}’*m}ﬂteféﬂe@ tg yg‘éi'p(r?ﬁmm 28 Gadentsedi 2580, 1:
(M+l) 281. J:Leaxmﬂe;!rammgmeﬁ) 6,033, O-%.6, 1) 6B 3 3.110H), 6.81 (dd, T=3.1,
5 9.0, 1H), 5.1 (s, 2H), 5.08 (s, 2H), 3.64-3.59 (m, 1H), 3.50 (s, 3H), 3.45 (s, 3H), 3.39-3.30
(m, 1H), 3.19 (s, 3H), 2.12-1.98 (m, 4H), 1.93-1.82. (m 1H), 1.72-1.63 (m, 1H). MS caled

324.2; MS (M+1) 325.2.

Preparation 30
BH, |
© CH,
o /
0_0
F
F

10 | -~ F

racemic

To a suspension of 5% palladium on carbon (0.19 g) in methanol (50
mL)/triethylamine (1.0 mL) add a solution of the compound of Preparation 18 (1.51 g,

15  4.58 mmol) in methanol (10 mL). Place the mixture on a Parr shaker under hydrogen (60
psi) at 40°C for twelve hours. Purge the reaction with nitregen and ﬁltéxj with celite.
Concelitrate the filtrate in vacuo and flash chromatograph with 30% cthy? acetate/héxane
to yield Preparation 30 (0.95 g, 63%) as a clear oil. 'H NMR (CDCly): 7.42 (m, 25, 7.15
(d, J=9.0, 1H), 5.26 (s, 2H), 3.65-3.62 (m, 1H), 3.51 (s, 3H), 3.35-3.31 (m, 1H), 3. 15 (s,

20 3H), 2.16-2.00 (m, 4H), 1.90-1.86 (m, 1H), 1 70-1.68 (m, 1H). MS calcd 332.1; MS

' (M+1) 333.1.




"H3C~-O 20 Cool a solution of Preparation 7 (2:46 g, anhydr ous
THE (25 nL) to-78C and adds-BuLi (13Min cycl ohexane, é% @‘@{3&2&&88 nmol ) .

Stir the solution 15 G 19 September 2006 WO 03/1111011( PCT/US112 /33 6 2
2 -40 mnutes, then warmto OC. Add a solution of zinc chloride (1.0 Min
diethyl ether, 8.9 nl, 8.88 nmol) dropwi se and all ow the resulting
solution to vvarmto anbl ent - tenperature. Cannulate this solution into a
solution of Preparation 13 (1.60 g, 5.86 mmvol) and

t et raki s(triYh&MHhosphi ne) Pd(0) (0.51 g, 0.44 mmol) |mcﬁbﬁ.2,(;?{.52 m.) and 5
heat ‘the resulting solution to 50C for 16 hours. Cool the reaction to

anbi ent tenperature and quench with-48ater. Add ethyl acetate and wash the
resulting organic layer with -saturated sodi um bi carbonate and brine. Dry
t he. organi c | ayer over sodiumsulfate, concentrate in vacuo, and flash
chromat agr aph wi th 20% et hyl acetBERa#ignake to yiel d Preparat| on 26 (1.20
g, 42% as an colorless oil. 1I-CHIL\/R (CDCI 3): 7.05 (d, J. = 8.6, 1H), 10 6.81
(d, J = 2.0, 1H), 6.69 (dd, J .\ 8.6, 1H), 5.15 (s, 213), 5.09 (s,
211), 3.58 (s, 3H), 3.48 (s,- 43 (scH§H) 2.79 (t, J =7.0, 7.4,
411), 2.04-1.95 (m 2H). Ms cal 3p2. M5 (MF1) 323. 1. Preparatlon 27
CHs' O JO. CH3 H3C-0~0 H3C~ 15 \fB a solution of Preparation 12
(1.24 g, 4.26 nmol) in anhydr% HE/(20 M) to -78C and add s-BuLi.(1.3M
in cycl ohexane, 3.3 nL, 4.26 ). Stir the solution. 15 mnutes, then
warmto OC. Add a sol ution of zinc chlorlde (1.0 Min diethyl ether 4.3
20 mL, 4.26. mml) dropvm se. and al I'0W"the resul t.ing solution to vvarmto
anbi ent :

5 Toa suspensmn of 5% palladium on carbon (0.13 g) in methanol (50
mLY/triethylamine (1.0 mL} add a solution of Préparation 24 (1.07 g, 3.83 mmol) in
methano§ (10 mL). Place the mixture on a Parr shaker under hydrogen (60 psi) at 40°C
for twelve hours. Purge the reaction with nitrogen and ﬁltef with celite. Concentrate the

. filtrate in vacuo and flash chromatograph with 30% ethyl acetate/hexane to yield
- 10 Preparation 31 (0.72 g, 67%) as a clear oil. "H NMR (CDC];;): 6.96-6.93 (m, 3H), 5.17 (s,
2H), 3.6753.6_0 (m, 1H), 3.50 (s, 3H), 3.34-3.28 (m, 1H), 3.15 (s, 3H), 2.25 (5, 3H), 2.15-
1.99 (m, 4H), 1.90-1.83 (m, 1H), 1.70-1.63 (m, 1H). MS caled 294.1; MS (M+]) 295.1.

Preparation 32

C
/
o

s . . F

racemic

To a suspension of 5% palladium on carbon (0.24g) in methanol (Sb ‘
mL)/triethylamine (1.0 mL) add a solution of Preparation 25 (1.31 g, 4.68 mmol) in
.. 20  methanol (10 mL). Place the mixture on a Parr shaker under hydrogen (60 psi) at 40°C
for twelve hours. Purge the reaction with nitrogen and filter with celite. Concentrate the
 filirate in vacuo and flash chromatograph with 30% ethy] acetate/he;.anc to yield
: Preparatlon a2 (l 0 g, 77%) asa clear ail. MS calcd 282.1; MS (M+l) 283.1.




‘tenperature. Cannulate this solution into a solution g 5? 2&&9” 13
(1.17 g, 4.26 mmol) and tetrakis(tri phenyl phosphi ne) d? E% 479, 0.21

mol ) -in THE (20 nL) and heat the resulting solution to 50C for 16 hours:
Cool the reaction to anmbient tenperature and quench with water. Add et hyl
acetate and wash the resulting organic |ayer with 25 saturated sodi um

bi carbonate and brine. Dry the organic |ayer over sodiumsulfate,
concentrate in vacuo, and flash chromatograph with 20% et hyl acet at e/ hexane
to yield PYepuHrd on 27 (0.54 g, 38% as a col orl ess obdT/usitbasivR (CDA 3) :
6.80 (d, J = 2.4, 1H), 19 Septenber 2006 WO 03(944006 PCTI US02/ 33622 -41
6.61 (d, J =2.3, Ili), 5.09 (s, 211¥4-4.79 (s, 2H), 3.57 (s, 313), 3.48
(s, 3H), 3.46 (s, 3H), 2.83-2.76 (m 4H), 2.29 (s, 311), 2.02-1.96 (m
211). Ms. cal cd 336.2; M5 (M+l) 337.2.  Preparation 28 0--/ 01CH3 0 H3Cl1
H3C0 O 5 Cool a solution of Pre 330 (2.00 g, 11.90 mol ) in .
anhydrous THE (20 nL) to -78C an¢k%dd s-BuLi (1.3Min cycl ohexane, 7.7 mi,
13.09 Mol ). Stir the solution . es, then warmto OC. Add a solution
of zinc chloride (1.0 Min dlethy het | 11;@ m., 11.90 mmol ). dropw se
and allow the resulting sol {%on tQ fTrn¢\¢¢nb|ent 10 tenperature.
Cannulate this solution int i eparation 13 (3:26 g, 11.90
nmmol ) and tetrakls(trlphenylphosphln. Pel(0) (0.69 g, 0.58 nmol) in THE (20
m.) .and heat the resulting solution to 50C for 16 hours. Cool the reaction
to ambient tenmperature and quench méeptic wat er. Add et hyl acetate and wash
the resulting organic |ayer with saturated sodi.um bi carbonate and brine. .
Dry the organic layer over sodiumsulfate, 15 concentrate in vacuo, and
f1ash éhromat odPapFPHisoR of Fpaliadiim enwthen &) MeX arreethamol (50 nl) edika

- solution of Preparation 19 (1.70 g, 5.28 mmol) ih methanol (10 mL). Place the mixture
on a Parr shaker under hydrogen (60 psi) at 40°C for twelve hours. Purge the reaction

‘with nitrogen and filter with celite. Concentrate the filtrate in vacuo and ﬂaéh
chromatograph with 30% ethyl acetate/hexane to'yield Preparation 33 (0.99 g, 58%) asa

10  clearoil. 'HNMR (CDCL;): 7.05(t, 1 =8.6,8.2, 1H),6.78 (4, I = 8..2, 2H),5.11(dd, J=
6.6, 18.4; 4H), 4.18-4.11 (m, 1H), 3.49 (s, 6H), 3.21 (s, 3H), 3.15-3.08 (m, 1H), 2.28-2.19
(mn, 2H), 2.03-1.89 (m, 3H), 1.62-1.50 (m, 1H). MS calcd 324.2; MS (M+1) 325.2.

Preparation 34

Fa)

15
racemic
_ To a suspension of 5% palladium on carbon (0.60g) in methanol (25 mL) add a
solution of Preparation 26 (1.20 g, 3.73 mmol) in methanol (10 mL). Place the mixture
20 ‘ona Parr shaker under hydrogen (60 psi) at 40°C for twelve hours. Purge the reaction
i with mtrogen and filter with celite. Concentrate the filtrate i in vacuo and flash
' ‘ ‘ chromatograph with 20% ethyl acetate/hexane to yield Preparatlon 34 (0 82g 68%) asa




title conpound (1.28 g, 38% as a colorless oil, whichgi Lodohs € of
regi oisonmers by IH NVR M cal cd292.1, M5 (Mtl) 293. r1]I.gs'%f?tgrf)]§érat| on 29 CH3
013 0\ 0Ov0l H3C-0..0 1 / 20 racemc . To a suspension of 5% pall adi um
on carbon (0.27 g) in methanol (15 nL) add a solution of Preparation 17
(0.27 g, 0.84 mml) in nethanol (10 nL). Place the m xture 19 Septenber
2006 WD 03/044006 PCTNS02/ 33622 -42 on a Parr shaker under hydrogen (60
psi) at 40C for twelve hours. Purge the reaction wth nitrogen and filter
with celitew@mnmenrate the filtrate in vacuo and fl ashpcrgltigssgd209r aph

wi th 30% et hyl . acet at e/ hexane to yield Preparation 29 (0.20 g, 75% as a
clear oil. "H NWR (CDCl 3): 6.98 (d, J4% 8.6, 1H), 6.86 (d, J = 3.1, 1H),
6.81 (dd, J = 3.1, 59.0, 1H, 5.1 (s, 2H), 5.08 (a, 2H, 3.64-3.59 (m

1H), 3.50 (a, 311), 3.45 g;s, 3H), 3.39-3.30 m 111), 3.19 Ss, 3H),
2.12-1.98 (9597 oih 4 NYMRGGDELB 2.06 (4. 1 £18/6, 18D, B7710.93 L1 HLIG)60 (dds) cAlded  324. 2;
M5 (Mrl) 323bs, 3R I = r-Qy - ] uspensi on
of 5% pal | adi u}n? Eﬁ@(@%?ﬂ%gq%@ié @;@9‘71’ %%ﬁgﬁg@6m@@ﬁ@?hél(§m ne (1.0

d b ;
m) add a sbPui-+or-26(m HD, é«éﬁrb@ﬁlgu 4!5 FiGebEP fr.i 16D, 18 -1.40 1 1) MS

caled 324.2; MS (M+1) 325.2.
5 ,
Preparation 35
racemic
10 . To a suspension of 5% palladium on carbon (0.25g) in methanol (25 ml)adda

solution Preparation 27 (0.54 g, 1.61 mmol) in methanol (10 mL). Place the mixture on a
Parr shaker under hydrogen (60 psi) at 40°C for twelve hours. Purge the reaction with
nifrogen and filter with celite. Concentrate the filtrate in vaciio and flash chromafograph
with 20% 'etliyl acetate/hexane to yield Preparation 35 (0.49 g, 89%) as a clear oil. H
~15  NMR (CDCly): 6.69 (d,.J =2.8, 1H), 6.65 (d, T= 3.1, 1H), 5.04 (m, 21-1), 4.93(dd,J=5.9,
©16.0, 2H), 3.73'-3.67 (m, 1H), 3.57 (s, 3H), 3.42 (s, 3H), 3.25-3.19 (m, 4H), 2.25 (s, 3H),
2.17-2.12 (m, 1H), 2.05-1.85 (m, 4}1), 1.70-1.60 {m, 1H). MS caled 338.2; MS M+1)
3392, - '

20




15 4.58 mmol) in nmethanol (10 nL). Place the mxture Q@Sgptg,gggrzgd;@ker under
hydrogen (60 psi) at 40C for twelve hours. Purge the reaction wt
nitrogen and filter with celite. Concentrate the filtrate in vacuo and
flash chromat ograph with 30% et hyl acetate/ hexane to yield Preparation 30
(0.95 g, 63% as a clear oil. "H NWR (CDC13): 7.42 (m 211), 7.15 (d, J =
9.0, 1H), 5.26 (s; 2H), 3.65-3.62 (m 114), 3.51 (s, 31-1), 3.35-3.31 (m
1H), 3.15 (s, 20 3H), 2.16-2.00 (m 411), 1.90-1.86 (m IM 1.70-1.68 (m
1H). M5 cal wowdd@mt; MS (M+l) 333.1. --- - - ------- le9cHiepkerber 2006 WO
113/ 114411116 PCT/ US02/ 33622 -43- Preparatlon 31 CH3 OCH3 O OHO H3C
racemc. 5 To a suspension of 5% pal F4geli um on carbon (0.13 g) in nethanol
(50 ni)/triethylamne (1.0 nL) add a solution of Preparation 24 (1.07 g,
3.88 mml) in methanol (10 mL). Place the mixture on a Parr shaker under
hydrogen (60 psi) at 40C for t wekbreBaration 36 "Purge the reaction with
nitrogen and filter with celite. Concentratedgje filtrate in vacuo and
flash chronmat ograph with 30% et hyl acet at e/ héxﬁne to yield 10 Preparation
31 (0.72 g, 67% as a clear oil. "H NWR ( 3): 6.96-6.93 (m 3H), 5.17
(s, 211), 3.67-3.60 (m 1H), 3.50 (s 3HA5 3.34-3.28 (m 1H), 3.15 (s,
- 313), 2.25 (s, 3H), 2.15- I%é?? (in, q 90-1.83 (in, 1H), 1.70-1.63
(in, 1H. M cal cd 294.1, ? o Preparation 32 CH3 O CH3
_ o

CH 5.
racemic

5 To a suspension of 5% palladium on carbon (0.38¢) in methanol (35 mL) add a
* solution of Preparation 20-(0.75 g, 2.14 mmol) in methanol (10 mL). Place the mixture
on a Parr shaker under hydrogen (60 psi) at 40°C for twelve hours. Purge the reaction
- with nitrogen and filter with celite. Concentrate the filtrate in vacuol and flash
chromatograph with 20% eth&l acetate/hexane to yield Preparation 36 (0.63 g, 84%) as a
10 clear oil. "H NMR (CDCLs): 6.95 (d, J = 9.0, 1H), 6.85 (d, J =3.1, 1H), 6.79 (ad, J = 3.1,
9.0, 1H), 5.15 (s, 2H), 5.13-5.05 (m, 2H), 3.56-3.51 (m, 1H), 3.50(s, 3H), 3.45 (s, 3H), .
3.30 (s, 3H), 3.08-3.04 (m, 1H), 2.23-2.17 (m, 1K), 2.04-1.80 (m, 6H), 1.55-1.40 (m 3H).
MS calcd 352.2; MS (M+1) 353.2. ‘

15 | | Preparation 37

racemic

_ To a suspension of 5% palladium on carbon {0.08g) in methanol (50
20 ml)/triethylamine (1 -OmL}) add a solution of Preparation 21 (0.62 g, 1.76 mmol) in
- methanol (10 mL). Place the mixtur_e ona Pari‘ shaker _undér hydrogen (60 psi) at 40°C _-




O OHO 15 racemic To a suspension of 5% pal | adi um on ‘%’?é?'ﬁ;e in
nmet hanol (50 rrL)/trlethyI amine (1.0 nL) add a sol ution eparatlon 25
(1.31. g, 4.68 mmol) in 20 nmethanol (10 nL). Place the m xture on a Parr
shaker under hydrogen (60 psi) at 40C for twelve hours. Purge the reaction
with nitrogen and filter with celite. Concentrate the filtrate in vacuo
and flash chromat ograph with 30% et hyl acetate/hexane to yield Preparation
32 (1.01 g, 77% as a clear oil. M calcd 282.1; M5 (M1l) 283.1. 19

Sept ember - 2QRf3)id03/ 0440116 PCT/ USCR/ 33622 - 44 Prepapedripsiag CH3 O CH
0 H3(31 0~0 racemc 5 To a suspension of 5% pall adi um on carbon (0. 34Q)
in nethanol (50 nL) add a solution of4®Preparation 19 (1.70 g, 5.28 mmol) in_
met hanol (10 nli).- Place the m.xture on a Parr shaker under hydrogen (60

i) at 40 P t.h 1h t d filt
R AT RN TS TR TR SRR
with 30% et fitrite moetuatend fiesk alembtogyptewith Roeahy] atdamaiane(tdyi88 9, 58% as a 10

| il J J = 8.2,
S 5011 SR D 0 g8k o ynBilientig: odpgr2a Sy T § 1
(s, 3H), 3. @5=2. DAHY, M145H)5, (m24IZB3 R0 &R, 4H),8.58THBH),3.453s, BHES.251(in, 8N) , 1 1 62-1.50
(m-1H) .5 My, 68 65t iy, 207-Y8o (e, ??251 g4(mpr1ﬁ5’ah§ o3 3%, M Ry

355.1.

Preparation 3§

10 racemic

To a suspension of 5% palladivm on carbon (0.05g) in methanol (50
| .mL)ftfiethylaznine (1.0mL) add a solution of Preparation 22 (0.42 g, 1.19 mmol) in
methano] (10 mL), .Place the mixture on a Parr shaker under hydrogen (60 psi) at 40°C
15 fortwelve hours. Purge the reaction with nitrogen and filter with celite. Cencentrate the
filtrate in vacuo and ﬂash chrbmatograph with 20% ethyl acelate/hexane to yield
Preparation 38 (0.16 g, 38%) as a clear oil, "H NMR (CDCL): 7.00 {d, J=8.2, 0.5H),
6.94 (d, J = 7.8, 0.5H), 6.84-6.75 {m, 1.5H), 6.67 {d, ] = 3.1, 0.5H), 5.12-5.01 (m, 4H),
3.77(d, 1 =9.0, O.SH)_, 3.64 (d, T =11.3, 0.5H), 3.52 (5, 1.5H), 3.49 (s, 1.5H), 3.48-3.43
20 - (s, 4.5H), 3.35 (s, 1.5H), 2.55-2.42 (mn, 0.5H), 2.17-2.02 (m, 1H), 1.95-1.88 (m, 0.5H),
1.81-1.75 (m, 1H), 169—1 60(m OSH) 1.55-1.50 (m, 0.5H), 1 15(3 1. SH) 1.01 (s,
1.5H), 0. 78 (s, 3H). MS caled 352.2; MS (M+1) 353.2.




'CH OO0v0O 0O 1, CH3 15 Oracenic To a suspension of % eahlutlef‘gddém on
carbon (0.60g) in methanol (25 nL) add a solution of para ron 26 (1.20
g, 3.73 mol) in nmethanol (10 nmL). Place the mxture 20 on a Parr shaker
under hydrogen (60 psi) at 40C for twelve hours. Purge the reaction wth
nitrogen and tilter wth celite. Concentrate the filtrate in vacuo and
flash chromatograph with 20% et hyl acetate/hexane to yield Preparation 34
(0.82 g, 68% as a 19 Septenber 2006 V\OOS/ 044006 PCT/ US02/ 33622 -45

cl ear oil. vioH3MMReg CDC13): 7.06 (d, J = 8.6, | H, 6.7PCTH02336R 2 3 1 H),
6.60. (dd, J = 2.4,- 8.6, 1H), 5.20 (s 211) 5.14 (dd, J = 6.6, 9.7, 2H),
3.61-3.54 (in, 1H), 3.50 (s, 6H), 95 311), 3.31-3.26 (m 1H),
2.16-1.94 (m 4H), 1.86-1.80 (m 111) 1 71-1. 60 (m 111). M5 calcd 324.2;
M5 (M+l) 325.2. 5 Preparation 35mCI—llSat9/ CH3 CHO 3 CH3 raceme 10 To
a suspensi on of 5% pal | adi um on ca'rug'o'r’r—'[-% 259) in nmethanol (25 nL) add a
solution Preparation 27 (0.54 g, 01461 mdbl;) in methanol (10 nL). Place the
mxture on a : ‘

racemiic

5 To a suspension of 5% palladium on carbon (0.58g) in methanol (50
" mL/sriethylamine (1.0mL) add a solution of Préparation 23 (1.25 g, 3.89 mmol)in
methanol (10 mL). Place thé mixture on a Parr shaker under hydrogen (60 psi) at 40°C
for twelve hours. Purge the reaction with nitro gen and filter with celite. Concentrate the
. filirate in vacuo and flash chromatograph with 15% ethyl écetatefheﬁ;ane to yield
10 Preparation 39 (0.89 g, 72%) as a clear oil. MS calcd 380.2; MS (M+1) 381.2.

Preparation 40

\

O

. PHs
0

O
OV

racemic

15 .
To a suspension of 5% palladium on carbon (0.15g) in methanol (50
mL)/triethylamine (1.0mL) add a solution of Preparation 28 (0.58 g, 1 .30 rhmol)in
methanol (10 mL). Place the mixtare on a Parr shaker under hydrdgen (60 psi) at 40°C
for twelve hours. Purge the reaction with nitrogen and filter with celite. Concentrate the
20  filtrate in vacuo and flash chromatdg‘raph with 15% ethyl acetate/hexane to yield
Preparation 40 (0.25 g, 43%) as a clear oil. MS caled 294.1; MS (M+1) 295.1..




Pan shaker under hydr ogen (60 psi) at 40C for twelve t he
reaction with nitrogen and filter with celite. Concejﬂ‘?g%%mfﬁ&&f%l ltrate in

vacuo and flash chromatograph with 20% et hyl acetate/hexane.to yield
Preparation 35 (0.49 g, 89% as a clear oil. "H 15 NWVR (CDC13): 6.69 (d, J
= 2.8, 111),-6.65 (d, J = 3.1, 1H), 5.04 (in, 2H, 4.93 (dd,.J = 5.9,
16.0, 2H), 3.73-3.67 (m 111),3.57 (s, 311), 3.42 (s, 3H), 3.25-3.19 (m
4H), 2.25 (s, 3H), 2.17-2.12 (m 1H), 2.05-1.85 (m 4H), 1.70-1.60 (m
1H) . M cal cWoBzBIms N5 (Mrl) 339.2. 20 19 Septenber 2006rusk3R3/ (41006
PCT/t1S02/ 33622 -46 Preparation 36 /.CH ~0 0 H3C0~0 0 0 CH 3, racenic
5 To a suspension of 5% pal | adi um on et bon (0. 38g) in nethanol (35 nL) add
a sofution of Preparation 20 (0.75 g, 2.14 mml) in nethanol (10 nl).
Pl ace the mixture on a Parr shaker under hydrogen (60 psi) at 40C for
twel've hours. Purge the reaction &ieasatignidlogen and filter with celite.
Concentrate the filtrate in vacuo andC|f|I ash chromat ograph with 20% et hyl
acet at e/ hexane to yield Preparatlorm 36 Y0.63 g, 84% as a 10 clear oil. 'H
NVR (CDC13): 6.95 (d, J = 9.0, 1- 85 (d, J =3.1, 1 H), 6.79 (dd, J =
3.1, 9.0, IH, 5.15 (s, 211) H5 505} (m Z,éé 3.56-3.51 (m 1H),
3.50(s, 3H), 3.45 (s, 3H),. 3.30 (4, 311), 33.04 (m IH, 2. 23-2.17
- (m 1H), 2.04-1.80 (m 611), 1.55-1 nOIHP. MS cal cd 352.2; M5 (M)
353.2. . THC T |

5 ‘ This ;ireparation follows that in Tet. Letters 36; 31, 19935, 5461;-5464. Coola
suspension of Preparation 29 (0.50 g, 1.54 mmol) and N,O-dimethylhydroxylamine
hydrochloride (0.23 g, 2.31 mmal) in anhydrous THF (25 mL) to ~10°C in an ice/acetone

 bath, add isopropyl magnesium chloride (2.0M, 2.3 mL, 4.62 le), and stir the reactionr
for 30 minutes. Quench the reaction with saturated smmonium chloride. Add ethyl
10 . acetate and wash the orgamc layer washed with brine. Dry the organic layer over. sodium
sulfate, concentrate in vacuo, and flash chromatograph with 50% ethyl acetatefhexane to
: yleld Preparation 41 (0.49 g, 90%) as a clear oil, which is used without ﬁthher

charactenzatmn
Pregaration 42
He,
. O’N
CH3
0 !
0.0
F
- ‘ F
15 L F

racemic

| Coola suspensxon of Preparation 30 (095 g, 2.86 mmol) and N,O-
- dlmcthy]hydroxylamme hyd:ochlonde (0.42 g, 4.29 mmol) in anhydrous THF (40 mL) to
20 - ~10°C in an ice/acetone bath, add 1sopropyl magnesium chloride (2 0M, 4.3 mL 8. 58
| ' mmol), and stir the reaction for 30 minutes, Quench the reacuon with saturated
' ammonmm chloride. -Add ethyl acetate and wash the organic layer washed with brine.

Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph :




1 Preparation 37 H3 CH3 r0 H3C-00 | 0 O CH3 racem ¢ JQ.Q.ahsREqsi on of 5%
pal | adi um on carbon (0.08g) in nethanol (50 20 rrL)/trleth ?am ne (1.0m)
add a solution of Preparation 21 (0.62 g, 1.76 nmol) in nethanol (10 ).
Pl ace the m xture on a Parr shaker under hydrogen (60 psi) at 40C 19

Sept e S02133622 -47 for twelve hours. Purge
t he reactlon with nitrogen and filter with celite. Concentrate the
filtrate in vacuo and flash chromat ograph with 20% et hyl acet at e/ hexane to
yield Prepepasiosow 37 (0.50 g, 81% as a clear oil. 1HPEWRSEEEEr3): 6.50
(d, J =27, 111), 6.44 (d, J = 2.75; IM 5.14-5.05 (m 414); 3.80 (in,
411), 3.58 (s, 31), 3.46 (s, 314), 395 (m 4H, 5 2.15-2-09 (m 1H),
2.07-1.90 (m 414), 1.72-1.64 (m 111). MS calcd 354.1; M5 (M+1l) 355.1.

Pre| ' ) f
5&?82[?2&?%@#& on*“’(*‘g %E%s’yfe‘%"%@?ﬁ“ Qadd B9 ki L o)

add a sol utsmafﬂwahowmmﬂa@mmm(o 42 g, 1.19 nmol) in

Preparation 43
CH '

HC, J° ,
-N
C . lc|-|3
e ns
5 H,C ‘
Tacemic

Cool a suspension of Preparation 31 (0.71 g, 2.55 mmol) and N,O- - .
dimethylhydroxylamine hydrochloride (0.37 g, 3.83 mmol) in anhydrous THF (40 mL) to
10 ~10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 2.5 mL, 5.10
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine.
Dry the organic layer over sodium sulfate, concentrate invacuo, and flash chromatograph
with 50% ethy] acetate/hexane to yield Preparanon 43 (0.36 g, 46%) as aclear oil, thch

15  isused without further charactenzation

. Preparation 44

. o ' s CH,
- o 7 Hsc\o_lh
CH,
o 4
0.0
F
racemic

20 .

' Cool a suspension of Preparation 32 (0.98 g, 3.48 mmol) and N,0-

dimethylhydroxylamine hydrochloride (0.51 g, 5.22 mmol) in anhydrous THF (40 mL) to
~10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 5.2 mL, 10.42

mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated




met hanol (10 mk). Place the nixture on a Parr shaker qlg\gg,;te,mg;imﬁen (60
psi) at 40C 15:for twelve hours. Purge the reaction with nitrogen and
filter with celite. Concentrate the filtrate in vacuo and flash :
chromat ograph with 20% et hyl acetate/ hexane to yield Preparation 38 (0.16
g, 38% as a clear oil. 1H NWR (CDC13): 7.00 (d, J = 8.2, 0.514), 6.94 (d,
+J =7.8, 0.514), 6.84-6.75 (in, 1.511), 6.67 (d, J = 3.1, 0.51]), 5.12-5.01
(m 4H, 3.77 (d, J =9.0, 0.5H, 3.64 (d, J = 11.3, 0.514), 3.52 (s,
1.514), 3. 49¥Q@pogH) , 3.48-3.43 20 (s, 4.514), 3.35 (secriuseld)z 2. 55-2. 42
(m 0.514), 2.17-2.02 (m 111), 1.95- 1588- (in, 0.51]), 1.81-1.75 (in,
114); 1.69-1.60 (m 0.51]), 1.55-1.50 Em 0.514), 1.15 (s, 1.514), '1.01 (s,
1.5H), 0.78 (s, 314). MS calcd 352.2; M5 (M+1l) 353.2. 19 Septenber 2006 WO
03/ 440116 ReH6kiBA2A133B2Add ol 2B 0\ CH3
H3C~0”0 rac '}gﬁ_ 5 To a suspeﬁlm ﬁpgéﬁ%d%?giae%?ga g%er%%eg%bgf 58g) in

met hanol (587 tht 9744 layeRgiensadim quifateyoncentiate m\gﬁiﬂuanddhshﬁhr@umhtl on 23

(1.25 g, 3. 8&1]50?95&1 1%«».&&54}%‘1& HCbr, X Pan shaker
under hydro y si) at 40 Yi%or rtﬂ\%/}eal)“?/ne 11@35?5 @J%egﬁ{gﬂ‘?‘glg ion with
ni trogen an “f‘i I"fl@P“W‘flﬁf@é‘@F‘P@Zm@bncentrate the filtrate in vacuo and
flash chy omat ograph with 15% et hyl acetate/hexane to yield 10 Preparation

39 (0.89 g, 72% as a clear oil. M5 calcd 380.2; M5 (M+1) 381.2.
~ Preparation 40 H3C OCH3 O \ Prepgration 43

CH,

He, |
,N -
(J on,
0 0
H, c”o 0 O

racemic

10 Cool a suspension of Preparation 33 (0.97 g, 2.99 mmol) and N,0-

' diﬁzethylhydroxylamine hydrochloride (0.44 g, 4.49 mmol) in anhydroué THF (40-tinL) fo
—10°C in an ice/acetone bath, add isopropy! magnesnmn chloride (2.0M, 4.5 mL, 9.00 |
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated -
ammonium chloride. Add ethyl acetate and wash the orgamc layer washed with brine.

15 - Dry the organic layer over sodium sulfate, concentrate in vacue, and flash chromatograph -
with 50% ethyl acetate/hexane to yield Preparation 45 (0.71 g, 67%) as a clear oil, thch )

is used thhout further charactenzahon




~ CH3 racenmic 15 To a suspension of 5% pal | adi um ong @ggf; %ﬁ)e(r QpdeP9) N

nmet hanol (50 nL)/triethylamne (1.0nL) add a solution o reparation 28
(0.58 g, 1.80 nmol)in nethanol (10 nL). Place the mixture on a Pan shaker
under hydrogen (60 psi) at 40C for twelve hours. Purge the reaction with
nitrogen and filter with celite. Concentrate the 20 filtrate in vacuo and
flash chromat ograph with 15% et hyl acetate/ hexane to yield Preparation 40
(0.25 g, 43% as a clear oil. Ms calcd 294.1 M5 (M+1l) 295.1. 19 Septenber
2006 WD 03/WA8WBH0PCT/ US02/ 33622 -49 Preparation 41 @COHS123M3C-N CH3 O
O''OHICQ OO racemic 5 This preparatjon follows that in Tet. Letters 36,
31, 1995, 5461-5464. Cool a suspensi ot of Preparation 29 (0.50 g, 1.54
mrol) and N, O di net hyl hydr oxyl am ne hydrochloride (0.23 g, 2.31 nmol)
anhydrous THE (25 nL) to -10Cin etone bath, add isopropyl

magnesi um chloride (2.0M 2.3 ni, %ﬂ% and stir the reaction for 30
m nutes. Quench the reaction vmth(l?rblgturat ed armoni um chl ori de. Add et hyl 10
acetate and wash the organic HiG eN. wakhed with brine. Dry the organic |ayer
over sodium sulfate, concentr uo, &iid, flash chromatograph with
50% et hyl acet ate/ hexane to vyi el dOPr argg\i/én 41 (0. 49 g, 90% as a clear
oil, which is used without further - acterl zation.

' HzaC/O

racemic

5 Cool a suspension of Preparation 34 (0.82 g, 2.53 mmol) and N,O-
dimethyihydroxylanﬁnc hydrochloride (0.37 g, 3.80 mmol) in anhydrous THF (30 mL) to
. —10°C in an ice/acetone bath, add isopropyl ,I:ﬂag;ve,siumI chloride (2.0M, 3.8 mL, 7.60
mmol), and stir the reaction for 30 minutes. Quehch the reaction with saturated
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine.
| 10 Dry the or‘ganic layer over sodium sulfate, concentrate in vacuo, and flash chromatdgraph
with 50% ethyl acetate/hexane to yield Preparation 46 (0.$0 g, 90%) as a clear oil, which

is used without further characterization.

Preparation 47

" H,C
">0"0 _
HyCpy.

3 /N
0o

hY

CH

15

racemic

A Cool a suspension of Preparatlon 35 (0.48 g, 1.42 mmol) and N,O-
N dlmeﬂlylhydroxylamme hydrochlmde 0.21g,2. ]3 mmol) in anhydrous THF (20 mL) to
20 ~10°Cin an ice/acetone bath, add isopropy! magnesium chloride (2.0M, 2.1 mL, 4.20

* mimol), and stir the reaction for 30 minutes. Quench the reaction with saturated




Preparation 42° H3C CH3 ONCH3 OO F Fi5 F I acenjfsantiblr fHo§Uspensi on
of Preparation-30 (095 g, 2:86 nmmol ) and N, O di met hyl hydroxyl am ne
hydrochl oride (0.42 g, 4.29 mmol) in anhydrous THE (40 nL) to 20 -10Cin
an ice/acetone bath, add isopropyl magnesiumchloride (2.0M 4.3 nL, 8.58
mrol ), and stir the reaction for 30 I nutes. Qiénch the reaction wth
saturated amonium chloride. Add ethyl acetate and wash the organic |ayer
washed with brine. Dry the organic |ayer over sodiumsulfate, concentrate
in vacuo, ammddGhasis chr omat ograph 19 Septenber 2006 WrqTuBadda411(16

PCT/ US02/ 33622. -50 with 50% ethyl acetate/ hexane to yield Preparation 42
(0.86. g, 83%. as a clear oil, which -$3 used w thout further
characterization. Preparation.-43 CH3 HBCONCH3 O 0,0 5 H3Cracenic
Cool a suspenswn I‘Pé‘ aration 31 (0.71 g, 2.55 nunol) and N, O

di et hyl hy g% y‘g‘i] 6wwn%@aévﬂlgorg®1@@'wh With Wiy dr ous THE

( 4210 ) 2t g Do ﬂmbeg@ub May@ibversBlidmRUPAE chidbilkatedslthchis AR MARK birbRASSHLUM Chl Ori de
(2.0M n SG‘VSemy?acetate/hexane to yield Preparation 47 (0.46 g, 88%) as a clear oil, which

is used without further characterization.

Preparation 48
' raéemic
10 - Cool a suspension of Preparation 36 (0.63 g, 2.53 mmol) and N,O-

dimé&ylhydron(ylamine hydrochloride (0.26 g, 2.68 mmol) in anhydrous THF (30 mL) to
—10°C in an jce/acetone bath add isopropyl magnesium chlonde (2.0M, 2.7 mL, 540
mmol) and stir the reaction for 30 minutes. Quench the reaction with saturated
- ammomum chloride. Add ethyl acetate and wash the organic layer washed with brine.

is Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph
with 50% ethyl acetate/hexane to yield Prcparatlon 48 (0 54 g, 76%) as a clear oil, which

“is used without further charactenzatmn




mol ), and stir the reaction for 30 m nutes. Quench tpéeS?Pg q)tl%vath
saturated ammonium chloride. Add ethyl acetate and was The organi c | ayer
washed with brine. Dry the organic |ayer over sodium sulfate, concentrate
in vacuo, and flash chromatograph wth 50% ethyl acetate/hexane to yield
Preparation 43 (036 g, 46% as a clear oil, which 15 is used without
further characterization. Preparation 44 H3C NH3 OCH3 0 0,0 F racemc
20 Cool a suspension of Preparation 32 (0.98 g, 3.48 nmol) and N, O

di met hyl hydwoxyésanms ne hydrochl oride (0.51 g, 5.22 mmol)rémuseanisgdr ous THE
(40 nL) to -10Cin an icelacetone bath, add isopropyl magnesi um chl oride
(2.0OM 5.2 nm., 10.42 nunol), and sti¥4-the reaction for 30 m nutes. Quench
the reaction with saturated 19 Sept enber 2006 WO 113/1144006.

PCT/ US412/ 33622 -51 ammoni um chloride. Add ethyl acetate and wash t he
organi ¢ layer washed with brine. Pmpgatigadoorganic | ayer over sodium

sul fate, concentrate in vacuo, andHfd;ash chromat ograph w th 50% et hyl

acet at e/ hexane to yield Preparation® %(0 61 g, 56% as a clear oil, which
is used wi.thout further characterizatijon. Sgreparatlon 45 CH3 HBC O CH3
00V0) : : “CH,

racemic

5 - Cool a suspension of Preparation 37 (0.50 g, 1.41 mrnol) and N,O-
d:methylhydroxylamme hydrochloride (0.24 g, 2.12 mmol) i in anhydrous THF (30 mL) to
~10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 2.1 mL, 4.20
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated
ammonium chioride, Add ethyl acetate and wash the organic layer washe& with brine.
10 Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chmmatograph
' thh 50% ethyl acetate/hexane to yield Preparat;on 49(0.31 g,57%) as a clear 011 which

is used thhout further charactenzahon

Preparation 50

H3C\

is-

Cool a suspension of Preparation 38 (0.16 g, 0.45 mmol ) and N,0-
dimethylhydroxylamin hydrochloride (0.07 g, 0.68 smol) in arhydrous THF (10 mL) to
20 ~10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 0.7 mL, 1.40
' mmol), and sur the reaction for 30 minutes. Quench the reaction with saturated

' ammqnium clﬂor_ide.‘ Add ethyl acetate and wash the organié layer washed with Brine.




H3C OvO racemic 10 Cool a Suspensi on of Preparation e&% 62- 99 mmol )

and N, O di met hyl hydroxyl am ne hydrochl oride (0.44 g, 4. %O

anhydrous THP (40 nL) to -10C in an icel acetone bath, add |sopropyl

magnesium chloride.(2.OM 4.5 nL, 9.00 mmol), and stir the reaction for 30

m nutes. Quench the reaction with saturated ammonium chloride. Add ethyl

acetate and wash the organic | ayer washed with brine. 15 Dry the organic

| ayer over sodium sulfate, concentrate in vacuo, and flash chromat ograph

wi th 50% et &%dosﬁ?ﬁ&at e/ hexane to yield Preparation 45 (pcﬂgs.,g”ﬁﬁ?/c) as a

clear oil, e I's used w thout . furt her characterization. 19 Septenber

2006. WO 03/ 044006 PCT/ US02/33622 ' 58-Preparation 46 CH3 H3C N O CH3 O

ov0 O HSC-O racem'c 5 Cool a suspension of Preparation 34 (0.82 g, 2.53

mol ) and di et hyl hydr oxyl am ne hydrochl oride (0.37 g, 3.80 nmol) in

anhydr ous T¢!E thezmeapic)layerover spdimn ﬁlﬂfaém congentratedn vaceo,land figsh cldeinategsqphopy |

magnesi um C»tfihpsxsiﬁi i ZectheRand td Ui d ti '(615n§§9% saclE. gﬁ@ﬁ“on for 30
e orf

m nut es. Quench reaction wt ur at Add et hyl

acetate andWﬁﬁW“ﬁ%W’g@hﬁfeﬂqﬂa%n vvashed vvlth brine. 10 Dry the organic
| ayer. over sodiumsulfate, concentrate in vacuo, and flash chromatograph
w th 50% et hyl acet at e/ hexane to ¥| eld Preparatl on 46 (0.80 g, 90% as a

TE aratlon 51

.cl ear 0|5I whi ch .

racemic

_ Cool 2 suspension of Preparation 39 (0.25 g, 0.77 ‘mmoi)and N,0-

10 dimethy]hydroxyiamine hydrochloride (0.11 g, 1.16 mmol) in anhydrous THF (20 mL) to
~10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 1.2 mL, 2.40
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated -
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine.

Dry the organic layer over sodium suifate, concentrate in vacuo, and flash chromatograph

15 with 50% ethyl acetate/hexane to yield Preparation 51 (0.20 g, 74%) as a clear oil, which |

is used without further characterization.

~\, : . ' ' . Preparation 52
L . ?Ha

oM

H,C

_ Cool a.‘,suSpensi'on of Preparation 40 (0.91 g, 3.07 mmol)and N,O-'
d_imethylhydroxylamine hydrachloride (0.45 g, 4.64 mmol) in anhydmué THF (20 mL) to
: ~ =10°C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 3.1 ml, 620




is used without further characterization. Preparati onggntefeddr 2086 O~CH H3C\
3 OOHICCN OO 15 CH3 racem c Cool a suspension of Preparati on 35
(0.48 g, 1.42 mmol) and N, O di net hyl hydr oxyl am ne hydrochl-ori de (0.219,
2.13 mmol) in anhydrous THE (20 nl) to 20 -10C in an ice/acetone bath, add
| sopropyl. magnesiumchloride (2.0M 2.1 nL, 4.20 mmol), and stir the
reaction for 30 mnutes. Quench the reaction with saturated 19 Septenber
2006 WD 03/11140(16 PCT/ 0s02/33622 -53_ ammoni um chl oride. Add et hyl
acet at e andwewsiieeche organic | ayer washed with brine. PEOFS®R2dr ganic

| ayer over sodium sul fate, concentrate in vacuo, and flash chromat ograph
with 50% et hyl acetate/hexane to vyi P Preparation 47 (0.46 g, 88% as a
clear oil, which 1is used without further characterization. 5 Preparation

48 Chs ~Qm08 Antp Qﬂ(awqgacti& for lj\b %tﬂs. Quench the reaction with saturated

ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine.

Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph
with 50% ethyl acetate/hexane to yield Preparation 52 (0.36 g, 36%) as a clear oil, which

5  is used without further characterization.

Prepatation 53 ‘
' 0._0- |
e
Br ,

10 Cool a suspension of sodium hydride (60% in mineral oil, 2.54 g, 63.58 mmol) in |
anhydrous DMF (50 mL)'unde'r nitrogen atmosphere to 0°C and add a solution of 4- |
- bromophenol {10.00 g, 57.80 mmol) in anhydrous DMF (50 fnL) dropwise. Add to this
suspension methoxymethyl chloride (4.8 mL, 63.58 mmol) dropwiée. Warm the reaction
to ambient temperature and stir for one hour. Quench the reaction with water and diethyl
15  ether. Wash the organic layer with IN sodium hydroxide and bri_ne. Dry the organic layer
 over sodium sulfate, concentrate in vacuo, and flash chromatograph with 10% etﬁyl .
acetate/hexane to yiel& Preparation 53 (10.42 g, 83%) as a clear oil. "H NMR (CDCla):
7.38 (d, J = 8.8, 2H), 6.93 (d, J = 8.7, 2H), 5.14 (5, 2H), 3.43 (5, 3H). '

' 20 o : Preparation 54
, 0. o .
/©/ ” '\CHs
u o

Cool a solution of Preparation 53 (3.03 g, 14.00 mmo) in anhydrous THF (40 mI)
to —78°C under mitrogen atmosphere and add s-butyllithium (1.3 M in cyclohexane, 10.7 -
25 mL, 14.00 mmol) dropwise. Stir the solution at =78°C for 30 minutes resulting in a

0.40M solution. Use irn_mediately, keeping temperature at ~78°C.




CH3 racenic 10 Cool a suspensi on of Preparation 36 ({b $tethber2008 rrrml) and
N, G- di net hyl hydroxyl am ne hydrochl oride (0.26 g, 2.68 nmol) in anhydrous
THE (30 nL) to -10Cin an ice/acetone bath, add isopropyl nagnesium
chloride (2.0M 2.7 nm., 5.40 mmol), and stir the reaction for 30 m nutes.
Quench the reaction with saturated anmmonium chloride. Add ethyl acetate
and wash the organic |ayer washed with brine. 15 Dry the organic |ayer over
sodium sul fate, concentrate in vacuo, and flash chromatograph wth 50%

et hyl acet avelhexane to yiel d Preparation 48 (0.54 g, MXusass@zclear oil,
which is used without further charagterization. 19 Septenber 2006 WO
03/01411116 PCT/ 1JS02/ 33622 -54 Preparation 49 H3C O H3C-00 3 H3CINO
CH3 racemic 5 Cool a suspensi-on of Preparation 37 (0.50 g, 1.41 mmol) and
N, O di net hyl hydr oxyl am ne hydr ochtkdtiges4 0. 24 g, 2.12 mmol) in anhydr ous
THE (30 .nL) to -10Cin an IC(? cetone bat h, add isopropyl magnesium
chloride (2.0M 2.1 nl, 4.20; and stir the reaction for 30 m nutes.
Quench the reaction with sat@rat ed "ammoni um chl ori de. Add et hyl acetate
and wash the organic |ayer waghed with brine. 10 Dry the organic |ayer over
sodium sul fate, concentrate i® _vacuo, and flash chromatograph with 50%

et hyl acetate/ hexa‘ne to yield ion 49 (0.31 g, 57% as a clear oil,

which " is used w thout further” i zat |d?_p.
0._0
H.C..
00
racemic
.5 Add Preparation 54 (0.40M, 42.5 mL, 17.00 mmol) into a solution of Preparation

41 (6.00 g, 17.00 mmol) in anhydrous THF (50 mL) at 0°C and stir the resulting solution
for 30 minutes at 0°C. Quench the reaction with satur‘ated' sodium bicarbonate. Add ethyl
acetate and wash with brine.- Dry the organic layer over sodium sulfate, concentrate in |
vacuo, and flash chromatograph with 30% ethyl acetate/hexane to yield Preparatioﬁ 55
10 (7.1kg, 97%) as a colorless foam. "H NMR (CDCls): 7.61 (d, J = 8.6, 2H), 6.83 (4, T =
8.6, 2H), 6.76 (d,1=2.7, 1H), 6.71 (d, J =8.7, 1H),660(dd,J“27 8.6 lH) 5.18(s,
2H), 5.08-4.95 (m, 4H), 4.27-4. 23 (m, 1H), 3.83-3.79 (m 1H), 3 43 (s, 3H), 3.40 (s, 3H),
© 3.39.(s, 3H), 2.25-1.93 (m, 5H), 1.79-1.70 (m, 1H). '

15




Preparat| on 50 H3C, CH3 CH3 ON CH3 O 0"0' CH I—l3C~001933€pt’19§]bglammc Cool a
suspensi on of Preparation 38 (0.16 g, 0.45 mml) and N,

di et hyl hydroxyl am ne hydrochloride (0.07 g, 0.68 mmol) |n anhydr ous THP
(10 nL) to 20 -10C in an ice/acetone bath, add isopropyl magnesi um chloride
(2.0M 0.7 nL, 1.40 nunol), and stir the reaction for 30 m nutes. Quench
the reacti on vm'th saturated ammonium chloride. Add ethyl acetate and wash
t he organic er- washed with brine. 19 Septenber 2006 WO (1314441) (16
PCT/ US112/ 3’%’2‘ ™85 Dry the organic |ayer over sodi um S6IMUERE32Boncentrate
in vacuo, ‘and flash chromatograph w th 50% ethyl acetate/hexane to yield
Preparation 50 (0.15 g, 87% as a cled oil, which is used without further
characterization. 5.Preparation 51 CH3 CH3 H3CQ\~ N CHa 0:OvO - H3CQ CH 00
3 racenmc Cool a suspension of Ppe aratl 39 (0.25 g, 0.77 mmol )and N, O
10 di nmet hyl hydr oxyl am ne hydr ochl U_’%B%%_g(géﬁrl]l g, 1.16 mml) in anhydrous TUF
(20 nm) to -10Cin an icel a§é{3one bat h, add isopropyl magnesi um chloride
(2.0M 1.2 nm, 2.40 ‘

racemic

5 Add Preparatlon 54 (0.40 M, 8.9 mL, 3.57 mmol) mto a solution of Preparat]on 42
- (0.86 g, 2.38 mmol) in anhydrous THF (50 mL) at 0°C and stir the resulting solution for
30 minutes at 0°C. Quench the react]on with saturated sodium b:carbonate Add ethyl
acetate and wash with brine. Dry the orgamc layer over sodium sulfate, concentrate in

‘ vacuo, and flash chromatograph with 20% ethyl acetate/hexane to yield Preparatlon 56
10 (1.03 g, 99%)asa clear oil.

Preparation 57

Hy

O;/_O\o

15 .
| Add Preparation 54 (0:40 M,6.1mlL, 234 mmol) info a éo]ution of Preparation 43
+{0.36 g, 1.17 mumol) in anhydrous THF (20 mL) at 0°C and stir the resulting sdl_ution for
30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate. Add ethyl

_ acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in |




~mml ), and stir the reactjon for 30 m nutes. Quench tfassheambi MW th
saturated anunonium chloride. Add ethyl acetate and wash the organic |ayer
washed with brine. Dry the organic |ayer over sodiumsulfate, concentrate
in vacuo, and flash chromatograph 15 with 50% et hyl acetate/ hexane to yield
Preparation 51 (0.20 g, 74% as a clear oil, which is used without further
characterization. Preparation 52 CH3 H3CO~-N H3C 0| %0"n'" CH3 0 20
racem ¢ Cool a suspension of Preparation 40 (0.91 g, 3.07 mmol )and N, &

di met hyl hy dwoxyl.asts ne hydrochloride (0.45 g, 4.64 mmol )rdruseasigzdr ous THE
(20 mL) to -10C in an icel/acetone bath, add isopropyl magnesium chloride
(220M 3.1 m, 6.20 - - --------- 19-%ept enber 2006 WD 113/0441106

PCT/ US02/ 33622 -56 nmol), and stir the reaction for 30 m nutes. Quench the

O gani o1 ay2iog Bl HAR BRI S B2 R S e S MBS s
sul fate, cdfdbmtIrs) s adeaval (B NMRICIDCR)E R.6T (b, DAEKOTRRD2-6181 (rh 3H0% et hy|

acet at e/ hexgne yd.el ragl on (. , 14362 cl.ear,oil, which
5is used w't h(')éusng%}r%t ﬂleg:{s’gﬁgrggég?l%ﬁ%n%ﬁeb% 12%?{6%, lfﬁ%f—fsg Br 10
Cool a susgenth,dmo ¢ 38 ariHnoR yuly $ithel1.8G060 (m 1H).neral oil, 2.54 g, 63.58
mmol) i , ' '

Preparation 58

racemic

.10 - Add P_reparatidn 54 (0.40 M, 9.8 mL, 3.92 mmol) into a solution of Preparation 44
{0.61 g, 1.96 mmol) in anhydrous THF (20 mL) at 0°C and stir the resulﬁﬁg solution for
30 'minutes at '0°C. Quenc_h the reaction with ‘saturated sodimﬁ bicarbonatq. Add ethyl
‘acetate and wash with brine. Dry the organic layer over sodivm sulfate, concefxtrate in
vacuo, and flash chromato graph with 30% ethy} acetate/hexane to yield Preparation 58
15 (0.59 g,92%) as a clear oil. 'H NMR (CDCly): 7.61 (d, T = 7.4, 2H), 6.92-6.80 (m, 3H),
+ 6.78-.672 (m, 1H), 6.63-6.59 (m, 1H), 5.17 (dd, 1 = 6.6, 9.4, 2H), 4.90 (dd,J=4.5, 6.6,
~2H), 4.30-4.26 (m, 1H), 3.80-3.75 (m, 1H), 3.43 (s, 3H), 3.39 (s, 3H), 2.20-1.91 (m, 5H),
'1.80-1.70 (m, 1H). . | ' o e




anhydrous DMF (50 nl) under nitrogen atnosphere to 0G A g0l ution of
4- bronophenol (10.00 g, 57.80 mmol) in anhydrous DMF (50 1nL) dropw se.
Add to this suspension nethoxynmethyl chloride (4.8 nL, 63.58 mmuol)

dropwi se. Warmthe reaction to anbient tenperature and stir for one hour.
- Quench - the reaction wth water and di ethyl 15 ether. Wash the organic |ayer
with I N sodi um-hydroxi de and brine. Dry the organic |ayer over sodium

sul fate, concentrate in vacuo, and flash chromatograph with 10% et hyl

‘acet at e/ hexgoestugoyi €l d Preparation 53 (10.42 g, 83% asrasedswar oil. 1H

- NWVR (CDC13): 7.38 (d, J =8.8,-2H), 6.93 (d, J =8.7, 2H), 5.14 (s, 2H,
3.43 (s, 3H). 20 Preparation 54 1|. \-0By C H3 Li Cool a solution of
Preparation 53 (3.03 g, 14.00 mmol) in anhydrous THE (40 nml) to -78C under
ni trogen atnosphere and add s- butlyl | i tﬁgi gﬁn (1.3 Min cycl ohexane, 10.7 25
m., 14.00 mmol ) dropw se. Stir t n at -78C for 30 m nutes
resulting in'a 0.40M sol uti ofH,Use i nmedi ately, keeping tenperature at-78C.
19 Septenmber 2006 WD 03/0440116 PCT/US02133622 -57 Preparation 55 CH3 0)
i CH3 0\ OvO H3C -, racerni 5 Add Preparation 54 (0.40M 42.5 ni, 17.00
mmol) into a solution of Pregaration 41 (600 g, 17.00 nmmol) in anhydrous
THE (50 nL) at OC and stir theyfesulting solution for 30 mnutes at 0C_

- Quench the reaction with satur® ‘

racemic

5 Add Preparation 54 (0.40 M, 7.5 mL, 3.03 mmel) into a solution of Preparation 45

(0.71 g, 2.01 mmol) in anhydrous THF (20 mL) at 0°C and stir the resulting solution for

30 minu;es at 0°C. Quench the reaction with saturated sodium bicarbonate. Add ethyl
acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in
vacuo, and flash chromatograph with 30% ethy] acetate/hexane to yield Preparation 59

10 {0.80 g, 93%) as a clear oil. "H NMR (CDCL): 7.55 (d, J = 7.0, 2H), 6.80-6.75 (m, 3H),
648 (d,J=8.2,2H), 5.15-5.06 (m, 2H), 4.96 (s, 4H), 4.39-4.31 (m, 1H), 3.80-3.76 (m,
1H), 3.46 (s, 6H), 3.40 (5, 3H), 2.55-2.45 {(m, 1H), 2.30-2.20 (m, 1H}, 2.15-2.05 '(nri, 1H),
1.96-1.85 (m, 2H), 1.70-1 60 (m, 1H). MS caled 430.2; MS (M+1) 431.2. -
15

[




acetate and Wash with brine. Dry the organic |ayer ov LumesHl fate,
concentrate in ‘vacuo, and flash chromatograph with 38%%9%#%%

acet at e/ hexane to yield Preparation 55 .10 (7.11 g, 97% as a colorless
foam 1H NWR (CDC13): 7.61 (d, J = 8.6, 2H), 6.83 (d, J = 8.6, 2H), 6.76
(d, 3 =2.7, 1 H, 6.71 (d, J =8.7, 1H, 6.60 (dd, J = 2.7, 8.6 1H), 5.18
(s, 2H), 5.08-4.95 (m 4H), 4.27-4.23 (m 1H), 3.83-3.79 (m 1H), 3.43 (s,
3H), 3.40 (s, 3H), 3.39 (s, 3H), 2.25-1.93 (m 5H), 1.79-1.70 (m 1H. 15
19 Sept enbewod®hons WO 113/ 04411116 PCT/ US02/ 33622 -58 pdnepassai on 56 CH3
O 0O-CH3 00vO F Fracenmic 5 Add Preparation 54 (0.40 M 8.9 nL, 3.57
mmol) into a solution of Preparation®42 (0.86 g, 2.38 mml) in anhydrous
THE (50 nL) at- OC and stir the resulting solution for 30 mnutes at OC
Quench the reaction with saturateg sodi um.bi carbonate. Add ethyl acetate
and wash with brine. Dry the or ga%g%h%’?rerag over sodium sulfate, concentrate
in vacuo, and flash chromat8fkaph with 20% et hyl acetate/ hexane to yield
Preparation 56 10 (1.03 g, §9% as a clear oil. Preparation 57 CH3 0 O
. Y , |

5 ~ Add Preparation 54 (0.40 M, 8.5 mL, 3.40 mumol) into a solution of Preparation 46
(0.80 g, 2.26 mmol) in anhydrous THF (20 mL) at 0°C and stir the resulting solution for
30 minutes at 0°C. Q\iench the reaction ﬁdth saturated sodjum bicarbonate. Add éthyl
 acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in
7 vacuo, and flash chromatograph with 30% ethyl acetateﬂiexane to yield Preparation 60
10 (0.87 g, 90%) as a clear oil. 'H NMR (CDCl): 7.61 (d; J = 8.6, 2H), 6.99-6.96 (m, 1H),
6.86 (d, 8.7, 2H), 6.50-6.46 (m, 2H), 5.15 (s, 2H), 5.40-4.97 (m, 2H), 4.92 (s, 2H), 4.26- |
4.21 (m, 1H), 3.80-3.74 (m, 1H), 3.44 (s, 3H), 3.40 (s, 3H); 3.38 (s, 3H), 2.24-1.90 (m,
5H), 1.79-1.71 (i, LH). MS calcd 430.2; MS (M+1) 431.2. .

15




0 0"0,CH3 H3C racemc 15 Add Preparation 54 (0.40 Mdfachidtper Zo084 Mol )
into a solution of Preparation 43 (0.36 g, 1.17 nmmol) 1 n anhydrous THE (20
mL) at OC and stir the resulting solution for 30 minutes at OC. Quench the
reaction with saturated sodi um bi carbonate. Add ethyl acetate and wash

W th-brimne. "Dry the organic tayer over sodiumsulfate, concentrate in 19
Sept enber 2006 WO 03/ 044006 PCT/ USC2133622 -59 vacuo, and flash

chromat ograph with 30% et hyl acetate/ hexane to yield Preparation 57 (0.41
g, 92% as wo@d®awsoil. "HNWR (CDA 3): 7.61 (d, J = 7.eTnidblized. 92- 6. 81
(m 3H), 6.76-6.65 (m 2H), 5.15 (s, 2H), 4.93. (m 2H), 4.29-4.23 (m 1H),
3.82-3.76 (m1H), 3.45 (s, 3H), 3.4&2(s, 3H), 2.23-1.92 (m 8H), 1.80-1.69
(m IH). 5 Preparation 58 CH3 0 O CHOHO %F racemic 10 Add Preparation
54 (0.40 M 9.8 nilL, 3.92 nmol) into a solution of Preparation 44 (0.61 g,
1.96 mmol) in anhydrous THE (20 nEgpasgtion®l and stir the resulting solution
for 30 mnutes at 0C. Quench the pgaction with saturated sodi um

bi carbonate. Add ethyl acetate ang \ﬁ@shd/vith, brine. Dry the organic |ayer
over. sodi um sul fate, -concentrate vatuoCHynd flash chromat ograph with
30% et hyl acetate/hexane to yi eheErepganation 58 15 (0.59 g, 92% as a

clear oil. "H NWR (CDC13): 7. 61/|(d,OJ .4, 2H), 6.92-6.80 (m 3H),
f . .
CH,
0O
§
O
H,C
TAcemic
o 5 Add Preparation 54 (0,40 M, 4.7 mL, 1.88 mmol) into a‘solution of Preparation 47.

(0.46 g, 1.25 mmol) in anhydrous THF (20 mL) at 0°C and stir the resulting solution for
30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate. Add ethyl
acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in
vacuo, and flash chromatograph with 30% ethyl acetate/hexane to yield Preparation 61

10 (043 g,77%) as aclear oil. '"H NMR (CDCL): 7.61(d, J =8.6, 2H), 6.80 (d,7=9.0,2H),
6.51(d,J=2.7, 1H), 6.41 (d, J=2.7, 1H), 5.13 (s, 2H), 4:97-4.85 (m, 4H), 4.26-4.21 '(~m,
1H), 3.85-3.80 (m, 1H), 3.61 (s, 3H), 3.42 (s, 3H), 3.37 (s, 3H), 2.33-2.22 (m, 1H), 2.15-
1.89 (m, 7H), 1.80-1.69 (m, 1H). MS caled 444.2; MS (M+1) 445.2.

15




6.78-.672 (m 111), 6.63-6.59 (m 1 H), 5.17 (dd, J F9@eBemBerboogt), 4.90
(dd, J = 4.5, 6.6, 2H),4.30-4.26 (m 1H), 3.80-3.75 (m 11D, 3.43 (s, 3H),
3.39 (s, 3H), 2.20-1.912 (m 5H), 1.80-1.70 (m 1H). 19 Septenber 2,006 WO
03/ 044006 PCT/ US02/ 33622 60 Pr'epar ation 59 CH3 O O CH3 0O OO H3C
racemc 5 Add Preparation 54 (0.40M 7.5 nL, 3.03 mmol) into a solution
of Preparation 45 (0.71 g, 2.01 mml) in anhydrous THE (20. nL) at OC and
stir the resulting solution for 30 mnutes at 0OC. Quench the reaction with
sat ur at ed wodkemebi carbonate. Add ethyl acetate and washiswwaérzbrine. Dry
the organic | ayer over sodiumsulfate, concentrate in vacuo, and flash
chromat ograph with 30% et hyl acet atéﬁhexane to yield Preparatl on 59 10
(0.80 g, 93% as a clear oil. ITHNW (CDA3): 7.55 (d, J = 7.0, 2H),
6.80-6.75 (m 3H), 6.48 (d, J =.8.2,. 2H), 5.15-5.06 (m 2H), 4.96 (s, 4H),
4.39-4.31 (m 1 H, 3.80-3.76 (rﬁl@%‘?%—% 46 (s, 6H), 3.40 (s, 311),
2.55-2.45 (m 111), 2.30-2.20 (m 1H), 2H5205(m 111), 1.96-1.85 (m
2H), 1.70-1.60 (m 1H). M cal ed 430. 2,O (M+1) 431.2. 15 19 Septerrber
2006 WD 03/11441106 PCT/ US112 /3 36 ﬂ 2 -61

racemic

5 Add Preparation 54 (0.40 M, 6.8 mL, 2.74 mmol) into a solution of Preparation 48

(0.54 g, 1.37 mmol) in aﬁhydrous THF (20 mL) at 0°C_and stir the resulting solution for

_ 30 minutes at 0°C. Quench the reaction with saturated rsodium bicarbonate. Add ethyl '
acetate and wash with brine. Dry the orgamc layer over sodmm sulfate, concentrate in
vacuo, and ﬂash chromatograph with 30% ethyl acetateme.\ane to yield Preparation 62

10 (0.25 g, 40%) as a clear oil. *H NMR (CDChy): 7.55 (d, ] = 8.6, 2H), 6.83 (d, ] = 9.0,

1H), 6.76-6.72 (m, 3H), 6.57 {dd, 1=3.2, 9.0, 1H), 5.14 (s, 2H), 5.00-4.92 (m, 4H), 4.10-

4,03 (m, 1H), 3.70-3.63 (m, 1H), 3.45 (s, 3H), 3.43 (s, 3H), 3.38-(s_, 3H), 2.38-2.30 (m,
1H), 2.10-1.82 {m, 8H), 1.55-1.45 (m, 1H).

. 15




Preparation 60 CH3 Q O CH3 00,0 (0 0 H3C racemdggepfiddodgseparation
54 (0.40 M 8.5 rnL, 3.40 nmmol ) into a solution of Preparation 46 (0.80 g,
2.26 mmol ) in anhydrous THE (20 nL) at OC and stir the resulting solution

for 30 mnutes at 0C. Quench the reaction wth-saturated sodi um

bi carbonat.e. -Add ethyl acetate and wash with brine. Dry the organic |ayer
over sodium sul fate, concentrate in vacuo, and flash chromatograph with

- 30% et hyl acetate/ hexane to yield Preparation 60 10 (0.87 g, 90% as a

clear oil. WdobMRGCDCl 3): 7.61 (d; J = 8.6, 2H), 6.99- ecobsiemaPH), 6.86
(d, 8.7, 2H) 6.50-6.46.(m 2H), 5.15 (s, 2H), 5.40-4.97 (m 2H), 4.92 (s,
2H), 4.26- 4.21 (m 1H), 3.30-3.74 (mg4-1H), 3.44 (s, 3H), 3.40 (s, 3H),
3.38 (s, 3H), 2.24-1.90 (m 5H), 1.79-1.71 (m 1H). MS calcd 430.2; MS
(M1): 431.2. 15 19 Septenber 2006 WO 03/044006 PCT/ US02/ 33622 62
Preparatlon 61 CH3 o~0,CH a 5 oBrepar@i@m 63

,CH,

O ‘
0.0
soa

O

(O
O

e
H,C

TAcemic

5 Add Preparation 54 (0.40 M, 4.0 mL, 1.62 mmol) into a solution of Preparation 49
(0.31 g, 0.81 mmol) in anhydrous THF (10 mL)rai 0°C and stir the resulting solution for
30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate. Add éthyl |
acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate i
vacuo, and flash 'chr(.)r‘natogr'aph with 30% ethyl acetate/hexane to yield Preparation 63
10 (012g, 32%) as a clear oil. 'H NMR (CDCI;): 7.65(d, T =8.0, 2H),'6.99-6.96 {m, 1H),
6.80 (d, J=8.0, 2H), 6.29 (d, = 2.7, 1H),76.23'(d, J=27,1H), 5.13 98, 2H), 5.02-4.89
(m, 4H), 4,24-4.,1-9 (i, 1H), 3.94-3.89 (m, 1H), 3.67 (s, 3H), 3.60 (s, 3H), 3.44 (s, 3H), ‘
o 3.39 (s, 3H), 2.30-2.27 (mn, 1H), 2.13-2.02 (m, 1H), 1.99-1.90 (m, 2H),- 1.80-1.74 (m, lH).'

15




fo 0O H3Cracemc 5 Add Preparation 54 (0.40 M 4.7 glgeln88 J3p®!) into a
solution of Preparation 47 -(0.46 g, 1.25 mml) in anhydrous THE (20 m.) at
0C and stir the resulting solution for 30 mnutes at 0C. Quench the
reaction With saturated sodi um bi carbonate. Add-ethyl acetate and wash
~wWith brine."Dry the organic |ayer over sodiumsutfate; concentrate in
vacuo, and flash chromatograph with 30% et hyl acetate/ hexane to yield
Preparati on g’(’lplo (0.43 g, 77% as a clear oil "H NWR (CDCl 3): 7. 61(d J =
8.6, 2H), 6. Paso0dp = 9.0, 2H), 6.51 (d, J = 2.7, 1H),

1H). '5.13 (s, 211), 4.97-4.85 (m 4H). 4.26-4.21 (m ﬁé"%&é%% 80 (m
111),.3.61 (s, 3H), 3.42 (s, 3H), 3.3%s(s, 311), 2.83-2.22 (m 1H), 2.15-
1.89 (m 7H), 1.80-1.69 (m 111), M caI cd 444.2; NS (M+l). 445.2. 15 19
Sept enber 2006 WO 03/044606 PCT/1JS02/33622 -63- Preparation 62 CH3 O
H3Coo O CH3 racemic 5 Add Prepar @réfamtibfle4 0.40 M 6.8 nL, 2.74 mol ) into
a solution of Preparation 48 0.54 g, 1.37 mmol) in anhydrous THE (20 nli)
at @C and stir the resultlng,% ution for 30 mnutes at 0C. Quench the
reaction with saturated sodi@Qm bi-carbonate. Add ethyl acetate and wash
with brine. Dry the organic Igyer over sodium sulfate, concentrate in
vacuo, and flash chromat ograp h 30% et hyl acetate/ hexane to yield-

N
: Preparatlon 62

raceinic

5 - Add Preparation 54 (0.40 M, 1.5 mL, 0.59 mmel) into a solution of Prcparatioﬂ 50
(0.15g,039 mmol}) in-anhydroﬁs THF {10 mL) at9°C énd stir the resulting solution for
30 minutes at Q°C. Quench the reaction with saturated sodium bicai‘bona_te. Add ethyl -
- acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in

vacgo? and Vﬂash. chroniatograph with 30% ethyl acetate/hexane to yield Preparatioh 64
10 (50 mg, 28%) as a clear oil.

Preparation 65 -

.15
- . Add Preparahon 54 (0. 40 M, 2.1 mL 0.85 mmol) into a solution of Preparatton 51
(0 20 g, 0.57 mumol) in anhydrous THF (10 mL) at 0°C and stir the resuling selution for
30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate. Add ethyl

E acetate and wash w1th bnne Dry the organic ]ayer over sodlum sulfate concentrate in




10 (0.25 g, 409 as a clear oil. "H NWR (CDCI3): 7.554d feptehier Soo8: 2H)
6.83 (d, J =9.0, 1H), 6.76-6.72 (m 3H), 6.57 (dd, J ='3:2, 9.0, 1H),
5.14 (s, 2H), 5.00-4.92 (m 4H), 4.10- 4.03 (m 1H), 3.70-3.63 (m 1H),
3.45 (s, 3H), 3.43 (s, 3H), 3.38 (s, 3H), 2.38-2.30 (m 1H), 2.10-1.82 (m
8H), 1.55-1.45 (m 1H). 15 19 Septenber 2006 WD 03/044006 PCT/ 1JS02/ 33622
-64 Preparation 63 OCH3 O/O\CH3 OQ O CH3 O OH3C racemc 5 Add
Preparation 54 (0.40 M 4.0 nL, 1.62 nmol) into a solution of Preparation
49 (0.31 g,WosBwsmmerol ) in anhydrous THE (10 ni) at OC apdi/ssuemssthe '
resulting solution for 30 mnutes at O0C. Quench the reaction with
sat urat ed sodi um bi carbonate. Add etd6§4 ~acetate and wash with brine. Dry
the organic |l ayer over sodiumsul fate, concentrate in vacuo, and flash
chromat ograph with 30% et hyl acetate/ hexane to yield Preparation 63 10
(0.12 g, 3790, g flaslhaypategraph with 3AKFRetCDE g hexane gByi¢ld Prepasatiqy €, 213)
6. 99-6. 96 (@mig;-w/ﬁfasgc]&@oﬁm J =8.0, 2H), 6.29 (d, J = 2.7, 111), 6.23 (d,
J =27, 1 H, 51395 2H), 5.02-4.89 (m 411), 4.24-4.19 (m IH),
3.94-3.89 (m . 111), 3.67 (s, 311), 3.60 (s, 31!), 3.44 (s, 311), 3.39 (s,
3H), 2.30-2.27 (m 111), 2.13-2. . , 1.99-1.90 (m 21-1), 1.80-1.74
(m1H). 15 19 Septenber 2006 e -%;’hggo

S T

CH,
HiC

O—CH, -

racemic

Add Preparation 52 (6.40'M, 5.5mL, 2.22 mmol) into a sofutiou of Preparation 50
(0-36 g, 1.11 mmol) in anhydrous THF (20 mL) at 0°C and stir the resulting solution for
‘10 30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate, Add ethyl
acetate and wash with brine. Dry the organic layer over sodium s'ulfate,'concenh'ate in
vacuo, and flash chroinatograph with 50% ethyl acetate/hexane to yield Preparation 66
(0.41 g,92%) as a clear oil, | ' |

15 7 B _ Preparation 67

racemic

Tp 0.92 g (2.8 mmol) of Preparation 11 in 10 mL of THF at -78°C. was added 3.4 .
.20 mL (5.6 mmol)of 1.7M tert-butyllithium. The mixtare was ‘cannulated into 0.7 g (2.0.




WO 031934( 106 PCT/ USQ2/ 33622 -65 Preparation 64 CHs CHs O
H3"+\ A~ | / CHs - Oracenic ‘5 Add Preparation 54 (0. 41%%?9? 006}!8_59
mmol) into a solution of Preparation 50 (0.15 g, 0.39 mmol) in anhydrous
THP (10 nlL) at OC and stirthe resulting solution for 30 mnutes at OC.
Quench the reaction with saturated sodi um bircarbonate. Add ethyl acetate
and wash with brine. Dry the organic |ayer over sodiumsulfate, concentrate
in vacuo, and flash chromatograph with 30% et hyl acetate/ hexane to yield

Preparati on wéuilfyueb0 Ny, 28% as a clear oil. Preparatipefy§asists O) O
,, CH3 CHs OvO CH H3C-00 i 3 .racente 15 .
: o 6T

~ mmol) of Preparation 41 in 10 mL of anhydrous THF at -78°C. with maguetic stirring,
and all was allowed to come to room temperature. After 5 hours, the mixture was
partitoned between diethylether and saturated sodium bicarbonate aqueous. The organic
layer was washed with water, saturated brine, dried over anhydrous sodium sulfate,
.5 - concentrated in vacuo, and flash chromatographed on silica gel with 10%
' ethylacetate/hexanes to give Preparation 67 (0.51 g; 57%). “The product 'H NMR (CDCls)
gxhibited an arylmethyl singlet at 2.13 ppm, and the product was used as is.

Preparation 68

© 10

- To0.70g(3.0 nimol) of 4-bromo-O-I_nefhox;qnethyl-m—cresol in 10 mL of THF at
 -78°C wasadded 3.6 mL (6.1 mmol) of 1.7 M tertbutyllithium. The mixture was
- 15 cannulated into 0.98 g (2.77 mmol) of Preparation’ 41 in 10 mL of anhydrous THF
-at -78°C with magnetic stirring, and all was allowed to come to room temperature. After
* 5hours, the mixture was partitioned between diethylether and saturated sodium
bicarbonate aqueous. .'_l‘he Qi-ganic layer was Wéshcd With water, saturated brin;a, dried
over anhydrous sodium sulfate, concentrated in vacuo, and flash chroinafographed on
20  silica gel with 10% ethylacetate/hexanés/0.1% triethylamine to give Prepéraﬁoﬂ 68 (0.31

' - B25%) '"HNMR (CDC): 7.39 (d, J =9.5, 1H), 6.83 (s, 1H), 6.70 (dd, ] = 9.5, 2.5, 1H),
. 668(s,1H),6.61 (4,1 =25, 1H), 5.15-4.98 (m, 4H), 4.76 (d, = 6.3, 1H), 4.65 (4, I =
L 64 1H), 4.24 (m, 1H), 3.68 (m, 1H), 3.47 (m, 1H), 3.4 (s, 3}1),343(5 3H), 330(3

| - 3H), 2.00 s, 3H),228-1 88 (m, 4H), 1.74 (m, 1R).
.25




Add Preparation 54 -(0.40 M 21 ni, 0.35 nmmol) into a §pEditd.Rar Sos
Preparation 51 (0.20 g, 0.57 nmmol) in anhydrous THE (10 nL) at OC and stir
the riesulting solution for 30 minutes at 0OC. Quench the reaction with
saturat ed sodi um bi carbonate. Add ethyl acetate and wash with brine. Dry
the organic | ayer over sodiumsulfate, concentrate in 19 Septenber 2006 WO
03/ 044006 PCT/ US02133622 -66 vacuo, and flash chronmat ograph with 30% et hyl
acetate/ hexane to yield Preparation 65 (0.21 g, 86% as a clear oil.
Preparati ow0gBo40@" O CH 3 H3C0 0 O O CH3 racem c AJ#CPPEREI2T i on 52
(0.40 M 5.5 ., 2.22.nmol) into a solution of Preparati.on 50 (0.36 g,
1.11 nmmol ) in anhydrous THE (20 nlL) -8% OC and stir the resulting sol ution
for. 10 30 m nutes at 0OC. Quench the reaction with saturated sodium
bi carbonate. Add ethyl acetate ancj_ vvasE with brine. Dry the organic |ayer
over sodium sul fate, concentrate i o, and flash chromatograph wth
50% et hyl acetate/hexane to yiel drijapiaiati on 66 (0.41 g, 92% as a .clear
oil. 15 Prep ' CH3 .CH3 QvQ H3C.~ 00 - | racemc

-cyclopentvi[c]3.4-dihydro-2H-1-benzo

5 _ : . racemic

To a solution of Preparation 55 (7.10 g, 16.51 mmol) in anhydrous methanol (200
mL) add p-toluenesulfonic acid (1.04 g 16.51 mmol) and heat the resulting solution to |
50°C for 18 hours. Cool the reaction to ambient temperamre. and add bromocreosol greén
10 (10 mg) and sodium cyanoborohydtide (5.1'8 g, 82.55 mmol). Add methanol saturated
with HCI (gas) dropwise until yellow color is maintained. Stir the reaction one ildur past
the time when no more color change was 6bsarved. Quench the reaction with saturated
sodium bicérbonate, add ethyl acetate, and wash the organic layer with sodium
bicarbonate and bﬁne. Dy the organic layer over sodium sulfate, concentrate in \;acuo, |
15 and ﬂas]_1 chromatograph with 10 % diethyl ether/dichloromethane. Redissolve the' -
~ productin diethyl ether (~2 mL), precipitate with dichloromethane, and filter to yield
Example 1 (2.10 g, 45%) as a light purple solid. "H NMR (ds-DMSO): 9.28 (s, 1H), 8.80
(s, 1H), 7.20 (d, 1=8.6,2H), 6.73 (d, ] = 8.6, 2H), 6.61 (d, ] = 8.7, 1H), 6.53(d, J=2.7,
1H), 6.45 (dd,_J =2.7, 8.5, 1H), 4.92 (d, ] = 2.0, 1H), 3.38-3.32 (m, 1H), 2.53-2.47 (m,” |
20 1H),2.07-2.02 (m, 1H), 1.65-1.59 (m, 1H), 1.45-1.22 (m, 4H). MS caled. 282.1; MS (M-
1) 281.1. SR |




To 0.92 g (2.8:nmmol ) of Preparation 11 in 10 nL of T s added
3.4 20 n1_ (5.6:rmol ) of 1.7 Mtert-butyllithium Th?gnsg&tfﬁ;%%mg@a

cannul ated into 0.7 g (2.0 19 Sept enber 2006 WD 03/ 0440116 PCTI US02/ 33622
_67 mol) of Preparation 41 in 10 nL of anhydrous THE at -78C. with
magnetic stirring, and all was allowed to cone to roomtenperature. After
5 hours, the nmixture was partitioned between diethylether and saturated
sodi um bi car bonat e aqueous. The organic |ayer was washed with water,

sat ur at ed bMHBAHMG ed over anhydrous sodi um sul fate, Seaarseentzated in
vacuo, -and flash .chromat ographed. on silica.gel with 10%

et hyl acet at e/ 33exanes to give Prepara®ion 67 (0.51 g, 57% . The product 1H
NMR (CDCl 3) exhibited an aryl nmethyl singlet at 2.13 ppm and the product
was used as is. Preparation 68 CH3 O~ O H3C O\ OvO H3 10 H3C O-O
racemic To 0.70 g (3.0 mvl) of 4£xpupladAO et hoxymethyl-mcresol in 10 ni
of THE at -78C was.added 3.6 nL (ﬁ,.eg_@rgfggl) of 1.7 Mtert-butyllithium The
m Xt ure was 15 cannul ated |ntlo 0. g ‘2'77 mml of Pre aratlon 41 in 10

mL of anhydSAR s al | owed to

conme to roomterrperature After 5 hgﬁgs the mxture was partitioned

bet' ween_di et hy rat ed sodi Lum b| car bonate aqueous The organic
| ayer s Wershref Sl 4 aydxynhe L 3 fedibygdro-28L kcbengopyian, ous - sodi um
sul f ate, concentrat ed in vacuo and flash chr orrat ogr aphed on 20 silica gel
wi th 10% et hyl acet at e/ hexanes/ 0.1 % triethylantine to give Preparation 68
(0.31 g,250/,). "HNWR (Q o 7. : 9"‘3\I H, 6.83 (s, 1H, 6.70
(dd, J = 9.5; 2.5HD . : = 2.5, 1H), 5.15-4.98
(m 4H), 4.76 (d, J- ‘

(28, 3R, 45) (2R, 3S,4R)

10 Using standard HPLC equipment, chromatograph the product of Example 1 (3.51
' g, Chsra]pak AD 8 x 32 cm cofuinm, 80% Heptanefxsopropyl alcohol eluent, 350 ml/min,
252 nm) ‘Concentration of pure fractions vields (8.5.3)(1 61 g, 99.9% ee, 6.9 min.) and
(R,R R)(l?lg,989%ec 9.3 min.) as white foams. ‘ '

15 Example2
Prép’aration of
-6-trifluoromethyl-cveclopen Ic‘3 4-dihydro-2H-1-benzo;

L

20
Toa solution of Preparation 56 (1 03 g, 2.35 mmol) in anhydrous methanot (40
mL) add p-toluenesulfonic acid (0.11 g, 1.76 mmof) and heat the. resu]tmg solution to
| 50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green
(10 mg) and sodium cyanoborehydride (0.74 g, 11.75 mmol). Add methano] saturated

‘ 25 - with HCI (gas) dropwise until yellow color is ﬁlaintaincd. Stir the reaction one hour past |




6.4, 1H), 4.24 (in, IH, 3.68 (m 111), 3.47 (m 19%) 19%6%,“()&20@@.1) 3.43
(s, 3H), 3.30 (s, 311), 2.00 (s, 31), 2.28-1.88 (m 4H),1.74 (m 1li). 25
19 S_epterrber 2006 WD 03/044006. PCT/ US02/ 33622 68 Exanpl e | Preparation
of * -2-(4-hydroxyphenvl)-6-hydroxy-cyclonentyl fcl3 '

4-di hydro-211-1 -benzopyrran HO -O-%0OH 5 racenmic To a solution of

- Preparation 55 (7.10 g, 16.51 mmol) in anhydrous nethanol (200 nilL) add

p-tol uenesulfonic acid (1.04 g, 16.51 nmol) and heat the resulting sol ution
to 50C forW98¥HdWes. Cool the reaction to anbient tenpecavsmaseand add
bronocreosol green- 10 (10 ng).and sodi um cyanoborohydri de (5.18 g, 82.55
mol ). Add nethanol saturated with HEO-(gas) dropwise until yellow color is
mai ntai ned. Stir the reactlon one hour past the time when no nore col or
change was g ne reac n,wWth saturated sodium

bi car bonat eg%’g&v\f R %‘é‘f‘ 0 oéfl?ngea‘?’f’d Ot\ﬁé‘ﬁdt Raef&ﬁ&&ﬁwﬂ%\y@samqﬁl sodi um

bi car bonat eodamdbltmrbamte z[dd)eﬂiyh&et@k,gaaa w@isH tﬂbf&fgaﬂuﬁ@er&ﬂﬁﬂ;l sdmmul f at e,

concentr at flash. chromat aph. with 10 % di et hyl
cther i onpeh ol erind 150 e rRE I SV ORUEL ol GPRERHE BIMEPr (-2 L)

pr eci pi t at endlasinchtiomatbgragdiveit eine ethplndetiibhéane tojidd Ekﬂ: F@npke 1 (2. 10 g,

T 7% f%r%aﬁ‘%@p%%%%%%W%%J%‘F&@m«%w{%b LERNETY

|6I\/l533(g8 gddh:v? mllmﬁﬁ(gﬂ%wzﬂj’ R A AN L M”*? 1. 65 1.59
(m 111), 1 T2 % 5 ﬁbi%i%’w& aég@%ﬁ%l%?}@ﬂ%’)(ﬂsﬁo@s%il% --------

me e 7° (nLQHselpctéehwm ATPEMS caled. 334 1; MS (M-1) 333.1.

10 Exampje 3
' Preparation of

racemic
15 _ .
To a solution of P;eparaﬁon 57(0.40 g, 1.04 mniol) in émhydrous methanol (50
mL) add p—toluen_esulfonic acid 0.05g,0.78 rhmol) and heat the resuIﬁng solution to
50°C for 18 hours. Cool the reacﬁon to ambient temperature and add _bromo.créosol green
{10 mg) and sodium cyanoborohydride (0.33 g,5.20 mmol). Add methanol saturated with
20 HCI (gas) dropwise until yellqw color is maintained, Stir the reaction one hour past the
~ time when no more color change was-observed, Quénbh the reaction with 'satur'ated
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium
bicarbonate and brine. rDry the organic layer over sodium sulfate, concentrate in vacuo,
and ﬂash chromato graph with 20% ethyl acetate/hexane to y1c1d Example 3 (0.21 g, 72%)
25 asalight purple sohd "HNMR (€DCl): 7.33 (d, T = 9.0, 2H) 7.00 (., I=1 2, 1H), 6.92
(dd,J=2.0, 8.2, lH), 6.87-6.81 (m, 3H), 3.44 (s, 1H), 5.09 (d, J=2. 0, 1H), 3. 50-3 46 (n,
© 1H), 2.61-2.54 {m, 1H), 2.30 [ 3H), 2.20-2:10 ¢m, 1H), 1.90-1.82 (m, 1H), 1.71-1.60 (m,
| 1H), 1.57-1.36 (m, SH) MS calcd. 280.1; MS (M-1) 279.1.




WO 03/ 044006 PCT/US112 /33 6 2 2 -69- Exanple | A Prepay cBlehBE 28bs 2R 3R
4R) - (4- hvdr oXyphenvl ) - 6- hvdr oxy- cvcl opentyl [ c] 3 4-di hvdro- 2H 1- benzopyr an
and 5 (2S.3S 4S)-(4-hvdroxyphenyl)-6-hydroxy- cyc]opentylrcl3
4-di hvdr o- 2H 1- benzopyran HO HO OH OH (2S, 3R, 4S) (2R, 3S, 4R) 10 Using
standard HPLC equi pnent, chronmatograph the product of Exanple 1 (3.51 g,
Chiral pak AD 8 x 32 cm col unm 80% Hept.ane/ i sopropyl al cohol eluent, 350
m./mn, 252 nm. Concentration of pure fractions yields (5,S,S) (1.67 g,
99.9% ee, 6. @ombmwugsand (R R R (1.71 g, 98.9%ee, 9. 3P @nks@s White
foams. '15 ‘Exanple 2 Preparation of =~ - . . ‘

") - 2-(4- hydroxyphenyl) - 6- trlfluoronethyl cycloyentyl[c]3

4-di hvdr o- 2H 1- benzopyran F ~Oi OH racenmc 20 To a solution of ‘
Preparation 56 (1.03 g, 2.35 nnDI) i n anhydrous methanol (40 nli) add
p-tol uenesul fonic acid (0.11 g, Txanipiel4) and heat the resulting solution
to 50C for 18 hours. Cool the reaggtion to. anbient tenperature and add

br omocr eosol green (10 ng) and s§%$§ﬁ¥%%%%oborohydrlde (0.74 g, 11.75

mrol ). Add net Hagel-hs eat FTML benzapiianl  yel | ow col or
is maintained. Stir the reactlon one hour past 19 Septenber 2006 WO

To a solution of Preparation 58 (0.59 g, 1.52 mmol) in anhydrous methanol (30
mL) add p-toluenesulfoni¢ acid (0.07 g, 1.14 mmol) and heat the resulting solution to_
50°C for 18 hours. Cool the reaction to ambient temperatu_re and adci bromecreosol green
16. (10 mg) and sodium cyanoborohydride (0.48 £, 7.60 mmol). Add niethénel saturated with
HCI (gas) dropwise until yellow color is maintainéd. Stir the reaction one hour past the |
time when no more color change was observed. Quench the reaction witli saturated
sodium bicarbonate, add ethyl acetate, and wash-the organic layer with sodivm
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in iracuo,
15 and flash chromatOgTeph with 20% ethyl acetate/hexane to yleid Example 4 (0.34 g, 79%)
asa Hight purple solid. 'H NMR (CDCl5): 7.33 (d, = 8.6, 2H), 6.88-6.76 (m, 5SH), 5.13
9s, 1H), 5.08 @dJ=23, IH), 3.49-3.45 (m, lH) 2.62-2.55 9m, 1H), 2.20-2.11 (m, 1H),

1.83-1.75 (m, 1H), 167—1 58 (m, 1H), 1.56-1.39 (m, 3H). MS calod. 284.1; MS (M-1)
283.1

20




-70 the time when no nore color change was observed. (QuengchsbRoseaction
with saturated 'sodium bicatbonate, add ethyl acetate,. and wash the
organi c | ayer with sodium bicarbonate and brine. Dry t he organi c | ayer
over sodium sul fate, concentrate in vacuo, and flash chronatograph with 20

% et hyl acetate/hexane to yield Exanple 2 (0.38 g, 5 48% as a |ight pink
foam 'H NWR (d6-DVSO): 9.37 (s, 1H), 7.54 (d, J = 1.9, 113), 7.40 (dd, J

=1.9, 8.6, 113), 7.24 (d, J = 8.2,2H), 7.00 (d, J = 8.6, Ili), 6.74 (d, J =
8 .2, 21J) WOsMmsd J = 2.0, |H), 3.53 (t, J = 7.4, BCBYSILB2 2. 65-2. 62
(MH), 2.18-2.10 (m IH),1.78- 1.72 1H), 146129(m 413). M5 cal ed.

334.1; M5 (M1l) 333.1. 10 Exanple 3~ reparatlon of

. -2-(4- hvdr oxyphenvl) - 6- met hyl - cycl opent vl [c13 4 dihydro 213 1 -benzopyran
HsC . O~1 OH racemc 15 To a gQlyukon of Preparation 57 (0.40 g, 1.04
mml ) in anhydrous methanol (50 ﬁt%ﬂﬁﬁﬂ p t ol uenesul fonic acid (0.05 g,

0. 78 nunol) and heat the resultlﬁgmgﬁmnﬂLon to 50C for 18 hours. Cool the
© reaction to qﬁplﬁgggﬁ%ﬁmgf 10 ng) and

- sodi'um cyanobor ohydri saturated with 20
HCl. (gas) dropwi se until yeIIoWDHoI
hour past the tinme when no S
reaction with saturated sodiy

change was observed Quench the
rbonat e, add et hyl acetate, and wash

the organic |ayer with sodi um i ate and brine. Dry the organic |ayer
over sodiumsulfate, concentrate in vacygyand flash chromatograph with
20% et hyl -acet at e/'hexane to .yield Exanple(% (0.21 g, 72@@ 25 as ali.ght

purpleSsolid. 'H NVR (CDCl 3): 7.33rdeeicd = 9.0, 213), 7.00 (d, J =1.2,
113), 6.92 (dd, | = 2.0, 8.2, 113), 6.87-6.81 (m 313), 5.44 (s, 113),
5.09 (d, J = 2.0, 113), 3.50-3.46 (m Iii), 2.61-2.54 (m 113), 2.30 (s,
313), 2. 20- 2. 180 & selutideof Prepaggion SB(D.80rg, 1.8 oD i abhgdreS nfefhunol (30

mL) addA p-toluenesulfonic acid (0.09 g, 1.40 mmol) and heat the resulting solution to
30°C for 18 hours. Cool the reaction to ambient tempereture and add bromocreosol green
10 (10 mg) and sodium cyahoborohydride (0.58 g, 9.30 mmol). Add methanol saturated with -
HCI (gas) dropwise vntil yellow color is maintained. Stir the reaction one hour past the |
time when no more color change was observed. Quench the reaction with saturated
sodiuni bicarbonate, add ethyl acetate, and wash the organic layer with sodium
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo,
15 - and flash chromatograph with 5% diethylether/dichloromethane to yield Example 5 (0.41
| 8 78%) as a light pink solid. 'HNMR (ds-DMSO): 9.31 (s, 1H), 9.30 (s, 1H), 7.20 (d, J
= 8.2, 2H), 6.83 (t, J = 7.4, 10.0, 1H), 6.75 (d, J= 8.6, 2H), 6.39(d, J = 7.9, 1H), 6.28 (d,
I=709,1H),4.87(d, )= 1.0,- 1H); 3.46-3.41 (m, 1H), 2.60-2.56 (m,IIH), 2.14-2.09 {m,
| 1H), 1.62-1.56 (m, 1H), 1.51-1.29 (m, 4H). MS caled. 282.1; MS (M-1) 281.1.




113),1.57-1.36 (m 313). M calcd. 280.1; M5 (M1) 27 enber 2006
WD 113/ 044006 'PCT/ US02/ 33622 -71 Exanple 4 Prepar at?go%epf)e%'%e'sﬁa&
(")-2-(4-hvdroxyphenyl)-6-fluoro-cycl opentyl[c]3 4-dihydro-2H 1- benzopyran
F\__(/_O5racemc To a solution of Preparation 58 (0.59 g, 1.52 mol) in
anhydrous. net hanol (30 nlL) add p-tol uenesulfonic acid (0.07 g, 1.14 mmol)
and heat the resulting solution to 50C for 18 hours. Cool the reaction to
anbi ent : tenperature and add bronocreosol green 10 (10 ng) and sodi um
cyanobor ohy®oiedess§ld. 48 g, 7.60 mol ). Add nethanol sat upgi@thsseh HC

(gas) dropwise until yellow color is maintained. Stir the reaction one hour
past the tine when no nore color chapge was observed. Quench the reaction
Wi th saturated sodium bicarbonate, add ethyl acetate, and wash the organic
| ayer with sodium bicarbonate and brine. Dry the organic |ayer over sodium
sulfate, concentrate in vacuo, 15 dadmpldsh chromat ograph with 20% et hyl
acet at e/ hexane to yield Exanple 4 (0. 34 79% as a light purple solid.

"H NMR (CDCl 3): 7.33 (d, J = 8.6, %Q?ﬁt—%&gSG?G(m 5H), 5.13 9s, 111),
5.08 (d, J = D)2:(4briroxBheONT IBrofpreyeliboty ] §2-Ry85. 8T -bkdpyrad. 20- 2. 11 (m
1H, 1.33-1.75 (m 1H), 1.67-1.58 (m_1H), 1.56-1.39 (m 311). MS cal cd.
284.1; M5 (M1) 283.1. 20 19 Septe -a 2006 WD 03/04406 PCT/ US02/ 33622
-72 Exanple 5 Preparation of ' -

HO

5 ' " racemic

To a solution of Preparation 60 (0.86 g, 2.00 mmol) in anhydrous methanot (50
mL} add p-toluenesulfonié acid (94 mg, 1.50 mumol) and heat the resulting solution to
50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green
S10- o mg).and sodium cyanoborohydride (0.63 g, 10.00 mmol). Add“methanol saturated
with HCI (gas) dropwise until yellow color is maintained. Stir the reaction one hour past
the time when no more color change was observed. Quench the reaction with saturated
- sodium bicarbonate, add ethyl acetate, and wash the orgam’é layer with sodium
~ bicarbonate and brine. Dry the organic layer over sodium sﬁlfate, concentrate in vacuo,
15  and flash chmmatograph with 5% diethylether/dichioromethane to yield Example 6 (0.32
8, 57%} as a light yellow solid. THNMR (d¢-DMSO0): 9.31 (é, 1H),9.30 (s, 1H), 7.21 (d,
J=28.6, 2H), 6.84-6.80 (m, IH) 6.73(d, 1= 86'2H) 6.38(d, =738, 1H),629(d,]=
8.2, 1H), 4.87 (s 1H), 3.45-3.41 (m, 1H), 2.62-2.58 (m, 1H), 2.18-2.09 {m, 1K), 1.61- l 54
(m, 3H), 1.50-1.22 (m, 4H) MS caled. 282.1; MS (M-l) 281.1.
20 :

R T L TR




CE2- (‘4- hydr oxyphenyl ) - 5- hydr oxv-cycl opentyl [c] 3 4-di h nzopyran
&O¢H 5 racem e To a solution of Preparation 59 (0. gdjéegieg{&; db%mml) in
anhydrous nethanol (30 nL.) add p-tol uenesul fonic acid (0.09 g, 1.40 nmol)
and- heat the resulting solution to 50C for 18 hours. Cool the reaction to
anbi ent tenperature and add bronocreosol green 10 (10 ng) and sodi um
cyanobor ohydride (0.58 g, 9.30 mmol ). Add net hanol saturated with HC (gas)
dropwi se until yellow color is maintained. Stir the reaction one hour past
the tinme WHEHH8%nore color change was observed. QuencRCTUS82/3362cti on with
saturated sodium bicarbonate, add ethyl acetate; and wash the organic

| ayer with sodi um bicar bonate and bif#ne. Dry the organic |ayer over sodium
sul fate, concentrate in vacuo, 15 and flash chromatograph with 5%

~diethyl ether/dichloronmethane to yield Exanple 5 (0.41 g, 78% as alight
pi nk sol i d. "H NVR (d6-DVBO) : 9. 31Ex@mple)  9.30 (s, 1H), 7.20 (d, J = 8.2,
2H), 6.83 140, v)-&h - R d, J = 7.9,

1H), 6.28 (d, J ,
2.60-2.56 (m 1H), 214209(m2H'§;2¥-}_,.P.Eﬂ.l62156(m 1H) 151129(m

4H).. M cal cd. 282.1; MB (M1) 281.1,-20 ----- ---- 19 Septenber 2006
WO 03/ 11441ttt 16 PCT/ US112 ! 3&cp
(-2-(4-hydroxyphenyl)-7-hydr oxy oentyl [c]3 4-di hydro 2H 1- benzopyran
HOa O6oOH 5 racemc To a sol uthg g
i n anhydrous nmet hanol (50 nl) adg
mmol ) and heat the resulting sol ution to:

5 ' Tacemic .

To a solution of Preparation 61 (0.15 g, 2.00 mmo!) in anhydrous methanol (30
mL) add p-toluenesulfonic acid (45 mg, 0.73 mmol) and heat the resulting solution to
50°C for 18 hours. Cool the redction to ambient.tempe;ature énd add bromocreosol green
10 (10 mg) and sodium cyanoborohydride (0.29 g, 4.65 mmol). Add methanol saturated with |
- HC1 (gas) dropwise until yellow color is maintained. :Stir the reaction one hour past the
time when no more color change was observed. Quench the reaction with saturated
sodiurn bicarbonate, add ethy! acetate, and wash the organic layer with sodium
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo,
15 and flash ch'romatdgraph with 5% diethyletherfdichloromethahc to yield Example 7 (0.15
g 54%) as a light yellow solid. "H NMR (de-DMBO0): 9.29 (s, AlH), 8.66 (s, 1H), 7.24 (d,
J=8.6,2H), 6.65 (4, J=8.2,2H), 6.36 (s, 2H), 4.89 (s, 1H),258»247(m, 1H), 2.08 (s, |
3H), 2. 07—2 00 {m, 1H), 1.62-1.59 (m, 1H), 1.42-1.21 (m, 5H). MS calcd 296.1; MS (M—
1) 295.1.
20 .




50C for 18 hours. Cool the reaction to anbient tenpergsgégFg&q§@gd

br onocreosol green 10 (10 ng) and sodi um cyanobor ohydri g, 10.00
nmmol). Add nethanol saturated with HCl (gas) dropw se until yellow color
is maintained.. Stir-the reaction one hour past the time when no nore col or
change was observed. Quench the reaction with saturated sodium

bi carbonate, add ethyl acetate, and wash the organic |ayer with sodi um

bi carbonate and brine. Dry the organic |ayer over sodium sulfate,

concent r.at eave #ny@eo, 15 and flash chronat ograph w th &%usozs3c22

di et hyl. et her/di chl oromet hane to yield Exanple 6 (0.32 g, 57% as a Ilght
yell'ow solid. 1IH NNR’(dG DVBO) : 9. 314s,. 111), 9.30 (s, 1H), 7.21 (d, J =
8.6, 2H), 6.84-6.80 (m 1H), 6.73 (d, J = 8.6, 2H), 6.38-(d, J = 7.8, 1H),
6.29 (d, J = 8.2, IH), 4.87 (s, 1H), 3.45-3.41 (m 1H), 2.62-2.58 (m 1FD
2.18-2.09 (m113), 1.61-1.54 (m Etduples 50-1.22 (m 4H). MS caled. 282.

M5 (M 1) 281.1. 20 19 Septenber 06 WO 03A144006 PCT/ US02/ 33622 -74

Exanple 7 Preparatlon of Lreparation of
(+)-2-(4- hydr Q3@ SIh @y J wacdix . "hydro-

2H- 1- benzopvr an HO o] CH3 | OH 5 racemc . 7o a solutlon of Preparation
61 (0.15 g, 2.00 mmol) in anhydrous gethanol (30 nlL) add p- toluenesulfonlc
acid (45 ng, 0.73 mmol) and pgat ulting solution to 50C for .

hours. Cool the reaction to anbi hperature and add bronocreosol green
10 (10 ng) and sodi um cyanobor ofye 029 g, 4.65 mmol). Add net hano
saturated with HCO (gas) dropw se untilf ygllow color is maintained. Stir

t he reacti on one hour past the tinme when” ndhore col or change was
observed. .Quench the reaction with saturated sodium bicarbonate, add ethyl
acetate, and wash the organic | ayerWtHh sodi um

7 To a solution of Preparation 62 (0.25 g, 0.54 mmeol) in anhydrous methanol (20
mL) add p-toluenesulfonic acid (25 mg, 0.41 ramol) and heﬁf the resulting solution to
| 50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green .

10 (10 mg) and sodium cyanoborohydride (0.17 g, 2.70 mmol). Add methanol saturated W1th
HCI (gas) dropwise until yeilow color is maintained. Stir the reaction on¢ hour past the
t:mc when no more color change was observed. Quench the reaction with saturated
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo,

15  flash chromatograph with 5% diethylether/dichloromethane, and chromatograph with
HPLC (YMC ODS-A 0.46 5 em column, 5-95% gradient, 0.1% TRA/water and 0.1%
TFA/acetonitriI(z_, 3.0 mL/minute, 2_14nm) to yield Example 8 (35 mg, 21%) as a light
pink sbljd. "H NMR (d6-DMSO0): 9.31 (s, 1H), 8.77 (s, 1H), 7.21 (4, T = 8.6, 2H), 6.75(d, '
I =28.6, 2H), 6.49-6.46 (m, 2H), 6.47 (dd, ] = 2.4, 8.7, 1H), 4,93 (s,r 1H), 3.40-3.32 (m, .

20 1H), 2.45-2.37 (m, 1H),'2,19-2.14 (m, 1H), 1.78-1.40 {m, 5H), 1.35-1.26 (m, 1H), 1.20-

107 (m, 1H), 1.02-0.83 (m, 2H). MS calcd. 310.2; MS (M-1) 309.2.




‘bi'carbonate and brine. Dry the organic |ayer over so
concentrate in vacuo, 15 and flash chromatograph w tﬂfggp%% Lr%&s _

di et hyl et her/ di chl oronet hane to yield Exanple 7 (0.15 g, 54% as a |light
yellow solid. 1H NVR (do-DMSO: 9.29 (a, 1H), 8.66 (s, 1H), 7.24 (d, J =
8.6, 2H), 6.65 (d, J = 8.212H), 6.36 (s, 2H), 4.89 (s, 1H), 2.58-2.47 (m
1H), 2.08 (s, 3H), 2.07-2.00 (m 1H), 1.62-1.59 (m 1H), 1.42-1.21 (m
511). Ms calcd. 296.1; Ms (M 1) 295.1. 20 19 Septenmber 2006 WO

03/ 11441106”@43%&@02133622 -75 Exanple 8 Preparation safr/use2/3se2?

(') -2-(4-hvdroxyphenvl) - 6- hvdr oxy- cvcl oheptyl rcl 3 4-di hydro-2H-| - benzopyr an
HO OH 5 racemic To a solution of Préfaration 62 (0.25 g, 0.54 mmol) in
anhydr ous net hanol (20 nL) add p-toluenesulfonic acid (25 ng, 0.41 nmmol)
and heat the resulting solution to_ 50C for 18 hours. Cool .the reaction to
anbi ent tenperature and add br onocExeggis green 10 (10 ng) and sodi um

cyanobor ohR@paraton of (3.2-@.hydro\PhéiDlehydOfd s Hekitaf el £dipyabh HA

(gas) dropwi se until yellow color 1's malntalne Ir e reaction one hour
past the tinme when no nore col H- S observed Quench the reaction
wi th saturated sodium bicarbonate, d ethyl acetate, and wash the organic
| ayer with sodi um . bicarbonatga . Dry the organic |layer over sodium
sul fate, concentrate in vacuo, h chromat ograph with 5%

- di et hyl et her/di chl oronet hane, a wtagraph with HPLC (YMC ODS- A 0. 46X
5 cmcol um, *5-95% gradi ent, 0.1% g and 0.1% TFA/ acetonitrile, 3.0
m Jmi nut e, 214nrr) o yield Exarrpl e~@H( 35 1y,C1% as a light  pink solid.
'"H NWR (d6-DVSO): 9.31 (s, IH, 877%5 1H), 7.21 (d, J = 8.6, 2H), 6.75
(d, J = 8.6, 2H), 6:49-6.46 (m 2Hjcemic 47 (dd, J = 2.4, 8.7, '1H), 4.93 (s,
1H), 3.40-3.32 (m : . e :

To a solution of Preparation 63 (0.12 g, 0.26 mmol) in anhydrous methanol (15
. mL) add p-toluenesulfonic acid (12mg, 0.20 mniol) and heat the resulting solution to
50°C for 18 hours. Cool the reaction to émbient temperature and add bromocreosol green
10 (10 mg) and sodiom cyénoborohydride {0.08 g, 1.30 ﬁxmd]). Add methanol saturated with
HC1 (gas) dropWise until yellow color is maintained. Stir the reaction one hour past the
ltir‘ne when no more color change was observed. Quench the reaction with saturated |
sodium bicarbonate, add ethy) acetate, and wash the organic layer with sodium
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo,
15  and flash chrbmatograph.with 40% ethyl acetate/hexane to yield Example 9 (37 mg, 46%)
asa I;ght yellow solid, 'HNMR (dg-acetone): 8.25 (bs, 1H), 7.90 (bs, 1H), 7.32 (, I = 8.3,
2H), 6.85 (d,7=2.7,2H),6.30(d, I = 2.7, 1H), 6.24 (d, ] = 2.4, 1H), 4.94 (4, T= 2.3, |
;}D, 3.’747(5, 3H), 3.44-3.40 (m, 1H), 2.69-2.62 (m, 1H), 2.18-2.10 (m, 1H), 1.85-1.69 (m,
- 1H), 1.59-1.55 (m, 1H), 1.49-1.41 (m, 2H), 1.39-1.33 {m, 1H). MS calcd. 312.2; MS (M-
20 1)3112. | '




20 1H), 2.45-2.37 1H), 2.19-2.14 1H), 1. 78- 1. 35-1. 26
(m If)H) 1. 20- 10(7m(mH)1H) 102083(Enm ;DH) I\/Bcalcdgemeg’EpzzO%ﬁ/S(Ml)

309,2. 19 Septenber 2006 WD 113/0140116 PCT/US02/ 33622 -76 Exanple 9
Preparation of ()-2-(4-hydroxyphenyl)-6- hvdroxy 8- met hoxy-cycl opentyl[c] 3
4-di hydro-- 2H 1-benzopyran HOo OC OH 5 racerni¢ To a solution of
Preparation 63 (0.12 g, 0.26 nmmol) in anhydrous nethanol (15 nl) add

p-tol uenesul fonic acid (12ng, 0.20 mmol) and heat the resulting solution to
50C for 18 WowmaseCool the reaction to anbi ent tenper at pERusdsghsadd
bronocreosol -green 10.(10 rag) and -sodi um cyanoborohydride (0.08 g, 1.30
nano] ). Add net hanol" ‘Saturated with -7HO (gas) dropvm se until yellow col or
is maintained. Stir the reaction one hour past the tinm when no nore col or
change was observed. Quench the reaction with saturated sodium

bi car bonate add et hyI acet ate, arframpleH0t he organic llayer with sodium

bi car bonat e raghad GBI aLRYS]. 1 PURLR POl EL AUl A28
concentrate in vacuo, ‘ itograpn Wth 40% et Hyl :

acet at e/ hexane to .yield Exarrpﬂ_él@gﬁﬁﬂ-h@m as a light yellow solid. 1H
NVR ( d6- acetone) 8.25 (bs, 1H), 7.9y bs, 111), 7.32 (, J = 8.3, 2H),

'6.85 (d, J = 2.7, 2H, 6.30 (d, HEJ
(d, 3 =2.3, 11:-1), 3.74 (syH. 3
2.18-2.10 (m 1H), 1.85-1.69 (ny
2H), 1.39-1.33 (m 113). M cal &
2006 W0 0311111106 PCT/US02/33622 -

,1 H, 6.24.(d, J = 2.4, 1H), 4.94
A 3.40 (in, 1H), 2.69-2.62 (m 1H),
1.59-1.55 (m 1H), 1.49-1.41 (m

2~M (M 20 1) 311.2. 19 Septenber

To a solution of Preparation 64 (40 mg, 0.09 mmol) in anhydrous methanol (10
- mL) add p-toluene‘sulfonic'acid (45 mg, .73 mmol) and héaf the resulting solution to
| 5G°C for 18 hours Cool the reaction to ambient temperature and add bromocreosol green
10 (10'mg) and sodlum cyanoborohydride (27 mg, 0.43 mmol}. Add methanol satumted with
HC] (gas) dropwise until yellow color is maintained. Stir the reaction one hour past the
time when no more color change was oBserved. -Quench the reaction with saturated
- sodium bica_rbbnate, add ethyl acetate, and wash the organic layer with sodium
bicarbonate and brine. Dry the organic layer over sodium sulfatc, concentrate in vacuo,
15  and chromatograph using a chromatotron (1 mm plate) with 30% ethy] acetate/hexane to
yield Example 10 (16 mg, 59%) as a light pink solid. 'H NMR {dg-acetone): 8.26 (s, 1H);
7.80 (s, 1H), 7.28 (d, T = 8.2, 2H), 6.84 (d, ] = 8.6, 2H), 6.72 (4, ] = 8.6, 1H),664(d,1——
| 3.2, 1H), 6.60 (dd, J=3.1, 8.6, 1H), 4.73 (d, I = 2.7, 1H), 3.04-2.98 (m, 2H), 1.64-1.59

 (m, 1H),1.43-1.37 (m, 2H), 1.25-1.20 (m, 1H), 119(s 3H), 0.53 (s, 3H). MS caled.
20 310.2; MS (M-1)309.2.




- Exanple 10 Preparation of 6
(+)-.2-(4-hydroxyphenvl | -6- bydroxy 11, 11-di net hyl - cyclopen? TT%f%? -

di hvdro- 2H 1-benzopyran CH3 H3C HO O OH 5 racenic To a sol ution of
Preparation 64 (40 ng, 0.09 mmol ) in anhydrous nethanol (10 nlL) add
p-tol-uenesul fonic acid (45 ng, 0.73 mmol) and heat the resulting sol ution
to 50C for 18 hours. Cool the reaction to anbient tenperature and add

br onmocreosol green 10 (10 nmg) and sodi um cyanoborohydride (27 ng, O0.43
nmol) . Add Woukswé saturated with HC (gas) dropw se wairiukozpad2k ow col or
is maintained. Stir the reaction one hour past the tine when no nore color
change was obser ved. Quench the react?n with saturated sodi.um

bi carbonate, add ethyl acetate, and wash the organic |layer with sodlum

‘bi carbonate and brine. Dry the organic | ayer over sodium sulfate,
concentrate in vacuo, 15 and chro ~using a chronatotron (1. mm

plate) with B (A0S Rlobnt{1t83 A, 59% as a
light pink solid. 'H NWR (d6 ; . O s, 1H), 7.28
(d, J =.8.2, 2H), 6.84 (d, J l RS (d, J =8.6, 1H), 6.64 (d, J
= 3.2,-11-1), 6.60 (dd, J 3. 1}48;6 3) 4.73 (d, J = 2.7, 1H),

3.04-2.98'(m 2H), 1.64-1. 59 -1.37 (m 2H),1.25-1.20 (m 1H),
1.19 (s, 3H), 0.53 (s, 3H. M calco. 20 310. 2, M5 (M1) 309.2. 19
September 2006 WO 03/111411H , 9/ 33622 -78 Exanple 11 Preparation
of (+)-2-(4-hydroxyphenyl)-6- hyo ‘-1 11- dlethyl cycl opentyl[c]3 4
-dlhydro 2H 1- benzoovr an . oL

5. . racemic

To a solution of using Preparation 65 (0.21 g, 0.57 mmol) in anhydrous methanol |
(10 mL)) add p-toluenesulfonic acid (31 mg, 0,48 mmol) and heat the resulting solution tor
50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green
10 (10 mg) and sodium cyanoborohydride (1 Sb mg, 2.40 mmol). Add methanol saturated
with HCI (gas) dropwise until yellow color is maintained. Stir the reaction one hour past
the time when no more color change was observed. Quench the reaction with saturated
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium
bicarbqnatg and brine. Dry the organic layer over sodium su!fatc; concentrate in vacuo,
15 and chromatograph using a chromatotron (2 mm plate) with 30% ethyl acetate/hexane to
yield Example 11 (50 mg, 26%) as a light pink solid. 'H NMR (MeOD): 7.20 (d, J = 8.2,
2H), 6.75 (d, §=8.2, 2H), 6.70 (d, = 8.2, 1H), 6.56 (d, T = 2.8, 1H), 6.52 (dd, Y=2.7,
8.2, 1H), 4.70 (d, ] =3.5, 1H), 3.20 (d, ] = 10.5, 1H), 2.92-2.83 (m, 1H), 1.61-1.53 (m,
2H), 1.49-1.20 (m, 5H),1.05-0.95 (m, 4H), 0.50 (t, = 8.8,'31-1)7. MS caled. 338.2; MS
20 (M-1)337.2.




- H3CCHs HOOI/ OH 5 racemc To a solution of using il Hhe65 (0.21
g, 6.57 mmol ) in anhydrous nethanol (10 nL) add p-tof%iﬁgi"ﬁek%dr?fc acid (31
ng, -0.4S mmol ) and heat the resulting solution to 50C for 18 hours. Cool
the reaction to anbient tenperature and add bronoecreosol green 10 (10 ny)
and sodi um cyanoborohydride (150 ng, 2.40 mmol). Add nethanol saturated
with HCl (gas) dropwi se until yellow color is maintained. Stir the reaction
one hour past the tine when no nore col or change was observed. Quench the
reaction witioagbudat ed sodi um bicarbonate, add et hyl ap%q“hﬁﬁz?yssz nd wash
the organic |ayer with sodi um bi-carbonate and brine. Dry thé organic |ayer
over sodium sul fate;, concentrate in \vaguo, 15 and chromatograph using a
chromatotron (2 mmplate) with 30% ethyl acetate/ hexane to yield Exanple

11 (50 ny, 26% as a light pink solid. IH NVR (MeOD): 7.20 (d, J = 8.2,
2H), 6.75 (d, J = 8.2, 211), 6.70 Edemple?2 8.2, IH), 6.56 (d, J = 2.8, |H),
6.52 (dd, J = 1ot od b S ety Svnnck a3 20 =10.5, 1H),
2.92-2.83 (m 5T ' B 95 (m

) . . H), L. 4 T2 Y1 L), —Oo=10.
4H), 0.50 (t, J= 8.8, 3H). MS cal cdenzag@aw; M5 20 (M 1) 337.2. 19
Sept enber 2006 W (1310444106¢CT/ US02/ 33622 -79 R Exanple 12 Preparation
of (1-2- (4- hydr oxyphenyl ) - 6- mef hbxy- | opentyl [c] 3 , 4-di hydro-2H1- -
benzopyran H3 O OH 5 racem c© ,

5 racemic

To a solution of Preparation 66 (0.40 g, 1.00 mmol) in anhydrous methanol (20
ml) add p-toluenesulfonie acid (47 mg, 0.75 mmol) and heat the resulting solution to .
50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green
10 (10 mg) and sodium cyanoborohydride (0.31 g, 5.00 mmol). Add mefhanol saturated with
- HCI (gas) dropwise until yéllow color is maintained. Stir the reaction one hour past the
time when no more color change was observed. Quench the reaction with saturated
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodinm
bicarbonate and brine. Dry the érganic layer over sodium sulfate, concentrate in vicuo,
is | and flash chromatograph with 40% ethyl acetate/hexane to yiéld Example 12 (0.15 g,
51%} as a light purple sf;lid. 'H NMR (CDC13): 7.33 (d, I = 8.2, 2H), 6.85-6.82 (i, 3H),
6.72-6.66 (m, 2H), 5.27 (s, 1H), 5.05 (d, = 2.0, 1H), 3.75 (s, 3H), 3.50—3.45 (m, 1H), -
2.58—2.5:4', {m, 13, 2.19-2.11 (m, 1H), 1.8_4;1 79 (m, 2H), 1.67-1.58 (m, 1H), 1.55-1.68

- (m, 2H). MS caled. 296.1; MS (M-1) 295.1, -
20 '




To a solution of Preparation 66 (0.40 g, 1.00 mvl) ing Y§od et hanol
(20 'nm.) add p-toluenesulfonic acid (47 ng, 0.75 nnnl)ggﬁgéﬂégt fﬂg

resulting. solution to 50C for 18 hours. Cool the reaction to anbient
tenperature and add bronocreosol green 10 (10 ng) and sodi'um ,
cyanobor ohydride (0.31 g, 5.00 nunol). Add nethanol saturated with HC
(gas) dropwi se until yellow color is maintained. Stir the reaction one hour
past the tinme when no nore col or change was observed. Quench the reaction
wi t h sat ur stcadnagdedi um bi car bonate, add et hyl acetate,pcargoyBeh t he organic
| ayer with sodium. bicarbonate and brine. Dry. the organic |ayer over sodium
sul fate, concentrate in vacuo, 15 apg.flash chromatograph with 40% et hyl
acet ate/ hexane to yield Exanple 12 (0.15 g, 51% as a light purple solid.
"H NWR (CDC13): 7.33 (d, J = 8.2, 213), 6.85-6.82 (m 3H), 6.72-6.66 (m
2H), 5.27 (s, 1B), 5.05 (d, J 2. (Exafiple.133.79 (s, 311), 3.50-3.45 (m1 1),

2.58-2.54 Em: 192 .41 ( B84-1 79 1,.67-1.58 (m
111), 1.55-1 dhor 23 ok By ﬁ eniyEBAAINA0T 9 Sept enber
2006. WO 03/ 944006 PCT/ US02/ 33628-1-befifdpiamnpl e 13 P aration of
(~)-2-(4-hvdroxv-3-nmet!l henyl)-6-hvdroxv-cycl opentvlfcl3 4-di hydro-

.~ 2H1-benzopyran HO O \ CH
~(0.51 g, 1.10 mmol ) in anhydro
bubbling to purge of oxygen wasug D4 QlGenesul fonic acid (0.17 g, 0.86
mrol.) . The bubbl er was renoved, and”th@ régsulting solution was heated to 10
50C for 18 hours under a nitrogen atnosphier@d To the m xture at anbient
tenperature was added bronocreosol green (-1 nmg) and sodi um

cyancbor ohydride (0.35 g, 5.50  *aceime - : :

‘:;-nic To a solution of Preparation 67
’ (15 nl) under nitrogen gas

To a solution of Preparation 67 (0.51 g, 1.10 mmol) in anhydrous methanol (15
mL) under nitrogen gas bubbling to purge of oxygen was added p-toluenesulfonic acid
- (0.17 g, 0.86 mmol). The bubbler was removed, and the resulﬁng_soluﬁ'on was heated to .
10  50°C for 18 hours under a nitrogen atmosphere. To the mixture at ambient temperature
was added bromocreosol green (~1 mg) and sodium cyanoborohydride (0.35 g, 5.50
mmol). Methanol saturated with HCl {gas) was added portionwise over tinie to maintain
the yellow color. After no more spontaneous color change to blue was observed, the
mixture was partitioned between diethylether and saturated potassiﬁm sodium tartrété
15  aqueous. The organic layer was dried over anhydrous sodium sulfate, concentrated in
vacuo, and flash chromatographed on silica gel with 3% diethylether/rﬁethylane chloride
to give 0.11 g (34%) of a cis/trans mixture (3:2) 'of-stereoisomers. Reverse phase
. chromatography ona C18 column with an acetonitrile/water gradient plus 0.1% TFA gave
e 10 mg (3%) of the cis—fused Example 13. TH NMR (DMSO-dé): 9.30 (s, IH), 8.81 (s,
20 1H), 7.10 (s, 1H), 7.03 (d,7=82,1H),6.74(d, =82, 1H), 6.63 (d, J = 8.2, 1H), 6.55
(d, T=2.8, 1H), 6.47 (dd, J=2.7, 8.2, TH), 4.95 (s, 1H), 3.37 (m, 16D, 2.55 (m, 1H), 2.12
(s, 3H), 2.02 (m, 1H), 1.65-1.24 (m, SH). MS caled. 296.3; MS (M-1) 295.1.




mrol ). Methanol saturated with HCl (gas) was added po,rgtge%mbg,ezogyer time to
maintain the yellow color.- After no nore spontaneous color change to bl ue
was observed, the mxture was partitioned between diethylether and
saturated potassiumsodiumtartrate 15 aqueous. The organic |ayer was dried
- over .anhydrous sodium sul fate, concentrated in vacuo, and-flash
chromatographed on silica gel with 3%diethyl ether/nethylene chloride to
give 0.11 g (34% of a cis/trans mixture (3:2) of stereoisoners. Reverse
phase chroQBgsephy on a C 18 columm with an acetonit pchebusies gradi ent
plus 0.1 % TFA gave .10 ng (3% of the cis-fused Exanple 13. 'H NWR
(DMBO-d6): 9.30 (s, {N), 8.81(s, 20 %1, 7.10 (s, 1H), 7.03 (d, J = 8.2,
1H, 6.74 (d, J =8.2, IH, 6.63 (d, J =8.2, 1H), 6.55 (d, J = 2.8, IH,
6.47 (dd, J. = 2.7, 8.2, 9H), 4.95 (s, 1H), 3.37 (m 7H), 2.55 (m 1H), 2.12
(s, 3H), 2.02 (m IH), 1.65-1.24 (Hxa 4 MS calcd. 296.3; M5 (M1) 295.1.
19 Sept erber gt o034 (14006 BRILIEDIIIAR0R. ool RIRTDL GuiflyPr epar ati on
of -(F1-2-(4-hvdroxv-3-fmethyl phenL) - 6- NvdroxXv-cycl open T3 4-0|hyd o-

2H 1-benzopyran. HO t CH O3 @H:1-bengopvrani ¢ The trans fused contai ning
.product band was re chromat ogr aphed on.a C18 reverse phase colum with
40:'60 acetonitrile/water to que 8.2 (2% of the trans- fused Exanpl e

- 14, (H NWR (DNBC)dG) 9.05 (s . (s,1H), 7.03 (d, J = 8.2,111), 10
6.74 (d, J = 8.2,1H), 6.62-6.55 é r@:%iu'm {dd, J = 2.7, 8 2, 1H), 4.13
(d, J =11. 0 1H), 2.95 (m iH, 2.43 ( 2. 20 (n1 1FD 2.12 (s,
3H),1.70-1.40-(m 4H), 1.17 .(m. 1FD @H15 Preparation of

fl-2- (2 met | rvl - 4- hydr oxvphenyl ) - 6- hvdr oxv- cyclopentyl(cl3 4d|hydr6-
racemic

_The trans-fused containing product band was re-chromato gréphed onaCl18
reverse phase column with 40:60 acetonitrile/water to give 8.2 mg (2%) of the trams-
| fused Example 14. 'H NMR (DMSO-dé6): 9.05 (s, 1H), 7.10 (s, 1H), 7.03 (d, I = 8.2, 1H),
10 6.74(4,)= 8.2,'11;1), 6.62-6.55 (m, 2H), 6.47 (dd, J=2.7, 8.2, 1H}, 4.13 (d, J = 11.0, 1H),
C o 295(m, 1H), 2.43 (m, 1H), 2.20 (m, 1H), 2.12 (s, 3H), 1.70-1.40 (m, 4H), 1.17 (ni, 1H).

Example 15

A5

N
o

racemic

o Toa solution of Preparation 68 (0.31 g, 0.70 mmol) in anhydrous methanol (15
20  miL) under nitrogen gas bubbling to pufge of oxygen was added p~toluenesulfmiié acid
| (0.10 g, 0.52 mmol) The bubbler was removed, and the resulting soluhon was heated fo
50°C for 18 hours under a nitrogen atmosphere. To the mixture at ambient temperature
was added bromocreosol green (~1 mg) and sodium cymzoborohydnde 0.22g,3.5 '
mmql). Methanol saturated w:ﬂ; HCl (gas) was added portionwise over time fo maintain

25 the yellow color. After no more spontaneous color change to blue was observed, the . =~




15 2H- 1-benzopyran HOvy. | CH3 OH racemc To a 50'“95%&38% P5@R@rat|on 68
(0.31 g, 0.70 nmmol) in anhydrous nethanol (15 2 0 nL) un rogen: gas
bubbking to purge of oxygen was added p-tol uenesul fonic acid (0.10 g, 0.52
mml ). The bubbl er was renoved, and the resulting solution was heated to
50C for 18 hours under a nitrogen atnosphere. To the m xture at anblent
tenperature was added bronocreosol green (-1 ng) and sodium R
cyanobor ohydride . (0.22 g, 3.5 mol). Methanol saturated with HCO (gas) was
added porti $®PBEENGver tine to maintain 25 the yel | ow cocowsn2aseer no nore

spont aneous col or. change to. bl ue was .observed, the 19 Septenber 2008 WO - °

03/ 044006 PCTI US02/ 33622 -82 mi xture8as partitioned between ethyletheh
and water. The organic |ayer was dried over anhydrous sodiumsulfate,

concentrated i n vacuo,, and flash chronmatographed on silica gel wth 3@6}
di et hyl et héW KRB Paftioned besmrenethyisther gad wate7Thy asganislaysewssidoedierer Rever se

phase ' c1r GRS &R e &&nﬁﬁ%%%tﬁd%s%gn%%%hg&n% gqQr adi ent

pl us O. 1@6TFA a ter ophi | i zati on gave . e”15 as a red
gum 'H NV )3 o wzlwlene ghlonjdayto gige .97 ggf cradeprodupt. Revefsd ph@& 8.0, 1H),

60 ( d, 3chr Oﬁla@gragw on &G 13 olufm witHan a@téh?hlfeﬂdater%raﬁlengph%{) 12/6 %FA%EQI" 15 1g4 ( gns

2
5| 3) 1% 5@55& g%m.smeé? @S%U%@pdeﬁéepwam@%hwsw@ A1
‘Tet r ahedr ofs, 1HR.8.83%s, 189926 (QBWQH}%?&B% JCopé, 2ﬁ) M'(ytzﬁ?% @f(ddéi-*

4- et hoxyp in sulfuric acid 1.3. 15
o PP B35 6, Rofles R £ G aih sk o b A ongH: 20hi Ay Went an
car boxyl at 8.18(thy5sR5 g, 121.3 mmol). Stir at anbient tenperature for 48
hours. Pour into saturated =

10 . Preparation 69
H,

peed

Prgparationsrfollow that in Tetrahedron, 53, 39, 1997, pp13329-13338. Cool a
o sqlution of 4-methoxyphenol (7.5 g, 60.67 mmol) in sulfuric acid (12 mL, 121.3 -

15 | mmol)/TFA (9.0 mL,,121 .3 mmol) to 0°C and add methyl 2-oxocyclopentane carboxylate
(17.25 g, 121.3 mmol). Stir at ambient temperature for 48 hours. Pour into saturated
sodium bicarbonate until basic, then add ethyl acetate and wash with 1 Nsodium
hydrox1de and brine. Dry the orgamc layer over sodmm sulfate, concentrate in vacuo, and

fiash chromatograph with 100% dichloromethane.” Precipitate resulting crade product

20 from dichloromethane/hexane to yield Preparation 69 (1 84 g, 17%) as a light yellow - |
solid. ’I—INMR (CDCl3): 7.25(d, =73, 1H), 7.03 {dd, T = 2.9, 8.8, IH), 6.82(d, )=
2.9, 1H), 3.82 (s, 3H), 3.03 (t, = 5.7, 5.8, 2H), 2.90 (t, T - 7.3, 8.1, 2H), 2.23-2.15 (m,
2H) MS caled. 216.1; MS (M+l) 217.1.

- 25




sodi um bi carbonate until basic, then add ethyl acet at@%qeg% with | N
sodi um hydroxi de and brine: Dry the organic |ayer over Ium suI fate,
concentrate in vacuo, and flash chromatograph wth 100% di chl or onet hane.
Precipitate resultihg?rude product 20 from di chl oronet hane/ hexane to yield
Preparation 69 (1.84 g, 17% as a light yellow solid. "HNW (CDCl3): 7.25
(d, J =7.3, 1H), 7.03 (dd, J = 2.9, 8.8, 1H, 6.82 (d, J = 2.9, 1H), 3.82
(s, 3H, 3.03 (t, J =5.7, 5.8, 2H, 2.90 (t, J- 7.3, 8.1, 2H), 2.23-2.15
(m 2H). I\/B"%W'éﬂ"ﬁ 216 1, M5 (MHl) 217.1. . 25 19 Sept ethaso2006 WO
03/ 41440% PCT/ USD2/ 33622 -33 Preparation 70 eo O Cool a solutiaon of
phenol (5.00 g, 53.19 mmwol) in 80%swfuric acid (60 nL) to 5- 0OC and add
met hyl ‘2- oxocycl opent ane carboxylate (18.88 g,-133.97 mmol). Stir at
anbi ent tenperature for 48 hours. Pour into saturated sodi um bi carbonate
until basic,. then add ethyl acetBgegardtiodZ0ash with 1 N sodi um hydroxi de and
brine. Dry the organic |ayer over sodium sulfate, concentrate in vacuo,
and fl ash chromatograph with 100% dic ronet hane. Precipitate resulting
crude product from dichl oronet han age to 10 yield Preparati on 70 (1.32
g, 13% as a white solid. '"H NWR . 7.46-7.40 (m - 2H), 7.35-7.32 (m
1H)" 7.26-7.22 (m li), 3.09-3.4 (m ﬂ—b 02 93-2. 88 (m 2H), 2.24- 2.18 (m
“2H). -Ms calcd. 186.1; M5 (Ml) 187.1. Preparatlon 71 HO 5 H3C iOo Cool a
sol ution of nethyl roqui none &&) 33.00 mol) in 80% sul furic acid
(40 nL) to oC drie! aﬂ%ufwepﬁghemz% 9@41 peel)dn 80% avlfiwig prid {68 mildto 70 g, 82. 50
mol ) . St g¥c t n atur at.ed
- sodi um bi car bﬁﬁgﬁgﬁl‘hﬁ?zéﬁ%ﬁgﬁ%&%ﬂh&ma (ljgg%lé‘n%?s g?g%ngi eé%n wash with I N
s Odl um hydi ATYipn deransertuse for 48 hqgf%, Ppwgnto satorated sodmm bicarbonate until basic,

then add ethyl acetate and wash with 1 N sodium hydroxide and brine. Dry the organic

layer over sodium sulfate, concenirate in vacuo, and flash chromatograph with 100%
dichloromethane. _Preéipitate resulting crude product from dichloromethane/hexane to,
10 yield Pfeparation 70(132¢g, l-3%)}as a white solid. '"H NMR (CDCl): 7.46-7.40 (m,
‘ 2H), 7.35-7.32 (m, 1H), 7.26-7.22 (m, 1H), 3.09-3.4 (m, 2H), 2.93-2.88 (m, 2H), 2.24-
2.18 (m, 2H). MS caled. 186.1; MS (M+1) 187.1. |

Preparation 71
”°
H3C . O" 70

P . Cool a solution of methyl hydroquinone {4.09 g, 33.00 mmol}in 80%‘su1furic acid
| (40 mL) to 0°C and add methyl 2-oxocyclopentane carboxylate (11.70 g, 82.50 mmol).
 Stirat ambient temperature for 48 hours. Pour into saturated sodium bicarbonate until

20 basic, then add ethyl acetate and wash with 1 N sodium hydroxide and brine. Dry the

15

organic layer over sodium sulfate and concentrate in vacuo. Dissolve the crude solid in
_]N NaOH, wash with diethy ether, then precipitate out of aqueous layer with IN HCL.
Filter the mixture to yield Preparation 71 (3.10 g, 43%) as a tan s;olid 'HNMR (dg-
, DMSO): 9.61(s, 1H), 7.11 9s, 1H), 6.78 (s, 11-1),267 t,1=64,13, 4H),2 15 (s 3H),
.25 2.08-2.01 (m, 2H). MS caled. 216.1; MS (M+1) 217.1.




organi c layer over sodiumsulfate and concentrate in | ve the
crude solid in IN NaOH, wash with diethyl ether, theﬁ@%re&lbp%?%tge out of
aqueous layer ‘with INHO Filter the mxture to yield Preparation 71 (3.10
g, 43% as a tan solid. 1H NWR'(.d6- DMSO): 9.61(s, | H, 7.11 9s, 1H), 6.78
(s, 1H), 2.67 (t, J =6.4, 7.3, 4H, 2.15 (s, 3H), 25 2.08-2.01 (m 2H).
M5 calcd. 216.1; M5 (MHl) 217.1. 19 Septenber 2006 WO 03/044006 :

PCT/ US02/ 33622 -84 Preparation 72 HO O O Cool a solution of hydroqui none
(3.10 g, 28woresmyvmls) in 80% sul furic acid (40 5. nlL) topOfusansisadd net hyl
2- oxocycl opent ane car boxyl ate (10.00 g, 70.42 mmol). Stir at anbient:
tenperature for 9 days. Pour into . iceawater and.filter. Dissolve solid in
met hanol and concentrate in vacuo. Dissolve solid in chloroform filter
hot, and concentrate in vacuo. Chromatograph filtrate with 4%

met hanol / chl orof orm t o yi el d Prep8rpardtioniZ?2 (1.10 g; 19% as a light
yell ow solid. "H NMR (d6-DVBSO): 9.67 (s,-1H), 7.23 (d, J = 8.8, 10 1H),

6.95 (dd, J = 2.9, 8.8, 1H, 6.%(dJ .4, 1H), 298(tJ-68 8.3,
211), 2.71 (t, j = 7.3, 7.3,2H), 2 I .2(m 2H). Ms cal cd. 202.2; M
(M+1) 203. 2. Preparatlon 73 1 H3 % HBEs>T Si\ O3C 0113 CH3 15 Stir a
sol ution of 4-bronmophenol (25.00 g, 14475 ol ), t-butyldi nethylsilyl

chl ori de (23 96 g, 158.95 mmol), and i m dazole (10 82 g, 158.95 mmol) in

anhydr ous 18 hour Ad |et et her, wash with water
and ‘brine, and éﬁg ?%POHB?%@FHQB’“P%&@?OW&H eriiris scdilicent rate in
vacuo ahfd fmzawelaudnmmgfyamhxwyn&;eaﬁneﬂ&%gmwo@ogtﬁi@/dﬂﬁmﬁmxsto yield

Pre aratlon clear oil . "H_NVR
_ P 1en emperag.lreqforgga s. gour into ice water and filter. DlSSOlVC solid in methanol

. “and concentrate in vacuo. Dissolve solid in chloroform, filter hot, and concentrate in -
vacuo. Chromatograph filtrate with 4% methanol/chloroform to yield Preparation 72
(1.10g,19%) asa light yellow solid. "H NMR (d-DMSQ): 9.67 (s, 1H), 7.23 (d, J = 8.8, -

10 1H), 6.95(dd,J=2.9, 8.8, 1H), 6.84 (d, F =2.4, 1H), 2.98 (_t; I= 6.8,.8'.3, 2H), 2.71 (t, J =
7.3, 7.3, 2H), 2.10-2.02 (m, 2H). MS calcd. 202.2; MS (M+1) 203.2.

Preparation 73

. B
T
H3C>r8i§-*0'

H,C CH3 CH,
15 : | .
- Stir a so]ut]on of 4~br0mophen01 (25.00 g, 144.5 mmol), -butyldunethy]sﬂyl

chlonde (23 .96 g, 158.95 mmol), and imidazole (10 82 g, 158.95 mmol) in anhydrous
DMF (200 mL) for 18 hpurs. Add diethyl ether, wash with water and brine, and dry the -
organic layer over sodium sulfate, Concentraie in \}ac;u'o and flash chrbmﬁtograph with

- 20 10% ethyl acetate/hexane to yield Preparation 73 (40. 98 g, 99%) as a clear oil. lH NMR
_.(CDCls) 124 (d, = 8.8, 2H), 6.73 (d, T = 8.8, 2H), 0.99 (s, 9H), 0.20 (s, 6H)




(CD_CI3); 7.24 (d, J =8:8, 2H), 6.73 (d, J = 8.8, 2H pﬁa?nbé Sspp8! 3), 0. 20
(s, -6H). 19 Septenber 2006 -WD 03/1111006 PCT/ uso2/ 33622 Preparation
74 HCCH3 Hac SI-CH3 H3C p HOO Stir a solution of Preparation 71
(2.20 g, 10.19 mmol), t-butyldinethylsiiyl 5 chloride (2.30 g, 15.28 mmol),
and imdazole (1.04 g, 15.28 mmol) in anhydrous DMF™ (200 mL) for 18 hours.
Add di ethyl ether, wash with water and brine, and dry the organic |ayer
over sodiumsulfate. Concentrate in vacuo and flash chronat ograph with 20%
ethyl acet aVBPHestme to yiel d Preparation 74 (3.33 g, 9%usaSsadWhite
solid. "H NWR (CDC13) 7.16 (s, 1H), 6.75 (s, 1H), 3.04-3:00 (m - 2H),
2.98-2.90 (m. 2H), 2. 29 (s, 31D, 2.2852.20 10 (m 2H), 1.04 (s, 9H), 0.24
(s, 613). Preparation 75 HSC H3C LI - ~~3 CH3 ~CH3 H O Si-o 15 Cool a
solution of Preparation 73 (2.04 g, 7.11 nunol) in anhydrous THE (25 nl)

to -78C and add sBuLi (1.3 Min cf@?—%ﬁ&@éﬁe, 5.5 nL, 7.11 nmol) dropwi se.
Stir the solution for 15 m n%.’esclaqE5 -78C, then use wi thout

furtherpurifi catl on. 19 Septe 06 V\D 0 3 /111 11111 6 PCT/ US02133622

86 ,
e’ °
HC "0 0

Stir a solution of Prepa;ation 71 (2.20 g, 10.19 mmol), t—butyldiméthylsilyl
5 chloride (2.30 g, 15.28 mmol), and imidazole (1.04 g, 15.28 mmol) in anhydrous DMF
(200 mL) for 18 hours. Add diethy] ether, wash with water and brine, and dry the organic
layer over sodium sulfate. Concentrate in vacuo and flash chromatograph with 20% ethyl
acetate/hexane to yield Preparaﬁon 74 (333 ¢, 99%) asa whfte solid. '"H NMR (CDCL):
‘ 7.16 (s, 1H), 6.75 (s, IH), 3.04-3.00 {m, 2H), 2.98-2. 90 (m, 2H), 2.2 (5, 3H), 2.25-2. 20
- 10 (m,2H),1 04 (s, 9H), 0 24 (s, 6H).

Prégaration 75

'2\L5 : Cool a solution of Preparanon 73 (2.04 g, 7.11 mmol) in anhydrous THF (25 mL)
to ~78°C and add sBuLi (1.3 M in cyclohexane 5.5 ml, 7.11 mmol) dropwise. Stir the

solution for 15 minutes at —78°C, then use without further purification.




Preparation 76 H3C CH3 H3CC iCH3 H CSl1 3 O\ O O Addgpiember 2006
t-butyldinmethylsilyl chloride (1.00 g, 6.68. nmml) to a stirred solutlon of
5 Preparation 72 (0.90 g, 4.45 nmol.) and i m dazole (0.45 g, 6.68 mMmol).
~anhydrous DVMF (15 nL). Stir the.resulting solution 48 hours, then quench
w th saturated sodi um bicarbonate. Add diethyl ether, wash W|th brine, dry
organic | ayer over sodiumsulfate, and concentrate in vacuo. Chronat ogr aph
the resulting crude material with 10% ethyl acetate/lrexanes to yield
Preparation WO0a:@1 g, 72% as a white solid. 'H NWR ((:;@1@51,2,33;,29 7 24 (d,

- J =4.4, 1H, 6.96.(dd, J = 2.9,,9.3, 1H), 6.82 (d, J = 2.5 , 3.03 (m

2H) 2.93 (m 211), 2.20 (m: 2H) MS ggl cd. . 314; M5 ( M¥1) 315 Preparatlon

77 H3CCC 3~CH3 H3C jSit H3C O/ H3 OH OH ~S~~CH3 H3C H3C CH3 15 Cool a

solution of Preparation 76 (0.50 g, 1.58 mmol) in anhydrous

di chl oronet hane (30 nlL) to -78C arRlepaglond?d sobut yl al uni i num hydride (1. OM

in toluene, 1.8 nm., 1.81 mmol) %'IC‘EHS'[II’ 3 hours. Quench with nethanol (5.0
m.) -and warm to anbi ent tenpeli.,aé_u(e,oﬁgd et hyl acetate and wash with

- bi carbonate and brine. Dry the ZQca gani ¢ er over sodium sul fate and
concentrate in vacuo. Redissolve th@ Z t441g foamin anhydrous THE (10
m ) and cool to - -78C. Add Preparation (0i21 M 22.5 nlL, 4.74 mml) and

stir 10-mnutes. Add IN HCl (50 nL), waf mQ o @nbient

* Add t-butyldimethylsilyl chloride (1.00 g, 6.68 mmol) to a stirred solution of
'S Preparation 72 (0.90 g, 4.45 mmol) émd imidazole (0.45 g, 6.68 mmol) in anhydrous DMF -
(15 mL). Stir the resulting solution 48 hours, then quench with saturé'.ted sodium
bicarbonate. Add diethyl ether, wash with brine, dry organic layer over sodiuin sulfate,
and concentrate in Vacuo." Chromatograph the resulting crude material with 10% ethyl
acetate/hexanes to yield Preparation 76 (1.01 g, 72%) as a white solid. "H NMR (CDClg):
10 7.24(d,F=44, 1H), 6.96 (44, T=2.9, 9.3, 1H), 6.82 (d, 1 =2.5, 1H), 3.03 (m, 2H) 2.93:
| (m, 2H), 2.20 (m, 2H), MS caled. 314; MS fMﬂ-l) 31s5. |

P;egaration 77

15
Cool a solution of Preparation 76 (0.50 £, 1.58 mmol) in anhydrous
: dlchloromcthanc (30 mL) to ~78°C and add diisobutylaluminum hydride (1.0M in
tolnene, 1.8 mL, 1.81 mmo]) and stir 3 hours. Quench with methanol (5.0 mL) and warm
to amblent temperature. Add ethyl acetate and wash with bicarbonate and brine. Dry the
20 Qrgamc layer over sodmm sulfate and concentrate in vacuo. Rednssolve the resulting
-foam in anhydrous THF 7(10 m]) and cool to -78°C. Add Preparation 75 {0.21 M, 22.5
mL, 4.74 mmol) and stir 10 minutes. Add IN HCI (50 mL), warm to ambient
temperature, and stir 30 _miriutes. Add ethyl acetate and wash with brine. Dry the organic _




tenperature, and stir 30 m nutes. Add ethyl acetate #%ﬁﬁ% bri ne.
Dry the organic 19 Septenber 2006 WD 03/044006 PCT/ US02 52 -87 | ayer
over 'sodi um sul fate and concentrated in vacuo to yield Preparation 77 (0.81
g, 100% asa red oiL This material was used in the next step wi t hout
further purification. Exanple 16-Preparation of 5 O

2- (4- hydr oxwhenyl ) - 6- hvdr oxy- cycl opentyl [c] 3 4-di hydro-2H 1- benzopyran HO
li Ol~ OH racemc Stir .a. solution of Preparation 77 (0.81 g, 1.58 mmol)
and tetrabut wbanmmpium 10 fluoride (1.0 Min THF, 6.3 dgzﬁﬁjgnnl in
THE (20 nl). at anbient . tenperature. for 30 mnutes, then a (7mL)
and stir 5 minutes.. Add ethyl acetat e, wash with concentrated bi car bonat e
and brine, dry the organic l'ayer over sodium sulfate, and concentrate in
vacuo. Fl ash chromatograph the crude product with 5%

met hanol/dlI@M@Jedehﬂﬁﬂﬂ‘ateBﬂi!oﬁ&ﬂhﬁt&i&h@cuBﬁﬁﬁélBbeEarH@énef?é@é O\ﬁn met hanol (10
m.), add 15 %ﬁgal Idad{ um on carbon nd ammo i n met hanol ,

0.25 mmol , firga oil- Jhistpatepal V@r‘ﬁ@%ﬁ%ﬂé@ﬂ“ﬁﬁ%‘ﬁ@ﬁ%@ﬁ%ﬂ and stir at
anbi ent tenperature overni ght Filt gkamdldi® reaction. through celite,
concentrate in vacuo, and flash chromatograph with 10%

di et hyl et her/ di chl oronet hane to y itEsRgraengty| o 16 (40 ng, 10% as |ight pink
~solids. 8H Nmmmwmmoivév&@nmﬁﬂﬁAd&v&&Z@l-bdtzcr_nvﬁ_g3, 2H), 6.62
(m 2H), 6.47 (dd, J =20 2.9, 8.8,1H), 4.14 (d, J =11.3, 1H), 3.00 (m 1
H, 2.48 (m. 1H), 2.28 (m 1F% 1.70 2H),1.56 (m 2H), 1.28 (n1 1H) .

M5 cal cd. 282; M5 (M+1l) 283 8 r 2006. .\WO 03116141106
PCT/158112/33622, -88-

Stir_zt solution of Preparation 77(0.81 g, 1.58 mthol) and tetrabutylammonium
- 10 fluoride (1.0 M in THF, 6.3 mL, 6.32 mmol) in THF (20 mL) at ambient temperature for
30 minutes, then add 1N HCI (7mL) and stir S minutes. Add ethyl acetate, wash with
'concentrated bicarbonate and brine, dry the organic layer over sodium sulfate, and
concentrate in vacuo. Flash chromatograph the crude product with 5% _
_ ~ methanol/dichloromethane. Redissolve the resulting material in methanol (10 mL), add
. 15 5% palladium on carbon (60 mg) and ammonia (2. OM in methanol, 0.25 mmol, 0.13 mL),
place a hydrogen balloon on the reaction, and stir at ambient temperature ovcrmght Fﬂter
' ~ the reaction through cchte concentrate in vacuo, and flash chromatograph with 10%
diethylether/dichloromethane to yleld Example 16 (40 mg, 10%) as hght pink solids. 'H
. NMR (MeOD): 7.19 (4, J = 8.8, 2H), 6.75 (d, ] = 8.3, 2H), 6.62 (m, 2H), 6.47(dd,J=
20 29, 8.8, 1H),4 14(d, J=113, 1H), 300(111 1H), 2.48 (m, 1H), 2. 28 (m, 1H), 1.76 (m,
- 2H), 1.56 (m, 2H), 1. 28 {(m, lH) MS caled. 282; MS (M+1) 283. |




Preparatlon 78 CHs Ol ~a O CH3 racemc 5 Cool ?én%&
Preparation 69 (0.76 g, 3.52 mml) in anhydrous dichlor rrethane (60 m) to
-78€C and add diisobutyl al um num hydride (1.OMin toluene, 3.9 n, 3.87
mrol )" and stir 2 hours: - Quench with methanol and warmto anbi ent
tenperature. Add ethyl acetate and wash wi th bicarbonate and brine. Dry the
organi ¢ | ayer over sodiumsulfate and concentrate in vacuo. Redissolve the
resul-ting 10 foamin anhydrous THE (10 m) and cool to OC. Add aryl
griniard (O¥6830Npeed. 6 nl, 1.84 mmol) and stir 10 m nut estudassebiN HC (50
m), warmto anbient tenperature, and stir 30 mnutes. Add ethyl acetate
and wash with brine. -Bry the organi c-88ayer,.over sodium sulfate, :
concentrate in vacuo, and flash chronat ograph with 50%

di chl or onet hane/ hexane -to- y| el d Preparatl on 78 (0.33 g, 3099 as a red oil.
"H NWR (CDC13): 7.33 (d, J 8. 3,Premugtipay8 6.89 (d, J 8.8, 211), 6.50 (d,
J =8:8, Ili), 6.68-6.63 (m ail), 5.04 (d, J = 2.5, 1M_ 3.80 (a, 3H),
3.75 (s, 311), 3.47-3.43 (m }1131), -2.54 (m 111), 2.14-2.09 (m 111),
1.82- 1.76 (m 1H), 1.67-1 1. 5790 1.50-1.30 (m 311). ------n =--n--

--------------- - ----- 19 SepLk : 006 WD 113/04411416
PCT/ USOZ/ 33622 -89 Preparation @o CH / 3
CH,
racemic
S : Cool a solution of Preparation 69 (0.76 g, 3.52 mmol) in anhydrous

dichloromethane (60 mL) to ~78°C and add diisobutylaluminum hydride (1.0M in
‘ 'toluene, 3.9 mL, 3.87 mmol) and stir 2 hours, Quench with methanol and warm to
ambient temperature. Add ethyl acetate and wash with bicarboriate .and brine. Dry the
- organic layer over sodium sulfate and concentrate in vacuo. Redissolve the resulting
10 foam in anhydrous THF (10 ml) and cool to 0°C. Add aryl griniard (0.51 M, 3.6 mL, 1.84
mmol) and stir 10 minutes. Add IN HCI (50 mL), warm to ambient temperature, and stir
30 minutes. Add ethyl acetate and wash with brine. Dry the organic Iayer over sodiom
sulfate, concentrate in vacno, and flash chromatograph with 50% dichloromethane/hexane
to yield. Preparatlon 78 (0.33 g, 30%) as a red oil. 'H NMR (CDCl3): 7.33 (d, J=8.3,
15 2H), 6.89 (d,J=8.8, 2H), 6.80 (d, I = 8.8, 1H), 6.68-6.63 (m, 2H), 5.04 (d, J =25, IH),
~ 3.80 (s,3H), 3.75 (s, 3H), 3 A7-3.43 (m, 1H), 2.60-2.54 (m, 1H), 2.14-2.09 (m, 1H), 1.82-
1 76 (m, 1H), 1. 67—1 57 (m, 1H), 1.50-1.30 (m, 3H). o




H~Si CH 3 3C H3C CH3 Cool a solution of Preparati on197§ pge 485 2. 37
nmol ) in anhydrous 5 di chl oronet hane (40 nL) to -78C and
d||sobutylal umi num hydride (I OMin toluene, 2.8 nL, 2. 84 rrm)l) and stir 2
hours.: Queich with methanol and warmto anbient tenperature. Add et hyl
~acetate and wash with bicarbonate and brine. Dry the organic |ayer over
"sodium sul fate and concentrate in vacuo. Redissolve the resulting foamin
anhydrous THE (10 ml) and cool to -78C. Add Preparation 75 (0.21 M 355 to
m., 7.11 moVeexsmsestir 10 minutes. Add IN HO (50 .L), maressinezanbi ent
tenperature, and stir 30 m nutes. -Add et hyl acetat.e and wash with brine.
Dry-the organic |ayer. over sodi-um se8%ate and .concentrated in vacuo to
yiel'd Preparation 79 (0.40 g, 43%. This material was used in the next
step without further purification. "H NVR (MeOD): 7.25-7.18 (m 2H),
7.1-7.08 (m 211), 6.91-6.83 (m Bmpaytiond980-6.75 (in, 2H), 4.90 (in, 2H),
15 3.35-3.31 (m111), 2.81-2. @g @ 311), 2.28-2.17 (in, 111), 1.98-1.90
(in, 2H0,1.00 (s, 911), 0.24 . M5 calcd. 396.2; M5 (M1) 395.4. 19
Sept enber 2006 WO 03/11.11 r 36 -. CT/ 1i S02/ 33622 90 Preparatl on 80 H3C
CH3 :, X H3C Si~CH3 H3CG O p

Cool a solution of Preparation 70 (0.44 g, 2.37 mmol) in anhydrous
5  dichloromethane (40 mL) to —78°C and add diisobqualuminum hydride (1.0M in
toluene, 2.8 mL, 2.84 mmol) and stir 2 hours, Qu‘t_anch' with‘ methanol and warmm to
-ambient temperature. Add ethyl acetate and wash with bicarbonate and brine. Dry the
-organic layer oﬁer sodium sulfate and concenirate in vacuo. Redissolve the resulting 7
foam in anhydrous THF (10 ml) and cool to -78°C. Add Preparation 75 (0.21 M, 35.5
.10 mL, 7.11 mmo¥) and stir 10 minutes. Add IN HCI (50 mL), warm to ambient
‘ | iempcr_anlre, and stir 30 minutes. Add ethyl acetate and wash with brine. .Dry thé,organic
layer over sodinm sulfate and concentrated in vacuo to yield Preparation 75040 g, 43%).
‘This material was used in the next step without ﬁmher purificati-on. H NMR-(MeOD):
‘ 7.25-7.18 (m, 2H), 7. 1-7.08 (m, 2H), 6.91-6.83 (m, 2H), 6.80-6.75 (m, 2H), 4.90 (m, 2H),
15 3.35-3.31 (m, 1H), 2.81-2.60 (m, 3H), 2.28-2. 17 (m, 1), 1.98-1.90¢ (m 2HG, 1.00 (s,
- 9H), 0. 24 (s, 6H) MS caled. 396.2; MS (M-1) 395.4.




H3C OH OH Si CH H3C CH3 Cool a sol ution of Prepar at i g, 3:03
mmol ) in anhydr.ous 5 dichl oronetbane (60 nL) to -78C gﬂ%%ﬁmg% r o

di i sobutyl al'um num hydride (1.OMin toluene, 3.6 nL, 3.63 mmvl) and stir 2
hours.- Quénch with methanol and warmto anbi ent tenperature Add et hyl
acetate and wash with bicarbonate and brine. Dry the organic |ayer over
sodi um sutfate and concentrate in vacuo. Redissolve the resulting foamin
anhydrous THE (10 in]) and cool to -78C. Add Preparation 75 (0.21 M 45.4
10 nm, '9. 09 Whig4e@nd stir 10 minutes. Add IN HCl (50 mpcrosesako anmbi ent
tenperature and stir 30 m nutes. Add ethyl acetate and wash with brine.
Dry. the organic -|layer over sodi um sujgf at e and concentrated in vacuo to
yield Preparation 80 (0.51 g, 99% <as a red oil. This material was used in
t he next step without further purification. ITHNWVR (CDCI3): 7.30 (d, J =

8.2, 2H), 6.87 (d, J = 8. 6 2M 6. PRpfistion86), 6.60 (s, |H)55.50 (s, 15 1H),
4.99 (s; 2H), 29326% H, 2.38-2.32 (m 1H), 2:28 (s, 3H),
2.09-1.95 (m 211), 1183, 3 9H),1.08 (s, 9H), 0.32 (s, 6H), 0.22 (s, 6H).
M5 cal cd. 540.3; M5 39cH, 19 Septenber 2006 WO (13/044006

PCTI US02/ 33622 -91 Prleparalli on %81 CHpoci o CHs racemic Preparatlon 82

OB O:X0l,0 CH HC §

10

- 15

(S

_ Cool a solution of Prepaiation 74 (1.00 g, 3.03 mmol) in anhydrous
dichloromethane (60 mL) to —=78°C and add diisobutylaluminum hydride (1.0M in
toluepe,‘3.6 mL, 3.63 mmdl) and stir 2 hours, Quench with methanol and warm to.

ambient temperature. Add ethyl acetate and wash with bicarbonate and brine. Dry the

- organic layer over sodium sulfate and concentrate in vacuo. Redissolve the resulting

foam in anhydrous THF (10 i) and cool to -78°C. Add Preparation 75 (0.21 M, 45.4
mL, 9.09 mmol) and stir 10 minutes. Add IN HC] (50 mL), warm to ambient
temperature, and stir 30 minutes. Add ethyl acetate and wash with brine. Dry the organic

| layer over sodium suifate and concentrated in vacuo to yield Preparation 80 (0.51 g, 99%)

asarted oil. This material was used in the next step without further purification. 'H NMR
(CDCly): 730(d J=-82 2 ,687(d J=8.6, 2H), 6.70 (s, 1H), 6.60 (s, 1H), 5.50 (s,
1H), 4.99 (S 2H), 2.93-2.69(m, 4 H), 2.38-2.32 (m, IH), 2.28 (s, 3H), 2.09-1.95 (m, ZH),
1.09 (s, 9H), 1.08 (s, OH), 0.32 (s, 6H), 0.22 (s, 6HD. MS calcd 540.3; MS (M-1) 539.1.




racem c Place a solution of Preparation 78 (0.33 g, 1484, Qa%d 5%

pal I adi um on 10 carbon (33 ng) in nethanol (50 mL.) under 60 psi hydrogen at
~anbi ent tenmperature on a. parr shaker and shak,e overni ght. Flush the!

m xture with nitrogen, filter .through celite, ‘and concentrate in vacuo.

Fl ash chromat ograph the resulting oil wth 60% di chl or onet hane/ hexane to
yield Preparation 81 (90 ny,--27% and Preparation 82 (50 nmg, 15% as |ight
pi nk SO|IdS Preparation 81 1H NVR (CDCI3): 7.35 (d, J 8.6,.2H), 6.90 15
(d, J = 8.6,w@dsdaeed. 81 (d, J = 8.8, 1H), 6.68-6.63 (m ?di%usuéx (d, J =
2.5, ‘1H), 3.79 (s, 3H), 375(3 3H), 3.47-3.43 (m 1H 52 (m
111), 2.17-2.08 (m 1H), 1.83-1..76 (ng 113),1.69-1.58 (m11),1.52-1.35 (m
3H . M8 cal cd. - 310. 2; M5 (I\/Hrl) 311 lPreparatl on 82 -1H NMVR (CbC13): 7.31
(d, J = 8.6, 2H) 690,(dJ 8.7, 2H) 6.82 (d, J =8.8,1H), 6.74 (d, J =
2.9, 1H), 6.67 (dd, J = 2.9, 8.8, pi 4 (d, J =10.8, 20 IH), 3.80 (s,
3H), 3.75 (s, 3H), 3.12-3.06 é IT%B—;L@B -2.50 (m 11-1), 2.37-2.28 (m
111), 1.78-1.70 (m 2H), 1.63CH355 (m—~2H), 1.34-1.23 (m 1H). M cal cd.
310.2; M5 (Mm+l) 311.2. 19 Septe er06 WD 03/144006 PCT/ US02/33622 92
Exanpl e 17 Preparation '
of (+) - 2- (4- hydr oxyphenyl ) - cycl opesty
U racem c Exanple 18 Preparation of "™
(+)-2-(4- hvdroxyphenyl) cycl opentyl [ c] 3, # dithydr o- 2H 1- benzopyran O CH
racem c . (lZHa _ '

- di hydro-2H 1- benzopyran 0 C CH

racemic

5 Preparation 82

racemic

Place a solution of Préparation 78 (0.33 g, 1.07 mmol) and 5% palladium oﬁ
10 carbon (33 mg) in niethénd] (50 mL) under 60 psi hydrogen at ambient temperature ona.
parr shaker and shake overnight.. Flush, the mixture with nitrogen, filter through celite,
and concentrate in vacuo. Flash chromato graph the resulting oil with- 60%
' _dlchloromethane/hexane‘ to yield Preparation 81 (90 mg, 27%) and Preparation 82 (50 mg,
© 15%) as light pink solids. Preparation 81 - 'H NMR (CDCL): 7.35 (d, J = 8.6, 2H), 6.90
15 (d,1=8.6,2H), 6.81 (d, J=8.8, 1H), 6.68-6.63 (m, 2H), 5.04 (4, J =2.5, 1H), 3.79 (s,
| 3H), 3.75 (s, 3}1),'3.47-3.43 (m, 1H), 2.58-2.52 (m, 1H), 2.17-2.08 (m, 1H), 1.83-1.76 (m,
1), 1.69-1.58 (m, 1H), 1.52-1.35 (m, 3H) MS caled. 310.2;.MS (M:+1) 31 12,
Preparation 82 - 'H NMR (CDCL): 7.31 (¢, 1=8., 2H), 6.90 (a, 1=8.7,2H),
6.82(d, J= 8.8, 1H), 6 74(d,J 2.9, 1H), 6.67 (dd, 1 = 2.9, 8.8, 1H), 4.24 (d, ] = 10.8,
20 - - 1H), 3.80 (s, 3H),3 75 (s, 3H), 3.12-3. 06 (m, 1H), 2.58-2.50 (m, 1H), 2.37-2.28 {(m, 1H),
1.78-1.70 (m, 2H), 1.63-1.55 (m 2H), 1.34-1.23 (m, 1H). MS caled. 310.2; MS (M+1)
3H.2. - '




10 Stir-a solution of Preparation 79 (0.40 g, 1.01molgg ber 2006
tetrabutyl anunonium fluoride (1.0 Min THF 1.1-n, 1.10 nmol) in THE (5
mL) “at anbi ent tenperature for 30 minutes, then add I N HCl “(5 nL) and
stir 5 minutes. Add ethyl acetate, wash vvlth concentrated bi carbonate and
brine, dry the organic layer over sodiumsulfate, and 15 concentrate in
vacuo. Redissolve the crude material in nethanol (10 nL) and add ammoni a
(2.0 Min nethanol, 0.26 nL, 0.52 mml). Add 5% pal | adi um on carbon (30
ng), .pl ace é”%‘i?ﬂf"B‘@fen bal | oon on the reaction, and stir ravusmBlent
terrperature overnight. .- :Filter the reactiron- through celite, concentrate in
vacuo, and flash chrorr&t ograph with 286 diret hyl ether/dichl oronethane to

yi el d Exanples 17 and 18 as |light pink foans. 20 Exanple 17 -'H NV\R
(d6-DVBO) : 9.41 (s, 1H), 724(dEJ 18 2H), 7.10 (d, J = 7.5, 1H,
702699(m111)687680( el 73(d J =8.6, 2H)y; 5.02 (s,
1H), 3.42- RS P)2-(42hyBiox (1 ) hi[cP I3 )benzbpvidh 1. 71 (m
1H), 158149(m 1H), 142125 m3H) MS cal cd. 266. 2; I\/IS(Ml)
265.2. Exanple 18 -'H NWR (d6- DI\/SO) .42 (s, 1H), 7.22 (d, J = 7.0,3H),
7.04 (t, J = 25 7.4,7.9, 1H, @7¢ J = 7.4, 74,1H),6.76-6.73(m
3H), 4.2.5 (d, J 11.00, 111), R 0K Sept ember 2006 WD 03/ 044006

PCT/ US02/ 33622 93 2.98 (m 11- 1)02 P.41 9M "1H), 2.35-2.22 (m- 1H),
'1.68-1.22 (m 2H), 1.56-1.48 (m IH), ‘01413 (m IH. M calcd. 266.2;
(%) (Ml) 265.2. Exanple 19 5 P_ reparation
of (')-2-¢4-hvdroxyphenyl) - 6- hydroxyaCFmFﬂet hyl - cycl opentyl [ c] 3, 4- di hydr o-
2H 1- bempzopyran HO H 3 C Oa OH racemc 10 Exanple 20

Example 18
Preparation of ()-2-(4-hydroxypheny)-cyclopentyi[c]3.4-dihydro-2H1-1-benzopyran

racemic

10 _

7 Stir a solution of Preparation 79 (0.40 g, 1.01mmol) and teuabutylammonium

fluoride (1.0 M in THF, 1.1 mL, 1.10 mmeol) in THF (5 mE) at ambient temperature for

30 minutes, then add 1 N-HCi (5 mLL) and stir 5 minutes. Add ethyl acetate, wash with

concentrated bicarbonate and brine, dry the orgﬁnic layer over sodium sulfate, and

15 concentrate in vﬁcuo. Redissolve the crude material in methanol (10 mL‘)_.and add
" ammonia (2.0 M in methanol, 0.26 mL, 0.52 mmol). Add 5% palladium on carbon (30
: n_ig), place a hydrogen balloon on the reaction, and stir at ambient temperature overnight.
-Filter the reaction through ceIite, concentrate in vacuo, and ﬂash chrdniafograph wnth 2%
| diethyl ether/dichloromethane to yield Examples 17 and 18 as light pmk foams.
20 Examplel7- "H'NMR (ds-DMSO): 9.41 (s, 1H), 7,24 (4, ] = 8.6, 2H),7.10 (d, §

' =17.5, 1H), 7. 02-6.99 (m, 1H), 6.87-6.80 (m, _ZH), 6.73 (d, T=18.6, 2H); 5.02 (s, 1H), 3.42-
3.38 (m, 1H), 2.55 (m, 1H), 2.11-2.01 (m, 1H), 1.79-1.71 (m, 1H), 1.58-1.49 (m, 1H),
1.42-1.25 (m, 3H). MS caled. 266.2; MS (M-1) 265.2. "

| - ~ Example 18— "HNMR (ds-DMSO) 942 (s, 1H), 7.22(d, T =17.0, 3H) 7.04(t,J=
25 74, 79 1H, 6.86 (t, T = 7.4, 7.4, 1H), 6.76- 673 (m,3H),425(d T=11.00, 1H),305- '




-Preparation of

2- (4- hydr oxyphenyl ) - 6- hydr oxy- 7- net hyl - cycl opent yl [c]% emcfnﬁer 2H-1 benzo
pyran HO\ HC Ol \ OH racemc 15 Stir .a solution of Preparatlon 80 (0.42
g, 0.78 mmol ) - and tetrabutyl ammonium fluoride (1.0 Min THF, 1.6 nl,, 1.63
nnnol) in THE (20 nL) at anbient tenperature for 30 minutes, then add | N
HCO (7m) and stir 5 mnutes. Add ethyl acetate, wash wth concentrated

bi carbonate and brine, dry the organic |ayer over sodium sulfate, and 20
concent r at eMO3QHB0. Fl ash chromat ograph the crude prodaouseaisiz 60% et hyl
acet at e/ hexane. Redissolve the resulting material in methanol (10 ni), add
5% pal | adi um. on carbon (60 ng), plac®3-a hydrogen ball oon on the reaction,
and stir at anbient tenperature overnight. Filter the reaction through
celite, concentrate in vacuo, and flash chrorrato? g{)h with 3%

met hanol / di Thi @ DRe2ASRA1 OM. {FbL352:23/0p) B, 1.63-233 (0P 1.56-h#t (m, 25 pi nk
solids. 19 ) SP2/ 33622 -94 Ex le 19 - IH
NMR ‘( MeQD) : @E’Dltz;f’fni(jigij(mzQﬁj3 meb%qgg@?g? é%é“”:' 9.3, 2H), 6.56am(3afa 1H),
6.54 (s, 1H), 4.92 (d, J = 1.6, 1H), 3.39-3.31 (m 1H), 2.58-2.49 (m 1H),
2.15- 2.03 (m 4H),1.79-1.71 (m 1Hkam §§@1152(m 1H), 1.49-1.28 (m 3H).
I\/Bcalc%H)Z ] 1. ; arrple20- . 7.22 (d, J

cpaiglion 0 grydroxyphanyl)-tyd gdry- 4. 17,
(10.9. 1H). 3.01-2.02 (in, 111), 221,596,1;@ (m 1H), 2 31.2 22 (m 1H),

2.10 (s, 311),1.78-1.62 (m 211), (m 2H), 1.33-1.25 (in, 1H). M
cal cd 296.]; M5 (M1) 295. 1. H%)O Preption 83. ‘ ' .

© 10 ' . Bxamg]e.z()
. _Prcgaration of

récemic

15 | ,
B Stir a solution of Preparation 80 (0.42 g, 0.78 mmol) and tetrabutylamnionium
luoride (1.0 M in THF, 1.6 mL, 1.63 mmol) in THF (20 mL) at ambient temperature for
30 minutes, then add 1 N HCI (7mL) and stir 5 minutes. Add ethyl acetate, wash with
concentrated bicarbonate and brine, dry the organic layer over sodium sulfate, and
20  concentrate in vacuo. Flash cluomatograph the crude product with 60% ethyl

‘acetate/hexane. Redissolve the resulting material in methanol (10 mL), add 5% palladium

on carbon (60 mg), place a hydrogen balloon on the reaction, and stirat émbient

" temperature overnight. Filter the reaction through celite; concentrate in vacud and flash
. chromatograph with 3% methanol/dlchloromeﬂlane to yield Examples 19 and 20 as hght
25 pmk sohds




HO i O O Cool "a solution of hydroqui none (6.0 g, 54. gg@}‘t)erb@b@om

sul furic acid (20 nL) to OC and add et hyl 2-oxo-cycl ohexane carboxyl ate
(19.48 g, 114.43 mmol ). Stir at 15 anbient tenperature for 24 hours. Pour
into ice water and col l ect precipitate by vacuum filtration. Wash the
collected solid with anple H20. Dissolve solid with 4% nethanol /chl orof orm
and chronat ograph on flash colum (silica gel; 2-5% MeOH gradient in

CH2Cl 2), to yield the Preparation 83 (3.40 g, 29% as an off-white

anor phous ¥@BHH6H NVR (d6-DVSO) : 9.59 (a, 1H), 7.13 (rapyuseyssdzz= 9.7,

1H), 6.89-6.92 (m 2H), 20 2.62-2.65 (in, 2H),-2.33-2.36 (in, 2H),1.64-1.74
(m 4H); M5 (IS) me 217 (Ml)..- 19  Sept enber 2006 \W113/ 0444106

PCT/ US02/ 33622 -95 Preparation 84 H3C % H3 H3C $1 CH3 H3C OO O Stir a
solution of Pre aratlon 83 (2.82 g, 13.06 nmol ), t-butyldinethylsilyl 5
.chloride (2.95 amnl§1$8HWR)(IVIeiOﬂﬁ)daz¢){dleﬂ0731)96 726, 1%9ﬂuhﬂyﬁéﬁd 4-

(di met hyl a(p ﬂ@)@ﬂﬂt dfﬁged‘é&%g' gg\dﬁn urak Qﬁ lriﬂaﬂ'gyij&é) %%{55 m.) for 18

hours at anb Uéous I'car bonat e and
extract i #-f GuKiD, 1 7§de'lldme1HN\h§3rllﬁb(nchmlln@eﬂ 28t 3H)L. MSmaﬂdd 296 1yr at ed
aqueous. soﬂysqmgzgalibonate water and brine, dry (sodiumsulfate) and
evaporate to eallght yellow solid. Purify the 10 resulting solid by
fl ash chromat O&XHBPI?ZQS|HNME(Q@DD)iL@lZ@d,dFé‘tﬁWH),éﬂﬂéd, I &Hi2ENt6.9n hexanes)

to.yi el((cji Reenn] 43 QN (089, ), zéﬂ@zjqa%mm%b?_gﬁ%ﬁdlmsfgg ((:Dc:13)9 .
2.94 Hz, 1H224@(=(t3H),3 5168 (02 152450 (s 6, {33135 EmGFOGMEL

211), 1.62- éhl(ﬁﬁg%mw[%ml)b9§? 1.57 (m 21), 0.78 (s, 9H),0.00(s, 6H): M5 (1)
me 331 (|v|+ 1Y.. _ -

10 - . Preparation 83

e

Q0
N Cool a solution of hydroquinone (6.0 g, 54.49 mmbl) in 80% sulfuric acid (20 mL)

t0 0°C and add ethyl 2-oxo-cyclohexane carboxylate (19.48 g, 114:43 mmol). Stirat |
. 15  ambient témperature for 24 hours. Pour into ice water and collect precipitate by vacuum

filtration. Wash the collected solid with ample H,0. Dissolve solid with 4% N

methanol/chloroform and chromatograph on flash column (silica gel; 2-5% MeOH

, gradient in CH,Cl,), to yield the Preparation 83 (3.40 g, 29%) as an off-white amorphous
-, solid. "HNMR (d-DMSO): 9.59 (s, 1H), 7.13 (app d, T="9.7, 1H), 6.89-6.92 (m, 2H),
20 2.62—2.65 (m, 2H), 2.33-2.36 (m, 2H), 1.64-1.74 (m, 4H); MS (IS) m/e 217 (M+1). |




-CH3 H3C CH3 Cool a solution of Preparation 84(10 nunol) in
anhydrous 20 tetrahydrof Iran (35 nm) to -78C and add a 1.0 nolar sol ution
of diisobutylalum num “hydride in toluene (3.48 ni, 3.48 mmmol) dropw se, so
tenperature does not rise above 65C. Stir the reaction at -78C for 3.5
hours.- Quench the reaction wth saturated aqueous anmmoni um chl oride and
sat urated agueous potassium sodiumtartrate, then warm 19 Septenber 2006
WO 03/ 114: 4113 8uR5dUS02/ 33622 -96 the resulting m xturPeC U% n§| ent
t enper at ure. Extract the resulting agueous m xture with 4] y"?s et ate
Wash t he conbi ned extracts W th satur@éed aqueous potassi um sodi um
tartrate and brine,. then dry (sodjuni’gul fat e) and concentrate in vacuo.

Di ssol ve the resul t| ng white crystalline solid in anhydrous THE (30 nl).
Add it dropwi se over 30 5 minutes p@piatiof@F Stirring solution of
Preparatron 75 (8.91 Wnol) in anhydrous E (18 nl). Stir the reaction at
~-78C for 1.5 hours. Add water HIE) pI3 and saturated aqueous = sodi um

bi carbonate (50 nlL), then warm,t nbrcapt tenperature, and stir 30 m.nutes.
Extract the resulting aqueous s th{e Wit h - hyl ether. then ethyl
~acetate. Wash the conbined organjacs gM ated aqueous potassium
sodiumtartrate, water and brine, 10t (sodi um sul fate) and
concentrate in vacuo. Purify the resul N (ﬁrial on a flash colum
(silica gel; :25-60% et hyl acetate gradient 1n hexanes) to yield Preparation
85 (1.10 g, 67% as an off-white foamsolid. M5 (IS) me 539 (M- 1)

Preparation 86 g4 solution of Preparation 83 (2.82 g, 13.06 mmol), t-butyldimethylsilyl
5 chloride (2.95 g, 19.58 mmot), imidazole (1.7§ g, 26.11 mmol) and 4 ,
(dimethylamino)pyridine (0.32 g, 2.61 mmol) in anhydrous DMF (75 mL) for 18 hours at
ambient temperature. Add saturated aqueous sodium bicarbonate and extract with ethyl
acetate. Wash the combined extracts with saturated aqueous sodium blcatbonate water
‘and brine, dry (sodium sulfate) and evaporate to provxde a light yellow solid. Purify the
10  resulting sohd by flash chromatography (sxltca gel; 10-20 diethyl ether gradient in-

_ rhexanes) to yield Preparation 84 (3.80 g, 88%) as a white solid. '"H NMR (CDCl3): 7.35
(d, 7=2.93 Hz, 1H), 7.06 (d, J = 8.80 Hz, 1H), 6.90 (dd, ] = 9.29, 2.94 Hz, 1H), 2.4 (t,J
=6.36 Hz, 2H), 2.36 (1, ] = 6.36 Hz, 2H), 1.62-1.66 (m, 2H), 1.52-1.57 {m, 2H), 078 (s,
9H) 0. OO(S 6H); Ms (Is) m/e 331 (M + 1),

15' Preparation 85 H3C CH3 H3C Si CH3 H3C O\ \
PO E s

i5 .
Preparation 85

| HC” \o O O
CH,
HC CH,

CH, .

o[ ®CH

g N
/.

o * Cool a solution of Praparation 84(1.00 g, 3.03 _ntmol) in anhydrous
20 tetrahydrofuran (35 mL) to —78°C and add a 1.0 molar solution of diisobutylalumimum
" hydride in toluene (3.48 mL, 3.48 mmol) dropwise, so terperature does not rise above |
65°C. Stir the reaction at —78°C for 3.5 hours. Quench the reaction with saturated

aqueous ammomum chloride and saturated aqueous potassxum sodmm tartrate, then warm




HO 15 OH racemic Stir a solution of Preparation 85 Q@S%J?erﬁjer dadfed> nmol )
and- tetrabutyl amonium fluoride (1.0 Min THF, 3.46 nL 46 mol) in THE
(25'm) at anbient tenperature for = 20 10 nminutes, then add TFA (0. 65nL,
8.2 mml) and stir for“4 hours. Pour reaction mxture over cold saturated
aqueous sodi um bi carbonate. Extract the resulting agueous nixture into

et hyl acetate. Wash the conbined extracts with brine, dry (sodium sulfate)
and concentrate in vacuo. Flash chronmatograph the crude product (silica
gel ; 25-50%voadwies acet at e gradi ent in hexanes) to pr oytggsotzgﬁzpr oduct
Preparat| on. 86, 410 ng-(85%. 25 M5 (1S) n7/e295 (M+ 1); 19 Septenber
2006 WO 03/0441106 PCT/ US02/ 33622 897 Exanple 21 Preparation of
(")-2-(4- hvdroxyphenyfl-6 hydr oxy- cycl ohexyl [ c13, 4-di hydro 2H 1 benzopyran
HO 5 racepic Dissolve Preparation 86 (380 nmg, 1.30 mmol) in nethanol (17
nl), add aP®resulipedpiriyee topmibient tomperatuze. iExtrans the agsulting Sugmeminture §it65 nmol ) and
5% pal | adi &1 Qa2 VR the boAin AW iracBvAf ol A4A0R DoRRPRAAN the react i on,

and stir at anmbient tenperature 10 overni ght ter the reaction through

celi-te, cofft@ffepdbrine; then dav(seslivm sirfate) apdiconcenieiin sepnapRistohie theesul ti ng

materi al (@dingavhite brystadBnedaid if kit aggim{g; nes) to yield
Exanpl e_ 21 asmg i hryslsﬁmnk soll idfoam 1 @nﬂfﬁ%ﬁ%opbv&em%g&g 21 - "H NWR

( DVBO dB) ; mEuisgloes? ingsofution ef Propayationy751(§.9 ehmod) imaghydous BHF Q%) | 6. 73 (d,
J = 8.60, Dsti fie Fcht{oaQﬂQ'z@c er 3R Rourtd %'a‘é wat’egﬁgo ln‘i) Q%Qraéeﬁ Egmﬁ #O Hz, 1H),

6. 49 (ap 34 (m 1H),
. 2.242. 28 (%?F‘“&Wcarbmﬂﬂe@@&nm tf(emwmﬁo ambiegtfempegsure, apdrtir Bpgminues47- 1. 56, (m
1H), 1 33-Bxtab tﬁe@bsuﬁﬂaé-)tque&xs Mxrdre 1dth Gy Leter tlPetb1 %eteﬂé avafl te
combined organics with saturated aqueous potassium sodium tartrate ‘water and brine,
10 then dry (sodium sulfate) and concentrate in vacno. Purify the resulting material on a
flash column (silica gel; 25-60% ethyl acetate gradient in hexanes) to yleld Preparatlon 85

(1.10 g, 7%)asanoﬂ‘—wlute foam solid. MS (IS} m/e 539 (M - 1);

Preparation 86

15

- Stir a solution of Preparation 85 (0.89 g, 1.65 mmol) and tetrabutflammonium '
fluoride (1.0 M in THF, 3.46 mL, 3.46 mmol) in THF (25 mL) at ambient temperature for
20 10 minutes, then add TFA (0. 65mL 8.2 mmol) and stir for 4 hours. Pour reaction |

mixture over cold saturated aqueous sodium bicarbonate. Extract the resulting aqueous
~ mixture into ethyl acetate Wash the combined extracts with brine, dry (sodlum sulfate)
- and concentrate in vacuo. Flash chromatograph the crude product (silica gel; 25-50%

ethyl acetate gradlent in hexanes) to provide thc product Preparation 86, 410 mg (85%)
" 25 MS{IS)m/e295 (M +1);




(M- 1)

Exanpl e 22 20 Preparation of 9s 2
BB 2 Benzonvr an

O 2-(4- rret hoxvohenyl) 6- met hoxv-cycl opentvl fcl 3 4-di hvdro

CH3 OO CH3

- facenuc See preparat|on 81. 19 Septemnber 2006 WD 03111440116

PCT/ US02/ 33622 _98: Exanpl & 23 *-Preparation of
-2-(4- et hoxvnhenyl | - 6- met hoxv- ccl ooentyl jcl 3 4-di hydro-2H—1 benzopyran CH3
O Al 8 0 CH3 racemc See preparation 82. Preparation 87 HO O OO O S<F

10

_ WO 03/044006 ’ 7 PCT/US02/33622

~-97-

Example 21

- Preparation of :
-2-(4-hydroxyphenyl)-6-hydroxy-cyclohexvl{¢13 4-dihydro-2H-1-benzo

_ Tacemic

, Dlsso]vc Preparat]on 86 (380 mg, 1.30 mmo]) in methanol (17 mL), add a 2.0 M
solution of ammoma in methanol (0.323 mL, 0.65 mmol) and 5% palladivm on carbon
(225 mg). Placea hydrogen balloon on the reaction, and stir at ambient temperature
OVemlght Filter the reaction through celite, concentrate in vacuo and ﬂash
chromatograph the resulting matenal (silica gel; 25-45% ethyl acetate g:adwnt in

: hexgnes) to yield Example 21 as a light pink solid foam, 190 mg (50%). Example 21 - ty

- NMR (DMSO-dg): 9.30 (s, 1H), 8.7 (5, 1H), 7.16 (d, ] = 8.60 Hz, 2H), 6.73 (d, J = 8.60,

i5

20

2H), 6.67 (app d, ] =2.35 Hz, 1H), 6.63 (d, I = 8.60 Hz, 1H), 6.49 (app dd, J = 9:00, 2.74
Hz, 1H), 4.99 (s, 1)), 3.29-3.34 (m, 1H), 2.24-2.28 (m, 1H), 1.89-1.94 (m, 1H), 1.59-1.65.
(m, 16D, 1.47-1.56 (m; 1H), 1.33-1.39 (m, 1H), 0.90-1.12 (m, 4H). MS (15) m/e 295
(M - 1). '

Example 22

Preparation of
C) 2-(. 4—meﬂmxvnheny116-methoxv—cyclnpentvlrc]3 4—-d!]wdro-2H-l-benzonvran

racemic

See preparation 81.




F 10 Preparation 8 F FJ~-S.Ol ~ OO/ O" 00 / gF 15 Stir
a solution of Exanple 1 (0.100 g, 0.354 mmol) and. cegﬁﬁﬁ%%ggg%%ate (0. 287
g, 0.88 mml) in DW (5 nL) for 5 mnutes. Add N-phenyltriflamde (0.136 g,
0.38 hunol?) in one-portion, and allow'the solution to stir for 16 hours.
Add saturated aqueous sodium bicarbonate and extract with ethyl acetate.
Wash the conbi ned extracts with saturated aqueous sodi um bi carbonat e,
water (2)qg and-brine, dry (sodiumsulfate) and 19 Septenber 2,006 WO
03/ 1134110@0okGH4dlS02/ 33622 -99 evaporate to provi de a@cyaiseew2solid. Purify
the-resulting solid by flash chromatography (silica gel; 0-10-25 ethyl
acetate gradient in hexanes) to sepagately yield Preparation 88 (0.038 g,
20% followed by Preparation 87 (0.052 g, 36% as white solids. 'H NMR of
Preparati on 88‘(CDCIB): 7.54 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz,
. 211), 7.11(d, J 5 2.8 Ft | 11) Exgmple23dd, J. = 2.8, 9.0 Hz, 111), 6.96 (d,
J =9.0 Hz, TH), 5.22 (d, = 2.8 tionaftl), 3.57 (dt, J= 2.8, 7.8 Hz, IH),
: 2.22 (n1~iFD 82£%£E"TT§ 1.55 (m 311),1.38 (m 111). IH
NMVR -of Prep.9= RS YRANG) : zyc “="uﬂ*%ﬁﬁﬂﬂmmmvwﬂl (d, J =8.0
Hz, 211), 6.79°(d, J = 8.8 Ky 111) 6 67 (d J = 2.8 Hz, 111), 6.61(dd, J

= 2.8, 8.0 Hz, 111), 5.12 (d,%*J = , 4.55 (br s, Ih), 3.49 (dt,
) =2.8, 7.8 FE, 111), 2. 62 ; = 2 4, 8 4 Hz, 111), 2.16 (m 111),
~1.80 (m 1H), 1.53 (m 311), Exanple 24 Preparation of
3
- | ‘racemic
_ See preparation 82,
. Preparation 87

Q- S
o KE
racemic ~  F
10 '
Preparation 88
racemic . F
- 35 . Stirasolufion of Example 1 (0.100 g, 0.354 mmol) and cesium carbonate (0.287

g O.SS'mmol) in DMF (5 mkL) for 5 ininutes. Add N-phenyltriflamide (0.136 g, 0.38
‘mmol} in one portion, and'all_olw the solution to stir for 16 hours. Add saturated aqueous
sodium bicarbonate and extract with ethyl acetate. Wash the combined extracts with

_ saturated aqueous sodium bicarbonate, water (2X) and brine, dry (sodium sulfate) and




h-2- (4- am nocar bonyl phenyl ) - 6- am nocar bonyl - cycl onent gl degeginédrfboy dr o- 2H- 1-
15 benzopyran .O HZN Oi NH2 racemc 1 O Stir a solution of Preparation 88
(0.038 g, 0.07 mml) and palladiumH) bis(triphenyl phosplrine)-dichloride
(0.003 g, 0:0035 mMmol) in DVBSO (1 mL) and 20 hexanet hyl di silyl azane (0. 25
niL). Add an atnospheric bl anket of carbon nmonoxi de and heat the reaction
to 80 Cfor 16 hours. Allow the reaction to cool to roomtenperature. Add
sat ur at ed aqueous sodi um bi carbonate and extract with ethyl acetate. Wash
the conbi nedvewdwans s W t-h saturated aqueous sodi um bi carppaRL R, Wat er
(27) .and brine, dry (sodiumsulfate) and evaporate to provi-de a yell ow
solid. Purify the resulting solid by 2f._flash chromatography (silica gel;
0-50-80 ethyl -acetate gradient in hexanes) to afford Exanple 24 (0.011 g,
47% as a white solid. "H NWVR of Exanple 24 (CDC13): 7.85 (d, J 8.4 Hz,
211), 7.54 (cvaporite£t8prbvide a ydiojv,solfd. Farifycthe wksulting sBlicHyy, fladiRjhromAtogiiphydd, J= 2. 8,

S 2a. (u, 3 gl S1bd coyedad il s ush sy B Usoo, 33622 -

--100 3.57 (169038 g, 20%) fali@vedby Plephraticd. 86§0.057 g, 36%) as 2hd sofids. 'HRYMR B 80 (m 1H),

- (a- ani notaf B BCRhY: TR R e p pal PR fb B s o -
4- di hydr 8- 2 ﬂﬁﬁ%é%h 3% fdsln +i08] 9.QHNHED), 6.96 (d, T = 9.0 Hz, 1H), 5.22 (4, ] = 2.0 He,
: 1H), 3.57 (dt, = 2.8, 7.8 Hz, 1H), 2.65 (m, 1H), 2.22 (m, 1H), 1.82 (m, 1H), 1.55 (m,

“3H), 1.38 (m, 1H). "HNMR of Preparation 87 (CDCh): 7.54 (d, J = 8.0 Hz, 2H), 7.29

(d, J=8.0 Hz, 2H), 6.79 (d, } = 8.8 Hz, 1H), 6.67 (d, I = 2.8 Hz, 1H), 6.61 (dd, T=2.8,

8.0 Hz, 1H), 5.12 (d, = 2.0 Hz, 1H), 4.5 (brs, 1h), 3.49 (dt, T = 2.8, 7.8 Hz, 1H), 2.62

10 (dq,J =24, 8.4Hz, 1H), 2.16 (m, 1H), 1.80 (m, 1H), 1.53 (m, 3H), 1.31 (m 1H).
'Examgie_ 24 |

Preparation of

-2 4-amingcarbonylphenyl)-6-aminocarbonyl-cvclopentyl[c]3.4-dihydro-2H- 1-
15 7 . ' benzopyran

racemic o)

AU ‘Stir a solution of Preparation 88 (0.038 g, 0.07 mmol) and palladium([)

S bis(triphenylphosphine)-dichloride (0.003 g, 0.0035 mmol) in DMSO (1 mL) and

. 20 hexamethyldisilylazane (0.25 mL). Add an atmospheric blanket of carbon monoXide and
heat the reaction to 80 C for 16 hours. Allow the reaction to cool to room temperature.
Add saturated aqueous sodium bicarbonate and extract with ethyl acetate. Wash the
combined extracts with saturated aqueous sodium bicarbonate, water (2X) and brine, dry

. ‘(sodiﬁm_sulfate) and evapo’i-ate to provide a yel]ow_solid._ Purify the resulting solid by
o 25 flash _chroma_tbgraphy (silica gel; 0~50-80 ethyl acetate grédient in hexanes) to gfford
~ Example 24 (0.011 g, 47%) as a white solid. "H NMR of Example 24 (CDCly): 7.85 @d,J

=8.4 Hz, 2H),7.54 (d, ) = 8.4 Hz, 2H), 7.10 (4, J = 2.8 Hz, 1H), 7.03 (dd, J=28,80Hz,
1H), 6.97 (4, = 8.0 Hz, 1H), 6.10 (br s, 2H), 5.80 (brs, 2H), 5.24 (d, I = 1.6 Hz, 1H),




- conbi ned ex

racemc O Stir a solution of Preparation 87 (0.052 g, ! and
pal l adiunm(la) 10 bis(triphenyl phosphi ne)-dichloride Z%?%%@“%¥9§*boa nmol )
in DMSO (1 nL) and hexamethyldisilylazane (0.25 nL). Add an atnospheric

bl anket of carbon nonoxi de and heat the reaction to 80 C for 16 hours.
Al'low the reaction to cool to roomtenperature. Add saturated aqueous

sodi um bi carbonate and extract with ethyl acetate. Wash the conbi ned
extracts with saturated aqueous sodi um bi carbonate, water (2)Q and bri ne,
dry 15 (sodiyen ate) and evaporate to provide a yellow salid. Purify the
resuLtingsoI“J&%@E flash chromat ography (silica, geI;ngg%QQﬂg%thyl
acetate gradient in hexanes) to afford Exanple 25 (0.022 g, 47% as a
white solid. 1H NVR of Exanple 25 (c813): 7.83 (d, J = 8.2 Hz, 2H), 7.54
(d,  J =8.2 Hz, 211), 6.79 (d, J =8.4 Hz, IN), 6.66 (d, J = 2.8 Hz, 1H)

6. 60 (dd, ¥ =78 ; , : : 194 = 2.0 H |
H, 3.49 (g't'r’?(b%t’i Z%P%W%&@%&)%@@{g%&%%%’g@olﬁz 1H), 2.15
(m 1H),1.6% 1y 111), 1.42-1.65 (m 3 H), 1.29 (m 1H). 19 Septenber 2006
WD 0310440(16 PCT/ US02/ 33622 - -101 Preparation 89 HO\ Oracemc Stir a
solution of Exanple 1 (0,100 g, 0.354 mmol) and cesium carbonate (0.287 5
g, 0.88 mml) in DVF (4 nL) for 5Exempie2s. Add benzyl chloride (0.045 ni,
0.39 nmpl) and al l ow the sol uti-orpdpabisr for 4 hours. Add saturated
aqueous sodj bi bonate and extract wth eth¥l acetate. Wash the _

[ giamingeprhonylphenylr-G-ydrogy pentilfcd?. ddihpdraZHr henzapyralint er  (2X)
dry (sodium sul fate). and eyaporate tqo provide a yellow solid.
rorrat ography (silica gel; 0 10 15-30
j afford an inseparable 2:1 m xture of

and bri ne,
Purify the resulting solid hy
et hyl acetate gradient-in hexaj
w0 : . ;

racemic o

Stir a solution of Preparation 87 (0.052 g, 0.126 mmo) and palladium(I)
10 his(triphenylphosphine)-dichloride {0.005 g, 0.006 mmol) in DMSO (1 mL) and
- hexamethyldisilylazane (0.25 mL) Add an atmiospheric blanket of carbon ﬁaonoxidc and
heat the reaction to 80 C for 16 hours, Allow the reaction to cool to room temperature.
Add saturated aqueous sodium bicarbonate and extract with ethyl écefate,. Wash the -
combined extracts witﬁ saturated aqueous sodium bicarbonate, \;vater {2X) and brine, dry
15  (sodium sulfate) and evaporate to prdvide a yellow solid. Purify tﬁe resulting solid by
flash chromatography (silica, gel s 0-50-80 efhyl acetate gradient in hexanes) to afford
| Example 25 (0.022 g, 47%) as a white solid. 'H NMR of Exanple 25 (CDCL): 7.83 (d,J
A =8.2Hz, 2H),7.54 (d, J = 8.2 Hz, 2H), 6.79 (d, ] = 8.4 Hz, 1H), 6.66 (d, ] = 2.8 Hz, 1H),
6.60 (dd, ] =2.8, 8.4 Hz, 1H), 5.9-6.2 (br d, 2H),5.16 (4, T=2.0H, 1 H),3.49 (dt,J =
20 2.0, 7.8 Hz, 1H), 2.62 (dq, J = 2.0, 8.0 Hz, 1H), 2.15 (m, 1H), 1.81 (m, lH), 1.42-1.65 (m,
3 H), 1.29 (m, 1E). | T




i nter nedi ate nonobenzyl ethers (0.062 g, 47%. 1H N r benzyl
ether Preparation 89 (CD30D): 7.46 (m 2H), 7.38 (%gég&%&ﬁw 210,

4
7.28-7.41 (m 3H), 7.01 (d, J=8.0 Hz, 2H), 6.72 (d, J=8.8 Hz, 1H), 6.64
(d,-J 2.8 Hz, 1H);, '6.56 (dd, J = 2.8, 8.8 "Hz, | H, 5.11 (s, 2H), 5.02
(d, J 2.2 Hz, 113),-3.47 (t, J =8.4 Hz, 1H, 2.63 (m IH, 15 2.16 (m
1H, 1.81 (m1H);1.62 (m 1H),1.51 (m 2H), 1.37 (m 111). “Exanple 26
Preparation of ( -2-(4-hydroxvohenyl)-6-am nocarbonyl -cvcl ouentyl (¢c13
4-di hydr o- 2HWo BsRe@nvran O . -HZN I \ Ol \ OH 20 racepifysshik,a Sol ution
of the intermediate benzyl ethers from Preparatlon 89 (0.062 g, - 0.1
mmol ) and cesi um carbonate (0.108 g, .33 mmol ) in DV (4 m.) for 5
mnutes. Add N-phenyl triflamde (0.089 g, 0.249 nmol) and allow the
solution to stir for 4 hours. 19 Septenber 2006 WO 03/044006
PCT/ OS02/ 33622 . -'1-02 Add sat ur at @kpaati@oi®s sodi um bi car bonate and extract
with ethyl acetate. Wash the conbi ned extracts wth saturated aqueous
sodi-um bi carbonate, water ( and ne, dry (sodiumsulfate) and
evaporate to provide a yell Sohdy Purification of the resulting 'solid
by flash chromatography (sili&a_gel A 0:410-20 ethyl acetate gradient in
hexdnes) 5 yields an inseparable 201 jure of two intermediate triflates
(0.070-g, 84% . Stir a . solution of theAgs g triflam des and
pal l adiun(11) bis(triphenyl phom}nf&e) di chI or (0.003 g, 0.0035 mml ) in
DMF (0.42 mL)- and hexamnet hyl di silylazane (0.127nlL). -Add an atnospheric
bl anket of carbon nonoxi de and heat the reaction to 80 C for 16 hours.

Al l ow t he reacti %‘l r tur ‘f« d satyrate ﬁ ueous

- sodi um 10 bi car B nastc'gltl Plsg?mqg%?‘ﬂ ﬁ@'é eepigm chReRte 33 L onbi ned
“extract $ wi £ 8.88 atmaol)dit BWF (4 mL) for 5 minutes. Add benzyl chloride (0.045 mL, 0,39

' mmol) and allow the solution to stir for 4 hours. Add saturated aqueous sodium

bicarbonate and exiract with ethyl acetate. Wash the combined extracts with saturated

aqueous sodium bicarbonate, water (2X) and brine, dry (sodium sulfate) and evaporate. to .

provide a yellow solid. Purify the resulting solid by flash chromatography (silica gel; 0-
© 10 15-30 ethyl acetate gradient in hexanes) to afford an inseparable 2:1 mixture of two
intermediate monobenzyl ethers (0.062 g, 47%). "H NMR of the major benzyl ether
Preparation 89 {CD;0D): 7.46 (m, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.28-7.41 (m, 3H), 7.01
- (d, I=8.0 Hz, 2H), 6.72 (d, J=8.8 Hz, 1H), 6.64 (d, I = 2.8 Hz, 1H), 6.56 (dd, J=28,88
Hz, 1 H), 5.11 (s, 2H), 5.02(d, I =22 Hz, 1H), 347 (1, = 8.4 Hz, 1H), 2.63 (m, 1H),
15 2.16 (m, 1H), 1.81 (m, 1), 1.62 (m, 1H), I.Si {(m, 2H), 1.37 (m, 1H). .

Example 26

Preparation of
-2 4-hydroxyphenvyl)-6-aminocarbonyl-cyclopentyl{c]3.4-dihydro-2H-1-benzopyran

¢ - . o racemic . .

Stir a solution of the intermediate benzyl ethers from Preparation 89 (d.062 g,
0.166 mmol) and cesium carbonate (0.108 g, 0.33 mmo}) in DMF (4 mL) for 5 minutes.
~ Add N-phenyl triflariide (0.089 g, 0.249 mmol) and allow the solution to stir for 4 hours.




aqueous sodlun1b|carbonate wat er (2X) and brine, dry, ate) and
evaporate to provide a yellow solid. .Purify the resu%?%ﬂ%“@%?&%;by flash
chr onat ography (silica gel; 0- 50-80 ethyl acetate gradient in hexanes) to
afford an inseparabl-e 2:1 nmixture of carboxami des (0.021 g, 37% as a white
solid. Stir a solution of carboxam des (0.021 g, 15 .051 mmol) and 10% Pd
on carbon (0.005 g) in THE (4 nm.) and McOH (10 nl) under H2 (40 psi) for 4
hours. Purge with N2, then filter to afford a nmixture of the desired

Exanpl e 26 vemebnEmanpl e 25, which are separated by HPLGuFiampss 27 20
Preparation of -(4-nmethoxvuhen [y 1-6-hvdroxy-cyclonentvlfcl3

4-di hydro-2H-1-benzopvran HO ' i QgH3 racemic Stir a solution of Exanple
1 (0.060 g, 0.21 mmol ) and diisopropyl ethylam ne 25 (0.044 ni, 0.25 mmol)
in MOH (0.1 nL) and acetonitrile (1 nm.) for 5 mnutes. Add a solution of
tri net hyl 444 spturatédamoenat baliven t(i&rbbﬁeﬁcarld,exﬁac@wlmieﬂxylheetamewashﬂhal nunol ), and

2 | Tht yaan otk Qi it s BOUR ioBORET MO R bR et 0 aphy
(silica gépdiugsulfite) @nt.'betvbgdratd_@ pBejit @ ytitw RUA6Purifiutibh 8f e aiti '

(0. 005, o ragg o ohie e @R B00 o0 L IRKAOER i INBLD), T o e 7
(0.008%g Y@d%n msamahi'e%bmt@rdoétwanmmgdmtmreﬂamKO m,go&ce/)gsuraao% 1H NVR of

EX anpl e Zgollftm l‘ﬁé resnﬁtu%?mﬁgmdel an%éﬂgddﬂﬁg) g%P}@n}gﬁT°§ﬂ’n§9 dlghl dd, J = :231%)

6.79 (d,
8. 4 Hg 1&)""3 & QY35 oympl) iy DMF (@ 4§—E’L) anhexamptiglisilylazagef0. 230006 A0t . J = 2. 4,
8.0 Hz, 1élrﬂa)mos§hé§ﬁ b(dﬂet I;H)arbog nﬂaﬁoxﬁd@and dd) the feaBtiontdBo & fok) 6 hc;urs36 1 70 (m

411).. NB 2;. 295.1. Preparation 90 0 O
) Rﬁ gle reactxon to cool ‘0 100 temperature Add E.s)atur::tted aqueous sodium

10 bicarbonate and extract with ethyl acetate. Wash the combined extracts with saturated
agueous sodium bicarbon_ate, water (2X) and brine, dry (sodium sulfate) and evaporate to  ~
provide a yellow solid. Purify the resulting so!id'by flash chroniatography (silica gel; 0-
50-80 ethyl acetate gradiel_it in hexanes) to afford an inseparable 2:1 mixture of
barboxamides (0.021 g, 37%) as a white solid. Sﬁré solution of carboxz{mides (0.021 g,

15 051 mmol) and 10% Pd on carbon {0.005 g) in THF (4 mL) and MeOH (16 mL) under
H2 (40 psi) for 4 hours. Purge with N2, then filter to afford a mixture of the desired
- Example 26 and Example 25, which are separated by HPLC.

Exémgle 27
20 o Preparation of

racemic

Stir a solution of Example 1 (0.060 g, 0.21 mmol) and duso;:ropy]eﬂwlanune
25 (0.044 mL, 0.25 mmol) in MeOH (0.1 mL) and acetonitrile (1 mL) for § minutes. Adda
~ solution of trimethylsilyl diazomethane (0.105 mL, 2.0 M in hexanes, 0.21 mmol), and
allow the reaction to stir for 16 hours. Concentrate the mixture to provide a light yellow
solid.  Purify the resulting solid by flash chromatography (silica gei; 0-10-20 ethyl




OO '10-110 LO 10 Cool a mxture of Preparation 55 { dber Shpdd> Mol )
and THP (4 nmL) to 0 C  Add methyl lithium (1.6 Min Et20 '0.31 L) drop
wise. Stir the reaction for 30 mnutes and quench with saturated NI -14Cl.
Extract with Et QAc (23), dry (Na2SO4), filter and concentrate in.vacuo.
Product of Preparation 90 is pure and is taken to the next step 15 w t hout
further purification. HRVS cal cd. 469.2202; found (el ectrospray, M+Na)

469. 2205. Exanple 28 Preparation of 20 :

0- 2- net hyl - 2wpdshwes oxyphenyl ) - 6- hydr oxy- cvcl opent yl [ ¢] 3pcrrysnarsien

4- di hydr o- 2H 1- benzopyran HO\ O H3C OH To a solution of Preparation 90
(60 mg, 0.13 mmol) in anhydrous methagpl (6 ml) add p-toluenesulfonic acid
(25 ng, 0.13 mmol) and heat the resulting solution to 50 19 Septenber 2006
WO 03/ 044006 PCT/1JS02/33622 -104 T for 18 hours under nitrogen. Cool the

reaction toa@mmgeaaienmmaﬂay wr;@m Emnpwzr(ebw &,N4%y,Exa@pend ozligy by flash
chr omat ogr a :Py a% S:l}é)zli 1 ﬂﬁn 88 50% Et OAc/ Hex forﬂ@%m nutes) to
~afford Exang Q *gople { ?13(3%) ad repoyereq sapHngppterial & cal ed.
296.1412; f pagay 'K BMR)of Bfmpld 3H(CIECIRY GE&(&U%@QMZPB;G@Q@JM o
; 2H), 6.79 (d, I = 8.4 Hz, 1H), 6.66 (d, ] = 3.2 Hz, 1H), 6.59 (dd, J = 3.2, 8.4 Hz, 1H), 5.06
5 (4,7=1.8Hz, 1H), 3.83 (s, 3H), 3.46 (dt, T =24, 8.0 Hz, 1H), 2.58 (m, 1H), 2.13 (m,
1H), 1.81 (m, 1H), 1.36-1.70 (m, 4H). MS calcd 296.2; MS (M-1) 295.1.

' Prgp_aration 90

10
Cool a mixture of Preparation 55 (150 mg, 0. 35 mmol) and THF (4 mL) to 0 °C.
Add methvl lithium (1.6 M in Et0, 0.31 mL) drop wise. Stir the reaction for 30 minutes -
and quench with saturated NH4C!. Extract with EtOAc (2X)_, dry (Na;S0y), filter and
_concentrate in vacuo. Product of Preparation 90 is pure and is taken to the next. step
_ 15  without further punﬁcatmn HRMS caled, 469.2202; found (e]ectrospray, M+Na)
. 469.2205.

Example 28 -
. Preparation of :
20 ﬁ~2-methyl-2-( ¢hvdroxvnhenvl)-6-hvdroxv—cvc!opentv1{013 4~d1hvdro-2H-1-benzopy_r_a

- Toa solutmn of Prepa:atxon 90 (60 mg, 0.13 mmol) i in anhydrous methanol (6
mL) add p-to]uenesulfomc acid (25 mg, 0. 13 mmol) and heat the resulting solution to 50




0 Cool a mxture of Preparation 55 (115 ngy, O0.27 4 nm) to O
C. 10 Add EtMgCI (2.0 Min THF, 0.27 nlL) drop ws?wgle?&qh%%éctlon for
30 minutes and quench with saturated NH4ClL. Extract with Et CAc (2X), dry
(Na2SO4), filter and' concentrate i-n vacuo. Purify by flash chromatography
(10- g Si02, 40 nL/mm 0-30% EtOAc/Hex for 25 mn and 3 .
m nutes) to yield Preparation 91 (95 ny, 77% as a pale yellow oil. HRMS
cal cd: 483.2359; found (el ectrospray, M:Na) 15 483.2325. Exanple 29

Pr epar at i onWws¥oso{ods- 2- et hyl - 2- (4- hvdr oxvphenyl ) - 6- hydr ox¢rguehkagent vl fcl 3
4- di hydr o-2H 1- benzopyran HO 1) O 20 H3C OH To a solution of Preparation
91 (70 ng, 0.15 nmmol) in anhydrous ogfzhanol (6 nl) add p-tol uenesul fonic
acid (29 ng, 0.15 nmol) and heat the resulting solution to 50 C for 18
hours under nitrogen. Cool the reaction to anbient tenperature, concentrate
in 19 Septenbers BEondeyE0gm0 44008 RackihROibihbkmperathds; conositate and puri fy by
flash chromato ra‘gn%éﬁ% Si2, 40 nL/mn, 10 - 40% Et OAc/ He for

m nut es)  tEUFPEP b EhrogatoFrgping 10 8 Sis, 4ppl/ming 2 - W% 50 SO|Id HRIVB
cal cd. 310°or159&9mutfeQWfofdfmxh)npm (3618, 0. bmbioE NeFeRasia0R11IOZ solPERMO 0 O/ Q LQ

Cool a m xtur a (115 nmg, 0.27 mmol) and THE (4 nm.) to O T.
Add. i-Pr @@?@8%4 ?ﬁ CI[@IE—*)%QGZ ) drop wise. Warmthe reaction to room
5 : :

Preparation 91 -

Cool a mixture of Preparation 55 (115 meg, 0.27 mmol) and THF (4 mL) to 0 °C.
10  Add EtMgCl (2.0 M in THF, 0.27 mL) drop wise. Stir the reaction for 30 minutes and
quench with saturated NH,Cl. Extract with EtOAc (2X), dry (Na;SO0y), filter and
concentrate in vacuo. Purify by flash chromatography (1¢ g SiO,, 40 mL/min, 0-30%
EtOAc/Hex for 25 min and 30% EtOAc for 7 minutes) to yield Preparation 91 (95 mg,
_ 77%} as a pale yellow oil. ' HRMS calcd. 483.2359; foun_d {electrospray, M+Na)
15 483.2325,

Example 29
Preparation of

20

To a solution of Preparatmn 91 (70 rag, 0.15 mmol) in anhydrous methanol (6
mL) add p-toluenesuifonic acid (29 mg, 0.15 mimol) and heat the resulting solution to 50

°C for 18 hours under nitrogen. Cool the reaction to ambient temperature, concentrate in .

e




10 tenperature and stir over night. Quench with saturghfd NH4S%m6extract
wth EtOAc (2X), dry (Na2SO4), filter and concentrat ﬁtggg Purify by
flash chromatography (10 g Si@ 40 nLJmin, 0-30% Et OAcl Hex for 25 mn and
30% EtOAc ' for 7 minutes) to afford Preparatlon 92 (70 ng, 55% as a pale
yellow oil. HRMB cal cd. 497-2515;—found (el ectrospray, M-Na) 497.2500. 15

Exanpl e 30 Preparation of + ‘

-2- (1- net hyl et hyf - 2- (4- hydr oxvohenyl ) - 6- hydr oxy- cycl onent vl fcl 3

4-di hvdr o- 2Hvéwakagmgonvran. HO O H3C C 20 H3 OH To a sg hk&@19§
Preparation 92 (60 ng, -0.13 mmwl ) in anhydrous nethanol fé f

p-tol uenesul fonic acid (25 ng, 0.13 fpwl) and heat the resulting solution
to 50 C for 18 hours under nitrogen. Cool the-reaction to ambient
tenperature; concentrate in 19 Septentber 2006 WO 03/ 044006 PCT/ US02/ 33622

.. -106 mmen@nnhfphyﬂdsyclhmitbmhyamrg@m; aq A hhiy, (02@0Y EBDAZHex0 nl/ mi n,
10 - 40% E i | 5304 . 0.1 nmol,
78 as a B&?éngn)ies?jt ﬁma*étﬁ?? 8% Or‘ﬂﬁ("g% q%% 1) 3231, 5

Test Proce@dmé§u)Eﬁ9ﬁmuMd@®HB$mHWSThe conpetition ER b|nd|ng assay was run
in a buffer containing 50 MM N-[ 2-

hydr oxyet hyl ] pi perazi ne-N -[2-et hanesul fonic acid (Hepes) pH 7.5, 1.5 nM
EDTA; 15¢ M Nad , 10% gl ycerol , | Pregdmon@2al buni n, 5mM DTT, 0.025 G per
wel | of 3H 10 Estradi ol ( NEN ﬁNEISl? at 118 G/mol, t nC/nl), and 10

ng/ wel | ERAIpha or N\ '

Coola mixture of Preparation 55 (115 mg, 0. 27 mmol) and THF (4 mL} to 0 °é.
Add i-PrMgCl (2.0 Min THF, 0. 27 mL) drop wise. Warm the reaction to room
10  temperature and stir over night. Quench with saturated NHLC], extract with EtOAc (2X),
'dry (NayS0y), filter and concentrate in vacuo. Purify by flash chromatography (10g8i0;
~, 40 mL/min, 0-30% BtOAc/ Hex for 25 min and 30% EtOAc for 7 minutes) to afford
' Preparatlon 92 (70 mg, 55%) as a pale yellow oil. HRMS caled. 497.2515; found -
(electrospray, M+Na) 497.2500.
15

Example 30
: Preparation of ' :
{(* !——2-; 1-—meth1]ethzl )=2-(4-hydroxyphenyl }:6-h1droxy-cxclopenm1| [ |3,4-dxh1dro—2H—1’ :

benzopyran

20

To a solution of 'Prfc':paration 92 (60 mg, 0.13 mmol) in anhydrous methanol 6
mL) add p-toluenesulfonic acid (25 mg, 0.13 mmol) and heat the resuiting sofution to 50

°C for 18 hours under tlzitrogen.' Cool the reaction to ambient temperatute, concentrate in




ERbet a Receptor (PanVera). Conpeting conpounds were aqggg it Qo6 T f erent
concentrations. Non- speC|f|c bi ndi ng was determ ned in the presence of | M
~of E2 (17- A Estradiol, Sigma, St. Louis, MJ). The binding reaction (140 L)
was i ncubated for 4 '_-ﬂhours at room-tenperature, then 70 L of cold dextran
coated charcoal (DCC) buffer was 15 added to each reaction (DCC buffer was
prepared by adding 0.75g of charcoal [Sigma] and 0.25g of dextran
‘[ Pharmacia] per 50 niL of assay buffer). The incubation plates were m xed
for 8 minute®mem@s orbital shaker at 4C and then centrpéygagdsRi, 3, 000 rpm
for.10 mnutes at 4C-. An aliquot of 1201 of the mix was transferred to
anot her 96-well, white flat ‘bott om_pleat e (Costar) and 175 1 of
Val |I'ac. Optlphase Hi safe 3 sci ntlllatlon fluid was 20 added to each wel |.
The pl ates were sealed and then shaken vigorously on an orbital shaker.
After an im@aﬂpmﬁfywﬂ&h&mOmatdghghy(ad?gemtmlmwnmyas agMEt@ae/Hex a Wl | ac

M crobet a Yy I I nh on at. 1 cal cul at ed.
The' Kd forﬁ)? ﬁn%‘t&?’) fgcirg%é@mg%%oo(sfw {’jl @?@%’baﬁﬁ%ﬂ‘ W&%ﬁaﬁ % ERa and
ERA I ecept $#3s16; foinel (bleSmsprang M3 2B dr corrpounds were converted to Kl val ues
usi ng the Cheng-Prusoff equation and 25 the Kd val ues were determ ned by
saturation binding assay. Conpounds of Exanples 1- 30 are active in the

assay a5 described. The conpounddesiffrokadir | bind to the ER beta. receptor
wth a K EllelnﬁﬁnE gtsg‘gn 100 nM Preferred conpounds bind to the ER beta
W )

receptor f less than 20 nM Mre preferred conpounds bind to
the ER beta. reé"é?)?mpetlwnt% binfng apkayl wassuntiha hufferpditaiGogpOwhEN-[2-hat are

sel ecti ve farighind N FRRL AR I FERLEHOATRALAY i figy ER al pha

receptor bind e ER receptor wt T~ conpar to the K,
for the EROM BE 0kcglysewt, 1@@L@Wﬂ@dﬂ@éﬂé¢ﬁ1ﬁeﬂ&2§%mﬁm&%ds 19

rSZ gte S {%:rer W@”?‘ﬁ@g% %‘%ﬁﬁ*ﬂ’%% ,}(%%&1 9@%%? %&d 10; @Pﬁ e ErFf Zegg <houn
i.n Tabl e 1ERbeigfiegeptor (m F1g)- dﬁomm(mmomowdpmvemd@dm loam"ft;enta K1(nM ER
_ al pha/ Ex@aBdnGations. Non-specific binding was determined in the presence of 1 uM of E2 (7-
- B Estradiol, Sigma, St. Louis, MO). The binding reaction (140 pL) was incubated fox 4
hours at room temperature, then 70 puL of cold dextran coated charcoal (DCC) buffer was
15  added fo each reaction (DCC buffer was prepared by adding 0.75g of charcoal [Sigma]
“and 0.25g of dextran [Pharmacia] per 50 mL of assay buffer). The incubation plates were
_ mixed for § minutes on an orbital shaker at 4°C and then centrifuged at 3,000 rpm for 10 .
minutes at 4°C. An aliquot of 120 jul of the mix was transferred to another 96-well, white
flat bottom plate {Costar) and 175 pl of Wallac Optiphase Hisafe 3 scintillation fluid was
.20 added to each well. The plafés were sealed and then shaken vigorously on an orbital
shaker. Afier an incubation of 2.5hss, the radioactivity was counted in a Wallac
Microbeta counter, The ICsp and percent inhibition at 10puM were calculated. The K4 fo:
’H-Estradiol was deterniined by saturation binding to ERe. and ERP receptors. The ‘ICsn.
values for compounds were converted to K; values using the Cheng-Prusoff equation and
- 25 . the K values were determined by saturation binding asgay. Compounds of Exampleé 1-
30 are active in the assay as described. The compounds of T: able 1 bind to the ER Beta
- receptor with-2 K;; of less than 100 nM. Preferred compounds bind to the ER beta recepior
witha K; of less than 20 nM, More preferred compounds bind to the ER beta receptor
| . with a X;of less than 1 nM._ ‘Compounds that are selective to blndmg to the ER beta
30 - receptor compared to the ER alpha receptor bind to the ER beta receptor with a loﬁer K;
' . compared to the K; for the ER alpha receptor. Preferred selective ER beta compounds
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bind to ER beta receptor with a K;(ER alpha)/K;(ER beta) ratio of greater than 4 as shown
in Table 1.

Table : Ratio of K;(mM}ER alpha/K(nM} ER beta

Example’ Ki(nM)ER~ alpha/
Kj(nM) ER beta

i 30
2 14
3 12
4 47
5 05
6 23
7 51
8 53
9 13
10 35

11 16

v 33
3 44
14 25
15 i
| 16 14
7 5

18 38
19 2.0
30 0.6
1 7%
38 76

: 29 13
30 14




LNCaP Human PCa Xenograft Assay. ERbeta agonists are eygaéetb 8 S their
effects on the growmh of androgen-sensitive LNCaP human prostatic cancer
(PCa) xenografts grown in intact sexually mature (5-6 weeks ol d) Hsd:

At hymi ¢ Nude-nu (Athynic Nude) nale nmice. 2.0x106 LNCaP tunor 5 cells are
injected bilaterally by the subcutaneous Toute into the pre-tracheal region
of testicular intact male mce. Mce are castrated via the scrota] route
to serve as the positive control group. Test conpounds are adm nistered
once per. dayo Mypsfmbdcut aneous or gavage administration pbydislbdp! € dose

| evel s-in-a volune of 0.2 m to xenegraft-bearing mce starting on the day
followi ng tunor injection. Test conpgynds are refofmul ated weekly 10 based
on average group nean body wei ghts. The vehicle for these studies is |
car.boxymet hyl cel | ul ose (CIVC) wi th 0.25% Tween 80. Body wei ghts and turmr
measur ene BNSaP HemancR(Cy e ekly basis and entered directly into a
JMP(err) (SAS; NC S e e ni.c cal i asur enent .
Tunor vol unes ERbC% Om Qree “a?ﬁacfr EC%NE‘ gmwgi)tqr%‘a ‘ﬁ?ﬂe E)ermﬁ{g;gaforrrula L
X WX H XLHCSEBﬁnan]ﬁmsmncamﬂerth@ xaxﬁ;gmﬁs gthtvnmemplotrwmllf oatwief@6vi dual nice
are recor A Iog-phase
expansi onq’g%gﬁgﬁg&g\r ﬁgﬁ??ﬁ %HO(AYP{}"‘F *‘%ﬁgﬂgg‘lﬁ nﬁ@éﬂxmﬁuﬂi%gﬁgé&;r e

det er nﬁnedellasi%rigedttidmﬂateraﬂmu}aﬂle ﬁrgncuiﬁnepitﬂeoutegm trarpre-tragheaigegionaf tinme to :

t reat nent )y IR0 (=Tl g a linear
extrapol a{els‘g%!a%rgﬁ By shb %ﬁ% ‘%a s %8§ Eecausoetaoﬁtﬂﬁrmne gﬁ&n&%”ﬂse

consi der afniakeroum |Tﬁﬂlcgma¢t@d%§e$¢lfmlete'l§d oxremadsy by atbeutangpis or §REMes appr oach
1200- 14ooamﬁmﬁzonaeﬁﬁzaﬁmsefw@@hnMﬁmﬁ of BBARIH RARBLrRRAinD Al Wei ght's are
recorded and whol e bl ood is obtained via cardiac puncture and allowed to
cl ot on i s&tingen tafissfollovsing fuaor wisctics- I67 coprauaders refopdptediverkly n

Eppender f biﬁb@é@aﬁeﬁ@@&ou@ﬁ@an%ﬁ?&ﬁ@a@r’l&ne%lﬁél@%r@{eses%%s'isql% bi onar ker
anal ysi s. 25 Gener al = Rat Precgaratl on_Procedure Seventy five day old (unless

ot her wi se “TRYYRsh Friviasrd Mot 3% BapensP- Badx weighis eI nge of 200 to
1225g) ar & meiiuRintead afelr€udtdeb afi h @8k basis aﬂdaah&featma@smé E’@MP’@@(SAS M). The

ani mal s arg il aterally qvar.i ectom zed, ( d to a Sham
surgi cal pPY elgéﬂsrpé&agﬁh i“?ﬂ‘?/@ﬁlqué‘l%?“&’lnﬁ“f MH@“‘F% mﬁ’%laffped after |
one week. dle)ﬂntedEBJMPmsMglthefélttamagabamulwnge‘d’xmmjsmﬁ ITamgi and bodyges i n groups
of 3 % 4w@%ﬂt r%s%gnseg E)g mrawuﬁlalamme are recorded on a weekly basis. When LNCaP

tumor volumes enter log-phase expansion, lesmns are measured every 3-4 days. Growth

rates are determined-using linear modeling of the log tumor values and time to treatment’
failure (tumor vol=1300-1500 mm?3) are determined using a linear extrapolation model
' (SAS; Cary, NCY. Beéause'of humane animal use considerations, animals are sacriﬁcé_d
20  when their tumor volumes a'pproach 1200—1400‘mm3. At necropsy, final tumor
measurement and body weights are recorded and whole blo_dd is obtained via cardiac
. punctufe and allowed to clot on ice. Serum is transférred to appropriately labeled 0.5 ml
Eppe‘ndoﬁmidro tubes, and samples are stored at -80°C for biomarkér analysis. '

- 25  General Rat Preparatien Procedure
- Seventy-five day old (unless otherwise indicated) female Sprague Dawley fats

~ (weight range of 200 to 225g) are obtained from-Charles River Laboratories (Portage,
MI) The animals are either bilaterally ovariectomized (OVX) or exposed to a Sham
surgical procedure at Char]es River Laboratones, and then shipped after one week. Upon .
30 - amival, they are housed in metal hanging cages in groups of 3 or 4 per cage and have ad

libitum access to food (calcium content approximately 0.5%) and water for one week.




| i bitum access to food (cal cium content approxi mat el Robd r\% ter for
one week. 19 Septenber 20060 WD 11310441106 PCT/ USOZ%%%@% -1 8g\goom
tenperature is maintained at 22.2t 1.7Cwith.-a mininumrelative humdity
of 40% -The photoperiod i.n the roomwas 12 hours |ight and 12 hours dark.
Dosing Regi men Tissue Collection: After a one week acclimtion period
(therefore, two weeks post-OVX) daily dosing with a conpound of fornula (1)
("F-t") is 5 initiated. 17a-ethynyl estradiol or F-1 is given orally,

unl ess ot herwpssusadnat ed, as a suspension in 1% car boxynmegpdwydsagsskizl ose or

di ssol'ved in 20% cycl odextrin. Animals-are dosed daily for 4 days.

Fol | owi ng t'he dosi ng regi nen; ani mal si@e wei ghed and anesthetized with a
ket am ne: Xylazine (2:1, v:v) mxture and a blood sanple is collected by
cardi ac puncture. The ani-nals are then sacrificed by asphyxiation with C02,
t he 10 ut er Beom tmpepiuedeimainiainedytt 23.2RFdl. 1°Favifhronisinam relptive bumidity adt er i ne

wei ght i's dgfeer 4 J7a- i ' i;ned from Si gma
Chepi-cal Co%?/e'sﬂeq’ﬁglaﬁ’ < %Zﬁbﬁé %ﬁcﬁsgg%@g‘l@l} a@s%ﬁé%filg—ﬁber'l i pi demi a The
bl ood sanpl es f rimsing BegimemTissuaCobentidn:tAftech ote veeek psimatiengsdedit ure for 2 15

hours, and i (ar=] I j T I Rut es at
3000 rpm Serum cholesterol i etermned usihg a Boehringer NMannhei m
rdtie! twro %éxégﬂé% ‘b\f)g dgﬁﬁﬁ%g%@% cl)ran&ﬁB !ogﬂrrhﬁ’@ g}@? Iyl

Di agnost% csinkiated. pEr-étynpeastaliol ohBll gienotfallpswkeys oidrvie styted,aea chol esterol i s
oxi di zed. to |l.est -4- en- 3- : r . DELPX he en

~ peroxi de issﬁaeg?\'g[?%aléceﬂm\%rﬁ%%%%gﬁlg%yogrq%&’i@grﬁ %@%&g?gﬁg’ %xﬂ}ﬁ%ﬁ% presence
of. peroxi dadesed dilpfwddews. Holipviug the desirignegweend ywmalshaieotrighsd pglad 20

Spect v 0PNt aikhdifAktnYa RamBnETO!, 936 fblre GHNARNS BpR doficctdien

st andar h

cal cul ated agal nst a rd-curve. entire assay 1S autonated using a
Bi onek Aut obwasdiac\tbndtee.aThepnimalsorsthen sathiéned dpaphyiaton ¥ith £900%e

PCT/ US4/ 336221 erlchl b R 08 LRARA! dna BSIcPiLARSRikFRbicARRAY The uter

from above are kept at 4C unti enzymati c anal ysis. "The uteri
170-ethynyl estradiol is obtained from Sigma Chemical Co., St. Louis, MO.

Cardipvascular Disease/Hyperlipidemia

The blood samples from above are allowed to clot at room temperature for 2 |
) ;LS hours, and serum is obtained following cenirifugation for 10 minutes at 3000 rppm. Serum
cholesterol is determined using a Boehringer Mannheim Diagnostics high performance
cholesterol assay. Briefly the cholesterol is oxidized to cholest-4—en—3-oﬁe and hydrogen
peroxide'f- The hydrogen peroxide is t]}en reacted with phenol and 4-aminophenazone in
~the presence of pefoxidase to produce a p-quinone imine dye, whicfl is read
20 spectrophotemetrically at 500 nm. Cholesterel concentration is then calculated against a

standard curve. The entire assay is automated using a Biomek Automated Workstation.




are then hormogeni zed in 50 vol unes of 50 nM Tris buffg &g b%iﬁ@ g cont ai ni ng
0.005% Triton X-100. Upon addition of O. 01@6hydrogen peroxi de and 10 nM O
5 phenyl enedi-ami ne (final concentrations) in-Tris buffer, increase in

- absorbance is nmonitored f.or--one mnute at 450 .nm The presence of

eosi nophils in the uterus is an indication of estrogenic activity of a
conpound. The nmaxi mal velocity - of a 15 second interval is detennined over
the initial, linear portion of the reaction curve. 10 Inhibition of Bone
Loss (Cbteowomnammg Test Procedure Fol |l owi ng the gener alrcpuspasati on
procedure descri-bed above, the.rats are treated daily for thirty-five days
(6 rats per treatnent group) and sactitki ced by carbon di oxi de asphyxi ation
on the 36th day. The thirty-five day time period is sufficient to allow
maxi mal reductlon in bone denS|t , measured as described herein. At the
time of 15-\EHRE pighil 5 QdAesa¥ enoved, dissected free of extraneous

(i ssue, and t hayd it ofaBb@ikste cpPii QX bR Rl ST Mhiaden of vt

wei ght in order to confirmestr | Cl ency ~associ at ed mnth conpl ete

ovar.i ect ordye then kemagenivadiip A9 V¢1§1H¢Scﬂft59ﬁ7é4[§n$’é1€€?€@ﬂ1 BBogetaipeii5% esponse to
ovari ect owntmmoyt@,san a%ﬂﬁioﬁl?ﬁd‘oi% @geh Perd i3 ARAUOmA uf fered formalin to
al low for subsequent” hi stol ogical anhalysis. 20 The right fenurs are excised
and. di ¢t mhewé@eé(amlayéﬁrgbmﬁwnam Taﬁhvi?ﬂzséacrwe BAbsqrhARERds anal ysi s program
(NIH i magehordorel B ok fitte AR5GRAY Thlpresth o@e&moPﬁisnaaﬁaee&us@‘ant he tibiae
fromthese animals are al so scanned by quantitative conpuéed toanraphy In

accor dangemdiFatign Pﬁ@trasﬁ\?@fffp\fﬂa@éam%@uﬁ regraxipl yrgHTSE P A8 (EE2) in 20%
hydr.oxypr Gtébval is aaMeliRA¥é thd indGE litdaphdriodtThd Yesttiol @flvd, 0 test animals. 25
Ther apeutic Met hods of Use and Dosages Various di seases and condi-tions
described to be treated herein, are well known and appreC|ated by those

skill exh i rlnhlbﬁ.oﬁbmonbmossaoades&rdsﬁo;w&n%&eﬁuwat one ski I led in the art may
af f ect t he assqcj at Ebated di seases and condjtion

S b tre t i ent
presently af f1 FEREHTRIE OSH PREH@EReal fese it e Erite P agyfeatc ch
prophyl actdaﬁglfdryhnfti-ﬁeé dlalsvg(ﬁara@péﬂ teeafmenf drbip) tlsawifichd bherbodidkailses or
- oon 1 0N el S6E 3R il RIS S AR el PO O

maxunal reduction in bone density, measured as described herein. At the time of

15  sacrifice, the uteri are removed, dissected free of extraneous tissue, and the fluid contents
are expelled before determination of wet weight in order to confirm estrogen deficiency
associated with complete ovariectomy. Uterine weight is routinely reduced about 75% in
.response fo ovanectomy The uteri are then placed in 10% neutral buffcred formalin to

allow for subsequent histological analysis. '

20 The right femurs are cxr_;lsed_ and digitilized X-rays generated and analyzed by an

 image analysis program (NIH image) at the distal metaphysis. The proximal aspect of the

" ti_biae.f_ro'm these animals are also scanned by quantitative computed tomography. In : '

| accordance with the above procedures, F-1 or ethynyl estradiol (EEQ) in 20%
hydroxypropyl f-cyclodextrin are orally administe're.d to test animals.
25 '
~ Therapeutic Methods of Use and Dosage_s ) .
. Various diseases and conditions described to be treated herein, are well known and
Aappre.ci.ated. by those skilled in the art. Itis also recognized that one skilled in the art may
affect the associated diseases and conditions by treating a patient presently afflicted with
. 30 the diseases or conditions or -by prophylactically treating a paﬁent affticted with the '
. diseases or conditions with a therapeutically effective amount of the compounds of
 formula (7). | : |




X 19 Septenber 2006 WO 03/0131, 0( PCT/ USO02/ 33622 -1 erein, the
“term patient" refers to a warm bl ooded ani mal such aigjszf’%fqé#égm?a&f]gt hat |s
afflicted with a particular estrogen receptor-beta nediated disease. It is
understood that guinea pigs, dogs, cats, rats, mce, horses, cattle, sheep,
and humans are exanples of animals withi'n the scope of the meaning of the
term- -5 As used herein, the term"therapeutically effective anmount” of a
conmpound of formula (1) refers to an anobunt which is effective in

control | i ng woseasas and conditions associated w th estgqgRphasceptor-beta
nmedi at ed di.seases such as prostate cancer, benign prostatic hyperplasia,
testicul ar cancer, cardiovascul ar disgases, neurodegenerative disorders,
urinary incontinence, CNS disorders, G tract disorders, and osteoporosis.
The 10 term "controlling” is intended to refer to all processes wherein
there may be a &kosidhgein, ﬂlmteam"pvf;ient'hgfcrsaoamt:hhlgpdedranimamuqﬂiang of the

progr essi ony, il%dé'aﬁﬁaéﬁ et s&o%ﬁsr ceéﬁsge REfadifiBlcl 1 Ut does not
necessarily In icate a total elmna on ot éasease an condi ti on
synpt ons, U@ﬂeféie‘éisthiitrguinmgqndmmyﬂsa@ts,lwce, hers¢sneatile, gheep, el bdingsases and

condi ti ons amegmﬁﬂlawﬁmﬁﬁégcgﬁ%@tﬂe%sﬁhg{;nﬁﬂﬁnﬁed' ated diseases such as

prostate 15 cancer, benign prostatic asia, testicular ‘cancer,
cardi ovascul ar & geddesin, the agn/ @@g@h@aﬂrﬁf%ﬂm aequgé ofa comppyndiof

i ncent i nencmmfaNG refds t§ ﬁrﬁﬁﬁouqfﬁl%hqgéfﬁctl gc r&%ﬁlﬁ%@ﬂéa@&' d coditi %Er apeutical ly
effective anmount ‘can be readily determ ne % atten I ng I agnosti ci an,
as one ski |¥giates with gsizpgen regppior h@ams@at@idxae@mmla@mﬂat@ ewpmibgies and by 20

observi ng r;ﬁ‘&tﬂu&ﬁ RARiaRlicWRABHccA A RN T i SURLARESSerathyd det er mi ni ng
the therap dose, a nunbef of factors are

e qcﬁ r}/effectlve amount. the
consi der ed éﬁlﬁ? el nary Reratinmgcc FN Aserdersi Glriract disordses #nd osteaperopistThe i it ed t o
the spexi eserni oMl isiittendsd E;Qefer&@ﬂl proéiadds ﬁﬁa@fnalherélﬁéy deRsloWhg, specific
di sease involve i nvol verretg]mdqlr the A seyerity of the

di'sease; t HE® gB%‘ﬁ?ESHBF q’f ﬁtgpﬁn?ﬁﬁ?\%eé'%es“ﬁ%f’t ¢ sepfrE i EPIdtont ar conpound 25
adm ni st er escribdicheraid butafoesabirhetessdrilpinilions a ok elhDaioni of sibditehde)ind

' . char .agt (?r | chﬁéiﬁ&fsymggﬁms, but docs- include prophy]acﬁc treatment of the diseases and

conditions associated with estrogen receptor-beta mediated diseases such: as prostate

15 cancer, benign prostatic hyperplasia, testicular cancer, cardiovascular diseases,
neurodegeneratwe disorders, urmary incontinence, CNS, GI tract disorders, and
osteoporosm

A therapeutncally effective amount can be readxly determmed by the attendmg
diagnostician, as one sk:lled in the art, by the use of conventional tcchmques and by

20 observing results obtamed under analogous circumstances. - In defermining the
therapeuticaily effectwe amount; the dose, a number of factors are considered by the
,attending diagnostician, including, but not limited to: the species of mammal; its size, age,

' 7 and general health; the specific disease involved; the degree of or involvement or the
severity. of the diSei_lse;- the response of the individual patient; the particular compound

25  administered; the mode of administration; the bioa\failability characteristic of the

| preparation administered; the dose regimen selected; the use of concomitant medication;
and other relevant circumstances. |

' A therapeutically effective amount of a compound of formula (I) is expected to
vary from about 0,001 milligram per kﬂogram of body weight per day (mg/kg/dElY) to
. 30  about 100 mg/kg/day Preferred amounts can be determined by one skilled in the art.
In effecting treatment of a patient afflicted with the discases and conditions

. described above, a compound of formula (T) can be administered in any form or mode




preparation adm ni stered; the dose regi nen sel ected; ) fagoncom t ant
medi cation; and other relevant circunstances. A ther‘?a%%ﬂ#‘?"gbg %Q/O%ef fective
amount of a conpound of fornula (1) is expected to vary from about0. 001

m |1 i'gram per kilogram of body wei ght per day (ng/kg/day) to 30 about 100
nmg/ kg/ day, Preferred anounts can be determ ned by one skilled in the art.
In effecting treatment of a patient afflicted with the di seases and
conditions described above, a conpound of fornula (1) can be adm nistered
in any -for ma@rosime® - 19 Septenber 2006 WO 031044016 PChcYaRdlsee22 -112
whi ch makes the conpound bi oavail able in a therapeutically effective

amount, including .oral, inhalation, _ﬁQ_d ‘parenteral routes. For exanpl e,
compounds of formula (1) can be ‘admnistered orally, by inhalation of an
aerosol or dry powder, subcutaneously, intranuscularly, intravenously,

transdem alwich rhakts B @&miohid bibHaAbld i a tHeRBEtidAIlyeffe@Re anbeint) ihdi@iingd Oral or
I nhal ation agdmnjistration is generally preferred for treatnment of

r espi r at or Yrabdphaitier and parentera] 39uiesy Forgamplg, qompepnds ot g &) Grb%r epar i ng
f or nul at i onam@@Grdaandiyl by SRAR1Bh of 1 Rro8d10P &y phRady) sabshimBsiRlyPT admi ni stration
dependi ng ypon the particul ar characteristics of the cqonpound sel ected,

- the di seasd %P‘“E‘HHEW{lPtB’rYe%quﬁf”éraE‘EfleB’éa]Iﬂ”r’é‘é“t“é‘ii‘,uy’tf?‘r‘éa"é’tta%‘@a]g\“)mgﬁ@ bk§i sease or
condi 1. e hliton S RNARE s §EMRY PRRESA of RamhEgPpaegr et G2l 10
ci-ences, 1. ition, <. Publi shi ng Co. : e conpounds o e

present iny &ﬁ%sf%ﬁg@awmseoaaﬁvllﬁdg? E’Fé’i‘i"%ﬂg’&’i’é‘% “Pwa%‘%‘i‘éc ey § "°§

phar maceut itkgropePRRaShd indd df BdGRERLIHA deRRdnE ifnhegRoRtthatrlckisicac cept abl e
carriers or ﬁxci ien&s,l tge ‘Ic)éoeportion.and natgre ofng’ui ch cgfe det er m ned
by the sol §h -F’F‘f"gp"“ | Splectpar e difeasy s sanditionstatsyto by realed 6 StAgP Ydi®ect ed, the

chosen routdsest ondniiibs khidibtha feleantkirtEnsinaa R emipfenyPeeidestithl pract i ce.
-The conpounds of resent . ntion |le effective thenselves, may be
f or mul gt‘a ed%’ﬁ%ﬁd%@@é’r@ﬁ%%%ﬁ?&%r %9%51 heir pharmaceutically

accept abl e sal t She comphurgis ofibé prestdtiintdnton @albt sintinistesedaloae df initlefosal t s, for
pur poses of 1] ven| e f.crystalli.zat]. Ln ased solubility
and the |i ﬁg;b %%%ﬁ%%ﬁ%%%@% lﬁre%ﬁ?gmeftﬁlé%ﬁ)%gg% c%‘%%@%?%gbggovi des _
- phar maceut icemiers or excipients, the proportion and nature of which are determined by the solubility

and chemical properties of the compound selected, the chosen route of administration, and
15  standard pharmaceutical practicé. The cbmpounds of the present invention, while
effective themselves, may be formulated and administered in the form of their
pharmacentically acceptable salts, such as acid addition salts or base addition salts, for
pmpqses of stability, convenience of crystallization, increased solubility and the like.
In another embodiment, thé present invention prévides i)hannaceutical
20 compositions comprising é',t.herapeutical]y effective amount of a coﬁlpound of formula (I)
in admixture or otherwise in association with one or more pharmaceutically acceptable
carriers or excipients. _ _ |
The phannaceutical compositions are prepared in a manner well known in the
_ - pharmaceutical art. The carrier or excipient ﬁ:ay Be a solid, semi-solid, or liguid material,
. 25 whichcanserveasa vehicle or medium for the active ingredient. 'Su'itab]c‘canié:s or
' excipients are well known in the art. The pharmaceutical composition may be adapted for
oral, inhalation, parenteral, or topical use aﬁd may be administered to the paﬁent in the
_form of tabléts, capsules, aerosols; inhalants, suppositories, solution, snspensions, or the
like. , ‘
30 | The compounds of the present invention may be administered orally, fqr example,
 with an inert diluent or with an edible carrier. They may be enclosed in gciaﬁn capsules

- or compressed into tablets. For the purpose of oral therapeutic administration, the




20 conposi tions conprising a therapeutically effectivg, Hﬂ% g conmpound
of formula (1) in adnixture or otherwise in aSSOC|at|on h one or nore
pharmaceutical |y acceptable carriers or excipients. The phar maceut i cal
conpositions are prepared in a nanner well known in the pharnaceutical

art. The -carrirer or excipient my be a solid, sem-soltid, or liquid
material, 25 which can serve as a vehicle or nmediumfor the active
ingredient. Suitable carriers or excipients are well known in the art. The
phar maceut i cgl ¢sIResi tion may- be adapted for oral, inhgh@lsk@ezn
parenteral, or topical use and may be adm ni stered to the patient in the
for m of tablets capsul es, aer osol s, lghalants suppositories, solution,
suspensions, or the . like. 30 .The conpounds of the present invention nay be
adm nistered orally, for exanple, wth an inert diluent or with an edible

carrier. Th@mpmyls 0y Witdogmeed \mﬂgﬁb@feﬁt@a&ﬁﬁedihaie fori ofaabigw, @sche] i nt o
tabl ets. For \R%‘rpose aof oral ‘Eéé%peutl C adm‘g{hssﬁat hon the 19

Sept enber 2‘5‘5%‘”"g 51 BFRAA O S BETY shewingguns gag the Ligg Jthase ounds may be
i ncor por at epiewahbnsemwnoﬁﬁh&t mead 4%S(ffdxelcﬁmpdtﬁd ﬁﬁhﬂpﬁient atnBés thet r oches,

capsul es, XIS, .S ensi.ons S maf e uns and the Ilke.
These pr ep?fb&et’f‘%?ﬁdée“gﬁg ad'bfoﬁ‘{‘ﬁﬁ%P?BmF Fﬁ #@“%‘ﬂﬂﬁund of the
present % nvmtanmnt}yHehetwcaM%weahomgm%hfamtwelghubf it §he amdvatiofdependi ng upon
the particu 5.conve ntI 49 about 70% of

t he wei ght %?’pf"ﬁ' preﬁe mcﬁ’é"smnﬁﬁstsuot 'Xtagledos %M%%Pé’?ea% I n conpositions
is such thakrefrsidnpiitentasgyepaativls ab;erdmgttatmecbsent ﬁ’wsit@nmﬂbfcorrposi tions
and pr.epar ARG esent invention may be determ ned by
soneone ski- #%%ﬁe ﬁ&gﬁﬁghhgke tablets, pills, capsules, troches and ‘'t he
li ke may al so c&h@fablﬁsadﬂb, psulesy oches anqmem@remaxﬁlsommmg oaelprm@anefs: - bi nders
such asgn C&;@foﬁlb[ﬁ&?&dﬂx}a&s Gt detd| 0 Eas nBHSPsl AR CaRidie, Helal & excipients

" such as starch act ose, |S|ntegrat|n gents sSucC as alglnlc aCId
Prinogel, cEtaneReipiens wekagsiach qr&@w%dﬁm fegmhnsagente prches flgigisedidum st earat e

or St er ot eXprimdpkl, Qﬁ;ﬂit%cl§#ﬁhhﬁ&ecﬂbﬁ@htﬁi fch 8 lhagamrﬁi kteathtd 65 Stakbidx;SWeet eni ng

agents such as sucrose
- glidants such as colloxdal silicon dioxide; and sweetemng agents such as sucrose or

saccharin may be added or a flavoring agent such as peppermint, methyl salicylate or
15  orange flavoring. When the dosage unit -form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier such as polyethylene glycol or a fatty oil.
Other dosage‘unit forms may contain other various materials that modify the physical
form of the dosage unit, for example, as coatmgs Thus, tablets or pills may be coated
~with sugar, shcllac, or other enteric coating agents A syrup may contain, in addition to
20  the present compounds, sucrose as a sweefening agent and cerfain preservatives, dyes and
* colorings and flavors. Materials used in preparing these various compositions should be
-, -pharmaceutically pure and non-toxic in the amounts used.
_ For the purpose of parenteral therapeutic administration, the compounds of the
-~ present invention may be incorporated into a solutlon or suspensmn These preparations
25 should contain at least 0. 1% of a compound of the invention, but may be varied to be
| between 0.1 and about 50% of the weight thereof. The amount of the compound of
| formula (I) present in such compositions is such that a snitable dosage will be obtained. '
Preferred compositions a_i;d preparations are able to be determined by one skilled in the
30




saccharin naybe added or a flavoring agent such as peppgl P@“{g’ ¢ 2088t hyl
salicylate or “15 orange flavoring. Wwen the dosage unit formis a capsule,
it may contain, in addition to -materials of the above type, a liquid
carrier such as polyethylene glycol or a fatty oil. OQher dosage unit
forms may contain other-various materials that nodify the physical form of
t he- dosage unit, for exanple,-.as coatings. Thus, tablets or pills may be
coated with sugar, shellac, or other enteric coating agents. A syrup nay

contain, ip %?I I doson to 20 the present conpounds, sucrmﬁﬁsﬁﬂsmetem ng
agent and &8 e preservatives; dyes-and colerings and flavors. Mterials

used in preparing these various -compgsitions shoul d be pharmaceutically
pure and non-toxic in the amobunts used. For the purpose of parenteral
therapeutic admnistration, the conpounds of the present invention may be

i ncor por at ed |'1'11E601ﬁpo§ﬁ)dslbffllﬁrprd§ént FERRA HaPhlso Hdnﬂ&auaéxe@aylahalmas, 25 shogl d
ion e varied to

contain at st 0.1% of a und of _t

e bet weo ) Savaesd BhST PO PAIRE oGt = RSB I CORMEEA B ot ¢ he
corrpoglnd atuitablo pitthi Gstbrh)thad diegass me&oﬁy?hdmmmd éskht@mentich csach that a

sui tabl e obt ai n Pref erred coppositions.and preparations
are abl e glgt“’&\,\ffeé‘?”ﬁbﬁ’é@“]ﬂf}"”ﬁﬁg adipinisfratipn by "fbﬁg EoVs ‘Jt°°§‘5 OUpEs ot enber 2006
WO 03/ 944%@1@@&58&%3%&2:1 sﬂ;glépﬂ'dm bﬁﬁm}aewﬂ«i&phﬁ:lctsmﬁmr @serittybfivent i on nmay
al so be a te | ation such aer o I powder .

Dl very Ry Ee Ay TaIE o AR i MG RtoRG0RBEbr B, PPAATT
syst em t h&y pivdpdosaitivisarcpapodivg sitiet pilletzing mﬂing ittrevcompound obr  a

f ormi at f f
Commoanao R OE 07 alx mERIIA Rl 005 flep B0l A AP mileg OBRR b7 O
tri-phasi &msyls{lewith 2 pyitable pastisr nmenals wush esﬂacteﬁe@néthail}xablp@wwlb}’t he '
adm-ni gt rﬁﬁzhl%n%chﬁ%tﬁéf?%@ss% l'h'ﬁ %EE@W%I%S Ju%dﬁgnﬁzrsgé)dthe ey powder

fornul ati ons are prepare tizing or mlling the compound of

f or nul a ( Pyefored agrasols ﬂ%ﬁﬂrép‘wier f%m@la%qnz or Bﬁ’mlbsﬁtfﬁmb%l"ﬂ%jlaﬁ?{bar?)& 9 etized or

m |l ed copnRueRmBhed bl ohdMdbiRdid he Wt h @ suitable carrier material, such as
| actose and the Iike’ Delivery by
The compounds of the présent mventwn may also be admimstered topically, and

when done so the carrier may suitably comprise a solution, ointment or gel base. The

15  base, for example, may comprise one or more of the following: petrolatum,']anolin,
polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol, and -
emulsifiers and stabilizers. Topical formulations may contain a concentration of the
formuila (1) or its pharmaceutical salt from about '0.1 to about 10% w/v (“;reight per unit
volume). | ' '

20 . The solutions or suspehsions may also include one or more of the following
adjuvanf(s: sterile diluents such as water for injection, saline solution, fixed oils,
Ilaqucthyllene glycols, glycerin, propylene glycol or other synthetic solvents'; antibacterial
agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or |
sodium bisuifite; ch'ela_tiné; agents such as ethyl ene diarﬁiuetetraacetic aéid; buffe_rs such

25 as acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium

o chloride or dextrose. The parenterai preparation can be enclosed in ampules, diSposable

syringes or multiple dose vials made of glass orplastic.

30




10 inhal ation includes the necessary contai ner, actl v?@g@e f"bdb%s
subcontai ners, and the |ike. Preferrﬁg]l erosols and dry po

formul ations for admi nistration by in tion are able to be deternined by
one skilled in the art. The conpounds of the present invention may al so be
~adm nistered topically, and when done so the carrier may suitably conprise
~a'solution, ointnment or gel base. The 15 base, for exanple, my conprise
one or nore of the follow ng: petrolatum |anolin, polyethylene glycols,
bee wax, m neral oil, diluents such as water and al cohol, and enulsifiers
and st abi OLAIMS: Topical fornulations nmay contain a concentration of the
formula (1) or its pharnaceutical salt fromabout 0.1 to about 10% w v

(wei ght per unit volune). 20 The sol utions or suspensions may al so incl ude
one or nore of jthe halohPoundor @eifeyiam:s: sterile diluents such as water for
injection, saline solution, fixed oils, polyethylene glycols, glycerin,
propyl ene glycol or other synthetic solvents; antibacterial agents such as
benzyl al cohol or nethyl paraben; antipxidants such as ascorbic acid or

sodi um bi sul fite; chelating agents, suth as ethyl ene diam netetraacetic
acid; buffers such 25 as acetgtesY & es or phosphates and agents for

t he adjustnent of tonicity SB\h as sodi u chloride or dextrose. The

- parenteral preparation can be anpul es, di sposable syringes or
mul ti pl e dose vials made @2 gl ic. 3 19 Septenber 2006 115
"CLAIMS: 1. A conpound of 27 G 7TRR 43 R3 2 (/1

5 | o-Y'
)
wherem
R, R? and R’ are each independently -H, C;-Cs alkyl -OH, Ci-Cq alkoxy, halo, or
-CFy;
10 - R’ is hydrogen or C;-Ce alkyl;

Yl, Y?, and Y? are each independently -H or C,-Cs alkyl; and G is -CHj-, -CH;-
' CHy-, or -CHy-CH,-CHy-; |

or a pharmaceutically acceptable salt thereof.

15 2. A compound according to Claim 1 wherein G is ~-CHp-.

3. A compound according to Claim 1 wherein Y2 and Y3 are both -H.

4. A compound according to Claim 1 wherein at least one of Rl andR2is -
20 OH.
5. A compound according to Claim 1 wherein R3 is -H..
6. A compound according to Claim 1 wherein VARE ;H.

25




00 R,.'-9' 50Y (I) wherein R, R2 and R3 are each in _ dve-H O -C6
al-kyl, -OH,  C-C6 al koxy, halo, or -CE3; 10 RSis hyﬁ%e&g‘%g{éoé?-% al kyl ;

~Yl, Y2, and Y3 are each independentlyl-llﬁ or C1-C6 alkyl; and Gis -CH2-,
-CH2- CH2-, or -CH2-CH2-CH2-; or a pharmaceutically acceptable salt
thereof. 15 2. A conpound according to Claiml1l wherein Gis -CH2-. 3. A
conmpound according to Caim1l1 wherein Y2 and y3 are both -H 4. A conpound
. according to Caim1l wherein at |least one of Rl and R2 is - 20 OH 5. A
-conpound according to Claiml wherein R3is -H 6. A conpound according to
Aaiml wherein YL ASomboundRcdir3aBlaRBes ARREn od 6 K1 aki RO
according to Claim2 wherein one of Rl and R is -OH and the other is -H
8. A conpbantheatscdt.ding to aim1l of formulall G Ra43 RBa 2 O Rza

8. A compound according to Claim 1 of formula II

5
Qay
wherein
Rlajs-H, -OH, or -F;
R2a s -H, -CH3, or -OCH3;
10 R32is-H or -CHs; -
' Gis-CHy-, -CHp-CHy-, or -CHy-CHy-CHy-:
or a pharmaceutically acceptable salt thereof.
9. A compound of Claim 1 wherein the compound is of the formuia IB, IC,
15




S OH. (Il) wherein R ais -H -O4 or -F Rais -Hgsg bePbogsOCH3; 10
R3a is -Hor -CH3; Gis -CH2-, -CH2-CH2-, or -CH2-CH2-CHZ2-; or a
pharmaceutically acceptable salt therddfl 9. A conpound of Claim|l .wherein
the conpound is of the formula IB, IC, 15 IDor IE 2 Y3Y3 R YI GR- 2
GRR42R3243R3 0-YOVY (lB) (10 19 Septenber 2006 117 y3 y3 Rt
Y2~ GFt y2 G R 42 RBR\ 42R3 0Oi O OYt OY (ID (IE) or a
pharmaceutically acceptable salt thereof. 10. A conpound according to Caim
1 wherein the conpound is of the 5 formula: HO

2

(ID)

or a pharmaceutically acceptable salt thereof.

10. A compound according to Claim 1 wherein the compound is of the

5  formula:

or a pharmaceutically acceptable salt thereof.

10 11. A compound according to Claim 10 wherein the compound is an (253, 3R,

- 48) enantiomer of the formula

HO

or a pharmaceutically acceptable salt thereof.

15 12. | A compound according to Claim 10 wherein the compound is an (2R, 38,

4R) enantiomer of the formula




0-0 OH or a pharmaceutically acceptable salt ther eoj poe”i%gZ(ﬁacorrpound
according to Caim 10 wherein the conpound is an (2S, %?? enanti onmer

of the formula HO O OH, or a phar macedti cal | y acceptable salt thereof. 15
12.- A compound according to Claim 10 wherein the conmpound is an (2R, 3S,
4R) enantioner of the fornula 19 Septenber 2006 118 HOI / OH or a

phar maceutically acceptable salt thereof. 13. A conpound according to Claim
1 wherein the conmpound is of the 5 formula: HOIl \i OOH or a
pharmaceutically acceptable salt thereof. 14. A conpound according to Caim
1 wherein the conpound is of the 10 f_:err—TJI as OOH OOH or

Rg®
d O """" .

or a pharmaceutically acceptable salt thereof.

13. A compound according to Claim 1 wherein the compound is of the

5  formula:

or a pharmaceutically acceptable salt thereof.

14. A compound according to Claim 1 wherein the compqund is of the

10  formula:

or a pharmaceuti_cally acceptable salt thereof.




- HO O OH or a pharmaceutically acceptable salt thereo{gs%bgemg)g
119 15. A conpound according to Caim.1 wherein the conpoun
formula: HO 3 OH HOH3C O5 OH HO®®™OH HOO CH3 OH. OH
_CH3 0 OH. { 19 Septenber 2006 120 HO

15. A compound according to Claim 1 wherein the compound is of the

formula:




O OH. FOI\O—L..CHSOOO-I H3Ci O\ OH F F F : \' O1I\
CH3 OH HO O QJCI—BO—|19 Sept enmber %886 121 HCCH3 1§)Sﬁée%?lp&o




"HOO\ CH3 C(OH. CH3 H3C HOOOH CHOOO O3 _J . HOO
Q-CHB --- - oo - oeooooos oo oo oo 19 Septenbe1rg%%){fg‘b9r1%c§€ﬁo H3C OH.

HO ao HBC OH ;. or HO 1




O H3CCH3 OH or a phar maceutical ly accept abl e salt t{('be# I“\Rﬁ

compound of formula Il G Rtb 2 R3b R2b G Rob ﬁ%% ereln 10 Rlb
is amdo or hydroxy; R2b is -H or C} 8:6a| kyl; R3b is -H or Cl-C6 al kyl; -
R 4b is am do or hydroxy; and Gis -CH2-, -CHZCHZ-, -CH2CH2CH2-; 15 or a

pharmaceutically acceptable salt ther eof. 19 Septenber 2006 123 17. A

conpound according to Claim 16 wherein the conpound is of the forrmula: O
H2N 0 NHZ O HO

or a pharmaceutically aéceptable salt thereof.

5
16.© A compound of formula IIT
{dm
wherein
10 R1D is amido or hydroxy;

" R2bis-H, or Ci-Cealkyl;
R3b is -H or C;-Cg alkyl;
. R™ is amido or hydroxy; and
G is -CHy-, -CH,CH;-, -CH.CH;CH;-;

15  or d}ﬁharmaceutically acceptable salt thereof.




ONHZ O. or 50 H2N O OH or a pharmaceutically a ahl e sal t
t hereof. 18. A conpound sel ected from.the group consiﬁ?%&em%ei%@g)

(+)-2-(4-hydroxyphenyl) - 6- hydr oxy-cycldpentyl [ c] 3, 4-di hydr o-

2H- 1- benzopyran b)

(+)-2-(4-hydroxyphenyl)-6-trifluoronethyl-cycl opentyl[c]3, 4-

di hydr o- 2H| - benzopyran c¢)

(+)-2-(4- hydroxyphenyl)-6-nmnet hyl -cycl opentyl [ c] 3, 4-di hydro-2H 15

1- benzopyran d)

() - 2- (4- hydr oxiikbheny gongpdiind ecerding toplamylio wiesein b doyhoyndis-of thebenzopyr an
e) ()-2-(4- hﬁ%_r oxyphenyl ) - 5- hydr oxy- cycl opentyl [ c] 3, 4- di hydr o-

2H 1- benz8PYFEn 19 Septenber 2006 124 f)

(+)-2-(4-hydroxyphenyl )-7-hydrexy-cyclg
2H- 1- benzopyran Q)
().- 2- (4- hydr oxyphenyl ) - 6- hydshbxy pt hyl - cycl opentyl [ c] 3, 4-
di hydro-2H 1| - benzopyran 5 h)

()-2-(4-hydroxyphenyl ) -6-hydroxy-cycl Qhep
1) ()-2-(4-hydroxyphenyl)-6-hydroxy- 8- net hexy

ntyl [ c] 3, 4-di hydr o-

c] 3, 4-di hydro- 2H 1-benzopyran
opentyl[c] 3, 4-

or a pharmaceutically acceptable salt thereof.

18. A compound selected from the group consisting of:
| 10 - a) (J_r)-2—(4-hydroxyphenyl)—6—hydréxy—cyclopenty1[c]3,4~dihydr0-
! - " 2H-1-benzopyran
b) (3)-2-(4-hydroxyphenyl)-6-trifluoromethyl-cyclopentyl[c]3,4-
dihydro-2H-1-benzopyran | -, | _
c) (i)-z-(4-hydroxyphenyl)-6-methyl-cyclopei1tyl[c]3,4-dihydr0-2H—
15 1-benzopyran ) ‘ '
d) (+)-2-(4-hydroxyphenyl)-6-flucro-cyclopentyl[c]3,4-dihydro-2H-1-
- benzopyran ' _ '
€) (+)-2-(4-hydroxyphenyl)-5-hydroxy-cyclopentylfc]3,4-dihydro-
-2H—1—benzopyran | |




~di hydro-2H 1-benzopyran j) ()-2-(4- hydroxyphenyl) 6- h%gé xgn 2&D]G-din*ethyl-
© .10 cycl opentyl [c] 3, 4-di hydr o- 2H 1- beniggyran
() -2-(4-hydroxyphenyl ) -6-hydroxy-11, 1 i et hyl - cyclopentyl [ c]
3, 4-di hydr o- 2H 1- benzopyran, 1)
(+)-2-(4-hydroxyphenyl)-6-nmet hoxy-cycl opentyl [ c] 3, 4-di hydr o-
2H 1- benzopyran, 15 m
.U 2- (4- hydr oxy- 3- et hyl phenyl ) - 6- hydr oxy-cycl opentyl [ c] 3, 4-
di hydr o- 2H 1- benzopyran, n)

(+)-2-(2-nethyl - 4-Hydr oKibﬁdﬁﬂiymmb@waxthwompm@gmmucjga,,Mhydro-
di hydro-2H-| - benzo ?Qi
(+)-2-(4- hydroxyph qgﬁﬁygﬂbntyl[c]S 4-di hydro-2H 1- 2 0 benzopyran, p)

U- 2- (4- hydr oxyphenydy) - 6 -(By.dr@XydioxyBhdiyl -G edro R B invéth Al Schhpestiylivdia- 2 H |
-b enzopyran, Q)
(+) - 2- ( 4- hydr oxyphetilyydro-8Hnl-Hersepyiaycl ohexyl [ c] 3, 4- di hydr o- 2H-

1- benzopyran, 25 r) )
() - 2- 04 et hoxyphen¥l ) - B ERGE BT Bt DY dreps cr hepipdfls#-dihydro
2H 1- benzopyran, s)2H-)-béntepyadi nocarbonylphenyl) 6- am nocar bonyl -

cyclopentyl[c] 3,4-dihydro-2H 1 -ben zopY
(+) - 2- (4- ami nocar bdhyl pr(éh%(?hadwwleﬁ@y )c@réy%ﬁﬁﬁwqtbq@-wﬂ%nm[ﬁlﬁd% 2H 1

- -benzopyran, u) ()-# | ) - 6- am nocar bonyl - cycl opentyl [c] 3, 4-°
di hydr o- 2H—I-benzopyr B?dfge tgﬁ%é 2006 125 v)

U- 2- (4- net hoxyphenyj) ) - Gwﬂ{%ydm@mgm@‘hycﬁﬁhrm 4 -dirhytiiylo-
2k 1-1 8 enzopyr an ' cyclopentyl|c]3,4-dihydro-2H-1-benzopyran,
k) (+)-2-(4-hydroxyphenyl)-6-hydroxy-11,11-diethyl-
cyclopentyl[c]3,4-dihydro-2H-1-benzopyran,
) (1)-2-(4-hydroxyphenyl)}-6-methoxy-cyclopentyl| ¢}3,4-dihydro-
7 2H-1-benzopyran,
15 N m) ($)-2-(4-hydroxy-3-methylphenyl)-6-hydroxy-cyclopentyl[c]3,4-
- dihydro-2H-1-benzopyran,
n) (1)-2-(2-methyl-4-hydroxyphenyl)-6-hydroxy-cyclopentyl[c]3,4-
dihydro-2H-1-benzopyran, _
) {(+)-2-(4-hydroxyphenyl)-cyclopentyl[c]3,4-dihydro-2H-1-
20 : benzopyran, '
| p)  (#)-2-(4-hydroxyphenyl)-6-hydroxy-7-methyl-cyclopentyl[c]3,4-

- dihydro-2H-1-benzopyran,

q) &)—2-(4—hydr0xyphenyl)-6—hydroxy—cyclohexyl[c]3,4—dihydr0-2H-
1-benzopyran, |

25 _ I) | (+)-2-(4-methoxyphenyl)-6-methoxy-cyclopentyl| ¢]3,4-dihydro-

h o 2H-1-benzopyran,
$)  ($)-2-(4-aminocarbonylphenyl)-6-aminocarbonyl-
cyclopentyl[c]3,4-dihydro-2H-1-benzopyran,

| t) (+)-2-(4-aminocarbonylphenyl)-6-hydroxy-cyclopentyl[c]3,4-

30 _ | dihydro-2H-1-benzopyran, 7
u) (1)-2-(4-hydroxyphenyl)-6-aminocarbonyl-cyclopentyl[¢]3,4-
dihYdrb-ZH-l-benzopyran, | |




w) (+)-2-nethyl-2-(4-hydroxyphenyl)-6-hydroxy-cycl opemgépkeq‘lb%r Gs0sdi hydro-2
H 1- benzopyran, 5 x)

()-2-ethyl-2-(4-hydroxyphenyl)-6-hydr &)%é cycl opentyl [c] 3, 4-

di hydro-2H 1 -benzopyran, and + 2 1

met hyl et hyl ) - 2- (4- hydr oxyphenyl ) -6-hydroxy- vy) (-) (YY) ( YYpY)Y
cycl opentyl [ c] 3, 4-di hydro-2H 1- benzopyran and pharmaceutically acceptable
salts thereof. 10 19. A pharmaceutical conposition conprising a conpound
aeeerirtgde--any of Cains 1 through 18 and a pharnaceutically acceptable
carrier. 20. Use ofY)a cdipdvfduaeeopliend)-6-bydmnyy-ondopintd s Asdihydrérr ough 18
in the 15 manuf act#%?_b%;lza medi canment for the treatnent of prostate
cancer, benign pros i q?%aélr pl asia or an estrogen receptor beta nedi ated

di sease condition. w)  ()-2-methyl-2~(4-hydroxyphenyl)-6-hydroxy-cyclopentyl[c]3,4-
' dihydro-2H-1-benzopyran,
5 X) (1)-2-ethyl-2-{(4-hydroxyphenyl)-6-hydroxy-cyclopentyl[c]3,4-
| dihydro~-2H-1-benzopyran, and
y) (1)-2-(1-methylethyl)-2-(4-hydroxyphenyl)}-6-hydroxy-
cyclopentyl[c]3,4-dihydro-2H-1-benzopyran
.and pharmaceutically acceptable salts thereof. '
10 |
19 A pharmaceutical composition comprising a compound aceerdingto-any

of Claims 1 through 18 and a pharmaceutically acceptable carrier.

. 20.  Use of a compound -according to-any one of Claims 1 through 18 in the
15  manufacture of a medicament for the treatment of prostate cancer, benign prostatic

hyperplasia or an estrogen receptor beta mediated disease condition.




