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PENTACYCLI C COVPOUNDS, | NTERMVEDI ATES, PROCESSES,

COMPCSI TI ONS, AND METHODS This invention relates to the
fields of 5 pharmaceutical and organi c chem stry and provi des novel
pentacyclic conpounds which are useful for the treatnent of t he

vari ous nedi cajyoiofiebegst | ons associ ated with post- - ~ engpg @”
syndronme, and uterine fibroid disease, endonetri osi s, an)gv§ PTA|

snooth nmuscle cell proliferation. 10 The present invention further
relates to internediate conmpounds and processes useful for preparing
t he phar maceuti cal | unds of the present invention,

active conpo
and phar naceuti cal conﬁwgqmc CONEOUNDS, INTERMEDIATESHoSROGEASBSWSsal
syndrome is a termused to COMPYBITTORS ¥ NI useTRebEO! ogi cal conditions
whi ch- frequently affect wonen who have entered into or conpleted the
physi ol ogi cal net anmor phosi s, known as menoEause. Al t hough nuner ous
pat hol,ogi es are cont enpl afBds pinventigseretates sp¢he fiekdsnoft hree maj or

ef fect's of 5post -prenaupeenstcal i B ganect dieemistry a;ﬁj@%fdiri‘a{estﬁ ?I efltsegtch
| ong-term nedi c r&%@ : S rosi s, ca ovascul ar effec u
as gyperl i pi dema%e, ?wca%%“?gﬁnrd%ggﬁ?%gp%ﬂedélﬁ?%}fgnt%‘f E aftPethent p*
breast and the varipus cpaftial dpdications associatedstigbppostis
describes a groummpatbakaswsingiieshand uteridld $ebibs AN Higalsee eti ol ogi es,

but which are c k by, he n | 0ss. of ne S er, unit

vol ume. The con%%g%ggiaggf' angf.ato ﬁltgil%%"soq%’f mﬂﬁﬁéerﬁfgg‘ é’ﬁgﬁf‘&ﬁ?'ﬂ% bone
fracture 1@ the Be pPresept|ipvensionhfusikenmedates provinteraddiate e

o5t bopor 0si 5 |15 L pat aas AN PR o R opRtin THEON LYPRS ot rom
osteoporosis is spci at.ed W nmenopause. S . !

about IOZO%to abc}%}{&%gosggl? Ybéﬁél?{ﬁsg"‘}‘&%‘ﬂé of the pregeptyipyention,
conpartment of tansd pbacmetedtiicad compogitiansaft er

15 YPost-menopausal syndrome” is a term used to
describe various pathological conditions which frequently
affect women who have entered into or completed the
physiological metamorphosis known as menopause. Although
numerous pathologies are contemplated by the use of this

20 term, three major effects of post-menopausal syndrome are the
source of the greatest long-term medical concern:
osteoporosis, cardiovascular effects such as hyperlipidemia,
and estrogen-dependent cancer, particularly breast and

uterine cancer.
25

Osteoporosis describes a group of diseases which
arise from diverse etiologies, but which are characterized by
the net loss of bone mass per unit volume. The consequence

~of this loss of bone mass and resulting bone fracture is the
30 failure of the skeleton to provide adequate structural
support for the body. One of the most common types of
osteoporosis is that associated with menopause. Most women
lose from about 20% to about 60% of the bone mass in the
trabecular compartment of the bone within 3 to 6 years after
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-2- the cessation of nenses. This rapid loss is generally
associated with an increase of bone resorption and fornation.

However, the resorptive cycle is nore dom nant and the result 5 is a
net | oss of bone mass. Osteoporosis is a comon and serious disease
anong post-ne g#ﬁﬁkamonen. There are an ' dg 5
mllion wonenq?Q e United States, gl one, who are af _(@%@& &fth
thi s di sease. The results of osteoporosis are personally harnful and
also 10 account for a large economic loss due its chronicity and the
need for extensive and | ong term support (hospitalization and

nursing home care) fromthe di sease sequelae. This is especially

true in nore el divel gepadtiont ©f Addsés onahlig, rapid losal tibhogeterlgopor 0Si S
is not generall BéstsBeBQE‘éd QJlt@xS af ihéfede of b&ﬁ'é exggs%@b@goﬁoﬂmtfo%at@og()%

to 30% talit t ed {, | der |
woren, A | ar ge. HOEYRE g resorptive iavele el 'Piibant At T sebyle

associ atedsw t h jsoat net loss ofebopausads.osOsbeopmsisis is a common and  The

nost vul nerables:ekégti ecu#% Qﬂgﬁgt&%‘ﬁeﬂg%usaffvfoﬁ%hs of post-nenopausal

osteoporosis is issue is often referred
to as spongy or caﬂb%ﬁ¢(ﬂﬁ§ BBnestimated 35y miklion wpmennie fiheat ed
near the updedoscdtus banent nagio e hefMicedRdchnehie dieiehebl ae of

LT uEures whecRoFath s 42 Moo IR SRR Bl s p67,

structures whi ch EF - Connec nor e
sol i d andl@ense as6PUREafox & dGEIRNPEPNIRiCedoss due igs Fﬁéo%’d‘f’éﬁy §F}Fif Bee and
~ central shaft ofndeldefébpnextehsive and lorightermcougpsritedhogpiulization and

trabecul ae gi Veﬁh&%%ﬁ%%ggé%%%t) from th ¢ ﬁlisggsgl%e%glfe‘ight ! C-ﬁjllsSE{UCt ure and

is critical to ft ani ca ren & overal
structure. |n [sdesially trqﬁeﬁ&pﬂﬁ%%]e%ﬁﬂ?@@p@?%&ﬁ%¥s i t Agditignaddyi |y, the
net resor pt i on althoughisbtiead®robis his tiodbeener£l WhithidubRadst tay ahaifeai | ure

and 51 raCt&i&%aQEnB?é‘econdﬁtkbﬂhta Fost B %@fsx?cﬁjtallig}/ %%Pee“i‘é' %‘él&‘ed

post - nenopausal sut pri‘sing
fractures are t 48 BiBoETagtawesi iR %YVMP@WW@- large P‘F\W‘iﬂﬂt@geeﬁéndent
on trabecul ar suwhierinoreallity ratevesdh & @drectly assdedanedkwixth pascwei ght

bearing bones syl 25u.50f J&BYoRBLs. .
The most vulnerable tissue in the bone to the

20 effects of post-menopausal osteoporosis is the trabecular
bone. This tissue is often referred to as spongy or
cancellous bone and is particularly concentrated near the
ends of the bone (near the joints) and in the vertebrae of
the spine. The trabecular tissue is characterized by small

25 osteoid structures which inter-connect with each other, as
well as the more solid and dense cortical tissue which makes
up the outer surface and central shaft of the bone. This
inter-connected network of trabeculae gives lateral support
to the outer cortical structure and is critical to the bio-

30 mechanical strength of the overall structure. In post-
menopausal osteoporosis, it is, primarily, the net resorption
and loss of the trabeculae which leads to the failure and
fracture of bone. In light of the loss of the trabeculae in
post-menopausal women, it is not surprising that the most

35 common fractures are those associated with bones which are
highly dependent on trabecular support, e.g., the vertebrae,
the neck of the weight bearing boneg such as the femur and
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- 3- the fore-arm Indeed, hip fracture, collies fractures, and
vertebral crush fractures are hall-marks of post-nmenopausal

ost eopor osi s. ~ At this time, the only generally accepted
met hod 5 for treatnent of post-nenopausal osteoporosis is estrogen
repl acement t h@ioaReess) t hough therapy is generally SUGkS b 3778
patient conpliance with the therapy is low _3_ ‘primarily because
estrogen treatnent frequently produces undesirabl e side effects. 10
Thr oughout prenenopausal tinme, nost wonen have | ess I nci dence of
cardi ovascul ar di seatse t han age- mat ched nen. Fol | om ng nenopause,
however, the rat EP®f @ Bvastifefd. hip fractikgye coAligsefragtamey. and

I ncreases to nat vertélmralaceuskbefractures arenkall-Marks| of spadc-piedbpatsan has

been }inked to t BEe éSoroRfislo estrogen and, in particular, to the |oss
of estrogen's ability to regulate the_levels of serum Ié&)i ds. The
nat ure of estrogen'®F &BLEi t4Me o theyGRAY cIWRBARLY] praerted mathed) |

under st ood5 but e€orf dereaenieatdaf epogrtinenbeausibiostopogesisals estrogen

upregul ate the | ' | D L t i e_liver, 20 to
renove excess chg%gf%r?’{gﬁé L‘%&gfg??#'o%;%?jﬁgis}t%&gﬁa%%e%%éexea}ly to have
sone effect on tFecepIsfpdrhpariensy compldaneedritihhdie therapwtisedoenefi ci al
effects on cardi priferillyr beeahsd. estrogen treatment frbgqhastBegroaapested in

the literature t&?&e%‘}satb'le ide of®: ausal wonen havi ng estrogen
repl acenent therapy have a 5% return of serumlipid levels to

concentratifons to those offhroughout teregenopansphusine smast. wamens havet Legen
woul d appear to hfcidence of t&bGiRAlRlbFeals&ie frhant Bie-hittidd ABn.

However, the l-de- f en enen er a re not
acceptable to rraﬁ?/u\'/\%}r%g% ﬁ%ﬁﬁéé’??%i th?)?g?('tg gé Eée:woa?:%t ﬁ?séﬁ%&ova%ﬁgépy. An
i deal therapy fofl8¢ase donHPRERSIWIVY 1BErgases to magghntheyiatie wegndin
rfegulhat e the ?fermeml i pd sl egeb &8 pietction hasasdd_e@gamnkbdltcd\mﬂﬁdlbgso@ﬂoi d
of the side-effe I S: . ci wi.t h_estrogen therapy.

The thi rdq%aj or %%?ﬂ og?hgés%)%i %%&%EFE' géf&xes%ogs slrsrp%%pré’@segl Ssyndr one
i s estrogen- depefbthitteaspubaee ithendevels of aeyun Lipids. oBhennature

estrogen-dependest estiegyen’sfabiliy to reguld@dferupdlipidd aid okh@ett erus.

Al though such ”EBHbéﬁﬁg%d%ﬂebut evidence to date indicates that estrogen can
upregulate the low density lipid (LDL) receptors in the liver

20 to remove excess cholqsterol. Additionally, estrogen appears
to have some effect on the biosynthesis of cholesterol, and
other beneficial effects on cardiovascular health.

It has been reported in the literature that post-

menopausal women hawving estrogen replacement therapy have a

25 return of serum lipid levels to concentrations to those of
the pre-menopausal state. Thus, estrogen would appear to be
a reasonable treatment for this condition. However, the
side-effects of estrogen replacement therapy are not
acceptable to many women, thug limiting the use of this

30 therapy. - An ideal therapy for this condition would be an
agent which would regulate the serum lipid level as does
estrogen, but would be devoid of the side-effects and risks
associated with estrogen therapy.

The third major pathology associated with post-

35 menopausal syndrome is estrogen-dependent breast cancer and,
to a lesser extent, estrogen-dependent cancers of other
organs, particularly the uterus. Although such neoplasms are
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-4- not solely limted to a post-nenopausal wonen, they are nore
preval ent in the ol der, post-nenopausal popul ation. Current

chenot herapy of these cancers has relied heavily on the use of
anti-estrogen conpounds such as, for exanple, tanoxifen. 5 Al t hough

such m xed agogpbsigegdyt agoni sts have benefi ci al ef f ect gcpnisobfitTs
treatnent of these cancers, and the estrogegic side-effects are

tolerable in acute life-threatening situations, they are not ideal.
For exanpl e, these agents : may have stinulatory effects on certain

cancer cell po Qns., | teru to th eni.c
(agoni st) n F g'l,’j?l eshénﬁ&eahe@ amlaé’o,%'i: ﬁ%ﬂgforseal He o’ntr eﬁ'gaaﬁc’f'?’{/ee in
sone cases. A b@Fﬁ@Fl@%rﬁbyhﬁoﬁlﬂ% {HossrReRePisalhpepulation.c afuErentoul d

be an agent whi @ﬁemstﬁérafmat lofeﬁhéQélehrmﬁfBOH@Q relied haavm; ReQihei &€& or
no est rogen agoni StB? %‘ﬁ:[ i es rodu lve

C
In response to { SIE 8?‘“%%%‘15 sucﬁp%%r r@feﬁf‘ ’a}@ﬁ?@‘lmth are
capabl e of5al| ewlahonghtsm;h nixed sagaitistsavtagomisys hhve, bgrefiiciedopausal

syndrone, the effec@§ eSPthel BYBRLMEHE RFEOYhEBE EBWeREN! 8kd UHE ERPBGAMHLS,
20 phar maceut i, 8&) ositions,thereo and t.hods, of usi.n such

conpounds for tf& age pgles oﬁ&ugﬁ'l't%'ﬁgreatenm and ot her
estrogen-rel at e¢ipuabibdngy chieycaneindtordgiesdch Ber example; hdwseragentsed

bel ow. may have é&%l&%o b o ot s ( Bheééﬂ%.:lfri BrAkEr diesi@ase) is an 25
ol d and ex& esené} clinical | em ng” under a variety of
nanes, udi n@ORELRFHIS iy & 8 ‘&‘F%‘%%?s et r r eStmg‘FR/’pcer(ﬁgSBﬁ?t)
uterine |ieonyomepperoiesend dheyypat t thepfore, be conbragraiugtdwve, imnd

fibrotic nmetritisymeFeagad. alal lbetla'é?rﬁr[éi'apy for t‘fﬁé)rt‘i%béméﬁt € RdLEi On
where there is an | nagpro‘ﬁrd %e an age%wggo ition of fibroid tissue on,the

wal | of the utef nF 13 ROt - §STERRR Spmpound
dysnmenor r hea andllaVlng negkifgibil el PY yno restapean auenistapropsxiiesobnt hi s
conditiomss repro@Q&five agenssood but evidence suggests that it is an

i nappropriate response of_fibroid ti to.estroge Such a 35
condition has been produc:ga FFPRPES6i ?‘%u%iﬁ (f&ie% ned” for Talffni strati ons of

estrogen for 3 mbarmaceutiqpli aganps gdhich are capablsoedi alleviatsngethe
produced by dai lgympesmei &t aldeer 81ia, post-menopaudadldévR8Pdfe, the
PCT/ US96/ 13778 present invention provides new pentacyclic compounds,

20 pharmaceutical compositions thereof, and methods of using
such compounds for the treatment of post-menopausal syndrome
and other estrogen-related pathological conditions such as
those nmentioned below.

Uterine fibrosis (uterine fibroid disease) is an

25 old and ever present clinical problem which goes under a
variety of names, including uterine fibroid disease, uterine
hypertrophy, uterine lieomyomata, myometrial hypeitrophy,
fibrosis uteri, and fibrotic metritis. Essentially, uterine

o fibrosis is a condition where there is an inappropriate

30 deposgition of fibroid tissue on the wall of the uterus.

This condition is a cause of dysmenorrhea and
infertility in women. The exact cause of this condition is
poorly understood but evidence suggests that it is an
inappropriate response of fibroid tissue to estrogen. Such a

35 condition has been produced in rabbits by daily
administrations of estrogen for 3 months. In guinea pigs,
the condition has been produced by daily administration of




estrogen for four nonths. Further, in rats, estrogen causes simlar
hypertrophy. The nost conmon treatnment of uterine fibrosi's
i nvol ves surgical procedures both costly and sonetines a 5 source of
conplications such as the formati on of abdom nal adhesi ons and

I nfections. In some patients, initial surgery Is only a tenporary
treatment and wweorfobgaaoi ds regrow. In t hose cases a hﬁ&ﬁﬂy S
per f ormed which effectively ends the_gLbroids but also t éﬁg&ﬂ%y
reproductive life of the 10 patient. Al so, gonadotropin releasing

hor none ant agoni st s may be adm nistered, yet their use is tenpered by
t he fact they can | ead_to_ost oro§is. Thus, there exists a need for
new net hods for FF%ER??R;%%FeFPHE B sTURTREY hdhERRBysSHfrogen cappgs
present inventi ofimilanfhypersrophed. 15 Endonetriosis is a

condition of severe THY WIBROE&MASh tiehtRehf S€RERANLCLiILNOSGVET e
pai n, bl eeding ndonet ul{gla gg@?es or. peritoneal, cavity and
S

. I nto the
of t en P o adEvoles AUEGRFAL BT GoRE 1y, S FRISHINeR &
condi t'i on &@ppear sterde oft tcompticatiorst sugh gs oviidhfoxmacho2bf abdomipabd
| nappropriately bendQIdEY oA FEGLL LA™ OhndBh Tt ients, 1MGALId Sl
i nappropriate tissues, Because of the | nappropri af e l'ocations Fof
endonmetrial growtf, Ok & jtemgerary treatpgRt aRA il fiPEoidr gregrow. In
i nfl anmat or y- | i kehose prasess achysteaxpctomy isnperfiphegewhibéh | é fiddtdrveand a

cascade of event snheatiddsbRo2ds bur Wbl hi FefllodiEs9al Al JethaNSe.

The exact etiologg of | Sease IS not | understood and its
treat ment % tienst noddS0r nEPRAAPLTOPAN EpLRAS s hpymeRe | HEARIORAEHar ked
%,% Con numer omaym/aﬁnﬁf ehi_aad:é@@,r @w;ﬁamﬁwwiﬁ itéﬁpeféch?ﬁ.thg fact

e of the treat s.for thi | se 1 S.l.he use of. | ow_dose
estrogen to suppgggg %anr%:lolr?gtgr ?3I °%tre6%3&e°ﬁ°§ f’i%bug#“hs' Qhere %’élgsatﬁ Fe PPER BT K
ef fect on centraheyoretdwdsofPr Feeatidy asgrine fibrogiseqardtthsy methads of
producti on of esthegeresdi®Venoentidn isarisfy th&SOMRIEITES necessary to use

conti nuou§]5estrogen to Coar%f%l"ﬁgggosj‘ssiiose%%@%l? On}ty ge%}g_?%of estrogen

can often Tead to undesir < . ects"and 'even the risk of
endonetrial canc@ysmenorrhea, which is grsomppnieddninssvereadin.s bireding

cont i nuous ine6lntid Hndeheepidl miseeesbnsemiiciRalndsensy amerega and

by - .

PCT/ US96/ 13778 1eXlP§ ggé Q.%%étlllty. The cause of t}'x_e6_symptoms of this
condition appear to be ectopic endometrial growths which

20 respond inappropriately to normal hormonal control and are

located in inappropriate tissues. Because of the
inappropriate locations for endometrial growth, the tissue
seems to initiate local inflammatory-like responses causing
macrophage infiltration and a cascade of events leading to
25 initiation of the painful response. The exact etiology of
this disease is not well understood and its treatment by
hormonal therapy is diverse, poorly defined, and marked by
numerous unwanted and perhaps dangerbus side effects.
. . One of the treatments for thig disease is the use
30 of low dose estrogen to suppress endometrial growth through a
negative feedback effect on central gonadotropin release and
subsequent ovarian production of estrogen; however, it is
sometimes necessary to use continuous estrogen to control the
symptoms. This use of estrogen can often lead to undesirable
35 side effects and even the risk of endometrial cancer.
- Another treatment consists of continuous
administration of progestins which induces amenorrhea and by



suppressi ng ovarian estrogen production can cause regressions of the

endonetrial growhs. The use of chronic progestin therapy is often
acconpani ed by the unpl easant CNS si de ef fects of progestins and
often leads to infertility due to 5 suppressi on of ovarian function.

A third treatnent consists of the adm nistration of weak andr ogens,
whi ch are effegddsmodas Controlling the endonetri osi s; |lpewRied3Tishey

i nduce severe nmascul I ni zi ng effects. Sgveral of these treatnents for
endonetriosis have 10 al so been inplicated in causing a m|d degree of
bone | oss W th conti nued therapy. Therefore, new nethods of treating

endonetri osi s are desira h aortal nuscle cell

ot
ol i Teration pl SYEPEAFSIAS ovarian, sskrpapn RFOTiCRIbR a0 QUER Seureseions
at her oscl er osi s afictHes endomeestaln @riowthsVasthe aser eft ehswiic pregestin

per cut aneous therdgy?isl Hﬁt&@la&%gaﬁwd itpR! aabYedSAHeALNBasideen shown

to be a tissue'response charact n ear) and Iate hase
The early phase BEERFYS R4 REQILSHINSIAPE Q %‘f%?ql??%i ade't
t hrombosi s5nM th smemonpaﬁntwantmalnefuhetim.e phase appears 20 to be

doni nated by éxcessive prg kﬁ?&&té%@d&t%gﬁé‘ié@ offf the aamuaer:&aham h
muscle cells. In this disease, the_increa til |t an

col oni zation by ¥eRk FRAELPENE o Yhick, gre eEgeCtr?ﬁ’@r c"JBhﬁ%‘efsr
significantly toehdemgratibejencsowevelr, they indwedseeese. maﬁwlénmem ve

proli feration andeflorati QdvafaPRe cnedBSCHAMARL! Bbr NRRIRCFYSELS 1fle S

may be the pr| mar anismto the reocclusign of coronary arteries
fol | owingt #@/beea AEPEEEARA ’-F‘aEéPs’a‘rﬁblaomlagt Jegrre 2ft BPPGI 19fhass
graft surgery. SeEtHIcﬁnuiahethﬁefa@yat | DherédfdineponbwhMietticdls of tredieirgs as

an Explanation fg og k gpé qi&rl)éaﬁ&gery 30 Stenosis after
Per cut aneous Tr ans um na Angi opl asty," Austin et al.,

Journal of the Anerican C(ﬁ"!°€§€ “adrtal myecdsr eebt SFPLigerasem playa an
1985). 1mportantVa'sﬂ:e|| i diesiasessssch emiatbenosalenosisngnder m

conplicati@n fol l.g yr gi Q'é’écdﬂrerﬂé%ﬂ&h&é‘lé)faﬂ%'eQ‘CB@-chﬁneousar teries by
per cut aneous trans um ngl coronar e) her ect
| aser angi opl ast %}r%%rl‘%mnal. ﬁ?r%?%‘?sf S 'é’ af?t"‘cébréﬁ ?eF’ns Bt 5%, of
t he pati ents whoautilssugo response charact¥fifddd 0804h early and late phase.
PCT/ US96/ 13778  qhe early phase occurring hours to days7after PTCA is due to
thrombosis with some vasospasms while the late phase appears
20 . to be dominated by excessive proliferation and migration of
aortal smooth muscle cells. In this disease, the increased
cell motility and colonization by such muscle cells and
macrophages contribute significantly to the pathogenesis of
the disease. The excessive proliferation and migration of
25 vascular aortal smooth muscle cells may be the primary
mechanism to the reocclusion of coronary arteries following
PTCA, atherectomy, laser angioplasty and arterial bypass
graft surgery. 8See "Intimal Proliferation of Smooth Muscle
Cells as an Explanation for Recurrent Coronary Artery.
30 Stenosis after Percutaneous Transluminal Coronary
angioplasty, " Austin et al., Jourmal of the American College
of Cardioloay, 8: 369-375 (Aug. 1985).
Vascular restenosis remains a major long term
complication following surgical intervention of blocked
35 arteries by percutaneous transluminal coronary angioplasty
(pTCA), atherectomy, laser angioplasty and arterial bypass
graft surgery. In about 35% of the patients who undergo



PTCA, reocclusion occurs wthin three to six nonths after the
procedure. The current strategies for treating vascul ar restenosi s
i ncl ude mechanical intervention by devices such as stents or
phar macol ogi ¢ t herapi es including heparin, low 5 nol ecul ar wei ght
heparin, coumarin, aspirin, fish oil, cal ci um ant agoni st, steroids,
and prostacycly se strategies have failed to cur
reoccl usi on rate and have been ineffective for the trg%{.,ﬁ%rﬂlsgﬁd
prevention of vascul ar restenosis. See "Prevention of Restenosis
after Percutaneous 10 Transl um nal Coronary Angi opl asty: The Search
for a 'Magic Bullet'," Hermans et al., Anerican Heart Journal, 122:
171- 187 RIfH.yreoogiusion occurs within thpeeheo fHichggBRBS| &f%Fr the
restlenos}s excegyiocedteeél The curpentiséersatidgiesabor niFatingnvascuwlsr as a
result of growt : I Y s . [ t
bl ood and ©  Fefsengaie M REHEREAY (SR GE T GHIFEL bl U8
proliferation ofSt$®s&t Ar cedppici gherppigsaineiadigb fieparin, low
Agentls thasI i,nhiriﬁltechmarm@ifdrftembheﬂnagwumarin, aspifigf,atfien eilsnoot hf
aortal muscle cell.s.are_useful. in t _tor n nd pr ntion o
rest enosi s. Thec%céggn?n agonlsﬁ'n\‘?g%{%%%s'pra&% ggés %‘&C’[a"ﬁgl’usgﬁg?écormounds
as snoot h aort alstrategieghave fadledpte| ¢urky sheonerediusios yahfadand haye
}nhibit?rs fE1T}Peen iﬁéﬁtéﬁ&&Qéiﬁ?rdthe5treatment aﬁa¥§ﬁfﬁéﬁﬁﬁhﬁgﬁﬁrﬁ?ﬁdﬁla{
actor-[err -lerr]).is enLi r a refers to a
generic famly o 45%3{)‘%’%533,&& %rev%*a%:e P coaq ?(g%@lgg% J(')srC r?s%’t%akgﬁﬁu?%ﬁous
menbers ofOt he fEuansjuminal Caxiongay 3ngieplaftyo athe $ranshodpraad/Magicave

simlar PIiee) 081 Bémaat ie@nal . ThEnckGicanepears . gimaculas! yizihose
designated TG--[err], 5er# and [err], are particularly associated 30

W th processes | 3701 (Y| ?Jr)s'sue repair and di seases - associ at ed
wi th abnormal repair proc&asele (merhog8pesis anftl restenosiobetdessiveecell

Transformng G 0@{;\4&11%8?59{6%4 migrabfeol | d&u@sOutha result F:%C%Pév?tl@nd

-their Receptors ], 4 472 I n: rlnger . \Ver] a 1990)). 35.
Agent s Wni hin O ePHPY 8 CSE&F%Q—I-Q [EPSfFasuenhy 10 the's ﬂgéaﬁrﬂscul ar
" TG-[err], are udef dlamagedrartsrdiad wvessek waddawhich mediabed theeati ng

di seases whi ch ignOli¢Rrabioh BE dricdtHOMhEPR lcells in vascular r¥&&fd$32044
PCT/ US96/ 13778 ' Such

1 sns . -8;
.utilities include but arePd6RtRi Ra%doREPHbURE PERLEAGFation and/or

migration of smooth aortal muscle cells are useful in the
20 treatment and prevention of restenosis. The present
invention provides for the use of cbmpounds as smooth aortal
muscle cell proliferation inhibitors and, thus inhibitors of
restenosis. ' )
Transforming growth factor-f (TGF-B) is a peptide
25 growth factor which refers to a generic family of peptides,
often called isoforms meaning that members of the family

either share amino acid homology and/or have similar
physiological actions. The TGF-B's, particularly those

designated TGF-P3, P2, and P3, are particularly associated
30 with processes involved in tissue r'epair and diseases
associated with abnormal repair processes (gee, Sporn and
Roberts *The Transforming Growth Factor-P's", Peptide Growth
W, 419-472 (Berlin: Springer

Verlag, 1990)).
35 Agents which induce the production of TGF-B's, and

in particular TGF-P3, are useful in promoting tissue repair

and treating diseases which involve abnormal tissue repair.



reduction of scarring (see, Ferguson, "Wund Healing, Scarri ng,
TGF-[err] Antagonists, and |Isoforns”, Abst. NIH TGF-[err]

Synposi um Bethesda MD, 3 May 1994), and ulcerative nmucositis 5

i nduced by chenot herapy and radi ot herapy (see, Sonis and Hal ey,
"Prevention of Chenotherapy-Induced U cerative Mucositis by

Transform ng ctor-[err]", Abst. NIH TGF-[err] Synposi um
Bet hesda MD, g%%%ié The present i nvention provi%g}éf%mhe
use of conpounds as prormt ers of tissue 10 "8~ repair processes and as

treatnments for diseases involving abnormal tissue repair.

The present invention relates to conpounds of formul a |

[err] Such utilities jpelude,but are not limited toX woundchealig, or
-NR[err] - reduction of scarring Qgee; Fergusdner l“i\lound GlaannpCH err] -

-CHECH-, or - NR[ Qéﬂ'rlngonGF—B Antagon&rcf QIF é%er I;B%lﬁ Qd R "tdr X J

each |ndependently -
-ocoCferr)Herr] Symm.eﬁe]:he:?@a MD,aBkMay , 19943 end]'(lllfenat]lve[ mucdsitis
al kyl'), -0O8J err jhAfhcsd by Sheméthdrapy and radlotherapy (fed S Sané #nd

\ZN :)>S<0C|1-|[ Slr L!ar |O(r:I| ﬁ_f%y'? Preventlqu,folcpa{n%er% ﬁf}% (gerl 3 n%?‘ﬁ?l
di et hyl - 1- pyr r oMf Wls by Transforming Growth Factor-Ps3*, Abst. NIH TG
Symposium, Bethesda MD, 3 May 1994). The present invention
provides for the use of compounds as promoters of tissue
10 repair processes and as treatments for diseases involving
abnormal tissue repair.

_ The present invention relates to compounds of
formula I

R2

15 O=—(CHp)y=W-—nR1

I

wherein
X is "’0"') "S-r or "'NRS-;
- . Yis -0-, -8-, -CHz-, -CHaCHz-, -CH=CH-, or -NRS-;
20 Rl, R2, and R3 are each independently -H, -OH,
-0(C1-C4 alkyl), -OCOCg¢Hs, -0CO(C1-Cg alkyl), -0S03(C4q-Cg

n is 1 or 2;
W is CHz; or C=0;

25 R4 is l-piperidinyl, 2-oxo-l-piperidinyl, 1-
pyrrolidinyl, methyl-l-pyrrolidinyl, dimethyl-l-pyrrolidinyl,
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-9- 2-oxo- | -pyrrolidinyl, 4-norpholino, dinethylam no,

di et hyl am no, or 1-hexanethyl enei m no; Rlerr] is
Cerr]-Cerr] alkyl, -COCJerr]Herr], -COQderr]-Cerr] alkyl),
-C(O)OC[err]H[err] C(O)O(C[err]-C[err] al kyl), -SOerr](err]-Cerr]

al kyl ), -SCIer Herr], 5 or -Serr]CF[err];

phar maceut i cal‘f’y accept abl e salt thereof. _9- XFE@E%?(%’Fded
by the present invention are conmpounds of formula I1

R2 Y- -

[err] wher ei n Bis -CH2- or -

Y, Rerr], Rer r?‘oﬂ‘érp}’rrﬂ%@#f]ylvn4"aﬂ€PIWJd‘F’é"aélﬂ%¥1?¥Pé&‘1§l§’0ve or
a pharmaceuti cal dyetd5Qemiab| colsalthekhfieenflerdimnino; Al so provi ded

by the present invention ®&5eis C3-C3 abkel rediofiHs £orquo@hess acfldydngul a || |
and VI which are-¢eBfodgls, -C(0)0dr: fTepakyig, t REOPItar0RceEliyildal F90s0xHsy e
conmpounds @&f theor -s02CFpfesent invention, and are shown bel ow
Lerr]® or a pharmaceutically acceptable salt thereof.

Also provided by the present invention are
compounds of formula II

Rz

O— (CH2)i—W—R?

10 II

wherein
B is -CHz- or -CO- :
Y, R}, R2, R3, R%, n, and W are ‘as defined above;

or a pharmaceutically acceptable salt thereof

15 Also provided by the present invention are
intermediate compounds of formula III and VI which are useful
for preparing the pharmaceuticélly active compounds of the

present invention, and are shown below
Hk

20 II1
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- 10- wher ei n Rlerr], Rerr], and R err] are each
i ndependently -H, -OQ(Cerr]- Cerr] alkyl), -d, -F, or a suitably
prot ected hydroxyl; Zis -OH -OCerr]Herr],

- derr]-Cerr] alkyl), or 4- 5 hydr oxyphenyl ; X and
Y are as defin ve;

[err] %9‘3}&804?10 wherein R err]"FTlﬂF%ﬁflPT?
Rlerr], and Y are as defined above. ~10- The present invention
further relates to phar maceuti cal conpositions containing conpounds
of formula I or fornmula Il, optionally containing estrogen or
progestin, 15 whewein he use of such conpounds, alone, or in conbination
with estrogen or prdgesIa, ahdrrR¥ heewi @éddind ndbpesqend 13ms-HOT -0 Ot

menopausal syndrgnga‘lkg,ggtigﬂ'ar_lanﬁgtgg%{?ig%?r@, protecteggglggi‘g cul ar

rel ated patholog|% di tTons, ndemnt ‘cancer. As
used herein, the term "esthr 8§erPH20-0CeHs| mQ (fdeSe s2l¥di) daPr cédnpounds havi ng
estrogeni c sgact i VigdrSphenyl: as, for exanple, 17b-estradiol, estrone,

conj ugat ed estrogen . Prepari n[err,] equi.ne estrogen, 17a-ethynyl
estradiol, and the % %ﬂg.yﬂreu%é"dd%?‘lé?‘ﬂ,awg't erm "progestin"
i ncl udes conmpounds havi ng progestational activity such as, for 25

exanpl e, progesterone, norethylnodrel, nongestrel, nmegeges ol
acetate, norethindrone, and the |iKke.

OH

VI

10 wherein :
Rla, R2a, Rr3a, and Y are as defined above.
The present invention further relates to
pharmaceutical compositions containing compounds of formula I
or formula II, optionally containing estrdgen or progestin,

15 and the use of such compounds, alone, or in combination with
estrogen or progestin, for alleviating the symptoms of post-
menopausal syndrome, particularly osteoporosis,
cardiovascular related pathological conditions, and estrogen-
dependent cancer. 2As used herein, the term *estrogen”

20 includes steroidal compounds having estrogenic activity such
as, for example, 17b-estradiol, estrone, conjugated estrogen
(Premarin®), equine estrogen, l7a-ethynyl estradiol, and the

"like. as used herein, the term “progestin” includes
compounds having progestational activity such as, for

25 example, progesterone, norethylnodrel, nongestrel, megestrol
acetate, norethindrone, and the like.
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-11- The conpounds of the present invention also are
useful for inhibiting uterine fibroid di sease and endonmetriosis in
worren and aortal snooth nuscle cell proliferation, particularly
restenosis, in humans. 5 Al so provided by the present

I nvention is AT AN for preparing a conpound of fo I

[err] wh's} 10 wherein R ep‘ﬁ)}’gﬁlg,ﬁp] ,
and Rl err] are each independently -H, -C(Cfé??]- Clerr] alkyl), -d
-F, or a suitably protected hydroxyl; X and Y are as
defi ned above; . Gis -OHor -QCHerr])[err]WRerr] 15
wher ei n The cqmpewadr| ef rtheypregentcinvant igpoadso are or

a phar maceut i cahdgeragcess atiabialihgt heswiole FBF60d diseasecandri ses 20
a) reacting a C%ﬁ%%ﬂggrf siémigubgméﬁléhd aortal smooth muscle cell
proliferation, particularly restenosis, in humans.
5 . Also provided by the present invention is a process
for preparing a compound of formula Ia

RZa

X

Ria

Ia
10 wherein
R12, R22, and R32 are each independently -H, -0{Ci-
Cq4 alkyl), -Cl, -F, or a suitably protected hydroxyl;
X and Y are as defined above;
G is -OH or -O(CHz)pWR4

15 wherein
n, W, and R? are as defined above;

or a pharmaceutically acceptable salt thereof, which
comprises

20 | ' a) reacﬁing a-compound of formula IIIa
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-12- [err]
wherein Rlerr], Rerr], Rerr], X and Y are as defined
above; 5 Zlerr] is -OH, -OCerr]Herr], -OCerr]-Cerr]
al kyl), with a Gignard - reagent of fornula lva

[err] ein 10 Jerr] is -0Si( g rj, a
suitably proté%? ydr oxyl whi ch cap,be sel ectively epgg%@%ﬁéd in
the presence of Rerr], -Rerr], and err], or

-Q(CH err])[err]WR[ err] wherein n, W and R err]
are as defined above; 15 b) when Ga is -CSi (CH3) 3 or
anot her suitable protecting group optionally renow?g the said
protecting group and thereafter reacting the_ress#lting -OH with

Q(CHerr])[err]- WR4 wherein Qis brono,

or hydroxy; and
c) optionally salifying the reaction product

step a) or b).

wherein
Rla, r2a, R3a, X%, and Y are as defined above;
5 Za& is -OH, -OCgHs, -0(C1-Cs alkyl), with a Grignard
reagent of formula IVa

BiMg G?

IVa
whexrein

10 G2 is -0S8i(CH3)3, a suitably protected hydroxyl
which can be selectively deprotected in the presence of Rla.
R22, and R3a, or -O(CH2),WR4
wherein

n, W, and R4 are as defined above;

15 b) when G2 is -08Si(CH3)3 or another suitable
protecting group optionally removing the said protecting
group and thereafter reacting the resulting ~OH with Q- (CHz)},-
W-R% wherein Q is bromo, chloro, or hydroxy; and
' ' ¢) optionally salifying the reaction product

20 from step a) or b}.

One aspect of the present invention includes
compounds of formula I



One aspect of the present invention includes conpounds of fornula I

WO 97/ 09044 _ PCT/ US96/ 13778

- 13- [err] wherein

Xis -0, -S, or -NR[err] 5 Yis -O, -S, -CHerr]-,

-CHerr]CHerr]-, - or -NR[err]-; Rlerr], Rerr],

and R err] ar dependently -H -OH, A derr] al kyl ),
-OCOC[ err] H er ?9‘/‘ C[ err] Cerr] alkyl) 13 - 0S02( C4 Co6 Pglsgg}lﬁ'w

-Csgerr]CFlerr], d, F; 3= nis1or 2 10

Wis CHerr] or C;Cz Rlerr] is 1-piperidinyl,

2- 0x0- 1-pi peridinyl, 1- pyrrolidinyl, nethyl-1-pyrrolidinyl,

di met hyl - 1- pyrrolidinyl, 2- 0xo- 1-pyrrolidigtyl, 4-norpholino,

di et hyl am no, - di et hyl am no, or 1-hexaneyhyl enei m no; 15

Rlerr] is (Jerr]-Cerr] alkyl, -COCJerr]HaATT=\-CO((err]-Cerr] alkyl),
-C(OOerr]Herr], -C(O)O(C[err]-C[e‘Fr ' -Sqerr](derr]-Cerr]

al kyl)., -SQerr](err]Herr], ] CF[err]; or a
pharnaceutlcally acceptgble salt t he General terns

used in the descripti oRQf gergoungs herei n descri bed bear their
usual neani ngs. For exanp

O—(CHp)y—W—R*

wherein

X is -0-, -S-, or -NRS5-;
5 Y is -0-, -S-, -CHz-, -CHaCHz-, -CH=CH-, or -NR5-;
Rl, R2, and R® are each independently -H, -~OH,
-0(C1-C4 alkyl), -OCOCgHs, -0CO{(C1-Cg alkyl), -0S02{(Cs-Cg
alkyl), -0SO2CF3, Cl, or F;
n is 1 or 2;
10 W is CHz or C=0;

R4 is l-piperidinyl, 2-oxo-l-piperidinyl, 1-
pyrrolidinyl, methyl-l-pyrrolidinyl, dimethyl-l-pyrrolidinyl,
2-oxo-1-pyrrolidinyl, 4-morpholinc, dimethylamino,
diethylamino, or l-hexamethyleneimino:;

15 RS is C3-C3 alkyl, -COCgHs, -CO(C1-Cg alkyl),
-C(0O)}0CgHs, -C(0)0O(C1-Cg alkyl), -802(C1-Cg¢ alkyl}., =-S02CeHs,
or -S02CF3;
or a pharmaceutlcally acceptable salt thereof.

General terms used in the descrlptlon of compounds

20 herein described bear their usual meanings. For example,
“C1-Cg alkyl” refers to straight or branched aliphatic chains
of 1 to 6 carbon atoms including methyl, ethyl., propyl,
isopropyl, butyl, n-butyl, pentyl, isopentyl, hexyl,
isohexyl, and the like.



"Clerr]-Cferr] alkyl" refers to straight or branched aliphatic chains

of 1 to 6 carbon atons including nethyl, ethyl, propyl, I sopropyl,
butyl, n-butyl, pentyl, isopentyl, hexyl, i sohexyl, and the liKke.
WO 97/ 09044 PCT/ US96/ 13778
-14- The starting material for one route of preparing
conpounds of ent invention are conpounds of formula el ow,
[err] %9‘%98& wher ei n 1 R err] ,P estg?lﬁ-"égmd
Rlerr] are each independently -H, -CXCIerrT-ﬁIerr] al kyl), -F, -d,
or a suitably protected hydroxyl; 10 X and Y are as defined
above; - One enbodi nent of this starting material, .
conpounds of fornnuFhe \#farting material for one route of preparing
R2a compounds of the present invention are compounds of formula V
below,
RZa
Y:
Rsa

x

v
wherein
Rla, R2a, and R32 are each independently -H, -0(C3i-Cq
alkyl), -F, -Cl, or a suitably protected hydroxyl;
10 X and Y are as defined above;
One embodiment of this starting material, compounds

of formula Vb
Raa

15 wherein
Rla, R2a, angd R32 are as defined above;
X' ig -0-, -8-, or -NH-:
are made essentially as described in Jourmal of Organic
Chemistrv, 40:3169 (1975). Preferably, R!2 and R22 are
20 methoxy or a suitably protected hydroxyl, R32 is -H, and X' is
-0-.,



Vb 15 wherein Rlerr], Rerr], and Rlerr] are as
defi ned above; X[err] is -0, -S, or -NH; are
made essentially as described in Journal of Organic Chem stry,
40: 3169 (1975). Preferably, Rerr] and R err] are 20 nethoxy or a

suitably protected hydroxyl, Rerr] is -H and X is

WO 97/ 09044

- 15_
fornmul a

wherein R err]
of the fornula

PCT/ US9
WO | 1 general, a readiy available thi g‘{cr]{gdoég"s”% t

[err]
Is as defined above, is reacted wth a benzaldehyd
10 wherein Xerr] is -OH -SH, or -NHZ,

Rlerr] and Rlerr] are as In generakfihepadidveav hléaéhil@hnw Qi 9h¢s

carri ed out

a protic
or

10

15

20

25

I N EBEmula presence of a mld base such as triethyl am ne

sol vent such as ethanol, and is run at anbient tenperatu

R2a S

wherein R22 is as defined above, is reacted with a
benzaldehyde of the formula

O

RSa

Ria xbt

wherein XP is -OH, -SH, or -NHz, and R12 and R2?2 are as
defined above. The reaction generally is carried out in the
presence of a mild base such as triethylamine and a protic
gsolvent such as ethanol, and is run at ambient temperature or
below. The product of this condensation is then
dehyrogenated by various methods known in the art, most
preferably via reaction with 2,3-dichloro-5,6-dicyano-1,4-
benzoguinone (DDQ) to give a compound of formula V.

If so desired, a compound of formula V in which
R1P, R2P, and/or R3P is methoxy may be deprotected by reaction
with aluminum trichloride and ethanethiol and reprotected
with an alternative phenol protecting group at this stage.
Protecting groups which are removable under mild conditions
such as t-butyldimethylsilyl are preferred.

Alternative starting materials of formula Vc

he

e
and

and
re



15 bel ow. The product of this condensation is then

dehyr ogenat ed by various nethods known in the art, nost preferably
via reaction with 2, 3-dichl oro-5, 6-di cyano-1, 4- benzoqui none (DDQ
to give a conpound of formula V. If so desired, a
conpound of forrmula V in which 20 Rlerr], Rerr], and/or Rerr] is
nmet hoxy may be_deprotected by reaction with alum num trichloride and
et hanet hi ol an®9% QP%ect ed with an alternative phenoIPcB’rUS?Gé’(?an
group at this stage. Prot ecting groups Wwhich are renovabl e under
mld conditions such as t-butyldinmethylsilyl are preferred. 25
Alternative starting materials of fornula Vc WO 97/ 09044
PCT/ US96/ 13778 -16- gee

[err] wherein R er, and Rlerr] are
suitably protected hydroxyls; 5 X andard protection
of commercially avai l abl e counestrol. groups which are
renovabl e under mld conditions such g et hyl silyl are

preferred. ) Starting materipls o il a vd 10
[err] ' - -

wherein
R1¢ and R3¢ are suitably protected hydroxyls;

5 are available by standard protection of commercially
available coumestrol. Protecting groups which are removable
under mild conditions such as t-butyldimethylsilyl are
preferred.

Starting materials of formula Vd

10
R22

R3a

Rria xX»
vd
wherein
. Rla, R2a, and R32 are as defined above;
15 X~ is -0- or -S-; and
Y” is -CH3-, ~CH3-CH3z-, or -CH=CH-, are prepared by
von Pechman reaction as described in QOrganic Reactionsg, 7:1
{1953).
In general, a readily available tetralone or
20 indanone of the formula



“wherein Rerr], R[err] and Rlerr] are as defined above;

15 X'"is -O. or S— and Y' is -CHerr]-
-CH err]-CHerr]-, or -CH=CH-, are prepared by von Pechnman reaction
as described in Oganic Reactions, 7:1 (1953). In
general, a readily available tetral one or 20 I ndanone of the fornula
V\%Q?/ 09044  wo 97/09044 Lor rP]CT / USQIQ(/:%,!?js?gLSB"s
wherein Rlerr] is as defined above, and yd~ |s “-CHerr]- _
-CHerr]-CHerr]-, I's condensed with an approprlately substituted

' : err
phenol or 5 t hi ophenal : COMe [ ]

- (&)
A2 y’

wherein R22 is as defined above, and yd is -CHy- or -CH>-CHa-,
is condensed with an appropriately substituted phenol or

5 thiophenal:
R x¢
Raa
wherein
10 Rla’' is -OH, -H, -0(C1-Cz alkyl), -F, -Cl1, or a

suitably protected hydroxyl;
R32 is as defined above; and
x4 is -OH or -SH,
under the influence of a condensing agent such as phosphorus
15 oxychloride, phosphorus pentoxide, sulfuric acid, aluminum
chloride or the like. Preferably R!2" is -OH, R32 ig -H, x4
is OH, Y9 ig CH2CHz, and R22 is methoxy and the reaction is
carried out in toluene or benzene at 80-110°C utlllZlng
phosphorus oxychloride as the condensing agent.
20 If the von Pechman product contains a phenolic
moiety it may be protected at this stage, or alternatively if
R?d ig methoxy, it may be subjected to a
delalkylation/reprotection sequence as described supra. If
so desired, the optional double bond may then be installed by
25 reaction with DDQ or another dehydrogenating agent.
Additional starting materials of formula Ve



wherein 10 Rlerr] is -OH -H - derr]-CJerr] alkyl), -F,

-, or a sui tably protected hydroxyl; Rerr] is
as defined above; and Xd is -OH or -SH, under the
i nfl uence of a condensi ng agent such as phosphorus 15 oxychl ori de,
phosphorus pentoxide, sulfuric acid, alum num chloride or the I|ike.
Preferably Rerr] is.-OH Rerr] is -H Xerr] s OH, |

CH err] CH err]“,’og-'ﬁ'i?&ﬂ[ err] is nethoxy and t?& reaction is Pcﬁgﬂ?gyJ(;:'la"'r.'?slsed
out in toluene or benzene at 80-110[err]C utTli zing phosphor us
oxychl oride as the condensi ng agent. 20 I f the von Pechman
product contains a phenolic noiety it may be protected at this
stage, or alternatively if Rlerr] is nethoxy, it jMy be subjected to

a del al kyl ati on/ reprotecti on sequence as de | bed supra. If
so desired, the optional double bond may then be
reaction with DDQ or another dehydrogenati ngye

Additional starting materials of formula Ve WO 97/ 09044

PCT/U896/13728 18-
[err] whBrej
Rta Xe (o]
Ve
wherein
Xe and Y® are each independently -0-, -S-, -NH-, or
5 -NR3;

Rla, R2a, RrR3a, and RS are as defined above;
are prepared essentially as described in Heterocvcles.,
35:1425 (1993); United States patent number 5,073,553 issued
December 17, 1991; and Indian Journal of Chemistry. 24B: 556
10 (1989).
Other starting materials, of the formula

R22

15 wherein
Rla, R2a, and R32 are as defined above;
xf is -NH- or -NR5-; and
vE is -CHpz-, -CHz-CHz-, or -CH=CH, are prepared
essentially as described in Indian Journal of Chemigtry. 14B:
20 132 (1976) and in i i i
Trans. I, 1747 (1974). If the double bond (¥f= -CH=CH-) is




X[err] and Y[err] are each independently -G, -S-, -N+, or 5 -NR[ err];

Rlerr], Rerr], Rerr], and Rl err] are as defined above; are
prepared essentially as described in Heterocycles, 35: 1425 (1993);
United States patent nunber 5,073,553 issued Decenber 17, 1991; and
I ndi an Journal of Chem stry, 24B: 556 10 (1989).

Qt her starti nOwgphgédsg! S, of the fornula PCT/US96/13778

R2a -19- Vi 15 wher ei n
Rlerr], Rerr], and R err] are as defined above; X err]
Is -NH or -NRerr]-; and Y[err] is -CHerr]-,
-CHerr]-CHerr]-, or -CH=CH, are prepared, essentially _as descri bed
in I ndian Jour na?e%’fr%el’rits{“ﬁﬁ%ié%ta’}@eg in |the magney ‘?‘ﬁfriﬁll’%ﬁiom’ R4

t he Chem cal SoctkéysePotkbDQ. Trans. |, 1747 (1974). |f the double
bond (Y[err]= -CH=CH) is a9

PCT/ US96/ 13778 . Once a compouno.:l e 84 %, _hils_been formed, one
desired, it nay SRt Aldewsi Fox eednehdeR akskis wedested Lomppla vV t he
use of DDQ5s . compound to a céNscrd oEnpormallaofITIRr NUl a V, has been
formed, one option allows for reduction of the selected fornula V 5
conpound to a conpound of formula Illb R2a

[err]

wherein

10 Rla, R2a, Rr3a, x, and Y are as defined above;
by react:i.on with an appropriate reducing agent such as
diisobutylalurhinum hydride in a solvent such as toluene,
CH2Cla, or THF. Generally this reduction is carried out at a
temperature below 0°C and preferably between -50°C and

15 -100°C. The formula IIIb compound may then be converted,
either in situ or in a separate step to a compound of formula
IIIc below

Ra

Ria OR®

20 ITXIc
wherein
Ré is -C1-C4 alkyl or -CgHs or
Rla, Rr2a, RrR3a, X%, and Y are as defined above;



wherein 10 Rlerr], Rerr], Rerr], X and Y are as defined
above; by reaction with an appropriate reduci ng agent such as

di i sobutyl al um num hydride in a solvent such as tol uene,

CH err]C[err], or THF. Generally this reduction is carried out at a
tenperature below O[err]C and preferably between -50[err]C and 15
-100[err] C.  TReodRbeid! @ 111 b compound may then be converted,l,c.r,us%, 3R t her
insituor in a separate step to a conpound gf_fornula el ow
" Ra [err] wherein

Rlerr] is -CJerr]-Cferr] alkyl or -CJerr]Herr] or

Rerr], Rerr], R[err] X, and Y are as defined abov WO
97/ 09044 reaction with an alcohol or phenol pgﬁﬁuﬁ%h/fggygpally an

aczdlc compound or dehydrating agent such as magnesium
sulfate. It is preferable to carry out this conversion in a
separate step, in CHzClz or chlorobenzene, between ambient

5 . temperature and reflux. Preferably, R2 and R22 are suitably
protected hydroxyls, R332 is H, X is -O-, Y is -O- or -S-, and
Ré is -CgHs.

Alternatively, a compound of formula V in which X
is -NH- may be acylated on nitrogen and then directly
10 converted to a formula IIIc compound by reaction with NaBHy
or a similar reducing agent in the presence of an acidic
compound such as HCl and an alcoholic solvent. In this
embodiment of IIIc it is preferable that R!2 and R22 are
methoxy, R32 is H, X is -N(COCgHs)- or -N(COC(CH3)a)-, Y is
15 -0~, and R6 is preferably -CzHs.
In the next step, a formula IIIb or IIIc compound
is reacted with an aryl Grignard reagent of formula

BrMg c

Iva
20 wherein
G® is -0Si({CH3)3, a suitably protected hydroxyl
which can be selectively deprotected in the presence of Rla
and R2a, or - (CHz)nWR%:
wherein
25 n, W, and R? are as defined above;
in a solvent such as toluene, THF, diethyl ether, CH2Clz, or a
‘mixture thereof and at ambient'temperature or below.
Optionally, the reaction may be facilitated by the presence
of a Lewis acid such as boron trifluoride etherate, tin
30 tetrachloride, titanium tetrachloride or the like.
When G2 of formula IVa is -O{CH3)yWR¢ this Grignard
reaction provides a compound of formula Ib



- 20- by reaction with an al cohol or phenol R err]OH and,
optionally an acidi c compound or dehydrating agent such as magnesi um
sulfate. It is preferable to carry out this conversion in a separate
step, in CHerr]C [err] or chlorobenzene, between anbient 5

tenperature and ref lux. Preferably, Rerr] and Rerr] are suitably
protect ed hydr Jm?”ﬁ[err] isH Xis -0, Yis -O or -S-, péhflses1377s
Rlerr] is -C[err}‘ err] ternatively, a corrpound of
formula V in which X is -NH nay be &cylated on nitrogen and then
directly 10 converted to a formula Il1c conpound by reaction with NaBH4
or a simlar reducing agent in the presence of an acidic conpound
such as HCO and an al coholic solvent. In this R%2 enbodinent of Illc it
is preferable that Rlerr] and Rerr] are fet hoxy, Rlerr] is H Xis
-N(CQ err]H err])- or -N(COC(CH err])[err] is 15 -0, and R err]
is preferably -Cerr]Herr]. n the next step, a formul a

[1lb or Illc conpound i s reacted 2ryl Grignard reagent of

formd a . ; 20 wher ei n

Jerr] is -0Si (CHerr]RR Q frot ect ed hydr oxyl whi ch

can be selectively deprot§ ' Pifesence of Rlerr] and Rferr],
-(CHerr])[err]WRerr]; n, W and

such as tol uene, THF,

di ethyl ether, CHerr]gla err 8 t hereof and at anbi ent
tenperature or bel ow. Opt i onal ly, thg reactfion may be facilitated by
t he presence of a Lewis acid such asfiboronfrifluoride etherate, tin

30 tetrachloride, titaniumtetrachl ori deNQQ k "
When Jerr] of formula IVa is -O(CH[err])[err]V\R[err]bt_ﬁ?lge)'ﬁ"Wgna'?d
reaction provides a conpound of formula Ib 4 WO 97/ 09044

PCT/ US96/ 13778 .
wherein

Rla, R22, and R32 are each independently -H, -0O(Ci-
5 Cq4 alkyl), -Cl, -F, or a suitably protected hydroxyl;
X, ¥, n, W, and R4 are as defined above;
which can be optionally deprotected and derivatized as
described infra to provide the desired formula I compound.
Alternatively, when G2 of formula IVa is -0Si(CH3)3
10 or another suitably priotected hydroxyl, the protecting group
is cleaved at this stage under conditions which leave Rla,
R2a, and R32 intact, to provide a compound of formula Ic

R2a

15 Ic
wherein



-21-

[err] wherei n _ Rlerr], Rerr], and R err] are
each independently -H, -OQ(([err]- 5 Cerr] alkyl), -d, -F, or a

sui tably protected hydroxyl; X, Y, n, W and R err] are"
as defined above; whi ch can be optionally deprotected and
derivatized as described infra to provide the desired ,@gﬂ
conpound. WO 97105044 Al ternatively, _%gn Ga of formul 5&? a i 277L
-Csi(CH err])[err] 10 or anot her suitably protected hydroxyl, the
protecting group Is cleaved at this stage under conditions which

| eave err], err], and rr] intact, to provide a conpound of

f or mul 5[ | ¢ ] R R]la, ana,RL%, ]x, and ¥ %9 a% defined aboxrpg.

Such conditions are dependent upon the nature of the
protecting groups and are known to those skilled in the art
[see, e.g., Greene and Wuts, i T

5 ., Svynthesis, 2nd ed., (1991)]. In a preferred embodiment, in
which R12 and R22 are t-butyldimethylsilyloxy or methoxy, R32
is H, and G® is -0Si(CH3)4 this may be accomplished by brief

exposure to a methanolic slurry of potassium carbonate at
ambient temperature or below in the presence of a cosolvent
10 such as THF or diethyl ether.
A formula Ic compound may be converted to a formula Ib
compound by utilizing one of the synthetic routes shown in
Scheme I. In Scheme I, Rl2, R2a, rR32a, R4, W, X, Y, and n are

as defined above.
15

Rza

(in which J
is a leaving
group)

O(CH2) nWJ

Id

20 Each step of Scheme I is carried out via procedures well
known to one of ordinary skill in the art.



wher ei n WO 97/ 09044

PCT/ US96/ 13778 - -22- _

Rlerr], Rerr], Rerr], X, and Y are as defined above. Such
conditions are dependent upon the nature of the protecting groups
and are known to those skilled in the art [see, e.g., Geene and
Wits, Protecti sin Oganic 5 Synthesis, 2nd ed., (1991)]. 1In a
preferred enbo%?’r?gﬂﬁgyi n “which Rlerr] _and Rerr] are PCT SO TS

t - butyl di met hyl si |l yl oxy or net hoxy, R[err]‘23‘ is H and Jerr] is

-CSi (CH err])[err] this may be acconplished by brief exposure to a
met hanolic slurry of potassium carbonate at anbi ent tenperature or
bel ow in the presence of &oroevimmle, 20formukudic sempblndrcah dehykaetder .
A formula lc conpingd EBX¥pdiend Yt ehkCdolmums fOormula Ib conpound by
utilizing one of the syntﬁetic routes shown in Schene |I. In Schene
I, Rlerr], Rerr], Rerr], Rerr], W X, Y, and n are as defined
above. 15 . R4-WS(CEzIa R

[err]” 5

wherein R4, W, and n are as defined above and Q is a bromo
or, preferably, a chloro moiety, to provide compounds of
formula Ib. This alkylation is normally achieved by carrying
out the reaction in the presence of an excess of finely

10 powdered potassium carbonate and using an equivalent to
slight excess of the Q-(CH,)-R3 reactant.

A more preferred method involves the reaction of a

formula Ic compound with a compound of formula

15 R4-W- (CH3) ,~OH

wherein R4, W, and n are as defined above in the presence of
triphenylphosphine, diethyl azodicarboxylate (DEAD), and an
appropriate solvent, resulting in a formula Ib compound.

20 This process is known in the art as a Mitsunobu coupling.
Preferably, -2-4 equivalents of 1-(2-hydroxyethyl)pyrrolidine
are reacted with a formula Ic compound in the presence of 2-5
equivalents each of triphenylphosphine and DEAD, in an inert
solvent such as toluene at ambient temperature. At this

25 temperature the reaction only takes about 30 minutes to about
3 hours, however changes in the reaction conditions will
influence the amount of time this reaction needs to be run to
completion. Of course, the progress of this reaction step
can be monitored via standard chromatographic techniques.

30 In yet another synthetic route, a formula Ic
compound is reacted with an excess of an alkylating agent of
the formula

J-W- (CH2) p-J'
35
wherein J and J’ each are the same or different leaving
group, in an alkali solution.



20 Each step of Scheme | is carried out via procedures well

known to one of ordinary skill in the art. WO 97/ 09044
PCT/ US96/ 13778 ' - 23-

For exanple, a fornmula Ic conmpound can be reacted wi th a conmpound of
mef_ormél[a ] dot Rerr]-W(CH err])[err]-Q 5
erein err n are as defined above and Is a bro or

preferably, a gﬁl\%@%wnoi ety, to provide cornﬁgnds (()?f ?%lr-mmsﬁ&e{s’fg.
This alkylation is normally achieved by carrying out the reaction in
the presence of an excess of finely 10 powder ed potassi um carbonate and
using an equivalent to . slight excess of the Q (CH2)-R3 reactant.

A nore preferred nethod i APPropEiatee leaying g Qpsy include, for grgmple.
conpound with a geEmMRFInates oduBH as mdbhanesulfonate, 4-bromosulfonate,

Rlerr]-W(CH err err]- wherein err, s defined
above in the preé J&P%°nate' tertihﬁﬁ(?ﬁ‘s}f%%as%ﬁi ﬁ%?p%élgpeaﬁ%%ﬁafgﬁ&g’ £

azodi car boxy| at emé¢tieMppenandeswlfonate, appitpbeazenselianatesedulting in a
fornul a I'bscomporithroénzene Tih BEdHa@e6Sand cHeNQWRel Mhd Tyedist s@éhaadvl t sunobu

iOl(ng Ih;gr oxyet hyP’;D‘Eﬂef;'(ra(rﬁ?ﬁgla'\#ﬁeZiéldéa’qlgné?gﬁ?nfa : C‘)a]:éd""\rllmdt %tl'éerf grerjfﬁngl%r%ugr?ﬁound
in the presence afpgeferred alkelatiingl egest ek, 3 dibromeatiiaprospnd RE and
DEAD, 1 n an Inerjeagt 2 eqﬁ%aféh&té,uweeérwiﬂem@rat tREWI| 2 Riqul GADENEs UloE. Al
this 25 terrpf,rf‘-téjirb%otmo%tflggg ti'.sogsgal gea.t' aekq%siv%. 2 g’P su g‘éggéet o about
10 A preferred alkali solution for this alkylation
reaction contains potassium carbonate in an inert solvent
such as, for example, methyethyl ketone (MEK) or DMF. 1In
this solution, the 4-hydroxy group of the benzoyl moiety of a
formula ITId compound exists as a phenoxide ion which
15 displaces one of the leaving groups of the alkylating agent.
This reaction is best run when the alkali solution
containing the reactants and reagents is brought to reflux
and allowed to run to completion. When using MEK as the
preferred solvent, reaction times run from about 6 hours to
20 about 20 hours.
Alternatively, a compound of formula Id can be
prepared by the reaction of an alcohol of formula

J-W~ (CH) n~OH
25
wherein J is selected from the leaving groups described
above, with a formula Ic compound via a Mitsunobu coupling
procedure. A preferred alcohol is_z—bromoethanol.
The reaction product from this step, a compound of
30 formula Id, is then reacted with l-piperidine, l-pyrrolidine,
methyl-1-pyrrolidine, dimethyl-l-pyrrolidine, 4-morpholine,
dimethylamine, diethylamine, or l-hexamethyleneimine, via
standard technigues, to form compounds of formula Ib.
Preferably, the hydrochloride salt of piperidine is reacted
35 with the formula Ib compound in an inert solvent, such as
anhydrous DMF, and heated to a temperature in the range from
about 60° C to about 110° €. When the mixture is heated to a



3 hours, however changes in the reaction conditions wll I nfl uence

the anobunt of tinme this reaction needs to be run to conpletion. O
course, the progress of this reaction step can be nonitored via
standard chr omat ogr aphi ¢ techni ques. 30 In yet anot her
synthetic foute, a fornmula Ic compound is reacted with an excess of
an al kyl ati ng woonbooad the fornul a PCT/US96/13778
J-W(CHerr])n-J" 35 wherein J and Jaseach are the sanme or different
| eavi ng group, in an alkali solution. WO 97/ 09044

PCT/ US96/ 13778 - 24-

Appropri ate | eavi I ncl ude r | f t h
as net hanesul fon%f%feqqeépiﬁﬂgﬁ{?%Wé? é)% ggp'i’@ooFueﬁleg u]f?% 61110% oY Ealeed’®
et hanesul f onat e, abowpr3dh aiavtes drtedous- 1 hour. ﬁwﬁmybmwﬂoﬁﬁme

4-ni t Fobenzenesul{Qiaildh c@ndPtions 1AM 9hendene THef aRgle: ANdimBethike,
hal ogens such as

rel ated groups. rea"tmnAnﬁFgDe‘r?gbe 5%#‘& F?f&ag% ; hel lsbﬁ ?%ns%r’gﬁr"met hane,

and at 5 .1 ea:sd:g@&aq@rfvahesrtseaqm@hesabpyqamrheemnamﬁedaqmavaten@%rd of

1, 2- di br onoet hangyj. (Fm 85 c CebtAlRRE . of substrate. 10 A
preferred al kali solution for ttfr S aIE reactrf&(cont ai ns

pot assi um carbonate in an Jefdi¥labi epr“““?;ﬁc‘#‘ Fermippliy-ppqcected
met hyet hyl ket onhydidag) grouphFin|formula Iat bompauidst cen, be artileddeokyif

group of the benégyéeéﬂle%t \‘.ooﬁré’vz.de pharhb8ut fed 11k 260 10 WikhphakSofis a
phenoxi de i on whi_ch di spl aces one_of the |eaving 9 % ﬂ

al kyl at i ngwagent tSrmila I, via roceéﬁ’r‘ef KBgER | 4, qne Bgs? ‘5’(}?‘?0%5 :L in

al kali soluti on the art .comt preferrehaeatbadt fior sthendlepragecttion ofpbtought to

reflux angh, &1 SMRA b2k 11 dh P hebfeflen\@faﬁ @msaaﬂae&@&mn hgha
preferred solvent reaction tines ,run from about 6 hours % %ét 20
hour s. R?3, inVOAVEE flatihiddy them b‘?rrﬁihﬁé’pb'f’pﬁﬁ‘rﬁrlsé’ VERE A

prepared by the rEHROEFitdn s0fscdnbhé cEhmiride sounce ssuch as tetra-n-
J'VV((]*[erfa)lzerELE§i$mmonium fluoride at ambient temperature.
The above procedures provide novel,
pharmaceutically active compounds of formula I in which RY,
R2, and R3 each are hydrogen, hydroxy, C3;-Cs alkoxy, chloro,
or fluoro. Preferred formula Ia compounds are those in which

20 Rl and R2 each are methoxy, or Rl and R2 each are hydroxy, R3
is H, R? is piperidinyl or pyrrolidinyl, X is -O0-, Y is -8-,
W is -CHy-, and n is 1. These preferred compounds, as well
as other formula Ta compounds, can be used as pharmaceutical
agents or can be further derivitized to provide other formula

25 I compounds which also are useful for practicing the methods
of the present invention.

An alternative “one-pot* method for the preparation
of a formula I or Ia compound from a compound of formula V
can also be employed. This route involves:

30 1) The reduction of a formula V compound by
diisobutylaluminum hydride or a similar reducing agent in THF
at a temperature below -60°C.

2} Quenching of excess reducing agent with a
molar equivalent of a protic solvent such as methanol or

35 isopropanol.

3) Addition of an aryl Grignard reagent of the
formula



25 wherein J is selected fromthe | eaving groups descri bed
above, with a fornula Ic conpound via a M tsunobu coupling

procedure. A preferred al cohol is 2-bronoethanol. The
reaction product fromthis step, a conmpound of 30 formula Id, is then
reacted with 1-piperidine, 1-pyrrolidine, met hyl - 1- pyrrolidine,

di net hyl - 1- pyr 4- nor phol i ne, di met hyl am ne

or 1-hexanet hyl ene%wge Vi a st andar%ﬁt echni ques, ?ﬁ#&ﬁ?gunds
of fornula Ib. Preferably, the hydroctloride salt of piperidine is
reacted 35 with the formula I'b conpound in an inert solvent, such as
anhydrous DVMF, and heated to a tenperature in the range from about

ure is heated to a
PCT/ lJS96/ 13778
goT &XGHWRt he reaction only

60[err]C to about 110[err] C  Wen thg
WO 97/ 09044
- 25- preferred tenper at LBMOT

t akes about 30 m nutes to about However, changes in the
reaction conditions will influence the AWOUNt of time this reaction
needs to be run to conpletion. O course the 5 progress of this
reaction step'can e nonitored via ndar d chr omat ogr aphi c

t echni ques. 8SeaBing LS Iﬁé? atCBRFRIF S ect i on of

termnal | y-protected hy ép osya:gdanqogxitnamwm|v@rkaupo¢®cnhajs~eeani¢m

carried outs if mlxturégnaegbﬁ@éhgﬁtg_ﬁ,gw de pharnmaceutically active
conpounds of 10 formula | [ OC res knovvn qr.di na

skill in the art. A prefsg Sggl P]‘ng" epbrery, @ d@p&g?e%?]f‘fﬁ?'%‘f °tE the
but yl di met hyl si | yewtarsr srith prefrongeacddbosiciems 8C1R £or Ja @egtiod of up
Rlerr], involvescgtad i gt Qmécﬂlé{t @ggggp‘;‘,&q@_@ oI vent such as THF
with a soluble fluoride source suc. ejra n: o’\fé %n}&
fluoride at anbi &Rt SUmFarEBurERe o2 pogh 'fedho mﬁep’é%v %P‘o’ﬁ“é

provi de ncifel , Pproducts ahighamay ke IAppretegeed @gpoanesikad mapRaAla | in

whi ch Rlerr], Alcenfé?m%& F@h@%maqrachadéf&%enbyﬂap@haugeerr] Jerr]
al koxy, chloro, referre ounds are those

KON D00 pprommitag B et as e, b AR, dnq therdapds AT h
each are hydroxypr&aration ofsfeymideedr pompowidser | Brﬁffermd Fprmoladt nyl , X

is -0, Yis -& compounds Vhbh chid &daktioANgrd the &amé.r e & HYeRf BEELEred
conpounds an _be_used as

th
phar naceut]IS(?ZI mf°mulaa&eﬁf’a§‘ps B‘rm%aﬁ{e%gggb?? h%?é:v%g? Fg}iqt?%%’et 88580%% de ot her
formula 25 | pharmanawtd cably hactiisre agentscfart ther merkeds diemrginhe net hods

of the present | Q¥getiKdd, or can be derivatized to provide other novel
compounds of formula I which also are useful for the present
methods (infra).
20 Another aspect of the present invention includes
compounds of formula II

RZ

O—(CHo)—W—R*



An alternative one-pot nethod for the preparation of a fornmula | or

| a conpound froma conpound of fornula V can al so be enpl oyed. This
route involves: 30 1) The reduction of a forrmula V
conmpound by di i sobutyl al um num hydride or a simlar reducing agent
in THF at a tenperature bel ow -60C. 2)
Quenchi ng of e RIS duci ng agent vm'th a nol ar equi val ent of
protic sol vent ”ég nmet hanol or 4(\)'70ropanol Fcibssonsrts

3) Addition of an aryl Gignard reagent of 1 formul a

WO 97/ 09044 PCT/ US96/ 13778

- 26- _ [err] and warm ng to anbi ent
t enper at ur e. 4) Standa¥® extractive work-up of the
reaction 5 MyXéresdh and concentrati on. 5) Optional

treatment of a THF sol uti @ ief -tHg- or -coFemmant with a strong acid, such
as HO, for a period of upr, R, R20 24 R4pmdl, smdsequedtadaEfinedr Kbowe;

I n sone cases e r 10 products
whi ch-may bBe dep?gtaecéheaﬁ%tceaescgﬁg' ?‘ugegﬂig sJﬁ; g?’l%g?iﬁgt. vely, the final
acid treatnment may induce A key ipbermediatendndthe Rreparefigndos efs?!IlwlﬁnIIhe
di rect Pr epahsduidy Ak hotsmbsurd eEMpermsEa vireferred fornula |
conpounds fromthis reaction are the sane as those preferred 15 formul a
| conpounds descri bed above, and can be used as pharmaceutically
active agents for the nethods herein described, o an be derivatized
to provide other novel conpounds of fornula My ch al so are usef ul
for the present met hods (nfra). 20 Anot her aspect of

t he present invention includes CONPOywAe Wl a ||

1]

Rsa

R1a

OH

10 Vi
wherein

Rla, R2a, R3a, and Y are as defined above. The
synthesis of a preferred embodiment of VI, VIa in which Y is
-CH2CH2- is described in Scheme II.

15

20

25



[err] WO 97/ 09044

PCT/ US96/ 13778 -27-

|1 wher ei n ' Bis -CH2- or -CO Y,
Rlerr], Rerr], Rerr], Rerr], n, and Ware as defined above; 5 or a
pharmaceutically acceptable salt thereof. A key

I nternmedi ate it eparation of formula I conpoun

conpound of f o\”&#ﬁ’"@ 28— Beribssefisrs

[err] wher ei n B Rerr], Rerr],
Rlerr], and Y are as defined above. The synthesis of a preferred
enbodi nent of VI, Vla in which Y is . -CH2CH2- is described in Schene
1. 15

. °\5iM —Hi-‘\@N
0= b~ &

VIIiIa VIIiIa®

Vila

Thus, a readily available tetralone VIIa wherein

5 . R22 jig as defined above is condensed with one equivalent of 4-
aminophenol, preferably in the absence of solvent, at a
temperature such that the mixture is molten, usually c¢. 180°C
under a nitrogen stream. During the course of the reaction,
additional 4-aminophenol may be added to replace material

10 lost via sublimation. The resulting imine of formula VIIIa
solidifies upon cooling, and may be optionally
recrystallized.



20 25
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Schene ||

10

15

20

25

WO 97/ 09044
-28-
[err]

WO 97/09044 PCT/US96M13778

-29-

Protection of the hydroxyl group of VIIIa as its
silyl derivative VIIIa' is carried out under standard
conditions, and the imine is converted to an enamide of
formula IXa by acvlation with an aroyl halide of formula

R1a
cico Rsa

MeO

wherein R12 and R22 are as defined above, generally in the
presence of a mild base such as triethylamine and in an inert
solvent such as CHaCl; at a temperature between ambient and
reflux.

A compound of formula IXa is then photolyzed in a
quartz immersion well, using a Hanovia mercury lamp, in a
solvent such as ether or benzene, for a period of 4h to 1
week to provide a compound of formula VIa'. The procedure is
essentially as described in Journal of the Chemical Societv.
Perxkin Transactions I, 762 (1975).

Desilylation of a formula VIa' compound under
standard conditions then provides a compound of formula VIa.
For a listing of appropriate conditions gee, e.g., Greene and
Wuts, Protective Groups in Organic Svnthesis, 2nd ed., p. 80,
161 (1991). Preferred formula VI compounds are those in
which Rla and R22 are each individually -H or methoxy, and R3a
is -H. Most preferred is the compound in which both R!2 and
R22 are methoxy.

A compound of formula VI is converted to a compound
of formula IIb



Thus, a readily available tetralone Vila wherein 5 Rlerr] is as defined

above is condensed with one equival ent of 4- am nophenol, preferably
in the absence of solvent, at a tenperature such that the m xture is
nolten, usually c. 180[err]C under a nitrogen stream During the
course of the reaction, addi ti onal 4-am nophenol may be added to

repl ace materi
formula Villa q*°

| ost via sublimation. The resulting i
i di fi es upon cooling,.and nmay be opti ﬂ‘gfspgpsws

}ﬁ”mgol

recrystal | i zed. VO 97/ 09044 ~30-

PCT/ US96/ 13778 - 29-

Protection of the hydroxyl group of VIlla as its silyl derivative
ViIlla is carried out under standard conditgens, and the imne is
converted to an enam de of formula | Xa by Acylation with an aroyl

halide of formula 5

[err]
wherein Rlerr] and Rierr] are as defined

generally in the

sol vent such as CH[err]Cl[err] at at ; bet ween anbi ent and
refl ux. .

R1a

O~ (CHg);~W—R*
IIb
wherein
Rla, R2a, R3a, R4, Y, n, and W are as described
5 above; by the methods described supra for the conversion of
formula Ic compounds to formula Ib compounds. For example, a
preferred method is the Mitsunobu coupling of a formula VI
compound with 1l-(2-hydroxyethyl)pyrrolidine or 1-(2-
hydroxyethyl)piperidine.

10 once a formula ITb compound is obtained, it may be
optionally deprotected/dealkylated to provide a formula II
compound or, alternatively it may be reduced to provide a
compound of formula XIc

R?a

' 4
15 O—(CHz)i—W—R

IIc



A conpound of fornula I Xa is then photolyzed in a quartz i mrersion

wel |, using a Hanovia nercury lanp, in a sol vent such as ether or
benzene, for a period of 4h to 1 15 week to provide a conpound of
formula Vla'. The procedure is essentially as described in Journal
of the Chem cal Society, Perkin Transactions |, 762 (1975).
Desilylation o thgula Vla' conpound under st andar 1.1.L.ons

t hen provi des gvogyonpound of formula Via. 20 1- For a listi ng"c@m}m"’%
appropriate conditions see, e.g., Geene an Wits, Protective G oups
in Organic Synthesis, 2nd ed., p. 80, 161 (1991). Preferred fornmula
VI conpounds are those in which Rerr] and R err] are each

i ndi vi dual | y - H @pergimhoxy, and Rlerr] is -H Mst preferred is the

compound in which both R @la] geag ®3=, r4 REeri] 8 wrarBOoXY.described
A compound of f oLl 8 Voo SnGHNF ol ch s i TR Ml 5, moduesdopl QLTI 2 1 2
- 30- reacting a formula IIa compound with lithjiwmrdluminum hydride

wher ei'n 5 in an inertRE&SIvdnt Bueh' bs Tl s Bhe'fdacthon isdBsWeH €

as described 5 a ove'.bX t he nmet hods desgcri bed sugra for the conversion
of out at ambient temperature an intermediate product can be

isolated which, upon further reduction with sodium
borohydride in acetic acid is converted to a formula IIc
compound. Alternatively., if the reaction is carried out at
10 reflux the desired formula IIc compound can be isolated

directly. Compounds of formula IIc can be optionally
dealkylated/deprotected to provide compounds of formula II.

In the preferred case where Y is -CH2CHp-, i.e.
formula Ila

15
R2a
O~ (CHp)~W—PR?*
IIa
wherein
Rla, R2a R3a, R4, n, and W are as described above;
20 it may be desirable to carry out a dehydrogenation reaction,

thus providing a compound of formula IId



formula Ic conpounds to formula Ib conpounds. For exanple, a

preferred nethod is the Mtsunobu coupling of a formula Vi conpound
wi th 1-(2-hydroxyethyl)pyrrolidine or 1-(2- hydr oxyet hyl ) pi peri di ne.
10 Once a forrmula Ilb conpound is obtained, it nay be
optionally deprotected/ deal kylated to provide a fornmula I1 conpound
?Irc al ternatlvg}d/”}ogugay be reduced to provide a forr] corrp?,%%sgém%%rvng a
97/ 09044 =32 pcT/ Use6/ 13778

- 31- wherein Rlerr], Rerr], Rerr], Rerr], Y,

n, and Ware as descri bed above. One nethod for carrying out this
reduction invol ves reacting a fopgqula ILQ conp@pnd with lithium

al um num hydride 5 in an inert sggent y F. If the reaction is
carried out at anbient tenpergture ag i! pdi at e product can be

| sol ated whi ch, upon f Wa} borohydride in
acetic acid is converted onpound. Al ternatively,
if the reaction is carried i reflux the desired fornula Ilc
conpound can be isol ated d rectly Conmpounds of fornula Ilc can be
optionally deal kyl :
I, | ®%¥he p fereXyis - CH2CH2-, i . e.
formula I'la 15
[err]

IId

. wherein
5 Rla, R2a, R3a, R4, n, and W are as described above.

This dehydrogenation may be effected by wvarious methods known
in the art, most preferably via reaction with 2,3-dichloro-
5, 6-dicyano-1, 4-benzoquinone (DDQ).
Alternatively, it may be desirable to perform the
10 dehydrogenation at an earlier stage in the synthesis on a
compound of formula VIa' to provide a compound of formula

Vib:
|
Sll 0
Rla
gP
R3a

15

Compounds of formula VIb may then be converted to campounds
of formula IIe by methods analogous to the conversion of VIa
to IIa.
) The formula IId compound can be optionally
20 deprotected/dealkylated to provide a compound of formula II,

or alternatively can be reduced, as described gupra to
provide a compound of formula IIle



wherein Rlerr], Rerr], Rerr], Rerr], n, and Ware as

descri bed above; 20 It may be desirable to carry out a dehydrogenation
reaction, t hus providing a conpound of formula Ild WO
97/ 09044 PCT/ US96/ 13778
- 32- [err]
wherein 5 WO 97/09044 Rlerr], Rlerr], Rerr], Rerr], n, ase¥ogifi7és
descri bed above. Thi s dehydrogenati opzqmry be effected by various
met hods known in the art, nost preferably via reaction with
2, 3-di chl oro- 5, 6-di cyano- 1, 4- benzoqui none ( DDQ) .
Alternatively, it may be desirable to performthe 10 ~ dehydrogenation at
an earlier stage in the synthesis on a conmpound of forrmula Vla' to
provi de a conpound of formula Vi R22

RSa

N
R1a

O—(CHp)—W—R*

ITe
wherein .

5 Rla, R2a, Rr3a, R4, n, and W are as described above.
A compound of formula IXe may then be optionally
deprotected/dealkylated to provide a compound of formula II.

Collectively, formula IIa-e compounds with their

various defined substituents, and/or the products of their

10 deprotection as described above, are represented as compounds
of formula II of the present invention.

For example, when R!a, R2a, and/or R32 of a formula

IIe compound are C3-C4 alkyl hydroxy protecting groups, such
groups can be removed via standard dealkylation techniques to

15 prepare an especially preferred compound of formula IIe. In
the most prefered examples of formula II compounds Rl and R2
are each individually -H, -OH, or methoxy, Y is -CH=CH-, B is
-CH2-, n is 1, W is -CHz-, and R% is l-piperidinyl or 1-
pyrrolidinyl.

20 An alternative method involves the formation of
preferred compounds of formula I or II Ey réplacing the R1,
R2, and/or R3 hydroxy groups of a formula I or formula II
compound with methoxy. This transformation is carried out by
well known procedures (gee, e.g., Greene and Wuts, Protective

- 25 Groups in Organic Svnthesis, 2nd ed., p. (1991)). An

especially preferred method involves reaction of the mono- or
diphenolic compound with excess diazomethane.



[err] 15 Compounds of fornula VIb may then be converted to

conpounds of formula Ile by methods anal ogous to the conversion of

VI a to Ila. The formula Il1d conmpound can be optionally
20 deprot ect ed/ deal kyl ated to provide a conpound of fornula I

or alternatively can be reduced, as described supra to provi de a
conpound of f oryrylofedess WO 97/ 09044

PCT/ US96/ 13778 s - 33- PCTUSHEN3778
[err] wherein 5 ﬁ[err], Rlerr], Rerr],

Rlerr], n, and Ware as descri bed above. A conpound of fornula Ile
may then be optionally epr ot ect ed/ deal kyl at ed_to_ provide a conpound
of formula I1. Other prege%ﬂq EOFPIERGS ql%,fmqu%_og donfblinds with

t heir var i mrepanefli be drepilzstinguehé snevdliyd formedeRr @duatd/oxf RPhei r 10
deprotection as dgRfild.0ed 8008 Gf & Eokhif] &St FolRufL O WHBound with a
moiety of the formula -~0-CO-(C3-Cg alkyl), or -0-803-(Cy4-Cg
5 , alkyl) via well known procedures. See, e.g., U.S5. Pat. No.
4,358,593.

For example, when an -0-CO{C;-Cg alkyl) group is
desired, the dihydroxy compound of formula I is reacted with
an agent such as acyl chloride, bromide, cyanide, or azide,

10 - or with an appropriate anhydride or mixed anhydride. The
reactions are conveniently carried out in a basic solvent
such as pyridine, lutidine, quinoline or isoguinoline, or in
a tertiary amine solvent such as triethylamine,
tributylamine, methylpiperidine, and the like. The reaction

15 also may be carried out in an inert solvent such as ethyl
acetate, dimethylformamide, dimethylsulfoxide, dioxane,
dimethoxyethane, acetonitrile, acetone, methyl ethyl ketone,
and the like, to which at least one equivalent of an acid
scavenger (except as noted below), such as a tertiafy amine,

20 has been added. If degired, acylation catalysts such as 4-
dimethylaminopyridine or 4-pyrrolidinopyridine may be used.
See., e.g., Haslam, et al., Tetrahedron, 36:2409-2433 (1980}.

The acylation reactions which provide the
aforementioned terminal R!, R? and R? groups of compounds of

25 formula I or formula II are carried out at moderate
temperatures in the range from about -25° C to about 100° C,
frequently under an inert atmosphere such as nitrogen gas.
However, ambient temperature is usually adequate for the

- reaction to run. - _

30 Such acylations of these hydroxy group also may be
performed by acid-catalyzed reactions of the appropriate
carboxylic acids in inert organic solvents or heat. Aacid
catalysts such as sulfuric acid, polyphosphoric acid,
methanesulfonic acid, and the like are used.

35 The aforementioned R, RZ2 and/or R3 groups of
formula I or formula II compounds also may be provided by
forming an active ester of the appropriate acid, such as the



of fornmula Il of the present invention. For exanpl e, when

Rlerr], Rerr], and/or R err] of a formula |1 e conpound are
Cerr]-Cerr] al kyl hydroxy protecting groups, such groups can be
removed via standard deal kyl ati on techni ques to 15 prepare an
especially preferred conpound of fornmula Ile. 1In t he nost prefered
exanpl es of forywglbdedess CONpounds R1 and R2 are each mﬂw@%&&}, -
-OH, or nethoxy, Yis -CH=CH, Bis -GE2-, nis 1, Wis [e f-
and Rlerr] is 1-piperidinyl or 1- pyrrolidinyl. 20

alternative rret hod invoI ves the formation of preferred conpounds of

formula | or d¥ IaC|n the , and/ or, R3 hydroxy groups of
a fornula | or f FFhATE ﬁprm by ﬁﬂﬁhpbﬁﬂﬂnvﬁqqgeﬁéﬁhﬁﬁﬁh 8hi s transformation

is carried out byd:.cyclohemld:aﬂmdmimphﬂece@hybsn:.@aeeles. nitrepheneland V\ﬂt S,

Pr ot ect 25 1991
COLEE S 5, pRAMBE N s Uil o (50D

di phenol i ¢ conpo EQQEE&? netfafed--

PCT/ US96/ 13378  38:1979 (1965), and ghgm&_ag;* 788 and 32024 (1970).

O her preferred conpounds o) R PYA_ Ao
repl aci ng the new ‘%/11 for rred éréful%s abB e rj’lgﬁ vq%edrg 5°
groups of a for i@ Feofirgh) GﬁJrWFﬁh s°1VﬁBF%t of the

formul a - O CO ( (@igdusslear abowe Ky IThoser teéhri¥duis lvhia[: edd Indt] pirbiucd an
alkyl) via well kpawn p%aﬁééu{;?%ne §88Fs8 %’m‘é §ea%‘§‘ N%f  CPUERSH ?o not

4, 358, 593.
alkyl) groéf is call foaeshﬁewﬁetq%feam AGHE OSGRVEREEE U efr@ﬁ‘ﬁﬁllanl i s
reacted with mixtaireagent such as acyl chloride, brom de, cyanide, or

azi de, 10 or with an apgeropri 3&@@&%&%8&1@ ;‘&d @R@&ﬂ{d & de%f@ed

reactions are convenlentl carrie basi c So
pyridine, |utidin& "ﬁ'&}lcho hacRor séﬁ@(%lﬁ ngrowp qf,a formuly ¥ éM‘PQWd is
ani ne sol vent sucdorageritedetdya aypoup of the fdumulat ybagdie(Cs-Cs alkyl) or

nethylpipe kdi ne, td out
in an i ner?ssol ven?%&cﬁgﬁ ‘hﬁ]fﬁ%uigaf tz]artgéy ?’%@%ﬂ‘g %g%&%& VA
di net hyl sul f oxi defoxiiexenpde, a SUlfQQPREFﬁmwvﬁﬂhaNG aa@%ﬂ%ﬂﬂﬁuwelef thet one,
met hyl ethyl ket fgpropriate sulkddie hck@, siéh Wy ehsalrb@asichaeeiggyi val ent

arine, 20 hadiulieigE SREERG Bhnl '31'%9%;".“%% %a? A S
di met hyl ami nopyr i ¥PHRTor 4B ey $88wr | 4 , or Wlt e
e.g., Haslam et f&ageﬁEebﬁaheﬁk(lbﬁﬂéh§4991f!ﬁﬁidhb@ﬁghesulfonlmlde, as
taught by Hendrickson and Bergeron, Tetrahedron Letters, 4607
(1973). The dihydroxy compound also can be reacted with the
appropriate sulfonic anhydride, mixed sulfonic anhydrides, or
sulfonimides. Such reactions are carried out under
25 conditions such as were explained above in the discussion of
reaction with acid halides and the like.
In the case where Rl, R2 and/or R3 of a formula I or
formula II compound has been converted to -0-S0,-CF3, said
~derivative can be further converted to a compound of formula
30 I or formula II in which -0-805-CF3 groups have been replaced
by ~-H. Thus the formula I or formula IIX
trifluoromethanesulfonate is reduced under conditions
described in Example 7, infra, or as taught by Ritter,
Svathegis, 735 (1993).
35 Although the free-base forms of formula I and
formula II compounds can be used in the methods of the
present invention, it is occasionally advantageous to prepare



The acyl ation reactions which provide the af orenenti oned term nal
Rlerr], Rerr] and R err] groups of conpounds of 25 formula | or
formula Il are carried out at noderate tenperatures in the range
fromabout -25[err] C to about 100[err] C, frequently under an inert
at nosphere such as nitrogen gas. However, anbient tenperature is
usual I y adequa for the reaction to run. 30 yuch
acyl ations of t %@”ﬁ?droxy group al so may bg perfornﬁﬁngﬁmﬁ'T"
aci d-catal yzed reactions of the appropriate 6- carboxylic acids in
inert organic solvents or heat. Acid catal ysts such as sulfuric
aci d, pol yphosphoric acid, nmet hanesul fonic acid, and the |ike are
used. 35 and use ahﬂuam@nenehmabhe@CRPpta?leH#éﬁrﬁoamd/dmnﬂqeth?

groups of doRbBlhds lud¥a fhar EHé%édhda%”BQUE'ﬂiss ai:ﬁ;enmnbﬁrﬂrae&uyed by
form ng an active ester of the ggioprratea%i Lo S4C E

VO 97/ 09044 form pharmaceutlc accept e aci FE@EG?%%?F?glth a

- 35- estwide tariety wf swghnknemd deeyeamic sardldsasand include the
d|cyclohexygcarbgﬂ&%ghggglégmi Ebé@ﬁé%ﬁﬁé SQHEEOQHfEH”é%e often used in

pent achl or ophenol y ro‘éfucgrnrm
hydr oxybenzot ri aRpaEmageRti eBb??rYCh%Chsﬁilt?] fF&n alsg pary@f) ghis
(1965), and ChemnBem:;.oﬂBS 'lannﬁ.caCDZilmﬁﬂg&ﬂ): acids used to form stadhselitshe

above techniques 4 QQﬂﬁP p%f&*égﬁlogﬁgx}h¥FrobromQ§1 ro E] ﬁ&éﬁ;ﬁ moi eti es

are carried out i'h_ 50 SCusse ove. ose f ues
whi ch do not prodvdéugic, phosphoxig, JamaRhosph °¥h%'dﬁﬁﬁ§§eo*1¥%e E€i on
of course, 100 notdekdved fra loriganithecids @bchnaacalhphaa&eng@mo|and:he

reaction Eggﬁgxyllc aﬁh$s, ph?P 1 WQE 1éu egﬁg#%n Qra Ia Il

conpound is desire err group
of a formula | cdWgseRYatkanoic and Ry ?ﬁ%ﬁ? ids
-O-Sgerr]-(d errdlighati¢ aidqdr)omtldSsulfom@ Sq.ésr |maRFpdso | be tusedf.or mul a
| di hydroxy conpqijg afﬁﬁE@dEid@hﬁ? acceptablbOba PXAMHG ifAcBidd Ydetate,

anhydride or a derivative ropriate sul fonic acrd such as a

t he
sul fonyl chPori d®b enylacet%‘r%mt&‘éﬂﬁ?r%"’tﬁé) P e SN @8FPTPaLE S aught by

Ki ng and MhmabateJ cH&nrdﬂenzanEM:dlnitraﬁéﬁz6§ﬂ§3 b¥rdyybarzoateh a
20 reagent S%&Q. DGR, ! methy PEQITRIRANesuLE é!Hﬂ?H@E &Se,
taught by andrrc son_and Bergeron, #’ 607

trahedron,Letters, 4
(1973). The di hyieBRFPRLERSIA e&’rzgatearP’%ﬂé‘“%@acr%ab‘rﬁlfrr?tﬁhephenylbu‘cyrate'
appropri at e sul f avhgdaokybutydateni kedymilf,drdioandy drexyoe-1o¢-diocate,

sul foni m dgg. Suclyd2Re! | QASHAARCAERI St iRHShate, citrate, formate,
fumarate, glycollate, heptanocate, hippurate, lactate, malate,
maleate, hydroxymaleate, malonate, mandelate, mesylate,
nicotinate, isonicotinate, nitrate, oxalate, phthalate,
terephthalate, phosphate, monohydrogenphosphate,

25 dihydrogenphosphate, metaphosphate, pyrophosphate,
propioclate, propionate, phenylpropionate, salicylate,
sebacate, succinate, suberate, sulfate, bisulfaté,
pyrosulfate, sulfite, bisulfite, sulfonate, benzenesulfonate,
p-bromophenylsulfonate; chlorobenzenesulfonate,

30 ethanesulfonate, 2-hydroxyethanesulfonate, methanesulfonate,
naphthalene-1l-sulfonate, naphthalene-2-sulfonate, p-
toluenesul fonate, xylenesulfonate, tartarate, and the like.
A preferred salt is the hydrochloride salt.

The pharmaceutically acceptable acid addition salts

35 are typically formed by reacting a compound of formula I or
formula IT with an equimolar or excess amount of acid. The
reactants are generally combined in a mutual solvent such as



25 conditions such as were expl ai ned above in the discussion of

reaction with acid halides and the |ike. In the case
where R err], R err] and/or R err] of a formula I or formula Il
conpound has been converted to -O-SOerr]-CF[err], said derivative
can be further converted to a conpound of fornula 30 | or formula Il in
which -O-S( e - rr] groups have been repl aced by, t he
formula | or %‘%%ﬁéﬁl I trifluoronmethanesul fonate is l?%ﬂggjsgé-’gg‘}zsnder
condi tions described in Exanple 7, ihfra, or as taught by Ritter,
Synthesis, 735 (1993). 35 Al t hough the free-base forns of
formula I and faormula Il conpounds can be used in the nethods of the

present inventi 8hethyl jethexcasi orhyl RCeEEAt adBBuSAE PPEpRYY
WD 97/ 09044 precipitates out of solution within aldGl/ bs@GAdY £d 10 days

-36- - d h icald. hus, th
35 s e RS R HTSEIA B SR W byt (e
phar maceut i cal | gtatergd ffifebicronenfiiongd BeaRs. with a w de variety

of Or?agi % an,ldti n\% gani ¢ #d ! rﬁ\&ée%ﬂ_fdéﬂ@ bBeeprableleniisl Q&hﬁﬁil!]&t
acceptabl e sa ich are .o [ ar na | C stry.
Such salts are §F¥8 ﬁnQ§P Fﬂ?@bkf%%y cﬁﬁ§8%???#§£lﬁfpggﬁﬁaﬁ%%ﬁﬁh%ﬁ% aci ds
used to form suchmpeynd from whigh|they leyer denived.c andy thesraygs ©ften more
hydroi odic, nitghénable to $8khiilaCioPR@snhghids diyRaRN8seReric, and the
like. Salts 10 deri v%qu{fg)gborgam c_aci.ds, such as %I hpgatkcrtqlnerllp and
di carboxylic acids, phen % PY ?%ae’&%“tP&ﬁSi grafifgented to tu

hydr oxyal Manoi ¢ idhustmatrethe prephrationc ofscompounds ofathespresent

al i phatic and angyBhtforsUl fIRNEE AGE UsntMAEdLBA khdiS8Pention be Hakted
pharmaceutical ly acc%gtggll e salts fhus incl gde a%&twate, 15

phenyl acet ate, tFj FFORT N &earen Qb Iaos tAE Fohifwang’ examples, ot e,

chl orobenzoat e, dinitrobaiMvaiaca figdroixg fnldowing ExamplesewhoR yhenersied,
et Byl benzoat e,h of- ?g@t BON MHZORIMR, insthruénehﬁpgéﬁldﬂ&ﬂ@di‘obbﬁ na@ﬁl@f'?‘mge’
i sobut yr , phen utyrate, - r utyrate,, butyne-1,4-dioate,
hexyne- 1, di oaﬂ‘@,gdzﬁs the (,sé’ﬂl?’ﬁfl'é,u'%aﬁ}%ﬂo%éfwﬁ# o’rnf%d'é:,agsﬁhnannt e, citrate,
“format e, fumarate, glycollate, heptanoate, hippurate, |actate,

mal at e, mal eat e, hydroxymal eate, mal onate, nandel ate, nesyl ate,
nicotinate, isonicotinate, nitrate, oxal ate, phthal ate,

t erepht hal at e, phosphat e, nobnohydrogenphosphate, 25

di hydrogené)hosphate, nmet aphosphat e, pyr ophosphat e,
2 Preparation 1la

6-Methoxythianapthen-2-one

MeO

25 .
To tetrahydrofuran (200 mL) containing 2-dimethylamino-6-
methoxybenzo- [b] -thiophene (cf. U.S. 5,420,349) (20.00 g, 96.5
mmol) was added 1N agueous HC1l (200 mL) and the resulting
mixture was heated to reflux for 3 h. The mixture was

30 cooled, the layers were separated, and the agueocus layer was
extracted with dichloromethane (300 mL). The combined
organic layers washed with water (250 mL), dried (MgSO4),
filtered and concentrated to give crude product, which was
recrystallized from 3A-ethanol, and dried in vacuo at room

35 temperature to afford the title compound (13.89 g, 77.0 mmol,



propi ol ate, propionate, phenyl propionate, salicylate, sebacat e,

succi nate, suberate, sulfate, bisulfate, pyrosul fate, sulfite,
bisulfite, sulfonate, benzenesul fonate, p- br onophenyl sul f onat e,

chl orobenzenesul fonate, 30 et hanesul fonate, 2-hydroxyet hanesul fonate,
met hanesul f-onat e, napht hal ene- 1- sul f onat e, napht hal ene- 2- sul f onat e,
p- t ol nate, xylenesulfonate, tartarate, and &f{g

A preferred sa t%?’g%%ﬁe hydrochl ori de salt L gﬂa}ﬁf-m
pharmaceutically acceptable acid additiaon sa'ﬁg[ s 35 are typically forned
by reacting a conpound of fornula | or formula Il with an equi nol ar
or excess anount of acid. The r eact ants are generally conbined in a
mut ual sol vent sB@$) psmp 80-82 °C; IR \(EBYY, kikk344 160 1485, 1287, 1015,

PCT/ US96/ 13778 865, 813 cm~1; 1H NMR (DMSO-dg) & 7.22 (87-1 H, J = 8. dlmh,yl

ether or ethyl a t h ysat ryTah | ¥ - p |pt

solution within (?eif &, Ig 6% 7é10( (%lty r 7= 8. 4g§§s: 4 (%qul $o a%’od:"byl
filtration or th )slsr%oﬁpéd n9enn%rﬁal nmeans.
5 5 ImeqahaJiaaBeulm&adlyssaecepsﬁmlemallt sc:gmmr&bkyc9naozs have
enhanced sol ubil Lty ragtepi st red, to .t he coppo from
which they are d%hsv%%% a%d Jéhus ?’e gp?gh MdsC, 60 24h P ?n&

fornul ati on as |1@l3¥s or enul sions. The fol I oW ng

exanpl es are presented to further 10 iIIustrate t he preparation of
conpounds of the present I nven |ntended that the

I nvention be limted I n scope %§%’35§%ﬁ°3f of the follow ng
exanpl es. 10 NMVR data for the foll owi ng Exanpl es were

gener at ed 64, &1%&@&&‘4‘8—%&@&%&5@?4 20 BNHYHEB R ieno [3, 2-
acetone-d[err] was 15 used as ;h@t ol vent unl €3S O ot herw se i ndi cat ed.
20 Pr ef: ?P"‘F%Y an-

6- Met hoxyt hi anapt hen- 2- one

15
To a stirred solution of 6-methoxythianaphthen-2-one (see
Docket B-9459) (20 g, 111 mmol) in a mixture of ethanol (100
mL) and methylene chloride (50 mL) was added 4-
methoxysalicylaldehyde (17.5 g, 115 mmol) followed by

20 triethylamine (567 mg, 784 mL, 5.6 mmol) at room temperature.
After 30 min, a solid began to precipitate and stirring was
continued overnight. The mixture was then diluted with cold
hexane (1 L) and filtered to yield 28.7 g (82%) of the title
product as an off-white solid, pure by lH-NMR analysis. an

25 analytical sample was obtained by recrystallization from
toluene as light yellow crystals, mp 157-1654°C: 1H-NMR (300
MHz, CDCl3) d 7.33 (4, J = 8.6 Hz, 1H), 7.31 (4, J = 8.1 Hz,
1H), 6.75 (d, J = 2.4 Hz, 1H), 6.70 (m, 2H), 6.60 {d, J = 2.5
Hz, 1H), 5.22 (d, J = 7.2 Hz, 1H), 4.33 (4, J = 7.2 Hz, 1H),

30 3.79 (s, 3H), 3.76 (s, 3H); IR (CHCl3) 1759 cm-l; MS (FD} m/e
314 (M+); Anal. calc'd. for C37H1404S: C, 64.95; H, 4.50.
Found: ¢C, 65.01; H, 4.58.



25 To tetrahydrofuran (200 nmL) containing 2-dinethyl am no- 6-

nmet hoxybenzo-[ b] -t hi ophene (cf. U S. 5,420,349) (20.00 g, 96.5 nmol )
was added 1N aqueous HO (200 nL) and the resulting m xture was
heated to reflux for 3 h. The m xture was 30 cool ed, the | ayers were
separated, and the aqueous |ayer was extracted w th dichl oronet hane
(300 m.). The organic | ayers washed with vat ¢

dried (MgSd e ﬁ f;‘?/bﬁﬁﬂ filtered and conc Etrat ed to give cru@é pr?)qguct
whi ch was recrystalllzed from 3A- et h: and dried in vacuo at room
35 tenperature to afford the-title conpound (13.89 g, 77.0 nmol,

WO 97/ 09044 . PCT/ US96/ 13778

- 38- 80%: np 80-82 [err]C IR (KBr) 1713, 1605, 1485, 1287, 1015,
865, 813 cnferr]; [err]H NVR (DVSO d[ @xeparatiign 7222 (d, 1 H J = 8.4 Hz),
7.11 ¢s, 1 H), 6.78 (d, 1 H, J=8.4 Hz) , 4.06 (s, 2 H, 3.71 (s, 3
H; [err]C NVR (DVMSO-d[err]) [err]203.5, 159.0, 136.9, 125.6, 5 124. 6,
112. 3, 108. 4, 55333-Pdmethoxyt6-&zldd bengothienpiper-ja) kkipenzopyran—C,
59.98; H, 4.47; S, 17.78. Found: C, 60.19;6+bné. 57; S, 18. 03.

Preparation | b 10
6a, 11a- Di hydr o- 3, 9- di net hoxy- 6- FL[l]benzothleno[3 2-
c] [ 1] benzopyr an- 6- one
[err] 15

A mixture of the product of Preparation 2 (4.5 g, 14.3 mmol)
10 and 2,3-dichloro-5,6-dicyano-1, 4-benzogquinone (DDQ) (3.4 g,
15 mmol) in dichloroethane (100 mL) was heated briefly to
80°C, inducing the formation of a precipitate. The mixture
was filtered hot, rinsing the precipitate with methylene
chloride, and the mother liquor concentrated in vacuo. The
15 remnant was dissolved in hot methylene chloride, filtered to
remove residual hydroquinone, and reconcentrated. The
product was recrystallized from toluene to provide 3.94 ¢
(88%) of the title product as white needles, mp 220-221°C:
1H-NMR (acetone-dg/DMSO-dg) 4 8.41 (4, J = 8.9 Hz, 1H), 7.82
20 (&, ¥ = 8.7 Hz, 1H), 7.74 (4, J = 2.3 Hz, 1H), 7.20 (dd, J =
8.9, 2.4 Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 7.03 (dd, J =
8.6, 2.4 Hz, 1H), 3.94 (s, 3H), 3.91 (s, 3H); IR (KBr) 1717
cm~l; MS (FD+) m/e 312 (M+); Anal. calc‘'d. for Ci7H31204S: C,
65.37; H, 3.88. Found: C, 65.51; H, 3.90.
25 o T o _
Preparation 3

3,9-Bis[(tert-butyldimethylsilyl)oxyl-6-H~
{l1]}benzothienol[3,2-c][1l]lbenzopyran~6-one
30



To a stirred solution of 6-nethoxythianapht hen-2-one (see Docket

B-9459) (20 g, 111 mmol) in a m xture of ethanol (100 . m.) and

net hyl ene chloride (50 nmL) was added 4- met hoxysal i cyl al dehyde (17.5
g, 115 mmol) foll owed by 20 - triethylamne (567 ng, 784 nL, 5.6 mmol) at
room t enper at ur e. After 30 min, a solid began to precipitate and
stirring was woomesQnti nued overnight. The m Xxture was then, fH?L &gg W th
cold hexane (1 L) and filtered to yige 28.7 g (82% o Be
product as an off-white solid, pure by [err]} NNR anal ysis. An 25

anal ytical sanple was obtained by recrystallization from t ol uene as
| ight yellow crystals, np 157-165d[err]C. [err] H NVR (300 VHz,
cbhCl[err]) d 7.33 (d, J =8.6 Hz, 1H), 7.31 (d, J = 8.1 Ht, 1H),
6.75 (d, J = 2.4 Hz, 1H), 6.70 (m 2H), 6.60 (d, J 502s} Hz, 1H)

301 | 3.79 (s, 3H),
e 314 (M)
4. 50. Found: C,

5.22 (d, J =7.2
3.76 (s, 3H); IR (CH
Anal . calc'd. for (e

Hz, 1H), 4.33 (d, J = 7.2 Hz,
Cl [err]) 1759 cnjerr];
rrlH err]derr]S:

65.01; H, 4.58. WO 97/ 09¢

PCT/ US96/ 13778 | - 39-

Preparation 2 Si=0 0 0

3, 9- Di net hoxy- 6- N-[ 1] benzot hi enb[ 4, 2-c] [ 1] benzopyran- 5.

6- one [err]

A m xture of the product of Preparation 2 (4.5 g, 14.3 mmol) 10 and

2, 3-di chl oro-5, 67di £ yethahiba BN Z0Greans1 e o 8hé Siroduct of
Preparation 2 (12 g, 38.4 mmol) in methylene chloride (220
5 mL) was added ethanethiol (11.9 g, 13.4 mL, 192 mmol)
followed by aluminum chloride (38.4 g, 288 mmol),
portionwise. The reaction mixture was stirred at ambient
temperature for 5 h, then cooled to 0°C and quenched
cautiously with tetrahydrofuran (THF) (250 mL) followed by
10 saturated sodium bicarbonate (250 mL). The mixture was
' diluted with THF (1 L), the layers separated, and the agqueous
layer was washed with THF (200 mL). The combined organic
layers were dried (sodium sulfate) and concentrated to yield
11.1 g {102%) of crude diphenol as a yellow solid, which was
15 used without further purification. ‘
The crude product was slurried in methylene chloride
(220 mL) and treated with triethylamine (20.2 g, 28 mL, 200
mmol) and tert-butyldimethylsilyl chloride (20.3 g, 134.4
mmol). The mixture was stirred at ambient temperature for 5
20 h, during which it slowly became homogeneous. After dilution
with hexane (600 mL), the mixture was washed with brine (600
mL) and the aqueous layer was extracted with hexane (300 mL).
" The combined organic layers were dried (sodlum sulfate),
concentrated, and the residue recrystallized from hexane to
25 provide 18.0 g (91%) of the title compound as a fluffy white
solid, mp 142-144°c: 1H-NMR (300 MHz, CDCl3) 4 8.50 (d, J =
8.7 Hz, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.32 (d, J = 2.1 Hz,
1H), 7.05 (44, J = 8.7, 2.1 Hz, 1H), 6.92 (d, J = 2.2 Hz,
1H), 6.84 (dd, J = 8.4, 2.2 Hz, 1H), 1.01 (s, 9H), 1.00 (s,
30 9H), 0.27 (s, 6H), 0.25 (s, 6H); 13C-NMR (75 MHz, DMSO-d¢) 4



15 mmol ) in dichloroethane (100 nL) was heated briefly to 80[err]C,

I nducing the formation of a precipitate. The m xture was filtered
hot, rinsing the precipitate with methyl ene chl oride, and the nother
| i quor concentrated in vacuo. The 15 remmant was di ssol ved in hot

met hyl ene chloride, filtered to renmove residual hydroqui none, and
reconcent r at ed wd 579044 product was recrystallized from t opdi@ifdeh$7s
provi de 3.94 ¢ (88% of the title proguct as white needles, np
220-221[err]c: [ err] H NWVR (acetone d6/DI\/SOd[err]) d 8.41 (d, J =
8.9 Hz, 1H), 7.82 20 (d, J =8 774dJ:23Hz 1H),

7.20 (dd, J = 8. 1 o £.03 (dd,

J = 8. 6, }.551"#&,1%'17H§ égg'f ;105’23 %égg‘i J‘é‘g ér{)lggé 1717

cnjerr]; M5 (FD+i24ife 32D. @I\/H17A61.aI116cél.c1bl2 Torlltl[ 8r r}!HfdJ.r ]26[ énr25:.6C,
25.37r H, 13.38. Foumd:18C2,65454, H.43. &? (éﬁ%}3)|%317 ?m‘ﬁ; MS (FD) m/e 512
reparation i

[ 1] benzot hi eno[Suﬁ+ ] eﬁ%(l)%yran °§I§ HEYZ < E¥ ﬂ‘\/\é ?(%044
PCT/ US96/ 13778 Found: C, 63.45; H, 7.36. -40-

[err] To a mechanically stirred slurry of the product of

Preparation 2 (12 g, 38.4 mmmol) in nethylene chloride (220 5 m.) was
added et hanethiol (11.9 g, 13.4 ni, 1§gzﬁﬁﬁﬁ%5ihn-4& foll owed by al um num
chloride (38.4 g, 288 mmol), porti onwi se. The reaction m xture was
stirred at anbient 3, o tiiPPfALPECLLRY IR Thed AETs 201§ Y 5Ll C and

quenched
10 [llbenzothieno[3,2~-c][1)benzopyran-6-ol

A solution of the product from Preparation 3 (2.0 g, 3.9
15 mmol)} in toluene (200 mL) was cooled to -92°C and treated
dropwise with a 1.0 M toluene solution of diisobutylaluminum
hydride (11.3 mL, 11.3 mmol) at a rate maintaining the
internal temperature below -89°C. The mixture was stirred
for approximately 3 h, as the temperature gradually rose to
20 -77°C, then quenched with methanol (5 mL) and 10% agqueous
citric acid (50 mL). After dilution with methylene chloride
(200 mL), the mixture was washed with saturated potassium
- sodium tartrate (100 mL), and the agueous layer was extracted
with methylene chloride (2 x 200 mL). The combined organic
25 layers were washed with brine (300 mL) and the brine wash was
further extracted with methvlene chloride (100 mL). The
organic layers were dried (sodium sulfate), concentrated, and
the remnant chromatographed (silica gel, 1-15% ethyl
acetate/hexane) to yield 360 mg (18%) of starting material,
30 1.21 g (60%, 74% based on recovered starting material) of the



cautiously wth tetrahydrofuran (THF) (250 niL) followed by 10 sat ur at ed
sodi um bi carbonate (250 nL). The m xture was diluted with THF (1
L), the layers separated, and the aqueous | ayer was washed with THF
(200 nlL). The conbi ned organic | ayers were dried (sodium sulfate)
and concentrated to yield 11.1 g (102% of crude di phenol as a

yel | ow sol i d, i s 15 used without further purificat)
The crude prodwgﬁ}ma%dg@sl urried in nmethyl ene_ghloride ?'S%smlfws

treated with triethylamne (20.2 g, 28 niL, 200 mol ) and
tert-butyldinmethylsilyl chloride (20. 3 g, 134. 4 mmol ). The m xture
was stirred at ant)le tenperature f ng which it slowy
becane hormpgeneoldt! eéXf qEIPoURE RS Gh W2 lte cr%"t"’ﬂ'lﬁ'@?aﬁ‘éi %O@nﬁ‘l}y tiggk
m xture was washedmpilé hreorysealbided from hekgneriethyheaecepam)s mpaye2- was
extracted with hgg #25 (380 3k (300 wm1z) 109 GATRENCH OIGANKG, | BAEY S

a

dried (sodium su ncentrat ed e reS| recré‘it aI I | zed

from hexane to 2% 3 -prZO\?'l Ha- 1781'”0 J-29148 of % Belt Fﬂen'é)or’rﬁoﬁﬁd(
fluffy whitse , 8.5, sblg diz, "RHILAZ B8A[(BET £ C: 1H)er Bl B MVR 3800 VB, (br s,

782 (. ) = 2 10O (e o, 200Gy S 6,28 |G, e LN %E%'d )
= 2.2 Hz, WG‘@}&S(D&%F) $ 158. 1253231»12151}-3 B%P, (331g%y) 124.
(s, 30 9H), @22/9,(3.216H), 10825 (133. 6H)113[arr]1¢2NWR 1080 7VHBD .7, 25. 1

DVEO-d[err]) d 35,1, 17.9, -5Y9 98 03044 (cucis) 354 -1,
PCT/ USS6/ 13778 2 9, ( 3) 0 cm~i; MS (FD+)1g| e 514

157.0, 154%, 153M%): Arglg cakg'd. £px)CgrHapPeSSia: C. 62498y & 12850
117.6, 116.3, 1lRound:l11%t,353108; G1, 2266, A R60 mg (13938.16% b3sed or. 4,

égl i:l dI Rf (()S:Hg[ Ea(ra? %—%er rﬁjdqs rgirr?gg [“edr\%rg'gg)o%g&fikaﬁl 9e10%4 ( NE); Anlil)ﬁnd:

C, 63.45; H, Preparation 4
3,9-Bis[(tert- butyldl met hyl silyl)oxy]-6-H 10 |

[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an- 6- ol i

[err]

@ )
1-0

OH "OH

15
as an amorphous solid: 1H NMR (300 MHz, CDCli) 4 7.73 (d, J =
8.7 Hz, 1H), 7.29 (4, J = 2.0 Hz, 1H), 7.16 (4, J = 8.2 Hz,
1H), 6.98 (d4, J = 8.7, 2.0 Hz, 1H), 6.5 (m, 3H), 6.30 (br s,
1H), 4.71 (s, 2H), 1.01 (s, 9H), 1.00 (s, 9H), 0.22 (s, 6H),

20 0.19 (s, 6H); IR (CHCl3) 3600, 3510 cm~l; MS (FD+) m/e 516
{M+); Anal. calc'd. for c27H4od4ssi2: C, 62.73; H, 7.82.
Found: C, 62.49; H, 7.83.

Breparation 5
25
3,9-Bis[(tert-butyldimethylsilyl)oxyl-6-phenoxy-6-H-
[1lbenzothieno[3,2~-c] [1]l1benzopyran



A solution of the product fromPreparation 3 (2.0 g, 3.9 15 mml) in
tol uene (200 nmL) was cooled to -92[err]C and treated dropwi se with a
1.0 Mtoluene solution of diisobutylal um num hydride (11.3 nm, 11.3
mmol ) at a rate maintaining the i nternal tenperature bel ow
-89[err]C. The m xture was stirred for approximately 3 h, as the
tenperature g rose to 20 -77[err]C, then quenche hanol
(5 nm) and 10¢ﬁ§3@@@%% ' citric acid (50 nm). After dlluf¥h&&mg?h

nmet hyl ene chl ori de (200 L), the mixture was washed with saturated
pot assi um sodiumtartrate (100 nlL), and the aqueous |ayer was
extracted wi th nethylene chloride (2 x 200 nlL). The conbi ned organic
25 | ayers were washed with brine (300 nmi) and the byipe wash was
further extracted with nmethylene chloride (100 nL). ®hei organic

| ayers were dried (sodiumsulfate), concentrate ¢d | t he remant
chromat ographed (silica gel, 1-15% et hyl ate/hexane) to yield
360 nmg (18% of starting nmaterial, 30 % 74% based on
recovered starting material) of the MO 97/ 09044

PCT/ US96/ 13778 -42- titled
conpound as a white crystalli Gt o) P sanpl e
recrystallized from hexane/ et hy dcetate np 162- 164[err] O):
[err]H NVR (300 MHz) d 7.70 (d J 9.0 Hz, 1H), 7.46 (d, J =21
Hz, 1H), 7.29 (d, J = 8.1 Hz, 7.00 (dd J=5 8.5, 8 Hz, 1H),

8 (B 5 10 x5 it of Do of gy (6l g,

153.3, 151.7, 13’9‘“‘91 P@% Qhe‘&%k 13 g, 43493mpl)in Wet@&]ae% chigride
113.1, 11257, 10800 ). was2?8dded anhydroﬁé iagrieéi%m sblfate Y425 QR and

CHC 3540 4 | c f
(C[err][a{ L:]ra] QerrfﬂSI errr% éf\% Wa% §t1::.r11&i for Qw)at%(%en%a 63 e OrH
7.68, and 260 ngt '@:%a V&G halley f%ture Wasr@é&%ﬁédagéavqncf?@%eﬂ.%d of

t he diol bel ow the residue dissolved in chlorobenzene and reconcentrated in

vacuo at approximately 70°C. The residue was then dissolved

10 in methylene chloride (300 mL), washed with saturated sodium
carbonate (3 x 300 mL) and water (2 x 300 mL), dried (sodium
sulfate), and concentrated to yield 5.16 g (99%) of the title
compound as an amorphous solid which was used without further
purification: 1H NMR (300 MHz) 4 7.67 (d, J = 8.7 Hz, 1H),

15 7.50 (4, 3 = 2.1 Hz, 1H), 7.4-7.5 (m, 4H), 7.23 (4, T = 8.4
1H€), 7.08 (t, J = 7.2 Hz, 1H), 6.99 (dd, J = 8.7, 2.1 Hz,
1H), 6.67 (dd, J = 8.4, 2.3 Hz, 1H), 6.62 (4, J = 2.3 Hz,
1H), 0.99 (s, 9H), 0.96 (s, 9H), 0.24 (s, 6H), 0.21 (s, 6H);
13¢ NMR (125 MHz) 4 156.9, 153.3, 151.7, 139.9, 131.9, 124.5,

20 123.%, 121.7, 118.8, 113.7, 113.1, 112.7, 108.7, .90.7, 25.1,
25.1, 17.9, ~-5.2, ~5.2; MS (FD+} m/e 590 (M+); Anal. calc‘'d.
for C33H4204SSiz: €, 67.06; H, 7.18. Found: C, 66.78; H,
6.96.

25 Preparation 6

3,9-Bis[{tert-butyldimethylsilyl)oxy]l-6-[4-[2-(1~
piperidinyl)ethoxylphenyl]-6~-H~[1l]lbenzothieno([3,2~
cl [1])benzopyran
30



[err] 15 as an anor phous solid: [err]H NVR (300 MHz,
chCl[err]) d 7.73 (d, J = 8.7 Hz, 1H), 7.29 (d, J = 2.0 Hz, 1H
7.16 (d, J = 8.2 Hz, 1H), 6.98 (dd, J =8.7, 2.0 Hz, 1H, 6.5 (m
3H), 6.30 (br s, 1H), 4.71 (s, 2H), 1.01 (s, 9H), 1.00 (s, 9H), 0.22
ﬁf’ g[%, 20 0.19 gf,|6kb;|lR (CHCG [err]) 3600, 3510 cnjerr]; M (FD+)

e wokoossinal . calcd. for ClerrJHerr]err]SSi "
0273, b 7. g2 O E L S %62 a0 H 7,83 SLErTISS eetiobsanss

Preparation 5 25 _
3,9-Bis[(tert-butyldinethylsilyl)oxy]-6-phenoxy-6-H

[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an WO 97/ 09044
PCT/ US96/ 13778
[err]

To a solution of the product of Preparation 5 (4.0 g, 6.7
mmol) in toluene (100 mL) at 0°C was added a 0.5 M THF
5 solution of 4-{2-(l-piperidinyl)ethoxylphenylmagnesium
bromide (prepared from the corresponding bromobenzene and
magnesium turnings, catalyzed by iodine in THF, 27 mL, 13.5
mmeol). The mixture was allowed to warm to room temperature
and stirred for 1.5 h. After quenching with water (300 mL),
10 the mixture was extracted with ethyl acetate (2 x 300 mL},
and the organic layer was dried (sodium sulfate) and
concentrated. The residue was purified via chromaﬁography
(silica gel, 3:1 hexane:ethyl acetate, 0.1% ammonium
hydroxide) to give 3.85 g (82%) of the title compound as a
15 colorless, gummy solid: 1H NMR (300 MHz) 4 7.45 (s, 1H),
7.2-7.3 (m, 4H), 6.8-6.9 (m, 3H), 6.68 (s, 1H)}, 6.51 (4, J =
8.1 Hz, 1 H), 6.36 (s, 1H), 4.01 (t, J = 6.0 Hz, 2H), 2.62
(t, J = 6.0 Hz, 2H), 2.41 (m, 4H), 1.4-1.6 (m, 4H), 1.3-1.4
{m, 2H), 0.99 (s, 9H), 0.96 (s, 9H), 0.22 (s, 6H), 0.20 (s,
20 6H); 13c NMR (125 MHz) 4 160.3, 157.9, 154.0, 153l5, 141.0,
132.8, 132.6, 130.1, 129.8, 126.1, 124.8, 122.7, 119.4,
115.3, '114.5, 114.2, 114.0, 109.4, 78.2, 66.9, 58.5, 55.6,
26.8, 26.0, 26.0, 25.0, 18.7, -4.3, -4.3; MS (FD) m/e 702
(M+); Anal. calc'd. for CgoHssNO4gSSiz: C, 68.43; H, 7.90; N,
25 2.00. Found: C, 68.58; H, 8.00; N, 2.26.

Example 1



To a solution of the product of Preparation 4 (4.52 g, 8.78 nmol )
and phenol (4.13 g, 43.9 mmol) in nethylene chloride 5 (100 m.) was
added anhydrous nagnesium sul fate (4.5 g) and the resultant slurry
was stirred for 4 h at anbient tenperature. The m xture was filtered
and concentrated and t he residue dissolved in chlorobenzene and
reconcent r at edwg7/09044 vacuo at approximately 70[err]C. Th Cfl‘ﬁﬁ!‘ S

t hen di ssol ved 10 in methyl ene chloride_gg00 ni), mashedqant gg?ﬁ*?ted
sodi um carbonate (3 x 300 nL.) and water (2 x 300 nmL), dried (sodium
sulfate), and concentrated to yield 5.16 g (99% of the title

conpound as an agor.ph olid ich was used w {hout further
purification: an94§§¥i Nﬁgf4d[?’éﬂ?ﬁ#pﬁr&dgn?lﬁft@ﬂ§Y]HBenYl]TFSO

(d, J = 2.1 Hz 7. 4-7H5[1hbeuﬁpth1dﬁb(3L26c¥[8]benzopyréj$ 7.08 (t,
J = 7:2 Hz, lkb 6 99 (dd, J 8.7, 2.1 Hz, 1H), 6.67 (dd, J = 8.4,
2.3 Hz, 1H), 6.62 (d, J = 2.3 Hz, 1FD, 0pf9 (s, 9H), 0.96 (s, 9H)
0.24 (s, 6H), 0.21 (s, 6H); [err]C 125 MHz) d 156.9, 153.3
151.7, 139.9, ,131.9, 124.5, 20 3 118.8, 113.7, 113.1,

112.7, 108.7, 90.7, 25.1, . .2, -5.2; M5 (FD+) nmfe 590
(M+); Anal. calc'd. for AR Jerr]SSi[err]: C 67.06; H,
7.18. Found: C, 66.78; H,
Preparation 6

O
3,9-Bis[(tert-butyldinethyls I)oxy]-6-[4- - f:::]
pi peri di nyl) et hoxy] phenyl]-6-H[ 1] benzot hi eMs
c] [ 1] benzopyran 30 WO 97/ 09044
PCT/ US96/ 13778 - 44-

To a solution of the Preparation 6 product (3.85 g, 5.5 mmol)
in THF (150 mL), was added a 1.0 M THF solution of tetra-n-
butylammonium fluoride (TBAF) (27.4 mL, 27.4 mmol). The
solution was stirred at ambient temperature for 2 h, then

10 diluted with ethyl acetate (300 mL) and washed with saturated
ammonium chloride (300 mL). The aqueous layer was washed
with ethyl acetate (150 mL), and the combined organic lavers
were washed with saturated sodium bicarbonate (300 mL}, dried
" {sodium sulfate), and concentrated. The remnant was purified

15 by chromatography (silica gel, 1:1 hexane:ethyl acetate, 10%
methanol, 0.1% ammonium hydroxide) to give 2.35 g (90%) of
the titled product as a red foam. Crystallization from
methanol gave an off-white powder, mp 242-245d°C: 1H NMR
(300 Mz) & 8.58 (br s, 2H), 7.35 (d, J = 2.1 Hz, 1H), 7.26

20 (d, 3 = 8.6 Hz, 2H), 7.17 (4, J = 8.2 Hz, 1H), 7.16 (4, J =
8.6 Hz, 1H), 6.84 (d, J = 8.5 Hz, 2H), 6.80 (m, J = 2.2 Hz,
1H), 6.63 (s, 1H), 6.46 (dd, J = 8.2, 2.2 Hz, 1H), 6.35 (4, J
= 2.3 Hz, 1H), 4.02 (t, J = 6.0 Hz, 2H), 2.63 (t, J = 6.0 Hz,
2H), 2.42 (m, 4H), 1.4-1.6 (m, 4H), 1.3-1.4 (m, 2H); 13c NMR

25 (125 MHz, dimethylformamide-dy;) 4 160.2, 159.9, 156.4, 153.2,
140.8, 132.8, 130.9, 129.6, 125.3, 124.6, 122.5, 115.2,
115.1, 112.2, 109.6, 108.8, 108.7, 104.5, 77.6, 66.6, 58.3,
55.3, 26.5, 24.8; BRMS (FAB+) m/e calc'd. for CpgHzgNO4S
474.1739 (MH+), found 474.1726; Anal. calc'd. for

30 C2gH27NO4S-0.8H20: C, 68.90; H, 5.92; N, 2.87. Found: C,
68.88; H, 5.76; N, 2.86.



[err] To a solution of the product of Preparation 5 (4.0 g, 6.7

nmml) in toluene (100 n.) at O0C was added a 0.5 M THF 5 sol ution of

4-1 2- (1- pi peridi nyl) et hoxy] phenyl magnesi um brom de (prepared fromthe
correspondi ng bronobenzene and magnesi um t urni ngs, catalyzed by
lodine in THF, 27 nL, 13.5 . mmol ). The m xture was allowed to marn1to

roomterr]:)eratuvgo?,11 g and stirred for 1.5 h. After quenchinqx%@kga
e m e

(300 nL), 10 xture was extracted wgép et hyl acet at

and the organic layer was dried (sodium sulfate) and concentrated
The residue was purified via chromatography (silica gel, 3:1
hexane: et hyl acetate, 0. 1% amoni um hydr oxi de) to give 3.85 g (82%
of the title conpound as a 15 colorless, gumy solid: [err]H NVMR (300
MHz) d 7.45 (s, 1H), 7.2-7.3 (m Bkhmpkel8.25. 9 (m BFD, 6.68 (s, 1H),
6.51 (d, J = 8.1 Hz, 1 H), 6 36 (s, 1H), 4.01 (t, J 6.0 Hz, 2H),
2.62 (t, J =6.0 H, 2H), 4H), 1.3-1.4

(m
(m 2H), 0.99 (s3. QHPi!PERP§¥'59mﬁ H?1&ﬂ1ngsrﬁdlewioqﬁ#O&&ﬂphenzlﬂ-6-
[err]C NMRg125 MHz) d 16QH3[1153nQotﬂi%ﬂb[ﬂﬁ@vE}[14$d&zopyran 132. 8,
132.6, 130.1, '129.8, 126.1, 124.8, 122.7, 119.4 115.°3, 114.5,
114.2. 114.0, 109.4, 78.2, 66.9, 58.5, 55.6, 26.8, 26.0, 26.0, 25.0,

18.7, -4.3, -4.3; M5 (FD) nie 702 (MR Anal . calc'd. for
Clerr]H err]NOJerr]SSi[err]: C, 68.43; F& ' N, 25 2.00. Found: C,
68.58; H, 8.00; N, 2.26. Example 1

WO 97/ 09044 PCT/ US96/ 13778
- 45- 3, 9- Di hydr oxy- 6-[ 4- - pi deri di nyl) et hoxy] phenyl ] - 6-
H-[ 1] benzot hi eno[ 3, 2- c] [ 1] benggg
oH
0/\/N

A solution of the product of Example 1 (300 mg, 0.633 mmol)

10 in methanol (75 mL) was treated with a solution of
diazomethane in ether/ethanol ' (approximately 16 mmol) at
ambient temperature. The mixture was stirred until gas
evolution ceased, nitrogen was bubbled through for 10 min to
remove excess diazomethane, and the mixture was concentrated.

15 Radial chromatography of the residue (1:1 hexane:ethyl
acetate, 2% methanol, under an ammonia atmosphere) provided
118 mg (37%) of the title compound as white crystals, mp 134-
36: 1m NMR (300 MHz) 4 7.51 (4, J = 2.2 Hz, 1H), 7.2-7.4 (m,
J = 8.6 Bz, 4H), 6.86 (m, 3H), 6.70 (s, 1H), 6.55 (d&, J =

20 8.4, 2.3 Hz, 1H), 6.41 (d, J = 2.4 Hz, 1H), 4.01 (t, J = 6.0
Hz, 2H), 3.83 (s, 3H), 3.74 (s, 3H), 2.62 (t, J =6.0 Hz,
2H), 2.40 (m, 4H), 1.4-1.6 (m, 4H), 1.3-1.4 (m, 2H); 13c NMR
(125 MHz, CDCli3) d 160.8, 159.2, 157.1, 152.6, 140.3, 131.6,
131.3, 130.5, 129.1, 124.3, 124.0, 121.7, 114.6, 114.0,

25 112.8, 107.6, 105.7, 102.3, 77.9, 65.8, 57.8, 55.5, 55.2,
54.9, 25.9, 24.1; MS (FD+) m/e 501 (M+); Anal. calc'd. for
C30H3INO4S: €, 71.83; H, 6.23; N, 2.79. PFound: C, 71.53; H,
6.20; N, 2.84.

30 Example 3



5 To a solution of the Preparation 6 product (3.85 g, 5.5 mmol)
in THF (150 nL.), was added a 1.0 M THF solution of tetra-n-

but yl ammoni um fl uoride (TBAF) (27.4 nli, 27.4 mol). The sol uti on was
stirred at anbient tenperature for 2 h, then 10 diluted with ethyl
acetate (300 nL) and washed with saturated anmoni um chl ori de (300
m.). The aqu r was washed with ethyl acetate_(150 ni and
t he conbi ned ??g%@xfayers were washed with saturat eH&E’Hﬁ‘GFR’h

bi carbonate (300 nL), dried (sodiumsulfate), and concentrated. The
remmant was purified 15 by chromat ography (silica gel, 1:1 hexane: et hyl
acetate, 10% nmet hanol ;, 0. 1% amoni um hydroxi de) to give 2.35 g (90%
of the titled product3e2-BipdRemganlakydr GHlkzi3 ok f r om

(300 M) T 8. 88 (hr o ohy R B an e i (LI BERLb AR 13,2

. r s, , 7. 3 , 7. , =
&am,nm7¢7m,3:&2m,nﬁbﬁé@%yy 8.6 Hz, 1H),
684§d,J = 8.5 H, 2H), 6.80 (m J = 2.2 Hz, 1H), 6.63 (s, 1H),
6.46 (dd, J = 8.2, 2.2 Hz, 1H), 6.35 (d, J 0.3 Hz, 1H), 4.02 (t, J
= 6.0 Hz, 2H), 2.63 (t, J = 6.0 Hz, & (m 4H), 1.4-1.6 (m
4H), 1.3-1.4 (m 2H); [err] C NWR 25 di pet hyl f or mam de-d7) d
160.2, 159.9, 156.4, 153.2, - 130.9, 129.6, 125.3,

124.6, 122.5, 115.2, 115. 1, .20 1084 108.8, 108.7, 104.5, 77.6,
66. 6, 58.3, 55.3, 26.5.024.f PERWY(FAB+) nfe calc'd. for

CerrJ]Herr]NdJerr]S 438, 1718 )AL foynd 474.1726; Anal. calc'd.
for 30 Cerr]H err] NJ € @&rr 7 AN 5.92; N,
2.87. Found: C, 68.88; H, 5.76; WO

97/ 09044 g Nes778

- 46- Exanpl e 2

To a solution of the product of Example 1 (200 mg, 0.42 mmol)
in methylene chloride (25 mL) at room temperature was added
_triethylamine (0.18 mL, 1.27 mmol) followed by benzoyl

10 chloride (0.15 mL, 1.27 mmol) via syringe over 10 minutes.
The reaction mixture was stirred for 16 hours and then washed
with saturated sodium bicarbonate (25 ml) followed by water
(25 ml). The organic layer was dried (sodium sulfate) and
‘concentrated, and the residue was purified by radial

15 chromatography (silica gel, 12:12:1 ethyl
acetate:hexanes:methanol under an ammonia atmosphere) to
afford 200 mg (69%) of the title compound as a tan solid: 1m
NMR (300 MHz, DMSO-ds) d 8.1-8.2 (m, 5H), 7.5-7.8 (m, 8H),
7.2-7.3 (m, 3H), 6.9-7.0 (m, 5H), 4.00 (t, J = 5.5 Hz, 2H),

20 2.60 (t, J = 4.8 Hz, 2H), 2.38 (m, 4H), 1.4-1.5 (m, 4H), 1.3-
1.4 (m, 2H); HRMS (FAB+) m/e calc'd. for C42H36NOgS 682.2263
(MH+), found 682.2286.

Exanple 4

25 3,9-Bis(pivaloyloxy)-6-[4-[2-(1~
piperidinyl)ethoxylphenyl]l-6-H-[l]lbenzothieno[3,2-
cl [1]lbenzopyran



3, 9- D net hoxy-6-[4-[2-(1-piperidinyl)ethoxyl phenyll-6- 5
H- [ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an

[err] A sol ution of the product of Exanple 1 (300 ng,
0.633 mml) 10 in nmethanol (75 nL) was treated with a solution of

di azonet hane in ether/ethanol (approximately 16 mmol) at anbi ent
tenperature. T ! re was stirred until gas evol uti ,
nitrogen was bmﬁ%&?hrough for 10 mn to _48- renove excel,g:tsivu(gis'g!sﬁ.}1

di azonmet hane, and the m xture was concentrated. 15 Radi al

chromat ography of the residue (1:1 hexane:ethyl - acetate, 2%

nmet hanol , under an ammoni a at nosphere) provi ded 118 ng (37% of the
title conpound as white crystals, np 134- 36: ,O[err]H NMR (300 MHz)
d 7.51 (d, J =2.2 Hz, 1H), 7.2-7.4 (m J 6 Hz, 4H), 6.86 (m
3H), 6.70 (s, 1H), 6.55 (dd, J = 20 : 3 Hz, , 6.41 (d, J = 2.4
Hz, 1H), 4.01 (t, J =6.0 Hz, 3.74 (s, 3H), 2.62
(t, J = 6.0 Hz, 2H), 2.40 (m (m 4H, 1.3-1.4 (m 2H);
[err]C NWMR (125 MHz, CD[ er§ 159.2, 157.1, 152.6, 140.3,

440 121.7 114.6, 114.0, 25

o738 . 55.2 r:;;) 54. 9,
C, .53: H,

131. 6, "131.3, 130.5, 291, >
112.8, 107.6, 105.7, 102.3, OGN )
25.9, 24.1; M5 (FD+) me 501 (WH); Anal. calc

Jerr]Herr]NJerr]S: C, 71.83; H 6.23; N, 2. ¥ .
6.20; N, 2.84. 30 Exanmple 3
YE;?7/09044 According to the procedure of Exam£¥€“595%ﬁé1§¥3'uct of
Example 1 (200 mg, 0.42 mmol) was reacted with triethylamine
5 (0.18 mL;,, 1.27 mmol) and pivaloyl chloride (0.16 mL, 1.27

mmol) in methylene chloride (25 mL) to afford 190 mg (70%) of
the title compound as a white foam: 1y NMR (300 MHZ, CDC13)
d47.58 {(d, J =1.7 B2z, 1H), 7.35 (d, J = B.1 Hz, 1H), 7.26
(d, J = 9.6 Hz, 2H), 7.14 (d, J = 8.7 Hz, 1H), 6.93 (dd, J =

10 8.8, 2.1 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 6.70 (dd, J =
4.3, 2.1 Hz, 1H), 6.63 (s, 2H), 4.13 (t, J = 5.4 Hz, 2H),
2.83 (m, 2H), 2.58 (m, 4H), 1.66 (m, 4H), 1.46 (m, 2H), 1.37
(s, 9H), 1.33 (s, 9H); MS (FD+) m/e 641 (M+); HRMS (FAB+) m/e
calc'd. for C38H44NOgS 642.2889 (MH+), found 642.2848;

15 Anal.calc'd. for C38H43NOgS: C, 71.11; H, 6.75; N, 2.18.
Found: ¢C, 71.86; H, 6.49; N, 2.09.

Exanple 5
20 3,9-Bis(1l1-butylsulfonyloxy)-6-[4-[2-(1-

piperidinyl)ethoxy)lphenyl]-6-H~[1]lbenzothieno[3,2-
. e¢llllbenzopyran



3, 9-Bi s(benzoyl oxy)-6-[4-[2-(1-

pi peri di nyl) et hoxy] phenyl]-6-H[ 1] benzot hi eno[ 3, 2-

c] [ 1] benzopyr an [err] 5 To a solution
of the product of Example 1 (200 ng, 0.42 mmol) ~in methylene chloride
(25 nmL) at roomtenperature was added triethylamne (0.18 niL, 1.27
mol ) fol | onedy§yyigszoyl 10 chloride (0.15 m., 1.27 nnnl%%ﬁh Gﬁéﬁgnge
over 10 minutes. The reaction mxture jgas stirred for

t hen washed wi th saturated sodi um bi carbonate (25 m) foll owed by
wat er (25 m). The organic layer was dried (sodiumsulfate) and
concentrated, and the residue was purified by radial 15 chr omat ogr aphy
(silica gel, 12:12:1 ethyl acet at e: hexanes: net h8ol under an amoni a
at nosphere) to afford 200 ng (69% of the titpes ound as a tan
solid: 1H NVR (300 MHz, DMSO-d6) d 8. 1- gﬁﬁquﬁé 7.8 (n1 8H),
7.2-7.3 (m 3H), 6.9-7.0 (m 5H), 4.00 (t, 2H), RO .60 (t,
J =4.8 Hz, 2H), 2.38 (m 4H), 1.4-1.5 (m 1.4 (m 2H)

HRVS (FAB+) me calc'd. fQr Cerr]H g S 682 2263 (M),
found 682. 2286. Yh—wxiqg
3, 9-Bi s(pi val oyl oxy)-6-[4-][ 2-

Bxanpl e 4 25
0]
pi peri di nyl ) et hoxy] phenyl ] -6-H-[l ]benzothleno[-
c] [ 1] benzopyr an WD 97/ 09044 o N\AN
PCT/ US96/ 13778 - 48-

According to the procedure of Example 2, the product of
Example 1 (200 mg, 0.42 mmol) was reacted with triethylamine

5 (0.18 mL, 1.27 mmol) and n-butanesulfonyl chloride (0.17 mL,
1.27 mmol) in methylene chloride (25 mL) to afford 120 mg
(40%) of the title compound as a clear brown gum: 1H NMR
(300 MHz, CDC13) d 7.77 (s, 1H), 7.38 (d, J = 8.5 Hz, 1H),
7.29 (4, J = 9.5 Hz, 2H), 7.11 (s, 2H), 6.8-6.9 (m, 4H), 6.63

10 (s, 1H), 4.08 (t, J = 5.4 Hz, 2H), 3.2-3.2 (m, 4H), 2.77 (¢,

= 5.4 Hz, 2H), 2.51 (m, 4H),1.9-2.0 (m, 4H) 1.4-1.6 (m,

i0H), 0.9-1.0 (m, 6H); HRMS (FAB+) m/e calc'd. for
C38H44NOgS3 714.2229 (MH+), found 714.2206.



[err] According to the procedure of Exanple 2, the product of

Exanple 1 (200 ng, 0.42 nmmol) was reacted with triethylamne 5 (0. 18
m., 1.27 mmol) and pival oyl chloride (0.16 niL, 1.27 mol ) in

met hyl ene chloride (25 nL) to afford 190 mg (70% of the title
conpound as a white foam [err]H NVR (300 MHz, CDCl[err]) d 7.58 (d,
J =17 Hz .1 Hz, 1FD 7.26 (d, J

7.14 (d, J—SOIZ—E’(;&?"J'.1 693(dd J = 588 2.1 Hz, 1%?%@5'5%78(d\]
= 8.6 Hz, 2H), 6.70 (dd 3= 4.3, 2 1%, 6.63 (s, 2H), 4.13

(t, J 5. 4 Hz, 2H), 2.83 (m 2H), 2.58 (n1 4FD, 1.66 (m 4H), 1.46
(n1 2H), 1. 37 (s,. 9H), 1.33 (s, 9H); M5 (FD+) me 641 (Mt); HRVS
(FAB+) nie " calc'd. for Jerr]H erExampdeclss 642. 2889 (M), found
642. 2848; 15 Anal .calc'd. for (JerrJ]Herr]NJerr]S: C, 71.11; H, 6.75;
N, 2.18.

F d: 7]1.86..H 6.49:. N, 2.
Sammie 5 20 ¥ Bidteltrauprpmatnanesh BonYoRTe.16n For 13- (1-
pi peri di nyl) et hoxypdiperid disyH) pthosyl@pheryb] 36 2E-[1]1benzothieno[3,2-

c] [ 1] benzopyr an WO 97/0g 41b
PCT/ US96/ 13778 Pt enzopYran ,o.
[err] o
n
Ow=Su= CF5
il
o)

To a solution of the product of Example 1 (500 mg, 1.06 mmol)

10 in THF (25 mL) containing dimethylformamide (2 mL) at room
temperature was added triethylamine (0.64 g, 0.69 mL, 6.36
mmol} followed by N-phenyltrifluoromethanesulfonimide (0.83
g, 2.33 mmol). The reaction mixture was stirred for 12
hours, warmed to 60°C, and additional N-

15 phenyltrifluoromethanesulfonimide (0.30 g, 0.85 mmol) was
added. After 30 min, the reaction mixture was cooled to
ambient temperature and concentrated, and the residue was
purified by radial chromatography (silica gel, 1l:1
hexane:ethyl acetate, 1% methanol under an ammonia

20 atmosphere) to afford 780 mg (100%) of the title compound as
a white foam: 1H NMR (300 MHz, methanol-dy) d 7.63 (d, J =
8.8 Hz, 1H), 7.56 (d, J = 2.5 Hz, 1H), 7.13 (dd, J = 8.8, 2.7
Hz, 1H), 7.03 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.9 Hz, 2H),
6.49 (4, J = 2.5 Hz, 1H), 6.39 (4, J = 8.7 Hz, 1H), 6.05 (44,

25 J=8.7, 2.6 Hz, 1H), 4.00 (t, J = 5.5 Hz, 2H), 2.67 (m, 2H},
2.45 (m, 4H), 1.4-1.6 (m, 4H), 1.3-1.4 (m, 2H); 13Cc NMR (125
MHz) 4 159.8, 152.8, 150.2, 146.9, 140.4, 136.6, 130.5,
129.2, 127.3, 125.3, 123.4, 119.2, 118.9, 116.3, 114.7,
114.6, 110.4, 77.7, 66.0, 57.6, 54.7, 25.8, 24.0; MS (FD) m/e



According to the procedure of Exanple 2, the product of Exanmple 1

(200 ng, 0.42 mmol) was reacted with triethylamne 5 (0.18 nm., 1.27
mol ) and n-but anesul fonyl chloride (0.17 ni, 1.27 mmol) in

met hyl ene chloride (25 nL) to afford 120 ng (40% of the title
conpound as a cl ear brown gum [err]H NMR (300 MHz, CDCI[err]) d
7.77 (s, 1H, = 8.5 Hz, 1H), 7.29 (d, J

7.11 (s, 2H), éloégtgfog (m 4 6.63 10 (s,_1H), 4.08 (t %ﬁnﬁé&nﬁﬁ)z
2H), 3.2-3.2 (m 4H), 2.77 (t J =5%H, 2H), 2.51 (m 4H), 1.9:2.0
(m 4H 1.4-1.6 (m 10H), 091.0(m 6H); HRVS (FAB+) nfe cal c'd.
for C[errgklerr]hKIerr]S[err] 714. 2229 (M), found 714.2206.

WO 97/ 09044 (M+); Anal. calc‘d for CjipHas sNOQS@T/ So648.BAzgH, 3.42;

- 50- N, 1.90. Found: C, 49. osEXﬁmDé e716 N, 1.72.

3, 9- Brs(trlfluororrethanesulfonyl oxy)-6-[4-[2-(
pi peri di nyl) et hoxy] phenyl ]-6-H[ 1] benzot hi eno| 3 2- 5
c] [ 1] benzopyr an Example 7 [err]

5
6-[4-12-(1-piperidinyl)ethoxylphenyl]-6-H-
[1]1benzothieno[3,2-¢c] [1l]lbenzopyran

10
A solution of the product of Example 6 (780 mg, 1.06 mmol),
palladium(II} acetate (42 mg, 0.19 mmol), 1,2-
bis {diphenylphosphinopropane (149 mg, 0.36 mmol), formic acid
{0.6 mL), and triethylamine (3.0 mL) in anhydrous

15 dimethylformamide (40 mL) was stirred at ambient temperature
for 4 d. After concentration, the residue was subjected
chromatography (silica gel, 1:1 hexane:ethylacetate, 2-10%
methanol, 0.1% ammonium hydroxide). Product containing
fractions were concentrated, partitioned between methylene

20 chloride (100 mL) and saturated sodium bicarbonate (100 mL},
and the agueous layer extracted with methylene chloride (50
mL). The combined organic extracts were dried (sodium
sulfate), concentrated, and the residue purified by
chromatography (silica gel, 1:1 hexane:ethylacetate, 2-10%

25 methanol, 0.1% ammonium hydroxide) to give 267 mg (57%) of
the title compound as an oil which gave a white, crystalline
solid, mp 107°C, upon trituration with ether/hexane: 1H NMR
(300 MHz, CDCl3) 4 7.86 (d, J = 7.4 Hz, 1H), 7.40 (m, 1H),
7.1-7.3 (m, 6H), 6.97 (t, J = 7.3 Hz, 1H), 6.89 (d, J = 8.1

30 Hz, 1H), 6.84 (d, J = 8.6 Hz, 2H), 6.66 (g, 1H), 4.07 (t, J =
6.1 Hz, 2H), 2.75 (t, J = 6.1 Hz, 2H), 2.49 (m, 4H), 1.5-1.7



To a solution of the product of Exanple 1 (500 ng, 1.06 mmol) 10 in THF

(25 nmL) containing dinmethylformam de (2 nL) at room t enper at ure was
added triethylamne (0.64 g, 0.69 nL, 6.36 nmol ) fol |l owed by

N- phenyl trifl uoromet hanesul foni m de (0.83 g, 2.33 mol ). The
reaction mxture was stirred for 12 hours, warnmed to 60[err]C, and
addi ti onal henyl trifl uor omet hanesul fonl m de (0.30 0. 85 mol
was addavg”%of'{e)r 30 min, the reactionxture was coorgy"§9(§”3778

anbi ent tenperature and concentrated, and t %71 esi due was purified
by radial chromatography (silica gel, 1:1 hexane: et hyl acetate, 1%
nmet hanol under an ammonia 20 at m)sphere) to afford 780 ng (100% of the

title conpound aém. 4H), laduhilelm.o2i: 130 NMR KARS 0800 KPE13hst ﬁéﬁoﬂ.yd4) d
7.63 (d, J = 151, 68 &3623 1197 1, 51§3(633 1731-52 32528, 143 17 126 ( é’d J =

8.8, 2.7 d, 6.80 (d, 9 Hz,
2H) | 6. 49{%41- 3 1?4245 1%3 71H)12265391%3d5rH)12185-7 31H}1669.05 (dd,
25 J = 8. 7 P18. 64z 7716l , 68.D0 7.7, J54. 6, B5HB, 24)0; MR(Fbm wHd ,441
2.45 (m 4K, 6a&1§n 4 r 2

d 159. 8. 15% 8 ?L%O i FOTAG. gglclido%% é%i%n@%‘& [Ce 756G 5 BS é; 37 ¥y 3
125.3. 123.4. 119-B7. 1Feund: 11@, 35.932 B, 6.44; N'1§4035 110. 4, 77.7, 66.0,
57.6, 54.7, 25.8, 24.0; M8 (FD) rﬂe WO 97/ 09044

PCT/ US96/ 13778 : -51- 737 (MH);
Anal . calc'd for C[err]H[err]F[err]Nqerrigierri: & 48. 84; H, 3.42;
N, 1.90. Found: C, 49.05; H, 3.71; N, 1.72.

Exanpl e 718. 3,9-BEs[4teZt-butiydimenki L eineny)ameryé 4 [ - H
[ 1] benzot hi eno[ 3 pgrailoskyPREEPPYL 81 H- [11benzothieno [3,2-c] [11benzopFrhh

15 To a solution of the product of Preparation 5 (3.0 g, 5.08
mmol) in toluene (150 mL) at 0°C was added a 0.4 M THF
solution of 4-(trimethylsilyloxy)phenylmagnesium bromide
(prepared from the corresponding bromobenzene and magnesium
turnings, catalyzed by iodine in THF, 25.4 mL, 10.16 mmol).

20 The mixture was allowed to warm to room temperature and
stirred for 1.5 h. After dilution with ether (250 mL), the
mixture was quenched with saturated ammonium chloride (250
mL) and the organic layer was dried (sodium sulfate) and
concentrated. The residue was slurried in methanol (100 mL)

25 and ether was added until the mixture was homogeneous. The
solution was cooled to 0°C and treated with anhydrous
potassium carbonate (3 g) for 15 min. After dilution with
ether (250 mL), the mixture was filtered through Celite,
washed with saturated ammonium chloride, and the aqueous

30 layer was extracted with additional ether (100 mL). The



10 A solution of the product of Exanple 6 (780 ng, 1.06 mmol),
pal l adiun(Ill) acetate (42 ng, 0.19 mmol), 1, 2-

bi s(di phenyl phosphi nopropane (149 ng, 0.36 mml), formc acid (0.6
m.), and triethylamne (3.0 nL) in anhydrous 15 di et hyl f or mam de (40
m.) was stirred at anbient tenperature for 4 d. After concentration,
t he resi due wasyeyhposss €d chromat ography (silica gel, Hm 3778
hexane: et hyl acetate, 2-10% met hanol , 0g1% anmoni um hydr 6Xi de) "
Product cont ai ni ng fractions were concéntrated, partitioned between
met hyl ene 20 chloride (100 nL) and saturated sodi um bi carbonate (100
m), and the ueous | ayer_extracted wi th_nethyl ene chloride (50
m.). The conbi nedCBF‘gg?ﬁ% W‘gst Layene wareedried di spdium sulfakek.at e),
concentrated, andcbheemesittide pndi thedrdsidue purifivd byt eBrafdNodrEiphi,Ca
gel, 1:1 hexane:e tad1e, 18- 408 . t @%\?A 0. 19 njum .
hydr oxi de) to gi v%(g%jég&& %157%'%1%&&%% %I etec)drrpg%ggy%%é%?‘z&tﬁon
whi ch gave a whit X% § pravided 2.6;4) j(§7%hof Fhectifle egrpeund as a
triturationSsith 2ight/pinkaselid]lHyNT4-175°C: (3GONMREZ {36DGH-Ar & B.497 (86
(d, J =7.4 H, 1 7 ( : 1-4.3 H) yorb. 97 {f,, ok =_7.
Hz. 1H), 6.89 (d, k%n,: %ﬁ% 16" &W.F%.,z ‘. 1&?84.7(33,{'? 49‘8.%Hﬁt,gzﬁ(%,‘dé16% =
(s, 1H), 4.07 (t,837=2-2 Hz, @H), 5.70Hd, J 758(% Hz) JH, 16465 () 1H2, 49
é%%/ﬁgéé/iég}é'7 6.50 (ad, J = 8.X\0 2.4 G044H), 6.36 (4, J = 2.3 Hz, 1H),
1.4-1.5 (m. 2H): 13N CBs 2> oy, Py2Y &%’9.6%,%' 0.20 ‘S_L'5f§*3],’ %)9.3,
137. 1, 13319 131MMR (3ap MHz)oqd 158.4h6 157.8, 153.9,2458,.5121401,9,133277,
122.6, 121.5, 1211%1.4,1933,.111629.9, 126.1,113467, 42207,6%19.35416.154- 9,

25.8, 24.0;, M5 (F ( s JANgl. .. C 'd r
Clerr]H err] NJ er Eig mcq%?jiSilifg'Gl.\ﬂp?;jN, %'3' aiﬁc‘?.'l%.g‘%bu]n%'ﬁ'c,"l'fg?93;
H 6.44; N, 3. 01 IR (CHCl3) 3590, 3310 cm"l; MS (FD+) mfeRfGi(Msn;7analg

3,9-Bi s[(tert-but galdnkt BorsthiHphoxs$iL- [ €, 67.07; H, 7.16. Found: C,
hydr oxyphenyl ] - 6- g%[.,’lg;bgﬂzqt‘giseno[ 3, 2-c][ 1] benzopyran

w

b+

3,9-Big[(tert-butyldimethylsilyl)oxyl-6-[4-[2-(1-
20 pyrrolidinyl)ethoxylphenyl]~6-H-[1l]lbenzothieno[3,2-
¢l [1]benzopyran

25 A toluene solution of the product of Preparation 7 (400 mg,
0.68 mmol), triphenylphosphine (708 mg, 2.7 mmol), and 1-(2-
hydroxyethyl)pyrrolidine (390 mg, 396mL, 3.39 mmol) was
treated with diethyl azodicarboxylate (DEAD) (470 mg, 425mL,
2.7 mmol) at room temperature and stirred for 2 h. The

30 mixture was then diluted with ether (100 mL), washed with



15 To a solution of the product of Preparation 5 (3.0 g, 5.08

nmml) in toluene (150 nm.) at O[err]C was added a 0.4 M THF sol ution
of 4-(trimethylsilyloxy)phenyl magnesi um brom de (prepared fromthe
correspondi ng bronmobenzene and nmagnesi um turni ngs, catalyzed by
lodine in THF, 25.4 ni, 10.16 mmol). 20 The m xture was allowed to warm

to roomtenper d stirred for 1.5 h. After dil upipgseshiAs et her
(250 nL), the ‘@b%’&oﬂpﬁ xture was quenched ngt,J‘_ sat urated ammoni um clﬁﬁl oride

(250 m.) and the organic | ayer was dried (sodiumsulfate) and
concentrated. The residue was slurried in nmethanol (100 nmL) 25 and
et her was added until the m xture was honpbgeneous sol gtion was

. The
cool ed to Of er r] E2EwERESS AMBGRHIR CRLRIILO(L00 ML), aﬂatﬁlé%iat%et?éfﬁb At (3
g) for 15 min. A{hshediwith @ddititnal ethere$@rmi)250The)conlimed prgamimas

filtered through,Celite ; ] r o} ﬁg{l?é‘gd,l,maﬁhleﬁéde,
and t he agueous §5yer§ Wegyeepr\%,gg“@%@glg&gﬁgfﬁﬂagﬁ% i?ona et her Q‘oo m).
The repidyalonyphenylphosphine oxide precipitated from hexane.

PCT/ US96/ 13978  qhe hexane mother liquor was concentrateld3and the residoebi ned

organic layers were,dri sediumsulfate). .q.: conc . t he
residue purifi edpﬂﬁlgﬁ?‘g&ﬁéf ggﬁnbograp%( (%H‘cl:%ggeglél E?Bﬁ%ﬁ%ﬁe&gﬁg}gt hgll
acet ate). Recryskgetatat ibrb% methansk.of.Adxameopiuw hydgosidely (o3 gdyeod>T he
“t')edcorrpou?d Amga (79%) of ldrﬁhti@%j@le&@duﬁd a9 4 blbFites <5:Elr_:£] RN ( 300
VHz 8.49 (s, 1 7.44 (d,_J 5 2.2 Hz , 5% 3a7. AH) | 6.83
(dd, J = 4390 %‘?ﬁwl%,"'fé) ,(86.J76' (Zd,% éz& ’8’?%'%,252 ‘ %fG?'fs%ﬂfLH),
6.50 (dd, 30= 8. 2H)2.3.2%, (m,HRH)6. 8685 did,] 8=60H3, |$H) 1f)y83 (dd, T 5 8g6(s,
9H), 0.95 (s, 9Hp 30m2] {1y, ®Ie8 Ps201H)S, 6G5D; (4@ 1d G 8.3, 2.2 Hz, 1H),
6.36 (d, 2.2 Hz, 1H), 4.03 (t, J = 6.0 Hz, 2H), 2.77 (t, J =
6.0 Hz, 2H), 2.50 (m, 4H), 1.67 (m, 4H), 0.98 (s, 9H), 0.95
(s, 9H), 0.21 (s, 6H), 0.20 (s, 6H); 13Cc NMR (125 MHz) d
15 160.1, 157.8, 153.9, 153.4, 140.9, 132.7, 132.5, 131.1,
129.8, 125.9, 124.7, 122.6, 119.3, 115.1, 114.4, 114.1,
113.9, 109.4, 78.1, 67.7, 55.2, 54.9, 26.0, 25.9, 24.0, 18.6,
-4.3; MS (FD+) m/e 687 (M+); Anal. calc'd. for C3oH53NO4SSiz:
c, 68.06; H, 7.78; N, 2.04. Found: C, 67.94; H, 7.61; N,
20 2.21.

Example 8

3,9-Dihydroxy-6-[4-[2-(1-pyrrolidinyl)ethoxy]lphenyl]-
25 6-H-[1]benzothieno[3,2-c][1l]lbenzopyran

By the procedure described for Example 1, the product of
30 Preparation 8 (331 mg, 0.48 mmol) was reacted with 1.0 M TBAF
in THF (2.4 mmol) to give, after radial chromatography



10 NVR (125 MHz) d 158.7, 157.8, 153.9, 153.5, 140.9, 132.7,

131.6, 131.1, 129.9, 126.1, 124.7, 122.7, 119.3, 116.1, 114. 4,
114.0, 113.9, 109.3, 78.3, 26.0, 25.9, 18.7, -4.3; IR (CHC [err])
3590, 3310 cnferr]; M5 (FD+) nmfe 590 (M+); Anal. cald d. for
Cerr]Herr]q err] SSi[err]: C 67.07; H 7.16. Found: C, 15 66.79; H,
7. 05. Preparation 8

3,9-Bis[(tert- butyI A et hy! si y] - 6-[ 4- L%%f 1- 20 PCT/US96/13778

| yl) ox
pyrrolidinyl)ethoxy] phenyl]-6-H[1] benzot hie 3, 2-
c] [ 1] benzopyr an [err]
A toluene solution of the product of Preparation 7 (400 ny,
0. 68 mmol ), tripHEAieMdEThi del(hexpngrethyl anetate.ad@¥imethancl, under an

hydr oxyet hyl ) pyr aahoniaeatridddhege) 3200Timg 3939) rfdi@'ﬁhél\/%ﬁtle compdurRAhgda Wi t h

di et hyl azodi carg,ﬂ {[pE?B) 7 425&11“? 7 mol ) at room
t enperature and %&' rézé or 28 94 mX ur(e was %hen diluted with
ether (100 ni), jqIppamide- d 10.0pllr7y F447-45 (4, T = 2.0 Hz,

PCT/ US96/ 13778 1H), 7 30 (d, J = 8.4 Hz, 2H), 7.23 (&54 = 8.6 Hz, &Hyr ot g

Sarc i onal et L'e?e‘?é? &@)Zrﬁ%r'g%ﬁn&e SISy Hz|'a§§’? o Gt (G od =
(sodi um sul f at e) 8-8ontchtHzat 8H) - abd74 Hee., 1H), ¢ &l diddl, r#phedy|phodphi ne
oxide precipitated)fremdedns. = 2.1 Hz, 1H), 4.14 (t, J = 5.6 Hz, 2H), 2.96
(¢, 3 = 5.5 Hz, 2H), 2.6-2.8 (m, 4H), 1.6-1.8 (m, 4H); 13Cc NMR
10 (125 MHz, dimethylformamide-d;) 4 160.2, 159.6, 156.4, 153.2,
140.8, 133.0, 130.8, 129.6, 125.2, 124.6, 122.4, 115.3,
115.1, 112.2, 109.7, 108.8, 104.5, 77.6, 66.8, 54.8, 54.7,
23.8; IR (KBr) 3286 cm~1l; HRMS (FAB+) m/e calc'd. for
C27HaeNO4S 460.1583 (MH+), found 460.1572; Anal. calc'd. for
15 C27H25NO4S-0.5H20: C, 69.20; H, 5.60; N, 2.99. Found: C,
69.13; H, 5.31; N, 2.58.

Breparation S

20 3,9-Bis[(tert-butyldimethylsilyl)oxyl-6-[4-(2-
dimethylaminoethoxy)phenyl}l-6-H-[l]lbenzothieno[3,2-
cl [l)lbenzopyran

25
By the method described in Preparation 8, the product of
Preparation 7 (450 mg, 0.76 mmol), triphenylphosphine (799
mg, 3.1 mmol), and N,N-dimethylethanolamine (340 mg, 383 mL,
3.81 mmol) were reacted with diethyl azodicarboxylate (DEAD)
30 (531 mg, 480mL, 3.1 mmol) in toluene (30 mL). Chromatography



5 . The hexane nother |iquor was concentrated and the residue

purified by chromatography (silica gel, 1:1 hexane: et hyl acet at e,
3-5% net hanol , 0. 1% anmoni um hydroxi de) to give 359 ng (779 of the
title corrpound as a col orless oil: [err]H NWR (300 MHz) d 7.45 (d, J
:21Hz 7.28 (d, J = 8.6 Hz, 10 2H), 7.22 (m 2H), 6.85 (d, 8.6
Hz, 6. 83 09047 S 2.3 Hz, 1H), 6.68 (s, 1H) ,UE%, , J =
8.3, 22Hz : 636(d 22H21_L4.03(t,J:§?8 ,I(I' :
2.77 (t, J = 6.0 Hz, 2H), 2.50 (m 4H), 1.67 (m 4H), 0.98 (s, 9H),
0. 95 (s, 9H) 0.21 (s 6H) 0. 20 (s 6H) [err]C NVR (125 M—lz) d 15

160.1, 157.8, 153.9 153.4, 140.9, 132.7, 132. L,
125.9, 124.7, 12535161101319‘% S hfxaﬁleeﬁhyllfzfe‘r’ate' 3 mefi‘§n91'1‘2)91%4 78. 1,
67.7, 55.2, 54.Oamifnifim BFdSoxidik)0praBided 357 mg {ALB) d‘iSthDu:).t.‘née 687

Mt): Anal . calc Q6. H,
(M) pnl,- ca rofompi Shoh oY e O W %960 jogy 0 7.5 B -

Exanpl e 8 1 Hz.9lH) hy'bf%'&ymﬁ d- f28(611{?yr|2§|>rd7r?94| )8 hdZY] pheddy 1P 25
6- H-[ 1] bensot hi em)[,B 62-67] (8] bEmzZo@ByEen(dd, J = 8.2, 2.2 Hz, 1By,tbsfr@edure

descri bed for Exgnp i_the glll_'CtJOf g,Cb Hﬁ—F Egpaé 4 q@_ 8J( 33d gy, 0. 48

mol ) was reacted vm ive, "after
radi al chromat ogfBbhy2-20 (s, 5H)r 0. 9%(97/%04@ 5 (s, oF 9H)v 021 (s, ),
PCT/ US96/ 13778 0.20 (s, 6H); 13C NMR (125 MHz) d 160.1,957.8, 153.9, (S8lL4ca

gel, 1:1 hexane:gifyj 335t 3t €133Q% 484 hanoizg $1d85639, 124.7, 122.7,
10 119.4, 115.2, 114.4, 114.1, 113.9, 109.4, 78.1, 67.0, 58.7,
46.0, 26.0, 25.9, 18.6, -4.3; MS (FD+) m/e 661.5 (M+); Anal.
calc'd. for C37Hs1NO4SSiz: €, 67.11; H, 7.78; N, 2.12.
Found: C, 67.38; H, 7.52; N, 2.09.

15 Example 9

3,9~Dihydroxy-6-[4~(2-dimethylaminoethoxy)phenyl]-6-H-
{1l}benzothieno([3,2-c]l[1l)benzopyran

20

By the procedure described for Ei:ample 1, the product of
Preparation 9 (328 mg, 0.50 mmol) was reacted with 1.0 M TBAF
in THF (2.5 mmol) to give, after radial chromatography

25 (silica gel, 1:1 hexane:ethyl acetate, 30% methanol, under an
ammonia atmosphere) 212 mg (99%) of the title compound, which
crystallized from carbon tetrachloride/acetone as a pink
solid, mp 130-1404°C: 1H NMR (300 MHz) d 7.34 (4, J = 2.1
Hz, 1H), 7.25 (4, 0 = 8.6 Hz, 2H), 7.15 (m, 2H), 6.9-7.0 (m,

30 3H), 6.62 (s, 1H), 6.45 (ad, J = 8.3, 2.3 Hz, 1H), 6.34 (4, J
= 2.2 Hz, 1H), 4.01 (¢, J = 5.8 Hz, 2H}, 2.64 (t, J = 5.8 Hz,



ammoni a at nosphere) 200 ng (91% of the title conpound as a white

solid, np 237-240dC. [err]H NVR (300 MHz, di met hyl formam de-d[err])
d 10.05 (br, 2H), 7.45 (d, J = 2.0 Hz, 5 1H), 7.30 (d, J = 8.4 Hz,
2H), 7.23 (d, J = 8.6 Hz, 1H), 7.19 (d, J =8.2 Hz, 1H, 6.91 (d, J
= 8.7 Hz, 2H), 6.86 (dd, J = 8.9, 2.2 Hz, 1H), 674(s 1H), 6.51
(dd, J = 8.2, Zwé otigooss 1H) 6.40 (d, J = 2 1

5.6 Hz, 2H), 2.96 (t, J = 5.5 Hz, 2H)_5.7 8 m 4I—l)P&'LI1’Ué;6?3és(m
4H); [err] C NWR 10 (125 MHz, dlmathylforrram d[ rr]) d 160.2, 159.6,
156. 4, 153.2, 140.8, 133.0, 130.8, 129.6, 125.2, 124.6, 122.4,

115. 3, 115.1, 112.2, 109.7, %A 8, 104.5 77.6, 66.8, 54.8, 54.7,
23.8; IR (KBr) 3£§é'c%f%9r fs, BHVE TIEABMR (185 2§z d 168:0, 159.8, 156.0,
qerr] H err] NO e5BS5 AGDILAR3 168k0) , 130Wnd 14602 1575 . Anabs. 94l gals for 15

C[err] Herr] qu&bbséerj’ialsoﬁﬁ'*[z& r$01147,5908%7, Hoe:08010k: 8 2- 7.0, ERURY:

Prepar atlon 9 5§-6, 45.8; IR QKBF)s[:ﬁQOr 5l HRMSTEFABE L mAe Jasly] d6- fdr ( 2-
di met hyl amfoet hCgsizaNony | 43 6-1142/61 (MRAE Ot fouRIGOR3421440; Anal. calc'd. for

c] [ 1] benzopyr an t he
met hod descri bedcﬁnﬁgpgﬁ%r%tlllcgr%% Fhe 61; r602dugt' %fgé’ N, 2. 9§epa‘79ﬂrfdon %'(450
my, 0.76 mol), ©PBheri rﬂw(?éthneZ(%Q my, 3.1 mol), and

N, N- di et hyl et hanol am ne (340 ng, 383 ni, ' 3.81 Mol ) were reacted

wi th diethyl azodicarboxyl ate (DEAD) 31 n 480ML, 3.1 mmol) in
toluene (30 nmL). Chromat ography 7109044

PCT/ US96/ 1778
" 3,9-Bis[(tert-butyldimethylsilyl)oxyl-6-[4d-[2-(2-0x0O~
l-pyrrolidinyl)ethoxylphenyl]-6-H~-[1]lbenzothieno[3,2-
cl[1l]lbenzopyran

15

By the method described in Preparation 8, the product of
Preparation 7 (450 mg, 0.76 mmol), triphenylphosphine (799
mg, 3.1 mmol), and 1-(2-hydroxyethyl)-2-pyrrolidinone (492

20 mg, 431 mL, 3.81 mmol) were reacted with diethyl
azodicarboxylate (DEAD) (531 mg, 480 mL, 3.1 mmol) in toluene
(30 mL). Chromatography (silica gel, 1:1 hexane: ethyl
acetate) provided 368 mg (69%) of the title compound as a
white foam: 1H NMR (300 MHz) d 7.45 (d, J = 2.1 Hz, 1H),

25 7.28 (d, J = 8.7 Hz, 2H), 7.23 (d, J = 8.2 Hz, 1H), 7.22 (4,

= 8.6 Hz, 1H), 6.88 (m, 3H), 6.69 (s, 1H), 6.51 (dd, J =

8.5, 2.5 Hz, ‘1H}, 6.36 (d, 2.3 Hz, 1H), 4.05 (t, J = 5.4 Hz,
2H), 3.54 (t, J = 5.4 Hz, 2H), 3.46 {t, J = 7.0 Hz, 2H), 2.15
(t, J = 8.0 Hz, 2H), 1.91 (m, 2H), 0.98 (s, 9H), 0.95 (s,



- 56- (silica gel, 1:1 hexane:ethyl acetate, 3% nethanol, 0.1%

anmoni um hydr oxi de) provided 357 ng (71% of the title conpound as a
white foam [err]H NVR (300 MHz) d 7.45 (d, J = 2.1 Hz, 1H), 7.27
(d, J =8.6 H, 2H, 7.24 (m 2H), 6.83 (m 5 . 3H), 6.67 (s, 1H, 6.50
(dd, J = 8.2, 2.2 Hz, 1H), 6.36 (d, 2.2 Hz, 1H), 4.00 (t, J =5.9
Hz, 2H), 2.60 = 5.9 Hz, 2H), 2.20 (s, 6H), 0.98 0. 95
(s, 9H). 0.21 &’,’"éﬁj",‘ 0.20 (s, 6H): Egrr]c NVR (125 ll\’/ﬁ')us 168, 1,
157.8, 153.9, 153.4, 141.0, 132.7, 132.6, 131.2, 129.8, 126.0,

124.7, 122.7, 10 119.4, 115.2, 114.4, 114.1, 113.9, 109.4, 78.1, 67.0,

58. 7, 46.0, 26.0, 25.9, 18.6, -4.3; M5 Q{D+ me 661.5 (|v|+%- Anal .
calc' d. for O erdHH] 8rRING er6H)ssPp &P r{s, EH)g719G NMB (3259MH3) & 175.0,
Found: C, 67.38;14d.1/. 288.N 1549, 185.6, 141.2, 133.2, 133.0, 131.4,

Exanpl e 9 20.35 1 HOC e 142 (9 NSEIVE R D09aoRY) el -6 1

[ 1] benzot hi eno|

[err] 114.2, 189-6hdHBocEdud e tedor #Bed: fHk-ZxafpPe 26-2/hd8.2,

Q_Ezguct of 5 " T_4F_ar;e|ggr @3?15)91632&rmﬁ,;f tﬁRﬁ@ (B'Fui4-|)) Meod;ﬁgd?gsﬁpt 251. 0 M
[ IV y

(silica gel, 1:1 %g;éﬂ%%y?oia’g’eoggt g‘,a"LgOOer‘rler{oﬁgggf?ﬁl}r’fder an

anmoni a at nosphere) 212 ng (99% of the title conmpound, which

crystallized fromcarbon tetrachl ori de/ ggghene a0 a pink solid, np
130- 140dC:. [err]H NMVR (300 MHz) d 7.34 (d, J = 2.1 Hz, 1H), 7.25 (d,
J =8.6 H, 2H), 7.15 (m 2H), 6.9-7.0 (m 30 3H), 6.62 (s, 1H), 6.45

(dd, J = 803, 2.3 Hz, 1H), 6381-PdhxﬁroxY-5-E‘QIE‘HZ#QH%tlﬂn01 (t, J =
5.8 Hz, 2H), 2.64ginroh faPnPlléthoxyliphenyl]-6-H-[11benzothieno([3,2-
cl[llbenzopyran

O/\/IQ
o]

15
By the procedure described for Example 1, the product of
Preparation 10 (331 mg, 0.47 mmol) was reacted with 1.0 M
TBAF in THF (2.4 mmol) to give, after radial chromatography
(silica gel, 1:1 hexane:ethyl acetate, 20% methanol, under an

20 ammonia atmosphere) and recrystallization from acetone 161 mg
(72%) of the title compound as a red solid, mp 150-160d°C:
1§ NMR (300 MHz, methanol-dg) 4 7.21 {(m, 3H), 7.11 (d, J = 8.3
Hz, 1H), 7.02 (4, J = 8.7 ¥z, 1H), 6.80 (d, J = 8.6 Hz, 2H),
6.71 (44, J = 8.6, 2.2 Hz, 1H), 6.51 (s, 1H), 6.37 (dd, J =

25 8.2, 2.3 Hz, 1H), 6.25 (d, J = 2.3 Hz, 1H), 4.04 (t, J = 5.2
Hz, 2H),.3.57 (¢, J = 5.2 Hz, 2H), 3.48 (t, J = 7.1 Hz, 2H),
2.28 (t, J = 8.1 Hz, 2H), 1.91 (quintet, J = 7.5 Hz, 2H); 13C
NMR (125 MHz, methanol-dg) 4 178.0, 160.2, 160.0, 156.2,
153.9, 141.7, 133.7, 131.9, 130.%, 130.3, 125.6, 125.0,

30 122.7, 115.6, 115.4, 113.4, 109.8, 109.0, 104.9, 78.6, 66.6,



WD 97/ 09044 PCT/ US96/ 13778

-57- 2H), 2.30 (s, 6H); [err]C NMR (125 MHz) d 160.0, 159.8,
156. 0, 153.5, 141.1, 133.0, 131.4, 130.2, 129.8, 125.3, 124.8,
122.6, 115.3, 115.2, 112.7, 109.7, 109.0, 104.8, 78.0, 66. 6 58. 6,

45.8; IR (KBr) 3300 cnierr]; HRVMS (FAB+) nie cahzzg. L?rl f
Cerr]H err] NGyeydrksnssd 34 1426 (MH+), found 434 na or
CerrJHerr]NJerr]S[err]0.4CC [err]: C, 615@2 H 4.69; N, ?C%g‘gyﬂ?’ﬁd C,
60.93; H 4.73;, N, 2.95. Preparation 10 10
3,9-Bis[(tert- butyldinethylsilyl)oxy] 6-[4-[ 2-(2-oxo-

1- pyrrol|d|nyl)ethoxy]phenylé FL[l]benzothleno[3 2-

c] [ 1] benzopyran 43-4. 7, 9; IR (CHC13)[ 46809 cm™l; NS (FD+) m/eB¢78he

met hod descr i bed(mmﬁr aaanatd:am:-& tfbg eﬁﬁggﬁbs@f(cng) co: Pfcep%gﬁworw (450
, 076 mmol ), r'. yLphosp ,
r1Tg(2 hydroxye% hyT) ]g' @r#b??di (ﬂlr‘@d(‘49§ %7 -92; % 54%8; i, 2)35§1 nmol ) were

reacted w th diethyl azodi car boxyl ate (DEAD) (531 ng, 480 ni, 3.1
mmol ) ‘i n t8l ugne (30 ni). Chromatography (silica gel, 1:1

hexane: et hyl acetate) provided 368 ng (69% of the title conmpound as
a white foam J[err]H NVR (300 'gkamxie’ 49a(d, J = 2.1 Hz, 1H), 25

e, 119 8.8 (m sty S BT S 16,63 s odibrahaibdidogr ooy,

6.36 (d, 2.3 Hz, 1H), 4.855x 113°°n=5°'ahi-|2nol3 2- clzﬂlbsnsqp(nram 5.4 Hz,
2H), 3.4610t, J = 7.0 Hz, 2H), 2.15 (t, J =8.0 Hz, 2H), 1.91 (m
oH). 0.98 (s, 9H), 0.95 (s,

By the procedure described for Example 1, the product of
Preparation 11 (458 mg, 0.66 mmol) was reacted with 1.0 M

15 TBAF in THF (3.3 mmol) 'to give, after radial chromatography
(silica gel, 1:1 hexane:ethyl acetate, 10-20% methanol, under
an ammonia atmosphere) and crystallization from acetone/ether
296 mg (72%) of the title compound as a red solid, mp 118-
123d°c: 1H NMR (300 MHz) & 7.35 (d, J = 2.1 Hz, 1H), 7.26 (d,

20 J=8.6 Hz, 2H), 7.16 (d, J = 8.1 Hz, 1H), 7.13 (d, J = 8.5
Hz, 1H), 6.81 (m, 3H), 6.62 (s, 1H), 6.45 (dd, J = 8.3, 2.3
Hz, 1H), 6.35 (d, J = 2.2 Hz, 1H), 3.98 (t, J = 6.2 Hz, 2H),
2.78 (¢, J = 6.2 Hz, 2H), 2.56 (q, J = 7.1 Hz, 4H), 0.97 (t,

. = 7.1 Hz, 6H); 13C NMR (75 MHz) § 160.2, 159.7, 155.9,

25 153.5, 141.1, 132.9, 131.5, 130.2, 129.9, 125.4, 124.8,
122.7, 115.2, 112.8, 109.6, 108.9, 104.8, 78.1, 67.5, 52.6,
48.3, 12.4; IR (KBr) 3311 cm™l; MS (FD+) m/e 462 (MH+); Anal.
calc'd. for Co7H27NO4S: C, 70.04; H, 6.13; N, 3.04. Found:
C, 70.26; H, 5.90; N, 3.03.

30



WD 97/ 09044 PCT/ US96/ 13778

- 58- 9H), 0.21 (s, 6H), 0.20 (s, 6H): [err]C NMR (125 Mz) d
175. 0, 160.1, 158.1, 154.2, 153.6, 141.2, 133.2, 133.0, 131.4,
130.1, 126.2, 125.0, 122.9, 119.6, 115.5, 114.6, 114.4, 114. 2,
109.6, 78.3, 67.0, 48.7, 42.7, 31.2, 26.2, 26.2, 18.9, 5 -4.1; IR

(CHO [err]) 16 %@[errHRMS (FAB+) nmle calc'd. for PCT/US96/13778

Cerr]Herr] NJ er ] 701.3027 (M), ggnd 701. 3039.

Exanfle 10 10 3,9-Di hydro 6-[4-[2-(2-o0xo0-1-
pyrrolidinyl)ethoxy]phenylI-6-F+[1]benzoth|eno[3 2-

c] [ 1] benzopyr an CH 15
By the procedure described for Exanpl e Bxampdeorifbict of Prepar ati on

10 (331 ng, 0.47 mml) was reacted3\ptBihydr¥xy-6-[4-TBAF(i0 THF (2.4 mol)

N S S S e e

recrystal lization from acet one 161 ngel [1]benzoiphanf the t|tIe conpound

as a red sodid, np 150-160dC [err]H NVMR (300 MHz, nethanol -d[err])
d7.21 (m 3H), 7.11 (d, J = 8.3 Hz, 1Hpg 7.02 (d, J = 8.7 Hz, 1H),
6.80 (d, J = 8.6 Hz, 2H), : = 8.6, 2.2 Hz, 1H), 6.51 (s,
1H), 6.37 (dd, J = 25 8. : 5(d, J =2.3 Hz, 1H), 4.04
(t, J =5.2 Hz, 2H), 3. W, 2H), 3.48 (t, J = 7.1 Hz,
2H) 2.28 (t, J = 8. v (qU|ntet J =7.5 Hz, 2H);
160. 2, 160.0, 156.2,

[err]C NVR (125 Mz, o[er ]) d 178.0,

153.9, 141.7, 133.7, 131.9, 125.0,r80\6 122. 7,
115.6, 115.4, 113.4, 109.8, 66. 6 \,/J

By the procedure described for Example 1, the product of
Preparation 12 (521 mg, 0.74 mmol) was reacted with 1.0 M

10 . TBAF in THF (3.7 mmol) to give, after radial chromatography
(silica gel, 1:1 hexane:ethyl acetate, 15% methanol, under an
ammonia atmosphere) and crystallization from acetone/ether
286 mg (81%) of the title compound as a red solid, mp 147-
15338°C: 1H NMR (300 MHz) 8 7.35 (d, J = 2.1 Hz, 1H), 7.25 (4,

15 J = 8.6 Hz, 2H), 7.16 (d, J = 8.3 Hz, 1lH), 7.14 (4, J = 8.6
Hz, 1H), 6.81 (m, 3H), 6.62 (s, 1H), 6.46 (dd, J = 8.2, 2.2
Hz, 1H), 6.35 (d, J = 2.2 Hz, 1H), 4.04 (t, J = 5.7 Hz, 2H),
3.56 (t, J = 4.7 Hz, 4H), 2.68 (t, J = 5.7 Hz, 2H), 2.47 (t,
J = 4.3 Hz, 4H); 13C NMR (75 MHz) 8§ 160.0, 159.7, 155.9,

20 153.5, 141.1, 132.9, 131.4, 129.8, 129.7, 125.4, 124.8,
122.6, 115.2, 112.8, 109.6, 108.9, 104.7, 78.0, 67.2, 66.5,
58.1, 54.7; IR (KBr) 3471 cm~l; MS (FD+) m/e 475 (MH+); Anal.
calc'd. for Co7HsNOs5S-0.25H20: C, 67.54; H, 5.36; N, 2.92.
Found: C, 67.58; H, 5.51; N, 2.57.

25



VO 97/ 09044 | PCT/ US96/ 13778

-59- 43.4, 31.8, 30.7, 18.9; IR (CHO[err]) 1680 cnferr]; M
(FD+) me 474 (MH); Anal. calc'd. for
Cerr]Herr]NJerr]S[err](CH err])[err]CO C, 67.77; H, 5.51; N,

2.64. Found: C, 67.92; H, 5.56; N, 2.59. 5
Exanpl e 10a w°’7f°§°4§- 3, 9- Di hydr oxy-6-[ 4-(2-di et hyl am noetpréprﬁs;&r}%r}’yl] -

6- H [ 1] benzot hi eno c] [ 1] benzopyran 10

[err] By the procedure descri®ed for Exanpl e 1, the product
of Preparation 11 (458 ng, 0.66 mml) was reacted with 1.0 M 15
TBAF in THF (3.3 nmol) to give, after radial chromatography (silica
gel, 1:1 hexane:ethyl acetate, 10-20%xendration i@ an anmoni a

at nosphere) and crystallization from acetone/ et her 296 ng (72% of

the ti'tle conpound as re ol jd 118- : 123dC: err]H NVMR (300
MHz) I[err] 7.rr§5u(d,eﬁ'312.'%’1if£d’i%§9?9§ oxy-6;31- [11penzg @#éqomgrla
(d, J =8.1 Hz, 1H, 7.13 (d, J =<c3.B lbenzopiyrantid-ore 81 (m 3H), 6.62

(s, 1H), 6545.(dd, J 8.3, 2.3 Hz, 1H), 6.35 (d, J = 2.2 Hz, 1H),
3.98 (t, J = 6.2 Hz, 2H), 2.78 (t, J = 6.2 Hzg2H), 2.56 (q, J = 7.1
Hz, 4H), 0.97 (t, J=7.1H, 6H: [err]CNWR (75 M) [err] 160. 2,

159.7, 155.9, 25 153.5, 141.1, 132.9, 131.42 0. 2, 129.9, 125.4,
124. 8, 122.7, 115.2, 112.8, 109.6, F$08.§ 1.8, 78.1, 67.5, 52.6,
48.3, 12.4; IR (KBr) 3311 cnferr]; A 4@ (MHY); Anal .

calc'd. for (Jerr]Herr]NJerr]S: 6.13; N, 3.04. Found:

C, 70.26; H 5.90; N, 3.03. 30

To a stirred solution of 6-methoxythianaphthen-2-one (52.6 g,
290 mmol) in a mixture of ethanol (260 mL) and methylene

10 chloride (130 mL) was added triethylamine (2.0 mL, 14.8 mmol)
followed by salicylaldehyde (32 mL, 300 mmol) at room
temperature. After 1 h, a solid began to precipitate and
stirring was continued for 3.5 h. The mixture was then
diluted with cold hexane and filtered to yield 68.3 g (83%)

15 of the title product as a powdery white solid, pure by lH-NMR
analysis: 1H NMR (300 MHz, CDCl3) §7.45 (d, J = 7.5 Hz, 1H),
7.33 (m, 2H), 7.17 (m, 1H), 7.07 (d, J = 8.1 Hz, 1H), 6.77
(d, 3 = 2.4 5z, 1H), 6.69 (dd, J = 2.4, 8.5 Hz, 1H), 5.25 (4,
J = 7.4 Hz, 1H), 4.37 (d, J = 7.3 Hz, 1H), 3.77 (s, 3H); 13¢

20 NMR (75 MHz, CDCl3) §166.4, 160.7, 150.8, 141.4, 130.1,
129.0, 127.7, 127.0, 124.9, 119.5, 117.2, 111.2, 108.3, 55.5,
50.6, 49.6; IR (CHCl3) 1766 cm™1; MS (FD) m/e 284 (M*); anal.
calc’'d. for C16H12038: C, 67.59; H, 4.26. Found: C, 67.77;

H, 4.24.
25



WO 97/ 09044 PCT/ US96/ 13778
- 60- Exanpl e 10b

3, 9-Di hydroxy-6-[4-[2-(1-

nDrphollnyl)ethoxy]phenyl] 6- H-[l]benzothleno[3 2 -

c] [ 1] benzopyran . [err]

By the procedur gﬁé@ i bed for Exanple 1, the product of ation
12 (521 nmg, 9ﬁ0 '? was reacted with 1.0_M 10 TBAFir1qq¥&%§ﬁgﬁhnol)
to give, after radi al chromat ogr aphy Silica gel, 1:1 hexane: et hyl
acetate, 15% nethanol, under an anmoni a atnDsphere) and
crystallization from acetone/ et her 286 ng (81% of the title
conpound as a red solid np 147- EIQEBB%%ig%e+¥§¥1hWR (300 Mz) [err]
7.35 (d, J = 2 1 Hz, 7.25 (d, 15 8.6 Hz, 7.16 (d, J 8.3
Hz, 1H), 7.14 - 3 6. 46
(dd, J = 8.2, %‘“@"’?‘Hz‘ H)”'Ii%’eé‘é@”& RS FIT) “ﬂ% ’zé@h’??‘%“e
5.7 Hz, 2H), 3.56 (t, J = 4.7 Hz, 4m 2.68 (t, J = 5.7 Hz, 2H),

2. 47 (t J = 4.3 Hz, 4H); [err]C NWVR (75 MHz),o® 160.0, 159.7, 155.9,
20 153.5, 141. 1 132.9, 131.4, 129.8, 129.7,/<%%5.4, 124.8,

122.6, 115.2, 112.8, 109.6, 108.9, 104.7, 788 Y 66.5, 58.1,
54.7; IR (KBr) 3471 cmferr]; NS (FD+) me 475 y, Anal . cal c' d.

for JQerr]Herr]NdJerr]S[err]0.25H e L G A 54,
Found: C, 67.58; H, 5.51; N, 2.57.

H 5.36; N, 2.92.

5

A mixture of the product of Preparation 12a (14.0 g, 49 mmol)
and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (11.6 g,
51 mmol) in dichloroethane (350 mL) was heated briefly to

10 reflux, inducing the formation of a precipitate. The mixture
was filtered hot, rinsing the precipitate with methylene
chloride, and the mother liquor concentrated in vacuo. The
crude product was then rinsed several times with acetone and
dried in vacuo to provide 12.6 g (91%) of the title product

15 as a white fluffy solid: 1u NMR (300 MHz, cDCl3) 88.55 (&, J
= 8.9 Hz, 1H), 7.70 (dd, J = 1.2, 8.0 Hz, 1H), 7.4-7.6 (m,
2H), 7.33 (m, 2H), 7.13 (dd, J = 2.3, 8.9 Hz, 1H), 3.91 (s,
3H); IR (CHC13) 1722 cm~1l; MS (FD) m/e 282 (M*+); Anal. calc'd

for Ci1gH10038: C, 68.07; H, 3.57. Found: C, 67.80; H, 3.53.
20 '



WD 97/ 09044 PCT/ US96/ 13778

-61- Preparation 12a

6a, 11a- Di hydr o- 9- et hoxy- 6- H—[1]benzoth|eno[3 2-

c] [ 1] benzopyran-6-one 5 To a stirred solution of

6- met hoxyt hi anapht hen- 2-one (52.6 g, 290 mmol ) in a m xture of

et hanol (260 oRéYd t hyl ene 10 chloride (130 nlL) was ﬁ?ﬂﬁ
triethylaninew%%.o nf?ﬁl4.8 nmol ) fgk%gmed by salicyla ﬁmgsn?sz
m., 300 mmol ) at room tenperature. After 1 h, a solid began to
precipitate and stirring was continued for 3.5 h. The m xture was

t hen diluted with cold hexane and filtered to yield 68.3 g (83% 15

of the title product as a powdery whEE@R8zakions.l2ciy [err]H NWVR
analysis: J[err]H NWR (300 MHz, CDCl[err]) [err]7.45 (d, J = 7.5 Hz, 1

7.33 (m 2H), 7.1

2.4 Hz, 1H), 6. 5o (ég]' ﬁ%lfiipg%"glﬁé”i%l‘%s&%”geu“‘h}en"/f%
1H), 4.37 (d, J = 7.3 Hz, 1H), 3. qlilubemm‘[reﬁmj ope NVR (75 MHz,
CDCl [er]r)s[err] 166. 4, 160. 7, 150.8, 141.4, 130.1, 129.0, 127.7,
127.0, 124.9, 119.5, 117.2, 111.2, 108.3, 55.5, orepms D0. 6, 49.6; IR
(CHCl [err]) 1766 cnjerr]; Ms (FD) me 284 (M eetld; Anal. cal c' d.
for Jerr]Herr]dJerr]S: C 67.59; H 4. Zg. 7 C, 67.77,; H,
4.24. 25

To a mechanically stirred slurrry of the product of
Preparation 12b (2.0 g, 32 mmol) in methylene chloride (235

10 mL) was added ethanethiol (5.9 mL, 80 mmol) followed by
aluminum chloride (15.8 g, 120 mmol), portionwise. The
reaction mexture was stirred at ambient temperature for 1 h,
then cooled to 0°C and quenched cautiously with
tetrahydrofuran (THF) followed by saturated sodium

15 bicarbonate. The mixture was diluted with THF, the layers
separated, and the aqueous layer was washed several times
with THF. The combined organic layers were dried (sodium
sulfate) and concentrated to yield 7.4 g (86%) of crude
phenol as an off-white, slightly pink solid, which was used

20 without further purification.

The crude product was slurried in methylene chloride

(200 mL) and treated with triethylamine (19.1 mL, 140 mmol)
and tert-butyldimethylsilyl chloride (10.4 g, 69 mmol). The
mixture was stirred at ambient temperature overnight, during

25 which it became homogeneous. After dilution with hexane, the
mixture was washed two times with brine. The organic layer
was dried (sodium sulfate), concentrated, and the residue
recrystallized from hexane to provide 9.8 g (80%) of the
title compound as a fluffy white solid: 1H NMR (300 MHz,

30 cpcl3) 88.55 (4, J = 8.5 Hz, 1H), 7.72 (4, J = 8.7 Hz, 1H),

7.4-7.6 (m, 2H), 7.34 (m, 2H), 7.08 (d4d, J = 2.2, 8.8 Hz,
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-62- Preparation 12b

9- Met hoxy- 6- H—[1]benzoth|eno[3 2-c] [ 1] benzopyr an- 6- one

[err] A m xture of the product of Preparation 12a (14.0
g, 49 mmol) and 2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none ( DDQ
(11.6 g, vw?%mﬁﬂﬂl) I n di chl or oet hane (350 nL) was heat g-hiish&{str¥s t ©
10 reflux, i1nducing the formation of a pgﬁClpitate. The m xture

was filtered hot, rinsing the precipitate w met hyl ene chl ori de,
and the not her quuor concentrated in vacuo. The crude product was
then rinsed several tines with acetone and dried in vacuo,to provide
12.6 g (91% of #H& t1i9% (sro8Het Q26 (s,38HE: R t(EHLRR} 17 XKblomd": ¥&rr] H

N'VT (2303 g/Hsz C?@?bﬂ!ﬁlé o2 1(u8) padd., Q:alc | for-C%lﬁzbb;;Séi‘!) c/- 66.43d, J

33 (m 2 13 (dd, J =
2.3, 8.9 Hz, 1H)! '359ﬁ°(sF“$’g] C, 3%2-’%' (;!déﬁerr]) 51)722 crr[egr] M5 ( FD)

me 282 (N[err]) Anal . calc'd for C[err]H[err]C{err]S: C, 68.07; H,
3.57. Found® C, 67.80; H, 3.53. 20 Ereparation \¥2&)7/09044
PCT/ US96/ 13778 - 63-

" Preparation 12c

9-(t-Butyldimethylsilyl)oxy-6-H-[1l]lbenzothieno[3,2~-
cl]{l)lbenzopyran-6-ol

10

A solution of the product from Preparation 12c (3.5 g, 9.1
mmol) in toluene (490 mL) was cooled to -78°C and treated
dropwise with a 1.0 M toluene solution of diisobutylaluminum

15 hydride (11.0 mL, 11 mmol) at a rate maintaining the internal
temperature below -70°C. The mixture was stirred for
approximately 4 h, then quenched with methanol (14 mL), 10%
aqueous citric acid (140 mL), and water (315 mL). The
aqueous layer was extracted three times with methylene

20 chloride (560 mL). The organic layvers were dried (sodium
sulfate), concentrated, and the remnant chromatographed
{silica gel, gradient of 2% ethyl acetate in hexane to 20%
ethyl acetate in hexane) to yield 1.7 g (49%) of the title
compound as a white crystalline solid: 1y MR (300 MHZ) §

25 7.77 (4, J = 8.6 Hz, 1H), 7.50 (4, J = 2.1 Hz, 1H), 7.42 (m,
1H), 7.28 (m, 1H), 7.05 (m, 2H), 6.89 (m, 1H), 6.46 (m, 1H),
1.02 (s, 9H), 0.26 (s, 6H); IR (CHCl3) 2959, 2932, 2861,
1612, 1598 cm~1l; MS (FD) m/e 384 (M*); Anal. calc'd for

C21H240388i: C, 65.59; H, 6.29. Found: C, 65.51; H, 6.32.
30



9-(t-Butyl di met hyl silyl)oxy-6-H[1] benzot hi eno[ 3, 2-

c] [ 1] benzopyr an- 6-one 5 [err]
To a mechanically stirred slurrry of the product of Preparation 12b
(9.0 g, 32 mol) in nethylene chloride (235 10 m.) was added

et hanethiol (5.9 nm., 80 mml) followed by al um num chl ori de (15.8 g,
120 mmol ), portwosyésess The reacti on nmexture was sti rrggr,ﬁg%ﬂgq%ent
tenperature for 1 h, then cooled to Qferr] C and quenched cautiously
W th tetrahydrofuran (THF) foll owed by saturated sodi um 15

bi carbonate. The mi xture was diluted with THF, the |ayers
separated, and the aqueous | ayer was washed several tines w th THF.
The conbi ned organic |ayers were drie%a%§%€$E§93——lZ§ sul fate) and

concentrated to yield 7.4 g (86% of crude phenol as an off-white,
slightly pink solid, £ ation.
The crude product wa;ﬁglﬁ?¥@§t#iaQﬁq%qylsyﬁ%?ggk Em%-é%goé {) and
treated with triethylanine § snﬁethﬁﬁ?qﬁﬁﬂ3-cllllbqaﬁppyran

tert-butyl & nethyl silyl chlorlde (10.4 g, 69 mmol). The m xt ure was
stirred at anbient tenperature overnight, during 25ormsWhich it becane
honogeneous. After dilution wth hexane, the m xture was washed two
times with brine. The organic |ayer 2 \ed (sodiumsulfate),
concentrated, and the residue ofl from hexane to provide
9.8 g (80% of the title conpaynd 2 .“fy white solid: J[err]H

NVR (300 MHz, 30 cDd[err]) [e J=85H, 1H, 7.72 (d, J =
8.7 Hz, 1H), 7.4-7.6 (m 2 | 2H), 7.08 (dd, J = 2.2, 8.8
Hz, WD 97/ 09044 o Norn -
PCT/ US96/ 13778 - 64-

The product of Preparation 12d (1.5 g, 3.9 mmol) and phenol
{2.7 g, 29 mmol) were dissolved in chlorobenzene (50 mL) and

10 the mixture was stirred for 3.5 h at reflux. The mixture was
concentrated and residue redissolved in chlorobenzene and
reconcentrated in vacuo at approximately 70°C. The residue
was then dissolved in diethyl ether, washed three times with
saturated sodium carbonate, water and brine. The organic

15 layer was dried (sodium sulfate) and concentrated to yield
1.7 g (93%) of the title compound as a fluffy white solid
which was used without further purification: the 1l NMR
spectrum (300 MHz) was consistent with the structure.



1H), 1.02 (s, 9H), 0.26 (s, 6H); IR (CHC [err]) 1717 cnferr]; M5
(FD) mle 382 (Merr]); Anal. calc'd for (Jerr]Herr]Jerr]SSi: C, 65.93;
H, 5.80. Found: C, 66.23; H, 5.84. 5

Preparation 12d

9-(t-Butyl dinethyl silyl)oxy-6-H[1] benzot hi eno[ 3, 2-

c][ 1] benzopyra

A sol ution of ?ﬁ§°g?%3uct fromPreparation 12¢c (3.5 g, 9.1
toluene (490 nm.) was cooled to -78[err]C and ireated dropwi se with a
1.0 Mtoluene solution of diisobutylalum num 15 hydride (11.0 ni, 11
mmol) at a rate maintaining the internal t enper at ure bel ow
-70[err]C. The mi xture was stirred for - ximately 4 h, then
guenched with nethanol (14 nL), 10% aqueous citric acid (140 ni),

d t 315 L), ' ith
mothy ene 90 | onEydEpxy =, (81480 pUe REn P ) LERRE LIPS TRERY
sul fate), concentrated, andl}heepgpibdensibnitelliphenzopyran (silica gel

Pcr/ussvsni'/ﬁ r]
nmo I N

gradi ent ofs 2% et hyl acetate in hexane to 20% et hyl acetate in
hexane) to yield 1.7 g (49% of the title conmpound as a white
crystalline solid: [err]H NVMR (300 MHz) [err]ogS 7.77 (d, J = 8.6 Hz,

1H, 7.50 (d, J = 2.1 Hz, 1H), 7.42 (m
2H), 6.89 (m 1H), 6.46 (m 1H),
(CHO [err]) 2959, 2932, 2861,
(Merr]); Anal. calc'd for
6.29. Found: C, 65.51; H 6
PCT/ US96/ 13778

1H, 7.28 (m 1H), 7.05 (m
(s, 9H), 0.26 (s, 6H); IR
98 cnferr]; M5 (FD) me 384
fr]Jerr]SSi: C, 65.59; H,
WO 97/ 09044

- 65-

0/\/10

To a solution of the product of Preparation 12e (1.7 g, 3.6
10 mmol) in toluene (50 mL) at 0°C was added a 0.2 M THF
solution of 4-[2-(l-piperidinyl)ethoxy]lphenylmagnesium
bromide (prepared from the corresponding bromobenzene and
magnesium turnings, catalyzed by iodine in THF, 45.3 mL, 9.1
mmol). The mixture was allowed to warm to room temperature
15 and stirred for 14 h. After quenching with water, the
mixture was extracted three times with methylene chloride,
and the organic layer was dried {sodium sulfate) and
concentrated. The remnant was purified via chromatography
(silica gel, hexane-4:1 hexane:ethyl acetate) to give 2.6 g
20 (126%) of the partially purified silylated product.
To a solution of the partially purified product (2.6 g,
3.6 mmol) in THF (40 mL), was added a 1.0 M THF solution of
tetra-n-butylammonium fluoride (TBAF) (5.0 mL, 5.0 mmol)}.
The solution was stirred at ambient temperature for 10 min,
25 then diluted with ethyl acetate and washed five times with
saturated sodium bicarbonate and brine. The organic layers
were dried (sodium sulfate) and concentrated. The remnant
was purified via chromatography (silica gel, 1:1 hexane:ethyl
acetate, 0-10% methanol, 0.1% ammonium hydroxide) to give




Preparation 12e 9-(t-Butyl di met hyl silyl)oxy-6-phenoxy-6-H
[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyran 5.

[err] The product of Preparation 12d (1.5 g, 3.9 nmmol) and pheno
(2.7 g, 29 mmol) were dissolved in chlorobenzene (50 nlL) and 10 t he

m xture was stirred for 3.5 h at reflux. The m xture was

concentrat ed ambymsedue redi ssol ved in chl orobenzene and PCT/US96/13778

reconcentrated in vacuo at approximately 70Lgfr] C. The residue was
then di ssolved in diethyl ether, washed three tines with sat ur at ed
sodi um car bonate, water and brine. The organic 15 | ayer was dried

(sodium sul fate) .apd concentrated to, %jeld 1.7.9 (9399 of the tit]e
conpound as a fl8t73 Gni36&)sBFithe title,gPERoyRd afswhite FRELY godpdr “H
purification: th¥MRef3qQOHMER 86.7-7 shetm.r A2H) 309. O3zt Mds=c6n@iKz crPH)wi t h

the structure. 3 63 (¢, J = V9 &/ 444 44 .
PCT/ US96/ 13778 ( ! B (m, 4H),_ 1.49 (m, 4H), 1.37

Examml e 10c (m, 2Bl5. FR{(ERT) R34 2609- GRTEr MR (FP) BAR A ToHM) F | ERMS
[ 1] benzot hiSeng[ 3 (PAR) [m/jebeniopdrior CRgH28NO3S (MH+): 458.1790. Found:

458.1798; Anal. calc'd for C2g8H27NO3S.0.5H20: C, 72.08; H,
6.05; N, 3.00. Found: C, 71.97; H, 6.04; N, 3.06.

Prepaxation 12f
10
3-(t-Butyldimethylsilyl)oxy-6-H-[1l]benzothieno[3,2-
cl[l)lbenzopyran-6-one
15

To a mechanically stirred slurrry of 3-Methoxy-6-H-
[1]benzothieno[3,2~c] [1llbenzopyran-6-ocne (Jourpal of Organic
Chemistrv, 40:3169 (1975))(1.0 g, 3.6 mmol) in methylene
chloride (30 mL) was added ethanethiol (1.4 mL, 18.0 mmol)
20 followed by aluminum chloride (1.6 g, 12 mmol), portionwise.
The reaction mixture was stirred at ambient temperature for
1.5 h, then cooled to 0°C and quenched cautiously.with
tetrahydrofuran (THF) followed by saturated sodium
bicarbonate. The mixture was diluted with THF, the layers
25 separated, and the agueous layer was washed several times
with THF. The combined organic layers were dried (sodium
sulfate) and concentrated to yield the crude phenol, which
was used without further purification.
The crude product was slurried in methylene chloride (30
30 mL) and treated with triethylamine (2.5 mL, 18 mmol) and
tert-butyldimethylsilyl chloride (1.3 g, 9.0 mmol). The
mixture was stirred at ambient temperature overnight, during



[err] To a solution of the product of Preparation 12e (1.7 g,
3.6 10 nmml) in toluene (50 nL) at O[err]C was added a 0.2 M THF

solution of 4-[2-(1-piperidinyl)ethoxy]phenyl magnesi um brom de
(prepared fromthe correspondi ng bronobenzene and magnesi um
turnings, catalyzed by iodine in THF, 45.3 n, 9.1 mol ). The

m xture was al hy®mofss Warmto roomtenperature 15 and st igcrRfdedRbrsl4 N
After quenching wth water, the m xt ulg_Was extracted three ti rres

wi th et hyl ene chloride, and the organic layer was dried (sodium

sul fate) and concentrated. The remmant was purified vi a

h t h h t t '
26 g 200 18 heSand BnoBghater 1 ATCEF| O Lo M Gackenane, e’
To a sol ution ofmixtaieawas awasheglitivbi bimes odirdt be 2né. g, The organic Gayewl ) in
THF (40 ni), wa%&d@.i.ea és@di\dn-nr Ha1gatef beri%fentr?ted tfld ®nB-PaM ¥d rrrmnl um

quorlde(TBAF)IéH utton was stirre
anbi ent tenper at re"fflﬁFl by ?ﬁ”??mafégrathhﬁ?-l&icPugéﬁ esrnerdyl acet ate and
washed fiv8 ti rresemriehethyl acamumatedpmdldermbssag bpssaieo@nthdriitde The

?(ra?rﬁginf | ayers compo ggv 3 %15. M sS4l ifat ely %cggﬁe%@t egleto‘rrlrée
hexane: et hyl 5 %&aﬁ ‘b A)arr@ g%fi A) Qr‘m‘Bm Lﬁn%ﬁ'ar o;ﬁ”d'e)718&

gi ve (@, JWe 87200044H), 7.5-7.7 (m, ZH), 6.99 (m, 2H), 1.03 (s,

PCT/ US96/ 13778 9wy, 0.33 (s, 6H); IR (CHCl3) 1716 cm~iP
(569 of e tit] e co%fn%l as) |te( f%)y sollcm KJIS (FD) W\ﬁ-{( 00 I\/Hz)

[err]6. 7- 4 (m M) pxX34c' Y f°r6C3>1*F&2 356 : ¢, s, 93:68, (3:80: = 6.0
Hz, 2H), 241(nﬂ'ou%i®.,Cl 66.11m HjHp.83. 37 (m 2H); IR (KBr) 2934,
1609 cnferr]; MS (FD) me 457 (Merr]); HRVMS 5 (FAB) me calc'd for
CerrJ]Herr]NdJerr]S (MH): 458.1790. Found:

15 3-(t-Butyldimethylsilyl)oxy~-6~-H~-[l]lbenzothieno[3,2-
¢l [l1]lbenzopyran-6-ol

20 A solution of the product from Preparation 12f (5.0 g, 13
mmol) in toluene (700 mL) was cooled to -78°C and treated
dropwise with a 1.0 M toluene solution of diisobutylaluminum
hydride (15.7 mL, 15.7 mmol} at a rate maintaining the
internal temperature below -70°C. The mixture was stirred

25 for approximately 4 h, then gquenched with methanol (20 mL),
10% aqueous citric acid (200 mL), and water (450 mL). The
aqueous layer was extracted three times with methylene
chloride (800 mL). The organic layers were dried (sodium
sulfate), concentrated, and the remnant chromatographed

30 {(silica gel, gradient of 2% ethyl acetate in hexane to 20%

ethyl acetate in hexane) to yvield 1.7 g (45%) of the title
compound as a white fluffy solid: 1B NMR (300 MHz) §7.96 (4,



458.1798; Anal. calc'd for err]J]Herr]NJerr]S[err]0.5Herr]G C, 72.08;

H, 6.05; N, 3.00. Found: C, 71.97; H, 6.04; N, 3.06.

Preparation 12f 10

3-(t-Butyldinethylsilyl)oxy-6-H[1] benzothi eno[ 3, 2-

c] [ 1] benzopyr an- 6- one [err] 15 To
a nmechani cal | wosdrigbgagd sl urrry of 3-Met hoxy-6-H PCT/US96/13778

[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an- 6- one (jurnal of Organic

Chem stry, 40:3169 (1975))(1.0 g, 3.6 mmol) in nethyl ene chl ori de
(30 m.) was added ethanethiol (1.4 nL, 18.0 mmol) 20 fol | oned by

al um num chl ori de 6.0, 12 |),, ,Qortionw_se, The reactig

m xture was st iﬂ’e((?l'gt Hgnbi%h‘tm"%)'éﬁpéaat‘ar% %M r 2z, 1H), 73918 {Bn Wl ed to
O[err] C and quehcHednmcalt) ouslé2 vim, h2H) , 1.0Q tsr, aBHir od WBéanis( TER) ; fIR | owed
?% S?tur at egSSocltnumg,) 29tssabzm.b(zﬁ%ue-1é"t€, msguuea-wsﬂsdldﬂngeﬁl/w mf TF'F’

e |ayers separ.at e e _agyeous, |.aye shed seyeral tines
with THF. The c%’n@&agrgﬁ%}%@d{?& gz%%‘%ﬁ#’éd %s\(l)\%?u% ¥, 6‘Séul f at e)
and concebBtr at efFourad:yicel 5t 3ik; ar,udeliphenol , which was used wi t hout
further purification. The crude product was slurried in

nmet hyl ene chloride (30 30 m.) and treated with. triethylamne (2.5 nmi,
18 mmol ) and tert-butyldi netl*ﬁg%ﬁ&' (1.3 g, 9.0 nmol). The
m xture was stirred at ambient tenperature overnight, during

WO 97/ 09044 T Pl b3 6’55~
- 68- whi ch i '? t%cz?r?et%]b%!agﬁgg&ss.ilﬁli)eorx%i ﬂf’%ﬁgﬁﬁ hexane, the
mixture #ds washed two tirfdd ReRFobRifgo [Pne #ybkhl bepgporran

The product of Preparation 12g (0.09 g, 0.24 mmol) and phenol

15 {0.25 g, 2.6 mmol) were dissolved in chlorobenzene (10 mL)
and the mixture was stirred for 3 h at 100°C. The mixture
was concentrated and residue redissolved in chlorcbenzene and
reconcentrated in vacuo at approximately 70°C. The residue
was then dissolved in diethyl ether, washed five times with

20 saturated sodium carbonate, water and brine. The organic
layer was dried (sodium sulfate) and concentrated to yield
0.11 g (100%) of the title compound as a fluffy white solid
which was used without further purification: the lH NMR
spectrum (300 MHz) was consistent with the structure.

25



was dried (sodiumsulfate), concentrated, and the residue purified

by chromat ography (silica gel, hexane-4:1 5 hexane: et hyl acetate) to
provide 0.95 g (69% of the title conpound as a fluffy white solid:
[err]H NVR (300 MHz, acetone- d6) 88.57 (d, J = 7.8 Hz, 1H), 8.10
(d, J =8.0 Hz, 1H), 7.81 (d, J =8.2 Hz, 1H, 7.5-7.7 (m 2H), 6.99
(m 2H), 1.03 wosemeess OH), 0.33 (s, 6H); IR (CHA [err]) 1%eansplifnid; M
(FD) me 382 10 (Merr]); Anal. calc'd fgy. Cerr]Herr]err]SSi: C,
65.93; H, 5. 80. Found: C, 66.11; H, 5.83. .
Preparation 12a 15

3-(t-Butyl di net hyl silyl)oxy-6-H][1]ben | enol 3,

c] [ 1] benzopyr an- 6- ol [err] 20 A
solution of the product from Preparation 12f (5.0 g, 13 mmol) in

tol uene (700 ni) 3asya@®xy160[436£ER1L9r$ai£df§§fﬂethoxy1pﬂ@%@ﬂfﬁkquh a
1.0 Mtoluene solution of gH[%bUtngi ¥

mml) at a rate maintainin enz i1l EhjRpaErpy

-70[err]C. SThe mixture was stirred 25 for approxi mately 4 h, then
guenched wi th nmet hanol (20 nli), 10Y%

F=eeous citric acid (200 ),
and water (450 nL). The ,@: extracted three tinmes with

nmet hyl ene chl oride (800 ni). NO c layers were dried {sodium
sul fate), concentrated, and the 2R romnat ogr aphed 30 (silica gel
gradi ent of 2% ethyl acetate i 0 20% ethyl acetate in
hexane) to yield 1.7 g (45% conpound ags a white fluffy
solid: [err]H NVMR (300 MHzmo 09044

PCT/ US96/ 13778 - 69K

e N\A

To a solution of the product of Preparation 12h (0.28 g, 0.61
mmol) in toluene (20 mL) ‘at 0°C was added a 0.2 M THF

10 solution of 4-[2-(1-piperidinyl)ethoxy]lphenylmagnesium
bromide (prepared from the corresponding bromobenzene and
magnesium turnings, catalyzed by iodine in THF, 7.6 mL, 1.5
mmol). The mixture was allowed to warm to room temperature
and stirred for 1 h. After quenching with water, the mixture

15 was extracted six times with methylene chloride, and the
organic layer was dried (sodium sulfate) and concentrated.
The remnant was purified via chromatography (silica gel, 4:1-
1:1 hexane:ethyl acetate) to give 0.41 g (119%) of the
partially purified silylated product.

20 To a solution of the partially purified product (0.41 g,
0.72 mmol) in THF (10 mL), was added a 1.0 M THF solution of
tetra-n-butylammonium fluoride (TBAF) (0.67 mL, 0.67 mmol).
The solution was stirred at ambient temperature for 10 min,
then diluted with ethyl acetate and washed three times with

25 saturated sodium bicarbonatg and brine. The organic lavers
were dried (sodium sulfate) and concentrated. The remnant
was triturated from methylene chloride, and the precipitate
filtered and rinsed methylene chloride to give 0.23 g (82%)
of the title compound as white powdery solid. The solid was

30 slurried in methanol and trifluoroacetic acid was added



J=7.7H, 1H), 7.83(d, J = 6.7 Hz, 1H), 7.3-7.8 (m 3H), 6.91 (m

1H), 6.62 (m 2H), 1.00 (s, 9H), 0.26 (s, 6H); IR (CHC [err]) 2958,
2932, 2861, 1616, 1594 cnferr]; Ms (FD) me 384 (Merr]); Anal.
calc'd for Jerr]Herr]derr]SSi: C, 65.59; H 6.29. 5 Found: C, 65. 31,
H, 6. 18. Preparation 12h

3- (t-Butyl di rewbyt/mesosd/| ) oxy- 6-phenoxy-6-H 10 PCT/US96/13778

[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an -71- [err]
The product of Preparation 12g (0.09 g, 0.24 mmol) and phenol 15 (0.25
g, 2.6 mmol) were dissolved in chl orobenzene (10 ni) and the m xture

vas stirred f of 3ol ale 106914 £l Gallbkik] Srent. into"@S158GEN LG ed and

resi due redissol ve oncen vacuo at
appr oxi mat el y 70%@?9%“919TW§tF§%¢¥hN?S filtergd saWayen anfsthe eerher diguey|
et her, washed fi westéomentirhbedOin vaciat ybay el & @di2gnycasdpnaife theatres and

brine. The orgaga&das a flh@ffroﬁ’@ﬁedrsbﬁ/?d(soﬂ& WiMRS Y356tz RIS 95 (m,

concentrated to of the title conpound a

DTy it e oY .38 (i 88wl 2rdod e 1k, nB0nER. s 8 EabporZHLhe

{A%r 517}403!3/54 6.39eqd,r wm ( 3005 VHAA ,Was =C03) B «aﬂ&z_w 113) 5 fwg;%nucture 25
V0§ 2.3 Hz, 10), 4.44 (t, J g 4.9 Hz, 215 35981730 B am , 3.0-

3.2 (m, 2H), 1.7-2.0 (m, 5H), 1.4-1.7 (m, 1H); IR (CHCl3)
3271, 3022, 3009, 1670, 1610 cm~l; MS (FD) m/e 457 (M*); HRMS
10 (FAB) m/e calc'd@ for C28H28NO3S (MH+): 458.1790. Found:
458.1781; Anal. calc'd for C28H2NO3S-CF3COOH-1.2H20: C,
60.69; H, 5.12; N, 2.36. Found: C, 60.62; H, 4.82; N, 2.40.

Prepaxation 18a
15
2,8~Bis[(tert-butyldimethylsilyl)oxyl] -5H~
benzo[b]naphthotz,1-d]pyran-5-one
|
O=8ji
J !
O
8i=~0 (o) 0
20

A mixture of the product of Preparation 10 (7.0 g, 13.8 mmol)
and 2,3-dichloro-5, 6-dicyano-1, 4-benzoguinone (DDQ) (3.3 g,
14.5 mmol) in dichloroethane (100 ml) was heated at reflux
overnight, inducing the formation of a precipitate. The

25 mixture was filtered hot, rinsing the precipitate with
methylene chloride, and the mother liguor concentrated in
vacuo. The remnant was partitioned between hexane:ether and
water, and the organic layer was dried (magnesium sulfate),
cocentrated, and recrystallized from hexane to provide 5.5 g

30 (79%) of the title product as a tan solid, mp 154-156°C: 1H-
NMR (300 MHz, CDCl3) & 9.69 (4, J = 9.4 Hz), 8.80 (s, 2H)},



3- Hydr oxy- 6-[4-[ 2- (1- pi peridi nyl)ethoxy] phenyl]-6-H
[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyran 5

[err] To a solution of the product of Preparation 12h (0.28 g,
0.61 mmol) in toluene (20 nL) at O[err]C was added a 0.2 M THF 10
solution of 4-[2-(1-piperidinyl)ethoxy]phenyl magnesi um brom de
(prepared fromwdereossr espondi ng bronobenzene and Me.g NRErSb/13778
turnings, catalyzed by iodine in THF, 7.6 nlgyl.5 mrol ). The m xture
was allowed to warmto roomtenperature and stirred for 1 h. After
guenching with water, the m xture 15 was extracted six tirres W th

nmet hyl ene chl ori daem_aqg #_ 9. sn#%{ ?r'\?vaaé;d lﬁird?%/?rea 1d (f ﬁ‘& ?h Hl fgt e)

and concentrat ed.
(silica gel, 4:19 = 5.4 Ha, 113iexén80etlhyI21ﬁoeﬂ-a95)(S'o 9@1)ve100311(sg @HlQ% of
t he parti & Iz;a murlizm)cb IR YCBCES umdu016220 1604 em-l; M8 FSPImid ON

of the partially du 0q4 nTHF 0
nm), was added a (f\ﬁ ?’HFIB% ut(:&:a%% & 'zt C29H%8814§é3 h- M?aﬂ%ﬁ? rhe gJ’
fluoride (TBAF) (F@.tlstd m¢G. 6% 23nmEl ) 7.36. The solution was stirred at
anbi ent tenperature for 10 m n, then diluted with ethyl acetate and

washed three tines with 25 satura sodl um bi bonate and brine. The

organi c | ayers were dried (sod%ﬁ%@‘)—;ﬁé concentrated. The

r emmant was triturated from nethyl ene chloride, and the precipitate

filtered and rinsed net hylgess £ht Qékgebhqygld\i%&h?ﬁlgii§g%xyﬂ sg- of the
u

title conppynd as white powd solid was 30 rried in
net hanol ﬁ trifluoroaceti cgﬁgﬁ?ci\ﬂé‘m? 1-dlpyran<fyak; 09044
PCT/ US96/ 13778 -71-

OOO

Sr'O 0 OH

_ By the procedure described for Preparation 4, the pfoduct of
15 Preparation 18a (5.0 g, 9.9 mmol) was reacted with 1.0 M
diisobutylaluminum hydride in toluene (11.9 mL, 11.9 mmol) to
give, after recrystallization from hexane:ether, 4.14 g (82%)
of the title compound as a white solid, mp 188-190°C: 1H NMR
(300 MHz, CDCl3) & 7.98 (4, J = 9.1 Hz, 1H), 7.86 (d, J = 8.8
20 Hz, 1H), 7.79 (48, J = 8.6 Hz, 1H), 7.75 (4, J = 8.2 Hz, 1H),
7.23 (4, 3 = 2.3 Hz, 1H), 7.18 (dd, J = 9.0, 2.4 Hz, 1H),
7.06 (d, J = 7.4 Hz, 1H), 6.67 (m 2H), 3.24 (4, J = 7.7 Hz, -
1H), 1.04 (s, 9H), 1.02 (s, 9H), 0.27 (s, 6H), 0.27 (s, 6H):
IR (CHCl3) 3574 cm~l; MS (FD} m/e 508 (M+); Anal. calc'd. for
25 Ca9Hg0048iz: C, 68.44; H, 7.94. Found: C, 68.63; H, 8.11.



dropwi se until all the material went into solution, the i nsol ubl e

material was filtered away, and the nother |iquor was concentrated
in vacuo to yield 0.28 g (80% of the TFA salt as a fluffy orange
solid: [err]H NWR (300 MHz) [err]7.95 (m 5 1H), 7.38 (m 1H),
7.2-7.3 (m 5H), 6.90 (d, J = 8.6 Hz, 2H), 6.76 (s, 1H), 6.51 (dd, J
= 2.2, 8.2 Hz,wbldpped438 (d, J = 2.3 Hz, 1H), 4.44 (t pctnisoéhaPrsHz,
2H), 3.5-3.7 (m 4H), 3.0- 3.2 (m 2H3-1.7-2.0 (m 5H), 1.4-1.7 (m
1H; IR (CHO [err]) © 3271, 3022, 3009, 1670, 1610 cnierr]; M (FD)
me 457 (Merr]); HRVS 10 (FAB) mle calc'd for CJerr]Herr]NJerr]S
(MH): 458.1790. Found:. 458. 1 X .cal.g d for
Cerr]Herr]NgJerr] S[err] CH err] COCH . - C, 60. 69; H,

5.12; N, 2.36. Found: C, 60.62; H 4.82; N, 2.40.

Preparation 18a 1h 8-Bis[(tert-butyldimethylsilyl)oxy]-5-phenoxy-5H-
2,8-B|s[(tert-butyld|nethyIS|I§I§%Q@5fﬂ+ hthaf2.1-d
benzo[b]naghtho[Z,1-d]pyran-5- il naphthgf2,1-dIpYEIR i yre of the
product of dPreparation 10 (7.0 g, 13.8 mmol) and

2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none (DDQ (3.3 g, | 14:5 mol)
in dichloroethane (100 nL) was heated at refl o-Qyednight, inducing
the formation of a precipitate. The 25 s fjlgered hot,
rinsing the precipitate with meLR de, and the nother

| i quor concentrated in vacuo. Was partitioned between
hexane: et her and wat er, Jadd t bR L. | ayer was dried (nmagnesium
sul fate), cocentrat ed; im@cr ySt al Pi ze@Phr om hexane to provide 5.5
g 30 (79% of the title prbddct as a tan solid, np 154-156[err]C

[err] H NVR (300 MHz, CDCl[err]) [err] 9.69 (d, J = 9.4 Hz), 8.80
(s, 2H),

By the procedure described for Preparation 5, the product of
Preparation 18b (3.5 g, 6.88 mmol) was reacted with phenol '

10 (3.2 g, 34.3 mmol) to give 3.82 g (95%) of the title compound
as an amorphous white solid which was used without further
purification: 1H NMR (300 MHz) 8§ 7.9-8.1 (m, 4H), 7.61 (s,
i®), 7.3-7.5 (m, 3H), 7.2-7.3 (m, 3H), 7.11 (t, T = 7.3 Hz,
1H), 6.74 (dd, J = 8.5, 2.3 Hz, 1H), 6.62 (d, J = 2.4 Hz,

15 1H), 1.03 (s, 9H), 0.99 (s, 9H), 0.29 (s, 6H), 0.24 (s, 6H);
13c »MR (75 MHz) & 157.9, 157.6, 154.3, 151.8, 135.1, 130.4,
130.1, 126.4, 125.8, 125.1, 124.9, 123.9, 123.6, 123.1,
121.1, 118.5, 116.7, 116.2, 115.7, 110.0, 94.8, 26.0, 25.9,

18.8, 18.7, -4.3, -4.4; MS (FD) m/e 584 (M+).
20



WD 97/ 09044 PCT/ US96/ 13778

-72- 8.01 (d, J =9.5 Hz), 7.34 (dd, J = 9.3,2.5 Hz, 1H), 7.28 (d,
J =54 Hz, 1H, 6.90 (m 2H), 1.05 (s, 9H), 1.03 (s, 9H), 0.29 (s,
12H); IR (CHCL[err]) 1711, 1622, 1604 cnierr]; M5 (FD) nie 506 (M+);

Anal . calc'd. for gaerr]H[err]CIerr]Si[err]: C 68.72;, H 7.57. 5

Found: C, 68.9997p044 35, PEEYS4648778n 18Db
2, 8-Bis[(tert-butyldinethylsilyl)oxy]-5H 7@~ -
benzo[ b] napht ho[ 2, 1- d] pyr an- 5- ol By the procedure
described for Preparation 4, the product of 15 Preparation 18a (5.0 g, .
9.9 nmmol ) was reacted with 1 0OM g;gngggggggLMngbun1nun1hydr|de In
toluene (11.9 nL, 11.9 mol) to give, after recrystallization from
hexane: ether, 4.14 g (82% of the title conpound as a white solid,
np 188-190C. [err] 4, viBis[(tert3dbotvidimghyleilyfdoxyi~D8l4dl23(2-9. 1
(H(Zj’ %H) 87 86 (d l_#ipegiaizﬁrl)etl%‘gxyj-lﬁilen}ﬂg-ibdﬁ%]nmﬁbﬁnﬂhti@[z 71—75
2.4 Hz, 1Hp, 7.06 (d, J = 7.4 Hz, Yr%h67 (m2H), 3.24 (d, J = 7.7

Hz, lkb, 1.04 (s, 9H), 1.02 (s, QFD 0.27 (s, 6H), 0.27 (s, 6H)
IR (CHC [err]) 3574 cnferr]; M5 (FD) me 508 (M); Ana| calc'd. for 25
Cerr]Herr]err]Si[err]: C, 68.44; H 7._3%¢. 'S5 68.63; H, 8.11.
WO 97/ 09044 'CT/U /13778
-73-

I

im0 O

oNN

By the procedure described for Preparation 6, the product of
10 Preparation 18c (3.5 g, 6.0 mmol) was reacted with a 0.2 M
THF solution of 4-[2-(l-piperidinyl)ethoxylphenylmagnesium
bromide to provide, after chromatography (silica gel, 3:2
hexane:ethyl acetate, 0.1% ammonium hydroxide), 3.5 g (84%)
of the title compound as a colorless gummy solid: I1H NMR
15 (300 MHz) &§ 7.97 {(d, T = 8.8 Hz, 1H), 7.89 (d, J = 8.7 Hz,
1), 7.76 (4, § = 8.3 Hz, 2H), 7.35 (4, J = 2.4 Hz, 1H), 7.10
(m, 3H), 7.02 (s, 1H), 6.73 (d, J = 8.7 Hz, 2H), 6.53 {(dd, J
= 8.3, 2.4 Hz, 1H), 6.37 (4, J = 2.2 Hz, 1H), 3.95 (t, T =
6.0 Hz, 2H), 2.58 (t, J = 6.0 Hz, 2H), 2.38 (m, 4H), 1.4-1.5
20 (m, 4H), 1.3-1.4 (m, 2H), 1.00 (s, 9H), 0.94 (s, 9H), 0.25
(s, 6H), 0.19 (s, 6H); 13c NMR (75 MHz) 8§ 159.8, 157.6, 154.1,
154.0, 135.0, 132.2, 130.1, 128.6, 127.3, 126.3, 126.2,
125. 6, 124.7, 123.4, 121.6, 118. 0, 116.5, 115.0, 114.5,
110.3, 76.0, 66.8, 58.5, 55. 6, 26.8, 26.0, 26.0, 25.0, 18 7,
25 18.7, -4.2, -4.3; MS (FD) m/e 696 (M+); Anal. calc'd. for
CaaHs57NOySis: C, 72.46; H, 8.27; N, 2.01. PFound: C, 72.53;
H, 8.49; N, 2.08.



Preparation 18c
2,8-Bis[(tert-butyldinmethylsilyl)oxy]-5-phenoxy-5H

benzo[ b] naphtho[ 2 , 1-d] pyran 5 [err]
By the procedure described for Preparation 5, the product of

Preparation 18b (3.5 g, 6.88 mmol) was reacted with phenol 10 (3.2 g,
34.3 mol ) to Wo¥/@082 g (95% of the title conpound RCT/U896/13778
anor phous white solid which was used w t hout734rt her purification:
[err]H NVR (300 MHz) [err] 7.9-8.1 (m 4H), 7.61 (s, 1H), 7.3-7.5
(m 3H), 7.2-7.3 (m 3H), 7.11 (t, J = 7.3 Hz, 1H), 6.74 (dd, J =
8.5, 2.3 Hz, 1H), 6.62 (d, J = 2.4 Hz, 1 1.03 (s, 9H), 0.99 (s,
9H), 0.29 (s, 6H), 0.24 (s, 6H); i?%%?f%?%**?(?S MHz) [err] 157.9,
157.6, 154.3, 151.8, 135.1, 130.4, 130.1, 126.4, 125.8, 125.1,

124.9,7 123.9, 123268-BXhydroxy-5-[42][2 ( 1dPiperidGnFl )elthoxyiphenyl] -
110.0, 94.8, 26.0, 25.9, - : = -4 4 D) me 584
(M) . 20 WO 97/ 0584§§n§b [ﬁr]aphélhgtz,i %’]plﬁéf

PCT/ US96/ 1$778 - 74-

Preparation 18d
2,8-Bis[(tert-butyldinmethylsilyl)oxy]-5
pi peri dinyl)ethoxy] phenyl ] -5H benze

d] pyran

By the procedure described for Example 1, the product of
Preparation 184 (3.4 g, 4.9 mmol) was reacted with a 1.0 M

10 TBAF in THF (24.4 mmol)} to provide, after chromatography
(silica gel, 1l:1 hexane:ethyl acetate, 10% methanol, 0.1%
ammonium hydroxide) and trituration with ether, 2.2 g (96%)
of the title compound as a white solid, mp 158-161°C: IH NMR
(300 MHZ) & 7.89 (4, J = 8.7 Hz, 1H), 7.77 (d, J = 8.7 Hz,

15 lH), 7.68 (m, 2H), 7.23 (d, J = 2.4 Hz, 1H), 7.09 (m, 3H),
6.97 (s, 1H), 6.71 (4, J = 8.7 Hz, 2H), 6.49 (dd, J = 8.3,
2.4 Hz, 1H), 6.36 (4, J = 2.3 Hz, 1lH), 3.95 (t, J = 6.0 Hz,
2H), 2.60 (t, J = 6.0 Hz, 2H), 2.40 (m, 4H), 1.4-1.5 (m, 4H),
1.3-1.4 (m, 2H); 13C NMR (75 MHz) §159.5, 159.5, 155.8,

20 153.9, 135.0, 132.4, 130.1, 128.0, 126.7, 125.6, 125.4,
125.3, 124.7, 121.4, 119.9, 116.1, 114.8, 111.0, 110.1,
105.5, 75.8, 66.1, 58.3, 55.3, 26.3, 24.7; IR (KBr) 2934 cm-l;
MS (FD) m/e 468 (MH+): Anal. calc‘'d. for C3pHa9NO4-H20: C,

_ 74.19; H, 6.45; N, 2.88. Found: C, 74.13; H, 6.45; N, 2.88.

25



[err] By the procedure described for Preparation 6, the
product of 10 Preparation 18c (3.5 g, 6.0 mol) was reacted with a 0.2
M THF sol ution of 4-[2-(1-piperidinyl)ethoxy]phenyl magnesi um

brom de to provide, after chromatography (silica gel, 3:2

hexane: et hyl acetate, 0.1% amoni um hydroxide), 3.5 g (84% of the
titl e conpoundwe®7ewesp! orl ess gumy solid: [err]H NWR 15 PCRUSOISTTS
[err] 7.97 (d, J = 8.8 Hz, 1H), 7.89 (d, J78-8.7 Hz, 1H), 7.76 (d,
J =8.3 H, 2H), 7.35 (d, J = 2.4 Hz, 1H), 7.10 (m 3H), 7.02 (s,
1H), 6.73 (d, J = 8.7 Hz, 2H), 6.53 (dd, J = 8.3, 2.4 Hz, 1H), 6.37
(d, J = 2.2 Hz, 1H), 3.95 (t, J = nF‘fﬂfEB%igﬁf'%ﬂé’ 2.58 (t, J = 6.0 Hz,
2H), 2.38 (m 4H), 1.4-1.5 20 ( , m 2H), 1.00 (s, 9H)
0.94 (s, 9H), 0.25 (s 6H), 0.19 (s, 6H); [err]C NWR (75 MHz) [err]
159.8, 157.6, 154.1, 154 B- ﬂiﬁg@hoﬁ $252, (430 tlerd28. 6, 127. 3,

12631262 e Bty P fondi - b pnepbilhona
25 18.8%, -4.2, -4.3; Ms (FD) me 696 (Qm?ﬂeAnal calc'd. for

C[err]H[err]hK{err]Si[err]: C, 72.46; H, 8.27; N, 2.01. Found: C, 72.53;
H, 8.49; N, 2.08. 7/ 09044
PCT/ US96/ 13778 - 75-

Exanpl e 11b 2, 8- Di hydr qx§i5° (1- @i peri di nyl) et hoxy] phenyl ] -
5H benzo[ b] napht ho[ 2, 1-d] pyran 5 ] OMe Pheny!]
P

A mixture of the product of Preparation 22 (100 mg, 0.19

10 mmol) and 2,3-dichloro-5,6-dicyano-1,4-benzogquinone (DDQ) (47
mg, 0.21 mmol) in dichloroethane (10 mL} was heated at reflux
for 2 h, inducing the formation of a precipitate. The
mixture was cooled to room temperature, filtered, and the
filtrate diluted with CHyClz (70 mL), washed with 1 N sodium

15 hydroxide {2 x 70 mL), dried (NazSO4) and concentrated to
provide 98 mg (98%) of the title compound as a white,
crystalline solid, mp 211-213°C: IH NMR (300 MHz, CDCla) d
8.21 (4, J = 9.0 Hz, 1H), 8.16 (4, J = 8.9 Hz, 1lH), 7.95 (d,
J = 2.8 Hz, 1H), 7.60 (4, J = 8.8 Hz, 1H), 7.37 (dd, J = 9.0,

20 2.8 Hz, 1H), 7.25 (4, J = 9.7 Hz, 1H), 7.21 (d, J = 8.7 Hz,
2H), 7.08 (4, § = 2.7 Hz, 1H), 6.93 (d, J = 8.7 Hz, 2H), 6.66
(48, J = 9.7, 2.8 Hz, 1H), 3.94 (s, 3H), 3.87 (s, 3H), 1.02
(s, 9H), 0.25 (s, 6H); 13c NMR (75 MHz, CDCl3) & 163.1, 159.2,
156.9, 154.9, 137.3, 136.3, 133.8, 129.8, 128.3, 127.4,

25 126.4, 123.9, 123.7, 122.9, 120.7, 120.5, 119.5, 116.5,
115.7, 109.1, 106.9, 55.5, 55.1, 25.7, 18.3, -4.2; IR (CHCl3)
1646, 1619 cm~l; MS (FD) m/e 511 (M+); Anal. calc'd. for
C3iH33NO4Si: ¢, 72.75; H, 6.51; N, 2.74. Found: C, 72.57;
H, 6.50; N, 2.83.

MeO
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By the procedure described for Exanple 1, the product of Preparation

18d (3.4 g, 4.9 mol) was reacted with a 1.0 M 10 TBAF in THF (24.4
nmol ) to provide, after chromatography (silica gel, 1:1 hexane: et hyl
acetate, 10% nethanol, 0.1% ammoni um hydroxi de) and trituration with
ether, 2.2 g (96% of the title conpound as a white solid, np

158- 161[ er r ] C.: wpeor/odoitk NVR (300 MHz) [err] 7.89 (d, J »cusodiz7rslH),
7.77 (d, J = 8.7 Hz, 15 1H), 7.68 (m 2Hy- 7.23 (d, J = 2.4 Hz, 1H)
7.09 (m 3H), 6.97 (s, 1H), 6.71 (d, ' J = 8.7 Hz, 2H), 6.49 (dd, J =
8.3, 2.4 Hz, 1H), 6.36 (d, J = 2.3 Hz, 1H), 3.95 (t, J = 6.0 Hz,
2H), 2.60 (t, J = 6.0 Hz, 2H), 2.40 4-1.5 (m 4H),

1.3-1.4 (m 2H); [err]C NWR (75 MHz) Terr .9, .5, 155.8, 20

153.9, 135.0, 132.4, 130.1, 128.0, 126.7, 125.6, 125.4, 125. 3, .

124.7, 121.4, 119.9, 116.21.,8(441:&:1181;11&;&-(5-M-Chidroxyphenm&-;és%?&8, 66. 1,
58.3, 55.3, 26.3, 24.7; IR (KBr e ; _e FD e 468
(MH); Anal. calc'd. for (Jerr] F§%§ﬁ§§g§éé4¥fﬁfﬁfof g%é 74.19; H,
6.45; "N, 2388, Found: C, 74.13; H_6.45 N, 2.88. 25 WO

97/ 09044 HO 0 PCT/ US96/ 13778
- 76- '@ atipn 22a

2, 8- Di met hoxy-5-[4-[(tert- ‘ OMe

but yl di net hyl si | yl ) oxy] phenyl ] - 6H benzo[ c] ppena d- 5

6- one

MeO

The product of Preparation 22a (6.8 g, 13.3 mmol) was
dissolved in 1:1 acetonitrile:methylene chloride (200 mL) and

10 treated with hydrogen fluoride-pyridine (80 mL) for 1lh. The
mixture wasgs diluted with brine (500 mL) and extracted with
THF (3 x 300 ml.)., The combined organic layers were
neutralized with saturated sodium bicarbonate and the
resulting aqueous layer was washed with THF (2 x 500 mL).

15 All aqueous layers were then combined and washed with THF
(500 mL), and the combined organic layers were dried {(sodium
sulfate), and concentrated, and the solid residue was washed
with acetone to provide 5.27 g (100%) of the title compound
as an off-white powder, mp 3104°C: IH NMR (300 MHz, DMSO-dg)

20 & 2.79 (bs, 1H), 8.52 (4, J = 9.0 Hz, 1H), 8.42 (d, J = 9.0
Hz, 1H), 7.72 (m, 2H), 7.47 (4d, J = 8.7, 2.3 Hz, 1H), 7.31
(d, 2.1 Hz, 1H), 7.21 (d, J = 9.6 Hz, 1H), 7.07 (4, J = 8.4
Hz, 2H), 6.82 (4, J = 8.3 Hz, 2H), 6.68 (dd, J = 9.3, 2.6 Hz,

: 1H), 3.87 (s, 3H), 3.79 (s, 3H); MS (FD) m/e 397 (M+).

25



A m xture of the product of Preparation 22 (100 ng, 0.19 10 mol ) and

2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none (DDQ (47 ng, 0.21 nmol)

i n dichloroethane (10 nL) was heated at refl ux for 2 h, inducing the
formation of a precipitate. The m xture was cooled to room
tenperature, filtered, and the filtrate diluted with CHerr]dJ[err]
(70 nmL), washegowhidaed N sodi um 15 hydr oxi de (2 x 70 nl) pctusssds77s
(Na[err]Sderr]) and concentrated to -7ptovide 98 ng (98% of the
title conpound as a white, crystalline solid, nmp 211-213C. [err]H
NVR (300 MHz, CDC [err]) [err] 8.21 (d, J = 9.0 Hz, 1H), 8.16 (d, J
:89Hz,1H) 7.95 (d, J =2.8 : 60 (d, J = 8.8 Hz, 1H),
7.37 (dd, J = 9.0, 20 2.8 Hz, 1H), °7. , = 9.7 Hz, 1H), 7.21 (d, J
= 8.7 Hz, 2H), 7.08 (d, J:27Hz,1H),6.93(d,J:8.7Hz,2H),
?.GGQFD . ng? J%;g9n§ar%] Ji [ dH & 2- 319ﬂib%c£ﬁﬂnyib6Ehéﬁflgﬁkn %5822

S, , 0. S, rr b

1250 154.0, 137.3, 138733 |%§ ﬁ.?ﬁggé&gD? ]Fﬁgﬂﬁgégﬁld 8%

123.9, 12357, 122.9, 120.7, .5, 119.5, 116.5, 115. 7, 109 1

106.9, 55.5, 55.1, 25.7, 18. 3
cnferr]; Ms (FD) me 511 (M)
Cerr]Herr]NJerr]Si: C, 72%
H, 6.50; N, 2.83. 30

PCT/ US96/ 13778

Preparation 23a 2,8-Di iy
benzo[ c] phenant hri d- 6- one 5

1646, 1619

pH  C, 72.57,

- (4-hydr oxyphenyl ) - 6H
[err]

By the procedure described for Example 14, the product of
Example 12 (310 mg, 0.61 mmol) was reacted with ethanethiol

10 (189 mg, 3.1 mmol) and aluminum chloride (611 mg, 4.6 mmol)
to provide after radial chromatography (silica gel, 1l:1
hexane:ethyl acetate, 10-20% methanol, under an ammonia
atmosphere) 237 mg (81%) of the title compound as a yellow
foam which crystallized upon trituration with ether, mp 166~

15 1748°C: 1@ NMR (300 MHz, methanol-d;) © 7.80 (4, J = 8.9 Hz,
iH), 7.73 (4, J = 2.6 Hz, 1H), 7.30 (44, J = 8.9, 2.7 Hz,
1H), 7.192 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 6.66
{d, J = 2.5 Hz, 1H), 6.56 (d, J = 8.7 Hz, 1H), 6.21 {(dd, J =
8.7, 2.6 Hz, 1H), 4.16 (t, J = 5.6 Hz, 2H), 2.86 (s, 4H),

20 2.81 (¢, J = 5.6 Hz, 2H), 2.59 (m, 4H), 1.6-1.7 {(m, 4H), 1.4-
1.6 (m, 2H); IR (CHCl3) 3673, 1637, 1602 cm~1; MS (FD) m/e 482
{M+); Anal. calc'd. for C3¢H3pN204-H20: C, 71.96;-H, 6.46; N,
5.60. Found: C, 71.68; H, 6.63; N, 5.46.



The product of Preparation 22a (6.8 g, 13.3 mml) was di ssol ved in
1:1 acetonitrile:methylene chloride (200 nL) and 10 treated with
hydrogen fluoride-pyridine (80 nL) for 1h. The m xture was dil uted
with brine (500 nL) and extracted with THF (3 x 300 nL). The

conbi ned organic |ayers were neutralized with saturated sodium
bi car bonat e andvVoR%09044 resul ting aqueous |ayer was washedpgt/isboehbizs(2 x
500 nmL). 15 Al aqueous | ayers were thensgonbined and washed with THF
(500 nL), and the conbined organic |ayers were dried (sodium _

sul fate), and concentrated, and the solid residue was washed W th
acetone to provide 5.27.g (100% of the CO und as an

of f-white powder, np 310d[err]C. [err]H , DNBC)d[err]) 20
[err] 9.79 (bs, 1H), 8.52 (d, J = 9.0 Hz, 1H), 8.42 (d, J = 9.

1H), 7.72 (m 2H),2,784171ﬁdéh03:!r_-§3-[74-?23(ﬂzgi§|ébid7in¥-1|._&et y(zgha%;y'h

= 9.6 Hz,pal 7.(d, .1 = 8.
ins i 21 (2(:0 J6. 63 ?dd, 1 ':@%T%?g’éflémfi’fben“[‘_’M’heéaﬂ diggs 3 79
(s, 3H) "M (ED) me 397 (M+). 25 WO 97/ 09044

PCT/ US96/ 13778 - 78-

Exanpl e 12a 2,8-Hy rox fE\Tﬁf[ pi peri di nyl ) et hoxy] phenyl ] -
11, 12- di hydr o- 6H benzo[ c] phen

[err] N

A solution of the product of Example 12 (350 mg, 0.69 mmol)
in THF (25 mL) was treated with lithium aluminum hydride (129
10 mg, 3.4 mmol) inducing a moderate exotherm. The mixture was
allowed to return to room temperature and stirred for 2h,
then briefly warmed to reflux, cooled, and gquenched with
ethyl acetate (50 mL) followed by saturated ammonium chloride
(50 mL). The aqueous layer was extracted with ethyl acetate
15 {2 x 50 mL), and the combined organic layers were dried
(sodium sulfate), concentrated, and purified via radial
chromatography (silica gel, 1:1 hexane:ethyl acetate, 5%
methanol, under an ammonia atmosphere) to provide 248 mg
{64%) of the title compound as a yellow foam: IH NMR (300
20 MHz, CDCl3) & 7.28 (d, J = 8.5 Hz, 1H), 7.05 (d, J = 8.5 Hz,
1H), 6.79 (m, 3H), 6.72 (4, J = 2.6 Hz, 1H), 6.65 (d, 9.0 Hz,
2H), 6.58 (d, J = 2.6 Hz, 1H), 6.52 (dd, J = 8.6, 2.6 Hz,
1H), 4.65 (s, 2H), 3.94 (t, J = 6.1 Hz, 2H), 3.74 (g, 3H),
3.74 (s, 3H), 2.96 (dad, J = 8.3, 5.6, 2H), 2.81 (dd, J = 8.3,
25 5.9 Hz, 2H), 2.66 (t, J = 6.1 Hz, 2H), 2.43 {(m, 4H), 1.5-1.6
(m, 4H), 1.3-1.5 (m, 2H); 13C NMR (75 MHz, CDCl;) 3 158.5,
158.3, 153.3, 141.7, 138.4, 134.6, 132.3, 126.6, 126.2,
125.3, 122.9, 121.7, 120.5, 114.9, 113.4, 112.3, 111.2,
111.0, 65.8, 57.8, 55.6, 55.2, 55.1, 54.8, 29.0, 25.7, 24.0,
30 22.2; IR (CHCl3) 1610, 1506 cm~1; MS (FD) m/e 496 (M+); Anal.
calc'd. for C3H3gN203: C, 77.37; H, 7.32; N, 5.64. Found:
c, 77.25; H, 7.12; N, 5.75.



By the procedure described for Exanple 14, the product of Exanpl e 12

(310 ng, 0.61 mml) was reacted with ethanethiol 10 (189 ng, 3.1 nmol)
and al um num chloride (611 ng, 4.6 mol) to provide after radial
chromat ography (silica gel, 1:1 hexane: et hyl acetate, 10-20%

met hanol , under an ammoni a at nosphere) 237 ng (81% of the title
conpound as a b Yunned4 foam whi ch crystallized upon tri troTEuso@IB778 t h
ether, np 166- 15 174d[err] C. [err]H NMRg-300 MHz, nethanol-d[err])'
[err] 7.80 (d, J = 8.9 Hz, 1H, 7.73 (d, J = 2.6 Hz, 1H), 30 (dd,
J =8.9, 2.7 Hz, 1H), 7.19 (d, J 8.8 Hz, 2H), 6. 97 (d,. J = 8.9 Hz,

2H), 6.66 (d, J =25 Hz, 1H). 6.56 (d, J = 8.7 Hz, 1H). 6.21 (dd,

J= 8.7, 2.6 Hz, 1H), 4.16 (t, J = 5.6, Hz,. 2H), 2.86 (s, 4H), 20
2.81 (t, J = 5.6 Hz, 2H), 2.59 (m 4%1)5253%1&@-7—1(42%%1), 1. 4- 1.6
(m 2H); IR (CHC[err]) 3673, 1637, 1602 cnferr]; M5 (FD) e 482

e i

97/ 09044 5 | H-benzo[c]lphenanthyids6srrs7s

-79- Exanpl e 12b

2, 8- Di net hoxy-5-[4-[2-(1-piperj 'nyk;;;box

11, 12- di hydr o- 6H benzo[ c] phenfnt i di ]

[err] A sol ution ok t pr oduc ' 2 (60 ng, 0.69
mol ) in THF (25 nL) was treated wth |i&hi i num hydri de (129

10 nmyg, 3.4 mmol) inducing a noderate e :\P-'
allowed to return to roomtenperature and
briefly warned to reflux, cool ed, and quegkghss
(50 nmL) followed by saturated amoni uMe@hl o™ de
| ayer was extracted wth ethyl acetate

et hyl acetate
(50 nmL). The aqueous

By the method described for Example 12, the product of

10 Preparation 23a (4.8 g, 12.1 mmol), triphenylphosphine (6.3
g, 24.2 mmol), and 1l-(2-hydroxyethyl)piperidine (3.9 g, 30.3
mmol) were reacted with diethyl diazodicarboxylate (DEAD)
(4.2 g, 24.2 mmol) to provide, after chromatography (silica
gel, 1:1 hexane:ethyl acetate, 5-20% methanol, 0.1% ammonium

15 hydroxide) and recrystallization from ethyl acetate, 5.14 g
(84%) of the title compound as a fluffy white solid, mp
176°c: 1H NMR (300 MHz, CDCl3) & 8.25 (d, J = 9.1 Hz, 1H),
8.21 (d, J = 8.8 Hz, 1H), 7.96 (d, J = 2.8 Hz, 1H), 7.64 (4,

= 8.8 Hz, 1H), 7.40 (dd, 0 = 9.0, 2.8 Hz, 1H), 7.31 (4, J =

20 9.7 Hz, 1H), 7.26 (d, J = 8.8 Hz, 2H), 7.10 (4, J = 2.7 Hz,
1H), 6.99 (4, J = 8.9 Hz, 2H), 6.70 (a4, J = 9.6, 2.7 Hz,
1H), 4.16 (t, J = 6.0 Hz, 2H), 3.95 (s, 3H), 3.88-(s, 3H),
2.81 (¢, J = 6.0 hz, 2H), 2.53 (m, 4H), 1.5-1.7 (m, 4H), 1.4-

) 1.5 (m, 26); 13C NMR (75 MHz, CDCl3) & 163.2, 159.2, 157.9,

25 156.9, 136. 3 135.7, 133.7, 129.7, 128.3, 127.3, 126.4,
123.9, 123.7, 122.8, 120.5, 119.4, 116.6, 115.7, 115.1,
109.1, 106.9, 66.2, 57.8, 55.5, 55.1, 55.0, 25.9, 24.1; IR
(CHC13) 1647, 1619 cm~l; MS (FD) m/e 508 (M+); Anal. calc'd.
for C32H32N204: C, 75.56; H, 6.35; N, 5.51. Found: C,

30 75.58; H, 6.28; N, 5.77.



15 (2 x 50 nL), and the conbined organic |ayers were dried
(sodium sul fate), concentrated, and purified via radial

chromat ography (silica gel, 1:1 hexane:ethyl acetate, 5% met hanol ,
under an amoni a at nosphere) to provide 248 ny (64% of the title
conpound as a yellow foam [err]H NMR (300 20 MHz, CDCl[err]) [err]
7.28 (d, J = sudwHdseaalH), 7.05 (d, J = 8.5 Hz, 1H), RCUSHM3IZH) ,
6.72 (d, J = 2.6 Hz, 1H), 6.65 (d, 9.0 Hz,-g1- 2H), 6.58 (d, J = 2.6 Hz,
1H), 6.52 (dd, J = 8.6, 2.6 Hz, 1H), 4.65 (s, 2H), 3.94 (t, J =6.1
Hz, 2H), 3.74 (s, 3H), 3.74 (s, 3H), 2.96 (dd, J = 8.3, 5.6, 2H
2.81 (dd, J = 8.3, 25 . 5.9 Hz, 2H), t, = 6.1 Hz, 2H), 2.43 (m
4H), 1.5-1.6 (m 4H), 1.3-1.5 ( NVR (75 MHz, CDO [err])
[err] 158.5, 158.3, 153.3, 141.7, 138. 4, 134.6, 132.3, 126.6, 126.2,

125.3, 122.9, 12, g-n%&@oiy-kl“[@w[ﬂlel‘l'piiﬁ%iairﬂ!ﬂll)é’thoxylpheﬂrfﬂ-lo-ﬁﬁ 8,
57.8, 55.6, 55.2," 55

; | R (CHC
1610, 1506 cni err] M5 (FD) mé’%?ﬂ heﬂﬁ.ﬁ%hr?’f)d 6- oggl oy f(()r [err])

C[err]H[eﬂi]h[err]C{err] C, 77.37; H 7.32; N 5.64. Found: C,
77.25; H 7.12; N, 5.75. Naﬂ\vyo 09064

PCT/ US96/ 13778 - 80-

Exanpl e 12c 2,8-Di Xy-5-[ 4- hPPet hoxy] phenyl ] -
5 6H benzo[ c] phenant hri d- 6- ope

[err] By the nethod descrije gAe 12, the product

of

HO

By the procedure described for Example 14, the product of
Example 12a (500 mg, 0.98 mmol) was reacted with ethanethiol
10 (304 mg, 4.9 mmol) and aluminum chloride (987 mg, 7.4 mmol)
to provide after chromatography (silica gel, 1:1 hexane:ethyl
acetate, 10-30% methanol, 0.1% ammonium hydroxide) and
crystallization from methanol 397 mg (84%) of the title
compound as a white powder. An analytical sample was
15 recrystallized from methanol/CHClz, mp 227-232d°C: H NMR (300
MHz, DMSO-dg) & 10.15 (bs, 1H), 9.82 (bs, 1H), 8.43 (d, J =
8.9 Hz, 1H), 8.34 (4, J = 9.2 Hz, 1H), 7.69 (s, 1H}, 7.63 (4,
= 9.0 Hz, 1H), 7.34 (d, J = 8.9 Hz, 1lH), 7.0-7.3 (m, 6H),
6.58 (d, J = 9.6 Hz, 1H), 4.13 (t, J = 5.6 Hz, 2H), 2.69 (t,
20 J = 5.5 Hz, 2H), 2.46 (m, 4H), 1.3-1.6 (m, 6H); 13C NMR (75
MHz, DMF-dp/acetone-dg/CDCl3) d162.2, 158.4, 157.3, 155.9,
137.4, 137.2, 133.9, 130.8, 127.6, 127.5, 126.9, 125.0,
124.0, 123.1, 121.1, 119.0, 117.3, 115.7, 115.5, 112.8,
, 110.6, 63.4, 55.8, 53.6, 23.2, 22.1; IR (KBr) 3303, 1643,
25 1602 cm-1; MS (FD) m/e 480 (M+); Anal. calc'd. for
- C3gHgN204-0.5H20: C, 73.59; H, 5.98; N, 5.72. PFound: C,
73.72; H, 5.88; N, 5.71.



10 Preparation 23a (4.8 g, 12.1 mmol ), tri phenyl phosphine (6.3
g, 24.2 mol), and 1-(2-hydroxyethyl)piperidine (3.9 g, 30.3 nmol )
were reacted with diethyl diazodicarboxyl ate (DEAD) (4.2 g, 24.2
mol ) to provide, after chromatography (silica gel, 1:1 hexane: et hyl
acetate, 5-20% nethanol, 0.1% amoni um 15 hydr oxi de) and
recrystall i zat wov7iosgagh et hyl acetate, 5.14 ¢ (849 of ptharséenzis
conmpound as a fluffy white solid, np -@ﬂﬁc: [err]H NMR (300 VHz
CDCl[err]) [err] 8.25 (d, J = 9.1 Hz, 1H), 8.21 (d, J 8.8 Hz, 1H),
7.96 (d, J = 2.8 Hz, 1H), 7.64 (d, J = 8.8 Hz, 1H), 7. 40 (dd, J =
9.0, 2.8 Hz, 1H), 7.31 (d, J = 20 9 1 7.26 (d, J = 8.8 Hz,
2H), 7.10 (d, J = 2.7 Hz, 1H), 6! , = 8.9 Hz, 2H), 6.70 (dd, J
= 9.6, 2.7 Hz, 1H), 4.16 (t, J = 6.0 Hz, 2H), 3.95 (s, BFD 3.88 (s,
§>H)5 (M 2H): 2[81 ]ﬁtf:a’\mit%ﬂo ,52|ﬁk~t%-5(31-(ﬂpéﬂai&yiﬂef§z9 1157 14-
m err err 9,
156.9, 136.3, 135.7, 133.7, 129. °z‘53" H"iQ{? ]nég,t%szin 123. 9,
123.7, 1221%,.120.5, 119. 4, 116. 6 115.7, 115. 1 109.1, 106.9, 66. 2,
57.8, 55.5, 55.1, 55.0, 25.9, ; o (CHC13) 1647, 1619 cnfierr];
M5 (FD) mle 508 (M+); Anal. chlc'd. C32H32N204: C, 75.56; H
6.35; N, 5.51. Found: C, 30 .58; H, .~ D
97/ 09044
- 81- : Exapmn
2, 8- Hydroxy-5-[4-[2-(1-piperidinyl)ethoxy
benzo[ c] phenant hri d- 6- one

A solution of the product of Example 1l2a (3.82 g, 7.51 mmol)
in THF (250 mL) was treated with lithium aluminum hydride

10 {(1.43 g, 37.5 mmol) resulting in a moderate exotherm. After
the exotherm ceased, the mixture was warmed to reflux
overnight, cooled to room temperature, and quenched
cautiously with ethyl acetate (200 mL) followed by 1 N sodium
hydroxide (200 mL). The layers were separated and the

15 aqueous layver extracted with ethyl acetate (2 x 200 mL) and
the combined organic layers were washed with brine (200 mL),
dried (sodium sulfate), and concentrated. The residue was
recrystallized from hexane:ethyl acetate to provide 3.24 g
(87%) of the title compound as an off-white solid, mp 136-

20 137: 13 NMR (300 MHz, CDCl3) 8§ 7.91 (4, J = 8.6 Hz, 1H), 7.74
(d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.6 Hz, 1H), 7.12 (4, J =
2.5 Hz, 1H), 6.95 (dad, J = 9.2, 2.6, 1H), 6.91 (dd, J = 8.5,
2.6 Hz, 1H), 6.6-6.8 (m, 5H), 4.75 (s, 2H), 3.95 (t, 3 = 6.1

~_ Hz, 2H), 3.90 (s, 3H), 3.79 (s, 3H), 2.68 (t, J = 6.1 Hz,

25 2H), 2.44 (m, 4H), 1.5-1.7 {(m, 4H), 1.4-1.5 (m, 2H); 13C MR
(75 MHz, CcDCl3) & 159.1, 157.3, 153.4, 143.5, 137.9, 135.0,
134.1, 126.5, 125.6, 124.9, 124.2, 123.8, 123.7, 122.4,
121.7, 118.1, 114.9, 113.8, 111.2, 106.4, 65.8, 57.8, 55.8,
55.2, 54.8, 25.7, 24.0; IR (CHCl3) 1506 cm1l; MS (FD) m/e 494

30 (M+); Anal. calc'd. for CisH3gN»03: C, 77.70; H, 6.94; N,
5.66. Found: ¢C, 77.54; H, 6.99; N, 5.63.



By the procedure described for Exanple 14, the product of Exanpl e

12a (500 ng, 0.98 nmmol) was reacted with ethanethiol 10 (304 ng, 4.9
mol ) and al um num chl oride (987 ny, 7.4 mmol) to provide after
chromat ography (silica gel, 1:1 hexane: et hyl acetate, 10-30%

met hanol , 0. 1% ammoni um hydr oxi de) and ~crystallization from nethanol
397 ng (84% ofwadswostdst| e conpound as a white powder. g¥rngsdghsbg cal
sanpl e was 15 recrystallized from nethangslCHC [err], np
227-232d[err]C. [err]H NWR (300 MHz, DVMSO-d[err]) [wee] 10.15 (bs,
1H), 9.82 (bs, 1H), 8.43 (d, J = 8.9 Hz, 1H), 8.34 (d, J = 9.2 Hz,
1H), 7.69 (s, 1H), 7.63 (d, J =9.0 Hz, 1H), 7.34 (d, J = 8.9 Hz,
1H, 7.0-7.3 (m 6H), 6.58 (d, J = 9.6 Hz, 1H), 4.13 (t, J = 5.6 Hz,
2H), 2.69 (t, 20 J =55 Hz, 2H), 2.46 (m 4H), 1.3-1.6 (m 6H); [err]C
NVR (75 MHz, DMP-d[err]/acetone-d[err]/CDCl[err]) [err]162.2, 158.4,
157. 3, 155.9, 137. 4, 137.2, 13P¢repakai®en 144 6, 127.5, 126.9,

125. 0, 124.0, 123.1, 121.1, 119.0, 117.3, 115.7, 115.5, 112.8,

110. 6, 63. ii 55.8, 53.6, 23.2, 22.1; IR (KBr) 3303, 1643, 25 1602

cnierr]; Ms (FD) n1e34@?R$nJ(tﬁﬁakbwnmkﬂimeﬁhwlsilyl)oxY] 6-[4-(2-
C[err]H[err]N[err]ai@rtrﬂﬂéﬂﬁééwox%p?eaé%ﬁk - 2-9%1 tinzbeif 0481502 -C

73.72; H 5.88; N 09044

PCT/ US96/ 13778 cllilbenzopyrangy.

Exampl e 13 2, 8- Di met hoxy-5-[4-[2-(1-piperidinyl)ethoxy] phenyl] -
6H benzo[ c] phenanthridine 5 [err]

A solution of the product of Exanple 12a (3.82 g, a-é%_xnpl) in THF
(250 nL) was treated with lithium al um num hy

C
10 o N\
By the method described in Preparation 8, the product of
Preparation 7 (500 mg, 0.85 mmol), triphenylphosphine (892
mg, 3.4 mmel), and N,N-diethylethanolamine (496 mg, 438 mL,
15 4.23 mmol) were reacted with diethyl azodicarboxylate (DEAD)
(592 mg, 535 mL, 3.4 mmol) in toluene (35 mL).
Chromatography (silica gel, 3:1 hexane:ethyl acetate, 0.1%
ammonium hydroxide) provided 540 mg (92%) of the title
compound as a colorless oil: 1H NMR (300 MHz) d 7.46 (4, J =
20 2.5 Hz, 1H), 7.3-7.4 (m, 4H), 6.86 (m, 3H), 6.69 (s, 1H),
6.51 (ad, J = 8.3, 2.3 Hz, 1H), 6.37 (d, 2.2 Hz, 1H), 3.98
' (t, 3 = 6.3 Hz, 2H), 2.77 (£, J = 6.3 Hz, 2H), 2.54 (g, J =
7.1 Hz, 4H), 0.99 (s, 9H), 0. 97 (t, J = 7.0 Hz, 6H), 0.96 (s,
9H), 0.22 (s, 6H), 0.21 (s, 6H); 13Cc NMR (125 MHz) d 160.0,
25 157.5, 153.7, 153.3, 140.8, 132.6, 132.3, 131.1, 129.7,
125.7, 124.6, 122.5, 119.2, 115.0, 114.2, 113.3, 113.7,
109.3, 78.1, 67.2, 52.3, 48.1, 26.0, 26.0, 18.6, 12.5, -4.3;
MS (FD+) m/e 689 (M+);
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10 (1.43 g, 37.5 mmol) resulting in a noderate exotherm After

t he exotherm ceased, the m xture was warned to refl ux over ni ght,
cooled to roomtenperature, and quenched cautiously with ethyl
acetate (200 nL) followed by 1 N sodium hydr oxi de (200 nL). The

| ayers were separated and the 15 aqueous | ayer extracted wth ethyl
acetate (2 x 20¥081%9%éhd t he conbi ned organi c | ayers wWeCEHUSWAIeS!
with brine (200 nm), dried (sodium suBiate), and concentrated. The
resi due was recrystallized from hexane: ethyl acetate to provide 3.24

g 87% of the title conpound as an off-white solid, np 136- 20
137: [err]H NWR (300 WMHz, CDCl[rer]) [err] 7.91 (d, J = 8.6 Hz, 1H), 7.74

(d, J =8.8 H, 2H), 7.61 (d, J = 8.6 1H) ., 7.12 (d, J = 2.5 Hz,
1H), 6.95 (dd, J = 9.2, 2.6, 1H), G.Qg%H&E%HQ%Téi 26 Hz, 1H),

6.6-6.8 (m 5H), 4.75 (s, 2H), 3.95 (t, J =6.1 , 3. 90 (s,
3. 579 (5 3, 3,%ialdar e r@-ﬂuwmﬁetﬁg@m Aﬁf} il
159.1, 157.3, 153<P°ﬁ£ °8Ln¥§ efhopy] phenyl] -6 ﬁ?dlﬂbeaip leéoz-
124.9, 124.2, 123.8, 123.7, 122.4, cl [11bthzopyidénl, 114. 9, 113. 8,

111. 2, 106.4, 65.8, 57.8, 55.8, 55.2, 54.8, 25.7, 24.0; IR

(CHC [err]) 1506 cnierr]; M5 (FD) me 494 30 (M+); Anal. calc'd. for
Cerr]Herr]Nerr]derr]: C, 77.70; H 6.94; N, |' 5.66. Found: C,
77.54; H, 6.99; N, 5.63. WO 97/ 09044083

PCT/ US96/ 13778 _da-

Preparation 11 5 3, 9- Bls[(tert ggnet hyl silyl)oxy]-6-[4-(2-
di et hyl am noet hoxy) phenyl ] - 6- H [ 1] benag} h) '

c] [ 1] benzopyr an
(9
~

o N\N

10 By the method described in Preparation 8, the product of
Preparation 7 (500 mg, 0.85 mmol), triphenylphosphine (892
mg, 3.4 mmol), and 1-(2-hydroxyethyl)morpholine (555 mg, 512
mL, 4.23 mmol) were reacted with diethyl azodicarboxylate
(DEAD) (592 mg, 535 mL, 3.4 mmol) in toluene (35 mL).

15 Chromatography (silica gel, 3:1 hexane:ethyl acetate, 0.1%
ammonium hydroxide) provided 569 mg (95%) of the title
compound as a pink foam: IH NMR (300 MHz) 4 7.46 (4, J = 2.1
Hz, 1H), 7.2-7.3 (m, 4H), 6.86 (m, 3H), 6.70 (s, 1H), 6.51
(dd, J = 8.2, 2.3 Hz, 1H), 6.37 (d, 2.7 Hz, 1H), 4.04 (t, J =

20 5.8 Hz, 2H), 3.57 (t, J = 4.5 Hz, 2H), 2.69 (t, J-= 5.7 Hz,
2H), 2.47 (m, 4H), 0.99 (s, 9H), 0.96 (s, 9H), 0.22 (s, 6H),
0.21 (s, 6H); 13c NMR (125 MHz) 4 159.8, 157.6, 153.7, 153.2,
140.8, 132.5, 132.5, 131.1, 129.7, 125.8, 124.6, 122.5,
119.2, 115.1, 114.2, 114.0, 113.8, 109.3, 78.2, 67.0, 66.2,

25 57.9, 54.6, 26.0, 25.9, 18.6, -4.3; MS (FD+) m/e 703 (M+);
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10 By the nethod described in Preparation 8, the product of

Preparation 7 (500 ng, 0.85 mmol), triphenyl phosphine (892 ng, 3.4
mol ), and N, N-di et hyl et hanol am ne (496 ng, 438 ni, 15 4.23 mol) were
reacted with diethyl azodi carboxyl ate (DEAD) (592 ny, 535 n, 3.4
mmol) in toluene (35 nL). Chr omat ogr aphy (silica gel, 3:1

hexane: et hyl awWex930%944 0. 1% anmoni um hydroxi de) provi d®ETEH6/13F78 92%)
of the title conmpound as a colorless-&4: [err]H NVR (300 MHz) d
7.46 (d, J = 20 2.5 Hz, 1H), 7.3-7.4 (m 4H), 6.86 (m 3H), 6.69 (s,
1H), 6.51 (dd, J:83 2.3 Hz, 1H), 6.37 (d, 2.2 Hz, 1H), 3.98

(t, J =6.3 Hz, 2H), 2.77 (t, J =6.3 Hz, 2H), 2.54 (q, J = 7.1 Hz,
4H), 0.99 (s, 9H), 0.97 (t, J = 7.0 Hz, 6H), 0.96 (s, 9H), 0.22 (s,
6H), 0.21 (s, 6H); [err]C NWR (125 =G 157.5, 153.7,

153. 3,7 140.8, 132.6, 132.3, 131.1, 129.7, 125.7, 124.6, 122.5,
119.2, 115.0, 114.2, 1 3y.-48. 1,
26.0, 26.0. 18.6, 12. 5133 99%’}’1?&”': ﬁé‘“ Eée’ﬁgm%?h;&él(ﬁné&“w%

WO 97/09048 benzofurol3, cltilhen#ﬂﬂ#{&ﬂs 19PPS

- 84- Preparation 12
3,9-Bis[(tert-butyldinmethyls |I yl )oxy]-6-[4-[2-(1- 5 i

nmor phol i nyl ) et hoxy] phenyl ] - 6- H [ 1] benzot hi eno[ 3, 2-

c] [ 1] bensopyr an

Coumestrol (10 g, 37.3 mmol) was slurried in methylene
10 chloride (600 mL), cooled to 0°C, and treated with
triethylamine (24.9 g, 34.3 mL, 246 mmol) and tert-
butyldimethylsilyl chloride (24.7 g, 164 mmol). The mixture
was warmed to ambient temperature and stirred overnight,
during which it slowly became homogeneous. After dilution
15 with ether (800 mL), the mixture was washed with brine (800
mhL) and the agueocus layer was extracted with ether (500 mL).
The combined organic layers were dried (sodium sulfate},
concentrated, and the residue recrystallized from hexane to
provide 14.2 g (77%) of the title compound as a white powder,
20 mp 118-119°C: 1H-NMR (300 MHz, CDCl3) 4 7.90 (d, J = 8.5 Hz,
1H), 7.82 (4, J = 8.5 Hz, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.97
(m, 2H), 6.90 (dd, J = 8.5, 2.0 Hz, 1H}, 1.03 (s, 9H), 1.02
(s, 9H), 0.28 (s, 6H), 0.25 (s, 6H); IR (CHCl3) 1733 cm~1; MS
(FD+) m/e 496 {(M+); anal. calc‘d. for Cz7H35058iz: C, 65.27;
25 H, 7.32. Found: C, 65.57; H, 7.26.
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[err] O 10 By the nethod described in

Preparation 8, the product of Preparation 7 (500 ng, 0.85 mml),
tri phenyl phosphi ne (892 ng, 3.4 mol ), and

1- (2- hydr oxyet hyl ) mor phol i ne (555 ng, 512 m., 4.23 mol) were
reacted with diethyl azodi carboxyl ate (DEAD) (592 ng, 535 n, 3.4
mol ) in tol uergp §xddeddl) . 15 Chr omat ography (silica gel, pgriusesnsrs
hexane: et hyl acetate, 0.1% ammoni um hygr oxi de) provided 569 nmg (95%
of the title conpound as a pink foam [err]H NVR (300 MHz) d 7.46
(d, J =21 FE 1H, 7.2-7.3 (m 4H), 6.86 (m 3H), 6.70 (s, 1H),
6. 51 (dd, J = 8. 2, 2. 3 FE 1H), 6.37 (d, 2.7 Hz, 1H), 4.04 (t, J =
20 5.8 Hz, 2H), 3 57 (t, J = 4.5 Hz, 2H), 2.69 (t, J= 5.7 Hz,

2H), 2.47 (m 4H), 0.99 (s, 9H), 0.96 (s, 9H), 0.22 (s, 6H), 0.21
(s, 6H); [err]C NWR (125 MHz) d 159. 8%:%5&{?%1%59;1& 153. 2, 140. 8,
132.5, 132.5, 131.1, 129.7, 125.8, 12 119.2, 115.1
114.2, 114.0, 113.8, 109.3, 78.2, 67.0, 66.2, 25 57.9, 54.6, 26.0,

25.9, 18.6,5-4.3; M5 (HH9- Bdﬁ[793rtwﬁhtyldimaﬂﬂyllilyl)oxy] SNﬁl97/09044

PCT/ US96/ 13778 - _
Preparation 13 benzng;gilg[,(zt er]t !%L??/?al ﬁg{'ﬁ)ﬁ si| y]l ) oxy] - 6- H
5 benzof uro[ 3, 2-c] [ 1] benzopyr an- 6- one
I
o=si

10 By the method described in Preparation 4, the product of
Preparation 13 (5.0 g, 10.0 mmol) was reacted with a 1.0 M
toluene solution of diisobutylaluminum hydride (12.0 mL, 12.0
mmol) in toluene {450 mL). Recrystallization from hexane
gave 1.26 g of the title compound as mixture with its

15 aldehyde tautomer. Chromatography (silica gel, 2-15% ethyl
acetate/hexane) of the mother liquor provided 1.37 g of
starting material (approximately 67% pure) and, after
recrystallization, 580 mg of title compound for a total
output of 1.85 g (37%) of the tautomeric mixture: IH NMR

20 (300 MHz) 4 10.15 (s, 0.5H), 9.2 (br s, 0.5H), 7.99 (4, J =
8.4 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.50 (m, 0.5H), 7.09
(d, § = 2.0 Hz, 1H), 6.96 (m, 1H), 6.6-6.7 (m, 2H), 6.55 (m,
0.5H), 1.01 (s, 9H), 1.00 (s, 9H), 0.27 (s, 6H), 0.25 (s,
6H); IR (CHCl3) 3550, 1663 cm~l; MS (FD) m/e 499 (MH+); Anal.

25 cale'd. for Cp7H3g80s8iz: C, 65.02; H, 7.69. Found: C,
65.32; H, 7.76.

30



[err] Counestrol (10 g, 37.3 mml) was slurried in

nmet hyl ene 10 chloride (600 nL), cooled to OC, and treated with
triethylamne (24.9 g, 34.3 nlL, 246 mmol) and tert-

butyl di net hyl silyl chloride (24.7 g, 164 muvol). The m xture was

war med to anbi ent tenperature and stirred overnight, during which it
sl ow y becane wowagwaeous. After dilution 15 W th ether @EgeRssdas7rst he
m xture was washed with brine (800 mgy-and t he aqueous | ayer was
extracted with ether (500 ni). The conbi ned organic | ayers were
dried (sodiumsulfate), concentrated, and the residue recrystallized
from hexane to provide 14.2 g (77% of the title conpound as a white
powder, 20 np 118-119[err]C- [err]H NWR (300 MHz, CDCl[err]) d 7.90
(d, J = 8.5 Hz, 1H, 7.82 (d, J =8.5 Hz, 1H, 7.10 (d, J = 2.0 Hz,
1H), 6.97 (m 2H), 6.90 (dd, JpreSabatfefl Hrs 1H), 1.03 (s, 9H),
1.02 (s, 9H), 0.28 (s, 6H), 0.25 (s, 6H); IR (CHC[err]) 1733
cnjerr]; M5 (FD+) me 496 (M+); Anal. calc'd. for

C[ err] H[ er b] q err3 sPFeie]l( t@rﬁ-&mﬂylesmethmsiZI.ﬂ) ox¥hufAdpheBoxb &7H-H,

26. bmz%y 2-c1f11b
PCT/ US96/ 13778 “Q% 1[11benzopyran

10 By the method described in Preparation 5, the product of
Preparation 14 (464 mg, 0.93 mmol) was reacted with phenol
(1.05 g, 11.2 mmol) in chlorobenzene (25 mL) containing -
anhydrous magnesium sulfate (1.0 g) to yield 467 mg. (87%) of
the crude title compound as an unstable pink foam which was

15 used without purification: 11 NMR (300 MHz) & 7.1-7.7 (m,
8H) 6.6-6.9 {m, 3H), 1.01 (s, 9H), 1.00 (s, 9H), 0.28 (s,
6H), 0.25 (s, 6H).

Preparation 16
20
3,9-Bis[(tert-butyldimethylsilyl)oxyl-6-[4-[2-(1-
piperidinyl)ethoxylphenyl] -6-H-benzofuro[3,2~
S cl[1l)lbenzopyran



Preparation 14 5 3,9-Bis[(tert-butyldinethylsilyl)oxy]-6-H

benzofuro[ 3, 2-c] [ 1] benzopyr an- 6- ol [err]
10 By the nethod described in Preparation 4, the product of

Preparation 13 (5.0 g, 10.0 mmol) was reacted with a 1.0 M t ol uene
solution of diisobutylalum num hydride (12.0 nL, 12.0 mml ) in

t ol uene (450 MWO7/B44r yst al | i zati on from hexane .gave PCTARIG1IT8 t he
title conpound as mixture with its 15 at8hyde t aut oner.

Chr omat ogr aphy (silica gel, 2-15% et hyl acet at e/ hexane) of the

not her |iquor provided 1.37 g of starting material (approximtely
67% pure) and, after i recrystallization, 580 of title conpound for
a total output of 1.85 g (37% of the tautogerjc m xture: J[err]H
NVR 20 (300 MHz) d 10.15 (s, 0.5H), 9.2 (b | , 7.99 (d, J =

8.4 Hz, 1H), 7.56 (d, J =8.4 Hz, 1H), 7.5 5H), 7.09 (d, J =
2.0 Hz, 1H), 6.96 (m 1H), 6.6-6.7 (m 2H) m 0.5H), 1.01 (s,

9H), 1.00 (s, 9H), 0.27 (s, 6H), 0.2
1663 cnjerr]; M5 (FD) mle 499 (E+H)

H S
C[ggr] [errgg{err] i[err]: _5%_51_0

6H); IR (CHCl [err]) 3550,
.calc'd. for
und: C, 65.32; H

o N\N

By the method described in Preparation 6, the product of
Preparation 15 (467 mg, 0.81 mmol) was reacted with a 0.5 M
5 THF solution of 4-[2-(l-piperidinyl)ethoxy]phenylmagnesium
bromide (2.6 mL, 1.62 mmol) in toluene (15 mL). Radial
chromatography (silica gel, 2:1 hexane:ethyl acetate, 1%
methanol under an ammonia atmosphere) provided 500 mg (90%)
of the title compound as a colorless, gummy solid: 1H NMR
10 (300 MHz) @ 7.39 (m, 3H), 7.04 (4, J = 2.0 Hz, 1H), 6.92 (d,
= 8.6 Hz, 2H), 6.78 {(d, J = 8.4 Hz, 1H), 6.68 (d, J = 8.1
Hz, 1 H), 6.68 (s, 1H), 6.53 (dd, J = 8.2, 2.2 Hz, 1H), 6.38
(d, J = 2.6 Hz, 1H), 4.05 (¢, T = 5.9 Hz, 2H), 2.64 (t, J =
6.1 Hz, 2H), 2.42 (m, 4H), 1.4-1.6 (m, 4H), 1.3-1.4 (m, 2H),
15 0.96 (s, 9H), 0.95 (s, 9H), 0.20 (s, 6H), 0.19 (s, 6H); 13C
NMR (125 MHz) 4 160.3, 158.0, 156.8, 155.5, 154.0, 148.2,
132.7, 129.8, 121.6, 121.1, 119.8, 117.3, 115.3, 113.8,
110.6, 109.8, 109.1, 103.8, 79.0, 66.9, 58.5, 55.6, 26.8,
26.0, 26.0, 25.0, 18.7, -4.3, -4.3; MS (FD) m/e 686 (M+);
20 Anal. calc'd. for C40HssNOsSiz: C, 70.03; H, 8.08; N, 2.04.
Pound: C, 70.28; H, 8.14; N, 2.08.

25



WD 97/ 09044 PCT/ US96/ 13778
-87- Preparation 15 5
3,9-Bis[(tert-butyldinethylsilyl)oxy]-6-phenoxy-6-H

benzof uro[ 3, 2-c] [ 1] benzopyr an

[err] _ 10 By the nmethod described in Preparation 5, the product
of PrepaW& 278444 (464 ng, 0.93 mmol) was reacted wi th BETAIRS6/13778
(1.05 g, 11.2 mmol) in chl orobenzene (25 m98%ont ai ni ng anhydr ous
magnesium sulfate (1.0 g) to yield 467 ng (87% of the crude title
conpound as an unstabl e pink foam which was 15 used wi t hout
purification: [err]H NVR (300 MHiz) d 7giagpie( M1 " 8H) 6.6-6.9 (m
3H), 1.01 (s, 9H), 1.00 (s, 9H), 0.28 (s, 6H), 0.25 (s, 6H)

Preparation 16 20
3, 9-Bi-s[ (tert-bu3ybdbkbydrciyy63 D&y [26{4Hidb€idinyl) ethoxy]lphenyl] -6~

pi peri di nyl) et hoxy] phenyl ] - 6 gipReRa ¥l Ot $; 2= c) [11benzopyran
c][l]benzopyran

By the procedure described for Example 1, the product of
Preparation 16 (520 mg, 0.76 mmol) was reacted with 1.0 M
10 TBAF in THF (4.5 mmol) to give, after radial chromatography
(silica gel, 1:1 hexane:ethyl acetate, 10% methanol, under an
ammonia atmosphere) 292 mg (72%) of the title compound as a
bright red foam, which crystallized from carbon
tetrachloride: H NMR (300 MHz, dimethylformamide-d;) 4 10.00
15 (br s, 1H), 9.83 (br s, 1H), 7.3-7.5 (m, 3H), 7.10 (s, 1H),
6.98 (4, J = 8.5 Hz, 2H), 6.7-6.9 (m, 3H), 6.54 (44, J = 8.1,
1.8 Hz, 1H), 6.42 (s, 1H), 4.10 (t, J = 5.8 Hz, 2H), 2.67 (m,
2H), 2.44 (m, 4H), 1.4-1.6 {(m, 4H), 1.3-1.4 (m, 2H); 13¢ NMR
(125 MHz, dimethylformamide-d7) & 160.2, 159.9, 156.8, 156.4,
20 155.1, 147.2, 133.0, 129.5, 121.4, 119.5, 1i8.9, 115.1,
112.9, 109.2, 108.9, 108.3, 104.3, 98.7, 78.5, 66.5, 58.2,
55.3, 26.4, 24.6; IR (KBr) 3220 cm~1; HRMS (FAB+) m/e calc'd.
for CagHzgNOs 458.1967 (MH+), found 458.1974; Anal. calc'd.
for CpgHa7NOaS-0.25CClg: C, 68.40; H, 5.49; N, 2.82. Found:
25 C, 68.58; H, 5.81; N, 2.94.
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WO 97/ 09044 PCT/ US96/ 13778
- 88- By the nethod described in Preparation 6, the

product of Preparation 15 (467 ng, 0.81 mml) was

reacted with a 0.5

M 5 THF sol ution of 4-[2-(1-piperidinyl)ethoxy]phenyl magnesi um

bromde (2.6 nL, 1.62 mmol) in toluene (15 nL). Radi al
chronatography"(gPT’?s‘&‘!f gel, 2:1 hexane:ethyl acetate, 1%
under an ammoni a at m)sphere) provi ded 500 nPq90%
conpound as a colorless, gunmmy solid: [err]H NWVR 10

(m 3H), 7.04 (d, J = 2.0 Hz, 1H), 6.92 (d, J = 8.
(d, J = 8.4 Hz, 1H), 6.68 (d, J = 8. lpreparatiiion 11%), 6.

PCTUR/BETO|
of the title
(300 MHz) d 7.39
6 Hz, 2H), 6.78
68 (s, 1H), 6.53

(dd, J = 8.2, 2.2 Hz, 1H), 6.38 (d, J = 2.6 Hz, 1H, 4.05 (t, J =
5.9 Hz, 2H), 2.64 (t, J = 6.1 Hz, 2H), 2.42 (m 4H), 1.4-1.6 (m
4H), 1.3-1.4 (m 2H), 15 2-MeFhaxy-<8-KE¥rfirogy931l,d2-G)hydroo5fs, 6H), 0.19
(s, 6H); [err]C R GLzhdiindbieRotz, iaan% #0-§.0485. 5, 154.0,
148. 2, 132.7, 129.8, 121.6, 121.1, 119.8, 1 9’3 115. 3, 113.8,

110. 6, 109% 109.1, 103.8, 79.0, 66.9, 58. 5 55.6, 26.8, 26. 0,

26.0, 25.0, 18.7, -4.3, -4.3: MBS (FD) nfe 6 o € Anal. calc'd.
for C[err]H[err]NCIerr]Si[err]: C, 70.03; | N, 2.04. Found:

C, 70.28; H 8.14; N, 2.08. 25

To a solution of l-carbomethoxy-6-methoxy-2-tetralone (gee,

Colwvin, Martin, and Shroot,

, 2130

10 (1966)) (18.0 g, 76.8 mmol) and resorcinol (8.9 g, 80.7 mmol)
stirring at ambient temperature in toluene (450 mL) was added
phosphorus oxychloride (12.0 g, 7.3 mL, 18.3 mmol) dropwise,
and the mixture warmed to 80°C for 12 h. After cooling to
room temperature, the mixture was poured into water (500 mL)

15 and filtered, rinsing the precipitate with ether. The
filtrate layers were separated, the aqueous layer wés
extracted with ethyl acetate (3 x 500 mL), and the combined
organic layers were dried (sodium aulfate) and concentrated.
Recrystallization of the residue from methanol provided 16.0

20 ¢ of the title compound as a yellow solid, mp 244-249d8°C: 1m
NMR (300 MHz, DMSO-dg) 4 10.55 (br s, 1H), 8.24 (4, J = 8.6
Hz, 1H), 7.75 (4, J = 8.7 Hz, 1H), 6.6-7.0 (m, 4H), 3.76 (s,
3H), 2.8-3.0 (m, 4H); 13c NMR (125 MHz, DMSO-dg) 4 170.3,
160.3, 158.3, 158.1, 153.3, 147.7, 137.5, 127.4, 125.8,

25 122.5, 114.5, 112.6, 112.4, 110.9, 101.4, 54.6, 26.3, 22.7;

IR (KBr) 3250, 1676, 1618 cm~1; MS (FD+) m/e

294  (M+); Anal.

calc'd. for C3gH3404: C, 73.45; H, 4.80. Found: C, 73.15;

H, 4.86.
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WO 97/ 09044 PCT/ US96/ 13778

- 89- Exanple 11

3, 9- Di hydr oxy-6-[4-[2-(1-pi peridinyl)ethoxy] phenyl] - 6-

H benzof uro[ 3, 2-c] [ 1] benzopyran 5

[err] ' By the procedure described for Exanple 1, the
product of WO 97%4, a1 at i on 16 (520 ng, 0.76 mml) was r ea®CIFSHIBHBL o M
10 TBAF in THF (4.5 mmol) to give, afte®lradial chronatography

(silica gel, 1:1 hexane:ethyl acetate, 10% net hanol, under an

ammoni a at nosphere) 292 ng (72% of the title conpound as a bri ght
red foam which crystallized from carkpapazationtetgachloride: J[err]H NWR
(300 WHz, dinethylformam de-d7) d 10.00 15 (br s, 1H), 9.83 (br s, 1H)
7.3-7.5 (m 3H), 7.10 is, 1H), 6.98 (d, J = 8.5 Hz, 2H), 6.7-6.9 (m
3H), 6.54 (dd, J 2-8-Bisl(terc-putyjdinpphydsiiylk)oxyj-11,18-qihydzos g
Hz, 2H), 2.67 (m BE)-beh i bThaphthol2}-1l- &) g¥radFs~ohed- 1. 4 (M
2H) ; [err]g NVR (125 WMHz, dinethylformam de-d[err]) d 160.2, 159.09,
156. 8, 15674, 20 155.1, 147.2, 133.0, 129.5, 121.4, 119.5, 118.9,
115.1, 112.9, 109.2, 108.9, 108.3, 104.3, 98.7, ﬂ$. , 66.5, 58.2,
55.3, 26.4, 24.6; IR (KBr) 3220 cnferr]; HR A Rréi " d. for
Cerr]Herr]NgJerr] 458.1967 (MH+), found 4 Analt tal c'd.

for CJerrJ]Herr]NdJerr] S err]0.25Cd [ . H 5.49; N, 2.82.

Found: 25 C 68.58, H 5814 N | 30
Sli"O o) 0

By the procedure described in Preparation 3, the product of
_ Preparation 17 (4.17 g, 14.2 mmol) was reacted with

10 ethanethiol (3.53 g, 3.95 mL, 56.8 mmol) and aluminum
chloride (9.0 g, 67.5 mmol) in methylene chloride (100 mL).
The crude product was further reacted with triethylamine (8.6
g, 11.9 mL, 85.2 mmol) and tert-butyldimethylsilyl chloride
(8.6 g, 56.8 mmol) in methylene chloride (100 mL) to provide,

15 after recrystallization from hexane, the title product as a
yellow solid, mp 145-147°C: 1H NMR (300 MHz, CDCl3) 4 8.37
(d, J = 8.6 Hz, 1H), 7.58 (4, J = 9.3 Hz, 1H), 6.83 (s, 1H),
6.81 (m, 2H), 6.72 (4, 0 = 2.4 Hz, 1H), 2.8-3.0 (m, 4H), 1.00
{s, 18H), 0.27 (s, 6H), 0.24 (s, 6H); 13C NMR (125 MHz, CDCls)

20 4 159.8, 158.6, 155.4, 153.9, 147.1, 137.7, 128.6, 125.0,
123.9, 119.0, 118.1, 117.5, 117.3, 113.8, 107.5, 27.4, 25.7,
25.6, 23.9, 18.3, 18.2, -4.3, -4.4; IR (CHCl;) 1708, 1612 cm-
1; MS (FD) m/e 508 (M+).

25

30
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- 90- Preparation 17

2- Met hoxy- 8- hydr oxy- 11, 12- di hydr o- 5H

benzo[ b] napht ho[ 2, 1-d] pyran-5-one 5 [err]
To a solution of 1-carbonethoxy-6-nethoxy-2-tetral one (see, Col vi n,
Martin, and Sh¥d70944eni stry and I ndustry, 2130 10 ( 196 FOTYSIEINF7]y,
76.8 mmol ) and resorcinol (8.9 g, 80.7 mmol3y92~ stirring at anbient
tenperature in toluene (450 nL) was added phosphorus oxychl ori de
(12.0 g, 7.3 nL, 18.3 mol ) dropw se, and the m xture warnmed to
80[err]C for 12 h. After cooling to te the m xture
was poured into water (500 mi) 15 and filtered, rinsing the precipitate
with ether. The filtrate ers were separated, the aqueous | ayer
was extract ed fr¥atbomy- %ﬂkﬁQBO*YSD aﬂml3¥mkn9hé 8edbidmed
organic layers were dried (sodi umyadfafiedrsfdpheheaddat ed.

Recrystal lization of the residue from nethanol provided 16.0 20 g of
the title conpound as a yell ow solid, 244 249d[err]C [err]H NVR
(300 MHz, DIVBOd[err]) d 10.55 (br s, (d J =8.6 Hz, 1H),
7.75 (d, J 8.7 Hz, 1H), 6.6-7.0 Un 4m 3H), 2.8-3.0 (m
4H) ; [err]C NVR (125 VHz, DNBC)d[err]) d 160. 3, 158.3, 158.1,
153.3, 147.7, 137.5, 127.4, 125.8, 122 5 1114 5, 112.6, 112.4,

110.9, 101.4, 54.6, 26.3, 22.7:
MS (FD+) mie 294 (Mr); Anal.
73.45; H, 4.80. Found: C, 73.15;

§0, 1676, 1618 cn{err]
grr]Herr]Jerr]: C -
30

A mixture of 6-methoxytetralone (25 g, 142 mmol} and 4-
hydroxyaniline (16.3 g, 149 mmol) was heated to 180°C under a

10 nitrogen stream for 2 h. After cooling to ambient
temperature, the solid mass was recrystallized from
toluene/methanol: 1H NMR (300 MHz) @ 8.15 (d, J = 9.7 Hz,
1H), 6.5-7.9 (m, 6H), 3.80 (s, 3H), 2.84 (t, J = 7.3 Hz, 2H),
2.51 (t, J = 6.8 Hz, 2H), 1.85 (m, 2H).

15
BPreparation 20
6-Methoxy-1-[(4-hydroxy)phenyl]limino~-1,2,3,4-
tetrahydronaphthalene
20

i~
I
N

MeO

The product of Preparation 19 (36 g, 134.7 mmol) was

dissolved in 1:1 methylene chloride:THF (300 mL) and treated
25 with triethylamine (28.6 g, 39.4 mL, 283 mmol) and tert-

butyldimethylsilyl chloride (30.5 g, 202 mmol). The mixture
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-91- Preparation 18
2,8-Bis[(tert-butyldinmethylsilyl)oxy]-11,12-di hydro-

5H- benzo[ b] napht ho[ 2, 1- d] pyran-5-one 5 By the procedure
described in Preparation 3, the product of Preparation 17 (4.17 g,
14.2 mmol ) wasWOS3edd with 10 et hanet hi ol (3.53 g, 3.95 PCIUSB13278 DI )
and al um num chloride (9.0 g, 67.5 masd-) in methylene chloride (100
m.) . The crude product was further reacted with triethylamne (8.6
g, 11.9 nL, 85.2 mml) and tert-butyldinmethylsilyl chloride (8.6 g,

56.8 mml) in m&ylﬁ?&r@al e{réﬂ?lg(&ognat&da&wr&\i' Berticns of after
recrystalllzat|o€¥ m.hexane %FQG title yel | ow solid,

mp 145- 147C; r&ﬁ“‘(’-%o g.cBet| &“‘%?ﬁﬁnd tertyy, J = 8.6 Hz,
1H), 7.58 (d J mwmmthyg;lﬂ &hl@r;deH}J,O 2 g, 676mBAlY wer2Hpad6d 7tb ( d,

J = 2.4 Hz, (s, 4
(s. oH §C N %“ZS:EI/%ZI Q‘Ehc%%ﬁ)rrl t:t%)ggm :;.et:.on rAfi:%fD?}glg j:?‘xe( g%xg@iggasz
147.1,” 13777, Higt 3mb) . 1Ghltpred; gcqneentraged; 1804 the
113.8, 107.5, 27re|sldife washed with he&angietheri.S. H'helex&'aen% Yered. 4; IR
(CHA [err]) 1708g; ahed;eBhédntrated, andBrid DedTafie 08 {Mda by %Qpid 30
chromatography (silica gel, 18:1-10:1 hexane:ethylacetate) to
give 21.0 g (41%) of the title compound as light yellow foam:
10 1H NMR (300 MHz, CDCl3) d 8.32 (d, J = 9.7 Hz, 1H), 6.86 (m,
3H), 6.73 (m, 3H), 3.92 (¢, J = 5.8 Hz, 2H), 2.57 (¢, J = 6.8
Hz, 2H), 1.96 (m, 2H), 1.05 (s, 9H), 0.26 (s, 6H).

Preparation 231
15
6-Methoxy-1~[N-[[4-(texrt-
butyldimethylsilyl)oxylphenyl]}-N-(2,5-
dimethoxybenzoyl)]l]amino~3,4-dihydronaphthalene

20 MeO

The product of Préparation 20 (10.2 g, 26.8 mmol) was
dissolved in methylene chloride (100 mL), cooled to 0°C, and
treated with triethylamine (3.8 g, 5.2 mL, 37.5 mmol)

25 followed by a solution of 2,5-dimethoxybenzoylchloride (6.72
g, 33.5 mmol) in dichloromethane (25 mL). The mixture was
warmed to reflux overnight, then treated with additional
triethylamine (1.4 g, 1.9 mL, 13.4 mmol) and acid chloride
(2.7 g, 13.4 mmol) and heating continued for an additional 12

30 h. After concentration in vacuo, the residue was dissolved
in ether (250 mL), washed with brine (250 mL), dried (sodium
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-92- Preparation 19
6- Met hoxy- 1-[ (4- hydr oxy) phenyl ]i m no-1, 2, 3, 4-
t et rahydr onapht hal ene 5 [err]

A m xture of 6-nethoxytetral one (25 g, 142 mol) and 4-
hydroxyani | i ne Y8780 149 mol) was heated to 180C under a ROI/USS61BT78 0ogen
streamfor 2 h. After cooling to anbient -94- tenperature, the solid
mass was recrystallized from t ol uene/ net hanol : [err]H NVR (300 MHz)
d 8.15 (d, J = 9.7 Hz, 1H), 6.5-7.9 (m 6H), 3.80 (s, 3H), 2.84 (t,
J =7.3 Hz, 2H), sulfate)Z-éﬁd(doncéaﬁrﬁtéﬁ{E;fuﬁ&%ieétjﬁ%ﬁb&lEﬁéﬂxeéiéﬁe A
Preparation 20 - 19xY= i [ (A4hyd en mno-1,2,3,4-
t et r ahydr onapht haﬁhe::‘r?gajz'agraphxp ('ﬁtl 2 g%l, 110401 Ofes a?me.e%.!/fl. aceta irr]
provided 10.3 g of the title compound as a white foam: 32
NMR (300 MHz, CDCl3) d 6.4-7.6 (br m, 11H), 5.83 (br s, 1H),
5 3.4-3.8 (br m, 9H), 1.9-3.0 (br m, 4H), 0.95 (2 br s, 9H),
" 0.14 {2 br s, 6H); IR (CHCl3) 1651, 1607, 1507 cm-1l; MS (FD)
m/e 545 (M+); Anal. calc'd for C3oH3gNOsSi: C, 70.43; H,

7.20; N, 2.57. Found: C, 70.53; H, 7.26; N, 2.76.
10 Preparation 22

2,8~-Dimethoxy-5-[4-[(tert-
butyldimethylsilyl)oxylphenyl]l-11,12-dihydro-6H-
benzol[clphenanthrid-6-one
15

| o

QL
N

CO

A solution of the product of Preparation 21 (2.73 g, 5 mmol)
in benzene (250 mL) was degassed via 3 freeze/pump/thaw

20 cycles and irradiated with a 450 Watt internal mercury lamp
in a quartz immersion well under nitrogen. Aafter.22 h, the
mixture was concentrated and the residue purified by
chromatography (silica gel, 20:1 toluene:ether) to provide
675 mg (26%) of the title compound as a yellow foam. An

25 analytical sample was obtained by crystallization from
hexane/ether as light yellow crystals, mp 194-95°C: 1H NMR
(300 MHz, CDCl3) 7.94 (d, 2.8 Hz, 1H), 7.73 (4, 8.9 Hz, 1H),
7.32 (dd, J = 8.9, 2.8 Hz, 1H), 7.17 (4, J = 8.7 Hz, 2H),
6.84 (d, J = 8.7 Hz, 2H), 6.76 (d, J = 2.6 Hz, 1H), 6.67, (d,

30 J = 8.8 Hz, 1H), 6.35 (dd, J = 8.8, 2.7 Hz, 1H), 3.94 (s,
3H), 3.75 (s, 3H), 2.90 (s, 4H), 0.99 (s, 9H), 0.21 (s, 6H);

e

MeO



The product of Preparation 19'(36 g, 134.7 mmol) was di ssolved in
1:1 nmethylene chloride: THF (300 nL) and treated 25 with triethylam ne

(28.6 g, 39.4 nL, 283 mmol) and tert- but yl di net hyl silyl chloride

(30.5 g, 202 mmol ). The m xture WO 97/ 09044

PCT/ US96/ 13778 - 93- was stirred

overni ght and Y¥RAP¥%®HMal portions of triethyl ani ne (6.BCHUSWAZTTSL,

67 mmol) and tert- but yl di net hyl si | y+9%hl oride (10.2 g, 67 nmol)

were added to drive the reaction to conpletion. After 5 h, the

m xture was 5 diluted with ether (500 nL), filtered, concentrated, and

the resi dide mhedzwmz h@b@&g je&hega, sTh?cs@Xﬁraﬁﬁ 7Meh84.4, 139.7,
resi due pur

filtered, concen ted,

chr omat ogr aphy (i??ﬁ:’a 1g"‘él %ga 3.0 lfghéxaﬁéselc'hﬂécét'a%; 10123.2, gjve
21.0 g (41% of 182.6. tU19.6onpbais), ad2.7ghLlysl,) M08.6ans5 .19, 54.0er phH NVR
(300 MHz, CDO [eps]s, (&385321630'1 J- 4-49 ER"'%CH&@» 1% 86 185, 1507 _citd; 73
(m 3,392 (1ol = 257 (Le? 3 A50T

(m 2H), 1 505 (s T‘b m/e ?é (§M+ H)Ana ale'd for C31H3sNOgSi: ¢, 72. 48
Preparation 21 1B, 6.87; N, 2.73. Found: ©6; M eeey#l- BT 4y ( t2mk-

but yl di met hyl si |yl ) oxy] phenyl]-N-(2, 5-

di met hoxybenzoyl )] am no- 3, 4- di hydr onapht hal ene

[err] The product of 2810.2 g, 26.8 mml) was
di ssolved in nethylene chloride (100 nL), cooled to O[err]C, and
10 2,8-Dimethoxy-5~(4~-hydroxyphenyl)-11,12-dihydro-6H-

benzo[c]lphenanthrid-6-one

MeO

15 The product of Preparation 22 (790 mg, 1.5 mmol) was
dissolved in 3:2 acetonitrile:methylene chloride (50 mlL) and
treated with hydrogen fluoride-pyridine (10 mL) in 2 portions
at 1 h intervals. After further stirring for 1h, the mixture
was diluted with THF (100 ml) and filtered, washing with

20 methanol and ether. The filtrates were diluted with THF (200
mL) and washed with brine (200 mL) and saturated sodium
bicarbonate (200 mL}. The combined aqueous layers were
extracted with THF (100 mL) and the combined organic layers
were dried (sodium sulfate) and concentrated to provide 340

25 mg (57%) of a yellow powder, mp 250-2754°C, which was used
without purification: 1H NMR (300 MHz, dimethylformamide-dy)
d 9.80 (br s, 1H), 7.91 (4, J = 9.7 Hz, 1H), 7.81 (d, JF = 1.9
Hz, 1H), 7.44 (dd, J = 9.7, 1.9 Hz, 1H), 7.20 (d, J = 8.7 Hz,
2H), 6.8-7.0 (m, 4H), 6.47 (dd, J = 8.7, 1.9 Hz, 1H), 3.94

30 (s, 3H), 3.74 (s, 3H), 2.89 (m, 4H); MS (FD+) m/e 399 (M+).



treated with triethylamne (3.8 g, 5.2 niL, 37.5 nmmol) 25 foll onwed by a
sol ution of 2,5-di nmet hoxybenzoyl chloride (6.72 g, 33.5 mmol) in

di chl oronet hane (25 nlL). The m xture was war med to reflux overnight,
then treated with additi onal triethylamne (1.4 g, 1.9 nL, 13.4
mol ) and acid chloride (2.7 g, 13.4 mmol ) and heating continued for
an additional WO h. After concentration in vacuo, the RCFAISY63718aS

di ssol ved in ether (250 nm.), .washed +gg-h brine (250 nL), dried

(sodi um WO 97/ 09044

PCT/ US96/ 13778 -94- sul fate),
and concentrated. Purification of the resi by chr omat ogr aphy
(silica gel, 9:1-4:1 hexane: et hyl acetateg provi ded 10.3 g of the
title conpound as a white foam [err]H NVR (300 WHz, CDCl[err]) d
6.4-7.6 (br m 11&) 8-Difdtlwxe-51E~[25 (1-piperBdinyh) erhoi)] pliedyB] 0

1651, 1607, 1507 onf or A ¥ FRRyero-ci-Benza i qpfihinstadiead )

Jerr]HerdNJerr]Si: C 70.43; H, o 7.20; N, 2.57. Found: C, 70.53;
H 7.26; N, 2.76. 10 reparation 22

2,8-Di met hoxy-5-[4-[(tert- NN o
butyldinethylsiIyI)oxy]phenylg:;;!12-dihy OMe

benzo[ c] phenant hri d- 6- one 15 MeO

A solution of the product of Preparation 1) I n

benzene (250 nL) was degassed via 3 freezf
irradiated with a 450 Wwatt i nternal ngé',
i mmersion well under nitrogen. After h,

cycl es and
in a quartz

To a solution of the product of Preparation g3 (340 mg, 0.85
mmol), triphenylphosphine (446 mg, 1.7 mmol), and 1-{(2-

10 hydroxyethyl)piperidine (275 mg, 282 mL, 2.1 mmol) in THF (20
mL) was added diethyl azodicarboxylate (DEAD) (296 mg, 268
mL, 1.7 mmol) and the mixture was stirred at ambient
temperature overnight. After concentation in vacuo,
chromatography (silica gel, 1:1 hexane:ethyl acetate, 5-20%

15 methanol, 0.1% ammonium hydroxide) provided 338 mg (66%) of
the title compound as a yellow foam: IH NMR (300 MHz) 4 7.82
(m, 2H), 7.35 (d@d, J = 9.7, 2.9 Hz, 1H), 7.23 {(d, T = 9.7 Hz,
2H), 6.91 (d, J = 9.7 Hz, 2H), 6.82 (m, 1H), 6.70 (4, J = 9.7
Hz, 1H), 6.38 (dd, J = 9.7, 1.9 Hz, 1H), 4.12 (t, J = 5.8 Hz,

20 2H), 3.90 (s, 3H), 3.70 (s, 3H), 2.86 (m, 6H), 2.65 (m, 4H),
1.5-1.7 (m, 4H), 1.4-1.5 (m, 2H).

Example 13

_ 2.8-Dimgthoxy-5f[4-[2-(1—piperidiny1)ethoxy]phenyl]-
25 6¥2-benzolclphenanthridine

0
o0

MeO



m xture was concentrated and the residue purified by chr omat ogr aphy

(silica gel, 20:1 toluene:ether) to provide 675 ng (26% of the
title conpound as a yellow foam An 25 anal ytical sanple was obtained
by crystallization from hexane/ ether as light yellow crystals, np
194-95[err] C [err]H NWR (300 MHz, CDCl[err]) 7.94 (d, 2.8 Hz, 1H)),
7.73 (d, 8.9 HYO9Wpp44 7.32 (dd, J = 8.9, 2.8 Hz, 1H), PETAS(IF78] =
8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2HP7-6.76 (d, J = 2.6 Hz, 1H),
6.67, (d, 30 J =8.8 Hz, 1H), 6.35 (dd, J = 8.8, 2.7 Hz, 1H), 3.94 (s,
3H), 3.75 (s, 3H), 2.90 (s, 4H), 0.99 (s, 9H, 0.21 (s, 6H);

WO 97/ 09044 PCT/ U896/ 13778

- 95- AVR (1 VHz e d 8. 157. 7 54. 4,
1397 4 ST PTG DAL e 120%:617005,5% 1137 o)

122.6, 119.8, 1M dlgﬁelved 130, Mchlgsoethw 3205m1-8, paged with DIXb. 5,
23.5, 18.1, -4. 4(3512Rnb¢H@ 58 r1hid1),648a w&ihed k@ko@dﬁ erdflterVBeverar (FDt)
212751§ (2@)73 Alr._lb Eﬁeﬁiagrézr%e”]g eie\ﬁll\gggﬂl nt teniperatﬁ:é:g'e, d:.lutedH

Preparation 23 wm methylene chloride (100 mL}, washed with saturated

2, 8- Di met hoxy- 5- 4 ca¥BORAY, kmdl che - ShduilicO16Fer dried (Sodlum

benzo[ c] phenant h

6-
The product of F‘%Ml gRd enersyraged s SPhfgiepifug was p "éllggo?%d in

3:2 acetonitril echmmﬂa;benaph;hl miildea( §61 L) : Jaexane: ethyk catetdte) t 15%

hydr ogen #huori n é’r‘labol 2 PPEY IS vell k. h intervals.
After further s'?ﬁern??gﬁq fo #l' ﬁ)%tl()r } ye ow E?c;ted with THF (100

m) and filtered, wa engow ’H’%med ﬁ??ﬁﬁnb?ogal‘ﬂgreph@ mmofHe WBE| t r at es
were diluted w tdisHdivedOdn THF (25 mL) and treated with lithium aluminum

hydride {(L2aH) (115 mg, 3.05 mmol) at ambient temperature.
After 10 min, excess LAH was quenched with ethyl acetate (50

15 mL) and the mixture was washed with saturated ammonium
chloride (25 mL). The aqueocus layer was washed with ethyl
acetate (25 mL) and the combined organic layers were washed
with brine (25 mL), dried (sodium sulfate), concentrated, and

. subjected to radial chromatography (silica gel, 1:1

20 hexane:ethyl acetate, 5% methanol, under an ammonia
atmosphere). The product was then dissolved in glacial
acetic acid (10 mL) and treated with sodium borohydride (69
mg, 1.82 mmol}. After 1 h, the mixture was quenched with
saturated sodium bicarbonate and partitioned between

25 methylene chloride and saturated sodium bicarbonate. The
organic layer was dried (socium sulfate), concentrated, and
the residue used without further purification: 3IH NMR (300
MHz) 4 7.99 (d, J = 8.6 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H),
7.74 {4, J = 9.4 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.28 (4,

30 J = 2.3 Hz, 1H), 6.92 (m, 2H), 6.81 (d, J = 2.3 Hz, 1H), 6.69
(d, J = 9.2 Hz, 2H), 6.63 (4, J = 9.1, 2H), 3.89 (t, J = 6.2
Hz, 2H), 3.87 (s, 3H), 3.75 (s, 3H), 2.57 (£, J = 6.1 Hz,
2H), 2.39 (m, 4H), 1.4-1.5 (m, 4H), 1.3-1.4 (m, 2H).

35



m.) and washed with brine (200 m.) and saturated sodi um bi car bonat e

(200 m.). The conbi ned aqueous | ayers were extracted with THF (100
m.) and the conbi ned organic |ayers were dried (sodium sulfate) and
concentrated to provide 340 25 ng (57% of a yell ow powder, np

250- 275d[ err] C, which was used W thout purification: [err]H NVR (300
MHz, di net hyl f BIORINPME- d7) d 9.80 (br s, 1H), 7.91 (dPCIUSIAITI8Hz,
1H, 7.81 (d, J = 1.9 Hz, 1FD 7.44-08d, J = 9.7, 1 9 Hz, 1H), 7.20
(d, J = 8.7 Hz, 2H), 6.8-7.0 (m 4H), 6.47 (dd J=8.7, 1.9 Hz,

1H), 3.94 30 (s, 3H, 3.74 (s, 3H, 2.89 (m 4H); M (FD*) m e 399

(M) . W0. 97/ 09044 Exanple 14

PCT/ US96/ 13778 - 96-

Exanpl e 12 : 2, 8- Di met hoxy-5-[4-[ 2-(1-pi peridinyl)ethoxy] phenyl] -

11, 12- dlhydro 6F+be&znlh?ﬂhaxm%3wltkBzemé-paperidinyl)ethoxy]phenyl]-
[err] To a sol uggQ aration 23 (340
ng, 0.85 nmol ), trlphenylgﬁoggﬁlne Ofﬁéﬁkﬁﬁhggdﬁkgf) and 1-(2- 10
hydroxyeth?l)plperldlne (275 ng, 282 nL 2 1 nnDI) in THF (20 m.) was
added di et hyl azodi car boxyl atﬁw 268 i, 1 7 mmol ) and
the m xture was stirred at a grature overn After
concentation in vacuo, natograp g o | hexane et hyl

acetate, 5-20% 15 met hanol , O. 1@6annnn|un1hy~ [ prOV|ded 338 ngy
(66% of the title conpound as a yel /B 2 rlH NVR (300 MHz) d
7.82 (m 2H), 7.35 (dd, J = 9.7, 2.} 7.23 (d, J = 9.7 Hz,
2H), 6.91 (d, J = 9.7 Hz, 2H), 6.82 (”ho (d, J =9.7

A solution of the product of Example 13 (195 mg, 0.39 mmol)
in methylene chloride (25 mlL) was treated with ethanethiol

10 (200 mg, 220 mL, 3.2 mmol) and aluminum chloride (320 mg, 2.4
mmol). After stirring for 4 h at ambient temperature, the
mixture was quenched carefully with THF (25 mL) and saturated
sodium bicarbonate (25 mL). The layers were separated, the
aqueous layer was extracted with THF (25 mL), and the

15 combined organic layers were dried (sodium sulfate) and
concentrated. The residue was purified by radial
chromatography (silica gel, 1:1 hexane:ethyl acetate, 10-20%
methanol, under an ammonia atmosphere) to provide 110 mg
(60%) of the title cdmpound as a tan foam. An analytical

20 sample was crystallized from methanol as a light red solid:
iy NMR (300 MHz, dimethylformamide-d7) 4 9.92 (br s, 1H), 9.74
(br s, 1H), 7.99 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.5 Hz,
1H), 7.6% (4, J = 9.0 Hz, 1H), 7.63 (d, J = 8.7 Hz, 1H), 7.23
(d, 3 = 2.0 Hz, 1H), 6.98 (dd, J = 9.0, 2.1 Hz, 1H), 6.84 _

25  (dd, J = 8.4, 2.1 Hz, 1H), 6.73 (m, 5H), 3.92 (£, J = 5.9 Hz,
2H), 2.57 (t, J = 5.9 Hz, 2H), 2.38 (m, 4H), 1.4-1.5 (m, 4H),
1.3-1.4 (m, 2H); IR (KBr) 3560, 3490 cm™l; MS (FD+) m/e 466
{M+)}; anal. calc'd. for C3pH3oN203-0.5H30: ¢, 75.75; H, 6.58;
N, 5.89. Found: C, 75.82; H, 6.76; N, 5.95.
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Hz, 1H), 6.38 (dd, J = 9.7,

1.9 Hz, 1H), 4.12 (t, J = 5.8 Hz, 20  2H)
3.90 (s, 3H), 3.70 (s, 3H), 2.86 (

m 6H), 2.65 (m 4H), 1.5-1.7 (m
4H), 1.4-1.5 (m 2H). Exanpl e 13
2, 8- Di met hoxy-5-[4-[ 2-(1-pi peridinyl)ethoxy] phenyl]- 25 '
6H—benzo[c]phenanthr|d|ne [err]
WD 97/ 09044  WO9709044 PCT/ US96/ 13Bus96/13778 ]
-97- A sol ution of the product of9%xanple 12 (753 ng, 1.47 mol)
was di ssol ved in dichloroethane (20 nL), treated with DDQ (352 ny,
1.55 mmol ), and warnmed to 80[err]C. After several 5 hours, the m xture
was cool ed to anbient tenperature, dilugggmnlg_igyth net hyl ene chl ori de
(100 nL), washed with saturated sodrum carbonate, and the organic
| ayer dried (sodium sul fate) and concentrated. The resi due was

purified via 2, cl-daimtystyahys ¢ bdti2a (depipkri dimeele- SEhoky #58kALE ] -
15% 10 nmet hanol) to give §§Obgg éi@f&%ghéthﬁlgwa§gléLn

The solid t ai ned above (309 I'ssolved in THF
(25 nl) and treated with I|th|un1alun1num hydride (LAH) (115 ny,
3.05 mmol ) at an‘bhmncdr@mﬁﬂaiurprepared inAb¢€drdehcdd RitBXEQeS ForlboiRS
quenched wth et E’é‘écﬁ’ﬁfgt %a F m.) and the m xture was washed with
sat urated ammoni um or | (25 m.). The aqueous | ayer was washed

wi th ethyl acetate (25 m.) and the conbined organic |ayers were
washed with brine (25 nlL), dri Hul f ate), concentrated, and

subj ected to radi al chronatograph% (s&&;ggxge“, 1:1 20 hexane: et hyl

acet ate, 5% net hanol, under a atnospher The product was
then dissol ved in gl aci al dbtlc aci g m). andl tr¥ated with

sodi um bor ohydri de (69 8¢ 9 @ t h, e mxture was
quenched with saturateﬁosodlun1b|car e and partitloned bet ween
25 ne%%ylene chl ori de and saturated sodi um bi carbonate. The

In the examples illustrating the methods, a post-
menopausal model was used in which effects of different
treatments upon circulating lipids were determined.

Seventy-five day old female Sprague Dawley rats

15 (weight range of 200 to 225g) were obtained from Charles
River Laboratories (Portage, MI). The animals were either
bilaterally ovariectomized {(OVX) or exposed to a Sham
surgical procedure at Charles River Laboratories, and then
shipped after one week. Upon arrival, they were housed in

20 metal hanging cages in groups of 3 or 4 per cage and had ad
libitum access to food (calcium content approximately 0.5%)
and water for one week. Room temperature was maintained at
22.2° £ 1.7° C with a minimum relative humidity of 40%. The
photoperiod in the room was 12 hours light and 12 hours dark.

25 o L | |
Doging Regimen Tissue Collection. After a one week
acclimation period (therefore, two weeks post-OVX) daily
dosing with test compound was initiated. 17a-ethynyl
estradiol or the test compound were given orally, unless

30 otherwise stated, as a suspension in 1%
carboxymethylcellulose or dissolved in 20% cyclodextrin.
Animals were dosed daily for 4 days. Following the dosing
regimen, animals were weighed and anesthetized with a



organic |l ayer was dried (sociumsulfate), concentrated, and t he

resi due used without further purification; [err]H NVR (300 VHz) d
7.99 (d, J =8.6 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.74 (d, J =9.4
Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.28 (d, 30 J =23 FE 1H), 6.92
(m 2H), 6.81 (d, J = 2.3 Hz, lkb 6. 69 (d, J = 9.2 Hz, 2H), 6.63
(d, J = 9.1, 2IW0930%& (t, J = 6.2 Hz, 2H), 3.87 (s 3h¢rnm&ﬁﬁﬁn(s
3H), 2.57 (t, J =6.1 Hz, 2H), 2. 39-(]100—4H) 1.4-1.5 (m 4H),
1.3-1.4 (m 2H). 35 WD 97/ 09044

PCT/ US96/ 13778 - 98-

' ménd: D 2z 1
g;fgglngo[lg] ShenalkSER 5.% ;amr %~ 2214 R2vh lnplkPgrd %@yg)si@&&yéaﬂg;%ms

A sol ution of thé& 885%& Y GBrdiprPUnCEUESs nhe Rrigadsopgre then |
met hyl ene chl ori decf2ficed yaasphysiation witht Ganettieobtéfus wasg 2efiowed 220

m, 3.2 mol) an%h%H%”é”Hnﬁl‘ il hc{Sedh, m&ndza4wet ur%eftiﬁ‘rgte)‘b%\j/é%ﬁ gk

stirring for 4 at afbi ent tenperature, _ quenched
careful Iy wth TI4®teIBiRe9d- and sat urat ed sodi um bi carbonate (25 ni).
The layers were separated, the aqueous | ayer was extracted with THF

(25 ), and the sy a9k 02 fod P LehS1 %Ev?er%r atfohedd'Erae! Let ©)

and concentrated. 1he resiade was pur
chr omat ogr aphy ( Fioomc heprerature Fexahdrauisy| aa@&m wag- obggined

following centrifugation for 10 minutes at 3000 rpm. Serum

10 cholesterol was determined using a Boehringer Mannheim
Diagnostics high performance cholesterol assay. Briefly the
cholesterol was oxidized to cholest-~4-en-3-one and hydrogen
peroxide. The hydrogen peroxide was then reacted with phenol
and 4-aminophenazone in the presence of peroxidase to produce

15 2 p-quinone imine dye, which was read spectrophotemetrically
at 500 nm. Cholesterol concentration was then calculated
against a standard curve. The entire assay was automated
using a Biomek Automated Workstation.

20 uterine Fosinophil Peroxidase (EPO) Assav. Uteri were kept
at 4° C until time of énzymatic analysis. The uteri were
then homogenized in 50 volumes of 50 mM Tris buffer (pH -
8.0) containing 0.005% Triton X-100. Upon addition of 0.01%
hydrogen peroxide and 10 mM O-phenylenediamine (final

25 concentrations) in Tris buffer, increase in absorbance was
monitored for one minute at 450 nm. The presence of
eosonophils in the uterus is an indication of estrogenic
activity of a compound. The maximal velocity of a 15 second

_ interval was determined over the initial, linear portion of

30 the reaction curve.

Source of Compound: 170-ethynyl estradiol was obtained from
Sigma Chemical Co., St. Louis, MO.
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met hanol , under an ammoni a at nosphere) to provide 110 ny (60% of

the title conpound as a tan foam An anal ytical 20 sanpl e was
crystallized frommnmethanol as a |light red solid: [err]H NMR (300
MHz, dinethyl formani de-d7) d 9.92 (br s, 1H), 9.74 (br s, 1H), 7.99
(d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.5 Hz, (4 3 1H)2 07H29 (1d J 6%3 Odgz S
1H), 7.63 (d, Fovoas Hz, 1H), 7.23 = ?

:Hg).o, 2.1 Hz,“kil—l), 6.84 25 (dd,. J = 8,412 1 H, %ug

3.92 (t, J = 5.9 He, oH), 2.57 (t, J275.9 He, 2H) 2.38 (m 4H).
1.4-1.5 (m 4H), 1314(m 2H); IR (KBr) 3560, 3490 cnjerr]; M

(FD+) me 466
Clerr]Herr] N er LB B R EE S ' -
Found: C, 75.82; H, o6aid.DdY i i Agonigt r

PCT/ US96/ 13778 . y
Exanpl e 15 2, gva&%ggesent%d JZP be f pi B%ﬁwﬂl w) CRPR3 ‘pﬂfenyl ]-
5H benzo[ b] naphtASEES amppd,ovariegronized rahfs ¥ dERated Wit in
accordancé w t hethenyDreagaiadgol (EE;, haasharmyeavila&amalﬁﬁrm of estrogen),
[err] 10 exang\ﬂ?es illu trstln t he et hods,

n
a post - an%%oraa%ssé:lre%gglw%% c[F Z-‘(?lfln F8e Prefeter ent
treatments upon’-BV?’%'iPr"d"cl nglehevuel Efer éaae@@rande@aease in serum
Seventy-five daghélékdertal GhSAr eBaElPUGRNiEESed 2t 0. 1( M8/ RS ad n% of 200

to 225g) were obfgjnatfley ehmaCQ@ixjm?fatbong accgﬁ‘y OVabor %%Fﬁsgs (]ort% e,

M). The aninmals were eit ter
exposed t)® a ShuRerine weightgwas| syhabeatdrd ¥t gxdatdre chRnvehe uainxrmteom es,

and t hen weight of ovariectomized test animals. This uterine response
to estrogen is well recognized in the art.

Not only did the compounds of the present invention
generally reduce serum cholesterol compared to the
15 ovariectomized control animals, but uterine weight was only
minimally increased to slightly decreased with the majority
of the formula compounds tested. Compared to estrogenic
compounds known in the art, the benefit of serum cholesterol
reduction without adversely affecting uterine weight is quite
20 rare and desirable.

As is expressed in the below data, estrogenicity
also was assessed by evaluating the adverse response of
eosinophil infiltration into the uterus. The compounds of
the present invention did not cause any increase in the

25 number of eosinophils observed in the stromal layer of
ovariectomized rats, while estradiol cause a substantlal
expected increase in eosinophil infiltration.

The data presented in the Tables 1 below reflects
the response of 5 to 6 rats per treatment.

30
Table 1
Dose Uterine Weight Uterine EPO Serum Cholesterol
Compound mo/kg (2 increase vs. OVX) (V. max) (% decrease vs, QVX)
EE2 0.1 86.3 116.4 81.4

Example 1 0.1 25.3 7.8 72.8



shi pped after one week. Upon arrival, they were housed in 20 met al

hangi ng cages in groups of 3 or 4 per cage and had ad l'i bi tum access
to food (cal ciumcontent approxinmately 0.5% and water for one week.
Room t enperature was nai ntai ned at 22.2[err] 1.7[err] Cwth a
mnimumrelative humdity of 40% The phot operiod in the roomwas 12
hours |ight andwo®7bsee s dark. 25 Dosi ng Regi nen Ti ssuep&nussraimon.
After a one week acclimation period (ijfperefore, two weeks post- OVvX)
daily dosing with test conpound was initiated. 17a-ethynyl
estradiol or the test conpound were given orally, unless 30 ot herw se
stated, as a suspension.in 1% car boxymet hyl cel | ut ose or dissolved in
20% cycl odextri n. Ani faPs were dosett2daily for 43¢hys. Fol | ovilng t he
dosi ng regi men, ani nedcsower e wei gheglgand anesthegized with asgs. ¢
WO 97/ 09044 PCT/ US96/ 13778
- 100- ketam ne: Xylazine (2:1, V:V) mxture and a bl ood sanpl e was
col l ected by car dEs@m@Aenét ur €-1The ani mal 32-®ere then 4.2 sacrifi cads by
asphyxi ation with C02, the utiepus was renoygd thgqugh a mdliggeg
incision, and a wet uterine weight was 5 det er m ned. :
Chol esterol Anal ygj 1l @qod sappl es were | owed to clof .at rQo
tenperature for Zé%%uﬁs% and s'gfum was obt ai ned %31 | owi ng 63"
centrifugation for 10 mi nutest-8t 3000 rpni®-8erum 10 3@hol est erol 48e3
det erm ned using a Boehringer Mannhei m Di agnostics high performance
chol est erol assayExdplef 5y t el cholsesterol was oxisdized to -g
chol est - 4-en- 3-one and hydrogep pejpxi de. The hygrogen perox%Qe was
then reacted wi th phenol and 4-am nophenazone in ’tahe presence ot
per oxi dase to proguce 156 2 p- qui none im ne dye, which was read
spectrophot enetri € ‘3t 500 nm %hol esterol cohdentrati on WasS t hen
cal cul at ed agai nst a dt-@ndard curves.4The entire mssay was aut enat ed
using a Bionmek Automated Wordgspation. 20sq,9 Uterine Epgi nophil Pergxjdase
(EPO Assay. Ueri were kept at 4 Cuntil tinme of enzymatic
anal ysis. The uteg] WaIee t hen honogeni zed in 50 yql unes of 5Q MM
Tris buffer (pH ?é* € 78.0)0'(1:ontaining f805@6Triton -%100. Upon dddft ti on
of 0.01% 1.0 31.2 6.6 65.5
10.0 14.7 - 3.6 54.0
Example 8 0.01 10.2 2.1 50.5
0.1 27.4 4.8 38.5
1.0 27.2 4.8 _ 68.0
Example 9 0.1 77.8 52.2 40.1
109.1 83.1 54.7
94.6 75.0 65.2
Example 11 0.1 -8.8 2.7 . 17.4
1.0 3 4.2 30.9
10.0 - -12.6 , 4.2 .. 36.3
Example 14 0.01 -0.6 2.7 24.8
- 0.1 60.0 5.4 59.5
1.0 49.1 36.0 60.7

In addition to the demonstrated benefits of the
compounds of the present invention, especially when compared



hydr ogen peroxi de and 10 mM O phenyl enedi am ne (final 25

concentrations) in Tris buffer, increase in absorbance was noni t or ed
for one mnute at 450 nm The presence of eosonophils in the uterus
is an indication of estrogenic activity of a conpound. The maxi nal
velocity of a 15 second I nterval was determ ned over the initial,

| i near porti onwg9788044 the reaction curve. Sour ce wiTAsERANd:
17[err]-ethynyl estradi ol was obtained fromigs- Sigma Chemical Co., St.
Loui s, MO 35 WO 97/ 09044

PCT/ US96/ 13778 -101-

| nfl uence of For gul nd. 4l | nds;_on Serum Chpl est er ol
and Det er mi nat i oguogs'lb@%d}%s d| ﬁg%-%go‘ﬁel sqa%ﬂcf i é)em"nsgrate that pata
presented i n TabFemMowRdsH\9is Fewmebaphend & are not restgbgen amimarics.

?\égrzl ect om Zf’f‘ rat:s;rll%:gjcgj,raat aglé&iétﬂoﬁz:;;bﬂcolofgicaldetE%&Y% e—%{ﬁ%@é?{ .
, an orally ag@% & e%rg;:jig ggy I’t(%%sn gﬂF and rats reateda w
ton.

certain conpounds © e pres Al t hough EE2 caused a
decrease i serum chol esterol when orally adm nistered at 0.1
ng/ kg/ day, it jex g focdduel atory action on the uterus so

that EE2 10 uterini spbstant i al| reater than the uterine
wei ght of ovariectomni zed tes logfr'ih ﬂa#lges c:?ennleg-a tér??l%re}t&oﬁogggcegure, ngra,
estrogen is wel | theckrfi mexe hreaeedidaily for 35 days (6 raks mex yrdadméde
conpounds of thegps@serind R4eRLEDFed by carBSACdAd:liaed GEHRFxSAIUR on the
chol est erq'!o corrpgggﬁl 40 thﬁ'h15 ovari ect omied control”, ani mal s, _but
uterine wei ght wad=onty " e.ﬁ?nﬁl%ﬁlyei Reried otps Susfighenty tweeldqyed
with the majoritjaximal ngiduchdonolmiicmec depsityls neesurdd &nnfemordbed
estrogeni c - hePEROUNGT KABWihd df@aRki£ilde BRNGEEL 1 Qe Wiloved, .
chol est er ol . redyct Qn Wi t pout adverseIJY affecti ng uteri ne wel gﬁt S
quite 20 rar gl%%%f:ktféisi F§6) @f extraneous tissue, and; the,blwid centantse
bel ow data, estrdgemieinelled befoxe sietwemingsimsarf weteweighat iing oirber to
adverse ragponsecohfirm estr8§eh@flidinll hEEStiAd Wilh! OGmgtleUs. The
conpounds of _ Ihr-{_‘o%&ese{}t I hvent |,op1 did not cause any 1ncrease in the
-ovariec . terine weight was routinely reduced about 75%
in response to ovariectomy. The uteri were then prlaced in
10% neutral buffered formalin to allow for subsequent
histological analysis.

20 The right femurs were excised and digitilized x-
rays generated and analyzed by an image analysis program {(NIH
image) at the distal metaphysis. The proximal aspect of the
tibiae from these animals were also scanned by quantitative
computed tomography.

25 In accordance with the above procedures, compounds of
the present invention and ethynyl estradiol (EE;) in 20%
hydroxypropyl b-cyclodextrin were orally administered to test
animals. Distal femur metaphysis data presented in Tables 2
and 3 below are the results of formula I compound treatments

30 compared to intact and ovariectomized test animals. Results
are reported as percent protection relative to ovariectomy.
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25 nunber of eosinophils observed in the stromal |ayer of

ovariectom zed rats, while estradiol cause a substantial, expect ed
i ncrease in eosinophil infiltration. The data presented in
the Tables 1 below reflects the response of 5 to 6 rats per
treatnment. 30 Table 1

Dose Uterinaygéngois Uterine EPO Serum Chol est erol PCT/SSERA Y d
ng/ kg (% increase vs. OVX) (V. nax) (Ypgdecr ease vs. OVX) EE2
0.1 86. 3 116. 4 81.4 Example 1 0.1
25.3 7.8 72.8 WD 97/ 09044

PCT/ US96/ 13778 : - 102- 1.0
9.2 3.0 51. 0 rable 207 0 59
2.1 54.6 Example 3 0.1 32.Bistal Femur Metgphysis
Exgnple 4 O'i Compound $9e tment Do§'3. ] Sgore

-5.1 . FE2 -9 0.1 ing0 62.4%8.6

4.8 61.3 Exanple 6 0.1 23 4.2

-2.5 1.0 6.4 1.8 9.9

10. 0 sgxgmple 1 3.6 0.P1mg Eyapié-? 0.1

28.9 4.8 39.8 0.1 mgl. 0 49.8* 31.2

6.6 65. 5 10.0 1.0 k& 7 51.7* 3.6

54.0 Exanmple 8 0.01 10. 2 g 2 50.5

10.0 mg 48.2*
*P <= 0.5 two talled Student‘s T Test on raw data.

In summary, ovariectomy of the test animals caused
5 a significant reduction in femur density compared to intact,
vehicle treated controls. Orally administered ethynyl
estradiol (EE;) prevented this loss, but the risk of uterine
_stimulation with this treatment is ever-present.
- The compounds of the present invention also
10 prevented bone loss in a general, dose-dependent manner.
Accordingly, the compounds of the present invention are
useful for the treatment of post-menopausal syndrome,
particularly osteoporosis.

15 MCF-7 Proliferation Assay
MCF-7 breast adenocarcinoma cells (ATCC HETB 22)
were maintained in MEM (minimal essential medium, phenol red-
free, Sigma, St. Louis, MO) supplimented with 10% fetal
- bovine serum (FBS) (V/V), L-glutamine (2 mM), sodium pyruvate
20 {1 mM), HEPES { (N-[2-hydroxyethyl]lpiperazine-N’-[2-
ethanesulfonic acid]10 mM}, non-essential amino acids and
bovine insulin (1 ug/mL) (maintenance medium). Ten days
prior to assay, MCF-7 cells were switched to maintenance
medium supplemented with 10% dextran coated charcoal stripped
25 fetal bovine serum (DCC-FBS) assay medium) in place of 10%
FBS to deplete internal stores of steroids. MCF-7 cells were
removed from maintenance flasks using cell dissociation



0.1 27. 4 4.8 38.5 1.0

27.2 4.8 68.0 Exanple 9 0.1 77.8
52.2 40. 1 109.1 83.1
54. 7 94. 6 75.0 65. 2
Exanpl e 11 0.1 -8.8 . 2.7 17. 4

1.0 VO 97/09044 4.2 30.9 PCT/UB96113778
-12.6 4. 2 36. 3 Exanpj gs-14 0.01 -0.6
2.7 24. 8 0.1 60.0 5.4
59.5 49. 1 36.0 60. 7

In addition to ”il%#ﬁﬂionéél? bggggiglﬁséﬁ(p%ggolcgg_%()%ﬁp{)?gmgﬁtee%ent

i nvention, especia
PCT/ US96/ 13778 w:.th 10 mM HEPES and 2 mM EDTA). Cellsgymre washed tyigce

estradi ol , the ahdth detay ahetiumy afl@nadfistaice tohad, 000 cell@QﬁDQundS of
Formula I and . n t ur.ther. 0

del et eri ous_t oxi c %8%2%?‘?&# cei%?sm{‘nsur'qubslc)eum wengAéaI;ig %% mtﬁoﬁny
treatnent. 25, microcylbexpmelils Teestar thfhir end :anubated at 37° Evlilnowi ng
the CGeneral Prep@tacogrmhiindidfdeteintubbdttor for 48 hR@rd &oSaleéR fdealead

daily for 35 days {6 rats treat ou and sacr i ed Ly

car bon di oxi de asﬁ%fl ELF?O%% g ﬁ%at::.on :?Ef‘ttﬁrdg?’@ﬁﬁ?e 3§eﬁi'i?/1t HREIERE o d
was sufficient t ®faldrugs or DMSOmagi audlilumhicicoohroh vwenee poteparéed, imeasayed
as descri bed medlhﬁr &hd. 50N LL! BBahs F&1Qlq %@szfiﬁffcattehﬁlﬁ}géﬁlﬂﬁre%
renoved ect&%@e f extrane SI ssuel&ag |UI contents
wer e expeI:f'ed bef °H§ oSBT R 1\}65'1 Af # nfigiadeio BmﬁB° 00c8ht i rm
estrogen defici edEfersancaddiddonplni8onpirs @t 37° C igvar Eéc(l@zwwmnndlénede
wei ght was routi ielcbaeekc afhctoul tdpés were puigeaeﬁﬂ:‘?f‘%@'ﬂ:ﬁ?aee\.‘@rﬁ%ﬁqﬁe

T o buon: "L ARER or g nayt LRl WIS LR, 0 o
femurs were exci f&@ezhngdktyit10°i @efioxx-24 hours followed by thawing and
15 harvesting of microcultures using a Skatron Semiautomatic
Cell Harvester. Samples were counted by liquid scintillation
using a Wallac BetaPlace b counter. Results in Table 3 below
show the ICsg9 for certain compounds of the present invention.

20 Table 3
Compound (Example Reference) ICsg nM

1 0.2
2 100
3 3.0
4 5.0
S 1000
6

500-
11 0.7
14 1

Estrogen-dependent mammary tumors are produced in
female Sprague-Dawley rats which are purchased from Harlan
25 Industries, Indianapolis, Indiana. At about 55 days of age,
the rats receive a single oral feeding of 20 mg of 7,12-
dimethylbenz[a)anthracene (DMBA). About 6 weeks after DMBA
administration, the mammary glands are palpated at weekly



rays generated and anal yzed by an inage anal ysis program (N H | mage)

at the distal netaphysis. The proximal aspect of the ti biae from
these animals were al so scanned by quantitative conput ed t onogr aphy.
25 In accordance with the above procedures, conpounds of

the present invention and ethynyl estradiol (EE[err]) in 20%
hydr oxypropyl lweyndsesiextrin were orally adm nistered to testpCcT/us96/13778

animals. Distal femur metaphysis data presenjppgd in Tables 2 and 3
bel ow are the results of fornmula I conmpound treatnents 30 conpared to
I ntact and ovariectom zed test animals. Results are reported as

percent protectiqn.relafive %hgvsﬁﬁ&&ta%é of t%sg%’?ﬁ%?‘ﬁr one o¥Gwore

97/ 09044
-104- tumors appear, the longest andyghortest diameters of each

Di stal Fenur Met 3@¥ei Sre measured with a metric caliper, the measurements
(X-ray |mage Anal SE:ESEecorded. and gnd(;higa Emé%l%ted gBese  /kg

Gray Score 62. 4*
Exanple 1 5 experimentation. QAnngttempt is nade to unlformly distribute
0.1 ny " 49n8* various sizes of tumors :Ln t:he treated and ledht#dl groups

51. 7*
°P <= 0.5 tvo taifEh el ANETEIP-$1ERd FIMPEY, Q47 Lobivalently ‘Gistrivuteq
summary, ovari ectbetyeef téat aoupani rROnETodugTeupS and tgsti grounisc §or each

reduction in fe deimedy <oashed tt_@ Jd Rimdmhls. vehicle treated
control s. all'y adm ni stefed ethyn tradl EE2 rey ntedthls
| oss, but the risk of uterf@Pounds stF?’Fﬂ‘]'}lzft off* R ?‘ﬁ“’r‘éﬁg %’Fg

ever - present. through intraperitoneal injections in 2% acacia, or orally.

Orally administered compounds are either dissolved or
suspended in 0.2 mL corn oil. Each treatment, including
acacia and corn oil control treatments, is administered once

15 daily to each test animal. Following the initial tumor
measurement and selection of test animals, tumors are
measured each week by the above-mentioned method. The
treatment and measurements of animals continue for 3 to 5
weeks at which time the final areas of the tumors are

20 determined. For each compound and control treatment, the
change in the mean tumor area is determined.

Uterine Fil ig T I 3

25 Iest ]

Between 3 and 20 women having uterine fibrosis are
administered a compound of the present invention. The amount
of compound administered is from 0.1 to 1000 mg/déy, and the
period of administration is 3 months.

30 : The women are observed during the period of
administration, and up to 3 months after discontinuance of
administration, for effects on uterine fibrosis.

Iest 2
35 The same procedure is used as in Test 1, except the
period of administration is 6 months.



The conpounds of the present invention also 10 prevented bone loss in a

general , dose-dependent manner. Accordi ngly, the conmpounds of the
present invention are useful for the treatnent of post-nenopausal
syndr one, particul arly osteoporosis. 15 MCF-7 Proliferation
Assay MCF- 7 breast adenocarci noma cells (ATCC HIB 22)

wer e mai nt ai nEYOPHOMMERM (i ni mal essential nedium phenol redPCTAUSIEI37Br ee,
Sigma, St. Louis, MO supplinented with 10%07et al bovi ne serum (FBS)
(MV), L-glutamne (2 mV, sodium pyruvate 20 (1 mMv, HEPES

{(N-[ 2- hydr oxyet hyl ] pi perazi ne-N -[ 2- et hanesul foni ¢ aci d] 10 mV},
non-essenti al amigag 3ci-ds and bovine insulin (1 ug/n) (mintenance

medi um). Ten days n?éi or_to assay. MGE- 7 cgl |s were switched to
mai nt enance medi unt ST ERCERINTS S35 PdeRE r Hh 185kt dd EXCSRbL AR
stripped 25 pegiial dbvadmindstuat i®OCAs-BSyeassay nedi um) in place of 10%

FBS to deplete,internal stores of steroids. MCF-7 cells were renoved
from mai nt nanci f | aiks usi ng cell dissociation WO 97/ 09044

PCT/ US96/ 1377.8 -105- medi um
(Cat++/ Mg++ free AdBSIndpteimyl ofedibresd tuprisedmngeihea pig. wth 10 nM HEPES
and 2 mM EDTA). Cells wer W ' : Lth_ as di ﬂt?]?c

adj usted to 80,Q0Q cell s/ﬁrL. tew/?ﬁ??%&ﬁ?&tmé‘%g?%‘g % tg Osgn%e. se) wer e
added to fl at-bdEigRyomata ingsepxyally patuge femare Juiness§ags anAnimalBat ed
at 37[err] Cinaxe dosed wRICEstrafiiblrd-&i frimdsi pexibweek biroinjécthiaur £okro
altow forygel | 2-4 non@WSLHR 13" i 10681 | Ofrliniinely’ 8BALELe 1P b2k

di l utions of rags or. DVBO as,a diluent control_ were prepared in
assay meFOTRPYRY 2D the trYREFLPR &F vehirlpl e Adipiersred tdaidy 10
foll owed by 50 rlora3sh§ weskalmnidothen famiaaleobneesadriXitedland the utditer

an additi onal 4%&9& eéga’?vﬁgﬂ%ail?zgdS Blcqu%lroq_,] 5?%9&‘&@ i ncubat or,

m crocul tures were pulse Itrated thym (1 uG/well) for

4 hours. Cultures were term nated by freezing at -70[err] C for 24
hours foli®wed B, t hmpdagcatidnl of humidritestinggfDbrdid deghbuie i Ng a
Skatron Sem aut gyRii C Cell Harvester. Sanples were counted by liquid
scintillation usi n.g,a Wl | ac BetaPlace b counter., Results in Table 3
bel ow show t he | (] et$Fue e PHERAR Jcﬁ)’ﬁ’ﬁyﬁ’ﬁ'é§ gre t’r@%?@n{-nm the
i nventi on. peritoneal cavity and or uterine myometrium of sexually

mature, castrated, female, nude mice. Exogenous estrogen are

20 supplied to induce growth of the explanted tissue. In some

cases, the harvested tumor cells are cultured in vitro prior
to implantation. Treatment consisting of a compound of the
present invention or vehicle is supplied by gastric gavage on
a daily basis for 3-16 weeks and implants are removed and

25 measured for growth or regression. At the time of sacrifice,
the uteri are harvested to assess the status of the organ.

Test 5 _

A. Tissue from human uterine £ibroid tumors is harvested
30' and maintained, in vitro, as primary nontransformed cultures.

Surgical specimens are pushed through a sterile mesh or

sieve, or alternately teased apart from surrounding tissue to

produce a single cell suspension. Cells are maintained in

media containing 10% serum and antibiotic. Rates of growth
35 in the presence and absence of estrogen are determined.

Cells are assayed for their ability to produce complement

component C3 and their response to growth factors and growth



20 Table 3 Compound ( Exanpl e Reference) I err]

nM : 1 0.2

2 100 3

3.0 4 5.0

5 1000 6

500 WO 97/09044 11 0. PCT/US96/13778

14 1 BOBA- | nduced Manmary Tunor

I nhi bition Est r ogen- dependent manmmary tunors are produced
I n femal e Sprague-Dawl ey rats which are purchased from Harl an 25

I ndustries, |ndi apepohés, Imaiiznd. culturdzodire ShssisedForJeheir t he
rats receive a s

di met hyl benz[ a] ah’?ﬁ?gﬁée)%%’(‘;ﬁvggﬁggn%b ‘tzﬁ%gg’ﬂtgé 'Zr %?%Ptd\’/hﬂ‘ progestins,
admi ni stration, GoBHppareampoyndndE the greisgatetneentiopkhapd vehicle. WO
97/ 09044 Levels of steroid hormone receptord HrdS88LdSLdP weekly to

-106- [ %rvals f t.unors. \Whenever one or nore

rance
tunors appear, t & Fﬁﬂ’g’éest%fﬁh%hb ‘F%rgtt ank; §ﬁgie‘i}§a’fﬂa§5&ﬁtlcs are t ynor are
measured with a meintaired iisewvitrbe rimsweefizomsS-25 patienes raawontiédlizedd

that animal is selected fogcﬁw_ty Qﬁp&ﬁl%&bbgnof e 3bbgaPtedts Made to
uniformy distrihu es o um)rsmthetreted and

u
control groups nhlca%?ﬁ:ﬁh%&?’“ﬁ@é’?‘g% étﬁsd"ﬁﬁﬁ'}"r"s igventipn AreeRE| v
di stributed potgatiwkenin ébe greapwsntCofit ubéripeo fiibraailst est groups for
each 10 experi ment cont ain 5 to 9 animals. 10 Conpounds
of Formula | are Hels . t hrough intraperitoneal
i njections in 2%32 G — Orally adm ni stered conpounds
are either dissolved or In Tesmssbem@cﬁ.l ref§eltaloff drdrday| andERIrday

treatment, incl Uﬁﬁﬁﬁlmstratm?acé?' Sompthriia Bfotﬂe C;H:@sreﬁ't LRGSR 8n LRe

admi ni stered once 15 £ lé to_.each test, i\ JPovmn the initial
t unor meaduPERR R fﬁ‘a’ BEER:§ “t?ltrtl@ tt’aﬁﬁ‘t‘?al"?n
measured ebth week by the above-nentioned nethod. The treat ment and

measurenents of geggals continue for 3 to 5

Twelve to thirty adult CD strain female rats are
used as test animals. They are divided into three groups of
equal numbers. The estrous cycle of all animals is

20 monitored. On the day of proestrus, surgery is performed on
each female. Females in each group have the left uterine
horn removed, sectioned into small squares, and the squares
are loosely sutured at various sites adjacent to the
mesenteric blood flow. In addition, females in Group 2 have

25 the ovaries removed.

On the day following surgery, animals in Groups 1
and 2 receive intraperitoneal injections of water for 14 days
whereas animals in Group 3 receive intraperitoneal injections
of 1.0 mg of a compound of the present invention per kilogram

30 of body weight for the same duration. Following 14 days of
treatment, each female is sacrificed and the endometrial
explants, adrenals, remaining uterus, and ovaries, where
applicable, are removed and prepared for histological
examination. The ovaries and adrenals are weighed.

35



weeks at which tine the final areas of the tunprs are 20 det er m ned.

For each conmpound and control treatnent, the change in the nean
tunor area is detern ned. Uterine Fibrosis Test Procedures 25
Test 1 Bet ween 3 and 20 wonen havi ng uterine fibrosis are

adm ni st er’ed nd of the present invention. The anoun
conpound adnﬁﬁk@@@aﬁg iIs fromO0.1 to 1000 ng/day, and the %CT“BN$B7 80d of

adm nistration is 3 nonths. 30 9The women are observed during

t he period of adm nistration, and up to 3 nonths after
di sconti nuance of adm nistration, for effects on uterine fibrosis.
Test 2 35 Test 2 The sane procedure is used as in Test 1, except the

period of adm nistration t
PCT/ US96/ 13778 Twalfe "B diirey adult cp str %\Q b0 %hes Lare o

The same procedi#®d 3§ §88h aRimalsresThey %ﬁﬁxﬁﬁ?lﬁﬁ@ into twos E@yalof
admi ni stration gsoubsy.earhe estrous tgeledof all ahimhbsUld inmdhiebrédbr wrl

tumors in gu'nefhé”d%y Pf Broestrus, surggﬁgfﬁpgﬁgF8§ﬁé Seih %Eh”%%%&ion | s

used to |nduce nmat a f ure enale
Ani mal s Eenalessdn m@h EP HREE Bhe q%gtsé%n%véamwemﬁye@t ion for
10 2- 4 nont $isciilonéedt Lhtd sl aquaees, TarntoilenEGuards iaxld 1908kl

compound of t el ey g0k HENIGbELT Saftilal Sl fillditeric piobdr 316

weeks and then BRI MalS ar & sacti fi 228 and
anal yzed for tLﬁ%ﬁWregreSS|on._ 15 B. Inplantat!on of hunan uterine
fibroid gwbssue in nude approRimftely 50 days follow1n§lﬁﬁtﬁhfy(ﬂﬁdimaﬁé

| el omyomas are LupANEAo 88yl P receive PRidABATILoREY] 0 A 180 L ET N0

nyonetrium of se fy
water or 21 days whereas animals in Group 2 receive

intraperitoneal injections of 1.0 mg of a compound of the
present invention per kilogram of body weight for the same
15 duration. Following 21 days of treatment, each female is
sacrificed and the endometrial explants and adrenals are
removed and weighed. The explants are measured as an
indication of growth. Estrous cycles are monitored.

20 Test 3

A. Surgical induction of endometriosis
Autographs of endometrial tissue are used to induce

endometriosis in rats and/or rabbits. Female animals at
reproductive maturity undergo bilateral cophorectomy, and

25 estrogen is supplied exogenously thus providing a specific
and constant level of hormone. Autologous endometrial tissue
is implanted in the peritoneum of 5-150 animals and estrogen
supplied to induce growth of the explanted tissue. Treatment
consisting of a compound of the present invention is supplied

30 by gastric lavage on a daily basis for 3-16 weeks, and
implants are removed and measured for growth or regression.
At the time of sacrifice, the intact horn of the uterus is
‘harvested to assess status of endometrium.

35 B. Implantation of human endometrial tissue in nude mice.
Tissue from human endometrial lesions is implanted
into the peritoneum of sexually mature, castrated, female,



mat ure, castrated, female, nude m ce. Exogenous estrogen are 20

supplied to induce growh of the explanted tissue. In sone cases,
the harvested tunor cells are cultured in vitro prior to

I npl antation. Treatmnment consisting of a conpound of the pr esent

I nvention or vehicle is supplied by gastric gavage on a daily basis
for 3-16 weeks V@94l ants are renoved and 25 measur ed f arcrgusvenar7sor
regression. At the tine of sacrifice, -110the uteri are harvested to
assess the status of the organ. Test 5 A. Ti ssue from
human uterine fibroid tunors is harvested 30 and mai ntained, in vitro,
as primary nont rmaéomr@éi Clﬁcbﬁéﬁ&us estrogeﬁuwlézﬁipﬂaacweﬂfdﬂee d

t hrough a steril al t er nat el sed apart

surr ogndl ng ti ssg’ganQ explantﬁ?o'&ﬁ%%uea s&ﬁg?%m%e‘fa\s?ugﬁ%ﬁgi‘%’eségﬂl s ar e
mei ntained in  endometxiiad cedlai aregul®Wredrim attcboapridi atd c. Rates of
growth 35 | N ihBSa ASRRCC ‘?fga@n%ﬁ:n%gngis@ﬁ{cdo g Bbfiodifi o @ﬁgp

Cells are aq?sayed or t to pro uce onent
C3 and theit resBERgEAY o‘n@teé‘\ﬁﬂﬂnf%}éﬁﬂir’@da RYMLE gavage on a dapty IELF044
PCT/ US96/ 13778 for 3-16 weeks, and implants are remové@Sand measuredhﬁéfﬁne

In vitro cul tureg,ghey fc?%ﬁ?gsﬁ.%nt helyt the&ﬂ_e[mogl ELS{'J‘?EJ e ggﬁg ?ﬁ’esent

foll ow ng treatnment w rqgesti ns oung
i nvention and veﬁl"'ﬁl}éﬁ‘r"es‘:ed Ep csgessythe EFRIUF RSy ﬁbﬁelﬁ%pte@ﬂgmatlémm

assessed weekly to 5 determ ne whether inportant cell characteristics
are 10mai nt gegedgin vitro. Tissue from5-25 patients are utilized.
Activity in at |east one of the above tests indi cates the conpounds

of the present ifiventTHiFus £rep human endopmerrial lesicne is hwmyvestedfand
uterine fibrosi smaifitained inEndoretas pisaie Jordtranedoimed cultures

In Tests 1 and ZSuFH@aP]:[ %p@t::.ﬁéngaéﬂreaggr%ﬁéadﬁ%ough a V\fﬁgﬂfl@ 3 SF h':gg of

conpounds of the gresent i nventi on on
endometrial tissHte¥em BeatkernaeRly teased aparre§r°m surrounding tissue to
Twel ve to 15hirt ypeddiide @Dsihgle ncé Himaugpens oty € Cells arélﬁﬁin@alhé&tm

ani mal s. They arﬁe@ié"dﬂﬁﬂa?ﬁiﬁgtﬁf%egﬁﬁugﬁ? antd.blo&ceql‘l?a e@u €62
estrous cycl e of ,all, anima ?Foe rus
surgery is perfo qunpresence and absence of estrogen are determlne

Cells are assayed for their .ability to produce complement
component C3 and their response to growth factors and growth
20 hormone. In vitro cultures are assessed for their
proliferative response following treatment with progestins,
GnRH, a compound of the invention, and vehicle. Levels of
steroid hormone receptors are assessed weekly to determine
whether important cell characteristics are maintained in
25 vitro. Tissue from 5-25 patients is utilized.
Activity in any of the above assays indicates that
the compounds of the present invention are useful 'in the
treatment of endometriosis.

30

Compounds of the present invention have capacity to
inhibit aortal smooth cell proliferation. This can be
demonstrated by using cultured smooth cells derived from

35 rabbit aorta, proliferation being determined by the
measurement of DNA synthesis. Cells are obtained by explant
method as described in Ross, J. of Cell Bio. 50: 172 (1971).



each femal e. Fermales in each group have the left uterine hor n
renoved, sectioned into small squares, and the squares are | oosely
sutured at various sites adjacent to the mesenteric blood flow In
addi tion, fenal es in G oup 2 have 25 t he ovaries renoved.

On the day fol] urgery, animals in Goups 1 and
|ntraper|tonedw %M' lons of water for 14 q? S mhere£§¢§§§%%§ I n
G oup 3 receive |ntraperitoneal i nj ections” of 1.0 ng of a conpound
of the present invention per kilogram 30 of body wei ght for the sane
duration. Follow ng 14 days of treatnment, each female is sacrificed
and t he endonet r¢ellls are platgd dm §6 welbrricrotissni plakesutforuivandpys.

ovaries, wher $h The cul%ﬁ?é‘sggé%cﬁne %bﬁflﬁé@&/%cﬁ@d'oﬂtﬁp@fﬁ’stfe@r hirgé akxaiscal
8)7(?{)”93?121' on. eargeve%: Iegstggns exrreréa Sufb qu e%?fibgb%‘} ﬁg}g's Med:ls.lt\i%
-109- TetnMEM) containing 0.5 - Zheplatelet: pooryplaima, GDmMtkain

femal e ratg are glutamlﬂéedl qfﬁﬂ‘pQHEEEifln_nﬁﬁb ﬁ@emg'éﬂf%?iORQEQntWP equal
groups. The estrous c

ni_na s Jonitored day of
o7 00SLT s, sur goRy e SHeFRGRHEeyn 20gB% L RIRFEL L et <, BEoER ERRPY oup
have the |left utaid vargdng cemoaradations oﬁexha @umdenntmmminldssquatw; and

the squares are é&ﬂﬁﬁlol‘z Pf theiségn\ﬁo%ﬂdgt 1¥3§féﬂéﬁ:e3' ﬁsdﬁﬂ%ﬁ&qntsuigh&bfde

mesenteri c bl ood r oxl ma days

fol l owing surger§d aFrh%Fiéluted to ZPPrgREAtD ‘@n&?ﬁ‘tf""F %01 =730 mM)
I ntraperi igneal im]tind iabidveohssay mediwal er Cébls %rd&hsnv@ncmmlalmB?i n

Goup 2 receive ¢, gor z'4nhaapgrﬁﬂaaie%ks b6 ped AT . Of ad- thdmenaf 02 gonpPOUNd
of the present invention per Kilogram of body V\§I ht faqr the same 15

duration. Fol | ORPWEF 2thgapels "Err%afthFEﬁt in uetthanoly| o°F Fhymidineg ey ced
and t he endonet r indorpariatiba fmddNdrienghen adetermined bgnmnrt:aﬂdt\ianghed.

The explants arecgRAsHLdsa8edlribed in BBALAAILOHLS, wumycl es

are nonitored. Surgical induction o
endonetri 39 s  475-482 (1989). Aytographs of endometrial tissue are used to
i nduce endonet ri osimhibitits afdoxtalabiottsh rumedkeecalbl nal s at

proliferation by the compounds of the present invention are
further demonstrated by determining their effects on -
exponentially growing cells. Smooth muscle cells from rabbit
20 aortae are seeded in 12 well tissue culture plates in DMEM
containing 10% fetal bovine serum, 2 mM L-glutamine, 100 U/ml
penicillin, and 100 mg/ml streptomycin. After 24 hours, the
cells are attached and the medium is replaced with DMEM

containing 10% serum, 2 mM L-glutamine, 100 U/ml penicillin,
25 100 mg/ml streptomycin, and desired concentrations of the
compounds. Cells are allowed to grow for four days. Cells
are treated with trypsin and the number of cells in each
culture is determined by counting using a ZM-Coulter counter.

Activity in the above tests indicates that the

30 compounds of the present invention are of potential in the
treatment of restenosis.

The present invention also provides a method of
alleviating post-menopausal syndrome . in women which comprises
the aforementioned method using compounds of Formula I and

35 further comprises administering to a woman an effective
amount of estrogen or progestin. These treatments are
particularly useful for treating osteoporosis and lowering



reproductive maturity undergo bil ateral oophorectony, and 25 estrogen
is supplied exogenously thus providing a specific and constant | evel
of hornone. ‘Aut ol ogous endonetrial tissue is inplanted in the
peritoneum of 5-150 animals and estrogen’ supplied to induce growh
of the explanted tissue. Treatnent consi sting of a conmpound of the
present invent WhO¥044pplied 30 by gastric |avage on a dadryuseassrms f or
3-16 weeks, and i mpl ants are renmoved-¥r®d nmeasured for growh or
regressi on. At the tinme of sacrifice, the intact horn of the uterus
IS harvested to assess status of endonetrium 35 B.
#Uplant?tionhof heeremm ehdbesteriod] betaase tihe Pﬁdﬂe?ﬁ(ﬁili receive ﬁ?e

i ssue from huma t e npl.ant e . nto the
perit oneum of segﬁ% %§g§a§%$%§é%b§§g?§?é§kd tpRgent while the COmRAYNgS; 88044
PCT/ US96/ 13778 the present invention would inhibit undesdrable side-afifdets

m ce. Exogenous esf ke@8e8gé® MdRrb§Est th) NAESvIEP S these °°’%i'f£§8f‘| s are

expl anted t4ssue. C e qharvested ndonet |
cultured i nsvi,t roujﬁ%t(ﬁ)‘%q?% 1 Sy E:'l n%ﬁb%rﬂozft%‘l g'ﬁpoq‘?‘ésﬁlngﬁ?gﬁo 'ng of a
conpound of the imdicatesdtwmtt theveombinatiwppkireatimntgastrei esgfulagoron a

dai |y basis alleViadidd MR EImpeiRk | I LRBE Sméhcpad ngmﬁ&ﬂ.. sur ed
for growt h_or regression%§mpﬁu the fine %ftgggri ice, t éﬁggéri

are harvested to"S8§8ss the status of the intact endometrium 10 Test
4 A. Ti ssue from Viamnsouse fdomet of adstregiennand privgeweshesrand

mai ntai nedio N Vi ldofmdPe i1 HRI%a08b1ANS (EIBefilbddd Sgent s incTiled! £BL
speci nens are pushedPﬁ_hrou h a_sterile nmesh g eve, or alternately

or
teased apart fro Bunth i SEhECIR 1@'01 prOd @94dey hg| restaianol
suspensi on. Cel I{(§.8Fe- n@i X aiovidey) n and conjupated centrapanig Holdmonekusnewd

antibiotic. Rategg0 1 _' . enge enc ogen
asOPreh@d® (wyeth h?ei'Q@, i8S (2.5:%?1%?(? A %rgéggt.sitt{- 9

are determ ned. ba Ce Is.ari gSSﬁéfd for ihelr t o produce
conpl enent EERLBTRMNS ABclnge: Ay eXauBLAs SN OFYBRPIES LRTOTES Sual
growth 20 15 hoewoReoverar vi{Upiohoual ub eslaimeg/dayes seokdthylnbdrel (1.0 -

prol i ferative reanouShy/alyOWeRE hbSAUTRaHb! fo P Q095! AY/aay) . a CIRY @

conmpound of the invention, and vehi cle, Levels_of .S er ﬁbrnone

receptors are as?ggggﬁr%eqﬁ%%? %8¢ gempound is Premarin, -and
norethylnodrel and norethindrone are preferred progestin-
based agents.

20 The method of administration of each estrogen- and
progestin-based agent is consistent with that which is known
in the art. For the majority of the methods of the present
invention, compounds of Formula I and II are administered
continuously, from 1 to 3 times daily. However, cyclical

25 therapy may especially be useful in the treatment of
endometriosis or may be used acutely during painful attacks
of the disease. In the case of restenosis, therapy may be
limited to short (1-6 months) intervals following medical
propgdures such as angioplgsty,.

30 As used herein, the term "effective amount® means
an amount of compound of the present invention which is
capable of alleviating the symptoms of the various
pathological conditions herein described. The specific dose
of a compound administered according to this invention will,

35 of course, be determined by the particular circumstances
surrounding the case including, for example, the compound
administered, the route of administration, the state of being



whet her inportant cell characteristics are maintained in 25 vitro.

Ti ssue from5-25 patients is utilized. Activity in any of
t he above assays indicates .that t he conpounds of the present

i nvention are useful in the treatment of endonetriosis. 30
Inhibition of Aortal Snoboth Cell Proliferation/ Restenosis Test
Procedure WO 57709844 Conmpounds of the present inventi orPGRARIARAIMPHCI ty
to inhibit aortal snmooth cell prolifg¥a-ion. This can be
denonstrated by using cultured snooth cells derived from 35 rabbi t
aorta, proliferation being determ ned by the measur enent of DNA

synt hesis. Cel | s ofr ehebpat it ,bgn@xehé@PathologiclEl dHairs odeBeihdad-daRed.

E(C):'SI'/S US%G ) 2275:? | aBi@piofi daidy  884d)will contain a r}c\flfi%?cycoggggge &svel ofe

plated in 96 wel IEXAMcABRYE & M9 5pedbews §A0, maddgy.of a comPhuendudf rhes
become conf | uent predegt ciMventibast eprefidtreaihsly dosesa"génbgﬁfﬂ]&} gﬁﬂi‘;;&r ed
- 0

to Dul becca; s Mddifj.e l.e [ M containing O.

pl at el et pgsor . pl gg%g‘ szg%]f_é ﬁ,g'\/ﬁg %‘i‘ft aar% Hé%%o Um penicillin, 100 ng
m streptomycin, 1 n¥iev cqmpopnds t ¢f; nthiish dnveot iepi rdanp bet afeinereredd
growth factor, by a eaied YENGoGOES iid1diagSoril ! RRRhES Pt arHBIRAATS -
St ock sol utshggc&garg&es cg_mggugds i S pr(gﬁared if di net.hyl" sul phoxi de
and then diluted 10 appropri‘afe Concanttatiy SEHar . 3grhvnEpnasal.y ¢ he
above assay nedi FReseCeonpounds preferaklybared farm@Htedr prior to C. for 24

hours undexo 5% Ceifihl$O&deidn., . the $dFe@idn0bs2¢hich will"BE Secid & Lhe
n

ARSI TSI i R RS
‘Exp. Cell| Res, lgémvention is{psphapmide@sgical composition comprisimdian on of
aortal snmooth nuegfecedrd amount oP&!ddnPoRnEOBE Dok aC@MBRURES B A he
present inventi oghgre ic lﬁ_urt her d nsét é@t%j‘%% determning their
effects on YRIRBIICRY 3Few eFPs! qf eRELERR LY s from
rabbit 20 15100/a]9|°tpa§a§m56_1$@®dsdfmti\2e \wtdun}ti o § uestondgenr erp%M@ésdﬂm,D&EM
containin 0 i L ‘s
penicilli g and ?Ogh%éﬁl%g a%?ér?fra%}%egafﬁi%ﬁr%?gfﬁé' ox eXClgé'FPts:
are attached and the medi utlS @‘glyﬁﬁ‘éﬁ i TIPTBRERRES 10 such farmnlayFinms,
serum 2 mM L- gl goapriges MOmUORES pmi29.19%i by @8ight of0@haypfotmulation.
streptonycin, angydeghifhceRtseALIAIAMEDLAbIERCit is meant the carrier,

20 diluent, excipients and salt must be compatible with the
other ingredients of the formulation, and not deleteriocus to
the recipient thereof.

Pharmaceutical formulations of the present
. invention can be prepared by procedures known in the art

25 using well known and readily available ingredients. For
example, the compounds of formula I and IT¥, with or without
an estrogen or progestin compound, can be formulated with
common excipients, diluents, or carriers, and formed into

_ tablets, capsules, suspensions, powders, and the like.

30 Examples of excipients, diluents, and carriers that are
suitable for such formulations include the following:
fillers and extenders such as starch, sugars, mannitol, and
silicic derivatives; binding agents such as carboxymethyl
cellulose and other cellulose derivatives, alginates,

35 gelatin, and polyvinyl-pyrrolidone; moisturizing agents such
as glycerol; disintegrating agents such as calcium carbonate
and sodium bicarbonate; agents for retarding dissolution such



conpounds. Cells are allowed to grow for four days. Cells are

treated with trypsin and the nunber of cells in each culture is
determ ned by counting using a ZM Coul ter counter.

Activity in the above tests indicates that the 30 conmpounds of the
present invention are of potential in the treatnment of restenosis.
The present i nVeOOreM44| so provi des a net hod of al | evi BCTMISH6/13778
post - nenopausal syndronme in worren whi ch conpiiges t he af orenenti oned
met hod usi ng conpounds of Fornmula | and 35 further conprises

adm nistering to a woman an effective amount of estrogen or

progestin. These hgesdrErHit;akEsorption BREbl&rHtrsy sUsRad fitelrh8ayi NY

g%?ﬂggg?ig%gnd lal(t)lt\r/l\e rJ.umg compounds; surfa\é\g aggéiov%oAééeﬁtiﬁ such as cet)é%rum

chol est er ol becauebctbhmlrpaﬂyeﬁrowrtdnqsgeeraeet fesisorptive l:ran;fuem shcke ash

pharmaceutical agradliidng b@ﬁt&ﬁwuﬁﬂﬁ Qubrlcants klhenpie | BY 88PN
woul d i nhi bit undes%ra l e sid ’sé tro en a progestl n.
Activity of % hese®RdMAIRESIHR S?Searatet r 888 et PelyRyEwt qlyeols.

post - nenopausal tests, infrEhe compoundsdilsat eanthbmtforinalavediamidldrirs or
treatments are “Sgtf)lﬁt dis for con@éﬂl%Yl'taBi:Qﬂ écﬁﬁniﬁ@éﬁ)f%% as solytions

post - menopausal tons in ornse

estrogen and pr og Topriates for Pa%’rﬁ%ﬁ&l%@‘i"ymé\'ié?%ﬁ?e f°¥§‘ﬁ8§éﬁﬁ lﬁéed
agents i ncl ude, ffbntramusculaxans).blmut:emlepuglo:esitnmgean(;@s Gdoute@..03 ny/ day)

nmest r anol 5 ] t

such 10as Prenarl n erfi% Wéet er t 5’8@3}&% §§1€é§(¥%g }lggie
based agents i ncl Bggtainsd é’?éﬁﬁ;% %ééll%f?’ﬁ‘?‘%g”é’sdt é'PGnEJ-]S%-ch

Provera[err] (Upj 6brmulationOcam/bnp, conseituytdedodhat €Hep release the’LO. 0

ng/ day), and nonepbi fds Qﬂﬁrégléut o1y gg/ g@é’ﬂerdﬁlg h?/ I‘%ﬁ %Iwian q

estrogen- based conpoun Premari n, :
nor et hi ndrone ar ePP¥e¥ é&af)r%%‘é%’:tlﬂ’i‘-' P°SSlb11‘b§§’@H agfé'?ﬁ@ oF time. The
The met hod 16f adntoatsingst,i envelop=xh apst pogesctiaedmatrices praygbet nadd,aFoa

agent is consi st egianihitd) Ehah Mﬁ&fl@ KiB¥ances or Wixdde art. For the

majority of the net hods ‘of fhe | nvent i on, . conpounds of

Formula | and Il are adni nfSFR PEBS of forpyla F S IR, RLORR PR dM3 tines
daily. However, cyefbhigstias with tdehappaceytixsieagaht yobeches pirekents t he

treatment of invatdemet 5&9&@119; wiBY BE é&mu@ea&sa yn?"éL'cBﬁvQﬁiéﬁé“
att acks of .t he di sease. grﬁ case g eist enosl s, thera X
20 formulation. The ollowing formulation examples only are
illustrative and are not intended to limit the scope of the
present invention.

Formulations
25 In the formulations which follow, *active
ingredient” means a compound of formula I or II, or a salt or
solvate thereof.

.30 . Formulation 1l: Gelatin CapsuleS-.

Hard gelatin capsules are prepared using the following:

Ingredient Quantity (mg/capsule)
Active ingredient 0.1 - 1000
Starch, NF 0 - 650
Starch flowable powder 0 - 650
Silicone fluid 350 centistokes 0 ~ 15




limted to short (1-6 nonths) intervals foll ow ng nedical procedur es

such as angiopl asty. 30 As used herein, the term"effective
anount” neans an amount of conmpound of the present invention which
IS capable of alleviating the synptons of the various

pat hol ogi cal conditions herein described. The specific dose of a
conpound adni n\V&PWe according to this invention will, 35 PCTHSI6H3TBse,
be determ ned by the particular circunstancé3d35- surroundi ng the case
i ncluding, for exanple, the conpound adm ni stered, the route of
adm nistration, the state of being WO 97/ 09044

PCT/ US96/ 13778 -113- of the
pati ent, and the pathol ogi cond tion bei treated . _A tynpi.cal
daily dose will contain a?i’c?n ?15’5% %Péfgeﬁ“a%?be Changed, {n, aBChy

to about 600 ng/w'ag'hcﬁhear@aspaahbleofamhelons provyidedient i nventi on.
Preferred daily doses genq FbieW Ebrmflation islprépati@Ubsing hd 0 about 80

ng/ day. ounds of this invention can be
admini'ster&d mgr%‘%f‘eé‘t\?aglei? routes including oral, rectal,
transder mal , subucut aneus, i nt ravenous, intranuscul ar, and

i ntranasal . mwou-nglmﬁ@ferabl y are formulated prior to 10
adm ni stration, the selection of which will be decided by the

attendi ng phyS| GRS B SRS P et—OF—-Re—PF-B S e t——————-AV-ehioR
is a pharnmaceutical corrposmg;m Bpri sing an Quamtiiitact(mggtanbetdt of a
conpound of For phar maceut i cal,l ¥ ac abl e salt
t hereof , opti ong}d{:&‘%%%' g&% Eu ni an effective am)én of rogen or
progestin, and ¢€e 1U1Q§qoha¥lﬁﬁeé¥1¥$?,§lhl}ﬂeaccept abl e caePPer, ‘iﬁq uent, or
exci pi ent. Silicon dmxﬁbe t@hed active ingredi entgpin sgsh

formul ati ons sfromO 1%to 99 9%by vvelggt of

fornmul ati on. — e ceutsh ] o ——
carrier, 20 di | uent, EXCI p| ent S and salt rrust be conpati bI e wt h the

ot her ingrggdients of the formulation, and not deleterious to t he
reci pi ent t er eof Phar maceuti cal formulations of the
present i BheneeeneRtsparykinnded ppdppusnanced kaoter® tabletsrt 25

usi ng well known and readidAlteavatlinbly, itxpledecssch cdmuaining 2.%xamobe,
brogesti - conpoull, CEtiye SarPaidly Bo mkbL I e sortodl, O3/ Paen Of
di luerits, or carriers, and fornmed into t abl ets capsul es,

suspensi or5 powgermulainicor e | Takblets

Ingredient | Quantity (mg/tablet)
Active ingredient ' 25 - 1000
Starch 45
Cellulose, microcrystalline 35
Polyvinylpyrrolidone 4
(as 10% solution in water)
Sodium carboxymethyl cellulose 4.5
Magnesium stearate - : : 0.5
Talc — 1

The active :.ngredn.ent, starch, and cellulose are

passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The solution of polyvinylpyrrolidone is mixed with the
20 resultant powders which are then passed through a No. 14 mesh
' U.S. sieve. The granules so produced are dried at 50°-60° C
and passed through a No. 18 mesh U.S. sieve. The sodium



30 Exanpl es of excipients, diluents, and carriers that are

suitable for such fornul ations include the foll ow ng: fillers and
extenders such as starch, sugars, nmannitol, and silicic derivatives;
bi ndi ng agents such as car boxynet hyl cellul ose and ot her cellul ose
derivatives, alginates, 35 gelatin, and pol yvinyl-pyrrolidone;

nmoi st uri zi ng a¥EH749Mdch as glycerol; disintegrating X§EMSBIITBh as
cal ci um carbonate and sodi um bi car boddbe; agents for retarding

di ssol uti on such WO 97/ 09044 _

PCT/ US96/ 13778 ' -114- as

paraf fin; resorptaeBoRefdiiglakeasclhl hohesiunt Sfdidiafe, and taABJONI UM

conpounds; Surfag,ie,?gg&\;/ R, JABES SRS 2RbY 60 y,5, sBbO Ure BhifiCidleq

nonost ear at e; FErs SUC foand Bentontt e,
| ubri cants such &9 thegramilesuvwhich, afﬁ&ﬁdmhﬁiﬁﬁﬁnﬁiﬁl§?@Eﬁ%ﬁﬁ$d Qndasolld

pol yet hyl gl ycol gablet machlne to yield@abagpelnds al so can be fornulated as
elixirs or 5 solutlogf or convenléﬁn or al. adn%f'Strﬂbbﬁn or

sol uti ons  appropri aFREREIRAP TR SONERMPHIS (G A im0 arrpl e, by
i ntranuscul ar, swiedicametupeyr 5i ni rdnsmere made eas follows: Additionally, the

conpounds are mell suited to fornul ation as sust ai ned rel ease dosage
forms and the Ii The %Oﬁﬂgéﬂl ns can be so constituted that they
rel ease the jr eql e or preferably in a particular

physi ol ogi cal | qcation, possibly over a DerLQd of tine. The 15

coatings, envelopes, and prRLESdiMf matrices may be €icy Umg/5 ml
exanpl e, fron1pd1nmﬂTt“3UggaﬂmE3 OT ~Waxes. dﬁg&éi&_‘génnxﬁmUS-Uf

formula | and || ACkivRelngredient conbi nation with % Y%iralf8letdi cal
agent of the pregedium carboxyheehyl arellgdoeeal |y will be 8dnmgi stered in a
conveni ent 20 L bnulation The followi ng fornul ation qxggp&&s only are
illustrative and Xre not intended to limt the scope of thé pr esent
i nventi on. Benzoic acid solution Formul ati ons 9510 mL
In the fornulatlwaavuhlch follow, "active I ngr edi enfg.voeans a
conpound of for or Il, or a salt or sol vate t%ggeof. 30
Formul ation 1: Gg a?ln Capsules T

Lurified water to — . 3 HL

10
The medicament is passed through a No. 45 mesh U.S. sieve and
mixed with the sodium carboxymethyl cellulose and syrup to
form a smooth paste. The benzoic acid solution, flavor, and
color are diluted with some of the water and added, with

15 stirring. Sufficient water is then added to produce the
required volume.

An aerosol solution is prepared containing the following
ingredients: '

20
Formulation 5: .Aerosol

Ingredient uvantity (% weight
Active ingredient _ 0.25
Ethanol 25.75

Propellant 22 (Chlorodifluoromethane) _




Hard gel atin capsul es are prepared using the foll ow ng:

I ngr edi ent Quantity (ng/capsule) Active ingredient
0.1 - 1000 Starch, NF 0 - 650
Starch fl owabl e powder 0 - 650 Silicone fluid
350 centi st okes 0 - 15 : WO 97/ 09044
PCT/ US96/ 13778V0 97/09044 -115- PCT/US96/13778
The formul ati on above may be changed in conpl7-ance with the
reasonabl e vari ati ons provi ded. A tablet formulation is
prepared using the 5 I ngredi ents bel ow Formul ation 2: Tablets
;ngredhggg L Tﬁhaaétiéb(ﬂﬂgkbabéﬁi)ls mixed ﬁ&thVEtHdhyneagggéhe

- u m crocrystal
Silicon di OXI de, m"f% addéa €5 b ot q%‘e prgpgllant 22’8F88?’3‘?et°am d
5- .15 30° c, Thedc@amfsnrrsdat@ | fdddagadeviespr feedegoifed m
t abl ?t S. . amount t:.s tﬁéx?rgfdé@ttloVQ ¥ta%1@i&é§ Eteal hc&%HFﬁie'i* Bﬁdzdf’l%tewoo
ng of actiye in are e up as o] ornul afj on
Tabl et s ¥, gwft% E{\: e rema+1ﬁnd}ge 8maliant W$fhe va?ve dﬂffﬁ% lasye( H"?%bl et)
Active ingredienfitted to the container. 25 - 1000 Starch
45 Cellul ose, mcrocrystalline 35

Suppositories are prepared as follows:

10 Formulation 6: Suppositories

Ingredient Quantity (mg/suppository)
Active ingredient 250 :

Saturated fatty acid

glycerides 2,000

The active ingredient is passed through a No. 60
mesh U.S. sieve and suspended in the saturated fatty acid
15 glycerides previously melted using the minimal necessary
heat. The mixture is then poured into a suppository mold of
nominal 2 g capacity and allowed to cool.
An intravenous formulation is prepared as follows:

20 Formulation 7: Intravenous Solution

Ingredient Quantity
Active ingredient : 50 mg
— e 000 T,

The solution of the above ingredients is
intravenously administered to a patient at a rate of about 1

25 mL per minute.

, Formulation 8: Combination Capsulé I

Ingredient Quantity {(mg/capsule)

Active ingredient 50




Pol yvi nyl pyrrol i done 4 (as 10% solution in

wat er) Sodi um car boxynet hyl cel |l ul ose 4.5
Magnesi um st ear ate ' 0.5 Tal c
1 The active ingredient, starch, and cellul ose are
passed through a No. 45 nmesh U. S. sieve and m xed thoroughly. The
sol ution of polwoisngsoayrroli done is mxed wth the 20 resHb#ﬁgkngﬁwders
whi ch.are then passed through a No. 14 mesh_jqg. U.S. sieve. e granul es
so produced are dried at 50-60[err]C and passed through a No. 18
mesh U.S. sieve. The sodium WO 97/ 09044
PCT/ US96/ 13778 . -116-
car boxynet hyl st aPrémarimgnesi um stearate, and talc, previ ously
passed through a AicdOpH Porsieve, are then added Eg t he granul es
whi ch, after m'xiggé %{qséﬁnpressed on a tabl et machine to yield
tablets. 5 re spensi ons each containing 0.1 117088 ny of
medi canent per 5 $ililmseOdle nade as fol |l ows: Formgl ati on 4:
Suspensions . pueen 8 I ngr edi ent tity (ng/5
m) Active in:}e_ient 0.1 - 1§%§8ng
Sodi um car boxy eSSyl oS0 — o S\ 1T Yt W
1.25 ny Benzoic acid solution | 0.10 nL
Fl avor . . . V. Col or
g. v. pur | {FUUAEIRRY: Combination Capsilé 11 5 nL 10
The nedicanept | s_passed through a No. 45 nmesh U.S. sieve and m xed
with the sodlun1carboxynetrgﬂ%fggggﬁkose and syrup antit (J ) u oth
paste. The benzoi X - Tom, avor, —ard h
sone of the water®Sriyeadnggedifnth 15 stirring. Suffi®®ent water is
t hen added to pr dtmerhyllaocdrel required vol une. 5

Avicel pH 101 82.50

Starch 1500 90

Silicon 0il 2

Tween 80 0.50

5 Formulation 10: Combination Tablet
Ingredient . Quantity (mg/capsule)

Active ingredient 50

Premarin 1

Corn Starch NF 50

Povidone, K29-32 6

Avicel pH 101 41.50

Avicel pH 102 136.50

Crospovidone XL10 2.50

Magnesium Stearate , . . 0.50

Cab-0-Sil 0.50

%
The compounds of the present invention may contain
one or more assymetric centers, and therefore can exist as a
10 mixture of isomers, or as individual isomers. Either a

mixture or individual isomers will be useful for the purposes
of the present invention, and can be so employed.



An aerosol solution is prepared containing the follow ng

e R e AN
U

0. 25 Et hanol

Propel l ant 22 (Chl orodifl uoronet hane) 70. 00

97/ 09044 WO 97/09044 PCT/ US96/ 1377,

-117- The active ingredient is mxed with ékﬁ%%%?yg%d

t he m xture added to a portion of thejgeapel lant 22, cooled to
30[err] C, and transferred to a filling device. The required anount
is then fed to a_stainless steel container and diluted 5 w th the

r emai ni ng propeIFaﬁ alMirhe valve units are then fitted to the

cont ai ner. Suppositories are prepared as foll ows: 10
Fornul-ation 6: Suppositories A compound of formula!P3edgNt

Quantity (ng/suppository) Active ingredi ent

250 Saturated fatty acid glycerides 2,000

The active ingredient is passed through a No. 60 R2 mesh U. S. sieve and
suspended in the saturated fatty acid 15 glyeerides previously nelted

ure is then poured into a
ad al l owed to cool
’ 20 Formul ation 7:

using the mnimal necessary heat .

Th
suppository nold of nom nal 2 g—co

| nt ravenous Sol uti on RS

5 O~ (CHg)y—~W~—PR4*
I
R2
Y
RS N
N
R! 8
O—(CHg)—W——PR?
10 ' II
wherein
15 X is -0-, -S-, or -NR5-;

Y is -0-, -S-, -CHz2-, -CH2CHz-, -CH=CH-, or -NR5-;
B is -CH2- or -CO-;



| ngr edi ent Quantity Active | medl ent

% ™ | cotonic saline wmmmmg

The solution of the above ingredients is i ntraven

to a patient at a rate of about 1 25 m. per m nute.

Formul ati on 8: Conbi nation Capsul e | | ngr edi ent
Quantity (ng/ copsuhioods Active ingredient PCT/USS6/13778
50 WO 97/ 09044

PCT/ US96/ 13778 -120- -118-

Premarin 1 Avi cel pH 101

50 St h 1500 . 117.50

Silicon Gl arc R!, R2, and R3® are each,independeptiy - -OH,

0.50 Cab- O-CHCh-C4 alkyl), -0COCgHs, -0CO(C1-Cg¢ alkyl), -0S@5(Cys-Cs
Fomul ation 9: CondyiRatl)i ooosaRsyl, ecl! or F; | ngr edi ent
Quantity (ng/capsule) ACtive |ngred|ent

50 Nor et hyl nodrel R is 1 or 2; 5 Avi cel pH
101 , W is CHz oF)Csg; Starch 1500

90 Silicon O RY is l-piperidinyl, 2-oxo-1-pipetridinyl, iween 80

0.50 5 Forggih2h i @ingP; mt¥RLRhLAb15M0GY, dimethyl-1-pyrrolidinyl,
2-oxo-l-pyrrolidinyl, 4-morpholino, dimethylamino,
diethylamino, or l-hexamethyleneimino;

10 RS is C3-C3 alkyl, -COCgHs, -CO(C31-Cg¢ alkyl),
-C{0)0CgHs, -C(0)O(C1-C¢ alkyl), -S02(C1-Cg alkyl), -S02CgHs,
or -S0,CF3; or a pharmaceutically acceptable salt thereof.

2. A compound according to Claim 1 which is of
15 Formula I and wherein X is -0- and Y is -S-.

3. A compound according to Claim 1 which is of
Formula II and wherein Y is -CH=CH-.

20 4. A compound according to any of claims 1 to 3
wherein -0O-{CH2)n-W-R% is 2-(l-piperidinyl)ethoxy.

5. A compound according to Claim 1 which is
25 selected from the group consisting of:

3,9-dihydroxy-6-[4-[2- (l-plperldlnyl)ethoxy]phenyl] -6-H-
[11benzothieno[3,2-c] [1l1benzopyran;

30 3,9-dimethoxy-6-[4-[2~ (1-p:|.per1d1nyl)ethoxy]phenyl] ~-6-H-
' [11benzothieno[3,2-c] [1]benzopyran;

3,9-bis{benzoyloxy)~-6-[4-{2- (1-piperidinyl)ethoxylphenyl]-6-

H-[1llbenzothieno[3,2~-c) [1]lbenzopyran;
35

3,9-bis({pivaloyloxy)-6-[4-[2-(1-piperidinyl)ethoxylphenyl]-6-
H-[1]lbenzothieno[3, 2-c] [1]l1benzopyran;



| ngr edi ent _ Quantity (ng/capsul e) {, redient
g'([)arch NF Premrin 50 Povi don ”mw m m,””m

6 Avi cel pH 101 41. 50 "avifcet
pH 102 136. 50 Cr ospovi done XL10

2.50 MaoweehbdeysSt ear at e 0.5

Cab-O-Sil - 0.50 Yormssensmy,
conpounds of the present invention nmay contajgy. one or nore
assymetric centers, and therefore can exist as a 10 m xture of isoners,
or as i ndividual oirsgt'ge Ei t he m xture or individual isoners

wi || be useful éSZ?; B‘b‘?elsgulf"nyl"’@f)'t%e['lpr@séh i nvention, and can be
so enpl oyed. piperidiny) &Hd3®0phenyl] -6-H-[1]benzothieno[3, 2-

PCT/ US96/ 13778 ¢l [11benzopyran; -119- I

claim P)i A conmpound of formula | or I1:

[err] . 5 3,9-bis(trifluoromethanesulfonyloxy)-6-[4-[2-(1-

piperidinyl)ethoxy]phenyl]—6-H-[1]benzothieno[3,2-
cl [1lbenzopyran;

6-14-[2-(1-piperidinyl)ethoxylphenyl]-6-H-{1l1benzothienol3, 2-
10 clll]lbenzopyran;

3,9~-dihydroxy-6-[4-[2~(1l-pyrrolidinyl)ethoxylphenyl]-6-H-
[llbenzothieno(3,2-c] [1]1benzopyran;

15 3,9—dihydroxy-6-[4-(2-dimethylaminoethoxy)phenyl]-6-H¥
[1]benzothieno[3,2-c] [1]benzopyran;

3,9-dihydroxy-6-[4-[2-(2-oxo-1-pyrrolidinyl)ethoxy]phenyl]-6-

20 H-[1l]benzothieno[3,2-c] [1]benzopyran;

3,9-dihydroxy-6-[4-[2-(1-piperidinyl)ethoxy]phenyl]-6-H-
benzofuro([3,2-c] [1l]lbenzopyran;

2,8-dimethoxy~5-[4-[2~(1-piperidinyl)ethoxy]lphenyl]-11,12-
25 dihydro-6H-benzo[clphenanthrid-6-one;

2, 8-dimethoxy-5- [4~-[2- (1-piperidinyl)ethoxy]phenyl] -6H-
benzol[clphenanthridine;

30 2,8-dihydroxy-5-[4-[2-(1-piperidinyl)ethoxy]lphenyl]-6H-
benzo[clphenanthridine; and
2, 8-dihydroxy-5-[4-[2- (1-p1per1d1nyl)-ethoxy]phenyl] -5H-
"benzol[blnaphtho[2,1-d)pyran

35

6. A process for preparing a compound of the formula



wherein 15 Xis -0, -S, or -NRerr]-

T
6108 ater-, oter olern ) Gear o NR[erWl"””’llmllII’IHH"I

PCT/ US96/ 13778
Rlerr], Rerr], and R err] are each independently -H, -OH,

- derr]-Cernfoddgeyds) . -OCOClerr]Herr], -OCCO(Cerr]- C[err]P(éJ,dg\‘Ms,m
-Csderr](Cerr]-Cerr] al kyl), -OSCIerr]CF[err] a,

nis 1lor 2, 5 Wis CHerr] an6=0 Rlerr] is
1-pi peridinyl, 2-oxo-I-piperidinyl, 1- pyrrolidinyl,

met hyl -1 -pyrrolidinyl, dinmethyl-I-pyrrolidinyl, 2- oxo- 1-pyrrolidinyl,

4- mor phol i no, di et hyl am no, di et hyl ami no, or,Ri- hexanet hyl enei m no;

O—(CHs);—W—R?*

wherein
5 X is -0-, -S-l or “NRS";
Y is -O-, -8-, -CHz-, -CHCHz-, -CH=CH-, or -NRS-;
Rl, R2, and R3 are each independently -H, -OH,
-0(C1-C4 alkyl), -OCOCgHs, -OCO(C3-Cg alkyl), -0S03(Cy4-Cg
alkyl), -0S0,CF3, Cl, or F;

10 n is 1 or 2;
W is CH; or C=0;

R? ig 1-piperidinyl, 2-oxo-l-piperidinyl, 1-
pyrrolidinyl, methyl-l-pyrrolidinyl, dimethyl-l-pyrrolidinyl,
2-oxo-l-pyrrolidinyl, 4-morpholino, dimethylamino,

15 diethylamino, or l-hexamethyleneimino;

R5 is C3-C3 alkyl, -COCgHs, -CO(C1-C¢ alkyl),
-C(0)OCgHs, -C(0)0O(C1-Cg alkyl), =-S02(C1-Cs alkyl), -802CgHs,
or -S02CF3; or a pharmaceutically acceptable salt thereof,
which comprises:

20 (i) reacting a compound of the formula



10 Rierr] is C[err'] Clerr] alkyl, - H[eri
Ay, SOlerr] (qlerr] Gerr] alkyl), - Sqerr] E% s I Illll llll

- SG2CF3; or a pharmaceutically acceptable salt thereof.

2. A conpound according to daim1l whichis of 15 Formula | and wherein
Xis -0- and Ywéommonas 3. A conpound acco Claim
1 which is of Forrml all and wherein Y is -CH=CH. Mjhﬂ&ﬁ}l%-’

4, A conpound according to any of clains 2][ wher e| n
-O-(CHerr])[err]-WRerr] is 2-(1-piperidi ny%)ethoxy

A conpound according to Caiml which is 25 selected fromthe group
consi sting of: R2a

3, 9-di hydr oxy-6-[4-[2-(1-piperidinyl)ethoxy]phenyl]-6-
[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyran; 30

3, 9-di net hoxy-6-[4-[2-(1-pi peridinyl)ethoxy]p

5.

[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr an;

3, 9-bi s(benzoyl oxy)-6-[4-[2- (1. g peridinyl)effhoxy] | - 6-

H [ I ] benzot hi eno[ 3, 2-c] [ 1] benzOp

3, 9- bi s(pi val oyl oxy)-6-[4-[2-(1-pi 4xy] phenyl ] - 6-
H- [ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyr§ WO 97/ 09044
PCT/ US96/ 13778 -121-

3, 9- bi s(1-butyl sul f onyl oxy) - 6- R [ 2- z
pi peri di nyl) et hoxy] phenyl ]-6-H[ 1] benzot hi e , 2- c][1] benzopyran;
5 3,9-bis(trifluoromethanesul fonyl oxy)-6-[4-T2-(1-
pi peri di nyl ) et hoxy] phenyl ] - 6- H- [ 1] benzot hi eno[ 3, 2- c] [ 1] benzopyr an;
wherein
5

Rla, R22 and R32 are each independently H, -0(C3-Cya
alkyl), -Cl, -F, or a protected -OH;
X and Y are as defined above;
and 22 is -OH, -OCgHs, or -0(C3-C4 alkyl),
10 with a Grignard reagent of the formula

BrMg g

wherein

15 G2 is -0Si(CH3)3, a protected OH capable of being
selectively deprotected in the presence of Rla, R2a and R3a,
or -(CHz)pWR4; to obtain a compound of the formula



6-[4-[ 2- (1-pi peridinyl)ethoxy] phenyl]-6-H[1] benzot hi eno[ 3, 2- 10

c] [ 1] benzopyr an;

3, 9-di hydr oxy- 6-[ 4-[ 2- (1- pyrrol i di nyl) et hoxy] phenyl ] - 6- H ”I"I""""II"”""I”I"
[ 1] benzot hi eno[ 3, 2-c] [ 1] benzopyran; 15

3, 9-di hydr oxy- 6-[ 4- ( 2- di met hyl am noet hoxy) phenyl ] - 6- H-

[ ]benzothieno%; gi 1] benzopyr an;

3, 9- di hydr oxy- &°¢ ‘@hh(Z oxo- 1- pyrroI|d|nyl)ethoxy]phenyl] 6-FCT/US6/13778

H- [ 1] benzot hi eno[ 3, 2-¢] [ 1] benzopyr an;

3, 9-di hydroxy-6-[4-[2-(1- plperldlnyl)ethoxy]%%enyl] 6- H

benzof uro[ 3, 2-c] [ 1] benzopyr an;

2, 8-di met hoxy-5-[4-[ 2- (1-pi peri di nyl ) et hoxy] phenyl]-11, 12- 25gr2®
di hydr o- 6H benzo [ c] phenant hri d- 6- one;

2, 8-di met hoxy-5-[4-[ 2-(1- pi peridinyl)ethoxy] phenyl]-6
benzo[ c] phenant hri di ne; 30 y
2,8-dihydroxy-5-[4-[2-(1-piperidinyl)ethoxy]phen'l]-s‘
benzo[ c] phenant hri di ne; and %
8- di hydroxy-5-[4-[2-(1- plperldlny¢3
benzo[ b] napht ho[ 2, 1-d) pyran 35
conpound of the formula

PCT/ US96/ 13778

progess for preparing a

2-
R1a

Ga

{2) in the instance when G2 is -OSi(Cﬁ3)3 or a
protected OH as defined, (a) treating the product of step (1)
5 to selectively deprotect to a compound of the formula

H?a

OH’

and thereafter (b) alkylating this compound to a compound of
10 the formula



[err] | wherein 5 Xis -O, -S, or -NRerrf=——
Rerr], Rerr], and Rieri) are.each | ndependent 1y -, " Mﬂﬂﬂlﬂﬂﬂﬂlﬂlﬂl
- derr]-Cerr] alkyl), -OCCOCerr]Herr], -OCO (e C[er 1 ‘al Byl ks,

-Csderr](Cerr]-derr] al kyl), -Osqerr]CF[err] a, or F, 10

nis |l or 2, wo9709544 Wis CHerr] or CGQ Pcrmsgmﬂf”]
is 1-piperidinyl, 2-oxo-I|-piperidinyl, 1- pyrrolidinyl,

met hyl -1 - pyrrolidinyl, dinmethyl-1-pyrrolidisyis- 2- oxo- 1- pyrrolidinyl,

4- mor phol i no, di met hyl am no, 15 di et hyl am no, or 1-hexanethyl enei m no;
Rlerr] is Jerr]-Cferr] .alkyl, -COerr]Herr], -CXCerr]-Cerr] alkyl),
-C(OOerr]Herr], -CcOQderr]-Cerr] alkyl), -s¢g}err](Cerr]-Cerr]

alkyl), -SQerr]Cerr]Herr], or - S2CF3; & pharmaceutically
accept'abl e salt thereof, whi ch conpri ses/ (1)
reacting a conpound of the fornula Y WO 9X/ 09044
PCT/ US96/ 13778 -123-
[err] . g
Ria
O-(CH2)y-W-R*

{3) deprotecting any protected OH groups in Rla,
R22, or R32 in the compound from step 1 or step 2, to obtain
5 the compound of the formula:

O-(CHo)p-W-R*

and
10

{(4) optionally salifying the product of the
preceding step.

7. A process for preparing a compound of the formula



wherein 5 Rlerr], Rerr] and R[err] are each

I ndependently H -Q((err]-Cerr] al kyl), -d, or 1
X and Y are as defined above; and Z[err] “ﬂ'lmmnmmm"m
-OC[err]Herr], or -Cerr]-Cerr] alkyl), 10 with a Gidnafd teajem @
the formul a [err] mhereln 15

Jerr] is -0Si (\GUMM[err] a protected OH capabl e of beingg
sel ectively deprotected in t he presence of Rlerr], Rerr] and ﬁlussslllsws
-(CHerr])[err]WRerr]; to obtain a conpogpg-of the fornula
WO 97/ 09044 PCT/ US96/ 13778
-124- , [err]
R

O—(CHo);—W-—R*

wherein
5 B is -CHz-, or -CO~;
Y is -0-, -S-, -CH2-, -CH2CH2~, -CH=CH-, or -NRS-;
R, R2, and R3 are each independently -H, -OH,
-0(C1-C4 alkyl), -OCOCgHs, -0OCO(C31-Cg alkyl), -0SO2(Ca-Cg

alkyl), ~-0S02CF3, Cl, or F;
10 nis 1l or 2;
W is CH2z or C=0;

R¢ is l-piperidinyl, 2-oxo-1-piperidinyl, 1-
pyrrolidinyl, methyl-l-pyrrolidinyl, dimethyl-l-pyrrolidinyl,
2-oxo-1l-pyrrolidinyl, 4-morpholino, dimethylamino,

15 diethylamino, or l-hexamethyleneimino;
RS is C1-Ca alkyl, -COCgHs, -CO(C1-Cg alkyl),
-C(0)0OCgHs, -C(0)0O{C1-Cg alkyl), -S502(C1-Cg alkyl), ~-S032CgHs,
or -S02CF3;

or a pharmaceutlcally acceptable salt thereof
20 which comprises

(1) alkylating a compound of the formula



(2) in the instance when Jerr] is -OSi(CHerr])[err] or—a“"“B?BTEETEa—EH

as defined, (a) treating the product of step (1) 5 |

deprotect to a conmpound of the formula ‘m mm m\m“\m

R2a [err] and therea*teﬁ

al kyl ating this conpound to a conpound of 10 the fornula

91/2 g9044 WO 97/09044 PCT/ US96/ 137]7(81‘/[1395/13773
~-127-

wherein
Y is defined above, and
5 each of R1a, R2a and R32 is independently -H, -0{Ci-
C4 alkyl), -Cl, -F¥, or a protected -OH;
(2) optionally reducing the carbonyl;
(3) optionally dehydrogenating the product of
either preceding step wherein Y is -CHz-CHz-;
10 (4) deprotecting any protected OH groups in Rl2, Rr2a
and R32 in the product of any of steps (1), (2), or (3); and
{5) optionally salifying the product of the
preceding step.

15 8. A compound of the formula
nza
Y
Rsa
» R1a z
wherein

X is -0-, -8-, or -NRS-;
Y is -O-, =-S8-, -CHz-, -CHCHz~, -CH=CH- or -NR5-;



Rierf], or Rierr] in the compound frometep 1 or step 2, 1 ﬁﬂ i’r’i’nﬂ”m
Rlerr], or Rlerr] in the conpound fromstep 1 or step 0 m Ph

conpound of the fornul a:

and 10 (4) optlonal |y saliSf §hkkd HAS BEENJ uct of the
precedi ng st ep. 7. A process fREPLACEEPaAri nd a conpound of the
formul a 97/ 09044 .

PCT/ US96/ 13778 0 sl _ 1oBCTAUSI6N3TT8
[err] -128-

each of R12, R22 and R32 is independently -H, -0(C:-
Cq alkyl), ~Cl, -F, or a protected -OH; and
Z is -OH, -0CgHs, -O(C1-C4 alkyl), or 4-hydroxy-

phenyl.
5
9. A compound of the formula
Rza
Y:
R N
N
Ria
0
CH
wherein .
10 Y is -0-, -8-, -CHz-, -CH3CHz-, -CH=CH- or -NRS-;
each of R12, R22 and R32 is independently -H, -0(Ci-
C4 alkyl), -Cl, -F, or a protected -OH; and
each of Rla, R22 and R32 is independently -H, -0(Ci-
C4 alkyl), -Cl, -F, or a protected -OH group.
15
10. A pharmaceutical composition comprising a compound
according to Claim 1 together with a pharmaceutically
acceptable carrier, diluent or excipient.
20 11. A method for inhibiting bone loss or bone

resorption comprising administering to a patient in need
thereof an effective amount of a compound of Claim 1.

12. A method acording to Claim 12 wherein said bone
25 loss or bone resorption is due to menopause or ovariectomy.

\\
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V\,hereln ‘Bis -CHerr]-, or -CO; ' _ Yis

-0, @!ﬁ:ﬁ!ﬂeluﬂm'w [err]CH err] - CH:CH- o1r -NRerr]-;
R[err] ri are each |ndependently -H, -OH,

qqerr] Cerr] alkyl), - rrlHerr], G:qqerr] Cerr] alkyl),

-osderr](derr]-Cerr] aI kmis Ag]B@] grr], d, or F 10

nis 1or 2, woormo4 W =~ PCTIUSS(13TTS
Rlerr] is 1-piperidinyl, 2-oxo-l-pipe 1- pyrrolidiny

met hyl -1 -pyrrolidinyl, dinmethyl-1- pyrrol [ dJ]_Q}gL, 2- oxo- 1-pyrrolidinyl,

4- nor phol i no, di et hyl am no, 15 di ethyl am no, or 1-hexanethyl enei m no;

"0y oot er] Fer ] bt oprtarief o8 Srrdria phran Galseptel ofrididerr)

PCT/ US96/ 13778 -127-

[err]”

al kyl), -SOerr ]chnpri.J,Hﬁgsrad}n;mstermg +t80aepat {¥1jterin] need thereof an or
a pharmaceuti calg t sgkt 5 tdmieeha?ds W £ilg gonpri ses
(1) alkylating alf%:é'gérr%%ﬁ% ﬁfhgkf or rrul'p% 8 WO 97/ 09044

This Sheet Has Been
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V\,he'rei n_ Y is defined above, and 5 TR -%fS
Rlerr], Rerr] and F%err] S |ndependently -H - Jerr]- Cerr]

?lelézlcl)uwmmllmn l rotected - (2) optionally

\ . (3) opti onal | y dehydr ogenatl ng the
product *of © &i t her preceding step wherein Yis -CHerr]-CHerr]-; 10

(4) deprotecting any protected OH gregps in Rerr], Rerr] and R err]
in the product of any of steps (1), (2), or (3); and (5)
optionally salifyi ng t he REOdUCz; of the3 precedi ng step. 15

A compound of theep6hnffa 2 and R*2 is independently -H, -O(Cy-
[err] Cyq alkyl). -Cl, me@q’] a protected -OH; Xang O. _S_ or NR[ err]

Yis -0, -S, cﬁ[ &Fr FOH. . cPCeH5} CrP4F1TCe abiebh oF ANRyErPXY-
phenyl

9. A compound of the formula

OH

wherein
Y is -0-, -S-, -CHz-, -CHaCHz-, -CH=CH- or ~NR5-;

each of Rla, R22 and R32 is independently -H, -O(C1-
Cq4 alkyl), -Cl, -F, or a protected -OH; and

each of R12, R22 and R32 is independently -H, -0O(Ci-
C4 alkyl), -Cl, -F, or a protected -OH group.

10. A pharmaceutical composition comprising a compound

according to Claim 1 together with a pharmaceutically
acceptable carrier, diluent or excipient.

11. A compound according to Claim 1 for use in inhibiting

bone loss or bone resorption.

12. A compound according to Claim 11 wherein said bone

loss or bone resorption is due to menopause or ovariectomy.
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-128- — each of R[err] Rlerr] and R[err].is i ndependently -H,

O(C[ ercx:ﬁu“mmml ]“m‘/mn[ errj -C[Fers]r ZI E;F; ec'é(rad4: ?;drggg phenyl . z s

“A corntpoéindtof®t He fornmul a

R2a [err] :

OH wherein Yis -0, -S [err] -CHerr]CHerr]-,
-CH=CH or -NR[err]- each o? Rerr], R[err] and Rlerr] is

i ndependently -H, O(C[err] Cerr] alkyl), -A, -F, or a protected -OH;
and Ehch mfcéhpourd RP@IledtR[@la:}mlé fodepeadint Llgwering
-Q(Cerr]- derr] alkyl), -d, -F, or a protected -CH group. 10.

A phar mekesa ¥ tad %ﬂ%s¢b¢b¢§t@>ﬁ®h%¢“@lﬁ conpound according to Claim1
together with a pharmaceutically acceptablé carrier, diluent or excipient.
11. A conpound according to aim1l for use in inhibiting bone | oss or
bone resorption. 12. A conmpound according to Caim11l wherein said
bone | oss or bone resorption is due to nenopause or ovariectony.



-129-

| oweri ng serum chol est erol

13. A corrpound -according to Caim1 for use in |pwerirgg

levels.

;
: \ .

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intemational Burean

1068

INTERNATIONAL APPLICATION PUBi.ISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 97/09044
07D Al

AGIK 317445, COTD 211222 (43) International Publication Date; 13 March 1997 (13.03.97)

(21) International Application Number: . PCIVUS96/13778 | (81) Designated States: AL, AM, AU, AZ, BB, BG, BR, BY, CA,

CN, CU, CZ, EE, GE, HU, IL, IS, JP, KE, KG, KP, KR,

(22) International Filing Date: 26 August 1996 (26.08.96) KZ 1K, LR, LS, LT, LV, MD, MG, MK, MN, MW, MX,

NO, NZ, PL, RO, RU, SD, ,sr,sx,'rz,mmrr,

UA, UG, US, UZ, VN, ARIPO (KE. LS, MW, SD,

(30) Priority Data: $Z, UG), Eurasian patent (AM, AZ. Y, KG, KZ, MD, RU,

60/003 496 8 September 1995 (08.0995)  US “TJ, T™), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,

(71) Applicant (for all designated States except US): ELI LILLY
AND COMPANY [US/US); Lilly Corporate Center, Indi-
anapolis, IN 46285 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): GRESE, Timothy, A.
[US/US]; 11407 Geist Valley Drive, Indianapolis, IN 46236
(us).

(74) Agents: STRODE, Janelle, D. et al.; Eli Lilly and Company,
Lilly Corporate Center, Indianapolis, IN 46285 (US).

ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.
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(57)_: Abstract

The present invention relates to com-
pounds of formulae (I) and (IT) wherein X is -O-.
-8-, or -NR3; Y is -O-, -S-, -CHa-,

CH=CH-, or-NR’ B ls-CH’-or-CO- RLR
and R3 are each lndcpmdently -H, -OH, -0(C1-
C4 alkyl), -OCOCgHs, -OCO(C,-Cs alkyl), - /e
0S0(C4-Cg alkyl), -OSOsCF;, CL, or F. n is
1 or 2; W is CHz or C=0; R4 is 1-piperidinyl,
2-ox0-1-piperidiny), 1-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-1-pyrrolidinyl, 2-oxo-1-
pyrrolidinyl, 4-morpholino, dimethylamino, di- R!
ethylamino, or 1-hexamethyleneimino; RS is
C-Cy alkyl, -COCgHs, -CO(Cy-Cs alkyl), -
C(0)OCsHs, -C(OXXC1-Cs alkyl), -802(Cy-Cs
alkyl), -802C¢Hs, or -SO,CF3; or 2 pharmacen-
tically acceptable salt thereof, Also provided
by the present invention are intermediate com-
pounds; processes for the preparation of com-
pounds of formulae (I) and (II); and pharmacen-
tical methods and formulations employing the
compounds of formulae (I) and (II).

O~ (CHg)—W—~R*




