WO 01/19839 PCT/US00/24738 -1 GLUCOPYRANOSIDES CONJUGATES OF
2-(4-HYDROXY-PHENYL)-1-[4- (2-AMIN-1-YL-ETHOXY)-BENZYL]-1H-INDOL-5-OLS 5 This
invention pyoxi copyranosides conjugates of 2-(4-hydroxy- phenyl)-
1-[4-(2-amqug}}?—%%gxy)-benzyl]-lH-indol-5-ols which are useful as tissue se eCcTtll\[/Jesoggt%zésenic
agents. Also provided are processes for preparing these compounds and pharmaceutical
compositions containing them. 10 The use of hormohé replacement therapy for bone loss prevention
in post- menopausal women is well precedented. The normal protocol calls for estrogen

supplementation using such formulations containing estrone, estriol, ethynyl estradiol or conjugated
estrogens isolaiet FORYRANDSIDIES COAJPEAVIBROK 2ol X R Q@Y YiTRHENYdonbl4n some

patients, therapy may begovaRdcriedderoX eBIINZY ¥R LaienefientsDIpposed estrogens

(estrogens not given in combination with progestins) have on uterine tissue. This proliferation is
associated with increased risk for endometriosis and/or endometrial cancer. The effects of unopposed
estrogen8 on breast tissue are less clear, but are of some concern. The need for estrogens which

can maintain the bord&ispaRYRpEfR cRfTidehirERcaPY mesietifaere e cef inlktEPalisYus and

breast is evidgpt, Gerigin nopsteraidalaiesinge)s harenhers-sNoWRiEn Raiian hengsmass in the
ovariectomized rat model as well as in human clinical trials. Tamoxifen (sold as NOVALDEX,
tamoxifen citrslSFtsF SeHRETBIGS 2EERSTUI HENaBIRVIIPth & e RIRRENIST BPEaBI R I &fFhas been

demonstrated;(t;gﬂ@zgaﬁtdgangmgﬁ@caggéﬂsbﬁk@@ﬂﬁshpmibmgahmumans. However, it is also a
partial 25 agonist in the uterus[%?d this is cause for s{g}me cogf%e ISTA (raloxifene), a
r

n. E
benzothtdphene antit&rd§erPiMAYHOBA LHRIATT RS LA i[?w%nﬁr WP YRBUOV dRdtttimized rat to
a lesser extemhéhapahanmatasnwisiles eliapraicdegiéde abilityntaniapedocund. Alls€bul esvigenof tissue

selective estrogens Is seanin e g T iSHS RS RS ATONS O Eatirasn Anplogsi fone Vol
17, No. 4, OctgggFFmenat 8 8 ’ - eyny
or conjugated estrogens isolated from natural sources (i.e., PREMARIN; conjugated
equine estrogens). In some patients, therapy may be contraindicated due to the
15  proliferative effects of unopposed estrogens (estrogens not given in combination with
progestins) have on uterine tissue. This proliferation is associated with increased risk
for endometriosis and/or endometrial cancer. The effects of unopposed estrogens on
breast tissue are less clear, but are of some concern. The need for estrogens which
can maintain the bone sparing effect while minimizing the proliferative effects in the
20 uterus and breast is evident. Certain nonsteroidal antiestrogens have been shown to
maintain bone mass in the ovariectomized rat model as well as in human clinical
trials. Tamoxifen (sold as NOVALDEX, tamoxifen citrate), for example, is a useful
palliative for the treatment of breast cancer and has been demonstrated to exert an
estrogen agonist-like effect on the bone, in humans. However, it is also a partial
25  agonist in the uterus and this is cause for some concern. EVISTA (raloxifene), a
benzothiophene antiestrogen, has been shown to stimulate uterine growth in the
ovariectomized rat to a lesser extent than Tamoxifen while maintaining the ability to
spare bone. A useful review of tissue selective estrogens is seen in the article

"Tissue-Selective Actions Of Estrogen Analogs", Bone Vol. 17, No. 4, October
30 1995, 181S-190S.
The use of indoles as estrogen antagonists has been reported by Von Angerer,

See, J.Med.Chem. 1990, 33, 2635-2640; J.Med.Chem. 1987, 30, 131-136. Also see
Ger. Offen., DE 3821148 A1 891228 and WO 96/03375.



30 1995,1815-1905. The use of indoles as estrogen antagonists has been reported by Von Angerer,
See, J.Med.Chem. 1990, 33, 2635-2640; J.Med.Chem. 1987, 30, 131-136. Also see Ger. Offen., DE
3821148 A{&%ﬁfﬁﬁnd WO 96/03375. WO 01/19839 PCTIUSOO/24738 -2 \JQ-/y$da 144383 (Kar Bio
AB) describes Iindole antiestrogens with long straight chains. Another related patent WO A 93 10741
describes 5-hydroxyindole with a generic descriptor,incorporating other side chains. WO 93/23374
(Otsuka Pharmaceuticals, Japan) describes compofinds which differ from the present 5 invention;
where OR, in the present fo below, is defined. as thioalkyl and the reference.discloses no such
compounds having Sﬁ%néfﬁ?ﬁ%é?n ole nllétlr%géir?) h%&%%bﬁ%elgé?ﬁg SR %%Stﬁg%n%)g %)rovided by
the present ineigianchMnereAhettsid eethiednpakairh 8dGs AidiHl 0ttt ih deshedwmsbed ybmaipindee

compounds are amides; Acylated indoles ar clai .t By se@,t@ ﬁ' 4G iopic acid 10
conjugates ofvﬁ{gl SefSONE eé{s‘::tsr%r1 tr?rréré%e% oor‘?'?n%g1 u{)g{%l},e r%ﬁ{)%xi e_ﬁe a_benzc?t%io%?er?g? #gve been
reported (EP Bag8tz@euticai5] 1RPrnDedesipion ofanmponndpntiovhivh TéiEenvéraion heovideserompounds

of Formula | '}g&ﬂ%&ﬁ??ﬁﬂ&stw%oﬁ%%&&t HLGHD dderainie fng RAqigyndapandently.
hydrogen, alkyl chain of 1-6 carbon atoms, benzyl, acyl of 2-7 carbon atoms, benzoyl,
reference discloses no such compounds having chains from the indole nitrogen

having the same structure as the ones provided by the present invention. Where the
side chain claimed is similar to that described herein, the compounds are amides:
Acylated indoles are not claimed in the present invention. Glucuronic acid
10  conjugates of the selective estrogen receptor modulator raloxifene (a benzothiophene)

have been reported (EP 683170 Al 951122).

Description of the Invention

15 This invention provides compounds of Formula I having the structure

RO O N\ O -

o

<Njc Hpn

wherein:
R, and R, are independently, hydrogen, alkyl chain of 1-6 carbon atoms, benzyl, acyl

of 2-7 carbon atoms, benzoyl,
20




20 HOz A~Oz |1 or WO 01/19839 PCT/US00/24738 -3 X is hydrogen, alkyl of 1-6 carbon atoms, CN,
halogen, trifluoromethyl, or thioalkyl of 1-6 carbon atoms; n = 1-3; 5 with the proviso that at least one
of R, and Rg is g fybOz Yor OH PCO "OPc or a pharmaceutically acceptap H}ﬁ;ggf which
are useful as tissue selective 10 estrogens. The term alkyl includes both straight chain as well as
branched moieties. Examples include alkyl of 1 to 4 garbon atoms such as methyl, ethyl, n-propyl,
isopropyl, butyl and t-butyl. Halogen means bromine; chlorine, fluorine and iodine. 15 The term acy!
includes alkanoyl groups especially those where the alkyl portion is alkyl as described above, e.g.
acetyl. Exam 3 Iyl ar tmS I re 2 and 3.
Examples of gﬁﬁggﬁ R% ar% ilénaﬁ p%ﬂl%sg%)%b k%lc%tgg{e%q%gngyl %%%ﬁf\ﬁa%?/ %éﬂz’gb%%sfe% E#S’Fgl and R2
being one of HOI "baPlok-G-RarORI3tems; 'OPC This invention provides both the L and D form of the 25
glucopyranosigles; the D form being preferred. The pharmaceutically acceptable salts include salts

formed from the addition )
with the proviso that at least one of R, and R, is

HOz

or

HO'™

or a pharmaceutically acceptable salt thereof which are useful as tissue selective

10 estrogens.

The term alkyl includes both straight chain as well as branched moieties.
Examples include alkyl of 1 to 4 carbon atoms such as methyl, ethyl, n-propyl,
isopropyl, butyl and t-butyl. Halogen means bromine, chlorine, fluorine and iodine.
15  The term acyl includes alkanoyl groups especially those where the alkyl portion is
alkyl as described above, e.g. acetyl.
Examples of X are alkyl groups of 1 to 4 carbon atoms, e.g. methyl.
Examples of n are 2 and 3.
Examples of R; and R, are independently hydrogen, benzyl and pivaloyl, the
20  other of R; and R, being one of

This invention provides both the L and D form of the
25  glucopyranosides, the D form being preferred.

The pharmaceutically acceptable salts include salts formed from the addition
reaction with either inorganic or organic acids. Inorganic acids such as hydrochloric
acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid and nitric acid

30  are useful. Organic acids such as acetic acid, propionic acid, citric acid, maleic acid,



reaction with either inorganic or organic acids. Inorganic acids such as hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, phosphoric acid and nitric acid 30 are useful. Organic acids such as
acetic acid odirl]'/gﬁuggacid, citric acid, maleic acid, WO 01/19839 PCTIUSOO/%A&@@ 657%&40 acid,
tartaric acid, phthalic acid, succinic acid, methanesulfonic acid, toluene- sulfonic amg,
naphthalenesulfonic acid, camphorsulfonic acid and benzenesulfonic acid are also useful. The
pharmaceutically acceptable salts of this invention afso include quaternary ammonium salts which can

be prepared by quaternizing the basic 5 amine of the compounds of this invention, with an electrophilic

organe nalidd e & U A1 Ca AU BB AP AS ot BACRRHIGR OB o

carboxylic acighifenidaieidphaphthakutcalfymc capdakisndresatidiiicnasidiahy teatengsilfenieutral

starting material with a;uitabl f'noxl'%an base such gs h drogigles ol ca{;b%nates of alkal'i metals such
(9] aple sa 1S

5
Lt Ie SO .userul. . armaceutica acce ts O nventign also
as lithium, sodfd ,apofl Ssium, cesium, I?nagneslum, 5caf0|ﬁm or barium. Or, t]he aC|8 may be treated

with an organindiade (sateinasy eanimoesiwrgsalis phmbgai el paapgrachbyomialesezmgdhe/bosiertiary
amines) tp form the oni isjnvention: als vide ) paring the
compount%s o?nygefo?ﬂj% IE%@%%%Q&&%%@&%%%? or'gl p‘)g;‘!e%ga?rt?ri?g?c agggfﬁ{[%uﬁ%] of formula |

which comprisessplate otonpldtslosnd ghg) hikactitepmpowigs urfd thifommensita |vhi¢CReniripOavherein X

and n are as efinedAPaYA ARG POEOSIRkARC RR YR RHENRIRRCIMBRVANVES &iMg02C VO

Ac0O OAc
the neutral starting material with a suitable inorganic base such as hydroxides or

carbonates of alkali metals such as lithium, sodium, potassium, cesium, magnesium,
10  calcium or barium. Or, the acid may be treated with an organic base (such as various
organic primary (including ammonia), secondary or tertiary amines) to form the

ammonium salts.

This invention also provides processes for preparing the compounds of
15 formulal. Accordingly provided is a process for preparing a compound of formula I

which comprises one of the following:

a) reacting a compound of formula Ia

Ia

UCI—b)n

wherein X and n are as defined above and one of R; and R, is

20



OAc the other is a protecting group, under conditions suitable for removing the protecting group, to
give a corresponding compound of formula | wherein one of R, and R2 is Me 02 0 Aco OAc OAc 5
and the otReraf Rogdhd R2 is hydrogen; which compound may be hydrolysed, pgippyligisassly with
deprotection or sequentially, to give a corresponding compound of formula | where one of R, and R2
is hydrogen and the other is HO2C 0 HOB". %H QE'_ or 10 b) reacting a compound of formula Il H _
Il Cj C:F~)n where X and n are as defined above, with a compound of formula 111 WO 01/19839
PCT/US00/24738 -6 McO2C O ~\O ~NH %Tﬁgls Ac0 OAc OAc lll to give a corresponding

compound of formula | wherein Rl and R2 St r S cO2C O Ac0 ,OAc OAc

AcO\\\ ’//OAc
OAc

the other is a protecting group, under conditions suitable for removing the protecting

group, to give a corresponding compound of formula I wherein one of R; and R; is
MCOZ

N

AcO //OAC

OAc
5 and the other of Ry and R, is hydrogen; which compound may be hydrolysed,
simultaneously with deprotection or sequentially, to give a corresponding compound

of formula I where one of R; and R; is hydrogen and the other is

or

10  b) reacting a compound of formula II

H\ -on

% )1
H)n

UC

where X and n are as defined above, with a compound of formula III



or c) hydrolysing a compound of formula | wherein one or both of R, and R2 5 represents MeO2C O
AcO"~" ~~'OAe OAc to give a compound of formula | wherein one or both of Rl and R2 is HO2C O
HO, y~OH whPigdsseacting a compound of formula IVa or IVb HO [IVa IVb p{qiizdsR%es)n 10 "N’
(D 01/19539 PC7/US0O0/24738 in which formulae, and n are as defined above and Rl and R.2 are
each selected from alkyl of 1 to 6 carbon atoms, b_eg;yl, acyl of 2-7 carbon atoms or beazovl. with a
compound of formula m: McO,C O 0 (NH ~r ~ CCls” Aco OAc OAc 1gg 5 to give a corresponding
compound of formula | where R.1 or R2 i cO2C O %ﬁ OA I\(%f«c With regard to process a) the
protecting groups can be any suitablel\/i?g%e ouwp knowft'in the art that can be removed (i)under
conditions- which do not affect the

ACO\\\ ’//OAC
OAc II1

to give a corresponding compound of formula I wherein R; and R; both represent

MCOzC 0

\\\.

AcO “0Ac

OAc
or ¢) hydrolysing a compound of formula I wherein one or both of R; and R;

5  represents
MCO2C 9)

AcO™ 70Ac
OAc

to give a compound of formula I wherein one or both of R; and R; is

HO.Cq o

oV Y “om
OH

ord) reacting a compound of formula IVa or IVb

IVa IVb

10



rest of the molecule, e.g. benzyl groups which can be removed by hydrogenolysis or 10 (ii) under
conditions that simultaneously remove the acetyl groups e.g. where the protecting group itself is an
acyl group such as 1pivaloyl or equivalent hydrolysable group. With regard to process b) and process
d) reaction withPthetHcRloroacetimidate 15 of formula Ul may be conveniently d&fi@G00GHTAE treating
with BF; etherate in a polar aprotic solvent, e.g. CH2C12. With regard to process c) the acetyl groups
may be removed by hydrolysis using LiOH in a suitable solvent. 20 The compounds of this invention
can be oonvenently synthesized according to the genetic methods shown in Scheme I. The

orthogonally profetiechintioRdias forned By A ndsanmsteBIEe rRrst BrowstBhwiersiththeected from
ct-bromo-4-pivaipyl protestechysiaxyRropiaphenene gnacetaphengng d-isdeaged with
4-benzyloxyaniline in DivW 25 'ng?e presence oft ethylamine. The reaction is monitored by TLC for
consumption of"$ ﬁiﬁwgf}é\‘#a‘? " dhttine substituted material does not need to be ‘isolated but
instead, in the same flask, treated with %@Z@ion(? 1.2@)— .S _egpiMalents of 4 WO 01/19839
PCT/US00/24738 -8 benzyloxyaniline hydrochlgri nd heated to 120 - 160C until the previous
intermediate is completely consumed. The protegted indole 2 is subsequently treated with a suitable
base such as sodium hydride in DMF and fh e ec‘ff/wi% aﬁ%propriate benzyl chloride of type 3.
The indole 4 can then be mono-deprotectecf y 5 Qgr hydrogenating the benzyl group off at the
5-position of the indole or hydrolyzing the pivaloyl group at the 4*-position of the 2-phenyl group of the
indole. The grdaEehicveeripeRtEEriaat oyntheljositidnlof the Ruouinis acid conjugate desired.
The removal of the benzyl group or the pivaloyl ester renders compounds of either type 5 or 6,
respectively. Reaction of compound 5 or 6 Heb4gi rog#l0 acetimidate CAS# [150607-95-7] of the
protected glucopyranoside in the presence of

OAc
With regard to process a) the protecting groups can be any suitable protecting
group known in the art that can be removed (i) under conditions which do not affect the
rest of the molecule, e.g. benzyl groups which can be removed by hydrogenolysis or
10 (i) under conditions that simultaneously remove the acetyl groups e.g. where the
protecting group itself is an acyl group such as pivaloyl or equivalent hydrolysable
group.

- With regard to process b) and process d) reaction with the trichloroacetimidate
15 of formula IIT may be conveniently carried out by treating with BF; etherate in a polar

aprotic solvent, e.g. CH,Cl,.

With regard to process ¢) the acetyl groups may be removed by hydrolysis
using LiOH in a suitable solvent.

20
"The compounds of this invention can be convenently synthesized according to
the generic methods shown in Scheme 1. The orthogonally protected indole is
formed by a modified Bischler protocol wherein the ci~bromo-4-pivaloyl protected
hydroxypropiophencne or acetophenone 1 is reacted with 4-benzyloxyaniline in DMF
25 inthe presence of triethylamine. The reaction is monitored by TLC for consurmption

of starting materials. The aniline substituted material does not need to be isolated hut

instead, in the same flask, treated with an additional 1.25 - 1.5 equivalents of 4-



BF3 etherate in a polar aprotic solvent such as dichloromethane results in the glucopyranisodated
compounds 7 or 8. We have found that the reaction of either 5 or 6 with the trichloroacetimidate supra
in CH2CI_“;§i&gl§t§9 molecular sieves allowed for the synthesis of the glucopyggnasigss- iz very good
yield. The compounds are 15 exclusively formed as the [i-glucopyranosides (equatorial substituted).
The pivaloylated compound 7 can be then treated with LiOH in THF/H,O/MeOH (or
dioxane/MeOH/H,0) to effect the complete deprotection of the compound, to give after workup, the

monoglucurgnic acid 9. The mono-benzyl ether § can be hydrogenated by hydrogen transfer between
cyclohexadig’ﬁgzglﬁ%m r&’n@}'@é%%e@ﬁg rgﬁée %tf(fiéﬂ-i ¥2@HF)I§QD%\4§5% (t(ﬁrgd%%?é{hoélﬁvleOH/H,O)
to yield the riseaneflissarsieraplieraly qormenadickap praseqtad drdadald inerbipanatidrdrantethe
conditions usiig & 1B/ Gaatalyst, 1, st arsolyenisysteapMPnsigti aeef rdddfeEtath. MO

Y
oo "L ASRITTATI Lol ISP el e

NH3'CI'SH ceithorghydrogenating the benzyl group off at the 5-position of the indole or
hydrolyzing the pivaloyl group at the 4’-position of the 2-phenyl group of the indole.
The group removed is determined by the position of the glucuronic acid conjugate
desired. The removal of the benzyl group or the pivaloyl ester renders compounds of
either type 5 or 6, respectively. Reaction of compound 5 or 6 with the trichloro-
10  acetimidate CAS# [150607-95-7] of the protected glucopyranoside in the presence of
BF, etherate in a polar aprotic solvent such as dichloromethane results in the
glucopyranisodated compounds 7 or 8. We have found that the reaction of either 5 or
6 with the trichloroacetimidate supra in CH,Cl, using 3 A molecular sieves allowed
for the synthesis of the glucopyranosides in very good yield. The compounds are
15 exclusively formed as the B-glucopyranosides (equatorial substituted). The
pivaloylated compound 7 can be then treated with LiOH in THF/H,0/MeOH (or
dioxane/MeOH/H,0) to effect the complete deprotection of the compound, to give
after workup, the monoglucuronic acid 9. The mono-benzyl ether 8 can be
hydrogenated by hydrogen transfer between cyclohexadiene and Pd/C and then
20  hydrolyzed by LiOH in THF/H,0/MeOH (or dioxane/MeOH/H,0) to yield the mono
glucuronic acid 10. More preferable for larger scale hydrogenations are the
conditions using a 10% Pd/C catalyst, H, and a solvent system consisting of

THF/EtOH.



C (CH2)n n=1,2,0r3 x BnO xHO BnO X _ O --\~ O COohexa ie e/Pd/C 4 Or or NaOH,
McOWTHF/H30 \('O 6 CINN 6 (CH2)n/CH2)n f1~ICH2)n x x R10-zBn\d NHNI/N\R1 Me0 O

CI3 ACC %%éggf%or BF3 etherate. CH3CI1 pJ\ 4) CVIv Hr = AcG, ,,tACPQ%%(O%Q%19839
/

PCT/U500 Scheme 1 (Cont.) x RO _
-9.
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pO/N\/HO OH OM, .,,ro N OH LiOH, THE/MeOHIHZO 7 CJ 9 H, Hp Rj= AcO™ 'tAC x OAC x

BnO "0- OR, N 0~..t OH _ HO OH 1-P4/C, H2 OH QQQ \ 2-LiOH, THE/MeOHMZO QQQ\}g) 10
\/CHpn Cj pounds wherein both phenols are glucuronidated can b Jalectar:ts ording to
Scheme ZQIE}:I()%%% IJ;nzyl protected indole 12 is prepared by a modified Bischler rea‘gg‘z)%%;nalogously
to that described for indole 2 in scheme 1. The indole can then be subsequently alkylated with the
side chain 3 (same as shown in scheme 1). The 101§ubstituted indole 13 can then be deprotected by
hydrogenation of the benzyl ethers to form the deprotected compound 14. The deprotected compound
is then bis- g iddfe treatment of the free phenolic containing compound with the
trichloroacetimidate of the protected glucopyranoside CAS# [150607-95-7] (same reagent used as in
scheme 1) to afford 15, The final deprotected bis-glucuronic acid X15 is obtained by base hydrolysis of

precursor 15 m@16. The side chain
O (3 E HO
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Compounds wherein both phenols are glucuronidated can be prepared according to
Scheme 2. The bis-benzyl protected indole 12 is prepared by a modified Bischler
reaction analogously to that described for indole 2 in scheme 1. The indole can then
be subsequently alkylated with the side chain 3 (same as shown in scheme 1). The
10  substituted indole 13 can then be deprotected by hydrogenation of the benzyl ethers
to form the deprotected compound 14. The deprotected compound is then bis-
glucuronidated by treatment of the free phenolic containing compound with the
trichloroacetimidate of the protected glucopyranoside CAS# [150607-95-7] (same
reagent used as in scheme 1) to afford 15. The final deprotected bis-glucuronic acid
15  is obtained by base hydrolysis of precursor 15 to afford product 16. The side chains

can be prepared in the general fashion shown in Scheme 3.



can be prepared in the general fashion shown in Scheme 3. WO 01/19839 PCT/US00/24738 -11-
Scheme 2 Bn X IBn \ Bn DMF, EL,N' Bn H3CIX=H,CI-b CAS # [ 51388-20-61 Not Isolated C Bn/
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HO Ac 5 WO 01/19839 PCTIUSOO/24738 - 12 Scheme 3 HCI O H CH,)n KZCO3/DMFH I/+C~vn
=1,2,0or317/(CH2)n [123-08-0] n = 1,2, or 3 NaBH4/MeOH 1-HCI/Et20 Hp~ 3 I/,CH2)n
2-SOCIZT%J({Ei|ﬂ(&IgbZ)n n= .1,2, or 3 5 Estrogen antagqnist activity was showg{%gﬁ% ntative
compounds of this Invention in a standard pharmacological test procedure using MCF-7 cells
transfected with an estrogen receptor. When adminjstered orally, the compounds of this invention act
at least partially as prodrugs for the corresponding nydroxylated 10 compounds disclosed in EP
802183. Accqrdingly, the compounds of this invention are tissue selective estrogens, meaning that in
certain tissuéﬁ'&?ﬂ%ﬁr%ng estrogen receptors, the compounds will act as estrogen agonists, and in
other tissue containing estrogen receptors, the compounds will act as antagonists. The procedure
used to demonstrate the estrogen antagonist activity in MCF-7 carcinoma cells is briefly 15

summarized below, ang Lhe resultschtaing arerprovi/ded in Table 1. &&ll Preparation: MCF-7 cells
were passaged t a week with grgwt mediumic-&jxéw;-la ntaining 10% (v/v)
heat-inactivatestTetél bovine m, 1% 20 (v/v) Penicillin-Streptomycig, an ml&QqutaMax-l]. The

cells were maintained in n=120r3 _ (CHa)n
[123-08-0} n=1,2,0r3

NaBH ,/MeOH

cr C ({—\ 1- HCV/E ,0 HO/_Q_OL\
. O(CHQ)” 28001 /THF 18 O(CHz)n

n=120r3

Estrogen antagonist activity was shown for representative compounds of this
invention in a standard pharmacological test procedure using MCF-7 cells transfected
with an estrogen receptor. When administered orally, the compounds of this
invention act at least partially as prodrugs for the corresponding hydroxylated

10  compounds disclosed in EP 802183. Accordingly, the compounds of this invention
are tissue selective estrogens, meaning that in certain tissue containing estrogen
receptors, the compounds will act as estrogen agonists, and in other tissue containing
estrogen receptors, the compounds will act as antagonists. The procedure used to
demonstrate the estrogen antagonist activity in MCF-7 carcinoma cells is briefly

15  summarized below, and the results obtained are provided in Table 1.

Cell Preparation: MCEF-7 cells were passaged twice a week with growth medium

[D-MEM/F-12 medium containing 10% (v/v) heat-inactivated fetal bovine serum, 1%
20 (v/v) Penicillin-Streptomycin, and 2 mM glutaMax-1]. The cells were maintained in
vented flasks at 37°C inside a 5% C)2/95% humidified air incubator. One day prior
to treatment, the cells were plated with growth medium at 25,000/well into 96 well

plates and incubated at 37°C overnight.



vented flasks at 37C inside a 5% C)2/95% humidified air incubator. One day prior to treatment, the
cells were plated with growth medium at 25,000/well into 96 well plates and incubated at 37C

overnight. W 09/11]4/,]?3(?39 PCTIUSOO/24738 - 13 Test Procedure Conditions: Jhecglls,uake infected
for2hat3 it uL/well of a 1:10 dilution of adenovirus 5-ERE-tk-luciferase in experimental

medium [phenol red-free D-MEM/F-12 medium coptaining 10% (v/v) heat-inactivated charcoal-
stripped fetal bovine serum, 1%(v/v) Penicillin-Streptomycin, 2 mM gluta-Max-1, 1 5 mM sodium

pyruvate]. The wells were washed once, with 150 uL of erjmental mediym. Finally, the cells were
roated for 2L FAESETG SORUHREE 51 IicHEM SSGHRATSHEN 180 % Deh o JEL e Y alto 0-106
v/iv DMSO) asf sdampalihudidhatfiadendivitedS>ER B akidh ¢if r@Oi fodot petimespar vretitah fphdioi. 10 Dose
response expeyimen rfgrmed.in either the aggnist or antagonist. modes on active
compounds%’ 6%%?(5@2%%@5# 18%. ltl%)nioi%nﬁﬂfnﬁ? rr(l1 @%soév@gsz%?éé%cg}svg tceérvée}]sa,rﬁoé 0 and ICSO
values, respsuipyzy, fatalbgeanersaaun, THe (el Retlidilieduhepreatywnt Jnodd gbrntaMs:6 1yl of 3 x 10-5
ICI-182,780 H‘J%B final raton) nist.control. terdr cells were
lysed onga sha e?léfgqu% ?ﬁ?rlmﬂ\?\%]\f'zéf(ﬁlg_/ﬁéﬁggﬁ%(?é/rhtﬁc%%ué%cl%/s‘?sﬁﬁeéégnt Fggrfo‘ran téﬂaﬁcg:%‘r%gration).

The cell lysatesdipmuL Finally , trdsfeatledwera geeed Iimirdnietet Pate, indénbieiesseobdivity was
measured in g MiGEALHBIRILELO650 iTnaMster i Ge.a0d G BeHaeleh wsing 1RP pivisell 20

luciferase substrate (Promega Corporation). Prior to the injection of the substrate, a 1 second
background FRERRAhiBAk WasdiHied ?d?ré’é](‘:‘ﬁl\ﬁéﬂpﬂgffelﬁfi%Q%Rﬁ}@éﬁﬁﬁb?“fﬁé‘%bstrate, luciferase
activity was measured for 10 seconds after a 1 second delay. The data were transferred from the
luminometer to a Macintosh personal computer and analyzed using the JMP software (SAS institute);

this prddtam subtraB @S BEPETISS RETIMEE SARFORTH IR (L ALRSE A ASRISL HeP RSO h well and

then modes on active compounds in log increases from 10" to 10° M. From these dose-
response curves, EC, and IC,; values, respectively, were generated. The final well in
each treatment group contains 5 uL of 3 x 10° ICI-182,780 (10° M final

concentration) as an ER antagonist control.

15

After treatment the cells were lysed on a shaker for 15 min with 25 ulL/well of
1x cell culture lysis reagent (Promega Corporation). The cell lysates (20 ulL) were
transferred to a 96 well luminometer plate, and luciferase activity was measured in a
MicroLumat LB 96 P luminometer (EG and G Bethold) using 100 uL/well of
20  luciferase substrate (Promega Corporation). Prior to the injection of the substrate, a 1
second background measurement was made for each well. Following the injection of
the substrate, luciferase activity was measured for 10 seconds after a 1 second delay.
The data were transferred from the luminometer to a Macintosh personal computer
and analyzed using the JMP software (SAS institute); this program subtracts the
25  background reading from the luciferase measurement for each well and then

determine the mean and standard deviation of each treatment.

Analysis of Results: The luciferase data were transformed by logarithms, and the

Huber M-estimator was used to down-weight the outlying transformed observations.
30 The JMP software was used to analyze the transformed and weighted data for one-
way ANOVA (Dunnet’s test). The compound treatments were compared to the
vehicle control results (0.1 nM 17-estradiol) in the antagonist mode. For the initial

single dose experiment, if the compound treatment results were significantly different



determine the mean and standard deviation of each treatment. Analysis of Results: The luciferase data
were transformed by logarithms, and the Huber M-estimator was used to down-weight the outlying
transformea,8t6§ﬁ/§ﬁ‘lgions. 30 The JMP software was used to analyze the trapgierRggl-anskweighted
data for one way ANOVA (Dunnet's test). The compound treatments were compared to the vehicle
control results (0.1 nM 17(3-estradiol) in the antag%%ifgt mode. For the initial single dose experiment, if
the compound treatment results were significantly different WO 01/19839 PCT/US00/24738 -14 from

the approprigte control (p<0.05), then r s were reported as the percent relative to the

713 eatradigreBDS) e R SOUNCL R Lo T e e o012 it hron) x
100]. The IMElahfanarehevad fatsoradiet! dontetefinein € toenfioGndndhiclEC;niral e s Mpeesitibalon-linear
dose-response curves. 5 The monnsal ni id50n] re te ' -f,assay in
both the agocrclllrs1 rgg'ﬂgﬁgset%%ngﬁ@&ur@?co-c%@ v%rﬁﬁgi%gps}\vﬂ\g§'?j§%eﬁs,gt%}gc}% %%%%%%% four
compounds l?@l_;@dr@lfmvi_élq amlphgstfmgleﬂis acndinyem.dg@o@mymnum-none of the compounds
showed significant gganishactyiniitess LeUR;ERIEISRAGSHRRIR MURIEIE PGS R DAGHF-7 cell line

is derived from human mammary tissue and thesé 10 results indicate that the compounds were
counteractinghthagprosifesatiol afftheranshgosiss dendostdinyith tHepMcki-cTrislimbonedepoditive
indication in that these compgo ] e iy d inding affigity (since
the M7 4Ol B R A e Ui
15 Table 1 Ciwnpoupdundd GRowed 5En2icbtlhenmes53cBOtR BosSetitind B)s2s@ WRsidblegScheme 6)

1200nM  jutcome since the MCF-7 cell line is derived from human mammary tissue and these

10 results indicate that the compounds were counteracting the proliferative effects of
estrogen activity in these cells. This also is a positive indication in that these
compounds are showing cell permeability and receptor binding affinity (since the
MCEF-7 cells express estrogen receptors). The data for the compounds is shown in

Table 1 infra.

15
Table 1
Compound # MCEF-7IC,,
29 (Scheme 5) 230 nM
30 (Scheme 5) 210 oM
37 (Scheme 6) 1200 nM
38 (Scheme 6) 1100 nM

As stated above, the compounds of this invention are tissue selective

estrogens: acting as estrogen agonists on certain tissue, and antagonists on other

20  tissue. In particular, the compounds of this invention act as estrogen receptor agonists
in providing protection against osteoporisis, lowering lipid levels, and increasing
HDL levels. The compounds of this invention act as estrogen receptor antagonists in
inhibiting uterine growth (as a potential side effect from the administration of
estrogenic compounds), provide protection against breast cancer, provide

25  contraception, inhibit dementias, and provide cognition enhancement.

Accordingly, the compounds of this invention are useful in treating certain

conditions resulting from estrogen deficiency, such as bone loss or osteoporosis



38 (Scheme 6) 1100 nM As stated above, the compounds of this invention are tissue selective
estrogens: acting as estrogen agonists on certain tissue, and antagonists on other 20 tissue. In

particular, the,Ge/ya9snds of this invention act as estrogen receptor agonists ippFR)gIAI-REotection
against osteoporisis, lowering lipid levels, and increasing HDL levels. The compounds of this invention

act as estrogen receptor antagonists in inhibiting_ufgrjne growth (as a potential side effect from the
administration of estrogenic compounds), provide protection against breast cancer, provide 25

contraception ini}libit dementias a(qq rovide a0 nition enhargze@eqt. ccordingly, the gompounds of
.. . whichm ant: resulted from an 1m ance 1n an %Il 1vidual S Iormatio new oone
this invention are useful in freating certain conditions resulting from estrogen deficiency, such as bone

loss or osteopetessisapdotie res@pti il 9bisn/siasurs. laxlingidn maphlass relsbeag. frdtanen

imbalance ingeplnitividealls farmatiopeobhandibidnal disrutedadythe pescindiespaiaidenisses, leading
lo.a net loss QonticwRg G dplalan fehifadn.r SapRs il digle- ealiabledy Wifioghigencpaueal
women, women who have undergone bilateral oophorectomy, those receiving or who have 5 received

extended corsEsbtedofs Endeth rElgassEid JERERSS g B8P E3PaYEREREstonadn thesnssifering from
Cushing's syasdainse oéfeerenipon (dshiay satsodrddre ssT hestvidugiowidb spgcidtmaddssor bone,

including teeth And QIR WRAGHHRPIRGESRS Hh: BORE TRglidss el e RANSSRURPISSHRdividuals
having bone-related surgerﬁg an%é?é the im Iantatlonq?rfgpro thesis. Ingaddltlon to those problems

described abBRE TFHEES: S5HPOTHASeA RIS HES 1R e 8o ReIS AR cemia,
hypercalcemimdragbe smidarisionseprosilesia, detedditivstéodbissenpotitensgedontedabdether forms

of cancgy hayipgedelsigrinacitagisn hare tissHesutdiier reengdiiansresiling famestagen
deficiency which can be treaéed Witt(]icom ounds of this inven ioHSitré(r:llsjlosle glr&galtécrr%gﬁ)rggphy,

vaginal and gl?fﬁeé‘f?cl)%%ny}l,aacn%%ei CHrdivaSeaar |sce13’sé),SE:ec())n raception in préemen ausal women,

as well as hottorthae gireemehtetrgepavipsstaiiaopat seifessmen doneotissresstrogéietieficiency

states conditions resulting from estrogen deficiency which can be treated with compounds
of this invention include prostatic hypertrophy, vaginal and skin atrophy, acne,

15 cardiovascular disease, contraception in pre-menopausal women, as well as hormone
replacement therapy in post-menopausal women or in other estrogen deficiency states

where estrogen supplementation would be beneficial.

As the compounds of this invention also act as estrogen antagonists in certain

20 tissue, they are useful in providing antiestrogen therapy, particularly in treating male
pattern baldness, dysfunctional uterine bleeding, endometrial polyps, benign breast
disease, uterine leiomyomas, adenomyosis, in treating neoplasms such as ovarian
cancer, breast cancer, endometrial cancer, melanoma, prostrate cancer, cancers of the
colon, and CNS cancers, in treating endometriosis, polycystic ovary syndrome,

25 infertiltiy Alzheimer’s disease, cognitive decline and other CNS disorders, and in
providing contraception,. The compounds of this invention are also useful in treating
disease states where amenorrhea is advantageous, such as leukemia, endometrial

ablations, chronic renal or hepatic disease or coagulation diseases or disorders.

30 Additionally, compounds 27, 28, 33, and 34 are intermediates useful in the
preparation of compounds 29, 30, 35, 36, 37, and 38 as shown in Schemes 5 and 6
(below).

Effective administration of these compounds may be given at a dose of from
35 about 0.1 mg/day to about 1,000 mg/day. Preferably, administration will be from
about 10 mg/day to about 600 mg/day, more preferably from about 50 mg/day to



where estrogen supplementation would be beneficial. As the compounds of this invention also act as
estrogen antagonists in certain 20 tissue, they are useful in providing antiestrogen therapy,

particularlyy{;bté?ﬂgg_g male pattern baldness, dysfunctional uterine bleeding, gpdaResHaLRPIYPS,
benign breast disease, uterine leiomyomas, adenomyaosis, in treating neoplasms such as ovarian

cancer, breast cancer, endometrial cancer, melanoméa, prostrate cancer, cancers of the colon, and
CNS cancers, in treating endometriosis, polycystic &véry syndrome, 25 infertiltiy Alzheimer's disease,
cognitive dec%uéa%algg other CNS dl_'iorclerd's(5 and in R;O\cl)lrdmgrg%ntrar:: %tlon elfg(r)rggé)uréds of this

invention are gfm%dﬁyéa{ﬂnag&a%gasées?ét%lstW Sre Amenofihiea %S%lgdvalrl]?ageous,nédch as

leukemia, enderdministgmdtinaayhanaR! useBlonsirestiaglibeastivt eoaganndsrhersnsedior
disorders. 30rAdpitanallyiosdsiRat)dsndiidiig 33radlyd Iaarenpliailegiatandiabiul (mehadipgeparation
of compoundsg 30, 35,. 7 i h 0 tiy,
administratioﬁngr? yﬁggg%éolr%éa SH&%&%&%;@@#&% %s%ﬂé?ﬁ%rr?f gf”%‘l%%%}i ow%gﬁgﬁ éya?lg about
1,000 m@/dayransersrally: abinfitisBiRe sk Hethid isslostter drangAsat b ABIRIBBEHANS/ @5, more
preferably fromadupsiob8Qoningtialy ]\ Giis1A838sRCroby BRORAZE8 of thealinmiyt &M theginiayr, in a

single dose of b of BiR\gded dasancA dapAdIAY B adrinisierafinany ragpRer uselul
in directing the active compounds herejn to the recipient's bloodstrean%lélncludln? orally, vlg} implants,

parenterally (ARURIHERIRBS N R Bt g R PETARL SRR &t pEE? Vaginally,
and 5 transdexvgitybosdhe tharpoSas dbtioissdisclonsr dparmmspaiche, sahspoisictionelatwnanderstood

to inclugg all mw&tﬂ'&%si‘%&%éﬁ@ sapfagg. of the body and the inner linings of bodily passages
including epithelial and mucosal tissues. Such administrations may be carried out using the present

compounds, or pharmaceutically acceptable salts thereof, in lotions, creams, foams, patches,
suspensions, solutidAeal foravdesgppasinramg dbelastievagnppunds of this invention may

comprise any conventionally used oral forms, including tablets, capsules, buccal
forms, troches, lozenges and oral liquids, as suspensions or solutions. Capsules may
15 contain mixtures of the active compound(s) with inert fillers and/or diluents such as
the pharmaceutically acceptable starches (e.g. corn, potato or tapioca starch), sugars,
artificial sweetening agents, powdered celluloses, such as crystalline and
microcrystalline celluloses, flours, gelatins, gums, etc. Useful tablet formulations
may be made by conventional compression, wet granulation or dry granulation
20 methods and utilize pharmaceutically acceptable diluents, binding agents, lubricants,
disintegrants, suspending or stabilizing agents, including, but not limited to,
magnesium stearate, stearic acid, talc, sodium lauryl sulfate, microcrystalline
cellulose, carboxymethylcellulose calcium, polyvinylpyrrolidone, gelatin, alginic
acid, acacia gum, , xanthan gum, sodium citrate, complex silicates, calcium
25  carbonate, glycine, dextrin, sucrose, sorbitol, dicalcium phosphate, calcium sulfate,
lactose, kaolin, mannitol, sodium chloride, talc, dry starches and powdered sugar.
Oral formulations herein may utilize standard delay or time release formulations to
alter the absorption of the active compound(s). Suppository formulations may be
made from traditional materials, including cocoa butter, with or without the addition
30 of waxes to alter the suppository's melting point, and glycerin. Water soluble
suppository bases, such as polyethylene glycols of various molecular weights, may
also be used.

It is understood that the dosage, regimen and mode of administration of these
35 compounds will vary according to the malady, the individual being treated, and
subject to the judgement of the medical practitioner involved. It is preferred that the



Oral formulations containing the active compounds of this invention may comprise any conventionally
used oral forms, including tablets, capsules, buccal forms, troches, lozenges and oral liquids, as

suspensiong Qhedeipns. Capsules may 15 contain mixtures of the active compqupgishyvih inert
fillers and/or diluents such as the pharmaceutically acceptable starches (e.g. corn, potato or tapioca

starch), sugars, artificial sweetening agents, powdered celluloses, such as crystalline and

microcrystalline celluloses, flours gelatins, gums etc. Useful tablet formulations may be made by

conventional ¢ ?é)gHFressmn %ranulation { ranul %n 20 method arid uti élze phgrpaceutlcally
[

acceptable d és%?ﬁl&ng agents, Ndficants® disivgiah sergldlslﬁ%%l&ng or Sabitizig agénts,

including, buﬂ%@hmﬁem%thﬁfé@ﬁéélfoﬁg‘t%éﬁ%l?@l@é%élc acid, talc, sodium lauryl sulfate,
microcrystalline cellulose, carboxymethylcellulose calcium, polyvinylpyrrolidone, gelatin, alginic acid,
acacia gum, , xanthahgfslosetiusfocidates dessplex thidipatparatilaividrceanaexghipise, dextrin,
sucrose, orb%%ob dicalcium phosphate, calcium sulfate, lactose, kaolin, mannitol, sodium chloride,
talc, dry tarc léﬁ%VBBWdlered sugar. Oral formulations herein may utilize standard delay or time
release formulationsAth redigicine vedysarptied oﬁthmcantwalumxgmnwmt(sq)hﬁap@mwnytﬁgmphytlons may

be made from tradlt nal r?atgrl '5238‘3 glqlgeggcg at nglgr gtehoéﬂll s.% n30 ofwaxes to

alter the supposnc?rys mel INg paint, an glycerln pository S, suc
polyethylene gyt waﬂhosaﬁcrm(glacml@ceweﬂgmtslmmypédm b&t&:ssﬂtalhtﬁlUﬂﬂQi’BmﬂérthMIhe dosage,
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preferreﬂ)thatéberwmyﬂxBSSMElﬁﬂ'guﬁﬁﬂéZWEBB deléimdmmmnrat@hcmﬁmﬁmvrmapmim
e
Mattson 5020FT-IR or Perkin-Elmer 784 spectrophotometers. Mass spectra were
recorded on a Kratos MS 50 or Finnigan 8230 mass spectrometers. LC/MS were
preformed on a Micromass system, Model Platform LC with a HP 1100 LC system
15 and a Diode Array detector. The column used was a 2.0 x 50 mm C18 3um column.
The mobile phase used were as followed: A= 950 (10 mM NH,OAc): 50 (CH,CN);
B=50 (10 mM NH,0Ac):950 (CH,CN). The gradient used is as followed, t=0, 100%
A, 0% B; t=15, 0% A, 100% B. HPLC were recorded on a Waters 60F Pump HPLC
system with a 4.6 mm x 15 cm LUNA 3pum, C18 column and a 996 Diode Array
20  detector (at 300 nm or 220 nm). Flow=1.0 mL/min. Temp=30 °C. The mobile phase
used were as followed: A=950 H,0:50 CH,CN, 20mM KHPO/H.,PO,; B=300
H,0:700 CH.CN, 20 mM KHPO/H,PO,. The gradient used is as followed, t=0,
100% B, 0% C; t=55, 0% B, 100% C. Elemental analyses were obtained with a
Perkin-Elmer 2400 elemental analyzer. Compounds for which CHN are reported are

25 within 0.4% of the theoretical value for the formula given unless expressed

otherwise.

The following compounds [Examples 1-3] were prepared according to
Scheme 4 as shown below.

30



5 of this invention. All reactions were carried out under a nitrogen atmosphere. Chromatography was
performed using 230-400 mesh silica gel. Thin layer chromatography was performed with silica gel
plates. 1H N3 aRgsra were obtained on a Bruker AM- 400, GE QE 300, BrokgtoBg67389s0"
DPX-301 instrument and chemical shifts 10 reported in ppm. Melting points were determined on a
Thomas-Hoover apparatus and are uncorrected. II? pectra were recorded on a Perkin-Elmer
diffraction grating, Mattson 5020FT-IR or Perkin- Elmer 784 spectrophotometers. Mass spectra were
recorded on g ?lratos MS 50 or Finnigan 8230 mass spectrometers. LC/MS were preformed on a
Micromass system I\ﬂodel Platform LC with a HP 1100 LC system 15 and a Diode Array detector. The
column used was a 2.0 x 50 mm C18 3m column. The mobile phase used were as followed: A= 950
(10 mM NH40Ac): 50(£H3CN); B=50 (10 mM NH40Ag¢):950 (CH3CN). The gradient used is as

followed, t=0, 100%%:15 0% A, 100% B. HPLC were racorded on a Waters 60F Pump
HPLC system with Gﬁonﬂ-ﬁﬁMN%—CI colgmn &ind a 998 AitecféRbray 20 detector (at
300 nm or 220 nm). Flo e mL/mirtAFEMPE30 C. Theomobite rhase usé¥ivere as followed: A=950
H20:50 CH3CN, 20mM ngHFQﬂ4/H,PO4; B=300 H,0:700 CH&CN, 20 mM K2HPO4/H3P04. The
gradient used is as followed, t=0, 100% B, 0% C; t=55, 0%eB, 100% C. Elemental analyses were
obtained with a Perkin- Imer 2400 elemental analyzer. Compounds for which CHN are reported are
25 within 0.4% of the th
following compounds™
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Example 1

Formation of Tetraacetylglucuronic Ester B

To a suspension of D-Glucuronolactone A (100 g, 56.8 mmol, available from
Aldrich Chemical) in MeOH (750 mL) was added NaOH pellets (0.4 g, 0.01 mmol)
10  under Ar. The suspension slowly turned to a clear yellow solution over 2 h of
stirring. After 16 h, the reaction mixture was concentrated in vacuo to give a brown
foam. The crude product was dissolved in pyridine (200 mL), cooled in an ice-bath
before acetic anhydride (375 mL) was added in 50-mL portions. The reaction turned
dark brown during addition. After addition, the reaction mixture was purged with Ar
15 and stored in the refrigerator. After 36 h, a brownish precipitate formed on the
bottom of the flask. The reaction mixture was filtered and washed with warm EtOH
(100 mL), air-dried overnight to give B 78.5 g, 37% of an off-white solid: R, = 0.65
(EtOAc); 'H NMR (CDCl,) 5.77 (d, 1H, J=7.7 Hz), 5.12-5.35 (m, 3H), 4.18 (d, 1H,
1=9.3 Hz), 3.75 (s, 3H), 2.04-2.12 (m, 12H).
20
Example 2

Formation of Hydroxyglucuronic Ester C

To a solution of tetraacetylglucuronic ester B in DMF (90 mL) was added

solid hydrazine acetate (3 g, 32.6 mmol) at rt under Ar. The suspension was heated



Ct 1 rOH 1-NaOH' McOH y-~0_17_gOAC NH2NH2, ACOH 2-Ac2o0, Pyr ACC OAc OMF A OH OAc -_
CCh CN, Cs2C03;,0CC Ac0 OH OAc CHC12 AC, OAc HAC OAc cp 5 Example 1 Formation of
Tetraacetylglygy/@Rie Ester B To a suspension of D-Glucuronolactone A (100 g-pRséhinak available
from Aldrich Chemical) in MeOH (750 mL) was added NaOH pellets (0.4 g, 0.01 mmol) 10 under Ar.
The suspension slowly turned to a clear yellow solytion over 2 h of stirring. After 16 h, the reaction
mixture was concentrated in vacuo to give a brown foam. The crude product was dissolved in pyridine

(200 mL), cooled in.an ice-bath, hefqr etic anhydride (375 mL) was aqded i3 20; rtions. The
reaction turn&od(’%gg"&‘g% duﬁ#ﬁ%ﬁd i&gﬁ.r %ﬁ&?‘i&”&i‘i8?2?{%%‘%%&8%?@6&&?%&% with Ar 15
and stored imﬁalemam%ermm. Algr 3$Hedmbrdwu'ﬁdﬁ w&eip&p%eafednemm& dkpérb@tlgmfﬁme flask. T8he
reaction mixture was filter washed . with warm EtQH mL), air-dried overnight to give B 78.5
g, 37% of an%‘f—‘r’\lf\:/}% e‘@gﬂﬁgzé?@ 6236 E{%Aéjearf’?(ﬁ&tg"eéélc?‘)‘%r (:c?nfﬁptf]a:t ! ’%1%‘}?’50.12-5.35 (m,
3H), 4.18 (d,Auifidatis Mz), ST5 ¢utst)wirl04221] hémnt )00 Egeavm pld 2z, FGPhayietd obf
Hydroxyglucyronic Ester C T.q a solutign of tetraacetylglyscurgnic, e in 0 as added
colc hydtaz R o B8 G0 £ S T P SO R I (OB 2
PCT/US00/24.8885.680(m, 4H), 3.75 (s, 3H), 1.97-2.22 (m, 9H).

Example 3

Formation of Trichloroacetimidate D

10 To a solution of hydroxyglucuronic ester C (11.1 g, 33.3 mmol) in CH,CI,
(100 mL) was added cesium carbonate (1.5 g, 4.7 mmol) and trichloroacetonitrile (10
mL, 63 mmol) at rt under Ar. After 4 d of stirring, H,O (200 mL) and CHCI, (100
mL) were added to the suspension. The two layers were separated. The organic layer
was extracted with H,O (2 x 100 mL), dried over Na,SO,, filtered, concentrated in

15  wvacuo. Purification via SiO,, eluted with (1:1) hexanes:EtOAc gave 8.9 g, 58% of
trichloroacetimidate D as an off-white solid. R, = 0.67 (EtOAc); 'H NMR (CDCL,)
8.78 (s, N-H), 6.63 (m, 1H), 5.63 (t, 1H, J=9.86 Hz), 5.27 (t, 1H, J=10.0 Hz), 5.15
(dd, 1H, J=3.54, 10.2 Hz), 4.50 (d, 1H, J=10.2 Hz), 3.68 (s, 3H), 2.02-2.12 (m, 9H).

20 The following 5-glucopyranoside conjugates and intermediates [Examples 4-

21] were prepared according to Schemes 5 and 6 as shown below.



to 65 C under Ar. After 1 h, the reaction was cooled to it, poured into H20 (200 mL) and EtOAc (200
mL). The two layers were separated. The organic layer was extracted with H20 (2 x 150 mL), dried
over Na2SQy qg /q glg concentrated in vacuo. Purification via Si02, eluted witl {2: L hiexaRes:EtOAC
gave 4.1 g, 46% yield of 5 hydroxyglucuronic ester C as a yellow syrup. Rf = 0.61 (EtOAc); 'H NMR
(CDCI,) 4.58-5.63 (m, 4H), 3.75 (s, 3H), 1.97-2.22% , 9H). Example 3 Formation of
Trichloroacetimidate D 10 To a solution of hydroxydlucuronic ester C (11.1 g, 33.3 mmol) in CH2C12
(100 mL) was added cesium carbonate (1.5 g, 4.7 mmol) and trichloroacetonitrile (10 mL, 63 mmol) at
rt under Ar. After 4 d of stirring, H20 (200 mL) and CHCI3 (100 ml-) were added to the suspension.
The two laye&ch@ie Separated. The organic layer was extracted with H20 (2 x 100 mL), dried over
Na,S04, filtered, concentrated in 15 vacuo. Purification via Si029 eluted with (1:1) hexanes:EtOAc
gave 8.9 g, 58% of trichloroacetimidate D as an off-white solid. Rj = 0.67 (EtOAc); 'H NMR (CDCl,)
8.78 (s, N-H), 6.63 (m, 1H), 5.63 (t, 1H, J=9.86 Hz), 5.27(t, 1H, J=10.0 Hz), 5715 (dd, 1H, J=3.54,
10.2 Hz), 4.50 d 1H, J=10.2 Hz) 3.68 (sp3H), 2.02-2.1p (m, 9H). 20 Tlpe following 5-glucopyranoside
conjugates an inje gfingYo Sdghemes 5 and 6 as

edlates[ ey ] were prgpare ac
1983 / @ 24¢38 o Qroche M BrOMF |Et aN H NHa'Cl 19 k\
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19
CAS #[51388-20-6 ) BnO

Not Isolated

Bn no
NH3*Cl® PJ/O
C(C Hz)n
n=2; 21
n=3; 22
<> | W; -
c
" CC
Cyclohexadiene/Pd/C Al *' b

THF/EtOH

2;2 BF3 etherate, CH 2Clz, sieves

Q }—{- HHd** OH

OH

LiOH, THF/MeOH/H 20




Bn Bn _ DMF, heat NaH, DMF IH NHC'CI' 20 0 C(C H2)n n=2;21 n=3;22 Bn H Me NH
Cyclohexadiene/Pd/C / A gOAC Cb THF/EtOH OAc n = 2; 23 n = 2; 25 BF3 etherate, CH 202, sieves
n3;24 n=3;3k, §1lto5)N t (CH2)n OH A~' OHd OH N OAc OH rm=Hr t-10H, JHFMRQH4E 20 n2;29
n=3;30 C H2)n (C H2) n WO 01/19839 PCT/USO0O/24738 -21- Scheme 6 Bn Bn _1\OH Me NH A,O
OAc C~3

291 -
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NaOH, McOH/THF/H20 BF3 etherate, CPeCh sieves n=2;23 n=2;31 n=3;24 n=3;32 (CH2)n {CH3)n
Bn rn-=-\ Q aCOMe A, CO Me 5 4 AcOAC OAc bAc Pd/C, H2 Ac n = 2; 33 THE/EtOH n=3;34 CH3)n
OCH2)n H {pdd1/+68% OH LiOH, McOH/THF%O - OH 025 WO 01/19839 PCHUSGRA47438 -22
Example 4 Propanoic acid, 2,2-dimethyl-, 4-(1-oxo-2-bromo-propvl)phenyl ester (191 To a dilute
solution of the 4'-pivalolyl propiophenone (22.4 9..956 mmol) in ether (1.2 L) at OC was added slowly
Br, (16.7 g, 105.2 mmol). The reaction was 5 run at OC for 20 min and then allowed to room
temperature for 45 min. The gradual disappear, tlae bromine color was observed as the reaction
went on at rt. The product has the same if as the st tlng material in the TLC system 10% EtOAc/Hex.
DIk a0 MOy Se R HIOTOXD E‘ AP SIS -propybpveniy e sterr (19 ne, and dried over
MgSO4. The produ | Pm ithqu [ yield = 30
g. 100%6). mp = 40 %é@%%‘ﬁ“?@%ﬂ%e ey ont 20 B A
4-(5- benzyloRShg tledhly)- nq.(ﬁ,@owgygylded slowly Br (16 7 g, 105.2 mmol). The reaction was

5 run at 0°C for 20 min and then allowed to room temperature for 45 min. The gradual

disappearance of the bromine color was observed as the reaction went on at rt. The
product has the same rf as the starting material in the TLC system 10% EtOAc/Hex.
The reaction was quenched with 10% solution of Na,SO,, washed with water, brine,
and dried over MgSO,. The product is a waxy solid and was used in the next step

10  without purification (yield = 30 g, 100%). mp = 40 - 45°C

Example 5
2.2 - Dimethyl-propionic acid 4-(5-benzyloxy-3-methyl-1H-indol-2v])-

phenyl ester (20)

15 A solution of DMF (350 mL) containing bromo ketone 19 (44.82 g, 143
mmol), para-benzyloxy aniline hydrochloride (37.1g, 157.4 mmol, 1.1 eq), Et,N
(31.85 g, 314.8 mmol, 2.2 eq) was heated to 130°C for 1.5 h and the rxn followed by

TLC (15% EtOAc/Hex). The intermediate product a-anilino propiophenone was
observed as a more polar spot than the a-bromo 4’-pivaloyl propiophenone. After all

20  of the starting material was consumed, at 130°C the reaction solution was treated with
additional para-benzyloxy aniline hydrochloride (42 g, 177 mmol). The reaction
mixture was then heated for an additional 3.5 h at 130°C. The reaction mixture was
allowed to come to rt, washed with water (800 mL), extracted by EtOAc (3 x 300
mL), washed with brine, and dried over with MgSO,. The organic layer was

25  concentrated to give a crude product which was triturated with MeOH (3 times) to
give a white solid (38 g, 64%): Mp = 156 - 158°C; 'H NMR (DMSO) 11.0 (s, 1 H),
7.67 (d,2H,]=8.6Hz),7.49(d,2H,J=7.1Hz), 743 -7.29 (m, 3 H), 7.28 - 7.19
(m, 3 H), 7.12 (d, 1 H, ] = 2.3 Hz), 6.83 (dd, 1 H, J = 8.7 Hz, 2.3 Hz), 5.13 (s, 2 H),
2.37 (s, 3 H), 1.33 (s, 9 H); MS 414 (M+H)+; IR (KBr) 3380, 2970, 1745 cm’.

30



phenyl ester (20) 15 A solution of DMF (350 mL) containing bromo ketone 19 (44.82 g, 143 mmol),
para-benzyloxy aniline hydrochloride (37.1g, 157.4 mmol, 1.1 eq), Et3N (31.85 g, 314.8 mmol, 2.2 eq)
was heatedylg d3dgs60r 1.5 h and the rxn followed by TLC (15% EtOAc/Hex).pkheustgryagdiate
product a-anilino propiophenone was observed as a more polar spot than the a-bromo 4'-pivaloyl
propiophenone. After all 20 of the starting materialjyas consumed, at 130C the reaction solution was
treated with additional para-benzyloxy aniline hydiochloride (42 g, 177 mmol). The reaction mixture
was then heated for an additional 3.5 h at 130 The fe ction mixture was allowed to come to rt,

washed with water (800 mL), extracted by EtOAC %80 mL), washed with brine, and dried over with

MgSO4. Th@ﬁﬂﬁhmetlmlemmerﬁsm@éeﬁrh@d_y@Mgﬂ_ﬂ@Mﬂmurated with
MeOH (3 times) to : 56 - 158C; '"H NMR (DMSO) 11.0 (s, 1 H),
7.67 (d, 2 HE2 =7.29 (m, 3 H), 7.28-7.19 (m, 3 H), 7.12(d, 1
H,J=23 Hz) 6. 83chai,stlmy @f:NBiH lel 4. 8 ﬁ@%@lliﬁeqslcmm) JeTa(9iB $1292.8®1(s2 9 BY)) MS 414
(M+H)+5 'Ryﬁ'é%‘%?o@?ﬁﬂ) 115558730 XMS%Q ?epacl&&ﬁ%oé%ﬂ@% R osAHRE ©

2,2-Dimethyl-propionic acid 4-15-benzvioxy-3-methyl-I-[4-(2-piperidin-1 -yl-
ethoxy)-benfiol¢-pedutser2{A8 Iy edtbl {28917 d QQQIUF@MH\I@IQQP&? gve0sPeitpkasidh in mineral

oil, 0.292 mal,; 2.2 Eh i EME 208k %naﬁ&ma%%g dropyse,2 s bigRdNaiour,

1-unsubstituted’ indole precursor 20 (48.3 g, 0.117 mol, 1 eq) in DMF (500 mL) over a period of 50
min, and theTeainiseaminet 2 BeRtFRkChbIih AGIPRI LESIdHiamO4 ddelriartRansistng fidole anion

was then tregiedindtBraidrop\waead ditiers 0ha SPUGN FODNAHNINRS g iis ﬁfltﬁéﬂc%ldﬁéso g,0.176

mol, 1.5 eq) in DMF (500 mL) over a period of 55 10 minutes during which time the solution
temper]eﬁureIWﬁ§tPﬁ Whichotimethe solution temperature was maintained at -25°C. The

reaction was allowed to stir for an additional hour at -25°C followed by 24 h at rt.
The reaction mixture was diluted with EtOAc (1.2 L), washed with brine (8x300 mL),

dried over Na,SO, and concentrated to give 92.8 g of a brown oil which was

dissolved in the minimum amount of CH,Cl, and chromatographed on silica gel (1
15 Kg) with CH,Cl,, then CH,Cl/MeOH 98:2 and finally CH,Cl,/MeOH 96:4. The
fraction eluted with CH,Cl, contained unreacted starting material (14.5 g), and the
eluant from the CH,C1/MeOH fractions was concentrated to give the desired product
(36.7 g, 70%).
'H NMR (DMSO) 7.52 - 7.45 (m, 2 H), 7.43 - 7.36 (m, 4 H), 7.35 - 7.31 (m, 1 H)
20 7.28-7.20 (m, 3 H), 7.15(d, 1 H,J = 2.3 Hz), 6.84 (dd, 1 H, J = 8.9 Hz, 2.4 Hz),
6.73 (s,4H),5.18 (s,2H),5.13(s,2H),3.94 (t, 2H,J =59 Hz), 2.56 (t, 2H,J =59
Hz), 2.41 - 2.35 (m, 4 H), 2.18 (s, 3 H), 1.51 - 1.42 (m, 4H), 1.32 (s, 11 H); IR (KBr)
3410 (H,0), 2930, 1750; MS 631.

25 Exampie 7
2.2-Dimethyl-propionic acid 4-{5-benzyloxy-3-methyl-1-[4-(2-hexamethyleneamine-
1-vl-ethoxy)-benzyl]-1H-indol-2-yl }-phenyl ester HC1 (24)
The indole 20 (2.0 g, 4.84 mmol) was dissolved in DMF and cooled to (°C
and treated with NaH (0.13 g, 5.32 mmol as a 60% dispersion in mineral oil). A

30 separate flask containing the benzyl chloride 22 (2.0 g, 6.57 mmol) in DMF was
treated with NaH (0.17 g, 7.22 mmol as a 60% dispersion in mineral oil) at 0°C. The
solution containing the benzyl chloride was then transferred via syringe to the

solution containing the indole anion. The reaction was maintained at 0°C for 0.5 h



reaction was allowed to stir for an additional hour at -25C followed by 24 h at rt. The reaction mixture
was diluted with EtOAc (1.2 L), washed with brine (8x300 mL), dried over Na,S04 and concentrated to
give 92.8 gwhHpiewys oil which was dissolved in the minimum amount of CH2633,36th 4738
chromatographed on silica gel (1 15 Kg) with CH2C12, then CH,CI/MeOH 98:2 and finally
CH,CI,/MeOH 96:4. The fraction eluted with CH2C)2 contained unreacted starting material (14.5 g),
and the eluant from the CH,Cl,/MeOH fractions was concentrated to give the desired product (36.7 g,
70%). "H N D 52 - 7.43 - ( H)? 35 7.31.(m, 1 H) 20 7.28 - 7.20
(m, 3 H), 72@(5 ,aﬁ%}z.ﬁsﬁﬁﬁ({% %c)ig, gl aﬁé‘)’i}t@“sﬁgﬂ%’,‘l‘%ﬁ )ﬁ% '%af‘%zéo 5, E’W,"Ell}fgo 2 ohy 5.13
(s, 2 H), 3.9hyt, pantitioning ghezyeacentnpxrg beweadz yateriand 38Qie sapd, wasbipg Bhel), 1.51 -

1.42 (m, 4M)plede (Syikl whéRaﬂﬁB&}yﬁfﬁlg\@llZ@ 2830, F2 QMRS R OGHaMRIEeA and
2,2-Dimethyl_propionic acid 4-f 5-berizy o&-é@?r{ingﬂh(yl-l-m-(zhexamethyleneam|ne-

1-yl-ethoxy)-BaBAHeCRBeL 21 Rihe\JE 2P Thioinirdte the deored duan mbrmas
dissolvedl in PMF @ndreRofeshicids reRddreated YTHEREL(OEb ¢h B33 BRAIR? dOBIEHligPersion in

mineral oil). A 30 separate flask containing the benzyl chloride 22 (2.0 g, 6.57 mmol) in DMF was
treated with RAHERMYEYOY 59likmol as a 60% dispersion in mineral oil) at 0C. The solution containing

the benzyl ciNgyide yasyiEC ranSRIRMNESSYY TR E LN 1SHIogsContaining therydole anion. The
reaction was mainjajne f 5 0 01/19839 PCT/USQ0/24738. -24 then allowed to it and
stirred for an' dhﬁgiﬁl%%%%i‘%ﬁé p&&ﬂ@niﬁ%%&ﬁ(@d%#)b% ﬁ?ﬁti%m’g‘lt% reaction mixture

between watgr amf] EtOMA6 Biz0l WaAShirfgXnémEtOIRE %i2b brinand driinaesVy B4 §he solution

foam 5. 41121 T e G AT ORI & TS LSBT ths proguet

Example 8
2.2-Dimethyl-propionic acid 4-{5-hydroxy-3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)
benzyl]-1H-indol-2-yl }-phenyl ester (25)
15  The protected indole 23 (61.8, 0.098 mol) was dissolved in THE/EtOH (0.35 L/0.35
L), and 10% Pd/C (7.0 g) was added. The mixture was then hydrogenated at rt in a

Parr apparatus at 50 psI for 30 hours. The reaction was then filtered through
Siluflock and 0.62 g of ascorbic acid was added to the filtrate to minimize any
potential oxidation. The cake of Siluflock was washed with THF and the combined
20 filtrates were concentrated to render a white solid which was washed with hexanes
and dried to give 44.5 g of 25 (84%) as a white solid.
'H NMR (DMSO) 8.76 (s, 1 H), 7.40 (d, 2 H, J = 8.0 Hz), 7.22 (d, 2 H, J = 7.8 Hz),
7.14(d, 1 H,J=8.7Hz),6.84 (d, 1 H,J=1.6 Hz), 6.76 - 6.72 (m, 4 H), 6.63 (dd, 1
H,J=8.7 Hz, 1.4 Hz), 5.14 (s, 2 H), 3.94 (t, 2 H,J = 5.8 Hz), 2.57 (t, 2 H, ] = 6.0
25 Hz),2.42-233(m,4 H),2.14 (s,3 H), 1.50 - 1.39 (m, 4 H), 1.32 (s, 11 H); IR (KBr)
3400, 2900, 1750 cm™'; MS 540.

Example 9
2,2-Dimethyl-propionic acid 4-{5-hydroxy-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)
30  benzyll-1H-indol-2-yl}-phenyl-ester (26)
Compound 26 was prepared according to the procedure of Example 25, as a

foam. IR (KBr) 3410, 2920, 1750 cm™'; MS 555.




as a light yellow solid. Mp = 222 - 225C; 'H NMR (DMSO) 10.17 (br s, | H), 7.95 - 7.22 (m, 10 H), 7.16
(d,1H,J= 23Hz) 6.87 - 6.76 (m, 5 H), 5.22 (s, 2 H), 5.13 (s, 2 H), 4.27
(t,1H,J=4.6g) ? §39-37(m,4H),3.20-3.16(m,2H),2.19(s,3H),1.85 10 1.73 (M, dHldefR 474853 (M, 4
H), 1.32 (s, 9 I—0| MS (+) APCI 645 (M+H"). Example 8 2,2-Dimethyl-propionic acid 4-f
5-hydroxv-3-methyl-I-f4-(2-piperidin-I-yl-ethoxy) eE(gzyll -IH-indol-2-yll-phenyl ester (25) 15 The
protected indole 23 (61.8, 0.098 mol) was dissolvéd in THF/EtOH (0.35 U0.35 L), and 10% Pd/C (7.0
g) was added. The mixture was then hydrogenated at rt in a Parr apparatus at 50 psi for 30 hours.
The reaction was then filtered through Siluflock and 0.62 g of ascorbic acid was added to the filtrate to
minimize any potential oxidation. The cake oESduftdeklﬂ/as washed Wlth THE and the combined 20
filtrates Werg gons /hite / xanes and dried to give
44.5 g of 257864° ' : J) 8.7 . 2H, J=8.0Hz), 7.22 (d, 2
.8 Hgi A0, i ] et (47)6.63 (dd, 1
H,J=8.7Hz, 1.4 Hz 514 H) ( 2-233(m,
4 H), 2.14 (s, 3 H), ’%r bfg %% Y %yzd 09“1‘?‘1%5@’{&@% %fo% 9%@5 %7@8 S 540.
Example 9 erb-lﬂmmtlwhmdmeoﬂl{:léﬁﬁﬁl-ﬁﬂﬂw(ﬁé@)gl-@@ﬁ%mmu I@(@}hzedapqiemk&meﬁwzy) 30
benzyll-IH-indo I 15 h t S r edure of
Eample 25 a8 e 0 B LD, 0 s £ M Ees: (v e b B /2738
-25 Exampletl®f@. 3m¢mmwms{megptpéﬁqtrﬂ& l-ethexmirdns/was[filigreddignenshed

with conc. aq. NaHCO, (1 L), the organic layer was washed with water, brine, dried

10  over Na,SO, and evaporated to give 50.7 g of a yellow foam. The material was
chromatographed on silica gel (2 Kg, column d=15 cm, eluant EtOAc/EtN 9:1, 100
mL/3min, 125 mL fractions) to yield the desired product 27 as a foam.

'H NMR (DMSO) 7.42 (d,2 H,J=8.5Hz),7.31(d, 1 H,J=89Hz),7.23(d,2H,]J
=8.5Hz),7.18 (d, 1 H,J=2.2 Hz), 6.82 (dd, 1 H, J = 8.8 Hz, 2.3 Hz), 6.79 - 6.68 (m,

15 4H),559(d,1H,J=80Hz),547( 1H,J=9.6Hz),520(s,2 H), 5.15 - 5.03 (m,
2H),4.67(d,1H,J=99Hz),3.94(t,2H,J=5.9Hz),3.65(s,3H),2.58 (t,2H,J =
5.7 Hz), 2.43 - 2.35 (m, 4 H), 2.18 (s, 3 H), 2.06 (s, 3 H), 2.01 (s, 3 H), 2.00 (s, 3 H),
1.51 - 1.42 (m, 4 H), 1.32 (s, 11 H); IR (KBr) 2910, 1752 cm™; MS 857 (M+H").

20 Example 11
2.3.4-Triacetyl-{ 1-O-[4-(2-azepan-1-yl-ethoxy)-benzyl]-2-[4-(2,2-dimethvyl-

propionyloxy)-phenyl]-3-methyl-1H-indol-5-yl } -glucuronic acid methyl ester (28)

The same procedure used for the preparation of compound 27 supra was used

for compound 28. Purification via SiO,, eluted with (20:1) CHC1,:CH,OH gave 1.2 g,

25  82% of glycoside 6 as a brown foam. R = 0.21 (20:1 CHCL:CH,0H); 'H NMR

(CDCl,) 6.6-7.4 (m, 11H), 5.0-5.4 (m, 6H), 4.0-4.2 (m, 3H), 3.8 (s, 3H), 2.8-3.2 (m,

6H), 2.2 (s, 3H), 2.0-2.2 (m, 9H), 1.4-1.8 (m, 8H), 1.4 (s, 9H); “"C NMR (CDCl,)

176.9, 170.1, 170.0, 169.9, 169.6, 169.3, 169.2, 168.5, 167.0, 157.6, 151.1, 150.8,

138.1, 133.7, 131.3, 130.4, 129.1, 128.9, 127.1, 121.5, 114.6, 113.7, 110.7, 109.2,

30 107.2,101.1,90.2,72.6,72.1,71.7,71.0, 69.7, 69.3, 67.8, 65.5, 56.0, 55.5, 52.8, 52.6,

47.1, 39.1, 27.0, 26.9, 26.6, 20.6, 20.5, 20.4, 9.3; LC/MS (ESI) retention time=15.9,
M+H'=871.4.



propionyioxy)-phenyll-3-methyl-IH-indol-5-yl I-elucuronic acid methyl ester (27) 5 To a mixture of the
5-hydroxyindole cpd 25 (31.2 g, 0.058 mol, | eq), trichloroacetimidate D [150607-95-7](33.2 g, 0.069
mol, 1.2 eyl Aagigcular sieves (3 A, 28 g) in CH2CI2 (0.5 L) was added BEpEtdda #3559, 0-116
mol, 2 eq) dropwise at OC. The mixture was stirred at rt for 24 h. The mixture was filtered, quenched
with conc. ag. NaHCO3 (1 L), the organic layer wag ashed with water, brine, dried 10 over Na2S0O4
and evaporated to give 50.7 g of a yellow foam. The material was chromatographed on silica gel (2
Kg, column d=15 cm, eluant EtOAC/Et3N 9:1, 100 mL/3min, 125 mL fractions) to yield the desired
product 27 as a foam. 'H NMR (DMSO) 7.42 (d, 2 H,J=8.5Hz), 7.31(d, 1 H, J=8.9 Hz), 7.23 (d, 2
H, J = 8.5 Hz), 718(d 1H J= 22Hz),6.82Edl'¢mpﬂeDZ—88Hz 2.3 Hz), 6.79 - 6.68 (m, 154 H),
gggH(d) ISHg'f ,4- FZ: 1( 1— 70' '.i_ 5391 8 0.9 h5 35 tnl l;_u opg )12H18J(; 3
H), 2.06 (s, Ly AEENETHIM § 42 (m 4 H) 1.32 (s 11 H); IR (KBr) 2910, 1752

cm’; MS 857 ("'H) 29 ﬁ%%wbp&%&#é-4 ?;ﬁmetﬁyfcursor 27 (29.8 g, 0.0385 mol) in

1-0-[4-(2-azepan-I- y -ethoxy)-benzy propion
IY oxv)-phenylaaneigOH R K00 kg Witdffanle H¥lomhe tind dsteH HY) (RS SaNe. pravetdre used for

the prepafa“&% Qf LOMPRANG S6-BURIAIVAS USRSH o7 8ETRPY RA S GuFMI TIRANRR | Yff'i‘xﬁl%zw%“t"—‘d with
(20:1) CHCI3:CH30H gave 1.2 g, 25 82% of glycoside 6 as a brown foam. Rf =
CHCI3:CH,Crypoaatedio g@bpO3d) 8.ef7the (erudel pplid. 0The patesial wae surripdd ?Ml wge(rs 3H),
2.8-3.2 (M, Gkt 22 (Forbh Zidaedt (Washadd with LB Bld)arded & A0 UL NNRLECRGL) 176.9,
170.1, 170.0,169.9, 169.6, 169.3, 169.2, 168.5, 167.0, 157.6, 151.1, 150.8, 138.1, 133.7, 131.3,

130.4, 199 1psiyes; Bysmatsnial wasdesselvedyim Mg QH{EEN (010k/2. md-) anpeshers A 2.1, 71.7,
71.0, 69.7, 6Q.a EseBipreciphidls fe 8avdsta Whie sblid mdlch, Wdls Gilebed, RodhedWiihiitier 20.4, 9.3;
LC/MS (ESI) retentlon time=15.9, M+H'= 87% 4. WO 01/19839 PCT/US00/24738
dried under vacuum to give 29 (27 g, 99%): 'H NMR (DMSO-d,) 5 6.99 (m, 11
H), 5.11 (brs, 1 H), 5.00 (d, 1 H,J = 1.5 Hz), 3.99 (t, 2 H), 3.66 (d, 1 H, J = 1.5 Hz),
3.26 (m, 2 H), 2.92 (q, 6 H), 2.74 (t, 2 H), 2.52 (br s, 4 H), 2.1 (s, 3 H), 1.50 (br s, 4

15 H), 1.37 (brs, 2 H), 1.08 (t, 9 H).

Example 13
1-[4-(2-Azepan-1-yl-ethoxy)-benzyl]-2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-0l
5-O-glucuronide (30)

20 To a solution of indole glycoside precursor 28 (2.8 g, 3.3 mmol) in (2:1:1) p-
dioxane:MeOH:H,O (52 mL) was added solid LiOH.H,O (1.5 g, 36 mmol) at rt under
Ar. The suspension was heated to 65°C. After 1.5 h, glacial acetic acid (1.5 mL) was
added. The reaction mixture was concentrated in vacuo. Purification via SiO,, eluted
with (20:1:2) CH,CN:HOAc:H,O followed by (10:1:2) CH,CN:HOAc:H,O gave a
25  brown syrup. Addition of H,O (30 mL) followed by MeOH (10 mL) to the brown
syrup gave an light brown suspension. This was filtered and air-dried to give 840
mg, 40% of glucuronide 30 as a light brown solid. R = 0.24 (10:1:2
CH,CN:HOACc:H,0); HPLC retention time=23.2 min with 95 aréa %, at 220 nm; 'H
NMR (DMSO) 6.8-7.2 (m, 7H), 6.7 (s, 4H), 5.1 (br s, OH), 4.8 (d, 1H, J=5.5 Hz), 3.9
30 (t, 2H, J=4.5 Hz), 3.1-3.6 (m, 8H), 2.77 (t, 2H, J=4.5 Hz), 2.5-2.7 (m, 4H), 2.1 (s,
3H), 1.5 (s, 8H); "C NMR (DMSO) 172.3, 157.5, 157.4, 151.7, 138.5, 132.2, 131.3,
130.4, 128.6, 127.2, 121.7, 115.4, 114.3, 112.9, 110.5, 107.2, 105.6, 102.3, 76.6, 73.9,



-26 Example 12 1-[4-(2-Piperidin-I-yl-ethox )~yll-2-(4-h dy roxy_phenyl)-3-methyl-IH-indol-5-ol
5-0-glucuronide triethylammonium salt (29) 5 A solution consisting of indole precursor 27 (29.8 g,
0.0385 mol) i ) e/MeOH/H20 (200 mL/100 mL/100 mL) and LiOH.H20 @l2.23%, Sk mol, 8
eq) was stirred at for 2 h. AcOH (18.5 mL) was added and the mixture was evaporated to give
53.6 g of the crude solid. The material was slurried with water (500 mL) for 2 h, filtered, washed with
water, and dried to give 24.1 g of the crude 10 pré&uc‘t. This material was dissolved in McOH/Et,N

(100 mL/5.3 mL,) and ether use egipit It as.a yyhite sali ich was filtered,
washed With7eq‘tﬁ)e72alné%ﬂe%ﬁﬁe?i/a&gn??g g@g;gqg%&gﬁ%}l’%§%%gg%%) .99 (m, 11
H), 5.11 (br $kBH) 5,004, 298] F6125 HA)0,31995(t1244),1388 (@99,H085; 108912)028,23 (M, 2 H),
2.92 (q, 6 H), 2.74 (1, 2 H), 2.52 (br s, 4,%%(, 2.1(s,3H),1.5 s,4 15H),1.37 (brs,2H),1.08 (t, 9
H). Examplegflg T‘[Z%Edﬁ\%égﬁ{irﬁfeé’% W@%&If—@f’é-ﬁgﬁ% y-phenyl)-3-methyl-1 H-indol-5-ol
5-0-glucuronide (30) 20 To a solution of indole glycoside precursor 28 (2.8 g, 3.3 mmol) in (2:1:1) p-
dioxane:MeOH:H,0 (52 mL) was added solid EOH. Ol 1.5 g, 36 mmol) at rt under At. The
suspenéon was heated to 65C. After 1.5 h, glaéilgwa{)cgtlc acid (1.5 mL) was added. The reaction
mixture was £dicBairatiec yrdvaetio,| Puffi¢2ipopevidiiBiOA - ethigd)-hdtty (PRI HANGHIGNEHOAC:H20
followed by (10:1: 3CN:HOACc:H20 gave a 25 brown syrup. Addition of H20 (30 ml-) followed by
MeOH (10 n%—&i&é’g‘rown syrup gave an light brown suspension. This was filtered and air-dried to
give 840 mg, 40% af ghircurenisfe the aststighedrownleold. R-80R4Q0O8L:thdCHBGIY)H@AC:H,O);
HPLC retention. time= min with 95 .atea %, at 220 nm;, 0),6.8=(.2 (M, ZKH), 6.7 (s,
4H), 5.1 (br ﬁéﬁﬁféiﬁ %Hr(j)'vcrygg.?ﬂz?gﬁq%dn(t%,l%ﬁnﬁ%ﬁ%%ﬁé%@ f‘qn{“g%’ T.g’]?lé,ble, J=4.5
Hz), 2.532.7 (nd,)4kt)s &itréd,at 60°C for 2 h. The mixture was cooled to rt and 12.1 mL of AcOH

was added in order to adjust the pH to approximately 7. Then water (600 mL) was

added and the mixture was extracted with CH,CIl, (6x150 mL), the organic phase was
washed with conc. Aq. Na,CO,, H,0, brine, dried over Na,SO,, and evaporated to
give 31 (51.6 g, 97%) as a yellow foam: 'H NMR (CDCL,) § 7.07 (m, 19 H), 6.10 (s,

15 2H),5.03(s,2H),4.03(, 2H),2.8( 2H), 2.53 (brs,4 H),2.21 (s,3H), 1.63 (t, 4
H), 1.43 (brs, 2 H).

Example 15
4-{5-Benzyloxy-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)-benzyl]-1H-indol-2-yl }-
20  phenol (32)
Compound 32 was synthesized analogously to compound 31: 'H NMR
(DMSO) §9.83 (br s, 1 H), 7.49 - 7.29 (m, 5 H), 7.21 - 7.09 (m, 4 H), 6.89 - 6.73 (m,
7 H), 5.15(s, 2 H), 5.11 (s, 2 H), 4.04 (t, 2 H, ] = 7.1 Hz), 2.77 (t, 2 H, J = 6.0 Hz),
2.65 - 2.60 (m, 4 H), 2.15 (s, 3 H), 1.51 (br s, 8 H).

25
Example 16
2.3.4-O-Triacetyl-1-O-(4-{5-benzyloxy-3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)-

benzyl]-1H-indol-2-y1}-phenyl)-beta-D-glucuronic acid methyl ester (33)

To a mixture of indole 31 (35.6 g, 0.065 mol, 1 eq), trichloroacetimidate D
30 [150607-95-71(37.4 g, 0.078 mol, 1.3 eq) and molecular sieves (3A, 28 g) in CH,Cl,
(500 mL) was added BF,.OEt, (18.45 g, 0.13 mol, 2 eq) dropwise at 0°C. The mixture

was stirred at rt for 48 h. The mixture was filtered and then quenched with conc. aq.



3H), 1.5 (s, 8H); "C NMR (DMSO) 172.3, 157.5, 157.4, 151.7, 138.5, 132.2, 131.3, 130.4, 128.6.
127.2,121.7,115.4, 114.3, 112.9, 110.5, 107.2, 105.6, 102.3, 76.6, 73.9, WO 01/19839
PCT/US00/24738 -27 73.3,72.1, 66.1, 56.0, 55.1, 40.1, 39.9, 39.7, 39.5, 39.3, 39.1, 38.9, 27.8, 26.5,
9.4; IR (KBYOY/ 18484, 2928, 1612, 1510, 1475, 1444, 1238, 1099, 1065, 1036 THR B 840 cm;
LC/MS (ESI) retention time=9.0, M+H'=647.3. 5 Example 14
4-{5-Benzyloxy-3-methyl-I-[4-(2-piperidin-I-vl-ethox$Benzyll-IH-indol-2-yll- henol (31) A mixture of the
substituted indole 23 (61.8 g, 0.098 mol, 1 eq) and LiOH.H,O (8.5 g, 0.202 mol, 2.1 eq) in
dioxane/Me IO (3bd-tnither sreaRic 1aysT PhamMpRiisd sritedvatesobring: Zined vashnNa:M¥Owas cooled

to rtand 12.hpal efHeRatavas aged s arder i agiustithe PrbimapPreaxdmasely 7wibefyater (600
mL) was added and the mixture was extracted with CH2C12 (6x150 rnL.), the organic phase was

washed with SSREAQERpDREPN 55152 186hE B sUVBIMNLSE IRy Winp G4 ELYE Bhtes1 6 g,

97%) as a yejiew BRBa Fd\NboR (CDhd Jisifel € dMpdhtt) MEIEEEsMR 1), 5.03 (s, 2 H), 4.03 (t, 2 H),
2.8 (t,2 H), 2.53 (brs, 4 H), 2.21 (s, 3H), 1.63 (t, 4 H), 1.43 (br s, 2 H). Example 15 4-{
5-Benzy?oxy_B-methyI-I-[4-(2-azepan-l-yl-ethox )~yl]-1H-indol-2- 20 phenol(32) Compound 32 was
synthesized analogously to compound 31: 'H Ni¥dmn fRMSO) 8 9.83 (br s, 1 H), 7.49 - 7.29 (m, 5 H),

7.21 -7.09 m, 7H),5.15(s,.2H), 511 (s, 2 H), 4.04 (t 7.1 Hz), 2.77 (1,
2H JZGO( O~Lriage, ._‘ -r ylo 3-methyly] gl— -( 2) (

4-O-Triacetybeh 18- hemtlopy-Bheathybdridp( hinetidio dbid-etibydster (34)
Compound was prepared in a similar fashion to that described for 33 supra: R,
10 =0.21 (20:1 CHCL,:CH,0H); 'H NMR (CDCl,) 6.6-7.7 (m, 16 H), 5.1-5.5 (m, 8H),
4.2-4.4 (m, 3H), 3.8 (s, 3H), 3.0-3.4 (m, 6H), 2.23 (s, 3H), 2.0-2.2 (m, 8H), 1.9 (m,
4H), 1.7 (m, 4H); "C NMR (CDCL,) 170.1, 169.4, 169.3, 166.9, 156.9, 156.3, 153.3,
137.7, 132.2, 131.8, 131.4, 128.5, 127.7, 127.6, 127.3, 116.9, 114.7, 112.6, 110.9,
108.8, 102.5,98.9, 72.7, 71.8, 71.1, 71.0, 69.1, 64.1, 55.9, 55.2, 53.0, 47.0, 26.9, 24.8,
15  20.6, 20.5, 20.4, 9.5; IR (KBr): v_, 3435, 2934, 2862, 1756, 1612, 1510, 1372, 1226,
1176, 1041, 828 cm'; LC/MS (ESI) retention time=16.1, M+H'=877.

Example 18
2.3.4-O-Triacetyl-1-O-(4-{ 5-hydroxy-3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)-

benzyl]-1H-indol-2-yl}-phenyD)-beta-D-glucuronic acid methyl ester (35)
20 Glycosidated indole 33 (34 g, 0.039 mol) in 400 mL THF/MeOH (1:1) was
treated with 10% Pd/C (5.4 g) and hydrogenated in a Parr apparatus at 50 psi for 30 h.

The mixture was filtered through Siluflock and 0.34 g of L-Ascorbic acid was added
to the filtrate. The cake of Siluflock was washed with THF and the combined filtrates
were concentrated to yield product 35 (29.8 g, 98%) as a yellowish-white solid: 'H

25 NMR (CDCL,) 8 6.95 (m, 11 H), 5.34 (m, 2 H), 5.14 (d, 1 H, J = 2 Hz), 5.01 (s, 2 H),
4.21 (m, 1 H), 4.06 (t, 2 H), 2.83 (t, 2 H), 2.62 (br s, 4 H), 2.13 (s, 3 H), 1.65 (t, 4 H),
1.44 (brs, 2 H).



benzyl]-IH-indol-2-vll-phenyl)-beta-D-glucuronic acid methyl ester (33) To a mixture of indole 31 (35.6
g, 0.065 mol, 1 eq), trichloroacetimidate D 30 [150607-95-7](37.4 g, 0.078 mol, 1.3 eq) and molecular
sieves (3Aw28 A)ibkssH2C12 (500 mL) was added BF,.OEt, (18.45 g, 0.13 map%&heapwise at 0C.
The mixture was stirred at rt for 48 h. The mixture was filtered and then quenched with conc. agq. WO
01/19839 PCT/US00/24738 -28 NaHCO3 (1 L), t_hg organic layer was washed with water, brine, dried
over Na2S04 and evaporated to give 65.4 g of a yellow foam. The foam was flash chromatographed
on silica gel (2 Kg, column d = 15 cm) using E Ac/Elte?,%(Q:l) to yield 33 (34.5 g, 59%) of the desired
compound: MS 863 (M+H'). 5 Example 17 2, E -triacetvl-1-O-(4-15-benzyloxy-3-methyl- |
-(4-(2-azepad3l4vDthiarylylbe Qyil- i3 -imdiyb RyyB-miathyi J-1h ¢t 62 P zgoag ethvid yhrbemylylister (34)
Compound . [ imi ' ' pra: Rf 10 = 0.21 (20:1
CHCI3:CH,OF ? {m, 16 H), 5.1-5.5 (1, 8 2-4.4 (m, 3H), 3.8 (s, 3H),
3.0-3.4 (m, 6H), 2.2Glgs0Sid) el 0rRA¢rd488)] .94 mad)) ir7 §onh mdiH THE/NWEH DO, v270.1, 169.4,
169.3, 166.9, 156.9, 156, 7 7. LA7.6, 116.9,
1247, 110 e TGO THUR DO o8 Rty B lopnl e m SO P 2007 0 2o
24.8, 15 20.61R0rsaea, 9istuR (KBrfilieredsdgougo34bedes, Geibs, ash thel Gler xake wape, 1176,
1041, 828 cmy, LEMBAEPHECISR RN MG HouMIt w857 F540BI8 18y air oxidation, L-
2,3,4-0-Triacetvl-1-O-(4-15-hydroxy-3-methyl- | -14-(2-piperidin-1-yl-ethoxy)- .
benzylI-IH-inassiozbisheasidd) - iy R Y s istdescitp niben jilssesh cAytonGlydHsicabiiondsrasss (34 g,
0.039 mol) iQ&%Matg&'lgr{m@Qﬁﬁﬂ{@r\ﬁfﬁ&dt@@@ﬂcwi%?llﬁ%f@t@ﬁ?i%b@@md{@g@rﬂﬂed in a Parr

apparatus at 50 psi for 30 h. The mixture was filtered through Siluflock and 0.34 g of L-Ascorbic acid
was adleg the product 35 (1.6 g, 48%) as a brown foam: R, =10.20 (7:1 CHCL,:iPrOH); H NMR
(DMSO) 6.5-7.5 (m, 11H), 5.7 (d, 1H, J=7.9 Hz), 5.5 (t, 1H, J=9.6 Hz), 4.9-5.2 (m,
4H), 4.7 (d, 1H, J=9.9 Hz), 3.6 (s, 3H), 3.3 (s, 8H), 2.1 (s, 3H), 1.9-2.2 (m, 9H), 1.5-
1.9 (m, 8H); “"C NMR (CDCL) 170.0, 169.0, 167.0, 157.0, 156.5, 150.0, 138.0,
131.7, 131.6, 130.0, 127.3, 116.9, 114.7, 112.0, 111.0, 108.0, 104.5, 98.8, 72.6, 71.8,
15 71.1, 69.1, 64.4, 55.0, 55.2, 53.0, 47.0, 26.7, 23.6, 20.6, 20.5, 9.5; IR (KBr): v__
3427, 3037, 2935, 2612, 1757, 1612, 1510, 1462, 1374, 1227, 1040 cm™; LC/MS
(ESI) retention time=13.0, M+H" = 787.

Example 20
20  2-(4-Hydroxy-phenyl)-3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)-benzyl]-1H-indol-5-
ol 4-O-Glucuronide triethyl ammonium salt (37)
Glycosidated indole 35 (25 g, 0.029 mol, 1 eq) and LiOH.H,0 (12.3 g, 0.29
mol, 10 eq) in 300 ml of dioxane/MeOH/H,O (2/1/1) was stirred at 60°C for 2 h. The

mixture was allowed to cool to rt and AcOH (13.5 mL) was added. The solution was

25  concentrated to yield 44.3 g of a yellow foam. This foam was washed with water and
the residue dried and then dissolved in 160 mL of MeOH/EtN (15/1) and the
resultant solution concentrated to give the crude material which was redissolved in
MeOH (100 mL) at 40°C and a white precipitate fell out of solution almost
immediately. The precipitate was filtered, washed with MeOH and dried under

30 vacuum to render 9.7 g of 37 (78%) as a white solid: 'H NMR (DMSO) §7.16 (m, 4
H), 6.86 (d, 2 H,J = 2.8 Hz), 6.81 (m, 1 H), 6.74 (s,4 H), 5.15(s,2H),4.90(d, 1 H,J



to the filtrate. The cake of Siluflock was washed with THE and the combined filtrates were
concentrated to yield product 35 (29.8 g, 98%) as a yellowish-white solid: 'H 25 NMR (CDC1,) S 6.95
(m, 11 H), S\@steinegadd), 5.14 (d, 1 H, J =2 Hz), 5.01 (s, 2 H), 4.21 (m, 1 H), 4§ Alsdo/d73%83 (t, 2
H), 2.62 (br s, 4 H), 2.13 (s, 3 H), 1.65 (t, 4 H), 1.44 (br s, 2 H). WO 01/19839 PCT/USO0O/24738 -29
Example 19 2 3.4-0-Triacetyl_1-0-(4-{ 5-hydroxy-?g-%e_thyl-1-f4-(2-azepan-1-y|-ethoxy)-benzy||-
1H-indol-2-yl}-phenyl)-beta-D-glucuronic acid methyl ester (36) Glycosidated indole 34 (3.7 g, 4.2

mmol in 60 1l FHEMSQE (3 #2S Faier Wi A% AICi£1:5 0) s yargosetondp a parr

apparatus at 40 psi for 23 h.” The reaction mixture was filtered through a te’and the filter
cake was wabheddith ZHE($28 L) add oA IR01mB)(bre.a/bib any air oxidation, L- ascorbic acid
(0.37 g) was added to the filtered solution. The solution was concentrated and chromatographed on
silica gel using CHCI3/i-PrOH (7:1) to render 10 the product 35 (1.6 g, 48%) as a brown foam: Rf =
0.20 (7:1 CHC13:iPrOH); 'H NMR (DMSO) 6.Fxammle A1) 5.7 (d, 1H, J=7.9 Hz), 5.5 (t, 1H, J=9.6

Hz), 4.9-5.2 (g4 -23311{&-1?‘!11'}1'14%%125(%1’ 9H), 1.5-
1.9 (m, 8H); ' Cl) 170.0, 169.0, 167.0, 157.0, 156.5, 150.0, 138.0, 7, 131.6, 130.0,
127.3, 116.9 449Q4ghucronide38h 108.0, 104.5, 98.8, 72.6, 71.8, 15 71.1, 69.1, 64.4, 55.0, 55.2, 53.0,

470,267, 23.6, 204020 0RO’ 10135 L03087 369805 2613 3 TcIP1R. #219)1462
1374, 1227, 1040 cm'; LC/MS (ESI) retention time=13.0, M+H' = 787. Example 20 20

2-(4-HydroxydpremeMe iR B2 @l peiddded st AR EERS (L1 SndBImMEDRbIIdE onide

triethyl amm%}urrrﬁétlh(sge)nﬁhfpwgim@eww@s%(%ﬂep-Q@%nglhclae%@t&ddeh@FdMZl%;2-3 g,0.29
|

mol, 10 eq) in 300 ml of dioxane/MeOH/H20 (2/1/1) was stirred at 60C for 2 h. The
10~ was added. The reaction mixture was concentrated in vacuo. Purification via SiO,,

eluted with (20:1:2) CH,CN:HOAc:H,0 followed by (10:1:2) CH,CN:HOAc:H,0
gave a brown syrup. Addition of H,O (30 mL) followed by MeOH (10 mL) to the
brown syrup gave an light brown suspension. This was filtered and air-dried to give
840 mg, 40% of glucuronide 38 as a light brown solid. R, = 0.24 (10:1:2

15 CH,CN:HOACc:H,0); HPLC retention time=23.2 min with 95 area %, at 220 nm; 'H
NMR (DMSO) 6.8-7.2 (m, 7H), 6.7 (s, 4H), 5.1 (br s, OH), 4.8 (d, 1H, J=5.5 Hz), 3.9
(t, 2H, J=4.5 Hz), 3.1-3.6 (m, 8H), 2.77 (t, 2H, J=4.5 Hz), 2.5-2.7 (m, 4H), 2.1 (s,
3H), 1.5 (s, 8H); “C NMR (DMSO) 172.3, 157.5, 157.4, 151.7, 138.5, 132.2, 131.3,
130.4, 128.6, 127.2, 121.7, 1154, 114.3, 112.9, 110.5, 107.2, 105.6, 102.3, 76.6, 73.9,

20 73.3,72.1, 66.1, 56.0, 55.1, 40.1, 39.9, 39.7, 39.5, 39.3, 39.1, 38.9, 27.8, 26.5,9.4; IR
(KBr): v_, 3424, 2928, 1612, 1510, 1475, 1444, 1238, 1099, 1065, 1039, 1020, 917,
840 cm™'; LC/MS (ESI) retention time=9.0, M+H'=647.3.

The bis-glucuronide, compounds 46 and 47 [Examples 22-26], were

25  prepared according to Scheme 7 as shown below.



mixture was allowed to cool to rt and AcOH (13.5 mL) was added. The solution was 25 concentrated to
yield 44.3 g of a yellow foam. This foam was washed with water and the residue dried and then
dissolved iRy feksef MCOH/EL,N (15/1) and the resultant solution concentrageq-igseaysy g crude
material which was redissolved in MeOH (100 mL) at 40C and a white precipitate fell out of solution
almost immediately. The precipitate was filtered, wgshed with MeOH and dried under 30 vacuum to
render 9.7 g of 37 (78%) as a white solid: 'H NMR (DMSO) S 7.16 (m, 4 H), 6.86 (d, 2 H, J = 2.8 Hz),
6.81 (m, 1 H?cgl%e(g, 4 H), 5.15 (s, 2 H), 4.90 (d, 1 H, J WO 01/19839 PCT/US00/24738 -30 2.0 Hz),
3.98(m, 2H),3.70(d, 1 H,J=2.0Hz),3.32 (m, 3H), 2.78 (t, 2 H), 2.58 (brs, 4 H), 2.14 (s, 3H), 1.51
(br s, 4 H), 1.38 (br s, 2 H). Example 21 5 1-[4-(2-Azepan-I-yl-ethox )y

benzyll-2-(4-hvdroxy:-phenyl)-3-methyl-IH-indol-5-ol 4-0-glucyronide (38) To a solution of the indole
glycoside 36 (2.8 g,/3.3 mmol)ig (#:1;1) diogme:Mé@@Q@ly@ added solid LiOH.H20 (1.5
g, 36 mmol) at rt ur Ar. TusnS|on Was heate C\#er 1.5 h, glacial acetic acid (1.5

mL) 10 was added. 1 he re8€tion mixture was concentrated iff vacuo. Purification via Si021 eluted with
(20:1:2) CHSCN:HO,&"C:H,O followed by (10:1:2) CH3CN:HOAC:H20 gave a brown syrup. Addition of
H,O (30 mL) followed by MeOH (10 mL) to the brown syrup gave an light brown suspension. This was
filtered and air-dried to give 840 mg, 40% of glucuronide 38 as a light brown solid. Rf = 0.24 (10:1:2
15 CH3CN:HOAC:H20); HPLC retentipn time=23.2 min with 9Bayead4d, at/220 nm; 'H NMR (DMSO)

6.8-7.2 (M, 7H), 6,7 (s} 4H), 5.1 ( H), 4.8 (d, 1H, J=5.5 Hz), , =4% Hz), 3.1-3.6 (m,
8H), 2.77 (t, 2H,. a@ 4H), 2.1 (sh=88% 1 5(s, 8H); 13C NMR (DMSO) 172.3, 157.5,
157.4, 151.7, 1385, 182.27131.3,7 130 6,127.2,121.7, 11K4,}114.3, 112.9, 110.5, 107.2,
105.6, 102.3, 76.6, 7.9, 20 73.3, 72.1, 68.1#5670, 55.1, 40.1, 39 9,99.7, 39.5, 39.3, 39.1, 38.9, 27.8,
26.5,9.4; IR ® 4
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(KBr): um. 3424, 2928, 1612, 1510, 1475, 1444, 1238, 1099, 1065, 1039, 1020, 917, 840 cm'; LC/MS
(ESI) retention time=9.0, M+H'=647.3. The bis-glucuronide, compounds 46 and 47 [Examples 22-261,
were 25 prgpaypghggcording to Scheme 7 as shown below. WO 01/19839 PCJA43RQ6e/2A 488 -31-
Scheme 7 {IJw+0- e /~DMF{YI>0OBn /I & EUNNH gH OBn 39 B\OBn B HClI OBn NaHDMF H
Cl 394344 VV H_ OHsay/t1H R Pd/C, cycloheyxatliene A~~ O ac MrtOR Hs, Pdic OAC

Example 22
5-Benzyloxy-2-(4-benzyloxy-phenyl)-3-methyl-1H-indole (39)
The bromoketone CAS No. [66414-19-5] (50.0 g, 0.16 mol) in 200 mL DMF
was treated with the 4-benzyloxyaniline hydrochloride CAS No. [51145-58-5] (44 g,

5 0.22 mol) and the reaction purged with nitrogen for about 10 minutes. The

triethylamine (54.6 mL) was added and the reaction was heated at 120°C for 2 hours.

TLC analysis (EtOAc/hexanes) shows the starting material disappeared forming a

more polar spot. The reaction mixture was allowed to cool down and an additional

48 g of the aniline hydrochloride was added. The reaction was heated to 150°C for 2

10 hours. An additional 5 grams of the aniline hydrochloride was added and the reaction

was heated at 150°C for an additional 30 minutes. The reaction mixture was allowed

to cool to room temperature and then poured into approximately 1.5 liters of water

and extracted with 2 liters of ethyl acetate. Solids are dissolved with additional ethyl

acetate as necessary. The ethyl acetate layer is washed with 1 liter of 1 N NaOH

15  solution aq., 1 liter of water, brine, then dried over magnesium sulfate and filtered.

The organic layers were concentrated down to yield a crude solid which was stirred

with 500 mL of methanol and filtered. This solid was then stirred with 500 mL of

ethyl ether and filtered. The solid was stirred alternatively with methanol and ether

until it is of whitish color. Reaction yields 36 g of product: Mp = 150-152°C; 'H

20 NMR (DMSO) 6 10.88 (s, 1 H), 7.56 (d,2 H, ] = 8.8 Hz), 7.48 (d, 4 H, ] = 7.9 Hz),

7.42-7.29 (m, 6 H), 7.21 (d, 1 H,J=7.0 Hz), 7.13(d,2 H,J = 8.8 Hz), 7.08 (d, 1 H,J

=2.2Hz),6.94 (dd, 1 H,J =8.8,2.4 Hz), 5.16 (s, 2 H), 5.11 (s, 2 H), 2.33 (s, 3 H); IR
(KBr) 3470, 2880, 2820, 1620 cm™'; MS el m/z 419.

25 Example 23
5-Benzyloxy-2-(4-benzyloxy-phenyl)-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)-benzyl]-
1H-indole (44)

To a slurry of NaH (20.0 g, 60% oil dispersion, 0.5 mol, 2.5 eq.) solution of 5-

Benzyloxy-2-(4-benzyloxy-phenyl)-3-methyl-1H-indole (84 g, 0.2 mol, 1.0 eq.) in
30 DMF (100 mL) was added at 0/ + 10 °C over 1 h. The reaction mixture was stirred
for 30 min. A solution of the benzylchloride (synthesis shown in scheme 7 and

details given in the following experimental) (67 g, 0.22 mol, 1.1 eq.) in DMF (200



BF3 etherate, CH z02 45 Meo 0 1 4fi AcO OAc RV OAc R _OR LiOH 47 HHOB ,OH OH 0 WO
01/19839 PCT/USOO/24738 -32 Example 22

5-Benzylo>§¥36g 8hzyloxy-phenyl)-3-methyl-1H-indole (39) The bromoketons g ARob@4156414-19-5]
(50.0 g, 0.16 mol) in 200 mL DMF was treated with the 4-benzyloxyaniline hydrochloride CAS No.
[51145-58-5] (44 g, 5 0.22 mol) and the reaction pﬂged with nitrogen for about 10 minutes. The
triethylamine (54.6 ml-) was added and the reaction"was heated at 120C for 2 hours. TLC analysis

(EtOAc/hexanges) shows the startin righ.di eajed forming a more polar spot. The reaction
mixture Wasr&ﬁ‘jwéla \ggceogcﬁ%?gv%sgqﬁg@fgz iti%?gi)eﬁaé%’éﬁ & ani ?r%lerﬁ%%%mg?ia?ér\r/sgsa%dded. The
reaction wa2b¥atdort@ 150CTHf 2at (s upsininshoditibrial Stgrangs withsahnitimsthy droxhidride was

added and (e SReAO0.AR bpatedl dkots A0l Witk Ga TRt iR endyture was
allowed to coolto room temperature and then poured into approximately 1.5 liters ot water and
extracted witwith [Ee@Acf@thyl hectatbdduliosaardaidolvdbaietuaignifnsataesntated deela8 necessary.

The ethgl acghzi:[%l)a rgcrl I%ngﬁd(%WI%ﬂl},e At g'tilyre aoc\)/gmight., The precipitate was filtered
and dried to give the title compound (99 g , 76 %): Mp = 106 - 107°C; 'H NMR
(DMSO) 6 747 (d, 4 H,J = 8.3 Hz), 7.41 - 7.36 (m, 4 H), 7.36 - 7.30 (m, 2 H), 7.29
(d,2H,J=8.8Hz),7.19(d, 1 H,J=8.8 Hz), 7.14 - 7.10 (m, 3 H), 6.80 (dd, 1 H,J =
8.8 Hz), 6.73 (s, 4 H), 5.15(s, 2 H), 5.13 (s, 2 H), 5.11 (s, 2 H),390 (t, 2H, J =59
10 Hz),2.76(t,2H,J=59Hz),2.64-2.56(m, 4 H), 2.15 (s, 3 H), 1.58 - 1.44 (m, 8 H);

MS FAB m/z 651 M+H+).

Example 24
1-[4-(2-Azepan-1-yl-ethoxy)-benzyl]-2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-ol
15 (45

A solution consisting of indole 44 (17.5g, 26.9 mmol) in THF/EtOH (1:1) was
hydrogenated under an atmosphere of H, using 10% Pd/C as a catalyst.
Chromatography on silica gel CH,C1/MeOH (gradient from 100/0 to 85/15) yields
the desired product as 8.5 g of white foam along with 2.5 g of a fraction containing

20  small impurities. Although the free base is the material used in the next step (bis-
glucuronidation), for purposes of characterization and enhancing the compounds shelf
life an acid addition salt may be made with HCl by dissolving the compound in
MeOH and treating with 1.1 eq of a 2 N aq HCIl solution. The compound slowly
precipitates out as white crystals. Physical data listed below describes the HCI salt of

25 indole 45: Mp = 172-174°C; 'H NMR (DMSO0) 10.11 (br s, 1 H), 9.70 (s, 1 H), 8.71
(s, 1 H);7.15(d,2 H,J =8.6 Hz), 7.05 (d, 1 H, ] = 8.8 Hz), 6.85 (d, 2 H, J = 8.8 Hz),
6.80 - 6.77 (m, 5 H), 6.56 (dd, 1 H, J = 8.8 Hz, 2.2 Hz), 5.11 (s, 2 H), 4.26 (t,2H, J =
4.6 Hz), 3.48 - 3.30 (m, 4 H), 3.22 - 3.08 (m, 2 H), 2.09 (s, 3 H), 1.83 - 1.76 (m, 4 H),
1.67 - 1.48 (m, 4 H); IR (KBr) 3500 br, 3250 br, 2900, 1610; MS FAB m/z 471

30 (M+H").



15 solution aq., 1 liter of water, brine, then dried over magnesium sulfate and filtered. The organic
layers were concentrated down to yield a crude solid which was stirred with 500 mL of methanol and
filtered. This solid was then stirred with 500 mL of ethyl ether and filtered. The solid was stirred
alternativelyv/v\wiﬂ%/lrﬁgﬂanoI and ether until it is of whitish color. Reaction yieldspgg/g%}%zr‘gaﬁct: Mp =
150-152C; 'H 20 NMR (DMSO) S 10.88 (s, | H), 7.56 (d, 2 H, J = 8.8 Hz), 7.48 (d, 4 H, J = 7.9 Hz),
7.42-7.29 (m, 6 H), 7.21 (d, 1 H, J = 7.0 Hz), 7.13{d42 H, J = 8.8 Hz), 7.08 (d, 1 H, J = 2.2 Hz), 6.94
(dd, 1 H,J=8.8, 2.4 Hz), 5.16 (s, 2 H), 5.11 (s, 2 H), 2.33 (s, 3 H); IR (KBr) 3470, 2880, 2820, 1620
cm'’; MS el m/z 419. 25 Example 23 Example 25

5-Benzyloxv-2-44therylexphenyd-Brmethyinididdrs anan-Lpthethaystibenpyl Hi-4ndole (44) To a
slurry of NaH (20.0 g, 60% oil 2. .) solution of 5-
Benzyloxy-2-HSEERA She hetesl)-gluconyi IRIDMF (100 mL)

was added atgib1:2101fprRl Lie L heglaasHpRIbdue MEasinRdHaraRMiaeA solution of the
benzylchloride (synthesis shown in scheme 7 and details given in the following experimental) (67 g,

0.22 moP 1.1 eq.) in‘DMEEEEWEsHIZ1084Y PisPyaehe Miek 458 Mg wasaaabratibfise at 0 / +
10 C over 2 hpjhbadaactipfuanbiirs.sees, dtirmesmbl228 &y 2 el abihisinainkshaywadyg starting

material, mostly product (EtOAc/hexane 1:5). The reaction mixture was diluted with water (1 L),

extracted witHE¥AAEEnOf 1he BEG QR 1ot mMitg Soammel-sok fioh e sBH e &Rt 50 5 mL,
poured in Mefaht(f6Q ipdiowiiyl stified mieesadition] e practiviaw wardikares réMek died ® give the title

compourd (G, 1941 HR 08 M LR ONGOLR L1 0 L5 020, £ 70
(m,3H),6080(atebdtrbd= Fl&: Hedchion3was dtdykediip(y2ddilingladdtidid), GH,C(s, ahdh SlAlI(t, 2 H, J =
5.9 10 Ha), 2'a7r§130Gh? 0|_f|’NJIe:O§{9aE(% )Wgsgflllé %h%%@an?c 'i'e)lygr' ]V?lt(ﬁ ’v?ate'}; %i?r?e-a}lévér(yrpﬂgSOHV%;r

MgSO,. The crude material was purified by chromatography on silica gel with

CH,CL/MeOH (95/5) to yield the protected bis-glucuronide 46 (0.95 g): Mp = 110 -

116°C; 'H NMR (DMSO-d,) §7.36 (d, 2 H, J = 8.5 Hz), 7.25 (d, 1 H, J = 8.8 Hz),

15 7.16-7.10 (m, 3 H), 6.79 (dd, 1 H,J = 8.9 Hz, 2.0 Hz), 6.75 (br s, 4 H), 5.74 (d, 1 H,
J=7.7Hz),558(d,1H,J=80Hz), 547 (dt,2 H, J =9.5 Hz, 2.3 Hz), 5.18 (br s, 2
H),5.15-5.04 (m,4 H),4.73 (d, 1 H,J =99 Hz), 4.66 (d, 1 H, J = 10.0 Hz), 3.93 (t,

2 H,J=5.8 Hz), 3.64 (s, 3 H), 3.636 (s, 3 H), 2.81 - 2.60 (m, 6 H), 2.16 (s, 3 H), 2.05
(s, 3H), 2.03 (s, 3 H), 2.02 (s, 3 H), 2.00 (br s, 9 H), 1.61 - 1.47 (m, 8 H); MS 1103.7
20 (M+H").

Example 26

4-[5-(beta-D-Glucopyranuronosyloxy)-1-[4-[2-(hexahydro-1H-azepin-1-yDethoxy]l-

benzyl]-3-methyl-1H-indol-2-yllphenyl-beta-D-glucopyranosiduronic acid (47)

25 The protected indole bis-glucuronide 46 (0.89 g, 0.81 mmol, 1 eq) was
dissolved in 24 mL of p-dioxane/MeOH (5/1) and treated with a slow addition of 24
mL of an aqueous LiOH (0.31 g, 12.9 mmol, 12 eq) solution. The reaction was
heated to 60°C for 2 h. After allowing the reaction to come to rt, AcOH was added
(0.97 g, 16.1 mmol, 20 eq) and the solution concentrated under reduced pressure.
30  Benzene was added and this process repeated a couple of times in order to azeotrope
any residual water from the reaction mixture. The crude residue was purified by

reverse phase HPLC to yield the desired product 47 (0.294 g): 'H NMR (DMSO-d,)



MS FAB m/z 651 (M+H+). Example 24 144-(2-Azepan- |
-yl-ethoxy)-benzyll-2-(4-hydroxy-phenyl)-3-methyl-1 H-indol-5-ol 15 A solution consisting of indole 44
(17.59, 26.9,@71agsy THE/EtOH (1:1) was hydrogenated under an atmosphepe-pfifdag singg 10% Pd/C
as a catalyst. Chromatography on silica gel CH,CI,/MeOH (gradient from 100/0 to 85/15) yields the
desired product as 8.5 g of white foam along with 23573 g of a fraction containing 20 small impurities.
Although the free base is the material used in the next step (bis- glucuronidation), for purposes of

characterizati e Cil oun |f Jife an acid additi de with HCI
by dissolving%?éfgc?pﬁppoﬁ%%g#ﬂqggﬁ%d r’eqa |ﬁge\7vi§h§?%)é2%% 3) AN %@%‘@%ﬁ%r@iﬁe
compound sl8wWlI¥zréchditates Hut as &vhitk krostals 6FdyGicad dbtadlisedTzsound2sdiie2ghe HC1 salt

of 25 indole 45; = A HAC; R 10. H), 9,7 H), 8,71 (s.1H);7.15
6,210 = et BT AR A A0 B2 L 0 bR ol e e,
1 H, J = 8.8 Hurigdundpr3h@ eeadoH P 1326,(8 HM, U b 4 1148.56 30 smd 401) MS28233.08 (m, 2
H), 2.09 4, 3(M)+ﬁ*-§3 -1.76 (m, 4 H), 1.67 -1.48 (m, 4 H); IR (KBr) 3500 br, 3250 br, 2900, 1610; MS
FAB m/z 471 30 (M+H"). WO 01/19839 PCTIUSOO/24738 -34 Example 25
2,3,4-O-Triacetyl-1-O-f4-f1-14-f2-(hexahydro-1H-azepin-1-yl)ethoxylbenzI
_methyl-5-f(2,3,4-O-tﬁrﬁe§¢éﬁkﬁﬁ3ﬂﬁt§m&%ﬁ@ﬁ%&_@ﬁ@%ﬁnsm@m@%{&@?ﬁhhed below,
indol-2-yliphenyll-beta-D- g ucopvranosiduronic acid methyl ester (46) 5 A mixture consisting of the
bis-phenolic Hidsleham Blsvgs prensiebaralpgedslyglucuronyl imidate D (5.60 g, 11.7 mmol, 2.2 eq) in
CH2CI2 (25 mL) was treated with slow addition of the BF3.0OEt2 (1.43 mL, 11.7 mmol, 2.2 eq) while
stirring %he reaction mixture vigorously. After the addition, the reaction was heated to reflux for 2.5 h.

Scheme 8

' Q\L
@ . (g'*o KeCOy/DMF NaBH, MeOH
—_— —_—
@ H

H HO

40 4

RS,

SOChb, THF

H c
42 22
Example 27

4-(2-hexamethyleneimine-1-vyl-ethoxvy)-benzyl aldehvyde (40)

15 To a well-stirred slurry of NaH (65 g, 60 % oil dispersion, 1.6 mol, 2.2 eq.) in
DMF (500 mL) a solution of p-hydroxybenzaldehyde hydrochloride (90 g, 0.74 mol,
1.0 eq.) is added dropwise at 0°C. The reaction mixture is stirred for 30 min, then
4-[2-(hexamethyleneimino)]ethylchloride (153 g, 0.77 mol, 1.0 eq.) is added in
portions. The reaction mixture is stirred for 1 hour. TLC at this point shows little
20  starting material, mostly product (EtOAc/hexane 1:1). The reaction mixture is

diluted with water (1 L), and extracted with ether (5§ L). The organic layer is dried



Some of the starting material remained stuck to the bottom of the flask throughout the 10 reaction. The
reaction was worked-up by adding additional CH2C12, and a small amount of MeOH and washing the
organic laygrg\gityyyaéer, brine and drying over MgSO4. The crude material wag-pRidiea49¥s
chromatography on silica gel with CH,C1JMeOH (95/5) to yield the protected bis-glucuronide 46 (0.95
g): Mp =110 - 116C; 'H NMR (DMSO-d6) S 7.36 (pl3 H,J=85Hz),7.25(d,1H,J=8.8Hz),157.16
-7.10 (m, 3 H), 6.79 (dd, 1 H, J =8.9 Hz, 2.0 Hz), 6./5 (br s, 4 H), 5.74 (d, 1 H, J=7.7 Hz),5.58 (d, 1

H, J=8.0 Hz), 5. 2H, J= . b H). 5.15.- 5.04 (;, 4 K, 4.73.(d, 1 H, J
- 9.9 Hz), 4.6%6%%%%’:3%.ocgf%%%%éi,gg)ﬁ,?‘3%32'%.%&#&%?&}520(5% '?4?,% 58 é?séﬂ)? 81 - 2.60
(m, 6 H), 2.16id3d¢)40 86 gell®wWNiR.03 (s, 3 H), 2.02 (s, 3 H), 2.00 (br s, 9 H), 1.61 - 1.47 (m, 8 H);
MS 1103.7 29 (M+H'). Exam - { 5-(beta-D-Glucopvranuronasyloxy)-1- f 4- f 2-(h ex ahydro-1
H-azepin- |_y|¥5fﬂ}%€ @%ﬁ%tﬁ%—f%diﬂ%%&%ﬂﬁ% é‘-%ﬂé‘@c y%ﬂogﬁuifnﬁﬂacid (47) 25
The protectedjpdalebis-glycionisie b (0.69 @ 183 ool H5%0 WMeamdifgs)yeskia g4 mL of
p-dioxane/MeOH (511) and treated with a slow addition of 24 mL of an aqueous LiOH (0.31 g, 12.9
mmol, 125eq)(§bI§ ibh. The reaction was heated to 60C for 2 h. After allowing the reaction to come to
rt, AcCOH was added (0.97 g, 16.1 mmol, 20 eq) and the solution concentrated under reduced
pressure. 30 Benzene was added and this process repe éed a couple of times in order to azeotrope
any residual water from the reaction mixture. TH& & 8sidue was purified by reverse phase HPLC
to yield the dasiredpracidtividntdn?iad d)-vHeMMR (DM SD éhdi@31/19839 PCT/US00/24738 -35
87.31(d,1H,J=8.8Hz),7.22(d,2H,J=8.5Hz),7.19(br s,1H).7.09(d,2H,J= 8.4 Hz), 6.90 (d, | H, J = 8.7 Hz),
6.75 - 6.64 (M, 4 H), 1 A=stiEedsolytion of te gldehyee 4 (#04) 84462 mAaglhea L methanglgs m 2
H), 4.10163.004(sexarakhp®ions “ausied um deirbhedrideak)s.8. & 30(313nbl, D.B0 €. sistadded b (br s, 4
H); MS 823

portions. The reaction is stirred for 30 min. TLC at this point shows no starting
material, mostly product (EtOAc/hexane/triethylamine 3:7:1). The reaction mixture
is diluted with water (400 mL), extracted with methylene chloride (3 x 400 mL), and

dried over MgSO,. The solution is concentrated on a rotary evaporator to give 201 g
15 (100 %) of the alcohol 41 as a thick oil: 1H NMR (CDCI3/TMS): 7.27 (d, 2H, ] =

8.5 Hz), 6.87 (d, 2H, J = 8.5 Hz), 4.60 (s, 2H), 4.05 (t, 2H, J = 6.21 Hz), 2.93 (t, 2H, J
=6.15 Hz), 2.77 (m, 4H), 1.7-1.5 (m, 8H).

Example 29
20  (4-Chloromethyl-phenoxy)-ethyl-hexamethyleneimine-1-yl hydrochloride (22)
To a solution of the alcohol 41 (179 g, 0.72 mol, 1 eq.) in THF (300 mL) a
solution of HCI (26.3 g of HCI in 263 mL of THF, 0.72 mol, 1.0 eq.) is added
dropwise at 0/ + 10 °C. A white precipitate is formed. Thionyl chloride (80 mL, 1.1

mol, 1.5 eq.) is added to the thick slurry of the hydrochloride 42, and the mixture is
25  heated to 50 °C until clear. The reaction mixture is concentrated to 350 mL, and kept

in refrigerator overnight. The white solid obtained is filtered, washed with cold THF
(100 mL), and dried to give 147 g (67 %) of chloride 22: 1H NMR (DMSO-dg): 11
(br s, HCI), 7.40 (d, 2H, J = 8.6 Hz), 7.00 (d, 2H, J = 8.6 Hz), 4.74 (s, 2H), 4.44 (t,
2H, J =5.25), 3.64 - 3.39 (m, 4H), 3.25 - 3.17 (m, 2H), 1.84 - 1.54 (m, 8H).

30



5 (M+H"). The preparation of side chain 22 is shown in Scheme 8, as provided below. Side chain 21
was prepared analogously. 10 Scheme 8 C' CAN, + HO r CO,,/DMF NaB , MeOHOH ~I\ HHD ~\
4041 /T HCVEO SOCb THE H C 42 22 Example 27

4-(2-hexamet %Igrgse%\énine-l-yl-ethoxy)-benzyl aldehyde (40) 15 To a WeII-stirrg Iszflld?roy% ﬁ%H (65 g,
60 % oil dispersion, 1.6 mol, 2.2 eq.) in DMF (500 ml) a solution of p-hydroxybenzaldehyde
hydrochloride (90 g, 0.74 mol, 1.0 eq.) is added dropwise at OC. The reaction mixture is stirred for 30
min, then 4-[2-(hexamethyleneimino)]ethylchl%;{%(;n&%l%?ag, 0.77 mol, 1.0 eq.) is added in portions. The
reaction mixture is stirred for 1 hour. TLC at thisS point shows little 20 starting material, mostly product

(EtOAc/hexarig-CHlprdmettsdgtienaxiytatiyispihituiéoh Wit Watsrclildrjda@ilextracted with ether (5 L).
The organic layer is_dried WO 01/19839 PCT/U%OO/%M?)Sl -?{6 aver MQS% nd concentrated on a
rotary evaporator to 951998. lé' @V%ﬁ BreRite %aeciﬁ?%ssya ?/esfé%vcoﬁ.nl I@Rﬁﬂ%ﬁﬁ&‘féﬁMS): S
9.87 (s, 1H), BBAKERIDMSOBIE)H21 THR2,(BicH 793 &7 2H2) 4 44 (4,36 9o~8;0%1HR ) 2.98 (1, 2H, J

= 6.14 Hz), 2.78 (m, 4H), 1.66-1.61
5" Hz), 4.74 (s, 2H), 4.46 (m, 2H), 3.45 (m, 4H), 2.69 (m, 2H) and 1.9-1.2 (m, 6H).




5 (m, 8H ). Example 28 4-(2- hexamethyleneimine -1-vl-ethoxy)-benzyl alcohol (41) To a stirred
solution of the aldehyde 40 (200 g, 0.72 mol, 1.0 eq.) in methanol 10 (400 ml-) at 0 / +5 C sodium
bqrohydridﬁ,éla.ﬁs‘gsp.{l mol, 0.5? eg.) is added in portions. The reac'tion is §t¢'r,fﬁ§ggay2§%§nin. TLQ at
this point shows no starting material, mostly product (EtOAc/hexane/triethylamine 3:7:1). The reaction
mixture is diluted with water (400 mL), extracted wjth methylene chloride (3 x 400 mL), and dried over
MgSO4. The solution is concentrated on a rotary evaporator to give 201 g 15 (100 %) of the alcohol 41
as a thick O”d‘é% (CDC13/TMS): 7.27 (d, 2H, J = 8.5 Hz), 6.87 (d, 2H, J = 8.5 Hz), 4.60 (s, 2H),
4.05 (t, 2H, J=6.21Hz), 2.93 (t, 2H, J =6.15 Hz), 2.77 (m, 4H), 1.7-1.5 (m, 8H). Example 29 20
(4-Chloromethyl-phenoxy)-ethyl-hexamethyleneimine-1-yl hydrochloride (22) To a solution of the
alcohol 41 (179 g, 0172 moA doasppimd biEdgRR AN Aisouticnedtte:l (26.3 g of HCl in 263 mL of
THF, 0.72 mol, 1.0 eq.) is added dropwise at 0/ + 10 C. A white precipitate is formed. Thionyl chloride
(80 mL, 1.1 mol, 1.5 eq.) is added to the thick slurry of the hydrochloride 42, and the mixture is 25
heated to 50 C until clear. The reactﬁ% mixtyre is goncentrated to 350 mL, and kept in refrigerator
overnight. The white solid obtained is filtefied, WasRed (100 mL), and dried to give 147
g (67 %) of chloride 22: 1H NMR (DMSO-{ rgr S, . 8, 2H,J=8.6 Hz), 7.00 (d, 2H, J =
8.6 Hz), 4.74 (s, 2H), 4.44 (t, 2H, J =5.25),3.64 -3.39 (m, 4H), 3.25 - 3.17 (m, 2H), 1.84 - 1.54 (m,
8H). 30 WO 01/19839 PCT/USO0/24738 -37 ExagMmple 30

(4-Chloromethyl-phenoxy)-ethyl-piperidin-I- & hyc ochloride (21) The side chain 21 was prepared
analogously to side chain 22 described suprg

<Njc Hg)n

wherein:
R, and R, are independently, hydrogen, alkyl chain of 1-6 carbon atoms, benzyl, acyl
of 2-7 carbon atoms, benzoyl,

MeOg

, Or

AcO" "OAc
10 OAc
X is hydrogen, alkyl of 1-6 carbon atoms, CN, halogen, trifluoromethyl, or thioalkyl
of 1-6 carbon atoms;
n=1-3;
15  with the proviso that at Jeast one of R, or R, is
HO» O. MeO3
, or :
HO™ “'OH AcO"

or a pharmaceutically acceptable salt thereof.



1H NMR (DMSO0-d6): 11 (br s, HC1), 7.39 (d, 2H, J = 8.5 Hz), 6.99 (d, 2H, J = 8.5 5 Hz), 4.74 (s, 2H),
4.46 (m, 2H), 3.45 (m, 4H), 2.69 (m, 2H) and 1.9-1.2 (m, 6H). WO 01/19839 PCT/US00/24738 -38-
CLAIMS: 1. A compound of formula | having the structure: Ri "~z N R2 NL,C Hen 51 wherein: R,
and R, are mgé’ﬁ/éﬁ%%ntly, hydrogen, alkyl chain of 1-6 carbon atoms, benzyl, 5&]716?02@7‘%b0n
atoms, benzoyl, HO2 Me02 or HO" .bOH AcO, . "OAc 10 OH OAc X is hydrogen, alkyl of 1-6 carbon
atoms, CN, halogen, trifluoromethyl, or thioalkyl of 39 carbon atoms; n = 1-3; 15 with the proviso that
at least one of R, or R, is HO O McO2 VO, or AcAc HO~"OH H or a pharmaceutically acceptable salt
thereof. WO 01/19839 PEPMPoypbacessding to alaigmhotierdrcSrdingkylchdirh fvfieiaibor is alkyl of

1 to 4 carbonatoms.

3. A compound according to claim 1 wherein X is methyl.

S
4. A compound according to any one of claims 1 to 3 wherein n is 2 or 3.
5. A compound according to any one of claims 1 to 4 wherein R, is hydrogen.
10 6. A compound according to any one of claims 1 to 5 wherein R, is

7. A compound according to any one of claims 1 to 6 which has the D

15  configuration.

8. A compound according to claim 1 which is 2,34-triacetyl-{1-O-[4-(2-
piperidin-1-yl-ethoxy)-benzyl]-2-[4-(2,2-dimethyl-propionyloxy)-phenyl]-3-methyl-
1H-indol-5-yl}-glucuronic acid methyl ester or a pharmaceutically acceptable salt

20  thereof.

9. A compound according to claim 1 which is 2,34-triacetyl-{1-O-[4-(2-
azepan-1-yl-ethoxy)-benzyl]-2-[4-(2,2-dimethyl-propionyloxy)-phenyl]-3-methyl-
1H-indol-5-yl }-glucuronic acid methyl ester or a pharmaceutically acceptable salt

25  thereof.

10. A compound according to claim 1 which is 1-[4-(2-piperidin-1-yl-ethoxy)-
benzyl]-2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-0l ~ 5-O-glucuronide triethyl-
ammonium salt

30
I1. A compound according to claim 1 which is 1-[4-(2-Azepan-1-yl-ethoxy)-

benzyl]-2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-01 ~ 5-O-glucuronide or a

pharmaceutically acceptable salt thereof.



atoms. 3. A compound according to claim 1 wherein Xis methyl. 5 4. A compound according to any
one of claims 1 to 3 wherein nis 2 or 3. 5. A compound according to any one of claims 1 to 4 wherein
R, is hydro A compound according to any one of claims 1 to 5 whergj R{S HO,
“OH7.A C%?ﬂf‘gaé%s 9according to any one of claims 1 to 6 which has the D 15§?cl;n |gb3)g{?§?1. 8. A
compound according to claim 1 which is 2,3,4-tria(_:<alyl_-{ 1-O-[4-(2-
piperidin-1-yl-ethoxy)-benzyl]-2-[4-(2,2-dimethyl-propionyloxy)-phenyl]-3-methyl-
1H-indol-5-yl}-glucuronic acid methyl ester or a pharmaceutically acceptable salt 20 thereof. 9. A

compound according toclaim 1 Whgch is 2,3, 4-triacetyl- 19&%@2

azepan-1-yl-ethoxy ibeﬁzf/ﬂ{@[)ﬁ? ,598%% f-(f)rco%ll(}){nyl&y “pheny 1%prﬁterfﬁ§/?-tyl'l'o'(4'{5'

1H-indoI-5-y|}9ghuglmqn&mﬁhyhéﬂh§ﬂ(é_svfavemidlmphaﬂmdmﬁdwi}zﬁldeﬂ}ﬁatdelsklyl Pphtmybof. 10. A
compound a%%%%l lh%lﬁl ) %c‘ﬁ‘ﬂﬁg'tlln llegfle{%xpdqﬁ{m&eml m%@@&_%%aﬁle salt thereof.

benzyl]-2-(4-hydroxy-phenyl)-3-methyl-H-indol-5-ol 5-0-glucuronide tri - ammonium salt 30 11. A
compourd according to claim 1 which is |-[4-(2-Azepan-I-yl-ethoxy)-

benzyl]-2-(4-hydrokd-pHeepmBorrd rAaaprdHolos shrimol gittigholsidedst-8-pireeidck@icaifpacceptable

salt thereof, %ﬁ%&ﬁ%&&ﬁﬁm@p@%ﬁﬁ- r40-4@oRySBERAHNIASHAREIRG, 19. plaing ). which is
,3,4-0-triacetyl-1-O-(4-{5- =~ _

benzyloxy-3-|'ﬁ‘>f’/é@h9r~% W0Bip SRt e Y ERHER T B AR AManauiicRlvAcPepiablg st thereof.

10 14. The compound according to claim 1 which is 2,3,4-O-triacetyl-1-O-(4-{5-
hydroxy-3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)-benzyl]-1H-indol-2-y1 }-phenyl)-

beta-D-glucuronic acid methyl ester or a pharmaceutically acceptable salt thereof.

15. A compound according to claim 1 which is 2,3,4-O-triacetyl-1-O-(4-{5-
15  hydroxy-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)-benzyl]-1H-indol-2-yl }-phenyl)-beta-

D-glucuronic acid methyl ester or a pharmaceutically acceptable salt thereof.

16. A compound according to claim 1 which is 2-(4-hydroxy-phenyl)-3-
methyl-1-[4-(2-piperidin-1-yl-ethoxy)-benzyl]-1H-indol-5-01 4-O-glucuronide or a

20  pharmaceutically acceptable salt thereof.

17. A compound according to claim 1 which is 2-(4-Hydroxy-phenyl)-
3-methyl-1-[4-(2-piperidin-1-yl-ethoxy)-benzyl}-1H-indol-5-01 4-O-glucuronide tri-

ethyl ammonium salt.

25
18. A compound according to claim 1 which is 1-[4-(2-azepan-1-yl-ethoxy)-
benzyl]-2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-01 ~ 4-O-glucuronide or a
pharmaceutically acceptable salt thereof.
30 19. A compound according to claim 1 which is 2,3,4-O-triacetyl-1-O-[4-

[1-[4-[2-(hexahydro-1H-azepin-1-yl)ethoxy]benzyl]-3-methyl-5-[(2,3,4-O-triacaetyl-
6-O-methyl-beta-D-glucopyranuronylosyl)oxy]-1H-indol-2-yl]phenyl]-beta-D-gluco-

pyranosiduronic acid methy! ester or a pharmaceutically acceptable salt thereof.



beta-D-glucuronic acid methyl ester or a pharmaceutically acceptable salt thereof. 5 13. A compound
according to claim 1 which is 2,3,4-0-triacetyl-1-O-(4-{5-
benzyIoxy-@,—gmr?l?yégg[m(2-azepan-1-y|-ethoxy)-benzy|]-1H-indoI-2-y|}-phenyl)i,gg.;gggﬁgui,§yronic acid
methyl ester or a pharmaceutically acceptable salt thereof. 10 14. The compound according to claim 1
which is 2,3,4-0-triacetyl-1-O-(4-{5-
hydroxy-3-methy|-1-[4-(2-piperidin-1-y|-ethoxy)-bén42yl]-1H-indol-2-yl}-phenyl)- beta-D-glucuronic acid
{Q‘Ztgfosft?{a‘greg i gf_“(xggggg)%'m%% LRSS IS 1o whedmBURG A5G {0 5iaim 1 which
hydroxy-3-methyhiuida(Rsdarpa - R et} tentilazépimde)-Devio pin eyl bk tambtugfidionic acid
methyl ester or.a pharmaceuticall eptable salt thereof, .16. A compound according to claim 1 which
is 2-(4-hydroi@qﬁhpé]#y?ﬁg?nﬁéh%?@%?@g63%d?ln&-‘ir-‘;’ﬁ-‘&%%jgg)-benzy|]-1H-indo|-5-o| 4-0-glucuronide
or a 20 pharmaceutically acceptable salt thereof. 17. A compound according to claim 1 which is

2 (4 Hydjoxy-phesyl- Syeliid 8- GRlRshnchalbetig e ARAMICI1HR abaifidd-glucuronide -
ethyl ammonium salt. 25 18. A compound according to claim 1 which is 1-[4-(2-azepan-1-yl-ethoxy)-
benzyl]-2-(4-hydroxy-phenyl)-3-methyl-IH-indol-5-ol 4-0-glucuronide or a pharmaceutically acceptable
salt thereof. 30 19. A cqmpesithaGeURipeL iR SpiBiRuMIgh is 2,3,4-O-triacetyl-1-O-[4-
[1-[4-[2-(hexahydro-IH-azepin-1-yl)ethoxy]benzyl]-3-methyl-5-[(2,3,4-O-triacaetyl-
6-O-methyl-beta-D-glucopyranurony mdol-2-yllphenyl]-beta-D-gluco- pyranosiduronic
acid methyl ester or a pharmaceutic R

UCHa)n

wherein X and n are as defined in claim 1 and one of R; and R, is

MeOZC O
AcOY 70Ac
10 OAc

the other is a protecting group, under conditions suitable for removing the protecting

group, to give a corresponding compound of formula I wherein one of R; and R, is
M602 0

ACO\\ //OAc
OAc

15 and the other of Ry and R, is hydrogen; which compound may be hydrolysed,
simultaneously with deprotection or sequentially, to give a corresponding compound

of formula I where one of R; and R; is hydrogen and the other is



indol-2-yl]phenyl-beta-D-glucopyranosiduronic acid. 5 21. A process for preparing a compound of
formula | which comprises a) reacting a compound of formula In: \ / la CF-E?)n wherein X and n are
as defined wd:[ﬁi gsgnd one of R1 and R2is McO2C O AcO OAc 10 OAc the-pHissdsSdarotecting
group, under conditions suitable for removing the protecting group, to give a corresponding compound
of formula | wherein one of Rl and R2 is McO2 O A¢Q OAc OAc 15 and the other of Rl and R2 is
hydrogen; which compound may be hydrolysed, simdltaneously with deprotection or sequentially, to
give a corresponding compound of formu \ﬁhere one of Rl and R2 is hydrogen and the other is WO
01/19839 PCT/U500/24738 -42 HO2C O ~ r b) reacting a compound of formula Il H II
{C L)n 5 wherein X and n are as defined in claim|l with a compound of formula Hi

HO\\\. ,

o
OH ’

or b)reacting a compound of formula II

UCHa)n

wherein X and n are as defined in claim 1 with a compound of formula ITI

MeO2C 0O ‘\\\O YNH

OAc I
to give a corresponding compound of formula I wherein R; and R; both represent
MCOZC 0

AcOY 70Ac
OAc

10 or ¢) hydrolysing a compound of formula I wherein one or both of R; and R,

represents
MCOZC 0O

\\\.

AcO 70Ac

OAc



McO2C O\O ~NH ',,~ CC13 Ac0 OAc OAc lll to give a corresponding compound of formula | wherein
R, and R2 both represent McO2C O AcO OAc OAc 10 or c) hydrolysing a compound of formula |
wherein ong,glgpqi3ef R, and R2 represents McO2C O AcO OAc OAc WO 03dP83%0/24738
PCT/U500/24738 -43 to give a compound of formula | wherein one or both of Rl and R2 is HO2C O
OH OH OH or d) reacting a compound of formula Ma or IVb C C R HO IVa IVb {CF-)n Chb)n 5in
which formulae X and n are as defined in claim 1 and R1 and R2 are each selected from alkyl of 1 to
6 carbon atoms, benzyl, acyl of 2-7 carbon atoms or benzoyl, with a compound of formula Ill: MeO2C

0 \O (NH

10

to give a compound of formula I wherein one or both of R; and R; is
HOCq o

HOY “oH
OH

or d) reacting a compound of formula IVa or IVb

IVa IVb

UCHz)n </[CHz)n

in which formulae X and n are as defined in claim 1 and R; and R, are each selected
from alkyl of 1 to 6 carbon atoms, benzyl, acyl of 2-7 carbon atoms or benzoyl,

with a compound of formula III:

MeO,Cq o \\\O \KNH

¢ . ccl
AcOY 0ac 3
OAc I

to give a corresponding compound of formula I where R; or R; is
MCOZC 0

AcOY 70Ac
OAc



~~.~ CC13 Ac0 OAc OAc Ill 10 to give a corresponding compound of formula | where Rl or R2 is
McO2C O AcO Ac OAc 22, Use of -a compound of formula i as claimed in any one of,., laims 1-20 in
the manufacture of a r.xedicament for treating or trZibitit;g cardiovasc.tlar disease, lowering Mood
lipid levels, or increasing HDL ?evcis in a mammal fn need thereof. 23- Use of a compound offor-nnla
7 as claimed in any one of claims 1-20 in the manufacture of a medicament for Creating or inhibiting
breast cancer ni a mammal in need Cher eof, 24"Use of a compound of formula | as claimed in any
one o- claims 1 20 in the manufacture of a medicament for treating or inh.ibi:ing bone loss or
osteoporosis in ampsrmabingieed drereetu bl bsa sfrcompeund offfarnuta lasislaimed in any one
of claims 1-20 in thenuanufaciue-ehixmedicamentforproviding hg; none veplacemienidherapy ina m
ammal in need thiereefi26 Hldse thaidempguind:etfasmylaTaskehined Ranyane eéglaims 1-20 in the
manufacture of atmegi¢ament for increasing cognition or treating or inhibiting dementia or Alzheimer's
disease in a mammal in need thereof. 27. A pharmaceutical composition, which comprises a ‘
compoundéf forriskadf as otapmettinfdoyrone dfelalimsddo20:and aghanmecedical ¢arrier.

manufacture of a medicament for treating or inhibitng breast cancer in a mammal

i need thereof,

24, Use of a compound of formula I as claimed in any one of claims 1-20 inthe _
manufacture of a medicament for treating or inhibiting bone loss or osteoporosis
w3 mamimal in need thereof,

25, Use of a compound of formula I as claimed in any one of claims 1-20 thg
manufacture of a medicament for providing hormaone replacement therapy in a
mammal in need thereof.

26. Use of a compound of formula 1 as ¢laimed in any one of claims 1-201n the
manufacture of a medicament for increasing cognition or freating or mhibiting
dementia or Alzheimer’s disease in a mammal w1 need therzof,

27. A pharmaceutical composition, which comprises a compound of formuia I
as claimed in any one of claims 1 to 20 and a pharmaceutical carrier.
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