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insulin secretion seen in advanced NIDDM. Normalization of plasma glucose

in NIDDM patients would be predicted to improve insulin action, and to offset
the development of diabetic complications. An inhibitor of the sodium-
dependent glucose transporter (SGLT2) in the kidney would be expected to
aid in the normalization of plasma glucose levels, and perhaps body weight,
by enhancing glucose excretion.

Hyperglycemia is a hallmark of type Il diabetes; consistent control of
plasma glucose levels in diabetes can offset the development of diabetic

complications and beta cell failure seen in advanced disease. Plasma
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transport activity encoded in mRNA from rat kidney cortex is inhibited by an

antisense oligonucleotide specific to rat SGLT2.

SGLT2 is a candidate gene for some forms of familial glucosuria, a
genetic abnormality in which renal glucose reabsorption is impaired to varying

degrees. None of these syndromes investigated to date map to the SGLT2
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Such C-aryl glucoside SGLT2 inhibitors may be used alone or to
complement existing therapy treatments, inhcluding sulfonylureas,
thiazolidinediones, metformin, and insulin, and to avoid the potential side
effects typically associated with the use of these other agents. Further details
about the C-aryl glucosides and derivatives thereof, may be found in PCT
World Application WO 01/27128-A1, U.S. Patent No. 6,414,126, U.S. Pat.
Application No. 10/151,436, and U.S. Pat. Application No. 10/117,914, the
entire disclosures of which are incorporated herein by reference.

A method of producing C-aryl glucoside SGLT2 inhibitors which
provides a telescoped or one-pot operation, or optionally a multi-vessel
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embodiment the invention additionally comprises the preparation of crystalline
complexes of the C-aryl glucosides

In one aspect of the present invention, there is provided a process for

preparing compounds of Formula (l) and pharmaceutically acceptable

complexes thereof
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wherein:
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chlorine, fluorine, an alkyl group, an al koxy group,
an aIkyIthl %roup, and an arylthio group, where p is
| to 4 Ridfdelpated figm Hregiosp cansisting o Qg@hla)hydi@xy group,
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when one of Ry is bromine; and if A is in the 3- or 6-position,
then bromine is in the 5-position,
if A is in the 2- or 5-position, then bromine is in the 3-position,
and
when bromine is in the 3-position, and A is in the 2- or 5-
position, then R groups in the 4- and 6-positions are the same
and are not bromine, chlorine or fluorine, and
when bromine is in the 5-position, and A is in the 3- or 6-
position, then R4 groups in the 2- and 4-positions are the same
and are not bromine, chlorine or fluorine; said method
comprising

a) forming a compound of Formula (IV) from a lactone protected with an

acid-labile protecting group
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b) glycosidation of the compound of Formula (IV) with simultaneous

removal of the acid-labile protecting group to form a compound of
Formula (V);

(Rz)q
A
HO
V)
5
c) reacting the compound of Formula (V) with an acylating agent to form a
compound of Formula (VI);
ACO Vi)
10

d) reducing the compound of Formula (V1) to provide a compound of
Formula (VIl); and
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ACO ACOOO AC (VIl) OAC e) renoving acyl protecting
group fromthe conmpound of Fornula (VIl) to provide a
conpound of Formula (1);/wh&ein RL, R2, A p alnd q
are as defined rei nabQvex.and ACis an 5 acy

) Ther
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OAC 10 wth a|reducing reagent; wherein Rl is sel ected
from t he\gr oum, consi sting of hydrogés, a hydroxy
m ne©Aghl ori ne, fluorine, an al kyl group,
an al koxy LQUP, an al kylthio group, and an arylthio
group, where p is an integer froml to 4, and wth
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pro%{jg a compound of Formula (1);
wherein R4, Ry, A, p and q are as defined hereinabove, and AC is an
acyl protecting group.

In a further embodiment the invention comprises a method of forming

C-aryl glucoside compounds comprising reacting a compound of Formula (V1)

R
( 1)p/ (Rz)q

vy

OAC

with a reducing reagent; wherein
Ry is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio
group, and an aryithio group, where p is an integer from 1 to 4, and
with the proviso that bromine, chlorine and fluorine, when present, are
only present in at least one of the 3-, 4- and 5-positions;
Rz is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkyithio
group, where q is an integer from 1 to 5; and
A is selected from the group consisting of a covalent bond, O, S, NH,
and (CH.), where n is an integer from 1 to 3, and
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In a preferred embodiment of the present invention, there is provided a

process for preparing compounds of Formula (IA) and pharmaceutically
acceptable complexes thereof
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OH wherein: Rl is selected fromthe group consisting
wotoohpdrogen, an al kyl group, and chlorine; aPdI/BSIA3/041373

is selected fromthe group consisting of hydrogen, an

al kyl group, an alkoxy group, and an al kylthio group.

I n anot her aspect of the pregeft| h are

provided novel intermediat g hods of
preparing the sane, e
preparation The novel

i nt er medi at e conpoynds of| the present inventi on
include: (RI)p (R2 qg AQ ALGO OH ALGO ~~~~"" ALG
] ”"’"oﬁ OHOR3 OH

(IA)

wherein:
R is selected from the group consisting of hydrogen, an alkyl group,
and chlorine; and
5 ‘ Rz is selected from the group consisting of hydrogen, an alkyl group, an
alkoxy group, and an alkylthio group.

In another aspect of the present invention, there are provided novel
intermediate compounds and methods of preparing the same, which are
10  useful in the preparation of the compounds of Formula (I). The novel

intermediate compounds of the present invention include:

(R1)p

(Rz)q

()

(Ra)q

V)
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ACO R3 (VI) AC AC QAC; and (Rl)p (R2)qg O ACO
WAAD4663209 © """ OAC (VI1) OAC wherein: Rl, R2PCHEUS®03/041373

and g are as defined above; 5 R3 is selected fromthe

group consisting of an al koxy group, an al kenyl oxy

group, an alkylthio group and angal k§nyl thi o group; AC
is an acyl protecting as. OH3CO-; and ALG
is an acid | abile prot &bj | i tail ed
Description of the Inv The present invention is
directed to a process ang C-aryl gl ucosides
and crystalline conple reof, to processes for
produci ngach e conpounds and to nove

i nternedi ate co ~grlhe process 15 of the fhesent

i nvention can kg pted ina multi-vessel reaction

i nvol vi ng sea or re“kmnlatlons of internedi ates, or
optionally in a tellescoped reaction that entails
fewer steps than tR&nulti-vessel reaction or othand
conventional processes for produci uch conpounds.
Certain processes of the present i ion therefore
can produce C-aryl qucoakqes, co and

e (Ra)q

(Vi

OAC

wherein:
R1, Rz, A, p and q are as defined above;
5 Rs is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an alkylthio group and an alkenylthio group;
AC is an acyl protecting group such as CHsCO-; and
ALG is an acid labile protecting group.

10 Detailed Description of the Invention

The present invention is directed to a process of producing C-aryl
glucosides and crystalline complexes thereof, to processes for producing
intermediate compounds and to novel intermediate compounds. The process

15 of the present invention can be conducted in a multi-vessel reaction involving
one or more isolations of intermediates, or optionally in a telescoped reaction
that entails fewer steps than the multi-vessel reaction or other conventional
processes for producing such compounds. Certain processes of the present

invention therefore can produce C-aryl glucosides, complexes and

10
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that using acid |labile protecting groups, 5
especi al |y the cost effective silyl-containing acid
| dBtar@edictestheragt gt crgiisedacrsts @nyl lappotwhile dgliveringpsnhanced

at r ing steps of the present process to
pr%m %‘ﬁﬁ& r‘g'xy groups, significantly enhances the

yield, stereoselectivity, and econony of the
synt he l of the present conpounds, Dupin% the process
of th Eagw heanerisceyeredelpabista aridoRbilesrategtiogygroups,
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speci ficati onawl ess they are otherwise linmted in
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f ol Lo S 13 0
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2%difors: Jorrhyildst & Sdrl)yIncTNB999), rwhhhyd smdotboralétE Herein by

tet%?hxdrofuran Tol = toluene 30 BF3Et 20 =
b&PIEI¢T99 uori de- et herate CH3CN = acetonitrile

Listed below are definitions of various terms used in the description of
the present invention. These definitions apply to the terms as they are used
throughout the specification (unless they are otherwise limited in specific
instances) either individually or as part of a larger group.

The following abbreviations are employed herein:
Ph = phenyl

t-Bu = tertiary butyl

Me = methyl

Et = ethyl

TMS = trimethylsilyl

THF = tetrahydrofuran

Tol = toluene

BF3*Et,0 = borotrifluoride-etherate
CH3;CN = acetonitrile

EtOAc = ethyl acetate

11



Et OAc = ethyl acetate 11 WO 2004/ 063209
PCT/ US2003/ 041373 MeOH = net hanol MSOH = net hane

W@ doo6d209 aci d Et OH = et hanol Et3Si H = tri et hp¢BUB3003/041373
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hydride 5 i-PrOH = isopropanol Ac20 = acetic _
anhydri_lﬁe AcOH = acetic acid Et3N = triethylam ne

DI PEA MeOp3regthanel N - di i sopropyl et hyl amine 10 DVAP
= 4-di anj iofl| -Buli = n-butyllithium
NaCOH =m§§ I um %/}Qraﬁéisgggﬁf%@t hin | ayer _

chr omatEi@t-hplethadillC = hi gh performance |iquid

chr onat aphy. oC = s chromat ography AP = area
percenté}%ﬁ%%'%&ﬁﬁﬁgb’ﬂﬁ%sher LOD = | oss on drying
20 As useoHergidophiy term "glucosi de” may be used
equi val ently an I nterchangeably with the terns

" gl ycohai®, = acglizenpydrigeose” or OIgIf ucopyr an:)rts)! de, "
nmeani n acet nol ecul e derive roma conbi nation
of hy%ﬁc%_c%?‘?ﬁ&ﬂ?@ with glucose as a sugar

const i tHisNE. trigfhyldrhiggs ot herwi se indicated, the term
"l oner alkyl" as enployed herein alone or as part of

anot hePIFESD i-PradNEice N, Ni-diigaprepydelttylarainehed chai n

hydr oc _ G aygqlep carbons, and the terns
"al kyl if'\g}g\d "gﬁﬁ&ag@lg}gwg)quagﬁeherei n alone or as part
of anomhBuLigs ndqutyliithiumles strai ght and branched chain

b optaining .1 to 20 carbons preferably 1
?gdrlgf?\‘aé)lqi go ium hydrgxide P y

TLC = thin layer chromatography

HPLC = high performance liquid chromatography
GC = gas chromatography

AP = area percent ratio

KF = Karl Fisher

LOD = loss on drying

As used herein, the term “glucoside” may be used equivalently and
interchangeably ~ with the terms “glycoside,” “glucopyranose” or
“glucopyranoside,” meaning an acetal molecule derived from a combination of

hydroxy compounds with glucose as a sugar constituent.

Unless otherwise indicated, the term “lower alkyl” as employed herein
alone or as part of another group includes straight and branched chain
hydrocarbons containing 1 to 8 carbons, and the terms “alkyl” and “alk” as
employed herein alone or as part of another group includes straight and
branched chain hydrocarbons containing 1 to 20 carbons preferably 1 to 10,
more preferably 1 to 8, in the normal chain, such as methyl, ethyl, propyl
isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 44-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodecyl, the

12



30 nore preferably 1 to 8, in the normal chain, such
as nethyl, ethyl, propyl isopropyl, butyl, t-butyl,

w0 s@bs3zhy pentyl, hexyl, isohexyl, heptyl, 4,B€T/US2003/041373
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di met hyl pentyl, octyl, 2,2,4-timethyl pentyl, nonyl,
decyl, undecyl dodecyl the 12 WD 2004/ 063209
PO/ANIOES 6 @m@ﬁiavmmmm@rl%thsr@fca@@ theh ke, asweties such groups

t *lﬁ@ﬁgmﬁgf‘i@ £1[j> illthge%it?g I’é%i f%gger}ﬁlg{pge I?-Scﬁr Cl, or | or CFs,

e>aikml alkbxy Baryl Claryl@ty,laryl(a@F)%r dﬁr&b{lar?/@“liwx?irylélkdﬁly alkenyl,
aryl a

'@%’Y cyqlﬁqua;pi'cleglrbﬁeﬂl rayqzloakyé"@ﬂu méq{fyaalkylalkyloxy,y optionally
C%‘b@ﬂﬂu‘fé/d aldtiho, C“ﬁbﬁﬁ@ym{%}%&ox i <}3)|°”§ik}a¥o§| heteroaryl,

substituted am no
alhedmwrylonet er «wclpheterhalkylc oar af}dh@teroaryl arylalkoxycarbonyl

SRR BTy et EtatVGRoSY ot ORI oA alkytamido,
afa\ﬂ&é?’?@&?drﬁino %&Mbﬂi@ min8! ‘fﬂ?@ybﬁéﬂcf‘oﬂha[ oe\?(alﬁwl trinaloalkyl

aryl carbonyl am nho, ro, cyano,

t dndéoralkwinio. and/ or al kyl thio. 10 Unl ess ot hervvl se
i ndi cated, the term"cycl oal kyl" as enpl oyed herein
al one or as part of anot her group includes saturated

or par triésy oesruist Rlicaté@ntha férﬁ\g“c%/cﬂiall%/l’dﬁé't&rﬁployed herein
bonds) cyclic hydrocarbon groups contai ni

riaE of a8 partngf ﬁaﬂtbw@ycgrwmIkglude@.aawait@gmmarnauydsaturated

g9 A e i Gk 1 o
f mlngsngwcludmg rmolgo@mtlcauwlp Ibldvaucélkylf eﬁedtr‘t:yclibaﬂ(yl 2containing a
0 scrlbed for ary whi ch i ncl ude
);thggt gé g rmmg &Iﬁ rlaggr@rﬂeraggy& ghéquarbons forming
Hﬂg %‘n)él' whlcFIYﬁé Bétf %(ed foVf bPQ%&#atn&*Hg@%@&éﬂrmeg for aryl,
I'C roupsS nay be

xenyl and t
omhlcdhahdzlyde ucbecﬂmpmpyzld wctd’mulyl; co:yéloq;)ebgiﬂi tuelohexyuchcloheptyl,

ARy PRPRIF evelriedi teypiodadReiluyedoh XSt At harikeo any of which

OX¥foupinkay b@dbtf@fah?%ﬁb@t%féﬂ witing. 4 Qul%tﬂ’uer%%ﬁ%h as halogen,
thiol, and/or al kylthio and/or any of the al

salot.i talkowys. MyREOXYer @ryicyarybeuyk emyylalksts elyploail@d alkylamido,
A e S
patkyithiatdnd/er any ofl thecalkieudstif@nts. or 2 doubl e bonds.
Exenpl ary cycl oal kenyl groups incl ude
The term “cycloalkenyl” as employed herein alone or as part of another
group refers to cyclic hydrocarbons containing 3 to 12 carbons, preferably 5 to
10 carbons and 1 or 2 double bonds. Exemplary cycloalkenyl groups include
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, cyclohexadienyl,
and cycloheptadienyl, which may be optionally substituted as defined for
cycloalkyl.

The term "alkanoyl” as used herein alone or as part of another group
refers to alkyl linked to a carbonyl group.

13



cycl opentenyl, cycl ohexenyl, cycl oheptenyl,
cycl ooctenyl, cycl ohexadi enyl, and cycl ohept adi enyl,

wobkioglo6izay be optionally substituted as defi neRCT/082003/041373
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cycloal kyl. 30 The term "al kanoyl " as used herein
al one or as part of another group refers to alkyl
linked to a carbonyl group. 13 WO 2004/063209

tPg;r I/m Us29 @éé%ﬁlﬁéﬁ’ ﬁe%gics%%@ JH% é%ﬁﬁmg\&q aﬁ@ ﬁl as uagd herein by

parstalfthr anpat &f a@bmm gr@ﬁpﬁéfdr@ t@%tr@lgﬂﬂﬁbr GrafcHEC Biesin radicals
chalnradlcals of carbons, and the term

TideifyP ‘CagoNngs @adﬁbe é@tiﬁn b§lkewl ps L@ueda@rpﬁw by gself gr as part of
; arggfdg»g r, BFqUED rERIETS diPaight B g&r}g ol a{fcmgﬁ%d r§88A8%GF 2 to 20

c auaooorss, paeferatuly @ tpr1®‘ mrbbhg, ahd moBe pe&fbr.mﬁy Qriota‘marbons in the
nor mal ' clude one to |x do(%gl e bonds

SR S 21, U B oA B
3-Rieheny 'vm)aexen@ﬁéh%l 43-%%{3@?‘3’? buﬁ r@ﬁnﬁ?ﬁ%tenﬁl 3-pentenyl, 2-

hexenyl , - hepte
4 h%@ﬂh‘éh)ﬂ he)@rtybt%-h?ptenyl rihepignyl, mhepmybr@‘bctenyl 3-nonenyl,

dod 8 , .
BRGEY islaRe Piboae By A ISR L P the
Wletrhi Which Mmzsubst bptiearlly, sdb%'ﬁﬁlté!d w1h1’i|10t1?ﬂl~ sbBétlﬂaéﬂfﬁé' namely,

alk al koxy, al kenyl al ky

¥%gn(ymaloalkm rﬁbkyl,whqowy alqua@&brajgywl,, aryl arylalkyl cycloalkyl,
%l@é?%@h&%ylhet@ogﬁﬂoyé C;Bg%gero?h{%l %maeﬁﬁquwpg alkylamido,

araﬂyloarmimylanﬁ|nbhmlﬁb,k)dyanda5 thiohs lkyithia, sasd/or oty of the alkyl
Unl ess ot herw se indicated, the term"I| ower
Sk@ﬁyuengss‘%}s% RE®in by itself or as part of
anot her group refers to straight or branched chain
radicals of 2 to 8 carbons, and the term"al kynyl" as
used hdirdess biherwisel ihdizated; thaternoflod@r aﬁqmlyl#rasgusnd)herein by

refers to st aight ,or branched ha' n al s of to .

G5Bl oSt B dnatrangfods fefets (2 ArpighEor Biriapsriechain radicals

Pl fetod® lc¥rbdnsO afd GRé '@éﬁ*r‘ﬁ “élR)é )h’eaé‘%HB'heré? ha r}/‘rtséfj&has part of

as 2-propynyl, 3-butynyl, dtynyl, 4-pentyny

3-apethergrpup zeferﬂ;tqlsiymghtgorhlenaynnped chahs]@dma}?. of 2 to 30 carbons,

ly, ¢ 4 0

SR 2 g R BBRY and RS BNhoRL8 & Biarbgns g rormal

wehelh, nguchbas 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-pentynyl, 2-
hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl,
4-decynyl, 3-undecynyl, 4-dodecynyl and the like, and which may be
optionally substituted with 1 to 4 substituents, namely, halogen, haloalkyl,
alkyl, alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, amino, heteroaryl,
cycloheteroalkyl, hydroxy, alkanoylamino, alkylamido, arylcarbonylamino,
nitro, cyano, thiol, and/or alkylthio, and/or any of the alkyl substituents set out
herein.

14



25 optionally substituted wwth 1 to 4 substituents,
nanmel y, hal ogen, hal oal kyl, al kyl, al koxy, al kenyl,

wa@bdogogi2go aryl , aryl al kyl, cycl oal kyl, am no, PCT/US2003/041373
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het eroaryl cycl ohet eroal kyl, hydroxy, al kanoyl am no,
al kyl a nitro, cyano, thiol,

J car ﬁ‘d ylL am no,
and/ or rylafy). oranyialkeswl.t madakrylalkynys estusset slone or
s Pt dp 8 P@@arzqu'é gfzggepyl and alkynyl groups as

F%T/ US2003/ 041393?6}?ée A

" glepcrbkd mpbye hawitg' maﬂyhﬂklyst;td;éntas used al one or as
part of another group refer to al kyl, al kenyl and

al kynyl groups as described above having an aryl

substi twhBke alkyl\dieligs ak'aekingd Ave %\/g%{wﬂ‘e@g %oﬂBQY@r _attachment

have singl e bonds for attachnent
t\ﬁ% Qther greyps @értwendlﬁetﬂm carheg atomst; dheyechréaﬂehy\berf@lkylene

ORI A o Bl R 5L el B

above and al kynyl groups as defined 10 above,
respec&&vel , have single bonds for attachnent at two
di f f er d¥bereaplkend grarmas defiegd abeve emdealkymy! ;gmypseas defined

ect.i
05840 8 YL IR PR o REEN S B0t crons
amma,yltheyaada '‘terrkgdy FalkerhBe e i CHE% abk@!' nylene groups,”

alken l.ene or  al k oups (
AT 8 PRl by heopybsttyigdiss definest Adowe fas “alkenyl
Sangwgmghﬂbly 1to 3, which includes alkylene,
alkenylene or al kynyl ene groups) as defined herein,
optionally |nclude 1 2, or 3 substituents which

gPELiS?UﬁﬁﬁﬁoalkyHe B AN 67 MeAPTS, S ) s2@r (CHy),
al\ybrear fsonYb @TipReferably al tkys %{d)@flé%%% Ex%?er‘asr {o 3, which

"hal ogen" or "hal 0" as used herein al one or as
alhét aliylenp, plieayienecorcaikynyirse droupsnas cfelfmedlhmrem may

U
BptiormityIiclud3 1, 2,573, Bl HsRE whith EhEi atkyr ali@avhepiogen,
gcyam) r ehpdreoxy,0 ERkoxgy cldminand thicaled,i ¢ katooNeti-€, cycloalkyl
6 to 10 carbons in the ring port

3 ﬁ CcO ta] ni n
(%' ¥iea o, oF alkylsReagRyloxy.

The term “halogen” or “halo” as used herein alone or as part of another
group refers to chlorine, bromine, fluorine and iodine.

Unless otherwise indicated, the term “aryl” as employed herein alone or
as part of another group refers to monocyclic and bicyclic aromatic groups
containing 6 to 10 carbons in the ring portion (such as phenyl or naphthyi
including 1-naphthyl and 2-naphthyl) and may optionally include one to three
additional rings fused to a carbocyclic ring or a heterocyclic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheteroalkyl rings for example, and may be
optionally substituted through available carbon atoms with 1, 2, or 3 groups

selected from hydrogen, halo, haloalkyl, alkyl, alkoxy, haloalkoxy, alkenyl,
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i ncl udi ng 1-naphthyl and 2-naphthyl) and may
optionally include one to three additional rings

wo e@ato209 a car bocyclic ring or a heterocycl i cPCT/I§2003/041373
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(such as aryl, 30 cycloalkyl, heteroaryl or
c cIoheteroaIkyI rings for exanple and may be
oﬁflﬂldﬁfamegth)du siflueigmethexy. o alitynsly aCY%{baléyledkblo ncydiahateroalkyl,

e toaycfoft SHBE RELSSHSE SO o 2oy

ZWEWSQO%IRGW&@IG@W Odmdoztbohyl] f bm&mgﬁ*lhybmlnocarbonylaryl
tri f uoromet hoxrmyal kynyl , cycl oal kyl -al k

YRRt er GV L cycPBRE® oth@W"é’?WﬁlkYbr yl heteroarylalkenyl,

h |
a%@g ﬁeteﬁ:f%li}ﬂ%&%rggﬁﬂ&fﬂdr&{gy bon)fl ar ylagn 'QghSVbSt'tUted
aranmioe avitereil tieyaminoainghutlbs d, o2 wUbstittientsl (whacty bez aikyl, aryl or

G B3P I ey, POTBORBHS maRipnBsyn the @ediaifions), thisl, alkylthio,
C\Rylthio,anm ﬁ@teréamrgg |u: aﬁ?%ltlﬁ&zl RO, \gﬂ%ﬂr@dﬂ: bﬂﬁ‘] j@m nQIIkyIcarbonyl

i ncl udes 1 or are-a
a@W@iﬂrbphE' ot raékylammocadvmwndsammmonanbanyl t healkoxycarbonyl

T DT ——

a|a|.<y4bambh9|ammo aryyls@fin@nyla lahlfmymmynm@rﬁ@mwnylammo and
aryl anmi nocar bonyl, al koxycar bonyl 10 "am nocar bonyl

alPRYPENGERHY PeRPONYr Nl Bl byalkylIsupstituentmsetaut herein.
aryl carbonyl am no, arylsulfinyl, arylsulfinylalkyl,
aryl sul fonyl am no and aryl sul fonam nocar bonyl and/ or

any of Untessabthptwisatisdichieehtise fin Uoiveheli®ixy,” “HikoR§ S “aryloxy”
oth rwi.se jndicated, the term"| ower al koxy

o Oxyn 28 \RMBRIGYEd i"@r%hn a'an%qz@@paﬁ@feaWWe@row includes
hah@ioft

Y R SN0 PR AP0 KR 50

an oxygen atom Unl ess ot hervxn se |ndi cated, the term

bst ted
part ol aBFNgRs el 36 e ribelned Hruen Ssiamployed
OR@reiR @ldHe diBs PSS éh&ﬂﬁélsgrd(‘f;‘)' (&herdBy I kéiﬁlrfohﬁ.lb%@lﬁﬁe&rwnh one

different, such as al kyl, , aryla het er oar yl
h@f 8V SUPBHILRYLS, Vyieh oiry éed eleﬂme or dlfferent such as alkyl, aryl,

R T

Tbmealkwb@crbamwa dyfahab@ll{yurﬁﬁﬁbxﬁélkft R QIkXM tdhc thioalkyl.

Flboxyl c.acid an any of the al stltuents
? sgbg titygpipemaysbe further substituted WIth a carboxyllc acid and/or

any of the alkyl substituents as set out above.
Unless otherwise indicated, the term “lower alkylthio,” “alkylthio,”
“arylthio” or “aralkylthio” as employed herein alone or as part of another group

includes any of the above alkyl, aralkyl or aryl groups linked to a suifur atom.

Unless otherwise indicated, the term “lower alkylamino,” “alkylamino,”

“arylamino,” or “arylalkylamino” as employed herein alone or as part of

16



Unl ess otherw se indicated, the term"Il ower

al kylthio," "alkylthio," "arylthio" or "aral kylthio"
w@googfpd2oyed herein al one or as part of anot hepCUS2003/041373

i ncl udes any of the above al kyl, aral kyl or aryl

groups linked to a sulfur atom 30 Unless otherw se

i rﬁﬂ%ﬁ?rearouphlécméﬁﬁranwdv@efheaabQMeaalkWo arylof| acyladiedl wooups linked

"aryl al kyl am no" as enpl oyed herein
ﬁg)ngeﬁ'gpf’ags aé‘%?‘t of 16 WD 2004/ 063209

PCT/ US2003/ 041373 anot her group i ncl udes any of the

above gl kyl, ar or. arylalkyl groups linked to a

ni trog&’r’l‘%?%ﬁﬂ“%frlséslﬁ disarRs Whe emh Ayhtasempleyeddarein by itself
5 " afYhs paft %h&h@g gP«?& RsihLd qrézrer]nérrgfe{%st% gaq'[)ga g(jggﬁu% radical

another group here In

r dicked [to a q:arbedylt(63=e§) ogmbpngkamfile@) ofmaw groupsiinplugie @y of the

o A LR s alEEnT Yo & ebuvh o @%%ér%p& gikenoyl, aroyl
arawlkanow ﬁéi@%@%yr c&?@rbsrkaﬁb Eyéclswéﬂe@?e}r dthe like.

cycl ohet er oal kanoyl and the ess ot erw se
i ndicated, the term"cycl oheteroal kyl " as used herel n

al one ot u r,,ef to

10 o 7 rrgjrrnoeregﬁ{eiW%Fd%@apeo({ tﬁ%??'p”él ?XP tﬁWﬁ?‘s’g 29 Hﬁed herein
\Ma'km’re onab paesoflariciher ?w Rfée BT 5LM@, 8 70hbAP@PEY saturated
oxy and/or sul fur, Tinked through 'a carbon atom or

rsaiyralgchrieg Whighsinelusesdhio 2 hatarg alomsshieh as nitrogen,
g SR Gt ok Pl By . whr

h@ossiblx mptondllpvieathe thkert (GHD] kwhergub# 1] ek B)SeThe above

out herein a of the cycl oheteroal kyl
15 7 S TS dctord Sbefutulisum 2l el exgampsior any of

O'thé% Ydet/ l e

oS B SBLSNIB IOk, oo AHISA P of U EGbEeteroally

psings eandieoiused tgemyploatktybraryl, beterbaryhroreyclobretervalkyl ring.

aromatic ring, which includes 1, 2, 3 or 4 hetero

atons such as nitrogen, oxygen or sulfur and such

rings Uitess bmeﬁmséﬁmﬂrca@d‘? e kdeitd “héi@rto%'hﬂﬁéwuseerherern alone
cycl ohet er oal k %/ ring éﬁﬁ g@ benzot hi ophenyl or
20 .ﬁaars)nart ofgfipt ercgrreaege 830 Bl

y| 2910 0 l.ude 1 to 4
TR, 22500 MU B ROk AT R e s, and
seUcIlDu’[ngsbmsed fﬁhant@nym cm@anqhehemabml 8t leytiohateroalkyl ring
used hgrerq ﬂne or as part of
fe enzothiophenyl or mdolyl) and includes possible N-oxides. The
heteroaryl groups may optionally include 1 to 4 substituents such as any of
25 the alkyl substituents set out above.

The term “cycloheteroalkylalkyl” as used herein alone or as part of
another group refers to cycloheteroalkyl groups as defined above linked
through a C atom or heteroatom to a (CH,), chain.

30

The term “heteroarylalkyl” or “heteroarylalkenyl” as used herein alone

or as part of another group refers to a heteroaryl group as defined above

17
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anot her group refers to cycl oheteroal kyl groups as
defi ned above linked through a C atom or heteroatom

W0 200a/06262) r chain. 30 The term "heteroaryl al kpCT/US2003/041373
“heteroaryl al kenyl" as used herein alone or as part

of another group refers to a heteroaryl group as
déﬂkﬁédhmstg%e a €7 atgm200 hetseaivm HOTA ue@?rdpar/—ocnams alkylene or
li r . or heteroatomto a -(CH2)r-
cﬁ%ﬁgléﬁéﬁgﬁgﬁ%fagé?{]enyl ene as defined above. The
term"five, six, or seven nenbered carbocycle or

heterocycle" as 5 enployed herein refers to .,
cycl oal-lﬁ'ﬁ tepm ‘diye) kX RESFYeyMmRIPRers eribprRYde Asdiaterogycle” as

h ) ie:
5 DELTORS heIf BP0 EXSLARD G OISR 0 of e above
oxazwteroafylegtorips 8ipolsibhdteaddryl Yrapsuasdddfiveei above, such as

refers t "al kyl " group as 0 defi ned above which
| Nipdesle: fale mitase PePaAYe 1 rom 2 to 5, hal ogen
substituents, such as F or O, preferably F, such as

CF3CH2, CF3 or CF3CF2CH2. The term "pol yhal oal kyl oxy"
as used heetesim “padyreicalky” as usddkberein aefera 3o axl kalkyk group as

ro defi ned, above ich includes fr t 0,9,
10 JuBBe8ia Ve BRnoREY Bet iR o &5 4 itereRl o2 dorb blogen
F s@bstuenty; eddalisy F- ors ofh ppsfefdbi-H2 Osuckt89 OF;CH,, CF3 or
CE3CF2CH20O. In a particul ar aspect, the present

i WFektFizbhlor el ates to a novel process 20 for preparing
conpounds of Formula (I), 11 10 12/ \ 9 (R )p 5
\(R)g 6 478 03A HO1 2

The term “polyhaloalkyloxy” as used herein refers to an “alkoxy” or

15 “alkyloxy” group as defined above which includes from 2 to 9, preferably from

2 to 5, halogen substituents, such as F or ClI, preferably F, such as CF3CH-0,
CF30 or CF3CF,CH,0.

In a particular aspect, the present invention relates to a novel process

20 for preparing compounds of Formula (1),

(1)
HO

wherein:
R1 is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkyithio group,

25 and an arylthio group, where p is 1 to 4, preferably 1 to 2, and most preferably
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HO ~~~~~ 77 HOH wherein: RL is selected fromthe
group consi sting of hydrogen, a hydroxy group,

whe@wios®299 chl ori ne, fluorine, an al kyl group, BOT/EB}00X§41373
group, an alkylthio group, 25 and an arylthio group,
where p is 1 to 4, eferably 1 to 2, and nost
priefandamwitly thelermedscgﬁmmm chioTineszub fuods Aghr) pessent, are

welty bregelt et e Of BRECa, S BHIRARE! oneor "the
3-, 4- Rnig s@létﬁéd fiop e GRupScaRiigtitigast Hyx él’ﬂ&a By@eRy group,

conS|st|nP ydr o a hydroxy group, | orine,

f IcfisInge UQH”QI @w algvlogipupararaau@%y @esp; andnan aalkylthio group,
al r r y |l to

5 vm’érg% 1gtro°5'§%refe$%wel o é‘ d r%o‘sp %F%@Pgéﬁf%m  he
gr oup doisssalecied focBmathe@raLlprdonbrstldg d¥.a Covdikht bamd] O, S, NH,

CH2) I—ﬂ& nis and Wlththe provi so that
(E? Wﬁe'ieh'é'sﬂ thsr'? talrlS’n R, is not bromne; with
t Wﬂt%@vﬂréﬂsb hiRht WHEH AGE S me ngo%ﬁlobr RMid ot %?I’III]IQ ' f

Is inthe 3- or 6-position, Fomine i In
Swiﬂisﬁhﬂ pmylsoﬂhat wlssern oneloé R3-is brorﬁmpoandl on, t hen
br om ne.

Li b
10 the 3- bd@f%'”ghe a 56%9(?@@&% ?m@%r}g "{)B":ﬁg Of‘ﬂen
R 0Oroifgid in thBe-4r @ﬁ@bl@orp‘iﬁéﬁ b%iﬁm@ﬁ@ |ﬁ ﬂﬁa §-?6§|tﬁﬂdand
are not bromine, chlorine or fluorine,

br omi navhes bremine isinpthsi $-positioanandA is mrtheﬁ?e @-5-pesition, then

gﬁ;o?t} p%nln e %d%gggﬁgw %Qethé%hﬁgtﬁ% é gogre nco){1 $romine,

Sane and are no
f Ichiorineeor fluoriaeparsd er r ed enbodi nent, the novel process
of the ﬁ resent invention. 20 is mell sui ted for

15 pr epar MAENERrERe &3inckieperprRalioBnaadPaissie dhe3- s Grbesition, then
(R gt%hp@zm the 2- and 4- -positions are the same and are not bromine,

chlorine or fluorine.

In a preferred embodiment, the novel process of the present invention

20 is well suited for preparing preferred compounds encompassed by Formula
(IA)

wherein:
25 R is selected from hydrogen, an alkyl group, chlorine; and
R: is selected from hydrogen, an alkyl group, an alkoxy group, and an
alkylthio group; and a pharmaceutically acceptable complex thereof.
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HO (1A) OH wherein: 25 R, is selected from hydrogen,
an al kyl group, chlorine; and R2 is selected from

whyanoegeny an al kyl group, an al koxy group, anPCEOS2003/041373

10

15

20

25

30

al kyl thi o group; and a pharmaceutically acceptable
conpl ex thereof. 19 WD 2004/ 063209 PCT/ US2003/ 041373
In a parti cularly preferred enbodi ment, the novel

i ||
Sur e Tor. BrBsyI; PRirelr BT B 2R BaR o sl alffess of the
(1 pmsmﬁdnpé\ratimmseespacwllyw@lbQaugécahirqoréﬁgmggb?@;fepe,tgg '@Rhpounds
IS rogen a

n:

z)o?d-eorﬂﬁ%ﬁ?@r And %%mﬁgew%caélvrﬁ%eptm@ copyplexes §hereof above,
ignd R2 is nmethylthio. 10 The conpounds of

Formula (1) possess activity as inhibitors of sodium

dependeijt Rgllmhydregemandmlwaﬂsylfound in the intestine

and Ki ani mal § i ncl udi ng humans
and argﬂuéé ?rwaﬂ'%‘? @PG% '?ﬁﬂicﬁﬁf fiPat nent of di abetes
and t h&)nReiOme AB Q¥ Hl@ioconpl i cati ons of

di abet es) sEch ag{wraetl nzopgﬁ’it &/ nlguropat hy, nephropat hy

and wound healing. In addltlon the 15 conpounds of

F I I dto bee eci al.ly, usef .
For ™t i forBE S SEr SRR TRy [ i beRs 2LHBR' 5F miotiS St sodium
dld@behdént ghieese atdnspbiters foumadin Ehéoﬁ*ltéétnﬁ éﬁ&tlﬁéney of warm-
i ncl udi ng corrpl i cati ons of di abetes such

r &qqsisshamipals H@l}m&hwanﬁ@,ﬂﬁrafgmlamreémawm treatment of
WL 8E ahhHe nﬂ&% a%jﬁggrogﬁ&ﬂﬁreﬁ%tg@ﬁc%qogg (qfé‘iﬁbbetﬁ%) such as

resi stance and ucose

hyeptmq;j@thygrmaurobaﬂm mepwromnyaancﬂmm@echebh@@dm eieliton, the
erol, obesity, hyperl i pi dem a

rera g pémv'@ YL BRvacinch cBseripane Re especially useful for

iy Blyts) U et o B S GRS, SRR oo 1 ana

ctydi i disbetes, sinshiding mothpliebtiohe of cdibbetesi sedly as retinopathy,
neuropathy, nephropathy and delayed wound healing, and related diseases
such as insulin resistance and impaired glucose homeostasis (IGH),
hyperglycemia, hyperinsulinemia, elevated blood levels of fatty acids or
glycerol, obesity, hyperlipidemia including hypertriglyceridemia, Syndrome X,
hypertension, atherosclerosis and related diseases, and for increasing high
density lipid levels. The conditions, diseases, and maladies collectively
referred to as “Syndrome X” (also known as Metabolic Syndrome) are detailed
in Johannsson, J. Clin. Endrocrinol. Metab., 82, 727-34 (1997) incorporated
herein by reference.

The present invention also relates to novel intermediate compounds,

which are useful in the preparation of the compounds of Formula (I). The

novel intermediate compounds of the present invention include:
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referred to as "Syndronme X" (al so known as Metabolic
Syndrone) are detailed 25 in Johannsson, J. din

weaeroc2onol . Metab., 82, 727-34 (1997)
herein by reference. The present

i ncor ppCEUSZ03/041373

i nvention al so

relates to novel internedi ate conpounds, which are
useful in the preparation of the COMOUNS of Formul a
(1). The 30 novel internedi ate conffourdshof the
present invention include:(R2p WO 2001/06*2:;‘%2)q

PCT/ US2003/ 041373 (R1l)p (

ALGO *~~~~""" ALG (1V) G\(Rl)p /Rz)q Ao HOR3

M OH (RL)/ (R)q A 0
WD 2004/ 063209 U
ALGO

OAC

21

5 OAC ; and 21
(R)p (R2)q

(v)

(Rz)q

(V)

(Rz)q

(Vi)

; and



I A 0 ACO ACOOO AC (VIl) ~4 O QAC wherein: Rl, R2,
A, p and q are as defined for conpounds of Forrmula (1)

W@banume320R3 i s selected froman al koxy group, BET/US2003/041373

10

15

20

al kenyl oxy group, an alkylthio 5 group and an
al kenylthio group; ACis an acyl protecting group such

as CH3CO; and ALGis an acid | abife ZWotecting
group. The acid labile pr olgecti ng Qr useful for
prot ecting hydroxy groups,( 10 i s _ rakdy sel ected

p
from met hoxynet hyl et her, /th]y_)lth onet hyl ether, 2-
nmet hoxyet hoxym et hyl , 1 ch | oroet hoxy) m
ether, tetra hyd roth

et hyl ether, addt
- mef hoxyt et rahydropyranyl ether,

io pyra nyl ether,
4- met hoxyt et r ahy d®Nl ,;,,,an¥l et her, (viny

t et rahydrof uraf\fP et hgr, t@&Fahydr ot hi of uranyl et her,
1-ethoxyethyl ether, §,d5 nethyl-1-nmethoxyethyl ether,

2-(phenyl sel enyl )ethyl ether, t-butyl ether, allyl

et¥@reint r i phenyl net hyl et her, a- napht hyl di phenyl et hyl

- ' | ) .
Crial kTt BB s R el ERt FOR B Eommpiaghabove:
tri et hRgsislsdlectbd dfom ianogikoRy bﬁbumtdm/zhlﬁehyibxﬁbwﬁ, an alkylthio

t - but yl di et hyl si et her and t-butyl di phenyl silyl

|yl t
et her, ¥@YP &R @ﬁl%%ewh!%gmiparti cul ar aspect of the
resentac R ' I I t he
Cormouts ot Atechrofcbing of5gs Sudl oo EHEER: B "F,

react i -G i aranid-labite prdecting draupng hydr oxy groups

protected by acid |abile protecting groups (ALG wth
a compound of Forrmula (I11) 22 WD 2004/ 063209

PCT/ US3%i234814 18R protecting group, useful for protecting hydroxy groups,
is preferably selected from methoxymethyl ether, methylthiomethyl ether, 2-
methoxyethoxymethyl ether, bis(2-chloroethoxy)methyl ether,
tetrahydropyranyl ether, tetrahydrothiopyranyl ether, 4-
methoxytetrahydropyranyl ether, 4-methoxytetrahydrothiopyranyl ether,
tetrahydrofuranyl ether, tetrahydrothiofuranyl ether, 1-ethoxyethyl ether, 1-
methyl-1-methoxyethyl ether, 2-(phenylselenyl)ethyl ether, t-butyl ether, allyl
ether, ftriphenylmethyl  ether, a-naphthyldiphenylmethyl ether, p-
methoxyphenyldiphenyl methyl ether, trialkylsilyl ether such as trimethylsilyl
ether and triethylsilyl ether, isopropyldimethylsilyl ether, t-butyldimethylsilyl
ether and t-butyldiphenylsilyl ether, for example.

In one particular aspect of the present invention, the process of
preparing the compound of Formula (l) is generally conducted by reacting
glucono-1,5-lactone having hydroxy groups protected by acid labile protecting
groups (ALG) with a compound of Formula (I11)
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(RL))p (RD)g (I1'1) T A Y wherein Y is a netal _
preferably selected fromalkali netals and al kal i ne

wearie32net al s, to yield the novel internedi atBCT/US2003/041373

10

15

20

25

conmpound of Formula (IV). The internediate conmpound
of Formula (1V) is then treated with a glycosidation 5
reagent (e.g., nethanesulfonic in the presence
of a nucleophilic conpound s al cohol, for
exanple, to there renmove the§ AL ot ecting group
and substitute th Eroxy gro (ranonedilc
carbon site wth roup ef i ned above, to
yi el d the novel glyc sidfl i nternediate conpound of
Formula (V). 10 The |ﬂf€fﬁ€6ﬁéte conpound of Formul a
(V) is then reac t b”an acylating reagent to
yield the novel acyI fotected internedi ate conpound

(VTR e el alfBrm Ok Selocief o GkPL dgeale g glRaine cart
sith¥fald)y@y yxéw)thenném m&ﬁ%‘raqe%o.ﬁaogﬁald‘fai:bﬂﬁwa (V). The

reagent 15 (e.g., Lew s acids) leld the

| netermediade sosmasdnal Gormgiantivi Isvthen trapted wdiht 3 glmldatlon

é?ﬁéfrﬁr gg gts,gﬁﬂeth%%%ﬁfioiﬁé' 0] r eac e\?gqr'«y?nﬁr%cgaﬁ & & Ridleophilic

stoenqmeidesucrvlasy ahogicohel, d@ﬁleb@@hﬁl@ %Mheréb*yor@ﬁoxﬁéﬂtﬁé ALG
of the.intermediate conpound as shown by Forfrul a

(ArPteCting greuP ehe suPpiEi thedusisexy genp ldhaenamerichearbon site

poniEah REGIoUpLas Befiedabere. B {128, 8 Tl ulleo2ls ptermediate
s wostpoundrdf Feormiutee (Vpyr anose ring. The internediate

compound of Formula (VII) is then reacted with an
acyl protecting group reaning reagent to deprotect

tﬂ%ehﬁfgrﬁ?@dlété%b?ﬁ dithd SPFYHARLI q fith 4 \3th an acylating
U (s T reRg8

R- D- gl ucopyr anose corrpound
2o@agms‘gqgelndheum:yowmmcte@memaulaye cohgpdundadf Formula

e ThechisriipatmeaBiel dum o Rt dedired witn a

t hedugimg reagent (e.g., silyl hydrides) in the presence of an activating reagent

(e.g., Lewis acids) to yield the novel intermediate compound of formula VII.
Applicants have discovered that the reduction reaction in the process of the
present invention, exhibits very high stereoselectivity for the desired R-aryl
isomer form of the intermediate compound as shown by Formula (VII), where
the diphenyl substituent bonded to the anomeric carbon is oriented in the
equatorial position and is trans relative to the adjacent acyl substituent on the
pyranose ring.

The intermediate compound of Formula (VII) is then reacted with an

acyl protecting group removing reagent to deprotect the hydroxy groups to
yield the final desired R-D-glucopyranose compound of Formula ().

23



di sclosed in U S. Patent Application 10/117, 914,
i ncorporated herein by reference, such as
wa2heeszbal ani ne, for exanple, to yield a correSpUORINOBIQH1373
5 crystalline conplex of the conmpound of Formula (1).
24 WD 2004/ 063209 PCT/ US2003/ 041373 Schene | HOH2C 0O
o ALcopptianady ( Hyep final| eorppound of FanolRdBgeay furtber Re treated

ucononlpl%)tlﬂg: '&gerﬁ%% ?ﬂ% h&ﬂ PMiRo, acigscef dpe type
Alctiﬁbkased~ in "~ U.3.GPataht @p}bﬂ@&lodﬁﬂlosbﬁmwel’ﬁcorﬁé@ted herein by

otectlon S OALG (R1 P A O HO R3 Acylating
RERleBece. a6 L-PhepyR 208G HoNSXOIP Ol aEd & Cortesponding

5 P%é@ﬁﬂ@%%éz &f the compound of Formula (1).
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(R)p (RR)g | A O ACO R3 Reduci ng Agent ACO "~ OAC
CAC Rl))p (RR)g A O ACO Acyl Protecting G oup

WRIWEgY Reagent AC 4'"O A C (VI1)AC ,-A (RIPUSTRR)/OH1373

Ao HO(l) 5 OHIn accordance with one aspect of the
present invention, novel internmedi ate conpounds of
Formula (1V) can be preparézchsmefown in Schene 1 by
coupling a conpound of Formula (I1) with a conpound of
10 Formula (I11), preferably in the presence of a

sol vent such as toluene, for exanple, at reduced
terrperatures (e.g., -78C). Prior to addition of th@
, Froupd of For mul a ALBPYH: onpdundsOof For j Rala
activated for coupling Y an Q :

A

al kyl - | met al.¢ ReQBPEUALK) SUCh g}i R o
t - By (omgpl & OT AT arkyl, mgafd 1 >
netal ) congound, for 26 WD 2004 06320' RS
PCT/ US20036841373 exanpl e, at reducedoAgrper at ures
(e.g., -78C in a solvent such as THE in
D-Glucono-1,5-lactone (n
R
( 1)p (Rz)q

Glycosidation Reagent

av) >
ALG Deprotection

OALG

(Ra)q

Acylating Reagent

V)
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the presence of toluene, for exanple. Conpounds of
Formula (Il1) can be prepared by treating

wo2@koe2nd- 1, 5- 5 |actone with an acid | abil e PCT/US2003/041373

10

protecting group providing reagent (ALGR) for
protecting the hydroxy groups through an acid labile

protecting group (ALG. Preferr
protecting groups may be sel ected
ether, nethylth i omet®# _ether
ether, 10 bis(2-chlor
tetrahydropyranyl
et her, 4-ne
nethoxyté@%ahy othi ranyl
ether, tetrahydr ot hioftiranyl et her, 1-
ether, 1 -mgtfy
2- (phenylselenyl) t hyl ether t-butyl ether, allyl
et her, triphenyl
a-naphthyldiphenylnethyl et her,

p- met hoxyphenyl di phenyl nethyl ether, trialkylsilyl
et her such as trinmethylsilyl ethg
ether, for exanple, isopropyl di
t-butyl di methylsilyl etRgr,
et her and conbi nati ons
| abil e protecting groups ected from

met hoxynet h t hgxyet hoxynet hyl et her,

i sopropyl di et hyl si I}yl
ether, t- bugtwt
thereof. 2%9n th
| abil e group provhgHi ng reagents may include any
reagent capable of furnishing the correspondi ng ALG
protecting groups defined above that are useful for
protecting the hydroxy groups. S reagents nay
include, but are not limted to,
trimethylsilylchloride, g;jimnmethy\si

further aspect
internmedi ate G&Q S
as shown in Hhemeyl byoH

axid labile

m et hoxymet hyl
Rnxyet hoxymet hyl
et her,

Ahyd roth iopyranyl
ranyl ether, 4-

et her, tetﬁég%%uggyranyl
—ethexyethyt—

et he

" et hoxy®hyl et her,

byl 15 ether

A d triethylsilyl
IeryI et her,
enyIeryI
“breferred acid

DI

rrnethylsrly“mﬂfh@mmgGmw
ether t - but yl di

myl Silyl ether, and conblnatlons
pre@8ht i nveltl on, suitable acid

tr|quoronethanesquon|c d, 30— "Ra)q

met hoxynet hyl chl ori de, wet hyl chl ori de,
triethylsilyl ran, tetrahydropyran,
and t he | ke 09 PCT/ US2003/ 041373 tn a

present invention, novel
ls of Fornula (V) can be prepared

In accordance with one aspect of the present invention, novel
intermediate compounds of Formula (IV) can be prepared as shown in
Scheme 1 by coupling a compound of Formula (lI) with a compound of
Formula (lll), preferably in the presence of a solvent such as toluene, for
example, at reduced temperatures (e.g., ~78°C). Prior to addition of the
lactone compound of Formula (Il), compounds of Formula (lll) may be
activated for coupling with an alkyl-(alkali metal) compound such as n-BuLi
and t-BuLi, for example, or an alkyl-(alkaline earth metal) compound, for
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treating the internedi ate conpound of Fornula (IV)
with a glycosidation reagent selected froman

w0 pamged2de aci d such as hydrochloric acid, sulPCrUs2083/041373

10

15

20

25

30

acid, nitric acid and the like; an organic acid such
trifluoroacetic acid,

as forni c Aaci acetic acid,
e E GUce P mPeERGath e b1, kBB G & sobiant ssehas THE in
SYgRA présger{%rd?friolhbh%lﬂd?%kﬁﬁ qié et hyl et herate, scandi um

(I'1r)y trifluoromethanesu nate titanium (1V)
I sopropoxide, tin (1V) chloride, zinc (I1) brom de,

d zi h h
of o noCTBBIAdS o Comidah car berapaisdtifeatng Poglucono-1,5-
SUgdtoRs Wiith @nk}éb’ﬁh!a%he Prodiuid k?r'i%gt Plg)gﬁo in é%ﬁgéﬁt{r?AI?G -R) for

and an al cohol such as netha

n-AEPIGEHRG theahydroxy grasmsnibroughoan aeiddapileproteeting group (ALG).
gl ycosi dati on reagent is capable of facilitating
deprotection of the hydroxy groups through the

r enovalPrefertdie did d Idbibi |rﬁot§cﬁhQCtgr6L%s9rﬁ\‘é25 bd A&bcted from

15 IB a further aspect of the present invention, novel

haxgnatty! ethsry Hlﬂﬁhﬁdtwmﬁwmr( \’Zl—meﬂmxymhoxymethyl ether,
Sche by treati ng
Pﬁt%grg:rcg B e o P S () MO YR ag i ng ether,

rwgm[drotsuejpgmm fredm;@n a@-)’lhetﬁ@?ng%él?yéﬁ @Emypyl ether 4-
e I e

hal i uch a cet chlorlde an
a@"%ﬁl%’ﬂa hﬂ%"@lﬁb‘?%%%y'acet i ethephy dr i trirahydegiueanyt ether

k c t
L e
r@thﬁl’l ar(phgn)dsebeyk)@hyl elaher; edubyitether, tdilyl wtl@@er‘tﬁph@lﬁylmethyl

ting reactivity in

f
“elfET: gty he BTty " hther mq Iamth@(yphenyldnphenyl methyl

t t |
vren E‘ﬁ'ﬁ%%”ﬁe&”s*fz%“@t B MRERNITM SR BB RSI ether, for
eﬁmp@,, aisppropydiotatioyisiyd| vemersuchbatyldnmethm@l | 8thar, t-

| HERnRT! o pOf a8 Mannlnareals 1) can be

prepared as shown in Schene 1 by 30 treatnment of a
conmpound of Formula (V1) with a reducing reagent
sel ect More r prafeireq | apigd rlakbites proteaiidigngralips/ | arel ydelected from

h I Si

R el ol ety eter
aninzathyleiyli ether, Z&Opropyldlmethyls:lyl ether, t-butyldimethylsilyl ether, t-
butyldiphenylsilyl ether, and combinations thereof.

In the present invention, suitable acid labile group providing reagents
may include any reagent capable of furnishing the corresponding ALG
protecting groups defined above that are useful for protecting the hydroxy

groups. Such reagents may include, but are not limited to,
trimethylsilylchloride, trimethylsilyl trifluoromethanesuilfonic acid,
methoxymethylchloride, benzyloxymethylchloride, triethylsilylchloride,

dihydrofuran, tetrahydropyran, and the like.
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WD 2004/ 063209 PCT/ US2003/ 041373 group including a
Lewi s acid such as BF3Et 20, for exanple, and a

WO eaas2md sol vent such - as CH3CN, ni xtures oPCT/US2003/041373

10

15

20

25

30

CH3CN/ t ol uene, or m xtures of CH3CN di chl or onet hane,
for exanple, at anbient tenperatures (e.g., 15C). 5 1In
a furtHer aadyéhar @spesle gir theemrepenterimvasiont hrovel intermediate

c of. ¢ For mu| 1)..C repared,as sho i n
COPBRUASSCDY S o oo 3B, B SRS B Strche 1 by
urickatingl Had iimterrnediditd | comspoMrich ok NFA¥muE Ol 9T twiklg 0T sidation
removing reagent selected froma base such as NaCH, )
f 6PagsntRleCtefofrerc AN ipafganih acidysiirb gechydsaciprie tasid, sulfuric
h%@Wtﬁi@ré?}i@%nd-EHS l E?ﬁﬁ'q‘f’@ahi? ﬁf@ﬁ%ﬁgg%ﬁﬁi'&récﬁ{ e acid,
in 10 the presence of a solvent selected from an
altiftuarbasetichacid, eteltlarmsulfonic acidkcamal the like; andaa damiseacid such

i h I [ th ds.of F I
(8RR BBGERds AR SRisRRANR (D) FoRpramethanesulfonae,
. o1 n . d S C J I . . i .
AT R P e 0Pt e 1
cehlfirdeoifier ¢kample, dadhe qesemgse ohaunedeophilie spmpmuad selected

ratl os of. ant s ol.vents, pressures, etc.) are

Hobt Sl SPEb A 3o cBSIET ol R B bR, and ar
Uil GLBRIAY ARHSArRS ButaRSE athana, h%ﬁahél andl isopropanol, for
procedures for these reactions appear hereinafter and

i $XaRwlew rlifienglyessidpiiens reagenpis capablenofsagilitating deprotection of

o5 BHEBHESERIER, 1R Ko BN R Ao aroups
tliaL8)t (see, for exanple, Geene, T.W and Wits,

P.G M, Protecting Goups in Organic Synthesis, 3rd
Edition, 1999 [Wley]), using the appropriate reagents

deset U8, By S8 B R A ryon, g, omedie

( RpMpoURE} qof FuBGLIAN(WE - ddr bleoprepared €s xshown in Scheme 1 by
treating the intermediate compound of Formula (V) with an acylating reagent
selected from an acyl derivative, an acyl halide éuch as acetyl chloride and
the like, and an acid anhydride such as acetic anhydride, propionic anhydride,
and the like which reacts with the hydroxy groups of the compound of Formula
(V). The acylation reaction is preferably carried out in the presence of a base
useful for promoting reactivity in the acylation reaction such as triethylamine,
trimethylamine, N-N'-diisopropylethylamine (DIPEA), pyridine and 4-
dimethylaminopyridine (DMAP), for example, and a reaction solvent such as
toluene.

In a further aspect of the present invention, novel intermediate
compounds of Formula (VII) can be prepared as shown in Scheme 1 by
treatment of a compound of Formula (VI) with a reducing reagent selected
from silyl hydrides including alkylsilyl hydrides, preferably a trialkylsilyl hydride
such as Et3SiH, for example, and preferably in the presence of an activating
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HO#"" H THE (work up in Tol) TMSO © "''OTMS ' >90%
Tol, C ~ >70% OH OIMs D-d ucono-1,5-1actone (VIII)

W@ RiopoeRIR2)g i I A O TMSO OH TMS''' OTMS (IVBUYR00%5041373
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In accordance with the present invention, there is
provi ded a nethod of producing the internediate _
2, @oup dneluding- levim ecid stetasiBRa 50, foruexarople, Bnd a reaction

T e i NGBS, s o

grOigCNIdishlctiongethaageidlr ekdnbteRat apitiémtrteliperatused (€.g.145°C).
containing acid | abile group providing reagent, nore
preferably an al kyl silyl hal ogen conpound, nost

f I [ TRV
P ot T B e L R ooy of Formue
bdbecandie aseparsd- asstmval iimeScHeme ek dnpreactimgd aabompound of

? %@;}r@@ﬁl}l})\é&rﬁaﬁrﬁﬁ%m&e&&e {Iﬂfb% an @{;ﬁ%‘#&‘&’ prz)?erctingxgall'g&l) ?émoving
2,r|§a§erfﬁr é@lbét@er&ﬁUQ%?ésfe%ﬁ& %f% NaOH, for F\Yﬁlﬂp)le, to facilitate the

silyl')-D-glucono-1,5-Tactone of Formula
Adiepnotegton of jhe hiiroxy egroupan Thet keactionis peaferabhacaried out in

3P R S, AN B S8 PR Bancl, for

t kaan®le. to be preserved (i.e., renmain unreacted)
duri ng subsequent reactions to produce the final
product. 20 The resulting internedi ate conpound of

Cor o dnt i St LTt ML EApB 8P Formuia

swaln [z préfared as shown in the following reaction schemes and description
thereof. It will be understood that where typical or preferred process
conditions (i.e. reaction temperatures, times, mole ratios of reactants,
solvents, pressures; etc.) are given, other process conditions may also be
used unless otherwise stated. Exemplary reagents and procedures for these
reactions appear hereinafter and in the working Examples.

Protection and deprotection processes in the Reactions Scheme below
may be carried out by procedures generally known in the art (see, for
example, Greene, T.W. and Wuts, P.G.M., Protecting Groups in Organic
Synthesis, 3™ Edition, 1999 [Wiley]), using the appropriate reagents described

herein.
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WO 2004/ 063209 PCT/ US2003/ 041373 tol uene, for
exanple, at a tenperature of about -78C to yield an
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In accordance with the present invention, there is provided a method of
producing the intermediate 2,3,4,6-tetra-O-(substituted silyl)-D-glucono-1,5-
lactone of Formula (VIll) as shown in Scheme 2 by reacting D-glucono-1,5-
lactone and an acid labile group providing reagent (ALG-R), preferably a silyl
containing acid labile group providing reagent, more preferably an alkylsilyl
halogen compound, most preferably a trialkylsilyl halogen compound (e.g.
trimethylsilyl chloride (TMSCI)) in the presence of a base such as N-Me-
morpholine, for example, and an aprotic solvent such as tetrahydrofuran, for
example, to yield the intermediate compound 2,3,4,6-tetra-O-(substituted
silyl)-D-glucono-1,5-lactone of Formula (VIII). Advantageously, this reaction
step provides an acid labile protecting group (ALG) as a protecting group for
those hydroxy groups of D-glucono-1,5-lactone that are to be preserved (i.e.,
remain unreacted) during subsequent reactions to produce the final product.

The resulting intermediate compound of Formula (VIIl) is coupled with
a lithiated anion of Formula (IX) in the presence of a reaction solvent such as
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I (RI\~1 A OHOOW """OH OH (XI) 5 The resulting
i nternmedi ate conpound of Fornmula (X) is then subjected

W 000gloy20si dati on to produce a gl ycoside by repCHUBI993/041373
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the hydroxy group at the anomeric carbon site vvith a
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tp/

altRbIePPEt far exgmplp, atsm teimperaiurexaf ajpoy ﬁ-‘dthweL@M avingermediate
thoxy. In a preferred enbodi nent

ofC%t e prd:ée cﬁ’m%v ﬂfl on, the conpound 10 of Formul a

(X) is treated wwth an acid preferably nethanesul fonic

acid, in the presence of an al cohol, preferably

net hanol, to remove the silSgh aining acid labile

protecting groups, the trinmethylsilyl groups (TMS),

and convert the anoneric carbon hydroxy group to

y organce with Schene 4 to vyield an // ‘\
i nt er medi ate {co nd of Fornmula (XI). 15 32 MD

2004/HB3209 P 3/041373 Scheme 5 (KRep \( \(Rz),,
A O 20 Pl PEA, DVAP OMVe TO  HOP"" >90% /OH
(XI) A -BuLi/THF:Tol -78°C A

’ g n-BuLi/THF:Tol -78°C y g |

(Xim) (1X)

The lithiated anion of Formula (IX) is produced by reacting a starting
compound of Formula (XIll), where X is selected from bromine and iodine, in
the presence of a metal donor typically an alkali metal or alkaline earth metal
donor such as a lithium donor, for example, preferably selected from an alkyl-
(alkali metal) compound including an alkyllithium compound, preferably n-
butyllithium, sec-butyllithium or t-butyllithium, and a solvent such as
tetrahydrofuran:toluene or tetrahydrofuran:heptane (1:4), for example, as

shown in Scheme 3.
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(R)p (R2)g O ACO OV ACO QAC (XI'l) ACO 5 The

reacti ve hydroxy groups of the internedi ate conpound
wWoRoHosI?d a (XI) are then acyl ated by an acyl BP€T/N§2003/041373

reagent selected fromacyl derivatives, acyl halides

such as acetyl chloride and the |ike, and acid

anhydri des such as acetic 2eh/geidde, propionic

anhydride, and the like. In a preferred 10 enbodi nent

of the present invention, the internedi ate conpound of

Formula (XI) is reacte if{h acetic anhydride in the
presence of NN - diis et hyl am ne (DI PEA) and

4- di net hyl am nopge.i di ne ®R)ANd @ solvent such as
tol uene, for ex % tg'yield an internedi ate
conmpound of Fo g ¢A 1) as shown in Scheme 5. 15 33
WO 20044{063309 NJ/JSZOOSI 041373 Scheme 6 (R)/

(RM° ATACO F3Et 20 Et 3SI F%éngﬁesgm%\kl( Tol ACO ' OAC

TMsO™ oIS
OTMS X)
——/ "(R2)q
A
(Xn
5 The resulting intermediate compound of Formula (X) is then subjected

to glycosidation to produce a glycoside by replacing the hydroxy group at the
anomeric carbon site with a substituent selected from an alkyithio group, an
alkenylthio group, an alkenyloxy group and an alkoxy group, preferably
methoxy. In a preferred embodiment of the present invention, the compound
10 of Formula (X) is treated with an acid preferably methanesulfonic acid, in the
presence of an alcohol, preferably methanol, to remove the silyl containing
acid labile protecting groups, the trimethylsilyl groups (TMS), and convert the
anomeric carbon hydroxy group to methoxy, in accordance with Scheme 4 to
yield an intermediate compound of Formula (XI).

15
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reagent such as a silyl hydride, for exanple,
preferably an al kylsilyl hydride and nore preferably
triethylsilyl hydride as sHotheme5Schene 6, to yield
an internedi ate conpound of Fornmula (VII1). The
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The reactive hydroxy groups of the intermediate compound of Formula
(X1) are then acylated by an acylating reagent selected from acy! derivatives,
acyl halides such as acetyl chloride and the like, and acid anhydrides such as
acetic anhydride, propionic anhydride, and the like. In a preferred
embodiment of the present invention, the intermediate compound of Formula
(XI) is reacted with acetic anhydride in the presence of N-N'-
diisopropylethylamine (DIPEA) and 4-dimethylaminopyridine (DMAP), and a
solvent such as toluene, for example, to yield an intermediate compound of
Formula (XII) as shown in Scheme 5.
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The R-aryl internedi ate conpound of Formula (VIIl) is
then treated with an acyl protecting group renoving

w0 e@goe205el ected froma base, preferably sodPemsS2003/041373
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desired final product conpound of Formula (I) as
shown in Schenme 7. The acyLJ@EﬂﬂQLng 10 reaction is
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desi red product of Formula (I be further treated
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edei n/by reference, such as L-
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out, for exal ,,/n Qﬁﬁe presence of a soly “cﬁxlngbch as

a mxtur@cdﬁ“ cand etR ol, for exarrpl e. 35 WO
2004/ 063209 PCT USZOOS/ 04137é ases suitable for use
in the final depaotection step process of the present
invention include, but are not |im al kal i

met al borohydrides hydrides such
bor ohydri de, Iithium al un@Rr}um hydr\ de
the alkali netal hydroxi deg= uch as | UfRzky dr oxi de,
pot assi um hydr oxi de and tfre\li ke, Al koxi des such as
sodi um net hoxi s%dl um et hoxjde”A potassiumtertiary
but oxi de e carbonate and potassium
carbonat e and ami jnes i cluding tertiary am nes such as
4- et hyl nor phol |\{a , i, et hyl am ne,

N-N -dii soprapgﬂ et yt"am f’mc( DI PEA), and the like.
Preferred 10 bases ilncl ude sodi Uiy rlgd pot assi um

hydr oxi des. and ar of&€i ¢ ami nes suc as i m dazol e,
pyridine, and the |like. Bases suitable for use in the
silylation of the gluconol actone step process of the
pr esentlhenwethaxyrgronpl afdbet ietetrhmd}'ateammmjmijoh Fasmula (XII) is

G B oRYREBS, bEiing S ERPIRT ] Roorginaafrpgent such as

a@wmyd@darrfdir%s(amma p\@féréblyrwawlsﬂyl Ydridé &%d nidte preferably

the like. Preferred bases include'tertiary am ne
triethylsilyl hydride as shown in Scheme 6, to yield anintermediate compound

Application No. 10/1
whi ch i s incorporated
phenyl al ani ne, for
crystallj

dthe like, 5

of Formula (VIl). The reduction reaction is preferably carried out in the
presence of an activating group su4ch as BF3-Et,0O, for example, and a solvent
such as CH3CN, CH3CN/toluene, or CH3CN/dichloromethane, for example, at
a temperature of about 15°C. The conversion of the compound of Formula
(XII) as shown in Scheme 6 produces the stereospecific R-aryl form of the
compound as represented by Formula (VII).
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bases w th 4-nmet hyl norphol i ne being an especially
preferred base. Aprotic reaction solvents suitable for

wag@4ioe320he aryl lithiumcoupling and the gl ycPST/us2003/041373
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reduction processes of the present invention include,
but are not 20 limted to, an ether such as di oxane,
tetrahydrofuran, and the |iSaheme @matic hydrocar bons
such as benzene, toluene, xylene, and the |like, esters
such as ethyl acetate, and the |ike, hal ogenated

hydr ocar bons such as chl or ofT \ di chl or onet hane, and
!trile, and the |ike,
54 , v

the like, nitriles such as
am des such as N, uhmlnethy ?e

N, N- di met hyl acet arg) and ¥Fe25 %e, and sul f oxi des
such as dinethyls i xilide,,/and the |ike. Preferred
ouﬁtlng reaction are tol uene
amtaetr 4:1 mxture of these solvents
bei ng an speC|aIIy preferred medi um N ERS, the
preferred -gp solvents for the egCOS|de reducti on
st epASE) ng CN08® Most inportantly, i®%as been
found t hat id labile pr@mecting groups described
above, espech(ﬁ |y those containing a silyl group,
conpared with other pro ng groups such as benzyl
groups, enable the procgss. t® be 36 WO 2004/ 063209
PCT/ US2003/ 041 3R8p cond te gk one- pot operation
with the format] i nt &"medi ate conpounds,
whi ch nust- be- ' The acid labile protecting
gro act with the hydroxy groups of
D8l ucorjo- 1, 3°1 actone and remain prefegential ly
bonded tlheretlo until it is desired to renove the sane.
5 Acke™| abite “Pei9t ect i ng groups, especially the
trinmethyl pilyl group of the present invention
greatly fa@llitates | arge-scale synthesis as a result
of lower costs and use of readily avail able starting
materials. Mreover, the use of this acid labile

pr ot ecThedi-gryb umermednbtmwmpbgﬂd of Fohaukr @4BN$ then treated with
rovides a 10 safer synthesis ocess ch

t
B ) BoREIAG GRS reReY NG ToeaMnl PeRB IS base, preferably
e86G0A 'Plgdtd%é“@qeﬁo?é etﬂéellqﬁﬂ)irg)?’ Oécréuéso’ﬁo@eﬂnﬁ’be des1red final

product purity over prior ar I'ng benz
pprsideict cogpgiod s FoTimela(tp astshofvrt ineSetwrde I7abThe acyl removing

I ot ctln rovidi eagent is
RSN i %reqferalb?y RERiEd Butth the 8resence of a solvent such as ethanol,

for example.

Optionally, the final desired product of Formula (I) may be further
treated with a complex forming reagent selected from amino acids of the
types disclosed in U.S. Patent Application No. 10/117,914, the entire
disclosure of which is incorporated herein by reference, such as L-
phenylalanine, for example, to yield a corresponding crystalline complex of
the compound of Formula (l). The complex forming reaction is preferably
carried out, for example, in the presence of a solvent such as a mixture of
water and ethanol, for example.

35



15 typically greater than the stoichionetric anount
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hydr oxy groups which are not to react during the
synthesis). Preferably a nolar ratio of greater than
4.0, nore preferably about 6.0 is desirable. The

t ectd n i rried out at
Penpor S Pscsabié 3F U8 i eb BRI ER, Bifoott of the
emrestnteinventiort meclmi@,Sbm arenwemlinmfed tdneankarr G\ﬁ@!%fﬂ'lﬁir@hydndes

1) .as shown jn 2, are
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orandhdhe nikent adKOXIdB}sglsumbncasl sbditaet ovethoXiie, asodium ethoxide,
di t t

v R Buiode, 557 96 fiseasodi i Bate, 8nd potassium

yicaHsbridie a'nﬂtﬁhmé@' iAEIBdingCRPAH) Grghe§ %*ugH[a% lehéi#'r%llmorphohne

which is then reacted with the'lithiate
Féiefhylamineq) N- Bledmrppylﬁﬁtwammef (PIREARt andretbieatike. Preferred

o SRR S bl R BRAEN e su
V@sﬂﬂ%ﬁé%ﬂ@ldﬁ?@/é@@f&ﬁ@%@s aeble fr@sdnihn thetsh?latlon of

r ctlon |s corrpl et ed, typical [)1/ about 5 hours.
@lipeneiagiene |S§eﬁ mﬁnceﬁsop‘éd e diregeiaidinvention lnclude tertiary

hﬁﬂgr ogengH i al ' wi gl %éfh@*ﬁc{réﬁolmsemh qgﬁgﬁlgnﬁ%, N-N’-

np ospha for ex Shed

ddswprbp;deﬂwlambtea(mll:tﬁﬁe) landethmdket@dtamaﬂ@l dhines such as
terme onpound of Fornul a

Fornmul a (VI 5 The
(UniRA7Otes Rokichie. caqd dievfien oo HHaResaingiHdsn tahary. amine
Fge&e&wrhlﬂrn t holin@s M Wt | 4
cé)rrpounadﬁmof rnllrj]l aé?ﬁ)é‘?ﬁ)e% %ﬂg\%\)ﬂ r gS[%S
| n an aprotic solvent with an alkyllithium con‘pound
pref er an n .al k oppound re . )
pref er g\g}%c FSRGHOR F%tVFHf%?H'{ﬁb?%fg)rdrﬁn i tED@zEYIét?”L{rﬂé’HUB““Q and
Stlﬂ; glhtex1s FeduaionUstbcédses 6TAHE %@eé&i’m@&eﬁfﬁk%qnclude but are not
pically less than -70C in an inert atnosphere,
imited to, an ether such as dioxane, tetrahydrofuran, and the Ilke aromatic
hydrocarbons such as benzene, toluene, xylene, and the like, esters such as
ethyl acetate, and the like, halogenated hydrocarbons such as chloroform,
dichloromethane, and the like, nitriles such as acetonitrile, and the like,
amides such as N,N-dimethylformamide, N,N-dimethylacetamide, and the
like, and sulfoxides such as dimethylsulfoxide, and the like. Preferred aprotic
solvents for coupling reaction are toluene and tetrahydrofuran, a 4:1 mixture
of these solvents being an espécially preferred medium. Whereas, the

preferred aprotic solventé for the glycoside reduction step being CH3CN.
Most importantly, it has been found that acid labile protecting groups

described above, especially those containing a silyl group, compared with
other protecting groups such as benzyl groups, enable the process to be

36



yield the internedi ate conmpound of Formula (X). The
i nternmedi ate conpound of Fornmula (X) is reacted with a
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hydrochl oric acid, nethanesulfonic acid,
p-tol uenesul fonic acid, and trifl uoronethanesul fonic
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presence of excess N-N -diisopropyl ethylamn
arfiogessgsIsjig bengyh paefeating geuppl ani nopyri di ne (DI\/AP)
for exanple. The tenperature of the reaction is
generally maintained at | ess than 38 WO 2004/063209

PCT/ USZIH23 et Df t&boaktld?»léﬁlelrﬁrbtechhg gr@ﬂﬁt[bl@mdlﬁg reagent is
ﬁggle ed. The reaction is then quenched by reducin
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SRR ratiq of SERRER A 40050 ST eiBbl ABDUAS A1 P agble. The
hystedayEr fopd réétﬁfbns'lé yﬂ)rekmsg chRfHE il ?at% atures not
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t eixeeedingi10fC. hydri de in the presence of an aci d are

preferred to reduce the 10 gl ucopyranosi de conpound of
Formula (XI1) to the glucopyranose conpound

In a preferred embodiment of the present invention, the intermediate
compounds of Formula (VIIl) as shown in Scheme 2, are produced by first
mixing D-glucono-1,5-lactone and an aprotic solvent followed by the addition
of the base, preferably about 5 to 8 molar equivalents based on the amount of
D-glucono-1,5-lactone. The acid labile group providing reagent is then added,
preferably in an amount of 6 molar equivalents to yield the intermediate
compound of Formula (VIII) which is then reacted with the lithiated anion of

- Formula (IX).

The formation of the intermediate compound of Formula (VII) is

typically conducted at a temperature of from about 0°C to 50°C, preferably
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of Formula (VMIl) wth exceptional stereoselectivity,
about 98% and the yield, typically about 80-90% The
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presence of borontrifluoride-etherate (BF3Et20 and
acetonitrile (CH3CN) as shown in Schene 6. Most
siahpaut | 8kt Iujhtll the ireactiome isc comgdatedditypicdlynaboutl5 hours. The

o8BS okl sTheh 28, HRGHSFph sBRELY b aled iR a burter
Wi guthUds Eb@luh‘ﬁalr@/ﬁr@gdh phbspHEtE dRF @Skanfilé YivBysEd @Rd distilled to

under  non-crygenic conditions wth excepti onal
st@iaipdbe duteredipte cormppupe phEaMavle YdMpound of
Formula (VI1) is then treated with a 20 base as
previously described, such as sodi um hydroxide or

lithi ur?ﬁdeﬁ@mn@tﬂate a‘;@rhpemam@f Eoriala l‘kﬁlllp@ﬂﬁmﬁaa&ecﬁwnh the
jj ve{n such as al cohol
e

ol fo
ed arigR of; 'ﬁ%rmtﬁ@é[?f)s .w%cfpi%éb@ﬂnqﬁ bvtdeﬁamrzsg) molytgon of a
%ﬁ‘l&ﬁ.ﬁi}d o@ncgr;n‘i’%lél(b(ﬂ&:%@hé\ﬁﬁ% @cﬂ@nfeo?’gxlé?\gar\éﬁo% solvent with

Formula (1) ere ed wth a
reaaigeaikylki;tbimt edmpouond apreferadty dan soratkydlithium compound, more

L- | al 5 f le,.in a abl e I nt

L BRI BB, 8 BB B St Shount o
ohbaiided Ir@ngefdt@@@owdquéwtﬁéh 1.76°G qr{péﬁ&néﬁcennﬁ)%phere to
the L- phenyl al ani né conpl e for exanpl e,

c oifld thelindernpegligia eorppound ﬁfféommulaim aspect of the
present invention, the processes described 30 above
may be used to prepare the Caryl glucosi de conpounds

of For Mhea ifitermedirte udbApound of Formula (]X) is reacted with a

1- C- (4 -et hyl di phenyl et hane- 3-y ucopyr anose,
ggl Lda’uony realogenty such as sulp)hurl acid, hl%rochlonc acid,
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atseaction ia coaducied| atrg temperaiuré Dfiabduiam%h ‘Bifie réawtionlsolution is
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Ze&aﬁﬂp@etét ra- @T(p%ﬂ@@?étéﬂ fbs than 30°C to )</eld the intermediate
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The intermediate compound of Formula (XI) is converted to the
acylated derivative by an excess amount of an acyl donor such as acetic
anhydride, for example. The amount of the acyl donor should be sufficient to
provide maximum conversion of the hydroxy groups, typically from about 4 to
6 equivalents based on the amount of the compound of Formula (XI). The
reaction is conducted in the presence of excess N-N'-diisopropylethylamine
(DIPEA) and a catalyst such as 4-dimethylaminopyridine (DMAP), for

example. The temperature of the reaction is generally maintained at less than
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}"’gg{j@ﬂgg e réatﬁtloﬁﬁg ytt) 'fﬂ%leséfw "W Ba9%iod S arfacid such

tsvvl

2,83, phdsphetic acha, ferudeinmple] sl skbwiilin Seheecmno-
1,5-lactone of Formula (VI11), is fornmed by reacting
3- brono-4-net hyl -4" - (et hyIthi o) di phenyl net hane of

For mul @\tgﬁ% r% %W\' tHe Blrbc%sﬁ J)utji(fbf'ﬁbrrﬁlﬁl o(ﬁ(lﬁﬁ%é%@d with a

preferre Iment” of t I nven
chieducing re@drmmderpbeeyhméthoxy group from the anomeric carbon site

o B Foa Gt e Lot Yk S besea

| 'ré@u@lﬁ@@'e Igéﬁt@br‘éferﬁﬁ y“ﬁvibﬁ(l){%h%) hy)’éﬁ%%' Fho?é \ﬂqréfeﬁably triethylsilyl

| oro, - et hox
réﬁdfldewlm hthmepzesemeﬁ thetar'a aEI(isuiTet iprefarced to reduce the

glll%og)y@ f:ﬁ?rﬁ)ébgn{g%t r}ﬁw )g '(:)Ztrhgugljlaccgpyranzzée compound

erﬁ@@jtdlu[dW@m’)lwm @aﬁépmﬁndf@tél’ébéel(a&l\h bl al a‘Uohf‘ 96% and the yield,
n-al kyl lithium The starting npoun For nul

(%rn@@"y b SR90%- tHee éﬁctuoaﬁa rﬁﬁﬁjthmls nre’éafabw conducted in the

OPERRS S dtpnf R e AT B SRR 2 PR IR Roron) s

P@ﬂibWSZ[ﬁOS/cﬂéﬁ‘fé?B Westf sighifisantly,euaiine ese afcﬁrey‘pbﬂaﬁ@ benzyl
|nvent|on and shoul d not be

onI todllustrate t

JebRe: easBbienntha wom afarauh protopig arphes enabled the
OPédh!'Bﬂlﬁh %ﬁa@ﬁttboﬁec?@%Fmgpsmbﬁuf’ %% W’s%hofhf highly, hindered
particular reactants or solvents use oweve h
r §d\‘dhydﬂda:wmjartnamsrygawctrmrﬂidtomsrvwﬂedxmptnnal stereoselectivity,
ordinary skill 5 in the art through routine
optim zati on procedures. 41 WO 2004/ 063209

PCT/ UST883ih@dHibdiate BxaBbENd d?rle&%ﬁlﬂé'ﬁgll)% then treated with a
3,4,6-tetra-O-trinmethylsilyl

2
( baserstmgviouslyieasgrired heuchaas Blydlanﬂlgﬂ!r@x@pymralﬂbw hydroxide,

for example, in the presence of a solvent such as a lower alcohol (e.g.,
ethanol), for example. The final resulting product of Formula (1) is obtained.
Optionally, the resulting compound of Formula (I) may be reacted with a
complex forming reagent selected from amino acids such as L-phenylalanine,
for example, in a suitable solvent such as a lower alcohol and water, for
example, to obtain the corresponding crystalline complex such as the L-
phenylalanine complex, for example, of the compound of Formula (1).

In a further aspect of the present invention, the processes described
above may be used to prepare the C-aryl glucoside compounds of Formula (1)
including  1-C-(4"-ethyldiphenylmethane-3-yl)-3-D-glucopyranose,  1-C-(6-
methyl-4'-(methylthio)diphenylmethane-3-yl)-B-D-glucopyranose, 1-C-(6-
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5\ /1 SMe OIMs SMe 1. n-BuLi, 20% THFI hept ane,
-750C 2. Heptane, OH Br OIM5 TMsdo~ OTMS O O OTMS

wWakBDIc20TVS OTMS (1) (2) (3) In a one-neckedpCWUE2003/041373
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30

round bottom fl ask, an aryl brom de compound (1)
(20.7 g, 67.4 mol, 1.1 equiv) was dissolved in

t ehlcadrichetiianydiphetifethene+8-yl)-piD-glncbpyeanasee (#wb complexes

mﬂ?’] apd cooled to -78C to generate a precipitate. 2.3
- MMETS

BLi (29.3 nL, 67.4 nmoi) was added dropwise to
t he heterogenous reaction m xture over 20 minutes to
yield a reddish color. After 30 mnutes, the reaction
m xt ur é @avore prefered ethbodimenhef theqkeserdt-invéntiask 1-C-(4'-ethyl-

R P TSR sonin
Mpe damd &iepd 28 BbEcribed aveYe M K WekticIAMGHE dlﬂpbéted anion of

precipitate. The reaction m xture was renove rom

t irermulad (Bt Whergire ibihisd hydiroge n YR ASOH-¢thgh ant) A iandCHo- which

PGB, W2 0% B TR IRY e ErGhan % Motone o
sEpahalLqVIIThe esreid oy @vefing \mﬁrdeﬁénaﬁqé@hylbipmh?hétﬁane of
x 200 plL) and _brine (2 x 200 nL). The aqueous 20 [ayer

wiormpHEOdi} Wik ean-allyhlithiuonc. The TMB protect ed

conpound (3) was no |longer detected through TLC

anal ysis (ca. 750 nL Et OAc). The conbined organic

| ayer s lmea endrd guefeved buBodimént oértad predent invention, 1-C-(6-

concentrated to provide 48 g of a yellow foany oil,
whiRthY b mathylthie)diphenyimethapadiey))Hrigtolueenyimndss: is produced

?g&ﬁ\}\oﬂ@né Séegg%t(i)e}ﬂ{]@gr gajﬂla Ls'éé}?s é@ﬁ%ﬁ@ﬁ&? LBAVECTRY M cular, the
lithiated anion of Formula (IX) wherein R, is 4-methyl, R; is 4’-(methyithio) and
A is -CH3-, which reacts with the 2,3,4,6-tetra-O-(substituted silyl)-D-glucono-
1,5-lactone of Formula (VIIl), is formed by reacting 3-bromo-4-methyl-4'-
(methylthio)diphenylmethane of Formula (XIll) with an n-alkyl lithium.

In a more preferred embodiment of the present invention, 1-C-(6-
chloro-4’-ethoxydiphenylmethane-3-yl)-3-D-glucopyranose is produced
employing the same steps as described above. In particular, the lithiated
anion of Formula (IX) wherein R4 is 4-chloro, R, is 4'-ethoxy and A is -CHy-,
which reacts with the 2,3,4,6-tetra-O-(substituted silyl)-D-glucono-1,5-lactone
of Formula (VIII), is formed by reacting 3-bromo-4-chloro-4'-

ethoxydiphenylmethane of Formula (XliI) with an n-alkyl lithium.
The starting compound of Formula (XIlI) is known in the art and may be

readily prepared using standard procedures known to those of ordinary skill in
the art.
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42 WO 2004/ 063209 PCT/ US2003/ 041373 Exanple 2
Preparati on of

woreaohps3209 C- ( 6- net hyl - 4' - (t hi omet hyl ) di pheny| neCTras2083/¢41373
l)-a-D glucopyranose SMe SMe OIMS 1 | OHo 1. McSO3H
(cat.) McOH, 40C OH M 2. tol uene, heptane HO H
TVSO o The\@@ﬁi@ exavBpled ars qffsred 4>plyn®enllmmmrtbeenvmmon and

SRR Bt B i Ptett a5t B "wEfbn SuESpYSiale] optimum

agdsagtion Eheditiess ina mgaﬁ,ﬂ)w;athltﬁ@ pEsicuiar mescthAts?8CsbRents used,

about 20 m nutes, ereafter, 10 the solution was
cdoweayer sueh saactioneendilions mey ke detanmingadly oneeof ordinary skill

r [ washed with
> SZ?H?%?ngwggggéééﬂkgﬁgggﬂagéﬁiﬁT%%ﬂﬁf§Land brine (2 x
100 nl). The conbi ned aqueous | ayers were
back-extracted with EtOAc (2 x 100 nL), and the
conmbi ned organic layers were dried over Na2SO4,
filtered and concentrated. The residue was dried 15
under hi gh vacuum overni ght, and then dissolved in
toluene (ca. 75 nmL) at 60C. The resulting m xture was
added dropwi se to a round bottom flask containing 450
nm. of heptane to yield a white precipitate. The
m xture was stirred for about 3 hours at room
tenperature, and then filtered to yield 27 g of
conmpound (4) as a white solid. Through HPLC anal ysi s,
the white solid was 20 determned to be 87% pure. An
HPLC anal ysis was perforned on the filtrate, which
i ndi cated the absence of the conpound (4). 43
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WO 2004/ 063209 PCT/ US2003/ 041373 Exanple 3
Preparati on of

wQ2@406320®t hyl - 4' - (t hi omret hyl ) di phenyl net han- 3PgT/PSR0EN41373

10
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25

gl ucopvranose \ / | SMe SMe OH\ Et3SiH BF3.CEt2 COH
o Me CH3CN CH2Cl 2, -30C HOOO HHOOOH OH OH 5 (4)
(5) The conpound (4) from Exanpple © was divi ded in
half to prepare two reaction mxtures. In.a first 1-L
round bottom fl ask, the conmpound (4) (13 g, 30.9

mol , 1 baratioesf 2i3s6 elteed-0ri sar [-$L-(8-neAR-4 -
CHSCN (223 nL) 10 and cooled to - I C cause e
starting netiomathyl}dip Imetha ya-BP-gl

Et3SiH (9.9 ni, 618mm| 2 equiv) was addedfollowed
by BF3.CEt2 (5.9 ni, 464rrrm| 1.5 equiv). In a

second 1-L round bottom flask, a separate reacti® Shie
m xture was prepared by dissolving 11 goof the

conped gB&LY%O/'M/hepQTAS%( .

(8.4 BF he re

3 a1 oved 1 6" sotr,@nd for abgpte

to yi eI d orange and honog | utions. Tcsrr of the
reaction mxtures were quey >d with saturaf"'ed
aqueous NaHCO3 (ca. ZOOTPHQ) nem™st hen warmed to room
tenperature. The reaction m¥fitres were conmbinegd, and
t he organi c ol vents were renfved under reduce
pressure. 500 M. of 20 Et OAc were added and the | ayers
were s r e I '

[ ayor ung GHekflecte R N RAIG Botlorh #858 on SNyt mpound (1)
3(02)0171.9 G5 mrbof nel €Quix) 2@6 didsolvethia tetrabydrefuran EBES (61 mL)

I
A ReBes (2 fiduncd Sl bhderCal denaraie adcoatien 2.3 M

n-Buli (29.3 mL, 67.4 mmol) was added dropwise to the heterogenous

reaction mixture over 20 minutes to yield a reddish color. After 30 minutes,
the reaction mixture was transferred to a one-necked 2-L flask containing a
trimethylsilyl lactone compound (2) (29.5 g, 63.2 mmol, 1 equivalent) and
heptane (306 mL) at -78°C to yield a cloudy mixture without any precipitate.
The reaction mixture was removed from the cold bath, quenched with 1%
AcOH (290 mL), and thereafter transferred to a separatory funnel. 200 ML of
ethyl acetate (EtOAc) was added and the layers separated. The organic layer
was washed with water (1 x 200 mL) and brine (2 x 200 mL). The aqueous
layer was back-extracted with EtOAc. The TMS protected compound (3) was
no longer detected through TLC analysis (ca. 750 mL EtOAc). The combined
organic layers were dried over MgSOy, filtered and concentrated to provide 48
g of a yellow foamy oil, which was stirred and dried under high vacuum for
about 0.5 hour. The resulting TMS protected compound (3) was used for the

next example.
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TLC analysis (ca. 600 nL EtOAc). The conbi ned organic
| ayers were dried 25 over MpJSO4, filtered and

w@oemees2pat ed to provide 23 g of a conmpound (5SPCHESH03/041373

10

15

20

pal e yel |l ow foam Anorphous conpound (5) was purified
by conversion to its crystalline derivative
tetraacetate (6) and hydr o Ex@mple? descri bed bel ow in

Eﬁ%{%ﬁﬁ&ﬁ%&%y V\gr%gt%( 2 G&f%gr%eﬁ)f(]:\;ll_{du 2eonQ/ Aqgt 13? -yl)-a-D-

at | Ull
2,3,4,6-tetra- 0O acetyl - 1 UCo hbyd - 4' -
(t hi omret hyl ) di phenyi et han- 3 yi ; R-D- gl ucopyranose | |
SMe SMe O—IOACZO pyridine OAc CH2CI2 HOo 0 """"COH
.. 11 AcO =~ OkteQAC 5 (5) (6) The conp nd SMe
(5)om8. 3 g . , 1eU|v from Exampl e 3 @
di sSelN CH2ENRR 53 m ! maﬂgfg‘]byrl di neN( k& pA
mol , | 9. 9equiv).  Aceti c—gmhydirde~(20 ni | 212wl ,
10mseqUN) “ames added to the”reacttdn 10 it Uy & “o@nd

t her eafotver 4- di net hyl am nopyri dine (DVAP) (130 ng, 1.1
mmol, 0.0% equiv). The reaction m xture was stirred
for about 50 minutes. Water (200 m-) and CH2Cl 2 (290
m) were added, and the layers were separated in a

Separamfeyvmsn fotedfed @b fd! 4% W?érhe@w 14
(3 x 200 9rﬁe and Eﬁarlile (gy)i(loogm_ pﬂe was

cd'ﬁﬁowéed BMeQlrs (198 8ilo anst mefﬂmesyﬁ’oema@@t(éao \MLb lwas added.
or ogl Pﬂmhglsoldtﬁng\ﬂgée ﬁr&g@qg%dﬁtfgﬁébédﬁ(gﬁﬁ t%%h oThereafter,

cm@sommionr\mboolba)/cerrsomet%ﬁtrra&ﬁe rmdeéod‘@‘ﬁ%ted The residue

filtered an ncentrated to yield 11 g of pal e ,

y daspdisseived. in EXOAC (200 mL), washed with saturated aqueous NaHCO3
(2 x 100 mL) and brine (2 x 100 mL). The combined aqueous layers were
back-extracted with EtOAc (2 x 100 mL), and the combined organic layers
were dried over Na,SO,, filtered and concentrated. The residue was dried
under high vacuum overnight, and then dissolved in toluene (ca. 75 mL) at
60°C. The resulting mixture was added dropwise to a round bottom flask
containing 450 mL of heptane to yield a white precipitate. The mixture was
stirred for about 3 hours at room temperature, and then filtered to yield 27 g of
compound (4) as a white solid. Through HPLC analysis, the white solid was
determined to be 87% pure. An HPLC analysis was performed on the filtrate,

which indicated the absence of the compound (4).
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The resulting product was purified via _ _
recrystallization using EtQAc/ hexane by dissol ving

wWo b@4med20d in Et OAc (48 nl-) at 50C and addi ngp¢IFKS2063/041373

10

15

20

25

(119 mM-) to 20 the m xture where the m xture was
slowy cooled to roomtenperature then to 4C
overnight. After recrystallﬁml_mn} 7.7 g of conpound

Preparation of 1- c-(e rretgmboézragggéhylthl o) di phenyl

nmet hane- 3-yl ) - 1i - D- gl ucopyranose Sl\/le QAc ~ ~ 1
L|O—|O—IOp H20: THF: MeOH ACO "~ " OA012$HO~10
"t OH OAc O smconpound (6) (22.3 g, 39.9
mmgl,, 1 eqf ' nple 4 was dissolved i

THH ed aEt§ihBMOER D

(1.6 equicwicnioBg, adaed
m X e yel I ow sol uti gn.
réscti pn rﬁxture was mai ntai ned at roae Der&oat ur e

for 10°bout 5.2 hours and was then conce
reduced pressure The residue was dissolved in Et OAc
(300 m.), and tfereafter, saturated aqueous NaHCOB)
(200 m.) was added. The Iayers wer e separated, and the
organi 200

922 el Ao ISR st I ki 6o 8 e
b t befid T lﬂﬁp

1?%?%@@%&?? %Fggq&gl Iggngve nmél%lk t §| tere 84) (139,
c SR mmak ddequwvy welsddigsolged @n @HzClg (86 mL) and CH3;CN (223 mL)

LS SRR N o R A A e AR B, i

6 stirring, Et;SiH (9.9 mL, 61.8 mmol, 2 equiv) was added followed by

- BF3*OEft; (6.9 mL, 46.4 mmol, 1.5 equiv). In a second 1-L round bottom
flask, a separate reaction mixture was prepared by dissolving 11 g of the
compound (4) in CHCl2 (73 mL), CHsCN (190 mL), Et;SiH (8.4 mL), and
BF3*OEt; (5.0 mL). The reaction mixtures were allowed to stand for about 30
minutes to yield orange and homogenous solutions. Each of the reaction
mixtures were quenched with saturated aqueous NaHCO; (ca. 200 mL), and
then warmed to room temperature. The reaction mixtures were combined,
and the organic solvents were removed under reduced pressure. 500 ML of
EtOAc were added and the layers were separated in a separatory funnel. The
organic layer was washed with saturated aqueous NaHCOj3 (2 x 300 mL) and
brine (2 x 200 mL). The combined aqueous layers were back-extracted with
EtOAc until no traces of the desired product were observed in the washes via
TLC analysis (ca. 600 mL EtOAc). The combined organic layers were dried
over MgSOy, filtered and concentrated to provide 23 g of a compound (5) as a
pale yellow foam. Amorphous compound (5) was purified by conversion to its
crystalline derivative tetraacetate (6) and hydrolysis as described below in
Examples 4 and 5.
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20 Preparation of
3-brono-2-net hyl -4' - (nmet hyl t hi o) di phenyl net hane 100. 0

W@2@f/06320D] ui ¢ aci d was suspended in 115 nL of PCT/US2003/041373

10

15

20

met hyl ene chloride in a reaction vessel to forma
slurry. 2.6 g of iron powder was added to the slurry
fol lowed by the addition oExammle4y of bronine over 40

. O O™ £ g
was added t_@h»éﬁ(étmg)@éhe@mgﬂ@n-@gﬂ-mgluebé¥r§hbéél ng,
and followed by heating to a tenperature o rom 46

WD 2004/ 063209 PCT/ US2003/ 041373 about 70C to 80C.

The reactio smb hen cool ed to anbl ent

aquepus thanol sol u ion—me—are

chasgedw,th 770 nL of nethy She chloride.
B “Wet hyl - benzoi ¢ acid was addes tethea

reacti®h vessel wunder light stirring. 7043 g of

oxal ychl ori de was added to the reaction vessel with

0.3 nL of di metfyl fornani de under stirring for 24

hours under anbi ent tenperature to produce 5-brono-2

nmet hyl - benzoyl chl oride which was then 10 di ssolved in
500 ni T&e FRTNRYVRGHASLKB-3r9, d%1 3smneplg 1ogquivi tram Expeple 3 was

LORPRRRL I ST (BS Tk BRaFRifhe o . oy FARE 0 5%quiv)

1Acet|g an‘hyalhdm’ (@OmmthI 242 denolndi@r eqtiivy akg atided 16 the reaction

er ea ter,dIg\QI uccessi, e char ges of
bR PakenEs igopwidine (DMER) 30 mg, 1.1 mmol,
r 9353 eqli enp%r ?éé&l%nrrﬁ&gﬂ%dgégg’[l][reaefof gh gg rﬁlﬂfﬁe’é € Water

was then 15 poured onto I ce an
ZWQQ/midcaﬂdo@Hngc(QGO anlg weneradxﬂed @nd thadaYererweré@parated in

SRR FOARE o Bl W SRR A Al 15 o
il oghd Brine @bdwodml_{\ﬂ CPhe V&dn"nblﬂié é%@%t la9Bfs Were back-

SOdI um bi car bonate sol uti ons. he hyl ene

cBKbacted Wiy ClrClruniib b G amiywe mwdftbat theedesined: product was

addi : f T | ol ution
ng Ifg%@?regfes%?\gg\ﬂth@ ex@%%? tpe c{%}l@ﬁ%ﬁi‘ orgarﬂcslayers were dried
3ebemn Mgszammeydad 4nd( carideytrabdd tslivigie nyll geshanale Teflow solid.
pﬁ_gduct E P duced as descri bed above was then
§egulting product was purified via recrystallization using EtOAc/hexane by
dissolving the solid in EtOAc (48 mL) at 50°C and adding hexane (119 mL) to

the mixture where the mixture was slowly cooled to room temperature then to

100.0 of

4°C overnight. After recrystallization, 7.7 g of compound (6) as a white solid
was obtained (100% pure via HPLC).
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25 substantially the sane manner as described in
Exanple 12 to obtain 1-C (6-

woredoapb3249 - (et hyl t hi o) di phenyl et hane- 3-yl ) - 1PCT/US2003/041373

10

15

20

25

- D-gl ucopyranose and L- phenyl al ani ne conpl ex. 47 WO
2004/ 063209 PCT/ US2003/ 041373 Exanple 7 Preparation
of 2,3,4,6-tetra- O(tr|meﬁ35§mple_5

S|IyI)DgI|g % v Lillthio)e
D- gl ucono- 1; C etrar 2 g
with 5 3185.0 g Ofneﬂha’@iaﬂl)mﬁmbb@améé added to a
60 L reaction vesse I ch was maintained at | ess than
5C. 2590 g of trimethylsilyl chloride were added to
t he vessel anp ont gmt s were mai ntai ned at _35C fo SMe

he vessel was t5;,ool ed
dJ14 L b'?“ wat er

g:en phosphate nonohydrate to rem
base and bring the pH of the solution to °7 to 8.
After washing whth water, the organic phase was
distilled under 15 reduced ressure (23 in. Hg) _at 50C

unti | ﬁ%"‘ﬁ%‘t"&q P (88 Ent3%Y mﬂ@|oﬂg§ﬁﬁlk¥) ffﬂfﬂsﬁxamﬁb 4 was
n‘di B o tﬂﬁgnﬁéd’ﬁﬁ%@%@ § rr%%h?'?el‘ﬁfpe@gr% | }@H H,O

t1tl e “conpoun vvas obt ai ned

2((1!55@63’933 |nmnobf1 etuv)Jwaszﬁddeditgltlde péactionmaixiweco yield a light
ono- 4' be n turn

TN T
WaoaH BN hbBiks %hdo\fvag rtMerEtc%(ﬁcéﬁﬁal%@dﬁ éro}éo%\&ﬁg zx?}i')céssure The

addi tion over 1 hr of p- br onoet hyl benzene
0.regiduemyyas digsolgeein dc'ftOEtcz(@OO(mh) tanal ttweemftetrheaturated aqueous

W}Zﬁi%@w?bg Aé]l?}t yvgé?qchedo '?h%v%\{(,)efqe é\zﬁreds!e%%?ant%% ang e[he organic
Midyep ridie Wzshe e hwide I\Ka:Hb(gs P xoﬁommu arid BAngl(10f 2604AL). The

was slowy added. The resulting ht sol ution was

nAIUeVE RYsys m@b@g@-.extrﬁ@tedg@;h EéO (Bro3RGipdt Thet gombined
6 digarti€ 140 S WEB MV T HIBS 8L, SrilteFE§ ahBa%rBitrated to yield 15.5

g of 1-C~(6-methyl-4’-(methylthio)diphenylmethane-3-yl)-B-D-glucopyranose

(5) as a white, glassy solid.

Example 6
Preparation of 3-bromo-2-methyl-4’-(methylthio)diphenyl methane

100.0 G of o-toluic acid was suspended in 115 mL of methylene
chloride in a reaction vessel to form a slurry. 2.6 g of iron powder was added
to the slurry followed by the addition of 143.1 g of bromine over 40 minutes

while maintaining the reaction temperature at about 30°C.

The resulting reaction mixture (151.0 g) was added to 450 mL of
ethanol under slight stirring, and followed by heating to a temperature of from
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30 after quenching with saturated ag. NH4Cl, was
extracted 3 tines wwth Et OAc. The conbi ned organic

WO aye06320&r e washed with brine, dried over Na2BCHUS20d3/041373
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25

concentrated using a rotary evaporator. The resulting
yellow oil was 48 WD 2004/ 063209 PCT/ US2003/ 041373
cfﬁbﬂhﬁtl@’ﬁa@@e&ﬂ@w sThe gaagtion usixhge5Wagt ibao/ bealadetd @ambient

[ ut t d 7. t0 9% Et hexa

I HrBoRSRS , Yrvaia 5 Sprigmaudtny SheTAck Aoky et Tiered off by
| isaition ehtioasidd with BnrBieal ofari B¥lutbANeny! met hane
To a stirred -30C solution of Part

3-brono-4' - et hyl benzhydrol (12.4 g, 0.0426 nol) in

Fol | oudd S5y SeeF6 UGS Haybed Wi 570 i ofgmiel dniorice

r eloL0 <m @-btcﬁﬁo-?_t rrrenhwgoérrzbuol abrd wak addid \t@&hé%gﬁﬂon vessel
slowy | ete TLC, the reaction 10

mmd@u@aehwnsg J&H?»tg nO@ly@“al@m%M@@ agfleckizdbe. reafctien vessel
aqelif b@nfdf Rﬁ%egﬂ'lylﬁ] rmarfide. ﬁrﬁ%r@t%ﬁlﬁ ?o?"?a 2 HolES 3@1%9 ambient

3tinmes wt e Cco ers
watenhnpdrartutdw t(brpra)m;ced&tﬂfdrrmﬁrmm&s&nzd}ﬂ tcmllonde which was then

s 806 piPBmaloyngs Ieindes s54.5 g of dognisale was added
0% W P N s8N whidH g\@gxd?iollﬁ& N %A@FOIIB%QJOW {ot{éoéi'adltlon of a

further purification. reparati
I\/élr$tybharg€- of4 126t @ybﬁlaphnmwhmmham@unﬂer atirrlagc for 15 minutes.

'3*%\%3%%%20"3@? RyecasaNG heneh aﬁalupaavm hlaride weradded at each
' 6
t et aﬁ%ld ﬁ??gégﬁg‘%y@ tééol%l)i to u%)neTh\%equgCtéo Mixture was then

2®OUredaant0| 800.0epsfice wmdiet 35 mLi OEZN hydtsergeric acid and stirred for
at nosphere_and cooled to -80C. . 1.4 L of
OB DO ¢ HiGnAAKEOUS ABH UBNIG: VRIS Yk then saparated and the

r %?g‘ér\|@rﬂa9’é‘§sxﬁérev‘®ééi‘?edr%t'ﬁt Qﬂ@'rﬁlg JFN rhsr@Fddth“nc acid and twice

enperature at about -80C. 2 e reactron mxture
szW‘EG;D wihi pertions nf sodiumgbicaddnate solatiomspher e unt i I
the reaction was conpleted to thereby obtain
3-lithium4' -ethyl- diphenyl net hane.
The methylene chloride and water were then removed followed by the

addition of 270 mL of ethanol. The resulting solution was cooled to 0°C to

obtain crystals of 3-bromo-2-methyl-4’-(methylthio)diphenylmethane.

The product (5) produced as described above was then treated in
substantially the same manner as described in Example 12 to obtain 1-C-(6-
methyl-4’-(methylthio)diphenylmethane-3-yl)-R3-D-glucopyranose and L-

phenylalanine complex.
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The reaction m xture was conbined with the sol uti on of
2,3,4,6-tetra-0- 30

w@ eoostoe2by | si | yl ) - D- gl ucono- 1, 5-1 act one pr eparBdI/U82003/041373
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Exanple 7 and stirred for 30 mnutes at -80C in an
i nert atnosphere. 49 WO 2004/ 063209 PCT/ US2003/ 041373

The lithiated internedi at eExanmuledd prepared above was
cot 1pRHEnI0 4 DK ER! Rt 39 cloofid B1dkione

nmet hanol while maintaining the tenperature of the
reactign vessel at less than -60C to produce

net hyl 7998 gof ghigoaprphadgeiape Radel g ofgetrahydrofuran along with
ylghgr hd 8%;% g;]@f@)?\%bﬁ&m%t w8rey 58484 % 2’80 Y PeabiiB ReEsel which
m&mamtﬁnéd@{ﬂﬁg af-520et 3390Lg ©f fritne ylSﬂ?/Hd:mbﬁ@e/ Wwere added
nmet han- 3-yl -a-D gl ucopyranose 10 550 ni of a 60

n@q n{1nesyea$eloﬁndf gwe }/ nis gvere -maintained at 35°C for 5 hours.

C IRt By wasge%l%d&ar@gg (RS ot g4 of water

9 wfre %u@@uwstthél@%@p)mé bHLBSuYBAE orgae HHaBel I0\‘/=°ere separated

reacti on vessel under stirri ng rn an | nert nltro
atandsmeep@armfmaswwswashed awiigh taquecos élhydr_owh phosphate

Lot EAB B IR R ER B Bristhans Bl fle Miutign to 7 o

ng.greater than about 35C. The reaction m xture was
stirred for about 4 to 7 hours to produce
met hyl -2, 3,4, 6-tetra-0O acetyl -1-C (4" - et hyl di phenyl -

t han- 3+
et ur Bt TR SRS B b i e B nBg el under

P lnsch pdeolr presQ@neOKZGFIhJ IHg} bﬁi(lﬂ@ aiftiltthe nhslg®ie aanient'sf the organic
phase was no greater than . The | ower aqueous phase

c 8hese ma&gwceg@@ier than®- 9% aﬁm copceoRrtsation cz‘sabwém g0 mL of
e shed with 325 nL of water.

Tﬁgéeﬁt(lnér)&g@ﬂbﬁnﬁ?\@ C\)A%Ygﬁ]cgﬁcentrat ed at at nospheric

pressure to produce nmet hyl -

2,3,4,6-tetra- O acetyl - 1- C—)((4 et%yl di phenyl et han- 3-y

|)-a- D gl ucopyr anosi de. ~ Example 8

Preparation of 3-Bromo-4'-ethyldiphenylmethane

A. 3-Bromo-4'-ethylbenzylhydrol

Dry Mg turnings (4.4 g, 0.178 mol) under Ar were stirred overnight
whereupon 100 mL of dry Et,O was added followed by addition over 1 hr of p-
bromoethylbenzene (22 g, 0.119 mol) in 20 mL of Et;O. (In the event the
reaction did not start, 0.5 ml of 1,2-dibromoethane was added). After stirring
overnight, m-bromobenzaldehyde (11 g, 0.06 mol) in 20 mL of Et,O was
slowly added. The resulting light solution was monitored by HPLC over the
period of from about 4 to 6 hr to determine when complete. The reaction,
after quenching with saturated aq. NH4CI, was extracted 3 times with EtOAc.
The combined organic layers were washed with brine, dried over Na,SO,4 and

concentrated using a rotary evaporator. The resulting yellow oil was
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of acetonitrile in 1.5 nL of water (1 eqg.) was added

W0 eootlogs2peact i on vessel at a tenperature of noPQI/E81083/041373
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than 15C. Thereafter 40 nL of triethylsilane and 21.1
mL of boron trifluoride etherate were added to the
r edtomatograghed av eilicaogef uam135%hiEt@AnﬁiamaEntmglutemonpolar

CopHge kTR A E DAY PR Biekite <24 5 Tl o-bromo-s-

oldtaylbenzhydrol as a light yellow oil.
2,3,4,6-tetra- O acetyl -1- G (4’ - et hyl di phenyl net han- 3-

yl')-P-D-glucopyranose at a yield of 86% Exanple 11 10
Pr%@E%mem %fth;slg 5(:@ é@lrr?ettlgiﬁéj' phenyl nethan-3-yl)-

2 3, 4, 67 alstarc FOECHOILAR 6Pt AD- ﬂrq@h@-ﬂybﬂ‘ﬁ/lﬂmizﬁy&ol (12.4

LA S A B G s o

L §BR{Nd Y Et&é Flz@cég g ﬁy fﬂ@déﬁ&etab%‘n %ffteps%)’m% for 1 hr
e nono

of 15I|t i um ydrat e he 'm xture
Stéatr-36tC ovas wagmedfﬁibww/vlm -BRC. Whirenactnpleta btyfTIl(D the reaction

oAl Ry SR A bR e, R A i oo L o
SGHO,i b8 WadurRY ABe! Bltrftid® iﬁtlmesosfvltl"(@twe ‘Th@ éBMbih¥d organic
20 ethanol) to produce 1-C(

neRYRiA avege yashesl W@Ihﬁ@@p;‘ﬂ@@@ygr l\éﬁ@nplﬁe‘terz_concentratlon using
1R e APt S TomRe AP I e, (T oo 9E%) was

L-obitingd akanlight yetowloiixhabwas used without further purification.
1-C (4' - et hyl di phenyl et hane- 3-yl ) - (3-D gl ucopyranose

in solution as prepared in accordance with Exanple 11
was conbined with 0.63 g o yl al ani ne and 45 nL
of water. The m xture was Eéé’plﬂg?fo 83C and t hen
cool ed urRrepargtiohasfiMethiyk 180.C1 -stradiphieyigihtdtBani3-yl)-o-
L- phenyl al ani ne conpl ex 30 were added for every 2C
drop in tenpefature untD-GlEBPWRANGSIASR |y cl ear
solution becane a thin slurry with evident solid
presence. 51
895.0 g of 3-Bromo-4’-ethyldiphenylmethane (obtained from Austin

Chemicals of Chicago, lllinois), 1.6 L of tetrahydrofuran and 6.5 L of toluene
were added to a 20 L reaction vessel under an inert nitrogen atmosphere and
cooled to -80°C. 1.4 L of n-butyllithium was added over 30 minutes to the
reaction vessel while maintaining the reaction temperature at about -80°C.
The reaction mixture was stirred while maintaining the inert atmosphere until
the reaction was completed to thereby obtain 3-lithium-4’-ethyl-
diphenylmethane.

The reaction mixture was combined with the solution of 2,3,4,6-tetra-O-

(trimethyisilyl)-D-glucono-1,5-lactone prepared in Example 7 and stirred for 30

minutes at -80°C in an inert atmosphere.
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was agitated for four hours at 40C to 42C and then at
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filtered, washed and dried at 40C to yield

1-C (4 -etg%l di phenyl met hane-3-yl)-(3-D
gI ucop menbiiated dniehyiedisimicenpams prepasetahayieewas combined

oFRERa DI Wi Ut B S S DRI Bfnemupric s
tlaedsﬁme Lpobm@thaﬁsl ahildesalrtainthg thétempetstufs b the reaction
except that 5-brono-2-chl oro-4'-et hod¥d| phenyl nmet hane

i YyeseRlsatiless dpr 0°C- topprowibica mekwl | fi-ihesthyidinheaytmethane-3-

B kB hanb BB % e ponai ng

L- phenyl al ani ne conpl ex thereof are obtained. 15
Al ternatively, the

1- G- (6-chl or o- 4' - et hoxydl rﬁ:@ﬂ&lﬁaﬂlane 3- yI) R-D-
al ucopy s Q

descrite visia 3ifs

Preparation of 2 Chieﬂiam-ﬁ-a% %g@@é;pa,ﬂgbg Ehl ori de

ci ci COSH DCVF r Br g

2-chl or o- 5-bronDbenzoic aci d was suspended in 80.00 L

120, 28800 0L 8F B Bhgaedrdiizo SOkl e upyih-1-c-(4-

Cbtmdlﬂﬁemmtl‘iér@%-)ylaﬂ-dﬁ Iu@B r‘éh@sid’ét einaloluene prepared in
58

t enper ature mai nt ai ned bel o he additi on was

s PPepidpnce xuith dexaneple 38 @raé (bvog ut»fu dr(dmethgiamino)pgadine were
OGHYEA 99 thd RabRAT VeQlelRTadr Sirthg 49 an ikt nitbgen atmosphere

followed by the addition of 84 mL of N,N’-diisopropylethylamine (DIPEA) and
40.9 mL of acetic anhydride while maintaining the temperature at no greater

than about 35°C. The reaction mixture was stirred for about 4 to 7 hours to
produce methyl-2,3,4,6-tetra-O-acetyl-1-C-(4’-ethyldiphenyl-methan-3-yl)-o-D-

glucopyranoside.

The reaction mixture was then quenched with 330 ml of 17%
phosphoric acid until the pH of the lower aqueous phase was no greater than

3. The lower aqueous phase containing excess acid was sent to waste.
The rich upper organic phase was washed with 325 mL of water. The

organic phase was concentrated at atmospheric pressure to produce methyl-

2,3,4,6-tetra-O-acetyl-1-C-(4’-ethyldiphenylmethan-3-yl)-o-D-glucopyranoside.
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WD 2004/ 063209 PCT/ US2003/ 041373 overnight; a clear

sol ution was obtai ned. The m xture was concentrated in
wWQ 2063200 an oily residue and degased at 40C PET/US2003/041373

vacuum Yield of 2-chloro- 5-bronmobenzoic acid

chloride: 8.63 kg (33,98 nol, yieldl00,0% 5 Exanple

15 Pr epHicseaiter 932 micaf acetentyilerindos mL of waat;eMﬁeem)zwas added

L R e R A & -

t heb of. tﬁéthly@llaﬁé A2 4 fil 6F beonaEfBeridd *&hér%ﬁ&We? added to

m xture vvas cooled to OC and 6.81 kg phenetol slowy
adBed reggtioa nassehi averg 2&npénutesr while onaingdningf ttbe reaction

5 L pRBBBhE L S BT S 98 Y Sl er 47
T ey e By HOBRHGRA A6 I lnan-

wd-R-Ekeglicepyranpseat ayield 2if 6P6. This sol uti on was
added to the m xture prepared above at such a rate
that the tenperature is maintained at 0 - 5C. ﬁredo
sol ution was obtai ned. Theexamblg ¢qWas agi tated at -
5C and sanpl es taken for HP)E&C@L'G"quenched with I\/le()—|
10 everyp sparation &4 eethwidip gibad<d-v P T
nmet hyl ester was below 1 AP (area percent purity). The
reaction 25 m xture was quenched by adding it with

t - -
155 20 301 01 . DY oAl S .0

nﬂiuqowramsm»remmbn adeerdanceuwith B@nage 118t wds atldad te 20 mL

oth ifndaich negﬁttugﬁtanty&fsf e B9 begsiiiop <283 g of
15 Wﬁnd\'ﬂ HiRfoMié Prarfonlarat Tr%%ii‘g&r&\ﬁﬁg sfut?ﬁd %%JFH@’?[%ﬁ’&ved by

a ueous ‘phases extracte

Q)Eﬂdl@onﬂﬁéOdnhtﬂfrvmier The pH was adjusted to 5 5 by the addition of

2 mL of 6N hydrochloric acid.

The resulting solution was evaporated to 5 mL of volume (in mostly

20  ethanol) to produce 1-C-(4’-ethyldiphenylmethane-3-yl)-B-D-glucopyranose.

Example 12
Preparation of 1-C-(4’-Ethyldiphenylmethane-3-vi)-B-D-glucopyranose

L-phenylalanine Complex

25
1-C-(4’-ethyldiphenylmethane-3-yl)-B-D-glucopyranose in solution as
prepared in accordance with Example 11 was combined with 0.63 g of L-
phenylalanine and 45 mL of water. The mixture was heated to 83°C and then
cooled under agitation to 60°C. Seed crystals of L-phenylalanine complex
30  were added for every 2°C drop in temperature until the originally clear solution

became a thin slurry with evident solid presence.
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organi c layers fromthe above steps were washed tw ce
with 39.19 L sat. Na- 53 WD 2004/ 063209

wWEAAER2003/ 041373 bi carbonate sol uti on aft er PGT/URI003IGH1373

each time for at least 30 mn. The conbined -organic
| ayers were then extracted with 13.06 L of nethylene
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ol PRIt R Gaates Ner ghiy A Rl Basd6ph qitered, washed
d'a?rFoO' ¥pidgat ad §@°C6g§ d‘g’gfehd 324, @gh-eﬂﬁag@hﬁéﬁﬁhet%e%-y| -B-D-

wat er were slowy at wh
crghsd:cmylrarzcme -ophbaylataniideombiex.y was agitated at 20 -
25C for 1 h then another 6.53 L water added with
continued agitation for I h. The precipitate was
collected and the 10 cakeamﬁ fdqpth a total of
23.52 L water/ethanol (2: ed to -5C) in
portions. ThePiepathiion Qja‘& @-@Uldr@-%efh%dlm_a gl
content of less than,0.1 9 |eId of 17.31 kg
(91.3 % of the ti P ECRrdBRERERE ICORMANAS® duct was a
m xture of para- and ortho-isomer (ratlo 93:7). The
undesired ortho-isomer was renoved in the subseguent
react i MpiRg epsentilipthespmel provedpeaseds daseribed in Examples 9-12

eaSrPf et g e A bR RFGls Shpaflugg for o

oibr@mohﬁt Gﬂthyl&rpBenylmedéhaleé hoAybE6znpirenveehoedibhenylimethane-3-
i’ﬁelévg? in 109.72 L acetonitrile and the sol ution
WropyranaseganddheenrresnanRinNgsk-PheaY Rkanine ga@glex thereof
e taken for HPLC. 12.18 Kg boron

trl?l uoride etherate were slowy added and the

reacti on tenperature maintained bel ow 20C.

(CGenerally, after addition the tenperature may

| ncr eaggtervatRly, tHd C-Quealdrozieati g diphBhgIni&hahE By1)-R-D-

m xture was agitated at
glucopyranose may be prepared according to the methods described in

Examples 14 through 21.

Example 14

Preparation of 2-chloro-5-bromobenzoic acid chloride

Cl

(CICO),,
@/COZH DMF, CH,Cly cocl

Br

8.00 kg Z2-chloro-5-bromobenzoic acid was suspended in 80.00 L
methylene chloride (KF of methylene chloride < 0.1% H»0) and 0.02 L of DMF
added at 20°C. 5.18 Kg oxalyl chloride were slowly added and the internal
temperature maintained below 25°C. The addition was slightly exothermic;
gas evolution of HCI and CO, occurred. The reaction was run at 20 - 25°C
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this tenperature with casual cooling, and a sanple
taken for HPLC anal ysis 30 every hour until the

WO e@a62m was conpl ete. During the reaction a PCT/US2003/041373
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precipitate was fornmed. The reaction was consi dered
conplete if the anmount of 54 WO 2004/ 063209 _
POVEIRight 3 clepg =dlutianuiasi ohjaised: t Thg mixtwei was wasicentrated in

I AP (. r N ) ¢ ~0. BE,.wer
adasyHE b Eetifls Shericarietan A reh tepE B g p-cniore-
t VB-bromolbdnzoid atidshloridsa 88T Ry (38)88 enslolield 100,0% he
conbi ned aqueous phases were extracted with 15.67 L
MIBE; the conbi ned organi c phases were washed 5 \évith
15.67 L brine. The organi s concentrated to
dryness in vacuo. The seCEQ% %si due was then

di ssol ved ¢4 with heating. _The

sol uti on wasPd@lQD O c-chlgloraspromo-t -eiliuxybenzaphepane
cooling overnight to 20 - 25C. At the end of this
step, the slurry was agitated at OC for 1 h. The
precipitate was ¢pllected and the &’ washed twice
with 3.92 L precgol edcl0 €tdanol < Q€ " The

product was dri n vacu at” 40 ant wei ght
nt: KF%S % vi 7.8 kg of

(final water co

the title conmpougd (23.9 gt 75589 . Exanple 17 15
Preparation of methyl- 1 -C(2-ch |oro-4'-ethoxyd i
ph e nyl meth an3-yl)-a-D glucopyranose C / C /
Oet 1. s-BuLi, CH THEO1 HO \ I | CEt 2. Heptan

HO s / )

ol ut i o 57 PielyiSlE Uiq Weid bod 12 Raplil fjadfien'7.44 ko
plabminiuratdidorile added. The reaction mixture was cooled to 0°C and 6.81
kg phenetol slowly added while maintaining temperature at 0 — 5°C. After
complete addition, the mixture was cooled to 0°C and agitated 15 — 20 min

before proceeding.

In a separate reactor 14.16 kg 2-chloro-5-bromobenzoic acid chloride
were diluted with 25.49 L methylene chloride. A sample was taken for HPLC
analysis. This solution was added to the mixture prepared above at such a
rate that the temperature is maintained at 0 — 5°C. A red solution was
obtained. The mixture was agitated at 0 — 5°C and samples taken for HPLC
and quenched with MeOH every 45 min. The reaction was considered
complete if methyl ester was bélow 1 AP (area percent purity). The reaction
mixture was quenched by adding it with vigorous agitation and cooling to a
mixture of 32.66 L 2M HCI and 16.33 kg ice. The temperature was
maintained below 25°C. The mixture was agitated at 20 — 25°C for 20 min
and then the phases separated. The organic phase was slightly turbid. The
organic phase was washed with 26.13 L of 2M HCI, and the combined
aqueous phases extracted with 13.06 L methylene chloride. The combined

organic layers from the above steps were washed twice with 39.19 L sat. Na-
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was charged to a first reactor containing 120 L THF. A
sanpl e was taken for HPLC and then the sol ution was

w@owkhea200 - 78C. In a second reactor 17.16 kgPOf/US2003/041373
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2,3,4,6-tetra-Otrinethylsilyl-D gluconol actone were

di ssolved in 87 L of heptane and the sol ution cool ed
t Picargenatessaluion aitest stirdag eaeh ime fgnableast 303nins 1[@ combined

o Iiahicldverdidle eh RGXABANYiA 1206 81 FARERGLNIdIRe. The

erature ' d excee
cmqnhlmned acgiama: Eyetdwene waghed iaally aitht1@@d biine: 7Bfe organic
for , then a sanple was taken for HPLC. Care was

t mew@%%mn&r@ G dyiness KuyaeHWy apd the gesidup issglved at

(Ao 10°C W

b0 1R E Bt A0 of Bhahe). w@féé)?g“r’ét{?ﬁ%?e Flowly, pdded, at which
derointrarysidllizatidrebégars t han 3 AP, the reaction may be
continued to the next step; or if not, additional

s-BuLi may be necessary ) The content of reactor one

was addes slingy Wa% dbﬂ@oLi@@mﬁ%fH@% %‘Rﬂhsﬂ(fs 53 L water
second reactor at such a rate that

t @m@dwm @ormncweg agitatien deret h. 68k ppemtateavqﬂ etllected and the

SRl b Tk Yo 808 s AW REANard R 1o bregibled tg—5°C) in
Hlﬁloﬁlor&an”ﬂfhe MYoduEtSvaLiesd la EWar waltd ont Iolf Iess than o 1 %,
n&éteness The reacti on was consi der ed

HigEL ot H AP Kael9d - 3 b & lagy titley bﬁmm rTl?{zelpyoduct was

A T, P D U o S0, b o

ag\'!asatembvedgnrtlme:shbséquenl@eamtrmnwdpt hen the phases
separated, and the agueous phase extracted with 35 L
MIBE. The conbi ned organi c phases were washed with 35

L brine. The organi c phasgy I fgn concentrated to
an oily residue and degasﬁ#g'rei% ly at 40C in
HESuu o RresRNEn BY b-oHBIA b 8R4 ¥idi RH MHcindRe

nmet hanesul fonic acid slowy added. (At this stage, the
reaction tenperature may increase to 30C). The
reaction m xture was agltaE{s at 20 - 25C for about
12 h, then hete to 40C fog,:3 B and%a san‘pl e taken
for HPLC I PRG chrormHgnyam e ak

observed in 0: 10 r—at—i—e.—»Thj or
identified cofresponde8Ewi th 7520 the Jproduct”. 2E49 Kg
triethyl am nePwere added and the ni xtBre concentrated

10.81 Kg of 2-chloro-5-Bromo-4‘-ethoxybenzophenone were dissolved
in 109.72 L acetonitrile and the solution cooled to 10°C. 9.99 Kg
triethylsilane were added, and a sample taken for HPLC. 12.18 Kg boron
trifluoride etherate were slowly added and the reaction temperature
maintained below 20°C. (Generally, after addition the temperature may
increase to 20 — 25°C without heating.) The reaction mixture was agitated at
this temperature with casual cooling, and a sample taken for HPLC analysis
every hour until the reaction was complete. During the reaction a precipitate

was formed. The reaction was considered complete if the amount of
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in vacuumto an oily residue. This residue was
di ssolved in 150 L ethyl acetate and the sol ution

woamhe20mi ce with 50 L water. The organi c phaBET/Usmge3/041373
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concentrated in vacuumto an oily residue and degassed

carefully to renove all volatiles. The oily residue
wd€NfiRisg siarting magerial was lesadham@.1 AP (28er él-uehp 47.01 L

Ll . 300. t . Ih duct, , . .
> B0l At e el B ARG B RSHES oo v
T bsetiNa-bitaebomte solutien! dtheadtinbifed s@keuyphlsEs were
W th ver?/ [ittle heptane. It was then dried in

ciXE@Ciad WEh dro't ls M RRsthgrromkingd oroanie phasapwese wgshed

fi bt g ; 0 -
] ST oY Aah 0857 A B p v,
of T heesmlsoﬂclj ré&sidue wastthen Qiszobted in 2155 L ethanol with heating.
b oS s e Ol i . s i bEARTIR DOl DVermight to
HO s @sl"G.Hﬁtm&iﬁlﬁd Shehis §téﬂ"tl@§gluﬁy%é@agitated at0°Cfor 1h. The

met hyl - 1- C- (2- chl oro- 4" - et hox
i priecipitatetwiaseollecjed and the gake vaghed baicdavithed 82 L precooled

di i R0 L~THE and, 13. 04. kg DI PEA and Q.06 k
L6t RaDiCP A e sttt achreat 4 6 cohstant
mwdights(finabwatep ceften® KF <5:081) Pieldt K80 &§®F ke title compound
anhg(drl de added at such a rate that the téenperature
di(@3-98tmek ¢8etobC. After conplete addition the nixture
was agitated at 0 - 5Cfor 1.5 h, then a sanple taken

for HPLC. The agitation was continued at 0 - 5C for
another 1.5 h, then take &xanple1tfor HPLC. 30 L
precgol ed (5C) 15 re added and the m xture
was hEEERaration gf methyi-ToG(2rchiors, xydiphenvipethasd

mn at 5C. The | ayers v and t he aqueous
| ayer extracted with 12 ; combi ned organic
phases were washed consecutively with 12 L 10 %

aqueous phosphoric acid, then twice with 12 L sa
Na- bicar bonat e sol ution and with 8L brine. Th

)

OEt

was_syapqrat ed 20 heBdoCH HFvacuum ap Q
ree dsed c-g-r;gfp—tgg—l—*y—t—o—o-bt—ai»n [
OFEt o. 0
Br TMSO OH
TMSO™ “1OTMS
OTMS

A solution of 11.97 kg 2-Chloro-5-bromo-4‘-ethoxy-diphenylmethane
was charged to a first reactor containing 120 L THF. A sample was taken for
HPLC and then the solution was cooled to ~78°C. In a second reactor 17.16
kg of 2,3,4,6-tetra-O-trimethylsilyl-D-gluconolactone were dissolved in 87 L of
heptane and the solution cooled to ~78°C. To the first reactor was added
23.15 kg s-BuLi (12 % in cyclohexane) at such a rate that the reaction
temperature did not exceed —68°C. After complete addition the mixture was
agitated at —78°C for 1 h, then a sample was taken for HPLC. Care was

taken to avoid contact with humidity during sampling. (At this point, if the
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compound: Yield 7.52 kg (12.39 nol, 90.6%. 57 WO
2004/ 063209 PCT/ US2003/ 041373 Exanple 19 Preparation
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2,3,4, 6- tetra O acetyl -1-C (2-chl oro-4' - et hoxydi phenyl
rrethan- -yl)- fi-D-glucopyranose CI Cet / C C&t O
EH@ﬂtP”tB?f 'QQM@GRQQ ieelaningd tabe JessdhaId AP Aihe reaction

oty PEFoptinuad kol SR e fiot 2 iafe) Bt may be

etﬂ&meﬁdawneﬁhbmmfbfﬁeadt&)r @ﬂ@v\@blaml@)df\ﬂé‘@%dﬂﬁed line (-78°C)
degasse resid BE) were dissol ved

( ﬁaré'gé lél f'a%gtwﬂ.rﬁacm Wil %@ﬂ %}Jcht%éatﬁdh@trth@demﬁfaiute did
Ofndt RQcs& UbBan, 2Ry 'cgn'ff)?etQ ag%mopb r%ﬂﬁ ﬁﬁr%%n_ltng 8884 reactor

content may require cofrection
mwasagitatad at eFBEA foro30 iih,zhen @. sémple tekéeforadied. Sampling

2 A e B B e BT e
a%ﬁﬂ)l@f& iBHE *&hﬁn%@é fh APaterbdbseh gl écﬁ@é@ﬁﬁ]\;éfﬁgaken

not exceed (After conplete addition t
t éﬁmﬂl% urldhe Wﬁ@rzﬂ \N98 warmedde s408Cathaunt 1B Cwatasadded very

d the reacti
¢ Rt TR O R aaliet3erntRyBRle rif dbd Yeade
C phiases edpaitted, #id theasjuedis Phake ExdaktdDwiR B MTBE&S The
Con\éﬁgt ed. (Note: Addl tional TES and BF3Et 20 nmay

PR 0§gan+@pha$&%wgrwgsh%wetb 35l bripe, Tdneobrgamp phase

v B8R chfentatlo ALl GO B gl E s0cn

s&pavandd ramd)verwl wlafiies.c Tho @iy residgd aghsvdis$olee@ €00 L
nat e _sol ution. The conbi ned

2 iEEaS s LT 2K el et Rio eI Slawdy e thtdnisiagage, the

C‘Pé@’sti@)ﬁ%ﬁ{[ﬁ‘?é‘ﬂu?e n@éﬁﬁ@%a‘é@%@ g;@ .t hﬂ% feallibA fixtlAS was

organi ¢ phase was centrate
agitated at 20 — 25°C for about 12 h, then heated to 40°C for 3 h, and a
sample taken for HPLC. In the HPLC chromatogram 2 peaks were observed
in 95:5 to 90:10 ratio. The major compound so identified corresponded with
the product. 2.49 Kg triethylamine were added and the mixture concentrated
in vacuum to an oily residue. This residue was dissolved in 150 L ethyl
acetate and the solution washed twice with 50 L water. The organic phase
was concentrated in vacuum to an oily residue and degassed carefully to
remove all volatiles. The oily residue was dissolved in 37 L toluene and the
toluene solution slowly added to 300 L heptane. The product precipitated; the
suspension was agitated for 3 min. The precipitate was collected and the
cake washed with very little heptane. It was then dried in circulating air to

constant weight. Yield: 12.63 kg of the title compound (28.78 mol; 78.3%).
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solid residue. The residue was then di ssolved at 50 -
60Cin 40 L ethanol. 25 0.5 Kg activated carbon was

wa@odwedernd the m xture agitated at reflux for ROI/URI003/041373

10

15

20

The hot solution was polish filtered and the cake
washed with 4.4 L hot ethanol. The solution was
al lowed to cool to room teExamgle A8n 3 h., then

cooled to 0CHag hay %Jlt

col I ected and =8 S

5C) et haii@ichlofbe ptraskydiphengintkthad-3a¢1)-a8D\WRicopyranose
2004/ 063209 PCT/ US2003/041373 40C in vacuumto
constant weight. Yield: 3.10 Kg of the title conpound
(5.36 mmol, 65.0% . Exanple 20 5 Preparation of g

1- G (2- chl or g72<%

OEt

gl uc a OacdxCY )
Li OH? bH  ACCe" " - S ¢ 10.To 5%¢irred
sol ut Hoti “gf “oet r aacet yl at 8F 3- C- gl ucd¥PdeI( 29429, 49

2
mol ) prepared e.g. according to Exanpl eog@, in 480
mL of 2:3:1 THF/ MeOH H20 was added Li OH nonohydrate
(2.3 g, 57 nmmol) at 20 C. After stirring 15 overni ght,
the volatiles were renoved using a rotary evaporator.
The residue, after being dissolved in EtOAc (300 ni),
was wa$heKg1meiiylH -6r(2aehlorosdy-ethpxydipie mylimie thariead-y{)a@-D-

m taining 10 nL of 5% A fin Wi t
PSR Bse ohRbofbo BT, TR o B b EA S 0.06 kg
vV OMAP| Rfdede /& shRITRY fls YSkeHfok HPIQE ArtheENRRAFAHAS g%d to 0 —
the resultant oil was reevaporated froma m ni num

aRotrndo?. 1ékp@cetic@niveride 20dad gt stichiegitesthat the temperature
Coff HOALHLRY 42 2S AfteP L8R PYete Habitd the ri%iurS was agitated at 0 —

5°C for 1.5 h, then a sample taken for HPLC. The agitation was continued at
0~ 5°C for another 1.5 h, then take a sample for HPLC. 30 L precooled (5°C)
MTBE were added and the mixture washed with 30 L ice-water then agitated

for about 30 min at 5°C. The layers were separated and the aqueous layer
extracted with 12 L MTBE. The combined organic phases were washed
consecutively with 12 L 10 % aqueous phosphoric acid, then twice with 12 L
sat. Na-bicarbonate solution and with 8L brine. The solvent was evaporated
at 40°C in vacuum and the oily residue degassed carefully to obtain the title
compound: Yield 7.52 kg (12.39 mol, 90.6%).
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59 WD 2004/ 063209 PCT/ US2003/041373 Exanple 21 A

Tel escoped Preparation of

WQ2B446R02 etra- O acetyl -1-C (4" - PCT/US2003/041373
et hoxydi phenyl net han-3- | -R-D g ucopyranose ~ ~ Et

Br ~ nBuLl/ THF:Tot -78 oC Et | 111 111 | HOCH2c O

[ TMsocHo zou TVMSCl / N-Exampled8iine Y OH ~ 1 T

Juc

/| DI PEA cat DVAP Ac QB- rarddide ' O—I Tot AcO
"OAc OH OAc Et BF3. Et20 t 3S c O CH3CN /
To! 15 oC AcO' ""OAc QAc 5 35 Kg of
D- gl ucono-1, 5-1 actone were charged into a hastellgy g
reactor equippetl yitioea thernocoupl e, rrechanl oF:

an 3 ti onefsinnelort ThelAc A% .
( ey doUN ere added. Swtaeaopqe,rwi.,

et Ry pl; C|ne (-8 eq.
reac%/l ond xture and the 10 sl urry cool ed to%\CC
110. 9 Kg AF“ met hyl silylchloride (6 eq.) were added and

the slurry stirred for 15 min, after which the
react i G0 TR bfinetini, 3ya16vRsird-0-acetyl-1-C-(2-chloro-4*-

ethoxydiphenylmethane-3-yl)-B-D-glucopyranoside (carefully degassed, no
residual MTBE) were dissolved in 25 L acetonitrile. (Typically, the water
content of the solution should be 0.02 — 0.07% by K.F; higher content may
require correction for water.) The mixture was cooled to 10°C and 0.15 L
water added. 3.04 Kg triethylsilane were added, then a sample taken for
HPLC. 2.34 Kg boron trifluoride etherate were added at such a rate that the
internal temperature did not exceed 15°C. (After complete addition the
temperature typically increases to about 25°C. Casual heating or cooling may
be required, and the reaction time is normally from about 18-20 h.) Agitation
was continued until at least 90 % of starting material was converted. (Note:
Additional TES and BF3#Et,O may be necessary.) The mixture was cooled to
15°C, and 25 L MTBE and 14.7 L sat. Na-bicarbonate solution added. The
mixture was agitated for 20 min, the phases separated and the organic phase
washed with another 14.7 L sat. Na-bicarbonate solution. The combined
aqueous phases were extracted with 6 L MTBE, and the combined organic
phases washed with 9 L brine. The organic phase was concentrated to a
solid residue. The residue was then dissolved at 50 — 60°C in 40 L ethanol.
0.5 Kg activated carbon was added and the mixture agitated at reflux for 10
min. The hot solution was polish filtered and the cake washed with 4.4 L hot
ethanol. The solution was allowed to cool to room temp. within 3 h., then
cooled to 0°C and agitated for 1 h. The precipitate was collected and the
cake washed with 8.8 L cold (0 — 5°C) ethanol. The product was dried at

58



30-35 C over 0.5 hr. After 5 hr, the reaction was
conplete (determned by GC). The reaction m xture was

w@eoaimea200 0-5 C and 454.1 kg of tol uene were PCTER2003/041373

10

15

added. The reaction was then quenched wth 700 kg
water. The 15 reaction m xture was stirred for 10-15
m%@é@ Vaﬁuumhf@ gty vegighinedelds 3. HeKarafthe titftheompound (5.36
q,f.\ us | ayer was then renoved. To the organic

utr’ on vva " charged a solution of 13.0 Kg NaH2PO4 in
260 Kg of water. The reaction mxture was agitated
for 10 mnutes and then the phases _again separated.
The bottom aqueous | ayer d and to it was
?ndﬂﬁgezﬂl?ép £-(2- IR|8rdThXéﬂﬁ5§ JBReAAhIciRs
separated. The organic sod;|ut:¢)p,yramg§e distilled at 40-60
C under reduced pressure (typical 23-25 in Hg), while
addi ng toluene until the solution of silylated
product in toluene has a KF of < 0.05% water. The
concentration 60 WO 2004/ 063209 PCT/ US2003/ 041373 of
the silylated pr?duct ﬁs adjusted to - 0.1 g/nL cl O OEt

addi ng anhy e or distillation,
nece : of aqLiOH/MeOH  HO
2,p§ , p-tetra-O-trinethylsilyl- Dgluconqoa

“svrep ranged from91l to 98% as measy
a CC asgay based on the standard curve of the product
(GC nmethod) or by 5 renoving the solvent under reduced
pressure to dryness. To another reactor equipped with
a thernocoupl e, nechanical agitator, and an addition

f unnel .

. brormm 4aa9§ﬁt19§c§et y?gﬂltléé r?iltér‘;g%%e Iated%_%—gklgcog%dea@ﬁyz 49.mmol)
THEepeaed ehe raczdddidg td Exampisl 10yin280 kil ¢ff2:3dl 'FHHﬁMeOH/HQO
The re ctor i_vﬁs cooled to < -70 C. About 48.9 of

nWE§13 dﬁ@rlé geypohydeata 62.§19, $7Harhea! 20 ﬁ(ﬁeﬁéf@r gtifriog

"‘@%eﬁﬁeq%; ﬁ]l%n\zc; attﬁgs g\%rg 6%ﬁ9§d '”%t%aéh%%ﬁ m‘mg residue,

gagbr belag dissuheed sﬂEﬂﬂAclm(BOtﬂ)ﬁhLyembé wtaEhed 1(>j( C\iNIEjh brtlne (150 mL),
rq enyl met hane was t hen adde 0

38R ring (B S PR 0 i Raring 55 99 K538 E0H Snally wih brine

S@OJFHL‘?'?DHBF Rﬁéﬁg@b o@%&%%%S?@% vala'h%tsevvértéarterﬁ(ﬂ%d using a

tenperature remins < - m xture wa
atptaat exhpmrator and the resultant bié asts r@evaporatedhfioana hIthJEhum

i%%@ﬁh&?@#z@ﬁet%gﬁho{w %'o&rggé;?gé &jil%&%%@b%s‘ﬁe as a glassy

off white solid.
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MeOH were charged while maintaining the tenperature <
-60 C. A sanple was taken to confirm conpl etion of the

woredohpb32g9 ycosi dation by taking 50 L reacti onP@i/K82008041373

10

15

20

and quenching it with 10 nL CH3CN for HPLC 20
anal ysis. Wien the reaction was determ ned to be

conplete, it was quenched Exasude 2lon of ag. sodium

f’l%“ﬁ@é?%f‘n?eﬁlﬁ%oaé. aﬁy%%ﬁ&maﬁ%ﬂid

r—!-

W th 228ho metH2@- bREs@bd then the
agueous p ases conbi ned. € co |ne aqueous | ayer
was extracted with 223 Kg et hyl a ®& (this step is

25 perfornmed as needed). The prd’duct-rl ch organic
| ayers were conbined and the sol VeT{BuLildliiFﬁpt-isl’cl ed at 35
- 60 C under reduced pressure (typically,-25 in Hg)

untll the KF of the solillign, was| /oﬂ-IZ and t he Et
g <1, %0 Bl a i Ve t o t ol uer@sepg oI I
det é? ftd Hyerdnall ysi swso 36 he ytogbed of t/he™pffn e

fromthe coupling penforned usiing this process ranges
from72 to 89 M4 this concen ration bei ng determ ned

by an HPLC .Assay..hased pnia gt ] Gur fot .
productq—bg-l—&%iz H‘G t _%%é% %gﬁgfg%%é@

sol ution of the tﬁydug'i'yco& e was charged & ¥Kg
DVAP, 64.33 kg dLi sopropyl ethyl am ne, and 45.56 Kg of
aceti c anhydride. The_ s fion was stirred at < 35 C
unti | ;Eﬂzé'jﬁéaotqcnagjagl/@éferm ned to be 5 conplete by
HPLC &hal9gics. Tda ction was judged to be conplete

when the area percf‘ént ratio (AP) of the internediate
acetyl ated species was <2% of the area of the

: b 5 s i PRRSuBGTP-istand wetp efbaaddip.a heseloy reactor
( Bufshbewiti aQR&Hﬁde’é@ié* e |é§]%g;|t§fb‘?r&’?djaﬁ %dﬁﬂ%n funnel.

reactor. The resul t ant Wer aqueous

wdden 343.8 Ng'Pltlﬁéaplﬁydreua)owere addid. anbs;eqnmﬂtlyJ—m Kg 4-

e DR NN R -
SeRAFPESOIEMt® 5PTASER.0 KRETriRRH Shedﬂés(tGFﬁlﬁgﬁ/gY@édded and

separated and the organic phase 45. 54
k ghenaluary, stireddor Whinain, afier whichdbs reactionl mixturewass warmed to

S8R5 Lé ove;rB% hr. After 5 hr, the reaction was complete (determined by

GC). The reaction mixture was cooled to 0-5 °C and 454.1 kg of toluene were
then added. The reaction was then quenched with 700 kg water. The
reaction mixture was stirred for 10-15 minutes and the phases allowed to
separate. The bottom aqueous layer was then removed. To the organic
solution was charged a solution of 13.0 Kg NaH,PO, in 260 Kg of water. The
reaction mixture was agitated for 10 minutes and then the phases again
separated. The bottom aqueous layer was removed and to it was added 273
kg water. The mixture was agitated for 10 minutes and the resulting aqueous
phase again separated. The organic solution was distilled at 40-60 °C under
reduced pressure (typical 23-25 in Hg), while adding toluene until the solution
of silylated product in toluene has a KF of < 0.05% water. The concentration
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organi c solution was concentrated at atnospheric
pressure to a volune of 4-6 L/kg of nethyl-

wa 20406320t hyl di phenyl net hane- 3-yl ) - a- D- gl ucopRCHUS2003/041373
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noside (acetylated internediate). 20 The reactor

th tylated i nternedi ate was then
c R By e brodotag EEistashioT D1 Lotk by selding arhyeirous

B T TN T See—

arﬁi-gﬁ@zo&oldo@omﬁ fret3iRicHirsicsiepl raﬁ'geilt’lfrlalgxaﬂ ’ttg%@ﬁﬁgtrﬁéésured by
ﬁgge %%ﬁ %ﬁ%ﬁ(iﬁ{\ ﬁ%gs ga&g@'ﬁ[wg f the prodyct{ GG eethgd) or by

I eagioviy t'ﬁb)gdl'\ken eﬂédtfc%@ Cg#@ééilrg‘iﬁ %s as

j udged by HPLC an SI S reactl on
mi ha @m@hwagsadbmreqmm@ﬁwﬁb ath&fmGcodpie, meghaniedl agitator, and

S e e i
deﬂses Kot rﬁﬂ?\?d%‘ﬂtlFQN s"{%égara‘%m%'dnfd]@weldg'@ F8F kg of Toluene.

reactlon ure was stirr unt
d|Té'@ppeammas ofoledEtBSi-H0xC. dAbethmeckgktyf %ﬂh@bb@a@ded (2.5

. An aqueous solution of 62
8%@1?5 pdhessidELy Was stirsed RARGTR °Crandey Naagntil the
{_a
R e A s A T g
Tlaeian salutien desved from Mmmbfﬁefém‘g?hﬁm?ﬁéth%% Wtagit?ween added
ag%ﬁ h%%‘ﬂ%@%ﬁﬂ%a@%&ﬁ"?@%@d@b/' -Drgliycaneiacions. m&un@ prepared
N@vaé Bt éu%IﬁQ rate 3t Y}’ﬂ-}t e‘?@‘ﬁxr& P@%?@% s .?.Ké ng;r o |En|x ure was

| ayer and the aqueous separ a

r aghatedgani 7 0ptGEs aw@aslt Bermm shildredpPat ﬁrﬁﬂéﬁb@gta‘ken to
pressure until nost of the acetonitrile was renoved

288Nt repction soneplakien. c%ﬁd@israluaon I0& CdH38Q:H 4 en) in 334 kg

SRR thated Whie MG R Papo gpirg e 0
rmtéamplé W thkenttd Yorfiph eoiplEtdidsrnd Tﬁ{éﬂwxpgl%&éi&‘étfb?%y

anosi de was reached Whil e mai ntainin
t tarking SQutle reactisnToixtyre znd qc@n%plgathImeereMO[ngDN foinédPLC

Sanaybien Wik A& TS0 al AetRRTINZd I5'HS Ymplets, RWas ™
quenched by addition of aq. sodium bicarbonate (11 Kg of NaHCOQ;3 in 220 kg
water). The rich organic layer containing the product was washed with 220 ’
kg water, the phases separated abd then the aqueous phases combined. The
combined aqueous layer was extracted with 223 Kg ethyl actetate (this step is
performed as needed). The product-rich organic layers were combined and
the solvent distilled at 35 — 60 °C under reduced pressure (typically ~25 in Hg)
until the KF of the solution was < 0.07% H,0 and the amount of EtOAC was

<1% relative to toluene as determined by GC analysis.
The yield of the product from the coupling performed using this process
ranges from 72 to 89 M%; this concentration being determined by an HPLC

assay based on a standard curve of the product.
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and the slurry held at 6010 C for at |east one hour.
15 Afterwards, the slurry was cooled to 2010 C

WO 0pesRdUr e over at | east one hour. It was tPEmUS2003/041373

1

[
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filtered in a Robatel Centrifuge and the cake washed
with at |east 2 cake volunmes of heptane (57.7 Kg). The
wet cake was dried under vacuumat < 60 C, to an LOD

?fs 60_/: Orc? HPLdé@ﬂl(%BBQ%&fﬁQMOfggaﬁvgggbh@ed 63TRS BMap,

P(ﬁlﬁ/ BJSKQ@tBS@plmBY@th)EB anﬂnepanca%m)mg of gcetllc anhydride.
t hane- 3 gl ucopyr anose
L ﬁl?eﬁ?)}‘ @ﬁé 'fféa;ﬁtg%% C Lw@tﬁ]azre@ctlom was/detexpinedto be

L- Phenﬂatﬁ’am ngﬁ%%ls {6 ?Bt'%ﬁ%@ tocdps cpmplete when

1:the arda Pbmey\t el tion(AR): of&ﬁ@mtérrﬁ&dlaté H#ebtater] sﬁ@iﬁ@s was <2% of
equi pped with a nechani cal

Qﬁ?% ﬁ@%ﬁfgg’g%giyl@‘@g Ar ﬁdé@t éprml Reaadion times for this step
2.rdn frof 464 ﬁ(?qu acetyl-1-C (4 -

et hyl di phenyl - net hane- 3-yl ) - (3- D- gl ucopyranose were
charged into the same reactor. 62.44 Kg Et OH ( SDA- 3A

i n e RPRIACIEERGH o' Sah R g Svesdneaoherded to the
U"ﬁé@étota THet (PP‘P%ﬂhe ng'ﬁﬂéﬁpl%(/\%r ta%uém?& I%%HA%%& 85111 %e pH is not

kg) was added at roomtenp
< 3, additional HsPO,4 may be added until the desired pH is reached.) The

reaction was stirred for 10 min, then allowed to separate into phases. The
bottom aqueous phase was separated and the organic phase washed with
245.54 kg water, after which the aqueous wash layer was separated. The
organic solution was concentrated at atmospheric pressure to a volume of 4-6
L/kg of methyl-1-C-(4"-ethyldiphenylmethane-3-yl)-a-D-glucopyranoside
(acetylated intermediate).

The reactor containing the acetylated intermediate was then charged
with 174.8 kg acetonitrile and1.6 kg water (1 mole equiv. with respect to
acetylated intermediate). The mixture was then cooled to < 15 °C and 30.3
kg of EtsSiH added. Then 24.5 kg BF3-Et,0 (2.1 equiv.) were charged over
at least 20 minutes, while maintaining the temperature at < 15 °C. The
reaction mixture was stirred until completion, as judged by HPLC analysis,
about 4-7 h. The reaction mixture was then cooled to < 20 °C. The required
amount of 2,2-dimethoxypropane was based on GC assay to determine the
amount of EtzSiH remaining and KF to determine the amount of H,O
remaining.

The reaction mixture was stirred until complete disappearance of
EtsSiH as determined by GC analysis, typically <2 h. An aqueous solution of
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agitation) and slowy heated to 40-50 C, after which
the m xture was stirred 15 for 1-2 h until the

wo peopioazess HPLC AP of the deacetyl ated producPCi/mS100&041373

10

15

20

solution was neasured at >97% (excl udi ng the sol vent
front and system peaks). The solution was cooled to

2NaHgRY (18eB2 kg NatCRg I é?@;ﬁ?z@jwm ewas 2ddad at eorhient

P EEEHr S AGERS o SR e leoll phRER TR T R plliFp was

hrthéﬁ lagitehedsfel Ht je@sd 10 AR C@rm frd ﬁﬁ’asé@l(‘éno(n?eb"ffb se%ﬂ’é’» efHNhlch

Kg) was then added to adj ust the pH .
oqunt thederyerpauRaUs RRESCAMRAR EEMOVRI. O\A%@I%Waﬁl (12410$@g RgCl in

75..C d th
AR B S s M CEE P o 205 e
5keparatgdhdthe(ptod Gt rith ergankrobeseewageferrdigtiliRNat tmospheric
ri nse the flilte” n%efl ask and the wash was then added

t PrERRITPABEH MoRt A thewrcetenjirigiinastremayeda wo

2004/ 063209 PCT/ US2003/ 041373 conposition of the

solvent to - 12 vol % EtOH in solution. The slurry was
heat ed 223.4% K@ taluent veas d:l’lm'ged and theldigtillatiore oohifrtliddountil the

ot BB /Soth e Py eRaL T LDc i & AoLlka Ggpniragion o

‘I i alned Ml . /
1RGN e PR gl s roachea
st\/_h/hil@meamtatnmgstheehepmamtmre at or70L%G, 1810 Ko heptarsf were added.

F eI Ve ey SORR A0 ARBTGLORIED BpCR GG @t {eakg opg hour
3%%dktﬁe‘%‘ﬁ5rﬂfh CERAL) °@VF0P Pt ﬁne ﬁgg and NaCAc.

The water viash was conti nue unti conductivity of
the wash vvas bel ow 0.001 1lil. The filter cake was
Et OAc 10 to renpve EXCess pr oduct .

e A lenvar i Sy Yasienolod do v 50 Sedsmperatirpvenat
| ?’e"a?t oﬁe%ﬂrs It \R/Q@ gne% élﬁe(??ferf %Bcﬁ:}at%]%éﬁtnft%an fhe J{k%

dryi ng was rea al r quo
waashed v@ths% Mas’ez caléeolirey df heptane (57 7 Kg). The wet cake

hyl di I h -3-y1)-(3-D-
etw@éeq?rié’cﬂe” Mg SING. 1 SoLAISaF 50 Ahnplielding 10Kg of
s fife KompBlnSios, IpTeL Eooeygbpg di scussi on
dISC oses

cri’bes nerely exenpl ary
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enbodi nents of the present invention. One skilled in
the art will readily recognize from such discussion,

w@p@4063209 t he acconpanyi ng drawi ngs and cl ai NBCT/URZN3/041373
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various changes, nodifications and variations can be
made 20 therein wi thout departing fromthe spirit and
sdbpe dreparatiomafrit-Ced -Ethwidiphemdmetirandid-vileDsuiusgpyranose

claims, 65 l2004/ 63209 PCT/ US2003/ 041373 What is
cl ai WMA—W@M eny;a preparing a conpound of

Formula (1) or a pharmaceutically acceptabl e conpl ex
thereof 11 10 12/ \ 9 (R)p 5 ~(R)q 64 HO1 2 5

OH wherein: R1 Bted fromthe group tin
of hydr ogrem; group, bro 0, ghl'
fluorine, ,an gr oupas MeRHEPE g% group

al kylthio gr up and an aryl thio grow, V\,h*erepls

to 4, and with the proviso 10 that brom"?1e chl ori ne

and fluorine, when present, are onlly present in at

| east one of the 3-, 4- and 5-positions; R2 is

sel ected frewwtdie gr oup consi ydrogen, a
i an al kyl group, an

hydr oxy gréop—=ehbor i feet
o group, where g is 1 to

al koxy group, and an al ky!
5; and 15 Ais selected friomthe group consisting of a

coval ent bond, 0, S, NH, 1and-Pp@@nmetere n is | to

3, and with the proviso that when Ais in the

4- posi 68of0 KBlNa'ater wete bhargededo a rsiattortdugigpeahwitio atmad:hanlcal
gn one, of '

S ' apd if n
el B Aitradect Gas BRI oA ATR o i2s3 4.6 BelerQrmostyi-1 o-(4-
ethyldiphenyl-methane-3-yl)-B-D-glucopyranose were charged into the same

reactor. 62.44 Kg EtOH (SDA-3A 190 proof) was added and the suspension

stirred with minimum agitation at room temperature (20 °C) under a nitrogen

atmosphere.

0.1 N NaOHzq) (67.02 kg) was added at room temperature (medium
agitation) and slowly heated to 40-50 °C, after which the mixture was stirred
for 1-2 h until the in-process HPLC AP of the deacetylated product in the
solution was measured at >97% (excluding the solvent front and system

peaks).

The solution was cooled to 20 °C and then 154.56 kg deionized water
at room temperature added; the solution temperature was then adjusted to
18-25 °C. The reaction was stirred for 1hr (cloudy solution). Concentrated
HCI (37%, ~123.44 Kg) was then added to adjust the pH to 6.3. 20.20 Kg of L-
Phenylalanine was added, followed by a 141.68 kg water charge. The slurry
was heated to 75 °C and the clear solution passed through a polish filter.
51.52 Kg hot (75 °C) deionized water was charged to rinse the filtering flask

and the wash was then added to the reaction mixture to adjust the
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20 if Aisin the 2- or 5-position, then bromne is in
the 3-position, and when bromne is in the

wWQ@2ass20on, and Ais in the 2- or 5-position, PCHE2005041373

10

15

20

groups in the 4- and 6-positions are the sane and are

not bromine, chlorine or fluorine, and 66 WO
2 COMIEERpoitas/sobzod 8 042378 %’ ibrsofition. | Theerslumewas

SRR 5 0 0P SRS B s

NQydIARIBF e i légbﬁ’{goﬂﬁd%er&'d&afeﬁn “Thedl ﬂm’é%’%d 1040 °C

conpri si ng: ng a conmpound o

a dvectl dnenqbthtﬁ mtttedwpuraﬂmr@man&aii@dobtlﬁb?d) for4 Al eqlhle@urry
gr oup qg @% 6} Ao ALGOOH ALGD " ALG OALG
)W%ﬂ %&% il d 0v<ﬁre2 bansostiitecoat thisr temperaiuvg fod 12216

si e

< e IRl B kAL EoBIBLGEHA2 Tho e

>take as waghdd witPcBRi (H10-2C) 322 kg watdd tU'reﬁ?dvé)by—products

reacting the conpound of For mul a% an acyl ating
ad¥atil angl NaPAca The water wash was contlnued unt|I the conductivity of the
wash was below 0.001 Q.  The filter cake was washed with 290 kg EtOAc
to remove excess product. The wet cake was dried under vacuum at 18-25
°C for at least 4 hours, then at 40 °C for at least 12 hours. The drying was
stopped when the KF reading of an aliquot was 2.8-3.6% water. The 1-C-(4-
ethyldiphenylmethane-3-yl)-B-D-glucopyranose L-phenylalanine complex was

isolated as a white solid (54-58 Kg, 80-88%).

The foregoing discussion discloses and describes merely exemplary
embodiments of the present invention. One skilled in the art will readily
recognize from such discussion, and from the accompanying drawings and
claims, that various changes, modifications and variations can be made
therein without departing from the spirit and scope of the invention as defined

in the following claims.
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conmpound of Formula (VI); 67 WO 2004/ 063209
PCT/ US2003/ 041373 (Rl)p (R2)qg I A o ACO (VM) R3 AC

provide a conpound of Formula (VI1); and (Rl)p (RZ)q
Ao | _ACQACO~ ~~~~~ " 10AC (VIl1) 5 OAC e) renoving
a a group fromthe conpound of Fornula
(VMI'l) to provide a conpound of Fornula (1); wherein
R, R2, A, p and q are as defined hereinabove, and AC
i sl.an Acyhethoot a;ftumEpamglpa 1@opoling MeFt hP&knla (I)
claim11 wherein 3. The nmethod of claim
wher ei ,pr'@rm§cquf4qgll2 aC?@P@bIWﬁ{ﬁxﬁbgrQﬁ claim1
wherein Rl is selected fromthe gfoup gonsisting of
hydr ogen, al kyl, chlorine, and flyoriRe. 5. The nethod
of claim4 wherein pis 1, and R/ is_s cted fromthe
group consisting of hyd@gmgen, chl fm\ahgzo)l nmet hyl . 20
== q

< 4

(1
HO

\\\\‘\\

HOY

OH

wherein:

reduci ng the conmpound of Formul a (RECY/US03/041373

or

a

R+ is selected from the group consisting of hydrogen, a hydroxy group,

bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio

group, and an arylthio group, where p is 1 to 4, and with the proviso

that bromine, chlorine and fluorine, when present, are only present in at

least one of the 3-, 4- and 5-positions;

R2 is selected from the group consisting of hydrogen, a hydroxy group,

chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio

group, where g is 1 to 5; and

A is selected from the group consisting of a covalent bond, O, S, NH,

and (CHz), where nis 1 to 3, and

with the proviso that when A is in the 4-position, R+ is not bromine;

with the proviso that when one of Ry is bromine; and
if A is in the 3- or 6-position, then bromine is in the 5-position,
if A is in the 2- or 5-position, then bromine is in the 3-position, and

when bromine is in the 3-position, and A is in the 2- or 5-position, then

R1 groups in the 4- and 6-positions are the same and are not bromine,

chlorine or fluorine, and
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68 WD 2004/ 063209 PCT/ US2003/041373 6. The net hod of

claim5 wherein R is at the 4-position. 7. The nethod
w@Roogloed2n? 1 wherein R2 is selected fromthe grpCpUS2003/041373

consi sting of hydrogen, an al kyl group, an al koxy

group and an alkylthio group. 5 8. The nethod of claim

7 wher e\‘i"’he'@{ bremine iaintrRo5-posikieheand A isrinthae Beor @-rp@smlon then

.. t d t hyl t hi
et nod ot Sz 8 2o Fif & e R o e Sas afd e ot trgrmine,
10. Thechiafiriedr choMG-?llsmdlmWhﬁfded:dmﬁmﬁ?( CH2) | ocat ed
at the 3-position he nethod of claim 1 wherein

t rfafmms: BEOMPPHI & Foymula (BV) tempp @stpnss prtecied avith an
(IA) 15 OH wherein: Rl is
> sel ecte (f%bll@rﬁraiectngﬁg%@ al kyl group, and chlori ne;
and R2 is selected from hydr ogen, an al kyl group, an
al koxy group, and an 20 alkylthio group. 12. The
met hod of claim 11 wherei \S hydrogen and R2 is
ethyl. 13. The 'IEShOd of M 11 wherein R, is
chlorine and R2 i'S{%sf hoxy. \—2! R2)qThe nmet hod of claim
11 wherein Rl is [Ae R2 is nethylthio. 69 WO
2004/ 063209 PCT/ ! 041373 15. The nethod of claim
1 furt S eacting the conpound of Fornul a

V)

OALG

b) glycosidation of the compound of Formula (IV) with simultaneous

removal of the acid-labile protecting group to form a compound of
10 Formula (V);

(Rz)q

HO

c) reacting the compound of Formula (V) with an acylating agent to form a
compound of Formula (V1);
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yield the pharmaceutically acceptable conplex of the
conpound of Fornmula (1). 5 16. The nmethod of claim15
wo@m6320¢ he am no acid is L-phenyl al ani ne.  1FCT/BS2003/041373
met hod of form ng Caryl glucoside conmpounds

conprising reacting a conpound of Forrmula (VI) (R

. )P (RR)g ~ A O ACO R3 ACO~~~~"" "'""'"OAC 10
OAC wth a reducing reag Wherein RL is selected -
fromthe group E{hsi sting yelfgggen, a hydr oxy

group, brom ne, uorine, an al kyl group, an
al koxy group, RI 0 group, and an arylthio

group, where p i 5 integer from1l to 4, and with
t he i se Om ne, chlorine and fluorine, when

present in at |east onenof the 3-,

4- and 54 positlo&; R2 is selected fromthe group
cons,,jci,t\\i“n 0 H'y/ sQden, a hydroxy group, chlorine,
fluorine, ap al kyl group, an al koxy group, and an 20

alkylthio g

AP, wWhere g is an integer from1l to 5;

and A is selected fromthe group consisting of a
covalent bond, 0, S, NH, and (CH2)n where n is an

OO o ol R S

Is'Iint

e 4

provi s&ormata (MiBpantie of R1 is broni ne; and

4.

/N

=/ "(Ra)q

(R1 )p

(i)

OAC
removing acyl protecting group from the compound of Formula (VII) to
provide a compound of Formula (1);

wherein Ry, Ry, A, p and q are as defined hereinabdve, and AC is an
acyl protecting group.

The method of claim 1 wherein pis 1 to 2.
The method of claim 1 wherein qis 1 to 2.

The method of claim 1 wherein R is selected from the group consisting

of hydrogen, alkyl, chlorine, and fluorine.

5.

The method of claim 4 wherein p is 1, and R is selected from the
group consisting of hydrogen, chlorine, and methyl.
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if Ais in the 3- or 6-position, then bromne is in
the 5-position, 70 WO 2004/063209 PCT/ US2003/ 041373

WO 2004063109 N the 2- or 5-position, then brom nePCHUSW03/041373

10

15

20

25

the 3-position, and when bromne is in the

3-position, and Ais in the 2- or 5- position, then Rl
groups The meshed obelaing SpdereinoRs issattheHepesitien. and ar e
not brom ne, chlorine or fluorine, and 5 when broni ne
isin the 5-position, and Ais in the 3- or 6-

PO&i t i OThe hietitodR3f JaipmpsviherelmR, R selocted -l ithe QRSURESsisting
the sang, and are not bromne, chlorine or fluorine;
R3is 'B’?é’f‘?ﬂfff, ORI Srevan alkaxy sfquigand anmllgfitkiskgroup.
group, an al kenyl oxy group, an al kylthio group and an

al kenylthio group; 10 and ACis an acyl protecting
gr&up; The niethod a)focdaipnﬂnrd/hefeilz'roq isil1a dnd Rp iéFﬁélécr:]ted from the
(R2)g o A ACO. ACO~—=~~=""" AC (VI OAC. 15 18. The

met hod Q{PUBICQPWF‘@?Q %@W"ﬁtﬁw ?"é{jeﬂﬁﬂ?ﬁdtﬁ‘%agent i s

sel ected from the group consisting of silyl hydrides.
19. The nethod of claim 18 wherein the reducing

r éhgentThesmgthad afdlaim §iwheargitr Relis. atabe 2epositien.net hod

of claim 17 wherein the reaction between the conpound

of Formula (VI) and the reducing reagent is carried
outt0. i n THeemetRsRecaift 1 wheraiA YA{CIG 18688 at &% 3dosition.
The net hod of claim20 wherein the activating group is
sel ected from the group consisting of Lewi s acids.

11. The method of claim 1 wherein the compound of Formula (l) is a
compound of Formula (I1A):

wherein:
R1 is selected from hydrogen, an alkyl group, and chlorine; and
Rz is selected from hydrogen, an alkyl group, an alkoxy group, and an
alkylthio group.

12. The method of claim 11 wherein R is hydrogen and R; is ethyl.

13.  The method of claim 11 wherein R is chlorine and R; is ethoxy.

14.  The method of claim 11 wherein R; is methyl and R; is methylthio.
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71 WD 2004/ 063209 PCT/ US2003/ 041373 22. The net hod of
claim 17 further conprising reacting a conpound of

woorabro{V) (Rl)p (R2)g | A O HO R3 (V) HBEFHES2003/041373

10

15

20

25

OH OH wherein Rl, R2, R3, p, q and A are as
defined in claim18, with an 5 acylating reagent to
f ohom t Hidec B1R3bReth df oflairo A nfurther \aomprising Taacting Hud compound of

claim N, ting I i el ect ed

oo BT Wb S St B cheEL IRy rosgent o
hal i degjeldciéiey phatmhadtdutieally aeicepribly Goniiéx ciciel Bompound of
anhydri de, propionic anhydride and 10 conbi nati ons

t her eoffOrWIa tthe net hod of claim22 further conprising
reacting a conpound of Formula (1V) (Rl)p (RR)q A O

ALGO OH ALGO-~~~"" ALG | OQALG 15 wherein R1, R2, A

p 1®nd q rer metodief ¢laied 18 hescinahd afhifoiagidhis laphédnylalanine.

| abil e protecting group, with a glycosidation reagent

to formthe conpound of Forrmula (V). 72

17. A method of forming C-aryl glucoside compounds comprising reacting
a compound of Formula (VI)

R.
( %\ @(Rﬂq
—} A
X

ACO V1)

s

Aco®

OAC

with a reducing reagent; wherein
R is selected from the group consisting of hydrogen, a hydroxy
group, bromine, chlorine, fluorine, an alkyl group, an alkoxy
group, an alkylthio group, and an arylthio group, where p is an
integer from 1 to 4, and with the proviso that bromine, chlorine
and fluorine, when present, are only present in at least one of
the 3-, 4- and 5-positions;
R. is selected from the group consisting of hydrogen, a hydroxy
group, chlorine, fluorine, an alkyl group, an alkoxy group, and an
alkylthio group, where q is an integer from 1 to 5; and
A is selected from the group consisting of a covalent bond, O, S,
NH, and (CH,), where nis an integer from 1 to 3, and
with the proviso that when A is in the 4-position, Ry is not
bromine;
with the proviso that when one of Ry is bromine; and
if A'is in the 3- or 6-position, then bromine is in the 5-position,
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WD 2004/ 063209 PCT/ US2003/ 041373 25. The net hod of
claim24 wherein the acid labile protecting group is

w@edgosra f rom the group consisting of - met hoRgTES1U9E/041373

10

15

20

25

et her, nethylthionethyl ether, -
2- met hoxyet hoxyrreth | ether, bIS(2-
chi or oet hoxyi} Aetshipil thet Zre@r, Stpesitiany dinerppreminie istinethe Fposition,

Ze%?hgii ;?é@h%%p@% I%ﬁ%@e 3yposition, and A is in the 2- or 5-

net hoxyt et r gy, Hh_Qlﬁ))R@@‘!DUP@tlﬂi‘@Iﬁe 4t eindobLypesitibHE Ay the same
et her, tetrahydrothiofuranyl ether, 1-ethoxyethyl

et her, 1-net a'ﬁ”‘?ﬁéﬁﬁﬂ%@%tmrlr@@{eﬂuorme and
2- (phenyl sel ) r l.yl

et her, tr| ph\gﬁé{'lH rr{\r?ﬁwlle %% ﬂfértheaS ap ti phei%/l i tpﬁy?’ or 6-
et her, 10 pmﬁmx)tbdaterﬁylgi’opbemylthm Iayltl &—bbsﬂtlons are the same
trlalkyIS|IyI t her trlrrethhsll et her,

triethylsilyd" Cg?rﬁ*err‘c’t t?rg'&'ﬂeoﬁ%‘ QINGRHHAINEy | et her ,

t - butyl di net I I

et her and coﬁ%!sﬁéa‘%l?%tﬁgqﬁahﬁrtg% r@lh'[s %ﬁh%ﬂﬁ@ﬂf%‘n é(lkoxy group, an
cl ai m 25 whealkeémyloxyt prouscian BHKMthle prooipeand ray glkenythis group;
15 sel ect ed frﬁgmthe group consisting of nethoxynet hyl

et her, 2- xyet hoxym et hyl et her,

tet rahydr OpyA(a'Wlan%FcSlleérotédtlh@@rBN;bS' | yl ether,
|sopropyld|nethyIS|I et her, butyldlnethyIS|IyI

et her, Omﬁwmm@@/qﬁsﬁ@mu'@(%@} and conbi nati ons
thereof. 20 27. The method of i m 24 further
conprising reacting a conpoupd Formula (I1)
ALGOCH2 0 O (11) Aukf) OALG RA 5 wherein ALGis a
defi ned herei nabove, a cpmpounflef Formula (111
73 WD 2004/ 063209 PQT/NJS2003/041373 (R1)p (R2)qg (111

s
)
)
AcO

aco™ (viry

OAC

18.  The method of claim 17 wherein the reducing reagent is selected from
the group consisting of silyl hydrides.

19.  The method of claim 18 wherein the reducing reagent is an alkylsilyl
hydride.

20.  The method of claim 17 wherein the reaction between the compound of
Formula (V1) and the reducing reagent is carried out in the presence of

an activating group.

21.  The method of claim 20 wherein the activating group is selected from
the group consisting of Lewis acids.
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A Y wherein R, R2, A, p and g are as defined

her ei nabove, and Yis a netal, to formthe conpound
wWoRoFosITd a (1V). 5 28. The nethod of clai m 27P@iTesm031041373

Y is selected fromthe group consisting of alkali

netals, and al kaline earth netals. 29. The nethod of

c122. m Thefmethast ofcdaipt 1l € furtherexomprisindredaliogreocampound of

| act on acid |abile protecting group providing
reagen?:c{\p%ﬁ%bm 10 the conpound of Fornula (I1). 30.

The method of claim?29 wherein the gerTdil abile
protecting group providing reagen @l ected from
the group consisting of pinmethyl syl ori de,

esul f one/aci®p)a 15

trinmethylsilyl trifluorone
met hyoxymet hyl chl ori de, dr gf ur o
benzyl oxynet hyl chl ori de, '
t et rahydr opyr a
31. A net hagbof
Formula (1V) 11 1
8 A O1\ 13 ALG

an internediate conpound of
R (R1)p 55 (R2)q 6/\" 47
( iy ALGO=~~~" " "OALG (I W) OALG
wherein: 5 RLH& se t ed“dHOM t he group consi sting of
hydr ogen, a hydroxy d@roup, brom ne, chlorine,
fluorine, an al kyl g©Odup, an al koxy group, an

al kyl t f¥Rrein Ry, Ry, Rs, p, q and A are as defined in claim 18, with an
5 acylating reagent to form the compound of Formula (VI).

23. The method of claim 22 wherein the acylating reagent is selected from
the group consisting of acyl derivatives, acyl halides, acetyl chloride,
acid anhydrides, acetic anhydride, propionic anhydride and

10 combinations thereof.

24. The method of claim 22 further comprising reacting a compound of
Formula (1V)

(Rz)q

(Iv)

OALG

15 wherein R1, Ra, A, p and g are as defined above, and ALG is an acid
labile protecting group, with a glycosidation reagent to form the
compound of Formula (V).
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group, and an arylthio group, where pis | to 4, and
Wth the proviso that brom ne, chlorine and fluorine,

wob@a/opesent, are only present in at | east oOPET/OB20081@41373

10

15

20

25

3-, 4- and 5-positions; 10 R2 is selected fromthe

group consisting of hy dro‘E a hydroxy group,
ch?dr i nEhe feibpdnef, claima? wh@’ﬁtmiﬁe acid a(cubeypgﬁectmg group is

d hi : 1t
ol oot oo ome: B0 o Sedhelinl o8tomBietachy ether.
0, S NHethy&htd)nﬁéiH?I) ather,e - r2-imetHoxye tioxyattsthyiS Véth@r bis(2-
t he proviso that enA|S|nthe4p03|t|on R1

not br difllereethagyimethyd prov??ﬁ?rt hat V\ﬂﬁ’é’ﬁhwﬁ@P&fam is ether,
b

b:gm Egcelrgﬁfdt‘oﬁﬂép\g%ng %ﬂﬂ 4%%%&8&5@2&09&%2& ether, 4-
5- posi tmeﬂnoxyleénanydm’rhnpyremyi n tétheR- go:ettahydroﬁm@yl ether,
wh b 3- tiagn, an S

0 Rl G TRk shoi'® et
6- posi trh@ﬂ*ﬁ)x?ét% yi i@h&ane. éﬁ%ﬁeﬁ&% othy OB tbutyl ether, allyl

chlorine or fludrine, ne"is in the
5- posi tétber, énplhwnylmethyltieehér- wn@fﬂbyldtpl'mmylméthyl &her p-
groups in.the ositigns are the s

O U PR e Ren . Rathlr Sther. dialkvishgcether, timethylsiy
2004/ OG3RE9 th&ihl Hﬁ?o&ﬁép‘ﬁﬁé‘gﬁ%lﬁhﬁefﬁ/lﬁpl Bfflef. ﬂlﬁ‘@t&/'a‘?methylsﬂyl

protecting %rou he net nmprisrng’react’i
con‘pourﬂih@l‘f, %tﬁdnpheoylszl AtlEDpER conibinktipns me@a)f OOALG
OQALG 5 wherein ALG is as defined hereinabove, with a
conpound of Forrmula (I111)

26. The method of claim 25 wherein the acid labile protecting group is
selected from the group consisting of methoxymethyl ether, 2-
methoxyethoxymethyl ether, tetrahydropyranyl ether, trimethylsilyl
ether, isopropyldimethylsilyl ether, t-butyldimethylsilyl ether, t-
butyldiphenylsilyl ether, and combinations thereof.

27.‘ The method of claim 24 further comprising reacting a compound of
Formula (Il)

ALGOCH,

(In)

wherein ALG is as defined hereinabove, with a compound of Formula

()

73



(RL)p (R2)g (Il'1) AY wherein Rl, R2, A p and q are
as defined hereinabove, and Yis a 10 netal, to form

wo b@4oazpound of Formula (I1V). 32. A nethod of PCT/US2003/041373

preparing an internedi ate conpound of Formula (V) 11
10129 (R1)/ 5 (RR) g 64781 A O1~HO2 R3 H
15 wherein: Rl is selected fronpythe\ngroup consisting
of hydrogen, a hydroxy group, /brom¥Ye, chlorine,
fluorine, an alkyl 5oup}’an roup, an
alkylthio 76 V[)26 4,.Q063209 P 003RY4130B) group,
and an arylthio gr '4pﬁhfre p/is 1to 4, and with the
provi so that bromi|ne, chllorige and fluorine, when
present, are only esenﬂ in at |east one of the 3-,
4- and 5-positi ; sel ected fromthe group
consi sting of h drogen a hydroxy group- 5 chlorine,

f | uori neherain ﬂd(ﬂz, q, qurandaq #b@ﬂeﬂh@d%eré%b@ﬂe and Y is a
al kylthio %roup, wher e IS to 5; is selected

from t HESH.daowp Mg §P“’WQUB¢ %EOEFH(@X()W@ oup, an
al kenyl oxy group, an alkylthio group and an
al kenylthio group; and Ais selected fromthe group

5 caisi StThﬁg métl’mdc«m"ablann pondhefkin SY IH seldflednftom the group

10

15

(CH2)n con3|s%ng of alkah meteéls anccjj alkaline earth metals.

29. The method of claim 27 further comprising reacting D-glucono-1,5-
lactone with an acid labile protecting group providing reagent to form
the compound of Formula (11).

30. The method of claim 29 wherein the acid labile protecting group
providing reagent is selected from the group consisting of
trimethylsilylchloride,  trimethylsilyl  trifluoromethanesulfonic  acid,
methyoxymethyichloride,  dihydrofuran,  benzyloxymethylchloride,
triethylsilylchloride and tetrahydropyran.
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with the proviso that when Ais in the 4-position, Rl
is not bromne; wth the proviso that when one of Rl

w0 go0beardne; and if Ais in the 3- or 6-positiPeT/Us1ves041373

10

15

20

bromne is in the 5-position, if Ais in the 2- or
5-position, then bromne is in the 3-position, and 15
vmgh br Bmetbod ©f preparingsam téemediateasmnpoursd ohForneuld{1V)
or 5-position, then R groups in the 4- and
6-positions are the sanme and are not brom ne,

chlorine or fluorine, and when brom ne _igoin the
5-position, and Ais in the 3- or 6- \on, then R
groups in the 2- and 4-positions at® gre and are

not bromine, 20 chlorine &efd uoring d\RE! hod
conprising: reacting a co of Fofura (13 (R)%
(R2)q 0 ALGO OH ALGD-~~~] " G (1Vv)  O0ALG

wherein R, R2, A p and ¢ defi ned herei nabove,
and ALG is an acj api rotecting group, with a
gl ycosi datAtPr eagdfnt toYkorm2t he conpound of Fornul a
(V). 77 WD.2004/ 063209 PCT/ ©H2003/ 041373 33. The

met hod of claj m 3&% 'r///,,,congri sing isolating the
conpound of la () froffitfe reaction nixture. 34.
A met hod of preparing %?_Gi nt er nedi at e conpound of
Formula (VI) 11 10 19416, 9 (Rl)p 5 (RR)q 6~ 47 8

wherein:

R1 is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio
group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fludrine, when present, are only present in at
least one of the 3-, 4~ and 5-positions;
Rz is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where qis 1 to 5; and
A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where nis 1 to 3, and

with the proviso that when A is in the 4-position, R is not bromine:
with the proviso that when one of R, is bromine; and

if A'is in the 3- or 6-position, then bromine is in the 5-position,

if A'is in the 2- or 5-position, then bromine is in the 3-position, and
when bromine is in the 3-position, and A is in the 2- or 5-position, then
R1 groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and

when bromine is in the 5-position, and A is in the 3- or 6-position, then
R1 groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine; and
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A 30 ACO2T1R3NO ACO-~~""" "0""QAC 5 QAC

wherein: Rl is selected fromthe group consisting of
whyanoegeny a hydroxy group, brom ne, chl ori nePCT/US2003/041373

fluorine, an al kyl group, an al koxy group, an

alkylthio group, and an arylthio group, where pis 1

to 4, ahGp en adiklabje protesting graugp, the orthed cohprisingereacting

oast oneeBPordSEFBRREREN 50 ons R i |

sel ected fromthe group consisting of hydrogen, a
hydr oxy group, |l orine, fluorine, an alkyl group, an
al koxy group, ﬁh&QHﬁH yl p, where qis 1 to
5; 15 R3 is selected frofnthe gfoup consisting of an
al koxy group, an alkenylloxy grpup, an alkyltjjo group
and an al kenyl thi o groyg\ and qbs selected fromthe
group consi sting ofApgoova bofrharls S, NH, and
(CH2)n where nis 1 to 3, agd with the proviso that
when A is in the 4-positiong Is not brom ne; 20
with the proviso that when one of RL is brom ne; and

5i0f Aisinthe 3- or 6-position, then bromne is in
the 5-pasitio if Ajs in.the 2- or 5-position, then
br oni néV i%re|“d&rrﬁés §§¢J&§'inﬁam,fe'aﬁeovw 8 COMRIndofifprmula
the 3-ggpition, and Ais in the 2- or 5-position, then
R1 groups in the 4- and 6-positions are the sane and

are not bromne, 25 chlorine orine, and 78 WO
2004/ 063209 PCT/ US2003/ 041373
e \(R an
\4\ = ,
’al | )
A
Y X
wherein Ry, Rz, A, p and q are as defined hereinabove, and Y is a
10 metal, to form the compound of Formula (IV).

32. A method of preparing an intermediate compound of Formula (V)

HO
V)

15 wherein:

R1 is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio
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when bromine is in the 5-position, and Ais in the 3-
or 6-position, then Rl groups in the 2- and

wd2ams20dns are the same and are not brom ne, PCT/US2003/041373

10

15

20

25

chlorine or fluorine; and ACis an acyl protecting

group, said nethod conprising: 5 reacting a conpound

of For ngroap( ¥hd (GRLarylthiR grpuph viherel® m;(MM, &t with the proviso
"t OH wherein Rl, R2, _R3,. A, an are as )
det i ned ALPEITRBUO)E AR fhotine, whef Aipshshgaktonly present in at
form t heastsmosnfed-, Foanbadsifions; 10 35. A method of
preparing an internedi ate corrpoun(? of Formula (VII)

11 10 1R & sqieatpg iong therpyepp consigtirg of hyxlt@gén2a hydroxy group,

ACO 10" 5" k' I wherein: 15 Rl is .
sel ect ecc!ﬂ?'{'%emqﬁf%{ngroéifba@ﬁ:grgw?’nano?lkﬂ%%%%, agd an alkylthio
hydr oxygroupUeheredd M f¢5; chl orine, fluorine, an alkyl

group, an. al koxy group, an alkylthio group, and an
aryl t hifs @rs(ﬂﬁﬁte@\%@ﬂéﬁ’& group qofsisting e awi alkoxyhgroup, an

Provi s ghyloxy group, an alkyithio group and an alkenylthio group; and
A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where n is 1 to 3, and
with the proviso that when A is in the 4-position, R4 is not bromine;
with the proviso that when one of R, is bromine; and
if Ais in the 3- or 6-position, then bromine is in the 5-position,
if A is in the 2- or 5-position, then bromine is in the 3-position, and
when bromine is in the 3-position, and A is in the 2- or 5-position, then
R+ groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and
when bromine is in the 5-position, and A is in the 3- or 6-position, then
R4 groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine, said method comprising:
reacting a compound of Formula (IV)

(Ra)q

(v)

OALG

wherein R4, R, A, p and q are as defined hereinabove, and ALG is an
acid labile protecting group, with a glycosidation reagent to form the
compound of Formula (V).
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WO 2004/ 063209 PCT/ US2003/ 041373 that brom ne,
chlorine and fluorine, when present, are only present

WO pooate32beast one of the 3-, 4- and 5-positi onBCT/RR2003041373

10

15

20

25

sel ected fromthe group consisting of hydrogen, a
hydr oxy_group chlorine, fluorine, an alkyl group, an
al Xdxy Hheumsthed of aleim BRI further comgrising, isalating thei compound of

to 5; ' fr e_group consisting of an
aIkoxyHg?%@%é?gﬁﬁagﬁpgﬂgg%@51BﬁgHﬁg an al kyl thio group
and an al kenylthio group; and Ais selected fromthe
group consisting of a coval ent bond, 0, S, NH, and
(G5 n AvfeatBod of preparinazan Evemsisieraeripinst o wonlaY)
when Ais in the 4-position, R is noty brgmine; wth
the proviso that when one of Rl is brgmng; and if A
is in the 3- or 6-position, then brpgi 9in the

5-position, if Ais in the(ﬁ)\pﬁer 5-pasi ti t.hen
’d

bromne is in the 3-positigo rso_n(lRﬁ%sism
the 3-position, and Ais in tYe_2- 5-position, then
15 R1 groups in the 4- and jtions are the sane
and are not brop Q] ofi or fluorine, and when
brom ne is i ACPhe i n, &and Ais in the 3- or )
6- position, then groups Rsn t he 2;” and 4-positi orl%
are the same and_agwe~gob-Mrpnm ne, chlorine or .
fluorine; and 28°AC is[an a%%c protecting group, said
met hod conprising reackjng a conpound of Formula (VI)
(RDp (R)Y I AO A (M) ACO ~~~""" "/['QAC
OAC wwdieeim:Rl, R2, R3, A, AC, p and.g are as defined

' th und of Formula (VII).
her el n%?i\ées’eletc?eé from the Sro%%ngoonsisting of hydrogen,(a hy(%roxy group,

bromine, chlorine, fiuorine, an alkyl group, an alkoxy group, an alkylthio

group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fluorine, when present, are only present in at
least one of the 3-, 4- and 5-positions;

Rz is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where q is 1 to 5;

Rs is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an alkylthio group and an alkenylthio group; and

A is selected from the group consisting of a covalent bond, O, S, NH,
and (CH,), where nis 1 to 3, and

with the proviso that when A is in the 4-position, Ry is not bromine:

with the proviso that when one of R is bromine; and

if A'is in the 3- or 6-position, then bromine is in the 5-position,

if Ais in the 2- or 5-position, then bromine is in the 3-position, and

when bromine is in the 3-position, and A is in the 2- or 5-position, then
R groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and
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25 80 WD 2004/ 063209 PCT/ US2003/ 041373 36. A conpound
of Formula (IV) 11 10 12 9 (R)/ 58 (R2)q 6 ~~ 4 7

WO 2004/063209 ALGO 2 OH ALGO~-~~~""" """' QALG (| ROT/ORL0G3/041373

10

15

wherein: Rl is selected fromthe group consisting of
hydrogen, a hydroxy group, 5 bromine, chlorine,
fluori nwheamr@mm isgn duﬁp5 positioing axy ﬁglsouplhe 3nor 6-position, then

Rl s s P o B n e

fluori nmlom@rﬂu@s@tandare only present in at | east
one of the 3-, 4- and 5-positions; R2 is selected from

t Ele gr ofif i ShAY PrRjedinchgravpgeaid memdrc}mﬁgprmmp, 10
orin r an al kox roup,
gnd an %ﬁ?@b#% ddﬁ?%orlggjp&] %\%@l‘gég\ﬁ)s l1to 5 {\ igs P

sel ected fromthe group consisting of—axcoval ent bond,
0, S, NH and (CH2)r, where nis and with the
provi so that when Ais |n(ﬁ1he 4- pos Rl is not
bromine; 15 with the provi\ge~t hat wsen ondRdé Rl is
bromne; and if Ais in tle position, then
bromine is in the 5-positi "Ais in the 2- or
5-position, theg.bromne he 3-position, and

HO

V)

OH

wherein Ry, Rz, Rs, A, p and q are as defined hereinabove, with an
acylating reagent to form the compound of Formula (V1).

35. A method of preparing an intermediate compound of Formula (VI1)
11 10

12 9
(Ra)q

(Vi)

wherein:

R+ is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio

group, and an arylthio group, where p is 1 to 4, and with the proviso
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when bromine is in the 3-position, and Ais in the 2-
or 5-position, then Rl groups in the 4- and
WG2ads20dNns are the same and are not brom ne, PCR0S2003/041373
chlorine or fluorine, and when bromne is in the
5-position, and Ais in the 3- or 6-position, then Rl
gr oups that bramipe, elhigriae podifiuodne, when phesestnarezomdy present in at

. b | d ALG d
o e BPEtens P8k of A BSIIGR 2000/ 063200
PCT/ US2R0®/ £18&¢é4 frot th gf&?@@rﬁlﬂstﬁfg &Ph Reyﬂti)/?enﬁ\ﬁ h¥8roxy group,

12 9 (Rl)p 5 (R)q 6 7
HO-~~" “chlarime," flygaing an\glgbigious, an algogyg@wmdamdcﬁn alkylthio

the gr o) hydr ogen, a hydroxy group,
> brom n cﬁl \gﬁfar;eéd%?l S%rsi ne, an al kyl group, an al koxy

group, Ia@ ial selectbdofrogr ¢hep, greng eonsisting foagr @ikexy group, an
wher e provi so _that brom ne,

to 4, and h. the
chl ori r?ék%méow g,r@,upn@n %ﬁiﬁlopsr@g@rﬁn dap @'kGHWh'Qr%@@htand
in at t
0 2L, AMSORE Gt 08 Shoup SorBng %5 LAY B, . k.
hydr oxyargh (&idz)n thre)nnmétoBI aadi ne, an al kyI group, an

1021 Ko R oA of it T SRR o krore
aI koxy WitiPtH® praRiso that when one of R¢ is bromine; and

if A'is in the 3- or 6-position, then bromine is in the 5-position,
if A'is in the 2- or 5-position, then bromine is in the 3-position, and
when bromine is in the 3-position, and A is in the 2- or 5-position, then

15 R4 groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and
when bromine is in the 5-position, and A is in the 3- or 6-position, then
R+ groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine; and

20 AC is an acyl protecting group, said method comprising reacting a
compound of Formula (V1)

(R1 )p (Rz)q

(Vi)

OAC

wherein Ry, Rg, Rs, A, AC, p and q are as defined hereinabove, to form
the compound of Formula (VII).
25

80



al kenyl oxy group, an alkylthio group and an
al kenylthio group; and 15 Ais selected fromthe group

we@oemgiosdng of a coval ent bond, 0, S, NH, andPCTHR)003/041373

10

15

20

25

where nis | to 3, and with the proviso that when Ais
in the 4-position, Rl is not bromine; wththe
préfi soA cREtPOMREf dwemeta )i s bronine; and if Ais in
the 3- or 6-position, then bromne is4in the
5-position, 20 if Ais in the 2- or pos{tion, then
brom ne is in the 3-position, and ien bRNgmine is in
the 3-position, and Ais if®khe 2- ox 5-p

$sifion, then

R1 groups in the 4- and 6-653‘1\1\8113 e @e( Zre and
are not brom ne, chlorine|onN fll or‘iA e, and 82 WO
2004/ 063209 PCT/ US2003/ 041873 en"bromine is in the
is i 8. 0P 6-position, then - -
- Rl groupd-GQ i 4-positions are the sane and
are not brom ne, eOHquorine.( 5)38. Q( )
conpound of For mylss 74, 10 12 9 Rl)p 5 q
6 g’p(4 7 1 AALGIEI\{LS ATO 2 %@Ah@ ACO-~~""" "'' OAC QAC
wherein: 10 Rl is seldcted fromthe group consisting
of hydrogen, a hydrox$A§fPoup, bronine, chlorine,
fl uori ngheraip: al kyl group, an al koxy group, an _
al kylthio group, and an arylthio group, where pis 1
to 4, dhdswelertet&opr the goup consisting of hydrogen, a hydroxy group,

bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio

group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fluorine, when present, are only present in at
least one of the 3-, 4- and 5-positions;

R: is selected from the group consisting of hydrogen, a hydroxy group,
chiorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where qis 1 to 5; ,

A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where n is 1 to 3, and

with the proviso that when A is in the 4-position, Ry is not bromine;

with the proviso that when one of Ry is bromine; and

if A is in the 3- or 6-position, then bromine is in the 5-position,

if A is in the 2- or 5-position, then bromine is in the 3-position, and
when bromine is in the 3-position, and A is in the 2- or 5-position, then
R+ groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and

when bromine is in the 5-position, and A is in the 3- or 6-position, then
R1 groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine; and

ALG is an acid labile protecting group.
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that brom ne, chlorine and fluorine, when present, are

only present in at |east one of the 3-, 4- and
Wo2Eass200ns; 15 R2 is selected fromthe groupPCT/US2003/041373

consi sting of hydrogen, a hydroxy group, chlorine,

fluorine, an al kyl group, an al koxy group, and an

al &1 t P\ conypoond, of\oemellag(M)s 1 to 5; R3 is sel ected

fromthe group consisting of an al kgxy group, an

al kenyl oxy group, an alkylthio group &\ an

al kenylthio group; and 20 A is sel om the group

consisting of a covalent {gpd O, and (CH2)"

where nis 1 to 3, and wt Lh RJwhen A is

in the 4-position, Rl is

provi so that when one of

the 3- or 6-posktionoth

5-position,H@5 i is

bromne is in the

PCT/ US2003/ 04137 3w

; and if Ais in

ne is in the

the 2- or 5-position, then

I'®p, and 83 WD 2004/ 063209

g e /Q;,/orri ne is in the 3-position,

and Ais in tHO2- of5-po®Htion, then Rl groups in

the 4- and 6-positio are the sane and are not

brom ne, chlorine oPH|uorine, and when bronine is in

the 5-position, and Ais in the 3- or 6-position, then

5 Rl groups in the 2- and 4-positions are the sane and

are notwhgreifiine, chlorine or fluorine; and ACis an
39. A conpound of For

5 (V) P Bsgted e dreup g o gradiradiydroxy group,

bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio

group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fluorine, when present, are only present in at
least one of the 3-, 4- and 5-positions;

10 Rz is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where g is 1 to 5;

Rs is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an alkylthio group and an alkenylthio group; and

15 A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where nis 1 to 3, and

with the proviso that when A is in the 4-position, R1 is not bromine;

with the proviso that when one of R, is bromine; and

if A is in the 3- or 6-position, then bromine is in the 5-position,

20 if A is in the 2- or 5-position, then bromine is in the 3-position, and

when bromine is in the 3-position, and A is in the 2- or 5-position, then
R1 groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and
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2 (M1) ACO OQAC 10 QAC wherein: Rl is selected from
the group consisting of hydrogen, a hydroxy group,
whe@wios®299 chl ori ne, fluorine, an al kyl group, BOT/EB}00X§41373
group, an alkylthio 15 group, and an arylthio group,

where pis 1 to 4, and wth the proviso that brom ne,

chl ori n\@hain@rtﬁmm@rlsm’etha/\ﬁmsltmsandﬁ\ larlntMByopﬁmnbn then

|nat

sel ect e%eaft %n'ﬁéﬁ%? gﬁd go%%ﬁ'@‘?r?%@reoth RAROGR

and 5-positi on(i g
ar%no romine,

hydr oxycHibimd or fighviny.i ne, fluorine, an alkyl group, an
al koxy group, and an alkylthio 20 group, where qis 1

to 5;

Ais selected fromthe group consisting of a

g?S’Sglngnéchﬁ{b%ng of%orm'dla[%\/g?d (CH2)" where nis 1to

e proviso when Ais in the

4-position, RL is not bromne; wth the proviso that
when one of Rl is brom ne; and254fA|S|nthe3 or
6-position, then bromne is in the/5~pgsition, if Ais

in the 2- or 5-position, then brg
3-position, and 84 WO 2(4/5063209 P

when
or 5-

gslﬁgog/h 041373

bromne|S|nthe 3- |4on, ( 99 n the 2-
position, then upg inAtﬁe 4- and

5p05|t|onA°c9ndA|S| or 6-position, thgp 5

Rl groups in the
are not br om'Arg; o

acyl

wherein steps (a) t

situ.

4Rgositions are the same and

’{"n,% $r fluorine; and AC is an
he nmethod of claim1l

gh (e) are perfornmed 10 in

protecting group.

wherein:

R1 is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio
group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fluorine, when present, are only present in at
least one of the 3-, 4- and 5-positions;

Rz is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where qis 1 to 5; /

Rs is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an alkylthio group and an alkenylthio group; and

A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHz), where nis 1 to 3, and

with the proviso that when A is in the 4-position, R is not bromine;

with the proviso that when one of R, is bromine; and

if A'is in the 3- or 6-position, then bromine is in the 5-position,

if A'is in the 2- or 5-position, then bromine is in the 3-position, and
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39.

when bromine is in the 3-position, and A is in the 2- or 5-position, then
R+ groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and

when bromine is in the 5-position, and A is in the 3- or 6-position, then
R4 groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine; and

AC is an acyl protecting group.

A compound of Formula (VII)

(Vi)

wherein: ‘

R+ is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkylthio
group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chlorine and fluorine, when present, are only present in at
least one of the 3-, 4- and 5-positions;

R: is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an alkyl group, an alkoxy group, and an alkylthio
group, where qis 1to 5;

A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where nis 1 to 3, and

with the proviso that when A is in the 4-position, R is not bromine;

with the proviso that when one of R is bromine; and

if A is in the 3- or 6-position, then bromine is in the 5-position,

if A is in the 2- or 5-position, then bromine is in the 3-position, and
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10

40.

when bromine is in the 3-position, and A is in the 2- or 5-position, then
R1 groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and

when bromine is in the 5-position, and A is in the 3- or 6-position, then
R1 groups in the 2- and 4-positions are the same and are not bromine,
chlorine or fluorine; and

AC is an acyl protecting group.

The method of claim 1 wherein steps (a) through (e) are performed

in situ.
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