METHODS OF PRODUCI NG C- ARYL GLUCOSI DE SGLT2 | NHI BI TORS
Field of Industrial Applicability of the Invention 5

The present invention is directed to Caryl glucoside
conpounds, which are inhibitors of sodi um dependent

gl ucose transporters found in the intestine and

ki dney (SG.T2), and nore particularly to a process of
produci ng such conpounds for exa oIe
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pot process wth femer |nterned|ate conpounds havi ng
to be isolated. The invention is also directed to
csystal | i Mhe presenekwentidn ksfdireCtear tpl C-ghiighribdide compounds, which

o re DRSS B sl SEPeRRe Malarise JTARRBHESa (PHTIT the ntestine

100 ﬁhh'ld;dl{éyp@m_ﬁ)\/\@hb dnbebepatichigry fto Q{Tbt‘dﬁé@.s'df producing such
di abetes [non-i nsul i n dependent diabetes nellitus

(NI DERITPOUR. chfor s exampiet eH-Czésybattuterly p dinflepiimthantsé-yi)-B-D-
20 | PPy Aot Atcn Uit BroteSdulfor Bhofiind BELAN Hiimediates

jf@t theredflie armannardehist endbles ityen fimal |pyedunitsita be produced in a one-

cons k factor. for .th .
GovePSE RGeS PR bl Mefiedin® cfaies Thind B pespigted. The
t o ciweniidutie atbor e¢é¢t¢dttadwls\r“gtanmpammﬁ@ke@fof th@S@%eirjfl glucoside
secretion i n. advanced, lization o

pl asH™M wyg%pm%mﬁxmﬁrﬂgrpl%%’w SOMBIGK doHENG AR t ed

to inprove insulin action, and to offset 25 the

devel opnent of diabetic conplications. An inhibitor of

+he sodi um dependent Backameund ofthe inventien (SGLT2) in

the ki dney woul d be expected to aid in the

normal i zati on of plasma glucose | evels, and perhaps
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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
25 the development of diabetic complications. An inhibitor of the sodium-
dependent glucose transporter (SGLT2) in the ki(:ine);r would be expected to
aid in the nomalization of plasma glucose levels, and perhaps body weight,

by enhancing glucose excretion.

30 Hyperglycemia is a hallmark of type Il diabetes; consistent control of
piasma glucose levels in diabetes can offset the development of diabetic
complications and beta cell failure seen in advanced disease. Piasma



transporter responsible for the reuptake of glucose at
this site. The SGT specific inhibitor phlorizin or
closely related anal ogs inhibit this reuptake 5
process in diabetic rodents and dogs resulting in
normal i zati on of plasma glucose |evels by pronoting
gl ucose excretion wthout hypoglycemc side effects.
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cortical kidney proximal tubules. In addition, hybrid depletion studies

25 implicate SGLT2 as the predominant Na‘/glucose cotransportér in the S1
segment of the proximal tubule, since virtually all Na-dependent giucose
transport activity encoded in mRNA from rat kidney coriex is inhibited by an
antisense oligonucleotide specific to rat SGLT2.

30 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, including sulfonylureas,
thiazolidinediones, metformin, and insulin, and to avoid the potential side

25 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.

30

A method of producing C-aryl gluceside SGLT?2 inhibitors which
provides a telescoped or one-pot operation, or optionally a multi-vessel



A net hod of producing C aryl glucoside SGT2

i nhibitors which provides a tel escoped or one-pot
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reaction products. The invention further conprises

certain internedi ates fGummangofithadnvemtion processes.

I n anot her enbodinent the invention additionally

conprises the preparation of crystalline 20 conpl exes

of the C-Hue prageotiosetion isrdimcieditopa covelf stereosplastive process of
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embodiment the invention additionally comprises the preparation of crystalline

20 complexes of the C-aryl glucosides
In one aspect of the present invention, there is provided a process for

preparing compounds of Formula (I} and pharmaceuticaiiy acceptable

complexes thereof
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HO 2 Hoppe iibpOH 25 OH wherein: 4 Rl is selected
fromthe group consisting of hydrogen, a hydroxy
group, bromne, chlorine, fluorine, an al kyl group,
an al koxy group, an alkylthio group, and an arylthio
group, where pis 1 to 4, and with the proviso that
brom ne, chlorine and fluorine, when present, are only

present in at 5 |east one of the 3-, 4- and
5-posi t i ofts i pelepteddera dhe arauparanskaiing o hiydwgesi 8 thydepxy group,

o i e e RS an SRS 35 B koo

wher e q igroupt @ng;araarylthioi grosp) whed pfls dlrrtd Aeand omth the proviso
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when A |s{eaatmmreoﬂmp&M-la)m5—Bibsmensrot brom ne; when
one of Rl_is bro
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and A i s 9Ruphwhere gis Bloyand i on, then Rl groups in

the 4- ang ;ése@atédlﬁ&ﬁtﬁé%r&woaﬁg& Ogagﬁa%eanﬁﬂi bond, O, S, NH,

brom ne, chlorine or fluorlne en bromne I's
i%h the 5-#wb{Glidawharen s 1 & 8rande 3- or 6- position,

then RL ggay 4 and 4-positions are the sane
and are not ro%ﬁ‘r{igpggﬁtorl ne or fluorine; said nethod
conpri si ng when A is in the 4-position, R+ is not bromine;

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

15 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
positien, then R4 groups in the 4- and 6-positions are the same
and are not bromine, chiorine or fluorine, and

20 _ when bromine is in the 5-position, and A is in the 3- or 6-
position, then Ry groups in the 2- and 4~posit.ions 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
25 acid-labile protecting group



a) formng a conpound of Formula (IV) froma | actone
protected with an 25 acid-labile protecting group 5
(R)p $1R2)g | A1 OALGOH ALGOL~"" N~~4'QALG (M
OALG b) gl ycosidation of the conmpound of Formula (IV)
with sinmultaneous renoval of the acid-labile
protecting group to forma conpound of Fornula (V);
(R~Rzla i I A I o\ HO Hue OH 5 OH c)
reacti ng the conmpound of Forful &(V) with an acyl ating
agent to forma c ound o F la (M); (R)p /
~RZ)a A M ACO V Ra)q

ALGO

)

OALG ,

b) glycosidation of the compound of Formula (IV) with simultaneous
removal of the acid-labile protecting group to form a compound of
Formula (V)

Rolg
A
HO
v)
5
c) reacting the compound of Formula (V} with an acylating agent to form a
compound of Formuta (V1);
ACO i)
10

d) reducing the compound of Formula (Vi) fo provide a compound of
Formula (Vil); and



AAC QAC 10 d) reducing the conpound of Formula (VI)
to provide a conpound of Formula (VIl1); and 6 (Rt)P

Rz)y

I A ACO ACO ~V~ AC NI) QAC e) renoving acyl

protecting group fromthe conmpound of Formula (VII) to
provi de a conmpound of Forrmula (I); wherein RlL, R2, A
p and g are as defined herei nabove, and ACis an 5

acyl

protecting group. In a further enbodi nent the

i nvention conprises a nethgd formng Caryl

gl ucosi de con‘poung&s
Formula (M) (R
AC OAC 10 with a
sel ectedyfro

conpr Ksi reacting a conpound of
R2)y (0 Rz (~) ACO ~0"a

ucji ng / eagent; wherein R, is

nsi sting of hydrogen, a

hydr ascp groap ¥Ne, chlorine, fluorine, an alkyl

gr oup,
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group, an alkyithio roup, and an
‘M&rce pis an integer™rom1 to 4, and

OAC

e) 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 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 (Vi)

o

OAC

with a reducing reagent; wherein
R1 is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chiorine, fiuorine, an alkyl group, an alkoxy group, an alkyithio
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;
R: is selected from the group consisting of hydrogen, a hydroxy group,
chlorine, fiuorine, 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 (CHgz), where nis an integer from 1 to 3, and



with the proviso that brom ne, chlorine and fluorine,
when present, are 15 only present in at |east one of
the 3-, 4- and 5-positions; R2 is selected fromthe
group consi sting of hydrogen, a hydroxy group,

chl orine, fluorine, an al kyl group, an al koxy group,
and an alkylthio group, where g is an integer froml
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al koxy 'B?'H’Lﬁ)o & kenyl oxy group, an al kylthio
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protecti ng{ group; to forma conpound of Formnul a )
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a 20 process for preparl 8 ounds of Formula (IA)

and phar ntadeim acempound of Formula (vin
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i
In a preferred embodiment of the present invention, there is provided a

20 process for preparing compounds of Formula (IA) and pharmaceutically
acceptable complexes thereof



accept abl e conpl exes thereof 8 R7 RZ O\ I \ NO

HO' ~~"~0 """"ON (1A) ON wherein: Rl is selected from
the group consisting of hydrogen, an al kyl group, and
chlorine; and 5 R2 is selected fromthe group

consi sting of hydrogen, an al kyl group, an al koxy
group, and an al kylthio group. In another aspect of
the present invention, there are provided novel

i nternedi ate conpounds and netﬁ,-
same, which are 10 useful in
conpounds of Fornula (1) ~The noveﬂ
compounds of t .

I A~1 ALGO
A~1. NOR3 (V)

{iA)

OH
wherein:
Ry is selected from the group consisting of hydrogen, an alkyl group,
and chlorine; and
R2 is selected from the group consisting of hydrogen, an alkyl group, an
alkoxy group, and an alkyithio group.

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

v
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HO'"~"" HOH9 (R~ Rz)g A ACO R3 NO ACO a" yOAC QAC
;and ( Rz)y / I A ACO ACO"i'OAC (M) QAC
wherein: "R, R2, A p and q are as defined above; 5
R3 is selected fromthe group consisting of -an al koxy
group, an al kenyl oxy group, an al kylthio group and an
al kenyithio group; ACis an acyl protecting group such
as CH3CO; and ALGis an acid labile protecting
group. 10 Detail ed Description of nvention The

present invention is directed to ess of
produci ng C-aryl gl ucosi 5 and RJje conpl exes
thereof, to processes for [

conmpounds and to novel
process 15 of t

e conmpounds. The

ntion can be conducted

¥on 1 nvolving one or nore

t&s, or optionally in at

4, entails fewer steps than the
er conventional processes

ounds. Certain processes otahae

e

mul ti-vessel
for producing such c
present

(Vi)

wherein:
"Ry, Ra, A, p and q are as defined above;
" ‘Rs-is selected from the group consisting of ‘an alkoxy group, an
alkenyloxy group, an alkyithio group and an alkenylthio grdup;
AC is an acyl protecting group such as CHsCO-; and
ALG is an acid labile protecting group.

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
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




i nvention therefore can produce Caryl gl ucosides,
conpl exes and 10 internedi ates thereof at reduced
costs and | abor, while delivering enhanced purity and
yield. It has now been di scovered that using acid

| abil e protecting groups, 5 especially the cost
effective silyl-containing acid |labile protecting
groups, and acyl protecting groups at correspondi ng
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gr oups, ificantly enhances the yield,
steré’b‘%ﬂ%%f)“ﬂdty and econony of the synthesis of

the present conpounds. During the process of the
pr esent |nvent|on deprotection of the hydroxy groups
can be 10! a'&ﬁ)ﬁQWHwﬁmdMQ@fedcmat using aridilabile protecting groups,
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group y S NOwWN
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hydr %e%rrgﬁgoepﬁq{geg iﬁ@f’?%'}%e ﬁf“&‘a%w@’gr §ter%qs&Fechww and

ed| t ieoonordy loh they lsﬁ}théslscm {thé peesehl 28Mpountié.C IDuriag the process of
Li sted bel ow are

t ed 15 reference.
vt M T 8ieSSal Dottt cEPRLSCBEY Gro e NYBkuY, ke can be
o bb@:rﬁ.bl%heatudd@v a8idicosy: b%%&ﬁdﬂe%ﬁegﬂﬁngamt% Adture of the

the terns, as they are used throughout
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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 otherwisel limited in specific

20  instances) either individually or as part of a larger group.

The following abbreviations are employed herein:
Ph = phenvi
t-Bu = tertiary butyl
25 Me = methyl
Et = ethyl
TMS = trimethylsilyl
THF = tetrahydrofuran
Tol = toluene
30 BFsEt,O = borotrifluoride-etherate
CH3;CN = acetonitrile
EtOAc = ethyl acetate

11



CH3CN = acetonitrile EtOAc = ethyl acetate 11 MeOH =
met hanol MSOH = net hane sulfonic acid EtOH = et hanol
Et3SiH = triethylsilyl hydride 5 i-PrOH = isopropanol
Ac20 = acetic anhydride AcCH = acetic acid Et3N =
triethylamne DI PEA = i-Pr2Net =

N, N -di i sopropyl ethyl am ne 10 DVAP =

4-di met hyl am nopyridine n-BuLi = n-butyllithium NaCH

sodi umMgBFoxmedhanat = thin 1 ayer chromat ography

= area percent ratio KF = Karl

HPLC = himgompgfnﬁét%guﬂ:drgg'égdchronat ography 15 GC =
y

gas chromat ogr ap

Fi sher L®HOH Fedisareh drying 20 As used herein, the

term"gl poey . . equi val ently and

i nter cha%@ﬁmﬁ%&&ﬁgy@m "gl ycosi de, "

'Sgl ucopy riddrQdb* ismpropagiolcopyr anosi de, " neani ng an

acet al ecul e derived.froma conbination of hydroxy
conpoumrzlrgi t'haﬁ‘lgtf?c%ﬁ'@gﬂgea sugar constituent 25

Unl ess otAu@mi=ssretifdbigat ed, the term "l ower al kyl" as

enpl oyed rein alone or as part of another group
i ncl udes FigeOYIRAU® anched chain hydrocar bons

cont ai ni EPEA;Br.AER BN G opeliaingAl ky| * and

"el k" as enpl oye

erein alone or as part of another

18r oup i nEINBBS 4dirgethaminepyridine

15

20

25

30

n-Buli = np-butyilithium

NaOH = sodium hydroxide

TLC = thin layer chromatography

HPLC = high performance liquid chromatography
GC = gas chromatography

AP = area percent ratio

KF-= Karl Fisher

LOD = loss on drying S anw 4k

As used herein, the term “glucoside™ may be used equivalently and
interchangeably with the terms “glycoside,” “glucopyrancse” or
“glucopyranoside,” meaning an acetal molecule derived from a combination of
hydroxy compounds with glucose as a sugar constituent.

Unless otherwise indicated, the term “jower 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 io 10,
more preferably 1 to 8, in the nommal chain, such as methyl, ethyl, propyl
isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, octyt, 2,2 4-trimethylpentyl, nonyl, decyl, undecyl, dodecy, the

12



branched chai n hydrocarbons containing 1 to 20 carbons
preferably 1 to 10, 30 nore preferably 1 to 8, in the
normal chain, such as nethyl, ethyl, propyl

i sopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl,

i sohexyl, heptyi, 4,4- dinethyl pentyl, octyl,
2,2,4-trinmethyl pentyl, nonyl, decyl, undecyl, dodecyl,
the 12 various branched chain isomers thereof, and

the akeus BmanoRbY cﬁéln%tﬁﬁeﬁrtﬁé%f érﬂﬁﬁédﬁld%aé vﬁeﬂl afs such groups
subst i 5 ciint s such as halo, for exa

or cigluding d\o 4 svhstifyents syeh aarfgﬂl%i?r eé@")‘ﬂpt%ﬁylﬁi) er or | or CFs,
di ar wlicyt, a8, K, R 'zi?gil‘éfryl(ﬂ 1%}11( arﬁélkylr‘)é'malkoxy, alkenyl,

cycl oalkyl, cycloal kenyl

cycl ahyRYl syeipalisyly CY@lpﬁli(@de cyclealkyiaacvl tqmtmuqlam@xy, optionally
h¥ dr Qﬁfﬂstltllr&légr OXhido kylhg?@%al E@t}!n%ﬁgéﬂwhe A% %?{a%loyl heteroaryl,

het er oar yl oxy, cycl oh
ary| hbtesogryaxipony|gyclohetezoaliyly | al dnylheteroaryl arylalkoxycarbonyl,

glet(s ﬁgﬁ#ﬂah& ﬂ%ﬁﬁ?ﬁ?ﬁ%l )la.:r yP@’if%{%Mr i R IPYRM. palkylamido,

cyanalkahéiylainind) adrgizhkonylaimind,a hid@, kdglanoa tHioR ! haloalkyl, trihaloalkyl

al kyl t hj ky‘%aum ess otherw se indicated, the term
cyc?'agpk f¥IQ. e rpl oyed herein alone or as part of

amot her group includes saturated or partially

sat ur at ed (cont aining. 1 or 2 double bonds) cyclic

hydr ocar bgRlegs Sthrrwisshindicatedy thettsrm “cyclaglkyl” iascernployed herein

rmnog%ﬁlgléiaég\fart bi ﬁ?{&lh?f: ?"&%ﬁ gb ol EAY, EH & Mljglﬁl ly saturated

cont al ni ng a tota car bOI’]S or mn
ri ngéeoniaining rlag 3 dguble brddsheywindydfararbon grcmns edntegining 1 to 3

clos o453 ndTB¥ind bHSSEict, By GicBhG e yfISR, containing a

5y cl folaltof I3, toci}ﬂ:d:arbem fornirgy thieatiregsy Iprefeyaﬁlpbetotml carbons, forming

1 G858 Vb A b AR Bl

- ; ch) bS\ltvil:ibht Iﬁdlu‘dt‘t bydloﬁrgpyl %yblabuﬁyu e@}cﬁclnp?érﬁjﬂ Qﬁcﬁﬁé%ﬂeﬁycfoheptyi
a roxy, . ar aryl oxy, ar

eyl Daahh St awototatal sycibxen il thedie, any of which

aryl ?‘@l} ﬁ')éiyaié Bistionally Qﬁbstfutbﬂ WithCY B2 ’subgﬂstﬁénts%'ﬂl% @5 haiogen,

al k hi o and/or any of the al kyl substituents.
Cer rﬁBﬂdo%!kR@hymya@%pﬁwecarﬁl@m ranxlalind dxycimﬂwhr talkylamido,

of %I@érhﬁ{amlag S)Edj%g bﬁéa?bb %ﬂdb%n“égrﬂ%r%% thiot, and/or |

contain 3 to er a
alkylthio and/or any of the alkyl substltuents

The term “cycloalkenyl” as employed herein alone or as part of another
25  group refers to cydlic 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.
30
The term “alkanoyl” as used herein alone or as part of another group
refers to alkyl linked to a carbonyl group.
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10 carbons and 1 or 2 double bonds. Exenplary
cycl oal kenyl groups include cyclopentenyl,

cycl ohexenyl, cycl oheptenyl, cycl ooctenyl,

cycl ohexadi enyl, and cycl ohept adi enyl, which may be
optionally substituted as defined for cycloal kyl. 30
The term "al kanoyl " as used herein alone or as part of
anot her group refers to alkyl linked to a carbonyl
group. 13 Unless othermﬁse i ndi cated, the term' | ower

al keny! " foq? ¢ S E%éted ttﬁ? ltém? r‘lo@rér ﬁﬁghgh 2s uised herein by

anot her group rarg branc
r adi @selfor aé p%rttcuf afhod:lm‘rkgmap refiecs tdwetmlghmaf bddnelwdi chain radicals

used re| |tself or._as rt of 5 another

" of ePE2t8 8Lations, e the terfd rReiSes, BeSd Barin by el r as part of
to ZQnomér typansp réfepé ab adttaight 60 b?té’nd%@ﬂbeﬁﬁne@ﬂﬁdmfseof 2 to 20
preferably 2 8 carbons 1n the nornal chain

i ncl Eﬂ@oﬂﬁéxﬁﬁ@bly 2483 carhems and; moterefasably 2 %P’?fbons in the
suchpgmati édin, whith QH&BMé or% @E&ndéublg “HIMHENH the nommal chain,

4-pentenyl, 3-pentenyl, 2- hexenyl, 3-hexenyl,

2- hepeeas, viayh chp@pgny), zB—h@@nahyZ-bumwbt%wntenyl 3-pentenyl, 2-

3 8 ﬁg%gtl r aﬁe C arﬂ’i3 r’{ ﬁ)é teni% 33’1 ﬁ%@gﬁ%k gfh%pg%gﬁ’mg i C kerngay&nonenyl.

omdeoaaw ﬁ-mudmenyluttbdoﬂmamyl 4.8, 2-wdiadecatrienyls .and the like,

h I k |
2?55%6? il P87 por Gt sypRtitad w161 TubSlisitp, namety
hleL ell‘naiagglh,, halxoalklsitl%ﬂgﬁ Oalkbxj(,, aﬁtéhﬁn@}ﬁy@m rmyl e;r%]dalkyl cycloalkyl,
a am do ar on | am no, ni c | ol
21 Ky I, skl MatgroaiA, ruciaelproaiy. cHkreyeming, " alkyiamido,
set  aylcalssridminoUMi®s;S cobhE! \hieE AIRYIKIGE.! %@.d/drh@nyebmtne alkyl
"| owef al kynyl" as used herein, by |tself or as part

afthsiiients st PUtBPEIR. t 0 strai ght or branched chain
radicals of 2 to 8 carbons, and the term "al kynyl" as

used herein by itself or as part of 20 another group )
" refers t onlppaclierwise indigatsde thecteanntowel alkynyl'oas pised herein-by -

30 SRR B SR o SRR ARG ioin racical

preferab nor ma charn, suc
‘as 2Zefp? t!:p@ rogrhors; bod fimy kerm2=abiotytids, usbdobm'ey'nw jitself or as part of

g) h eﬁ%ﬁﬁ%} grogpﬁ%%[%%ﬁaléhtg%)%ﬂﬁgﬂ cé lﬁy%(i%als of 2 to 30 carbons,
preferably 2 to 12 carbons, and more preferably 2 to 8 carbons in the normal
chain, such as 2-propynyi, 3-butynyl, 2-butynyl, 4-pentynyl, 3-pentynyl, 2-
hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyi, 3-octynyl, 3-nonynvi,
4-decynyl, 3-undecynyl, 4-dodecynyl and the like, and which may be

25 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.
30
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4-decynyl, 3-undecynyl, 4-dodecynyl and the like, and
which may be 25 optionally substituted with 1 to 4

substituents, nanmely, hal ogen, hal oal kyl, alkyl,
al koxy, al kenyl, al kynyl, aryl, arylal kyl, cycloal kyl,
am no, heteroaryl, cycloheteroal kyl, hydroxy,

al kanoyl am no, al kyl am do, aryl carbonylam no, nitro,
cyano, thiol, and/or alkylthio, and/or any of the
al kyl substhet tgans Sandalkybi‘aryleditenyh” aBd “aryldlignyi'easresed alone or

=" ar yieal gk, o "ot KRS rareP ] oLY/ yl" as, used
al one olrﬁéh- o parei'il é ng?fﬁgﬁgg?o b @ké%y? grd aﬁﬁ'@my? groups as
al kes\gscabgil abaverydving amipey! asbstifesntr | bed above havi ng

an aryl substituent. 5 Were al kyl groups as defined
above have single bonds for attachnent to other

gboups at Where iyl groept asatefined 2bovs hald 8lhghs Bohdd 1 dttachment
ptionally be substituted

ne ol TRfer PR St e dRlant cahes ARG RY greb et “alkylone”
def i gasLipstandemap epBoraNy e dibatiRtedas defih Qbo@eofo?béim:"

respectively, have single bonds for attachnent at t
di fferent carbons atons, they are terned "al kenyl ene

groups” awtheraalkényl GBEpHLL V%ﬁnéd gbﬁ%’ %ﬁ&%@y&i glg)?.l s as defined

may o&tlonally_be substituted as define
1| abgye. respagtively yavel single bosds farttachirient ahiwo different carbons

| k [ y ” “ E]
(uner oniste ey 35 YBAEAT lkghliond robBt, e, ‘Fliens aroups.
5, prespecliusily andtroaBpptidrially bel subistidged akkidiineg above for “alkeny!”

al ke » al kynyl ene groups) as defined herein,
may é}%‘ﬁpﬁ'@h"% y include 1, 2; of 3_ substituents which
i ncl ude al kyl, al kenyl, hal ogen, cyano, hydroxy,

| koxy, . LN hj oal kyl , keto, C3-C5 cycloal kyl, 20
1§I kyl car b%%bgémah@!e"& %Weﬂgr 8o AlyaxigneTereupsr(@Hz)s or (CHy),
" hal (agens ras 1", Prefdabis §do 15 ‘préBratly 4 8", whi
anot.har ﬁgr&;& refers tﬂé&sch?or'iaﬁ‘g,ns %l'rgﬁsr?g,pr%?uor tr11et8 3, which
and NAHARR alvieng, alieaviens aralknylen: greuns) ashdefinednherein, may
" ar WptioAsinEmeleked 2N ef 8idyndli i AN
groupl)) r ef e}fs to eﬁ%?%?ﬁ@g@g‘ﬁgﬁﬁﬂ@'gﬁﬁ%‘&g‘?%ﬁ% @'i](enyf halogen,
groyano, hydroxy, alkoxy, amino, thioalkyl, keto, CsCsg cycloatkyl,
20 alkyicarbonylamino, or alkylcarbonyioxy.

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

25 Unless otherwise indicated, the term “aryl” as employed herein alone or
as part of another group refers to monacydlic and bicyclic aromatic groups
containing 6 to 10 carbons in the ring portion (such as phenyl or naphthyl
including 1-naphthyl and 2-naphthyi) and may optionally inciude one to three
additional rings fused to a carbocyclic ring or a heterocyclic ring (such as aryl,

30 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, aikoxy, haloalkoxy, alkenyl,

15



containing 6 to 10 carbons in the ring portion (such
as phenyl or naphthyl including 1-naphthyl and
2-naphthyl) and nay optionally include one to three
additional rings fused to a carbocyclic ring or a
heterocyclic ring (such as aryl, 30 cycl oal kyl,
heteroaryl or cydoheteroal kyl rings for exanple, and

may be opti onalllﬁ% substituted through avai | abl e
car bmuafqmt Vi t tiflnorometaxyz akkpoyls cyslaalivi-atkyl.r eweloheteroalkyl,

b IO Ry APy R

al kyaslalkaxyc| etkokydarbibiy ,I awynﬁm:mﬂ eramlalﬂsﬂnyl aminocarbonylaryl,

| | het | al |
g%/;:” % Y, ‘8;?;" %&fghkr%i’ _’Eoib&%ﬁ{ M@%r go%ﬂ?marylaikenyi,
ar y: l:ﬁebmylhetewarylalﬁemhm?m hpmﬁak?onmioablyérlno, amino, substituted
ar o) .. ar et.er v,
he%/e?%' ‘I"é‘?% éf\e é?é]—% i,q{& %’1'9%' r%s ?why:l\ are alkyl, aryl or

het emaoww@bthem@r 8dMpotindd MenBi¥FsPin ﬁi@dléﬁnltlons) thlol alkylthio,
substituted am no wherein the am no i ncI udes 1

subs?lient s hetgmoantthice aprgfinioaling  oplkoxyaryighiog healkylcarbony!
ot heéry%bﬂor&P”poéﬂEﬁémﬂ‘FEﬁll‘ﬁg?@ﬂ i %r{rIQﬁu rwl ONS3kexycarbonyt,

thiol; alkyl'thio ar eteroarylt

l&rywrnmaawpnyl al Rlbxlyalﬂvpnvbm arwyamnulmy: alkylcarbonylamino,

SR St oo

ar y| argisbiferydronpearbbhyll areifdranyl afithe alkyl substituents set out herein.
aryl carbonyl am no, arylsulfinyl, arylsulfinylalkyl,
aryl sul fonyl am no and aryl sul fonam nocar bonyl and/ or

any of t Hmwé&aihewlbétmdwﬁ@ﬁ§tiﬁe§enﬂu10vt?@f :ﬁk@xy Urdliesg,” “aryloxy”
L%t her w ?ﬁkl ngi cat e "| ower

al I&fx? rﬁ'ﬁg@&}&@&%%&rem &lone ek gs pﬁt Q(Y,ﬁn%tpga group includes

her edry diltied absve éﬁcyp Ql‘&flkﬁﬁr aRAGRRIpsAIREA th BR! 386N afth.
of the above al kyl, "aral’kyl or "aryl groups |inked to

'an oxygen atom Unl ess ot her wi se i ndi cat ed, the term
 Subst | t WrekPBhBRYisE ay r :gd;fé@e

part of anot ro’tsj mﬁg}%’s ?%tgﬁﬁn%’hgﬁ stlt%'?‘né)a e %mployed
one hezeln(ﬂiome/\gr sakp@rh Qfmlser goup mefeny th amiie sgbstiiuted with one

it | . |
zﬁlet or oar yﬁ g]%Efi{% y@{ %T%L‘qagatgé’ e ?5% aJJlkéfilffEréhet §6GPEY atkyl, anyl,
cy ¢ lasyialicgh dﬂtﬁ"&daﬂﬁkﬁelemawlw Icyblohef;eczd:amylkwyalohyeteroalkylalkyl

Thedaubiss FHEAINARY, rBelii i dupudl alkondlitions tioatir

car hiwegbi subsﬁﬂuénmd{aqrbe fitthep fsubRBtutdd Withsal ReFbd xR a8id and/or

as set
any o? %e gl%yl substituents as set out above.

25
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.
30 Unless otherwise indicated, the term “lower atkylamino,” “alkylamino,”

“arylamino,” or “arylalkylamino” as employed herein alone or as part of
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25 Unl ess otherwi se indicated, the term"| ower

al kylthio," "alkylthio," "arylthio" or "aral kylthio"

as enpl oyed herein alone or as part of another group

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

groups linked to a sulfur atom 30 Unl ess otherw se
indicated, the term"l ower al kylam no," "al kyl am no, "
"arylam no," or "aryl al kyl am no" as enpl oyed herein

al on@rmth&{sgfpup finaifdes lahyaofothbeaboye aalyl] and odesyialkyl grbups linked

the ahqug aryl or_arylalkyl groups linked to a
ni trog%n tr?%éﬂ’laﬂo Unl ess ot herw se indicated, the

term"acyl" as enployed herein by itself 5 or as part

of anot he rou&h as defj n?d herein, refers to an . .
organic r erwineslrdicgted. the tesmy lacyiCagpmpleyad herein by itself
esanpres part amdnoﬂ'fe@gﬁéuﬂ) N&d H@ﬁné:ﬂhe?émt Fb?ersai&(éﬁ'l o??mc radical

subsﬁi (fnts attached to a carbonyl, such as al kano
al ke B{# ko, gprbo Qgreyp; em@leéa:f@pvl groups include any of the

cycl @ﬂ&yk%ﬂ@éﬂtuerﬁy da%%ﬁé‘d Q@'d‘éﬁ%hg?%ﬁcﬁ*‘a‘% Likkfioyl18ikenoyl, aroyi,

UnI ess ‘ot herw se indicated
" cy c PEAlkanayb distgrparays cyglealkaaeyi cyclatieteroatianay art the dike.
anot her group refers to a 5-, 6-, or 7-nenbered
saturated or partially saturated ring which includes
10to 2 heUelessa:ttlmmiﬁumhcaEdw ithe tegan’ cychh;@ﬁ@alhﬁdés lused herein

\?\zlei éfd"elé Maé{ OOﬁ? aspr%fl,‘ﬂ:\k}%f‘;r? ﬁ:%aq nﬁ‘er d%%)nel)ered saturated

( vvhenepartlaBy éatu%te@hn@)uhlﬁiﬁciabéyft 32 mr@mt::ﬁ@such as nitrogen,
include 1 to.4 S’ngls uepts such as al kyl, hal o, oxo,

and/ 81YSgRyargd/or & Uyipugh ararben séam aita Retaspafom, where
In add$§i!hi@nopﬁdﬁéﬂ?fwé e ﬁb{lé‘ér Wzﬁr&@{e';é! I is r1I NY%rCH ®he above

fused to a cycl oa 1y het er oar
13 o f Siowips Ryl iegludei Tiig. 4 §M %@t@m ﬁ@ﬁh\@g@lkwxd?ai@,t@@ antéor any of

t er mhehailkf r%&ﬁﬂuenésséf%‘?ﬁ h@?éng' rir(% ;ﬁd@ﬂﬁ}% %ﬁg?@ éﬂ‘é H8bheteroaliyl

of another group refers

ar onidfgsccarn b fuseditela cych:alkwﬁ asyl theteroayloor dydinhetermalkyl ring.
atons such as nitrogen, oxygen or sulfur, and such

rings fused to an aryl, cycloal kyl, heteroaryl

cycl ohet ddnlesk pthenivisg indieatgd, trieetemt“hempdsmw |asClIsed herein alone

00 ot Bl 5% B8 B 570 Ftered appmati rng whih
subsahclhdemﬂs 25chr asheton gloms?budihas Alittugers UBGHEh Wtddifur, and
set sou% nngs Ieused to an aryl, cycloalkyl, heteroaryl, or cycloheteroalkyi ring
(e.g., benzothiophenyl or indolyl), and includes possible N-oxides. The
heteroaryl groups may optionally include 1 to 4 substituents such as any of

25  the alky! 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 (CHy), chain.

30

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

or as part of another group refers to a hetercaryl group as defined above
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The term "cycl ohet eroal kyl al kyl " as used herein al one
or as part of another group refers to

cycl ohet er oal kyl groups as defined above |inked
through a C atom or heteroatomto a (CH2), chain. 30
The term "heteroaryl al kyl" or "heteroaryl al kenyl" as
used herein alone or as part of another group refers

to a heteroaryl group as defined above 17 |inked
t hr oinjledathtoughora 6 ataso eerohetematomato ECHEGH)eh ahain, alkylene or

?If rzgﬁg@{k%e 8$|d5ﬁ|q¥é gggv@gs defi ned above. The term

sevéen nenbered carbocycl e or
het erocycl e" as 5 enployed herein refers to

cycl oal k of C oal kenyl grou fine bov .
het er oar ﬁheg i‘%ﬂ{)g"& S'éyeflaﬁ‘%"eﬁ"%@‘%?’e‘g r%gﬂ%%c?’g% %eﬁ?tﬁg&acy cle” as
abovemployed heseinirbfets i eépdicalkyl @ royziobikenyhgidaps|as defined above
oxazol e. The term "pol yhal oal kyl " as used Be ei ch
¢ ef &9 helgraayt graups-orPyipheleroand GIBHPR P S5HURA @kpYRy Such as

| ncl fpRatld TeRaidle ImidtizBlecbrdlayole Om 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 ' egcg‘ma i e " ¥ YLERAY

gr oup asﬁ%?% a ovgﬂmcﬁsﬁﬁgﬁﬁgﬂlr.eg%néZto?%'Ifg{a W group as
1ir ef defmetyaliovenwhitht incides frapy &htas b preferably drons ctp &s halogen
F or . prefe VA CR, A or,
@3@@@9&%.“%&@%&% tifﬂVag" aé%gé:%gjtzhgé %‘r&gﬁgﬁt CF3CH,, CFs or

I NVeDFiCHOH. ates to a-novel process 20 for preparing
conpounds of Formula (1), 11 10 12/ \ 9 (R1l)p 5
R2)y 4 78 1a0O31lr)

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 Cl, preferably F, such as CF3CH20,
CF:0 or CF3CF2CH20. o
In a particular aspect, the present invention relates to a'novel process

20 for preparing compounds of Formula (1),

(n)
HO

wherein: _
R; is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, flucrine, an alkyl group, an alkoxy group, an alkyithio group,
25 and an aryithio group, where p is 1 to 4, preferably 1 to 2, and most preferably
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HO 2 HO-~~""~" HOH wherein: RL is selected fromthe

group consi sting of hydrogen, a hydroxy group,

brom ne, chlorine, fluorine, an al kyl group, an al koxy
group, an alkylthio group, 25 and an arylthio group,

where pis 1 to 4, preferably 1 to 2, and nost

preferably 18 1, and with the proviso that brom ne,

chl orine and fluorine, when present, are only present

i nI att, Iagd?mtmmehmbvr‘sdﬂma’i-bro:ﬁmeaﬁ:ﬁloﬁnemﬂuwi&e Wheh present, are
sel ect ro oup consi st |

hyer'ﬂPﬁﬁ'ﬂ) n agfﬂ% W’?ﬁ‘ef"ofgﬁ?»mﬁ% éﬁc’g‘g group an’

al koxy gr eyps sél@dteﬂﬁnﬂﬁ'ﬂiébr“ﬂuﬁ @nRisling oP h %nqallﬁdﬁoxy group,

to 5, E}@eferablyl to and nost preferably™1,
i s s&hlogpgq fuering tar*ea&vbg@upom kDY GFOUM arui/anealkylthlo group,

bend d
o U "TREe B Mo 3, Pferablid o 2 oRuimbstptofay B
i s not br&nisselectad framtthe gy iconsisting ofva@oveleat bbn® O, S, NH,
'S bggm@ﬁ LR %f‘l t%s’isandn the 3- or 6-position,
rém h)é I's TN

t hen posrtlon if Ais in the 2-
or Swiibsthe povisa thatwhen Wi isin the 4—po$|ﬁm Rpesiot basminend

nmne Ls int andA sinthe2-
or - 5"RB3% Plarich il hsn 36 &F B i Fopiias: 21
60 posi ti oA iglietHd B cﬁ@ﬁosiﬂﬁl fHigh Broming Eﬁhf!ﬁe 5-pcsrt|on
chlorine gr flu?'yglé1§r and 15 when brqomne is int

5- posi ti ohA ISyt ﬁ*PQ%'RaO"sIh%T bromppa istin dhe errv@ﬁlonaand
groups | nwh@r@ bPomMB s fir RS3- Pb&ﬂén Hrf Ah@arﬁ@r@? E{)&tmn then
prererre

not brom ne, <chlorine -or tluorine.
ermbobti rEFAYDS (il dhe dreang Eopesitionsr are) dheyragses tanidn aten nob promine,

20 | grivk preparr ng preferred compounds
iasncon'pas'leéecd}ﬁguarﬁg gﬁ?a

when bromine is in the 5-posxt|on 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 -er fluorine.

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

20 is well suited for preparing preferred compounds encompassed by Formula
(1A)

wherein:
25 Ry is selected from hydrogen, an aikyl group, chlorine; and
Rz is selected from hydrogen, an alkyl group, an alkoxy group, and an
aikyithio group; and a pharmaceutically acceptable complex thereof.
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RLRR O\ | \ HO HOB"~oP~ gi"""CH (1 A) OH wherein:
25 R, is selected from hydrogen, an al kyl group,
chlorine; and R2 is selected from hydrogen, an al kyl
group, an al koxy group, and an aikyithio group; and a
pharmaceutically acceptable conplex thereof. 19 In a
particularly preferred enbodi nent, the novel process
of the present invention is especially well suited
for preparing preferred conpounds of Fornmula (1A and

phar maceuyi @abbmﬁ pbﬁéféﬁe@%mbsduﬁ%n&hﬂﬁ@q{ov@b%cess of the
- 5 wherein; ydrogen and Is ethyl

ol GERER GRS 5 _apesialy V&Hoﬁuﬂg}ﬂ for propanbe WEW tSnpounds
Iait o f?‘l’@@b?(#r‘?.lﬁ. i g’?‘ ?&&H@QE’( Egé;%éﬁ?gem g\kl’fg%?@&%f above,

tor anwhereirsrs found in the intestine and ki dney of
war m bl ogdgd umans and are usef ul
thereforoﬂ R f%@yﬁé%i’ ﬁéﬁﬂg# Qﬁ‘ayabet es and the mcro-
and nmacr d@?)aRgid ailomwahd Batis ethexypfardl abet es such as
retinopathly, neur hropat hy and wound

heal i ng. Ra&*dm?&g’ %‘I% g" %ﬁ@'@ﬂmds of Fornula (1)

have been observed to be especially useful for
treatin del ayi ng t he progr ssion or onset of

18 abet eg,ﬂ@smpam el brmula fly possers aqtivily asdpbibitors of sodium

i nC'déﬂéﬁ@eﬁpﬁmeSétﬂd?ﬁﬁoﬁérs%ﬂﬁétrﬁ%éqﬁﬁsﬁﬁe and kidney of warm-
retinopathy, = neuropat ; nephropat hy and del ayed

wourtoeged anigalsingludingbwnans ed ses usefubihesfosenigithe freatment of
e JAPSE g AL ARAEOPEARTOR ARyl Flindfe cucn
of fretingpatby.deewopathy, nephropathy and wound healing. In addltnon, the
15 compounds of Formula (I} have been observed fo be especially useful for
treating or delaying the progression or onset of diabetes, especially type | and

type ll diabetes, including complications of diabetes such as retinopathy,

- neuropathy;-nephropathy and delayed wound healing, and related diseases
such as insulin resistance and impaired glucose homeostasis (IGH), -

20  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

25 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
30 novel intermediate compounds of the present invention include:

20



gl ycerol, obesity, hyperlipidem a including
hypertriglyceridem a, Syndrone X, hypertension,
at heroscl erosis and rel ated di seases, and for
increasing high density lipid |levels. The conditions,
di seases, and nal adies collectively referred to as
"Syndrone X' (al so known as Metabolic Syndrone) are
detailed 25 in Johannsson, J. Cin. Endrocrinol.
Met ab., 82, 727-34°(1997) incor porated QI el

i{Fhe

. e 30

reference. The present invention alsq
i nternmedi at e conpounds, WwhiRf), are usg
preparati on of the conpounds or mul

novel internedi ate conmpounds| o i nvention
include: 20 (RI)p Rz)y ALGO O-~"" "OALG
(1V) OALG (Rt\ j HO R3 HO~—~~~"" ""'COH

M OH (R Rz)f¥S° "' OAC

{iv}
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50 C; and 21/ I A ACOpM4 (VIQ ACO ~ OAC QAC
wherein: Rl, R2, A, p and q are as defined for
compounds of Fornula (1) above; R3 is selected from
an al koxy group, an 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
| abil e protecting group. The acid |abile protecting

group, useful for protecting hydroxyZgr 10 is
preferably sel ected fron1ne,ppxynet yl

nmet hyi t hi onet hyl et her, 2- Ehoxyet | ether
bi s(2- chloroethoxy)nethyl tA r ahydr opyr anyl

et her, tetrahydrot r,” 4-

nethoxytetrahydmnpyr
4- met hoxyt et r ahydr ot hj opyrjanyl et her,

t et r ahydr of ur anyl,.g#f byg ahydr ot hi of ur anyl Eher,
1- et hoxyet hyl ether, 1 g5 nethyl-I-nethoxyethyl ether,
2- (phenyl sel enyl ) et hyl ®&ther, t-butyl ether, ailyl

et haghereld:pPhenyl met hyl et her, a-naphthyl di phenyl net hyl
et her, p-_ net hoxyphenyl di net hyl et her,

phen
trial kyI i )st At pend § ark @si&fgledé@ﬂmremmds of tflasmulen@l) above;

triethyl

t-butyl dmt Yl & %fmh??ﬁe%gd ?E'%h%?'é&xk' %%‘f%ua" alkylthio
ét her, fcgfomxanqtlae alkEmylthiogreupar t i cul ar aspect of the
present i on rocess of r t,he

conpound ;g;l?%:% Izim%} Yﬁ) %Q@é‘ﬂe%“gha\% @gm t% g by

react i ng Algh iscamacid labilegsroitting @groupy  hydr oxy groups
protected by acid |abile protecting groups (ALG wth

a conpound of Forrmula (I111)
The acid iabile protecting group, useful for protecting hydroxy groups,

10 is preferably selected from methoxymethyl ether, methylthiomethyi ether, 2-
methoxyethoxymethyl ether, bis(2-chioroethoxy)methyl ether,
tetrahydropyranyi ether, tetrahydrothlopyranyi ether, 4-
methoxytetrahydropyranyl ether, 4-methoxytetrahydrothlopyranyl ether,
tetrahydrofuranyl ether, tetrahydrothiofuranyl ether, 1-ethoxyethyl ether, 1-

15 methyl-1-methoxyethyl ether, 2-(phenylselenyl)ethy! ether, i-butyl ether, ailyl
ether, ftriphenylmethyl ether, o-naphthyldiphenylmethyl ether, p-
methoxyphenyldiphenyl methyl ether, trialkylsilyli ether such as trimethylsil;d
ether and triethylsilyl ether, isopropyldimethylsilyl ether, t-butyldimethyisilyl
ether and t-butyldiphenyisilyl ether, for example.

20

In one particular aspect of the present invention, the process of
preparing the compound of Formula (1) is generally conducted by reacting
glucono-1,5-lactone having hydroxy groups prdtected by acid iabile protecting
groups (ALG) with a compound of Formuia (Ill)

22



22 (R)p\ ~ (Rz)y (Il'1) ' A wherein Y is a netal
preferably selected fromalkali netals and al kal i ne

earth netals, to yield the novel internediate

conmpound of Formula (IV). The internediate conmpound

of Formula (1V) is then treated with a glycosidation 5
reagent (e.g., nethanesulfonic acid) in the presence

of a nucleophilic conpound such as an al cohol, for

exanple, to thereby renove the A Qot ecting group

and substitute the hydroxy grou anoneric

carbon site wth an_R3 group a ' above, to

yi el d the novel egéB Pde inter .f*Q\\S O O u g of

Formula M 10 The in jate cghpound o ornmula (V)

g reagent to yield

the novel acyl-protected | Teredi at e conmpound of

Formula (VI). TheA i ate conpound of Fornul a

(VI) is then redliced w a reducing reagent (e.g.,

sily [ L 3t ' ' .
 cagemerélhY 85 mdial fR81cRa0y SBEREl nof) kel IRP e alkaiine eart
i nt efaiaisate Yieidpthendows intermeldiate/| dompapm iof Fdrmula\(BY).  The

X _ { dampayd T
ot ° ¢ RS eiaR o B B EOI0A GATE' §ibn! fedth WP & Gcosidation
sf e{ eargel nfcﬁd.ggpm?ﬁmnesmfm:ﬂigﬁdd;d ;}d %@Lpi'eizseinaélnﬁf 4 Qfubdleophilic
(0] nter ne atle CO oun as Sno or mul a

(v | $OmpRUNd,"Stch cas; 3 aleohols [BE exemBlr Ko Hisseby semgye the ALG

anonprotectivg drop iahd GubstitLROthie ydRSyZdoB W HR hddmeric carbon site
posi ti dis trans_relative to_the adjacent acyl

s ubsWtB rll?é"n gPumes dpfinathabeve.ta yield the ingvel glvenside intermediate

ConpedHgodhd bOFSMAa (W.!) i1s then reacted with an
acyl protecting group renoving reagent to deprotect

he hydr oxy groups to 25 yield the final desired

| 3- ; S [ ) . .
Opt 1 s oG CxfBSTR r inuI (PL<fel g it an acytating
~fur tie@gepeta viekt thé novel acyl-protected intermediate compound of Formula.

(V). The intermediate compound of Formula (VI) is then reduced with a. S

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

15 (e.g., Lewis acids) to yield the novel intermediate compound of formula Vil.
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 (V!I), where
the diphenyl substituent bonded to the anomeric carbon is oriented in the

20 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
25 vyieid the final desired 3-D-glucopyranose compound of Formula (f).
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with a conplex form ng reagent selected from am no
acids of the type disclosed in U S. Patent
Application 10/117,914, incorporated herein by

ref erence, such as L-phenyl al anine, for exanple, to
yield a corresponding 5 crystalline conplex of the
conpound of Formula (1). 24 Schene 1 HOHzC O 40-C nt OH

OALG D- d.ucono- 1, 5-1 act one (an g RZ)y o ALGO
H epfienallyathe Snalreemperend af mmiqL ay) fusther be treated

Depfﬁﬁtﬁcé !

Reagent ﬁnpléx%&%&%ﬂéﬂ offrhloa%do\%lﬁ ofkne  type
disclosed in U.S. Patent Application 10/117,914, incorporated herein by
reference, such as L-phenylalanine, for example, to yield a comresponding

5 crystalline complex of the compound of Forraula (I).




O ACO R3 Reducing Agent ACO-~~ " C M QAC (ROP R2)Q
A o AC ACyl Protecting Goup Renoving Reagent

ACO-~"""~ C (t) OAC (RI)P/ .\\ (Rz)g | A O HO (()
HO~~~~op iigiy'OH 5 OH In accordance with one aspect
of' the present invention, novel internediate

conpounds of Fornula (IV) can be prepared as shown in
Scheme 1 by coupling a conpound of Fornula (Il) with a
compound of 10 Fornula (I11) Sonegfeetably in the
presence of a solvent such as toluene, for exanple,

at reduced tenperatures (e.g., -78C). Prior to
addition of the |actone conpound of Formula (I1y,
compounds of Fornula (111) nay be activated for

coupHPY§ kyl - (al kal AL C Rk
n- BuLi an i, for exanple, or (aI alli
earth nmetal) co oudeR&ﬁmumﬁﬁRﬁxaan , reduc

€. Gron - 780 T A solpeght
f toluene, for exanple.

t enper aptt e
t he presence

OH OALG
D-Glucono-1,5-actone (n
— (Rz)q
A
Glycosidation Reagent
) >

ALG Deprotection

X\ (Rz,q
i

Acylating Reagent

25



- -trimethylsilylchloride, trinethyl

Compounds of Fornula (11) can be prepared by treating
D-glucono-1,5- 5 lactone with an acid labile
protecting group providing reagent (ALGR) for
protecting the hydroxy groups through an acid labile
protecting group (ALG. Preferred acid |abile
protecting groups nay be selected from nethoxynethyl
et her, nethyithiomethyl ether, 2-methoxyethoxymnet hyl
et her, 10 bi s(2-chl oroet hoxy) met iyl Net her,
tetrahydropyranyl ether, tetrahydro pyranyl ether,
4- met hoxyt et r ahydr opyr anffe
nmet hoxyt et r ahydr ot hi opyr
ether, tetrahydrothiofu er, 1-ethoxyethyl
ether, 1-nmeth et her,
2- (phenyl séf%nyl ) §t hyl her, t-butyl et @ucnghdeit!
et her, triphenyl 15%et her, >
a- napht hy!l di phesyl yﬁ%ﬂther,‘w’ '
p- met hoxyphenyl di phgnyl nethyl ether, trialkylsilyl
et her such as trinmetMylsilyl ether and triethylsilyl
ether, for exanple, isopropyldinethylsilyl ether,

I .

t et rahydr of ur anyl

t-butyldinmethylsityl ether, t- but i phenyl silyl

ether and conbi nations t her eof . Mowe preferred acid
| abil e protecting groups,are sel rom

nmet hoxynet hyl et her, 2-n8 yet h q et her,

t et rahydr opyr anyl ether riprethyl silyl ether,
|sopropyld|nethyIS|$yI ef.her T-But yl di met hyl si | yl
ether, t- zg ether, and cAdiHrdiRinh GRGE
thereof. 25 In tHe pr sent invention, sui Rewigking Reaget
| abile group prewdi newfeagents may include any
reagent capaff® of urnlgﬁqng t hevigor r espondi ng ALG
protecting groups d ned above that are useful for
protecting the hydroxy groups. Such reagents may
include, but are not limted to,

trifluoronethanesul fonic acid, 30

net hoxynet hyl chl ori de, benqwloxy ' I ride,
triethylsilylchloride, di of ur am, %hydropyran
and the like. 27 In a furghar e@ct of the present

i nvention, nov lQLe lconpounds of Fornul a
(V) can be pp€par In Scheme 1 by treating
the internedi ate mmondomenma(lw with a

gl ycosi dati on

5 OH

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 (ll) with a compound of

10 Formula (ill), 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 (lI), 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

26



reagent selected froman inorganic acid such as

hydrochloric acid, sulfuric 5 acid, nitric acid and

the like; an organic acid such as formc acid, acetic

acid, trifluoroacetic acid, nethanesulfonic acid, and

the like; and a Lewi s acid such as boron trifluoride

di et hyl et herate, scandium (111)

trifluoronmethanesul fonate, titanium(I1V)

i sopespBial@t reduced) emperaturasdée, g.z F8°C) I p $wleentdich as THF in

and m@gfe{g%b%] P%‘L%%%Tegg@g xanple, in the presence

a nu I C compoun ected 10 froma thio
such as an al kylthiol or an al kenylthiol, for exanple,

ﬁngr gganokgﬂﬂ)g’luf@ Fgas (ﬂr P B%@s bwﬁtggﬁﬁé’ D-glucono-1,5-

of v ceitata wdth mwemabné p‘ramhh@ Pbup f}ﬁb\hdi’i'@t #e@@ent (ALG-R) for
deprot ctlo roxy groups .throug

re m)f?'éﬁ H@%é{emify Igé%-lﬂséh'&‘-@f‘ &t 2Gid lapile W@BCWQ_GPUP (ALG).
15 1n a further aspect of the present invention, novel
intermedi ate conpounds of Fornula (VI) can be

prepar ed BEferhnasid &bfle prateping t grosips ngnayhebe  selected from

i nt ' {

e ST ), )y AR S

Wl ||@Il§(%9f@iﬁl'®§‘l%}mgﬂ1ylchl orleihetand 20 tetrahydirdmramyid an  ether,
t

Ay T ENYAUGTAR PR B RO OB o, otpr. 4

groupeﬂmb(yteltlah;cd]f ntﬁmmp}darm‘.l For(rjmlh@- (V)tt?]tﬂlﬁfd?@lﬁi‘ﬁyl ofn ether,

AR A ahlot B P Fobon

acylahex)rrz-(;ﬂmylséﬁn Rylagthkf, | lei'é affieRCallyl eth
N- N?]l)%ll }l‘,sopr op hyl ami ?1ey' q erEAtyphenylmethyl

tri I am ne,

Byr T%Fﬁ Sreerhtyddighermethaki ﬁ%qw,r |mmeéhwpha)nyldmenyi methy!
)

cxarsthr, AR B S8 HFROHAD, o 4854k e, o

i nt EXFERlet e fSQnWMMyHB‘ﬂyForetbéta ( ¥bljyldimethysityl ether, t-

0 BR3P RSBl it % T o @

sel ected fromsilyl hydrides including alkylsilyl-
5 ydri des, referabl

t3Si H, 107 CeRERITRC J &g’ lﬂ%lél%lf’%ila&'ﬂaﬂ Q%'Iégﬁir%é:%@aczw from

an actthuatrmetdyl eifier, 2-methoxyethoxymethy! ether, tetrahydropyranyi ether,
trimethyisilyl ether, isopropyldimethyisilyl ether, t-butyidimethylsilyl ether, t-
butyldiphenyisilyl ether, and combinations thereof.

25 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,
trimethylsilyichloride, trimethylsilyl trifluoromethanesulfonic acid,

30 methoxymethylchloride,  benzyloxymethylchloride,  triethylsilylchloride,
dihydrofuran, tetrahydropyran, and the like.
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group including a Lewws acid such as BF3Et 20, for

exanple, and a reaction ----solvent such - as CH3CN,

m xtures of CH3CN tol uene, or m xtures of

CH3CN di chl or onet hane, for exanple, at anbient

tenperatures (e.g., 15C). 5 In a further aspect of the
present invention, the conpounds of Fornmula (1) can

be prepared as shown i n Schere 1 by reacting a

conpound B & Furthen aspert )of uthge presand| inventiemdnevelnintermediate

Fr oncapindt e ¥imilfl 27 By BT MeRred BEOFRb ih 254Réme 1 by

froma base such éxa
t he trdal;mgﬁtbetm@rrneﬂﬁt@a:dmypﬁmﬁyo@rﬁmmmla e withcai gincosidation

is prefer ied out in 10 t, esenc

so1 LIHoRDE Releetel Fip e ihatoBaondit GuthoaS Bifirtbichic, agid. sufuric
e5<arrad:ad,d ni:rit:f a;c:'d qndatneehkm ah oi‘dngu@ aeidenichi avfoniicacidf Aeetic acid,
cO nas ofr _ For an e r e (0] I.N .

PR ORAGREC AEds mestarssine A a0 tbs e 2 & f@wis acid such
t her g9fhordn h*fﬂddnd@%é‘ﬂﬁ%ﬁérﬁiéd sbﬁﬁﬂluﬂﬂh ey h‘iﬂ(@r@rﬁbﬂ%esulfonate

preferred process conditions . e. reactlon
t enptiapitm d8Y) spprepoxide) dinr dY) @Bloaﬂer ginet dhtkromide, and zinc (i)

sol velibide, %?%%Hfr@ge ﬁttﬁe r@éé:hc%' N@Q’nuﬁiéb&lhhﬁr&ﬁﬁ?&g\d selected

conditrons may a unl ess ot se st
Exenfobrar 9 thm@m:hsaaram pﬂwﬁmqhoeﬁnf atkenyithiel, forexampies and an

appe rej [
o ot Aol lehCid Eiption Puhif, Sidoloh-pldtor Bnddsopppan. for
Sc heasmarhple 0Vl hergbyobadaﬁmml ezhgent |sb§tapzhbe:eﬂtacddatmg deprotection of

g en trha qué%]gmpqg p% q%r &P( S e CX aﬁﬂa@% gﬁ?etgctlrig groups

Synt(ma_@)s 3d Editi on 1999 [WI ey]) u5| ng the
appropriate reagents descrl bed 25 herein. 29 Schene 2
C VO TUSCCH2 0 TMSCVN. M-MWPhCOF i 2: bH 7H~F% wor k W

in Td) TNROaA'1thdr @spBctTéf théBhresafP hi@htidhYbnovel intermediate
compounds of Formula (Vi) can be prepared as shown in Scheme 1 by
treating the intermediate compound of Formula {V} with an acyiating reagent
selected from an acyl derivative, an acyl halide such as acetyl chloride and

20 the iike, 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,
timethylamine, N-N’-diisopropylethylamine (DIPEA), pyridine and 4-

25 dimethylaminopyridine (DMARP), for example, and a reaction solvent such as
toluene.

In a further aspect of the present invention, novel intermediate
compounds of Formula (VIl) can be prepared as shown in Scheme 1 by

30 treatment of a compound of Formula (V1) with a reducing reagent selected
from silyl hydrides including alkylisilyl hydrides, preferably a trialkyisilyl hydride
such as Et3SiH, for example, and preferably in the presence of an activating
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O &i cono-1, 5-actone (VH) (R), \(Rz1 1 O TWsO OH
~OrMs TMse"o" OTMS (X 5 In accordance with the
present invention, there is provided a nmethod of
produci ng the internediate

2,3,4,6-tetra-0O (substituted silyl)-Dglucono-1, 5-

| actone of Fornmula (Vill) as shown in Schene 2 by
reacting D-glucono-1,5- lactone and an acid labile

gr ougyrdiiP }Hdﬂcﬂg I‘aqb%@ﬁé”ac%%ﬁ% 5,98t léxémf:le' 3Qnd129 reaction

contalnln rou prov ing re ent
“pr 6T plBNY %halasyl%lﬁdgh? Fh@ftltﬁg%nofc Uﬁltfﬁst Or m:xtures of

pref ey fép,.g) o
Ctrimet ?I%F%h{dﬁrﬂ{eor |§ W%@#@ ﬁf‘arﬁﬁﬁgf’pr sééﬁ%geso %" 15°C).
base such as N- Me- rmrphol ine, for exanple, and an
aBr oLl Bl 4 et AeBaRerRE BN hih, th8 ComB6ERBL 81 Formuia
2, |3 -ﬂ!)) Gearebeapr@péﬁadbalﬁléhﬁmﬁ lril];Scheme I1 by reacting a compound of
sily actone_ of Faqrmnmu Vi), .
Advakf) ul ) Uier dkcilie. ambions ol B A1 ot Ao rpyp removing
| abi k@g@nots@réué@gfrsﬁpa naa(seLﬁchaés NAUI! R ldxathpds, OéPracilitate the
for those hydr oxy groups of | ucono- 1, 5- | act one

t hat ﬁp@kefawﬂ@fﬁh%@wm afPucts he spagtion i mesleratly carried out in
9T B et.‘ift al At OfledtSd RdiH Ut alddpol sﬂgﬁ 3s ethanol, for

product 20 T e resulting I ntermedi ate conpoun

Fornﬂk%mplﬂll) is coupled with a lithiated anion of

Formula (1 X) in the presence of a reaction solvent

such as 30 toluene, for exanple, at a tenperature of

about - 7818 aaoydaricd vath thetpeeserd irneation, dhp comgroahds of Formula (i)

For nul bg)grepareg as sh%wn in the following reaction schemes and description

15 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 uniess otherwise siated. Exemplary reagents and procedures for these
reactions appear hereinafter and in the working Examples.

20

Protection and deprotection processes in the Reactions Scheme below

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

25  herein.
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5 (RA\~\(R2)a (R2), A n-Bu! i/THF: Td -78C_ A x Li
(xI'l'it) The lithiated anion of Formula (I X) is produced
by reacting a starting conpound of Formula (XII1),
where X is selected frombromne and iodine, in 10
the presence of a netal donor typically an al kali

nmetal or alkaline earth netal donor such as a lithium
donor, for exanple, preferably selected froman al kyl -

(al kali metal) conpound incl BkhemaR al kyl|ithium

.conmpound, preferably n- butyllithium sec-butyllithium

or t-butyllithium _ and a sol vent such as

t et rahydr of uran: t ol uene or tetrahydrofuran heptf@ane

(1: 4) for exanple, as 15 sho n Schepe 3, 1 m. ,;.,
Schene e )g ~\~ A

TMCe M5 gIvs PQ)schaBﬂ:MmJne ”)q Qjl

OH (Xr }o®" nmwdu bRt )
s t hen swhj ect e &MQ o T8

Y

For mul a- ( X)

10

15

20

D-Giuoono—1 S-actons MII)

7\

I {Raq

oTVs 00

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.
trimethylsilyt chloride (TMSCI)) in the presence of a base such as N-Me-
morpholine, for example, and an aprotic solvent such as tetrahydrofuran, for
exampie, fo yield the intermediate compound 2,3,4,6-tetra-O-(substituted
silyl}-D-glucono-1,5-actone of Formula (VHil). Advantageously, this reaction
step provides an acid labile protecting group (ALG) as a prolecting group-for
those hydroxy groups of D-glucono-1,5-lactone that are fo be preserved (i.e.,
remain unreacted) during subsequent reactions to produce the final product.

The resulting intermediate compound of Formula (VIll) is coupled with
a lithiated anion of Formula (IX) in the presence of a reaction solvent such as
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to glycosidation to produce a glycoside by replacing

the hydroxy group at the anoneric carbon site with a
substituent selected froman al kylthio group, an

al kenyl t hi o group, an al kenyl oxy group and an al koxy
group, preferably nethoxy. In a preferred enbodi nent

of the present invention, the conpound 10 of Formnul a

(X) is treated with an acid preferably nethanesul fonic
aci d toluné,fer exdripR) &ta%m e aboui7@P€ 8 leld an intermediate
met hanol, tqQ renove the silyl containing acid labile
proté%W“%ﬁ"éF@%nguFﬁgltrinethylsilyl groups ( TWVB)

and convert the anoneric carbon hydroxy group to

met hoxy, in accordance with Schenme 4 to yield an

i nt ernedi at e conpound of For Bghemed). 15 32 Scheme 5
(gt)p (RR)q /\ A HO AcZzO DI PEA, DWP,P M T HH
>90% OH (w) /\* A O ACO O ACO-~PD~d AC ACO 5

:,. The reactiv y¥r oxy groups of the internediate// ~\

compoung of For{ul (XI') are then acyl ated by an ~2
acyl at i n~eagen Meeted fromacyl derivafifes, —/ R,
acyl ha eg] sugh as acetyl chloride and th yﬁﬁp nd

aci d anhydrildes such as aeewtHFaahwdri de, Rr oprjpnit

anhy >and the like. In a preferred y;

o {x)

The lithiated anion of Formula (IX) is produced by reacting a starting
compound of Formula (X1li), where X is selected from bromine and iodine, in
10 the presence of a meta!l 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:heb}éné "'(1:4), for example, as

15 shown in Scheme 3.
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10 enbodi nent of the present invention, the

i nternmedi ate conpound of Fornmula (XI) is reacted with
acetic anhydride in the presence of N-N -

di i sopropyl et hyl am ne (DI PEA) and

4-di net hyl am nopyri dine (DVAP), and a solvent such as
toluene, for exanple, to yield an internedi ate
conmpound of Fornula (XIl1) as shown in Schene 5. 15 33
Scherme 6 (R1)p (R2)g ACO O ERilenp#Ft3SIH Owe
CH3CNI TO ACO "0 111"QAC 15C (YJI) OQAC (R)p (R2)q
~1 1 A ACO ACOPO ""OAC OAC (M1). 5 The met hoxy

group of the internedi ate ound of Forrmula (XII) is
then renoved by treatlng npound with a reducing
reagent such as a IyI 2hf0r exanpl e,
preferably an al k \§|; | _Aydride and nore preferably
trlethyIS|IyI hydii de las AShown in Schene 6, to yi el d

-

und of Forrmula (VIl). The
| S pref er ablgiengalettiggboaut in the 10

I vating group—stech—as—BRSEt 20, for
exanpl 8¥s@nd ¥ sol"®¥t such as CH3CN, CH3CN tol uene,

or CH3CN di chiggeoet hane) f or exanple, at a
tenperature of about 15C. The conversion of the

an |%§o
reduction r

presence Ofw

conpound of Formul a / \
[Ro;\ By
|
X1
5 . The resulting intermediate compound of Farmula.(X) is then -subjected

to glycosidation to produce a glycoside by replacing the hydroxy group af 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, tc remove the silyl containing

acid labile protecting groups, the trimethyisityl groups (TMS), and convert the

anomeric carbon hydroxy group fo methoxy, in accordance with Scheme 4 to

yield an intermediate compound of Formula (X1).
15
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(XI'l) as shown in Schenme 6 produces the stereospecific
9-aryl formof the conpound as represented by Fornul a
(MI1). 15 34 Schemre 7 (R)p \(R2)g [-A o ACO NaCH

EtOH ACO'x1l , ""/OAC 90% OAC (VIl) (R), / (R2)g A
HO\ (~) Hdo" " ..I11l1/OHOH 5 The S-aryl

i ntermedi ate conpound of Fornmula (VII) is then treated
with an acyl protecting group renoving reagent

sel ected from a base, preferaddhmeedi um hydroxide to

restore the hydroxy groups to yreld the desired final

product conpound of Fornmula (1) as shown in Schene 7.

The acyl renoving 10 react is preferably carried

out

in the presence of ago|vent such as ethanol, for

exanpl e. Optional®ds, the Xine gz?,sired product of
reate@

Formula (1) may he
form ng reagent 4
types di

Togt he d with a conpl ex
edafrom am no acids of the 15
Pat ent Application No.

scl o%ed j

1011g7 9Tt hedent | re. di scl osur e ofAcRIPIRER, DIMAP .

i ncor por at

10

15

d hef eome by reference, sugh as L-
o >90%

Ho\‘“\\\\
OH X0

/' \

(R‘I)p (Rz)q

5

—

ACO

AC (x")

" ACO

. The reactive hydroxy groups of the intermediate oompound of Formula
(X1} are then acylated by an acylating reagent selected from acyl 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 acefic anhydrde in the presence of N-N'-
diisopropylethylamine (DIPEA) and 4-dimsthylaminopyridine (DMAP), and a
solvent such as toluene, for example, to yield an intermediate compound of
Formula (XI) as shown in Scheme 5.

33



phenyl al ani ne, for exanple, to yield a correspondi ng
crystalline conplex of the conpound of Fornula (I).
The conplex form ng reaction is preferably carried
out, for exanple, in the presence of a solvent such as
a mxture of 20 water and ethanol, for exanple. 35
Bases suitable for use in the final deprotection step
process of the present invention include, but are not
limted to, alkali metal bor &@ghdmeai@s hydrides such
as sodi um bor ohydride, [ithium alum num hydride and
the like, 5 the alkali netal hydroxides such as sodi um
hydr oxi de, potassi um hydr oxi de the |ike,

al koxi des such as sodi um net ho¥i odi um et hoxi de,
potassiumtertiary bulRyei de and _t he™Nge, sodium

i e and ani nes
including tertiary anne as 4-net hyl nor phol i ne,
triethylamn opyl et hyl am ne (DI PEA), and
the |ikege 0 bases include sodi unPerflO/EESH
pot assi um hydr oxi ' '
i m dazol e, py@r

process of the pr ? invention include tertiary
am nes such as 4- hyl nor phol i ne, triethyl am ne,
N-N - diisopropylethylam ne (DI PEA), Zand\the |ike and
aromati ¢ am nes such as 15 jm dazol €, r} di ne,. and
the like. Preferred bases ﬁ ude t ekt (R4} ne

s .

8 bej ng An especially
vents suitable for
g~and the glycoside
e present I nvention include,
4, an et her such as di oxane,
fRMQ aromati ¢ hydrocar bons
such as benzene, tqu:ne xyl ene, the |jke, esters
suchas :ethyl acetat@ACand the |ike, hal ogenated
_ hydrocarbons such as chloroform dichl oromet hane, .and

t he 1TKe,_ nitrites such as acetonltrlle and t he Ilke
2ni des - subf Hethexp goHeafthe dnteanediate compound of Formula (XIl) is

N, N-ilsABEMovas Hyldstthg ﬁfédcérHﬁo@rﬁ:I Wrthea r@&lﬂ:rr%g’ |réé§%n@%%ch as a

such as dlnethylsquOX|de and t ke. Preferred

apr o¥iiybhydrisie, &rexample.crrefsrably anedlsyisrbrh hydidde endenere preferably
and i RidyHHE 38 stdwh ih SERSHY 6, to yield an intermediate compound

of Formula (VIl). The reduction reaction is preferably camied out in the

preferred base.
use in the A
reducti on processes
but are not 20 |i

10 presence of an activating group such as BFs-Et,0, for example, and a solvent
such as CH3CN, CHi:CNftoluene, or CH3CN/dichloromethane, for example, at
a temperature of about 15°C. The conversion of the compound of Formula
(Xll} as shown in Scheme 6 produces the stereospecific &-aryl form of the
compound as represented by Formula (VII).

15
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of these solvents being an especially preferred
medi um Whereas, the preferred aprotic solvents for
the gl ycoside reduction step being CH3CN. 30 Most
inmportantly, it has been found that acid |labile
protecting groups described above, especially those
containing a silyl group, conpared with other
protecting groups such as benzyl groups, enable the
process to be 36 conducted SchemgiZg- pot operation
with the formation of fewer internediate conpounds,
whi ch nust- be-isolated. The acid labile protecting
groups preferably react wt & hydroxy groups of
D- gl ucono- 1, 54actone and reng \rreferentially bonded
Rale S ] the same. 5 Acid
| abil e protecting gregp espe he tri net hyl
silyl group of the S0
facilitsg synthesis as a result of |ower

costACnd uye of y avail able star il% erials.
Mor eover, ti ¢ of this acid IabLLe_éfgLégging,
groupsAbQ@fh~ P hqgtgf the present inventghpn provides
a 10 safer sy  hesi & process whi ch m nim zes hazardous
reacti on condiddcons while ¥Rhancing i nproved
stereoselectivity (35:1) a roduct purity over prior
art processes using benz tecting groups. The
amount of the acugﬂlablle pr cting group providing
reagent is 15 ty/aaﬂj ef®ddhan t he
stoichionetric a is desirably sufficient to
pr ot ec

D- glH®Cono* ctote (the hydroxy groupg which are
not to redct ddring the synthesis). Preferably a

mol ar gEtT Yrgater than 4.0, nore, preferably
about 6.0 is desirable. The protective group reaction
is preferabl8H carried out at tenperatures not 20
gxceeding 10C. In a preferred enbodi ment of the

present invention, the internedi ate conpounds of
For mul a (%Iﬁ-?f'yhmt@h‘mdmte reoStpoed of Foamelp(\il) s ebnbyeated with

fir 1.5-lactaon d, an, apro

sol 5%} Bty eB 1R FAgRHE Rl g baSe, proforably

pr esecfaam hydiocide o restGrentien hy@mity Viroaps Sobyasiadtendbsifed final

am)BPodu%I compound of Formula (l) as shown in Scheme 7. The acyl removing
10 reaction is preferably camed out in the presence 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 thé
15 types disclosed in U.S. Patent Application No. 10/117,914, the entire
disciosure of which is incorporated herein by reference, such as L-
phenyialanine, for example, to yield a éorresponding crystalline complex of
the compound of Formula (I). The complex forming reaction is preferably
carried out, for example, in the presence of a solvent such as a mixture of

20 water and ethanol, for example.
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D- gl ucono- 1, 5-1actone. The acid | abile group providing
reagent is then added, preferably in an anount of 6
nol ar equivalents to yield the internediate conpound
of Forrmula (VII1) which is then reacted with the
l'ithiated anion of Formula (1X). 30 The formation of
the internedi ate conpound of Formula (Vill) is
typically conducted at a tenperature of from about 0OC
to 50C, preferably 37 about 35C until the reaction is

conpl et edBaéé@'sEﬁéﬂﬂ?ﬁ fgp%gibl iﬁt {glguf\jml_?‘al é{}:ﬁoteﬁﬁ@:‘?tétéw process of the

mxture is then cool ed, sol vent
neut PEISERk iNvRintian dnglude.cbut ate mohdimitedi tomalkally thetajeborohydrides

phos ‘E@HC%

obt aﬁ e g|"R;!.'er rr%gm gﬁeb%@ﬁgoundmp% 'ﬂgﬁ# %W?"‘ie agd the like,
The thet @Ikmﬂ'natﬁé derqmﬁsh dsuwth fsasmduhgn hydrbk’net potdseimm hydroxide
reac t h, t he i ate anlono For

whi c%'? St KPm K H S5 Sedium H?S‘ﬁﬂf?r" ' Baium - ethoxide,
co n’ppmtaslsmm t‘ert‘awl ﬁutb)ﬁt!bl éncﬁ$h§ RN sbdiuSe bﬁﬂ%nﬁté AndMpotassium
apr ot Ir§830| ven n.alkyl|i t hi ym conpound

pr ef GHABPSICAN a@l”l@;ﬂ inciudingPEIFR, Smiees ﬁ%l‘éagd—methylmorpholme

pr ef gietifamine D NN Jd'ilééﬁ?bﬁﬁb@\gla?hlhg hg IPEX) &Ind" tHe#Re @ Preferred
stoi chi ometric anpunt at - reduced tenperatures

10y pi Ragesyinplude sodiMm and patassiem; mm@memammmes such
yi el g fnhiBatdlk ep Lé?'lgfﬂ’lgﬁ ?! %%ggftﬁﬂlé%r( {I‘}%hsﬂglatlon of

internedi ate co I'S reac
15 @?c@i@c@m@@nne e@mtpre@&m aﬁﬂwlppﬁb&ﬂnftanmtnbn include tertiary

By? E) u@%gglulc %?ﬁhg acl dt haﬂ%ﬁ'let%)(lﬁ%b%}ogiﬁst hanF&i¥Rine. N-N*-

?ﬁl cmlsbplropgbm‘nmaf mlnep(iBIPeErA?;bIaymdnwbhm@sngfmn%at@%:ﬁm%%mh as
e .presence of .a i such .a

ondGBl, pytdits. B 45 Aikep drefatle Bends alite teriary amine

but ks v@mrmnmtnymmmmaacﬂemg a9 eégéaél@l refdirddWase.

i ke. The 20 reaction is conducted at a tenperature of
about’ 40C. The reaction solutionis then quenched

11 RO PO S S AL U B by
thet ﬁgb{pﬁ@aegp@uctton processes of the present invention mclude but are not
20  limited to, an.ether such as dioxane, tetrahydrofuran, and the like, 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 acetonitrife, and the like,
amides such as N,N-dimethyiformamide, N,N-dimethylacetamide, and the
25  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 especially preferred medium. Whereas, the

preferred aprotic solvents for the glycoside reduction step being CHaCN.
30 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 o be
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conmpound of Formula (XlI) as shown in Schene 4. 25 The
i nternmedi ate conpound of Fornmula (XlI) is converted to
the acylated derivative by an excess anount of an
acyl donor such as acetic anhydride, for exanple. The
anmount of the acyl donor should be sufficient to
provi de maxi num conversi on of the hydroxy groups,
typically fromabout 4 to 6 equival ents based on the

anmourdongiicteleinC eI derffUn With h! 908?15{]&1 I fewer intermediate

reaction is conducted in the presence excess

NN -@m%ﬁfj&pwh@hjﬂ?% b isqlatedEA) Then@cidd dabilel pratecting groups
S ehetofiadly FRITUIATH AL RSBt coip1, BXRABAS and remain

The tenlpera_t ure the ron’1's ge

mai niPEefreantially berded thareto setilibisultesBsd turemove the same.
reaction is conpleted. The reaction is then quenched

by reducing the reaction pHto about 3 or less with

the addi t Acid labilepraiectihgsyrotips,asspeicizip ltiss trime®ivlsin gfoup of the

h ' h : At thi f th
or oo Buorf FvShRh otk aRalTRIEY tehoq-Seale alieals o pirsgult of lower
r educosty andagendf réadilyevalsblb ReariRg Rtridls ONRESRIN tHa use of this
anomerj ﬁ?@?r bon site on the gl ucopyranoside ring.

App| PEL/RRIqRrolecting groHntdn the, Hrethod of msm&entri@cﬁgnﬂongmvides a
[@ageafch symthesis mrbeassivitioh Vﬁﬁ&ﬁﬁiﬁé’é h%ﬁb@se?eadﬁ% %onfiitions while
preferably triethylsilyl hydride 1n the presence o

an a€Pbanging fremKed stereesalectiviiy (85:d) aodgiradestypurity sivee prior art
co ' k : | ucopyr anose
co %E%S%Sf uﬁ@gﬁﬂ%ﬁgl Rﬁt%tm\t%oqrﬁngz?(g ept i gﬁ al

stereosel ectivity, about 98% and the yield, typically

about 80-H09 r t] r,eaction.is preferabl .

conduct e dﬁ?erf)ﬂ%ﬁt F??Sﬁé'&cg é?bil% protecting group pr.owd.¥ng reagent is

tfo CngtwrcaﬂY gozatelethentthe aﬁttﬁcl@iBE&EiG I\;o’zbéihoaﬁﬂa@f@@é @@Bﬁi‘émy Sufficient to
Sy Sho n_Schene, 6. st significantly,

unl i'ﬁ,&?c_ﬁea'!: 6’?r'§gpm§ﬁ‘g MEhoXy oreups &qeet@‘écono')(ﬁ“'adﬁne (the

| nt eliydrohya GRsupst WRick e Alot 36 &eXbt BUANG Bd RINBESIPS Preferably a

enabl ed the ?]eductl on step to be performed wthout

t he 9" 57t OhBERAMS, WirRdePcmoraprafprapii pbeutf@ds desirable. . The

NON- SroKEER: CareaBdiddcABs ¥ phefé tde out at temperatures not

stereosel_ectl\nu y, The internedl dte conmpound of

Hor rRNcgedioEIH0°Cs t hen treated with a 20 base as

previ ously described, such as sodi um hydroxi de or

['ithium hydroxide, for exanple, in the presence of a

sol vent dwmcehpeaferred embodihenthafl theeprgsent invention, the intermediate

compounds of Formula (VIll) as shown in Scheme 2, are produced by first
mixing D-giucono-1,5-actone and an aprotic solvent followed by the addition
25  of the base, preferably about 5 to 8 molar equivalents based on the amount of
D-glucono-1,5-actone. The acid labile group providing reagent is then added,
preferably in an amount of 6 molar equivalents to vield the intermediate
compound of Formula (VHI} which is then reacted with the lithiated anion of
_ Formula (IX). '

30
The formation of the intermediate compound of Formula (Vili) is
typically conducted at a temperature of from about 0°C to 50°C, preferably
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et hanol ), for exanple. The final resulting product of

Formula (I) is obtained. Optionally, the resulting

compound of Formula (1) may be reacted with a conpl ex
form ng reagent selected fromam no acids such as

L- phenyl al ani ne, 25 for exanple, in a suitable sol vent

such as a |l ower alcohol and water, for exanple, to

obtain the corresponding crystalline conplex such as

t he aboyth3%RC aindihitivee reactioineis, ctbmp!emcbn’qybmailpfatmhe 5 hours. The

F | 1) .
or ecartof pUkERETE et cbaetrdlted Wib & siEY hadallzgd with a bufer
may Sechiaedotiunp ditydrsydnphésphald, fol Uxaable washpa whdsdistilled to

of For mul i ncl udi n

1- - pbyat ?‘ﬁ%‘%’f’ﬂﬁ@'ﬁ% ﬁ%’ﬂ%ﬁ'ﬁ'@igfwfjmf’@ 6/BD-ucopyr anose,
15 C( 6-

met hyl - 4' - (et hyl t hi o) di phenyl net hane- 3 3-D-glu

pyr anose I1e integnediate compound of Formula (\){Il) is then reacted with the

Ch' Olf afed Sf\fbﬂxé’idlt&ﬂﬁﬂél (S?St %ﬂﬁ |I§ dﬂtém@d%ﬂ#ééf%gﬁg éagg&ﬁtlon of a

COfT'p exes n a nore
errbo@ummnd)m' Fomnyla Xt tas shownt inoBichame-y ma' areapsdtic lvent with

SRR, ot B ALABOE M e, mor

mbovm-eférabipan-butymtmumtdtalighﬂ;h |@ﬁér dgmroa stblchiﬁmémb aamount at

A mrremp%cﬁltemggétgre\ﬁyglﬁ%%ﬁ% less ﬂ%asn A?O“‘la':t hr}/ an inert atmosphere fo
2, 3, fielg-the intermbdiatedsdrmpalirRilof Formuta (X).

S|yI) D- gl ucono-1, 5-1actone of Formula (M11), is
formed by reacting 3-brono-4'-nethyldi phenyl net hane of

10 For mulghd Xhidrnedidid é&nBDMybf QiU N i F@Jc?ed with a

preferred enbodi nent of the present |nvent| on, 1-

I¥et rglycapidatiest hyeagend) oﬁqﬁhenyﬁ mesUlBhric3- vk, f shydrgehlexic  acid,
pyr Y]

0V AR08 R 530, p SRS SERL | B rhchRancoutoni
| i t racid,efbraexammplef pFeferabiy roetkipnesidionio aRjd,iis the presence of a

Tl BRI, 5 Bl sy
- osil y*n%th?ngl ubmtanei %ﬁghalctmpﬁopat‘nﬁFol‘mb'@a(n\ﬂ ldnd the iike. The
orne react,l r.ono

e TRIN 5yC0 OGSt RN S e oh AL 4036 Thepagtiogysolution is
n- althgh dudnzhss wid d R}u@nﬁﬁihg agafresidd a8rsslime Bicaflonate, for

the present invention, 1-C

t
chl &‘r"é‘"lP e'eﬁho@()ﬁéﬂ’fﬁﬁﬁﬂﬂﬁrﬁfh'&ﬁé thap; $07G.-1o- ylelt dBg r tpymediate
se iomiRMdGTEormula (X1} as shown in Scheme 4.

25 The intermediate compound of Formula (XI) is converted fo the
acylated derivative by an excess amount of an acyl donor such as acetic
anhydride, for example. The amount of the acyt donor shouid be sufficient to
provide maximum conversion of the hydroxy groups, typically from about 4 to
6 equivalents based on the amount of the cbmpound of Formula (X1}). The

30 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

38



enpl oyi ng the sane steps as descri bed above. |
particular, the lithiated anion of Fornula (I

n

X)
wherein RL is 4-chloro, R2 is 4'-ethoxy and A is -CHr,
which reacts with the 2,3,4,6-tetra-O (substituted
silyl)-D-glucono-1, 54actone 25 of Formula (VIII1), is

formed by reacting 3-brono-4-chloro-4'-
et hoxydi phenyl net hane of Forrmula (XII1) with an

n- al lapbul 3590 il tHd Podkiah id BEmPRIRE UTHe Péac?_%fﬁyltﬁen quenched by
(XIII% IS known in the art and rraely be readily ]

pr ep SeEING thegreaction RHtoRste duerdes Mﬂih/rﬂiead&/m obén acid such
ordi agh i ' r ,4(9”? ng

exanglggﬁo g‘rﬁédﬁgf?‘(g?’ggp%%ﬁmt@ ’oésl?l us P]Z?éﬁ%rﬁ(g@: nvention,

and should not be interpreted as a limtation

: ' t condi t..,.Qns , A .
Vary i i i aape g Bfécell Ror R TRl LS y¥3led witn a
howetasiucingcieagesicoiremove Hie meﬁ"wwu‘ﬁmﬁg aﬁc{smdﬁ@ﬁarbon site
' ki |, 5 in,t t thro routine .
ot B e UNESraiide, oo, T AR heve, dilamainPY ihg sity-based
2. 3. fediicingt reagéhts) prapsraplystibkiisiyi Gy Ade thivle ﬂr‘efergbry Striethylsi!yl

t hi t hvl) di phenvl net han-3- vl )-a- D al ucopvranos
grt aﬁv%%m?v © 1 PrefsiRee, oSo@nTiack cpfeanpreferrsd o reduce the

1Dt glneopyrandsidsesmpliind ¥k Folfhia (XTIVio the /GMeopirbhoéé bompound
3 of Formu!a (V1) with exceptional stereoselectivity, about 98% and the yield,
typically about 80-90%. The reduction reaction is preferably conducted in the
presence of borontrifluoride-etherate (BF3+Et,0) and acetonitrile (CHsCN) as
shown in Scheme 6. Most significantly, unlike the corresponding benzyl
15 protected intermediates, the use of acetyl protecting groups enabled the
reduction step fo be performed without the use of a highly hindered
sifylhydride under nen-crygenic conditions with exceptional stereoselectivity,

The intermediate compound of Formula (VIl) is then treated with a

20  base as previously described, such as sodium hydroxide or lithium hydroxide,

for example, in the presence of a solvent such as a lower alcohol (e.q.,

ethanol), for example. The final resulting product of Formula () 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,

25 for example, in a suitable solvent such as a lower alcohol and water, for

example, to obtain the comesponding crystalline complex such as the L-
phenylalanine complex, for example, of the compound of Formula (.

In a further aspect of the present invention, the processes described

3¢ above may be used to prepare the C-aryl glucoside compounds of Formula )]
including  1-C-(4"-ethyldiphenylimethane-3-yi)-8-D-glucopyranose, 1-C-(6-
methyl-4'-{methylthio)diphenyimethane-3-yl)-B-D-glucopyranose, 1-C-(6-
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In a one-necked, 1 L round bottom fl ask, an aryl

brom de conpound (1) (20.7 g, 67.4 mmol, 1.1 equiv)
was di ssolved in tetrahydrofuran (THF) (61 nL) 10 and
heptane (245 nlL),. and cooled to -78C to generate a
precipitate. 2.3 Mn-BuLi (29.3 nL, 67.4 mol) was
added dropwi se to the heterogenous reaction mxture
over 20 mnutes to yield a reddish color. After 30

M nuttdsro-4’-éthexydistidryinetiankLs-¢l) c&iﬁﬁf‘aﬁ osed BAda complexes
one-pecked 2-Lfl ask containing a trimet yIS|IyI

| dct B¥E¥ompound (2) (29.5 g, 63.2 mmol, 1 equival ent)

and 15 heptane (306 nL) at -78C to vyi el d a cl oudy

m xture WIthOUt any precipitate. The reaction mxture

was r enpvidica masenpreferred lesnbsgtirmentoithe psesent imvendipn At-GH(4-ethyl-

90 e
(8 o Phebyptitorh S4Bk bESb RS Rl ol B psensaly
t he thaysamessteps adedesdiitsedoaboveC Imyarticul@s thédiflsidted anion of
RoucERgn 0D, Wnéiela T DdPpsD: B ¢ PiRylcRd A -Chir which
TMVS regetse it tﬁ@npw,é-téﬁé-ox?msﬁmw@ nﬁ@l}ﬁ@&@h@ﬂh 5-lactone of
t hrough TLC anal ysi s Et OAc) . The conbi ned

or garerEYiay ¥y, vﬁsff@naﬁd by teasting Fseremd-#-methyidinienyimethane of
monqqgﬁ,q@ég,ql"? réw,l,gg?flﬁgm% of a yellow foany oil,

whi ch was and under hi gh vacuum for
about 0.5 hour. The resulting TMS prot ected conpound

(3) was ygegd fare tﬂ?sfen%% BRitodfHERP bF - mézprgégﬁp}n%eﬁhon 1-C-(6-

Preparation o
met hpbHiykcn(rﬁethyltrhq)mpmeréndiethawggigyl)-ﬁ%@mbmbae i%- \produced

| ucopyr a e_ones t sat .
v 0ROy iG oS e eaine stofts 68 deniasd gfoyey) Tnrartioular, the
15MS {iiateRICa 6N @pnaﬁ#ma (b@)wﬂéiém% isT AMANR] B 4]'—(M%ylthlo) and
di ssol ved in MOH (19 -) and net hanesul foni ¢ aci d
(200A i8L5CKlas wgugmer@acts wrth the 2,3,4,6-tetra-O-(substituted silyt)-D-glucono-
1,6-lactone of Formula (VIlI), is formed by reacting 3-bromo-4-methyl-4'-

(methylthio)diphenylmét‘hg;ne of Formula (Xill) with an n-alkyl lithium.

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

25 of Formula (VII), is formed by reacting 3-bromo-4-chloro-4'-
ethoxydiphenylmethane of Formula (Xlil) with an n-alky! lithium.

The starting compound of Formula (XIIf) is known in the art and may be

readily prepared using standard procedures known to those of ordinary skill in
30 the art.
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The resulting solution was warnmed to 40C for about 20
m nutes. Thereafter, 10 the solution was cooled to
roomtenperature and concentrated. The residue was
di ssolved in Et CAc (200 nL), washed with saturated
aqueous NaHCO3 (2 x 100 nlL) and brine (2 x 100 niL).
The conbi ned aqueous | ayers were back-extracted wth
Et OAc (2 x 100 nli), and the conbi ned organic |ayers

were drie o Lar L . .
resi due V\ggg §'?°é'@ﬁ§§9§’r‘? ]éa'lrs %@g‘ﬁ%\ﬁgﬂﬁqgser niag%??é gﬁgﬁtmn, and
t hen stipgldonateble iinterprietesh as (a dmitaomitherean. 60C.ex@hmle, optimum

resulti ' dr i round botto

{1 as BBt iitichs 183y RER R BB ol et o RpbRts usea,

ﬁr ec hpweatresuchhreattion conditierss g&yirl])‘er@ftermhe&gﬁdbn@pf ?za:linary skill
urs at rpomt erature, .and then filtered to yie

27 o e At ropline golinizghon BrAGGHHERS. Thr ough LPLC

anal ysis, the white solid was 20 determned to be 87%

pure. An HPLC anal ysis was performed on the filtrate,

whi ch indicated the absence of the conmpound (4). 43

Exanpl e 3 Preparation of .

1-C (6-nethyl -4' - (thi omet hyl ) di phenvl net han- 3-y()-B-D

gl ucopyranose swa ON/ \ | EtgSiH BFa-OEtZ ON W

CHBMCHIC 2, B0OC NOOR ON 5 (4) (~1 The conpound (4)

fromExanple 2 was divided in half to prepare two

reaction m xtures. In a first 1-L round bottom fl ask,

the conpound (4) (13 g, 30.9 nmmol, 1 equiv) was

di ssolved in CH2C1 2 (86 m -) and CH3CN (223 m-) 10

and cooled to -20C, which caused the starting nmateri al

‘to precipitate. Wth stirring, Et3SiH (9.9 nL, 61.8

mol , 2 equiv) was added fol | owed by
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BF3.CEt2 (5.9 nL, 46.4 mol, 1.5 equiv. In a second
1-L round bottom flask, a separate reaction m xture
was prepared by dissolving 11 g of the conpound (4)
in CH2ClI 2 (73 nL), CH3CN (190 nL), Et3SIH (8.4 nl),
and 15 BF3. OEt2 (5.0 nL). The reaction m xtures were
allowed to stand for about 30 mnutes to yield orange
and honogenous sol utions. he reaction

m xtures were quenched mﬁtﬁagﬁﬁﬁ%éed aqueous NaHCO3
(ca. 200 nL), and then warnmed to rooni'tenperature.

The reacti ﬁﬂa@t&%H %?%,3"@3 ‘6 %@%&E%@qw@@c«ﬁ%@ i C
solvents were re 00 WL

of 20 Et OAc hiemethykiiphanylimathan-gyhraeDy@iucopymngset ed
i) a separatory funnel. The organic |ayer was washed
W th saturated agueous NaHCO3 (2 x 300 nlL) and brine
(2 x 200 n). The conbined aqueous Iayers wer e
back- ext racted t hemeEt OAC until no trag

desi red WY e ObRIEY W% T Pmteh e a\a s €s ¢
anallx A nmL E@-me-. The conbi neg\ orgs;

| ayers were dried 25 over
concentrated to provide 23 ¢ a conpound°1("5) as a

pal e yell ow foam Anor phoss® pposnd (5) was purified

by conversion to its crystal #ne derivative

tetraacetate f'6) and hydrol ysﬁ2 as described Bel ow in
Exanples 4 and 5. 44 Exanple 4 Preparation of

2.3,4.6-1rea bﬁe-@eatbelt ¥V IL-rbu e Bottorh Kisisk, 4n-aryl bromide compound (1)

(th| th vj met han- 3:.vi | ran
B3 ¥ B e Y s sl i iR NieRB (TidF g L)
1(06) a'ﬁhmeqnm‘ﬁo(anﬂ (L) aBeabled t2-785C naraknerhtecq pragipifatan2.3 M
ExarngéﬁES(Q%S mL, 67.4_ mmol) was added dropwise Vto 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
trimethyisilyl lactone compound (2) (29.5 g, 63.2 mmol; E équivalent) and
15 heptane (306 mL) at -78°C to vyield 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
20 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 MgSQy, 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
25 next example.
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di ssolved in CH2Cl12 (53 m-) and pyridine (17 nL, 210
mol, 9.9 equiv). Acetic anhydride (20 ni, 212 nmol,
10 equiv) was added to the reaction 10 m xture, and

t hereafter 4-di nethylam nopyridine (DVAP) (130 ng, 1.1
mol, 0.05 equiv). The reaction m xture was stirred
for about 50 m nutes. Water (200 m-) and CH2Cl 2(200
m.) were added, and the layers were separated in a
separatory funnel. The organ o) was washed with |
N HO_ (3 x 200 i) and brla g2

CH2Cl z unti | TLC anal ysi s %@ﬁﬁiﬁﬁiﬁﬁﬁthe deS|red
product was no |onger pres extracts. The
conmbi ned organic layers were dried over MSO,
filtered and cqQncentratedsto yield 11 g of a pale

sl OV\Ay cooted to roomtenperature then to 4Ceos

o%erni ght. Afwer recrystallization, 7.7 g of conpound
(V) as a white solid was obtained (100% pure via

HPLC). 45 Exanple 5 Preparation of

1- C ( 6- nethey/| TMS- prefebtett kompouptie(d)| (48 g) from Example 1 was

T O GREoNad b MED g RGP RSl Y3 Gl ) g ace

( 22. 3hg reéﬁﬁlr@ solation Wae garvgd fto d0PEfamgbout 20uamiutes.  Thereafter,

in TH H20O and stirred at room

o e:ilitioh Bl tp 7508 (gmbsety B conoalatey. e residue

addegas @ldsbﬁfeﬁeiﬁCEt'Om: (H00t LY, Washedewih 3ahiriiftld agi®ddueYNaHCO;

sol u@( The reactjon m xture was maintai ned at rogm

t enp )éﬂgpem;_]),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 dned over Na,S0,, filtered and concentrated. The residue was dried

15 under hlgh 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

20 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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10 about 5.2 hours and was then concentrated under
reduced pressure. The residue was dissolved in EtQOAc
(300 n.), and thereafter, saturated aqueous NaHCO3
(200 nL.) was added. The | ayers were separated, and the
organic |ayer was washed with NaHCO3 (1 X200 M.) and
brine (1 x 200 nL). The aqueous |ayers were
back-extracted with EtOAc (3 x 300 nmL). The conbi ned
15 orgam c layers were dri edMSOﬁl filtered and

- gl ucopyr anose (5) as a V\kgm@om@;my soI [ d Exarrpl e
6 20 Preparation of

3- br ono- 2- nethyl - (met hyl t hi o) di phenvl net hane 100.0
G of o-toluic d ssuspended in 115 nlL of

nmet hydwene : reactl on vessel

slurr D

follo ndae addl t| on of CHLAYTHCySBE b

M NUkoE =a4hi | € mai ntai ni ng the react | @R _temper ature
at about 330C. The resulting reaction m "Rt urg (

was added to 450 nlL of ethanol under sligh® sti rri ng,
d followed by lsating to a tenperature of from 4
about 70C to 80C. The reaction m xture was then cooled

to anbient tenperature. Crystals of
3- br ono- Zﬁhﬁetmbomwifmmcﬁmmeé was dévidati bf halbyo prepare two

A CereBPia RHBRE=Antd ik 30 RHEPBReGh JRRR R Getbhgihg, B (13 4.
cgggfjﬂ Eenmoﬂd(r)z@.um)f vgﬁs \h/ms:gigl‘eﬂl lﬁBtDHw}Iz lé&ﬁ; ﬂ)far&t :Cg-igmsﬁ (223 mL)
1357 gt §poeT 49 2C PR fCosd b Stastind EhatBtial oo Scipiate. With

Vesmﬂmng/\ﬂ t B, ik (919 &L, dﬁ’lTBt MhOIO ARG R Wﬂé@radded followed by
stir 24 hours under anbi ent t enperature
ot oS OB o 46 fPmabehBostulbh ol acsaAnénT-heepund bottom

t he'ﬂa?sﬂ ﬂ'ﬁﬂdﬁdrebﬁtléo%:ﬂur@fwé?ﬁéﬁa‘?@@ bghhi%b%g 11 g of the

57.8 g of thioanisole was ad ction

ves $&mMpapRrcl) via Lldzde 463 troln 015G | (@R dnby ELSIH (8.4 mL), and

13035 0eR158 . The FUAKAH sy WMo Ty Ui for ahout s

f oumisutesetosyield otenggeand fhomagenous sdhlltm'isdeEweheof the reaction

add%qbcﬁﬁ'ese%t]e 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

20 EtOAc were added and the layers were separated in a separatory funnel. The

organic layer was washed with saturated aqueous NaHCO; (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

25 over MgSOs,, filtered and concentrated to provide 23 g of a compound (5) asa

pale yeflow foam. Amorphous compound (5) was purified by conversion fo its

crystalline derivative tetraacetate (6) and hydrolysis as described below in
Examples 4 and 5.



time the reaction tenperature reached 10C. The
reaction m xture was then 15 poured onto 300.0 g of
ice and 435 nmlL of 2N hydrochloric acid and stirred for
one hour. The aqueous and organic |ayers were then
separated and the organic |ayers were washed with 210
nmL of 2N hydrochloric acid and twice wth 160 ni
portions of sodium bicarbonate solutions. 20 The

met hyl ene chl ori de and wat er en renoved

foll owed by the addltlon ofggggﬁ%%gbf ethanol The
resul ting sol CfenartigRofZohi s (

crystal s of 7 ' ~ 3

3-br ono. 2- et thiomethyi)di e -3 nosg
product (5) produced as described above was then
treated in 25 _substantjal |4, the same manner as

descréﬂbed in

pheny&aﬁhm@ne- 393 ) -R- )

yranOS an 23
Pr epgye 2, Q) ‘
2346 etra O (trimet)vlsilvi)-D gl useffo=g 5

700.0 g 8 D-glucono-1,5-1actone and 7 L of3,
tetrahydrof uran glong W|th 5 3185.0 g of

45> et hyl nmor phol i ne were added to a 60 L reaction {6}
vessel whi ch vvas mai nt ai ned at | ess than 5C. 2590 g of

trineth I he. d
LY ARG 8 25l iy e 3 e
Thler@amiwd in KeH s <63 mla)sandqiwdu’:jeoéﬂﬁmll?'ﬁo lrnmbll 9.9 equiv).
tolu a ed.to the vesse

The gébﬁgogﬁh ggo&éaﬁ\ﬁ?c%aﬁ '\Ai&eeqé%" alat é"&’dfa e reaction
tthe mn@.&e; an@m@eammwammﬁpmu@o@mwwmma@1 1 mmol,

phos(gas dra .e to renove excess base and bri ng

t he "the tractinn reprs gvasgstinad, o aosk 59gant¢s Water
wat e(QOOhIiLe) ﬁcg@ﬁlb@lzgm L) ré’ ladbl | & tHads er%S.vere S Iparat&d in

reduced pressure at- 50C until the noistu
cont&AEPYRIQH durglanthe oqma@elamrswm waahedewith HaN HCI (3 x 200

?. ?ﬂtggﬁg%ﬁ@‘%g ggé [t OfTr%S@&BPﬂqeg St 1a95rs Wafe back-
15  extracted with CHxCls until TLC analys:s showed that the desired product was
no longer present in the extracts. The combined organic layers were dried
over MgSOy, filtered and concentrated to yield 11 g of a pale yellow solid.
The resulting 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
20 the mixture where the mixture was siowly cooled to room temperature then to
4°C overnight. After recrystalfization, 7.7 g of compound (6) as a white solid

was obtained (100% pure via HPLC).
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20 Preparation of 3-Bronp-4'-ethvldi phenyl net hane A
3-Brono-4'-ethvl benzvl hvdrol Dry My turnings (4.4'qg,
0.178 nol) under Ar were stirred overnight whereupon
100 nmL of dry Et20 was added foll owed by addition over
1 hr of p- 25 bronoethyl benzene (22 g, 0.119 nol) in
20 nmL of Et20. (In the event the reaction did not
start, 0.5 m of 1,2-di bronoethane was added). After-
stirring overnight, mbronofxamplieidhyde (11 g, 0.06
o). (0 20 mpple FLAR sPrc BANLARdn BRI 7O
light solutio d
of from about 4 to 6methane-3lghfDighecomyemasenp! et e.
The reaction, 30 after quenching with saturated aq.
NH4Cl, was extracted 3 tines with EtCAc. The conbi ned
organi c | ayer pe dried 8
Na2 SO4#and g

The ré ™
silica ¢

(71% of o8 brom) 4' - ethyl benzhydrol as aschi ght yell ow
oil. 5 B.3-Bronp-4'-ethvidi phenvl mnethane To a stirred
-50C sol ution of Bart A 3-bromo-4' - et hyl benzhydr ol®

(12.4 g, C@mﬁéﬁlﬁi e} 22.8 QZQQ@MOMWEmeﬁX?ngpIe 4 was
|

fol |l d
o oo in THMERHELO R0d st Sl roarn) MRS  L10HH,O
hr  @t6s §050.838mBRMNEGLIV! voad Ydded todthe PéBSfbrPﬁFS&hl%tt% yiId a light

TLC, the reaction 10 was quenched by addition of
sat weélpw%lowmrea&ﬂ% migider was majrtaigg atiroem teppgrature for

e WS HiRPs GRHNPES Btbrd oBh(EB?ﬁrﬁle dd %?%du-géﬁ pressure. The

conbi ned organi c |ayers were was
overrepidasas disselved imEQAC 430D mlYsand thereafbelarsgturated aqueous

CHSERAAEB. 0 Hag 8h0Y TR Bl SOt bhgdug oromnc

Wi t Haysr Was washed withf NabGyn(1 X 208mbpbad HriRegpdax 200enL). The

of Nabqtuh us ay%r::I. ﬁei'ee ht\:lll<—g rahéecy qﬁté}%&sv)l( 300 mL). The combined

15  organic layers were dried over MgSQ,, filtered and concentrated to yield 15.5
g of 1-C-(6-methyl-4'-(methyithio)diphenytmethane-3-yl)-8-D-glucopyranose
{5) as a white, glassy solid.

Example 6
20 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 foliowed by the addition of 143.1 g of bromine over 40 minutes

25  while maintaining the reaction temperattjre at about 30°C.

The resuiting reaction mixture {151.0 g) was added fo 450 mL of
ethanol under slight stirring, and foliowed by heating to a temperature of from



D- gl ucopyranoside 20 895.0 g of
3-Brono-4'-et hyl di phenyl net hane (obtai ned from Austin
Chenmicals of Chicago, Illinois), 1.6 L of
tetrahydrofuran and 6.5 L of toluene were added to a
20 L reaction vessel under an inert nitrogen

at nosphere and cooled to -80C. 1.4 L of
n-butyllithiumwas added over 30 minutes to the

reacizhefit Y05Gh BiHd.© TR FhattHn thikthfe WRAC N cooled to ambient
tenperature at about -80C. 25 The reaction m xture was

st i r terapetaiure. naiystals of Bdrome-2-methyl-deneciplasid wene (filtered off by

a1 ERCIH 35 WB PR Shaubdud HERRBYd@AL. o1

m Xture was conbi ned wth the solution of

2.3,4,6-tetra- 0o

(Tri met hy S{.q:[gﬂr?te[}{e@s%gﬁg chagaed, With, 70, il of dpethylene chioride.
Examtﬂ)e .07of18¢bréinbt ﬁﬁb%ﬁllﬁeﬁtﬁonc%@gt\ﬁést &Hde%QEtthQ r@Action vessel
i ner e |i ed i nternedia

comp O L 38 A0538 AexaDhlaTKecas pgRek D frentasstion vessel
Wi t hy@th 908 Whi, @f di?ﬁetﬂ%rﬂ\a%lﬁé u@l@ef@hﬁnnﬁffm 24 hours under ambient
nmet hanesul fonic acid . anol whi l

mai niesRarature He nr@ilm?@r étbm@oé# n"tqtbyhtméoyloqchlommcrawas then
i@ssd{sgfw ?r@gogmlg fene ¢ chipride. 57.8.g of thioanisole was added
yI ) - m ibegkactignyvassek Mdimrlamfaaowleddo dD°C dolRedtbyatha addition of a

ration
ot e Sh8te’Rt At 9. f glumipum) chloride ey siiminaLARf 15 minutes.
et h¥iner3atte) four &ﬁ%@ﬂ@)&\afy&‘s&ﬁ al@miriith BhloAfle webd added at each
ng/ n. sol ution of nethyl-1-C(

et hyli@eshe rﬂ%%@nrtaﬁ@e@twe) uaacb% Q&G pyhenisartien mixture was then
il U&El?ril i EQ@O of i %ﬂ&g@ﬁ%L\MfQN Wﬁng?ﬁﬂdan% dtirred for

g of 4- pyri e were
T eacone Ouessme aqumussand arganic fayersi wenet thent separated and the

. EEEHRES AUB yS hefefrs od ce

S a cetwith 460 ynlr portiond df sodicr HiErbomate sbitibrsper at ur e at

no greater than about 35C. The reaction m xture was
stirred for about 4 to 7 hours to _
20 The methylene chloride and water were then removed followed by the

addition of 270 mbL of ethanol. The resulting solution was cooled fo 0°C to
obtain crystals of 3-bromo-2-methyl-4'-(methylthio)diphenyimethane.

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

phenylalanine complex.
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pr oduce

met hyl -2, 3,4,6-tetra-0O acetyl -1 -C (4" -et hyl di phenyl -

t han-3-yl)-a-D gl ucopyranosi de. 20 The reaction

m xture was then quenched with 330 m of 17%
phosphoric acid until the pH of the | ower aqueous
phase was no greater than 3. The |ower aqueous phase
cont ai ni ng excess acid was sent to waste. 25 The rich
upper organi ¢ phase was washEXampi&7325 ni of water.
T oo BBrRS S 283 CALEH! bithefRivTHBRENRY Sactone
2,3,4,6-tetra-0 acetyl -1-C-(4' - et hyl di phenyl net han- 3-y

a?:efl oni ? r*@g?én%@q@"&égﬁcge&?egnéis' qﬁg?sﬂ%gaggurapoalong with
the BBROIgof mﬁﬁnﬁl’plﬁolm@mﬁaédded tf a0 lﬁ'@ﬁtﬁh vessel which
than 15C. Thereafter n. of triethylsilane and

nL ovapFainaineciat jess 'aéné frern90 g\et Wimethyaivl &hlonﬁe were added

I

Feace) e SRESEL afdPlhe” bofftdfts St din@Rie 3138, 16 5 hours.
SL i rThergaftére theevedsehivas welled‘te 0°Chot0.5.L dictoluene @b 14 L of water
obtain

2, 3, ‘ﬂe'@ gdedlopthg vespel. 1The-pquequs RNdIPIIRRIR PhASET avere. separated
10 ) -dndDig UFEAYIE pIRER Vasawisited with 86Ueol ¥iM/dfodeh Phosphate

Preparation of

1- c-neanchyditediogeainvemxcrss base Epdiringothe b of Hirpselution to 7 to
2.0 g of _

2,3,4,6-tetra-0O acetyl -1-C (4' -et hyl di phenyl net hane- 3-
yl)-p-D gl ucopyranose prepared in accor dance with

Exanpl e
t enper at u]Fr%aW %ﬁ%‘?&g}i vved% orgtﬁmi?: ?“‘l?"éﬁ‘dgr
Iof ISducedpresshined@Giin. d@g)l‘étrﬁﬂ‘i@d.rmil the nﬁbmmmutemt ‘oathe organic
stirred overni ght fo vvedﬂ_jtgp t eaddltlong
~of HiasE wagRe Mﬂé g 0% and @ epneepiration.o %Faqttﬂo%gﬁﬂmwf :
of  the file bmPNURY WRWHtAKEE. aci d. The resultl ng
. solution was evaporated to 5 nL of volume (in nostly
"20 ethanol) to produce
1-C (4' - et hyl di phenyl net han D- gl ucopyr anose.
Exanpl e 12 Prepar ati on of Exir peﬁ)
20- C- (4' - Et hvl dPptnaigiioncef3rReors B :

A. 3-Bromo-4'-ethylbenzylhydrol
Dry Mg turnings (4.4 °g, 0.178 mol) under Ar were stimed ovemight
whereupon 100 mL of dry Et;O was added followed by addition over 1 hr of p-
25 bromoethylbenzene (22-g, 0.119 mol) in 20 mL of Et0. (In the event the
reaction did not start, 0.5 ml of 1,2-dibromoethane was added). After stirring
overmight, m-bromobenzaldehyde (11 g, 0.06 mol) in 20 mL of Et,0 was
slowly added. The resulfing light solution was monitored by HPLC over the
period of from about 4 to 6 hr fo determine when complete. The reaction,
30 after guenching with saturated ag. NH,Cl, was extracted 3 times with EtOAc.
The combined organic layers were washed with brine, dried over Na>S0, and

concentrated using a rotary evaporator. The resulting yellow oil was
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L- phenyl al ani ne Conpl ex 25

1- G (4" - et hyl di phenyl net hane- 3-yl)-p-D- gl ucopyranose
in solution as prepared in accordance with Exanple 11
was conbined with 0.63 g of L- phenyl al anine and 45 nL
of water. The m xture was heated to 83C and then

cool ed under agitation to 60C. Seed crystals of

L- phenyl al ani ne conpl ex 30 were added for every 2C

dr op dhforh&teReiptet" 6n Witidal ?élhﬁsiﬁb' Q%nEtd)A(clﬁé%ﬁe to elute nonpolar
solution _becane a thin slurry with evident solid

pr esdmeHrities anghd oW EF%C@%?W%/ taglitey Jitihgeld 11"/'13r0f 3-bromo-4'-
four dupHbenzhlydrtPss taqgﬁ@yelﬁ,qdmf then at anbi ent

t enper dt ures”over urry was then filtered,
washed and dried at 40Cto yield

C @ §W3—Q“—&Hﬁ9?éhggﬂn?e%‘?ar?é yl)-(3-D

g ucop onpl ex. 5 Exanple 13
Prepar at i 3p @stirted>-30BCCEdlution &f Patt 7o Svdombethethylbenzhydrol (12.4

Che SAR0%8 hathin 220t “FHERROuSs Alend ERSFES 384 %, 0/0426 mo
exce}ﬁcbllowwuzﬁléigfstg:@ .8-g; blas2omél) etemblcu(ﬁrﬁ Eﬁéﬂtﬁms a%ﬂﬁg Eﬁl‘ﬁ?\g for 1 hr
15 EHRTOMES AvaTach Ui o rey ok e sbgPIcte By TLE, the reaction
Yo - f a,aaomuleu@lwwaaaiﬁoﬁaﬂséthﬁaté@ bg eﬁm | Rfer - addition of 100 mL of

L- phenyl al ani_ne .conpl ex thereof are ai ned
Altefla I@%Wxtuf%yas extracted 3 times \mth Etgo The oombmed organic

1- C (RerhivBfwdshat Wit YihBNGHR H?élj\gg% yAf)t(T,]lf &)rB{'aHtr%tion using

gl ucopyranose may be prepa?ed accor
descpi Béary| Wapexainpl%brqnoﬂhewgimrmnymmamr(pnmlg 95%) was

Pr e paﬁﬂdeﬁrhsoé lightS/RUN B ALY PEP Bgéhzﬁiﬂ‘f‘otﬂ‘fu%é:rhplu%'cadﬂon

15

o Example 9
Preparation of Methyi-1-C-(4’-ethyidiphenyimethan-3-vi}-o-
- D-glucopyranoside

20 895.0 g of 3-Bromo-4'-ethyldiphenylmethane (obtained from Austin
Chemicals of Chicago, Hlinois), 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.

25  The reaction mixture was stirred while maintaining the inert atmosphere until
the reaction was completed to thereby obtain 3-ithium-4"-ethyl-
diphenylmethane.

The reaction mixture was combinéd with the solution of 2,3,4,6-tetra-0O-

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

minutes at -80°C in an inert atmosphere.
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p2H DM OCH2cl 2_ COG Br Br 25 8.00 kg

2-chl or o- 5- br onobenzoi ¢ acid was suspended in 80.00 L

net hyl ene chl oride (KF of nethylene chloride < 0.1 %

H20) and 0.02 L of DW added at 20C. 5.18 Kg oxal yl

chl oride were slowy added and the internal

t enperature mai ntai ned bel ow 25C. The addition was

slightly exotherm c; 30 gas evolution of HCI and CO2

occur r ed. Thndithiatedti intﬁﬁmg@te @empoupd prepe®d gbove was combined
Over et o mihufibs ¥t WLl 'ot B3 8Y @ 8P thon S mBlrshEbifonic acid
was concentr vacuumt o an ol Ty residue an

degaamd] 7a2 4@E€ methaaol wiiile fnaintaining2thehtemperature of the reaction

5 | glrg?n%gian /523' 5 tg'é\d.ﬁf"g %gli)fgﬁgﬁg{\3?3&1@91-g%&'-ggwy%;l)henylmethaneﬁ-
Rb @M%sro%tdiwaar&qg@gone cl cl OLOC
"J 13 \ | Et Br 10 65.32 L

nmet hyl ene chI ori de vvere charged to a reactor and then
7.44 kg alum niumchlori de%ﬂer reaction

m xture was cooled to OC an phenetol slowy
added whPrgparation ef metiyl-2 S értatrai®aaetyb1 -etividiehenyl-
15 conpl ete addition he ture was cool ed to 0C and
agitated 15 - 20 mi nE ‘]" diugopyranose separat e
1oeactor 14.16 kg 2-chl oro- 5- brormbenzm c acid chl or| de

were diluted with 25.49 L nethylene chloride. A's ,
was t akerP3lor WMLCOf 2 arfif)-dsi ng/mbi s sobstion orﬁ"‘vvameth!"l 1-C-(4-

adde&hﬁlelp%gﬁ%lﬁ%{%ﬁe: 3{@%@){- I g?@géﬁ%ﬁﬁ%)s Ygh eﬁuiﬁé € prepared i
sol wdcordanss witht &xareple Fhendridct g of whidimgithdaraimhoypyritline were
i s%aac%% R el feac glll( %gsée run'_cq:é%%tirﬁng in an inert nitrogen atmosphere
15 foliowed 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"0. The react:on mixture was stirred for about 4 fo 7 hours to
produce methyl-2,3 4,6-teira-O-acetyl-1-C-(4'~ethyldiphenyl-methan-3-yl)-a-D-

glucopyranoside.

20
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 jower aqueous phase containing excess acid was sent fo waste.
25 The rich upper organic phase was washed with 325 mL of water. The

organic phase was concentrated at atmospheric pressure fo produce methyl-
2,3,4,6-tetra-O-acetyl-1-C~(4"-ethyldiphenylmethan-3-yl}-o-D-glucopyranoside.
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and quenched with MeOH every 45 min. The reaction was
considered conplete if nmethyl ester was below 1 AP

(area percent purity). The reaction 25 m xture was

gquenched by adding it with vigorous agitation and

cooling to a mxture of 32.66 L 2M HCl and 16. 33 kg

ice. The tenperature was nmaintai ned bel ow 25C. The

m xture was agitated at 20-25C for 20 min and then

t he phase¥hempaiten2s? mlJ'bieamtgatril@ ip h AL vaf sweitbs ghé&g.y was added

turbid, Th hed th 26.13 L of
oM S e SRRt Ve PR (TRt G180 SFRRIELthaR 1Biet daereattor 40
Wi t hn‘ii.%ﬂﬁléﬁ’nyﬁfahlé'ﬁﬁﬁzﬁ:h' oL &%o@hmen@ﬂera‘?é g\?er:‘é Gdded to

| ayers fromthe above steps were washed tw ce wt
39. 14§19 weaetionavessel bpvalr Zohaniputas dvhitsm mﬁmsalmng the reaction

siir [ t 3 e, .conb
o gaider BB 4t RF dbuelnafoee, brfl Bimby 6 A over 47
met Eybmsetmtlﬂewb)del%ta'ﬁ‘lﬁ .3, @Waﬁtﬂ%(ﬁ@ﬁ@lﬁqﬁﬂﬁfﬁnethan-&
washe with 1 The organic  phase

was X@ﬁc‘gﬁﬁf#g@@ﬁe&??ﬁ@é@ ﬁg#'acuum and the residue

di ssolved at 5 50 -60C with 32.66 L of ethanol. 13.06

L water were slowy added, at which point

crystallization began. The sﬂﬂw agltat ed at 20 -

I?O'SC for g earta

cont i nuéd ag = d
col |l ected and the 10 cake mashed wth a total of

23. 52 / led to -
por t5 i ohs #er %ggg%—te&ﬁéﬁcp@gg?Cg-('g-qt}l}%gqphﬁayl@]ethane—3-yl)-{3 D-
Cont%ﬂéoﬁ%aﬂl&%spkbéféﬁn]ac&rda%é vidh Ekﬁ%ﬁle é)u\Jst %&dé@ t0 20 mL

) of the title benzophenone.
ni xt @fr ethgrolpak a- temperaitireh of |2§J6€:‘refplltéwad lhy 9@ ﬁgldltlﬁ’llne)f O 83 g of

LA 80 Rl R g B oo
2- chheraddbiobraf - ML -of waterv dTfehpid Waeiadjasted t@ I5 %E&I?esadiﬂrt:on of

ci BZE%Etozf%N hyérochlonc acugN

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

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

Example 12
Preparation of 1-C-(4'-Ethvldiphenvimethane-3-vi}-8-D-agluco

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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OEt Ot 75%rf 20 Br Br 10.81 Kg of

2-chl or o- 5- Bronp- 4' - et hoxybenzophenone were di ssol ved

in 109.72 L acetonitrile and the solution cooled to

10C. 9.99 Kg 25 triethylsilane were added, and a

sanpl e taken for HPLC. 12.18 Kg boron trifluoride

etherate were slowy added and the reaction

tenperature maintained bel ow 20C. (Cenerally, after

addi t i on Tiee résitingr siuoy evam pgitated rfea fourt oued at 405C to 42°C and

wi t hout heati.ng.) The . reaction. m xture was agitated

thi <PPB A et abmpertass e BBl e Sl WALl A, washed
t akeghd Olgrigdl Canabys| So30yigker -Gy tethfdiphehnethane-3-yi)-B-D-
reaction was conplete. During the reaction a

pr ecglgtepyranosgak-phenylalanineeompigst i on was consi der ed

Csorrpl ete if the anmount of 54 remaining starting

material was less than 0.1 AP (after 4 - 6 h). 47.01 L
MIBE were added to the reacExampiexi3ure, and the

m xt ure washed I1;,W|
sol ution. The coffsffred——¢ Strs—pirase <z,
with 15.67 L MIBE; trhethaneid-yipd-Diliasvipgranogses wer e
washed 5 with 15.67 L brine. The organi c phase was
concentrated to dryness in vacuo. The semsolid

mesi due Vigsing ReSerfliafiy the' S8merprédediies atideababed it Bxamples 9-12

heati ng. The solution was seeded and allowed to

cr ysept that iibrame-guihiorg-4wdhanvgiphepyimethane js;gubgfjiuted for 3-
the . dthizgi | Uy S eMBSors Imethane-3-
for %B&&%ﬁ%hwgwgéﬁ%ﬁ%@%s{% I ec?ggng%gsﬁ]c_g&éﬂf(}em

was hd@-Dwileeopranesg 2wl the mosespording b-phenyiabanipe somplex thereof
00 . ryli%tﬁﬁ&ﬁiu‘:t was dried in vacuumat 40C to

constan weight (final water content: KF < 0.08 %

IBield: 7.80 kg of the title conpound (23.97 not,

75,3% . Exanple 17 15 Preparation of

met hyl - 1-KtefRatbly the #-C-B-bllsksd pethoxydiptidrahBetHanea-i#)-3-D-

al ucg?tec\:/c;p%pgﬁoese nc'l:gy t1Se %%pared according to the methods described in

CA
LY THOIC-4
CA

Examples 14 through 21.

20 Example 14

Preparation of 2-chloro-5-bromobenzoic acid chloride

cl ©c0) o
Fal
©/cozH SF. B, <j/c001
__._——....._>..
Br Br

25
8.00 kg 2-chloro-5-bromobenzoic acid was suspended in 80.00 L

methylene chioride (KF of methylene chloride < 0.1% H20) and 0.02 L of DMF
added at 20°C. 5.18 Kg oxaly! chloride were slowly added and the internal
temperature maintained below 25°C. The addition was slightly exothermic;
30 gas evolution of HCI and CO, occurred. The reaction was run at 20 ~ 25°C
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1. s-Buy, CH THEI 1 HOOw \ 2. Heptan HO'. .,, SCH

Br TMSO O OH TMSO' ' OTMs OTMs 20 A solution of 11.97

kg 2- Chl or o- 5- br ono- 4' - et hoxy-di phenyl net hane was

charged to a first reactor containing 120 L THE A

sanpl e was taken for HPLC and then the sol ution was

cooled to -78C. In a second reactor 17.16 kg of
2,3,4,6-tetra-Otrinethylsilyl-D gluconol actone were

di ssavestghtp aS8dedr sblutitve Nasnebtaiméd! hThe chidiure wasoebm@ntrated in

to -78C. t h f t d .25 23. 15 K
& b Ao Yo ol e e LS Paabad o HOSC 14 Ve, Y ieliof 2-chioro-
r eacts-ramobRiBSIkAc Chidkidh: BH3 Ref (33298 rvitd Gieldd (9@0 % g

conpl ete addition the m xture was agltated at
for 1 h, then a sanple was taken for HPLC. Care was

t gken to avoi d contact with B4 ?|‘_._t¥5dur| ng sanpling.

(At this point, if the 55 conten starting

materials i SP%’gﬁitﬂ?n@‘é%@oggﬂp@%hh-%&o&@gnzoﬁ%gone
reacti on ne ,

not, additional s-BuLi may be necessary.) The content
of reactor one was added via a cool egy | pne (-780) to

the cool ed second rgactor ( C) at guch a_ rate that
the tenperature d@cﬁ’@t ex’l%ed - 68 '

] con‘pl ete
addi tion, the mx int econd~xeact®
agitated at -78C f 30 m%a rrpletakenfor
HPLC. Sanpling waf repeated evéry hour until
E@n’pl eteness. The reaction was considered conplete if
changes in AP were observed in two consecuti vel y
t aken les. The m xture was warnmed to -40C, then
100 L vvat 3gdomathylang chipride werg shpraatho afsadierangiben 7.44 kg
agi t aﬁJﬁﬁthQQt'ﬂSh@é Ydde&d. e F@a‘&héﬂ Fhiktifdwhd %oofé'a%%sc and 6.81

separ at ed, and agueous phase extracted wth

MTBEkg mh@net@bﬁﬁwfyeaﬂdﬁdgﬂwiedngma;@lggmemeai OWr EPC 38iter
brij , i ~.at- .
b e BB S AR 3 R0l IED CEIFRIRIE 4 020 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

20 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 below 1 AP (area percent purity). The reaction

25  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

30 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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vacuumto renove all volatiles. The oily residue was

di ssolved in 100 L 15 nethanol and 1.72 kg

nmet hanesul fonic acid slowy added. (At this stage, the
reaction tenperature may increase to 30C). - The

reaction mxture was agitated at 20 - 25C for about

12 h, then heated to 40C for 3 h, and a sanple taken

for HPLC. In the HPLC chronmatogram 2 peaks were .
obsehigambonpie saliion aftetining eadhdimafr aHgast 0amipe e combined

o B S P BEE in 8 O9 S . o
concermbined erganic layetamwetcowashenl finglly adihd®6 LThrire. The organic

resi issolved,in, 150 L ethyl te .an h
ot P s RERPRR: ilirkeks o Ykl N8 FaNe dlslBived at
Fhass0 -BaC with@266 kbedthanol 48106 tvatexiwearesjowip addoe, at which
and de to renove all volatiles. The

ssed, car ef ul |
oi | yP?laé?fﬁjf@"l&géDrub ‘ved in 37 L toluene and the 25

tol uene solution slowy added to 300 L heptane. The
product precipitated; the suspension was agitated for

3 mn. Th"é19p$’léﬁv Maéaﬁgéfat%isatc?& + ételprahi t@%amzt_a%ﬁ-_ﬁ L water
el SRR, T BRGNS Lot s e
I tmetwas%@dwﬂp@ total oFR3.58L water/gthagol(2: b pravagigd © —5°C) in

18 P ti | - - Q- acat vk - 1-.0: 0
(5. HFEBE, ThHE, oadiRMRe dripaio s fich Sl QR of sk e 0.1 %,
ose with a yield of 1081 kgQ3Us %s pbthelitebenzophiions. Ofih&lgEoduct was
~5 OH QAc_Ve'' POZ 6.0 K . , .

ot 1y Pt ot petre et o Some (tig AT Thenadesised prthorisomer
D ghas mpydvaaoifithke subseuehbaakcististep. 30 L THE and

13.04 kg DI PEA and 0.06 kg 10 DVAP added. A sanple was
1t”-aken for HPLC. The m xture was cooled to O - 5C and

9. 14 kg acetic anhydride adggg%gﬂquch a rate that the

tenperature did not exceed +5C ter conplete.

addi tion t *me@' pakid Bf 2@:%!&@51%%@19@0%3@&4& méthanb
then a sanpl’€ Taken for y € agltatlon was
continued at O - 5C for another 1.5 h, then take a
sanple for HPLC. 30 L precool ed (5C

Et;SiH
G 9 BF3Et;0 '
CH3CN
OEt 75% OEt
Br Br

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
25 triethylsilane were added, and a sample taken for HPLC. 12.18 Kg boron
trifluoride etherate were slowly added énd 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

20

this temperature with casual cooling, and a sample taken for HPLC analysis
30 every hour until the reaction was complete. Dursing the reaction a precipitate
was formed. The reaction was considered complete if the amount of
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15 MIBE were added and the m xture washed with 30 L
ice-water then agitated for about 30 mn at 5C. The

| ayers were separated and the aqueous | ayer extracted
with 12 L MIBE. The conbi ned organi ¢ phases were
washed consecutively with 12 L 10 % aqueous
phosphoric acid, then twwce with 12 L sat.

Na- bi car bonate solution and with 8L brine. The sol vent

was esmaiing ekt mateﬁalnr:a@ tiesacthiaﬁnaﬂf{l;t(h‘?elﬁ L6 h). 47.01L
I esli egass u (0] al n e | e
o i 8 28900 B e endtiorsm e, Aog tim ixtirs washesttwice with

19 PWﬂ.aéétt Nathigdrbonate so!utmn The combined aqueou OIph:.-:ses ere
2.3.4.6-tetra- Oacetyl (2-chl oro-4" - et hoxvdi Ahenv

et h&traged withet fﬁﬁéLlMEﬁﬁaWé!é@mwetﬂ omganigphasgsmegsivigshed
3530% 1‘53@7 L Hnn)e Té%%rgglﬁci ﬁaka?@ %n)as SoRENrAE t6'\GRmess in vacuo.

met h;TlhezsemlaolsL ueenduavesatben ;zlissmved(a 241850k ethahol with Heating.

(car o aIPURAR 28 Qa8 i it SRMIAARIE Sootngymmiont o

i n 280[= 2&°€L. okl the iehd .of tﬁisptamﬁ’aalslutrmvawégmtewam?ﬂifem h. The

cont B Y28 shlkted aR s Fele vasheg bete yithia 32 £ precooled

o xt gth@n SC-QD’b?d The b&ﬁhﬁ;ﬁdra@ dHéd'—un vﬁ@@tﬁﬁ a@ﬂd@ to constant

3.04 %B&:ﬁ tlgylswane re ad c& a sanpl e taken

for WARNE(fina é%&ﬂ%ﬁ"& k <iG-PBae ‘Ge'deﬂ%’risa the tile compound
addegbmd7 pittlys3ypt e that the internal tenperature

di d not exceed 15 (After conplete addition the 15,
tenperature typi cal | y increases to about 25C. Casual
heating or cooling may be j ' and the reaction

time is normally from about%%ﬁﬁl) Agitation was
Yont i nigpar h vt CHD-chapd-45-eH pher Al B
converted. (Note:

glucopyranose

e R
1. s-Bull, CH, THF C
0,
Br TMSO
™SO" Yy “oTMS
OTMS
20 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

25  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

55



Addi ti onal TES and BF3Et 20 may be necessary.) The

m xture was cooled to 15C, and 25 L MIBE and 14.7 L
sat. Na-bi carbonate sol ution added. The 20 m xture was
agitated for 20 mn, the phases separated and the
organi ¢ phase washed with another 14.7 L sat.

Na- bi carbonate sol ution. The conbined aqueous phases

were extracted with 6 L MIBE, and the conbi ned organic
phas &8ntgat akstadingimaterialsris defermineddedeniess fians® ARathe reaction

7 oo Pty 1% ohiifoed to e héi oiSH: Ut nol Meidifiial Uy 1)
act i naeessans) ddwe mﬁemdxﬁeehcaombrtmwasmdded siccgycoaled inai-78°C)
1 %0 Th t ol fish
(1 Bk Yook dBofi AR Pra ) alisulh 2% Rt i tempgrature dio
gﬁﬁ gol arz]»taeed -MFCaIAfmnedo niplhé@ adu:ttumtm ugefmm tHal éel%bﬁd reactor
. Cc,0 an at e or
pr ec?”ﬁ?tagﬂ@t ?gl 3@5@1 @ Sam%&gﬁ%'*mph Sampling

8. 8 lvag obpedted 806Dy iUt ARl conT;ﬂétehégQ UThe WBSctidhi v &insadered
58 40C |@%%cuumto constant weight. Yield: 3.10 Kg of

the PoMPletetRechinadesimAP warsobseryeddy twecansraitively saken

Prepaarmplea Phe oﬁuﬁezws%fé d fo 40°C
4' - et ho& di heneﬂ met han- hf\ P Og l}g%%)}rogrlfo‘gaeteré?ded"ery

1:§R @ar@EtllyAcBw)rrMu@ \Gh agmem@gms!y for 10'miprand-thetithe

1 feckelnod a6 At Blodl skbARIGHIMEE Siroe. e
ac coeamn hlged @@amcrphas@wenerwd%dﬂatmss 2 Birie. The organic phase
ool Yos e ncdif e G am oty is R0e B Rognted Sardiuy 2t 40°C in
vol atdduam tsereenoveraiMertatilsd. Wﬂh@oﬁpfe%idﬂeewa@ ersabnéd il ln@o L

s HotTepolind: | 7Rk Metspemionc 2d slamvisting. (Btihis siage, the
C Onti%bﬁﬂldiﬂteﬁbéfhtlﬁé %lﬁ&e%@%S@‘@} TrRarbactivhinixRié WRs
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 coresponded with
20  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
25  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 titte compound (28.78 mol; 78.3%).
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(50 mM-) prior to drying over Na2SO4. The volatiles
were renoved using a rotary evaporator and the
resultant oil was reevaporated froma m ni num 20
amount of CH2Cl2 to yield 20.4 g of desired title
C-arylgtucoside as a glassy off white solid. 59
Exanpl e 21 A Tel escoped Preparation of
2.3.4.6-tetra-0 acetvl -1-C (4" -

et hoxvdi phenyl net han- 3-v|)-65£hmE|5:wyranose B, f 1
nBWIwTd -78 O Tyaoai | 1

.CAc OAc 5 35 Kg of D gl ucono- 1, 5- Iactone wer e

charged into a hastel | oy reactor equi pped with.a g OEt
t her nocoupl e, |tator and an ac
funnel .., . ) )
Subsequentl AG. 4- -wet-l’ry-l—n'm-phollcp -
wer e chah@edf't ®H he sams redtion mxtlife gnd The 10
sPurry cooléto 5 C. 110.9 Kg Trinethylsilylchloride
(6 eq.) were added and

_ 6.0 Kg methyl-1-C—(2-chIoro.-4’-eth‘oxydiphenyimethane—3-y1)—a-D—
glucopyranoside were dissolved in 30 L THF and 13.04 kg DIPEA and 0.06 kg
10 DMAP added. A sample was taken for HPLC. The mixture was cooled to 0 —
5°C and 9.14 kg acetic anhydride added at such a rate that the temperature
did not exceed +5°C. After complete addition the mixture 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)
.15 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
20  at40°C in vacuum and the oify residue degassed carefully to obtain the title
compound: Yield 7.52 kg (12.39 mol, 90.6%). |
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the slurry stirred for 15 mn, after which the
reaction mxture was warnmed to 30-35 C over 0.5 hr.
After 5 hr, the reaction was conpl ete (determ ned by
&C). The reaction m xture was cooled to 0-5 C and
454.1 kg of toluene were then added. The reaction was
t hen quenched with 700 kg water. The 15 reaction

m xture was stirred for 10-15 m nutes and t he phases
allowed to separate. The bd&Example@®ous | ayer was

reactl on mxture was ath es and then

t he phases again separated. The bottom aqueous | ayer
was renoved and to it was added 273 20 kg water. The

m xt ure was agltated for 10 m nutes and the result ct OEt

aqueous : tated. The organic_solut

was di s C un€le§iH. BFfthced w08

(typl“‘&%\ : vvhl | 82208Fh G e hghe
sol ut ia0" ~¢f “sA¢ yl at ed product in toluene F of

<% 0. 05% wabet . The concentration 60 of the si I at ed
product was adjusted to -- 0.1 g/nL by adding

o) o of S OiRE AR LA bl Renty LB T
D- gl etﬁaﬁyd|pﬁémeﬁmmih)aﬁfm@&icogmoemg@dre?utw%hsb@d no

98% as neasur ed ased on the sta

cur vieésiiual Wﬁﬁ)d&f@ld'weﬁéﬁ I?éda agptopifile. (Brrica
P! V&SHtetBiGhe SEIBHGS ﬁh&.’it& P62 LY. ﬁ?%ﬂ%ﬁ F; Eibl‘%? %erht may

reactor equipped with a thernocouple chanical
agi trenyire carectionmfonwater)oTheunbdurewas eveled el 1% ant§.15 L

aniy 7 B0E CORK BRI F WBAT Beded Yyt Bafipletgken for

Tol udREC. 2 BdKg barmndriflwaiieceibéradie were added @t sw(tjnarate that the

e ol eRingHiliel i PofiStetd fo:5. A DRSS Rign the

1511 he&tpemtum@pﬁﬁllﬁlﬁﬂéus@stt@ abeut2NC. eCESdral healifg or cooling may. ..

A Wttt s Ierarn e i ossali SR aheuk 1520l Thgtaton
coolvegk &.&lr&lea Uit aﬁe&ttmtéwmhglmae%lw%me (Note:

soI uti on pr _lpared above at such a rate that the
enpid al TEShanthBFsELG mauz berpecefisaryi} d hpawixiwe was cooled fo

t
agl tﬁ‘" aﬁ& 25 I WAEE 400 127 || §8°Na¥coBna Wbidtor Bdded. The

was take
20 mlxture 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.
25 0.5 Kg activated carbon was added and the mixture agitated at reflux for 10
min. The hot solution was polish filiered 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
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confirmreaction conpletion. 22.2 Kg sol ution of
CH3SO3H (1.4 eq) in 334 kg MOCH were charged while
mai ntai ning the tenperature < -60 C. A sanple was
taken to confirm conpletion of the nmethyl glycosdation
by taking 50 gL reaction m xture and quenching it
with 10 nL CH3CN for HPLC 20 anal ysis. Wen the
reaction was determned to be conplete, it was
q uendReéqd i llbya%LMm to constédntaveighto Mieich b.|16dfg)ohmedltle Tbmifgpund (5.36
q% 20 kg water). The rich organic |ayer
cont ai ni hg the” product was washed with 220 kg water,
t he phases separated abd then the aqueous phases

conbi ned. The conbi ned aquegus | ay. was extracted

with 223 Kg ethyl actetate ?ﬁﬁ@@(ﬁ) is 25 perforned
Aret 'z-bmardugané d'i

conbi ned an

reduced pressure (typi callyglim.m) until the KF
of the solution was < 0.07% H20 and t he anount of

Et OAC was <1%relative to toluene as determ ned by GC
anal ysis. 30 The yield of the product fromthe

coupl i ng perfornmed usi ng this process ranges from72
to 89 Mg this : atct on bei ng determ ned by %

3 st and rye of 4
61 TécQ herso the A8 i@*@%'ﬂ& de g
. AoV :,OQ 33 kg di rsopropytethyt arﬁche
45.56 Kg ofjpacetic anhydride. The sol ution waRst i rred
g6 :9 35 Cuntil the reaction was determ ned to be 5
conpl ete by HPLC anal ysis. The reaction was judged to

be conpl ete when the area percent ratio (AP) of the

of the. teL? 3580 SPEHEA of REERER RS, Brcailonddi 231257 49 mmol

ti lrrE|tsrebared dngsamioaﬁlng tol g)scémpm 1% n beohiL ?@3H3ﬁ@IMeOI-UH20
sol ution water) was then charged
Co LS adadtih Mhnohdiets (256 SLotmeinat 20 S A Suing

ny %véﬁ@hféhﬁgoléﬂéﬁ ‘r?}télﬁ? @#Rb%éié\%ngeg rgfﬁrﬁ‘ggéﬁd Tgxe residue, -

H3PO4 1S r eac
The aﬂ%él@mgﬂsméedm EtOAC (860 milg), was washed 1a&IWlth/b‘ma @50 mL),

- sepafalftn bAhQ ('ﬂlﬁ)ﬁZEontyﬁ%gpﬂgHLoﬁﬁ %&%ﬁ?ﬁh AR By with brine

separ ated and rgani c se was
(50 ml.) prior to drying over Na,SO4. The volatiles were removed using a

rotary evaporator and the resultant oil was reevaporated from a minimum
20 amount of CHxCl; to yield 20.4 g of desired title C-arylglucoside as a glassy
off white solid. ' S '
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15 245.54 kg water, after which the aqueous wash | ayer
was separated. The organic solution was concentrated
at atnospheric pressure to a volunme of 4-6 L/kg of
met hyl - 1- G- (4' - et hyl di phenyl net hane- 3-yi ) - a- D- gl ucopyr
anosi de (acetylated internediate). 20 The reactor
containing the acetylated internediate was then
charged wth 174.8 kg acetonitrile andl.6 kg water (1
nol e equiv. W|th respect to Mﬂed i nternedi ate).
The ni ed J :

Et 3Si f ¥ . i w1

char ged oymozggagphé@@btr%&-m B-Dlusdpyranosei nt ai ni ng
the tenperature at < 15 C. The 25 reactjgn m xture was
stirred until conpletion, as judgedhyFPLC anal ysis,
about 4-7 h. The reaction nixture was then cooled to
< 20 C. The required anount of 2, Z-M‘N‘?ﬁf'ﬁdﬁ/propane

was based on GC assay to determ unt of
Et 3 Shdh U@EM%QQK ﬂm T

remai nj t ives d oul
conpl et e*di sappear ance | of "'E?SSl as determ n d bysGC
anal ysis, typically <2h. An aqueous solution of 62

NaHCGB(lZ.OZ kg HCO3 i w]l7 kg water)[ was a d
at anbi entenh fspriemy 1 t
phase was ?6. The fri »%¢ was fherd”agitatdd tar

| east 10 min, and {he phases al fowed to setjtle, at
which point the | ower aquegus phase was renoved. 20%
NaCl (24@3/4w Nadcd,. i 0.17 kg water) was charged
to the organite | a aRd t he aqueous phase separ at ed.
The product rich org2hic phase was then distilled at
& nospheric pressure until nost of the acetonitrile

GRSt T Ko G L alieRith- L i Ravere ShaIod e hasialgy reactor

r eaoél?.ﬂ?;?éd WiASth i nfechafical eﬁ@ﬂ afdtdredddiiorPfunnel.
h 4' - et hyl di phenyl net hane- - a- Dégl uco%y
anos 'E%‘ Wit SkghtHEdanh Mﬁw-‘é wereRdded; b@sﬁguen y, 146.5Kg 4-

t eNDRbMHhEmRbline (8 &q.) AR %@@B&@ﬂ% Y58 réstdRA- mixture and the

10 siurry cooled to 5°C. 110.9 Kg Tnmethylsﬂylchlonde {6 eq.) were added and
the slurry stirred for 15 min, after which the reaction mixture was warmed to
30-35 °C over 0.5 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

15 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 NaH2PQ, 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 fo it was added 273

20 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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The sol ution was then doled to approximately 60 C over
at |l east one hour and the slurry held at 6010 C for

at | east one hour. 15 Afterwards, the slurry was

cooled to 2010 C tenperature over at |east one hour.

It was then filtered in a Robatel Centrifuge and the
cake washed with at |east 2 cake vol unes of heptane
(57.7 Kg). The wet cake was dried under vacuum at <

60 C, Ofttge aiylated popduct vaB%djusted ti n 0. Po/ail Kﬂadﬁlng @nhiddrous

titl %I‘EQHB %\’ Hg‘nllét?o%/ %s lﬁ%@eslgalfyc Th%gytébﬁ)of 2, f § ,6-tetra-O-trimethylsilyl-

Preparat i
1-C ([l—gILEthlladtqme‘nyh thes firahstep fadlged}'r&ng’!tlﬁm 2a¥mBasured by

y phe&nﬁ\élléai Iyﬁgﬁgﬁgﬁé esé@?ﬂ?gr\la mg&i Crlﬂ)égh]od) or by
L5 Pheemybaingthe %olvbﬁﬁmcfer Péduced *ﬁi‘eﬁ%ﬁr@ ko WRnBs&har ged to

e a nechanical sti‘rrer and
ﬁ. [? A Q%UTIFEB@[ qul@pe,@wp(g aghermocouple, mechanical agitator, and

ét ﬁyﬁ']l‘leH -r?g‘rg | - met hane-réa}%ﬁ &‘?‘%lﬁd 5u%rg&%hg§1¥iqwegylmemane

char d8 K@pi)anhydrsaﬁﬁ' HFrwacthen adﬁéd Ablisged b8 %%Iuene

ot e THB ARt R PR T 5 T RERRUES 1 of psilivere added (2.5

ipdeM i Wbxahesy Wh@&é’lﬁ@&hﬁé@stlrred at'< -70 °C under N; until the

lithiation was determined to be complete by HPLC analysis. This lithiated
anion solution derived from 5-bromo-4‘-ethyldiphenyimethane was then added
to the cooled 2,3,4,6-tetra-O-trimethylsilyl-D-gluconolactone solution prepared
above at such a rate that the temperature remains < - 70 °C. The mixture was

15 agitated at < -70 °C for at least 30 min, and an HPLC sample was taken to
confirm reaction completion. 22.2 Kg solution of CH;SOsH (1.4 eq) in 334 kg
MeOH were charged while méintaining the temperature <-60 °C.
A sample was taken to confirm completion of the rethyl glycosidation by
taking 50 pl reaction mixture and quenching it with 10 mL CHsCN for HPLC

20 analysis. When the reaction was determined to be complete, it was
quenched by addition of aq. sodium bicarbonate (11 Kg of NaHCO3 in 220 kg
water). The rich organic layer containing the product was washed with 220
kg watér, the phases separated abd then the aqueous phases combined. The
combined aqueous layer was extracted with 223 Kg ethyl actetate (this step is

25  performed as needed). The product-rich organic tayers were combined and
the solvent distilied 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.

30 . The yield of the product from the coupling performed using this process
ranges from 72 {o 89 M%; this concentration being determined by an HPLC

assay based on a standard curve of the product.
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0.1 N NaOH(aq) (57.02 kg) was added at room
tenperature (nmedium agitation) and slowy heated to
40-50 C, after which the m xture was stirred 15 for
1-2 h until the in-process HPLC AP of the deacetyl ated
product in the solution was neasured at >97%
(excluding the solvent front and system peaks). The
sol ution was cooled to 20 C and then 154.56 kg

dei oni zed water 20 at room tenperature added; the

The react 1 onhaculof of B hafigibtpkied SharmBy & bgo omar,

Conc édt33hgediisopfdpylfiglamit@ anti4K55 Kepof ddatic amitgdrdé.o

adj u th Hto 6, 3. 20. 20, L- Phenyl al anj ne was

oo d e B e s 85°% nfiLing roesHam s gRismmined to be
skur ey . lead b

ass o P b RFLC ahyis, T8 eatlsh (A< RoRa 1) b Pamplets when
dei ofheaganereant vatio AR)rof bl indemiadiate tacetylated epeigs was <2% of

flas h en ed-t o the react.ion ,

i s G, A8 drife A iRa A oA TP BRGAEE iy for s step
- 12nwofro®o4=T Bbufsn sol ution. The slurry was heated at

75 C and then the dear solution cooled to ca. 57 C

322 Gnseed crystals of the title conmpound were
aplded. ThEzROLSSIMGNRESLOKEM 5284% watePWeas thdh aitllgbd ® the

pot tenperature maintained at 40 C for ‘4 h. The slurry
5 wateacky| the pd of ghe resylignidpwer Aquenusdayerwas 5t3.1 (i the pH is not

T
] st e b
was. SO ROUGI4Se Wes Scharalad At OSTORAE bhase vapRed wit
tel oMB5HRG waker, aftdhwhichlthe bgGedes Wash kRehRGs\WHebBraA88. The

kg Et QAc, 10 to renove excess product. The wet cake was
dri ePf9aRESOIIRR AR srncedirated at atppsphericpiessurerg a wlume of 4-6

t hen Qr, ‘ I I3 <
st oppg o ety Aot RipntAyithine 3PS 0 bl osige
wat efacetyleded insringdiate). SR

et hyl di phenyl net hane- 3-yi ) - p- D- gl ucopyr anose T

L- phenyl al ani ne conpl ex was isolated as a white solid
2064- 58 KdiheB@a8iBYronthining the acetylated intermediate was then charged

with 174.8 kg acetonitrile and1.6 kg water (1 mole equiv. with respect to
acelylated intermediate). The mixture was then cooled to < 15 °C and 30.3
kg of EtsSiH added. Then 24.5 kg BF;-Et;0 (2.1 equiv.) were charged over
at least 20 minutes, while maintaining the temperature at < 15 °C. The

25  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 Et3SiH remaining and KF to determine the amount of H,O
remaining. | |

30

The reaction mixture was stirred untit complete disappearance of

Et;SiH as determined by GC apalysis, typically <2 h. An agueous soiution of
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The foregoi ng di scussion di scl oses and descri bes
nmerely exenplary enbodinents of the present
invention. One skilled in the art will readily
recogni ze from such discussion, and fromthe
acconpanyi ng drawi ngs and clains, that various
changes, nodifications and variations can be nade 20
therein without departing fromthe spirit and scope of

t he iNRHGEPs 61 2 kgaHeds in 120.4& mamywq,s addedat arbbient

of iRt e oy e W AHEoR: pReS8 Gab 28, AEfe Mbdire was

c 0 rrp Itth aditated forlat Ikt 10 2nih, éncﬁme(r\ﬁﬁsas 5116\58& % Q—;-t'tl§ at which
erejn

Sef cBPRiTS WW@@U@?%@E&%@%@% vesk  1RATe alg&i (24,03 kg NaCl in

hydr azg.1g I(qJWatermﬁéTblﬁ&geG i 81 eﬂ?anfc' IR thé gﬁé&ﬁ phase
gr ou al koxy groglo an al gr oup,
aryl gﬁﬁ’ afpchuphe pieguet gich @‘QQHF@MSGM then Idistliﬂed at atmospheric

provpfeshifs El'i‘lﬂtmr?s't %mﬂéeace%m@ifé w§§ ?&ﬂ?{( orine, when

present, are only present 1n at east orie of the 3-,
4- and 5-positions; R2 is selected fromthe group

Phor e 528 g RUIORARE we ShEE dnd i Bisenablin SonRfied unti the

H kyp@ﬁampegaiutmreamw at igasis1 12 MW ahd aahé LKy doricentration of

seI o ﬁip(l f rgwa %%P?'uaﬂ SI o r}%—éb—@u%tﬁédé’&gg reached
Whlle maintaining the temperature at > 70 °C, 240 Kg heptane were added.
The solution was then cooled to approximately 60 °C over at least one hour
and the slurry held at 60110 °C for at least one hour.

15

Afterwards, the slurry was cooled {0 20410 °C temperature over at

least one hour. It was then filtered in a Robatel C'entriﬁJge and ihe cake
washed withi ‘4t least 2 cake volumes of heptane (57.7 Kg). The wet cake
was dried under vacuum at <60 °C, to an LOD of < 0.2%, yielding 40 Kg of

20 the titte compound, (86%, Lab HPLC: 99 AP).
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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
is bromine; and if Ais in the 3- or 6-position, then
bromne is in the 5-position, 20 if Ais in the 2- or
5-position, then bromne is in the 3-position, and

when bromne is in the 3-position, and Ais in the 2-

or

5-position, then ngroup3|nthe4 and
... = dm N

6- pofi.ti oRseps 5 & Y ‘
chlorine pr qu|0|ne and, 66 when bromne|3|nthe
5- p03|t| o] 3- or 6-position, then R1

groups in the 2- and 4- positions are the sane and are

not brom ne, chl or| ne or fluorine, said nethod
conprising: a) for y
a | act one PG

group (RI)p
OALG b) gl ycosi

&t i ng the conpound ' o Sr &

the presence of a nucleophilic conmppund mhlch has ‘an
R3 group, with sinmultaneous 10 renoval of the

acid-labile protecting group to

Formula (V); Eﬁmy: | b, O

10

15

20

25

onpound of

1:1:1 L-Phenylalanine: HO

68.70 Kg water were charged to a reactor equipped with a mechanical
stirrer and nitrogen gas inlet. 64.40 Kg of 2,3,4,6—Teh'a-0-acetyl-1-C—(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 minimurn agitation at room temperature (20 °C} under a nitrogen

atmosphere.

0.1 N NaOHeq (57.02 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 {o 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 fo rinse the filtering flask

and the wash was then added {o the reaction mixture to adjust the
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M HO', ""OH OH c) wherein R3 is selected fromthe
gR?oup consi sting of an al koxy group, an 15 al keny! oxy
group, an alkylthio group and an al kenyl thio group;
reacting the compound of Fornmula (V) with an acyl ati ng
agent to forma conpound of Formula (VI); 67 )3.._./
Rz)y ACONO f R3 Ace "'Nx ~~i OAC OAC d) reducing
t he conpound of Fornula (VI) to provide a conmpound of

For mGPEPESitioh of thedsabreri®2) & 12 vOAYOEIOHARSLIEON. The siurry'was
-~ (éltifﬁg)oc %E@ﬁ%&?% g&‘é’p&%’ pgqgl)élgi tqe rggt %’: E’)(I\?Jn ﬁg@ @m seed
group fromthe ¢ !
Compoyeiblob! el Bnifalind st eihel! ThERurfy s 338%ed o 40 °C
are as defined herei nabove, an S _ _
Do o Tkt 4 STy i
|t°50' z\fvés t8ord to 38-25 ¢ g\?er@ﬁ and stirred at this temperature for 12-16
hours, after which it was filtered through a Robatel Centrifuge filter. The filter
cake was washed with cold (<10 °C) 322 kg water to remove by-products
NaCl and NaOAc. The water wash was continued until the conductivity of the
wash was below 0.001 Q".  The filter cake was washed with 290 kg EtOAc
10 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)—|3-D—giucopyranose L-phenylalanine complex was
isolated as a white solid (54-58 Kg, 80-88%).
15
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 '.fhé a”cébmpanying drawings and
claims, that various changes, modifications and variations can be made
20  therein without departing from the spirit and scope of the invention as defined
in the following claims.
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15 4. The nmethod of claim1 wherein R1L is sel ected

fromthe

chl ori ne,

group consisting of hydrogen, alkyl,
and fluorine. 5. The nethod of claim4

wherein pis 1, and RL is selected fromthe group
consi sting of hydrogen, chlorine, and nethyl. 20 68 6.
The nmethod of claim5 wherein R, is at the 4-position.
7. T, thad of. claim1 wherein R2 is selected from
t he @E@ggi@@ﬁgpéﬁing of hydrogen, an al kyl group, an
al koxy group and an al kylthio group. 5 8. The nethod

of claim7 wherein is 1, and R2 is selected fromth
groub corfsi $¢thed ofof emrgparing h@x;FOQ?RP'-&'i‘é't Al t Fprgnulg, (f) or a

The et hoshaphachdicaPasbiaiishis SBhdisx frddte 4 posi ti on.

10 10. The neth
| ocated at the 3-position. 11. The'
wherei n the conmpound of Formul a q1
Formula (IA): R R O\ "\

wher ei n:

group, and chlorine; and

clarm 1l whe e| n (CH2)

l?d of claim1
compound of
2) 15 OH
arRa) kyl

ct ec® from hydr ogen,

\ HO
R, is sel ected( }”

an al kyl group, an al kox and an 20 al kyl t hi o“)
group. 12. 311 wherein R is
hydr ogenH@nd 3. The nethod of claim1l
wherein R, i i s ethoxy.
5 OH

wherein:

10

15

20

R, is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkoxy group, an alkyithio
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 éf 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 q is 1 to 5; and

A is selected from the groﬁp 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
R+ groups in the 4- and 6-positions are the same and are not bromine,
chlorine or fluorine, and
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25 14. The method of claim 11 wherein R, is nmethyl and

R2 is nethylthio. 69 15. The nethod of claim1

further conprising reacting the conpound of Fornul a

(1) with at |east one am no acid conpl ex form ng

reagent to vyield the pharmaceutically acceptable

conpl ex of the compound of Fornula (I). 5 16. The

met hod of clajm 15 wherein the. am nqQ aci,

1 pheny! AH3EHT BOing 1 (AR SR 2P Ale iy pr 6-positon, then
gl ucosi der gndmecznrm{dl £pbsiti6RAald the satheCamPatdibiYromine,
Formula (V1) _( R2) q Al 0 ACONO R3 ACOOO ~

"OAC 10 Qb&wne\/@rtﬂvoanﬁewe mathedag@ptisingherein R, is

sel egyt ed t b :
hyd‘rs@xy fgf‘@% Jkgjrrgén% chl or |éngg) ﬁpﬂﬂ% Fd:gfe roﬁiclt&q with an
dgr oup, aracid-lebieg projecting grmipal kyl t hi o group, and an
arylthio group, where p is an 15 integer from1 to 4,

and with the proviso that bronine chl orine and

fluorine, when present, % present in at |east

one of the 3-, 4- \~s R2 is selected
fromthe group con [ Tog§n. a hydr oxy

group, chlorine, fl Yroup, an al koxy
group, and an 20 group, where q is an

ALGO

aLeo™ v

QALG

b) glycosidating the compound of Formula (IV) in the presence of a
nucieophilic compound which has an R; group, with simuitaneous
10 removal of the acid-labite protecting group to form a compound of
Formula (V);

/N

—=/ T(Ra)q

(Ri )p

c) wherein Rj3 is selected from the group consisting of an alkoxy group, an
15 alkenyloxy group, an alkylthio group and an alkenylthio group; reacting
the compound of Formula (V) with an acylating agent to form a
compound of Formula (V1);
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Ais selected fromthe group consisting of a coval ent
bond, 0, S, NH, and (CH2)" where n is an integer from
1to 3, and with the provisos that (i) when Ais in
the 4-position, R is not bromne; 25 (ii) when one
of R is bromne; and if Ais in the 3- or 6-position,
then bromne is in the 5-position, 70 if Ais in the
2- or b-position, then bromne is in the 3-position,
and when bromine is in the -pogition, and Ais in the
2- or 5- positionR §
6-positions are th eXR brom ne,
chlorine or fluori bromne is in the
5-position, and Alis'i 3- or 6- position, then R

groups | positions are the same and are
not Regm rine or fluorine; R3 is selected from
the group of an al koxy group,

al kenyl oxysgr oupm, an al kyl thi o group and an

al kenyd@i o gyoup; QA€0 and AC is an acyl protecting
group; to fokma conpound of Formula (M) (R, )v
(R2)y | A AcBA®Aco-~"" 4~00AC (VI1) OAC 15 18. The
met hod of claim 17 wherein the reducing reagent is

selegted from the gro onsi sti.n sily] hydrides
76, Bhe’ reiviono bE efbpmE St an il Protide mpSid of
reagent irprivulR\WYl &hd Y!  hydride. 20

(v

5 OAC
e) removing acyl protecting group from the compound of Formula (Vil) to

provide a compound of Formula (1);
wherein R, Rz, A, p and g are as defined hereinabove, and AC is an

acyl protecting group.

10
2. The method of claim 1 wherein pis 1 to 2.
3. The method of claim 1 wherein qis 1 to 2.
15 4. 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.
20
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20. The nmethod of claim 17 wherein the reaction

bet ween the conmpound of Fornula (VI) and the reducing
reagent is carried out in the presence of an
activating group. 25 21. The nethod of claim 20
wherein the activating group is selected from the
group consisting of Lews acids. 71 22. The nethod of

claim 17 further c rising reactin conmpound of
ol o (WIF DR T RE S Walel Res St by oo ei
Rl, R2, R3, p, g and A are as defined in claim 18,
with an 5 acylating reagent to formthe conpound of

For nful a (Wgymethod of glaimet wherein Reissselected fras thengnonp consisting
acyl atin j d .
co%si sti %gf]hgg gcbl é@??‘?‘v@ﬁ@’e@ﬁ EElacya bﬂgqgéd@s‘@n Sg‘g{“;,'f) grotip-.
éhl oride, acid anhydrides, acetic anhydride,

j oni ' d nbi nat.i t f.. 24,
e et hadeopedtad 8 2 ARTSnRt o FadRiseiigied fom te
Z Ecn%ox EdG gobup Eorsisting dfleyl(EthbxyRand methyithio. A O ALGO H

9. The method of claim 8 wherein R; is at the 4-position.
10
10.  The method of cfaim 1 wherein A is (CH>) located at the 3-position.
11. The method of claim 1 wheréin the compound of Formula (I) is a
compound of Formula (1A):
Ry R;
HO
15 OH
wherein:
R+ is selected from hydrogen, an alkyl group, and chicrine; and
R is selected from hydrogen, an alkyl group, an alkoxy group, and an
20 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 chiorine and R; is ethoxy.
25

14.  The method of claim 11 wherein R, is methyl and R; is methylthio.
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OQALG 15 wherein R1, R2, A, p and q are as defined
above, and ALGis an acid |abile protecting group,
with a glycosidation reagent to formthe conpound of
Formula (V). 72 25. The nethod of claim24 wherein the
acid |abile protecting group is selected fromthe
group consi sting of nethoxynethyl ether,

nmet hyl t hi_omet hyl et her, 2-met hoxyet hgxymet hyl ether,

bi s(B- cHilt Btk ¢f ety 1 Tutthey Comptisiag yapelisar ey pompound of

ether, 5 gRkuYYVAENAORYSEBNE thiRB acid i i
4- met hoxytetr ah%gr opyranyl et her ,l 4 acid complex forming reagent to

met hoxyt eteldhipar pharmaegrbeally acteptable cxommlex raff theaeympound of
et her, t ot hi of uranyl ether, 1-ethoxyethyl

et her, 1%@%3& met hoxyet hyl et her,

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

et hey, triphenyl nethyl. ether, a-paphthyl di phenyl nethyl.
AR ORI e ki L S U
trialkylsilyl ether, trinmethylsilyl ether,

triethylsilyl ether, isopropyldinethylsilyl ether, .

t - buthi difhEtehadef fymtnst‘frérxl gluceside| coMAnsiRds somprising reacting
et her an%\l\i&n%m b {\ﬁ f. 26. The nethod of

claim 25 ereln the aci abile protecting group is
15 selected fromthe group consistipyg o}\
et her, 2- rrethoxyethoxyrreths/l et he _
p
A nations thereof. 20

ether, trinethylsilyl etH
conprising reacting

et her, t-butyl di nethylsily
LGOCH2 0 O (Il) ALGO
Vi)

nmet hoxynet hyl
ahydr opyr anyl
f.hyl silyl

but yl di phenyl si |yl ether,
27. The net hod of, cl aign 2
a compound ofacdro a

~"9" OALG OALG

aco™
10 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
15 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 alkyt group, an atkoxy group, and an
20 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 provisos that (i) when A is in the 4-position, R is not
bromine;
25 (ii) when one of R+ is bromine; and

if A is in the 3- or 6-position, then bromine is in the 5-position,
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25 wherein ALG is as defined herei nabove, with a
conpound of Formula (Ill) 73 (RI)P P-A(R2)g (111) A
Y wherein RL, R2, A p and q are as defined

her ei nabove, and Y is a netal, to formthe conpound
of Formula (IV). 5 28. The nethod of claim 27 wherein
Y is selected fromthe group consisting of alkalli
nmetal s, and alkaline earth netals. 29. The et hod of

claim 27 furt Hef iE8hfhe 41 H'@%R?é&i"i”n&"@ Broamipgds in e 3-position,
llactone with aRdaghéh baihihe i Qﬁﬁﬁt?églﬂlﬁlt%oﬁﬁdm;i’é”irmﬂ%gz- or 5-

reagent to form_ 10 the conpound of Fornmuf a (11
The net hod of Pesitipm msnvﬁme@@vmtlm]@eaér énd Sopositions are the same

protecting gr%HHar@th’l'T)l%h{hge ﬁ?cﬂrﬁ-ié ﬂfﬁoﬁﬁ%e&{fd from

the group consistin
tri met hyl si | ywheni btammnenetlhathmsﬁlfp‘osnm anddA ibSin the 3- or 6-

h hyl ch. dr of.
ooyt oxyrot hoPRtih: h K GBS IS 2y pad 4spositions re the same

t et r ahydr opyr aAd arfé nétlbromindhistinef orffueARs; Ny an
i ntermedi ate conpound of Fornula (IV) 11 10 s (R1)

R2)q 12 P87 Rsjis gelgcted fram the groyp CPPS'%IL"@CPfAﬁ'Ga{kovy group. an
alkenyloxy group, an alkylthio group and an alkenylthio group;

10 and
AC is an acyl protecting group;
to form a compound of Formula (VII)

7

(R1 )p — {Rz)q

(vin)

OAC

15 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
20.  The method of claim 17 wherein the reaction between the compound of
Formuia (V1) and the reducing reagent is carried out in the presence of
an activating group.

25 21. The method of claim 20 wherein the activating group is selected from
the group consisting of Lewis acids.
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OALG wherein: 5 Rl is selected fromthe group

consi sting of hydrogen, a hydroxy group, brom ne,

chl orine, fluorine, an al kyl group, an al koxy group,
an al kylthio group, and an arylthio group, where p is
l1to 4, and with the proviso that brom ne, chlorine
and fluorine, when present, are only present in at

| east,. one_of the 3-, 4- -positiaons; 10 R2 is
sor o g TrRumeteg Gkt ThfuRel Sapbtsng rerdige.s campound of
hydroxy gropsla (ghl orine, fluorine, an alkyl group, an

al koxy group, and an alkylthio group, where gis 1 to
5; and Ais selected fromthe group /Ons ting of a

covalent bond, 0, S, NH, and (CH2) nis lto
3, and 15 with the provi so{Rthat when\A i s/ he
4-position, RL is not bromge ith e proquo t hat

when one of Rl is brom ne;
6-position, then bromnpe ig e 5-position, if Ais
in the 2- or 5-poWtjiof: Bromine is in the
3-position, ahd whé¢n brofitge is in the 3-position,
and Ais in the 2- gr 5-ppsition, then 20 Rl grops
in the 4- and 6ypeSi TS g, t he same and are not
brom ne, chlorine or jluorine, and when bromne is in
the 5-position, and Apg in the 3- or 6-position, then

R1 in.t - and 4- posj ti h .
e ot BSRAT. RarfRom. GATSTA o 85 dabfed fopi58T To M an
3n aci d laabiatifg PéfeRttd REMAHE DM hﬁd@FBﬁﬁulagvgri si ng

reacting a conpound of Formula (I11) ALGOCH2 (11)
AL *"*QALG -

23. The method of claim 22 wherein the acylating reagent is selected from

Als in the 3- or

the group consisting of acyt 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 (V)

Rz)q

(iv}

OALG
15 wherein Ry, Rz, A, p and q 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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OALG 5 wherein ALG is as defined herei nabove, with a
conpound of Formula (Ill1) (R11P IRZIg (H') A wherein

Rl, R2, A, p and q are as defined herei nabove, and Y

is a 10 netal, to formthe conpound of Formula (1V).

32. A nethod of preparing an internedi ate conpound of
Formula (V) 11 10tR11p 12 9 5 R2)y 6/\ | 4 7 81

A Q1\ 3 HO 2 [

sel € ed Theowptw af &Iﬂmc%%sw@qrewgtr@r aﬁ?d’ﬁb@% rprotsctmg group is

hydr oxy or.ie
group, a%b‘aé:é%gxyﬁgﬂr)nug% aﬁmu %'gﬂhamdfgﬁgﬁgﬁxg‘hgm% ether,

aryl t hi o mgtoyihiomathye pether,1 t2orn¢thcame|thwx1_rrhetmb ether,  bis(2-

proutse. B ORI o bl R, e,

4- and 5t¢1n&l~iyt:lm1hmpyﬂa21yl se&ete%-aﬁtlﬁmqtettdtngfp@rmyl ether, 4-

RIS TCEE A M R ATEEERER kA

al kyl t hi getrahydrothiofuranyl ether, 1-ethoxyethyl  ether, 1-methyl-1-
methoxyethyl ether, 2-(phenyiselenyl)ethyl ether, t-butyl ether, allyl
ether, triphenylmethyl ether, a-naphthyldiphenylmethyl ether, p-

16 methoxyphenyldiphenyl methyl ether, trialkylsilyl ether, trimethyisily!
ether, triethylsilyl ether, isopropyldimethylsilyl ether, t-butyldimethyisilyl
ether, t-butyldiphenylsilyl ether and combinations thereof.

26. The method of claim 25 wherein the acid labile protecting group is

15 selected from the group consisting of methoxymethyl ether, 2-

methoxyethoxymethyl ether, tetrahydropyranyl ether, trimethylsilyl

ether, isopropyldimethylsilyl ether, t-butyldimethylsilyl ether, t-
butyldiphenylsilyt ether, and combinations thereof.

20 27. The method of claim 24 further comprising reacting a compound of

Formula (Il)
ALGOCH,
{n
ALGO
OALG
25 wherein ALG is as defined hereinabove, with a compound of Formula
(Hy
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group, where g is 1 to 5, R3is selected fromthe
group consisting of an al koxy group, an al kenyl oxy
group, an alkylthio group and an al kenyl thi o group;
and A is selected fromthe group consisting of a

coval ent bond, 0, S, NH, 10 and (CH2)n where nis 1
to 3, and with the proviso that when Ais in the
4-position, R is not bromne; wth the proviso that
when one of R is bromne; and AN\s in the 3- or
6-position, then bromne is in osition, if Ais
in the 2- or 5-positRr t hen L[S int
3-position, and 15 &hﬁn romne hs-éﬁﬁition
and Ais in the 2- , then R groups in
the 4- and 6-positi same and are not

brom ne, chlorine i ne, and when bromne is in

the 5-position, arfid A inthe3 or 6-position, then

R, groups,in.t 05|t|ons are the sane and

e ot " ERRNR:. Be Henp GR0E 25 88 dBiferd Pouiaondy ind Y s a
conpri si mtalr&aﬁmnge@oﬁmﬁawF@ﬁnﬁar | a (IV) (R)’

(Rz)g 0 ALGOOH .0 ~~.. (1V) A(\[L‘%

wherein R1, R2, A p and ¢ are as defined here| nabove,

and /LG H‘ﬁeaﬁ'netlggh ¥ @Ia'uﬁbQ*? ewﬂéﬂaﬁﬁc‘?' 139 sg(f?% Yéﬂrﬁ h h% group

gl ycosidation reagent to formt conpoun orrm
(V). 77 8g@nsigling Qfeﬁlkﬁitmefalszlmdmlwlnewaﬂhldnetalﬂrprl si ng
i sol ating the conpound of Formula (V) fromthe
reaction m xture.
29. The method of claim 27 further comprising reacting D-glucono-1,5-

lactone with an acid labile protecting group providing reagent to form
10 the compound of Formula (I1).

30. The method of claim 29 wherein the acid labile protecting group
providing reagent is selected from the group consisting of
trimethylsilylchloride, trimethyisilyl  trifluoromethanesuifonic  acid,

15 methyoxymethylchloride, dihydrofuran, benzyloxymethylchloride,
triethylsilylchloride and tetrahydropyran.
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34. A nethod of preparing an internedi ate conpound of
Formula (M) " >0 12 9 (R)p 5 ~(R2)g 6 4 A7 3
ACO 2 R Ace W80 AC 5 OAC wherein: R is selected
fromthe group consisting of hydrogen, a hydroxy
group, bromne, chlorine, fluorine, an alkyl group,
an al koxy group, an aIkyIthio group, and an arylthio

gro 0.4, and with the provisg 10 th

bro ne%ﬁsﬁdﬁ PEERA rmglfaﬂ intermagiiate coppouAd of §P€nsla| @V)
present in at |east one of the 3-, 4- and

5-positions; R2 is selected fromthe gr oup consi sting
of hydrogen, a hydroxy group, chlori e 9 uorine, an
al kyl group, an al koxy group, and an {Rio group,
where g is 1 to 5; 15R3|sRs,eIectet§ 9

consi sting of an al koxy groh n, al keaylp

an al kylthio group and an nyfyt hi ¢/ gr oup;
sel ected fromthe group congi sti a coval ent bond,
0, S, NH and ( Bto 3, and with the
provi so t hapLgben e 4-position, R is not
brom ne; 20 with the proyisout hat when one of R is
brom ne; and if A 8\ n thg 3- or 6-position, theq,v)
bromine is in ate0%S- poyrTi ofipALG A is in the 2- or
5-position, then brom is in the 3-position, and
when bromine is in the@Bosition, and Ais in the 2-

or 5- posiyhiefdin: t hen

5 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;

10 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 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
15 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 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

20 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

R+ groups in the 2- and 4-positions are the same and are not bromine,

chlorine or fluorine; and
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Ri groups in the 4- and 6-positions are the sane and
are not bromne, 25 chlorine or fluorine, and 78 when
bromne is in the 5-position, and Ais in the 3- or
6-position, then Rl groups in the 2- and 4-positions
are the sane and are not bromne, chlorine or
fluorine; and ACis an acyl protecting group, said

nmet hod ¢ L sin ound, of  Formula
"2 (A28 55id 9bil BStec e droddeRs Memod SRRy feacting
Rl, R2, MBeorfipothstFdimale(ins defined herei nabove,
vvlth an acylating reagent to formthe conpound of

Forrmula (VI). 10 35. A nmethod of preparing an

i nternedi ate congasaHot Forrryla (Vol) 12 (R1)p 5
(R2)g P78 s4 A O3

(i

5
wherein ALG is as defined hereinabdve, with a compound of Formula
(1)
‘R"ﬂ/ _._\(Rz)q ()
/\ ;
i 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:

R4 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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OQAC wherein: 15 Rl is selected fromthe group

consi sting of hydrogen, a hydroxy group, brom ne,

chl orine, fluorine, an al kyl group, an al koxy group,
an al kylthio group, and an arylthio group, where p is
1to 4, and with the proviso 79 that brom ne,
chlorine and fluorine, when present, are only present
in at |east one of the 3-, 4- and 5-positions; R2 is

sel ect ed 9P akeay ARfhie SFRPs wheje ot snY de dgeand with the proviso
hydr oxy @ﬁé’cLB?omufeh 'cﬂfo'nﬁ@ 3nﬁ|ﬂﬂ%ﬁh€e\~héﬁ‘gfgs\%{ aps SHQ £r?§ent in at

al koxy group, and an a grou
to 5; %'@@tgae@étw-ﬁﬂoﬁndﬁq)qﬂtmp consi sting of an

e s SR spRBres BN Yot hO e A ENPIPL B RRESR, oo,

gr oup cowhlosinendguofine m\ﬂtydarq;tromndn dkoxy, giddp, amddan alkyithio
(CH2)" V\/nerenlsltg and 10 with the proviso that
when A i 974P: t¥here i diteSon, RL is not bromine; with

the proviRags b&attedTRim eRegel {)Fébns@uﬁg Sf"bﬁ‘ﬁikoi‘ﬁ‘grdtfg An
is in the 3- or6p05|t|on bromne is In

5- posi ti glkenyloxugaraip, Antakeyithio @puB apgaAn alisenylthisegroup; and
brom ne iaSigi ddj b

t he 3- poé\l 'tslé'obn";'(%‘d g'oﬂpﬁ*let %JI%%P g'StM\g%ga écg\{éﬁ?gr?o% hE) S, NH,
195 R1 gr@GﬁiCHl)nt\hh‘@ran iaddo®; pndl tions are t he same

and are uor .

br oni ne P@"ltﬁé ?’ ﬁﬂ\ﬂ% tﬁ‘gg{%fg 'gé'ﬁ@eA ”PQS' ﬂn't 'ﬁb'%"%"mme-

6- posi t i aith thélﬁmwda]ihgt Atps ohd of g :s?lrz]}ll'oﬂﬁlﬁe%rRDSi tions

are the ne .a ot bro chlorine or

fluori nesﬂhﬁd“gﬁ?g gpﬁﬂt'%%e'bbfﬁné'@?l'ﬁ@ hecupositen.d

nEt {1%21) cqrmrsms kg2 GEBbbiifioR thERBRANNE i9fh thardpbdtidn/lahd

g 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,
20 chlorine or fluorine, said method comprising:

reacting a compound of Formula (1V)

(Ra2)q

{v)

OALG
wherein Ry, Ry, A, p and q are as defined hereinabove, and ALG is an

25 acid labile protecting group, with a glycosidation reagent to form the
compound of Formula (V).
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O ACO (VI) R3 AC&ONA """QAC QAC wherein Rl1, R2,

R3, A AC, p and g are as defined herei nabove, to form
t he conpound of Formula (VI1). 25 80 36. A conpound of
Formula (1V) 12 g (Rl)p ss (R2)q 6 47 8 A O3 ALGO
2 OH ALGO'O .11"'OALG (I'V) OCALG wherein: Rl is

sel ected fromthe group consisting of hydrogen, a
hydroxy oup, 5 bromne, chlorine, fluorine,

al ky %uﬁ mgthog) afoslging Badyrtharncgmwmﬁuwlatyigam@ cemgound of
an arylt 4, and wth the
provi so @oﬁgtgfag(‘f@;fnmmﬁ{eere?gigcﬁnéu%ﬁrg fluorine, when
present, are only present in at |east one of the 3-,

conly, B brodricad Pl flec o (Mpouig & Bofipuiagvi

fluorine, an al kyl group, an al koxy gr 0and an
al kylthio group, where gis 1 to 5; [ el ect ed
fromthe group consisting o{R covaF 0, S
NH, % (Ra)q
A
v1)

5 - 0AC
wherein:
R is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlou;ine, fluorine, an alky! group, an alkoxy group, an alkyithio
group, and an arylthio group, where p is 1 to 4, and with the proviso
10 that bromine, chlorine and fluorine, when present, are only present in at
teast 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 110 5; '
15 R; 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, R4 is not bromine;
20 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,
25 chiorine or fluorine, and
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and (CH2)" where nis 1 to 3, and with the proviso

that when Ais in the 4-position, RL is not brom ne;

15 with the proviso that when one of Rl is brom ne;

and if Ais in the 3- or 6-position, then bromne is

in the 5-position, if Ais in the 2- or 5-position,

then bromne is in the 3- position, and when brom ne

isin the 3- S|t|on nd_A mt(ﬂﬁ,z_- %r .

5- posi ti b‘ﬁ'e" gfRines iy QOP O RNUA i,{RNE 35 9E Brirasition, then
are the W@OW|nQﬁ€ 208hd QLEUEItRMAs ard he SARBINA L6 not bromlne
fluorine, and when bromne is in the 5-position, and

i s in théehlpringor §uping;@ndn, then RIL groups in the 2-

?EFO?I ﬁgigr isﬁpocy Erd:t r@%@%lgﬁ%§10| d"‘?{‘%ﬁ&

pr ot ect i repdjing@comErirgtiofFormala@ffpound of Formul a (V)

io 129 (R)p5(RAl 64781 A -3 HO2 R3
MHO~-N" """OH OH wherein: 5 R i seNected from
the group consisting of hy rogen a\hy y group,
brom ne, chlorine, fluorineyt al ky UPR2Jgan al koxy
group, an alkylthio X/\

)

wherein Ry, Rz, Rs, A, p and q are as defined hereinabove, with an

acylating reagent to form the compound of Formula (V1).

10
35. A method of preparing an intermediate compound of Formula (VIl)
(Vi)
OAC
wherein:
15 R, is selected from the group consisting of hydrogen, a hydroxy group,

bromine, chlorine, flucrine, an atkyl group, an alkoxy group, an alkylthio
group, and an aryithio group', where p is 1 {o 4, and with the proviso
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group, and an arylthio group, where pis 1 to 4, and
Wth the proviso that brom ne, chlorine and fluorine,
when present, are only present in at |east one of the
3-, 4- and 5-positions; 10 R2 is selected fromthe
group consisting of hydrogen, a hydroxy group,
chlorine, fluorine, an aIkyI group, an alkoxy group
and an al

ol ot cq Bt Ardne. HhBuBe AGOr fiag e BiesEnk ot CB¥oRIgsent in at

an al kenyégmyxewfwa-anaah@;bééamsgroup and an
al kenylthl o] gr&ug and 15 Ais selected fromthe group

consi st i g isfse fp@rthe giadp consisting\w{ hydsegen, @-ydroxy group,
where n igiokine? ﬂ?&on@?dal‘i‘" EII@/IU%SUQ{ H' 51?0)[3}1 QFO"W; &hhd ahSalkyithio

in the 4-position,
Pr ovi so tgﬂamp\mfmweqnemubﬂ? is brom ne and if Aisin

the 3- or , bromnels t

b oou 11 B 1SS o HRe B Bohstill o o, alkopy, group, an
bL om'3ne |a1;kenyldxb6:.;r&:m®l élkﬂtﬁuoh arudip aﬁm leﬂ?mﬁo gfoupd and
a7l I Sahed ot et o € R O, . WK
are not RANOME), witdtb ¥l isReodd, dhlguor i ne, and 82 when

bromine is in the 5. osition, and Ais in the 3- or

18- posi t i &¥ith tha@rovisa that wines A is inflee 4-positiensRpisshatibsamine;

T Sort ne PR AR LARPIT B, BUBGRE,

\ 4 7 8if Aisfn the 3- @ 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 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
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)

(Vi)

OAC

wherein R, Ry, R3, A, AC, p and q are as defined hereinabove, to form
the compound of Formula (VIil).
25
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ACO 2 R3 NO ACO ~~~"" 6] OAC OAC wherein: 10 R is
sel ected fromthe group consisting of hydrogen, a
hydroxy group, brom ne, chlorine, fluorine, an alkyl
group, an al koxy group, an alkylthio group, and an
arylthio group, where pis 1 to 4, and with the
proviso that brom ne, chlorine and fluorine, when

pre are on sen | east one of the 3-,
4- &vd 5%%?%%&'%@ (lg)sel ected fromthe group

consi sting of hydrogen, a hydroxy grou «€hl ori ne,
fluorine, an al kyl group, an al koxy and an
al kylthio group, where qis 1 to 5% sel ect ed

fromthe group consisting of 8’ al kox¥_grgupr,Rn
al kenyl oxy group, an al kyl tshi nd &n

al kenyl thio group; and 20 A|is Aed fromthe group

consi sting of a covale bo aS, NH, and (CH2)"

where n is ;‘L{;B ' provi so that when Ais

in the 4-positron, Rromne; wth the
provi so that when OR I's bromne; and if AIR'in

the 3- or 6- pomﬁ¢¢*bn ’ﬁbam;ne is in the ™
5-position, 25 if Aisgn the 2- or 5-position, then
bromne is in the 3-poxAuson, and 83 when bronmine is

in the S“m%ls‘%llél on, and Ais in the 2- or 5-position,

t hen s in the 4- and 6- positions are the sane

and are Rqtis belediedefromahé graupecatsigtingasf ihyﬂromd a\MWf‘oxy group,

8- posi 11 BIPMPRGAogN & TigrBran Ak Houp. BAoRY Group, an alkyithio

4-posi ti gﬂﬁjpara@ldté}?a%ﬂlﬁ&) arslip2ihe®tp BRI P A€ and with the proviso
chlorine or fluorine; d”AC'i's an acyl protecting
gr oup. that bromine, chlonne 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,
10 chlorine, fluorine, an alkyl group, an alkoxy group, and an alkyithio
group, where qis 1 to 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;
15 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,
20 chiorine 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,
chiorine or flucrine; and
ALG is an acid labile protecting group.
25
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39. A conmpound of Formula (VII) 10 12 ( \ 9 (R1)P 5
>Z7CIR2)v. 6 4 7 8 A 3 ACO2 (VII) ACO OAC 10 OAC

wher ei n:
hydr ogen,
fluorine,

R, is selected fromthe group consisting of
a hydroxy group, brom ne, chlorine,
an al kyl group, an al kyl thi o group, and an

15 arylthio group, where is 1to 4, and with the

pro
pre
4- and 5 positions; R2 is selected fn
consi sting of hydrogen, a hydroxy gr
fluorine,

o that bro ine and fluorine, when
¢, Aram ?Hr{lf]‘gepég@wr B}r? at | east one of the 3-,

e group
chl ori ne,

an al kyl group, asl koxyigr fand an

al kylthio 20 group, where ks 1 to MR:Rel ect ed
fromthe group consisting a gaval gnt bond, 0, S,
NH, and (CH2)r, where n i -Aand with the
provi so that whe gosition, R, is not
brom ne; W @ t when one of R is
brom ne; and 25 if he 3- or 6-position, then

brom ne is in the Q{¢pPOsi
5-position, therodro

10

15

20

',on,3 if Ais in the 2- d¥

€ i %oun the 3-position, and 84

OH

wherein: _

R, is selected from the grbup consisting of hydrogen, a hydroxy group,
bromine, chiorine, fluorine, an alkyi group, an alkoxy group, an alkyithio
group, and an arylthio group, where p is 1 to 4, and with the proviso
that bromine, chiorine and fiuorine, 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 1 10 5;

Rz is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an alkyithio group and an atkenylthio 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, R4 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
R+ groups in the 4- and 6-positions are the same and are not bromine,

chlorine or fluorine, and
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when bromine is in the 3-position, and Ais in the 2-

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 bromne is in the
5-position, and Ais in the 3- or 6-position, then 5
R1 groups in the 2- and 4-positions are the sane and
are not bromne, . chl.orj ng or fluorine;  and

acyl pr ot¥En Bgming [54n the

pesitiop2Nd 4 154N @eaf-%rij_is-pgsrition, then

wher ei N ®,Qf6upstin thBr20Eal 4 Fisifsr RethesaR@ antlarehot bromine,

si tu.

e nethod as defined in CGaim1 wherein the

conpound chlasngas flupene.

1- G (4' - et hyl di phenyl net hane-3-yl) - p-D- gl

ucopyr anose- L- phenyl al ani ne conpl ex. 15 42. The

fet 8d ad cwhpowdl ofiFa@hwilar(Ml) wher ei n t he conpound
prepared is a conplex of a compound of Forrmula (I): O
HO HO O "1111g OH OH 20 with an am no acid sel ected

from L- phenyl al ani ne or L-proline.

preparing a conpound of Fornula (I

pharmaceutically accepta conpl

9 (R)p 5 (R)q 8/\ 4 7 1 RES os
[

10

15

20

25

A et hod of

V)

wherein:

Rs 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, chiorine and fluorine, when pr'esent, 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,
chiorine, fluorine, an alkyl group, an alkoxy group, and an alkyithio
group, where qis 1 to 5;

Ra is selected from the group consisting of an alkoxy group, an
alkenyloxy group, an aikylthio group and an alkenylthio group; and

A is selected from the group consisting of a covalent bond, O, S, NH,
and (CH;), where nis 1to 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 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
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HO1 z (I) Hde """"OH OH wherein: R is 4-chioro; p
is 1l;, 5 R is 10-ethoxy; gisl; Ais (CH2)n where n
is 1, which includes the steps of a) formng a
compound of Formula (IV) froma |actone protected
-wth an acid-labile protecting group A o ALGO OH
ALGO'"""QALG (IV) 10 QALG wherein ALGis an acid

| abil e praotecti n roup cosi datl ng the conpound
of For nul“g' fsh'é‘ tBPQ)SE‘ng hand A i,y 18 hiarjcgposttion, then
conpound R‘ﬁ’@r@hg@ #5 trY-Reh 6 PeRitiond iapd tr?@gilﬁé' Adl dre not bromine,

met hanol si mul t aneous renoval of
aci d- | abichloripesirdlering anbup to form a 15 corrpound of

Formul a (Men 518kl isin (25D Rition, S5 B3s in the 3- or 6-position, then

5 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.

39. A compound of Formuia {VII)

{vii)

10 OAC

wherein:
R, is selected from the group consisting of hydrogen, a hydroxy group,
bromine, chlorine, fluorine, an alkyl group, an alkylthio group, and an
15 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
20 group, where q is 1 to 5;
A is selected from the group consisting of a covalent bond, O, S, NH,
and (CHy), where nis 1 fo 3, and
with the proviso that when A is. iﬁ the 4-position, R4 is not bromine;
with the proviso that when one of R, is bromine; and
25 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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Hde """"OH M OH wherein R3 is nethoxy; c) reacting
the conpound of Formula (V) with an acylating agent to
forma conpound of Formula (M); (R)p J'(Rz)g / Ao
\' ACO R3 NO ACO "OAC 5 QAC d) reducing the compound
of Formula (VI) to provide a conmpound of Formula
(VII) and(Rt)p(RZ)q /| Ao ACO (VIl) ACO "QAC OAC

renovi rot.egti qr.oups fromit 0 und ..
of For mulgrenigdmifd B fihe Aedtilbrh sd S R indhe - e enivstion. then
(1); wheRgigroffs uﬂﬁe A aril epdsitioas arethedsdrm8efd are not bromine,
her ei naboyve,, and AC.is an acyl protecting group. 87
chlorine or fluorine, and
when bromine is in the 5-position, and A is in the 3- or 6-position, then
5 R; groups in the 2- and 4-positions are the same and are not bromine,
chiorine or fluorine; and

AC is an acyl protecting group.

40.  The method of claim 1 wherein steps (a) through (e) are performed
10 in situ.

41.  The method as defined in Claim 1 wherein the compound prepared is
1-C-(4’-ethyldiphenylmethane-3-y!)-8-D-glucopyranose-L-phenylalanine
complex.

15
42. The method as defined in Claim 1 wherein the compound prepared is a
complex of a compound of Formula {1}:

20  with an amino acid selected from L-phenylalanine or L-profine.

43. A method of preparing a compound of Formula (1) or a pharmaceutically
acceptable complex thereof

85



44. A nethod of preparing a conpound of Fornula (1) or
a pharmaceutically acceptable conplex thereof 11 >0
12 (A (Rl)ps (Re)y 64P8IIl A O3 HO12 "M
OH 5 wherein: RLis 4-chloro; pis 1l R2is
10-ethyl; gisl; 10 Ais (CH2)n where n is 1, which

i ncludes the steps of (a) form ng a conpound of
Fornula (1V) froma lactoneg protected wth an

acid-1abile protecting grou
ALGO OH ". (1V) ALGO 9%

10

15

Np/\ 1 (RR)a | AO
LG

(Ry)p 5

(B

wherein:
R4 is 4-chloro;
pis 1;

Rz is 10-ethoxy;

qis 1;

A is (CH2), where n is 1, which includes the steps of

a) forming a compound of Formula (V) from & lactone protected
with an acid-labile protecting group

/ 2\

(Ra)p —/ Ra)q

)

QALG

wherein ALG is an acid labile protecting group.

b) glycosidating the compound of Formula (IV) in the presence of a
nucleophilic compound which has an R; group, which compound is methanol,
with simultaneous removal of the acid-labile protecting group to form a
compound of Formuia (V);
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wherein ALGis an acid labile protecting group and A,
Rl, p, R2 and 1 are as 15 defined above; b)

gl ycosi dating the conmpound of Formula (l1V) in the
presence of a nucleophilic conmpound which has an R3
group, which conpound is nethanol, wth sinultaneous
renmoval of the acid-labile protecting group to form a
conpound of Formula (V); 88 (R-~\ Yg ~~A o\ HO
R3 HOB""" '"['[~~~~0OH (V) OH wh R3 is net hoxy;
c) reacting the con‘pour} with an

acyl ating agent to for ey mula (VI);
(R)p O~ (R2)g Ao "1111"OCAC NO 5
OAC d) reducing the co nmdjof-AFornula (VI) to

provi de %o 2 a (Ml); and (R1)p (R2)q

v)

OH

wherein Rj is methoxy;
c) reacting the compound of Formula (V) with an acylating agent to
form a compound of Formuta (VI);

/" N\

————— (Rz)q

(R1 )p

v

5 OAC
d) reducing the compound of Formuia (V1) to provide a compound

of Formula (Vll); and

/" N\

(Rakp — “Rolg

(v

OAC

e} removing acyl protecting groups from the compound of Formula
10 (V) to provide a compound of Formula (i),
wherein Ry, Rz, A, p and g are as defined hereinabove, and AC is an

acyl protecting group.
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0o A ACO (VIl) ACO 1111"0AC OAC e) renoving acyl
protecting groups fromthe conpound of Formula 10
(VIl) to provide a conmpound of Forrmula (1); wherein
Rl, R2, A p and q are as defined hereinabove, and AC
is any acyl protecting group. 89

44. A method of preparing a compound of Formula (l) or a pharmaceutically

acceptable complex thereof

{1)

5 wherein:
R4 is 4-chloro;
pis1;
R; is 10-ethyl;
qis 1;
10 A is (CH2), where n is 1, which includes the steps of
(a) forming a compound of Formula (IV) from a lactone protected

with an acid-labile protecting group

v)

OALG

wherein ALG is an acid labile protecting group and A, R4, p, Rz and 1 are as
15  defined above;

| b) glycosidating the compound of Formula (IV) in the presence of a

nucleophilic compound which has an Rs group, which compound is methanol,

with simultaneous removal of the acid-labile protecting group to form a

compound of Formula (V);
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— {Ra)q

V)

wherein R; is methoxy;
c) reacting the compound of Formula (V) with an acylating agent to

form a compound of Formula (VI);

7\

(R'l )p _ (RZ){]

vi)

5 OAC
d) reducing the compound of Formula (V1) to provide a compound

of Formula (VIl); and

/
{R1)p —/ “Ra)q

Ol

(vin

OAC

e) removing acyl protecting groups from the compound of Formula
10 (Vi) to provide a compound of Formula (1);
wherein Ry, Rz, A, p and q are as defined hereinabove, and AC is any

acyl protecting group.

89



