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WO 2008/042688PCT/US2007/079654 INHIBITORS OF SODIUM
GLUCOSE CO-TRANSPORTER 2 AND METHODS OF THEIR USE
Thisapplication claims priority to U.S. provisional application Begysao07/079654
60/848,156, filed September 29, 2006, 60/905,714, filed March 8, 2007,

and 60/948,780, filed July 10, 2007, 5the entireties of which are

incorporated yergirhyteleeRes: kR QD THE MYRNTGN refhis

invention relates to methods of treating metabolic diseases and disorders
such as diabetes, and to c%%%ﬁgyéw%m@é&?éﬁﬁcompositions

useful therein. 10 2.BACKGROUND The sodium glucose co-transporter 2
(SGLT2yliss ardinsportgrihapreabsosds. §l pyoose frod: tpé e al fidradey/ gttd] 56, filed
g@é%%%ﬁe he,loss Of QNERsA InAlg ;%QH}% Berayse, SONRANIE INhIORS 96, 2007,

T2 cause the renal excretion of glucose, they may be Used to
nGmsalizEipiGH Bloel (iusese tevieislusgadiatedveithcdiseases such as
diabetes. Handlon, A.L., Expert Opin. 15Ther. Patents 15(11):1531-1540
(2005). A number of SGLT2 inhibitors have been disclosed. See, e.g.,
Handlorr1supreG i S parentnor 8515,117; U.S. patent application
publication nos. US 2006/0035841, US 2004/0138439. At least one
inhibitorlisiinrciimicert daveloprmetitcas of treaimemnicfobihypbsadialbededsorders such as
MEIIS; F6E1LIm i OMRARKL R n 8L &liic P APAglliozn BMs-mislds). a
20 Selective Inhibitor of the Sodium-Glucose Uptake Transporter 2
(SGLT2), Reduces Fasting Serum Glucose and Glucose Excursion in

/pe 2 @Wéi‘ﬁ& Patients Over 14 Days" American Diabetes

Assn. 67111 Scientjfic Sessions, Abstr. 188-0OR (2007). . Thefirst. .
conn SEL P RIS 2 L Tt Yot b Ao a Sairos hucose
Drgiu dlopyaesn ds o yid iGedimyerioxiphenyl}@s¢4 inybicosyph dind)ukeproppetitive
Oiﬂﬁ}bi%}g 59@@@%9%%8%@1@?5%@&&&&@@@59 J&S‘&? B%g %%\I/gg ﬁ&gg% no?'gaiize high

derived from its structure." Handlon, supra, &t 1533. Phlorizin consists 0 .
grirasselvrpiety whorims Bitdrosg disersaommdtiesiheeieindtipdien. A L., Expert Opin.

prapapeng:snacern: ErenkignzodsiR.L., et al., Diabetes Metab. Res. Rev.
21:31-38 (2005). A review of the patent literature does not reveal an

] . y
synthetic SBLP MR A G5 Aot eBrRAIHscgRidosiae fibidkyisiag. supra: US.
dexivative diiaieof7Hasdlenssupraiciiifagiubiesassec3008 theretatves 1, US
iformi h cosides in the SGLT2 patent literature, it has become
e R PR RLAT A B R 0 TG RS AGra o o Type
chemicahspitve. " ek, atgl F8TmBuskbttBmpts/ardstilhdelogin@desS Sé] 48), a

&0rLi R RRIBHLARPIGAIONRN0S: 1HI68 202 F%%@Bﬁfsﬂzﬁw@}jtffe%uces Fasting

"D-Xylopyranosyl-Substituted Phenyl Derivatives, Medicaments
Cehta] 'gggeéﬁctﬁma RasurFieairUsera Ad o esyifdlitihBpticnts Over 14 Days”

Manufastusesbldd b82,086"Qkciitrrdt &ldl, aBUHgd 0188-OR (2007).
"Methylidene-D-Xylopyranosyl- and Oxo-D-XylopyranosylSubstituted

Phenyl BeriatieEY Metifchaiehia ieonesiHin g Suehresivs sl fdyeose, 1-12-(B-
Ltlsgiam:;ﬁmaeﬁsﬁ?}r{heimWQEI&ugeﬁga@d@mg%ﬁ&%@ éEIﬁIQ@aﬁdh@)t, and “all
al., entitled ' apyranosyl-Phenyl-Substituted Cycles, Medicaments

e e T et G et iRup Fhaimcure ” Hendion,
Manufat_:faﬁr_b%_!' BhSUMMAIRMtS_ of aTQ’i‘i&nﬁﬁSﬁhf_)ﬁﬁpeiﬂdhO@Uﬂg&ﬁﬁ@ﬁla’t@&ef{)m&tic rings
‘?’(Qllrc-ﬁgbjnp E%g?zgﬁo% ﬁ]a%@% b %‘ijllllpn%(@}u?zf, thgﬂ : ?g!%§lf 1Si &%?&ngg .e1§es. Rev. 21:31-38
compounds of the formula:

(2005). A review of the patent literature does not reveal any synthetic SGLT2 inhibitors that

do not contain a glucoside moiety or a derivative thereof. Handlon, supra. In fact, “because

of the relative uniformity of the glycosides in the SGLT?2 patent literature, it has become



R2c0zR2 DR2B and pharmaceutically acceptable salts and solvates
thereof, wherein: A is optionally substituted aryl, cycloalkyl, or heterocycle;
Xis 0, S or NR3; when X is 0, R1 is ORIA, SRIA, SORIA, SO2RIA or
N(R42; when X is S, Rl is hydrogen, ORIA, SRA, SORIA, or SO2RIA,;
when X is NR3, Rl is ORA, SRIA, SOR1A, SO2RA, or R1A; each R1Ais
inciepErdB At WY dfogeicar gptoaanysipstaufsd atetpiyidriveterdoyele;.” 2. at
R2s fuosel ; £ R an sl ndentl .
hydrogen, o&%ﬁ%ﬁ Sgggﬁﬁtgﬁ%kﬁ%fﬁa%ﬁzgﬁ%ﬁéfﬁrﬁ Ca%ﬁnli%'?'si 1/168.905 1o
Wc’]’ﬁéé‘é{ ?é(?})ﬁéﬁ&y, Ec2renraes KRB Htondlisrbabstitutdddicaments
elkdinap/s erheseraayale; BRENTR3 348 tnslerendenty opHoNAIY. . 11,152 956 10
stifuted alkyl _or aryl: and each R35 is independently hydrogen or ’
%%ﬁ%f 5 A BRHG e M AR ifearyP - KRirar e Rbo anf At eht-aioassem syl-
Seosipoet B ibedosmmda: MBEBbEANd ahammaceutinaly AserieRe sl o ang
Pogc%gg\%}%ﬁherl?f, ]\bglherei_r;,: ﬁ%{%s o[ptionally subs}ituted aryl, cyc;loalf%/ili, or
hetarocycle s BFRIES: B344 Hidro OF SRFALEEEK RN RIS and

??Qil. .I | Ay p, yﬁpm?amﬁ?mﬁ%{ tituted alk ?‘g Lo Lo nes. Their
aryl or aryl: R3 is ragen or,optionally substituted alkyl, aryl or
heeteroc:r)gyt(:pl"t'-:-s;S sf E%If réélg%g%%ruﬁ(O)RSA; RSA is hydrogen or optionally
substitute al%, alkoxy or aryl; R9A and R93 are each independently
R Yor are taken together to provide 0, S or NR90; and each

T
’

3-OR9C BB
o i el i sl aploiene bt

one aspect, there Is provi

of Briadimelosuicaliyoagceptaklensaluodsofuatertherelf, wherein: X is 0, S or
N R3; when Xis 0, R1 is ORIA, SRIA, SORIA, 502R2A or N(RI42; when X

is S, Ri is hydrogen, ORIA, S
is ORIA, SR, SORIA, SO2RIAl oFRia

eagh Ra@is independently
7 is fljoro or OR2A; each of R2A,

R213, and R2C is independently hydgegen, alkyl, C(0)alkyl, C(0)aryl, or
aryl; R3 is hydrogen, C(0)R3A, ‘o34, L£ON{R33)2, alkyl, aryl, or -

heterocycle; ORzg
1

and pharmaceutically acceptable salts and soivates thereof, wherein: A is optionally
substituted aryl, cycloalkyl, or heterocycle; X is O, S or NRs; when X is O, Ry is ORyy, SRy,
SOR A, SOsR14 or N(R14)s; when X is S, R, is hydrogen, OR 4, SRya, SORy4, or SOaR:4;
when X is NRs, R i GR_I 4 SRya, SOR4, S8O:R14, 01 Rys; cach Ry is independently
hydrogen or optionally substi‘mted alkyl, aryl or heterocycle; R; is fluoro or ORy4; each of
Ras, Rag, and Roc is independently hydrogen, optionally substituted alkyl, C(O)alkyl,
C(O)aryl or aryl; Rz is hydrogen, C{(O)Rsa, COQR};A, CON(R35)2, or optionally substituted
alkyl, aryl or heterocycle; each Ray is independently optionally substituted alky! or aryl; and
each Rsp is independently hydrogen or optionally substituted alkyl or aryl.



each R3A is independently alkyl or aryl; each R3E3 is independently
hydrogen, alkyl, or aryl; each R6 is independently hydrogen,
hydroxyl, halogen, amino, cyano, nitro, CECR34, ORsA, 5R64, SOREA,
502RsA, C(0)Re., CO2R64., CO21-1, CON(RsA)(Rsa), CONH(RsA),
CONHz, NHC(QR24: NHS go%? ,SS%I X!j arglli r heterocycle; each R6A is
independently alkyl, aryl orcﬁetenfoﬁcyc e; each I@?‘?f ]tigl%é%élﬂg%ntly
hydrogen, hydroxyl, halogen, amifio, ¢yano, nitro, CF-CR7A, OR7A,
SR7A, SOR7A, SO2R7A, C(0)R ), CO2H, CON(R7A)(RTA),

RA A, “alkyl, aryl or
heterocycle; each R7A is independently.alkyl r‘ﬁ"/?Ebr heterocycle; mis
1-3; nis 1-3; "alkyl" means a straight-€hain} brarithed and/or cyclic
hydrocarbon having from 1 to 20 carbon atomg; and "aryl" means an
aromatic ring or an aromatic or partially %omatic ring system composed of
carbon and hydrogen atoms. The disclosure encompasses
pHerHiasatRIsEEbhmseatitis sdhoprsing tiecompoands: disclosed hereiinstitued
inRocsRect JhRrelsdinMided A phagmagentisal compgsition comprisin
a'compound as defined above and a phzéirrﬁaceut#g%aﬁ)}?”%%%ép?gﬁ Oﬁ}én%& and

Bredsdidrndrrd disessareaiereHE oripiisses atkethod plnhibitig v or aryi; R,

iS -aetyityiasvelhasime f ' fi d managin .

lvz%’rlr{g} é’gg dise%lses ,aﬁd disorders. 4. BRIEF DE%BC% %%T%%E?%F@ or %EO)RSA’

Rcugrosen ey TS dristsalvamibEan BBl RderowdBaaitheach

indtpredeediodigute IRWhish.ehawsthe afachYryaieus, com ?sﬁ%@%n%fé{‘c% Roc is
S

I.Iillaventi nen the urjne glucose excretion of mice. The compounds were
or‘giFflégc’)nsté’do 3?%4’%’99%3%%%5 BHE SORIBPFONEThis invention is
basediinpapeoiieceiseqven dbak ampeunds pitbeformylae:

(Reln

(Rybn- O -
. P

HCJ‘/Q./\[R2

_ OH
or a pharmaceutically acceptable salt or solvate thereof, wherein:
Xig 0, 5 or MRz
when Xis 0, Ra1 Is OR1a, SRus, SOR14, SO2R1a oF N(Rua)z;
when X is 8, Rq is hydrogen, ORs, SRu, S0Rw, or S02Rw
when Xis NRs, Re is ORus, SRus, SORw, S02Ras, of Ry
_ eéch Rua is independently hydrogen, alkyl, arvyl, or hetérocycie;
Ra is fiuoro or ORox;
each of Raa, Rzs, and Rzc is independently hydrogen, alkyl, C{CYalkyt, C{O)ar;yi, orF aryt;
Rz is hydrogen, C(O)Raa, CO2Raa, CON(Ras)y, alkyi, aryl, or heterocycie;
each Rz is independently alkyl or aryl;
each Rss is independenily hydrogen, alkyl, or aryl;
each Rs Is independently hydrogen, hydroxyt, halogen, amino, cyano, nitro, C=CReaa,
ORss, SRea, SORsa, SD;R&% C{O)Rea, CO2Res, COzH, CON(Ren)(Ras), CONH(Rss), CONHz, NHC(D)Res,
NHSO:Rea, alkyl, aryl, or heterocycle; |



the substituents of which are defined below, can inhibit the sodium
glucose co-transporter 2 (SGLT2). WO
2008/042688PCT/US2007/079654 5.1.Definitions Unless otherwise
indicated, the term "alkenyl" means a straight chain, branched and/or
cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 10 or 2 to 6) carbon

2togs,pd [5G ALISRAL A SaF BpRseahgglouble bond.

Representative yl moieties'in e 5vinyl, aliyl, 1-butcnyt, 2-butenyl,

SOBAENRE T Aonib- BLHRTRT, Wﬁﬁ%‘fﬂyﬁ?'—%{ﬁ@rﬁmm' cyane, nitro;, C=CRya,
oR%—s;mx,hsb'&—ﬂmmk@lﬁéﬂimtbmﬁzgéb%@nyd:ds;etrfrxﬁﬁym,lzsb;mmﬁm, lCONHz, NHC(O)Rz,

-hexenyl, 1-hcptenyl, 2- tenyl, 3-heptenyl, 1-octenyl., 2-octcnyl,

NHS?@&{@%%}’i%’i%ﬁ%%‘ffﬁ(‘jﬁggy, 3-noncnyl, 1- deccnyl, 2-deccnyl and

3-desdnitialiniesspetirntisaindicaredr tiséetoryalkoxy" means an -0-alkyl

grogpExamples 100of alkoxy groups include, but are not Limited to,

-0C1-13, -OCH2C113, -0(CH2)2C1-13, -0(CH2)3CH3, -0(CH2)1CH3, and

0(@EASE1-13. Unless otherwise indicated, the term "alkyl" means a

straighyic hadanbraachechadior, byatichEd polddk gt indrocsaronrtzving from 1 to 20

from. lto 20 eﬁ%a,a]hép 10 or 1 to 4) carbon atoms. Alkyl moieties having

fror 1 t%nfg:arbéns are referred to as "lower alkyl." Examples of 15alkyl

groapy ircRitE ARAEHH (IR AMEFRT CeIfT BrRoFIRTEsBRs Frstem
compobitds Ehuivh isebvihogentytohexyl, isohexyl, heptyl,
4,4-dimethylpentyl,Ctyl, 2,2,4-trimethylpcntyl, nonyl, decyl, undecyl and
dodelsy, G5! mGTHBLHES Do MERBRISHY Bl my SR A
comramples inslydeneyettiptapyl hyalabutyl, cyclopentyl, cyclohexyl, and
adamantyl. Additional examples of alkyl moieties have linear, branched
andforegarepBrtibAs (8.5or Subhpharmiea i) dBmBaAti Theasimsing a
comEV Inqlucies salwates bysracarbans. asveltasatkenyh anc Ak ent.
moieties. Unless otherwise indicated, the term "alkylaryl" or "alkyl-arylcans -
an gikylmoiely bouRA.I0. 40 ARIRIERG s of inhibNBSSIEErWiRRivity, as
indicated, the feint "alkylheteroaryl" or "alkyl-hcteroaryt" means an 25alkyl
welhoistytbodnd tocatingtgearyitimpiety managing a variety of disee_tses and disorders.

4. . BRIEF DESCRIPTION OF THE FIGURE

Certain aspects of this invention can be understood with reference to Figure 1, which
shows the effect of various compounds of the invention on the urine ghicose excretion of

mice. The compounds were orally dosed at 30 mg/ks.

5. DETAILED DESCRIPTION

This invention is based, in part, on the discovery that compounds of the formulae:

Ro

ORsg
I I

the substituents of which are defined below, can inhibit the sodium glucose co-transporter 2
(SGLT2).

3a



10

15

20

25

30

Unless otherwise indicated, the term "alkylheterocycle" or
"%5&@@%¥cle" means an alkyl moiety bound to a heterocycle moiety.
Unless otherwise indicated, the teim "alkynyl" means a straighlf%ﬂgﬁ%f}ﬁ 1079654

branched or cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 20 or 2 to 6)

lic

carbon atdms, BREBRIGYiIng 30at least one carbon-carbon triple bond.
Represeptative alkynyl maieties jnclude acetylenyl, propynyt, 1-butynyl,
2-butyny Iﬁfgﬁ‘e}%‘i}%ﬁ}?" EEp%’a(>ralltf§3/(r‘i?y ,%E%%théﬁ%ﬁuéiﬁgﬁbﬁﬁﬁfﬁﬁfﬁ? > btanched
1-4exgiic i heshasgtbsaiexymy franhe piyityle.2-hzptyAyir Bheptysrphn atoms, and
|-k 27qs LN IVIERE /5. 2-nony -nonynyl, 1-decynyl, .
e N e B EOVRs notce
uwl%&éé frle fiigenrbicataenthésebity eyl Invsaies dn’aportatit, Argednar -butenyl,
armaticlor-parially aramatis ring systam sempesed,of saiben.and, |
hydrogen atoms. An aryl moiety may comprise multiple rings boundyo
ﬂﬁ@é?&ef’é’ée%ﬁ’é EY LB Stary P HHocidO e icar: Roimemddiaonenyl, 1-
anthcagtiylicazuitmy, bibenyl, fluorenyl, indan, indenyl, naphthyl,
Sphenanthrenyl, phenyl, 1,2, 3 4-tetrahydro-naphthalene, and toly1. Unless

B RS DRI vy g Foais AR AP, Feamples

otherwise indica
nidigiyokpgnaipe ianhalkybmaeietyot Uniass othewiise-tdicatedis Shategaryy,,

angl Fhaloe nqgmg@ sfluorine, ine, bromine, and iodine. 10Unless
o%ﬁ%ﬁﬁé’icme %ﬁ%ﬁrﬁ‘fh{ggﬁg% *refers to an alkyl moiety (e.g.,
linear, br@feh ethereseiieintodibh tiedskpliemshitsacerbightatonng trasched and/or
beenserlaoggwith %ﬂﬁ&%@m\(ﬁ@ﬁ&h Qfglfz% ; Vf;@%.%lof S/ B&bon atoms

indicated, the term "heteroaryl" means an aryl moie erein at leas
ot et aeiratsaa e dntepberdammiardtsreatony e gkyN, Gorgyes of
1BEXampiesiHasludeubut-arg natiim Eﬁdﬁ@h?ﬁ@dﬂ{ﬁ%x@%ﬁ?l_@ i&liﬂx%%)%"ila-butyz, t-butyl,

henzofuranyt, benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl,
ERL R e e i S
isorgizalytybxadiagblyl] dudeelyl (phiballadingipyiariyybepisagoblic or multicyclic,

: cimidiny, pyrimicy] vl quinazolinyl auinalimyi
PN SR RO B R, iR
"hdstoany kaiyiblor dhellerloarjétalk v Bams, dibetbedamnd/ maigtlidauticntole.g., 1-
amglky gty clonHgls ST Rthawise indigated, the term | %%%%%%A% as well as

refers to an aromatic, partially aromatic or non-aromatic monocyclic or
pUfRyEAEG AkYBY R tem comprised of carbon, hydrogen and at least

one heternatafhéBitse NaRALSIhAdsierreyGlemay camPHSe MULPIS, .y

25({;., two (?r more) rings fused or bound together. Heterocycles include

PSS R ES ANt & ERide, but are not limited to, benzo[1,3]dioxolyl,

2,3-d g‘%@ﬂ@fbemzﬁlﬁ] Mmf ﬁiﬂ mﬂmy&uﬁy méﬂ@({f}yﬁfé}tegflﬁ’}éhetezﬂaryi” means an
rpholi oxetanyl, oxiranyl, piperazinyi, piperidinyl, pyrrolidinonyl,

%qy%gﬁjcﬁh%{ tfg r%%w%)?c}érgﬁ?raor?ﬁﬁ f’epf)r% 'drogyrgr?yl, tetr);hﬁgropyridinysll,

tetrahytirdgprinticinigh; tediahydrothiophénidy tetrabydriethiopyran@adcycle” means

!ﬁ'ﬁﬁ@ﬂ%@g@’h&%’FH%%%&%EB%N@%&@QJC&‘ted’ the term "heterocyclealkyl"

or "heterocycle-alkyl” refers toa heterogycle moiety bound to an alkyl
moiety_Un_iess otherwise indicated, the term “alkynyl” means a straight chain, branched or

rl -heptenyl, 2-

cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 20 or 2 to 6) carbon atoms, and including
at least one carbon-carbon triple bond. Representative alkynyl moieties include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl, 4-pentynyl,
1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl, 6-heptynyl, T-octynyl, 2-octynyl,
7-octynyl, 1-nonynyl, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and 9-decynyl.
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Unless otherwise indicated, the teint "heterocycloalky!" refers to a
n%%q)}mggsgeterocycle. WO 2008/042688PCT/US20071079654
Unless otherwise indicated, the term "hctcrocycloalkylalkyl” off CTUS2007/079654

"-heteroc%gloqlkylalky!" refers to a heterocycloalkyl moiety bound to an
alkyl moiety®ss SRt Bl SR reRatEd HE BRI NS SELaT2iraromatic or

viyeitiigansthedripiior el Stapddas datiminesh i e RS ML VNG 8S$Rbiety may
d%%)%ltl)_%% 1|nu1iQeICE§amﬁ)jles, L{:)e?vy. Unless otherwise indicated, the terms _
"nianage- hanagipg ERY ¢ iRl e haGrmpAs 8 Ioted axtipgeaciude, but are
recurienoel of, thetspeoified-disedse; ircdigofiderdiy B RateThwR9I @S hthy!,

alreg ff fr isease or disorder, and/or lengthening the time
thgﬁgég%gt%ﬂ%hg %Egg%#é;?g% ?rﬁ %r?ﬁ}eapcg‘%%réesng’g}l Fggf er remains in
remissioAn Fifeotbermssenctimpasirteduliatinglthyé thréstydldkgdévelapmentyl moicty
algg{@@(g(y@t@%pm%g_isease or disorder, or changing 10the way that a

patient responds to the disease or disorder. Unless otherwise

indicatelRE RRFHHBdRdistetibs iy ascapletsie” sals hrdd e torspits fluorine,
peapaies Fomiphannagcesgtically acceptable non-toxic acids or bases
includin c acids and bases and organic acids and bases.

Ylnorwga | ind I c )
SuitabIe?ﬁllu%?ﬁ"ﬁ%%émﬁdﬂﬁj151?38@1)‘&90‘1%"8%@%8@?%n"§§‘T’F§ inéfutisybuekie (e.g.,
nbbdimitedniohatallitialisimadafTam alyeing @ talclums BRI epiaced with a

n?l%%ggs[iu‘mcepotﬁs 'u{gnS?odium and zinc or organic salts made from
Iysme,al\ﬁm'- d%rfjéﬁzyle]thylenediatnine, chloroprocaine, cholinc,

diethanMamcimmmmgmﬁgdamgidmmmémmeﬁaﬂg@%miﬁ@)e@ﬂdh_erein at
D B e L e R

and organ!c acids such as a.ce'tlc, a |n|g:, antnraniic, penz
berzBRbCCHA B fatIfenRet ditits btherdduifbricpfondigolymanicofuraig),

9&@@8&5@1’{&9@I%QMFQGXQM%@%H%@M%@.&%9l@@@!ﬁhﬂ%’(@lﬁ%gr%)cmzolyl, furyl,

hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesrtlj onic,
raEiRzentH firhdre i arbth e shdryiadeaelyblesappistichgrapromit pyrazinyl,
qa}r@th;ismldfﬁziﬁyg@wmﬁ%%ﬂﬂﬁrﬁu!fwiﬁpiéj}l%%%@ﬁi’fﬁ'ﬁjazoiipyl, quinolinyl,
ptgglggqels%ﬂtonl C|dd S.pe.(:lfyfc non-toxic acids include hydrochloric,
hydrébromic. phospHolic“dtifuric, and methanesulfonic acids. Examples

of speclficisaltshttmugsinsididet25tny dractlereesndiresylategalis QbErsmeans a
a[gvgllknown in theart, S .0., Remington' s Pharmaceutical

Scigncg}éf, 1%tﬁ%déﬁ\ﬂ§%l%$%%%§?ﬁ#§%aston PA: 1990) and Remington:

The Sclées afymisetivdcet-Phimany, kotve(MatisRoblishingtic, partially
RSN A w499 Rnaio RS aIberyas. nrlicaiad 8 potanl SGET

inhibitor" isﬂa com%lglj%d that’has a ngQIyZB 10%{(%8{ ?érs% %}%atﬁ% OUE B0 of carbon,

A aatifeset dtre s BdiamekEd ctieNeRes Drevéatroprdvemingsantse multiple

preventionhseniamplate s astionhateecHsRRIR & RaliENt Heging (o
ffer Eromﬁtrlée si)ecifiech%Ciﬁease or disorder, which inhibits or reduces the

SEVER o i eiSBLYE BPHEUIGE IO ABESER WEIRIS the? ity dnckindde dioxinyl,

pm_mgd@b;iﬁuawo RAABISALEBBREESII A 200487961 any 1, HiBless QNemMds8iny,
gﬁlr%%eig s aj'pron?wclﬁ?tlc _I%E{}Eﬂg L\i/r?maﬁnt()_ung%gl?f a cgmﬁgunrd isan |
ount suffictent to prevent a-disease o COREI S i B rgrapyridinyl,
graptdrpeyassduiatettrahydrothiophenyl, tetrahydrothiopyranyl and valerolactamyl.
Unless otherwise indicated, the term “heterocyclealkyl™ or “heterocycle-aikyl” refers
to a heterocycle moiety bound to an alky! moiety,
Unless otherwise indicated, the term “heterocycloalky!l” refers to a non-aromatic

heterocycle.



16

15

20

25

30

with the disease or condition, or prevent its recurrence. A "prophylactically
eu%:g e%ﬂ?mognt of a compound means an amount of therapeutic agent,

alone oF In combination with 5other agents, which provides a prophyAetaT9654
benefit in the prevention of the disease. The term "prophylactically

effective' dhistptr Eaise Hbralsdsdairambartrasse ralsdvssBveribtcrocycloalkyl-
PrapfylRfisab enfhees tbaipiopblaalic aificacy.af BP&E?PI prophylactic

agent. Unless otherwise indicated, a "selective SGLT2 inhibitor" is a

compouhd 5L HeE 58 A s sbedeamis abibasBEb Tinas grsaterha iehibition of

S@(IHI'QZI&E&t&ﬁiﬁﬁi@i&ﬁ!,’ghﬁé%ﬁ@v&&ﬂﬁ%@@s&h@c@ﬁmms@a 031§ the
1050 ofﬁ (fomgt und. determin d USI%%EI e in vitrg human SGLT |

inhibition as&ay deSeribBE i e%% e B8R, URIREEsthaiseanagement”
inchcatgdstpectermiliSGL E2uGhol i theeobiaf éivempeundrder in a patient who has
de the.in vitro human SGLT2 nh b|t| n assay described in

ﬁ% Eggrrlngp é?ﬁi%%%%% (Ylbﬁdﬁn esé’oo%r?rér%\?icsué) indie: "%m geté‘f—ﬂ? that a patient who
ﬁﬁ@é@@?ﬁ&%ﬁﬁmd@ﬁmdﬁmmg@nwemgmmms”ﬁ&\tmﬂaaa&acompass
steraomelicalbHe IR AIES (S [ 6Pu3%(82:3960. 43025 chang
55/45, 60/40, 65/35 and 70/30). Unleﬁ‘%ﬁ%&%%%ﬁéﬁ%é{g%sw (95"’%@ dr changing
&Qr@%éﬁc&‘aﬂﬁtﬁﬂ?é@gﬁﬁ’é‘éhé’\}éf@diﬁﬁ%lﬁbﬁlﬁﬁ*ﬁiCZOcomprlses one

stereoiSomes @E@m%ﬁ@&h@&’t@%@té‘ﬂb%ﬁﬂﬁﬂ&ﬁ@@a@{; QLBETable salts” refers to
ste e0|some of tha compound. For example, a stereomerically pure

%%f&%fﬁaﬁ AL BPRPBE RV BT e RaB BRI IN b aibstattiting inorganic
fraedmﬁmh@mapeﬁd@gﬁmm&@mdofaﬁae campsly @ﬂaﬁgé@ﬁﬁ@m@eé&bﬁm%ase

c Siti 0 und having two ster oc ters Ibe substantially
fr%%]]%(?) ﬁp& ms%r@ggggsng ihel%én%pmﬁha I%Sig gf&") AlridRy. calcium,

plithéups m@mp@mnd pmimpnse&gimatendim:mab@mgﬁﬁ%cbm we@fﬂ@ﬁ @ﬁ@w NN’-

S n lesg t qut 2 %
B I, B S R e
ofeHEs s et Breraisahipdarntaing |§s§qbﬂam<ab@mqa%mwmgmut are not
afiieienserseisrmers. Rt tReicampaund.areaiarthanabayt S; Q%@%éw] fonic,

xel ght of one stereoisomer of the co §ound and Tess than abolit 5%

ERGRICof TS e ST etiESnTdns i Rife Eamwomwrgrefafemmmmc

9700l vgughmﬁ@@mmﬁeq;m&r el dhereOmBataEh AR iR ST hAADAIL;
3% b J htﬂ%}@ otheghstere%)omers of the compound, or %Keater than
arBou]t Yy WeIGHE JF SRE B HEBTS oMLY B RS B?ﬁ%&ri’dmaf Jaks thghylacetic,
mgmhb%;mmmpgm, eeﬂthﬁhomewstesecmsﬁmetﬁfaf1mesﬁm)mmgmr;w9d and p-
nless o I’WI
Eggn%%ﬁgb%%gaegyuﬁ%e%?use (Cesag}(t’)énac c en’?z caqC J(S???Wé’i]é‘fy
resehesie d@fwact;\ﬁ@@frma@wuﬁme wd&oiﬁwzwﬁweﬁﬂmﬁ‘m rsaio @ efiitslude
hydregesatoms 1|§€§§|]Q§;I§g11§d BiB-a.ch %‘P 9415@8{%%1% a];(Hn gtég na Lg}?enpmoron s

such as, but not Limited to, alcohol, aldehyde, alkoxy, al.kanoyloxy
Athssrestiiseysaneenyll Bk @ek Bublathing stsgiop Pyl 98butyd) Remington: The

atiymy aalkylearlenyloxy: mgg;(qmw mﬂ@&b@(ﬁ’ﬂ 1%a&HﬁYirA0r1 995).

-alkyINH a amidinyl (-C(NH NH alkyl- or - C )NH2) amine
(prima n?g 8#%16%@%?{’(51%5& APAS Gtk fa’ﬁ‘ﬁHB sy RahfRiapound that has a

afyldikylamafogsatieyl aboyt, #§toxy, azo, carbamoyl (-NHC(0)0-alkyl- or
OC(O){)I[lj ?ya/ﬁ carba &(te 0ngONHZ as wej! as CONH-aryl, and

CONH-aryla ?r‘gésr on ca?b&xty? %Sargi(')efy ica (ﬁwféi@ggo&?f}hcp%gmon

emhGEIRIgEs %Pbmlﬁbdaelm@h lor{de, cyarmot éstons apaxitte fethelidepgaified disease
or disorder, which inhibits or reduces the severity of the discase or disorder. In other words,

the terms encompass prophylaxis.
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methoxy, &boxy), guanidino, halo, haloalkyl (e.g., -CCI3, -CF 3,

-C(CF3)3), heteroalkyl, hemiacetal, imine (primary and secondary),

isBEYaA 2688thiocyanate, ketone, nitrite, nitro, oxo, phosphotfiBgiERe07/079654
sulfide, suifonamido (e.g., SO2NI-12), sulfone, sulfonyl (including
alkylsulfamytsarylsulfonyhéna aiydatiishillacek) ) seifeodise athiah fe d.a compound is
sulfhydryl, thioether) 15and yre Iq%—é\l{!}-lCONI&I-alkyl- . Unless otherwise -
indicated, a "therapeutically etfective amount Bf & ComPotREF & gy oms associated
amobrits dificienintoopratiddeca themap éuticc beasfit ik thedpeabmeént greffective
MaRBeaMaN! ol A0IRGARE.0L SONAIIAN A1 JRIAY. OF MINIDIZE O0C OF 1 ination with
more symptoms associated with the disease or condition. A

"thEtETEGHEalkf ehoeavid @motnmutecbenpdlindhmemnsanmpidunti2@sf. The term

thejapayticRaentralons erin.serlinatignwith.othes thefapies, Which eran

provides a.therapeutic benefit in the treatment or management of the
JiRERSE GHEBRBHIERE T He ISR REVASERICHIN epribeRaTaRhplapte camnt.
encompas&aodMeus iatireprovesoueraltheranyHeuees Qrndiit that has a

S or causes of a disease or condition, ar enhances the
tk)lge%p“;?eﬁlé{’etﬁléébt?/tscl)?aé’lﬁloaﬁlél}%%?%%Lﬁ’l?%&& LJ8UhRéss otherwise
indicated/nthes tehers/ lieeadjtitee Afingérard Gicatmant | coptemplatecampound

agtion that,oceurs while.a patient i ering from the specified digease or .
disorder, v%%%%!’rgﬁ%éslﬁ e%%%%igff{ thng? %Jiggsdésg Fs?glrléfgr,%r BargTples,
oP&liis the progression of the disease or disorder. Unless otherwise
indicategnihg iprmnchides 0aspe-RAMeNeanng-as(ngude: but 30are.

nat limited to," and the term "includes” has the same meaning as

"iRERTHERC B RE st niitetDteme s iphifaFy inkibitsm saglessrihabitisBramples,
meaning as the term "such as, but not limited to." WO
200810;??88P%T/US2_00,7{079654 Unless otherwise indicated, one or _
more adi@CHVESL FRMEtER BrPeiify S SEREOBFHEUHE e G0 BEomPpasses racemic
constriuscasApplyingdmeneiipéifiehso uisturar examples fuerphisss, 410/60, 45/55,
"Qpti ubstitute aryl, or heteroaryl" has the same meaning as
"gg{ﬁgﬁﬁg’u@g%ﬂﬁg ﬁ@@bptionany substituted aryl, or optionally
substitutadebetdraangk inBithsldotid theribteddhatisatiyennicatmanietycthagosition that
Qo3 RAL ALAIRLIRLEAMAQUAN MY PG JESCHREA SIS USIRGANAME ;v of
commonly accorded it when it exists as a smgﬂe moieq lle or a name
cOAtFRIANG Bt of e ek APl Al IRemesieii el erermenkiopyridinethpeihd having one
"pyridikniere.accotdesldhe same meaRinghe diseA IR dGHDE MRSy A

attached to other chemical moieties. Thus, the two phrases "XOH,

VIHEFRIRRTE By PRI CHRRPS RS A arara R opg aeeraps akes riidbibte
saibieamainings anstiencempRssIhe FerReHAs Y rdinAdal RYEsinad:ly pure
and pyridin-4-ol. It shouild algo be.n #ed thgl%if Ehe ster_eochemistiry of a
SRR G T RO RTeN S LA b inare e R o Sspip) pmround
anddshiebbtindsptié’sthyoteigho pfluehpostioro Bhtiessifthtrengdonbesreater than

i K ing all steregisomers of it. Moreover, an o
L e T
afﬁagh_fézf tbe@ﬁl@ﬁagﬁmm@gﬁ eitin s matishethevatencdsul? Hdditiomight of one
%@%E@%@P@%Q&HMWMQ% solidting 9%@”%&%9{]& g%%:cﬁg‘ UPSeoisomers of

encompass both single and double (e.g., aromatic) bonds, if valences
%ﬁﬂp@%%gfﬁﬁ% @ about 97% by weight of one stereoisomer of the compound and

less than about 3% by weight of the other stereoisomers of the compound, or greater than

about 99% by weight of one sterecisomer of the compound and less than about 1% by weight

of the other stercoisomers of the compound.
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200ne embodiment of this invention encompasses compounds of the .

formula: R2BOR2 OR2B and pharmaceutically acceptable salts and

sOTAESHEEOf, wherein: A is optionally substituted aryl, cycl@IRgIS67/679654

heterocycle; Xis 0, S or NR3; when X is 0, Rl is ORIA, SRIA, 25SORIA,

SO2RIi Amc&s(amy@;zwhaﬁcxisdsmatdmhwrﬁgamacp%cm&j%agatﬁe OEhemical

S IA; when IA, SO2RIA, or Rip; each

e s SR Sy SEOUERSE Ay Bt or more of

heftééh(ﬁdytﬁéﬁ Ronis ﬂl.ﬂub@r?@RlzmiieacheoﬁRﬂmpﬁﬁﬁa{dndc&ﬁﬁl iroup such as, but not

indgpendentiy iydieasn, onto '35&% PSS ﬁ' Yy F ken WP alicy! (e
ﬁ%“ geh;

2008/042688PC T/US200 7/079 74 C(0)arylor aryl:
ClyRBAC O ZrOBA!, @W@@j@y@rlocéhﬁhqawlsﬂbsm@a@l@dcyémme (-C(O)NH-

h@t@yﬂ%{dﬁkﬁ@@wm@w%ﬁ%ﬂ@@@@m@ﬁ 'Qﬁaélﬁé)ﬁu g?“@"ﬁ@ﬁ)ﬂjﬁ% or Ay {primary,

and each R36 is independently hydrogen or optionally substituted alkyl or

aF\?F"ﬁQ‘?’E?&ﬁI‘FQr“&BﬁﬁSéHﬁ‘Hé‘?dﬂéyéfi’cﬁ@fdﬂﬂﬂﬂ%ﬂqwé’ oy BORSE Serh@sterryloxy,
ofithectotardal (GR2G(Bomelare af lofamula:QR2BAARREEMDOBINENts well as

formula: eiR2B nd.
ST e (R L W
opm“d)neyﬂycwbkmwgeim‘iarytadyemhﬂ@mcbasﬂneiééoeyﬁ{e Bis m@mnﬁllﬁheg (e.g
SHRsiuted: 52)5 19 é}/ hq‘} % 13, (a,rf*N RS(CFS) heter. ogkyi
502NAW>%§§A?§ SRt
hemiacetal, mine (primary and secondeu v}, 1sosyanate ISothlocyanate ketone, nitrile, nifro,
oxo, phosphodiester, sulfide, sulfonamido (e.g., SO;NH,), sulfone, sulfonyl (including
alkylsulfonyl, arylsulfonyl and arylalkylsulfonyl), sulfoxide, thiol (e.g., sulthydryl, thioether)
and urea (-NHCONH-alkyl-).
| Unless otherwise indicated, a “therapeutically effective amount” of a compound is an
amount sufficient to provide a therapeutic benefit in the treatment or rﬁanagement ofa
disease or condition, or to delay or minimize one or more symptoms associated with the
disease or condition. A “therapeutically effective amount” of a compound means an amount
of therapeutic agent, alone or in combination with other therapies, which provides a
therapeutic benefit in the treatment or management of the disease or condition. The term
“therapeutically effective amount™ can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of a disease or condition, or enhances the therapeutic
efficacy of another therapeutic agent.

Unless otherwise indicated, the terms “treat,” “treating” and “treatment” contemplate
an action that occurs while a patient is suffering from the specified disease or disorder, which
reduces the severity of the disease or disorder, or retards or slows the progression of the
disease or disorder.

Unless otherwise indicated, the term “include” has the same meantng as “include, but
are not limited to,” and the term “includes” has the same meaning as “includes, but is not
limited t0.” Similarly, the term “such as” has the same meaning as the term “such as, but not

limited t0.”
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15(C(R5)2),,-C(0)0-(C(R5)2)te (C(R5)7)t-OC(0)-(C(Rs)2),,,
(C(R5)2)11C(0)NR4-(C(R02),1, (C(R5)2)g-NR40O(0)-(C(R5)2)q, OF
(CRSPIFHREAC(0)NR4-(C(R5)2)6 when X is 0, R1 is ORIA, SRIAYS2007/079654
SORIA, SO2RIA or N(RiA)2; when Xis S, Rl is hydrogen, ORIA, SR]A,
SORIA, dmBS2RbAyiwhietidis AR, iR hniscQRLALGR IASORAY SRR, a scries of
orRIA%e cq) RIA | VXO 2068/04 688PC USZOO?/ 79654 independently
hydrogen or 85%?131@ S ELR: Cl%\ry or héterody S RF 1 TUBY 6F
ORHJADMthGB‘RMdRQR and ﬂ@a@xnd&bdm&éh&tlyahmmgemgwﬁmpaﬂyd
substinted alk ’&%‘ QUi (R OF %ryclpga% YAAER IR R0 -
CO2R3A, O 2, or optionally substit ary or eterocy le;
each R34 ﬁé%‘é@ﬁéﬁ&‘éﬁﬂwmb@ﬁm} mmﬁmdoamg/psﬁroé@da@achomewd may

Isue%&m@@nuyemﬁgg@ﬂ@ﬁ@w@%wﬁe@&&&mgyhp&ﬁ@age@%nlg? molecule

is independently hydrogen or optlonally substituted alkyl; each R5 is . .

inBlehBHE ARERYRPOBRAT b AITEER R0 ey ARBS ORSANSREA Pyridy]

orapienalli $hﬁ)ﬂﬂdtﬁlda’ﬂ“ﬁg| weash B34 dﬁdﬂd@@ﬂﬁ%ﬂ)&@&%@ﬁ'@é&ther chemical
is 0-3; and, ende 0-2. Particular

bst ted. alk
igmplo%ﬁ(?s%r% fgg e RV %ﬂ g\éﬁg SARE %rrﬁ?ﬁa%@’ BrpigeX is
theyfahmulare OREBd R2e@)RD@R2E3 whereneachhR 6dspdependentiyy-ol,

WA a n, amino, cyano, nitro, CE-TR6A, ORG6A,
@pgggs%g %\‘P@g ﬁé%g%(O)RoA CO2R6A, CO2H, CON(R6A)(R64,

WO 2008/0uw2E88RGT nSAGDA/ (786 4reochemistry of a structure or a portion of a

structure is not indicated with, for example, bold or dashed lines, the structure or the portion
of the structure is to be interpreted as cncompassing all stereoisomers of it. Morcover, any
atom shown in a drawing with unsatisfied valences is assumed to be attached fo enough
hydrogen atoms to satisfy the valences. In addition, chemical bonds depicted with one solid

line parallel fo one dashed line encompass both single and double (e.g., aromatic) bonds, if

© valences permit.

52. Compounds

One embodiment of this invention encompasses compounds of the formula:

and pharmaceutically acceptable salts and solvates thereof, wherein: A is optionally
substituted aryl, cycloalkyl, or heterocycle; X is O, S or NRa; when X is O, R, is OR 4, SRy,
SORia, SO2R14 0 N(Ria)s; when X is S, Ry is hydrogen, OR 14, SR;a, SOR, 4, 0r SOoRA;
when X 1s NR3, Ry is ORja, SRia, SORa, SOsR 14, or Ria; cach R.I.A is independently
hydrogen or optionally substituted alkyl, aryl or heterocycle; Ry is fluoro or OR»a; cach of
Raa, Rap, and Roc is independently hydrogen, optionally substituted alkyl, C(O)alkyl,
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CONH(R6A), CONH2, NHC(0)R6A, NHSO2R6A, or optionally substituted
alkyl, aryl or heterocycle; each R6A is independently optionally substituted
alP B téterocycle; each R7 is independently hydrogen, Pgaifosa 7679654
halogen, amino, cyano, nitro, C=CR7A, OR7A, SR7A, SORJA, SO2R7A,

C(O1RJAYICOZRTA, €D AREON(BIRANRTAR: L ONR(R, /)oY substituted

5 0)127A. NHSO2R7A. or optionally substituted alkyl, aryl or =
o e A I Sy oA Rl bR B Mgty v and
orietefoeycledopeisldndy Apdiogis: bi3rSombyaneaf theifeiimlta:afR76 OH :
Some arp.of 0 fosmul;, (B8 19 (RAL,, Seme are of the formula: (R),

OH One embodiment of the invention encompasses compounds of the

formula: OR2n 15li e

ORys
some are of the formula:
X Ry
RacO Y Rz
OR5
Some are of the formula:
RaeO™ 7Y Ry
ORyg5

One embodiment of the invention encompasses compounds of the formula:

cho;\IRz

6R2€3

and pharmaceutically acceptable salts and solvates thereof, wherein: A is optionally -
substituted aryl, cycloalkyl, or heterocycle; B is optionally substituted aryl, cycloalkyl, or
heterocycle; X is 0,8 or NRx; Y is O, 8, SO, SOz, NR4, (C(Rs)),, (CR35)2)-C(O-(C(Rs))y,
(CR)DCOIOC(R ), (CR5)2OCOHCR e, (CR 3D COONRAC(Rs)o)es
(C(Rs)2)-NR4C(0)-(C(Rs)2)q, or (C(Rs5))q-NR4C{OINR4~(C(Rs)a)g; when X is O, Ry is OR 4,
SRya, SOR14, SO2R 14 or N(R4)2; when X i8 S, R, is hydrogen, ORa, SRya, SOR 4, or
SOzR14; when X is NR3, R; is OR 4, 8Ria, SOR A, SO:R 4, OF Ria;cachRya is

10



and pharmaceutically acceptable salts and solvates thereof, wherein: A is
optionally substituted aryl, cycloalkyl, or heterocycle; X is 0 or NR3; R2 is

fl&ﬁ? SHORPAE each of R2A, R29, and R2C is independently hY/dFdgeRe7/079654
optionally substituted alkyl, C(0)alkyl, C(0)aryl or WO
20081042888, BT IUIS200 PEi0965y sabsliR8d s hyHrogkor drepiigraliyR ; is fluoro or
suhstitu |, aryl or, ro R 1 nor C(ORSA: RSA.I
s AR G U e R

eddVinbdepdrdbuy. oRad:dk:SROErencaré talkBn 1é6geter 6B¥Ride. @r Sptionally
orsNREG RNASRCARIG iR IDARReRdaNHY, Qptianaly SUPStSH AU R ted aticyt

or heterocycle. 5With regard to the various formulae disclosed herein, as _
appIicabREchAnac HAERTody GPETe HeNGsA ke BidH Bt vl aryl; cach Ry is
optienrtysubstigied-Sdnemberedandanfelarocysle, i Rtheks eAdsily hydrogen,

optignally supstituted 5-membered heterocycle..In some, A is an gptionally.
o LA ST e R s o O LR B OG- coch R i
subdtitateeh 6ympiobelieddryltor theteybgysle-Insathers; Biisiddeptidaallyo-2.
substituted 5-membered heteracycle. In others, B is an optionally
substitutlg%ttﬁ'?gﬁcg% g,gﬁ%g{gr%%*}gfg?fm%%me, Xis O. In others, Xis S. In
others, Xis NR3. In sorre, YNs (C(R angd, for example, pis . In
some, Y is (C(R5)2)g-C(0}- (8(R ¢rand, 40 xaerIe, ach qis
independently O or I. 15In seme; R1 is ORIA others; 121 is SRIA. In
others, R1is SORIA. In others, R1 is SO2RIA. In othels, R1 is N(RA)2. In
others, Rl is hydrogen. In others, Rl is RIAR2cC’In ssme,RIA is hydrogen.
ig Inothers, RtA is optionally substituted alkyl (e.g., optigpally substituted
lower alkyl). In some, R2 is fluor. In others, R2 is OR2A. 20In some, R2A
o oS SO

L

> 1897445 hydrogen. In some, R2G is hydrogen. In

some, R3 is hydrogen. In othiers, R3 is optidinally substituted Lower alkyl
(e.g., optionally substitute -2 - Ri is hydrogen or
optionally substituted lowexalkyl. In somg, eaetr-R5"i rogen or
optionally substituted lower alkyl (e.g., methyl, ethyl, GF3). In some,
R6 is hydrogen, hydroxyl, halogen, OR6A 8gqgiptionally Sepstituted lower
allcyl (e.g., optionally halogenated methyl, ethyl, ordsgpropyl). In some,
R6 is hydrogen. In 30some, R6 is halogen (e.g., chloro). In some, R6 is
hydroxyPoicsyme R 54 (e.g., methoxy, ethoxy). In some, R6 is

optionally substituted metC
, Y
R0 : R,

ORag

15 Some are of the formula:

(RT)m\.— ’
Co s
. _ b, KPR
' RO H Rz

OR.g
wherein: each Ry is independently hydrogen, hydroxyl, haloger, amino, cyano, nitro,
C=CRea, ORsa, SRea, SORsa, SOoRea, C{O)Rsa, CORga, COH, CON(RsaXRes),

11
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In some, R7 is hydrogen, CCR7A, ORT7A or optionally substituted lower

alkyt (e.g., optionally halogenated methyl, ethyl, or isopropyl). In some, R7

is MY BGEHAF some, R7 IS WO 2008/042688PCT/US2007 1EPIFEA067/079654
CECRTYA and R7A is, for example, optionally substituted (e.g., with lower
alkyDditHalogenPvidn 0dyClio By, dfthtterocy clerpiivsaliyen R @ REN, aryl or

e thaxy, ethoxy). | R7 is.acetylenyl or optionally substituted .
e R e s s
CIR619IRIcAOBOH hidj@thdrsdave df thleformuiéae, HOOHIOHBMRheBR 74, SR,

argofIhestoya 3fe) Othsie 2 GIANe IR IGR Q¥ conir,4), conm,
INHC(O)R 74, NHSO;R 4, or optionally substituted alkyl, aryl or heterocycle; each Ry is
independently optionally substituted alkyl, aryl or heterocyele; mis 1-3; and n is 1-3.

Some are of the formula;

<R7>m\®_ >
Y
-’I.-,"' X R1
h «*L‘,l
HO : R,

(Re

Some are of the formula:

OrH
Some are of the formula;
(Rs)n
| S
R
( ?)rn - IHR1
HO® Y7 R,
OH

One embodiment of the invention encompasses compounds of the formula;

I

and pharmaceutically acceptable salts and solvates thereof, wherein: A is optionally
substituted aryl, cycloalkyl, or heterocycle; X is O or NRas; R; is fluoro or OR,4; each of Rya,
Rop, and Roc is independently hydrogen, optionally substituted alkyl, C(OQ)alkyl, C{Q)aryl or

12
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151(d) WO 2008/042688PCT/US2007/079654 Others arc of the formula:

Oi‘EQlAO OH _Others are of the formula: CI HOOH OH In partiCL}Iar 19654
corf?p2 CHEEEF foimin 1(a)-(d), Xis 0. In others, X is S. In otherg,cg RRg7965

and R3 is, for example, hydrogen. In particular compounds of formulae
1AM R RAS Frogeentinsthierebsripied dfubmayosstaasedeniatynsirogen or

ethyb RQPrefers &%’%EBQH iR IDQIBRG R IZ N NIRILAIS, PRIcRIAkN Ry, ¢
cohrjrgp())%r%s%avqegra SGLT2 IC50 ofEI’ess than abogt 500, ;;fi)ﬂo1 %%o, %g al? e

206A BYCROG TS, S8isr #5 R O Arpigfife iRgedniSdRYS 2k §éaé&*{?§@; and each

S@lT2 intyhitesr opasamples Bataa sampayndsiayec®GLT | 1IC50

?gii.?za%%%sgeégra%g %lgeoi’ag?dug(%‘érzgu P loqglg%g %&E?rgtgqr ?Egp icgl])?éf particular
compounds c;f the invention are such that A is optionally substituted 6-membered aryl or
heterocycle. In others, A is optionally substituted 5-membered heterocycle. In some, A is an
optionally substituted fused bicyclic heterocycle.

In some, B is optionally substituted 6-membered aryl or heteroeycie. In others, B is
optionally substituted 5-membered heterocycle. In others, B is an optionally substituted
fused bicyclic heterocycle.

In some, X 18 O. In others, X 18 8. In others, X 15 NRj.

In some, Y is (C(Ry4)2)p and, for example, pis 1. In some, Y is (C(Rs);)-C{O)-
(C(Rs)z2)q and, for example, cach q is independently 0 or 1.

In some, Ry is OR, 4. In others, R; is SRy4. In others, R; is SOR 4. In others, Ry is
SO:R 4. Inothers, R is N(Rja). Inothers, R; is hydmgén‘ In others, R: 18 Rya.

In some, R4 is hydrogen. In others, Ry4 is optionally substituted alkyl (e.g.,
optionally substituted lower alkyl).

In some, Rs is fluoro. In others, Ry is8 ORoa.

In some, Rz4 is hydrogen.

In some, Ry is hydrogen.

In some, Rae is hydrogen.

In some, R3 is hydrogen. In others, Rs is optionally substituted lower alkyl (e.g.,
optionally substituted methyl). ‘

In some, R4 is hydrogen or optionally substituted lower alkyl

In some, each R; is hydrogen or optionally substituted lower alkyl (e.g., methyl, ethyl,
CF;).

in some, R is hydrogen, hydroxyl, halogen, ORs4 or optionally substituted lower
alkyl (e.g., optionally halogenated methyl, ethyl, or isopropyl). In some, Rg is hydrogen. In
some, Ry is halogen (e.g., chloro). In some, Rgis hydroxyl. In some, R is ORsa (e.g.,
methoxy, ethoxy). In some, Ry is optionally substituted methyl (e.g., CFs).

In some, R~ is hydrogen, C=CRya, ORz4 Or optionally substituted lower alkyi (e.g.,

optionalty halogenated methyl, ethyl, or isopropyl). In some, Ry is hydrogen. In some, R71s

13
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155.3.Methods of Synthesis Compounds of the invention may be

prepared by methods known in the art and by those described herein. For
e%gﬁgi‘gmé%%ounds may be prepared by methods such as that 4 079654
below in Scheme 1. 1(d)1(e)OH Scheme 1 In this method, known
alEchdl (@ Beeiselgr Nuslebsidun Ny edtitasc @ (649785 202000y ior halogen)
0%%%8&&@%%&‘@&&%9@1@!“9{‘5%&%,9&(7\{!'&*}@9 @@@%%tﬁb’fﬁ ?tﬁ%?}n some, R7is

chloride' in 5SDMSO) to form aldehyde 1(b). Treatment of a bromide o
forRFEHS Ay ek a o e sticed ageButyitiin or magnesium bromide
followedphyadditiondshaideRyde: Lbdpraduces alcahal d). Treatment of
that compound with an alcohol or wag?r under acidic conditions produces
compound 1(e). If desﬁed{% s wetkkiiown in the art may be used to
transform compound 1(e) into ) _ mpqgnd§\§n@g£npassed by
this invention (e.g., 10 compounds of formuta I, ihergin one or more of
R2A, R2B and R2C is not hydrogen, and/or RLJs.S or NHRIA).

With regard to scheme | and other synthetic’ﬁbproache@@escribed herein,
methods of preparing the A and A-Y-B moieties ar&Well known, as arc
methods of their use to prepare SGLT2 iphibitors. For example, the
synthesis of linked diaryl derivatives in the preparation 150f SGLT2
inhibitorS {RcaedEr i Ri2patent nos. 7,045,665 and 7,053,060 in
U.S. patent applicatior.noso ; 104745,075; 11/080,150; and

7 tion nos. WO 2006/006496
and WO 2006/089872. The.sy? issef. 8G|_T 2 inhibitorsscontaining
linked phenyl-carbocycle moieties is described, Eor ex%mple, in U.S.
patent application nos. 11/190,315 and 11/1997962-2094¢ synthesis of
linked heterocycles and their use to provide SGLTginhibitors is described,
for example, in U.S. patent application nos. 10/540,519; 10/734,573;
11/247,216; 11/247,356; and in internatié®al patent application nos. WO
03/02073:4,c WV R:2004405849Q; WO 2004/080990; WO 2004/089967; WO
2005/011592; WO 2005/012242; WCé 2005/012243; WO 2005/012318;

WO 2005/021566; an CANG O
0 ine-)pasq‘égg{npounds may

2008/042688PCT/US2007/07 d
be prepared by methods such as’thatshown bé&i6w i “Schenie 2: Scheme
2 In this method, compound 2(a), which may belprepaged as shown in
Scheme |, is contacted with an azide (e.g., dighenyiphoSphoryl azide)
under conditions sufficient to provide the azide 2(dyHThe azide is then
treated under acidic conditions to providg the

Others are of the formula:

~_-0 Ci ?\
"’r.. X W S\\_R']A

i(d}
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~R213 and R2C is not hydrogen, and/or Rl is SRI",

deprotected furan 2(c), which is subsequently treated with a reducing
entfg rogen in 10the presence of platinum oxide) under acidic
‘a& gﬁ%%%rowde compound 2(d). If desired, methods well Knbkier§7/079654
the art may be used to transform compound 2(d) into various other
compouritiscengsmiphsdedtinethis invention (e.g., compounds of formulal,
wherein one or more of R2A, R2i an@,RTC Is not hydrogen, and/or Rl is.
SRIA or NHR1A). Tetrah drot : jcompounds may be
prepared as shown below in S¢ 3. _.0Arhis method,
compound 3(a), which may be prepared as sho scheme 1, is
contacted with a suitable sulfur-containing copueou thloacetate)
under suitable WO 2008/012688PCT/1J82007/079654 condrtrons (e.g.,
the presence of diethylazodicarboxylate) to form thiddcctate 3(b). The
thioacetate is then treated with a suitablelfgase (e.g., cesium hydroxide) to

“provide the Ct;yg} éqlér}g %gc) which is subsequently treated with an

alcohol or water under acidic conditions to provide compound 3(d). If
desired, methods well khewPin the aybe.|

compound 3(d) into various othd
invention (e.g., compounds of for

Compounds comprising a fluoronated sugar drl@ugaéana gue

(compounds of formula 1, wherein R2 is F) may be pigpared from the

correspondingly substituted starting mat(% r%ls 10using methods known in

the art. See, e.g., U.S. patent application f‘u 10/735,179. Open-form

compouhdsutécglarcompountis bfdormatal (4)-ady, Peadily prepaneddis S. In others, X
d xampl repared.usin , :

e o TR R SR g

tHI%ise o dn e8I oRind uea) oRtiotFehajtBedprefated e@z@hown in Scheme
1 is comtaalad it AoteRsTYE }5;993@9m@rﬁqrgnbrr&ghm%ﬁetprmﬁﬁ%ndq have 2

under suitable conditions to form metrlall carbonate 4( bg The methyl

catHohate wote thasmbriin? %8l 381 1TtEPAdAR Bhdifior an2S nM.
provide legtiRppidockd{G)ntisdesivadciethods weliknown i thearisa% At

be used t ansf und 4(c |nto r|o other compounds
enco Oﬁgss’sed/ %yoﬁrg}s“ mvéé?fﬂ %u(és %odﬁ of fortu ij 991 QPHERgiereater than

 otheinb@idre R 2A, R213 and R21, is not hydrogen). Using methods

known in the art, the synthetic approaches shown above arc readily
modified 0 ob{ain,adyigesianggsRf compounds. And chiral
chromatography and other well- 25known techniques may be used to

obtain sfergemeticsjipireoompeuntspSee:e g Iﬂaﬁa&eﬁm&wﬁh&he art and by
gant ers,;Racemates and Resolutions (Wlle%ntersmecﬂf

\ ce, Ng} p

DI SO0R O 2E P 687 RS 0 Such st
TFhorahéddion B3Res: (1:977); Eliel, E. L. Stcrcochernistrv of Carbon
Compounds (McGraw Hill, NY, 1962); and Wilen, S. H., Tables of
Resolving Agents and Optical Resolutions, p. 268 (EL. Eliel, Ed., Univ. of
Notre Dame Press, Notre Dame, IN, 1972). In addition, syntheses may
utilize chiral starting materials to yield stercomerically 5enriched or pure
products. 5.4.Methods of Use
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This invention encompasses a method of inhibiting SGLT2 activity, which
comprises contacting SGLT2 with an effective amount of a compound of
tHaDipitiassti.e., a novel compound disclosed herein). In oneCT/US2007/079654
embodiment, the protein is in viva. In another, it is ex 10vivo. The

invention also encompasses a method of decreasing blood.glucose in a
v i .$
Ry

pat'ueont (e.g., amammal, such as a human, dog or cat), whic

admihisteridy to the patieptamsefiective amount.of a compatnd-o tk}e
inven‘k{go hemvmm“encompg%i‘ hod{;ﬂne;eaﬁng—q

the gxcfetion© lucG8&"in 15the urine of apdtientywhich comprisesLi, THE
administeging to the patient an effective amount,gf a compound of the
invention. The invention also encompasses a method of restoring or
increasing insulin sensitivity in a patient, which comprises administering to

the patient an effective,amount of a compound of the inventjon. 20The
invention.also epcorpas eska method-ef weating, ma nre g
-% in¥a pdtient, which-comprises agdministering t VLI

pa r

therapeutically;or p lactifally effective amount of a -
compound of the ir!jvention. Examples of diseases and disorders include éH
atherosclerosis, cirdiovascular disease, diabetes (Type 1 and 2), e

hyperglycaemia, hypertension, lipid diScieersi obesity, and Syndrome X.
A pf*.”'_cﬂﬁﬁﬁﬁ%%(}%sﬁn%}{% cggdo!aﬂ% Sie, 0. NG, AMOUNL TOUIE OF . 24649652
administration and dosing schedule of & compo

fatiBis)du e disaharsisesifie Mulicadorte betredtedn prederitedions oxalyl chloride in
W@@%@o anchthe-a96. 9gydet.andcondiion afdbematant: I&? YRIRSn agent such
plqﬁed / such factors are well known in the art, and may be

GAEPhYrSLETHER RIS IS b dition to aldehyde 1(b) produces

200HOARESBIPLdds 20HRRRM RS RhatrResuicALERIMHIRIQRSIC conditions
This invention encompa gs_ph rmaceutical compositions comprising one

S COBOUPULIEK th S TR ) SRSV AL LR PSSR s form
arenginglel Uicd} tosageciormsesuiablenfok ofiabmpucodalyeng. imasdbn (e.g..
sublingual, vaginal, buccal, or rectal), parenteral 5(e.g., subcutaneous,
e e il By B R Ssmenor
aslfrinistaioik te)a patient, Examples of dosage forms include, but are not

limited i@, faRlgts; @&Hﬁ&ﬁi&?&?&*lﬁﬁe?%@ﬁé%f#%‘&%&% 9E/a.SARRUICSh e thods of

cachets; troches; lozenges; dispersions; suppositories; ointments;
PAERBIARIES(Potices); i astsEchap ders kapaasingyccrstinds plakearsse to prepare
SULONEIGHIERE 7 ARK0SHNE (€nd - HRRal SPrave Qr dnhalarsh SRlss HMIWL paration

d e forms suitable for oral or mucosa( administration to a patient,

ey SE RS (8 G BB RO G U LRSI, patnt
aippiioaase memiBTIIS] 1 a0TER0T6;ail igoidemulsionsisoletionsinbin@mational
elixirs; liguid dosage | or r nipistration to a

'él%f’é]?\t%pgﬁ dé]t%l}ﬁlég %ﬁ@%@%@éﬁﬁﬁw é\%@%ﬁsolids) that can

be rgcp“fistthéE%@ pfcﬁﬁﬂé‘ qulidbﬁosaqatﬁ@nmg Suitabjhdoylparentgtat moicties is
st aten.dnia A RAUSTJLG IRRlion shopldaulhe Mg Obe,

administration. For example, oral administration requirés enteric coatings

to protedtaRetmpoliiekedhaivsciendeition thom wedeadatitly fthiR2tidibitors is
gasiropiesinalipe. Rimiyafospidatisnmaygonaiiing edients thaby 6.
facilitate delivery of the active ingredient(s) to the site of action. For

11/7247,356; and in international patent application nos. WO 03/020737; WO 2004/058790;
WO 2004/080990; WO 2004/089967, WO 2005/011592; WO 2005/012242; WO

2005/012243; WO 2005/012318; WO 2005/021566; and WO 2005/085265.
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20example, compounds may be administered in liposomal formulations, in
order to protect them from degradative enzymes, facilitate transport in
dgiréulet®ty2e9stem, and effect delivery across cell membranessoT/U52067/679654
intracellular sites. The composition, shape, and type of a dosage form will
vary depending Obaisdusenfah example. @Hesaos fammssedin IheacWson belo
treatment of a disease may contain larger 25amounts of one or more of
tH‘éa%&T%el?‘lgredlents it comprises than a dosage form used in the chronic
treatment of the sam Pdlse%se Similarly, a parenteral dosage form may:
contain Smalleramounisofiope or more of the active ientsit
coﬁa @ dogagefornfiideds treat me(@%ﬁse H
Thése and other wa%qn which spegifis,dosage formis encomp sed WO
this invention wilksary from one another will be readily apparent tozthose
30skilled in the art. See, e.g., Remington 's Pharmaceutical Sciences,
18th ed. (Mack Publlshmg EastO;m PA: 1990). Pharmaeeutica
Qd araily

comp%gtlon& of nvent ale.res e?bbly@%iglste
ms Sy t@b finis atio
chaml%@b O u' 31C
capsules, and I|qU|ds (e.g. flg\{ored syrups). Such dosage forms cont in 5H
predetermined amounts of active ingredients, and may be prepared by
methods of pharmacy well known to those skilled in the art. See, e.g.,
Remington 's Pharmaceutical Science¥hEgih £d. (Mack Publishing,
EaStOﬂIIB/Ehﬁ%&Qﬂo@%ﬁ@h@d@(gp%ﬂ%ﬁ%@%@&ﬁa‘%ﬁ%&@ﬁQ!IMQH@H&QC 1 is

the active ingredient(s) in an intimate admixture with at least one excipient

BTy Y Rehietons -piRlREEEaHeA b ATHINART feeReRe!Ticient to

Eaxmmiertt& aglddakB)a Wd@z\/cwl@tm@f termd dependiag epriiiadeym efovide the
a ato de5| d,for a m|n| atlon ecause of their ease of

ri?ucstra oA taDiete Al %d’ﬁ)“su ;B’rémé Ct(iﬁ'éﬂ?ﬁlo R Gy drogen in

dfal [dosage Qf”mtefwnms ofidesirelly mmmsm&hth»emqmﬂzidy stancad Z(d) If

ARUGONS QY echnig) e, fo s can be

R S RN o vrions

ﬁh@p@%ﬁﬁwénwa@mg@q@hmhm@pmp@m g)ymﬁmmqﬁ afidoimigiratelyherein onc

afmixingthe,artiyelngredientsnyith iavid casrigrs, ipely diviged solid
carriers, or both, and then shﬁ)mg the product into the desired

presenfgﬁ Ffﬁl}’f{ﬁg%)é%’éﬂ} DS SRTTG A PP B BT AREETH 8P AR i bsdpi in Scheme
doesage forms to facility rapid dissolution. Lubricants may also be
incorporated to faC|I|tate the manufacture of dosage forms (e.qg., tablets)

6.EXAMPLES Aseets of this invention can be-tnderstood-fro y
follwm exam Aich Oo20ndtHiffititstsedpe. 6 O
S‘¥ ( RARS S ozﬂ Chloro-3-(4-etho . tesd’ S <

HOL Ry;0H .— ——'
ORy A
ACOH H2 H
3((}{) OH
Scheme 3

In this method, compound 3(a), which may be preparcd as shown in Scheme 1, is

contacted with a suitable sulfur-containing compound {e.g., thioacetate} under suitable

17
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phenylf-6-methoxy-tetrahydro-pyran-3,4,5-triol 40 HO 'Y OH CH The
captioned compound was prepared in several steps. 25A. Preparation
O 34B/EEHBR 6aS)-6-(tert-butyl-dimethyl-silanyloxy)-2 2-dimBERHS2007/679654
tetrahydro-furol2,3-d1(1.31dioxol-5-yl1-methanol. This compound was
symh’e'sizedeigsi ngthrocedure s kiiothp! M(ﬂﬁedabb@%c)&@fammsms 3{by. The
ettl%g é%%o 649 f(‘(?(ﬁ%\fg it %E: efer rggzrtahl%ﬁ fii omde) to provide the thiol of
(3%%81511@@92 @a@%@aémbuwummemwgmamwgz @-dirtetlivitetrahlid@nditions
%a %9%%1&5%9'@( c%&ﬁs@xﬂaJ@s%H'H&%%%@M%d%%md to
6 ml, 8.7 mmot) in CH2C12 (55 ml) under N2 at -78C was a

dﬁ%ﬁ%&*&%‘éﬁ% WM@@(@’B&%FYI@BW menipetbshinvention (e.g.
Afterpbardinifiesyie aleolelirem stepoft (409181 hmmEhiREiAt2n, and/ior R,
(20 mI) was added dropwisc. After 15 minutes, NEt, was added slowly.
TH& reatfiot Was-allowed to warm slowly to room temperature over 105
minutes; nth@ﬁ@idﬁﬂﬁhﬁﬁhm@aHB@;(ﬁhhﬂ&ﬂdd@ﬁhdi@@&ﬁﬂldﬂ&@&h@dlﬂﬂﬁhnd<; of formula

20 sat ag. 4CO aglld %{I (F&Th? corr%blned ﬁ g% n|c h{a%ste vere rerial
bééY(h EXtrac fﬁd% 0P Which was wasci%) I&WO? e'sdme %(%(‘iucent’cdl Tha™ erials
c@imlgm@lmdgimmhaﬁhsaﬂeréedrreﬂ af MgB o4, dilpdiedpamd. 10/735,179.
concen de1Qun 0 .
5o B e T s b gy prepaced by
t&?ﬁ%r@ﬂwap@ Sl Jenisxenenis.chrp algsiyde s GusbsapBe% vlesych as that
by NMRM hhe: raduet yvas carried on without further purification. C.
Preparation of 4-bromo-1-chloro-2-(4-ethoxy-benzyl)-benzene. This
compound was prepar@d as gescrlbed in U.S. patent application no.

10/745,0 5to Déshpande‘etal,, filed %‘ﬁ%mber 3, 2003.
Pof LSS B\,gaS)-- yldlls?’a
dinfethyl-tetraggdro- f[ﬂ?@[Z H

3-d1[1,3]diox01-5z1144-chloro-3-(4-ethoxy- benzyl) phenvll m@@hanol

To a solution of 4-bromo- 1 chloro -2-4-gthoxy-benzyl)-benzene from step
C@B.6g, 111 mmol) de at -78C was added

dropwise Buli (2.5 M o‘ drl.mmoD. After 30 minutes,
aldehydefront step’B (272 g, 64%0 ea , 5 rpol) in THE (20 nil) was

added dropwise, and the reaction wag’stiered’der 30 min at -78C, allowed

to warm to room temperature and stigred for 60 minutes, quenched with

sat. ag. NH4C1, diluted with Et20, ang ashe%j with H20 and brine. The
combined aqueous washes were bac SxtPacted with Et20, which was
washedibhtheshnie sequendel( The komibinetk 26grgadicsektrantsweheme 1, is

C&ﬁ%&&? (J\Mlg§c3§ci UEeégﬂpQ{?rgd%QﬂC%é[%?& Bp&%{ ﬁ@t%ljj GiL Tpuertabie conditions to

form methyl carbonate 4(b). The methyl carbonate is then treated with an alcohol under

acidic conditions to provide compound 4(¢). If desired, methods well known in the art may
be used to transform compound 4(c} into various other compounds encompassed by this
mvention (e.g., compounds of formula [, wherein one or more of Ry, Ros and Roc is not
hydrogen).

Using mcthods known in the art, the synthetic approaches shown above arc readily
modified to obtain a wide range of compounds. And chiral chromatography and other well-
known techniques may be used to obtain stereomerically pure compounds. See, e.g., Jacques,

J., et al., Enantiomers, Racemates and Resolutions (Wiley Interscicnce, New York, 1981);
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residue was purified by flash chromatography (120g Si02, 0-20% EtOAe:
Hexanes, 75 minutes, 85 ml/min) to give clean
(BP[BE8BSBR,6aS)-6-(tert-butyl-dimethyl-silanyloxy)- PCT/US2007/079654
2,2-dimethyl-tetrahydro-furo[2,3-d1[1,3]diox01-5-y1H4-chloro-3-(4-ethoxy-
baney) phenyld- mathpaeb0:8492 1 & mmokIR0%) plus:the GoSIINGR Carbon

T L ——

(@AsERIRckitlobt), 7 DT, L 1], 24H) 6800 618t MaRcHics 9otrc Dame, TN,
(d¢153.79 Hz H), 5.21 (4,1=2.78 Hz, 1.H), 5.11.(d,1=2 53 Hz, | H), 446
Q2% & M RS s R b S e L s mericaty

(rmrBhaY, @ o ¢tpredues. H7H), 1.38 - 1.44 (m, 6 H) 1.303 H), 0.84 (s, 9 H),

0.10 (s, 3 H), -0.08 (s, 3 H). E. Preparation of (2S,3R
4R,5S)-244-chigrarditdethexv-benzyl)-phenyll-6-
methoxv-tetrahydro-pyran-3,4,5-triol. A solution of 0.35 M NCI in MeOH

was preéfasenvbytisadaingniescfOr 25:1intd 3.6inh o oS KABDR A& 8-yl velrich comprises
LG 01 SETHRYIRR SNGRICRRAHEAM SHARBAN BT TANAT - g nove
treated with this solution for 16 hours at room temperature ancf hours at
00w diidgsprhheThardactisrrweadtooiadite rsvpntenperatuke another, it is ex
guenched with K2CO3 until basic, diluted with CH2CI2, filtered, and
concentrated under vacuum. The product was purified by flash . _
chroma?é@r@ﬁﬁv'@b%*%m%e%%%@ﬁQé)hfzfew,nsé’lﬂﬁﬁ gose in a patient
g@.@lﬂﬁtﬁﬁhﬁﬁfﬁﬁﬂd @ﬁlai mLiln&(Q,Qi@rtﬂ béﬁkﬂ)pmﬂm)dctgxgﬁ\lﬁcs admirrl]i stering to llf‘]bc paticnt
2S,3R,4R,5S)-2-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-6-methoxy-tetrahy
PSR4 16 HE b ol TG e o i S0l NI

revealetlte h:dtratiolef enendpld @anamerisodNM R (408M ez, G blterofosfizdyose in

M. 7,38 -7.42 (tn,1 H), 7.22 - 7.26 (m, 2.15H),.7.11 (d,1=8.34 Hz, 2 ‘
A Ll (R S s RSB R R Dy < h B g o
Hapgaed ¢f Lo=mBggen. 1 1T (3), 4.16 (d, J=9.35 Hz, 1 H [3), 3.99 - 4.12
(m, 4 14, %@&f}&%@%&r@né&ﬂlﬁhég%@%g &m’e%mngoﬁqnge%ilﬂgiﬁgulin sensitivity
3.46 - 3.54 (m, 1.5 H), 3.45 (s, 3 H a), 2.69 (d,1=2.53 Hz, 1 H (3), 2.62
(H 2 PptiEptyhiph payyisg éé%?f@ﬂil&foﬂr‘? pajicptpp cdfeedvgsmpunt ¢f gyompound
20044303 Hz, 1 H (3), 1.98 (d,1=2.78 Hz, 1 H a), 1.41 (t, 20 1=6.95
Hz, 3 MS (ES+ +NH41 = 426. 6.2 Example 2: Synthesis of )

(3S,4R, ,%%%Tg-@gﬁo Q@pé&g&gﬁ&ﬁ%g}ﬁ%eatmg, managing or preventing a
phenyd detiatyrompy rans 3w fietsaphiscd Jomi@iNering to the patient a therapeutically

or prophylactically effective amount of a compound of the invention. Examples of diseases

and disorders include atherosclerosis, cardiovascular disease, diabetes (Type 1 and 2),
hyperglycaemia, hypertension, lipid disorders, obesity, and Syndrome X. A particular
disease is type 2 diabetes.

The amount, route of administration and dosing schedule of a compound may depend
upon factors such as the specific indication to be treated, prevented or managed, and the age,
gender and condition of the patient. The roles played by such factors are well known in the

art, and may be accommodated by routine experimentation.
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30

OH The alcohol from Example 1, step D (51 mg,' 0.093 mmol) was treated

with 1:1 25AcOH:H20 (1 nil) at 80C in a sealed vial for 18 hours. The

redags/ ivasitooled to room temperature, diluted with EtOAC tedramsien fyg6s4

a flask, and concentrated under vacuum. The residue was dissolved in
CH2C1glgrea@gawggdy@§@@%gﬁg;MQ§Q4 for 30 minutes, filtered, and
concentrated under vacuum. The product was purified by flash
chromatBgraphyn (b ge 2008 G4 2688RETAUS20W41089656hHi0dn Hebh2%r more
h&g@ﬁggg%)?g?\i %“A% £S¢ %QJBV{%‘A”Q@&? cedng:gi% %@&t]{c%g are gmgie unit dosage
(S MRSBRBS 641416 ueo3 (4-thory-behizyd)sphagyliietraloytro-pyta, parenteral
AR MG A gbg'b& N#}I,Azf%ﬁ g hite, sl %&Nﬁ&gﬁxﬁﬂf%xa

1:1 ratio of a and [3 anomers. 400 MHz, methanol-JO 6 pP
7HANEIM2 R dRI 4192 1 pyatios Emnpé@%mf dopapy %%s(@%&@cs@%b not

21irhi &1 89 (A8, 08pkdzs; 2apduies utdl, 137 Yklzicl@diid-85 (Hed =30 HZroches;
1Haor1§;§}459 dl 7.54 Hz, 1 Haor 13), 414(d"J 9,60Hz,1Haor

358 A HPOSRETDY PLEHE T £ e i%‘?“@%“@(d’&“f%g’%ﬁécw
3G dimsl driaros, 133)%&436)1,}1@9&0&3&2901 ka0l Pe)g.3 23 aAS@ ANy hiBlers); gels
10%115? é’ (,t X 7T§Z é'ﬂizrt]% e?or ol;mi(c%srn'_a'; OL %}’I:’Ii-%lﬂ-%;ldii(}ﬂ%i) a patient, including
(28’53513‘34135353 2491’4903*?@?@(3%(@61@@@1%@&&3&1]29‘41&0% oil-in-water emulisions, or a
PheRy !0 Oﬁtnga% ISHARYACO-RYEARSS A Q. ﬁg&.ﬁ@fd}é\é%'* O mé\b}e for
solution of 0.35 M NCl'in tOH was prepared By adding AcC1(0.025

0P85 HTHONE EETItEn (o p atcstiAng for Esehidites: T«ﬁés@ﬂ@mmmmhoub solids)
EK@JEQAQ)@ r&IOR BB b Imei R e was treatgd Witk thisselMiend@rhistration
2 hours at 80C in a sealed vial. The reaction cooled to room temperature,
& twith concentrated NEEOH until basic, treated with NaHCO3 for
30 minites ettt ovith &id2ai 2h 4 iﬁﬂcﬁbf@ﬂ%ﬁﬂﬁ@ﬁ[ﬁfﬁ@dt%@ﬁ‘@blc oral

m, The roductw S. urlfed flash romato yé(zkﬂqﬁ ;
G ONTEORI R 13735 ST RO e B ARARA HFv 267 from
Iylopm%itefditw@veﬂ@@ﬁﬁoﬁﬁqﬁﬁy&m&im; y, a formulation may contain
%ﬁgﬂ (iaha BRI RNCONOR LN IElL %@Jgﬁgﬁxoatﬂe§ QA0 For

0.095 mmol, 85%) as a Wwhite solid. NM reve T ratlo of a
aeﬁfafﬁpé%ﬁﬁﬁ?gand% may bR (2e0 IMiesoRibroformiady & piprardziag protect them
-frotd &@%fa’ldkﬂl)vgcgé‘yﬁﬁ@» QfJﬂDl’ltZtggrc(ﬁlq zﬁé I%Elcgo 5981%%1 2913 @f@&t achvery
H), 4.88 (d,1=4,04 Hz, 1 H a), 4.37 (d,1=9 60 Hz, 1 a), 4.33(d, 1=7.83
H5TOPY ¢ Wﬁ?@éaa?“imglé@‘fﬁ?g‘%ﬁfm .3.89- 4.02 (m, 4 H), 3.36 -3.87

The composttion, shape, and type of a dosage form will vary depending on its use.

For example, a dosage form used in the acute treatment of a discase may contain larger
amounts of one or more of the active ingredients it comprises than a dosage form used in the
chronic treatment of the same disease. Similarly, a parenteral dosage form may contain
smaller amounts of one or more of the active ingredients it comprises than an oral dosage
form used to treat the same disease. These and other ways in which specific dosage forms
encompassed by this invention will vary from one another will be readily apparent to those
skilled in the art. See, e.g., Remington’s Pharmaceutical Sciences, 18" ed. (Mack Publishing,
Easton PA; 1990).

Pharmaceutical compositions of this invention are preferably administered orally.

Discrete dosage forms suitable for oral administration include tablets (e.g., chewable tablets),
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25(m, 5 H), 2.62 (s, 1 H p), 2.54 (s, 1 H a), 2.41 (d, 1=1.52 Hz, | H 3),

2.02 (d,1=10.36 Hz, 1 H a), 1.92 (d,1=2.53 Hz, 1 H), 1.32 (t,1=6.95 Hz, 3

MO 2o dd8(m, 3 H). MS (ES+) [M+NH4] = 440. WO PCT/US2007/079654
2008/042688PCT/US2007/079654 6.4,Example 4: Synthesis of

(€812 442, 8RRyt ACPlorar 3o (A8 thanYs). Such dosage forms contain
benzvfl-phenv11-6-isopropon-tetrahvdro-ovran-3,4,5-Iriol and

(DS SRARISS R4 R ERISTO PR R stHO DBV Priiad bo raeprsp skaharmacy
etrahvase-pw alod; 48100 thHROBLBOH., Rendnsolutior,of P35 M- HCdidAces, 18%
I-PrOH w: epared.by addin | (0.025 ml, 0.35 mmol) to i-PrOH (1
n%B’g#&%?iﬁ%%%?ﬂf%?ﬁtﬁ%s%f%%icohoI from Example 1, step D (68 mg,

0.12 mrighwbs it dategeviithrthisesokytiont foy 2ohouns atiBOLC ineigeatichi(s) in an
vial. The r ion cooled to room temperature,.quenched with .~ . o
S R M A S gt
diftreedunith CechamediltErsth ienid corekntratdd vivddy vAGuar damading on the form

residuewaspuified Ry flashchrematography (4 g Si02, 0-10% MeOH:
CH2C12, 40 minutes, 10 ml/min) to give 50 mg of material, which was

further pGFtIEE BY e SasPiEIaRsEtn EbBEsRmmpader oogresent the most
Mecahtdde: (s N 4QA 4. Miabiesd IQNIIRHO @IM8d by standard aqueous or
(2S,3R,4R,55,69)-244-chlor -§-(4-ethqu-benzy1)-p% nyl]-6-isopropoxy-t
PG TEAHES, 4 LSt S ™ ) Db RO EHEnal methods of
(BS3RAR ﬁ%ﬁ@baEﬂMiﬂ%@t—ﬁa{l@omposiﬁons and dosage forms are prepared by
%ﬁ‘fr%xéé}'?% R %{%Pﬁély'% nql{%‘;’ QROxY ety dro-pyran- 3t tol (6C finely divided
(28 BRARIE 9,682 44dchiore8p{deatioaxgdoeninyd Jphieniyflarsoptopoxiftecessary.
: 3,4, b-trial: - loreform- Ml 3L
R s DR R OB,
Hpprbyiggigmax 2lgghg mepmyreersqdaci gy Hpamnfay g o dosgqirmss (e.g.,
13669 (t, J=9.09 Hz, 111), 3.46 - 3.52 (M, 2 H), 2.69 (br. s., 1 H), 2.43
(br.s., 111), 2.05 (br. s., 1 H), 1.41 (t,1=7.07 Hz, 3 H), 1.22 (t,1=6.57 Hz, 6

JAR MS%@% Fl4] = 454.
'S,3R,4R,5S,6R)-244-chloro-3-(4-cthoxy-benzyl)-pheny1]-6-isopropoxy-t

etrahydiQp 22PyF st el el fhe NMRAAQPNH 2 CRIIRIAI A B RPPhich do
TSR

6.5. Example 1: Svnthesis of 0S53R AR, 55)-2-[4-Chiore-3-(4-cthoxv-benzyi)-
phenvll-6-methoxv-tetrahvdro-pvran-3.4.5-triol

HiC. O Gl .
N ’U,} O O
A
HO : OH

OH

The captioned compound was prepared in several steps.

A. Preparation of [(3a8,58,6R,6a8)-6-(tert-butyl-dimethvl-silanvlexv)-2.2-dimethyi-

tetrabydro-furo{2.3-d1{1 .3 dioxol-5-yi]-methanol. This compound was synthesized using

procedures known i the art. See, e.g., Nucleosides Nucleotides, 20:649-652 (2001) and

references therein.
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(in, 211), 7.11 (d, J=8.59 Hz, 2 H), 6.80- 6.85 (m, 2 H), 5.04 (d, J=4.04 Hz,
111), 4.51 (d, 1=9.60 Hz, 1 H), 3.98 - 4.10 (m, 411), 3.93 (ddd, J=12.25,
6r322Gsk0ddg 1 H), 3.82 (t, 1=9.22 Hz. 1 H), 3.62 (dd,1=9.47 ;3:661438a 070654
H) 3.49 (t"/ 9.22 Hz, 1 H), 2.03 (br s, 3 H), 1.41 (1, J=6.95 Hz, 3 H), 1.23

% 2-cimethyl-

b@ntﬁﬁmhﬁwﬁz%%@%y&%@hydw%%’@ﬁaﬁé@%k&%bo a solutlon of DMSO
%P 3R,4R,5S,6S)- [{4 -Chloro-3-(4-ethoxy-benzyl)-pheny11- 6 methoxyt

Ahy Ao iyt ameid 8 45T Bepy: SHINDRv S dideirehol fruspié (2.40 2,
of compaynddrpm Framplevksteiadd (86 mmg) wasdissolvaddn 4pil 0h3Q86ed slowly.
eJihanoI/ exanes and |nJected in 40(} ul portlons onto a ChlraIPaa AD-H h
cOlts (SOXIED TS K INEHMiR 3175505 Sth AUV RVES o ghputes. then
isperatic afﬂblﬁﬁfﬂtdmp@fawi‘@ﬁo raid posshid sépdtate theatywdlisanierand brine.
o eaghther, The iRtisomen Lt 23400 ) BSROBI R 35, Cashed by the seme
10alpha |somer% 0 mg) and the secon minutes, m af
idemtSse- a%@g@iaq@@rggylgaghﬁses were drled of MgSOy, filtered, and conccntrated

th 2
GRS e b Db .

(B fpp 133y Sftionoes Jrrer qlfbdwel(%dibzsbsgfﬁi‘@cmn@wwm The
(ﬁr&&&ﬁ@d@ila@léﬂ)orﬂ!ﬁﬁ}%tﬁﬂd% Flziflk4dhnl5 4.42 (d,,1=9.60 Hz, 1 H),

3.99 - 4.11(m, 4 H), :«;f%zb 2 h S, ,3.42-3.48

(m, 4 11); 2 - ngeng.

(Wdﬁﬁ‘@ﬁrb&@ﬁdbﬁ)ﬂﬂﬁkﬁ (ES*S ﬁMtbhHﬂfibB‘cdﬁﬁl no. 10/745 075 to Dcahpcmdc et al., filed

(é% c?mbe&QS\%gfg 244-Chloro-3-(4-ethoxy-benzy1)-phenyl]-6-methoxy-tetr
4, trlol IFI NMR (400 MHz, Chloroform d) S ppm 7 39 (d,

ropyran-
18.59 H2, Tret

t
g@ﬁl@@ﬂ Tq ﬂﬁﬂlzltm efﬂ@*wyiich@r(raﬁ.equ&lz- TR NS S frpi step C (3.6

[M-19NQhh &t 42BHF (60 mi) under N, at -78°C was added dropwise BuLi (2.5 M in
rés 3R, 4R 58 ,6S)-244-Chloro-3-(4-ethoxy-benzyl)-phenyl]-6-methoxy-tet

FRES: DARVkaln-3 A B o Wak H<Bayhtnaltoed SSiaienH shgafe s clean, 5.1

followiing PHICEMUrE) was added dropwise, and the reaction was stirred for 30 min at -78°C,
allowed to warm to room temperature and stirred for 60 minutes, quenched with sat. aq.
NH4Cl, diluted with Ef;0, and washed with H>O and brine. The combined aqueous washes
were back extracted with Et;O, which was washed by the same sequence. The combined
organic extracts werc dried over MgSQy, filtered, and concentrated under vacuum. The
residue was purified by flash chromatography (120¢ Si0,, 0-20% FtOAc: Hexanes, 75
minutes, 85 ml/min) to give clean (8)-[(3 aS,5S,6R,6aS)-6—(tert—buty]—dim.e’fhy[—sﬂanyloxy)f
2,2-dimethyl-tetrahydro-furo[2,3-d][ 1,3]dioxol-5-y1]-[4-chloro-3-(4-ethoxy-benzyl)-phenyl }-
methanol (0.84 g, 1.5 mmol, 30%) ples the C5 epimer (0.83g) and some mixed fractions
(0.51 g). '

'H NMR {400 MHz, Chloroform~d) & ppm: 7.37 (d, /=8.34 Hz, | H), 7.18 - 7.23 (m,
1 H), 7.15(d, /=2.02 Hz, 1 H), 7.06 - 7.11 (m, 2 H), 6.80 - 6.84 (m, 2 H), 5.99 (d, /=3.79 Hz,
1 H), 521 (d, /=2.78 Hz, 1 H), 5.11 (d, /=2.53 Hz, t H), 446 (d, J=3.54 Hz, | H), 3.97-4.10
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A. Preparation of acetic acid
(35,4R,55,65)-2,4,5-triacetoxy-6-14-chloro-3-(4-ethoxybenzvl)-phenvl1-t
efraliyeirepstan-3-0 ester. The alcohol from Example 1, step Bo(B@Qge7/079654
12.4 mmol) was treated with 3:2 AcOH/F120 (62 ml) at 100C for 22 hours.
The, rﬂﬁyt@nmaawegemratﬁg pnder vacyym, mtqvapped 3)imes Wity 0.10 (s, 3
t%llﬁe e..and placed under high 30vacuum. The residue was treated with

tic gﬁﬁn ide (9.4 ml, 99.2 mmol) in pyridine (25 WO
2008/0426BRETHISANQR/OF AESASH1)-for- Ak ROUE. e feRation \M@eﬁwn 6-

. S R A,

o&/éd’lMgS& lf(ﬁ%mla}lﬁ Emridéthfédﬁh@dem@awluml Radaesiduenas The alcohol
PHEfiedh y”% hgh@ m@g (BRNYLA0.H: 7% SRRSS FIOAKHEIIHS

acetic acid
5%2%}&3?«@%@9%&3&& Gtmgﬁ@iéﬁm) phiergi-tietr atnidvesjograrsamy
eﬂﬁf)&ﬁﬂl@geﬂ&@]éﬁ%ﬁh B100); until MMI‘&QWH%IOWEg@ e
ppm 7.36 (dd"/=8.08, 2.02 Hz, 1 H), 7.19 (dt, .1=8.34, 2.02 Hz, 1 H), 7.07 -
%Caﬁmfcmnﬁfoéff&&%s?“ b PrORUCHYADPHY. ﬁ@‘é@(ﬂ‘iﬁthShﬁW?gﬁﬁ)y (40 g Si0y,

604l ) =B B40H%0, 50 rﬁﬁilﬁe@%@ﬁﬁﬁ&ﬂ&ﬁ@x@d@d‘irﬁ@@ 2ull 0P984 10 give

S A bR T i, AP B 345

OuBoH @) 6424 7. (anndstor8%5: Ha, Dttt ()i B. 9ARI09:6mad 4 H): Rr200(5f &.BoHi
a) 211(s 1.5H13),2.06 (s, 1.5Hp), 2.05(s. 1.5 Ela), 2,02 (s, 1.5 H a),
SOTE™.5 H (3), 1.74 (s, 1.5 H a), 1.72 (s, 1.5 H), 1.41 (1,1=6.95 Hz, 3

H). MS GESLN}WIM%&S@l&&Brﬁ%ﬁﬁp@mnm$€em aeldi H), 7.22 - 7.26 (m, 2

(2S, 5 )= 5 C y-2- -14-chloro-3-

e e B S et PrbiachH b @

of-Stép BA(8.080), 144(tm) m@l)(sj\ii/aﬁ éneatﬁg Witk @3%@4@3?;13 AQ@[!(? ,809mlb) 12 (m, 4

ur re s diluted with CH2C12 (60 ml), stirred for 30

R b oo b a8 S LIR30 ok W5 D, 345

a13aq oarioQt, (withs back exiractios) (dried. QV@{zl\/hgﬁ@ﬂ fifered,-ane7 1z, 1 H p),
0 entgt; ted under vacuum to give acetic acid

ég%(g % 58y 1452 ltd sy 2 b5rhG-6-H B). 1.98 (4, /=278 Hz, 1 H o), 141 (s,

[4=6hlona=33(FrethaxyHsenzyb)Ningnykiairahydro-pyran-3-y1 ester.
IFI NMR (400 MHz, Chloroform-d) 6 ppm 7.37 (d, 1=8.34 Hz, 1 H), 7.17

(dd, 1=g.21, ZE]xgxl’e]ZHéled’igsg 1 '.T 14-C Inioro, e Zx%—beiuvi—
H), 6.83 (d,1=F% 39 ; o Larame

H), 5.10 (t,1=9. m, 2 ,394 411(m 4H)
213(S3H)203(883 1707Hz 3 H). MS

(ES1) [M+NH4]1= 602. a3
(2S,3S,4R,55,65)-4,5-diacetoxv-6-F4: 4, O _OH
ethoxy-benzyl)-phenv11-2-methoxy- tetrahvdro pyran-3-v1 ester. Crude
bromide from step B (8.4 g, 14.4 mmol) and Zngy - mmol) were
dissolved in MeOH (144 ml) and heated 30at 70 C foréIHhour The reaction
was cooled to room temperature, filtered throu%&ccllte with Etakc, and

concent el ErTRETIRPIT hestaia e s FSy Seamsbar sivn b ofitid :1

twabateh@sitenDivesaeetic agidicd vial for 18 hours. The reaction was cooled 1o room

2S5,3S,4R,55,65)-4,5-diacetoxy-6-[4-chlorg-3-(4-ethox
Qempcrdture ilute Wl’gl %%Ac to){rans lerfoa ﬂ&sk( and con}:/entrdted under vacuum. The

residue was dissolved in CH,Cl,, treated with NaHCOs and MgSO, for 30 minutes, filtered,

and concentrated under vacuum. The product was purified by flash chromatography (4 g
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WO 20081042688PCMS2007/079654
benzyl)-phenyl]-2-methoxy-tetrahydro-pyran-3-y1 ester (5.98 g, 11.2
mmaehii8%9s8s the pure f3-anomer. 11-1 NMR (40MZaa07/070654
Chloroform-or) 6 ppm 7.37 (d,1=8.08 Hz, 1 H), 7.22 (dd, J=8.21, 2.15 Hz,
n 85(r.
SS]}.(%Z( gdngb{ Kg]cg)éq 7(&5’{6]{"_?‘22) 8 %Qnu@s 5& 91/81!?133 I-%%)%Y(HE&Z 1%5 %?((gizfih% ’g%’p hilized to
HE v (R, A&é@@ﬁ)i@é‘*%iﬁ%} 1 14)6@%&@1@911@%14) tgmb\f(céoawnz20?84 5-tetraol
(%3 i%n]rl,)ﬂ %)’Q/Qngﬁm?f @3%‘) Z%@ﬂhﬁé’&) B GRLREERH17 13 My &Eaﬁa% anomers
[M+NRI] - 552. D. Preparation of
(2S,3R, 4RES B Mhlphnsibaso4leth oryrbet(dd-ghefb14 B Hz, 1 H), 7.22 - 7.30
t d r rigl [ f
s abto i KoCh G 3 o 6 HAso i Meh 1 4.6
(ﬂ.ZJTﬁlf’Whh vﬁgj@mgs@mrhﬁ:b(fbp’imHzThéﬂrm@nWaﬂs(ﬁltéT@@aﬁﬂ@ughi a or B),
c rat umg The r d \Y
o A it L0 an b T M e o 1 o
cbﬁ&éhtfa@e@?&ifﬂjér?v’/awmm Ihe-rggidile, Was%)aﬁédthfeﬁgﬁ Aplgpf MS (ES+)
{Rﬁai\ﬂﬁ?l WJIQI':_Q/O MeOH:CH2C12, concentrated under vacuum,
suspenéed in H20, and lyophilized to give
15(2S,3R,4R, 5S ,68)-244-chtoro- 3 (4-cthox benz )-phen II 6-methoxy-te
trahydrg-éyra F ” 3 B =1 lgnes dabfirpthoxy-benzvly-
'NNW& (400 N4 Shiicd J=BBYH7 111), 7.23 -
727(m 211) 714@1 %59Hz ?cH) 682(d 1-8.59 Hz, 2 H), 4.33 (d,
y -412(m 4 H), 3.68

, : ,, 202 H), bgo/(@}n.as 1 H),
258(br s., 1H) 209(Ur s, 1 ) 140 (t, 1= 767 H3 3H) MS (ES+)
[M+NHA4]+ = 426. 6.6. Example 6: Synthesis (5
N-f(2S,3S,4R,5R,6S)-6-14-Chloro-3-(4- ethoxy- E
benzyl)-phenyll-3,4,5-trihydroxv-tetrahydro-pyran- 20§7‘11 N-propyl-acetami
de HOWIVH2BOHM Hlhe bu@mlﬁesfpmpaﬁxﬂmra@dﬁxgsmﬂﬂ(ﬁﬁmﬁl 0.35

lamine H 12 )
%Qﬁ%ﬁ hdg %téctl Fg\é/{\};}s bl 6‘\"R§n o%v})r)? é\]n R?ﬁCT ?H]e%b}nam% step D (61
d@gvﬁ 2 tinmastrany CHRC ¥tiThe reSitdoe fvad beated $6ith aceticaled vial. The
gohydride &8 m,rgo%?t@;&meégtmmmﬁc@m QYRIIGhE. R TBRCHOR vasic, treated

was quenched with
with NaHCO; for 30 minutes, dituted with CH,Cl, filtered, and concentrated under vacuum.

The product was purified by flash chromatography (4 g Si0s, 0-10% MeOH: CH,Cl,, 40
minutes, 10 ml/min), suspended in H,O, and lyophilized to give (25,3R,4R,58)-2-[4-Chloro-

3-(4-ethoxy-benzyl}-phenyl]-6-ethoxy-tetrahydro-pyran-3,4,5-triol (40 mg, 0.095 mmol,
85%) as a white solid. NMR revealed a 1.75:1 ratio of o and B anomers.

"H NMR {400 MHz, Chloroform-d) & ppm: 7.28 - 7.32 (m, 1 H), 7.14 (m, 2 H), 7.02
(d, /=884 Hz, 2H),0.72 - 6.76 (m, 2 H), 488 (d, /=404 Hz, 1 Ha), 4.37(d, /=960 Hz, 1 H
a), 4.33 (d, /=7.83 Hz, 1 HB), 4.06 (d, /=9.35 Hz, 1 H B),3.89-4.02 (m, 4 H), 3.36 - 3.87
(m, 5 H), 2.62(s, 1 HP),2.54 (s, 1 Hay, 241 (d, /=152 Hz, 1 HB), 2.02 (d, /=10.36 Hz, }
Ha), 1.92(d, /=2.53 Hz, 1 H), 1.32 (t, /=6.95 Hz, 3 H), 1.13 - 1.19 (m, 3 H). MS (ES+)
IM+NH,]" = 440,
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WO 2008/042688PCT/US2007/079654 MeOH, stirred for 30 minutes,

diluted with Et20, washed with 1 M aq. NaHSO4, H20, sat. ag. NaHCO3,

amnd brines6sith back extraction), dried over MgSO4, filtered, apgr/us007079654
concentrated under vacuum. The intermediate was treated with K2CO3

(14 mg, OM mnah,in MeOk, {1xmb f&*r ds2homkssd e reagtion wasifliergd

and concentraffd URdeT YagHeaRs Em tealdH eI A MM G S I jgf_]d;
chromatograplys(3y gdRirs Ry H0VA MALSIARAZIATZ) 1, GV PORR RYIS -isopronoxv-
material. The @é%%@,m@é% herspuffigd by HPLC (1950 mm CI8

column, 20 70% MeCN:1-120 (10 mM NH40Ac), 14 minutes, 30 ml/min),

siispe 83 ophlllrizzé ve HC._- e HyCo-CHs
N-1(2S, @ a—chl ro- 30(4 ethoxy- benzyl) M4l ’ trihg \or
droxy- tetraRydro=pyrar-2-y=N-propyl-acgutinide (3 mg; 60063 mfol -

15%) as a 2:1 ratio of 10r 1H NMR (40

MHz, MeOD) 6 ppm 7.28% 7.4D (m™1 H), 7.16 - 7.26 (m, 2 H), 7.08"°" T Of

(d,1-8.6 Hz, 2 H), 6.81 (d, J=826 Hz, 2 H), 5.59 (d,./=8.6 Hz, 0.33 H), 4.98"
(d, J- 1119$elm,ti©r6<7fl(-])354M51(d m@mﬂmﬁ P ) pd M7 Aillide= 8.8 HD, @33, 0.35

3 8
gﬁét)’o%%f dﬁp(gljfgl"n ‘Sng «ﬂf é"gﬂ(% 01 nu 3 gcl]—k dgf:g?g ((limén} !EIQ&F\@%,E stf:p D (68
018% (i} JBTBPIwap fmiimg«f(@sm} ﬁvlm@mmz‘z&ml*w FXanptesFaled ml The
Syphesia,efd2R At Rerpdianhd GhURIR:S &%ﬂ‘?&%ﬁ&nﬂ%ﬁ%@{mﬁ until basic, treated

phenv11-2,3,4,5-tetrahydroxy-pentanal oxime H Compound from
B4 IS s 6na @uilglmnéaﬁ%w%@%@arﬁlwﬁymé@ﬁmw&w (@ler vacuum,

M Q3B Ml pyarr dissaladiromuising K9.65.mhnang ﬁﬂm@c@f{%ﬂzch, 40
hours. Ttﬁ?_ﬁgcu n was dil ted |th EtOAc, washed with 1 M a

N At 28 KA E® sﬁ%ﬂn\@%ﬁ’%@w&w&gﬁ% byimaep HPLC
oMéexMa25Q4 Sittdvad), aﬂd"/oa;nmmmeﬁ) yhglervacHu Shedresidus, Wasal/min) to

S 0 0 h|||z SS 544 Chloro-3
ghvggf%enz g e 915 03 SR
inﬂamﬁh‘ibﬁ -8B Pas@RB5! lnguﬁt&té mfrrm»k}mah@fﬁzfétsm SS Majm[ﬁsom 3n(4

UMD LT M BT BT 2, 0

41280@,J 6.8 Hz, 1H) 3.96 - 4.03 (m, 4 H), 3.90 - 3.94 (m, 1 H), 3.59

(dd,1= %E@JﬂZS§'6I§? 215[§60}G()Jr0@§4'_gh0%; Bl S%ﬁc &iﬂﬁ gréﬁb@(ywtcﬁahydro— |

WO 2008/042688PCT/US2007/079654 6 8 xam
(BBUR B12(68Y-6H NIERI6H0 34 zefidordsernyd)s ppm 7.37-740 (m, 1 H), 7.26 (m,

pheny @ﬂd5ﬁ@ydﬁ9%yztﬁtf ansedre-PYRANZ-0Ne AXNMNE=7 83 HN H), 4.15 (d, 935

Preparation of acetic a

(5%,4R53,85) 2 9. %c‘e{%&;? BA4-chid -84l diok(fo - 3-52 (m. 2 H), 2.69 (br. 5., 1

H}), 2.43 (br. s., 1 H), 2.05 (br.s., L H), 141 (t,./=7.07 Hz, 3 H), 1.22 (1, J=6.57 Hz, 6 H).
MS (ES+) [M+NH4|" = 454.
(25,3R,4R,58,6R)-2-[4-chloro-3-(4-cthoxy-benzyl)-phenyl]-6-isopropoxy-tetrahydro-
pyran-3.4,5-triol: "H NMR (400 MHz, Chloroform -d) & ppm 7.39 (d, J=8.84 Hz, ! H), 7.22
(m, 2 H), 7.11 (d, J=8.59 Hz, 2 H), 6.80 - 6.85 (m, 2 H), 5.04 (d, J=4.04 Hz, 1 1), 4.51 (d,
S=0.60Hz, 1 H),3.98 -4.10 (m, 4 H), 393 (ddd, /=12.25,6.32,6.19 Hz, 1 H), 3.82 (4,
J=9.22 Hz, 1 H), 3.62 (dd, /=9.47, 3.66 Hz, | H), 3.49 (t, /=9.22 Hz, 1 H}, 2.03 (br s, 3 H),
141 (1,/=6.95 Hz, 3 H), 1.23 (d, /=6.32 Hz, 3 H), 1.19 (d, /=6.06 Hz, 3 H). MS (ES+)
[M+NH,]" =454,

25
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5benzy1)-phenyl)-2-hydroxy-tctrahydro-pyran-3-y1 ester. The tetraacetate
from Example 5, step A (200 mg, 0.36 mmol) was treated with

et zglaminsy390.36 mmol) in DMF (1.8 ml) for 2 hours. The reactisme /679654
diluted with Et20, washed with 1 M aqg. NallSO4, H20, sat. ag. NaHCO3,

and brings drieghauaiiMaSQAflered (BNSRcoRCaniAtes UDARTNACHI i oxy-
The residue wag:pHifiad Dy lash-ohseRipshe RRY-f14:6: 3102, D0
EtOAc:Hex.) tagiwnagels 18p0i04-Chloro-3-(4-ethoxv-benzvi)-phenvl]-6-methoxy-
(3S,4R,5S,6S) 4 brdidastonmbI4.chiarg-3-(4-ethoxy-benzyl)-phenyl]-2-h
ydroxy tetrahydr% pyran-3-yl ester (142 mg, 0.27 mmol 77%) asa 3 1

F1)534(t/96H2025 4, 511(m275H)486(t 151=8.2
Hz, 0.25 H), 4.39 (d,/-9.8%z, 6.25 P, 3.93 -4.10 (m, 4 H), 3.36 (d,18876 ¥~ ~OH
Hz. 0.25 H). 2.81 (dd, J=3.8, 10 Hz, 0.75 H), 2.12 (s, 0.75 H), 2.12 (s,  OH

2.25 H)AZ030(8,00 ckbrindn2d0ios, 1X2001) | 118 K882 HYad dlRdBicQ- #21 m! of 30%

t,./-7.1 H S+ M+NE4]1 5 ti
P S G S A o et A Bk Cn2s0 .
kﬁeﬁlznyllmqnhéhﬁlfﬁ%ﬁ@)}dﬂmnbfeﬂemahytﬂcoapyramﬁembmterc 30 min run) to
qoﬁg&?ﬂﬂg I&%‘?qﬁﬁ&ﬁ grﬁ %dmgdit(ﬁ(g7 Pﬂmﬁl& ag hcy rcf%%alm i?w&sﬁdcntiﬂcd as the

hydrochloride (57 mg, 0.82 mmol) were |sso ved |

Fﬁélﬁee@ﬂ@h(%%tma@d%ﬂ@hémd éimt?e‘drwmcﬁt@Amoa@mdwtﬁqm as the beta
a4, H20, sat. ag. NaHCO3, and brine (with back extraction),
dried over Na2S04, filtered, and concentrated under vacuum. The residue

was disSSEAR-EHIC L2 CbBletr e Obeaey-Rnrtedber it petoustirahydro-
q;ﬁamoj)tfmlowleﬂlmmgbImum;em}t%(éﬂag?np?%@ amel. ke, 1 1y, 7.22 -

reaction was stirred for 20 minutes at -78C, then allowed to warm to room

termpBRatubL-ovet ¢ ftheted Thé Peddidh iad Hilted in Etd e /vhdhdly- 1 1.
witt? KiRO-ansblatine (with. back exiraction), kied, W@rj‘iﬂgﬁQ“Hﬁllte%Ctbﬁ@d 1 H),

RS YO, TSN MSRISOBAIRN. 1, a0

2@@87@&%8890?%’5(%7}@%8514}%&%%@
(3S,4R 58, ﬁzsmi%%@)“z‘ %Xtﬁ%ﬁo@tﬂr&h%sﬁg §$!?9{§{ g&e&zlf]l?s%ﬁ‘%hgg ?3 L2l anydro-

Z)- hydroxylmlno etrahy ro-pyran-3-y1 ester (97 B'mmo
'BYRIVERHHO0 M iz NEHIOrT0 i) Ghipriorma/ld, prsnl7H2 (4, My 380z, 1 H), 7.23 -

(#’%Jgn@ 2R 17H¥(é} .'f:)v8789r§1£dzlﬁ?i 3 &% dd . ‘%ff’ 433§ %'ﬂ@éﬁ'?{y 1 H),4.07 -

d,1=8.6 Hz N), 5.53 (d, J=4.5'H

(Hd7108, 8, H)5393, ﬁ:%‘* gmé s, ééﬁérﬁ; 4= EQ%&oi %)1?54(% 3.352r3598),2.89 (br. s.,
4,10, (s A ) s 208 (S BeHbe 2,07 8, 3 4 J7Buks 18, H)nd MsQASH i, -
3 H); MS (ES+) [MH-H] = 534. C. Preparatlon of

/4R ,5R,6S)-6-14-chloro-3-(4-ethoxy-benzyl)-pheny11-3,4,5-

tnhydrom@ranymm@ynaﬁzmﬁ;@methsmupg ﬁmﬂyﬂ@rﬁ&%&ﬂ@mbydyo-
_F rdnn}»rg%l 111 qSW%E) Ell}%g E. 1%WIE;}%<#GEG? I\é‘lg a/u%mg H,a IE ?g%cé%]&g%%lljer

e reeictlon was conce trate

TR SEBIRSS 0V O RO 05 NI o

-trinydroxy- tetrahydro pyran- 6 GXIme

OXy-T
rlr?g4 mw%mltf w%)va@a?wkﬁt@%ﬁ&%@Iﬂll\ﬁw@q&@cﬁom%momamamn

RRCAmOnfadd (MHed Hhulmd oo ildes’ w%%@l&c@esaﬁ? Bl 191&9 ngh
(d. J=8.8 Hz, 2 H), 4.91 - 4.95 (m, 1 H), 4.14 (d. 3-5.6 Hz, 1 H) 4.03 - 4.1

C’ﬁf“é“H) Bow iy ety mﬂgdfeﬁ%d?%yc#ﬂdi Ryt @5@%&&@@@11@3@1@11116 (25
Hz, 1 H), 1.36 (t, .J7.1 Hz, 3 H); MS (ES+) [M+Ht = 408. 6.9.Example 9;
Synthesis of (2S,3R,4R.510-2-14-Chloro-3-(4-ethoxy-benzyl)-
20phenyli-5-fluoro-6-methoxy-tetrahydro-PYran-3,4-diol
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OH A. Preparation of (2S
3R,4S)-2-(4-chloro-3-(4-ethoxybenzyl)pheny1)-3,4-dihydro-2Hpyran-3,4-di
ywdlinegkatesd o a flask charged with 282 mg of tetraacetate QM sa007079634
Example 5, step A (0.5 mmol), 1.25 ml of HBr (33% in HOAC) was added.

T&?) %?qg%i gsﬁgqg&{%% ggcgc iy gﬁl&t%jd\’ t 111 _%J ur, dil utcd with Ft,0,

dichloromethane and quench ed y pouring Into ice’wa er € org
|ayeihwhy Keparared aitb Rashsd sithsafarsd agddois N?aHlCD@ik ammactxon) dried

brRg- Nﬁ‘g@@fj Wl&gcgvﬁ{dm@%ﬁﬁlﬂ% ﬁHHQ@aéQ%OJ’MmbWEE%ds Punﬁcd by flash

concentration in vacuo. The crude residue was taken up in0

SRR i adfdedel5 isHerEien &t supperin csﬁmé%é (FOIHES)-2.4.5-
Otﬂzg&mfﬂ) Lmpewden (8Lomgbds 28 mmalane.aodimasetate (8¢ 10 ¢, 100
ol) in WO 2008/042688PCT/US2007/079654 2.5 ml acetic

ac@ﬁv‘a@?% :2 v:v). This mixture was allowed to stir at room temperature

for|f4h dﬁﬁewwmmmmma@mmwaaﬂema}ﬂgadfwarf]odao gig(ﬁﬁpm@lél)l H), 7.19 (dt,
S te n tirre no 18h. The mixture was
qﬂe%chzggv%ﬁzmgér 7I(C;{?(}tl;,ac d(Wit y15 Webfb e fabjertadd. /=859

dHed?dvermaghesitio séifate Bmej)yemwﬁ,cm aa&m 055 kash, 5.55 @, /=9.98 Hz, 0.5

omatogra id , _ .
A Do B Aot S A4 I-9 60 iz 051 ), 503
dﬁhydm%fpynamf)smaiyé giacctate 3R whe §6% wield)-9 85 mhﬂ\d@—l(ﬂp@ 04 - 4.09
Hz roform-d) S ppm 7.36 (d,1=8.08 Hz, 1 H), 7.20 (dd"/=8.08, 2
30 3 3ot 1S 2P ol o) B oty P53 (o 0p 562 (. 1.5
Hz oé} K 6¢57 @id, $1=6.06¢s1 52 #ig) 1+ I @,945(ddg, 141.0772633, 1352 11). MS
?ﬁ égﬁfsz dd"J=9.60, 107.07 Hz, 1 H), 4.83 - 4.88 (in, 1 H), 4.01 (q,
6 398 4.10 (in, 2 F1), 1,96 (s, 3 H), 1.7 (s, 3 H), 1.40 (t,
1=6.82 Bz PE:phtatbd (ES)EMcid NIS4S 4R 48265 )-4 B diacetoxy-2-bromo-6-[4-chloro-3 -
fPEFEJt%ra-tlo[gBRLI —_EER6 —'E: III!d NE 3 ~4 etf‘l(%)(- ber_leZVI Tg?ﬁ%@fﬁﬁdfﬁgfrﬁt@p A(8.08 g,
ol i;_48ﬂm¢i@b)vwasbadd@dthﬁ&%dﬁlﬂron At@biﬁﬁibuﬁﬁ%ttohhstep Pa€38amign was diluted
%&WO&M H}!—c&?&%‘%ﬁéﬁﬂ &”Ef?ﬁﬂ%ﬁ‘%'e%?mre bg@ilrgﬂgtﬂk with ice

was stirred at ambient temperature and monitor or comple
LM & Priadedttion wasgténEnedivithck magamﬂaté@péquemmwzmﬁjnemd and

aid @xtractednwith digthykether (2:55.mk)23he ergan '&s%féet@gciwez bromo-6-

iﬁ over sodium sulfate and concentrated in vacuo. Flash

SRR GFEpRY (8t 6 1B8h SN AL IR YNEANER) Hrd\itled the fluorinated

product PRIESSIH moaﬁt&&%mﬁy\@ﬁm%m afdetto 2 $@wtfﬁ>m7%d J=821,
?@é?ﬁt ated product in 0.5 mL of methanol. The reaction was stirred at

Eeﬁ*?p%r‘e&&?e ot 1z afteFhith @’V\faé a%&%cﬂé@v@iﬁﬁ An{~Wateiz 2 H)
andl eifraetad Withl dihys adetateq2 X dzmL , meoqﬁgmmtamr was, fillgred 98 (m

§Eapal o plesapd sieeneg 0P BRIl s o v
MYEEHE Ryt EMatifdirdo -2 FPpyran-3,4- diol as a clear oil. 2511-1 NMR (400
MHz, Chlospformgy 32 66if3,A . adalequatonal flurines 4.

OXV-0-
ratio, isomers due to
,@@@;@W-phemﬂ -2-methoxy-tetrahvdro-pyran-3-yl ester. Crude bromide from step B

(8.4 g, 14.4 mmol) and ZnO (1.2 g, 14.4 mmol) were dissolved in MeOH (144 ml) and heated

at 70 °C for 1 hour. The reaction was cooled to room temperature, filtered through celite
with EtOAc, and concentrated under vacuum. The residue was recrystallized from MeOH in

two batches to give acetic acid (28,35,4R,58,68)-4,5-diacetoxy-6-[4-chloro-3-(4-cthoxy-

27
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7.41 (dd, 1=8.34,2.78 Hz, 1 H), 7.20.. 7.33 (m, 2 H), 7.11 (d, J=8.59 Hz, 2
H), 6.83 (d, 1=8.59 Hz, 2 H), 4.92- 5.02 (m, 1 H), 4.30 - 4.52 (m, 1 H),
3n6264s4 4gw 6 H), 3.74 (t, 1=9.09 Hz, 0.66 Ha), 3.57/3.56 (spd )34 /079654
(t 1 9.09 Hz, 0.33 HP), 3.42/3.41 (s, 3 H). MS 30 (ES+) [M NH4] = 428.
y/ 0 |
R e B b ohee L 8 e o pur
afhy‘@ﬁﬁﬂﬁyran 3,4,5-triol A. Preparation of

1-445- brﬂ%%%%ﬂﬁrﬁﬂti?rtzéﬁ%}o‘}@ﬁﬁ%ﬁ tert Q%Wk'@'m%ﬂawﬁﬁaf‘ﬁ) 3Mi%4q, =821,

compound was prepared as described in'U.S. patent application

pibficdtionthle 7 200670951738 o Wﬁmﬁa@’é&f%fﬂé@aﬁ M@h‘eéﬁl\}bﬂzelrﬁﬁeﬁ 11 (dd,

972006.7 96 18-, 1 1), 5.02 (t, /=9.73 Hz, 1 H), 4.54 (d, /=8.08 Hz, 1 H), 4.33 (d, /=9.85 Hz,
(S)-13-44-(tert- butyl dimethvl- S”aﬁlﬁg#m enzv11-4-chloro- pheuvl

}-
1{34s 5% 6R 6h&-6tert-blity-H Silarifloky? (5. 3 APIAT (3 1), 141
)%@é@lm@tby}lﬂemam furoN2i3- dﬁj, 31d|0x01 5-v1l-methanol. A
solutlonDof _ 0 ) | te| ml diethy
ether wasc¢ooied ' d Neris QL0 S CUGCY-DENZY L =h

Znﬁﬁmlshefcﬂeaitebinwwaumﬂs 55d!/| mcha»smemdﬁﬂxbmmﬂ:)omwrmg@% g, 112
mvlarl"{ §§te;[ hg lstﬁ@%@”{??’ 3354 stEred mo n%&c@h%?é teS A}f?ﬁ%'##% stirring for

mmol) compou f%ém el ste
eiHeDruvvaEhad@FemOTrh\rSSrﬁh@n‘ﬁdﬁlmxgéweC%m@@@lﬂfe@mm%d:tfmes(?mnme§ he residue

follwedyed 5 BhetPG.dine criidereastionwas iiiered,onesd pastdo@fund

silica gel with excess diet é/_l ether, which was 'subsequently removed in
VERASE T rHEC R CREBEIN IS AtisfstoRiRs AR through g usr of silica gel with 5%

d@@@ﬁr{e@me@ @éﬁb@afé@sﬁmammgcﬁeﬁp%@w@élaqﬂ@ig%ﬁ@%%&%@ﬁa%gwe
re.re S y chr tography on silica gel (4 to 8% et
a &é{%ﬁgﬁﬁeé@aé?aa?aw §fa° SR Gl é@%%ﬁ%%@?wsewydm “pyran-

(ardesiidd diasietcomer)o 20444 ebslMRr(ﬁ@Q)MHz, Chloroform-d) (3 ppm

g:ég gg %HS{’%@% é%‘é’r Oi“ %ﬁ?ﬁ%@%@%@y 177!3),_'233 727 (m, 2

HY),4.70 (d, ms@ielzz Hi)H@ 82.20 fo8 5931702H7), 1.13)44.87. (d=4180,4.15 (d,

2001t 2T B AR TS SRS
H)HD@BO(QJEB%)I 1D, !@8585{133 B).128E 2 PPebaratioiiaf 1.40 (t, ./=7.07 Hz, 3 H). MS

(A5 3RARSS)r2= Lbnghloro-3-(4-hydroxy-benzy1)-pheny11-6-
methox_y-tetrahydro-pyran-3,4,5-triol. Acetyl chloride (O 17 mI) was added

to 7 ml of methanol n%}sgge%ég};l?
T

solution'Was t feth-to-a ’3 )
Ston B, which W Sqroky teraharp-pyaan ) SR Bropyl
was cooled to emperature and quenched Wlth 50 mi saturated

WO 2008/042688;5’@@007 079654 aqueous sedium bjcarbonate. This
aqueous layer was extracted 3 te (3 X Sﬁﬁl) The

combined organic layers were \Wwa Hy riedNQver Ignesmm
sulfate, and the solvent was removed in vacuo The esidue was purified

by silica gel chromatography (0 to 20% met| gipmethane

gradient) to provide approximately a 51:1 mixtur a P anomers. Yield:

65%. 'FINMR (400 MHz, Acetone) 8 ppm 8. 1 r.s.,1H),7.33-7.40

(m, 2 HY 1% Dorud: {18, Eadmﬂe Heted BAFSmas ¢d, mm@leaqz:egtmw@%
(ﬂrdpﬁéﬂl IRL,Z(OZJ ITQ% 7(%&@3% 8: §41b|%t QepcHR), 1454340&9%11%@%%509 "g@ds biown
Ha), 4.33 (d,1=7.58 Hz, 05H ,4.19 (d,1=9.35 Hz, 0.5 H[3), 4

Soxpariy N e Blownlqwy @IPFZS féoe’xrﬁa%m Thesms il tgca@ctévm acetic
L @R )78 85 ¢ 2kubrddBindydrd dindh 31 i ol @ittt MBrESAX M N FlRkthed with
= 398. 6.11. Example 11: Synthesis of
(2S,3R,4S.5R)-2-14-Chloro-3-(4-e(hoxy-benzy1)-
phenyll-tetrahydro-pyran-3,4,5-triol 8
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HO Y WOH H Toluene-4-sulfonic acid (S)-(tetrahydro-furan-3-y1) ester

(31 mg, 0.126 mmol) was 15 added to a suspension of compound from
Exampleelfgstep C (16 mg, 0.042 mmol) and cesium carbonater($8-x870654
0.126 mmol) in 0.22 ml NN-dimethylformamide. The reaction vessel was

sealegand Dealedd 080k Jokital WhoRrcaoling oy R%’mt%m%e@}%’@thﬁzo sat. aq.

crude reaction mixture was quenched with 2 ml brine and extracted with

ety abtats! (iR with brrkecrirsinte adorgaer e isreddrad evepntrated

seelivm sulfate andigenseptiated dn: Hﬁ@&'%@@@@@n‘(@mﬂ@a@hﬁ eRRIGa MeoH (1
gel (Q to 10% methanol/dichloromethane Bfg’r:adlem) provide

(P83 AS BRY2 AR AN A Hey-Bh YA PREA KB BTy Palbe residue
sw,wt@m@cst@ dlearcviscausaikhwhich; 1pon oomemmamzc L) to give 90% pure

i Omgn‘? hane ‘{‘1’8;%%95 ned I%?rﬁ%i'% i Jr%%bgga cf"](}/ I 'Hzo-m%

ZB@@CFFZHZBIIH)IIMMM}IEY %mhnpﬂrﬁﬁ%lﬁ&ﬁd) l,gajﬁﬁbﬁzuﬁhm 4r9ﬂyoph1 ized

1
N O S I S R T B s B
Hetrahpiroanysipd2evs. 34 mepsd- wt@gge(&m%mm mBOIHE b)Y, B2 76ratio of -
-3,894m, 2 H), 3.72 (t, 1=9.09 Hz, 1 H), 3.50 (t, ./=9.09 Hz, 1 H), 3.41 (s,
1.5 Hp), 3.35 WO 2008/042688PCT/US2007/079654 (s, 1.5 Ha), 3.29 -
3.34 (m BN (80857 MeODM) rp77 28 03 4Adm. Mﬁ)vl”slét_sm([mz H), 7.08

Nhi%s% 4686:12¢ @2(%8191% %%L;Smi}e@wﬁh (25535:320.33 H), 4.98 (d, J~11.9 Hz,

-2-14-Chloro-3-0-hydroxvbenzyl)-phei tgy Blperldlne -3,4,5-triol HOOH
C9 TH) A ﬁ@pérg Zf-67 H), 4717(d, /9.9 Hz, 0.33 H), 3.92-4.06 (m, 4 H), 3.46 -

((BSHSIRO6AS)-5:1azid02 145 LAChlor erg4dsethory-beney); 1.36 (1, /~6.9 Hz, 3

Ve é% G, gsrssé o

Example 1, step D (682 mg 1 24 mmoI) and PPI43 (489 mg, 1.87 mmol)
in THE?672 mEsREREd et mi 2Ri35.4 Ac{ihia

diphenyl phosBAgEazitie- {0 LA

stirred for 1.5 hours, qugcheg W|th satcgq NE140, dlluted with Et20,
washed with H20 and biine-{withbatk extraction), dried overMg504, and
concentrated under vacuum. The due l D rlfled)hy flésh

hyl } 2 2- dlmethyl-
15tetrahydro-furo[2,3-d][1,3]clioxol-6-ytoxy)-tert- butyl @ﬁnethyl silane (636
mg, 1. mdmmdmsﬁ%ﬂ asayellosoing, 0 13 mmol) and hydrox UrhMiMRy A8 loride

A I N
5eiﬁt(<d1=/8a54;l'diz:,dlwﬂ)1, HG8 (dwdsBe85vidz | M) 3B $d) 1 FB.O4stdzad. NYHCO;, and
%ggc(gklgl%gaég’ e@dzr’ag’til(_)%,dﬂr}éd over Nap5Qy, filtered, and concentrated under vacuum.
The residue was suspended in H,O and lyophilized to give (2R,3S,48,58)-5-[4~Chloro-3-(4-
cthoxy-benzyl)-phenyl]-2,3,4,5-tetrahydroxy-pentanal oxime (46 mg, 0.11 mmol, 88%) as a
5:1 mixture of oxime isormers.

Major isomer 'H NMR (400 MHz, McOD) 8 ppm 7.31 - 7.36 (m, 2 H), 7.23-7.30
(m, 2 H), 7.10 (d, /=8.8 Hz, 2 H), 6.80 (d, J=8.6 Hz, 2 H), 4.63 (d, /=8.1 Hz, 1 H), 428 (t,
J=6.8 Hz, 1 H), 3.96-4.03 (m, 4 H),3.90 - 3.94 (m, 1 I}, 3.59 (dd, /=8.0, 1.6 Hz, | H), 1.36
(1, /=6.9 Hz, 3 H); MS (ES+) [M+H] = 410.
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20(dd,1=9.98, 2.65 Hz, 1 H), 3.98 - 4.10 (m, 4 H), 1.38- 1.43 (m, 6 H), 1.29

(s, 314), 0.96 (s, 9 H), 0.20 (s, 6 H); MS (ES+) [M+NFLi]l = 591. B.
Rreparstionssf 2R3S 4S 5S -5- ahox-buzl-lien d- methyl PCT/US2007/079654
}-tetrahydro-furan-2,3,4-triol. Acetyl chloride (0.175 ml, 2.45 mmol) was

added tp MeOH (/g g1 R SRlion wassliaRd dpnineies, nenaddedy henzy)-
to azide from gign, &)(392=22 R0 68 MMaN DS TEACHORLWaSi sHiTed Tor

16 hours, then concentrated under vacuum, rotovapped 2 times with
MeOH, and placed on the higlo 8 Whlte solid Ehe solid was
treated with 1:1 Ac014:H20 (7 m X hours. The reaction was
concentrated under vacuum, rotovag nes wi Ne, and placed
on the high vacuum. The residue was purlfled by fl sh chiromatography

(40 g Sift, 0-6% WO 2008/042688PCT/US200 54 Me@QH:CH2C12)
to give (2R,3S,4S,5S)-5- 5M

{azido- RS -4- ehloro 3 (4 ethoxy- benz 1 phen IImethyI
-tetrahydrSIRREAUSI0L SERIGUE G088 3-03 :

&MM@T&CQﬂT‘QMMﬁ){%@&rMb@mMeQ@%Dm 39((@@@&&31.4&63 ‘3(411 ]E'J(Zamp]c 5,
7.30,( 7.09 (d"1=8.8 2H 68 (d
st o0 Sy T ey S B S e it trp b e o 8

Grﬁ)lﬂ)r; 2 166:dl, F%Q@&Hzﬂﬂzﬁeﬁl)ymmzm‘z&m @itH)] 3197 mm%m BB, sat. aq.

ﬁ\l% %(%%fdd I I%H6C6 %c%goycr C]J %% CGd (&nd' g%nig ra‘a c} &%)de%% 1] f) The

437. C.Prep_a_ra cm ‘0 elthner- rlo ompoun
fr@mi@@efpaspcmfisedq@y 0252 ehivioegserhy dragehiatedittie FI@AC:Hex.) to give acetic

@1@%@@%%59&4@%&8/% B -2::1@‘13015999 Q26 QDZBF!)'\{!SBW@HD@OWM

Wlth cOH (0.25 ml) for 6 hours. The reaction was Q?@ered concéntrated

Ur eI gttt with R 0 WA it L 698 2. TROCO 3878eTs

brine, d*@ﬂ@!@[fﬂﬂ@%ﬁ@“(ﬂk@%@w sepeentratedandervaguum. A 23 (m, | H),
portion of the material (about 55 mg) was purified prﬁi%}%PLC Sunfire C18

3051 00- HirPEolbim’- 20206 MeEN-HPOTE (M NH4dAad)Pis mitiute) (m. 0.75
4—5)mlérnln) mm{ommd b gjvw 6 Hz, 0.25 H), 4.90 - 5.11 (m, 2. 75 H), 4.86 (1,

O S - e T PN R 1 0

ViR0D) 16(@:#)%3 851(@1 Hz8)08 Hz 211028 (fd)lz.zm,lazzﬁ}m)zm&, 0.25H), 2.01

R b7 o a7 ety S0l € B B s ey -
-3340 (m, 2 H), 325 703.29(m, 1 H), 3.12 (dd, J=12.00., 5.18 Hz, 1 H),
2.56 (dﬁ f"%&%oﬁ%&@&% a11: H??:é‘@f@ig é—S@ 93. Eﬁcédil‘)ﬂ—Mg (ES.3- {4-cthoxy-

nt esis of
i dm -pyran-3-vyl ester. Compound from step A

keemzyﬂg D'W}MM)@H& M@vw}rﬁ@&r@méﬁ%&m@mﬁ ﬂ')§ triot %ﬁﬂol) were dissolved
%_‘)Sg%%gﬁ%g@féw t j}gﬁ%%%ﬁ(%ﬁcgo 1?%1 ?%';)ni} S, df?tltg(? \{&1‘15;"1 EtOAc, washed with ]

M aq. NaHSOy, H,O, sat. ag. NaHCO;, and brine (with back extraction), dried over Na;S0,,

filtered, and concentrated under vacuum. The residue was dissolved in CH,Cl;, cooled to
<78°C, and treated with DBU (49 ul, 0.33 mmo!) followed by N-chlorosuccinimide (44 mg,
0.33 mmol}. The reaction was stirred for 20 minutes at -78°C, then allowed to warm fo room
temperature over 15 minutes The reaction was diluted with EtOAc, washed with H0 and
brine (with béck extraction), dried over MgS()g, filtered, and concentrated under vacuum.

The residue was purified by flash chromatography (12 g Si0,, 0-50% EtOAc:Hex ) to give
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A. Preparation of (2S 3R
4R,5S,6R)-2-1-4-chloro-3-(4-cthoxy-benzyl)-phenv11-6- eth Nunn
latetrals/drmsgan-3 4.5-triol. To a solution of bromide from Examplers:&i€pros54
B (291 mg, 0.50 mmol) in EtOH (5 ml) at 0C was added NaSEt (84 mg, 1.0

i r i
e i S NGO o WO 200G A2 R T Saob e aka (7
WitHUISFR Rt B R ExnieaBr)Ydeder SVerraRSOantitepdlt)and

Concenﬂf@tﬁdmﬂ@@b\@ﬁ%umﬁ&%{%s}%%&@{ﬁ%IQLW ledhay; flashy | H), 730 (dd, 8.2,
chromatograph ‘/g Si02, 0-7% Me H2C12), suspended in H20,

and y® ﬁk@d (61 3SR 4R, B BR)-DR4CdhforotB- 6.83 (d, J=8.6 Hz, 2 H), 6.64

(@etg%w bgaayy%S@Sm?r)@yllr@isetﬁytz%qalfam tetrahyidre-pyrand.4 2-igl (126, 510 -
(o] %).as a whi
Rt TBe A TR AR reto e BT, 275 10 1435 319 11 (1. J=7.1

7ER6 (1) 2VH) (7510 [(:wﬂqsﬁsam 2 H), 6.80 - 6.85 (m, 2 H), 4.46

; s . Anfok e, @mmumd fﬂ.Qﬁll%(tpﬁ@@ﬁ?gm-l?zS Bimol) was
H)ecgtc%%\ﬂ 117“5 Wi ﬂ?l Wd\ﬂﬁi%%ﬁ EMWE{&P _fﬁ§§6dct enBWa@rg&% %EII 2Wed under
of (25 3R,4R,5S 61:0-2-14-chtoro-3-(4-ethoxv-benzvE)-phenvl
SYRHRBBUIRAY It EACT 2 mblcarfamtowphy (12 g 91023 0-12%
(RRBR:4R,08)0RM2eAda G 0I0; Brifrethonybeng v rhemyd 1rbsgthanestll .3 (4-

onvl-tetrahydro-nyran-3,4.5-triol. To a solution of compound from step A
(FB%Y 60 3 RiB T ARBHNETS ymgdaadﬁéfa%ze@c(@g%cﬁé%w.%ﬁ‘* mmol,
i 5 14208i8go04092 mmol, 9 ul). The mixture was stirred at ambient

e AR 5 s 11,71
O T st ek i LT

i, !Lg%) atid.! Hz, 3 H); MS (ES+) IM+HT" = 408,
(2S,3R,4R,5S,6R)-214-Chloro-3-(4-ethoxy-benzyl)-phenyl]- -6-

20ethaegulfonyhieiaby K enpyéan vl .G O3 H o9 APV DO BS WL x v-benzyvi)-

solids. phenvil-5-flugro-6-methoxy-tetrahvdro-pvran-3,4-diol
(2S,3R,4R,5S,6R)-2-1-4-chloro-3-(4- ethoxy benzyll-phenv1]-6-ethanesulfi

nyl- tetrahydro-pyrarti3;4,5-fic , methanol) 6 ppm 7.37 (m,
3 H), 7.31 (m, 1 10, 7.24 (m, 2 )681(m 4 H), 4.46 (d, =
9.9 Hz, 1 H), 4.28 (d, 1=9.6 Hz, ;™

9.9 Hz, 1 H), 4.03(m, 4 H), 4.00 (m, 4H)385(t ,
(t. J=9.6 Hz, 1 H), 3.57(m, 21-1), 3.37 (m, 2HAT) 309 (M, 1 H), 2.9 (m,
1 H), 2.91 (m, 1 H), 2.80 (m, 1 H), 1.31 (m, 12 H); M&(ES+) [M+H]' = 455.
f2S,3R , . |

pyran-3.4-diyl diacetate. To a flask charged with 282 mg of tetraacetate from Examplc 3,
step A (0.5 mmol), 1.25 m! of HBr (33% in HOAc) was added. The reaction was stirred for
one hour, diluted with 50 ml dichloromethane and quenched by pouring into ice water. The
organic layer was separated and washed with saturated aqueous NaHCO; and brine. After
drying over magnesium sulfate, the solvents were concentration in Vé.CU.O. The crude residue
was taken up in 0.5 ml dichloromethane and added to a suspension of copper(Il) sulfate (20

mg, 0.125 mmol), Zn powder (82 mg, 1.25 mmol), and sodium acetate (984 mg, 12 mmol) in
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tetrahydro-pyran-3,4,5-trio:NMR (400 MHz, methanol) 6 ppm 7.28 (m, 1

H), 7.16 (m, 2 H), 6.99 (d, 1=8.6 Hz, 2 H), 6.71 (d, = 8.6 Hz, 2 H), 4.46 (d,
JxD260kiayzdskl), 4.19 (d, J = 309.4 Hz, 1 H), 3.90 (m, 4 H), 3.84c(t;ib=8:B079654
Hz, 1 H). 3.46 (t, J- 9.1 Hz, 1 H), 3.24 (t, 1 = 9.1 Hz, 1 H), 2.98 (m, 2 H),

1,264 of 10 Bil% a3 H)3 2 -18)(LihiTs fB A B3 hiMRES SN aBerature for
488. WO 2008/042688PCT/US2007/079654 6.14. Examgle 14: Synthesis

ot 86t Rich (PRI UM BEsseyhurecdiyHBoRyRe-conneHidsubls and 82 mg Zn
etbaxyrbeduzyhrahenyhitZ-metyiiany| tetiab ydeopnsansdnvlestei tracted with

C%S 5A. Preparation of =~ . TP :

(2 %ﬁ?ﬁﬁ{%g%ﬁj’l%ﬂ@eﬁﬁo‘f’ SACSthBW-BEREGPHEHG 1t removed in vacuo.
nivéithiy ISuitfamuldetsain ydveigad 821 3,4, 55 tribl A Tah msebutiontief biomidefiom! -3 ,4-
E ste, Z.mg, 0.60 ol.),in EtOH (6 ml) at OC was added
Bt e T i

, 0.72 mrnol. e reaction Wélses irred 30 minutes, then
diluted VA ER A GIdEhe Witk dilute aopNaOBS dnd whthtbkinel (With BACK, /=8.08,

tion), dri er, 4, filter d,.C rat er, . L2 H
Lo I e s B o, GO g ANyl gt 210

5% (e Oid: G261 Bz subpehdte itz 0,0ana- iyopHifizde togivie32 (dd, J=9.60,
(298R412159.0R)-2ek4:6010F8:-3-01 (g, J=6.82 Hz, 2 1), 3.96 - 4.10 %n, 2 H), 1.96 (s, 3
(4-ethoxy-benzyl)-phenyll-6-meth Isu(]fanyl-tetrahyd‘ro- ran-3,4,5-triol
(B2l 0.8 kit 7 57 e et posEer L AN (00 ks,
Chlorofgyrpred6:p0r07 (39,66, dx8 8412 Lk dre2 (Adsilo8,08n 2A2-@env])-5-
. 1H),7.17 (d,1=2.02 Hz, 1 H), 7.10, (d, J=8.59 Hz, 2 H), 6.83 (d,1=8.84 ~
agoc( oxvteiralydro-2 T yTanss £ ?Jggs%ﬂg&sgl ﬁi)ﬁ; @;@é.j%&?ﬂ]_moi) was

(A dAdH), Bs6TiticB. BBmibib)] BBt BAGMn2 H)02B0relp SR @7 iz, 1

H),.2.53 (d, J=2.02 Hz, 1»45? 19,(% 3 H), 2.04 (d, I=2.78 Hz. 1 FE, 1.41
SRR T b, T B L g
(2RIBBXR [5S;68platBullackionyy-6Ti4-shivioi3+¢4-quadched with 2 mL saturated

eat&@@%?ﬁ pEd)sph eyl d-2-mat QM&%%W%N&#@%WL‘? “Pya %_’tﬁéﬂc %ﬂﬁ{cted were

Triol from step A (45 mg, 0.11 mmol’) was treated with acetic anhydride
(B05GtR O e HirToNY R pyHbFRBAOIB i) for e hotiks rrheoresedBmwds to 10% ethyl

dibsted mithdetd Qrovasiiad it AnM-ad  NABES Pdiakian Satb @k NBHEPRas then
and brine (with back extraction), dried over Iglg%gm’ filtered, and

CBIREE A URBAE JHEHAR T RIS W I ER B Habie reaction was stirred at
chnoimatagnaphyifd ©:5102 202 5% AbE10A texhcdusiended watd2éhdndracted with

Iyophilized to.acetic acid.(2R,35 4R 5S 6S):4 5- -
S S L DB T T Bl e gndpgoonttes
Hydrospgeend 3nglo 8618 r3R16 RitR ORBT- [hiiddro7d94) @bca winite:gplitieny )-5-fluoro-6-

methoxy-tetrahydro-2H-pyran-3,4-diol as & clear oil.

"H NMR (400 MHz, Chloroform-d, 3:2 a:B anomeric ratio, 2:1 axial:equatorial
fluorine ratio, isomers due to the minor cquatorial fluorine structure is noted in italics) & ppm
7.41(dd, /=8.34,2.78 Hz, | H), 7.20 - 7.33 (m, 2 H), 7.11 (d, /=8.59 Hz, 2 H), 6.83 (d,
J=8.50 Hz, 2 H), 492 -5.02 (m, | H), 4.30-4.52 (m, 1 H},3.96 ~4.27 {(m, 6 H), 3.74 (t,
J=6.09 Hz, 0.66 Ha), 3.57/3.56 (3, 3 H), 3.49 (t, /=9.09 Hz, 0.33 Hf), 3.42/3.41 (s, 3 H). MS
(ES+) [M + NH4]" = 428,
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WO 2008/042688PCT/US2007/079654 "1VIR (400 MHz,
Chloroform-I) 6 ppm 7.36 (d,./=8.08 Hz, 1 H), 7.18 (dd".1-8.21, 2.15 Hz, 1

WG 2R@as7:dH (m, 3 H), 6.83 (d"1-8.59 Hz, 2 14), 5.27- 5.34 (ga; e Bes4
(t, 1-9.60 Hz, 1 H), 5.04 (t,../=9.60 Hz, 1 H), 4.50 (d,./=9.85 Hz, 1 H), 4.37

(d,1-9.89 i R o LA B N T L

(s,3H),1.72 T
565, 6.15. xamer Lt el

(2S,3R,4R,5S,6R)-2-14+Chloras3-

benzyl)-phenv11-6-methan dro pyran-3,4,5-triol To a
solution of the compound from BXa ,' ~ste .0.097 mmol) in
10 AcOH (0.5 ml) was added H202 (35 wt% s Iutlo in H O 20 mg, 0.58
mmol, 57 ul). The mixture was stirred at ature for 18
hours before being concentrated under vacuum. Byrification of the mixture
by silica gel chromato raphy (5% MeOH/CHZClZ) afforded

(2S,3R AR G IND AN, B0 Vil MEyhasthyl-silane.

1@@%&{%&@%@%&%& §, H@Qb{%@m L‘I’r@o/?)aﬁﬁt&iy\fhi@tﬁﬂ Iﬁlﬂ@i{hihﬂ%
(400 MHz, methanol) 5 ppm 7.2 27 (m, 2 Hés)7 10 (d,J=8.4

s
QQOE/%SH%%HHW%‘%%E@%) w%ﬁ@‘tadjﬁowizﬁﬁf 0830 (d, J= 9.6
Hz, 1 HR. 4%3%4&)13&&8%131&%91Li}dﬂyibﬂ);i%ﬁﬁrmé!laﬂolo%cﬂ;\lﬂ%

N I MSESH - 5.
o o@m@m@mﬁ&w@f@r&ml@w@rﬁma‘rmy@p Ain

r } 3] [l K 1 &
?WH{P%QJSUI%%/J& fxfe%,ch ?gc%o f&%x@%‘i@{%ﬁr@%% . T this was added 2.6

tiHyd ey pipbitiEg 4 13 56h ahbwn% & sblatioh sfahereeide ebmpoumg. Th

from:Exampleilel stemec(RS mgnMdn mpkalmléél&% @gmtksm&ag%ﬁmoum
acetic anhydride (19 4, 0.2 mmol.)

2“66@/81%@9Floﬁﬂm%?@é%véésthhéﬂ%‘éfa%ﬂbﬁ% StReEF 6T i was stirred

rﬁﬂ%%%ﬁ%ﬁ@ﬁ@&?{ﬂ@v&ﬂ%ﬂt nemoi) ovas addeshandastioingwaiered over a pad
]nued Jge re Lon W}?S diluted with EtQAc, washed with
el ke dh

sat. ag. R S B NAD SEACSHERISa gy ed In vacuo. The
qmndemnammmmaapmammmmﬁf hd fesidue was purifieddy flashnewly formed

and F&gs%ghze (18 0:PAR% 816 MeOkiG Hy%gp]azgtc%y nrg)?ndatégg"gpﬂy oh silica

to give
E@(@S@@ﬂ@@k@%{@@hﬂf@mS%(&i@!ﬁbxy-lbbhﬂ)% oleeingd diastercomer), 58%

%&@g%g%gg%ﬁ%gpm l-yll-ethanone (14 mg, 0.033 mmol., 33% for 2
steps) as a white solid. LH NMR (400 MHz, MeOD) 6 ppm 7.33

(d, J=8. FuNMR1449 ¥Hp (delorelme dBopt 17HY, 7R3 1. 1717 @87t 7.11 (m, 1

hb)) 77@? (Qg ﬂg?ﬁﬁﬁz 2 F&)g@@slﬂadsls*)&&“*ﬁ 2 59,3, %8 é@ﬁ;@% ﬁ@j 430 (d,
5 Rz Aoy Db @5 e 8 1, M s &ywmfgm 1, 700 o, 5.0

Hz, 1 H),3.97 (d, J=3.03 Hz, I H), 3.85 (d, J=3.03 Hz, 2 H), 3.16 (br. ., 1 1), 1.27 (s, 3 H),
113 (s, 3 H}, 0.80 (5, 9 H), 0.73 (s, 9 H), 6.00 (s, 6 H), -0.06 (s, 3 H), -0.18 (s, 3 H).
C. Preparation of (25.3R.4R.58)-2-[4-chloro-3-(4-hvdroxvy-benzv-phenvi -6~

methoxy-tetrahydro-pyran-3.4.5-triol. Acetyl chloride (0.17 ml) was added to 7 ml of

methanol and stirred for IS minutes at room temperature, This solution was transferred to a

- vial charged with 0.446 g compound from step B, which was then sealed and heated to 80°C

for I h. The reaction was cooled to ambient temperature and quenched with 50 ml saturated



15

- Si02, 0-10% MeOH:CH2C12, susge

6.17, Example 17: Synthesis of
(2S,35,4S,511)-2-14-Chloro-3-(4-ethoxy-benivl)-

pheddaddatrinydroxy-piperidine-1-carboxylic acid methyl egteF g it@iokossy
OH OH 15To a solution of the crude compound from Example 12, step C

(38 I.)and N 42 mg, 0.5 mm

e R AR AR M AT Sl ot st 0 x 50
018 et Joheredactionolasstived forsieHovith mmmédnwmmggﬁmm sulfate,
washed wi %H%%@@%B{m@u(\w&ea%@%@%%%) Oﬂﬂﬁﬁc%‘ﬁ%f Naz2sQ4,

filtered, and concentrated under vacuum. The residue was purified by

ﬂa%W@Hf@ﬁfm%@é%hy% §iodsnosipli oo XN 30 Sueyepdper gimately a

H20 a0 lyophiliZ oL In.aiverd, 39¢4S,5R)-244-
chloro-3-(4-ethoxy-benzyp-pheny11-3,4,5-trihydroxy-piperidine-I-carboxyli

e acid mHtWBsﬁ‘@?QMW@W@)mmW S260kbor-21stBpé)yas a-ihite 2 H), 7.29 (dd,

solig.os, 1.77 iz, IIMAR (G00MEZMQODXE; PR LB24d/=8:34 Jl*?z @d J=3.54 Hz,
15 (dd,1= 834 2.02 z 1 H) 710 ,1=2.27 Hz, 1H) 7.04-7.0

&—P)f‘@%ﬁﬁd @zﬁg"wzz%ﬂﬂw(@ @51-'6%%@%0 3 Hj 400 (@ 14”? @)SIHZ 0.5

"%3953 11 318)=3 3864, tri ), B (0 73075 @1, & Khiny360(Ss %fﬁ(h%% 4115
(n. 11, 3.46 (dd. J=14.40, 3.28 Hz, 1 HY, 1.36 (t.1= 6.95 Hz,

M ESH) EVk-BHa 4367 v@é72@0810&@688%@&%@@07?@7@6543%818

Exam de 18: S nthesis of 25 354S R 2 4- Chloro 3- 4-ethoxv-berin

plienvil-3,8 5-tuilkyeiprevt pipstigling:d vwarsylic agd alvl emide Bl b @ v-benzyl)-

OH To a solutigment the etidaapmpadrddmmidixample 12, step C (38

mg, 0.1 mmol.) in 51:1 EtOH: EtOAc (1 mL) was added allyl isocyanate (18

ctL, 0.2 mmot.). The reastjofv

under vacuum. The résidye was

420 8 iized to give
HO I OH
GH

Toluene-4-sulfonic acid (S)-(tetrahydro-furan-3-y1) ester (31 mg, 0.126 mmol) was
added to a suspension of compound from Example 10, step C (16 mg, 0.042 mmol) and
cesium carbonate (46 mg, 0.126 mmol} in 0.22 ml N N-dimethylformamide. The reaction
vessel was sealed and heated to 80°C for 15h. Upon cooling to room temperature, the crude
reaction mixture was quenched with 2 ml brine and extracted with cthyl acetate (3 x 2 ml).
The combined organic extracts were dried over sodium sulfate and concentrated in vacuo.
Chromatography on silica gel (0 to 10% methanol/dichloromethane gradient) provided
(25,3R,48S,5R)-2-[4-Chloro-3-(4-ethoxy-benzyl}-phenyl}-tetrahydro-pyran-3,4,5-triol as a
clear, viscous oil, which upon concentration in dichloromethane was obtained as a white solid
(10 mg, 55% yield).

"HNMR (400 MHz, Acetone) 8 ppm 7.35 - 7.41 (m, 2 H), 7.30 (dd, /=834, 2.02 Hz,
I H), 7.16 (d, /~7.58 Hz, 2 H), 6.83 (d, /=8.59 Hz, 2 H), 4.93 - 5.01 (m, 1 H), 4.74 (4, /=3.79
Hz, 0.5 Ho), 4.42 (d, /=9.60 Hz, 0.5 Ha), 4.33 (d, /=7.58 Hz, 0.5 HB), 4.20 (d, /~9.60 Hz,
0.5 Hp), 4.05 (t, /=2.53 Hz, 2 H), 4.05 (d, /=531 Hz, 2 H), 3.93 (dd, /=10.11, 480 Hz, 1 H),
3.75-3.89 (m, 2 H), 3.72 (1, /=0.09 Hz, 1 H), 3.50 (t, /=9.09 Hz, 1 H), 3.41 (s, 1.5 Hp), 3.33
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(2S,3S,4S,5R)-244-chloro-3-(4-ethoxy-benzyl)-phenyl]-3,4,5-trinydroxy-pi
peridine-1- carboxylic acid allyt amide (14 mg, 0.030 mmol., 30% for 2

stepsvasadhite solid. 10ITLINMR (400 MHz, MeOD) S ppm #¢32u(shos /679654
J= 81Hz 1H),7.16 - 7.20 (m, 2H) 7.07 (d, J=8.8 Hz, 2 H), 6.80 (d,

SR S S My T e S Fad B

M £ #68.3.69 -3.81 (m, 3 H), 3.59 -3.6% (m, 1 H), 3.56 (dd, J=7.3, 5.1
Hz, 1 H), 3.47 (dd, J= 13.9, 3.5 Hz, 1 H), 1.36 (t, J=6.9 Hz, 3 H); MS
(ES+) [M14] 246810671 % EXRmRIerk 95 S¥NINeHS- 0f 4-Chicro-3-(4-hvdroxy-

(25,35,45,5R) #afdvi hiaeadr@nathawyebenzvio:
phenyl11-1-methyl-piperidine-3,4,5-triol ci 110 HOOH OH To a solution

of the compound from'Ekample
K2CO3 (55 mg, 0.40 mmol.) in D .
(10 4, 0.16 20mmol.). The reaction¥ ifrea #6143 hbl then diluted
with EtOAc, washed with H20 and brine (W|th bimwudned over
Na2S04, filtered, and concentrated under vac re e was
purified by flash chromatography (12 g Si02, 2-12% MgOH:CH2C12),

ngemvmmerwm{axﬁemwm{fmq-mmmnﬁnB 1B3R6) G5 e wvhite sl -

| :%1% §%9¥0l8 a41:12c:6 gpctgf,i[‘l%%%%/o?%%]%r of ?i% Zlua} fN (?Ln‘_%g 09 ME_' step D (682 mg,

(dd4d megd), apcgﬂ% {4BP nz 0D {d nuesleiHEHY k)2 @@D\*(@b ﬂf@:é HiZ)2 €8f; ul, 1.87
A?I9§O€§ ;ﬁ?ﬁg@e@ b%/gd ﬂhqmgl ﬁh‘&'ﬁﬁ%@? ag’l@c“’(&% LQ%Q@ %%&n%}%ﬁz "Hfé‘)reactmn wWas

1=11.1, 4.8
Hslf@dzﬁ)(d &h@iﬁ’%‘:&cﬁﬁd il ﬁ--mﬂﬁ ﬁi dﬁsm Vii‘f@a‘?téjswq)hqd%ﬂh H;0 and

Oodird @ htzb &AM AR S dMeddndE 3, 392 HRONESRIMRIRGacuum. The
esis of (29,3S,4R,SR 6R) -2-13-(4-Ethoxy-benzyl

RSB AU S BT S e haf ECOACHex,) 0 give

((3aS5,59,6R,6a5)-5-{azido-[(8)-4-chloro-3-(4-ethoxy-benzy)-phenyl |-methyl }-2,2-dimethyl-
tetrahydro-furo[2,3-d][1,3]dioxol-6-yloxy)-tert-butyl-dimethyl-silane (636 mg, 1.11 mmol,
89%) as a yellow oil.

"H NMR (400 MHz, Chloroform-d) 8 ppm 7.40 (d, /=8.08 Hz, 1 H), 7.16 - 7.20 (m, 1
H), 7.15(d, /=2.02 Hz, 1 H}, 7.10 (d, /=8.59 Hz, 2 H), 6.80 - 6.85 (m, 2 H), 5.79 (d, /=3.54
Hz, 1 H), 4.58 (d, /=9.85 Hz, 1 H), 436 (d, /=3.54 Hz, 1 H), 430 (d, /=2.53 Hz, 1 H), 4.14
(dd, /=9.98, 2.65 Hz, 1 1), 3.98 - 4.10 (m, 4 H), 1.38 - 1.43 (m, 6 H), 1.29 (s, 3 1), 0.96 (5, 9
H), 0.20 (s, 6 H); MS (ES+) [M+NH,]" = 591

B. Preparation of (Z2R.38.48,55)-5-{azido-[(5)-4-chloro-3-(4-cthoxv-benzyD)-phenvl]-
methyl}-tetrahvdro-furan-2.3 4-triol. Acetyl chloride (0.175 ml, 2.45 mmol) was added to

MeOH (7 mi). The solution was stirred 15 minutes, then added to azide from step A (392
mg, 0.68 mmol). The reaction was stirred for 16 hours, then concenirated under vacuum,
rotovapped 2 times with MeOH, and placed on the high vacuum to give a white solid. The
solid was treated with 1:1 AcOH:H,0 (7 mi) at 100°C for 2.5 hours. The reaction was
concentrated under vacuum, rotovapped 2 times with toluene, and placed on the high

vacuum. The residuc was purified by flash chromatography (40 g Si0,, 0-6%
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A. Preparation of (3R 45,5R 6R)-3,4,5-tris(benzyloxy)-6-(benzyloxymethyl)
10tetrahvdro-2H-rwron-2-one. Tetra-O-benzyl-D-glucopyranose (2.07 g,

S mpzal) s dissolved in DMSO (10.1 mL). To this mixture pwag@eded o554
acetic anhydride (7.0 mL) and stirred at room temperature overnight. To

the. [RRGtigN-MXIUIR Io8 Was »@9%‘%}? and iy %‘Prcﬂr LAEL A E?bvgf@h)) -phenyl]-

extracted with ether (3x20 mL). The extract was washed with wate

mqhaaa@aagygm@m%ammt@@m i3, omiab, ‘Sfiedsorisrrsafaremers.
and LSepneeriralg wetiasyps Flash siiea.gol g%mm hEomatpgraphy 30 (m. 2

with 0-25% ethy acetate/Hexane resulted in 1

(BR,485R, R &44‘15 t#iS{bériZyiesky)6- X%eln%?lﬂ%y?ﬁéih‘éflﬁ (d,/=3.54 Hz, 0.5 1},

t&t%*(yohi% 2h @xmnﬁjﬁr@l(ﬁﬁz@b 5 H) B. &r@p&#@tt@ﬂi—@‘ BRM54.10 - 4.23 (m, 2 H),
R-34.5-t1z1ox -6- benz

h o A b BB ar ot b6 17 bt e SaIFIHIGEMS S
(VBN 20-hsvane) (1.263 mL, 3.16 mmol) was added dropwise to a

solution ogcomound -_n _ g, 316m o{?__m . 4
anhydrat 2 03 enyl]-piperidine-

sbiufignodf mmpomndﬁmmmeﬁ @ T(d Wy OSSZ&mdhbk)dm }aﬂmmum@:iﬁhi&r
(2.9 ?lé"’% ,AddRd Bropwised s%r$ r@%i i W}Néﬁr%%@%)w‘%%@ﬂ (0.25

room empe ature Aqueous am ium c as added
thd)rsa étiesty vixthrer cTHP2BRe idVed ertepvaicdumandcaguiedustidyeith EtOAC,

exiractedwithethyl Rcette (@AM, &%%%@wgﬁ%m%a%m%@&gd under

with brine, dried (sodium sulfate éand concentrated under vacuum. Crude

PHREHIFS b RSBy O AshraiRE ECB M A Eh St LB thPRPRVER 8- 260 fire C18
ety 0@%%2&&18{&1&6)8&9@@%@29% 100965 agateteiHexane e giveni Axin) and

O e e ATy ﬁgﬁgﬁ%}?{%@éﬂ;@eﬂdmcwsm

MidH20 m@qmﬁ mmc) Rrepelratiestidf

(2R,312,48)- 4- 3
eth0><yblej{n£zy ' eny exgﬁé@ P@r%%#% %18 d§ dSfutidhop 22 (/=202 1z, 1
DBsE-Marfil Féage it (S000ry,/eXdssyin BHBOQZ{Kl@E&ﬂQ) }\mg alded (s, 2 H),

o %ﬁ“%%‘%’ﬁ?f%ﬁ 55307%&99 S BBNQNsIn 'H?rPk‘-ﬁ 3.33 -3.40 (m, 2 H), 3.25 -

omethan mL) and stirred overnight. eactlon mixture

quéhtnet iR -IR %m%r%kidléz(si iHL) 7 fttdéted With?, 10.86 Hz, 1 H), 1.35 (1,
dichlpsomeihana(2xt8 mhs-gembingd organic fractions were washed with

brine, dried over sodium sulfate concentrated under reduced pressure to

?;thzrg%sgi;rg gl L '1 4-ethoxy-
400 mg, 0.5 ol NE 1AL :l | T IVI I Hrestiy-activated
( 9, é&'ﬂ T} ‘z 10 n‘él ro- x':éﬁ ‘3@ % 'ﬁ) y

4 A molecula mL) were refluxed

= e =) " i
dichloromethane (20 m ed with water, brine, dried (SOdlu%h
sulfate), and concentra?ed indef reduced pressure. Chromatography 051H
silica gel (50 to 100% acetonltrlle contalnlng 0.1% ammonlum

epgyionT ¢ {9304%' Qﬂ(ﬁth%XQ%ﬂ%wm}fﬁﬁ’&q{mﬁ e 5, step B
400 MHz, Chloroform-d) 6 }ia%%m 1.41 (t,1-7.07 |

Tl o o) o For o B o) The
(k852 ) T 48 (b 5908 i i W18 BAY€e] ROsBEH (L. 68 aOH and
1=8.84 Hz, 1 H) 3.79 (dd,1=8.97, 2.65 Hz, 1 H) 3.84 (d, 1=10.36 Hz, 1 H)

3.97 (d, J=13.60 Hz, 1 H) 3.99 (q,1=7.07 Hz, 2 H) 4.10 (d,1-15.30 Hz, 1 H)

4.43 (d,1=10.36 Hz, 1 H) 4.48 (d, 1=2.53 12, 2 H) 4.56 (d,1=10.86 Hz, 1

H) 4.88 (d, 25 1=10.86 Hz, 1 H) 4.89 (d,1=11.12 Hz, 1 H) 4.93 (d,1=10.86

Hz, 1 H) 6.77 (d,1=8.59 Hz, 2 H) 6.88 (dd, ,J=7 .7 1, 1.64 Hz, 2 H) 7.07 (d,
J=8.59 Hz, 2 H) 7.16 - 7.38 (m, 21 H); MS (ES+) [M+H] =768.2.




10

15

20

25

30

E. Preparation of (3R
4R.5S)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-chtoro4-ethox benz
WO aigines@ompound from step D (50 mg, 0.065 30mmol) WBETISRoNEd9654
in acetonitrile (I mL) and treated with potassium carbonate (18 mg, 0.13
ramphrer 3Gimindteshactiis ) mixtdregdomethane 20, ukd Qed2ommael) under
was added and stirred ove t. The reaction mixture was diluted with
ethyl'letals 't S@H?L‘Tav\ﬁé%ﬁ?]éJM %5%‘?06%%%%51&8 (Ebanitstifate),
dﬂd@ﬁr@éfﬁﬁ&aﬂmd@ﬁ&a@;@ndﬁhg@@iﬂmm@m?m 4R ,55,6R)-2-[4-chloro-3~
042 688P T/ 7107¢ O to 100% nitrile

n a|n| g 6”?3 o r%u?g“ iﬁ%@/‘ rad| 16%%63/%% R0 ne, 029 mimol
(3?%4%3%1’@@1 Mﬁi@(benzytoxy) 2- (benzyloxymethyl) -6-(4-chloro-3- (4-
ethoxyberexi ol RRbRRSIANG (R0 MG @S0k M T L7 s - 7.26 (m. 2

Preparation of 2 enzyl - hen 6

Sy drdRyrhdiyfl- ?‘rﬁ@tﬁﬁ-)pﬁ)%@ldfhéﬁ'ima,g b €6 pdThE0Fbm IstBp EL {50, =9.35
) Inmetbanal aneacels agid (35 was ireaied 6% weLRg G glao(ﬁmg;z 27 ¥,
u

atmo(siphere for 4 h. The reaction mixture was filtered thr

pablof &itd dridonéntrated: éh%%@t@dréﬁh%/Qﬁq(glhéa%aéﬁiolt@)léé%ﬁ J=0.95

agetonityiecoptaining i %p}rrmmgm paetate/yvatergradient) provided
(2S,3S 4R,5R, 6R)-2 - 5 }/drox%meth 1K1-
methyl SHOpHreR eSS cth nnheny

ol Jl?gz 2(&4%}(%1 of cc&npovnd

(A 1= ' 2 'S, *
I-ﬂi)aglggrmq\](i‘? 24, PQZOZZ m)%%m(d@*ﬂ@@ Hﬂ ‘deH)M?i@@fédO]ziSSS‘Q‘t%z»omﬂon in
6 %%(B ro99 Hhdi1s ngr e 2 A ae il Q?’a?rﬁj;éﬁ t%nﬁ)erMée for 2 hours

[L FHI =387.0. 6.21. Example 21: Synthesis of
(beC(ER WF@%@WWW@HW@WIH Purification of the mixture by silica gel

%@M&ﬂ%ﬁghﬂ%ﬁ:@ﬁ@ﬂ%@ﬁfﬁ%@ ro2irlhiopyran: 3 Aoitiel3HQethoxy-
reparation o

(@,1 ?@é} ;&@8%1]6%célé@f%ﬂ&aﬁlﬁﬁ%ﬁiﬁ?e?ﬁwgﬂ%ggy z(_czs a mixture of diastercomers
20dinmethyd Ie@mﬁmfaﬂ@@%@lﬂx 3$gﬂaml[~54y111)<(4ycht@|wa+ﬁn(9 g&h@éygﬁenyl} -6-
z et enzothi az ate (15 14
C\{QCB] Su ong tagg S}audtlon —t11 g; 281)9 %}é 48% %lxé‘i

mmo Was osp |ne (

-6~

1 st 67,005 305 Y q " |
' & and %ﬁ%{wdd by t Z ad tlon o |§t?e qo 9% 731G, ]
(L0 XL, 9 1. by RBViR Syiinge. W)s%ﬁéd@e@%%ﬂdﬁvﬁaﬁ)sﬂlﬁ@d&d 9.6 Hz,

OuF r ratu I re figol
R i%%%ﬁ:ﬁ.é%”%piéih%%og?@ q&o DATARIIUDOTR. 4 1. 385

e AT GRS BV s B 2ShpbbhE e Sikghy ol 10, 299
Qih(304ma15@R0ield). M E(ESH) IM HNEr24h7m86ESH) [M+H] = 455,
(28.3R.4R.58.6R)-2-[4-chloro-3-(4-cthoxy-benzyl)-phenyl]-6-ethanesulfonvl-
tetrahydro-pyran-3.4.5-triol: '"H NMR (400 MHz, methanol) 8 ppm 7.28 (m, 1 H), 7.16 (m, 2
H}, 6.99(d, /=8.6Hz 2 H), 671 (d, /=86 Hz, 2H), 446 (d,./=9.6Hz, 1 H),4.19(d, .J =

9.4 Hz, 1 H), 3.90 (m, 4 H), 3.81 (t, /= 9.3 Hz, 1 H), 3.46 (t, /= 9.1 Hz, 1 H), 3.24 {t, /= 9.1

Hz, 1 H), 2.98 (m, 2 H), 1.26 (t, J= 6.8 Hz, 3 H), 1.18 (t, J = 7.6 Hz, 3 H); MS (ES+)
[MINH,]" = 488,
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WO 2008/042688PCT/US2007/079654 B. Preparation of (2S 3R
4R,5S,6R)-2-(4-c oro-3-(4-ethoxybenzvOpheny1)-6-
meshoxtatialydro-2H-thiopyran-3,4,5-triol. Sodium methoxide @8k afro654
a 4.3M solution in methanol) was added to a solution of the compound

from Step; A (@éa%lgg 1%5%{%%%%%&%1@&%%%%‘; 39 %Ta'tﬁe%’iacemw—ﬁ—

the reaction wels GIITROWIIT Z0 TG VY A affad Ut Lt ivdro-
and brine (20 fHL, With ma ‘ esium

sulfate, filtered and solvents removed i |n vacuo. The residue was purified
quickly by flash chrestatogra acetateThexanes) and the
product was carried on directl Ifide forma?i'b’h One drop of
acetyl chloride was added to I'ml YaRos 3;:@; red foy 15 minutes
10at room temperature. This acidic solutlon was jadded to the free thiol
from above and heated for 42 hours at 80 C. Tife e(C] gooled to
room temperature and the solvent was removed in yacue, The crude
residue was purified by prep HPLC (30 x*260mn®C187olumn, 5-75%

acetonitrile:water (10 mM ammonium acetate), 15 mim#gs, 45 mL/min) to
afford the tltle cognpound aI ha anomer t=13. 82m;(nutes 8. 7 mg 13% 6

>

/ #R2 e |
7@&&@@?@32\2:&1&3%%&9#@ 37 4131%11?8 5H9oHizioa bf)bﬁ)ﬁl&i(dﬁ @Jm&,@&ﬂple 3, step

5‘%@15‘ e %4 M@aﬁy %‘%f%% \565 %dég G 3&*-010- The

H}a8ief ?&SSiHl)Wﬂ}@ST(mlﬁEﬂ O Bdd))w MSE(RSB+) \[\M&hﬂd@lﬁl 4Pdte ag. NaOH and
?5%8% @%@éﬁééflgyﬁmgﬁﬁﬁﬁém P& 0]*5(@2_804, filtered, and concentrated under
2@6@%{1}?&5@&4@1s@hydfﬂmﬁétﬂwmb@mmﬂ%‘%@lg OO BH

AvBEgPaINON Afuspended in H;0, and %fophzlvcd to give (28,3R4R,58,6R)-2-[4-chloro-3-
(2R,3R,4S,5R,6S)-3,4,5-tris-allyloxy-2-allyloxymethyl- mctﬁoxytetr ydro

E)‘iff%‘i’r’P’%bE%Mﬁ’éﬁ“é’ﬂaﬁﬂﬂﬁﬁ@fw ﬁi&bé‘iﬁéh(%dﬁ’ U5 o Hh BMIEE§-43

mbwasTadded Nahid6Q%dlispersion in mineral oil, 3.34 g, 0.14 mol).
During Ehl%ﬁﬁ n a 25thick suspensign forms and an additional amount

of DMF 90 Wil dt OOGRPBE thid Solutionl: ATter &tifingfak fopmidd. /=8.08,

tedperatung)for 130 dninates, Hagimixtare \as<costed 200G, aned allyl=s 84 Hz, 2 H),

o L B e T Shoedi o1 13 Bt SB el (m. 110
chrgfullysadoed t@)mé%ﬁgmbrbwmmm WY uientk @LcdssiNGil amg théri), 2.04

t ORCENra .
%?Oglljgjgg%%’g% iug% 07%(%;9%%?1 was g@l ut\{\g%w tWJFE(I){ﬁ]and washed
with H28, dhisear i et sivo-[4-chloro-3-(4-
PMHWH&&W %%l@@l ﬁ@f&m@%ﬁm@m@% %%C 1exanas)Rifeeed sicp A (45
(2R,3R,4S,5R,6S)-3,4,5-tris-allyloxy-2-allyloxymethyl-6-inethoxy-tetrahydr
dtigyPahl @6l g M2 Ivaratnsthrasticas i FofrE84biD Tt mnRE L2 dPEwk0 S mi)

EtRAG/REXANESe reaction was diluted with E6Q, washed with 1 M aq. NaHSOq, H;0, sat.

A NAD
H

aq. NatCO;, and brine (with back extraction), dried over MgSQ,, filtered, and concentrated
under vacuum. The residue was purified by flash chromatography (4 g Si0,, 0-25%
EtOAc/Hex}, suspended in H,O, and lyophilized to acetic acid (2R,38,4R,58,68)-4,5-
diacetoxy-6-{4-chloro-3-(4-ethoxy-benzyl)-phenyl |-2-methylsulfanyl-tetrahydro-pyran-3-y!
ester (46 mg, 0.087 mmol., 79%) as a white solid.
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5B. Preparation of (31{,4S95R
6R)-3,4,5-tris-allyloxv-6-alivioxymethyl-tetrahydro- pyran-2-ol. A solution of

cpmpsnd:iiam Step A (10g, 0.028 mol) in AcOH (400 ml) wagWarRee tBoss4
90C. TfOH (2 N solution in EEO, 16.69g. 0.112 mol, 56 ml) was added

and the mixt j t for 75 minutes. The solutio S cool
2nd dilutid Wik @Wi%%ﬁ%ﬁ% it P|§6n%x73)’,6el\(lﬁdl’-%%&s\g%: 4fi cle’c'jl‘-8 (dd, /=821,
(Md$04) lard ¢dicentrated Idhivesa yellbw. Solitk. 20PuGficatibabinsilica), 5.19 (t,
gel a %5409 / ep)pfforded | -0 %5 |
R ot (o A i e S e L1
a¥flixtutofrarnbmkds (B(855 1722 #indl 1 8196)0ds. & White Bolid 3 FDCE R & J/=7.07
00 sA0pRIASHIgKaner, | = GsPreparation of
(3R,4St5R,6R)-3,4,5-tris-allyloxy-6-allyloxymethvl-tetrahydropyran-2-one.

Oxalyl chloride (2.75 g, 21.7 mmot, 1.89 ml) was dissolved in CH202 (90

m|) 15andthe P -‘:.-. k! . s W d S e B A s M R VLR s N e WL
was added AE AP R g il =2 -

stirred for a further 15 minutes at -28C and.Et3%8 (997 38,5 mmol, 13.7

ml) added. The mixture was stirred at -78C for a flirther}5 mifilltes and

then allowed to 20 warm to room temperaturg ) O-minytes. The

reaction was quenched with F120 and the organic layer separated,

washed twice with 1420, dried and concentrated to ?ve a pale yellow oil.
Purificatior: byl giliwact)8lcotromatod) faphyE {A6%E0AGhex éhles). dffgfidednol) in

( BR)-3,4,5-41] loxy-6-all | re- -2-one ”
TR RIS A Rbo Sl M ORI ST T
ETOREI R Ssrids co s pheparamor gR(gIRUE hours before being concentrated under
SR SR 3pdpritiialytaxy @ralvlony meth kPt Qs Orabhy (5% McOH/CH,CL)
(4-ethoxy-benzy%%sohen l-tetrahydro gxran-Z-ol. Compound from

KIS S SR 08T 981 G e el R (B iy andony-
ceoted dem-FBGn-0:B61Hi62 S Mgohstionnhexanasid.47 g, 7.31 mmol, 2.92
ml) was led dr ise and the solution stirred for 15 minutes. B
Corrmou%%%?{nﬁléﬁe@%%@nﬁﬁl@ upi?ﬂln%%g 2k b ea‘%lp’lstjﬁls%m’ro?niﬁl(d”’ =8.4
TFELE (26 @0MmY,anddHaTeackom mixtdre -streed-at 418G for @, furtves B3 1 H), 4.00

' be i t o t /€ .
e A o o e P b T 1 10226

inut he réaction was quénched’with anic

|3yig). deffeliattd SRdzad oI 4liet Was batk Extréted with Et20 and the
combined organics dried and concentrated to give a yellow oil. Purification
by silica.gel Wo.2R08104268ARGT/bIS2007/07 96 5R NGNS 8BM. cthoxs-
(10%-20% EtGRemexpias)ipFardasingRdo:,3mbrdis.4-SHlsahdaxy-6-
allyloxyrnethy1-2-114-chloro-3-(4-ethoxy-benzyl)-phenyli-tetrahydro-pyra
n-2-ol (0.95 g, 1.63 mMicsH229 . 58:Qil. S+) [M+NH4] =

602. E. Preparation of

(2R,3R,4S)-2,3,4,6-tetrakis-allyl d-chier6-3-(4 thoxv-
5benzyl)-phenyll-hexane-1,5-dione. To a solution gf compound from Step
d

temper
periOdi ATTE \ras a - St O et ror-aftot O
' ryvthpéeedotid uench@d ndtiutd aOht (eddelobgRndiom Example 12,

add d the, qrganic |a arated. Th ueous layer. k
i L S T S B S o2 oo,
solid. Purification by silica gel chromatography (15%-20% EtOAc/hexanes)
afforded - :
(2R,3R,4S)-2,3,4,6-tetrakis-a|Iyloxy-144-c:°1%ro-3-(4-ethoxy-benzyl)-phen
yllhexane-1,5-dione (0.60 g, 1.03 mmol, 65%) as a white solid. MS (ES-t-)
[M+NH4F = 600. '
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F. Preparation of 2R 3R 4R 5S 6S -3 4 5x -2-al 1 lox meth 1-6- 4-c h or -
153-(4-ethoxy-benzv1l)-phenyl}-piperidine. To a solution of compound

e 980:5:48-60 g, 1.03 mmol) in MeOH (12 ml) was added $AMS;e07/079654
followed by ammonium formate (0.13 g, 2.06 mmol). NaBH3CN (0.14 g,

2.3 mmoQ was then a in one ortlon an e stirred at room
R TP TG 3 HA G P G A e L s oapay added
andicomcentratecn Purification iy _silicargeitchrematigraphni{ T000a20%ashed with sat.

OO DR R S A8is e s sty B SIS e The
r@csuéncevmxymﬁeﬁiyﬂapihénympﬂp@ﬁgimﬂ(a@@iﬂg O Meabll:216); M@ spended
( r red T xy-benzyl -phenyl j-
B e Sy e S e phens]
re ér?fréméioxydﬂaﬁs@w{@mw@q@m{zém%Q@?ﬁgmaelm%ﬁ%)fm FBiEPs) as a white
(Qo3iml) was stirred under an atmosphere of H2 until the color changed 25

f to pale yellow (-5 minutes). Compound from Step F (19
0,053 b AT OGN ) L AHGITEAER i The ol SB35

tempe&a)tum fqa@mm@s angl W(@OMME@@ wHaficationbysiliea 2 1), 3.96 -
g hy 4%0 o EtOAe/hexanes) afforde

B 0 LRior o0y 1 o Gy g TR - B 3
)ﬁ)opéﬁ@d%ﬁ]% HE(B) iprapenyjexymethy H-piperidine (15 mg, 0.026

mmol, 80%) as a colorless oil. MS 30 (ES+) [M+Hr = 568. H.

Prepargdion Ofgyample 17: Synthesis

(2S,3SAR,5R BRa 2% AROIGr3d s § ) icid methvi ester
hydroxymethy-plperldme -3,4,5-triol. Compound Trom btep G (15 mg,

0. 026 mmol) was disselyed in@ sol Ac@%}NliCl (0.2 m1:0.3

20081042688PCT/U82007/0796 1.3 I Fheixture was

concentrated to give a pale yellow oil. Purlflcatlonﬁz;;e@:igggve HPLC

(sunfire C18, 30x100 mm, 5 um, 10%400% B qygf 15+ ) afforded

(2S,3S,4R,5R,6R)-2-114-chloro-3-(4-ethoxy-benzyl)-phenyll-6-hydroxymet

hyl-piperidine3,4,5-triol (5 0.012 minol, 46%) as a white solid. MS -

(ES+) [1\a4pq! ufwe@fsbﬂwgwmwmmﬁoméh@mcdénfmé (A%, R0 1 mmol.)

7a8§m}d@lﬂ) (T4’ Bﬂﬁqﬁﬂ-ﬂnaH)ﬁ@@A@E@'ﬂ&-ﬁ@]@ 2H))40P My a5 added
q"/ = 6.8Hz, 2H), 3.92 (dd, = 3.0Hz and 10.8Hz, 1H) 3.58 (dd, |

JHP%‘PZIZCB‘H&O{%TFH? Ppiyls 47 mwm oy (s 3Hiyes Ry érhovu)then diluted

L3ih Erolac, Axkdhdd waddr 1,0 and brirk-83itiEXainBle 23102y HAESIS/Of Na,S0., filtered,

(2S,3S,412.45R, 6 é 2.44- Chlrﬂré’ﬁ] 4 ethoxv-

%‘ée‘ﬁ)&\?ib“b%%%% LRIV m ety metepbetiBinRe A s fograRhy (4 ¢

GhOHOOH OBEOH :CH;Cly, suspended in H,O, and lyophilized to give (25,35,45,5R)-2-[4
chloro-3-(4-ethoxy-benzyl)-pheny!]-3,4, 5-trihydroxy-piperidine- T -carboxylic acid methyl

4- h!om 3-(4-ethoxv-benzyl)-

ester {12 mg, 0.026 mmol., 26% for 2 steps) as a white solid.

'H NMR (400 MHz, MeOD) 6 ppm 7.32 (d, J=8.34 Hz, 1 H), 7.15 (dd, J=8.34,2.02
Hz, 1 H), 7.10 (d, /=227 Hz, 1 11}, 7.04 - 7.09 (1, 2 H), 6.81 {(d, /=8.59 Hz, 2 H), 4.80 (d,
J=6.06 Hz, | H), 4.00 (q, /=7.07 Hz, 5 H), 3.81 - 3.86 (m, 1 H), 3.70 - 3.73 (m, 1 H), 3.60 (s,
3 H),3.54 - 3.59 (m, | H), 3.46 (dd, /=14.40, 3.28 Hz, 1 H), 1.36 (1, /=6.95 Hz, 3 H); MS
(ES+) [M+H]" =436.
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A. Preparation of
(2R,3R,4R,5S,6S)-3,4,5-tris-allyloxv-2-allvloxymethy1-6-1-4-chlorol-peridi

neg bosarsaligtion of compound from Example 22, Step F (135 #ag/&2A7/070654
mmol) in MeCN was added K2CO3 (164 mg, 1.19 mmol). The 15mixture

was stirgegsior @0, miiutes and Ak Meho1S Jadyd, 361mcil)r&’%%%&m-bemn_
Stiring was cqiipHGCaY O BDRETRIERLED TGS NIRTLIE IO e

was filtered and concéntratéd. Puri on py silica ge
(10% EtOAc/hexanes) afforded H
(2R,3R,4R,5S,6S)-3,%35:tis 3 X e 0-3-(4-eth
oxy-benzyl)- phenyl11-1-methyl g, 0,15mmol, 65%) as a
colorless oil. MS (ES+) [M+141+= 7 B-Presaration of 2S 3S 4R
5R 6R 2- 4-chloro-3- 4-ethox -benz-1 ro em lox -6- E-ro en
Imcnekline. Ir(COD)[PCH3Ph2]PF6 (27 mg, 3®mol%) in PHE (I ml) was
stirred under an atmosphere of H2 until the color changed from red to pale

yellow ( miny tes mpound from St A( 225 O 11 inT
(1 5 i A A0 SR Ao T DRl SRRy ol i
46 hﬁﬁﬁ&ﬁ@)ﬂ:tﬁ&ﬁ&bﬂ%&ﬂt&t&ﬁﬂﬁwﬁwﬁm ay silica.g@eimol.). The reaction was

0% Et0 xanes) afforde
O SR BT KN (el B GG g porifi b T
méthlyldg)zél @Mi%é)@rdbéﬁ%ﬁ)b’bcﬂmmﬂp soﬂmmyleémylﬂiﬁﬁhyhebipmid]md to give

I E - 582,
S0 A0 S B COUN I WD

mrgwgggcghwwce@w&mweﬁpi@fWQ s’{eps) as a white solid,

hydroxvmi:lm{ A ML PIREIEINS 13,/ 5-1HQk, Gampaynd Oml%teﬁ’fo G2 1),
g, 0.093 minol) was dissolved in a solution of THF/AGOH/INHO (0.5

rﬁﬁb(é 1360 St B RelatelT 46 THE B 30 RS ThE FiRtieawag. 5.2 Hz, 1
cqancentrateghtagivern pateyelonsaify Pugfication Shy @ﬁe@ax?tgv%iﬂﬁ’&% 40,34
(suntire C18, 30x100 mm, 5 urn, 10%-100% B qver 15 minutes) aff

(5%, 33DR BR6R) 294t Hibro3-14-88HEky boh 2y D) (BtehyAf-6- Hﬁ%okﬁﬁe% 47 (dd,
hi 3.meéthypiperidings 3t4/548a12(22T3 049 @52 nimek B6%) as a white

solid. MS (ES) [M14] = 422. 11-1 NMR (400 MHz, MeOD) S ppm 7.31 (m,

2H), 7.22441, bt nf 769, ntﬁe@ié%rf%@gﬁ)&ﬂﬁ §d4§o§$'§ @ Dnoxv-benzyi)-

4.00 (m, 2H), !Mgm :
and 9.4Hz, 117 B8Hz, 1H), 200 (s, 31-1),

1.34 (t, 1= 7.11- 1z 3H). 624 Addltlonal Compounds Using the
procedures descrlbed ’ijgréwr hdd v in the art, the additional
otent SGLT2

HO H OH
OH

To a solution of the compound from Example 12, step C (50 mg, 0.13 mmol.) and
KoCO3 (55 mg, 0.40 mmol.) in DMF (0.65 mL}) was added methyl iodide (10 ulL, 0.16
mmol.). The reaction was stirred for 3 hours, then diluted with EtOAc, washed with H,O and
brine (with back extraction), dried over Na;SQy, filtered, and concentrated under vacuum.
The residue was purified by flash chromatography (12 g Si0O,, 2-12% MeOH:CH,Cl,),
suspended in HyO, and tyophilized to give (25,35,48,5R)-2-{4-chloro-3-(4-ethoxy-benzyl)-
phenyl]-T-methyl-piperidine-3,4,5-triol (16 mg, 0.040 mmol., 31%) as a white solid.
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MolecularMS CompoundFormula(M+H)1
(2S.3R,4R,5S)-243-(4-Ethoxy-benzyl)-phenyl]-6-
mesiox/otelahydro-pyran-3,4,5-triol* C21 H2606 374 PCT/US2007/079654
(2S,3R,4R,5S,6S)-214-Chloro-3-(4-ethoxy-benzy1)-

oheny L GRS B S B PG SR, 1,

(39 ARGH6S)-2BanzyIdxy-BNa:cHISI0:B:(2-BIh 6ghenzy L) phenyilietran (s, 2 1),
C

ydigspyran,3, 45-yigh C27 Fé%? ﬂ?%‘&ﬁ% 48 e L 3330337 (m L H), 301 (.

(2S5,3R,4R,55)-2-(4' ahoxy ipheny -pyran-3,4

5/ e J0HRAMS @8 NIENKS) Flz, 1 H), 2.74 (4, J=9.3 Hy, 1 H), 2.15 (1, J~10.9 Hz, 1

53)2[4ChI0m; k3
(25, IRAR, 3321 BEN 344 %t@gxmgq@%ﬁ? B U2or3243.

6-(2,2,2-trifluoro-ethoxy)- tetrahydro pyran-3,4
ir3'..z6 %7%1 (gs 3R 4R 5 £4 tho 0, 3-(4

6-(2-melrGiy-cHE ity i bltlet Chreh 4

R SUSY.
. ", ’ ’fr,, N ‘\\\\\“*\,‘_
' " ' Ot

A, Preparation of (3R.48,5R,6R)-3.4.5-tris(benzvloxy)-6-(benzyloxymethv])

tetrahydro-2H-pyron-2-one. Tetra-O-benzyl-D-glucopyranose (2.07 g, 3.8 mmol) was
dissolved in DMSO (10.1 mL). To this mixture was added acetic anhydride (7.0 mL) and

stirred at room temperature overnight. To the reaction mixture ice was added and stirred for
1 h. The mixture was extracted with ether (3x20 mL). The extract was washed with water
(2x10 mL), aqueous sodium bicarbonate (2x10 mL), brine, dried (sodium sulfate) and
concentrated under vacuo. Flash silica gel column chromatography with 0-25%
ethylacetate/Hexane resulted in 1.712 g of (3R,4S,5R,6R)-3.4,5-tris{benzyloxy)-6-
(benzyloxymethyl) tetrahydro-2H-pyron-2-one (83%).

B. Preparation of (3R,4S.5R.6R)-3.4.5-tris(benzvioxy)-6-{benzyloxymethyl)-2-(4-

chloro-3-(4-ethoxybenzyliphenylitetrahydro-2H-pyran-2-0l. n-Butyl lithium (2.5/ in

hexane) (1.263 mL, 3.16 mmol) was added dropwise to a solution of compound from
Example 1, step C (1.028 g, 3.16 mmol) in anhydrous THF (15 mL) at -78° C. After stirring
for 30 min at -78 °C, a solution of compound from step A (1.7 g, 3.16 mmol) in anhydrous
THF (10 mL) was added dropwise and stirred for | h while allowing to warm to room
temperature. Aqueous ammonium chloride (10 mL) was added to the reaction mixture, THF
removed under vacuum, and aqucous layer extracted with ethyl acetate (2x20 mL). Combined
organic phases washed with brine, dried (sodium sulfate) and concentrated under vacuum.

Crude mixture purificd by flash silica gel column chromatography with 0-20% cthyl
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(2S,3R,4R,58)-2[4-Chloro-3(4-ethoxy-benzyl)-phenylk

V@ dimetiygamino-cthoxy)-tetrahydro-pyran-3,4,5-triol* C241pd32CINEES 9654
466.1

- I
é%@;c%%/%%gﬁ%ﬁ%v%?ﬁ ki ”Cﬁib%ysQ%?)Y&) POGOYAGI RN S WA ymethy1)-

(23 BrRlgreSSy-2dm ke 3 4ratieky eyl phenyicol (29%). M+H,0 =802.1

6-imidazolpl-yd-iglialy AR pyran:-3 §@6W@}&%%MTZQ@%%§O 3-(4-
{(38 4R_5R 6S 6 {4 Chlolro -344- cthoxy-benzyl)-pheny

\ -y I eI CAY %Pé"tﬁwéé/{éw reagent (300
Qﬂ@,lﬂﬁa&s‘@ @18 @rﬁ@@l@ @ 5 13 B) %&5@)&&%}&1@1‘ ethaxy-benzih) hhenyhamol)) in

(ﬁ&%@&%@ﬁeﬁ%% E?%ﬁoxy% n 3 = Sh et;:%[i%guscﬁ} mixture quenched with

61-(‘6m¢lemhyh1?|dlazo:i€2@/[amlrw)ﬁetcdhyﬂimhpmmmﬁmaadl([bd10 ml.}, combined organic
q‘?%b&m%“@%%ég %\ %ﬁﬁ?’ 5&:‘451’&? (’JQ ,35&4 i hl %Eh%d}écp n&é{”olcduccd

phenyl]-6-phenoxy-tetrahydro-pyran-3, 4 triol*
RPS9S ARSRBS) mzn@qﬁ&m(@v@tﬁd& %ﬁz&l)
pheny 1y 3, BrtriverpxyRetialycio-ByEans 2y ol methvlacamide 6. (4-chioro-

C23H28CINO6
3-(4-ethoxybenzylphenylpiperidine. A solution of compound from step C (400 mg, 6.5

mmol), 7N ammonia in MeOH (1.0 mL) and freshly activated 4 A moiecular sieves (250 mg)
in dichloromethane (20 mL) were refluxed overnight. The reaction mixture was cooled to
room temperature, then sodium cyanoborohydride (160 mg, 2.55 mmol) was added and
refluxed for additional 2 h. The reaction mixture was filtered, diluted with dichloromethane
(20 mL), washed with water, brine, dried (sodium sulfate), and concentrated under reduced
pressure. Chromatography on silica gel (50 to 100% acetonitrile containing 0.1 %
arnmonium acetate/water gradient) provided (3R,4R,55)-3.4,3-tris(benzyloxy)-2-
{benzyloxymethyl}-6-(4-chloro-3-(4-cthoxybenzyl)phenylpiperidine (136 mg, 34%).

'"H NMR (400 MHz, Chloroform-d) & ppm 1.41 (t, J=7.07 Hz, 3 H) 2.98 (ddd, ./=9 .40,
8.50,2.53 Hz, 1 H) 3.40 (t, /=9.22 Hz, 1 H) 3.4] (t, /=8.59 Hz, 1 H} 3.43 (1, /=9.09 Hz, 1 H)
3.56(d, /=9.35 Hz, | H)3.68(t, /~8.84 Hz, | H) 3.79 (dd, ./=8.97, 2.65 Hz, 1 1) 3.84 (d,
J=1036Hz, 1 H) 3.97 {(d, /=13.60 Hz, 1 H} 3.99 (q, /=7.07 1z, 2 H) 4.10 (d, J=15.30 Hz, |
H)4.43(d, /=10.36 Hz, 1 H) 4.48 (d, /~2.53 Hz, 2H)456(d J=10.86 Hz, 1 H) 4.88 (d,
J=10.86 Hz, 1 H)4.89 (d, /=11.12 Hz, 1 H)4.93 (d, J=10.86 Hz, 1 H) 6.77 (d, /=8.59 Hz, 2
H) 6.88 (dd, /=7.71, 1.64 Hz, 2 H} 7.07 (d, /=8.59 Hz, 2 H) 7.16 - 7.38 (1, 21 H); MS (ES+)
[M+H] =768.2. _

E. Preparation of (3R 4R.58)-3.4.5-tris(benzyloxy)-2-(benzyvioxymethy[)-6-(4-chloro-

3-{4-ethoxybenzylphenyl)-1-methylpiperidine, Compound from step D (50 mg, 0.065

mmol) was dissolved in acetonitrile (I mL} and treated with potassium carbonate (18 mg,
0.13 mmol) for 30 minutes To this mixture iodomethane (20 ul., 0.32 mmol) was added and
stirred overnight. The reaction mixture was diluted with ethyl acetate (10 mL), washed with

water, brine, dried (sodium sulfate), and concentrated under vacuum. Chromatography on
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450 Acetic acid (2S,3S,4R,5S,6S)-4,5-diacetoxy-6-[4-chloro-3-
(4-cthoxy-bcnzyl)-pheny[]-2-methoxy-tetrahydro-pyram3- yl ester

GRT 13383552 (M+NHI) PCT/US2007/079634
(2S,3R,4R,58)-2[4-Chloro-3-(4-ethoxy-phenoxy)-

z\t/lkﬁ?\%é;%l' fsﬂ‘a%“?@@f% taect(g%hl% ﬁg o %ﬂf%g({}Sl H)Olrg %8 1211%0 ‘9(317 4? {%r gradient)

(2S,3R,4R,5S)-2|4-Chloro-3-{4-methoxy-phenylsu any
pﬂ@ﬁﬂp@ﬁ%‘ﬁﬁ@&%}téﬁéhwfb@pwé@m@Jﬂamwcrxmmhk) -4 g4 chpred-(4-

”é@l%)ﬁ%gn@g 0y 1-methyIpiperidine (29 mg, 56 %). MH+ 7821
(2S,3R,4R 2?’244}1’ )Chloro- -pfmet hox ber%zenes?ulllnyl) Phenyll -6-meth
oxy-tetra Las 7 Sl DIHIE d-gihgxy-benzyi}-phenyl]-6-

(28BBHR:B8)- 24\40@01%@;631’&41@@@5}#5@[ |M9qﬂh&ﬂ)ﬂi%m step E (50 mg) in methano!
(ﬁgég%g%gpé%p@ﬁg%h yra’;ﬂ%ébz ;'%;ﬁ% T Gspiseor 4 h. The
plfweclytb}}@a(ﬁifrydeﬁmﬁh}dlﬁutbagylpﬁaﬂr&fwﬂm -pytannS Aol hromatography on
CS%%EL‘%ZRJ[Q @OS 16@‘% acetonitrile contaming 0.1 % ammonium acetatc/water gradient)
provided (25,35,4R,5R ,6R )-2-{3-(4-ethoxy-benzyl)-phenyl]-6-hydroxymethyl- I -methyl-

piperidine-3,4,5-triol (6 mg, 70%).

'H NMR (400 MHz, Chloroform-d) § ppm 1.40 (t, J=6.95 Hz, 3 H) 2.02 (s, 3 1) 2.05
(br. s., 3 H) 2.15 (d, /=8.84 Hz, 1 H) 3.01 (d, /=4.55 Hz, 2 H) 3.50 (d, J=5.05 Hz, 2 H) 3.77
(br. 5., 2 H) 3.85 (d, /=8.59 Hz, 2 H) 3.91 (br. 5., 2 H) 3.99 (q, /=7.24 Hz, 2 H) 6.81 (d,
J=8.59 Hz, 2 H) 7.06 (d, J=8.59 Hz, 2 H} 7.09 (br. 5., 1 H) 7.18 (br. 5., 2 H) 7.24 (d, J=7.58
Hz, 1 H); MS (ES+) [M+H]" =387.0.

6.21. Example 21: Svnthesis of (28.3R.4R 55.6R)-2-(4-chlore-3-(4-
ethoxvbenzvliphenvh-6-methoxvietrahvdro-2H-thiopvran-3.4.5-triol

00
HG OH

H

-

A, Preparation of (S-(15)-((3aS,68.6a8)-6~(rert-butyldimethylsilyloxv)-2.2-
dimethyltetrahydrofuro[2,3-d][ 1.3 ]dioxol-5-yIW4-chloro-3-(4-ethoxybenzyl)phenyl) methyi

benzothioate. Diethylazodicarboxylate (150 ul, 0.914 mmol) was added to a solution of
triphenyliphosphine (240 mg, 0.914 mmol) in 1.0 mL of THF at room temperature. After one
hour, the C3 epimer from Example 1, step D {167 mg, 0.305 mmol) was added in 0.5 mL
THF via syringe and was foliowed by the addition of thiobenzoic acid (110 ul, 0.914 mmol) -
via syringe. This orange solution was stirred for 22 hours at room temperature. After
removal of solvents in vacuo, the residue was purified by flash chromatography (0 to 10%
ethyl acetate/hexancs gradient) to provide the title compound as a light yellow oil (104 mg,
50% yield). MS (ES+) [M + NH,]" = 566.
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(M-ENH3) WO 2008/042688PCT/US2007/079634
(2S,3R,4R,5S)-244-Chloro-3-(4-cthoxy-benzyl)-phenylk

Gx(g-FnRIGAREe-Ccthoxy)-tetrallydro-pyran-3,4,5-triol* C22H27CGR:45@-R 79654
(2S.23R,4R,5S)-244-Chloro-3-(4- ethoxy benzyl3- phenyt|6 (3 dlhydroxy-

: QIC yliphs
it (mi-ﬂz\?m‘img@wmmm)@f a 4.3 M solution

(2§r§§hﬁﬁ% %%3&&19@'9&&%&%?!#’9&6 %‘Elﬁéfjf)om Step,4 (104.1mg, 0,152 mmo) in
phenyt]-6-cthylsulfanyt-tetrallydro-pyran-3,4,5-triol* C22 10554

(VARNErsihed 3RiERIESER - the wwlsvfa%m@siwé@ﬁw ethyl cetatc and

p{lﬁéﬁh@& Gimetysuitanyltqrabyd mtﬂ%yraﬂi@iﬂgﬁfﬁ@@lﬁy&%&i@éﬁ?@/l@pmaggncsmm
ﬁkﬁé 1- 17) BO%hloro -54( 28 3R,4R,5S,6S)-3,4,5-trihydroxy-6-
r

XA TS TOAYSPRB o4 Efﬁdﬁ;} bﬁ@‘ﬁf/l?‘fﬁ@ﬁ%ﬂﬂ@y by flash

chromdiogrdphy (5% ethyl acetate/hexanes) and the product was carried on dircctly to
prevent disulfide formation.

One drop of acetyt chloride was added to 1 ml. of methanol and stirred for 15 minutes
at room temperature. This acidic solution was added to the free thiol from above and heated
for 42 bours at 80 °C. The reaction was cooled to room temperature and the solvent was
removed in vacuo. The crude residue was purified by prep HPLC (30 x 250mm CI8 column,
5—75% acetonitrile:water (10 mM ammonium acetate), 15 minutes, 45 mL/min) to afford the
title compound (alpha anomer, t = 13.82minutes, 8.7 mg, 13% vield for 2 steps).

'"H NMR (400 MHz, acctone-ds) & ppm 7.33 (m, 2 H), 7.25 (dd, J=2.27, §.34 Hz, |
H), 7.13 (d, /=8.59 Hz, 2 H), 6.82 (d, /=8.59 Hz, 2 H), 4.48 (d, J=3.03 Hz, 1 H), 4.02 (s, 2
H), 3.99 (q, /~7.07 Hz, 2 H), 3.91 (d, /=10.36 Hz, 1 H), 3.80-3.85 (m, 2 H), 3.68 (dd, J=8.37,
9.35 Hz, 1 H), 3.42 (s, 3 H), 1.33 (1, J=7.07 Hz, 3 H), MS (ES+) [M + NH4]" =424.

6.22. Example 22: Svnthesis of (25,35 4R.AR. 6K )-2-{4-Chioro-3-(d-ethoxv-
benzvD-phenvll-6-hvdroexvmethvl-piperidine-3.4.5-triol

~_O cl
H
”’ o N o™ OH

A, Preparation of (2R, 3R 45,5R,68)-3.4,5-tris-allvloxv-2-allviexymethvi-6-methoxyv-

tetrahydro-pyran. To a solution of u-D-methylglucoside (3 g, 15.45 mmol) in DMF (50 ml)
was added NaH (60% dispersion in mineral oil, 3.34 g, 0.14 mol). During this addition, a
thick suspension forms and an additional amount of DMF (15 ml) was added to get back into
solution. After stirring at room temperature for 30 minutes, the mixture was cooled to 0 °C
and allyl bromide (17 g, 0.14 mol, 12 ml) was added slowly. The mixture was then allowed to
warm to roem temperature and stirred for 18 hours. MeOH was carefully added to the light

brown mixture to quench excess Nal and then the mixture was concentrated. The residue
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C21 H23007 423 (2S,3R,4R,5S,6S)-2-
}4-Chloro-3+4-ethoxy-phenyllhydroxy-methylt-phenyll-6-methoxy-tetrahydr
GxRYEaIR/032488-triol.* C21H25C107 407 PCTIUS2007/079654
(2S,3R,4R,5S)-2[3(4-Ethoxy-benzy1)-4-methyl-phenyll-

(6 r&%hﬁ%&ﬁk@;{ﬁhﬁ’g@ %}{Ba@a"éh%uaﬂ{f’? lqu gﬂ%g%ﬁégetgl\éé c'gluxg)\ltrafcd to afford a

R,4R,5S )-2- (4 -Chloro-314- (2-methylsulfany oxy)-benzy
1¥Dé>lﬁén§ﬁll}Pmﬁféﬂwwytéthéh%@mfﬁ9%0g§3@®ﬁ§%@EQM@@Q@GSfEWEd

(Mg R&3R AR PRk hlon f r
blkgnzwf%)llaeny % m%ﬁ%xy}{éﬁf r%yt rgr‘g}{}rﬁ}@ gy lﬁqﬁﬁ%ﬁ%ﬁyd l(\)l(gynm (100,

prelee e bt i Kl Gl o A e
propyllnmnm]cmeihyi}opmﬂys}ﬁﬁ mequy Iﬂt@lbﬁﬁ[ﬁv—@%{@ﬂ&ﬁx@ﬂf@hetm hvdro-

C24E130 1N06 464 (2S,3R,4R, thi -2-

Ao ST B R S LRt BB A AR mb was

464r(2S, BRAR, 58Y 2F (@P&Ol@[@ﬁ@[ﬂ-@ﬁlmﬁdiﬁﬁ-é}ilbb@/)ﬁddeﬁl@yﬂi-phemyddcd and the
1%1};911% 3 kr}/céccg @By@ %1%%1}%&%%% solution was cooled and dituted with CHLCl,,

washed with H,O (x3), NaHCO; sat., dried (MgSQy) and concentrated to give a yellow solid.

Purification by silica gel chromatography (20%-40% EtOAc/hexanes) afforded

(3R,48,5R,6R)-3,4,5-tris-allyloxy-G-allyloxymethyl-tetrahydro-pyran-2-ol as a mixture of

anomers {5.85 g, 17.2 mmol, 61%) as a white solid. TLC: Re= 0.40, 40% EtOAc/hexanes.
C. Preparation of (3R.45,5R.6R)-3.4.5-tris-allyloxy-6-allvlioxymethvl-tetrahvdro-

pyran-2-one. Oxalyi chloride (2.75 g, 21.7 mmol, 1.89 ml) was dissolved in CH;Cl; (90 ml)
and the mixture cooled to -78°C. DMSG (3.39 g, 43.4 mmol, 3.08 ml) was added as a
solution in CHyCl; (60 ml). The mixture was stirred at -78°C for 15 minutes and then
compound from Step B (6.70 g, 19.7 mmol) was added as a sotution in CH,Cly (150 mi). The
reaction mixture was stirred for a further 15 minutes at -78°C and Et;N (9.97 g, 98.5 mmol,
13.7 ml) added. The mixture was stirred at -78°C for a further 5 minutes and then allowed to
warm to room temperature over 30 minutes, The reaction was quenched with H,O and the
organic layer separated, washed twice with HyO, dried and concentrated to give a pale yellow
oil. Purification by silica gel chromatography (15% EtOAc/hexanes) afforded
(3R, 45,5R,6R)-3,4,5-tris-allyloxy-6-allyloxymethyl-tetrahydro-pyran-2-one (2.49 g, 7.37
mmol, 37%) as a colorless oil. TLC: Ry= 0.40, 20% EtOAc/hexanes.

D. Preparation of ( 3R548,5R.,6R)~3,455-tris-»ailvioxv-6-af_].vfoxvmethx;i-2-M-Ch[oro-B-

(4-cthoxy-benzyl)-phenvli-tetrahvdro-pyran-2-0l. Compound from Example 1, Step C (2.37

2, 7.31 mmol) was dissolved in THF (25 ml) and cooled to -78°C. n-Buli (2.5 N solution in
hexanes, 0.47 g, 7.31 mmol, 2.92 ml) was added dropwise and the solution stirred for 15
minutes. Compound from Step C (2.47 g, 7.31 mmol) was added as a solution in THF (25
ml) and the reaction mixture stirred at -78°C for a further 15 minutes before being allowed to
warm to room temperature over 30 minutes. The reaction was quenched with NH4Cl sat. and
the organic layer separated. The aqueous layer was back extracted with Ef;O and the

combined organics dried and concentrated to give a yellow oil. Purification by silica gel
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HCIN O C7; 73 2 6 -- 459 (25,3R,4R,5S)-2-
0-Chloro-344-(2,6-dimethoxypyrimidin-4-yloxy)-benzyll-phenyl}-6-methoxy
-uejrﬁhy;duogmyran-B,4,5-tri0l* C25H27C1N208 519 WO PCT/US2007/079654
21108/042688PCT/11520071079654 2-

RIB,32:48:0R 8 F0:044:5 8 @!Rc%é%ﬁ&h%%%{hz Ro43,5R, SR)3.4 Sctgis-allyloxy-6-

pheny11-3,4,5trihydroxy-tetrahydro-pyran-2-ylsulta nyl} tamide*
@QW@@W@@@ -fgghioro-3-(4-ethoxy-benzyl}-phenyi]-tetrahydro-pyran-2-01 (0.95 g, 1.63
(251 m@%@%);ﬁﬂég@@loms@(&éﬁtmxmgpz_yé@z

phenyll 6(furan -2- yllnethsu an 1) tetra dro-p ran C25H27C1068
490.1 32 Broppspiop m @R AR Hg-2dy K30 1
Imm@ﬂmtfw%%@yihcﬁkm%ﬁb@%y mramdﬁamaﬁhﬁséuﬁdm Step D (0 93 g, 1.59
%%%11 24|i H eny S %\Ifoéggd%%sgﬁ/lamn periodinane (0.68 g, 1.59 mmol). The

mixture was stured at room temperature for 1 hour and then a second portion of Dess-Martin

periodinane (1 eqiv.} was added. Stirring was continued for ancther hour and then the
reaction was quenched with 1V NaOH (~4 ml). H,O was added and the organic layer
separated. The aqueous layer was back extracted with CH,Cl,, dried and concentrated to give
a yellow waxy solid. Purification by silica gel chromategraphy (15%-20% EtOAc/hexanes)
afforded (2R,3R,45)-2,3 4,6-tetrakis-allyloxy-1-[4-chloro-3-(4-ethoxy-benzyl)-phenyl -
hexane-1,5-dione (0.60 g, 1.03 mmol, 65%) as a white solid. MS (ES+) [M+NH.]" = 600.

F. Preparation of (2R.3R.4R.55.68)-3.4.5-tris-allyloxy-2-allvioxymethyl-6-[4-chloro-

3-(4-ethoxy-benzyl)-phenyi]-piperidine. To a solution of compound from Step E (0.60 g,
1.03 mmol) in MeOH (12 ml) was added 4 A MS followed by ammonium formate (6.13 g,
2.06 mmotl). NaBH:CN (0.14 g, 2.3 mmol) was then added in one portion and the mixture

stirred at room temperature for [ hour 30 minutes. The reaction mixture was then filtered and
concentrated. Purification by silica gel chromatography (10%-20% EtOAc/hexanes)
afforded(2R,3R 4R, 58,68})-3,4,5-tris-allyloxy-2-allyloxymethyl-6-[4-chloro-3-(4-cthoxy-
benzyl)-phenyll-piperidine (155 mg, 0.27 mmol, 27%). MS (ES+) [M+H] = 568.

G. Preparation of (25.38.4R.SR.6R)-2-[4-chloro-3-(4-cthoxy-benzyl}-phenvl]-3.4.5-
tris-[((E)-propenyloxy]-6-[((E)-propenyloxymethvi}-piperidine, Ir(COD)[PCH:Ph;]PFs (8

mg, 30 mol%) in THF (0.3 ml) was stirred under an atmosphere of H; until the color changed
from red to pale yellow (~5 minutes). Compound from Step F (19 mg, 0.033 mol) in THF
{0.5 ml) was then added and the mixture stirred at room temperature for 45 minutes and then
concentrated. Purification by sitica gel chromatography (20% FtOAc/hexanes) afforded
(28,38,4R ,5R,6R)-2-[4-chloro-3-(4-ethoxy-benzyl)-phenyl]-3,4.5-tris-[{((E }-propenyloxy]-6-
[((E)—pro_penyl,)oxymethyl.]»piperidinc (15 mg, 0.026 mmol, 80%) as a colorless oil. MS
(ES+) [M-+H] = 568.

H. Preparation of (28 35.4R 5R 6R}-2-[4-chloro-3-(4~ethoxy-benzyl}-phenyl]-6-

hydroxymethyl-piperidine-3,4.5-triol. Compound from Step G (15 mg, 0.026 mmol) was
dissolved in a solution of THE/AcOH/INHCI (0.2 m1:0.3 m]:0.15 ml) and heated to 70°C for
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methylkpbenyl } -6-methoxy-tetrahydro-pyran-3,4,5-triol C22007 390
(2S,3S,4S,5R)-214-Chloro-344-ethoxy-benzyl)-phenyl]-

v, Datrthysiaxy-piperidine-l-carboxylic acid benzyl ester C25]§@Q@§M7%54
511 (2S,3S,4S,5R)-2[4-Chloro-3-(4-ethoxy-benzyl)- phenyII

336 éluure&l@eﬁ'@&&m?@wax(;m&aﬁ%@ﬁx lamiden L 240, 8% him?f%gﬁm by

{R@Ra@@wmgh(é@us‘“m -Chitottx30(Umathoxyen 8y - fHery Ika:4 5-tilnyitiro afforded

fanyl acht 4 - dine-
{56 03 RN S 0% 2ad S S ettty

phéniyiiie-3, 22 @rﬂﬁ?o‘i‘ﬁﬂé‘ﬂhy% f%h?/f)hfg’tr”é’WdMSpSﬁgﬁl M+H]" = 408,
C22H21@mﬁ§$06%}1z§ﬁﬂe@iﬂ}® bpm 7.36 (m, 2H), 7.28 (m, 1H), 7.12 (d, /= 8.6Hz,

2H), 6.81 (d, J = &.6Hz, 2H), 4.05 (m, 2H), 4.00 (¢, J = 6.8Hz, 2), 3.92 (dd, J = 3.0Hz and
10.8H7, 1H), 3.58 (dd,./ = 7.6Hz and 11.1Hz, 1H), 3.47 (m, 1H), 3.26-3.36 (m, 3H), 2.70 (m,
1H), 1.37 (t, J = 7.1Hz, 3H).

6.23. Example 23: Synthesis of (28,35 4R.5R.6R)-2-[4-Chlore-3-(4-ethoxv-
benzyvli-phenvil-6-hvdrexvmethyl-1-methvi-nineridine-3,4.5-triol

~ O~ Cl_
| |
”f:-,, N OH

OH
A. Preparation of (ZR,3R.4R,55.68)-3,4.5-tris-allvloxv-2-allyloxymethvl-6-[4-chloro-

3-(4-ethoxy-benzyl)-phenyl]- [-methyl-piperidine, To a solution of compound from Example
22, Step F (135 mg, 0.24 mmol) in MeCN was added K,CO5 (164 mg, 1.19 mmol). The

mixture was stirred for 30 minutes and then Mel (676 mg, 4.76 mmol) was added. Stirring

was continued at room temperature for 8 hours, then the mixture was filtered and
concentrated. Purification by silica gel chromatography (10% FEtOAc/hexanes) afforded
(ZR.3R,4R,55,65)-3.4,5-tris-allyloxy-2-allyloxymethyl-6-[4-chloro-3-(4-ethoxy-benzyl)-
phenyl]-1-methyl-piperidine (90mg, 0.15mmol, 65%) as a colorless oil. MS (ES+) [M+H] =
582.

B. Preparation of (28,38 4R.5R.6R)-2-[4-chloro-3-(4-¢thoxy-benzyl)-phenyl]-1-

methvl-3.4.5-tris-[ ((E)-propenyDoxy]-6-I{{E)-nropenvioxvmethy] l-piperidine.
Ir(CODYPCH:Phy[PF; (27 mg, 30 mol%) in THF (1 ml) was stirred under an atmosphere of

H; until the color changed from red to pale yellow (~5 minutes). Compound from Step A (62
mg, 0.11 mol) m THF (1.5 ml) was then added and the mixture stirred at room temperature
for 45 minutes and then concentrated. Purification by silica gel chromatography (20%
EtOAc/hexanes) afforded (25,35,4R,5R,6R)-2-[4-chioro-3-(4-ethoxy-benzyl-phenyl]-1-
methyl-3,4,5-tris-[{(E)-propenyhoxy]-6-[{({E)-propenyloxymethyl]-piperidine (62 mg, 0.11
mmol, 100%) as a colorless oil. MS (ES+) [IM+H]" = 582.
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(2S,3R,4R,5S,6S)-2- [4-Chloro-341-(4-ethoxy-pheny1)-1-
hydroxy-ethyl]-phenyl} -6-methoxy-tetrahydro-pyran- C221-1270.07 438
3hoddnls:Rimethyl-thiocarbamic acid 0- [4-[2-chloro-5- POTIUSI007/079654
((2S,3R,4R,5S)-3,4,5-trihydroxy-6-methoxy-tetrahydro-

Ddﬁﬁw QH@&Q&%&DMW@@@(@B&& ﬂﬁ/&é%)ﬁﬁ’@%ér (0.5 mL:0.6 mb:0.30 ml) and heated
chloro-3-(4-ethoxy-benzyl)-pheny1]-3,4,5- trlhédrox y-

(€A ST rARISLG e MERE 3FE iNEEERISS doRive & pale yellow oil. Purification
(29 38455 188) 2 {(rER aror 3304 [((R)-fietr addy drev:-100% B over 15 minutes)

afforded (25,38,4R,5R,6R)-2-[4-chloro-3-(4-cthoxy-benzyl)-phenyl j-6-hydroxymethyl-1-
methyl-piperidine-3,4,5-triol (22 mg, 0.052 mmol, 56%) as a white solid. MS (ES+) [M+H]’
=422,

'"H NMR (400 MHz, MeOD) 8 ppm 7.31 (m, 2H), 7.22 (m, 1H), 7.07 (d, J = 8.8Hz,
2H), 6.77(d, J = 8.8Hz, 2H), 4.00 {m, 2H), 3.96 (q, J="7.1Hz, 2H), 3.90 (m, 2H)}, 3.52 (dd, J
=9.4Hz and 9.4Hz, 1H), 3.23-3.32 (m, 3H), 2.88(d, /= 8.8Hz, 1H), 2.00 (s, 3H), 1 34 (t, J=
7.1Hz, 3H),

6.24. Additional Compounds

Using the procedures described herein and methods known in the art, the additional
compounds listed below in Table 1 were prepared. Potent SGLT2 inhibitors are marked with

an asterisl,

Table 1
Molecular MS

Compound Formula (M-+H)"
(25,3R,4R,55)-2-[3-(4-Fthoxy-benzyl-phenyl]-6- Co HorO 374
methoxy-tetrahydro-pyran-3,4,5-triol* HEI66
(25,3R,4R,55,65)-2-[4-Chloro-3-(4-cthox y-benzyl)-
phenyl]-6-(2-hydroxy-cthoxy)-tetrahydro-pyran-3,4,5- CppHy,ClOy 438.1
triol* o
(3S,4R,5R,65)-2-Benzyloxy-6-[4-chloro-3-(4-ethoxy- .
benzyl)-phenyl]-tetrahvdro-pyran-3,4,5-triol* CortzsCl0s 4841
(25,3R,4R,55)-2-(4"-Ethoxy-biphenyl-3-yl)-6-methoxy- R TI 378
tetrahydro-pyran-3,4,5-triol* WG {(M+NH;)"
(25,3R,4R,58)-2-[4-Chlore-3-(4-ethoxy-benzyl)-phenyl ]-
6-(2,2,2-trifluoro-ethoxy)-tetrahydro-pyran-3,4,5-triol C22H24CIF:Os 4761
(25,3R,4R,55)-2-[4-Chloro-3-(4-ethoxy-benzyl}-phenyl}-
6-(2-methoxy-ethoxy)-tetrahydro-pyran-3,4,5-triol * CabsClO7 42l
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furan-3-yl)oxyl-benzy1l,, -phenyl)-6-methoxy-tetrahydro- C23H27007 468
pyran-3,4,5-triol* (MH-NH3)- WO 2008/042688PCT/US2007/079654

(26, 3RAR58,6R)-2-[4-0110r0-3-(4-ethOXy-bellZynphenyl1-Gctmanestificss4
nyl- tetrahydro pyran- -3,4,5-triol* C22H27006S 455 (ZS 3R,4R,5S)-2- '

A-Chtoro=-3444(S)-1-methy-pyrrotidin3=ytoxy)-berzyt

HeSABHB:SS et dhfdterpyratre haxs-hioty C2HBOGIN
éézsﬁraﬁ%@mwrﬂmw S lTadres ARy dr G- By Al

fFphcnyt

D627, (MNIAG

) 466.1

yI } -b- mfého y-te rahy ro- pyran-

é ?’(ﬁ%h
H%’%?&ég ﬁfr ﬁ?ﬂ% Ao %KE)} y11 benzyl)

4, 5-triol*

Or@-§ﬁ29ClOsS
-phenyl)-6-meth

452
oXYy-

@@E‘Nq{ﬁ ?é’)@”{z?’ (f]h?o} —%1'(&: Zéxoxy %ZNIS) if) cnyl

3.4,5-r1ol*

6-imidazol-i-yl-tetrahydro-pyran-3.,4,5-triol CaaHasCINGOs 445.]
{(35,4R,5R,68)-6-[4-Chioro-3-(4-cthoxy-benzyl)-phenyl]-
3,4, 5-trihydroxy-tetrahydro-pyran-2-yloxy} -acetic acid Ca:Ha7Cl0Og 466.1
methyl ester*
(25,3R,4R,55)-2~[4-Chloro-3-(4-cthoxy-benzyl)-phenyl J- ]
6-(d-methyl-piperidin-1-yl)-totrahydro-pyran-3 4,5-triol | C26HCINGs 4751
(25,3R,4R,55)-2-[4-Chloro-3-(4-cthoxy-benzyl}-phenyli-
6-(5-methyl-thiazol-2-ylamino)-tetrahydro-pyran-3,4,5- CryHy7CINLGOsS8 491
triol
(28,3R, 4R, 58,6R)-2-[4-Chloro-3-(4~cthoxy-benzyl)-
phenyl]-6-phenoxy-tetrahydro-pyran-3,4, 5-triol * CagH7C10s 470.1
N-{(25,35,4R,5R,68)-6-[4-Chloro-3-(4-cthoxy-benzyl)-
- {phenyl]-3.4,5-trihydroxy-tetrahydro-pyran-2-yl } -N- Ca3HosCINGs 450
methyl-acetamide
Acetic acid (25,35,4R,55,65)-4,5-diacetoxy-6-[4-chloro-3- 559
(4-ethoxy-benzyl)-phenyl]-2-methoxy-tetrahydro-pyran-3- C7H3ClOy v
. (M+NH3)
vl ester
(25,3R,4R,5S)-2-[4-Chloro-3-(4-cthoxy-phenoxy)- CorHnClO 428
phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol 20T (M+NHz)'
(25,3R,4R,58)-2-[4-Chloro-3-(4-mcthoxy-phenylsulfanyl)- Cooll C1O.S 430
phenyl]-6-methoxy-tetrahydro-pyran-3,4,5-triol* ASRRIAG (M+NH:)'
(25,3R,4R,58)-2-[4-Chloro-3-(4-methoxy-
benzenesulfinyl)-phenyl}-6-methoxy-tetrahydro-pyran- C10H2:C105 429
3,4,5-triol
(25,3R,4R,55)-2-{4-Chloro-3-(4-cthoxy-benzyh-phenyl |- .
6-(3-hydroxy-propoxy)-tetrahydro-pyran-3,4,5-triol * CzaoCl0; 4522
(25,3R,4R,5S,6R)-2-[4-Chloro-3-(4-ethoxy-benzyl)- 47
phenyl]-6-(2-hydroxy-ethylsulfanyl)-tetrahydro-pyran- CoHyyClOS (M+N;~Eﬁ)"*
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(2S,3R,4R,5S)-2-1-4-Chloro-314-( | -methyl-piperidin

-4-

yloxy)-benzylkpheny11-6-methoxy-tetrahydro-pyran- 3,4,5-triol*

GR514:32%kN08 478 (2S,3R,4R,5S,6R)-2[4-Chloro-3-(4-ethoxychana¥dam o554
phenyl] -6- methanestllflnyl tctrahydro pyran 3 4,5- trlof* C21H25006S 441

=223

¢ ' YL
p%%idlﬁ@ﬁd@é%%?@m&{ ?Lhﬂmi@mzlt)mﬂeﬂw]‘l& (25,3 ReAR,95)2- 456 3
[@@@%@@W@iﬁ@&%&b’é@rﬁl‘}w éhtoredhenyl) ' ’
{6-Methoxy- tetgar)lyuro pyran-3,4,5-triof* (.,AJJ.JJ.UU/ 582 (MFNH3)-1
5S8R AR B82Sl Wﬁwﬁﬁ?ﬁ% YBERRVAT: phenyl }1,,c10, 468.2
-é FretHER B ARy i DA BT Loty 4p8 (M+Ni-13)
%ﬁgﬁ) 2 { Clihlor ﬁ hyd ”% xy) 456

(0 -tiol* G2IECRd0-0/ , - .
44(51 ( Bg g%mﬁ g&é‘?’%ﬁ/f }6?110?0”-3 1?Z?éeth oxy-benzyl) (M*+NH)
HRDRA YA B LYo RIRer s Y3k gplamidef C221-127CINOS
phenyll-6-ethylsulfanyl-tetrahydro-pyran-3,4,5-friol* SIS (M+NH;)
{25,3R,4R,55,6R)-2-[4-Chloro-3-(4-cthoxy-benzyl)- CoH < ClLOS” 442
phenylj-6-methylsulfanyl-tetrahydro-pyran-3,4,5-triol* A (M+NH:)
|2-Chloro-5-((25,3R 4R, 55,65)-3,4,5-trihydroxy-6-
methoxy-tetrahydeo-pyran-2-yi)-phenyl]~(4-ethoxy- Co HpaClOy 423
phenyl)-methanone®

(28,3R,4R.585,65)-2- {4-Chloro-3-[{(4-ethoxy-phenyi)-
hydroxy-methyl]-phenyl}-6-methoxy-tetrahydro-pyran- Ca1HysClO, 407
3,4,5-riol*

(25,3R,4R,55)-2-[3-(4-Ethoxy-benzyl)-4-methyl-phenyl]- CorHoeO 406
6-methoxy-tetrabydro-pyran-3,4,5-triol* HEG (M+NH;)'
(25,3R,4R,58)-2- {4-Chloro-3-[4-(2-methylsulfanyl- a7
ethoxy)-benzyl]-phenyl} -6-methoxy-tetrahydro-pyran- CaHp7ClG6S o

o (M+NH;)

3,4,5-trio]

(2S,3R,4R,55)-2- {4-Chloro-3-[4-{pyridin-4-yloxy)- . . .
benzyl}-phenyl}-6-methoxy-tetrahydro-pyran-3 4, 35-triol* 244 CINGs 458
(28,3R,4R,58,68)-2-(4-Chloro-3-{(4-cthoxy-phenyl )-[(Z}-

propyliminoc J-methyl} -phenyl)-6-methoxy-tetrahydro- CaHzCING, 464
pyran-3,4,5-triol

(25,3R,4R,58)-2- {4-Chlore-3-[4-(thiazol-2-yloxy)- .,
benzyl}-phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol* C22HzCINOSS 464
(28,3R.4R,58)-2- {4-Chloro-3-[4-(pyrimidin-5-yloxy)-
benzyi]-phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol* C23H2sCINOc 459
(25,3R,4R,55)-2- {4-Chloro-3-[4~(2,6-dimethoxy-

pyrimidin-4-yloxy)-benzyl}-phenyl}-6- mcthoxy» CosHy7CIN,Og 519

tetrahydro-pyran-3,4,5-triol*
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435 (25,3S,4S,5R)-244-Chloro-3-(4-erhoxy-benzyl)-phenyrk

1-isobutyt-piperidine-3,4,5-triol* C241-132CINO4 492

(M-1-PEAG)

(B3R K8 6R)-214-Chloro-3-(4-ethoxy-benzy1)- PCT/USZ007/079654
pheny[]-642-methyl-tctrahydro-furan-3-ylsulfanyl)-
tetr cli|)‘Id|u-|~1ylcu|-f:3,l-"+,:.'_)-t|iul+ €25H31006S-512(vH+NF1H)=1
RY{ZZRAMIRSH(OR;8954FRhBR 65) ealesiibro=3L4- |
¢ Ry%éﬁz%ﬂ)lbﬁ@ﬁﬁjtgm@drﬂwym@)@ tasrafyatb-pyrén:i2qidiifaliy|}  468.1
{BESHIBNIE acid* C231-128C1NO7S 498 WO
‘§08/04ﬂ2§88PCTé%%iOé)7/O%9(%b4h %} ES@,P]
: SR ishy AR O bENZy 1)- _
b N6 ipentyatirny e st ByraNsia, 5- idd B8l 103590 1
496°; ?—NE13) (28 3R 4R 58 6R) -2[4- Chloro 3-(4-ethoxy-benzyl)-
) J4}:§§§}’ gi F%dro -3,4,5 triol CH33C1035 K -
Y Zﬁiﬁ g lofa: 3 (4-eoRRenzy)- 4,
phenyl] 64 meth butylsu I anyl ro-pyran- 3 3,4.5-trlol*
(25,3R,4R,58,68)-2- {3-[(4-Ethoxy-phenyl)-hydroxy- O o) 390
methyl}-phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol AT
(25,35,45,5R)-2-[4-Chloro-3-(4-ethoxy-benzyl)-phenyl]- :
3.4,5-trihydroxy-piperidine-1-carboxylic acid benzyl ester CasHzoCINGg S
(28,35,45,5R }-2-[4-Chloro-3-(4-cthoxy-benzyl)-phenyl]- .
3,4,5-trihydroxy-piperidine- 1 -carboxylic acid allylamide® CostagCIN:Os 461
N-{2-{(2R,35,4R,5R,68)-6-[4-Chloro-3-(4-c¢thoxy-
benzyl)-phenyl}-3,4,5-trihydroxy-tetrahydro-pyran-2- CyaH30CINGGS 496.1
visulfanyl}-ethyl)}-acetamide™®
(28.3RAR,55,6R)-2-[4-Chloro-3-(4-cthoxy-benzyl)-
phenyil-6-(2,2,2-trifluoro-cthylsulfanyl)-tetrahydro-pyran- | CaHpaCIF05S 462.1
3.4,5-trol*
(25,3R,4R,58,65)-2- {4-Chloro-3-[ I (4-ethoxy-phenyl)-1-
hydroxy-cthylj-phenyl}-6-methoxy-tetrahydro-pyran- CoHorClO, 438
3.4,5-triol
Dimethyl-thiocarbamic acid O-{4-[2-chloro-5-
((2S,3R,4R,55)-3,4,5-trihydroxy-6-methoxy-tetrahydro- CooHo s CINGES 468
pyran-2-yl}-benzyl]-phenyl} ester*
(25,3R,4R,58,68)-2- { 3-[1-(4-Ethoxy-phenyl)-ethyl]- Co O 406
pheny!}-6-methoxy-tetrahydro-pyran-3,4,5-triol a2HaEs (M+NHz)"
Diethyi-dithiocarbamic acid (2R,38,4R,5R,68)-6-{4-
chloro-3-(4-cthoxy-benzyl)-phenyl]-3,4,5-trihydroxy- CrsH3CING;S, 526.2
tetrahydro-pyran-2-yl ester
(25,3R,4R,58,68)-2-(4-Chloro-3-{4-[(R)-{tetrahydro- 468
furan-3-yloxyl-benzyl}-phenyl)-6-methoxy-tetrahydro- CzHyCIO ‘ -
R (M+NHs)
pyran-3,4.5-triol _
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(M+NI-13) ' C251-133C1055 498
(2S,3R,4R,5S)-243-(4-Ethoxy-benzyp-phenyi]-6-

methossy/etetshydro-pyram3,4,5-triol* C271-13[009 552 (M+NE&8)ds2007/079654
I- 1(28 38 4S 5R) -2- 14 Chloro 3 (4 ethoxy benzynphenyl]-3,4,5-trihydroxy

: < GCINO5 420
'-) éﬁibkﬂb% fdeathosey-bazy)-phenyl]
CaoHy7ClO6S 455
:;1’&%13&%@78%%&? ﬁbfﬁ%@hﬁ By Hbid Hefrfzyl ester C2.31-130CINO6
' 2%3 ér%s i 4 b
] JEI e}1 ﬁ%ﬂﬁﬁ”ﬂ)lpe%d e B@H -tripl* 522
< 4“ %i—‘e E RIBrd23:(4-6th kg (M-H*Ac)
1) ehv 45 trlhvdroxv plperldln I- y11 acetamlde* 22H27ClN205 435
%ﬁ%§g§ )2 g} &m%o“ i@ﬁllﬂ Xlg%gg‘y!;)iphen []-1-isobutyl-pipéridi ,
'@cﬁ(ﬁ%éﬁg HﬂW}L@—ﬁA‘ 4ro- -pyran- CosHpoC104 323
3.,4,5-triol* (M-HtAc)
(25,3R,4R,55)-2-(4-Chloro-3- {4-hydroxy-3-[1-(2~
methylamine-cthyl)-allyl]-benzyl} -phenyl)-6-methoxy- CosHaaCING, 478
tetrahydro-pyran-3.4,5-iriol
{25,3R,4R,58)-2- {4-Chloro-3-[4-(1-methyi-piperidin-4-
vioxy)-benzyl}-phenyl}-6-methoxy-tetrahydro-pyran-~ CosHapCING, 478
3,4,5-triol*
(28,3R,4R,5S,6R)—2-[4-Ch10r0—3~(4—eth0xywbenzyi)—
phenyl]-6-methancsulfinyl-tetrahydro-pyran-3,4, 5-triol * CaHosCl06S 44
(285,35,45,5R)-1-Benzyl-2-[4-chloro-3-(4-cthox y-benzyl)- ‘
phenyl]-piperidine-3,4,5-triol * CZT’H-‘OC}NO" 468
(2S,3R,4R,55)-2-{3-[4-(2-Benzyloxy-ethoxy)-benzyl [-4- CoeHu CIO 532
chloro-phenyl }-6-methoxy-tetrahydro-pyran-3,4,5-triol ¥ AT (M NHS)"
(28,3R.4R,55)-2-{3-[4-(2-Hydroxy-ethoxy)-benzyl]- CorHo O 408
phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol* 2135267 (M+NH;)'
(28.3R,4R.55)-2- {4-Chioro-3-{4-(2-hydroxy-ethoxy)- C. HL-ClO 442
benzyl]-phenyl}-6-methoxy-tetrahydro-pyran-3,4,5-triol* AT (M-+NH;)'
2-{(28,35,45,5R}-2-[4-Chloro-3-(4-cthoxy-benzyl)- e
phenyl]-3,4,5-trihydroxy-piperidin-1-yl} -acetamide* CrablarCINO5 4335
(28,35,45,5R)-2-[4-Chloro-3~(4-cthoxy-benzyl)-phenyl |- CoaHo CINO 492
L-isobutyl-piperidine-3,4,5-¢riol* S L (M-B+AG)
(25,3R,4R,55,6R)-2-|4-Chloro-3-(4-cthoxy-benzyl)- 512
phenyl]-6-(2-methyl-tetrahydro-furan-3-ylsulfanyl)- CysH3 1 ClO6S M NEL
tetrahydro-pyran-3,4,5-triol* (M+NH:)
(R)-2-Amino-3-{(2ZR,35,4R ,5R,65)-6-[4-chloro-3-(4-
ethoxy-benzyl)-phenyl}-3.4,5-trihydroxy- tetrdhydm—pyran— CosHagCINOS 498
Z-ylsulfanyl}-propionic acid*
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492 EM-F Act' (3S,4R,5R)-2[4-Chloro-3-(4-ethoxy-be

nzyl)-phenyl]-6-

hydroxymethyl-piperidine-3,4,5-trior C2,1-126CINO5 408 6.25. In Vitro

KianeB435sk2 Inhibition Assay

Human sodium/glucose pcr/us2007/079654

co-transporter type 2 (SGLT2; accession number P31639; GI:400337)

araecian-lennaben

armmalian

ot
UL,

HASELIR-PIRR SRt GeB K 2981celidwere)transfeicted with the human 106
HASG L2y IRESPUE fvdctorandrtpybulidstable cell Ielives Setec
ifrésence of 0.5 ug/m1 of puromycin. Human HASGLT?2 cells were
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A
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420
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529
M+ NH,

FUman soalum/gucose Co-transporter type T (SGLT

accessionnuniber

NI d6031-Braner sy was e Ml PIRBS puo2yectardor | 4cs
LA aREY ekpresdidrtiebnstruct: HA-SGETI-pIRE purc%z I%EKZ%% gells

e S ith human HA-SGETI-pIRESpyro2 vector and {he
?ﬂ{@%ﬁg{g%ﬁ%ﬁ%ﬁe S IBTEREHeD ot 0.5 Jg/maigurmnypin. 4

um é%ll_hﬂ calts Were r]ﬁélFPfa}iﬁdeca i _E/IEM media containing 10%
RBSd%% GRS AN %1399 MLt O RUEQTN G 1)- o CING 492
1-isobutyt-piperidine-3,4,5-triol* 242 CINO, [M+Ac]
(38,4R,5R)-2-[4-Chloro-3-(4-ethoxy-benzyl)-phenyl]-6- CorHaeCINO: 408

hydroxymethyl-piperidine-3,4,5-triol*

6.25. In Vitro Human SGLT2 Inhibition Assay

Human sodium/glucose co-transporter type 2 (SGLTZ; accession number P31639;

GI:400337) was cloned into pIRESpuro? vector for mammalian expression (construct: HA-

SGLT2-pIRESpuro2).

HEK293 cells were transfected with the human HA-SGLT2-pIRESpuro2 vector and

the bulk stable celf line was sclected in presence of 0.5 ug/ml of puromycin. Human HA-

SGLT2 cells were maintained in DMEM media containing 10% FBS, 1% GPS and 0.5 ug/ml

of puromycin.

The HEK293 cells expressing the human HA-SGLT2 were seeded in 384 well plates
(30,000 cells/well} in DMEM media containing 10% FBS, 1% GPS and 0.5 ug/ml of

puromycin, then incubated overnight at 37 C, 5% CGO,. Cells were then washed with uptake
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The HEK293 cells expressing the human HA-SGLT1 were seeded in 384
well plates (30,000 cells/well) in DMEM media containing 10% FBS, 1%

WRS:anrgddgem] of puromycin, then incubated overnight at 3¢5 &%7/079654
CO2. Cells were then washed with uptake buffer (140 mM NaC1, 2 mM

" . 12, 10, PM-HEPES, 5 T IS I ,
S5t DM SOEG A TS SO PR S T A v
V\HIIB/ @I_l Diitious st ﬁ@@ihﬂﬁBﬁﬁdﬁWﬂé raddechty thierobliss PhepipRObuffer with or
W@Hﬁ{émg&}%%mg%&&%&%@% éxélgéﬁ‘o]w%igngg(ﬂgf%l e?s%?ﬂ take buffer
added to cells. The cell plates were incubated at 37C, 5% COZ2 for 1-;
hestiaLATeer wasHing e elswitididiebufdls sdbrinationh frsiy wagcubated at
adided {40microlitersiwel) andr4tsAMidnntake wasineasyiedDycintiltation fluid
countmgéii%rﬁdloac{lvny using a s¢intillation coulter (TopCoulter NXT;,

PEUHH TSR EREST 87 ateutatin SCBE VaRissm 2w rekbicsy ying
cadipauivitwitiniegsrchdd i given target i determiNad by tinththaments).
relevant data, using the Levenburg Marquardt algorithm, to the equation: y

= A -E (BG4 RIS RiRbF I fgimum y value; B is the
maximum y value; Cisthe ;an iSthe SIope. The calculation of the
IC50 is prifermedi wsind:XEEid-saftparer (BhBUsHTESS 1 Widession number

8 638PCT. 07/079654 Solutions Inc., Bridgewater, NJ 08807)
O 200 (el TG L P B850 CERARay, rssion
6. @BstndfivaAENe o f ITR Bjyouritls The pharmacological effects of
COMpouyr the inventi deter ined using, six pdrug-treat d% dv ran
six vehic e-treate%l%g?%lﬁﬁﬁzﬁ%%ﬁghﬁeggwg %§ ?é%ﬁ?d?]f l?g’t'g?l:fiuet %n&cm d

itef\iiraitgtowdeininve Nslgetad matabsolie effé. Rieimiceweneprdvited HA-
deinKipg Water.ang highsfad m%ﬂ@m@dpﬁéagmﬁgnﬂo%ﬁg@?ﬁ%@@ﬁ's and 0.5 pg/m]

libitum.  Compounds were delivered two ways. In the first, mice were
FIPIGERNRA drug or vehicle on day 1 with 5 mi/kg dose volume. The

entire ulmﬁt,eza@hm lgms&@ua@tﬁgﬁwﬁhﬁ]&pf@ﬂom q?%&@g@j&@t@iﬁfﬁm well plates
metahalic cage plastic urine collector. Measuyres o e hody weight,
iRl e S U A
watemiyrineipaste)band urigreivbluniy Weseaidtle daily wdrindaasashed with uptake
ollect al ri d,assessed fqr glucase.concentrati i
B e R SR S L A o s
p’ég/ﬁdﬁﬁwé_lyi cafeuialédnviondBfotal phinedvo MW-WnUimﬂﬁ®'$5g1ugﬁ@ke buffer with or
CORGARYANRN-compdlheRecand-meiiRd. SRMPRYNGS W?&%ﬂ%kvgf‘%gtegge buffer

the diet. Thjs was done by mixing the test compound in the high fat dit
FREtaAPthe appYdpiidte o certraliorddiden taking!irteatebinst basenpebated at
by weiatthang baseline fagd:coRsMNLORMNASIE COMRININE N e ST ation fluid

was again provided.in excess eagh day. The amount of compound
AR S B S0 e by eI ARIFBH B4y iR and

fodibeansynpiten. scintiliation coulter (TopCoulter NXT; Packard Instruments).

6.27. Calculating ICss Values

The ICsq of a compound with regard to a given target is determined by fitting the
relevant data, using the Levenburg Marquardt algorithm, to the equation:
y = A ({(B-AY(IH({(Cx)"D))
wherein A is the minimum y value; B is the maximum v value; C is the ICsy; and D is the

slope. The calcufation of the ICy is performed using XLFitd software (1D Business
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Figure | shows the effect of four compounds of the invention (A, B, C and
D), when orally dosed once at 30 mg/kg, on the amount of excreted

glusasg g the 24 hours following dosing. By comparison,ggaiikalio7 /079654
animals excreted about 1 mg glucose over the 24 hours. 25 All

( at ts { licati ve are
B SRR LU R o 1 ot 205
chdifridrasvicompound of the formula: (R6)n  OH 5or a

pharmaceutically acceptable salt or solvate thereof, wherein: Xis 0, S or

NR3; wheg X is: ;R igQR 3R ueRIA, S02RIA or N(RIA)2; when X is 5,

Riis hydrogen, ORLA, SRI.; SORLA, or SO2R1A; when Xis NR3, Ri is

ORIA, SRs SGRIA;SQRRI AfartRIfApbPeachs Rﬂﬁei@mﬂéwend@rdtycmined using six
hé’l%B%Oggﬁt,@%yd s@!ﬂ@iﬂ&@%@ﬂ%ﬁygg albl ﬁofh %L@ %%913%% {’:ile 4%1( 674 } B}%ﬁ’f&t diet and

and R2C is independently hydrogen, a
T e @b@j%&l@@m%@@ I\RIRBB‘)?Z ‘amymrawﬁcdrdnnkmé water
hetereeysig@achRBA lsdndependentiv.alky] of atvlii5each R35 is

independently hydrogen, alkyl, or aryl; each R6 is independentl

hydrogér? WH%%(W%%%]EW%%W&%%‘ Hir3E EERERTOREASSRIGAdrug o

S@Rﬂéoﬁ@@ﬁﬁ%t@(@bﬁ@@d@@@@ﬁﬁc 0®BHQ1§EM€RL@A){]B@A)V&9 collected for the

C%CI %)E CONH2 hNHC (p 6A, NH?OZRSA allj R - bod
SSTOB e B R B AN TR eSS G8RTY IS AR 8 ﬁ%tf’ fo &%"mw mouse body

weight, water consumption, food consumption (accounting for evaporation of water m the

paste}, and urinc volume were made daily. Urine was collected daily, centrifuged, and
assessed for glucose concentration using a Cobas Autoanalyzer. The final result of
milligrams of glucose excreted per day was calculated from total urine volume and urine
glucose concentration. |

In the second method, compounds were delivered in the dict. This was done by
mixmg the fest compound in the high fat diet paste at the appropriate concentration, when
taking mto account baselme body weight and baseline food consumption. Paste containing
the drug was again provided in excess cach day. The amount of compound delivered per day
was confirmed by calculating animal body weight and food consumption.

Figure 1 shows the effect of four compounds of the invention (A, B, C and D), when
orally dosed once at 30 mg/kg, on the amount of excreted glucose during the 24 hours
following dosing. By comparison, control animals excreted about 1 mg glucose over the 24

hours.

All publications (e.g., patents and patent applications) cited above are incorporated

herein by reference in their entireties.
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20each R7 is independently hydrogen, hydroxyl, halogen, amino, cyano,
nitro, CECR7A, OR7A, SR7A, SOR7A, 502R7A, C(0)R7A, CO2R7A,
CO2H, CON(R7A)(R7A), CONH(R7A), CONH2, NHC(O)R7A,
NHSO2R7A, alkyl, aryl or heterocy&kAdhiS R7A is independently alkyl,
aryl or heterocycle; mis 1-3; 25n is 1-3; "alkyl" means a straight chain,
branched and/or C|IC hydrocarbon having from 1 to 20 carbon atoms;
and’¥hatis 9[”‘@1‘%%5 an aromatic ring or an aromatic or partially aromatic
ring system composed of carbon and hydrogen atoms. 302.The
condpoundfofaTatnd WHBEEHHISFORLA. 3. The compound of claim
1, wherein Ri is SRIA. 4. The compomqinof claim 1, wherein Ri is SORIA.
5. The compound of claim 1, w s.SO2Ria. 6. The compound of
claim 1, wherein Ri isfRydrog 7. The compound of any of
claims 2 to 6, wherein Rif, or<at lez e RI0 s en or alkyl having
from 1 to 4 carbon atoms. 8. The compound of laim 1, wherein R6
is hydrogen, hydroxyl, halogen, ORG6A or alky g frem 1 to 4 carbon
atoms. 9. The compound of claim 3, wh%g{m R7 is hydrogen,
CECR74" ORD% or alkyl having 10 from 1 to 4 carbon atoms. 10.

or aTherowmepointyofcekiiabiec 6aiich s8'vithdsmphuaeeHO0OH OH 11.The
compewnd of gledm 2, which is of the formula:

when X is 0, R1 is ORua, SR1a, SOR1s, S02R1 oF N(R1a)z;

when X is §, Ry is hydrogen, OR1s, SR1a, SOR14, or SO2R14

when X is NRs, R1 is OR1a, SRus, SORua, S02Rua, oF Ria;

eéch Ria is independently hydrogen, alkyl, aryl, or heterocycle;

Rz is fluoro or ORoa;

each of Rax, R2s, and Rae is independently hydrogen, aikyl, C(O)a!kyi C({Oarvl, or arvi;

Rs is hydrogen, C(0)Rsa, CO2Ra3a, CON(Ras)2, alikyl, aryl, or heterocycie;

each Raa is independently alkyl or aryl;

each Rsg is independently hydrogen, alkyl, or aryl;

each Re is independently hydrogen, hydroxyl, halogen, amino, cyano, nitro, C=CRsa,
ORss, SRea, SORsa, 502Rea, C(0)Rea, CO2Rea, CO2H, CON(Rsa)(Rea), CONH(Rex), CONHz, NMHC(O)Rea,
NHS0.Rsa, alkyl, aryl, or haterocycle;

each Rsa is independently alkyl, aryl or heterocycle;

each Ry is independently hydrogen, hydroxyl, halogen, amino, cyano, nitro, C=CR7a,
OR7a, SR7a, SOR7A, S02R7A, C(O)R7a, CO2R7a, CO2H, CON(R7a)(R12), CONH(R7a), CONH2, NHCOR7a,
NHS02R14, alkyl, aryl or heterocycle;

each Rza is independently alkyl, aryl or heterocycle;

mis 1-3;

nis 1-3;

“alkyl” means a straight chain, branched and/or cyclic hydrocarbon having from 1 to 20

carbon atoms; and

“aryl” means an arométic ring or an aromatic or partially aromatic ring system

composed of carbon and hydrogen atoms.

2. The compound of claim 1, wherein Rq 18 OR1a.
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12.The compound of claim 1, which is of the formula: HO:OH OH 13.The
compound of claim 1 which is of the formula: 5or of the formula: HorOH
LOH. e ddrereorpswndafianyakoiams @40 13, wherein Xis 0.

16. The compound of any of claims 10 to 15, wherein Rix, is hydrogen,
methyl or &teytot@biitnd deimpburittificRins $30Which is
(28,3R,4R,55,6R)-244-chloro-3-(4-ethoxy-
berfry1)-phengapBorstRY ety Hetrain & é: 5Pr:3,4,5-triol or a
pharmaceutically accept bI!e“saI thgreof. 8"?}1 har acegtical
corﬁpositigﬁ%iﬁ ?éiﬁgag cai%ﬁ}pou%de {ﬁ”énfl 6 g Aime 110 17 and a

pha?rmacelrlﬁig %E%BS&@@@@%@%%%@%C@?'@Qévésﬁ%m%i: least one Ria is

pharmaceutical composition of claim 18 comprising

hydrogg Ry ggg@’@ﬁ{gﬁ@j 1 to 4 carbon atoms, 7 _
chlgro-3-(4-ethoxy-benryl)-phenyl]-6-methyisulfanyl-tet -pyran-3,
= 190 or o DRATHACA TR A AL AL L B AP TR, PG G o
alkypleingatteatitaflyt asdeptatdediluent or

9. The compound of claim 3, wherein Ry is hydrogen, C&CRya, OR7a or alkyl having

i

10 from 1 to 4 carbon atoms.

10, The compound of claim 4, which is of the formula:

\\/O ' Cl '
‘lo . ‘O’HO_REA
HO™ ™" oH

OH

14, The compound of claim 2, which is of the formula:

~_C Cl :
/.r,,,'(, 4 ‘_n\S—R'iA

OH

15

12. The compound of claim 1, which is of the formula:

~_0O c 9
’HS_RM
BHO ; OH

OH
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excipient.
The compound of claim 1 which is of the formula:

13.
~_-0 Cl_ o
X SR
, o)

The compound of claim 3, which Is of the formula:

14,
- Cl
O“"‘”R-]A

\/O l 2
‘ HO ; O

OlEn
I

5 or of the formuia:
\/O s Cl
| Rs
L “, oRap
HO : OH
OH

is5, The compound of any of ctaims 10 o 13, wherein Xis 0.
16. The compound of any of claims 10 to 15, wherein Rua is hydrogen, methyl or

ethyt.

i7. The compound of claim 1, which is (25,3R,4R,55,6R)-2-{4-chioro-3-{4-ethoxy-
benzy!}-phenyl}aa-me’chylsuifanyi—tetrahydro—pyran-:%,4,5~trio§ or a pharmaceutically acceptable

10

salt thereof.

18,

A pharmaceutical composition comprising a compound of any of claims 1 tc 17
and a pharmaceutically acceptable diluent or exciptent.
The pharmaceutical composition of claim 18 comprising (25,3R,4R,55%,6R)-2-{4-

i5 12,
chloro-8—(4-ethoxy~benzyl)—phenyi]@-methylsu!fanyl-tetrahydro—pyran—3,4,5—triol ora

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable diluent or

excipient.
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