WO 2010/022313PCT/US2009/054585 PROCESSES FOR THE PREPARATION OF SGLT2
INHIBITORS CROSS-REFERENCES TO RELATED APPLICATIONS [0001] This application claims
the benefit O{V%'zsdlc%u%g%l No. 61/091,248 filed August 22, 2008, the contents of each are incorporated
herein by refarence 2 *ETATEMENT AS TO RIGHTS TO INVENTIONS MASEURBER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT [0002] NOT APPLICABLE BACKGROUND OF
THE INVENTION [0003] According to the World Health Organization, approximately 150 million people
worldwide have diabetes mellitus. The two principle forms of diabetes are type 1 diabetes, in which the

pancreas failSiBOroduss s i RahditlipRRERELBIAT IO W SebidyINI B FEEPRSI properly to

the insulin produced (insulin resistance). Accounti?ﬂ“for about 90% of all diabetes cases, type 2

diabetes is by far the mb&RSHFEREREOSHER SO RELAER A PR HbdddOENSF insulin action or proper
response [mguliTissipis daRievaiad tevelsefiseruns gusesed hypesslyse mia) Aedqaus complications

associateg0 étqégjg%bgggn%ﬁig)g%%%g gfﬁ@%ﬁ%ﬁ%&ﬁgﬁc@ gvigual impairment or blindness),

cardiovascular diseas pa ‘ARG Gabetic foot disease. [0004] Individuals

with type 1 diabete . e i i e s.type 2 diabetes can be
managed with diet %ﬁg %Egyégag{q 5&?@%@%%&%%%%&@&%&%5 insulin, which is
needed by about ofEIH AL pAtIEPRGNSORPRESRARES] ANTeDEAHDAPBIENHerapies include
biguanide&éwﬂichﬁgfrﬁgﬁglglﬁ.? production in the liver and increase sensitivity to insulin),

nides (w

sulfonylurcas and meglitini Ich stimulate insulin production), alpha-glucosidase inhibitors (which

slow starch absorption and gluc§§$@a%gﬂﬁ,@§dri%ﬁg%@§q@&es (which increase insulin
in combination, and ev

sensitivity). These medicines are often use en then may not provide adequate
glycemic control or may produce undesired side effects. Such side effects include lactic acidosis

(biguanidesibly poglyeeiniptésilfoanyiur erse)ipDeedemenanshywrightgains (thiazelidisesiones).
Therefore, new antidiabeti ents proviging improve cemic control and lacking these adverse
effects aréV ﬂﬁg \Tf/daeggi‘rrgg?aﬁfggéﬁ%%%pgbﬁ € WHIE 1i]%é%@E@?g%?ﬁ@ﬂ?&?ﬂ}eslcggfgffegrgcurrently
under clinidakkviadyatiorede failsacas ahtigialselic. dndggp€ Gripbdutasl Siprenidiblytddsdiitied as useful for

inhibiting SGPTIelide Codbienside driatien ahadhsee dessined nUSeaidaz0
118200401 843& o oosozoglsagug{?oggo i ‘@‘“W%%%%ﬁgg %;gg(g? 8476 /2 of
all diabetes cases, type 2 diabetes is by far the most common. In both types of diabetes, the
absence of insulin action or proper response to insulin results in elevated levels of serum
glucose (hyperglycemia). Serious complications associated with diabetes include retinopathy
~ {leading to visual impairment or blindness), cardiovascular discase, nephropathy, neuropathy,

ulcers and diabetic foot discase.

[0004] Individuals with type 1 diabetes currently require insulin therapy. While in many
cases type 2 diabetes can be managed with diet and exercise, drug intervention also
frequently is required. Besides insulin, which is needed by about one-third of patients with
type 2 diabetes, current antidiabetic therapies include biguanides (which decrease glucose
production in the liver and increase sensitivity to insulin), sulfonylureas and meglitinides
(which stirnulate msulin production), alpha-glucosidase mhibitors {which slow starch
absorption and glucose production), and thiazolidinediones (which increase insulin
sensitivity). These medicines are often used in combination, and even then may not provide
adequate glycemic control or may produce undesired side effects. Such side effects include
lactic acidosis (biguanides), hypoglycemia (sulfonylureas), and edema and weight gain
(thiazolidinediones). Therefore, new antidiabetic agents providing improved glycemic

control and lacking these adverse effects are highly desired.



11520060009400, US20060019948, U520060035841, US20060122126, 11520060234953,
W02006108842, 11820070049537 and W02007136116), O-glycoside derivatives (such as those
described in U56683056, US20050187168, US20060166899, US20060234954, US20060247179 and
US20070185197), spiroketal-glycoside derivatives (described in W02006080421), cyclohexane
derivatives (such as those described in W02006011469), and thio-glucopyranoside derivatives (such

as thostgdggiscr@@ﬁﬁ@ﬁ&@@@@ﬁ@&ﬁ%@@hﬁdp%@d@é@ﬁibﬁsl ArA AU 10 HRE ZJBHTE described in the

noted references, new processes.are nee o8 their synthesissthatcanynpeayeasipon current yields
and pr@\‘/ﬁiéﬁ%ﬁfﬁ’éﬁ?f‘d@ i??%?ﬁ/as%?ﬁnae%sr'm. {gﬂtkpﬁsinglljy, the [;%rﬁegent inventi%% ﬂ?g% sses such needs.
[

BRIEF ;3. @dﬂoﬁ%ﬂ&@&;lpwﬁénﬂd@(ﬁ@%%ﬁésﬁ@ﬂaé}ﬁoﬁé%?ﬁﬁ@@fﬁrg mpounds having

an inhibitory effect i ARG By Chmpounds havi
oo AR S enerden asosn oat

s and further describes pharmaceu ,ic(?# itions, synthetic
TSSO SRR SRR b R o
therapetic agenis, Jor tesinalseasesand apnditiansayfic wigsalfented:by:S @it ihibition,
whereintheS '8'p 'n’is1or2; Ris amember selectedgrqrgm é@s Q5aLp gagﬂ%gg of hydrogen, halo,
and C -@6saldkydribed in US6683056, 1US20050187168, US20060166%9%, 0 S

1820060247179 and 1JS20070185197), spiroketal-glycoside derivatives (described n
WO2006080421.)., cyclohexane derivatives (such as those described in WO02006011469), and
thio-glucopyranoside derivatives (such as those described n 1JS20050209309 and
WO2006073197) In addition to the agents described in the noted references, new processes
are needed for their synthesis that can improve upon current vields and provide compounds in

crystaliine form. Surprisingly, the preseat invention addresses such needs.

BRIEF SUMMARY
) . . - ‘: .t - e 't ¢
[0006] The present disclosure provides methods of prepanng compounds having an inhibitory effect on
sodium-dependent glucose cotransporter SGLT. The disclosure also
provides crystalline forms of the compounds and further describes phamceuﬂcal
compositions, synthetic -ntermediates, and methods of using the compounds, indep endently

or in combination with other therapeutic agents, for treating discases and conditions which

are affected by SGLT inhibition.



V is a member selected from the group consisting of oxygen and a single bond; W is a member
selected from the group consisting of CI-Cc, alkylene, C2-C6 alkenylene, C2-C6 alkynylene, C3-C10
cycloalkylene, and (C3-C10 cyclealkylene)(Ci-C6 allcylene) wherein the C3-C10 cycloalkylene portion
bonds to V and the CI-C6 allrylene portion bonds to X; X is a member selected from the group
consisting of a single bond; oxygen; and Nle; Y is a member selected from the group consisting of

hydrogen, C1C6 alkyl C1-C6 haloalkyl, C1.C6 fydrouya Kk . 03.C10
Cyclomi e S0F FEiGh G T ARIE BT SRR o Al gt R s 2

cycloalkyloxy)Cl -C3 aIkyI (aralno)C 3 alky ‘G4 atkylamino)C1-C3 alkyl, (C1-C6 alkyl)carbonyl,
i (C1-C6 alkyl)sulfonyl, (C2-C6 alkenyl)sulfonyl, and
oAyl atkynyl, cycloalkyl and cycloalkenyl groups or portions
of W, Xand Y are optlonally or completely fluorinated and are optionally mono- or &substituted
by substituents mdependé@tly elec%ﬂ from the group consisting of chlorine, hydroxy, C1-C3 allcyl,
C1-C3 alkoxy, C3-C6 cycloalkyPHand in cycloalkyl groups or péRiBAE3He 8o methylene groups are
optionally replaged independently.of one another by 0, S, CO, SO, SO2 or NRb, and one or two

methyne ,groups are op ionally replaced by N, wherein the heteroc med.by said optional
replaceﬁqéﬁﬁ@%@%ﬁﬂgﬁ?&g?ﬁoﬁﬁ&ggsg%%ﬁwﬁ rin n;eln{ EX%%/ se%{ectﬁec from the group

CcoNsistingsaf ibrbir Gh-atid/ i GHE Groyoloatkyingvf (CIzemaatkyye@b Ot wherein alkyl and cycloalky!
groups & g%rglem e:arrseel(e)g“c? gaﬂtﬁ)@meﬁp consisting of C;-Ce alkylene, C,-Cy alkenylene, Cy-Ce

alkynyiene, C5-Cy cycloalkylene, and (C5-Cio cycloalkylene)(C;-Cs alkylene) wherein the C3-Cio
cycloaliylene portion bonds 1o V and the C-C¢ alkylene portion bonds to X

¥ is a member selected from the group consisting of a single bond; oxygen; and NR’;
¥ is 2 member selected from the group consisting of hydrogen, C;-Cq alkyl, C;-Cq haloalkyl, Cl-Cﬁ
hydroxyalkyl, Co-Ce alkenyl, C,-Ce alkynyl, Cs-Cyp cycloalkyl, (C5-Cio eycloalkyDCy-Cy alkyi
(C;-C, alkyloxy)C,-Cs alkyl, ( (C3-Cio cycloalkyloxy)Ci-Cs alkyl, (a_mjno)Cy—Cg alkyl, (C:-Cy
alkylamino)C,-Cs alkyl, (C,-Ce alkylycarbonyl, (Cp-Ce alkenyl)carbonyl, {(C1-Cy alkynyl)carbonyl,
(C,-Ce alkylysulfonyl, (Co-Ce alkenyl)sulfonyl, and (C,-Cs
alkynyhsulfonyl,

| wherein alkyl, alkenyl, alkynyl, cycloalkyl and cycloatkenyl groups or portions of W, X and Y
are optlonally partly or completely fluorinated and are optionally mono- or disubstituted by

substituents independently selected from the group comsisting of chlorine, hydroxy, C;~Cs alkyl,
C,-C, alkoxy, C3-Ce cycloalkyl, and in cycloalkyl groups or portions one or two methylene
groups are optionally replaced independently of one another by O, S, CG, 50, 50, or NR?, and
one or two methyne groups are optionally replaced by N, wherein the heterocycle formed by
said optional replacement is other than heteroaryl; and
R? 1s & member mdependently selected from the group consisting of H, C;-Cs alkyl, Ci-Cs cycloalkyl
and (C-Cy a]kyl)carbonyi wherein alky! and cycloalkyl groups or portions are optionally partly

or completely fluorinated;
cach R' is 2 member independently selected from the group consisting of H, C,-Cy alkyl and (Ci-Cy

alkyl)carbonyl, wherein alky! groups or portions are optionally partly or completely fluorinated;
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or completely fluorinated; each Rb is a member independently selected from the group consisting of H,
C1-C4 alkyl and (C1-C4 allcyl)carbonyl, wherein alkyl groups or portions are optionally partly or
completely fluorinated; and pharmaceutically acceptable salts thereof; comprising: (a) reacting a
compound of Formula Il OH with a reducing agent in the presence of an activating group to form a
compouid BraTEATTIcA Y Es R bR E6Rtacting said componnd of Formula IR with an amino acid
to form sgighgamplex of Formula IA;

(a) reacting a compound of Formula I1

(1)

with a reducing agent in the presence of an activating group to form a compound of Formula

oI -

(III); and
(b) contacting said compound of Formula II with an amino acid to form said complex of
Formula [A;

wherein steps (a) and (b) are performed without purification of said compound of Formula 1T and
wherein steps () and (b) are performed sequentially without an miervening protection or

deprotection step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. I is the general synthesis method of Scheme 1 for the preparation of

compounds of the invention.

[0008] FIG. 2 is the X-ray powder diffraction pattern for the compiex of Example SF of the

mvention.

[0009] FIG. 3 is the differential scanning calorimetry spectrum for the complex of Example

6 of the invention. .
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wherein steps (a) and (b) are performed without purification of said compound of Formula Il and
wherein steps (a) and (b) are performed sequentially without an intervening protection or deprotection
step. BRIEF DESCRIPTION OF THE DRAWINGS [0007] FIG. | is the general synthesis method of
Scheme | fortRéPPEattion of compounds of the invention. [0008] FIG. BGEHHERUR B wWder
diffraction pattern for the complex of Example 5F of the invention. [0009] FIG. 3 is the differential
scanning calorimetry speditiib ¥k RBRMURDP $1EXD DB NNE MYVEDTON. WO
2010/022%%%%&!6982009/054585 DETAILED DESCRIPTION OF THE INVENTION Definitions [0010]
As used herein, the term "halo" means a monovalent halogen radical or atom selected from fluoro,

chloro, bramffndiodeyFREeLaIT et haln s AR L. ehiace A1) ﬁéﬁ%&qg%loé\ns used herein, the
term "suitable Substitucnt” mcans a chemically and ph )

pharmaceutically acceptable group, i.e., a moiety
that does $tcig hifeaRugh@viere WimetapiefrarBtdarstdriregatr shecdiiossycbbtheidventive
compoun@gspasiCh suitable substituents may be routinely chosen by those skilled in the art. Suitable
substituents may be selected from the group consisting of halo, C1-C6 alkyl, C2-C6 alkenyl, CI-Co

haloalkyl, GHEp aloRtd GaGb halpalkoxy bR GRAINAY&3:C8 ausinallsnyl (C3-C8
cycloalkyl)Ci-Co alkyl, (C3-C8 cycloalkyl)C2-C6 alken a|é,éCB-C8 cycloalkyOCI-C6 alkoxy, C3-C7

y YCl . -
hcterocy cROATRGFCHESR 2RI oy I 2B EIPHEE Doh SIS REIbalRATE R v hikeny |, (C3-C7

hetcrocycieestayt)6nloC6 abtarxyihaydriayy cahoiw@x@e sulanyhdsl ﬁi@hﬁ_&fﬁ%&@ﬂ%ﬁ@%&s heteroaryt,
iyt A TR ANHS. CA AR, Ot b Aamonghqe sk eslsydbonyi, (C1.Co
allyDamintoarbiorgdo i@ Ca aiiiydenteCarborylafyle Brbonyl, afyloelye kloOHC(GIkdEH,
Poreimafter e B e T AR &

cycloalkyl)Cy-Cs alkenyl, (Ci-Cg cycloalkyl)Ci-Cs alkoxy, Cs-C7 heterocycloalkyl, (C3-Cr

heterocycloalkyl)C;-Cs alkyl, (C3-C5 heterocycloalkyl)Cy-Cys alkenyl, (Ca-Co

heterocycloalkyl)C,-Cs alkoxy, hydroxy, carboxy, oxo, sulfanyl, C-Cy alkylsulfanyl, aryl,

heteroaryl, aryloxy, heteroaryloxy, aralkyl, heteroaralkyl, aralkoxy, heteroaralkoxy, nitro,

cyano, amino, Cy-Cs alkylamino, di-(C;-Cs alkyl)amino, carbamoyl, (C-Cs alkyljcarbonyl,

(C1-Cs alkoxy)carbonyl, (C1-Cs alkyl)aminocarbonyl, di-(C,-Cs alkyl)aminocarbonyl,

arylcarbonyl, aryloxycarbonyl, (C;-Cy alkylysulfonyl, and arylsulfonyl. The groups listed

above as suitable substituents are as defined hereinafter except that a suitable substituent may

not be further optionally substituted.

[0012] As used herein, unless otherwise indicated, the term “alkyl” alone or in combination
refers to a monovalent saturated aliphatic hydrocarbon radical having the indicated number of
carbon atoms. The radical may be a lincar or branched chain and, where specified, optionally
substituted with one to three suitable substituents as defined above. Illustrative examples of
alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-
hexyl, isopropyl, isobutyl, isopentyl, amyl, sec-butyl, tert-butyl, tert-pentyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl, n-eicosyl and the like.
Preferred alkyl groups include methyl, ethyl, n-propyl and isopropyl. Preferred optional

suitable substituents include halo, methoxy, ethoxy, cyano, nitro and amino.

[0013] As used hercin, unless otherwise indicated, the term “alkenyl” alone or in
combination refers to a monovalent aliphatic hydrocarbon radical having the indicated

number of carbon atoms and at least one carbon-carbon double bond. The radical may be a



[0012] As used herein, unless otherwise indicated, the term "alkyl" alone or in combination refers to a
monovalent saturated aliphatic hydrocarbon radical having the indicated number of carbon atoms. The
radical may be a linear or branched chain and, where specified, optionally substituted with one to three
suitable sub&RENEHE defined above. lllustrative examples of alkyl grou SIS B 3re not limited
to, methyl, ethyl, n-propyl, n-butyl, n-pentyl, nhexyl, isopropyl, isobutyl, isopentyl, amyl, sec-butyl,
ten-butyl, keetpertydnchbd phyinniody | omd Aylmn add oyhere dpadetyd, npdtratiecybwithedaditicy|,
n-octadecyl Rigasyandde U Rualeuad alod droups gl melivl S popyland isopropyl.

Preferred optional suitable substituents include ha oxy, ethoxy, cyano, ni nd amino. [0013]
As used Heflife:URTeES BehERNE? ihditated-nTReearm2-ameayt!.dienepein combimation refers to a

monovalesi:aliphaiie hysrpearhen 1ad ingsthe-indicatediqumber, of, @239&_ RiRMs gnd at least
one carbon-carbon doulgsl’;e bond. Th;‘fgaéjii}gvmg?/ be{g@W 201 /0223131%0 /US2009/054585 linear

or branchBeMaEERY it @ e tationidinl 3abiaisars dabmible- opidriand bt ereeiims Bite to three
suitable substitugnipas tafinedrabava, Hustiattyerexamples it atksnyl aroursinchige, but are not
limited to, vim/l, I-pri%Eenyl, 2- rogrené/l, iso?ropenyl, | -butenyl, 2- buteny4 isobutenyl,
2-methyl-m§ro(ﬁgﬁﬁ,' ziﬁ'é(r:r‘f%rﬁ I -%errll?ean ?%‘-methyl-z-pentenyl, 1,3- pentadienyl, 2,4-pentadienyl,
1,3-butadiepyl and the like. Preferred alkenyl groups include vinyl, 1-propenyl and 2-propenyl.
Preferred@%‘%ﬁa Suits Ieegﬂgsﬁ?éeéﬁ%%ﬁ@é%%%é%f%et g emicfgﬂémiﬁ% and amino. [0014]
As used hereinnainlessfoternisenindicatetiptiae désnirSadibemydi Bdohiemomintbe mbication refers to a

monovalent.al | r raql vj e.indi mbet.of carhbon atoms and at least
one carbon-cam%lp g é%ogr?\rdP gf@e%i%%ﬁ%ﬁé%ﬁﬁ% gﬁ?ﬁé%%{‘?(j%qr%ﬁghgﬁ %ﬁ%ﬁaaﬁndﬁyv%eare specified,
optionallylsigsstitltegchithbaa endnrdes itablacsubatioue Arssubstipfisrbd itbonetd g ative examples of

alkynyl grauRsncHusen Bt ALt dinmiedktos RN, éxm%wwba%zgﬁgmg LRty £-butynyl,
1-pentynyl, 2- pentynyl, 3-methyl-I-pentynyl, 3-pentynyl, 1- exyrl%‘II -hexynyl, 3-hexynyl and the like.

Preferred GG IGHSESS FIENTE &tAARYIA: SrEFRRY AN ISrSh ?ﬁ@?&éﬂ%‘dﬁﬁbﬁal suitable
SUr?Stitl_Je@?ﬁliﬁﬁﬂ,dﬁﬁﬁ&l@ﬂm@&ﬁ%ﬁtylﬁiﬁﬁmrﬁl | ygnqidiiﬁgz@gdl@@m . %%%%ﬁ%ﬁtﬁﬂﬁ t}@éeini unlless
otherwise jndicated, the term "cyc yl!" alope or in combination refers to a manovalent alicyclic
satu ratedpﬁ?%%%‘g )Fla%ﬁ%’éﬁ’%}:g\?ﬁ%etﬁ@élﬁiﬁ%r@w %%@Fﬁﬂﬁ{%{ &?gﬁﬁifkﬁgt?ﬂ?ﬁland, where
specified,septidlealipssinpstititet ddtmbnextththn g e doitahieasubsiifuantssasdefined above. lllustrative

examples of cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyt, cyclopentyl,
cyclohexylif&igloheptypdddyainoctylecyctbaonyt antictiel |itte. (Brefayeid dptivnabsuitalnle substituents
include halg, me g e Q rig, nitrg and amino. [0016], As used herein, unless
otherwise%i(%g%rg%gg%t ?%i?%‘@%&ena%g%né%ﬁ#@go% iNation refers t]léaglrﬁ%dt?lliét::\?a{fgnt alicyclic
hydrocartibpreadidanh &ving grr cerbrayiiierwy bohsoudispea Gedbaniwiid ingbantiiad leébt one
carbon-caghop, %gpg%mmsa%ﬁmrgs%mé@m@t'qnaﬁ%&t&@%Mﬁsﬂeyvmyasa'iW%%ﬁu'tab'_e _
substituents as defined above. lllustrative examples of cycloalkenyl groups iniclude, but are not limited
to, cyclopBtAgI DBy 1eRakERicd e tislare Ivletiriebrbptiviinrsitdbry dabethentiohmitde halo,

methyl, ethyloRainnticHRoNYanayRB keIt FBRAMPIBnal suitable substituents include halo,

methyl, ethyl, methoxy, ethoxy, cyano, nitro and amino.,

[0016] As used herein, unless otherwise indicated, the term “cycloalkenyl” alone or in
combination refers to a monovalent alicyclic hydrocarbon radical having three or more
carbons forming a carbocyclic ring and at least one carbon-carbon double bond and, where

specified, optionally substituted with one to three suitable substituents as defined above,

lustrative examples of cycloalkenyl groups include, but are not limited to, cyclopentenyl,
cyclohexenyl and the like. Preferred optional suitable substituents include halo, methyl,

ethyl, methoxy, ethoxy, cyano, nitro and amino.
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[0017] As used herein, unless otherwise indicated, the terms“alkylene”, “alkenylene”,

“cycloalkylene” and “cycloalkenylene” refer to a divalent hydrocarbon radical that is formed



[0017] As used herein, unless otherwise indicated, the terms"alkylene", "alkenylene", "cycloalkylene™
and "cycloalkenylene" refer to a divalent hydrocarbon radical that is formed by removal of a hydrogen
atom from an alkxl alkenyl, cycloalkyl or cycloalkenyl radical, respectively, as such terms are defined
above. [OOléY A8 [lligg%f‘ﬂgrein, the tent' "(C3-C10 cycloalkylene)(C1-C6 a Téﬂ%ﬁm?@ﬁ’e“@%o a divalent
hydrocarbon radical that is formed by bonding a C3-C10 cycloalkylene radical with CI-Co alkylene
radical, adsuahaerhnes ahg defiredabbve (o1} Adkesetl felerkdniesgbtikenyseaiicitated, the term

"aryl" alor}gsﬂg(jgvgwpggggp{%ﬁg% IR A, oRQvalent aromatic hydrocarbon radical having six to ten

carbon atoms folming a carbocyclic ring and, where specified, optionally substituted with one to three

suitable s guent defined Jjgstrati f NCH ut are not limited
to, phenyl%%i:th%f l%%tﬁ%%%rﬁ%%%\{%l,t%dg%’ éI[)Zcrffcc?llé ?ﬁ%’%ﬁ?@(‘@ﬁ%‘%ﬁ} d&%?/l %‘%?gg gre phenyl and

naphthyl, Gti6RENYH6HEOB Fadisabdatitclmpy entieadise differentcyaltabislenbesbigahigtielected from

halo, cyanq, & Jifed lkyhdled; 33 syl ealkylsdiflugremalind, trifluoromethyt, C1-C3 alkoxy,
difluoromethoxy and trifluoromethoxy. [0020] As used herein, unless otherwise indicated, the term

"heterocyphoatiyl” AlaReiacteisompbiRatinavaleisdr A-ayelealiod aroup.asmdefined,adayg:dn which one
or more caéﬁl%ons in the ri%% is replaced by a heteroatom selected from N, S and 0. lllustrative

d [ ;
examples SRR ATRYRRARTT SronpiReiorarben UGB R FrcahemyiortarRSurany!,
piperazinyl ciebeatyytcaing any) waiek e diked0pRdda s subethhedeinhunlessibiberwissléndicated, the
term "heteroaryl" alone of.in cambinatjon refers to a monovalent aromatic heterocyclic radical having
0 to nine LSS AdOHE TN LFSa el RS LD ENES TS BN v to

ten-memummmmimmmweawmmmmu invdheybaagabifiéics. dptibmedty=syibstityted with one
to three syitafietRasiRIR R Ardnar ahme o ustialive SxamBieR Al BeteRany giipe include, but

are not limited to, pyridyl, pyridazinyl, pyrazinyl, pyrimidinyl, triazinyt, quino mﬁr, |soqumo?inyl,

quinoxalirfbGiisBE SRIvpc diero i syrnpehrifnidBdIi: e nreloptaro Nifwamsthiakotyl,
benzisoxazghwrésaenzeiunyl s isain daithJRARUAI JieRanyFiRiRMLyienopyrimidinyl,

pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl, benzofuranyl, benzothienyl, indolyl, isothiazolyl,

pyrazolyl, ez ol imidazolh, tiazQlyintetiazehdiarazalvhdsexazelveRxadiaro it thiadiazolyl,
pyrrolyl, thiazolyl, furyt, thienyl and the like. Five- or six-membered monocyclic heteroaryl rings include:
pyridyl, py QB RUOHRELAOR By A AT R 2 AR TR ARSI, RSN 0T RIS S8R0 RFi & ol |

tetrazolyl txeizglid réptxaa olyl: bxrathareleturdiazalyl, syinaly, thiszaitkJurimprsayl WO
2010/022313PCTIUS2 09/05458? nd the like. Efightagio ten- %mb[ﬁ'red( icyclic heteroaryl rings
naving oL ToL Pl AT R SR St BT B SRS Ul |
benzotriazipytabepkitcichydiyhyioenzopyr drolide benzotriazolyl, benzisoxazotyl, isobenzofuryl,
isoindolyl, indolizinyl, thienopyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl,
benzothiald#iZ1,] behg ofaddrytiheniothidrylyirdolyicdtdatel Wrantdes ke’ Pkefemed optional suitable

substitiopsiflidn fre Aotadrsnticnl aorierantaubaisisprIaRAIoN DRlo. Yo, C1-C3

alkyl, C3-C6 cycloalkyl, difluoromethyl, triftuoromethyl, CI-C3 alkoxy, diffuoromethoxy an

trifluoromatd@yag, to four heteroatoms selected from N, S and O forming a five- to ten-membered
monocyclic or fused bicyclic ring and, where specified, optionally substituted with one to
three suitable substituents as defined above. IHustrative examples of heteroaryl groups
include, but are not limited to, pyridyl, pyridazinyl, pyrazinyl, pyrimidinyl, triazinyl,
quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl, benzotriazinyl, benzimidazolyl,
benzopyrazolyl, benzotriazolyl, benzisoxazolyl, isobenzofuryl, isoindolyl, indolizinyl,
thienopyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl,
benzofuranyl, benzothienyl, indolyl, isothiazolyl, pyrazolyl, indazolyl, imidazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl
and the like. Five- or six-membered monocyclic heteroaryl rings include: pyridyl,
pyridazinyl, pyrazinyl, pyrimidinyl, triazinyl, isothiazolyl, pyrazolyl, imidazolyl, triazotyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadidzoiyl, pyrrolyl, thiazolyl, furyl, thienyl



100221 As used herein, unless otherwise indicated, the terms "alkoxy" and "alkyloxy" alone or in
combination refer to an aliphatic radical of the form alkyl-O-, wherein alkyl is as defined above.
lllustrative examples of allcoxy groups include, but are not limited to, methoxy, ethoxy, propoxy,
iISOpropoxy, B%R(&f/?/%%%ﬁtoxy, tertiary butoxy, pentoxy, isopentoxy, neopgﬁi'gﬁ%‘{%gr/ﬁﬁﬁf)entoxy,
hexoxy, isohexoxy, heptoxy, octoxy and the like. Preferred alkoxy groups include methoxy and ethoxy.
[0023] AsandebeHdrein; ghtessiotermisecthticatbd hthedenh gl batkyd ' mefesSdoran alkyl radical as
describe ikuted wi ive e les of haloallcyl groups
inlude, b o e et

trifluorom&gRgimpdRzpld chibropAArd nedkezdnk hpnxisorrg b iepb e Bas losmpdedelindicated, the
term "ha'Qﬁ&%ﬂ?iﬁf&%ﬁhﬁ!ﬁ%éﬁéﬁ%hﬁ&ﬁiﬁ%ﬁ%&@M%i&iﬁ%ﬂ%&é’z%&ﬂ?lOr more

halogens. lllustrative examples of haloalkoxy groups.include, but aré not limited to, frifluoromethoxy,

difluoromEfaXMERalhd e feRE baw olbiss He et hiintader ol et Ba bl abaefetid tenn  trolley!”
refers to aspiadyl sadicnd efae B eARONSaSs dastiipedaboyersuastituted with araey group as

described_aboye, [0026 ed herein, unless. otherwise indicated, the term "heteroaralkyl” refers to
an alkyl ra%??aﬁ? b??éa}%é’@"?érab%Fsga?éb&ecélge}ﬂ%%yééﬁ%ogﬂﬂgﬁﬂhéﬂ%ﬁf?gl%& rOATy! group as
describedaihayed{00&dinkthusedndergingroniedsotherwise indicated, the term "aralkoxy" refers to an

alkoxy radical of one to six carbons as described above substituted with an aryl group as described
above. W@2810/022813RCIHUSROOSIAT458511028] Abcusadshelieny Uinles& ikt iexwisddmndicated, the
term "het%rrqgrgd X"tf&ﬁqr 10,8 e}élr -rq%i Ji]o(%fqg 0.six,carbons as described above substituted
with a heteroary 'groﬁp as ¢ 8spri%e lgﬁ%{fe. %%29 Asg lﬁ%@é af%%?'e?})g ’u‘ﬁ%g%mqt .Q;rivxl/?saes indicated, the
telin "carbiafess ahsress ovatisibricvalantcradiebiosy tiedpsrmcodo) R (R patHarsiedrois hydrogen, C1-C6

alkyl, C2-GEaMEMMnE:S; GRS RGN A SUEBIRISRS, iSRSk 8D Roxy,
isopentoxy, neopentoxy, tertiary pentoxy, hexoxy, isochexoxy, heptoxy, octoxy and the like.

Preferred alkoxy groups include methoxy and ethoxy.

[0023]  As uscd herein, unless otherwise indicated,, the term “haloalkyl” refers to an alkyl
radical as described above substituted with one or more halogens. Tllustrative ecxamples of
haloalkyl groups include, but are not limited to, chloromethyl, dichloromethyl, fluoromethyl,
difluoromethyl, trifivoromethyl, 2,2,2-trichloroethyl and the like.

[6024] As used herein, unless otherwise indicated, the term “haloalkoxy” refers to an
alkoxy radical as described above substituted with one or more halogens. Hiustrative
examples of haloalkoxy groups include, but are not limited to, trifluoromethoxy,

difluoromethoxy and the like.

[0025] As used herein, unless otherwise indicated, the term “aralkyl” refers to an alkyl
radical of one to six carbons as described above substituted with an aryl group as described

above.

[0026] As used herein, unless otherwise indicated, the term “heteroaralkyl” refers to an
alkyl radical of one to six carbons as described above substituted with a heteroaryl group as

described above.

[0027] As used herein, unless otherwise indicated, the term “aralkoxy” refers to an alkoxy
radical of one to six carbons as described above substituted with an aryl group as described

above,



[0030] As used herein, unless otherwise indicated, the terms "di-(C1-C3 alkyl)amino" and "di-(Ci-C6
alkyl)amino" alone or in combination refer to an amino group that is substituted with two groups
independently selected from C1-C3 alkyl or C1-C6 allcyl, respectively. [0031] As used herein, the
terms "treatifg” AHY “fé4tment" refer to delaying the onset of, retarding of T&ERANY R Drogress of, or
alleviating or preventing either the disease or condition to which the term applies, or one or more
symptomdg®R8lichAdissaskconcondlisiorth#0082inds atsediverein, the:tesml kadytiri&taringh means oral

adminiSaleR, AR YN HARA MBRON AL IRRI W CONASk NP R IRDFRIBNER)
intramuscular, Intralesional, intranasal or subcutaneous administration, or the im lantation of a
slow-reled$ecHbeiceb@q., a mini-osmotic pump, to a subject. Administration is by any route including
parenteral, and transmucosal (e.g., oral, nasal, vaginal, rectal, or transdennal). Parenteral

administrafi@#incitbelasscdhgcimtralon siisrivismdiseathihintramareeriaoidirederniah subcutaneous,
intraperitaRgAh KA YENLIC YR30 DA 'ak)%@femq@%%&%%l@}{?fx.@gﬁmﬁ; éy_tc%re not limited to,

the use of liposomal formulations, intravenous infusion, transdermal patches, and the like. [0033] As
used heretihe ferte prolaritlrerers! @ sushderssreerimstaborrat, following administration, releases

the biologically active compound in vivo via some_chemical or physiological process (e.g., a prodrug
ly (s
on reachirﬁ%oﬂﬁlysiél%b?&glhﬁﬁi&"(%ﬁ@W%W@%ﬁ% facdsrve ridid to-thebrslisgraniy aétive
ﬁompOU?]Cf)liJé(DIQQEﬂl@ij&ﬁi{nm&}lcﬁiéhﬁﬁﬁaﬁm. | Eﬂ'&ﬁ%&%&,ﬁlﬁ@ ﬂﬂﬁﬁb ip@ bielgoika Iﬂ@gﬁﬂé%i@ﬁmﬁ As used
erein, the term "compound" refers to a molecule produce ny n s including, without limitation,
synthesis‘fﬁ%i%gogu e %errml%iﬁ@wgﬁﬁeéi%ﬁé%%aﬁfﬁ?é%ﬁé %m%@%‘%g e," "sustained
release," " ded release,".and "timed, releasg" arg intended to refer interchangeably to any
crug-cont T oI oo PEre 8 QP TR MO AR €8 I EekBhtolied

release" formmdiation roraksivg G 20ma/e228) FROT/IEAD0H05408bgadtininibtr dilensdoes not result in
immediatg felease oL eI IR0 AR RLSRTBHOR RSl THEISITS Arc Haed Inierchangesdly with

"nonimmcdiatc release™ as define emington: nce an ac armacy, 21' Ed.,
cornas hap el SRR MM II T, v
Absorptiofs T g#pegsitory, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,

intranasal or subcutaneous administration, or the impiantation of a slow-reiease device, ¢.g., a

mini-osmotic pump, to a subject. Administration is by any route including parenteral, and

transmucosal (e.g., oral, nasal, vaginal, rectal, or transdermal). Parenteral administration

includes, e.g., intravenous, intramuscular, intra-arteriole, intradermal, subcutaneous,

intraperitoneal, intraventricular, and intracranial, Other modes of delivery include, but are

not limited to, the use of liposomal formulations, intravenous infusion, transdermal patchces

and the like.

»

[0033] As used herein. the term “prodrug” refers to a precursor compound that, following
administration, releases the biologically active compound in vivo via some chemical or
physiological process (e.g.. a prodrug on reaching physiological pH or through enzyme action
1s converted to the biologically active compound). A prodrug itself may either lack or

possess the desired biological activity.

0034} As used herein, the term “compound” refers to a molecule produced by any means

including, without limitation, synthesis in vitro or gencration in situ or in vivo.

20 %6 336k

[6035] The terms “controlled release,” “sustained release,” “extended release,” and “timed
release” are intended to refer interchangeably to any drug-containing formulation in which

release of the drug is not immediate, i.e., with a “controlled release” formulation, oral



> FormdrugPoolabsorptionAreaelimination release [0036] The "absorption pool” represents a solution
of the drug administered at a particular absorption site, and k" ka and ke are first-order rate constants
for (1) release of the drug from the formulation, (2) absorption, and (3) elimination, respectively. For
immediate r&’é)a@é%o&g%%e forms, the rate constant for drug release k, is F&Tépéé%"t’%ﬁsthe
absorption rate constant Ic. For controlled release formulations, the opposite is true, i.e., kr <<ka, such
that the ratbrofisgidasedotsinatyrhath ithendosbafe fdeayd o fitecrdites limiting dteppinothpodkliVaey of the drug
to the tarqera/ed GRELIARRTS, S tAicieAs o AN RRAES elennscBle piped In thelr
conventional sense to refer to a drug forImitation that provides for gradual release of a dﬁrug over an
extended 5émsd Sidifractsr efRhapercy2 Hodrd drenere, &dd Tiappresardblijamido YgHkinst necessarily,
results in gubstantialyceasiant-ipochiavalaofa doehevasiar Axended e ReLicdnlPR38) As used

herein, the term "delayed release" refers to a phaiwaceutical preparation that passes through the
stomach NAEEETEGILLBRELIN e GHliPThtestine. General [0039] The present invention provides
processes for the preparation of intermediate complexes that can be readily converted to compounds

having an inhibito%&fg gton soktium-depEQSd?qg(g{ucosd{gotransp@;teert SGLT kpreferably SGLT2. In

some instances, th%g pleWelves Ye acn%rtg'asﬁrhlbi r% of Sﬁﬁtﬁ—SUm‘ . e compounds
according to the present inven O also have an inhib?tosryr%tff)enct on%%%iumqggggﬁ%nt glucose

cotransporter SGLT I. Owing {6 their ability to inhibit SGLT, the compounds of the present invention
are suitable for the treatment and/or prevention of any and all conditions and WO

2010/022313PCT/US2009/054585
?010%6] 4%6 ga%sorpt?on pool” represents a solution of the drug administered at a particular

absorption site, and k,, k, and k. are first-order rate constants for (1) release of the drug from
the formulation, (2) absorption, and (3) elimination, respectively. For immediate release
dosage forms, the rate constant for drug release k, is far greater than the absorption rate
constant k.. For controlled release formulations, the opposite is true, i.e., k; <<k,, such that
the rate of release of drug from the dosage form is the rate-limiting step in the delivery of the

drug to the target area.

[0037} The terms “sustained release”™ and “extended release” are used in their conventional
sense to refer to a drug formulation that provides for gradual release of a drug over an
extended period of time, for example, 12 hours or more, and that preferably, although not
necessarily, results in substantially constant blood levels of a drug over an extended time

period.

[0038] As used berein, the term “delayed release” refers to a pharmaceutical preparation

that passes through the stomach intact and dissolves in the small intestine.
General

[0039] The present invention provides processes for the preparation of intermediate
complexes that can be readily converted to compounds having an inhibitory effect on
sodium-dependent glucose cotransporter SGLT, preferably SGLT2. In some instances, the
- complexes themselves have activity as inhibitors of SGLT2. Some compounds according to
the present invention also have an inhibitory effect on sodium-dependent glucose
cotransportef SGLT!. Owing to their ability to inhibit SGLT, the compounds of the present

invention are suitable for the treatment and/or prevention of any and all conditions and



diseases that are affected by inhibition of SGLT activity, particularly SGLT2 activity. Therefore, the
intermediate complexes and compounds prepared by the methods herein are suitable for the
prevention and treatment of diseases and conditions, particularly metabolic disorders, including but not
limited to typ8 VAR HPE 2 diabetes mellitus, hyperglycemia, diabetic cofphtaBHeMEHh as
retinopathy, nephropathy [e.g., progressive renal disease], neuropathy, ulcers, micro- and
macroanglopattidstantadfatsedibfootitiseasé FTisulictirasispante; mstaGAK synsigme (Syndrome X),
hyperinsu 1. hypertensi ' ia, ' 1a, dyslipidemia, .chronic heart failure,
atheroscg%&s%g%g}{r%%%%%?gg gg (93.% f‘[l%(;)%lgo%ﬁ‘lahcg %?(?t\%ﬁe 59 %ﬁﬁggpgr% égeenﬁ%%\f}g%gﬁncé?ea%articu larly
useful as tHésPle fredsrvarreinaient protasst fordiseaprept stodidrs GrTtZ ihibitorsbmlicontrast to the

methods qg@@@@@ﬂ&&é&@@%@é@&ﬂé@tmypew@%@%@%@é&%@ﬂéﬂw@n{%@yemJ,he reduction of

an intermediate followed by complex formation with an amino acid, wherein'the complex is solid,
typically cHhEiffermtigaisnyaudtadatanmaiye seientnolt trerosiy pretatdisreanid deprotection

steps. By ieirupang, tlecproigetionanshdenreiasiion stepg, dhedinabprediuetcamheproduced in higher
yield and in the absentcg ?f solvcgnt im@gﬁges %?%H‘P}éridineg_that are difficult to remove with the known
processes. Stll fUrther: contammants reaumtig B BRE A FRSEEBH Gor example, a
mono-acétyteteddeneanédidte )cthan < aty dipidifficy It heordniaue: SriduayitiechsOwerddlathie present
methods péglyég%iggar%%ﬁts of increased yield, speed and reduced cost (owing to a reduced number of
steps) and decreased solvent consumption; and further minimizes impurities from entrapped solvent

and inte_rrfmi%t]esn%tmgﬁlr&%ggff %%%%Ht?J[‘é%%iﬁ%ﬁ%%ﬁ%m‘%e Iica%qkrbe carried out without

purification of the compoun Formula Il. I'he present invention ag%rg%f\zlslgétsa%rystalline forms
of amino &Hi¢ienrmpiese dotisesamnstioa TaldRibitobio[sointatigiesbarinthedsion further provides

phaiinaceylieal,c@MRISHONSRARAISIHG ARKHRIMEARAUA 0l G0MAOHRY £ TS Pfcompounds

according to the present invention, or a pharmaceutically acceptable salt or prodrug thereof, in a
pharmacetiSiiRadetpialing e hyeropriesiormatiorsihameainoaddribesipthaseraplvmnistic

intermediatgig, apslAIBCassaNiieY, BraRang thencompnunds ot thamrasari-ieMentian.dRd4] The
present inve?;wéion also?%rovide methods of usin%the cog{gﬁunds according to the present invention,

AR B T CER SR on W T DY e TeTpeting A Arer et tivnivgsalas Auakrsndt tonditions

independen

which mayebéafiedieddin Sighat inkibiticnn [(045chhe giredeattinpntin ase, proiddes methods of

using the compounds according to,the present invention far the preparation of a medicament for
&%@E@é{ﬂgﬁ ICmove vathq *?C%' Ownypb()e(}%ﬁ:?(el% té'g}r]‘llilj%ué ﬁzf@%&g}%ﬂa&%@ er‘

. 1 ey .
treating diseases and conditions w ma mhibiton. Detailed Embodiments

Compouridsoanterr dprraasioMdtnsdsoipB4 6 manore eis st ithapedsent inventidn gfvides methods
for the prepRFRUoR.of3i8eMRYe%:2f FRE BRI L methods provide benefits of increased vield, speed

and reduced cost (owing to a reduced number of steps) and decreased solvent consumption;

and further minimizes impurities from entrapped solvent and intermediates. Still further,

formation of the complex of Formula I can be carried out without purification of the

compound of Formula If,

[0041] The present invention also provides crystalline forms of amino acid complexes of
the parent SGLT2 inhibitors.

[0042] The present invention further provides pharmaceutical compositions comprising an
effective amount of a compound or mixture of compounds according to the present invention,

or a pharmaceutically acceptable salt or prodrug thereof, in a pharmaceutically acceptable

carrier.

[0043] The present invention further provides synthetic intermediates and processes for

preparing the compounds of the present invention.



HO R3 OH OH-(amino acid). (1) [0047f wherein the subscript n is 1 or 2; [0048] the rings designated by
A and B are each independently an aromatic or heteroaromatic ring or fused-ring system, selected
from the group consisting of benzene, naphthalene, pyrazole, oxazole, oxadiazole, imidazole, thiazole,
thiadiazole, ﬁ%@l’é’,’%ﬁl‘%hene, furan, pyridine, pyridazine, pyrimidine, pyF&Zite2jéfizétfazole,
benzimidazole, indole, indazole, triazolopyridine, triazolopyrimidine, purine, quinoline, isoquinoline,
cinnoline, [f#4alaZinepgsintizotingoy sisopalind;symthaghtiiysidinthe loGenaphii yrichndinpemzothiophene,
benzofurgn ane thiazole ,[0049] R! R2. 3 are ea empers independently selected from
the grou ?@fﬁgg%%ﬁg‘%%ggg%ggﬁé%}ﬁﬁyglr%@y@gl @%ﬁﬁﬂyﬁvﬁgé}g&% a f(lgﬁﬁ?%&ﬁggt%ﬂ%ényl, C3-C10
cycloalkylresngibseysoantepdionewhirymey, be 3faedhrBalkyimbitipano and nitro, wherein alkyl
and cycloallcyl groups or portions are optionally mono- or polysubstituted by fluorine, or when IR" and
R2 are bo#fitb thbeaufaetrit o RrrandRmateodpabdnsily jbincutoyethectortbim @ C3-05
alkylene, 3 Resaikendans esutadienylens br @&%aﬁefﬂﬁéﬁﬂ%ﬁ)%‘aﬁﬁ@ﬂﬂgéﬁ% QhEOIMRIELRY fluorinated

and is optionally mono- or disubstitutcd by identical or different substituents selected from chlorine,
hydroxy, CHE%K P Erdee YOS hiky R Mherein one WO 2010/022313PCT/US2009/054585 or
two methylene ptionally replaced independently of one another by 0, S, CO, SO, SO2 or
JohtiEs anhediment ethyne groups arc optionally replaced by N; or optionally, one or more
of Rl, R2 and R3 are absent; [00501 R4, R5 and R6 are each members independently selected from
the group CBHETIAY BIHYSHRIGER XI5 2F8no, nitro, hydroxy, Ci-C6 alkyl, C3-C10 cycloalkyl, C1-C3
alkyloxy and C3-C10 cycloalkyloxy, wherein alkyl and cycloalkyl groups or portions are optionally
mono-or bstituted by flugrine, or when R4 and R5 are bound to two adjacent C atoms, R4 and
R5 are ogtﬁmﬁza?ly?giﬁ%%ats Sgifh%(r} S A ER5E %li%ﬁ%se?lﬁé@ég}gm RYTSRE BB tadiienylene bridge,
which is ojsiepialy pEetiywdr Eompletely fluorinated and is optionally mono- or disubstituted by identical
or different substituents selected from chioring hydroxy4C1-C3 alkoxy and C1-C3 alkyl, and wherein
one or two methylene groups are optionagiy.feplaced independently of one another by 0, S, CO, SO,
502 or NRb, and wherein one or tw%m e Ere 3red optionally replaced by N; or optionally, one
or more of R4, R5 and R6 ate absént;

HO

R® NRo
OH *(amino acid), (1)

[6047] wherein the subscriptnis I or 2;

[0048] the rings designated by A and B are cach independently an aromatic or
heteroaromatic ring or fused-ring system, sclected from the group consisting of benzene,
naphthalene, pyrazole, oxazole, oxadiazole, imidazole, thiazole, thiadiazole, triazole,
thiophene, furan, pyridine, pyridazine, pytimidine, pyrazine, benzotriazole, benzimidazole,
indole, indazole, triazolopyridine, triazolopyrimidine, purine, quinoline, isoquinoline,
cinnoline, phthalazine, quinazoline, quinoxaline, 1,5-naphthyridine, 1,6-naphthyridine,

benzothiophene, benzofuran and benzothiazole;

[0049] R, R*and R are cach members mdependently selected from the group consisting
of hydrogen, halo, hydroxy, C,-Cs alkyl, C;-Cs alkenyl, C;-Cs alkynyl, C3-C1q cycloalkyl, Cs-
Cig cycloalkenyl, C1-Cs alkyloxy, Cs-Ciq cycloalkyloxy, cyano and nitro, wherein alky! and
cycloalkyl groups or portions are optionally mono- or polysubstituted by fluorine, or when R
and R” are bound to two adjacent C atoms, R’ and R® are optionally joined together to form a
C5-Cs alkylene, Cs-Cs alkenylene or butadienylene bridge, which is optionaliy partly or
completely fluorinated and is optionally mono- or disubstituted by identical or different

substituents selected from chlorine, hydroxy, Ci-Cs alkoxy and C-Cs alkyl, and wherein one

10



10051] optionally, one of R3 and R6 is -V-W-X-Y, wherein [0052] V is a member selected from the
group consisting of oxygen; sulfur; SO; SO2; and a single bond; 10053] W is a member selected from
the group consisting of C1-C6 alkylene, C2-05 alkenylene, C2-C6 alkynylene, C3-C10 cycloalkylene,
C5-C10 cycl%"a%é’ﬁ@f’é"ﬁsél:iand (C3-Cio cycloalkylene)(Ci-C6 alkylene) Whe?gﬂﬁ’[t}ﬁ%m@f?i’ésj%
cycloalkylene portion bonds to V and the C1-C6 alkylene portion bonds to X, and wherein alkylene,

alkenylener biymylépsneprtoaiddenptiand lyyeltatkd mdependeotpsiompertising: hyeloptiiially partly or
completely dugsngteghand e ortiopally, MR ar AL Aisukiued By SUBstients, dently
selected from the group’consistinglof 2chlorinse, r?yd‘)r%x%/%% C téuC3 gﬂ(fﬁﬁ (??-}(%fsﬁa GE%E ,%%%6 cycloallcyl,
C3-C6 cyERsimglbxyresteweytivalkert Endresbesrd cycloalkenyloxy, and in cycloalkylene and
cycloalkenylene groups or portions one or two methylene groups are optionally replaced independently

of one andif&floy B, 8. exd Roareswsh memtuss Bdanshdeni nwdlaviet om Groarsmeensitivaally replaced

by N; [00%4i¥ismembetsaiecia fiom ke, araup aepsisting,Qfasingle boed: . SHlfur; NRa,
SO; and SQO2; [0(%55] YJif aﬁn%ember ls%%cte% from thg%roup c?ogsis,ti[rllggJ of hydr%g%yr%%gi-CG alkyl,

C1-05 haloakil SEIBEHYaro¥ iR 3! el SHeRIOE e Sk P e Bas LY SRIEIRANT s-Cm - WO
2010/02231 BRGTIHTRRAMD BA66E: cycloadkaiyin (G3-64 Ocayd aatiy 4 laéed allath G R G
cycloalkenyl)C1-C3 alkyl, (C3-Cio gycloalkyl)C2-C4 alkenyl, C3-C6 gycloalkylidenmethy], (C3-Cto
Cycloalkeny R e A e RN RIS s NN B s R . 30
cycloalkylosgyEivd8callobp(c8a D fayx walkepidoty )TieC Baalk yind aswiptd) GiHE Znatloflp(C1-C4
alkylamin - od Hi(GIG3 alkylaming) C1-C (s rbo |-C3)alkyl, (C2-05
alkenyl)ce?r)t%%%(%i-%% g%ﬁ%ggé@% %(/Pﬁy %ce%%ﬁ%%%%e?%g%% %@%ﬁ%&%ﬁc%g{?alkyl,
(heteroaryaror YOHG 3 Ky indies: Bl leyserfomy e snalguge eospsikestyl septeesd) C1-C3 alkyl,

(C2-05 alkymydsnifamy Keist3alitd: rasylfeny el 3 alkvh(hsterarnda eyl Gamlkyl, (C1-C6
alkyeammocarbonyI(C_l-CS’géI‘%I, (C2-C6 alkenypaminocarbonyl(Cl-C3)alkyl, (C2-C6

alkynyl)arfTRBEAHOPRARER lEd AR PR RBERASEHy RS ekl fhele Waﬁ’iﬁfﬁ@ﬁ%onyl)Ci-C?s
alkyl, (C1-Cs alkyl)carbonyl, (C2-C6 alkenyecarbonyl, (C2-C6 alkynyl)carbonyl, arylcarbonyl,
heteroarylldfdnytrtereds. etk (tﬁzyc%faﬁlzé’n%?ﬁ%nyl, (C2-C6 alkYnyl)sulfonyl,
arylsulfonyl, heteroarylsulfonyl, Ci-C6 alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, (C1-05
a|kyDamirf%‘E%?rbo%r,s (Sl e T TR (7l aflﬂﬁ%%hﬁﬂ%%ag&jrﬁﬁ’,zé and a
arylaminogapheBytidheteroarytaminocarbonyl, (C1-Cs alkylsulfiny0C1-C3 alkyl, (arylsulfinyl)C1-C3
alkyl, (heteroarylsulfiny9C,-C3 allcyl, wherein alkyl, alkenyl, alicynyl, cycloallcyl and cycloalkenyl

groups or [posdpnsvilie opianatydaity oeomplesely ducknaied and amapior@ly mono- or
disubstituted by, substituents independently selected from the group consisting of chlgrine, hydroxy,
C1-C3 alkei?ﬁe 9’1/113(‘3‘3:’ g&oﬁﬁh%ﬁy g%%fc@é?k?@&% e 65!&% %P ,3&@%%%&%12 Hyl, C5-C10
cycloalkemyhitﬂ@'l,kaiﬂwi@I}[Rb_(“arh aékwdnﬁb:ydi@a:ﬁklydhar@@dqaﬂoeﬁwgr@pmim partions\basdahdwo
meihyleng-group e RiRIRls [EnRSe ddadaReag el AL AREANRIICL Y e 5O, SO, SO or e

and one or two methync groups are optionally replaced by N, herein'the erocycle foutled by said
optional réptaeaiysicignstineyenbiidtaecapyp 00 Be]tR1s aametitmel serstieer kompitielgroup consisting

of oxygen;giliiica QPR @%tﬂcfngmg:I%mﬂ#@@asﬁfa@éamﬂgsmsm%&g&@@ﬁ@gm&@é&tuwd with
one to two substituents mdep,endent%gglected from halo, hydroxy, C1-C6 alkyl, C1-C6 alkoxy, C3-C6

cycloalky! 5B B3R GRS EIERE L0657 R denmentoer ibdpdnudkeyrsSiatety fioaktle group
consistingRid] cGdoaltadsyl, CXGeyshmaikyl anddCa 4 allaanbenyinwheseipalkyl-and cycloalkyl

roups or partions are optionally partly or completely fluorinated; )
group 3%8 cycloalkenylene grow}/pg Or portions one or {two metﬂy ene groups are optionally replaced
independently of one another by O, S, CO, SO, SO, or NR®, and one or two methyne groups

are optionally replaced by N,

[0054] X is a member selected from the group consisting of a single bond; oxygen; sulfur;
NRY, SO; and SO»;

[0055] Y is a member selected from the group consisting of hydrogen, C;-Cs alkyl, C1-Cs
haloalkyl, C;-Cs hydroxyalkyl, C,-Cs alkenyl, Co-Cg alkynyl, C3-Cyy cycloalkyl, Cs-Cyo
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[0058] each le is a member independently selected from the group consisting of CI-C1 alkyl and
(C1-C4 alkyl)carbonyl, wherein alkyl groups or portions are optionally partly or completely fluorinated,;
[0059] each Rd is a member independently selected from the group consisting of H, Ci-C4 alkyl,
C3-C6 cycloﬁ?ﬁ?’éﬁﬁ%ﬂ%d, SO2Rd, C(0)OR" and C(0)NRdItd, wherein aft’&p aﬂg%%ﬁﬁyl groups are
optionally partly or completely fluorinated; and [0060] Rd and Re each independently represent H or
C1-05 alkgyclohbnmiy RyKgrouple kel gptiOnally héctyCos coriplétely Mudtineted, (06610 and
Phamace\ealyieeRtaniespliielelicRrRtsiitd) fea gg%&aﬁéﬂggegg figEpa 1l RAR2R4
with a reducing agent in the pfesence of an activating group to forim a compound ot Formula Il

(C1-Cs alkyloxy)Ci-C; alkyl, (Co-Cy alkenyloxy)C;-Cs alkyl, (Cs-Cyp cycloalkyloxy)Ci-Cs

alkyl, (Cs-Cy cycloalkenyloxy)Ci-Cs alkyl, (amino)Ci-C; alkyl, (C-Cy alkylamino)C;-C

alkyl, di-(Cy-Cs alkylamino)C;-Cs alkyl, (C1-Cs alkyl)carbonyl(C1-Cs)alkyl, (Cr-Cs

alkenyl)carbonyl(C;-Cs)alkyl, (C-Cs alkynyl)carbonyl(C,-Cs)alkyl, (arylcarbonyDC;-Cs

alkyl, (heteroarylearbonyl}YC;-Cs alkyl, (C1-Cs alkylsulfony)Ci-Cs alkyl, (C5-Cs

alkenylsulfonyl)C;-C; alkyl, (C2-Cs alkynylsulfonyl)C,-C; alkyl, (aryisulfonyDC;-C; alkyl,

{heteroarylsulfonyl)C,-Cs alkyl, (C-Cs alkyl)aminocarbonyl(C,-Ca)alkyl, (C>-Cs

alkenyl)aminocarbonyl(C,-Cs)alkyl, (C2-Cs alkynyhaminocarbonyl(C,-Cs)alkyl,

(arylaminocarbony!)C;-C; alkyl, (heteroarylaminocarbonyl)Ci-Cs alkyl, (C1-Cs

alkyl)carbonyl, (C,-Cs alkenylcarbonyl, (C,-C;s alkynyl)carbonyl, arvicarbonyl,

heteroarylcarbonyl, (C-Cg alkyl)sulfonyl, (Co-Cg alkenyl)sulfonyl, (C,-Cs alkynyl)sulfonyl,

arylsulfonyl, heteroarylsulfonyl, C;-Cs alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, (C;-Cs

alkyhaminocarbonyl, {C2-Cs alkenyl)aminocarbonyl, (C;-Cy alkynyl)aminocarbonyl,

arylaminocarbonyl, heteroarylaminocarbonyl, (C,-Cs alkylsulfinyD)C,-Cs alkyl,

(arylsulfinyl)C:~Cs alkyl, (heteroarylsulfinyl)C,-Cs alkyl, wherein alkyl, alkenyl, alkynyl,

cycloalkyl and cycloalkenyl groups or portions are optionally partly or completely fluorinated

and are optionally mono- or disubstituted by substituents independently selected from the

group consisting of chlorine, hydroxy, C;-C; alkyl, C;-Cs alkoxy, C3-Cs cycloalkyl, Cs-Cy

cycloalkyloxy, Cs-C;e cycloalkenyl, Cs-Cyo cycloalkenyloxy, and NRPR®, and in cycloalkyl

and cycloalkenyl groups or portions one or two methylene groups are optionally replaced

independently of one another by 0, S, CO, SO, SO, or NRP, and onc or two methyne groups

arc optionally replaced by N, wherein the heterocycle formed by said optional replacement is

other than heteroaryl;

[0056] Z 1s a member selected from the group consisting of oxygen; sulfur; SO; SO,; 1,1-
cyclopropyiene; carbonyl; and methylene optionally substituted with one to two substituents
independently selected from halo, hydroxy, C1-Cs alkyl, C,-Cg alkoxy, C3-Cg cycloalkyl and
C;-Cs cycloalkyloxy,

[0057] R"is a member independently selected from the group consisting of H, C,-Cs alkyl,
C3-Cs cycloalkyl and (C;-C4 alkyl)carbonyl, wherein alkyl and cycloalkyl groups or portions

are optionally partly or completely fluorinated;
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OH (I11); and (b) contacting said compound of Formula 11l with an amino acid to form said complex of
Formula I; [0062] wherein steps (a) and (b) are performed without purification of said compound of
Formula Ill and wherein steps (a) and (b) are performed sequentially without an intervening protection
or deprotectiB? 2aHT8883] The style used above and hereinafter, in whidlf H¥BBHEPEEESUbstituent on
a phenyl group is shown ending near the center of the phenyl ring, denotes, unless otherwise stated,
that this sitfSEuentch®y be: bounisttondayefrémositiancafitbe fhepvhgraumginearsigRn dydrogen atom.
WO 2010/Q22313PCT, 91054585,10064] The present invention includes all tautomers and
stereoisor%qe%%s %ﬁgc(oér;hégl%% ‘c:)%rg%ﬁ’u‘ivah ?,rei’lnaar%lélynﬁrgl er i Oa{t mixlre %Hﬁ%% al(')tiys‘ﬂﬂbstantiaIIy pure
form. Thecsomistndswinpiedresent invention can have asymmetric centers at the carbon atoms, and
therefore the compounds of Formula | can exist in diastereomeric or enantiomeric forms or mixtures
thereof All@&orrerdioRalsionserectangspeisleamity trelestiddimershaguhallcoptistihisofitrs (€.9.,
e ol desieisamal BhieReno, Gl ey AaEIES SLadglh somers as well
ope

as solvates, hydrates, isomorphs, polymorphs and tautomers are within the sc of the present
invention. CORYIE S8 Bl eimPel Aedy BIHY & granpreisshiliviiltish ¥h be prepared using
diastereomers, enaptiomers or racemic mixtures as starting materials. Furthermore, diastereomer and
enantiomé?¥¥duBisiedRbersk Julenerfioni rrarasaeigrapily: fraatiohar beyeitaslizstionums éther methods
known to Hpﬂgg&@q}g’}t@dh@grﬁ;&@@,ﬁﬁﬂﬂﬂg@a@sent invention also provides methods for preparing
prodrugs of compounds of Formula I. Prodrugs of compounds of the invention include, but are not
limited to,[e%bpxﬁa@ﬁa@@ggﬂgmﬁa@%g@@smrme%@rs, phosphorus esters, nitro esters, sulfate
esters, sulfoxides, amides, carbamates, azo compounds, phosphamides, glycosides, ethers, acetals,
and ketalsoR¥atitug: esters and carbonates may be formed, for example, by reacting one or more
hydroxyl groups of compounds of Formula | with allcyl, alkoxy or aryl substituted acylating reagents
using metho;@ klf%%ﬁl%oatﬁo&golﬁ?{ﬁﬁﬁglﬂrfﬁlgaa to produce methyl carbonates, acetates, benzoates,
pivalatcs and the like. lllustrative examples offjrodRfg esters®f the compounds of the present

A Mula | having a carboxyl moiety wherein the
miSthyl, 1-((Ci-05)alkanoyloxy)ethyl, |
ycarbomploxymethyl,

Ethy ( |-5)a|kox;5%arbonyloxy)ethyl,
N-((C1-05)alkoxycarbonyDaminomethyl, TN I-05)alkoxycarbqnyDamino)ethyl, 3-phthalidyl,
4-crotonolactonyl, gamma-butyrolacton4-yl, di-N,N-(CI-C2)alkylamino(C2-C3)alkyl (e.g.,
beta-dimethylaminoeth ,°é%$8§?ﬂ6§}1€*&@%@8??5|R&F}%‘N—"&W&%%f?)%i&r@&%aﬁ?@a%%@fz)aw and
piperidino-, pysratidinidt or morpholino(C2-C3)alkyl. Oligopeptide modifications and biodegradable
polymer derivatives (as described, for exarpewle, Eblnt. J. Pp{arm. 115, 61-67, 1995) are within the
scope of the invention. Methods for selecting.apd preparj#g suitable prodrugs are provided, for
38 as Novel Delivery Systems,” Vol. 14,

HO
OH (III); and

(b) contacting said compound of Formula IIT with an amino acid to form said complex of
Formula I,
[6062] wherein steps (a) and (b) are performed without purification of said compound of
Formula III and wherein steps (a) and (b) are performed sequentially without an intervening

protection or deprotection step.

[0063] The style used above and hereinafter, in which a bond of a substituent on a phenyl
group is shown ending near the center of the phenyl ring, denotes, unless otherwise stated,
that this substituent may be bound to any free position of the phenyl group bearing a

hydrogen atom.
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"Bioreversible Carriers in Drug Design," ed. Edward Roche, American Pharmaceutical Association and
Pcrgamon Press, 1987. [00661 The method of the present invention derives from the surprising
discovery that amino acid complexes of Foimula | can be prepared and isolated, typically as crystalline
solids without BrAEaHaH And deprotection steps following the reduction of & EEHAMIATT Formula I
into a compound of Formula Ill. Still thither, the method can be applied to crude reaction mixtures,
wherein cH¥@ptun@kegfrEennisie i arentriedte d withtamcasmind ssaicb i form dheodesinedsedmplex, without

purificatiopofhe CorARRYACLALETIUANL 9871 THBING Ao o e inventvermethods, compounds

of Formula Il can serve as starting materiels and can be obtaine yp%rgt j0ds known to those of skill in
the art (s¢€TBPEXAMNIRS ISTVIB/OUENEIB, KD POUBIOURSRAUSADOSAIREBRAOISL005/0209166,

US 200410438439 LSRR A0 T S 121060 F67.aBMHS 20091011820k and s provided in

the Examples below. Preferably, the compounds of Foilmla Il are provided as solids, although oils and

solutions BFHESIRERIndY e uBaEaRaAbIROIETESIan e AERh S EBHDoUAAY 8PFs¥mula Il are

reacted withneereduging agmidn the presesss @k RrasHUA NG @R falbeh comRaKRBI.ef Formula
l1l. Generally, the reducin ent is a silane reducin ent, more particularly an alkylsilyl hydride such
as triethyl%‘?éinlgoé?eﬁslis%’ &%gl)%%ﬁ% & P%'é’ Q’éaé%ﬁﬁbﬁ?‘?%g@ﬂﬁgﬁcw &ng Bt R B LEREDSF an
activatingthgewipsdhhapedcawisvacichnwiflhBpRukd? fr{parahutiilbnig e et erateyieirgtpreferred.

[0069] Oncea@{)g yég 'y W'!| ARRY ciate that.a variety of conditions can be employed.for the
reduction of corﬁpéuﬂ%%# Egr%&lﬁgcf t%"‘“c‘é%%aé%ﬂrﬁ" gsgfy ngr%nﬂﬁﬂﬁt l&eé;r?esrséﬁvfrfﬁegl ?geééat%%ns are

carried odtyrhssmpatiblistanotier sor emstsumer amdichicroreteans fadatohititetaiciibyoethane,
chloroform.ane aluaRE. Asiisl A3 SRIMGBLEHX IS, 13 SRIlay RERgRd gmbodiments, the starting

material (compounds of Fot',luta Il) in solvent is cooled to OC or less and the reducing agent and

activating ta ' rial. NG, jyating agent
e Ao ke o B oLt RS PRt

, quivalents based on'the amount of the
compoun8 diEBHtalipdpsiceliseanpeveduedh covsnionmclpdods:3g0e dinigai excess, or more.

The reactiarbeayldie Stsredamith eealingsonGanR:ar arvdhomarned, (epetaly ta eam temperature)
and monitored unﬁﬂono further, loss fstartin?:fmaterial is.observed. [0070] When the reaction is

sufficient!§ SBmpIa 8548 Yea SRRy REEnE8 CRIEACHIE-WRASRIERSR Bdridirbretsrexample,
sodium bigatbinaid kthts qRenthingtageniicanbeiadded as M2 0002231 SRETAIS20091054585

one or more hydroxyl groups of compounds of Formula I with alkyl, alkoxy or aryl
substituted acylating reagents using methods known to those of skill in the art to produce
methyl carbonates, acetates, benzoates, pivalates and the like. Tlustrative examples of
prodrug csters of the compounds of the present invention include, but are not limited to,
compounds of Formula T having a carboxyl moiety wherein the free hydrogen is replaced by
Ci-Cy alkyl, Cy-C7 alkanoyloxymethyl, 1-((C;-Cs)alkanoyloxy)ethyl, 1-methyl-1-((C;-
Cs)alkanoyloxy)-ethyl, C;-Cs alkoxycarbonyloxymethyl, 1-((C)-Cs)alkoxycarbonyloxy)ethyl,
I-methyl-1-((C-Cs)alkoxycarbonyloxy)ethyl, N-((C;-Cs)alkoxycarbonyl)aminomethyl, 1-(N-
((C1-Cs)alkoxycarbonyl)amino)ethyl, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-
4-yl, di-N,N-(C,-Cyp)alkylamino(C,-Cy)alkyl (¢.g., beta-dimethylaminoethyl), carbamoy-(C,-
Colalkyl, N,N-di(C;-Cp)alkylearbamoyl-(C)-Cy)alkyl and piperidino-, pyrrolidino- or
morpholino(Cz-Cs)alkyl. Oligopeptide modifications and biodegradable polymer derivatives
(as described, for example, in Int. J. Pharm. 115, 61-67, 1995) are within the scope of the
mnvention. Methods for sclecting and preparing suitable prodrugs are provided, for example,
in the following: T. Higuchi and V. Stella, “Prodrugs as Novel Delivery Systems,” Vol. 14,
ACS Symposium Series, 1975; H. Bundgaard, “Design of Prodrugs,” Elsevier, 1985; and
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a solid, although an aqueous solution of the agent (sodium bicarbonate) is generally used. Workup
methods (evaporation of solvent, extraction/partitioning with organic solvent, washing, drying) are
usually employed to provided the crude product of Formula Ill that can converted to the complex of
Formula! wit %ﬂé?fgp%ﬁ?)ﬁal purification methods (e.g., chromatography, rBEASEPARH [0071]
Turning next to step (b), the compound of Foiniula Il is contacted with an amino acid in an amount
sufficient td3 fout¢hebéotaptexsof EuilglRetighVadebdwhainfinchacidsarenSbfubincthedgpresent invention,
including fﬂsg%‘i%&ﬁ'En&ﬁ%%@ﬁ%ﬁ'{@@if‘?@?i,ds’ preferably chiral forms of natural amino acids. In

certain preferred embodiménts, the amino acid is selected from D-proline, L-proline, D-phenylalanine,

phenyiaiasiae. Brasasianipe.AdLAsRaRmNg T heamaot ol auinoAcl §%9a£°r complex

formation will depend on the ratio of amino acid to compound in lex. Generally, a
slight exce84nefasif ipriaisdcas Udadmmby ssearbp lecreplapdrodetehlonicsidf Fotmysidlingherein n is 2,
about 2.0491id:A:eabiN MRS BhaminR A6le-Isials it semRaund e CoF MUa N Alg pised.

Preferably, about 2.0 to 2.5 equivalents of amino acid are used. Step (b) is generally carried out in a

solvent or RTRBALTETHP SS0RRRS RE LTI Lo VEN dith b sreRibRes Embiniisd Rar@dewith added

hexane otdeptaneijRé2ihheipiesesiinsestiosalge Pravidesiar 1he Rhamasedticaiyacceptable
salts of comppunds of Formula land pradmgs thereof The acids that can be used as reagents to
ik c%smgcom e Ca&@lﬁ %&aﬁi%%nggﬁggo?%éé’%fhlgompounds of this invention

prepare thep armaceﬁf’éﬂ‘ﬁ%c%‘g&
are those which form non-toxic acid addition salts, i.e., salts containin armacologically acceptable
anions (SLE\@:@EE tﬁ&%@%‘%ggmgﬁﬁeﬁf Ry aroBFdh %8??1378%?88@%,#%%%@%@ Hisifte, phosphate,
acid phosghrtes aeaiatss dadtee beitiztenaidiy oitihtelstartrateicoitastrafekdlacinatet (weldate, fumaratc,
gluconate : : te, %Hé‘? t lfonaie,
p-toluenegﬁ%ﬁgg}%tr?g %%ﬁrégﬁg %ﬁ@myi%%%hy r%';%(gy- -%’%ﬁ%@@%t%ﬂ e#ie bases that
can be usétP#8 1e¥Gentst 3 HHEpRrEMhe PREMBYEORIANY adcE bt HEE S hksdofsthw edidic
compoundsat iheRERSERIVEBHIB AT thRseRkIRIM MeSRNXCbASS sAllswith.sHgh compounds,

including, but naot limited to, those derived from&%atmacolqgically acceptable cations such as alkali
metal catiﬂﬂ??@?b?}lﬁéﬁs“ﬁh’ﬁ‘ﬁqﬁﬁmﬁﬁﬂﬁ‘%ﬂi P AERE earth metal cations (e.g., calcium and
magnesium), ammonium or water-soluble amine addition salts such as N- WO

2010/022 088 TIy ey ehsassseprednrgRRamind drrashatkhyithmtrdnenspermaidhelammonium

and otherghasacatapbphanmagesiicalfoascepialu eI amines (6eMBihyaminsrgthylatnine,
propylami{n}e, gimeyq%lami e,.trietha?olaminga, di\a@hqumine, t-butylamine, t-octylamine, trimethylamine,
triothylamiRE 4ty ARBEARIHES FEeHo RyRERALAHE HrROINE, PIAEHENE: B RyAPBADES lamine,
lysine andvguasipiog)lsj00Z3 1 iheprasentypiatijonalsbdnciudespsetapiost b lahsisthgompounds of
Formula | e e;0r. mare atom _ laced by. one.qr more atoms having specific atomic
mass or rﬁ sgs?é%ér% é)g?slf%(qgrﬁ EJ égg ﬁ%%g%@ @%%P g%ﬁ%lg ]i}n((:ioertp(e)l%lt é%%rf% r(c)%lc-}p%i{j)nds of the

invention | e, hu limit i 2S 0 Q,dro en, carbo .nriitro en, oxygen, fluorine,
sulfur, anc[iﬁgﬁ rlng%éﬁiﬁkgg}%ﬁé??&gﬁgcggég%?%%tf %1 '? %c'%,o §E}£§Oarsl %lgéﬂ%ggg%ically-labeled
compouné¥ diastviien meprodndy s therswizdbwetnmigsstopidaiiyinbdled; prashadeutically

acceptabh%&%%soir@%a@alegﬁ%gaﬂagﬂé Lrﬁtlﬁqd%&%&lasssﬁaﬁf@é@&ﬁ@%@&{%{!&%&%ﬂﬁrﬂ the present

invention. Isotopically-labeled compounds of the present invention are useful in'assays of the tissue
distributiof SRR BaRTp IR AR Braeirtg Y Ak rebtaloms s pre farrereisssbesebr such assays

include 3ihasidithents, additiemincestain espMsRNITsSHORIL YRR heayieldsotPRes: such as
deuteriu éZI%I% cgn lprovjde increased metabolic stabgi;[% which offers therapeutic advantages such
as incregl § YRS HANEIRE Brepd dHR A6 B LAR ASSY AF %‘?ﬁ&r?%’fgﬁfighmﬁ-l%ﬁ@%%%unds of this

invention &heirpdocinggs thesedhcarmgapegatlydbeadirpanes ascofding 10 dhevilethodssdesasibed herein
by SUbSUYHNG, A S RIORIGA Ml ARRIGS: SR Il A A RRIORC Y ARSIRT 1589 0o,

80%, 100%, 200%, 300% or 400% excess, or more. The reaction can be stirred with cooling

or can be gradually warmed (generally to room temperature) and monitored until no further

loss of starting material is observed.

[6670] When the reaction is sufficiently complete, excess reducing agent is quenched with

a careful addition of, for example, sodium bicarbonate. The quenching agent can be added as

15



[0074] In preferred embodiments, one of R3 and R6 is -V-W-X-Y, wherein V represents oxygen, sulfur,
or a single bond. In particularly preferred embodiments, one of R3 and R6 is -V-W-X-Y, wherein V
represents gxygen or a single bond. [0075] In preferred embodiments, one of R3 and R6 is -V-W-X-Y,

wherein W rgvp Q&1 ce alkylene,alkenylene, C2-C6 alkynylene, Cﬁéi@%@f%%mne, or
(C3-C19 cycloalkylene)(C1-C6 alkylene). In particularly preferred embodiments, one of R3 and R6 is

-V-W-X-Ya pelligreithwgle presents G D6 @l lojltegOR @6l atkeryiebe) G2 iCeoatikyihylend, or C3-Cm
cycloalkylgne\p gaghaf &%ﬁ&%%%% ﬁi@@@%%&%p%ﬁ@ﬁ% alksrviang akypylene,

cycloalkylene and cycloalkenylene groups or portions are optionally partly or completely fluorinated

and are opfEHESydEHD-26r st bsermplay sl npatitdsdrbs madprisdantrl Sermpusd i dhatera group

consistingaf-ehatinanb yerpix el wilotalkinal G3EE.a¥aIaRMNHG3C6 cycloalkyloxy,
C5-C10 cycloalkenyl and C5-C10 WO 2010/022313PCT/U82009/054585 cycloalkenyloxy, and in

cycloallcyfBHEEHEAPEHARERALIEYBlps or portions one or two methylene groups are optionally
replacedri{réﬁgﬁgndently of one another ttly 0, S, CO, SQ, SO2 or NR b, and one or two methyne groups
y

are optio pILRPBYRY! (0578 B s SRR BbaRTaRE it oor B s R a1 LMo -X-Y
wherein X¢gzprese atsoaxygeficisutiur forsitigle dopidy of NRau[007A] varpreler wawrabadiments, one of
R3 and R6 is.-V-W-X-Y erein Y represents.hydrogen, CI-Cs alkyl, CI-Cs haloalkyl, C1-C6
Lol e b e N
alkyloxy : OXy )& 731 \ akylarnino)Ci-
alkyl, (Ci-&ﬁeal&y%ﬁ{@%u&%gmh@ﬁy' %%F%%Mll’h{g%%éeﬁ’ij ¥RGAHRQL éﬁg%%ﬁ% RiyDsulonyt,

' (C2- ’&éulf na yﬁﬁi o Ad

(C2' C6 alkenyl)sulfonyl, or C2 6 alkynyl) nyl, where alkenyl, dalkynyl and cycloalkyl
groups orpRAtiamineptbaameHMA P Irai iyl neghiplstenpiidtmaraaand! ienpisbom Sieaate

disubstituged:pmidendicatansiiarentay Rstide Rt aleCle duam, CRIGIRE I Minfids Gd alky!, C1-C3

allcoxy, and C3-C6 cycloalkyl, and in cycloalkyl groups orgortion_s one or two methylene groups are
optionally't&ficdipTiciapeliaéhi e rearstreP birgrladshaen 86 2 GrirB; HAd dne or two
methyne ghatipscareodptionallyidepincrd Ryl dpadicudaniy pieferredeufdimeniasgne of R3 and R6

is -V-W-X-Y, wherein Y represents hydrogen, C 1- C6 glkyl, CI-Co haloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, c"’&‘&’iﬁ%ﬁ%‘%ﬁﬁ?xﬁg‘éarf?'&ff-%a@%ﬁ%%éﬁ&ﬁga%}%’[&%%ﬁﬂ%%f Fembgbiments, one of
R3 and R&lsett afeXahaa df Adepneseiite exiygen seutfulr ok tme thiyledes efitaanbdiydsulastituted with one
to two su%m%%%% %q,ggg&d%}?wngelected from halo, hydroxy, Ci-C6 alkyl, Ci-Cs alkoxy, C3-05

. X s :

cycloalkyl and C3-C6 cycloalkyloxy. In particularly preferred embodiments, Z represents methylene.
[0079] In preferred embodiments, RI, R2 and R3 each independently represent hydrogen, halo,
hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, CI-Cs alkyloxy, or cyano. In

D e maerefori probacimenit. Bl Kaana b anchdsRendenl seaeaspLcypoen, oo o

C1-05 alkyl. In"'more particularly preferre odiments, R." represen rogen, alo or CI-C6 alkyl
and R2 asereBsioidisraadat ipdmgeries thereof. The acids that can be used as reagents to

prepare the pharmaceutically acceptable acid addition salts of the basic compounds of this
mnvention are those which form non-toxic acid addition salts, i.e., salts containing
pharmacologically acceptable anions (such as the hydrochloride, hydrobromide, hydroiodide,
nitrate, sulfate, bisulfate, phosphate, acid phosphate, acetate, lactate, citrate, acid citrate,
tartrate, bitartrate, succinate, maleate, fumarate, gluconate, saccharate, benzoate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (1,1'-
methylene-bis-2-hydroxy-3-naphthoate} salts). The bases that can be used as reagents to
prepare the pharmaceutically acceptable base salts of the acidic compounds of the present
mvention are those that form non-toxic base salts with such compounds, inctuding, but not
limited to, those derived from pharmacologically acceptable cations such as alkali metal
cations (e.g., potassium, lithium and sodium) and alkaline earth metal cations (e.g., calcium

and magnesium}, ammonium or water-soluble amine addition salts such as N-
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[0080] In preferred embodiments, R4 and R5 each independently represent hydrogen, halo, hydroxy,
CI-C6 alkyl, C2-05 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, C1-05 alkyloxy, or cyano. In particularly
preferred embodiments, R4 and R5 each independently represent WO _
2010/0223138ET1E5000/054585 hydrogen, halo or CI-Cs alkyl. In moré Bgﬁ%ﬁpé)W“ﬁﬁgferred
embodiments, R4 and 125 both represent hydrogen. [0081] Formula IA represents still other preferred
embodimertdygrrsaimirioeglioni(td)oDd2lovreeinRi ampresent sl diogdnshsdbsef CI-Cs alkyl; V

represen , gl - S £1-C , - I 2-C6
aIkynylentcﬁ?%:%g(%{%ﬁ%%ﬁ(&ﬁtgﬁg % ré/%gggé?(? %?E%&%%%&%%%C%@%ﬁ%?%%@gggnts oxygen, a

single borfteKIRRIERdTFtRepeksaing Hisdrgeinei-od ynectocs Haisalymetiesmgdroxyalkyl,

C2-C6 alkgailylariked AHYNddieifel ByesiaatkylafG-GrorpisloalkpGratide alkyl, (Ci-C4
alkyloxy)Ci-C3 alkyl, (C3-C10 cycloalkyloxy)C1-C3 alkyl, (amino)C,-C3 alkyl, (C1-C4
alkylaminS5BY TP LIPMES- BE RIS SHIDE (C2-C6 alkenyl)carbonyl, (C2-C6 alkynyl)carbonyl,

(Ci-C6 alkyhsulfonyl, (C2-C6 alkenypsulfonyl, or (C2-C6 alkynypsulfonyl, wherein alkyl, alkenyl, alkynyl
and cycloﬁ@#{grgﬂb%pé?sﬁ%tr%ﬁgtlf’ﬂtﬁ!ﬁ%mf% B8R % a@&fﬁf)@@l@/ﬂﬂﬂgﬁﬂg@ #'may be mono-
or disubstithtedbyniclentioad endiffererdpbudostitu entsalectachfionuehiosmne; fy dimiic, ©dsC3 alkyl,

CI-C3 alkoxy, and C3-C6 cycloalkyl,.and in cycloalkyl groups or portions one or, twp _methylene groups
e optior s TR BE i Ao b B TP B S Bt RS RE, h one. or oo
methyne grotipoaractptiobal iy epldoededya\is[0os3]dhhadathay, aspeot titegresentimvention includes

the comperBASOLRATAIA LANhRhaImace e racoeptaRlo:splis, pradugs ndiqs sotopically
alkenyl,

labeled compounds thereof, wherein alkyl, atkenyl, alkynyl, cycloalkyt, cyclo aryl and heteroaryl

groups orlprmR Eiabspeoiempesngsaidteawid erbriednretikemables sukutieriesiss Wefined above.
[0084] In %@i@@,%%ﬁﬁﬁﬁc%ﬁ@ﬁ%sﬁ&é}ﬂgb@%ﬁﬁk@% apepcminaserdetalied RRtcUiRLSx@mples are

presented below in the experimental section describing the working examples. Béfollowing the
general pASpAAHInERPRSRL G RISy VS bR R gl BUHHATIES BESBE readily
prepared hy¢heothase:affekil instive arth{Q08R] dbepewiiskillia tbeyaitmill secaghizesthagcompounds of

the invention ity each deseribed lynctional group are;gsnerally pioeereflugig Slight variations of the
circumstances substitution with heavier isotopes, such as deuterium (°H), can provide
increased metabolic stability, which offers therapeutic advantages such as increased in vive
half-life or reduced dosage requirements. Isotopically-labeled compounds of this invention
and prodrugs thereof can gencrally be prepared according to the methods described herein by

substituting an isotopically-labeled reagent for a non-isotopically labeled reagent.

[0074] In preferred embodiments, one of R? and R® is -V-W-X-Y, wherein V represents
oxygen, sulfur, or a single bond. In particularly preferred embodiments, one of R® and R®

i8 -V-W-X-Y, wherein V represents oxygen or a single bond.

[0075] In preferred embodiments, one of R® and R® is -V-W-X-Y, wherein W represents
C1-Cs alkylene, C,-Cg alkenylene, Cr-Cy alkynylene, C;-Cyq cycloalkylene, or (Cs-Cyg
cycloalkylene)(C-Cy alkylene). In particularty preferred embodiments, one of R* and R®

18 -V-W-X-Y, wherein W represents C;-Cs alkylene, C»-Cs alkenylene, C»-Cy alkynylene, or
C3-Cio cycloalkyiene. In cach of these groups of embodiments, alkylene, alkenylene,
alkynylene, cycloalkylene and cycloalkenylene groups or portions are optionally partly or
completely fluorinated and are optionally mono- or disubstituted by substituents
independently selected from the group consisting of chlorine, hydroxy, C,-Cs alkyl, C;-C;
alkoxy, Cs-Cs cycloalkyl, Cs-Cg cycloalkyloxy, Cs-Cyo cycloalkenyl and Cs-Cyg
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general methods. Within the scope of each method, functional groups which are suitable to the
reaction conditions are used. Functional groups which might interfere with certain reactions are
presented in_protected forms where necessary, and the removal of such protective groups is
completed a?'%%ﬁ%%ﬁ%ésstages by methods well known to those skilled iRtR&3B6881 In certain
cases compounds of the invention can be prepared from other compounds of the invention by
elaboratiosydiatisfoyinsticndexclyalogicdnukthel ike ok e flmmetpoapgsoppsipne sanb:Jweh elaboration
o iSIal IR g B IRAISHAD AR SloHBHD IOy o RSl

amidation and geh on. Such tr rmations can In some instances require thé use of‘protecting
groups byiiERmetbere disBiosaatinTe. (e sy serpieri b GMropdits NRrotective Groups in Organic
Synthesis; Wiley: New York, (1999), and incorporated herein by reference. Such methods would be
initiated al¥78yntherisfer el nbekiar verpo R omat RinsthenBiXe¥.invtivesyKitmtieseotste that would

be readily&pg&gppﬁﬁgaq@n%@mm dhgyart. [0087] In another aspect, the present invention provides
for synthetic intermediates useful for preparing the compounds of Formula |, and pharmaceutically

acceptabl@eedts andhRiRAUIS RN ACSAIdNR tthRegeneral Brapayative ethads discussed below

and other processes known to those of skill in the art. [0088] When the following abbreviations and

acronyms A thfsuidRdut trfes rlerikhd. wieyPhdpa YRk b Ifoufing keaxhifgS s abomyhcetic
anhydrideCACQk eItk BCEtalR, AcQlkaneticaatyABNCraohiptisobutyraniiiled;; A3Br3, aluminum

bromide; AICI3, alumi chloride: BBr3, boron tribramide; BF3.Et20, borop trifluoride etherate;
BTEAC, b“é’r%‘if’l?r‘?éftj%" %&b%&% i"ﬁ‘i% f%fg;lh-B#EK{h{gﬁéﬁqlméGLﬁﬁl Yiffthihm: t-BuLi,
tbutyllithiwtkybBuliyp dtadsSiuthderhbutoxide { CaClalkyaldieatanidride-Caldkyd ald@atedi(GC14,
carbon te ide; anol-d4: CDC13, chloroform-d; CE3S03H, triflupromethanesulfonic
acid,; CH%?E?@%@%&%%S’%%O@GE%% 1@%@?@?&9@?&?&%9&{ ﬁé%ﬂﬁéa%eyg%[[ﬁ £ (C0C1)2, oxalyl
chloride; cxgeda! eeninrrcaebimaterDASTY, quietnypariine) sotfurlddtiudrickindd vy dicktdromethane;
DMAP, 4-gimsthylamiparyridingideMEN oD HRgers iadified Bagles MediumsmM By droxy
N,N-dimethylfolutamide; DMP, DessMartin periodinane; DMSO, dimethylsulfoxide; EA, e%/hyl acetate;
EDCI, 1-(82 dinfdtpyiSmirakepyed-erfpcaidedliiidedyoreridider e seyuodientsre grethyl; Et3N,
triethylamine; Ei@Sikhe iRt silangii&iali Qplaeih el Bifensthdaceiate, klh, MO
2010/022%%)3PC§§L982 09/054585 gtlg@pl; FBS, fetal bog]e serum; FSO2CF2CO2H

2,2-difluord?2 J0Oro B SR SRtE LN heEas LG aéﬁ%dllfﬁ%i?é’ﬁﬁwgﬁd; Hepes,
4-(2-hydroxytetihgd)etnbpitierazineethdRe sulfdri dsadidl MR wreton Nucleasmagnetigsesnnance; HOB,

1- hydrox zatriazele; HRLC, high perfor liquid ch togr K2C0O3, potassium
carbona\tet;b 1%5‘8?0%%%%%?&%@6%%rﬁ%%%y@@]&%ﬂ%ﬁ}%tgﬁ?ﬁ %sc%ﬂ%%itéfﬂﬁgly mide; KOH,

potassiuntiytiraxide Ct @EEI1-MS, liquid chromatography electrospray ionization mass spectrometry;

LC-MS, liquid chromatography - mass spectroscgpw Lgﬁ, leaving group; LiOH.H20, lithium hydroxide

monohydi&¥8i/e ImpsthiyreNetiodaseattn itriteo R 0k Mathdhdl-NSesl 4, mpetbanessyfomic acid; Mg,

magnesiumiaM gt 2. RaaReisAH Qride:ip WINUHE M b MASH SRREHAREARY with electrospray
e

ionization; MsOH, methanesulfonic acid; NaBli3CN, sodium cyanoborohydride; NaH; sodium hydride;
NaHCO3 ssbaithipedieutdonaises dbdidnr bistimey Nathcysinai srbfatésNaOH, sodium
hydroxide;NrREGdx sodium suliats: INBSN-bromeskaainimide: dGSyw Nrghiqrosuccinimide; NHACI,
ammonium chloride; NIS, N-iodosuccinimide; 03, ozone; Pd/C, palladium on carbon; PdC12, palladium
(I1) chloridepfi, petplesREihesRhenbany RPAIPCHIH ofRh3RMaN spetbutinheiphosphonium
iodide; P 13,ipéqosphoreghpxyihloride;lPPh3, triphenylphosphine; Rf, retention factor; SnBu3,
tributyltin; I@’é’ "oy eHib ’e??l'%%*’l,@V&b@&'ﬁéﬁ{%ﬁ}uﬁ?ﬁ&iaﬁ?l?ﬁjﬁxitrﬁm%?@g@'é%}’acid; THF,
tetrahydrafucsmdl L€ pthiicdéysr phfomdtogiaphy:mM |, tRieih RS iyth TMSEMN dimethydsilyl cyanide;

Tris, trishydroxymethylamingmethang (or 2-amino-2- (hydroxymeth ropanerl,3-diol); TsCl,

toluenesu}é%#gggﬁ%?%eﬂrgg@,atigﬂéﬁéﬁ?fgrﬁ%r{ag%ﬁ;réné?ﬁﬁgt ?ﬁz’?n%e[% ]';Fﬂree% ffent deuterium

is representétb i theldertdr 08 dtkghemiBakstiBcthotsraprsorrhuthiecand indicated with a lower case "d"

in chemical names, according to the Boughton system. General Synthesis Method of Scheme 1 [0090]

Inventive E#HouktisrdfodrmubodinesnsbB convBhientlyndrppadet aceprainy bydhesedotion sequences

as Show”ﬁ?dﬁﬁ!}?l’f‘@ds@@},@-uéch@k%nﬂht%bd}‘%ﬁﬁf@}l@,%@ﬁ%lﬁyﬁ'@l@& r%g(?g%pgr d according to
| |

conventional methods known to those of skill in the art, is converted to acid ¢ y an agent
such as oR&P chigiiecsoiepebocianbediagre. Rneditorast Pisrexisrity witeatkoxybenzene 3
under conditions aided by Lewis acid, such as AIC13 or AIBr3, to provide ketone 4. The ketone group
of intermediate 4 is reduced to
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WO 2010/022313PCT/US2009/054585 methylene with a reducing agent such as Et3SiH in the
present of a Lewis acid such as BF3-Et20 or TEA, and treatment with Lewis acid such as BBr3 to give
phenol 5. Intermediate 6 can be obtained by coupling with the electrophilic reagent Lg-W-X-Y, where
Lg denotes & QAHBERYVing group, in the presence of base such as K2EEBUERLS¥EHENa0H or the
like. [0091] Alternatively, acid 1 can be converted to Weinreb amide 7 or other equivalent amides by
coupling WwjtirdgieiV {10 M of ptiier douivetemtrinuiags pirferrad disite dnoanstiichubé Rdiathed by
treatmentrglgg&gnrte%&' Iis‘lmide 7 with intermediate 8, bearing a metal coupling reagent such as
Grignard reagent. [0092] Alternatively, intermediate 6 can also be obtained by coupling of the amide 7
with Grig a f‘ig hy.r | ée of product 10 with Et3SiH in the
presencertg6 I?gvﬁis%;aé%gs}ﬂg %%?g?%{ %%J%{#Q#E%?F[%%e Bﬁg?](%t%ecrgég%?% 6 is condensed with ketone 11
(wherein R6, R7, R8 and R8 are -OTMS) affer treatjentwith activating reagent, such as n-BulLi or
t-BuOK to provide compounds of geiierajfForfiulglil wiich tan then be reduced with alkylsilane or
other reductant in the presehce'd s. FEA, MeS03H or BF3.Et20, to generate compounds
of Formula Ill (e.g, 12 wherein R6, R7, R8 and R8 are -OH). Pharmaceutical Compositions and
Methods of Use [00941 Th®'prégentHvention further provides a pharmaceutical composition
comprising an effective amount®f a compound or mixture ofEapomds dfAbrmula 1, or a

P

[0082] wherein R represents hydrogen, haio or C;-Cs alkyl; V represents oxygen or a
single bond; W represents C;-Cy alkylene, C,-Cy alkenylene, C,-Cs alkynylene, Cs-Cyg
cycloalkylene, or (C3-Cyp cycloalkylene)(Cy-Cs alkylene), X represents oxygen, a single
bond, or NR* and Y represents hydrogen, C;-Cs alkyl, C;-Cs haloalkyl, C;-Cs hydroxyalkyl,
Cr-Cs alkenyl, C-Css alkynyl, C3-Cig cycloalkyl, (Cs-Cg cycloalky)C,-Cy alkyl, (C1-Cy4
alkyloxy)C,-C; alkyl, (Cs5-Cp cycloalkyloxy)C:-Cs alkyl, (amino)C,-C; alkyl, (C;-C4
alkylamino)C,-Cs alkyl, (C1-Cg alkylcarbonyl, (C-Cy alkenyl)carbonyl, (Cy-Cs
alkynyhcarbonyl, (C,-Cs alkyl)sulfonyl, (C,-Cs alkenyl)sulfonyl, or (C,-Cs alkynyl)sulfonyl,
wherei alkyl, alkenyl, alkynyl and cycloalkyl groups or portions optionally may be partly or
completely fluorinated and may be mono- or disubstituted by identical or different
substituents selected from chlorine, hydroxy, C-C; alkyl, C;-Cs alkoxy, and Ci-Cs _
cycloalkyl, and in cycloalkyl groups or portions one or two methylene groups are optionally
replaced independently of one another by O, 8, CO, SO, SO; or NR®, and one or two methyne
groups are optionally replaced by N.

[0083] In another aspect, the present invention includes the compounds of Formula I and
pharmaceutically acceptable salts, prodrugs and/or isotopically labeled compounds thereof,
wherein alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl and heteroaryl groups or

portions arc optionally substituted with one to three suitable substituents as defined above.

[6084] In addition to the processes and methods above, more detailed particular examples
are presented below in the experimental section describing the working examples. By
following the general preparative methods, or employing variations, the compounds of

Formula I can be readily prepared by the those of skill in the art.

[6085] Those of skill in the art will recognize that compounds of the invention with each

described functional group are generally prepared using slight variations of the below-listed
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pharmaceutically acceptable salt or prodrug thereof, in a pharmaceutically acceptable carrier. 100951
A compound of this invention can be incorporated into a variety of formulations for therapeutic
administration. More particularly, a compound of the present invention can be formulated into
pharmaceuti®d #8fideHons, together or separately, by formulation with BpEFRIRE H¥armaceutically
acceptable carriers or diluents, and can be formulated into preparations in solid, semi-solid, liquid or
gaseous fomasyl sugthcals. tabidts, thapsaie of piltd), pothodrBrgramnalesodragaas; gelsyislbleies, ointments,
solutions fuRRAFIRUES RIS IANS.JANAIANR. ANCLASIASHIS .15, el adINisalion of a compound of
the present invention can be achieved in various a)]?s, includin oraﬁ, uccal, paren]tleral, intravenous,
intradermelagaies stbrigtanse i piateated Sumary heersdessagl, ed thadenistrafiswciMoreover, the
compounfﬁ@f\é@@@%@/@;%%@&&ﬁﬁ&éq 22009/ 0ndRaR canbe.Adminisiared i0.2dogRlEaaE fhan systemic
manner, for example, in a depot or sustained release formulation. [0096] Suitable formulations for use
in the pre%ﬁ@iﬁ’(ﬁention are found in Remington: The Science and Practice of Pharmacy, 2 ISE Ed.,
Gertnaro, Ed., Lippencott Williams & Wilkins (2003), which is hereby incorporated herein by reference.
The pharrWzQ@éhtic%l OB GETS AR AF te BRI Sarrha TRk E@m dhsiaemoNse s known to

those of skiltia i@ @ibni 18 chipsnaRas eisaRMeRbianal NiXNG. SR Vi o granwatipg, dragee-making,
tevigating, emulsifying, encapsylating, entrapping or lyophilizing processes. The following methods
and excip?é%’fgsé?g re%y%@‘é?ﬁfjﬁfﬁ %H%ftlﬁfgﬁnbﬁblwé@%mﬁ 9[(’5’@&‘71?Yﬁ"%ﬁédﬁf"§f§’r’red embodiment,
a compournddefitine qiikebeiohinvehtion, isprdpared famdteliverynt dsuitaloedSelease, controlled release,
extended; imed-release or delayed-release formulation, for example, in semipermeable
matrices 5%&%%3%%@%%?1&0 !fésgéq%%lgr%n(é%nrt% %ﬁ%eg%‘?ﬁél fi %'%rjgﬁ%ﬁﬁéngﬁ%w @inghﬁsqf/%é%gof
sustaineddietbnge matcMalsreravab B ddtalilishdtiaend: va e kivongdayct Npsé skil ®dliey the art.

Current extedegiaieass mulaians YUy cRpied RIetS,IMMPAABIS Arpelet systems,

matrix technologies using hydrophilic or lipophilic'materials and wax-based tablets with pore-forming
excipient${sesyiBicsis desivecheprapennbey gtoesthes il ems an thezyntbetizgosie thatwmhdb, et al. Drug

Dev. Ind. Rhauni2S84en2003% MagginghakEur. .1. Pharm. Biopharm. 55:99 (2003); Khanvilkar, et
al., Drug Dev. Ind. Pharm. 228:601 (2002); and Schmidt, et al., Int. J. Pharm. 216:9 (2001)).

Sustainedggtepsadaivary sysiensGat-denenming priheit #rsighniglease theisempernds over the
course og‘lﬂ?‘urs or_daé/s for instance, over 4, 6, 8, 10, 12, 16, 20, 24 hours or more. Usually, sustained
OISR A

release f %Cﬁglb?%%ﬁrggﬁﬁ’%bl%éﬁﬁg -%g@ﬁﬁlfﬁﬁagV%ﬁ?H@ﬁ@ pBiRds, for instance,
polymericpviniyligythotigdnespstich ashpalywenyl pypolidone¢MYR)dsateadyvityd hydephilic polymers;
hydrophob}gcagglo}%n%%qg i'igehg/fdsigﬁ%'}'?%% uch as methylcellulose, cthylcellulose,
hydroxyprpopy?cecffu ose, an 'ﬁydroxypropy methylcellulose; and carboxypolymethylene. [0098] The

sustained tengded-release formulations.can also be prepared using natural. ingredients, such as
minerals, Eﬁéﬁéinﬁﬁ%{hﬁ%ﬁﬁgﬁ’)‘%&é%ﬁfg&hﬁ 10Xi0 eﬁ, Zinc: %%é)gea{lﬁ %%%‘( &}éoelf‘%%g aténts,638,521,
herein incgydreate thbyaléfero acedaBExempiifiechestie ndlediraleaseIbinutistiansathasc@iibe used in

delivernd.aemng RN, s Aiesenl ERIRN RANCSNORSARIGHRRG KX Sub IR NOs. ©,035,680;
6,624,200; 6,613,361; 6,613,358, 6,596,308, WO 2010/022313PC 1/U52008/054585 6,589,563;

6,562,375 040548, B8« wen givewnids BE7H48che osn Hnerie Gaihosrs, REEAGf which is hereby
incorporateg RareimPureisrenaenfeantalledrelaase farmationsof patdisianinterestinglude those
describedbi?ty?ﬁ%ifn?;t?—gu%%s, 'pg’:gsosZtiést:elr;t%gt%%gégéaClg, calcium chloride; calc., calculated;
CCly, carbon tetrachloride, CD;0D, methanol-d,, CDCls, chloroform-d; CF;S0O-H,
trifluoromethanesulfonic acid; CH,Cl,, methylene chloride; CHol;, methylene iodide;
CH:CN, acetonitrile; (COCl),, oxalyl chloride; Cs,COs, cesium carbonate; DAST,
(diethytamino)sulfur trifluoride; DCM, dichloromethane; DMAP, 4-dimethylaminopyridine;
DMEM, Dulbecco’s Modified Eagle Medium; DMF, N, N-dimethylformamide; DMP, Dess-
Martin periodinane; DMSO, dimethylsulfoxide; EA, ethyl acetate; EDCI, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; eq, equivalents; Et, ethyl; EtaN,
triethylamine; Et:SiH, tricthylsilane; Et3S10, triethylsilyloxy; EtQAc, cthyl acetate; FtOH,
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6,569,463; 6,565,883, 6,482,440; 6,403,597, 6,319,919; 6,150,354; 6,080,736, 5,672,356; 5,472,704,
5,445,829; 5,312,817 and 5,296,483, each of which is hereby incorporated herein by reference. Those
skilled in the art will readily recognize other applicable sustained release formulations. 100991 For oral
administratigﬁf)éoé?)’ror%%]ﬁnd of the present invention can be formulated ré’ﬂf?sﬁ{/’(’%ﬁﬁﬁlfﬁing with
pharmaceutically acceptable carriers that are well known in the art. Such carriers enable the

compounddnoie iainfetatbavas tablets PPl thageds? Capifulas; 2ifulisiondidipdpbdfic acid:hydrophilic
SUSpe”S'%f‘ﬁo{{ﬂL}ﬁﬁqﬂﬁ!ﬁ"geﬁyéé‘s?%ﬂéﬁf'&ﬁﬁﬁ%?@c‘?&iﬂ%%%@@%h%ﬂ%@g}&ﬁﬁﬁ'-'ngeSt'On by a patient to

be treated. Pharmacéutical preparations for oral us n be obtained by mixing the compounds with a

solid excipiepHaziRrsiramyuinnding d r 3 0RAG. mixienauslsarprosedingstrensixtildBeflgranules, after
adding suitablg bdliariese i, desiediln 9@@1&@@@1&9{@5@%&@@@%@@@@9 FXGRIGRES are, in
particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose
preparatiGALLRF &,CF@Te%%ﬂérf’rﬂ%ﬂ}i@@f’é%W%)étﬁ?mﬁW@é@f&?&ﬁ?ﬁéﬂﬁé@il&%ﬁi gelatin, gum
tragacantR e fayiaaliulpseoritl:nemepynaibylcaliviasesomivercatipeymathylasliulose, and/or
polyvinylpyrrofidone (PVP). | ired, disintegrating agents can be added, sych as a cross-linked
poiyviny! ETOIRSHEE 4 o M S e T B 00 S0 A S BB BT 50,
PharmacédutithHpfk pahatiohsdudvcte camdiey dséd blalydiigiudécpdshdit@aptuiedatibide of gelatin, as
well as s . i a plasticizer, lyceral or.sorhitol. The
push-fit C%%é%%é?%@#ﬁ%%ﬁ%%&%ﬁﬁgﬁ r%giﬁ%’s mda%%(gl %égt{ir@%ﬁﬁaﬁ%g (g‘sdlé% ggiﬁaﬂct%’se, binders
such as steircivasutm dériSbricamtepsoepserpiare bromelgrpsiesizaicneMstdtloptionally, stabilizers. In
soft capsylesthe agive £AMmRaprde can Bedissalyesarsrrrended inuguiiaig liguids, such as fatty

oils, quui%}%araﬁin, or liquid polyethylene glycols, In addition, stabilizers can be added. All foimulations
for oral adrifti<tatiodienditarbentica St sr e sdimisdincroro M @Fagee cores are
provided wiliusuitadiexeeatNgSOF. Qb HisnuIRASEVBENEERsaed &gt solulions can be used, which
can optionally contain gum arahic, talc, polyvinyl pyrrolj . carbopol gel, polyethylene glycol, and/or
tanium dToK U TGO H e BB E R L N B A Dyests o
pigments k& qeibadiied to thebdhi® X0 PARAREE PO TAKSRRODH) p4b68G:iabidis OPldsigeelcoatings for
identificatign. h ize different combinations.of active ound doses. 10102] The
compoun@3§r}1§%§?§§r§%§%§ “for %ﬁrglr??ée%ﬁg%{}rﬁ%%%% |&ﬁ%€eﬁ§§8’r@gﬁ%%§ﬁbolus injection or
continuo_usxmﬂulgré)iﬁ; P8hinfeption;iphespbinpdimtticahdpeddimiiatid.ihibutyBpalliGhs thipuissolving,
suspending g RISy ing: IGIIRARAIHSBUROTINNAHEONI SAVEL, SHeh, as vegetable or other

similar oils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids or propylene glycol; and
if desired [SHitHyEEPERt O dadtoEd shmaloSERIBIIZSS, srrshiclaléntd2G8bending agents,

emulsifyingagetsiatapilizersraRtRiBraoaivasy RraiRiabiias ¢ompawid-of the invention can be
formulate[g?in aqueouys solutions refeéably inp ysiolo%ically compatible buffers such as Hanks's
i

solution, Pﬁﬁ'@?‘é@% TORTOBH R SIS AT Sl B HE PO BE R REEon S i RS U8R Be presented in
unit dosageidoAnk s, dicthyamipales or in multi-dose containers, with an added preservative. The
compositions can take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles,
and can d@assh faimulatoeyt agerttusuth-asesuspenditig, lstabiliaing anehlcrl dispeisiagmrgents. [0103]
Pharmaceycal foimpiatans far parsrieral administition lnclde agueis solitiqns of he active
compound% in water-sofuple form. Additiona , suspensions of the dctive or‘:’npgj‘unod”s'g ¢an be prepared
as approptisitenoily injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such
as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.
Aqueous fajaetishSsnthesirsdathod v Cotitaime dubstances which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension
can also d6##4in Juiedie seabilizerdsoridgemmiaiRicht e reasenttieisaltipiityd ek toedowrtptends to allow
for the prepasation.alhighlyscapsanHatsdRotians iR Vah e ATy e lngredieny can be in

powder foim for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, béfore use. 10104]
Systemic AdHiMSPaBEREEH s BRT) tRINSHisEssacEidakBas iR neiskabitanathitosal or

transdermghagiainistialioh Henetr st aparopitates ik iha baviskiabeparmentadirgiused in the
formulation, Foré)dpinI_ admini rﬁgon, the agents_are formulated into ointments, creams, salves,

t
powders NG GERHOREBRBLYTAANTO TSRS Plst Gendiiors gt CatpepEc ¥ ahsdeimai
delivery systanas cirinolpee;iéedetpatchebhHostdiansocoSataaiminigimiiaopdpedetrants appropriate
to the barrier to be pelincated are used in the formulation. Such penetrants are generally known in the
art. Exemplified transdermal
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WO 2010/022313PCT/US2009/054585 delivery formulations that can find use in the present invention
include those described in U.S. Patent Nos. 6,589,549; 6,544,548; 6,517,864, 6,512,010; 6,465,006;
6,379,696; 6,312,717 and 6,310,177, each of which are hereby incorporated herein by reference.
[0105] For biée & Y iHitration, the compositions can take the form of tASEEBPIYEHIERs formulated
in conventional manner. 10106J in addition to the formulations described previously, a compound of
the presentdihyémtion tharralsonyeafgmmelabed s %idépotepreparatitnl Sushudthgiacting fatmulations

can be adginiaieyed by dmRleRialion ((on pARISAReYA0RRHEl o IDAMUSCUIRIL Ofb) .
intramuscular injection. Thus, for example, the compoundq's Can-be formulated with sultable polymeric

or hydrophA&Richmnaiitsingd Morepdingie hshercanasioncireagesideeptaBie oibhoridig éxabiange resins, or
as sparinglieollIRIR AR A e IR/ TS B8 SRRUNIYFILOLASINGBI The jghrmaceutical

compositions also can comprise suitable solid or gel phase carriers or excipients. Examples of such

carriers Ol AIpIeRIRAGIAR Oili1e Ao bR D.B IR EB hRRRP oPBIGT. haRphate, various
sugars, starches, cellulose derivatives, gelatin, and polymers such as polyethylene glycols. [0108]

Pharmacd&itiést Bo sl i e pifve grisdmt mvamtohniseRdé o isodhivns wherein

the activetingbediratsyarescaniatranRcauthesapauticaliiefiestivaiamnauptadhe esant invention also
contemplates pharmaceutical c%{n ositions comprising the compounds of Formula Tin admixture with
an effectiv't FRTD ISP AePXISRAIL aShts as combination partners, particularly those used for

treating di §?§f\ls ggtd condi ionst which can be affected by SGLT inhibition, suph as antidiabetic
agents, Ii;l%l' 6wering iAo SR LR AE LY ENDS ARTArRstityg AU BCE S i In& A nti-obesity
agents, aftifypettengine Gdehtsycdritiydectincehic: Agenis gang afpnthuton treating iFonic heart

failure, atl{&er : cgle%rgsé Qrr Iag%d,di ord‘%]gf_. effective amount of the compound and/or combination
partner wi ,eg E(:fourge',slbeW 1 eabén%%cntac?n t 3eE'g\?u Joé:?[%%ing treated, the severity of the affliction and the

manner o inigtration. Ds ination.of an effecti ount i | withi CaR?fP”i of those
skilled in tft@qggt, espgéq(]:?g%% ﬁkﬁgﬁfﬂﬁ%ﬁ%@lﬁﬁgatﬁ?gé%fﬂ% 16%3:%@ h%rélﬁ?. éheral y,g)l efficacious
or effectivitantsamear av sbrmpoantkiscaetetrmink dsy Bifstadriniiekdngoyidvweaopevodsnfall amount,

and then incremenialivdrriaasingNeadnRIsiaed dosk-AuAoRagemupil g desitaditherapeutic effect

is observed in the treated subject, with minimal or no toxic side effects. Applicable methods for

determiniAEFSRSHirdptiatec s d IhdMiithy st RsadiePofnammsererprsndneijresenkifention are

WO 2010(@%2313]3@3}4@;@&1%@%9%, for example, in Goodman and Gilman 's The
Pharmacological Basis of Therapeutics, 1 1th Ed., Brunton, Lazo and Parker, Eds., McGraw-Hill

(2006), and in Remington: The Science and Practice of Phannacy, 21n Ed., Gennaro, Ed., Lippencort
Williams & Wilkins (2003), both of which are hereby incorporated herein by reference.

Pharmaceutical Compositions and Methods of Use

[0094] The present invention further provides a pharmaceutical composition comprising an
effective amount of a compound or mixture of compounds of Formula ], or a

pharmaceutically acceptable salt or prodrug thereof, in a pharmaceutically acceptable carrier.

[6095] A compound of this invention can be incorporated into a variety of formulations for
therapeutic administration. More particularly, a compound of the present invention can be
formulated into pharmaceutical compositions, together or separately, by formulation with
appropriate pharmaceutically acceptable carriers or diluents, and can be formulated into
preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules, pills,
powders, granules, dragees, gels, slurries, ointments, solutions, suppositorics, injections,
inhalants and aerosols. As such, administration of a compound of the present invention can
be achieved in various ways, including oral, buccal, parenteral, intravenous, intradermal (e.g.,

subcutaneous, intramuscular), transdermal, etc., administration. Moreover, the compound
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[0109] The present invention further provides methods of using the compounds of Formula | for the
prevention and treatment of disease. In one embodiment the invention provides a method of treating
type 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications (such as retinopathy,
neplu-opathy B&lH¥pHHY, ulcers, micro- and macroangiopathies, gout arf EEBEIY5EYisease),
insulin resistance, metabolic syndrome (Syndrome X), hyperinsulinemia, hypertension, hyperurieemia,
obesity, edenbe adystipidenhia,adorehiethedhnfasistemat hernselciosisandddlaiettgiseases, which
comprise%&m_ 's[rcggggg A f{gt%ye amount of a compound or mixture of compounds of Folinula 1, or
a pharmaceutically acceptable salt or prodrug thereof, to a subject in need thereof. In another
embodimagidpe ISR MANAR AU aLysliaecomAoyad ah e ol compgunds of
Formula |, or a' phaimaceutically acceptable salt or prodrug thereof, for the prepar% lon of a
medicameXtdeetradiigajeecd Rivamgas 21diB8eGenmenittid . hyjpreytytetikiadiaBendlsomplications,
insulin fe%@é@@ﬁ%ﬂﬁﬁtﬁ%yé’@m@éﬁﬂ&%ﬁa}&&%&%ﬁ%%&@Wﬁé‘&%&ggcéﬁ}&%%k% Rigogesity,

edema, dyslipidemia, chronic heart failure, atherosclerosis and related diseases. [OHO] The present
invention SfS6rSA RTINS B HaEast e Ebiiputka st sénavmte taspravkiddadhealy acceptable
salts or progngsifiekescineombination.y distianth eranautic;agente- paticulalythagse used for
treating the a%o e-mentioned diseases and conditions, such as antidiabetic agents,

lipid-lowe iRGHANCAETRIHE gL ABRBREY tSPRALLTTS BRI cdmpiRigione Bfiods a8ty agents,
antihypertersivenagentssahtityperlanc endierageniswantdmiaits for treating chronic heart failure,
atherosclerosis or related disorders. Those skilled in the art will appreciate that other therapeutic
agents did868%kd helowpoddorhaventmultipdattherappuiic] udebegnestheilistingpafiapragent forone particular

category t he construed to limit in a ay its usefulness in compination therapy with
compoon e e e e et R,
combinatitteastHaomisbonderskerepprasenmimeantdnd nulttkednduhi dindinpbdivinpivhetics,

sulfonylur@@ﬁéﬁmﬁéﬁ&%mmgmvﬁamwgsf&ﬂ@-{&é@&@@&%@é@ﬁ&%@@&%g"bor nuride,
gliclazide, glimepiride, glipizide, gliquidone, glisoxepide, glyburide, glyclopyramide, tolazamide, WO

ifl
2010/0223%3%@2%@@@6@?@@145‘8‘5%%3}3%i%%l,l?élﬁlﬁéfn%iﬁe(éiﬁaeﬂﬁéﬂ?ﬁé‘}?ﬁ@lﬂ%@ecretion enhancers

(such as JEtmflibglluzRlaanddhediseleBiguanides(suehasmetionain, Bufesmin, phenformin and
ions (such as glyburide/metfonnin and the like), meglitinides

the like), sulfonylurea/bjguanide combinat )

(such as rtéﬁ%& e Wate F&B},‘&‘ftfﬁﬁﬂﬁa@éﬁﬂr’?ﬁ?ﬁ’iﬁl@)&}%i‘é.’%mfiﬁ‘é!&ﬂm%t% Y4lPPES rosiglitazone,
pioglitazofienisagtitairtmes fetoflitazanpidilhglitazonk /balagitazenerdargltazoneoGhX-0921 and the
like), thiaziplg%nﬁgijogte/pi%uan%ge cp %atio (55 a5 ic&glitazor}e/ betfomwénd%e like),
oxadiazolldelneglonés such &s \?K/IIE) anég%ng?fkeﬁh%erg%soﬁ%ip?oﬂ erafor-actiated receptor
(PPAR)-g&rapfiaragShists(2608h BsdargktazerginSragliblasdnd MBX=R0228 &Il IBABN0EW 1929,
GW7845 aughife Uke). RRAR-AIRR/SROAGNS! 000ists (shah.an mulealiggar aveglitazar
tesaglitaz%;, E{z{;@litaz%:ﬁ JTT-501, Ffwdiﬁ% 544, C'BL\(/’§/2-L50151%65{jl and ?ﬁ% lfl;]l%?’ P%E-a pr’ha/gamma/delta
pan agonidtBcpstie ustmindeisn GRS fiRIKRIRE a5 019, sy Smithidiie 8 TrgS 4aind the like),
retinoid Xireeeptobaganists, (310l as AddRT4 268 AN 0d s M 6Qrti AP N1d 24204, LG-100754,

bexarotene and the like), alpha-glucosidase inhibitors (such as acarbose, miglitol and the like),
stimulants BFTHEHRATERE DAY RIS RS A PP U TTEErRRIST A UL DRl B9iST,; fRSES%and the like),
tripeptidyljopticiaseitl ipbttisdsychastol~a91 patbihplikep dipeptidyhraentdaspyiinhibitors
(such as sitagliptin, vildagliptin, denagliptin, saxagliptin, NVP-DPP728, P93/01, P32/98, FE 99901,
TS.021 TEBSE: E‘iﬁj‘é%%‘b%? é%crﬁ%gﬁ’rﬁPéOspgle%&rP@éQC@E’J@ Bs e%ﬁ‘ﬁ%%?%?é‘é‘éf&?; 6,727,261;
6,710,040:tBy43%,068; Bylirx 080pe@11L]8&S5 aridhilieckkeipopyoteihtirdsiephosphatase-1B inhibitors
(such as Igg@g’{?%%igggﬁ?leggﬂ%%, PTP-112, OC86839, PNU-177496, compounds described in
Vats, R.K., et al.; Current Science, Vol. 88, No. 2, 25 January 2005, pp. 241-249, and the like),

glycogen Rimﬁ’h%(é%%%ﬁt@@'69@6&}&*&-‘?‘&&%'t%%%%mﬁ?g??ﬁ?ﬁ?o%’%d %Qfallelﬁa Sing 1&3&1}55—7 MBO5032

glucose-6-phosphatase inhibitors, fructose 1,6- bisphosphatase inhibitors (such a
and the |ikBSIGREGasEcelyiRsEEndBe HIBItBrBIpsu EfpRisin ZiDcps 4Baing, tHad kel cimidatatine
derivativeg{sughs as,Bhild 282 andibeilikgohepatie s}%@s@%ﬁn@§§Aﬁmwa%éﬁma§a§5-225659

and the like), Dchiroinositol, cho%en synthase kinase-3 inhibitors (such as compounds described in
Vats, R.K CBPRRIeAHHRASLRIE D ABE TS 2ooBreunt eSS h ivantisadndrdr thesie), incretin
mimetics (Ruetbas @Xesatdeandthe dkerlueagarroecentos aniagnpists (sUesas BAY-27-9955,
NN-2501, NNC-92-1687 and the like), glucagon-like peptide-1 (GLP-1), GLP-1 analogs (such as
liraglutide, CJC-1131, AVE-0100 and the like), GLP-1 receptor agonists (such as AZM-134,
LY-315902, GlaxoSmithKline 716155 and the like), amylin, amylin analogs and agonists (such as
pramlintide and the like), fatty acid binding proteirf§aP2) inhibitors (such as compounds described in
U.S. Patent Nos. 6,984,645; 6,919,323; 6,670,380; 6,649,622; 6,548,529 and the like), beta-3
adrenergic receptor agonists (such as solabegron, CL-316243, L-771047, FR-149175 and the like),

and other insulin sensitivity enhancers (such as reglixane, ONO-5816, MBX-102, CRE-1625, FK-614,
Cl ¥Y-00N1 CRE1R22 NN.2244 RM-12129E RM-EOTOEN HOI 075 1 ¥Y_00NO MRY_-RRQ MRY_.R7E



WO 2010/022313PCT/US2009/054585 20685, BMS-180431, BMY-21950, compounds described in
U.S. Patent Nos. 5,753,675; 5,691,322; 5,506,219; 4,686,237; 4,647,576; 4,613,610; 4,499,289 and
the like), fibric acid derivatives (such as gemfibrozil, fenofibrate, bezafibrate, beclobrate, binifibrate,
ciprofibrate,%‘fl%%){}fg‘(r{ggg,l%lofibrate, etofibrate, nicofibrate, pirifibrate, ronifiBFMsg?ﬂﬁ’f%?éfé, theofibrate,
AHL-157 and the like), PPAR-alpha agonists (such as GlaxoSmithKline 590735 and the like),
PPAR-defta ¥omists, §6dch s (Glako8mithiding280 15186 .4, thé TikeR tamyl-G62hbimesktohibdlesterol
acyransieiae IR RSHARA AXRSIIDE: RIUEUNOR, CIRa TR, RElmIBG.NF £ 122, MCC-147,
PD-132301-2, C1-1011, DUP-129, U-73482, U-76807, TS-962, RP-70676, P-06139, CP-113818,
RP-731632HRuUzrIErsHrchs, thorpdseaibey 555 BignyNor RAWREE7, §3598§293-104127, R-755,
RCE-2763 56506228694, 045C-6:R4340 ChT8 50P-6447.91 5- 14384 59:50B 13883546, YM-17E,
447C88, YM-7%5%5_E-5324 KW-3033, HL-004 and the like), probucol, thyroid hormone receptor
agonists (Sség?v iioirﬁgl’r-?o?%e,5I*3%Wo>%ﬁé,21§§%if:2@ 183 5ecthef Mddhdn BrE&bsrol absorption
inhibitors isiehotsiZetinniie; SGl-d484B8bandilhel like)e ipopivieittiassaciaied pinespholipase A2
inhibitorséﬁyufh gg rilgﬁ%@%b?gar_ag(l%%i a%n%the like), microsomal triglyceride transfer protein inhibitors
(such as -S4 8%1, D005 ) coLrlnpé)u?\'ds described in U.S. Patent Nos. 5,595,872; 5,739,135;
5,712,279; 0,246; 5,827,875; 5,885,983: 5,962,440, 6,197,798; 6,617,325, 6,821,967; 6,878,707
and the Iii%??%jw 5%1}%"]%}/ ?ﬁp%%ﬁ%%??ééé’ﬁ?&?%‘%%%’ig%% g%sgﬁtégvﬁ’éi%ﬁ%%@}g@t d the like),
lipoxygenaséilphipitord{sngwats pbampeundis dbsariopalie WO 8F 12645, WhlOk8F#i26 1B WO 96/38144
and the like), it QylAr inhibit NOX] li Jualene
e e T R S A
RPR-10182%Is5m8 oplibRand 1 3deplRc 37886 € bauildstdbs eyines Muriss, Patssies. 5,712,396;
4,924,02454. 8642 Jﬁﬁ%%ihﬁg%ﬁ%nm?%gwﬁeﬁﬁg Q@HH&EM?%%%QC%RQI&J}&?Qfaﬁ%@%‘%ﬁ?'d’

nts

ricotinamide, nicomal, niceritrol, nicorandil and the like), bile acid sequestrants (such as colestipol,
cholestyrdfif&! BoRIEAIEH BorEEEU8 dhh A TPt rkp e aritamsiiy Send@8itansporter
inhibitors fssutinasnadby Ahd 9B8924ins b aidrard thetike), and-claalestarelrsiaxtiransterprotein
inhibitors Ssuch as t%rtcetcE fbt’ JTT-705, PN U-, 07%0?8E, SC-795, CP-5294J[%3,[1§:| the Like). [01151
Examples VS8 Sty %géerﬁgrsﬁri%gg?ec%?su SR L8 RSO h ARt RIS UL SR B ASsent
invention sngiugl ersbrditaninsetepineptrinanéoptake ibhibitarbulssc hrapasibutrasaches pidinacipran,
mirtazapi lafaxin oxetin venlafaxine and the like), norepinephrinc-dopamine reuptake
hbiors e B TP 001054535 the
like), seleewiiybesbrdetin hedpraxeronbilbiesis! (seléHcss. sitdioprearhoesoiioprelinldiaosetiore, fluvoxamine,
paroxetingow{ﬂ%@%&m@%ﬂmz $eiRcHve AiRInsRiYingreUpake nhNtorsguGhagreboxetine,

e

atomoxetine an like), norepinephrine releasing stimulants (such as rolipram, YM-992 and the
like), anorE¥ahRO (EVIER AYEPHARRTars e MkINISKetaminE thissefsafhiertivme SRgstermine,
benzphetamine, phendimetrazine, phenmetrazine, diethylpropion, mazindol, fenfluramine,
dexfenfluftfifl, ShamasrspcH srsrareianidhishike) bagpehard agshidarusicht 48pre9 30, doprexin,
bromocripﬂﬁ:ﬁe t;aﬂegaxm@, anddhadike, &é@hﬂ&gﬁﬁiﬂﬁ@&i@@%ﬁéﬁiﬁxﬁﬁ)@a ARIMPLRLAMING thiopera(midtra],
ciproxifan, clobenpropijt, UT-2331, GT-2394, A-331440, and the like), 5-HT2c receptor agonists (suc
as, 1-(mcﬁ]|6?8r&l1é%1§/8%i irgﬁ\ﬁgﬁ&%ﬁm?%ﬁ?t%ﬁﬁ@f%%ﬁ@%’ (eSS &ERSB (vabicaserin),
ORG-12962h ORGs376 842006 -B6 262 ,sQR @ 84 8he R anGlsd hikm S QtlB 3R 1alR-3323, VER-5593,
VER-5384, VER-8775, LY-448100, WAY-161503. WAY-470, WAY-163909, MK-212, BVT.933,
viv-aas, (1595 TR Sk h e A Rt reir s AR ETBARCS et Crern.
2006, 49:h0930d34))r BercBlad fenerghlaicestosadonidustystithlapiid Pe8sH8 «CBRI12177,

BRL-28410, SR A8RIAJCI I8, DANS. AMBRL 34440, BRI, LT331679, CP 331648,
CP-114271,L-750355, BMS187413, SR-59062A, BMS-210285, LY-377604, SWR-0342SA,
AZ-4014GdgEboatiepsivritibe Brpsaeeranitii fooseh sARNISEEROA, CL-316243, AJ-9677,
GW-427353, N-5984, GW-2696 and the like), cholecystokinin agonists (such as SR-146131,
SSR-125181 1k p J3ragRs, Ares 19 Provired rathrwiteblosugtingso Q5 s mypope. A IENIREE 71, GW-7854,
OW-5823;andshetig)cantideRe ssaol asebiabalinesiaraseiphibitei.cambiaatiaps (such as
venlafaxine/rivastigmine, sertraline/galanthamine and the like), lipase inhibitors (such as orlistat,
ATL-962 BRI ke RRR% B a%ygﬁ’éﬂ%gc(gtymia%l PiragtE ORganiaa st like), leptin, leptin
analogs and legptihieesepiar adamistsr(siletnasmix¥:R55 D0t sarfth theplikapnpataropeptitid ¥ (NPY) receptor
antagonists and modulators (such as SR-120819-A, PD-160170, NOD-95-1, BIBP-3226, 1229-U-91,
CGP-71683, BIBO-3304, CP-671906-01, 3115814 and the like), ciliary neurotrophic factor (such as
Axokine and the like), thyroid hormone receptor-beta agonists (such as KB-141, GC-1, GC-24,
0B98/284425 and the like), cannabinoid CB1 recefftor antagonists (such as rimonabant and the like),
melanin-concentrating hormone receptor antagonists (such as GlaxoSmithKline 856464, SNAP-7941,

T-226296 and the like), and selective muscarinic receptor Ml antagonists (such as telenzepine,
pirenzepine and the like). WO 2010/022313PCT/US2009/054585 101161 Examples of

antihvnartencecin/e anente and aneante for treatina chronie heaart failiire athernceclarncic nr ralated



agents (such as reserpine and the like), thrombocyte aggregation inhibitors (such as warfarin,
dicumarol, phenprocoumon, acenocoumarol, anisindione, phenindione, ximelagatran and the like), and
antiplatelets agents (such as aspirin, clopidogrel, ticlopidine, dipyridamole, cilostazol, ethyl
icosapentate‘?% r%gé%ﬂ%e, dilazep, trapidil, beraprost and the like). (Ollffﬁmﬁﬁ%‘ﬁﬁﬁf‘@f’in another
aspect, the invention provides for a pharmaceutical composition comprising effective amounts of a
compoundeblernixtdresot cornnguiod sdoftEaratiatack, torchapivaenvaat titicaltycambeptable daltoreprodmg
thereof, a Lone member selected from the group of therapeutic agents listed above as
combination partners, in a pharmaceutically acceptable carrier. [0118] The treatment of the present
nvention rRde aepisiReR AR AsticallelnrY BYRRLAL dalan 16, 0P8 Bl tagresgion of a
disease or condition (such as hyperglycemia), or therapeutically to achieve a desired efféct (such as a
desired leRiePoRisdpifftigebsE isoassusesivediseibacsptintes formrouTirarchafpoowetsdf the present
invention 5aA RepacinisteredsihansURIGGn 81 f AR Ratiedh A demesiicaimakstiah,as a cat or a
dog, independently or together with a combjnatign partner, in_the form of their pharmaceutically

acceptablf S5 SYPruragLer fF tiRctormBE Qnarrhsts tehadsand ghessrsres#ie ompounds
and/or conipiratiiphpactneds areropixedoyiicsyiiablE cairelsemexsipiant(s) indaithesanentically
effective arqo#ﬂt. gonsg%?entl X comgelgund or rtnixturef comgounds 1cfn‘iFormuI [, or a
OatinaceUtically Accepiabie Salt o Prodrdy therdot: ARt S TdasH SRMEAYEHE to be combined
therewith peeasivetipres@ntfitrabisingterfpomudatiohs forexample bedapsuletat tablgtons in two separate
formulati ic ' ” e, in.the foul' of a.kjt comprising selected
numbers%%ﬁ%%%ézﬁﬁﬁéﬁgﬁﬁg% ffgli' eég%,géﬂéﬁé‘;é@%%%g}é% c% gdgnh#{bsglfﬁ l vﬁﬁ’\%rﬁfgécording to
the choseW#ifte oF abirhivlitien] oalaadydenulanon afiene fos mpsspibermabrampotisdrifastidrs, such as
patient reas%%%mee%g%ﬁgﬁm@sbﬁ InGHaRSadeLaRGEasediaval Mg ARIGHIRd Ryan individual
y

patient. A patient initially may be given a low dose, which is then increased to an efficacious dosage
tolerable tSTROPHABHEITANE AN LTRAT USRHFETSr Ui HRIFHElHeRT I RilyovedRypreferably Ito
200 mg, wheirlagminisiereshin dsahiowey anekomeh & tashofimg, fseferablvildes0 mg, when
administered by. intravenous route, in each case administered from 1 to 4 times per day. When a
compounglﬁﬁ ERdN is administered in combination WO 2010/022313PCT/US2009/054585 with

another t utic agent, a useful dosage of the compination partner be from 20% to 100% of
the normgﬁ)ﬁfeﬁ hnuthohit P’i‘f%é%‘é%%%ﬁﬁ&?ﬁ%%%ﬁ&%% NSRS WIS =Js| H?Rﬂ%idually to

ommended d6se. 012
provide plafStinaalaire saftirendetiver tormpduirdSowhichdadie sutficientpia siaintdith¢hetapeutic effect.
Preferabl icall clive seru Is will be achieved by administering single daily doses,
but effica%%%gér%&%%%%gﬁ% do%éx %Sc C'Jé})é?{a(lgréll C #(?gaﬁﬁ%%?ﬁ@éﬁﬁ% ! tlar%l)ﬁgah }eg?(l)lﬁocal
administratibiss eetebirres dptaKe feby effestileaossiosmibotrativhett thedraig maysneidbeselated to
plasma cpcARIAHoR: ARG having sHibindhesark wilhe akle i RYmizs heanguligglly effective local

dosages without undue experimentation. ) .
substances which increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, sorbitol, or dextran. Optionally, the suspension can also contain suitable stabilizers
or agents which increase the solubility of the compounds to allow for the preparation of
highly concentrated solutions. Alternatively, the active ingredient can be in powder form for

constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0104] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. For topical administration, the agents are formulated
mnto ointments, creams, salves, powders and gels. In one embodiment, the transdermal
delivery agent can be DMSO. Transdermal delivery systems can include, e.g., patches. For
transmucosal administration, penetrants appropriate to the barrier to be permeated are used in

the formulation. Such penetrants are generally known in the art. Exemplified transdermal
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[0122] All publications and patent applications cited in this specification are herein incorporated by
reference as if each individual publication or patent application were specifically and individually
indicated to be incor&)orated by reference. Any conflict between any reference cited herein and the
teaching of g %?}gél?@éﬁon is to be resolved in favor of the latter. Similaﬁ?%%?fﬂ?ﬂéﬁaetween an
art-recognized definition of a word or phrase and a definition of the word or phrase as provided in this
specificatitshivsriofbamesdne dhir favdindfusreraiie pradthoumyhntien fordgbinpindeativpetias been

described jrsspme (RIAll Pyya¥ef flusirationsand example fas pUTpases &, Clasiy gidinderstanding, it

will be readil aé)parent to those of ordinary skill in’the ‘art in Tight of the teachings of this invention that
certain clﬁﬁg% Hrindfodificbtionacay helHiaie teehatd oatAYEtdesa gy FrofeTaPRe spirit or scope of
the appended claims. The invention will be described in greater detail by way of specific examples.

Exampled $868303] Trebirehafgaisiniesiycumesdder saduaibe Pumeteblgnardrsmetintended to

limit the inyeRtiRRENIRRYNANRLL fhhegse of skill in the art will readily recognize a variety of noncritical
parameters which can be changed or modified to yield essentially the same results. [0124] The names

of compoygds shawriindbe dollRving axasmpleswre driivedifromihe stnacteies shawn using the
CambridgeSoft. StructrName algorithm as implemented.in ChemDraw Ultra version 10.0. Unless

otherwise THEEIR GRS b6 Srralai L aA S ORLR RATHHEL St RS &5Hta S paiighs k¥t confirmed
using the tellawingprodédungsaj@lidn|((d) Gasshramatageaply ermassmpedidywithiglectrospray

ionization.(MS ESI) were gbtained with an Agilent 5973N mass spectrometer, equipped with an Agilent
5390 gas WM IO HORSA AL PSSV et B SR T i &AL &b Emn (0.2
coating; 3@ roPhebiomsuurde (asyaairitained e 230G ard spertdiwerk scanned from

25 500 a8 0R.SRC BELGARRI0] 261,40 bl.Res e anid chrarmplagiap iy pRsa pPecta

(LC-MS) were obtained using Finnigan Surveyor HPLC equipp dewnh a quaternary pump, a variable

wavelengif@eiectir St ah204nm ARG GRINAR (485 QMM UMY &n&ﬁgﬂ@@gan LCQion

trap mass spectrometer with electrospray ionization. Spectra were scanned from 80-2000 amu using a
variable iGATE Acestoiy IR el RAEEIF Hexapress ThbdbeptsarerdiBiteéonitrile and D:

water. Gragignhedution oAk F)h%ﬁ%%? e ominal.as flayydate 6&.&1@@&%@&@@%‘%&'&%5“ a final
hold at 90% B of 7 min. Total run time is 15 min. [0127] (3) Routine one-dimensional NMR

spectroscByRRALSERhBUNGY 465! fARIE8F390 MHZ Varian Mercury-Plus spectrometers. The
samples were dissolved in deuterated solvents obtained from Qingdaa Tenglong Weibo Technology
Co., Ltd., Hd8FanStarretr oSt RINTRS a8 erive L5deihe Wisre G iR 88K . The chemical
shifts werecrepesiegonHieippin scalcianddiene iefecancesd @ thaagriaprdicskienat signals, such as

2.49 ppm for Dr&/.I%g-dlﬁés%ﬁ%S gg{g{ for CD3CN, 3,30 ppm for ng’a?D 5.32. pm for CD2C12 and 7.26

PPm for CHETE ey Specltrrl -tion r%lg?ecEntempIates armaceufical compositions comprising

the compounds of Formula I in admixture with an effective amount of other therapeutic
agents as combination partners, particularly those used for treating discases and conditions
which can be affected by SGLT inhibition, such as antidiabetic agents, lipid-lowering/lipid-
modulating agents, agents for treating diabetic complications, anti-obesity agents,
antihypertensive agents, antihyperuricemic agents, and agents for treating chronic heart
failure, atherosclerosis or related disorders. An effective amount of the compound and/or
combination partner will, of course, be dependent on the subject being treated, the severity of
the affliction and the manner of administration. Determination of an effective amount is well
within the capability of those skilled in the art, especially in light of the detailed disclosure
provided herein. Generally, an efficacious or effective amount of a compound is determined
by first administering a low dose or small amount, and then incrementally increasing the
administered dose or dosages until a desired therapeutic effect is observed in the treated
subject, with minimal or no toxic side effects. Applicable methods for determining an

appropriate dose and dosing schedule for administration of the present invention are
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Preparation of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex (ID) 1.n-BuLi Examples 14
Preparation a)‘g(gépgggggfg-chlorophenyl)(4-ethoxyphenyOmethanone Cl E’%Or}‘(:lgz 009/054585

described, for example, in Goodman and Gilman’s The Pharmacological Basi’s of
Therapeutics, 11" Ed., Brunton, Lazo and Parker, Eds., McGraw-Hill (2006), and in
Remington: The Science and Practice of Pharmacy, 21° Ed., Gennaro, Ed., Lippencott
Williams & Wilkins (2003), both of which are hereby incorporated herein by reference.

[6108] The present invention further provides methods of using the compounds of Formula
I for the prevention and treatment of disease. In one embodiment the invention provides a
method of treating type 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications
{(such as retinopaﬁhy, nephropathy, neuropathy, ulcers, micro- and macroangiopathies, gout
and diabetic foot discase), insulin resistance, metabolic syndrome (Syndrome X),
hyperinsulinemia, hypertension, hyperuricemia, obesity, edema, dyslipidernia, chronic heart
failure, atherosclerosis and reiated diseases, which comprises administering an effective
amount of a compound or mixture of compounds of Formula 1, or a pharmaceutically
acceptable salt or prodrug thereof, to a subject in need thercof. In another embodiment the
mvention provides a method of using a compound or mixture of compounds of Formula I, or
a pharmaceutically acceptable salt or prodrug thereof, for the preparation of a medicament for
treating type 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications, insulin
resistance, metabolic syndrome, hyperinsulinemia, hypertension, hyperuricemia, obesity,

edema, dyslipidemia, chronic heart failure, atherosclerosis and related diseases.

[0116] The present invention also contemplates the use of the compounds of Formula 1, or
pharmaceutically acceptable salts or prodrugs thercof, in combination with other therapeutic
agents, particularly those used for treating the above-mentioned diseases and conditions, such
as antidiabetic agents, lipid-lowering/lipid-modulating agents, agents for treating diabetic
complications, anti-obesity agents, antihypertensive agents, antihyperuricemic agents, and
agents for treating chronic heart failure, atherosclerosis or related disorders. Those skilled in
the art will appreciate that other therapeutic agents discussed below can have multiple
therapeutic uses and the listing of an agent in one particular category should not be construed
to limit in any way its usefulness in combination therapy with compounds of the present

invention,

[0111] Examples of antidiabetic agents suitable for use in combination with compounds of
the present invention include insulin and insulin mimetics, sulfonylureas (such as
acetohexamide, carbutamide, chlorpropamide, glibenclamide, glibornuride, gliclazide,

glimepiride, glipizide, gliquidone, glisoxepide, glyburide, glyclopyramide, tolazamide,
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0 101281 /V,N-Dimethylforamide (9 mL) was added to a suspension of 5-bromo-2- chlorobenzoic acid
(1500 g, 6.41 mol) and oxalyl chloride (975 g, 7.69 mol) in a 5 L 4- necked flask containing
dichloromethane (2.8 I%%lat room temperature. Once the vigorous evolution of gas ceased, the reaction
was stirred G HEE7Idm temperature. The reaction mixture was concé’rﬂ?é‘?éaﬁ%@éﬁ?acuum to
give a yellow residue. The residue was dissolved in dichloromethane (1.2 L) in a 5 L 4-necked flask
equipped withdemive nodihthermhomeétbe dhd) anvaliarscortensehahtresgiinec miXiuré0&as cooled to -3C

and phen i_?ﬁl]_ g} lumi Il loride (97 6.54 mol),was added to
the abovegg%{%%%%%}% §lso'|_i %%ﬁ%ﬂ%?gﬁgéﬁ%ﬁ@ %%%%fﬁ%n%ﬁ%qﬁg?ﬁ eir}%cérature below
4 C. AfterfHEardisei i dormprdiaativas caction ghikioréeimafotmadidrPhlies-10 C. The reaction
was pouregierceyAQ4ms Thesmiurgasfidthalatimed ahd ok, indibiad withwater (3 L),

transferred to a 50 L extraction funnel and extracted with dichloromethane (10 L x 2). The combined
organic la{f8f8 WeRS SRS DIReH e StRlEaEoRy: RRiRsLiaerRy; Hreebarme iritskiaecre:s L x 2),
brine (10 baxeBlaghied@verisadiumg siliate (4000 iRtk covieatatednTiigrRsiduaas recrystallized
in absolute. ethanol (3.5 L) to. give the title compound.as a white splid (1.450 kg, yield 67%, HPLC
purity > 95%%3%?@%%%&6@%@%4 61&%525’?‘%3%?‘7%8{63%‘%;? P57 ‘-*‘)%s%g?rﬁ“,elpﬁfﬁ)v.47(d, J=2.1
Hz, 1H), 1h80xdpnie-@dliferbtd);6t00ttd, rdcP el (EHAR # dbdfenalembiAskiz st Jaslfd 31{#id=7 .2 Hz, 3H).
Example 1E rati A=hr, 5|-GlAro=2-(4- Nbenzene -Cl.QEt Br [0129] To a stirred
solution o E&%ﬁw%%e&m 1.44%%@%%8%%)%@? @dﬁﬁ%ﬁgﬁ%ﬁ%ﬁﬁ%}n Fég%ﬁl%glsn{gdded
sodium beishageltide (251 gs 2126 ehitsen wreghvrtiontetagbitaBuCpAfdtagtrrilgiep BOnh, the mixture
was cooleghia+5-6 - 30gsabuminumil), sPIRRds 300 SRAAD é@@ﬁ&g%%gh%@i%moﬂionwise to

the reaction mixture over 2 h. The_reaction mixture was stirred at 0-a C for 3 h after the addition. The
reaction MkPEWHE S e 1BsCHoreymgb s e Y apdidhe ik catiseistrateacaimi water (5 kg) was

added dropwiis@ssiawiyainad-# hasxleraniggrn atesnhelesoithaiihe mtased Jempatatiyee did not
exceed 40 C Thg

. reaction mixture was stirred for 3 h at 0-5 C. The, precipitate was filtered and
washed vl S5tk ST FHEai e lam‘%ﬁ%?éagﬁﬁ%ﬁca@gmaa o s s diiehe ermlABat 5055 C.
The solutiefiwalsnsieswhtaronlediok2t € (udhhaft@Ri1T01151C /8280, K Rd 0351 fas Bdr).The slurry
was filtered an solid was ed with chi e ol (500 nal) and dried under vacuum at 35 C
to afford fﬁgj %ﬁé@eﬁﬁggg% ?qﬁﬁ\}qéﬁér%) lSJguv?/agsr@é&gﬁg‘éﬁo%%%éﬁmghedﬁ r?gnfié ﬁf)?o&nce more and
dried underhibiceraisush3s Sgligive tidagdphiaddenegiptif1 s394z ki &I BIPRP HRLED hi0dity > 99%). Il

NMR (CDE3b<G0: Widg): ?sl(?zliﬁéEWQE‘SE@C&%(%&??&E%%H;M-ﬁi%(.gz Patrd g, 2H.),

3.99-4.07 (m, 4H), 1.43(t, J=7.2 Hz, 3H). Example IC Preparation o

(2S,3R, 4§’,§§?§|§7;§_,(74?_ %@é,&&él@ﬂéﬂj@mm@h@qﬁlﬁéﬁl 1,155 and the like), protein
tyrosine phosphatase-1B inhibitors (such as KR61639, IDD-3, PTP-3848, PTP-112, OC-
86839, PNU-177496, compounds described in Vats, R.K., ct al., Current Science, Vol. 88,
No. 2, 25 January 2005, pp. 241-249, and the like), glycogen phosphorylase inhibitors (such
as NN-4201, CP-368296 and the like), glucose-6-phosphatase inhibitors, fructose 1,6-
bisphosphatase inhibitors (such as CS-917, MB05032 and the like), pyruvate dehydrogenase
inhibitors (such as AZD-7545 and the like), imidazoline derivatives (such as BL11282 and
the like), hepatic gluconeogenesis inhibitors (such as FR-225659 and the like), D-
chiromnositol, glycogen synthase kinase-3 inhibitors (such as compounds described in Vats,
R.K., etal.,, Current Science, Vol. 88, No. 2, 25 January 2005, pp. 241-249, and the like),
meretin mimetics (such as exenatide and the like), glucagon receptor antagonists (such as
BAY-27-9955, NN-2501, NNC-92-1687 and the like), glucagon-like peptide-1 (GLP-1),
GLP-] analogs (such as liraglutide, CJC-1131, AVE-0100 and the like), GLP-1 receptor
agonists (such as AZM-134, LY-315902, GlaxoSmithKline 716155 and the like), amylin,
amylin apalogs and agonists (such as pramlintide and the like), fatty acid binding protein

(aP2) inhibitors (such as compounds described in U.S. Patent Nos. 6,984,643; 6,919,323;
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(hydroxymethyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol -COEt OMe HO'.110H OH [01301 To a
solution of Example 1B (200 g, 0.614 mol) in anhydrous toluene/THE (1.2 L, 2:1 (v/v)) was added
n-BuLi (2.5 M in hexane, 295 mL) dropwise at -65 C. The reaction was stirred at -65 C for 30 min.
Then the mi{fr&" W48 khsterred by a cannula to a solution of PCT/US2009/054585
(3R,4S,57?,6R)-3,4,5-tris(trimethylsilyloxy)-6-((trimethylsilyloxy)methyl)tetrahydro-2Hpyran-2-one)
(373 g, 0.79380380; in GBI ¢HMINat:65IE 1ikhk oixtBirelwas stiregabrGboGiuniiistasing material
e B O R I T
in methanol (800 mL), and stirred at room temperature overni ht. The reaction was nevtralized with

saturated SGansAIsE RGBS IS HONS DA hd Bigabic BREsEMS Keplt A Kefih th€BBueous phase
was extragted with efhy| goriate (2 3. Shlrdst hegompingd Qrasmiclay’radyeteanaghedwith brine (2 x

2.0 L), dried over sodium sulfate and concentrated. The residue was dissolved in hot foluene (600 mL)
and pourddififo Feddné 0707 Wikl ORrokatR-EHRIG OnHY-SHA 4 287 et mixture was filtered and
the WO 20101112 3 3PCT/US2009/1154585 filter cake was dried under vacuum to give the desired

product a4 Fhitd Eanalermsaesnt Pas i dinhdin sompbrpionssatighlimnesnikt step. MS ESI (m/2)
439[M-F]tdnrsinmpion wifRrejpapation of (RSpaRARBSHB0) 2 laiesSridmthyhanzyphenyl)-6-

(such as epalrestat, imirestat, tolrestat, minalrestat, ponalrestat, zopolrestat, fidarestat,
ascorbyl gamolenate, ADN-138, BAL-ARIS, ZD-5522, ADN-311, GP-1447, IDD-598,
risarestat, zenarestat, methosorbinil, AL-1567, M-16209, TAT, AD-5467, AS-3201, NZ-314,
5G-210, JTT-811, lindolrestat, sorbinil and the like), inhibitors of advanced glycation end-
products (AGE) formation (such as pyridoxamine, OPB-9195, ALT-946, ALT-711,
pimagedine and the like), AGE breakers (such as ALT-711 and the like), sulodexide, 5-
hydroxy-1-methylhydantoin, insulin-like growth factor-I, platelet-derived growth factor,
platelet-derived growth factor analogs, epidermal growth factor, nerve growth factor, uridine,
protein kinase C inhibitors (such as ruboxistaurin, midostaurin and the like), sodium channel
antagenists (such as mexiletine, oxcarbazepine and the like), nuclear factor-kappaB (NF-
kappaB) inhibitors (such as dexlipotam and the like), lipid peroxidase inhibitors (such as
tirilazad mesylate and the like), N-acetylated-alpha-linked-acid-dipeptidase inhibitors (such
as GPI-5232, GP1-5693 and the like), and carnitine derivatives (such as camitine,

levacecamine, levocarnitine, ST-261 and the like).

[0113] Examples of antihyperuricemic agents suitable for use in combination with
compounds of the present invention include uric acid synthesis inhibitors (such as
allopurinol, oxypurinol and the like), uricosuric agents (such as probenecid, sulfinpyrazone,
benzbromarone and the like) and urinary alkalinizers (such as sodium hydrogen carbonate,

potassium citrate, sodium citrate and the like).

[0114] Examples of lipid-lowering/lipid-modulating agents suitable for use in combination
with compounds of the present invention include hydroxymethylglutaryl coenzyme A
reductase inhibitors (such as aciterate, atorvastatin, bervastatin, carvastatin, cerivastatin,
colestolone, crilvastatin, dalvastatin, fluvastatin, glenvastatin, lovastatin, mevastatin,
nisvastatin, pitavastatin, pravastatin, ritonavir, rosuvastatin, saquinavir, simvastatin,

visastatin, SC-45355, SQ-33600, CP-83101, BB-476, L-669262, S-2468, DMP-565, U-
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(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex CIOEt HO HO'.110H OH 0
[0131] Example IC (282 g, 0.643 mol) was dissolved in anhydrous acetonitrile /dichloromethane (3.4 L,
1:1 (v/v)) at -45 C stirred solution of in was added triethylsilane (299 g, 2.57 mot) followed by addition
of boron triflohHE LHaiEte (245 mL, 1.93 mot). After the addition, the miktoHe WAL itr&d for another 2
h at -10 C. The reaction was quenched with saturated aqueous bicarbonate to pH 7.5. The volatiles
were remetetf uddler Fttice dpEssifélanenheurdsiderestwdre Extrdbted Wits. étA§B £0étate (2 x 3.0 L).

The combingd eiganinlaypssavieWashesWith. irine (3 o 2.Sshlisghaersodium sulfate and
concentrated to give the crude product as a white 'solid (250 g). Purity (HPLC): '82.8% (UV). [0132] A 5

L 4-neckelmedR ov4sueh iHefandiateubreibatotedd e 2upiphry) dntpfdiiafed by
L-proline ¢liddrmeAI90 mehle banel(d 4t davned WalehielE2dniahihe dbditeMasmeated to reflux for

30 min with rapid mechanical stirring. n-Hexane (200 mL) was added drogwise to the above solution.

After the Addiaion WS BoMREE! He slbemsa s Ehes Slavay b hbine epii st dand then further

to -5C. AftigeptPing w13 KrahndbsGutteamnixukeSwabKilierad end the filtaieakeyaswashed with cold

ethanol/w teﬁ (190:10 (v/v])t, 2 >%100 m a,[nd n-hexane (2 x.500 L?, nd qried ugder vacuum at 65C to
iC acyitrans d?i%g%] ucimihe, eld

give the esired %?%oéuc as® whine So ﬁgr ion of fisCride proaahmc{ &40 g) was dissolved

in ethanolkwaneri (@ ONICEAVAR), MOT mi) ,dﬂ?ﬁQ&&ﬁﬁrﬁéet@mc@l{ﬁﬂr}rm’gmwﬂ]éjstﬂﬁﬁ@nmecame clear,
i was coaled RPAIKIA PO BPEIAINEARG SUTe [RCA20is A, The midte yas flered and the

filter cake was washed with cold ethano??g x 50 mL}, n-hexane (2 x 100 m ried undér vacuum at

65 C to géttidéldeEifetitprddubt?ad b Ivhittl 361R- (230t K ld Be VY ERHEA (MEL-CS 93 5%I(UV). 11l NMR

(CD30D, 400 MHz)a 871343827 §303H)1 120854, 433.87H24 21086 Y8195 =8. 8 bz 1@), 4.10 (d, J=9.2
Hz, 1H), 4.06-3.95“02)2,)31%H ,3.88-3.85 (m, Hi), 3.72-3.68 (m, 1H), 3.47-3.37 (m, 5H), 3.32-3.20 (m,

3H), 2.33395% [ Bl prebarpl Siypid barmpnangsentofgenisty (S¥8h 23H): MS ESI (m/z): 409

[M+11+. Examigind, levothyroxine, KB-2611, GC-1 and the like), cholesterol absorption inhibitors
(such as ezetimibe, SCH48461 and the like), lipoprotein-associated phospholipase A2
inhibitors (such as rilapladib, darapladib and the like), microsomal triglyceride transfer
protein inhibitors (such as CP-346086, BMS-201038, compounds described in U.S. Patent
Nos. 5,595,872; 5,739,135, 5,712,279, 5,760,246; 5,827,875; 5,885,983, 5,962,440,
6,197,798, 6,617,325, 6,821,967, 6,878,707 and the like), low density lipoprotein receptor
activators (such as 1.Y295427, MD-700 and the like), lipoxygenase inhibitors (such as
compounds described in WO 97/12615, WO 97/12613, WO 96/38144 and the like), carnitine
palmitoyl-transferase inhibitors (such as etomoxir and the like), squalene synthase inhibitors
(such as YM-53601, TAK-475, SDZ-268-198, BMS-188494, A-87049, RPR-101821, ZD-
9720, RPR-107393, ER-27836, compounds described in U.S. Patent Nos. 5,712,396,
4,924,024, 4,871,721 and the like), nicotinic acid derivatives (such as acipimox, nicotinic
acid, ricotinamide, nicomol, niceritrol, nicorandil and the like), bile acid sequestrants (such as
colestipol, cholestyramine, colestilan, colesevelam, GT-102-279 and the like), sodium/bile
acid cotransporter inhibitors (such as 264W94, S-8921, SD-5613 and the like), and
cholesterol ester transfer protein inhibitors (such as torcetrapib, JTT-703, PNU-107368E, SC-
795, CP-529414 and the like).

[0115] Examples of anti-obesity agents suitable for use in combination with compounds of
the present invention include serotonin-norepinephrine reuptake inhibitors (such as
sibutramine, milnacipran, mirtazapine, venlafaxine, duloxetine, desvenlafaxine and the like),

norepinephrine-dopamine reuptake inhibitors (such as radafaxine, bupropion, amineptine and
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Preparation of (2S,3R,4R,5S,6R)-2-(4-ehloro-3-(4-ethoxybenzyl)pheny1)-6-
(hydroxymethyl)tetrahydro-211-pyran-3,4,5-triol OEt HO HO™OH OH [0133] A suspension of Example

ID (23.0 g, 45.6 mmozl} in ethyl acetate (230 mL) and water (230 mL) was heated t9 80 C until the
solution becAMe ti¥%*Hhe solution was transferred to a separator funnef Fﬁfﬁéﬁqg{@fv?%e ethyl
acetate layer was separated. Water layer was extracted with ethyl acetate (100 mL). The combined

organic |lafrerskaerelovéished atdthirbrinptaéicéthbiersedibrassulifter ancconteniraiéddregive the desired
product a hite soli 1.4.. Vi€ %, Ity (HPLE:99 19 e N (}':Jﬁ 0D, 400 MHz): 5
7.34-7.25%%%@%’&%%65%%%@&5 %é%ng% }(%‘533%8% tﬁ?%ﬁ%ﬁ%’% }ﬁg/l g(léz 3?45?1’?1.06-3.95 (m,
4H), 3.88(8u8h ThichiryIinGoEBRqHIC BRY, thed ke, Iprapingpiyim: 271 qeain g1y MU BB s0ely BHZ, 3H); MS

ESI (M/2); 48900 Wiv-¥90.40 W/ 022 L3R CHAHR 2QRA/EY GARREPIR-A EFpRAAAR, Of
(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-methoxybenzyl)phenyl1)-6- _
dextroamphetamine, phentermine, benzphetamine, phéndimetrazine, phenmetrazine,

diethylpropion, mazindol, fenfluramine, dexfenfluramine, phenylpropanolamine and the like),
dopamine agonists (such as ER-230, doprexin, bromocriptine mesylate and the like), Hs-
histamine antagonists (such as impentamine, thioperamide, ciproxifan, clobenpropit, GT-
2331, GT-2394, A-331440, and the like), 5-HT2¢ receptor agonists (such as, 1-(m-
chlorophenyl)piperazine (m-CPP), mirtazapine, APD-356 (lorcaserin), SCA-136
{vabicaserin), ORG-12962, ORG-37684, ORG-36262, ORG-8484, Ro-60-175, Ro-60-0332,
VER-3323, VER-5593, VER-5384, VER-8775, LY-448100, WAY-161503, WAY-470,
WAY-163909, MK-212, BVT.933, YM-348, 11.-639, IK-264, ATH-88651, ATHX-105 and
the like (see, e.g., Nilsson BM, J. Med. Chem. 2006, 49:4023-4034)), beta-3 adrenergic
receptor agonists (such as L-796568, CGP 12177, BRL-28410, SR-58611A, 1CI-198157, ZD-
2079, BMS-194449, BRL-37344, CP-331679, CP-331648, CP-114271, L-750355, BMS-
187413, SR-59062A, BMS-210285, LY-377604, SWR-0342SA, AZ-40140, SB-226552, D-
7114, BRL-35135, FR-149175, BRL-26830A, CL-316243, AJ-9677, GW-427353, N-5984,
GW-2696 and the like), cholecystokinin agonists (such as SR-146131, SSR-125180, BP-
3.200, A-71623, A-71378, FPL-15849, G1-248573, GW-7178, G1-181771, GW-7854, GW-
3823, and the like), antidepressant/acetylcholinesterase inhibitor combinations (such as
venlafaxine/rivastigmine, sertraline/galanthamine and the like), lipase inhibitors (such as
orlistat, ATL-962 and the like), anti-epileptic agents (such as topiramate, zonisamide and the
like), leptin, leptin analogs and leptin receptor agonists (such as LY-355101 and the like),
neuropeptide Y (NPY) receptor antagonists and modulators (such as SR-120819-A, PD-
160170, NGD-95-1, BIBP-3226, 1229-U-91, CGP-71683, BIBO-3304, CP-671906-01, J-
115814 and the like), ciliary neurotrophic factor (such as Axokine and the like), thyroid
hormone receptor-beta agonists (such as KB-141, GC-1, GC-24, GB98/284425 and the like),
cannabinoid CB1 receptor antagonists (such as rimonabant and the like), melanin-
concentrating hormone receptor antagonists (such as GlaxoSmithKline 856464, SNAP-7941,
T-226296 and the like), and selective muscarinic receptor M antagonists (such as

telenzepine, pirenzepine and the like).
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(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex (3B) 1 n-Buti CIOCH3
Example 3A Preparation of (2S,3R,4S,5S,6R)-2-(4-chloro-3-(4-methoxybenzyl)pheny1)-6-
(hydroxymetwgigi{gpogthoxytetrahydro-2H-pyran-3,4,5-trio| CIOCH3 OMe

2313 PCT/US2009/034585
[6116] Examples of antihypertensive agents and agents for treating Chronic heért failure,
atherosclerosis or related discases suitable for use in combination with compounds of the
present invention iﬁcl.udé bimoclomol, angjotensin-converting enzyme inhibitors (such as
captopril, enalapril, fosinopril, lisinopril, perindopril, quinapril, ramipril and the like), neutral
endopeptidase inhibitors (such as thiorphan, omapatrilat, MDL-100240, fasidotril,
sampatrilat, GW-660511, mixanpril, SA-7060, E-4030, SLV-306, ecadotril and the like),
angiotensin I receptor antagonists (such as candesartan cilexetil, eprosartan, irbesartan,
losartan, olmesartan medoxomil, telmisartan, valsartan, tasosartan, enoltasosartan and the
like), endothelin-converting enzyme inhibitors (such as CGS 35066, CGS 26303, CGS-
31447, SM-19712 and the like), endothelin receptor antagonists (such as tracleer, sitaxsentan
ambrisentan, L-749805, TBC-3214, BMS-182874, BQ-610, TA-0201, SB-215355, PD-
180988, BMS-193884, darusentan, TBC-3711, boscntan, tezosentan, J-104132, YM-598, S-
0139, SB-234551, RPR-118031A, ATZ-1993, RO-61-1790, ABT-546, enlasentan, BMS-
207940 and the like), diuretic agents (such as hydrochlorothiazide, bendroflumethiazide,

£

trichlormethiazide, indapamide, metolazone, furosemide, bumetanide, torsemide,
chlorthalidone, metolazone, cyclopenthiazide, hydroflumethiazide, tripamide, mefruside,
benzylhydrochlorothiazide, penflutizide, methyclothiazide, azosemide, etacrynic acid,
torasemide, piretanide, meticrane, potassium canrgnoate, spironolactone, triamterenc,
amirophylling, cicletanine, LLU-alpha, PNU-80873A, isosorbide, D-mannitol, D-sorbitol,
fructose, glycerin, acetazolamide, methazolamide, FR-179544, OPC-31260, lixivaptan,
conivaptan and the like), caicium channel antagonists (such as amlodipine, bepridil,
diltiazem, felodipine, isradipine, nicardipen, nimodipine, verapamil, S-verapamil,
aranidipinc, efonidipine, bamidipine, benidipine, manidipine, cilnidipine, nisoldipine,
mitrendipine, nifedipine, nilvadipine, felodipine, pranidipine, lercanidipine, isradipine,
elgodipine, azelnidipine, lacidipine, vatanidipine, lemildipine, diltiazem, clentiazem, fasudil,
bepridil, galiopamil and the like), vasodilating antihypertensive agents (such as indapamide,
todralazine, hydralazine, cadralazine, budralazine and the like), beta blockers (such as
acebutolol, bisoprolol, esmolol, propanolol, atenolol, labetalol, carvedilol, metoprolol and the
like), sympathetic blocking agents (such as amosulalol, terazosin, bunazosin, prazosin,
doxazosin, propranolol, atenolol, metoprolol, carvedilol, nipradilol, celiprolol, nebivolol,
betaxolol, pindolol, tertatolol, bevantolol, timolol, carteolol, bisoprolol, bopindolol,
nipradilol, penbutolol, acebutolol, tilisolol, nadolol, urapidil, indoramin and the like), alpha-
2-adrenoceptor agonists (such as clonidine, methyldopa, CHF-1035, guanabenz acctate,

guanfacine, moxonidine, lofexidine, talipexole and the like), centrally acting antihypertensive
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HO" OH [01341 A cold (-78 C) solution of n-BuLi (124mL, 2.5 M in hexane, 0.310 mol) was added
dropwise under argon to a solution of 4-bromo-1-chloro-2-(4-methoxybenzyl)benzene (80 g, 0.258
mol) in dry THF/toluene (1:2 (v/v), 480 mL) cooled at -78 C at such a rate as to keep the reaction
temperature BASHYYHE? Atter the addition, the mixture was stirred for 4T RRA B PSAsferred by a
cannula to a stirred solution of (3R,45,5R,6R)-3,4,5-
tris(trimethglsitylésmy)}@;é(ctshn;nétthyisil;ﬂexgk)afhemmmatnafwsggf@dﬁpyrﬁfﬁﬁﬁﬁnqﬂ&hgév?@ﬁé;[g%) iph
toluene (4 r led to - at a rate as to keep the internal temperature below - . The
mixture \(/vgis(8 Ls{ﬁh}eog’ ?oﬁr&s% I%%?Ql%g%%ﬁ% Csot%%lrﬁ% ma Sé[r’%?o\?v%g %%ﬁ%ﬁ%gecd érﬁlgqa dgethnuaen cwgd slowly by

hyd rochIoH‘é%\dﬂCYBEHBB‘%{eM@Iﬁi(SQGB@? R dpthegrsl,(@20pmding. kippingtivdeinternal
temperaluigoRaon o3 (el AEACIIAR MRIHIE RSO, SARORASHIRLTAY 720001054585 gradualy

warmed to room temperature and stirred overnight. was neutralized with saturated sodium

bicarbonefadeaus RO RNt et HORE UL o SPRRAIRE AN Aqueous phase was

extracted with ethyl acetate (2 x 1.0 L e combined organic layers were washed with brine (2 x 1.0

L), dried oREFRSHGMmpstEng AliccEie ameHsto e FaRgMnG QAR HHEPE Apdabinh at 40 C to give

the crude psaduitias-anypibwhitenselid 4ddbahiavhicbrwasiHseddrdne.next RIgPINIthQu further
MS. ES! (m/z) 425[M+ 1]t Example 313 Preparation of

purification. Pur%gy HP&hC 66% %‘gLiiV%q MpI¢ .

(25 3R 4RSS ERIIY IR HTOH- 3 (AHBSHES JBEMS Yy ts.6t combination partners, in a

(hydroxynpbtmypietratnirec2¢hpylearsBié,5-triol, bis(L-proline) complex CIOCH3
{0118] The treatment of the present invention can be administered prophylactically to
prevent or delay the onset or progression of a discase or condition (such as hyperglycemia),
or therapeutically to achieve a desired effect (such as a desired level of serum glucose) for a

sustained period of time,

[6119] The compounds of the present invention can be administered to a subject, ¢.g., a
human patient, a domestic animal such as a cat or a dog, independently or together with a
combination partner, in the form of their pharmaceutically acceptable salts or prodrugs, or in
the form of a pharmaceutical composition where the compounds and/or combination partners
are mixed with suitable carriers or excipient(s) in a therapeutically effective amount.
Consequently, a compound or mixture of compounds of Formula 1, or a pharmaceutically
acceptable salt or prodrug thereof, and an additional active agent to be combined therewith,
can be present in a single formulation, for example a capsule or tablet, or in two separate
formulations, which can be the same or different, for example, in the form of a kit comprising

sclected numbers of doses of cach agent.

[0120] The appropriate dosage of compound will vary according to the chosen route of
administration and formulation of the composition, among other factors, such as patient
response. The dosage can be increased or decreased over time, as required by an individual
patient. A patient initially may be given a low dose, which is then increased to an efficacious
dosage tolerable to the patient. Typically, a useful dosage for adults may be from 1 to 2000
mg, preferably I to 200 mg, when administered by oral route, and from 0.1 to 100 mg,
preferably 1 to 30 mg, when administered by intravenous route, in each case administered

from 1 to 4 times per day. When a compound of the invention is administered in combination
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HO HOI" OH OH 2 [0135] To a stirred solution of Example 3A (111 g, 0.262 mo ) in anhydrous
acetonitrile/ dichloromethane (1:1 (v/v), 1.32 L) was added triethylsilane (122 g, 1.05 mol) at -45 C and
followed by boron trifluoride etherate (100 rnL, 0.785 mol). The mixture was stirred at -10 C for 2 h.
The reaction'wa& Jli&AtHed with aqueous solution of saturated bicarbonat& TFH&438%e volatiles
were removed under reduced pressure and the residue was extracted with ethyl acetate (2 x 1.0 L).
The combintid:oegenithtearersivegentyasisel withabrintl2 coinBitdtickipadtovemsoditifrosLifate, and

concentratedqo gjvethe crid pég&}ﬁ%t, 238 Agiég solid (110 g). Purity (LC-MS) 2.6 min, 76.5% (UV).
[0136] A suspension of t%e atﬁ’)ve crud% p?oé\tljct (110 g, purity 76.5%) and L-proline (64.2 g, 0.558

I ineﬂ;ml( [ L A-necke: ‘ Vrf ,dfé);é min with rapid
mgceh)anical stiﬁin?%%ﬁi@é%%%ﬂ%ﬁ%% @vﬁ%gé‘%(%g&%ﬁp%@;hgvﬁ@ tﬁg lgi ﬁllorf\e, t%seosﬂlution was
cooled sldbiyeb\oermperdeahige anduiisireoel st rsnchedpmustiefikgfoPBfrab’s.C, the mixture was

filtered afk@léﬁ?JH@&E&@E&%@&W&%@QW&W@%%@%b%%xmh?st%@sﬂ{é‘?@&zﬁﬁ%&%at 65 C to

give the complex as a white solid (110 g). The crude product was recrystallized again in 95% ethanol
(330 mL) By tHE@Ainw protedure Hdgestahsdnlsn esdmmiied i hive v iaesteasibaliaces g, yield
52.5%). PuditiynifhtRlds p0 Seh¥%ei (k) Wiake] IhNMRB(CDROR cé@&ﬁ&'ﬁ!tl%h%ﬁt%dguggzﬁ?%@ﬁ Z-E'8 (Idl-1| )J=8-4
Hz, 2H), 6.79 J=8.4 Hz, 2H), 4.10 J=9.6 Hz , 4.05-3.97.(m, 4H), 3.88 (d, J=11.2 Hz, :
3.76 (5?3 ) ?-%%W?rﬁ?&‘iﬁﬁ%@?&’&é%’f H%‘f‘%?—iﬁ?‘é@ﬁ%?ﬁt&ﬁ% Bpisble R0pithy oHy. 2.17-2.08 (m,
2H), 2.01 ke ¢mica ) cMStES ideal Z)s89%; MthbiitrurtdxamyplerdnBreyparation of
(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-cyclopropylbenzyl)phenyl)-6-

{0122] All publications and patent applications cited in this specification are herein

mcorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Any conflict between
any reference cited herein and the teaching of this specification is to be resolved in favor of
the latter. Similarly, any conflict between an art-recognized definition of a word or phrase
and a definition of the word or phrase as provided in this specification is to be resolved in
favor of the latter. Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications can be made thereto without departing from the spirit or
scope of the appended claims. The invention will be described in greater detail by way of

specific examples.

Examples

[0123] The following examples are offered for illustrative purposes, and are not intended to
limit the invention in any manner. Those of skill in the art will readily recognize a variety of

noncritical parameters which can be changed or modified to yicld essentially the same results.

[6124] The names of compounds shown in the following examples were derived from the
structures shown using the CambridgeSoft Struct=Name algorithm as implemented in
ChemDraw Ultra version 10.0. Unless otherwise indicated, the structures of compounds

synthesized in the examples below were confirmed using the following procedures:

[6125] (1) Gas chromatography - mass spectra with electrospray ionization (MS ESI) were
obtained with an Agilent 5973N mass spectrometer equipped with an Agilent 6890 gas
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(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex 1.n-BuLi TMSO0 0O
TMSO"OTMS OTMS 2. CH30OH, HCI WO 2010/022313PCT/US2009/054585

WO 2018/022313 PCT/US2009/054585

chromatograph with an HP-5 MS column {0.25 pm coating; 30 m x (.25 mm). The ion source

was maintained at 230°C and spectra were scanned from 25-500 amu at 3.09 sec per scan.

[0126] (2) High pressure liquid chromatography mass spectra (LC-MS) were obtained
using Finnigan Surveyor HPLC equipped with a quaternary pump, a variable wavelength
detector set at 254 nm, an XB-C18 column (4.6 x 50mm, 5um), and a Finnigan LCQ ion trap
mass spectrometer with electrospray ionization. Spectra were scanned from 80-2000 amu
using a variable ion time according to the number of ions in the source. The eluents were B:
acetonitrile and ID; water. Gradient elution from 10% B to 90% in 8 min at a flow rate of 1.0

mL/min is used with a final hold at 9G% B of 7 min. Total run time is 15 min.

{6127] (3) Routine one-dimensionai NMR spectroscopy was performed on 400 MHz or 300
MHz Varian Mercury-Plus spectrometers. The samples were dissolved in deuterated solvents
obtained from Qingdao Tenglong Weibo Technology Co., Ltd., and transferred to 5 mm 1D
NMR tubes. The spectra were acquired at 293 K. The chemical shifts were recorded on the
ppm scale and were referenced to the appropriate solvent signals, such as 2.49 ppm for
DMSO-d6, 1.93 ppm for CDiCN, 3.30 ppm for CD;0D, 5.32 ppm for CD,Cl; and 7.26 ppm
for CDCl; for 'H spectra.

Example 1
Preparation of (25,3R,4R, 58, 6R)-2-(4-chlore-3-(4-ethoxybenzyl)phenyl)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex (1D)

Ci 1 (COCi), |
,@E O O NaBHdAlCis O cl O OEt
Br CO,H  “ @’ o _
AlCI5/CH,Clo Example 1A Example 18
1.0-Buli
Cl Ot
?Mso\[(:jo ot
TMSO Y ‘OTMS _ o _
OTMS | 1. BRaELOT ELSIH Ho
—;-I H £y 0
2. L-proline HOY “OH
2 HCICHSOH ethancl/n-hexane H HN
O
2

Example 1C

Exampie 1D
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Example 4A Preparation of (2,2-dibromoeyelopropyl)benzene Br Br [0137] In a 1 liter 3-neck flask,
bromoform (312 g, 1.23 mol) was added dropwise over 120 min to stirred solution of styrene (100 g,
0.96 mol), benzyltriethylammonium chloride (7 g, 0.031 mot) and powdered potassium hydroxide (80.6
g, 1.44 mot) WX gﬁwgﬁgﬁsethane (480 mL) at 40 C. The mixture was stirrea‘%‘%ﬁ%‘z@%?"éﬁsh.. The
reaction mixture was filtered through a short plug of silica and the filtrate was concentrated. The dark
residue was distilled at 80 C under reduced pressure (about 50 Pa) to give the desired product as pale
yellow liquid (233 g, yield 88%, purity 98% by HP %&Jl\@) 111 NMR (CDC13, 400 MHz): 6 7.38-7.42
(m, 3H), 7.29-7.31 (m, 2H), 2.98-3.03 (m, 1H), 2.15-2.20 (m, 1H), 2.04-'2.08 (m, 1H). Example 4B
Preparation of (5-0t6tRat2tiomefdpHumm-ghr ephabcd eibprophyprometineenanone [0138] DMF
(0.5 mL) was added to a stirred solution of 5-8 loxmienzoic acid (60 g, 0.255 mol) and oxalyl
chloride (38.7 g, 0.305 mol) in dichloromet
stirred at room temperature for 20 h befere goncentrated to a light yellow oil. To the mixture of
this oil and Example 4A (63 g, 0.228 mol) in dichléromethane (300 mL) cooled to 0 C was added
aluminum[ﬁ”ig@1oriﬂzgv@>3@eg)y®f&%ﬂﬂa@§b IRIDOKIERIRYRD w kRp I IeadligR,mixure was allowed to

warm to room temperature and stirred for 3 h. Water (150 mL) was added to quenched the reaction.

The orgarfitPRA G5 a4 hLildien GAL T RESrpvhshIorkl S rstd S WmRlLiRg hbetate (600 mL). The
combinednetgad taphosasinieselivrishadamithovater (2300 mhpchrine. (30QIMe viiieslover anhydrous

Na2S04 and concentrated to give the desired ro% t ellow oil %84 , yield 92.9%), which was
e e G AT P B RHoh CC BT A L) 97D o Boegeton
2010/022818$RE TWiiSROO9DB4H8Bder vacuum to give a yellow residue. The residue was dissofved

in dichloromethane (1.2 L) in a 5 L 4-necked flask equipped with an internal thermometer

and a water condenser. The stirred mixture was cooled to -3°C and phenetole (799 g, 6.54
mol) was added. Aluminum (II1) chloride (973 g, 6.54 mol) was added to the above solution
via a solid addition funnel over 1 h while maintaining the internal temperature below 4 °C.
After the addition was complete, the reaction mixture was stirred for 2h at 5~10 °C. The
reaction was poured into ice (10 kg). The mixture was further stirred at 4 °C for 1 h, diluted
with water (3 L), transferred to a 50 L extraction funnel and extracted with dichloromethane
(10 L x 2). The combined organic layers were washed with I N HCI (7.5 L x 2), water (10
L), IN sodium hydroxide (7.5 L x 2), brine (10 L x 2), dried over sodium sulfate (1600 g),
and concentrated. The residue was recrystallized in absolute ethanol (3.5 L) to give the title
compound as a white solid (1.450 kg, yield 67%, HPLC purity > 99%). '"H NMR (CDCl;,
400 MHz): 6 7.77 (d, /=9 Hz, 2H), 7.49~7.53 (m, 1H), 747(d, J=2.1 Hz, 1H), 7.30 (d, /=9
Hz, 1H), 6.90 (d, J=9 Hz, 2H), 4.10{q, /=7.2 Hz, 2H), 1.43 (t, J=7.2 Hz, 3H).

Example 1B

Preparation of 4-bromo-1-chloro-2-(4-ethoxybenzyl)benzene

[0129] To a stirred solution of Example 1A (1.440 kg, 4.26 mol) in anhydrous THF (7.2 L)
under nitrogen was added sodium boronhydride (161g, 4.26 mol) in one portion at 10~15 °C.
After stirring for 30min, the mixture was cooled to -5~0 °C and aluminum (II) chloride

{1136 g, 8.52 mol) was added carefully portionwisc to the reaction mixture over 2 h. The
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7.45-7.53 (m, 2H), 7.19-7.37 (m, 3H), 2.98-3.03 (m, 1H), 2.15-2.20 (m, 1H), 2.04-2.08 (in, 1H). Br CI
[0139] Trifluoromethanesulfonic acid (0.5 g, 0.0033 mol) was added slowly to a stirred solution of
Example 4B (104 g, 0.211 mol) and triethylsilane (66.8 g, 0.574 mol) in trifluoroacetic acid (300 mL)
cooled to 30°C] ﬁ’(l\’/%ﬁ%}? bath. The reaction became refluxed. After 0.5 4R’ WAL HRHT was replaced
by an oil bath. The reaction mixture was heated to reflux for 3 h. After cooling to room temperature, the
reaction mizttice: wasatioveditoestiatfor Ao foes b hﬂ&hbess:diﬁtims ”ﬁ]lierad:ﬁmﬁeahwkt}fahexane (200

L) and \ 0 the de d t li, (86.4 g, yield
5 111 K s G by TR e O B B S el 8% o
(m, 1H), Zimgwapeisfouhy m%@kw@eoalf(r@gerH}trﬁs«ﬁmplsﬁmhwr@pamdrt@nperaMe did not
4-bromo- %)&QQVQOW*@M@%@Eﬂ@ﬂ'&%}@%%@?@d%ﬂ@114Q]013‘5CdUﬁﬁeﬁé il {hmnol) and

ammonium chloride (5.3 g, 0.1 mol) were added to a stirred solution of le 4C (4.79 g, 0.01 mol)

in ethanoﬁéﬁﬁ%ﬁ‘}dﬂf‘é@ﬂ%ﬂé% healed tdyoredsgrodist "f‘ﬁ“eﬂ%'é‘aétﬁé?ﬂ %?@\,@as filtered, the
solid wasmsh&ckm&&e&h%asst@e 120 mmmmedmg[@«tﬂy/&%@@mst¢@t§p3t@ giyedightiellow oil. The

residue w, te whi washed with water (15 mL), brine (15 mL)
and concertrd e?éj %b ég) ag F%En 1( ‘?fglﬁ)ygj &'zt ?ﬂéﬁ‘?é‘ﬂgﬁéé’;ﬁ’(ﬁhﬁﬁd" Haxane (5 mL) was
heated todtefle efﬂraﬂoh (Sﬂ@mrbMudeimmﬂmdaieddmﬁ@t @%Gddh&@tﬂﬁkﬁﬂﬁtﬁsmﬂ‘lltemd and the
solid was dr| nder red gssu the oduct a ite solid yleld
32.5%, pd’nty ‘63% %ﬂcﬁ(@%@ 111 Rﬁﬁ&"%ﬁ%ﬁﬂ%ﬁ%&)‘%‘”fﬁaﬁ 2&{9 i %ﬁj“"? 21 (m, 2H),
7.18 (d, J¥ 8(21t¢1mme Jee(prddng. 4l R¥) Rel)yigld 84%:; 2H).Q 99ty 90HH). 1#1; NMR-1. oo (m, 2H),

0.78-0.74 2 T 0
(3R 4S, 5:5 26R)-2- @%ﬁ ?Zf%?cﬁ?;%p%ﬁ?ﬁé,ﬁﬁﬁm@s%'%apﬁ@%f BoBeN,

Example 1C
Preparation of (28,3R, 485, 58,6R)-2-(4-chloro-3-(4-ethoxyhenzyl)pheayl)-6-

(hydroxymethyl)-2-methoxytetrahydro-2 H-pyran-3,4,5-triol
OEt

[0130] To a solution of Example 1B (200 g, 0.614 mol) in anhydrous toluene/THF (1.2 L,
2:1 (v/v)) was added n-BuLi (2.5 M in hexane, 295 mL) dropwise at -65 °C. The reaction
was stirred at -65 °C for 30 min. Then the mixture was transferred by a cannula to a solution
of (3R, 45,5R,6R)-3,4,5-tris(trimethylsilyloxy)-6-({trimethylsilyloxy )methyltetrahydro-2H-
pyran-2-one) (373 g, 0.798 mol) in toluene (1.2 L ) at -65 °C. The mixture was stirred at -65
°C until starting material was consumed (2 h). The reaction was quenched with hydrochloric
acid (36~38%, 113 mL, 1.35 mol) in methanol (800 mL), and stirred at room temperature
overnight. The reaction was neutralized with saturated sodium bicarbonate to pH 7.5 and the
organic phase was separated and the aqueous phase was extracted with ethyl acetate (2 x 3.0
L). The combined organic layers were washed with brine (2 x 2.0 L), dried over sodium
sulfate and concentrated. The residue was dissolved in hot foluene (600 mL) and poured into

n-hexane (2.0 L) with vigorous stirring. After stirring for 1h, the mixture was filtered and the
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(hydroxymethyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol OMe HO™OH OH [0141] A cold solution of
n-BuLi (2.5 M in hexane, 163mL, 0.408 mol) precooled to -78 C can be added dropwise under argon to
a stirred solytion of 4-bromo-1-chloro-24(4- cyclopropylphenyOmethypbenzeneéloo , 0.340 mol) in
anhydrous T‘ﬁ% %?f%"él&:z (v/v), 660 mL) at -78 C at such a rate as to I&%B% ?Wfé‘%ﬁﬁq temperature
below -70 C. The mixture is then stirred for another 40 mm after thc addition. The reaction mixture is
transferretilisy eekannsiiicd ansirredrsotutiog of (8RS SRBRYS 25 5 -wiste(snlie tAyisibplaxy)-
6-((trimethylsihMAmeIPYRARI AN HEIRYEAN A0 @30 %18 #47 @%2 ndplyene (660 mL) at-78 C at
a rate as to keep the internal temperature below -70 DC. The reaction mixture is then stirred at -78 C
for 3 h until the starting materials are consumed before quenching slowly with a solution of
hydrochloric acid (36-38%, 62.3 mL, 0.747 mol) in methanol (440 mL), so the reaction temperature
does not exceed -45 C. The reaction mixturek&%rRégblly warmed to room temperature and stirred
overnight. The nﬁx@p&;ég&muﬁ@[ﬁgﬂ,m;bm@wgagmggf_m@gﬁQ@Qﬁmgﬁmc@bonate to pH 7.5.
ethy

The organic layer is separated and the aqueous phase is extracted with ethyl acetate (2 x 1.2 L). The
combined organif e BEs L RxaREdr Gtk ok an3-$1-H10); Bisersulingd srimplSifate, and
concentrated. The residue is then dissolved in hetdohse 200°HIL), to which n-hexane (2.0 L) is
poured in with rapid stirring. The mixtyre ig,stirge 1 h and filtered. The solid is dried under
vacuum to give the crude productHivhichy cant next step without further purification.
Example 4F Preparation of (2S,3R, 4,53 -cyclopropylbenzyl)phenyl)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5gol, bis(L-ED ) complex [0142] To a stirred solution of
Example 4A (118g. 0.270 mol) in anhydrous acetonitrile/di ethane (1:1 (v/v), 1.42 L) is added
triethylsilane (126 g, 1.08 mol) o 2
[6131] Example 1C {282 g, 0.643 mol) was dissolved in anhydrous acetonitrile

/dichloromethane (3.4 L, 1:1 (v/v)) at -45 °C stirred solution of in was added triethylsilane
(299 g, 2.57 mol) followed by addition of boron trifluoride etherate (245 mL, 1.93 mol).
After the addition, the mixture was stirred for another 2 h at -10 °C. The reaction was
quenched with saturated aqueous bicarbonate to pH 7.5. The volatiles were removed under
reduced pressure and the residues were extracted with ethyl acetate (2 x 3.0 L), The
combined organic layers were washed with brine (2 x 2.0 L), dried over sodium sulfate and

concentrated to give the crude product as a white solid (250 g). Purity (HPLC): 82.8% (UV).

[0132] A 5 L 4-necked flask was charged with the above crude product (203 g, §2% purity)
and followed by L-proline (114 g, 0.995 mol), ethanol(1.46 L) and water (162 mL). The
mixture was heated to reflux for 30 min with rapid mechanical stirring. #-Hexane (200 mL)
was added dropwise to the above solution. After the addition was complete, the reaction was
cooled slowly to room temperature and then further to -5°C. After stirring for 3 h at -5 °C,
the mixture was filtered and the filter cake was washed with cold ethanol/water (90:10 (v/v),
2 x 100 mL) and n-hexane (2 % 500 mL), and dried under vacuum at 65°C to give the desired
product as a white solid (186 g). A portion of this crude product (140 g) was dissolved in
ethanol/water (90:10 (v/v), 700 mL) at 75 °C with mechanical stirring. After the solution
became clear, it was cooled slowly to room temperature and stirred for another 5 h. The
mixture was filtered and the filter cake was washed with cold ethanol (2 x 50 mL), n-hexane
(2 x 100 mL.), dried under vacuum at 65 °C to get the desired product as a white sofid (130 g,
yield 66%). Purity (HPLC) 99.5% (UV). 'H NMR (CD;0D, 400 MHz): 8 7.34~7.25 (m,
3H), 7.08 (d, /=8.8 Hz, 2[), 6.78 (d, ./=8.8 Hz, 2H), 4.10 (d, J=9.2 Hz, 1H), 4.06~3.95 (m,
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at -45 C, followed by boron trifluoride etherate (103 mL, 0.812 mol). The mixture is stirred at -10 C for
2 h before quenching with aqueous solution of saturated bicarbonate to pH 7.5. The volatiles are
removed under reduced pressure and the residue is extracted with ethyl acetate (2 x 1.5 L). The
combined ordahte %P 5re washed with brine (2 x 1.0 L), dried over sodifiH SHHSHES4R
concentrated to give the crude product as a white solid. A suspension of the above crude product (105
g) and L-gridlines®9.5 (0. 517, hdlef intetihahd).(FI8-+hRY dmd sBtér Y23108) (in,38)L four-necked flask
is refluxed, for ith rapd ieal stirir eptan L5.L) is.added ise to the
above ho?é%u%%%f%ﬁhzgﬁm@?}%%i?{{g{gj ?sggg}gle 150%@6%%%%ér%%%%%§nd stirred for
another 5@/ PREGEEY M mixture is then filtered and the filter cake is washed with n-heptane (2 x 300
mL), and dried under vacuum at 55C to give the crude complex as a white solid. This sample is stirred
in 95% ethanol (354 mL) and heated to 75 C &##mapdtchar solution is formed, to which n-heptane (590
mL) is added drqg%@ag&edp@gg;gg’i@{;ggylgﬁﬁq\adymlr@.gmtgmQﬂgwggﬁlﬁieﬁgﬂi@g is continued for

another 5 h. The reaction mixture is filtered and the filter cake is washed with n-heptane (2 x 200 mL),

and dried under vacuum at 6% YRS MRBtREHBIER A IVERR-3dhert1iob g). This solid can be
escribeiet in Example 1 to give the pure

-2-(4-chloro-3-(4-(2-cyclopropoxyethoxy)

desired product. Example 5 Preparation of{2S 3
benzyl)phenyl)-6-(hydroxymethyl)t&tahytro-2H-pyfan=
4.6N NaOH-THF Example SAExample,5E

OH
[6133] A suspension of Example 113 (23.0 g, 45.6 mmol) in ethyl acetate (230 mL) and

water (230 mL) was heated to 80 °C until the solution became clear. The solution was
transferred to a separator funne! immediately. The ethyl acetate layer was separated. Water
layer was extracted with ethyl acetate (100 mL). The combined organic layers were washed
with brine, dried over sodium sulfate, and concentrated to give the desired product as a white
solid (14 g, yield 95%). Purity (HIPLC), 99.1% (UV); "H NMR (CD;0D, 400 MHz): &
7.34~7.25 (m, 3H), 7.08 (d, /=88 Hz, 2H), 6.78 (d, /=8.8 Hz, 2H), 4.10 (d, /=9.2 Hz, 1H),
4.06~3.95 (m, 4H), 3.88~3.85 (m, 1H), 3.69~3.65 (m, 1H), 3.47~3.37 (m, 3H), 3.27 (m, 1H),
1.35 (t, J=7.2Hz, 3H); MS ESI (m/z): 409 [M~17".
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Example 1BExample 5C Example 5DExample 5E Example 5A Preparation of
2-cyclopropoxyethanol

WO 2010/022313 POT/US2000/054585

Example 3
Preparation of (25,3K,4R, 55,6R)-2-(4-chlore-3-(4-methoxybenzyl)phenyl)-6-
(hydroxymethyl}tetrahydro-2H-pyran-3,4,5-triol, bis(1.-proline) complex (3B)

1.n-Bulj

TMSO Y 'OTMS BF4 Et,0
DUG I AN e
Br 2. CH40H, HCI CHyCly/ CHACN

L-proline

ethanol/n-hexane

OH
Exampie 3B

Example 3A
Preparation of (28,3R,48,58,6R)-2-(4-chloro-3-(4-methoxybenzyl)phenyl)-6-
(hydroxymethyl}-2-methoxytetrahydro-2H-pyran-3,4,5-triol

[0134] A cold (-78 °C) solution of n-Buli (124ml., 2.5 M in hexane, 0.310 mol) was added
dropwise under argon to a solution of 4-bromo-1-chloro-2-(4-methoxybenzyl)benzene (80 g,
0.258 mol) in dry THF/toluene (1:2 (v/v), 480 mL) cooled at -78 °C at such a rate as to keep
the reaction temperature below -70 °C. After the addition, the mixture was stirred for 40 min
before transferred by a cannula to a stirred solution of (3R, 45, 5R,6R)-3,4,5-
tris(trimethylsilyloxy)-6-((trimethylsilyloxy)methyltetrahydro-2H-pyran-2-one (157 g, 0.335
mol) in toluene (480 mL) precooled to -78 °C at a rate as to keep the internal temperature
below -70 °C. The mixture was stirred for 3 h at -78 °C until starting material was consumed
and was quenched slowly by hydrochloric acid (36~38%, 47.3 mL, 0.567 mol) in methanol

(320 mL), keeping the internal temperature below -45 °C. The reaction mixture was
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[01431 To a suspension of Mg powder (86.7 g, 3.6 mol) and iodine (eat) in anhydrous THF (0.7 L) was
added slowly 1,2-dibromoethane (460 g, 2.4 mot) in anhydrous THE (2 L) slowly at a rate as to keep
the internal te;gperature between 40-55 C. After the addition, a solution of
2-(2-bromoe}?1yl)29]l;%q23|30]‘>%olane (1009, 0.56 mol) in anhydrous THF (750 %@?@Wé’ﬂgﬁa‘%sdropwise.
The reaction mixture was kept at 40-55 C for 16h and was quenched by addition of aqueous solution
of ammordeafueHioridenThie mixtiennestextractetinpitio vastizpie ndichiorde. Thaorgakiedayer was

dried over,aalutsuliaie andieaneraLalpAda A he g T AU (ar ) anyelign of. which was
directly used without further purification. WO 2010/02231 PCT/USZOO% 054585 Example 58

PreparatiéfParacggambibopieoutijiraciasisarise nadurbrbaeciae 42 Toldstirfée ewnbiost of sodium |

hydroxideo@angs R:Aakriniaied (d0ontd @nd [THE, d8Umor wamaddad.example 5A (27 g, 0.26
mol) at -5 to 0 C. Afterwards, a solution of p-totuenesulfonig chloride (52 g, 0.27 mol) in THF (360 mL)

was addefPBFSPHRES: THE Feltifonan ke S YasHm: 254h 6 & VAL B CPAe REskiGbRs #ixture was
then kept effrobin tetiparatyiewatcBGvminsthmargania laerwas:caparatpc-andihe aguepus layer was

extractedg%’%t Iifgy %L@é_el\(fs % L)..T ined organic layers were washed with brine, dried
over Na2 § fé:‘%}nce tra ega 01088%%@%@%% foduct as yellow oil (53.3 g). It was used directly
without further purification. Example 5C Preparation of 4-(5-bromo-2-ehlorobenzyl)phenol Cl OH Br
Example 3B
Preparation of (28,3R,4R,55,6R)-2-(4-chloro-3-(4-methoxybenzyl)phenyl)-6-
(hydroxymethyljtetrahydro-2H-pyran-3,4,5-triel, bis(L-proline) complex

OH
0 2

[0135] To a stirred solution of Example 3A (111 g, 0.262 mol) in anhydrous acetonitrile/
dichloromethane (1:1 (v/v), 1.32 L) was added triethylsilane (122 g, 1.05 mol) at -45 °C and
followed by boron trifluoride ctherate (100 mL, 0.785 mol). The mixture was stirred at -10
°C for 2 h. The reaction was quenched with aqueous solution of saturated bicarbonate to pH
7.5. The volatiles were removed under reduced pressure and the residue was extracted with
ethyl acetate (2 x 1.0 L). The combined organic layers were washed with brine (2 x 1.0 L),
dried over sodium sulfate, and concentrated to give the crude product as a white solid (110 g).
Purity (LC-MS) 2.6 min, 76.5% (UV).

[0136] A suspension of the above crude product (110 g, purity 76.5%) and L-proline (64.2
g, 0.558 mole) in ethanol (836 mL) and water (44 mL) in a 5 L 4-necked flask was refluxed
for 30 min with rapid mechanical stirring, to which n-Hexane(1.2 L) was added dropwise.
After the addition, the solution was cooled slowly to room temperature and then cooled to 3
°C. After stirring for 3 h at 5 °C, the mixture was filtered and the filter cake was washed with
n-hexane (2 * 300 mL), dried under vacuum at 65 °C to give the complex as a white solid
(110 g). The crude product was recrystallized again in 95% ethanol (330 mL) by the same
procedure as described in Example 1 to give the desired product (75 g, yield 52.5%). Purity
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[0145] To a stirred solution of Example 1B (747 g, 2.31 mol) in dichloromethane was added boron
tribromide (1.15 kg, 4.62 mol) slowly at -78 C. The reaction mixture was allowed to rise to room
temperatureW gglr(lvgr%%{gaction was complete as measure by TLC, the reaction was auenched with
water. The mixtire was extracted with dichloromethane. The organic Iaye?%é%se\?g%/ﬂ%ag\?/ith agueous

solution of saturated sodium Picarbonate, water, brine, dried over Na2S0O4, and concentrated. The
residue waEFideryQaftizddvn Jaho1BRtCEHEP 1 QIvdHnY titIé oo und Hs)aiRitd, ikt (460 g, yield

58%). IHMMR(GDG3, ASOMHZ B 433 (62008 BT OBl BBt o8 79 f0) 978.8 Hz, 2H)
5.01 (s, 1H), 4.00 (s, 2H). WO 2010/022313itT/US2009/054585 Examﬁse 1) Preparation of

4-bromo-HenBro 21238y eloptohbXy@enidiy b arz3bénz aRB: BrRRG146{m AibtdrétofRXample 5C
(56.7 9, 240, mmod) end 6is 2k, QB 185191 42Qmmgl) MPMT @%59:@§ W@sigtjrred at room temperature
for 0.5 h. Example 5B (53.3 g, 210 trunol) was added. The reaction mixture was stirred at room
temperature overnight. It was diluted with water (3 L) and extracted with EtOAc. The organic layer was
washed with water, brine, dried over Na2S0O4, and concentrated. The residue was purified by flash
column chromatography on silica gel eluting 'ﬁ?'ﬁ’é’ﬁeo‘feum ether:ethyl acetate (10:1) to give the title

compound as ¥ieppiaréfiog of A8l SAYR), S RIMRACR 6B -(00MHp)0p iRz 13%henyi1Bld), 7.08 (d,
J-28.8 Hz, 2H), 6.,88,(d, J=8 2H), 4.1Q {1, .J4.8 Kz, 2H) 3.86 (t, J=4.8 Hz, 2H) 3.38-3.32 (m, IH),
0.62.0.66 (. s LTI s o i At B pratad Vot
(2S,3R,4S,5S,6R)-2-(4-chloro-3-(4-(2-eyelopropoxyethoxy)
benzyl)phenyl)-6-(hydroxymethyl)-gwwetrahydro-2H-pyran-3,4,5-trioI

Br

©/\\\ CHBry/KOH
—_—
BTEAC A Br
DCM Example 4A AlCi; O Cl O Br
DCM Br
o Exampie 4B

Br COOH oxalyi chloride g, coc
—_—h
\C[ DCM, DMF U

Cli Ci
1.n-Bulli
Tmsoﬁfjo
TMSO ‘CTMS
EtySiHITFA cl A Br NH4CIfZn Ci A OTMS
Bf — O O —_—
rr———— 2. CH30H, HCI
CFaS0OsH B Ethane!  Br

Exampie 4C Example 4D

BF 3 EtoO
Et3SiH

CH,Clyf CHACN

L-profine

HO™ ethanol, n-heptane

HOY

HO™

HO™ “OH

OH {H% }
OH
Example 4F o 2
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A 0 [0147] To a stirred solution of Example 5D (213 g) in anhydrous THF/toluene (1:2 (v/v), 1.7 L)
under argon was added n-BuLi (2.5 M hexane, 245.9 mL) drop wise at -60 5 C. The mixture was
stirred for 3Q min. before transferred to a stirred solution of

2,3,4,6-tetra Ottty 1-13-D-glucolactone (310.5 g) in toluene (1.6 B UEH 8 E43fe reaction
mixture was continuously stirred at -60 5 C for 1 h before quenching with aqueous solution of
saturated ammonium chloride (1.5 L). Then mixture was allowed to warm to room temperature and
stirred for | h. The organic layer was separatgd. gud;the,water layer was extracted with ethyl acetate (3
x 500 mL). The combined organic layers were washed with brine (1 L), dried over Na2S0O4, and
concentrated. The residue WA$RAs36Mef (3-AaihemortugonmydigirerBanesulfonic acid (9.2 int) was
added at 0 C. The solution was allowed to warm to xo@m temperature and stirred for 20 h. It was
guenched with aqueous WO 2010/022313P®y§%5%/054585 solution of sodium bicarbonate (50 g)
in water (500 mL) and additional water (900 was added. The mixture was extracted with ethyl

acetate (3 @h%ﬁ]L%;rhelcor%bine}gﬂ%r%ggic Iaiers were washed with brine, dried over Na2S04,
concentral d Ol WP then SRSy R U it EP RS AORT ES0RMNISRO%E BP8paration of
(2S,3R, 4Ry556R)2d(dothionmBs((@ CYeiopr@pexysithbuy)beinzy) phamylilfr chloride (7 g,
(hydroxyn&q}? YQ&SH%QX %B%%Qé@%%%@é&uﬂ'ﬁ%%x%@ i%bogogl,lqegdf mol) in dichloromethane (480

mL) at 40 °C. The mixture was stirred at 25 °C for 20 h.. The reaction mixture was filtered

through a short plug of silica and the filtrate was concentrated. The dark residue was distilled

at 80 °C under reduced pressure (about 50 Pa) to give the desired product as pale yellow

liquid (233 g, yield 88%, purity 98% by HPLC(UV)). "H NMR (CDCls, 400 MHz): &

7.38~7.42 (m, 3H), 7.29~7.31 (m, 2H), 2.98-~3.03 (m, 1H), 2.15-~2.20 (m, 1H), 2.04-~2.08

{(m, 1H).

Example 4B
Preparation of (5-bromo-2-chlorophenyl)(4-(2,2-
dibromocyciopropyl)phenylymethanone

ol A i'rr
Fedem
o

[0138] DMF (0.5 mL) was added to a stirred solution of 5-bromo-2-chlorobenzoic acid (60
g, 0.255 mol) and oxalyl chloride (38.7 g, 0.305 mol) in dichloromethane (240 mL) at room
temperature. The mixture was stirred at room temperature for 20 h before being concentrated
to a light yellow oil. To the mixture of this oil and Example 4A (63 g, 0.228 mol) in
dichloromethane (300 mL) cooled to 0 °C was added aluminum trichloride (43.2 g, 0.324
mol) in portions over ~1 h. The reaction mixture was allowed to warm to room temperature
and stirred for 3 h. Water (150 mL) was added to quenched the reaction. The organic phase
was separated and the water phase was extracted with ethyl acetate (600 mL). The combined
organic phases were washed with water (2 x 300 mL), brine (300 mL), dried over anhydrous
Na,50, and concentrated to give the desired product as yellow oil (104 g, yield 92.9%),
which was used dircctly in the next step. 'H NMR (CDCls, 400 MHz): & 7.70~7.95 (m, 2H),
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complex OHOH 02 [01481 To stirred solution of Example 5E in CH2C12/C1-13CN (650 mL:650 mL) at
-5 C was added triethylsilane (28.2 mL, 563 mmol), and followed by BF3.Et20 (52.3 mL, 418.9 mmol).
The reactioqw was ]sﬁt/il{zr%oll 3for 16 h while the temperature was allowed to warm to room temperature
gradually. The reaction Was quenched with aqueous solution of saturated SSAIEAEEA SO nate to pH
8.0. The organic volatiles were removed under vacuum. The residue was partitioned between ethyl
acetate (2.257) Brawaiar (212571.)7 ThelblyafiB-tal/es wasl 8Bpaidfted, WdshadiyRiobradidried over
Na2S04 d1 ncentrated to give the crude product (230 g, purity 82.3%). This product and L-proline
(113.7 g) in EtOH/H20 (15:1 v/v, 2.09 L) was stirred at 80 C for | h when it became a clear solution.
Hexane (3.0 L) was added dropwisc into the %ng%ﬂoiéolution over 50 min, with the temperature
being kept at about 60 'C. The reaction mixture was stirred overnight at room temperature. The solid
was filtered arftrspasméenoid-Brompor ochlas-2-(nG.2 dizeanenysipnpsemé bznedienzeneand dried at 45
C under vacuum for 10 h to give the pure title compound ag agwhite solid (209 g). Purity (HPLC) 99.2%
(UV).NMR (CD30D, 400 MHz): 67.25 - 7.34§p:3 , 1 =8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H),
4.03-4.11 (m, 5H), 3.96-4.00 (m, 2H), 3.88 ), 3.68-3.72 (m, 1H), 3.36-3.46 (m, 6H),
3.21-3.30 (m, 3H), 2.26-2.34 (m, 2H), B.08-2 ),1.94-2.02 (m, 4H), 0.56-0.57 (m, 2H),
0.52-0.53(g32H) T2 QR2RIRRE THIIBRA/DBISB R EXAMPIB R d slowly to a stirred

2S,3R,4R,5S,6R)-2-(4-ehloro-3-(4-(2-cyclopropoxyethoxy)benzyl)phenyl1)-6-
( solution o)f. Ex(ample 4B (1()(4 g(, O.ﬁ] me)l} gnd){riethyigx)]ane (3/6)§) g, ().%7)4 mol} in

trifluoroacetic acid (300 mL) cooled to 30 °C in a water-bath. The reaction became refluxed.
After 0.5 h, the water bath was replaced by an oil bath. The reaction mixture was heated to
reflux for 3 h. After cooling to room temperature, the reaction mixture was allowed to stir for
another 1 h. The solid was filtered, washed with hexane (100 mL) and dried under vacuumn
at 30 °C to get the desired product as a pale gray solid (86.4 g, yield 85%) 'H NMR (CDCls,
400 MHz): 6 7.28~7.34 {m, 3H), 7.18~7.25 (m, 4H), 4.08 (s, 1H), 2.93-~2.98 (m, 1H), 2.13-
~2.17 (m, 1H), 2.00-~2.03 (m, 1H).

Example 4D
Preparation of 4-bromo-1-chloro-2-(4-cyclopropylbenzyl)benzene

Br

(0148} Zinc dust (4.8 g, 0.073 mol) and ammonium chloride (5.3 g, 0.1 mol) were added to
a stirred solution of Example 4C (4.79 g, 0.01 mol) in ethanol (20 mL). The mixture was
heated to 70 °C for 20 h. The reaction mixture was filtered, the solid was washed with ethyl
acetate (30 mL). The filtrate was concentrated to give light yvellow oil. The residue was
dissolved in ethyl acetate (30 ml.), which was washed with water (15 mL), brine (15 mL) and
concentrated to give a light yellow 0il (3.0 g). The oil in methano! (50 mL) and hexane (5
mlL) was heated to reflux for 1 h. The mixture was cooled to -30 °C and the precipitates were
filtered and the solid was dried under reduced pressure to give the desired product as a white
solid (1.2 g, yield 32.3%, purify 92.0% by LC-MS). 'H NMR (400 MHz, CDCl;) 8 7.47-
7.44 (m, 1H), 7.24-7.21 {m, 2H), 7.18 (d, ] = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 4.15 (s,
2H), 1.99-1.92 (m, 1H), 1.04-1.00 (m, 2H), 0.78-0.74 (m, 2H).
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(hydroxymethyptetrahydro-2H-pyran-3,4,5-triol HO HO™ OH [0149] Example 5F (40 g, purity 99.8%) in
water (400 miL) was stirred and heated to 60 C for 1 h. Ethyl acetate (1.0 L) was added dropwise at 60
Cover1H.The mlxture was stirred for another 1 h. After cooling, the or anlc layer was separated
washed WlthWa%er f%%f dried over Na2S04 and concentrated to give the ﬁ:[Té ég?ﬁ%%ﬁﬁ as a glassy
solid (24.0 g, purity 99.8%). 111 NMR (CD30D, 400 MHz): 67.25-7.34 (m, 3H), 7.11 (d"/ = 8.8 Hz, 2H),
6.84 (d, J= 8.8 Hz, 2H), 4.03-4.11 (m, 5H), 3.83-3.90 (m, 3H), 3.68-3.72 (m, 1H), 3.36 -3.46 (m, 4H),
3.21-3.30 (m, 3H), 0.56-0.57 (m, 2H), 0.52-0 @) Example 7 101501 Crystalline complex of
(25,3R,4R,5S,6R)-2-(4-chloro-3-(4-(2-cyclopropoxyethoxy) benzyl)phenyl)-6-
(hydroxymethyé)t'éﬂaaﬁ%?a OH IR 23S 0r-2ridrchisne-gritsssienraprdkqead) phenbté-5F) was
analyzed by X-ray powglenchitfsasdingiyaingetadiHbislialiph. N &%@H@sﬂ:ﬂ@ttem is shown in FIG. 2
and summarized in Table 1 (only peaks up to 30 in 20 are liste ) The meltlng point of the complex
was determined by differential scanning calorlm £) 1C (evaluated as
onset-temperature; heating from 50C to 200C ( e DSC spectrum is shown in FIG. 3.

WO 2010/022313 HO

OH
[6141] A cold solution of #»-BuLi (2.5 M in hexane, 163mL., 0.408 mol) precooled to -78 °C

can be added dropwise under argon to a stirred solution of 4-bromo-1-chloro-2-({4-

cyclopropyiphenyl)methyl)benzene (100 g, 0.340 mol) in anhydrous THF/toluene (1:2 (v/v),
660 mL) at -78 °C at such a rate as to keep the intérnal temperature below -70 °C. The
mixture is then stirred for another 40 min after the addition. The reaction mixture is
transferred by a cannula to a stirred solution of (3R,4S, 3R, 6R)-3,4,5-tris -(trimethylsilyloxy)-
6-((trimethylsilyloxy )ymethyl)-tetrahydropyran-2-one (206 g, 0.442 mol) in toluene (660 mL.)
at -78 °C at a rate as to keep the internal temperature below -70 °C. The reaction mixture is
then stirred at -78 °C for 3 h until the starting matcrials are consumed before quenching
slowly with a solution of hydrochloric acid (36~38%, 62.3 mL, 0.747 mol) in methanol (440
mL), so the reaction temperature does not exceed -45 °C. The reaction mixture is gradually
warmed to room temperature and stirred overnight. The mixture is neutralized with aqueous
solution of saturated sodium bicarbonate to pH 7.5. The organic layer is separated and the
aqueous phase 18 extracted with ethyl acetate (2 x 1.2 L). The combined organic layers can
be washed with brine (2 > 1.0 L), dried over sodium sulfate, and concentrated. The residue is
then dissolved in hot toluene (200 mL), to which n-hexane (2.0 L) is poured in with rapid
stirring. The mixture is stirred for another 1 h and filtered. The solid is dried under vacuum

to give the crude product, which can be used in the next step without further purification.

45



Table 1 PCT/US2009/054585 Position (0201 d-spacing [A] Relative Intensityrd 4.08 21.62 100.0 6.04
14.638.1

WO 2010/022313 . PCTAIS2009/054585

Example 4F
Preparation of (25,3R,4R,58,6R)-2-(4-chlero-3-(4-cyclopropylbenzyl)phenyl)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex

H
Oog

[0142] To a stirred solution of Example 4A (118 g, 0.270 mol) in anhydrous
acetonitrile/dichloromethane (1:1 (v/v), 1.42 L) is added triethylsilane (126 g, 1.08 mol)

at -45 °C, followed by boron trifluoride etherate (103 mL, 0.812 mol). The mixture is stirred
at -10 °C for 2 h before quenching with aqueous solution of saturated bicarbonate to pH 7.5.
The volatiles are removed under reduced pressure and the residue is extracted with ethyl
acetate (2 x 1.5 L). The combined organic layers are washed with brine (2 x 1.0 L), dried
over sodium sulfate, and concentrated to give the crude product as a white solid. A
suspension of the above crude product (105 g) and L-proline (59.5 g, 0.517 mole) in ethanol
(798 mL) and water (42 mL}in a 5 L four-necked flask is refluxed for 30 min with rapid
mechanical stirring. n-Heptane (1.05 L) is added dropwise to the above hot solution, After
the addition, the mixture is cooled slowly to room temperature and stirred for another 5 h.
The reaction mixture is then filtered and the filter cake is washed with n-heptane (2 x 300
mL), and dried under vacuum at 55°C to give the crude complex as a white solid. This
sample is stirred in 95% ethanol (354 mL) and heated to 75 °C until a clear solution is
formed, to which n-heptane (590 mL) is added dropwise. The mixture is cooled slowly to
room temperature and stirring is continued for another 5 h. The reaction mixture is filtered
and the filter cake i1s washed with n-heptane (2 x 200 mL.), and dried under vacuum at 65 °C
to give the complex as a white solid (105 g). This solid can be recrystallized in 95% ethanol

by the same procedure as described in Example 1 to give the pure desired product.
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7.5011.77 5.3 9.88 8.95 2.3 12.31 7.18 9.9 14.22 6.22

WO 2010/022313 PCT/US2009/054585

Example 5§
Preparation of (25,3R,4R, 55, 6R)-2-(4-chlero-3-(4-(2-cyclopropoxyethoxy)
benzyl)phenyl)-6-(kydroxymethyl)tetrahydro-2#-pyran-3,4,5-triol, bis(L-profine)
complex (5F)

O><O/\ —""Mg HO -~ ————-———-mm-hTOSCE TsO o~ A
H Br  THF o 4.6N NaOH-THF ©
Example 5A Example 5B
Cl Ot Cl OH
—————- .
Br By il
Example 1B Example 5C
4. n-Bull
OTMS

0.0

A

Cl O~
o 0 Ly
~"0 TMSOY Y "OTMS o™
OTMS Lo
Br ¥  HO

2. CH3OH, MsOH OMH
Example 5D Exampls 5E

1. BFy Et,Of Et5SiH

¥

2. L-proline
ethanol/n-nexane

Example 5F O 2

Example 5A
Preparation of 2-cyclopropoexyethanol

HO\/\O/A

[0143] To a suspension of Mg powder (86.7 g, 3.6 mol) and iodine (cat) in anhydrous THF
(0.7 L) was added slowly 1,2-dibromoethane (460 g, 2.4 mol) in anhydrous THF (2 L) slowly
at a rate as to keep the internal temperature between 40-55 °C. After the addition, a solution
of 2-(2-bromoethyl}-1,3-dioxolane (100g, 0.56 mol) in anhydrous THF (750 mL) was added
dropwise. The reaction mixture was kept at 40-55 °C for 16h and was quenched by addition
of aqueous solution of ammonium chloride. The mixture was extracted with methylene
chloride. The organic layer was dried over sodium sulfate, and concentrated to_ give the title

product (27 g) as yellow oil, which was directly used without further purification,
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Example 5B

Preparation of 2-cyclopropoxyethyl 4-methylbenzenesulfonate

TSO_~ O/A

[0144] To a stirred solution of sodium hydroxide (32 g, 0.8 mol) in water (180 mL) and
THF (180 mL) was added Example 5A (27 g, 0.26 mol) at -5 to 0 °C. Afterwards, a solution
of p-toluenesulfonyl chloride (52 g, 0.27 mol) in THF (360 mL) was added dropwise. The
reaction mixture was kept at -5 to 0 °C for 16 h, The reaction mixture was then kept at room
temperature for 30 min. The organic layer was scparated and the aqueous layer was extracted
with ethyl acetate (2 x 1.0 L). The combined organic layers were washed with brine, dried
over Na;S04 and concentrated to get the crude product as yeliow oil (53.3 g). 1t was used

directly without further purification.

Example 5C
Preparation of 4-(5-bremo-2-chlorobenzyl)phenol
Cl Z 1 O+
W

Br
[0145] To astirred solution of Example 1B (747 g, 2.31 mol) in dichloromethane was

added boron tribromide (1.15 kg, 4.62 mol) slowly at -78 °C. The reaction mixture was
allowed to rise to room temperature. When the reaction was complete as measure by TLC,
the reaction was quenched with water. The mixture was extracted with dichloromethane.
The organic layer was washed with aqueous solution of saturated sodium bicarbonate, water,
brine, dried over Na;SO., and concentrated. The residue was recrystallized in petroleum
ether to give the title compound as a white solid (460 g, yield 68%). "H NMR (CDCls,
400MHz): & 7.23~7.29 (m, 3H), 7.08 (d, J=8.8 Hz, 2H), 6.79 (d, ./=8.8 Hz, 2H), 5.01 (s, 1H),
4.00 (s, 2H).
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Example 5D
Preparation of 4-bromo-1-chloro-2-(4-(2-cyclopropoxyethoxy)benzyl)benzene

R
Br

[0146] A mixture of Example 5C (56.7 g, 210 mmol) and Cs;COs (135 g, 420 mmol) in
DMF (350 mL) was stirred at room temperature for 0.5 h. Example 5B (53.3 g, 210 mmol)
was added. The reaction mixture was stirred at room temperature overnight. It was diluted
with water (3 L) and extracted with EtOAc. The organic layer was washed with water, brine,
dried over Na,SQy, and concentrated. The residue was purified by flash column
chromatography on silica gel eluting with petroleum ether:ethyi acetate (10:1) to give the title
compound as liquid (51 g, yield 64%). "H NMR (CDCl;, 400MHz): § 7.22~7.29 (m, 3H),
.7.08 (d, /=B.8 Hz, 2H), 6.88 (d, /=8.8 Hz, 2H), 4.10 (1, /=4.8 Hz, 2H), 3.86 (t, /~4.8 Hz, 2H),
3.38-3.32 (m, 1H), 0.62-0.66 (m, 2H), 0.49-0.52(m, 2H).

Exampie 5E
' Preparation of (25,3R,45,58,6R)-2-(4-chloro-3-(4-(2-cyclopropoxyeihoxy)
benzyl)phenyl)-6-(hydroxymethyl)-2-methoxytetrahydro-2 H-pyran-3.4,5-triol

[0147] To a stirred solution of Example 5D (213 g) in anhydrous THF/toluene (1:2 (v/v),
1.7 L) under argon was added n-Buli (2.5 M hexane, 245.9 mL) drop wise at -60 + 5 °C,
The mixture was stirred for 30 min. before transferred to a stirred solution of 2,3,4,6-tetra-O-
trimethyisiiyl—B-D—glucolactone (310.5 g) in toluene (1.6 L) at -60 = 5 °C. The reaction
mixture was continuously stirred at -60 = 5 °C for 1 h before quenching with aqueous
solution of saturated ammonium chloride (1.5 L). Then mixture was allowed to warm to
room temperature and stirred for 1 h. The organic layer was separated and the water layer
was extracted with ethyl acetate (3 x 500 mL). The combined organic layers were washed
with brine (1 L), dried over Na;SOy, and concentrated. The residue was dissolved in

methanol (450 mL) and methanesulfonic acid (9.2 mL) was added at 0 °C. The solution was

allowed to warm to room temperature and stirred for 20 h. It was quenched with aqueous
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solution of sodium bicarbonate (50 g) in water (500 mL) and additional water (900 mL) was
added. The mixture was extracted with ethy! acetate (3 x 1.0 L). The combined organic
layers were washed with brine, dried over Na,S04, concentrated and used directly in the next

step without further purification.

Example 3F
Preparation of (28,3R,4R,55,6R)-2-(4-chloro-3-(4-(2-cyclopropoxyethoxy)
benzyl)phenyl)-6- (hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol, bis(L-proline)

complex

OH
Q 2

[0148] To stirred solution of Example 5E in CH,Cly/CHiCN (650 mL:650 mL) at -5 °C
was added triethylsilane (28.2 ml, 563 mmol), and followed by BF;-Et,0 (52.3 mL, 418.9
mmol). The reaction was stirred for 16 h while the temperature was allowed to warm to room
temperature gradually. The reaction was quenched with aqueous solution of saturated
sodium bicarbonate to pH 8.0. The organic volatiles were removed under vacuum. The
residue was partitioned between cthyl acetate (2.25 L) and water (2.25 L). The organic layer
was separated, washed with brine, dried over Na;SO4 and concentrated to give the crude
product (230 g, purity 82.3%). This product and L-proline (113.7 g) in EtOH/H,0 (15:1 v/v,
2.09 L) was stirred at 80 °C for 1 h when it became a clear solution. Hexane (3.0 L) was
added dropwise into the above hot solution over 50 min, with the temperature being kept at
about 60 °C. The reaction mixture was stirred overnight at room temperature. The solid was
filtered and washed with EtOH/ HyO (15:1 (v/v), 2 x 300 mL), hexane (2 x 900 mL), and

dried at 45 °C under vacuum for 10 h to give the pure title compound as a white solid (209 g).
Purity (HPLC) 99.2% (UV). "H NMR (CD;0D, 400 MHz): 8 7.25 ~ 7.34 (m, 3H), 7.11 (d, J

= 8.8 Hz, 2H), 6.84 (d, /= 8.8 Hz, 2H), 4.03-4.11 (m, 5H), 3.96-4.00 (m, 2H), 3.83-3.90 (m,
3H), 3.68-3.72 (m, 1H), 3.36-3.46 (m, 6H), 3.21-3.30 (m, 3H), 2.26-2.34 (m, 2H), 2.08-2.17
(m, 2H),1.94-2.02 (m, 4H), 0.56-0.57 (m, 2H), 0.52-0.53(m, 2H).
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Example 6
(28,3R,4R,58,6R)-2-(4-chlor0-3-(4-(2-cyclopropoxyethoxy)benzyl)phenyl)-6-
(hydroxymethyltetrahydro-2H-pyran-3,4,5-triol

[0149] Example 5F (40 g, purity 99.8%) in water (400 m1.) was stirred and heated to 60 °C
for 1 h. Ethyl acetate (1.0 L) was added dropwise at 60 °C over ! h. The mixture was stirred
for another 1 h. After cooling, the organic layer was scparated, washed with water (3x), dried
over Na;SO4 and concentrated to give the title compound as a glassy solid (24.0 g, purity

99.8%). 'H NMR (CD;0D, 400 MHz): 3 7.25-7.34 (m, 3H), 7.1 (d, /= 8.8 Hz, 2H), 6.84
(d, J = 8.8 Hz, 2H), 4.03-4.11 (m, SH), 3.83-3.90 (m, 3H), 3.68-3.72 (m, 1H), 3.36 ~ 3.46 (m,

4H), 3.21-3.30 (m, 3H), 0.56-0.57 {m, 2H), 0.52-0.53(m, 2H).

Example 7
[0150] Crystailine complex of (25,3R,4R, 58, 6R)-2-(4-chloro-3-(4-(2-cyclopropoxyethoxy)
benzyl)phenyl)-6- (hydroxymethyDtetrahydro-2H-pyran-3,4,5-triol, bis(Z-proline) complex
(see Example 5F) was analyzed by X-ray powder diffraction using CuK,, radiation. The
diffraction pattern is shown in FIG. 2 and summarized in Table 1 (only peaks up to 30° in 26
arc listed). The melting point of the complex was determined by differential scanning
calorimetry (DSC) as 151 & 1°C (evaluated as onsect-temperature; heating from 50°C to

200°C at 10°C/min). The DSC spectrum is shown in FIG, 3.
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Table 1
Position [°26] d-spacing [A] Relative Intensity[%)]
4.08 21.62 100.0
6.04 14.63 8.1
7.50 11.77 5.3
9.88 8.95 213
12.31 7.18 9.9
14.22 6.22 6.7
16.44 539 16.3
17.18 5.16 30.9
17.89 4.96 9.6
18.47 4.80 4.1
18.97 467 4.0
19.85 447 7.7
20.60 4.31 14.1
21.10 4,214 14.8
21.88 4.06 5.9
2272 3.91 2.7
23.38 3.80 2.8
24 .49 3.63 2.1
25.17 354 25
26.43 3.37 14
26.97 3.30 3.1
28.36 3.14 2.2
29.23 3.05 1.6
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11. A method for the preparation of a complex of Formula IA:  3wherein the subscript nis 1 or 2;
4121 is a member selected from the group consisting of hydrogen, halo, and C1-05 alkyl; 5V is a
member selected from the group consisting of oxygen and a single bond; 6W is a member selected
from the group consisting of C1-C6 alkylene, C2-C6 alkenylene, C2-C6 7alkynylene, C3-C10
cycloalkyidirel & YTARMEIN &y cloalkylene)(CI-C6 alkylene) wherein the C3-Ci0 8cycloalkylene portion
bonds to V and the C1-C6 alkylene portion bonds to X;

1 1. A method for the preparation of a complex of Formula IA:

R1

.5'...]

2 OH (amino acid), (IA)
3 wherein the subscriptnis 1 or 2;

4 R'is a member selected from the group consisting of hydrogen, halo, and C,-C alkyl;
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9Xis a member selected from the group consisting of a single bond; oxygen; and NR."; 10Y is a
member selected from the group consisting of hydrogen, C1-C6 alkyl, C1-C6 haloalkyl, CI-Cy
11hydroxyalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, (C3 -C10 cycloalkyl)C1-C4 alkyl,
12(C1-C4 alkyloxy)C1-C3 alkyl, ( (C3-C10 cycloalkyloxy)C1-C3 alkyl, (amino)CI-C3 alkyl, (C1-C4
13alkylafiroyeieasagird(Ends sRypcarbsing, (CR e Akbh§ine B@Wyl (C2-05 alkynyecarbonyl,
1ﬁ<(§1 l@ﬁli(alkmw&?@ea:a&i%ﬁ@ﬁ murgfaﬁag&uﬁaaﬁﬁhg@ﬂdt G@Za%leiéaﬂgmﬁ}&é{maﬂ, @B@gherelnl Ialkyl |
alkenyl, a clo and cyclpallce QuPS nd.Y 7are onally partly or
corﬁpletely%%ién and § a¥§00a¥lf¥§?1n§ﬂ VT é i chs gi? é1>’/lziﬁg¥? RO §ér¢ﬂ’ently
selécted fr@mllthfékgmm@ﬁmsmm @f‘éh@rme ,Q"rﬁir@iky%e@@@@mﬂ@ynds to X;

9 X is a member selected from the group consisting of a single bond; oxygen; and NR”;

10 Y is a member selected from the group consisting of hydrogen, C,-Cs alkyl, C,-C; haloalkyl, C,-C,

11 hydroxyalkyl, C.-Cg alkenyl, C,-Cy alkynyl, C5-Cyp cycloalkyl, (Cs-Cyp cycloalkyD)Cy-Cy alkyi,

12 (C-Cy alkyloxy)C,-C; alkyl, ( (C5-C,p cycloalkyloxy)C,-C; alkyl, (amino)C,-Cs alkyl, (C,-Cq4

13 alkylamino)C,-C, alkyl, (C-C; alkyhearbonyl, (C,-C; alkenylcarbonyl, (C,-Cq alkynyl)carbonyl,
14 (C,-C; alkylsulfonyl, {C;-Cy alkenyl)sulfonyl, and (C-Cs
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19Ci-C3 alkoxy, C3-C6 cycloalkyl, and in cycloalkyl groups or portions one or two methylene 20groups
are optionally replaced independently of one another by 0, S, CO, SO, SO2 or NRb, and 21one or two
methyne groups are optionally replaced by N, wherein the heterocycle formed by 22said optional
replacement is other than heteroaryl; and 23le is a member independently selected from the group
cohsisting e msudienyikyl, C3-C6 cycloalkyl 24and (C1-C4 alkyl)carbonyl, wherein alkyl and
cyelpalkylerauRs.ak DAiaRs e aRtigRRINPRHY 2205 5emPpairly: ernaiad2PeRchRP is a member
inq%pendentl selected, from the rog cglrrgisti_ng O%FH, Cl-Ca alkyl and (CI-Ca 27alicyl)carbonyl,
whdrein alky§FSRRLErhBHIBHE SPERRfonAIRr B A8? %‘@rﬂbﬁl@f@ﬁryﬂﬁﬂ?ﬂﬁgféﬁ?u%‘éﬁ by
phb¥maceuticaliytiaswéptalstesiitg thelkett] from the group consisting of chlorine, hydroxy, C;-Cs alkyl,

19 C,-C; alkoxy, C3-Cq cycloalkyl, and in cycloalkyl groups or portions one or two methylene

20 groups are optionally replaced independently of one another by O, S, CO, SO, SO, or NR®, and
21 one or two methyne groups are optionally replaced by N, wherein the heterocycle formed by
22 said optional replacement is other than heteroaryl; and

23 R?* is a member independentiy selected from the group consisting of H, C,-Cy alkyl, C3-C; cycloalkyl
24 and (CI-C;alkyI:)'garbonyl, wherein alkyl and eycloalkyl groups or portions are optionally paﬁly
25 or comptletely fluorinated;

26 each R” is a member independently selected from the group consisting of H, C,-Cy alkyl and (C;-C.
27 alkyl)carbonyl, wherein alkyl groups or portions are optionally partly or completely fluorinated;
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29comprising: 30(a) reacting a compound of Formula Il 340H(lll); and 35(b) contacting said
compound of Formula 11l with an amino acid to foul' said complex of 36Formula IA; 37wherein steps (a)
and (b) are performed without purification of said compound of Formula Ill and 38wherein steps (a)

and (b) are performed sequentially without an intervening protection or
28  and pharmaceutically acceptable salts thereof;

29 comprising:

30 {a) reacting a compound of Formuia II

31 (1)
32 with a reducing agent in the presence of an activating group to form a compound of Formula
33 i
34 (II1}; and
35 {(b) contacting said compound of Formula III with an amino acid to form said complex of
36 Formula 1A;
37  wherein steps (a) and (b) are performed without purification of said compound of Formula IIT and
38 wherein steps (a) and (b) are performed sequentially without an bervening protection or
39 deprotection step.
2. A method in accordance with claim 1, wherein said process is conducted in a

2 single reaction vessel.

I 3 A method in accordance with claim 2, wherein said complex of

2 Formula IA is isolated as a crystalline solid.
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39deprotection step. 12.A method in accordance with claim 1, wherein said process is conducted in a
2sing eac on vessel. 3.A method in accordance with claim 2, wherein said complex of 2Formula IA is
isolated as a crystalline solid. 34 5 64.A method in accordance with claim 1, wherein X is selected
from the group 7consisting of oxygen and a single bond.

5

6 4, A method in accordance with claim 1, wherein X is selected from the group
7 consisting of oxygen and a single bond.

8
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8 95.A method in accordance with claim 4, wherein Y is selected from the 10group consisting of

hydrogen, Ci-C6 alkyl, C1-C6 haloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3- 1 1C10 cycloalkyl and
(C1-C4 alkyloxy)Ci-C3 alkyl. 126.A method in accordance with claim 5, wherein R' is halo. 137.A

method in accordance with claim 1, wherein said reducing agent is an 14alkylsilyl hydride and the
activating agent is a Lewis acid. 158.A method in accordance with claim 7, wherein said reducing
ageht is 16triethylsilaffe and Aalthedis aetardaBraaiipolaim 4, wherein Y is selected from the

10 group consisting of hydrogen, C,-Cs alkyl, C,-Cs haloalkyl, C,-Cs alkenyl, C,-Cq alkynyl, Cs-
1 Cyo eycloalkyl and (C;-C4 alkyvloxy)Cy-Cs alkyl.

12 6. A method in accordance with claim 3, wherein R is halo.

13 7. A method in accordance with claim 1, wherein said reducing agent is an

14 alkylsilyl hydride and the activating agent is a Lewis acid.

15 - 8 A method in accordance with claim 7, wherein said reducing agent is

16  triethylsilane and said Lewis acid is BF3-Et,0.
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9. A method in accordance with claim 1, wherein step (a) is carried out in a solvent or solvent mixture
comprising a member selected from the group consisting of acetonitrile and dichloromethane.

10. A method in accordance with claim 1, wherein step (b) is carried out in a solvent or solvent mixture
comprising a member selected from the group consisting of ethanol, water and hexane. 11. A
method in accordance with claim 1, wherein step (a) is carried out in a solvent or solvent mixture
comprising a member selected from the group consisting of acetonitrile and dichloromethane, and step
(b) is carried out in a solvent or solvent mixture comprising a member selected from the group
consisting of ethanol, water and hexane. 12.A method in accordance with claim 1, wherein said
complex of Formula I is an,aming;acid complex of a compaund selected from the group consisting of:
(23,3R,4R,5s,6R)-2-(‘4-ch|oro-3-(4-?‘2%(zc-m‘gé%oxjethéxy)éﬁ%i’ﬁ ”Seegﬁa}?)’ﬁﬁé‘ﬁi? ¥ B

(hyd rox?Fﬁ@’tW‘)féiﬁWPZiﬁ%fr%@% SQIﬁ?éﬂfi rom the group consisting of acetonitrile and

(2S,3R, 4L bEBR)=Ae(3-(4-(2-(allyloxy)ethoxy)benzyl)-4-chlorophenyl)-6-(hydroxymethyl)tetrahydro2H
-pyran-3,4,5-triol; (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-(2-(prop-2-ynyloxy)ethoxy)benzyl)pheny1)-6-
(gédgzxigetgygéetrgmg.d rﬁ[%ﬁ%ﬁ?ﬂfhé&éﬂfgg Witlh claim 1, wher;in lstep (’{t))) is carlrie% out ii a éolvent
Ehyc’irox’f/’}:r‘?g Yﬁ?lt) @ﬁg%%&@g{é@%@%ﬁ%%&x&%ﬁﬁ omststing gy())f St?lazr}/o},pwaetgy an)d- hexane.
(25,3R,4R,5S,6R)-2-(4-chloro-3-(4-(4-hydroxybut-2-ynyloxy)benzyl)pheny1)-6-
(hydroxymethyl)tetrahydro-2H1syhan 8 acentdaice with claim 1, wherein step (a) is carried out in a

solvent or solvent mixture comprising a member selected from the group consisting of acetonitrile
and dichloromethane, and step (b) is carried out in a solvent or solvent mixture comprising a

member selected from the group consisting of ethanol, water and hexane,
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(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-(4-methoxybut-2-ynyloxy)benzyl)pheny11-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;
(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-(2- (cyclopentyloxy)ethoxy)benzyl)phenyl) -6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;
(2S.3R,4R,5S,6R)-2-(4-chloro-3-(4-(3-cyclopropylprop-2-ynyloxy)benzyppheny0-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;
(2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-(2-(difluoromethoxy)ethyebenzyl)pheny1)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;

(2S,3R,4R,5S,6R)-2-{4-chlo c ) ! | ! O of Formula A is an
(hydroxymethyl)tetralg?/dro él{lglng?/gfar(%% LBé%l(at%{(')?éa‘g?ﬁy(gltépl%)&y QEQQ{I);%QP%B,I fF la IA

(25, 3R ARG IGHORPREECH b FETT IR siocted the bt SERSSBIHBKGSbenzyl)pheny1)-6-

(hyd roxmemmtﬁtratuyb{@aﬁb@ymme@ B bl yethoxy)ethoxy) benzyl)phenyl)-6-

(ZS,3R,4R§ GRgm%AhAfy 59 éﬂ(ﬂh( é@ﬁ%@ﬁlé -enyloxy)ethoxy)benzyl)pheny1)-6-
%yl?t hy

(hydroxymet ran-3,4,5-triol; and

(2S,3R 4RB5* §F§§-»é3(h2c(ﬁ ré% E(M?Eﬁgh@p?&?é%wwR{le}@@ﬁk?tjbﬁgme@yl)tetrahydro—
(hydroxymemypi@trahydinH pyran-3,4,5-triol. 13. A method in accordance with claim 1,

wherei lﬁl& E{'%Oéﬁ . %(?Iec_ _%f ol N olexe) SISt 1 rolln _and phenylalanine.
14. A rr?(ﬁ In accor? (rllccé with alk@mpezh%mr)é%y aid aﬁwlnozbé férollne and the subscript n is 2.
(hydroxymethyDtetrahydro-2H-pyran- 3 4.5-triol;

(28,3R,4R,58,6R)-2-(4-chloro-3-(4-{1-(prop-2-ynyloxy)propan-2-yloxy)benzyl )phenyi)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;
{28,3R 4R.58,6R)-2-{4-chloro-3-(4-(4-hydroxybut-2-ynyloxy)benzyl)phenyl }-6-
(hydroxymethyl)tetrahydro-2H-pyran-3.4,5-triol;
{25,3R,4R.38,6R)-2-{4-chioro-3-(4-(4-methoxybut-2-ynyloxy)benzylyphenyl }-6-
{(hydroxymethyDtetrahydro-2H-pyran-3,4,5-riol;
(28,3R,4R.58,6R)-2-{(4-chloro-3-(4-(2-{cyclopentyloxyjethox y)benzylphenyl)-6-
(hydroxymethyltetrahydro-2H-pyran-3,4,5-triol;
(28,3R 4R,58,6R)-2-(4-chloro-3-(4-{3-cyclopropylprop-2-ynyloxylbenzyl)phenyl)-6-
(hydroxymethylitetrahydro-2H-pyran-3,4,5-trio};
(25,3R,4R,58,6R)-2-(4-chloro-3-(4-(2-{diftuoromethoxy)ethylbenzyl jphenyl)-6-
(hvdroxymethylitetrahydro-2H-pyran-3 4, 5-triol;
(28,3R,4R,58,6R)-2-(4~chloro-3-(4-(2-cyclopropoxyethoxy)benzylphenyl)-6-
(hydroxymethyljtetrahydro-2H-pyran-3,4, 5-triol;
(25,3R,4R,58,6R)-2-{4-chloro-3-(4-(2-(2,2,2-trifluoroecthoxy)ethoxyybenzyl yphenyl)-6-
(hydroxymethyljtetrahydro-2H-pyran-3,4,5-triol;
(25,3R,4R,58,6R)-2~(4-chloro-3-(4-(2-(cyclohex-2-enyloxy)ethoxy)benzylphenyl)-6-
(hydroxymethyhtetrahydro-2H-pyran-3.4,5-triol; and
(28,3R,4R,58,6R)-2-(4-chloro-3-(4-((E)-3-cyclopropylallyloxy)benzyl )phenyl)-6-
yLpneny
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol.

60



15. A method in accordance with claim 12, wherein said amino acid is selected from the group
consisting of proline and phenylalanine. 16. A method in accordance with claim 15, wherein
said amino acid is proline and the subscript nis 2. 17. A method in accordance with claim 1,
wherein said compound of formula Il is selected from the group consisting of:
(2S,31?,417?,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyl)pheny1)-6-(hydroxymethyl)tetrahydro-2H-
pyran-3,4,5-triol; '
(25,312,412,5S,6R)-2-(4-chloro-3-(4-methoxybenzyl)pheny1)-6-(hydroxymethyOtetrahydro-2H-
pyran-3,4,5-triol; . . . L : o

(2S.3R,4R 58,6R)-2-14:chldt S A LSS P E B WAl RS g1 F R TR H AR SR S D -
pyran-3iths:tholgand (26384 R, B BR) D HleiigedaBifd-(2-cyclopropoxyethoxy)benzyl)phenyl)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol. 18. A method in accordance with claim 17,

wherein said amino a¢d is pre,ine ARA.E AURSCHRILISiA 13, wherein said amino acid is proline

and the subscript nis 2.

15. A method in accordance with claim 12, wherein said amino acid is selected from the

group consisting of proline and phenylalanine.

16. A method in accordance with claim 15, wherein said amino acid is proline and

the subscript n is 2.

17. A method in accordance with claim 1, wherein said compound of formula I1I
is selected from the group consisting of:

(25,3R 4R, 55, 6R)-2-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(hydroxymethyl)tetrahydro-2H-
pyran-3,4,5-triol;

(25,3R, 4R, 58, 6R)-2-(4-chloro-3-(4-methoxybenzyl)phenyl)-6-(hydroxymethyl)tetrahydro-2 H-
pyran-3,4,5-(riol;

(28 3R 4R, 58, 6R)-2-(4-chloro-3-(4-cyclopropylbenzyl )phenyl)-6-(hydrox ymethyl tetrahydro-2 H-
pyran-3,4,5-triol; and

(25,3R, 4R, 58, 6R)-2~(4-chloro-3-(4-(2-cyclopropoxyethoxy)benzyl)phenyl)-6-
(hydroxymethylitetrahydro-2 H-pyran-3,4,5-triol.

18. A method in accordance with claim 17, wherein said amino acid is proline and the

subscript n is 2,
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