PROCESSES FOR THE PREPARATION OF SGLT2 INHIBITORS CROSS-REFERENCES TO
RELATED APPLICATIONS [00011This application claims the benefit of U.S. Serial No. 61/091,248
filed August 22, 2008. the contents of each are incorporated herein by reference. STATEMENT AS
TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT [0002] NOT APPLICABLE BACKGROUND OF THE INVENTION 100031 According
to the World Health Organization, approximately 150 million people worldwide have diabetes mellitus.
The two principle forms of diabetes are}gﬁe 1 diabetes, in which the %ancreas fails to produce insulin,

and type 2 diaB&EXCEWHich k(e Ib ddhi Faitth e RA Bohd HEp&AY GHelAINHERHLEYA Sinsulin
istance). Account £ 90% of all diabetes cases. type 2 diabetes is by far the most
common. I both types SN SIRET bR ENGAd I BELA  ranf RSponse o meuli result

in elevatedoiéyels dhsesnph gliwoskithy perglyeémia)) Setiaus Sontplications mssociated with diabetes
include reti 8{36%@/6@ead{'ngftf(j)at\c/}ilsual.im(@a(i)rmi g{?&or blirl}dn(?é?gh cardiovascular disease, nephropathy,

neuropaths,), ulcers 3}13 diabetic foot disease. [00041T Thdividuals with type | diabetes currently require

insulin therapy. While.inms >as 2di can.be. ‘ ith die exercise, drug
intervention also freqéeru'en&[t%/‘%@?\g%lﬁﬁ@&%féiﬁs&ﬁ%ﬂ%agﬁé\gsg%eéggne-third of patients
with type 2 diabetesFElrdht BhididtieNs ¢HRFEApRE SchRiIEibigdnRies K hievdesiease glucose
productior’m@(;frle liveraRgngregse sensitivity to insulin), sulfonylureas and meglitinides (which
stimulate insulin production), alpha-glucosidase inhibitors (which slow starch absorption and glucose
production), and thiazolidinediongg AWiglPsPASE HHHITSeRSIYYIHA: 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
(sulfonylurisas}) andedeing antdoEight gain{tbiazelidinedionesyihherefdenmgivantidiabetic agents
providing improved crlyccmic control and.lacking these adverse effects are highly desired. . 100051
Compoun&“s(gv[/ x??:f?ﬁﬁ )l/bcl%%%ﬁ%%%}t%ﬁlaqlﬁf E‘&%}FEC&?% cUrrent 35 ’ER‘&%F &iini '?é{v% Egﬁzoshz?or use as
antidiabctiedniigh: Compeufids previdustydescribett as: Uséfiicfor, imhibitihgSGLAyifclude C-glycoside
derivatives (; 1nse ribed | _ 26, U, 0138439, 1J; ! 6
usmoso%%g%gg,%égz%%’ggég%% g}?lélgi%éé%ﬁ,’]ségnz6%5’(%(?@4o/géé%’é%ﬁég%g%%g%%%060035841,
US20060122%26:1¢55260602349%3) %02 (0610884204 SZOOP00 4053 & wPed7:36146),
0-glycosidederivatives (suchas these.dessibed inldS6683006, US200501 874168 . I§20060166899,
US20060234954, US20060247179 and US20070185197), spiroketal-glycoside derivatives (described
in W0200608042 1) B5ESheRinc SiR/AtRsenEicn s hese ceydiskeP i ivodude o) and
thio-glueopyrangsid e delivatives (sushamdhess, destitedun Uis20050209300mand-WegARe073197) In
addition to Ehe a %wé§dg§t]sc¥ibeg,in the noted references, new processes arc needed for their synthesis

that can irﬁf%@é 1upoh cu?reorﬁtyilé?ﬁéeand provide compounds in crystalline form. Surprisingly, the

present inx&db{j‘gn gddresses such ngqfd . BRIEE SUNIMARY OF THE 'INVEI\{%BN. 100061 The
present inVention provides mathods o %sreﬁa‘“r"ln%1 OMpOtHYES AAVIRG GR TRRibitoly ‘et 'bh
sodium-dependent §liedsecotrdnspentarS Gt dEherihvention, disg providescarystalline forms of the
compoundp ARG OSL ifranvesplaHTAGe WieR) Sompgstians, YUEG NS MEdRISRyfnd methods
of using the compounds; in ependently or in combination with other therapeutic agents, for treating
diseases ayiek coriditibis auiich avedaffeticd byrSG LT linlsibitiom BRIBRIDESORIRTUON®OF THE
DRAWIN%%duction in the liver and increase sensitivity o insulin}, sulfonylureas and meglitinides

{which stimulate insulin production}, alpha-clucosidase 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), hypoglycemiz (sulfonyiurcas), and cdema and weight gain

(thiazolidinediones). Therefore, new antidiabetic agents providing improved glycemic

control and lacking these adverse effects are highly desired.



100071 HG. I is the general synthesis method of Schemehe preparation of compounds of the

invention. 100081 FIG. 2 is the X-ray powder diffraction pattern for the complex of Example 5F of the
invention. 100091 FIG. 3 is the differential scanning calorimetry spectrum for the complex of ample 6
of the invention. DETAILED DESCRIPTION OF THE INVENTION Definitions [00101 As used herein,
the term "halo™ means a monovalent halogen radical or atom selected from fluoro, ehloro, bromo and

iodo. Prefel?&¥Phalb groapadamshitiviivhibrsbdd [ovtnihsSideilhaiemy tlernicsoitalsd substituent”
means a chemisally andphaumacentically, accentahia QromRy i1 ¢ BQihinat does fet significantly

interfere with the Dre%z%ation of or negate the efficacy of the inventive c.or%r%),ounds. Such suitable
substituent A e toulifaidh bsekasy i ske sringd i the aosutrpd etiBstittd Rfay be selected
from the grogpicensisting, ofd1ale 113 G6 alkylo G200 atkenyty G s00shatoatkyly Q=66 alkoxy, Ci-C6
haloalkoxy, .Ca- l, G3- oalkeny -G8 cycl alkyl)y%i?-CwO alkyl, (CI-Cg __
cycloalkyl)&g%ﬁ(%ﬁ!g%gﬁl’ é‘@%%ﬁ%’(ﬁl@%@ P%é%%%%lcjﬁﬁg&%% ( 3&@%%@(@%3 g% =
heterocyclSalKEHCHEEAIkYISIBR 087 HEterddY C1oalky0CHGH, dkgnybs(G3167F heterogyciealkyKI-C6
alkoxy, hy carboxy., gxe, 8 vl L5 Isultany, |, hetero. aryloxy, heteroaryloxy,
aralkyl, hc%rgé(grdg%%g%?k%?&%%@ég’r%&@%?%%@%%ﬁ%@%ﬁ%%a&%%agnaé ﬁ’éof?asll?&l)amino,
carbamoyl 2000824119 endB PR A0(C 18 C6 Alkeny) szt @iydoalily niaminteay bomytiikyaminocarbonyl,
arylearbonylaniassaspnybttcLe alialisvlionylAnd ipdsulionds Fhagips [pigd abpye as
suitable substituents are as defined hereinafter except that a suitable substituent may riot be further
optionally ipgitiseyranoside derivatives (such as those deseribed in US20050209309 and

WO20060673197) In addition to the agents described in the noted references, new processes

are needed for their synthesis that can improve upon current yields and provide compounds in

crystalline form. Surprisingly, the present invention addresses such needs.

BRIEF SUMMARY OF THE INVENTION

[0006] The present mvention provides methods of preparing compounds having an
inhibitory effzct on sodium-dependent glucose cotransporter SGLT. The invention also
provides crystalline forms of the compounds and further describes pharmaceutical
compositions, synthetic intermediates, and methods of using the compounds, independently
or in combination with other therapeutic agents, for treating discases and conditions which

are affected by SGLT inhibition.

BRIEF DESCRIPTION OF THE DRAWINGS

(0067} FIG. 1 is the general synthests method of Scheme I for the preparation of

compounds of the invention.

[0008] FIG. 2 is the X-ray powder diffraction pattern for the complex of Example 5F of the

nvention.

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

6 of the invention.



100121 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 substituents as defined above. lllustrative examples of alkyl groups include, but are not limited
to, methyl, ethyl, n-propyl, n-butyl, n-pentyl, nhexyl, isopropyl, isobutyl, isopentyl, amyl, sec-butyl,
tert-butyl" tert-pentyl, n-hegdi I BelyP Ridad FrEHady Ok -BHdebYyl ENd#@decyl, n-hexadecyl,
n-octadecyhpigifasy! and the like. Preferred alkyl groups include methyl, ethyl, n-propyl and isopropyl.
Preferred optional suitable substituents include halo, methoxy. ethoxy, cyan, nitro and amino. [0013]

As used hesginy uniess atherwiserindicated; the,term."alkcoyli Alans r.in.compination refers to a
monovalent aliphatic h}(ggcarbon radical havmg the indicated number of carbon atoms and at least

one carboftSF BT UBIBIY bR THE Fadicaf iras: e derddr b Branecked erancrtreEor Z form,
and whererspaeified, optionally substituted with one to three suitable substituents as defined above.
lllustrative examples of alkenyl groups include, but are not limited to, vinyl, 1-properyl, 2-propenyl,
isopropenyhek futenyls2: Retenyhdsobutenyh-2- fsthyld-Rropanty s Lpatenyl, 2-pentenyl,
4-methyl-2-Prentgane)§I,. I? cnlag%?nxl, 2,4:pentadi,en l, 1.3-butadieny| AI"ld the like. Preferred alkenyl
groups inclUdB™ “HUSRIS TS FRRA 25578 Per 2PHake ré’&%ﬁ‘fﬁﬂ%ts“ﬁﬁfﬁ RlibSUlErSRItge halo,
methoxy, etloxytioyarior nitrataric afficey [0014 InAs:tiseddwesein duniss otfrebiisshinticated, the term

alyny® alpnen i combination (efels (o amenavalentaipialic ivdiocarban fadigal igving the
indicated number of carbon atoms and at least one carbon-carbon triple bond. The radical may be a

linear or bisgehedxhaircamciwhefdspetified :oplidnally slkbosiitutaewith @tie tothfeeBuitable

substiiuengs 2s difiged abeve llustraive xamplenahallorykugups inaide byl gre fotlimited to
ethynyl, | -propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyT, 2- pentynyf, -me\fhy -1-pentynyl,
3-pentyny|§>[¢lﬁ%&§’mg’§lh@£9ﬁ% S-heryriplaiertife fkezippate red aligpyiyesups indluderethynyl,

1-propynyhane&sprominyt: Rrefered optionalsyitalle sybstituentsdnglyde_halo, methoxy, ethoxy,
cyano, nitro and amino. 100151 As used herein, unless otherwise indicated, the termlkyl" alone or in

combinatid FETEYE 8 BT GG AISATE BBy DI SARRNEY AR LB ralic AN Hré8 br more
carbons foreing:aicarbieeychiesiagandy wheareispeeiine: patienallysubstitutediyith anesto three
suitable substituents as.defined above. lllustrative examples of cycloalkyl groyps include, but are not
limited to, %\ffgigp‘}f%%@?:s(c;’/b 661?1%?3%1317% (’)ﬁﬂe%%f.' 'éy(j: 6@@)@9 OCféﬁ‘@ﬁgﬁ’tﬁ (é)é%oali%”ll,)%‘if nyl and the
like, Pre_feffé_dfmpﬂimwaﬂ&xﬁab}é, @béﬁtaié@t@ini@lm@ebhap, aihéﬂ]yft}&ﬁhy_ﬁ);efﬁéﬁbfxx&s;ﬁﬂhpxy, cyano, nitro
and amino, {0403, 0= sisra et iniess-olfieMine i cplea. Mgl eloallieivl glone or n

L n\ 7 7 h B
combination refers to a onov_a?enf alicyc 3[1)/(;ollrocar8t‘)n radlcl?;j avmyg threeor nore carbons forming
a carbocycheving ante|sdstionacamaon darbsdeisigdsneand whers Ppeoifitit: optionally

substituted, with gp@dpdher.svitable substituents as defined above. lllustrative examples of
cycloalkenyl 6rroups include, but are not limited to, cyclopentenyl, cyclohexenyl and the like. Preferred

optional syijgple substiluents.include hale-methyl et mehoxy. pHhox, cyano. fifg.aRdamino.

190171 As used herein, unless otherwise indicated, the terms"alky "cycloalkylenC and

"cycloalkeffEhE" § STEP S A BIVAIBIH Yy dipbaibSrdaokamiemetical 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. Iustrative examples of
alky! groups inchude, 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-ocrvl,
n-nonyl, n-decyi, n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl, n-gicosy! 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 herein, unless otherwise indicated, the term “alkenv]” 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



that is formed by removal of a hydrogen atom from an alkyl, alkcnyt, cycloalkyl or cycloalkenyl radical,
respectively, as such terms arc defined above. [09181 As used herein, the term "(C3-C10
cycloalkylene)(C1-C6 alkylene)" refers to a divalent hydrocarbon radical that is formed by bonding a
C3-C13 cycloalkylene radical with Ci-C6 alkylene radical, as such terms are defined above. [00191 As
used herein, unless otherwise indicated, the term "aryl" alone or in combination refers to a monovalent
aromatic hydestarbom eheiciiavingskaodervatidnawmeeofivihgriieatBbcybhictving aid, where
specified, %IBH%‘%{Bééklﬁfémétﬁ%ﬁmﬁg%stgcffﬁh'i@@a%éi&%b'ﬁlﬁk&%ﬂly%Q&&ﬁ@sd&fmﬁ&?@r\é%{;@'UStra“Ve

examples of aryl groups include, but are not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl
and the liké BefePEAERAGIBUIES Sre' BHEAyPRRAWAPHIRGR GBSy sHolBriaistbstituted by
identical on-differentcsuitaile substituentsselected fromhato,yang. Cireid alkyh-£3:G6 cycloalkyl,

difluoromethyl, triflugrgmethyl, C1-C3 alkoxy, difluoromethoxy anéj trifflugromethoxy. [00201 As used
herein, unlggﬁ%{ﬁg?f ’%@“ﬁ%{@ﬁg’@f tHe§l fEPmd‘ﬁ‘é¥§P8 YRty ITE %@%?iﬁ%ﬂﬁﬁmﬁ%igﬁ%&%rs to a
cycloalkyl gioyip asrdefinddahbyectrewhidhdaecdromoreaCarbolis inthawing iadeplacad, by a
heteroatorrgngﬁllceﬁ((:tedgﬁgq(m CN a% an rc()).a Hclf.lastr%t(i}ve examples of heterocycloalkyl groups include, but are
not limited to, pyr¥éﬁ mﬁi’ té}tra?iydrofuranﬁ( p perazinyl, tctrahydropyranyl, and the like. [00211 As
used hereifyinlessoifenyise indicateds ihe. term heferoany alans or i combination refers to a
monovalent aromatic ﬁeterocyc ic raalcaﬁﬁavmg two o hine carbons and one to four heteroatoms
selected frormNpSiandeGformingradivéento iphate dered o noltydlicrenfiedrdicyttit ring and, where

specified, gptionally é&@&ﬁi%%%m%%gpamr%{w@@@@mﬁmﬁﬁs %\‘%&%ﬁ%ﬂf&oxﬁal"Ustfative

examples of heteroaryl groups include, but are not limited to, pyridyl, pyridazinyl, pyrazinyl, pyrimidinyl,
triazinyl, qUifGHIyIPTaBeisheliAy cedinoRatimpcqeharsimil et njih s zinideszolyl,
benzopyrazgiyhibenzetiazalyl kenzisexazolylisehenzafiny) dsai #:%ﬁ&&éinﬁ@mﬂuﬁa&pwid!nyh
thlenopyrlmlqllnyl _py_rzflzolop rlmjdlnyl, |m|da29pyr|d|nes, benzothlgxoty , benzqfuggsf/lhbenzothlenyl,
indolyl, isofﬁ?af%lbf?ﬁﬁé?o Ve oRR Tl az B ez S t8erh 2oy BXa 2ol tesdazolyl,
oxadiazolypethiadiazohydigyrrolghithiazelyb-fury|, thienyland thedikel. Bivesiar skmembered
monocyclic,heteroaryl rings include: pyridyl, pyridazinyl, pyrazinyl, pyrimidinyl, triazinyl, isothiazo]yl,

o B S B A A A DI o R OR oyt

r
LICISITCG g
pyrazolyl, imidazo y“f

thiazolyl, fumyizthienybtard thedikes Eightnitttery-memberedrbicyiclicaheéterdaryl rings having one to four
hctcroatoms include: quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl, benzotriazinyl, benzimidazolyl,
benzopyra#iyibehzatiid Zahdirbenizisoxazolyds isabenzofiieylcisoindobkidyrid aliziayly thienopyridinyl,
thienopyrimidiayl.. pyrazelanyrinaidiny, imidazonyridinyl. benzethiaxalyl, henzofuranyl, benzothieny,
indolyl, indazolyl,aand‘i t‘h’e‘l‘ike. Pre erraéd _optio%al sﬁi’tab?e suvbg%%u{?%(?rli}gfr%c%ﬁéjéi one %IF two identical or
different substacEhes s&lesied fromviale cyanentrdsraliasiG3iCoeyibalikyisdificdroftiethyl,
trifluoromethyl; Gi:C: alkaxy difluoromesbaxy,and.tiflvoramethoxy. {00221 As.ysed herein, Holess

otherwise indicated, the terms "alkoxy" and "alklylox " alone or in combination refer t0 an aliphatic
radical of tHE f8lm QT B, RTHEREIR AHEPIERY derreba ove mmgaivatiie ehaniples shamaky groups
include, bulyare-net limiteedeynmethaxyiketNexy:PFopeXYnISARFAPRYHDLIRXY: isehdtoxdtertiary
butoxy, pcntoxy, isgpentoxy, neopentoxy, tertiary pentoxy, hexoxy, isohexoxy, heptoxy, octoxy and the
like. Prefeﬁ?g]g?RS e FBUBS THCTUS ety AR BthERP 10023] As used herein, unless otherwise
indicated, Ié%tgrm +halo; Ihyl" refers to 2%1 all%% radical as described ?bove substituted. with one or
more halogi Ol St S MBS b P SIS AN NGRS IRBITHS, But'at bt lififEY ¥ thloromethyl,
diehloromethyhifludrométhyi diffwaromiethylidrifliudrofetirpoRr2d2:4ticitoro ety anddhe like.

carbons forming & carbocyclic ring and at least one carbon-carbon double bond and, where

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

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

ethyl, methoxy, cthoxy, cyano, nitro and amino.

[0017] As used herein, unless otherwise indicated, the terms“alkylene”, “alkenylene”,

“cvcloalkylene™ and “cycloalkenylene™ refer to a divalent hydrocarbon radical that is formed



[0024] As used herein, unless otherwise indicated, the term Thaloalkoxy" refers to an alkoxy radical as
described above substituted with one or more halogens. lllustrative 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
otherwisetindioateef, the neinjstrceceoaiaiyinrefers abcenyhikyd ratlichdof ohe feesik valbens as
described.ahavg substitytad.with 3 bglerparyl group as described above. 100271 As used herein,

unless otherwise indicated, the ter "aralkoxy" refers to an alkoxy radical of one to six carbons as

described, gipaye substityigd with,an.ap 9@&%@&@&&9&%&@5%&@% 284369 herein, unless

otherwise indicated, the term "heteroaral 6'xy' refers toan xy radical of one to six carbons as

describediatove Subosaibes Wwitha hatérdamcdoupoad desdribed anovelk1bo29adxs! sl herein,
unless otherwisgipdicated dhe derm icarhamoirefers,te a monovalent radical of the form -
C(O)NH(R), wherein R is hydrogen, CI-C6 alkyl, C2-C.6 alkenyl, C3-05 cycloalkyl, or aryl as such

terms areggfiped aboyer ﬁ&&%%%st&f@am&eimyﬁk@ﬁ%@%ﬁwﬁm&%w itheMimsqdi-(C1-C3

alkyl)amino” and "di-(Ci-05 alkyl)amino" alone or in combination refer to an amino group. that is
substitutetf FitH WA GRS ThEepERa NP sRIBMda HEHT e 1R S a iRy FBCE 1R 61 Ay [OF8¥BB tively.
100311 As tisescheteimhadenmsad tpatiig!, apdoieptmenttuefex o delavingdheuanasrt of, retarding or
reversing the progress of.or alleviating or preventing either the diS(-;'ase1 Oé’ cgndition to which the term
applies, oF ORG OF MOTe SYRIptoms of SUCH diseasa bor conditioR To03B] AL usBE HeP8in, the term
"administérngrheandongdl agminjsiration; cdministratiodaagl astipdsitoryrdbpicakcdntacidntravenous,

!”trape”@J&‘?%béﬁﬁ%@d@%ﬂ%ﬁ1[%&%@%99%%{?9 apasal of. sul “%?”&%2&%9'&%&%tﬁ%téﬁﬁa&%he
implantation of a slow-release device, mini-osmotic pump, to a’subject. Administration'is by any route

including perentsras, eivdtadihsmibessal ey § ofal hadal svagivalorbotatliOrtransderinal). Parenteral
administratianJnchides, € &, NaVeneus, tamuscular. infraaierigle, intradermal, subcutaneous,

intraperitoneal, intraventricular, and intracranial. Other modes of delivery include, but are not limited to,

the use of §paromal fRemplations, IATa¥RRQUS infision; Fansdenpalpaichesiapd e likg, 100331 As

used herein, the term %%rodrug" refers to a precursor compound that, following administration, releases
the biologfeaIR HEWRE E Mot AR S B G ERefTBaY I pHYSTb i CAPMTBCE3E@NT a prodrug on
reaching physiglogiealpk of through:enzyme-agtivuis sonvarted taithe-hiologisallyactive compound). A
prodrug itself may ejth_eg I’ack or ‘i%i‘?i?? s the desired bjological lac,tivity. 00341 As used herein, the
term "comPBUREFIStEY MG é?%%d{?ciécﬁ B4R hagRe IAtbisg e Witk ffation, synthesis
in vitro or geaeration:inrsituiompiranvio 2085 )T ke terms "controlled release,” "sustained release,”
"extended release," and "timed release" are intended to refer interchangeably to any drug-containing
formulatioda Whiets isteldsedf the dsughs notimdedidteh d emyitivaricontralled relaase” formulation.
oral combination refers to a monovalent aromatic heterocyclic radical having two to nine carbons
and one 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. Hiustrative examples of hetercaryl groups
include, but are not limited to, pyridyl, pyridazinyl, pyrazinyi, pyrimidinyl, mazinyl,
quinolinyl, 1soquinolinyl, 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,
pyridaziny!, pyrazinyl, pyrimidinyl, triazinyl, isothiazolyl, pyrazolyl, imidazolvl, riazolyl,

tetrazolyl, oxazolyl, 1soxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl



administration does not result in immediate release of the drug into an absorption pool. The terms are
used interchangeably with "nonimmcdi ate release" as defined in Remington: The Science and
Practice of Pharmacy, 21s' Ed., Germaro, Ed., Lippencott Williams & Wilkins (2003). As discussed
therein, immediate and nonimmediate release can be defined kinetically by reference to the following
equation: kr Dosage Absorption aTarget >) FormdrugPoolabsorptionAreaelimination release 100361
The "absofstichdol" Fepredents-asolution bf thecdeigradministefediag arpartitutar absorption site,

and k" ka apeto, are firstnorder fate.cans @Jf%ﬁ;(&ll{gﬁ%aéﬁngi}g,sﬁé%gggg Helqrmiation, (2)

absorption, and (3) elimination, respéctively. For immediate rélease én%orms, the rate constant
for drug refsagE {3800t Graater treth BaRLEIeGH. ratezionarant kao Fovebifolisdsibase
formulationsgéhe SRPASItR i ey 1. &nidtorskai SHEH thattherate R relepse of.diug from the dosage

form is the rate-limiting step in the delivery of the dru%,to the target area. 100371 The terms -sustained

release” and Etenaod: fapadiragrd hevdihing Bonventiom Beree trfdter 3deaRiy formulation that
provides fanpgradualitelenss of-aidrugrover-anexiend egkperiodof times forxamplesd<-figurs or more,

and that preferably, although not necessarily, results in substantially constant blood levels of a drug
over an ex Eor?&%‘cii%i’rﬁ%mﬁ%r%d. 16‘8&5@?75\@% 5510 %EV ’ir‘f?%@rf)é?ﬁjiggefﬁ PSS Gistets to a

pharmaceuticalyprefaratiorttihat passedthroughothe stomach intact and dissolves in the small
intestine. General [9939] The present invention provides processes for the preparation of intermediate
complexes #at cartbescdddityicomlertedhtowcompdivadd havingman iihibito s effektiony” alone

tances, the complexes
D

sodium-de cotransporter SGLT, preferably SGLT2. In some ins
themseIves&ﬁ{g%z‘%kg]ik\%i{fg%%?ﬁﬁﬁggr@éﬁ%@ E‘#{édd %?mgéec]%ﬁnp‘éﬁﬁ%%é aicvéo‘frﬁﬁ‘r!i}gqﬁ H‘Edﬁresent invention
also have aafirtilisiory efbstranvssdimplaepertert glacrsadotanspertersBhiTid @wing to their ability

to inhibit SGLT, theaompaunels of tae Bresent inventian arg SUltahls farihe tealment andfor
prevention of any and all conditions and _ “
1sopentoxy, neopentoxy, tertiary pentoxy, hexoxy, isohexoxy, heptoxy, octoxy and the like,

Preferred alkoxy groups include methoxy and ethoxy.

[0023]  As used herein, unless otherwise indicated,, the term “haloalkyl” refers to an alkyi
radical as described above substituted with one or more halogens. Illustrative examples of
haloalky! groups include, but are not limited fo, chioromethyl, dichloromethy!, fluoromethyl,

difluoromethyl, triflucromethyl, 2,2, 2-trichloroethy! and the like.

[0624]  As used herein, unless otherwise indicated, the term “haloalkoxy” refers to an
alkoxy radical as described above substituted with one or more halogens. Tlustrative
examples of haloalkoxy groups include, but are not limited to, trifiuoromethoxy.

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 “heteroaralky!” refers to an
alkyl radical of one to six carbons as described above substituted with a heteroaryl group as

described above.

[0027]  Asused 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,



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 type | and type 2 diabetes mellitus, hyperglycemia, diabetic complications (such as
retinopathy, nephropathy [e.g., progressive renal disease], neuropathy, ulcers, micro- and
macroangitatiie s’ srtg disbancuidotsdideassy indulitedesistanoe nmetsbolosyhdiome(8yndrome X),

hyperinsulingsmia, AyReHENRIon s&y&%mgﬁgﬂ@g&i%@éi%{}%@m@ﬁﬂy@iRiféﬁ%%m%é%ig?gsg%fai'ufe’

atherosclerosis and related diseases. 100401 The methods of the present inventi articularly
useful as A& 88N an efficient process for the preparation of SG LT: inhibitors. In contrast to the
methods described in US 2004/0138439, the methods of the present invention involve the reduction of
an intermeld&tel fofovrserdipcamprsefoifivation Witivardarhireracisathmensin thémsmplex is solid,
typically crystallinrnandicanbe dopmedQuiagasealewitheul interysning, Rrotgctiop and &protection

steps. By removing the protection and deprotection steps, the final product can be produced in higher
yield and ifﬁ%@éb&%ﬂ&gﬁ}%@ﬁérﬂr ifRFHREEI s ridRiErfeResFe difficult to remove with the known

processes, it%ill further, contaminants resulting from incomplete deprotcction (for example, a
mono-acetiated inteHiriSIE R CAR B biff i 8 rambr irare dfdet: Sbebamine grdsent
methods pravide-Oenfitsofiincraasedn/iicldripeatbandredusedGastiouing.tosaseducagd number of
steps) and decreased solvent cansymption; and further minimizes impurities from entrapped solvent
2 oLt LU RS T Ao G 1 ariRnest 6 Bt iy BOTERTIER oot withou
purificatio e compound of Formula Il, 100411 The present.invention also provides crystalline
forms of arl‘u{%flsct)ﬂacfé)‘ i’c%er%(:lupgeC)r(%E"oxi (thqg(:‘:ﬂf)}'?‘3'1rt=5¥rcff1 %L?‘?C!ijnﬁ?cba%%’} [665?5&0%@%?&%3%’%\%?1 fon further
provides phiémiageuticalrsmm pfositionssefprisingiamneffegtivecaringurithef d@eompetad or mixture of
compounds, aecarding. réﬁ yention, or a pharmaceutically acceptable salt or prodrug

(,SO 1 I%IEI {Q g&ﬁ(?c (P {S%? 4 ré%¥8rg)ll Ola?: T go%%fj?ﬁg(f‘oms (}? SMC% C%S(?Idbc ?EI rg.t%némog

thereof, in a pharmaceutically acce € carrier. [ present invention er provides

synthetic ifjgiidiates. and aiqeasscs for prepatiag.the sompaunds, of e, present nuenien. 10044]
The present invention also provides methods o us;rf{; trﬁe‘ compounds accoralng 0 the present
invention, MdepepReitly: Simnecmbiatvhaiiteasther therapeaticagents; for tretatingadiskases and

conditions;whigh.mayshe-afiacted R fdnhibifion ;1{9%?]3?;&%?{ e InVention alsp.proyides methods
of using the compounds according to the present invention for the preparation of a medicament for
treating diSEASEEHHY BBREItIOASSWITCh MAPBE aHEdtetl BASGPr T iRbe Petaisd Brbodiments
Compoundsiand:Riepayativedethodsd0a4tldn.one aspest-the presentinventieneroyides methods
for the prepa{aéion of a complex of Formulg!: . .

nciudes, e.g., infravenous, miramuscular, intra-arteriole, intradermal, subcutaneous,

infraperitoncal, intraventricular, and intracranial. Other modes of delivery include, but are

not limited to, the use of liposomal formulations, intravenous infusion, fransdermal patches,

and the like,

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

possess the destred biological activity.

[6834]  As used herein, the term “compound” refers to a molecule produced by any means

including, without lunitation, synthesis in vitro or generation in situ or in vivo,

[0035] The terms “controlled release,” “sustained release,” “extended refease,” and “timed
release” are intended to refer interchangeably to any drug-containing formulation in which

release of the drug is not immediate, 1.e., with a “controlled release” formulation, oral



100471 wherein the subscript nis | or 2: 100481 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, oxazolc. oxadiazolc, imidazole, thiazolc. thiadiazole,
triazole. thiophene, furan. pyridine, pyridazine, pyrimidine, pyTazine, benzotriazole, benzimidazole,
indole. indazole. triazolopyridine, triazolopyrimidine. purine, quinoline, isoquinoline, cinnoline,
phthalazinedmuinézolingoguimdxetitien [iBumnaphthysidine of tBemhp@thyridiméscbeﬁmumobh@he
benzofuran ancbetaihiazole: 104834, 16 SRR Are cach memgts indepgndentyselected from
the group consisting of hydrogen, halo, h drox C1-Co alkyl, C2-Cb a aIkynyI C3-C10
cycloalkyl, %51?@507@Eynéwallkéﬂwh@ﬂﬁ@@amyl%ﬁy,CGB"E@B@ Eg;lelémnymy Wémmaﬁa%ﬁ@nwherem alkyl
and cycloalkyl groups 9 perlionsare;aRtionally,mopas epevsubstituted by fuaring,:orywhen Rl and
R2 are bound to two adjacent C atoms, R1 and R2 are optionally joined together to form a C3-05
alkylene, C3- Wﬁ?&%ﬁﬂéﬁefw‘b‘ﬁ%?&ﬁ%@ﬁe bridge, which is optionally partly or completely fluorinated
and is optionally mono- or disubstituted by identical or different substituents selected from chlorine,
hydroxy, C1-C3 alkgx and C5 C8 alkyl, a% reln onek.or two thé/lene greups are optionally
replaced independenil b Fg i&@?—m r%\ d wheretn-&ne or two
methyne groups are optlonally f gﬁaced by N: Or optiohSIPERR or AidTe of RIMB30d R3 are absent:
[00501 R4, R5 and R6 are eaci Miémbers mdependently selected from the group consisting of
hydrogen, halo, cyano, nitro, hydroxy, CI-C6 alkyl, C:-C10 cycloalkyl, C1-C3 alkyloxy and C3-C10
cycloatkylox Whereln alkyl and cycloalkyl groups or portions are optionally mono-or polysubstituted

by fluorinel P he A8 4 SNBSS FE N o IHEHE Hi SR ICha s  RAEHE RS b BptAlly joined

together taifesmtane3:0oadkylananLB-05 akenylens ordutadienylene - bridge; mhichis aptionally partly
or complet%glfﬂuon ated dr)‘nd IS0 Ilonalgqégzno .or disubstituted by jdentical or d|ff rent substituents
r

selected from GRIOF mnh BRI 3 S1eohS BB S R i Woh SRS BHE SRS methylene
groups areim%orﬁaﬂywebd:aaerhmﬂameﬁdeinﬁlgr@fdane}aﬁtofhkesﬁby@ tharCh, 5082 ardNRb, and

wherein ong.or.iwe mfét%n% grouRsS gdrseeggtlor%lxarseg ac(g‘al%dp % Qr optloqally<§8(§ ore of R4, R5

and R6 are absent 100511 optlonaT Y, one of R3 and ferein 75 a member
selected fr?bmﬂéﬁé(é retRg seorisisiing ot dxydenzsitior, SO SGimntasingtetivodd; L0081 is a
member sglgcted;fromdhe group consisting of C1-C6 alkylenc, alkenylene, C2-C6 alkynylene, C3-C10
cycloatkylene Cs-ClI() cycloalkenylene and (C3-C10 cycloalkylene)(CI-C6 alkylenc) wherein the

C3-C13 cyqipaikylene partion honds:toV.ard the-Gl=C0.alkylene porfian hapds 19, X and wherein

alkylene, alkenylcne alky dc)élene cycloalkylene and cycloalkenﬁ ene groups or portions are optionally
partly or cSFfetely UG et At S0 Ftio many #id my- Srenslisstmaet wirsupsetdants independently

selected fromiheigroun consisting @i&nﬂmme Hayst @xm&d- Q%@llsy]w@i@mw%ﬁ%%yﬁmalkyl C3-Cé
cycloalkyloxy, C5-C10 c&(/kcloalk n éj C5-Cl10¢c cIoaIkenonxy and in cycloal}éllene and

cycloalkemyier& gréupsor portioné o?%?&"ﬁng S’/Tjeiﬁéeéqr(?ﬁf) HEPSptiGhaiy1epidted independently
of one anagthésdy 0O, S, CO, SO, SOZ or NRb, and one or two methyne groups are optionally replaced

by N; [00541 Xis a member selected from he group consisting of a single bond; oxygensulfur; NR,a,
SO; and SPA3HH055} ¥sist amemben seletiddyfro mitheyretpconsisting:0f hyaiogen: GikneC6 alkyl,

CI-Cs halagliyl, G- VAR C2:00 Ak CA RERIMIM 2520 cycloalkyl, C5-C10

General

{8039}  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 ghicose cotransporier 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 giucose
cotransporter SGLTI. 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



cycloalkenyl, (03-C10 cycloalkyl)C1-C4 alkyl, (C5-C10 cycloalkenyl)Ci-C3 alkyl, (C3-C10
eyeloalkyl)C2-C4 Amyl, C3-C6 cycloalkylidenmethyl, (C5-Cm cycloalkenyOC2-C4 alkenyl, (CI-Ca
alkyloxy)C1-C3 alkyl, (C2-C4 alkenyloxy)C1-C3 alkyl, (C3-C10 eyeloalkyloxy)Ci-C1 alkyl, (C5-C10
cycloalkenyloxy)Ci-C; alkyl, (amino)C1-C3 aikyl, (C1-C4 alkylamino)C1-C3 alkyl, di-(C1-Cf
alkylamino)C1-C3 alkyl, (C1-0, alkyl)carbonyl(Ci-Cf)alkyl, (C2-C6 alkenyl)carbonyl(CI-Cf)alkyl, (C2-C6
alkynyl)carberHCha0aafictarylcarohyiGiec€FGL Theteroprylatiro bnyGCIECT3 alkyliyCI-C6
alkyisulfonyfdsfe3 ks (GRdR AkERNLSY %I%%@%—iﬁ(%'fyé 69%@&@!&}4@%‘8@?9&&%301 alkyl,

(arylsulfonyl)CI-C, alkyl, (heteroarylsullonyl)Ci-C3 alkyl, . aminocarbonyl(CI-C)alkyl,
(C2-C6 alkeHghEnih fapBoRYIC T aIyETCE -EeaRky yDaRiisearboniGre etk e
(arylaminogashany| ¥ed sk alkyds &B?t@ﬁ%@f;ﬂ}@%{@%&)ﬁ&%@ﬂ%&z(%;@?@i}y&%bdonyl- (C2-C6
alkenypearhanyl,alkynypearbonyl, arylcarbonyl, heteroarylearbonyl, (Cr-C6 alkyl sulfonyi, (C2-C6
alkenypsuffb'irliﬂ?ff“(é%@%%ﬂ%%/f)?ﬁh&ﬁ%ﬁ&%%% oS AR P U C- 8 AR Rtifimy |,

arylsultinyl heteraayylsufinygh G- piyBamnasarbenyhi(G26E6 alkeaypaminacaraonyl, (C2-C6
alkynyDaminocarbon 'Ii' Cr)){laminé)car_b 8{’1'&1 hetcr. ?r Iaminpciarbony, (CI-C6 alkylsulfinyl)Ci-Cf alkyl,
dsulfinyl) CIECS A1 (haterSary ST, -@@“‘é&n, PR A CaRERYF SIRYny1, cycloalkyl and
cycloalkenyygroupsroi partiotys @renaptipdgiiycpastiylon cormpletély flucrinatediane asedptionally mono-
or disubstingﬁggéJa/isscl%p@%t.ituents independently selected from the group consisting of chlorine, hydroxy,

C1-C3 alkyl, CI-C3 alkoxy, Cf,-C6 cycloalkyl, C3-C6 cycloalkyloxy, C5-C10 cycloalkenyl. C5-Cif
cycloalken XY aq@ bRf in cycloalkyl and eyeloalkenyl groups or.portions one or two
Pd P .(Nlﬁ%%dsl O Gl gmgcgtmn S R/d%é%cup%‘ uxbﬁjrdﬁgzﬁb? éc’pgbe’né?ﬁ:’ 502 or NRh,

methylene groups are optlonaa%ﬁep aced independent one ano
and one oetiaridtriases geo tpareopvorndl i replacdcbbyrN, ivlkensirsthethetertioylsle formed by said

optional replacement Lssoib@ifm@@4@9}%9%&(laz%oo’%%e%iés@nmgoaﬁﬁgéﬁé%fs@tﬁr@mdﬁb&ggé%%ﬁ

consisting of oxygen: sulfur; SO; 502; 1,1- cyclopropylene: carbonyl; and methylene optionally
substituted W BRE 8 1R) letiBS v erite It Eperdently dete crairfrafithaliTriydReeRraicE & alky|,
C3-C6 alkexys G-CacysiaalldansiC3.Ge rysloaltylaxy LA0571Ba isa-membsrindepgndently
selected from Ctjhe roup consisting ofC1-C6 C3-C6 cycloalkyl and (C1-C4 alk%lL)carbonyl wherein alkyl
and cyclodlRyIGGrELIES 5P SERione dr S B RSHARP AR Br COmIERy iR pRaTe @Bﬁ)‘%}’é‘éﬁfh leis a
member independeaity:selacted-fromi thel group-consistingaoidl: BlipGaalky angdyGinCAhar

aIkyOcarbngyé,i%\{Qeﬂet\(i)n%‘awlnkggl_w rg&p}.}g/@:ﬁ l#oortions are Opgoﬁ-}%ﬂ artlg or c.omplete!_}éﬂuo inated; 100591

each Re is'a member Independently selacted from the group consising OFF ETC Ay c3-co

cycloalkyl, GERiRe, SOCRIE (D) ORdand. G (NRdRe; whkreimalkykand eycloakyifralps are
optionally parthy Cheampietelnluarinaled: 20 RAROLTARNG Re, each IndSRERASALY rgRigpent H or
Ct-C6 alkyl, wherein alkyl groups are optionally partly or completely fluorinated; -

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

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

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

compound of Formula 11,

{0641} The present invention also provides cryvstalline 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 thercof, in a pharmaceutically acceptable

carrier.

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

preparing the compounds of the present invention.



[0061]and pharmaceutically acceptable salts thereof; comprising: (a) reacting a compound of Formula
I RIR2R4 R6 HO OMe R HOOH OH(Il) with edu g agentpresence of an activating group to form a
compound of Formula ill OH(Ill); and (b) contacting said co ound of Formula I.th an amino acid to
form said complex of Formula 1,

[6044] The present invention also provides methods of using the compounds according to

the present invention, independently or in combination with other therapeutic agents, for

treating diseases and conditions which may be affected by SGLT inhibition,

[0045] The present invention also provides methods of using the compounds according to
the present invention for the preparation of a medicament for treating discases and conditions

which may be affected by SGLT inhibition,

Detailed Embodiments

Compounds and Preparative Methods

[0046] In one aspect, the present invention provides methods for the preparation of a

complex of Formula I+

A 8
Y,
3

OH _ *(amino acid), (I

[6047] wherein the subscriptnis T or 2,

[6048] the rings designated by A and B are sach independently an aromatic or
heteroaromatic ring or fused-ring system, selected from the group consisting of benzene,
naphthalene, pyrazole, oxazole, oxadiazole, imdazole, thiazole, thiadiazole, triazole,
thiophene, furan, pyridine, pynidazine, pyrimidine, 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 independently selected from the SToup consisting
of hydrogen, hale, hydroxy, C;-Cs alkyl, Co-Cs alkenyl, C2-Cg alkynyl, C3-Cyg cycloalkyl, Cs-
Cio cycioalkenyl, C-Cg alkyloxy, C3-Cio cycloalkyloxy, cyano and nitro, wherein alkyl 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
Cz-Cs alkylene, Cs-Cs alkenylene or butadienylene bridge, which is optionally partly or
completely fluorinated and 1s optionally mono- or disubstituted by identical or different

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



[0062] wherein steps (a) and (bc performed without purification o aid compound of Formula 11l and
wherein steps (a) and (b) are performed sequentially w out an intervening protection or deprotection
step. 100631 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. 10064]
The present imvemntioplincludes wdl taptormdls wpdsibredisondens ph tompoothdstof Gosnitda |, 11 and 111,
either in adeigiyre, oI AP OF SUASIANUALY UG BICT: T8 SRmpaunds elie araseniavention can
have asymmetric centers at the carlbog atoms, and therefore the compounds of Formula | can exist in
diastcrcomefieret erastisrineric §6Rndlorrdikiuresatiieréof. All conformational isomers (e.g., cis and
trams isomers) and alll optical{isomers (e.g., enantiomers and diastercomers), racemic, diastereomcric
and other idtireof BustiBomerscaswalles seraresniydrites disomoRsso o RAOTPAS and
taUtOmerscﬁr}%féé\éﬂQH&}H&&Q@B@&MH&_B%%@N, i@}@@@@yl?@ﬂm%f}%a@i@?@ﬁe@;%PQ;%EQJ{?%Q the

present invention can be prepared using diastereomers, enantiomers or racemic mixtures as starting
materials. @ﬂﬁﬁéﬁﬁ‘@%‘fﬂ?&&e\‘@@?ﬁ@r%&ﬂ BELRHHGHY RS RHRS TR 8 SR ARALRRF Y BRfShatography,
fractional erysipllizasinnar wtiRomethedshknavantorPasereliskitbinbhedgte 1Q06RT e’ prasent
invention also provides methods for preparing prodrugs of compaunds of Formula I. Prodrugs of
compounds & B OB RHITLTGHE B P oI CEarb ey AILeBYEHE S ARAEHE Eifors,
hemi-esteisidhoshhbrissesters | niirale sterenslifate fostens; <cidfakides;iamigespsarbamates, azo
compounds. phosphamides, dlycasides. eilers, acsials . and kelals, Bradryg gsters apd carbonates
may be fouued, for example, by reacting one or more Tﬁydcroxylrgroups of co poﬁlh s of Formula 1 with
alkyl, alkoxikorsaegti Substiniked anylatitgreagentsvasimgimetsqrisumenm i ahoseropiskitdin the art to
produce methyl carhangies . agelales, Rerzeates cpialates.and e ike. Hiystrative examples of
prodrug esters of the compounds of t%e present invention include, but are not limited to, Compounds of
Formula | H8ViRfEs CRFSGRYYHEIEEEMHErE ATt free Hyere gerisreplcdd BH® | e 4%if1; CI-C7
alkanoyloxymcthyl, | C -05jalkanoyloxy)cthyl, 1-methy1-14(Ci- C5 )alkanoyloxy)-ethyl, C1-05
alkoxycard8#5AbxyrrEtRyIL-¢re PIOS)alkoky Earboyloxy) stksE T -methyl- |-((C i-Cf;
)alkoxycarbonyloxy)ethyl, N-((C)-05)alkoxycarbonyl)aminomethyl, 1-(N((C1-05)alkoxycarbonyl
yamino)ctHPP Bphthatidynemeebtsivsiac i }Ww&@w&\/ﬁwﬁm sulfur; SO; 50y and a
di-N.N-(Cl:z2)alkgdamino(C2-Cz)alkyl (e.g., beta-dimethylaminoethyl ). carbamoyl-(CIC2)alkyl,
N,N-di(C1-C2)alkylcarbamoy1-(C1-C2)alkyl and piperidino-, pyrrolidino- or morphohno(C2-C3)alkyl.
Oligopeptiig:mpdifications and-higdaegradable palymeandatvatives (as descriked, for example, in Int. J.
Pharm. 115, 61-67, 1995) are within the scope of the invention. Methods for selecting and preparing
suitable proBAIgS Are prov e Y67 exarple XA B TGiRwinig: 7. MR AT - EtEa Prodrugs as
Novel Deliveny Systems;”, Mol a 14| ASS bympdsiumSeies iR 75nk pBund gaatd ;6 esigntef Prodrugs,”
Elsevier, 1985; and, "Bioreversible Cargiers in Prug Design,” ed. Edward,Roche, American
Pharmac;tc?ti"(;éeildL L5 ?gﬁofr?)ao 13’de&’rtgoa5réﬁ6111211 ‘?egéc,gl @?’.%i%‘o%%ﬁ C@“m‘%%% FFthe present invention
derives fromxcthdlsteprisinhcslidcoeny thatamiroeapidtcomplexes ol Fotladrcampletprepared and
isolated, typjeally e rysialine selidwuihout rplectionand depratactipn steps following.dhe reduction
nd o Formula Tll. i

of a compou Formula II'into a compound o Still further, the method can be applied to

crude readfion MmbElTER cCiETEE eompoimdYerEshulaslilard frebted with &n-anfindwéldto form the
desired complexwilhgylaurificatign ofishe.campeunder, Earmula ioL006 7L T urninginew do the

inventive methods, compounds of Formula Il can serve as starting materiels and can be obtained by
methods KBV HEtHEEE SRRt HE PRt RSB & o XA Y 58S 200810804256 P D 01687802824, US
2006/0258%4& bk 2B05/020946645 208403383390 S RBO3/006493b:dSEMN:12/Q60:£67, and US
2009%0118201 and as rgvi_gﬁgd in he Examples below. Preferably, the compounds of Foonula li are
provided a¥ SBRUR HRHSHGH Gilg¥and solutions of the compounds are also suitable. [90681 In step (a).,

the compounds of Eormula 1l are reacted with a reducing.agent in the presence of an activating group
0 orm & cburs BB RTA TS e P R Bk R i e BT SRR g e, rmove
particularhyN&A, &Ry sity/Bkydride such as triethylsilanc or triisopropylsilane. The reaction is typically
carried out in the presence of an activating agent such as a Lewis acid, with BF31t20 (boron trifluoride
etherate) heaigipreferre D693 Brieddtskithinglerarmwslbappeé tiate that @ varety ol celiditions can
be employed faL.ihe redugtion, of serroundsefEermuyla Jl g, compeunds f foimula il Generally, the
reactions are carried out u‘?/com’patl\{) e aprotic solverits suc}:ﬁ s’'dichioromet lz%é, acetonitrile,
dichloroethane, chloroform and toluene, as well as solvent mixtures. In certain preferred embodiments,
the starting material (compounds of Formula II) in solvent is cooled to OC or less and the reducing
agent and activating agent are added gradually to the starting material. The reducing agent and
activating agent are added in excess (from 1.1 equivalents to about 6 equivalents based on the
amount of the compound of Formula 1), typically a 20%, 40%, 80%, 100%, 200%, 300% or 400%

excess, or more. The reaction can be stirred with cooling or can be gradually warmed (generally to
room temnaeratiirel and monitoread 1intil no fiirthear lnce nf etartinA Mmatarial ic nhearvvead




[00701 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 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 111 that can converted to the complex of Formula
| without agditieliahplrificétionyriethods (g 4 EhraMatographyirecystallizatkon)(A.6071] Turning next
to step (b),¢h pc%po f ula | unt sufficient to form
ci of Formu %daﬁcﬁ g @ : !:?O% f‘a gé%l] %Eryse%ul in }fhg presentgj‘{llrCarjao ik

the comple |et of amino s are vention, mclUdlng for

example, the- ﬁaﬁikﬁfﬁrﬁﬁo@nﬁé@’ p(r’éﬁe?abﬂ;'@@bﬂr‘abﬁﬁmgdﬁkbdttﬂiar@mﬂm‘adﬂdé@m)éeﬁ@m preferred
embodiments; the, amino.acid is.selected-from Drpraline: Largfiine, é@ -Rhenvalaning: Lyphenylalanine,

D-aspartamine, ‘and Laspartarnrne he amount of amino acid used for complex formation will depend

on the ratit/st effito-heid ! tormpburferitithe (&eﬁmﬁ]%rﬁﬁl@@‘fégrr&aﬁ%a Sfigtitsexcess of amino

acid is usedkdnonexample; foprgrarecomplexes RhFermUta lvharein nisZrakeut 28.to 3.0
equrvalent%é\eé @nno aci (relatl e.tg the cggng(pound of Formula Ilgaare used. Preferably, about 2.0 to

2.5 equivadl FETD q}sgd&]éft b)is YEHSEAR darmidd Bl In &5blvent or a mixture of
solvents. @hensiiitifoley soryemdmpkwte (hclildes letangand wallel, withadded igxaneiesiheptanc.
[00721 Th Dresent esf harm ceu all le, salts of compounds of
Fo.mula | rodrﬂ%ﬁ reo On @sétﬁgl%@n be Uised’ &8 Eeage? Eyt Epi)lb%élre the
pharmace&iﬁeaﬁyceﬁmeptaibteyﬁﬁd@ddﬁhﬁn(§a+t3:r>@ﬂti?le*%«lb)astmccm’q@wrﬁﬂsmﬁﬁ}m@inventlon are those
which form.pensieic,asii adivon ealten 2o aaks,aRtaliing LAk (glggtﬁat'r acceptable anions

(such as the hydrochloride, hydrobromrde hydroiodide, nrtrate Su fate fate. phosphate, acid

phosphate!'ad et ngetate Ceittitay Hewbertratél tdrtrateybitearbeeysandinsienyhaleate, fumarate,
gluconatep sarcharateohenzoate, | thémaylf%@t& %tba@%uit@mt%cb%az

p- tquenesquonate and amoatblé \@ - methylene-bis-2-hydroxy-3-naphthoate salits) The bases that
78th

can be us¥d 8¢ ¥xGeht & phaftfataiies y%féeé ablBchsE Hand BT HHE atidic
compoundzapf)ttaerpre&entynveru@m&r@m@ﬁﬁhmﬁttf@ﬂ% rqoatzwmpasemtt&mmch compounds,
including, bu nat limited to. those derived from ptable cations such as alkali
metal catidr s}d(emoc"‘r é‘é)iurnmﬁﬂ ﬁﬁ“é??&t%aﬂ% gt%f’a"lﬁ‘g’ r@%} h%t&{ké'i tions (e.g., calcium and
mag nesrumx)ylaﬁtr&"zn@bﬁ]n( ‘or\valtehsotulle ﬁﬂﬁmbe)ﬁd{ﬁuaﬂsalt&xsmh AsyNul meﬂhyigtyﬁaminc
(meglumrnez ow rF\ anpl(%nmo(nrugnmaonlgde{thg% po%% sait of hanrlm]ag uric r?/ i%eptable
organic amynes eg me,tchyamrne et ne, propylamine, ime y?arincfn rethanolamine,
diethylamiég, dtﬂbatyta?ﬁﬁiﬁem@@tﬂfa@wn@t‘mm@ﬂ}ytahmﬁeCMeWammi Em’—%crretﬁ@mﬁ@
hydroxyethylaming.; marmheling Riperazine. @Ebyqﬁ@abten@am fylxsrteé%osta%n'(ttne& [00731 The

present invention also includes isotopically-labeled compounds of Formula I, wherein one or more

atoms are tERECEPBY bnd-or iidre! }atéﬁtsfha@tn@%b@é‘i%%?ﬁmrénﬁtagg Ror #7498 AUfiAIsdrs] Examples of

isotopes that eandaaincomeited iesaaRoundsahtas inveptisndnalugechut arenetlimited to,
isotopes of h dﬁ@g%%%rbon nrtrogIi qoxy en, fluorine, sulfgr and chlorine (such as 214, 314, I13C,

4, 15N, 180, QAP EEED) Gsotdpicany-RBefd conBoHESOFEGHHMT &FRi'Brodrugs
thereof, asrweflias idigtopicaty tabeled:phamisicawticali- aceepiable:salist pheompatndsofFormula |
and prodrug)s tr*heregf are wrthrn the scope of the present invention. Isotopically-labeled compounds of
the present mvenPon are Wseful in assays of the tissue drstnbutron of the compounds and their
prodrugs etabolites; efer to for such assa s clude 3H and 14C ition, in
certain crrw@an%e% “suibs t%rtlgncgvlé? Oe;%(\%ﬁer* socl)lt%f)(e%w’stﬂ "ﬁéut‘er“rﬁm ’”rz%ré %%li% ﬁgwde
increasedayretabalid stabilithowyhichdoffetfs therapeonic ackuamag@tsxmtﬁmhrasmnerea@edlmmt\zo half-life or
reduced dasaas ieakirements isaepicalliialeied compounds-ol s invertion angypipgimas thereof
can generally be prepared according to t thods descrrbe rern by su tutrng an
isotopically:tabéiedadayént for a non-isotopically labeled reagent [00741 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 E¥b0dirRerts, BRELSE R"daﬁ?ﬁiééﬂ&&\‘ﬂ\ﬂm@\ﬁ%eFéiFPWreprﬁeslefrﬁs}%ﬁyéerfeﬂﬁxE ngle bond.

[00751 In preferred-.embogdiments;, @H&rmﬁ%@ﬂdﬁxﬁéﬁln\!nyf\/réﬁ(té’“l}%ﬁﬁﬂ A C%E’Eﬁ%ﬁﬂt%ﬁl -C6
alkylenc, C2-C6 alkenylcne C2-05 al%éélene C3-C10 cycloalkyléne, or (C3-

cycloalkyl%‘ﬁéi?@ﬁ“é% Eﬂ(’)}lbﬁéf(’fﬂ%‘a X pFerred embodiments, one of R3 and R6 is -V-W-X-Y,
wherein W represents C1-C6 alkylcne, Cn-C6 alkenylene, C7-C6 alkynylene, or cycloalkylene. In
each of these groups of embodiments, alkylene, alkenylcne, alkynylcne, cycloalkylcne and
cycloalkenylene groups or portions are optionally partly or completely fluorinated and are optionally
mono- or disubstituted by substituents independerifly selected from the group consisting of chlorine,
hydroxy, C1-C3 alkyl, C1-C9 alkoxy, C.3-C6 cycloalkyl.cycloalkyloxy, C5-C10 cycloalkenyl and
C5-C10



cycloalkenyloxy, and in cycloalkylene and cycloalkenylene groups or portions one or two methylene
groups arc optionally replaced independently of one another by 0, S, CO, SO, S06 or NR6, and one or
two mcthyne groups are optionally replaced by N; i00761 In preferred embodiments, one of R3 and R6
is -V-W-X-Y, wherein X represents oxygen, sulfur, a single bond, or NW. [0077] In preferred
embodiments, one of R3 and R6 is -V-W-X-Y, wherein Y represents hydrogen, C1-C6 alkyl, C1-C6
haloalkyl, &8 hydrbRyaHeyhetbeC Balkemyki02-CE iy ¢8-Cteoycivatiod ofE8-Cit0:
cycloalkyl)Gi- LCl- | )Ci- l - -G (amino)CI-C3
o (O o B B (e e s
alkynyl)ca%?iﬁﬁ*é@lﬂ%mkﬁ‘?%uIfonyl, (C7-C6 alkenyl)sulfonyl, or (C2-C6 alkynyOsulfonyl, wherein
alkyl, alkenyl, alkynyl and cycloalkyl groups or portions optionally may be partly or completely
fluorinated! 8%%P nagbe fnoromembs ibdtnere ety igkistishiiomdittesantrstbstitientd Helected from
chlorine. hygioxy,, €1:G3aliyh, @ﬂz@%ﬁaﬁ@m,w@@%&m@%ﬂw‘a&}%@&x@%ll%!cﬂrOUps or

yr

portions one or two methylene groups are optionally replaced independently of one another by 0, S,
CO, SO, ST RNRE RS RGP wisth A grotl 5% ar8uspialsany teplaced by N. In particularly
preferred embodiments, one of le and R6 is -V-W-X-Y, wherein Y represents hydrogen, CiC6 alkyl,
C1-C6 halddIeJl, cB-erldikerm Treandmy Ay eteEIRy £ dr (E- ey aIRIBEIE) Sypsp6781 In
preferred emphadinentsiyaieahRIanddedsa/d\W-X-Y, and Z represents oxygen, sulfur, or methylene
optionally substituted with one to two substituents independently selected from halo, hydroxy, C1-C6
alkyl, C1-G6oalkoxyn€pntiteycloalkyl a0ehGBRCAIeydloalikyloxy. In particularly preferred embodiments,
Z represents methylene. [0079] In preferred embodiments, RI, R2 and R3 each independently
reprcsent hydiggeng:halo, hydroxy, CrC6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C16 cycloalkyl,
CI-C6 alkylox 4oL cyano. In %art%:]glaF (#)refgrr(id embodiments, RI, R2 and R3 each independently
represent hyd o}gétn,cﬂ%ag? 26 &l _”f}']“rﬁé e particularly preferred embodiments, R' represents
hydrogen, halo or CI-C6 alkyl and 12.2 and 12:8 boftfrepreseft hydrogen. 100801 In preferred
embodiments, re and R5 each independently r gesn, halo, hydroxy, CI-C6 alkyl, C2-C6

alkenyl, C2-C6 alkynyl, C3-C10 cycloalkylC1iC6 alky &yano. In particularly preferred
embodiments, Pi and R5 each indéﬁend ntly xgpresent | en, halo or C1-C6 alkyl. In more
particularly preferred embodiments, R4-a oth represent hydrogen. [00811 Formula IA
represents still other preferred embodime .(amino acid) ( (I

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

R R? R4
Zr \ o6
HO
R RS
OH

(b} contacting said compound of Formula Hi with an amino acid to form said complex of

Formula L

(IfDy; and

Formmula I;
[0062]  wherein steps {a) and (b) are performed without purification of said compound of
Formula 11 and wherein steps (a) and (b) are performed sequentially without an intervening

protection ot deprotection step.

[6063] The style used above and hereinafter, in which a bond of a substituent on a phenyl
group 1$ 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 pheny! group bearing a



[0082] wherein R1 represents hydrogen, halo or Ci-C6 alkyl; V represents oxygen or a single bond; W
represents Ci-Co alkylene, C2-C6 alkenylene, C2-C6 alkynylene, cycloalkylene, or (C3-C10
cycloalkylene)(C1-Co alkylene); X represents oxygen, a single bond, or NRa; and Y represents
hydrogen, C1-C6 alkyl, C1-C6 haloalkyl, C1-C6 hydroxyalkyt, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10
cycloalkyl, (C3-C10 cycloalkyOCI-C4 alkyl, (C1-C4 alkyloxy)C1-C3 alkyl, (C3-C10 cycloalkyloxy)C1-C3
alkyl, (amif¥@1-Calkyke(Ch-Gatalkytaimilte YO It€B aikid 2(Q Bt akytasbonyh(G2sCd
alkenylcagonyl, (CA-£4:8 atkvpyBeabamh.(Clr ﬁgﬁ%ﬂr)a}ﬁmy a1(G patSralkenpstilfonyl, or (C2-C6

alkynyl)sulfonyl, wherein alkyl, alkenyl, alkynyl and cycloalkyl groups or portions optionally may be

partly or cé?ﬁb’{ét@l@/’%M@@“&Hﬁ’?ﬁﬁ?‘b‘e‘%ﬁ%ﬁﬁ’%%%& I8y Heretifiean todiffiereht substituents
selected fram.ghlotine Ryt &%@M&%Qﬁ@&@@%&%@&%%&%ﬂlf&m in-cycloalkyl

groups or portions one qr two methylene groups are optionally replaced independently of one another
by 0, S, CEH SIS G NIR!, KHEPEREGF VI THEh e gﬁéﬁﬁg SHBSIpRIBREN TR BIACREBY N. [0083] In

another aspgstrihe g@[@ﬁﬁﬂidzﬂ‘éﬁfﬁlﬁiﬁ&ﬁcﬂm&&dhﬁ eampayndsief-bemmulad ane phasmacsutically
acceptable s%lts ﬁrodrqu nd/or iso c I Iabeledc golunds eregi% wherein allg alkenyl,
alkynyl, cyCloafky &yl fierff}ls%ry h St AP TR Sy BOHRONE S & Sty SUBBtuted with
one to threkcsuitpbld Subystituents as defifethabows. ;ﬂr@ﬁl&dd decawclidiian tocthe processasand methods
above, more. Ulag re prese ow.in the xperm ntals (o] ndescrlblng
the Worklné e?(%rﬁl %eégig{ig%T%ﬁr%g%%%%e%ﬁiﬁ g?%%?’i@%%‘é‘tﬁ“o’éé ’ ogr‘lé;r?]p ﬁ19 varla?uons the
compoundsihFormiulaiiseendsecraadiy preparedrpiutie dtiobe sepskilbdbthehemn {0881 Those of skill in
the art willfgcomnze that:compopnds.ofihe.inventian with eaghdeseribed-functional group are

generally prepared using slight variations of the below-listed general methods. Within the scope of

each methgg fyinctional.aroups which. areswitable-fo the, reagtion conditians are Wses pctional

groups which might interfere with certain reactions are presented in protected forms where necessary,

and the re?rﬁ&‘?%f%hcﬁ?ﬁ%t%“cﬁ%“@%ﬂﬁ?%’ﬁ%Hﬂé’?@ﬁ‘*”é‘t‘ﬁﬁ‘[ﬂﬁ?pﬁ‘é‘té%t%}é%ﬁ??ﬁ@thods well known

to those skilled {861 4n: cartpin £asescompeunds of the invention-canbe.prepared; from other
compounds of thet@ve tion by elaboration, transformation, exchange and the like of the functional

groups préSERt: BUCH BTanbratisn RS 5GP AR el S RgErSRsiE Y fed gl ORidation,
alkylation, zaeyation estetifieativng amda&ma:rbdydeﬁyd@tmmﬁmm malaséafﬂ[kangn&mmn some

instances reguwe the Use of rotectln roups metp in T. W. Qreene and P.G.M.
I'O}\\%)QTO‘%P Yﬁlg O ’i( g@ OXV O &
iC Synthesis; or

Wuts, Protectlvengrouﬁs in- and mc@’rporated herein by
reference. »@m@huméﬂw@sim@@éﬁmmmwedft@ﬁ Symhemsiwfsw desiredreom poprdercat another

place in the sypthetic route thatwould be readilyaaparant, to;one;skilledsin the art. 10871 In another

aspect, the présent invention provides for synthetic intermediates useful for preparing the compounds
of Formul@1o&iHe PFrifrAade ieeamsraetepthp i SaNs ard b drtigdharest sudsrdirgito the general

preparative,methadsdiseHasrd helovy and-other RERGESSRSKRANMMNLQ those.ef skillin the sut. [0088]

When the following abbreV|at|ons anfacronyms are used throughout the disclosure, they have the

following rhedridlshAc6; deaterimngemag: AdOet W@é’é‘fﬁécﬁ%ﬂ e HEG AIBN,
azobis(isobuyitanti By Be@hioinum b&@nyﬂ@b&iﬁ&%@&k&miDM@(MEQ%&T@OW@Q%Mmide,

BF3-Et20, boro r|I erate; BTEAC, b Itrieth onlu chloride;n-butyllithium;

S- butylllthlum%t ut%ﬁrﬁig&)ﬁit{]@ Wrbﬁgf s’éf)‘“t X‘ Féd)zél THCT;) %@Igﬁﬁ%“&%% gj—:' Pﬁ\
calcuIated{(CC@Qaﬁav@mw&eﬂﬂc}h@nd&;@b3Q:B§hxi&lhaﬁek@ﬁt;o@£h@i8m;dhmmmuﬂqr@EéiSﬂSH
trifluoromethan hyl e,,CH212, methyle e jodide; acetonitrile;
(COCl).), %x%l§ Eg %Céﬁ 5 %%I cgézgﬂg chrnle% e I‘.’)AgliJl é}?etéh %%lno i 5|r trﬁ?uo(rgde DCM,
dichlorométhabe!. DM‘;B\CP G-Ginrekhitarninspyridine; )@MEWM[DIHU@@@@S NogifisidoEayle Medium;
DMF"V,N- mg@f%@yﬁaf@ njgle:, PM%%&M%H&@&%&%Qmmem%@a&'mﬁ#%uH%%%v'éf\ ethyl

acetate; EDCI, | -(3- dimet ylamlnopro il )-3-ethylcarbodiimide hydroc orlde eq, equivalents; Et,

ethyl: Ett, NEYABIEYRSfifS CERSIE: HithyiS hane: E&ésﬁbé?néﬁ%ﬂéﬂw@rmm%w Hretate; EtOH,

mvention. Methods for selecting and preparing suitable prodrugs are provided, for example,
in the following: T. Higuchi and V. Stelia, “Prodrugs as Novel Delivery Systems,” Vol. 14,
ACS Symposium Series, 1975; H. Bundgaard, “Design of Prodrugs,” Elsevier, 1983; and
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ethanol; FBS, fetal bovine serum; FSO3CF3CO2H, 2,2-difluoro-2-(fluorosullonypac c acid; h, hour; H2,
hydrogen gas; FESO4, sulfuric acid; Hopes, 4-(2-hydroxycthyl)-1- piperazineethanesulfonic acid:, 1H
NMR, proton nuclear magnetic resonance: HOBt, hydroxybenzotriazole: HPLC, high performance
liquid chromatography; K2COS3, potassium carbonate; K2Cr0i, potassium dichromate; KN(TMS)2, P
otassium bis(trimethylsily)amicie; KOFI, potassium hydroxide; LC-ESEMS, liquid chromatography
electrospraiiionizatible fvassrspe Cirogietmgr, C:i 8¢ figuidkokhomatagiapiBhamassispectroscopy; Lg,
leaving grg&gp&&é@&.lgqﬁppé;:@%wgg%igﬁmonohydrate; Me, methyl; MeCN, acetonitrile; MeOH,
methanol; MeS03H, metharesulfonic acid; Mg, magnesium; MgC13, magnesium chloride; min,
minute; M , S.S r RY. Wi clrospray. ionization; MsOH, methanesulfopic acid;

N BHICN oy ey A e A A el Bonate: NaHS03,
sodium bisgdlifite aNaOAEPEodiumh Heetae! MOM psuditmhdngdrokitd; NpRE8O4s sodiuhisulfate; NBS,
N-bromosygeinimides Mo Noshiprorprainimide NHAGL ammopmeAlofdes NiS nd of

Nsiodosuccinimide; 03, ozone; Pd/C, palladium on carbon; PdC13, palladium (1) chloride; PE,
petroleum & BHaBhIsHE P PHIB e H3 & PHBPVBI ursth i imsEieg s sp BBRG foslieds POCE,
phosphorus:exyeheride:sPRS: tiphapyinhosphingu R netentiondacton. Bk 1hulyltinisS0C13,
thionyl chigride; THAI, te rabupy(lammon'um_ iodig ; TFA, trifluorpacetic acid; THF, tetrahydrofuran;
TLC, thin %}C/éil; SR ABEPp Y SRS T AN ﬁﬁﬂ:c?m%@ﬂﬂ? irREHEINA- cyanide; Tris,
trishydrox%@1 ylaminomethane (or 2-amino-2- %}ydroxymethygfrppane-l,3-di9l); TsCl,
toluencsulfonyl chibHAEETE Lot Eh R AR SHE Mty SRR Hosg ke tement
deuteriumsigitepresented bydthe: lettertibDtdrbchemicdd Binictxes and fotmuiaeand isdicaied with a

ggfﬁgﬁ%%aff” eesicalames. eporingio 118 Roygon system Generpl Synihesis Method of

Inventive compounds 0 can be convenﬁer?tl‘y prépare rding to the
reaction séqUreitestas sHoWH IiSeHEMa BEIG 2o Adil 1andHich2iEy0héseommercighy-adaiable or

prepared %%rﬁmﬁ%%vﬁnti%@t@&&h%%@%@ thase of skill.in k&t}%@&%fﬁ%%v&”ed to acid

chloride 2 by an agent such as oxalyl chloride, SOCI2, POCI3 or the like. Intelmediate 2 is reacted with
alkoxyben¥&ke d Gidepéopdiiinsaiiedmppedisaacidsssieinhls-AICE or AlBr3, to provide ketone 4.
The ketone group of intermediate 4 is reduced to methylene with a reducing agent such as Et3SiH in
the preserwg@cl L&niscaéRd- St heay srgseRiospmie N, dpacadadmahtavificawiszanidrstich as BBr3 to

give phengl&etntermediate 6 can-he obiained bveauring mith thergleettorbicreagent Lg-W-X-Y,
where Lg denotes a suitable leaving group, in the presence of base such as K2C0:." Cs2C0O3, NaOH
or the like 2411 Kit&rAEtHaN, “cith TeAnBE EovS tad o Waihber ke ottt égtivalent
amides byscatipling withi MeMe(OMe)ar @therenuivalent amines. ntermedints 4 camithen be obtained
by treatment of th§[ res tin% amigle 7 V\%tp ir a metal.coupl agent such as

C ; W

agent such 284l cwis acid, with }p;[ﬁedr‘g’ediater. ’ Be%rirc]géer' =) being ;‘eg-] g«{;
Grignard résgent 160821 RiterAgtively Shterriediate e AR RIS B GithRa BY-c8tiling of the amide 7
with Grign r@s agent 9, followed b reﬁgction of the ketone gro o%. roduct 10 with Et:Sill in the
presence @ e‘%ﬁisqggf:do gﬁg}ié%%%%ﬁ OFTER éf’iﬂ%grﬁggig éPlé'I?é EohterEBE With ketone 11
(wherein R8, R7;cR8 awvddR Soarp0iTiMS Faften tréakment;withdactiating: ke edtrsudhyasgin-BuLi or
t-BuOK to prayide compounds,of g8, rgu?qr l{!’él J&W@Tjgh.c ,tpgn %@ reduced with alkylsilane or

T t OIS SO TVEHTS &1 S : C
other reductant in the presence of a{gf %su%ﬁ@g CEA? MSO Ifl ormgl é?glt%%ﬂg’ﬁgﬁgf}éé%ompounds
of Formul& it eugtiEp snHErsIoRS, RS HiebR9 dreclO abivatmateticdhConmpositibms:dnd Methods of
Uce 10094j:TheRresentdnvention-iurher Rroxides apRarmagauical somposition cmpssipg an
effective amount of a compound or mixture of compounds of Foimula I. or a

less and the reducing agent and activating agent are added cradually to the starting material.

The reducing agent and activating agent are added in excess (from 1.1 equivalents to about 6

equivalents based on the amount of the compound of Formula 113, typically a 20%, 40%,

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.

[6070} 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
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pharmaceutically acceptable salt or prodmg thereof, in a phamiaceutically 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
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 fermdseichoaghtablets;capsilasn pilldepaaddredgrariites;dragee gegela]shuries, ointments,

solutions, suRRARIRLIES.IREfiRnRRIRIBNS, AN acigsols, AR aHEh, A mIbistiatan. of a compound of
the present invention can be ac leved in various ways, inclu Ing Gral, buctal; parenl%éral, intravenous,
intradermat tehéj1 2 stivtrganeolssa intramiesediar preradsd chme dtoroderhiriStramion I Ndreover, the
compound. an,be administered i alocalraiherthan systemic. manne! of.exarple in a depot or
sustained release formulation. [00961 Suitable formulations for usehe present invention are found in
RemingtorfiSEiEiE R Praeacd st Rarmacy, 2IEd., Gennaro, Ed., L,ippencott Williams & Wilkins
(2003), which is hereby incorporated herein by reference. The pharmaceutical compositions described
herein can! B ManlifatiFedihiashade i thet ORI o trvde SF sinadise ®ithiss. aBymeans of

conventionaldixing:6bsse kiffdi grapulaking. deagaesroaking.Javigating: emulsifving: pcapsulating,
entrapping or lyophilizing processes. The following methods and excipients are merely exemplary and
are in no Wiyt mﬁ*a.%e@*f]i%vgﬂgﬂpia?@%@ R BSHTRENE"S EONHGTHACHIHE Bresattihvention is
prepared fdicelivery bt assustained-reldase; contioliedreteasehextendedieledse stinéd-release or

delayed-release founufation,.for example,n semipermeaple matrices of solid hydrophobic polymers
containingbf}le]%eumge?ﬁor%{ﬁi@rgggeritf é?fégﬁézéyBe%ﬁBk‘gs%%Pa“ih%@ 'r%ﬁégg%i%%tef?é s‘iﬁl‘g\%}?ﬁb‘énngétablished
and are welirknewmby thoseskilled imitresard. \Gedremtcextphhddoarelease fodrmuladionstinchuce
film-coated faplets.. myltinartic H&%eh@ml%edL%@x%&%%9)%@%&%@9ngwﬁ%yégwo@é%n%%°f lipophilic
materials and wax-based tablets with pore-forming excipients (see, off example, Huang, etal. Drug Der
Ind. Pharms 28:7.0HP003Fedmelsolcarnmbiry DU Phahocr0ges. (dooss Madd?, etal. Eta'. |
?harm. Biophamn-25:99(2R0) s Khanvilkar et Rika Rev.ng. Thaina 228:401:(2902); and
Schmidt, etal., Int, .1 ?harm, 216:9 (2001)). Sustained-release delivery systems can, dépending on
their desighTéieds® the CBIBBIRGY SVEARE CAUSE6f RS oI URSTIBY st dver 4, 6, 8, 10,
12, 16, 2024 0urs: o meres Usualiy. sustainedrelease fainuiations £anhe-piepared:using
naturally-occurring of synthetic polymers, for instance, polymeric vinyl pyrrolidones, such as polyvinyl
pyrrolidoné&i\?ﬁ/?f%%‘%{é%%nwwgﬁ%rophilic polymers; hydrophobic andior hydrophilic hydrocolloids,
such as methylcollulose, ethylcellulose" hydroxypropylcellulose, and hydroxypropylmethylcellulosc.
and carboxypolymethylene. [0098] The sustained or extended-release formulations can also be

prepared ysipg natyral ingredients, such as minerals, jncluding titanium dioxide, silicon dioxide, zinc
oxide, anﬁ@@%e@@@g SBRTE §38 51 Oh) Féqi??fntbg 5 %%T%’S‘f%ﬁ?e?%%%’é%ﬁiéiﬁﬁi‘dﬁed extended
release fonmulations thacan!bé wsgd«dirdelivering. aldenmpduridofthecpredentringentian include those
described jn U.S. ' _ .680:.6,624.200: 6, 1:-6,613,358, 6.596,308;, 6,589,563;
656,375 L1 O B b e e e R B S R g e R reny
incorporat&ty tiereinasytreserahicd foohimiie etssbedbinuialions ofpérticutaningerest include those
described 45 PelehiNas: 001 1116099 92016089465 0.0ABAR%,452.440/6,403.597;
6,319,919; 6,150,354; 6,080,736; 5,672,356, 5,472,704; 5,445,829; 5,312,817 ang 5,296,483, each of
which is h&fBbi ileltforatat e riASBYferarihbRosPhESe kit s #ie aft 4N 1eddmydecognize other
applicablesustaingdreleasedanmelations. [00094:E0n orad Admibistalonea-sepound of the present
invention can be formulated readily by combining with phaimajccutipally acceptable carriers that are
well knowr i %ﬁf&heéar’?% f%%%lé%%ﬂ BiHa s 18 Berrsridnaterd P eamets (pills, dragees,
capsules, ertiigionshlipbphdic-anthhydrophiicsuspansions;dituidsy gelsscyrvps,gshikries, suspensions
and the-like foagr Q{%i %%gggugé/aﬁ P%@g“} E?e e tg%gfgddﬁhhaggp 1ceutical pren r{gtions fog oral use can
be obtainepcf%’y mixing the compou?ﬁ&s With a S6 |d“excip|'en?, op hE %ﬁln ) iﬁg acr%?seﬁﬁ?ng mixture,
and processingtireanitose b giemutes; aftertadding swithble- aoxitipsies|sitiddsited, torobtain tablets or
dragee coffg; SIS SRIRNBARS ARG TIREe:ush A% AR elIdiG lBglose, sucrose,

mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice

starch, potaierataics; gatatiimyulintiag aeh iR vme iyl eriinsserfyaslyistpyl mathyiicimlose,
sodium cazhexymeethyles!iwpserRdiorpaly YNy HRld-QRa:(RBY Bl desied. disintegrating agents
can be added, such as a cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such
as sodium alginate.
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[0100] Pharmaceutical preparations which can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or sorbitol.
The push-fit capsules can contain the active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or magnesium stearate and, optionally,
stabilizers. In soft capsules, the active compounds can be dissolved or suspended in suitable liquids,
such as fattytbi& liquidmpdratffinnandiguid] podyethyl ehenglicolsoiniaddiiom cstebdizers €an be added. All
formulationg for, oral.administration shauld b dpsages auitable for,siich adminisration. [0101)
Dragee cores are provu:ll}éé With suitable coatlnés.ti:%f this Surposé, concentrated %ugar Solutions can
be used, wiiotitderoptionaihwonaire ghathatabio ctaleupblyviny Hoytrélidoneroathopohgel,
polyethylens alveal, andiy ianium.disile.aeaisr splulians A sylable oroanic solvents or solvent
mixtures. Dyestuffs or pigments can be added to the tablets or dragee coatings for identification or to
characteriZ8rifOrémicGMbimAtions Bramivédesmpound doses. [01021 The compounds can be
fa).mlated for parenteral administration by injection, e.g., by bolus injection or continuous infusion. For
injection, tHY &dmpbiFicart He soreiutite diirtsiprepteaisohs- sy dedsomipeprsisspdneing oF emulsifying

them in anaguenus Os:NARAGUSRUS SAl¥eRL SHERR Yeastahisenother similr Qils:synihetic aliphatic
acid glycerides, esters of rggé?er aliphatic acids or propylene glycol; and if desired, with conventional

additives RS LEITBzEreTulte Aic SRyenfts eGP Raimg TpAted BHntemiRg 4y ehtae stabilizers and
preservatives:-Rrefarably, acaropounaieidhe veptiobfeadbedomuatest inagueoussolutions,
preferably in physiolngically compatible bufters;sueh as Harksis saolution, Ringer'sssolution, or
physiologit#;uf%é}ll?h%u%ﬁéi@f%??ﬁu agl%iﬁ% ?Bﬁgfje%?io}rl;ta "’bg\ prie§ent di ‘unt%(ﬁ“ s;%(é'form, e.g., in
ampules olsimamoitiigtselcontaipens dwithFanaddé dipl eseivativeeridie sompositionseatitake such
folins as s lons, solutions or emulsions.in eily or agueous vehicles, and can cantain. forrnulatory
agents sugﬁg%i&:ﬁ%gﬁ%?ﬁlgl gsg'}gsbﬁfz%ﬁ)g%?n%%ﬁ gd?iéé%?r?é%é’rﬁ%%i%? 1d§§Fm?€3L%%%P ormulations
for p_e_lrenteilfalwé?mﬁ@_tﬁéﬁm%@wéiﬁfwéﬁiﬁé@muﬁ@ﬁg’{éﬁ%iﬁbﬁw eompooddsfitinecsoluble form.
Additionally,. sHgpensions:afihe aclive sempounds.Aan;be arepatedas,APRIORNAIS, Rily- iection

suspensions. Suitable lipophilic solvents or vehicles include fagt%;onsﬂ?uch as sesame oil, or synthetic
fatty acid 8GR SRR s BT elasrl B tiRflyEetigeay dIcipesomey! Aqudbaddnjertisrrgiispensions
can contaipgubstanceswhichinctaasadheyiseasity althe suspensior gL ch-assqgium carboxymethyl
cellulose. sorbitot, or dextran. O tion?h ylét%% suspension can also contain suitable stabilizers or

. Il
agents whitH fAtTE 48t SOt NI Sfthe CompoiHas icatoRrar the  prép e b highty
concentratedisaiutionsuAdtefoatively; theractivelingredia it casl bechpowdsrdont feveanstitution with a
suitable vehicle, e.qg., sterile.pyrogen-free water, before use. [0104] Systemic administration can also
Do by trane A B R O S ST, penerrants
appropriateutotingibasriertohe:rilneatddarsudedamehestonmuodtionbdat topical administration, the
agents are formulated into ointments, creams, salves, powders and gels. In one embodiment, the
transderm&lJdiivety prgémtedambedDMS® oTrargdemuaR disliveny syStemiseezn Wctodesety., patches.

For transmycasal agministralion, RSREtANIS-ANRIARNALS.fo. the, Rarrier 1o be permegiadzare used in the

formulation. Such penetrants are generally known in the art. Exemplified transdermal delivery
formulatiofs-at cAn' fificr s ih TR Prasent TEvR Rl e 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 HEDy ificBryerEbereEin®mis refsraehBe [0105% Porbuedal demmst ativasanes
compositiqnscanitake.the formiehiablets adozengeidaemulated-jncomyentiopalananner. [01061 In

addition to the formulations described prev]ougg, a compound of the present invention ¢an also be
formulated 2S84 S POE Bfepar AT S U BHE SR, RET I oS darpie: Sarthi&tertby implantation
(for example subcitanecushinowi ntramacas Wary) Qrbynintcanusowar injeation, Thusyfar-example, the

compounds can be formylated with sui %E)__Ie__ polymeric or hydropho J{c aterjals (ijpr_ example as an
emulsion i%s"’aﬁ"&ggcéﬁ a{%ﬁe@ 1(1)('il;j1<51rc|%cn ggc %ﬁﬁo)r{lé]ssiﬁgm&bgésﬁ@ﬁgtr‘?hag V' {sy(?lﬁbalfegc erivatives, for example,
as a sparintflysotublesatikylene 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 chiorine, hydroxy, Ci-Cs alkyl, C;-Ca

atkoxy. Cs-C cycloalkyl. Ca-Cg cycioalkyloxy, Ts-Cyg cycloalkenyl and Cs-Cyg
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[0107] The phannaecutical compositions also can comprise suitable solid or gel phase carriers or
excipients. Examples of such carriers or excipients include but are not limited to calcium carbonate,
calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and polymers such as
polyethylene glycols. [01081 Pharmaceutical compositions suitable for use in the present invention
include compositions wherein the active ingredients are contained in a therapeuticallydive amount.
The presentihvdktionoalsaabitemplates pharmageutiialnstmpgsitipnsreemiptising: hewwompounds of

Formula 1] nixture with an effective amount of other therapeutic agents as.combination partners,
particularlyﬁ?ﬁ% ga%s%{%gé %ggﬁﬁénﬁ%é?e@c%gl {cﬁz)c if |(f|%(§1|;1§; v(i'/ﬁ?c“ éc%%%gé%‘fce?ts?ég @y%@r_ inhibition,
such as arftidibeticdagentsipiddowerigglipidmodtitatily sgénts] bgéhts for treating diabetic
complications, anti-obesity agents, antihypertensivc agents, antinyperuricemic agents, and agents for
treating chitfiélhekrofafiured arferdscterosiscor iatetiRdisorders. AN effegtiveXampustof the
compound and/gr corbination patney, 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

withn the qpsiityof those,skilesinane 8. ssResialiinigntonthe dsiale disglosure provided

herein. Generally, an efficacious or effective amount of a compound is determine

y
administerli§248W dose BFdnfairGntidlastisn g el yersméntallife rdkain theadhkimistered dose or

dosages ugtil@ degieatherapeytisyefiaatisobsenmed inthe }@@gﬁl@@i@gtm@qh(@mm or no toxic
side effects. Agéﬁ}{%?b_leénethp s for determining an appropriate dose and dosing schedule for
8

administrafioi rSaent HEntBH S desdiBbdCror iRt Gdodiidh Yrd-Gilman 's The
PharmacoldigitrhBasid, ol THirrapeutipsridnd((BinionnkbzeandParker, HogsMewrawklill (2006),

and in Remington: The.Science and Practice of.Phar nacv, 21 Ed., Genpa .’,.E . ippencott Williams
& Wilkins ?%0 5%%%}?%{“ \X/{;f’crr?(;?é 'ﬁé{%ﬁiﬁi&*&’}%’é’%@& e}ei}ea?rrll‘ y&llg?gyghd([g}. “ngﬁgl The present
Invention farthexiproyicles mattiodsof using thexgomageuhdsrebFpimeliailfarthe pieyentiomzand
treatment ise ane. iment the. lventi rovides thod of treating type | and type 2
diabetes e T S B L R ARy
neuropath{; tleétsynficrb= ak@ attddndiopathielyyontandydiabétit Soordisceseyninsatinresistance,
metabolic fyHdAmE-FSYARME L HRBNBSHIREMIR-RYREHEDSIOM LYRRIUIIGEMia; Phesiy, edema,

dyslipidemia, chronic heart failure, atherosclerosis and related diseases, which comprises

administeritig 8h e S BB NP IR BB BBURE 67 ARt LFaErpOINAS & PolAURIEY or a
phaimaceuytisiiy:aceeptablensaltor pradeg thareef, woa subjgstin @rer%grét.a@ﬁ%@}zm@%ﬁm%t

embodiment the jnvention pravides a. method of using a compound or mixture of compounds of
Formula I,%T d;ﬂ‘ | aé'ﬁfﬁ?a‘g%ﬁﬁ‘é%ﬁg %&bfﬁﬁ@iaéﬁb@ﬁ?&%% éé&é*b?? firase! prefartion of a
medicamedgikfon:tyedting 4jipe. 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications,

insulin resistance, metabolic syndrome, hyperinsulinemia, hypertension, hypemricemia, obesity,
edema, dyl$F8icmia potfronit helart faiture cathef 8Seled Gissandwelated-disgaspssd01 bQ1cEhe present
invention alsa,contemplates RIS O ihe campaunds.qh Formula 4, of harmageytically acceptable

salts or prodrugs thereof, in combination with other therapeutic agents, par |(Rﬁ%rﬁ5“t ose used for
treating thécktstvetine hibndd diveasesandebidifondisuch as antidiabeticabents;

lipid-lowering/lipi adulating agents ,Agents farseating diabetic.complications, anti-obesity agents,
antihypertensive agents, antihyperuricemic agents, and agents for treating chronic heart failure,
atherosclejggigor rﬁFﬂ.@%&gmm&gﬁQ{S}kﬂheﬂlarRth@d&r%Mék@&@é&?%ﬂ&jﬁ&%%?ﬁ%{&:@e;{ape““c |
agents discussed below can have multiple therapeutic uses and the listing of an agentin ‘one particular
category SHbRHd 5B Cohstiited torifmitikeany waysitdkugstuineSs irvelsmbihdtion thdrdpyswith
compounds ef 4he. piesentinventier Rk Examples ofrentidiabcliciagentssuitable gruse in
combinatiglné/vith_ cohmpounds f the present inventi%?.include insulin and insulin mimetics,
sulfonylurdS8T(85En BL & toiieaiilad™ GRS ShisT o phrted gitEhdaniissQibomuride,
gl.iclazide hgtiragpiricieo gligizide atiiquidbre xgliscxepidepghdaurideoglyclopyramide, tolazamide,
tolcyclamidc, tolbutamide and the like), insulin secretion enhancers (such as J1 1 -608, glybuzolc and
the like), bid@Rinidds fstfehrasembtfoirminsbfermiik; phenferpindndtheliken sylfepdureargiguanide
combinatiQn: ch.a lyburide/metfonni d the like), meolitinides (such.as.repaglinide,
nateg|inid%??ﬁ%‘élik%&“??ﬁc%?ﬁeeﬁ% f‘?ﬁ%ﬁ‘%gl%‘%&@ﬁ&%gﬁé ’%?%%fgf?fézo‘ﬁ%? %%%ﬁﬁa?zé’ﬁe,
isaglitaroneznetolglitazénéstivpuiftazcnen bahiaatitaZd heydRi glitazode) G092 rantthe like),
thiazolidinedionelbiguanide combinations (such as pioglitazonelmetformin and the like),
oxadiazolidinediones (such as YM440 and the like), peroxisome proliferator-activated receptor
(PPAR)-gamma agonists (such as farglitazar, metagdidasen, MBX-2044, Gl 262570, GW1929,
GW?7845 and the like), PPAR-alpha/gamma dual agonists (such as muraglitazar, naveglitazar,
tesaglitazar, peliglitazar, SIT-501, OW-409544, GW-501516 and the like), PPAR-alphalgammaidelta
pan agonists (such as PLX204, GlaxoSmithKline 625019, GlaxoSmithKline 677954 and the like),
retinoid X receptor agonists (such as ALRT-268, AGN-4204, MX-6054, AGN-194204, LO-100754,

havarn enc and the like) alnha-aliicocidace inhibhitare (er1ich acec ararbhonce mialitnl 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, sulfinpyrazonc, benzbromarone and the like) and urinary
alkalinizers (such as sodium hydrogen carbonate, potassium citrate, sodium citrate and the like).
[01141 Examples of lipid-lowering/lipid-modulating agents suitable for use in combination with
compoundy &gt grasentGndertian. inciee hytroigmatyigtadanybodanaym& fenédictase inhibitors
(such as ggitemate,.atnyastatin, bervastatin, carvastatin, cerivastatin, colestolone, crilvastatin,
dalvastatin, fluvastatin, glenvastatin, lovastatin, mevastatin, niwastatin, pitavastatin, pravastatin,
ritonavir, r%\i"flﬁ@ﬂﬁnﬁﬁ%ﬁ%&&&@\éﬁﬁt%@t ffi@?c?@&@nggdﬂééﬁ? S0-33600, CP-83101, BB-476,
L-669262, 8-2468, DMP-565, U- 20685, BMS-180431, BMY-21950, compounds described in US.
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
gnofibfatc’ bczafihrate, beclobrate, binifibrate,
ciprofibratc. chnolibrate .gloffsrate; ~Tegarate, pirifibrate, ronifibratc. simfibrate, thcoSbrate.
AHL-157 and the like), PPAR-alpha agonists (such as GlaxoSmithKiine 590735 and the like),
PPAR-delta agonists (sucl*i*%é Glaxo®mithKlinc 501H6 and the like), acyl-coenzyme A:cholesterol
acyltransfcrase inhibitors (such &'avasimibe, eflucimibe, eldégirpeaciésintibitle, NTE-122, MCC-147,
- 13D-132301-2, C1-1011. DUP-129, U-73482, U-76807, TS-962, RP-70676, P-06139, CF-113818,
RP-73163,[ #1821 29169 YR 038y £sABs B9 Frols¥r4bh: bSC3IIMIER- 14523 lerls 289hed-404127, R-755,

FCE-27677, FECE-28654, Y1C-C8:434, C1976, RP-64477, F-1394, CS-505, CL-283546, YM-17E,
447c88, VRIS Oﬁggﬁ?ﬁﬁwfio%g%f-ﬁ_ %&%ﬁa’@e‘ﬁ%&%‘ﬁﬁ%&ﬁé ﬂ%’f@f&f%éﬁb@é receptor
agonists (suchadisvliothyroiind, levotlyitoxine KB-2641ky (6 ); dh e thas dike )ychete steirgliabsorption
inhibitors h asgzefimibe, SCH48461 and the |ike), lipopreteinsassociated phaspholipase A2
inhibitors s&gﬁ023%%&‘%%%?%@%%%%@%2%igeé)i)]gﬁ?ﬁ%(rzg glr@n% 1 r%’ Ef’geerfdgf’?? %%‘?’é %%atiin inhibitors

(such as CR-B48b86; BMS 201038, Eofmpounts!iescfibédinyd @ atentNdsy5 595,872; 5,739,135:
5,7121279é;§}1@®%6¢§a%\%71;%@?‘cﬁ&%@ﬁ@ﬁéx%%%oéxﬁﬁ%zmﬁ%%,6L@Zdﬁ p(8,821,967; 6,878,707

and the like), low density lipoprotein receptor activators (such as L 29542 . MD-700 and the like),

lipoxygenabe HRiBRYrs ¢sutivhd commpdriiedeartibee fn Honsradens| \Wio©7/12613, WO 96/38144
and the likg}yearpitinenpahuiteyl-dransierase inhibitorssHeR.am elomoic and ihe like)irsgualenc
synthase in ibitors%(sg(;?éas Y( -53601, TAK-475, SDZ-268-198, BMS-188494, A-87049,
RPR-10189FT9D8#30 *KBR11 0758 RSV LSS TESeBEaTHIY BEPREATNGE. 5,712396;
4,924,024; 48712 Thandthd liké)nmjcatinienacid ditivaiives! (such:ag dcipiitexesticotinic acid,
ricotinamicle. nicomol, niceritrol, nicorandil and the. like), bile acid sequestra uch as colcstipol,
cholcstyraf;%?fﬁg%ué'g %é’%&“éhr% cgl‘%%cﬁ\:/%%ﬁ%?’é%%f@éi 9%351 1 }t'rgeéllikgﬁ,dso&%’rﬁ é}g%d cotransporter
inhibitors (suthibs28\0dyS:88 2186618 windsthedike)y anttthyblesterabe stertransfiéiyprotein
nhibtiors (SHE0S 1RLFENRRIR, JTdid O EAbL1L36%,360 798, GRRR2OAME A ing el 408151
Examples of anti-obesity agents suitable for Gse in combination with compounds of the present
invention RERESTBORH N ETRIHTEPHNe reuptake inhibitors (such as sibutramine, milnacipran,
mirtazapine, venlafaxine, duloxetine, desvenlafaxine and the like), norepinephrine-dopamine reuptake
inhibitors (808H as/adatBXiRer BhprsHIBHeHREptime e ahid dikenrseredtivelsersttnintéuptake

inhibitors (saehassitaloprarpesaitalopram-fuoxcine duvpraming, nafexaingngetaline and the like),
selective naorepinephrine rc%ﬁtake inhibitars (such as reboxetinc, atomoxetine and the like),

norepinephAHE PeAtQding ST [stEeak Yhifgcip sphrloey 'amd BRETRaEY! &RoRs@aNts (such as
amphetamineomethapphenaminedexireamphetamioe s phanteiming.benzphetamingye.
phendimetrazine, phenmetrazine, dicthylpropion, mazindol, fenfluramine, dexfenfluramine,
phenylprofiése|amineddnibihelike hrdopaming agomigts:(swehnas ER:28Q sleptexine:hramectiptine
mesylate and the like), ft-histamine antagonists (such as.jmpentamine, thioperamide, ciproxifan,
cIobenpro?ori?,pé“lslci%< 1?%%2?9@735@?&%%@%8 %C}ﬁ?gihérfpﬁ i roegéérfjfg[(%f"gﬁ%%fst {such as,
1-(mchloréphenygpiperarine frp@RP); mittaziapinemaRP4356:(latoasahinyoSGA=RG fvabicascrin),
ORG 12962-0RG 184 ORG-I0262 G484, Ror0: 15, R0-60.0332, VER 3323, VER-5593,

VER-5384, VER-8775, LY-448100, WAY-161503, WAY-470, WAY-163909, MK-212, BVT.933,

YM-348, 114629, 1K-264. ATH-88651 ATHX-105 and the like (see, e.d...Nilsson BM, L Med. (7hem.
2006, 49: 0%40%fz)“%boe%}’fsmﬁﬁgﬁéﬁ?ﬁé%‘%&%%ﬁ&%%ﬁ Sl 5‘6}%’5@8{%&’6'% 177 (7hem

BRL-28415SREGEIIRE ET9B 5T SB207 Pr8wrsi 194949 cBRErRTg4 0 Uhe 331678 5 CP-331648,
CP-114271, L-750355, BMS187413, SR-59062A, BMS-210285, LY-377604, SWR-0342SA,
AZ-40140, SB-226552, D7114, BRL-35135, FR-149175, BRL-26830A, CL-316243, AJ-9677,
GW-427353, N-5984, CiW-2696 and the like), cholécystokinin agonists (such as SR-146131,
SSR-1251 80, BP-3.200, A-71623, A-71378, EPL-15849, 01-248573, (W-7178, 01-181771, GW-7854,
OW-5823. and the like), antidepressantjacctylcholinesterase inhibitor combinations (such as

venlafaxine/rivastigmine, scrtralinc/galanthamine and the like), lipase inhibitors (such as orlistat,
ATI -OR?2 anAd the like)l anti—-enilentic aneante (c1ich ac toniramate 7onicamide and the like) lentin lentin



agents (such as reserpine and the like), thrombocytc aggregation inhibitors (such as warfarin,
dicumarol, phenprocoumon, acenocoumarol, anisindione, phcnindionc, ximelagatran and the like), and
antiplatclets agents (such as aspirin, clopidoarel, ticlopidine, dipyridamole, cilostazol, ethyl
icosapentateogrelate, dilazep, trapidil, beraprost and the like). [0117] Furthermore in another aspect,
the invention provides for a pharmaceutical composition comprising effective amounts of a compound
or mixture gfrcorhpetinds. ofVEomihtastopr af phdrmadeutidatiytiaceeptablevgalthorprathilethereof, and at
east one MEmBELGrEaAomIEa ML ITARRUS ATEAIRIpIRILABOG g combination partners.
in a pharmaceutically acceptable carrier. [0118] The tfeatment of the present invention can be
administer&dgsopsHy e ety dongravetitbiodeiay the onsesor progtessionof abiselase or condition
(such as hyperglycamia)s of therapeuticaly.ip.achieve.a desired affect (such,as adesirad Jevel of
serum glucose) for a sustained period of time. [01191 Thé compounds of the present invention can be
administerBd s #'subject,., 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, 614B%he Forftiers prarmiacaue Bmpusiion imdrertecehipoantsasmmcesfbination
partners aeg tixadawihh Syitable eamiersaraxcnisniés) s ihampeuticallygltgstivg,amount.
Consequently, a compound or mixture of compounds of Formula I, or a pharmaceutically acceptable
salt or pro@FOgPHErast - antan %%Hﬂ%’ﬁ‘dp‘é}@ﬁ\% Byt BREohipitstr aherewRiiC4R-be present in a
single fornuitdtico feikekample g capsulecofitatilet, onitutive sepasaté-faemukations, which can be the
same or diferent,for@xampie. . e form.of 2 it.comprising selected pumbers of dgses of each
agent. [Ol%&‘ € appropriate dosage of compound will dry’ according 16 the R LB 13tite of
administradioplensd formiativecof thd Bémdosition famoengotherfactols zesuchSaspatie iegponse. The
dosage canQeGLeRRRA O APRIRARGA OYLIME, As Fdted aran IngiiGRl Palelt A partient
initially may be given a low dose, which Is then in¢reased to an efficacious é)osage {olerable to the
patient. TybieaHyTAerffodegederanemrdmayt Beoftsrpits Q00banenthretaraityiits #0014 112, when
administergd:bysaral route anchiram:0:1:19;,100 mg, preferably 1 to 30 mg, when administered by
intravenous route, in each case administered from | to 4 times per day. When a compound of the

invention igpagministereshin combinationwith aneihertberareutic agent A usel.dosages of the
combination partner may be from 20% to 100% of the normally recommended dose. [01211 Dosage
amount andiRTENIANE ARS8 SRR IHaA Y plovio prasHE rsvaedrtidtastide compounds
which are sufficignite smintairitherapeulia.effest. Preferablytherapeuticaliy sffestivaisgrum levels will
be achieved by ad rinis!t‘erint_% s_imilfe gﬁi% gg)__ses, but efficacious multiple daily dose schedules are
included in the iRvention. It cased ogll‘ [ocal auMinistration or selective uptake, the effective local
concentrati the drug may, not be related.to plasma concentration. One having skill in the art will be
e 0 ont b et S L AP e Ea B RO P E Rt BB A OR T 1 Al
publicatiornsarid patentcdipplicationsicitedtin thiscspecificatialr ate Mgt eith thearparatedyby reference as
if each indg\éig%aa{c%lqggg{\ipnz%-g t.applicati e specifically and individually indicated to be
incorporated by reference: dAnyfb@%%vic‘?g{&%&?éﬁ%ﬁéé?zrénﬁ%%%%}éoﬂ%fﬂlegﬁ %ﬁé}%‘%hing of this
specificati6h s fg:Bedbestiver b faviio Bhellafte bosSimiafiyoahyctondlictibebAéan an art-recognized
definition of-a,ward:orphrase andiadefintianaf thewerd,ar.phrase as pravided,in this specification is

to be resolved in favor of the latter. Although the foregoing invention has been described in some
detail by WA ISk dtoH Ahd eRaTNBIe FEpinpeseS 6 olanly bR chigerstaridingalewimase readily
apparent tothpseresoretinanibskidt nohemiaight of tieteachipesmehthis dnvention that certain
changes and, modifications can be.made thereto without departing from the spirit or scope of the
appended CAHNS .mﬁ]w%aﬂ‘r\”/‘élﬁc?i?iﬁ Wig]k?g%éé% s reies fdﬁegf? Fry RE)oTSI8EIIE examples.
Examples (01231 dhefolttwingExamplelsardeiteradsiodillustiativespuipesesaand are not intended to
hmit the invention in any manner. Those of skill.in the art will lly recognize a.variety of noncritical
parameter(\sé?vﬁ\:/ B|:'c A'can )E%/%H; ré?nglé" Igﬁ’f[ng(%ﬁed%?oﬁ)erpﬁééigéh 1a r%%fé‘%gé”r%%@% i f@r’%ﬂﬁi The names
of compouptis-shavntierthé foliowing eaniglesuve le MErivVed dronithidostracidre O3V using the
Cambridge el ik Name Aeedmasuarmenedin (hembyan glia vegsion 10.0. Unless

otherwise indicated, the structures of compounds synthesized in the examples below were confirmed
using the ﬂljWmﬁE‘Tﬁiﬁ%@aﬂy@s?~etbyicarbodmn1de hydrochloride; eq, equivalents; Et, ethyl; EtaN,

tricthylamine; Et:SiH, tricthylsilane; EGSIO, triethylsilyloxy; EtOAc, ethyl acetate; EtOH,



101251 (1) Gas chromatography - mass spectra with electrospray ionization (MS EST) were obtained
with an Agilent 5973N mass spectrometer equipped with an Agilent 6890 gas chromatograph with an
HP-5 MS column (0.25 p.m coating; 30 m x 0.25 mm). The ion source was maintained at 230C and
spectra were scanned from 25-500 amu at 3.09 sec per scan. [0126j (2) High pressure liquid
chromatography mass spectra (LC-MS) were obtained using Finnigan Surveyor HPI,C equipped with a
quaternarycpump; BEBfriabléavavelengthittdieCtor Setat 254 fim;@d-¥R«Cd8 ] Calumndfd:6.650mm,
5um), and a Einpigan, TCO ion tra Ss_spectrometer with electrgspray.iopization. Spectra were
scanned frgrg%ﬁgigﬁb?grn%ﬁcﬁﬁ%g%%gﬁ’ Hgﬁ%cﬁ %fﬁwé?éﬁa&%féir@%&’%ﬁ%‘ﬁ%ﬁ@é%rbf ions in the source.
The eluentsiisreBehicatoniteie and:D VAR . Graidient @hition frome 1% B:to: 9098in 18 min at a flow
rate of 1.0 b/minyis, used ith fofiaal Rald a0 8 9laf RSOl MDAIMe B N JRA27] (3)
Routine one-diménsional NMR spectroscopy was perfoillied on 400°MHZ or 300'MHz Varian
Mercury-PRi&tSpattrbmetersorte sarhples e issoi@y. iprdeitraisdigoivants vbeairiéd from
Qingdao Temglong\WeikorTechnelogy €or. i4d. ;and transfened 19,5 MmdRMMR kes, The spectra

were acquired at 293 K. The chemical shifts were recorded on the ppm scale and were referenced to
the appropfi&té Y& Signals; ddchBE L 4G BRREFBP M SO T 195 BBt fér EHIENT:B0 ppm for
CD30D, 5.820ppHforn @R2CHA @i RA6-ppmdat.CRCl3:for H/apectroxampleRraparation of
253655 842 et it e prer i e ey 7
(5-hromo-2=ehlorophe i) i btheoss phend3@mesthearioreCGteEL Dionization; MsOH,

methanesulfonic acid; NaBH3CN, sodium cyanoborohydride; NaH, sodium hydride:

NaHCO;, sodium bicarbonate; NaHSOs, sodium bisulfite; NaOAc, sodium acetate; NaQH,

sodium hydroxide; Na,SO;, sodium sulfate; NBS, N-bromosuccinimide; NCS,

N-chlorosuccinimide; NH,Cl, ammonium chioride; NIS, N-iodosuccinimide; O+, ozone;

Pd/C, palladium on carbon; PdCl,, pailadium (H) chloride; PE, petroleum ether; Ph, phenyl:

Ph;PCH:I (or PhsPMel), methyltriphenylphosphonium iodide; POCH:, phosphorus

oxychloride; PPh, tmphenylphosphine; Ry, retention factor; SnBus, tributylting, SOCl,, thionyi

chioride; TBAIL tetrabutylammonium iodide; TFA, triflusroacetic acid; THF,

tetrahydrofuran; TLC, thin layer chromatography; TMS, trimethylsilvl; TMSCN,

trimethylsilyl cyanide; Tris, trnshydroxymethylaminomethane (or 2-amino-2-

{hydroxymethyl)propane-1.3-dioly; TsCl, toluenesulfonyl chloride; TsOH, toluenesulfonic

acid; ZnEty, diethy! zinc.

(0089]  The clement deuterium is represented by the letter "D in chemical structures and
formulae and indicated with a lower case "d" in chemical names, according fo the Boughton

System.
General Svathesis Method of Scheme 1

[0090]  Inventive compounds of formula 12 can be conveniently prepared according to the
reaction sequences as shown in Scheme | {F1G. 1). Acid 1, which may be commercially
available or prepared according to conventional methods known to those of skill in the art, is
converted to acid chloride 2 by an agent such as oxalvl chioride, SOCly, POCI: or the like.
Intermediate 2 is reacted with alkoxybenzene 3 under conditions aided by Lewis acid, such as

AlClz or AlBrs, to provide ketone 4, The ketone group of intermediate 4 is reduced to



101281 N,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 L) at room temperature. Once the vigorous evolution of gas ceased, the reaction
was stirred for 10 h at room temperature. The reaction mixture was concentrated under vacuum to
give a yellow residue. The residue was dissolved in dichloromethane (1.2 L) in a 5 L 4-necked flask
equipped withgnrinteithal thbongrmeter e 2 Watdh oo fiderrsentfia $tirvedamixiuce was cooled to -3C

and phencipler789,0r6:54 1) as Added: AmIRHE (LI PIoride (472,6: €. 54 maR as added o

the above solution via a Solid addition funnel over | h while maintaining the internal Impel ature below 4

C. After the @adifiehtiees! corfpeteatabebeabrTamilier wasnstireed 6r 2hedes: 1@ ©noteé teaction was
poured intQ,ice10.ka), The.mixture wasfurther. stirred at gC-for thodilutedhmith watgr {3 L),

transferred to a 50 L extraction funnel and extracted with dichloromethane (10 L x 2). The combined

organic laygss wergwashedwithih NBECh (e leddd WATRELLD, o SOdiLm,Bydrexident7.5 L x 2), brine
(10 L s 2), dried over sodium sulfate (10(%0#), and concentrated, The residue was rec(%stallized in

absolute etfaifsI %'t EgHE e YE-Cm So ARS8 Votits ¥BiRFy 1 Aol sietice?9BemPLC purity >
99%). 111:NWRiECDELy 400 M2 G ésbififd, adr R w2 Jin e AR di&3 §IMekiihyy £ 4. ,J-2.1 Hz, | H),
7.30 (d, Hz, | I-ll . 6.90 | d,,./=9 H@ZH}_, 4;19%,/-7.2 Hz, 2H), 1.43 (t,1=7.2 Hz, 3H). Example 1B
Preparatio%o%? -%Fb‘?ﬂ%-tﬁtéﬁéi o- f%ﬂﬁéiﬁba yeénzyl)ben' ne 101291 To a stirred solution of Example 1A
(1.440 kg, mof) in anhydrous TF (7,2 L) under nitrogen was added sodium borophydride (161g.
556 moby ML L ASHER Y5 T e s St oSt oA Y EOIAH o @ and
aluminum Gtibrchionidet @ 136y 8133 madl)kwasoddadd: carefudlyppontioduis ke thette@iction mixture
over 2 h. The_reaction mixture.was stirrgd & ( =5 3 h after the addition. The reaction mixture was
refluxed (é gfécéc)nfgrél%ﬁfgrdl%eg\:‘gzg‘liésr? gvﬁ%%%ﬁﬁéﬁ%&ted and water (5 kg) was added dropwise

slowly in 3 n nitragen at here sodhat th internal tempegature did gt ex (ﬁﬁg 0'C. The
reaction rﬁ]itt;é]?z vﬁz%cgtlrcr%e%??osraig%gig%%%cgﬁlﬂé Sllr?egcilgi gtﬂeg{lﬁglsr,ﬂﬂlfge’(% a#mg Ce>(§swit ' water (1.5
L). The cruderproduct waighthesty disgoladiin fuch 2absollitetifandl 4 5068 Comheusdiution was

slowly coolef.to 28GR SN ANehakAOhdp e 108,100, ARG RiTrfOh2othel RS WA filtered and the

solid was washed with chilled etrhanolégoo mL) and dried under vacuum at 35 C to afford the crude
product. TRiSSpRERICEh SRy StalizelE W apBEiid B iansnes 1) erawmere Birransdinder
vacuum af 35, 1G-4agive therdesirgghproguci(®;310 kg, yield 94%; IIPLC purity > 99%). '11 NMR
(CDCI3, 400 MHz): 6 7.21-7.29 (m, 3H), 7.11(d, J=8.8 Hz, 214,), 6.85 (d.. J-8.8 Hz, 211,), 3.99-4.07
(m, 4H), 1.43(t,J=7.2 Hz, 3H). Example IC Preparation of
(2S,3R,4S5,58,6R)-2-(4-chloro-3-(4-ethoxybenzyl)pheny1)-6-
(hydroxymethyhz2-methaxyieiahydrom2HrRyran-3/4,5:triol Cl le le OEt OMe

[6094] The present mvention further provides a pharmaceutical compaosition comprising an
effective amount of a compound or muxture of compounds of Formula L, or a

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

[0095] A compound of this invention can be mcorporated into a variety of formuiations for
therapeutic administration. More particularly, a2 compound of the present invention can be
formulated into pharmaccutical compositions, together or separately, by formulation with
appropriate pharmaceutically acceptable carriers or diluents, and can be formulated into
preparations in solid, semi~-solid, hiquid or gascous forms, such as tablets, capsuies, pills,
powders, granules, dragees, gels. slumes, ointments, solutions, suppostiories, injections,
inhalants and acrosols. As such, administration of a compound of the present invention can
be achieved in various ways, mcluding oral, buccal, parenteral, intravenous, intradermal (e.g.,

subcutancous, intramuscular}, transdermal, etc., administration. Morcover, the compound



HO™OH OH [9130j To a solution of Example 1B (200 g. 0.614 rnol) in anhydrous oluene/THE (1.2 L,
2:1 (0,7)) 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,617?)-3.4.5-tris(trimcthylsilyloxy)-6-((trimethylsilyloyy)methyl)tetrahydro-17- pyran-2-one)
(373 g, 0.798 moll in toluene (1.2 L ) at -65 'C. The mixture was stirred at -65 C until starting material
was consumeet @imjniFlecreactibravashguidac hedavith hydrocHtoric acide(36438%mt b3 mt., 1.35 mol) in

methanol g800. rn%,)l \nd stirre af room temperature overnight. The reaction was neutralized with
USTAINCa/rgicase 1ormulatio

saturated sodium bicarbonate to pﬁ 7.5 and the organic phase was separated and the aqueous phase

was extra ith.ethyl agetate (2 3. .The.combined organic layers were washed with brine (2 2.0
L e o i B B R a0 my
and pourelrintoerehéxXanea!(2 .0 Efwithraigdrobs sfivingrafier . Stiprirgdot Wiithenmikidiréwas filtered and

the filter cakgwas.dried yader yacuiimita give e &%i&%t@@or@ﬁ%%gamcwm@%%&%&olid was

used without further purification in the next step. MS ESI (m/z) 439[M+ | P. Example ID Preparation of
(2S,3R, 4RIGSTBRY- DA B BHALERRERS Beh £y AR Hydhdyp) o those of skill in the art,
methy)tetiahyrarddsRir@nindhiantohi Risd LaRkalng) Compiax s, GELQHHALD) R QH

emulsifying, encapsulating, entrapping or lyophilizing processes. The following methods and

excipients are merely exemplary and are in no way limiting.

[0097]  In one preferred embodiment, a compound of the present invention is prepared for
delivery in a sustained-release, controlled release, extended-release, timed-release or delayed-
release formulation, for example, in semipermeable matrices of solid hydrophobic polymers
containing the therapeutic agent. Various types of sustained-release materials have been
established and are well known by those skilled in the art. Current extended-release
formulations include film-coated tablets, multiparticulate or peliet systems, matrix
technologies using hydrophific or ipophilic materials and wax-based tablets with pore-
forming excipients {see, for example, Huang, ef al. Drug Dev. Ind. Pharm. 2975 (2063,
Pearnchob, ¢ al, Drug Dev. Ind. Pharm. 29:925 (2003); Maggi, er al. Eur. J. Pharm.
Biopharm. 55:99 (2003); Khanvilkar, et al., Drug Dev. Ind. Pharm. 228:601 (2002); and
Schrmudt, eraf., fnr. J. Pharm. 216:9 (2001)). Sustained-reicase delivery systems can,
depending on their design, release the compounds over the course of hours or days, for
mstance, over 4, 6, 8, 10, 12, 16, 20, 24 hours or more. Usually, sustained releasc
formulations can be prepared using naturally-occurming or synthetic polymers, for instance,
polymeric vinyl pyrrolidones, such as polyvinyl pyrrolidone (PVP); carboxyvinyl hydrophilic
polymers; hydrophobic and/or hydrophilic hydroceoiloids, such as methyiceilulose,
cthyleeliulose, hydroxypropyleellulose, and hydroxypropyimethylcellulose: and

carboxypolymethylene.

[0098] The sustained or extended-release formulations can also be prepared using natural

ingredients, such as minerals, inchuding titanium dioxide, silicon dioxide, zinc oxide, and clay
(see, U.S. Patent 6,638,521, hercin incorporated by reference). Exemplified extended reicase
formulations that can be used in delivering a compound of the present invention include those

described 1n U.S. Patent Nos. 6,635,680; 6,624,200, 6,613,361, 6,613,358, 6,596,308,

23



101311 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 mot) followed by
addition of boron trifluoridc 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
>< 3.0 L). FhHéTombinsdniganic Jaysistweret wadhed, yatobhiné, §25368@ Hd §, siriecbovessagium sulfate
and conce ive.the crude product as a white soli . Purit PLC): 82.8% (UV). [0132]
A5L 4-ne§&§§c(j$ &?ﬁ%:‘/ggsl ‘cha are%c\{}v%ﬁr%ﬁlgb bove crude 8?%%%%8 % bﬁ,#@vﬁtﬁ?ﬁyf%nd followed by
L-proline (2adigyler 9gsrpmbiychidiatioitldas tiyahio WateP {182 ¥ak)6.The Thixttrédvagdheated to reflux for

30 min with sapidmeghapicab stiring . A HEXaAE (200, k) yas added dropyise tg the above solution.

After the addition was complete, the reaction was cooled slowly to room températlre and then further
to -5C. Aftéridtrring for3%/ 8t -5 1 P mbddretwasTitersd Ahdl taedfilferdakéswaswashed with cold

ethanol/wate(RR:A04(Wehdin 27 ARG ML DiRRM diexanent2 % 200:mkland,dhied Upder vacuum at 65C
to give the desired product as a white solid (186 g). A portion of this crude product (140 g) was

dissolved i BTNV IO A B VRINFEEMUY) 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 anj"t??e"’ FiltelrC AR (ARTHERIE it EBRIARAHOF DS ML HIAR K AhE (P XYL |, dried
under vacutii gt 656Gt getdhenesireckprodushag acyhiie sokin (136 gryield £8%) Rurty (HPLC)
99.5% (UV), 11-1 NMR(‘CD-r Dt 400 MHz d6 7 3457.25]%LI, 3H£bQQ8 (d, 138% Hz, 2H), 6.78 (d,
1=8.8 Hz, 4. '0%%??5673%2?%? E."o%’-@??;%“gn%foe}ﬁ),%é- B TRy T3 SR P53, 47-3.37
(M, 5H), 332uBROS(HP@H)|i2 B8 By26fhi}i 2y R1i6R:0Bils2kt)s 20k, 9B:rics Adyp dnsift, /-7.2Hz,
3H); MS ESl (rniz); 4 +11-... Exa plg‘gP_eartj&nof . arations )
(25,31?,4Fé§,1 gs{{%%‘-ﬁ%%holrgéé-%sfiﬁ%e)%(%né?yﬁéﬁz[ﬁ ?Sh%%yﬁ%‘-aghmawmal preparations for oral
(hydroxymigthgidweamre oy pyrare: 814 Sumisiudl OE] B GH Ol 10133k Bugpedsign of Example
ID (23.0 u 46 mmel)in ethy %@?&E@ﬁg@%‘%ﬁ%ﬁ@%@ water230.mihwas heated [0.80:& wntil the

solution became clear. The so 2]

[ ution was transferred to a separator funnel immediately. The ethyl
acetate layir ¥ids OB SHRER S At pga cIas erabledwithcathyTaserats (e fillgs Fhehdsmbined
organic layegs-wereiwashed with uong. duechQyeLsadivim suliale.sand-cansehtralad o gjve the desired
product as a white solid (14 g, yield 95%). Purity (HPLC), 99.1% (UV); 11 NAIR (CD10OD, 400 MHz):
6 7.34-7.2%}{&1{5’?%133}3?.%%?6%" g‘-’%eéf r‘i"fi‘fl‘z 5@ Tane s Ty g TGS Y, 1H), 4.06-3.95
(m, 41-1). 3:8ByBB85lnsd Il c3:G8e3:16miny [ 1d-11)i03e4 odidh (MmbSk-hth3idali(msd H)d1le35 (t,../-7
2Fiz,MS E;%lmé@péggd%h]i] (PVP). If desired, disintegrating agents can be added, such as a cross-

linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

[0100] Pharmaceutical preparations which can be used oraily include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture
with filler such as lactose, binders such as starches, and/or lubricants such as talc or
magnesium stcarate and, optionally, stabilizers. In soft capsules, the active compounds can
be dissolved or suspended in suitable liquids. such as fatty oils, Hquid paraffin, or liquid
polyethyiene glycols. In addition, stabilizers can be added. All formulations for oral

administration should be in dosages suitable for such administration.

[0161] Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions can be used, which can optionally contain gum arabic, tale, polyvinyl
pyrrolidone, carbopol gel. polyethylene glycol, and/or titanium dioxide, lacquer solutions.

and suitable organic solvents or solvent mixiures. Dyestuffs or pigments can be added to the



Example 3 Preparation of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-methoxybentyl)pheny1)-6-
(hydroxymethyl)tetrahydro-211-pyran-3,4,5-triol, bis(L-proline) complex (313) 1 n-Buli Example 3A
Preparation of (2S,3R,4S,5S,6/0-2-(4-chloro-3-(4-methoxybenzyl)pheny1)-5-
(hydroxymethyl)-2-methoxytetrahydro-21-1-pyran-3,4,54riol OCH3 [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-I-ciletoe2 qdamethaxybebr yiiheiizerien80tg cB.268rehiiffaoy Thitiiaturne L 22 (vis,), 480

mL) cooleqo%-3§ng g(;gsuch 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 eannula to a stirred solution of

(3R,45"5R; 13:4:0: tris(trimethylsilyloxy)-64(trimethylsilyloxy)methylPetrahydro-2H-pyran-2-one
(157 g, oé%?}r‘;ﬁ}obﬁgeté u%( 0&%%%%%%@@%3 o §“16Y:‘fagt¥%% et 8%&%@ e htefnal
temperatufe’ below 201 Fhiemnixtere inasistirred fofBthatthiz8 sCrumtildtantingfonatériakivas

consumed;and was auanehed siawly Ry fvdrashlaric aci (R6+38%:. 473 Mk Q- 58/,mal) i, methanol
. 3

(320 mL), keeping the intefnal temperature below -45 'C. Thé reaction mixture was gr duoélﬁy warmed
to room tePRPETEtIFE i sEFffde g HENTHE tHkirehoas Habaadized witkesidusantersotium

bicarbonaig agueppasoUH@LIGRIAVIR: TheMIAANIS RYREIVasBepsrated AN the.a0uealis phase was
extracted Vé%ih ethyl acetate (2 k 1.0 L). The combined organijc layers were washed with brine (2k 1 0

L), dried oV RBEIM SeifALe 4 coRRen AT e BLRIGEN R 48 B d thiliarvaRium at 40 C to give
the crude producitasarraifenbite solitifddddgy, whishonvas useddrtheunaxt stepwithout further

purificatiorlgfgri}%/g |_:|*Pcrc %XGEQ/% uc,\il é%?’a- Séﬁrniz {4@%[%{% I?u)é%rgg & a%ggﬁr% gargft}io}rk]ir?cter’q

(2S,3R4R, &6/ (3 “Chiord-3- “—memoxg.bené)y |3 enx T U e
solution, or physiological saline buffer. Formulations for injection can be presented in unit
dosage form, ¢.g., in ampules 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 contain formulatory agents such as suspending, stabilizing and/or

dispersing agents.

[0103] Pharmacentical formulations for parenteral administration include aqueous solutions
of the active compounds in water-soluble form. Additionally, suspensions of the active
compounds can be prepared as appropriate oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as-sesame oil, or synthetic fatty acid esters, such as
ethy! oleate or triglyeenides, or liposomes. Agueous injection suspensions can contain
substances which increase the viscosity of the suspension, such as sodium carboxymethy]
ellulose, 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
transrmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. For topical administration, the agents are formulated
into ointments, creams, salves, powders and gels. In one embodiment, the transdermal
dehivery 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



(hydroxymeth31)tetrahydro-2H-py ran-3,43-triol, bis(L-proline) complex OCH3 OH _ 0-2 101351 To a
stirred solution of Example 3A (I 11 a, 0.262 mo ) in anhydrous acctonitrile/ dichloromethane (1:1 (v/v),
1.32 L) was added tricthylsilane (122 g, 1.05 mol) at -45 C and followed by boron trifluoride etherate
(100 mL, 0.785 mot). The mixture was stirred at -10 OC for 2 h. The reaction was quenched with
aqueous solution of saturated bicarbonate to pH 7.5. The volatiles were removed under reduced
pressure atditheyrésiduietivasteatraatéddnith ethyl meetatent2kib:Oddudbhereonabipge:arganic layers

were was jth_brine ( ), dri 18 I sulfa d concentrat lve the crude
product aQ%%W ﬁg%{oﬂag(%%%gigugfﬁ%gxﬁs%(g;%f’l %H%@Q{hlg)%%@é]a E%ﬁ%{%ﬁ’sion of the
above crude3producttidEd.| Burity 76:5%96)venchlapriolimey(64:2 gy 8558 miole) infethanrol (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(lPE) wasrddded diopwisetiafterthengdditions the sdlutierfavas:tooled sldwhytgesoom

temperaturg ang.then cagled.to 5, 'G. After stirring for 3 h at 5 "C. the mixture was filtered and the filter
cake was washed with n-hexane (2 t 300 mL I, dried under vacuum at 65C to give the complex as a

white solid Q) , | ized again.in 95% eth 330 mL ) by the same
procedure g6dgéscE?b%%ﬁg&ggﬁg%%&%y%%égﬁﬁzﬁgéi g%lvpr%%%cat %9?%O§ﬁef§]é§§%3c urity (HPLC)
99.5% (UVJHPNMRACH3 OB [0t e js @rderearrepsr ¢hen3Hich. b8 ¢dcig. forr 1260 6¢78 (d,1-8.4 Hz,

2H), 410 (el zbnlizr PR Aeh)a R385 Taheofs drlgaindd \ 3-3.69 (In, 1H),
3.4)9-3.37 (m, 51-1), 3%% 3|?|ﬂ,n§f36-%. 7 (n(qﬁ,B (fl?rd%%éd(zrﬂnﬁg%ﬂ 2.%%%73?3(%?,}114, MS 51

(m/z): 395 imgzin]{s%gam@tﬁom B}é.?a sgnple, the compounds can be formulated with suitable

(2S,3R,4Rp25:6R) c2r{ 4ychtprand( dreyeiaprapmiengid)phenyholion in an acceptable oil) or ion

! -2H-pyran-3,4,5-trio|, bis(L-praline) complex Example 4A
(hyd rOXymee}gygz}gérr%g%grgr%‘; sgzn% gij? s;oiubt{e erl?vag_vgs, for e))aampig asa spa';'mggy soluble sait.

[0107] The pharmaceutical compositions also can comprise suitable solid or gel phase
carriers or excipients. Examples of such carriers or excipients include but are not limited to
calctum carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,

and polymers such as polyethylene glycols.

[0108] Pharmaccutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are confained in a therapeutically effective
amount. The present invention also contemplates pharmaceutical 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 diseases 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
fatlure, atherosclerosis or related disorders. An effective amount of the compound and/or
combmation 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 & 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



Preparation of (2,2-dibromoeyclopropy benzene [0137] In a 1 liter 3-neck flask, bromoform (31 2 g,
1.23 mot) was added clropwise over 120 min to stirred solution of styrene (100 g, 0.96 mol),
benzyltriethytammonium chloride (7 g, 0.031 mot) and powdered potassium hydroxide (80.6 g, 1.44
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 distillettatB0dCiondensdLieedprassuued abbutS0 Ra)Rgive the desired:nroduct as pale yellow

liquid (233.g, yield 88%, purity 98% by HPLC(LIY)). 1H.NMR (CDC,13, 400 MHz): 7.38-7.42 (m, 3H),
7.29-7.31 rﬁ’?yfffél)‘ffé?goél-s%é’(%’,“Pﬁ% ;ﬁ%-‘ﬁ‘.é%a@ﬁrtﬁﬁsz.&é—%@%‘éﬁ} f%%.ggﬁ%ﬁle 4B Preparation
of (5-brom@<2:zigiorogeryi)(4:¢2,2¢ BibromogytlopropydphighyOfeethandde 1ifpted:381 DMF (0.5 mL)
P il G et g e el R i Ao

(38.7 g. 0.305 mol) in di methane (240 mL) at room temperature. The iXture was stirred at room

e )20 D are PG, SR eI IB2 R ML Bl T e i el o
m )

Example 4A (63 g, 0.728 mot) in dichloromethane (3 chled:to Was added altiminum
trichloridc {4872hg po8iena)drirporions ioliesrmse. it The yebetdoremilwie wasaowetksciwarm to room

temperaturg.ang stirreshiny S Wﬁ&%&;@é@%ﬂﬂdé@/ﬂﬁﬁﬁ'ﬁ?se,%&gﬂ@@&ﬁ%&hﬁ@@&%ﬂ%@%@ga”iC

phase was separated and the water phase was extracted with ethyl acetate (600 mL). The combined
organic pha¥es iweraRBdRE PRIHARETE (2300 Wk icB B ¢3oo I 2anats et aefhEdsus Na2SO4

and concenitpdembiagve the-gesirad pradichas yslowaik (104 gmvield.92:3%)x yvhich was used
directly in thhe next Etep..ll—;) NIVIR (.CD(ﬁ‘,I3. 400 MHz): d 7.70-7.95 (m

ypermsulinemia, hypertension, hyperuncenma, Obesity, edema, dyslipidemia, chronic heart
failure, atherosclerosis and related diseases, which comprises administering an effective
amount of a compound or mixture of compounds of Formula I, or a pharmaceutically
acceptable salt or prodrug thereof, to a subject in need thereof. In another embodiment the
mvention provides a method of using a compound or mixture of compounds of Formula 1, 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, dyshipidemiz, chronic heart failure, atherosclerosis and related discascs.

[6116] The present invention also contemplates the use of the compounds of Formula L, or
pharmaceutically acceptable salts or prodrugs thereof, 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 multipic
therapeutic uses and the listing of an agent in one particular category should not be construed
to limit in any way its uscfulness in combination therapy with compounds of the present

mvention.

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

ghimepinde, glipizide, gliquidone, ghisoxepide, glvburide, glyclopyramide, tolazamide,
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7.45-7.53 (m, 2H), 7.19-7.37 (m, 3H), 2.98-3.03 fin H) 2.15-2.20 (m, 1H), 2.04-2.08 (m, 1H). Example
4C Preparation of 4-bromo-1-chloro-2-(4-(2,2-dibromoeyelopropyl)benzyDbenzene Br Br Br [0139]
Trifluoromethanesulfonic acid (0.5 g, 0.0033 mol) was added slowly to a stirred solution of Example 4B
(104g. 0.211 inol) and triethylsilane (66.8 g, 0.574 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 reactisHerilatréwalb Hersa BGemmr B nteresonsahersgs i eniseratufdShe reaction

mixture wasallowed: 1@ stinden anotherds s the selidwas-iltarsds washadwith hexane£190 mL) and
dried under vacuumn at 30 C to get the desired product as a pale gray solid (86 4q. yield 85%) 111

NMR (CDEH 0%66%71%“%“?%‘?‘%?&%%&“@5’ o SIS AP 4 BHS, e, 2.93-2,98 (M. 1H).
2.13- - 2. 1A dpnisibkd)s 2500203 Ay, xample-4Bi Rreparationof dkbrome-kchiorg2-(4-c

lopropylbenc? benze 014Q] Zinc dust (4. 0.073 mu!) and ammanium chloride (5.3 g, 0.1 mu!)
\(/averpe a%:je(g ((:)ha sirréd mz%mﬁb?ﬁ}]oé Baple T%g( 5?‘8%‘%1@87’} in"g ﬁgéfﬁSF(’z@ Ey‘éﬁ‘f’g%lxture was

heated to @@fgintzﬂme,'mé(réa&ti@ndrtﬁxtiﬂke'}wmmtei&eddtd&m:Smhdiwasommhedzwﬂmeﬂhyisacetate (30
mL). The fj i I| eII Ql, Ther I d thyl acetate
HaiR.yan.so0eeRiRIEd 10.9] . gxgx IR 85 RS VR ARl gﬁg G

(30 mL), was washe rine Concentr a‘%ed a light yellow
oil (3.0 g).PFﬁé(@ﬁﬂﬁfﬁ pietHars B int)danechexaRBAB)-gamma agonists (such as farglitazar,

metaglidasen, MBX-2044, GI 262570, GW1929, GW7843 and the like), PPAR-alpha/gamma
dual agonists (such as muraghitazar, naveglitazar, tesaglitazar, pelightazar, JTT-501, GW-
409544, GW-501516 and the like), PPAR-alpha/gamma/delta pan agonists (such as PLX204,
GlaxoSmithKime 625019, GlaxoSmithKline 677954 and the like), retinoid X receptor
agonists (such as ALRT-268, AGN-4204, MX-60354, AGN-194204, LG-100754, bexarotene
and the like), alpha-glucosidase inhibitors (such as acarbose, miglito! and the like), stimulants
of insulin receptor tyrosine kinase (such as TER-17411, L-78328], KRX-613 and the like),
tripeptidyl peptidase i1 inhibitors (such ag UCL-1397 and the like), dipeptidy! peptidase IV
inhibitors (such as sitagliptin, vildagliptin, denagliptin, saxagliptin, NVP-DPP728, P93/01,
P32/98, FE 99901, TS-021, TSL-225, GRC#200, compounds described in U.S. Patent Nos.
6,869,947, 6,727,261, 6,710,040, 6,432,969; 6,172,081, 6,011,155 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, et al., Current Science, Vol. 88,
No. 2, 25 January 2005, pp. 241-249, and the like}, glycogen phosphorylase inhibitors (such
as NN-4201, CP-3682096 and the like), glucose-6-phosphatase inhibitors, fructose 1,6-
bisphosphatase inhibitors (such as CS-917, MBO3032 and the like), pyruvate dehvdrogenase
inhibitors (such as AZD-7545 and the like), imidazoline derivatives (such as BL11282 and
the like), hepatic gluconeogenesis inhibitors (such as FR-225639 and the like), D-
chirotnositol, 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),
incretin 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-1 analogs (such as liraglutide, CJC-1131, AVE-0100 and the like), GLP-1 receptor
agonists {such as AZM-134, LY-313902, GlaxoSmithKline 716155 and the like}, amylin,
amylin analogs 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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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
32.5%, purity 92.0% by LC-MS). 'H NMR (400 MHz, CDC13)8 7.47- 7.44 (m, IH), 7.24-7.21 (m, 2H),
7.18 (d, J = 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). Example 4E Preparation of
(3R,4S,53,6R);25(4 (otorer 3- (45 ¢y cloprapyihetizl)phea®adrenergic receptor agonists (such as
(hydroxymethyl)-2-methoxytetrah -2H-pyran-3.4,5-triol . OH 101411 A cold solution of n-BuLi (2.5
NI in hexgﬁé‘%é?rrﬁl%.%%%g) )é)?(fa%%%leg ti)%%géé&]é}r% celﬁg%l)d%‘a&d)r%ﬁfl\}@éliﬂhﬁéjﬁlgﬁd% to a stirred
solution ofzhigrommdduchloroe@:ddec YENS priviyi pHEA CBtHYR théaZe i (100, €215-0B40@ral) in
anhydrous FHR{iQluene (.2 (ww)s 66Q mpL4 af 178G at such ajate.as {0 keep, the interpal temperature
below -70 éJC The mixture is theri stirred for éno%l%e’r 40 min a@ggé ”t@égglét%éf% Eiﬁeglr]teaélgtion mixture is
transferredB9 la edmidfa fofal $tirled-sHIGEEN I (3R A S RGOSR B 415-trid titrimhethylsityloxy)-
6-((trimethylsityloxy)methyl)-tetrahydropyran-2-one (206 g, 0.442 mol) in toluene (660 mL) at -78 C at
a rate as 1§Kedp theeinpérnal temperatire el Bivb o SrmMhisseartiontshixtireuis then stirred at -78 'C.
for 3 h un%mﬁ%ﬁwtﬁw@g@{g@@mfa@@ e belorsquenching slRuwhkiha spifign of

hydrochloric acid (36-38%, 62.3 mL, 0.747 mol) in methanol (440  so the reaction temperature does

not exceedUAb2EEPHIES R alBiGR iiixfires et gri BRIEIRAN RRFEE 16 r GORY ¥Rt e fdlairsiéind stirred

overnightaJdaehmixturelis Aeuirakizeskwith aguesugsolstionahsaturatgd sediumibicagbonate to pH 7.5.

The organic layer is separated and the aqueous phase is extracted with ethyl acetate (2\1.2L). The
TS0 SR o

combined BfFAME V&S RAISE WaEHEY: e (220D dled Brat¥odiom-Lbiate; Hid
concentrat€d2 The Tésid uel isithentsissobied indibt tohsenehfB00rmifkdowaich feltxangd2.0 L) is
Cacuum (5 S T e BB Ben AN b Lt PYRS |8t Sap WSt dhner purifcation.
Example #frPgepiarationiocf (28, IR EREE 6R | s2<fMasMbiD-B-(4:cytloplapyitedzylipheny1)-6-
(hydroxymethyDietralydrg: RN SlloL QIS RGN S). AN cd 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
antagonists (such as mexiletine, oxcarbazepine and the like), nuclear factor-kappaB (NF-
kappaB ) mhibitors (such as dexlipotam and the like), lipid peroxidase inhibitors (such as
tiritazad mesylate and the like), N-acctylated-alpha-linked-acid-dipeptidase mnhibitors {such
as GPI-5232, GPI-3693 and the like), and carnitine derivatives (such as camnitine,

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

{0113] Examples of antihvperunicemic agents suitable for use in combination with
compounds of the present invention include unic 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 hydroxymethylghutaryl coenzyme A
reductase inhibitors (such as acitemate, atorvastatin, bervastatin, carvastatin, cerivastatin,
colestolone, crilvastatin, datvastatin, fluvastatin, glenvastatin, lovastatin, mevastatin,
nisvastatin, pitavastatin, pravastatin, ritonavir, rosuvastatin, saquinavir, simvastatin,

visastatin, SC-45355, SQ-33600, CP-83101, BB476, 1-669262, S-2468, DMP-365, U-



0-2 101421 To a stirred solution of Example 4A (1180.270 mot in anhydrous
acetonitrileldichloromethane (1:1 (\fly), 1.42 L) is added triethylsilanc (126 g, 1.08 mot) at -45 C,
followed by boron trifiuoride otherate (103 rriL, 0.812 mol). The mixture is stirred at -10C for 2 h before
guenching 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 WesheBMAH ke, @M 1-DiE}(diedrovedsoditthsuUfates anﬁlcaomerﬁraie@t@ give the crude

| 9.5, 0.517
roces 2= sl ispioon o s sl Lol oo an palne (595

mole) in eth: ‘'mL) and water (42 mL)"in a our-ne o 36'thin with rapid
mechanicalstirtings hslicptane(:0511). isadtedd Ff@pw'n@mtog fhelabove h@tfﬁﬁhﬂuomméﬁémhe addition,

the mixture s caoiad siowl.o tam IR peratye.a0d lned fof ﬁ*ﬂ%&e L easlipnmiiure 1

then filtered and the filter cake is washed with n- hc tanc (2 30 ried under vacuum at 55C.

to give the‘erlidécomplbs s a WhitB-sbiiv. Ehisssatisie ais @tﬁxeamt@s%ﬁerﬁaﬁaﬁ {864hL) and heated
to 75 C untikayclearrsalution is formeds @ whicisahaeiane 4590 miJ is-agded dropwise, The mixture is

cooled slowly to room temperature and stirring is continued for another 5 h. The reaction mlxture is

filtered and*tAECHIEET e TEARMSHEE RHR IR Spiches @ 200 ki p REmiPre d d#d@Rfacuum at 65 C to
give the camplexias awhutezsahde:cmﬁg)nmsﬁnhgi can| i@@}@@ﬁiﬁ&@i&%%ﬁﬂ@ﬂﬂ'ﬂ the same

rocedue g eriet BRI 110G e BESLSH B Craal S yoparelon o

benzyl)pheryt)- Bie(ﬁﬁldm)@me’ﬂhyb)@étramwré?ZH—m&ﬁﬁCEQ%WQE(bBGS@QIm_@mmpkeﬂ!SF) 1.

n-Buli 976, RP-64477, F-1394, CS-503, CL-283546, YM-17E, 447C88, YM-750, E-5324, KW -
3033, HL-004 and the like), probucol, thyroid hormone receptor agonists (such as
liothyronine, 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 triglyeeride 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; 5,885,083 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 LY 295427, 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 ctomoxir and the like), squalene synthase inhibitors
{such as YM-33601, TAK-475, SDZ-268-198, BMS-188494, A-87049, RPR-101821, ZD-
9720, RPR-107393, ER-27856, compounds described in ULS. 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 inlubitors (such as 264W94, S-8921, SD-5613 and the like). and
cholesterol ester transfer protein inhibitors (such as torcetrapib, JITT-705, 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



2. CH30H, MsOHOH Example 5DExample 55 Example 5A Preparation of 2-cyclopropoxyethanol
101431 To a suspension of Ma powder (86.7 g, 3.6 mot) and iodine (cat) in anhydrous TIE (0.7 L) was
added slowly 1,2-dibromoethane (460 g, 2.4 mot) in anhydrous TI-IF (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)-13-dioxolane (100g, 0.56 mob) in anhydrous THF (750 mL) was added dropwise.
The reactio ixiureavas:kepitat 40554 fohibBhrafdhsiias quenphed by iadditian, d‘fmlae'@us solution
of ammon e, The mixt ract ith,m th lene chl de Th ani er was
dried overws%mé%urrl? {égf %éo%n %(cloé%%ré\é]tr%at%é t@c]) g?lg/(é tﬁg%ﬁ e prodCJ)ct C(E%/ﬂ as' %ogv%v gﬁ i}wllch was
directly usedahithothofirther pomificatiohant denhpio. BBrepinephrine releasing gtamu ants {such as

rolipram, YM-992 and the like), anorexiants (such as amphetamine, methamphetamine,
dextroamphetamine, phentermine, benzphetamine, phendimetrazine, phenmetrazine,
dicthylpropion, mazindol, fenfluramine, dexfenfluramine, phenylpropanolamine and the like),
dopamine agonists (such as ER-230, doprexin, bromocriptine mesviate and the like), Ha-
histamine antagonists (such as impentamine, thioperamide, ciproxifan, clobenpropit, GT-
2331, GT-2394, A-331440, and the like), 5-HT2c 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, L.Y-448100, WAY-161503, WAY-470,
WAY-163909, MK-212, BVT. 933, YM-348, 1L-639, IK-264, ATH-886351, ATHX-105 and
the fike (sce, e.g., Nilsson BM, J. Med. Chem. 2006, 49:4023-4034)), beta-3 adrenergic
receptor agonists (such as 1.-796568, CGP 12177, BRL-28410, SR-38611A, ICI-198157, ZD-
2079, BMS-194449, BR1L-37344, CP-331679, CP-331648, CP-114271, L-750355, BMS-
187413, SR-39062A, BMS-210285, LY-377604, SWR-0342SA, AZ-40140, SB-226552, D-
7114, BRL-35135, FR-149175, BRL-26830A, CL-316243, AJ-9677, GW.427353, WN-5984,
GW-2696 and the like), cholecystokinin agonists {such as SR-146131, SSR-125180, BP-
3.200, A-T71623, A-T1378, FPL-15849, GI-248573, GW-7178, GI-181771, GW-7834, GW-
5823, and the ltke), antidepressant/acetylcholmesterase inhibitor combinations (such as
venlafaxine/rivastigmine, sertraline/galanthamine and the like), lipase inhibitors (such as
orlistat, ATL-962 and the like), anti-cpileptic agents (such as topiramate, zonisamide and the
like), leptin, leptin analogs and leptin receptor agonists (such as LY-335101 and the Hke),
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, GBY8/284425 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

telenzepme, pirenzepine and the like).



Preparation of 2-eyelopropoxyethyl 4-methylbenzenesulfonate [01441 To a stirred solution of sodium
hydroxide (32 g, 0.8 mol) in water (180 inL) and THF (180 mL) was added Example 5A (27 g, 0.26 mol
) at -5 to 0 C. Afterwards, a solution ofp-tolucnesulfonyl chloride (52 g, 0.27 mol) in THE (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 separated and the aqueous layer was
extracted Wit ethyEsoetate (Raxthdptiieiieccombined epganitblayennyeheoniadhed ithrbrine, dried
over NasS { 0 cr roduct as llow all Itw s psed directly
without fur%fr%ﬁ?%ca‘tglgr{ %)?géndp%gg > %}Fégp%%reﬁl%ﬁsgfm C@b}gﬁgni’gﬁorgégﬁﬂzly%&%nol -CIOH Br
[01451 TomstntadvsoiitionotEiamplenBl(7adqsaBicmobrimgdiotiorermetiins rashagided boron

tibromide (315 :02 MONSIOWY, aki€h. ¢ SThedsaaion e asAlowed ioise. o oom

temperature. When the reaction was comp lete'as measure by TLC, the reaction was quenched with

water. Théﬁﬁiﬁﬁﬁ?é%@t’s‘@%ﬂ?é@t@&Whﬁ%ﬁf@?@ﬁé’@ﬁ&ﬁ@rﬂ“ﬁé\%ﬂﬁﬂ%ﬁ%FWQ@‘Washed with aqueous

solution ofsaipratre spitiupy bicarhenale, watendorinesshiedioverha2ediand gengentrated. The
residue was recrystalllzed in petroleum ether to give the title compound as a white solid (460 g, yield

68%). 1H RIMIR BT ISCAIIES OB 355176 FdSHT IR BRI = 1 LY 065784, 1-8.8 Hz, 2H),
5.01 (s, | Hys4H@n), (8mdkbrtake xadiplerbD B repatation Dfirtan, tasosartan, enoltasosartan and the

4-bromo- 1 horo 4-(2-e 0pox etho benzyDhen L Example 5C
(56.7 g, 21 ’”n?%tg d(:b %6%1?1 ¥ ?ﬁ?ﬁﬁ “?ﬁc I—E§§ ({%f/tvﬁésé s—n?q ?éty §t(%om temperature
for 0.5 h. BdARNB{bE 3y, tzaGknhﬂﬂéiwﬂaéxadmmcﬂ;hetﬁgamuar[mhtwaw&ssmmedcaﬁmpm
temperatuyg, guerpialy 1byas iipd with wofer @) and extraated uih H0AG, Theprganic layer was

washed with water, brine, dned over Na2S04, and concentrat e residue was purified by flash

column ch#@ﬁ%ﬁ&ﬁh&%%hééﬁ@‘et@&tﬁ%@v&ﬁée‘@&ﬁ@mﬁ étRefeathyl atetatd (Y011§98.give the title

compoundyasdiauch (ot g, yistd 6d); ALl NNBRCRE K. AROMAZY. 51 - 22rk29.0Ms B13). 708 (d,/=8.8
Hz, 21-1), 6.88 (d,1=8.8 Hz, 21-1), 4.10 (t,../=4.8 Hz, 2H 386(t 1=4.8 Hz, 2H), 3.38-3.32 (m, 1H),

0.62-0.66 ag)] )dr@ Ag. él%(dﬁlrgtiaigems ( such as 1ydroc orﬁthlamdr. bendroﬂumcthmadc

trichlormethiazide, indapamide, metolazone, furosemide, bumetanide, torsemide,
chlorthalidone, metolazone, cyclopenthiazide, hydroflumethiazide, tripamide, mefruside,
benzylhvdrochlorothiazide, penflutizide, methvclothiazide, azosemide, etacrynic acid,
torasermide, piretanide, meticrane, potassium canrenoate, spironolactone, triamterene,
aminophylline, cicletanine, LLU-alpha, PNU-B0873 A, isesorbide, D-mannitol, D-sorbitol,
fructose, glycerin, acetazolarmde, methazolamide, FR-179544, OPCJ‘}%G, lixivaptan,
conivaptan and the hike}, calcium channel antagonists (such as amlodipine, bepridil,
diltiazem, felodipine, isradipine, nicardipen, nimodipine, verapamil, S-verapamil,
aranidipine, cfonidipine, barnidipine, bendipine, manidipine, cilnidipine, nisoldipine,
nitrendipine, nifedipine, nilvadipine, felodipine, pranidipine, lercanidipine, isradipine,
elgodipine, azelnidipine, lacidipine, vatanidipine, temildipine, diltiazem. clentiazem, fasudil,
bepridil, gallopamil and the like}, vasodilating antihypertensive agents (such as indapamide,
todralazine, hydralazine, cadralazine, budralazine and the like), beta biockers (such as
acebutolol, bisoprolol, esmolol, propanolol, atenolol, labetalol, carvedilol, metoprolol and the
like), sympathetic blocking agents (such as amosutaiol, terazosin, bunazosin, prazosin,
doxazosin, propranolol. atenolol, metoprolol, carvedilol, nipradilol, celiprolol, nebivolol,
betaxolol, pindolol, tertatolol, bevantolol, timolol, carteolo!, bisoprolol, bopindolol,
nipradilol, penbutolol, acebutolol, tilisolol, nadolol, urapidil, indorammn and the like), alpha-
2-adrenoceptor agonists (such as clomdine, methyldopa, CHF-1035, guanabenz acetate,

guanfacine, moxonidine, lofexidine, talipexole and the like), centrally acting antihypertensive
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Example 5E Preparation of (2S,3R,4S,55,6/2)-2-(4-ehloro-3-0-(2-cyclopropoxyethoxy)
benzyllpheny1)-6-(hydroxymethyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol HO OMe 'OH OH 101471
To a stirred solution of Example 5D (213 g) in anhydrous THI olucne (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 mM,
before transferred to a stirred solution of 2,3.4,6-tetra-Otrimethylsilyl-f3-Deglucolactone (310.5 g) in
toluene (1:#dnyats:60 a5 CscThiscraatiionimixtime Was pontinugushh striegbal (eRre) 5.&ieml h before
quenchingd\lx\é;;[h agueous solution of saturated ammoniulgm%chloride ..Then mixture was allowed

g

e 5 ] mor 5L) MIXTL
to warm to room teh%’%grrlgia?gugir%l SHTRCCISIPRT RS B AN RSP sEF S AR H A4t thdwater layer

was extracted.with atityhabetates(3: X500 1mk)pThectombinet ocganitrlayersiveresiwvashed with brine (1

e S o0 Ty and

methanesulfonic aci ) was a tioh was allowed to warm to room

temperaturg,and sfirred for 20 h. It was quenched V\{ié[h aqueous_selution of sodium bicarbonate (50 Q)
in water (5(00 mflj_) and ag%?tiﬁriéldwca&ar (% 0 miﬁeﬁés”é}?gé’é?‘r‘a%‘ rﬁ&%ﬁ%d\r/v%dsc{é%%}cted with ethyl

acetate (3XTPWITHEBOHMEEH ergentenayefrivereirashddwithtbrine drieeh ovirdia, SO4,

concentrated.and H3ed girertivdndhe pext SteRIWIhoM SERG! RUFGaON: 1cast one memikx@mple SF
Preparation of (25,3R,4R,5S,6R)-2-(4-chloro-3-(4-(2-cyclopropoxyethoxy) bephenyl)-6-
(hydroxyrmtRYBEEtRyBF STORR 5 AR A S ABTIB SR CArdIfE)s combination partners, in a

pharmaccutically acceptable carrier.

{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 hyperglycemial,
or therapeutically to achieve a desired effect (such as a desired level of serum glucose) for a

sustained period of time,

[119]  The compounds of the present invention can be administered to a subject, e, 2
human patient, & domestic animal such as a cat or a dog, independently or together with a
combination pariner, 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 suttable carriers or excipient{s) in a therapeutically effective amount,
Conscquently, & compound or mixture of compounds of Formula I, 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 2 kit comprising

selected 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 | to 2000
mg, preferably 1 to 200 mg, when administered by oral route, and from 0.1 to 100 mg,
preferably | to 30 mg, when administered by intravenous route, in cach case administered

from 1 to 4 times per day. When a compound of the invention is administered in combination
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complex 101481 To stirred solution of Example SE in CILCUCH)CN (650 mL:650 mL ) at -5 C was
added tri hylsilane (28.2 mL, 563 mmol), and followed by BE3-Et20 (52.3 mt, 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 ethyl
acetate (225 lashathdrwatep{2i5 T hesofgahictaye ivasseparatachawashes, withi-biinj dried over

Na2S04 an nirated ta.give the crude product (230 g, purity 82.3%). This product and L-proline
(113.7 65??3@%“1}@/%56‘? %“@ﬁ&c%‘gwﬁfi‘“vggs@%%ﬁred at 80 'C for 1 h when it became a clear solution.

Hexane (34 b)) wasdged ianieinia Ine.a Bus gt soluiion.aver 2. Wil g empgrature
being kept at about %0 . The reaction mixture was)stlrrecflovernlg tatroom t%mperature. he solid
was filteretiasd veasstienpwith Bi0dh 2119209 5: o (WALt 21X BOBNTILG hfxend (@x900 mL), and dried at
45 'C under yacuum, for-H.hito give:the pure:title &8%@9&“3)9 m%}%g%l%@@ﬁa%ﬁ&wy (HPLC)
99.2% (UV).NMR (CD OD, 400 MHz): 6 7.25 - 7.34 (m, 3H), 7.11 (d, = 8.8 Hz, 2H}), 6.84 {d. = 8.8 Hz,
2R), 4.o3-h@iifﬂ?ﬁ°5<m§,fa?§6ﬂ4f.é®”«ﬁ?, el dnes 20 npluded) Imtbeiayyntign, IHysss38-Bad (m, 6H),

3.21-3.30 {amidltadodols St dife 2bthid, 08 2leb vk Réted Q2 £AAedhibn 8138009 f Ry 259 1£0-52-0.53(m,
2H). Example 6 (2S,3R,4R,5S,6R)-2-(4-ehloro-3-(4- 2-c¥clopropox3ethoxy)benryﬁphenvl)-G-
(hydrox3ﬂ%%ﬂ?gf8t?éﬁ%89ﬁﬁ?fﬁsafé%3Q{‘%-}?%‘F‘éF pom the art will be able to'optimize

therapeutically effective local dosages without undue experimentation.

[0122} All publications and patent applications cited in this specification are herein
meorporated 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 i 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.

Exampies

10123] 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 yield essentially the same results.
[0124] 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:

[0125] (1) Gas chromatography - mass spectra with electrospray ionization (MS EST) were

obtained with an Agilent 5973N mass spectrometer equipped with an Agilent 6890 gas
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'OH OH [0149] Example 5F (40 u, purity 99.8%) in water (400 mL) was stirred and heated to 60 CC for
1 h. Ethyl acetate (1.0 L) was added dropwise at 60C over 1 h. The mixture was stirred for another 1 h.
After cooling, the organic layer was separated, washed with water (3x), dried over Na2S0O4 and
concentrated to give the title compound 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, - 8.8 Hz, 2H), 4.03-4.11 (m, 5H),
3.83-3.90 (hrp 3kl Ba68-S1F2 (B PEHHM S @603, 4620mud k) Bu2 1 38. 80« (0 Bty O BE- b Bgmme 2H),

0.52-0.53(m, 2H), Example 7,[0150) Crystalline com o o
(25,314 B BT k8105 A b S SR g ey 08 sc per scan

(hydroxyr tet 0 2/-/- ran- ,4,5-trial, bIS L-proline e Exa pJe F) was
analyzed %ay@q pﬁ%??ép % us?r%%]@@ﬁtl%mlpa&z ation.” Cmg}#g\%ﬁ fiernig Shown in FIG. 2
and summ&nmgammﬂgabE@&a@mﬂﬁﬁéﬁk&mmf%@?mﬂmmﬁm@mﬁhem&WMtx@ﬂhe complex

was determined by differential sc sc ca[orlrn ry (B3 5)“ T%’m L (@yaluatec dtﬁmn tra
onset-temperature; heating fr ?]bm C to fSOElat 1 Chnln SC spectrUm Is shown |onIG. 3.

Table 1 Pasitiorpf20fdvsiracing pAlRekative aasity]/ S} 10821 62 1000078104 0-2000 amu

using a variable ton time according to the number of 1ons in the source. The eluents were B:
acctonitrile and D: water. Gradient elution from 10% B to 90% in 8 mun at a flow rate of 1.6

mbL/min is used with a final hold at 90% B of 7 mun. Total run time is 13 min.

[6127] (3) Routine one-dimensional 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., Lid., 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
DMS0-d6, 1.93 ppm for CD:CN, 3.30 ppm for CD:0D, 5.32 ppm for CD,Cly and 7.26 ppm
for CDCls for 'H spectra,

Example 1
Preparation of (28,3R,4R,58,6R)-2-(4-chlore-3-(4-ethoxybenzyl)phenyl)-6-
(hvdroxymethvi}tetrahvdro-2H-pyran-3,4,5-triol, bis{I -proline) complex (1D)

C 1. {COCH, cl OFt =
@ — f\i( NaBH,/ AICl; O © O oF:
= .
Br coH  FY By = .
= o
RICI3/CH,Cl, Example 1A Example 18
1.n-Bull
cl OEt
mso\fjo OEt
TMSC Y 'OTMS 1. BF 3 Etof Et,SiH
OTNS . 3Fly 351 HO
e . > . .
2. L-proline HEO Ok
2. HCHCHLOH ethanclin-hexane L hN
O

Example 1C

Exampile 1D
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14.63 8.1 7.50 11.77 5.3 9.58 8.95 2.3 12.31 7.18 9.9 14.22 6.22

Examples 1A
Preparation of (5-brome-2-chlorophenyl}{4-ethoxyphenyDmethanone
Ci L Okt
Br A E
0O

[0128] NN-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) ina 5 L 4-
necked flask containing dichloromethane (2.8 L) at room temperature. Once the vigorous
evolution of gas ceased, the reaction was strred for 10 h at room temperature. The reaction
mixture was concentrated under vacuum to give a vellow residue. The residue was dissolved
‘in dichloromethane (1.2 Ly 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 ¢, 6.54
mol) was added. Aluminum {lII) chloride (973 g. 6.54 mol) was added o the above solution
via a solid addition funnel over | h while maintaining the internal temperature below 4 °C.,
After the addition was complete, the reaction mixfure 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 fo & 50 L extraction funnel and extracted with dichloromethane
(10 L = 2}, The combined organic lavers were washed with I N HCI (7.5 L % 2), water (10
L}, IN sodium hydroxide (7.5 L. x 2}, brine {10 L x 2}, dried over sodium sulfate (1000 g),
and concentrated. The residue was recrystallized in absolute ethanol (3.5 L) to give the title
compound as a white solid (1,430 kg, yield 67%, HPLC purity > 99%). "H NMR (CDCls,
400 MHz): 6 7.77 {d, /=9 Hz, 2H), 7.49~7.53 (m, 1H), 7.47(d, J=2.}1 Hz, TH), 7.30 {(d, J=9
Hz, 1H), €.90 (d, J=9 Hz, 2H). 4.10(q. ./=7.2 Hz, 2H), 1.43 {t,./=7.2 Hz, 3H).

Example 1B

Preparation of 4-bromo-1-chloro-2-(4-ethoxyvbenzvhbenzene

Br

[6129] 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 sturing for 30min, the mixture was cooled 1o -5~0 °C and aluminum (111} chloride

(1136 g, 8.52 mol) was added carefully portionwise to the reaction mixture over 2 h. The



6.7 16.44 5.3916.3 17.18 5.16 30.9 17.89 4.96 9.6 18.47 4.80 4.1

reaction mixture was stirred at 0~35 °C for 3 h after the addition. The reaction mixture was
refluxed (65~70 °C) for 15 h. The reaction was concentrated and water (5 kg) was added
dropwise slowly in 3~4 h under nitrogen atmosphere so that the internal temperature did not
exceed 40 °C. The reaction mixture was stirred for 3 hat ~5 °C. The precipitate was
filtered and washed with water (1.5 L). The crude product was then dissolved in 7.2 L
absolute ethanol at 50~55 “C. The solution was slowly cooled to 25 °C in 3 h and at 10~15
°Cfor 10 h, and 0~5 °C for 2 h. The slurry was filtered and the solid was washed with
chilled ethanol (500 mL}) and dried under vacuum at 35 °C to afford the crude product. This
product was recrystatlized from absolute ethanol (5 L) once more and dried under vacuum at
35 °C to give the desired product (1.310 kg, yield 94%; HPLC purity > 99%). '"H NMR
(CDCls, 400 MHz): 6 7.21~7.29 (m, 3H), 7.11(d, J=8.8 Hz, 2H.), 6.85 (d, /=88 Hz 2H.),
3.99~4.07 (m, 4H), 1.43(t, J=7.2 Hz, 3H).

Example 1C
Preparation of (28,3R,45,58,6K)-2-(4-chloro-3-(4-ethoxvbenzyi)phenyl)-6-
(hvdrexymethyl}-2-methoxyteirahydro-2H-pyran-3.4.5-triol
Ot

[0130] To a solution of Example 1B (200 g, 6.614 mol} in anhydrous toluene/THE (1.2 L,
2:1 (v/v)) was added n-Bul.i (2.5 M in hexane, 295 mL) dropwise at -63 °C. The reaction
was stirred at -05 °C for 30 min. Then the mixture was transferred by a cannula 1o a solution
of (3R 45, 3R 6R)-3 4. 5-tnis{trimethylsilyloxy)-6-({trimethylsilvloxy ymethy tetrahvdro-2 H-
pyran-2-one) (373 g, 0.798 mol) in toluene (1.2 L) at -85 °C. The mixture was stirred at -65
°C until starting material was consumed (2 h). The reaction was quenched with hydrochioric
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 » 3.0
L}). The combined organic layvers were washed with brine (2 = 2.0 LY, 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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filter cake was dried under vacuum to give the desired product as a white solid, This solid

was used without further purification in the next step. MS ESI (m/z) 439[M+17".

Exampie 1D
Preparation of (28,3 R, 4R, 58,6 R)-2-(4-chloro-3-{4-ethoxybenzylyphenvi)-6-

(hydroxymethyhtetrahydro-2H-pyran-3,4,5-triol, bis(L-proline) complex

[0131]  Example 1C (282 g, 0.643 mol) was dissolved in anhydrous acctonitrile
/dichloromethane (3.4 L, 1:1 (v/v)) at -45 °C stirred solution of in was added tricthylsilane
{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 LY. The
combined organic layers were washed with brine (2 % 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] A5 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. n-Hexane (200 mL)
was added dropwise to the above solution. Afier the addition was complete, the reaction was
cooled slowly to room temperature and then further to -5°C. After stirring for 3 h at -3 °C,
the mixture was filtered and the filter cake was washed with cold ethanol/water (90:10 (v/v),
2% 100 mL) and n-hexane (2 % 500 mL}, and dried under vacuum at 63°C to give the desired
product as a white solid (186 gj. 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 S h. The
mixture was filtered and the filter cake was washed with cold ethanol (2 x 50 mL), n-hexane
(2= 100 mL), dried under vacuum at 65 °C to get the desired product as a white solid (130 g,
yield 66%). Purity (HPLC) 99.5% (UV). "H NMR (CD:0OD, 400 MHz): § 7.34~7.25 (m,
3H), 7.08 (d, /=R.8 Hz, 2H), 6.78 (d, /=8.8 Hz, 2H), 4.10 (d, /=9.2 Hz, 1H), 4.06~3.95 (m,



4.06 5.9 22.72 3.91 2.7 23.38 3.80 2.8 24.49 3.63 2.1 25.17 3.54

6H), 3.88~3.85 (m, 1H), 3.72~3.68 (m, 1H), 3.47~3.37 (m, 5H), 3.32~3.20 (m, 3H),
2.33~2.26 (m, 2H), 2.16~2.08 (m, 2H), 2.01~1.95 (m, 4H), 1.35 (1, /=7 2Hz, 3H); MS ESI
(m/z): 409 [M+1]",

Example 2
Preparation of (28,3R,4R,5S,6R)-2-(4-chloro-3-(4-ethoxybenzyDphenyl)-6-
(hydroxymethyljtetrahydro-2H-pyran-3,4,5-triol

[0133] A suspension of Example 1D {23.0 g, 45.6 mmol) in ethy! acetate {230 mL) and
water (230 mL} was heated to 80 °C until the solution became clear. The solution was
transferred to a separator funnel immediately. The cthyl acetate laver was separated. Water
layer was extracted with ethyl acetate (100 mL}. The combined organic lavers were washed
with brine, dried over sodium sulfate, and concentrated to give the desired product as a white
solid (14 g, yield 95%). Purity (HPLC), 99.1% (UV); "H NMR (CD;0OD, 400 MHz): &
7.34~7.25 {m, 3H}, 7.08 {d, /=88 Hz, 2H), 6.78 (d. J=8. 8 Hz, 2H), 4.10 (4, /=9.2 Hz, 1H),
4.06~3.95 (m, 4H), 3.88~3.85 (m. 1H), 3.69~3.65 (m, 1H), 3.47~337 (m, 3H), 3.27 {m, 1H},
1.35 (1, /=7.2Hz, 3H). MS EST (m/z): 409 [M~=17".

39
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Example 3
Preparation of (25,3R 4R, 55,6 R)-2-(4-chloro-3-(4-methoxybenzyliphenyl)-6-

(hydroxymethyitetrahvdro-2H-pyran-3.4,5-triol, bis(L-proline) complex (3B)

1 n-Bulbi
TMSO“\Q}jO oy
TMSO N OTMS BF 4 Et,O
OOy s
Br 2. CHsOH, HCI CHoCin/ CHACN

L-proline HO

Ty

athanol/n-hexane HOM

Example 3A
Preparation of (25,3R, 45,38, 6R}-2-(4-chlore-3-(4-methoxybenzyD phenvii-6-

(hydroxymethyi)-2-methoxytetrahyvdro-2H-pyran-3.4.5-triol
OCH;4

(0134] A cold (7% °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-methoxybenzylbenzene (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 48 3R 6R)-3,4,5-

mis{trimethylsilyloxy }-6-({trimethylsilyloxymethyl ytetrahydro-2H-pyran-2-one (157 g, 0.335
mol} in toluene (480 mL) precooled to -78 °C at a rate as o keep the internal temperature
below -70 “C. The muxture was stirted for 3 hat -78 °C until starting material was consumed
and was gquenched slowly by hydrochloric acid (36~38%, 47.3 mL, 0.567 mol) in methanal

(320 mL}, keeping the internal temperatare below -45 °C. The reaction mixture was

40



WHAT IS CLAIMED IS: I. A method for the preparation of a complex of R1IR2 3wherein the subscript
nis 1 or 2; 4the rings designated by A and B are each independently an aromatic or heteroaromatic
ring or 5fused-ring system, selected from the group consisting of benzene, naphthalene, pyrazole,
6oxazole, oxadiazole, imidazole, thiazolc, thiadiazolc, triazole, thiophene, furan, pyridine, 7pyridazine,
pyrimidine, pyrazinc, benzotriazole, benzimiclazole, indole, indazole, 8triazolopyridine,
triazolopyrimridinagy purined guinohinenisequinotnesindalineni@phthataziney g waazeling; gdinoxaline,
1,5-naphth‘¥g9|§1&%r%%866 QQ&Q&Q%&% Shate aqueous solution to pH 7.5, The organic layer was

separated and the aqueous phase 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. The residue was dried under vacuum at 40 °C to give the crude product as an

off-white sohid {111 g}, which was used in the next step without further purification. Purity

(HPLC) 66% (UV), MS ESI (m/z) 425[M+17",

Example 3B
Preparation of (28,3R,4R,55,6R)-1-(4-chloro-3-(4-methoxybenzyi)phenyl}-6-
{hydroxymethyltetrahydro-2H-pyran-3,4,5-triol, bis(L-preline) complex
OCH3

OH LN

OH
o 2

[0135] To a stirred solution of Example 3A (111 g, 0.262 mol) in anhydrous acctonitrile/
dichloromethane (1:1 (w/v), 1.32 L} was added tricthylsilane (122 g, 1.05 mol) at -45 °C and
followed by boron trifluoride etherate (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 exiracted with
ethyl acetate (2 % 1.0 L). The combined organic layers were washed with brine (2% 1.0 L),
dried over sodium sulfate, and concentrated to give the crude product as a white solid (110 gJ,

Purity (LC-MS} 2.6 min, 76.5% (UV).

[6136] A suspension of the above crude product (110 g. purity 76.5%) and L-proline (642
g, 0.558 moley in cthanol (836 mL) and water (44 mL) ina 5 L 4-necked flask was refluxed
for 30 min with rapid mechanical stirring, to which n-Hexane(1.2 L) was added dropwise.
Afier the addition, the solution was cooled slowly 1o room temperature and then cocled to 3
“C. After stirnng for 3 h at 53 °C, the mixture was filtered and the filter cake was washed with
n-hexane (2 % 300 mlL), dried under vacuum at 65 °C to give the complex as a white solid
(110 g). The crude product was recrystallized again in 95% cthano! (330 mL) by the same

procedure as described in Example 1 to give the desired product (75 g, yield 52.3%). Purity
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10benzothiophene, benzofuran and benzothiazole; IIRI, R2 and R3 are each members independently
selected from the group consisting of hydrogen, halo, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C2-C6
alkynyl, C2-C10 cycloalkyl. 13C5-Co cycloalkenyl, Ci-C6 alkyloxy, C3-C10 cycloalkyloxy, eyano and
nitro, wherein 14alkyl and cycloalkyl groups or portions are optionally mono- or polysubstitutcd by
15fluorine, or optionally one or more of R', R2 and 123 are absent, and 16when Rl and R2 are bound

to two adjadenCEoatems| R At RARKE Dptidnally joied yether k7t form a Bl 5-akylene, C3-05

alkenylene,or hutadignylepe bri Wwhijch is, optionall rHy ¢ pletely, fluorinated and is

optional Iy(ir"r%Z C)F%}%)&'-5 ’gf?ﬁgébgtﬁu%eﬂgfb%%eﬁ%ﬁ ’o‘f%iﬁe%rlgh%{iﬁ %s%ugr(ﬁs) %@éﬁeﬁ ‘#‘éo@ hi o(ii‘ﬁe, hydroxy,

C1-C3 alkdxylahd3Ct-G23alkyl, Bnd wherneiionedor iwd methijleAs Yraupsaréidptioially 1@placed

independqg{lm&qﬂpgg@_@@@&%@,5@ QQ%SS& 29 %%% gpég}W{]gr in.qne or two methyne groups
\ 6 are’ member:

are 27optionally replaced by N; R4, R5 an re eac ers independently selected from the
group consisting of

Example 4
Preparation of (25,3R,4R,55,6R}-2-{4-chloro-3-(4-cyclopropvibenzyl)phenyi)-6-

(hydroxymethyltetrahydro-2H-pyvran-3,4,5-triol, bis(L-proline) complex

Br
@/\ CHBry/KOH ©A<Br
BTEAC . /BT
DCM Examp!e 44 Alcig O Ci O Br
Br

HCM
Br . -COOH oxaly! chioride o coc O Exampie 48
@i DCM, DMF
Ci Cl
1.n-Bull

mso‘\&o
o

B Np.cvzn cl TMSO" 0TS
EtSIHTFA el .
A - _ .
Br & = Ethano! B 2. CHOH, HC

CF3304H
Exarmpie 4C Exampie 4D
i
BF; Et,O ! -
Et;SiH j L-proline
HOY e
CHoClof CHRCN . ) gthanol, n-heptane
HO™ HO OH
Q OH

HOY YT ;
OH EHQ
s
; OH

Example 4F | O 2



14hydrogen, halo, cyano, nitro, hydroxy. CI-C6 alkyl, (m..-C,/, cycloalkyl, CI-C3 alkyloxy and 25
cycloalkyloxy, wherein alkyl and cycloalkyl groups or portions are optionally mono- or polysubstituted
by fluorine, or optionally one or more of R4, R5 and le are absent, and 28when 12.3 and R.) are
bound to two adjacent C atoms. R4 and 12) are optionally joined together 29to form a C:-05 alkylene,
C3-05 tilkenylene or butadienylene bridge, which is optionally 30panty or completely fluorinated and is
optionally mono- or disubstiruted by identical or 31different substituents selected from chlorine,
hydroxy, Ci-C3 alkoxy and Cr-C3 alkyl* and 32wherein pne or two methylene groups are optionally
replaced independently of one another by 0, ’88*%6‘0 O, or NW', and wherein one or two rnethyne

groups are 34optionally replabegoyahi 86841 aftiomaibey olhe@pRBhandeR6 is -V-W-X-Y, wherein 36V
is a member selected from the group consisting of oxygen; sulfur; SO; SO2; and a single 37bond,;
@/&
E =

Er

{0137} Inal 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,
(.031 mol) and powdered potassium hydroxide (80.6 g, 1.44 mol) in dichloromethane (480
mb} 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 distiiled
at 80 °C under reduced pressure (about 50 Paj 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~T.42 (m, 3H), 7.29~7.31 (m. 2H), 2.98-~3.03 (m, 1H), 2.15-~2.20 (m, 11}, 2.04—~2.08
(m, 18}

Example 4B
Preparation of (3-bromo-2-chlorophenyl)(4-(2,2-

dibromocyvclopropylyphenvlymethanene

[0138] DMF (0.5 mL} was added to a stirred solution of 3-bromo-2-chlorebenzoic 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 hight vellow oil. To the mixture of this oil and Example 4A (63 g, 0.228 mol) in
dichloromethane (300 mb) cooled to 0 °C was added aluminum trichloride (43.2 ¢, 0.324
mol} in portions over ~1 h. The reaction mixture was allowed to warm to room temperature
and stured 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; S04 and concentrated to give the desired product as yvellow oil (104 g, yield 92.9%),

which was used directly in the next step. '"H NMR {CDCla, 400 MHz}): 6 7.70~7 95 {m, 2H),
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38W is a member selected from the group consisting of C1-C6 alkylene, C6-C6 alkenylene, C2- 39C6
alkynylene, C:-C10 cycloalkylenc, C5-C10 cycloalkenylene and (C3-C10 40cycloalkylene)(C1-C6
alkylene) wherein the C3-Ci0 cycloalkylene portion bonds to V and 41the C1-C6 alkylene portion
bonds to X. and 42wherein alkylene, alkenylene, alkynylene, cycloalkylene and cycloalkenylene
groups or 43portions are optionally partly or completely fluorinated and are optionally mono- or
44disubstitufed by3suhstiiuetsomoependent2sBlect€d fromithe2droup . zonsisting ofds5chiarine,
hydroxy, qél-cl?ﬁzlkyl’ CI-C1 alkoxy.cycloalkyl, C:-C6 cycloalkyloxy. 46C5-C10 cycloalkenyl and
C5-CJ0 cy foa nyloxy, and in cycloalkylene and 47cycloalkenylene groups or portions one or two
methylene groups are optionally 48replaced inéje en?e y of one another by 0. S, CO. SO. SO2 or

NRb, and one or two 49methyne groups are op%ﬁg}i)e/ replaced by N: 50X is a member selected from

the group considtapgatasiiglecbond*lodyigen: 2s{4f(r,2NGbromocyclopropylybenzylibenzene

Br
U9
Br

[0139] Trifluoromethancsulfonic acid (0.5 g, 0.0033 mol) was added slowly 1o 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 in a warter-bath. The reaction became refluxed.
After 0.3 h, the water bath was replaced by an o1l 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 (864 g, vield 85%) "H NMR (CDCl,
400 MHz): 6 7.28~7.34 (m, JH), 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-chlore-2-(4-cvciepropylbenzyl)benzene

Cr”
|
Br =

[6140] Zinc dust (4.8 g, 0.073 mol) and ammontum chioride (5.3 ¢, 0.1 mol) were added to
a stirred solution of Example 4C (4,79 ¢, 0.01 mol} in cthanol {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 vellow 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 hight yellow oil (3.0 g). The o1l in methano! (30 mL) and hexane (5
mL) was heated to reflux for ! 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 32.5%, purity 92.0% by LC-MS}. "H NMR (400 Mz, CDC1:)§ 7.47-
7.44 (m, 1H), 7.24-7.21 (m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.09(d, ] = § 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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and S02; 52Y is a member selected from the group consisting of hydrogen, C1-C6 alkyl, CI-C6
haloalkyl, 53CI-C6 hydroxyalkyl, C2-C6 alkenyl. C2-C6 alkynyl, C3-C10 cycloalkyl, C5-C10
54cycloalkenyl, (C3-C10 cycloalkyl)C1-C4 alkyl, (C5-C10 cycloalkenyl)C1-C3 alkyl, (C3 -C10
55cycloalkyl)C2-C4 alkenyl, C3-C6 cycloalkylidenmethyl, (C5-C10 cycloalkenyl)C2-C4 56alkenyl,
(C1-C4 alkyloxy)C1-C alkyl, (C2-C4 alkenyloxy)Q-C3 alkyl. (C3-Cio cycloalkyloxy)CyCH, alkyl,
(C5-C10 cycloalkenyloxy)C1-C? alkyl, (amino)C1-C3 alkyl. 58(C1-C4 al.lcylamino)C1-C alkyl,
di-(C1-C3 alkylamino)CI-Cil alkyl, (C1-C6 59aJéI< yI(CI C2)alkyl, (C2-C6
alkenyl)carbonyl(C]- C3)alky| (C2-C6 60alkyn %arBony C1-C3)alkyl, (arylcarbonyl)C-C3 alkyl,

(heteroarylcarboPisd)@lats @I&F@H‘(M%%%ﬁtkmmwwﬂmb(@mﬁﬁtammﬂsuIfonyI)Cl -C3
alkyl, (C2-C6 62alkynyk§g§95&q}§&ﬁg§ QIQ&(@M@W}‘&WA}%% ﬁ @5}{%@@ 0@rylsulfony[)C -C alkyl,

OMe
HO™ “OM

OH
{0141} A cold solution of #n-Buli (2.3 M in hexane, 163mL, 0.408 mol) precooled to -78 °C

can be added dropwise under argon to a stirred solution of 4-bromeo-1-chloro-2-((4-
cyclopropylphenylimethylibenzene (100 g, 0.340 mol) in anhydrous THF /toluene (1.2 (viv),
660 mL} at -78 °C at such a rate as to keep the intemnal temperature below -70 °C. The
mixture 18 then stirred for another 40 min after the addition. The reaction mixture is
transferred by & cannula to a stirred solution of (3R, 45.3R,6R)-3,4,3-tris <(trimethylsilyioxy)-
6-((tmmethylsilyloxy)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 materjals are consurned before quenching
slowly with a sofution of hydrochloric acid {36~38%, 62.3 mL, 0.747 mol) in methanol (440
mL}, o the reaction temperature does not exceed -45 °C. The reaction mixture is gradually
warmed to room temperature and stirred overmght. The mixture is neutralized with aqueous
solution of saturated sodium bicarbonate o pH 7.5, The organic layer is separated and the
aqueous phase is extracted with ethyl acetate (2 x 1.2 L). The combined organic layers can
be washed with brine (2 » 1.0 Ly, dried over sodium sulfate, and concentrated. The residue is
then dissolved 1n hot toluene (200 mL), to which n-hexane (2.0 L} is poured in with rapid
stirting. The mixture 18 stirred for another | b and filtered. The solid is dried under vacuum

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



63(C1-C6 alkyl)aminocarbonyl(CI-C3)alkyl, (C2-C6 alkenyl)aminocarbonyl(C1-C3)alky1, (C2- 64C6
alkynyl)aminocarbonyl(CI-C3)alkyl, (arylaminocarbonyl)el1-C3 65(hetcroarylaminocarbonyl)fl-C,, alkyl.
(C1-C6 alkyllearbonyl, (C2-Cc, alkenylkarbonyl, 66(C)-C6 alkynyl karbonyl, arylcarbonyl.
licteroarylearbonyl, (C1-C6 alkyl)sulfonyl, (C2-C6 67alkcnyl)sulfonyl, (C2-C6 alkynyl)sulfonyl,
arylsulfonyl, heteroarylsulfonyl, C1-C6 68alkylsulfinyl, arylsulfinyl, hetcroarylsulfinyl, (Ci-C6
aIkyIIaminocarbonyI 69alkenyllaminocarbonyEx@apB64dikynyl)aminocarbonyl, arylaminocarbonyl,
70heteroar3dag)i 1566, alkyl f| lkyl, ( _
71(heteroary|su|f| %%‘i?g%é{g@rg%ﬁg‘eﬁﬁ ail%% lellﬁ%ﬁygi glﬁ;@%ﬁ%ﬁ%%ﬁ%é&@c?oglkenyl groups
or portions are 738pdenayppamhiar daiipetdypinoridatddteing bikioptelinglcadhalXor disubstitutcd
by 74substitucnts independently selected from the group consistjng of chlorine, hydroxy, Cl- 75C3
alkyl, C1-C3 alkoxy, 03-C6 cycioalkyl, cycloalkyl y

HO O~
HOY “'OH

OH HN

OH|
O 2

16142] o a stirred solution of Example 4A (118 g, 0.270 mol} in anhydrous
acetonitrile/dichioromethane (1:1 (v/v), 1.42 L} is added triethylsilane (126 ¢, 1.08 mol)

at 45 °C, followed by boron triflueride ctherate (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 suffate, 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 s cooled slowly to room temperature and stirred for another 5 h.
The reaction mixture is then filtered and the filter cdkcm washed with n-heptane (2 < 300
mb), and dried under vacuum at 35°C to give the crude complex as a white solid. This
sample is stirred in 95% cthanol (354 mlL) and heated to 75 °C until a clear solution is
formed, to which n-heptane (590 ml.)y 1s added dropwise, The mixture 15 cooled slowly to
room temperature and stirring is continued for another 5 h. The reaction mixture is filtered
and the filter cake is washed with n-heptane (2 * 200 mL), and dried under vacuum at 65 °C
10 give the complex as a white solid (105 ¢). This solid can be recrystallized i 95% ethanol

by the same procedure as described in Example 1 to give the pure desired product.
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76C5-C10 cycloalkenyloxy, and NleRc, and in cycloalkyl and cycloalkenyl groups or 77portions one or
two methylene groups are optionally replaced independently of one 78another by 0, S, CO, SO, SO2
or NIC, and one or two methyne groups are optionally 79replaced by N, wherein the heterocycle
formed by said optional replacement is other 80than heteroaryl, and 81Z is a member selected from
the group consisting of oxygen; sulfur: SO; SO2; 1,1- 82cyclopropylcnc: carbonyl; and methylene
optionally substituted with one to two 83substitentgrirdependently selected from halo. hydroxy,

C1-C6 alkyl, C1- 4 gojalf}k Vi3 er| dependently
selected from thqu l%%%ﬁrﬁlsﬁl ng o ‘y}%gdé & aﬁglaégggé‘ g%g/c oa CE,il aIkyI)carbonyI
wherein alkyl QWES)Bhialkvr@1@3Hﬁ@@ﬁp@?ﬁﬂﬂ@%ﬁ@mﬁpﬁbfﬁaﬂiﬁpaﬁwwnﬁ}!ﬁé&ew¢mmated each
Rb is a member independently selected fromcg}ﬁggggugg?nsisting of H, C1-C4 alkyl and

oG Mg O /A TosCl a0 /A
” 5
HX/\B N o ‘ ’ \”/\O
r THF 486N NaOH-THF
Example 5A Exampie 5B
cl OH '
Br = -

Example 1B Exampie 5C

1. n-Bull

OTNS

O ™SO \jo*me oY
OTMS
Br
2. CH3OH, MsOH OH
Example 5D Example SE
- [ /7”\%0\/\0/&
1. 8F; EL0/ Et,8iH ‘

3= 3t - HO”\(’Q = = r 3

2. L-profine HO™ o %HN

ethanci/n-hexans éH

ey
Exarnpie 5¢ O 2

Example SA
Preparation of 2-cvelopropoxyethanol

HO\//\O/A

10143} To a suspension of Mg powder (86.7 g, 3.6 mol) and 1odine (cat) in anhvdrous THF
(0.7 Ly was added slowly 1,2-dibromoethance (460 g, 2.4 mol) in anhydrous THFE (2 L) slowly
at a ratc as to keep the internal temperature between 40-55 °C. Afier the addition, a solution
of 2-(2-bromoecthyl)-1.3-dioxolane (100g, .36 mol) in anhydrous THF (730 ml) was added
dropwise. The reaction mixture was kept at 40-35 °C for 16h and was quenched by addition
of aqueous solution of ammonium chioride. The mixture was extracted with methylene

chioride. The organic laver was dried over sodium sulfate, and concentrated to give the title

product (27 g) as yellow oil, which was directly used without further punification.
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(C1-C4 alkyl)carbonyt, wherein alkyl groups or portions are optionally partly or 90completely
fluorinated: 91each 1-2." is a member independently selected from the group consisting of H, C1-C4
alkyl, C3- 92C6 cycioalkyl, CHRdie, SO,Rd, C(0)0Rd and C(P)NRdRe, wherein alkyl and cycloalkyl
93groups are optionally partly or completely fluorinated; and 94Rd and Re each independently
represent H or C1-C6 alkyl, wherein alkyl groups are optionally 95partly or completely fluorinated;
96and pharmaceutically acceptable salts thereof; 97comprising: 98(a) reacting a compound of

Formula Il R1R2 Example 5B

Preparation of 2-cyclopropexvethyl 4-methvibenzenesulfonate
TsO OA

[0144] To a stirred solution of sodium hydroxide (32 g, 0.8 mol} in water (186 mL) and
THF (180 mL) was added Example 5A (27 g, .26 moly at -5to § °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 separated and the agucous layer was extracted
with ethyl acetate {2 x 1.0 L), The combined organic layers were washed with brine, dricd
over Na,50; and concentrated to get the crude product as yellow oii (53.3 g). Tt was used

directly without further purification.

Example 5C

Preparation of 4-(5-bromo-2-chlorebenzylyphenol

” O&COH
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 aqucous solution of saturated sodium bicarbonate, water,
brine, dried over Na,SQy, and concentrated. The residue was recrystallized in petroleum
ether to give the tifle compound as a white solid (460 g, yicld 68%). "H NMR (CDCls,
400MHz): 8 7.23~7.29 (m, 3H), 7.08 (d, J=8.8 Hz, 2H), 6.79 (d, J=R8.8 Hz, 2H), 5.01 (s, 1H),
4.00 (s, 2H).



99 100 101Formulalll activa R4 HO HOOH 1020H(Ill); and 103(b) contacting said compound
ofFotinula 11l with an amino acid to form said complex of 104Formula I; 105wherein steps (a) and (b.)
are performed without purification of said compound of Formula I

Example 5D
Preparation of 4-bromo-1-chloro-2-(4-(2-cyclopropoxyethoxy)benzylbenzene
i = O~ GA

1
i

.
Br
[0146] A mixture of Example 5C (36.7 g, 210 mmol) and Cs;CO5 (135 g, 420 mmol) in

DMEF (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 faver was washed with water, brine,
dried over Na,SOy, and concentrated. The residue was purified by flash column
chromatography on silica gel eluting with petroleum ether:ethy! acetate (10:17 to give the title
compound as liquid (31 g yield 64%:. "H NMR (CDCL, 400MHz): & 7.22~7.29 (m, 3H),
7.08 (d, /=§.8 Hz, 2H), 6.88 (d, J=8.8 Hz, 2H), 4.10 (t, /~4.8 Hz, 2H), 3.86 (1, J=4.8 Hz, 2H),
3.38-3.32 (m, 1H}, 0.62-0.66 (m, 2H), 0.49-6.52(m, 2H).

Example SE
Preparation of (2S,3R,45,55,6 R)-2-(4-chloro-3-(4-(2-cyclopropexyethoxy)

benzyliphenyl}-6-(hydroxymethyvl)-2-methoxvtetrahvdro-2H-pyran-3.4,5-triol

G~ OA

[8147] 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, 2459 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-0-
trimethylisilyl-B-D-glucolactone (310.5 gj 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}Y and methanesulfonic acid (9.2 mL) was added at 0 °C. The solution was

allowed 1o warm to room temperature and stirred for 20 h. It was quenched with aqusous
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106and wherein steps (a) and (h.) are performed sequentially without an intervening 107protection or
deprotection step. 2.A method in accordance with claim 1 wherein said process is conducted in a
single reaction vessel. 13A method in accordance with claimh in said complex of 2Formula | is isolated
as a crystalline solid. 14.A method in accordance with claim 1, wherein rings designated by A 1land B
are each benzene rings. 15A method in accordance with claim I. wherein 126 V-W-X-Y and W is
selected frerhitiee gfoupconsistimg ot Cl9Qo ialkylen€; 0 2xChaalkediitene] €2«Coalkyhylens, 3(33-Clo
ycloalreRe@HEHE pelbdilenaCl ke Aleng). whel 97 fikflens. dalkeniene, atonyiene,
cycloalkylene and cycloalkenylene groups or portions are optionally Spartly or comﬁfetely fluorinated
and are oplﬁ@ﬁféwqﬁqo%h@ﬁ mgybgﬂmfg@]‘:@)yxguB@qﬁﬁéﬂ@nccmmted and used directly in the next

step without further purification.

Example 5F
Preparation of (28,3R,4R,5S,6R)-2-(4-chlore-3-(4-(2-cyclopropoxyethoxy)
benzyl)phenyl)-6- (hydroxymethylitetrahyvdro-2H-pyran-3.4,5-triol, bis(L-proline}

complex

[6148] To stirred solution of Example 5E in CHCL/CHSCON (650 mL:650 mL) at -5 °C
was added triethylsilane (28.2 ml., 563 mmol), and followed by BFyE6O (523 mlL, 418.9
mrnol). The reaction was stirred for 16 h while the temperature was allowed to warm to Toom
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 ethyl acetate (2.25 L) and water (2.25 L). The organic layer
was separated, washed with brime. dried over NazSO4 and concentrated 1o give the crude
product (230 g, purity 82.3%}. This product and L-proline {113.7 g} in EtOH/H,O (15:1 viv,
2.09 L) was stirred at 86 °C for | h when it became a clear solution. Hexane (3.0 L) was
added dropwise nfo 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/ H,0 (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): § 7,25~ 7.34 (m, 3H), 7.11 (d. J
= 8.8 Hz, 2H}, 6.584 (d, J = 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. TH), 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).

Th
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6independently selected from the group consisting of chlorine, hydroxy, C1-C3 alkyl, C1-C3 alkoxy,
C3-C6 cycloalkyl,cycloalkyloxy, C5-C10 cycloalkenyl and C5-C10 8cycloalkenyloxy, and in
eycloalkylene and cycloalkenylene groups or portions one or two 9methylene groups are optionally
replaced independently of one another by 0, S. CO, SO, SO2 | Oor NW', and one or two methyric
groups are optionally replaced by N. 6.A method in accordance with claim 5, wherein W is selected
from the group consisting of C1-C6 alkylene G&ﬁﬁgﬂﬂ(énylene alkynylene and C3-Cg 3cycloalkylene,
wherein alkylen I A Ie ylene and cycloalkenylen or portions are
optionally partly rgélé’)%nn%#ztgg%gﬁ%zx and aé&( t‘foOrPal?f ?ﬁ%ﬁ%m&%%lsug)&l% (5)%9 substituents
independently selected from th:edgmup@érmﬁmiﬁé‘@ﬁm{bff% 1BnydiHeSeyriail-C3 alkyl, C1-C3 alkoxy,
C2.-C6 cycloalkyl, C3-C6 cycloalkyloxy, C5-C10 7cycloa|keny| and G5-C10 cycloalkenyloxy, and in

cycloalkylene and cycloalkenylene groups O O O™g

OH
[0149] Example 5F (40 g, purity 99.8%) in water (400 mL) was stirred and heated to 60 °C

for 1 h. Ethyl acetate (1.0 L) was added dropwise at 60 “C over 1 h. The mixture was stirred
for another 1 h. After cooling, the organic layer was separated, washed with water (3x), dried
over NaySOy and concentrated fo give the title compound as a glassy solid (24.0 g, purity

99.8%). 'H NMR (CD;0D, 400 MHz): & 7.25-7.34 (m, 3H), 7.11 (d, J = 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, 1F), 3.36 ~ 3 46 (m,

4H), 3.21-3.30 (m, 3H), 0.56-0.57 (m, 28}, 0.32-0.53(m, 2H).

Example 7
(015G} Crystailine complex of (285, 3R 4R, 55,6)-2-(4-chloro-3-(4-( 2-cyclopropoxyethoxy)
benzylphenyl)-6- (hydroxymethyittetrahydro-2 F-pyran-3.4,5-triol, bis(L-proline) complex
(sce Example 3F) was analyzed by X-ray powder diffraction using CuK,,, radiation. The
diffraction pattern 1s shown in FIG. 2 and surmmarized in Table 1 (only peaks up to 30° in 28
are listed). The meltng point of the complex was determined by differential scanning
calorimetry (DSC) as 151 + 1°C (evaluated as onset-temperature; heating from 30°C to

200°C at 10°C/min). The DSC spectrum 1s shown in FIG. 3.
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8or portions one or two methylene groups are optionally replaced independently of one 9another by 0,
5, CO, SO, SO2 or NRb, and one or two methyne groups are optionally 10replaced by N. 17.A method
in accordance with claim 1, wherein R6 is -V-W-X-Y and X is selected from the group consisting of
oxygen, sulfur, a single bond and NRa. 18A method in accordance with claim 7, wherein X is selected
from the group consisting of oxygen and a single bond. 9.A method in accordance with claim 1,
wherein R6 is -V-W-X-Y and Y is selected from thebigdup consisting of hydrogen, C1-C6 alkyl, C1-C6
haloalkyl, C1-C6 3hysitmxyedkyl, C2-.C6 alkenylsi@2inggalkynyl, C3-Relficy ahealkyl 45 3-C10
cycloalkyl)C1-C4 4alky,o6C1-C4 alkyloxy)CI-C3 atkyk (C3-C10 cycloalkyloxy)@;-C3 alkyl,
(amino)C1-C3 alkyl, 5(k-C4 alkylaminoCI-C3 alkyk«C1-C6 alkyl)carbonylg (£2-00 alkenyl)carbonyl.
(C2-C6 6alkynyl)carbopy}, (Cl-Ca alkyl )suifonyl, (€2;05 alkenyl)sulfonyl, or.(C2-C6 alkynyl)sulfonyl,

9.88 5.95 2.3
12.31 7.18 8.9
14.22 6.22 6.7
16.44 5.39 18.3
17.18 5.18 30.9
17.88 4.96 .6
18.47 4.80 4.1
18.97 4.67 4.0
19.85 447 7.7
20.80 431 4.1
21.10 421 14.8
21.88 4 .06 5.9
2272 3.9% 27
2338 3.80 2.8
24 49 3.63 2.1
2517 3.54 2.5
26.43 3.37 1.4
26.97 3.30 3.1
25.36 3.14 22
28.23 305 1.6




7wherein alkyl, alkenyl, alkynyl and cycloalkyl groups or portions are optionally partly or 8completely
fluorinated and are optonally mono- or disubstituted by substituents 9independently selected from
chlorine, hydroxy, C1-C3 alkyl, CI-C' alkoxy and C3-C, 10cycloalkyl, and in cycloalkyl groups or
portions one or two methylene groups are optionally 11replaced independently of one another by O, S.
CO. SO. SO2 or NRb, and one or two methyne 12groups are optionally replaced by N. 10.A method
in accordamtHA IEBdSIn Y is selected from the group consisting of hydrogen, C1-C6 alkyl,
C1-C6 haloalkyl, C2- C6 alkenyl. C2-C6 alkynyl. C3- 3C10 cycloalkyl and (C1-C4 alkyloxy)CI-C: alkyl.
A method in accordance with claim 1, wherein R6 is -V-W-X-Y and Z 2is selected from the group
consisting of oxygen, sulfuf, %?WW%%W&WMM@H Wit BrEad two substituents
independently selected from halo, hydroxy, C&C6 alkyl€1-C6 4alkoxy,cycloalkyl and C3-C6

cycloalkyloxy. 5
6
o ey
HO
RS RS
HO OH
OH

wherein the subseriptnis 1 or 2;

[

HLamine acid), (1)

3

4 the rings designated by A and B are each independently an aromatic or heteroaromatic ring or
5 fused-ring system, selected from the group consisting of benzene, naphthalene, pyrazole,
& oxazole, oxadiazole, imidazole, thiazole, thiadiazole, triazole, thiophene, furan, pyridine,
7 pyridazine, pyrimidine, pyrazine, benzotrizzole, benzimidazole, indole, indazole,

ot triazolopyridine, triazolopyrimidine, purine, quincline, 1sogquinoline, ¢cinnoline,

9 phthalazine, quinazoline, quinoxaline, 1.5-naphthyridine, 1.6-naphthyridine,

0 benzothiophene, benzofuran and benzothiazole;

1T R' R®and R’ are cach members independently selected from the group consisting of

12 hydrogen, halo, hydroxy, C,-Cs alkyl, C,-Cq alkenyl, Co-Cy alkynyl, C3-Cyy cycloalkyl,
13 Cs-Cyg cveloalkenyl, C-Cy alkyloxy, Cs5-Cyy cyeloalkyloxy, cyano and nitro, wherein
14 alkyl and cycloalky! groups or portions are optionally mono- or polysubstituted by

i3 fluorine, or optionally one or more of R', R” and R” are absent, and

16 when R" and R? are bound to two adjacent C atoms, R’ and R® are optionally joined together

17 to form a C5-Cs atkylene, Cy-Cs alkenyiene or butadienylene bridge, which is optionally
18 partly or completely flucninated and is optionally mono- or disubé;tétuted by identical or
19 different substituents selected from chlorine, hydroxy, C,-C; alkoxy and C-Cs alkyl, and
20 wherein one or two methylene groups are optionally replaced independently of one

21 another by O, 8§, CO, 80, 50, 0r NRE’, and wherein one or two methyne groups are

22 optionally replaced by N;

23 R" R”and R® are cach members independently selected from the group consisting of

24 hydrogen, halo, cyano, nitro, hydroxy, C,-C; alkyl, Cs-Cyy cycloalkyl, C)-Cs alkyloxy and
25 C:-Cyp cycloalkyloxy, wherein alkyl and cycloalkyl groups or portions are optionally

26 maono- or polysubstituted by fluorine, or optionally one or more of RY, R and R® are

27 absent, and



12. A method in accordance with claim II, wherein Z is methylene. 13. A method in accordance
with claim 1, wherein RI, R2 and re are each independently selected from the group consisting of
hydrogen, halo, hydroxy, C1-C6 alkyl, C2-C6 alkenyl, C7,-C6 alkynyl, C3-C10 cycloalkyl, C1-C6
alkyloxy and cyano. 114,A method in accordance with claim 13. wherein 12°. R2 and R." are each
independently selected from the group consisting of hydroucn, halo and C1-C6 alkyl. 15.A method in
accoffancehwitR claihR147eioereitoRivis detertéd:from, theagrbRpaconsisting ofhya ogenhéralo and
C1-0;alkyl, agd R2 apd R340 eack hydigasn: 116,A method in ageerdapeeit iaimy|, wherein R is
-V-W-X-Y and R4 and R are each indepéndently selected from the group consisting of hydrogen, halo,
hydrély, Ci-CEalkyr ©xredikengezdaes hikgayhrel-nateeyeldatiiatids gy @nd cyano.
117.Ajmethod:i-acaaidance with.claim A6 whersin Rdiand RY.are,gach indenendantly selected from
the group consisting of hydrogen, halo and C1-C6 alkyl. 118.A method in accordance with claim 17.

wheréin R4 aRiEBE s @*égﬁqu}a}%%rﬁz_ proups are optionally replaced independently of one

T

33 another by O. S, CO, SO, 8O- or NR*’, and wherein one or two methyne groups are
34 ophionaily replaced by N;
35  and optionally, one of R¥ and R®is -V-W-X-Y, wherein

36 Vs amember selected from the group consisting of oxygen: sulfur; SO; SO: and a single

37 bond;

38 W is a member sclected from the group consisting of C-Cy alkylene, C:-Cy alkenylene, Cs-
39 Cy alkynylene, C3-Cyy cycloaliylene, Cs-Cyy cycloalkenylene and (C5-Cyy

40 cycloalkylene)(C,-Cs alkylenc)y wherein the Ci-C iy cycloalkylene portion bonds to 'V and
41 the C;-Cg alkylene portion bonds to X, and

42 wherem alkyiene, alkenylene, alkynylene, cveloalkylene and cycloalkenylene groups or
43 portions are optionally partly or completely fluorinated and are optionaily mono- or

44 disubstituted by substituents independently selected from the group consisting of

45 chlonne, hydroxy, C:-Cs alkyl, Ci-Cs alkoxy. C-Cg cycloalkyl, Co-Cy cvcloalkyloxy,
46 Cs-Cyy cycloatkenyl and Cs-Cyg cycloalkenvioxy, and in cycloalkylene and

47 cycloatkenylene groups or portions one or two methylene groups are optionally

48 replaced independently of one another by O, §, CO, SO, SO, or NR, and one or two
49 methyne groups are optionally replaced by N;

30 X is a member selected from the group consisting of a single bond; oxyeen, sulfur; NR®, SO;
51 and SO,

52 Y is a member selected from the group consisting of hydrogen, C,-Cy alkyl, C;-Cg haloalkyl,
53 C1-Cg hydroxyalkyl, C;-Cs alkenyl, C5-Cy alkynyl, C3-Cyg cycloalkyl, Cs-Cig

54 cycloalkenyl, (Cs-Chy cycloalkyl)Ci-Cy alkyl, (Cs-Chp cycloalkenyC-Cr alkyl, (C:-Cig
35 cycloalkylyC»-Cy alkenyl, C3-Cs cycloalkylidenmethyl, (Cs-Chg cycloalkenyDCy-Cy

56 alkenyl, (C,-Cy alkyloxy)Ci-Cs alkyl, (C5-Cy alkenyloxy)C-Cs alkvl, (Ca-Cig

57 cyeloalkyloxy)Ci-Cs alkyl, (Ce-Cip cyeloalkenyloxyyCi-Cy alkyl, (amime)C;-Cs alkyl,
38 (Ci-Cy alkylamino YCi-Cy alkyl, di+(Ci-Cs alkylamino)Cy-Cs alkyi, (C-Cs

35 alkylhearbonyl(C-Caalkyl, (Co-Cy alkenylicarbonyi(C;-Cyalkyl, (C2-Cs

60 alkynycarbonyl(C-Cylalkyl, (arylcarbonylCi-Cy alkyl, (heteroaryicarbonyh(C-Cs

61 alkyl, (C,-Cs alkylsulfonyD)C,-Cx alkyl, (C2-Cy alkenylsulfony!)C;-Ca atkyl, (Co-Cs
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19method in accordance with claim 1 wherein said reducing agen an alkylsilyl hydride and the
activating agent is a Lewis acid. 20.A method in accordance with claim 19, wherein said said reducing
agent is tricthylsiianc and said Lewis acid is BF3.Et20. 21.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. 22.A method in accordance with claim I, wherein
step (B) is carfifamiisutony i sdivehvbr(solrertmibiurd copriSingraamyémiberndilected krdm the group

consigting of 3ethanok-yater-andihexane.E3Ametod inaceardance with olaim L, mrgan step (@) is

carried out in a solvent or solvent mixture comprising a member selected from the group consisting of
3acetthitrile anoieRIBRHBIEREN HHd Stely! (‘bol e sEt A sdolvent b 'solvent mixture

4comprising amemaenselested.fromdiie areyp consistingofethanolcwaterand hexangy24.A method

in accordance W|th cl?um 1 whereln said complex of

66 C2-Cs alkynyl)carbonyl, arylcarbonyl, heteroaryicarbonyl, (C;-Cy alkylisulfonyl, (C-Cs
67 aékcﬂ‘vi}su fonyl, (C2-Cs atkynylisulfonyl, arylsulfonyl, heteroarylsuifonyl, Ci-Cy

68 alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, (C,-Cs alkyhaminocarbonyl, (C-Cs

69 alkenylyaminocarbonyl, (C;-Cy alkynylaminocarbonyl, arylaminocarbonyl,

70 heteroarylaminocarbonyl, {C;-Cs alkylsulfiny)C,-Cs alkvl, (arylsulfiny)C;-Cs alkyl,

71 (heteroarylsulfiny}C;-C; alkyl,

72 wherein alkyl, alkenyl, alkvnyl, cycloalkyl and cycloalkenyl groups or portions are

73 optionally partly or completely fluorinated and arc eptionally mono- or disubstituted by
74 substituents independently seiected from the group consisting of chlorine, hydroxy, Ci-
75 C; alkyl, C;-Cy alkoxy, C3-Cq cycloalkyl, Ci-Ce cycloalkyloxy, Cs-Cip eycloalkenyl,
76 Cs-Cig cycloalkenyloxy, and NR'R®, and in cycloalkyl and cycloatkenyl groups or

77 portions one or two methylene groups are optionally replaced independently of one

7% another by O, S, CO, SO, S0, or NR, and one or two methyne groups are optionally
7 replaced by N, wherein the heterocycele formed by said optional replacement is other
80 than heteroaryl; and

81 Zis a member sclected from the group consisting of oxygen; sulfur; SO; SO,; 1,1-

82 cyclopropylene; carbonyl; and methylene optionally substituted with one to two
83 substituents independently selected from halo, hydroxy, Ci-Cy alkyl, C)-Cs alkoxy, Cs-Cy
84 cycloalkyl and Ci-Cy cycloalkyloxy;

85 R"is a member independently selected from the group consisting of H, C,-Cs alkyl, C3-Cy
86 cycloalkyl and (C,-Cy alkyljcarbonyl, wherein alkyl and cycloalky! groups or portions are
87 optionally partly or completely fluorinated,

&8 cach R" is 2 member mdependently selected from the group consisting of H, C;-Cy alkyl and
kG (C-Cyq alkylycarbonyl, wherein alkyl groups or portions are optionally partly or

90 completely fluorinated;

91 ecach R"is a member independently selected from the group consisting of H, €-Cy aikyl, Ca-
92 Cs cycloalkyl, CHRRY, SO,R?, C(O)OR and C(ONR'R?, wherein alkyl and cycloalkyl
93 groups are optionally partly or completely fluorinated; and

94  R%and R® cach independently represent H or C1-Cy alkyl, wherein alky! groups arc optionally

95 partly or completely fluonnated,
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2Formula | has Foimula IA: 30H.(amino acid) A) 4wherein 5R1 is a member selected from the group
consisting of hydrogen, halo and Ci-CO alkyl; 6V is a member selected from the group consisting of
oxygen and a single bond; 7W is a member selected from the group consisting of C1-C6 alkylene,
C2-C6 alkenylene, 8C2-C6 alkynylene, C3-C)0 cycloalkylene, and (C3-C10 cycloalkylene)(CI-C6
alkylene); 9X is a member selected from the group consisting of oxygen, a single bond. and NW: and
10Y i¥a mesbbirselested: froratréaglosg tedmsisting of hydrogen, C1-Co alkyl, C1-C6 11haloalkyl.,
C1-Cg;hydrgx L!g [, C2-C6 alkenyl, C1-C6 alkynyl, C3-C10 cycloalkyl, (C3- 11C10 cycloalkyt }CI-C.4
alkyl, %n 1-C4 aIkonxy)Cl -C3 alkyl, (C3-C10 cycloalkyloxy)CI-C3 13alkyl. (amino)C1-C3 alkyl. (C1-C4

alkylé? in0)C 12 3eakI2 (CLraB IRyl carboyi (C2-
rRIOR? Rt
(08
OMe R3 RS
HO OH
99 OH (I
100 with a reducing agent in the presence of an activating group to form a compound of
161 Formula 11
fa 22 w4
' z 6
i R
HO O
! RS RS
102 OH (I3, and
103 {b) comtacting said compound of Formula I1] with an amino acid to form said complex of
104 Formula I

105 wherem steps (a) and (b) are performed without purification of said compound of Formula 1

106 and wherein steps (aj and (b} are performed sequentially without an intervening
107 protection or deprotection step.
1 2, A method in accordance with claim 1, wherein said process is

2 conducted in a single reaction vessel.

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

2 Formula I 1s isolated as & crystalline solid.

i 4. A method in accordance with claim 1, wherein rings designated by A

.

and B are cach benzene rings.

i 5 A method in accordance with claim 1, wherein R® is -V-W-X-Y and W
2 15 sclected from the group consisting of C-Cg alkylene, C5-Cy alkenylene, Cy-Cy alkynylene,
3 Ci-Cyg cycloalkylene and (C5-Ciy cycloalkylene¥(C-Cy alkylene), wherein alkylene,

4 alkenylene, alkynylene, cycloalkylene and cycloalkenylene groups or portions are optionally

La

partly or completely fluorinated and are optionally mono- or disubstituted by substituents

6 independently selected from the group consisting of chiorine, hydroxy, C;-Cs alkvl, C;-Cs
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14C6 alkenypcarbonyl, (C2-C6 alkynyl)carbonyl, (C, -Co alkyl)sulfonyl, (C2-C6 15alkenyl)sulfonyl, and
(C2-C6 alkynyl)sulfonyl, 16wherein alkyl, alkenyl. alkynyl and cycloalkyl groups or portions of W. X and
Y are 17optionally partly or completely fluorinated and optionally mono- or disubstituted by 18identical
or different substituents selected from chlorine, hydroxy, C1-C.3 alkyl, C3-C3 19alkoxy, and C3-00
cycloalkyl, and in cycloalkyl groups or portions one or two methyjcne 20groups arc optionally replaced
indepehdenliyof. dheCanpthediyy. 0,:S, CR1GRyBO2 Gr-21Necantt eneé adt@edmethyne groups are
optiongly repiaegd Ry, 125.4 methad in.accordance it claim L wherein.said complex of Formula
1is an amino acid complex of a ompound selecte from the ar“ouprconglstlng‘o s

3(2S,3R, 412243 6R)2(@schiforpusd y2qP anet oy etidoxyyethoxy ybshayhpRe Ry B-SO, SO;
4(hYW@Xym?mt%mmpf@Uﬁ%@ﬂﬁ%%réﬁtﬁpz!i’c optionally replaced by N.

! 6. A method in accordance with ¢laim 8, wherein W is selected from the

[

group consisting of C-Cy alkylene, C~Cq alkenylene, C-Cq alkynylene and Ci-Co

cycloalkylene, wherein alkylene, alkenylene, alkynylene, cycloalkylene and cycloalkenylene

e

groups or portions are optionally partly or completely fluorinated and are optionally mono- or
disubstituted by substituents independently selected from the group consisting of chiorine,
hydroxy, Cy-C; alkyl, Ci-Cy alkoxy, Cs-Cq cycloalkyl, Ca-Cy cyeloalkyloxy, Cs-Ciy
cycloatkenyl and Cs-Cyp cycloalkenyloxy, and in cycloalkylene and cycloalkenylene groups

or portions one or two methylene groups are optionally replaced independently of one

N ] S s L

another by O, §, CO, SO, SO, or NRP, and one or two methyne eroups are optionall
¥ YN Zroufr P ¥

10 replaced by N

] 7. A method in accordance with claim I, wherein R% is -V-W-X-Y and X

[

1s selected from the group consisting of oxygen, sulfur, a single bond and NR®.

I 8. A method in accordance with claim 7, wherein X is selected from the

2

group consisting of oxygen and a single bond.

] 9. A method in accordance with claim ¥, wherein R” is -V-W-X-Y and Y

-

is selected from the group consisting of hydrogen, Ci-Cs alkyl, C;-Cy haloalkyl, C,-Cy
hydroxyaliyi, C;-Cg alkenyl, Co-Cy alkynvl, Cs-Cq cycloalkyl, (C3-Ciy cycloalky3Ci-Cy
alkyl, (€1-Cy alkyloxy)Cy-Cs alkyl, (C:-Cyy cycloalkyloxy)Cy-Ca alkyl, (amino)C,-Cs alky!
{C-Cy alkylamino)Ch-Cy alkyl, (C-Cs alkylicarbonyl, (Cy-Ce alkenylycarbonyl, (C3-Cy

B

1]

alkynyhearbonyl, (C,-Cq alkylsulfonyl, (C2-Cs alkenylisulfonyl, or (Co-Cs alkynyisulfonyl,
wherem alkyl, alkenyl, alloynyl and cycloalkyi groups or portions are optionally partly or

completely fluorinated and are optonally mono- or disubstituted by substituents

oo - Oy n

independently selected from chiorine, hydroxy, C;-C; alkyl, C;-Cz alkoxy and Ca-C
10 cycloalkyl, and in cycloalkyl groups or portions one or two methylene groups are optionally
11 replaced independently of one another by O, S, CO, 80, SO; or NR”, and one or two methyne

12 groups are optionally replaced by N,
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5(2S,3R,4R.5S,6R)-2-(3-(4-(2-(allyloxy)ethoxy)benzyl}-4-ehlorophenyl)-6-
6(hydroxynnethyptetrahydro-2H-pyran-3,4,5-triok
7(2S,3R,4R,5S,6R)-244-chloro-3-(4-(2-(prop-2-ynyloxhoxy)henzyl )pheny14-6-
(hydroxymethy1)tetrahydro-2H-pyran-3,4,5-triol;
9(2S.3R,4R,5S,6R)-2-(4-ehloro-3-(4-(1-(prop-2-ynyloxy)propan-2-yloxy)benzyl)phenyl)-6-
10(hydroxymethyl)tetrahydro-2H-pyran-3,4.5-triol,
11(25.3R,4R,5S,6R)-2-(4-ehloro-3-(4-(4-hydroxybut-2-ynyloxy)henzyl)phenylh6-
(hydrokymethyl)tetrahyiﬁo ngypgm@m sapighnce with claim 9, wherein Y is selected from the
13(25 3R, 4Rm=0R 134 %ghier@o%&ﬁ €4: memqmb%?ﬁm@w)@@Wl)paﬁﬂy&?a alkynyl, Cs-
14(hydroxymethy1)tetra ydro-2H-pyran-3,4.5-triol;

15(2S 3R, M58 ERY Gﬁ%ﬁorgﬁs&]{d f?y()éyc%p’éﬁﬁfloxy)ethoxy)benzyl)phenyl )-6-
16(hydroxyrnethyl)tetrahydro-211-pyran-3.4,5-triol;
17(283R,4R.58.6R)-244lchIorﬁ-&e(izﬂae(damyxctmpa}@p;dpri]b@ajxmylox&x):lae’nz!%bhé’n%%—&’ and 7

2 1s selected from the group consisting of oxygen, sulfur, or methylene optionally substituted
3 with one to two substituents independently selected from halo, hydroxy, C-Cs alkyl, C,-Cs

4 alkoxy, Cs-Cg cycloalkyl and Ci-Cs cycloalkyloxy.

1 12, A method in accordance with claim 11, wherein Z is methylene.

1 13 A method in accordance with claim 1, whercin R', R? and R” are each
2 independently selected from the group consisting of hydrogen, halo, hydroxy, C;-Cy alkvl,

3 CoCsalkenyl, C3-Cy alkynyl, Co-Cp cycloalkyl, C-Cy alkyloxy and cvano.

1 i4, A method in accordance with claim 13, wherein RY, R® and R are cach
2 mdependently selected from the group consisting of hydrogen, halo and C,-Cy alkyl.

1 15. A method in accordance with claim 14, wherein R’ is selected from the
2 group consisting of hydrogen, halo and C,-Cg alkyl, and R and R are cach hydrogen.

1 16. A method in accordance with claim 1, wherein R® is -V-W.X.Y and R’
2 and R’ are each independently selected from the group consisting of hydrogen, halo, hydroxy,
3 Ci-Cyalkyi, Cyp-Cs alkenyl, Co-Cy alkynyl, Cs-Co cycloalkyl, C-Ce alkyloxy and cyano.

1 17. A method in accordance with claim 16, wherein R* and R® are each

2 ndependently selected from the group consisting of hydrogen, hale and C,-Cs alkyl.

] I8 A method in accordance with claim 17, wherein R* and R are each

2 hydrogen.

1 19. A method in accordance with claim 1, wherein said reducing agent is
2 an alkyisilyl hvdnde and the activating agent is a Lewis acid.

1 26. A method in accordance with claim 19, wherein said said reducing

2 agentis triethylsilane and said Lewis acid is BFsE6:O.
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18(hydroxymethyl )tetrahydro-2H-pyran-3,4,5-trioli,
19(2S,3R,4R,5S,6R)-244-chloro-344-(2-(difluoromethoxy)ethyl)benz ph y -6- 20(hydroxymethyl
)tctrahydro-2H-pyran-3,4,5-triok 21(2S,3R,4R.5S,6R)-2-0-chloro-3-(4-(2-cyclopropoxyethoxythenzyl
)phenyl)-6- (hydroxymethyptetrahydro-2H-pyran-3,4.5-trioli
23(2S,3R,4R,5S,6R)-2-(4-chloro-3-44-(242,2,2-trifluorocthoxy)ethoxy)benzyltpheny1)-6-
24(hydroxymethyl)tetrahydro-2H-pyran-3,4.5-triol, _ . ‘ ‘ .
25(2S,3R, 4R 55.6R)-2-#chloforsimd 2o eseaatiec2eaiyidng hoxssensyptenytetied out in
26(hydroxymetiy@tstiahyar a2 YaRs3 Gl SHbndNd sclected from the ToUp consisting of
27(2S.3R.4R.5S,610-2-(4-chloro-3-(44(E)-3-cyclopropylallyloxy)benzyl)phenyl) 6-
28(hydtoxyHEaR/BtsHARRIDITSRAER-3,4,5-triol. 126.A method in accordance with any of claims 1

to 25 wherein said amino
I 22, A method in accordance with claim 1, wherein step (b} is carried out in

2 asolvent or solvent mixture comprising a member selected from the group consisting of

3 ethanol, water and hexane.

1 23, 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

3 acectonitrile and dichloromethane, and step (b) is carried out in a solvent or solvent mixture
4 comprising a member selected from the group consisting of ethanol, water and hexane,

1 24, A method in accordance with claim 1, wherein said complex of

2 Formula I has Formula 1A:

3 {amino acid), (1A}

4 wherein

5 R'is a member selected from the group consisting of hvdrogen, halo and C-Cq alkyl:
6 V is a member selected from the group consisting of oxygen and a single bond;
7 W 1s a member selected from the group consisting of Ci-Cy alkylene, Co-Cy alkenylene,
% C2-Cs alkynylene, C:-Cyg cyvcioalkvlene, and (C:-Cyy eycloalkylene(C-Cs atkyleney;
9 X is a member selected from the group consisting of oxygen, a single bond, and NR®; and
10 Y is a member selected from the group consisting of hydrogén, Ci-Cy alkyi, C-Cq
11 haloalkyl, Ci-Cs hydroxyalkyl, Co-Cs alkenyl, Cy-Cs alkynyl, C:-Cyy cycloalkyl, (Cx-
12 Cyp cycloalkyl)Cy-Cy alkyl, (C1-Cs alkyloxy)C)-Cs alkyl, (C5-Cyy cycloatkyloxyyCi-C;
i3 atieyl, (amino)C,-Cs alkyl, (C;-Cy alkylamino)C-Cs alkyl, {C;-Cs alkyhcarbonyl, (Co-
14 Cs alkenyljcarbonyl, {Co-Ce alkynylcarbonyl, (C,-Cy alkvlisulfonyl, (C,-Cs
15 atkenylysulfonyl, and (Cy-Cy alkynylisulfonyl,
16 wheremn alkyl, alkenyl. alkynyl and cycloalkyl groups or portions of W, X and Y are
17 optionally partly or completely fluorinated and optionally mono- or disubstituted by
1% identical or different substituents selected from chlorine, hydroxy, C;-Csy alkyl, C)-Cs
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acid is selected from the group consisting of praline and phenylalaninc. 127.A method in accordance
with claim 26, wherein said amino acid is proline and the subscript 2 128.A method in accordance with
any of claims 1 to 25 wherein said complex of Formula | is isotopically labeled. 29.A crystalline form of
(28,3R,4R,5516R)-2-(4-chloro-3-(442- cyclopropoxyethoxy) benzyl)pheny11-6-
(hydroxymethyptctrahydro-211-pyran-3,4.5-triol, 3bis(1-proline) complex characterized by an X-ray
powdér diffractiorkpatter thatcrolrpkidesdijaaksiatit 08 a4 6r andidls 12 degrees:2B:{ 16005 degrees
20). wherein said X ey pawder Saiilacion aRisu 15 made 4sig Gulcasadiation. 30 Acrvstaline form
accordance with claim 29, characterized by an X- 2ray powder diffraction pattern that'comprises peaks
at 4.68, 6.04, ¥1.19"d 9186 5P PLUI BIBYHEES OO 0B HRlgree S 20).

i 25 A method in accordance with claim 1, wherein said complex of

2 Formula I1s an amino acid complex of a compound selected from the group consisting of:
3 (28.3R,4R 58,6R)-2-(4-chloro-3-(4-(2-(2-methox yethoxy)ethoxy) benzyliphenyl)-6-

4 (hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;

3 (28.3R, 4R 38,6R}-2-(3-(4-(2-(allyloxy)ethoxy)benzy! )-4-chlorophenyl)-6-

6 (hydroxymethyljtetrahydro-2H-pyran-3,4, 5-triol;

7 (Z5,3R.4R,535,6R)-2~(4-chloro-3-(4-(2-{prop-2-ynyloxy)ethoxy)benzyiphenyl)-6-
8 (hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol;
9 {28.3R,4R,35,6R)-2-(4-chloro-3-(4-(1-(prop-2-ynyloxy)propan-2-yloxy thenzyyphenyl }-6-
10 {hydroxymethyDtetrahydro-2H-pyran-3,4,5-triol;
i (2S5, 3R AR, 5S,6R )-2-(4-chloro-3-{4-(4-hydroxybut-2-ynvioxy)benzyiphenyl)-6-
12 {hydroxymethylytetrahydro-2H-pyran-3,4.5-triol;
13 (2S.3R4R.55,6R)-2-(4-chloro-3-(4-(4-methoxybut-2-ynyvloxybenzyljphenyl)-6-
i4 (hydroxymethyDtetrahydro-2H-pyran-3.4,5-triol;
15 (Z5.3RAR55.6R)-2-(4-chloro-3-(4-(2-(cyclopentyloxy)ethoxybenzyliphenyl 1-6-
16 (hydroxymethy!tetrahydro-2H-pyran-3,4.5-triol;
17 (25,3R4R.58,0R)-2-(4-chloro-3-(4-(3-cyclopropylprop-2-ynvloxy ybenzylipheny!)-6-
1% (hyvdroxymethyiitetrahydro-2H-pyran-3 4. 5-triol;
19 (ZS83R4R.55,6R)-2-(4-chloro-3-(4-(2-(difluoromethoxyjethylibenzyliphenyl)-6-
20 (hydroxymethyljtetrahydro-2H-pyran-3,4.5-triol;
21 (25,3R4R.58,6R)-2-(4-chioro-3-(4-( 2-cyclopropoxyethoxyibenzyhphenyl)-6-
22 (hydroxymethyhtetrahydro-2H-pyran-3,4.5-triol;
23 (2S.3R.A4R,38,6R)-2-(4-chloro-3-(4-(2-(2,2,2-trifluorocthoxy yethoxy Ybenzyl jphenyl )-6-
24 {hydroxymethy!itetrahydro-2H-pyran-3,4.3-triol;
25 {25,3R4R.55,6R}-2-(4-chloro-3-(4-{ 2-(cvclohex-2-enyloxyjethoxy)benzyliphenyli-6-

26 {(hydroxymethylytetrahydro-2H-pyran-3.4,5-triol; and
27 {28,3R.4R.58,6R)-2-(4-chloro-3-(4-{(Ey-3-cyclopropviallvloxyibenzyliphenyl)-6-
2% (hvdroxymethyhtetrahvdro-2H-pyran-3.4,5-triol.
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31.A crystalline form in accordance with claim 29. characted by an X-  ray powder diffraction pattern
that comprises peaks at 4.08, 6.04, 14.23, 16.45, 17.19, 17.89, 319.86. 20and 21.12 degrees 20 (..t.
0.05 degrees 20). 132.A crystalline form in accordance with claim 29, characterized by an X- 2ray
powder diffraction pattern that comprises peaks at 4.08, 6.04, 7.50, 9.88, 12.31, 14.23, 16.45, 17.19,
17.89, 18.47, 1.8.97, 1986., 2061.and 21.12 degrees 20 (ff.e- 0.05 degrees 20). 133.A crystalline form
0f125,3R,4R,58,6R)-2-(4-chloro-344-(2- cyclopropoxycthoxy) bcnzyl )phcny11-6-
(hydrokymethyl)tetrahydifo-21 1 pyctindi4 Etoidar8bis (i prolieic) compjléx thatecterized oyiacmelting

point of about; 151 1.6y ASAdetgrmineshox dilfsrsntial ssaRRing saterimetry with heating from 50C to
200C at a rate of 510C/min.

] 27. A method i accordance with claim 26, wherein said amino acid is

2 proline and the subscript nis 2.

1 28. A method m accordance with any of claims 1 {o 25 wherein said
2 complex of Formula I is isotopically labeled.

1 29. A crystalline form of (25,3R,4R,3S,6R)-2-(4-chloro-3-(4-(2-

9

cyclopropoxyethoxy) benzylphenyl)-6- (hydroxymethytetrahydro-2H-pyran-3,4.5-triol,

3 bis(L-proline} complex characterized by an X-ray powder diffraction pattern that comprises
4 peaksat4.08, 17.19 and 21.12 degrees 26 (= 0.05 degrees 28), wherein said X-ray powder

5 diffraction pattern is made using Cukl,,; radiation.

i 36. A crystalline form in accordance with claim 29, characterized by an X-
2

ray powder diffraction pattern that comprises peaks at 4,08, 6.04, 17.19, 1986 and 21.12

3 degrees 28 (= 0.05 degrees 28).

1 31, A crystalline form in accordance with claim 29, characterized by an X-
2 ray powder diffraction pattern that comprises peaks at 4. 08, 6,04, 1423, 1645, 17.19, 17.89,
3 19.86,20.61 and 21.12 degrees 28 (£ (.05 degrees 26},

1 32, A crystalime form in accordance with claim 29, characterized by an X-

(]

ray powder diffraction pattern that comprises peaks at 4.08, 6.04, 7.50, 9.88, 12.31, 1423,
16,45, 17,19, 17.89, 18,47, 18.97, 19.86, 20.61 and 21.12 degrees 26 (+ 0.05 degrees 20).

Lt

I 33 A crystaliine form of (25, 3R 4R, 58S, 6R-2-{4-chloro-3-(4-(2-

2 cyclopropoxyethoxy) benzyDphenyl-6- (hvdroxymethylitetrahydro-2H-pyran-3.4,5-triol,

3 bis{L-proline} complex characterized by a melting point of about 131 °C £ 1°C, as

4 determined by differential scanning calorimetry with heating from 50°C to 200°C at a rate of
5 10°C/min.
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