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respond properly to the insulin produced (insulin resistance). Accounting for about 90% of
all diabetes cases, type 2 diabetes is by far the most common. In both types of diabetes, the
absence of insulin action or proper response to insulin results in elevated levels of serum
glucose (hyperglycemia). Serious complications associated with diabetes include retinopathy
(leading to visual impairment or blindness), cardiovascular disease, nephropathy, neuropathy,

ulcers and diabetic foot disease.

[0004] Individuals with type 1 diabetes currently require insulin therapy. While in many
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sensitivity). These medicines are often used in combination, and even then may not provide
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BRIEF SUMMARY OF THE INVENTION
[0006] The present invention provides compounds having an inhibitory effect on sodium-
dependent glucose cotransporter SGLT. The invention also provides pharmaceutical

compositions, methods of preparing the compounds, synthetic intermediates, and methods of
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C1-C¢ haloalkoxy, C,-Cs alkynyl, C3-Cg cycloalkenyl, (C3-Cs cycloalkyl)C;-Cs alkyl, (C3-Cs
cycloalkyl)C,-Cs alkenyl, (C3-Cs cycloalkyl)C,-Cg alkoxy, Cs-C; heterocycloalkyl, (C;-C;
heterocycloalkyl)C;-Cg alkyl, (Cs-C7 heterocycloalkyl)C,-Cs alkenyl, (C3-C;
heterocycloalkyl)C;-Cs alkoxy, hydroxy, carboxy, oxo, sulfanyl, C;-Cs alkylsulfanyl, aryl,
heteroaryl, aryloxy, heteroaryloxy, aralkyl, heteroaralkyl, aralkoxy, heteroaralkoxy, nitro,
cyano, amino, C;-Cg alkylamino, di-(C;-Cs alkyl)amino, carbamoyl, (C;-Cs alkyl)carbonyl,
(C1-Cs alkoxy)carbonyl, (C;-Cg alkyl)aminocarbonyl, di-(C;-Cs alkyl)aminocarbonyl,
arylcarbonyl, aryloxycarbonyl, (C;-C¢ alkyl)sulfonyl, and arylsulfonyl. The groups listed
above as suitable substituents are as defined hereinafter except that a suitable substituent may

not be further optionally substituted.

[0011] 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
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suitable substituents include halo, methoxy, ethoxy, cyano, nitro and amino.

[0014] As used herein, unless otherwise indicated, the term “cycloalkyl” alone or in
combination refers to a monovalent alicyclic saturated hydrocarbon radical having three or
more carbons forming a carbocyclic ring and, where specified, optionally substituted with
one to three suitable substituents as defined above. Illustrative examples of cycloalkyl groups

include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
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trifluoromethyl, Cl?ggeallgc:xy, dlﬂuoromethoxy and trifluoromethoxy.

[0019] As used herein, unless otherwise indicated, the term “heterocycloalkyl” alone or in
combination refers to a cycloalkyl group as defined above in which one or more carbons in
the ring is replaced by a heteroatom selected from N, S and O. Illustrative examples of
heterocycloalkyl groups include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl,
piperazinyl, tetrahydropyranyl, and the like.

[0020] As used herein, unless otherwise indicated, the term “heteroaryl” alone or in

combination refers to a monovalent aromatic heterocyclic radical having two to nine carbons
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[0022] As used herein, unless otherwise indicated,, the term “haloalkyl” refers to an alkyl
radical as described above substituted with one or more halogens. Illustrative examples of
haloalkyl groups include, but are not limited to, chloromethyl, dichloromethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, 2,2,2-trichloroethyl and the like.

[0023] As used herein, unless otherwise indicated, the term “haloalkoxy” refers to an

alkoxy radical as described above substituted with one or more halogens. Illustrative



het er oat ons i nclude: quinolinyl, isoquinolinyl,
qgui noxal i nyl, qui nazolinyl, benzotriazinyl,
whemw2ionisdazol yl , benzopyrazol yl, benzotri azol yPCT/US2008/086472

benzisoxazolyl, i sobenzof ur¥yl, isoindolyl,

i ndol i zi nyl, thienopyrldlnyl thlenopyrlntdlnyl
examgles 9F Bale PXWPP@/!HC urdesi bowh sk a0, thBweremisihexs v |

f nzot hi enyl, indolyl, indazolyl, and

mﬂu?ﬁﬂéﬁlggga¥#§#§§red optlonal suitable substitutions

i nclude one or two identical or different substituents

[0024]¢| A8 pesd hreredmn Wlgss othepise indisatedaths teryn ar@gy]cgefers to an alkyl
VG
eGSR My SRR s Gy s
ﬂmvés used hereln, unl ess otherw se indicated, the terns
"al koxy" and "al kyl oxy" alone or in conbination refer
[002510 A@ uddd tet@ﬁ Itﬁnés@etheatls@fndtcaedf @k R méter&rau&h%smo an
'S defined above. I[llustrative exanples of
alkyl azttd&@)l pf gne)tsvtﬁsx carbonsde despuibed nloviestbdtitutied sthtadyeteroaryl group as
t et hoxy, propoxy, isopropoxy, butoxy,
deﬁxﬂggﬁﬁ?é&y, tertiary butoxy, pentoxy, isopentoxy,
neopent oxy, tertiary pentoxy, hexoxy, |sohexoxy
[0026}e phowsed hseaimuplesn dthtewelset indisatepy e dqrme dlrdkmﬁ’(’ye@rmp@ alkoxy
I thoxy an sed h reln
radtcz%}%% 8}5{% ?oo &3 \%I I)S{Seasldrj? r1be egove[ ﬁ%t%ittg 1H1n Pp as described
abové.efers to an al kyl radlcal as descri bed above

substituted wth one or nore halogens [Ilustrative
[OOZﬁan%){l%ﬁ Hfeid ﬁ]lnge?% grr%lt%ﬂa é)ﬁllg or o?regphthlé erﬁrﬁk&?}; refers to an

alkoxfylradical mjébhtyto, sixl c:irbomasnbtd‘m)bled abcwefslubstrtmtt&ét“h&)l a heteroaryl group as
rﬁ & g trichloroethyl and the like. [0023] As used
describsd @bove- unl ess ot herwi se indicated, the term
"hal oal koxy" refers to an al koxy radi cal as descri bed
[0028) b cAeused ihetdin, minkeds uﬂlbltwismiad'matednhe taral ‘wgedbamoyl” refers to a

monoy gt e TS B0 C D) N B R ity VPRl b Sl -Co

alken§) €, AN R yLlokky1, bPA2Ahs Aeh Ushd ahedFindd abbleeSS Ot herwi se
the

|nd|cated e ternt"aralkyl" refers to an al kyl
adj ¢ carhbons crm
10029] ST e s ol o R BRI G P e famin” and
“di- (¢10©£ﬁl(¥;lﬁﬁmﬂ8’e alofie bEintonbiaEis s réfélht@ra\ﬂl a‘ﬁﬁnd) BEHUGALAGs slbiGtuted
term "heteroaral kyl" refers to an é Cradlcal of one
l—

with 9 gpypsdadapsadenily sglssied ﬁ@eucaﬁa\a@yls ¢ afkukl respediivaly.
het eroaryl group as descri bed above.
[0030] As used herein, the terms “treating” and “treatment” refer to delaying the onset of,

retarding or reversing the progress of, or alleviating or preventing either the disease or

condition to which the term applies, or one or more symptoms of such disease or condition.

[0031] As used herein, the term “administering” means oral administration, administration
as a suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,
intranasal or subcutaneous administration, or the implantation of a slow-release device, e.g., a
mini-osmotic pump, to a subject. Administration is by any route including parenteral, and
transmucosal (e.g., oral, nasal, vaginal, rectal, or transdermal). Parenteral administration
includes, e.g., intravenous, intramuscular, intra-arteriole, intradermal, subcutaneous,

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



[0026] As used herein, unless otherw se indicated, the
term "aral koxy" refers to an al koxy radi cal of one to
W@ R00o0ASbbns as descri bed above substituted w PET/ES2008/086472
aryl group as described abde. [0027] As used herein,
unl ess otherwi se indicated, the term "heteroaral koxy"
not limated fe; theusgef HipRepnal fermudationsfinisaieneys igfusion, irpesdsrmag patches,
and tRLESIE i bed above substituted with a heteroaryl group as
escri bed above. [0028] As used herein, unless
herwi se indicated, the term "carbanoyl" refers to_a

ot .
[0032}p nd% usedheraindhe termoprodae feters to@RpMIRARFOmMpAWRGShAL following
ol - r | . _ _ .
s Ry St e el Yya e ghopiel o
physipo@ia] présesagegd., h@rairmg onurdaclssg phystvlogisa phhai theduet engzyree action

is conyEGT ioufie REIORFACHYE CRDRg) o Presiug tFalf mag cither Japk g

posseSd BEReiRAbIbIBgRIDREIVEpt €d Wi th two groups
I ndependent |y sel ected from Cl1-C3 al kyl or Cl-C6

| kyl respectivel v.. [ 0030],,,As. used herein, the terns
10033, K bt RRE e Bt eoBRan 2¥7eis 16 & niSr e bt Al means
includ@hg, Wighout dind@tin, syRMediSinngtrb BE gdlcMo8SS sid or @lvivo.
alTeviating or preventing either the disease or

ongy t.i & j ie I »QL_ON 1€, 1
00344 5 ) R O BB g i
releadd® & itenliibtotrefeRint@dhange sl g td &Y/ drugaostamirg formulation in which
admi nistration, admnistration as a supposi tor;i, )
releasegiithedrug gymod dmmedigis; 4¢eWih 8, “copirlicdapleassn dymulation, oral

s SRS reapt T Rl Rlensg SHh2BAR o porpriog pool. The
termsHrowsekldhtechengbabliyoeith tnogimmadiaientleaseiiat defigpdnip Retmingion. The
s s Sk e b ooy st s & i
(20032.3913 Ricusse@ MeBdin, iHimddi A0 SULAHR e B8 RMHaEL &n be defined kinetically
dmnistration includes, e.g., Intravenous,
by referdncea truthe didlbowing equagionr t eri ol e, i ntrader mal ,
subcut aneous, intraperitoneal, intraventricular, and
intracranial. ,Oher nodes of delivery include, byt
ar eMajsagd m t edto t gbsofitioal | | &somal Thi@etrul at i'ens
I Nt r py@pous | ston, tp@psderﬁg Hﬁ Che&neaand‘?ﬁ;ﬁﬁ tiobn
i ke. [0032] used herein, the 1-tperm "“prodrug” refers
to a precurs6r®npound that, follow ng
adm ni stration, releases the biologically active
conpound in vivo via sone chem cal or physiol ogical
[0035)r OLtes abgeption pavl’Prepetsergs avolutiae bf theg dpiyyRinthisgirebdt aptdrticular

or throu enz
absorption SQte, argc{j k., ka a¥1

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

drug to the target area.

[0036] The terms “sustained release” and “extended release” are used in their conventional
sense to refer to a drug formulation that provides for gradual release of a drug over an

extended period of time, for example, 12 hours or more, and that preferably, although not



Is converted to the biologically active conpound). A

prodrug itself nmay either |ack or possess the desired
W(bimmbmgﬁissaal activity. [0033] As used herein, tPET/US2008/086472

"conpound” refers to a nol €ul e produced by any neans

i n¢cludi ng,. wthout |imtat synthesis in vitro )
necessail apd rin .Shb%qmall}sfsorrsmhsvad 5P drieoYeE irgxtended time

penodcontrol | ed reI ease," "sustained rel ease," "extended
rel ease,"” and "tined rel ease" are intended to refer

oo} GhSLEEER e B S A AL 0 o

that passc§ BR6UN the ohRLE Aftst ah® Hﬁbﬂl@és' iRfhe P intestine.
adm ni stration does not result in immedi ate rel ease of

Genel %S drug into an absorptlon pool . The terns are used
erchangeably with "noni medi ate rel ease"” as defined

in Rem ngton: The Science and Practice of Pharmacy, 2

[003815tT}Ed)reS%HW8W9n mEavides ¢oppravads having 41 iahibiterywifaet o sodium-
denerlfB0hess So BRSSO kPl SIBED 2o geconins o

the prreﬁne [rB/Bﬂl@oIt ﬂsd hevefanlihltibitory e€fgetadn smﬂlunk-dkpelndaﬁsg&gfbsé
Absorption a Target Form.drug Pool absarption

cotragsppiist ek bh Q@l%@éhe(‘lg@ggﬂy tqrhléhlbléﬁg}éﬂpfhed:@nwgpds of the present
1nven%§f?t51|%§sﬁpgl§e ?%Iscﬁcl-: HEdRnCndld? %r gﬂgor?@{gn"}" g%[(l%gn&ﬂloﬁs and

sorption site,
diseadess tistt awaf&ptedéiyenlmbﬂ&haxﬁ Sﬁﬂﬂb&ctl@ﬁy paetiondsty SIGLThectiliityg
the fornul ation, absor ption

fro
Theregyr A AP MBRITS 84 fiechipss PSR e Halablerter iipbessation and

treatnﬂjéﬁ% 808isRESFhd ctohﬁltl"oﬁ@ %aﬁ&ﬁﬁ&@%et&%ﬁc@ié&%éf@ &3 é(ﬁngf)uﬂ ot
far greater t han t he absor ptron rate const ant

limiteddatyps! 1l and typd 2 disbeteomellitiag, hmglycmaappwlctwmpélcaum [(such as
such that the. rate

| ease of d
retincppy; nonironalfe & aroarrarve e APefel et PRg R T s ond
macrdéiziop@thies dndl difb et Ysbtldsehdeg, ihstlidabsi RARR,; mEQLQ@l@c] syhdfome

terms "sustained rel ease" and "extended rel ease” are _
(Syndgerad X)) rhypeensulinomise hypesteasios,dyyperurioemiaf ebesity, edehaudyslipidemia,

n .t hat rowdsfo radual rel ease of a
Chron}ac%eg%g%yrrg ar%h%ﬁcé %Ialber 36%{(8 ®Fhe, for exanple, 12

hours or nore, and_ that preferably, although
[0039), ot Fheguessat invsntionealso nravides rhapsecshtically %@Cmﬂé@ salts and prodrugs

of coflhARs hewFhifig ¥ @ pHlskt ifV&tioAN extended time period.

[0040] The present invention further provides pharmaceutical compositions comprising an
effective amount of a compound or mixture of compounds according to the present invention,
or a pharmaceutically acceptable salt or prodrug thereof, in a pharmaceutically acceptable

carrier.

[0041] The present invention further provides synthetic intermediates and processes for

preparing the compounds of the present invention.

[0042] 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.



[0037] As used herein, the term"del ayed rel ease”
refers to a pharnmaceutical preparation that passes

w0 kooyisse he st onmach intact and di ssol ves in tPET/ERR0$/086472
i ntestine. General [0038] The present invention

rovi des conpounds having an inhibitory effect on ,
l0043§ odl heRressahHvFRIQH ke vides mathepork sinddhe pompewids agenrging to
the R O SRR R A R FH i Bbases and conditons
whicls may bmaffeqtedibhe SGLJ1 inhib#®ncot r ansporter SGTI. OMng to

their ability to inhibit SGT, the conpounds of the
Detaidd EBRDodiRMAEt i On are suitable for the treatment
— andror prevention of any and all conditions and

di seases that are affected by inhibition of SGAT
Compé’é‘f'%/?’f ,reﬁﬁﬂf’ivﬁﬁ((eé’;‘i@ SGLT2 activity. Therefore, the

conpounds of the present invention are suitable for
[0044] h elnpne aspect, dlite Rrasent hwgatipmmrowteios sempaungis @f Formula I:

conditions, particularly netabolic disorders,

i ncluding but not limtged RO type,l and type 2

di abetes nel litus, hypepgV My di abetic
conplications (suchqas \gé%%%\atEyRsnephropathy [e.q.,

progressive renal di s&as } 3 ne \qQat y, ulcers, mcro-

and nmacr oangi opat hi es, and di abetic Toot disease),

insulin resistance, netabolic syndrone (Syndrone X),
whergiperi nsul i neni a, hypertension, hyperuricenia,

obesity, edema, dyslipidem a, chronic heart failure,
[0045]t hareredeatsasiygers INH raéthylenk; dr 8 smzkshond)D039] The

present invention also provides pharmaceutically

c f FRD accor di ng

[0046?0(:(? Ege&%!rcgeﬁérh ?ﬂggﬁtth?gﬂ%‘?iggdffﬁn The gﬂ?g‘g nt invention

further provides phaﬂnaceutical conposi tions

conprising an efo@B W2 anount of a Gﬁ%ound or

m xture of conpouRys—s rdi ngrtoo™ priesent

i nvention, or &'ph egtically ag abl e salt or

prodrug thereof, RRA & Piw@r naceut REalYy &Ecept abl e

carrier. [0041] The Rpsesent inventi or® further provides

synthetic internedi ates and processes for preparing

the conpounds of theQpresent inventi®h. [0042] The

present invention also provides nmethods of using the

conpounds accordi ng;t51 he present,jR¥ention,
i ndependent |y ono' gnation10 ot ber therapeutic
agents, for R R
R9 R7 R9 R7
R® R®

Q3 Q*

wherein the wavy line indicates the point of attachment to the remainder of the molecule;

[0047] Z represents oxygen; sulfur; SO; SO,; 1,1-cyclopropylene; carbonyl; or methylene
optionally substituted with one to two substituents independently selected from halo,

hydroxy, C;-Cs alkyl, C;-C¢ alkoxy, C3-C¢ cycloalkyl and C;-Cg cycloalkyloxy;

[0048] R' R?and R’ each independently represent hydrogen, halo, hydroxy, C;-Cs alkyl,
C,-Cs alkenyl, C,-Cg alkynyl, C3-Cy cycloalkyl, Cs-Cyg cycloalkenyl, C;-C¢ alkyloxy, C3-Cyo
cycloalkyloxy, cyano, amino or nitro, wherein alkyl, alkenyl, alkynyl, cycloalkyl and



treating diseases and conditions which may be affected

by SA.T inhibition.[0043] The present invention also
wWEe@9daso met hods of using the conpounds accorPCTyS1008/086472

the present invention for tthe preparation of a

cyclqﬁ%inglggqglpés&t%rgggogxg %tgi@)r_l llgliﬁlgﬂe' Sete HS .nodmc o Ci%:ttgiyoflﬂ?on'vr\lgtie?i Iga.nd may

be mEAAQH H{Eﬁﬁétﬁutg@ﬁ?@déﬂ%al%? di R &R ansneat\R iR d r%%hne,

In one aspect, the present invention provides fo
hydreonpothdikosf afd Codlsalkyl,: andive cyilonlkyl 048 kydloalkgryd genips or

o R N e eSS eSS § v
by NRAL ()3, @, @b s £hnd Bﬁbeoﬂm}fnéthigfé %rﬁlgﬁsﬁg{ti%ﬁaﬂﬂ%af’g% %]laced by

of attachment to the remai nder ecul’e;
N,orz represents oxygen; sulfur; SO SC2;
1, 1-cycl opropyl ene; carbonyl; or nethylene optionally
[0049ubisitthé eenelthat RhamiR? 4r@ bowid uhetadjddemics atorfieransistizhl Vring, R
sel ected from hal o, hﬁdrolxy, R%-ce al kyl, Cl1-C6
and Ry|rpayi®e jomed tggeties serdl tht R zand REJogsthesyfeinn alleyd sotiylene, Cs-Cs

e 8928} o AR5 S S RO SRE Byt o
be méi- 6B dalibstinyted braieftict pe Hidkkdny bubsGiucfikGeleyiell Gk eiflytine,
cyano, am no or

Cl- al kyl oxy, C3-C10_cycl oal kyl oxy,
hydraxiyy 6293 @h@?% And Gy plkyhjaRd mpereia pRS Ty O TRSIRY IR ERPUPS are
tioRAI AL E 108 i ' i 2 i
°p lopagfrl anr lcg g% y fflﬁ’%?@ﬁéiﬂgﬁ@ ’an’ n’ta?}ﬁl’gsl)ed)Zklr%ljr?gi-¥ ’%?d wherein
one od ivgehethyne geaipb pplicelly eyl beaepldeddftord¥nt substituents
sel ected fromchlorine, hydroxy, Cl-C3 al koxy and

[0050F1 - EBinaépenlient B YdpleSery] l?}(ﬁ%e??’ﬁal@,‘@aﬁ& & 0GRy, hyﬁfo%?f)g 1-Cs

Or portions one or two me ene groups are optiona
alkylreplaalbenylricepealizml] §:-6fo aynbabybtael o byclREenyd), C:SCs alkyloxy,

Cs-C g BT Py e BBAC G B R o Fo B spoiage: sov,
heter@fﬁ[‘ﬁryld?&ﬁ@ hé?éroé@%x@?g%t@ ARGV O, -t By 18k, RCLTY, aleyRYIFORC,
enyl ring, and may be ] oined togefher

alkylye rry B CRalkalogy Ecterngertyar Ci Sliowy, (5 o aYckgallanir.Cs alkyl,
(<SSR RIS B e SRR Lo R, T 0O
cycloalkenyl)Cy-C;j alkyloxy, (C;-C4 alkyloxy)C,;-C; alkyl, (C3-C; cycloalkyloxy)C;-Cs alkyl,
(C5-Cs cycloalkyloxy)C,-Cy alkenyl, (C3-C7 cycloalkyloxy)C,-Cy alkynyl, (C3-Cy
cycloalkyloxy)C:-C; alkyloxy, (Cy-C4 alkylamino)C;-C; alkyl, di-(C;-C; alkylamino)C;-Cs
alkyl, tri-(C,-C4 alkyl)silyl-C;-Cs alkyl, tri-(C;-Cy4 alkyl)silyl-C,-Cs alkenyl, tri-(C;-C,4
alkyl)silyl-C,-Cs alkynyl, tri-(C,-C, alkyl)silyl-C;-Cs alkyloxy, (C;-C; cycloalkyl)C,-Cs
alkenyl, (Cs-C; cycloalkyl)Cs-Cs alkenyloxy, (C3-C; cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cs
cycloalkenyl)Cs-Cs alkenyloxy, (Cs-Cs cycloalkenyl)C;-Cs alkynyloxy, C3-Cs
cycloalkylidenmethyl, (C-C; alkyl)carbonyl, arylcarbonyl, heteroarylcarbonyl,
aminocarbonyl, (C;-C, alkyl)aminocarbonyl, di-(C;-C; alkyl)aminocarbonyl,
hydroxycarbonyl, (C,-C; alkyloxy)carbonyl, C;-C4 alkylamino, di-(C;-Cj alkyl)amino, (C;-
C, alkyl)carbonylamino, arylcarbonylamino, heteroarylcarbonylamino, C;-C,
alkylsulfonylamino, arylsulfonylamino, C;-C, alkylsulfanyl, C,-C, alkylsulfinyl, C;-Cj4
alkylsulfonyl, C3-Cy cycloalkylsulfanyl, Cs-Cyg cycloalkylsulfinyl, Cs5-Cyo
cycloalkylsulfonyl, Cs-Cio cycloalkenylsulfanyl, Cs-Cyo cycloalkenylsulfinyl, Cs-Cio



be nono- or disubstituted by identical or different

substituents selected fromchlorine, hydroxy, Cl-C3
wa@bkdonyssnd C - C3 al kyl, and wherein one or tweCT/US2008/086472

nmet hyl ene groups are optionally repl aced i ndependentl|y

of one anot her

cyclogkienBrHipas Aoris ey ao i e h POt B SRl oK aurFip ey, Hkenyl
alkynﬁ{fe g&as ﬁgylb%lgllﬂgclkgﬁggl g%hpfs g SQ&BH? gﬁtk%agf H{a%%%taﬁ&or

compaétéqy |ﬂ,uoﬁ23t€ii ahckmay be nfcde Cér (ﬁkdbﬁﬁ&llcd Hiidéht&abgmhffaﬂehyl
C5-CG 0_cycl oal kenyl , C1-C6 allé‘yl oxy, C3-C

substityeatoielgeirddigm cbleyn@élygr%w iy ekorsang Qyﬁ@ﬂkyl @gd @ycycloalkyl
and cﬁ%ﬁSé?%ijf%Q%y P éf)&on&ﬁ'téﬁlf) ?@%ﬂy]gl%r%{x@%?fg )?Btlon(a(lg replaced
indepahdently lof Ghe fhadhex b yNRX 0, S( @Oy BPGEr-SO, 3aral dngl apstyo methyne groups
tero )G -C 3 al kyl oxy, (C3-GC 0 cycloalkyl)G-C 3
OPUOI&? Waygépéc?ﬂwg’ﬁom kyl )G -C 3 al kyl oxy, (C5-Gi0
cycl oal kenyl )G -C 3 alkyl, (C5-CG0 cycloal kenyl)d-C 3
[00513 ] k&ﬁ md;R gach 1r@¢pa1d|cytlly)r©p)q$em h3dedgey, halq, €gan®y nitro, hydroxy, C;-

csatfyfyents kel erCe gt 6 P PR B ity L%@%wm

cycloﬁ]k?io@?' J&Hér@%)éll@l éﬁ(éﬁywah(\)yln?l’( )tycléa@ﬁyl%d %P'&Mblﬁ cgfs Gr
: - (G al’kyl'am no) Gi - kyl
portlcajs loytlgnyqlllyyna}di)e I@r@y at «gmpletely ﬂl(o@n.a‘(_e,d@nd may be mono or

aisub Gl igoficetsr i el gpierar i -

alkox® aﬁﬂ K}{l(@@ﬂkyl (éﬁa-lEZyﬂNﬂkﬂainﬂwb/élﬁalKe@ gaddpe Y portiohBokelor two
cycl oal kyl ) C 3-C5 al kenyl oxy, (C3-C7 cycl oal kyl ) G 3- C5
ethyl P gronRsare opiconatiy ren) @qeéand@@ﬁm( thy of ong ap §"IY > 0,5, CO, 80

s SRR IR

I bonyl, het I bo bony!
B TS { R R ARG LG RS0

optloﬁa}lﬁ%}%}% ot bgﬁ%‘i’l’?ér ’sumﬂﬁt‘#zééﬁraﬁqﬁ%%the&(% thé-%s alkylene, C3-Cs

alkengleky by mrradienyl¢relbridgd, \alnkzly h)agzhelmrtw <armomp1etely fluorinated and

monox p{%s@lm%?%%ﬁ%ﬁgﬂgca n¥ Blﬁv &fl:pt% 6e 8 égm ch?4r1ne hydroxy,

Ci- CﬁdMysiﬁHf@W% alk@ arﬁ“wﬁérgi‘{ﬂ onélof FWJ) meﬁﬁyléﬁ@ grocgs are opt1onally

al kyl’'sul f ony 0 cycl oal kyl sul f anyl
replaceylghdepbdentlyiof pnq/anotm bEI@ S ), 68, SR onNRSngrid WhBelﬂ;me or two

cl oal ken | sul f an C5-C 0 cycl oal kenyl sul finyl,
meth% g@‘ﬁ’é l?:ﬁ‘i?@(‘?y‘fcgw]f%nyl aryl sul fanyl, aryl sul fnyI
§I qu fo%l0 wherein al kyl, al kengl aI kynyl
[0053dcho 1B andrR egehl indeneadspily gersesent bydrpey, (€

o ORI ACTR, B ARG SO Edlpeprer eg on
alkyl)dalfobﬁylemji (Cs- C10 cycloalkyl)carbonyloxy, hydrogen, halo, C;-Cg alkyl, C,-Cs
alkenyl, C,-C¢ alkynyl, (Cs-C;g cycloalkyl)C;-Cs alkyl, (Cs-C; cycloalkenyl)C;-Cs alkyl,
(aryl)Cy-C; alkyl, (heteroaryl)C;-C; alkyl, C;-Cg alkyloxy, C,-Cg alkenyloxy, C,-Ce
alkynyloxy, Cs;-C; cycloalkyloxy, Cs-C; cycloalkenyloxy, aryloxy, heteroaryloxy, (Cs-C;
cycloalkyl)C;-C; alkyloxy, (Cs-C; cycloalkenyl)C;-C; alkyloxy, (aryl)C;-Cs alkyloxy,
(heteroaryl)C,-C; alkyloxy, aminocarbonyl, hydroxycarbonyl, (C;-C4 alkyl)aminocarbonyl,
di-(C-C;5 alkyl)aminocarbonyl, (C;-C4 alkyloxy)carbonyl, (aminocarbonyl)C;-C; alkyl, (C;-
C4 alkyl)aminocarbonyl-(C;-Cs)alkyl, di-(C,-C; alkyl)aminocarbonyl-(C;-Cs)alkyl,



substituents selected fromchlorine, hydroxy, Cl1-C3

al koxy and C1-C3 al kyl, and in cycl oal kyl and
weywboaskenyl groups or portions one or two NeEPCEIUSI008/086472

groups are optionally repla&ed independently of one

anot her by NRa, and one or two

(hydrnm’qam}’ljﬂo@p @H@#)t(Cmﬁ?alaﬂvlm%{)caﬂ@nwaﬁla@é@ﬂkwy (%4-Cp 0051]

B

(hete@r)%(y@CK@ﬂkyl @3 (leﬂk}ils/tﬂfoﬁglob’(yl aryledéay/ 14 K ydr oy @ -0%
cy cloalk¥ wher ei n alkég_ al kenyl, al kynyl ,

alkyl%l}@pwwwrlm&my Séb’&qxdaT Renidimethplsiosy, Oﬁ@mo@ wherein alkyl,
alkengétallﬁﬂﬁlrlm% 158y Qﬁéfl gg{}é{llk?r{éh élg)%gp bF%&l %fnsf %%551%99 b@P8tly or

comp(thtélf/ dluerihatsd st imby b h&neeéxemlﬁdtlﬁltedrh}ohémrcam different

0X Cl- C3 al kox nd C nd, i )
Substew%ﬁ d fgam cRipEPSAVRERY gF@ a@gxxs ?ndpér'ail 3tk gpé ingycloalicy
and C?M’Qalﬁ@ﬁﬁh ?’Cﬁl@@ oBpSHiBas @I{eeor%B S l!eﬁ/e érSﬁBsaa‘fg g%tlonag replaced

ndepe one anot her
indepsm,ntlamﬂommmomlnertbmefemﬁn@OgS@qmsSszt| onal ly may be
replaced by N, or [0052] if R5 and R6 are bound to two

[0054d] ARPtiokalBl RIBaRAIR T Bsn BhEsHBinéd Wih tHB a8 d8%ns to which each is

optionally rmay be joined together such that R5 and R6
attachted de fdrar a five-rtv acveB-nmbdrd fsed cxgboatlbanaIOR eysioalkenegmg that is

Iene r' e,. ich, ma ar
optioffiy e SRy A Ry b8 Sro bt dsRtinsd prpiglentical or
dlfferbﬂ%ﬂbétﬁaéntﬁel&ltédf fedr @hloﬁﬁ@&iyﬂfd#@%ﬁ@ ﬁlk@ﬁy Qﬁ?d Cromalkyl, and
| orine, @iwrox C3 al koxy and C1-C3 al kyl, an

Wherwaam desyeln lraqdmcmuqulms gn@grp@vognethml,gne gioaps gre optionally
repla ggh&ﬁs%%ﬂ%@gﬂgg&wb NN dnephen iy S GO SO

erei n’one’or "t wo’ et hyné’ groups may
rgpl aceqd bg [0053] R7, R8, R9 and R10 each
fo0ss] nde P and B 2 efﬁﬁp@@@myw&ssw hygregengydroxy, halo, C1-Cs alkyl,

Ca-CEIQtyL L COMAIO,. Cirts GoGI, K10, UUABL DO Mienyloxy, Cr-C

alkyny1oy Gt ;-3¢ clycdahlkylox g aviteiy latioyy,, alltengtt, atkgnyl dndl oyelo@lkyTgroups or
C6 al ke (C3-C10

.al kyl.,
portiqns 8%%%&“&‘2/ RERAT @“A‘}/Rwomp(l%ﬁsly@‘?m@%ﬁeé’a?fkeny| yd-C 3
al kyl , (8T I)Cl1-C3 al kyl, (heteroaryl)G - C 3 aIkyI
[005681 -RY6 and RY thybnal@m%bajd(mqybge@qr s@th et Bl 'lepd\R' otqg,ether with

[ Cy 0oX cl kenyl o
the ca ARG R POt AR R &y P b ey TG Hpe Wh
optloﬁa@ETﬁEy Wﬁdﬂ?bk&ﬁﬂﬂlk@b@]@orﬁhﬁéﬂ'aﬁd Ynay(©RMmydnod ngﬁubstltuted by
1dentlca1 or dlffe);ent substituents selected from chlorine, hydroxy, C,-Cs alkoxy and C;-Cs

alkyl;

[0057] wherein when Q is Q' and both R'! and R'? are hydrogen, then at least one of R'® or
R' is halo or R is other than hydrogen or R* is CZ-CG alkynyl, C;-C cycloalkyloxy, Cs-C;
cycloalkenyloxy, (Cs-Co cycloalkyl)C;-Cs alkyloxy, (Cs-C7 cycloalkyl)Cs-Cs alkenyloxy,
(Cs-C5 cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cyo cycloalkenyl)C;-Cs alkyloxy, (Cs-Cg
cycloalkenyl)Cs-Cs alkenyloxy or (Cs-Cs cycloalkenyl)Cs-Cs alkynyloxy, or

[0058] when Qis Q® and R is hydrogen, then at least R'%is halo or R* is C,-Cy alkynyl,
C;-Cy cycloalkyloxy, Cs-C; cycloalkenyloxy, (C3-Cig cycloalkyl)C;-Cj alkyloxy, (C3-C;
cycloalkyl)Cs-Cs alkenyloxy, (C3-C; cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cio cycloalkenyl)C;-



(heteroaryl)d-C 3 al kyl oxy, am nocar bonyl ,

hydr oxycar bonyl , (Cl-C4 al kyl)am nocar bonyl, di-(d-C 3
w@bkdoghyeand nocar bonyl, (Cl-C4 al kyl oxy) car bonyl PCT/US2008/086472

(am nocar bonyl ) C 1- C3 alkyu4 (Cl CA

al kyl ) am nocar bonyl| - 3)a (d-C 3
Cs allé)fl‘k’SM ﬂgﬁpﬁ MQ%W])C@-@5 alkenyloxy or (Cs Cg cycloalkenyl)Cs-Cs
alkyni & kyl, (hydroxycarbonyl )G -C 3 al kyl, (Cl-C4
1oxy)carbony| (C 1-C3)al kyl, (C3-C7

| oal kyl 3 a| kyl, (C5-C7 | k
100555 Gykgh g B IR e nes e et a2 i Py s bigphin
4
hydrBER K} R f51CCs Bl SO CO Ry AL CRE) LRI oxy, (Cr-Co
cycloalkbl)CyICd alkatdxyl &isH@H gxloalkyt)Ce@radkenylosy ((h- @i dygloalkyl)Cs-Cs

sk ALt O o0 ErE ol OO o

(Cs_dslcykgbélﬁﬁ{ﬁ}tsal}d% k erl . mono- or di subst i tuted by

i denti cal “substituents sel ect ed from

1006010 BRE R, (860 FitepertatndProsivhy ARGer tsmn) fillp: CRBQ oy, o
Cs allQalhyI - QR e IT8-C @yu)@anaylecpgg laxkzgixlyyC{ -€p hﬁt@ﬁﬂog C,-Cs

i ndependent|y of one anot her

alkynglogy of @@@]cyglﬁ@llkm«mmﬁrw allqazicall@awf kamrﬁ@yébﬁmyhgr@ups or

is attached to
pomo?%%ﬁ%ﬁ@y\q/@gﬁ?%ﬁegg%oﬁn%%qg’ gg"leg cycl oal kane or
cyclQal kene ring that is optionglly partly or
10061&oer tdepgndentiy Feprer R oaYﬁFanaFI@BLmno- or
di substituted by identical or different substituents
[0062$ el Iéadnéﬂ)ehdMyab;bresdnmd;ydmg&n,dﬁyQ ﬁlkym (mlﬁm%}a)cdrbﬁhylc
h a#:g d wherein.in fhe c clo %
Wherely <y Wﬁi’ﬁ/‘l’r RATHRYS optanally mapbepa ¥P W@F@%@u‘&?@ed and
0 tlonaIIy repl aced i ndependently of one anot her by
[0063[}\|R5R ad RS ea@Qnd@@ndcntB(j@prep@m 55q1roggn halmt (R1Q, akylhwherein

alky! IBR STy ey BResant s bo Y Borfiied o 30 o

ccloalkyl ClOESaIho@%ei C2-C6 al kenyl oxy, C2-C6
[0064&| KEheyshdx ysesrabose @Bl syeinefiarkipvalish 2 hprd of m5®sﬂttylant on a phenyl

0 QL Lians.
o R on DY OB LU s g
that tlilﬁ)aﬁﬁiltuait rhaybélbdihd to piy ﬁﬁﬁbésﬁldﬂftb@ﬂﬂl@ﬂyn g@dub @lﬁiﬂged
such that R11 and R12 together with the carbon atomto
hydrogen &AM hey are attached forma C3-C7 spirocycl oal kane
ring which optionally may be partly or conpletely
[0065] | l]ﬁleipnmmdnaﬂnﬁorr&g{clhﬂfs it natomers dnd Hﬂeﬁohsbtﬂeesioﬁlx)mpounds of
ident.j cal di fferent substltue sel ect egFfrom

Formyi g ihRgin sriK e or iepuve of sapskasiipl e prre3 The kgpppounds of the

present invention can have asymmetric centers at the carbon atoms, and therefore the
compounds of Formula I can exist in diastereomeric or enantiomeric forms or mixtures
thereof. All conformational isomers (e.g., cis and trans isomers) and all optical isomers (e.g.,
enantiomers and diastereomers), racemic, diastereomeric and other mixtures of such isomers,
as well as solvates, hydrates, isomorphs, polymorphs and tautomers are within the scope of
the present invention. Compounds according to the present invention can be prepared using
diastereomers, enantiomers or racemic mixtures as starting materials. Furthermore,
diastereomer and enantiomer products can be separated by chromatography, fractional

crystallization or other methods known to those of skill in the art.



[ 0057] wherein when Qis QL and both RlL 1 and R12 are
hydr ogen, then at |east one of R10 or R14 is halo or
WORIB90%560 her t han hydrogen or R4 is C2-C6 al kpayius2008/086472
C3-Ci 0 cycl oal kyl oxy, C5- Cﬂscycloalkenyloxy, (C3- O 0
cycloal kyl )G -C 3 al kyl oxy -C7 . cycloal kyl)C 3
[00664; k“éhﬁnrss@yz lweﬁl@ﬁlmpwww }hs prod % pRgAmAyRGS of Fotmula L

PI‘Odl{lger? Wﬁ{if@ té@@kﬂtﬁ( Qng']]ug%(?ﬁo??é*&ﬁ@e% carboxylate esters,

carbonyte lestatskizenyil-gsteSs, (ﬁﬁos;j}ioytrs)dstexy nitrr esfeds) SBlifatekastars(Fulfoxides,

amldc?s c%g&%esdp%dr O ou(ggs t@?)gg}g%l ia %?‘Eﬂf{} Iqs%ehréa:;a%et%{s al.qrﬁiketals.

|
Prodr?%%ét@cg a§§ g%’ggffifes &%b%&rg@ﬁ gﬂﬁi;@%i@/ﬂlé q)ég?%%%h kY 8¥¥hore hydroxyl

groups e compéuyidy @ﬁFQJSmda F(yvmjnladkw alka@y- o@atyl sylstitatbd agyjdtingireggents

usingpefiod b g £} KR b€ B Fyptss metps b eiYesmpustvies

benzda@es%vﬂﬁfés Bd theSikBYIu SR Ve ekﬁiﬁﬁle@&f;h@éﬁ%ze@egs éﬁh@é‘élﬁpounds of

3 is other than hydrogen or R4 is
the presenCinyertyar waluldg,| buk gre rmshmrte@yz; compRendz|ob fyrml(le:I h®110g a

carbox% Cl’ll’lOoi%{ k&ﬂlére?lég %e/e la/(%? 1& el(p%e(gg&g,‘y 4k$19§1y%2<§3 G5

alkan6ﬁ5xﬁ11&h<}ly ¢1((Ia1|-®9ﬁ1ﬂthﬂ@lm@)éihﬁ| kyﬂenw 1- «(Cﬁc%lkanoyloxy) ethyl,
cycl oal kenyl) - al kenyl oxy

Ci- Csca,lléqwambeﬂxlpwlghﬁs1-&(%¢F§alb&?yyca{beoﬁle]&yml anaetyly 1-((Cr-

Cou SR RIBRICET: NUC R BRER aRE  E Jgle

Cs)allooxgtarbbigl)amifid yefhyl, SHythaiiyl, 4@016601&&%ﬁﬂygﬂ111y1a-l(b€ft’}fr6ﬁcton-4 -yl,
wherei n al

N B iR - Gra ettt St inay o e oYL (C1-
Coal R Y TR RERR N CRL TP Siplidiho bRt or

morpha BT, - @Qa]kyﬁ &eopeptide ynadéficationnarsl Hiydhgogiable golyier derivatives
IVTETCRCE Ty ST
inventibt QEtREALfdr sA8Gink QA8 BlepRin@fftabie Iﬁ’é’(ﬁﬁ%é ﬁg\lﬁpﬁn&j&f‘ %r)éxample

resent hydrogen, halo or Cl-C4 erein’ al kyl
in thegogmpmgobtﬂkgnemlayd ﬁfh)Stdil@ p%rpdltugs @&Ngmf@eéuveﬂyﬁystems 7 Vol. 14,

| uori.nate Th used bov
ACS ubghsiR sERes. 17/t DS oL Rl chisevifp 4985 and
“BiorENegditle CHiQ&ts in Bnﬁgmwgﬁﬂéd 'ElWh?@RoéHEA%ﬁé?fc@ﬁ PRirn{ab8utical
phenyl ring, denotes, unless ot herwi se stated, that
Assoaitjos @dﬂ@tgamp@rﬂremy%ﬂe bound to any free position of
t he phenyl group bearing a
[0067] The present invention also provides for the pharmaceutically acceptable salts of

compounds of Formula I and prodrugs thereof. The acids that can be used as reagents to
prepare the pharmaceutically acceptable acid addition salts of the basic compounds of this
invention are those which form non-toxic acid addition salts, i.e., salts containing
pharmacologically acceptable anions (such as the hydrochloride, hydrobromide, hydroiodide,
nitrate, sulfate, bisulfate, phosphate, acid phosphate, acetate, lactate, citrate, acid citrate,
tartrate, bitartrate, succinate, maleate, fumarate, gluconate, saccharate, benzoate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (1,1'-
methylene-bis-2-hydroxy-3-naphthoate) salts). The bases that can be used as reagents to

prepare the pharmaceutically acceptable base salts of the acidic compounds of the present



hydrogen atom [0065] The present invention includes

all tautonmers and stereoisoners of conpounds of
wao-00ebeasd , either in adm xture or in pure or PCT/US2008/086472

substantially pure form The conpounds of the present

i i nvention can_have asynmetric centers at the carbgn
invergiog ke thaspithatforamepdotip basesalib i sudy componnds, includipg, but not

. oxiSh i . . ' . e for i '

i B oo RS A0 AR LAARE b 8508 ot et

cations @.gbtdssians littsomreand sodimel) ahd alkgirecatth nsvateaton(sgeg., calcium
enant.i ogers and di astere rs), racemc,

and iR GBS ARIR PR Wﬁeﬁo?ﬁ%%msﬁ%ﬁog oIt e als, as

meth??dcaﬁl%es(ﬁle‘réﬂfrﬁﬁe), DY R 15 Rer a'llga‘ﬁﬂﬁhﬁﬁb%imﬂ%hﬂ @tﬁfep BSseaAfls of

utonmers are wthin the scope of the presen
pharmanestitallyraccépsaipo argdsic aouwesde.gg methylareings éb@amine, propylamine,

: nyenti qn can be. pr red.usi i astere rs, .. .
cimel ARG R G RV it B BB Jr e o, imethdamine,
triethyHiiRE ' SredBhAed, BY&ORPIth ARSI RNAREIHONEBE, psRshifd, S can

e separated by chromat ography, fractional
dehydrogictidningtlysine and gitanghingket hods known to those of

skill in the art.[0066] The present invention also

[0068) OYhélg®sdn® inviehgorPalSsHndBidePisotopitRIOK NS 18 fcomPbiidtsad fIFormula I,
Prodrugs of conmpounds of the invention include, but

whergin@ng et Morgritery arerepleesdinxgiesaranars toms haygspacifie atomic mass
heq. - ¢ [ . niLtr

orm 3 fBrsn 2R 8 OB S8R B Aol br e

invergioARAUNIEES butdie apahitetew, isolopensildfogeR dachion, ni&ogédloxygen,

and ketal s. Prodrug esjer,s and, carbonat e
uorfig S, ang ChloTAANED saFr Bacich 1 oRD . T B s e,

hp J f j 4 -
sotoff P51 OPRURA S Pl LG bt LI ey ot
labeléd) pharntapeitivaly aafeptakiel shlts of dongpoands ¢éfdFopmathilicadpeddrygs thereof,
car bonat es, .acetates, benzoates, pjVv tes and the
are Wil FQRs Of AR BTG iRAFRHIoBs mtoq&?fﬁiy_r@@sf foIpROUIs phfte present
invertRARALUNERI A adsBR FHiRSERhe HRMARILRBF IR CbHPEund3Whd ¥ prodrugs
not limted to,” conpounds of Forrmula_l having a
and neefativditsst prefiredyisaibess dorsuchesshysiachigelfidgad G In aplitiosdn certain

circu%%%eé%ﬁgﬁmo@\yﬁﬁ%ie? lis‘é?q%%’,!é}ﬁ AL éelgl}/e!ﬁurr} (zgﬂl(),%an provide
incredsell (ifetatiotit alabRite W10y O 6 Mhera 8@1% &dvantages such as increased in vivo

al koxycar bonyl oxynmet hyl , | -((
half-I5fp o kesiagechdasegs/ reaniygraettis Isotapigadtymigbeled cquunds of this invention

and p%(%%aésgtﬁé%g)i@ éa%?%%x%r%ﬁ? écreer%)rﬂeélan%efi r%%o,(rglfg {(Nt_h(e (n&etPgds described herein by
subst{thtigd dcoisytepichivndbrRI @&t Oy A noBisetvipitally beled reagent.

4- crot onol act onyl, ganma- but yrol act on-4-yl,

[0065ﬁi B pglfbtﬁc}e%% %ﬂgzﬁ%}ﬂ{sﬁar &n?sbo%g% !fr{zgiglgle Yond. In particularly

et a- am noe . car
preferred embodiments, A represents a single bond.
[0070] In preferred embodiments, Z represents oxygen, sulfur, or methylene optionally
substituted with one to two substituents independently selected from halo, hydroxy, C;-Cs
alkyl, C;-Cs alkoxy, C3-C¢ cycloalkyl and Cs-Cg cycloalkyloxy. In particularly preferred

embodiments, Z represents methylene.

[0071] In preferred embodiments, R', R? and R® each independently represent hydrogen,
halo, hydroxy, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-C,¢ cycloalkyl, C;-C¢ alkyloxy,



C2)al kyl, N,N-di (G -C 2)al kyl carbanoyl - (G -C 2)al ky
and piperidino-, pyrrolidino- or norpholino(C
wWQ@20@3)pasky| . A i gopepti de nodifications and  PCT/US2008/086472
bi odegr adabl e polyner deri vatives (as described, for
exanple, in Int. J. Pharm 115, 61-67, ,1995) are
or Cyapa. rpartwedlaglydgefeeﬁd embodimgalss RoR” and i saeh méﬁpendently represent

hydrc?ﬁ e&%& glgC]?-gg H(Qan‘p ljrel&gﬂ)%ﬂ h?a?lb'% %ﬁgﬁ &gﬁ %nts represents

hydréged, Malo &t €| Ica,alkypmmkbgm RrSbotb vepresBed hydedgenSyst ens,
Vol . 14, ACS Synp03|un1Ser|es 1975; H. Bundgaard

[007%]Deﬁi &@fe?lfed %rn%ggar 1 Its REL'ei)?é/s'eﬁtrsC J@g%(gyl 3@2 C6 alkelayl Cz Cs alkynyl,

Bi oreversi b érs
Cs-CRayhlalkghyeh i Ceaik Pivay, Iﬁa@uby(deﬁlkylexp ((Caﬁmychmdkyl)cl C3 alkyloxy,

(CGraBlopRaDF ks SsPYPRE Shar-GacElonRUNG o s RkERabY o

salts of compounds of Fornula | and prodrugs t her eof .
[0073]h e Inegrieftsred lembodimrentse R( sndiRA sachdndppandently repregsat kydrogen, halo,

nydsE Y bse BFODIG s Gt RALET et Ry or

cyan®df pbﬁ?éhﬁrl@‘iiréfeﬁé’(ﬂé&b@dim@ﬁﬂs 118> arld I each ﬂideﬁerﬁl@ﬁﬂyﬂtdﬂ)ké%@nt
phar macol ogi cal accept abl e anions (such as the

hydr ey e por o ALk d Siov-aparEiesTay BrGTTY AIbocmentags and R both

i sul fate, phosphate, acid phosphate,
repregemﬁig{h%g 1f)act ate, citrate, acid citrate, tartrate,

bitartrate, succinate fjumarat e, gl uconat e,

[0074]5 c Erteiered epbadimeants, Rﬁpgfgl eéé‘é‘hRfocﬁ‘iﬁli gdependently represent
hydrSHARAESEI-COARYE ¢ REMBASIL(EL0RFelodiicfiBkyiGRABKY bo@at @
and pahoat & %%ffh-6 ’ ’
Cﬁcyl’ﬁbcidﬂg/}ll*fﬁ&ﬂ?)'aﬂéy?om diherein Akylagnlitchcablkyl grahpssir.poftimns may be
bases that ed as reag ts. to prepare_thg
partly, AR LT ed BT M NS BT PRBOUEp SR R and R™
%HBQ the presentinvention are those that form
cach & oxic‘%ﬁ%e salts with such conpounds i ncl udi ng,

ut . not ose derived fro
[007%h aﬁﬂ&%ﬁ? PF&‘]“%E?cEp rSBlie%e“ésalﬂdé?%e“s"ﬁ EYIREYa Kal i
metal cations (e.g. S|un1 L ithiumand sodium
[0076In dInepriésrtied @méadlmﬁntﬁe anddh & rqpeesgnt hydsegenum and
magnesi um , annnnlun1or mater sol ubl e am ne addi tion
[007Hal IrSprefeied @mbbm@idar, B Uepiwhdits ¢:yReh UNTRERS, whltbin RBand R each
l'ower al kanol anmoni um and ot her base salts of
indepsndenikycepresshhydrogeicerdietbl e or gani ¢ ani nes (e.g.
nmet hyl am ne, et hyl am ne, propyl am ne, dinethylam ne,
[0078]r | A% hated labove)Eormiile A yémedens stitl-olhet prederredssmbodiments:
t-octylamne, trinethylamne, triethylam ne,

et hyl enedi am ne, hydroxyet Ryl aai ng4 nor phol i ne,

pi perazi ne, dehydr oaI yS| ne and

guani di ne).
[0079] wherein R! represents hydrogen, halo or C;-Cs alkyl; R* represents C,-Cg alkyl, C,-
Cs alkenyl, C,-Cs alkynyl, C3-Cyq cycloalkyl, C;-Cs alkyloxy, C3-Co cycloalkyloxy, (Cs-Cig
cycloalkyl)C;-Cs alkyloxy, (Cs-C5 cycloalkyl)Cs-Cs alkenyloxy, or (C3-C; cycloalkyl)Cs-Cs
alkynyloxy; and Q is selected from the following formulae Q' to Q*:



[0068] The present invention also includes

i sot opi cal | y-1 abel ed conpounds of Fornula I, wherein
W@r@®9oTesAmr e atons are replaced by one or nor ePEL/UIE08/086472

havi ng specific atom c nmasd8or mass nunbers. Exanples

of isotopes that can be incorporated into conpounds of

the invefiti on includegbyt are not RPmited to, R

., ) 1 \-’
glopr-all Iab£EEd onpounds of Fbrmula | and
prodrugg thereof, as well as isotop aIIyIabeIed
pharnacsurrcally acceayable sal ts ofsconpounds of g
Formul a1 and prodrugs thereof, are within the scope

rasent inv i on. |.sotopica c
10080 o BRI S P S7E0 3 PALRRES PHOGRO PR a e SUEHHE piyeen or CRR'
wherélﬁ k&éﬁd Rﬁ e&d?ﬁn@lép%ﬁ&’&lt r%&éeﬁﬂﬁi&ﬂg&f ortHaR; GPRRAN Resn RNGis
their gdru gs and abol i t es; ﬁmeferred i sot opes for

hydrcigamhhaskagssCzr(ﬁcallﬂﬂe’l,ﬂi @mdi}’(lltb@ky yaA§diGib eyelogliyl)Ci-Cs

S PSSP DA S A s 1
someleRbodRSafk, (Risabletics fivhatk lgkdup conblbtaly iffbemsae Q' to Q.

therapeutlc advant ages such as increased in vivo

o0t Ly SRS SBERAE OO AIPDE B s e

selected ddiigs t hereof can generally be prepared according
to the nmethods described herein by substituting an
i sotopi cal | y-1abel ed reagent._f a.nop-isotopically

| abel ed reagent. [0069FPH n @ enbodi nents, A
S I n partrcularly

represents oxygen { .
preferred enbodi nents represents a single bond.
[0070] In preferredoenyodigrents, Z represents oxygen,

sul fur, or nethylene Oy onal Iy substituted with one

(1R 2&’%& A% )I/-'\’S é’%ﬁ orfé&r eﬁ%eee%@g nKILg (h%g @%ﬁ@?l &EI@[@&%'—& 3,5-tetraol

and C3-C6 cycl oal kyl oxy. In part|cularly preferred
enbodi nents, Z represa s e 9|, & 9e071] In

preferred enbodi men{s, R 2
i ndependent |y r el es¢
al kyl, C2-C6 alkemx}
cycl oal kyl, C1-C6 al ky}

bH HO'

hyorogen hal o, hydroxy, Cl1-C6

&6 al kynyl, C3-G 0

XY, or cyano. In particularly
preferred enbodlnents R2 and R3 each

(IR, zﬁﬁééﬁéﬁ&&ﬁ“w‘l"é’&@%H’E‘Vbﬁw%‘@'e’ﬁ'6 (Rygrasy prhBacleBexane: ¢ 3 5-tetracl
In nore particularly preferred enbodi nents, Rl
represents hydrogen, halo or Cl CB aLAJ and R2 and R3
bot h represent hydrogemH[
enbodi nents, R4 reg QSE
C2- Co6 aIkynyI

OH

(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-propylbenzyl)phenyl)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol



C3-C10 cycl oal kyl, G -C6 al kyl oxy, C3-Cl
cycl oal kyl oxy, (C3-C 0 cycloalkyl)CG -C 3 al kyl oxy,
w@ aRo7656y cl oal kyl ) C3- C5 al kenyl oxy, or (C - C7PCT/US2008/086472
cycl oal kyl ) C 3-C5 al kynyl o9. [0073] In preferred
enbodi nents, R5 and R6 each i ndependenily represent
hydrogen, hal o, hydroxy, G-C6 alkyl, - C al kenyl ,
C2-C6 al kynyl, C3-C O 8MC| Yy J al kyl oxy, or
cyano. hi partlcularly:pr: bodi ments, R5 and
R6 each i ndependemt |y » ydr ogen, hal o or
C-C6 alkyl. In nore.\partjcularly preferred
enbodi nents, R5 and®R61bofH represent hydrogen. [0074]
hi preferred enbodi menP¥, R7, R8, RO and RLO each
(IRZR3G4peRGEM- 143Phlpre;§r(‘é939h'neXHWW@Wﬂyl)rﬁdh@roxmeﬂmcydbﬂeﬁne-1 2,3,5-tetraol
C -C6 al kyl oxy, (C3-C7)cycloal kyl oxy, aryloxy or (C3-
C7)cycl oal kyl - (G - C 3) al kyl oxy, wherein ajkyl and
cycl oal kyl groups or portions may be p y or
conpletely fluorinated. hi particul 3¢y preferred
enbodi ments, R7, R8, R9 and R10 each represent
hydr oxy. [0075] hi pref eFree Chppodients, R11
represents hydrogen or 0076] hi preferred

enbodi nents, RD @ R1Z r epresent hydrogen.
[0077] hi preferree -'ood|nents R15 represents oxygen

or CRbRc, wherelR Rol ani"Re each i ndependent |y
represent hydrogen &Hhalo. [0078] As noted above,

For nuR25|38,6rR3@r (s 3-8 4 3-ty cloptdp@propL eh@oxysbe nzyl)pheny!)-6-
enbodi ment s: [ O0BIloxwhethdcyrlorex-f-epg-b3.8ntid hydr ogen,
hal o or Cl1-C6 al kyl; R4 represents O C6 al kyl, C2- C6
al kenyl, C2-C6 al ynyl q%B . t

al kyl oxy, C3- Cleégycloal yl ¢
cycloal kyl )G -C ; >ycl oal kyl ) C 3-C5
al kenyl oxy, or (C3-C7 .. oaIkyI)C 3-C5 al kynyl oxy;
and Q is selected fh@m the ®BI i owi ng fornmul ae” QLL to
AAA: QLA Q 2A QBA UA [0@BD] wherein Rl represents

Chore SR mﬁﬁ@aﬁmﬂé g %{3% Edglesent

hydrogen or hal o; erein en R1 ydr ogen, then
R4 is C2-C6 al kynyl, C3- kyl oxy, (C3-C O
cycloal kyl )G -C 3 al kyl o cycl oal kyl )C 3-C5
al kenyl oxy, or (C3-C7qgytT 3-C5 al kynyl oxy. In
some enbodi ments, Qis: ected fromthe group

to QBA

(1R,2R,3S5 4 5,6 R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-(hydroxymethyl)-
5-methylenecyclohexane-1,2,3-triol



[0081] In particularly preferred enbodi nents,
conpounds of the present invention are selected from
W@ 200R0ARSBS, 4R, 5R, 6S) - 4- (4-ch PCT/US2008/086472
| or o- 3- (4- elhyl benzyl ) phengd) - 6- (hycl roxynet hyl ) cycl oh
exane-1 ,2 ,3 ,5-tetraol
(1R 2R, 38 4R 5R 6S) - 4- (4- chl or oy § (4- etthoxybenzyl ) phen
yl)-6- (hydroxynEthyI)c‘-Iol 2 373,5-tetraol (1
R 2R 3S, 4R, 5R, 6S) -4 'Tﬂ« » cl opropyl benzyl)p
henyl ) - 6- (hydraxWﬁsthycI ohexane-1, 2, 3,5-tetraol (
1

R, 2R, 3S, 4R, 5R, 6S) - ﬂ (4- Io?o 3- (4- propyl benzyl ) phenyl

) - 6- (hydr oxynnet hyl ) cycl ohexane- 1
(4S.526R, 7B 8Re A Igra-R (2 RhESM RIPE Y YH ) (hyprgxgmethylispine[3 Sjodtansy 8,6, 7-triol

| ohexyl benzyl ) phenyl ) - 6- (hydr oxynet hyl ) cycl ohexane-1, 2

, 3, 5-tetraol 0

(1f9 2S, 3S, 6R) - 4- (4- chbr o- Qpr opyl prop-2-yn
ony)benzyl)phenyl) 6OH
hydr oxynet hyl ) Mé s
(1S, 2R, 3R, 4S, 5R 6R) -
1)-2,4,5,6- tetrahydry
1R 28 3R 4R, 5S, 6R) - 4- 5
r
1/

-chforo 3- (4- et hyl benzyl ) phen
Kyeog! ohexyl ) net hyl acetate
(4 ethylbenzyl)phenoxy)-6-(hy

xyneth kgfyclohexane AV i

7( ﬁ?d?oxsﬁﬂé/gtw{rsle )cyc exy l(?engyléﬁen m%%é%w) phenyl

met hyl enecycl ohexane- 1, 2, 3-tri ol (4S,5S, 6R 7R, 8R) - 4- (
chl or o- 3- (4- ethylbenzyl)ﬁ%@nyl) 8- (hydr oxynet hyl ) spi
o[ 2. 5] octane-5,6, 7-tri ol
1-(4-(2-chloro-5-((1R 2S, 3R, 4R, 5S, 6R) -
I oxy- 5-
(hydroxynethyl)cyclohe_ ’ yl ) et hanone and (
1

y
(
(
y
(
d
(
)
5-
4-
)

3,4, 6-tetrahyd

f?, 2R 3S, 4R, 5R, 6S) 4- chl or o- 3- (4- (1- hydr oxyet hyl ) be
nzyl)phenyl) 6- ( hyalt oxyntgrhyl ) cycl ohexane- 1
,2,3,5-tetraol [0082] bp anot her aspect t he present

e R RSB b

|sotop|cally Iabele corfpoun rein al kyl,

oosfL G P HE e e e 1%4@&8 bl W1

pharrfiatRgfidallya8ebptibldlsaNs, rb&u@@ﬁlﬁﬂorﬁbﬂtbﬁbﬁﬁf 1Bb&1ed ESHBSNs @fereof,
defi ned above [008<£Q%k ot her aspects, the present

wherein aleyl.iaeensk elkyagls cy Yieoickalenylnaryp prstleierearyl geups or
portlcfn% éoéép‘?g%f Ofg.l.pts{f&lt d% Brl?edfg%%é 511? ?ab?e ﬁu%g t%’l\?rlltg a (§etI neg above.

armace
acceptable salts and rodrugs t her eof . [0084] Such
[0083) olmedhcs aspgcts, Sl?tﬂr‘?sﬁ%n}“’rﬂtlpﬁ @ravidesdnieriacdiatpesns processes useful

for prep&rhfy 18 intEnlRIRRLRISERN CLLE the compounds of Formula I, and

pharmaceutically acceptable salts and prodrugs thereof.

[0084] Such processes are outlined in the following general preparative methods depicted
in the schemes of Figures 1 and 2, with more detailed particular examples being presented
below in the experimental section describing the working examples (Figures 3-8). By
following the general preparative methods discussed below, or employing variations or
alternative methods, the compounds of the invention can be readily prepared by the use of

chemical reactions and procedures known to those of skill in the art. Unless otherwise



in the schenes of Figures 1 and 2, with nore detailed

particul ar exanpl es being presented below in the
we@xpeniasent al section describing the worki ng erRENPEmE8/086472

(Figures 3-8). By follow nglthe general preparative

thods di.scussed. bel ow,, or . enpl oyi.ng vari ati ons or ;
spectljeg P 4et eSteteh FFOupH) SeRRfRCATRIRRS iBfha wefaiwﬂ}qdaﬁescnbed
belo\%%lv@&lern?éﬂiﬂg! aPh&RRALERrdYerinlg use of chem cal

reactions and procedures known to those of skill in
t. Unle ot herw sespecj,fjed, th i abl es .
00s5C° goscorgRuliade temol rrgedro b inpaugs ¢Ehe Mefition with cach
descHBd RS BB EOLP 8 é&ﬁb@ﬂ%ggeg]ﬁreﬁ%inﬁ%ﬁ?ﬁt%ﬁaﬁ&;s of the below-listed

her ei nbef ore defi ned. Those of skill in the art
geneydl jriethogs.o Yttue thersgopaceimaoiumgthodf funpieoniahgronps whiokiarhisuitable to

each desgribed functional group ar.e generally prepared
the r§ficn EGRTP W itl FaRQRa PRI T G AR BgrieRLREp el
reactiB RS eseWlddlth ProteRe SRHARAS whbreaReEsil! Mitkhe katheital 6Nich

groups which are suitable to the reaction conditions )
protegtiee gioups is camplateshaiappfioptigfs stasechy micdieds wall kppwn éo thioshskilled
inth%fttai n reactions are presented in protected forns

ere necessary, and the renoval of such protective

roups is conpleted at appropri ate stages by nethods

(008G [ seigheases Gamasndiof the HVeRHQndeprey gm ogher compounds

of th€ Sveich Wél?@orgﬁ)(ﬁp BURGSmttio ,h&gpﬁ%/g%%kl Pk l?l?eﬂ)f{%ﬁ% f/unctional

prepar ed from ot hér conpounds e I nvention
groupd @bsenat $warh, eldbosatmhanchaddspint ienatimniee tayid/dréigsis,irkéuoctibn,

oxidftiigy HARGOR Ay RS0 SR AR B igate by iation. Such
transF ARG AN i &ﬂ@tﬂs&nﬂces%éﬁﬁfeﬁhé Q&b o é/ﬂe@tﬁﬂgoﬁgld%shby the methods

~ esterification, amdation and dehydrati on. "
disclogedns floMhdireeresand dhGiM. Wotse Pratediinn Csupsaq ingenicibentihgses, 4

.,.o0f ot ect i r b met ho di scl osed i W
Eaingyo B8 3 Boel PO ead Py olBtek) el Crdier fuistion: Geore
Thie¥ Mg ﬁuﬂé&_ ) (Z605Y, 10005 ofAUhiBl arcNBY¥SrYStated HeFdP ¥y rédBi@nce. Such

PJ. Kocienski, Protecting Goups, 3rd Edition;” Georg
methpgs wawld\perinitigted gfter sygthesis of Q@@gyl,redmmoaﬂd ehitemotheeplace in the

i [ rein.py. reference...Quch met hods woul d
syntgE PR EE NG hEe LS IR TR 8l Compouind

or at anot her gl ace in the synthetic route that woul d

(008 eangthey asnspa ierRresent iNentioRinrpdes far sypehegictinteproesatps useful
o IS BB SH AXEDLO0 LA LS
prodwgstiersodsacobrdgrtontiheagenerabpebpmiativemethotis datusged below and other

acceptabl e salts and prodrugs thereof, according to
Procasps Wért%Fhoﬁ?ég%l?ﬁt“i&‘éaﬁet hods di scussed bel ow and

ot her
[0088] When the following abbreviations and acronyms are used throughout the disclosure,

they have the following meanings: Ac,0, acetic anhydride; AcOEt, ethyl acetate; AcOH,
acetic acid; AlBrs3, aluminum bromide; AICl;, aluminum chloride; BBr3, boron tribromide;
BF3-Et,0, boron trifluoride etherate; n-BuLi, #-butyllithium; s-BulLi, s-butyllithium; t-BuLi,
t-butyllithium; t-BuOK, potassium tert-butoxide; CaCl,, calcium chloride; calc., calculated;
CD;0D, methanol-d,; CDCls, chloroform-d; CF;SO3H, trifluoromethanesulfonic acid;
CH,Cl,, methylene chloride; CH,I,, methylene iodide; CH3CN, acetonitrile; (COCIl),, oxalyl
chloride; DAST, (diethylamino)sulfur trifluoride; DCM, dichloromethane; DIAD, diisopropyl
azodicarboxylate; DMAP, 4-dimethylaminopyridine; DMEM, Dulbecco’s Modified Eagle



processes known to those of skill in the art. [0088]

When the foll ow ng abbreviati ons and acronyns are used
wao booongiseut t he di scl osure, they have the fol | POI/NH2008/086472

meani ngs: Ac20, acetic anhydride; AcOEt, ethyl

acetate; AcOH acetic acid; A Br3, alumnum bron de;

MedipmeDME 2V, Andimethyéioraamise; DAL Desyfastin periashrapedMSO,
t .
dlmeﬁfy%u%%]@ﬁ ‘?’L‘%Hyl §rc%fa{ &, eﬂ@g?l%ﬁ@l : leelthr HJ’ Lli()fuzatlon, Et, ethyl;

runm t-
Et381H;) triothylsitane uRmOAc, Bth@(acel:nbd& ﬁ@Hu athteolf FBY fetal Hevin€sethi®; h, hour;

| ciumec ide; calc cuI fe met hanol - ;
Hy, gng%shpllégéf’él"mrbc acids F'I4'&r' )%F?}g’%hanesul fonic
p1per§ﬁh9@thagé@.fﬁb%.lc 40%d; ﬁ'ﬂ?Rcﬂ%th'ng@leaﬁh%x%tlc ?&Bﬁéﬁc@nﬁch high

I odi de; CH3CN, acetonitrile; (COO)2,” oxalyl chlori
perfoDASTe l(qdndectmsvﬂnawgrwhg,d{j(lﬁs, potassiunp parbenathrOn potassium

d1chrdI Cgl %Qq_get nang; (fﬁ IL&fﬁgf %ﬂ'ﬁ%lﬁg‘* Sk g%éﬁhy eleétrospray

1oszP(§H fhhRd P L@UMSDMfuld chro‘ﬁia'ﬂ@érﬁ]ﬂ vf-Ghas8 b Qﬁms% Me,

Dess- Mar peri odi nane; di met hyl sul f oxi de;
meth&h WOH\,orecthwl MqSOeIzﬁunvthmﬁwliomesnd Mge@ampmwgch,

i_oni z Et3SiH . triet
magrigS AR pib Bl M5, RSB it B0 fma Rl s
NaH fbodhﬂﬂhydri’d% NBHdmgﬁﬂu@ﬁlBlcaﬂ%ﬁ@é NSOAE Wotungdethte; NaOH,

roxyet hyl ) - erazi neet hanesul fonl C
sodnm )zEIdTOXISﬂH Iﬂmﬁ&mOé%{@hsy ) é\ﬁi Q Cherggiaeniamy hisien B/ C, palladium on

P
R TSRS R P
tnphéi@l‘j)hoppﬁlﬂailf,mehﬂdm éactodert, roGmEShpérturd, ISEIEIQ, thionyl chloride; TBAI,
chr omat ogr ap dydr_el ectrospray ionization mas

tetralgﬁgél ecTRA, tqﬂt@ma&e%iuaqlfél{% rteatf)q%ydrof“régsTLC thin layer

By e

(hydiokjmethgbpropame-1,didiel).e; MS, nmass spectroscopy; MOH,
met hanesul foni ¢ aci d; NaH, sodi um hydride; NaHCGOS,

[OOSﬂOdG%HhkM S?ﬁﬁ@ﬁ@ﬁ\fethb\@%eheﬁ@l um acetate; NaGCH,
sodi um hydr oxi de; Na2SO4, SOdI um sul fate; NHd ,

[009@%@%&}\1’5%5@&@&# Pd BH{% can gglﬁl)'llg\}eg%ﬂﬁg éﬁe%la{?g actording to the
reactfbﬁ)é@é\le%ésch% sh&Wh séHehféhe(mlﬂaqwhl ne; Rf, retention
factor; roomtenperature; SOC 2, thionyl chloride;

[0091618A.gs sﬁfﬁ{;& ﬁi%%%"%;f?%m }é?]aéﬁ%g{rgo%ﬁmgxﬁ faiylal a%ﬁib‘i'é’&ro&&?}rk&

accoﬂhfg&ﬁ&taﬁ@irdﬂiﬂéfatufd\:ﬁﬁethbds ﬁ@(ﬁdmybﬁdzd t}bladedhlldhde A2 by an acylation

tri shydroxynet hyl am nonmet hane - 2-
agent(s,l,lyg p%gwtqlwqradér %ggh@_r |PO(%13,&FCO | A}Cld chlorlde A2 is reacted with

substituted benzene A3 in the presence of a Lewis acid, such as AlCl; or AlBr3, to provide

ketone A4. The ketone group of intermediate A4 is selectively reduced to methylene with a
reducing agent such as Et;SiH in the presence of a Lewis acid such as BF3*Et;O or TFA.
Treatment of AS with an activating agent such as #n-BulLi, s-BuLi or #-BuLi, or Mg at
appropriate temperature in a solvent such as THF, followed by addition to intermediate A6,
provides intermediate A7. Intermediate A8 is obtained by treatment of A7 with a reducing
agent such as Et;SiH in the presence of a Lewis acid such as BF3¢Et,O or TFA. Then A8 is
oxidized to form intermediate A9, which is deprotected to provide inventive compound A10.

Alternatively, A11 can also be prepared by oxidation of intermediate A9.



[ 0089] General Synthesis Method of Schenme | [0090]

I nventive conpounds of Formula | can be conveniently
w@e@pareash according to the reacti on sequences BST/BR9081086472

in Schene | (Figure 1). [0@91] As shown in Schene |

ci g Al i ther. cial,l ail abl e or prepared
mm%oc%r"ﬂ?‘??égygﬁlﬁlgﬁ@%&P#S‘él}%? e nethods, is converted

to acid chloride A2 by an acylation agent such as '
[0093x a[nyentivn compeandsseidiopmyle Imgrrplso becenvenisndy prepsrddiscading to a

i i ) itut A3 in the presence
reaCdé)?i Sé&%gl%mggs gg{g%@,lﬁ§ g@‘#hétsi (Mgag RleBr 3, | to pr O\F/)i de
M. The ket f int diate A4 i
10094151 82 EhPeH i SKBetIE D o6id A ighes SemAErALLy et oy pesgered

accord o%&n@rﬁﬁ}%ﬁu&lﬁ%o@g ‘?ssceorﬁgslgf t\/oﬁag ec‘fﬂo?m%%ﬂ’: ?}F%gac%ﬁation

BF3 Et 20 or reatmént o an activa
agentayelmbs exatyl chboride BBOC], db PR, etar AciBothlorid®AlMis @hcted with

W R T TR TR
ketorle K B, "B @Ecﬁle%(alw! (E}EﬁtreﬂﬁéﬁéﬁE A 1495 e RER BEH Yo rélg’ldﬁlene with

treat ment of a reduci ng agent such as Et
aredyqing dgenpsusben E&Soi imthegussneraifa Iswdhacd sBEGRSBREEDD or TFA,

Y R NN Ty

interrfdiate A 178184608 A 14 grodiRBs RiketeliBtelk A HECh ¥n is deprotected
oxi dation of internediate A9.[0092] Ceneral Synthesis

to prayedenprensive sempawnd A19.0093] | nventive conpounds of
Formula | can al so be conveniently prepared accordi ng

Phar@centit &1aCrmmBitns ue SR dds shoye in Scheme |1 (Figure
2). [0094] As shown in Schene Il, acid Al 2, either

0091 o AR 5 PSS SS00 o o

effectolel amaunie o4 c@npyundror adytuad 6 fvongpgands S Fomak Ipxed vl
tc. Acid chloride Al13 is

chloride, SOC 2 or POC 3, i ( )
pharmagcgiica ymeﬁta?f?osg{tior Brd e, @FeFah dn Apharmagsnticlly degepi@blsrarrier.

Lewi s acid, such as A3 OABr3, to provide ketone
[0096)\1 4A cthpokeh afiiles grveuporoéani betircarpatiageti éntd bdvaristy of formulations for

sel.ectively reduced t hyl ene with reduci.ng agent
therargflif iR VRS naf B BBt o6 bSER I Ll o be
formulitéd fateph@madduficaldchpoBi€iBnd] €sVetcf 6f ePRrath] fbRRulation with

i r]terrregl}ilate. Al 5. Copg li ng?{g Al Sev%ith yAI%%IG provi des
approppate phtgiagewically accepiablgacatroms of dijents, amdodo bedormulated into

' i.ate Al whi ch then i.s _deprote to .
prepa%ﬁé@{ @:s%?lg\/sgrﬁ}l-isggd, é%ﬂﬁsg&us &rms, KR %S ?atb‘lee%, capsules, pills,
powders, granules, dragees, gels, slurries, ointments, solutions, suppositories, injections,
inhalants and aerosols. As such, administration of a compound of the present invention can
be achieved in various ways, including oral, buccal, parenteral, intravenous, intradermal (e.g.,
subcutaneous, intramuscular), transdermal, etc., administration. Moreover, the compound
can be administered in a local rather than systemic manner, for example, in a depot or

sustained release formulation.

[0097]  Suitable formulations for use in the present invention are found in Remington: The
Science and Practice of Pharmacy, 21% Ed., Gennaro, Ed., Lippencott Williams & Wilkins
(2003), which is hereby incorporated herein by reference. The pharmaceutical compositions

described herein can be manufactured in a manner that is known to those of skill in the art,



Phar maceuti cal Conpositions and Met hods of Use [0095]
The present invention further provides a

w@b@poeseut i cal conposition conprising an ef f eR€T/U82008/086472
anmount of a conpound or nizﬂure of conpounds of

Fornula_.l, or .a zﬁharnac b¥ %1 bIe s
i-e.. by BeRns T eenentenal pxigg alat § e&%epm rl& Tevigating,
t
emul?hﬁ%ié% %@?%‘{Sg%g.ﬁ% tegtrﬁlsma Vagwoﬂtmm mj;egést%g O’gg@fo@lﬁ%lji’gemethods and
excipi¢nds ap endrély eaemplaisandaré ormo Why bmgtang i cul arly, a
conpound of the present invention can be fornul ated

[0098]Nt T GRATERESH binGedinfeRITRREmbb@RBof thO BRE&R invehtion is prepared for
separately, by fornmul ation with appropriate

delivptyan M@@@mbmlﬂaﬁea@@@pﬂwe@aw extiendas-tgleags, tiedtrsleasernt delayed-
releage%ngﬁlapgﬂ 'P&){ gxtaqup dé é)enPlr SRah In(l)aregces of (?]llld ﬁlyckrg%l}oé)fc polymers

GOUS ormns,

contzﬁlﬁﬁg t}ie&ﬁeraﬁédtﬂc&gerﬂomﬁmﬁ typSHs &/ Blh&ﬁnedjfemg@ﬁhat@@lsﬁhave been
rries, ointnments, solutions, suppositories,

estabilpheg@ppl @fﬁswelﬂ knowmby thossskilled igdhe art. ﬁgrrglu@pgtended-release
formﬁ'lqmn{;é 1351[1%5 Ko fifm 88£te@ta8f&g) %ﬂ?%a?tﬁcutiﬁg oﬁg gl%? %;stén{HV GLN

e ac I'n varitous
technolupisslusingaiydrdphilit! or lipophidy aaceials dndtwadeissdtablets @ith pore-
subcut aneous, i ntranuscul ar), transder nal

formipg G pipepsAs74 for SRBMBISvERang Kerlc BRI / T spngem: 29:79 2003);
PearRfioh, 2 3l %rrﬁg D). Bd d%%n ﬁ@b@?gzdob)ag\@gzte?m El BN B,

for exan'p , In a depot or sutalﬁ
Bzopﬁarrrnﬁﬁét)|(2ﬁ03),[10hr91¥'11k8uettcdbll)eugBemlhdxtl?hamm 228:6Qis@0D2); and

Sl effle Mns AAAAE 60 G0 Bl Siteipet s aiop Oery ey g
depefeﬁ'ng ok tHRRREIBh  relhid tha BEmfoufids ki ashé QRS of HMMSC& da$s, for

hereby i ncor porated herein by reference.
instansieaoverdeits, d QJ 1%; d opH% 24 ihowrs od emxe. | Usdilllyemtamedanlew

o R o TR e b SOSUAB: BSSB o s,

polyrigrid viflyl @mﬁabﬂds nﬁmh as 9&9%@91 }Bbﬁ'rolﬁlbﬁgﬁﬁﬂ"ﬁa&rﬁgxyvmyl hydrophilic
| evi gating, emul si gs/r encapsul atin entrappi ng or

polymgr@,ptmdmpzlph@ apelior by epliThedonliaid, mephrastestigceldose,
ey I B B LG CURTRI B VRO B Bpead B

carbox9pglomethylzhet he present invention is prepared for
delivery in a sustained-rel ease, controlled rel ease,

[009@ ¢ TRSST: draffeli® %)@ten&éd%féageefoﬁﬁﬁlgtl&ys dfla ?sé rpﬁ&??éieusm%?atural

1 on, exa sSem per nea
ingrediehtis dsully ds nmimids anq:ioﬂlylgmzmlum) rltoaldel, sifjcdrhdiokidey zm@bbtlde, and clay

e, B A3 L B e el
form@tidrshhticBn bOBsedih delRHEng RlcoRpbMISHNE BlB8AR Snvention include those
described in U.S. Patent Nos. 6,635,680; 6,624,200, 6,613,361; 6,613,358, 6,596,308;
6,589,563; 6,562,375; 6,548,084; 6,541,020; 6,537,579; 6,528,080 and 6,524,621, each of
which is hereby incorporated herein by reference. Controlled release formulations of
particular interest include those described in U.S. Patent Nos. 6,607,751; 6,599,529;
6,569,463; 6,565,883; 6,482,440; 6,403,597; 6,319,919; 6,150,354; 6,080,736;

5,672,356, 5,472,704; 5,445,829; 5,312,817 and 5,296,483, each of which is hereby
incorporated herein by reference. Those skilled in the art will readily recognize other

applicable sustained release formulations.



formul ations include filmcoated tablets,
mul tiparticulate or pellet systens, matrix

wao e@bindsegi es usi ng hydrophilic or |ipophilic »eEr/Esioas/esedr2
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[01 Of]u ShjRedores hedrovillQl With &t d'ta%?bc‘ct({agljr%o Fof ﬁﬁﬁs se e, concentrated

dm ni'stration, a conpoun esent
sugamhlttws tar bmﬁwtl,ewihmb aah opticdnglly cortainignm amamh, talc polyvinyl

rmaceuti.call C ta | e ca iers that are weli
pyrroﬁlﬂgl\}&1 ca om,}@ei p%lyet‘ily‘le ne glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments can be added to the
tablets or dragee coatings for identification or to characterize different combinations of active

compound doses.

[0103] The compounds can be formulated for parenteral administration by injection, e.g.,
by bolus injection or continuous infusion. For injection, the compound can be formulated
into preparations by dissolving, suspending or emulsifying them in an aqueous or nonaqueous
solvent, such as vegetable or other similar oils, synthetic aliphatic acid glycerides, esters of

higher aliphatic acids or propylene glycol; and if desired, with conventional additives such as



art. Such carriers enable the conpounds to be

fornmul ated as tablets, pills, dragees, capsules,
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Dragee cores are provi ded with suitable coati ngs. For
[01053 gyﬂﬁﬁ%ﬁ%é%l%@%{g ?1%%1151] g{ S %e%ﬁ%msﬁ@coﬁ# ol e rt gc%rm%le rflgans For

transﬂmb(ys\al ouytrargyérmal hdiﬁimﬂatraﬁaﬁ fp@ﬁafangﬂpprdp@ﬂaté&b tilyd xfler to be
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0103] The congounds can be fornul ated for parentera

transtpesal admingsirgiy Ib)pepe;ﬁa@[.stqpswpnétedo the barrier to be permeated are used in

the formulation. Such penetrants are generally known in the art. Exemplified transdermal

delivery formulations that can find use in the present invention include those described in
U.S. Patent Nos. 6,589,549; 6,544,548; 6,517,864; 6,512,010; 6,465,006; 6,379,696;
6,312,717 and 6,310,177, each of which are hereby incorporated herein by reference.

[0106] For buccal administration, the compositions can take the form of tablets or lozenges

formulated in conventional manner.

[0107] In addition to the formulations described previously, a compound of the present

invention can also be formulated as a depot preparation. Such long acting formulations can



by bol us injection or continuous infusion. For
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comipngfrarparinerwilk, oficqitsey be depradent andlte sbjest being treated, the severity of

ternatjyvel th cti.ve ing i ent .can.be powder .
the o i B e s R B RS B L piEfee§ findtnt is well
withinitBE tdpRbiYY 80BBsd kR MAHRS art, B§Icelaly s Bght[d? HPdetailed disclosure
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a are use e T ornmu Ion.
admlhtswrezﬁdiosa@HHGSagésr aitil @rales1téralethagpe1ma effeet if obs“éuxlreatlﬁ dhd' tidated
oi ntents, creans,. salv powder s _and_gel I n
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appr%&%o-sgg g'ﬂ_g §8§1ﬁ'§‘£chg8ﬁlé Y& MniiSh R TR ﬁl@@ﬂ't‘ ffentforre

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

[0110] The present invention further provides methods of using the compounds of Formula
I for the prevention and treatment of disease. In one embodiment the invention provides a

method of treating type 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications
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treating diabetic conplications, anti-obesity agents,
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glimdpirRR §lpizidB SaIRRYRNE ! HisBepide, glyburide, glyclopyramide, tolazamide,
tolcyclamide, tolbutamide and the like), insulin secretion enhancers (such as JTT -608,
glybuzole and the like), biguanides (such as metformin, buformin, phenformin and the like),
sulfonylurea/biguanide combinations (such as glyburide/metformin and the like),
meglitinides (such as repaglinide, nateglinide, mitiglinide and the like), thiazolidinediones
(such as rosiglitazone, pioglitazone, isaglitazone, netoglitazone, rivoglitazone, balaglitazone,
darglitazone, CLX-0921 and the like), thiazolidinedione/biguanide combinations (such as
pioglitazone/metformin and the like), oxadiazolidinediones (such as YM440 and the like),

peroxisome proliferator-activated receptor (PPAR)-gamma agonists (such as farglitazar,



the affliction and the manner of adm ni stration.
Determ nation of an effective anmpbunt is well within
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in light of the detailed di28cl osure provi ded herein.
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RK. it ab, G%YF eenee, Ol 88, é@cé‘p%-‘abméarya?p% P &ﬂ baﬂ%gmd the like),
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6,670,380; 6,649,622; 6,548,529 and the like), beta-3 adrenergic receptor agonists (such as
solabegron, CL-316243, L-771047, FR-149175 and the like), and other insulin sensitivity
enhancers (such as reglixane, ONO-5816, MBX-102, CRE-1625, FK-614, CLX-0901, CRE-
1633, NN-2344, BM-13125, BM-501050, HQL-975, CLX-0900, MBX-668, MBX-675, S-
15261, GW-544, AZ-242, LY-510929, AR-H049020, GW-501516 and the like).

[0113] Examples of agents for treating diabetic complications suitable for use in

combination with compounds of the present invention include aldose reductase inhibitors



agents, particularly those used for treating the

above- nenti oned di seases and conditions, such as
wa@popdiaabet i ¢ agents, |ipid-1owering/lipid-nmdedEHUS008/086472

agents, agents for treatinQOdiabetic conplications

O R it L R
ascoﬁbpr £ihdleNRAADNABBUBAL-ARIE 055420 aIN-391, GRI134EdDD-598,
di sorders. Those skilled in the aft will ‘appr eci’at e

risargsthtZenarReat, m&:hoa@rémﬂ, AlabETs M- &6%%@"@1 ARREHAT, A3 2y &1Z-314,

I t f t
SG-2TH, 178 1, PEREY <ol 50 Bl fuifors 8P BrafiR diefign enc.
prodllldtﬁ%AGE)’lfo@ﬂdtld‘i@QéuctH & pIeRbMAM@SSOPB- 9q95r‘qmpl9l49 nALipempy

ounds of the present i nventi on

pma@&h%%wﬁ@hk@)n AGH buseltare (sugless ALEWi L apd @heg ld@),LSQb)dﬁhlde 5-
o SR ARG 05 AT B
plate(esdaﬁwﬁgra@&t fabtex anlels, epfiddrinat gmlefacﬁiﬂl 1R Sioathh €Rtor, uridine,

| d
prote) ipReE G0 b el LGUD g s gy AR ), Sochurschanne

I o
T
kappdB)Tinhib{i8ss (glqhtns Zieklaapcmmﬂ ahdhehellikie )1p1cbpegobaﬁasdeﬁhlbﬁ¢te lisuah as

it Sy B e P AL AT kA0 ks s (e

as GI@I@Q@WG?F’SG@ dfor e ﬁké)nﬁuf &?mhhé‘&énvaﬁ? cfg I 5%@%1&1%‘0 h

as repaglinide, nategdlinid tiglini

levacke¢dagine, lc\mcamaﬂnedSEé’@ll@néﬂie(IMh as rosiglitazone,
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[0114]1 VEgnhjlayenmtihPrdrdddontlid 2008 sustablglfbd @é%@omﬁh&iﬁ&?@ﬁh
and the like), thiazo]idinedione/biguanid

comporRdsi afAk¢ present svvehtiemsingludg hrie avid swithesis mlu’nltnrsa(a@m #5e

: Z dj ones. (suc and. th
ltopfit) o BIARYARE e WRT IR ER TR (RS R ey oPfnpyrazone
benztrbinafdhe gadtHedikRY it @rfirfary 8lkelnids (such as sodium hgdrOéN n carbonate,

farglitazar, metagli dasen, MBX-2044, d 26257
potasgjpm cilepipgodivaheitratsandithelike) PPAR- al pha/ gamma dual
agoni sts (such as nuraglitazar, naveglitazar,
[0115]e Sﬁgdnilplaszﬁ"rhpld}bdvil@inigﬂ@aiimoddmﬂiné Bdent30MtaBile Iodtke in combination

GV 501516 and the . lik | pha/ ganma/ del t a pan
with %P@I&Rﬂuga GeFFse 1@@%@9& IHCE%MWWM@%% ea@izyme A

reducgs@m&@éhbm% KlilPhat, AV akhtn | Helk@ktati %e\{a.'rﬁgf tinXcerivastatin,
receptor agonists (such as ALRT-268, f
COICSMOTEO@'IIIV&S@XI- dal9dsegin, ﬂu@stmog'lﬁﬂvastaﬂnallomsm‘tm aresiadtitin,
s b LA SRRt o S S HCRERRS,
visasthbifi, &- ﬂ§35’§| B@}SQGOQ UCP-83$011 BR-4761-469262 /83483, DB 51 8-
ke

and the 1|
20685 BMS 180431, BMY- 21950, compounds described in U.S. Patent Nos. 5,753,675;

5,691,322, 5,506,219; 4,686,237; 4,647,576; 4,613,610; 4,499,289 and the like), fibric acid

derivatives (such as gemfibrozil, fenofibrate, bezafibrate, beclobrate, binifibrate, ciprofibrate,
clinofibrate, clofibrate, etofibrate, nicofibrate, pirifibrate, ronifibrate, simfibrate, theofibrate,
AHL-157 and the like), PPAR-alpha agonists (such as GlaxoSmithKline 590735 and the
like), PPAR-delta agonists (such as GlaxoSmithKline 501516 and the like), acyl-coenzyme
A:cholesterol acyltransferase inhibitors (such as avasimibe, eflucimibe, eldacimibe,

lecimibide, NTE-122, MCC-147, PD-132301-2, C1-1011, DUP-129, U-73482, U-76807, TS-



tripeptidyl peptidase Il inhibitors (such as UCL- 1397
and the like), dipeptidyl peptidase IV inhibitors

w@ 2weh76s0 sitagliptin, vildagliptin, denagli ptP@T/US2008/086472
saxagliptin, NvVP-DPP728, P98/01, P32/98, FE 99901,

o B o 041 2250, IR SRR R A v,

LS-301513R-962376T-0681,08104167 0-755 HCE-anely 7, ReEL2d63), YIC-C8-434, CI-
rotein t r osi ne hosphat ase- |B inhibitors (such as
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s S8 P ST
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2058 R A R B ot o

4,924004; 4373731 @86 thRN{kep BtdtificacldSdigivaidesFEithl as Atib o Mitotinic
the like), fatty acid binding protein (aP2) inhibitors
acid, rigpfinpmide @&Mrmgera@&cw@mq 1} gndithslikpabidmacidgnguestrants (such as

colesﬁgogst o@éﬁn&rﬁ'n%lgol%g@aéq Q%Q%QelﬁoGﬁI@%&ﬁi% th(g,5 11?%‘)830%%%11& ile

renergl C receptor agoni

acid c(oe;nani'poasr mhibatbesglrsmh asQ6497 UG 843211 SI-6603 dnd EB 1iké¢$}9nd 75
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795, EB-508414 SLAPMmORR CRE- 1633, NN-2344, BM 13125,
BM 501050, HQL- é?S CLX- 0900 I\/BX- 668, MBX-675, S-

544.. AZ-242, LY-5 9, AR-H049020,
(01165 BIPIES Skt 4espts SpADIS o s OB IO gt conprgiands of
the pﬂeﬁ&fﬂﬂv@ﬁtl&i RBRIdE SerbRINRI-h&8bihEPIRinS YedpRdleGniiBliold 3&ich Bs
onbi nati on with conpounds of the present i1nvention
SIbutrammeu telnatigramemisatapine.swen]afifyity, ﬂologétwc Hesasnlafaxine and the like),
imre t.at

norep?rgegh{lesés?ﬁqmm% 6%18%( éqhélp?or? f S‘é}} %ssrlaa‘{lf?xme,ebuproplon, amineptine and

the like), serotonin-norepinephrine-dopamine reuptake inhibitors (such as tesofensine and the

like), selective serotonin reuptake inhibitors (such as citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, sertraline and the like), selective norepinephrine reuptake inhibitors
(such as reboxetine, atomoxetine and the like), norepinephrine releasing stimulants (such as
rolipram, YM-992 and the like), anorexiants (such as amphetamine, methamphetamine,
dextroamphetamine, phentermine, benzphetamine, phendimetrazine, phenmetrazine,
diethylpropion, mazindol, fenfluramine, dexfenfluramine, phenylpropanolamine and the like),

dopamine agonists (such as ER-230, doprexin, bromocriptine mesylate and the like), Hs-



ascor byl ganol enate, ADN 138, BAL-ARI 8, ZD 5522,
ADN- 311, GP-1447, |DD 598, risarestat, zenarestat,
woretobox3sbi ni |, AL-1567, M 16209, TAT, AD-5467PCT/US2008/086472
AS- 3201, NzZ-314, SG 210, JB7-81 1, lindolrestat,
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3.20%%’-@)?{5230% ‘.7P§7’8“?FL Li%bf@ gl ﬁs%ﬁtc'%\%s’(ﬁs' ;}T 1844 %}W%%E GW-
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benzbr omar one and %he l.i ke) and rlnaryéalkallnlzers

venlataxjpe(riyastigBung §eTH v%éaéﬁlﬂaagm%ﬁa the liks), dpas ipnibitprsdpeh as
|
o B B RO AP SRl gk Ol FORIR B Ao nd o

like)yisptin, Heptmrdniatogs 'amdlleptm receloxnpmgummm;s @hiclt 45l 35S b0l and the like),
[ ' incl ud d I
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160196 NE&D-64-i "BIFIRABY A6 [ 849-1-9 € €IGRLABEER! BIBOCBOESEP691606-01, I-
crilvastatin, dalvastatin, fluvastatin, glenvastatln

1158llé\aaétlwthki¢) crlwasclaoirwhmfa@mﬁmh |anAkamaaa@ﬂathkn) thyroid
ravast at ri tOI’]

hornB @ HEEH B bRt 2pptif faich us KERIYETIE! QA BiRMkAns, gy the like),

cannBndidGB lLreéﬁﬁ&G&tag%nﬁfke(guchmbadﬂ' 8129@858 SLV 319 and the like
BVB- 180431, BMY- 21950, npounds described in U S.

(see, pez ohricNog al.5/. Al €hem. %0%919 4008-461 g g1epargn-concentrating
hom}%lng %c’e@? %1}‘[?%0@12%? gsﬁgh as4G91;(§Slgiltﬂ)Klme g‘(%%B 8§?Gﬂa§g8ﬁ1htﬁKlme

856464, SNAP-7941, T-226296 and the like (see, e.g., Handlon AL and Zhou H, J. Med.
Chem. 2006, 49:4017-4022)), melanocortin-4 receptor agonists (including PT-15, Ro27-
3225, THIQ, NBI 55886, NBI 56297, NBI 56453, NBI 58702, NBI 58704, MB243 and the
like (see, e.g., Nargund RP et al., J. Med. Chem. 2006, 49:4035-4043)), selective muscarinic
receptor M; antagonists (such as telenzepine, pirenzepine and the like), opioid receptor
antagonists (such as naltrexone, methylnaltrexone, nalmefene, naloxone, alvimopan,

norbinaltorphimine, nalorphine and the like), and combinations thereof.

[0117] Examples of antihypertensive agents and agents for treating chronic heart failure,

atherosclerosis or related diseases suitable for use in combination with compounds of the



derivatives (such as genfibrozil, fenofibrate,
bezafi brate, beclobrate, binifibrate, ciprofibrate,
w@bionofdsbr at e, cl ofi brate, etofibrate, nicofi bPEE/ES2008/086472
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ni cr osomal trlglycerlde transfer protein inhibitors

207948 3ud thedlikep.dus g szeniEnchorsdwdrochisngibiarids, lw@ér,qﬂtmf@hlamde,
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protein receptor activators (such as
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ammophyilme relgaling, LA I-hlphadNU 86873 Ahkdsothdde I-maahit@sD-sorbitol,
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onpounds described in U. at ent Nos
dlltlwelgzﬂel@mne 4sr8¢1m1n¢2mcadmen,hamlodipa)e verapanil r§-geraparoil,

araniffiill BhomidiSint T aRie SebaERe: A st aisdiniee

nitrehdifi@k, nikidifines %ildacﬁ 86 e lotpMeS plaifipingJere %ﬁﬁﬁﬂeo i%lrad ine,
chol est yram ne, estil an, col esevel am GI-102-2

elgodipigret arenidipiay, la@émmmmmélpm tengbskipine sipltinzam, clentlazem fasudil,

C 921, SD-56 1

beprl]dﬁk%%ﬂoi)%g agig}} ? fég %t?x %1|§1v6 AEEiLs ﬁsudh as 1ndapam1de
todrailazitiebhydralazins, Ltﬁbra&fzﬂe@bt@(ﬂhlﬁﬁﬂé Bad ﬂfETﬂcZ};) DetaBMbekEfE (S@hEas

CP-529414 and the |i }
acebutolol bisoprolol, esmolol, propanolol, atenolo labetalol, carvedilol, metoprolol and the
like), sympathetic blocking agents (such as amosulalol, terazosin, bunazosin, prazosin,
doxazosin, propranolol, atenolol, metoprolol, carvedilol, nipradilol, celiprolol, nebivolol,
betaxolol, pindolol, tertatolol, bevantolol, timolol, carteolol, bisoprolol, bopindolol,
nipradilol, penbutolol, acebutolol, tilisolol, nadolol, urapidil, indoramin and the like), alpha-
2-adrenoceptor agonists (such as clonidine, methyldopa, CHF-1035, guanabenz acetate,
guanfacine, moxonidine, lofexidine, talipexole and the like), centrally acting antihypertensive

agents (such as reserpine and the like), thrombocyte aggregation inhibitors (such as warfarin,

dicumarol, phenprocoumon, acenocoumarol, anisindione, phenindione, ximelagatran and the



[01 16] Exanples of anti-obesity agents suitable for
use in conbination with conmpounds of the present
WO pwentdsen | ncl ude ser ot oni n- nor epi nephri ne r eREL/ERM08/086472
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nethanphetanine dextroanphet am ne, phenternine
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prevéle Xk @bl theadHsetcor ppbie B¢l ddroTR ARk & Britendifien (dueh kb K@erglycemia),
dopam ne agoni sts (such as ER-230, doprexin,

or thﬁiﬁ@%@ﬁilmq sbiqre sylesired edfegt taeh 25 adspireq-Bvpl afisarwmalucose) for a
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sustafftd $400 ?%ﬁ e obenpropit, G- 2331, GT-2394, A-331440,

nd_the |ike) HT2c receptor agoni such as,
101231 T F%mewmglﬁy? hemrﬁ@iﬁa@ifgﬂéwpﬁa%b@ﬁ #189 i dject, €8, a

T e e—
comtproat&ir 12882, in/ERfGR? 8 thelE Rh&rnBi8cutidaiRy mptabléiiﬂtsaﬂlﬁpdrugs or in
the (GRro GBI aRpRE e Ranl SOTPBYO Ha e cortme B 1o nepRinion parners
are nAREH WhB shitdtte £388s of eﬂnpwﬁkﬂ%%@'Ehe%euﬂczﬁﬁ@ffeg?ﬁ;ﬁmount

2006, 49:4023-4034)), adrenergi c receptor
Consegesitly & c¢raprimdzs mixeBSESMPOGRIsIe FoTmu BRI o8pikomaceutically

e S A T ST ISR comigpyrnin,

can lﬁﬁeseﬁ&ﬁ%ﬂéﬁn 1@&15191%3& foB @ 28psule'or3gbi6td8r in two separate
0342SA, AZ-40140, SB 226 7114, BRL- 351 35,

formpfatigus Whsch @RIbe2EBSOK, ordkffgimzﬁg exawplgamzhe faywnduf pdgBomprising
18 i ke), chol ecystokinin
Selecg%lon ibt%%qguc Of%ggk%é%g%lsl SSR- 125 180, BP- 3.200,
23, A-71378, FPL-15849, Q -248573, GWM7178,
[012@ ng ?gp_foplgpg t}gsgge ofsmppynd Wil yary a,c;goqd;qgety the chosen route of
admlﬁﬁ%?ﬁg%ﬁiﬁgﬁ g@ﬁ&g@@ sgillr#)&?tg(r? %@ﬁﬁ% \bgﬁg# Ipa,'c{o% such as patient
respasie.t Thet dosaggedndetihereased oadebredsed bvdeaime, bs r_mafted by an individual

i ch as . L . :
patieln{.] hA %at&e%rt ?mt(iaslily may ge given a low dose, which is then increased to an efficacious

dosage tolerable to the patient. Typically, a useful dosage for adults may be from 1 to 2000
mg, preferably 1 to 200 mg, when administered by oral route, and from 0.1 to 100 mg,
preferably 1 to 30 mg, when administered by intravenous route, in each case administered
from 1 to 4 times per day. When a compound of the invention is administered in combination
with another therapeutic agent, a useful dosage of the combination partner may be from 20%

to 100% of the normally recommended dose.



orlistat, ATL-962 and the like), anti-epileptic agents
(such as topiramate, zonisam de and the like), leptin,
wo epviomssamal ogs and | eptin receptor agoni sts (BCUDOSHEGS/086472
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g., Antel J et al .
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[0125] 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:

[0126] (1) Gas chromatography-mass spectra with electrospray ionization (MS ESI) were
obtained with an Agilent 5973N mass spectrometer equipped with an Agilent 6890 gas
chromatograph with an HP-5 MS column (0.25 pm coating; 30 m x 0.25 mm). The ion



180988, BMs-193884, darusentan, TBC- 3711, bosentan,
tezosentan, J-104132, YM 598, S- 0139, SB-234551,
WORRRIAIBOBLA, ATZ-1993, RO 61-1790, ABT-546, PCT/US2008/086472
enl asentan, BMS- 207940 andéthe |ike), diuretic agents
(such as hydrochloroth|a2|de bendr of | unet hi azi de
soYres WA mainiaingdsati2de °Ci aﬁéap%ﬁﬁﬁad%ere peanaedireme5-500 amu at 3.09 sec per
scaf urosem de, bunetani de, torsem de, chlorthalidone,
ﬁetolazone cycl opent hi azi de, hydrof | unet hi azi de,
pam de, nefruside benzylhydrochloroth|a2|de

lowh{zm@a PERsSUrABARIdQhERmatagrply MaSEPeTHad-C M%é*f%fﬂatamed

oo B oA BeLE] S8 U5, CEEAE)Bunf S35 hclng

detactonsephy234 mﬂ arcXBL(éI&a’ulunﬂn (4.6 W-58hmin by Nk BOBiaBRan LCQ ion
i sosor bi de, tol, D-sorbitol, fructose,

trag Wé%meﬁtrmaefef ‘é&t |e BRPTRYHOPHAYY) aPReGla Viere sepvsglfrom 80-2000
I

o O ) MR g R BRIy B ke Thechunts

webeBr aa&tdn;tmtﬁ alrldl D,Z\eamr f@ladr&nmlmteqn fremaddptof0% B in 8 min at a flow

b DR LR SR Y2000 L e 15

mani di pi ne, cilnidipine, nisoldipine, nitrendipine,
[0128] €DiRsutiae ong- riumnsmnnleNMResmdﬁrcpﬂany wps nerfatisidies, 400 MHz or 300

MR Moy st Biisicitts) The' Pl Gere B R e b pelferaca

solvtf bbtamedfrohPQitidho THENSALIWeibodRdchAgIasy Coanel. ! 4 transferred to
l'ike), vasodilating anti hypertensive agrthts (such as

5 mm&@ﬁ‘éwd@bea odieapagirajuere ﬁ%ﬁ@ﬂa@i £heK chpmcehghifts were
!
rec%}&g%tn ﬁ% Eﬁn %Pag% 1 olielﬁ'g?ereng \% tme 9@?8}%%?'[& ?cﬂ%}lt@?%iﬁls such as
2.493ipat folr IMSOat6y GEQB Ippin forEDRENY BB p@ﬁﬂfofr ;0K &)32 ppm for CD,Cl,
singat hetic_bl ocking agents (such as anosul al ol ,
anq 28 pas 19T Ch¢atos sH ﬁP“%@azosin, doxazosi n,
propranol ol , atenolol, netoprolol, carvedilol,

ni pradilol, celiprol ol , Hxlamplédl , bet axol ol ,
pi ndolol, tertatolol, bevantolol, tinolol, carteolol,

[0129] S QTHfsQelxglln leQHQétﬁ@ééltﬁ’é reﬁérﬁﬁ@}%f’ &)lm oBﬁ&‘b‘{ROJ Eﬂ) according to the

acebutolol, tilisolol, nadolol, urap|d|I I ndoram n
approavhi protaded llnelﬂlguml K] rﬁomﬁouandmmb@mmsngxdrﬁo gtose pmymdas the

cl oni di ne dopa.,. abenz acet
Figufiso P B Teea! TR e dpRic=logp aiieu rmBo R op B f &bl emtion

like), centrally actin antlhyperten3|ve agents (such
[0130k Preparption ok HR2RAS, 53,6Sbﬂr(drﬁévé@;¢r?e(4agéwwawléphenyl) 6-
(hydirexyirpéthpheyclahesaneat,2id-tedraoh, di cunar ol ,

phenpr ocounon, acenocounarol , an|S|nd|one

pheni ndi one, xi nel agatr and

antiplatelets agents (s , cl opi dogrel,
ticlopidine, dipyg®apohe v , ethyl
i cosapent at e, sarpogr, , trapidil
beraprost and the HOke) “
OH
5(R=EY)

[0131] (1) The preparation of Grignard reagent

[0132] Under argon, Mg powder (0.216 g, 8.98 mmol, 1.2 eq) was charged into a three-
necked flask, followed by addition of a portion of the solution of the 4-bromo-1-chloro-2-(4-
ethylbenzyl)benzene 8 (0.769 g, 2.49 mmol) in dry THF (6 mL), and 1,2-dibromoethane (10



[0118] Furthernore, in another aspect, the invention

provi des for a pharmaceutical conposition conprising
wetdoentrdsse anounts of a conpound or m xture ofPCT/US2008/086472

conmpounds of Fornmula I, or 3a pharmaceutically

acceptabl e salt or(b%r odr ug thereof, and at | east one

mol%ye mihtermixgire vas heated i reHux.gAGghthe reacten Hpeinitizedsaathsrmic and
0 r
consigHe it MEPHE 1P o AN Fion 4 288 dMbctyh R Bpmp L chlorobenzene
(1. 53t9rg3 4t99eninob)fin theTHF ¢ 54mil.) way adldddahopmtse bEhanhikttiest artheh
prophyl actically tqQ prevent o t he onset,  or
allo“fﬁdd@ s fos Anesherongihous aader gertt{yrraﬁtvflaﬁ upidh papst o the Mg was
cons%ﬁpc?r glycem a), or therapeutically to achieve a
esired effect (such as a desired | evel of serum

for a .sustained period of tinme. [0120] The
[013glon‘&§ Preparggion ﬁ#‘gsent i nvention can be admi ni stered
to a subject, e.g., a human patient, a donmestic ani mal
such as a cat or a dog, i penfbnt together with
a conbi nation partner, im® j their
phar maceut i cal | yBaOCTepfaby prodrugs, or in
the formof a pharpace conp05|t| on where the
conmpounds and/or c ; partners are mxed with
suitable carriers or ex@'?ﬁbl ent(s) in a therapeutically
effective amount. Consequg (I(HE a compound or m xture
of compounds of Formula I, or a phar maceutical |y
[0134a]cc@b¢ alirive (Gragrarcdoreagand sasi gddddehqmﬁl,se aotal theerso htidi toif (4R bS,6R)-

45 o G bR P FaroBShasnened E0p 2Ry 1 Co) in dry

THF t(@@hﬁl) un@ér drgort WRoGHE R Rulfeqabalt 25 FoR Stheﬂ’\éflloWédQ@ Pea@?for over 3

the same or different, for exanple, in the form of
hourg i NHeGlnfpe.i sgt)rvgasgéd@tm@dthn mistrstosfuendstbs r@fstletacﬁhe mlxture was

exaG37 Vi e g0 PRS- ERAAEH U PELEm RS R dricd over

Nazsa)zdﬁlmfeﬁuih@tﬂn@ﬁe Qfas bb@o@&é@t@&k&ﬁd@@ TROREAuOHAS f)urlﬁed on silica
factors, such as patient response. The dosage can

gel cmmﬁﬂl.‘/drslua@fep%&%n ether: ettiyhacetaie =28¢luite siye Weﬂﬁw oil of the
targek Qtﬂh%dugﬂil t8' egtﬂ ?‘fchmf 84 al}i Nl\’f?y( &?hfﬁ{z\/%é‘lg 0
ose ncreaseée o an erficaci ous
7.42 ders,agj,@ 28 el zeb‘ﬂe rh); 7td4€7 bﬂt (820)tm), TBB'(DH,I d)y4.74(1u%ef, U= 11.2 Hz),
osage for adult from1 to %g %prefera |y
L

4.39-4.64( Eo@l)#’g” (Af%ﬁi éanlﬂrﬂ  Hpkfed (bt %)r épgl( 4.3 0 H o = 12.8
Hz), 9: gé 3"?’3 gggg OB A& ai’ky 4, t@ 07 %?riz)"‘ﬁﬂ (3H, 1,/ =7.6 Hz); MS

m nIS er’ |ntr venous r ute I Nn"eac
(ESTH o [Mit-Bi e 082 [ M+H20] 787 [M+ Na]".

[0135]) (3) The preparation of 3 (R = Et)

OBn
3 (R=Et)
[0136] Triethylsilane (1 mL, 7.44 mmol, 3 eq) and boron-trifluoride etherate (0.44 mL,

4.96 mmol, 2 eq) were added in that order into a solution of 2 (1.9 g, 2.48 mmol, 1 eq) in



from1l to 4 times per day. Wien a conpound of the
invention is adm nistered in conbination with another

W h@papssd i ¢ agent, a useful dosage of the conmPCTES10081086472
partner may be from 20% t 03800% of the normally
recommended dose. [01221 Dosage anount and interval can

CH:gb uaderasganeti-2Q G thempligweddo ﬁa@t/foa aves 4a13%s maiaiginga
empE S5 OREHAIY N SR LBl AR Theur was

extraRiddemiti @Hfz@l%‘ {20MnlLexed)sand the of%@nﬁqm'eemd wayhed with brine, dried over
adm nistering single daily doses, but efficacious

Na, Syl filtysltesl, theei ﬂlyatdm exaoaated tosdrymess.i ihbe tadisloe iwas phgfied on silica
t f | ad tr
eel DR SR {lsRE Porfleomn AR ROT PRk b Slienbivee veflovgpil of

targeIt B@m il (W gWQt23bﬁm6198919@)d) t’QI—NMR'(EO(PDHﬁzeUDCﬁE)I @17.26-7.40
avi ng 'l inthe art will be able to opt

(16H, Iﬁér aybéﬂtzwﬂ, ) ef f04ct. @@@H, d0ab-3asB@s, W 51881(11@{\&3%85 4.98
GH, %Hpﬁ%gatl g ‘g W, g?l 3@ p&‘?&kﬁi‘tdr 9”51(%‘?&2%@7”1 09 (4H, m),

’peC| fon are férein
3. 74I(H€£,0t£ war1@t4eﬂzm 62¢ed. ﬁ(@Hpm) B354-B.58 4Th, mhd.63- :dual(lH m) 2.59 (2H,
ication or ent application were specifical
. R Wil 31 G114 J 2 oM ROES (R h R IibHporas M -Bo0l”
reference. Any conflict between any reference cited
herein and the teaching of this specification is to be
resolved in favor of the |atter. Simlarly, any
[013an24)i’§teﬂf€1f%§ﬂ"ﬁg éét:eﬁ)acognl zed definition of a
word or phrase and a definition of the word or phrase
as provided in this spe§hf| L i-6h i o\be resolved in
favor of the latter.
has been descri bedoi n
ilTustration and exanp ,or purposes of clarity of
understanding, it %91 Pe P@aduy apparent to those of
ordinary skill in the aPBnin |ight of the teachings of
this invention that certa‘i{Rc figes and nodifications
can be nade thereto wi thout departing fromthe spirit
[0138f Boome- ch)thetﬁlhlssmﬁxiheamme)c{m s THFhE .618vehi 3.84 mandl] 1eq) was

s Gh IR 3 G20 i 875 HRRlc i it A g argon at 0

°C, tRéd Whistkqit8 Eeﬂd:d gl 'hat’ﬂh\é iR PREEFeat @ WitRNBORPE3M in H,0, 1 mL,

intended to Iimt the invention in any nmanner. Those
3.34 mme;lkl(l) Eq)iat Ot°ﬁletlant30% HiOx(@ddimhly, 3. 2¢mymil 7 ey)atrdoat temperature
ara ters I.ch can be ch

(aboﬁ‘{) Dot I({%l Qg rens %Yﬁ“?‘g a;'%r?cﬂ’é ?f gIC) [ s} (ag. sat)

was Jcnﬁd ﬁkﬁﬁﬂﬁa rﬁfxuﬁ@ P Q4EndR tieheNvtiohn The ﬁnmké W AdrageaRateshyl
were derived fromthe
acetate (10 mL x 3), the organic layer was washed with brine, dried over Na,SO,, filtered,

and the filtrate was evaporated to dryness. The residue was purified by preparative TLC to
give a white solid of target compound 4 (108.8 mg, 0.142 mmol, 42.5 %). "H-NMR (400
MHz, CDCls) 6 7.29-7.40 (15H, m), 7.12-7.24 (7H, m), 7.03-7.07 (4H, m), 6.74 (2H, d, J=
6.8 Hz), 4.94 (1H, d, J=10.8 Hz), 4.91 (2H, s), 4.46-4.58 (4H, m), 4.01-4.13 (2H, m), 3.83-
3.93 (3H, m), 3.68-3.73 (2H, m), 3.52-3.62 (2H, m), 2.74 (1H, t, J=10.8 Hz), 2.59 (2H, q, J
=17.6 Hz), 1.89-1.96 (1H, m), 1.19 (3H, t, J= 7.6 Hz); MS (ESI") 767 [M+H]", 784
[M+H,0]", 789 [M+Na]".

[0139] (5) The preparation of 5 (R = Et)



structures shown using the CanbridgeSoft Struct=Nane
algorithmas inplenented in ChenDraw U tra version
wa2009/07d3 ess ot herw se i ndi cated, the structuP€BEUSI008/086472
conmpounds synt hesized in tBe exanpl es bel ow were
confirmed using the follow ng prt cedures [0126] (1)
Gas chronmat ogr aphy- masorsp§ 2Cct rospr ay
ionization (M5 ESI) \were Q h an Agil ent
5973N mass spect Héheter &quipped with an Agilent 6890
gas chromat ogr aph %t A -5 M5 colum (0.25 mm
coating; 30 mx O. ) . e ionsource was nai ntained
at 230 C and spectra "é scanned from 25-500 anu at
3.09 sec per scan. [0127]5@2): gh pressure liquid
chr omat ogr aphy mass spectra (LG MS) were obtained
[0140ki Age Folnnomaiv Sdrmg,yloi%ﬂlpL@mqluil epeid THE:RHBOH = 2:1 (9 mL) was

treat tE d %&%wgsg Heng\(ﬁ'{g cﬂ,&1 31@29%/ eé( wﬁﬂ?aq%r{t orEH%e me g, 100%

qualitty PfioYatY dtlekediovBr 2 h RS, a%ﬁ@@ﬁHeﬁHTﬁtré‘dm\férﬁﬁbrature (above 30 °C).
el ectrospray ionization. Spectra were scanned from

The wactpovasamonitpsedipy ECuldSite sp@imwmplﬁteoracﬂmramage s tiltered, and
the ﬂgtgﬁg Slas %Laqo?ﬁcgc}] g) q:r)gnt;' S?Hé & dg | en?uHﬁ ({ PA ]\";]\%Pgrap VfngLC to give

onitri rom

targel GorPG6rA 3 (2.8 1fiE,0.69x 1@ zfﬂnﬁw, ®0043.9%Pagrd wvHite sdled. USBNMR
with a final hold at 90% B of 7 mn. Total run tine is

(400 MHz GD:QBN Y &1 3Y G, Bodti8{tHah &-0d hth&itbma), 4:06/2H, s), 3.91 (2H, 4,

7= T Ry Qe R A R e e 251202

(3H, $h)$ 3! (SB‘(EIQ! ) 1d1@U(t31%1r, ateds eq{z\)emmt)au@ﬁmﬁrﬁmﬂ QaeNeL,]",
Tengl ong Wi bo Technal o and transferred
448 DNV HGRERT NS LM, G SHSNE A 5B I EGQE a1 293
K. The chem cal shifts were recorded on the ppm scal e
[0148jnd The falowehepreoess vdsadipted pprthg proatdurs disvlesdd in US
nals, such as 2.49 ppmfor DMSO d6, 1.93 ppmfor
2006?99%@:@25130 ppm for CD30OD, 5.32 ppmfor CD2C 2 and
7.26 ppmfor CDCO for 1H spectra. Exanple 1 [0129]
[0142]hi &)cBtippbmrrationuef (Sahresiot hehlpraphanpl(Haanydphagylypadndione 7
(R = Et) according to the approach provided in Figure
3. Conpound nunbers corrgspend hose provided in
the Figures. The gener @ s applicable to other
conpounds of the prege ‘ on. [0130] Preparation
of
(IR 2R 3S, 4R, 5R, 65) - 4- (4- chI or o- 3- (4- et hyl benzyl ) pheny
l)-6- 7 (R=Et)
[0143] To a2 L round bottom flask containing a magnetic stirred suspension of commercial
5-bromo-2-chlorobenzoic acid (410 g, 1.74 mol) in 700 mL of CH,Cl, was added oxalyl

chloride (235 g, 1.85 mol) followed by 1.5 mL of DMF. To trap the resultant HCI, the flask

was fitted with tubing so that the gas was discharged above the surface of a stirred ag KOH
solution. When the vigorous evolution of gas ceased after two hours, the homogeneous
reaction was stirred overnight prior to removal of the volatiles under vacuum using a rotary
evaporator. The resultant oil solidified during subsequent evacuation. After dissolving the
crude 5-bromo-2-chlorobenzoyl chloride in 530 mL of the ethylbenzene, the yellow solution
was cooled to -3 °C, prior to adding AlCl; (257 g, 1.93mol) in ~30 g portions over 60 min to

insure that the temperature did not exceed 10 °C. The copious amounts of HCI gas which



(hydr oxymnet hyl ) cycl ohexane-1, 2, 3, 5-tetraol [0131] (I)
Thepreparati on of Gignard reagent [0132] Under argon,
wovoopovssr (0.216 g, 8.98 nmmol, 1.2 eq) was che@mEs2008/086472

into a threenecked flask, #6llowed by addition of a

begab fh ot Res T PO SRE leaa%t e HErerAPSC PP e Hieas over
a stirkdd JUn): NEOH sdhtiofl] Wtﬁ%%w%&mpkoﬁcenf?ﬁ@d M b, eﬁc stlrred

was heated to refl ux e reaction was I ni _
could potdiale maintainedistaung upomepngfletidy) of thdraddigoraoinAid;. After Stlrrlng

for 197 fhs B gartfed 5 T Gy Do Ealh Yoy Es: AL AT Aqeathe thick
syru;ﬁvﬁ@ﬁdétrﬁé‘d oa_éificé"ﬂlxi kﬁge Subs hé}ﬁﬁf Qllldecﬂ'ﬁ@&lﬁ&l du§| }I?éil'éloBQfad cooled,

anot one hour ent ref uxi ng unti nost of
H0(hé) wgs odded poies tnfeaing ?)01133@}1 lezr)tnfmemfe gHrPHEh dmeeotﬂmqs with 1M

KOI—%1 rag% éw[‘ﬁ%(]bsﬂﬁleﬁ%‘%g aa%ﬁ{% ﬁ)VSlflq %Qj 5;[%8 %?f:ﬁlles were removed using

first 4r&m§ evhp ST hioe Al ihex b%r hsatﬂgeilﬂ 8y P@ Xy MEbhy "HONMROh@itys?s ¢ffthe
one 1 (2 g, 3.74 mmp in dry THF (20 nL) under

resulfgngdark gl r%@iﬂdttbmpéld@@ & be 2 )édéumxg%e oyrtho/ patg isgm@sed
Dlssélﬁ?&‘? @hcﬁexme; (lﬁi\r/fgfl?\ﬁechﬁ)g atlyﬁlglg(r) e%la’c}q?llégaaég} %%enz%ﬁ%ost of the

colorV\E(Sorﬁ&rttfa’mOh% thad dlifene yi'e}ded ESGBIgE(QQ%(oZ thel4: T miyturd dfehe (5-bromo-2-
anic | ayer was was brine, dried over

chlorﬂa (4-F‘ihb’3cnhﬁlﬂbé}inethﬁ@nﬁ/($'PFOé@%2WQLOT‘&h§Bb19@r ed to
é{.@@g&t residue was purified on silica gel
ethylgfl] to}gl;a}-laﬁ y (eluent, petroleumether: ethyl acetate
= 20:1) to give a yellow oil of the target conpound 2
(2.428 g, 3.17 mmol, yield of 84.8% . 1H NWVR (400 MHz,

) ; - = f 1O+ -

[0145005. < B Trig éﬁleiarﬂtgorf bt bﬁ)mo { %'?oré)z%@ﬁ%%lb%:fzﬂ)b%n’zegei
11.2 Hz), 439464(7H n’) IH d, J =12.4
Hz),423(IH s), 4.08 (2 .03 (IH, d, J =12.8
Hz), 3.70-3.73 (2H, n’) ‘ s), 2.58 (2H, q, J =
7.6 Hz), 1.19(3H, t?’J:76HZ) Ms (ESI ) : 765
[ MbH] +, 782 [ M+H20 ] +, j\la [0135] (3)
Thepreparation of 3(R-E§ éR—Et) [ 0136]

[0145]r i &o h)stlgﬁql atﬂgtu(n af BeSiHA499 gndvdd mod) @1@)(5-&).11@110 -2-chlorophenyl)(4-

ethylpfl)eny rr}eﬁllafnloﬁjé) {5' 3qe , ?t6 OEB congammg ~7% of the isomeric ketone in 300 mL
of the TFA at 30 °C was added CF3SO;H (1.5 g, 0.01 mol). Within minutes the temperature

vFU-
w%

increased causing the solution to reflux violently. Caution: this moderate exotherm requires
cooling with an external ice bath. After 1hr, HPLC revealed the reaction to be 90%

complete. After addition of an additional Et;SiH (20 g) and heating overnight at 70 °C, the
reaction was >95% complete by HPLC analysis. Upon cooling, the volatiles were removed
by bulb to bulb distillation at reduced pressure. The resultant ~1 L of the light gray oil was
poured into 1 L of H,O. The mixture was extracted three times with hexane, the combined
organic layers were washed three times with H,O, twice with aq Na,CO; and twice with brine
before drying over Na,SO4. After concentration using a rotary evaporator, ~1 L of clear light
amber oil remained. This material was further concentrated, the (Et;Si),0 (450 mL) was
removed by distillation until the distillation head temperature reached 75 °C, and the residue
was allowed to cool. 'HNMR analysis of the residue revealed it to contain an ~8:1 mixture of

diarylmethane to (Et3Si),0. Crystallization of this mixture was achieved by pouring the



4.96 mmol, 2 eq) were added in that order into a

solution of 2 (1.9 g, 2.48 mol, 1 eq) inCH2O 2 under
wa@e@on7aEso - 20 0C, then allowed to react for ovRCT/US2008/086472

hours mai ntaining a tenperdture of -20 0C. Nad (ag.

prodjgihioy Rerer T et o D st o B GRS SLyatier siming
for sle@éf@lrho‘ﬁ?ss tHeashesls WeFerbolHEétQ@ by ﬁ[ﬁﬁ%n%%emﬁ%ld 1:1 E_ILQH/ H,O

Itrated, the filtrate was evaporated to dryness.
and d@@i whder weesupu rTihieideloromo- h—chlpmaZQ@btho'lheozud)b@gzap l§00 g), was

uen etrol e et her: = 20:, 1), t

obtafy aﬁ%ﬁi} Rotd bt et a WSl a{l{iW@%H@f’d iy further
(16H, m), 7.15-7.25 (7H, m), 7.04-7.06 (4H, n),
685687(2Hrr)589(IHs)485498(3H m,
4.75-4.77 (IH m, 4.45 ,432(IH d, J =
10.8Hz),397409(4HA!%5&é!ﬁ IH, t, J = 10.4
Hz), 3.62-3.65(1H, m, 354357(|H n) 263271

[0146] HThiyexaipkdilla@tatestthe prepardtién 6£(1R,2ZR,23,4R IR, 68)-4-J4-chloro-3-(4-

7.6 ; | +) 749 766, [ MeH20 [0137]
cthofshpna bR SR e B conggheal ¢ wieeed! (Ph 1 35)
Bor ane-di net hyl sul fide conpl ex (2Min THF) ( 1.678
m., 3.34 nmmol, 10 eq) 28l i gt g Phe-sol ution of 3
(250 ng, 0.334 mol i (10 nmL) under
argon at 0 C, thse for 1 h. The
m xture wastreated NaOH (3Min H2O 1 ni, 3.34
mmol, 10 eq) at 0HE t erfO80% H22 (0.1 1 m., 3.34
mml, 10 eq) at room t@trperature (above 30 0C), and
allowed to react overnight a roomtenperature (~25
C. NH4A (aq. sat) was added into the mxture to

[01491 e Tokhpolifd » &8 Tte@ﬁredwﬁh Hethbd hgal¥Edws X thafddsedbatl ihExample 1:
et hyl acetate 2{0 t he or%anl c layer was

H'-NME©80 Mz CHPaQQ) Odri2ddHodef~ 3R IM ;7.16 (4Fbmekl 6.781(@H, d, /= 6.8
b0, W8-L08 1408, WA (FHAROT28 80,00 €5 YIS, They iBeh du% 47 om,

was pur reparative
m), 3032 (1&{ @el 8@@@9264‘&1H398r80mﬂz)01$4¥1H1mlj 32, 50%Hz) 1.36

(H, 7 &’27 7. 74) Mﬁ{Esﬁ) 423 Ugﬂﬂ 0#4?&M+NH45 84572121\(12151 , 862 PM+NH.]'",
(IH d, J =10.8 Hz), 4.91 (2H, s),
(ESI§ %%WS ' , 4.01-4.13 (2H, m, 3.83- 3.93 (3H,
, 3.68-3. 73 (2H m, 3.52-3.62 (2H, m, 2.74 (IH, t,
J:108HZ) 2.59 (2H, J = 7.6 Hz), 1.89-1.96 (IH,
m, 1.19 (3H t, J = 7.61:'!&)2,@&& (ESI+) 767 [ MeH] +,
784 [ MFH20 ]+, 789 [ M¢Na] +.
[0148] This example illustrates the preparation of (1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-

cyclopropylbenzyl)phenyl)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (1 0).




[0139] (5) Thepreparation of 5 (R =FEt)5 (R = Et)
[0140] The solution of 4 (12 ng, 1.57x10-2 mmol, 1 eq)

WO 200dF6SSH3OH = 2:1 (9 nL) was treated with  PCT/US2008/086472
1, 2-di chl orobenzene (1% noK} and Pd/ C (10% quality
containing, 12ngy, 100% quality ratio) and stirred over

[0149] Gomperend H) wps prepasephe p acthodrapglogpesipdhaldgseaibed plgample 1:

(] . . ~
"r 3R MIEE RSk D TR, B B, o P B B P T o, -
8.0 H3S6.90/ (PR rday edB.0 Blz) iy0Me@EL, s) BO1r(@Hi duk= 32sHpuB i6bi(Ed, by = 10.6
Hz)Sreparative HPLC to gj ve tar

LC ?et compound 5 (2. 82 ny
48951157 D). AT Ao 3 00 ZR 32 (b b/ S 910 D) 2.54 (1HL ¢,

- ( ) 3 ) : . )
7= AR G350, P50 € TS i oy 0n B g g0 gt
MS @ESI)): 31BPV{HH, 486 [M+NHL]. 4 Hz), 3.39-3.49 (2H, m,

3.31 (IH, t, J =8.8 H), 2.51-2.62 (3H, nm, 2.53 (IH,
m, 1.19 (3H, t, J 8.0 Hz); M5 (ESI+) : 407 [ MtH +,
424 [ MtNH4] +, 448 [ MrH+ChiiBGMste 4813 [ 2MHH +, ( ESF):
405 [MH , 451 [ M+HCOQ ~. ] The follow ng
“nsgéocess was adapted fromthe procedure disclosed in

08hEsample iApstrapey tapprepgptiorheddd Bﬁ&é‘i,ABrﬁR,6S)-4-(4-chlgr%-3-(4-
5- 2z Ghl h et hyl 7 7
pron b BB Y R SRS P T e o

a magnetic stirred suspensi on of comerci al

5- br ono- 2- chl orobenzoic acid (410 g, 1.74 nol) in 700
nL OF CH2A 2 was added gxalytehl orix 59, 1.85
nmol) followed by 1.5 M of . rap the resultant
HCO , the flask was Ty1ted ubi’ng so that the gas
was di scharged abovelthe, surface of a stirred ag KOH
sol uti on. Wen t hBOvi gorodd evol ution of gas ceased
after two hours, the Wdhopgeneous reaction was stirred
overnight prior to renoval dff the volatiles under
vacuum using a rotary evaporator. The resultant oi

[0158p! Cdhdpoaed ULvag frepared B¢ demith@Varltpboudtd thdf destribed in Example 1:
di ssol ving the crude 5- nmo- 2- chl or obenzo

b | chlorid
'H NMRH400 MH CRGle): &7y (4B Sekc 8 416, yeDl ks ol T PdHWAds-7.13
' [ 3 v _
o798 GG R0 B R GRS S UL = 04
Hz), Bel9@Hat, ur-el 04 HzpSt43eiBeed -4 00.0Ez), This ddhitalrs 9Aridz)ng $8-2.53

. e 80P g a ks & P et i S g SRS g s
[M+Rig,'red cone. NaGH solution. If the reaction were nore
concentrated, a magnetic stirred




could not have maintained stirring upon conpletion of

the addition OAIC 3. After stirring for 1 h as the
whadobovEsired to ~ 15 0C, the bath was renoved. PEF/U£20081086472

h at 20 C, the thick syrup4das poured over ice (1.5

kg). Subsequently, once the stirred suspension had

cooled, H2O ( 1 L) was added prior to being extracted

four times with INHC, three times with IMKOH, and

twice with brine prior to drying over Na2SO4. The

vol atil es were renoved uskExumpleSst a rotary evapor at or

and then by heating at 60 OC at 1 Torr. 1H NWR

0153 3mSR ittt iepunlon L YRGS ek bGes-shtoro-3-o-
cycl&eis}meﬂiylmeﬁﬂ) quﬁsxﬁﬂahﬁwymmem 1 B JsLERdd1 1)

hrough a silica gel removed nmost of the col or.
Cbncentratlon of the eluent yi el ded 560 g (99% of the
14:1 m xture of the ( 5- br ono- 2-

ot 3 ' benzene 8 8 (R =
Et) [0145] Toastlr s,olutlon O Et3SiH (400 g, 3.45
nol ) and (5- br omoH2 chy or'®phenyl ) ( 4-
et hyl phenyl ) met hanone @%34 g, 1.65 nol) containing -7%
of the isoneric ketone in 3QQ@ nL of the TFA at 30 C
[01 SEﬁS CReHRUnCEB XE8 prepared b§.a RetRdd mﬂa%%)qu AbidcdErBEdes Example 1:

e tenperature 1 ncreased causin e solution to

'H NMRI (4RO ,6MCly): 6CaAk (180 d, £ 18 Hodd @l bHedkotheOhz), 7.15-7.12

o oS Ee o PR LR Pl B S S e o= 106
Hz), 3digi (llHQfJ Joef 1(&@1}1@1@ 43 (qnm JEt B(;Bz IHZf), 21)32305153111(:114&19&1}!1@92 .55 (1H, t,
was >95% co

- lﬂmf,z>a24|8;zs%<lrwan1 SEATAIL, tiel Tl 26l Bamyok £7-1.50(1H, m)
| b | d d
147Br es uf yll‘?ﬁl?ézts(gﬁf ant I@Sp ?’fé[%@ ?ﬁéﬁ? ;?Zy oi |

was poured into 1 L of H2O. The m xture was extracted
three tinmes with hexane, .1 he ¢copbi ned organic | ayers

were washed three tinmes W , twice with aq Na2CC3
and twice with brine before drying over Na2SO4. After

[0154)0 nTﬁﬁteE(@IhpErillﬁ’ééﬂa&Q t1@e ﬁ@ﬁﬁaﬂorﬁd&qwm@tzy 6R)~444 khiefo-3-(4-(3-
cl ear ht anmber oil renmined. This material was

cyclqpmrmlmpp écmyblméﬂ)phenbl)@Eﬁnx@om@ema@quexmwe 1,2,3-triol
(13 )rermved by distillation until the distillation head
‘tenperature reached 75 C, and the residue

13

[0155] 'H-NMR (400 MHz, CD;OD): 6 7.27-7.31 (2H, m), 7.20-7.23 (1H, m), 7.09 (2H, d,
J=8.8 Hz), 6.82-6.84 (2H, m), 5.83-5.84 (1H, m), 4.02 (2H, dd, J= 14.8 Hz), 3.83-3.86 (1H,



was allowed to cool. 1HNWVR analysis of the residue
revealed it to contain an -8:1 m xture of

waelr@pprased hane to (Et3Si )20 Crystallization oPCT/OER08/086472
m xture was achi eved by po&#ing t hepr oduct into

orously stirred cold (10 % m xture of 85%
m), tﬁ%ﬁﬁﬁﬂ@ﬁ(@)? 36 (1Hafop, &7259 ¥ (3Hhg}, @r57s‘é6%£%111 TﬂbuM§ (ESI): 472
+ filtrat hed with
M e B R RIC®ber Vacuam The
4- br ono- | - chl or o- 2- (4- ethilbenz¥l)benzene (500 g), was

obtained as a low neltin containing -1%
(Et3Si )20, and was used without further purification.

[OISEf}(Zglalrsgstxlglg%%ﬂﬁgtraE&' tRe g?ésﬁ%g{lgani} (gg%tgré?%?fgﬁ?{z? -(4- ch(loro -3-(4-

ethylbtimyXpbenyd)yB iy diox 8-6¢ (hy dios ymatby Hyydahes instre X Eeaisingzhe

3,.5-tetr Compound 9 was prepared by a
Syntmleﬁsaroaﬁméa%ﬁs nH2PE4 Cdenor bed | n Exanple 1: H
-NVR (400 MHz, CD3OD): d 7.32 (IH d, J= 8.0),
d.-Ch 3

7.11-7.16 (4H, n), 6. 9 (2 ), 3.96-4.02
(4H, m), 3.91 (IH d, J = IH, t, J =
10. 4 Hz), 3.39-3HO | t, J = 8.8 Hz),

2.54 (IH, t, J =10.4 ,,1.53 (IH tt, J =3.2, 10.4
Hz), 1.36 (3H t, HO= ®H): M (ESI+) : 423 [ MeH] +,
440 [ MENHA] +, 845 [2MHigHr, 862 [ 2MNHA] +, (ESI ) : 467
[ MFHCOQ . Exanple 3 [0148] 15his exanple illustrates
the preparation of
[015¢] R 2&3s-3farfiRr&dgeMIM W-424-5; hlhixe oddérd1.5 eq) was added to a solution of

(”12¥539£{%£g|£§2§¥|)ang%QQQG %hydroxynethyl)cychggﬁzne
ethyl@éﬁ@mﬁ%@%@@ﬁ&%&%@) RQ E&? g %g I(BE hkrﬁ@? %8&1’?@%&@ %2\1312 (20 mL)

at 0 °C, H6en/thd thixtdtd wag stirréd @9e161@‘1‘l,t attkooth temﬁer@tlh‘lz)l“heﬁeébﬁoﬁ dhixture was
d,J,=8.0Hz,4.04(2H, s), 3.91 (2H,

quenp}gd’ wigh £y }(arq_]?l, stepargteg, ang. tbe %eou%laxg V(qsppxtrlacteg vw,thféHlplz The

Ol'galﬁg glayel% \é&jfre %Fﬁbir%ed, d\]}iegi o}zgr lga)'gg‘;, anzd. tglgeréd g'léhé(iiilﬁ‘lte rge?s &/aporated

to drnesg,-abd Blie 1ebidie way purlli@idbyOprear{tiied, TIHY fo Sive de@p&tnd(12H0.92 g,

whi efil ot of 083 stCon {4 Tl 4 RO ORIy Fp8737 tams

m), L1R72R( §§;AF<75(B 608 (4, (dkt 9B RuaA; 6.97- 699 (12H m), 6.76 (2H, d, J =
phenyl ) -6 (hydr oxyngt hyl hexane-

ropyl benz
7.6 }Ez,)z%l 3956(3 am), z(qqng d, J=10.8 Hz), 4.50- 57 (3H, m), 3.91-4.14 (6H, m),
3.74-3.76 (3H, m), 2.80 (1H, d, J= 8.4 Hz), 2.58 (2H, dd, J= 7.6 Hz), 1.20 (3H, t, J=7.6);
MS (ESI): 765 [M+H]", 782 [M+H,0]", 787 [M+Na]".

[0158] The solution of 14 (0.92 g, purity of 95%, 1.20mmol, 1eq) in THF: CH;0H (2:1)
(12 mL) was treated with 1,2-dichlorobenzene (0.354g, 0.3mL, 2.41 mmol, 2 eq) and Pd/C
(10%, 74 mg, 8 weight %) and stirred over 4 h under H, atmosphere at room temperature
(about 25 °C). The reaction was monitored by LC-MS until completion. The mixture was
filtered, and the filtrate was evaporated to dryness. The residue (yellow oil) was purified by
preparative HPLC to obtain compound 15 (450 mg, white solid, purity of 98%, yield of
92.6%). "H-NMR (400HMz, CD;0D): & 7.34 (1H, d, J = 8.0 Hz), 6.99-7.12 (6H, m), 4.05
(2H, s), 3.98 (1H, dd, J=2.8, 10.8 Hz), 3.88 (1H, dd, /= 5.6, 11 Hz), 3.77-3.81 (2H, m),



[0151] Conpound 11 was prepared by a nethod anal ogous

to that described in Exanple 1: 1H NWVR (400 MHz,
weDoweyessod 7.35 (IH d, J = 8.4 Hz), 7.20 (| HCTUS2D087086472

1.6 Hz), 7.16-7.13 (3H, m 457.08 (2H, d, J 8.0 Hz),

3.57-3. 6?@2&2@)2 d5:238 (WL,%)H@ b 3074 7@'@ 248901 gé '(ﬁ{,ttt J57.6 Ha);
MS (SHS, AN G P2 (N, Ty 0 (VD ROBPERGE |
J

= 7.2 Hz); M5 (ESI +) : 438 [ MtNH4] +. Exarrple
[0152] This exanple illustrates,the preparation of
(IR 2R 3S, 4R 5R, 6S) - 4- (4-Eémﬂé!i"e§ 3- (4-
cycl ohexyl benzyl ) phenyl ) - 6- (hydr oxymet hyl ) cycl ohexane-
[01591] 2ppiratiit 68QR, AR, 33,45 BRGH)- 4Pl ored3- weﬂ@aoeﬁzﬁn%ﬁﬁ) -6-

a net hod anal ogous to that described in Exanple 1

(hydrmwnmwwzﬁemem:/cyebﬁpwe L3-migdf16) H, d, J = 8.0 Hz),

7.19 (IH d, J = 2.0 Hz), 715712(3H n), 7.09 (2H,
d, J 8.4 Hz), 4.05 (2H. s),Q. X = 3.2 Hz),
3.66 (1H t, J:1069z ,J:10.0Hz

3.43 (IH, t, J =430 t, J =9.0 H),

255(IHt,J=10 ,,248242(|Hn)

0 Hz)
1.84-1.81 (4H m HQ 7¢°1’0F8 (IH, m), 1.57-1.50 (IH,
nm, 147136(4H n,ol. 34-1.22 (IH, m; M (ESI )
478 [ MPFNH4] +. Exanpl e 6 [0154] This exanpl e
illustrates the preparati onl®f

166 S P I B s s
methyl)-H6}ogtbbxplvgrlolexgme2-(4-cthybentyl)-dichlot@enzdnd: [ 0155]
1H NVR (400 MHz, CD3OD): d 7.27-7.3 1 (2H, m,

[01613 2QaH (?5'37 5é 1% ed’%OVchQ@an&%E'm 6110) v&]as—adaeﬁlﬂfg )he s@lu%%h @184
(IR, ZISZ:‘)R 43,58351{3 38435(tnwbmzylo@yﬂe-@emmmahyj) 76- Q4 Slﬂo(q-li-l(4-

ethyl%%yl?%eﬂﬂﬁﬁyfzoh% glllo[l @zrﬁa]g ﬁ §F§l 1{1{[5)& MW%S%F )(1 OmL)at0

°C. TBANY. eeqf ah@ E3H] (7 gmlrﬁ R e@e dddel $itb MABadtldR mixture after
preparat|on of S, 3S,4R 5R, 6R) - 2- (4- chl oro- 3- (4-

stirring ﬁey I eath thiey Sﬁméﬁyperatyrmarstthe resgderoRiKtee (AP GHERY AEernighy at rt.
Sat acg.u YH4 nz’gﬁ :&ﬁ@% té)ﬁ)é:n%sthg gea'épc?n ac‘r}/cf]thg ?éshffm% RRLRRE G/as extracted with
EtOAc. The combined organic layers were dried over Na;SQy, filtered, and the filtrate was
evaporated to dryness. The residue (yellow oil, 2.05 g) was dissolved in THF:CH3;0H = 2:1,
treated with 1,2-dichlorobenzene (1% mol ratio) and Pd/C (10%, 1/1 weight ratio), and stirred
over 2 h under H; atmosphere at room temperature. The reaction was monitored by LC-MS
until completion. The mixture was filtered, and the filtrate was evaporated to dryness and
purified by preparative HPLC to give target compound 16 (987 mg, (white solid, yield of
90.0%). '"H-NMR (400 MHz, CD5COCDs): 6 7.32-7.34 (2H, m), 7.22 (1H, dd, J= 2.4, 8.0
Hz), 7.12 (4H, dd, /= 8.4 Hz), 4.15 (2H, s), 3.93-3.98 (1H, m), 3.70-.3.75 (1H,m), 3.65-3.67
(1H, m), 3.54-3.60 (2H, m), 3.37 (1H, t, /= 10.4 Hz), 3.30 (1H, t, /= 8.8 Hz), 2.84 (3H, s),
2.52-2.65 (3H, m), 1.51-1.58 (1H, m), 1.17 (3H, t, J= 7.2 Hz); MS (ESI"): 421 [M+H]", 438
[M+NH,]", 841 [2M+H]", 858 [2M+NH,]", (ESI): 465 [M+HCOO].



[0157] Dess-Martin reagent (MN424.5, white powder,
1.5 eq) was added to a sol ution of

W@ bRIABSSR, 4R, 5S, 6R) - 3, 4, 5-tri s(benzyl oxy) - 2- ( PENEF100%§86472
nmet hyl ) - 6- (4-chl oro-3-(4- 46
et hyl benzyl ) phenyl ) cycl ohexanol (4, R = Et) (1.0 g,
1.3 mmol) in anhydrous CH2A 2 (20 nL) at 0 C, then the
m xture was stirred overnight at roomtenperature. The
reaction m xture was quenched with I N NaOH, separated,
and t he aqueous | ayer wafxemple®ted with CH2C 2. The
organi c | ayers were conbi ned, drl ed over Na2S®™4, and

i d.. Th
101631 P8R HeR Sl gl RS AR A Ty @-2.4.56-
| d ty of 95% | d
“’“*‘W&%o e e E? a6 72007 57 (han
, 7.13-7.23 (5H, m), 7.03-7.08 (4H, dd, J = 8.4 Hz),
6 97-6.99 (2H, m), 6.76 (2H, d = 7.6 Hz), 4.91-4.095

(3H nm), 4.64 (IH d, J = _50:4.57 (3H, m
3.91-4.14 (6H, mf 3. 2.80 (1H, d, J
8.4 Hz), 258(21* L. 20 (3H, t, J =

: 782 [ MFH20 ]+, 787
[ MtNa] +. [0158] TheH®0IMyti 6@Hof 14 (0.92 g, purity of
95% 1.20muol, leq) in OdF: CH3OH (2:1) (12 nm) was
treated with 1, 2-di chl orobenzene (0.354g, 0.3n., 2.41
mol, 2 eq) and Pd/C (10% #4 nmy, 8 weight % and
stirred over 4 h under H2 atnosphere at room
tenperature (about 25 0C). The reaction was nonitored

[0163y AC,O/B1nhg) 1.5 eqpivatddded dibpeviseildtorties sedhigionidft er ed,

B L
123t9t%9€§1?(lg?1§@8§908% 8wk dl %&tﬁ) HOH @17)(9%1112 a1 @f°C

follo(vled-lby (pyndlne (B20mez)).y e§), 819l the 112x(t16¢-wvamt1rreql QBITi gy at g) The

react50n6m1 qfe Wgc\)j\}%‘ﬁe’ifv@ glil }g(g]r_lanﬁ-\ze gr@;;uscg {zﬁﬂfaﬁﬁgr%ma dried over

Nazs(z)4aﬁl't@re3 9anﬁ ik ﬁﬁ%te)@as%%aﬁéégﬁed;ﬂo dl%l}llgSSSG ,[TI\I}I% 5e82dddz\3'as purididd by
prepgrinHPLC 1o gsre)targmqnwnq (566498 hitersctd) yleldreiéﬁvﬂfyé gH-NMR

r f
oo DTSRI B Gy TSNP 795 14Ty BT iy 20
10.8) 1)6 EﬁHzI hmr(gmysrpmyl(m& HHIMHZ){GIMEBEX’BOI&I Im), 2.49-2.60 (3H m),
% (BQJ (1) The prepara i;)
204 KO H 60166 O, 5, 518 O3 5 2 8 Db G 7 DYt s

[M+RIP]", 897 [2M+H]", (ESI'): 492 [M+HCOOT, 941 [2M+HCOO

7.6): MB (ESI +)

Example 10

[0164] Preparation of (4aR,5R,6R,7S,8S,8aR)-8-(4-chloro-3-(4-ethylbenzyl)phenyl)-2,2-
dimethylhexahydro-4H-benzo[d][1,3]dioxine-5,6,7-triol (18).



met hyl ) - 6- met hoxycycl ohexyl ) - 2- (4- et hyl benzyl ) -

1-chl or obenzene: [0161] NaH (157 g, 1.5 eq, 60%
w@orwaressmg in oil) was added into the sol uti oPCD1S2008/086472

(IR 2S, 3R 4R, 5S, 6R) - 3, 4, 5-#fi s(benzyl oxy) - 2- (benzyl oxy

nmet hyl ) - 6- (4- chl or o- 3- (4-
et hyl benzyl ) phenyl )‘Cﬁég ohexanobI (4, R=FE, 2 g, 2.61
nmol ) in anhydr ousO (10 ONCONTBAI (0.1 eq)
and CH1 (760 ny, 4 p nto the reaction
m xture after stirri or 1 hat fhe same tenperature
and the reaction H'bx ‘ s stirred overnight at rt.
Sat aq. NH4C was add to guench the reaction and the
resulting mxture was extracted with Et QAc. The
conbi ned organic |ayers werggdried over Na2SO4,

Itered, and the filtrate was evaporated to drines

[01651he INHCHGank)wpy sided ﬂropmsedsnt@)thmutw%dmé’éi $4R,5R,68)-4-

(4- chT&“: ﬁg@&l{%dﬁ JBBE m@%&m@)cﬁ{;ﬁ 8??2?%%3%40}‘(3, R=Et,

lg, 2816lnﬁﬁ@1§1 irMie OH2(80 rmID)i&id acktonsd (ﬁﬁ)&ﬁh): faftd athrrdfcb@mxm ght, then the
nperature. The reaction was nonitaqred LC-M5_untj |
mlxt'érs RS &¥ aRswated-frudrymsss | Lhe fgsidug was refied By Hrepﬁ'@tlf’? HPL&+tg give

the g B ROHE oh i BERE R o T ot MY (Rl S

CD;§OEDg): 617. 307 0% 2H, i, IMR-T mgswhn) 3OBCTOEI, m), d.46-3. 51 (1H, m),

335551, H 25008, aﬁﬁzﬁ gs o B OmShd iy, L /- 76
| 7 , OMANHL T
Ho, SHAE) o, RSB TRAELRY, 48 (8B RN 010 pyrongy’ 91
[M+CAOI, 932 [2M8HEQ®])., 2.84 (3H, s), 2.52-2.65 (3H m,
1.51-1.58 (IH, m, 1.17 (3H t, J = 7.2 Hz); MS (ESI
+) : 421 [M+H +, 438 [ MENH4] +, 841 [ 2M+H] +, 858
[ 2MtNH4] +, (ESI ) : 465 [ MFHCOO . Exanple 9 [0162]
Preparation of ((I

S, 2R, 3R, 4S, 5R, 6R) - 3- (4- cBxampledl( 4- et hyl benzyl ) phenyl )
-2,4,5,6- tetrahydroxycycl ohexyl)nethyl acetate (17)

7 Y : £ de e L. Sed,
[016(|§1n %R:@a%él ﬁpﬁﬁsézg{%%ﬁg,séﬂ@) 29 MRImBHIB%- - ORYE S 84
ethylbérRyDph @S] )d R aliex615)-1 2;3( SHetdalytewadidefatt- @Phyl benzyl ) pheny

[ )-6-(hydroxynet hyl)cycl ohexane- 1,2,3,5-tetraol (5, R
= Et, 1 g, 2.46 nmol) and DVAP (cat.) in CHO 2 (10
rnL) at O C followed by pyridine (292 ng, 1.5 eq), and
the mxture was stirref overni ght at it The reaction
m xture was washed 3N e.organi c | ayer
was conbined, drifed oveP

Ao

[0167] Compound 19 was prepared from compound 5 (R = Et) as described in Example
20. "H-NMR (400 MHz, CDCl3): 6 7.29 (1H, d, J = 8.4 Hz), 7.30-7.12 (6H, m), 5.27-5.38
(3H, m), 5.20 (1H, t, /= 9.6 Hz), 4.03-4.06 (3H, m), 3.93-3.96 (1H, m), 2.98 (1H, t, /=
11.6),2.61 (2H, q, J= 7.6 Hz), 2.14-2.20 (1H, m), 2.08 (3H, s), 2.06 (3H, s), 2.00 (3H, s),



Na2SO4, filtered, and the filtrate was evaporated to
dryness. The residue was purified by preperative HPLC
W@ 200g00%aEsd ar get conpound (566 ng, white solid, PgT/Ebmo®686472
50.4% . 1H NMR (400 MHz, CB8OD): d 7.32 (IH, d J =
8.4 Hz), 7.06-7.14 (6H, m, 4.37 (2H ddd, J =
1.66 (0H.55), 18] Hit).] =4, GHz), M (BT): 361511\4(% 934 [M.: NLG ,EST): 661
NHE%%J 3.40-3.47 (IH, m, 2.49-2.60 (3H, m, 2.04 (3H,
Q60-1.66 (IH m, 1.18 (3H, X, J = 8.0 Hz); MB
(ESI ): 449 [ MtH] +, 466 [ MENH4] +, 897 [2M+H] +, (ESI")
492 [ MFHCOOQ] , 941 [ZN%FKII% . Exanpl e 10 [0164]
Preparati on of Example 12
(4aR 5R, 6R, 7S, 8S, 8aR) - 8-(4-ch|oro 3- (4- et hyl benzyl ) phe

[016§Y ﬁ e]%ﬁm)}()le ravides the preparafiq F(lslﬁ 2R 3R, 4n86585) L(4chloro-3-(4-
ethyKbH:&yl)j)BeI{}Q)‘L5—5ﬂ1ydrbk}h‘l€&thﬂ§3:ymohem 152J3ld b - lﬁb’ﬂwl\l(z%& =F Et)cusmg the

e SO [ R 2R_3S, 4R, 5R, 65) - 4-
Synﬂaeimé?ﬁt{ﬁ?(fﬁ- dé‘é h&ﬂ“ﬁ‘éﬁzw ) phenyl ) - 6- (hydr oxymet hyl ) cy
cl ohexane-1, 2, 3,5-tetraol (5, R—Et g, 2.46mol) in
MeOH (80 rrL) and acet one (26 rred

overni ght, then the 1®%
The residue was p&i '
the target conpound (. white solid, yield of
75. 3@@ 1H NWR (4OUO COCD3) : d 7.26-7.29 (2H
m, 7.10-7.16 (5H m, @ 74-4.21 (6H n), 3.46-3.51
(IH, n), 3.35-3.37 (IH, ARZ_E@ 2.66 (3H m,
1.72-1.75 (IH, m, 1.28 (3 1.18 (3H, t, J =7.6
[01 69}) Co]_np]_)gnai zﬂwag preppu@d COESI mgtho ma‘]zo gone-Fq that degeribed in Example 1.

B e

(2H,(sh, 3. 8511 BIRt, 4S5 B8, }63) 3.47 (|4.81, a9 H2y| 35463 64(2H) ay,3-B-~§.45 (21,

- et benz cl ohexane-1,2,3,5-tetrayl
m), 367 (hhcor w20 Hen? 00 Y 818715 Gipoll (08, dhels® by ¢ ekl 8 GHL
J=d compound 5 (R = Et) as described in Exanple 20.

VR (400 MHz, CDCI3) : d 7.29 (IH, d, J = 8.4 Hz),

7.30-7.12 (6H, n), 5.27-5.38 (3H, n), 5.20 (IH, t, J =

9.6 Hz), 4.03-4.06 (3H, 3.93-3.96 (IH m, 2.98

(1 H, t, J = 11.6), 2.61 mple 13,°277 6 1), 2. 14-2. 20

(IH n), 2.08 (3H, s), 2.06 (3H, s), 2.00 (3H, s),1.66
0170P HPréphratibn 8F (1BLR  3R,45)58) B.(34-ethMBeaFsBphidnyl)-§17
[ Em ei))‘11934 I(\/INH4] % (ﬁ? o vl
(hydroxymethyl)cyclo exane-1,2 3 4, -pentaol (23)

ative HPLC to give

[0171] Compound 23 was prepared by a method analogous to that described in

Example 12. "H-NMR (400 MHz, CD;0D): 6 7.39 (1H, s), 7.29-7.31 (1H, m), 7.21-7.25
(1H, m), 7.03-7.11 (5H, m), 3.92 (2H, s), 3.88 (1H, t, /=9.2 Hz), 3.72 (1H, d, /= 9.6 Hz),
3.56 (1H, d, J=10.4 Hz), 3.32-3.35 (1H, m), 2.58 (2H, q, J=7.6 Hz), 2.02 (1H, d, J=15.2
Hz), 1.82 (1H, d, /= 15.2 Hz), 1.18 (3H, t, J = 7.6 Hz).



[ MFHCOQ| -. Exanpl e 12 [0168] This exanpl e provides the

preparation of (IR 2R 3R 4S,5S)-1-(4-chloro-3-(4-
werdvghbsseyl ) phenyl ) - 5- (hydr oxymnet hyl ) cycl ohexe@Euk2088/@36472

,4,5-pentaol (22, R = Et) 48ing the synthetic nethods

outlined in Figure 5. 22_(R = Et) [0169] Conpound 22

was prepared by a net hodéﬂgﬂ-’b“g&s to that described

in Exanple 1. 1H NWVR (400 Mz, CDSO)) d 7.45 (IH, s),

3 % arhfd 1( K4 -4-%)-chloro-2-(4-

[0171] 2th9 esc%n%)?é'illumates thggreﬁ o Aﬁil Sd3 R%sg@ig} -% 0ro-2-(

ethy];bemd)phgrmx(y}ﬁ-(hmroxgn@hylacﬂk)h(ezme h@,ﬁ S2teBFol (29, asq)uthhed in
Fi g .00 (IH, d, J =15.2 Hz), 1.81 (IH, d, J =
‘g“f% 2 Hz) 1. 18 (3H, t, J = 8.0 Hz). Exanple 13 [0170]
Preparation of
(IR 2R, 3R, 4S,55) -1 - (3-(4- et'ylbenzyl)phenyl) 5-
(hydr oxymet hyl ) cycl ohexan taol (23). 23
[0171] Conpound 23 was pre¢ 3 nethod anal ogous
to that described in Ex B NVR (400 MHz,
CD3CD): d 7.39 (IH, )-7. 31 (I1H, m, 7.21- 7.25
(IH, m, 7.03-7.1HO ( 3.92 (2H, s), 3.88 (IH
t, J =9.2 Hz), 3.7% J = 9.6 Hz), 3.56 (IH,
J =10.4 Hz), 3.32 , 2.58 (2H, q, J =7
Hz), 2.02 (IH d, J 1.82 (IH d, J = 15.
Hz), 1.18 (3H, t, J Exanple 14 [0172] Thi s
exanple illustrates the preparatlon of
[0178] R(3&hiaR-2Ry8i®xgpYensl)(44etbyipbenyd)nethnone
et hyl benzyl ) phenoxy) - 6- (hydr oxynet hyl ) cycl ohexane- 1, 2,
3,5-tetraol (29) as outdiined in Figure 6. [0173]
(5-chl oro- 2- hydr oxyphe \l)(4-' hyl phenyl ) met hanone 24

[0174] A sol ution of @
Q 7

(2.0 g, 10.5 mmol) in

d
.6
2

24
[0174] A solution of 2-methoxy-5-chlorobenzoic acid (2.0 g, 10.5 mmol) in dry CH,Cl, (10

mL) was stirred at room temperature under agron. Oxalyl chloride (2.0 g, 15.8 mmol) was
added dropwise to the reaction mixture followed by DMF (0.04 mL). After stirring
overnight, the volatiles were evaporated using a rotary evaporator and the residue was
dissolved in dry CH,Cl, (10 mL) at room temperature under agron. After cooling to -5 °C,
ethylbenzene (2.57 mL, 21 mmol) was added, followed by portionwise addition of AICI;
(2.80 g, 21 mmol) while maintaining the reaction temperature between -5 °C and 0 °C. The
reaction mixture was stirred for 4 h at room temperature, and then poured into ice water and
extracted with CH,Cl, (50 mL x 2). The organic layer was then washed with 1N HCI (50
mL), IN NaOH (50 mL), water (50 mL) and brine (50 mL) and dried over anhydrous
Na;SO4. The filtrate was concentrated and the crude product was purified by column

chromatography (PE:EA = 10:1) to give the target compound (1.944 g).

[0175] 4-chloro-2-(4-ethylbenzyl)phenol



m.) was stirred at roomtenperature under agron.
Oxalyl chloride (2.0 g, 15.8 mmol) was added dropw se
W@ eoovlmssseact i on m xture foll owed by DVF (0. 04P@zyS2008/086472
After stirring overnight, the volatiles were
evaporated using a rotary evaporator and the residue
was di ssolved in dry a2 (10 nm) at room
tenperature under agrg : goling to -5 C
et hyl benzene (2.57 nL was added, foll owed
by portionw se additi oOn (2.80 g, 2 1 mol)
whil e mai ntai ning the iggaction tenperature between -5
Cand 0 C. The reaction m xture was stirred for 4 h at
roomtenperature, and thennggured into ice water and
extracted mﬁth CHQCIZ (50 X 2) The organic | ayer
50 L),

1017§lm E? a@@@ﬁ(ﬂrﬁfcéﬁaﬂleﬁ Pﬁ@ts{S%(?n%é éml& ?dmrr@é) "H\?‘e(% chloro-2-
hydr?ﬁg}{%{l)@g%e%u l)IHQtﬁarﬁdnetq ahe gV\'ﬂé% g{iﬁﬁ&n‘ﬁfﬁt TS AN was added

was puritied®
CF;S€hHaAan bt aphte t¢ ReepHAe tenif@rdt)retad algju\té “theAftarcgetplete addition, the

Co ound .944 g). [01 75 ) .
mixtye t°4r°em1%mséwm 5*4511%%1%%@% ropg lgmperaiyrgy Adter
the V%UI%@ lv}éYé QpSfakadrniatt fduif ssm‘l‘]thg ré8@Rle)w AMrtitioned in ethyl
|'oro- 2= hydr oxyphenyl ) (4- et hyl phenyl ) nét hanone

aceta(elaummatgrr The@8gamoplayer Wnasmpmted fanfr WAShﬁdsmddw/e@r @EMQa, brine

then fided Gier oo o AleionSeniGRB, THE iR H s Rt setrpn

chrorh8Fa By e BAUE €0:31 dild tlhE @é}gé’t\ééfﬂfobﬁﬁﬁ (12859 §om

tenperature. After the volatiles were evaporated under

t res I tloned i n ethyl
mﬁa] &ﬁgsgm{' e ;‘ﬂéy%e Bg‘ﬁ% (\ﬁla%l ers 2t\l\£38 separ ated and
ethylw@;&rgvgﬁhemom)cyabmmeﬂe mmbtmbmuishﬁahyrene)mmeéne 27

and concentrated. The crude product was
purlfled by colum chromat ogr aphy (PE:EA = 10:1) to
give the target conpound (1] 659 g). [0177] ((I
S, 2S, 3R, 6R) - 4- (benzyl oxyngt Ny he oro- 2- (4-
et hyl benzyl ) phenoxy) cycl o
1,2,3-triyl)tris(oxy)tris(
[0178] In a argon, strear
1S, 4R, 5S, 6S) - 4, 5, 6-t ri 5( bénzyl oxy) - 3-
(benzyl oxynet hyi ) cgabohgx-2egnol (0.5 g, 0.933 mmol)
and triphenyl phosphi ne Ggg7 ng, 1.400 mmol) were added
to a THF (6 nL) solution of
4-ch|oro-2-(4-ethy|benzyl)pgenol (345

[0178] In aargon stream, (1S,4R,5S,65)-4,5,6-tris(benzyloxy)-3-
(benzyloxymethyl)cyclohex-2-enol (0.5 g, 0.933 mmol) and triphenylphosphine (367 mg,
1.400 mmol) were added to a THF (6 mL) solution of 4-chloro-2-(4-ethylbenzyl)phenol (345
mg, 1.400 mmol) at room temperature. DIAD (0.276 mL, 1.400 mmol) was added thereto at
the same temperature. The reaction mixture was stirred for 48 h. The reaction mixture was
concentrated under reduce pressure, and the obtained residue was purified by prepared LC-
MS to obtain 157 mg of ((1S,2S,3R,6R)-4-(benzyloxymethyl)-6-(4-chloro-2-(4-
ethylbenzyl)phenoxy)cyclohex-4-ene- 1,2,3-triybtris(oxy)tris(methylene)tribenzene (27).



ng, 1.400 mmol) at roomtenperature. D AD (0.276 nmi,
1.400 mmol ) was added thereto at the sane tenperature.
wab@oona@st i on m xture was stirred for 48 h. TheCT/US2008/086472
reaction m xture was concedtrated under reduce
“n7ﬁressure and_t he obtained residue was purif

d ed b
r eﬁ%&?@%&,@)&)ﬂé'rtﬁls(i)sr;zy,l@(y@-ﬂ-(benzyloxymethyl)-6-(X—chloro-2-(4-
=4 oxynet hyl ) -6- (4-chl or o- 2- (4-
ethyl{é%@ﬁ%#?&'?ﬁ%ﬁ%%@%%ﬁ ohex-4-ene-1,2,3-triyl)tris(ox
y)tris(nmethyl ene)tri benzene_ (27).[0179]
(1S, 2S, 3R 4S,5R 6R)-3,4,5-tYi s(benzyl oxy) - 2- (benzyl oxy
nmet hyl ) - 6- (4- chl or o- 2- (4-
et hyl benzyl ) phenoxy) cycl o j) 28 [0180] To a
stirred OOC THF sol uti ot
((I'S, 2S,3R 6R)-4-(b ylQxyoet hyl ) - 6- (4-chl or o-
2- (4- et hyl benzy! B9eno ycl ohex- 4-ene- 1,2, 3
-triyl)tri s(oxy)trﬁgﬁéx tgge) tri benzene (27, 150 ny,
0. 196 mmol ) was added drlopw se BH3OEt2 (2M 0.98 nilL
1.962 mmol ). After sti 9 g for 2 h at 0 0OC, the
m xture was warnmed to 25 0C and stirred overnight.
H2O2 (30% 4.2 nmL) was added8 followed by added
aqueous NaOH solution (IM 3.93 nL, 3.93 mMmuvl) to the
[0180]eaTé actirrad 8 PGrIdIRsolikidn of Af 152S,8RIGR) ett-@eadldo R yindath y1}-b€4-chloro-
reaction mxture was warned to.25 0C and stirred for 3
2-(4-Hy pEr RO I VelS e)ﬁéeqeeﬂe%agwﬁﬁaaﬁ%%w(wﬂwﬂqnsitegmme (27,
150 %"6.1%%1) v@zi’sfjadﬁ?d al%?tv?s@ B’I‘Idet??M,l 0.8€ 1124 ©68 IaiolFOAfrer
). The or'ganic layefrs were washed wth water and
stirrifyg fon@ hpati0RAC, the rixyire gvas varmedtoyZr Wlignd\az@dbveitinght. H,O0, (30%,

4.2 n{h%%a%?aﬁd&?gfouﬁvre@];y%dgg a ureg sal(lgbhvs%lu 1%%(&1563 F9)I’;_' HTL,]’.’;.§3 mmol) to
the rdabordRixdie40058, Gfler 3othpRid dddstdRe feMbX¥h méxture was warmed to 25
(benzyl oxymet hyl ) - 6- (4- chl or o- 2- (4- et hyl benzyl ) phenoxy
°C andosjicted HenxamoTh¢ e@ytior] WasBgenched by addition of dilute HCI (1N, 10 mL) and
| R 2S, 3R.4R.5S, 6R) -.4- (4-Ghl - 2-(4-ethylb .}, ph
extrafdod R R GRS SR RO L i Clab i Mo RSP 8 an
brine3%i0P fo &ZIngldebntBirolsNE90,. TEidYREiIahe (is purifieiShyastepdative TLC

t he fl ask cont ai ni ng

h
(EA'RE s b&vaRrtashtair S5mps gff @%ﬁ&ﬁé@@&ﬁ&)@@)tﬂﬁb@mw&xy
- B | -2
(ben RIS {EeRE O3 £clifnenzyiphengxyloyclohexanol (28).,

mmol). 55 ng of Pd/C (10% was added in one portion to
the reaction m xture. The m xture was degassed five

[ i j [ stirred
(0181, TER IS SRAES 00 A REARER (R BaPATHAGMR>
(hydroeymethgk)eychoheXines- 2 3cS-tetraol®Xt ure was filtered and

concentrated, and the residue was

Cl

OH ‘ g
HO ©
HO" “'OH

OH

29



purified by preparative LC-MS to obtain 25 ng of
(IR 2S, 3R, 4R 5S, 6R) - 4- (4-chl oro- 2- (4-

weehhbssryl ) phenoxy) - 6- (hydr oxynmet hyl ) cycl ohereres1002086472
3, 5-tetrao| (29). 1HNWR (B20O): d 7.22-7.2 (IH d, J =

9.2 7.17-7.11 (4H, q), 7.08-7.06 (I H dd).

01824, 9124- Bl (HFFPnddmetjlgnolé L 33 ) ?gd&dio %eﬁ%gc?rﬂﬂfmftg the -
(1528 RS Gy il o S 6
ethylBen3GlysheRbx )t lolmdxand (B%-53.158 (M4, mop]). 5552 aflékec«w%) was

, 15 1018
added oo iR e cadi gl o LR T R B A S B RYFS Bith F
and t}{é%glilﬁﬁ%o b@ﬁ@lar{:\\é&é abR¥aA8ed an a@mgspieie%ffmoﬂor § %oa)c ambient

npound 30 was prepared by a method anal ogous
temp@retuteh aThms@mbnuuumwaxﬁhpneé and coroentNR, (aDd d)e residue was

purifigd § pfsguibp GC-ts 1 obtan 5 b o (B 243804 356K 4-iaro-2-(4-

ethylgerﬁylb@eggﬁy)ﬁ(}ﬁzdﬂ&yfﬂ gl)‘cycléhexaﬂeii pin 3~tet1410@829g 2 "H- NMR (D,0):

6 7234702 (134673 %%H(Igﬂ 17rr)7 113484498 7<’>‘I8~7 pﬁl(lﬁ’b dd)6. 8%“(291561}1 d,J=
3.2 H%ﬁ'j A étOfg)(@otl%S grogt ¢ ohs])bfgz ]3 4P (I8 'th), 8)69~3.665 (1H, dd, J
=10.§] Iz& 21@) 3B, :@F()2H4m()33 §3-3x300IH) enz e bsehesyin,-o; f.5uar46 (1H,

6- dr ox nmet hyl ) cycl ohexane-1 ,2,3-triol (31)[0186]
tt), 1%3@% - was added into solution of 2 (30 ng) in
CH2Q 2 1 nL) at -78 OC under an Ar atnosphere. After

2 h, I\/EC]—|(05rrL) was added to the m xture, which was
then warned to room t enpiéxaanpled5 Sat. aq. Nad (5 nl)
was added into the residue, and the m xture was

e ARt SR A P S

(hydrékﬁﬁahxggycwhe%m TH5 fedadl,(3). M), then treated wit h
Pd/C 1 10 n) under a H2 at nosphere. After 4 h,

compound 31 (1.4 ng) was isQlate pr epar ati ve HPLC.
1 ;

1 NVR (300 Mz): d 7. 18- " 3.90-3.86 (3H,
M, 370372 (1K ), L 3QH N, 2.62-2. 54
(2H, g, J = 7.5 Hz), §E 60 (2H m, 1.53 (1 H m,
1.20-1. 17 (3H RN ). MB (ESI+) . 375 [MeH +,
392 [MH20 ]+, 416 [ oH +.

30

[0184] Compound 30 was prepared by a method analogous to that described in

Example 14. '"H-NMR (D,0): 6 7.24~7.22 (1H, d, J= 8 Hz), 7.17~7.08 (5H, m), 7.02~6.99
(1H, d,J="7.2 Hz), 6.83~6.79 (1H, t, /= 7.2 Hz), 4.14~4.09 (1H, t, /= 9.2 Hz), 4.03 (2H, s),
3.94~3.87 (2H, m), 3.68~3.63 (1H, dd, /= 10.8, 9.2 Hz), 3.46~3.38 (2H, m), 3.34~3.30 (1H,
m), 2.62~2.56 (2H, q), 1.53~1.46 (1H, tt), 1.22~1.18 (3H, t).

Example 16

[0185] Preparation of (1R,2S,3R,4R,6R)-4-(3-(4-ethylbenzyl)phenyl)-4-fluoro-6-
(hydroxymethyl)cyclohexane-1,2,3-triol (31)



Exanpl e 17 [0187] Preparation of

(IR 2S, 3S,6S)-4-(4-chl oro-3-(4-ethyl benzyl ) phenyl ) -6-
w@ Rdogorasset hyl ) cycl ohex-4-ene- 1,2, 3-triol (330CT/098834/086472
At -78 C, under Ar, BBr3 (6333 nL) was added dropw sed
into solution of 3 (R=E) (122 ng) in CH2A 2 (5 nL).
After st sat. aq. NaHCO3 ( ) was

i e, which was then marne 0

BnO'ex i i yl 1anasate (3 HoTIONm Rve oRtred

., extracts were d d over Na2d .concentrated
pur OBhed by preﬁaﬁ‘ZaF? eHPLC, tHO'pryvi e 18 ng of
conpe®md 32. 1H -NWR (400 MHz): d 7.330W.30 (2H, m,
7.25- 7.22 ®HEtY), 7.10 (4H, s), 5.85 (IH 1, 4.58
(2H, s), 4.51-4.49 (IH m), 4.12-4.01 (2H, ¢q, J = 15.2

[0186‘]'2) DA%TB@ fig%éas(ahhtd b soiutronAof 21;@0 i‘n}%‘qﬂ CH§cgfi1 %ﬂg%t 78 °C
undet an e atnﬂ)Sﬁhem) Afe2 h,z_Mie@ﬁ (0 5408) [Jvmamtepm t}[e(mem}re Nobich was

| ut f 32
then GRHP AR & 4o o NECT el Vet o UgPafiy and the
mixtite %%ric@ecﬁvﬂk}th%&e&@éj@@( I(Pm![J)‘ eTHé SdHbifed %aﬁf% MBcts were

then warned to rt. Sat. n.) was

evapQraigdy and th@@Sldaﬁ ovas Id@sealq@pmee@Hr‘ HB bl hasméxy there trezded with Pd/C

0 Th
0% Yo B F 0t o PESURSRER, ArRAT s BePR T 058 BhFRMhGa vy
prepabe)}tlvféflﬁﬂﬁt at‘mwﬂemot?w%ig QM U7 bl&SHymt,DB 9003187@93:1{1 9)33.77-3.72
(1H, m) 5?961¢3§gk(3(11 1), %)62 U35 EH, HH/ 27}5 Ha) 23542, @@(?((Pbm) 4.5311H, m),

L20F17 63 g = i fte ﬁ.ﬁ@ B, 5 h%zw*“”ﬂ@wif%@% LS
[M+qH322~JﬂH]Is (3H, t, = 7.6 Hz); M5 (ESI 4) : 391 [ MrH +

408 [ MirH2Q +. Exarrpl e 18 [0190] This exanple
illustrates the preparation of

(I R 2R 3S, 4S, 6R) - 4- (4- cht- ORI 164-
et hyl benzyl ) phenyl ) - 6- ( xy t hyl ) - 5- net hyl enecycl o
hexane-1,2,3-triol (3 as outlined in Figure 7.
[0187] mmaratm@fa(ﬂrﬁl?éﬁsl@)a%w -gigorot hréd- sﬂlyllp@nmmemsﬂ) 6-
hesi confirmed using the
(ﬂuor?%%ﬁ%cﬁ %&‘6 '8181% éejdmxf)ﬁﬁ dat a were acquired on a

Var i an l\/brcquy 300 spectroneter at 300 Mz, vvlth

DAST

[0188] At-78 °C, under Ar, BBr; (0.33 mL) was added dropwised into solution of 3 (R =
Et) (122 mg) in CH,Cl, (5 mL). After stirring fop 2 h, sat. ag. NaHCOs (1 mL) was added to
the mixture, which was then warmed to rt and extracted with ethyl acetate (3 x 10 mL). The

combined organic extracts were dried over Na,SOs, concentrated and purified by preparative



chromat ogr aphy el ectrospray ionization nass
spectronetry (LG ESI-MsS) anal ysis was perforned on

WO p@bouisent at i on consi sting of Shinmadzu LG | QABC/PS2008/086472
series HPLC punps and duaISmaveIength UV detector, a

HPL&'afp?&veiqqﬁs PSSR Bl QB b, 25

S t t t -
s P SR Bt o e o s

=15. @ms&ﬁ%&@ﬁ (BHSd(htfrﬁ 4 '[IIQe‘I Halk B@SIWﬂW)S@.ﬁB&eSM@H, q,J=176

o), L T S0 R EROT e ant ring

voltages of 5 V and 175 V resgectlvely Positive ions
IOIS%rEh%svélﬁmdafﬁﬁ (O nrg) ondHE0L nﬂB@VW@ates VOtiNIDAST (3 eq, 0.02

mL) %Ejé % o‘;;[,eungi rgftgre %E%"@.%B(Toggﬁn %gc%gﬁlt%’t ef{gg(%ére which was

then WEXASIASH €d Sﬁ a@ I‘@d’-_(%(ﬁ edllyiwasaated !oﬁh@ﬂishlub"zﬂyﬁ tBé aglRous portion
wat er and HPLC rade acetonitrile (B) usi ng the
was erxgmte@wﬁg e@}w&a?eéﬁﬁé wilpmla. fihgomkined of gaiGEXtrECHs: Wage 00

evadeht@(i 6’8%’%’6%5\@ WPas pﬁinqgg%ﬁ‘rep%%t@e }Wo nl?rﬂ?fdgg %T]kg of (())/;)/o

compBufd302] HPNAPR (400 RIS 7.30-7.08(7H, m), 5.85 (lH m) 4.59-4.57 (1H, m),

4R 5S, 6 3,4,5-tris(benz | ox
454&31/1?)6 344 3(2H)q, —152Hz) 3(90383/(1Hy<?dJ 4, 104sz) %/70358

I et hyl I I
GH, FR 724 Z%I%H’s o P L PR AR LR DRE AN Rrd (S ). 1
[M+H]h; d0g[MeHe0¥t hane (4 nL) was added Dess-Martin
Peri odi nane

[1,1,I-tris(acetyl oxy)-I I-d|h¥ ro-1, 2-benzi odoxol - 3-(
I FD- one] (116 ng, 274 nd t he resul ting
xture was stirred under arg on at room tenperature

[0190 orThI!@e’FﬁnPRJ? dlustrafes &emnafﬂtl@p o4 (HDRBI3SHS R )}=4-6¢-chloro-3- (4-

85190 0085 ) -5 GBS IARSI2 By s s

in Figuwre 73 hours. The m xture was diluted with 4 nL ethyl
acetate and stirred vigorously with agqueous 1.5:1:1

[01919] atiyr|ly léQ@'aﬂm@uﬂhE 'sfr@ct&%g Hf @& wadi esme ere confirmed
) Aotre o

bi car bonat e: bri ne erio
usmgp}mbélswm wos&uagsat Hd\IMiRcﬂatzhwelacmqmcml thaYenavaMercury 300

oot 360 i S 765 Rl e i

chronﬂa%’@}){ YOSt nizdtioh ®ds€ ShecRBRACEY @E@@IMS) analysis was
Pr epar atlve C using dichl oronethane as th

perfoaw&

Iblpstnlgn@matmﬂonalsmg efcthigadzinigC{1929) Vm$ertca Pd Ghphmps and
dual xgavs?gengﬁ;‘ fﬁgé{ﬁfec%é aséllfcm'_& ]%_ébut grggher ah§ed§1\g|) S¢ }avaé)gra(tlﬁg]e light
scatteﬁh% .(EES)ldetc(dfﬁr @ida PE/ SAex (AR 13bEX rdasé IpédBonitkdr, The ‘EIS detector
was sgttto a!jemi)ezgtgi; X tg 403‘}(]; a gﬁl@é@ﬁfng(o ’7 ind a Izlz E}irel:gure %tl?% 3 atrh (jl“he
Turbo IonSpray source was employed on the API 150 with an ion spray voltage of 5 kV, a
temperature of 300 °C, and orifice and ring voltages of 5 V and 175 V respectively. Positive
ions were scanned in Q1 from 160 to 650 m/z. 5.0 puL injections were performed for each
sample, on a Phenomenex Gemini 5 um C18 column. Mobile phases consisted of 0.05%
formic acid in both HPLC grade water (A) and HPLC grade acetonitrile (B) using the
following gradients with a flow rate of 2 mL/min: 0.00 min, 95% A, 5% B; 4.00 min, 0% A,

100% B; 5.80 min, 0% A, 100% B; 6.00 min, 95% A, 5% B; 7.00 min, 95% A, 5% B



MS mz 766 (M+H), 788 (MtNa). [0194]
((1S, 2R, 3R, 4R, 6S) - 4- (benzyl oxynet hyl ) -6-(4-chl oro-3-(4
WO edobprdsemzyl ) phenyl ) - 5- PCT/US2008/086472
nethylenecyclohexane l,2,386riyl)tris(oxy)tris(nethyle
ne)tribenzen 19 1. To m anhydr ous. THF in
[0192] lP@Paraﬁ%Pfe @Sﬁﬁl% FBoerP Sgr%ms(h%rgywaké (benzyloxymethyl)-6-(4-

chlorSBBC{4°§h§’lE§fg$’§P %lgl?{élegﬁ@{e[(l\b)ét ed reagent] (179 ny,

101931y o0 BseielipR T fer e 12202 kB orasiBE S aieBterSrpgyhitg @ HhE) was

addedIrD>é§ rﬂﬂﬁﬁaﬂe [1,1,1-tris(acetyloxy)- 1 1-dihy dI‘O -benzmdoxol 3-(1H)-
2R 3R 4R 5S,6S)-3,4,5-tri s(benzyl oxy) 2- (benzyl oxynet
one] |6)m§ 274 p.Mol) and the resultlng mlxture was stirred under argon at room

tempSygE o7 TRBICS OB R & s LR PoRGECBY T
dichla_ﬂoge‘ﬂhahg L) wal af8ed to tHMnituleGi stiRePatdbOR-t¥np&rature for 3

manner. The m xture was stirred at -78 0C for 20
hoursyi Thetraikturg is dieted sadi 4 mé il lacws ap¢ pirveshvigerguslyavith aqueous
ti t e f or. 3.
L5 SR R B S T bl PRSI B Ao or

hour. alildfephaaéwwexlaeemswdi whdhe g udouk @hmswa‘strexem@btéd)wuﬁ @thyl acetate
he m xture was extracted into eth acet ate

€ mIéDnLBhe caﬁquér&%wﬁmre waylad Widls biipes(denl flﬁd ﬁ%hbféroegNazsoo

ﬁlter@f‘)ém% rg% :Bgaé eifée}?%gtﬁ%léfg BL&L? ﬁﬁ:ﬁ @lﬁgtg%eg&%@?%%%m%ﬁ solvent

afforddico | langRsasHpoRebmpbundARa¢ 300ith/slid. dux:NMchsoo BEAA COT];) § 7.35-

. 6 5,14 (s, 1H, 4.90 | H),
690 ynast b 58, 2 F9e (a3 S35 om0, bt lma S0 o4 (higp0, 3.79
: , ) e ; —14 87 Hz, -
e 28001 st ) 2 bty 2 39 o) 13 Bl 1.
ESI-VE4m/(z\H66) (M-718)5 788/@MaNa).[ 0196]
(IR 2R, 3S, 4S, 6R) - 4- (4-chl or o- 3- (4- et hyl benzyl ) phenyl ) -
[0194(31 (fvs! QRm Bs} 3-(Benz Rk hivle ?gcetg -8M18p6a8Le4-dthy BheBzy 1 fhehy1)-5-

To a solution o
methsemysllqhmnss)?- %imﬁﬁnz(ykb)tmfmﬁﬂvle)wbnbet%mﬂ @AY- 3- (4-
et hyl benzyl ) phenyl ) - 5- met hyl enecycl ohexane-1, 2, 3-triyl
[01 95)]t fT@O@ﬁﬂ) zirﬂllyﬁl(o[mil"hm if laﬁv)iil ruhb@razlﬁﬁsgérﬁﬂam&ﬂwag ad&a c‘ﬂ*clo-

i n_anhydr ous inavial at -
dlbeHWébH @ethyknﬂgéwtu@hﬂkkﬁvmﬁhgzw &lﬁmstgtxeag@thWP mgactﬁxl pL, 78
umol @?? lE) el t%ﬂ p}%l?ig fﬁF)}gm@ t%:%?ﬂastn:gggd to -78 °C.

To thigrmaituak ks Wam(amm 4RBSHS)- 3Jag$mse1sam|zy1bng) 2A(benaylex ymsthyl)-6-

(-<tpong-Freehenzamiay By eabananng (MAOTHS | SUE01 B etleanhydirous

THF %@@?g’xﬁgﬁ (PBRLEPLERL UM DRI EBHRASOaknet. Thé mixture
was stirred at -78 °C for 20 minutes, and then cooling bath was removed and the mixture was
allowed to stir at room temperature for 3 h. Saturated aqueous sodium bicarbonate (2 mL)
was added and the resulting mixture was stirred for 30 min. The mixture was extracted into
ethyl acetate (2 x 4mL), and the organic layer was washed with brine (2 mL), dried over
Na;SO,, filtered, and evaporated. Preparative TLC (8:1 H/EtOAc) afforded 25 mg (63%) of
the compound 34. '"H NMR (300 MHz, CDCLs) 6 7.34-6.99 (m, 25H), 6.63 (m, 2H), 5.14 (s,
1H), 4.90 (m, 1H), 4.53 (m, 5H), 4.2(m, 3H), 3.78 (m, 3H), 3.60 (m, 2H), 3.47 (s, 1H), 3.35



added. The resulting solution was warnmed to room

tenperature and concentrated under reduced pressure.
wab@nassdue was di ssolved in 0.5 nL of 1: 1DCMGETE20881686472

Ioaded on a preparative TL&pl ate, which was devel oped

11D, B3 e 40 el 20 AR Bl L I 3% 3P, DL BOE3IS mz

I 4.28 I 3.95 4
764%127’?“@%%551(2 g, 395 (m 1H), 2,58 (9 =

lowécz R4S, SR8 f Fhiees S ey bemibhy o ibtuy)-S-

met cfoHeHlﬂész@ttﬁﬁl 63353 preparation of
S, 6R, 7R, 8R) - 4- (4-chl or o- 3- (4-

A RSP RO SR By

eth lﬂogﬂz@g)'ghen 1 S-meth lenecyclohexane-1,2,3-triyl)tris(oxy)tris(methylene)tribenzene
Y F% 7S 88y 6y7 tri sébenz Iyo)x I) benzy ?,ox )ms

P, 3. 3o o Sidians DI¥P SamahinpoHeiay JS6 wasler & mitogen
blan]Le% l\é}% g&&e%rﬁﬂ(; %PM in IB@I%/P%]%Trngadr\éb%Eé) g&ér}i 5 %m{l{eg dThe resulting

mlxtﬁ(elﬁs&BHBﬂ?aﬁRS@S) fod3( hemasd adyprmivall )Vaﬁnédito -20 °C. The resulting
. chloro-3-(4-et hﬁl benzyl ) phenylze 5-meth cI ohexane
mixtuge wasztirred al {201’k for apoiher B0 spippichy AbHE mg,, % Huliqated that the

t
e e T PSR L SRR 0 (A0 o o
addedJ e fe]sélﬁmgkoluﬂ@ﬂ. wasplaymel! opobmecapaatsitd arfdadntatraidl under
m _nut es. i odonet hang

reducgd presgpise [%é‘ﬁ dest Waé&!ﬁsél"ﬁéj Ny anﬁf e%ﬁ%ﬁ@@%&épaﬂed ona
prepé}hﬁ’\l}g TLé%‘fé?t@ fvﬁﬂa%aé &’év%gb@ﬁl Vs ( ﬁé@?ﬂ/ﬁé@ﬂig tB/‘aném 9 mg (71%) of

di met hyl “zi nc nor e uivalent In two batches ov
compt@intl 36ras pesrluucd))hdm’d-l NMBd36&:Midn €135 @aa%ﬁaﬂ%(m 7H), 4.80 (s,

1ED, 3 G o Qs HHbos 68 i SRL 22ty g6 RBURS 189258 =72

Hz, ﬂ?)agtszﬁl 1 ?tlufsa(tteﬁ=$%|flﬂ£'3@lj PNESEMS iz a3 %_M@-Na?dded
and the mxture was stirred for 30 minutes.
m xture was diluted with water ( 1 nL) and extracted

into ethyl acetate (3 x e conbi ned organic

extracts were washed V\Atmbé%léhfurlc aC|d (1 5 m_)

sat urated NaHCO 3 and bri réig'p
[019§]Na§§®45}‘amf’1elﬂchéi’“@%FSéli‘FdPréﬁafIbt&nane(ds 5[5 é&%ﬁ&@@m -3- (4-

BRI o et 00 AT YRR o i

8 (4S,5S,6R 7R 8R)-4-(4-chl oro-3-(4-ethyl benzyl) phenyl) -
8-
[0199] (4R,5R,6R,7S,85)-5,6,7-tris(benzyloxy)-4-(benzyloxymethyl)-8-(4-chloro-3-(4-

ethylbenzyl)phenyl)spiro[2.5]octane (36):

[0200] To a vigorously stirred solution of ((1S,2R,3R,4R,6S)-4-(benzyloxymethyl)-6-(4-
chloro-3-(4-ethylbenzyl)phenyl)-5-methylenecyclohexane-1,2,3-
triyltris(oxy)tris(methylene)-tribenzene (34, 25 mg, 32.7 umol) in anhydrous toluene (2 mL)
under nitrogen at -10 °C was added 2M solution of dimethyl zinc (146 pL, 291 umol)
dropwise and stirred for 15 minutes. Diiodomethane (47 pL, 583 pmol) was added drop-wise
and the resulting mixture was stirred over night. 40% product formation was observed.

More dimethyl zinc (18 more equivalent in two bétches over 48 hour period) and

diiodomethane (35 equivalent in two batches over 48 hour period) were added and the



(hydroxymet hyl ) spiro[ 2. 5] octane-5,6, 7-triol (37):
[0202] To a solution of

W@ 2RIBRS6R, 7S, 8S)-5,6, 7-tri s(benzyl 0XxYy) - 4- ( benegT/UK200$086472
hyl ) - 8- (4-

reactpg i SOYGComRGIANeT I HOU 2 sz? S Shiieipd Seloti ORALCI (1 mi)
was JH%EJP Qﬁkﬂhe (ngx&rmwlls gafgfj%inﬂmﬁesd il rﬁ’ﬁ(ﬁﬁg B%€BRuteavith water (1

mg of pall adi um on
mL) Erhh@«tnaaﬂed @ﬂt@%hyl 3,'¢aeatcr(3(x lll mel wshesbmbired ongrober extracts were washed

with POPRBIEE foift bt S A" Sieied e A FEaand Bt ) e
(Na2§(m)l m&e@ﬁhsh &NBofaRldl tPeeaadiveas (NS hBSkank bihy MRIRAS ot ded 85%

. Sol vent was_ evaporated under reduced pressure
commnud ﬁﬁ@/hﬂ@swmed\/égeqmrmﬂhwxbrﬁam@par ative TLC plate
(8:1 DCMEtOH) to get 4 ng (379 of corrpound 37 as a
020 MRdR 4&!(\4?&(1 thyloEk §J 6.85 (m
[ 1/yh E4tS 8112- ((\ng_B g@g T) 3.35 (d,
(hydrpxmsthyl)mm[%ﬁi}octageéé 1@1011379 11.1 hz, IH) 2 62 (q, J
= 7.5 H, 2H), 2.06 (m IH), 1.21 (t, J = 7.5 Hz, 3H),
[0207]). 400 é@bluhbh of GIRZSR 6R175.,89);5 QMﬁﬁbérmyldxbi) A-(bénzyRx y(riwthyl)-8-(4-

npl e .20
chlorpt?z@sqthyrlh%zyaﬂamyﬂ)éplm ?giqcltaaxeé%@@ﬁéng gk eu%El)e(ﬁwé a mixture of THF
(0.2 BLSRRY AEHAR19D. 8GRIPR Yhded § B- cnclﬁ&)obelﬂé%ﬁ%s ¥ &3 ahb19 ollowed

by 14 inR 02 PalBdiutiRoh Rh&S)al 41 {°4). chheamoetide (Whs etlhyd beder | Afmpbsprhygre of
hydrcltgg;z gér] 4‘0( dr{u%)é)éggpg%/l?(%lﬁg \%}aso P Ieé(rgé] ﬁuoug a smal padr oafoéellte ina6mL
synnéé"%cf’bﬁe eRlitepas: V@asthsﬁ&p@HK }ﬁe?d%)ﬁbl' i rﬁpfv‘ NGt WHB e ok &¥d under

Ccl ohex- 2-enone[0206] To a solution of
reduced ra$S)ré Spd Me- r531thu}qu®qynﬁ'wp(oplm¢garm HaxXy platee(BHYyPTM:EtOH) to

st 4 T s PO RO ST cHERY P a8hE LBER) O fg-6.85
(m, 7§Hd43d1 ts; DA, Laoson@@eztﬂ)% wgmdﬁp 335 @3X=5. gHz2:.212) Utez (d J=11.1
nol | oned dition of pyridine (14

hz, um frEL(q, —87952Hﬁn2f)1) 3t06r(nbr}Hﬁ drplettal ur7é Haddh), Qﬂ@ém, ?H), 0.29
(m, lﬂig[) que¢1c’hg{c?vvztj)bflz’z:l6t bt ?@nig Elggg)l é S?QM6FII)_ r()'l(ﬁ'fl +ﬁa)'

organi c | ayer was separat ed and the aqueous Iayer was

extracted with nmethylene chloride (3 >< 2 L). The

conbi ned organi c | ayers hed with sodi um

bi carbonate (sat. ag. 3 x 0.5 L), brine (sat. ag. 3 ¢
[0203]. OThiy exainpledllwstretes dwdangmissalt peeparatibn bf evrepbuadd (R = Et).

concentrated to give a yellow oil (476.7 g, purity of

[0204)0%PrepagatiorBer’@l R, 2R, AYBR(SRI6K R 4-(4RR10Vb18) (4-AhyIbéRzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol

5 (R = Et)

[0205] (1) Preparation of (4R,5S,6R)-4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)cyclohex-

2-enone



7.48 (m 20H), 6.26 (s, IH), 5.15 (d, J = 11.2 Hz,
IH, 5.05 (d, J =10.8 Hz, IH), 4.95 (d, J = 10.8 Hz,

WO R09/0265307- 4. 81 (m 2H), 4.72 (d, J 11.2 Hz), BCBBESI085/086472
2H), 4.40-4.42 (m IH, 4.38 (d, J = 16 Hz, IH),
4.03-4.13 (m 3H). [0207] (2) Preparation of
(4-chl oro-3-(4-ethyl be P) magnesi um bromi de
[ 0208] Magnesi um powder (34 1.446 nol) was
charged under argon int®@n@"'t eéoeﬁked flask foll owed
by the addition of a portion @d, a sol uti on of
2- (4-et hyl benzyl ) -4- brono-1-chl orobenzene (122.5

[020@} 39[% gfgg;%l%gbtfgﬁ%e ?glzggtsq{fd%%ﬂf ﬁ@ﬁ&gﬂg oﬁ%)Hgietﬁgﬂ-z 3,4-
ms(phegylgnehomécywzhe&ah-ﬂ one €580.g,andb5 lambB in agdreusmethylene chloride
(3.6 | Divhd Adellif oot atae Mt e @%ﬂfgfﬂﬁ%ﬂ%%%%[?fouw& by
addlﬁ‘&f'cYﬁ eiare (1447 Bl 94Pmir; ¢! I@b@ﬁﬁ)@ﬁﬂ 4841k t&l%f'e?atgré?tmdgr Z’%@n The

) i'n anhydrods tetrahydrofuran (0.81 L) was ad
mlxtulreom stigred Throom temperature fort24dnangll qU@mEh@dtb(y addidion olf me water (1.0
h de fl
L). TR oS Shel it St artipdli Wi methytene
ch1oxﬁdd%ﬁ,34& 55 oM c&n&n@d biighsic DAREYWEre Y asBed WRK s3dth0IERbMte (sat.

chl or o-

2q. 3040 803 96 Ry b ceomese s2dismon b1 Glterpand concentrated to

e SANPLI AREAS gl AP gBR BN Rt 5726

7.48 (1 N}D)eﬁzysl(gnﬂ) 315 bagwlnzmthyls)@:sy(@ SDI&GDO-SZHEHIHT)G4 95 (d, J=

108 Sqé@ }Ié}ay‘g%‘i 1 %I?D ) 7L2)(duhﬂé|1 Zd%@oﬁ 5§l(ssr?(ﬂ9nf" 40-4.42 (m, 1H), 431

t r C) and the m xture was stirred
(d”]fggngiqkﬂAﬁ%%%qﬁﬁﬁké?%rlde (ag. sat, 100 nmL) was added

nd m xt ur cte acetate (3.c
020" LD erirafiopiat behiafes G Shebulprimhmesenom Sofnids s
L), dried over sodiumsulfate, filtered and
concentrated to give a ye 644 g, yield 909%.
The crude (IR 4R, 5S, 6R) - §( benzyl oxy) - 3-
(benzyl oxymnet hyl ) - | BtMgC = 3-"4- et hyl benzyl )
phenyl ) cycl ohex-2-enol was used directly in the next

[020% e?%g‘%u(rﬁ%bavhel(@ﬁ 2)g, 1438 Y89 dharddd naM* %EM inté Qfiree-

Pr epar ation of
neck@ct kA6l & dR) the-akditiny lob x pomtioh\olf g sdlufida oh2-¢4-eti3iHehzyl)-4-

thyl.b CV.GJ - 4- - 1,2,3
bromby PYRBSBRNZeB L0 & B ROlT Er S s Beiphaan 04 D and 12
d1broHdeﬁ‘IaHé’ (=89 gnﬁ34 #87 0919 mo?R 9rhé ixturd 'V\Alg' @lezﬁ@c‘l to I%ﬂﬁﬂ hnd after

and boron-tFifluoride etherate (205.2
reactipnjuigatigy (ertheql)uc\ngd eommag@lsymg)d@e dest pf t_heaolutlon of 2-(4-

ethylﬁgr{zu IAP Qromo 1-chlorobenzene (245.0 g, 0.796 mol) in anhydrous tetrahydrofuran

(0.81 L) was added dropwise. The mixture was then allowed to react for another 1 h under

gentle reflux until most of the magnesium was consumed.

[0209] (3) Preparation of (1R,4R,5S,6R)-4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)-1-(4-
chloro-3- (4-ethylbenzyl)phenyl)cyclohex-2-enol



(IR 4R 5S,6R)-4,5, 6-tris(benzyl oxy) - 3- (benzyl oxynet hyl
)-1-(4-chloro-3-(4- ethyl benzyl) phenyl)cycl ohex-2-enol
W@ 8400560 crude, -0.723 nol, leq) in nethyl enkCT/US2008/086472
chloride (2.6 L) under argénh at -20 OC and the m xture
stirred over 1 h at -20 OC. Annonlun1chlor|de (aq.
sat., 100 nL) was added and eC Fe~was extracted
wi th et hyl ene chl orj de (Qﬁ @ e organic |ayer
was washed with Bn®Pne dri ed over sodium
sul fate, filtered ?Q? -c&gtrated The residue was
purified by recrystallikat in refluxing anhydrous
et hanol /i sopropyl et he?B1 o give a white solid (513 g,
urity of 95% vyield 95%. [0213] (5) Preparation of
[0215]| RTQ@Gglgnam rg&eaﬁyom the Previons §tee way hddegd)drgpwise into a solution of

R BREKS B sl s ol BaPramy e ol Sl (B0 T o

punty 0. 89 thal) yae! hugHyd i )tetfalay@rl)fdrran 1. 80 uhddr argdn rdonBsmperature

dded into the solution of

(abm(t(ll5 F3C2 gngthegritige Bep streskipmd bhAmmonium gomda(ag- fa-100 mL) was
adde? M) %gd(r% %‘f %’:Qr/tt% e?.lx’? kho«%}ﬁﬁ a)%{:tg{eg(% Ie%)e 3’[1%e1%,rgamc layer was

wasthJ Mﬂh}brﬁhﬁ (9 5%.5 0), @151kd Eimér, soll@en sufack, Kiltbfet und bondehirsted Begive a
in tetrahydrofuran [

0. 326 mol, 0.5 eq) in
yeloy il govick S0, Mt ds | Re L3S AR B A GRS raiony -

Con Sy P BERRUSS0R00) Mk S99,3 S R g

in the ext pteps M8 €ESI) (nive): 782¢(Moil 8) eZ&h@aH 20Ut 2-2. 5 atm
The m xture was stirred for 40 min at this
e

21T R AR RSREAS O e iR phed syt s

ethylbénzgbpimayegcloheas #-caad , D ui @ ris(0xy)Bis(DEthykne)itibenzeneC)
sol ution of sodium hydroxide (78.1 g, 3 Min water,
1.953 nmol, 3 eq) was added, 30% hydr ogen
per oxi de (442.8 g, 438 4 , 20 eq), and
the m xture was ool 2 N oom tenperature
overni ght. The reactl .' xture was acidified with 1N
hydrochl oric aci d Br®@ pF6 ‘ard t he sol vent was renoved
under reduced pressure.ostter (5 L) was added into the
resi due and extracted with ethyl acetate (3 x 2 L).

[02123”1 eTAEBASIlfhel (YR &, Y8 Bnit2$ 28 ¥l hed)rdndBofon-$ifluokide etherate
ried over sodi um sul f at e, filter ed and concentr at ed.

(2053182045 rdud Ad@snqlu? pq) were syccessive)y adderliinta isohution oét hy |

RSB ERBA YD Sy plaet aiRaig o v °

ethylb%&ﬁﬂhe@ﬂ)cﬁlcﬂﬂﬁ%éﬂdb(ﬁl@f 0 gromgtie, ~0.723 mol, leq) in methylene chloride

(I R 2R 3S, 4R _5R 6S) - 4- (4-chl gro- 3-(4-
(2.6 L) under argon at -20 °C and the mixture stirred over 1 h at -20 °C. Ammonium chloride

(aq. sat., 100 mL) was added and the mixture was extracted with methylene chloride (3 x 1
L), the organic layer was washed with brine (3 x 0.5 L), dried over sodium sulfate, filtered
and concentrated. The residue was purified by recrystallization in refluxing anhydrous

ethanol /isopropyl ether to give a white solid (513 g, purity of 95%, yield 95%).

[0213] (5) Preparation of (1R,2S,3R,4R,5S,6R)-3,4,5-tris(benzyloxy)-2-
(benzyloxymethyl)-6-(4-chloro-3-(4-ethylbenzyl)phenyl)cyclohexanol



et hyl benzyl ) phenyl ) - 6- (hydr oxynet hyl ) cycl ohexane-
1,2,3 ,5-tetraol [0216] To a sol ution of

W@ bRIABSSR, 4R, 5S, 6R) - 3, 4, 5-t ri s(benzyl oxy) - 2- (PETNBY1008§86472
met hyl ) -
6- (4-chl oro- 3- (4- ethylbenzyl)phenyl)cyclohexanol (60
g, purity of 98% 0. 077ppn0l &5 '
t et rahydr of ur an: met hano (600 nm.) was
added 1, 2-di chl oBoBen3 1. 57, .54 nmL, 0.82 nol,
2 eq), palladiun1o§($. o-n, 109@ 4.8 g) and was
stirred for 4 h un a pherlc pressure of
hydrogen at room t enper ure (about 25 0C). The
mxture was filtered and the filtrate was evapor at ed

[0214)o Beyanederahydegifuren gomplek ¢WMon tet{abpdropuam) (1. 3[1d2117302(m91 2eq.)

was IEBRAEIORBlon(of (1R 28,38 6B 6 RengvloxymethyD d(4-chjong-3-(4-
ethylBbiy)BRERY) Jyllohey4) e dl mem@r)msto %tﬁs@nétﬁjlléﬂé){nbenzene (513 g,
tetraacetate $19) [0218] Acetic an %drlde

purity of 85%; 0.6p1 mpl,qhsn) angddithigm bogoRydaided é@@%\éﬂmgﬂtrahﬂf@ﬁnan 0.326

mol, (¥} i uifyifout ity Broffrall Y 1 hisF Solon 80 °G into a high-preggure

reactés)staigless saebdl @eksel, and the hﬁxﬁreswhyhéawal tofaboute70aBO Y€ witershpon the
oi . (1R 2R, 3S, 4R, 5R, th% 1(
PresUFeA| tb%??f%’j reachad abey @mtjn eLheryixiws yie stied foy 40 amigsat this
I I
tempBfifirs) The RapiorPl 58 napgo R (fRop Epbitp indihCeohtint were
transsﬁdrreldrted tmenml@ﬂtﬂask artdamanletdemp?e@ A .uAeoldTe’ Gispiutioe ofvesdium

amd |ed h INh aci
Y GREB T Bl ek ool ) PR Ao Rl Vs ydgosen
peroXidé @QlZ'ﬂ—é 4381480, PYST m%P QD‘éED SH4 E}fétlﬁrxufrb a8 %ﬁé‘wéﬁ‘ﬂ) warm to
concentrated. The residie was recrystallized

roontbiginperatire phemight. et wcacivatraixgir¢ way acidigied withol NLhyglrochlorlc acid

o pif g e ey Bt RE S FRRPEER SR iy R AR ino e

residéé hitV\@dracRd Gae ethel dcead (8 &nZJE)” army §Qﬁ@ Tayérsfivdre wikNed with brine
white solid (42.2 puri of 99.4% vyield 88.7%in

(3 x 1\, dsiedpypr so[dggrl gl}l%{t@)ﬁlﬂbf a:pnmtrgﬁed The residue was purified by

recr}fsga_ l)z_%ﬁ ?Igl% de%lg&l e%cyc v%legralﬁéﬁ(? 1(113,/ g %Xci gft%%{fg P GJﬁRGY solid

(314[7Cg2§Gz}uyTof9a*V§tyie1a e@i%;;ol ution of (
1S, 2R, 3R, 4S, 5R, 6R) - 4- (acet oxynet hyl ) - 6- (4- chl or o- 3- (4-

[0215F h?’ég gﬁ)‘i&&%gg)‘d&%i’%%@ﬂ?gg 6 J43(4 hﬁ&%fﬂ?-

tet te ( nmet hanol
ethylberizyl)phereyd)- @d@ddomththyhcwldh@oanelé 2(,1;5)4\1@&101 12.6 g,

0.315 mol, 2 eq) and the m xture was refl uxed

overni ght. The m xture was g |d¢;|f| ed tQ pH 6 with 1IN

hydr ochl ori ¢ acid and ﬂﬁb i er € renoved under

reduced pressure j di ssolved in

[0216] To a solution of (1R,2S,3R,4R,5S,6R)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-
6-(4-chloro-3-(4-ethylbenzyl)phenyl)cyclohexanol (60 g, purity of 98%, 0.077 mol, leq) in
tetrahydrofuran:methanol (v/v =2:1) (600 mL) was added 1,2-dichlorobenzene (21.5 g, 16.54
mL, 0.82 mol, 2 eq), palladium on carbon (10%, 4.8 g) and was stirred for 4 h under an



ethyl acetate (3 L), washed with water ( 1 L), then
wth brine ( 1 L), dried over sodiumsulfate,filtered
wapaooissent rated to give a white foam The f OROT/WER08/086472
recrystallized in refluxinglethanol/ water (v/v = 1:3,
20 ni/g (crude/éxtvvl ce to give a white solid (58 g,
atmogmwyr%ﬁﬁurg@f ogerEat doap dgmperatire pows 25| 6221!%6 Ktyre was

ﬁlter?&(?lz&’ 8 ﬂn'ﬁ%tg ?Jg'é g%%%ﬁ&gg@g&’%&%%@g &?fgllow 0il (80% pure).

0217}, Sk S B R A B et r st %‘)’(Ei(ﬁﬁg e
ethylﬁéﬁyﬁﬁié@lﬁ%?%ﬁ% %ic 3%‘?&%“%5&{4@ (1@) y

exane- 5-tetrayl
tetraacetate (38) [0223] To a V|Cgorously stirred
sol ution of ( OAc
1S, 2R, 3R, 4S, 5R, 6R) - 45 ( 8«
chl or o- 3- (4- et hyMﬂenz

enyl )cycl ohexane-1, 2, 3, 5-tet

rayl tetraacetate O@ 48. 7 mmol ) in acetic

acid (5 nm) was ac1°&c 69(172 nmg, 0.58 mmol) and

the mxture was sti rreooﬁ‘cor 22 hours at 125 0C. The
re was cooled to roomtenperature, dilute

[021$\lat éuceteczglhw@)ld%%‘i St b0 elekOga, lgé%thamrq%hylzmme

9 30 e L R g 0 A L AR 0 . 385

mmoiil0.05 ef)ivesde addred SOy té b béleti@dordd abone emtie ail €IR, 2R 3S 4R,5R,6S)-

ar ativ er et hyI cetate) affo
4Gt %b@rzylsﬁecﬁgéphe@d ﬁﬁ/ %&Eéphsxane 630 §iraol (0.077
1 80 elchlordd@ 2360 mP5 SRR @ L) PiheTHrixt tirred
m(’#’Mﬁ] 22- o o e (IR 2S] %R RIS G et PlheRhixture was stine
overmightyat foom temperature The mixture was acidified with 1N hydrochlonc ac1d topH 6

wnd ST Bl eyl S Hbenzy L PN S IR0PTS 3 e
soduﬁf?‘s@ﬁté” %lé%%d(%&cé‘mﬁt%ﬁ ergy Yéﬁ%fu@)(’\l'ak rgbrgﬁal(lﬂe@iﬁ%m@e n

zyl)-4- chl orophenyl ) cycl ohexane- | tetra
ethanodethyhasstate €/( 38)1, 130l /gysrudd)). 6Th¢rﬁrS) soligs Ivtpmbar@csatt)SS °C and

the nft P TsRAFORT R W RE & 587 s ol i ol o room
tempa@hie i@ K ® gavt & whitk Bolld\4)ds, gﬁgtwﬂ@ %] ﬁel@m i%en two steps).

sol vents were renoved under re ed pressure.

es [ t t
oo S S R S PR o
(hyder%iet(t@l‘)bydﬂoheiane 824 3}raol7. 35 (3H, m), 7.22 (H, d, J

F), 7.18 (IH d, J = 8.4, 1.6 Hz), 4.17 (2H

S) 391(2HdJ:32|—|Z t, J =10.4

Hz), 3.49-3.40 (2H m OB, 2 57-2.52 (4H,

M. 1.55-1.50 (1p | 1 [MeH +, 443

[ MtNa] +, (ESH 485 [

HO"

[0220] To a stirred solution of (1S,2R,3R,4S,5R,6R)-4-(acetoxymethyl)-6-(4-chloro-3-(4-
ethylbenzyl)phenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (98 g, >99%, 0.158 mol, 1 eq) in
methanol ( 1 L) was added sodium hydroxide (powder, 12.6 g, 0.315 mol, 2 eq) and the
mixture was refluxed overnight. The mixture was acidified to pH 6 with 1 N hydrochloric
acid and the volatiles were removed under reduced pressure. The residues were dissolved in

ethyl acetate (3 L), washed with water (1 L), then with brine (1 L), dried over sodium sulfate,



Exanpl e 22 [0226] Preparation of
(IR 2R, 3S, 4R, 5R, 6S) - 4- (4-chl oro- 3- (4- (1 hydr oxyet hyl)
whemw2gresphenyl ) - 6- (hydr oxymet hyl ) cycl ohexane- | PQT/BSH08/@86472

traol (40) [0227] Conpound620 was prepared by

reduction of ( 1S, 2R 3R 4S, 5R1§§% 4-
filterech g epnpemtraigd to-give @white fast. yT @ylwaszre@bwtelﬂléghmyﬂyvelng

0 ne- | a o

ethar}/o?/lcegslg vév dl—& n%zgé Slﬁégérrlu(géé gé {d L@%‘?e&% | (%?:’ﬁ;%g;\y g, Bunty 0f 99.3%,
yield®moepar ative HPLC to give 0.6 ofa clear film M5

(ESI ) : 445 [M+Na] +, (EST): 467 [ MFHCOO] . Exanpl e 23

[0228] The SGA.T inhibitory effects of the conpounds of

the present invention we strated by the

foll owi ng procedures. [O aration of human

022} 5B G blea el s preparaion ok 2o e%%i—&aﬁ%;m 5S,6R)-
2,3, AVRRuAMREL RS Ghi ¥ &yril iRty dyklohardyudat 1) ph§ﬁ§1§§m£16n@é§ |

expression vector.” C ones harboring i nser

T T A T N

chlosdphéRyl) &2 fohlex il s, m395-£e@ gﬂétfmeﬁ ) SGLT2 was

| ineari zed with Nsi purified by agarose gel
el ectrophoresis. Usi ng L| pof ect am ne 2000 Transfection
Reagent (1nyitgkpgenCorporation), DNA was transf ecctled
i nto HEmzﬁ TN ¢el IS and cultured in [M®b£0' S

Rag Madi dm ( DN&EB).0gont ai nj 2

ARy \ erum(FBS) at 37€-under~ 58602 247 h.
T.anskectgpt s were sel ect edoHn t he 0 h medi um
suppl € ent ed wj %h puronycin (lnvitr fgen r)é%‘ Fat i gn)

for two weeks. ur onyci n-resi st ant cel | sP%ere
recovered and seeded on a fresh 96-wel | g ate (single

[0223)e| [To pevigarensly stired S@mtionmé @13. 2R BRAHIRE e(amtoxymethyl) 6-(4-

o B RS SphARACT 25 S lrapess 2oy me. 467
pmoBéh hoetit Ycid(5 iile) watddded KO 2Ghg | 0.880myttoR eeglithemixture was
upt ake assay descri bed. bel ow. The_ clone that exhibited

stirrogHfr 34 hetes et R5gkal Tltedméatrﬁ Jias Gerled iroemigmperaBie. dputed with
Wate{ @g@?} %Xll ex@raa'e& %&fe U&&Q?&?@%@p TR %h%lr?eﬁ%? anic extracts

eparation o human ressi ng cel
were washed with saturated NaHCO; (3 x 10 mL) and then with brine (20 mL), dried
(NaySOy), filtered and concentrated. Preparative TLC (2:1 hexane:ethyl acetate) afforded

100 mg of the desired compound. MS (ESI'): 631 [M+H]", 648 [M+H,0]".

[0224] Preparation of 1-(4-(2-chloro-5-((1R,2S,3R,4R,5S,6R)-2,3,4,6-tetrahydroxy-5-
(hydroxymethyl)cyclohexyl)benzyl)phenyl)ethanone (39)

[0225] To a solution of (1S,2R,3R,4S,5R,6R)-4-(acetoxymethyl)-6-(3-(4-acetylbenzyl)-4-
chlorophenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (38) (300 mg, 47.6 umol) in MeOH (5



[0234] Full-length human SG.TI cDNA on pDreant. 1
expressi on vector was obtained from GenScri pt

wW@2poTEst on and propagated in Escherichia col PCHUSRDS1086472
DH5a using Luria- Bertani (&B) msdi um cont ai ni ng

mL) gggigﬁe 'Rﬁlam lréfad?o’tl% @%ﬂﬁ%&wo Weéiég% %2558@@%%5% The

mixtite 3% Ta6idENA tW%gI & a3 e Al &4 chiBEO 1 GPBNd tHeQblRnlsAPERE t&RdVed
Type Cul ture I I ection)  using Lipofectam ne 2000

undefrednedfdgutsisore. R‘évagesndumasmlmfng by preparative B {(Utogrrovide 30 mg of

the AR RO uR KRB FoEini s 1 o ey & iy 35 om

m), 722 a351= NeHR |7-188(1f=} byr344 mléqqgl)fwnalomls?? 9ptakel, J=3.2
wer e

assaﬁId 023;9%9_ IIs expressin
Hz), 366 &, od 4HE), 399-h0 Akt §c3>i0rﬂH1 mxt2- 12 R 4¢dsm), 1.55-1.50

Pe + (IxIO5
(H, g8 @Q%E\Aé? Wg@oé“nﬁwwéfomﬂ) AOINZHCTOL b
under 5% CO2 for 48 h prior to the assay. Cells were
washed twice with 150 m_of either sodium buffer (137
M NaCl, 5.4 nM KO, 2. cExampled2> 1 2 mvi wgd 2, 10 nM
tri s(hydroxynet hyl)am nonet hane/ N- 2- hydr oxyet hyl pi pera
[0226]i nPrdparatehef@R2IR 38/4R,3R68)- Et'(#-ichldﬂefﬂeet]-(l-pH 7.2) or

sodi free buff 137 MM N- | uca e, 5.4
hydrReechbengRhenyD-o-TysT Ry ey elertha o Bsiasol ()
7.2). Test conpound in 50 mM each of sodiumor
sodium free buffer containing 40 nO/ PH et hyl - a- D-
[ U 14C] gl ucopyr anosi de ( Ang 20
Heal t hcare) and 25% hurfan
C wi th shaki ng

a 96-wel | plate gad \ACUbATBd a3
ay) or 1.5 h (SG.T2 assay).

for either 2 h (SGLTI
Cells were washed HOW cy W@th 150 nl of wash buffer
(137 mM N- et hyl gl ucamppe, 10 mM Tri s/ Hepes, pH 7.2)
and net hyl -a-D-[ U 14C] gl ucopyranosi de upt ake was
[ozz'quaobmb@&mmhmeﬁmg@smﬁétIMMS bRR, 99 5R,6R)-4-

count er ( Per ki nEl ner, Sodi um dbgen ent

(acet@xmlpw}éﬁéémeetmbp@ﬁ@ %s lormaéiswl)scrc exanbtls e bitelgayl he
buf f er

tetraac%t@yeeé%)g\gus Ie{(r]]c% $50 1um olfhyg; e( aélllv ruglé‘ 8at&&nf l%yoﬁr)%%)argtixfe HPLC to
give 0l6tmey 6f matamnﬁ)). .Msa(ESe*).l A4EPA+Na]", (EST): 467 [M+HCOO]'.

.dded per well of

Example 23

[0228] The SGLT inhibitory effects of the compounds of the present invention were

demonstrated by the following procedures.
[0229] Preparation of human SGLT?2 expression vector

[0230] A full-length cDNA clone expressing human SGLT2 (GenScript Corporation) was
subcloned into Hind III and Not I sites of pPEAK15 expression vector. Clones harboring the

cDNA inserts were identified by restriction analysis.
[0231] Preparation of a cell line stably expressing human SGLT2

[0232] Plasmid containing human SGLT2 was linearized with Nsi I and purified by agarose
gel electrophoresis. Using Lipofectamine 2000 Transfection Reagent (Invitrogen



Compound SA.T2 SG.T1 5 (R=FE) + + 9 + ++ 10 + + 11 +

++ 12 + +++ 13 + +++ 17 + ++ 30 + +++ 35 + ++ 37 + ++
wW@2009/0%655010 + ++ +++ >10// MAHAT |S CLAI MED | S: PAT/U$2008/086472

conmpound of Forrmula I : whe#ein Ais selected fromthe

group consisting of oxygen, NH_ nethylene; and a

Corpeiatighle Dbk was (ansfecsed @tq HEKfZ%EmTN@Hg pedipilowed 1nslf>ulhgcco S

vodied e B comipiRagli Riayeyihe SEaraEy o S under

5% C0, oL ¥4 h ONFLRILARER wra s8I in tROShnEEEBWAIERRIRAT étg)BPén{eYlted
substituted with one to two substituents independently

with B@bwe&dhﬁm@mmﬂmomym)cfwtwoo&e@@ Butoymycneges@&nt cells were

recorRi3 sernéy o SBrlRll BRI ol RPN St e
preseﬁé@éﬂbt@&ﬁ%lﬁ fuhfilcellf bByAEHe @R AlueltaPronyei-Rsistantols were

kyl, C2-C6 al kenyl, C2-C6 al kyg |, C3-C10
evaluggﬁd|f@ra$qiy|l"2 agbugno the methyl-o-D-[U-"*C] glucopyranos1de uptake assay

described below. The clone that exhibited the highest signal-to-background ratio was used
for the methyl-a-D-[U-"*C]glucopyranoside uptake assay.

[0233] Preparation of human SGLT1 expressing cells

[0234] Full-length human SGLT1 cDNA on pDream2.1 expression vector was obtained
from GenScript Corporation and propagated in Escherichia coli strain DH5a using Luria-
Bertani (LB) medium containing ampicillin. Plasmid DNA was isolated using the QIAGEN
Plasmid Midi Kit (QIAGEN Inc.). Human SGLT1 expression plasmid DNA was transfected
into COS-7 cells (American Type Culture Collection) using Lipofectamine 2000 Transfection
Reagent according to a manufacturer suggested protocol. Transfected cells were stored in

DMEM containing 10% dimethyl sulfoxide (DMSO) at -80 °C.

[0235] Methyl—oc-D-[U-”C]glucopyranoside uptake assay

[0236] Cells expressing SGLT1 or SGLT2 were seeded on 96-well ScintiPlate scintillating
plates (PerkinElmer, Inc.) in DMEM containing 10% FBS (1x10° cells per well in 100 pl
medium) incubated at 37 °C under 5% CO, for 48 h prior to the assay. Cells were washed
twice with 150 ul of either sodium buffer (137 mM NaCl, 5.4 mM KCl, 2.8 mM CaCl,, 1.2
mM MgCl,, 10 mM tris(hydroxymethyl)aminomethane/N-2-hydroxyethylpiperazine-N'-
ethanesulfonic acid [Tris/Hepes], pH 7.2) or sodium-free buffer (137 mM N-methyl-
glucamine, 5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgCl,, 10 mM Tris/Hepes, pH 7.2). Test
compound in 50 ul each of sodium or sodium-free buffer containing 40 uCi/ml methyl-o-D-
[U-1C) glucopyranoside (Amersham Biosciences/GE Healthcare) and 25% human serum was
added per well of a 96-well plate and incubated at 37 °C with shaking for either 2 h (SGLT1
assay) or 1.5 h (SGLT2 assay). Cells were washed twice with 150 ul of wash buffer (137
mM N-methylglucamine, 10 mM Tris/Hepes, pH 7.2) and methyl-o-D-[U-

HC) glucopyranoside uptake was quantitated using a TopCount scintillation counter



cycl oal kenyl, C1-C6 al kyl oxy, C3-Cl10 cycl oal kyl oxy,
cyano, amno and nitro, wherein al kyl, al kenyl,
w@bkdynysso cycl oal kyl and cycl oal kenyl groups OPCT/US2008/086472
portions are optionally pasly or conpletely
fluorinated and are optionally nono- or disubstituted
(PerkinElmeadne.p abodivmalependeatglusapysanoside piake wag mcasired bim

subtrg‘ﬁﬁqg)%fle? Uﬁg@s@?@é ‘Qgh ?Sdl aﬁ’e%’ehl{ﬁgfﬁr: Prégil tgé:%/e’ o&%ﬁéngﬁo’usmg sodium

buffe@l(wzleﬁagleI@éﬁjﬁhc@fe@l&@mﬁfaﬁpﬁg}li ons one or two nethyl ene
groups are optionally replaced i ndependently of one
anot her by NRa, O S, CO ﬁ@l@f SO2 and one or two

IICl IIYIIC yruodps 4ai © U[Jll ulidr 1y 1 Cpl dbc‘b u.y I\I Ul I Ll tIIC

of Eempehy| ring, Rl and®®F2are optionally joSEeH

togeg(ﬁ&rg;[t o forma C3-C5 alkylene,” C3-Co al'kenyleme or
rtlv or

conpl efely fluorinat ed and i's optionally nono- ort*

di substd tuted by identical or different substituents

Cl-C3 alkyl, and wher ef n one or,tvvo net hyl ene gr 0+Jps
are optd onally repl aced i ndépendently of one another

a msnbgr sel ect ed fromthe g"roup conS| st| ng of
hydr ogsn, hal o, cyano, nitre, amno, hydroxy, QG +&b6
cycl oatkyl . C5-CL0 cycl oal kényl. G -C6 al kyl oxy,

C3- C103%cycl oal kyl oxy, (Cl-C& al kyl oxy)Ci -C 6 al kyttoxy,

het er n3:ar\/l OXY, ((") 4 nl kpn\/l \(‘.l C 3 al l(\/l OX YV, ((") A
al kynyﬂ G-C 3 al kyl oxy, (aryl)d-C3 al kyloxy, **
*Key:(heteroaryl )G -C 3 al kyloxy, (C3-CG 0 cycloalkyl)G -C 3

+al kyly (C3-C 0 cycloal kyl)G -C 3 al kyl oxy, (C5-C O

++cytbad kewl )G -C 3 al kyl, (C5-C 0 cycl oal kenyl )G -C3
tal Ry, (C-C4 alkyloxy)G-C3 alkyl, (C3-C7

cycl oal kyl oxy) Cr C3 al kyl, (C3-C7 cycl oal kyl oxy) C2-C4

al kenyl, (C3-C7 cycl oal kyl oxy) C2-C4 al kynyl, (C3-C7

cycl oal kyl oxy) C] - C3 al kyl oxy, (G -C4 alkylamno)G -C 3

al kyl, di-(C-C3 alkylam no)G -C3 alkyl, tri-(C-C 4

alkyl)silyl-d-C 6 alkyl, tri-(C -C4 alkyl)silyl-C2-C6

al kenyl, U -(G-C4 al kyl)silyl-C2-C6 al kynyl,

tri-(CG-C4 alkyl)silyl-C -C 6 al kyl oxy, (C3-C7

cycl oal kyl ) C2-C5 al kenyl, (C3-C7 cycl oal kyl ) C3-C5

al kenyl oxy, (C3-C7 cycl oal kyl)C3-C5 al kynyl oxy, (C5-C8

cycl oal kenyl ) C3-C5 al kenyl oxy,
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11
12
13
14
15
16
17
18
19

(C5-C8 cycl oal kenyl ) C3-C5 al kynyl oxy, C3-C6
cycl oal kyl i dennet hyl, (G -C4 al kyl) carbonyl,

wa@eoobozisbonyl , het er oaryl carbonyl, am nocar bongdT/US2008/086472

(G -C4 al kyl)am nocar bonyl ¢66di -(GC -C 3
al kyl )am nocar bonyl, hydroxycarbonyl, (Cl-C4

WH yl, G -C4 al kylamno, di-(C-C3

al kyl yam no, (C -C4 al kyl)carbonyl am no,

aryl carbonyl am no, heteroaryl carbonyl am no, C -C4

al kyl sul. f Aoympenrioof Ryt f onyl am no, Cl-C4

al kyl sul fanyl, CpC 4 al kyl sul finyl, ClL-C4

al kyl sul fonyl, C3-C O gl/%al k}Lq:ul fanyl, C3-C 0

cycl oal kyl sul fnyl, C3-Q~ }yz.hoé@_(%g sul fonyl, C5-C 0
cycl oal kenyl sul f anylQ. ¢l0 dygboal kenyl sul finyl
C5-Ci 0 cycl oal kenyl suf'f onyk3 arylrul fanyl,
aryl sul finyl and aryl sul fonyl, wherein al kyl, alkenyl,

wher@hkynyl, cycloal kyl and cycl oal kenyl groups or

portions are optionally partly or conpletely

A is seleatedifromt 6t group aomsistipg dHergigkry; Midjmnethglend; swdsdinglebe;
. by i tical or different substituenys selected from
Qis sefelsitiun Fiyantngproteinesl GrRBRS alts - &3 ol kyl ,  and

in cycl oal kyl and Cégloalkenyl groupsgt10r portions one
or two nethyl ene g 1"%&{ eopti onal | y R'%pl aced

i ndependent |y of <t 2 S, CO SO or
S®, and one oR'{ hyne grou optionally

repl aced by N, R®R%ny” R&R’each ingepe dem |y sel ected
fromthe group consigting of hydrogeR® hal o, cyano,
nitro, hydroxy, Cl1-C6 al kyl, C2-C6 al genyl, C2- Co6

al kynyl , C3-C10 cycl &l kyl, C1-C3 al Ryl oxy and C3-G 0
cycl oal kyl oxy, wherein al kyl, al kenyl, alkynyl,

cycl oal kyl and cycFL@ Renyl groups.,pR'portions are

di fferent substituyel
hydroxy, C -C 3 al koz%é and CG-C 3 alkyl, and in

cycl oal kyl and cycl oal kenyl groups or portions one or
two net hyl ene groups e optionally gepl aced

i ndependently of one another by NRa, O S, CO SO or

optional l'y part ]|y~ pl etely fAyorinated and are
optional |y mono? ubst i t utfed enti cal or
ected fgoomentorine,

2 s sflggea BBt B ErgUn o Pib e e S BOGA o ERopopylenc

caABbrAgant ntetRylenSoftfonh ke subiEidd wikiDene BIwd REbIRRuREE

optionally joined together to forma C3-C5 al kyl ene,

indgpengentlykastegtedrfeomn haloyhydipren (i drvalkodi Gges alipkys 3165 cycloalkyl
i pnal | tl.y or conpletely fluorinated and nono-
G AT gy

R', R? and R? are each independently selected from the group consisting of hydrogen, halo,

hydroxy, C;-C¢ alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C3-Cyg cycloalkyl, Cs-Cio
cycloalkenyl, C;-Cs alkyloxy, C3-Cyg cycloalkyloxy, cyano, amino and nitro, wherein
alkyl, alkenyl, alkynyl, cycloalkyl and cycloalkenyl groups or portions are optionally
partly or completely fluorinated and are optionally mono- or disubstituted by identical or
different substituents selected from the group consisting of chlorine, hydroxy, C;-C;
alkoxy and C;-C;3 alkyl, and in cycloalkyl and cycloalkenyl groups or portions one or two
methylene groups are optionally replaced independently of one another by NR?, O, S, CO,
SO or SO;, and one or two methyne groups are optionally replaced by N, or in the event
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identical or different substituents selected from

chl orine, hydroxy, C-C 3 al koxy and Cl1- C3 al kyl, and
wab@perassone or two net hyl ene groups are opti OPEl/Dg2008/086472

repl aced i ndependently of ohe another by O S, CO SO

S2 or NRa, and wherein one or two nethyne groyps are

tlwal ondiR grerbophd bl oagiaqentr ators, of Hge phealyIRimE, & and Bé jare

oI tr1]<%1e ggglreuz(%@éet ellst%gfn%s P (%-a r5 rﬁ?r%;(eu-%(; %ﬁ&ﬁ}d%@é ngbu%dlenylene

bﬂh{d{ lwhotyie %pﬁ@ﬁﬂflly@)«iﬁly c&fc)éh@wtély) MyibGiated aidyis opfibnally3nono- or
yl )car bonyl oxy F%/cl oal kyl ) car bonyl (0)4
1

dw Prtiteed by mﬁacaler dtﬁfeeerﬁﬁ uets selsCisfl kiomy hiomye, &droxy, Ci-Cs

%?’ 4 RS 6?51@1 e {%}’1% c%ra w9 lﬁ? éﬂyl@éggroﬁgﬁrggptlonally replaced

1r(d|apélﬂbﬁtﬂly yf ort-dotheBbk ¥, S CD; SDﬁSGJg thNRXymd@ﬂlefﬁn one or two
al kenyl oxy, C2-(C6 alkynyloxy, - C7 cycl oal kyl oxy,
metyne ZESHPF SRIHY AR pe YSPI’?P%‘)W Nhet er oar yl oxy, (C3-C7
cycl oal kyl )G -C 3 al kyl oxy, (C5-C7 cycloal kenyl )G -C 3
R*is alnquhbmyelec(tad y“rbl)nGhe @@pa;bkgld;tmg}o,f h(y&n@gem dlatw kYddio; fiit!®, amino,

e R sty AIREHIL £ s el ky oSO 6n 1o
e R e A B Co alllony, €

Cd k:y‘(l@lkﬁybm fayl, heter sroyaatyboxy hqt@oa@lcacya(qu alkenyl)Ci-C;

I%h%? @;&%&g{ Gis Cn%lal kr %)é OFe:glk&B”XY’ (heteroaryl)C;-Cs

awlbkzaqdéé(tl@%yal@lk (31 @ Kﬂd’h (@309_10@%’01@5(]9{5’9@ @@HJYW) (tfsctlo

et er oar y

0]
cxlngkenybcs Sl psm xRy D oy BN oy kY 0%5)C1-C:

A5 L8 USRI B A Y o LRSI ey | B8,

cdlddylbxy)ah-Ky aityny Y@J GabMdalm&ﬁﬁl-@ @lkqai)dyﬁ(()‘/]l-Q
roups or portions are gptionally partly or conp X:
Ay BRGS0 alih 667 a&glm@ﬁ%)qlgﬁar?&»é - E RS-

t
B HRRE Y R B HGARSE 4k (8], S ORC, KA i-(Cr-Co
all@l?e}’P)ﬁl‘fB’liﬂ g alk oy, i(@s- Cyci’(‘i@dlkwcza@ﬁalkwl c(§]34(bmybloaﬂkyl)c3-cs
|
ATy EtISRA G GeHE IR, JC s oA aNGE oG alkgpylony,
%ﬁ;?ﬂ@*"b&?‘eﬁ% Ry h%-‘%%%%ﬁ%%m i (X0 e
alksl)earbenghedylo@bouylf lteroarytdatbonyt, amgwearbon@ner@d f used

R T A WUEE R TR
altyRUDRAoHYIE, 1Y, alkylamino, di-(C;-Cs alkyl)ammo, (C1-C4
alkyl)carbonylamino, arylcarbonylamino, heteroarylcarbonylamino, C;-Cs4
alkylsulfonylamino, arylsulfonylamino, C;-C4 alkylsulfanyl, C;-C,4 alkylsulfinyl, C;-C4
alkylsulfonyl, C3-Cy cycloalkylsulfanyl, C;-C, cycloalkylsulfinyl, C3-Cyo
cycloalkylsulfonyl, Cs-C;g cycloalkenylsulfanyl, Cs-C;o cycloalkenylsulfinyl, Cs-Cj
cycloalkenylsulfonyl, arylsulfanyl, arylsulfinyl and arylsulfonyl, wherein alkyl, alkenyl,
alkynyl, cycloalkyl and cycloalkenyl groups or portions are optionally partly or
completely fluorinated and are optionally mono- or disubstituted by identical or different
substituents selected from chlorine, hydroxy, C;-C; alkoxy and C;-C; alkyl, and in

cycloalkyl and cycloalkenyl groups or portions one or two methylene groups are
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94 identical or different substituents selected from

chl orine, hydroxy, Cl1-C3 al koxy and Cl- 95 C3 al kyl,
wanamhasei n in the cycl oal kyl and cycl oal kenyPCT/USIY88/086472

one or two methyl ene 96 gr@&ps are optionally replaced

I ndependent |y of one anot her

optroredly repaceindepandpnity of an@a@altqﬁ bMN}?e p@n aeGOL §O or SOz, and one

ﬁ%vao? b5 bl 4% BN ?ﬁﬁ#%ﬂeéﬁogfﬂg&;’?e”cz o

s k(ynyl C3-C10 cycl oal kyl, C]-C6 al kyl oxy C6_ 100

R araﬂ Beeargh &@epereznfdy Eﬁl‘r@my @W %gromceel%%wéhw@yg@x)blalo cyano,
SRR ol e B G IR s Ll i 0

aﬂdymlylanaﬂgcclo oycldzﬂEylaly, Mﬂ:min BRk21, atlenplpﬁ]ikgmyﬂl éyclqaﬂ)kyi afld
e%her with the .carbon ator?to whi ch they
%’& 9%1 WY 2royPs BEPQTHPRS e eptiqnp! ¥|BF‘FH¢%7&P6’£M%1M UPPﬁfgted and are

il.’imrﬁllﬂz éﬁ?n%%f @iB@eki ﬁt&?ﬁ% d¥ntial Slomegeh%%sﬁ gﬁ’% iseiet 84 from

S optiona no- or disubstitute
chldaen¢ |hydtoxgr CdiCg ﬁHIDE}’I and (b €s ntkyk ahd isatcheled afld) Bydloadkenyl

chl ori ne dr oxy aI koxy and Ci - al k
ey Bf Porine Q1o onfie e et o SR Py 1ehlatd fadsbapdsntly of

hy shgie by NIe 0, 8t cbeset d Qo Blebhyrd had 1l
%or RL3 i 2 other than hyoé;y(%en or RA TS Co- 06%9%; 6bt1°na y

repBaceil Oy N;oF oal kyl oxy, C5-C7 109 cycl oal kenyl oxy,
(C3-C10 cycl oal kyl )G -C3 al kyl oxy, (C3-C7

if R’ af€ RO atekoh &8 & e B efdylsOfhe fHedyGing, R® and R® are optionally

cycl oal kyl ) C3- C5 nyl ox CSClOccoaIken G-C
naossihan b g 2 oSS! ek lgylest axadeniambmyidge

Bl PR P plcly At PR ek ishbilyflenby
1dbﬂhﬂal of diffbrérs sébdtinal skbeﬁtkéli froeBchlddde, 6droxy, C;-C; alkoxy and C;-

cycl oal kyl oxy, C5-C7 cycl oal kenyl oxy, (C3-C O
C@9qub ang yhergn @egorgpvl@ypthx,lenq groupsyarg pptionally replaced independently

CHE A P ST B BTSSP o

oﬁﬁ?ﬁmﬁ@rqﬂaﬁedmymnyl ) C3-C5 al kenyl oxy or (C5-C8 117

cycl oal kenyl ) CG3- C5 al kynyl oxy; 118 (iii) when Qis 4
7 pa 10 I | ' -
R7, RAN® Y 'L éﬁxﬁfrﬁgﬁﬁﬂeﬁt‘}e%l&%d i?&lﬁtthegr_gtcl%\%%rlﬁﬁsly%% lg’fhﬁirgxy, (C

i's other than 119 dr ogen or

C@lmmmp@b/tw&lyk@ld%y plkghoxgratbpolwal keeplghibryylof 3yl (R0-Cs
]gp/ﬁ%aﬁg ga)!yl,( {(%%_8 @:/:%loaadkl}(lﬁéagégﬂylchg? B}ggrogé/n? Ihgl%l, &/—lc)s %ﬁEyESCz-CG
alkenyl, C,-C¢ alkynyl, (Cs-Cyg cycloalkyl)C,-Cs alkyl, (Cs-C; cycloalkenyl)C;-Cj alkyl,
(aryl)C,-C;s alkyl, (heteroaryl)Cy-Cs alkyl, C;-Cg alkyloxy, C,-Cg alkenyloxy, C,-Cg
alkynyloxy, C3-C7 cycloalkyloxy, Cs-C7 cycloalkenyloxy, aryloxy, heteroaryloxy, (Cs;-C;
cycloalkyl)C;-Cs alkyloxy, (Cs-C7 cycloalkenyl)C;-C; alkyloxy, (aryl)C;-Cs; alkyloxy,
(heteroaryl)C,-C; alkyloxy, aminocarbonyl, hydroxycarbonyl, (C;-C;4
alkyl)aminocarbonyl, di-(C;-Cs alkyl)aminocarbonyl, (C,-C4 alkyloxy)carbonyl,
(aminocarbonyl)C;-Cj3 alkyl, (C;-C4 alkyl)aminocarbonyl-(C;-Cs)alkyl, di-(C;-C;
alkyl)aminocarbonyl-(C;-Cs)alkyl, (hydroxycarbonyl)C;-Cj3 alkyl, (C;-C4
alkyloxy)carbonyl-(C;-Cs)alkyl, (C;-C; cycloalkyloxy)C,-Cj; alkyl, (Cs-C;
cycloalkenyloxy)C;-Cs alkyl, (aryloxy)C,-Cs; alkyl, (heteroaryloxy)C;-Cs alkyl, C;-C4
alkylsulfonyloxy, arylsulfonyloxy, (aryl)C;-Cs alkylsulfonyloxy, trimethylsilyloxy, -
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121 cycl oal kyl ) C3-C5 al kynyl oxy, (C5-G O
cycl oal kenyl )G -C3 al kyl oxy, (C5-C8 122
weywboaskenyl ) C3- C5 al kenyl oxy or (C5-C8 PCT/US2008/086472
cycl oal kenyl ) G3- C5 al kynyl 6Xy; 123 R13 and R14 each
i ndependently sel ected fromthe group consisting of

bty i etbyilsilitpdy.aug cydmy whetedn alml, akenylkglkynytoeyckalkyl and

lcggj]f%ybgro&& of{gx{] aqr?(g%q?’qngé gl %g!)l}ﬁiqgtelgﬁug@nated and are
oﬁ%n@ﬁ eombOoat dﬁ}z‘d&ﬁﬁﬂed’%’}ﬁﬂ@ﬁtl’baﬁbﬂ@ffereﬁi dBBytuents kdlydryd from
126 and cycl oal kyl groups or portions are_optionall
cl;ianm,;hymxwﬁpf:eﬁl@pyy wﬁ%rCn aﬁw and preyripglky 5 a%(b%@&%lffnyl
gﬂl)}é}‘o‘?’tl% epen ?Frfe‘iﬁ}’q&le%tr 1@%3@%@ rtg)%g ﬁl%kf:ﬁﬁ:ed ﬁﬁi%pendently of

oﬁ@ﬁﬁitlﬁdribpm ohspICOgso orS8D,C4 al kyl and 129 (G- c4

al kyl bon mhereln al ky| oups or portiaons ar
and oebtmaé%/ ﬁ% t Fan by comfringdowith gteéaagboma&m toatiugh eaflyqs attached

tolééﬁn Eé%%n?o Koed &r?eng)%géa dﬁ.lé(;lglgoﬁ/@ﬁ ﬁﬁ%oé grn%%lo%ﬁ&ﬁg n@g%w

group consisting o

optidaplly padtigroeicomaletaly ﬂgommezd arrdenagpbe mond- or disubstitytedrby
.conpletely fluari.nated; an har maceuti ¢
B o5 irens PSR RaR ableciod 13 oiigten BUM1C i Ak, and Cr-
C\ﬁ’?ﬁ(gf, lafd HheRiPINEE By @baliey1hd 9&&0@9&@1 nﬁg@one’%r%@ RR&RFlene

0 aim1, wherein Ai1s a single bond.
gooppagngtiofally replave indépenddintlydtiose gmthmbe'd\m T @nSt k9, SO or
group 2 consisting of oxygen, sulfur, and nethyl ene
S ptionally substituted with one to tvvo 3 substituents

R" ahd‘ﬂ%@ gﬁiﬁtlh&’ep%ﬁdie%@lty%gleété@ E'Boﬁﬂlh@ygr (Uoﬁéﬁ.\z’ti ﬁfl@@rogen hydroxy,
-C6 al ko }/cl oa

h@iy;:(\t/nﬁls o4 &gl@nykx@&@um G a) ety B oo alkyioxy, C-Ce

]kﬁnyra{e vl g?} a?raék}glgc%y g%pénc 8%? ﬁ‘?’lo%&g‘g%%?l S f“qk Slkynyl

1B Sffoal dipk BEp&tiohy e 0geshallyanl &)Odﬂ@l’étel (ﬂuﬁnﬁated or
aaI%k¢ q%gngGbal kgn 10, 3 Cg C6 g?k r?ll y

R and/R| m Rytionatly jamsediorsihernyith ﬁmatbyar@épm o yhich theyrase atieshed to
LA B S st 5B comply g

aﬂityﬁl ropgemallyhﬁbrm andisGbsifiiedibi ydenBeal Ar diffepat Bnbsﬁfuentseslelmted
wher ei n is selected fromthe group consisting of

ﬁ'ﬁ?’o‘ihtlﬁ'@}? YfHPbY=£10C3(ﬁkQ?56faé‘filg}r 3 »R2 and R3 are each
wher@ydr ogen.

(i) when Qis Q' and both R'! and R'? are hydrogen, then at least one of R orRM™is
halo or R"? is other than hydrogen or R* is C,-Cg alkynyl, C3-Cyo cycloalkyloxy, Cs-C;
cycloalkenyloxy, (Cs-Cig cycloalkyl)C;-C; alkyloxy, (C3-C7 cycloalkyl)Cs-Cs
alkenyloxy, (C3-C; cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cig cycloalkenyl)Ci-Cs
alkyloxy, (Cs-Cs cycloalkenyl)Cs-Cs alkenyloxy or (Cs-Cg cycloalkenyl)Cs-Cs
alkynyloxy;

(ii) when Q is Q® and R"! is hydrogen, then at least R is halo or R* is C;-Cs alkynyl, Cs-
Co cycloalkyloxy, Cs-C; cycloalkenyloxy, (C3-Cio cycloalkyl)C;-C; alkyloxy, (C3-C
cycloalkyl)Cs;-Cs alkenyloxy, (C3-C; cycloalkyl)C;-Cs alkynyloxy, (Cs-Cio
cycloalkenyl)C;-C; alkyloxy, (Cs-Cs cycloalkenyl)Cs-Cs alkenyloxy or (Cs-Cg
cycloalkenyl)Cs-Cs alkynyloxy;
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9. A conpound of claim1l1l, wherein R4 is selected from
the group consisting O Cl-C6 al kyl, C2-C6 al kenyl,

w@2000076bkynyl , C3-CLO cycl oal kyl, Cl-C6 al kyl BXE/S2008/086472
C3-C10 cycl oal kyl oxy, (C3-@0 cycl oal kyl )G -C3

al kyl o>8:/_, (4C3- or4 'Cé;l oal kyl') C3-C5 alkenyl oxy,, and
(lella;y isQ @afi_l?ylr,; drogem]tRepaf leptt R mhalsa\oel @ther gran

C @ I n nge

¢ BldRacbn of ROEEACEIAN, EOCEAGMIOLIRRSIEEY YeBaLERIH, -
ChPmAICED S ARl €.

e RV TSPl Corts G e D - Car IO £€11Cs

d i .
| SHEERRM Y CoRgi il ACoTRONIMORIRS At ikl
R ol B ol SndeREtalonty Sileries TR RO Don Coprcy DB Fisdrgaen. garony,

h%%,ec Egg Qggz ;t%ggﬁglméen%ﬁ czéaca@lmg@-@lg cyélaélm/l,lcl-\dfgeagsh&y, C,-Cs

are each i ndependent|ly sel ecte
alkenylox h €6 coalkynyboxyi andiGreCafyclopliytory, whetein, alkyl, @genyl, alkynyl

al kyl . .C1-C6 al kyl ox C3-.Cr)cycl nal kyl o l.ox
ol 93 el eps o Rt PR B SaiRien Hobrigike
s.and cycl oal kyl groups or ?ortions are optionally
R" ipplactsd foom dergspen eenpisting of ¢xygerand €R'RA conpound of
claim 13, wherein R7, R8, RO and R10 are each hydroxy.
each RS indép&epdyizdeletted lfidimmht grovpesotsistigldf HydrepeheCt-€¢alkyl and
fromthe grougi) consi sting of hydrqgen and hydroxy. 16.
(Gy-Coatsslembaryl.ovheremn plkyh grpupgorrRartionsre aptiqpaly epRlyrer

i l ed fromthe group consisting of
Cﬁ@ﬁ%&ﬁﬂ?ﬁnﬁ%’ gﬁ% Cl-C6 alkyl; R4 is a nenber

o B SRS TR Ml LA o
C?—ldﬁ}élllgff,hheqah Q81 %Fgﬁlel%%igclga}ﬂé 7&% & &mpletelésf}ugginated;

cyclodl’kyl )G C37a oxy, cycl oal kKyl)
and Pl ooy Al U T Fom O mul o QA 10
2. A compound of claim 1, wherein A is oxygen or a single bond.
3. A compound of claim 1, wherein A is a single bond.
4. A compound of claim 1, wherein Z is selected from the group

consisting of oxygen, sulfur, and methylene optionally substituted with one to two
substituents independently selected from halo, hydroxy, C;-Cg¢ alkyl, Cy-Cg alkoxy, C3-Cg
cycloalkyl and C;3-Cq cycloalkyloxy.

5. A compound of claim 4, wherein Z is methylene.

6. A compound of claim 1, wherein R!, R? and R? are each independently
selected from the group consisting of hydrogen, halo, hydroxy, C;-Cs alkyl, C;-Cs alkenyl,
C,-Cg alkynyl, C3-C cycloalkyl, C;-Cs alkyloxy, and cyano.

7. A compound of claim 6, wherein R', R? and R? are each independently

selected from the group consisting of hydrogen, halo and C;-Cg alkyl.
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wherein RL 1 is a nenber selected fromthe group

consi sting of hydrogen and hydroxy; and R15 is a
woreeperessel ected fromthe group consisting of PXHUS2I008/086472

and CRbRc, wherein R and Rdleach independently is a

menber selected fromthe group consisting of hydrogen

and haI oky\éme[:gr&o%l}&i%pclﬁa%{e ép%(selgc@gl omt egroup
cons&tr% ViYdghA; lﬁlc’r”alﬁi ég%lb%ué ], Q@RCZn(PRELIQQ:laJﬂY hydrdgdm
enyl oxf cycyoa kyl ) alkynyloxy
17. A corrpound of cl aim 16, V\herel n, Q is a nmenber
sel ect &d fro%rpompolgwdcnfpla@mrk whereigRois setented Gpom thedgroup

cons1$%cbtj(t8} o%%?lgﬁnﬁg 6]alkeny1 Cm aﬂkyn?l be (610 cycfloa?k tEelc6 alkyloxy,
Cs- cfolc&laﬁikﬁlsxﬁ F(@@lé&)cléau(ﬁ?@mpm;daxf ftC?—U?)éb/aeﬁllkyl)ijm? ny

fl r oxymet &cyc ohexane-1, 2, 3, 5-t et r aol
alkenylory oardd6:4R Brlosikyl)ds-Ca alkynosy.3- ( 4- et hoxybenzyl ) phen
yl')-6- (hydroxynethytycycl ohexane-1, 2, 3,5-tetraol ;

(IR 2R 195, 4R 86hfolirbrthai, Qhref R a5y &Y ORRIRYLBEIAYY

e
zyl )

Co-Coplimyl, ¢ m%&%@%ﬁq@;ﬁ&ﬁ errez I@Q@re BTGy preferred

emboﬁL&rﬁ %né % Gr%eée ﬁr@y&fo 3- (4- CyCl ohexy! benzyl)

eny ohexane-
, 2,3, 5- t et r aoI
(I R 2S,13S, 6R cdmpdurxdrdf@lannaﬂ( whegincR cAnddR 'oppy kerhoipdépendently

selecl?_{eﬂ?é@’ng_ b,gre%f cc)nglrs]tl ”Q’ 01) hy%rége}{dha?g X&F&h&)a fl ohex- 4-ene

((lI'S, 2R, 3R 4S 5R, 6R) - 3- (4-chl or 0- 3- (4- et hyl benzyl ) phen

yl)-2, 425, 6-A b&hg@hmdmmﬁml wheid Raid B araesdlAty@irogen.
(IR 2S, 3R, 4R, 5S, 6R) - 4- (2- (4- et hyl benzyl ) phenoxy) 6-
(hydroxyrnethyl)cyclohexane l,2,3,55t

(I R 2R Bs, 42\ sepoundaf chim o whetem Ry, H%/L Behrzei/R) SHeearh) -
indep@n&é?ﬁ/@ Ql)égtgg%}ﬂ the group consisting of hydroxy, halo, C;-Cg alkyl, C;-Cs

alkyloxy, (C3-C7)cycloalkyloxy, aryloxy and (C;-C7)cycloalkyl-(C;-Cs)alkyloxy, wherein
alkyl and cycloalkyl groups or portions are optionally partly or completely fluorinated.

14. A compound of claim 13, wherein R’, R%, R’ and R" are each

hydroxy.

15. A compound of claim 1, wherein R'! is selected from the group

consisting of hydrogen and hydroxy.

16. A compound of claim 1, having Formula IA:

l :R1 ' R4
Q IA

R' is a member selected from the group consisting of hydrogen, halo and C,-C alkyl;

wherein

R* is a member selected from the group consisting of C;-Cs alkyl, C,-Cs alkenyl, C2-Cs
alkynyl, C3-C, cycloalkyl, C,-Cs alkyloxy, C3-Cg cycloalkyloxy, (C;-Ci cycloalkyl)C;-
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5- met hyl enecycl ohexane- 1,2, 3-triol;

(4S,5S, 6R, 7R, 8R) - 4- (4- chl or o- 3- (4- et hyl benzyl ) phenyl ) -
w@2000hydsoxynet hyl ) spi ro[ 2. 5] oct ane-5, 6, 7-t ri oPGT/US2008/086472

| -(4-(2-chloro-5-((IR 2S,3R4R, 5S, 6R) -2, 3, 4, 6-tetrahyd

r oxy- 5-
C¢ Wé%x%%twyy@yweﬁ@@|a}1<k9§)ﬁ19w)qaﬁéﬁ§rﬁy SYHaMEHRC-Ghd
) 4R, 5R, 6S) - 4- (4- chl -3-(4-(!-hyd thyl)b
al{é@@ﬁ%@%yl)-& ) (4-chl oro-3-(4- (I - hydroxyet hyl)
Q is « Mywbepsglgetedytone fahmbe)@fae IQ*2, 3, 5-tetraol . 19. A
conmpound of claim1 which is isotopically |abeled. 20.
fpqund of cl &' J§ 21. A R

phar peg co

pha? ble oAl of and compourld of

cl ai “oheat i pg a g Sease orpo” “OH
con By GLT, said nmethed conprisingoy

adm nistering to a subect in need thereof a

t herapeugical |y ef fecthae anount of @Aconpound of Q*

claiml. 23. A nethod of treating diabetes, said
whergint hod conprising adninistering to a subject in need

1. thereof t her [ . j X
R st AR A SRR 501} Xy ARl v s
R id lefibBselaobudrfin tieairdusltakitiag of sxylgypend CRPRhethesein R® and R°
25. A nethod . in accordance with claim 23, ,V\,herﬁi n said
eashindaperdenaly s pmepbgr sphesiedsirom ghe gronp ponsipting of hydrogen and halo;
c ' gL 23, c.whergl I IS(C -
e QA0 R S e LIRS €, CAORRSIA S
cydieallayd @it Coalkglory,.(C2-C; chcloekiin@s-Ca abkenyoxtg oc éCilCh bycloalkyl)Cs-
cl :in(é(én 26, wherein said second therapeutic agent is
Cselkyrylg®yf r om anti di abeti c agents,
l'ipid-lowering/lipid-nodul ati ng agents, agents for

treating di abebmpodIgclamtlicoNberetQiis £ BRAYeY sAGRA Fom the
anti hypertensi vg agent s, anti hyperuricenic agents, and

groupaepmaisting of QtY, €4t iangQchr oni ¢ heart failure,
at heroscl erosis or rel ated di sorders.

18. A compound of claim 1, selected from the group consisting of
(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;
(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;
(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-cyclopropylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;
(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-propylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;
(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-cyclohexylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;
(1R,2S,3S,6R)-4-(4-chloro-3-(4-(3-cyclopropylprop-2-
ynyloxy)benzyl)phenyl)-6-(hydroxymethyl)cyclohex-4-ene-1,2,3-triol;
((1S,2R,3R,4S,5R,6R)-3-(4-chloro-3-(4-ethylbenzyl)phenyl)-2,4,5,6-
tetrahydroxycyclohexyl)methyl acetate;
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(1R,2S,3R,4R,5S,6R)-4-(2-(4-ethylbenzyl)phenoxy)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;

(1R,2R,3S,4S,6R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-(hydroxymethyl)-
5-methylenecyclohexane-1,2,3-triol;

(4S,5S,6R,7R,8R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-8-
(hydroxymethyl)spiro[2.5]octane-5,6,7-triol;

1-(4-(2-chloro-5-((1R,2S,3R,4R,5S,6R)-2,3,4,6-tetrahydroxy-5-
(hydroxymethyl)cyclohexyl)benzyl)phenyl)ethanone; and

(1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4-(1-hydroxyethyl)benzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol.

19. A compound of claim 1 which is isotopically labeled.
20. A prodrug ester of a compound of claim 1.

21. A pharmaceutical composition comprising a pharmaceutically

acceptable carrier and a compound of claim 1.

22. A method of treating a disease or condition mediated by SGLT, said
method comprising administering to a subject in need thereof a therapeutically effective

amount of a compound of claim 1.

23. A method of treating diabetes, said method comprising administering

to a subject in need thereof a therapeutically effective amount of a compound of claim 1.

24. A method in accordance with claim 23, wherein said diabetes is type 1

diabetes.

25. A method in accordance with claim 23, wherein said diabetes is type 2

diabetes.

26. A method in accordance with claim 23, wherein said compound is

admininistered in combination with a second therapeutic agent.

27. A method in accordance with claim 26, wherein said second
therapeutic agent is selected from antidiabetic agents, lipid-lowering/lipid-modulating agents,

agents for treating diabetic complications, anti-obesity agents, antihypertensive agents,
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4  antihyperuricemic agents, and agents for treating chronic heart failure, atherosclerosis or

5  related disorders.



