WO 2009/076550PCT/US2008/086472 BENZYLPHENYL CYCLOHEXANE DERIVATIVES AND
METHODS OF USE CROSS-REFERENCE TO RELATED APPLICATION [0001] This
application claims the benefit of U.S. Provisional Application Ser. No. 61/013,517 filed December 13,
2007, the distiB2P&GFHich is incorporated herejn by reference.  STATEMERAE YA RIGHTS TO
INVENTIONS MADE UNDER FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT [0002]
NOT APPLICABLE BACKGROUND OF THE INVENTION [0003] According to the World Health
Organizatiol EpASLRIERNIGD. G ol 8diHX ANBWRIEIHENA HIAOEfe ANEN VL THEOIXS principal
forms of diabetes are type 1 diabetes, in which reas fails to produce insulin, and type 2
diabetes, in which the body fails to respond properl! he 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 (hypergiyB&RfaRISEEBENEGIIARESASTIR b IGAT BN etes include retinopathy

(leading toryigHa TMPSHME LY IARdNGs ShreidPvesbllgridisea seyirpisarainyIeuropathy, ulcers
and diabetic foot disease. [0004] Individuals with type 1 diabetes currently require insulin therapy.

While in maHy agks crobetdS I hahmdissgaysniirdish antreorerErte! BetEiRYervention also

frequently isseessked. Besides insulin, which is needed by about one-third of patients with type 2
diabetes, current antidiabetic therapies include biguanides (which decrease glucose production in the
liver and increase sensitivity to insulin), sulfonylureas and meglitinides (which stimulate insulin

ihazoidmedones (S MO SIS B BREMTENS AL GHBRRC S Combinaton.
and even then may RENERAAL. P SRR CUHSE £BAGHHD A0V nBY. pdOFMUENEsired side effects.

Such side ﬁ}ﬁ&f iw @EH'& idesis (biguanides), hypoglycemia (sulfonylureas), and edema and
weight gain (thiazolidinediones). Therefore, new antidiabetic agents providing improved glycemic

control and lacking these adverse effects are highly desired.

BACKGROUND OF THE INVENTION

[0603] According to the World Health Organization, approximately 150 million people
worldwide have diabetes mellitus. The two principal forms of diabetes are type 1 diabetes, in
which the pancreas fails to produce insulin, and type 2 diabetes, in which the body fails to
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
cases type 2 diabetes can be managed with diet and exercise, drug intervention also
frequently is required. Besides insulin, which is needed by about one-third of patients with
type 2 diabetes, current antidiabetic therapies include bignanides (which decrease glucose
production in the liver and increase sensitivity to insulin), sulfonylureas and meglitinides
(which stimulate insulin production), alpha-glicosidase inhibitors (which slow starch
absorption and glucose production), and thiazolidinediones (which increase insulin

sensitivity). These medicines are often used in combination, and even then may not provide



[0005]One promising target for therapeutic intervention in diabetes and related disorders is the glucose
transport system of the kidneys. Cellular glucose transport is conducted by either facilitative
("passive") glucose transporters (GLUTS) or sodidm-dependent ("active") glucose cotransporters

(SGLTS). éﬁﬁa-lgé-éﬁvé%ﬁdc&{ﬁgpép'&H?Fﬂﬁé&BJ@%MQ@J@H@&sp@&i%rsiﬂé@@egtﬁkagd&ﬂéﬁ@ized_ in the
renal proximal tubule and is reportedly responsible for the majority of gluc%sﬁ r%gé%ke by the kidneys.
ch

Recent sfiHeESsuGIEEHED in SRS B¥PEha SERY S be Y UsettiBhp atifig”
hyperglyqemiabiiietmasinglike:amoust ohghidese exarsteindihe uinevtdrakawaKsetml., Br J

Pharmacaol §2'578-86 2(5)01' Ogiél A, et % iabetes 48:1794-1800, 1999). The potential of this
King these 3 hi o . . :
therapeut%&égf)r%lgc%elss urt reeresugpsort%g} yE?recént findings that mutations in the SGLT2 gene occur in

cases of fAfiflal renal loeoBiomsian appeirdatyisEHgRiSy RGTORE thdfaciebiget BYuffaERf glucose
excretiondpdhe:piesancainermpbsarmobicasriiayvels asnuiheahsenaaneaenesaldenal
dysfunction or other disease (Santer R, et al., J Am So rol 14:2873-82, 2003). Therefore,
compoun%% Wﬁ‘ﬁ&ﬁﬁ'ﬂlfﬁﬂ"é& ,Sgﬁrﬂﬁhﬁﬂﬁfg@]_weésfg%}r“elo?nﬁ]%iﬁrg can |dda%tneé§ 8?tué%c§‘§e§ntidiabetic
drugs. Carpoungs-pravious|{Baedmib86 b lusdhuintbpiethibiting 1 GLTdnelertiaatyelshéradsa derivatives

(such as thase leseribed o WOPR0RRALLAB) Giahiceside derivativesdanchasihioredesawibed in
U56414126, U520040138439, U520050209166, U520050233988, W02005085237, 87%0%?4763,

. U
U520060885%00 656680518848 by 550 6106858 810 808D 22556 I RIS 6B T 08 2),
0-glycosideHervatives (subh apthosedesaiietiar 5668305645300 50187468 0USRE660166899,

20060234566, U5RUB024L175,and USAOQI0NaAIAN, sprokeiallvsasidedervaives, (escribed

in W02006080421 , and thio-glucopyranoside derivatives (such as those described in

US20050D69369 4nld Urd 36066731 oye miesighaliiirteesperisenraeh & Stk oosed R present
disclosurgpepvidRsmeompoyndsdsvingasdniib ity eect:onsedifiM-depeadeRlghiocisean
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serum glucose levels and the absence of general renal dysfunction or other discase (Santer R, et '
al., J Am Soc Nephrol 14:2873-82, 2003). Therefore, compounds which inhibit SGLT,
particularly SGLT2, are promising candidates for use as antidiabetic drugs. Compounds
previously described as useful for inhibiting SGLT include cyclohexane derivatives (such as
those described in WO2006011469), C-glycoside derivatives (such as those described in
US6414126,  US20040138439,  US20050209166, U820050233988, WO02005085237,
US7094763, 1US20060009400, US20060019948, US20060035841, US20060122126 and
W02006108842), O-glycoside derivatives (such as those described i US6683056,
US20050187168, US20060166899, US20060234954, US20060247179 and US20070185197).
spiroketal-glycoside derivatives (described in WO2006080421), and thio-glucopyranoside

derivatives (such as those described in US20050209309 and WO2006073197).



wherein A is selected from the group consisting of oxygen and a single bond; Q is selected from the
group consisting of formulae Q'to Q4; Q1Q2 asQ4 Z is methylene optionally substituted with one to
two substituents independently selected from hal® hydroxy, C1-C6 alkyl, C1-C6 alkoxy, C3-C6
cycloalkyl and C3-C6 cycloalkylox¥iRMRR angt Remiggachdnsgpendently selected from the group
consisting of hydrogen, halo, hydroxy, -C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl,
0010 SR kenyt, OB o e T RO By Sefin B S Wi ey,
alkenyl, alyinyl;dyeidatk ylhancecytloatenylSgiblips or portions are optionally partly or completely

fluorinateg,gpd,are optignatly,mang: AEdisuhstiued yiderticahrdiferent substituents selected from
the group con&sting of chlorine, hydroxy, C1-C3 alkoxy and C1-C3 alkyl, and in cycloalkyl and
ﬁ

cycloalkenyl W or portigas one or two methylene groups are optionally replaced independently of .
one another b %—(Z\ST\N@QF@O or SO2, and one or two methyne groups are optionally replaced by
Qvim;\ b

N, or in tHe. e
R3 R®

wherein
A is selected from the group consisting of oxygen and a single bond;

Q is selected from the group consisting of formulae Q' to QF
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Z is methylene optionally substituted with one to two substituents independently selected from
halo, hydroxy, C;-Cs alkyl, C;-Cs alkoxy, Cs-Cg cycloalkyl and C;-Cs cycloalkyloxy;

R!, R? and R® are each independently selected from the group consisting of hydrogen, halo,
hydroxy, C,-Cy alkyl, C,-Cy alkenyl, C;-Cs alkynyl, C5-Cj, cycloalkyl, Cs-Cyq cycloalkenyl, C;-Cs
alkyloxy, C3-C;p cycloalkyloxy, cyano, amino and nitro, wherein alkyl, alkenyl, alkynyl,
cycloalkyl and cycloatkenyl 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;-Cs alkyl, and in cycloalkyl and cycloalkenyl
groups or portions one or two methylene groups are optionaiiy replaced independently of one
another by NR?, O, §, CO, SO or SO, and one or two methyne groups are optionally replaced by

N, or in the event



that R' and R2 are bound to two adjacent C atoms of the phenyl ring, R' and R2 are optionally joined
together to form a C3-05 alkylene, C3-05 alkenylene or butadienylene bridge, which is optionally partly
or completely fluorinated and is optionally mono-%t disubstituted by identical or different substituents
selected from chigriné,nydedxys chntadalkaxyanec T-Gdakyl, BagwhareifpORe dtwo methylene
groups are optianally replaced independently of one another by 0, S, CO SO2 or NR', and
wherein SREBF \X/éo}/r%ee K§he 15?5%§§”8p?i?r%£ a%ﬁ?%é%%%@%%&ﬁﬁ ﬁl}%‘g%air%ng% eeﬁlgl\(ggg’cted from
the groupxbisisistintcohly droherr, fratplayandiamitssdiming, Wydraxy, BIeE eraligab Griabbslkenyl,
C2-C6 alkynvi £3 GHLEYCOalNe 5 GHR eYRIRAlkemd, Gl alkyloxiG3 Ghocsyelaaliyloxy,
(C1-C6 alkyloxy)C1-C6 alkyloxy, C5-C7 cycloalken¥|ox , aryl, heteroaryl, aryloxy, heteroaryloxy,
(C2-C4 alRdny A etk T P (R AT RIS Pk{ﬁB%‘z‘?‘EdF&?ﬁ?fTﬂ’é‘g{%u Rgyaother
(heteroary}) ©-C3 @lkyhuxys (e 31O’ cyaibalkeyl G lofi3oalkyh (8:y@d @royploapkyhdll}-@3yatieyloxy,
(C5-C10 lg%i%ga Iiier%eCl-CB alkyl, (C5-C10 cycloalkenyl)C1-C3 alkyloxy, (C1-C4 alkyloxy)CI-C3 alkyl,
(C3-C7 cy oaﬁ<y 8x'y)Ci -C3 alkyl, (C3-C7 cycloalkyloxy)C2-C4 alkenyl, (C3-C7 cycloalkyloxy)C2-C4
alkynyl, (B33€7 eyerbsikyisepe Tas hrogowp, teesitiaca pl bisirasrehats arye: die1aedo,
alkylaming)Gd= ¢ atkydigt (€ coairosiCa9RalkylCtiGlotialkylsiyyda e alkenyl, tri-(Ci-C4

alkyesilyl-C2-C6 l, tri-(C1-C4 alkyQOsily]-C1-C6.alkylaxy, (C3-C7.cycloalkyNC2-05 alkenyl,
(c%/-c%ﬁ%gﬁﬁ&la)gé%%%‘r!fééﬁ%ﬁ%‘% §§¥1§3§é (’)‘%%flkggégéO%%%%&y?f%@%&%ﬁﬂbaaﬁgny?;CB-OS
alkenyloxiist¢@Br 8 eptioalkénip0@B05valkfnylaxykeae yclabilylite rirethylalieniod: dlkyl)carbonyl,
arylcarbo € TPV . kyham] ’s) (G Cec,-
AL il s e g e g?qa?é%%{a%d}mi o igc%-ce,
alkyhamite; (ELEE Ao BERTariE. A EAETATN, HeterbarsiearaRgIATHIG, ChCa
alkylsulfosiiddnxivo, aryiSulfaiitanyng,-Cl-Gkalkylstifanyl c&li@katkgpistHinyl, O&AC4 dlkglsulfonyl,
C3-C10 cygl | N, GRG0 By i :23_4 ogdkyis SO

é&H%%} 5 ﬁ@% Gt (@f@{%‘?%&éﬁ%ﬂ?ﬂm léé!c g_)‘cé:ltgga%%}{%i, 2K &S%%ﬂ;lé]}zk% Cf,-C

cycloalkenylsulfanyl; C5-C10 cycloalkenylsulfi 8/ N alkeni/lsulfon ,arylsulfanfl, arylsulfinyl
and arylsﬁ“‘émﬁ\ﬂﬁe’?eiﬁkéﬂém}%r@d,%R&ﬁ%,%y@ﬁ&éﬁ%%ﬁa)gy’&@é Kedn§i-Grotpebyitiions are
optionallyparflyiRyicempletelyiypsinated@ndiaig opiooaly, mpawiordistbsiiysad dy@entical or
different substit s selected fr hlorine, hydroxy, Cl- k and C1-C3 alkyl, and in cycloalkyl
and cycloﬁ%ﬁ%&ﬁ@%h%sao;%éyﬁg%%nc %Er)at{/l\?@mzé ﬁle%ﬁréggr dbeéqzé g?oalgglg)(%i%%%ﬁ%/ﬁ%%]gg’ed

independé&hit-of eyreoatistiferby Ny SyCO(BO:0or ST2alkity bRe©r tibkendtiyne (rotps are
e R eloaliyl,
ydrogen, halo, cyano, nitro, hydroxy, C1-C6 a - enyl, C2- nyl, C3-C10 cycloalkyl,
O IO A Do Ry AR i AR HRET PAry A IR ot oy
groups orhydrtions-bweydplin Aadlyipedhy srbonypldtel: falbyinated ahd@re:ogtiphatinmdfioCor
dis“bS“tUl\%ﬁé’aIiQ&{}ﬁi&ﬁin%IL‘2?}%@&5@?&&%%&&%@@%@0@%‘&@r@]%hxﬁé%}if& xnplkoxy and

C1-C3 alkyl, and in cycloalkyl and cycloalkenyl groups or portions one or two methylene groups are
optionally¥Elsitediaperiddny brbndabiner by RRESHiRlc G180 B2 ian: ofie®r two
methyne gyoupscaseiaptionally;replacegdwyaiyBilfillh and' R6, are baundkidstdfonadjacentG, atoms of
the phenyl ring,.R5 R ' optionaglly.joined ther to form a €©3-05 alkylene Ikenylene
o1 bt B o s e e R bt

by identiceivtuHifdrent substiehtskere ey frotearioinayhyd bt od svalkdksahgr ©rT: 3 alkyl,
and whergin Qig.as tie MBIMBNEGHRHRS ashpRiionalydepliacedindepensdrnty,ohong-aseother by 0,

S, CO, SQ, SO2 or NRa, and wherein one or two methyne groups are optionally replaced by N; R7, le,
20 and REBFEHCH REB BT AL EETERI QU eSOt SRR o RS T The
alkyl)carboryloxg; (Ol Satkyl) oxsicalidrplbxyclanfitcaybervpioxy; aryli¢@-@¢ alkyheanbdnidoxy, (C3-C10
cycloalkyl%g&&oe[}gloxy, hydrogen, halo, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, (C3-C10
cycloalkyl)Ci -C3 alkyl, (C5-C7 cycloalkeny(LIgCi -C3 alkyl, (ary)CJ-C3 alkyl, (heteroaryl)C1-C3 alkyl,
C1-C6 alkyloxy, eAt8 4 BRIk ersr e ik ghoms ot 578 clBa S8 E92cobHIkenyloxy,
aryloxy, hetexeatnytoxy, (&3pchcyslivatiy)elacid ajkyloxy, (C5-C7 cycloalkenyl)Ci -C3 alkyloxy,
(aryl)C1-C3 alkyloxy, (heteroaryl)C1-C3 alkyloxy, aminocarbonyl, hydroxycarbonyl, (C1-C4
alkyl)aminocarbonyl, di-(Ci-C3 alkyl)aminocarbonyl, (C1-C4 alkyloxy)carbonyl, (aminocarbonyl)C1-C3
alkyl, (C1-C4 alkyeaminocarbonyl-(C1-C3)alkyl, di-(C1-C3 alkyeaminocarbonyl-(Q-C3)alkyl,
(hydroxycarbonyl)C1-C3 alkyl, (C1-C4 alkyloxy)carbonyl-(C1-C3)alkyl, (C3-C7 cyeloalkyloxy)C1-C3
alkyl, (C5-C7 cycloalkenyloxy)C1-C3 alkyl, (aryloxy)C1-C3 alkyl, (heteroaryloxy)C1-C3 alkyl, C1-C4
alkylsulfonyloxy, arylsulfonyloxy, (aryl)CI-C3 alkylsulfonyloxy, trimethylsilyloxy, t-butyldimerhylsilyloxy,
and cyano; wherein alkyl, alkenyl, alkynyl, cycloallcyl 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, C1-C3 alkoxy and C1-C3 alkyl, and in cycloallcyl
and cycloalkenyl groups or portions one or two methylene groups are optionally replaced
independently of one another by NV, 0, S, CO, SO or SO2; 2d



and optionally, R" and R11 can be combined with the carbon atoms to which each is attached to form a
five- to seven-membered fused cycloalkane or cycloalkene ring that is optionally partly or completely
fluorinated and may be mono- or disubstituted by2Rlentical or different substituents selected from

chlorine, ﬁy%faﬁyﬁl CCRiatkeneandis |S@T%t@ékﬁ‘ll)n§ﬂii \é‘xgé%fﬁé@ﬂﬂsmﬁ‘g %M%Mfgémgwy%@;aikegyglrégé
one or two met ylene groups ar puonally N ntl e 1t.%

SO or SOFRAE LRkt Al ﬁﬁe Lr&é 1“6&‘@ §?0819 P?é\ %‘ni ﬁﬁy é‘yé% alkenyl,
C2-C6 alkyryl 6@4&1@@@1,0&“@&;11@&14@6 alkwb;wl@@smmmﬂwbm@ze@mmnmwmrcs C6
Cycloa'kywom%%mﬂm Rézlh%néﬂ c%%}!fé)’é@@ﬁ&%ﬂ%ﬁ'% g@%ﬁam&m AgQptignally partly or

completely fluorinated, and 2’is hydrogen;or RI'and R12 are optlonagjomed together with the

carbon afomderHAHICer thslFTare sREEHEs SIETI ATeR - EoRoRYIOIKEME TR KRS vhtionally

partly or @Q{!‘/ﬂp@’i@|M1ﬂi§/@1’dﬁ&tﬁ¢ﬁﬂd}'@@m{ﬁpﬁﬁbbﬁ@@m@p@ﬂmmbﬁélmmdobmed@tﬁﬂaaémn}ﬁhfﬁ&rent
bstituent I ted. f I dro d R4 h

Substituet % Se Cr% Ia,ro 1&!~I On@eﬂth tr o:})%llﬁ%xy&%d&} gé l%"#);_, 811 grg afk)‘ﬁoegg Cé

mdepende%f? elected from te gro p con5|s |ng rogen, hydroxy,

alkenyl, C@iBralynys, C3tipoadyckraikyd, G NCE alkyloxy, C2-05 alkenyloxY, C2-C6 alkynyloxy and
C3-C6 cycloalkyloxy, wherein alkyl, alkenyl, alkynyl and cycloalkyl roups or portions are optionally
partly or eﬁﬁhﬁ#@i&yﬁ@bﬁﬁé&é&%@%@@él%éf@’@sfﬂfﬁl?ﬁtﬁbe@ifbﬂﬁgegnﬁ%% 6t SpievaAleRI2h;

each R' |@9®ﬁ&9(§@mbﬁ|§ @g@gaﬂ@ﬁmapesma@g@ewmw@wém%ﬁa allophndi(Cl-Ca
alkyl)carb Iwherelgé?llg)ﬁh%r sor ortlons are’ tlonal adrtrxlor com ete{y flP rlna{ed and Rh

and Re aP&"6aSh fREE ffg(ﬁn From ¢ redlgs}loﬁ%%?)ns sting of}lnodro Ger Ralo and CI-C4 alkyl,

wherein aiybgrotipsiarsl optionalfypart:decobhpletey filiofinatéa!, amﬂ p*hmfﬁat:@@mc%yvatceptable
salts thergqf;, [90Q0blin, 2.5e6aMchASPREIBE RIS QMR d R RNAIMRSSY st compesitien) somprising a

pharmaceutically acceptable carrier and a compound as defined above 10006clln a third aspect,

there is pPvichsY THSTTEEO8F & B PEURBE AL R AB PR GE i AeRtased by N

R7, R®, R? and R" are each independently selected from the group consisting of hydroxy, (Ci-Cig
alkyl)carbonyloxy, (Ci-Cig alkyDoxycarbonyloxy, arylcarbonyloxy, aryl-(C-C;
alkyDearbonyloxy, (Cs-Cy, cycloalkyl)carbonyloxy, hydrogen, halo, C;-Cq alkyl, C,-C¢ alkenyl,
C,-Cg alkynyl, (C3-Cyq cycloalkyDCi-Cs alkyl, (Cs-C; cycloalkenyl)Ci-Cs alkyl, (aryl)C;-Cs alkyl,
(beteroaryl)C-C;  alkyl, C;-Cs alkyloxy, C:-Cs alkenyloxy, C,-Cs alkynyloxy, C;-C,
cycloalkyloxy, Cs-C5 cycloalkenyloxy, aryloxy, heteroaryloxy, (Cs-C; cycloalkyl)C,-Cs alkyloxy,
(Cs-C;  cycloalkenyD)Ci-Cy  alkyloxy, (ary])Cy-C;  alkyloxy, (heteroary)Ci-Cy  alkyloxy,
aminocarbonyl, hydroxycarbonyl, (C,-C, alkyl)aminocarbonyl, di-(C;-C; alkyl)aminocarbonyl,
(C-Cy alkyloxy)carbonyl, (aminocarbony!)C;-Cy alkyl, (C-C; alkyhaminocarbonyl-(C,-Cs)alkyl,
di-(C;-C;  alkyDaminocarbonyl-(C,-Ci)alkyl,  (hydroxycarbonyDlCi-C;  alkyl,  (Cy-Cy
alkyloxy)carbonyl-(C;-Cs)alkyl, (C;-C; cycloalkyloxy)C,-Cs alkyl, (Cs-C7 cycloalkenyloxy)C;-Cy
alkyl, (aryloxy)Cy-Cs alkyl, (heteroaryloxy)C;-C; alkyl, C;-C; alkylsulfonyloxy, arylsulfonyloxy,
(ary])C,-Cs alkylsulfonyloxy, trimethylsilyloxy, t-butyldimethylsilyloxy, and cyano; 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;-Cs 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;



manufacture of a medicament for treating a disease or condition mediated by SGLT. [0006d]in a
fourth aspect, there is provided the use of a compound as defined above in the manufacture of a
medicament for treating diabetes. [0006€]In a fiftRd&spect, there is provided a compound of the
formula: 10006f1In a sixth aspect, there is provided the use of a compound as defined above in the
manufacteré aft@rédiBahrenRiOcucatingdidistait b coritislemeddiatechvp B GLaMaghhétein said

disease of,condition is.selecied fiam Alearup. Ransisiing ol e 4Aiahe RS MEHs iuRe 2 diabetes

mellitus, hyperglycemia, diabetic complications, insulin resistance, metabalic syndrome, _
hyperinsUlRBHFA s GHY MY PaAREIN LT SR iRt P 4 eR b iR B HEt failure and
atherosclesrsisd [PROGEK® I8Nt asprelkthermis(hroyidied, thel userehdrcompetmntkdssefined
above in the (r)g&nufgﬂcture ofam dicantq]ent for treatirglgedoiatpoentg?. Lg geta]lgﬁa%n i(%gm/%?po%g, there is

: Cycé e 0. methy! =
provided &) p]harrﬁﬂ Ceutica %o%p&ﬂmn goerlﬁ%ﬁrs?ﬁgsa ph rmaceutica y acce tfi}le carrier and a

compoun@radefdfindl aBokeC 0, SO or SOy
R is selected from the group consisting of hydroxy, halo, C,-Cs alkyl, Cs-Cs aikenyl, Cyo-Cs
alkynyl, Ci-Cy¢ cycloalkyl, Ci-Cs alkyloxy, C,-Cs alkenyloxy, C;-C¢ alkynyloxy or Cs-Cs
cycloalkyloxy, wherein alkyl, alkenyl, alkynyl and cycloalky! groups or portions are optionally

partly or completely fluorinated, and
R"is hydrogen;or

R'" and R are optionally joined together with the carbon atom to which they are attached to
form a C3-C; spirocycloalkane ring which is optionally partly or completely fluorinated and is
optionally mono- or disubstituted by identical or different substituents selected from chlorine,

hydroxy, C;-Cs; alkoxy and C;-C; alkyl;

R" and R" each independently selected from the group consisting of hydrogen, hydroxy, halo,
C,-Cs alkyl, C,-C; alkenyl, C;-C alkynyl, Cs-Cyp cycloalkyl, C-Cs alkyloxy, C;-Cs alkenyloxy,
C,-Cy alkynyloxy and C3-C, cycloalkyloxy, wherein alkyl, alkenyl, alkynyl and cycloalkyl groups

or portions are optionally partly or completely fluorinated;
R is selected from the group consisting of oxygen and CR'RS;

each R" independently is selected from the group consisting of hydrogen, C,-C, alkyl and (C,-Cy4
alkyl)carbonyl, wherein alkyl groups or portions are optionally partly or completely {luorinated;

and

R" and R* are cach independently selected from the group consisting of hydrogen, halo and C;-C,

alkyl, wherein alky! groups are optionally partly or completely fluorinated;
and pharmaceutically acceptable salts thereof.

[6096h] In a second aspect, there is provided a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound as defined above.
[6006¢] In a third aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for treating a disease or condition mediated by SGLT.



[00061]The disclosure also provides pharmaceutical compositions, methods of preparing the
compounds, synthetic intermediates, and methods of WO 2009/076550PCT/US2008/086472 3 using
the compounds, independently or in combination2&ith other therapeutic agents, for treating diseases

and condifigggayvhich are affesied By SGLT iohiation: BRIEE PESCRIRIIQNQRFHERRAWINGS

[0007] Figures 1-2 provide generic synthesis schemes for compounds of the invention. [0008] Figures
3-8 provide msrelesrEing shsthiessd drersadotiediipounds in the Examples below. DETAILED

DESCRIR{u¥ OF THER Nl bEpNHaefiniions 0009} andsatdiedoeindhe Willi "halo" means a
monovalent halogen radical or-atom selected from fluor, chloro, bromo and iodo. Preferred halo groups
are fluoro, chloro &rdi b :

HO ‘
HO"

{0006f1] In a sixth aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for treating a disease or condition mediated by SGLT, wherein said
disease or condition is selected from the group consisfing of type 1 diabetes mellitus, type 2
diabetes mellitus, hyperglycemia, diabetic complications, insulin resistance, metabolic syndrome,
hyperinsulinemia, hypertension, hyperuricemia, obesity, edema, dyslipidemia, chronic heart
failure and atherosclerosis.

[0006g] In a seventh aspect, there is provided the use of a compound as defined above in
the manufacture of a medicament for treating diabetes.

[6006h] In an eighth aspect, there is provided a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound as defined above.

[6006i] The disclosure algo provides pharmaceutical compositions, methods of preparing

the compounds, synthetic intermediates, and methods of



[0010] As used herein, the term "suitable substituent” means a chemically and pharmaceutically
acceptable group, i.e., a moiety that does not significantly interfere with the preparation of or negate
the efficacy of the inventive compounds. Such suitable substituents may be routinely chosen by those
skilled in theéH208HiH4BIE substituents may be selected from the group cB&3iiHAePHII4IE, C1-C6 alkyl,
C2-C6 alkenyl, C1-C6 haloalkyl, C1-C6 alkoxY, é1-Ccé haloalkoxy, C2-05 alkynyl, C3-C8 cycloalkenyl,
(C3-C8 cx@a@lmé)c%&n%@ﬁ&sxhc(%%ﬁ@&ﬁy@% Kyt B AN In R EUAIQRIMO Gl C6 alkoxy,
C3-C7 heterocycloalkyl, (C3-C7 heterocycloalkyOCI-C6 alkyl, (C3-C7 heterocy¢loalkyl)C2-C6 alkenyl,
(C3-C7 h&teHyis discamspnd cendifiedsy HeRrsx o iectsdny SGid. Bimbitgn.c1-C6 alkylsulfanyl, aryl,
heteroaryl, aryloxy, heteroaryloxy, aralkyl, heteroaralkyl, aralkoxy, heteroaralkoxy, nitro, cyano, amino,
C1-C6 alkylamino, di-(CI-C6 alkyl)amino, carbamoyl, (C1-C6 alkyl)carbonyl, (C1-C6 alkoxy)carbonyl,
(CI-C6 alkyDaminocarbonyl, BR{ErF @i stkrhpmioscabanyk swlcerbQoyd, aryloxycarbonyl, (C1-C6
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. WO
2009/07698BRPC TRz 80B/D 8 TR 4 earhoryatienis schmcadicabmpyubgsa fifieaneftikanched chain
and, where specified, optionally substituted with one to three suitable substituents as defined above.
lllustrative 96&inplEgwkaiaf goipsrinctugecifiotsarehndt ishitetddomoetyduatayh fropyl, n-butyl,
n-pentyl, %%%%:reiss%%o yl, isobutyl, isopentyl, amyl, sec-butyl, tert-butyl, tert-pentyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl, n-eicosyl and the like. Preferred
alkyl groups include methyl, ethyl, n-propyl and isopropyl. Preferred optional suitable substituents
include halo, methoxy, ethoxy, cyano, nitro and amino. [0012] As used herein, unless otherwise
indicated, the term "alkeny¥Ediadb ok iR EHOIRARON O FEHE AMVAENYa@Nt aliphatic hydrocarbon
radical hayigg,thg.ihdicated number of carbon atoms and at least one carbon-carbon double bond. The
radical may beé a flinear or branched chain, in the E or Z form, and where specified, optionally
substituteghyydh ORg {RtNFeRRUIARIGRURSHIEIS, 25 ﬂ%ﬂ@@ﬁ&?ﬁé{ﬁ- Uuistiptys e%é%ﬁ‘p'es of alkenyl
groups include, but are not limited to, vinyl, 1-propenyl, 2-propenyl, opropenylr, -butenyl, 2- butenyl,
isobutenyieBaé I Hiorse plore. heprerid 20den fesiAradrhain gropseareeiyerd, shlpemaadieny!,
2,4-pentagligmyl, 1,3-butadienyl and the like. Preferred alkenyl groups include vinyl, 1-propenyl and
2-propenyl. Preferred optional suitable substituents include halo, methoxy, ethoxy, cyano, nitro and

amino. [ORIIBASASRSIRIRIA, URIRSHOUIRENISSIRFiRaRt nibe: teransallomylsalone or in combination

refers to a monovalent aliphatic hydrocarbon radical having the indicated number of carbon atoms and

at least oRBAEAPEEHCA) AR ERIARI HEHIPTHE AARISIHER SReanf b s hceaterrairthfes where
specified peglienitycssb statedhwifions tf theeevspitablesybstitve sig Reefinegsdaaye dllustrative
examples of alkynyl. groups include, but are not Jimited to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
2-butyny|,mj‘rfl-y|?’eﬁg)/‘%/tglllg’?'3 @ Jg‘@ﬁ%}nﬁ ,%Fﬁéh?\.@?f%bé’ﬁ%ylg%‘-tﬁeggt%%ﬁflT-%&WI ?’E-Sﬁnlee)%t/?ﬁ/l, 3-hexynyl
and the likenPireferoep altoysiid gebups.idgiidelkihyCyCdarapynyl-dhddeptogy ayl (P sitexrgd optional
suitable substi ' e t , ethoxy, ¢ , nitro and.amino..1001 s used herein,
unless ofﬁé-r%%gq?r%%%?(’aﬁ iﬁ&%ﬁﬁt@%%éw pg?fé%ng %??ﬁ%(%% 5 3}%% réfg%saﬁéyilh%h&valent
alicyclic sattipatisd ydroelition (adiCalcelvmivibiedonirone CarbohsdormmineplkdatBedyclic ring and,
where spggifisd, apiirpaty.subatiuied with-ans i iigsRuitablg syl §t&@3@@ts as defined above.

lllustrative examples of cycloalkyl groups include, but are Aot limite {o, ciciopropyl, cyclobutyl,
cyclopenBitESsisall tydisrEmyy: Wibyspoubesssepcriistobsosdhysuteydasityl, cyclononyl
and the likecReeigriedoaptinaalsuipkle subsiiuertsdnayde.Ralex Matioanbxmetaexy. ethoxy,

cyano, nitro and aming, . . .
y Cyano, amino, 81-(36 alkylamino, di-(C;-Cs alkyl)amino, carbamoyl, (C,-Cs alkylcarbonyl,

(Ci-Cs alkoxy)carbonyl, (C;-Cs alkyl)aminocarbonyl, di-(Ci-Cs alkyl)aminocarbonyl,
arylcarbonyl, aryloxycarbonyl, (C;-Cs alkyl)sulfonyl, and arylsulfonyl. The groups listed
above as suitable substituents are as defined hereinafier except that a suitable substituent may

not be further optionally substituted.

t0011] As used herein, unless otherwise indicated, the term “alky!” alone or in combination

refers to a monovalent saturated aliphatic hydrocarbon radical having the indicated number of



[0015] As used herein, unless otherwise indicated, the term "cycloalkenyl" alone or in combination
refers to a monovalent alicyclic hydrocarbon radical having three or more carbons forming a
carbocyclic ring and at least one carbon-carbon double bond and, where specified, optionally
substituted W2 16 Hree suitable substituents as defined above. lllustiatiEB%EMHBHES of
cycloalkenyl groups include, but are not limited td, cyclopentenyl, cyclohexenyl and the like. Preferred

optional suitedie sristituepiainciide alaustbybratbyddmethons, %&H%%Mﬁn@; BigAng amino.
a

[0016] As used herein, unless otherwise indicated, the terms"alkylene", "alkenylene", "cycloalkylene™

and "cycIB%EYRBW&H@“&Q@%@?WB%@MW‘A%ﬁsrg?ﬁ%d’&ptﬁ%‘i‘i% FORBERBVERHBIES S a hydrogen
atom fronalayi alsylsaikkany, sycipaliot aniyeieatkemyl ratigah-pespactivaly as-seghitarms are defined

above. [OgéL;Z IAsou?ed Ihere?int, Ehe term "(C3-é:10 cgcl a%k I§n? (Ct: -C6 Fagl)éyle e)" rlefers tq a divalent
hydrocarbh a4 TS P8RS By BanERG 8% -‘Eyo%%” Bt FERRe PR PR 1960 alky lene
radical, as-susil terdesyhre-defingl] adbavelct G0 1 ikAdarst d-hetaincyintess aifiendide: iiicicated, the term

"aryl' alo ' ination refers t onovalent argmatic hydrocarbop radical. haying six to ten
carbon a%r‘r%%ffn%@g%af%ﬁg% ﬁ%ﬁglglﬁg ,R\Mg’:élrgrggil éé?@é?%%m yr es% Sgtoatelan\?\\/flth one to three
suitable stitshiaewbstducdisiineddimle. Miikorativeexarrples, ofteryngraupwinclude, but are not limited
to, phenyl, naphthyl, tetrahydronaphthyl, indanyl and the like. Preferred aryl groups are phenyl and
naphthyl, [8ptinalys reA detsin ismbstimhédfvw ihe retaeeal, @nmé‘ﬁt@mﬁtﬂ@s@ bstituents selected from
halo, Cya@&nﬁﬁé@&é}g‘iﬂs%35%%%U‘Mlg?ﬁﬂi‘dq{ﬁ%%ti?%nt?ﬁ@%&?ﬂ%@fﬂé’%@k&@a@wow’

difluoromethoxy and trifluoromethoxy. [0019] As used herein, unless othérwise indicated, the term

"heterocyYSHIR\AE EAHIRE BIOMSCHI Bir e A FeFB s (e JaNBIE Gish A8aresifeda®odedn which one
or more Cabans dddnchisanlaead Ry ansielaatamregireiaddrop MayandsBullldsiative

examples of heterocycloalkyl groups include, but are not limited to, pyrrolidinyl, tetrahydrofiu-anyl,
piperazin§Pa R o SRR U PR s IRRA 60 B EE R B TR 68 £78"RAd one to four
heteroatomgisie|ecteddtamibhiSdanddhiormirgpa:dinez tadpermesobeareshmonpeielc or fused bicyclic
ring and, where specified, gptionally, substituted with one.to three syitab| bstituenis_as defined
bove. 1T e B SR G 8 e B AT men LBt g iaainy,
pyrazinyl ppytiriedivly 5, érisezitadh sqpinb Ryl ddmoui motinit, Gkan Gxalimdd qliead elinypsberiadtriazinyl,
benzimidazolyl; he yrazolyl, benzotrazolyl, .benzi ' furyl, isoindolyl, indolizinyl,
thienopyridinyl, t iéﬁ%qb&yrinﬁdir%%%y?a'zo o_pyr#%iﬁ%éﬁ%%?ijtg%épiﬁr? nﬁtgégéeur%!zlgﬁgi%?g[yl, benzofuranyl,
benzothieh§iheHsciiosetiasoIyipya-eNmondazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, thiazolyl, airy], thienyl and the like. Five- or six-membered

monocycli@0hdterdarysaiiem e riessyhenytissyiridiaripdd tieminidliapsihmmg otriazinyl, isothiazolyl,
pyrazolyl.imisiazebv «Lraz by defiaeabil: axazelyhjarsaroid ronadiazalyl diiadipzalyl, pyrrolyl,

thiazolyl, furyl, thienyl and the like. Eight- to ten-membered bicyclic heteroaryl rings having one to four
heteroatdHEMTERIE ALY RIS RS A7 ctbiRTosaiey tiplbeaslinTheafisliassia soenzimidazolyl,
bhenzopyraaédy_ : _brltb@ﬁlmm&l'l _,aagml;@xa;ga%emgﬁelﬁ%ﬁwwm&p' 3 Il%/itgra;@l@lifaiﬂybetlhisnopyrrildinyll,
thienopyrimidinyl, pyrazolopyrimidi imidazopyridinyl, benzothiaxolyl, benzofuranyl, benzothienyl,
indolyl, intiA% }yl§1§r¥8tiﬁ8tﬁﬁ\éf£%8? r?gav(gp%%'f‘%aﬂﬁafﬁmfffs? éf}(@ﬁ’é’ 1 SERBR B LT Bio identical or
different suthstitlietitsidelethedyi;arphalo;dy2peGiyC 3-alkyhyC -G nydloapepyaiflunromethyl,
trifluoromethy! -C3 4l iflugramethox d_trifl ethoxy, 100211 As used herein, unless
exﬁég)ﬁédﬂ%t ylfplx- g:r?,tgﬁﬁ g-pen%n,gq %%G}Vnﬁ%ﬂgx 7 ny)l( 3- eixr?gﬁ/o ana ﬁé‘?ell

otherwisé in eter okxy"an kyloX ne orim ¢om A Teter to an aliphatic
radical of%@ﬁﬂwl@{m}m@@hmﬂsh@fﬁwdyébwérpﬂummﬁv@@mmsiomalkoxy groups
include, byl ate BANTIES 10 MRINLYY nRIABXY, RFBROXYISORIROM: HIGXY: isobutoxy, tertiary

butoxy, pentoxy, isopentoxy, neopentoxy, tertiary pentoxy, hexoxy, isohexoxy, heptoxy, octoxy and the

like. PrefesprdialkoxgiaupsNGhiLS BRIARY Aataac (00221 ASH3Rd AGTEW). jnless otherwise

indicated" the term "haloalkyl" refers to an alkyl radical as described above substituted with one or

more hal6eBREIRI TRt S X EPpANRlEH bRk Ferolpd Mrdreaebraragic deninaderee oehloromethyl,
dichloromgihyéafbipromeiing. ety thtusemelisdiR & eptlishiorastiihand g like. [00231

As used herein, unless %&her ise indicated, the term "haloalkoxy" refers to an alkoxy radical as

describe S8R EE BUfBR S RAHGHE 8 TRbretehegenlufitatisRramples of cycloalkyl groups

include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,




WO 2009/076550PCT/US2008/086472 7 examples of haloalkoxy groups include, but are not limited
to, trifluoromethoxy, difluoromethoxy and the like. [0024] As used herein, unless otherwise indicated,
the term "aralky!" refers to an alkyl radical of one to six carbons as described above substituted with an
aryl group a¥% 8e8tiéeeiabove. [00251 As used herein, unless otherwise TRAIEaALE ¥ term
"heteroarallcyl" refers to an alkyl radical of one to'six carbons as described above substituted with a

heteroarytgiedpAs Gersidaerabaveli te0 26l st hniaimyNass eihepnise indicated, the term
"aralkoxy" refers to an aelgiox radical of one to six carbons as described above substituted with an aryl
group as FEEBHLENALB F’[é@? R GEE HEPS ARG ATBYS otherwise indicated, the term

"heteroar " refers tg an allcoxy radical of one to six carbons as described above substituted with
a heteroa?é/lé%élv)ubﬁégsaéé’ﬂﬁ}%dlﬁgéwt. 5% RUHed HerSHP (reloeiBiémak s iidated, the term
"carbamoydimisitersotor eferapaualetivedelical ofdheHatme @) MNidiE) hatiepaindr is higdrogen, C1-05
alkyl, C2-C6§ allcenyl. C3-C6.cyclgalkyl, or aryl as such terms are defin boye. [0029] As used
orein, uE R R A R s B RGP A PG CE Sy hamino"
alone or ispeoirfinsineniomabferus tintadnint gneup tirat msaliistittedusitls twdegredpbandependently

selected figm e 3, Al 06 €105 Al 185RSCHVELY 19030) A3 HaSIRISID. s der reating” and

"treatment” refer to delaying the onset of, Ing or reversing the progress o viating or

preventingyéeleherene ansetiisdiks Bisditied eptionk b ie mubeppiiels, wrlbirhetondréigymptoms of such
disease oLEANALAR: AR ASWRE LRIl Shgrierm "administering” means oral administration,

administration as a suppository, topical contact, intravenous, intraperitoneal, intramuscular,

intralesiongd §]tranasel PLSLRCUIARR UiS-AHIRIRIRIAIIQN 1R (g implaniaton.of 4 dlow-release device,
e.g., a mini-osmotic pump, to a sub:ect. Administration is by any route mcludmgiﬁérenteral, and

transmucoSEI ALY 10E) 2pthsaye lsuctas g ioradsadem Ay diosrehae rat sahiiaiss & ncludes,

e.g., intraygnatisyANbRnhyacsdan dasame io ek intaadermalsuhryianepusaikimpaiiencal,

intraventricular,.and intrac[lanial. Othgr 0 %s of delivery include, but are
respectively, as such terms are defined above.

[0017] As used herein, the term “(C3-Cyp cycloalkylene)(C,-Cg alkylene)” refers to a
divalent hydrocarbon radical that is formed by bonding a C;-Cyo cycloalkylene radical with

(C1-Cy alkylene radical, as such terms are defined above.

[0018] As used herein, unless otherwise indicated, the term “aryl” alone or in combination
refers to a monovalent aromatic hydrocarbon radical having six to ten carbon atoms forming
a carbocyclic ring and, where specified, optionally substituted with one to three suitable
substituents as defined above. Illustrative examples of aryl groups include, but are not
limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl and the like. Preferred aryl groups
are phenyl and naphthyl, optionally mono- or disubstituted by identical or different suitable
substituents selected from halo, cyano, C,-Cs alkyl, C3-C; cycloalkyl, difluoromethyl,
trifluoromethyl, C,-Cs alkoxy, diflucromethoxy and triflucromethoxy.

" [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



WO 2009/076550PCT/US2008/086472 8 not limited to, the use of liposomal formulations, intravenous
infusion, transdermal patches, and the like. [0032] As used herein, the term "prodrug” refers to a
precursor compound that, following administration, releases the biologically active compound in vivo
via some ch¥@i¥PE795AYsiological process (e.g., a prodrug on reaching pRySiSI6HiEa#4” or through
enzyme action is converted to the biologically active compound). A prodrug itself may either lack or

possess thgragiredhiriRgirahast Wiedtoa3hAs, weath tereinithe e icompaunchrigferstoa
molecule produced by any means including, without limitation, synthesis in vitro or generation in situ or

in vivo. [OFRPPHE fetnisRb Rig ¥ Wherr IR hefpl ey s g ad- Btk 882 tand "timed

release” aftedateidend lobeferiniechangdabyto anyeite coniginngismvaioprimyhich release of
the drug is nPté'm{;n?diate ., wéth a "coc&)rolle relegse” for.m&llation,. ral_ adminisgration does not
InCINge, D

result in imradiate rETe AS5 RIS By et AN A St By B AR b FE 8 interchangeably
with "noninumedigte iselpaseiirgd, defimadlinyRk entingtdinyl henSaiendeyandRiadiice o, Pharmacy, 21 Ed.,

mommme L T e e B B R v Dosage Form

kr drug relbégepyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl,
benzofuranyl, benzothienyl, indolyl, isothiazolyl, pyrazolyl, indazolyl, imidazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl
and the like. Five- or six-membered monocyclic heteroaryl rings include: pyridyl,
pyridazinyl, pyrazinyl, pyrimidinyl, triazinyl, isothiazolyl, pyrazolyl, imidazolyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl
and the like . Eight- to ten-membered bicyclic heteroaryl rings having one to four
heteroatoms include: quinolinyl, isoguinolinyl, quinoxalinyl, quinazolinyl, benzotriazinyt,
benzimidazolyl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl, isobenzofuryl, isoindelyl,
indolizinyl, thienopyridinyl, thienopyrimidinyl, pyrazolopyrimidinyl, imidazopyridinyl,
benzothiaxolyl, benzofuranyl, benzothienyl, indolyl, indazolyl, and the like. Preferred
optional suitable substitutions include one or two identical or different substituents selected
from halo, cyano, C;-C; alkyl, C3-Cs cycloalkyl, difluoromethyl, trifluoromethyl, C,-C,

alkoxy, difluoromethoxy and trifluoromethoxy.

[0021] As used herein, umless otherwise indicated, the terms “alkoxy” and “alkyloxy” alone
or in combination refer to an aliphatic radical of the form alkyl-O—, wherein alkyl is as
defined above. [ilustrative examples of alkoxy groups include, but are not limited to,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy,
1sopentoxy, neopentoxy, tertiary pentoxy, hexoxy, isochexoxy, heptoxy, octoxy and the like.

Preferred alkoxy groups include methoxy and ethoxy.

[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] Asused herein, unless otherwise indicated, the term “haloalkoxy” refers to an

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



Absorption Pool kalca Target absorptionAreaelimination [0035] The "absorption pool" represents a
solution of the drug administered at a particular absorption site, and k" Ica and Ic, are first-order rate
constants for (1) release of the drug from the formulation, (2) absorption, and (3) elimination,

respectively MEbEiEHitte release dosage fo,ins, the rate constant for dtiE/ FEREEYESkE T far greater
than the absorption rate constant ka. For controlléd release formulations, the opposite is true, i.e., kr

<<ka, suc 1@&%{%@&&&49%%%94 Arygaasm the AaspEf oM dSG SRIGHIRILING step in the delivery

of the drug to the target area. 100361 The terms "sustained release" and "extetided release" are used
in their co%m%ﬁfl%’é‘ﬁé’é‘%hr%%ﬁo 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 WO
2009 /O76ég%5tTft‘fS§%é7fﬁ3@’4'ﬁe§s otherwise indicated, the term “aralkyl” refers to an alkyl

radical of one to six carbons as described above substituted with an aryl group as described

above.

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

described above.

- [0026]  As used herein, unless otherwise indicated, the term “aralkoxy” refers to an alkoxy
radical of one to six carbons as described above substituted with an aryl group as described

above.

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

described above,

[0028] As used herein, unless otherwise indicated, the term “carbamoy]” refers to a
monovalent radical of the form -C(O)NH(R), wherein R is hydrogen, Ci-Cs alkyl, C2-Cs

alkenyl, C5-Cs cycloalkyl, or aryl as such terms are defined above.

[0029] As used herein, unless otherwise indicated, the terms “di-(C,-C; alkyl)amino” and
“di-(C;-Cs alkyl)amino” alone or in combination refer to an amino group that is substituted

with two groups independently selected from C-C; alkyl or C;-Cs alicyl, respectively.

[0038] As used herein, the terms “treating” and “ireatment” 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.

16031] 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., &
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, ¢.g., intravenous, inframuseular, intra-arteriole, intradermal, subcutaneous,

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



necessarily, results in substantially constant blood levels of a drug over an extended time period.
[0037] As used herein, the term "delayed release" refers to a pharmaceutical preparation that passes
through the stomach intact and dissolves in the small intestine. General [0038] The present invention
provides cofVEol¥AtI8’Aaing an inhibitory effect on sodium-dependent glB§GEEEHRRaHBrier SGLT,
preferably SGLT2. Some compounds according b the present invention also have an inhibitory effect
on sodiundepsRdent Bt GaserHRtaRRRaTRhR L AMREH: BeikARIIN QIR RGL, the
compounds of the present invention are suitable for the treatment and/or prevention of any and all
condition¥htheiEases that are affected by inhibition of SGLT activity, particularly SGLT2 activity.
Therefore, the compounds of the present invention are suitable for the prevention and treatment of

diseases HRFHondi SRR BeapifS 5T e PBBTHE IS EdRs? RIERAEOIRSRA HitefloR/iE 1 and type 2

diabetes mefinissfynerglyasiia: siabsiieisomplications (aach asd elinepathyenepiitepathy [e.g.,
progressive renal disease], neuropathy, ulcers, micro- and macrqangiopathies, and diabetic foot
fisease), RELEH FESTLPINRE Kk BOTE LR AP LB RRHR &5 B HeE FRE PyBhsion.
hyperuricémniayvetiesity fledenagicyisiipidemtanginenit HearbdailyliecHiarosidlerasik and related
diseases. 00:;;3%] %Q‘c?l CFrgrea%ntiinver]tilcg;{'nvrilgso provides pharmaceutically acceptable salts and prodrugs

of compo hds accor w%E;e o thePresent imention. [0040] The present invention further provides

pharmaceytical compositions ¢ rising an effective.amount of a compound or mixture of compounds
accordingell@%%le pressw%asr(%i5 #ﬁe\fgln %ﬂr%ﬁ 8%% ar Og%%uffggﬁfyt%%(%éteﬁ?g ra%?%cre%r%aerlﬁﬁ %egPéof, ina
pharmacentivaiiyzateiotabiaitativiesyb0o4 k] T véroresgmentientiosi futhar provides synthetic
intermediates and processes for preparing the compounds of the present invention. [0042] The
present ini@adbn alsdqreyidestrded odsaof.li Syt dosipouh dextmsinigaw fhenpréseet invention,
independgplly,o+ iR armpinpleR M el st R, a0ets, for fiseasgs,ang,conditions
which may be affected by SGLT inhibition. WO 2009/076550PCT/U52008/086472 10 [0043] The
present inF&s6e AAHIBBIAdEs IMBWHHS: ofudtig thetomped rissgchamptietherpresent invention
for the preparationsfainedisamantionireaiing dissasssmnd-rondiiansuhish s Peraffected by

SGLT inhibition. , . . )
terms are used interchangeably with “nonimmediate release” as defined in Remington: The

Science and Practice of Pharmacy, 21° Bd., Gennaro, Ed., Lippencott Williams & Wilkins
(2003). As discussed therein, immediate and nonimmediate release can be defined kinetically

by reference to the following equation:

Dosage ke Absorption ¢ Target ke
Form drug Pool absorption  Area  elimination
release

[0035] The “absorption pool” represents a solution of the drug administered at a particular
absorption site, and k;, k, and k. are first-order rate constants for (1) release of the drug from
the formulation, {2) absorption, and (3) elimination, respectively. For immediate release
dosage forms, the rate constant for drug release k; is far greater than the absorption rate
constant k,. For controlled release formulations, the opposite is true, i.e., k; <<k,, such that
the rate of release of drug from the dosage form is the rate-limiting step in the delivery of the

drug to the target area.

[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



Detailed Embodiments Compounds and Preparative Methods [0044] In one aspect, the present
invention provides for compounds of Formula I: R1 R2R4 Z- -.CA) R5 | ;S:re- R3R" | wherein
[0045] A represents oxygen; NH; methylene; or a single bond; [0046] Q is selected from one of the
following for¥feiP489919%8°Q4; wherein the wavy line indicates the point of HttHERMESI the remainder
of the molecule; [0047] Z represents oxygen; sulf%r; SO; SO2; 1,1-cyclopropylene; carbonyl; or

methylene-epiianafyraustiiiaskuiihinedo o obs iduapistindependeat v aelgetedricom halo,
hydroxy, C1-C6 alkyl, C1-C6 alkoxy, C3-C6 cycloalkyl and C3-C6 cycloalkyloxY; [0048] RI, R2 and R3
each indeppeélr? ently represent hydrogen, halo, hydroxy, CI-C6 alkyl, C2-C6 alkenyl, C2-C6 ailcynyl,

C3-C10 c@ kyl CB-%%]O cyclgalkenyl, C1-C6 alkylgxy, C3-C10, cycloalkyloxy, cyano, amino or nitro,
wherein aﬁ/ yfi Ik éihsy = )ﬁ;lhﬁi/ ﬁ,(%l/%ltg 5 yﬁi%ai%%edG rledser POeTS 10 apha%naceu caf%reparatxon
that passes through the stomach intact and dissolves in the small intestine.

General

[6038] The present invention provides compounds having an inhibitory effect on sodium-
dependent glucose cotransporter SGLT, preferably SGLT2. Some compounds according to
the present invention also have an inhibitory effect on sodium-dependent glucose
cotransporter SGLT1. Owing to their ability to inhibit SGLT, the compounds of the present
invention are suitable for the treatment and/or prevention of any and all conditions and
diseases that are affected by inhibition of SGLT activity, particularty SGLT?2 activity.
Therefore, the compounds of the present invention are suitable for the prevention and
treatment of diseases and conditions, particularly metabolic disorders, including but not
limited to type 1 and type 2 diabetes mellitus, hyperglycemia, diabetic complications (such as
retinopathy, nephropathy [e.g., progressive renal disease], neuropathy, ulcers, micro- and
macroangiopathies, and diabetic foot disease), insulin resistance, metabolic syndrome
(Syndrome X), hyperinsulinemia, hypertension, hyperuricemia, obesity, edema, dyslipidemia,

chronic heart failure, atherosclerosis and related diseases.

[0039] The present invention also provides pharmaceutically acceptable salts and prodrugs

of compounds according to the present invention.

[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.



WO 2009/076550PCT/US2008/086472 11 cycloalkenyl groups or portions optionally may be partly or
completely fluorinated and may be mono- or disubstituted by identical or different substituents selected
from chlorine, hydroxy, C1-C3 alkoxy and C1-C3 alkyl, and in cycloalkyl and cycloalkenyl groups or
portions oné™&t 8/ tEylene groups are optionally replaced independeRfif/&fgia/ Madther by NW, 0,
S, CO, SO or S02, and one or two methyne grouB’s optionally may be replaced by N, or 100491 in the

event thatdRuand R aresbaunckigidwalanireanbnriants of thnphendring:idd apddmay be joined
together such that Rl and R to(%ether form a C3-05 alkylene, C3-05 alkenylene or butadienylene

bridge, whIER TS} BBVSARY & dBRSREERT At OFiAHEN SRem AT BEsin s e I SARREPBY identical
or differentisubstitydatsifetedted FGIT ahltmivhe;. hydroxy, C1-C3 alkoxy and Ci-C3 alkyl, and wherein
one or two methylene groups are optionally replaced independently of one another by 0, S. CO, SO,
SO2 or NBejgihdl \WnshietimagOr two methyne groups optionally may be replaced by N; 100501 R4
independently represents hydrogen, halo, cyano, nitro, amino, hydroxy, C1-C8 alkyl, C2-C6 alkenyl,
C2-C6 alkymyhoudCan Srelaaldele GR@dn cycloalkenyl, C1-C6 alkyloxy, C3-C10 cycloalkyloxy,
(C1-C6 alkyloxy)Ci-C6 alkyloxy, C5-C7 cycloalkenyloxy, awl, heteroaryl, aryloxy, heteroaryloxy,
(C2-C4 allsay]) CChalig eoty fHEGR «Chialhkyamyfod b 531 adsyiaaorimohydd S Fatiayloxy, (heteroaryl)Ci-C3
alkyloxy, (C3-C10 cycloalkyl)Ci-C3 alkyl, (C3-C10 cycloalkyl)CI-C3 alkyloxy, (C5-C10
cycloalkenyl)C1-C3 alkyl, (C5-C10 cycloalkgny!)®1-C3 alkyloxy, (Ci-C4 alkyloxy)C1-C3 alkyl, (C3-C7
cycloalkyloxy)C1-C3 alkyl, (C3-C7 cycloalky. &\@cg\@q enyl, (C3-C7 cycloalkyloxy)C2-C4 alkynyl,
(C3-C7 cycloalkyloxy)C1-C3 alkyloxy, (G1- yIa@P@'@l-CB alkyl, di-(Ci-C3 alkylamino)C1-C3
alkyl, tri-(C1-C4 alkyl)silyl-C1-05 alkyl, tri-(Ci-C4rikenyl, tR&(CIL-C4 alkyl)silyl-C2-C6 alkynyl,
tri-(Ci-C4alkyloxy, (C3-C7 cycloalkyl)C2-05 alkenyl, (C3-C7 cycloalkyl)C3-05 alkenyloxy, (C3-C7
cycloalkyR®8r@b alkynyloxy, (C5-C8 cycloalkenyl)C3-05 alkenyloxy, (C5-C8 cycloalkenyl)C3-05
alkynyloxy, C3-C6 cycloalkylidenmethyl, (CI-C4 alkyl)carbonyl, arylcarbonyl, heteroarylcarbonyl,
aminocarbtidd] (Cl-Cdraskytyamygecadbhnytiidié¢ad: G3:aligaiomicarbonyl, hydroxycarbonyl, (C1-C4
alkyloxy)carbonyl, C1-C4 alkylamino, di-(CI-C3 alkyfiamino, (CiC4 alkyl)carbonylamino,
arylcarbof0diing etelroty ian omy it 6 6 4464 fatkylsad iOhyapijno, arylsulfonylamino, C1 -C4
alkylsulfanyl,allcylsulfinyl, C1-C4 alkylsulfonyl, C3-C10 cycloalkylsulfanyl, C3-C10 cycloalkylsulfinyl,
C3-C10 cycloalkylsulfonyl, C5-C10 c%%malgﬁlgxlsulfanyl, C5-(31Q1g;ycloalkenylsulfinyl, C5-C10

19
R0 : R
RS R RS R
R® RS
Q‘l QZ
15 11
r13 R 14 R13 R ;
R‘EO g R10
R® R7 R® R7
RB R&
oy Q4

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

[0647] Z represents oxygen, sulfur; SO; SO;; 1,1-cyclopropylene; carbonyl; or methylene
optionally substituted with one to two substituents independently selected from halo,

hydroxy, C1-Cs alkyl, C,-Cy alkoxy, Cs-Cs cycloalkyl and C3-Cq cycloalkyioxy;

[6048] R! R?and R’ each independently represent hydrogen, halo, hydroxy, C,-Cs alkyl,
C2-Cs alkenyl, C5-Cg alkynyl, C3-Cyg cycloalkyl, Cs-Cyg cycloalkenyl, C,-Cs alkyloxy, Ca-Cig
cycloalkyloxy, cyano, amino or nitro, wherein alkyl, alkenyl, alkynyl, cycloalkyl and



WO 2009/076550PCT/US2008/086472 12 cycloalkenylsulfonyl, arylsulfanyl, arylsulfinyl or arylsulfonyl,
wherein alkyl, alkenyl, alkynyl, cycloalkyl and cycloalkenyl groups or portions optionally may be partly
or completely fluorinated and may be mono- or disubstituted by identical or different substituents
selected froMitHIBHNESHydroxy, C1-C3 alkoxy and C1-C3 alkyl, and in cy&lba1k3A1081486¢3|oalkeny!
groups or portions one or two methylene groups]dre optionally replaced independently of one another

by MR% Qy8o&KnBQronss@2paid e esiave meiinarpupsapliasnliimay.Ra Balased by N;
[0051] R5 and R6 each independently represent hydrogen, halo, cyano, nitro, hydroxy, CI-C5 alkyl,
C2-C6 alk%enr)rl’fr@'Zf)é 1%1%’%%%%3@ %%%IS%?%}F)/ t_]#\aisgm%s,%qbgg_ C11,'9817)%?I’I<yloxy, wherein
alkyl, alkemydraikyGyiCeutiloajkutdte Cyelbglkanyingratpsdion padtionk eiptiovialiyupayrbe partly or
completely flyorinated mono- or disubstituted by identical ar different substituents selected
from chlon}lgge, hyﬁ%xyf@%—%%@ﬁgf aor?lg y ?CQ,é{lg y ?5%%?%\%}}%%3@%65% %g%?gaﬁ%%r%f}fgroups or
portions orielgt (b PaéiBy R eFbupndmmoptionathyeteplaced:sdepensinthaybors anather by Nr, 0,
S, CO, S@y04,S02, and one or two methyne groups optionally may be replaced by N, or [0052] if R5
and R6 are bound to two adjacent C atoms of the phenyl ring, R5 and R6 optionally may be joined

together gyplinatREANRRMLIPAC R HOUR Bite0s @%&@@m@%@%@g@}ﬁ%@ ffaderyiene

bridge, which may be partly or completely fluorinated and mono- or tical or

different SESSRtTRRS SN EThs IRlkat Ryard R/ icacts frmg GniseliodaalkstCGand wherein one

or two memﬁé&%ﬂ@a&%@I@r@@ﬂ@%@é&?@iﬁ&?ﬂaﬂ}dﬁ%‘a@?B%'Mo%ﬁ%l?@ﬁ@}%{a@ﬂ AnPnfzP: SO, SO2
or NW, aréd Whereinsgéne or.two methyne %rou s may be replaced by N; [0053] R7, R8, R9 and Ri each

independ @Rtk RSB SEHISHFSSP Y EFER & 'fﬁ‘ﬁméﬁ}fﬁfﬂﬁ%i@]@?@d eXERDonyloxy,

arylcarbomnytivsyy STy} ClHES3 pligd )Cabonioand @Beteibrdoalkyhraiprayiaxsyphygrogen, halo,
C1-C6 alkyl,.C2-C6

alkenyl, C2-C6 alkynyl, (C3-C10 cyeloalkyDC1-C3 alkyl, (C5-C7 .
cycloalken B@fl 3% aﬁﬁ%bﬁyﬁ’éﬁgﬁ‘ﬁﬁé‘f,ﬂ%ha 9?8&%@13\%%@91 2—@%8%‘,’ E5igg
alkenyloxypGa-G6 alkinylo gyg1®3 apiloapdipalkylexyspB8e€ Bichloalkenyloxy, aryloxy, heteroaryloxy,
(C3-07 cycloalkyl)C1-C3 alkyloxy, (C3-C7 cycloalkenyl)C1-C3 alkyloxy, (aryl)C1-C3 alkyloxy,
(heteroary30}C RAkugkepepdantinogaeberiy b hiydgenyitaoh oparo (Gitr draity) Yarminogarbanyl, di-(C1-C3
alkyDami reopyl -C4.a rbopyl, inogarbonyl)C1-C3 alkyl (Cl-C
alkyparnigc%ggrgér%?&% éll@ll%cgﬁ%gg%3egqf)%@%%ﬁ%b??b%&%ﬁ%@f%&%Ig}lg,a?/\?%yloxy’
2009/076558RCTAISByTsDE6472 aE(loyaiOxyeatbotpyCTs6€3 ajikidaliCLyddy, aryl,

allcyloxy)gaibenyt; Grrdx3) alk 5 clo; Cé- SrC LiRyglRrkenyloxy)C1-C3
alkyl, (aryIOXﬁ/)C%bB%Ikg?%hﬁgégg?y dxé%chf%k%xﬁ@? Céf%ﬁi%%%éfsﬁ%ofy%oxy, aryfs?isfonyloxy,

(aryl)Ct-CHXIRIs S RBAFosks? Hirmiemmy IRy b rtkelpias Giokys Brcisalky)Suterelisaikyl, alkenyl,

alkynyl, cycloalkyl-apatieysmadkemyy Bioyps,ar perkennepiionalty mey heparfly or completely
fluorinated ?d géi%% ono- or diz{%)stitu ed by identical or different substituents selected from
AR

chlorine, LSRR il Pyl ST Sxe A kteRikény g rdks or portions
one or tw(ﬁﬁn@mykénﬂlgﬂomp)ﬁar@@mt@mal&femagaddm@ap@fj(dgmygmmﬂg(mher by NW, 0, S, CO,
o S R ek S s e e g o e o
partly or édtwipletéiy fliorikeedvatd aalihd meith-OraislissittieChylidentjcal(h different substituents
o SR, e At ALl s s orenit e
by NRa, 6! 1 EAC 86 Yy Cs-Cs alkenyloxy, (Cs-Cr cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cg

cycloalkenyl)Cs-Cs alkenyloxy, (Cs-Cs cycloalkenyl)Cs-Cs alkynyloxy, C3-Cg

cycloalkylidenmethyl, (C;-Cq alkyl)carbonyl, arylcarbonyl, heteroaryicarbonyl,

aminocarbonyl, (C;-C alkyl)aminocarbonyl, di-(C;-C; alkyl)aminocarbonyl,

hydroxycarbonyl, {Ci-Cy alkyloxy)carbonyl, Ci-C; alkylamino, di-(C,-C; alkyl)amino, (C;-

Cq alkyl)carbonylamino, arylcarbonylamino, heteroaryicarbonylamino, C;-Cy4

alkylsulfonylamino, arylsutfonylamino, C-Cy alkylsulfanyl, C;-C, alkylsulfinyl, C;-C4

alkylsulfonyl, C3-C;o cycioalkylsulfanyl, Cs-Cyq cycloalkylsulfinyi, C3-Cyq

cycloalkyisulfonyl, Cs-Cyo cycloaikenylsulfanyl, Cs-Cig cycloalkenylsulfinyl, Cs-Ciq



[0055] R11 and R12 each independently represents hydrogen, hydroxy, halo, C1-05 alkyl, C2-C6
alkenyl, C2-C6 allcynyl, C3-C10 cycloalkyl, CI-Cs alkyloxy, C2-C6 allcenyloxy, C2-C6 alkynytoxy or
C3-C6 cycloallcyloxy, wherein alkyl, alkenyl, alkynyl and cycloalkyl groups or portions optionally may
be partly or BéhptetER Huorinated, or [0056] RH and R12 optionally may 6&j#étdéther such that
R11 and R12 together with the carbon atom to which they are attached form a C3-C7 spirocycloalkane

ring which-itiaraibismanbe foriienaomaleiel:flupinaianapd WmryeRearenanengsubstituted by
identical or_different substituents selected from chlorine, hydroxy, C1-C3 alkoxy and C1-C3 alkyl;

[0057] whEkSRseels end seledRnRhearaing ¥ PorHreTORHOtRIF BRMPaPRY¥%ne of R or 12.14 is
halo or RignipeiberthamhydregenakiddscCa-Geudbdind Gaidehieyelogiiideny, C5-C7

cycloallcenyloxy, (C3-C10 cycloalky)C1-C3 allcylox 3-C7 cycloalkyl)C3-05 alkenyloxy, (C3-C7
cycloalky S B GHOTIRY FHE R O CUMRSh et P SIGy ToMh St B RERS 0
alkenyloxydrofc by cloabkeny@dGoatkymnytoxye thy [RS8 upken: QptcdianebRddlis hydrogen,
then at least Ric is halo.or R4 i rCRABKYIM, £3-640 cyeloalkyloxy, Co-C7 cycloalkenyloxy,

(Ca 10 TR e B R S e R o S T ) 0
alkynyloxyptesalyinaybioatiessd &y, N.wO 2009/076550PCT/ S2008/086472 14 C3 alkyloxy, (C5-C8

cycloalkenyI)C3-055aIken loxy or (C5-C8 cycloalkenyl)C3-05 allcynyloxy, or [0059] when Q is Q4 and
R11 is hyétetdn, FemdRiezach Rud¢pandrmidy RGsenblivdraem nldrogem onRy iy@oxga alkYriYl,

C3-C10 cy«l Z LAC3: lpalky G- %y, (C3-C7
cycloalk;?éé%ﬁc}?gfg ﬁ&c?;gﬁ(((%cg&%ﬁ%l@%&ﬂa&%}gy@lggf %%g%afgé %%)(%?lge nyl)Ci-C3

alkyloxy, (@52 gElsaTkersin elsvds kRt atn dr frasea B perbalkdAm sl g5 ungMyloxy; [0060] R13

and R14 gaahindpende/iyseresenihysragan;hsaxiciale GCS s G2- C6 alkenyl, C2-C6
alkynyl, Ca-Clo_ﬁgcloalk [, CI-C6 alk%/I?@/, C2-C6 alkenyloxy, C2-C6 allcynyloxy or C3-C6

cycloalkyBRYOSHErSIRY AN B TR TP PSHUCEIIG S JPoRtL SFBErASHE B fioially may be partly
or completiyxfiuadrted Q00 ihRiba jntapandentytepiesenismpygepatitiRbiReo(8062] le
nepense epeRe L eEn e sl O SRR el g

or SO, and one or two methyne groups optionally may be replaced by N, or

[0052] ifR> and R® are bound to two adjacent C atoms of the phenyl ring, R’ and R®

optionally may be joined together such that R’ and R® to gether form a C;3-Cs alkylene, C3-Cs

alkenylene or butadienylene bridge, which may be partly or completely fluorinated and

mono- or disubstituted by identical or different substituents selected from chiorine, hydroxy,

C:-C5 alkoxy and C;-C; alkyl, and wherein one or two methylene groups are optionally

replaced independently of one another by O, S, CO, SO, SO, or NR?, and wherein one or two

methyne groups may be replaced by N;

[0053] R’,R®, R®and R" ecach independently represent hydroxy, (C1-Ciz
alkyl)carbonyloxy, (C,-C s alkyl)oxycarbonyloxy, arylcarbonyloxy, aryl-(Cy~-Cs
alkylycarbonyloxy, (Cs;-Cg cycloalkyljcarbonyloxy, hydrogen, halo, C;-Cg alkyl, C3-Cg
alkenyl, C;-Cs alkynyl, (C3-Cyg cycloalkyl)Ci-Cs alkyl, (Cs-C5 cycloalkenyl)C,-Cs alkyl,
(aryl)Ci-Cs alkyl, (heteroary)C;-Cs alkyl, C,-Cs alkyloxy, Co-Cs alkenyloxy, Cr-Cs
alkynyloxy, C;-C; cycloalkyloxy, Cs-C; cycloalkenyloxy, aryloxy, heteroaryloxy, (C3-C;
cycloalkyl)Ci-Cs alkyloxy, (Cs-Cy cycloalkenyl)Cy-C; alkyloxy, (aryl)C,-C; alkyloxy,
(heteroaryl)C1-Cs atkyloxy, aminocarbonyl, hydroxycarbonyl, {C;-C4 alkyl)aminocarbonyl,
di-(C1-Cs alkyDaminocarbonyl, (C;-Cs alkyloxy)carbonyl, (aminocarbonyl)Ci-Cs alkyl, (C;-
C, alkylyaminocarbonyl-(C,-Cs)alkyl, di-(C:-Cs alkyl)aminocarbonyl-(C,-Cs)alkyl,



[00631 Rb and Re each independently represent hydrogen, halo or CI-Ca alkyl, wherein alkyl groups
optionally may be partly or completely fluorinated. [0064] The style used above and hereinafter, in
which a bond of a substituent on a phenyl group is shown ending near the center of the phenyl ring,
denotes, unEsZBHHEHVe stated, that this substituent may be bound to SMTESE0pYERGETE of the phenyl
group bearing a hydrogen atom. [0065] The preé%nt invention includes all tautomers and

stereoisomgigalyearpngurdsQthgimead, g&ﬂy@wﬁmwy f@p@%ﬁhwg(@rﬂ@bstantiauy pure form.

!
The compounds of the present invention can have asymmetric centers at the carbon atoms, and

therefore fYEIeBkiSNGE of By Fesiciabenyrsferdonbb Grigamfonteridadrms or mixtures
thereof. Alhernéermationalisemers (exg a}ﬁﬁsanﬂntyms},iggmgfﬁ)ﬂ?ngﬁltﬁprj@l@omers (e.g.,
enantiome I% r@diaftereomerﬁél racemic, diaﬁ%eomeric and other mixtures of such isomers, as well
as solvateaé, }% QKB ?ﬁ%&fﬁ?ﬁ@' LRSS aPE Wit FRSEELPR YA the present
invention. aBembalinds b cgciraihgl tmthey glratentinventioo: ganibaspreRast usind dipstgreomers,
enantiomers_or racemic mixtures as starting materials., Furthermore, diastereomer and enantiomer
products ggﬁl%tieet%%p%?}%%af( %é;/agérrga Z&Sé%%p?{y?rfré%%gtﬁ%t%?ﬁ A ??2‘1?%%065 loﬁtﬁléef‘1 methods known to
those of skibihtaaatastlevisd OO 907655 0PE TN S 20081086472 To-(0RAE6] THnd pregeintliniention also
provides fardecpiadigsahermngnda.ahEsrmua . Bodings alcompainds ol lyvention include,

but are nat limited to, carboxylate esters,acarbonate estérs, hemi-esters, phos horuS esters, nitro
esters, sulfdfPestardy of FakRIOShRXiIdES; BafharRaféd caf®sompounds, phosphamides, glycosides,
ethers, acetals, and ketals. Prodwg esters and carbonates may be formed, for example, by reacting

one or mdf93RldréxgiptmstbReoamgdtindandieembingd with thiksarkarasgnes taryhisibestiiuied acylating
reagents ugiRAARINGHS K b RRRseATRI e daRRduce Meid.carhopales. acetates,

benzoates, pivalates and the like. lllustrative examples of prodrug esters of the compounds of the

present irRRHEBHY RIS SOFRIE Hb (HiTtetiaberbRBORmBIS Bt o b i sy Meritdeyl moiety
wf(l(ecr:eig t)lﬂejlfé%tffﬁdﬁﬁ@@hﬁtﬁ%é%fa@ﬁﬁn’ﬁ)éﬁégﬁfg ﬁ}@&?)@f??&iﬁl@%mgmﬁmyl, émd | -
1-((Ci-05)alkanoyloxy)ethyl, 1-methyl-14(CI-05)alkanoyloxy)-ethyl, C1-C3 alkoxycarhonyloxymethyl,
(G on R DR R RS RETS PHr SR E6° E e bR RT R e oPconal’
N-((C1-05}alkoxy caityenypdainintmetipkhir Y- NE1-OCS) ko sy artsdyyl)amino)ethyl, 3-phthalidyl,
4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C1-C2)alkylamino(C2-C3)alkyl (e.qg.,
beta-dimdtasimiRobehg|R 't asbamdye( Gt B) adhoyds i NglilC G2 yakedcarhaim ayla(Gl-@2)alkyl and
piperidin realidinozor, hali 2-Calkyl, Qi tide modifications and hiodegradable
polymer(c)i%zr%gtt%?/leé}g%g ﬁggg?@gg{’g §e8)1(%c %%%%%&r%%?%ﬁ%ﬁr%yl :@1%7}1%%’) "ésj?/vithin the
scope of BeyrilexitiohCietludedbysatnciherdndloybpdirimylseitabié prodyasline provided, for

example,}gggmggg%ﬁ% Tt hord Bnpielidy Rredings as Novel Delivery Systems,” Vol. 14,
ACS Symposium Series, 1975; H. Bundgaard, "Désign of Prodrugs,” Elsevier, 1985; and

"Sioreverle Cargets Drye iesion o, FATURRChE Amerigan Phamagesicgh Association and

Pergamon Press, 1987. 108?71 The present inventijon also provides for the pharmaceutically

acceptablBSERoB A PotEE BeE srfifechethiPpicdrads sreieuripatkartaingwbichn be used as
reagents spiepBrmibehatpacesisaliy acrrpiakla Acidagdilansalls efiiisshasia spmpounds of this

invention gre thqse yhich form non-toxic acid addition salts, i.e., salts containing pharmacologically
acceptabt e&ﬂ?&%gr(‘iv CRLHRSHYTHS SHISTER SRpuFBIaRside R diodhudkprr s Suffate, bisulfate,
phosphatgikgtid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate, maleate,
furnarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate, benzenesulfonate,

p-toluene@Bthateandrpahraaddsy O lindieihyienaddis 2-hydranss3m apthorte) saits) KFherbases that
can be usgad .as reagents to prepare, the pharmageutically acceptabple, base, salts of the acidic
compounds 0 lg)f)%z{slerlwst0&%%%@8%385%f&%%0@9§&?§%6“iﬁi’/‘éﬂ%ﬁlg’%t(ﬁb"gé that form
non-toxiceyelselsentdanith( Ser€hostmipaiiyis e bkl yb (€ n6Y iyt ityl) haSeatiesiviet from
pharmacelqgi b ' as.alkali | eations (e.9.. potassium, lithium and
sodium) %ﬁ%?g%%gﬁ n%%%%%ﬁysfgjg?lga c%’?‘é@%“éﬁégﬁégﬁnﬁﬁaﬁﬁmm or water-soluble
amine additioATsEd)Sedhs alkrmneiyy (Godrmieisiankghbinegs alkanitower alkanolammonium and
other base salts of pharmaceutically acceptable organic amilr{l}es (e.g., methylamine, ethylamine,
propylami@®&himuhsp Shiste, arbihanviudmrendtbenytleasidk (-iplareide, is-Eet@lastiimeyltrimethylamine,

menylanine, pveneAR s CYVAREIREING MRAIRGeIRRRTRZ IRy SRRV ety lamine,
sine and guapidine).
y cygloa kyiSC;;ZQ alkenyloxy, (Cs-C; cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cyo cycloalkenyl)C;-



10068] The present invention also includes isotopically-labeled compounds of Formula I, wherein one
or more atoms are replaced by one or more atoms having specific atomic mass or mass numbers.
Examples of isotopes that can be incorporated into compounds of the invention include, but are not
limited to, isHtEF&PE #¥8rogen, carbon, nitrogen, oxygen, fluorine, sulfurteR@EHsHE[3uch as 2H,
3H, 130, 140, 15N, 180, 170, 18-, .F 35S and 366‘1). Isotopically-labeled compounds of Formula | and

prodrugs thesgioRs Y@”@%ﬁ%miydﬁ'@?|8Q€WWL@§U¥ME%?B@ §@5Its of compounds of
[

Formula | and prodrugs thereof, are within the scope of the present invention. Isotopically-labeled
compound ESWH’é%r‘érsent invention are useful in assays of the tissue distribution of the compounds
and their prodrugs and metabolites; preferred isotopes for such assays include 3H and 14C. In

addition, iF&EHain Gre ks Enert BussiruiieseiithcRahirartBotdhbalo qidh s abstdkiim (2H), can
provide inkyensed saatahalicclahibyhiah pifpisdrerapedicadvaNaLes,/ieh @slogreased in vivo
half-life or reduced, do requirements. Isotgpically-laheled compounds of this invention and
prodrugs ﬁ%’gf%%ﬁf%q&%‘ggﬁg@%? %e?g:”e%a%‘go ﬁ&?%ﬁ%&”ﬁﬁ%ﬂﬂ&h s esripdlhErsins by substituting
an isotopigktytaeldd séageylfatkamb)t-isCiafligaty|d0eied opagaiin IR IniprefRiedr
embodimeats; r X r.a single bond. In particularly preferred embodiments, A
representieﬁsgiéﬁbg}fg%aggﬁgﬁg%gﬁ? ﬁl&&gfagrxr%’d embodiments, Z represents oxygen, sulfur, or methylene
optionally ituged \ith, ene to. ubstifuents in ndently selected fro lo,, hydroxy, C1-C6
e R R s T e

alkyl, C1- oxy, C3-C6 cyc cycloalkyloxy. é)l’ly breﬁferi?: ¢ €mbodiments,

Z represehtgikaiiylents a2 C19/076580RET LS 2008/086472- 07 adrcaydony, [Gof2yticularly
preferred ﬁggla g;m,qﬂ te, R 183 eakb-indapend r r .:nalo or C1-C6 alkyl.
In more partlgl?larly prefa'errgéC emgg%%i;nasé’nts, R1 rep?gseﬁy{tﬂgtyﬁy%%%%gn%%%Cg(?ai%il&%%ﬁ?y?rand R2 and
R3 both répredRmiidlyeRa 2Ty prersnriet Smntedinteds, le represents C1-C6 alkyl, C2-C6
allcenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, CI-Co aIIconxy, C3-C10 cycloalkyloxy, (C3-C10

b

cycloalkyl¥¥¢1E 3 Bikyslepepeastty renyersalkgnrsmar SiReRyiloxy, or (C3-C7 cycloalkyl)C3-05 alkynyloxy.
[0073] Infreferred £embodiments, RS and R6 each independently represent hydrogen, halo, hydroxy,
C1-C6 alkPedb-cb aerspdetvcermryryihsesto eytloalikyl oot cE ailbsgrbendyano. In
particularkyipreferied erabpdinssisRomna R %9%@&%@@89%%}5@&%&%%”, halo or

C1-C6 alkyl. In more particularly preferred embodiments, R5 and R6 bath represent hydrogen.
[0063] R®and R each independently represent hydrogen, halo or C,-C; alkyl, wherein

alkyl groups optionally may be partly or completely fluorinated.

[0064] The style used above and hereinafter, in which a bond of a substituent on a phenyl
group is shown ending near the center of the phenyl ring, denotes, unless otherwise stated,
that this substituent may be bound to any free position of the phenyl group bearing a
hydrogen atom. ‘

[0065] The present invention includes all tautomers and stereoisomers of compounds of
Formula ], either in admixture or in pure or substantially pure form. The compounds of the
present mvention can have asymmetric centers at the carbon atoms, and therefore the
compounds of Formula [ can exist in diastercomeric 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

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



[0074] In preferred embodiments, R7, R8, R9 and R19 each independently represent hydroxy, halo,
C1-C6 alkyl, C1-C6 alkyloxy, (C3-C7)cycloalkyloxy, aryloxy or (C3- C7)cycloalkyl-(C1-C3)alkyloxy,
wherein alkyl and cycloalkyl groups or portions may be partly or completely fluorinated. In particularly
preferred eMMbIMERESR7, RS, R9 and R19 each represent hydroxy. [0B75{UszfiEHed
embodiments, R1 represents hydrogen or hydroﬁgr’/. [0076] In preferred embodiments, R12, R13 and

R14 reprqeeséihydicgassd@QdvidionrateriesyambrdimenisaRd rRpigsenissunmasmeih CRbRe,
wherein %6 nd 126 each i%ﬁfggndently r.epr,es?nt hydrogen or halo. [0078] As noted above, Formula
EF : w3

IA repre TER Brferpre BRiBSRERS R PRHERAIRIR, FAFRSERR Wi ogen, halo o
C1-C6 alkytbbrbremiese htenid1E6, pllydphiznsEatalkenyl &2« Guatkyaydiecs3stiidkrigloalkyl, C1-05
alkyloxy, C3-C10 cycloalkyloxy, (C3-Cw cycloalkyl)C1-C3 alkyloxy, (C3-C7 cycloalkyl)C3-05
ooy G S e R M B e R G R formuiae 1a
to Q4A: V HERGBECRO TS 260370 88472, 1f8r example, by reacting one or more hydroxyl

groups of compounds of Formula I with alkyl, alkoxy or aryl substituted acylating reagents

using methods known to those of skill in the art to produce methyl carbonates, acetates,
benzoates, pivalates and the like. Iltustrative examples of prodrug esters of the compounds of
the present invention include, but are not iimited to, compounds of Formula I having a
carboxyl moiety wherein the free hydrogen is replaced by C;-C; alkyl, C-C,
alkanoyloxymethyl, 1-((C;-Cs)alkanoyloxy)ethyl, 1-methyl-1-((C;-Cs)alkanoyloxy)-ethyl,
C1-Cs alkoxycarbonyloxymethyl, 1-((C,-Cs)alkoxycarbonyloxy)ethyl, 1-methyl-1-((C;-
Cs)alkoxycarbonyloxy)ethyl, N-((C;-Cs)alkoxycarbonyl)aminomethyl, 1-(N-({C;-
Cs)alkoxycarbonyl}amino)ethy!, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl,
di-N,N-(C;-Cy)alkylamino(C;-Cs)alkyl (e.g., beta-dimethylaminoethyl), carbamoyl-(C;-
Cyalkyl, N,N-di(C,-C;)alkylcarbamoyl-(C;-C;)alkyl and piperidino-, pyrrolidino- or
morpholino{C;-Cs)alkyl. Oligopeptide modifications and biodegradabie polymer derivatives
(as described, for example, in Int. J. Pharm. 115, 61-67, 1995) are within the scope of the
invention. Methods for selecting and preparing suitable prodrugs are provided, for example,
in the following: T. Higuchi and V. Stella, “Prodrugs as Novel Delivery Systems,” Vol. 14,
ACS Symposium Series, 1975; H. Bundgaard, “Design of Prodrugs,” Elsevier, 1985; and
“Btoreversible Carriers in Drug Design,” ed. Edward Roche, American Pharmaceutical

Association and Pergamon Press, 1987,

[0067] The present invention also provides for the pharmaceuticaliy acceptable salis 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, fiimarate, 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



R11R 15 HOHOHOHO HO'HO"OHHO'".110HHO"OH OHOHOHOH Q1AQIAQ3AQ4A 100801
wherein R11 represents hydrogen or hydroxy, and R15 represents oxygen or CRI"R’, wherein Rb and
12' each independently represent hydrogen or halo; wherein when R11 is hydrogen, then R4 is C2-05
alkynyl, C3-&9F¢&#aRYIoxy, (C3-C10 cycloalkyl)C1-C3 alkyloxy, (C3RET/EyeIsENHE3-05
alkenyloxy, or (C3-C7 cycloalkyl)C3-05 alkynyloif In some embodiments, Q is selected from the

group congiviiith® bR RAALIAR 3AidHI8d alR RaHIGWARYRFBIRKIEdRIMRCIPANS;: compounds
of the present invention are selected from: (1 R,2R,33,4R,5R,6 S)-4-(4-ch lgro-3-(4-ethylben zyl)p

hen y1)-6-(HYHFEGrHEF MTEYEfb RS RETRas Ol St ASPRRIAR cations such as alkali metal

cations (e.g., potassium, lithium and sodium) and alkaline earth metal cations (e.g., calcium
and magnesium), ammonium or water-soluble amine addition salts such as N-
methylglucamine (meglhimine), and the lower alkanolammonium and other base salts of
pharmaceutically acceptable organic amines (e.g., methylamine, ethylamine, propylamine,
dimethylamine, triethanolamine, diethylamine, t-butylamine, t-octylamine, trimethylamine,
triethylamine, ethylenediamine, hydroxyethylamine, morpholine, piperazine,

dehydroabietylamine, lysine and guanidine).

[0068] The present invention also includes isotopically-labeled compounds of Formula I,
wherein one or more atoms are replaced by one or more atoms having specific atomic mass
or mass numbers. Examples of isotopes that can be incorporated infe compounds of the
invention inciude, but are not limited to, isotopes of hydrogen, carbon, nitrogen, oxygen,
fluorine, sulfur, and chlorine (such as “H, *H, *C, “C, N, 0, 70, *F, S and *C}).
Isotopically-labeled compounds of Formula I and prodrugs thereof, as well as isotopically-
labeled, pharmaceutically acceptable salts of compounds of Formula I and prodrugs thereof,
are within the scope of the present invention. Isotopically-labeled compounds of the present
invention are useful in assays of the tissue distribution of the compounds and their prodrugs
and metabolites; preferred isotopes for such assays include °H and '*C. In addition, in certain
circumstances substitution with heavier isotopes, such as deuterium (°H), can provide
increased metabolic stability, which offers therapeutic advantages such as increased in vivo
half-Iife or reduced dosage requirements. Isotopically-labeled compounds of this invention
and prodrugs thereof can generally be prepared according to the methods described herein by

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

[0069] In preferred embodiments, A represents oxygen or a single bond. In particularly

preferred embodiments, A represents a single bond.

[6070] 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, Cs-Cs cycloalkyl and Ci-Cq cycloalkyloxy. In particularly preferred

embodiments, Z represents methylene.

[0071] In preferred embodiments, R', R? and R’ each independently represent hydrogen,
halo, hydroxy, Ci-Cs alkyl, C2-Cy alkenyl, C;-Cy atkynyl, C3-Cyg cycloalkyl, Ci-Cs alkyioxy,



OH
(1R,2R,3S,4R,5R,65)-4-(4-ohloro-3-(4-ethoxybenzyl)phenyl)-64hydroxymethyl)cyclohexane-1,2,3,5-te
traol
(1R,2R,35',4’?@5?@,’8@)@@-‘(4-%Ioro-3-(4-cydoprop}/lbenzy9phenyl)-6-(hyd?‘6%Wﬁ@W!¥é§ﬂohexane-l,2,
3,5-tetraol 40 40 41 HO"10H 7 OH

1R,2R,3 68 ekl e my0; -1,2,3,5-tet
I S !

(1R, 2R, 3950880 g8l op At ANk BL ATCperS B AR R Frstss o Aiaraky R eteR/BtStfohexane-1.2,3,

54etraol hydrogen, halo or C;-Cs alkyl and R* and R® both represent hydrogen.
[0672] In preferred embodiments, R’ represents Ci-Cq alkyl, Co-Cy alkenyl, C-Cy alkynyl,

C3-Cyp cycloalkyl, Ci-Cs alkyloxy, Cs-Cyo cycloalkyloxy, (C5-Chg cycloalkyl)Ci-Cs alkyloxy,
(Cs~C7 cycloalkyl)Cs-Cs alkenyloxy, or (C;-Cs cycloalkyl)Cs-Cs alkynyloxy.

[0073] In preferred embodiments, R® and R® each independently represent hydrogen, halo,
hydroxy, Ci-Cs alkyl, C5-Cy alkenyl, Co-Cq alkynyl, C3-Cyg cycloalkyl, C;-Cs alkyloxy, or
cyano. In particularly preferred embodiments, R and R® each independently represent
hydrogen, haio or C,-Cg alkyl. In more particularly preferred embodiments, R* and R® both

represent hydrogen.

[0074] In preferred embodiments, R’, R®, R® and R'® each independently represent
hydroxy, halo, C;-Cs alkyl, C,-Cs alkyloxy, (C3-Cr)eycloalkyloxy, aryloxy or (Cs-
Cr)eycloalkyl-(C,-Cy)alkyloxy, wherein alkyl and cycloalkyl groups or portions may be
partly or completely fluorinated. In particularly preferred embodiments, R, R®, R? and R'®
each represent hydroxy.

[0075] TIn preferred embodiments, R'' represents hydrogen or hydroxy.
[0076] In preferred embodiments, RY, RY and R™ represent hydrogen.

[0077] In preferred embodiments, R'* represents oxygen or CR'R®, wherein R? and R® each
independently represent hydrogen or halo.

[0078] As noted above, Formula 1A represents still other preferred embodiments:

R’ R4
ST
[0079] wherein R’ represents hydrogen, halo or C;-Cs alkyl; R* represents Ci-Cg alkyl, Cy-
Ce alkenyl, C,-Cs alkynyl, C3-Cy cycloalkyl, Ci-Cy alkyloxy, C3-Cig cycloalkyloxy, (C3-Ce

cycloalkyDC;-Cs alkyloxy, (C3-Cy cycloalkyl)Cs-Cs alkenyloxy, or (Cs-Cy cycloalkyl)Cs-Cs
alkynyloxy; and Q is selected from the following formulae Q' to Q**:



(1R,28,3S,6R)-4-(4-ch loro-3-(4-(3-cyclopropylprop-2-ynyloxy)benzyl)phenyl)-6-
(hydroxymethypcyclohex-4-e ne-1,2,3-triol 0OOH 'OH OH
S,2R,3R,45,5R,6R)-3-§§ -chloro-3-(4-ethylbenzyl)pheny1)-2,4,5,6- tetrahydroxyc cIohex¥Iz)methyI

acetate OH'CHY &Jp/076550 " PCT/USI008/0864

Q4A

[0080] wherein R'! represents hydrogen or hydroxy, and R represents oxygen or CR'R,
wherein R® and R® each independently represent hydrogen or halo; wherein when R'is
hydrogen, then R* is Cp-Cs alkynyl, C5-Cie cycloalkyloxy, (Cs-Cio cycloalkyl)Ci-Cs
alkyloxy, (C3-C7 cycloalkyl)Cs-Cs alkenyloxy, or (C3-Cr cycloalkyl)Cs-Cs alkynyloxy. In

some embodiments, Q is selected from the group consisting of formulae Q* 1o Q.

{0081] In particularly preferred embodiments, compounds of the present invention are

selected from:

(1R 2R,38,4R 5R,6S}-4-(4-chioro-3-(4-propylbenzyl)phenyl}-6-{hydroxymethyljcyclohexane-1,2,3,5-tetraot



(1 R,2S,3R,4R,55,6R)-4-(2-(4-ethylbenzyl)ph enoxy)-6-(hydroxymethyl )cycloh exane-1 ,2,3,5-tetraol
HO"OH OH (1R,2R,3S,4S,6R)-4-(4-chloro-3-(4-ethylbenzyl)pheny1)-6-(hydroxymethyl)-
5-methylenecyclohexane-1,2,3-triol WO 2009/076550PCT/US2008/086472 20 HO HO"'OH

OH (4S,58,B‘fﬁ’,?ﬁ?gﬁﬁﬁﬂ(#chIoro-3-(4-ethylben%¥l)phenyl)-8-(hydroxynféfiﬁﬂ}b%ﬁ%[%ﬁ%ctane-&&?
ol HO'OH

{1R,28,35 6R)-4-{4-chloro-3-{4-(3-cyclopropylprop-2-ynyloxy Yoenzyliphenyl)-6-
{hydroxymeihylicyclohex-4-ene-1,2,3-triol

({15,2R 3R 45, 5R,6R}-3-(4-chicro-3-{4-ethylbenzyiphenyi)}-2,4,5 8-
tetrahydroxycyciohexyl)methyi acetate

(1R 2R 35,45 6R)-4-{4-chloro-3-{4-ethylbenzyl)pheny!)-6-(hydroxymethy!)-
5-methyienecyclohexane-1,2,3-triol



OH 1-(4-(2-chloro-5-((1R,2S,3R,4R,5S,6R)-2,3,4,64etrahydroxy-5-
(hydroxymethyl)cyclohexyl)benzyl)phenyl)ethanone and HO'OH OH
(1R,2R,3S,4R,5R,68)-4-(4-chloro-3-(4-(1-hydroxyethyl)benzyl)phenyl)- 6-(hydroxym
ethyl)cyclon®AHE B3E tetraol 100821 In another aspect, the present FivERiSINEI8M GRS the
compounds of Formula | and pharmaceutically a&?:eptable salts, prodrugs and/or isotopically labeled
compounds thereof, wherein alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl and heteroaryl groups
or portions are optionally substituted with one to thtee-&litable substituents as defined above. [00831
In other aspects, the present invention g i and processes useful for preparing the
intermediates below as well as the ¢@¥npd nd pharmaceutically acceptable salts
and prodrugs thereof [0084] Such proggss
depicted in the schemes of Figures 1 and 2gyith more detailed particular examples being presented
below in th j | sectjon riping the, worki xamples (Figures_3-8). By following the
general pr&%ﬁfﬁfﬁﬁg!’tﬂbﬁ&@“gﬁ%ﬁ%%? Eg@%wzs%?hee nlﬁé%)&ﬁﬁaar Vs Wf%gﬁggg?él§g?§%?ﬁg%;}gf%ds, the
compounds of the invention can be readily prepared by the useé)f chemical reactions and procedures

known to those of skill in the art. Unless otherwise

OH

1-{4-{2-chlore-5-((1R,28,3R 4R,5 8,6 R)-2,3 4 B-tetrahydroxy-5-
(hydroxymethyljcyclohexyl}benzy) phenyilethanone

and

{1R2R,35,4R ,5R 68})-4-(4-chloro-3-{4-(1-hydroxyethylibenzyl)phenyl)-
6-{hydroxymethyljcyciohexane-1,2,3,5-tefraoi

[0082] In another aspect, the present invention includes the compounds of Formula I and
pharmaceutically acceptable salts, prodrugs and/or isotopically labeled compounds thereof,
wherein alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl and heteroaryl groups or

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

[0083] In other aspects, the present invention provides intermediates and processes useful
for preparing the intermediates below as well as the compounds of Formula I, and

pharmaceutically acceptable salts and prodrugs thereof.

[6084] 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



WO 2009/076550PCT/U52008/086,172 21 specified, the variables (e.g., R groups) denoting groups in
the general methods described below have the meanings as hereinbefore defined. [0085] Those of
skill in the art will recognize that compounds of the invention with each described functional group are
generally pr¥$arE¢P%eAY slight variations of the below-listed general metR6d8]9¢i¢idee scope of
each method, functional groups which are suitabfé to the reaction conditions are used. Functional

groups whighcmightieterRwithcattaigrRgeianea s Mg aNeIJmbrateciaddosns where necessary,

and the removal of such protective groups is completed at appropriate stages by methods well known
to those sKIfEY iRENF 5 FBRBET S RErTbritedei®itinounds of the invention can be prepared from
other compounds of the invention by elaboration, transformation, exchange and the like of the

functional SR draesel Kk dhsisst 3HURSFRIBHE A SoRnE ML YRAGRSIy S Seduction,
oxidation, adkitiiaruseiiationoes e lieatieny anisasensancHenydraionsSaek: Bapsiaigations can in

some instances require th e of protecti oups by the methods disclosed in T, W. Greene and
P.G.M. Wn%?%f%o%%%’@%@%ﬁﬁ%%%%%%ﬂn 2 %&%ﬁfﬁ‘%&%ﬁﬁﬁ%ﬁg@wﬁ’é% RER 9 SPLaPRDE7) and P J
Kocienslci{tRretetting@ddups, Bo:EditiGonGieond stbupmehiidriaghSinttefars, 20Q%)dhoth of which are
incorporat rei . Such methods.,would be initiated,after synthesis of the desired
compoun é(.ijflr(gaﬁ? rgsn%ﬁfél%%éﬁggg%lﬁ%%leg/%gtl%t%srvglt}%etﬁ%cte\%%m%%quaﬁﬂ%%fpgrse% to one skilled in the
art. [0087]oiaHdtReF s deeothplpedss ppinopntontpges hendthody mbik fioimte tmisdiates lisseful for
preparing fhe,eqmpounds of Formula |, and pharmaceutically acceptable salts and prodrugs thereof,
according to the general preparative methods discussed below and other processes known to those of

skill in the @g4P088] | Kt AN S the
disclosuref thef hggg%%%\%%mrﬁani%ﬁ%gfgg%%%%gt?gnaﬁgdride;%é%ﬁ%ﬁ%?ﬁa%%; AcOH,

acetic acid®fAIR RvEtiPRiRY Slabrsefe RRsIoIMalinmi strheasfotehB Brks dhdre fmsmnslide; BF3.Et20,

boron triflygeige: ptbssintestiBilbboralotyiithitgs; srBY kbt SrRUBA N iR R hdtbipyllithium; t-BuOIC,
potassium teg-buto ide; CaCl2, calcium chloride; calc., calculated; CD30D, methanol-d4; CDC13,
chloroforn?“#e3 O ASPORHh STSERERR AR P e Aeeiih eXMlbride; CH212,

methyleneroditbenéitdaCi acedanithles(§d eh)2reanahychiprisie:da Sloutdiethyamiaisuifur trifluoride;
DCM, dichloromethane;, D, diisopropyl icgrboxylate;, DMAP, 4-dimethylaminopyridine; DMEM,
DuIbecco'éIRﬁggl ied @‘éﬁ?ﬁfﬁf 30 /&é@aﬁé{é‘?{@gﬁ%ﬁ%ﬁ%ﬂ%ﬁz EV AR %WFB)(

IV ,N-dimeHijtformdiriseN DVFrR 2 6aVenih & riodirasie; PMS@nditretpdstiffedidenfBeoeghyl acetate;
eq, equivajents. aysjanization: l; EX3SiH, triethylsilane; EtQAc, e acetate;
EtOH, ethziﬁgklg?l Igg\)%éhfe Zﬁglg\g/%% ?%é%é %ﬁ&hﬁggﬁgﬁ%% %T%{g%é? éﬁ@g){f‘éﬁf lflr?g'a%} ; Hepes,
4-(2-hydrdRy@edajreulspe iadineenisiesuhesis eldis desirsdvemprandroneicieathen atpsetic tesonance;
HPLC, h@}rﬂﬁé&rmﬁé}(iﬁaﬂ'%HQI@@%ﬁ@f?%&%h@%%kﬂ%@ﬁ?%@aﬁarbonate; K2Cr07, potassium

dichromate; KOH, potassium hydroxide; SI-MS, liquid chromatography electrospray ionization

mass spegiRImetry: kistMSadiuidebRmatonianhy: TRATESISCHASARYmMEn ety i MeOH,

methanol; MeS03H, methanesulfonic_acid,; Mgg magnesium; MgC12, magnesium chloride; min,

minute; M8 RTSRYGSLRe BREBRYANI SO E B brind RRFRRASRIHC NI IC SR ROIR 1/88e: NaHCO3,
sodium bigasbagatasia0ATosddim hegaia: N htas o6 iypmbys iRdda:-NsdsP segism sulfate;

NH4C1, ammoniurg:@)l}chloridlﬁ};1 Pd/ %%ﬁ]lladﬁum on carbon; PE, petroleum ether; Ph, phenyl; POC13,
phosphorBX SIERISHIE BEHSCH Jidhd&Bhine; Rf, retention factor; rt, room temperature; SOC12,
thionyl chlaride: TBAI, tetrabytylammanium iodide; TFA, trifluoroacetic acid; THF, tetrahydrofuran;
AR A e SR Sy TR ey s R b
2-amino-Zh¢hyarextimbiyppmpamenk3-8il), acetic anhydride, AcOEt, ethyl acetate; AcOH,

acetic acid; AlBrs, aluminum bromide; AICl;, aluminum chioride; BBr3, boron tribromide;

BFy'Et0, boron trifluoride etherate; n-BuLi, n-butyllithium; s-Buli, s-butyllithium; t-Buli,
t-butyllithium; t-BuOK, potassium tert-butoxide; CaCly, calcium chloride; calc., calculated:
CD;0D, methanol-dy; CDCl;, chloroform-d; CF3SO3H, trifluoromethanesulfonic acid;
CH,Cl;, methylene chloride; CHyl,, methylene iodide; CHiCN, acetonitrile; (COCL),, oxalyl
chloride; DAST, (diethylamino)sulfur trifluoride; DCM, dichloromethane; DIAD, diisopropyl
azodicarboxylate; DMAP, 4-dimethylaminopyridine; DMEM, Dulbecco’s Modified Fagle



[0089] General Synthesis Method of Scheme! [0090] Inventive compounds of Formula | can be
conveniently prepared according to the reaction sequences as shown in Scheme | (Figure 1). [0091]
As shown in Scheme I, acid Al, either commercially available or prepared according to standard
literature met{bé¥?1€7¢BMvened to acid chloride A2 by an acylation agent?$U¢HSa&8%8d¢Tchloride,
SOC12 or POC13, etc. Acid chloride A2 is reactéd with substituted benzene A3 in the presence of a

Lewis acidyisgiemaptQl @i Bratdemmseigtome Advlie kateaasoupnintermediate A4 is
selectively red c?d tx% methylene with a reducing agent such as Et3SiH in the presence of a Lewis acid
uch as BESEIBH I PERE NS AS Ui A 0, SSEHOSIEN QSRR o BBVS or LBuL or
Mg at appBy¥iHiariemnpsiatey 84D A selvenicstacd) BEOFHEhabVIES bigtadshition ehntemmesiate A6,
provides iquerm diatg A7. medlil%te Aaé,s btaingg br:g/t eatmeérg of A7 with a reducing agent such
as Et3SiHIR (h bresence Of a LEWIS acid Suchas B SEBRYTER Then A8 is oxidized to form
intermediatipea®;ivghibmise émiotetter Fo iR gectovanitilecoagpetint: abenditeitiatlyslgh All can also
be prepargd py.oxidatian. ot ' ﬁ AB.-WO T 0 23 [0092]
General ynthesékﬁéﬁ%g%?{é%h%gég? ’[Oé%%’l \%%%%\{/%X ggﬁﬁ%%ﬁ%ﬁ% gf@%?{r%ﬁ%ﬁlﬁan also be
convenierflighspaparel Qdcbrtarm U Aydbatiishldediidnds a5 sl Seamie dic(Riepray2). [0094] As
shown in KehemeninaidARRiler. camme sialy avaiaieapnrepagdacsding Mstandard

literature methods, is converted to acid chloride 413 by an acylation agent such as oxélyl chloride,

SOC12 o8k MR msthanbides s ity omir i avnanasapyume MGk the presence of
Lewis acidnguehias MGHIQHAMBranttpMNideaketpna:dldp ) adkaionr Gtaup obinernediate Al4 is
selectivel uced to.methyl ith a reducing agent such as Et3SiH in the presence of a Lewis acid
such as Bﬁ?@tﬁﬁ%ﬁ%@%ﬁ%ﬁ ép’*Pé% él’?ﬁ?ﬁ%&@ﬁﬁﬁﬁ%&%@cﬁ% Aﬁt@%{?gﬁg of 415 with A16
provides isbdinme diate:Ads NaySdafionintAdiTiprotGEEs, intarmediate: RiGanpicl, thedsudeptotected to
provide inyentivezompound 419. Pharmaceutj ompositions and.Meth of Use [0095] The
present inelaerﬁﬂghfpﬁ.}rﬁ]ePlfgﬁgl/i%ggrhp&g?%&fg%eﬂ’ Eg‘r%ﬁ%%ﬁ%%%" 8%%%?%5%%9’21%’ effective amount of a
com poupdrmhmﬁ)dmh@smipg:rﬁmmms'@f frermutarhoor &iphemmacaificalyhaond ptabialsalEx prodrug
thereof, in g phatmarsuicalaceepiable sRIISLL00 961\ RomRaun &éﬂ?ﬂ&&%@tﬁ&@?ﬁagepe
incorporated into a variety of formulations for therapeutic’administration. More particularly, a

com poun@lgpmg%ggﬁt%‘%fﬂ@p@%ﬁwg Tris, trishydroxymethylaminomethane {or 2-amino-2-

(hydroxymethyl)propane-1,3-diol).
[0089] General Synthesis Method of Scheme I

[0096] Inventive compounds of Formula I can be conveniently prepared according to the

reaction sequences as shown in Scheme I (Figure 1).

[0091] Asshown in Scheme I, acid Al, either commercially available or prepared
according to standard literature methods, is converted to acid chloride A2 by an acylation
agent such as oxalyl chioride, SOCl; or POCls, etc. Acid chloride 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 BF;*Et;0 or TFA.
Treatment of AS with an activating agent such as n-BuLi, s-BuLi or #-BulLi, 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 Et3SiH in the presence of a Lewis acid such as BF;¢Et,O or TFA. Then A8 is
oxidized to form intermediate A9, which is deprotected to provide inventive compound A10.

Alternatively, A1l can also be prepared by oxidation of intermediate A9,



formulated into pharmaceutical compositions, together or separately, by formulation with appropriate
pharmaceutically acceptable carriers or diluents, and can be formulated into preparations in solid,
semi-solid, liquid or gaseous forms, such as tablets, capsules, pills, powders, granules, dragees, gels,
slurries, ointh@rte?ddttitfons, suppositories, injections, inhalants and aer8€318 S2M%eRsH72administration
of a compound of the present invention can be athieved in various ways, including oral, buccal,
parenteral{AA%2dvebeusrih feibesia Methodsefifettanedlls, intramuscular), transdennal, etc.,
administration. Moreover, the compound can be administered in a local rather than systemic manner,
for exampl80#3la depettbrsustaimedsrelFasafbrinulatine HOOSTLGuitaple dpsradlationsferdise in the

present in | i ol T cience and Practice of Pharmacy, 21m Ed., Gennaro,
Ed., Lippe);1&<§r6(]){t{'t8 %%@é%&g&gwﬁkinslkﬁr%?%ﬂ&ﬁ% 'ﬁeczﬁéby incorporated herein by reference. The
pharmaceyieal co iior ihed herein,cap be manufactured in a manner that is known to
those of sEiII inbtheﬁg%gl%\%%ﬁ%%gg%% 5%8?’5#0@ Go&I08e4 72 4ai‘f’31.i,1 Miedi’ ¥ conventional
mixing, digSeMities krsidadaihyicaragremnstiedings teviatidde enditSifyinty, Ahthpsulativigientrapping or
lyophilizingeprecessese g M smeihadssd exciRants M KEMSXemplangand are in no way

limiting. [00981 In one preferred embodiment, a compound of the present invention is prepared for

delivery ir S eSS hRIENe 4sb B RERSECPE Ase i eatish aud: psl Sk cnmBxdiepreeide delayed-release

formulatiokstéak exampie: KtsamirepReatlerpalkicesiafis Ul adrpRhoRic RO MMAIRCORRINING the
therapeutic a(%ant. Various tlg%erﬁ%ﬁjstained-release materials have been established and are well

known by thosE SRifEE Y HhPE RS HENeg P LW Rt HatD A REeNFROrmmTEdated tablets,
multipartienthtbeordepitetsimieins; malibetachianagies OsndysranRiliGardinpphilgmaterials and
wax-base s, With, pore-formin ipients (see, for example, Huang, et al. Drug Dev. Ind. Pharm.
29:79 (2003Y: %&g%gc%(]j@, g"%%‘ %}%%f?ef\l;o Wé u é%%@%%%@@fﬁ%}%ﬁ%?%ﬁ?@. Pharm.
Biopharmto38®©9d@0e8)tikhenmiibcad 412l., Drug Dev. Ind. Pharm. 228:601 (2002); and Schmidt, et al.,
Int. J. Pharm. 216:9 (2001)). Sustained-release delivery systems can, depending on their design,

release tH&eonisevius Guepthisooursé Methodrs0bdays, for instance, over 4, 6, 8, 10, 12, 16, 20, 24
hours or more. Usually, sustained release folinulations can be prepared using naturally-occurring or

synthetic (¥8Phershtmrisstancenpotyfmsris pinyldeyu phdonesusivehcampalitionyopprelidone (PVP);
carboxyvigr s aablis BeASEIENSIRRRRRIE andiap udiophiic hyepcoloids, such as
pylcellulosé, an

methylcellulose, ethylcellulose, hydroxypro hy roxyprop(})/fr%ethylcelIulose; and
carboxyp8RATRFsHERII teanabitels ar mnsbuschuxndetphelbzse e allyl aticapsabircatserbe prepared
using natural ingredients, such as minerals, including titanium dioxide, silicon dioxide, zinc oxide, and
clay (see [89%] patciveeysl 55 thinivemtipicerp beaiad by ratdriotrce ) aExempifieduadendld release

formulatiensrdbalipaithnisatidn datvepnaasay Roufalize ARssaLEIaRdnalds those
described.in U S.gatent Nos. 6,635,680; 6,624,200; 6,613,361; 6,613,358, 6,596, . 6,589,563;

6,562,375 BRI SO B RIS SISO B oY S ARISHIP LA B BAE Yy dereprbsiianinilis hereby

incorporaippheieiadireiesencal,Goniselind satease fammuiations Ghnartiswatdriergst include those
described in U.%OPa,tent l%os, 6’6017d7P1;'8’599’529; ?‘,569,463; 6,565,883; 6,482,440; 6,403,597,
6,319,918; é’fg ’gghn %),8 d.’a}'%lé?m » [IGuId or gaseous iorms, such as tablets, capsules, pills,

powders, granules, dragees, gels, slurries, ointments, solutions, suppositories, injections,
inhalants and aerosols. As such, administration of a comnpound 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 formuiation.

[6097] Suitable formulations for use in the present invention are found in Remington: The
Science and Practice of Pharmacy, 215 Bd., Genmnaro, 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,



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. WO 2009/076550PCT/US2008/086472 25 101001 For oral administration, a compound
of the presefdrRieitiBAtan be formulated readily by combining with phaPfrBEEgttEdR¢4aeceptable
carriers that are well known in the art. Such carrig‘?s enable the compounds to be formulated as

tablets, piils,,drageess coasiiasierusions, dipephitie, anadiydrgphilicesuspangiopsglichids, gels,
syrups, Sl%ﬁgi\ﬁ%i %%pgn%ion ?nd tQh nllike, fog qral Lrll estion b)éa at]i\,%nt tzl be.treatet . Pharmaceutical
preparations for Orar (REREh lg%bflaln%%q%/ ﬁ"l?f(cl’ﬁg Zén%’ﬁ% Nands ﬁﬁb LI EEBIER T ptionally
grinding acrespiktirig arixterdy arcmplace ssingdhemnmixay &roftgranules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable excipients are, in particular, fillers such as sugars,
including IK6@8ie, buone sesimerdritobodinsarbh dakrophutaiss! re paraions suidnaspfepex@ibple, maize
starch, w I ICE ; t latin, aum tragacanth, methyl cellulose
ycrony o ene s S e e B U B RS v, i
desired, digieragyferivigatiganter cxam c itsunipgoheabla mpddeetinkseliddtydinphplic obdianes agar, or

alginic acighnlaalibeieshaust e Soria later AN PORINARSWIGA! piepacalions which can

be used orally include push-fit capsules made of gelatin, as well as soft, sealed capsules made of

gelatin aneFEiskatmerasurrldag i brdherestibre iomthe Bhshurteh ssimededaaledshtain the active

in(ierdientﬁ)ffh@%dﬁﬂ%@Hﬁ%lﬁﬁm&gﬁéma”ﬁéﬁﬁﬁglﬁipb}ﬂdﬁﬁe%ﬁ%% %@{&%Q%gt@yor Iubricandts suchbas
talc or magnesium, stearate and, aptionally, stabilizers. In soft capsules, the active compounds can be
dissolved %&E@gﬁ%ﬁﬂgﬂfiﬁi‘(ﬁ%‘i’éﬁm iﬁg?%‘ﬁ}lfﬁ Al AS Wittt ROV IR BRI Bolyethylene
glycols. Infaddiipex Spabitiz@rs, dandaengsldaduail feraiutignsdariesaPadminsiationshould be in

dosages syitable for such.administyatior. [01 I ofes are provided wijth suitable coatings. For
this purpc?sp%%né%ﬁ;locgéﬁfr%ft:(elbcr %%?Qf?’ 'sfo u%‘*&”&%@b&éﬁ@oﬁ,3&)&%%Iaﬁpggt§ﬁar(yﬁ£“ﬁ{%in gum arabic, talc,
polyvinyl Biapkictond 5 SE6) gihapsiiiethylere BlygolcantiidrRitaniu 2 BioXide i garet solutions, and

suitable oKARREAMAN U PRIEA! TIRS6 By ST 0l ARSI CAN REAUAEG 0 the tablets or

dragee coatings for idéntification or to characterize different combinations of active éompound doses.
depending on their design, release the compounds over the course of hours or days, for

instance, over 4, 6, &, 10, 12, 16, 20, 24 hours or more. Usually, sustained release
formulations can be prepared using naturally-occurring or synthetic polymers, for instance,
polymeric vinyl pyrrolidones, such as polyvinyl pyrrolidone (PVP); carboxyvinyl hydrophilic
polymers; hydrophobic and/or hydrophilic hydrocolloids, such as methylcellulose,
ethylcellulose, hydroxypropylceliulose, and hydroxypropyimethylceliulose; and
carboxypolymethyiene.

[6099] The sustained or extended-release formuiations can also be prepared using natural
ingredients, such as minerals, including titanium dioxide, silicon dioxide, zinc oxide, and clay
(see, U.S. Patent 6,638,521, herein incorporated by reference). Exemplified extended release
formulations that can be used in delivering a compound of the present invention 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
mcorporated herein by reference. Those skilled in the art will readily recognize other

applicable sustained release formulations.



[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 nonagueous solvent, such as vegetable
or other simitt Hli¥/Egdithetic aliphatic acid glycerides, esters of higher aRSHR2#EiE% &2propylene
glycol; and if desired, with conventional additives’Such as WO 2009/076550PCMS2008/086472 26

solubilizerfjlisoforfongenignsiubnancing agemanesrulayingaensistaiize pansiprgservatives.
Preferably, a ound.of the ipvention can be formulated in agueous solutions, preferably in
physiologiléeaaﬁcl.%rg %%?ﬁ%%%ﬁé&l %&c g uﬂ?ffﬁ%’sas? (?Bﬁ%ﬁ%n?aﬁfﬁﬁépgt§B?Oﬁ?}hl,‘5?‘?ﬁlh%m&)gical saline
buffer. ForriulStidns:foeinpetitntioacchepredentbd forunitddsagsh fetmibsgdrigan) puesiar in
multi-dos [ ith: ervative. The.compasitions can take such forms as
suspensii%%%%ﬁ?%%ﬁu%%%ﬁgcfﬁﬁc%%/ %{ré%%n&lé)g 5§ \?euhlalggg,isa%u dan Sé%n A Tormu ngSry agents
such as s@gﬁéirxﬁﬁ}k@; B_xa@mlzingeaw&mgp@@smg byeentodl Plesthaivabpepticsiofor fautations for
pafenterah@@'m@@ﬂ&ﬁ&@%‘ﬂﬁﬁ%’&%%ﬂ%&%@%ﬁﬁtﬁ‘?oﬁﬁ%‘ﬁ%iﬁ%%?&’g{ﬂﬁﬁl‘f“,%%8{13;%'”b'e form.
e ol

Additionally, suspensions of the active compounds can be prepared as pprop¥| injection

suspensiofS SRR B KERER e MRS manurs fafy efdingchinblseusitierion, ibr synthetic
fatty acid esifes, s16buas etvllpaiesor lalyCelinesickiRAsRMEs. N gHRRUBINIERIOB SYSRENsions

can contain substag}&gg§ hich increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, E6Bito’ HOSE SHET SRy AL s B PRIk 41 S SoRRpai i ntand @8 fffizers or agents
which increasspthersohabsility tofitheacampiguhdstodalpwdor she-preganatiomothigbingoncentrated

solutions. Alternati the active ingredient ¢ e in powder form for constjtution with a suitable
vehicle, e.rSﬁE% é?i%g%%//?g’g ﬁ%&’&? é?}%%%ﬁ%@gse’lﬁgﬁgi @{/%%W(?tgﬁlﬁﬁﬂ}ﬂﬁ%i&ﬁ 4n also be by
transmuceSéranyinysdedors] (tﬁ’!%ﬁhslflé@$itndnéi$iumg§alrtg dganscermaladdedinisttationcpenetrants
approp“aﬁm&%i%ﬁgﬁ?%ﬁd%%%egﬁ?&%5 iéaé%%imowfstﬁ{%gr'g%oggg% 18RIl gdmigistration, the

natc.
agents are formulated 1nfo ointments, creams, salves, powders an .In one em%oalment, the

transdermh igfiv e AOG0LRR BROMBS, LRBRAEDELdelNel YSIRRS candiciide, e 0. patches.

For transmucosal administration, penetrants appropriate to the barrier to'be permggt ed are used in the
formulatiofads ehepliauatsihnas sheralpd kapwissmus afteExamplificdl2stinedesmetl delivery

formulatiopgdbiat sasu e LSeHn i BiespaliveRtiondrfe Mossdesched MiblisyRatent 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

6
which are‘ﬁ@éﬁ&?ﬁﬁ&&hﬁﬁﬂ&%@ﬁé’i@ﬁ?ﬁﬁf‘f@f@%ﬁ@@heﬁo@m@r BRseRE sNslasitilaTtion, the

compositiengeatuiakedhrsfan oflaials esiozenges lmuaiadineoRyentionRl aRRes 101071 In
addition t% tt&e fo mHIations dgs{gribed gr?\é{?(])us y, a compound_of the present invention can also be
formulated as 5 dapot preparation: S Rif g tiﬁ‘&%ﬁﬁ%ﬁﬁtfﬁﬁslﬂﬁﬂd s tiin, or liquid

as'a depot pre
2009/07 6 b5RPEHIHDSHOOBIKO $6 4dHtRA, stabilizers can be added. All formulations for oral

administration should be in dosages suitable for such administration.

{0102] Dragee cores are provided with suitable coatings. For this purposs, concentrated
sugar solutions can be used, which can optionally contain gum arabic, tale, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent 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, ¢.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



be administered by implantation (for example subcutaneously or intramuscularly) or by intramuscular
injection. Thus, for example, the compounds can be foimutated with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly
soluble deriV4ve¥/4&r5&&ample, as a sparingly soluble salt. [0108] The pHaFfsaestig@’@ompositions
also can comprise suitable solid or gel phase cafflers or excipients. Examples of such carriers or
excipientssisighig=Rytsatennolidinitechip sallaiu B e hanatensalciumbhesnhata, #arious sugars,
starches, cellulose deri at'tve%, elatin, and poflﬁ‘mers such as %ols](ethylene glycols. [0109]
Pharmacellicar 88 hiosrioRa tta I RSP R &M YSroa fambe AR 388 Bbsitions wherein
the active snptédis = farebbp it ineibin gictiisrapepditsb effestiversan BlanksT RelprieseRt-ipsgntion also
contemplast{%tpoqia{)maﬁesu&%alc% m) Iggiﬁi&t}gf cpm rliﬁailpg tsh com&ounds %f Formula, l.in admixture with
an effective amount o %t}heﬁherapeutlc agents as combinatio epfaor?ncé%ls,?) i} Fgﬁfgﬁfptﬁg%e used for
treating didestsedand cenditiompuiehiohicanibedaffectodibyrS @i inkibitdprauchgseaiidiabetic
agents. linigrigweriiaaidmaddalingAoais.age0ls 'ehiiRang diahalis.cquplicaugns,ant-obesiy
agents, antihypertensive agents, antihyperuricemic agents, and agents for treating chronic heart
failure, atHstiSisfefisis B suNtadIBIder: apenisfitetive Bsmsodinef sbibisimpantiarand/or combination
partner willj @teirsgekie dependent on the subject being treated, the severity of the affliction and the
manner of administration. Determination of an effective amount is well within the capability of those

skilled in thauf, espasiabuinioRkelihe.detel e disclosurs:prauidacharain. faensraliapsefficacious

or effective amount of a compound is determined by first administering a low dose or small amount,

and then REFHSHYAIRPTRIBASR treaiistoray duihiionaibssysmenimnacdidasadivierapeutic effect

is observeghinptimdseatesesibjactd with ppmal ohpjiederside.etiests. Arplicabispetaods for
etermining.an appropriate dose. a osing schedule for administration of the present invention are
d ini app 'aId ddsi' hedule for admini i f th [ [
described; g?e&(sarﬁ‘pf) ef%r?sd%%%?ﬁ A %geﬁf@eﬁﬁgﬁﬁ%%a %tgaf’é’ﬂgﬁtﬁesr‘éﬁ‘eﬁtics,l 1th
Ed., Bruntethyl dzg andiifdykeridEd o1, Bfotsraws- Hilh (20065 andinsiRgeningiopaTfwiseience and
Practice o : Gennaro, Ed...Lippencott Williams & Wilkins (2003), both of which are
hereby inéﬁﬁé‘?ﬁﬁ%?%%%%%%@gé&mg% 1% ﬁ%s%?%ség%ﬁ%?rﬂe%sti%o\rgﬁﬁﬁérb 8?3\9%@%’ }methods of
using the egiseriasbipkormentraoOpiprdvdhticnsperdive atmels obtlissassabie stibimbodiment the
invention Qe afbe ol oL kAR NRE AN s 2 el G, MBealGomia, diabetic
complications WO 2009/076550PCT/US2008/086472 (such as retinopathy, nephropathy, neuropathy,
ulcers, miBH8MYSENTRAGBEh SRbB IR A BtRtEl dibpetity opetrdeaten rsiniporedsstarsdometabolic
syndromectayhlinme 24 JwperRsisina gy hylRartensinRnyReticeniaropgsity, edema,

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

administefn@sin efferive adnanRtehamcanneneyy ahddir REronrauds afiarmuia, or a
pharmaceutic?{lg?ﬁgéeptable salt or prodrug thereof, to a subject in need thereof. In another

embodimé&ft GRS RIRTEHS REASHARIE SRTPERRRICIP AsRE SreShpounds of
Formula Ipamepbamasedticaly fannephitdle Baltarignodimmifierss! foe hepieparation at@
medicament for treating type 1 and type 2 diabetes mellitus, hyperglycemia, digbetic complications,
insulin reslfgf)a?llgél?ﬁ%l({aﬁ’ggg i Séf%preg é}fvhﬁzbse?lﬁns%eﬁﬁrgﬁ]?&eh%%%eéﬁgﬁh%%@f’am ia, obesity,
edema, dyisliprie agentclardmd Néean. fditearej athdrodolerpsistand ceteitedidiseasesatffizd 1Fdhe present
invention glsQ,coNeN Mﬁhﬁ%ﬁhﬁéﬁ%&fe%&%%%ﬁé RiGommua 1, or §ehr§‘rf£2fe8ea‘f'“%§e':'c¥iﬁcceptab le

salts or prodrugs thereof, in combination with erapeutic agents, particularly those used for
treating tHaeBEvElHient SHel iR s ap accorditibnevsdehasan fdkipliGedduntdermal

lipid-lowetpgvipjdmeduRiRgR0eR $+RARDT IR Heating-Hiahelic.rmelisations Anthabesity agents,
antihypertensive Elx’laift;ents, antihggeruricemic a%ents, and aagrents for treating chronic heart failure,

atheroscl&rosiBaFIANRE §-afsoradrS THbaB s Iidd #P P art Wil UppASSARS iHad TSP therapeutic

agents dischissetybelowan havwednulinledherapadts Msepanttinelisting alraemgent in one particular
category should not be construed to limit in any way its usefulness in combination therapy with

compounggi oétherpresecdlinventionatifi] 2l &xposples chanlidiabatierrgepsiay bakigcigieyse in
combinati%rlln\{viltge((‘fr]p gundls of cLhe resent invention include insulin and insulin mimetics,
sulfonylureas (suc BSACSOIERamide carbutamide, chlorpropamide, glibenclamide, glibornuride,
gliclazide, glimepiride, glipizid iquidone, glisoxepide, glybyride, glyclopyramide, tolazamide,
tolcyclamﬁé%bu e ieg%ﬁ%?[lﬁge}#ﬁré%#r%%% %eg%r&gr%#igﬁ%gﬁgﬂﬁtaefg%ﬁeﬁigj I8H8L glybuzole and
the like), igertividesn(sisotbasometiatad s, hddpomirepphatioforMichdndgthetililgehranlfaidsicea/biguanide
combinations (such as glyburide/metformin and the like), megfitinides (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, WO 2009/076550PCT/US2008/086472



29 metaglidasen, MBX-2044, Gl 262570, GW1929, 0W7845 and the like), PPAR-alpha/gamma dual
agonists (such as muraglitazar, naveglitazar, tesaglitazar, peliglitazar, JTT-501, GW409544,
GW-501516 and the like), PPAR-alpha/ganunaldelta pan agonists (such as PLX204, GlaxoSrnithlaine
625019, GIXBSHHRIERA 677954 and the like), retinoid X receptor agon&td ISHEPPAESATIZRT-268,
AGN-4204, MX-6054, AGN-194204, LG-100754?7bexarotene and the like), alpha-glucosidase
inhibitors (suigdhasiAeRIPS anplaliaba bt SHBMHARIED) BSHiHesaNier gosine kinase (such
as TER-17411, L-%ﬁSZS.I, KRX-%lB nd the like), tripepti%l e%{]idaﬁe Il inhibitars (such as UCL-1397
and the liKBF BRBEBHRR PGl BUS B RBRLC OB FoRPe %g)f) DS HELGHBLRY, G aYHRIR, saxagliptin,
NVP-DPPZ2812a3 M Ty dpMa b i B 904 (fhiS:02p 1 d S 22 2hulREG 820 acappblandy aemeribed in U.S.
Patent Nos, 6,869,947; 6,727,261: 6,71 0; 6,432,969: 6,172.081: 6,011,155 and the like), protein
rosine pEsSIRRea etk SR R he gy T s s S Rkt
PNU-177 ounds described in Vats, R.K.. et al., Current Science, Vol. 88,.No. 2,25 January
2005, po. TR 40 S el o O RS e S I S SNRLRBEE. Cp-68206
and the likeyrighscosaciishtss Bratagesinfibito renfiere tosudbeisisphiogp fhatasenohilitors {such as
CS-917, MERRA?% AR Ne JGlpyHaple dauiiRasoaee BRRIOLS (SHED AsiOFR:3ARAR0 the like),
irnidazoline derivatives (such as BL11282 and the lik&), hepatic gluconeogenesis inhibitors' (such as
FR-2256588 imelirecrkaich pe RrbriBEIesE glyedgen synthase kinase-3 inhibitors (such as compounds
described in Vats, R.K., et al., Current Science, Vol. 88, No. 2, 25 January 2005, pp. 241-249, and the
like), increlfd ¢flmdticesracrinical exapetidens suighds fios s Aichg BrererEpNSPEPRABOIHMAYS (such as
BAY-27-9958 o NMNi2a0 MUNCHR: 68 T andiibndire b alsraon-ikegplidenl (GBik. GLP-1 analogs
(such as Iiragl%tide CJC-1131, AVE-0100 and the like), GLP-1 receptor agg,onists (such as AZM-134,
LY-31590 27k JSRITRAM AT T R RS AR SRR SRR SRR SogUISteg such as
pramlintidenasekibeuliide > fatinacid bindingmeteim(@Pdidnhibiiaisuausih@asaamagrungds described in

U.S. Patent Nn(t)s 6,984,645; 6,919,323, 6. 6{0 38tr1(?)é 6,649,622; 6,548,529 and the like), beta-3

adrenergicFELE Hior REOMED AT SRS BT PO ROt 97 31 98 5%+ G918 the like),
and other wisclinsdssitifatyce mySGETSI(bilchoas se) beoamei dQMNOe 526 s MIBX- 02 G REpikB 25, FK-614,
CLX-090 . -2344, BM-13125.BM-501050, HQL-975, GLX-0900, MBX-668, MBX-675,
515261, c%%ﬁ%%%%iZ‘iﬂgﬁ?‘@ﬁ%g%ﬁlﬁ-ﬁ%%o"f&p%ﬁ%ﬁ’gf ‘%%S%Weaﬁﬁ%')sf [01134 Examples of
agents foragBhyirrgteisive teaomplidaienyisaiabigdos.cse rgovmbinatmsmavinasedsetnds of the
present inygnfion nclide Aldose g ase dBRIPIArsNGR 20080 GraRRGRIRPAR(YPE472 30 (such

as epalrestat, imirestat, tolrestat, minalrestat, ponalrestat, zopolrestat, fidarestat, ascorbyl gamolenate,
ADN-138, Bmbinaties r2riusswil, A5 begepeadent 1p BLs o) e hunedesehafsstareriigfosorbinil,
AL-1567, Melf8R80T A P08 ASB2RkiiNG S 18eSGiad0s §TaB Lirindokastat sorkinil and the

like), inhibitors of advanced glycation end-products (AG,E} formation (such as pyridoxamine,
OPB-9195" RIF B2 E ALY P1 MR AGEGHE SfcftheMReF KA SR akdhe (S beRIorm 1 and the
like), sulogeoictizddreteralraiynctaiipethyiifivdeoicior effutinekadgiowth aciptinplistele-tieiaded growth

factor, platelet-derjved growth factar analogs,,epidermal growth factor, nerve growth factor, uridine,
protein king s%tr a|%‘b| Soq?g? l?ctﬁ‘gg%%%rxsls %ﬁ%?%%]%% au%%%rgl?ﬁgtf’gfg n %%3%“ %ﬁannel
antagonistslfgnistesed dvexitetivez gscatardgsing! drdaratikeffoatislehsdactbinkhppaBeNFkappaB)
inhibitors (yehas dexlinpiam.ang e lig) ’em@sp%[ﬁﬁfﬁaﬁ% m%‘&%@&%&%@%&%&d mesylate and

the like), N-acetylated-alpha-linked-acid-dipeptidase inhibitors (such as GPI-5 P1-5693 and the

like), and éapritiHaicdRearRfedopsiebrhedele itindmiaisetionmites PEosoamMMECST61 and the like).

[0114] Exampigs frandtiyRQruticenig-Roems siitabie We%}%&&m}gjﬂé}@&‘s}@’@‘ compounds of the
present invention include uric acid synthesis inhibitors (such as aIIo%yrinoI, oxypurinol and the like),

uricosuric gﬁé?ﬁﬁ“(’&fellnQs%og%%%ﬂmﬂﬁ%ﬁé%eﬁ%%% A w8%ike) and urinary
allcalinizeretaughasTaoditiandavgho gen-gos bpraterRefassiund. cCl@iears OB gieate@nd the like).
[0115] Ex les of lipid-lowering/lipid-modulatin ents. suitable for use in combination with

com poun(?igE gﬁﬁé %r@é@ﬁﬁ@éﬁ%@ﬁﬁ?‘lh?f&vﬁﬁ%&%ﬁ%ﬁg}ﬂf)@m%%&&%%ggéfgaﬁ%tase inhibitors
(such as agitfemate, atorvastatin, hervastatin, caryastatin, cerivastatin, colestolgne,. crilvastatin,
caivastat i T Vasthe b TR BT G ST GRS Th o R RN RSt BV statin,
ritonavir, roSuvksativersaguimdtica s adiditiemsvidasiationB5@idbabhe 5Q<38600;@RLB3101, BB-476,

Patent N B gL SR i e ST s R B o 0 s e

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 GlaxoSmithICline 590735 and the like),
PPAR-delta agonists (such as GlaxoSmitliKline 501516 and the like), acyl-coenzyme A:cholesterol
acyltransferase inhibitors (such as avasimibe, efiucimibe, eldacimibe, lecimibide, NTE-122, MCC-147,

PD-132301-2, C1-1011, DUP-129, U-73482, U-76807, TS- WO 2009/076550PCT/US21108/086472
21



962, RP-70676, P-06139, CP-113818, RP-73163, FR-129169, FY-038, EAB-309, KY-455, LS-3115,
FR-145237, T-2591, J-104127, R-755, FCE-27677, FCE-28654, YIC-C8-434, CI-976, RP-64477,
F-1394, CS-505, CL-283546, YM-17E, 447C88, YM-750, E-5324, KW-3033, HL-004 and the like),
probucol, th{¥8iefiétidoie receptor agonists (such as liothyronine, levotRF&XRIKESHEA 1, GC-1 and
the like), cholesterol absorption inhibitors (such a8 ezetimibe, SCH48461 and the like),

lipoproteincassasiatetbpitagpivplipasaniinhipias (Sueh asdilrplkditadamaplagdibandsthe like),
doccribed PR B ) RAED BURE SR SRR S Kdie s By 75, 3,065,065
5,962,440h@ 8770806 6 1Y826n608 21 yD 676818, sbFian ddbmdike)sipicteinsity ipiopeaiein receptor
activators ) - the like), lipoxygenase inhibitors (such as compounds
described %Hvﬁ\%%&?%r}%%?ﬁéévz\%é%%%%%g\?\%’él@’%gf%z%%ﬁﬁe |f<ne1)<':iec]§lai1 ﬁ%’rl%ﬁﬁgﬁr‘ﬁ?toyl-transferase
inhibitors @nevrasiaesrmdrnsher thitike pfsyuatersisyhitvasainhibitershsueheatcdly1-53601, TAK-475,
SDZ-268-398pRMS:188AbABIRALRPR:101821 RPRAMAW R compounds
described |§%JS Pgtent @gg ,712,396; 4,92 ,024;1’2@%7%%%%?[Band th%gl %%“‘%%6%%% gecid derivatives
(such as JBIFRER RRCHRTia BEfGoricouRBMIROrMEBIE Msdwrsll roaemis ahHameulikd)obile acid
sequestranishéshiabeasicafiesiteplashReiestyadtng selestilan kolaseyalisn <B4 rQRsafdaad the like),

sodium/bile acid cotranspprter jnhihitors (such as 264W94, S-8921, SD-5613 and the like), and
cholesterof Bata? %@ﬁ@f@ﬁﬁ%ﬁe#:q'r%%?fo?(éﬁ%é‘iﬁlé’rﬁggﬂf&@é?@ﬁi SiaPeTic AN 7988n 'SC-795,
CP-52941f93;3&;}ﬁaexﬁ&abol[@&ﬂ:ﬁi;&xa_;mpi%i@‘mﬁﬁnﬁ_bﬂgipeﬂg@iﬁ%Sggilt)@hlﬁ_d‘@?ié,sgﬁﬁggm bi(nati(r)]n with
compounds of ¢ resent.invention. inc serotonin-norepinephrine reuptalce inhibitors (such as
sibutraminege%ﬁn%gﬁ?ﬁ%P%ir?grzoélﬁ?n%?éﬁ%ufgkfne?r %ﬁ%)%%stlﬁ%?(g&%@pﬂgﬁ%ﬁ?% and the like),
norepinephine-dopamine reuptake inhibitors (such as radafaxine, bupropion, amineptine and the like),
serotonin- glri]e? inep |ﬁ%§’-€:&§br§frﬁl§ﬁ%nrgﬁ%€a S({ee%ﬂ?m%ﬁ%?%e(%ﬁecﬁg(éget%%gé’ﬁgﬁ%eo %8”&11 %k} selective
serotonin Pé@m@k@%tiﬂalbimﬁ@]ﬂh s itapopiangs bscitd] aprambitutivetinig) tieoxaminaiparoxetine,
SRR N L R R s S SR S
nts e

. TIAILIONS, § .
and the like), norepinephrine releasing stimul such as rolipram, - and the 1K , anorexiants

(such as &nHikahstitcagemitn imdtrvannadiviburdaleiimtamincgshisriorimadiddagietamine,
phendimegtagieaiRNMBLERZING Jiskay RioRianmazndok feafiuramine. dexfenfiicamine.,

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

mesylate 0 hETiRE RELIREs benbfaesstbrornistveodesd disordrstaiiess itgdnists (such as
impegtamneaxﬁfﬂﬁnep@m@ﬁe@ﬁf@@i@ﬁh@l&l}qﬁaﬁﬁﬁﬁéﬁts@ﬁgﬁh &To(a%%éﬁqﬁv%?r&éiﬁgleand the likg),(s
5-HT2c regeptor agonists (such.as, 1-(mchlorqophenyppiperazine (m-CPP), mirtazapine, APD-35
(Iorcaserir%%l?%}&?,&%%léefva &lsé%’s%%h 5 6&%@%%6@ ° W@%fﬁ%%&é ngsRescaRgRR0-60-175,
Ro-60-0382}init R- 33282V ER1EFA: ER-GRBiiA MR RE&ZF D wlith-dABAO M Yhd B3, WAY-470,
WAY-163909 MK-212, BVT.933, YM-348, IL-639, IK-264, ATH-88651, ATHX-105 and the like (see,
e.g., Nilsson BM, J. Med. Chem. 2006, 49:4023-4034)), beta-3 adrenergic receptor agonists (such as

L-796568 1 R-58611A, 1CI-198157, ZD2079, BM3-194449, BRL,-37344,
CP-3316 5[99; ¢ -3%%%%%?%%@%%%%&%%%éfé’?“ﬁi%?@ﬁi%-?@ B2 R BREB é’,% LY-377604,
SWR-034D8 et AWERG 06 3:0ipde 5z ulbyandinB Rl 85185 sFR it h#saRRICIE830A, CL-316243,
AJ-9677, SSWEHS 0 d e di ystekinin.agoni uch as SR-146131,
SSR-125180, B_P%%%b%%ﬁ%@%%% &ggﬁe%%%&%ﬁl%%g%ﬂé}ﬁ%@éﬁ%ﬁaﬁm??l GW-7854,
OW-58238RePiFdsiedp ddtadisrudens riserrinelirlsbmds elymipioresinbiiesiordgsuch as
VenlafaXim&llcfiMﬁﬁﬁEﬂiﬂﬂblﬁQﬁEaH ﬁﬁ&ﬂ@ﬁl&@ﬁﬁﬁ%ﬂ;‘@%z@%# %%aﬂ@é&%%éﬁﬁﬂ%ﬁ@ﬁsﬂ?{ﬁ] |aks ;”'liStat’ |
ATL-962 the like), anti-epileptic agents (such as topirarnate, zonisamide and the like), leptin, leptin
analogs %ﬁ%%%%%‘l@ﬁ%ﬁﬂaﬁ*@%ﬁ@éﬁ%% DHgREyRRyRETE FaptERIkINPY) receptor
antagonists fangllunadhilatarkid soalbaniHies 1708 19 Ay B A TRnNGRI R 1iB)BP-3226, 1229-U-91,
CGP-716 30-3304, CP-671906-01, J115814 and.the like), ciljary neurotrophic factor (such as
Axokine frl%g%%e 81?%)? Iﬁraéi&ﬁ%%grﬁ%‘%%e‘%%%%%gﬁbré‘%&%‘gﬂ %‘is"féd)(ﬁt‘féﬂ‘g)s @%A{Iﬂ%@%ﬁtom,
0398/2844peha dotigliikesnc amglitinoid, Bt receptonsrgtiganistsiigthaasnémanagtiaontrSR 147778,
SLY 319 afdilisdie (88209 IR e, MRt G000 A%:4008:4010)

melanin-concentrating hormone receptor antagonists (such ax‘(::)oéﬂm|1t[I}1aft Pne%‘ﬁ%i%OX,
GIaxoSmHW]*%@B@@@@N@ME%@rQZ@%hﬁ@%@qﬁﬁdW%Y@&QM&ﬁMﬂ&@)nd Zhou H, J.
Med. CheferoR30849A@k 4022t paelRpeR P AR RERRIRY agsm&% dipgluding 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 Ml 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. f0117] Examples of antihypertensive agents and agents for treating chronic

heart failure, atherosclerosis or related diseases suitable for use in combination with compounds of the
WO 2000/07AEENPCT/I ISR20NQ/NLAAT? 22 nraceant invvention inchiide himoelamaol



aranidipine, efonidipine, barnidipine, benidipine, manidipine, cilnidipine, nisoldipine, nitrendipine,
nifedipine, nilvadipine, felodipine, pranidipine, lercanidipine, isradipine, elgodipine, azelrtidipine,
lacidipine, vatanidipine, lemildipine, diltiazem, clentiazem, fasudil, bepridil, gallopamil and the like),
vasodilating"#ttfestshsive agents (such as indapamide, todralazine, HfckalAwsea8ralazine,
budralazine and the like), beta blockers (such as"gacebutolol, bisoprolol, esmolol, propanolol, atenolol,
labetalol, caswatiiabenaBHIAOI4IGE the fike) Cay Mt ey Plockin thagesisHBUEh Ashamesulalol,

terazosin, bunazosin, prazosin, doxazosin, propranolol, atenolol, metoprolo rvedilql, nipradilol,
celiprolol, n%%i%?g}%g g‘)’(o%fﬂﬁffﬁ @%ﬁ’fér a%t%qréf?ﬁaév%ﬁ%é%ﬁzﬁfh%? ) ﬁ%@o&glﬁa béllg}fp#%}}?dl, bopindolol,
nipradilol, $&iddt oy - e Gtehdl thilis st Afdddiabhwapiditaiielor annin andsthesdidde)s PLX204,

Ipha2-ad ' idine, | -[F-1035 tate,
oo SnOSSBSHIE (SNSRI L05T: Ll oot

, ine, talipe and the like), central ¥ acting an ﬁ?}%gﬁensive agents
(such as régepstaésushiathdlikE)2eRrraidbéy i A gré§afion Wbl (dueH a&Nihaxiarotisurnarol,

phenprocqﬁm%qg&gra%%ugwﬁdammm% é@tia{?m dioRGeodrglagatan anding Wiiants
2009/076550PCT/US2008/086472 34 like), and antiplatelets agents (such as aspirin, clopidogrel,

ticlopidine HIpSHELRTEROTIGt I Nss (SR 2 Erkald 48 Ar polft tite KR8 anhibi likekaprost and
the like). [dBLEWr fepraaea nabRIRe(sasPpesct the Byt mBImdY tRAhepnaseyical
compositio E%cagn %r'sin effectiﬁe amo‘%été}of‘a compound or mixture of compounds of Formula |, or a

pharmace SUSPETLEE ARy ¥ et S IR iRl S ek “ie¥ét From the group
of therapeBb#iz/2tyéiit99ixedrsbeie BSIconThHiBRIBAIRNaRuINia RBathdceticalharecEptable carrier.

0119] The, uegneri o111 pessIbi enBCan e agmIniErerbropyegical fo prevent or delay

the onset ot prégression’of d disedse or condition (such as hyperglycemiay), aff’)1 utically to
achieve a dessiresipbffenba(stire oo idwsi Guidh ve [FOR SEIRM P DeD K Hed 84 & URTRN14a, G¥Fiod of time.

[0420] The,sempawas ALdacMERARLIIKRRIRI 81 A AORIUSI! e In, JUPIGEL 6. 58 human

patient, a domestic animal such as a cat or a dog, independently or together with a combination

partner, inNReZdrd BRI #49 apinh 2dd ciithl i Seebkab gl setesopinathenytasoiibithfotenchf a
pharmaceical-qonpeositianwh ara theaey) @%@%@P%?ﬁ&@ﬁ@%@%@,%ﬁé&aﬂ%mxed with
ecuv

suitable carriers or excipient(s) in a therapeutically ef e amount. Consequently, a compound or

mixture of LRHIAGESREBITESC A Phidth bt SRV 8 SR HTeEEREse of, and an
additional iasihieagenthteskezopmiaineitherevd hintanberRresenkivea siralesomuationdfor example a
capsule or.tablet, or in twq separate formulations, which e same or different, for example, in
the form o gali{te%oiolr?{’ﬁartfgiﬁgti S %ﬁ%’&eﬁﬁr‘ﬁ%‘l PO ﬁggégsﬁl%%gfégééﬁ?%iﬁ?’ﬁe appropriate dosage
of compowhd il simly dpcardingribtiekaaseninbibicoof (@dchimstsatjonaizdifesindation af the
compositigng-a gether factors h ati spons ed an he increased or
decrease(?g)l\(/ér_r&t%r?j’e(,%ger’é{%%ﬁéb?gqh %%ﬁ/?dl?g Spr(“;l?’fll&e%}“rﬁ11 . 2 %a%gﬁt%r?’ﬁ%ﬁyg ‘malall)g/ S%i%ggn a low dose,
which is thefighereaseiridsaphaffiesviatidedoddhe libkr alvlen porthecepitie antAaypica isuehuseful dosage for
adults may; e 91993 §08099yavREeter Akl Lig 209100, Repadminiisied D95l foute, and from

0.1to 100 m ,greferably | to 30 mg, when administere by intravenous route, in each case
fr

administe fRelogs [Firhas seeltge e B3omBBuHEG R dmlikati G- hermaistered in

combinatiggowii @a@ﬁh@mthap,ayﬂmgegma@ﬁ@wﬂmagﬁmm9@{1&'&5@1;9%,%; ¥er may be from
08/08

20% to 100% _of th normglly recomm%nded dose, WO 2009/076550PCT/US2 6472 35

amylm analogs an as pramhniide and the like), fatty acid binding protein

agonists (suc
(aP2) inhibitors (such as compounds described in U.S. Patent Nos. 6,984,645; 6,919,323;
6,670,380, 6,649,622; 6,548,529 and the like), beta-3 adrenergic receptor agonists (such as
solabegron, CL-316243, L-771047, FR-149175 and the like), and other insulin sensitivity
enhancers (such as reglixane, ONO-5816, MBX-102, CRE-1625, FK-614, 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 Iike).

f0113] Examples of agents for treating diabetic complications suitable for use in

combination with compounds of the present invention include aldose reductase inhibitors



[0122] Dosage amount and interval can be adjusted individually to provide plasma levels of the active
compounds which are sufficient to maintain therapeutic effect. Preferably, therapeutically effective

serum levels will be achieved by administering single daily doses, but efficacious multiple daily dose
schedules aPR¥EEEFTH the invention. In cases of local administration dK3élEetiE BEKe, the
effective local concentration of the drug may not Ve related to plasma concentration. One having skill

in the art Vstichasadyeltesiaptimizstthasapsuticalhpéteativenseat dpsaaeewithadirndile _
experimeniatgiy paal l uBetanaard pelensamalsatons el n s spspiligion are herein

incorporated by reference as if ea Ividu of Or patent application” were $pecifically and
individuallysarditaitednmydstatimooipsrabia b Feté (6nd6-1 AIBP c DA cADR A6 B nNAI Y20 iR bdcited herein

and the tagehing 9f i1t sRFIRALAN {8ARRRHASAL REL AN iR Silai, gy confic

between an art-recognized definition of a word or phrase and a definition o word or phrase as

provided PFESICSESHROARaRA® (Bechesatyad drarains: OP B 18fteh AlthbughLthd tdregoing invention
has been glasgiibad insamaidstaibpynaxe! dustralian and examile;fes Rupases.o clarity of

understanding, it will be readily apparent to those of ordinary skill in the art in light of the teachings of

this inventiSfF o cEEHIRIAGTES BRI GrsHsadrrdenivisie tratead finnBufa®barting from the
spirit or seogeiatdbevappentadRipinasaibhs ipyestion silaersescrikad irrgreatEdetaidye.way of
specific examples. Ex es.[0124] The fallowing examples are offered for illustrative purposes, and
are not inPer(r%é% %lzhsr?”lalé? e?ﬁl\?é%%félﬁﬁlﬁsarﬁ??%lgwglgﬁ’ ?H@%%a&f‘&l{"lﬁ‘%ﬁgﬁi[‘ﬁ% ﬁ%ﬁ}w&ognize a
variety of auagritisal(pariametersistinicvoanbhecphangddherling difiettde fuetd-essermialy-the same
results. [ f gom 1ds shown,in the.following examples.were derived from the
cctares B e e IS (G nembraw Ut
version 10uolagpslassdite prisbaiidioatedothdastrdisipiresiofcbrmidedinas idpsthsisigairstind examples
below weig epnfymmeddisiagdhe-pliaving areskiies: IREEHL) Gag shramaiggraphy-mass spectra

with electrospray ionization (MS ESI) were obtained with an Agilent 5973N mass spectrometer

equipped e ARG Relt et s Thrithamsggdikalith an HP-5 MS column (0.25 um coating; 30 m x
0.25 mm). The ion WO 2009/076550PCT/US2008/086472 36 source was maintained at 230 C and
spectra Wit dbadisapisar o sBhrranicaris ggcsbespiztie dor Yo b mmgiepragsure liquid

chromatogsaifayaassapeettantlitriEeRabiained Lsing &R ngaNSYNEYRLEPLC equipped with a
quatemaglﬁ)um , a variable wavelength detector set at 254 rim, an XB-C18 coltunn (4.6 x 50mm,

5um), an ARSI - T SRt A AT RS PF RS iGN T 898 tra were

scanned beamkBo:2000: anduhisiig)andiakieyiaidmeaccarding iodibe: hyarbesofians i the source.
The eluentgtvg%%ch:i%:tgtogégriIe grt'lrgtD: v%{ %r .Gradient elution from 10% to 90% B in 8 mm at a flow
rate of 1.EML/min 1 Used With a Thal Aold At 99% B of 7 min. Total run time is 15 mm. [0128] (3)

Routine =cli sional NMFE ctroscapy was performed on 400 MHz or 300 MHz Varian
Mercury-?@gé p%ﬁ%ﬁ?@%%@ﬁ%@ﬁﬁ%‘fé@ \‘/}v/leflém .é%o v%&%ﬁnﬁsesﬁltié%%g’ggﬁéﬂ&o HA58Y from
Qingdao Fehglongansipof Tecpnestogyr@otidotthelade tydnsigmeit iz Binmm ¢BehiMBetabes. The spectra

were acquiradiat. 293K Ihe chemical.shifts o] the le.and were referenced to
the appropriate s%lvent gig§als, suchﬂgﬁag%%%sggbﬁﬂsgég%%?’f Sglr%% for %@tgﬁl,’ 3.30 ppm for

CD30D, SdostpeiFortasietin. saly it S isiedb glenvitstating lospetetra, mevastatin,

nisvastatin, pitavastatin, pravastatin, ritonavir, rosuvastatin, saquinavir, simvastatin,
visastatin, SC-45355, 8Q-33600, CP-83101, BB-476, L-669262, 5-2468, DMP-565, U-
20635, 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-aipha 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-



Example 1 [0129] This example illustrates the preparation of compound 5 (R = Et) according to the
approach provided in Figure 3. Compound numbers correspond to those provided in the Figures. The
general method is applicable to other compounds of the present invention. [0130] Preparation of
(1R,2R,38,4RO5RI88B79454 -chloro-3-(4-ethylbenzyl)pheny1)-6- PCT/US2008/086472
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol HO™OH OH 5 (R = Et) [0131] (1) The preparation of
Grignard f&ag &t J0632) RIS afoin] M BpR#Iai ¢O, KRGZQSWBMGB E2RgpNdsehasged into a

kit ey R TRt et S el S R
2009/0769@@@%%@81@8@@3% rRGI%53 THe YKUFE, Wﬁ&%aﬁé@iﬁfé%%%l&%e reaction was

initiated (@@mim@o%ﬂ&%%mnﬁd%%@z 1@%%9@ 1‘%9!:5&9% Inisfs (such as
2-(4- ethylbenzyl) -4-bromo-1-chiorobenzene 8 (1.539 g, 4.99 mmoly in dry THF (14 mL) was added

dropwise. FPH HRBRSré WD IEina R4 1b @act P@Fiéli*ﬁ)]tﬁé} éh@%éﬁjﬁltﬁ%@ﬁ@éﬁtly}@ﬂ%éng until most
of the Mg (e @oBSEAERe, SCH48461 and the like), lipoprotein-associated phospholipase A2

inhibitors (such as rilapladib, darapladib and the like), microsomal triglyceride transfer
protein inhibitors (such as CP-346086, BMS-201038, compounds described in U.S. Patent
Nos. 5,595,872; 5,739,135; 5,712,279, 5,760,246, 5,827,875; 5,885,983; 5,962,440;
0,197,798, 6,617,325; 6,821,967, 6,878,707 and the like), low density lipoprotein receptor
activators (such as LY295427, MD-700 and the like), lipoxygenase inhibitors (such as
compounds described in WO 97/12615, WO 97/12613, WO 96/38144 and the like), carnitine
palmitoyl-transferase inhibitors (such as etomoxir and the like), squalene synthase inhibitors
(such as YM-53601, TAK-475, SDZ-268-198, BMS-188494, A-87049, RPR-101821, ZD-
9720, RPR-107393, ER-27856, compounds described in U.S. Patent Nos. 5,712,396;
4,924,024; 4,871,721 and the like), nicotinic acid derivatives (such as acipimox, nicotinic
acid, ricotinamide, nicomol, niceritrol, nicorandil and the like), bile acid sequestrants (such as
colestipol, cholestyramine, colestilan, colesevelam, GT-102-279 and the like), sodium/bile
acid cotransporter inhibitors (such as 264W94, S-8921, SD-5613 and the like), and
cholesterol ester transfer protein inhibitors (such as torcetrapib, JTT-705, PNU-107368E, SC-
795, CP-529414 and the like).

[0116] Examples of anti-obesity agents suitable for use in combination with compounds of
the present invention include serotonin-norepinephrine reuptake inhibitors (such as
sibutramine, milnacipran, mirtazapine, venlafaxine, duloxetine, desveniafaxine and the like),
norepinephrine-dopamine reuptake inhibitors (such as radafaxine, bupropion, amineptine and
the like), serotonin-norepinephrine-dopamine reupiake 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, phenylpropanclamine and the like),

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



[0133] (2) The preparation of 2 Nur Bn0110Bn OBn 2 (R = Et) [0134] The above Grignard reagent
was added dropwise into the solution of (4R,5S,6R)-
4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)cyclohex-2-enone 1 (2 g, 3.74 mmol, 1 eq) in dry THF (20
mL) under SFGOHEHSH temperature (about 25 C), then allowed to react$31'6aP8¥diHs. NH4AC1
(aqg. sat) was added into the mixture to quench thé reaction. The mixture was extracted with ethyl

acetate (2Qismniad hriagoArga igIRYS RS ARRCthibHik e, dhiediexe cliBapRiditrated, the filtrate
ciner. ot Ao ale S A B Y ol ST R AL P S04 5,17 mmo, yield of
84.8%). 1kchNMPhEAODBEIZ7I0E@ILCFPT, 4dr{dddp ), APB-3 Sl didenn), 3O4-73854 (8H, m), 5.83 (1H,
202 (1 Bl 0R D T Rt DRG St KGsb B AAR T
Hz); MS (FSB)Y3 755 WERHIS BV ER+33SA0N FRBTVE: MNaH4FIDOs WY THe fdparaliofn’sf 3 (R = Et) CI B
NO BOBN wAy.163909, MK-212, BVT.933, YM-348, IL-639, IK-264, ATH-88651, ATHX-105 and

the like (see, e.g., Nilsson BM, J. Med. Chem. 2006, 49:4023-4034)), beta-3 adrenergic

receptor agonists (such as L-796568, CGP 12177, BR1L-28410, SR-586114A, ICI-198157, ZD-

2079, BMS-194449, BRL-37344, CP-331679, CP-331648, CP-114271, 1.-750355, BMS-

187413, SR-59062A, BMS-210285, LY-377604, SWR-03425A, AZ-40140, SB-226552, D-

7114, BRL-35135, FR-149175, BRL-26830A, CL-316243, AJ-9677, GW-427353, N-5984,

GW-2696 and the like), cholecystokinin agonists (such as SR-146131, SSR-125180, BP-

3.200, A-71623, A-71378, FPL-15849, GI-248573, GW-7178, GI-181771, GW-7854, GW-

5823, and the like), antidepressant/acetylcholinesterase inhibitor combinations (such as

venlafaxine/rivastigmine, sertraline/galanthamine and the like), lipase inhibitors (such as

orlistat, ATL-962 and the like), anti-epileptic agents (such as topiramate, zonisamide and the

like), leptin, leptin analogs and leptin receptor agonists {such as LY-355101 and the like),

neuropeptide Y (NPY) receptor antagonists and modulators (such as SR-120819-A, PD-

166170, NGD-95-1, BIBP-3226, 1229-U-91, CGP-71683, BIBO-3304, CP-671906-01, J-

115814 and the like}, ciliary neurotrophic factor (such as Axokine and the like), thyroid

hormone receptor-beta agonists {such as KB-141, GC-1, GC-24, GB98/284425 and the like),

cannabinoid CB1 receptor antagonists (such as rimonabant, SR1.47778, SLV 319 and the like

(see, e.g., Antel J et al., J. Med. Chem. 2006, 49:4008-4016)), melanin-concentrating

hormone receptor antagonists {such as GlaxoSmithKline 803430X, GlaxoSmithKline

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



OBn 3 (R= Et) [0136] Triethylsilane (1 mL, 7.44 nunol, 3 eq) and boron-trifluoride etherate (0 44 mL,

4.96 nunol, 2 eq) were added in that order into a solution of 2 (1.9 g, 2.48 mmol, 1 eq) in 38 CH2C12
under argon at -20 C, then allowed to react for over 4 hours maintaining a temperature of -20 C. NaCl
(ag. sat) wa¥ 9d8¥@ 6% e quench the reaction. The mixture was extract®§ WA ERMEECT2 (20 mL )< 3),
and the organic layer was washed with brine, drigd over Na2S04, filtrated, the filtrate was evaporated

to drynessprElerasighte Wﬁﬁ;lﬂaéiﬁﬁﬂc%@wﬂéiﬁar@%t@hﬁga(aiﬂgfﬁ@%wﬁﬁ@% nhkl;ngg%q%ieﬁil\ﬁlgr: f(t)gylle
tate = 20: 1 ive a yellow olil .of target,compound (1.67 g,.2.23 mmol, 89.9 %). Z,
PO T R Y e A L A s U A
4.85-4.98 Ekbpry)tidagbishibli¢ts{surt),ad dhineplom (didlapm)i 4t 3R0IH] @249, T:@d41), 3.97-4.09 (4H, rg),
3.74 (1H, t,_J=10. -3.65(1H. m),.3.54: . -2.71 (1H, m), 2.59(2H, q, J=7.
Hz), 5.21 &Ff%ﬂj%}ggﬁ’z% m%&%%@%%%gé\éﬁ Iﬁi%]d‘}sj&&l %mpgegé ration of 4 (R =
Et) OBn M(Eieﬁ@sjr{@l%hﬂmran@gﬁtmmw&lﬂﬁd@d@mm@wﬁiﬂ; Tpaega(tat 28 esdrf81.34 mmot. 10 eq)
was addedqpi.fheselsion BIeﬁcigéﬁiﬂ}gm%s%ﬁ%r{JUEﬁ&dﬁﬂ)ﬁ@o%}%?&é&95&%};%{‘%{? tgégon aro c,

then wan-ned to reflux for 1 h. The mixture was treated with NaOH (3M in H20, .34 mmol, 10

eq) at 0 CHFarrBvh P e s s gIB4 bk sLGusk)2aiYE8 X ehpe R U@ (a6s 30 C), and
allowed toypart Sxernight ahdeRMikeMARIAHME: (eror MHAGHAG RS RAded dRioHthe mixture to

guench the reaction. The mixture was extracted with ethél acetate (10 mL x 3), the organic layer was

washed wiFBPHTEarike SUPNEBSOA! 4ilkYE ] S#if thSRrpate Tl a SEratet 86-:dness. The
residue wasas{isisy gessarativechta, toRgivera ke seHteltriet goropound41(368.8.mg, 0.142

. 6.74 (1L B8y BB e 0 B0 3 R 4 st e BB .13 (1, ),

3.83-3.93(317P4nind B8 1573 dRirktimn) g & B ofi2af Hkdnwoh 12 rdthidddiet hdrmb bl k#)ia2i&9 (2H, q. = 7.6

Hz), 1.89-13f (kb el hidfamiae) QA ME FEoSeh & ML oo 8 semide,
chlorthalidone, metolazone, cyclopenthiazide, hydrofiumethiazide, iripamide, mefruside,
benzylhydrochlorothiazide, penflutizide, methyclothiazide, azosemide, etacrynic acid,
torasemide, piretanide, meticrane, potassium canrenoate, spironolactone, triamterene,
aminophylline, cicletanine, LLU-alpha, PNU-80873 A, isosorbide, D-mannitol, D-sorbitol,
fructose, glycerin, acetazolamide, methazolamide, FR-179544, OPC-31260, lixivaptan,
conivaptan and the like), calcium channel antagonists (such as amlodipine, bepridil,
diltiazem, felodipine, isradipine, nicardipen, nimodipine, verapamil, S-verapamil,
aranidipine, efonidipine, barnidipine, benidipine, manidipine, cilnidipine, nisoldipine,
nitrendipine, nifedipine, nilvadipine, felodipine, pranidipine, lercanidipine, isradipine,
elgodipine, azelnidipine, lacidipine, vatanidipine, lemildipine, diltiazem, clentiazem, fasudil,
bepridil, gallopamil and the like), vasodilating antihypertensive agents (such as indapamide,
todralazine, hydralazine, cadralazine, budralazine and the like), beta blockers (such as
acebutolol, bisoprolol, esmolol, propanolol, atenolol, labetalol, carvedilol, metoprolol and the
like), sympathetic blocking agents (such as amosulalol, terazosin, bunazosin, prazosin,
doxazosin, propranolol, atenolol, metoprolol, carvedilol, nipradilol, celiprolol, nebivolol,
betaxolol, pindolol, tertatolol, bevantolol, timolol, carteolol, bisoprolol, bopindolol,
nipradilol, penbutolol, acebutolol, tilisolol, nadolol, urapidil, indoramin and the like), alpha-
2-adrenoceptor agonists (such as clonidine, methyldopa, CHF-1035, guanabenz 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



[M+H20], 789 [M+Nar. [01391 (5) The preparation of 5 (R = Et) WO
2009/076550PCT/US2008/086472 39 5 (R = Et) 10140] The solution of 4 (12 mg, 1.57x10-2mmol, 1
eq) in THF:CH3O0OH = 2:1 (9 mL) was treated with 1,2-dichlorobenzene (1% mol) and Pd/ C (10%
quality contfRIRPHIAE 100% quality ratio) and stirred over 2 h under PAYERAMKEedFe at room
temperature (above 30 C). The reaction was motiitored by LC-MS to confirm completion. The mixture

was filteredianghthanfiiiaaonasavanacatedatpidtyResiddhe asidbrinaspyriisd y preparative HPLC
to give target compo rlfd 5 (2. %% mg, 0.69x10-2 mmol, yield of 43 gig‘};) aslgwhlte solid. 111-NMR (400

MHz, CD301558%7'9% YLIJF"&&BQ“@S’ EByOFBte Hemsp trayidiloberamost pnd e 89)-d. J= 3.2 Hz), 3.65
1H, t, J= 3.39-3.49 (2H, m), 3.31 (1H, t, J= 8.8 Hz), 2.51-2.62 (3H, m), 2.53 (1H, m), 1.19
ESH, t, J= i‘%lﬁia pye: 46‘7‘{1{1}31@1&?%‘ TRV PRI PYOMGNS 195 ARBRITEREITSER [2M+H], (EST):

405 [M-Hrcdibihddvlirokd ecﬁﬁaﬂisiﬁgéﬂﬂeaihe aahmmmgﬂxesﬁ@@mmdﬁﬂﬁﬁe drushipeupeegdure disclosed in

EJSSbi())rCT)]G(S)/- -gﬁiz)?rglpﬁle fL] ﬁ%‘ﬁ‘]ﬂ E’i}% %%%a% salt oz prodrug thereof, and at least one member

selected from the group of therapeutic agents listed above as combination partners, in a

pharmaceutically acceptable carrier.

[0119] The treatment of the present invention can be administered prophylactically to
prevent or delay the onset or progression of a disease or condition (such as hyperglycemia),
or therapeutically to achieve a desired effect (such as a desired level of serum glucose) for a

sustained period of time.

[0120] The compounds of the present invention can be administered to a subject, e.g., a
human patient, a domestic animal such as a cat or a dog, independently or together with a
combination partner, in the form of their pharmaceutically acceptable salts or prodrugs, or in
the form of a pharmaceutical composition where the compounds and/or combination partners
are mixed with suitable carriers or excipient(s) in a therapeutically effective amount.
Consequently, a compound or mixture of compounds of Formula I, or a pharmaceutically
acceptable salt or prodrug thereof, and an additional active agent to be combined therewith,
can be present in a single formulation, for example a capsule or tablet, or in two separate
formulations, which can be the same or different, for example, in the form of 2 kit comprising

selected numbers of doses of each agent.

[0121] The appropriate dosage of compound will vary according to the chosen route of
administration and formulation of the compesition, among other factors, such as patient
response. The dosage can be increased or decreased over time, as required by an individual
patient. A patient initially may be given a low dose, which is then increased to an efficacious
dosage tolerable to the patient. Typically, a useful dosage for adults may be from 1 to 2000
mg, preferably 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.



07 (R =Et) [0143] To a 2 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 CH2C12 was added oxalyl
chloride (235 g, 1.85 mol) followed by 1.5 mL of DMF. To trap the resultant HC1, the flask was fitted
with tubing ¥PRYPHEHs was discharged above the surface of a stirred”4d KBMEBIEROn. When the
vigorous evolution of gas ceased after two hours, the homogeneous reaction was stirred overnight
prior to reppa2] ofibexyolatiteaimdanieac von bsintjusteatam wiagibraigrolhie reautankelt solidified
during sul%ﬁ)eegéjuevrétc%vacouu%t'or‘}ﬂﬁgﬁer glssla%lcvig}g tthr%cr%je -e%ogng-CZ- éﬂ(%r egﬁ%}il chloride in 530 mL
of the ethylbenzene, e yellow so GlioR was Cooled 1o -3 , prl?o{r1 64 ecﬁrig A 6/257 g, 1.93mol) in
-30 g portibaspamicalyreifectinsemertietd evib inparaave tig adotiexosert 20l doiky dopieus amounts of

HC1 2 WhichaWOZ003NIGOTORGTLY SAORRIOBOHAMAPEATD IR YO LBl e AlC1:

had been added were trapped by passing the gas over a stirred conc. NaOH solution. If the reaction
were moredpHeEriael wlattypantaktirfeticdalty hischbvaerairioned Sering opomedmpletion of the

addition of (33, pliGhStBRERLbD hileRatwamed IRrdmGe diehathwasemoved. After 4 h at

20 C, the thick syrup was poured over ice (1.5 kg). Subsequently, once the stirred suspension had
cooled, HEPTAPEYHRAY sl vsriaraoineast axibabted bt FRAEEGHHIAG HC 1, three times with 1M
KOH, and twice with brine prior to drying over Na2SO4. The volatiles were removed using first a rotary

evaporatot¥3adl thérl BY HERHRBS 08 PECnt PHis9ns $HRMIR BisaRRsHisriRg 78Ut dark oil revealed
the residugiterperach: b4 itodiie: af ortaeh paERisRMPISidARSOl iarib Hpxansarefollowed by filtration
o . . o
frouan ﬁéﬁ{%ﬁﬁﬁf@@@@%‘ﬁ&&%ﬁ&%@?o%%' O e e Yt Bt mey I (99%
chlorophemy)féfethyipdienyiimreikadanei¢zehiond iRickiectiacoyl)é 2e Bthyiphedymediasfone). 10144J
(7) The pregparationof 4-bromo-1 -chlorp-2-(4-ethylbenzyl)benz 8 8 (R =Et)[]0145) To a stirred
solution ogéﬂfgﬁﬁ (‘3?82?1 5?{%'2‘%3’6%% 1acrtl eé%%?n“é‘%%ﬁ%f}/ &Bﬁ%niﬁio&%/f‘pﬁgﬁdy?S%@ﬁ%none (534 g,
1.65 mol) MMnfng@P@fqhmng@neﬁm@&nwﬂ@@@@ﬂiﬂswmiﬁrﬁmatsml@_ washadded CF3S03H
(15 9. 0.Oapole WBRMIKIBT M- ERREILTE DR GARRCCRLSIRR e SaaD Jauafly violently.

Caution: this moderate exotherm'requires cooling with an external ice bath. After Inr, HPLC revealed
the reactidfiiorhdlogaics fplareamie foqurRoscs PAslaHYinbrd wIBsHings ¥y hhemediting overnight at

70C, the rggolion was«soa?beemplelisiby BB LE iamasis ({Ren-cRgUNG diheyRiatigsyere removed by
bulb to bulb distillation at reduced pressure. The resultant -1 L of the Iiaht %r?y oil was poured into 1 L

of H20. THETRIRGTE &3 eukiradiBaetinascarisonn Heseine it de a@éﬁ&snagﬂépg were washed

three timessyphoh2Appaticeddtings Na2GOshanthiice watbriviaehatoter datinmhoverNa2S04. After
concentration. singi a rf)tsary evaporator, -1 L of clear light amber oil remained. This material was

further coRCentratad. the (Et3Si)20 (450 mL) was removed by distillation until the distillation head

temperature reached 75 C, and the residue was allowed to cool. 1HNMR analysis of the residue
revealed it to contain an -8:1 mixture of diarylmethane to (Et3S020. Crystallization of this mixture was

achieved by pouring the Examples

[0124] The following examples are offered for illustrative purposes, and are not intended to
limit the invention in any manner. Those of skill in the art will readily recognize a variety of

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

[6125] 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. Uniess otherwise indicated, the structures of compounds

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

[6126] (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



WO 2009/076550PCT/US20081086472 41 product into vigorously stirred cold (10 C) mixture of 85%
EtOH:H20 (1.2 L). After stirring for several hours, the crystals were collected by filtration, washed with
cold 11 EtOH/ H20 and dried under vacuum. The 4-bromo-1-chloro-2-(4-ethylbenzyl)benzene (500 g),
was obtainetf 28°4”18%ifelting solid containing -1% (Et3S020, and was uBed Withsiitrdrther
purification. Example 2 [0146] This example illustfates the preparation of

(1R,2R,3S,4BurRR % &) rflalftera-33(4C and spectra were scanned from 25-500 amu at 3.09 sec per
ethoxybenzyl)pheny1)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (9). 9 [0147] Compound 9 was

prepared by*$#fethod analogous to that described in Example 1: HI-NMR (400 MHz, CD30D): 7.32
(1H, d, J=8.0), 7.11-7.16 (4H, m), 6.79 (2H, d, .1= 6.8 Hz), 3.96-4.02 (4H, m), 3.91 (1H, d, J= 3.2 Hz),
3.63 (1H, t, P40 215igh piesameiuisl shiomasoeranymmass gnsqirs) (L s ¢l pete 9021098 Hz), 1.53 (1H,
tt, J= 3.2, 1Qdnd Finiki@h Qirkvdysl HP2EEuiMSd m8h }i d2detivitl litar 40, Mo N vs1 §4RH2M+H]t 862
[2weNTIAn (ES1) 40T MHCOOT Eramele 2 (1431 T example Hustates e reparaton o
cyclopropyliepzytssseentigateEryditetenetsyticycnhaianeShe2 8 svtetranah(bd)from 80-2000

amu using 2 variable ion time according to the number of ions in the source. The eluents
were B: acetonitriie and D: water. Gradient elution from 10% to 90% B in 8 min at a flow

rate of 1.0 mL/min is used with a final hold at 90% B of 7 min. Total run time is 15 min.

[0128] (3) Routine one-dimensional NMR spectroscopy was performed on 400 MHz or 300
MHz Varian Mercury-Plus spectrometers. The samples were dissolved in deuterated
solvents obtained from Qingdao Tenglong Weibo Technology Co., Ltd., and transferred to
5> mm ID NMR tubes. The spectra were acquired at 293 K. The chemical shifs were
recorded on the ppm scale and were referenced to the appropniate soivent signals, such as
2.49 ppm for DMSO-d6, 1.93 ppm for CD3CN, 3.30 ppm for CD30D, 5.32 ppm for CD,Cl;
and 7.26 ppm for CDCI; for 'H spectra.

Example 1

[0129] This example illustrates the preparation of compound 5 (R = Et) according to the
approach provided in Figure 3. Compound numbers correspond fo those provided in the
Figures. The general method is applicable to other compounds of the present invention.

[0130] Preparation of (1R,2R,35,4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
{(kydroxymethyl)cyclohexane-1,2,3,5-tetraol

5 (R =Et)

[6131] (1) The preparation of Grignard reagent

[6132] 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



WO 2009/076550PCT/US2008/086472 42 [0149] Compound 10 was prepared by a method analogous
to that described in Example 1: 111 NMR (400 MHz, CDC13): & 7.33 (1H, d, J-= 8.0 Hz), 7.16-7.12
(2H, m), 7.09 (2H, d, J= 8.0 Hz), 6.96 (2H, d, J= 8.0 Hz), 4.04 (2H, s), 3.91 (2H, d, J= 3.2 Hz), 3.65
(1H, 1, J= 1¥'B F‘l’ﬂﬁfﬂﬁéﬁ'@(m t, J= 10.0 Hz), 3.42_(1H, t, J= 10.0 Hz), 33‘2C?11l$2?0§/%Q%ZHz) 2.54 (1H,
t, J= 10.8 Hz), 1.87-1.82 (1H, m), 1.57-1.51 (1H,%h,), 0.94-0.89 (2H, m), 0.64-0.60 (2H, m): MS (ES1):

419 [M+HinoARS. [IMieNRdhrExaspiad [Brefid histexap pledivskatasithr-rRRaNaIaR-%hd
(1R,2R,38,4R,5R,68)-4-(4-chloro-3-(4-

propylbenSSTRERE PY- -%MBF&WHWB%BH@%% §hyhershilsbrane- a8 epeERHthound 11
was prep&ﬂeﬁBb}g&@@iﬁﬁdi&ﬁﬁBﬁgW@lMMWrﬁeédlﬂr@@ﬁ&)l&"ﬁe NMR(4@9thdhlz, CDCI3): &

5, .53 (P33 P T s P G 5% e D e e RS ¢ 7= 1004 1),

3.33 (1H, todsu8dHz), 2.58-2.53 (3H, m), 1.67-1.58 (2H, m), 1.58-1.52 (1H, m), 0.94 (3H, t,J= 7.2 Hz);
MS (ESL): 438 [M+NH4]. WO 2009/076550PCT/US2008/086472
[0133] (2) The preparation of 2

2(R=Et)
[0134] The above Grignard reagent was added dropwise into the solution of (4R,55,6R)-

4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)cyclohex-2-enone 1 (2 g, 3.74 mmol, 1 eq) in dry
THF (20 mL) under argon at room temperature (about 25 °C), then allowed to react for over 3
hours. NH4Cl (aqg. sat) was added into the mixture to guench the reaction. The mixture was
extracted with ethyl acetate (20 mL x 3), the organic layer was washed with brine, dried over
NaySQOy, filtrated, the filtrate was evaporated to dryness. The residue was purified on silica
gel chromatography (eluent, petroleum ether: ethyl acetate = 20:1) to give a yellow oil of the
target compound 2 (2.428 g, 3.17 mmol, yield of 84.8%). "H-NMR (400 MHz, CDCL): 6
7.42 (1H,s), 7.28-7.41 (17H, m), 7.04-7.254 (8H, m), 5.83 (1H, 5), 4.74 (1}, d, J=11.2 Hz),
4.39-4.64 (7TH, m), 4.33 (1H, d,/=12.4 Hz), 4.23 (1H, s), 4.08 (2H, 5), 4.03 (1H, d, /= 12.8
Hz), 3.70-3.73 (2H, m}), 2.93 (1H, s), 2.58 (2H, q,/="7.6 Hz), 1.19 (3H, t,J = 7.6 Hz); MS
(ESI"): 765 [M+H]", 782 [M+H,07", 787 [M+ Na]".

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

OBn
3(R=Ef)
[0136] '[miethylsilane (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



43 Example 5 101521 This example illustrates the preparation of
(1R,2R,33,4R,5R,6S)-4-(4-chloro-3-(4-

cyclohe Ibenzyl)phe drox th exa
T wak S By e e B DL e Seaz?ﬁﬁéﬁa&ﬂé’iiﬂéﬂ*%%“@% = apo Vi, CoCi3)
6 7.34 {THNAC DS, @wwﬁdﬂgd(mhwm% @ijwfms The mpuye ﬁﬁ?s FHIBHY E(r Qgi’v{qz) 4.05 (2H,
;)33 92:2K, ¢, Jmi3nd Mgama Bbef s tadimd OvGHHEZ)SB BB DivkriNdsS Q0 ﬁlmgdsmsi {a#e was = 10.2 Hz),
1;%5%%*{ ? 0 HZ efs 5? }?I(.e 6‘3‘1?26 wgg i'ﬂ%A (%é'%c% @nlémgt‘% llagﬁﬂ? @e@&l(%ﬁm@mﬂa 76-1.73 (1H

m), 1.5 f 3 1 34-1.22 (1 ); MS ( I4; 14 ample 6
10154Pt1lf¢ﬂseé§§/éﬁ%‘@qIﬁJ%Qrét)ég e B GPafbAT cf?r&?{c%%’é’ ? ?’o%‘gﬁ ’(é}; g c} %( prop ylprop
-2-ynyleoy)p @oaypharyd)-6-griyad xyrfi @thyl)cydiof . ax (Heme- 10}_‘ 3 @ﬁdﬂ{‘i?}}) 985 513

(2H, m), 5.89 (14, 5, 4.85-4.98 (3H, m), 4.75-4.77 (1H. m), 4.45-4.56 (4H, m), 4.32 (1H, d,J=108

Hz), 3.97-4.09 (4H, m), 3.74 (1H, t, /= 10.4 Hz), 3.62-3.65(1H, m), 3.54-3.57 (1H, m}, 2.63-2.71

(1H, m), 2.59 (2H, q. /= 7.6 Hz), 1.21 (3H. 1. J= 7.6 Hz); MS (EST") 749 [M+H]', 766 [M+H,O7".

[0137] (4) The preparation of 4 (R = Et)

4 (R = Ep)

[0138] Borane-dimethyl sulfide complex (2M in THF) (1.678 mL, 3.34 mmol, 10 eq) was added
into the solution of 3 (250 mg, 0.334 mmol, leq) in dry THF (10 mL) under argon at 0 °C, then
warmed 1o reflux for 1 h. The mixture was treated with NaOH (3M in H,O, 1 mL, 3.34 mmol, 10 eq)
at 0 °C, then 30% H>0, (0.11 mL, 3.34 mmol, 10 eq) at room temperature (above 30 °C), and allowed
to react overnight at room temperature (~25 °C}. NIH.CI (aq. sat) was added into the mixture to
quench the reaction. The mixture was extracted with ethy! acetate (10 mL = 3), the organic layer was
washed with brine, dried over Na,SOy, 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, CDCl;) 8 7.29-7.40 (15H, m), 7.12-7.24 (TH, m), 7.03-7.07
(4H, m), 6.74 QH, d..J = 6.8 Hz), 4.94 (11, d,./=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 (14, t, /= 10.8 Hz), 2.59
(2H, g,/ = 7.6 Hz), 1.89-1.96 (1H, m), 1.19 3H. t, /= 7.6 Hz): MS (EST") 767 [M+H]', 784
[M+H,0]", 789 [M+Na]".

[6139) (5) The preparation of 5 (R =E1)



WO 2009107655(1PCT1US20081086472 44 m), 3.48-3.65 (3H, m), 2.36 (1H, b), 0.72-0.77 (2H, m),
0.57-0.60 (2H, m); MS (ESI+): 472 [M+NF14]+, 479 [M+Nar, (ES!): 499 [M+HCOO]'. Example 7 [0156]
This example illustrates the preparation of (2S,3S,4R,5R,6R)-2-(4-chloro-3-(4-
ethylbenzypBREYY783%5-trihydroxy-6-(hydroxymethyl)cyclohexanone (ESjIUSHY & Syhthetic
approach outlined in Figure 4. OH 15 101571 D&%5s-Martin reagent (MW 424.5, white powder, 1.5 eq)
was added to a solution of H o
(1R,28,3R,4R,58,6R)-3,4,5-tris(benzylxy)-%-(b
ethylbenzyl)phenyl)cyclobexanol (4H8="&f) (10 g: in anhydrous CH2C12 (20 mL) at 0 C,
then the mixture was stirred overnight at.reg perature. The reaction mixture was quenched with
1N NaOH, separated, and the aqueous Iay as extracted with CH2C12. The organic layers were
combined, dried over Na2S04, and filtered. The filtrate was evaporated to dryness, and the residue
was purified by preparative TLC to give compobifRi = £4)0.92 g, white solid, purity of 95%, yield of
92.39%). 1435 YR HAO0MIEn GPAI3)a5 71295787 (LA, 100 A Bes 2370 ). ¥ @7 08,4H, dld,J=
8.4 Hz), 6.97-6.99 (2H, m), 6.76 (2H, d, 1= 7.6 Hz), 4.91-4.95 (3H, m), 4.64 (1H, d,1=10.8 Hz),
4.50-4.57 {3pfedayid d2-dighiqepenna(Thmel @i ds. 018t aualiy gentriring) 120 {9fFedd, 1= 7.6
Hz), 1.20 (Rldidy diid) BhlMS:6a SheY 2710 Briddit i, A8RAMHEOE I3 i pMaluA0AE&% Bheplution of 14
(0.92 g, purjty of 95%, 1.20mmaol, l%l) in THF: CI-130H (2:1? 12 mL) was treated with
1,2-dichloroBET2EHE (528 5 5751y LA MmiRSPY eGP eme B (Lbpasiing 28 [t 945 and stirred
over 4 h utiddilhieatmospheraal xodmiem hateyrl(abayp2bifiz) Hhprépaction MBIS(MoRitared by
LC-MS until completion., T, ixtur ttered, and the.filfrate was evaporated ess. The
resicue (SR O T Bl B eV T e S DB T tas b Bite soli,
purity of 98840 Yiid, afl926%6). 113 IANMVR (400HNZ, CORODY:(BH.. 84, Abh ¢H, s BOHDHE6d99-7.12 (6H,

m), 4.05 (3t 5} 3,98 @ 100 A 70% 20,8 HE): 3PN 910 8.0 M Hekd F53:8%12H m),
(3H, m), 2.53 (14, m), 1.19 (3H, t, J= 8.0 Hz); MS (ESI"): 407 [M+H]", 424 [M+NH.]",
448 [M+H+CH;CNY", 813 [2M-+H]", (EST): 405 [M-HT, 451 [M+HCOOY.

{0141} The following process was adapted from the procedure disclosed in US
2006/0063722 Al.

[0142] (6) The preparation of (5-bromo-2-chlorophenyl)(4-ethyiphenyl)methanone 7

oY
Br/(n/‘/\
O

_ 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 oi} 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 AICL; (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



WO 2009/076550PCT/US2008/086472 45 3.57-3.67 (2H, m), 2.65-2.79 (1H, m), 2.59 (2H, d, J= 7.6,
15.2 Hz), 1.20 (8H, t, J= 7.6 Hz); MS (ESL'): 405 [M+H]t, 422 [MH-NHar, (ESE): 403 [M-Hr, 449
[M+HCOO]. Example 8 [0159] Preparation of

(1R,2R,3S, X9 5RIBFNH(4-chloro-3-(4-ethylbenzyl)pheny1)-6- PCT/US2008/086472
(hydroxymethyl)-5-methoxycyclohexane-1,2,3-tri ] (16) 16 [0160] (1) The preparation of

4-((1R, 25 BiRAR SR s 40visthanzylony i tRen aiiRgnaRtihrbdm e Iexyeyelo B xybr2-(4 -ethylb
enzyl)-1 -chlor%ggnzegégém 11 NaH (157 g, 1.5 eq, 60% containing in oil) was added into the

solution of (HRSSLIK: i@}h,%fﬂffg(’%ﬂﬂﬁo&%@??fﬁﬁﬁ%%&g?ﬁ Y RERAUEHBRE G- (4-
ethylbenzytiplienyficyelahexatet (@irRng fHioR @nihBlicisaldadanydesusJiHFAGRS sikygt O C. TBAI
(0.1 eq) and CH31(.76 2 eq) werg added into the reaction mixture. after sticring for 1 h at the same
temperatu?roer gr?da ?h&éergaéc %%%tﬁré@vag ’s%‘?réé%ygrsnrﬁﬂ?‘éﬁdr’t. a%rf%.l ?\E%Ql ’\s\k}gst%c ed to quench
the reactiotrap ot @oesdvng nextlire kghsSektaptedl yithEt0actifhé oepebiedhadganiedayers were
dried over i ' : | w oil, 2.05 g)
was dissoﬁeﬁﬁ%@%%%@é%e?%}ggt%ﬁ@iﬁq%gi[&%ro gﬁ?{iﬁ%%n{ﬁ%gﬁgﬁgﬁgp%/c (10%,
1/1 weigh&ali prdrityiserndth byse rcuidiviag exmdbphbre AheouratianperatanevEAasodction was

monitorediyy kGoMS walllosamRlstiann tha Bk ves filleredrand e iltrale wasquaporated to
dryness and purified by_Preparatlve HPLC tosglve ta;?et compound 16 (987 mg, (white solid, yield of

90.0%). 1R FRHRAAGE VR leBhrseds 0Py 8D 1UXBIE ShPTPY PERISYECS= 2.4, 8.0 Hz), 7.12
(4H, dd, IDi8sélin th e 6} R1833ES, (inaidh BréQpBa/fiidd e pad RarsvEd kst dNine3.54-3.60

2H, m), 3.37 (1H, t, J= 10.4 Hz), 3.30 (1H,.t, J= 8.8 Hz). 2.84 (3H,.5), 2.52-2,65 (3H, m), 1.51-1.58

ElH, m). 1‘?3“?‘%3E?‘Ef?ftzra}‘.%‘lﬁf}),"ﬁ/ﬁgl‘c’é%ﬁ}&%ﬁzigﬁﬁiﬁzﬁ%Egglﬁ\)iiﬁ ﬂﬂf%aef[%?ﬁriw;%ss

[2M+NI-14hlotES N yA65 ¢MyIHICOD MMM RICI0TE6 L RIGE G IN81086472 46
ethylphenyl)methanone).

[0144] (7) The preparation of 4-bromo-I-chioro-2-(4-ethylbenzyl)benzene 8

Joseh

8 (R =Et)
{0145] To a stirred solution of Et;SiH (400 g, 3.45 mol) and (5-bromo-2-chlorophenyl)(4-
ethylphenylymethanone (534 g, 1.65 mol} containing ~7% of the isomeric ketone in 300 mL
of the TFA at 30 °C was added CF3;SO;H (1.5 g, 0.01 mol). Within minutes the temperature
increased causing the solution to reflux violently. Caution: this moderate exotherm requires
cooling with an external ice bath. Afier 1hr, HPLC revealed the reaction to be 90%
complete. After addition of an additional Et;3SiH (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 Jayers were washed three times with H,O, twice with aq Na;COj; and twice with brine
before drying over Na;SO4. Afier concentration using a rotary evaporator, ~1 L of clear light
amber oil remained. This material was further concentrated, the (Et3S1);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 (Et;81),0. Crystallization of this mixture was achieved by pouring the



Example 9 [0162] Preparation of ((18,2R,3R,4S,5R,6R)-3-(4-chloro-3-(4-ethylbenzyl)phenyl)-2,4,5,6-
tetrahydroxycyclohexyl)methyl acetate (17) 17 [0163] Ac20 (377 mg, 1.5 eq) was added dropwised
into the solution of

(IR,2R,3S, 4R GR®E) 434 -chloro-3-(4-ethylbenzyl)pheny1)-6-(hydroxymerieyciaskestrssarie 1,2, 3,5-tetra
ol (5, R = Et,1 g, 2.46 mmol) and DMAP (cat.) in ©H2C12 (10 mL) at 0 C followed by pyridine (292 mg,
1.5 eq), ansdie MR YASBHSRELOVSKNObt el Hikhe KFasipRmpitLe Was washed with N HCL,

and the organic layer was combined, dried gver Na2S04, filtered, and the filtrate was evaporated to

dryness. TIVE YOS B BE ARStRB e sellticd PitEeatrgivetardardd b L FEBE Frg) white solid,
yield of 50a48ogridd thddMRc(AR0 Nhiz4 GR300)-cBidr32-(d Riitiskiz§bh&hzind 8067l AwaH, m), 4.37 (2H,
ddd, ,1 =20, 10.8, 16.8 Hz),.4.04 (2H, s), 3.57 (1H, t,.J=.10.8 Hz), 3.40-3.47 (1H, m), 2.49-2.60 (3H,
m), 2.04 ( ’faé’ﬁ?‘%’é&f%’ 1?%",‘%55;,12?&%‘2@%}‘% ’J’leféﬂtg‘i@l% ?@%?‘ﬁ%@“‘[ﬁh‘éﬁﬁ, TM+NH4J*, 897
[2M+Hr, (ESEfca@n[M+HCOO], 941 [2M+HCOO]. Example 10 [0164] Preparation of
(4aR,5R,6R,7S,88,8aR)-8-(4-chloro-3-(4-ethylbenzyl)phenyl)-2,2-
dimethylhexahydro-4H-benzo[d][1,3]dioxine-5,6,7-triol (18). WO 2009/076550PCT/US2008/086472 47
18 Example 2

[0146] This example illustrates the preparation of (1R,2R,35,4R,5R,68)-4-(4-chloro-3-(4-
ethoxybenzyhphenyl)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (9).

[0147] Compound 9 was prepared by a method analogous to that described in Example 1:
H'-NMR (400 MHz, CD;0D): § 7.32 (1H, d, /= 8.0), 7.11-7.16 (4H, m), 6.79 (2H, d, /= 6.8
Hz), 3.96-4.02 (4H, m), 3.91 (1H, d, /= 3.2 Hz), 3.63 (1H, t, J = 10.4 Hz), 3.39-3.47 (2H,
m), 3.32 (1H, t, /=8.8 Hz), 2.54 (1H, t, /= 10.4 Hz), 1.53 (1H, tt, /= 3.2, 10.4 Hz), 1.36
(3H, t,J= 7.2 Hz); MS (ESI"): 423 [M+H]", 440 [M+NH,}", 845 [2M+H]", 862 [2M+NH,]",
(ESI): 467 [M+HCOQT.

Example 3

{0148} This example illustrates the preparation of (1R,2R,35,4R 5R,68)-4-(4-chloro-3-(4-
cyclopropylbenzyl)phenyl)-6-(hydroxymethylicyclohexane-1,2,3,5-tetraol (10).




[0165] 1IN HC1 (5 mL) was added dropwised into the solution of (1R,2R,3S,4R,5R,6S)-4-
(4-chloro-3-(4-ethylbenzyl)pheny1)-6-(hydroxymethypcyclohexarte-1,2,3,5-tetraol (5, R = Et, Ig,
2.46mmol) in MeOH (80 mL) arid acetone (20 mL), and stirred overnight, then the mixture was
evaporated ¥H1E€5655Fhe residue was purified by preparative HPLC toRr§iva’#aensdggeicompound
(864 mg, white solid, yield of 75.3%). 1H-NMR (460 MHz, CD3COCD3): 67.26-7.29 (2H, m), 7.10-7.16
(5H, ). 368y (85101013 6 BLL DS BT, W2 S0 A0 2175 (11
m), 1.28 (3H, s), 1.18 (3H, t, J= 7.6 @37 113 (3H, s); MS (EST): 447 [M+H]', 488 [M+H+CH3C1\11+,
910 [2M+NIEDHYIR 4400 MHzHEI0k): 93232 MEHE O O Elaniple- 11 2[(Eb e P rephtdionh
(1S,2R, 3R $3BR e drfagerogmethy D6t (AENOred-(4r, ¢, /=32 Hz), 3.65 (1H, 1, /=106
ethylbenzyl)phenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (19). 19 [0167] Compound 19 was
orepared Hm LN & (R Ly 3 Hebniodd T30 Hes AN o AL G 13): 5729
(1H, d, J /8408217, IBT-1.22(6H1, ), 5..972.155(331(131111,031}.542@?@@}1, .Jn—-),a)ﬁ?mxm)gm;ﬁq%c% (3H5 m),
3.93-3.96 ). H,.t.J= , 2H, q, J= 7.6 Hz), 2.14-2.20 (1H, m), 2.08 (3H, s), 2.06
(3H, 9), Z.é%ggﬁ,)lj2%@‘&%/6’#8@%&%%%82008/086472 48 1.66 (6H, s), 1.21 (3H, t, J= 7.6 Hz);
MS (ESI): 617 (M+H)+, 934 [M_NH4], (ESE): 661 [M+HCOOQ]. Example 12 101681 This example
provides the preparation of (1R,2R,3R,4S,5S)l-(4-chlgro-3-(4-
ethylbenzyl)pheny1)-5-(hydroxymethypcycloh -1;2,3,4,5-pentaol (22, R = Et) using the synthetic
methods outlined in Figure 5, | )

{0150] This example illustrates the preparation of (1R,2R,35,4R,5R,68)-4-(4-chloro-3-(4-

propylbenzyi)phenyl)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (11).

[0151] Compound 11 was prepared by a method analogous to that described in Example 1:
TH NMR (400 MHz, CDCl;): 6 7.35 (1H, d, /= 8.4 Hz), 7.20 (1H, d, J= 1.6 Hz), 7.16-7.13
(3H, m), 7.08 (2H. d, /= 8.0 Hz), 4.07 (2H, 5), 3.93 (2H, ¢, /=3.2 Hz), 3.67 (1H, t,/= 10.4
Hz), 3.49 (1H, t, /=104 Hz), 3.43 (1H, t, J= 10.4 Hz), 3.33 (1H, t, J= 9.0 Hz), 2.58-2.53
(3H, m), 1.67-1.58 (2H, m), 1.58-1.52 (1H, m), 0.94 (3H, t, /= 7.2 Hz); MS (ESI"): 438
[M+NH,]".



HO HO™OH OH 22 (R = Et) [0169] Compound 22 was prepared by a method analogous to that
described in Example 1. [lI-N1VIR (400 MHz, CD30D): 5 7.45 (1H, s), 7.32-7.33 (2H, m), 7.05-7.10
(4H, m), 4.05 (2H, s), 3.86 (1H, t, J= 9.6 Hz), 3.67 (1H, d, Jr= 9.2 Hz), 3.54-3.57 (2H, m), 3.31-3.35
(2H, m), 2.5% AN 79858.0 Hz), 2.00 (1H, d, J= 15.2 Hz), 1.81 (1H, d, JPGEYER495/08648 (3H, t, J= 8.0
Hz). Example 13 101701 Preparation of (1R,2R,§h,4S,58)-1-(3-(4-ethy|benzyl)phenyl)-5-
(hydroxymethyl)cyclohexane-1,2,3,4,5-pentaol (23). 23 [0171] Compound 23 was prepared by a
method analogous to that described in Example 12. 111-NMR (400 MHz, CD30D): 87.39 (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, J= 9.2 Hz), 3.72 (1H,
d, J= 9.6 Hz), 3.56 (1H, d, J= 10.4 Hz), 3.32-3Bffidle M), 2.58 (2H, q, J= 7.6 Hz), 2.02 (1H, d, J=15.2
Hz), 1.82 (1H, d, J= 15.2 Hz), 1.18 (3H, t, J= 7.6 Hz).

[0152] This example illustrates the preparation of (1R,2R,3S 4R,5R,6S)-4-(4-chloro-3-(4-
cyciohexylbenzyljphenyl)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (12)

[0153] Compound 12 was prepared by a method analogous to that described in Example 1:
'H NMR (400 MHz, CDCL): 6 7.34 (1H, d, /= 8.0 Hz), 7.19 (1H, d, J = 2.0 Hz), 7.15-7.12
(3H, m), 7.09 (2H, d, /= 8.4 Hz), 4.05 (2H, s), 3.92 (2H, 4, /= 3.2 Hz), 3.66 (1H, t, /= 10.6
Hz), 3.48 (1H, £, J = 10.0 Hz), 3.43 (1H, t, J= 10.2 Hz), 3.32 (1H, t, J= 9.0 Hz), 2.55 (11 t,
J=10.6 Hz), 2.48-2.42 (1H, m), 1.84-1.81 (4H, m), 1.76-1.73 (1H, m), 1.57-1.50 (1H, m),
1.47-1.36 (4H, m), 1.34-1.22 (1H, m); MS (ESI*): 478 [M+NH,T".

Example 6

[0154] This example illustrates the preparation of (1R,2S,3S,6R)-4-(4-chloro-3-(4-(3-
cyclopropylprop-2-ynyloxy)benzyl)phenyl)-6-(hydroxymethyl)cyclohex-4-ene-1,2,3-triol
(13).

13

[0155] 'H-NMR (400 MHz, CDsOD): 6 7.27-7.31 (2H, m), 7.20-7.23 (1H, m), 7.09 (2H, 4,
J=28.8 Hz), 6.82-6.84 (2H, m), 5.83-5.84 (1H, m), 4.02 (2H, dd, /= 14.8 Hz), 3.83-3.86 (1H,



WO 2009/076550PCT/US2008/086472 49 Example 14 [0172] This example illustrates the preparation
of (1R,28,3R,4R,5S,6R)-4-(4-chloro-2-(4-
ethylbenzyl)phenoxy)-6-(hydroxymethypcyclohexane-1,2,3,5-tetraol (29) as outlined in Figure 6. CI
[0173] (5-chiBfb2@ihyeickyphenyl)(4-ethylphenyOmethanone CI OH 0 22{UT7sep#s/8sdéition of
2-methoxy-5-chlorobenzoic acid (2.0 g, 10.5 =op*th dry CH2C12 (10 mL) was stirred at room

temperaturg, @Q@raaegr Qfgabykstlt 9145, 29.9, 74354 Oawaéaﬂ@?ﬂﬂt PV g Heypgaction

mixture foIIowed b After stirring overnight, the volatiles were evaporated using a
rotary evaM%ﬁZn&?ﬁéMéﬁélhe( d@@cﬂ%&ﬁ% CH2C12 (10 mL) at room temperature under
agron. After cooling to -5 C, ethylbenzene (2.57 mL, 21 nunol) was added, followed by portionwise
addition of A1C13 (2.80 g, 21 nunol) while maﬁ&!ﬂﬁi@lhe 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 \mmmHzcamxaamwma}afehme;gquaiaymmzﬁgmwampmmhwde1(450 mL), IN
NaOH (50 Wat I3) 4a§'|g tﬁr ine 45% e)(’}iand dr ovefog o(l)%)eu aZSO The filtrate was
concentrate antlﬁ% crud p’rdduc ur| y Cofti rONTAL0 graéin =10:1) to give

the target sprtiptiantnie@i4ylined in F:gure 4.

[0157} Dess-Martin reagent (MW 424.5, white powder, 1.5 eq) was added to a solution of
(1R.28,3R,4R,55,6R)-3,4,5-tris(benzyloxy)-2-(benzylox ymethyl}-6-(4-chloro-3-(4-
ethylbenzyl)phenyl)cyclohexanol (4, R = Et) (1.0 g, 1.3 mmol) in anhydrous CH,Cl, (20 mL)
at 0 °C, then the mixture was stirred overnight at room temperature. The reaction mixfure was
guenched with 1N NaOH, separated, and the aqueous layer was extracted with CH,Cly. The
organic layers were combined, dried over Na;SOy, and filtered. The filtrate was evaporated
to dryness, and the residue was purified by preparative TLC to give compound 14 (0.92 g,
white solid, purity of 95%, yield of 92.3%). "H-NMR (400MHz, CDClL): 5 7.29-7.37 (14H,
m}, 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, J =
7.6 Hz), 4.91-4.95 (3H, m), 4.64 (1H, d, /= 10.8 Hz), 4.50-4.57 (3H, m), 3.91-4.14 (6H, m),
3.74-3.76 (3H, m), 2.80 (1H, d, /= 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,07", 787 [M+Na]".

[0158] The solution of 14 {0.92 g, purity of 95%, 1.20mmol, leq) in THF: CH,OH (2:1)
(12 mL) was freated with 1,2-dichlorobenzene (0.354g, 0.3mL, 2.4]1 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): 6 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),



[0175] 4-chloro-2-(4-ethylbenzyl)phenol WO 2009/076550PCT/US2008/086472 50 ClI OH 25 [0176]
To a stirred 0C solution of Et3SiH (2.26 ml, 14.2 mmol) and (5-chloro-2-
hydroxyphenyl)(4-ethylphenypmethanone (1.944 g, 7.08 mmol) in 10 mL of TFA was added CF3S03H
(304) at a ratEXxaREE e temperature at about O C. After complete addiff6r/¥Rz¢HaesE was warmed
to room temperature and stirred overnight at rooﬁ?temperature. After the volatiles were evaporated

under redygediressM!en)iesresidie Wamparstongddnsethyd aceiate anawalgr  Thepgaaic layer was
separated and washed with water. ag Na2CQ3, brine then dried over Na2S04 and concentrated. The

crude prom% bﬁ?ﬁig}ﬁw}co‘f‘&% Wﬁtéﬁ%ﬂh@@géﬂé%:@fﬁﬁ&‘@@%e target compound

(1.659 g). [0177] ((1S,28,3R,6R)-4-(benzyloxyme_thyl)-6-(_4-chIoro-2-(4- _
ethylbenzyl)phenoxy)cyclohex-4-ene-1,2,3-tr|)@-’|(ta(gﬁqé)é)trls(methylene)trlbenzene (27) CI

[0159] Preparation of (1R,2R,38S,48,5R,6R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
(hydroxymethyl)-5-methoxycyclohexane-1,2,3-triol (16)

16
[06160] (1) The preparation of 4-((1R,28,3R,4R,5S,6R)-2,3 4-tris(benzyloxy)-5-(benzyloxy
methyl)-6-methoxycyclohexyl)-2-(4-cthylbenzyl)-1-chlorobenzene:

[0161] NaHl (157 g, 1.5 eq, 60% containing in oil) was added into the solution of
{(1R,25,3R 4R,55,6R)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-chloro-3-(4-
ethylbenzyl)phenyljcyclohexanol (4, R = Et, 2 g, 2.61 mmol) in anhydrous THF (10 mL) at 0
°C. TBAI{0.1 eq) and CH;I (760 mg, 2 eq) were added into the reaction mixture after
stirring for 1 h at the same temperature and the reaction mixture was stirred overnight at rt.
Sat aq. NH4Cl was added to quench the reaction and the resulting mixture was extracted with
EtOAc. The combined organic layers were dried over Na; SOy, filtered, and the filtrate was
evaporated to dryness. The residue (yellow oil, 2.05 g) was dissolved in THF:CH,OH = 2:1,
treated with 1,2-dichiorobenzene (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, CDsCOCD3): 6 7.32-7.34 (2H, m), 7.22 (1H, dd,J=2.4, 8.0
Hz), 7.12 (4H, dd, J = 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, /= 7.2 Hz); MS (ESI"): 421 [M+H]", 438
[M+NH,]", 841 [2M+H]", 858 [2M+NH,4]", (ESI): 465 [M+HCOOT".



27 [0178] In a argon stream, (1S,4R,5S,6S)-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 nYRolYeA%6aHded thereto at the same temperature. The react”SAlrHBaME AL stirred for 48
h. The reaction mixture was concentrated under #&duce pressure, and the obtained residue was
purified by prepared LC-MS to obtain 157 mg of al S,2S,3R,6R)-4-(benzyloxyrnethyl)-6-(4-chloro-2-(4-
ethylbenzypphenoxy)cyclohex-4-ene-1,2,3-triyptris(oxy)tris(methylene)tribenzene (27). WO
2009/076550PCT/US2008/086472 51 [0179]

(1S,2S,3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-2- thenagle2ymethyl)-6-(4-chloro-2-(4-
ethylbenzyl)phenoxy)cyclohexanol (28) CI [0180] To a stirred 0 C THF solution of

(15,25 3y 4 fheeipnume iRl iR (4-eihibeasbRIBKIS bR ans L 2.3 Ou
is(oxy)tris(methylene)tribenzene (27, 150 mg, 0.196 mmol) was added dropwise BH30Et2 (2M, 0.98
mL, 1.962¢HAbgAroxmercdeher reptbyh agetste (AR mixture was warmed to 25 C and stirred overnight.
H202 (30%, 4.2 mL) was added, followed by added aqueous NaOH solution (1M, 3.93 mL, 3.93 mmol)
to the reaction mixture at O C. After complete addition, the reaction mixture was warmed to 25 C and
stirred for 3 h. The reaction was quenched by additian ofid 1 (IN, 10 mL) and extracted with
ethyl acetate (3 x 30 mL). The orgalc Iayerséﬁ > water and brine prior to drying over
anhydrous Na2S04. The residue wasqUhficdy” LC (EA:PE = 1:8 v/v) to obtain 59 mg of
(1S,2S,3R,4S,5R,6R)-3,4,5-tris(benzylox

(benzyloxymethyl)-6-(4-chIoro-2-(4-eth§} enayl pﬁgnoxy)cyclohexanol (28). [0181]
(IR,2S,3R,4R,5S,6R)-4-(4-chloro-2-(4-ethylb&nzyl)phenoxy)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (29) 7

[0163] Ac,0 (377 mg, 1.5 eq) was added dropwised into the solution of
(1R,2R,38,4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzylphenyl)-6-Chydroxymethylcyclohexane-
1,2,3,5-tetraol (5, R =Et,1 g, 2.46 mmol) and DMAP (cat.) in CH;Cl; (10 mlL) at 0 °C
followed by pyridine (292 mg, 1.5 eq), and the mixture was stirred overnight at rt. The
reaction mixture was washed with 3N HCY, and the organic layer was combined, dried over
Na;SO,, filtered, and the filtrate was evaporated to dryness. The residue was purified by
preperative HPLC to give target compound (566 mg, white solid, yield of 50.4%). "H-NMR
(400 MHz, CDs;0OD): § 7.32 (1H, d, /= 8.4 Hz), 7.06-7.14 (6H, m), 4.37 (2H, ddd, /= 2.0,
10.8, 16.8 Hz), 4.04 (2H, s), 3.57 (1H, t, /= 10.8 Hz), 3.40-3.47 (1H, m), 2.49-2.60 (31, m)},
2.04 (3H, 8), 1.60-1.66 (1H, m), 1.18 (3H, t, J = 8.0 Hz); MS (ESI"): 449 [M+H]", 466
[M-+NH,T, 897 [2M+H]", (ESI): 492 [M-++HCOOT, 941 [2M+HCOO]".

Exampie 10

[0164] Preparation of (4aR,5R,6R,7S,85,8aR }-8-(4-chloro-3-(4-ethylbenzylyphenyl)-2,2-
dimethyihexahydro-4H-benzo{d][1,3]dioxine-5,6,7-triol (18).



WO 2009/076550PCT/US2008/086472 52 [0182] 14 mL of THF and methanol (1:1) was added to the
flask containing the (1S,2S,3R,4S,5R,6R)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-chloro-2-(4-
ethylbenzyl)phenoxy)cyclohexanol (28, 55 mg, 0.070 nunol). 55 mg of Pd/C (10%) was added in one
portion to th& $ee%BTPFxture. The mixture was degassed five times witPEHRERB#EESUlting
suspension was stirred under an atmosphere of #i2 for 3 h at ambient temperature. The reaction
mixture was filtered and concentrated, 2{;}9 the residue was purified by preparative LC-MS to obtain 25
mg of (1R,2S,3R,4R,5S,6R)-4-(4-chloxe-24- Ci
ethylbenzyDphenoxy)-6-(hydroxymethyl)cycloh
(1H, d, J= 9.2 Hz), 7.17-7.11 (4H, q), 7.08-70
J=9.2 Hz), 4.01 (2H, s), 3.92-3.91 (2}
3.35-3.30 (1H, m), 2.66-2.58 (2H, q), 1.52¢..46 (1H, tt), 1.24-4.19 (3H, t). Example 15 [0183]
Preparation of (1R,28,3R,4R,5S,6R)-4-(2-(4-ethylbenzyl)phenoxy)-6-
(hydroxymethyDcyclohexane-1,2,3,5-tetraol (30). 1®184] Compound 30 was prepared by a method

analogouggpeyat ¢RSgUPed: Fxampled droblisbiNiR B2 9ididnZ (1 R2KR1ES, 4k 3R 8dla), 7.17-7.08
(5H, m), 7,02:6.99 (1H, d, J= 7.2 Hz), 6.83-6.79 (1H, t, J= 7.2 Hz), 4.14-4.09 (1H, t, 1='9.2 Hz), 4.03

d, J (
(2H, s), 3.GaBlgr ity wavh Ry Sy dronans tyDoyclphsiages ga3drrtias! S8 35e (1H, m),
2.62-2.56 (2H..4PminbB-ih B CHH(8D) ML, Pahd 4L8t63d (R0 haExand@iet overnight, then the

mixture was evaporated to dryness. The residue was purified by preparative HPLC to give
the target compound (864 mg, white solid, yield of 75.3%). "H-NMR (400 MHz,
CD;COCDa): 6 7.26-7.29 (2H, m), 7.10-7.16 (5H, m), 3.74-4.21 (6H, m), 3.46-3.51 (1H, m),
3.35-3.37 (1H, m), 2.56-2.66 (3H, m), 1.72-1.75 (1H, m), 1.28 (3H, 5), 1.18 B3H, t,/=7.6
Hz), 1.13 (3H, s); MS (ESI): 447 [M+H]', 488 [M+H-+CH;CNT, 910 [2M+NH,1", 491
[M+HCOQOT, 937 [2M+HCOOT.

Example 11

[0166] Preparation of (15,2R,3R,48,5R,6R)-4-(acetoxymethyl)-6-(4-chloro-3-(4-
ethylbenzylyphenyljeyclohexane-1,2,3,5-tetrayl tetraacetate (19).

[0167] Compound 19 was prepared from compound 5 (R = Et) as described in Example
20. '"H-NMR (400 MHz, CDCls): 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, J= 9.6 Hz}, 4.03-4.06 (3H, m}), 3.93-3.96 (1H, m), 2.98 (1H, t, J=
11.6), 2.61 (2H, q, J=7.6 Hz), 2.14-2.20 (1H, m), 2.08 (3H, s), 2.06 (31, s), 2.00 (3H, s),



[0185] Preparation of (1R,2S,3R,4R,6R)-4-(3-(4-ethylbenzyl)pheny1)-4-fluoro-6-
(hydroxymethyl)cyclohexane-1,2,3-triol (31) WO 2009/076550 BnO al. DAST Bn0OOBn2. H2, Pd/C
OBn 2 (R = Et) 101861 DAST (7 uL) was added into solution of 2 (30 mg) in CH2C12 (1 mL) at-78 C
under an Arvathigisiiiers? After 2 h, MeOH (0.5 mL) was added to the mixEGrEUaAEH864E then warmed
to room temperature. Sat. aq. NaC1 (5 mL) was ddded into the residue, and the mixture was extracted

with ethyl acet (glx1 Q.Jpg 9%@%' WSO(W £4raGt £ (Nﬁtzd, A8 ti}%{esidue was
dissolved in Mgé(gﬁ HF 1@1, 5'mL), thenﬁpreate with P /gﬁloa ’(% rxg’;iund1 r’g Hg)étmosphere. After
4 h, compMri#8PPl.4 mg) was isolated by preparative HPLC. 1H-NMR (300 MHz): 8 7 .18-7 .01 (8H,
m),3.90-3.86 (3H, m), 3.77-3.72 (1H, m), 3.61-3.31(3H, m), 2.62-2.54 (2H, q, J= 7.5 Hz), 2.45-2.60
(2H, m), 1.53 (1H, m), 1.20-1.17 (3H, t, J = 7.6 Hz); MS (ESI): 375 [M=1-1]+, 392 [M+H20]*, 416
Example 12

[0168] This example provides the preparation of (1R,2R,3R,48,55)-1-(4-chloro-3-(4-

ethylbenzyhphenyl)-5-(hydroxymethyl)cyclohexane-1,2,3,4,5-pentaol (22, R = Et) using the

synthetic methods outlined in Figare 5. |

22 (R=Et)
[0169] Compound 22 was prepared by a method analogous to that described in Example 1.
"H-NMR (400 MHz, CD30D): 6 7.45 (1H, s), 7.32-7.33 (2H, m), 7.05-7.10 (4H, m), 4.05
(2H, s), 3.86 (1H, t,./= 9.6 Hz), 3.67 (1H, 4, /= 9.2 Hz), 3.54-3.57 (2H, m), 3.31-3.35 (2H,
m), 2.57 (2H, q, J= 8.0 Hz), 2.00 (1H, d, J= 152 Hz), 1.81 (1H, d, /= 15.2 Hz), 1.18 (3H, t,
J=38.0Hz).

Example 13

[8170} Preparation of (1R,2R,3R 4S,55)-1-(3-{4-ethylbenzyl)phenyl)-5-
{(hydroxymethyl)cyclohexane-1,2,3,4,5-pentaol (23).

[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, ), 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, 4, /= 9.6 Hz),
3.56 (1H, 4, /= 10.4 Hz), 3.32-3.35 (1H, m), 2.58 (2H, q, /= 7.6 Hz), 2.02 (1H, d, /= 15.2
Hz), 1.82 (1H, d, /= 15.2 Hz), 1.18 (3H, t, J=7.6 Hz).



[M+CH3CN+H]4. Example 17 [0187] Preparation of
(1R,2S,3S,6S)-4-(4-chloro-3-(4-ethylbenzyl)pheny1)-6- (fluoromethyl)cyclohex-4-ene-1,2,3-triol (33)

Cl 401 101 BnO'OBn an OBn 3, (R = Et)
WG 20069/076550 PCT/US2008/086472
49 .
Example 14

[0172]) This example illustrates the preparation of (1R,28,3R 4R 58 6R)-4-(4-chloro-2-(4-
ethylbenzyljphenoxy)-6-(hydroxymethyl)cyciohexane-1,2,3,5-tetraol (29) as outlined in
Figure 6.

Cl

OHI I

HO ©
HO" “OH

OH
29

[0173] (5-chloro-2-hydroxyphenyl)(4-ethylphenyl)methanone

Cl

OH ©
24

[0174] A solution of 2-methoxy-5-chlorobenzoic acid (2.0 g, 10.5 mmol) in dry CH,Cl, (10
mL) was stured 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 AlCh
(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 HC1 (50
mL), IN NaOH (50 mL), water (50 mL) and brine (50 mL) and dried over anhydrous
NaySO,. 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



OH [0188] At -78 C, under Ar, BBr3 (0.33 mL) was added dropwised into solution of 3 (R = Et) (122
mg) in CH2C12 (5 mL). After stirring for 2 h, sat. ag. NaHCO3 (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 V& INBAZO, concentrated and purified by preparative WO PCT/US2008/086472
2009/076550PCT/US2008/086472 54 HPLC, to pfovide 18 mg of compound 32. 1Il -NMR (400 MHz):
57.33-7.30 (2H, m), 7.25- 7.23 (1H, m), 7.1§ (4H, s), 5.85 (1H, d), 4.58 (2H, s), 4.51-4.49 (1H, m),

was added to the mixture, which was then wgrmed to rt. Sat.aq .NaC1 (5 mL) was added to the
residue, and the aqueous portion was extracted with ethyl acetate (3 x 10 mL) The combined organic
extracts were evaporated and the residue was pusifed by preparative HPLC to provide 1.8 mg of
compound 33. 1H- NMR (400 MHz)5 7.30-7.08(7H, m), 5.85 (1H, m), 4.59-4.57 (111, m), 4.54(2H, s),

4.13-4.03 (@16l IToldstirka)0 3O GR B ripddid 46114182 ndnbd 3nad {3 o)z 2.60-2.55 (2H, q, J=

7.6 Hz), 1,22-1.18 (3H, t, J= 7.6 Hz): MS (ES]): 391 %\gHr - 408 [M+H201+. Example 18 [0190] This
example iﬁWﬁP&&@?ﬁ@%ﬁéﬁﬁVﬁtﬁ?ﬂ?‘(‘fﬁ‘?Zﬁ?ﬁéﬁ&, YAY BEMOrE-30mt of TFA was added

ethylbenzyiaB e 36 (h et eovevinie thad)- Buneatidense e lihrxane: 1 Li-tdohtia) Agiautingd in Figure
7.[0191] In .Eélarlm‘b)les 18 %ﬁg 19, the structures@gJ com@ounds nthesized were confirmed using the
following proceduras: RO dSERWETE ST &Y SHEV SVER RIS AL AT B OB Ssad s mEtH at 300 MHz,

with chemibaishiffsrefereneedriteihtedrardduisd pigeidrehitemaidgeaphypetadtraspiaytignization mass
spectrom -£ES)- lysis: r instrumentatign cqnsisti imadzu
LC-1OAD%/%&SZ(§%§§|JI%L ﬁ%n%yg’?%ﬁﬁ%v%eg%g\? %glag%% @I‘g&%&ﬁ a #géna%ﬁgzgj%zba%%ler, a
Sedex 75¢hevalsaeras NyhtQeand eir¢ELS)dd thetondambd PE/SsipxilR] 1508Mmass spectrometer.

The ELS dgigpifbwashsebiomatenps é%QE%Q%%ﬁ%oﬁﬁﬁ@&Wgﬁnd a N2 pressure of 3.3 atm.

The Turbo lonSpray source was employed on the with an ion"Spray voltage of 5 kV, a

temperatu[@l@«f;ﬁoa {3, BNSEOK (-)?'@' Mgﬂ&yﬂi 05 0f 450\418%@21(115 V respectively. Positive ions were

scanned in Q1 from 160 to 65 m/z. 5.0 ul Eec ions were performed for each sample, on a
PhenomeREX @R iHPBeasF CLS BRI Biid- Bivhses enisiar by B osystriaie 3Y 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 mm, 95% A, 5% B. O O
BnO ©
BnO" “0Bn

OBin
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[0178] In a argon stream, (18,4R,58,65)-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 fo obtain 157 mg of ((18,28,3R,6R)-4-(benzyloxymethyl)-6-(4-chloro-2-(4-
ethylbenzyl)phenoxy)cyclohex-4-ene-1 .2,3-triyDtris(oxy)tris(methylene)tribenzene (27).



WO 2009/076550PCT/US2008/086472 55 [0192] Preparation of
(2R,3R,4R,5S,6S)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-
chloro-3-(4-ethylbenzyl)phenyl)cyclohexanone (14): [0193] To a solution of tert-butanol (28.2 1.iL, 296
uMol) in dichY&réphttrete (4 mL) was added Dess-Martin Periodinane ~ PCT/US2008/086472
[1,1,1-tris(acetyloxy)-1,1-dihydro-l,2-benziodoxo°.t‘-3-(111)- one] (116 mg, 274 uMol), and the resulting
mixture weg sbjred YndesrargosRaAHaam iemnsiaivisxarleb minwesnAseltgn-afsleohal 4 (R = Et,
mixture of isomers) in dichloromethane (2 mL) was added to the mixture and stirred at room
temperat i ¥beazbabenehacyriatreanld Miuted with 4 naL ethyl acetate and stirred vigorously with
aqueous 1.5:1:1 saturated sodium sulfite:saturated sodium bicarbonate:brine (3.5 mL) for a period of 1
hour. The phases were separated and the aqueo 5 phase was re-extracted with ethyl acetate (3 mL)
The combined organics were washed with brine- (2% ; -
evaporated. Preparative TLC using dichloromethape. asthe developing solvent afforded 91 mg (52%)
of compound 14 as a white solid. Il NMR (3(%"M z, CDC13) 3 7.35- 6.90 (m, 25H), 6.80 (m, 2H), 4.96
(m, 3H), 4.55 (m, 4H), 4.11 (m, 3H) g3 93.79 (m, 3H), 3.47 (s, 1H), 2.83 (m, 1H), 2.62 (q, J=
7.8 Hz, 2H), 1.16 (t, 1= 7.5 Hz, 3H). LCESI in/z 766 (M+H), 788 (M+Na). [0194]
((1S,2R,3R,4R,6S)-4-(benzyloxyinethy1}26-(4-chISFS-3-(4-ethylbenzyl)pheny1)-5-
methylenecyclohexane-l,2,3-triy1)tris(oxy)tri8&ﬂethylene)tribenzene (34): [01951 To 0.5 ml anhydrous
THE in a vial under a nitrogen blanket was added
cyclodibromodi-u-methylenekt-(tetrahydrofuran)ltt‘?ﬁnc [Nysted reagent] (179 mg, 151 ulL, 78 umol,

20% b ' ion j th | [xt led to -7 . To thi ixt

20 by BB TR s e OB Ve oed TR Jafip o v
(4-chIoro-3-(%%%}9}@9@9@@%%6&%@_(14&ﬁl@tmgqlnﬁﬁxﬁs(mpthﬁ@zﬁ)mn;mbt;&jms TH F
followed by 164 (76% Ruof Sl de MR ACMB I oG RS T g iR uas stied at

-78 C for 20 mifutes, a en cooling was remove e mixture was allowed to stir at room

temperatuféioe 308 2daifatedhamietues sodivmmidatbbn e ritedevcatded Bnd:thtesulting
mixture W3 SHTRRL{OL A0 TR BV GRS SRS IDIARIVACSRIGR X 45l lnapethe organic

layer was washed with brine (2 mL), dried over Na2SO4, filtered, and evaporated. Preparative TLC
(8:1 H/EtORETARGPSSL 7ty Y6500 Getireeplsip sAFHE 2y the FeRFROBICMMF Y SPeI)i57234-6.99 (m,
25H), 6.63rndbtl&d ¥ér (5h 1 Hhe 4e30:0A whls Judele By 2ldditth 2 Gnd 3, B 8100, 13 BHQ (M, 21-1),
3.47 (s, 1H% 3.35 WO 2009/076550PCT/US2008/086472 56 (m, 1H), 2.56 ('qlg]: 7.8 Hz, 2H), 2.42
(m, 1H), 113Gt wishsthy] asplatq (3 20 Q- rfibeAsaap Sprs ARl opwpter and

(IR, 2R, 3SHiscaiipAt¢4hsitarer-3- riaitniheNzy8ipherell diydeaxymadayd)- preparative TLC

methylenegyclohexape-1,2,3-triol (53{%3 - [0 s%é ' f .

((1s,2R,3eF§,ﬁ | s))ﬁgﬁﬁ%zéy é)t%}rrlne hgnyécé-iié%gb?r% -%3—9’%19)"3’4’5 -tris(benzyloxy)-2-

ethylbenz(#rohgioy yistmbthyenkioyoldHd aimdbt2 B inipprisioxyinstmet{@Bne)tribenzene (34, 24 mg,
31 4 mmol) in anhydrous DCM (0.8 mL) in a vial at -78 C under a nitrogen blanket was added BCI3 (1
M in DCM, 0.25 rnL) drop-wise over 1.5 minutes. The resulting mixture was stirred at -78 C for 30
minutes rad gl ' ' irred at -20 C for another 30
minutes.aittﬂtﬁs]a tir?]%g,}lé_%%%ﬁi%sﬁfﬁg(ﬁha%oégzﬁﬁ%mvﬁgg%ﬁgjﬁtgﬁfﬁe solution was cooled to -78
C and methzhexymetjirsd dieveneddddd - Phectddfilting solution was warmed to room temperature
and concentrated under reduced pressure. The residue was dissolved in 0.5 mL of 1:1 DCM:MeOH
and loaded on a preparative TLC plate, which was developed in 15:1 (DCM:MeOH) to obtain 9 mg
(71%) of compound 35 as a white solid. 1H N 00 13) 8 7.29-6.89 (m, 7H), 4.80 (s, 1H),
4.28 (s, 1H), 3.95 (m, 4H), 3.64 (m, 2H), 3.51& : , 1H), 2.58 (g, J= 7.2 Hz, 2H), 2.25 (in,
IH), 1.18 (t, J= 7.5 Hz, 3H). LC-ESI-MS rnizg 5 (M+N

HO
HC oM

OH

a).
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Example 19 101981 This example illustrates the preparation of (4S,5S,6R,7R,8R)-4-(4-chloro-3-(4-
ethylbenzyl)pheny1)-8-(hydroxymethypspiro[2.5foctane-5,6,7-triol (37) as outlined in Figure 8. [0199]
(4R,5R,6R,7S,8S)-5,6,7-tris(benzyloxy)-4-(benzyloxymethyl)-8-(4-chloro-3-(4-
ethylbenzypPlte¥yP8pittt2.51o0ctane (36): [0200] To a vigorously stirred Stliitisizagp/086472
((1S,2R,3R,4R,6S)-4-(benzyloxymethyl)-6-(4- 2

chloro-3- (ﬂtﬂﬁy'b@mﬁ’ﬂ)BP?HY%QMQM@@?QX%QQW&Q@%&& containing the
trlyOtrls((;@y%%]lig%ethé ene trlbenzene (34 25 mg, 32.7 p.mol) in anhydrous toluene (2 mL) under
nitrogen R BVt e??ﬁ’&"@?éﬁ%e YHér( g i Hise and stirred for 15
minutes. Bﬂ@dﬁamﬂ)ﬁmdﬁif)c@dloﬁ&ws W&&I@dd@dﬁiﬁﬁﬂomsﬁ&ﬁg shedesuitng Wuxture was stirred
over night. dAao roduct fmmaHlon was observed ore dlmet %/ 1?nc éegagore e uw tin two
batches ovar 48 HEPSEHBHY At S IBEihESe (35 BRINRIEAS fif ﬁ&n our period)
were addenkihel rese NG 208107 6G5QREX/ mﬁ@(@&m&@ﬁé’rﬁaﬂﬁaﬁmmmm%com plete after 96

hours of r%@gm%at%%tegﬁ%yd%Qﬁgwlﬁi%?%}&gm cﬁ?c%ﬂga aﬁ%t& é{%‘é%‘é’as stirred for 30

minutes. The mixture was mL) and extracted’into et acetate (3 x 1 mL). The

combinedPsFiEdi & eRteRetaREEWAS e dhiath 2009 i fURC S8R R SHR) édﬂr@ﬂ@d)i’%(mOB (1.5 mL)
and brine&tﬁa%tzg ngegoﬁyﬁﬁ%ﬂ)em@%e&ﬁmg{@tﬁé A CDAAMG) TLf. M@ﬁ ethyl
e

acetate) afford Y% compound 36 which was used directly in the next react|on &é

(4S,5S,6R, TRBRY.ALEA- éh{’oré’ %I(I&Jei’h%ﬁﬁérti;ﬁ%taaﬂry@s‘?e’?(ﬁ%t&ﬁ%é&%%Ei |éctane-5,6,7-triol
(?F]T) [Ogcglzmjla mmo@el) qtmRﬁRst[%Fﬁlzﬁml) éﬁézjztgst,@emy;@mxﬂ)(lgqawﬁwmtfh{gﬂ E§ ((51-2 )
chloro et pir Qctane m nmol) in a mixture o m

and oG O e AAS S B TaE L ok (it SRS St oG et mg o
palladiumtnichiertaakgH)vh). The mlxture was stirred under 1 atmosphere of hydrogen for 40 minutes.
The mixture was filtered through a small pad of Celite in a 6 mL syringe and the Celite pad was
washed with methanol (1 mL). Solvent was evaporated under reduced pressure and the residue was
purified on preparative TLC plate (8:1 DCM:E@iindedét 4 mg (37%) of compound 37 as a white solid.
111 NMR (300 MHz, CDCI3) 8 7.27-6.85 (m, 7H), 4.01 (s, 2H), 3.80 (m, 2H), 3.63 (m, H), 3.35(d, J =

5.1 Hz, 2h)1 P2 (dephiatioh dMIRUY)RHR 8,6k 77 5-HZeRAbeRQBRndi),-d-21 (t, = 7.5 Hz, 3H),

, + +
0.40 (m, ](E'yc’ir(c)yxzy?n yi')cHchgthfné”i‘ 21%—@ te?rz?o %gn 1H). LC-ESI-MS m/z 418 (M+H), 440 (M+Na).

HO ©
HO “OH
OH
30

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

Example 14. "H-NMR (D,0): 8 7.24~7.22 (1H, 4, J = 8 Hz), 7.17~7.08 (5H, m), 7.02~6.99
(1H, d, /=72 Hz), 6.83~6.79 (1H, t, /= 7.2 Hz}, 4.14~4.09 (1H, t, /= 9.2 Hz), 4.03 (2H, 5),
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, tf), 1.22~1.18 (3H, t}.

Example 16

[0185] Preparation of (1R,28,3R 4R, 6R)-4-(3-(4-ethylbenzyl)phenyl)-4-fluoro-6-
(hydroxymethylcyclohexane-1,2,3~triol (31)



Example 20 102031 This example illustrates the large-scale preparation of compound 5 (R = Et).
[0204] Preparation of (1R,2R,3S,4R,5R,6S)-4-(4-ehloro-3-(4-ethylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol C 011 HO"™OH OH 5 (R = Et) WO
2009/076559PCHRPSF68/086472 58 BnO PCT/US2008/086472

1. DAST
“oBn 2. Hy, PAIC

2 (R = Et)

[0186] DAST (7 uL) was added into solution of 2 (30 mg) in CH,Cl; (1 mL) at -78 °C
under an Ar atmosphere. Afier 2 h, MeOH (0.5 mL) was added to the mixture, which was
then warmed to room temperature. Sat. aq. NaCl (5 mL) was added into the residue, and the
mixture was extracted with ethyl acetate (3 x 10 mL). The combined organic extracts were
evaporated, and the residue was dissolved in MeOH/THF (1:1, 5 mL), then treated with Pd/C
10% (10 mg) under a H; atmosphere. After 4 h, compound 31 (1.4 mg) was isolated by
preparative HPLC. 'H-NMR (300 MHz): 6 7.18-7.01 (8H, m),3.90-3.86 (3H, m), 3.77-3.72
(1H, m), 3.61-3.31(3H, m), 2.62-2.54 (2H, q, J = 7.5 Hz), 2.45-2.60 (2H, m), 1.53 (1H, m),
1.20-1.17 3K, t, J = 7.6 Hz); MS (ESI"): 375 [M+H], 392 [M+H,0]", 416
[M+CH;CN-+H]"

Example 17

[0187] Preparation of (1R,28,38S,68)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
(fluoromethyl)cyclohex-4-ene-1,2,3-triol {33)

[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 for 2 b, sat. ag. NaHCO; (1 mL) was added to
the mixture, which was then warmed to 1t and extracted with ethyl acetate (3 x 10 mL). The

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



8n0'OBn OBN [0206] To a solution of (3S,4S,5S,2R)-5-hydroxy-5-[(phenylmethoxy) methy1]-2,3,4-
tris(phenyl methoxy)cyclohexan-l-one (580.0 g, 1.051 mol) in anhydrous methylene chloride (3.6 L)
was added trifluoroacetic anhydride (331.1 g, 222 mL, 1.577 mol) followed by addition of pyridine
(149.7 g, 158PMe¥EFMol) at room temperature under argon. The mix&F&/Wa8%tiiedZat room
temperature for 24 h and quenched by addition otlice water (1.0 L). The organic layer was separated

and the ammcmsd@yeviwssaﬁga@mp%mamﬂhmnﬁmgmde (3379% &)z.jr:gﬁ.wmfmgﬂ %mnic Iaé/ers
as ith sodium hicarbonate (sat. aq. 5.L), brine (sat, aqg. 3 x1. , dried qver sodium
Sulfate. 106364 A BoEA el Trg Ul G ¢ Gty br oot ST 52000 1 MR
(CDC13, 4006.0/HE).7).88-3.26( 4 8d i =20 H), 6126, (3.6843) 55 (38 (eh) )= 3L 2SHA 72 HH), 5-084d, J = 10.8
Hz, 1H), = Ll 77~ r2H), 4. 72 (d.J=11.2 HZ), 4.55 (S, 2H), 4.40-4.42 (m,
1,31 T i iy 08 AR SETob0ts B eaion of
4-chloro-3:{4s¢th h ' i Mg [0208] M ' (34.7 g,
226 Mol oL A S e A0 D & G ke RASK AW RS e Bt porton of
a solutionf-Pa{47éttlyivedeyHrd-Adtordds, Mabolienkeney 1&xé (g 1388 ol Whicnhypdrous

ey k1 ABOOITANS AN 0 16l Ing e vas heated

to reflux and after reaction inme&ion (exothermic and consuming magnesium), the rest of the solution of

2-(4- ethylhsriecehath sthdhersbize A 145 . By, OmbB A SrersRydrsus terahydrofuran (0.81
L) was addeddrepise thbhesmbdwia wasihen leyediie iact foraaeiner 4 hgpger gentle reflux until

most of the magnesium was consumedia[OZOQ ;53 Preparation of
(1R,4R,588RPWE Erriktb MM oEA 3B yid Ry h &V (A EnibFb 180, 4.59-4.57 (1H, m),
(4-ethylbengzyipinenydapciotee2;eng=\\Q 2099F165860 PET A 2008/AB6H 22 590-3.58

(3H,m), 2.60-2.55 (2H, q, J= 7.6 Hz), 1.22-1.18 (3H, t, J= 7.6 Hz); MS (ESI): 391
[M+HT": 408 [M+H,0T".

Example 18

[0190] This example illustrates the preparation of (1R,2R 35,48, ,6R)-4~(4-chloro-3-(4-
ethylbenzyljphenyl)-6-(hydroxymethyl)-5-methylenecyclohexane-1,2,3-triol (38), as outlined

in Figure 7.

{0191] In Examples 18 and 19, the structures of compounds synthesized were confirmed
using the following procedures: "“H NMR data were acquired on a Varian Mercury 300
spectrometer at 300 MHz, with chemical shifts referenced to internal TMS. Liquid
chromatography electrospray ionization mass spectrometry (LC-ESI-MS) analysis was
performed on instrumentation consisting of Shimadzu LC-10AD vp series HPLC pumps and
dual wavelength UV detector, a Gilson 215 autosampler, 2 Sedex 75¢ evaporative light
scattering (ELS) detector, and a PE/Sciex API 150EX mass spectrometer. The ELS detector
was set to a temperature of 40 °C, a gain setting of 7, and a N; pressure of 3.3 atmn. The
Turbo IonSpray source was employed on the AP 150 with an ion spray voltage of 5 kV, a
temperature of 300 °C, and orifice and ring voltages of 5V and 175 V respectively. Positive
ions were scanned in Q1 from 160 to 650 m/z. 5.0 uL injections were performed for each
sample, on a Phenomenex Gemini 5 pm 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.



[02101 The Grignard reagent from the previous step was added dropwise into a solution of
(4R,5S,6R)-4,5,6- tris(benzyloxy)-3-(benzyloxymethyl)cyclohex-2-enone (476.7 g, 90% purity, 0.893
mol) in anhydrous tetrahydrofuran (1.0 L) under argon at room temperature (about 25 C) and the
mixture was S 6F3th. Ammonium chloride (§_q. sat, 100 mL) was adtfetERaoaBaHikture was
extracted with ethyl acetate (3 x 1 L). The organit layer was washed with brine (3 x 0.5 L), dried over

o fe e 0 44 S

AR, -4,5.6-tris(benzylqxy)-3- (henzyloxymethyl)-1-(4-chloro-3-(4-ethylbenzy
phenyl)cy%@?ﬁ)?é %R \*I’SEZH é%%ws@@)? e’t’ﬁ"é1 é?ép. MS (ES!) (m/z): 782 (M+18)+, 787 (M+23)+.
[02111 (4 aration of ((IR,2S,3S,6R)-6-henzylo ethyl)-4-(4-chloro-3-(4- ethylbenzyl)phenyl)
cyclohex-iﬁ%%g-lg?ﬁt?ﬂ}é{% %fr?s‘t‘ﬁ@@ge%é’){w@é%éﬁ 1&6‘?@‘21%&?&%‘1‘%@(&‘_@%.9 g, 229.7
mL, 1 446aiket] RasshurtibBeandirtuofide ethsiate (8052 9-ABdddom|2-de4A6dmal]-2-egywere
successive| d.in sojution of . . .

(LR, 5S4 Rl A B e sesnne bt Ssighdenapgen ot oom
ethylbenzmeWdﬁm@ﬁolﬁ@@@i@gpéalmjéwl(im?rﬁblmlecq;rﬁpﬁm@mdm)mchloride (2.6 L)
under argapat: 20 AR NG RIVR S TS HQYREdR %a%@ﬁgg%mmmg%ﬁaﬂg%@- sat., 100 mL)

was added and the mixture was extracted with methylene c e (3 x 1 L), the organic layer was

washed Wit Trind e 3nedus: Yaufidy ek ddinsBylfateatitere gtired vigocertiaid) TeTesidue was
purified by reerysializatiabdnrefudRaanvs s ethapatiser oRyk eihemio ave gapkitessolid (513 g,
purity of 95%, yield 95%). [0213] (5) Preparation of (1R,2S,3R,4R,5S,6R)-3,4,5-tris(benzyloxy)-2-
(benzyloxRiEthyif: BTEEEHISTS-SRErasthb A ARE ARaRa Sifexars e ed A) Bkt ny drofuran
complex ({Mi.Yetrabyorsianydeads weke302 80w Aieshwasradyed datetheisalutianaes,§( 1
R,25,3S,6R)-6-Benzyloxymethyl)-4-(4-chloro-3-(4-ethylbenzyl)phenyl) cyclohex-4-ene-1,2, 3-
trintris(o@zﬁrr?éP(r%% RS Se é’%‘éat%%?ggﬁ%h%% 8" %@f%ﬁ)éﬁ,gld(?é{’f%ﬂ@%ﬁ?ﬁ]ﬁ%orohydride
(7.1 g. 2 Mffortesi & yd pofi a2 08 @dponat! DiSes iiasbiidrdEs MMRFObdHHandBC) uhdssargon at 0
C into a highs ion.stainl steel.v angd the mixtu heated.to ut 70-80 C
whereupo%%%%ressﬁr??g?ﬁlé %@t%ogrgr%gt%%%i g%%?f’{“ggf% :ﬁ}?e( é% nx;l)?tigﬁe w%;{sgﬁﬁ for 40 min at
this températard, T1e tvddting.- Fessellivas éddled to T8dh.t1@pérkite/and ifizcohiedi€were

transferregde griree-nNRckaddnskand.cegled to -20 C. A cold (0 C) solution of sodium hydroxide
(78.1 g, 3 M in water. 1.953 mof, 3 eq) was added, followed by 30% hydrogen peroxide (442.8 g,

438.4 mLy3: 653 rmb,aﬁsﬁ),mraﬁj.a@a;@iﬁ%@%@éx@)ﬂpgv.@ﬂ.émwerm%{gﬁg@ ﬁgﬁ}Hf.%.ovemight-
with 1

The reaction mixture was acidified with 1 N hydrochloric acid to pH 6 and the Solvent was removed
under redieEt jsresxtiRhevpatel il iEKeralinimethy saeiaiheraseedhcted with ethyl acetate (3 ><

2 L). The organic layers were washed with brine (3 <1 L), dried over sodium sulfate, filtered and
concentraﬁ%%.s']'hérfb%iaﬂ'é HaypovTEH Dy reriistate amtraaahiankeal srm addrd sedlory = 1:10, 10 mL/g

(crude)) taighseadivhitasiide L4 étehpidi b Y e el 808 abagent] (179 mg, 151 L, 78
umol, 20% by weight suspension in THF), and the resulting mixture was cooled to -78 °C.
To this mixture was added (2R,3R,4R,55,68)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-
(4-chloro-3-(4-ethylbenzyl)phenyl)cyclohexanone (14, 40 mg, 52 pmol) in 0.5 mL anhydrous
THF followed by TiCls (78 pL, 78 umol, 1 M in DCM) in a drop-wise manner. The 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
NapSOq, filtered, and evaporated. Preparative TLC (8:1 H/EtOAc) afforded 25 mg (63%) of
the compound 34. "H NMR (300 MHz, CDCl3) § 7.34-6.99 (m, 25H), 6.63 (i, 2H), 5.14 (s,
1H}, 4.90 (m, 1H), 4.53 (m, 5H), 4.2(m, 3H), 3.78 {m, 3H), 3.60 (m, 2F), 3.47 (s, 1H), 3.35



- [0215] (6) Preparation of crude (1R.2R,3S.4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
(hydroxymethyl)cyclohexane-1,2,3,5-tetraol [0216] To a solution of
(11C2S,312,4R.5S,6R)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-
chloro-3-(4-BthyeAZ¢M8henyl)cyclohexanol (60 g, purity of 98%, 0.077 RST/TE§)§§86472
tetrahydrofuran:methanol (v/v = 2:1) (600 mL) wa® added 1,2-dichlorobenzene (21.5 g, 16.54 mL, 0.82

mot, /2 eq)ymalayinzsen, Q?WH%PQ/H)AB&EI%”W@S@M%?E?,@Tﬂ?rmﬂmds m/z @b
2009/076550PCT/L1S2008/086472 61 atmospheric pressure of hydrogen at room temperature (about
25 C). Th?ﬁi@?&i@@@&%nd the filtrate was evaporated to dryness to give a yellow oil (80%

pure). [02 P ation of (1S,2R,3R,4S,5R,6R)-4-(acetoxymethyl)-6-(4-chlorg-3-(4-
ethylbenzmﬂ%)ny{)%%%ﬁgxﬁgé- :ﬂ:@fﬁ%@ﬁ%ér%ﬁﬁ%(@%@%@“ﬁé&éﬁ?ﬁ%@ﬁw&%e (78.8 g, 72.9
mL, 0.77 methiRregycixdiisapratediyisnine (99.5 g, 134.1 mL, 0 77 mol, 10 eq), and
4-dimethylaminopyridine (DMAP, 0.47 g, 3.85 mmol, 0.05 eq) were added slowly to a solution of the

above crufia @ff (IR;2R s3mudd, bR@GSRRIABAR;6S)-4-(benzyloxymethyl)-6-(4-chioro-3-(4-
ethylbenzyl)-4-chlorophenyl)-6-(hydrox thyl)cy.c xane-1,2 3 ,5-tetraol (0.Q77 mol, purity of 80%)
in methyle)énggyc ei%??%rg%ﬁ%ﬁ%ﬁggﬁgﬁ %{%ﬁr{%ﬁg)#&t{rr&g?@gi%s S t/nesr(r?ili1 %&%’}%%e erature. The
mixture wadtadfdifig,od Wit miNobyidraghidricsiRidMo( R 61and theabagatic Gyedevasivagired with IN
hydrochlogj | r i ﬁnﬁi Ifate, filter ntrated. The residue was
recrystalli?efz%@i% g&%ﬁ%?ﬁ%/@ﬂ%ﬁﬁ?gg&v V= 3 :%?5‘%%@%§E§jdr§&g%%éﬁgt%soq%}s}gappeared at
-58 C andHEWHWars s stirfdd fofop H anigaie apharadvallewancdlloned (6. Bt tesvdions

temperatusR;ANeY a0 JOr@iY 83 RiterSOlith (2 ZoGn ity of 90:édh, it B8 1%l gusigns). [0219] (8)
Preparation of (1R,2R,3S,4R,5R,6S)-4-(4-chloro-3- 4-ethg/lbenz )pheny1)-6-
(hydroxyn{@%ﬁm)‘f@(?)ﬁ%}fé@ﬂ.,g, ’g)_]llgfpgdf/@ eplest to -78 °C and methanol (1 mL) was slowly

added. The resulting solution was warmed to room temperature and concentrated under
reduced pressure. The residue was dissolved in 0.5 mL of 1:1 DCM:MeOH and loaded on a
preparative TLC plate, which was developed in 15:1 (DCM:MeOH) to obtain 9 mg (71%) of
compound 35 as a white solid. "H NMR (300 MHz, CDCl3) 6 7.29-6.89 (m, 7H), 4.80 (s,
1H), 4.28 (s, 1H), 3.95 (1, 4H), 3.64 (m, 2H), 3.51(m, 3H), 3.22 (m, 1H), 2.58 (g, /= 7.2
Hz, 2H), 2.25 (m, 1H), 1.18 (t, /= 7.5 Hz, 3H). LC-ESI-MS n/z 425 (M+Na).

Example 19

[0198] This example illustrates the preparation of (4S,5S,6R,7R,8R)-4-(4-chloro-3-(4-
ethylbenzyl)phenyl)-8-(hydroxymethyl)spiro[2.5Joctane-5,6,7-triol (37) as outlined in Figure
8.

[0i%89] (4R,5R,6R,75,858)-5,6,7-tris(benzyloxy)-4-(benzyloxymethyl)-8-(4-chioro-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-methyienecyclohexane-1,2,3-
triyDinis(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. Dilodomethane (47 pL, 583 pmo!) was added drop-wise
and the resulting mixture was stirred over night. 40% product formation was observed.

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

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



HO"OH OH [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 AikYire"Was acidified to pH 6 with 1 N hydrochloric acid ahd e84t avere removed
under reduced pressure. The residues were dissolved in ethyl acetate (3 L), washed with water (1 L),
then with braogoiilvays W%dmﬁhmw&h&fﬁ@ﬁWﬁtRﬁO%@tﬁ%E&)EﬂiﬂMﬁﬁ@ﬁ&%wﬂﬁz filtered and

concentratedt e hltef am Th s recrystallized. i efIUXI ter viv =1:3,
o1 e B B e R ) T
example ithlsteabsxtimsodeperationh mmz:@(?(z-tmao -BUL TRyZBIBR ofBa B8, GRacts were washed

2,3,4,6- tem%)@mmya%{m@ﬁ&ﬂ{')s%l&@&w%@ gi)B'ﬁ%WB-ﬁ%ﬂﬁQ'a? 43%,[34e¢]1 Preparation of

(1S,2R,3R,4S 51t,6R)-4-(acetoxymethyl)-6-(3-(4 acetyl enz
ch|oropheﬂiﬂ)§9bvoﬁéﬁm¢@rﬁzwm yPt’éﬂf’é&%Yéfté%Qég)l hexane ethyl acetate) afforded 85%

compound 36 which was used directly in the next reaction.

[0201] (4S,55,6R,7R,8R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-8-
(hydroxvmethyl)spiro[2.5]octane-5,6,7-triol (37):

{6202] 'To asolution of (4R,5R,6R,7S,85)-5,6,7-tris(benzyloxy)-4-(benzyloxymethyl)-8-(4-
chloro-3-{4-cthylbenzyl)phenyl)spiro[2.5]octane (36, 20 mg, 25.7 pmol) in a mixture of THF
(0.2 mL) and methano! (0.8 mL.) was added 1,2-dichlorobenzene (58 uL, 515 umol) followed
by 14 mg of palladium on charcoal (10%}. The mixture was stirred under 1 atmosphere of
hydrogen for 40 minutes. The mixture was filtered through 2 small pad of Celite in a2 6 mL
syringe and the Celite pad was washed with methanol (1 mL). Solvent was evaporated under
reduced pressure and the residue was purified on preparative TLC plate (8:1 DCM:EtOH) to
get 4 mg (37%) of compound 37 as a white solid. "H NMR (300 MHz, CDCls) 6 7.27-6.85
(m, 7H), 4.01 (s, 2H), 3.80 (m, 2H), 3.63 (m, H), 3.35 (d, /= 5.1 Hz, 2H), 3.02 (d, J=11.1
hz, 1H), 2.62 {q, /= 7.5 Hz, 2H), 2.06 (m, 1H), 1.21 (t, /= 7.5 Hz, 3H), 0.40 (m, 1H), 0.29
(m, 1H), 0.076 (m, 1H), -0.326 (m, 1H). LC-ESI-MS m/z 418 (M+H), 440 (M-+Na).

Example 20

[0203] This example illustrates the large-scale preparation of compound 5 (R = Et},

[6204] Preparation of (1R,2R,35,4R,5R,6S)-4-(4-chloro-3-{4-ethylbenzyl)phenyl)-6-
(hydrexymethyl)cyclohexane-1,2,3,5-tetraol

5 (R = Ef)

10205} (1) Preparation of (4R,5S,6R)-4,5,6-tris(benzyloxy)-3-(benzyloxymethyljcyclohex-

Z-enone



[0223] To a vigorously stirred solution of (1S,2R,3R,48,5R,6R)-4-(acetoxymethyl)-6-(4-
chloro-3-(4-ethylbenzyl)phenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (19) (300 mg, 48.7 umol) in
acetic acid (5 mL) was added K2Cr207 (172 mg, 0.58 mmol) and the mixture was stirred for 22 hours
at 125 C. TREWAREHERWAs cooled to room temperature, diluted with watdF (PP AFt Bxtracted with
ethyl acetate (3 x 20 mL). The combined organic"%xtracts were washed with saturated NaHCO3 (3 x
10 mL) and then with brine (20 mL), dried (Na2504), filigred and concentrated. Preparative TLC (2:1
hexane:ethyl acetate) afforded 100 mg of ompound. MS (ESI#): 631 [M+Hr, 648
[M-E1-120]+. [02241 Preparation of 1-(4-(2-cklero-5((18g:5,3R,4R,5S,6R)-2,3,4,6-tetrahydroxy-5-
(hydroxymethyl)cyclohexyl)benzyllphenyl)ethanoned39) WO 2009/076550PCT/US2008/086472 63
inL) was added sodium hydroxide (29 mg, 72 gruel) and stirred for 1.5 h under reflux. The mixture was

$Eidifieo_l JQQ:BBB wmfsg]%ﬁmmﬁ:{ﬁmj@,aGédPI@nﬂmbers@Mﬂﬂgh&wﬁmfmﬁmgﬁd;&tﬁﬁlg‘;rzcg,ducedd EﬁSI\TII\J/lrSI

e resiaye [Tl I ratlv oyl (0] esireg com n -

(400 MHZ%E@%@;‘%%B%@B(%@@ﬂlze)ﬁeggo &%%)W.@%@}‘Hﬁ@ﬁ?ﬁ%ﬁ%ﬁﬂﬁ d, J= 8.4,
1.6 Hz), 4(37% (@Hvas)adied sifldothadetis @hiakid:G83(1 Hg t2 22 10,4 H7), Bod0EdI48¢@bY m), 3.30 (1H, m),
2.57-2.52 £&Mﬁ5ﬂ)ﬂég§§a3n§?1%'ﬂw ég‘liisﬁ/'ﬁﬁ'%sébf&%%% J%!S!J?f‘éﬁé Em@‘%ﬂ%&'éié&% fYFHCOOT.

Example 22 [0226] Preparation of (1R,2R,3S,4R,5R,6S)-4-(4-chloro-3-(4
hydroxyetFyBBEn X sHEp Bt oy drawgrmns e yé blsastapecced byreddaddag)icfo2a?! Gédmpound 40

was prepargdigy et o @i SRR A PRERIus layer was extracted with methylene
(acetoxymeth%/;g-G-(s- 4-acetylbenzyl)-4-chlorophenyl)cyclohexane-1,2,3,5-tetrayl tétraacetate (38)

with exceSRS5ARIM b tohy it BB ATio Ry preparasbetPbead gr Bierd enatofatclear film.
MS (ESP)act45[ 05 Nab{fSBit4ey tMtIdCO@ed over sodium sulfate, filtered and concentrated to

give a yellow oil (476.7 g, purity of 90%, yield 85%). 'H NMR (CDCls, 400 MH?z): § 7.26-
7.48 (m, 20H), 6.26 (s, 1H}, 5.15 (d, /=112 Hz, 1H), 5.05 (d, J = 10.8 Hz, 1H),4.95 (4, J =
10.8 Hz, 1H), 4.77-4.81 (m, 2H), 4.72 (d, J = 11.2 Hz), 4.55 (S, 2H), 4.40-4.42 (m, 1H), 4.31
(d,J=16 Hz, 11}, 4.03-4.13 (m, 3H).

f0267] (2) Preparation of (4-chloro-3-(4-ethylbenzyl)phenyl)magnesium bromide

[0208] Magnesium powder (34.7 g, 1.446 mol) was charged under argon into a three-
necked flask followed by the addition of a portion of a solution of 2-(4-ethylbenzyl)-4-
bromo-1-chlorobenzene (122.5 g, 0.398 mol) in anhydrous tetrahydrofuran (0.4 L) and 1,2-
dibromoethane (2.89 g, 1.34 mL, 0.015 mol). The mixture was heated to reflux and after
reaction Initiation (exothermic and consuming magnesium), the rest of the solution of 2-(4-
ethylbenzyl)-4-bromo-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 unti] most of the magnesium was consumed.

[0269] (3) Preparation of (1R,4R,55,6R)-4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)-1-(4-
chioro-3- (4-ethylbenzyl)phenyl)cyclohex-2-enol



Example 23 [0228] The SGLT inhibitory effects of the compounds of the present invention were
demonstrated by the following procedures. [0229] Preparation of human SGLT2 expression vector
[0230] A fullflength cDNA clone expressing human SGLT2 (GenScript Corporation) was subcloned
into Hind 11I’MHG L 1651es of pEAK 15 expressiop vector. Clones harboriﬁé)%@)@ﬁﬁ@ﬁ?‘fﬁ%erts were
identified by restriction analysis. [0231] Preparation of a cell line stably expressing human SGLT2 WO
2009/076550PCT/US2008/086472 64 Corporatio pas transfected into HEK293.ETN cells and

f ining 10% fetal bovine serum (FBS) at
e Tthe same growth medium supplemented
with puromycin (Invitrogen Corporati(?g 6, N6 .)egaeks. Puromycin-resistant cells were recovered and
seeded on a fresh 96-well plate (single cell gg werIB and cultured in the presence of puromycin until
cells became confluent. Puromycin-resistant clones were evaluated for SGLT?2 activity in the

methy -2 Rt il eopunoside piRka ARk BN Tt Ronedabihibled e

highest signal-to-background ratio was used for the me ]glucopyranoside uptake assay.

[0233] Pr ﬂ)%r%ﬁiéﬁ)o?aﬁ&ﬂ&ﬁ(@@{ﬂqx&ér&@iﬁ@%@n%emé%lphﬁx@n@tﬁnﬁlﬁﬂﬂéﬁ 8T cDNA on
pDrearn2 1, axpression e flanWasab RIS Fem- (e 9aTiRlEar RSN aNE RERagRIEd in

Escherichia coll strain DH5a using LuriaBertani (LB) medium containing ampicillin. Plasmid DNA was

isolated uhRPie CHABE RPRISHIG WS SHSEAIPAS EN PRI RAHe8 88 (r4- 6%p IS Biasmid DNA
was transfgatechiidiehCaienirealls (Ameriaanthye Ciditate Gollegliormhisingnippriggtamine 2000

Transfection?ﬁ{ agent according to.a manufacturer su stefg rotocal. Transfected cells were stored
I OVEM SBHE SHE 05 M by S8 R SR T o EL1s55gi concetreied to gve a
Methyl-a- Relldwl 4C{G 14 eopipid90%iile TiptakelaSHRWR,5S,6R)-4,5,6-tris(benzyloxy)-3-
(benzyloxymethyl)-1-(4-chloro-3-(4-ethylbenzyl) phenyl)cyclohex-2-enol was used directly
in the next step. MS (EST") (m/z): 782 (M+18)", 787 (M+23)".

[0211] (4) Preparation of ((1R,25,35,6R)-6-benzyloxymethyl)-4-(4-chloro-3-(4-
ethylbenzyl)phenyl) cyclohex-4-ene-1,2,3-triyl)tris(oxyris{methylene)tribenzene

[0212] Triethylsilane (167.9 g, 229.7 mL, 1.446 mol, 2 eq) and boron-trifiuoride etherate
(205.2 g, 204.1 mL, 1.446 mol, 2 eq) were successively added into a solution of
(1R,4R,58,6R}-4,5,6-tris(benzyloxy)-3-(benzyloxymethyl)- 1 -(4-chioro-3-(4-
ethylbenzyl)phenyl)cyclohex-2-enol (614.0 g, crude, ~0.723 mol, Ieq) in methylene chlonde
(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 }
L), the organic layer was washed with brine (3 % 0.5 L), dried over sodium sulfate, filtered
and concentrated. The residue was purified by recrystallization in refluxing anhydrous

cthanol /isopropy! ether to give a white solid (513 g, purity of 95%, vield 95%).

[0213] (5) Preparation of (1R,25,3R,4R,55,6R)-3,4,5-tris(benzyloxy)-2-
{benzyloxymethyl)-6-(4-chloro-3-(4-cthylbenzyl)phenyhecyclohexanol



[0236] Cells expressing SGLT1 or SGLT2 were seeded on 96-well ScintiPlate scintillating plates
(PerldnElmer, Inc.) in DMEM containing 10% FB&)(1x105 cells per well in 100 Al medium) incubated
at 37 C under 5% CO2 for 48 h prior to the assay. Cells were washed twice with 150 Al of either
sodium buffer (137 mM NaCl1, 5.4 mM KC1, 2.8 inM CaC12, 1.2 mM MgC12, 10 mM
tris(hydroxymethypaminomethane/N-2-hydroxyethylpiperazine-Nethanesulfonic acid [Tris/Hepes], pH
7.2) or sodium-free buffer (137 mM N-methylglgCam C1, 2.8 mM CacCl2, 1.2 InM MgC12,.
10 rnM Tris/Hepes, pH 7.2). Test comound S0 i ch.of sodium or sodium-free buffer containing
40 btCi/mimethyl-a-D[U-L4C]glu&8fyra
human serum was added per well gf,g'96-wellqplate and incubated at 37 C with shaking for either 2 h
(SGLT1 assay) or 1.5 h (SGLT2 assay). Galls were washed twice with 150 /21 of wash buffer (137 mM
N-met_hylg(ljucamine, 10 mM Tris/Hepes, pH 7.2) and methyl-a-D4U14Cl]glucopyranoside uptake was
guantitated using a TopCount scintillation te 0.2009/Q7 P / 72 65

(Perlcirl Bttdr, ﬁ?é?j’?%%%ﬂh@&%ﬁ%ﬁ ent egﬁ&%%%?r%ﬁ%{gagq%ﬁ{&g?vi%rggg%l‘?rgel?jgt?foﬁ b%sracting the
values abteadriet withowitiunt-fibd Bukef RichBirestomahdd Uiy sodinm-snse s bf triplicate

determinatians)s TARIE-L1GS9 & omRauRc &Rz Ebeeilel2 5@ lpliity of 95%, 0.651 mol, leq)

and lithium borohydride (7.1 g, 2 M in tetrahydrofuran, 0.326 mol, 0.5 eq) in anhydrous

tetrahydrofuran (5 L) under argen at 0 °C into a high-pressure reaction stainless steel vessel, and the
mixture was heated to about 70~80 °C whereupon the pressure in the reactor reached about 2~2.5 atm.
The mixture was stirred for 40 min at this temperature. The reaction vessel was cooled to room
temperature and the contents were transferred to a three-necked flask and cooled to -20 °C. A cold (0
°C) sotution of sodium hydroxide (78.1 g, 3 M in water, 1.953 mol, 3 eq} was added, followed by
30% hydrogen peroxide (442.8 g, 438.4 mL, 1.953 mol, 20 eq), and the mixture was allowed to warm
to room temperature overnight. The reaction mixture was acidified with 1 N hydrochloric acid to pH
6 and the solvent was removed under reduced pressure. Water {5 L) was added into the residue and
extracted with ethyl acetate (3 x 2 L). The organic layers were washed with brine (3 x 1 L), dried
over sodium sulfate, filtered and concentrated. The residue was purified by recrystallization in ethyl
ether/n-hexane (v/v = 1:10, 10 mL/g (crude)) to give a white solid (314.7 g, purity of 95%, vield
60%).

[0215] (6) Preparation of crude (1R.2R,3 S,4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzylyphenyl}-6-
(hydroxymethyljcyclohexane-1,2,3,5-tetraol

Cl
o LD

OH

[6216] To asolution of (1R,28,3R.4R,5 S,6R)-3,4,5-tris(benzyloxy)-2-(benzyloxymethyl)-6-(4-
chioro-3-(4-ethylbenzyl)phenyl)cyclohexanol (60 g, purity of 98%, 0.077 mol, Teq)in
tetrahydrofuran:methano! (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
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atinospheric pressure of hydrogen at room temperature (about 25 °C). The mixture was
filtered and the filtrate was evaporated to dryness to give a yellow oil (80% pure).

[06217] (7) Preparation of (15,2R,3R 45,5R ,6R)-4-(acetoxymethyl)-6-{4-chloro-3-(4-
ethylbenzyl)phenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (19)

[0218] Acetic anhydride (78.8 g, 72.9 mL, 0.77 mol, 10 eq), N,N-diisoproylethylamine
(99.5 g, 134.1 mL, 0.77 mol, 10 eq), and 4-dimethylaminopyridine (DMAP, 0.47 g, 3.85
mmol, 0.05 eq) were added slowly to a solution of the above crude oil (1R,2R,35,4R,5R,65)-
4-(3-(4- ethylbenzyl)-4-chlorophenyl}-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol (0.077
mol, purity of 80%) in methylene chloride (300 mL) at 0 °C and the mixture was stirred
overnight at room temperature. The mixture was acidified with 1N hydrochloric acid to pH 6
and the organic layer was washed with IN hydrochloric acid (3 % 200 mL), dried over
sodium sulfate, filtered and concentrated. The residue was recrystallized in boiling
ethanol/ethyl acetate (v/v = 3:1, 15 mL/g (crude)). The first solids appeared at ~58 °C and
the mixture was stirred for 2 h at 58 °C. The mixture was allowed to cool to room

temperature over 2 h to give a white solid (42.2 g, purity of 99.4%, vield 88.7% in two steps).
P

[0219] (8) Preparation of (1R,2R,35,4R,5R,6S)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6-
(hydroxymethyl)cyciohexane-1,2,3,5-tetraol

{6220] To a stirred solution of (18,2R,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 hydrochleric
acid and the volatiles were removed under reduced pressure. The residues were dissolved in

ethy! acetate (3 L), washed with water (1 L), then with brine (1 L), dried over sodium sulfate,
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filtered and concentrated to give a white foam. The foam was recrystallized in refluxing
ethanol/ water (v/v = 1:3, 20 mL/g (crude)) twice to give a white solid (58 g, purity of 99.3%,
yield 90%).

Example 21

{0221] This example illustrates the preparation of 1-(4-(2-chloro-5-({1R,2S,3R 4R,55,6R)-
2,3,4,6-tetrahydroxy-5-(hydroxymethyl)cyclohexyhbenzyl)phenyljethanone (39).

[0222] Preparation of (15,2R,3R45,5R,6R)-4-(acetexymethyl)-6-(3-(4-acetylbenzyl)-4-
chlorophenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (38)

Cl -

QAC
AcO

“OAs
OAc 18

AcO”

[0223] To a vigorously stirred solution of (1S,2R,3R,48,5R,6R )-4-(acetoxymethyl)-6-(4-
chloro-3-(4-ethylbenzyl)phenyl)cyclohexane-1,2,3,5-tetrayl tetraacetate (19) (300 mg, 48.7
umol) in acetic acid (5 mL) was added K,Cr,O7 (172 mg, 0.58 mmol) and the mixture was
stirred for 22 hours at 125 °C. The mixture was cooled to room temperature, diluted with
water (20 mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic extracts
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,07".

[0224] Preparation of 1-(4-(2-chloro-5-((1R,25,3R,4R,58,6R)-2,3.4,6-tetrahydroxy-5-
(hydrexymethyljcyclohexyl)benzyl)phenyljethanone (39)

NaOH
MeQH

[0225] To a solution of (18,2R,3R 4S,5R ,6R)-4-(acetoxymethyl)-6-(3-(4-acetylbenzyl)-4-
chlorophenylicyclohexane-1,2,3,5-tetrayl tetraacetate (38) (300 mg, 47.6 umol) in MeOH (5



++40 ++ <1pM1pMto 10 pM >10 pM 66 WHAT IS CLAIMED IS: I. A compound of Formula I:
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ml) was added sodium hydroxide (29 mg, 72 pmol) and stirred for 1.5 h under reflux. The
mixture was acidified to pH 6 with 1 N hydrochloric acid and the solvents were removed
under reduced pressure. The residue was purified by preparative HPLC to provide 30 mg of
the desired compound. '"H-NMR (400 MHz, CDs0D): 6 7.90 (2H, d, /= 8.4 Hz), 7.35 (3H,
m), 722 (H,d, J=1.6Hz), 718 (1H, d, /= 8.4, 1.6 Hz), 4.17 (2H, 5), 3.91 (2H, d, J=3.2
Hz}, 3.66 (1H, t,./ = 10.4 Hz), 3.49-3.40 (2H, m), 3.30 (1H, m), 2.57-2.52 (4H, m), 1.55-1.50
(1H, m); MS (EST*): 421 [M+H]", 443 [M+Na]*, (EST): 465 [M+HCOQO]"

Example 22

[0226] Preparation of (1R,2ZR,38,4R,5R,68)-4-(4-chloro-3-(4-(1-
bydroxyethyDbenzyl)phenyl)-6-(hydroxymethyljeyclohexane-1,2,3,5-tetraol (40)

0227} Compound 40 was prepared by reduction of (18,2R,3R,45,5R,6R)}-4-
(acetoxymethyl)-6-(3-(4-acetylbenzyl)-4-chlorophenyl)cyclohexane-1,2,3,5-tetrayl
tetraacetate (38) with excess sodium borohydride and purification by preparative HPLC to
give 0.6 mg of a clear film. MS (ESI™): 445 [M+Na]", (ESI): 467 [M+HCOO]".

Exampie 23

[10228] The SGLT inhibitory effects of the compounds of the present invention were

demonstrated by the following procedures.
[0229] Preparation of human SGLT2 expression vector

[0230] A full-length cDNA clone expressing human SGLT?2 (GenScript Corporation) was
subcloned into Hind Il and Not [ sites of pEAK 15 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 [ and purified by agarose

gel electrophoresis. Using Lipofectamine 2000 Transfection Reagent (Invitrogen



('A-\) R3 wherein A is selected from the group consisting of oxygen and a single bond; Q is selected
from the group consisting of formulae Q1 to Q4; Z is methylene optionally substituted with one to two
substituents independently selected from halo, hydroxy, C1-C6 alkyl, C1-C6 alkoxy, C3-C6 cycloalkyl
and C3-C6 BRI R1, R2 and R3 are each independently selectéd & 4PEE&13p consisting of
hydrogen, halo, hydroxy, CI-C6 alkyl, C2-C6 alk&hyl, C2-C6 alkynyl,cycloalkyl, C5-C10 cycloalkenyl,

CI-C6 alkylgpavrLeiday, 1NN GIAR RISV BROEAIRTY 2Re\nitin, WheISIRady DRlfeR: @lkynyl,
cycloalkyl and cycloalkenél groups or portions are optlonallgé)artly or completely fluorinated and are

optionallyYiesHerdEas e BV EEeRes g frBPe fetalbRitinsessra s R o thedgroup
consisting f chipie 4ty drexsrleind aboxyianthGrl a3 Al brénth il Syglaalind RRd eygloalkenyl

groups or partions one or two methylene groups are optionally replaced independently of one another
by NRa, 078! BRI {RseE0 a5 - BrROBH ARG ST ek o d R EcHb ORI RSHREEEF by N, or in the
event 67recovered dhatEiandriiase bowrd {nbeosiadiscenter atomsa:ef dhruphemyheng, R4 and R2
are optionall Eine together to ?rmla C3-05 alk ene,§3-05 alken?vﬁl.ene O‘é butadienylene bridge,
which is obﬁﬁ%engﬁf p%‘?f mé'rcglo%lé ect%I&s/%CSJrﬂ?a"t% B Bﬁ%ﬁ%ﬂf S GPYEIEEituted by identical
or differenrtvshlhasfit fersGateateditomtahiatine]-ByDrpxy, ClkiG3 phaxsidadftk«S3salkyl, and wherein
one or twq methylene groups are optionally. replaced independently of one another by 0, S. CO, SO,
002 o NRETSAFR RHEnt e e e TG DTS BTAT Ry SR TR LE By R s o
member detahtaddiiomdiR-[rolip jehnsistiagosideygtakemsshnlo, cyano, nitro, amino, hydroxy, CI-C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, C5-C10 cycloalkenyl, C1-C6 alkyloxy, C3-C10
cycloalkylmzg3{C Irep alkiinxyjGumamBIoRY oobréssiy eloglkenyloxy, aryl, heteroaryl, aryloxy,
heteroaryloxy, (C2-C4 alkenyl)CI-C3 alkyloxy, (C2-C4 alkynyl)C1-C3 alkyloxy, (aryl)C1-C3 alkyloxy,
(heteroaryir331CFalkidaxy (e SGLYClopikyficH (T«akyl] (E3retReyeloalkydiebedalkyloxy,
(C5-C10 cycloalkeny)CJ-C3 alkyl, (C5-C10 cycloalkenyOCI-C3 alkylox 1-C4 alkyloxy)C1-C3 alkyl,
(Co-C7 BRSO B AR (B AR R AR I g ey 0y) 2. C
alkynyl, (B3rfani ¢iBlpakdime\dsataiit@bayociiiid CRIsAhidl Kylaining icdiedalkiyly die(C1AGBN
alkylaming)Cl- lieyd, tri-AC1-C4. alkyfisityl-C1- |, tri-(C1-C4 alkyDsijtyl-C2-C6 alkenyl, tri-(C1-C4
alkyesilyl-9 ?r@m‘%%% @%%%@%‘iﬁyl S%W%ﬁ‘g gé’iﬁg‘fé{c’(&?&]éyc o%lﬁ%gg}g%%?%enyl,
(C3-C7 cyulo &P TEI6( Alttenyioxyy€Gul Tre (isiBedky ) 0BHO5 [abofagioxind OB Braysimakenyl) C3-05
akenyloxyelEetn B OHARRIS a8l DAY ol cyelaghionidRamali lisdaggrbonyl

yl, (C1-C4 alkyljaminocarbonyl, di-(GI-C

arylcarbonyl, heteroarylcarbonyt, aminocarbon ) I-

alkyl)amirSéEoeytanyazoidicaliveiiy! (aiovdedllMea) earbdi(l, CI-C4 alkylamino, di-(C1-C3

alkyl)amino, (C1-C4 alkyl)carbonylamino, arylearbonylamino, heteroarylcarbonylamino, C1-C4

alkylsulfoiB2aGhindethyybulidriaiTighCo4mibsilifataite @4saY alkylsulfinyl, CI-C4 alkylsulfonyl,
C3-C10 cycloalkylsulfanyl, C3-C10 cycloalkylsulfinyl, C3-C10 cycloalkylsulfonyt, Cs-Cm
cycloalkeffi23alfafyd|l CH@ dBiogdoalke nylSGERY wEs- i oy olodtkenil SulfoiRhtasyistilfamyd, arylsulfinyl

and ary's l&?élégpxﬂr’f&%ﬁlqe%' i, PR U AR e YQRIKaT R YPS gy ortions are
ptionally partly or completely Hfuorinated and are optionally mono- or disubstituted by identical or
different subBtitaemsibatiscaed Trémuddofitel By drot§ hptid odhwassandEls @8ralikgshadd in cycloalkyl
and cycloglkenyvlg"Ps OF BAHORR RS AW TEIVISRS IOURSE R CL 2.8 mM CaCly, 1.2

mM MgCl;, 10 mM tris(hydroxymethyhaminomethane/N-2-hydrox yethylpiperazine-N'-

ethanesuifonic acid [Tris/Hepes], pH 7.2) or sodium-free buffer (137 mM N-methyl-

glucamine, 5.4 mM KCl, 2.8 mM CaCly, 1.2 mM MgCly, 10 mM Tris/Hepes, pH 7.2). Test

compound in 50 ul each of sodium or sodium-free buffer containing 40 pCi/ml methyl-o-D-

[U-C) ghucopyranoside {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-a-D-[U-

40 glucopyranoside uptake was quantitated using a TopCount scintillation counter



68 optionally replaced independently of one another by NR5, 0, 5, CO, SO or S07, and one or
two methyne groups are optionally replaced by N; R5 and R6 are each independently selected from
the group consisting of hydrogen, halo, cyano, nitro, hydroxy, CI-C6 alkyl, Cs-C6 alicenyl, Cs-C6

alkynyl, C,-EAdX0RIGERYI, CI-C3 alkyloxy and C3:C10 cycloalkyloxy, whEfdi 28 “8tikenyl, alkynyl,
cycloalkyl and cycloalkenyl groups or portions are optionally partly or completely fluorinated and are

optionally mereehsismbstitvbashibydeentieal areifforasridagiitkentiasalasiedifigm chlorine, hydroxy,
C1-C3 alkox Uéla%and Cl-C3 IkyI and in cycloalkyl nd cy éjoalken I groups. or('{l)ortlons Qne or two

methylen& GrotiHS% eé’ﬁ RS aRAE é%’élaﬁ?ﬁi&?}e By G AR AR AR BSOS 80, SO or SO,
and one dniff® (pethyse Ortplpardepiionabyseplaced by N, or if R5 and R6 are bound to two
adjacent C atoms of the phenyl ring, R5 and R6 are optionally joined together to form a C3-05
alkylene, C3-05 alkenylene or butadienylene briigge which is optionally partly or completely fluorinated
and mono- or disubstituted by identical or different substituentg&elected from chlorine, hydroxy, C1-C3
alkoxy ammm
-"-: : A yhe groups
are optiona i group
consisting of hydroxy, 5(Cl C18 aIkyI)carbondoxy *(Cl C(8 alkyl)oxycarbonylox’y arylcarbonyloxy,
aryl-(C,-(83 alkyl)carbthyloxy, (C3-C10 cycloalkylycarbonyloxy, hydrogen, halg, C1-C6 alkyl, C2-C6
alkenyl, CZ-C6 alkyny31 (C3- cyc oa y -C3alkyf, -C7 Cycloa eny -C3a y, aryl)CI-C3
alkyl, (heteroary 3-att atkenyto
cycloalkylox : ’ 3 alkyloxy,
(C5-C7 cycloalkenyl)d C3 alkyloxy (aryI)Cl C3 aIkaoxy (heteroaryI)Cl C3 "alkyloxy, aminocarbonyl,
hydroxycarbonyl, (C13€4 alkyDaminocarbonyl, di-¢C(-C3 alkyl)aminocarbonyl}{C1-C4
alkyloxy)carbonyl, (ammocarbonyl)CI1-C3 alkyl, (C&-C4 alkyl)aminocarbonyl-&kC3)alkyl, di-(C1-C7
aIkyI)ammtarbmle@,ﬂrG%)aﬁwﬁhydmxycarbmyﬁerﬁéalkyﬁefeﬁm—
alkyloxy)
alkyl, (aryloxy)C6-C3 akvl ( heteroarvloxv)Cl C3alkyl, CI-C4 alkvlsulfonvloxv arylsulfonyloxy,
(aryl)C1-C3 alkylsulfof/loxy, trimethylsilyloxy, t- 69 butyldimethylsilyloxy, andtyano; wherein alkyl,
alkenyl, aIkynyI cyclo@dkyl and cycloalkenyl groups or portlons are optlonally partly or completely
fluorinat o ' etfected from
chlorine, hyd%oxy;tQ‘.rMCS alkoxy and C1l- C3 aIkyI and in cycloalkyl and cycloalkenyl groups or portions
one or two m'ethyleMé%aMs are optionally replaced mdependently of one another by NW, 0, S, CO,

2 whieh-each is
attached to form a five- to seven- membered fused cycloalkane or cycloalkene ring that is optionally
partly or completely fluorinated and may he mono- or disubstituted by identical or different substituents
selected from chlorine, hydroxy, CI-E3 alkoxy and CI-C3 alkyl, and wherein in the cycloalkyl and
cycloalkenyl rings one or two methylene groups are optionally replaced independently of one another
by NIRa, 0, S. CO, SO or SO2; R'1 is selected from the group consisting of hydroxy, halo. C1-C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, CI-C6 alkyloxy, C3-C6 alkenyloxy, CT-C6 alkynyloxy
or C3-C6 cycloalkyloxy, wherein alkyl, alkenyl, alkynyl and cycloalkyl groups or portions are optionally
partly or completely fluorinated, and R12 is hydrogen;or

RO




and R12 are optionally joined together with the carbon atom to which they are attached to form a
C3-C7 spirocycloalkane ring which is optionally partly or completely fluorinated and is optionally mono-
or disubstituted by identical or different substituents selected from chlorine, hydroxy, CI-C3 alkoxy and
C1-C3 alkyl; 70 R13 and R14 each independently selected from the group consisting of hydrogen,
hydroxy, halo, CI-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, CI-C6 alkyloxy, C2-C6
alkenyloxy, C2-C6 alkynyloxy and C3- C6 cycloalkyloxy, wherein alkyl, alkenyl, alkynyl and cycloalkyl
groups or portions are optionally partly or completgly fluorinated; R15 is selected from the group
consisting of oxygen and CR11124; each 124 independently is selected from the group consisting of
hydrogen, CI-ClI alkyl and (C1-C4 alkyl)carbonyl, wherein alkyl groups or portions are optionally partly
or compiaialy fHerinpiad; and Rh and Rh are each independently selected from the group consisting
of hydrogen, halo and C1-C4 alkyl, wherein alkyl groups are optionally partly or completely fluorinated;
and pharmaceuticallyasaeptaiiesalid.thereof. 2. A compound of claim 1, wherein A is a single bond.
3. A compound of claim 1, wherein Z is CH2. 4. A compound of claim 1, wherein R1, R2 and R3 are
each indepegideRtly seleq;aed from the group consisting of hydrogen, halo, hydroxy, C1-C6 alkyl, C2-C6
alkenyl, C2-G6: @KM\S-QN cycloalkyl, C1-C6 alkyloxy, and cyano.

N
R3 R®

A

wherein
A is selected from the group consisting of oxygen and a single bond;

Q is selected from the group consisting of formulae Q' 0 QY

R'H

R14
RTO
R9 R’
R8
Q' Q2
11
R13 Rgm R13 R
R1G RW
RE R’ RY R’
RS RE
Q? Q*

7 is methylene optionally substituted with one to two substituents independently selected from halo, hydroxy,

C;-C, alkyl, C,-Cy alkoxy, Cs-Cq cycloalkyl and C;-Cs cycloalkyloxy;

R', R? and R’ are each independently selected from the group consisting of hydrogen, halo, hydroxy, C;-Cs
alkyl, Co-Cyq alkenyl, C,-Cq alkynyl, C5-Crp cyeloallyl, Cs-Cyg cycloalkenyt, C,-Cs alkyloxy, C+-Cjo
cvcloalkyloxy, cyano, amino and nitro, wherein alkyl, alkenyl, alkynyl, eycloalkyl 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, Cy-Cs alkoxy and C,-Cs alkyl,
and in cycloalkyl and cycloalkenyl groups or portions one or two methylene groups are optionaily replaced
independently of one another by NR”, O, 8, CO, SO or SO, and one or two methyne groups are optionally

replaced by N, or in the event



5. A compound of claim 4, wherein R1, R2 and R3 are each independently selected from the group
consisting of hydrogen, halo and C1-C6 alkyl. 71 6. A compound of claim 4, wherein R1 is selected
from the group consisting of hydrogen, halo and C1- C6 alkyl, and R2 and R3 are each hydrogen. 7. A
compound of claim 1, wherein 124 is selected from the group consisting of CI-Co alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C10 cycloalkyl, C1-C6 alkyloxy, C3-C10 cycloalkyloxy, (C3-C10 cycloalkyl)C1-C3
alkyloxy, (C3-C7 cycloalkyl)C3-05 alkenyloxy, and (C3-C7 cycloalkyl)C3-C6 alkynyloxy. 8. A
compound of claim I, wherein R5 and R6 are eachjjndependently selected from the group consisting of

hydrogen, halo, hydr{%Xb/R%ﬁg 91'5%&&%&@@%%@%4{ @%&@@WBM&&%@{Q Qa/cﬁi@%%xdptgémgﬁ

alkyloxy, and cyano. 9. A compound of claim 8, wh ereln RS, an% %n re e\zwch ent selected

from th@@f"@lﬁ?ﬁ%ﬁéi’sﬁ’ﬁﬁ ao?h@%é'éﬁe fralbs éﬁaﬂefi“%fé Afiggicy orvipound of tﬁmg V\)hereln R5
and R6areedehhidrogen. atils sodomipound-of éiarhqﬂtp%@réimwma“f@@awmgwée%%tbh
indeper}%ﬂ&b{&ﬁ@ﬁmiwm malw@uﬁ@on@sﬂmg afdyatexyohalonG ir@f1alkyhoGis@e alkyloxy,

(C3 C7)C¥Cn(z)1ﬁlk1)égq)%ﬁ %{(}IGF% );r{%am p Y o(fcone ano 1e¥ %|08 ”?yykg:%(p %'&Wyan‘é’ﬁ%é‘?éﬂ al@ék ﬂﬂg CyC|0alky|

groups or porton are opt y ‘partl rcomplet fllorinated. 12.A compound of claim 11,
wherein @R eRY ST R BRACARFATORY N13. A compound of claim I, wherein R11 is hydroxy. 14.

A compound of claim 1, having Formula . .
pRpls a member seledted fromgthc group conéstmg of hydrogen, hale, cyano, nitro, amino, hydroxy, C,-Cq

alkyl, Co-Cg alkenyl, Co-C alkynyl, C3-Cyg cycloalkyl, Cs-Cyy cycloalkenyl, Cr-Cy alkyloxy, C3-Cyq
eyctoalkyloxy, (Ci-Cy alkyloxy)Ci-Cy alkyloxy, Cs-Cy cycloalkenyloxy, aryl, heteroaryl, aryloxy,
hetercaryloxy, (C,-Cy alkenyl)C;-Ca alkyloxy, (Co-Cy alkynyl)C)-Cs alkyloxy, (aryl)Cy-Cy alkyloxy,
(heteroaryl)C;-Cs alkyloxy, (C3-C o cycloalkyl)C-C atkyl, {Cs-Cyy cycloalkyi)Cy-Cs atkyloxy, (Cs-Cyy
cycloaikeny)C,-C; alkyl, (Cs-C g cycloalkeny!)C,-C; alkyloxy, (Ci-Cy alkyloxy)C-C; alkyf, (Cs-Cy
cycloatkyloxy)C,-Cs alkyl, (C3-Cy cycloalkyloxy)C,-Cs alkenyl, (Cs-Cq cycloalkyloxy)C,-Cy alkynyl, (Cs-Cs
cycloalkyloxy)C~Cs alkyloxy, (Ci-Cy alkylamino)C,-Cs alkyl, di-(C,-C; alkylaming}C-Cs alkyl, tri-{C-Cy
alkyl)sily}-C-Cy alkyl, tri<(C;-Cy alkyd)silyl-Co-Cs alkenyl, tri~(C;-Cy alkyl)silyl-Cy-Cy alkyayl, tri-(C;-Cy
alkylsiltyl-C-Cy alkyloxy, {C3-C cysloalky)Cy-Cs alkenyl, (C5-C; cycloalkyDCs-Cs alkenyloxy, {(C5-Cy
cycloalkyl)Cs-Cs alkynyloxy, (Cs-Cy cycloalkeny!)Cs-Cs alkenyloxy, (Cs-Cy cycloalkenyt)Cs-Cs alkynyloxy,
C;-Cg cycioalkylidenmethyt, (C-Cq alkyl)carbonyl, arylcarbonyl, heteroarylcarbonyl, aminocarbonyl, (C-Cy
alkylyaminocarbonyl, di-(C,-C; alkylaminocarbonyl, hydroxycarboayl, (C-C alkyloxy)carbonyl, Ci-Cy
alkylamino, di-(C;-Cs afkylamino, (C,-C; alkyl)carbonytamino, arylcarbonylamino, heteroarylcarbonylamino,
C;-C, alkyisulfonylamino, arylsulfonylamino, C-Cy alkylsulfanyl, C;-Cy alkylsulfinyl, C;~C4 alkylsulfonyi,
C;-C ) cycloalkylsulfanyl, C+-Cyq cycloalkylsulfinyl, C3-Cyy cycloalkylsulfonyl, Cs-Cyo cycloalkenylsulfanyl,
Cs-Cyp cycloalkenylsulfinyl, Cs-Cyq cycloalkenylsulfonyl, arylsulfanyl, arylsulfinyl and arylsulfonyl, wherein
alkyl, alkenyl, alkynyl, cycloaikyl and cycloalkenyl groups or portions are optionally partly or completely
fluorinated and are optionally mono- or disubsti{:uted by identical or different substituents selected from
chlorine, hydroxy, C;-Cs alkoxy and C,;-Cs alkyl, and in cycloalkyl and cycloalkenyl groups or portions one or

two methylene groups are



R4 QIA wherein RI is a member selected from the group consisting of hydrogen, halo and C1-C6 alkyl;
R4 is a member selected from the group consisting of C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl,
C3-C10 cycloalkyl, CI-Co alkyloxy, C3-C10 cycloalkyloxy, (C3-C10 cycloalkyl)C1- 72 C3 alkyloxy,
(C3-C7 cycloalkyl)C3-05 alkenyloxy, and (C3-C7 cycloalkyl)C3-05 alkynyloxy; and Q is a member
selected from formulae QQ4A: wherein

68
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;

R® and R® are each independently selected from the group consisting of hydrogen, halo, cyano, nitro, hydroxy,
C\-Cs alkyl, C-Cs alkenyl, Co-Cs alkynyl, C3-Cyp cycloalkyl, Ci-Cs alkyloxy and C5-C cycloalkyloxy,
wherein alkyl, alkenyl, alkynyl, eycloalkyl and cycloalkenyl groups or portions are optionally partly or
completely fluorinated and are optionally mono- or disubstituted by identical or different substituents selected
from chiorine, hydroxy, C;-Cs atkoxy and C-C; alkyl, and in cycloalkyl and cycloalkenyl groups or portions
one or two methylene groups are optionaily replaced independently of one another by NR®, O, 8, CO, SO or

SO,, and one or two methyne groups are optionally replaced by N, or

if R” and R® are bound to two adjacent C atoms of the phenyl ring, R’ and R® are optionally joined together to
form a Cs-Cs alkylene, C5-Cs alkenylene or butadienylene bridge, which is optionally partly or completely
fluorinated and mono- or disubstituted by identical or different substituents selected from chlorine, hydroxy,
C,-C; alkoxy and C;-Cs alkyl, and wherein one or two methylene groups are optionally replaced independentiy
of one another by O, S, CO, SO, SO, or NRY, and wherein one or two methyne groups are optionally replaced

by N;

R’ RS, R’ and R are each independently selected from the group consisting of hydroxy, (C;-Cis
alkyDcarbonyloxy, (C)-C s alkyDoxycarbonyloxy, arylcarbonyloxy, aryl-(C,-C; alkyt)carbonyloxy, {C3-Cyo
cycloalkyl)carbonyloxy, hydrogen, hato, C-Cs alkyl, C5-Cy alkenyl, Co-Cy alkynyl, (Cs~C s cycloalkyhCi-Cs
alkyl, (C5-C- cycloalkeny)C-Cs alkyl, (aryl)C;-Cs alkyl, (heteroaryl)C;-C; alkyl, C-Cq alkyloxy, Co-C
alkenyloxy, C-Cs alkynyloxy, C3-C cycloalkyloxy, Cs-C; cycloalkenyloxy, aryloxy, heteroaryloxy, (Cs-Cy
eveloalkyl)C)-C; alkyloxy, (Cs-Cy cyeloalkenyl)C-C; alkyloxy, (aryl)Ci-C; alkyloxy, (heteroaryl)C,-Cs
alkyloxy, aminocarbonyl, hydroxycarbonyl, (C,-C, atkyllaminocarbonyl, di-(C;-C; alicyl)aminocarbonyl. (C-
C, alkyloxy)earbonyl, (aminocarbony!)C;-Cs alkyl, (C:-Cy alkylaminocarbonyl-(C-Cs)alkyl, di-{(C;-Cs
alkyhaminocarbonyl-(C,-Ca)alkyl, (hydroxycarbonyl)C:-Cs aikyl, (C-Cy alkyloxy)carbonyl-(Cy-Cs)alkyl, (Cs-
C, eycloatkyloxy)C,-Cs atkyl, (Cs-Cq cycloalkenyloxy)}C;-Cs alkyl, (aryloxy)C;-Csy alkyl, (heteroaryloxy)C,-
C, alkyl, C,-Cy alkylsulfonyloxy, arylsulfonyloxy, (ary!)C,-C; alkylsuifonyloxy, trimethylsilyloxy, t-



is hydroxy; and RI5 is a member selected from the group consisting of oxygen and CRbitb, wherein Rb
and 12." each independently is a member selected from the group consisting of hydrogen and halo.

- 15. A compound of claim 14, wherein Q is a member selected from the group consisting of QIA and
(23.4 16. A compound of claim 1, selected from the group consisting of
(1R,2R,3S,4R,5R16S)-4-(4-chloro-3-(4-ethylbenzyl)phenyl)-6- (hydroxymethyl)cyclohexane 1,2,3,5-t
etraol; (1R,2R,3S,4R,5R,6S
)-4-(4-chloro-3-(4-ethoxybenzyl)pheny1)-6-(hydrogymethyl)cyclohexane-1,2,3,5-tetraol;

(215 52 R &%ﬂﬂﬁé@! g@)my (48 QJ&QI'EP Wik E){EJQPJ@EE% benaylebem)-S-(byasaxymethyhcyclohexane-1,
tetrao

(1R 2R BE AR B RS A eEhigrs 3R BropyBerioyHpREVY Byt oycloneXare- 12,3, 5-te
traol; or different substituents selected from cﬂoilm, hydroxy, C,-Cy alkoxy and C,-C; alkyl, and in"cycioalkyl and
(1R,2R 38 ARbBR HS)rdo(4etiiarend ey slahexdienzy iphemyib):6=yadoxymethytjcytlohexane-1,2,3,
5- tetraql; ther by NR'.

¢hioro-3-(4-e ylbenzyl)pheny etrahydroxycyclohexypmethy
((5.2R BRFSERGR: 5. @ ehioro-3-(4-ethylbenzyl)pheny1)-2.4,5,6-tetrahyd loh thyl

acetate anZ% tionally, R' and R can be combined with the carbon atoms to which each is attached to form a five- fo

1R,2S,3R, 4 Ib (hy I traol
EIR 2R, §%V “813%4%” %&IZ éé}of%el ?1r)l/v:L"}lgc}e?ﬁqbzenQXX)Lh@u rﬁy&gﬁt}%ezt%f :H]&rﬁ E%érr%é%dg%%hﬁxoane 1

.2, 3triolmay he mono- or disubstituted by ;denllca or different su stztumts selected from chlorine, hydroxy, C

(4S,5S, 8RRy 8R)~4-(AkehlorowBefdireithyitbenkyl)p hedy )& isydroxgyrmethypspira[2 Slostame 28; 6, 7-triol;

1-(4-(2-6higror IR @SR AR S SR A S HEHRNYIRN6550 or 505
(hydroxymethyl)cyclohexyl)benzyl)phenyflethanone; and

(1R,2R 3%i4RIGR HRnkH{dechiveon3s(itd drhydaxyetbyl)benzylipbeaydybs(hgdeaxiimathgl)Cyclohexane
12,35 E?ct:{ga?kyl C-Cg alkyloxy, C-Cy alkenyloxy, Ca-Ce alkynyloxy or C3-Cs cycloalkyloxy, wherein alkyl,

alkenyl, alkynyl and cycloalky! groups or portions are optionaily partly or completely fluorinated, and
R™ is hydrogen;or

RY and R' are optionally joined together with the carbon atom to which they are attached to form a C;-Cq
spirocycioalkane ring which is optionaily partly or compietely fluorinated and is optionally mono- or
disubstituted by identical or different substituents selected from chiorine, hydroxy, C;-Cy alkoxy and Cy-C5

alleyl;



17. A compound of claim 1 which is isotopically labeled. 18. A pharmaceutical composition comprising
a pharmaceutically acceptable carrier and a compound of claim I. 19. Use of a compound of claim 1 in
the manufacture of a medicament for treating a disease or condition mediated by SGLT. 20. Use of a
compound of claim 1 in the manufacture of a medicament for treating diabetes. 21. A use in
accordance with claim 20, wherein said diabetes is type 1 diabetes. 22. A use in accordance with
claim 20, wherein said diabetes is type 2 diabetes. 23. A use in accordance with claim 20, wherein
said compound is to be administered in combinati%1 with a therapeutic agent selected from the group
consisting of antidiabetic agents, lipid-lowering/lipidmodulating agents, agents for treating diabetic
complications, anti-obesity agents, antihypertensive agents, antihyperuricemic agents, and agents for

treating ﬁhVQABiﬁ‘h&‘a@ﬁhf@@%ﬁ&ﬁl%@@é%%ﬁ%@gm@ cdbishrdseruAgeREANES, with clainuikdl, wherein
said dIS ﬁe%?ﬁgltlg a]}l.ﬁgsell%ct%d fromaltlp? gr%’]gll((: nsis n Eké/rp?ox d&al&eggks ”Iturs16 3pe 2

diabetes mélfl iab6tic co?n lications yi’n h res sta CE, met ndrome,
hypennsfiﬂﬁaélﬁ%yiﬁwéﬁéﬁﬁgi aﬁyllaeﬂﬂs@rﬂrﬁé@ﬁﬁé%é@wké‘cﬁé?ﬁas Qﬂygﬁﬁﬂaﬁﬁa@%ﬁ%ﬁ &ft failure,
and atheragstietogisrizi=dA compound of the formula:

R" is selected from the group consisting of oxygen and CR"R;

each R® independently is selected from the group consisting of hydrogen, C;-C; alkyl and (C,-Cy4

alkyl)carbonyl, wherein alkyl groups or portions are optionally partly or compietely fluorinated; and

R’ and R° are each independently selected from the group consisting of hydrogen, halo and C;-Cy atkyl,
wherein alkyl groups are optionally partly or completely fluorinated;

and pharmaceutically acceptable salts thereof.

2, A compound of claim 1, wherein A is a single bond.
3. A compound of claim 1, wherein Z is CHa.
4, A compound of claim 1, wherein R', R? and R? are each independently selected from the group

consisting of hydrogen, halo, hydroxy, C,-Cyq alkyl, C,-Cs alkenyl, C,-Cq alkynyl, C3-Cyg cycloalkyl, C-Cy
alkyloxy, and cyano.

5. A compound of claim 4, wherein R, R? and R? are each independently selected from the group

consisting of hydrogen, halo and C;-C; alkyl.



26. Use of a compound of claim 25 in the manufacture of a medicament for treating a disease or
condition mediated by SGLT, wherein said disease or condition is selected from the group consisting
of type | diabetes mellitus, type 2 diabetes mellitus, hyperglycemia, diabetic complications, insulin
resistance, metabolic syndrome, hyperinsulinemia, hypertension, hyperuricemia, obesity, edema,
dyslipidemia, chronic heart failure and atherosclerosis. 27. Use of a compound of claim 25 in the
manufacture of a medicament for treating diabetes. 28. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compo%ld of claim 25

6. A compound of ¢claim 4, wherein R' is selected from the group consisting of hydrogen, halo and Cy-

Ce alkyl, and R? and R® are each hydrogen.

7. A compound of claim 1, wherein R" is selected from the group consisting of C-C; alkyl, C,-C,
alkenyl, C3-C; alkynyl, C3-Cyp cycloalkyl, Ci-Cy alkyloxy, C3-Cyg cycloalkyloxy, (C5-Cig cycloalkyl)Ci-Cy
alkyioxy, (C5-C; cycloalkyl)C;5-Cs alkenyloxy, and (Cs-C5 cycloalkyDCs-Cs alkynyloxy.

8. A compound of claim 1, wherein R’ and R® are each independently selected from the group
consisting of hydrogen, halo, hydroxy, C,-Cq alkyl, C,-Cq atkenyl, Co-Cg alkynyl, Cs-Cyq cveloalkyl, C-Cq
alkyloxy, and cyano.

9. A compound of claim 8, wherein R’ and R® are each ndependently selected from the group

consisting of hydrogen, halo and C;-C; alkyl.
160 A compound of claim 9, wherein R and R® are each hydrogen.

11 A compound of claim 1, wherein R, R, R” and R" are each independently sclected from the group

consisting of hydroxy, halo, Ci-C; alkyl, C-C; alkyloxy, (Cs-Cr)eycloalkyloxy, arvioxy and (Cs-
Cy)eyeloalkyl(Cq-Cs)alkyloxy, wherein alkyl and cycloalkyl groups or portions are optionally partly or

completely fluorinated.
12. A compound of cl.aim 11, wherein R, R®, R® and R' are each hydroxy.
13. A compound of claim 1, wherein R* is hydroxy.

14. A compound of claim 1, having Formula IA:

"
Q” 1A

wherein
R' is a member selected from the group consisting of hydrogen, halo and C-C; alkyl;

R* is a member selected from the group consisting of C-Cy atkyl, Cy-Cy alkenyl, C,-Cy alkynyl, C3-Cyp
cycloalkyl, C,-C; alkyloxy, Cs-Cyy cycloalkyloxy, (Cs-Cyg cycloalkyl)Cy-
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Cs alikyloxy, (C3-Cy cycloalkyl)C;-Cs alkenyloxy, and (C3-Cy cycloalkyl)Cs-Css alkynyloxy; and

Q is a member selected from formulae Q** to O*

Q4A

wherein
R is hydroxy; and

R" is a member selected from the group consisting of oxygen and CR°R®, wherein R and R° each

independently is & member selected from the group consisting of hydrogen and halo.

15. A compound of claim 14, wherein Q is a member selected from the group consisting of O™ and
Q¥
16, A compound of claim 1, selected from the group consisting of

{1R,2R,35,4R,5R, 68 4-{4-chloro-3-(4-ethylbenzyl)phenyl)-6-(hydroxymethylycyclohexane-1,2,3,5-tetraol;
(1R,2R,38,4R,5R, 68)-4-(4-chloro-3-(4-ethoxybenzyl)phenyl)-6-(hydroxymethyleyclohexane-1,2,3, 5-tetraol;

{1R,2R,38,4R,5R,68)-4-(4-chloro-3-(4-cyclopropyibenzyl)phenyl)-6-(hydroxymethylcyclohexane-1,2,3,5-
tetraol;

{1R,2R 38 4R 5R,68)-4-(4-chloro-3-(4-propylbenzyl)phenyl)-6-(hydroxymethyl)cycliohexane-1,2,3,5-tetraol;

(1R,2R,35,4R,5R,68)-4-(4-chloro-3-(4-cyclohexylbenzylyphenyl)-6-(hydroxymethyl)cyclohexane-1,2,3, 5-

tetraol;

{(18,2R,3R,48,5R,6R)-3-(4-chloro-3-(4-ethylbenzyl)phenyl)-2,4,5,6-tetrahydroxycyclohexyl ymethyl acetate;
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(1R,2S,3R,4R,58,6R)-4-(2-(4-ethylbenzyl)phenoxy)-6-(hydroxymethyl)cyclohexane-1,2,3,5-tetraol;

(1R,2R 38,48 6R)-4-(4-chloro-3-(4-ethylbenzyl)phenyl}-6-(hydroxymethyl)-5-methylenecyclohexane-1,2,3-

triol;
(48,58,6R, 7R 8R)-4-(4-chloro-3-(4-ethylbenzyl)phenyt)-8-(hydroxymethyl)spiro{ 2.5 octane-5,6,7-triol;

1-(4-(2-chloro-5-({1R,28,3R 4R,58,6R)-2,3 4,6-tetrahydroxy-5-
(hydroxymethylcyclohexyl)benzyl)phenyl)ethanone; and

(1R,2R,38,4R,5R,68)~4-(4-chloro-3-(4-(1-hydrox yethyl)benzyl)phenyl)-6-(hydroxymethyl)cyclohexane-
1,2,3,5-tetracl.

17. A compound of claim 1 which is isotopically labeled.

i8. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a compound of
claim 1.

19, Use of a compound of claim 1 in the manufacture of a medicament for treating a disease or

condition mediated by SGLT.

20. Use of a compound of claim 1 in the manufacture of a medicament for treating diabetes.

21. A use in accordance with claim 20, wherein said diabetes is type 1 diabetes.

22, A use in accordance with claim 20, wherein said diabetes is type 2 diabetes.

23, A use in accordance with claim 20, wherein said compound is to be administered in combination

with a therapeutic agent selected from the group consisting of antidiabetic agents, lipid-lowering/lipid-
modulating agents, agents for treating diabetic complications, anti-obesity agents, antihypertensive agents,

antihyperuricemic agents, and agents for treating chronic heart failure or atherosclerosis.
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24. A use in accordance with claim 19, wherein said disease or condition is selected from the group
consisting of type 1 diabetes mellitus, type 2 diabetes meflitus, hyperglycemia, diabetic complications, insulin
resistance, metabolic syndrome, hyperinsulinemia, hypertension, hyperuricemia, obesity, edema, dyslipidemia,

chronic heart failure, and atherosclerosis.

25. A compound of the formula:

26. Use of a compound of claim 25 in the manufacture of a medicament for treating a disease or
condition mediated by SGLT, wherein said disease or condition is selected from the group consisting of type |
digbetes meltitus, type 2 diabetes mellitus, hyperglycemia, diabetic complications, insulin resistance, metabotic
syndrome, hyperinsulinemia, hypertension, hyperuricemia, obesity, edema, dysiipidemia, chronic heart failore

and atherosclerosis.
27. Use of a compound of ¢laim 25 in the manufacture of a medicament for ireating diabetes.

28. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a compound of

claim 25.



