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Diabetes is a chronic disorder affecting carbohydrate, fat and protein

metabolism in animals.

Type | diabetes mellitus, which comprises approximately 10% of all
diabetes cases, was previously referred to as insulin-dependent diabetes
mellitus ("IDDM") or juvenile-onset diabetes. This disease is characterized by a
progressive loss of insulin secretory function by beta cells of the pancreas.
This characteristic is also shared by non-idiopathic, or "secondary", diabetes
having its origins in pancreatic disease. Type | diabetes mellitus is associated
with the following clinical signs or symptoms: persistently elevated plasma

) glucose concentration or hyperglycemia; polyuria; polydipsia and/or
hyperphagia; chronic microvascular complications such as retinopathy,
nephropathy and neuropathy; and macrovascular complications such as
hyperlipidemia and hypertension which can lead to blindness, end-stage renal
disease, limb amputation and myocardial infarction.

Type |l diabetes mellitus (non-insulin-dependent diabetes mellitus or
NIDDM) is a metabolic disorder involving the dysregulation of glucose
metabolism and impaired insulin sensitivity. Type Il diabetes mellitus usually
develops in adulthood and is associated with the body's inability to utilize or



2 make sufficient insulin. In addition to the insulin resistance observed
In the target tissues, patients suffering fromtype Il diabetes nellitus
have a relative insulin deficiency -- that is, patients have ll®sbiuartyl2007
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for the development of Type li diabetes mellitus and cardiovascular disease,
including impaired glucose tolerance (IGT), impaired fasting glucose (IFG),
hyperinsulinemia, insulin resistance, dyslipidemia (e.g., high triglycerides, low
HDL), hypertension and obesity.

Therapy for IDDM patients has consistently focused on administration of
exogenous insulin, which may be derived from various sources (e.g., human,
bovine, porcine insulin). The use of heterologous species material gives rise to

] formation of anti-insulin antibodies which have activity-limiting effects and result
in progressive requirements for larger doses in order to achieve desired
hypoglycemic effects.

Typical treatment of Type Il diabetes mellitus focuses on maintaining the
blood glucose level as near to normal as possible with lifestyle modification
relating to diet and exercise, and when necessary, the treatment with anti-
diabetic agents, insulin or a combination thereof. NIDDM that cannot be
controlied by dietary management is treated with oral antidiabetic agents.



3 Although insulin resistance is not always treated in all Syndrone X
patients, those who exhibit a prediabetic state (e.g., IGI, IFG, where
fasting glucose levels may be higher than normal but not at t heFabrmbe2t93
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metformn t“é)&%)drogl\gléﬁ% di abetes. The anji-diabetic agent g’CWZQ%/O i ned

w t h pharnmacol ogical agents for the treatnent of the concom tant

co-norbidities (e,g. ., ,antihypertensives for rt.ensj an, hypol,i pi dem c
agents for |ipi éeﬁ’&‘é’}’ghﬂ%@}? PIRENCR & 1 iaé\gaxs\%é)a?gﬂ prg,a* %é‘f‘gﬁﬁ’ép‘?%t 1Por mn and
sul f onyl ur eagatiehts\ehdse o eRhibiz @l prédiabdicstat (el T, TFG) et Fastiyy 1S a

first line choice, particul ar{gg for treating tyge 'l diabetic patients who
are al so obe@lEcegeievels aay behighgr than nosprl bt neoh ah e dabetes diagnsstitise to

metformn is e t ' ] el 0 ' jon with
sul fonyl ur ea%@éélﬁlp'a'tézgia%%}&ﬁggpbgr?e%?ﬁg@iqﬁgﬁ'\llilsé\%é@z b@%é@éﬁ%%%é{r apy
(i ncl udi ng atlibbeteseTheiantisdiabhetitragpns inay desombinedwitb pharmacologioa t r eat nent

option. Another first line ther chai ce be . thi gzolidi nedi ones. Al pha

gl ucosi dase , i ne therapi es.
Picosi dase PaANtD I dhe WeREnetef MR eeian B mifeio@s 188y ' ne ¢ her ap
Pati ent s whogagthypekterishadtfo hiparianion hgpolipideniit digeAtdi for ligiemes)i C
nonot her apy, are given conbi nati ons of the above-nentioned agents. Wen

gl ycem c control cannot be nmintained with oral antidiabetics al one,

insul in therapy ilsirét'-il‘ﬂag1 tﬁérhﬁr%rsttﬁg%a\";}lgqﬁ’&&’&é‘ﬁfei\‘BMninoénd m&ﬂg@g%ésowew th oral

anti di abetic agents. One recen vel opnent- in treating hy ycema is
f ocused on axthiaradlidinediones.c Matiominghonetberapyrie atfirst linatahoioe, particaladyi fi ¢

urine and | oaERoBisPEIRRED bl e o HER DBebR B GRS Kb slie Bl "N oo 1

February 200Uackw$p a2085propiatd 2espohsel$a BibtiofAkGS dftén fSlIMARDY fBathtdnt | NVENTI ON
for the treatiiemetdrmpy Bonybiatonomtt sulbey Bissssygsdiinerionss, or imsdl - ' "
Sulfonylurea monotherapy (inciuding all generations of drugs) is also a
common first line treatment option. Another first line therapy choice may be -

thiazolidinediones. Alpha glucosidase inhibitors are also used as first and
second line therapies. Patients who do not respond appropriately to oral anti-
diabetic monotherapy, are given combinations of the above-mentioned agents.
When glycemic control cannot be maintained with oral antidiabetics alone,
insulin therapy is used either as a monotherapy, or in combination with oral

antidiabetic agents.

J One recent development in treating hyperglycemia is focused on
excretion of excessive glucose directly into urine. Specific inhibitors of SGLTs
have been shown to increase the excretion of glucose in urine and lower blood
glucose levels in rodent models of IDDM and NIDDM.



associ ated synptons or conplications. Mre specifically, this invention is
directed to a novel nethod of treating diabetes or Syndronme X, or associ ated
synptons or, conplications thereof, in a subject afflicted w thFsbuhry2007
condition, said nmethod conprising adm nistering one or nore gl ucose

r eabsor pt i 8P 200HH2H2t or s and adni ni stering one or nore BET/UEIAHRE agent (s)
for the treatnent of diabetes or Synd'rome X, or associ ated synptons or
conplications thereof. Another a t h el tion features conpounds of
formula (111): RmMN\ NGQ Y T ON"" NOH OH /. (I11)
wherein: Xis CH N or CCO Rl is Hor absent; RRis H F, d, OCHS3,
OCH2CH3, C 1-4 alkyl, CF3, SCH3, substituted or unsubstituted phenyl and
NR3R4; 1 Febr uaryOne@Espevipiibe present invemipn gsheoedipssethods ard and R4 are H,

C 1.6 al kyl, i i i h
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said method comprising administering one or more glucose reabsorption
inhibitors and administering one or more antidiabetic agent(s) for the treatment
of diabetes or Syndrome X, or associated symptoms or complications thereof.

Another aspect of the invention features compounds of formula (1lt):

R
1\N=gX

N—Q—Z

Ry (o)

PO """”IH

o “y,
onV “om

OH /

(1)

wherein:

Xis CH, N, or C=0;

R1 is H or absent;

Rz is H, F, Ci, OCH;, OCH,CHj C 14 alkyl, CF3 SCH3, substituted or

unsubstituted phenyl and NR3Ry;



selected fromN, O, and S, a biaryl, and a 9- or 10-nenbered fused bicyclyl
or fused heterobicyclyl, wherein said fused heterobicyclyl has between |
and 4 heteroatons independently selected fromN, 0, and S; Or 1 &ebruary 2007
phar maceuti cal | acceptabl e salt, thereof. One aspect of the invention

f eatures aWP%’lfﬂéEﬁt i cal composition conprising a gl uBEEES2004BMEBpPt i ON
inhibitor, at |east one additional antSidiabetic agent, and a

phar maceuti cal | cceptable carrier. The jnvention al so provides., a process
for fornul atRh@)Xda i Ha@@cﬁt‘ﬁ'&dd oréﬁﬁibtﬂgﬁh?ﬁ ,""'%'otﬁﬁr“i'tﬁqg?@ thVWBI‘@T‘?rhg
t oget her a gl ucose reabsorption inhibitor, one or npre antidi abetic

agent (s), ahay arebethraiashed fm g Sfcmepberrthetgragyelic ring withiopdeaalt 1-of t he
invention is a nethod for treating diabetes or Syndronme X, or associated
synpt ons or 2addgitionalthetersatomsriodepandeatly aeleeied frors ,8,randiNid conpri si ng
adm nistering to said subject a jointly effective amount of a gl ucose

r eabsor pt i omQiigH{Chiz)yewheraln ddtrionRstering to said subject a jointly
effective anount of at |east one antidiabetic agent, said conbi ned

admi ni strat iP5 B G\i;dHoyD of (. Fukdxydshrbbeylcareut i ¢ ef fect. Anot her enbodi nent
of the invention is a nethod for inhibiting the onset of diabetes or

Syndrome X, Of agsRcbsatite ifibsRited0 Rl I-ieaed oLl cyolbaligl,subl ect

said method conprising admnistering to said subject a jorntly effective
dose of a glphanyk 5 enbsmemhesed heterearyldiavingl! atRiheteroaiomyindeperdantly
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effective a ed%%{g%ﬁgg‘hlg' ér éﬁg§e%¥§2§ﬁ§g§fo§@g§ﬁ@§§éf@§ﬁg Hic&'g%#%ed
admi ni st ra’;1 i faseq hoterobiogslylwhetelri said fusediitejérablcyclydidsisétweln 1t &ved 4i scl osed
Compl | cat | ontler@Ins IndepobariubralpedlipTabD: APDBIP  BparmiRgiicahis ¢ y
nephr opat hy,ad&%{éfa@ﬂ@éﬁw,,thér@bﬁnppat hy, atherosclerosis, polycystic ovarian
syndronme, hypertension, ischem a, stroke, heart disease, irritable bowel

di sorder, inflammtion, and cataracts. Al so included in the invention is the
use of one or norE,gLUSQRRf the invention features a pharmaceutical composition

comprising a glucose reabsorption inhibitor, at least one additional antidiabetic
agent, and a pharmaceutically acceptable carrier. The invention also provides
a process for formulating a pharmaceutical composition, comprising formulating
together a glucose reabsorption inhibitor, one or more antidiabetic agent(s),
and a pharmaceutically acceptable carrier.

An embodiment of the invention is a method for treating diabetes or
Syndrome X, or associated symptoms or complications thereof in a subject,
said method comprising administering to said subject a jointly effective amount

ofa glucose reabsorption inhibitor and administering to said subject a jointly
effective amount of at least one antidiabetic agent, said combined
administration providing the desired therapeutic effect.

Another embodiment of the invention is a method for inhibiting the onset
of diabetes or Syndrome X, or associated symptoms or complications thereof in
a subject, said method comprising administering to said subject a jointly
effective dose of a glucose reabsorption inhibitor and administering to said



reabsorption inhibitors in conbination with one or nore antidi abetic agents
for the preparation of a nedicanent for treating a condition selected from
IDDM  NIDDM | GI, |FG obesity, nephropathy, neuropathy, retin@ebdubsy,2007
at herosclerosis, polycystic ovarian syndrone, hypertension, ischem a,
stroke, h&¥Q20039R2kse, irritable bowel disorder, inflarCRUSEN/ AL
cataracts. | February 2007 WD 2005/ 012242 PCT/ US2004/ 024673 7 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Al'l diabetics, regardless of their genetic and
envi r onment §Ubjbat:atg>rl|@il}'rﬁff£0tlv¢lamUDhOchnWerW arpdinbetic agent(sdisaiasul i n or
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so that diabetes is self-exacerbate E&(SDI abet ol ogi a, Pergl ycaem a
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exacerbating cycle is interrupted so that the prophylaxis or treatnent of
di abetes is nade possible. US Patent NO 6,153,632 to R R evel ey discloses

a method and coppeshélu@sad fit Begfvértionss ferudelst dneatimdretglotosd abetes
mellitus (Type I, Inmpaired G ucose Tolerance C'IGI"] andT pe Il whi ch
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heart disease, irritable bowel disorder, inflammation, and cataracts.



preferably an SGT 2 inhibitor or a selective SGAT 2 inhibitor. 1 February
2007 WD 2005/ 012242 PCTI US2004/ 024673 8 A. Ternms. Sone terns are defined
bel ow and by their usage throughout this disclosure. Unless 0Uh%5m@@©m07
noted, "al kyl" and "al koxy" as used herein, whether used alone or as part
of a subst iW@2W0B24up, include straight, cyclic, and canshednse n al kyl
having 1 to 8 carbon atons, or any nunber within this range. For exanple,
al kyl radicals include nethyl, ethyl, n-propyl, isopropyl, n- butyl,

i sobutyl, sec-butyl, t-butyl, 2-butenyl, 2-butynyl, n-pentyl, 3-(2-

met hyl) butyl, 2-pentyl ,Dgggjgtbvbésmpﬂ@ﬁmwmt,anEi\QjQN 2-hexyl and 2-
nmet hyl pentyl . Al koxy r € OXygen etners 1orne m t he previously
descri bed straight or branched chain al kyl groups. The al kyl and al koxy
group may be indgp nt.l | ] fi one to
three groups se?@cqq%geq*c%bﬁvﬁg%ﬁﬁg%seéﬂb%? ggwé,tw?laﬁ\?ro&%eﬁﬂa%a%&ﬁfoﬁlﬂig,
car boxyl , anthveanh komynonlée apbdreht ok ofinsalinyordnadequay irdulia finectiondependent | y
| i nked to one or nore PEG radicals &gg&yeth | ene gléagl%._The,tern1"acyl"
as used her eB@ﬁaumér@n§f;ere glycase iremd oﬂdf*‘_ rgescle abdhatty tisrUeLIS gr oup, neans
an organic r; i igk oup
|ﬁ§lhlfﬁ§gag@ﬁaéﬁ19 dPaP@ﬁé@l%EM 'thegél’:'lhb? rtJE)i iumﬁ%ébséwu@%cy (:I?,Mhhneﬁ

having | to 7 ca n atons (branched or straig aln or fic) derived
from an or gdeads tecindlesiyed agennulation ofhiglupgatr ipxthe bipodupypemhicemidlanpl e C4 acyl

e e e

whet her usednéreased insulirs rexistancl, andaslesstesulhethé bipoalglucossacenceatratign is " Aryl "

is a carbocyclic aromatic,.radi cal including,, bhut not linmted to, phenyl, 1-
or 2-“napht Hymeanel soihat ciabelen @ selrtiecsiorrss Glthelboia, J3bEar ' rmy be
subst it ut ed "pypbrflRReRISAE ahaRd@ER BBWellds d cosequehcé BEINpIFcdse calions
thereon with hal ogen, OH CN, nercapto, nitro, am no, cyano, optionally
function and insulin resistance: implications for the management of diabetes",
Vol. 28, p. 119); Diabetes Cares, 1990, Vol. 13, No. 6, "Glucose Toxicity", pp.
610-630). Therefore, by treating hyperglycemia, the aforementioned self-
exacerbating cycle is interrupted so that the prophylaxis or treatment of

diabetes is made possible.

US Patent NO. 6,153,632 to R. Rieveley discloses a method and
composition stated to be for the treatment of diabetes mellitus (Type |, Impaired
Glucose Tolerance ["IGT"] and Type il), which incorporates a therapeutic
amount of one or more insulin sensitizers along with one or more of an orally
ingested insulin, an injected insulin, a sulfonylurea, a biguanide or an alpha-
glucosidvase inhibitor for the treatment of diabetes mellitus.

According to one aspect, the invention features the combination of a
PPAR modulator, preferably a PPAR & agonist, and an SGLT inhibitor,
preferably an SGLT 2 inhibitor or a selective SGLT 2 inhibitor.



1 February 2007 WO 20051012242 PCT1US20041024673 9 substituted
C -Ca-al kyl, optionally substituted al koxy, alkylthio, alkylsulfinyl,
al kyl sul fonyl, al kyI am no, di (G -C8-al kyl)anmino, formyl, car bd)@ﬁpmaryzom

al koxycarb xycarbonyloxy, al kanoyl oxy, phenyl carbann

car boxami dg&ygm r al kyl car barmyl oxsy phenoxycar bonyF’S%@Sﬂ}"Jwﬁnl ower

al kyl enedi oxy, benzoyl oxy, al kyl - al kyl -0 CO-, -CONH2, al kyl -0 CO O,
or alkyl-CO-NH. Illustrative aryI radl cal s include, for exarrpl e, phenyl,

napht hyl , bi phenyl, indene (&, indane (61), fluorophenyl, difluorophenyl,
benzyl , benzgyfTemyphenyl, carboet hoxyphenyl, acetyi phenyl, ethoxyphenyl,
phenoxyphenyl, hydroxyphenyl, carboxyphenyl, trifluoronethylphenyl,
nethoxyethylphenyl acet am dophenyl, tolyl, xylyl, dinethylcarbanylphenyl

and the |ike. "PhE, 0 terE{é’ ar?%’éﬂﬁ&éb%ﬁf%d n% d%'ﬂg% tﬁr%hﬁhB@l’tKi as used

herein represents a sta Ive or siXx- ocycFic or bicyclic
aromati c ri ndisadgmtrem whi ch consists of carbon atons and fromone to three
het eroatons selected fromN, 0 and S. The heteroaryl group may be attached
at any heteroatomor carbon atom which results in the creation of a stable

structure. Exarrplmﬂesa‘oth@mg@abtéd “gk@uasd Teﬂkﬁxydés ubekﬂ hefein,"Wiethémi ted to
benzof uranyl, benzot hi ophenyl

, %I’Idln| razm& r|da2|nl
pyri m di nyl, Usﬁﬁil AOMRALAS P@'&Pﬁﬁfﬁp Sﬁ'tHP@FaQ;VBPRI»I'nCIPg%ﬁ E'Shﬁlcyd'%ﬁagol yl,
pyrazol yl, - a’ﬂf&i azol yl
benzof ur anyI Egﬁlézdoqt;ﬁlﬁﬁﬂﬁph%\}m FE%?;H yﬂo?estn%ggghphbepwgﬁizngg%r azol yI
i ndol yI , benzogei Emoemmplbealkwtrad@alsandu@ melbieyl zethyl, azasppyl, isoppyhot i nyl .

e e | MRRORE TR RS R iy b BB sy nd
may have onembmyt)bmgez-ﬁarhwmm&thylbuMIr@bpamt?l hritkxyk 2deedy ¥nd @k ected from
hal ogen, OH, 3\ nitro, am no, ano W&] onal |y suybstituted

G - Ca- al kyl mS&StVIP@HQA' %mB%Q'P@'ﬁ@é%OéX%&I erg|tR rgm heiRreuarsly ny | |
al kyl sul f onydescAbky Etrén@hﬂ@r br@héﬁéd @‘?ﬁln %|k'y #rbﬁﬁ’s ”CFhefa‘H{y'Fth aﬁ@&?@i@dp

al koxycar bonyl, al koxycar bonyl ox al kano g car banoyl ,
car boxani de, May beomﬁpe@napnlscasmﬁﬁ?d Wi, onié to flve prefera ly‘one to three

groups selected from halogen (F, Cl, Br, 1), oxo, OH, amino, carboxyl, and
alkoxy. The alkyl and alkoxy group may also be independently linked to one or
more PEG radicals (polyethylene glycol).

The term “acyl” as used herein, whether used alone or as part of a
substituent group, means an organic radical having a carbonyl group linked to
hydrocarbyl group having 1 to 7 carbon atoms (branched or straight chain or

) cyclic) derived from an organic acid by removal of the hydroxyl group. For
example C,4 acyl can include (CO)CH;CHCH;CH3z and (CO)(CH2 (CH) (CHs)z ;
similarly, Cg acyl includes both (CO)(CsH13) and (CO)(CeHs). The term “Ac” as
used herein, whether used alone or as part of a substituent group, means
acetyl.

“Aryl” is a carbocyclic aromatic radical including, but not limited to,
phenyl, 1- or 2- naphthyl and the like. The carbocyclic aromatic radical may be
substituted by independent replacement of 1 to 3 of the hydrogen atoms
thereon with halogen, OH, CN, mercapto, nitro, amino, cyano, optionally



phenoxycar bonyl oxy group, |ower alkyl enedi oxy, benzoyl oxy, al kyl-CO O,

al kyl -O-CO, -CONH2, alkyl-OCO O, or alkyl-CONH. 1 February 2007 WO
2005/ 012242 PCTI U82004/ 024673 10 The terns "heterocycle," "heieeenchbes "
and ' heter%wﬁ% refer to an optionally substituted, fully or partially
sat ur at ed P52¢420r nonaromatic, cyclic group whi ChPCT/USi(lM/OEK‘Empl e, a
4- to 7-menbered nonocyclic, 7- to 11-2 nenbered (or 9- to 10- nmenber ed)

bi cyclic (or heterobi Cébrléi/l % or 10- to 15- nenbered tri c?/cl ic ring system
whi ch has atsubstisteddaeChalkyh eptionallysubstiutagsalkoxy alkylhivo alkaislfinilont ai ni ng

ring. Each r h C [ et eroatom nmay have
1, 2, or 3 hdl roapgl §|k2|e+ nt% §R¢? o&&%r%tgrrnggdéﬁ(g@tﬁ o gxygen at ons, and
sul fur at onmalkoxdyearbohyiealkokyczgieonyloxy, akhhmyloxW@henyiaCanbnmwy al so optionally

be oxi di zed. The ni, n at tionall ter ni zed. The

het er ocycl i 3P ér%eﬁ‘g%w%\rtéiga??gﬁg@f’yﬁ é‘PgY P@w \ Q@PBD“?V@{ om
Exenpl ary mwsédmybséﬁi@w@l iaH‘(yIQEQI-(DS au@pm@l@ POORHL, HIRYO-ooceranyl
pyrazolinyl; imdazoliny azol i oxazol yl ; oxazol 1 di nyl ;

i soxazol i nylor alkyhCE-biH- d|“h5$lrat'\’%6%f%¥ﬁ Wwcivde; for examplel RbeOYly | -

pi peridinyl; piperazinyl; 2- oxopijerazinyl; 2,8xopiperidinyl;
2-0xopyrro|idiny|; 4-piperidony| etrahydr nyl ; tetrahydrothiopyranyl;
t et r ahydr ot Mamhmrm)hawl firdeie ( phahdamys ¢ i ohﬂuplmphenyll

ool bt i BB e BB Ao
Pet erocycli Cetﬁé)@fbﬁénﬁloPhé}ﬁixgbﬁéHﬁWd}‘d)&/?)héﬁ\,ﬂ é&ﬁoﬂ}ﬁﬁéﬂ?l i dinyl

et rahydroi soqui'nolin dr oi soi ndo hydrioq ui nazol i n such as
4, 4- di hydr drlﬂuwgmeqm¥MwWI mgth?xyemm}rwb@ﬁ@mdgmherwl HoWk (Kbéhzot hi enyl ;
di hydr oben h byt
d: h§drOben;%@?g%ﬁa%yr{\ggﬂéw%mﬁ%ﬁ romgéf | S%%B&E?Pny?y benzi m dazol yl ,
benzt hi azol yl ; piperonyl; tetrahydroquinolinyl; and the |ike. \Wen the
heteroaryl gr Ouﬁ'HeSceﬁHbﬁétde&rﬂdas LB&d hefet F@FpY@ééHts gayatie fivedeprndent | y

substituted with one to five, preferably ane to three groups selected from
hal ogen, OH M@Rbered monocyclic or bicyclic aromatic ring system which consists of

carbon atoms and from one to three heteroatoms selected from N, O and S.
The heteroaryl group may be attached at any heteroatom or carbon atom,
which results in the creation of a stable structure. Examples of heteroaryl
groups include, but are not limited to benzofuranyl, benzothiophenyl, pyridinyl,
pyrazinyl, pyridazinyl, pyrimidinyl, thiophenyl, furanyl, imidazolyl, isoxazolyl,
oxazolyl, pyrazolyl, pyrrolyl, thiazolyl, thiadiazolyl, triazolyl, benzimidazolyl,
benzofuranyl, benzothienyl, benzisoxazolyl, benzoxazolyl, benzopyrazaolyl,
indolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl or quinolinyl. Prefered
heteroaryl groups include pyridinyl, thiophenyl, furanyl, and quinolinyl. When
the heteroaryl group is substituted, the heteroaryl group may have one to three
substituents which are independently selected from halogen, OH, CN,
mercapto, nitro, amino, cyano, optionally substituted C4-Cg-alkyl, optionally
substituted alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkyl-amino, di(C-Ceg-~
alkyl)amino, formyl, carboxyl, alkoxycarbonyl, alkoxycarbonyloxy, alkanoyloxy,
phenyl, carbamoyl, carboxamide, di-lower alkylcarbamoyloxy,
phenoxycarbonyloxy group, lower alkylenedioxy, benzoyloxy, alkyl-CO-O-,
alkyl-O-CO-, -CONHj, alkyl-O-CO-0-, or alkyl-CO-NH-.



mercapto, nitro, am no, cyano, optionally substituted Cl-C8-alkyl,
optionally substituted al koxy, al kylthio, alkylsulfinyl, alkyisulfonyl,
al kyl -am no, di (G -Ce- al kyl)am no, fornyl, carboxyl, al koxycai Betryry 2007
al koxycar bgn I ox al kanoyl oxy, phenyl, carbanoyl, carboxam de, di-I| ower
al kyl car ba 3//1 24 February 2007 WO 2005/012242 PCT/ BSPUS2Z000246733 11
phenoxycar bonyl oxy group, |ower al kyl ¢hedi oxy, benzoyl oxy, alkyl-CO O,

al kyl -O-CO, -CONH2, alkyl-OCO O, or alkyl-CONH. The term"biaryl"

i ncludes a heteroaryl |linked to a phenyl a phenyl linked to a heteroaryl

such as thiophe | " ] " to a
E)henyl Exarrploesﬁﬁ? %‘ﬁ@énﬁe?%’ﬁ‘é‘ﬁa‘? ﬂﬁét?'%egaarsyl g%ilefm%lettéggapﬁg%nphenyl
gn_cll_hphtenyl Imet:emai&rs;ﬂbstiﬁu&bédtyitoreigytéalltyrsatuna@d arqnnat@ ar n\c?n\arormtld, RIlI R {hH
e term"c oSl 1l I nten enc roduy r|S|ng e
specified i ﬁ&&@fﬁfBHP é‘”\'?’{‘ 'tsh@r%@'@f’% dB éﬁﬁ%%g%ﬁgp?cyfg&anﬁggr oduct which
results, di neshberedr(of Mbrm:ﬁieynbéréd)rbn@@nb(dr&tet@mm&lyl)h@r Hpaeitbi ed
|ngred|ents in the specified amounts. The term "conbi ned admnlstratlon

i ncl udes co-”éﬁlﬁb?fﬁgttﬂ%)tqh% Ringis¥stem which ha%t leaRt e haleroaleya in at lgagt

adm ni stere wbﬁﬁga d 2) the two or
mor e agents%argg" a %ﬂlogfé?rgém a smrj%é%cﬂtlﬁ/ga?tgb th% gerroé*dfﬁt?;r %@1

i ndependent cbntaarnnghshehﬂmatonmmaydravwaly 2not3d)et§fbatpmselentedfr0m The term
"subject" as.used her rs t n.ani_oal ref erabl nost
preferably é"tFﬂ%E'rW >§<y§eﬁ1a§0rgﬁj %'Eq%lg r??%ﬁ?'r@h%ﬁ%%ﬁﬁ%@%ﬁ%ﬁ%b

experi ment . hébsrobtonts mag(lalsm@bﬂoabny be asidizedd 'I‘rmerrmir@gerratbm§mh9 Rez ihnoi d- X
receptor agonists, partia S or ant agoni sts e

rodul ator | RONRRANPE AathiTizeck olhs hetbracyolCaiete ptbs BURTSTARTA | ¢ he

modul at or | hefdtohtérh 80€4Hhsh atom.

Exemplary monocyclic heterocyclic groups include pyrrolidinyl; oxetanyl;
pyrazolinyl; imidazolinyl; imidazolidinyl; oxazolyl; oxazolidinyl; isoxazolinyl;
thiazolidinyl; isothiazolidinyl; tetrahydrofuryl; piperidinyl; piperazinyl; 2-
oxopiperazinyl; 2-o>(<opiperidinyl; 2-oxopyrrolidinyl; 4-piperidonyl;
tetrahydropyranyl; tetrahydrothiopyranyl; tetrahydrothiopyranyl sulfone;
morpholinyl; thiomorpholinyl; thiomorpholinyl sulfoxide; thiomorpholinyl sulfone;
1,3-dioxolane; dioxanyl; thietanyl; thiiranyl; and the like. Exemplary bicyclic
heterocyclic groups (or heterobicyclyls) include quinuclidinyl;
tetrahydroisoquinolinyl; dihydroisoindolyl; dihydroquinazolinyl (such as 4,4-
dihydro-4-oxo-quinazolinyl); dihydrobenzofuryl; dihydrobenzothienyl;
dihydrobenzothiopyranyl; dihydrobenzothiopyranyl sulfone;
dihydrobenzopyranyl; indolinyl; isochromanyl; isoindolinyl; benzimidazolyl,
benzthiazolyl; piperonyl; tetrahydroquinolinyl; and the like. When the heteroaryl
group is substituted, the heterocyclyl may be independently substituted with
one to five, preferably one to three groups selected from halogen, OH, CN,
mercapto, nitro, amino, cyano, optionally substituted C4-Cg-alkyl, optionally
substituted alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkyl-amino, di(C4-Cs-
alkyl)amino, formyl, carboxyl, alkoxycarbonyl, alkoxycarbonyloxy, alkanoyloxy,
phenyl, carbamoyl, carboxamide, di-lower alkylcarbamoyloxy,



D abetes, Syndrone X, and associated synptonms or conplications include such
conditions as IDDM NDDM |1GI, |FG obesity, nephropathy, 1 February 2007
WD 2005/ 012242 PCT/ US2004/ 024673 12 neuropat hy, retinopathy, | February2007

at heroscl erosi s, polycystic ovarian syndrome, hypertension, ischem a,
stroke, he¥fQ20834222e “irritabl e bowel disorder, infl aRFEASZ/0ET
cataracts. Exanples of a prediabetic dtate includes IGT and |FG Methods

are known in the art for determ ning effective doses for therapeutic and
pr ophy! act i PhenPRESEROMYIRxXY:gTauUR) QWehakYeppripyh PenzeXaxy. allinseri ons or the
di scl osed drjyg|eRER-NnahRAS, alyLel-Be-0 oritikylicqd-ated in the sane

conposi tion. For therapeuti'c purposes, the term"jointly effective anount"
as used herein, neans that amount of each active conpound or pharmaceuti cal

agent, alone or i Wwnat ixon a i Citse. i ical _.or i,ci nal
response in a ti ?@8@8@5‘?'3&' q'&ﬂﬁ%58§{eﬁ§+{&ﬁ|'r}ﬁ%§ttgl‘agdt%g'&ﬁ% %h%ﬁ'éhm%;q a
researcher, tyettestemaryl ¢guchmathivphedegiyriding, and pgrazele)nand aphewiilinked ncl udes
al l eviation of the iynptoms o{ t he d}]sea[se or di sorder bein freat d. For
prophyl act i d°GuRsEYEsExameles of phemiPhaARY!: hrtemqandp v@)hsb%re yl-ehef. a

di sorder), atnlaep e P A1 } unt" refers to that anmount of
each active co%@gme%ﬁﬁlé%ﬁgggﬁﬁyégﬁhgdﬁm, al one or in conbination, that
inhibits in a subject the onset i
sought by a resear

the delaying o

W a disor as being
clinician,

ti onRof gl ucose
reabsor pti on, at i , BY2L agent actwiSty or both. Thus,

t he present I1*nveriti on pro sR conbi ndtionst of twoe.o re drugs wherein,
for exanple, (a) each drug/ s admnistered in an independently

t herapeutically or prophylactically effective anount; (b) at |east one drug
in the conbination is admnistered in an anmount that is sub-therapeutic or
sub- prophyl acti c dm,ni stered,al o erapeuédcci Cgrrnpplroghyl actic

i f . | t i th
Do L e T HeBR LB Je Pided 1o sogombase 377 5

the specified ingredients in the specified amounts, as well as any product which

§'rmi<l

results, directly or indirectly, from combinations of the specified ingredients in

the specified amounts.

The term “combined administration” includes co-administration wherein:
1) the two or more agents are administered to a subject at substantially similar
times; and 2) the two or more agents are administered to a subject at different
times, at independent intervals which may or may not overlap or coincide.

The term “subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who is the object of treatment, observation
or experiment.

The term “RXR modulator” as used herein, refers to Retinoid-X receptor
agonists, partial agonists, or antagonists. Preferably the modulator increases
insulin sensitivity. According to one aspect, the modulator is an RXR agonist.

Diabetes, Syndrome X, and associated symptoms or complications
include such conditions as IDDM, NIDDM, IGT, IFG, obesity, nephropathy,



or additional drugs according to the invention; or (c) both drugs are

adm nistered in an anount that is sub-therapeutic or sub-prophylactic if
adm ni stered al one, but are therapeutic or prophylactic when atFesraayeoed
toget her. 1 Febr uar)/ 2007 WD 2005/ 012242 PCT/ U52004/ 024673 13 The term
"protecti ng'YI8UHL}M2r ef er to those npieties known in t h8CHEUS200M64673ar e used
to mask functional groups; protecting!roups may be renmpved during
subsequent synthetic transformations or by netabolic or other in vivo

adni ni st r at inedrapat, retihepathy athegosolsrosis, pal¥cystie exarars synsiromeepar at i on of
t he corrpourﬁ%el%qstﬂf |§Uh%ﬁﬁ tst?d?(\éeﬂéér?ﬂniseéée TRNatie bB%FéEBF rand’ or

desirable t sensitive of rfeactive 'groups on an t he nol ecul es
concer ned. Tmflammatnn laadaatarastsd E(mmpheHWa)predcabeGaBtaieMClmﬂestlaﬂtamg gr oups,
such as tho%gG described in Protective G-oups in Organic Chem stry, ed.
J.F.W MOn'e Pl enum Press, 1973; and T W Geene & P.G M -Wits,
Protective Groups in Organic Synt hesis, Third Edition, John Wley & Sons,
1999. The protecting groups may be rem)ved at_a conveni ent subsequent stage
usi ng nmet hods kMsthedshared@onntin t'&aﬂﬁw&e@mlnwrﬂﬁ@@yt'\@ﬁaﬁ for protecting

groups are ncl udes
met hyl et he?lé&\égg@g:t It u{)@gh%gt& ﬁ‘;ﬁ etgﬁsefrog?hé Eiggte iggéup P{% &F]éqﬁl?%ﬂ[ her s,
substi tute wenpositenser the @iacioséd §htuge:tdnm1'ution§uizvbeihteubedot\termylateEt iner s
Exanpl es of ers .include

ubstltuted t hyoxynet hyl .
ety ¢ i ok gAMe cOTASDRT Sio6 A1 RSy i o TR DRSNS e hy!
benzyl oxynetdwdunt’msr@éémmbﬁnméamuﬁatdmuntbﬂea@ﬁ hetuepbenpoondst hyl , , t-
but oxymet hyI 4- pent eg%/@ oxynet hyl , sil oxymet hﬁ'ﬁ 2- met hgxyet hoxymnet hyI

2,2, 2-tri chiRbFBRRRILG . algna phinganafivatione Mt slcits the bological or
(trinethyls 'rha&lalﬁénh@§y5f?§ehx 2 tidsBbISLKH, %?fﬁél@f'hun?arpl‘hgfﬂ%tﬁélﬁ GbysHmyr any! |

t et rahydr ot hi opyr any hoxycy hexy hoxyt et rahydr opyranyl , 4-
met hoxyt et rme@tchebwt@mnanma@makﬁqctmqr@mmmlaﬁpmwmcedss di oxi do, 1-

alleviation of the symptoms of the disease or disorder being treated. For
prophylactic purposes (i.e., inhibiting the onset or progression of a disorder),
the term “jointly effective amount” refers to that amount of each active
compound or pharmaceutical agent, alone or in combination, that inhibits in a
subject the onset or progression of a disorder as being sought by a researcher,
veterinarian, medical doctor or other clinician, the delaying of which disorder is
mediated by the modulation of glucose reabsorption activity or other
antidiabetic agent activity or both. Thus, the present invention provides
combinations of two or more drugs wherein, for example, (a) each drugis
administered in an independently therapeutically or prophylactically effective
amount; (b) at least one drug in the combination is administered in an amount
that is sub-therapeutic or sub-prophylactic if administered alone, but is
therapeutic or prophylactic when administered in combination with the second
or additional drugs according to the invention; or (c) both drugs are
administered in an amount that is sub-therapeutic or sub-prophylactic if
administered alone, but are therapeutic or prophylactic when administered
together.



[ (2-chl or o- 4- net hyl ) phenyl ] - 4- met hoxypi peri di n-4-yl, 1, 4-di oxan-2-yl,

t et rahydr of uranyl, tetrahydrothiofuranyl and

2,3,3a,4,5,6,7, 7a-oct ahydro-7, 8, 8- trinethyl-4,7-netha nobenzof betawarp2647. 1
February 2?, U 5&%%805/ 012242 PCTf US2004/ 024673 14 Substituted Ethyl Ethers
Exanpl es ol "Substritted ethyl ethers jycl ude 1-et hoxy et Py}/US2004/024673

chl or oet hoxy) et hyl , 1-net hyl - 1- net hoxyet hyl, 1-nethyl-1-benzyl oxyet hyl, 1-

met hyl - 1- benzyl oxy-2-f1 yorpethyl ., 2. 2. 2-trichl oroet.hyl .

2ot eyl o1 1y1 ShRgem S REha proups?iefen o fighe BRYEY shown iy e art tht

p- chl or ophenyé us@d Bk SuNe8oNAl gréuph; peitactingarbepy mayltw@hoveddlring

pol yet hyl enegl| ycol ethers. Substituted Benﬁ/%?Et hers Exanpl es of substituted

benzyl et hesdb$erant sypheatis wansfeamations os by bRNGAGIRRHAMIVO - ni t r obenzyl ,
p- ni tr obenz iMstrgbdPESHaitlons 2D ARG s

p- phenyl ben)zé;l(/jmlmgﬂ?a&and 4- p!ocngl 9 rﬁ%ﬁﬁ%?f@?eﬂéﬂé%%sg&s@@@gg%gﬁﬂfthe

di phenyl net lepmpopndpof thierpresert émengidn,yit mag-bei nesessanylaadyor, desirableday | met hyl |

et howyphent o AROHY L Ry el TR ol AL RS FREEG tonodiyed This

0 Ol or opht et o oy Loy T B ot ahem ) et hy
4,4 ,4"-mwsgwn}mfﬂ?ﬁwﬁfﬁﬁwiqg’gnp oris ._efl_.yJﬂ?nﬁy.ﬁg)&ﬁm.%( PRI
di et hoxy PheurTeRbu 9%alarfd 70 GRIHR'R/ PSR W, PRACEN GRB i

9-ant hryl, - phenyl) xant henyl, 9-(9-phenyl - 10- oxo) anthryl,
1, 3- benzodi tQrgenigrSynthasis, Jird E!sétm‘, JolamWiley| 8 Boss, 3 989% xf htoprogiating  Et hers /

Er 1 Sopr opy LPYRA mEY B8 BRIy HEE chhlCTRRbAuBbelant SHCEl IS retiqdsy
di met hyl t hexXkxpbwnlity the art. BExambléisrofthiygioxyl and dibl protedtidg gineupd aiel provided

tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylnethylsilyl, and
t-butyl meth enyl silyl. Esters

Protection for the hydroxyl group includes methyl ethers, substituted methyl
ethers, substituted ethyl ethers, substitute benzyl ethers, and silyl ethers.

Substituted Methy! Ethers .

Examples of substituted methyl ethers include methyoxymethyl,
methylthiomethyl, t-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, (4-methoxyphenoxy)methyl, , t-
butoxymethyl, 4-pentenyloxymethyl, siloxymethyl, 2-methoxyethoxymethyl,
2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-
(trimethylsilyl)ethoxymethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetrahydropyranyi, 4-
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxido, 1-
[(2-chloro-4-methyl)phenylj-4-methoxypiperidin-4-yl, 1,4-dioxan-2-yl,
tetrahydrofuranyl, tetrahydrothiofuranyl and 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-
trimethyl-4,7-methanobenzofuran-2-yl.



In addition to ethers, a hydroxyl group may be protected as an ester.
Exanpl es of esters include fornmate, benzoylformate, acetate, chl oroacetate,
di chl oroacetate, tichloroacetate, trifluoroacetate, methoxyacet &elruary 2007

tri phenyl at e, phenoxyacetate, p-chlorophenoxyacet ate -P 1
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3- phenyl pr opi onat e, 4-oxopentanoate(levulinate), 4,4-

(et hyl enedi t i val oate, adamantoate, crotonate, 4-
TR RDR Eorg

met hoxycr ot ona P- phenyl benzoate, 2,4, 6-
t ri met hyl benzoat ﬁ)mmlésxaﬁﬁmstlmteti ethlylethensl incladé yémhog@thmm-(z-Car bonat es

Exanpl es of rbo at cIud thyl, 9- Iure I hyl , et 2,2,2-
trichi oroet °"°9t PWP h&!ﬂ@ﬁwﬁ Hlpwyeté gﬂé%)"nﬁbﬁéﬁih”jyéﬁ 11- 2.
(triphenyl phﬁéﬂﬁppﬂbﬁhﬁl&v-zﬂhﬁmw 2 2\2Lﬂﬁuh|or@trhw 2—tﬂi}n8tl"MsW€ﬂi§W lo- benzyl,
p- met hoxybenzy di et hoxybernizyl', o-ni trobenzyl, p-nitrobénzyl,

S-benzyl "t r{pbemﬂwiml)@thsd, tthi‘.dx?"YL I?TQWQEQWB“Y'nﬂtWhOWRHﬂWb &%onate, and
| yet hyl Ex | f ted
e TSP AR AR

4-ni tro-4-net hyl pent anoat e, o-(di bronmonet hyl ) benzoate, 2-

fornyl benzen suI t hyl t hi onet hoxy) et hyl carbonate, 4-
onseinrd B e

(et hyl t hi o €’3nd 2- (met hyl t hi onet hoxynet hyl ) benzoat e.

M scel | aneous EstmBamgasind tstittedbess) bheROMEIUSS RMBtH bé l, 3,4-
2, 6-di chl oro-4- net hyl phenoxyacet ate?g’. 6- di chl orcfﬁ4 d’KZ

t et r amet hyl @WFWMW&&@E@P@"ZYZ MDWE’?QZYi-thﬁ'@PﬁW -r%ﬁ;ﬂ")%@ﬁ@&%cet ate,
oot choat o - PEFRERShy. P REBHC AR 2 EORUESL 0% Sk Elsco Bko?
napht hoat e, diphérwlmethgl loyb ﬂinl‘ttolhenﬂ'lydrm 5-aimw$uﬂwglptrmhedylméth§d,t®-, N-
phenyl car barmtp?’uihy?(? ;r)ﬁén%/lme nF %?(fl helnr;l J’lg}\e%"metﬁyl d|(’p-
methoxyphenyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 4-(4'-
bromophenacyloxy)phenyldiphenylmethyl, 4,4°,4”-tris(4,5-
dichiorophthalimidophenyl)methyl, 4,4’,4”-tris(levulinoyloxyphenyl)methyl,
4.4’ 4”-tris(benzoyloxyphenyl)methyl, 3-(/midazol-1-ylmethy!)bis(4 *,4”-
dimethoxyphenyl)methyl, 1,1-bis(4-methoxyphenyl)-1’~-pyrenylmethyl, 9-anthryl,
9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-oxo)anthryl, 1,3-benzodithiolan-2-yl, and
benzisothiazolyl S,S-dioxido.

Silyl Ethers [

) Examples of silyl ethers include trimethyisilyl, triethylsilyl, triisopropylsilyl,
dimethylisopropylsilyl, diethylisopropyisilyl, dimethyithexylsilyl, {-
butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyi,
diphenylmethylisilyl, and t-butylmethoxyphenylsilyl.

Esters

In addition to ethers, a hydroxyl group may be protected as an ester.
Examples of esters include formate, benzoylformate, acetate, chioroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, méthoxyacetate,
triphenylmethoxyacetate, phenoxyacetate, p-chiorophenoxyacetate, p-P-



din itrophenyl su Ifenate Sulfonates Exanpl es of suffonates include sulfate,

nmet hanesul fonat e(nmesyl ate), benzyl sul fonate, and tosylate. 1 February 2007
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Cyclic Acetal s and Ketal s Exanples of cyclic acetals and ketal s include

met hyl ene, WPAYSO824%  1-t butyl et hyl jdene, 1-phenyl et RAT/ERMHM/024673

(4- met hoxyphenyl ) et hyl i dene, 2, 2, 2- t rihl or oet hyl i dene, acetoni de

i sopropyl i dene cycl opentyl i dene, . cycl ohexylidene, cyc|oheptylidene,
bensyl | dane. PHEMAGRALS L SRPSYIBaREase, A STReBIANORR b Patae -
3, 4- di met hoxdhigdditiry)Bentadatd; valaie aduinaffte, crédshbies 401 L ho Esters

Exanpl es of cyclic ortho esters Include nethoxynethyl ene, ethoxynethyl ene,

di met hoxy et methexgcrolonate Hisozeatey pirhenrlbenzeate o ¢&i-hyl i di ne, -1, 2-
di neth t hyl i . ' . i.pet hyl ani thylid
dervatve. | EmdiiBen RS AET 2d sinvdnedn B SRl VL A M) et V! dene

2-oxacycl opentylidene. Silyl Derivatives Exanples of silyl derivatives
i ncl ude di - Cakbtngtes | yl ene group, and 1, 3- -

(1,1, 3,3-tetrai sopropyl disil oxanyl i den derivative. G ucose Reabsorption

| nhi bitors One ¥RIBPles of Far Pﬁésrﬂ?‘g'é‘?‘%mﬁ%ﬁ %h'i‘%ref%'"@myleﬁ@iic%g'si ve

gl ucose dir tAL10 ' t oncentration is
E’gbioyoeeggirlb?gﬁ”@%ﬁ?ﬁ!ﬁ%ﬁéoﬁg@%g%gﬁﬁ%ﬁm szzgSG_Ts) , primarily

normal i zed/
found in choftriphenylphespheninjetiyl, iselutylnvieyk B, pavdraphenid, beezyl, &re a fanily

: o : . | ; i on.
Arong.t hem BENASpghayl 4 dfftinoRy eyt SO Of 22T BbaRl SPBEAT D] B DO
at al ., 1994}hiocsinssrets, SEhERy-TFHsaghthwldnethyt dithiegarbbratepamef t he ki dney ( You

et al., 1995 nzi t al. 1994). d ucose absorption in the intestine
is primaril ybﬂlgwgﬁﬁgﬁgagﬁgglﬁ?’q@atg&

Assisted Cleavage

Examples of assisted cleavage include 2-iodobenzoate, 4-azidobutyrate,
4-nitro-4-methylpentanoate, o-(dibromomethyl)benzoate, 2-
formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl carbonate, 4-
(methylthiomethoxy)butyrate, and 2-(methylthiomethoxymethyl)benzoate.

Miscellaneous Esters

Examples of miscellaneous esters include 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-
tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2-
butenoate(tigloate), o-(methoxycarbonyl)benzoate, p-P-benzoate, a-
naphthoate, nitrate, alkyl N,N,N’,N’-tetramethylphosphorodiamidate, N-
phenylcarbamate, borate, dimethylphosphinothioyl, and 2,4-
dinitrophenylsulfenate

Sulfonates
Examples of sulfonates include sulfate, methanesulfonate(mesylate),
benzylsulfonate, and tosylate.



hi gh-affinity | ow capacity transporter with a Na+:glucose transport ratio of
2:1. SGA.T2, also known as SAAT1l, transports Na' and glucose at a ratio of
1:1 and functions as a lowaffinity high-capacity transporter.l FEhess 26 TS
are charac‘%‘gri zed in Table 1: 1 February 2007 WD 20051012242

PCTI US2004 823893122 Taple 1 Preferred K,,, * TnG" K, PCT/USRLOPAGHIT| SSUE
Stoichlonmetry Substrate in vitro in viro In vivo Sm Intestine 2:1 D
glucose 0.1 nd Nd SG.Tl1 D gal actose Kidney (Si. S3) 2:1 D -

gl uut osegal actose cos 0.39 7.9 0.3 SGT2 (SAAT1 Kidney (S3) 1:1 D gl ucose
1.64 83 6 (m\M) for D gl uBRRTEETIAN FQR 12 A DIItS pnol / mi n/ nm Renal
reabsorption of glucose is nediated by SAT1 and SGT2 (Silverman et at.,
1992; Deet | eQyelic Adetals 88dKefal®l asma gl ucose is filtered in the glonerulus

di [ | iall b ' I, mal bul esg, d
SaT2 are | oot PR oL BRI blAs P Brethiighs. SlowigEhent-£na
derive thei rpgpetglidéne) T-phghyleiMgidens, di.mmmkmi@iy%myﬁ@émj 232t he Na+/ Ki

ATPase punps | ocated on the basol ateral npenbrane. ce reabsorbed, the
el evat ed cytWelpraetiylidenecageionige (seprapyisienek gveleremlidensr stitial space by

facilitated ; n : ) LnBifition of
SG.Ts reduce@cwgzm&égﬁug%@%ﬁwloﬁﬁ%ﬁ%glggng énmgﬁagﬁ:@gd?%é;%é‘gr ption in
t he ki dney. dimefttmxypenzylidahé,)3,4dimetbpkybenzyiidesiel and 2fritrobenzylidensmt of an
SAT inhibitor, such as that sufficient to increase urine glucose
excretion, o& t.0 ,glgfgf:_e se plasma glucose, in a subject by a desired anount
per day, can“¥ Q P@rﬁeterm' ned usi ng net hods established in the art.
Recently, it has begfpled ofiogtit bithoRisters intiutle rethdkirhathyldne; etoxgmetigsaiy, in

barks and stens of ) .
! dimethoxymethylene, 1-methoxyethylidene, 1-ethoxyethylidine, 1,2-

dimethoxyethylidene, a-methoxybenzylidene, 1-(N,N-dimethylamino)ethylidene

derivative, o-(N,N-dimethylamino)benzylidene derivative, and 2-oxacyclopentylidene.

Silyl Derivatives

Examples of silyl derivatives include di- -butylsilylene group, and ‘i,3-
(1,1,3,3-tetraisopropyldisiloxanylidene) derivative.

Glucose Reabsorption Inhibitors

One method of treating hyperglycemia is to excrete excessive glucose

directly into urine so that the blood glucose concentration is normalized./ For

) example, sodium-glucose cotransporters (SGLTs), primarily found in chorionic
membrane of the intestine and the kidney, are a family of proteins actively
involved in the normal process of glucose absorption. Among them, SGLT1 is
present in intestinal and renal epithelial cells (Lee et al., 1994), whereas SGLT2
is found in the epithelium of the kidney (You et al., 1995, MacKenzie et al.,
1994). Glucose absorption in the intestine is primarily mediated by SGLT1, a
high-affinity low-capacity transporter with a Na":glucose transport ratio of 2:1.
SGLT2, also known as SAAT1, transports Na* and glucose at a ratio of 1:1 and
functions as a low—afﬁhity high-capacity transporter. These SGLTs are
characterized in Table 1:



Rosaceae (e.g., apple, pear, etc.), inhibits Na' -glucose co-transporters

| ocated in chorionic nmenbrane of the intestine and the kidney. By
inhibiting Na'- glucose co-transporter activity, phlorizin inhildiebmaty®07
renal tubul ar gl ucose reabsorption and pronotes the excretion of glucose so
that the glweég‘?"’ll@\%l in a plasma is _controlled at a nRFHBI200400473f or a

|l ong tine via subcutaneous daily adm Histration (Journal of dinical

| nvestigation, 1987, Vol. 79, p. 1510). Other SG.T inhibitors include alkyl -
and phenyl - gl ucosi des, 1-5- isoqui nol i et onyl) - 2- net hyl pi per azi ne- HCl
(indirectly pa teln kinase 2005/ 842242

PCTI US2004/ 424673, 18 ﬁh% mercH,rj enzoat|ePefeoed) | Kn* | TMG™ | Kn*
N, N -di cycl c%é%é ggr bodi Sg{de ( E'f’me@%ppgﬁbs@?% d:glggir, m i}&ﬁﬁv #lvo
trivalent lgnthanides. 1 February 2007 W\ 057012242 PQT/1IS20041024673 19
B. COVMPOUNDS The i rvesy iaasifeatiur es sgonpoynBouseseror g a [(1hhl) : | Rl |\
NQZ R2 O|Osdp®.b—H O enl 14" OH ‘a'icﬁl%? whergi-r—Xt+s—CH| N, or
C=O Rl is|Hor abseaiey@Rsts |H F2:10, OCPIU°ei8pcame ¢ 14.9al kylos CF3,

=4

SCH3, subst iltuted -galacto
(gskﬁ) Kidney (S3) 1:1 D-glucose 1.64 83 6

* (mM) for D-glucose
** Maximal transport rate pmol/min/mm

Renal reabsorption of glucose is mediated by SGLT1 and SGLT2
(Silverman et al., 1992; Deetjen et al., 1995). Plasma glucose is filtered in the
glomerulus and is transepithelially reabsorbed in the proximal tubules. SGLT1
and SGLT2 are located in the apical plasma membranes of the epithelium and
derive their energy from the inward sodium gradient created by the Na*/K*
ATPase pumps located on the basolateral membrane. Once reabsorbed, the
elevated cytosolic glucose is then transported to the interstitial space by
facilitated glucose transports (GLUT1 and GLUT2). Therefore, inhibition of
SGLTs reduces plasma glucose through suppression of glucose reabsorption
in the kidney. A therapeutically or prophylactically effective amount of an SGLT
inhibitor, such as that sufficient to increase urine glucose excretion, or to
decrease plasma glucose, in a subject by a desired amount per day, can be
readily determined using methods established in the art. Recently, it has been
found that phlorizin, a natural glycoside present in barks and stems of
Rosaceae (e.g., apple, pear, etc.), inhibits Na*-glucose co-transporters located
in chorionic membrane of the intestine and the kidney. By inhibiting Na*-
glucose co-transporter activity, phlorizin inhibits the renal tubular glucose
reabsorption and promotes the excretion of glucose so that the glucose level in
a plasma is controlled at a normal level for a long time via subcutaneous daily
administration (Journal of Clinical Investigation, 1987, Vol. 79, p. 1510).

Other SGLT inhibitors include alkyl- and phenyl-glucosides, 1-5-
isoquinolinesulfonyl)-2-methylpiperazine-HClI (indirectly via protein kinase C), p-



unsubstituted phenyl and NR3R4; R3 and R4 are H, C 1-6 al kyl, or taken
together with the nitrogen atomto which they are both attached forma 5-6
menbered heterocyclic ring with optionally 1- 2 additional het drkshtuans2007

i ndependent ted fromO, S, and N, Qis -(CH2)n- where nis 1 or 2; P
isH C 2.7&§5§@%ﬁ%¥g(C1.6 alkoxy)carbgnyl; and Z i s subRGT/Y0e402¢4473
unsubstituted, and is selected fromC 3.7 cycloal kyl, phenyl, 5- or 6-
nmenber ed heterparyl havin h ,0at 0 i ndependent | sel ected from
Nor and S, chisgppRbenhale o) RNy Bebe I BR R R AT bsed

het er obi cycl ybppatwidetatinsiamtiohs s thealeniBhtwaides. has between 1 and 4 1
February 2007 20051012242 PCT/ US2004/ 024673 20 het eroatons

i ndependently selected fromN, 0, and S; or a pharmaceuti.cally acceptable
salt, thereof. Exanples of conpounds of Fornula (l111) include those wherein:
(a) RLis Hor absent; (b) R is H nethyl, or ethyl; (c) Qis -(CH)r, -
and nis 1; (d) Zis independently substituted wwth between |I and 3
substituents independently selected fromC 1-4 al koxy, phenoxy, C 1-4

al kyl, C 3-6 cycloal kyl, halo, hydroxy, cyano, amno, C 1.4 alkylthio, C
1-4 al kyl sul fonyl, C 1-4 alkylsulfinyl, C 1-4 am noal kyl, nono- and di (C
1-4 al kyl )am no, phenyl, Cl.4 al kylam nosul fonyl ( SONNHR)

am no- (al kyl sul fonyl) (-NHSQ2R-), Cl1.4 dial kyl am nosulfinyl (SONHRR), C 1-4
al kyl am do (NHCOR), C 14 al kyl carbam do (CONHR), 5-6 nenbered heterocyclyl
contai ning between 1 and 3 heteroatons independently selected fromN, S,
and 0; and wherein the substituent(s) on Z can be further independently
substituted with between | and 3 substituents independently selected fromC
1-4 al koxy, C 1-4 al kyl, halo, hydroxy, cyano, am no, nono or di C 1.4

al kyl amno and C 1-4 alkylthio; (e) Zis 4-substituted phenyl, 3, 4-

di substituted phenyl, benzhydryl, substituted or unsubstituted thiophene,
biaryl, benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl, |,

benzo[ b]thi enyl, chromanyl, benzothi ophenyl, indenyl, indanyl, naphthyl, or
2, 3-di hydr o- '



benzo[ 1, 4] dioxanyl; (f) Z is unsubstituted or substituted wth between |
and 2 substituents independently selected from net hoxy, ethoxy, fluoro,
chloro, nethyl, ethyl, propyl, butyl and isopropyl; (g) Z is hifbsay2007

4- (3-pyridyl)phenyl, 4-(2-thienyl)phenyl), 4-(1 Himdazole-1-yl)-phenyl,
4- (1 H pyr a¥W@ 20050082242 phenyl , (4- propyl ) phenyl, (4- et hyl DEEIEsap4/024673

(4- met hoxyphenyl ), di hydrobenzofuran-5¥%I|, or dihydrobenzofuran-6-yl; (h)
Rl is absent, Xis CH and R2 is H, nethyl, ethyl, or nethoxy ; (i) Qis
-(CH2)n- ; nB.s 1COMPOUNRSR2 is H, nethyl, or ethyl; QIlimtations of (i)
and Rl is absent; (k) RL is absent; Qis -(CH2)"-; nis 1 or 2; and R2 is
H nethyl, or ethyl; and Z is 4-substituted phenyl, 3,4-disubstituted

phenyl , benzhydr yIThe snlesitioh féatdresrcompwings of Bomaulalfilgphene, bi aryl,

benzof uranyl, di hydrobenzofuranyl, 4-substituted pyridyl, , benzo[Db]thienyl,
chromanyl , benzot hi ophenyl, indenyl . indanyl, naphthyl, or 2, 3-dihydro-
benzo[ 1, 4] dioxanyl; (1) Z is bi pheﬁﬂ/‘l\,N_,_d,gx 3-pyridyl) phenyl,
4-(2-thienyl)phenyl) , 1 February 2007/ WO\2005/ 012242 PCTI US2004/ 024673 21
4- (1Him dazol e-1-yi)-phenyl, 4-(1Hp NT=§1< phenyl , (4-ethyl)phenyl,
(4- met hoxyphenyl ), di hydrobenzof urg > or di hydrobenzofuran-6-yl; and Z
is wunsubstituted or substituted w tjh betpween | and 2 substituents

i ndependently selected from net , fluoro, chloro, nethyl, ethyl,
propyl, butyl and isopropyl; ( ations of the above. Exanples of
nost preferred conmpounds include t ted from2- {3-[2-(2,

3- Di hydr o- benzofura n-5-yl)-et hyid - 3H benzoi{mM"azol - 4-yl oxy}- (i-D

gl ucopyranosi de; 2-[3-(4-Ethyl-benzyl )A3H bgnzotriazol - 4-yl oxy] - D- D-

gl ucopyr anosi de and 2-[ 3-(4-Et hyl - meNzyl H-temzoi mi dazol - 4-yl oxy] - D-D-

gl ucopyr anosi de. Additi onal exanpl es of eferred conpounds include those
sel ected from OH

2-[ 3- (4- Et hyl - benzyl ) - 6- met hyl - 3H- benzqjiyi dazol - 4-yl oxy] -[3-D-°

gl ucopyr anosi de; 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H benzoi m dazol - 4-yl oxy}-
[1-D gl ucopyngiepsinde; 2-{3-[2-(4-Met hoxyphenyl)-ethyl]-3H benzotri azol -4-

yl oxy} - (3- D- gl ucopyr anosi de; :

2- [ 3- (2- Naphty@glem; R of cedhy! ) - 3H benzoi mi dazol -

Ry is H or absent;

Rz is H, F, Cl, OCHs, OCH2CHg, C 14 alkyl, CF3 SCHa3, substituted or
unsubstituted phenyl and NR3Ry;

Rs and R, are H, C 1.6 alkyl, or taken together with the nitrogen atom to which
they are both attached form a 5-6 membered heterocyclic ring with optionally 1-
2 additional heteroatoms independently selected from O, S, and N;

Q is -(CHz),- where nis 1 or 2;

P is H, C 2.7 acyl, or (C4.¢ alkoxy)carbonyl; and

Z is substituted or unsubstituted, and is selected from C 3.7 cycloalkyl,
phenyl, 5- or 6- membered heteroaryl having 1 or 2 heteroatoms independently
selected from N, O, and S, a biaryl, and a 9- or 10-membered fused bicyclyl or
fused heterobicyclyl, wherein said fused heterobicyclyl has between 1 and 4



4-yl oxy] - (3-D-gl ucopyr anosi de and 2[ 3- (4- Et hyl - benzyl ) -1, 3-di hydro-

benzoi m dazol - 2- one-4-yl oxy] -[i - D gl ucopyranosi de. Further exanpl es of
conpounds of the invention include those selected from 1 February 2007
2-[3-(2-Na l.en-2-yl -ethyl)-1, 3-di hydr o- benzoi m dazol - 2- one- 4- yl oxy] -
(3-D- gl uco%bgﬂ’é}??ﬁ ?and 2-[3-(2- (4- Mejyhoxypheny! ) - et hy BCTUSI0U{ORPa o-
benzoi m dazol - 2- one- 4-yl oxy] - (i - D gl ucopyranosi de. Additional preferred

ds include, th | ected f -[ 34 (R- .

gl -1 hi oprOHEBANHE TSP PaFRBCRERAY TaTdv: G 1R P 2PhBTBPeRSsManos de:
2- {3-[2-(2, acceptable salt, thereof. ‘ o ,
3- Di hydro-benzof uran-5-yl)-ethyl]-6-nethyl - 3H benzoi m dazol - 4-yl oxy} -
(3- D gl ucopyr anosi de; ) _ .
2- [ 3- (4- Thi ophen-Bxamplge of gompaundsepiisirmulaid) ingude ghagge wherein: (a) Ri is

i -D- gl Lden ; . ¥ . o
(2| [ 3- ?4“?}3?%@%’}%@%& B@MF}%@%@#ZSE ?nm&‘a%IQ E}‘P&*@]‘ -"“Pld-" '519 I(@czolgyr anosi de;
\ZI\b[ gog g/ g;izigﬂé%éﬁddatslgegg?ﬂtgtfg%mgmez ieehn daaral 3 éulyé_.t'rcl;ueﬂts (rdepehdémtyr uary 2007

ucopyr anosi de;

2-[ 3- (4- Pyr r%éefig%f-osb piyy E)qk%’% BE?\'}‘BWQ ddzﬁ%g'-"i? 2 8%@?9‘&'4 paloy Y8¥Yr anosi de;
2-[3- (4-1 mi deydplo; &m VS | €4 eligrauifi
gl Lcoéyr arrPosi de; ' %m‘x’%c,ggﬁgﬁ%ﬁ?gﬁ%ﬁgﬁﬂg@éﬁ;?ﬂ m dé@'ﬁf’%ﬂ oxy)-(3-D
gi ucopyr anos@minoaiky|, saqgne- @neydi(Gh enaltylarsingephrny: -G dkviaminasyionyl- 4- yi oxy] -
J3-D-gl B 1o i . : .
2215 (- B hy SRS pming-(GsonD NHSQAR), Gy daliylpminosutiny
4-yl oxy] -j 3- (SONHBRR)yCanadkydmmido (NHCOR), C 14 alkylcarbamido (CONHR), 5-6
2-{3-[2-(2,3-Di hydro:b f -5:-yl)-ethyl ],- 6- .
rrei hyl[ - 3I(-|- befE8t '%@B?t-%?i&%@@?@t@ﬁ'ﬁ BﬁW@%ﬁbraﬁqo% hleroatoms indenendently y gy o-

tz)e[lé of ur an- Sgeibdte@iffoyn N; 8tHahe T @indivitiepbindhe babstitudritPoil Zeapye angsdrde and
( 4- Et hyl - benipippenrdantly sbstiptaswiinbetweep| 1. and 3 substityentsindepesgopthhosi de. N

H3C N OH N-g&§ellaMom/CLS, aikdxl CO R, FhibIPytroxy; cikho, Arhifbl mbnd of B R2 N
C 14 alkyl amino and C 4.4 alkylthio; (e) Z is 4-substituted phenyl, 3,4~

disubstituted phenyl, benzhydryl, substituted or unsubstituted thiophene, biaryl,
benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl, , benzo[blthienyl,
chromanyl, benzothiophenyl, indenyl, indanyl, naphthyl, or 2,3-dihydro-
benzo[1,4] dioxanyl; (f) Z is unsubstituted or substituted with between 1 and 2
substituents independently selected from methoxy, ethoxy, fluoro, chloro,
methyl, ethyl, propyl, butyl and isopropyl; (g) Z is biphenyl, 4-(3-pyridyl)p’henyl,
4-(2-thienyl)phenyt), 4-(1H-imidazole-1-yl)-phenyl, 4-(1H-pyrazol-1-yl)-phenyl,
(4-propyl)phenyl, (4-ethyl)phenyl, (4-methoxyphenyl), dihydrobenzofuran-5-yl,
or dihydrobenzofuran-6-yl; (h) R is absent, X is CH; and R; is H, methyl, ethyl,
or methoxy ; (i) Q is <(CHg)s-; nis 1 or 2; and Rz is H, methyl, or ethyl;
(imitations of (i) and R, is absent; (k) R, is absent; Q is -(CHz)-; niis 1 or 2;
and Rz is H, methyl, or ethyl; and Z is 4-substituted phenyl, 3,4-disubstituted
phenyl, benzhydryl, substituted or unsubstituted thiophene, biaryl,
benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl, , benzolb]thienyl,
chromanyl, benzothiophenyl, indenyl, indanyl, naphthyl, or 2,3-dihydro-
benzo[1,4] dioxanyl; (1) Z is biphenyl, 4-(3-pyridyl)phenyl, 4-(2-thienyl)phenyl) ,



OHOHbbRO Of// "'"~I1( HO~/OHHON, ~~OH OH OH R = thiophen-3-yl #C#
= OCH3 #I# R - pyrazol-1-yl #D# R2 = CF3 #J# R - pyridin-3-yl #E#
=pyrrol -1-yl #F# R = inidazol-1-yl #G# R = phenyl #H# H3C N\ Februpry 207 | N
/NO—II%Z.IMZE%O\\J~VIf~Ib~ HO\~~'"/OHHON/OHOH OHR2 =
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23 The nore preferred conpounds of the invention include those sel ected
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gl ucopyr anosingeiox pﬂiéhyi)‘ldlﬁybl&dbeh@@fzwér)é&H-dﬁGnmtdbem&@fmén-ﬂ-)ﬂxddd Z2id

gl ucopyr anosi de; 3 (4-E %/I - benzy()l k - et hyl - 34 henzoi m dazol - 4- yl oxy] - D
D- gl ucopyr an@,@ﬁL@gtltu ed or substl ted with between 1 and 2 substituents independently

2-{3-[2- (4- gL, 005y 7RREMEtHGG! Birboky, Hidohs Thk6 | Meélyr, T Brsbyl, butyl and

isopropyl; ( m) and combinations of the above.

Examples of most preferred compounds include those selected from 2-
{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl}-3H-benzoimidazol-4-yloxy}-B-D
glucopyranoside; 2-[3-(4-Ethyl-benzyl)-3H-benzotriazol-4-yloxy}-0-D-
glucopyranoside and 2-[3-(4-Ethyl-benzyl)-3H-benzoimidazol-4-yloxy]-0-D-
glucopyranoside.

Additional examples of preferred compounds include those selected
from 2-[3-(4-Ethyl-benzyl)-6-methyl-3H-benzoimidazol-4-yloxy}-B-D-
glucopyranoside; 2-{3-[2-(4-Methoxyphenyl)-ethyl}-3H-benzoimidazol-4-yloxy}-

| B-D-glucopyranoside; 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H-benzotriazol-4-
yloxy}-B-D-glucopyranoside; 2-[3-(2-Naphthalen-2-yl-ethyl)-3H-benzoimidazol-
4-yloxy)-B-D-glucopyranoside and 2[3-(4-Ethyl-benzyl)-1,3-dihydro-

benzoimidazol-2-one-4-yloxy}-B-D-glucopyranoside.

Further examples of compounds of the invention include those selected
from 2-[3-(2-Naphthalen-2-yl-ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy}-
B-D-glucopyranoside and 2-[3-(2-(4-Methoxyphenyl)-ethyl)-1,3-dihydro-

benzoimidazol-2-one-4-yloxy]-B-D glucopyranoside.

Additional preferred compounds include those selected from 2-[3-(5-
Ethyl-thiophen-2-ylmethyl)-3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside; 2-
{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-6-methyl-3H-benzoimidazol-4-yloxy}-
B-D-glucopyranoside; 2-[3-(4-Thiophen-3-yl-benzyl)-3H-benzoimidazol-4-yloxy]-
B-D-glucopyranoside; 2-[3-(4-Pyrazol-1-yl-benzyl)-3H-benzoimidazol-4-yloxy}-B-
D-glucopyranoside; 2-[3-(4-Pyridin-3-yl-benzy!)-3H-benzoimidazol-4-yloxy]-B-D-



- D- gl ucopyr anosi de; 2-[3-(5-Ethyl-thiophen-2-yl nethyl)-3H benzoi m dazol - 4-
yl oxy] - D- D- gl ucopyr anosi de; 2-{3-[2-(2, 3-D hydro-benzofuran-5-yl)-ethyl]- 6-
met hyl - 3H-benzoi m dazol - 4-yl oxy} - D- D- gl ucopyr anosi de; 2-[ 3- ( 4- TiHeBBG8™087 Y| -
benzyl ) - 3H benzoi m dazol - 4-yl oxy] - - D- gl ucopyranosi de; 2-[3-(4-Pyrrol-1-yl-
benzyl ) - 3H WOREEM2242az0l - 4- yl oxy] - D- D- gl ucopyr anosi de; 2p¢Bu§Bed/@4633 Di hydr o-
benzof uran-5-yl)-ethyl]-6-nethyl-3 H b¥nzoi m dazol - 4-yl oxy}-"-D

gl ucopyranosi de; 2-{3-[2-(2, 3-D hydro-benzofuran-5-yl)-ethyl]-6-nethyl-

benzotri azol girspgravibsidel2 HORNYEbEE:Y)-3H-benzoimidazol-4- loxy}-B-D-
2-{3-[2-(2, 3-Di hydro- benz?%%ma\:ﬁ?-m9 v yloxy]-B-

;t;|) elt hyl ] - 3@@@92@0:;5@.@02 {&(Mm»d@;olﬂ-vi@mbﬁbawm&mﬂ?lwl @t%-Et hyl -
6- - 34 F
2007 U0 2008RPSRRORER; s e Y et S R Y Do, aopact

of the 'nvenbltkﬁpfn%ﬁbSlH@SZi[@J(@-Eﬂmeﬁfylf sunfiathaxyt- BHLBenzasnﬁiaazomylb nds can
be made accordi g to traditional -ﬁ)&“thetl c_organi c nethods or i natori al

or matrix syftBaiicopieaneside; 2-(B¢4-Ey-banay)- §ﬂﬂ@m§m@ﬂwl13hbhew1mma@lpl es

PCT/ US2004) 0839 3D Hiistoiiasi a8 2Rpaep SR oneiran S -BBVEST = s cp

R2 CH3 3 1 1 pdethid-aMBelkothEiPd-yioki-FD-dluddpgrardside; ON3E2-(9RlDihydro-
benzofuran-5-yl)-ethyl]-3H-benzotriazol-4-yloxy}-B-D-glucopyranoside and 2-[3-
(4-Ethyl-benzyl)-6-methyl-3H-benzotriazol-4-yloxy}-B-D-glucopyranoside.
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RR1T PLR9OPL79g9 RV-XZSIO1R.X'"~2ZRNXZ Nk)n5N 0 OH
OHO HOOHPOOH OHOH 11 12 Conpounds of this invention whéFebmary20a7 or
2 and R1, 5@ X and Z are defined as in the Fornula (111) can be prepared
as outlined" 9 A0 1. Conpounds of_Formul a 1 wher ei RCRUSRY40R46E be
prepared through a Curtius rearrangeﬁént of commercially avail abl e

3- met hoxy- 2- ni trobenzoic acid 1 February 2007 WD 2005/012242

PCT/ US2004/ 024673 26 followed by treatnment with t-butanol at refl uxing
tenperatures as described by Ojales et.al. [J. Med. Chem 1997, 40; 586] and
pal | adi um cat al yzed hydrogenation to reduce the nitro group. Subsequent
acylation of the resulting '

The more preferred compounds of the invention include those selected
from 2-[3-(4-Ethyl-benzyl)-3H-benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-
{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-3H-benzoimidazol-4-yloxy}-B-D
glucopyranoside; 2-[3-(4-Ethyl-benzyl)-3H-benzotriazol-4-yloxy}-0-D-
glucopyranoside; 2-[3-(4-Ethyl-benzyl)-6-methyl-3H-benzoimidazol-4-yloxy}-O-
D-glucopyranoside; 2-{3-[2-(4-methoxy-pheny!)-ethyi]-3H-benzotriazol-4-yloxy}-
0-D-glucopyranoside; 2-[3-(5-Ethyl-thiophen-2-yimethyl)-3H-benzoimidazol-4-
yloxy}-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl}- 6-
methyl-3H-benzoimidazol-4-yloxy}-0-D-glucopyranoside; 2-[3-(4-Thiophen-3-yl-
benzyl)-3H-benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-[3-(4-Pyrrol-1-yl-
benzyl)-3H-benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-
benzofuran-5-yl)-ethyl]-6-methyl-3H-benzoimidazol-4-yloxy}-0-D-
glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-6-methyl-3H-
benzotriazol-4-yloxy}-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-
yl)-ethyl]-3H-benzotriazol-4-yloxy}-0-D-glucopyranoside and 2-[3-(4-Ethyl-
benzyl)-6-methyl-3H-benzotriazol-4-yloxy}-O-D-glucopyranoside.



diamne internediate with substituted acyl chlorides in the presence of a
base such as triethylamne in a chlorinated solvent or treatnent with
substituted carboxylic acid, EDClI and HOBt in an appropriate ddiebmaty 200¢h
as DWW folévg%gm?yz Eeducti on of the resulting am de with borane
tetrahydrof uran cornpl ex or |ithium al g num hydride in BRI Hch as
tetrahydrofuran (THF) at tenperatures from20 Cto reflux can afford
conmpounds of J&or . b nis 1 or 2. Conpounds of Forrmula 2 can be
formed directly [g#yﬂﬁﬁ@swﬂéhsbgf the diamne internediate with substituted
benzal dehydes in the presence of acetic acid and sodi um cyanobor ohydri de.
Renoval of the t- butoxycarponyl (BOC) protectin ro in t esence of
an acid such as I@’!ﬁ _ CgPF edFVQWt'Pf‘Ifﬁp@émw%é‘gﬁ@'#gqrwlﬂgﬁ)'%}?ﬁ%pnds of
Formul a 4 whedopddbunbs chf b'émﬁﬂ'é’a@éorﬂﬁngrfmrﬁ?zﬂtionﬁi'§yﬂ_fh?ﬂk'df anfic ARy & al |y

avai | abl e 2-am no-3-ni trophenol can bé acylated “with substituted acyl
chl ori des or comtingdotialoranatiy systhesiscnetbeds. dihefellowing schemgs @dwi t h TBDVSC

or MOVBr to g : fanF ral is Oor 1. The.nitro
group can thgﬁﬁﬁg&ﬁgggggﬁihgﬂgdﬂégyéggﬁ%%ﬁ@%@gﬁ?ggd hydr ogenat i on
conditions foll owed by borane reduction of the am de to qrovide conpounds
of Fornula 4 erein R2 is H and P1 is TBDMS or MOM  Conpounds of Fornul a
4 wherein R2 'Qﬁ%ups other than H defined in the C ains above, can be
prepared by acylation of comercially available 5- substituted

2-am nophenols with substituted acyl chlorides or carboxylic acids as
descri bed above foll owed by protection of the phenolic hydroxyl group with a
met hyl or a pival oyl group using procedures known in the art. The starting
substituted phenols that are not readily obtained fromcomercial sources,
can be prepared by starting with the appropriately substituted phenol s,
protecting the hydroxyl group, then applying standard techni ques known in
the art (Ogawa, M at. al. EP 579204; Wddowson, et. al. US 5780483) to
inter 1 February 2007 WD 2005/012242 PCT/ US2004/ 024673 27 change or expand
functionality at the R2 position to give conpounds of Formul a



5 wherein R2 is as defined in Formula (lI11). The corrpounds of Formula 5 can
be converted to conpounds of Forrmula 6 by direct nitration or by an initial
bronination step using bromne or N- bronpsucci nam de (NBS) inlﬁdiruamtzeOBuch
as carbon g‘ftrachl oride or chloroformfollowed by nitration. Suitable’
reagents fof0 #%¥32420n i nclude nitronjum tetrafl uor oboPETASHE¥BH6Ban be
added to a solution of the intermediat® in a sovent such as acetonitrile at
t enper at ures betvveen 0 Cand 20 Cor amoniumnitrite in theopresence of
trifluoroacetic alN 98Pl de in a chl orfN®at ed . sol vent. Pall g m cat al yzed

hydr ogenati on i napoiNt sol-vent Iw onoI, /@L/Q opanol can
si mul t aneousl y r e the nitro gr n@ angl ve m ne of conpounds
of Formul a 6. RAM e Yoesyct i on uskRAg~Horame tetraﬁildr f ur@h conpl ex as

previ ously described can provide the i ami ne corrpoun§ f Formula 4 where
R2 enconpasses groufs defined in the ormula (I11). Conpounds of Fornula 2

can be dissolved in|DVF and heated in the presence of base such as

pot assi um carbonate'in a 130 C oil bath for one to two hours to directly

provi de conpounds of Fornmula 7 where ‘HZIS mey hyl . AlteN@atlveI conpounds

of Formula 4 can H¥'R3hverted to conpounds For muBm A’ j s TBDMB,

MOM or Pival oyl , ‘ment with nh@ﬁgeﬁe——ufea g rbonyl ||n1dazole

usi ng known procd eH "Fur t her nftée omuarunds of F&%nul- 4~oBpn be heated

wth triethyldlthgforo@te in the pré%ence of a catalyti& anount of

p-tol uenesul fonic acid at 120 C f r four hours to give conpounds

of Forrmula 8 or tr%ated W th so |un1 nltrlthther acidic conditions at 0 C
of

to provi de conpounds_of For val he protecting groups Pl to

provi de corrpounq_m_o{?OFor mul a 10 can accorrpl i shed Mg known net hods
descri bed by G egne it s (Protec |n|g ps in P emstry, P.
Ed; Wley Int e;@?ce " 1 February 2005/ 0 PCTI uS2004/ 024673
28 Corrpoundq;Q2 @Ml a 11 can brtgz bapgg fromRrgnpstingof Formula 10 by
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Compounds of this invention where nis 1 or 2 and R1, R2, X and Z are
defined as in the Formula (Ill) can be prepared as outlined in Scheme 1.
Compounds of Formula 1 wherein Rz is H can be prepared through a Curtius
rearrangement of commercially available 3-methoxy-2-nitrobenzoic acid



gl ycosi dati on of the phenol group with 2,3,4,6-tetra-0O acetyl-a-D

gl ucopyranosyl brom de in an appropriate solvent, such as acetone,
acetonitrile or DWF under basic conditions, such as potassi um lckabhanal0d;
lithium c l'ithium hydroxi de, followed by deprotection of acetyl
groups in gﬁ%%gﬁszogﬁzg?i c sol vent such as methanol using MYHYUBAWREdnditions
such as potassium carbonate or sodi um net hoxi de at room tenperature.

Conpounds of ;. For myl 2.may, be. ar . [ L ' i dazol yl
oot bonat os- t IAWELED, ez BB Wi BRARR0ER iy otirb i85 35 BeRied 80, S50}
The mi xed i nOdjakesl etlal.JdMdieChempa99T, 40y S86Jcartd pajladium catalyzednount s of an
al cohol with carbonyldiim dazole gt 0 C and maa/ b? referr g‘over.
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JOC 1998, 63, 6031{ .1 February 2007 .2005/ 012242 PCT/ US2004/ 024673 29

D. Additi onabugthas triesindaminedgenchiormatediseiventior trggiment witihsubsiituted used
according to Lnvent i 2 Ls r Leant i di abetic
Sgont. 1n o coRSRURRE, E0c) & Bos TR Spridslial® slfer SSEFRSTUF T cat mon
(dosi ng regi fatiovedyl redectionudf the eesulting driditvith barahé¢etrdrpslssfaraand conpounds
exenplified in Table 2. Table, 2 I pation Therapies wth SGT Inhibitors
Mechani sm or C@ﬁ“&@ W'ﬁb‘)"@@ﬁ‘ﬂﬁlﬂﬁ’ﬂ‘cﬁg} dﬂiaoﬁé)l‘(e([,‘l?ﬁg aﬁéqvﬁqj}yﬁ{q?ﬁm t amet
(netformn XﬁHzﬁ&ttéﬁ’fpﬁfd’!u@ff&ﬁ Dor@ih reflux ddt Aifotd kBRPouRES bRFERAGIARM N
conbo Insulin Secretagogue glineparide ,

wherein n is 1 or 2. Compounds of Formula 2 can be formed directly by

treatment of the diamine intermediate with substituted benzaldehydes in the

presence of acetic acid and sodium cyanoborohydride. Removal of the t-

butoxycarbonyl (BOC) protecting group in the presence of an acid such as

hydrochloric or trifluoroacetic acid provides compounds of Formula 4 wherein

Rz is H, and P4 is methyl.

Alternatively, commercially available 2-amino-3-nitrophenol can be acylated
with substituted acyl chlorides or carboxylic acids as described above then
treated with TBDMSCI or MOMB- to give compounds of Formula 3 wherein m
is 0 or 1. The nitro group can then be reduced using palladium catalyzed
hydrogenation conditions followed by borane reduction of the amide to qrovide
compounds of Formula 4 wherein R; is H, and P4 is TBDMS or MOM.

Compounds of Formula 4 wherein R; are groups other than H defined in the
Claims above, can be prepared by acylation of commercially available 5-
substituted 2-aminophenols with substituted acyl chlorides or carboxylic acids
as described above followed by protection of the phenolic hydroxyl group with a
methyl! or a pivaloyl group using procedures known in the art. The starting
substituted phenols that are not readily obtained from commercial sources, can
be prepared by starting with the appropriately substituted phenols, protecting
the hydroxyl group, then applying standard techniques known in the art
(Ogawa, M. et. al. EP §79204; Widdowson, et. al. US 5780483) to inter-



(mech), Sulfonylureas (class) |yburide/glibenclam de conbo

gl yburide/nmetformn conbo glipizide glipizide/nmetformn conbo gliclazide
chl orpropam de tol butam de tolazam de Insulin Secretagogue r é&pelghirn206y
(mech), Meglitinides (class) nateglinide mtiglinide Al pha-glucosidase
acarbose IHAPYPPBEE (nech) miglitol voglibose enigli PETAISRHM/M024673 and
Insulin insulin lispro anal ogues (cl &%s) insulin glargine insulin detemr
insulin glulisine insulin aspart human insulin (Hunulin R) human insulin
(Novol i n R dhange or gspandfunstionalityhatshe Raipesitipn to givernompainds f 5armulgebr uar y

2007 5 wherein R; is as defined in Formula (Ill).

The compounds of Formula 5 can be converted to compounds of Formula 6 by -
direct nitration or by an initial bromination step using bromine or N-
bromosuccinamide (NBS) in solvents such as carbon tetrachloride or
chloroform followed by nitration. Suitable reagents for nitration include
nitronium tetrafluoroborate which can be added to a solution of the intermediate
in a sovent such as acetonitrile at temperatures between 0 °C and 20 °C or
ammonium nitrite in the presence of trifluoroacetic anhydride in a chlorinated
solvent. Palladium-catalyzed hydrogenation in a polar solvent like methanol,
ethano! or 2-propanol can simultaneously reduce the nitro group and remove
the bromine of compounds of Formuia 6. Amide reduction using borane
tetrahydrofuran complex as previously described can provide the diamine
compounds of Formula 4 where Rz encompasses groups defined in the
Formula (). |

Compounds of Formula 2 can be dissolved in DMF and heated in the presence
of a base such as potassium carbonate in a 130 °C oil bath for one to two
hours to directly provide compounds of Formula 7 where P4 is methyl.
Alternatively compounds of Formula 4 can be converted to compounds of
Formula 7, where P is TBDMS, MOM or Pivaloyl, by treatment with

triphosgene, urea or carbonyldiimidazole using known procedures.

Furthermore compounds of Formula 4 can be heated with triethylorthoformate
in the presence of a catalytic amount of p-toluenesulfonic acid at 120 °C for
three to four hours to give compounds of Formula 8 or treated with sodium
nitrite under acidic conditions at 0 °C to provide compounds of Formula 9.

Removal of the protecting groups P1 to provide compounds of Formula 10 can
be accomplished using known methods described by Greene and Wuts
(Protecting Groups in Organic Chemistry, 3"™. Ed; Wiley Interscience).
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WO 2005/ 012242 PCT/ US2004/ 024673 30 (Hurulin L) [ nsul in NHP (Hurrul in N)

i nsulin, zinc suspension (Novolin L) insulin NHP (Novolin N) insulin, zinc

suspension (Humulin U) human insulin, regular and NHP mi X (quﬁébhﬁq5ﬂ/050)

human insulin, regular and NHP m x (Hurrul in 70/30) human insulin, reégular

and NHP m‘YO(ZNH(QEﬂZﬂh 70/ 30) Inhaled insulin (class) Ex uemus20@ERz4chns ul i n

Di abetes Managenent System AIR inhalZd insulin Oal insulin (class)

Oralin PPARgamma (nech) rosiglitazone rosi gI i tazone/ metform-n conbo

pi oglitazone isaglitazone (netoglitazone, =~ MCC- 555)

rosiglitazon | 483

Fivogl it azongé@&hgﬁ?ﬁ#@@%ﬁ%% bfea&lﬁémeé%ﬂ%é%a&&ﬁkf‘s S bmred o By
glycosidation of the phenol group with 2,3,4,6-tetra-O-acetyl-a-D-

glucopyranosyl bromide in an appropriate solvent, such as acetone, acetonitrile
or DMF under basic conditions, such as pbtassium carbonate, lithium
carbonate or lithium hydroxide, followed by deprotection of acetyl groups in an
alcoholic solvent such as methanol using mild basic conditions such as

potassium carbonate or sodium methoxide at room temperature.

Compounds of Formula 12 may be prepared by the addition of mixed imidazolyl
carbonates to a mixture of compounds of Formula 11 and a base such as NaH.
The mixed imidazolyl can be prepared by reacting equimolar amounts of an
alcohol with carbonyldiimidazole at 0° C and may be preferred over
nonsterically demanding reagents such as alkyl chloroformate to
regioselectively acylate the 6-OH group of the glucose (Bertolini, et.al. JOC
1998, 63, 6031). ‘
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SCD-DKY tesaglitazar T131 CLX0921 LY-293111 (VM.-295) MBX 102 AA10090
CDDO (TP-155C) DRF-2189 PHT-46 farglitazar GW 7845 L-764406 NG 2100 PN
2022 (PN 2034) PPARal pha/ gamma dual MK767/ MKO767 (KRP 297) agdrfiebtuary(2087 h)
mur agl i tazar (BMS-298585) tesaglitazar LY-818 oxeglitazar (EM.-4156)
LY-929 BVT-WQ2005§1824>655 DRF-4832 DRF-4158 LY-465608 BCHESR00024672007 WO
2005/ 012242 PCTI US2004/ 024673 31 KT6-207

D. Additional Antidiabetic Agents

Antidiabetic agents that can be used according to the invention, as a
second, third, or subsequent antidiabetic agent, in a composition, formulation,
or combination method of treatment (dosing regimen) include, but are not
limited to the classes and compounds exempilified in Table 2.

Table 2
Combination Therapies with SGLT Inhibitors

Mechanism or Class Drug/Compound
Biguanide (class) metformin

Fortamet (metformin XT)
metformin GR

metformin XL

NN-414
fenofibrate/metformin combo

Insulin Secretagogue glimeparide

(mech), Sulfonylureas

{class) .
glyburide/glibenclamide combo
glyburide/metformin combo
glipizide
glipizide/metformin combo
gliclazide
chlorpropamide
tolbutamide
tolazamide

Insulin Secretagogue repaglinide

(mech), Meglitinides

(class)

) nateglinide

mitiglinide

Alpha-glucosidase acarbose

inhibitors (mech)
miglitol
voglibose
emiglitate

Insulin and Insulin insulin lispro

analogues {(class)

insulin glargine

insulin detemir

insulin glulisine

insulin aspart

human insulin (Humulin R)
human insulin (Novolin R
human insulin (Novolin BR)
insulin, zinc suspension




LSN- 862 PPARal pha Agoni st (nmech) Fenofibrate Genfibrozil Cofibrate
Ciprofibrate Benzafibrate K-111 LY518674 (LY674) KRP-101 NS-220

GV 9578 GW 7647 GW 9820 LF-200337 ST-1929 W- 14643 PPARdel Febrigpadeh
(mech) GMEQ&ﬁ 0 41514 L-165041 GW 8547 PPARal pha/ del t a Dual GWM 2433
Agoni st (nec %’?&J ganme/ del ta Dual ngpe in the |ast PPRRIEER0/IM6H st
(mech) PPARal pha/ gamma/ del ta CLX-0940 Modul ator (mech) RXR Agoni st (mech)
I nsulin Seretagcgue;Eﬁgna%idc iﬁunggﬁgqu -reeh)y—cP—t—anql ogue (cl ass)
Exanati de LAR-t+njectabte

-

insulin NHP (Humulin N)
insulin, zinc suspension
(Novolin L)
insulin NHP (Novolin N)
insulin, zinc suspension
(Humulin U)
human insulin, regular and NHP
mix (Humulin 50/50)
human insulin, regular and NHP
mix (Humulin 70/30)
human insulin, regular and NHP
mix (Novolin 70/30)
Inhaled insulin (class) Exubera

i AERx Insulin Diabetes
Management System
AIR inhaled insulin
Oral insulin (class) Oralin
PPARgamma (mech) rosiglitazone
rogiglitazone/metformin combo
pioglitazone
isaglitazone (netoglitazone,
MCC-555)
rosiglitazone/sulfonylurea
ragaglitazar
balaglitazone (NN-2344)
R-483
rivoglitazone (CS-011)
FK-614
SCD-DKY
tesaglitazar
T131
CLX0921
LY-293111 (VML-295)
MBX 102
AR10090
CDDO (TP-155C) /
DRF-2189%
PHT-46
farglitazar
GW-7845
L-764406
NC-2100
PN 2022 (PN 2034)
PPARalpha/gamma dual MK767/MK0767 (KRP 297)
agonists (mech)

muraglitazar (BMS-298585)
tesaglitazar

LY-818

oxeglitazar (EML-4156)
LY-929

BVT-142

DRF-2655

DRF-4832

DRF-4158

LY-465608




Exanantide oral Liraglutide GP-1 agonist (nech) ex

l'iraglutide (NN2211) LY-307161 CJC 113 ZP10 G.P-1 BIM51077 DPPIV

enati de (AC2993)

I nhi bi tor (mech) LAF-237 P32/98 P93/01 NVP-728 Lipase |nhi bi Fetrudrineedy)

O listat

ATL962 d ucoki nase Acti vator

Ro 28-1675

bet a- 3 AgonYQe00/AREH}) LY-337604 L-796568 CP-331684
2007 WD 20051012242 PCT/ US20041024673'32 CP-114271 Raf abegron ( TAK- 677)

YM 178 N59

4 QOM27353 | BAT In

ibitor (mech) AZD- 7806

KT6-207

(mech) Ro 27-4375

CPCIRBHPY02U6Bebr uar y

LSN-862

PPARalpha Agonist (mech)

Fenofibrate

Gemfibrozil

Clofibrate

Ciprofibrate

Benzafibrate

K-111

LY518674 (LY674)

KRP-101

NS-220

GW-9578

GW-7647

GW-9820

LF-200337

ST-1929

Wy-14643

PPARdelta Agonist (mech)

GW501516

GW-1514

L-165041

GW 8547

PPARalpha/delta Dual
Agonist (mech)

GW-2433

PPARgamma/delta Dual
Agonist (mech)

none in the last PPAR CEA

PPARalpha/gamma/delta
Modulator (mech)

CLX-0940

RXR Agonist (mech)

Insulin Seretagogue
(mech), GLP-1 analogue
(class)

Exanatide injectable

Exanatide LAR injectable

Exanantide oral

Liraglutide

GLP-1 agonist (mech)

exenatide (AC2993)

liraglutide (NN2211)

LY-307161

CJC-113

ZP10

GLP-1

BIM-51077

DPPIV Inhibitor (mech)

LAF-237

P32/98

PS3/01

NVP-728

Lipase Inhibitor (mech)

Orlistat

ATLS62

Glucokinase Activator
(mech)

Ro 28-1675

Ro 27-4375

beta-3 Agonist (mech)

LY-337604

L-756568

CP-331684

CP-331679




SC-990 SC-017 GW 264 HW4a/ HW4 Agoni st Aci pi nox

(mech)

d ucocorticoid

A348441 Antagonist (nmech) A362947 (CP394531 (CP409069 CP472555 @ ycogen

Phosphoryl ase a NN4201

FXR Ant agoni

I nhi bitor (mech) Ingliforib (CP368296) 1 Febiary 2007

064 LXR Agoni st (mech) GN 3965 T-0901317 T- 0314407

Ant agoni st &gﬁg&g?%% 4GLP- 1 Anal

ogue (3? ass) Al bugon

GHETEHRPU/024672 bi t or
3715 KP102 Anylin Receptor Agoni st

i de YY hor npone

(mech) PTP-1b Inhibitor (nmech) ISIS-I
Pram i nt i de{syr-rf-amr--R—NoSepyenger—treeh)—NOX—+66
| | bet a- Hydr pxysterordt—BvF-3498——F L Oge ARl b tor—Pept
AC162325 ucagom At agor st NYgRYds  (ECH)
N5984
GW427353
IBAT Inhibitor (mech) AZD-7806
SC-990
SC-017
GW-264
HM74a/HM74 Agonist Acipimox
{(mech)
Glucocorticoid A348441
Antagonist (mech)
A362947
CP394531
CP409069
CP472555
Glycogen Phosphorylase a | NN4201

Inhibitotr (mech)

Ingliforib (CP368296)

FXR Antagonist (mech) GW-4064

LXR Agonist (mech) GW-3965
T-0901317
T-0314407

FXR Antagonist (mech)

GLP-1 Analogue (class) Albugon

-GSK-3beta Inhibitor

(mech)

PTP-1b Inhibitor (mech)

1SIS-113715

KP102

Amylin Receptor Agonist

Pramlintide (symlin/amylin)

NO Scavenger (mech)

NOX-~-700

llbeta-Hydroxysteroid BVT-3498
Dehydrogenase Inhibitor

Peptide YY hormone AC162325
Glucagon Antagonist NN-2501
(mech)

PEPCK Inhibitor (mech) R1438
Somatotropin Release- SOM230
inhibiting Factor (mech)

CPT-1 Inhibitor (mech) ST1326
Carboxypeptidase MLN-4760
Inhibitor {(mech)

Leptin analogue {(class) Metrileptin




PEPCK I nhi bitor (mech) R1436 Somatotropin Rel ease- SOM30 inhibiting
Factor (mech) CPT-1 Inhibitor (mech) ST1326 Carboxypepti dase M.N- 4760

| nhi bi tor (mech) Leptin anal ogue (class) Metrileptin 1 February Febogry 2087
2005/012242w5g(( &%904/ 024673 33 E. Conbinations The invention features a
corbi nat i on" CREr %onprising admnistering a gl ucose RCIAFRHMHR4FH

I nhi bitor, such-as an. SGT inhibitor, "and one or nore antidi abetic agent(s)
for the treatnent of diabetes or Syndrone X, or associated synptons or
conplications thereof. The denonstrated efficacy of SG.T inhibitors in
nunmer ous nodgl SRhbifbéddY val idates the utility of this drug alone for the
treatment of NIDDM in humans. Since glucose reabsorption inhibitors have a
mechani sm of action distinct fromthat of other antidiabetic agents, such

as RXR nodul at or A Q%ﬁilﬂ'?&t. ] A of
reduci ng the armamEE @?egq'ﬁ%%ﬁ%g%é necéss%ﬁghwggﬁﬁ&%nﬁc&% ll}l'%gé

t her apeuti c glucpseareabsenptiondnhikitdrj suchyas are B&LiTvishibidot, laaduwse arfmaeriet her  drug
al one, thereby, r.edycin ne, or re adyerse.side-effects, ywhich often

el ude. wei gRMIGRGE aEaRa) o it of fiRbSles o supBmY Bet rophy.
hypogl ycem agsicidieéd sy apms bt domSlicaBibis HersdfNTheeniditeedd effibgey sfvent i on
provides a nethod for treating diabetes or Syndrone X or comﬁql I cations
thereof in aSGLdjiskibitorsdn aumereusimedsisiof NIREMavefidates taeiutiljtyias this gindg subj ect
ajointly ef ' S [ LANL b i

conmbi nati on \%\ﬁ:' Elf%retjhgmnét% %egqu\g? mﬂgﬁuoﬁﬁlﬁs%?fng% ggjrﬁokgﬁg%%%o?%ﬂdargent , such
as an RXR ninthilitatsohave & neevhanispeaft aatibn distinchfvem thatrof ottier antidiaddetibet i ¢ agent

Rt S R T g e G SINAC
tol erance i nagvaishge6t reducing the amount of either drug necessary to achieve

combined therapeutic or pharmaceutical efficacy, relative to the use of either

drug alone, thereby reducing one or more adverse side-effects, which often

include weight gain, edema, cardiac hypertrophy, hepatohypertrophy,

hypoglycemia, or hepatotoxicity, or any combination thereof.

The invention provides a method for treating diabetes or Syndrome X, or
complications thereof in a subject, said method comprising administering to
said subject a jointly effective amount of a glucose reabsorption inhibitor in
combination with a jointly effective amount of an antidiabetic agent, such as an
RXR modulator. In one aspect of the invention, the antidiabetic agent is an

} RXR agonist or RXR antagonist that increases insulin sensitivity in the subject.
For example, an insulin sensitizer can increase glucose tolerance in a subject
in an oral glucose tolerance test.

Preferably, the diabetes or Syndrome X, or associated symptoms or
complication thereof is selected from IDDM, NIDDM, IGT, and IFG.

This invention also provides a pharmaceutical composition comprising
one or more glucose reabsorption inhibitors ( alone or in combination with one
or more antidiabetic agents), and a pharmaceutically acceptable carrier. In one



in an oral glucose tolerance test. Preferably, the diabetes or Syndrone X,
or associ ated synptons or conplication thereof is selected from | DDM

NIDDM | GI, and I FG This invention also provides a phar naceut ildgbruary 2007
conpositio ISLNg one or nore glucose reabsorption inhibitors ( al one
or in corr‘oin\)r‘llg?{;ﬂcg);r(lﬁ2\?\”4 h one or nore anidiabetic agents)FCTA004/024673

phar maceutically acceptable carrier. I'n one 1 February 2007 WD 2005/012242
PCT/ US2004/ 02467 4 .aspect of the. inyentign, t nti di abetig agent is an
RXR agont st aiPaeket g ifuiians e nlEiabRts auedids shdBRRooRkEBERER v/ n « he
subj ect. |In astagbrisl taat incheaseh it seasitMBintheosubjebt bitor is a SGET1 and/ or
SG.T2 inhibitor. For use in nedicine, the salt or salts of the conpounds of
Formula (V) refer to non-toxic "pharnmaceutically acceptable salt or salts.”
Qther salts may, |nlsameoarn, tHegiueadeNeabsorbtion MhitiRe & 4 SGLOf aedfeounds
according to_this invention or of their pharnmaceutically acceptable salts.
Repr esent at i 9&LdRdRRPEOTor i norgani ¢ acids include, but are not limted to,
hydrochl ori ¢, hydrobrom c, hydroiodic, perchloric, sulfuric, nitric,
phosphoric, acetic, propionic, glycolic, lactic, succinic, nmaleic, fumaric,
malic, tartaric, Eortusecn nedicinecthesaitdesailts of thetdoapesmbds of Formula (V)

hydr oxyet hanesul f oni ¢, benezenesul.fqnic, o i C ami G, ~a-
n)e/lpht h38/.| enes[ﬂ§‘?fotﬂi'LO,"'tBX'FoPﬁ%’%ﬁ*‘ﬁwam‘w@&%&‘ﬁéﬁﬁf agﬁl‘a,r sg!ﬁ FI%Yr ic,
saccharini ¢ Réwéverf bslaseRERithe prgpatatidtesl cupeitiuids \eechiin g (oCtals iavértiopal t s

include, but are not limted to, benzathine, chloroprocai ne, choline,
di et hanol ani AEOf ther RhpeRRcRUliFRIAceeptabigPaits. RerreasMativePiaaniceR cal ci um

lithium ma ; ; i i ; i ; i~0f Formul a
%ﬁdrﬁ%cn%?@ﬁiéﬂ%té di FniteH t&,hrgl;droc-ﬂﬁ?rlcﬁﬁyﬁ ic

(V) jor a pharnaceutica ~acceptable salt thereof, may’include an .
i ntranol ecul hydreiadic, perakvarisi sulfurica nitri¢, phpepharich adetia, rapienieaglycalicl Febr uary

2007 VO 200%’09&?s%%%.nféc?}la‘r’éé%ﬁﬂa%?%ﬁc tartaric, citric, benzoic,‘ mandelic,
methanesulfonic, hydroxyethanesutfonic, benezenesulfonic, oxalic, pamoic, 2-
naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfamic, salicylic,
saccharinic or trifluoroacetic acid. Representative basic/cationic salts include,
but are not limited to, benzathine, chloroprocaine, choline, diethanolamine,
ethylenediamine, meglumine, procaine, aluminum, calcium, lithium,
magnesium, potassium, sodium, or zinc. The compounds of Formula (V) or a
pharmaceutically acceptable salt thereof, may include an intramolecular salt

/

thereof, or a solvate or hydrate thereof.



35 F. Admnistration, Formnulation, and Dosages The utility of the disclosed
conpounds, conpositions, and conbinations to treat disorders in glucose and
| i pid metabolismcan be determined according to the procedureg Psblubrylkoomn
in the art (see the references listed below), as well as all the procedures
described iVHORMSBRMANT NOs. 5424406, 5731292, 5767094, PE3EBRMA3/0246048842,
W01/ 1 6122 and WOOLl 16123 which are 3ncorporated herein by reference. The
conpound may be administered to a patient by any conventional route of

adm nistration, including, but not limted to, intravenous, oral,

subcut aneousy, Adthindtfatien| Fdrmuldtionaded Makagesl parenteral adm nistration.
Preferably, fornulations are for oral admnistration. The present invention
al so provi des pharmaceutical compositions conprising one or nore glucose

reabsor ption i nhi-kj . %Pﬁﬁgs Sof kakhdon wWith
a pharmaceuti cal I@{eta@g@p&a}ﬂfgq%éﬁég?ra. he dal I@ ﬁsagéag Ctaﬁg’ﬁ%;"g%cts may
be varied ouertreat disdederaimgglutoseand lipid neiabolisin pan bedetamiinedhacqesdingay. For
oral adm nistration, the ¢ ositi,ons are preferabl r,oyi in the form
o 2 bt ot o doife piftiedhrts wiRRG b 5 rtsge e iefRRbYS RGYHERYY £ ' 15 ()
25.0, 50.0, WéPas abthe pdRed@’s descridd inli$ PATENTENGS. 5424408, 65781297yr edi ent
for the synptonatic adjustnent .o osage to atient to be treated.

f the d t he -
The conpound®’Gi@p4paed 'mﬁ@‘ﬂ@‘é’dv\bgoy16ﬂ%%?ﬁéwgp1/ﬂ6ﬁg3Z/W('r"h%@ per day. The
dosages, ho ; ' p [ Pme : I g@ﬁé‘a t he
patients, t‘é@x‘g@%ﬁ?eg‘aﬁﬁtﬁ%&g%ﬁ@?t ﬁ@%d&gnl ngetrbé'g%)égag“rll@ t he E:ogérrpound
bei ng enpl oypatienThy any eonvergionakouteadfl administratiors tincludiog, ut ned imitedte,odi ¢
Forms such agreRgietray Potteenls R Bhabpfl ooty *0°20°
parenteral sgdrinistrationr Pseferbig fermsulatiorisarre forasrabadrhinistratibqui d  spr ays,
drops, anpoul es, auto-injector devices or suppositories; for oral,

parenteral, intranasal, sublingual or rectal admnistration, or for
adm ni stration byhd plaadbatinGshteh dlgbsgrfofvld%%';marmébélﬁrcaﬁédmsésmoﬁshe
conposition may be presented in 1 February 2007 WD 2005/012242

PCT/ US2004/ ocaraprdsing one or more glucose reabsorption inhibitors and one or more RXR
modulators in association with a pharmaceutically acceptable carrier.

The daily dosage of the products may be varied over a wide range from
1 to 1000 mg per adult human per day. For oral administration, the
compositions are preferably provided in the form of tablets containing, 0.01,
0.05,0.1,0.5, 1.0, 25, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250 or 500
milligrams of the active ingredient for the symptomatic adjustment of the
dosage to the patient to be treated. The compounds may be administered on a
regimen of 1 to 2 times per day. The dosages, however, may be varied
depending upon the requirement of the patients, the severity of the condition
being treated and the corhpound being employed. The use of either daily
administration or post-periodic dosing may be employed. Preferably these
compositions are in unit dosage forms such as tablets, pilis, capsules, powders,
granules, sterile parenteral solutions or suspensions, metered aerosol or liquid
sprays, drops, ampoules, auto-injector devices or suppositories; for oral,
parenteral, intranasal, sublingual or rectal administration, or for administration
by inhalation or insufflation. Alternatively, the composition may be presented in



36 a formsuitable for once-weekly or once-nonthly adm nistration; for
exanple, an insoluble salt of the active conpound, such as the decanoate
salt, may be adapted to provide adepot preparation for intramidebruary 2007

i nj ection. For reparing solid conpositions such as tablets, the principal
active ingr‘@ﬂiz‘éﬁ'gl%i‘z ingredients are mixed with a phar P&dARIMARISErri er,
e.g. conventional tableting ingredi erfs such as corn starch, |actose,

sucrose, sorbitol, talc, stearic acid, magnhesium stearate, dical fi um
phosphat e or &fQF8 suliable Jemriicepneskineremecmontily admitisirationyforgxample.t o form a

soll1d pref o g eIBhleRliRe e adile BHRUALIELCh ad MERERARGMS JHI rgly®edf one or

nore glucose reabsorption inhibitors and one or nore antidi abetTc agents,
or a phar nmacadaptsal toyravide ptdsipot prepatationderivtramusgidar injsationi f@rt o t hese

reformul ati on_conposi.tions as. h n ik s . t tive
!Ongr edi ent 0P@?ﬁﬂ%ﬁ%hfg’”ﬁ’#’éﬁﬁpggﬁ&ig%%@%& tbetpi'%[égﬁ%éﬂ\}enﬁé@di%ﬁggsi tion
so that the qegrediehts are mixgd threpltarmaceutichl cadier 6.0 coraentibhal talsiéfimct i ve
dosage fprms__sucg, as tablets, pills Iand capsul es. ;ﬂiels %ol id . preformulation
cgrrp03| ti ;)n_ iRgredient 88 %G;Fq{f"'(‘) S‘ggfe'&b'gﬁljﬁs‘?f gl Flcsiearia 39d descri bed
above cont ai Odi Rarest or

I ngredi ents g?%%‘%%?htbi ﬂ'\?e’%ﬁ?ﬁ. ‘F’rl%tét)arbs? et Ssa&g{rd %tﬁﬂts) of tﬁgﬂ&anlovel
conposi tion dilnents, e gawateroto forr arselid preformdatieredompogition cdetaininglasage f orm

affording th vant age of. pr d_action.. For o1 t or
pill can co ?‘%&%ﬁgﬁﬂHﬁ’?‘“ﬁeo@“la%%g"i{a&%rﬂ'%3&’888%3@'1ﬁ??b%ﬁg%?g‘g% e latter
bei ng in the dronerecintidiabetiy agerte, ernepharreacoticatly actistablsosdlt themsgponent s can
be separat edé&éean enteric Iae>r/§{r whi %Ei serves It_o resi st disint egration in

t he stomach I EsfRITing 1P thesepreforayiation SRMNPOSIRES &s hemagenepys.dtishe
duodenum or tRe4if ti5ItAY BetiVdling Rk ®r iryrédient8 lare AispBRicRY dvdinEfpolrthouysed for
such enteric layers or coatings, such materials including a’nunber of
pol yneri ¢ acitde canprsitioe §o mtghg gompasitiemalayate regdily sukdividad intaegualy | ul ose
ot o e 48 oks s LU BRI opgabyg e Presert
i ncl ude, aqugoefrmalation comppsition isthey stibdivided datoamitidosage dorecusf the oi |
suspensi ons, 't%]ed déslce}iY)%H ra%((ije containing from 0.1 to about 500 mg of the active

ingredient or ingredients of the present invention. The tablets or pills of the

novel composition can be coated or otherwise compounded to provide a

dosage form affording the advantage of prolonged action. For example, the

tablet or pill can comprise an inner dosage and an outer dosage component,

the latter being in the form of an envelope over the former. The two

components can be separated by an enteric layer which serves to resis(

) disintegration in the stomach and permits the inner component to bass intact

into the duodenum or to be delayed in release. A variety of material can be

used for such enteric layers or coatings, such materials including a number of

polymeric acids with such materials as shellac, cetyl alcohol and cellulose

acetate.

The liquid forms in which the novel compositions of the present invention
may be incorporated for administration orally or by injection include, aqueous
solutions, suitably flavoured syrups, aqueous or oil suspensions, and flavoured

emulsions with edible oils.such as cottonseed oil, sesame oil, coconut oi} or



emul sions with edible oils-such as cottonseed oil, sesane oil, coconut oil
or 1 February 2007 WO 2005/012242 PCT/ US2004/ 024673 37 peanut oil, as well
as elixirs and simlar pharmaceutical vehicles. Suitable dispérfebmgy®007
suspendi ng agents for aqueous suspensions, include synthetic and natural
guns such MORPBEB4Aht h, acacia, al ginate, dextran, sodiRGWUS2004/024673

car boxynet hyl cel | ul ose, nethyl cel | ul os¥, pol yvinyl -pyrrolidone or gelatin.
The liquid forns in suitably flavored suspendi ng or dispersing agents nay
al so i ncl udpeamd adlyas wellias elirkids and sinailar gbagnadeyiticalvehnidles. Buitapie ant h,

acacia, net - t ' For . O .{ on,
sterile susgéhgfsﬁ{réswa%%ggp@pi%%an#égaa%%ursﬁss%%%@éﬂi'caglrjgpg)gétz&?#%ns whi ch
ggn_er al It y t cand @'aturglgt._tmb3@0&‘%@ﬁa?a@rﬁN@EﬁaaiafEIgMﬁbmmtdoemdimTr avgngtjs e
adm nistration s si red. va usly, e conbjnati ons o

gl ucose. r eabSaRERYBRYGelNigsedRenyIcallesn LMY -PRTeldans o Galgline T i n
conbi nati on Mtﬁi& fOHE iﬂrsu'ifﬁbﬁﬂa@g@dtdlﬂﬁéhdiﬁ%br ais?éﬁil??a 8infay 418y be

adm nistered in a single darly dose, or the total daily dosage may be

adni ni st er edincludgi the gyathetie epd draturakguras fereexample diagadantls agacipy .

Furt her nore, r 0 r | | L] d/ or one or nore
anti di abeti c"ﬁ%@ﬂ%&"@?é%?gw@e @ge'tlﬁ%bp:)a?é@étﬁgpm%?étﬁ{ ?:'ctierqﬁé.'be adm ni stered

i n i ntranasakugensionsaaridgblatidnsusre debiredii Isetanic preparationgiwhicteperndrally or vi a

transdermal skin, patches well known to thos f ordi nar séi | 1. iq, that art.
To be. adn ni SORPELSYIRLIGRISERAYFS SroiemRISYRA WRPN JUTaGEPYS BYRIUSEtoRdS  dosage
adm ni strati gagjpdd.! ., of course, be continuous rather than intermttent

t hroughout the dosage regi nen. For instance, for oral admnistration in the

formof a tablet or capsule, the active drug conponent can be conbined with

an oral, non-toxi g&&:sgy | - ' ' S
et hanol, gl ycerol ﬁd%‘g‘ﬁ}g{’ an ,E?%g&ﬁﬂ@ﬁ&ﬁ%ﬁ;@%ﬂv{?ﬂ rﬂ%‘%ﬂﬁgéééél reag§g ﬁgcessar Y,
sui t abl e bi nithitsitor$ obtheqarasent indintiont algneor ingcoayEnatiorawith one or mgeagent s can

al 50 be. 1 nCo atiah &l Saefl iy B adhhh2RirSa i ALFIGRe baf) 46l oW t hout
the total daily dosage may be administered in divided doses of two, three or
four times daily. Furthermore, one or more glucose reabsorption inhibitors
and/or one or more antidiabetic agents according to the present invention can
be administered in intranasal form via topical use of suitable intranasal
vehicles, or via transdermal skin patches well known to those of ordinary skill in
that art. To be administered in the form of a transdermal delivery system, the
dosage administration will, of course, be continuous rather than intermittent

throughout the dosage regimen.

For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an-oral, non-toxic
pharmaceutically acceptable inert carrier such as ethanol, glycerol, water and
the like. Moreover, when desired or necessary, suitable binders; lubricants,
disintegrating agents and coloring agents can also be incorporated into the
mixture. Suitable binders include, without limitation, starch, gelatin, natural
sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and



sugars such as glucose or beta-lactose, corn sweeteners, natural and
synthetic guns such as acacia, tragacanth or sodium ol eate, sodium
stearate, nmagnesium stearate, sodium benzoate, sodi um acet at e,l Ebeliatyra007
chloride and 1 February 2007 WO 2005/012242 PCT/ US2004/ 024673 38 the |ike.
Di si nt egr at WP2095Md124%e, without limtation, starch, netBOT/UREM0HGSe,

agar, bentonite, xanthan gum and the |¥ke. \Wherein the present invention is
directed to the adm nistration of a conbination, the conpounds may be

co- adni ni st ethalliksi. rRiFintegratoss includeewitbewt; limitafion oytaich, medhyl gebulestir maceut i cal
conposi tion. ag\aﬁrb%nwﬁﬂegﬁmﬁéwgﬁm oghgqggg_ni stered separately, the nunber of

dosages of ea conpound @i ven® per day, nay not necessarily be the sane,
e.g. where one conpound may have a greater duration of activity, and wll

herefore, be adnjnistered |ess. . f ntly . utinal d b
2 i ot o ed oy BTEAARG PIRTLINERE B EHE00 MR PATICHION@ &1 1 and

Wl vary w tcBmbliatipar theCehfioup@sese ss-abmiristersd siendthReowdly,t he _
preparation, the node of adm nistration, and the_advancenent of the disease

condi tion. | seadentiailyor in asingle phauvrsasttica) camnesitioa. YXherecthe gsompaundst
o o . ! . . tHY ' .
nant i st rat | are bR beraRly, HhutflHiosdocs of bt cffpdlnd given,

conposi ti ons pef dayenay retamacessanipbedhe sameaé gowbere ankrcoinpoendayn t he form
of |iposone delivery sSystens uch.as_small. _unilapel | ar. vesicles, |arge

ni | aer ar e &ar¥at® yaEn oF BB, 2B Bulinerars BR bR Bl ei8e or e
froma vari effygq@éntly. pi ds, including but not limthd to anphipathic |ipids

such as phosphati dyl chol i nes, sphi ngonyelins, phosphatidyl et hanol am nes,
phophati dyi chol i nes, cardiolipins, phosphatidylserines, ‘

phosphat i dyl gl ycepphiga) BSsfab! é‘dr@‘ﬁis@éﬁd m%ﬁ@@dilgﬂbié?ﬁﬁdé@wtho%acyl
trimet hyl ammoni um propanes,™ di acyl di nethyla ni um pr opanes, dand
st earyl ami ne skiledin the drt, @indsvig wety with therpagticular ¢oepouraissesh s stearghins
ther eof . The%f R pr%b&lté%n,ct?l@tr%@e 8P§’Jlrﬁi?ﬁs?|fa%n,oa{nd the advancement of the

disease condition. In addition, factors associated with the particular patient

being treated, including patient age, weight, diet and time of administration, will

result in the need to adjust dosages.

The novel compositions of the present invention can also be
administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of lipids, including but not Iimitéd to
amphipathic lipids such as phosphatidylcholines, sphingomyelins,
phosphatidylethanolamines, phophatidylcholines, cardiolipins,
phosphatidylserines, phosphatidyiglycerols, phosphatidic acids,
phosphatidylinositols, diacyl trimethylammonium propanes, diacyl
dimethylammonium propanes, and stearylamine, neutral lipids such as
triglycerides, and combinations thereof. They may either contain cholesterol or
may be cholesterol-free.

From Formula (Ill) and other disclosed formulae it is evident that some

compounds in the compositions of the invention may have one or more



may be chol esterol-free. From Fornula (111) and other disclosed fornulae it
I's evident that sone conpounds in the conpositions of the invention nmay
have one or nore 1 February 2007 WO 2005/012242 PCTI US2004/ 0246¢&us? 2007
asymmetric' carbon atons in their structure. It is intended that the present
i nvention iVMePWHAIR#X hin its scope the stereochenical | y ROOYEs2002673 ¢ f or s
of the conpounds as well as their racd@mates. Stereochem cally pure isoneric
forms may be obtained by the application of art known principl es.

Di ast er eol scasymmetrig cacbareatamstin theiystplojwec i is ddpaded that theeptesest such as

fractional crystall. | Of\. A r |G . ' tiomers
may be separI %%%Pr’gﬁﬁé%@ﬂh&q%e %%%ggigﬁgﬁ'éﬁﬁ’wy@%ﬁ? at ,"ﬁ%%?,f t he

di ast er eonmerthe caalposinds kb walitasclakir yacemtates:. 8terdschismibaihepurerisdayieddi r al

chr omat ogr aphy. Pure stereoi orTFlrs rTE al s? bei@pr epared synthetically from
appropri at e 8% E@dﬁ&ﬁ'&@meftﬂd 8 apPUcalioR of AedEoWe RINGiRlesy usi ng

st er eospeci f hizsteh&diSbrhRSmay BER epaFIREY BY phydicd RBpSRABATHEthEAS sGh Agie present
i nventi on may ﬁave various” i ndividual 1sonmers, such as trans and cis, and

various al phisaciiodalerystallizaticrcandchromategraphia techaigiies, and eppatiemer t he
drawing). In Lt I e . i of the
Compounts actlY e PR oM cAdfoBe RS SRIcRle ERREIAIREYIRE, O ool coner s,
t hese isoneraiﬁstepedmemﬁsh aviﬁomallxcamm' ddidmai ll))asgsrmibwﬂﬂdra‘such as |
reparative chronatogra . e conpoundas e prepared. as I gl e

St or eoi somer TBPTRIPGraRIB LUTeGHFeRBORIEAMaY AP BF PEtRRECS SRngheall Trom

St er eoi SONer gondheatd Werk G dFhiealy2bure sERYnG fateflisli dHef) (Bing bichedspambhesi s or

resol ution. e conmpounds nmay, for exanple, be resol'ved into their
conponent s efeagtionsrers by standard techni ques, such as the formation of

di astereoneric pairs by salt formation. The conmpounds may al so be resol ved
by covalent linkage to a chiral auxiliary, followed by chromatographic
separ ati on and/ orSemg gbalpoagdsijphithe coapasitibne of thenpresemntdredntivh mahhawhi r al

auxiiiary. A LR a3t dviabdrisomers SUBPA Fand BN &R, 5R3 Variess HibhA%nd bed
attachments (below and above the plane of the drawing). In addition, where
the processes for the preparation of the compounds according to the invention
give rise to mixture of stereoisomers, these isomers may be separated by
conventional techniques such as preparative chromatography. The
compounds may be prepared as a single stereoisomer or in racemic form as a
mixture of some possible stereoisomers. The non-racemic forms may be
obtained by either synthesis or resolution. The compounds may, for example,
be resolved into their components enantiomers by standard techniques, such
as the formation of diastereomeric pairs by salt formation. The compounds
may also be resolved by covalent linkage to a chiral auxiliary, followed by
chromatographic separation and/or crystallographic separation, and removal of
the chiral auxiliary. Alternatively, the compounds may be resolved using chiral
chromatography. Unless otherwise noted, the scope of the present invention is
intended to cover all such isomers or stereoisomers per se, as well as mixtures
of cis and trans isomers, mixtures of diastereomers and racemic mixtures of

enantiomers (optical isomers) as well.



chromat ogr aphy. Unl ess ot herw se noted, the scope of the present invention
is intended to cover all such isoners or stereoisoners per se, as well as
m xtures of cis and trans isonmers, mxtures of diastereoners angtbhaee2toq

m Xt ures ofW enantioners (optical isoners) as well. 1 Februar% 2007 WO
2005/ 012242%8 %304/ 024673 40 The therapeutic ef f ect PEGHUSHGHETE0se
reabsorption inhibitor adm nistered if conbination with one or nore

antidi abetic agent(s) in treatin i abetes, Syndrone, X, .or assqci at ed

synpt oms or conpl ir ﬁttﬁ‘%ﬁﬁeﬁtﬁ%ﬁf_f?&gg W‘Wseﬁ@?gﬁet'%m'@ﬁa?'ﬁ'é“%f?fe.d The

fol owi ng exaigdifiinafio® WiMRIdHRld:orkrtiERlc albr(s) #trbalidiabbss and ot her
antidi abetic agents such as RXR nodul ators are intended to illustrate the

i nventi on buSyndomeX, phassaciated syaploms gr crowpticatienscasbe shown by

PCTI US200410 ; t.hetd | ; t he

i nvention-f ea%girz%qssﬁonv&'&]%g agf #@r@u@?Iaélxﬁﬁf’gésg)&eesn?:@q%ggﬁgg%@gﬂli n the
Summary sect mith, SGLE inhdlsitors phd other antidiabetiaagernsiedch as HXR motokdersdirecl osed
conmpounds may be nmpde, according to.traditional. . synthetic organic chemstry
met hods or aﬁ%‘?q{‘%ﬁtj’ '{I‘bs(i\‘?g? ﬂ’l%('ﬂkﬁ?”tlf’é‘rﬁﬂqﬁ‘é?t g’rnlf'B'F . Chemistry nethods. The
Schenes and Exanples 1-9 bel ow provide general guidance and detail ed

exanpl es of how the disclosed conpounds nay be prepared. 1HNVR spectra were
measured on a Brucker AC-300 (300 MHz) spectroneter using tetranethylsilane
(TM5) as an internal standard. Exanple | 2-[3-(2-Na

pht hal en-2-yl -et hyl ) - 1, 3-di hydr o- benzoi m dazol - 2- one- 4-yl oxy] - (3- D

gl ucopyranoside o 4 .



O HOO OHHO OH A (2-Amno-3-nethoxy-phenyl)-carbamc acid tert-butyl
ester la: Thionyl <chloride (2.3 nL, 32 mmol) was added to a sgﬁagnars#rg 7of
comercially avail able 3-nmethoxy-2-nitrobenzoic acid (4.2 g, -3 % in

t ol uene (%poggogmz%%? m xture was stirred a reflux for ;ngg%MFﬁmscool ed to
) /

room tenperature and concentratgg to dryness. The acid chloride was
then dissolved in acetone (HPLC grade, 20 m -) and added dropw se through

an addition funneb.t%/lﬁhél‘?#]éhé&i@ Eﬁ%kii ison of sodiumazide (2.2 g, 33.8
W t g

mmol) in water (30 nL stirring. e resulting suspension was stirred
at 0 C for 10 m n@nesaspeshobthefvention featuies. comnasindg®s fammisblhas 2007 WO

2005/ 012242 P, 4 . = ). ' id
product was Cd%k@%ﬁ@%ﬁ%&%ﬁ%?§gﬁrg%9%@$@ﬁ?@g %%P@Qﬁb%mmg‘\ggﬁq%ﬂg gé W th
t'?:ﬂ an0|h ( 2%latins. 'ﬁh%b&@isblleded ocornpblinds rgiaynbgrm@dd géwrging%tmditiaﬁalm nuth es at
reflux the excess t-butanol was repoyed under, reduc ressure, and the
resi due puri ﬁyﬂé'eﬂﬁj OFQﬁW‘bﬁ'&?rB@FTXIB‘Pﬁ}HD Qi ?9‘%9&5'@%& mﬂ?@h f:m%m@t,of'@!jlom to
provi de the i ct i - iefglpr oduct
(2180, 0.2 ConSR B TR datRs o ERrheh 4 9 ol B e nat cd

over 10% Pd/guider®e ang)deajaites examples oblfowHthepdiselosed compogndsomay beThe

cat al yst Wasqréﬁ%ﬁed by filtration and the filtrated concentrated in vacuo
to give the'i conmpound as a solid (2.2 g, 100% . B.

[ 3- Met hoxy- 2- ( 2- napht hal en- 2-yl - acet yl am no) - phenyl ] - car bam ¢ aci d'

7L o A T o o B s

using tetramethylsilane (TMS) as an internal standard.

Example 1

2-[3-(2-Naphthalen-2-yl-ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-p-D-

glucopyranoside

O
(OH

HO
OH

A. (2-Amino-3-methoxy-phenyl)-carbamic acid tert-butyl ester 1a: Thionyl
chloride (2.3 mL, 32 mmol) was added to a suspension of commercially
available 3-methoxy-2-nitrobenzoic acid (4.2 g, 21.3 mmol) in toluene
(20 mL). The mixture was stirred a reflux for 30 minutes, cooled to room
temperature (RT) and concentrated to dryness. The acid chloride was
then dissolved in acetone (HPLC grade, 20 mL) and added dropwise
through an addition funnel to a cold (0 °C) solution of sodium azide (2.2
g, 33.8 mmol) in water (30 mL) with stirring. The resulting suspension
was stirred at 0 °C for 10 minutes then at RT for 50 min. Water was



hydr oxybenzotri azol e hydrate (0.53 g, 3.5 mmol) and 1-(3-

di met hyl am nopropyl ) - 3- et hyl car bodi i nde hydrochloride (0.83 g, 4.3 mol) in
dry DMF (4 m-) was stirred at RT overnight, poured into H2O (14@bmhry 2807
extracted with EtOAc (2 x 60 nL). The conbi ned Et OAc extract was washed
with brine, V82PRH1B¢r mysos, filtered_and concentrat ePGHUHIUO2467% 1 ude
oil. Colum chromat ography provided tHé title conpound as a white solid
(0.5 g, 70% C.

[ 3- Net hoxy- 2- ( 2- nagdehEE0 k) gnd thenwhitesalig)rradustyas. collestas Ry fillkatipn or ¢ -

butyl ester 1t a“gm siid Bl v @ﬁfﬂbﬁ%t@ﬂ-tﬁnﬂﬁolzﬁ‘)ﬂﬂ)‘éﬁ%ﬂmto]feﬂuxd' ani ne

ld: To a cold (O lon o , prepared in Part
B, in dry tetrahytvai ol hath Aﬂerzﬂ)mmetssat mﬂuytla@la&@SStidn&moltWﬁSr ahydr of ur an

I 1 M sol t d at fl
Por 2 hour s cool Hinpyectuiel caddéed B8 e dpn e IaHidus BRRHAY SF oy " Son.
V\ﬁtfr (5 ni) dWi'iSt@Id@mhd tegiaphin enstmcatgéléEtmm;(anewHaO)ianm;/ﬂenhgh: T[]ed
m xture was diluted w e us mx xtracte
with ethyl acetat Qe%‘?&p'ﬁﬁcﬁ%ayﬁ@%@%@qﬁg&@ h'éﬂ?wgﬂgﬁiéggﬁshed
with brine; dri Ednﬁﬁé’l? wa%l'%?ﬂdns?&@é@métﬁéﬁ& (@@%L%Wn@’??ﬂ?@é&@?&ﬁoﬂé‘ lica gel,

Et OQAc/ Hexane; 1:4 ratio) to afford the title conpoun

[ 3- Met hoxy- 2- ( 2- nag%clﬁdACef?-SQ m@) undes 40 psi of dﬂwssmfgoﬁm@ﬂ@ catalyst

(P(C):T/z %JSSOO(AS'Q?/()MSZ 3 gfég J?ri\tgpgé ?p‘flgﬁ%loﬂ 1RE%hé TR R b d AVachyty bivest er 1 ¢

3- Met C\g?(y- N2- I( 2- ngpentitheat@mpéund ash Bplig (h2gz ¢06%)., 2- diamne |d (80 ng, 209
t . . . .y,
?S I\/gt ho;<yels(()2I g #M%g QY- 2z1%/Pae'@th9\ej’-2ﬂ'3a%ﬁ>f’@/amhﬁ’8ﬁ9ﬂi RRPITIF 28done 1o A

m xt'ure of the Caié?ﬁﬁﬁiy?eét@rﬁ@ A%ﬁureleﬁﬁ“f(mi% p’f?@@rﬁrﬂ@l ';'S'reBafeId inC, and
K2C3 (0.24 g, 1. eated in a C oil bath for

1.5 hours, cool edF’tﬁlﬁt 'nﬁﬂﬁdhﬂéc‘?tmaﬁﬂ-lm%9011?2)"““9!)» iy ed at RT for 20
m nut es and fil tehg&'ro&%&ﬁib‘ﬁw% ﬁ‘f‘ﬁ e@@r%@ghmﬁzggﬁﬁ[ 3ds wer e washed

wi th Et20 and dri to'grve t e Cco nd as a
dlmethylamlnopropyl) 3~ethylcarbod||mde hydrochloride (0.83 g, 4.3

mmol) in dry DMF (4 mL) was stirred at RT overnight, poured into H,0 '
(40 mL) and extracted with EtOAc (2 x 60 mL). The combined EtOAc
extract was washed with brine, dried over MgSQ,, filtered and
concentrated to give a crude oil. Column chromatography provided the
title compound as a white solid (0.5 g, 70%).

C. [3-Methoxy-2-(2-naphthalen-2-yl-ethylamino)-phenyl}-carbamic acid tert-
butyl ester 1¢ and 3-Methoxy-(2-naphthalen-2-yl-ethyl)-benzene-1,2-

) diamine 1d: To a cold (0 °C) solution of 1b (0.423 g, 1.04 mmol),
prepared in Part B, in dry tetrahydrofuran ( 30 mL) was slowly added
borane tetrahydrofuran complex (1M solution, 2 mL). The reaction
mixture was stirred at reflux for 2 hours, cooled to 0 °C and 1N NaOH
solution (3 mL) was slowly added. Water (5 mL) was added and the
mixture was stirred at RT overnight. The mixture was diluted with water
(50 mL) and the aqueous mixture extracted with ethyl acetate (2 x 60
mL). The combined organic extracts were washed with brine, dried over
MgSO04, concentrated and chromatographed (silica gel, EtOAc/Hexane;
1:4 ratio) to afford the title compounds, [3-Methoxy-2-(2-naphthalen-2-yl-



white solid (0.28 g, 72% . E.

7- Hydr oxy- 1- ( 2- napht hal en- 2-yl -et hyl ) -1, 3-di hydr o- benzoi m dazol -2-one |If: A
m xture of le (0.28 g, 0.88 nmol), prepared in Part D, in di cH kshowmet208he
(50 mM-) was cooled to -78 C and boron tribromde (1 Msolution in CHC 2;

4.4 m) wasVOPMR%224tded. The reaction nixture was sti rEE@EURMOMTE for 30
m nutes then slowly warned up to RT arl stirred at RT for 24 hours. A1 M

HCl solution (5 m-) was added dropw s | ] o | C O (50.nL). The

met hyl ene chl ori d&t '"PB’HB‘?/M“‘%B%F‘ Cr@?fijﬁeéeibwgéértc gcﬁggtghéig’a@@@us

m xture extract edcle\drbmaﬁa@me(h% h@o(zlﬁéphtﬂ'élénmt PbétiZehe-g2L ract was

washed with brine, dried over %7/@) and concentrate to glvethetltle
asy:

conpound as a yeHiasingdui (80 rag, odite splid.

2- [ 3- (2- Napht hahke I I

(3[ D él ucogyr aﬁ%s?d@e%zo xgt,'h@ g (ﬂk tlﬁ%ﬁﬁ%ﬁj%ﬂw%gg@p &@3’355& a%dhydrr%gg]r ed

:c nI :DartdEb i nd(IZj)!VF195Anh|xmravafstmmuamaﬂce}ahs(0mﬁ g.at.Bonmabh, p:@pam@nleartz m"rgl ),
ol | owe addi tion ra- uco S rom de
(0.54 g, 1y3 mol ﬁ&zﬁéﬁgéﬁq g‘h >§tr[]'in@ ﬁ(ﬁ@g‘ %8%00 % ature
for 24 h. Then solo éﬁﬁbmﬂrfér‘f's'ﬂoﬁf@%o@lé@ tmm@éumd.htoeﬂml(somtatrmd dthe

et hyl acetate solution was washed wat er and brine, dried over MgSOM4

and concentrat ed R feacldaninytes 9{"@'5!"6[%1 {Regive evdeselid grodishdlhessalidsa gel
£t Qortlexane, 3 2y vlished Wﬁﬁ?tﬁﬁ Hehied t6 B tnEfRE €o QURG A - Sstarting

material) as a solid uted w (3 m-)
and sodi um et hoxwdte (sbkt {0.28&g; ma%y 2007 WD 2005/ 012242 PCTI US2004/ 024673

2t RT for 1 houf: TUPEE e she Oy SRV B it e e

MeOH. The aqueous 1fi X mixtBre\efs! (0L 281G 68 wirhbi), I:'pir@ﬁareﬁan PagDk) . The

and concent rat ed (HENRBTSNENFIBPaaH kRS G+ dg apg boron tbrornide | © °°
(1M solution in CH,Cly; 4.4 mL) was slowly added. The reaction mixture
was stirred at ~78 °C for 30 minutes then slowly warmed up to RT and
stirred at RT for 24 hours. A 1M HCI solution (5 mL) was added
dropwise followed by ice H,O (50 mL). The methylene chloride was
removed under reduced pressure and the aqueous mixture extracted
with EtOAc (2 x 60 mL). The combined EtOAc extract was washed with
brine, dried over MgSO4 and concentrated to give the title compound as
a yellow solid (0.267g, 100%).

F. 2-[3-(2-Naphthalen-2-yl-ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-

B-D-glucopyranosjde 1: To a solution of 1f (0.26 g, 0.87 mmol), prepared
in Part E, in DMF (5 mL) was added potassium carbonate (0.30 g, 2.2
mmol), followed by addition of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl .
bromide (0.54 g, 1.3 mmol). The reaction mixture was stirred at room
temperature for 24 h. Then solids were filtered and washed with ethyl
acetate. The ethyl acetate solution was washed with water and brine,
dried over MgSO,4 and concentrated in vacuo. The residue was
chromatographed (silica gel, EtOAc/Hexane, 3:2) to give pure product
(24% - based on recovered starting material) as a solid. The solid
product was diluted with methanol (3 mL) and sodium methoxide (1M



chromat ography on silica gel: eluting with 5% nethanol in chloroformto
give the title conpound (0.023 g, 57% as a white solid. 1HNNR§’Eéb3OO 07
CD30D) 8 7.82 - 778(m 3H), 7.72 (s, 1 H), 7.47 - 7.42 (m ruary (m

2H) 6. 82 =6.25 Hz, J =231 H, 1H, 5 —773Hz
1H, 4 a7™ zz?zi%g’?‘% 3.92 (d, J 510.9 Hz, 1 H), 3?%@"?(“@‘?’%2%67(’
AR (m 3H), 328-323(m My Ve miz (MH) 467.,Exarrp|e2

2-[3-(2-napht hal 8@9@@%&@@,0%?%9%%@&?‘9% Ass Uit donbtdin s SRRy T anosi d

e NN1O0OHOO
7- Met hoxy- | - ( 2- naphiRTididreh haury idiletet with-wateb 2070l jrand 2vaporated tbaemoye (0. 66 g,

i 222 ol S habieathereCAduaay B TR et ERAR P4 ROTCL TR S e
m xture was heat edombined E20OAC extﬂactsandis\fvashéii whl@bnﬁetdnmj o IMgS04, RT. The

residue was purified by chromatograph 10% Et OAC i n Hexane) to
afford the title Higfpdand @@csrit?qsd n é@‘%o J]-Ee resi ue Wwas purified by

2-[ 3- (2-napht hal eEhl%H')th%@?gHt)oa%ch %'ldﬂng%ﬂ{ 5"&, MEMEYbI ihdhidroform to

gl ucopyr anosi de 2 repared in the previous step was 1
February 2007 V\Og@@@h‘ﬁﬁtl@ﬂd:ﬁpm(ﬂBQZ@g/@?ABasawitmwt N&Red t hen

I lated int i b rts,E-thro to
ot ovide the tit1 eCROMIEE MBI A Sty 1 g4 7 (i o
2-5232 (3, % tl),7 7. éFI)(?SM@m"hH)%@Q 6779%91 orﬂezzﬁz J=231Hz/ 145, 508 4H) ,
24 ld = (d J= 773Hz 1H) 447 4.41"(m, 2) 392(d J=10.9 Hz, 1H), 3.74 -
3.63 (m, 2H), 3.54 — 3.46 (m, 3H), 3.28 — 3.23 (m, 2H). MS: m/z (MH")
467.

Example 2

2-[3-(2-naphthalen-2-yl-ethyl)-3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside

&N

OH

HO /
OH

A 7-Methoxy-1-(2-naphthalen-2-yl-ethyl)-1H-benzoimidazole 2a: To 1d
(0.66 g, 2.26 mmol), prepared in Part C of Example 1, and
triethylorthoformate (0.45 ml, 2.71 mmol) was added catalytic amount of
p-toluenesulfonic acid. The mixture was heated in a 120° C oil bath for 5
hours then cooled to RT. The residue was purified by chromatography
(silica gel, 10% EtOAC in Hexane) to afford the title compound (0.513 g,
75%).

B 2-[3-(2-naphthalen-2-yl-ethy!)-3H-benzoimidazol-4-yloxy]-p-D-
glucopyranoside 2: The compound 2a prepared in the previous step was



(m 1 H, 3.96 - 3.92 (dd, J = 11.9 Hz, J = 1.8 Hz, 1 H), 3.77 - 3.65 (m
2H), 3.57 - 3.33(m 5H). Ms: mz (MHd) 451. Exanple 3

2[ 3- (4- Et hyl - benzyl ) - 1, 3-di hydr o- benzoi m dazoi - 2- one- 4- yl oxy] - { Betibuary 2007

gl ucopyrangside 1Inr - N 1. ~OHOO OHHOOH A

[ 2- (4- Et hyMQENR¥BY24ni no) - 3- met hoxy- phenyl | - car bami ¢ aciPETUSRR4BYETH  est er
3a: To a solution of la (1.5 g, 6.3 mﬁ)l), prepared in Part A of Exanple 1,
and triethylamne (1.3 nL, 9.45 mmol) in thyl ene chloride (40 m-) was
added 4- Et hyl berﬁf@%tht'm%thaﬁgtyf‘?@égtﬁg,'" 3{3933 |"3a"rtﬁf@ﬁ\ﬂe§§!'éeﬂ?@ resul ting

m xture was stirrmgat thrbufRF t-provide@ tHestitiePdmsslind, "HRMR {(400MI32, M -) and
| ayers were separated. The organic |ayer was dried over MgSO4, filtered and

concentrated to EROR) &700— #i68t (o, SH)f 7.581He, tH) A 7cEmpbind42 m 7G3Ami t at i ve

yields. B [2-(4- yL-benzyl am - 33 hpXxy- oviidis m i

tert-butyl est er%%sk)ﬁaﬁz"llﬁg-"bg%t %3&%&%@%@%%3@ ﬁ@n@éﬁé% 2-di am ne
3c:  Treatnent of(n{ A¢4)coEBALBG2 3ad, ) £naI9edz,i =g HRS mh@w St36§6 {tht h borane
t etrahyrofuran conpl ex _using the sanme procedure described in Part C of
Exanpl e | provi dedH) ﬁ§7t+313§(@o%bm§“lzr{%éﬁ§ﬂt ative yields. 1 February
2007 WD 20051012242 PCT/ US2004/ 024673 46 C

2[ 3- (4- Et hyl -benzyl ) -1, 3-di hydr o- benzoi m dazol - 2- one- 4-yl oxy]-[i-D-

gl ucopyranosi de (3): The title conpolx@mpg3prepared in the sanme

2[3-(4-Ethyl-benzy!)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-B-D-

glucopyranoside

HN"/<O

HO

A [2-(4-Ethyl-benzoylamino)—3-methoxy—phenyl]-carbamic acid tert-butyl
ester 3a: To a solution of 1a (1.5 g, 6.3 mmol),‘ prepared in Part A of
Exampile 1, and triethylamine (1.3 mL, 9.45 mmol) in methylene chloride
(40 mL) was added 4-Ethyl benzoyl chioride (1.06 mL, 6.3 mmol)
dropwise. The resulting mixture was stirred at RT for 6.25 hours, poured
into water (50 mL) and layers were separated. The organic layer was
dried over MgSO,, filtered and concentrated to give a crude mixture of
the title compound in quantitative yields.

B [2-(4-Ethyl-benzylamino)-3-methoxy-phenyi}-carbamic acid tert-butyl
ester (3b) and N2-(4-Ethyl-benzyl)-3-methoxy-benzene-1,2-diamine 3c:
Treatment of the compound 3a prepared in the previous step with
borane tetrahyrofuran complex using the same procedure described in

Part C of Example 1 provided the title compounds in quantitative yields.



manner as described in Part D - F of Exanple 1 substituting 1c with 3b
prepared in the previ ous step. 1HNMR (300MHz, CD3OD) 8 7.24 (d, J = 7.90
Hz, 2H), 7.12 (d J 8.14 Hz, 2H), 7.02 - 6.93 (m 2H) 6.80 (d,FeBruary 20059
Hz, | H 5.44 1551Hz|H)5.27(d,J=1561Hz 1 H 5.00 (d, J =
7.33 Hz, 12 5@622423 86 (dd, J = 1.93, J = 12.05, 1 HPCI/ER004/034665 (dd, J
= 5.53, J = 12. 00, 1H)351-336(rﬂ64|—|)259(q 2H) 1.19 (t, 3H. Ms:
mz (M#) 431. Exanple 4 2-[3-(4-Ethyl-benzyl)-3H benzoim

i dazol - 4-yl oxy]C JZ{3£649E£th¢ldmnzuhds3délydm-berczmm@a@ol—mneie} yiexy]-B-D-

The compound 30 ERIVEICEEDT T e eeabadtly e Brenaf el FRBULGRIE CCF oo

Exanpl e 2 repl aci mgnﬁerclaWéstnrnaedﬁmPan@/+ GebftEb@rriplé I1esmnmugdc Wlth 3b NVR
(300MHz, CD30OD) 8 8.09 (s, 1 H). (q 13 (m
5H), 7.09 (d, J =Prepaeedinthe Pf%/'% S(t@p HWB@WHE ﬂPsO@)éf %‘hds’= 15. 27,

Lh s 5.09 (d, 21376901"251%"') 7.0%:d 8§6WHZ szj %§958 g}:; (. 21 6?7&07«’42, 57 (dd J
1 18/ g tl ,221 ZZPZJT 715128 69 l-&H)12H)r5814 (d7 15(5\‘r|-ﬂ+2) 1411)5 2t é5511Hze1&+)@®®(<2007 WO
200
) - et5hyl ] - 3H benzot ﬁ?“)l%g@ 014%5960856 E)Q:"’%J ég’vgyp%§§hﬁ®y%ﬂg 3.66 (dd,

J =553, J = 12,00, 1H) 351-336(m 4H) 2.59 (q, 2H) 1.19 (¢, 3H).

MS: miz (MH") 431,

Example 4
2-[3-(4-Ethyl-benzyl)}-3H-benzoimidazol-4-yloxy]-8-D-glucopyranoside

N==\ >—f—<—/
L.
0
HO
0,
OH
HO
OH

2-[3-(4-Ethyl-benzyl)-3H-benzoimidazol-4-yloxy] -B-D-glucopyranoside 4:
The compound 3¢ prepared in Part B of Example 3 was treated as
described in Example 2 replacing 1d with 3¢ to provide the title compound.
'HNMR (300MHz, CD30D) 5§ 8.09 (s, 1H) 7.34 (d, J = 8.00, 1H), 7.20 — 7.13
(m, 5H), 7.09 (d, J = 7.95, 1H), 5.86 (d, J = 15.29, 1H), 5.61 (d, J = 15.27, 1H),
5.09 (d, J = 7.28, 1H), 3.89 (d, J = 11.91, 1H), 3.71 — 3.67 (dd, J=5.48, U =

11.86, 1H), 3.55 — 3.36 (m, 4H), 2.59 (g, J = 7.7 Hz, 2H), 1.18 (t, J = 7.4Hz,
3H). MS: m/z (MH*) 415.

Example 5



5YOHOO0O OHHO OH A

N- ( 2- Hydr oxy- 6- ni tr o- phenyl ) - 2- (4- net hoxy- phenyl ) -acetam de 5a: To a

m xture of commercially avail abl e 2-Ani no-3-nitrophenol (5 g, 3bFebruagnioy
and triethy, ' Om, 64.9 mmol) in nethylene chloride (20 m was

sl owl y adde@%gb@ﬁ#&yphenyl acetyl chigride (5 m, 32.4 ?ﬁi&ﬁzpo‘”‘zﬁ@?’
resulting mxture was stirred at RT overnight, poured into ice water (30

m) and a 0.5M HCl sol ution (20n) WaSﬁded.,A additio 30mL of

met hyl ene chl ord-thel2nfdsMathayphenylrethdl-3 O@Hg%? PeYOXYHED- et hyl ene
chl oride |ayer qi@&)ggaﬂ& ith water, brine and dried over MSO. The
solution was fi te|p angjégol vent renoved under reduced pressure to give
the title conpound as a dark solid (9.45 g, 96%. B

N-[2-(tert-Butyl-di nethyl-silanyl oxy)-6-nitrg=phenyl]-2-(4-nethoxy-
phenyl ) -acetam de 5b: To a cold ( r@f 5a (3.1g, 10.3 mol),
prepared in Part A and tert-Buty t hyl sid= Ohfori de (1.86 g, 12.3

0
mmol) in dry DM (1 Or) was slo dded i m dazole (1.7 g, 25.7 mmol).
Stirring was continued at 0C for 30 mutes then at RT for 3 hours. The
resulting mxture was poured into i¢e ter (80 mM) and extracted with Et20
(2 x 80 m). The conbined ether extggtys were dried over MySO4 and
concentrated to provide the produciNag an oil in quantitative yield. C

N [ 2- Ami no- 6- (tert-butyl -di met hyl ¥&iThpyl oxy) - phenyl ] - 2- ( 4- met hoxy-

phenyl )-acetam de 5c¢: A solution of 5b°(1.4 g, 3.36 muvl ), prepared in Part
B, in ethanol wasNaddgdrerpbattrophenyllP2s(Pauidéthaky-ghemd)-acstamidedSaigiena pr essur e

o oo e SRl St el ShSfaeil b AR hicbphEhol By 3% VO

mmol) and triethylamine (9 ml, 64.9 mmol) in methylene chloride (20 ml)

was slowly added p-methoxyphenylacetyl chloride (6 mi, 32.4 mmol).
The resulting mixture was stirred at RT overnight, poured into ice water
(30 ml) and a 0.5M HCI solution (20ml) was added. An additional 30ml of
methylene chloride was added and layers were separated. The
methylene chloride layer was washed with water, brine and dried over
MgS0Q;4. The solution was filtered and solvent removed under reduced
pressure to give the title compound as a dark solid (9.45 g, 96%).

B N-[2-(tert-Butyl-dimethyl-silanyloxy)-6-nitro-phenyl]-2-(4-methoxy-
phenyl)-acetamide 5h: To a cold (0 °C) solution of 5a (3.1g, 10.3 mmol),
prepared in Part A, and fert-Butyldimethylsilyl chloride (1.86 g, 12.3
mmol) in dry DMF (10ml) was slowly added imidazole (1.7 g, 25.7
mmol). Stirring was continued at 0°C for 30 minutes then at RT for 3
hours. The resulting mixture was poured into ice water (80 ml) and
extracted with Et,O (2 x 80 ml). The combined ether extracts were dried
over MgSO, and concentrated to provide the product as an oil in
quantitative yield.

C N-[2-Amino-6-(tert-butyl-dimethyl-silanyloxy)-phenyl]-2-(4-methoxy-
phenyl)-acetamide 5c¢: A solution of §b (1.4 g, 3.36 mmol), prepared in
Part B, in ethanol was hydrogenated over 10% Pd/C at 40 psi of
hydrogen pressure for 4 hours. The catalyst was filtered off through



48 Celite and the filtrate concentrated in vacuo. The title conpound was
I sol ated as an off-white solid (0.693 g, 53% by recrystallization from
Et 20. D 3-(tert-Butyl-di methyl -sil anyl oxy) - N2- [ 2- ( 4- met hoxy- phdmgpmpamt2¢7 ] -

benzene-1, 2-di_ anj 5d and 3-am no- 2-[ 2- (4- net hoxy- phenyl) -
et hyl ani no]?wgﬁ@%%% To a cold (0 O),.solution of Sc (d’.‘%ﬂéﬁzﬂf’,“’oi“.ﬁé’ mol ),
prepared in Part C, in dry tetrahydrofuran (20 nm.) was slowy added borane

tetrahydrofuran c | ex ( sol ution L) e .feaction mxture was
stirred at refl uxeg@? aé'ndhtéﬁ?{Efa?%88r|1c'ee@trlagedoln(\fa)gf{atﬁhq\pﬁq\ﬁmpg%rllcﬂ‘y\fé%n (1.5
mM-) was slowy agdrted ¥ahebffwhitd sdlideso3d S3%)y rebhetdliizdtion dromas stirred
at RT overnight. The m xture was diluted with water (25 nL) and the aqueous

m xture extractedEl®Prh et hyl acetate (2 x 30 nmL). The conbi ned organic

tract ; . . . ; ’ "
chr omat ogt aphect (SRR AeRy-sfianpn el MReho G IHEAINIMNEE T1e itie
conpound 5d (0. 4ghes@¥e-h2-diaminkiidearsbBiathiond-[2Hé-rethbry-pbepdiind Se (0.7 g,
¥ benzoi m dazol eSbviersnEpIRhel So- DK o8 (op &) sBic e ¥R P ) 8V
amount. of Pt ol uenaeul FonL e At e U o tos st o &390 C Gl
amount of p-tol uenesul fonic acid. e mxtyre, was hea

bath for 5phours ?‘Mﬁfj QW@P%&etfﬁhyﬂ‘i‘?fu"ﬂM@éj?’élﬁﬁﬁ\ﬁﬁg‘%ﬁﬂrgg inaky). B’%\e

chromat ography ( Sidalcign Bftkturdriva¥\stirré® 36 efux ford hduts 3ddted!td bectdnd! N
conpound (0.33 g, 84%. F

3-[ 2- (4- Met hoxy- pNeR¥ §olatian/(1].5 B14) wasatowly dddet - Watgr (§gnl)Twasiaddediand ©)

lutic f 5f . I i N .
ot rahydr of uran (16 MR vER TR ot o SRR ThelPbdurEvAT s wity o g
mrol’) . The resul t water{2% iml)@andake wgueousomBRiuresixtracted wvith ethyPadetate2 xand

t 15 m dded.., Th | id I pj.tat | L.ect ed by
11 ration and dr PO sintes SoBBRSEPraRES SHrad Siegh WEsnRS Wi HEee SHBbunc

(0.206 g, 99% asodertM§sey) dohcentrated and chromatographed (silica ge!,
EtOAc/Hexane; 1:4 ratio) to afford the title compound 5d (0.4g, 60%) as
a white solid and the title compound 5e (0.7 g, 35%).

E 7-(tert-Butyl-dimethyl-silanyloxy)-1-[2-(4-methoxy-phenyl)-ethyl}-1H-
benzoimidazole 5f: To a mixture of 5d (0.38 g, 1.02 mmol), prepared in
Part D, and triethylorthoformate (023 ml, 1.23 mmol) was added catalytic
amount of p-toluenesulfonic acid. The mixture was heated in a 120 °C oil
bath for 5 hours then cooled to RT. The residue was purified by
chromatography (silica gel, EtOAC/ Hexane, 1:4) to afford the title
compound (0.33 g, 84%).

F 3-[2-(4-Methoxy-phenyl)-ethyl]-3H-benzoimidazol-4-ol 5g: To a cold (0
°C) solution of 5f (0.30 g, 0.78 mmol), prepared in Part E, in dry
tetrahydrofuran (10 ml) was added tetrabutlyammonium fluoride (2 ml,
1.96 mmol). The resulting mixture was warm to RT, stirred for 1% hours
and water (15 ml) was added. The solid precipitates were collected by
filtration and dried under reduced pressure to give the title compound
(0.206 g, 99%) as a tan solid.

G 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H-benzoimidazol-4-yloxy}-B-D-
glucopyranoside 5: The title compound was prepared by treating 5g with



G 2-{3-[2-(4- Met hoxyphenyl ) -et hyl ] - 3H benzoi m dazol - 4-yl oxy}-P-D-

gl ucopyranoside 5: The title conpound was prepared by treating Pg wth
February 2007 WD 2005/012242 PCT/ US20041024673 49 ebmar}’2007
2,3,4, 6- tetra O acetyl - a- D- gl ucopyranosyl brom de as described in Part F of
Exanpl e 1. %?6%|sz CD30OD) S 7.59 (s, 1H), 7.31 (FECTUS20040246731; 1 H),
720(tJ:79Hz 1 H, 7.13 (d, 74§Hz,1|—|) 6.95 (d, J = 8.4, 2H)
6.78 (d, J = 8.5 Hz, 2H), (

3.95 - 3.91 (m 12134, GgeVe-O-agetvfza(Drplugpvyragofdé%f%'dﬁaes(ﬁ%‘?s%'h?g in BSFT7 -

(m 2H). Ms: mz E11;[>tg|9| Y.

enyl) - et hyl ) - 3H bgwr)él mﬁ?bé%zol Heﬁofﬂ_{zacgzd:ﬁégﬁggggnﬁﬁwmo(d&m 60 HO
G-I(O HO OH IA 8.1 le 1H), 7.20 (t, J = 79|[-Iz 1H), 7.13 (d, 7.8Hz, 1H), 695(d|.]J-
7-(tert-Buty S| XY, y-pheny

di hydr o- benzoi mggz‘g)é thg?éaj) #5 E'ﬁoé'dfe%effw% é]% %)ﬂ%& & added
to a cold (0 C sehuyy rggg_@g(?nw;gym%yymm 4|-grg%r_eg4j5r(m t D of
Exanple 5, in dry THE ZZO m ) rring was continued at 0 C for 30 ninutes
then at RT for 2 BaRfk-s: W@@\tﬂﬂ)aN@iﬂMaﬁMtB)é% ution (60 m) was added
slowy and the m xture extracted with EtOAc (2 x 60 m). The conbi ned Et OAc
extracts were washed with brine and dried over MSO4. The m xture was

filtered and the filtrate concentrat edExanmpie 6r educed pressure to provide

the titl d id (0.53 9 . .
etitle corrpog r[13 (2a ?4 Methoiyphgnyl)-eth?ll)-ﬁ-ﬁt{%nzoim|dazol-4-yloxy]-B-D

glucopyranoside
@ O

OH

HO
OH

A 7-(tert-Butyl-dimethyl-silanyloxy)-1-[2-(4-methoxy-phenyl)-ethyl}-1,3-
dihydro-benzoimidazol-2-one 6a: Triphosgene (0.40 g, 1.35 mmol) was
added to a cold (0° C) solution of 5d (0.50 g 1.35 mmol), prepared in
Part D of Example 5, in dry THF (20 ml). Stirring was continued at 0°C
for 30 minutes then at RT for 2 hours. A saturated NaHCOj solution (60
ml) was added slowly and the mixture extracted with EtOAc (2 x 60 mi).
The combined EtOAc extracts were washed with brine and dried over
MgSO.. The mixture was filtered and the filtrate concentrated under
reduced pressure to provide the title compound as a solid (0.53 g, 98%).

B 2-[3-(2-(4-Methoxyphenyl)-ethyl)-3H-benzoimidazol-4-yloxy}]-B-D
glucopyranoside 6: The title compound was prepared in the same
manner as described in Part F in Example 5 substituting compound 5f
with 6a followed by treatment with 2,3,4,6-tetra-O-acetyl-o-D-
glucopyranosyl bromide as described in Part F of Example 1. 'HNMR
(400MHz, CD30D) 6 7.17 (d, J = 8.38 Hz, 2H), 7.03 - 6.98 (m, 2H), 6.84



B 2-[3-(2-(4-Methoxyphenyl)-ethyl)-3H benzoi m dazol -4-yl oxy]-[3-D

gl ucopyranoside 6: The title conpound was prepared in the sanme  nanner_as
described in Part F in Exanple 5 substituting conpound 5f witH #8rue@13%hed
by treatne ] ,4,6-tetra-O acetyl-a-D gl ucopyra ] as
descri bed {‘%03%0%{31%“3 Exanple 1. 1HNNR (400Mz, cosoogl’%%ﬁs?g‘{?%%?’e J = 8.38
Hz, 2H), 7.03 - 6.98 (m 2H), 6.84 1 February 2007 WD 2005/012242

P LSSb0S0246TS 5 i ST b 3 el 6T 720
3.62 - 3.43 (m 449.1H3, 14), 3.762(sQ6H(,/8.72H)3.69Bn, tilly, 3(62+)3.481{m, 4th8plde 7

2-{3-[2-(2, 3-Di hydr.o- b%ﬂé%u@- 5- y@:’-,‘?%]yl ] - 3H benzoi m dazol - 4-yl oxy} [i-D

gl ucopyr anosi de N-&%d : ey xl

2-[2-(2, 3-Di hydr o- benzof uran-5-yl ) -et hyl am no] -3-ni tro-phenol 7a: A mxture

of the 2-Am no-3-nitrophenol (1.0 g, 6.6 mol I) (2, 3- D hydro-

benzofuran-5-yl)-acetic acid (1.07 g, ; Dunn, et. al. J. d. Chem
n

, Me
12 (3- di met hy ! aif TSGRy IS A BRDraRscaV SR e BeBmyidaret4 B B:8" 1 o
mmol) in dry dobrafosideas stirred at RT overnight, poured into H2O (80
m-) and extracted with EtQAc (2 x 80 nL). The c¢onbined Et QAc extract was

washed with brine, dried over MySPAIn={ilter ndy concentrated to give a
crude oil. Colum chromat ogr aphy N o)
0
HO
(0]
OH
HO
OH

A. 2-[2-(2,3-Dihydro-benzofuran-5-yl)-ethylamino}-3-nitro-phenol 7a: A
mixture of the 2-Amino-3-nitrophenol (1.0 g, 6.6 mmol), (2,3-Dihydro-
benzofuran-5-yl)-acetic acid (1.07 g, 6.5 mmol; Dunn, et. al. J. Med.
Chem. 1986, 29,2326), 1-Hydroxybenzotriazole hydrate (3.0 g, 19.5
mmol) and 1-(3-dimethylaminopropy!)-3-ethylcarbodiimde hydrochloride
(3.73 g, 19.5 mmoil) in dry DMF (10 mL) was stirred at RT overnight,
poured into H20 (80 mL) and extracted with EtOAC (2x 80 mL). The
combined EtOAc extract was washed with brine, dried over MgS</D4,‘
filtered and concentrated to give a crude oil. Column chromatography
provided the title compound as a white solid (0.3 g, 15%).

B 2-{3-[2~(2,3-Dihydro-benzofuran-5-yl}-ethyl]-3H-benzoimidazol-4-yloxy}
B-D glucopyranoside 7: The title compound was prepared in the same
manner as described in Parts B through G of Example 5 substituting
compound 5a with 7a prepared in the previous step. "HNMR (300MHz, .
Aceton-d6) 6 7.71 (s, 1H), 7.32 - 7.29 (m, 1H), 7.09 — 7.04 (m, 3H), 6.87
(d, J=7.98 Hz, 1H), 6.58 (d, J = 8.14 Hz, 1H), 5.24 (d, J = 7.5 Hz, 1H),
4,79 — 4,75 (m, 2H), 4.59 — 4.45 (m, 5H), 3.89 (d, J = 11.95Hz, 1H), 3.77
—3.54 (m, 5H), 3.16 — 3.08 (M, 4H) MS: m/z (MH") 443,



provided the title conpound as a white solid, (0.3 g, 15%. B
2-{3-[2-(2, 3- D hydr o- benzof uran-5-yl)ethyl]-3H benzoi m dazol - 4-yl oxy} (3-D
gl ucopyranoside 7: The title conpound was prepared in the sane | FedRRef 2089
described in Parts B through G of Exanple 5 substituting conpound 5a with
7a prepar edVPR0BSHE2H evi ous step. 1HNMR (300MHz, Acet orRGY@YS2804024613 (s, |

, 7.32 - 7.29 (m 1 H, 7.09 - 7.04¥m 3H), 6.87 (d, J = 7.98 Hz, 1 H),
6.58 (d, J =814 H, 1 H, 524 (d, J=7.5H, 1 H, 4.79 - 475 (m 2H,
4.59 - 445(m 5H), 3.89 (d, J=11@9§ﬂm'.9.§H), 3.77 - 3.54 (m 5H), 3.16
- 3.08 (m 4H 4.3 r 0R/012242
5O/ US2004/ 024 5@ (grlétﬁgx%p]zy@%gmeﬁmylz -SRI ZYintia8701-4%0 2 AR LS.
2-[3-(4-Ethyl- pyaanﬁsmlet hyl - 3H benzoi m dazol - 4-yl oxyi -13-D
gl ucopyr anosi de N= N 0 O11CHHOOH OHA
4- Et hyl - N- (2- hydr oxy- 4- net hyl - phenyl') - benzarg
commerci al ly avail abl e 2- Am no- 5- net hyl phe 6 g, 48.7 mmol) and
triethylamne (7 m, 97.4 mol) in met}ﬁ?‘len hl oride ( 80nmL) was added
4- Et hyl benzoyl chl orlde (7.2 m, | ) dropwi se. The resulting
m xture was stirred at RT for 2 houroured into water (100 nL) and
| ayers were separated. The nethyl ere ¥hlwide | ayer was washed with dilute
HCl solution then again with H20 and dr o&gr MySO4. The m xture was
filtered and concentrated to drynesg to gi sem -solid.
Recrystal lization from hexane provi 2 Ht | e conpound in

e 8a: To a solution of

OH

A 4-Ethyl-N-(2-hydroxy-4-methyl-phenyl)-benzamide 8a: To a solution of
commercially available 2-Amino-5-methylphenol (6 g, 48.7 mmol) and
triethylamine (7 ml, 97.4 mmol) in methylene chloride ( 80mL) was
added 4-Ethyl benzoyl chloride ( 7.2 ml, 48.7 mmol) dropwise. The
resulting mixture was stirred at RT for 2 hours, poured into water (100
mL) and layers were separated. The methylene chloride layer was
washed with dilute HCI solution then again with H>O and dried over
MgSO.. The mixture was filtered and concentrated to dryness to give a
semi-solid. Recrystallization from hexane provided the title compound in
quantitative yield as a solid.

B 4-Ethyl-N-(2-methoxy-4-methyl-phenyl)-benzamide 8b: Methyliodide (1.2

) ml, 19.2 mmol) was added dropwise to a mixture of 8a (4.0 g, 15.7
mmol), prepared in Part A, and potassium carbonate (5 g, 36.2 mmol) in
DMF (20 mL). The resultant mixture was stirred at RT for 6 hours and
water (60 mL) was added. The aqueous mixture extracted with Et,O (2 x
60 mL). The combined EtOAc extracts were dried over MgSQy,
concentrated in vacuo and chromatographed (silica gel; 3% EtOAc in
Hexane) to provide the title compound (3.58g, 85%).

C N-(5-Bromo-2-methoxy-4-methyl-phenyl)-4-ethyl-benzamide 8c: Toa
solution of 8b (3.58 g, 13.3 mmol), prepared in Part B, and iodine ( 3
crystals) in carbon tetrachloride ( 100 ml) was slowly added bromine (



gquantitative yield as a solid. B
4- Et hyl - N- ( 2- met hoxy- 4- net hyl - phenyl ) - benzam de 8b: Methyliodide (1.2 mnl,
19.2 nmmol ) was added dropwise to a m xture of 8a (4.0 g, 15.7 fuary 2007

prepared i nd potassi um carbonate (5 g, 36.2 i (20
m.). The rgvsvgla{"{asﬁ)pnf’n?xture was stirredg,at RT for 6 hour zo%éotzgl%( 60 ni)

was added. The aqueous m xture extracted with Et20 (2 x 60 nL). The

conbi ned Et OAc exiracts were dried over o7 concentrated. in vacuo and
chr omat ogr aphed ( 1'7%ir8§116@ mmey), EPGQ&’&%%’&\W&”’PW B':'r‘r P‘E’é’dﬁ’ﬂ?s[ itle
conmpound (3. 589, 8838d afkd the resulting suspension stirred at RT for 6 hours. The _

N- ( 5- Brono- 2- net hoxy- 4- et hyl - phenyl ) - 4- et hyl - benzani de 8c: To a solution
of 8b (3.58 g, 13mixtuieowgs ppureddn adl 0% sedivm sylfitg felutieni(AOMIB  crystals) in

b tet hl or jjde ' 2007 WO
2005/ 012242 PeT) ESBIoE D3 (R4 MY o AREINERTNER, o™ THe 100: m ot
car bon tetrachl or bamnielayerasiasdasnet wite satesatetiNaiHC0s periidoirdoiver red at RT
f 6 h . Th ' d ] 10% ' | fit | Ui i 400
wy. i eni or onet MBRO4 386/ 9 e Rolled et BpbioETRERe LB TR WHNR T
organi ¢ | ayer wassypPpodudt wis pricipitateridwitiphisXdhe(dndisolatéd By filragion tdgSO4,

filtered and concentrated under reduced pressure. The white solid product
was precipitated elhtheditlgrompeyndddlg.&d %) filtration to vyield the title

N (3 Br om- 6- ma? hak SRS metgosy-f;methy-2 nfo-pheny))4-efhyl benzarmidg
Ni t roni um t et r af | Nitratendeteafi@raistaty, (03133 gnid mel) waddeldedinone  portion to
acetoni trile. TheppRemPAB 0 Pbe BN GRS R b RbTERS ¢ nen
at RT for 15 m nuCg acetohitl.(THe re)iting sniadeedas Stieed @t 04C for ¢t ingintiteses were
1t 6 compound ( 0Es KT Byt amaesaTd b (30 mikwhyadded. The'sdia®”' ¢ 1 "¢

precipitates were collected by filtration and dried under reduced

pressure to provide the title compound (0.93 g, 73%) as an off-white

solid. -

E N-(2-Amino-6-methoxy-4-methyl-phenyl)-4-ethyl-benzamide 8e: A

solution of 8d (1.2 g, 3.1 mmol), prepared in Part D, and K,CO3 (0.5 g,

3.6 mmol) in ethanol was hydrogenated over 10% Pd/C at 40 psi of

hydrogen pressure for 6 hours. The catalyst was filtered off through

Celite and the filtrate concentrated in vacuo. The residue was diluted

with EtOAc ( 30 ml), washed with H,O (1 x 30 ml), and dried ove

MgSOs. The mixture was filtered and concentrated to provide the title

compound (0.728 g, 83%) as a solid. ‘

F N2-(4-Ethyl-benzyl)-3-methoxy-5-methyl-benzene-1,2-diamine 8f: To a

cold (0 °C) solution of 8e (0.69 g, 2.4 mmol), prepared in Part E, in dry

tetrahydrofuran (25 mL) was slowly added borane tetrahydrbfuran

complex (1M solution, 4.8 mL). The reaction mixture was stirred at RT

for 6 hours, cooled to 0 °C and 1N NaOH solution (1.5 mL) was slowly

added. Water (6 mL) was added and the mixture was stirred at RT

overnight. The mixture was diluted with water (25 mL) and the aqueous

mixture extracted with ethyl acetate (2 x 30 mL). The combined organic



E N (2- Am no- 6- met hoxy- 4- et hyl - phenyl ) - 4- et hyl - benzam de 8e: A solution of
8d (1.2 g, 3.1 mol), prepared in Part D, and K2C03 (0.5 g, 3.6 nmmol) in

et hanol was hydrogenated over 10% Pd/ C at 40 psi of hydrogen ptEebsuare2803r 6
hours. The \‘éf@%@d%ﬁu%’as filtered off through Celite and the filtrate
concentrated in vacuo. The residue wasgdiluted with Et GAIYS284/034973  \washed
wth HO (1 x 30 m ), and dried over MpSH4.- The m xture was filtered and

trated t ljd. F
o (-t hyt - beny PRSES el wished witf G (e Soef oo, Eonbefaigdd ©, 5y (o
tCZatfglh%lrgpu?;nS?ggﬁ)ﬁL@og,apﬂed( %ﬂde orex%anetngf?;?;gﬁoo?ﬁ?ggheélg?rpl ex (1
M sol uti on, nﬁ?mp?e‘\%‘\'j\?@ﬁiﬂr %% d‘%‘%/\%‘g%sti rred at RT for 6 hours,
cooled to O C a@d 1440kt %r&?l)wwnefho&}-ﬁn@thy}m%rﬁbmdxzola 2o ghater (5

m.) was added and the mi xturé'was stifred at RT overni e mxture was

di luted with wat ef0.225gnfl Omeet), prepareslindiast Fn@ndtmeawéou @me\mﬁﬁ et hyl
acetate (2 x 30 51 EWmBQWs%eﬂr&%gﬁmgﬁﬁrcg?{ %lu?e% Zul %9‘&5’,{&2242

PCTI US2004/ 024673 extr Wer e Was r| ed over
concentrated and nuktu:mwasgeateﬂed a(d0 9Cail bath,folEB MDVsHhEalmeoleﬂ td RTatio) to
afford the title as a ite.s

1- (4- Et hyl - benzy! I k‘éﬁ%uﬁ'ﬂg‘iﬁwcﬁ/?qm?}@ﬂ%\gﬂwﬂw%' Eb&%HQFa”G(o 275

g, 1.0 nmmol), prepaf QQaffBrd%bttltlEcoﬁ%uhﬂ'(@QBE@OBB%()f ormate (0.20 m, 1.2
mmol ) was added cat aI yti c anount “toluenesul fonic acid. The nixture was

heated in a 120HC2dBt{4Rthy- HQE\ZYQ-GHIBQ I-8Hehenzoipnidazal4-yaxy]l -l r esi due was

pur i {ed by chr oy, AakKs6R ' 158 138 ompouad iR ed b dathd Y Lo d the

title conpound (

2-[3-(4-Et hyl - benzibbc)nt@dl‘ﬁtﬁads Bﬂirrb@gTZEidfrEdamleﬂsulb'stbtm}ng&brﬁbound1e
gl ucopyranoside 8: The title co pre by treatin

8
described in Part ¥ita Q%HNMH (#0 "EXQPp@Q)ﬁ% aﬁﬁ i) 744 “cz)ﬂﬁgﬁhg"&:
6.95 (s, 1H), 5.81 (d, J = 15.4 Hz, 1H), 5.58 (d, J = 15.2 Hz, 1H), 5.07 (d,

J =7.37 Hz, 1H), 3.88 — 3.92 (dd, J = 12.1 Hz, J = 2.2 Hz, 1H), 3.66 3.71
(dd, J = 12.0 Hz, J = 5.8 Hz, 1H), 3.52 — 3.37 (m, 4H), 2.63 - 2.58 (q, J =
7.45 Hz, 2H), 2:43 (s, 3H), 1.19 (t, J = 7.62 Hz, 3H). MS: m/z (MH") 429.

Example 9
2-{3-[2-(4-methoxy-phenyl)-ethyl]-3H-benzotriazol-4-yloxy}-B-D-
glucopyranoside

@ S @ .

OH

HO
OH

A 3-[2-(4-Methoxy-phenyl)-ethyl]-3H-benzotriazol-4-ol (9a): To a cold (0°
C) mixture of Se (0.49 g, 1.9 mmol), prepared in Part D of Example 5, in
a 3N HCI solution (20 ml) was rapidly added sodium nitrite (0.152 g, 2.0
mmol). The resulting mixture was stirred at 0 °C for 1 %2 hour, neutralized



with 8g1HNVR (400MHz, CD3COD) 6 8.03 (s, 1 H), 7.21 - 7.14 (m 5H), 6.95 (s,
1H, 5.81(d, J =15.4 Hz, 1 H, 558 (d, J =15.2 Hz, 1 H, 5.07 (d, J =
7.37 Hz, 1 H, 3.88 - 3.92 (dd, J =12.1 Hz, J = 2.2 Hz, 1 H), BF&buadyZ107
(dd, J= 12. OHz, J=5h8Hz, 1H) 3.52-3.37 (m4H),2.63-2.58 (g, J = 7.45 Hz, 2H),
2:43 (s, WOZQOWQZZ('% = 7.62 Hz, 3H). M5: nlz (MH) ZEXH/US2B0443457% 9
2-{3-[2-(4- et hoxy- phenyl) et hyl] - 3H— nzotri azol - 4-yl oxy}-[3-D

gl ucopyranoside N N~.\OCCH3 OHOO OHHOOH A

3-[ 2- (4- Met hoxy- pteeplyi16)with B\N NaOHt arddituted with Ha0 (0 mbaThe Fgueocusol d (0 C)

m xture of 5e (O. t in a 3N
HCl sol ution (20 ﬁﬁ)ftg'\’/?/a\éaggp d%téd g@h%&@fA@ﬁ?&%dﬁlﬁﬁ) ) G%PWER)% 0 mmol).
The resulting m xtema:tsva&rsﬁned ederdt/l g80%; filleredland ﬁomnmltratetémt\!&l:hoz'éhb 1
February 2007 WD 20 5/012242 PCT/ 8200 /0246 h

and diluted with Yesyaspyirifiechy e fawi%s‘ %120%%‘&%( &?"W?h Et OAC
(2 x 60 mM). The %Mmqhgtt,%@m@&ﬁa@ 25\59;19%()1“ ed over MpSH4, filtered

and concentrated 1 n vacuo. The residue was purified by chronatograpy
(silica gel, 1086 B{MZ{Mthphenw)-pﬂwr ad-hemgotriazbed-yioxyb Bl (0. 25 g,

0o 23 L (G e bRt R P AR SR %2
2,3, 4, 6-tetra- O agfth\d,3,3;6 telilaHOARERIBASYludeprandsylasrofide & Bascribed in

Part F of Example 1. '"HNMR (400MHz, CDsOD) & 7.59 (d, J = 8.12 Hz,

1H), 7.35 (t, J = 8.1 Hz, 1H), 7.27 (d, J = 7.67 HZ, 1H), 7.08 (d, J = 8.51

Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 5.24 (d, J = 7.95 Hz, 1H), 5.17 (m, 1H),

5.06 (m, 1H), 3.93 (d, J =12.02 Hz, 1H), 3.74 (s, 3H), 3.73 - 3.64 (m,

2H), 3.57 — 3.46(m, 3H), 3.28 — 3.26 (m, 2H). MS: m/z (MH") 432.

Example 10

2-[3-(4-Ethyl-benzyl)-3H-benzotriazol-4-yloxy]-B-D-glucopyranoside

-0

o
HO

O
OH

HO /
OH

A 1-(4-Ethyl-benzyl)-7-methoxy-1H-benzotriazole 10a:To a cold (0° C)
mixture of 3¢, prepared in Part B of Example 3, (1.3 g, 5.1 mmol)ina 3
N HCI solution (40 ml) was rapidly added sodium nitrite (0.39 g, 5.6
mmol). The resulting mixture was stirred at 0 °C for 2 hours, neutralized
to pH 6 with 3 N NaOH and diluted with H>O (100 ml). The aqueous
mixture was extracted with EtOAc (3 x 60 ml). The combined EtOAc
extracts were dried over MgSO,, filtered and concentrated in vacuo. The
residue was purified by chromatograpy (silica gel, 10% EtOAc/ Hexane)
to provide the title compound ( 0.69 g, 51%).



Part F of Exanple 1.'HNVR (400MHz, CD30D) 3 7.59 (d, J = 8.12 Hz, 1 H),
7.35 (t, J=81H, 1L H, 7.27 (d, J =7.67 HZ, 1 H, 7.08 (d, J = 8.51
Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 5.24 (d, J = 7.95 Hz, 1 ,15:C!EmaI(Yrﬁ001

H) , 506( 93 (d, J =12.02 Hz, 1 H), 3.74 (s, I;%373-364
(m 2H), ?%swézzﬂg(m 3H), 3.28 - 3,26 (M 2H). M
Exanpl e 10 2 [ 3- (4- Et hyl - benzyl) - 3H benzotr| azol -4-yl oxy] (3-D-g

| wcopyr anosi de g Nelgaln(lneey Lo Ebbidazo Hlofap( A cheog pirko pdreet hoxy- 1

H-benzotriazole m xt ure of ﬁbe ared in Part B of
Exanmple 3, (1.3 g;n Bart A9 giih &molwlmmchlgmm&thane( mi) wageepolegdPd y

added sodiumnitri stirred
at 0 Cfor 2 hourstigb é??t“ﬁi"%“ glbﬁ?rgmgjhéﬂ SJF@%?‘@I\%% and ?jWFute Vvlth H20
(1?”8 mzj T(f])eA aquadded. WmEC%mtmtwammemdmtt—?aml éioanmuﬁa& thve . Thed
conbined Et CAc extracts were dr r Mg iltere centrated in
vacua. The resid8® ‘é’aﬂﬂ?q' PPéﬂ%ﬁ%?tEWt%%%W 2(1shqqr§£384 IEI8?0% Et OAc/
Hexane) to provi dewligs 20 HL?)W%Qrﬂaﬂéﬂ@rﬁovﬂséﬂ)llﬁweéjbyo/ﬁ:e Hliiocebrrﬁ@ Y. ¥hg007 WO
2005/ 012242 PCTI U 2004/ 2467 -benz benzotTi azol - 4- ol

10b: A nmixture of dichloropetheaeeras remqudtunﬂle( @dslgeg pr@ssgse andithe i n

o e A P S O TR ("

stirred at -78 C EdiDAB@xmactuﬂwwa‘simfd with brine, dried over MgSO, and
concentrated to give the title compound as a yellow solid (0.5 g, 77%).

C 2-[3-(4-Ethyl-benzyl)-3H-benzotriazol-4-yloxy}-B-D-glucopyranoside 10c:

To a solution of 10b ( 0.4 g, 1.58 mmol), prepared in Part B, in MeOH
(10 mL) was added lithium hydroxide (0.42 g,1.74 mmol) and the
solution was stirred at RT. After 5 min, the solution was evaporated to
dryness. 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide (3.25 g,
7.91 mmol) was added after diluting the residue in DMF (12 mL). After
stirring the reaction mixture at RT overnight, potassium carbonate ( 2.2
g, 1.58 mmol) and MeOH (5 mL) was added and stirred at RT overnight.
The resulting solution was poured into water (50 mL) and the product
was extracted with EtoAc (3 x 50 mL), ether was added and the organic
extract was washed with water (4 x 50 mL) and brine. The combined
extract was dried over MgSOQ;, filtered and concentrated in vacuo. The
residue was purified by chromatography (silica gel, dichloromethane:
methanol, 97:3) to give the title compound (0.1 g, 15%) as a white solid.
'HNMR (300MHz, CDs0D) § 7.60 (d, J = 7.78, 1H) 7.29 (m, 4H) 7.14 (d,
J=8.09, 2H) 6.17 (d, J = 15.04, 1H) 6.01 (d, J = 15.06, 1H) 5.16 (d, J =
7.70, 1H) 3.90 (dd, J = 1.95, J = 12.13, 1H) 3.68 (m, 2H) 3.51 (m, 3H)
259 (q, J=7.64,J=15.19, 2H) 1.17 (t, = 7.59, 3H). MS: m/z (MH")
416.



slowy warnmed up to RT and stirred at RT for 24 hours. A1 MHCI solution

(20 mM-) was added dropwi se followed by ice H20 (20 nL).. The

di chl oronet hane was renoved under reduced pressure and the aqubB‘E]%ua(W%QQYre

extract ed qug 962\9 (3 x 30 nmL). The conbined EtOAc extract was wash

W|th brine, "dri e Bver MySO4 and concgntrated to give tie v @’W&?mound as
a yellowsolid (0.5 g, 77%

2-[3-(4-Et hy#_' %6)3 gi/@gL{:SI-I- b@nzotrl azol - 4-yl oxy}-(3-D-gl ucop_yranosi de 10c: To
a solution o %3 mmol ), prepared in Part B, in MeOH (10 m-)

was added lithium hydroxide (0.42 g, EXA#MPROPY) and the . solution was stirred
at RT. After 5 mn, the solution was evaporated to dryness.

2,3,4,6-tetra- 0O acetyl -a-D gl ucopyranosyl brom' de (3.25 g, 7.91 mmol) was
added after diluti ng the resi duemhfbrli§ ahdMéthbdsAfter stirring the
reaction m xture at RT overnight, potassium carbonate (2.2 g, 1.58 nmol)
and MeCH (5 m-) was added and stirred at RT overnight. The resulting

sol ution was giHREGEF thBtHunYEH SGLerCbn@ hu}na'%f‘éGUFE DINKEBISHd cYRStnRXbAREL ed Wi th

Et oAc (3 x 50 nlL)7 ether was added and the organic extract was washed wth

water (4 x 5¢iwewnnamraai@ntﬁ>4m@sanmecz§@hﬁhﬁéuma@x&‘e%ti chAA (fFerhanbver MySOH4,
filtered and Uﬂ% e
chr omat ograpW?ﬁ?m’égrcgﬁei'lehq?mﬁp@ragnet le{ﬁt§§{|ﬂé‘ Fﬁanol, !3% %’@hﬁl) gi ve the
title corrpour(\@e(nlﬁhnk ig9534B)wassclanedifrom rmmhardkidney-NBBth( {3l CEANAs wBeCD) 5 7. 60
(d, J = 7.14 (d,, J = 8.09, 2 17 = 15, 04,
iH) 6, 01 (d, Syéc‘g%%‘] tﬁ‘go péﬁ&l@%w?nged:to Vﬁr%ﬁ‘el'ﬂﬁegé'&@ﬁ ?8&9“5““511 95, J =
12.13, 1H) 3.68 (m 2H) 3.51 (m 3H 2.59 (g, J = 7.64, J = 15.19, 2H) 1.17
(t, J =7.59, 3H . M5 mz.( 416, 07 012242
bCT Usz0047 oSieistienst G 31&'\4@”%%23 eﬁ%(%??d]ﬁwm%@@f‘“%%ﬁar s and
Met hods Transfection of CHO-K1 cells was performed using DMRIE-C reagent (Life
Technologies, Gaithersburg, MD). Transfectants were then selected in the
presence of the antibiotic G418 (Gibco-BRL, Grand Island, NY) at 400 ug/ml.
Individual clones were then characterized using the functional assay described

below.

Cell-based assay for sodium-dependent glucose transport: Cell lines stably
expressing human SGLT1 or SGLT2 were then used for functional analysis of
Na+-dependent glucose uptake. Briefly, cells were plated at a density of
65,000 cells per well in a 96-well plate and allowed to grbw for 48 hours/ Cells
were subsequently washed one time with Assay Buffer (50 mM HEPES pH 7.4,
20 mM Tris, 5 mM KCI, 1 mM MgCl,, 1 mM CaCl, and 137 mM NaCl) and
treated with compound in the absence or presence of NaCl for 15 minutes.
Cells were then labeled with *C-a-methylglucopyranoside (AMG, Sigma, St.
Louis, MO), a non-metabolizable glucose analog specific for sodium-dependent
glucose transporters as previously described (Peng, H. and Lever J.E. Post-
transcriptional regulation of Na*/glucose cotransporter (SGLT1) gene
expression in LLC-PK1 cells. J Biol Chem 1995;270:20536-20542.). After 2
hours the labelled cells were washed three times with ice-cold PBS. After
aspiration, cells were solubilized using Microscint 20 (Packard, Meriden, CT) |



Cloning of the human SGLT1 and human SGLT2 cDNAs and construction of the
manmmal i an expressi on vector: The human SA.T1 cDNA (Genbank M24847) was
cloned from human small intestine. Human SG.T2 cDNA ( Genbank MEBbigyy 2005
cl oned from human ki dney. Both full cDNAs were subcloned into pcDNA and
sequenced tYOPMS(0f2243 he' integrity of the construct. GerRGTAYS2804/03467THO- K1
cells stably expressing human SG.T1 orhunman SGLT2: Transfection of CHO Kl

cells was performed using DVRIE-C reagent (Life Technologies, Gajthersburg,
MD). Transf e@ndiNasdependant &iC-AMG upiaie was quantiied by measyring redigagtivit ot i ¢

G418 (G bco- tescﬁ'/é‘r'édcd@ltélf‘ﬂza '\W{%C@dntgegﬂéﬂrm MeridéiliomdyRds s @pes were then

characterized using the tunctional ass scri bed 'bel’'ow. Cell-based assay
for sodi um degmorteshas tilel¥dshibition s Pogvtvaluedrom & nepresentaiive expeiimesti ng human
SA.T1 or SATZ wer.e then used for cli I s So0f Na+- dependent

gl ucose upt a&éﬂ\gﬁp'ﬁ’eﬁof&e HQFﬁ%n%?%éyp:Wé% %ﬁgglﬁgﬁhﬁh@?[@ of 65,000 cells per
well in a 96-well plate and allowed to grow for 48 hours/ Cells were
subsequent|ly washed one tinme with As ffer (50 MM HEPES pH 7.4, 20 niM
Tris, 5 "MKCO, 1 nMMC 2, 1 nM Ca LE27 M NaCl) and treated with
conpound in the absence or presence of NaCl for 15 mnutes. Cells were then
| abel ed Wi th 14C- a- net hyl gl ucopyr anoside (AM5 Sigma, St. Louis, M), a
non- met abol i zabl e gl ucose anal oé‘ Vivoohssay fos Efieagum dependent gl ucose
transporters as previously described (Peng, H and Lever J.E. Post-

transcriptional r ' N 59 tike :
expression in LLC%%&F‘%}S@BBQ% y(éﬁwéﬁem {%é?%@%@%ﬂ%?&%ﬂ%d ﬂﬁﬁaer 2
hours t he | al2idried Rieéd. sAnimats werstredintdinedon arfishourtlight/darkaycie iPBS. Af t er
aspiration, cells were solubilized,usi M croscing.. Packar riden,
o) Febr uangmeBrirevg el oS ANERlF wesS BFEG Atikoat SRS RteddE e nden
14C- AMG upt akstanwaardoredeni dieeBurina S8 wndwatendhviatdls wete/fastdd far 42 were
counted in a TopCount (Packard, K Meriden, CT). Results af]& repqrteg as the %
i nhi bi tion ohouEsBrgrdpiatiaioRTihe experimaRt PR thespgrNngehihe experiment,

animals were administered vehicle (0.5 % methylcellulose) or compound by

oral gavage (1ml/kg). After one hour,4 animals received an oral glucose

challenge (4 ml/kg of 50% solution) and were immediately placed in

metabolism cages. Animals were given free access to water and urine was

collected for 4 hours. Urinary glucose was quantified using the Trinder

Reagent (Sigma).
EXAMPLE 3

Effects on Plasma Glucose, Plasma Insulin, Plasma Triglycerides, Plasma
Free Fatty Acids, Liver Weight, and Body Weight

To examine the effect of an SGLT inhibitor in combination with an RXR
agonist, female db/db mice (6-7 weeks of age/Jackson Labs, ME) are treated
daily for 11 days with vehicle (0.5% methylcellulose), an RXR agonist (0.1 ~10
mpk (mg/kg)), an SGLT inhibitor (100 mpk), or an RXR agonist plus SGLT
inhibitor. Mice (n=8 animals/group) receive the test compounds or vehicle by
oral gavage in a volume of 10 ml/kg of body weight. Body weight is recorded
on day 1, prior to dosing, and days 4, 8 and 11. Eighteen hours after the final

TSR



Variability for the functional assay was typically wthin 20 % EXAMPLE 2 In
Vivo Assay for Efficacy Male Zucker Diabetic Fatty (ZDF) rats (7-8 vveeksg
were obtained from Charles River. Animals were maintained on al Fgbraasyi2007

l'i ght/dark i tenperature-controlled room Aninmals were given ad

l'i bitum accgégzhfsm% (st andard rodegt diet Purina 500%5”3%804\/9&?

Ani mal s were fasted for hours prior to initiation of the experlrrent On

et hylcel | a1 8285+ TiES %fbfa P8 OB L Go0R, VER Seiner
ani mal s recebfeepbyanatmt@butglsmes@nonhelmtammmpahmkedpbly@ed{ow@fwmbea) and

wer e i nmedi ately pI aced in netabolismcages. Aninal s§luvie | ve free access

to water andOOrithePlpgaa W‘W'@%?@jthﬁﬂrasﬁal‘ﬁﬁf%g”@??fd?
quantified U%hﬂgre‘effgwéblﬂge[weﬁe ided! WBRhed BOYRIZEN3 Effects on Pl asnma

G ucose, Plasma Insu ] asnma 1rig ycer| dés, Plasma  Free Fatty Acids,
Li ver Weight, and Body Wi ght To exam ne the effect of an SG.T inhibitor in

nbi nat i ith st ] (G- f
agel Jackson Labs, NP Gk pRRoreend BRR Sdriies R GRunl mrdGaiFur o 0. 506
et hyl cel | ul @gtign. Iprovér giyoemid cdritrol, médsurdtpés ardgckesse, |n¢ilbs'ﬁ€3,T i nhi bi tor
(100 npk), or an RXR agoni st plus SGT i nhi gl tor. Mce, (n ani mal s/ group)
recei ve the QBSPSRRIBYDANSUWR, Rigsma) wedpity 8ids. QRjaziEa tffﬂ')éP‘if@Pén%f%f 10

m/ kg of bod)&owrgﬂnbn uf@%f \Wah BRlobserVeRcA sl cdmeﬁﬁat.&ns dFrdnRxRO dosi ng,
and days 4, 8 and . Bl ghteen hours after the final 1 February 2007 WD

2005/ 012242 lagwnle‘swbeugwgnerfsommauo@ avithrarcBGhT dnhieiterhefiheneforan@st het i zed
'nto 2 i nesamaii st BoftrEonsg chls LiMAT bt aodhRk i T I F
assayed for @buo@sa;armetetd aam, becrmgé ypparedte dn additionf theevéight galaobelervedl vers
are exci sed, fc‘)’fﬁ)l\nﬁrr\]g gegtment wﬁﬁ%(R agonists is less pronounced when given with the

SGLT inhibitor, since SGLT inhibitors’ promotion of the urinary excretion of

glucose and loss of calories from the body is demonstrated by reduction in

weight or weight gain. Also, since SGLT inhibitors promote a mild diuresis, the

edema (and the edematous weight gain) commonly observed after treatment

with RXR agonists can be less pronounced or absent. A reduction in the

amount of an RXR agonist necessary to achieve efficacy in turn improves the

side-effect profile. The decreased side effects can include such conditions as

fatty liver, increased liver weight, body weight gain, heart weight gain, edema,

cardiac hypertrophy, hepatohypertrophy, hypoglycemia, and hepatotoxicity, or

any combination thereof.

EXAMPLE 4
Effects on plasma Glucose, HbA1c, Hematocrit, Plasma Insulin, Plasma
Triglycerides, Plasma Free Fatty Acids, Total Cholesterol, HDL, Plasma

Drug Levels, Liver Weight, Heart Weight, Fat Content and Body Weight

To examine the effect of an SGLT inhibitor in combination with an RXR|
agonist, male ZDF rats (6 weeks of age/GMI) are treated daily for 28 days with



The SGL.T inhibitors and RXR agoni sts have distinct nmechanisns of action.

| nproved glycem c control, neasured as a decrease in plasma gl ucose, plasm
insulin, plasma free fatty acids, or plasma triglycerides, or alFduwwdny 27 on
t hereof, c %osﬁllf%zﬁﬁved at |l ower concentrations of an RXR gzgoni st _when
given in congiAeH with an SGLT inhigitor. Therefore, BCT/PR200424453 shift i n
t he dose-response curve for effect of an RXR agonist on the above

paranmeters c X . Sybrl i | D n rved

f ol | owi ng trgjaéthﬁmmﬁm/tarﬁewggg%@é?g%R Igggglgg@()no ncL%ﬂ%éﬁ%ﬁsen with the
SGLT i nhi bi t dnhibem(@e1aNPk), ohiabiRXR egopistplys S61 Toinhittiter.uRatm(nF8excr et i on of
gl ucose and | gs fcalori fro | : ratke reduction in
wei ght or vvei%m a%éqrﬂgp%{eggﬁeéri\%g]egﬁ g@%ﬁ'ﬁ‘fﬁ %rl\&gyncggg)&gﬁ%ltia\égmfg di uresis,
theh edena (amhmé@fedﬁln@ltmm@@m. @vg@)welgtmb récoraA@@egmq 1qprier tot L eat nent
wi th RXR agoni sts can be | ess pronounced or sent.. reduction in_ the
anount of an W%@Bﬁit‘é’tcerﬁa\ﬁ’%g&?rﬁhf ”'?é'ﬁf‘@@&‘ee?tf’fjlﬁ-ag? tﬁﬁ dayhsior FR)V‘Svgs. t he
si de-effect pyofi bbSe, ahiiRalefs eat6d opdrfRNET DREMHBUF aftef he! P JSHS Raeapdi ti ons
as fatty liver, 1ncreased | h d ht gain, heart wei ght

I ver wei ght, body wel g g
gai n, ederma, weighed aod appsthetizgshwith E%péﬁm(ﬁ’%%})t Ratsare thepdded by reteo- and

hepat ot oxi ci ty, .or_; I.naty . n asna

G ucose, HbA (?/rg',taﬁénnat %I’?LE '@?aisﬁn'g' r]teﬁghfﬁ?%d p@%%‘%%g@@ﬁ?%e@?{SM asma
Free Fatty Acthds receienh gltivoke challerige (Blgkg Pohana aréplaget v aletabdlismer Vi ght
Heart Wi ght, Fat _Content and Body ?%éi t .To ef<am' e the Ifgct of an SG.T
i nhi bi tor in SASSSIfENE AHINg; coflectionk oug%oﬁt'@??sr?é? eibpacriticed @8dyeeks of
age/GM) are é}ii@iﬁ?ﬁuﬁl fa2 phifs, fiRers? Bnd Akartdvhidlexcidedl WeldNe PARY froXp RP0S/ 012242
PCTI US2004/ 024673" 59 vehi cle (0.5% methyl cel lul 0se); an RXR agonist (0.1
npk- 10nmpk) , Justplogigshpraminatios- Plasmepsamples ame threrrassqyad for guensesGLT

I nhibitor. R =8, :ani i o] S icle

by or al _gavagih 1o TeuheRafichh Bitid BBt 1eich ERbIeSRRTHER Prie 1E”

recorded on dagidd, andriglycerades. Urine volume and urinary glucose, protein, osmolarity,
electrolytes (Na, K, Cl), BUN and creatinine are measured.

The SGLT inhibitors and RXR agonists have distinct mechanisms of
action. Improved glycemic control, measured as a decrease in plasma
glucose, HbA1c, plasma insulin, or plasma triglycerides, or a combination
thereof, can be observed at lower concentrations of RXR agonists when given
in combination with an SGLT inhibitor. Therefore, a leftward shift in the dose-
response curve for effect of RXR agonists on the above parameters can
become apparent. in addition, the weight gain observed following treatment
with RXR agonists is less pronounced when given with the SGLT inhibitor,
since SGLT inhibitors’ promotion of the urinary excretion of glucose and loss of
calories from the body is demonstrated by reduction in weight or weight gain.
Also, since SGLT inhibitors promote a mild diuresis, the edema (and the
edematous weight gain) commonly observed after treatment with RXR agonists
can be less pronounced or absent. This can be demonstrated by a reduction in
the RXR agonist-induced increase in heart weight. A reduction in the amount
of RXR agonists necessary to achieve efficacy in turn improves the side-effect
profile. The decreased side effects can include such conditions as fatty liver,



dosing, and twice a week for the duration of the study. On the day prior to
the final dose, aninals are fasted overnight. One hour after the final
dose, rats are weighed and anesthetized with C02102 (70:30). RhFebreare2¢dien
bled by retro- orbital sinus puncture into 2 nmL heparini zed pol ypropyl ene

t ubes on i cWO2H042242 hen receive a glucose chal | enge (2 RFUESPMPRI6IHd ar e
pl aced in netabolism cages for the ur®ne col l ection (4 hours). Animals are
then sacrificed and epididymal fat pads, livers, and hearts ‘are excised,
wei ghed and incteasediiver wmgbil,cho@giwmhtmmhﬁaﬁimhtm%rﬂﬂwaba%re t hen

Chot bater of , HATOPhy, Hepatdhypefil hypRERELARL g rRERBGLRESTRYL 2 nd

urinary gl ucosmbination ¢hereofosnol arity, electrolytes (Na, K, C), BUN and
creatinine are nmeasured. The SGAT inhibitor d RX oni.sts have distinct
mechani sns of ac?ﬁ%ﬁSOY%¥WB SGR) &S gho ﬁ??ﬁ'\e,orﬁ'g%@ﬂ%ra;'gné’?agcrease in
plasma gl ucger.T ihkibitofin danfisif@idn with &M anfdialétRSagents, i stich &erdndRXR or a
conmbi nation thereof, can be observed at | ower concentrations of RXR

agoni st s whemagiater,improve thei staius o other maskersaf diabetgyineditus implddidgore, a

| oftvard Shi bivchay A8 HARIONIA G AACT AR, "BINARE O braRBnieRas on the

above paraneters can addition, e wei ght gal n observed
fol | owi ng tr ehamSGLT whibito RxRcaghinatinswitts ohe s more RXimhoedulgtens canven with

the SG.T inhibitor since SGAT inhihitors' pronotion he urinary

excretion of " qygcpggygyﬁigﬁ?tg%)gy We&ﬂq&ﬁf’b%s;v@@ﬁg?'ﬁ%’ W‘B@bt %E'ﬂ’&g%@{trat ed by
reduction i ngami ebinpafed®l AAiMingeation ofbrider MbRCRXRGhddulattrdalopes pronote a
mld diuresis, the edena (and the edematous wei ght gain) commonly observed

afte'r treatment with RXR agonists can be |less pronounced or absent. This
can ‘be demonstr at eHudfoftréftigcdiabetes arfidifa BiabetdsUmRE, bcrease in

heart weight. A reduction in“the amount of agoni sts necessary to
achi eve effi Sxogrome Kuasompound of Formauls (i} incggrabinatin with joge orifeorgecr eased

side effects j i b v Livers 1. F 2007 WO
2005/ 012242 5&@@?&%%%%“%%% %Be%s”@%t F@l’?lcr{?\%éule%ﬁ??&g‘o%ys@!%ht gai n,
heart wei ght ngsj e employad coaprlising administering repeated oral doses of the

compound of Formula (1ll) in'the range of about 25 to 1000 mg once or twice

daily and repeated doses of the anti-diabetic agent or agents at jointly effective
dosages. The jointly effective dosage for antidiabetic agents disclosed herein
may be readily determined by those skilled in the art based on standard dosage
guidelines. In particular, such combined administration can be effective to
accomplish reduction of body weight, body weight gain, liver weight, or liver
weight gain in the subject. ‘
) |

Additionally, a method comprising (a) administering to a subject a jointly
effective amount of a glucose reabsorption inhibitor; and (b) administering to
the subject a jointly effective amount of an antidiabetic agent such as an RXR
modulator can be used to reduce body weight, body weight gain, or liver weight
of the subject in need thereof, wherein the combined administration can be in
any order and the combined jointly effective amounts provide the desired
therapeutic effect.



hypertrophy, hepatohypertrophy, hypoglycem a, and hepatotoxicity, or any
conbi nation thereof. The above exanples can al so show that the oral
admini stration of an SG.T inhibitor in conbination with an ant} Easer 247

agents, su R nodul ator, inprove the status of ers of

di abet es neC‘PP?@S@P’.Z% udi ng gl ycosyl g;ed henogl obin (Fﬂﬁﬁ%@“ﬂg{é S.
Particularly, the oral admnistration of an SAT inhibitor in conbination
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asiwell as liver g%?“egb&il’ ?@@Pﬁ%%ﬁ%@lsyﬁ@%%e@oaﬁ ni stration of
one or nore RfBctiedamatioyof saglacese rEabsorption inhitstat; argl (b) Adetinisteripgitd i cul arly
Type Il diabetes nellitus .Syndr o , a . conpound of Formula (l1I11) in
combi nat i on vhe _ﬁu@ﬁ%t_ %P'Wr&?cﬁ}ﬁ%?moéfgg?gi(@ %@ﬂr@?'csa@@ﬁt &n ﬁuﬁﬁﬁiﬂ%goni st
that incr eaS%ntra%Hdgguégﬁﬁ bbby Weight gtaﬁaé n&agowé@htp}gpm%&%mghtlsgan?of the

adm ni stering repeated oral doses of mpound of Fornmula (IIl) in the
range of abowubjEst havingdmbetpso Syad®me i ecassggiated symaptospeet ed doses of the

anti - di abet i . . j OL : £ ive Leintly
ot ective. doCSiiPRIcHe, FRGRUS Ut bbbl SafiniSraothar e A odfahd 1o Y
det er mi ned byth¢ bombingldijbinty effectiiecaraountd peavitliog thet desieddhdepagtic effectdel i nes.
In particular, such conbined adm nistration can be effective to acconplish
reducti on of body wei ght, body weight gain, |iver weight, or liver weight

gain in the subj eptimebéadeaab be admimsleRermay BETESANTetemimsbyiheser i ng o
a subject a'jointly effective amunt of a lﬁl ucose réabsorption inhibitor;
and (b) adni rikiiledin thg aro and méll vangwithitheypargieyian gorapgunsk ysed, pde ef an

anti di abetic h ce body .
wei ght, body é’i‘v\gﬁ@& rétg%gli, %@%&@ﬁp%ﬁh%%ﬁhfé@&aﬁtﬁﬁ%@gﬂ ] ec{ﬁeﬁﬁbﬁggd t her eof
wher ei n t he dlisdsisaedndition.ninsaddittanpfactors associated witly ther plrticuladpdtieat beingi ned

jointly effegti nt ide the desjred, .th tic effect. 1
Februaty 20078 iidtishoaliets 59 agsoeiph dish gt of Aragistration. Aid
conpri si ng ( aonadkmitantsdissdses, will rasditihjtiesiheat toGidjlist Yosages.

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.

Table 3
CHOK-SGLT1 CHOK-SGLT2
EXAMPLE # IC50 (uM) IC50 (uM)
7 0.70 0.038
4 112 0.016

8 1.12 0.061



effective anount of a glucose reabsorption inhibitor; and (b) adm nistering
to the subject a jointly effective anount of an anti di abetic agent can be
used to control body weight, body weight gain, |iver weight, ofrFsbfuags2007
wei ght gai f ubj ect having di abetes, Syndrone X, or associ ated

synpt ons o?wgczgérp fzé'gti ons, wherein thf\2 conbi ned adni ni sSEYHPPI A3 be in
any order and the conbined jointly effective anounts providing the desired
t herapeutic effect. Optimal dosages to be administered may be readily
determ ned by those skilled in the, will vary gv t he particul ar
conmpound used, the rmdesof adm nl%géﬁﬁl@gﬁﬂﬁt he strengtqqg% t he preparation
and the advancenent of the disease condition. In addition, factors
associated with the parpicul ar patssenin. lgaonpsn treated, 0.384 uding patient's
sex, age, weight, diet, tinme of adm nistration and concom tant diseases,
will result in the need to adjust dosages. Wi le the foregoing specification
teaches the principles B8f the predewtinh. @0eM i on, with @38nples provided for
the purpose of illustration, it will be understood that the practice of the
i nvention enconpasses all of the usual variations, adaptations and/or

modi fications as come within the stopd @0kMe follow ng-08| ainms and their
equi val ents. Table 3 EXAMPLE # CHOK- SGLT1 CHOK-SA.T2 1C50 (uM 1C50 (uM 7
0.70 0.038 4 1.12 0.01¢ 8 1.12 0.061 February 2/9{),] nhV@éo 51012242

PCTI US20041024673 62 5 '61% Inh. @0 M0.365 2 55% A fph- M 0.334 9 40%
Inh. @0 M0.39 3 1% Inh. @OM1.02 1 0 31%Inh. @0 M

6 0 18% Inh. @10 uM

10 0.59 0.008




6 0 18% nh. @OM 10 0.59 0.008 1 February 2007 63 Wat is clained is: 1. A
conpound of forrmula (I1l): 5 R N - ,j, \ NQZ R OO PO..,,JtulH
OHS" * "OH OH (I11) Xis CH N or C=O 10 R is Hor absent: Rbehraary2007
C, OCH3, OCH2CH3, or Cl14 al kyl, CF3, SCH3, substituted or unsubstituted
phenyl or NR3R4; R3 and R4 are H, Cl-6 al kyl, or taken together with the
nitrogen atomto which they are both atta6%hed forma 5-6 nenbered

het erocyclyl with optionally 1- i5 2 additional heteroatons independently
selected fromO0O, S, or N, Qis -(CH2)n- where nis 1 or 2;, Pis H Cl1 7
acyl, or (CL. GV@Agzgggmat_)gpyl; and Z is substituted or unsubstituted, and
is selected fr — al kyl , phenyl, 5- or 6-nenbered heteroaryl
having 1 or 2 heteroatons independently 20 selected fromN, 0, and S, a
biaryl, and a 9- or ,10-nenbere fusgg @i_cyclyl or fused heterobicyclyl,
wherein said fused AOTRMNG L IMMHR (Mot ween 1 and 4 het er oat ons

i ndepegndently selected fromN, 0, and S; or a pharnmaceutically acceptable
salt thereof.

R1\

N—=—X

N—Q—2Z

Xis CH, N, or C=0;
10 R+is H or absent;
Rzis H, F, Cl, OCH3, OCH,CHj;, or C44alkyl, CF3, SCHs, substituted or
unsubstituted phenyl or NR3Rq;
Rsand R4 are H, C1¢ alkyl, or taken together with the nitrogen atom to which
they are both attached form a 5-6 membered heterocyclyl with optionally 1-
15 2 additional heteroatoms independently selected from O, S, or N;
Q is —(CHz2)y— where niis 1 or 2;
P is H, Cy.7acyl, or (C4.salkoxy)carbonyl; and
Z is substituted or unsubstituted, and is selected from Cs_7 cycloalkyl, phenyl,
5- or 6-membered heteroaryl having 1 or 2 heteroatoms independently
20 selected from N, O, and S, a biaryl, and a 9- or 10-membered fused bicyclyl
or fused heterobicyclyl, wherein said fused heterobicyclyl has between 1 and
4 heteroatoms independently selected from N, O, and S; ora

pharmaceutically acceptable salt thereof.

25



25 1 February 2007 64 2. A conpound of claim1l1l, wherein RL is H or absent.
3. A conmpound of claiml, wherein R is H nethyl, or ethyl. 4. A conpound
of claim1, wherein Qis -(CH2)"- and nis 1. s 5. A conpound of For&nneop7

wherein Z is independently substituted with between 1 and 3 substituents

I ndependently selected from Cl_4 al koxy, phenoxy, Cl-4 alkyl, C3.6

cycl oal kyl, hal o, hydroxy, cyano, am no, Cl4 alkylthio, Cl_4 alkylsulfonyl,
Cl4 al kyl sul finyl, Cl_4 am noal kyl, nono- ®4nd di (G _4 al kyl)am no, phenyl,

Cl al kyl ami nosul fonyl (S02NHR), amino 10 (al kyl sul fonyl) (-NHSO2R-),

Ci _4di al kyl ani nosul%&b@@@ﬁﬁ%@daﬂ@re AvhérelvRa H%r&llﬂégﬂ?)

G - 4al kyl car bani do het er ocycl cont ai ni ng between 1
and 3 het eroat ons |31d¢epent|lxelmhb>of®het,twhbrbrmﬁ?l§ HSnetnd, @r, etapld wherei n t he

substituent(s) on Z can be rth dependent.| gﬁtltut d wi,ith between 1
and 3 substituents ﬁa‘gpﬁﬂﬁ’ﬁé'ﬁa %Jmsg ey 'BrW 2ark8RY N 1814 al kyl,
hal o,  hydroxy, cyang,a c?md&‘&ndrm 9{1 qhhé?eﬂgﬁ'né‘ﬂdeg@sﬂ @f‘gu@tﬁut@tﬂ‘w{ﬁ hi o.

6. A conpound of claim wher el IS 4-substitute
di substituted tpétmyeh 1 bmh3mxﬂxsytuen$31b‘shepeudemilyoseledsdtfmmt(lntmmw ophene

bi aryl, benzofura dih d enzof urany, -substituted

benzo[ b] t hi eny? L‘“ 'E%‘Voﬁﬁﬂ?ﬂ‘ Bg‘ﬁzqyf:lﬂ ‘P%X‘ﬁa’%ﬁyanpnﬂgﬁ‘ 1rr’apht hyl ,
2, 3-di hydro-b 7¢ f Zis
2 3 di hydlr ¢ ede@@gﬁ%st Ifammuwbnyl ¢, 4AaH‘<9I§HHMW r(ﬂ f, arhiRbANI, HHS- i

uted w't tween 1°a 2 substituents
i ndependent |y d.ué(l:ecalbwl)amm nhehyixgb,1 4a&qylam|gzpsmlf<1rml (SOeNH&R) paming-hy| , et hyl ,

L SRR R SR o e,

H d | e-1- _ h |,
(4I ;Tr ogilo) ;e)henilplaﬁﬁ@@rrgl ﬁg’? R& dhwﬁé?haﬁ?%%le%?w ar?- gfrﬁslﬂb@)’éd PReny

di hydr obenzof uln@tarc&ymyl cgntamnn@bpmﬁn d)fandl?ahﬁﬁeloatﬂh@rledﬂpmaerﬁlmbsent Xis

CH and R2 i's I_ISeIected from N, S, and O; and wherein the substituent(s) on Z can be

further independently substituted with between 1 and 3 substituents

15 independently selected from C44 alkoxy, C1.4 alkyl, halo, hydroxy, cyano,
amino, mono or di C14 alkyl amino and C4_4 alkylthio.

6. A compound of claim 1, wherein Z is 4-substituted phenyl, 3,4-
disubstituted phenyl, benzhydryl, substituted or unsubstituted thiophene,
biaryl, benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl,

20 benzo[b]thienyl, chromanyl, benzothiophenyl, indenyl, indanyl, naphthyl,or
2,3-dihydro-benzo[1,4] dioxanyl.

7. A compound of claim 4, wherein Z is unsubstituted or substituted
with between 1 and 2 substituents independently selected from methoxy,
ethoxy, fluoro, chloro, methyl, ethyl, propyl, butyl and isopropyl.

25 8. A compound of claim 1, wherein Z is biphenyl, 4-(3-pyridyl) phenyl,
4-(2-thienyl)phenyl, 4-(1H-imidazole-1-yl)-phenyl, 4-(1H-pyrazol-1-yl)-phenyl,
(4-ethyl)phenyl, (4-propyl)phenyl, (4-methoxyphenyl), dihydrobenzofuran-5-
yl, or dihydrobenzofuran-6-yl.

9. A compound of claim 1, wherein R is absent; X is CH and Rz is H,

30 methyl, ethyl, or methoxy.



30 nethyl, ethyl, or nethoxy. 1 February 2007 65 10. A conpound of claim1,
wherein Qis -(CH2)"-, nis 1 or 2; and R2 is H nethyl, or eth

conpound of claim 10, wherein Rl is absent. s 12. A conpound ofl éﬂ%ﬁ%ﬁ§907
wherein RL is absent; Qis -(CH2)n-; n is 1 or 2; and R2 is H, nethyl, or
ethyl; and Z is 4-substituted phenyl, 3,4- disubstituted phenyl, benzhydryl,
substituted or unsubstituted thiophene, blaryl benzof uranyl ,

hydr obenzof uranyl, di hydrobenzof uranyl, 4%3ubst i t ut ed pyr|dyl
benzo[ b] t hi enyl, chromanyl, benzothi ophenyl, indenyl, indanyl, 10 naphthyl,

or 2, 3 di hydr o- benzg da hARXAMN cid 1 AviaEROdNd_o {cﬁz)a' i Myl ey Z 1S

bi phenyl, 4-(3-pyri t'hien phen
4- (1Hi m dazol R, i%- I-}'Imetﬂyd:rquethyﬂl (1 Hpyrazol-1 - yl)-phenyl,

(4-ethyl) phenyl, rop phenyl , (4- et hox n_ I ,
di hydr obenzof ur an- 51§ F?pél’i‘ﬁ G!?é’?‘? ﬁfmﬂ}ﬁ'ﬁgg‘k@ N% is unsubstituted or
15 supstituted V“th1?%\66ﬁﬁoloim8'?ﬁc?alﬁ;)ﬁ%rgrﬁﬁ{ﬁ?ls'é&%ﬂ?fg%‘u-ocﬁ‘?lﬁched from

met hoxy, ethoxy, fluoro oro , yl, propyl utyl and i Sopropyl .
14. A corrpoundsdforcz ;aand R; isshd) meﬂad onethylafd-4 ig4- Qulzstlnmegdoprmnyl 3,4-

(3 (- E byt - beieyetiabeoienit Renabuiih Sypsiieq b hsiienuerdhibeRateuna 2. 20

[ 3- (4-Ethyl - b%ﬁéwnbéﬁ-oh%ﬁw h?é?dﬂehﬁbﬁdr%%dlhym%b@h%ﬁﬂiﬁﬂn@%‘uﬁ@tltuiend A

conpound of clarm'l, selectéed t hyl - benzyl)

met hyl - 3H benzpyrtdydd:mlzogt)]mlenmcﬂromngl lbeopqﬁhmphﬁrtyé inderjyd-ipdagyl:

Met h henyl | 3-D- gl de; 2-
(3- 13- ﬁ&yhé&@p‘mﬁﬁnb 23R Bere Sadoledly] 57 Moy (3D o8 O
gl ucopyranosi de; 2-{3 A%oﬁ%lahhaif%u% vlwr?éraw:z.s Bip“h@ﬁ?lzﬂl-(m-ﬂ&mi 4-yl oxy] -

[ 3- D- gl ucopyranosi de and 2-[3-(4-Eth -benzy - hydr o- ben20| m dazol -

2-0 ne-4-yl o xphenys-4(2rthienyliphenyl, ra 1rH-0nlsiazqee1-ytb6>henybcﬁ=rb1dﬂmurazrol-d+a| m 1,
°0 54t hyar o- DlRpBRHTREBYSBERRI 4PV BESAY. (- Tethpmahseyle and
dihydrobenzofuran-5-yl, or dihydrobenzofuran-6-yl, and Z is unsubstituted or

15 substituted with between 1 and 2 substituents independently selected from
methoxy, ethoxy, fluoro, chloro, methyl, ethyl, propyl, butyl and isopropyl.

14. A compound of claim 1, selected from 2-{3-[2-(2,3-Dihydro-
benzofuran-5-yl)-ethyl]-3H-benzoimidazol-4-yloxy}-B-D glucopyranoside; 2-
[3-(4-Ethyl-benzyl)-3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside and 2-

20 [3-(4-Ethyl-benzyl)-3H-benzotriazol-4-yloxy]-8-D-glucopyranoside.

15. A compound of claim 1, selected from 2-[3-(4-Ethyl-benzyl) -6-
methyl-3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside; 2-{3-[2-(4-
Methoxyphenyl) -ethyl]-3H-benzoimidazol-4-yloxy}-B-D-glucopyranoside; 2-
{3-[2-(4-methoxy-phenyl) -ethyl]-3H-benzotriazol-4-yloxy}-B-D-

25 glucopyranoside; 2-[3-(2-Naphthalen-2-yl-ethyl) -3H-benzoimidazol-4-yloxy]-
B-D-glucopyranoside and 2-[3-(4-Ethyl-benzyl) -1,3-dihydro-benzoimidazol-
2-one-4-yloxy]-B-D-glucopyranoside.

16. A compound of claim 1, selected from 2-[3-(2-Naphthalen-2-yl-
ethyl) -1,3-dihydro-benzoimidazol-2-one-4-yloxy]-B-D-glucopyranoside and

30 2-[3-(2-(4-Methoxyphenyl) -ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-



30 2-[3-(2-(4-Methoxyphenyl)

-ethyl)-1, 3-di hydro- benzoi m dazol - 2-one- 4-yl oxy] 1 February 2007 .66 (2"} |?
gl ucopyranosi de. 17. A conpound of claim1l, selected from I February 200
2-[3-(5-Ethyl -t hi ophen-2- yl net hyl)

- 3H benzoi mi dazol - 4-yl oxy] - (3- D- gl ucopyr anosi de; 2-[3-(4-Ethoxy- s
benzyl)-3H - benzoi m dazol - 4-yl oxy] - (3- D- gl ucopyr anosi de; 2-[ 3-(4-Et hoxy
benzyl) - 3H benzotri azol - 4-yl oxy] -[ 3-D-gl uégpyranom de; 2-{3-[2-(2, 3-Di hydro-
be nzofu ra n-5-yl)-ethyl]-6-nethyl-3 H benzoi m dazol -4-y foxy}-(3-D

gl ucopyr anosi phen- 3-yl -benzyl) -3H benzoi m dazol - 4-yl oxy] -
(3-D-gl ucopyrﬁos@g é’é[@gkjg Pyrazol - 1-yl - benzyl ) -3H benzoi m dazol -4 10

yl oxy] - [ 3- D- gl ucopW?amosorthouﬁd [08 claim Py rsetticte Bfrpm: D43 §1Ethyl3Ridpdene2-m dazol -

£31091 7 5 &'NC@M 3&@5&8&@{@.@%@@@%%brsgég@ﬁ ;%5;@%“ m dazol -

-3H
benzo%m' dazol b - oxy) e{ #gggéﬁ%?}%?lu%@?& Eth benz 6 15
met hoxy- 3H bertmnzyl)eﬁﬂ-bbnzdm;alzok»}'-ylc(@] B—I@-Iglmqwrmumdeie? {3_1{21 &, (343|Eydiyo|-

215 (4 B hyl b bl e SR HeES VRl by - (3D
gl ucopyr anosi délfc@p&én&ﬁdgiﬂi mrmﬁwen ﬁwa@ﬁéﬂmmﬁehz&.mfawk Q’H an

et hoxycar bonyl gl ucopyr anosi de ‘and 2-[3 Et hyl - benzyl) -6-met
20 benzotri azcﬂ—DéfgI;abowr]anPSldB §+[a€(6-ERMTaZmiS1 Mleberlzsjl) -Bl-bbenplzmmﬂaifol-é}-al m 1,

_Sil sﬁ)is] f {gmdﬁyﬁ%éyg -rgﬁgszl %ﬁ% %S/rléortﬁwgpazyl) -3H-benzoimidazol-
benzof ur an- 5-y4.y m&%: glﬂg ?Fh?rFUs'iHéjQZ[@L Vr'r@lXV}/r Bé@w@mewwm&a% 2-
[ 3- (4- Et hyl - benzz)8 enzofriazol -4 y - (3-D-gl ucopyr anosi de; 2-[3-(4

25 Et hyl - benzy‘r -y yh@t%thﬁﬂM&n%{@z@i—lmIdamlokyﬂ—b?nzmb YHucopyr anosi de;
gl ucopyr anosi it T RREEY G e xIHERBYARb NGRS S kel vimativer
T g o (B b obtyrsenane) <11
15 methoxy-3H- ben20|m|dazol -4-y|oxy] -B- qucopyranosnde 2 [3 -(4-Ethyl-
benzyl)-6-trifluoromethyl-3H -benzoimidazol-4-yloxy]-B-D-glucopyranoside;
2-[3-(4-Ethyl-benzyl)-3H-benzoimidazol -4-yloxy]-6-O-ethoxycarbonyl-B-D-
glucopyranoside; 2-[3-(4-Ethyl-benzyl) -3H-benzotriazol-4-yloxy]-6-O-
ethoxycarbonyl-B-D-glucopyranoside and 2-[3-(4-Ethyl-benzyl) -6-methyl-3H-
20 benzotriazol-4-yloxy]-B-D-glucopyranoside.

18. A compound of claim 1, selected from 2-[3-(4-Ethyl-benzyl)-3H-
benzoimidazol -4-yloxy]-B-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-
benzofuran-5-yl)-ethyl]-3H-benzoimidazol-4-yloxy}-p-D glucopyranoside; 2-
[3-(4-Ethyl-benzyl)-3H-benzotriazol -4-yloxy]-B-D-glucopyranoside; 2-[3-(4-

25 Ethyl-benzyl)-6-methyl-3H-benzoimidazol -4-yloxy]-B-D-glucopyranoside; 2-
{3-[2-(4-methoxy-phenyl)-ethyl]-3H-benzotriazol -4-yloxy}-B-D-
glucopyranoside; 2-[3-(5-Ethyl-thiophen-2-yImethyl)-3H-benzoimidazol -4-
yloxy]-B-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-6-
methyl-3H-benzoimidazol-4-yloxy}-B-D-glucopyranoside; 2-{3-(4-Thiophen-3-

30 yl-benzyl) -3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside; 2-[3-(4-Pyrrol-1-
yl-benzyl) -3H-benzoimidazol-4-yloxy]-B-D-glucopyranoside; 2-{3-[2-(2,3-



30 yl -benzyl) -3H benzoi m dazol - 4-yl oxy] - p- D- gl ucopyr anosi de;
2-[3-(4-Pyrrol -1- yl -benzyl)

- 3H- benzoi m dazol - 4-yl oxy] - (3- D-gl ucopyranosi de; 2-{3-[2-(2,3 1 Febmg¢bituyry 2007
2007 67 Di hydro-benzofuran

-5-yl)-ethyl]-6-nethyl-3H benzoi m dazol - 4-yl oxy}-(3-D gl ucopyranosi de;
2-{3-[2-(2, 3- D hydr o- benzof uran-5-yl)-ethyl]-6-nethyl -3H

benzot ri azol - 4-yl oxy}- (3- D- gl ucopyr anosi de®” 2-{3-[ 2- (2, 3- Di hydr o- benzof ur an

5 5-yl)-ethyl]-3H benzotriazol - 4-yl oxy}- R D gl ucopyr anosi de and

2-[ 3-(4-Ethyl - E}@ﬁglgé&bﬁ%Q?ﬁb?@&%bt@gg‘-té%éir@%@Hééﬂid??fﬂdéz(o:ﬁ-g&;gnyt}g%’-p‘c| ai m’

ranosi de. 19. rmaceut | ion, ‘conprising a co

1, 5, 6, 11, bhycopgraridsidet @-{3t2-(23-DiydrademzphaanepiHeting]-6ymethgedtiabl e
carrier. 20. A pharmaceutical .cqnposition ¢ [.S| onmpound of, claim 14
o and & phar mReBEOTBEPLY NGB AdGceR A oS e 2 S 2. S reatran
conposd tion of ggli %9l hEN )0 1o _t-diapat.c
agent.834 22. The 5p lgrbfrpgggsulﬂ)ib(?ﬁ?o%%%%gﬁseiyﬁxgzBE? g?sﬁld;ﬁarﬁaﬁ@é?%gp g%[fkﬁég‘Mcose
reabsor pti on i benkyl)-6rmethyid HIBEMZatndadi4tyoxy]4FD2Glucdheraplosideaceut i cal

SGLTL i nhi bi tor . 24 ST AP RATEIAREULA RIS AL SPTPSRTS 2 COMARLDE ONFRITLTn 1 he

gl ucose reabsgr gt 92 MY Bist 96, 3 G &hhd 2 dH&'Flin}éicEincally acceptable carrier.
20. A pharmaceutical composition comprising a compound of claim 14
10 and a pharmaceutically acceptable carrier.
21. The pharmaceutical composition of claim 19 or 20 further
comprising a second antidiabetic agent.
22. The pharmaceutical composition of claim 21, wherein the glucose
reabsorption inhibitor is an SGLT inhibitor.
15 23. The pharmaceutical composition of claim 21, wherein the glucose
reabsorption inhibitor is an SGLT1 inhibitor.
24. The pharmaceutical composition of claim 21, wherein the glucose
reabsorption inhibitor is an SGLT2 inhibitor.



