1 February 2007 WO 2005/012318 PCTI US2004/ 024625 SUBSTI TUTED FUSED
HETEROCYCLI C C- GLYCOSI DES FI ELD OF THE | NVENTI ON This invention relates to
substituted fused heterocyclic Cglycosides, 5 conpositions contgigippehr{ heim
and nethods of using them for exanple, for the treatnment or prophylaxis of
di abet es and V) H@F/BHE18X. BACKGROUND OF THE | NVENTI ON 10 DPSEAIS24/024625
chroni c disorder affecting car bohydrate f at and protein mnetabolismin
animals. Type | diabetes nellitus i.ses <|Eprom mately 10% of all

di abet es cases, was pSUﬁﬁd’EVVEM@‘ﬁE%EBEB qu%Upl Gl GQ&HEédi abetes 15
mel litus ("1 DDM) or juvenile-onggg HiGPTHESINVENRON Sease is characterized
by a progressive |oss of insuli n—svcmry‘%mﬁb'n‘by bet a ceIIs of the
pancreas. This characteristic is also shared by non-idi opat hi c,

i abotea. vel |1 tus. 1 haASRAYEN atfoteg orstbRiuiell BEGT hERiofy 'eie&im@

synptoms: pers bérh?ﬁ&l'tldﬂ@b@h@lrﬁﬁb hleds rquzﬁembus of es.ﬁg s} forlek@mply, for the
hypergl ycem a; po yper ph chronic

yuria; po psia and

m crovascul ar H8a{M $'E@cﬁ%¢l§“’¥ﬁm0§a abp @@s@@aaiwrome )&ephr opat hy and

neur opat hy; and macrovascul ar conplications such as hyperlipidem a and
hypert ensi on which can lead to bllndness end stage renal disease, linb
anputation and nyocardial inf B DYy ¢S el | itus
(non-insulin-dependent diabetes melli tus or NI DDM is a netabolic disorder
i nvol ving the dysregul ation of glucose netabolismand inpaired insulin
sensitivityp Type | Digbetdreiceschrbhicidissrdesafiddting cdfboblydrste, fat addibtdieind and is
associated with the body's inability to utilize or 30 make sufficient
insulin. In ad@etaRelispbinamalSsul i n" resi stance observed in the target

ti Ssues, patients suffering fromtype Il diabetes nmellitus have a relative
insulin deficiency -- that is, patients have |ower than predicted insulin
levels for a gi venTppebdiabglesqoelitusowbishtaomprises appaximately 1@%taalinel litus

is 1 diabetes cases, was previously referred to as insulin-dependent diabetes

15  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
20 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.
25
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. Typ'e Il diabetes mellitus usually
develops in adulthood and is associated with the body’s inability to utilize or
30 make sufficient insulin, In addition to the insulin resistance observed in the
target tissues, patients suffering from type Il diabetes mellitus have a relative
insulin deficiency -- that is, patients have lower than predicted insulin levels for
a given plasma glucose concentration. Type |l diabetes mellitus is

1



1 February 2007 WO 2005/012318 PCTI US2004/ 024625 char acteri zed by the
followng clinical signs or synptons: persistently elevated plasnma glucose
concentration or hyperglycem a; polyuria; polydipsia and/or hypel Bétagarg;2007

chronic mecr conplications such as retinopathy, _nephropathy and
neur opat hy; g‘y&%ﬁg@%\?ascul ar conplications such as 5 hypEFFﬁlﬁ?‘lﬁﬂﬂ?‘ Sand

hypertensi on which can |l ead to blindness, end-stage renal disease, linb
anput ati on and myocar di infarction.. Syndrome X also terned ] nsulin ,
Resi st ance SynEHAREC(FRaPY i RIBHITEIngA HRE: SUPRioEts serTecalmaluREdx, i s
recogni zed in ﬁraama?qrmé&s%@ﬁeﬁﬁém orl By pedlpcehid; SEY GG, Pdlydipdiaaad/opr t en
disabling, it presents synptons or risk factors for the devel opnent of Type
| | di abet es nehyperpBagiadClyaniginigevasedar epraplications syeh a@retg\qpﬁgmred gl ucose

tol erance (1 GT) .. ' f ' "éf‘[boﬁ JBﬁP& ' i naﬂb' , insulin
resi st ance, dyé??%%gfwyge@{)aﬁpg'h ri gfi&gg%uéaers, I O\r/?/bﬂéﬁk? y%ertensi on
and obesitys 1bypérlipidemid and higitersiorewbish lcas leashtoi blindness;, dndestagel renal

adm ni stration of exogenous, insulin, whicgh,. be derived from vari ous
sources (e.g., dﬁﬁﬁ%%ﬁ'"gbePHLﬁt'OB&P& fH)é°‘%%'i§'al 'H%‘?t'of‘ne use of heterol ogous

species material gives rise to formation of anti-insulin antibodies which
have activity-limting effects and 20 result in pro%glessi ve requirenents for
| arger doses in or ddyndremeck @l teresidlasulinfypuisfrice pyadiome dRS), Metsbelie

treatment of T§2ﬁdrjo}né?io‘?lﬂﬁétﬁﬁolI%%ﬂ&%ef)ﬁﬁ%%\%ﬁgﬁ?ﬁ??ﬂé%ﬁkrﬂ%‘%f Bté?;no?ﬁcoocj

gl ucose | evel near 't 0 nor na pOSSi styl'e noditr'cation 25
rel ati ng t 40di eoronary eatbeterizatiorsn Ofidredisablings & prgsenthsymptomsentskdfactorant i -

di abeti c agent i nsul i,n _or i nat_i t her.eof . Dé)l\/} C ot be
c0{1t roll ed by quéﬂa%aﬁvﬂﬁﬂ@saﬁeﬁfyﬂes“?P&gpeéd"%@% aé'rdal\#ar (a1 %g‘ﬁg%recﬁgéc]asggent S.
Al 't hough i nsul ineludisd e discatet torrawes(IET | ahpairédfasting Giuudse (FGY, 30
patients, those who exhibjt, a prediabetic staqt]e ige. g.,. 1GT, | FG@, \Afnere
fasting gl ucoB¥rerngy|iRemia, insylin regizianes, dystinidemia (5.4, high trglygerides; 9Wet s
di agnostic  cr )i Wberfehsioh@fideshdsitysome countries (e.g., Germany) with
metformn to prevent diabetes. The anti-di abetic agents nmay be conbi ned
with 15
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
20 result in progressive requirements for larger doses in order to achieve desired

hypoglycemic effects.

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

Although insulin resistance is not always treated in all Syndrome X
30 patients, those who exhibit a prediabetic state (e.g., IGT, IFG), where fasting
glucose levels may be higher than normal but not at the diabetes diagnostic
criterion, is treated in some countries (e.g., Germany) with metformin to
prevent diabetes. The anti-diabetic agents may be combined with
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2 1 February 2007 WD 2005/012318 PCTI US2004/ 024625 phar macol ogi cal agents
for the treatnent of the. concomtant co-norbidities (e.g.,
anti hypertensives for hypertension, hypolipidenmic agents for |i pildeghredry 2007

First-line t ' typically include metformn and sulf well 5
as thiazoli d?‘ﬁ%ﬁﬁ%{ﬁéys Metform n nonotherapy is a first | ??i%}‘%%@?@é%%
particularly for treating type Il diabetic patients who are al so obese
and/ or dysli pi i i . f 18 J.s often
Fol | oved by | r EpEArobdEeh lecfi tof A EReinif of ARRARS P EO T BIiEsS oo

t hi azol i di nedi qags, amihypértensives foShydertenkionehypulipideneic zggnis foc lipidemia)al |
generations of drugs) is also a 10 common first line treatnment option.

Anot her first line therapy choice nmay be thiazolidinediones. Al pha

gl ucosi dase inhi bi t @58 feEttkSsles BRTLaRY IHAUTR mBAGrmIA SFANSIfoh PBrddadARIFS
Patients who do not respond appropriately to oral anti- diabetic
nmonot her apy S aras thiazelidinedionesit Metfernain monotherapy isve firstdine chaigenparticulapyn

al yoerm ¢ cont oL atinaly bey AR ARG bl 05 3BbE6h RGBS Hiali, 1S

insulin therap her—as 'a nonot hera In on with oral
anti di abeti c adeiekof afapprepran rekpoake pometfomintis efien figldwguhwirgaterent i s

focused on excretion of, excessive glucose directly.into, urine. Specific
i nhi bitors of ff e{}?@"'ﬁdﬂ}@‘)ﬁé’g}?‘?@ﬁmﬁi‘% OFWEFe@ésé“%‘Pi'gEB‘?gfoéﬁso igeulisy ucose

in urine and | Gygfon h?ééjnﬁhéﬂf&@pé} g\’cﬁlhcﬁn' all g@ﬁ&%ﬁbﬁ@@?!ﬁﬂﬁ\;}g@vs'mand NI'DDM
3 1 February 2007 2005/ 012318 PCT| US2004/ 024625 SUMMARY OF THE | NVENTI ON

One aspect 18f taeswper Sestiine freatmenfroptiondiAnethesdirst inedherany chaige neanb®si ti ons
for the treat : i i i s ci ated
syt oms. or - conPPaIEAGHeS, Hioha Sucd RS} ok 8Fe Ao Kol es CHROC, 2°1,
a hovel nethod sacohd éna¢ thegapieab Satentsiwi®ydalnotmespond appropoiately tdorabgmipt ons

or conplications thereof..in a subj.ect afflicted with such a .conditiop,
ohi 0 et hod conTRtcToRMPTARY: B8 it AmbafidiEothaabeys TaduidRladsh®
When glycemic control cannot be maintained with oral antidiabetics alone,
15 insulin therapy is used either as a monotherapy, or in combination with oral

antidiabetic agents.

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



I nhibitors and adm ni stering one or nore antidiabetic agent(s) for the
treatnent 10 of di abetes or Syndronme X, or associated synptons or
conplications thereof. Another aspect of the invention features cCBepaainds07
of fornmula (I?%zRi Nkt ' Y MV w15 (1V) wherein: one of the dashed |ines
bet ween NR1 ¥f20%/YP388et ween X and Y is present, or bot hPSFUSHRYRAE2S 20 two
of V, M and Ware Hand the thirdis 0 POWKkOI", "//OH OH 4 1 February

2007 WD 2005/ 012318 PCT/ US2004 % ' I—] 1.4 alkyl; or R is
absent where the dashed line béﬁéﬁ&ﬁ—a@——w@ﬁw E ent, Xis N, COL CH,
or GCQZ 5Yis NQZor CGCQZ, where Xis N CO or CH Y is CH where
Xis GCQZ Q=-(CHR)"- wheren =1o0r 2; 10 Zis substituted or

unsubstituted, and Psesspest efdhe piesent mventigr iscdiracied topmethads and 5- or 6-
TEher 20 et =T SintboENd g th Heofnd B PRI P RRBARET Sl Ry o
napht hyl ), andassdcisted syaiptormbioc gomplicatiohsr dore spedifitalbe thit étventidn isycl yl has

directed to a novel method of treating diabetes or Syndrome X, or associated

symptoms or complications thereof, in a subject afflicted with such a condition,

said method comprising administering one or more glucose reabsorption

inhibitors and administering one or more antidiabetic agent(s) for the treatment

10 of diabetes or Syndrome X, or associated symptoms or complications thereof.

Another aspect of the invention features compounds of formula (1V)

R
1\N:‘:-‘-'=>\<\
, Y
M Vv
W
15 - (v)

wherein:
( one of the dashed lines between NR4 and X or between X and Y is present, or
both are absent;
20 twoofV, M, and W are H and the third is




15 between 1 and 4 heteroatons (and preferably between 1 and 3 or between 1
and 2 heteroatons) independently selected fromN, 0, and S; P=H C 1-7
acyl, or (Cl$ al koxy) carbonyl ; 20 or a pharmaceutical |y accept abl &elahty,2007

t her eof . the invention features a phar maceyd/ §§I2 GRIRAsSi tion
0;
conpri sing Stmg?ucose reabsorption inhibitor, at |east oné a ?I ona%s

antidi abetic agent, and a pharmaceutically accept abl e carrier. The

conposi £1on, - dBHBH <1 e+ SRYEPER BeishEhnefe HisRihad s BIRLERERRO shd
i nhi bitor, oneXpreeest, antidiabetic agent(s), and a pharmaceuti cal ly

acceptabl e carrier. An enbodinent of the invention is a nethod for treating
di abetes or 30 Syndrome X, or associated synptoms or conplications thereof

in a subject, gaNd 41018 @(p.;ioq@rgtzm ng adm nistering to said subject a
jointly effectl ve anount of a glucose reabsorption inhibitor and

adm nisterisng to said subject a jointly 5 1 February 2007 WO 2005/ 012318

PCT/ US2004/ 02 5 f } a ne anti di abetic agent, said
conbined ad Aﬁfs 'P'e(gﬁe‘g'lné'\p@%s% E%X?%N geg?r%gg'kgher apeutic effect. Another
embodi ment of Y heCHnwhete Xris CsQ&Z;met hod for inhibiting the onset 5 of

di abetes or Syndrone X, or associ ated synptons or conplications thereof in
a subject, said nethod conprising adm nistering to said subject a jointly

ef fective doseqqf. (@F? YGRSk heabgop;ption inhibitor and admnistering to said
subject a jointly'e ective ampunt of one or nore anti-diabetic agent (s),

said conbithed adm nistration providing the desired prophylactic effect. 10
In the disclos re .~ Or i - :
synpt ons or co?wgﬁ s?iﬂgéldso Eg?'gdo IRF‘l&g’s‘asngl '%c%’ég{ ronrﬁlwl?rﬂf?%m%l %bqu FG,
obesity, nephrs){m‘tmynemberemmtbmaryl@avmgaamr‘rzlhemrdmammsdmcmpmidsntlpoI ycystic
ovari an syndr hyper sche str prritable
15 bowel di sorgegﬁé cte ¥E'PF%M| 8 &L@a? @kmﬁrfg’&f?fﬁm 3? h’l {s%:h
invention is té‘@nbﬁﬂh%, émieaﬂiseﬂme@erﬁbié?élﬂ,ewherem said fused heterobxcyclyl has
15 between 1 and 4 heteroatoms (and preferably between 1 and 3 or between 1

and 2 heteroatoms) independently selected from N, O, and S;
P =H, C 1.7 acyl, or (C4.5 alkoxy)carbonyl;
20 or a pharmaceutically acceptable salt, thereof.

One aspect of 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
25 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
30 Syndrome X, or associated symptoms or complications thereof in a subject,
said method comprising administering to said subject a jointly effective amount
of a glucose reabsorption inhibitor and administering to said subject a jointly



reabsorption inhibitors in conbination with one or nore antidi abetic agents
for the preparation of a nedicanent for treating a condition selected from
IDDM 20 NNDDM | GTI, I FG obesity, nephropathy, neuropathy, retilrkepaiaiy2007
at heroscl erosji s ol ycystic ovarian syndrone or polycystic ovarian s ndrone
hyper t ensi on™ (”@gﬁﬁ stroke, heart disease, irritabl e oW EP2 0l Q4te

i nfl ammati on, and cataracts 6 1 February 2007 WD 2005/012318
PCT/USZOO4/024§ﬁgiDETAILED SCRIPTICN %@ﬂ;HE INVENT]CN | | dlabetlcs
regardl ess of €WRGtive aamnt of ghigagirne idiahetic ageph SR cATRBIBedhave i n conmon
an appar ent 'a&&nﬁﬁstfdﬁ%H'dré\n&hg'tﬁ@@l@éi%lﬂeféb%‘ahtaffeétU”Ct' on. Because
transfer of glucose fromthe blood into nuscle and fatty tissue is insulin
dependent, diabetics lack the ability to utilize glucose adequately, which
| eads to undesired C in. La) -
Chroni c hypergl ycem ﬂ&&Hgﬁ%ﬁB@&ﬂgﬁﬁng§%9§%ﬂkﬁgﬁgﬁﬂg%ggﬁgﬁﬁh*ﬂﬁgﬂhﬁgﬁ@b?

contri but ess t oof diabetes ed Syndramen Xy ensasmoalmed sy&mploms tar coesplldatlommdnémfod
gl ucose concentratiqn is .incr aed so, f hat Fﬁ? xacer bat ed
the g

(Di abet ol ogi a, M®8eplest Hajd methed campriging gd @?qu% aJoiW¥sequence

of i npaired 'Séﬁecﬁﬁ/le'do%lé'wfa'gMbo%@%bB&#Bhdh fnﬁﬁdltéfr aﬁ@ﬁdm"ﬁ@ﬂehﬁgttd)@aﬁ for the
managenent of di abetes p D abetes Cares 0, Vol. 13,

No. 15 6, "d ueumectﬁawirttmeﬁectn@amemot@‘mye orTheiecanii-diabetjc ag@ﬁfs)ngald
hyper gl ycem a, (lt”ngmeaf I&pﬁ E@{% %ﬁEB%PédJnga%¥|8'e?feh. interrupted so
y 0

that the proph axi s or es (S € possible. US Patent
NO 6,153,682 to R Ri eveI ey di scl oses a rret hod and 20 conposition stated

El'géte)re;;gre o] efiabegiReidse FoRper ettt owromRdt AKaePeeiioun: of

one or nore '”§%{)%ﬂ#f&5¢dm;ﬂ%éﬁo@ PlReeol isReRiReedioMIBDM, NIDDMAIAT, IFGgest ed
insulin, an injected insulin, a sulfony 1urea a bi guani de or an

al pha- gl ucosi d@b%S"iYnHGWTPB?thVofﬂelirﬁéathVe@ﬁlﬁ@l?ﬁthbfatbe@ﬁélﬁé%s'waycwtic 25
According to 0geARP&Eldrorh ehypRlERLILANsEREHhA" SFold) PeaRHLRE RhtaBle 2

15 bowel disorder, inflammation, and cataracts.

Also included in the invention is the use of one or more glucose
reabsorption inhibitors in combination with one or more antidiabetic agents for
the preparation of a medicament for treating a condition selected from IDDM,
20 NIDDM, IGT, IFG, obesity, nephropathy, neuropathy, retinopathy,
atherosclerosis, polycystic ovarian syndrome or polycystic ovarian syndrome,
hypertension, ischemia, stroke, heart disease, irritable bowel disorder,
( inflammation, and cataracts.



PPAR nmodul ator, preferably a PPAR S agoni st, and an SG.T inhibitor,
preferably an SGT 2 inhibitor or a selective SGAT 2 inhibitor. 7 1 February
2007 WD 2005/012318 PCT/ US2004/ 024625 A. Terns Sone terns are déflichedrb2)0w
and by their_usage throughout this 5 disclosure. Unless otherw se noted,

"al kyl " and WQIZQ‘%@Z”%S used herein, whether used al one B4 4Zq2f626f a
substituent group, include straight, cyclic, and branched-chain al kyl

having 1 to 8 carbon atons, or any nunber within this 10 range. For exanple,
al kyl radicals include nethyl, ethyl, n-propyl, isopropyl, n- butyl,

i sobutyl, sec-butyl, t-bupETAIEDBESGRIPTEONOE THE INVERTIGN.  3- (2-
met hyl ) butyl, 2-pentyl, 2-nmethylbufyl, neopentyl, n-hexyl, 2-hexyl and 2-
met hyl pentyl. Al koxy radicals are oxygen ethers formed fromthe previously

described straight gj dm&%ﬂ?ﬁ‘gﬁ@?ﬁ?t‘ﬁ{tﬁ %\ﬁeﬁe%ﬁg (%Hél?rpﬁHéletaland al koxy

group 15 may be indepen I've, preferably one
to three gfoupaclgebends thale imcdramogean dpparéht, ladk of inpuliroaoina@Euaeinsol)in
carboxyl, and ,al koxy_ The a] kyl. and al ko r.ou y al so he i endent | y
linked to one IH”CEW_BT Bepgysq ﬁ'?{ifﬁ'l' 8PQ'B%9%?§¥9{8|t%%§'°§By%t8| 3193@6 a'fa_ggt?yer m
"acyl" as usedti§sifesisinsulifeiephdente diabeteelagk tiSabiity to afilize glabésd i t uent
group, means an organi c radical having a carbonyl group |inked to

hydr ocar byl gr 8deauaielynyhichileads teindiesired areumyation atalusesenvthediRodchai n or

Xl e o ncylMpefiycing] SeRtdyhhterlof fENEas & dogtEadl) f lin citn 7O
sinilarly, 1C6 angicontributedds ihareasgdiDs(T6dsBlarmed aGdas(@0&dbt, thetdoadr m " Ac”
ety heyi BueBRE AR L Rl 30 B dafefi hipctEBheAL P TS0
to, 30 phenyl, (Biabéfolcdia,ME8H, MYperglicadiial dskan indneercas Well uela conseqiidideC

radi cal may be substituted, hy mdtza{%endenjt replacenent of 1 to 3 of the
hydr ogen at oms©f iRaikegslgiqel fungtiopnd ipgulingesisiapce aifirlications tor thgr no, cyano,

optionall'y management of diabetes", Vol. 28, p. 119); Diabetes Cares, 1990, Vol. 13, No.
15 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. 4

US Patent NO. 6,153,632 to R. Rieveley discloses a method and
20 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-glucosidase inhibitor for the treatment of diabetes mellitus.
25 :
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.



substituted C, -Ca-al kyl, optionally substituted al koxy, al kylthio,

al kyl sul flnyl, 8 1 February 2007 WD 2005/012318 PCT/ US2004/ 024625

al kyl sul fonyl, al kyl -am no, di (C1-CB-al kyl)am no, fornyl, carboxylEebruary 2007
al koxycar bon% al koxXcar bonyl oxy, al kanoyl oxy, phenyl, carbanoyl

car boxani de, W 29¥MBHB a| kyl car barmoyl oxy, phenoxycar bonyl OWT/EW&%”“‘P%V\H

al kyl enedi oxy, benzoyl oxy, alkyl-CO O, alkyl-OCO, -CONH2, al kyl-OCO O,
5 or alkyl-CONH. Illustrative aryl radi cal s i ncl ude, for exarrpl e, phenyl,
napht hyl , bi phenyl, indene (61), indane (s), fluorophenyl, difluorophenyl,
benzyl , benzoon%menyl , carboet hoxyphenyl, acetyl phenyl, ethoxyphenyl,
phenoxyphenyl ,” ‘hydroXyphenyl , carboxyphenyl, trifluoronethyl phenyl,

nmet hoxyet hyl phenyl acet am dophenyl, tolyl, xylyl, 10 di nethyl carbanyl phenyl

and the |ike. H' deno enyl . The term'hetero as used
her ei n represents aé)%'f’ﬁl;?'@"? ?%é%ﬁ"eggbgg‘ﬁﬁﬂg@éﬁe'ﬁﬂﬁ% "?'f,gwtm%ycl ic
aromatic rifg ggsbsipewhi ch consists of carbon atons and fromone to three

het ercatons selected fromN, 0 and S. 15 The heteroaryl group may be
attached at any heteroatom or carbon atom which results in the creation of

a stable structure. Uﬁi)é?ggt)enzot bk r“QﬁPP’ bind gélgb‘ﬁ?’ a's’]ﬁeﬁqf‘erellﬂufvh@fh%r not

limted to benzofurany
pyridazi nyl, pysedaldnayr ,astdarbcpﬂaam;bshtdamt gro;dp, mcludéast[dlght cyczhoxambl yl,
oxazolyl, pyra t hi d| azol t r| azo

benzi m dazol yl 6ra§%hﬁgﬁ§é{"fﬁléﬂﬁavmggﬁfo¥ Fﬁ”QRWa O i |%i¥ TRy Wi 'ﬁ'!‘;\m%xazol yl,

benzopyrazep y! rangbnwr)e&awwmw rﬁﬁlylmllﬂenﬂ@mm athyhaepidpyl, prspyl,imzol vyl
or qui nolinyl. Pcefered hete éuwgrou i ncl ude Pnrl di nyl, thiophenyl,
'

{anyl and qBwiYbisORyEY, %Tebn“tylth 2eharyi 2-Gbmyl nspantys 81t ed, t he
eteroaryl gro t SMQJ?Je X (=W de endent |
sel ect edyf rgm ﬁ%l t@é#%@p@rﬁl, @gbﬁwgﬁg%t o, nrwg{lhémwxégﬁlg 2]opltol onal | yy
substituted Clmeghypantyl, Allwxyonadicals arewixygéen ethets wrmdyroralth@pnewiously '

car hoxyl | a kodgraPeRiyeront ok bR R ol oG =rifRRGy orBls”'

car bamolyl 1sar llmfylam |ddepéhddrgl\}l%ub§titlswdomtrb?1i@td fivey prefprabhogie &7 thesyy | oxy
group, 1ower agro%pgns%%ct Xc}/ fromehna 8 en Zf:y Cl aér Y) 0X0, Ocﬁ amino, carboxyl, and
alkoxy. The alkyl and alkoxy group may also be independently linked to one or

more PEG radicals (polyethylene glycol).

20 The term “acyl” as used herein, whether used alone or as part of a
substituent group, meané 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 C4 acyl can include (CO)CH2CH2CH2CHj3 and (CO)(CH; (CH) (CH3) ;

25 -similarly, Cg acyl includes both (CO)(CgH43) and (CO)(CsHs). 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,

30 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
substituted C4-Cg-alkyl, optionally substituted alkoxy, alkylthio, alkylsulfinyl,

8



30 alkyl-O-CO, -CONH2, alkyl-O-CO O, or alkyl-CONH. 9 1 February 2007
WO 2005/ 012318 PCT/ US2004/ 024625 The terns "heterocycle,” "heterocyclic,"”
and "heterocyclyl" refer to an optionally substituted, fully or I[Ia:btdaaymm
saturated, aromatic_or nonaromatic, cyclic group which |s for exa

4- to 7- memb¥OLO¥PEByclic, 7- to 11- menbered (or 9- tof BUWQ%(BF‘”E

bi cyclic (or heterobi cycIyI) or 10- to 15 5 nenbered tricyclic ring system

whi ch has at g,@gl%u@ﬂﬁ,l ra‘PﬁFlBr@llg@-@E-aik?ﬁaﬁhnooﬂﬁnﬁg p(f]bx?eom cont ai ni ng

ring. Each rin 'het’erocycl i rou cont al ni roat om may have
1, 2, or 3 het elkoayaanlaomé,l aimwaamooybxyualkarmloxat phenyl,caggmoyt ons, and

sulfur at ons, V\/nreth lonally
be oxi di zed. Tﬁ%r AreNESe |-£&ﬁ%%ﬂ1%”®b&yoﬁﬁg WF%{T& o[g@ rﬂ@éod%“f%l

het erocyclic gémylénaanoxpeb@tzbgbhwhua}l GOD-, AIRYISD-BVHRCONHRBRGROTOD-,

Exenpl ary monocyclic eterOCﬁgllc groups, i ncl ude pyrrolidinyl; xetanyl

pyrazolinyl$ i &f akylgbOnyiH-. |l ftﬁ%@’@lﬁ"ﬂl"ﬁ?\ca'sdﬁ‘aﬁ‘éﬁ )fP" eXARp'S) Phe

|soxazoI|nyI 15 thiazolidinyl; isot zoI|d|nyI -trahydrofuryl
pi peridinyl; piperazinyl; 2- oxopi ﬁ peri di nyl ;

i nyl;
2- oxopyrrolidi n;thth;ll— piphenyid mdghe ( tr)ahlydame @ yl); flmca'bphemdrot hi opyr anyl ;
t et rahydr ot hi OBW anC?/ sul fone:

t hi omor phol i ny PTYRTGRRENYle Depryl Wﬁﬁl@?ﬁ{ﬁﬁ%ﬁp%ﬁ%@gﬁ@% %Qgéylgla%nyl
di oxanyl; thi ebtoxyp hér’f}‘l'ﬂh’éhbk phEfl, hiperoxiypteenyb e gprhemyicycl i ¢ 20

heterocycl i c groups ( het er obi cycly I ncl ude qui nucl i di nyl

t et r ahydr oi soqUlfﬁﬂ@rqfﬁ%hy'mﬁﬁy'dFﬁwyﬁﬂw;@?ny'd??@éwﬂﬂnmibFQ'YJyXY'X’s uch as
3 4- di hyd -4 %&h Hé Igﬁg(ﬁy %ndjit@’lﬁ{ LobpRZof lg;thI wgyﬂqé}mnzot hi enyl ;

(hydr obenzot h| opyr enzot hi-opyranyl
hydr obenzopyranyl ; i ndoI [ nyI I sochromanyl ; i 50| ndoI I nyl; benzi m dazol yl,
25 benzt hi azol yl ; pTﬁé'téTﬁV*hetér@bfy&Wumér@inl r@)bieseﬂﬂﬂa %’fbﬁblé fikecor $iken the

heteroaryl group is substituted, the heterocyclyl be_ i ndependentl|y

substituted wi flenghrred MenagyclicprdieychsByorpatic irg sYaie® whishponsistseh ed from
hal ogen, OH  Cply, b"o"ﬁré%ﬁﬁk%ndﬁkdrﬁ%nealH‘tﬁ}@ﬁo‘éYé%BQﬁoE%oééhQ&éb 'fr?b@ﬁgﬁ)lt?ﬁ&éed

C -C8- alkyl, optiona substituted al I nyl

al kyl sul f oh§l , The Ih;elteroaryl 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,

20 benzofuranyl, benzothienyl, benzisoxazolyl, benzoxazolyl, benzopyrazolyl,
indolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl or quinolinyl. P"efered
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,

25  mercapto, nitro, amino, cyano, optionally substituted C4-Cg-alkyl, optionally
substituted alkoxy, alkyithio, alkylsulfinyl, alkylsulfonyl, alkyl-amino, di(C4-Cs-
alkyl)amino, formyl, carboxyl, alkoxycarbonyl, alkoxyéarbonyloxy, alkanoyloxy,
phenyl, carbamoyl, carboxamide, di-lower alkylcarbamoyloxy,
phenoxycarbonyloxy group, lower alkylenedioxy, benzoyloxy, alkyl-CO-O-,

30 alkyl-O-CO-, -CONHpy, alkyl-O-CO-O-, or alkyl-CO-NH-.



30 am no, di(C, -C8-al kyl)am no, fornyl, carboxyl, alkoxycarbonyl,
al koxycar bonyl oxy, al kanoyl oxy, phenyl, carbanoyl, carboxam de, di-I| ower
al kyl car banoyl oxy, phenoxycarbonyl oxy group, |ower al kyl enedi oxy,‘l F]:Bruﬂlry 2007

February 2007 VO 2005/012318 PCTI US2004/ 024625 benzoylo:y aIk
al kyl - WORMYYBIE| 1y -0 CO- O, or alkyl-CO NH. TheP¢®P "6‘123@%
includes a heteroaryl linked to a phenyl a phenyl linked 5 to a heteroaryl

such as furan, ridi ne, thiophene and a_phen I nked, t, henyl .
(Exarrpl es of phenyly “Thetepms "hétPEfP )"hB%QWC"gEGné 'é‘l"l'}?fo‘WElL r@%’)}‘g e
i ncl ude: N\ odtionay) s%é@ut@?%uil?bﬁbaﬁiﬁl@@é’tﬁdt@@ arbMatibbf RBRArdnfatRNCoNpass a

pr oduct conpr|5|ng t e speci i ngredi‘ents in the speci fied anounts, as
wel | as any preysiicgrouphwaishiis o @@ample.radt loy7-orembered saengeyclia, dmto 11-

conbi nati ons of 15 The
term " conbi ned™ Sh&%ﬁ&gf g{ittgﬂo'rbncpg%gzgggglgcg‘r%“hgtse?(?@ﬁ%ﬂﬁ%gr%gﬁﬁé 1) the
two or nores ag@etrberedtrivgtoliovirgg system| whigh hiabjat (dastbne hietdraatormain at lsasti | ar
times; and 2) the t nore agents are adm nistered to subj ect at
different ti n%%ec%%gf‘mﬁé??&@ﬂ ing fipg, ERch Wﬁlqgih‘?ré tegocy, r‘?ﬁ overlap or
coi nci dg. 20 T&ﬁ]télﬁfﬁ@ a ﬁ&tyr@étbm rﬂ§¥)H§€@|1 hzrcﬁlswhetéﬁfa%mstsale%tbcﬂﬂbml
preferably a manmal,” nost prefera a human, who is the obj ect of

treat nent, obswitrogen atoms)rowsmatqmnandmﬁum aloms; mRRrerthenitiogen apd syl

norel n, 1 f e 94y BEANOOh4Y Ak SEIRNAN bo’RuAB0R The mufeh Fomadp LS ©"

ant agoni st s. . ator 1Thcreaséeés Tns n sens ity.

Accordi ng t® qumny;'be ,quaternizeduTae dretérecyulic Grétimmayibet attdohedett @y Syndr onme
X, and associ at ed t ons or COEEI i cations include such conditions as

I [PM NI DDM | erq 2N Ao/ phr opat hy, 30 neur opat hy, reti nopat hy,
at'heroscl erosi s, polycystic ovarian syndrone, 11

Exemplary monocyclic heterocyclic groups include pyrrolidinyl; oxetanyl;
pyrazolinyl; imidazolinyl; imidazolidinyl; oxazolyl; oxazolidinyl; isoxazolinyl;

15.  thiazolidinyl; isothiazolidiny!; tetrahydrofuryl; piperidinyl; piperazinyl; 2-
oxopiperazinyl; 2-0Xopiperidinyl; 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

20 heterocyclic groups (or heterobicyclyls) include quinuclidinyl;
tetrahydroisoquinolinyl; dihydroisoindolyl; dihydroquinazolinyl (such as 3,4-
dihydro-4-oxo-quinazolinyl); dihydrobenzofuryl; dihydrobenzothienyl;

( dihydrobenzothiopyranyl; dihydrobenzothiopyranyl sulfone;
dihydrobenzopyranyl; indolinyl; isochromanyl; isoindolinyl; benzimidazolyl,

25 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-

30 amino, di(C4-Cg-alkyl)amino, formyl, carboxyl, alkoxycarbonyl,
alkoxycarbonyloxy, alkanoyloxy, phenyl, carbamoyl, carboxamide, di-lower
alkylcarbamoyloxy, phenoxycarbonyloxy group, lower alkylenedioxy,

10



1 February 2007 WD 2005/012318 PCT/ U52004/ 024625 hypertension, ischem a,
stroke, heart disease, irritable bowel disorder, inflamuation, and
cataracts. Exanples of a prediabetic state includes |Gl and | FGFebuMtd6ds
are known in the art for determning effective doses for _therapeutic and

prophyl acti YBAMBOYEL for the disclosed pharmaceutical JSTPORPH842 or the
di scl osed drug conbi nations, whether or not fornulated in the sane

CommOSL o, bbb Rl BREEO OGN, b 5L pPak B0

phar maceuti calNggent, alone or in conbination, that elicits the biol ogical
or nedicinal response in a tissue system animl or human that is being
sought by a researcher, veterinarian, nedical doctor or other clinician,

whi ch includes all 1 GRi A i i ﬁéﬁ;, 5\ i bei ng
treated. For pr ophﬁ?@a%bjlncglg Ip@?@g%i@%&%{a%fl@i&% t‘%gé? e é’gé'sgﬁé@? ifikéd
pr ogr essi orf oftoaa betenyantgr(such 8s furen t pyriding, thiophenec), Boda preeryhlinked'toreef ers to

t hat anount of eac ctive ompound or, phar maceut i ntg. alo rin
conbi nat i on, t‘mﬁ"yrn HH‘P@Sioﬁ pggnﬂipg]egglr R?%é"%@é?e"&fgB&%g?@éﬂ%ﬁ%fﬁa

di sorder as benpsgmdseought by a researcher, veterinarian, nedical doctor or
ot her clinician, the delaying of which disorder is nediated by the

nodul ati on of glucose reabsorption activity or other 20 antidi abetic agent
activity or both. Thus, the present invention provides ( hati ons of two
or nore drugs wherein, for exanple a) each dguy is adn{ni gtered in an

i ndependently therap rophyl acti cakd y¢ ef f ect i ”ﬁzannunt; (b) at
| east one drug i } i unt that is
sub-t herapeutic L stered al but is 25

t her apeuti c or Pr dphyl act i

, er adm ni sererd in conbknation with the second
or additional drugs_according to the invention; or (c) both drugs are

adni ni ster 8 in an BleRm ‘compositior’ s intaadedhta encompass sPradyphsamaRising i f

adm ni ster ed ikl i i iARRE Sh&cifiéd BmBRRY! 8§ Weh a8hsy #eaL& st ered

t oget her. 30 %ﬂ‘g%ﬁgﬁ’m%ﬂﬁ%t@%'tgpﬁ'g gr on%'" re'?]er9 to thgse nol e‘tﬂ?es known in
the art which results, directly or indirectly, from combinations of the specified

ingredients in the specified amounts.

15 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 coincidf.

( 20 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
25  agonists, partial agonists, or antagonists. Preferably the modulator increases
insulin sensitivity. According to one éspect, the modulator is an RXR agonist.

Diabetes, Syndrome X, and associated symptoms or complications
include such conditions as IDDM, NIDDM, IGT, IFG, obesity, nephropathy,
30  neuropathy, retinopathy, atherosclerosis, polycystic ovarian syndrome,

1



that are used to mask functional groups; protecting groups nay be renoved
duri ng subsequent synthetic transformations or by netabolic or other in vivo
12 1 February 2007 WD 2005/ 012318 PCTI US2004/ 024625 admi ni st r at il &labruary 2007
conditions. Durin of the processes for preparation of the ounds of
the present YR8 it may be necessary and/or desi rabT‘éTf%wO“&zg@éct
sensitive or reactlve groups on any of the nol ecul es concerned. This nay be
achi eved by neans of conventign ' such as those 5

tecti
described in PRReE@NsipS, @Bﬁw'lsltfogféﬁeﬁcr%é'n rgg@‘e eweldigorder, \z oni e,

Pl enum Press e f aNte8iabBliet TSard
Organi ¢ Synt heiﬁlﬁél%mrﬁ@dggﬁ\lbtalgéﬁa%E%?\Bp@s% So|r?s IlQ%gé M‘Fﬁje@g?gt ecting

groups may be F&woved at a conveni ent subsequent stage using nethods known
in the art. Exanples of hydroxyl and diol protecting groups are provided 10
bel ow. Protection for the hydroxyl group includes nethyl ethers, substituted
met hyl ethers, subMetHodseste &hbwh lmtﬂmmforsjetermmmgeﬁbeﬁwdiosﬁsrfers and

silyl ethers. Subst | t ut ed Et her s ubst i t d met hyl
et hers incl udet p%a%wpxyqﬁq}fﬁgﬁ%s&?s%{m%
(phenyl di met hy&&hb&lﬁé‘ﬁé BPPI%"G?&&IWéed erQ%éHbﬂ%éYBﬁé hbll'xether or not formulated in

p- met hoxybenzyl oxymet hyl , (4-met hoxyphenoxy) nethyl, t- but ox?/
4- pent eny| oxynihersame spmpgsitien.nfpr tr@ramua@wmqmyﬁh@ttﬁw joirdly effec ve

2,2,2-trichlor

(t i met hyl si | y$§"§pﬁgwﬁgﬁyﬁer%eé‘%§ﬁ€J%%ﬁ%& g%élﬂgéc:)nr\r/gfc é’t"r‘%%ungr opyranyl,
t et r ahydr otdi opryamadeutudalrmhnalmecdmhe:mmbmamonanhlabwmtsttharmdoglpgdromny| 4-
["E‘E“SEYL?U & rReAna RS In #FRUS YABE: PATA af phmeR haGK belie saUght o3

t et rahydr of ur aﬁgb reS&ArcREY SeiinbAdn Meditalddétor or other clinician, which mcludes
2,3,3a,4,5, a- oct ahydro-7,8,8- trinethyl-4, 7- met hanobenzof u_ran- 2-yl.

Substi t ut ed Et ﬁqﬁw@tqﬂeqféhﬁmﬁt%@s of thgmewéﬁo@ﬁwem Heated; F@rude
1- et hoxyet hyl, Eﬁqpﬁila%ﬁ?]gp p%%@?k NOXKh BN the drSRIdMHrodre¥BibA ¥ Yedisbrber),

1- et hyl - 1- ben
15 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
20 antidiabetic agent activity or both. Thus, the present invention provides
combinations of two or more drugs wherein, for example, (a) each drug is
administered in an independently therapeutically or prophylacticaily 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
25 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.
30
The term “protecting groups” refer to those moieties known in the art’
that are used to mask functional groups; protecting groups may be removed

during subsequent synthetic transformations or by metabolic or other in vivo

12



met hyl - 1- benzyl oxy- 2-fl uoroethyl, 2,2,2-trichloroethyl,
2-trinmethylsilylethyl, 2- (phenylselenyl)ethyl, t-butyl, allyl,

p- chl orophenyl p- met hoxyphenyl, 2,4- dinitrophenyl, benzyl, andl February 2007
pol yet hyl ene ycoI ethers. 13 1 Febr uary 2007 WO 2005/0 %%ﬁ

PCT/ US2004/ 0P2BI%/&IM8 ¢ i t ut ed Benzy! Ethers Exanpl es of s POV B2 Benzyl

ethers include p-methoxybenzyl, 3,4- dimethoxybenzyl, o-nitrobenzyl,
A R A R T

di phenyl net hyl gord onmwd%ﬂhbrpa@ﬁm MRk, iPméy lb@rﬁfe@éyémwnd/drrddah@wlt@et hyl ,
a- naphthyldlphenylneth nethoxyphenyldlphenylnethyl

met hoxyphenyl ) pmrgnsrsmﬂﬁy@ or teac(%e gmumwwr@ﬂtmmqiwuleac@ﬁcgned This

b h | |

i ot or opht hal TVRCRHEIRNRERRS B bondirfiondt protEiid'qbubd, such.as those, 11
4,4' , 4"-tris( bdeswipediy Pretertijer€rdugs, in Drganic Cieoistiy, )ddrthhW )Mc@mdé 4" -

O P M asst ST R T SGSUEIEE N ui EROUER B i

1, 3-benzodi t hi dr?ﬂém@syhthe@rsdTh#a@Eaitmt homrwliny 856&1§'1@99dofhe1—§r0&dmb Et hers

Exarrples of sil ethers incl ude trinmethylsil triethylsilyl

Ei rii Sﬁplr oEyI s: QSQU,PS nggyrae r@mps%ab@yo@\rqqut SH%%QW"F §t§ﬁ§ﬁdﬁ§}ﬂ%ﬂ9§h°ds
e benayl ot 1yl Khouh infig it Kkt L of hpbickiarid i o foBRE Brods dfeiprovded

and t - but ylioret beboyvphenyl silyl. Esters In addl tion to ethers, a hydroxyl

group may be protected as an ester. Exanples of esters incl ude f or mat e,
benzoyl formate, acetate, chloroacetate, 25 dichloroacetate,

trichioroacetate, t Pfcfté@tﬁfrﬂ@ﬁﬁfeaﬁﬁirombhmpwﬁélﬂﬂé’é fethiyl eﬂ#@@yéun%tuméd/méﬂmt e,
phenoxyacet at e, p-chl orophenoxyacet ate phenyl acet a

3- pheny! pr opi oRHIEE, sybstiyinchetaniaibers é%ﬁtﬁt'-l'fﬁtbGPZW@ﬂZﬁ"S Snd silyl ethers.

(et hyl enedi t hi 0) pent anoat e, pival oate, adanantoate, crotonate, 4-

15  Substituted Methyl Ethers
Examples of substituted methyl ethers include methyoxymethyl,
methylthiomethyl, t-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, (4-methoxyphenoxy)methyl, -
butoxymethyl, 4-pentenyloxymethyl, siloxymethyl, 2-methoxyethoxymethyl,

20 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-
(trimethyisilyl)ethoxymethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetrahydropyranyl, 4-

( methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxido, 1-
\ [(2-chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl, 1,4-dioxan-2-yl,

25  tetrahydrofuranyl, tetrahydrothiofuranyl and 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-

trimethyl-4,7-methanobenzofuran-2-yl.

Substituted Ethyl Ethers
Examples of substituted ethyl ethers include 1-ethoxyethyl, 1-(2-

30 chloroethoxy)ethyl, 1-methyi-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-
methyl-1-benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-
(phenylselenyl)ethyl, t-butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-
dinitrophenyl, benzyl, and polyethyleneglycol ethers.
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met hoxycr ot onate, benzoate, p-phenyl benzoate, 2,4,6 30

trimet hyl benzoate(nesitoate), and pol yet hyl enegl ycol esters. 14
................... 1 February 2007 WO 2005/012318 PCT/ US2004/ 024%Bfmary 2007
Car bonat es Exanpl es of carbonates include nethyl, 9-fluorenylmethyl, ethyl,
2,2,2- trichWor8&YH3318 2- (trinethylsilyl)ethyl, 2-(phenyl Bel/USRGA/024420y] , 2-
(triphenyl phosphoni o) et hyl, isobutyl, vinyl, allyl, p-nitrophenyl, benzyl, p
5 met hoxybenzyl, 3, 4-di net hoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, S-benzyl
t hi ocarbonate, 4-ethoxy-1-naphthyl, nethyl dithiocarbonate, and

pol yet hyl enegl : ~Assi sted C eavage 10 Exanpl es of assisted
cl eavage i ncl u%'g& '—t'lﬁggg%@%g@% 8@54- azi dobut yrat e,

?- ni t lrg 4- met hy: ]E)erﬁmme'e?f sut&sii}n.ttﬁdbenaﬂ etHers enchade o p;r;)éihoxybenzyl, 3.4-

ornyl benzenesyl fonate, 2-(net t hi omet hoxy) et ar bgnate,, 4-

(et hy Lt i oot HERE B FaH o e DAY T IRpRE PG RIS R N B eotbeayl 5

M scel | aneaus | Inj CEl | i -OX|

D e di ol orn: £ EGerERR (el s AN PIEES RisL2CHIA) N-oxido,

t et r anet hyl but diphemdmethyh g padimitrahemzbydryl] Sdikenreshbényt, diphenymetbyly acet at e,

oo e BT AR PSR AREE e Sh e o 2 %
Bhenyl car bamat o S R e 25 5ul  onat es
Exanpl es of subrooephesacylaxy)pleenyldiplenylmetbyh 4 dHfisdd-e( mesyl at e) , _
PRRHRTAR T MY NCICE IO R o oW M R e s TR
( 4,4’ 4" -tris(benzoyloxyphenyl)methyl, 3-(/midazol-1-ylmethyl)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.

15
Silyl Ethers

Examples of silyl ethers include trimethylsilyl, triethylsily), trilsopropylsilyl,
dimethylisopropyisilyl, diethylisopropylsilyl, dimethyithexylsilyl, i
butyldimethylsilyl, t-butyldiphenylsilyl, tribenzyisilyl, tri-p-xylylsilyl, triphenylsilyl,

20 diphenylmethylsilyl, and t-butylmethoxyphenylsilyl.

Esters
( In addition to ethers, a hydroxyl group may be protected as an ester.

Examples of esters inciude formate, benzoyiformate, acetate, chloroacetate,

25 dichioroacetate, trichloroacetate, trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, p-P-
phenylacetate, 3-phenylpropionate, 4-oxopentanoate(levulinate), 4,4-
(ethylenedithio)pentanoate, pivaloate, adamantoate, crotonate, 4-
methoxycrotonate, benzoate, p-phenylbenzoate, 2,4,6-

30 trimethylbenzoate(mesitoate), and polyethyleneglycol esters.
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Exampl es of cyclic acetals and ketal s include nethyl ene, ethylidene, 1-t-
butyl et hyl i dene, 1-phenyl ethylidene, (4-nethoxyphenyl)ethylidene, 2,2,2 15 1
February 2007 WO 2005/012318 PCT/ US2004/ 024625 tri chl or oet hyI i defrebruary 2007

acetoni de (i i dene), cyclopentylidene, cyclohexylidene
cycl ohept yl |V§‘22@8’8é81§zyl i dene, p- met hoxybenzyl i dene, 2, 4-FCT/US2004/024625

di met hoxybenzyl i dene, 3, 4-di net hoxybenzyli dene, and 2- nltrobenzylldene 5
Cyclic Otho Esters Exanples of cyclic ortho esters include
nethoxynethyléﬁ%’°@?ﬁ8xynethylene di met hoxynet hyl ene, 1-met hoxyet hyl i dene,

1- et hoxyet hyl i di ne Exhngi esdbﬁ@érbeﬁéte& e d&aRBthy R OORIdIEMYIRRENN | etRRIN2,2,2-
1- (N, N-di net hyl am no) et r%‘t dene derivative,
(]

a- I(NI N- di net hyttichioreelhyb mﬁw&sllua@mvhef(pbenwozymtauly& opent y| i fjenle I 10
Si De
o oo, Con 3 he BBl MoriBH MR, A5 A AFRHAE Bt R YL Y S

reﬁr ga[y 2(3(8;I m&ﬁfﬁ%&&?ﬂ?&&;ﬂ%é%@ﬁﬁﬂ/ M#ﬁ%n@lu{»@ﬂmb@aﬂssmﬁnwh

nhibitors One nethod of treatin i s XCrete excessive

glucose 5 dirt rB'@P?SPOPﬁPo"'U‘?tﬁ %g‘alpﬁﬁlyy ??%‘ﬁﬂra@ @ centration is

normal i zed. Fqj r%yco'?ggmélﬁbggsucose cot ransporters (SE.Ts), primarily
r

found in chorlo ane of the intestine and the kidney, are a famly
of proteins actlvely invol ved in the normal process of glucose absorption.

Anmong them S inintestinal and renal epithelial cells (Lee
et at., 1994) %I%%%‘Z%&él‘%agaﬁ is found in the epitheliumof the kidney
(You et al1o, 1995, Woﬁaﬂstz@bbavﬁ@@ﬁbludﬁlmiﬁds]cb?m|O4|: -agidobutytdte,
intestineis i mar te y T1l, a affinjty | owcapacity
transporter V\n‘{ -Ritrg- Metgﬁ%'g?@o?tfaaﬂéég Fqmorpgthy %’?ZOE qu "SGLT2, al so known as
SAAT tr anSp%ﬁﬁylﬁ@nzeﬁ‘i&@u%r\&t@Sﬁ(rﬁétr@dthlbﬁieltﬁbx%etﬂylJea?d‘tﬂ‘nafté”mt' ons as a

I ow—affl nity high-capacity transporter.
(methylthiomethoxy)butyrate, and 2- (methylth|omethoxymethyl)benzoate

15  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-dimethylpro pyI)phenoxyacétate,
chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2-

20 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

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

30 PROTECTION FOR 1,2- AND 1,3-DIOLS

Cyclic Acetals and Ketals
Examples of cyclic acetals and ketals include methylene, ethylidene, 1-i-
butylethylidene, 1-phenylethylidene, (4-methoxyphenyl)ethylidene, 2,2,2-

15



15 SG.Ts are characterized in Table 1. Table 1 Preferred K,,, * TnG* K,,,

| SOFORM Tl SSUE St oi chionmetry Substrate in vitro In vitro In vivo Sm
Intestine 2:1 D-glucose 0.1 nd Nd SGTI D alactose Kidney (Si, $3kbrady 2007
D-glucose 0.39 7.9 0.3 D-galactose SGT2 Kidney (S3) 1:1 D glucose 1.64 83
6 (SAATI) *WORRMS/OL318 D- gl ucose ** Maxi mal transport rat @qIGI200/0246aMm 20 1.
Renal reabsorption of glucose is nediated by SGT1 and SGT2 (Silvernman et
al ., 1992; Deetjen et al., 1995). Plasnma glucose is filtered in the

gl onmer ul us andricloraetindidpne hadetenidy (isepropylidesd),icyclonentyliderieral t ubul es.

SG.T1 and SG r t i ical t h

opi thel | um andVEIPaEYIBER, fitiotaifiahB idin MaR R b oL dn it
created by t hediMattdsyberidyRidsse, [Bgaiméborysthzoiddnes ahd 2aiitblbermdylidenr ane.
Once reabsorbed, the elevated cytosolic glucose is then transported to the

interstitial space by facilitated glucose transports (GLUT1 and G.UT2).
Ther ef ore, 3 nheWliciQhEstess Ts reduces pl asna gl ucose through suppression

of glucose reabsorpty r 25
'n the ki dney A t Rl obofdi EHAb iR o ARt e, S
SG.T i nhi bi t ordimetidxyaetibylene, slumethrixyethylidenend rethaxyethyilidimegh 12sose excr et i on,
or to decreas | asma,gl.ucose, ipn a subject by esired anpunt, per day,
can be r ead: IgTRAGVRITUSETR chmelhoB Edone t Bl Frs AR AesRs |y
it has been 5 1 ATy : i 3 i ; nd
stenms of Rosaé:égggq‘(éé%wﬁggﬁééﬁwggﬁ ,)5% ﬁt?éne?é] |b?¥§%&?§$§écy%@emméné
co-transporters | ocated
Silyl Derivatives
( Examples of silyl derivatives include di- t-butylsilylene group, and 1,3-

(1,1,3,3-tetraisopropyldisiloxanylidene) derivative.

L~
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i n chorionic nmenbrane of the intestine and the kidney. By inhibiting Na'-

gl ucose co-transporter activity, phlorizin inhibits the renal tubular

gl ucose reabsorption and pronotes the excretion of glucose so th&tbrulxg 2007
gl ucose level in 10 a plasma is controlled at a normal level for a long tine
vi a subcut an¥83%05@23318 adni ni stration (Journal of dini RIT/VSE4R4%t i on,
1987, Vol. 79, p. 1510). Oher SGAT inhibitors include al kyl- and

phenyl - gl ucosi des, 1-5- isoqui nolinesul fonyl).-2-methyl pi perazi ne- HCl
(indirectly via protein kinase C), p 15 chloromercuri benzoate (PCVB),

N, N' - di cycl ohexyésst Resbddiptith InRBiiBls  copper and cadmi umions, and
trivalent |anthanides. 18 1 February 2007 WD 2005/012318 PCTI US2004/ 024625

B. Conmpounds The invention features conmpounds of Formula (1V): a: i (1V)

5 wherein: one of %jae ' iRk I %1]%‘3 dYis
present, or both Qrdéeggsent&t{éwdgﬁgw@,éwearl\d \A/@%g?%&@aeﬁgéét e @H%%rs?ql s 10
0 PO ~1!/H @iteBlly into ttin@so that-tBe hldogigluanse Rbncentedtianis nohraalizedhdatashed

| i ne between NRL and

e betveen MY i aeasartpie by by You B fiokle® @ 2
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
10 SGLT2 is found in the epithelium of the kidney (You et al., 1995, MacKenzie et
al., 1994). Glucose absorption in fhe intestine is primarily mediated by
SGLTH1, 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 IoW—affinity high-capacity transporter. These
15 SGLTs are characterized in Table 1:

Table 1
Preferred Kn* TmG** Kn*
ISOFORM TISSUE Stoichiometry
Substrate | in vitro | Invitro | In vivo
Sm. Intestine 2:1 DD-qucose 0.1 nd Nd
-galactose
SCLTT oo (S1, S3) 2:1 D-glucose | 4 59 7.9 0.3
y =t : D-galactose ’ ) :
SGLT2 . .
(SAAT1) Kidney (S$3) 1:1 D-glucose 1.64 83 6

( * (mM) for D-glucose
' ** Maximal transport rate pmol/min/mm
20

1. 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
25 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

17



20 Q= -(CH2)"- where n =1 or 2; 19 1 February 2007 WD 2005/012318

PCT/ US2004/ 024625 Z is substituted or unsubstituted, and is selected fromC
3.7 cycloal kyl, phenyl, a 5- or 6- nembered heteroaryl havi ng | 1diebpuary 2007
het er oat ons i ndepe ndently selected fromN, O, and S, a biar a 9- or

10- nenber ed Wlﬁ’s"'@gs "Y2¥Fc1yl (such as naphthyl), and a fusB€T &0@4/%f2éycl yl,
wherein said fused heterobicyclyl has 5 between 1 and 4 heteroatons (and

preferably between 1 and 3 or between | and 2 heteroatons) independently
sel ect ed from iRthekidagy. ﬁthprapqutlc@lylormraewact@alh( effeddivelamasyntei@Ponyl ; 10

or a phar mace l; r
corrpognds of o?ﬁl'gm?wgpéﬁ:‘?é g1eé°t§}:ff SC'%% ﬁ%&aswfﬁ@g&{&%%f‘é}ﬂn Srdto

i ndependent | y dedrease plkasthavglt¢odee inv@ssubjech byl axdesiredtamamitper daydsndredent | y
et ol e BN R fecs SR e SRIEHGEywelh "l o
al kyl sul fi nyl, foufrd thdt gmbmaldwétum?g@o@ad pﬂese@tinﬂambléhhammgofphenyl ClL 4
al kyl am nosul fonyl ONNHR) , ami no 14 al k&?s,ul fonyl) (NHSQ2R), di C 1-4

al kyl ani nosul f Ra§@ceaed @mmple{peﬁmetsl)whm (Qwgosr)Co-transportgrsdpratedbani do

CONHR), 5-6 F‘dﬁ& er oat ons
(20 indzapendent y sﬁPQ@trﬂgﬁ@romﬁlt“é"ﬁg& Oé‘l"d;ﬁI qﬁlﬂéf@ nﬁytg@on?ftuent(s)
on Z can be fgiucdmaco-trdapmrtmrracllyltyslphbtrlzmnblbntsvthmrelmatumatarnhmmdes
substituents in ﬁﬁ endently se

ct fromC 1.4 alko 1-4 al k halo
hydroxy, cyano'®@°§ RYgn ang rR5°B\°?‘%ﬁ t%%efcggmgpl&%pl%ﬁgﬁgoih%&aegl% 3?@36
(c) Z is 4ipubabidsuiid copfenyd at@nérrﬂalsmmrtauoag tiphe ol subeerneyds Whily
substltut ed or unsubstjtuted 25 téjt;} benzof ur anyl ,
der obenzof uRgRipistratios {daumal @ ’Wiﬂ% F’B&ﬂSt'QatB’é‘ni@?B]Y‘Hl &9 153/ onmany! |
enzot hi pphenyl, indanyl, naphthyl, and 2,3- dihydro-benzo[1, 4] dioxan; (d)

limtations of (c) wherein Z is_unsubsti t.uted or substituted with betvveen 1
and 2 substituents OthesS&ide mhibjtorsinelide daliyi-cand phertybglucosidhexip- f | uor o,

(5 pyri ayi ) piveiihnesPBRN) 2 YRR fin G I PRty e BrotSpignageRa0RY
15 chloromercuribenzoate (PCMB), N,N’-dicyclohexylcarbodiimide (DCCD), :
copper and cadmium ions, and trivalent lanthanides.

18



(4-ethyl)phenyl, (4-propyl)phenyl, (4-nethoxy)phenyl,

di hydrobenzofuran-5-yl, or di hydrobenzofuran-6-yl; (f) RLis H (g) nis 1,
(h) Rl is Hor absent, and nis 1; (i) Z is biphenyl, 4-(3-py(dylpBRaRY2007
4- (2-thienyl)phenyl, 4-(1 Himdazole-1- 20 1 February 2007 WD 20051012318
PCTI US200410%92085/81p318phenyl , 4- (1H pyrazol - 1-yl) - phenyl , PEHUSK0p4/024¢2Keny |
(4- propyl) phenyl, (4 met hoxy) phenyl , dihydrobenzofuran-S-yI, or

di hydrobenzofuran -yl; and Z is unsubstituted or substituted w th between
1 and 2 substlBu&ﬂﬂspQumi@pendently sel ected from.net hoxy, et hoxy, fluoro,
chloro, methyl, iy limtations of (i)
and RL is H; (k) EJ“{ @gﬁééo{@#éﬁfhp&g%s%fﬁoiﬁﬂ O@vi/\/ and Mare H (m V
and Mare H;, (n) XIS CHand Yis C f--Q Z and Yis CH (p) and
conbi nati ons of the above. Preferr onpounds of the invention
i nclude: 10 3-(4-Ethyl benzyl)-5-(( | )-1 Hindole;

5-([3-D-d ucopyranosyl)-3-(4- neth dol e; -

5-((3-D d ucopyranosyl )-3-[2-(4-ne 1-1 H indole; and

3- (4- Et hyl benzyl)-4-((3-D-gl ucopyr aj e. Additional preferred
conpounds include those selected fri§
Et hyl benzyl ) -4- ([ 3- D- gl ucopyr anosy :
3-[2-(2, 3- Di hydro- benzof uran- 5-yl | ucopyranosyl)-1

H-i ndol e; 5-(p-D- G ucopyranosyl) - 3- e R cnyl ) - 1H-i ndol e;

3- (4- Et hyl benzyl ) - 4- ((3- D- gl ucopyr anosy peENZi m dazol e;

3-(4- Et hyl benzyl ) -4-(p-D gl ucopyranosyl )(W)3 di hydr o- benzoi m dazol - 2- one
and 3-(4-Ethyl benzyl)-4-([3-D gl ucopyranosyl } 3H 20 benzotriazole. 21 1
February 2007 whé&ed05/ 012318 PCT/ US2004/ 024625 HNI / HNHK\ I, $HH HO nH

( S 1
HHO O .ng ny, onéL thlé"@s;hed’lings_lbeH/e%H ISQ and X oErtbel_tl'/\\lléerll\I tnd\k( is present or
both are absent;
two of V, M, and W are H and the third is

10

Po ..n"[I”H

.al' I////O H

OH

( Ryis H, or C 14 alkyl; or Ry is absent where the dashed line between NR' and
| X is present,
15
Xis N, C=0, CH, or C-Q-Z;

Y is N-Q-Z or C-Q-Z, where X is N, C=0, or CH;
Y is CH, where X is C-Q-Z,

20
Q = -(CHz),- where n =1 or 2;

19



/"1 1T N HO.nHHOO" IHHOMH HOs SCH & ~tH HO-~ "OH OH OH OH #D#

#E# #F# The nost preferred conpounds are selected from

3-(4- Ethyl benzyl)-5-(3-D glucopyranosyl)-1 Hindol e; 1 February 2007
2- (4- Et hyl benzyl )-4-(3-D gl ucopyranosyl )-1 Hindole; 5

5- (3- D- G ucoW¥r284dd3A1§ - 3- (5- et hyl - 2-t hi enyl } 1Hi ndol e; 3PCRUS00WA282HZY| ) - 4-
(0- D-gl ucopyr anosyl ) - 3H benzi m dazol e and 3-(4-Ethyl benzyl)-4-(f3-D

gl ucopyr anosyl ) - 3H benzotriazoie. C. Synthetic Methods. 10 One aspect of
the invention @aﬁllhst!%ﬂ%ﬁb@fﬂﬁ%!@“@leq @nﬂlﬁ selesteyl from Eser cydealiadnRheryhi@ be

made accor di ngg_ t&étnﬂ%ihéél%ﬁlﬂ{g@é?m\%wggqr %é‘ten?r:ag&ﬂg%ég enﬁB } natorial or

matri x synthesis ne enes chem anples 1-4
provi de gener adelepied fmomeN, O5atd Bepbidryl, 228- brﬁébnemrbyrezi)ﬁmed\mm@ﬂ)('ﬂwthz:%w

E’C:JI'/YU22|0:04{10]2-4%215 QFE(HP > Fal-fll%ﬁe hg@reb:cycl)?l vr?)hérem Said fuseJ ltyeteroblcycf)?was

5 between 1 and 4 heteroatoms (and preferably between 1 and 3 or between 1
and 2 heteroatoms) independently selected from N, O, and S;

P = H, C 1.7 acyl, or (C1.s alkoxy)carbonyi;
10 or a pharmaceutically acceptable salt, thereof.

Examples of preferred compounds of Formula (IV) include: (a) Ry is H or
absent; (b) Z is independently substituted with between 1 and 3 substituents
independently selected from C 14 alkoxy, phenoxy, C 14 alkyl, C 3¢ cycloalkyl,

15 halo, hydroxy, cyano, amino, C 14 alkylthio, C 14 alkylsulfonyl, C 14 alkylsulfinyl,
C 1.4 aminoalkyl, mono and di C 14 alkylamino, phenyl, C4.4 alkylaminosulfonyi
(SO2NHR), amino(C 4.4 alkylsulfonyl) (NHSO2R), di C 14 alkylaminosulfinyl
(SONHRR), C 14 alkylamido (NHCOR), C 1.4 alkylcarbamido (CONHR), 5-6
membered heterocyclyl containing between 1 and 3 heteroatoms

20 independently selected from N, S, and O; and wherein the substituent(s) on Z
can be further independently substituted with between 1 and 3 substituents
inde‘pe,ndently selected from C 14 alkoxy, C 1.4 alkyl, halo, hydroxy, cyano,

( amino, mono or di C 1.4 alkyl amino and C 1.4 alkylthio; (c) Z is 4-substituted

| phenyl, 3,4-disubstituted phenyl, benzhydryl, substituted or unsubstituted

25 thienyl, biaryl, benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl,
benzo[b]thienyl, chromanyl, benzothiophenyl, indanyl, naphthyl, and 2,3-
dihydro-benzo[1,4] dioxan; (d) limitations of (c) 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; (e) Z

30 is biphenyl, 4-(3-pyridyl)phenyl, 4-(2-thienyl)phenyl, 4-(1H-pyrazol-1-yl)}-phenyl,
(4-ethyl)phenyl, (4-propyl)phenyl, (4-methoxy)phenyl, dihydrobenzofuran-5-yl,
or dihydrobenzofuran-6-yl; (f) Ry is H; (g) nis 1; (h) Ry is H or absent, and n is
1; (i) Z is biphenyl, 4~(3-pyridyl)phenyl, 4-(2-thienyl)phenyl, 4-(1H-imidazole-1-

20



Br Br ~)~r Bh'10Bn 3 4 5 Bh0O HO '"OH 9 HO 10 P2,NI an Zr0OB, ONI O PO
Bno~ OBn BnO BC' H& "'"OH BnOHO 5 7 B Conpounds of this invention where X
is GH Yis CGCQZ (e.g. 3-alkyl indole) can be prepared as out llikebrharyn2007
Schene 1. Co un s of formula | wherein 5 R3is Hand Pl

N, N- di et hyl ¢ 8n be prepared by treatment of the sBﬂT’Uﬁ%og‘%’l‘?ztméf
commerci al |l y avai I abI e.5-brono-1 Hindol e- 3-car boxal dehyde wth

N oated w t b yVBBe il H AR YNGRy (HEmP B OPEMRIGTS S0t e an
E/Z m xture of pg gfﬂixms Rﬂ%ﬁébi&éh-gfyl tdriIR S BRREN-BY: and Z is

Pl atinum(IV)oxid cataly in a chlorinated solvent at 1 atnosphere

pr ovi fjes Eonpoumm@samt%pmw@stlwtew«f@hémwaem $ apd Zsubsiianteingependentya 1
fﬁgo?eigr blenz)lrgg%‘ﬁgd\gﬁoﬁg@h%g@g%ﬁ%ﬁa 2“8’& gﬁgp}qﬁy?'bﬁg'l ﬁy?m | ane
?(r;(rjnuls;agglszz cisbprapy (j) hnniahdaﬁmfc(ﬂ:ﬂ:}id?gs&ﬂ (kmsglﬁatb?smg((x\yadd nc19r1p(:I)JWjrsmf)z1 )
wnere n is 1 BRObreEAT kD ViapaTatd Bn By Ris CEHEY S FRTARER iRbi Dase

such as sodi U”bn@Ydé@HQE) afd E:thbhhéhaﬂs 8f thaPovko renove the
N, N- di et hyl carbanyl group” foll owed by reprotection with

tert-butlydinmethylsilyl (TBDVS) group (P2) by treatnent with
tert-butyl dineth i .yield 20 5-brono
i ndol e derivat i v)fré*erafé’ e}gb&rggfr%W%@%ﬁM@'%/ US20041024625
10  3-(4-Ethylbenzyl)-5-(B-D-glucopyranosyl)-1H-indole; 5-(B-D-Glucopyranosyl)-3-(4-
methoxybenzyl)-1H-indole; 5-(B-D-Glucopyranosyl)-3-[2-(4-methoxyphenyl)-ethyl}-1H-
indole; and 3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole.

Additional preferred compounds include those selected from 2-(4-

15  Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole; 3-[2-(2,3-Dihydro-benzofuran-
5-yl)-ethyl}-5-(B-D-glucopyranosyl)-1H-indole; 5-(B-D-Glucopyranosyl)-3-(5-
ethyl-2-thienyl)-1H-indole; 3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-3H-
benzimidazole; 3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1,3-dihydro-
benzoimidazol-2-one and 3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-3H-

20  benzotriazole.
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Alternatively, a conpound of formula 5, where nis 1 (either 4-bronoindole
derivatives or 5-bronoindole or 6-bronoindole derivatives), can be prepared
in three steps fromcommercial avail able sources of fornula 3. 1February 2007
Friedel-Craft 5 acyl ation of conpounds of forrmula 3 with substituted benzoyl
chl ori des usWOPI®O1RHGi s Acid, such as al umi num trichi ori Bel/U$1044024625

chl orinated sol vent, such as dichl oronethane, followed by reduction of the
carbonyl group with sodlun1 bor ohydri de to provide conpounds of fornmula 4.
The indol e nitrogen, * group as
descri bed above to dj 1. Conpounds
t-BuLi at -78 C

. gL ra- O benzyl - (i -D

gl ucol actone as™egdcr)i'bed by Cz ; o gk Chem 1989, 53, 610
15 - 612]. The ré&Su tl%b | act ol o be treated Wi t RO skhanes such as
triethylsilane in a'sol vent such as dichl oromethane at -30 C to provi de
conpounds of fornula“$6. The TBDVS grgup can be renmoved with an aqueous base
such as sodium hydroxide in refluxing THE to yield conmpounds of formula 7.
Hydr ogenol ysis of gl ucopyranose 7 over pall adi um hydroxi de (Pearl man's
catal yst) at one 20 atnosphere can provi de conpounds of formula 8 where P is
H The sodiumsalt gf7 BHe treatm@-ﬁiEZJd% al kyl ha|ldﬁ=& # the

N-al kylated (RI) , Wwhi ch gone hydr ogen

previously describ to provide co nd of fornula 10 e Pis H 25
Further treat agonmpounds @b mdl a 8 or 10, WS H, with one
equi val ent of ahg. ¢l orof or mat guox gl kanoyl chlori dggrnoegilidine to
seLgctively acyl abg the 6-OH group oaf the gl ucopyranose n provide
compounds of fornula 8 or 10, where P is acyl, or al koxycarbonyl. 30 24 1
February 2007 WO 20Q51012318 PCT/ US20Q4/ 024625 Schene 2 NOZ2,.,

The most preferred compounds are selected from: 3-(4-Ethylbenzyl)-5-(B-D-
glucopyranosyl)-1H-indole; 2-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole;
5  5-(B-D-Glucopyranosyl)-3-(5-methyl-2-thienyl)-1H-indole; 3-(4-Ethylbenzyl)-4-
(B-D-glucopyranosyl)-3H-benzimidazole and 3-(4-Ethylbenzyl)-4-(B-D-
glucopyranosyl)-3H-benzotriazole.

C. Synthetic Methods.

10
( One aspect of the invention features compounds of formula (1V). These
compounds can be made according to traditional synthetic organic methods or
combinatorial or matrix synthesis methods. The following schemes and
chemical Examples 1-4 provide general guidance.
15

Scheme 1.
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-Compounds of this invention where X is C-H, Y is C-Q-Z (e.g. 3-alkyl indole)

can be prepared as outlined in Scheme 1. Cor_npounds of formula 1 wherein

Rsis H and P4 is N,N-diethylcarbamyl can be prepared by treatment of the

sodium salt of commercially available 5-bromo-1H-indole-3-carboxaldehyde

with N,N-diethylcarbamyl chloride in anhydrous THF. The protected indole

may be treated with ylides under standard Wittig reaction conditions to provide

an E/Z mixture of compounds. Hydrogenation of the alkene over

Platinum(iV)oxide (Adam's catalyst) in a chlorinated solvent at 1 atmosphere

provides compounds of formula 2, wherein n is 2. A compound of formula 1

can also be treated with an aryl magnesium bromide in THF to give an

indolecarbinol. The crude indolecarbinol can be reduced with triethylsilane and

stannic chloride in dichloromethane at -78 °C to provide compounds of formula

2, wherein nis 1. The indole nitrogen of compounds of formula 2, where n is 1

or 2, can be deprotected by treatment with an aqueous base such as sodium

hydroxide in refluxing ethanol to remove the N,N-diethylcarbamy! group

followed by reprotection with fert-butlydimethylsilyl (TBDMS) group (P2) by

treatment with tert-butyldimethylsilyl chloride using known procedures to yield

5-bromo indole derivative 5.
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HO 21 Compounds of this invention wherein Yis NQZ, Xis N COor CH and
R, is 5 as defined in the clains above could be prepared as outlined in
Scheme 2 25 1 February 2007 WO 2005/012318 PCT/ US2004/ 024625 usi Hgbruary 2007
procedures known in the art for the synthetic transformations descri bed.
Commer ci al | yw§\?21q5f°éﬁﬂ% N- ( 2- Br onp- 6- ni t r o- phenyl ) - acet ani fEB04924625 heat ed
under acidic condition to renove the acetyl group then alkylated with
substituted benzyl, aryl or heteroaryl alkyl halides, acylated with benzoyl

or 5 phenylacetyl chlorides followed by LAH or borane reduction or

Sodtam oy anod SRy ENAE s &g SRR ETeilier erolie IR °0, o0
coul d then bejgriegtiatonsbrgndinase or $-tsroaiviraivld derivdtives; khabedrepdretrion in

acetic acid to obtain, conpounds of forrmula 11 wherein the_bromne, is
attached at pdbres Baps/rompcormercialavailable sputces & faraula 3onkriedaliCialit ar ¢ wit h

comer ci al | aRk! = 5 ' AN il r&q.‘i% AN [+ I n
cont ai ni ng 5% Zésa’l gg@roﬁgégﬁg)gﬁgse&;%Wg?{a?gﬁthgg%tghﬁs 0 ?ké%‘%sﬂ%lﬁgre R
is -(CH2)r, Z tlewvis Aeitlijsech he ahiminumgriohipride, ina ghlarinatied solvpntusdsh as f or nul a

11 wherein the,brom ne is attach at sitjon Min claiml. Ona the other
hand, the ani Iq'ﬁﬂorﬁfq&%’éﬁ%#o"&fﬁﬁ%F‘atgugﬁ?@/ot\@] iqaélg)q)ryl QI%POW%U §9d'an[ roani | i ne
coul d be acet yaéRdtirie talgrévidethbipbiinds 6f REhER 4V tTheaRdaBMitdydnadfe 20
protecting group such as tol uenesul fonI%/lIa or benzenesul fonyl to yield

compounds of ffermuip# aan be eratpetegkwithsTBRMSgroue esidegcabendpbovente give r o gr oup
could the e t | Lnes,wth tin (11) chloride and
subsequenﬁeg a‘fﬂ%ﬁ‘gg @;&”ﬁgggah@ﬁ?% [gn‘l'subst ituted benzyl, aryl or

heé eroaryl al kyl halides, under basic conditions or reductively am nated
W t h substitut(gg_nZS benz dehl\é;dﬁes I n.the presen
! 2

] e of sodiu . .

Cyanobor ohydr | GAMPAYE SIPITIUR,S aiecACNRIEAIPG SOURIRG By SHAMBEL Wity HBbbkeb ¢
benzoyl or phempy "tﬁﬁé(koﬁ@hpéddﬁea% THP g diitidr 6t 28,406 AREOLSEH Y-
Final renmoval of the nitrogen protecting

glucolactone as described by Czernecki and Ville [J. Org. Chem. 1989, 53, 610

15 -612]. The resulting lactol can be treated with silanes such as triethylsilane in

a solvent such as dichloromethane at —30 °C to provide compounds of formula

6. The TBDMS group can be removed with an aqueous base such as sodium

hydroxide in refluxing THF to yield compounds of formula 7. Hydrogenolysis of

glucopyranose 7 over palladium hydroxide (Pearlman’s catalyst) at one

20 atmosphere can provide compounds of formula 8 where P is H.

The sodium salt of 7 can be treated with an alkyl halide to give the N-alkylated
(R4) product 9, which was undergone hydrogenolysis as previously described

to provide compound of formula 10 where P is H.

25
Further treatment of compounds of formula 8 or 10, where P is H, with one
equivalent of alkyl chloroformate or alkanoyl chloride in collidine to selectively
acylate the 6-OH group of the glucopyranose can provide compounds of
formula 8 or 10, where P is acyl, or alkoxycarbonyl.

30
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group using procedures known in the art could provide conpounds of formula
11 wherein the bromne is attached at position Win claim1. 30 Conpounds of
formula 11 could be reacted further to form conpounds of fornul d FeBrua#p2007
and 14, These transformati ons can be acconplished by 26 1 February 2007 WO
2005/ 012318 WRHEB3EU/ 024625 treating the di ami ne with PCT/US2004/024625
1,1"-thiocarbonyl diimdazole or carbon disulfide to provide conpound of
formula 12 or gunb h]é.ﬁl phosgene, urea or carbonyl di m dazole to give
conpounds of for a 13. Alternatively, the diamne 11 could be treated

wi th sodiumnitrate under aC| d| c condi ti ofg, at cgol 5 tenperatures to

provi de conpounds of Formul aY 4NHAI\/Et hyl aWcorrpounds of formula 12 with
i odonet hane in the presence ‘hase cafford conmpounds of formula 16.
Conpounds of fornula 13 can Btreat ed NB:tbase such as sodi um hydri de and
al kylated with alkyl halides to 10 provi degconpounds of formula 17 wherein
Ri is alkyl. The unsubstituted nitrogen o conpound of fornmula 13 can al so
be protected with an al koxy carbonyl grou as described by Meanwell et. al.
P. Og. Chem 1995 60, 1565 -1582] to provide conpounds of formula 17

wherein R is eithexnan et hoxy Yar bonyl et yyor a t- but oxycag bonyl group.
15 Formation of the gd>zyc05| be a |shed by treMg conpounds
of formula 14, 16 tted) wth—buty iumat -78 C

prior to the addition of 2,3,4 6 tetra o enzyl (3-D-gluco tont fol | owed
by reduction of théfresultl ng %em acet al n the presence of jexcess
triethylsilane and boron 20 trif uorlde d| hyI etherate in &n appropriate

sol vent such as dichi oronet hane as esc i hed by Czernecki ahd Ville (J.
ﬁ Chem 1989, 54, 610 - 613). nds of formula 18, erein R is H,
can be prepared by renpving the prot tion roups under basijc condition
(for ethoxy carbonyly roup) or underg” aci di CNQOHdI tion (for - _SCHs
tert - but oxycarbonyl rloup% follo by debepk i on of the ’ﬁgydroxyl
groups using pall a m@ﬁ alysts nder T%n condi ti ez
Br 3 Br Br
T
17 B 14 , 116
0 Rs
RlN'_< N=
N(~—),,—z NHrZ
HO ° ©
HO' Y “oH HO" Y “oH
HO HO
( 18 20

HO 21

Compounds of this invention wherein Y is N-Q-Z, X is N, C=0 or C-H, and Ry is
5 as defined in the claims above could be prepared as outlined in Scheme 2

25



Conpounds of fornula 18, wherein Rl is an al kyl group, or formula 19 can be
formed by debenzyl ati on of the hydroxyl groups using palladium catalysts
under hydrogenation conditions. Conpounds of fornmula 20 wherei n R¥ebmaty 2@n
be prepared by _a_Raney nickel nediated cl eavage of the 2-nmethylthio 30 group
as describeav%@()%mé nd, et. al. (J. Med. Chem 1994, S?FTQ&%"”-O“ZQMQ)

fol |l owed by debenzyl ati on of the hydroxyl groups using palladium catalysts
under hydrogenation conditions. 27 1 February 2007 & 2005/ 012318

PCT/ US2004/ 024899 REQFeHERS KRQWR ifkthe aif a5 t%@/f&é@ﬁ% Qrmegtions|gescribed.

chl or of or mat e (YmAkkIRYvailShk N-{ZBrdro-BNilrb PhBRyll-acedhfigs cy@lbpeasedied e the

6- OH group of the gl ucopyranose "can provide conpounds of fornula 21 where P
is acyl, or alukdgyacidismopditiop tseereaee the agetyl groumthenalkytated wvith6X N y BnO

POH )" ~""OH : . "0OH BnO
“Gen M HO Ene BETIBIARNESE AR of feferod A haliics. Spuplec il Bend 8V ; o
CH (e.g. 2s5al iphenyladetykgdhloridesdeliowediby bAHE ranereedaitive or eeduatively epar ed as
outlined in Schene 3. .10 unds of formula, 22 can be prepared by
treat nent of taﬁén%tﬁgi“ﬂeh %"&OquPl’g?é]g%mWSF I"i/the?\i%ﬂa?%ﬂﬂee"fo ndol es (either
4- br onoi ndol e ' I i | y t I ydes in
U THF.c?éﬁ}(ZGC%?é@EEf}{dléﬁg eRovidé cEmPbanEd BkehRlia", tiheitré ghotlp Ol

then be reduced using reagents such as tin (II) chloride or iron in acetic acid to

obtain compounds of formula 11 wherein the bromine is attached at position V

10 in claim 1.

Alternatively, one could start with commercially available 4-Bromo-2-
nitroaniline, introduce the side-chain containing Z as described above to afford
compounds of formula 10 where R’ is —(CH2)»Z then reduce the nitro group to

15 provide compounds of formula 11 wherein the bromine is attached at position
M in claim 1.

On the other hand, the aniline nitrogen of commercially available 4-Bromo-2-
nitroaniline could be acetylated or alternatively protected with an appropriate |

20  protecting group such as toluenesulfonyl or benzenesulfonyl to yield
compounds of formula 10 wherein R’ is the protecting group. The nitro group
could then be reduced to a primary amine with tin (I1) chloride and
subsequently alkylated by treatment with substituted benzyl, aryl or heteroaryl
alkyl halides, under basic conditions or reductively aminated with substituted

25 benzaldehydes in the presence of sodium cyanoborohydride. Alternatively the
primary amine could be acylated with benzoyl or phenylacetyl chlorides
followed by LAH or borane reduction. Final removal of the nitrogen protecting
group using procedures known in the art could provide compounds of formula
11 wherein the bromine is attached at position W in claim 1.

30
Compounds of formula 11 could be reacted further to form compounds of

formula 12, 13, and 14. These transformations can be accomplished by
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al kyl indole can be rearranged to 2-al kyl indole at 180 C in pol yphosphoric
acid under m crowave condition, followed by protection of indole nitrogen
with 15 TBDMS group (P2) to provide conpounds of fornula 23. Fol Feliruay 2607
the C-glycosides can be acconplished by treating conmpounds of fornula 23
wi th butyl | MOI003913318- 78 C prior to the addition of 2,3, RCHUSH0#R24635

benzyl - (i -D gl ucol actone as described in Schenme 1. The resulting |lactol can

be 20 treated with silanes, such gs triet hﬁllpsi lqane in a sol é’?}&t such as
di chl or omet harieeating thgydieming with e §i-thipcationydiipidagRlesr garkor disvBidgtBup wi t h
28 1 February 760de URoRORE AL FED WRR#HA36RG IRE craueous base, such
as sodi um hydroxi de, ||e refluxing THE to yield “conpounds of fornmula 24.
Hydr ogenol ysi scadfonyldimigazobkentoggive? doropeundsaofi fanmulen1By diltechativelyréhe | man' s 5

tal yst t t h | de . ds of fornula. .25 Pi
- e shd: umdameott Sauid by tseed Bifb SRR v dpdkyeciif Faderieryid ne. N
al kyl at ed (R JemperiiGiesa8 préiis eompotNdd VI @aRNPISI s as previously
described to provide conpound of forrmula 27 where Pis H 10 D. Additional

Anti di abetic Agents Antidi abetic agents that can be used according to the

composi i on - PtEHBH S cbmpblindebr AR, RohfAES I inadittancebrd
regi men) incl usge dantafforé compolihds bfforradiat 16.t Qempbasdsef fonthulzot® oambe

o oy e beag o o o re o Sl il e B "
(et form mXT B86HE RbMpdulils of firvttd™ PwitkrdiiNRE &alkyl. The unsubstituted
nitrogen of compound of formula 13 can also be protected with an alkoxy
( carbonyl group as described by Meanwell et. al. [J. Org. Chem. 1995, 60, 1565
— 1582] to provide compounds of formula 17 wherein Ry is either an ethdxy
carbonyl moiety or a t-butoxycarbonyl group.
15
Formation of the C-glycosides can be accomplished by treating compounds of
formula 14, 16 or 17 (compound 15 is omitted) with butyllithium at —78 °C prior
to the addition of 2,3,4,6-tetra-O-benzyl-B-D-glucolactone followed by reduction
of the resulting hemiacetal in the presence of excess triethylsilane and boron
20 trifluoride diethyl etherate in an appropriate solvent such as dichloromethane
as described by Czernecki and Ville (J. Org. Chem. 1989, 54, 610 — 61%).
| Compounds of formula 18, wherein R4 is H, can be prepared by removing the
¢ protection groups under basic condition (for ethoxy carbonyl group) or under |
acidic condition (for tert-butoxycarbonyl group) followed by debenzylation of the
25. hydroxyl groups using palladium catalysts under hydrogenation conditions.
Compounds of formula 18, wherein R1 is an alkyl group, or formula 19 can be
formed by debenzylation of the hydroxy! groups using palladium catalysts
under hydrogenation conditions. Compounds of formula 20 wherein R; is H
can be prepared by a Raney nickel mediated cleavage of the 2-methylthio
30 group as described by Townsend, et. al. (J. Med. Chem. 1994, 37, 2942 —
2949) followed by debenzylation of the hydroxyl groups using palladium
catalysts under hydrogenation conditions.
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{ fenofibrate/metformn conbo Insulin Secretagogue (nmach), glineparide
Sul fon lureas (class) | uridel |ibenclamde conbo | buride/nmetformn conbo
li izide |li izide/metformn conbo gliclazide chlor ro anide tol betramyd®d07

tol azam de I nsulin Secretagogue (mach), repaglinide M litini desﬂécl ass)
pate |ini deWORMYWI31%i de Al pha- gl ucosi dase inhibitors RGVBROWOUEEL T |
litol glibose 29 1 February 2007 WO 2005/012318 PCT/ US2004/ 024625

emglitate Insulin and Insulin anal ogues_lnsulin Lispro | as nsul i n
gl a?g! ne nsuFpihefdreatment wgnpr'ﬁ_qqmwagwef a'Rx'Lﬂh‘Q{f)t%m%ﬁ% Ohéﬁﬁﬂoﬁ)nsul in
Humulin R)  hpinBAdé feébliidiné NP¥abitively adiibtBthd 60M ighoupd\eMfkigluddplranose

can provide compounds of formula 21 where P is acyl, or alkoxycarbonyl.

5 Scheme 3.
Z
HN ] HN ] Z
= S
Z\ P2 N Z L 2 I
N | BnO po” N
= = W 7 s
| o | 3 BnO 'OBn HO' 'OH
\Br Br BnO HO
22 23 24 25
l R4, Z
Ri.
1N 7 N ]
| X
B —_— | .
J- Q
PO
BnO’\d )
v (79 HO ,OH
BnQO' ‘OBn HO
BnO
26 27

Compounds of this invention where X is C-Q-Z and Y is CH (e.g. 2-alkyl indole)
as defined in the claims above can }be prepared as outlined in Scheme 3.
10 Compounds of formula 22 can be prepared by treatment of the sodium salit of
- commercially available bromoindoles (either 4-bromoindole or 5-bromoindole
or 6-bromoindole) with an alkyl halides in anhydrous THF. The resulting N-
alkyl indole can be rearranged to 2-alkyl indole at 180 °C in polyphosphoric
acid under microwave condition, followed by protection of indole nitrogen with
15 TBDMS group (P2) to provide compounds of formula 23.

Formation of the C-glycosides can be accomplished by treating compounds of
formula 23 with butyllithium at —78° C prior to the addition of 2,3,4,6-tetra-O-
benzyl-B-D-glucolactone as described in Scheme 1. The resulting lactol can be
20 treated with silanes, such as triethylsilane, in a solvent such as
dichloromethane at -30 °C, followed by deprotection of the TBDMS group with
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nsulin zinc suspension Hurmulin L) nsulin NHP (Humulin N) insulin, zinc
suspension (Novolin L) insulin NHP (Novolin N) Insulin zinc suspension
(Humul I n Uy  human Insulin, regular and NHP mi x (Humulin 50150) 1Hi¢hmrnary 2007
Insulin, regular and NHP mi x (Humulin 70/30) human insuli ul ar and NHP

n_re
m x (Novol WP 2P87/%¥3$18| nhal ed i nsulin (class) Exubera AER?CF%EHO?/HZ“Eﬁabet es

Managenent S tem AR inhaled insulin Oal insulin (class) Oalin PPARgamma
(mech) rosiglitazone rosiglitazone/netfornmn co oglitazone isa

1 n combo . pl .
litazone vet o2NiackeeHS bapgsushss sqdiun hydioxiden iy %EIW'BE THEF el a 1itazar

bal agl i tazone aadé bs idfntps24.1 vogl i tazone CS-011 FK-614 SCD- DKY
tesaglitazar C%?? CLX%921 LY-293111 (VM.-295) - MBX 102

Hydrogenolysis of glucopyranose 24 over palladium hydroxide (Peariman’s ‘
5 catalyst) at one atmosphere can provide compounds of formula 25 where P is

H. The sodium salt of 24 can be treated with an alkyl halide to give the N-

alkylated (R4) product 26, followed by hydrogenolysis as previously described

to provide compound of formula 27 where P isH.

10 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

15 limited to the classes and compounds exemplified in Table 2.
Table 2
Combination Therapies with SGLT Inhibitors
20
Mechanism or Class Drug/Compound
Biguanide (class) metformin
Fortamet (metformin XT)
metformin GR
metformin XL
NN-414

( fenofibrate/metformin combo
Insulin Secretagogue (mech), glimeparide
Sulfonylureas (class)

glyburide/glibenclamide combo
glyburide/metformin combo
glipizide
glipizide/metformin combo
_dliclazide
chlorpropamide
tolbuytamide
tolazamide
Insulin Secretagogue (mech), repaglinide
Meglitinides (class)
nateglinide
mitiglinide
Alpha-glucosidase inhibitors acarbose
mech)
miglitol
voglibose
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AA10090 CDDO TP-155C DRF-21 89 PHT-46 farglitazar GWM7845 L-764406
NC-2100 PN 2022 (PN 2034) PPARal pha/ gamma dual MK767/ MKO767 (KRP 297)

agoni sts mech muraglitazar BMS-298585 tesaglitazar LY-818 oxeglj tédpdhy 2007
EML- 4156 LY-929 30 1 February 2007 WO 2005/012318 PCT/ US2004/ 024625
BVT-142 DRMWOQRWSO0IBF- 4832 DRF-4158 LY-465608 KT6- 20 PCTUSRPBOHZ6FPARAl pha
Agoni st mach Fenofibrate Genfibrozil dofibrate G profibrate

Benzafi brate _K-111 :

emiglitate
Insulin and Insulin analogues insulin lispro
(class)

Insulin glargine
insufin detemir
insulin glulisine
insulin aspart .
human insulin (Humulin R)
human insulin (Novolin R
human insulin (Novolin BR)
insulin, zinc suspension (Humulin L)
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
AERX Insulin Diabetes Management
System
AIR inhaled insulin
Oral insulin (class) QOralin
| PPARgamma (mech) rosiglitazone
rosiglitazone/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
AA10090
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
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LY518674 LY674 KRP-101 NS-220 GW9578 GW 7647 GM9820 LF-200337
ST-1929 Wy-14643 PPARdel ta Agoni st (nmech) GAb01516 GW 1514 L-165041 GW

8547 PPARal phal del t a Dual

Agoni st GW 2433

(mech) PPARgama/ del t 4 Hobalary 2007

Agoni st none in the |ast PPAR CEA (mech) PPARal pha/ gamma/del ta CLX-0940

Modul at or (PR HPSRRR

I nj ectabl e

Lira luti de GPR-l-agonist{mech)

LY-307161

112 ' 7D10 LD,

|
o L g

Z7
T

Tyt

oL ALJ T LU~

DRF-4832

DRF-4158

LY-465608

KT6-207

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/deita Dual Agonist
(mech)

GW-2433

PPARgammaldelta Dual Agonist
(mech)

none in the last PPAR CEA

PPARalpha/gammaldelta
Modulator (mech)

CLX-0840

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-61077

DPPIV Inhibitor (mech)

LAF-237

P32/98

P93/01

NVP-728

Lipase Inhibitor (mech)

Orlistat

ATLO62

Glucokinase Activator (mech)

Ro 28-1675

Ro 27-4375

beta-3 Agonist (mech)

LY-337604

L-796568
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DPPIV | nhi bitor (mech) LAF-237
(mech) Olistat

ATL962 d ucoki nase Acti vator

P32/ 98 P93/01 NVP-728 Lipase Inhibitor
mech Ro 28-1675 Ro 27-4375

bet a-3 Agoni st nmech LY-337604 L-796568 31 1 February 2007 WO 2008604332087

PCTI US2004/ 024625 CP-331684 CP-331679 CP-114271 Rafabe ron
YM 178  N5o¥H 2008/H3%853 | BAT | nhibitor (nech) AZD 7806

GWM 264 HW4al/ HW4 Agoni st nmech Acl

(mech) A3629

Z CP394531 CR4029086

TAK-677)

E@:T’%%?{""@d“’él?

I mox @ ucocorticoid Antagoni st A348441

CP472555 ¢ yeagen Dhncn )

oo ooy

CP-331684
CP-331679
CP-114271
Rafabegron (TAK-677)
YM-178
N5984
GW427353
IBAT Inhibitor (mech) AZD-7806
SC-990
SC-017
GW-264
HM74a/HM74 Agonist (mech) Acipimox
Glucocorticoid Antagonist A348441
(mech)
A362947
CP394531
CP409069
CP472555
Glycogen Phosphorylase a NN4201
Inhibitor (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) 1S1S-113715
KP102

Amylin Receptor Agonist

Pramlintide (symlin/amylin)

NO Scavenger (mech)

NOX-700

11beta-Hydroxysteroid BVT-3498
Dehydrogenase Inhibitor
Peptide YY hormone AC162325
Glucagon Antagonist (mech) NN-2501
PEPCK Inhibitor (mech) R1438

.| Somatotropin Release-inhibiting | SOM230
Factor (mech)
CPT-1 inhibitor {(mech) ST1326
Carboxypeptidase Inhibitor MLN-4760
(mech)
Leptin analogue (class) Metrileptin

32
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I nhi bitor mech Ingliforib (CP368296) FXR Antaonist (nmech) GW 4064 LXR

Aoni st (nmech) GW 3965 T-0901317 T-0314407 FXR Antagoni st nmech G.P-1

Anal ogue (class) Albu on GSK-3beta inhibitor (mech) PTP-1b | nhi Dife8fuaf )
| SI'S-113715 KP102 Amin Receptor Aonist Pramintide s min/amlin
Scavenger ( MSC2095/MEH8700 11 bet a- Hydr oxyst eroi d BVT- 3498PCDER2044/024625as e

I nhi bitor Peptide, YY hornone ACL162325  ucagon Anta oni st nech NN 2501
PEPCK I nhi bitor (mech) R1438 Somatotrbpin Rel ease-inhibiting SOWR30 Factor
(mech) CPT-1 Inhibitor mech ST1326 Carboxypepti dase |nhibitor MN 4760
(mech) Le tingpanabagie igﬁg,,ass) Metrileptin 32 | February 2007 WO

2005/ 012318 PCI/ U82004i 24625 E. Conbi nations The invention features a

conbi nati on therapy conprising admnistering 5 a glucose reabsorption

[N PLLET oot 18 R leh3bPE s ey rade b GnpSbi deffbisho e (9
conpl i cat i gns g diecexef reabssrptiemintibitont stbhedsf arc8GY. Tdhhibitor, and one or more
antidiabetic agent(s) for the treatment of diabetes or Syndrome X, or
associated symptoms or complications thereof. The demonstrated efficacy of
SGLT inhibitors in numerous models of NIDDM validates the utility of this drug
alone for the treatment of NIDDM in humans. Since glucose reabsorption
10 inhibitors have a mechanism of action distinct from that of other antidiabetic -
agents, such as RXR modulators, the disclosed combination may have the
( advantage of 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
15 include weight gain, edema, cardiac hypertrophy, hepatohypertrophy,

hypoglycemia, or hepatotoxicity, or ariy combination thereof,

The invention provides a method for treating diabetes or Syndrome X, or
complications thereof in a subject, said method comprising administering to
20 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.

N
/

For example, an insulin sensitizer can increase glucose tolerance in a subject
25 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
30 one or more glucose reabsorption inhibitors ( alone or in combination with one
or more antidiabetic agents), and a pharmaceutically. acceptable carrier. In one
aspect of the invention, the antidiabetic agent is an RXR agonist or RXR

antagonist that increases insulin sensitivity in the subject.
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SCGLT inhibitors in numerous nodels of NI DDM validates the utility of this
drug alone for the treatnent of NIDDM in humans. Since glucose reabsorption
10 inhibitors have a nechani smof action distinct fromthat of otRkebruary2007
antidiabetic agents, such as RXR nodul ators, the disclosed conbi nati on may
have the aﬂ@%ﬁ&%ﬂ@”gf reduci ng the anount of either dr ufCHESR8Y25:

achi eve conbined therapeutic or pharnaceutical efficacy, relative to the
use of either drug alone, thereby reducing one or nore adverse
side-effects, which often 15 include wei ght gain, edema, cardi ac
hypertrophy, hepat phyqteiian iy glucbsergibgeptiva intibitdrdpatSGIOR] ahdr or any
conbi nation thereof. The invention provides a nethod for treating diabetes
or Syndrome XSGT2iBRREPScati ons thereof in a subject, said method :
conprising admnistering to 20 said subject a jointly effective anount of a
gl ucose reabsorption inhibitor in conbination with a jointly effective
amount of &n anti dFebese i mgdinine, thectaltay salis oRitR enyupdundsrof ﬁlqlimfae(l\é)spect of

that 1 nor easeteeh RIHAABbGr &R, SuctBrp St 8P Rk S BIHARC 1T
sensitizer cahowsvgrcbsasgfulirothe groparation of compowndy @cdordiRg to thisimventidn’

gl ucose tol erancg test. Pref eraﬁ)l{g, th&di apetes or Syndrone X, or
associ at ed syRpPbiRsirpharmagelticaly pese ¢ 88S-| SCRESERLEAIME OFGRAIG BDM NI DDM

| GT, and | FG inbRihié BYRtHANME 0 aR! At IRRRdto PRAIIBBINBHE, RoBRRYS| ti on

conpri sing 36 one or nore glucose reabsorption |§ﬁﬂb| to@g (alone or in
conbi nati & whydroingic, perchiene saligricinitetihosphenit, acetiaptopiopisagiyeeiaut i cal | y
accept abl e caplfier. L S . Of & I 0N 3 | di-abetic agent
e an RXR agoliou: o alaB ey el i SitiBobortdh MG 7 O
t He subj ect. #iktHardesnifonicy hRixyetNdhe2Glonio, b2 e REFUIfdBRE) @%al) parivid, 12-

ticular, th b ti i.nhi bi t ' GLT1 apd/. SGLT2
mni bi tor 5 RePInSEneRU et dereRuial. SypBhexgndsuiomie, sHi6WBounds o

Formula (1V) sa&dtrinicortfifludrestatic 4tid RBSREENGEVE Yasikefcalibai!saits Hdudy,
salts.” Qher salts may, however, be useful in the preparation of conpounds
accor di nglfo bHiareinafdiftitedrio, benzathine, chloroprocaine, choline, diethanolamine,
ethylenediamine, meglumine, procaine, aluminum, calcium, lithium,
magnesium, potassium, sodium, or zinc. The compounds of Formula (1V) or a
pharmaceutically acceptable salt thereof, may include an intramolecular sait
thereof, or a solvate or hydrate thereof.

20
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or of their pharmaceutically acceptable salts. Representative organic or

I norgani ¢ acids include, but are not limted to, hydrochloric, hydrobromc,
10 hydroiodic, perchloric, sulfuric, nitric, phosphoric, acetic, lﬁﬁbmauh?Qm
glycolic, lactic sI ucci nic, naleic, fumar i c, malic, tartaric itric,
benzoi c, maAHRIOA1231et hanesul foni ¢, hydr oxyet hanesul fonll’@T/Usz‘j"“’024625
benezenesul foni c, "oxalic, panvoic, 2- naphthal enesul fonic, p-toluenesulfonic,
cycl ohexanesul f ani c, sal i cylic, . saccharinic or trifluoroacetic acid.
Representative basic/cationic salts include, 15 but are not limted to,
benzat hi ne, cig %dﬂﬂﬁi%ﬁ? O Fd?ﬁ%idtlﬁﬁ asd gbggggg am ne, ethyl enedi am ne,

nmegl um ne, procaine um’num  cal ci um thium nagnesium potassium

sodi um or zinc. The conpounds of Forrmula (IV) or a pharmaceutically

Sorent L2 T L e L b

PCT/ 05200450246 featdisédisrs Insgluedsecand Fsid mdta!bdlnm camtie Betagdsediaeondingi ty of

t he di scl osed conpound osi tions tions r eat

(i Sor der 5 1 . df SES SRS AIIRATBaNe 3 (66 T trrparen Uted Bebicing o
the procedur egygild aIH?n%"WobéHJrQ@dééérltfe%ﬁﬁ u@pAWEWN0§e§4i4zﬁfae§79¢ig2N) as
well as all the procedures describ 424406, 5731292,

5767094, 5830@7@70%45%@73%@418811@12@0@11@6manqw@g1mnea wehich atencor por ated
herein by refere T ent by any
convent i onal  OEREoBroc e BY PatprelBe. tRerHsyUEE b AafhiciRiebd! o

i nt ravenous, quraaént Bylbnyubmmiﬁsnahroummfmuhnstratnomnmamwngwutmdlm&eem er al
adm ni strati on. Preferabli; gorrml ations are 8 q@ﬁ@ stra% The
present | nventiEAVeRPUS Oiab HbEUERRaNTINETCHIET lAgemIAlAnd PRECRISHR! | i ng
one or nore gliddpAaRtrafEw S PrdTbibly, Fotiiuktionsard ist staradthiniEalioRXR  modul at or's
I n association with a pharmaceutiically acceptable carrier. The daily dosage

of the products nmay be varied over a wide range from 1 to 1000 ng per adult

human per day. For -Qr ?grgl ] %Qﬁ'. ' . referably
provided in the forT(rP‘n g[#re l&%ﬁl@ﬁ%%ro&ﬂ@séﬂaﬁ ikt &mp@sﬁtf'orﬁ
15 comprising 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 administratioh, the

20 compositions are preferably provided in the form of tablets containing, 0.01,
0.05, 0.1, 0.5, 1.0, 2.5, 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

25 depending upon the requirement of the patients, the severity of the condition
being treated and the compound being employed. The use of either daily
administration or post-periodic dosing may be employed. F5referably these
compositions arein unit dosage forms such as tablets, pills, capsules,
powders, granules, sterile parenteral solutions or suspensions, metered

30 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 a form suitable for once-weekly or once-monthly
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0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250 o
500 milligrans of the active ingredient for the synptonatic adjustnent of
the/ dosage to the patient to be treated. The conpounds nay be adiebnias 20605d
on a reginen of 1 to 2 tinmes per day. The dosages, however, may be varied
25 dependi ndVQUHEFORB8 r equi renent of the patients, the sBGEUSRP4/BF4635he
condition being treated and the conpound bei ng enpl oyed. The use of either
daily admnistration or post-periodic dosi n be enpl oyed. Preferably

t hese conposiadnanistratien;ifar @Xﬁmplao@@g@owimsa ts@fd e astive pprapelingisuch as

capsules, ) DOUE pogRiABL R mal bEAckbRAR SR GEel, MLl Y SPenS] o

net er ed 30 aeroso auto-1nj ector deV|ces
or supposi t orineamusculaminjgctiprmr Eot prephring séliceumpositicnsdiuchgsatablets, thet al
adm nistration,, or for adm i nhal, at on or insufflation.

b
A ternati vel y PrincibalaRsSnBiegient oh opeits i ke Wit Sintlaimeteveia o i or

once- weekl ¥ orcyigieeipebentidRaltabREny #drediBfté subPadQep Qt%?éi'ﬁactose
PCT/ US2004/ 024625 adm ni stration; for exanple, an insoluble salt of the

active conpourfidicresgs Bohitol, tale, Sde@rmﬂenggmqsmrn@;ea@@tead@@iwmogpwﬁde a
depot prepar atdr@ g%pgtﬂ?ﬁérgiﬂﬁ?ﬁ%é‘utnda%ﬁfegks% EIGHtePrt&P&rh{ 99,fg! 1 d

conpositions s e rinci Ve I'ngredi ent or
i ngredi ents armefurmetbtmntdmnmqshmnmmmlngalhdfsncuganeoas mixtuee ot ome enimiooenal
tabl eting ingredients ucrose, sorbitol,

e L ar | e BaRsERIaR rbitibre 8l S ok Fiore AR IIABHIE e ts et e and

ot her pharygc %Hdrﬁh%beﬂiidaluﬁ AbSeptable - sandhéreof.  WhHef réferiiPlo tesr ef or rml ation
COprOSI tion containin onbgeneous m Xture of one or nore | ucos

reabsor pti on iRAfAsMU l@nmmnﬂséloas aﬁﬁmweav%@ﬁme%émtéhe@pﬂ@ 10
phar maceut i calj re%ié%?BF ﬁ@'ré‘duéﬁtktaréﬁ g@%fed e\%ﬁp tﬁFJugégH eldd fon s

pr ef or mul atlon orrpos 't dns as honbgeneous tha e actlve
i ngredi ent or thatthediommpositionemay be eeadily selbélvldpdtlhtocmglaﬂyueﬁedwecdnqagel tion so
that the conp

forns such as OffS):[;{It}TIs g{}%h”g% tqqﬁ%trseagsl l géﬁ‘%ggs dﬁ% SQ&‘?PE? ﬁf?@:'%ﬁlﬁr gttclt g\r/]elgosage
conmposi ti ofF i sconsasitiondig ltNelﬂﬁﬁbdnﬂti@d ihitd Uniﬂaa forhe®f tHe type degpebetescri bed
above contal mar]b%v]cerc%rrrl]ta(?nl%g%‘l%magqut% a%%(t)lt g@o mg of tﬁe %(éi[l\l/evﬁlglren egne’tdolrent 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
20 comprise an inner dosage and an outer dosage component, the latter being in
the form of an enVeIope over the former. The two components can be
separated by an enteric layer which serves to resist disintegration in the
(" stomach and permits the inner component to pass intact into the duodenum or
to be delayed in release. A variety of material can be used for such enteric
25 layers or coatings, such materials includiné 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 inciude,
30 aqueous solutions, suitably flavoured syrups, aqueous or oil suspensions, and
flavoured emulsions with edible oils such as cottonseed oil, sesame oil,
coconut oil or peanut oil, as well as elixirs and similar pharmaceutical vehicles.
Suitable dispersing or suspending agents for aqueous suspensions, include
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i ngredients of the present invention. The tablets or pills of the novel
conposition can be coated or otherw se conpounded to provide a dosage form
affording the advantage of prolonged action. For exanple, the tabFetuay 2007 |
can 20 conprise an i nner dosage and an outer dosage conponent, the latter
being in tW20G50M3¥ an envel ope over the fornmer. The tMT/EBAYIREATs can be
separ at ed by an enteric |ayer which serves to resist disintegration in the

stonach and p e in t, .t S ¢t .lnto e_duodenum or
to be del ayeas nﬁ%e{l?labgsrkatu%?ég&@%ﬂggtr@ggg?ﬁ\ﬁ ad&ag‘,ﬁléabaégnhgéed d%gttrarguch enteric
25 |l ayers or speifurh rmgﬂnoxymhymuerosel methyldeudloag, polynvinylesyrolidpme gneri ¢ aci ds
with such nat rlal as shellac, cet al cohol and . cell ul ose acet ate The
liquid fornms 9%3 he bad fyns 'nc%'ﬁﬁ%lé’ iflaveye SHFP?%"%Pégéﬁﬂ‘Frs'"%gg‘?ﬂ?on nmay

be incorporat'ﬁg}gfa% |ﬁ61mi%'tr§é£ hé’tfbéﬂcﬁhétﬁr&buh‘é fd?Je%Hgﬂ%‘ K q&baﬂm 30

aqueous sol utio sul t avoured syrups, aqueous suspensi ons,
and fl avour edacagid, smeihﬁ-qmlluhse@unldltbe tke. sF@mmﬂieatgrajadrmnWeﬂormlStenleesame oil,

coconut oil i cal
veni ol es. stieRBnachy 8pdpotfighEare BB hnB ERe BBl RE yRRB BHERAN.CS! o
i ncl ude 36 1 doritdiin 3Uitalzle preseMiatR@8 = baipldycBWHaSAGadeNALSAIMiInysitation i and
nat ural guns ‘i’éﬁ ¢h as tragacanth, acacia, alginate, dextran, sodium

car boxynet hyl ined ose, nethylcellul ose, polyvinyl-pyrrolidone or gelatin.
The liquid fornms in suitably flavored suspending or di spersing agents nay
al so include the synthetic and natural guns, for exanple, tragacanth, 5
acaci a, ntt hyl - celAduantagegnaly: e saminatians gf enerr snere glaeass reabsarption

ster il e, SUSPRABGASAAY praler BRG] SIGRRY R SomkBRARR UPEAERE Arons v of

ggnerally contai n sui I'ves are enp ravenous
adm ni strati oaddlﬂ?onaﬂeeildlabletlclﬂgemdsremayageadsilrystetdf(iamwsrnglwdallgnmsef oone or_

I hi bj t f ot t t I
Conbi et | on vinERoEnUAlY, ddhaos Mayihe SENSelt indiited pesek Shiv; tired Ba. ©
adm ni st ered folr imek @@l Haithernsste Condbr mbRegltiedsy redisbiptidASAgBitarey be
adm ni stered in divided doses of two three or four tinmes dail

Y-
Furt her mote, @HHOLPNGBF BOFE ae@ebeﬁt@aam.tﬁmc‘@mmm He piesent 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

20  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
25 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 sweetehers, natural and synthetic
gums such as acacia, tragacanth or sodium oleate, sodium stearate,
30  magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and
the like. Disintegrators include, without limitation, starch, methyl cellulose,
agar, bentonite, xanthan gum and the like.
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15 and/or one or nore antidi abetic agents according to the present invention
can be admnistered in intranasal formvia topical use of suitable
intranasal vehicles, or via transdernmal skin patches well knownl Febriuag<a900f
ordinary skill in that art. To be admnistered in the formof a transdernal
del i very syWOMSE48 dosage administration will, of coufSHUSHM/QHIFi nuous
rather than intermttent 20 throughout t he dosage regi men. For instance, for
oral admnistration in the formof a tablet or capsule, the active drug
conponent can be JNhBraiethepresertinantion i direetesite theyadministeaion eial v

accept abl e i nej rﬁd%fs?gtrcfd he E%@o@ﬁd@h'&?%%'%oé%rﬁ&gt%ggr én@cﬂg 5 the like.

Mor eover, when red essary, - sul ubrlc ht s
di si nt egr at i ngpquieatially, anm atsinglel p’@m@eemmataomabsitiobewmmertpe)rat ed into the

i xture. Suitable bind |  thout | im tati t | at
atural SugdRRRAR e peRsls e SR, the Bl Bel Phadaede el nat Ui a

and synt hef i Ccorﬁkbtﬂﬁwcﬁg&@& pér @@)a%a’%ﬁ nétrmewﬂﬁbélthé%éné @' ffbR oﬁ@dl um
stearate, 30 magnesi um stearate, sodi um benzoate, sodium acetate, sodium

chl ori de and CQfWéOUﬂfk@aYDayeﬁt@@?t&[6H"s‘3tlpﬁ(ﬂf@§%VltW\PB%MUithleffPfP[Qatbﬁon starch,
met hyl cel | ul xant han gum and the like. 37 1 February
2007 WO 2005%?@?1@@&?%@%%824625 Wherein the present invention is
directed to the adm ni stration of a conbination, the corrpounds may be
co-adm ni stered si neous uent | a armaceuti cal
conposi ti on. V\her al(? ﬁ%&%ﬁ 5?@355‘?4 ﬁﬁaé'?"&rf&ad@)éﬁ%ﬁeﬁwﬁg Yt he nunber
of dosageg ofthess Bklﬁe@m@ﬂ ﬂdWﬁlﬂv@@Mﬂﬁﬁe pERcUIA cameSERRPldddy tHee t he

sane e.g. where one t% have a greater duration of activity, and
g

Wil |t her ef ordrength obtﬂ\m mee@r@ﬁ'ee. wqqofqaftnmlsyaﬂmta%theoﬁ%ge%m%t be
adr i ster og dFae i ea8a EohyinBR! &1 dudiich, l?xctgﬂsoﬁs'aeﬁa%e&mth kirelphtichigp art. and

will vary wit e partlcu ar conpound 'used, stren
prepar at ion, pat@ntr’odnagdfeaehlnllﬂﬂ:ledmatpatlmtagedvvtemtadjetamxbhlnntof of the disease

bei ng t 1 eat eceOmAaAP gV I RUrp g BELRar Balst thodRaha ti e of T
15
The novel composition‘s 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 limited to

20 amphipéthic lipids such as phosphatidyicholines, sphingomyelins,
phosphatidylethanolamines, phophatidylcholines, cardiolipins,
phosphatidylserines, phosphatidyiglycerois, phosphatidic acids,

PN

phosphatidylinositols, diacyl trimethylammonium propanes, diacyl
dimethylammonium propanes, and stearylamine, neutral lipids such as

25 triglycerides, and combinations thereof. They may either contain cholesterol or
may be cholesterol-free. '

From Formula (V) and other disclosed formulae it is evident that some
compounds in the compositions of the invention may have one or more
30 .asymmetric carbon atoms in their structure. It is intended that the present
invention include within its scope the stereochemically pure isomeric forms of
the compounds as well as their racemates. Stereochemically pure isomeric

forms may be obtained by the application of art known principles.
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adm nistration, will result in the need to adjust dosages. 15 The novel
conpositions of the present invention can also be admnistered in the form
of |iposone delivery systens, such as small unilanellar vesicl ed Febanage2007
uni l anel lar vesicles, and multilamellar vesicles. Liposones can be forned
froma vari BQ2%¥01#18i ds, including but not linited to 2BCHNBHOHEMPASC | i pi ds
such as phosphati dyl chol i nes, sphi ngonyelins, phosphatidyl et hanol am nes,
phophati dyl chol i nes, cardlollplns phosphatldylserlnes

phosphat i dyl gD;aséeer@wommwpﬂmbe geparaisddy, phwmkmraa@n medhadsgiueh asi acy|
trimet hyl anmo I r

stearyl am ne, ﬂbg{lﬁ raﬁ%ﬁﬁzggﬂé%@ C“"&pﬂg@ ycer| UEQ W&ﬁ{rﬁ?l ons

t hereof . They nraacybeaséﬂsm'ate@meleachMe?&iyethelsekectlvmaysiaﬁnzahm ofther ol - fr ee.
From For mul a &I\q and ot he& E sefi qf{&rrrul@e it is ev Et t hat some
conpounds i n HRE'YBRAPEEFSAEHY ey, 3G ACER %&x’&‘?sﬂ%% Ry more 30
asymetrics Cabﬁgihﬁb?%hynIﬁdﬂébferéé@é#ﬁé#érrﬂay bisoi e prabardpsyrittiaically fioRr esent

i nvention 1 nclu hinits scope the stereochenically pure isoneric forns
of the conpo@nmpeopsistadtereaehentieally puse steringsmatsrialse ot his wsing|stgrepapeciic omer i ¢
forms may, be pg%;%bggd by the application of art known principles. 38 1
February 2007 05/ 012318 PCT/ US2004/ 024625 Di ast er eoi soners may be

separated by physical separation methods such as fractional crystallization
and chromat ogr aphi ues, .and enanti ated from each

b
other by the sel ec&Pb%C‘é‘?nrbg?‘é’qui ip &g BW“B?S'{) °fépﬁﬁ%§e ?\@Preing ORZIFs with

optical l'y jgct hége eﬁnébs RidiviARE SofferdYsueRidsataris ST QSRARDVAHVY alfhd &nd
stereoi sonmers nay al so be prepared synthetlcall from appropri ate

st er eochen caIbF‘oSﬁ altachnaents {belgwandeatioye dhe BP"B)PW%‘? Apwingk dasgdition; ¢
reactions. %e?é’(l]:léob’@ggfééé fopﬁ‘neC&QEQr%‘rt{Bh %'f‘ﬁ\eoéorﬁﬁ&gi?f eéc"cBFdl O@Yc?fl'lte' on may

10 have various in | soner as trans an various al pha
and beta att &o/emtion givelridedw nmiture bbsteredisoméranthesé lsdmelsrraa\y hg). In

addi ti on,

separated by conventional techniques such as preparative chromatography.

15 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

20 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. Unlesé otherwise noted, the scope of the present invention is
intended to cover all such isomers or sterecisomers per se, as well as mixtures

25 of cis and trans isomers, mixtures of diastereomers and racemic mixtures of
enantiomers (optical isomers) as well.

The therapeutic effect of the glucose reabsorption inhibitor administered
in combination with one or more antidiabetic agent(s) in treating diabetes,

30 Syndrome X, or associated symptoms or complications can be shown by
methods known in the art. The following examples of combination treatment
with SGLT inhibitors and other antidiabetic agents such as RXR modulators
are intended to illustrate the invention but not to limit it.
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where the processes for the preparation of the conpounds according to the
invention give rise to m xture of stereoi soners, these isoners may be
separated by conventional techniques such as preparative chronat Qredlyy 2067
The conpounds may be prepared as a single stereoisonmer or in racemc form
as a m xt urWOoM0¥YAH8possi bl e st ereoi soners. The non- r acBET/ESI04/e4625ny be
obt ai ned by either synthesis or resolution. The conpounds may, for exanple,
be resolved into their conponents enantionmers by standard techni ques, such
as the formati on of. Gydhaticdehamical Exdmpleby salt formati on. The conpounds 20

may al so be resol ved b valent |inkage i iliar | I owed by
chr omat ogr aphi c seéaf’zﬁéf’%ﬁ ﬁﬁ%&&"%ﬁ%ﬂ’ﬂ‘?%@gaﬁﬂf’@ﬁé%gﬁf"éﬁﬁ@‘%% rer 7oval

of the chirafesdtivelisboye iftHecSurairarg s¥ctionh thecdaresiptiols, antheeppeadéded usi ng
chiral chromat ography. Unl ess otherw se noted, the scq resent

-\ ype of the
i nvention is ClaKE®n etdb“&ﬁ%’rcoﬁ‘mo%éﬁ"ﬂé%ﬂagecﬁccﬂ@gﬁéﬁ Hﬁ%ﬁ?’%gper se, as
well as mxtu i i i ; | nmers and
1 X 5ﬁﬁhé§§c effegggﬁsclh%ﬁﬂstw @(ggntdo%%céerdm%qggﬁﬁrlmmaﬁa :

racem c m xtures oner s ical 1soners The therapeutic

ef fect of thechgmistyenetbadsol he ScheineniandiExamples hi%belpwdrovide gensiahat i on

w th one or r nt i di i S)e reaf i I ndrone X,
or associ at egggﬁﬁﬁ?%ﬁgd @??ailsﬁg??@ﬁefs&@o&vaﬁeb@éd&%ﬂ&%ﬁ&tﬁ&s@gg§énown in
the art. The palgapyd.ng exanpl es of conbination treatnent with SGT

i nhibitors and ot her antidi abetic agents such as RXR nodul ators are
intended to illustrate the invention but not tolimt it. 39 1 February 2007
WO 2005101231 Hti?‘g i j spect
of the in\%/ént ﬁgﬁqﬁea ur%g%’%%@éﬁsn%dgwgf%ﬁ%hf%‘?%\%@?oaﬁggﬁmrg%ee in
the Summary segt.i & 7T 0 ed clains. These

di(scl osed congglhhggmr‘régﬁwgﬂ%ﬁédgﬁ%ﬁg%? 8?%6{%??%29:3@%& 5 synthetic organic
chem stry nmethods or according to matrix or conbinatorial chemstry

nmet hods. The Schenmes and Exanpl es 1-9 bel ow provi de general gui dance and
detail ed exanpl es of how the di scl oseExammgleunds may be prepared.

3-(4-Ethylbenzyl)-5-(B-D-glucopyranosyl)-1H-indole
Et

15

A. 5-Bromo-3-formyl-indole-1-carboxylic acid diethylamide: To a suspension of
sodium hydride (0.93 g, 37 mmol) in anhydrous THF (75 mL) was added dropwise a .
solution of 5-bromo-1H-indole-3-carbaldehyde (7.5 g, 34 mmol) in anhydrous THF (60
20 ml)at0°C. After stirring at 0 °C for 15 min, N,N-diethylcarbamyl chloride (5.0 g, 37
mmol) was added dropwise into the reaction mixture. The mixture was warmed to
room temperature and stirred overnight. The reaction was then quenched with water
and extracted with ethyl acetate. The organics were washed with brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was crystallized
25 from ether/hexane to give the title compound (8.75 g, 80%) as a white solid.
B. 5-Bromo-3-(4-ethyl-benzyl)-indole-1-carboxylic acid diethylamide: To a solution of
Part A (3.3 g, 10 mmol) in 20 mL of anhydrous THF was added dropwise a 0.5 M
solution of 4-ethylphenylmagnesium bromide in anhydrous THF (22 mL, 11 mmol) at
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10 1HNMWR spectra were neasured on a Brucker AC-300 (300 MHz) spectroneter
using tetranethylsilane (TM5) as an internal standard. Exanple 1

3- (4- Ethyl benzyl ) - 5- ((3-D-gl ucopyranosyl)-1 Hindole eHl4 Et HOI Februaty 2007
5- Brono- 3-f or rT%I -1 ndol e- 1- carboxylic acid diethylam de: To a suspension of
sodi um hydrV@29@1%18 g 37 nmol ) in anhydrous THE (75 niBEGT/HgR004483¢28

dropwi se a solution of 5-bromp-1 Hindol e-3-carbal dehyde (7.5 g, 34 mol)

i n anhydrous THE (60 20 mM) at O C. After stirrin 0 C for 15 mn,

N, N- di et hyl ca® Ba@mfihegeaeiarimixtgeovas mnnumnaﬂn@@g Oa(fdim 3@rmjswagenchedovitha

react i on i Xt Uty S ot G RICNEUIARS Aif ltRABd BRI UEeafd st bidaRR

overni ght. The reaciron was t en quenc wat er ract

et hyl acet at eextﬂamas wegﬁdner‘sovwrs&)dnﬂs iselfateiand doncertratdd umadammarThemMér ous
sodi um sul fate nd. concen rat Ef? rheva . The residue was crystallized 25
from et her/ heR" HCtt‘Ha%P grectly;ip t E?ﬂﬁ%d (8.75 g, 80% as a white solid.

B. 5-Bromps 3-(4- etTUbsBﬁﬂ%ﬁ'dfth@&Qﬂd@ .ﬂdcﬂééahambl INQReGLbfdicHibrohrhalRs wde a

solution of Part A (3.3 g, 10 mol) 20 of anhydrous THE was added

dropwi se a 0. added tiethyisilene ¢1.16-get1B}0 mmmtnﬂ $R &5 follovwadoby addition ahayldl bus

per Uszonar ooSulH b bnt pibaB A HRborgRRbnb e BRE AR Tha mactin o

for 30 min, qupAGRAMasEsMtindedShitriiPated8agTaN2 mis,juehcHed sethuvatenasd@armed
extracted W|th ethyl acetate. The organic extracts were dried over sodium

sulfate and clnoem lemrataiure. Agoeximaedon withdichierometbang $he 9egnis exadts were
t he next n@? ePgried &%r%oﬁlﬁ]rﬁ%hﬁé’tet {;I rféé‘?\ rgaéébqi(% i/‘a?g&gﬁ&%mdﬂ% %bh%tgv%] %ﬁca gel

dlchloro hane was trie

(?I | owed by adhiting svith@fthy atetatélhemnej(leoﬁO@)‘tos:travidemaztiﬂleﬂd:@"epd)mnd (344,
di‘chl or onet hanemﬁtgg r}L 20. mol The reaction m xture was conti nued

stirring at c{°r a?c?WMeSa nched with water and warned to room

tenperature. @ft er5-®t®ma£3-(4léthw-bd?hz§'l)0h-ll-ﬁfd@l&t IR corhpeund prspate®int PA€BY3.4
were 10 dried over sodium sul fate, concentrated in vacuo and chronatographed
with silica g8i8.2mmol)was dissolved i in ethanol (60 mL) and 25% aqueous sodium hydroxide
15 (20 mL) and the resulting solution was brought to reflux for 3 h. After cooling to room
temperature, the mixture was diluted with water (60 mL), concentrated in vacuo to
remove most of ethanol, and extracted with ethyl acetate. The orgahic extracts were
washed with water and brine, dried over anhydrous sodium sulfate and concentrated
in vacuo. The crude product was purified by chromatography on silica gel eluting with
20 ethyl acetate / hexane (1:4) to provide the title compound (2.0 g, 79%) as white
needie crystals.
D. 5-Bromo-1-(tert-butyl-dimethyl-silanyl)-3-(4-ethyl-benzyl)-1H-indole: To a
( suspension of sodium hydride (0.12 g, 4.8 mmol) in anhydrous THF (2 mL) was
added dropwise a solution of the compound prepared in Part C (1.28 g, 4.0
25  mmol) in anhydrous THF (6 ml) at 0° C. After stirring at 0° C for 30 min, a
1.0M solution of tert-butyl-chloro-dimethyl-silane in anhydrous THF (4.5 mL,
4.5 mmol) was added dropwise into the reaction mixture. The mixture was
warmed to room temperature and stirred overnight. The reaction was then
quenched with water and extracted with ethyl acetate. The organics were
30 washed with brine, dried over anhydrous sodium sulfate and concentrated in
vacuo. The crude product was purified by chromatography on silica gel eluting
with ethy! acetate / hexane (0.5:100) to provide the title compound (1.75 g,
100%) as a light yellow oil. |
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eluting with ethyl acetatel hexane (10: 100) to provide the titled conpound
(3.4 g, yield: 82% as a white solid. C

5- Bronp- 3- (4- et hyl - benzyl ) - 1Hi ndol e: The conpound prepared i n PaFebrBary2007
g, 8.2 mml‘& was di ssolved in ethanol (60 m-) and 25% aqueous sodi um

hydr oxi de W8 20B@138) and the resul ting sol ution was brRfH¥E2004924635 | ux f or
3 h. After cooling to roomtenperature, the mxture was diluted with water
(60 m), concentrated in vacuo to renpve npst of ethanol, and extracted

with ethyl adetat §-(4TEbythegay)-6-@:a.4 6deta-febenzyi@sPalucapyranasyl-Gamt brine,

or oduce Vﬁ,;sa&#ﬂﬁ“ﬁt@!}g‘&#{r@aﬂ%@iﬁ@gs%ﬂééﬁe%%%ne?f B ol 150 e hyi
acetate | W@Ear(eﬂ! i PaHcD R1.78igla.0 Findl) ihldey TRIFD@UAL) 42-78 8C wée%dded anhi t e

needl e crystals.

5- Br ono- 1- (te1r?MJ&@'WO%Ipﬁﬁhwwlshth'&ﬁym)he@ﬁ{’@-@'%mL’ B<heynal) aven g priiade: To a
Suspens! on ol Sah U Al o o oA TE ) 4 IS aNSLBIE: (2 ) vas

added dropwi se a sol ution ound prepatred Tn g, 0 25
mmol) in anh;glmm!actb’ﬂr&z(egﬂa)o atma); ﬁepélfddeas @escrnbeﬂ@yeaerw\aadbarRso m n,

4.5 ol ) e atahiraieabeareh8a%: A0 Badia 28 R TP VRO 2 e s

war med t o r OO 78MResrY SertitfofSis hﬁr?dTl?é’Fﬂa@tl&H‘hlxtTFtewéﬁ%ﬁFré@'&tWS?% chen

guenched with water and extracted wth ethyl acetate e organics were 30
washed with Hor hdr ( reacmah pmrem\hgsmmmﬁomdcbyuﬁ@mlﬂpmmcamolettionctlemt rated in

d d fied
Suting T ¢ oacig) RV Al dr eSO RO BB N R0 FBPEE o pound
I(D 738%004/183%3? éamlpegémre/ahd the reattiordrixtureetgidilute @ ORR ethiDadeRte.012318

3- (4- Et hyl benHi8 §roghicexiragtsswera washgdyuith, water @ead bripe, deied pyeranfivdous ¢ er ¢ -
butyl - di met hydgdhirch @Puféae é‘nd‘hdﬂlféﬁlrﬁtedTﬁ vacid. Ifﬁ&cﬁmetﬁrbeacmaé @ﬂ.ﬂe@ rgyound

prepared in Part ( C was added a

1.7 Msoluti d:hr@matomplwm Blhca oal Qluzlngwwm;a{rwhece(tate?/ hﬂ_xans (b:4ntprovisieer a
per 005 & Bl G108 soBbbgopld B it 3% BB opron e e o
described by digsdiastens (2.B.g, ~50% of the desired lactol) as a light brown oil. This
mixture was used directly to the next step without further purification.
To a solution of the above mixture (2.8 g) in dichloromethane (20 mL) was added
tfiethylsilane (0.5 mL, 3.2 mmol) at —30 °C, followed by the addition of trifluoroborane
20 diethyl ether (0.2 mL, 1.6 mmol). After siring between —30 to —20° C for 1 hr, when
TLC analysis indicated the reaction was completed, the reaction was quenched by
addition of saturated aqueous NaHCOj3; (3 mL). The mixture was warmed to room
temperature and stirred for 1 hr. The reaction mixture was extracted with ethyl
acetate. The organic extracts were washed with water and brine, dried over
25 anhydrous sodium sulfate and concentrated in vacuo. The crude product was purified
by chromatography on silica gel eluting with ethyl acetate / hexane (1:4) to provide the
title compound (0.68 g, 19% for two steps) as a yellow oil.
F. 3-(4-Ethylbenzyl)-5-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-1H-
indole:Part E (0.68 g, 0.78 mmol) was dissolved in THF (15 mL) and 25%
30 aqueous sodium hydroxide (5 mL) and the resulting solution was brought to
reflux for 3 h. After cooling to room temperature, the mixture was diluted with

water (30 mL), and extracted with ethyl acetate. The organic extracts were
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Car bohydrate Research 1994, 260, 243 - 250) in dry THE (10 nL) was added at
-78 C over a period of 15 min. The.reaction mxture was stirred at -78 C
for 1 hr (reaction progress was nonitored by TLC). Upon conpl et i biiebriuery2®07
reaction m xture was quenched wi th saturated aqueous NHACI /{J @% war med
to room t en$@2XH&Bnd the reaction nixture was dil ut eV BSacet ate.
The organic extracts were washed with water and brine, dried over anhydrous

sodium sul fate and concentrated in vacuo. The crude product was purified by
chr omat ogr aphy/ashed mithayptgeand brine. djiediqver aphydrous sedive sulfatsand. (1: 4) to

rovide 15 a
D 6 1 ot r aluiefiBt 1 EuBE e udeBlucE s BIFRREDF Ehromatography o
| actol) as a Blllmgebelutmg vith etﬁyhasetata kihexaneds3) i provitle thettithe compduadnext

step w t hout urifi. atl To a solution of the above mi xture (2.8
g) in dichl orz)(ﬁé §§4‘B '@/as added triethylsilane (0.5 nL, 3.2 mmol)

at -30 C, 5ol @V@geemmzszm@mgm %fdnﬁh}d?ﬂﬂhﬁ&@l@el 20p dbRitib lof PR fo(ébZ

nm., 1.6 mmmol) r siring ween - hr, when TLC anal ysis

i ndi cated t heQr e4onmel) inethansipl by and ethy aegteten@Ovak) was hydogengtedayert i on
of saturated e

t enper ;t ure aﬁg%sﬁlgérl’lmgh%té% ;(6)‘39?% I’%gg'lcﬁ. ggeof\wsrgrgbmrﬁggn{eex?é’rtg@?e‘gaw th

et hyl ace:1 aé eemadVved gy gbnatlo? ;enti ttlamfllgramawas vxasd:mfdrdaMd im waiuer Tehgcbrbde gmdu«tt i ed
over 25 an rous sodi,.um su ate a COI’] ntra I N,vac uade

T otuct wne pUBERUERCARY RFoBALORHY S 6 Aoy Sellnel S oD 1y |
acetate / lbeX€W10d)t6)prbﬂd9&i%/tlﬂi§j échﬁ driquGO@QTHB’}GPQs aQvHiR Sblid1IMNMR t wo

steps) as a yellowoil. F. 3-(4-Eth

3,46 tetra: O(Mljzr@@a@%&z fcb(spyﬁa CEE Y i B Haaatn 49 TS 0 7.8, 75
T 5
mL) Zan\évatshel ?Z@urf?négﬂzm & égs\%{ 1)|-|b);‘figljght ?%%é?ﬁg%gf ss%ﬁihugk?%g;\?g)oﬁ ﬁ]g

to room t enpenaiaH= 1H)h.71ix3.86¢mnaBl),B.531t Bdtanim, RH)aMe— 834 (m, )2H)a2 48 (q, J
extracted with y etate, Th 2 1 February 2007
VO 20051 012318 BoMecind; htols it ME e SR %, ne, ari od sver
anhydr ous jgodi um sul fate and concentrated in vacuo. The crude product was

purified by chronatography on silica gel eluting with ethyl acetate |
hexane (1:3) to provide the title conr&ﬁmp_l_Z

5-(B-D-Glucopyranosyl)-3-(4-methoxybenzyl)-1H-indole
OCH,

The title compound was prepared as a white solid, from 5-bromo-3-formyl-

20 indole-1-carboxylic acid diethylamide (Example 1, Part A) and 4-
methoxyphenyl-magnesium bromide by the same procedure as described in
Example 1, Part B to G). 'HNMR (300MHz, CD;0D) & 7.49 (s, 1H), 7.32 (d, J =
8.20Hz, 1H), 7.19 - 7.15 (m, 3H), 6.95 (s, 1H), 6.79 (d, J = 8.55Hz, 2H), 4.18 -
4.15 (m, 1H), 4.02 (s, 2H), 3.88 - 3.85 (m, 1H), 3.74 (s, 3H), 3.70 - 3.66 (m,

25 1H), 3.50 - 3.48 (m, 2H), 3.42 - 3.35 (m, 2H). MS: m/z (M+Na) 422.

Exampie 3
5-(B-D-Glucopyranosyl)-3-[2-(4-methoxyphenyl)-ethyl]-1H-indole
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(0.5 g, 85% as white solid. 5 G 3-(4-Ethyl benzyl)-5-((3-D gucopyranosyl}1
Hindole: A solution of Part F (0.30 g, 0.4 nmmol) in ethanol (10 nl-) and
ethyl acetate (20 m-) was hydrogenated over 10% Pearlman's catlkFgtstary@0GD
g) under 14 of H2 for 40 h. The catalyst was renoved by filtration and
the fi Itrat"iég\?\%?“kzé’f?centrat ed in vacuo. The crude produ@CTERAW4962T | ed by
chromat ography on silica gel eluting with nmethanol/chloroform 10 (10:100) to
provide the titled conmpound (0.04 g, 25% as a white solid. 1HNVR (300MHz,
Ch30D) 5 7.51 (s, 1 H, 7.32 (d, 52Hz, 1 H), 7.19 - 7.15 (m 3H), 7.06
(d, J 7.87Hz, 2H), 6.95 (s, 1 LS5 (m 1 H, 4.04 (s, 2H), 3.87
(d, J 122Hz 1 H, 3.71 - 3.6p 53 - 3.48 (m 2H), 3.45 -
3.41 (m 2H), 258(q, J =17.58 OCH, = 7.65Hz, 3H. Ms: mz
(MtNa) 420. 15 Exanple 2 5Hd uu;ppyr anosyl) 3- (4-met hoxybenzyl)-1
H-indole eHN OCCH3 HO O. "HH OH The title conpound was prepared
as a white solid, from 5-brof& 3- orﬁﬁl 20 indole-1 -carboxylic acid

di et hyl ami de (Exanple 1, Part A) @hd 4- nethoxyphenyl - magnesi um br omi de by

Egg O%;:IITE gr@%?ﬂ)ﬁfﬁ%{ﬂf@-ﬁ%ﬁ%ﬁ dli}nyﬁé@ﬁ%lﬁgalef ééxgo %9{0039&% d,ftT)&Q{ﬁO(SBOOM—Iz

6.95 (s, 1H), T6é.ardldtibn of #n&tﬁﬁdﬂbenﬂl—l}r;phenymesphommn( ohlodided(7. 5zg, (18 nimpl)2H) ,

oy 5. 45 nGydrob il (v o Per Rieas apoda ThA B k. 38 ol e 40 (™
57 B G v e e SRR B k1 i, S

February 2 2318 24625 HN OCH3
3-formyl-indole-1-carboxylic acid diethylamide (1.9 g, 6 mmol, Example 1, Part A) was

( added and the resulting reaction mixture was allowed to stir at —78° C for 1 h and then
warmed to room temperature to stir overnight. The reaction mixture was poured onto
1N HCI solution and extracted with ethyl acetate. The combined ethyl acetate

10 extracts were washed with brine, dried over anhydrous sodium sulfate and
concentrated in vacuo. The crude product was purified by chromatography on silica
gel eluting with ethyl acetate / hexane (1:4) to provide the mixture of alkenes (2.3 g,
90%, E:Z ~ 1:1) as a brown oil. A solution of the above alkenes (2.3 g, 5.4 mmol) in
dichloromethane (100 mL) was hydrogenated over Adam’s catalyst (300 mg) under H,

15 (15 psi) for 2 h. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo. The crude product was purified by chromatography on silica
gel eluting with ethyl acetate / hexane (1:4) to provide the title compound (1.43 g,
62%) as a colorless oil. A
B. 5-Bromo-3-[2-(4-methoxy-phenyl)-ethyl]-1H-indole:Part B (1.43 g, 3.3 mmol) was

20 dissolved in ethanol (30 mL) and 25% aqueous sodium hydroxide (10 mL) and the
resulting solution was brought to reflux for 3 h. After cooling to room temperature,
the mixture was diluted with water (30 mL), concentrated in vacuo to remove most of
ethanol, and extracted with ethyl acetate. The organic extracts were washed with
water and brine, dried over anhydrous sodium sulfate and concentrated in vacuo.

25  The crude product was purified by chromatography on silica gel eluting with ethyl
acetate / hexane (1:4) to provide the title compound (1.0 g, 91%) as a light brown oil.
C. 5-Bromo-1-(tert-butyl-dimethyl-silanyl)-3-[2-(4-methoxy-phenyl)-ethyl}-
1H-indole:  To a suspension of sodium hydride (0.081 g, 4.0 mmol) in
anhydrous THF (2 mL) was added dropwise a solution of Part C (0.85 g, 2.7
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HOO~H HO '/OH OH A
r

5- Brono- 3-[ 2- (4- met hoxy- phenyl )-ethyl ]-indol e-I-carboxylic acid

di ethyl ami de: To a sol ution of 4-nethoxybenzyl triphenyphosphonilubebridry20ee
(7.5 9, 18 mml) in anhydrous THE (75 nL) at -78 C was added LDA gﬁQ.O m.,
18 mol ) a0 2W&OE3esul ting reaction mixture was al | ond&T{H2YH0p46 78 C

for 1 h. Thereafter, 5-brono- 3- forrryl-lndole 1-carboxylic acid diethylam de
(1.9 g 6 mol, Exanple 1, Par added and the resulting reaction

t
mxture was ammalka qrthygtquls Ta{*ﬂF(&ml)@thQS’p After stigingrat 0°Cuigr g aninoa A dbM
1 N HC
R T e A s A R

sol ution and extrac ace I etate 10
extracts wer emneslwds addéd dropmse ihto dok reactioranmintdnec ukhesmikitune was atreedind
concentrated jn vaclo. The crude..product . urifjed by .chromat garaphy on
S lTea | ger el ioPRb{Rinetatihond Sied pUSinihE TR Fepelc WY (i SRRt E 1 xt r o
of al keness ( 2with mater%i% eltiabted with bihyaaceﬁaiy ahe dﬂgénlcsﬁwéfé whked @ftht he above
al kenes (2. chl oronmet hane (100 was hydrogenat ed over

Adam s cat al yg't'n% ﬁ@drﬁjﬁf éh&@oﬂﬁsﬁf_@umﬁﬂfﬁ!ﬁ gn gcpncgnﬁratqch@ aspal Ve was
removed by fi Eﬁﬁﬁ?tdrg&t&%tﬂlﬁlﬂtah 'b& &%&n%@ra@(’}gﬁﬁ%ﬁaﬁé‘%h{tfhﬁv\ﬁﬂ??E\yirhe crude

product was pur romat on”si et hyl
acetate | hexaozeia'(e]/ h@xane (@Bomnjeopmylde thieditle moppoudd((0.9230,79% 624 as a
col orless oil PHF& no- 3-[ 2- (4- nmet hoxy- phenyl )-ethyl]-1Hindol e: Part B
(1.43 g, 3.3 ny * 20 dissolved in ethanol (30 nL) and 25% aqueous

sodi um hy gg ox pd-(BLH. @lhbowadnééw 3- [Ziﬁllhfetﬂlﬁ(yﬁﬁéwl)'-étﬁ%/mﬂﬂ-lhﬂé!ég ht t gheefle ux

for 3 h. After cooling to room'tenperature ure was luted with
water (30 m) COTBDﬁ%%Wﬂ&PéQParﬁd @a@whlte)sqﬂ@hfrom Rard C loy theesamen@rocedntﬁ as

% d
:nérg(r:lt (ra]e de%%;r@ééﬁgﬁéﬁ]ﬁousﬁ%}sg E%Hgﬁ Ta'flfélﬂ@%\ conczé\ﬁﬁgﬁgh buo?r25
Z[]ﬁ Icr ugge{); ?gmudy\asnaemmilm) nyI&r:(I(t)ﬂ\tljlpﬂatti)ﬁ% a???ll-mm ), 7110x(ddel =ea BCBIZ]%GP;%&,t gs
a I?/ght br own20)16- 32%’ 15'656@\'6 Lﬂlﬁwdd §g§ﬂ”p?ﬂ5‘% é11 889( 1H§()
i met hyl - sy an$'7§ @; ’BRB@‘*?:%TPQ*GMW mhlenzlsh -ef 8w {rh, éHrlslmpbe.s (0 2R) S8 RSIPN

of sodi um hydri % in anhydrous THE ( m_) was added
dropwi se a so(m1:2|d)‘.|2d34-P& P (o, @@)SMnglz(WNa 436.

Example 4
3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole
Et

20

A. (4-Bromo-1H-indol-3-yl)-(4-ethyl-phenyl)-methanone: . To a suspension
of AICl3 (3.0 g, 22.5 mmol) in dichloromethane (50 mL) was added a solution of
‘4-bromoindole (2.21 g, 11.3 mmol) in dichloromethane (25 mL) at room

25 temperature over the period of 20 mins, followed by the addition of a solution of
4-ethyl-benzoyl chioride (2.5 mL, 17 mmol) in dichloromethane (25 mL) over
the period of 20 mins. The resulting solution was stirred at room temperature
overnight, and saturated sodium bicarbonate solution was added in a water-ice
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1 February 2007 WO 2005/012318 PCTI US2004/ 024625 mmol ) in anhydrous THE (3
m) at OC. After stirring at OC for 30 mn, a 1.0 M solution of
tert-butyl-chloro-dinethyl-silane in anhydrous THE (3.2 niL, 3.2 lrﬁasbtu)ary/mm
added dropvm se into the reaction m xture. The m xture was warned to roo

t enper at ur eVH5® B ed overnight. The reaction was then ﬁ%??@?f‘é?f"@Swth

wat er and extracted with ethyl acetate. The organics were washed with
brine, dried over anhydr ous sodhgmﬁﬁulfate a d concentrated in vacuo. The
0

crude product bastoguench dhe FRacH e AgHERYS/2¥ar was extagted Withut i ng with
ethyl acetat eht ld?@l’ﬁ@ﬂfan(ao 'ﬁwel&%n?cg wiIr& WadRed Wth irinke dREEBO& ¥hHyBrol’ 9

79%9 as a lig yel I ow oi |
5-(R-D-Q ucopyo@luusgulﬁaiea[l(icpﬂcefétammmw yrhetanyde product wasitrituratedin i t | e

d d d
Gestriped" n BleRA Rty aiaif e uhodmooldd TS dnsh A dB R 55" 5 °°
%H)_ . 23313 (geB H~Z](1;Bé31|_zl)@ﬁb56ulgo;hyl=%br6m68|H-dﬂiol -3-yB- (a-eaayl p’hdh?l‘)litnethahbne 7. 10A( dd,
8.99Hz, 1 H), mixtgre of ZCEMPEHY Prqrbarggﬁom f%f(\s(? é"ﬁ"‘;'g) tetr%btéé érmormunr»
?m542;_|) 3. E/é ( ﬂorﬁ@a (0916499 US%’nrﬂél éﬁb b%h&ene%uﬁ’@nyl cRlioPde (48 g, 48 miolfth 25%- 90

3- (4- Et hyl benagugew$®nmm¢w@e 1r€bmy) and benzengo56 mi\was stiredatirponH HO

uspensi on ol RSBt s adidr nfadie B R Rl A ABRATS wef e

added a sab ut e&’mactéd withbethyicicetkié e The oi’gargc layér Rasmeished with wateo andretihgne
(25 nmL) at room 5 tenperature versélif JIOd o{ 0 .mns, followed by the
addi tion of ad8ef QYPLANroUs sadiym-sylfRleAnd cancapiratecin vache and7 ol ) i n

di‘chl or omet ha@ﬁrdn?a'io??aphee\b?fsmda@él léﬁ.fth@%fhfetﬂﬁ dtelite/hBREné £3014 00Y1E ghvel k! On

was stirred at roomfienperature overnight, and saturated sodi um'bi carbonate
sol uti on was &tiele@mipauad W&8619, i76%). :

C. 1-Benzenesulfonyl-4-bromo-3-(4-ethyl-benzyl)-1H-indole: Toa

15 suspended AICI; (0.8 g, 6 mmol) in dichloromethane (10 mL) was added
borane-tert-butylamine complex (0.52 g, 6 mmol) at 0 °C. The resulting
mixture was stirred at 0 °C for 10 mins followed by addition of a solution of a
compound from Part B (0.94 g, 2 mmol) in dichloromethane (15 mL). The
reaction mixture was stirred at room temperature o.vernight, and NaOH (3M, 20

20 mLO was added with crushed ice to quench the reaction. The basic aqueous
layer was extracted with dichloromethane. The organics were washed with
brine, dried over anhydrous sodium sulfate and concentrated in vacuo. The

( crude product (0.90 g, 99%) was pure enough for the next step without further
purification.
25 D. 4-Bromo-3-(4-ethyl-benzyl)-1H-indole: Part C (0.90 g, 2 mmol) was dissolved

in 1:1 mixture of ethanol and THF (20 mL) with 50% aqueous sodium hydroxide (2
mL). The resulting solution was brought to reflux for 3 h. After cooling to room
temperature, the mixture was diluted with water (20 mL), concentrated in vacuo to
remove most of ethanol, and extracted with ethyl acetate. The organic extracts were

30 washed with water and brine, dried over anhydrous sodium sulfate and concentrated
in vacuo. The crude product was purified by chromatography on silica gel eluting with
ethyl acetate/hexane (30:100) to give the title compound (0.53 g, 84%) as a colorless
oil.
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45 1 February 2007 WO 2005/012318 PCT/ 1JS2004/ 024625 bath to quench the
reaction. The aqueous | ayer was extracted with dichl oronethane. The

organi cs were washed with brine, dried over anhydrous sodi um sullffabmagn2007
concentrated in vacuo. The crude product was triturated in diethyl ether to
obtain the MAI&UgHBound (1.8 g, 48% as white solids. BCEUS2004/024625

(1- Benzenesul fonyl - 4- brono- 1H i ndol - 3-yl ) - (4- et hyl - phenyl ) - net hanone: A

m xture of a conpound prepared from Part 6 g, 5 mol)

A (1.
t et r abut y| Bnmod-dnEthylbenzde4((8- Qﬂlt@opwaﬂowlbﬂbl-l ebeﬂibemawprrmwndmsOnde

1.3 9, 7 50
M) was STePRE and wORS SRR el by g KA b oGkt s s B i o e
quenched trxamaisle t1i, PﬁrtQZ’D EVGFFth md‘HmleBoammdcwsoD)estMB (@ aves2, e
organi c | ayer was was over anhégr ous sodi um

sulfat e alddz R ABR 5 170 PR ) B ZWdﬁht%Br 6 9Rda B, 4074 b Jous e uti ng
1
\;MGE’/() : e%.hyll-i%e 2{‘1?/553??%;1&5;%% gﬂ% 4?3@? gj et h@?%éﬁ?t% ?g doI f s % a 15

suspended ABL(1B, eEl) 2.95 (% MrhpRp8i(n, HFIG&HDZE)hRIe ({, U= m65)-izlvﬁlsl)aM£edn/z

bor ane- ter(yﬂj %m ne conplex (0.52 g, 6 nmmol) at 0 C. The resulting

m xture q) at 0O Cfor 10 mns followed by addition of a solution of
a conpound fromPart B (0.94 g, 2 mmol) in dichloronethane (15 nL). The
reaction mxture was stirred at roomtenperature overnight, and NaOH (3M 20
20 nmLO was added with crushed ice to quench the reaction. The basic aqueous
| ayer was extracted with dichl oronethane. The organi cs were washed with
brine, dried over anhydrous sodi um.sul fate and concentrated in vacuo. The |
crude product (0.90 g, 99% was pure enough for the next step w thout
further purification. 25 D. 4-Brono-3-(4-ethyl-benzyl)-1 Hi.ndole: Part C
(0.90 g, 2 mol) was dissolved in 1:1 mxture of ethanol and THE (20 nl -)
wi th 50% aqueous sodi um hydroxide (2 ). The resulting solution was
brought to reflux for 3 h. After cooling to room tenperature, the m xture
was diluted wwth water (20 nL), concentrated in vacuo to renove nost of

et hanol, and extracted with ethyl acetate. The organic extracts were
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30 washed with water and bri ne,
concentrat ed

silica ge

H-i ndol e:

t he sane procedur

dri ed over anhydrous sodium sul fate and

I n vacuo. The crude product was purified by chronmatography on

5%?‘%, 849 as a colorless oil. 46 1 Febr uara‘y 2007 WD
BEIPOY4/ 024625 E. 3- (4- Ethyl benzyl )-4- ((F

eluting with ethyl acetate/hexane (30:100) to give th&ebnuaty2007
conmpound (0.
2005/ 012318%

R NMBYRanosyl ) - 1

The title conmpound was prepared as a white solid, fromPart D by

? as described in Exanple 1, Part D, E, F and G ' HNWR

(300MHz, CD30b) Biplogied) Bxgmples:= 7 42, 1.64 Hz, 11-1), 7.18 (d, J = 1.79 Hz,

11-1), 7.16 - 7.07 (m 5H), 6:90 (s, 1 4,72 (d, J = 9.64 5 Hz, 1H),
(d, J = 16.5 Hz, 1H), 4.26 (d, J = 16_&2&151-})5,_5

(m 2H),
MS: nmlz

human SGL
expressi o

13.69-3.52 (m 3H), 3.44 -

4.35
3.39

2.95 (s, 11-1), 2.58 (q, J = 7.58Hz, 2H), 1.19 (t, J = 7.65Hz, 3H).
(MtNa) 420. C 47 1 February 2007 WO 2005/012318 PCT/ US20041024625
H. Bi ol ogi cal Exanpl es: EXAMPLE IMatdriats andMethddbet hods 5 C oning of the

T

human smal |
human ki dney: thdahBmindliancdXyAsssigtr eeclér: Tho tupamdS GhT o cDNANG entshnkequenced to

verify the integrity of the construct. ner ati on of | s stably
expressi ng hul¥eA84E was glongd txam B@?E:Smﬁre'atﬁsgﬁ%%t P'Hﬂ‘a@f%&}é}l‘%ﬁ\j:%l | s was

performed usi ngetRAKEMEE5LHIRY clbhdd Rom RERAIPkIBAEE S BofFtfull REINKYAVEre MD) -

Transfectants were then sel'ected in the 15 pr _ )
(G bco- BRLQ Geubrioned intalpcBNA and semoepegdhio verifythieintegsity of tbasonsiud. t hen

and human SGLT2 cDNAs and construction of the mammmuali an

characterized using the functional assay described

(

15

20

25

30

Generation of CHO-K1 cells stably expressing human SGLT1 or human SGLTZ2:
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 pg/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 grow 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)
and Na-dependent "*C-AMG uptake was quantified by measuring radioactivity.
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bel ow. Cel |l -based assay for sodi um dependent gl ucose transport: Cell |ines
stably 20 expressing human SA.T1 or SA.T2 were then used for functional
anal ysis of Na+-dependent glucose uptake. Briefly, cells were pl&tkedant2007
density of 65,000 cells per well in a 96-well plate and allowed to grow for
48 hours. QEPPYWSWAR subsequent|y washed one time with HSKESPOMPRI6? ~ (50 nmv
HEPES pH 7.4, 20 mM Tris, 5 MM KC, 1 mMMwMC 2, 1 mMCad 2 and 137 nM NaCl)
and 25 treated with corrpound in the absence or presence of Nad for 15

m nutes. Cel Piateswere heunted i addpliount (Peckaed, Meartdeing CTd.o Resultwaiede ( AMG,

odi uim depenabiforey TR R ATMIERARF oS0 Hatp folf ST S BheHE BB, 11 anc

Lever J.E PoSariabiliyfof tHePfunoticral begay was gipically Wthingk®iose cotransporter
(SGA.T1) gene 30 expression in LLCGPK1 cell's. J Biol Chem 1995;

270: 20536-20542.). After 2 hours the |abelled cells were washed three tines
with ice-cgld PBS. After aspiration, celyggpene sol ubilized using’

M crosci nt ZO_LMM_NELJ_d_eIL_CD__an.d_Na_dﬂpﬂud&nLié_C_AMpI ake was
quantified by measuring radi gagh 48 1 Febru Pé@ 2005/ 012318
PCT/ US2004/ OZ@gﬁ}}f agtes were copfj\r?tée%rzl n a TopCou?\? ackar Meriden, CT).
Results are reported as the f’/(osut(uwl)tl on or 1C50 vad:ge(umym a

representati ve experiment. Ea% r| abl [1Ty Tor the functional assay was
typically within?20 % 5 TAl T2 CHOK- SGLirdactifganpl e # 1C50 (uM
1C50 (UM 4 12% nh at 10 @4/||nﬁ iw 3 60% Inh at 10 uMinactive 2 1.395
0.067 inactive 1°0.132 0.8%%2 PRRIPYM ExavpLE 2 1inactivei vo Assay for
Efficacy 2 1.395 + 0.067 inactive
EXAMPLE 2
10 In Vivo \Assay for Efficacy

Male Zucker Diabetic Fatty (ZDF) rats (7-8 weeks) were obtained from Charles
River. Animals were maintained on a 12-hour light/dark cycle in a temperature-
controlled room. Animals were given ad libitum access to food (standard

15 rodent diet Purina 5008) and water. Animals were fasted for 12 hours qrior to
initiation of the experiment. On the morning of the experiment, animals were

( administered vehicle (0.5 % methyicellulose) or compound by oral gavage

(1ml/kg). After one hour, animals received an oral glucose challenge (4 mlkg
of 50% solution) and were immediately placed in metabolism cages. Animals

20 were given free access to water and urine was collected for 4 hours. Urinary
glucose was quantified using the Trinder Reagent (Sigma).
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Mal e Zucker Diabetic Fatty (ZDF) rats (7-8 weeks) were obtained from Charles
River. Animals were naintained on a 12-hour light/dark cycle in a
tenperature- controlled room Animals were given ad |ibitum acce$sebmarycly7

(standard 15 rodent diet Purina 5008) and water. Aninal for 12
hours pri or VOGS Y ati on of the experiment. On the m%@‘%ﬁg@ﬁ@%@?

experinent, aninmals were adm nistered vehicle (0.5 % net hyl cel | ul ose) or
conmpound by oral gavage (1 m/kg). After r, animals received an oral
gl ucose challenge (4 mM/kg of 50% sol ut P were inmmedi ately placed in
met abol i sm cages. Aninmals 20 were given free access to water and urine was
collected for 4 hours. Urinar gl ucose was quantified using the Trinder

Reagent (Si gmkffectson HasmasGlucesesPlagmabssiin; PlasgnaTriglycayideso PAasma
EXAMPLE 3 Effects on Pl % Tr| gl yceri des,
Plasma Free Fatty Aci dfwafgéyi\%if V&S\&g %@U%’R’/‘B t‘ﬁé@}) exam ne the
effect of gn SGT inhibitor in conbl natlon with an RXR agoni st female
db/db mce (6-7 weeks of age/JaCksoF .are treated da IléF\[)ﬁ%
days w th vehicle (0. exaiming fp fiact @ %’é@)GLTa'H RFOMRIpaliqn with & k
(mg/ kg)), ggb;(ﬁst '?é'thlet dl§ i B lveeks oﬁa?&igcnmmaﬂs MER%r@@e-'étéao

I nhi bitor. ani ma grou receive The test co ds or vehicle by

oral gavage i dady fosi1d rﬂayélettOVe’ﬁWl&gO 6% methylcgdiuighe), aBd%WR\ﬂgOQM (9.8 10cor ded

d 1 t th
fnal” dose. Mok CogRandh SERT blodaof il an RS HUSET U ce”are
thfan bl e|c10by mmnts)ltdv Mibe (18 ammais/gmup) wcellvenhetéktm:bn'ipepads oF gel;ticle by

(6] ro ene es 15, on ice. S Sa S ar en ass e or UCOSG,
et oY T ooyl avags in A ypliia ot A0 EReBLweleR, Pty Al & rechroefl e
arld frozen Tha 0%9—1T prioPtPHESIKG. a?ﬂ%d%'i %Qaﬁﬂj $1. SERRYSEOhGUrs After fRCARIN ss of

action. Irrproved | ycem ¢ control, neasured as a decrease in plasma 20

gl ucose, plas mse,rmmeu are waighathand aresthetized aithds 0216 (80390 Mice are/tbeni des,
or a combi nat} o RGIEGbitalFuLEUREGE MBS AL HpaRhizEaHoREroRNIeRfibRE an RXR

15 onice. Plasma samples are then assayed for glucose, insulin, triglycerides,
and free fatty acids. Livers are excised, weighed and frozen.

The SGLT inhibitors and RXR agonists have distinct mechanisms of

action. Improved glycemic control, measured as a decrease in plasma

20 glucose, plasma insulin, blasma free fatty acids, or plasma triglycerides, or a
combination thereof, can be observed at lower concentrations of an RXR
agonist when given in combination with an SGLT inhibitor. Therefore, a

{ leftward shift in the dose-response curve for effect of an RXR agonist on the

above parameters can become apparent. In addition, the weight gain

25 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

30 treatment with RXR agonists can be less pronounced or absent. A reduction in
the amount of an RXR agonist such as MX-6054 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
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agoni st when given in conbination with an SAT inhibitor. Therefore, a

|l eftward shift in the dose-response curve for effect of an RXR agoni st on
the above paraneters can becone apparent. In addition, the wei ghFelgaiaIryQ'.P)m
observed fol | ow treatment with RXR agonists is |ess pronounced wh

given with ‘Fﬂé"‘g@%’?l? nhi bitor, since SGT inhibitors’ pr"iﬁi%?%%/"a‘fﬁz% he
urinary excretion of glucose and | oss of cal ori es fromthe body is

denonstrated by,  reduction in weight or wei in. Also, since SET
i nhi bitors proYRight %Innqdemawafch@q Bypertiaphsy ﬁﬁa YperiophydayrRoghesmMidi ght

gai n) comonl y.q aYcﬁ x@éé%"r aﬁchﬁ%dTBHtthé\‘ebh RXR agoni sts can be | ess

pronounced or abse uction in the anount of an RXR agoni st such as
MX- 6054 necessary to achieve efficacy in turn inproves the side-effect
profile. The decreased side effects can include such conditions as fatty
liver, increased |liver weight, body weight gain, heart 50 1 February 2007
WO 2005/01%318 PCT/ US2004/ 024625 wei gipgxPDE 4edema, cardi ac hypertrophy,
hepat ohypertrophy, hypoglycem a, and hepatotoxicity, or any conbination
thereof. 5 EXAWPLE 4 Effects on plasma G ucose, HbAlc, Hematocrit, Plasna

I nsulin, Plas I S e AG terol,
HDL, Pl asna %%-@L%\Ql,e '9' QE \?%}U%?QHPAE&QFF%%{%@P%? T@oﬁ*%’fﬁ'gg Body
Weight 10 To eWyoendés‘, Rihénmt Fiek Euttﬁ&iﬂsl mbtdlithleéterobmmalamawi th an
RXR agoni st Ie ZDF ra re treat [

days with vehi  Brug kevels, f«\é’ﬁ &’?ﬁ&ﬁtfﬂ 'a'ﬂt ﬁ)ihtfgéﬁ?'s@" ﬁ&é'«qurrpk)
SGLT inhiftor (3-100 npk), or an RXR agonl st plus SGT |nh| b| tor. Rats

(n=8 15 anlnals/group) receive the test conpounds or vehicle by oral gavage
in a volume of 2 rMoegmine Burieffertiofan. SGot inhiiiogHn combirationdwith am 1,

prii or 0. 4051 R 958 A Y8 ek Qlor LS Bld ABaeh delg 1534 Waye it e, daY

prior to the ani s are ver ni e hour after t he
final dose, ralehlcﬂﬂf&).S%engm{temmdsahaﬂmaganisWOthnﬁBRQ‘lpK)?BGB.O’) Rats are

o or ooyt one' e ftab kst en KR EREN Gk Bl Pl PR 26

15 animals/group) receive the test compounds or vehicle by oral gavage in a
~ volume of 2 ml/kg of body weight. Body weight is recorded on day 1, prior to
dosing, and twice a week for the duration of the study. On the day prior to the
final dose, animals are fasted overnight. One hour after the final dose, rats are
weighed and anesthetized with CO2/O; (70:30). Rats are then bled by retro-
20 orbital sinus puncture into 2 mL heparinized polypropylene tubes on ice. Rats
then receive a glucose challenge (2 g/kg p.o) and are placed in metabol)'sm
cages for the urine collection (4 hours). Animals are then sacrificed and
( epididymal fat pads, livers, and hearts are excised, weighed and frozen for
histological examination. Plasma samples are then assayed for glucose,
25  HbA1c, insulin, hematocrit, plasma drug levels, total cholesterol, HDL, free fatty
acids, and triglycerides. 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
30 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-
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then receive a glucose challenge (2 g/kg p.o) and are placed in netaboljsm
cages for the urine collection (4 hours). Animals are then sacrificed and
epi didymal fat pads, livers, and hearts are exci sed, wei ghed andl Felyzagy 2087

hi st ol ogi cal exam nati on. Plasma sanples are then assayed { I e, 25
HbAL c, i nsWPZPPSORBARt ocrit, plasma drug | evels, total cﬁ%ﬁﬂg@‘g‘{‘%@?nﬂ

free fatty acids, and triglycerides. Uine volune and urinary gl ucose,
protein, osiholarity, electrqg]yte , K, . C BUN and creatinine are
measur ed. The ERROASETYR { eghgslﬁé’gaaggaﬁpsscpétl}%éj@v&gqrp S1&€hani sns of
30 action. | NMy:RYRE APPLTER. Qn%atﬁbg! thlerwagmrg% BBservEs §6IRMIRY trBatPieti T

glucose, HbAl c, plasma insulin, or plasnma triglycerides, or a combination
t her eof ,- can brﬂﬂb’EKBrmlSiS iq lege pranolpesed when @ivenosittRike Sgbhiirhibitathen gi ven

i n conbi nation,w th~ar I j.nhi bt t.or . I J ef ' et he
dose 51 1 Feb%ﬁﬁé@ﬁy@@@@fﬁ%ﬂﬁwgﬁkﬁlggfé?@%%&l%&éﬁgzwcgggghéloég{}@rfve for
e](‘j Ij ect of B%(Rcmgnieiﬁsftmdﬂne bgey Bmﬂu?ambpreﬂucﬁm irbweighttoawpi@htgain. | n
ition, t i ght | X ' . t t i t i sts i
ess. pr onouncAlehiirEe B TINBHAIoBelss ifh diesls: Tesedaibs @ad et bi tor s'
pronotion of tefb%matba@wéi%ﬁ gaRY) cemnInhBbbseosd aner traftmept with FXR bgléﬁisfsr om
the body is denonstrated by reduction 1 n weight or weight g)al n. so, since

SGLT i nhi bi t orcanheoless erenavincad @r absents Thiseande: damoastiateddy @ ravstions
" ah : _ ; . b
wei ght gai n) g@ﬁ%@ﬁ%ﬁﬁﬁéﬂﬁﬁﬁg@é&.ﬁ&e&é&ﬁ{ﬁ@ wg[gtgg g;?BdB&fHH Rife can be

| ess pronounc can be denonstr a reductiron in the
RXR agoni sit0- i relnowet of iR agenists nexassarydo gbhievé\effieday in twmn improkies fté anount

of RXR agoni sts, negessary tqQ.achieve effic in turn nproves the
si - f f ect oS4 pSCt M. dr Exhste et s piskts Sab Mdbd B SceBs a8 ¢ i ons
as. { fatty |ifdgy livdrhichstied |ik/ew\ﬁéiﬁmlbﬁh%wehmmgawh@ah visig it gdig asdemyii ght
gai n, edema, cardiac hypertrophy, hepatohypertrophy, hypoglycem a, and
hepat ot oxi ci t yeardiac hypgrtrophyi hrratehyperErbys hypoglypeaianivdnesalpioxicty.Qn al so
show t hat the é?fyaéonﬁqﬁétriﬁrﬁ Laddgon of an  SGLT inhibitor in conbination with
an antidi abetic agents, such as an RXR

15

The abdve examples can also show that the oral administration of an
SGLT inhibitor in combination with an antidiabetic agents, such as an RXR
modulator,improve the status of other markers of diabetes mellitus including
glycosylated hemoglobin (Hgb A1C) levels. Particularly, the oral administration
20 of an SGLT inhibitor in combination with one or more RXR modulators can
reduce body weight or body weight gain as well as liver weight or liver weight
gain, compared to administration of one or more RXR modulators alone.’

Thus, for treating diabetes, particularly Type Il diabetes mellitus, or
25 Syndrome X, a compound of Formula (IV) in combination with.one or more
antidiabetic agents, such as an RXR agonist that increases insulin sensitivity,
may be employed comprising administering repeated oral doses of the
compound of Formula (IV) 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
30 dosages. The jointly effective dosage for antidiabetic agents disclosed herein
may be readily determined by those skilled in the art based on standard

dosage guidellines. In particular, such combined administration can be
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nodul ator, inprove the status of other markers of diabetes nellitus

i ncl udi ng gl ycosyl ated henogl obin (Hgb Al C) levels. Particularly, the oral
adm nistration 20 of an SGT inhibitor in conbination with one dFchmary TR
nodul ators can reduce body wei ght or body weight gain as well as |iver

wei ght or | WO@005M2YBt gain, conpared to adnministrati onPOVUR/B2%pre RXR
nodul ators al one. Thus, for treating diabetes, particularly Type Il diabetes

mellitus, or 25 Syndronme X, a conpound of Fornmula (I1V) in conbination wth.
one or nore &fectivaitscaceomplishreduction of hedyweidhk basyrweight gain, lives weighbs

I nsulin sensitjwi : : ﬁ{%)g conprising adm ni stering repeated oral
doses of the dg\(g'%%\ﬁ%lg@alﬁﬁ?nu adﬁﬁr%) in the range of about 25 to 1000 ny
once or twice daily and repeated doses of the anti-diabetic agent or agents

t jointl ffecti 0d The jointl ffectiv f -
Snt] ai abet i o agont ScgtepaRE SRRl Eriia %) BantibeY e fE AR Byointiy.se
skill ed in st hesfictivd agREnosf $§RIceSE FbabdefABA iMbits| ém% ddmiB®tdrirgtbar , such

conbi ned admi nistration can be 52 1 February 2007 WO 2005/012318
PCT/ US2004/ 024besubjecka jaintly effective amsiunt af araolidiaketicagest sychas gntRXBody

bt n 1 . . . poeRl s _
Adar i onal 1y, TOGHRHE e be ysBl 0 hofle Back heidifh, Boltf bl B4R, BElver weight |
5 effective arofdine sotbjeet igineedteercef wthereinitioe combinedtasiministratioixan be in _
e Sheh 28 A o e Bl b I BER S e e R o ©

wei ght gaifn Ghetdpettic éféght of the subject in need thereof, wherein the
conbi ned adm nistration can be in any order and the conbined jointly
effective anounts provide the desired 10 therapeutic effect. A so, a nethod

conprising (a) admig | hll?j QL ke fifect i tﬁ;munt of a
gl ucose reabsorpti &qus%ﬁf'%ﬁtggtrcen@rﬁ t)(?):%(mdﬁéﬁgﬁdr?bn%g?@%ﬁ]ﬁ bj ect a
jointly effectéaffestiveramounbéf agluanse diakisetptiondigfabitorcand () admeidisteringttocont r ol
body wei ght, d i ght .gal L. ver weight, or.liver weight gain qQf the
aubi ect havi ngheeuBeEe Joid) Hradid Smalft Bk aflivabetadii fah g8 Ustdto
conpl i cat igns,confrel bbdy whight; Gall gt dain) iisérvaéigt) of iverlweigiit gaiy obthéer and

subject having diabetes, Syndrome X, or associated symptoms or

complications, wherein the combined administration can be in any order and

the combined jointly effective amounts providing the desired therapeutic effect.

20 Optimal dosages to be administered may be readily determined by those
skilled in the art, and will vary with the particular compound used, the mode of
administration, the strength of the preparation and the advancement of the

( disease condition. In addition, factors associated with the particular patient being
" treated, including patient’s sex, age, weight, diet, time of administration and
25 concomitant diseases, will result in the need to adjust dosages.

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

30 - variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.
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the conbined jointly effective anounts providing the desired therapeutic
effect. 20 Optimal dosages to be adm nistered may be readily determ ned by
those skilled in the art, and will vary with the particul ar conpdebaiarszd;7
the node of adm nistration, the strength of the preparation and the
advancenment of the disease condition. In addition, factors associated with
the parti culghatigtiaftibdlpei ng treated, including patient's sex, age, weight,
diet, tinme of admnistration and 25 concom tant diseases, will result in the
need to adjust dosages. Wiile the foregoing specification teaches the
principles of th [ n } ntiQn, W th exanpl es provided for the purpose
of illustrati otL %forﬁﬁﬁﬁ%gffbﬁﬁl&i% g{'ood that the practice of the invention
enconpasses all of the usual 30 variations, adaptations and/or nodifications
as conme within the scope of the following clains and their equivalents. 53
1 Februa?y 2007 What is clained is: 1. A conpound of fornula IV: 5 RL NY
MV W (1V) wherein: 10 one of thg, dashed Iines between NR and X or
between X and Y is present and if pr@sggzt—_—_xuch dashed lines represent a
doubl e bond, or alternatively both dashed KN nes are absent; two of V, M
and Ware Hand the third is 0 gqH PO/OHe"

(V)

wherein:

10  one of the dashed lines between NRand X or between X and Y is present and
if present such dashed lines represent a double bond, or alternatively both
dashed lines are absent;
two of V, M, and W are H and the third is

15
R1is H, or C14alkyl; or, where the dashed line between NR" and X is present,

R1is absent;

Xis N, C=0, CH, or C—Q—Z;

Y is N—Q—Z or C—Q—Z, where X is N, C=0, or CH;
20 Yis CH, where X is C—Q—Z;

Q=—(CH;)— where n=1 or 2;

P=H, C,.7 acyl, or C1¢alkoxycarbonyl;
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"-~r 15 OH R is H or Cl.4 alkyl; or, where the dashed |ine between NRlL
and X is present, Rl is absent; Xis N, CO CH or CGCQZ Yis NQZ or
CQZ wiere Xis N CO or CH 20 Y is CH where Xis CQZ QFefrgh)2007
where n=1 or 2; P=H, Cl.7 acyl, or Cl-6 al koxycarbonyl; 54 1 February 2007
Z is substituted or unsubstituted, and is selected from C3_7 cycl oal kyl,

phenyl, a 57 |§&u§stlt[]w63@rr@¢lsdﬁs&|ﬁ!t@érdﬁd Rassleged fKUm Z)ﬁ@y@to@ﬂ?@rmeny

|ndependently selected fromN, 0, and S, a bi ary - or

fused bi cycBypr 6amemberedheteroand hawing t oy R, hakshr@aécprnsmeepew@@ay

RS et A R T R S L T
of claiml1, fu'deelrleeterdmcywylj-wryerembsaldtfuséd hAterobpydyUh@é betwagen 1 andikerein Z

| ndependont NotesoRBETSBOEPERICAIYSaleRERY oA, sk, 08 RhaiRGFuticallys

a3 1) s Fep R WereBk I | M 0 2%3 i C14 & kylamino.  phenyl o

G 3 s i b e ) (S asban
a yamnosu N a }I/V_ﬁal’ am do

(CONHR) , 5-6 oGP TIRAGIDLE A 1w ?é%ﬂ%?a ly siHstiivdeds wit

het t gwé\é?p t th

sﬁbgg ??ugglt;?é on gg‘ﬁgné r |tﬁ’€r}i1t§3né peno'g E?ﬁe gﬁ?té&?,gg{o\%}l{]h bgt ween 1

ﬁg?o?» Sﬂ%ﬁ pgghwf}t zlr:urailqme@dewdlqalkvﬂl bzlbetg:{cﬂmvn @dan@a;hﬁgaycaﬁlkﬂl}lmbkyl :

Byl thi e B RIS IHG G I, GherBitioasN hand At i on K UADING . 3. 4

20 di substit, h

t hi O;Z)?lgnfﬂ I | aﬂ P 35& ﬁ?g%gn&fwl(%og}m&;\é@ rﬁﬁgﬁ;ﬁwﬁﬂﬁ?mlzgenzgzﬁ)anyl

4-substit ut ddeyaIksl[almmosulflnyl (SONHRR) Ci4alkylamido (NHCOR), C14
alkylcarbamido (CONHR), 5-6 membered heterocyclyl containing between 1

nber ed

15 and 3 heteroatoms independently selected from N, S, and O; and wherein the
substituent(s) on Z can be further independently substituted with between 1
and 3 substitutents independently selected from C4.4 alkoxy, C14alkyl, halo,
hydroxy, cyano, amino, mono or di C14 alkyl amino and C1.4 alkylthio.

4. A compound of claim 1, wherein Z is 4-substituted phenyl, 3,4-

20 disubstituted phenyl, benzhydryl, substituted or unsubstituted thiophenyl, biaryl,
benzofuranyl, hydrobenzofuranyl, dihydrobenzofuranyl 4-substituted pyridyl,
benzo[blthienyl, chromanyl, benzothiophenyl, indanyl, naphthyl, and 2,3-
dihydro-benzo[1,4] dioxan.

5. A Compound of claim 3, wherein Z is unsubstituted or substituted with

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

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

30 7. A compound of claim 1 wherein R is H.

8. A compound of claim 1, wherein nis 1.

9. A compound of claim 8, wherein Ry is H or absent.
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benzo[ b] t hi enyl, chromanyl, benzothi ophenyl, indanyl, naphthyl, and 2, 3-

di hydro-benzo[ 1, 4] dioxan. 5. A Conpound of claim3, wherein Z is
unsubstituted or substituted with 25 between 1 and 2 substit uent §ebruary 2007
I ndependent |y sel ected from nmet hoxy, ethoxy, fluoro, chloro, nethyl, ethyl,
propyl, butyl and isopropyl. 6. A conpound of claim1, wherein Z is

bi phenyl, 4-(3- DYOIA)dohm'tﬂmd of dain 2; Whe%iﬂ?)@fb%hényl 4-(3-p wwmﬂw u-

-yl)- phenyl 4eth ) phenyl , (4-pr ogyl)p i ﬁ t hox phené

di hydr obenzb? nyl, 4r(14i-pyazebrophanyh-(4-st Y')WW' W@W RRRMBE cl ai m
1 wherein Ilfb)%l)ﬁﬂeﬁylCﬂﬂg&%‘én%{u‘?éﬁggﬂ}l,lorﬂﬁﬂr%'b'éng%@aﬂr PO Ad Zagpound

of claim 8 re| absen uar corrpound
of cl ai m 1, unkgsstituted orssulblsptuberyMthébe(t@eelyrliahd 2[slube§rﬂuen¥b mﬂepbnéenytly) phenyl ,

?4( rlretHh ;/? égléﬁgﬂ fr @)nrfgaﬁt%n%% %295 neﬁthy@ ré Mhﬁ%ayﬂ; and Z

unsubst' B&&g, |Or substituted wi t h between 1 and 2 substituents
| ndependent el ected from net hoxy, ethoxy, fluoro, chloro, nethyl,

et hyl, pr opyI bat yA czmmbodmb@ﬁdalm 10 lWhereiaripdund of claim 10, wherein n
Is 1. 12. Aco %und of cI V\:B in Ris H 13. A compound of claim
1, wherein M and ﬁr‘@”?‘Pou '”73\ WEGU‘WHR)"S Riaim1, wherein Mand Ware

H 15. A conpounq3oh cnibdlnk of’\*,]ﬁfn?ﬂ,”\gﬁgtﬂn frapad xrdp, C Q2 16 A

conpound of claim1, wherein Xis CGQ 17. A conpound of claim
15, whei@in Rl |941—Amonaxmlmﬂof claign A=whereig M Ande‘rarerHi of claim1, selected

Lo S PSR sl B YRR e i B8 02

5- (P-D- G ucopyr angsx! X 1A and 3-
(4- Et hyl benzyl) - ZG(XS&Eﬁ#ﬁ%ggﬁmgyW%%ﬂwI?’?_md Z?mAlYgg(r?p}gund of claim

1, selected fromZ2- Asompourtkoizgiaim 45( wBe@in &4 is bpyrabseny| gndln¥H i ndol e;
3-12-(2,3- D hydrggbgnz.of it & &F dhihe i MY form 3-(4-Ethylbenzyl)-5(B-D-

15 glucopyranosyl)-1H-indole; 5-(B-D-Glucopyranosyl)-3-(4-methoxybenzyl)-1H-
indole; 5-(B-D-Glucopyranosyl)-3-[2-(4-methoxyphenyl)-ethyl]-1H-indole and 3-
(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole.

19. A compound of claim 1, selected from 2-(4-Ethylbenzyl)-4-(B-D-
glucopyranosyl)-1H-indole; 3-[2-(2,3-Dihydro-benzofuran-5-yl)ethyl]-5-(B-D-

20  glucopyranosyl)-1H-indole; 5-(B-D-Glucopyranosyl)-3-(5-methyl-2-thienyl)-1H-
indole; 3-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-3H-benzimidazole; 3-(4-
Ethylbenzyl)-4-(B-D-glucopyranosyl)-1,3-dihydro-benzoimidazol-2-one and 3-
(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-3H-benzotriazole.

20. A compound of claim 1, selected from 3-(4-Ethylbenzyl)-5-(8-D-

25 glucopyranosyl)-1H-indole; 2-(4-Ethylbenzyl)-4-(B-D-glucopyranosyl)-1H-indole;
5-(B-D-Glucopyranosyl)-3-(5-methyl-2-thienyl)-1H-indole;3-(4-Ethylbenzyl)-4-(B-
D-glucopyranosyl)-3H-benzimidazole and 3-(4-Ethylbenzyl)-4-(B-D-
glucopyranosyl)-3H-benzotriazole.

21. A pharmaceutical composition, comprising a compound of claim 1,

30 5,6,11,12,13, 15,16, 17, 18, 19 or 20 and a pharmaceutically acceptable
carrier.

22. A pharmaceutical composition, comprising a compound of claim 14
and a pharmaceutically acceptable carrier.
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20 gl ucopyranosyl)-1 Hindole; 5-([3-DG

| ucopyranosyl )-3-(5-nmethyl-2-thienyl)-1 H indole;

3- (4- Et hyl benzyl ) - 4- ([ 3- D- gl ucopyr anosyl ) - 3H benzi mi dazol e; 3-(4- 1 February 2007
Et hyl benzyl ) -4- ([ 3- D-gl ucopyr anosyl ) -1, 3-di hydr o- benzoi m dazol - 2-one and 3-
(4-Ethyl be nzyl)-4-(3-D-g | uco pyra nosy |)-3 H benzotriazo le. 20. A
conpound of claim1, selected from 3-(4-Ethyl benzyl)-5-((3-D 25

I 1)-1 ind : 2-(4-Ef hyl b | )7 4- D 1.)-1
Fhindol o5 (13 Bl e Bpgranceyion SrosSilfdn b daim 21 S do GARE! BiaBtate
3- (4- Et hyl bepzgcdnd anfidiabetid Hgemyr anosyl ) - 3H benzi m dazol e and 3- (4-Et hyl
benzyl)-4-((3-D g | ucopyra n osyl)-3 Hbe nzotriazo le. 21. A

pharmaceutical conposition, conprising a conpound of claim1, 30 5, 6, 11,

22, A phat mceut i E4 eAETHCeBoA SRR S ZS e BR B PRy 2
phar maceut i cahlSGIaT atitiee] e carrier. 56 1 February 2007 23. The

pharmaceutical conposition of claim?21 or 22 further conprising a second
anti di abetic agent. 5 24. The pharmaceutical conposition of claim23, wherein

cl'ai m 25, wher oi n2pAR A RcE A coftioRtBn TR G RERR TR €

phar maceut i cah SGIPPHHibiten. of cl ai m 23, wherein the conpound is an SA.T2
i nhi bi toEO 57

26.The pharmaceutical composition of claim 23, wherein the compound is
an SGLT2 inhibitor.
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