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This application is a continuation-in-part of US. 5 application Seri al

No. 09/ 67%@BM99s3bed Cct ober 4, 2000 which takes priority HOTousoBl1591

provi sional application No. 60/194,615 filed April 5, 2000 and U. S.

provi sional application No. 60/158,773 filed COctober 12, 1999. 10 Field of
the I nvention The present invention relates to Caryl glucosides which are
i nhi bitors of sodi um dependent glucose transporters found in the intestine
and ki dney (SGLT2) CARNE CLUGRIHNE IGET4 (BHIBH R ANRMETENdcial |y type
Il 15 di abetes, as well as hyperglycem a, hyperinsulinema, obesity,
hypertrlglycerldenla Syndronme X, diabetic | i cati ons, atherosclerosis
and rel ated di seatess a@hbi@?thgnsy%haC?@@?%n@$8é9§rﬁéspérén@ fo¥-Pn
conblnatgoni%%éflg 1oﬁm§e9£aﬂnﬁg Oé@?é7§¥@§7aﬁilgﬁaégﬁbﬁeﬁg@nt208@ and/ or
one, two or er type therapeutic agents such as hy E dem c
agents. Bachgmmuhdt@keshBriﬂvehyl5n0mA@p$oxPnGVb$y0n®® ﬁPP F@ﬂ pespl e
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by hypergl due”t 0" excessive hepailc ucose production

peri pheral im@plloateensmanCQO/lﬁé V%btfmhe@e@ctobermhﬂehlaﬁé as yet
unknown. Hyperglycema is considered to be the major risk factor for the
devel opnment of diabetic 30 conplications, and is likely to contribute
directlyitdt o the inpairnent offFiebkdloh smarImWQmmteﬂn in advanced N DDM

Nor mal i zati on of asnma ose_in_N DDM patien cied to
i mprove insulin a@%?oﬂ?e%ﬁﬂg OVERFSRE fﬁgaE%Ee 8pn§n f8§P§%§??§g
conplicationghidn 3bei Mhhbbieorsf ofhgodbdinudedendadenylygbausese transporter

transporters found in the intestine and kidney (SGLT2)

and to a method for treating diabetes, especially type II
15 diabetes, as well as hyperglycemia, hyperinsulinemia,
obesity, hypertriglyceridemia, Syndrome X, diabetic
complications, atherosclerosis and related diseases,
employing such C-aryl glucosides alone or in combination
with one, two or more other type antidiabetic agent
20 and/or one, two or more other type therapeutic agents

such as hypolipidemic agents.

Background of the Invention

Approximately 100 million people worldwide suffer

25 from type II diabetes (NIDDM), which is characterized by
hyperglycemia due to excessive hepatic glucose production
and peripheral insulin resistance, the root causes for
which are as yet unknown. Hyperglycemia is considered to
be the major risk factor for the development of diabetic

30 complications, and is likely to contribute directly to
the impairment of insulin secretion seen in advanced
NIDDM. Normalization of plasma glucose in NIDDM patients
would be predicted to improve insulin action, and to
offset the development of diabetic complications. An

35 inhibitor of the sodium-dependent glucose transporter
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WO 03/ 099836 PCT/US03 /15591 SG.T2 in the kidney would be expected to aid
in the normalization of plasma glucose |evels, and perhaps body weight,

by enhancwaogsgbessese excretion. The devel opnment of novel , afesozassdioral |y
active 5 antidiabetic agents is also desired in order to conplenent

exi sting therapies, including the sulfonylureas, thiazolidinediones,

metformn, aqghmd syl ife RNGLLP RYQLE bhecRotenthatoshde ehferés
associated W th the use of these ot her agents. 10 Hyperglycem a |

hal | mark of ngpealizafibeetes P%¢FMEM$1U%%ﬁ§|%?%%%Scoﬁ@@dpeﬁma%$é@ﬁﬁyglucose
levels in d}r@@l&fs 5anehiseing N1 deyel oprenLc pbndi abetic conplications

and beta cel ure seen I n advanced disease. Plasm %Iucose i s normally
filtered in the 1Bh&ideeglopmene of onevel usSahe: aetdveryliBapsbiBed in the

pr oxi mal tUbé{JnfidJrsﬁg £ 3PR Séﬁﬁsti)sbglég ﬁé@i?éd {hapsgertes responsible for

the reuptake o ose at Is site GLT specific inhibitor
phl ori zi n (nomplememw eel at by aba¢vgelieahi birele@disar et ake process in 20
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| evel s by pronn ucosSe éexcretion pog ycem ¢ side effects.
Long term ( Gimmntivy, idméatoeatrodd ZhekﬁwtdmabelleldatsfﬁﬁChSan SA.T2
i nhi bitor has_been

. r eported rove | S to 25 glycem a,
i nprove inng?%O%%%%?slvléﬁ tIta}md n%lgg hggg0%§%%§ $S%§E ropathy and
neur opatiy in theﬁgpaﬂghybsmlaMLshanbaﬂhm&rkabfetpaetho@yabﬁteﬁe ki dney

and. 0, Lechiplusr, atlsoee,lnplesn. o pel cthuc AL DLl Lg-oL (2T2 i n

enhanci ng t hei gxetes i ean obf ghatoskei devehepmenneoft Adabbyicnprovi ng i nsulin

SenSItIVIty’comgllcatlons and beta cell failure seen in advanced

disease. Plasma glucose is normally filtered in the

15 kidney in the glomerulus and actively reabsorbed in the
proximal tubule. SGLT2 appears to be the major
transporter responsible for the reuptake of glucose at
thigs site. The SGLT specific inhibitor phlorizin or
closely related analogs inhibit this reuptake process in

20 diabetic rodents and dogs resulting in normalization of
plasma glucose levels by promoting glucose excretion
without hypoglycemic side effects. Long term (6 month)
treatment of Zucker diabetic rats with an SGLT2 inhibitor
has been reported to improve insulin response to

25 glycemia, improve insulin sensitivity, and delay the
onset of nephropathy and neuropathy in these animals,
with no detectable pathology in the kidney and no
electrolyte imbalance in plasma. Selective inhibition of
SGLT2 in diabetic patients would be expected to normalize

30 plasma glucose by enhancing the excretion of glucose in
the urine, thereby improving insulin sensitivity, and
delaying the development of diabetic complications.

Ninety percent of glucose reuptake in the kidney

occurs in the epithelial cells of the early Sl segment of

35 the renal cortical proximal tubule, and SGLT2 is likely
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del ayi ng the devel opnent of diabetic conplications. N nety percent of

gl ucose reuptake in the kidney occurs in the epithelial cells of the early
Si segnmenwoof3/098B86t he renal cortical proxinmal tubule, andPeEO3ISMI kely
WO 03/ 099836 PCT/ US03/ 15591 to be the major transporter responsible for
this reuptake. SGT2 is a 672 am no acid protein containing 14

nmenbr ane- spaiigly SRIMERM Sr tHddnd SoPt &0 Hiadt Yol &xpoessiedsin the early Sl
segnent of the renal proximal 5 tubules., The substrate, specificity, sodium

dependence, reiRFdleval iSHTondia SEUTABIR FPsT RENESHR t FORFRL K Pper ti es
of the high CARAGIKYaANd QWAL 1A t Yol M nilepeadentaghis@sely r ansport er

previously characterized 1n human cortical kidney proximal tubules. In

addi tion, 1amHrgerdcht cthoreartits segnerehtet Sdporeamat neroFBybni nant
Na+/ gl ucgselﬁ%%wﬂ% éﬁb%%@ SSIPEM o1 Of, thCaPLAXh8Bbndabed e, Since

virtually a pendent gl ucose transport ‘activity encoded in mRNA from
rat ki dhey cord ebodal iz bin edlf b§CHAR amre seprel 9ty | GoRuckedti de specific

to rat S&szrosp%gée%sz 8 gﬁ@d;{lg%e?%%&ﬁé I O£ PPl E8dl b2l

glucosuria, a "gen nor ma ch renal glucose reabsorption is
i mpai red t o depsndendegileesse Nonensipor hes eosgnwHrwsEs Cchavacteyhr 18 date

map to the SA.T2 | ocus. o . r, e i of highly
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| ocus that has been nappeqkencodes an SG.T2 regulator. Inhibition of SET2
woul d be pr eoif ed@ainant2 Na edubec pbaserat ruspeet ¢evel stheaSenpageedt gl ucose

excretion in diabetic pati£nl ey PA-Tdina00)het, M dependnt sghusess:

cotransporter
glucose transport activity encoded in mRNA from rat

kidney cortex is inhibited by an antisense

15 oligonucleotide specific to rat SGLT2. SGLT2 is a
candidate gene for some forms of familial glucosuria, a
genetic abnormality in which renal glucose reabsorption
is impaired to varying degrees. None of these syndromes
investigated to date map to the SGLT2 locus on chromosome

20 16. However, the studies of highly homologous rodent
SGLTs strongly implicate SGLT2 as the major renal sodium-
dependent transporter of glucose and suggest that the
glucosuria locus that has been mapped encodes an SGLT2
regulator. Inhibition of SGLT2 would be predicted to

25 reduce plasma glucose levels via enhanced glucose
excretion in diabetic patients.

SGLT1, another Na-dependent glucose cotransporter
that is 60% identical to SGLT2 at the amino acid level,
is expressed in the small intestine and in the more

30 distal S3 segment of the renal proximal tubule. Despite
their sequence similarities, human SGLT1 and SGLT2 are

biochemically distinguishable. For SGLT1l, the molar
ratio of Na' to glucose transported is 2:1, whereas for

SGLT2, the ratio is 1:1. The Xy for Na®T is 32 and 250-



that is 60%identical to SGLT2 at the amno acid level, is expressed in
the small intestine and in the nore 30 distal S3 segnent of the renal

proxi mal wabsloe9ssbespite their sequence simlarities, hurpaT/&8s/T459and
SA.T2 are biochem cally distinguishable. For SG&T1, the nolar ratio of Na+
to glucose transported is 2:1, whereas for SGE.T2, the ratio is 1:1. The Km

for Na+ is 32 rﬂﬁ&%ﬁﬂ%@@?@sﬂﬁl US03545584300 i, f 05186k TEoand

SGLT2, respectively. Kmvalues for uptake of glucose and the
nonnet abol i zabtakgl of osbuansd ognd (Xeeenbyhe Brlgb Ut pphlanosiides¢ AMSrlage

simlar for SGTL and SAT2, i.e. 0.8 and 6 mM (gl ucos a 4 and 1.6
5 mM (AMVD) f%ﬂmgﬁﬁﬁﬁf%n@l@£iﬁﬁr??%ﬁ§%%r{%Mg} ?E@pﬁiﬂ?yﬁFygérkg&k%e t he
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hypoglycemic side effects in several diabetic rodent
models and in one canine diabetes model. No adverse

15 effects on plasma ion balance, renal function or renal
morphology have been observed as a consequence of
phlorizin treatment for as long as two weeks. In
addition, no hypoglycemic or other adverse effects have
been observed when phlorizin is administered to normal

20 animals, despite the presence of glycosuria.
Administration of an inhibitor of renal SGLTs for a 6-
month period (Tanabe Seiyaku) was reported to improve
fasting and fed plasma glucose, improve insulin secretion
and utilization in obese NIDDM rat models, and offset the

25 development of nephropathy and neuropathy in the absence
of hypoglycemic or renal side effects.

Phlorizin itself is unattractive as an oral drug
since it is a nonspecific SGLT1/SGLT2 inhibitor that is
hydrolyzed in the gut to its aglycone phloretin, which is

30 a potent inhibitor of facilitated glucose transport.
Concurrent inhibition of facilitative glucose
transporters (GLUTs) is undesirable since such inhibitors
would be predicted to exacerbate peripheral insulin
resistance as well as promote hypoglycemia in the CNS.

35 1Inhibition of SGLT1l could also have serious adverse
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25 devel opnent of nephropathy and neuropathy in the absence of

hypogl ycem c or renal side effects. Phlorizin itself is unattractive as an
oral drugwosi3megsdst is a nonspecific SG.T1/ SGT2 i nhi bit orpammesositssol

hydrol yzed in the gut to its aglycone phloretin, which is 30 a potent
inhibitor of facilitated glucose transport. Concurrent inhibition of

facilitative.ghycQsenctEanspost e1subEbIed by Undenkrall easiNgenauehe
i nhibitors would be predicted to exacerbate gerlpheral iinsulin resistance

as wel | as pFoaeeechgpbariessni Baiabepereher $3CHAhi bRt YBACHf MSERF1OREuI d
al so have seyj ouse ag¥EhH$cot AanWEHPBLPI28361 PCTAUSABA18E81gT0R888UENCES as

is illustrated by the hereditary, syndrone _glucose/galactose mal absor ption
(GAV) , in vberkentat thasintasthecs@md tbtrahbpsprterirestditrrhenpaired

gl ucose @ptagg%i %ﬁygﬁgeisﬁtin@h?aﬂgo&héﬁiégieaagﬁgggnéggrBagaeeé and

dehydration. e biochenical differences between SG.T2 and SG.T1, as wel |
as the degresGBT2 san@efCbTHi vergentd pet Weendedsre afl 8@IR6RCRdenti ficati on

of S8 ectivg; JAd2aLanbaLLOLs. cbf, [aMblakod! Ya0aNS k2-3¥REROBES are
conditions in rch irntestinal glucose transport, and renal transport
of ot her i onsehadtavensGhER2dsnhabetavemal . Familial glycosuria patients

appear to devel onyfior fBl1 Y30 NaYeyc0QLIRL BLASHBLELUGRC LANS L Sandndnappear

to suffer no major heal" s as~a consequence of ei r drsorder, 15
despit e Konethihels tmtesthhngh ¢liGedddtgadapby),| endl senhl graveperexcr et ed.

The! o, SYIPISIRGSVLLER: i WIPSS oBPh SrhEelBoLid, pokyghaste, polyuria
function. Thigsycdsanishpaeivedeaceppear| abl detrbhillspf aprm@0ldef Betrs i n renal
reuptake of gégﬁg epfgg%grgigcgggelevels, and appear to suffer no

major health deficits as a consequence of their disorder,

15 despite sometimes quite high (110-114 g/daily) levels of
glucose excreted. The major symptoms evident in these
patients include polyphagia, polyuria and polydipsia, and
the kidneys appear to be normal in structure and
function. Thus, from the evidence available thus far,

20 defects in renal reuptake of glucose appear to have
minimal long term negative consequences in otherwise
normal individuals.

The following references disclose C-aryl glucosides
SGLT2 inhibitors for treating diabetes.
25 WO 01/27128 discloses compounds of the structure

R! 4
R%ﬁ/ R
&\ jf{}

o PRI,

HON “/oH
OH

HO

where A is O, S, NH, or (CHy)n, where n 1s 0 - 3;
R R? and R* are independently hydrogen, OH, OR’>, alkyl,
CF3;, OCHF,, OCF;, SR or halogen, etc;



m nimal | ong term negative consequences in otherw se nornal individuals.
The followi ng references disclose Caryl glucosides SG.T2 inhibitors for
treati ng dicaisewesse 25 WO 01/ 27128 di scl oses conpounds of tHoa/slmsusvure R1 4
R ea/ R; "-**~ NA HOOR2 HOWN"/OH OH where Ais 0, S, NH or
(CH2)n where nis 0 - 3; RL, R2 and R 2a are independently hydrogen, OH,

OR5, al kyl,  CF3,°C0HR2g* QEES, ¢ SRSl PORsr 835, W1 036999838y 1
PoY URos] 15501 I albas o ijﬁdepeendeentlylghydr%@éen,' oo OR a. OATYI,

OCH2Aryl , alagH:Arwye| edkie,, CfZIC@_Pa_—'L@MJiFZFFéGI:F@?gﬁaJ ofeérEs . &PdO9Rikse
conpounds arg I epoiiad ;&”ng%eam bl L OT S ddDe SE 2 A% ARSROFS &5 F and

consequent |y represent 5 for treatnent of diabetes and conplications
t her eof . WO98¢ @I di ot sraist o gl rdsn sfdu et BY rieRieeeni )ROIRL) m

N T
WO 98/31697 discloses compounds of the structure
(R
(R‘)m
(OR®),
Where Ar includes, among others, phenyl, biphenyl,
diphenylmethane, diphenylethane, and diphenylether, and
10 R!' is a glycoside, R? is H, OH, amino, halogen, carboxy,
alkyl, cycloalkyl, or carboxamido, and R? is hydrogen,
alkyl, or acyl, and k, m, and n are independently 1 - 4.
A subset of compounds disclosed in WO 98/31697 contains

compounds of the following structures

Ais O or (CH,), where x=0-3

R® is hydrogen, alkyl or acyl group where n is 1-4
R2? is hydrogen, alkyl, OH, NH,, halogen, CO,H or
carboximide where k is 1-4

15
which are disclosed for use in the treatment or

prevention of inflammatory diseases, autoimmune diseases,
infections, cancer, and cancer metastasis, reperfusion
disorders, thrombosis, ulcer, wounds, osteoporosis,

20 diabetes mellitus and atherosclerosis, among others.

Description of the Invention

In accordance with the present invention, a C-aryl

glucoside compound is provided which has the structure



10 R1 is a glycoside, R2 is H OH amno, halogen, carboxy, alkyl,
cycl oal kyl, or carboxam do, and R3 is hydrogen, alkyl, or acyl, and k, m
and n ar ewionapessdent |y 1 - 4. A subset of conpounds di s@@BEsH3/i1559ND
98/ 31697 contains conpounds of the follow ng structures (R2)k AAArYl where
X =0-3 Aisnor (CH) 2 X alkyl or acyl group where nis 1-4 R3 is
hydrogen , ® is hydrogen, alkyl, OH 141-12, hal ogen, CO2H or R
HO 4'4-,~u -r/ ~ 3 carboxim de where k is 1-4 OR 15 which are disclosed for
use in the treatnent or prevention of infla ePyEHiseases, aut oi rmune
di seases, infections, cancer, and cancer Jre 8si s, reperfusion
di sorders, thronbosis, ulcer, wounds, S, 20 di abetes nellitus
and at heroscl erosi s, anong others. Desg ~on of the Invention In
accordance with the present ijyemti® a Caryl glucoside conmpound is
provi ded whi ch has the structure“ O 0B/ 099836 | HO PCT/ US03/ 15591

HO

OH
including pharmaceutically acceptable salts thereof, all
stereoisomers thereof, and all prodrug esters thereof.

5 The compound of formula I possesses activity as
inhibitors of the sodium dependent glucose transporters
found in the intestine and kidney of mammals and is
useful in the treatment of diabetes and the micro- and
macrovascular complications of diabetes such as

10 retinopathy, neuropathy, nephropathy, and wound healing.

The present invention provides for compound of
formula I, pharmaceutical compositions employing such a
compound and for methods of using such a compound.

In addition, in accordance with the present

15 invention, a method is provided for treating or delaying
the progression or onset of diabetes, especially type I
and type II diabetes, including complications of
diabetes, including retinopathy, neuropathy, nephropathy
and delayed wound healing, and related diseases such as

20 insulin resistance (impaired glucose homeostasis),
hyperglycemia, hyperinsulinemia, elevated blood levels of
fatty acids or glycerol, obesity, hyperlipidemia
including hypertriglyceridemia, Syndrome X,
atherosclerosis and hypertension, and for increasing high

25 density lipoprotein levels, wherein a therapeutically
effective amount of a compound of structure I is
administered to a human patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided for treating diabetes and

30 related diseases as defined above and hereinafter,



HO\"-f"""/OH OH including pharmaceutically acceptable salts thereof, al
stereoi soners thereof, and all prodrug esters thereof. 5 The conpound of
formul a | woosaesses activity as inhibitors of the sodi umriapesvdastol gl ucose
transporters found in the intestine and kidney of mammals and is useful
in the treatment of diabetes and the m cro- and macrovascul ar

corpl i cat i Ofe‘vztﬁé’}eﬂh a#eéﬁéréa&uhtﬁéaiﬂyréﬁf@@@%@yamaﬁﬂtoaat Ry, nephropat hy,

and wound healing.  The present invention provides for conpound of fornula
|, phar maceutéainziohpostf | dnsomperagi Af SHERCEUTe oRpdAd2BABRESr E¥eRhods

of using SUQQf ]ﬁ%gRBEQQtiéP%Q%H%téﬂaxoknaﬁSEﬂéPa eVbENthBeapEREERt 15

invention, a e I'S provi or treating or delaying the progression
or orset of agabetsschespezibypyliypdenicandenypes| pdainbetesedi kel adi ng
conpl i catd ons _of i Sy 1 dirg ' t hy, neuropat hy, nephropat hy
and_dela?edqﬁ%%%% éééﬁéﬁg,i%n§&%§|%?e8£§%§@§§§é such as 20 insulin

resi stance (inpaiTed gpuddskohonedssasssy, ahgpeaghdiesi gpllectively
hyperinsul i neniLa, el evated bLoo el.s a cigds cerol ,
obesity, hyh@%%?%?%%n?% %P nc %%?ﬁéﬁ%y%er?%%8%y%%¥ygeﬁga¥8g?%é?%ﬁe X,

at her oscl er ogysdednte hypeet @asabbedaid fohannsseasingChigh ZBddemshby .

| i poprotein | evel s, whergj th utically effective amount of a
conmpound of Netakt uré2y ?éy"gﬁnfﬁ§§?gred to a human patient in need of

treatmentp |n addihéOBerihn-aegerdapse wEt bheheppuesenagehagentson, a met hod
is provided for_treating diabetes and 30 rel ated digegseg as defingd above
and her ei naf ¢8ploveq hefroa) 596888 PRTPIB0SF 1888¢ antidlabetlic agents

(other than SGLT2 inhibitors of formula I), one or more
anti-obesity agents, anti-hypertensive agents, anti-
platelet agents, anti-atherosclerotic agents and/or one
15 or more lipid-lowering agents (including anti-
atherosclerosis agents).
Iin the above method of the invention, the compound
of structure I of the invention will be employed in a
weight ratio to the one, two or more antidiabetic agent
20 and/or one, two or more other type therapeutic agent
(depending upon its mode of operation) within the range
from about 0.01:1 to about 300:1, preferably from about
0.1:1 to about 10:1.

25 Detailed Description of the Invention

The compound of formula I of the invention can be
prepared as shown in the following reaction scheme and
description thereof wherein temperatures are expressed in
degrees Centigrade.

30 Compound of formula I can be prepared as shown in

Scheme 1 by treatment of compound of formula II



wherein a therapeutically effective anount of a conbination of a conpound
of structure | and another type of antidiabetic agent and/or another type
of therapauwti3nyssagent such as a hypol i pidem c agent is admar/slensdito a 5
human patient in need of treatnment. The conditions, diseases, and nal adi es
collectively referred to as "Syndrone X' (also known as Metabolic
Syndrone) argpdetailed in Johannsson J. Cin. Endocrinol. Metab., 82,
727-34 (1997). 10 The term "other type of therapeutic agents"” as enployed
herein refers to one or nore antidi abetic agen Qdtther than SA.T2
inhibitors of fornula 1), one or nore antifo y agents,
anti-hypertensive agents, anti- platele ss=/anti-atherosclerotic
agents and/or one 15 or nore |ipid-Iowe Zgents (including anti -

at herosclerosis agents). In the et hod of the invention, the conpound
of structure |I of the invention w e enployed in a weight ratio to the
one, two or nore antidiabetic ageWi>20%snd/ or one, two or nore other type
t herapeuti c agent (dependi ng upon igag node of operation) within the range

fromabout 0.01:1 to about 300:1 _ﬁreferabl tron1abgut 0.1:% t o about
10: 1. 25 Det%iFRceCeaeri prrbnasf LineE PRVEAPHOARTReSRLIHEBENGUGR #Srfula | of

the inventiop. gan HextREEPSEeH, BErIENAMLH Nott hey f aldowi g d@actt@n. scheme
and description thereof whereln tenperatures are expressed in degrees

Centigrade. 30 CoRpBUREMBPURGr ffil AOTMBAR BE pVWBpSPedSad BRYGH in Scheme 1
by treatment; of £QEROHPE Phaforaukall ! W03/ 099836 PEdiWe83/ 45591 11 with

a base such as LiOH or NaOH in a solvent such as a
convenient means to purify crude compound of formula Ia

which was obtained as a mixture of o and [ anomers.
The compound of formula II can be prepared by
10 treatment of compound of formula Ia with Ac0 in a
solvent such as CH,yCl, containing pyridine and a catalyst
such as dimethylaminopyridine (DMAP) .
Ta

15 Compounds of formula Ia can be prepared by reduction
of a compound of formula III with a reducing agent such
as Et;SiH in a solvent such as 1:1 CHyCl,/MeCN at -10° in
the presence of a Lewis acid catalyst such as BF3;-Et:0.

ITT

20



1:2: 3 m xture of H20/ THF/ MeOH or agq. MeOH or aq. EtOH 5 The conpound of
formula Il (which is a novel internediate that readily crystallizes)

provi des wo @oyBni ent neans to purify crude conpound of framusoa/155@1 whi ch
was obtained as a mxture of a and f anoners. The conpound of fornula I
can be prepared by 10 treatnent of conpound of fornmula la with Ac20 in a
sol vent such as CH2Cl12 contai ning pyridine and a catalyst such as

di met hyl am nopyridine (DVAP). la HO HO\" % "//OH. OH 15 Conpounds of
formula 1a can beTBeepareaUBf PédfierTBha &f S2BoRPEEHARELVESYNERa 111 with
a reducing agegb,sd8hrras Ebapbininod sekyenh swehpgs £1prkiCH2C12/ MeCN at
-10 in the presence of a Lews acid catalyst such as BF3Et20. Il 20 WO
03/ 099836 PCIre/sp3atsBg1CcPRpodBApstindosnular AilawifhcAg2Ql trdati vel y be
prepared §r O%Eﬁgﬂeugﬂcﬂf c6QUEHLAE! bubyr f idohe 2 13061y | AHNG comppund of
formula I'll wwth Ac20 in a 5 solvent such toluene or CH2C12 containing a
base such asHumruai §' babaseroEti 3Mdml altatysystuchycis aBMERWFOt 0 generate
conmpound of I b nversi on of conpound of formula
IV to conpo%%%gg%e?oggﬁkguﬁg §gn§§gﬂggﬁiggéd by treatnment at 200
treatment wiI¥i a reduci ng agent such as Et3SiHin a solvent such as MeCN
containing 1 equiv of RO and a Lewi s acid catalyélasuch as BF3 Et20 15

10 Subsequent conversion of compound of formula IV to
compound of formula II can be achieved by treatment at
20° treatment with a reducing agent such as EtsSiH in a
solvent such as MeCN containing 1 equiv of H;O and a
Lewis acid catalyst such as BF3-Et;0.

15

- 10 -



WD 03/ 099836 Schene 1 Il Et3SiH PCT/US03/ 15591 The conpound of formula 111
can be prepared, as outlined in Schene 2, by 1) addition of a cold THE 5
sol ution o @mga3yl |ithiumof fornmula V to a persilyl at edTgisesosolact one
of formula VI in a solvent such as toluene at -75. Subsequently a nethanol
solution of a protic acid such nethanesul fonic acid (MSA) is added after
30 mn and the solution stirred at 200 géndne 110 transformati on of the
internediary lactol to Ill is conplete. WO 03/099836 PCT/US03/15591 V VI 5
TM5,0 00 TM5 OO0 TMS TMS O The corrpgund of formula VI can be prepared by
treatment of commercially avail ablgP-g "uconol actone with a sil yl ating
agent such as trinethylsilyl 2 in a 10 solvent such as THE

contai ning a base such as N | rorpho I'ine. The conpound of fornula V
can be prepared by {gestfept of conpound of formula VII with an alkyl
l'ithium such as n-BuLi ,puLi in a solvent such as THE 15 at -75. VII Br
The conpound of forrrul*%i’\VI "©Hn be readily prepared

The compound of formula IIT can be prepared, as

outlined in Scheme 2, by 1) addition of a cold THF

5 solution of an aryl lithium of formula V to a
persilylated gluconolactone of formula VI in a solvent
such as toluene at -75° Subsequently ,a methanol solution
of a protic acid such methanesulfonic acid (MSA) is added
after 30 min and the solution stirred at 20° until

10 transformation of the intermediary lactol to III is

complete.

- 11 -



by treatnent of conpound of forrmula VIII with a reducing 20 agent such as
Et3SiH in a solvent such as 1:1 CH2C12/MeCN at 00 - 20 in the presence of
a Lewi s awich3paessbyst such as BF3 Et20 . VIII - 12 WO (RITO@H83&591

PCT/ US03/ 15591 The conpound of forrmula VIII can be prepared by

Friedel -Craft acylation of comercially avail able ethoxybenzene

(phenetol e) yith 2-chloro-5-bronobenzoyl 5 chloride in a solvent such as
CH2C12 contalning an equivalent of a Lewis Acid such as A1Cl13 or AlBr3.
2- Chl or o- 5- br onobenzoyl chloride is readil egbred fromcomercially
avai |l abl e 2-chl or o-5- bronobenzoi ¢ aci d Clby eatnment with oxalyl chloride
in a solvent such as 10 CH2Cl12 cory —~g/catal ytic anmount of DMF.
Schene 2 cIl EtO0 AICI3, CH2C 2 B i H0 B VIII H M3SiC TVM5 QA0 -r- O
VIl HTM5,0,.L,,,).,~/OTM5 1) ¥ 2) MSA HO HO TMS' O OMe HOW OCH VI OH

TMS 0 0
o]
TMS:;qU//O _TMS

0
5 ™S

VI

The compound of formula VI can be prepared by
treatment of commercially available D-gluconolactone with
a silylating agent such as trimethylsilyl chloride in a

10 solvent such as THF containing a base such as N-
methylmorpholine. _

The compound of formula V can be prepared by
treatment of compound of formula VII with an alkyl
lithium such as n-Buli or t-BuLi in a solvent such as THF

15 at -75°
VII

Br
The compound of formula VII can be readily prepared
by treatment of compound of formula VIII with a reducing
20 agent such as Et3SiH in a solvent such as 1:1 CHyCl,/MeCN
at 0° - 20° in the presence of a Lewis acid catalyst such
as BF3-Et,0.
VIIT



11 15 Listed below are definitions of various terns used in the
description of the instant invention. These definitions apply to the terns
as they aw® asaeeB836t hr oughout the specification (unless theCTawss3osierw se
limted in specific instances) either individually or as 20 part of a

| arger group. WO 03/099836 PCT/ US03/ 15591 The foll ow ng abbreviations are
enpl oyed herein: Ph = phenyl Bn = benzyl 5 t-Bu = tertiary butyl M =
methyl Et = ethyl TMS = trinethylsilyl TBS = tert-butyldinethylsilyl 10
THE = tetrahydr ofTharceEReurd dpbt FormetheY ITE et e cPRgPaLERetAY e  DVF =

di met hyl for 1 —MeOH = = 0, {1 BpE = i sopropanol
HOAc or Acaf%(g%lti C acid F%%r%%lf%%gg?%gﬁgc%‘éaii -Pr2NEt =

di i sopr opy| extiyb:aniberzone Efdheretel el i Eai Aecibhppo=5-bromobenzoyl

4-di met hgl am i di = sodi ri z i 55

n- butyl | |$t h%lgnp%%ng%a?l adi uerﬁl_%n%#l%%oég%ﬂ%ﬁggtggﬁggg Srn% hydr oxi de
NaOH = sodi ieanidrbxideof a Lewis Acid such as AlCl; or AlBrs.

2-Chloro-5-bromobenzoyl chloride is readily prepared
from commercially available 2-chloro-5-bromobenzoic acid
by treatment with oxalyl chloride in a solvent such as

10 CH,Cl, containing a catalytic amount of DMF.

Scheme 2
Ci EtO
cl o OEt OEt oFt
cl d!» c d!» a 1!»
- % e (§ )~ o
Br AICI3, CHzclz Br (o] Br Li
vin Vil v

O~gt
Hop & 020 megsicl Moo & O°
_ 1)V
Hoga' 75 S o' - ™S DY
3 o 2)MsA HO
H™ ™S~ W
Vi HO
OH
1}

15 Listed below are definitions of various terms used

in the description of the instant invention. These
definitions apply to the terms as they are used
throughout the specification (unless they are otherwise
limited in specific instances) either individually or as

20 part of a larger group.
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Li OH = lithium hydroxi de K2CO3 = potassium carbonate NaHCO3 = sodi um

bi carbonate 30 Ar = argon N2 = nitrogen mn = mnute(s) h or hr = hour(
L =1literw@bo3miossem I liliter - 14 WD 03/099836 PCT/ US03/ IP€aN1IS0B/15591
mcroliter g =grams) ng = mlligram's) nol = noles 5 mol =
mllinole(s) neq = mlliequivalent RT = roomtenperature sat or sat'd
saturated aq. =m@aueaus) hPiddGrbidiiht BWeE LR Omb DGy R e ®LL: = hi gh
performance |iquid chromatography LC/ M5 = high perfornmance |iquid

chr omat ogra@y/%nﬁ;pectrorretry M5 or Mass Spec = nmass spectronetry 15
NMR = nucl ear magnetic resonance np = nelting point Unless otherw se

i ndi cated, tBre T&9nz¥bwer alkyl" as enployed herein alone or as part of

anot her groyp @20 i r@é)ﬁ%ﬁ%}?%ﬂt}fﬁrai ght and branched chai n hydrocarbons

containing 1 to 8 car he ternms "al kyl"™ and "al k™ as enpl oyed
herei n al onél®r= asetgart of another group includes both straight and

branched chain _ o1y
TMS = trimethylsilyl
TBS = tert-butyldimethylsilyl
10 THF
Et,0 = diethyl ether
EtOAc = ethyl acetate

tetrahydrofuran

DMF = dimethyl formamide
MeOH = methanol
15 EtOH = ethanol
1-PrOH = isopropanol
HOAc or AcOH = acetic acid
TFA = trifluorocacetic acid
i-ProNEt = diisopropylethylamine
20 Ets3N = triethylamine
DMAP = 4-dimethylaminopyridine
NaBH; = sodium borohydride
n-BuLi = n-butyllithium
Pd/C = palladium on carbon
25 KOH = potassium hydroxide
NaOH = sodium hydroxide
LiOH = lithium hydroxide
K,CO3 = potassium carbonate
NaHCO; = sodium bicarbonate
30 Ar = argon
N; = nitrogen
min = minute(s)
h or hr = hour(s)
L = liter
35 mL = milliliter

- 14 -
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hydr ocarbons containing 1 to 20 carbons, preferably 1 to 25 10 carbons,
nore preferably 1 to 8 carbons, in the normal chain, such as nethyl,

et hyl , premsosessepropyl, butyl, t-butyl, isobutyl, pentyCT/isess5391

i sohexyl, heptyl, 4,4- dinethylpentyl, octyl, 2,2,4-trimethyl pentyl, nonyl,
decyl, undecyl dodecyl t he vari ous branched chain 30 isoners thereof, and
the like as oups including 1 to 4 substituents such as
hal o, for exanpl ﬁé%fgﬁﬁtgf | or CF3, alkyl, alkoxy, aryl, aryl oxy,

aryl (aryl) og dl@rymxshrylalkyl aryl al kyl oxy, al kenyl, al kynyl,

cycl oal kyl, cloalif 5 Eg;loalkylalkyl, 35 cycl oal kyl al kyl oxy,
optionaliy sl stﬁ%‘u 98 ! - 15 WD 03/099836 PCT/US03/ 15591 hydr oxy,
hydroxyalkylmohcylmohékanoyl het eroaryl, heteroaryl oxy, cycl oheteroal kyl,

aryl het erpoar ar kox gonyl, het er oaryl al kyl , het eroaryl al koxy,
aryloxyafﬁyl%mg}y % g# o1g ?ﬁ | am do, al kanoyl am no, 5 aryl carbonyl am no,

nitro, cyanomthtomllmaéqahkynenttrihanaIkyI and/ or al kylthio. Unless

ot herwi se i ndj cat ed, t@ ter cloal kyl" as enployed herein al one or as
part of anotRer=gr 8t ?ﬁ@?ﬁgkgréaturated or partially unsaturated
(contai ni ng gafOoprsatdaubl eabardspdcyclic hydrocarbon groups containing 1
to 3 rings, including nonocyclical kyl, bicyclicalkyl and tricyclicalkyl,
cont ai ni ng a®fotal #@8%<3YFo 20 carbons fornming the rings, preferably 3 to

10 car borgs, @Q@ninghlﬁhgaygggcaggmahbgbaﬁﬁy be fused to 1 or 2 aromatic
rings 15 as described for aryl, which, in¢lude cycl oprop cycl obutyl,

cycl opent ylI , HRY€| 5hkgh, P%?@PBW@BF?Ilqu&élSBEPVPtogyépﬁﬁecy and
CyC|0d0decy|LC¢M§|Qhﬁ%&HYber@ormhnEé 1ibuid chromatography/mass

spectrometry
MS or Mass Spec = mass spectrometry
15 NMR = nuclear magnetic resonance

mp = melting point

Unless otherwise indicated, the term "lower alkyl"

as employed herein alone or as part of another group

20 includes both straight and branched chain hydrocarbons
containing 1 to 8 carbons, and the terms “alkyl” and
“alk” as employed herein alone or as part of another
group includes both straight and branched chain
hydrocarbons containing 1 to 20 carbons, preferably 1 to

25 10 carbons, more preferably 1 to 8 carbons, in the normal
chain, such as methyl, ethyl, propyl, isopropyl, butyl,
t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl,
decyl, undecyl, dodecyl, the various branched chain

30 isomers thereof, and the like as well as such groups
including 1 to 4 substituents such as halo, for example
F, Br, Cl or I or CF3, alkyl, alkoxy, aryl, aryloxy,
aryl (aryl) or diaryl, arylalkyl, arylalkyloxy, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,

35 cycloalkylalkyloxy, optionally substituted amino,

- 15 -



11 (~O ZL, 20 any of which groups nmay be optionally substituted with 1 to
4 substituents such as hal ogen, al kyl, al koxy, hydroxy, aryl, aryloxy,
aryl al kyl wocosabesab kyl ,  al kyl am do, al kanoyl am no, oxo, a®dT/US03/15591

aryl carbonyl am no, 25 amino, nitro, cyano, thiol and/or alkylthio and/or
any of the alkyl substituents. The term "al kanoyl" as used herein al one or

as part of 1ApptdeF, ALRWOLERIBES | @ Kylalkated | heceasdony) group. 30
The term "hal'ogen”™ or ™"hal 0" as used herein alo or as part of another
group ref er PREERIRF IR B preteraglk 0%173833%1:3%3:?@? 03/ 15591

fluorine, angd-}J0diNSq Midoshl Orhdes Sty LOTkyE, bebt@roprelelkedy, The term
nmetal ion" réfers to alkali nmetal ions _such as sodjum potassium or

li t hi um and atKaRmlleak 1 REY FRE Y bns2 HHekPTREA G gheSi ey o2 ci um  as

wel | as zi ncaﬁﬂtda Sy umn Nl ess ot heyamse tmdbratieshodieyterm "aryl™ or
Aryl" as enploye erein alone or as part of another group refers to
monocycl i ¢ dnditE sl il awieeT cabEBLipdiao containing 6 to 10 carbons in

the ring portion (such %th%\?ﬂé Phaf@phLdy! chact adh ndedenaptkpyt agd

2-naphthyl) and may optionally include one to three additional rings
fused to a canbouyesdileréiny kore het erdyalrt cof i peetReEhIradPar vyl |

cycloal kyl, NetRroarVl, @l £yeh ohetsioal vy ringsculaclar (eXammigidy 1

10 or 2 double bonds) cyclic hydrocarbon groups containing 1
to 3 rings, including monocyclicalkyl, bicyclicalkyl and
tricyclicalkyl, containing a total of 3 to 20 carbons
forming the rings, preferably 3 to 10 carbons, forming
the ring and which may be fuéed to 1 or 2 aromatic rings

15 as described‘for aryl, which include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclodecyl and cyclododecyl, cyclohexenyl,

@l%%@gg

any of which groups may be optionally substituted with 1

20

to 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryvloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamino, oxo, acyl, arylcarbonylamino,

25 amino, nitro, cyano, thiol and/or alkylthio and/or any of
the alkyl substituents.

The term "alkanoyl" as used herein alone or as part
of another group refers to alkyl linked to a carbonyl
group.

30 The term "halogen" or "halo" as used herein alone or

as part of another group refers to chlorine, bromine,

- 16 -



20 and may be optionally substituted through avail able carbon atons with
1, 2, or 3 groups selected from 25 hydrogen, hal o, hal oal kyl, al kyl,

hal oal kyl woad3kessge hal oal koxy, al kenyl, trifluoronethyl, ram/ddososomet hoxy,
al kynyl, cycl oal kyl -al kyl, cycl oheteroal kyl, cycl oheteroal kyl al kyl, aryl,
heteroaryl, arylal kyl, aryloxy, aryloxyal kyl, arylal koxy, al koxycarbonyl,
30 aryl car bagnylor ey aldemdai s REcAH komd@imd oar§lddeine -beihg WO

03/ 099836 PCT/ US03/ 15591 arylsul finyl, arylazo, heteroarylal kyl,

het er oar y| al&RATTatet er oaryl het eroaryl, heteroaryl oxy, hydroxy, nitro,
cyano, am no, subgid tuged BRENOL Whaeifesdhe W dd T hustes] 1 drs 2
substituents (which are alkyl, 5 aryl or any of the_other_ aryl conpounds
ment i oned i Hudke asdefadHi U orRItagHiB ol kiR ang yfr]t]Tﬁjol,n%e%aé? ryl thio,

aryl thiogl kﬂet;caail lﬁ_@ﬁ/sarl di s R LA  caBEMhgardOnydil as zinc

al kyl am nocarbonyl, aryl am nocarbonyl, al koxycarbonyl, am nocarbonyl,
al kyl car bonyrgkylumgiramyl car bonyl oxy, al kyl car bonyl ani no,

aryl car bonyl am ngy s arylsuldimle Al stldd AR kidan arbh sl fopyl am no and

aryl sul f onam nocar or any of the alkyl substituents set out
herei n. Unl essydt'hersniagepl ot d dhaxein el anrg rer |amerasl kokyanothsr » gl koxy",

“aryl oxy" or_"aral koxy" hergld nes or Ppard t her
group incl uc?ersoufnylkeo%(él]{%géo gﬂggl\’/cgégg%k{he, ar a]?JEé _or a?%group%}?%ed to an
oxygen 18t omorltd iesisnatherav 5@ dardbaes eidy thee 1iran Poowern 20sedikyas hi 0",
al kylthio", "“arylthio" or "aral P Q" 3 rei r as
part of anot%?;g’g]r OOle;b napht}?yf Jlfryéf\pcﬁﬂlg ap nm}%yfdam £ ﬂa&%%?

and may optionally include one to three additional rings

fused to a carbocyclic ring or a heterocyclic ring (such

as aryl, cycloalkyl, heteroaryl or cycloheteroalkyl rings

15 for example

(o) = ro / X / AN

T R Ve (3
\l r \I o _\ r o ! S

T ST OG-, I

/ N S I = &1 -
<oj© :°=<0D , <o A2 . wNF

>, O, G- L)

_ - e !

S P ’ N\ - ’ N/ L e d o X s

and may be optionally substituted through available

20

carbon atoms with 1, 2, or 3 groups selected from

25 hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl, trifluoromethyl, trifluoromethoxy,
alkynyl, cycloalkyl-alkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryloxy, aryloxyalkyl, arylalkoxy, alkoxycarbonyl,

30 arylcarbonyl, arylalkenyl, aminocarbonylaryl, arylthio,

- 17 -



I ncl udes any of the above al kyl, aral kyl or aryl groups |inked to a sulfur
atom The term "pol yhal oal kyl" as used herein refers to an 25 "al kyl"
group as derormegssabove which includes from2 to 9, prefermalysoBnsan2 to 5,
hal o substituents, such as F or O, preferably F, such as CF3CH2, CF3 or
CFBCFZCHZ. The term™" poI yhal oal kyl oxy" as used herein refers to an

"al koxy" or 5\ @hky1®0hy 19! ey laszdefidted-clge Mhrch 30 I ncludes from2 to
9, preferablyfrom2t05 hal substltuents such For JecP&eferably

F, such as hereaapaylerdemrl CRRSeEd L B Ram Y 'pr

enpl oyed hergjft-qhclides, esd &%rn% AnghiGa, b@iﬁisﬁlﬁltf@i’é&dalﬁhcﬁ edcdidich one or
35 nore hydroxyls of conmpounds of formula | with alkyl, - 18 03/ 099836

PCT/ US03/ 1539 akimey instlugss kystd tSlHk{ﬁi:Jé'é’ﬁIH%Ef ngiEEhtaT R ng

procedurgs kpown 4,0 LRoser skid |&hd:n 4RE Admduraananat € odset sl esh
pi val ates, nethyl carbonates, benzoat esﬂg—nd tnhﬂe like. In %ddl tion, E?)rodrug

esters whi clqieeﬁ’-léllmilms)l n o5 @lklgrhicar Foesd il an P Hor i ki d

esters such t I t | es of such
prodrug este?@ nc u f e Oé%ea[mat—l}gl?%?di}lg?}l&bm CQ2CHz- , or O I

C2H5000CH2 |arya|¢anbo(r®43,) mﬁwm@r@qa@@mﬂpomkﬁmm@%xmwl are in acid

form alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,

10 arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino and
arylsulfonaminocarbonyl and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower alkoxy",

15 ralkoxy", "aryloxy" or "aralkoxy" as employed herein
alone or as part of another group includes any of the
above alkyl, aralkyl or aryl groups linked to an oxygen
atom.

Unless otherwise indicated, the term "lower

20 alkylthio", alkylthio", "arylthio" or "aralkylthio" as
employed herein alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur atom.

The term "polyhaloalkyl" as used herein refers to an

25 "alkyl" group as defined above which includes from 2 to
9, preferably from 2 to 5, halo substituents, such as F
or Cl, preferably F, such as CF3CHyz, CF3 or CF3CF2CHz.

The term "polvhaloalkyloxy" as used herein refers to
an "alkoxy" or "alkyloxy" group as defined above which

30 includes from 2 to 9, preferably from 2 to 5, halo
substituents, such as F or Cl, preferably F, such as
CF3CH20, CF30 or CF3CF2CHR0.

The term "prodrug esters" as employed herein
includes esters and carbonates formed by reacting one or

35 more hydroxyls of compounds of formula I with alkyl,

- 18 -



they may form a pharmaceutically acceptable salt such as al kali netal
salts such as lithium sodiumor potassium alkaline earth netal salts
such as cwloco3ieysss magnesi um as wel |l as zinc or al um numpTduseBhewicat i ons
such as 15 ammoni um choline, diethanolamne, lysine (D or L),

et hyl enedi am ne, t-butylam ne, t-octylamne, tris-

(hydrﬁxerFt @wﬁw,go(rﬁ f’a’:ﬁlﬂd E)smsﬁ?itu&éﬂﬂtdbﬁflﬂimsﬁ@m@ érhihre)f %ing |
tri et hanol am ne an ehydr oabi et yl am ne. . st ereoi soners of the compoun
of the inst &ROCSHEST dMTGh té’re%b%?ﬁ eﬁﬁﬁt%%,l%iﬁh%ra¥5 AR Br i n

pure or subsiantdiald y pure ftddn mdenenrmassithods | heen psesentandvieng i on can
have asymmetric centers_at any of the carbon atons incl ulgljén‘gréan &rl]e of
e xSt

the R subst iltident s. In @kt IRECEHHRILTT WotThil 3T % 25

enanti ongri G fHALBNEORRTIE 41 IBhHphdrue X4 i @Ses t&0E e9lich The processes
for preparation can utilize racemates, enantioners or diastereoners as

starting n@estval.s. etimeh dpersgel efbrike o1 %ant i oneric products are
prepared, they canhg sepasatadibycomentdonals S0 reabods for exanpl e,
chromat ographic or fractional crystallization. - 19 WD 03/099836
PCT/ US03/ 15594 %UkREr € desi CBeEO§he compolin@ 6o eTct ureed may be used in
conbi nation with one or nore o¢ther types of antidiabetic agents and/ or one
or nore other types of therapempic agents which may be administered orally
in 5 the sanme dogage form in a separate oral dosage formor by injection.
The ot her typ#:8¢0QHaTT di abeti c agent which nmay be optionally enployed in
conbination with the SGT2 inhibitor of formula | may be 1,2,3 or nore
antidi abetic

10 Where the compound of structure I are in acid form

they may form a pharmaceutically acceptable salt such as
alkali metal salts such as lithium, sodium or potassium,
alkaline earth metal salts such as calcium or magnesium
as well as zinc or aluminum and other cations such as

15 ammonium, choline, diethanolamine, lysine (D or L),
ethylenediamine, t-butylamine, t-octylamine, tris-
(hydroxymethyl)aminomethane (TRIS), N-methyl glucosamine
(NMG), triethanolamine and dehydroabietylamine.

All stereoisomers of the compound of the instant

20 invention are contemplated, either in admixture or in
pure or substantially pure form. The compound of the
present invention can have asymmetric centers at any of
the carbon atoms including any one of the R substituents.
Consequently, compound of formula I can exist in

25 enantiomeric or diastereomeric forms or in mixtures
thereof. The processes for preparation can utilize
racemates, enantiomers or diastereomers as starting
materials. When diastereomeric or enantiomeric products
are prepared, they can be separated by conventional

30 methods for example, chromatographic or fractional

crystallization.
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10 agents or antihyperglycenm c agents including insulin secretagogues or
insulin sensitizers, or other antidiabetic agents preferably having a
mechani smwaX 03/@et3s on di fferent from SG.T2 inhibition and rrayr/uSvelissde

bi guani des, sulfonyl ureas, glucosidase inhibitors, PPAR 15 y agoni sts such
as thiazolidinediones, aP2 inhibitors, PPAR OCy dual agonists, dipeptidyl
pfeptl daseI !?(/ (Wﬁh%félme%gét_%ﬁ,j ﬂ%ﬁ%&nﬁ@%ﬁ%?éﬂiMuctlaﬁré\ei Imag basul in,

gl ucagon-1like peptide-1 | -1), | i nhibitors, cogen phosphoryl ase
i nhi bi tors &HFbriny IRELB PPHHESThARRE T ﬂh?“b?t%‘?%gr %%g%? h@g t)?pesyof
therapeuti c Ageni St £ JPnhe artPldonshd Yo b oy eskhar coppeaasi on with

the SGT2 inhibitor of formula I include anti-obesity agent

ant i hyper t eridiaraRgnt s, a%ah 1| @R Mg & s"’}dIQJSma%W%?‘?\e?B%]ijr%r%?i c agents
and/or | ipi dcﬂ{%é‘%@%ﬁ Storm e PG TdehiPd B t OFa Df ad S5 G| Potm ey al so be

optional 'y enployed in conbination with agents for treating conplications
of di abet es.byTHexkedygedts i ncl ude PKC inhibitors and/or AGE inhibitors. 30

It is believed that, the,ise glethe LOMPNGeOfc Sisict UrRidn i MagoBdi nati on

with 1, 2, 3 or nore other aﬁ%i I abetic agents produces anti hyperglycenic
results gregtterondialy téralensdi bt ecomoinabien ofl thetlee nEehEaments - 20 WD

03/ 099836 PCTAIS0/A559L alone and preaers (han shensppbipefandditie anti-

hyperglycem'cr1 ( se nedi canents. The other antidiabetic
agent ndY beagemtos abr amtilyperglycenc agentspiettudbry dngigiani de such

as 5 metf orfm .ol ggel% raoe nir?éufﬂjxtgeﬁg'fi[_f?érs Pr&i egehly metformn HCL
antidiabetic agents preferably having a mechanism of
action different from SGLT2 inhibition and may include

biguanides, sulfonyl ureas, glucosidase inhibitors, PPAR
15 vy agonists such as thiazolidinediones, aP2 inhibitors,

PPAR o/y dual agonists, dipeptidyl peptidase IV (DP4)

inhibitors, and/or meglitinides, as well as insulin,

glucagon-like peptide-1 (GLP-1), PTPIB inhibitors,

glycogen phosphorylase inhibitors and/or glucos-6-
20 phosphatase inhibitors.

The other types of therapeutic agents which may be
optionally employed in combination with the SGLT2
inhibitor of formula I include anti-obesity agents,
antihypertensive agents, antiplatelet agents,

25 antiatherosclerotic agents and/or lipid lowering agents.

The SGLT2 inhibitor of formula I may also be
optionally employed in combination with agents for
treating complications of diabetes. These agents include
PKC inhibitors and/or AGE inhibitors.

30 It is believed that the use of the compound of
structure I in combination with 1, 2, 3 or more other
antidiabetic agents produces antihyperglycemic results

greater than that possible from each of these medicaments
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Where the other antidiabetic agent is a biguanide, the conmpound of
structure | will be enployed in a weight ratio to biguanide within the
range frowoais@mees3f. 01: 1 to 10 about 100: 1, preferably fromcaases/18891: 1 to
about 5:1. The other antidiabetic agent may al so preferably be a sulfonyl
urea such as glyburide (also known as glibenclamde), glinepiride

(di scl osed igndheS arRpt@ta g tHhs #hd BmbDhéPi Zddler i @b i oboizt de or
chl or propam de, 15 ot her known sul fonci/l ureas or. other antihyperglycenm c
agents whi cyRerohy ¢Hel AT Rpeh Y JreThdng CE?:IE%/{F)%S with

gl yburide and gl iiZigiendei 10 iafiwst e, agait Ghayaye ben asiani stered in the
same or in separate oral dosage forms._ 20 The conpound, of structure | wll
be enpl oyed am: HYRRFFGHICITREG FIG T RESEAFIAWY dreoienide FUYe2From about

0.01:1 tg ahgutr 10X, ot &L AhkY: f rom about Ohrdot 0 pAbestardDy 1. The oral
antidi abetic agent may al'so be a 25 glucosidase inhibitor such as acarbose
(di scl osed imptf@mipd&Ent No. 4,904,769) or miglitol (disclosed in U.S.

Patent No. 4, 639,vﬁ§e®? Wi ey Do AL St er gtk 1hey SoEaRLadn a

separate oral dosage forns. The conpound of structure | wlT be enployed in
a 30 wei ghtthatdomaeindeo §lsicositase T il bl tloe spheyed hen g avgied®E om

about 0.01: ' t..:100: 1. - pr I r baut At t-50: 1.
The conpoun %t?logilt?guc]?%@ga %yﬁ%@mﬁée@%ﬁ co%%@?%n@w@?ﬁyatiPAR y
agoni st 1fuchalasuta L0Q@:11, WO €3¢:089088 65 RAT/ USOSE 165011 t e azleditdi heli one or al

At fravet e a0efle efliClne | ML S SNSLAL ALY 410D bR By HBU! 11
a sulfonyl urea such as glyburide (also known as
glibenclamide), glimepiride (disclosed in U.S. Patent No.
4,379,785), glipizide, gliclazide or chlorpropamide,

15 other known sulfonylureas or other antihyperglycemic
agents which act on the ATP-dependent channel of the -
cells, with glyburide and glipizide being preferred,
which may be administered in the same or in separate oral
dosage forms.

20 The compound of structure I will be employed in a
weight ratio to the sulfonyl urea in the range from about
0.01:1 to about 100:1, preferably from about 0.2:1 to
about 10:1.

The oral antidiabetic agent may also be a

25 glucosidase inhibitor such as acarbose (disclosed in U.S.
Patent No. 4,904,769) or miglitol (disclosed in U.S.
Patent No. 4,639,436), which may be administered in the
same or in a separate oral dosage forms.

The compound of structure I will be employed in a

30 weight ratio to the glucosidase inhibitor within the
range from about 0.01:1 to about 100:1, preferably from
about 0.5:1 to about 50:1.

The compound of structure I may be employed in

combination with a PPAR Y agonist such as a
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effect in NIDDM patients) such as troglitazone (Warner- Lanbert's
Rezulin(r), disclosed in U S. Patent No. 5 4,572,912), rosiglitazone (SKB),
pi ogl i t azeweo3(odgiseda), M tsubishi's MCC-555 (disclosed i rrdd/i&o3stoent No.
5,594, 016), d axo-Wel cone's G.-262570, englitazone (CP- 68722, Pfizer) or
darglitazone (CP-86325, Pfizer, isaglitazone (MT/J&J), JTT-501

(JPNT/ P&Y) , 118200451 1 HE (M€ Kna R-all 7 Qi {iseaiticy cddlin e NN @3k (Dr .
Reddy/ NN), or YM 440 (Yanmanouchj), K preferably, rosjglitazone and
pi 0gl i t azone-NSHHE-Te FRFHNG 71 St MR 35 @1 | 1T eI SR TV BY wei ght

ratio to thedhiazald dinad Qe idhad) auitad dkbdl i ddzde (Wgeef+ om about
0.01:1 to about 100:1, preferably fromabout 0.2:1 to about 10:1. The
sul fonyl ur derdret it ' Restuldintbdi liapeghounts S -ofPatest than about 150 nyg

oral ant icdi i nt : PE rd G P ed .4 i t jth the
corrpoundlsof aggﬁs 'r%lg%a’u’r e]![BIas}:/l eté}:orrpou(;g o)f' .s%%%%%%&mﬁ%%wbé
enpl oyed i n Micoadiirsdti 'on MGQAHP 3 Ghitshgred| e dhi 2. NN as  insulin

o i SISO IGi PRI A sieh s Ol e
5,614,492 t cemenatiizde af sEmsUreainehi@h-§&32ncorpozared herein by
be. adni ni 61 B U AR R N o TRy ArEEa L o2y 1T Shsdbr o4y buccal
devi ces.1030 (\mafcﬁ;)p,_r st 97 ot fsnmﬁiyp/_m_h)e,_ SN 234 Limeasl,%e;écﬂm/fNN)a,s or
o your e, SLUTERL! LS SN TSt e IS, b prapen e end
(i njectabl e,piquilimnesye. buccal , or oral) may be enployed in - 22
The éompound of structure I will be employed in a
weight ratio to the thiazolidinedione in an amount within
15 the range from about 0.01:1 to about 100:1, preferably
from about 0.2:1 to about 10:1.
The sulfonyl urea and thiazolidinedione in amounts
of less than about 150 mg oral antidiabetic agent may be
incorporated in a single tablet with the compound of
20 structure I.
The compound of structure I may also be employed in
combination with an antihyperglycemic agent such as
insulin or with glucagon-like peptide-1 (GLP-1) such as
GLP-1(1-36) amide, GLP-1(7-36) amide, GLP-1(7-37) (as
25 disclosed in U.8. Patent No. 5,614,492 to Habener, the
disclosure of which is incorporated herein by reference),
as well as AC2993 (Amylen) and LY-315902 (Lilly), which
may be administered via injection, intranasal, or by
transdermal or buccal devices.
30 Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
chlorpropamide and gliclazide and the glucosidase
inhibitors acarbose or miglitol or insulin (injectable,

pulmonary, buccal, or oral) may be employed in
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WO 03/ 099836 PCT/ US03/ 15591 fornul ati ons as descri bed above and in anmounts
and dosing as indicated in the Physician's Desk Reference (PDR). Were
present, wetdoowvadn or salt thereof may be enployed i n ampromssodisdoin t he
range from about 500 to 5 about 2000 ng per day which rmay be adm nistered
in single or divided doses one to four tines daily. Were present, the
: Ei azol i di P@ﬁx@ﬂﬂgmtdnsdia@eidsc;jmtam;e kendenipl ayeslin s aaedindss imgd hi n

e range from, about 0,01 tq ahqut 2000 ngy/da ich may b m ni st ered
10 in singl @S ngiiradss &Gbéﬁ“eoﬁgnf%lqjﬁﬂ n%]?ﬁe%( \Q%f%?}?ge V\ﬁPer present
insulin may be empledyedridserdtor Mitatdons ANBHIES tansk-sSimg dse i ndi cat ed

by the Physician's Desk Reference. Were present_ G.P-1. peptides may be
admi ni st er eGUROYES FrnPUREE idrhd dthonendy #ﬁ%la%m%(gfr% i on or

par ent er 8l | yias (deswd bR ddtr Uay Rat@ntndNp e Saddth idderdd it aditedle
5,614,492 and 5,631, 224 which are incorporated herein by reference. The
ot her anti diofbetivedasbriosfsy e ddet W PPARST dabky qual ~ agoni st such as

AR-H039242 ( ASt T $Z8NEGHes ¥ 4095441 {3 S1x0a Medd LoH) an KRR2OTLAKY®T i N

Merck) as well as those disclosed by Murakam et al, "A Novel _Insulin
Sensitizer s Anya eolenpimy b riParymem Privtt fidratraree A Vat ed

Recept or Al pha, ({PRAR 1l iﬁﬂ@' TR GRER, Wil h8F oM BRAR &t &hag
Activation on Kf)ﬁ?ﬁ?ﬁ tlt_gl%?b Met aboII?géam in V\Ir_i ver O%;Zucker Fatty Rats",
Di abet ed047,in k84151847 (Aigoigied arbeh WS, tRriginiolees appr i ¢ i on No.

0O/ 155,400, 11| edy Sent SHhere 22 58900 (BY A0 UnTibiealfi29) the disclosure

of which is incorporat erein erence, enploying dosages as set
out therei n,fodridiat icompowmmsinss | gratdes g pef adep @ pretlered for

use. Physician's Desk Reference.

Where present GLP-1 peptides may be administered in
15 oral buccal formulations, by nasal administration or
parenterally as described in U.S. Patent Nos. 5,346,701
(TheraTech), 5,614,492 and 5,631,224 which are

incorporated herein by reference.

The other antidiabetic agent may also be a PPAR /Y

20 dual agonist such as AR-HO039242 (Astra/Zeneca), GW-409544
(Glaxo-Wellcome), KRP297 (Kyorin Merck) as well as those
disclosed by Murakami et al, “A Novel Insulin Sensitizer
Acts As a Coligand for Peroxisome Proliferatiom -
Activated Receptor Alpha (PPAR alpha) and PPAR gamma.

25 Effect on PPAR alpha Activation on Abnormal Lipid
Metabolism in Liver of Zucker Fatty Rats”, Diabetes 47,
1841-1847 (1998), and in U.S. provisional application No.
60/155,400, filed September 22, 1999, (attorney file
LA29) the disclosure of which is incorporated herein by

30 reference, employing dosages as set out therein, which
compounds designated as preferred are preferred for use
herein.

The other antidiabetic agent may be an aP2 inhibitor
such as disclosed in U.S. application Serial No.

35 09/391,053, filed September 7, 1999, and in U.S.
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herein. The other antidiabetic agent may be an aP2 inhibitor such as
disclosed in U S. application Serial No. 35 09/391,053, filed Septenber 7,
1999, andwion3wIR3c- 23 WO 03/099836 PCT/ US03/ 15591 provi sicamedo3apli cati on
No. 60/127,745, filed April 5, 1999 (attorney file LA27*), enploying
dosages as set out herein. Preferred are the conpounds designated as
preferred i i fhaver appbi tedi o Mo Theo ptdter7em) | £1 bhetAsr Bpent may be a
DP4 i nhi bi tor such as disclosed in V\l)99/ 38501, W099/46272, W99/ 67

( PROBI ODRUG)L 9 3R 9t trazeey PREE e ) Mo Eavid (P oo St DPP728A
(1-[[[2- [(51ﬁ%§989yr'§ﬁéfé%red are the compounds designated as

yl ) am no] et hyl | am no] acetyl ] - cyano (S) %/rrol idine) 10 (Novartis)

(pref erred) RIseffEegdsEy Wl-ﬁ}@fh‘é% BPdchem stry, 38(36),

11597-11603, 1999, J e 2o antldlabetlc agent ma; be a DP4 inhibitor

(tryptophyl -1, 2,3, 4-tetrahydroi soqui nol i ne- 3- car lic acid édisclosed by
Yamada et alsuﬁlmgﬂlﬁlwdmnwoﬂ;éﬁwk (W@%%/ﬂ 537 . 1839/ 67

2- cyanopyrro r Ashwort h et
Rl (ERUEESDRRG) & i3 SYEPOPYT (SO ORYGP, diged peeasly /s

D745-2748 (1GEBQBE®@RI®) ngV‘dE)slag%EZ&Zs éb’c[b[ﬁ [ﬁfgwanw&d%%f&ences The
meglitinide thl%ay a&jfﬁ%ﬂg%b ,g%rp oye i 0o- 28) Cﬁ@f&ﬂi&ﬂ@e)’“th t he

conmpound of :%or e repaglinide, nateglinide
(Novartil) ofNowARIRP0 (PFéKessed), aw@h%bap‘agﬁﬂl}m’déugﬂ@éﬁgebr@lerred The

megl i t1 i de. S RARY Sgohi o° (hhr PBa5 e B8 PO o s 2 M i tor or
DP4 i nhi bi to(tw@ﬂ:tbpshyhel rmm};e4JFtemabpcﬂtroﬁ)s@quim®bllaeoﬁutcal©bom/lp¢ef erably
acid (disclosed by Yamada et al, Bioorg. & Med. Chem.
Lett. 8 (1998) 1537-1540, 2-cyanopyrrolidides and 4-
15 cyanopyrrolidides as disclosed by Ashworth et al, Bioorg.
& Med. Chem. Lett., Vol. 6, No. 22, pp 1163-1166 and
2745-2748 (1996) employing dosages as set out in the
above references.
The meglitinide which may optionally be employed in
20 combination with the compound of formula I of the
invention may be repaglinide, nateglinide (Novartis) or
KAD1229 (PF/Kissei), with repaglinide being preferred.
The SGLT2 inhibitor of formula I will be employed in

a weight ratio to the meglitinide, PPAR Y agonist, PPAR

25 o/y dual agonist, aP2 inhibitor or DP4 inhibitor within
the range from about 0.01:1 to about 100:1, preferably
from about 0.2:1 to about 10:1.

The hypolipidemic agent or lipid-lowering agent
which may be optionally employed in combination with the

30 compounds of formula I of the invention may include 1,2,3
or more MTP inhibitors, HMG CoA reductase inhibitors,
squalene synthetase inhibitors, fibric acid derivatives,
ACAT inhibitors, lipoxygenase inhibitors, cholesterol

absorption inhibitors, ileal Na'/bile acid cotransporter
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fromabout 0.2:1 to about 10:1. The hypolipidem c agent or |ipid-Iowering
agent which nay be optionally enployed in conbination with the 30
conpoundswafo3foessssl a | of the invention may include 1,2, 3 pcavusenssoMrP

i nhi bitors, HMG CoA reductase inhibitors, squal ene synthetase inhibitors,
fibric acid deri vati ves, ACAT inhibitors, |ipoxygenase inhibitors,

chol est erol ; - AR$AMNALON JIWH I TR s |d§§lDLN@c€dé1:liﬁna(‘adi:ﬁﬂiI’d’ya,nsmrd er - 24
WO 03/ 099836 PCT/ USOS/ 15591 1 nhi bjitors,, uprequl at ors of % recept or

activity, bicdd seiCHesdRssts amisl/ o digotHitst iaqid a9 AR i ves

thereof. MIRyjJhiJH tors enployed herein include MIP 5 inhibitors disclosed
in US Patent No. 5,595,872, U S _ Patent No. 5,739,135, U S Patent No.
5,712,279, U S MER dathilpltoysygomdayediereiq dmcgle 8187, 875, U S,

Pat ent 8. 983 ang 1115, AP GAld Omb-SekialndNo.5 , 09 155 189, 4 | ed
Cct ober Ngo nggjl now U Sé.é Pasf ent No. 10 5, 962, 440. Preferred are each of

the preferr é’ditMﬂt th|5b|7[309r sliﬁ,sdJ&ecPartrﬁl’é‘aé\?P of2 t'He? abble Ppatent s and
appl i cati Onéjaher e 1 t hje ARPVE, %r .E!Datlz%[ge'ia@% appditaliony af e

i ncor porate r'efer'ence. The hy pi dermic’ agent’ nmay be an HVG CoA
reduct ase Fatianii lNCE or5 M P § halndlds., S btﬁpﬁjslqﬁﬁlq’ﬁ nfeweht dlo- nevastatin

?SSa;?!a?} ﬁd(o Vi ndll afslP C(%&tsei%ll ?o#p?ugniagﬁlgﬁbse%éé&sﬁ Pat ent
No. 4,230, 938, 962pr4aamstanmfambd el eshdompburts mrferredide? osed in 20
U S,y FRUEI Mgk B0 2o pl RSt i Tl comaunds g ol sol osed
al so be the applications. All of the above U.S. Patents and
applications are incorporated herein by reference.
The hypolipidemic agent may be an HMG CoA reductase
15 inhibitor which includes, but is not limited to,
mevastatin and related compounds as disclosed in U.S.
Patent No. 3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in U.S. Patent No. 4,231,938,
pravastatin and related compounds such as disclosed in
20 U.S. Patent No. 4,346,227, simvastatin and related
compounds as disclosed in U.S. Patent Nos. 4,448,784 and
4,450,171. The hypolipidemic agent may also be the
compounds disclosed in U.S. provisional application nos.
60/211,594 and 60/211,595. Other HMG CoA reductase
25 inhibitors which may be employed herein include, but are
not limited to, fluvastatin, disclosed in U.S. Patent No.
5,354,772, cerivastatin disclosed in U.S. Patent Nos.
5,006,530 and 5,177,080, atorvastatin disclosed in U.S.
Patent Nos. 4,681,893, 5,273,995, 5,385,929 and
30 5,686,104, atavastatin (Nissan/Sankyo’s nisvastatin (NK-
104)) disclosed in U.S. Patent No. 5,011,930, Shionogi-
Astra/Zeneca visastatin (ZD-4522) disclosed in U.S.
Patent No. 5,260,440, and related statin compounds
disclosed in U.S. Patent No. 5,753,675, pyrazole analogs

35 of mevalonolactone derivatives as disclosed in U.S.
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conpounds disclosed in U S. provisional application nos. 60/211,594 and
60/ 211, 595. O her HMG CoA reductase 25 inhibitors which may be enpl oyed
herei n i nelouad®oodseit are not limted to, fluvastatin, di sHEED3i1FEU. S.
Patent No. 5,354,772, cerivastatin disclosed in U S. Patent Nos.

5, 006,530 and 5,177,080, atorvastatin disclosed in U S. Patent Nos.

4,681, 893, 552L3c9%R. 2,383,949 ,ancRBAhed B8R0 ,cHM o Bianasidid Ihctone

(Ni ssan/ Sankyo's nisvastatin (NK- 104)) disclosed in U S.  Patent .

st), 011, 930, ShirdNe§ilvesstra/Zerdesar dastAT RUPAB SN &%&%&g&ﬁl\éﬂ U. S.
atent No. 3, 260,448,374, I %@qcﬁt_@ hA ) CQNQM fH-sclasad 409 U. S.

Pat ent No. g %%3,(%%5,8 pyrazol € "anal Qgts_ly?? of _m\?g%ornol actone_derivatives as

di ch osed i deyisatives themeefesesEs edpagshim b Eatant NR- 4, 613, 610,

i ndene agal 9Qgs »6f val _Agdovaty vesassdisalased in PCT

appli ca??on%\%élgws _43§fgéqj&%[ct25?§u£?’igt5vuf(eq- pyrrol -1-yl)-al kyl) pyran- 2- ones
and lderi vapenganeidéodef sas didssliopdd e dishlmpgeaneis:e 5 YIsPZ Sirs,

Searl e's SC-45 ( - t it ut ent j O i hvative

di chl or oacetaé’taé,%%ism%cfzzno%q%idanr?a a%so o] %nsg\%%o%oclfsa%o%eq%T di scl o?sed in PCT

gpp! i c?_ti on amlg@aaw,woswmw,zshm@w%ﬁmom@mm%— acid
erivatives ?]ls?tsé%l%%{;%fg%ej!d1 @r%%a@ig?és?%fsoéﬁ%od%eégﬁl %%nCh P(ﬁtsec

2, 3-di subst S furan an ene rivatives as tosed in
Eur opean0 Patent 2 A9 i3, on Nali 028025, tavhphtind Leanalwegn oind

revalonol actone il L ARRLIR S S AN 1Py S AT pocopt o o
ket o anal ogaypfl ireMdinal iNo. (d2MsstSt ingplashydi solaolsegk i Eur opean Pat ent
Application mewf%l%’n% 2a’c 406neA2és idscqluoisneod iinne Uamaﬂ p@/a{t‘ledrlltn E‘L\Tcgi € rivatives
4,686,237, octahydronaphthalenes such as disclosed in
15 U.S. Patent No. 4,499,289, keto analogs of mevinolin
(lLovastatin) as disclosed in European Patent Application
No.0,142,146 A2, and gquinoline and pyridine derivatives
disclosed in U.S. Patent No. 5,506,219 and 5,691,322.
In addition, phosphinic acid compounds useful in
20 inhibiting HMG CoA reductase suitable for use herein are

disclosed in GB 2205837.

The squalene synthetase inhibitors suitable for use
herein include, but are not limited to, o-phosphono-
sulfonates disclosed in U.S. Patent No. 5,712,396, those

25 disclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
No. 10, pp 1869-1871, including isoprenoid (phosphinyl-
methyl)phosphonates as well as other known squalene
synthetase inhibitors, for example, as disclosed in U.S.
Patent No. 4,871,721 and 4,924,024 and in Biller, S.A.,

30 Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1996).

In addition, other squalene synthetase inhibitors
suitable for use herein include the terpenoid
pyrophosphates disclosed by P. Ortiz de Montellano et al,

35 J. Med. Chem., 1977, 20, 243-249, the farnesyl
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disclosed in U S. Patent No. 5,506,219 and 5,691, 322. In addition,

phosphi ni ¢ acid conpounds useful in 20 inhibiting HMG CoA reduct ase

sui t abl e waro3usessterein are disclosed in GB 2205837. The Mjuesoenssol

synt hetase inhibitors suitable for use herein include, but are not limted
to, a-phosphono- sulfonates disclosed in U S. Patent No. 5,712,396, those

1869- 1671, | AR SO S opt oet T (DhOph Tyl et L) Ahoepnonates. as. vl

- , including isoprenol phosphi nyl - net osphopates as well a
ot her known BEuamerde©Iss At t?e‘t%é’%‘?ﬁﬂik& t%glrse,yfad?‘{“e/‘@rpﬁa‘?teé,)' - dt%cl osed in >
U'S. Patentohla,. 4371, 7dh@ndel, 9b 020 and ot ieflpkbdohordes
Neuenschwander, K., Ponpi pom MM, and Poulter, CD., re

Phar maceut i gEPBEsihRY 2MCClausl( 196) . Padd] 4 oS ot I‘Fe?%%'qﬁ—%'ne

synt het age gy DiLy %y&%ﬁﬁglﬁlé@rréﬁ&c&@m ddsdatde + he. ! erenoi d

pyrophosphat es di scl osed by tiz de Montellang et al, 35 J. Med. Chem,
1977, 20, 248y tatieonarfits) 198 Iys/MebesdescT/Uses dsHo1

diphosphat ¢ ,304l,00.4 UL ek ANy qphospnale, (RS0 PRis-ang ogs as
di scl osed by rey and Volante, J. Am em Soc., 1976, 98, 1291-1293,

EBSSp?,i nyl plosplzonat es reported by MCard, RW et al, J.ACS. , 1987,
Sone, 1557 toe, PRI IRy bt P Ty g, TR Saay Lol o0
RATREAT Sy i ooy vl s A S A
ag fenofi bras[uec,h fesm?egr%oo%]?%fé%’oféf%}réajﬁrgjfégjble’z:';ﬁ ?la}?%égec?gg;lﬂ)lr\ész sueh
cl i nofi br at éewaF ittheatte kegiprofibrate, clinofibrate and the like,
probucol, and related compounds as disclosed in U.S.
Patent No. 3,674,836, probucol and gemfibrozil being
15 preferred, bile acid sequestrants such as cholestyramine,
colestipol and DEAE-Sephadex (Secholex®, Policexide®), as
well as lipostabil (Rhone-Poulenc), Eisai E-5050 (an N-
substituted ethanolamine derivative), imanixil (HOE-402),
tetrahydrolipstatin (THL), istigmastanylphos-
20 phorylcholine (SPC, Roche), aminocyclodextrin (Tanabe
Seiyoku), Ajinomoto AJ-814 (azulene derivative),
melinamide (Sumitomo), Sandoz 58-035, American Cyanamid
CL-277,082 and CL-283,546 (disubstituted urea
derivatives), nicotinic acid, acipimox, acifran,
25 neomycin, p-aminosalicylic acid, aspirin,
poly (diallylmethylamine) derivatives such as disclosed in
U.S. Patent No. 4,759,923, quaternary amine
poly(diallyldimethylammonium chloride) and ionenes such
as disclosed in U.S. Patent No. 4,027,009, and other
30 known serum cholesterol lowering agents.
The other hypolipidemic agent may be an ACAT
inhibitor such as disclosed in, Drugs of the Future 24,
9-15 (1999), (Avasimibe); “The ACAT inhibitor, Cl-1011 is

effective in the prevention and regression of aortic

35 fatty streak area in hamsters”, Nicolosi et al,
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probucol, and rel ated conmpounds as disclosed in U S. Patent No. 3,674, 836,
probucol and genfibrozil being 15 preferred, bile acid sequestrants such as
chol est yrwa 038998360l esti pol and DEAE- Sephadex (Sechol ex(r)PCT/US03/15591
Policexide(r)), as well as lipostabil (Rhone-Poul enc), Eisai E-5050 (an N
substituted ethanol am ne derivative), imanixil (HOE-402),

tetrahydr ol iR AR 1 ddis | GHAMRE amudInos 2l(bg1jP90ry13:hpl)| ner{SPG, Roche),
am nocycl odextrin (Tanabe Sei yoku) A]! i nom)t 0 -814 (azul ene derivative),

nel i nani de (‘S T3RF A CSAREGL £ EF @y7a§17a7m ¢ TV AEEY and
CL-283, 546 (;dh34Pstd Y8 Lﬂcﬁ%ntfj@fyﬁ@.tﬂ]_d’ﬁﬁmlﬁ'é@élﬂﬁ/ afddha tB€d RbYT0X,

acifran, 25 neonycin, p-amnosalicylic acid, aspirin,
pol y(di al | y|sméxagu:am rﬁe;pm@ssmn s Hhrthepatis emewtbior af s. Patent No.

4. 759923, UWIBSINALATNG ool Mot 0h R cmoniaRilord de) and

i onenes suc ose |n u. Pat en 009, and ot her 30 known
serum chol eﬂaeztblowmnarlmglga@ﬁus 1‘I9rﬁ38)0tl'ﬂeﬁ Hypot § 1R Yenm BRP alfeh3 mey be an

(Avasi m be) EAYE ACKES e Car TR LRI A O cvention
and regr essiimmldfltam’t,l cSnBlB:H,atCI y, atr@lk, Biezorq. et Gem. kBt osi et al,
-133(71) V\D7(7)3£3@‘ 'I’he grS(r%%i:o o’gl c%p%;g?ﬂ[ ?}%Céﬁggwba ngl/)el ,(6\%:2'?'8)’
i nhi bi t a0 wintdrhzatienis higpolliydalein icleactd var@ ma@@bmscls@ﬂ@wr ve
Gy Sl 1 GRS St G BSE Tty A [ To0g A0t 19 et 30, Re
73163:. a blmvajﬁ el e ralidd ) fRdbértdimh,en:;ah mmmxegé&CA'lMannfred
A., Inflammation: Mediators Pathways (1995), 173-98,
Publisher: CRC, Boca Raton, Fla.; “ACAT inhibitors:
15 potential anti-atherosclerotic agents”, Sliskovic et al,
Curr. Med. Chem. (1994), 1(3), 204-25; “Inhibitors of
acyl-CoA:cholesterol O-acyl transferase (ACAT) as
hypocholesterolemic agents. 6. The f%rst water-soluble
ACAT inhibitor with lipid-regulating activity. Inhibitors
20 of acyl-CoA:cholesterol acyltransferase (ACAT). 7.
Development of a series of substituted N-phenyl-N’'-[(1-
phenylcyclopentyl)methyl]ureas with enhanced
hypocholesterolemic activity”, Stout et al, Chemtracts:
Org. Chem. (1995), 8(6), 359-62, or TS-962 (Taisho
25 Pharmaceutical Co. Ltd).
The hypolipidemic agent may be an upregulator of LD2
receptor activity such as MD-700 (Taisho Pharmaceutical
Co. Ltd) and LY295427 (Eli Lilly).
The hypolipidemic agent may be a cholesterol
30 absorption inhibitor preferably Schering-Plough'’s
SCH48461 as well as those disclosed in Atherosclerosis
115, 45-63 (1995) and J. Med. Chem. 41, 973 (1998).
The hypolipidemic agent may be an ileal Na'/bile
acid cotransporter inhibitor such as disclosed in Drugs

35 of the Future, 24, 425-430 (1999).
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inhibitor", Smth, C, et al, Bioorg. Med. Chem Lett. (1996), 6(1),

47-50; "ACAT inhibitors: phyS| ol ogi ¢ 10 nechani sns for hypolipidem c and
anti - at hewwoswslogysssi ¢ activities i n experinmental ani nmal s" ,Pdresesasot al ,
Editor(s): Ruffolo, Robert R, Jr.; Hollinger, Mannfred A Inflammtlon:
Medi at ors Pat hways (1995), 173- 98, Publ i sher: CRC, Boca Raton, Fla.; "ACAT

inhibitors: 15 paheifdrle @MypAtiReiRec] e r=aidroc agerd Sp"rax&émﬁc et al,
Curr. Med. Chem (1994), 1(3) 204- 25; "I nhibitors of | .- CoA: chol est er ol
O acyl t r ansfodiREde tiAA 1S 4aFidth &t st @ Sttt ‘fass Fifhe first

vat er - Sol ublg - AAE el bidiQrvaM ddt id m@rﬁwﬂﬁsmmtlwty I nhi bitors 20
of acyl - CoA: chol est erol acyltransferase (ACAT) . Devel opnent._ of a series

of substi tut ed I\I-Té"f%rﬂhQW -yt ipRch | (%/CIR?’d‘Eerﬂ%ﬁ )al?ﬁetlfﬁffc] FRLESH t h

enhanced Sfeact intd amoustttar®l @& saddiendn: a Og.
Chem (1895) %%59 62, or TS-962 (19a| sho 25 Phar rraceutl}%x-a‘(?}seCo Ltd).

The hypol i pﬂndélrih @%@@nlwa&@dmmm%ﬁ@f%wwn 1P RIS i vi t v
such as I\/D?%Qjl 'Eallsfpodf@ a[%&pég ddf) . and LY295427 (Eli Lilly).
e a chol ester oI

The hypol i pidem ¢ agent 30 absor ption inhibitor
preferably Scher i qumgiml‘si geHrgas Il aast vt | thes MHEREE B T bsedPs n

At her oscl er gs il]g? 8 Th
hypol i pi dem g{p;gﬁ a[&@ S]% 1{@ Cl coﬁ%r?l%gsa ég?@l %hl bi ?or
such as 16i sc{wisexk |1:rrd3reugls 3611131111 Hehdutanas @zpmmm@ds@ Qobgio - 28 WO
03/ 099836 P /U g%ﬂl P%e%eef @ &#I%Qﬁ{ﬂfo@gf}néé A&, Pravags atin,

| ovast ati n, orvas | uvastatin
The dose admlnlstered must be carefully adjusted

according to age, weight and condition of the patient, as
well as the route of administration, dosage form and
15 regimen and the desired result.

The dosages and formulations for the hypolipidemic
ageﬁt will be as disclosed in the various patents and
applications discussed above.

The dosages and formulations for the other

20 hypolipidemic agent to be employed, where applicable,
will be as set out in the latest edition of the
Physicians’ Desk Reference.

For oral administration, a satisfactory result

may be obtained employing the MTP inhibitor in an
25 amount within the range of from about 0.01 mg/kg to

about 500 mg and preferably from about 0.1 mg

to about 100 mg, one to four times daily.

A preferred oral dosage form, such as tablets or

capsules, will contain the MTP inhibitor in an amount of

30 from about 1 to about 500 mg, preferably from about 2 to
about 400 mg, and more preferably from about 5 to about
250 mg, one to four times daily.

For oral administration, a satisfactory result may
be obtained employing an HMG CoA reductase inhibitor, for

35 example, pravastatin, lovastatin, simvastatin,
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cerivastatin, atavastatin and rosuvastatin. The above-nentioned U. S.
patents are incorporated 5 herein by reference. The anounts and dosages
enpl oyed wai d3lo9ims6as i ndi cated in the Physician's Desk Refrermewsng/issamd/ or in
the patents set out above. The conpound of forrmula | of the invention wll
be enployed in a weight ratio to the hypolipidem c agent 10 (where

present), WgithirRakhe thianoe iremalan 0@ ek it atsatiin LirfbWhsaeaf erably from
about 100:1 to _about 1:100., The dose _adninistered must b (?cir ef ul |

adj usted acEBLAYRY S ageicRdisghiitand S ST HReD e,ncaesy vel |

as the rout g ef admin st akimt 480 feldnantel D egidelsit tihealesired
result. The dosages and fornul ations for the qhé/égol i pi.dem g%%(gg%{nt w il be

as discl 0se@00R five wid GueheadHos TR ARPIT iU above. The
dosages and for mghat iQps 1fdle tha A28 Aol ddy e Gagaldyedein

enpl oyed, where applicable, wll be as set out in the |atest edition of
the PhysicidosegeBedk Ref @mawd Widhisy Ahaadimstdhatinm aPatd ildt & ory

result  may e ghlal Do iR AHd GAde METY ML ol 20 ndSAmle Wi thi n
the range of fromabout 0.01 ng/Kg to about 500 ng and preferably from
about 0.1 nmgO00 emgabout 100 ny, one to four tinmes daily. A preferred oral

dosage form such a5 Jeablels fia1 CERUMLT oM | |\rantal bRy nhi b tor

in an anmount of _ . about” 500 ng, preferably from about 2
to aboufl040@amyulasd norld prasfteriabltyhe B dPutr Slugtagp nhI%eEeHy 1bne to

(o 1 es ol ke Il AUNDIPL A O ol slaciorygsesul) o be
pravast at i n,adoamast atd mbsitmesiag i rgnd more preferably from about 10
to about 40 mg.
A preferred oral dosage form, such as tablets or

15 capsules will contain the squalene synthetase inhibitor
in an amount of from about 10 to about 500 mg, preferably
from about 25 to about 200 mg.

The other hypolipidemic agent may also be a

lipoxygenase inhibitor including a 15-lipoxygenase (15-

20 LO) inhibitor such as benzimidazole derivatives as
disclosed in WO 97/12615, 15-LO inhibitors as disclosed
in WO 97/12613, isothiazolones as disclosed in
WO 96/38144, and 15-LO inhibitors as disclosed by
Sendobry et al “Attenuation of diet-induced

25 atherosclerosis in rabbits with a highly selective 15-
lipoxygenase inhibitor lacking significant antioxidant
properties, Brit. J. Pharmacology (1997) 120, 1199-1206,
and Cornicelli et al, “15-Lipoxygenase and its
Tnhibition: A Novel Therapeutic Target for Vascular

30 Disease”, Current Pharmaceutical Design, 1999, 5, 11-20.
| The compounds of formula I and the hypolipidemic
agent may be employed together in the same oral dosage

form or in separate oral dosage forms taken at the same

time.
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- 29 WD 03/099836 PCT/ US03/ 15591 atorvastatin, fluvastatin or cerivastatin
in dosages enployed as indicated in the Physician's Desk Reference,

as in an woonsrmessst hi n t he range of fromabout 1 to 2000 ray/usaBdssol

preferably from about 4 to about 200 ng. 5 The squal ene synthetase
i nhi bitor may be enployed in dosages in an anount within the range of from
about 10 ng to ahUtcARUEIEL G Jueieriedd yadwen mbp Ube 2bdminiocabedit 200
sul es, w

Qbdut 0.1 to
about 100 nggipiier@ias fspanabasitsSut o aheutdS01ywy, Bbdnaprise pref erably

ng. A preferred_oral dosage form such tablets or 10, c
contai n t he IMMERDAIRAR RS AT IS ega?’?o%‘ﬁ%ujrﬁ Ft

from about 10

tabl ets or aPyiEaRskg d° 13 eohtRAhi e Syl £

to_about 40 nyg. A preferred oral dq@gge form such as
® hetERE i tor in

such

an amount ofy. {4 Qb & BPPUEC BO0L T8 &S esaitbynatiem about 25 to

oxygenase

about 200 ngy. The other hypolipidenc %%ent may al so be a
t

i nhi bi tor incl udiThe POSLeTHRA ERRLE

1O RITYLF (i Bi BHRY

[t

benzi m dazolg derd Matiyes) s, g S 05 ek by &7 264buvdScdQhnhi bitors as

di scl osed

in WO 97/ 12613, | sothiazol ones as disclosed in WO 96/38144, and

15- LO i nhi bicexisvagtati st cseavagtaSandoit yretuestagi®nuat i on of

di et -i nduced 25 q,ﬁ%?é%gi%éé ik H@Pi’éﬁeﬂéé&’@i@i Yt SEh£6h | £, 15-

| i poxygenase i nhi ing signhificant anti oxidan properties, Brit.

J. Phar ficollegyyot10e® 1 I cempieged 206t h Ene ok caplpibigon| of
"15- Li poxyg

Vascul ar

15

20

25

30

35

30

RSBEL 42,3 L0 DLl ey T ol e ko o
may include a beta 3 adrenergic agonist, a lipase
inhibitor, a serotonin (and dopamine) reuptake inhibitor,
a thyroid receptor beta drug, an anorectic agent, an NPY
antagonist, a Leptin analog and/or an MC4 agonist.

The beta 3 adrenergic agonist which may be
optionally employed in combination with a compound of
formula I may be AJ9677 (Takeda/Dainippon), L750355
(Merck), or CP331648 (Pfizer) or other known beta 3
agonists as disclosed in U.S. Patent Nos. 5,541,204,
5,770,615, 5,491,134, 5,776,983 and 5,488,064, with
AJ9677, L750,355 and CP331648 being preferred.

The lipase inhibitor which may be optionally
employed in combination with a compound of formula I may
be orlistat or ATL-962 (Alizyme), with orlistat being
preferred.

The serotonin (and dopamine) reuptake inhibitor
which may be optionally employed in combination with a
compound of formula I may be sibutramine, topiramate
(Johnson & Johnson) or axokine (Regeneron), with
sibutramine and topiramate being preferred.

The thyroid receptor beta compound which may be
optionally employed in combination with a compound of
formula I may be a thyroid receptor ligand as disclosed

in WO97/21993 (U. Cal SF), W099/00353 (KaroBio) and
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The conpounds of fornula | and the hypolipidemc agent nay be enpl oyed
together in the sanme oral dosage formor in separate oral dosage forns
taken at waoeodmassse tine. - 30 WO 03/099836 PCT/ US03/ 15591PClimesosamosi ti ons
descri bed above nmay be administered in the dosage forns as descri bed above
in single or divided doses of one to four tines daily. It may be

advi sabl e t QEd@rde o Pat (IBMo@Ib R e KlasnSAiNal £ Othd RdebIns Kk up
gradually to a high dose conbi nati on. The preferred hypolipidem c agents

are pravast &mlicafiiprstReing PERAERIEREn, atorvastatin, fluvastatin,

cerivastatin, al ayastald bt [RRNASHA . ntae Lo DLeI 1§ Yiifo Byed
therapeutic agent which may 10 be optionally enployed with the SGT2

i nhi bi tor ofin femhilnetien wWitlp a FEPHRE ‘b‘é/ ot d - BURRY the agent, it
may inclyde %@& f,e0ergl & agam vl , éﬁm b1 Dhi0E, 0@ Sserotonin
(and dopam nd:S reupta e%’hi%tor, a .t'hyp;%i_ rece%t or beta d(? ug, an
anorectic agemindml NPYL U5 deramammanine leping rrefeogretd/ or an M4

agoni st. The betg 3 e i i i i | oyed
T Combi nat i on Wi & ot Per Rl ] ey bo ey oove R 0¥
( Takeda/ Dai rbeppom)loxkab 035 5che Meamk ) do omg P33 481 (IPf therJompowrdhert known

2o0,%120 A AL5E BN S ertoteey BoHIAG, o8110,015
bei ng prief erreglimelire ds ppseerahlpikoowmhichtayabe opt imnahée yPDRApl oyed in
corby et on {1 8, SRR oL LIRS, Lo Yo 28,06 ) 080 S The 902

optionally employed in combinations of this invention

include abciximab, ticlopidine, eptifibatide,

dipyridamole, aspirin, anagrelide, tirofiban and/or

15 clopidogrel.

Examples of the anti-hypertensive agent(s) which may
be optionally employed in combinations of this invention
include ACE inhibitors, calcium antagonists, alpha-
blockers, diuretics, centrally acting agents,

20 angiotensin-II antagonists, beta-blockers and
vasopeptidase inhibitors.

Examples of ACE inhibitors include lisinopril,
enalapril, quinapril, benazepril, fosinopril, ramipril,
captopril, enalaprilat, moexipril, trandolapril and

25 perindopril; examples of calcium antagonists include
amlodipine, diltiazem, nifedipine, verapamil, felodipine,
nisoldipine, isradipine and nicardipine; examples of
alpha-blockers include terazosin, doxazosin and prazosin;
examples of diuretics include hydrochlorothiazide,

30 torasemide, furosemide, spironolactone and indapamide;
examples of centrally acting agents include clonidine and
guanfacine; examples of angiotensin-II antagonists
include losartan, valsartan, irbesartan, candesartan and
telmisartan; examples of beta-blockers include

35 metoprolol, propranolol, atenolol, carvedilol and
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The serotonin (and dopam ne) reuptake inhibitor which may be optionally
enpl oyed in conbination with a conpound of fornmula | may be sibutram ne,
t opi r amat waBB/00dBhnson & Johnson) or axoki ne (Regeneron), RG@TVYS03a5I9Ut r am ne
and topiramate being preferred. The thyroid receptor beta conpound which
may be optionally enployed in conbination with a conmpound of fornula I

may be a thy Qi (iorlec%ﬁ&)reﬁalrr%ﬂ% ast daxrsad Bhsd NMEYTR293 ddludial SF),
W99/ 00353 (KaroBlo) and - WO 03/.099836 PCT/ US03/ 15591 (GB98/ 284425
(Kar oBi 0), WhERadEg@I b aE GB o  appl i cations being preferred. The

anorectic agent whj ¢l 1Ry Re ARt ianallat RISy athe | hvedidiat izon with a
compound of fornmula | may be 5 dexanphetam ne, phenterm ne,

pheny!| propamaa“maﬁ@wlca\fiaquSl%ctrh Wehda rRth TR BED A ME DB red. The
various gnt iy nﬁ%@fﬂfmé dastrdbied ﬁbqyﬁcﬂ% PE IR Questiidy the sane

dosage formvmth conpound of formula | or in different dosage forns,
in dosages mrtl_ﬂlal@jllrﬁermeiﬁi garbraH I@W#@Wﬁ##ﬁ#@e@rcﬁ ity tHe PDR.

Exanpl es of tégjf t% a‘ﬂe@&e&“afg@ whiGh Jey,bese o ivpn@l |y enpl oyed in

conbi nat i ons’ i nventon i nclude ‘abci xi mab,” ticlopidine,
eptifibati dehamtigmatiarel ercluispie iar, Gidatpmel i déThe phAimReeHnrdr 15

cl opi dogr el o SXNR] 5Pl LG, AN LT NSl FopBRn vl ey e

optionally € oye in conbinations o ent on
i nhi bi taos, sedlicd wn ailmtcagnﬁlmkaclaésprmc il ookers , anfil wlaieaceweitahl |y

s onop: Do g A O bd e RS o e 8- PO KSE Sadhil-eq
administration. The compounds can be administered to
mammalian species including humans, monkeys, dogs, etc.
by an oral route, for example, in the form of tablets,

15 capsules, granules or powders, or they can be
administered by a parenteral route in the form of
injectable preparations, or they can be administered
intranasally or in transdermal patches. The dose for
adults is preferably between 10 and 2,000 mg per day,

20 which can be administered in a single dose or in the form
of individual doses from 1-4 times per day.

A typical injectable preparation is produced by
aseptically placing 250 mg of compounds of structure I
into a vial, aseptically freeze-drying and sealing. For

25 use, the contents of the vial are mixed with 2 mL of
physiological saline, to produce an injectable
preparation.

SGLT2 inhibitor activity of the compounds of the

invention may be determined by use of an assay system as

30 set out below.
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Exanpl es of ACE inhibitors include lisinopril, enalapril, quinapril,
benazepril, fosinopril, rampril, captopril, enalaprilat, noexipril,

t r andol apwid 03axeB385 perindopril; exanples of cal ci um ant agunisses/15sec| ude
ant odi pine, diltiazem nifedipine, verapaml, felodipine, nisoldipine,

i sradi pi ne and ni cardi pi ne; exanples of al pha-bl ockers include terazosin,
doxazosi n apdspiazgsi BerrexARBiescof diuretics include hydr ochl or ot hi azi de,
30 torasem dg, Turosem de, spironolactone and i ndapam de; exanpl es of
centrally acting agents include clonidine and guanfacine; exanples of

angi otensin-11 ap}agpnkat seqlBgbedeck-osamnban serabs qGasaniks lamsaarsman,
candesartan and telm sartan; exanples of beta- bIocker |nc de 35

met opr ol ol , wpeoplanefoby XEWREEEI LraRFFEAPIOPRARRL 689836

PeTl WS0% 18 15?% sataha! i andyexam! eﬁs@hgvé%aﬁaaﬁcﬁdﬁéﬁ_elcﬁh}lla@ bakd dgye| ude
omapatri genDpatrl . I'n carrying out the_nethod of t he jnventi on,
a pharnaceUEcbahqceﬁposEheoﬁDNﬁlSeﬁéeé@ﬁlwﬁédsééﬁﬂg'ﬁFﬁ&s 5 conpound
of structure nko Wibh g i t afaat %eﬂregeege%@t bdisabeld ¢agerizand/ or

antlhyperllpl em ¢ agent, herapeutic agent, |n associ ati on

with a phaannaemtycabseehn@ﬂéyoandﬁﬁéﬁﬂbeﬁhénpﬁaﬁ@a @ilcal (1996nposi ti on

can be for F% d.empl oxi ngraRv el Qralstdosald Ay iiguicd eiiahgs or
iluents an Fraceuti ca itives a type apprfopriate to the node of

deS|red10adgbmestedtbeﬁl Ih@ecwwﬁo@ﬁdioaa@db@&ﬁﬁmhm&hhﬁéﬁ;ﬁ@ e i an

speci es incl.udi,ng_human nonkey d r.al ut f

exanple, in Phg g fCof télbl""(—‘-%!t%g:L %I’g %g%ll?%telglg S%ﬁ%qg%tgror%gm?resll%{)r t hey

can be adniyaist gtredmnby na dpaweitlerdla tesutfen 2-thelafysy acof75,000 or

30,000 cells per well in F-12 nutrient mixture (Ham’s F-

12), 10% fetal bovine serum, 300 ug/ml Geneticin and

15 penicillin-streptomycin. At confluence, cells were washed
twice with 10 mM Hepes/Tris, pH 7.4, 137 mM N-methyl-D-
glucamine, 5.4 mM KCl, 2.8 mM CaClp, 1.2 mM MgS0O,. Cells

then were incubated with 10 uM [**C]AMG, and 10 uM
inhibitor (final DMSO =0.5%) in 10 mM Hepes/Tris, pH 7.4,
20 137 mM NaCl, 5.4 mM KCl, 2.8 mM CaCly, 1.2 mM MgSO4 at
37% for 1.5 hr. Uptake assays were quenched with ice
cold 1X PBS containing 0.5 mM phlorizin, and cells were
then lysed with 0.1% NaOH. After addition of MicroScint
scintillation fluid, the cells were allowed to shake for
25 1 hour, and then [*YC]AMG was guantitated on a TopCount
scintillation counter. Controls were performed with and
without NaCl. For determination of ECsy values, 10
inhibitor concentrations were used over 2 log intervals
in the appropriate response range, and triplicate plates
30 were averaged across plates.
Ryan MJ, Johnson G, Kirk J, Fuerstenberg SM, Zager
RA and Torok-Storb B. 1994. HK-2: an immortalized
proximal tubule epithelial cell line from normal adult
human kidney. Kidney International 45: 48-57.
35
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i njectable preparations, or they can be adm nistered intranasally or in
transdermal patches. The dose for adults is preferably between 10 and
2,000 ng perosdays3c 20 whi ch can be adm nistered in a singl edos®snssin the
form of individual doses from1-4 tines per day. A typical injectable
preparation is produced by aseptically placing 250 ng of conpounds of

structure | intopg \ﬁcﬂmox@l&ﬁgatW&laHrygfmm@&yﬁmrmtsqatéﬁ@rr&@r 25
use, the contents of the vial are mxed, with 2 nL %ﬁlolo ical saline,
to produce #RaEandtt ©F FhHRERTIHE A1 hi bl‘zf]o]r SR YT t he

conmpounds  ofy e, d Etd ot Mg Re-<let & i fredidyunBes Of oteiledBEay system as
30 set out bel ow. WO 03/099836 PCT/ US03/ 15591 Assay for SA.T2 Activity The

MRNA sequencléléld?a‘%ﬂﬁmn SGLT2 (GenBank #M5549) was cloned by
reverse-granscription and anplification 5 from human ki dney nRNA, using
standard nol ecul ar bi ol ogy techniques. The cDNA sequence was stably
transfected into CHO cells, and cl onEMBBF—_é assayed for SGET2 activity
essentially as described in Ryan et al. (1994). &l uation of inhibition
of SGT2 activity in a clonally 10 sel ectedgc i ne was perforned
essentially as described in Ryan et al ‘ e follow ng nodifications.
Cells were grown in 96-well plates for : to 75,000 or 30,000 cells
per well in F-12 nutrient mxturg (kg 12), 10% fetal bovine serum
300 ug/mM Ceneticin and 15 pehoCi Y1 nystreptonmycin. At confluence, cells
were washed twice with 10 nM Hepes /T;/si_I pH 7.4, 137 nmM N-net hyl -
glucamne, 5.4 mM KC1, 2.8 mv cHe12, 19M\/II\/gSO4. Cells then were

i ncubated with 10 M [14C] AMG and 1®" i nhi bi t or (final DVBO =0.5% in 10

mM Hepes/ Tris, pH 7.4
OEt
" {3
o}

A. 5-Bromo-2-chloro-4’-ethoxybenzophenone

10

To a stirred suspension of commercial 5-bromo-2-
chlorobenzoic acid (250g, 1.06 mol) in 450 mL of CH)Cl;
containing oxalyl chloride (1.1 mol) was added 1.5 mL of

15 DMF. Once the vigorous evolution of gas ceased, the
reaction was stirred overnight prior to removal of the
volatiles under vacuum using a rotary evaporator. After
dissolving the crude 5-bromo-2-chlorobenzoyl chloride in
200 ml of CH,Cl,, the yellow solution was transferred to a

20 2L 3-neck flask equipped with an overhead stirrer and an
internal thermometer. The stirred mixture was cooled to
-3° prior to adding phenetole (130g, 1.08 mol). AlCl;
(140g, 1.07 mol) was added via a solid addition funnel
over 30 min to insure that the temperature did not exceed

25 4°. The copious amounts of HCl gas which began to evolve
after 60% of the AlCl; had been added were trapped by
passing the gas over a stirred conc. NaOH solution. HPLC

revealed the reaction to be 95% complete 10 minutes after
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20 137 MM NaCl, 5.4 MM KCl, 2.8 M CaCl2, 1.2 nM MgSO4 at 37C for 1.5 hr.
Upt ake assays were quenched with ice cold 1X PBS containing 0.5 mM

phl ori zi nwoamsd9egssbl s were then lysed with 0.1% NaCH. Aft exCTackdstissom of
McroScint scintillation fluid, the cells were allowed to shake for 25 1
hour, and then [14C] AMG was quantitated on a TopCount scintillation
counter. ContHe®lfaaet PoperdHr ik shéd. arxlfted ttioatmNaGhre Rods det ermedat i on
of EC50 val ues, 10 inhibitor concentrations were over 2.1o0g intervals

"h the appr gt 1 4% E9Bshdise TBnJESAGNTER (T | SIPRCRTAIRe BO S et aged

across pl at egce RyaS'hMeq@émﬂE@ﬂ €he l%mgpdnsf@termgrrbﬂ@t&/lwmgmzo RA and
Tor ok- Storb B. 1994 HK-2: an inmmortal.ized promH% tubul e eglthel.ial cel l

line from notHal) R4 teXHERRFEK P e tki Sy 21 nt PRaCPBRAPSIsPTI8ReT. 35 -
34 WO 03/ 099836, R/ HS03/ 125944 The xﬁpilhomrlgcl/\brkx nglﬁxamﬂ e:t eprgsent

preferred enbodinents of the, present invention. nyeratures are

expressed i NMdp@bs T@ht 23 raHel Upr R RJ‘?%]%IFV\F%edrYWC QY el. N 38eanpl e 10

Br' 0 A 5 %{g@@r Zré&m%P 4t - et doyybenzophengpec Teedes1ear €lle SHSPRASEON Of
conmer ci al rono- 2- chl or obenzoic acid (2509 1.06 nol) in 450 nmL of

CH2C12 conttd hag oka’r yhiEiee | @f ¢Utho fRRYya whsOmeed 1.5 nL of 15 DWVF.
Once the vi %é&fs@é(ﬂfﬁé fo?fZQaﬁr&ﬁa@@@ mit NSF £6861108 MBSHSYi&18Eq

overnight prior to renova vol ati |l es under vacuum using a rotary
evapor atlfr . 2§@@r(64%) of 5-bromo-2-chloro-4’-ethoxybenzophenone.

a0

B. 5-Bromo-2-chloro-4’-ethoxydiphenylmethane

To a stirred solution of Et3;SiH (400 mL, 2.51 mol

15 and 5-bromo-2-chloro-4'-ethoxybenzophenone (390g, 1.15
mol) in 900 mL of a 1:2 mixture 1,2-dichloroethane/MeCN
at 10°C was added BF3;-Et,0 (150 mL, 1.58 mbl) at such a
rate that the temperature did not exceed 20°. Caution a
moderate exotherm insues during the addition. After

20 stirring overnight at 20°C, HPLC revealed the reaction to
be 90% complete. After adding an additional 40 mL Et3;SiH
and 15 mL of BF;-Et,0, the reaction was heated to 50° for
3 hr. (Note elevated temperatures increase formation of
the Ritter reaction product N-acetyl 5-bromo-2-chloro-4’-

25 ethoxydiphenylmethylamine). Upon cooling, the reaction
was quenched with 120 g of KOH in 300 mL of H;O. After
stirring 2 hr, the layers were separated. The aqueous
layer was extracted 2x with CHyCl,; the combined organic
layers were washed 1x with 300 mL portions of 2M KOH, 2x

30 with H,0 containing 10% brine to aid phase separation and
with brine 2x prior to drying over Na;SO;. After removal

of the volatiles, the residue was recrystallized from
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di ssol ving the crude 5-brono-2-chl orobenzoyl chloride in 200 ml of CH2Cl2,
the yell ow solution was transferred to a 20 2L 3-neck flask equi pped with
an over hea® ®tv9s3er and an internal thernoneter. The sti rrEadUsBAS9IEe wWas
cooled to -3 prior to adding phenetole (130g, 1.08 nol). A1C13 (140g,
1.07 nol) was added via a solid addition funnel over 30 mn to insure that
the tenperatyL1ditd ReloEXeLed A% 43 0the £ epitusnambutlomnf-HCL gas whi ch
began to evolve after 60Q% of the ALC13 had be n added were trapped by
passi ng the%ﬁh@&ﬁﬁéph$3ﬁ NP RE ndB eJ1 ' HPLC revealed the
reaction to be 95% conpl ete 10 m nutes after - 35 WD 03/099836

PCT/ US03/ 15591 the addition was finished. After the mxture was stirred at
40 for 1 hr, theG-eaction was quenched by pouring over ice. Subsequently,
t he suspension was diluted with L od extracted 3x with CH2C12.
The conbined organic 5 extracts wer® washed 2x with IN HCl, 1x with H20, 2x
with 1M NaOH, and 2x with brine piMSegny mgSover Na2SO4.  After
renmoval of the volatiles, HPLC reveal ed t e reS|due to be a 1:7 m xture of
ortho/pa;a isoners. Recrystallization 2x fmsm 400 ni of absol ute EtOH

yi el ded 10 230g (64% of 5-brono-2-chloro-4'-etho nzophenane. Br B.
5- Br ono- 2- chl or 0-&' - et A TR TEAe t M%&%ﬁi'%‘&g%&t ©Et 3Si H
(400 ni, 2.51 W'Tol%laéﬁjl&é%ﬁo@@ Ll rasd s etdoxybesraphenone {8909, 1. 15

mol) in 900 niL 2 mxture 1, 2-dichl oroet hane/ MeCN at 10C was added
BF3- Et 20 ( 150. 34, mdL Eaaadrﬂﬁmetthxh@w@mlrme {HERO tHer t Ehpéd itk Hid not

exceed 20 CAuL Off Bunfieial o expIhelddasten Uy e the adrbtias. ATter

20 stirring “OVer nigh revea ed the reaction to
10 (1022 mL, 8.05 mol) via dropping funnel at a rate such

that the temperature did not exceed 5°C. After 1 hr the
stirred reaction was heated to 35°C for 5 hr whereupon it
was allowed to cool to 20°C as the reaction stirred
overnight. After dilution with 3.6L of toluene, the

15 mixture was cooled to 0-5°C prior to cautiously adding 7L
of H,0 at a rate such that the temperature did not exceed
10°C. Note, a severe exotherm results upon addition of
the first portion of H;0. After mixing, the phases were
allowed to separate and then split. The organic phase

70 was washed with ag. NaH,POs (2L), Hx0 (1L), and brine
(1L) . The organic layer was then concentrated under
vacuum using a rotary evaporator; the resultant light
yellow oil was twice taken up 250 mL of toluene and
reconcentrated to yield 616g of title compound.

25
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be 90% conplete. After adding an additional 40 nmL Et3SiH and 15 nL of
BF3-Et 20, the reaction was heated to 50 for 3 hr. (Note elevated

t enper at unesoimessease formation of the Ritter reaction prradugtosiszacet yl
5-brono- 2-chloro-4' 25 ethoxydi phenyl met hyl ami ne). Upon cooling, the
reaction was quenched with 120 g of KOH in 300 nL of H20. After stirring
2 hr, the layersppere s39paRt ed.3°The lagiepust IRyer Buds endmad-ed 2x with

CH2C12; the conbined organic_, | ayers re shed 1 it h 0 .nL .portions of
2M KOH, 2x S&l@momr 4HZ@%&%@’§%@?&Y%%%Q%BQ%%£ dﬁp\éﬂaés éno:s:fL paratd 'g'Lng and
With brine 2x g ok t@-Anyired AvRMNAZS4: 24f hels reafdndl1soimd hef wlati |l es,

the residue was recrystallized from- 36 WO 03/099836 PCT/ US03/ 15591
absol ut e Et CHa-Buileligh IZe@nst BBMERS £ HTH-S BR%t HIRAAiPHETY | met hane

as a white salid, G 1P G 0 AVEOLTIVE A Ty G0 minut
2,3,4,6-Tet ra%q':flrﬁ rrebt%hyl silyl ( 3-AD I_ucollact c{%e To a sntlﬁur e%s - sol ution
of gl uconol &tldmerifreadie BRY tivin arfd i F i IR5 gt iq@rtslfl%’fif?i, 0. 73

mol ) in_ 2. 4l 0f, TG dinder, At s Added tud it It Sidod ehd o jddes- 10 (1022

m., 8.05 nol) " Via dropping fTunnel at a rate such that the tenperature did

\r/]\ﬁfa exceed ?@tﬁiceﬁrlir&%tﬁﬂesiwﬂJB—e]}g]ﬂamjmm xied A PB5®For 5 hr
reupon it was allowed to cool to 20C as the reaction,stirred
over ni ght. Aft &r- Wil R e iane 2612 d"fali%l% ,mafjl’fgtﬁjsn‘?ﬁx’?%?e was cool ed

to 0-5Cgri Qrada sGattioush V-asdi narid- s@fut atad sedersdictor Et mie
tenperature del d not exceed

at -78° prior to quenching by addition of 1 L of MeOH
containing methanesulfonic acid (41.8 mL, 0.64 mol). The
reaction stirred overnight as the temperature rose to
20°C. HPLC analysis reveals two new peaks corresponding

15 to the mass of the expected O-methylglucoside; the ratio
typically varies from 95:5 to 80:20. The desired product
corresponds to the major one with shorter retention time.
Note longer reaction times or addition of 50% more
methanesulfonic acid will convert all of the isomeric

20 product to the desired O-methylglucoside. The reaction,
once complete, was quenched by the addition of NaHCO;
(37g, 0.37 mol) in 200 mL of HQO. If the pH was not
weakly basic, more NaHCO; was added prior to dilution 2
fold with H,0 and 3 extractions with EtOAc. The combined

75 EtOAc fractions were washed with brine and dried over
Na,S0s. After concentration using a rotary evaporator,
the residue was dissolved in hot toluene (150 mL). The
resulting solution was poured into a liter of stirred
hexane. The precipitate was collected by vacuum

30 filtration; the resulting filter cake was washed 2x with
500 mL of hexane and then air dried to yield 171lg of

title compound in the form of a white solid.
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10C. Note, a severe exothermresults upon addition of the first portion of
H20. After mxing, the phases were allowed to separate and then split. The
organi ¢ pwases/2®3vas washed with aq. NaH2PO4 (2L), H2O ( 1BCT/6svd/18m91 ne
(1L). The organic |ayer was then concentrated under vacuumusing a rotary
evaporator; the resultant light vyellowoil was tw ce taken up 250 nL of
tol uene and recencentrated to yield 616g of title conpound. 25 D. CEt - 37
WO 03/ 099836 PCT/ US03/ 15591 To a stirred -78 solutign of Part B 5-brono-2-
chl oro-4' - et hoxydi phenyl net hane (150g, O0.46 fn 1.15 L of 1:2 dry
THE/ t ol uene under Ar was added 184 niL of BuLi in hexane dropw se
to insure the tenperature 5 remained b
mnutes following the addition, this
to a stirred -78 solution of Ra .
tetra-O-trinmethylsilyl-(3-D-glucolactgne (236g, 0.51 nol) in 1.1 L of
toluene at a rate that naintai med\t g TOAceaction bel ow -70. The sol ution
was stirred for 30 mn at -78 prioroAco quenching by addition of 1 L of
MeOH containing nethanesul fonic acid (41.8 nl, 0.64 nol). The reaction
stirred overnight as the tenperature rose to 20C. HPLC anal ysis reveals
two new peaks correspatdimngd s 10 tdrel wnessn of £ tPrrexpeet ed

O et hyl gl ucosi.de; the ratio pical ly, varies; fr :5:t0.80:20. The
desired pr od%hy%ﬁq%ﬁ%s(%%yt%eadm%%rm%n)e %itﬁ%ﬁ%r erP'r%t ention tinme.
Not e | onger digaatjmacki wes addeddiEtisiH of 6 S5MEawr@. Metrahesit Fbewedaci d

wll convert all_of the isoneri
by addition of BF3- %20 (59.75g, 0.42 mol) at a rate such

ion was transferred by cannul a
) 141 6-

that the temperature was maintained between -5° - -10°.

10 The stirred solution was allowed to warm to 0° over 5 hr.
When HPLC analysis revealed that the reaction was
complete, the reaction was quenched by addition of satd.
ag NaHCO; (310 mL). The organic volatiles were removed
under vacuum using a rotary evaporator. The residue was

15 partitioned between 2L each of EtOAc and H,O0. After
separating phases, the H;0 layer was extracted 2x with 2L
portions of EtOAc. The combined organic phases were
washed with H,0 (2L) and with brine (2L) prior to drying
over MgSO; and then concentrated using a rotary

20 evaporator to yield 104.6g of yellow solidified foam.
After dissolution of this residue in CHCl, (750 mL),
pyridine (200g, 2.53 mol) was added followed by Ac20
(261.1g, 2.56 mol) in one portion. After the resulting
exotherm raising the temperature from 28° to 47° had

25 subsided, DMAP (1.56g, 13 mmol) was added. The reaction
was quenched after 1.5 hr by addition of H;O (1.8L) once
HPLC analysis indicated the reaction to be complete. The
mixture was extracted 2x with CHyCl, (total volume 2.7L);
the combined organic layers were washed 2x with 1IN HCL

30 (1.8L), 2x with brine (1.8L) prior to drying over MgSOs.

The residue, after concentration using a rotary
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20 product to the desired O nethyl gl ucosi de. The reaction, once conplete,
was quenched by the addition of NaHCO3 (37g, 0.37 nol) in 200 nL of H2O

| f the pHweas/mem3e weakly basic, nore NaHCO3 was added prirT/us3dsiouti on 2
fold with H2O and 3 extractions with Et OAc. The conbi ned 25 Et OAc fractions
were washed with brine and dried over Na2SO4. After concentration using a
rotary evapoeshpbratbhe wesi duervmsatisseblvédomnabsbltiokbughoH( ¥560mL). The
resul ting solution was poured into a liter of stirred hexane. The

preci pitate Wap &6l veeldd8BySgaeliubhgoderiEes: FehrapRetyeéstrt RGCrilter

cake was was YR 00, L 0 an n I Le i 171
of title coﬁggﬁéél% tgﬁeéf‘g]fl%gf Eg'ﬂ\%ﬁi.tghgoﬁfgﬁé\%@@%% %EQTS’S%é’h%aX el °
PCT/ US03/ 1559ke5cdoraspbhaiag el00giaokukide ek Raifl BsOa metkylpgllacosi de
(123 g, 0.28 mol) in 1.2 L of 1:1 CH2C12/ MeCN was added Et3SiH (65. 27g,
0.56 nol ) f of RERBESShYSQMEFti on of BF3Et20 (59.75g, 0.42 nol) at a rate
such that the tenperature was nai ntai ned between -5 - -10. 10 The stirred
solution was allowed to warmto O over 5 hr. Wen HPLC anal ysis reveal ed
that the reactionfwas conplete, the reaction was quenched by addition of
satd. aq NaHCO3 (310 nL). The organic vol atiles wgee renoved under vacuum
using a rotary evaporator. The residue was 1§ pa
of EtOAc and H2O. After separating phasg
with 2L portions of Et QAc. The combi ned i C’phases were washed with
H20 (2L) and with brine (2L) priog tg dj g over MgSHM and then
concentrated using a rotary 2@c@vaporafor to yield 104.6g of yellow
solidified foam After dissol utAL 0 '/}/QLCS residue in CH2C12 (750 mi),

OAc

10 Alternatively the O-methylglucoside of Part D can
first be aceylated and then reduced to yield the desired
tetraacetylated C-arylglucoside utilizing the following
procedure.

15 A solution of Part D O-methylglucoside (3.0g, 6.8

mmol) in toluene (45 mL) containing diisopropylethylamine
(6.9 mL, 40 mmol) was cooled to 0° prior to addition of
acetic anhydride (3.35 mL, 35.5 mmol) and DMAP (84 mg,
0.68 mmol). The solution was allowed to gradually warm
20 to 20°; after six hours, tlc analysis revealed complete
conversion to tetraacetate. The reaction was gquenched by
addition of 50 ml: of 20% H3;PO,. After separation of the
layers, the ag. phase was extracted 2x with toluene. The
combined organic phases were washed 1x with 50 mL of H0
25 prior to concentration under vacuum. The resultant oil
was dissolved in 20 mL of toluene and reconcentrated to
yield a thick oil (4.15g) that was used without further
purification.
A solution of the above crude o0il(4.15g, 6.8 mmol)
30 in MeCN (60 mL) containing one egivalent of Hy;O (123 mg,

6.8 mmol) was cooled to 0° prior to addition of Eti;SiH
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pyridine (200g, 2.53 nmol) was added foll owed by Ac20 (261.1g, 2.56 nol) in
one portion. After the resulting exothermraising the tenperature from 28
to 470 had@B/9ed3si ded, DVAP (1.56g, 13 mmol) was added. THoa/vwaasioon was
guenched after 1.5 hr by addition of H20 (1.8L) once HPLC analysis
indicated the reaction to be conplete. The mxture was extracted 2x with
CH2C12 (totak vwal wie 2.07Lk) mmdihe fAmyweel r gani- Ethay er s7hemk, washed 2x
with INHCL 30 (1.8L), 2x with brine (1.8L rior to .drying over .
The resi due}“nté?fltger @é@éﬂtﬁ%ﬁ%ﬁ%é%%%t%ﬁf—swm\% 6%909338]3%%%34

PCT/ US03/ 15591 .euap{Abeyo . Wasrdeaery $tgl Idmed gerdodis dirnie f0y(ik50 nl)

to yield 89.5g of the desired tetraacetylated (3-C glucoside as a white
solid. The msteerled qlers enRarddon e SPEIRT %&%@’@sg‘ﬁj‘t%si de as

wel | as g ”‘?Jegf_ogﬁ o 5 fHARESE drgoer miF ofl GerAlstier aali ey, ife
0-net hyl gl ucoside of Part D can first be aceylated and then reguced to
yield the d@irBd:0 teas aaddedt at Bo RaryF glakssi deOusFrFZiRg PRESFORLowi ng

procedure. jrsrrei_“él%% tﬂyo_’hﬁfc %glg&_mméﬁlm@%iammoﬁt& nol ) in

tol uene (45 containing diisopropylethylamne (6.9 nm, 40 mol) was

cool ed to 0GuEricr e atRictiom of thdEEFEIEMHRR | Yel {2235 Min Bl o) )

and DVAP (84 o5 0y Q8. TRldeq e Solilahaas Bld s idedradyaliy viarm 20
rs,

to 20; after siX c analysis reveal ed conplete  conversion to
t et r aacd0at elaykhes mesaiot ivershved o enictie dyNaHERH Binch Retinso BRI 0% HIPOL.

After separation of the _layers he. aq S8gWas+ext ragtad 2 cWwbhh
tol uene. ThELYERhiNEF dganie p %sgéﬁ\/\gﬁgg\%ﬁshed I'Xx With 50 nL of H2O

under vacuum was dissolved in 70 mL of hot 25%
EtOAc/hexane. Upon cooling, 2.45 g of desired
tetraacetylated P-C-arylglucoside crystallized which was

15 subsequently isolated by filtration.

20
To a stirred 20° solution of tetraacetylated B-c-

glucoside (27.2g, 49 mmol) (prepared as described in Part
E), in 480 mL of 2:3:1 THF/MeOH/H0 was added LiOH-H,0
(2.3g, 57 mmol). After stirring overnight, the volatiles

75 were removed using a rotary evaporator. The residue,
after being dissolved in EtOAc (300 mL), was washed 1x
with brine (150 mL), 1x with brine (50 mL) containing 10
mlL of 5% ag KHSO4 and finally with brine (50 ml) prior to
drying over Na,S0s. The volatiles were removed using a

30 rotary evaporator and the resultant oil in the minimum

amount of CH,Cl, foamed under vacuum to vield 20.4 g of
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25 prior to concentration under vacuum The resultant oil was dissolved in
20 mL of toluene and reconcentrated to vyield a thick oil (4.15g) that was
used wi t hoatosfoasssher purification. A solution of the aboweTculesdassot
oil(4.15g, 6.8 mvbl) 30 in MeCN (60 nL) containing one egival ent of H20
(123 ng, 6.8 mmol) was cooled to O prior to addition of Et3SiH - 40 WO
03/ 099836 PGQHIISAH 155 (8- Tl udds Hdemmd )a foldenedoby BEEEEt 20141, 73
m., 13.7 mol). After st' ri f?ﬂé%% the solution was allowed to warm
to 20. AftercoRipinigutd pieii %E}?: L @t ysis revealed that the reaction
was no | onger progressing 5 beyond 60% an additional 2 nL of Et3SiH and 1

nmL of BF3Et20 was added. Two ho ater, starti remai ned
by HPLC anal%RiG&. r@iﬁréq'l%d‘ﬂf&eaq 1\93 R ¢ 05%) URhCH ng%ga% ?%% the

mxture was Sté¥d@gh b Midn Pr2 085 mt anhre) I’tgeieé@tf@ﬁeaitBXZO\th €. The
conbi ned organic 10 | ayers were washed, 1x WIJE)(E g%NangT% ddg @go/prior to
dryi ng over q¥aSent el dft Brtatded BE At cbilentr at °Th guum was
di ssol ved i ngd@s . opf. oty 25%, pEj OAckdixane . B Upoos Coedii ng,0 2 45, 3y 20f
desired tetraacetylated (3-Carylglucoside crystallized which was 15
subsequent | iRl ated by filtration. G 20 To a stirred 20 sol ution of
tetraacetylated (3-C glucoside (27.2g, 49 mmol) (prepared as described in

Part E), in 480 nL of 2:3:1 THF/ MeOH H20 was added Li OH H20O (2.3g, 57
mol ). ADt er'sstNMR i (5 OWEIA gii;OD) hé VoBat (fleslES defeHrénovVedludilng a

rotary evaporator., The,rsigus (gh!elubelng g ssolyed hin) B e (300 ).
oM, J=8.8 Hz), 6.78 (d, 2H, J=8.8 Hz), 4.07-3.90 (m, 7H),
3.85 (d, 1H, J=10.6 Hz), 3.69 (dd, 1H, J=5.3, 10.6 Hz),
3.42-3.25 (m, 4H) Hz), 1.34 (t, 3H, J=7 Hz)
15
3¢ NMR (125 MHz, CD;OD) & 158.8, 140.0, 139.9, 134.4,
132.9, 131.9, 130.8, 130.1, 128.2, 115.5, 82.9, 82.2,

79.7, 76.4, 71.9, 64.5, 63.1, 39.2, 15.2.

70 Anal Calcd for C,H,sClO¢ LC-MS [M+Na®] 431; found 431.
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with brine (150 ni),

Ix with brine (50 nL) containing 10 nL of 5% aq KHSO4

and finally with brine (50 nL) prior to drying over Na2SO4. The vol atiles

wer e renmowed3uwedssg a 30 rotary evaporator and the result amCToudo3iissot he

m ni rum anount of CH2Cl12 foamed under vacuumto yield 20.4 g of - 41 WO

03/ 099836 PCT/ US03/ 15591 desired title Carylglucoside as a glassy off

white solid wn@ﬂt:ai;nd:mglﬁedi nol % of Et CAc. HPLC retention tinme: 7.08 mn,

94% pur e,

YMC S5 4. 6x5

detection at 220nM 8

2.
mn gradient 0-1 0%% ﬁ8ﬁ“8°%%ag%nqoﬁsye85tghfvenfg A 10% MeOH H20 + 0.2

% H3PO4

(m 7H),

Solvent B : 90% MeOH/ H20 + 0.2 %
CD30D) S 7.33 (d, 1H, J=6 Hz), 7.31 (d,
Hz, J=2.2 Hz), 7.07 (d, 2H, J=8.8 Hz),
3.85 (d, 1H, J=10.6 Hz),
3.42-3.25 (m 4H) Hz), 1.34 (t,

3. 69 H~ J=5.3, 10.6 Hz),

158.8, 140.0, 139.9, 134.4, HaZ Yy 181 9, 130. 8, 130.1, 128.2, 115.5,

H3 PO®-gt 10 1H NMR (500 Mz,
2 Hz), 7.31 (dd, 1H, J=6
2H, J=8.8 Hz), 4.07-3.90

15 13C NVR (125 MHz, CD3CD) b

1. A

82.9, 82.2, 79.7, 76.4, 71.9, B4S Boid, 39.2, 15.2. 20 Anal Calcd for

C21H25C106 LC- M5 [NHNa+] 431, found 31. WO 03/099836 What is C ai nmed:

conpound having the structure O et °o PCT/ US03/ 15591 HO\" ' "' /OH OH
or a pharmaceutically acceptable salt, a stereoisomer

5 thereof, or a prodrug ester thereof.

2. The compound as defined in Claim 1 having the
structure

10

3. A pharmaceutical composition comprising a
compound as defined in Claim 1 and a pharmaceutically
acceptable carrier therefor.

15 4. A pharmaceutical combination comprising an SGLT2
inhibitor compound as defined in Claim 3 and an
antidiabetic agent other than an SGLT2 inhibitor, an
agent for treating the complications of diabetes, an
anti-obesity agent, an antihypertensive agent, an

20 antiplatelet agent, an antiatherosclerotic agent, and/or
a lipid-lowering agent.

5. The pharmaceutical combination as defined in
Claim 4 comprising said SGLT2 inhibitor compound and an
25 antidiabetic agent.
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or a pharmaceutically acceptable salt, a stereoisoner 5 thereof, or a
prodrug ester thereof. 2. The conpound as defined in Caim211 having the
st ruct ur ewb3R99886 phar maceuti cal conposition conprising a PCIor§eussd1as
defined in aim1l and a pharnmaceutically acceptable carrier therefor. 15
4. A pharmaceutical combination conprising an SGT2 inhibitor conpound as
QeL!Bg? in Cdaim3 an? an antidiabetic agent other than an SG.T2
inhibitor, an agent for treating, the co i cations_ of .di abetes, .an
anti-obesity agent; alP@ntPRyHe?terive ggtﬁ?? aﬁn26?3ﬁ?i%Ig%%?%%gagent, an
anti at her osclgs o4h€i @08péeiandgont aslipid; | dwerimgragefita biglheide,
pharmaceutical combination as defined in Caim4 conprising said SG.T2
|P ?g} Bls E) g/r lggagp@ghﬂmﬁmtl anea 252 antiapabdese hgbRbitor43a PPRB3Y 099836

1 6, The conbination as defined in Caim35 wherein _t
anti di abet i c2ggRertti sa 17FAR: %4/ 6N EHE b gacférﬁ%de,”%lvgﬁ?%’nﬁ @‘rg%a, a
gl ucosi dase i%ﬁpi]@i{:&f; 5, PPAR.Yi® 8808istzed, PRARIALHgEHAN 1RgONI St, an aP2
|nh|b|tor, a 4 Inhibitor, an insulin sensitizer, a glucagon-Ilike
pepti de-1 (cn@pu;defhsaGbﬁrlhln@@$v%%ﬂid@,m§9b¢b&Bld?nthPFg B a glycogen

phosphoryl asgﬁg@%p&}pra agiésgeﬁ ghysBaobyPhgaPhatapetbohi bhtigbr 40 7. The

conbi nation as rned in"Claim6 wherein the antidiabetic agent is 1, 2,
3 or nore ofghetberiiphosghgbasedenhgbifepiride, glipyride, glipizide,
10
7. The combination as defined in Claim 6 wherein
the antidiabetic agent is 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamide, gliclazide, acarbose, miglitol,
15 pioglitazone, troglitazone, rosiglitazone, insulin, Gl-
262570, isaglitazone, JTT-501, NN-2344, L895645, YM-440,
R-119702, AJ9677, repaglinide, nateglinide, KAD1129, AR-
HO39242, GW-409544, KRP297, AC2993, LY315902, and/or NVP-

DPP-728A.
20
8. The combination as defined in Claim 5 wherein
the SGLT2 inhibitor compound is present in a weight ratio
to the antidiabetic agent within the range from about
0.01 to about 300:1.
25

9. The combination as defined in Claim 4 wherein
the anti-obesity agent is a beta 3 adrenergic agonist, a
lipase inhibitor, a serotonin (and dopamine) reuptake
inhibitor, a thyroid receptor beta compound, and/or an

30 anorectic agent.

10. The combination as defined in Claim 9 wherein
the anti-obesity agent is orlistat, ATL-962, AJ9677,
1750355, CP331648, sibutramine, topiramate, axokine,
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fth{p{Opanide, gliflazide, acarbose, maglitol, 15 pioglitazone
roglitazone, rosiglitazone, insulin, d- 262570, isaglitazone 1JTT-501
NN- 2344, WeOBA¥®M36 YM 440, R-119702, AJ9677, repaglini de, pearesyBiisiode, ’
KAD1129, AR- HO039242, GW 409544, KRP297, AC2993, LY315902, and/or NVP-
DPP-728A. 20 8. The conbination as defined in Claim5 wherein the SGT2

i nhi bi tor cgg;ggﬂﬁﬁet§m5}flg$eﬁhehee@m\_ﬂlﬁiaghphéayﬂpropanbﬁamanei,dhalﬁépirc agent
within the range fromabout 0.01 to about 300:1. 25 9. The conbination as
defined i n GraiRfdlwherein the anti-obesity agent is a beta 3 adrenergic

agonist, a lipase inhibitor, a serotonin (and dopam ne) reuptake

inhibitor, a thyroid receptor beta conpound,, d/, .3 i
10. Tlh_e co?bi 'I’Al\_al._t Ldn a@thFPﬁl@&nﬁ‘ﬁlepag% ée%%éﬁ%g] r’r(]?lr tcﬂ%lg'ht%i i‘iﬂ(ﬁ)llbré%ﬁ%l;/caggﬁ?t'
is orlista 2 : 35%, 1%l i i

4 558 %\bgg% %é‘é%g%ﬁg C'?%@& 55, 26P3R1648h i%ikstr, arinne]MG oA amat e,

axoki ne,” - US03/ 15591 dexanphet am.n ent '
phenyl pr opametaricree and/ibitoFaziengsiialepe ?W@tg”ér%sﬁaﬁngﬁbg;%o%éf iranmegei, n

Claim4 wherein. 5_the |l5pi:d._| [ geRigu jD1hidai
reduct ase | r’?ﬁlﬁogiltcora%gg g&%&%@ﬁg%n?ﬁlet ase |dnlt$1a|t%j|}t gE?ngmfrryﬁe:@rtorgindHNG R
derivati ve, aativpregubatlcpostydeneseedapisi togot iR AF AT &6@%’3&%‘%‘
inhibitor, or an ACAT inhibitor. 10 12. The conbi nation as defined in Caim
11 wherein the lipid lowering agent is pravastatin, |ovastatin

si nvast a0i n, at orast atien commingdsitcat ias, dafivest 4 £laim 11 whérein

the lipid lowering agent is pravastatin, lovastatin,
simvastatin, atorvastatin, cerivastatin, fluvastatin,
nisvastatin, visastatin, atavastatin, rosuvastatin,
fenofibrate, gemfibrozil, clofibrate, avasimibe, TS-962,

15 MD-700, and/or LY295427.

13. The combination as defined in Claim 11 wherein
the SGLT2 inhibitor is present in a weight ratio to the
lipid-lowering agent within the range from about 0.01 to

20 about 300:1.

14. A method for treating or delaying the
progression or onset of diabetes, diabetic retinopathy,
diabetic neuropathy, diabetic nephropathy, delayed wound

25 healing, insulin resistance, hyperglycenia,
hyperinsulinemia, elevated blood levels of fatty acids ox
glycerol, hyperlipidemia, obesity, hypertriglyceridemia,
syndrome X, diabetic complications, atherosclerosis or
hypertension, or for increasing high density lipoprotein

30 levels, which comprises administering to a mammalian
species in need of treatment a therapeutically effective

amount of a compound as defined in Claim 1.

15. The method as defined in Claim 14 where the
35 SGLT2 inhibitor compound has the structure
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ni svastatin, visastatin, atavastatin, rosuvastatin, fenofibrate,
genfibrozil, clofibrate, avasimbe, TS-962, 15 MD- 700, and/or LY295427.
13. The cwwbismatisen as defined in Caimll wherein the SECT2uSoshsditor is
present in a weight ratio to the 1lipid-lowering agent within the range
fromabout 0.01 to 20 about 300:1. 14. A nethod for treating or del aying
the progression or onset of diabetBs, diabetic retinopathy, diabetic
neur opat hy, di abetic nephr&pa del ayed wound 25 healing, insulin

resi stance, hypergl ycem
fatty acids or
Syndrone X, digi%s
for increasing hig

yper | i pi dem a, obesity, hypertriglyceridem a,
gonpl i cations, atherosclerosis or hypertension, or
density lipoprotein 30 | evels, which conprises
admi ni stering HoVa~Naonl i an  species in need of treatnent a
therapeutically effggtive anount of a conpound as defined in Claim1l. 15.
The nmethod as defined in Caim14 where the 35 SG.T2 inhibitor conpound
has the structure - 45 WD 03/099836 PCT/US03/15591 16. A nethod for
treating type |1 disabat R tM¥CEoc T SeS AR St i 1% L& 34 /BAel i an
species in need of 5 treatnent a therapeutically effective anount of a
conpound as FEFPREFSEn cdEhSE A idise tor a magoeiimar ismreciwist Hramsteterof
ant | di abesi ¢ :agatinentn AGeial Rl dilceAl NG £ Ada 1AMl Gald Qs of di abet es,
an anti-obesity agent, an antihypertensive agent, an antip Stel et agent,
an anti 10 aCREPE¥YELerst defigest iandlerima lhpdoniepicdenic cagdrimatlispn A
compound haviAgnt Bt hEYCLWE dBbetic agent, an agent for treating

the complications of diabetes, an anti-obesity agent, an
antihypertensive agent, an antiplatelet agent, an anti-

10 atherosclerotic agent and/or a hypolipidemic agent.

17. A compound having the structure

15
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OE 15 Li or 46 WD 03/099836 PCT/US03 /15591 or a pharmaceutically
acceptabl e salt thereof, all stereoisoners thereof, or a prodrug ester
t her eof . WO 03/099836 PCT/US03/15591

OEt
g8
Br o or a pharmaceutically acceptable salt

thereof, all stereoisomers thereof, or a prodrug ester

thereof.
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