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3= ARYL- 2- 1- | YDROXYPROPI ONI C ACI D DERI VATIVE | Field of invention TheZ 0 NOV 2007
present invention releates to a novel 3-aryl-2-hydroxypropionic acid
derivative, to a process and internediate for preparing such a conpound,
havi ng t he utWPi9%/42872n cl i nical conditions associ ated w th iRCFHENID094]

resi stance, to nethods for its therapeutic use and to pharmaceuti cal
conpositions containing it. ~o Backgrountl of the invention Insulin

resi stance, defined as reduced sensitivity to the actions of insulin in the
whol e body or individual tissues such as skeletal nuscle, nyocardium fat
and liver prevail in many ~s individuals with or without diabetes nellitus.
The insulin resistance syndronme, IRS) refers to a cluster of nanifestations
i ncl udi ng i NNHW B-AFCEL-3 YIS ROWYPR ORIORTIPALYD DERMYVREIVEIFUl | nenmi a, possibly
non insulin dependent diabetes nellitus (NIDDV; arterial hypertension;
central (visceral) obesity; dys(ipidem a observed as deranged |ipoprotein

| evel s typi C)%ellﬁ ﬁh‘%;lﬁct erized by elevated VLDL (very | ow density
| i popr ot ei ns uced HDL (high density |ipoproteins) concentrations

and reduced fibrinolysis. Recent epidem ol ogical research has docunented
that individuals with insulin resistance run a greatly increased risk of
car di ovascul dhe pisfeat avenjion redeairs ta anevel3-apyb2-Adrpxyudrientis auid derygiivey tcfar di al
infarction and roke. ln.nop-insulin dependent, di abe el litus. these is
at heroscl er ngo§§s%gﬁ A;'tnteegn %dcl)a{r%%lfotr geﬁgnn asﬁ%epﬂoﬁn Ko™ %g%“c’ﬁ &glﬁflﬁr%é% ILnsm.sall n
clinical nediceidittont ReERatbEwRll inilBSesistareB)] ty rethdtld e itawafapafis ws@indlithe need to
increase the insulin sensitivity in IRS and thus to correct the

dysl i pi deri a Ph#massutical egsmppsigene@niagurgtise t he accel erat ed progress of

at heroscl @r osis. 30 *166166* *cooooz* 2 0 NOv 2002 WD 99162872

PCTI SEQ9/ 0094t 2 Furthernore there is at present no pharnacot her apy

avai | abl e t o Bacdesuat of ¥e G@estat the nmetabolic derangenents associated with
IRS. To date, the treatnment of N DDM has been focused on correction of the
deranged control of carbohydrate netabolism associated with the disease.
Sti | -nul at i of.0f, £a4AGENAUR.] D3t SREEALIO BBk TR P ROl 586 HATRAYES,

| i ke sul phonylureas, and 1T necessary adm'nistration of exogenous 1 nsulin
are met hods br mdiveintlltissuss eith hosketzareusde nijlocardiusy fnandoliMer pieedil wintany | f

anyt hi ng, fur.theé nhance insulin resjist d will not correct the other

ce a
mani f est at’i oHdNatualspathpswitha qraletes el o d‘l‘%‘pnﬁﬁ}sﬁp‘éﬁ PP Kor i ty. 1 n

addi tion such, atEl_&'s"t‘ér@F&%i%&?ﬁﬁ&ﬂ&%lﬁi@#ﬂﬂliﬁir&?s'._fﬁncé itk 2@bmpYRAG ycemi a with

associ at ed conplications. her therapeutic strategi es have focused on

aberrations hypeghsutiogeia eksitignbs mswin dhedeptdiabates inaltitus NAXDM) qaraniildes, such
as nmethformp, or glucosidase i ncg)i hi tﬁisis .such as acar bose.d Al t hough t hese
agents have BESHewIoy; csnppidyscery)) opesiiyy Feslipidemua gbsqrysd as dgrapgsd iPRRP S f ect i s

associ at ed WidyBis §piGiPiHaRtlefizedly ofevied WﬂLﬁ%@WE&Eiryfﬁﬁqﬁcﬂ%s)iaﬂa’ ol ves the
use of insulin sénsitizing agents) such as thé thiazolidinediones) which)
at | east ion painted HR¥d{highalehdigilipopbfean) envingrations agdredsted dibaoelyon on nucl ear
receptors. Ciglitazone is the prototype in this class. In aninmal nodels of
| RS t hese conmpounds seemto correct insulin resistance and the associ ated
hypem gl ycer pdasfiideafislogtat REPREH 1S UbdunRAled thatHdiWlubls 38nNPAGH Sdskeapd a i n

di abetes, by inproving insulin sensitivity via an effect on lipid transport
and handl i ngpun agxetitly gnereasedrshet eddipyaseilirmaitlitpand morgakityl, eotably suffering

from myocardial infarction and stroke. In non-insulin dependent diabetes mellitus these

25 atherosclerosis related conditions cause up to 80% of all deaths.

In clinical medicine there is at present only limited awareness of the need to increase the
insulin sensitivity in IRS and thus to correct the dyslipidemia which is considered to

cause the accelerated progress of atherosclerosis.
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muscl e, liver and adi pose tissue. Cglitazone as well as |ater described

t hi azol i di nedi ones in clinical devel opnent either is have been di sco?toiw%lm
reportedly due to unacceptable toxicity or show i nadequate potency.
Therefore there is a need for new and better conmpounds with insulin
sensitizing pWMopPesIsTES. 2 0 NOv 2D02 WO 991 62872 3 Prior mdisesosppqunds of
the formula CH2-O ~ COOH ,I O~ Ow s and COOH OPh O 0 PCT/ SE 99/00941 and
certain derivatives thereof disclosed imUS 5 306 726 and WD 91/19702 are
said to be useful as hypoglycem ¢ and hypochol csterolcm c agents) and in US
5 232 945 said to be useful in the treat rrent of hypertensi on. is AU 650 429

di scl oses stgﬁlrg}eural I r.el at ed corrgounds @@1 g‘ ve different
properties BRGTE MCtEE AYRIGTERDR R W’é"f"t’b?r%yealv eéﬂe‘i‘eqa@} YEGRE HY and
anti-li pOXyg%@ﬁ§ﬁlcm'&%§'€rﬁén§%sso@3te&3~9th4ﬁé T $id, gﬁ%ammmyg Hagn t he

ability to lower blood Iipid and bl ood sugar zo levels. Anpong these
conpounds i sfocussgbn c&mzeotmy ofshecdemapgerhebntrbladf chrhshydextechetebdlism assclatetd wWithr

tgrglegtzgsgt of Nlaxsease %rtmu?a%gr? gfs en(ao genggsolgs%lﬁlgclac%n%g ?mcanszof gecre(:)tz\ilgogges hlye\o
5 sulphonylureas, and if necessary administration of exogenous insulin are methods
frequently used to normalize blood sugar but that will, if anything, further enhance insulin
resistance and will not correct the other manifestations of IRS nor reduce cardiovascular
morbidity and mortality. In addition such treatment involves 4 significant risk of

hypoglycemia with associated complications.

Other therapeutic strategies have focused on aberrations in glucose metabolism or
absorption, including biguanides, such as methformin, or glucosidase inhibitors, such as
acarbose. Although these agents have been efficacious to a degree, their limited clinical

effect 1s associated with side effects.

A novel therapeutic strategy involves the use of insulin sensitizing agents, such as the
thiazolidinediones, which, at least in part, mediate their effects via an agonistic action on
nuclear receptors. Ciglitazone is the prototype in this class. In animal models of IRS these
compounds seem to correct insulin resistance and the associated hypertriglyceridaemia and
20  hyperinsulinemia, as well as hyperglycemia in diabetes, by improving insulin sensitivity
via an effect on lipid transport and handling, leading to enhanced insulin action in skeletal

muscle, liver and adipose tissue.

Ciglitazone as well as later described thiazolidinediones in clinical development either
25 have been discontinued reportedly due to unacceptable toxicity or show inadequate
potency. Therefore there is a need for new and better compounds with insulin sensitizing

properties,



4 Descrlptlon of the invention It has now surprisingly been found that the

novel conpound 1' CTI SE99/ 00941 2 0 NOV 2002
(S)-2-ethoxy-3-(4-(2-{4-met hanesul f onyl oxyphenyl } et hoxy) phenyl ] pr opanoi c
acid having the formulal O~ O off o~s~0 to ~ ~0 is effective in

conditions aswoowatsed with insulin resistance. 10 The i nventc¢rseszbna
relates to pharmaceutically acceptable salts, solvates, such as hydrates,
and crystalline forns of the compound of the formula I. In the present
specificatioﬁiﬁhglexpression "pharmaceutically acceptable salts" is
intended is to define but is not limted to such salts as the al kali netal
salts (e.g. sodium Ilithiumand potassiun), alkaline earth netal salts
(e.g. cal ci urgonipawidsf tiadormadgnesi um), al um nium zinc and bismuth salts,
amonium salts, salts with basic am no acids) such as arginine, |ysine, and
salts with organic am nes such as ethanol am ne, ethyl enedi am ne)

tri et hanol ea benzyl phenet hyl am ne) di ethyl am ne, trometham ne,

benzat hne, zom-opﬁ%‘baone hol i ne, ne procrdme, clem zole and
pi perazi ne. Threughout the 3FE i cati on fanhd pended clains) a given
chem cal fornula or nanme sh co pass

ceutically acceptable
salts thereof, crystalline foras g’vates theOdd such as for instance
hydr at es. °zs 2 o Nov 2002 WO 99/ 62872 S Met hods of preparation

PCT/ SE99/ 00941 The conpound of the invention nmay be prepared as outlined
bel ow according to any of nmethods A-H However, the invention is not
limted to t#8Se methods, the conpounds may al so be prepared as descri bed
for structurally related conmpounds in the prior art. A The conpound of the
i nvention of t formula I, can he prepgsngd by converting a conpound of
formula 11 = |

NN OPh

and certain derivatives thereof disclosed in US 5 306 726 and WO 91/19702 are said to be
useful as hypoglycemic and hypocholesterolemic agents, and in US 5 232 945 said to be

useful in the treatment of hypertension.

ts AU 650 429 discloses structurally related compounds, but claimed to have different
properties: diuretic, antihypertensive, platelets anti-aggregating and anti-lipoxygenase

properties.

EP 139 421 discloses compounds having the ability to lower blood Lipid and blood sugar
20  levels. Among these compounds is troglitazone, a compound that has reached the market

for treatment of NIDDM or decreased glucose tolerance.



io’0O0a O~/ / AOOOwerein Ais -ORp, wherein Rp is a protective
.group, e.g. ethyl, or Ais a chiral auxiliary group, such as a chirdl0 NGV 200
amne, e.g. (R -fenylglycinol, a chiral alcohol, such as nenthol or a ~s
chiral oxazolidinone, such as (S)-4-benzyl-2-oxazolidinone. The convection
can be perfomwedszsza hydrol ysis which can be either acidi BCUSEa®i#ic and
performed. accordi ng to standard net hods known to anyone skilled in the art
or as described in the experinental partd zo B. The conpound of the fornmula
| or the fornmula Il, wherein. Ais a chiral auxiliary group or -ORp and RP
is as defined above, can be prepared by reacting a conpound of the formula
111 20 2002 99| 62872 6 X ~It ~~S ~ O O PCT/ SE99/ 00941 wherein X
is OH or aNM%MaS a sulfonate or a halogen, with a compound
of the formulalVJ o~~0/ AOwerein Qis Hand Ais a chiral
auxiliary group, -OH or -ORp, and Rp is as defined above. The reaction can
be per f or nedltéas fesr sutpyisiglyaheey found Bat therevel ¢mpepnd M t sunobu reaction. ~o

In an al kyl atj.qn react/ t.he | eavi [ e nak.e such as

syl ate,  nolyPALER todrdrar o MRy oRa0 BRp Pyt A SIT0 2%
conpounds ; of nfeMM Rrhdth1and N, in approxi matel y equi mol ar ampunts or with
an excess of either conpound, are heated to reflux tenperature in an inert
sol vent, such as isopropanol or acetonitrile) mthe presence of is a base,

such as potassi um carbonate or cesium carbonate~~¥he m xture is refluxed
for the necessary tine, typicall 0.5¢ to 24 h, the work up

OH

0
\S/O
N\

is effective in conditions associated with insulin resistance.

10

The invention also relates to pharmaceutically acceptable salts, solvates, such as hydrates,

and crystalline forms of the compound of the formula 1.

In the present specification the expression “‘pharmaceutically acceptable salts” is intended
15 to define but is not limited to such salts as the alkali metal salts (e.g. sodium, lithium and
potassium), alkaline earth metal salts (e.g. calcium, barium and magnesiumy), aluminium,
zinc and bismuth salts, ammonium salts, salts with basic amino acids, such as arginine,
lysine, and salts with organic amines such as cthanolamine, cthylenediamine,
triethanoleamine, benzylphenethylamine, diethylamine, tromethamine, benzathune,

20 chloroprocaine, choline, meglumine, procaine, clemizole and piperazine.

Throughout the specification and the appended claims, a given chemical formula or name
shall encompass all pharmaceutically acceptable salts thereof, crystalline forms and
solvates thereof such as for instance hydrates.

25



procedure usually includes filtration, for renmoval of solid salt,
.evaporation, neutralisation (when A=OH) and extraction with water an@ (BNJV 700}
organi ¢ sol vent such as dichl oronet hanc, Zo ethyl acetate, or diethyl

ether. The crude product is purified if desired e.g. by recrystallization
or by standarwoe$628teat ogr apl uc met hods. 2 0 NOV 2002 WO 9erGE®RRIST

PCT/ SE99/ 00941 The M tsunobu reaction can be carried out according to
standard nmethods or as described in for eganple Tsunoda T., Yanam aya Y.,
Ito S., Tetrahedron Letters, 34, 1639-1642 (1993) or O M tsunobu,

Synt hesis, 1981, p.l. When using a Mtsunobu reaction A can not be -OH 5
In a typical Mtsunobu reaction a conpound of fornmula II1l, wherein the
group X is a hydroxyl group, and a conpound of forrmula N are m xed, in

appr oxi rratelywe%gi!ﬂirgg ;ﬁ?BH”tS or with an excess of either conpound, in an
inert solvent, —or-of orm di chl oronet hane, or tetrahydrofuran. A
slight nolar excess, 1-4 equivalents, of an ~o azodi carboxyl ate, such as
DEAD or ADDP and a phosphine (1-4 equival ents), such as tributyl phosphine
or triphenyl pH8% BWR?@“%?@%IH‘HE&‘%HH‘%’HB”P%‘&%# ‘B‘ﬁh‘}eg belop aceniaing ¥°a£‘y of
tenperature hi L = I B XA | i IRER ; i ng
enough (1- 24 ﬁ%lli}irog%@?gh‘g)&egi&hmgroduth:osl,lggvﬁimg{rl]ﬁcan E«}g%\l\ﬁk}oﬁgﬁﬂﬂ%&nﬁo %ulri]H% sn!tlagndard
literature netBotspmpaed dis ddgsibedfdr porchirilydelaed gompounds mribkaprbr art.

chromat ographi ¢ net hods. is The conpound of fornmula Il can be prepared by
standard procedures known to anyone skilled in the art, fromcomrercially
avai | abl e starg+ i : i i | dRMrhe SE€Ct 1 on.
20 The conpourxlA‘dh({)E%o?%%‘Sn{?loglt@\l/ ﬁgﬁeﬁﬁgoﬁﬁal’g%gﬂﬁ@ﬁyhi ral aguxi liary
group) -OH or cetpRndwhfermulalIRP i s as defined about, can be prepared as
descri bed below in the experinental part or by converting a conpound of
formula N!% J A O 25 2 0 NOV 2002 WD 99t 62872 8

0
O /©/\/
0

\
N\
@)

wherein A is -ORP, wherein R” is a protective group, e.g. ethyl, or A is a chiral auxiliary
group, such as a chiral amine, e.g. (R)-fenylglycinol, a chiral alcohol, such as menthol or a
1s  chiral oxazolidinone, such as (S)-4-benzyl-2-oxazolidinone. The convertion can be
performed as a hydrolysis which can be either acidic or basic and performed according to
standard methods known to anyone skilled in the art or as described in the experimental

part.

20 B. The compound of the formula I or the formula II, wherein A is a chiral auxiliary group

or -ORP and RP is as defined above, can be prepared by reacting a compound of the

formula III



PCT/ SE991 00941 wherein Qs Rg, wherein RqQ is a protective group, e.g.
Jbenzyl, and Ais a chiral auxiliary group, -OH or -ORp wherein 'SZQSNOV 2007
defi ned above. C. The conpound of forrmula Il ,wherein Ais a chir

auxi liary group, and the conpound s of fornula N, wherein Ais a chlral

auxi liary grompoarg2Q i s hydrogen or Rq, wherein Rg is as gefriseeshoadove
and, can be prepared by diastereoisoneric separation of the conpound of the
formula V.o O/ AOto wherein Ais a chhiral auxiliary group) Qis

hydr ogen, -CHzCH~Ph-4-(0S02CHs or Rg, wherein RO is as defined above. The
separation of the diastereoners can be performed either by crystallization
or by chronatography. The chromatographi c separgtion can be performed as
described in the experinental part. mpound of fornula V wherein A
is a chiral auxiliary group) Qis h n, CHZCHZPh- 4- OSQZCH, or Rq)
wherein Rq is as defined aﬁbve bept epared by conveling a conmpound of
formula VI .~ J O ORX vi 0 NOV 2002 WD 99362872 9 PCTI 5E99/ 00941
wherein Qis hydrogen) - f& h-4- OSQ2CH, or Rq) and R' is hydrogen or Rp,
wherein Rq and RP are as d fingd above) for exanple by reacting it with a
chiral amne or a chiral alcohoD. s The conmpound of formula V when Ais a

chiral am ne can be prepared by reacting a conpound of formula VI with a
chiral am ne such as (R)-phenyl glycinol for exanple in the presence of a

PP S onP e O g &1 6hving Btoup St Bl LT hal R B ﬁgﬁﬁé&hgk" oride

in DMF)) an appropriate base ridine

sui t abl e or gah¢ orreadbVveént (e.g. dichl oronethane, acetonitrile or
accordance to ~o nethods well known to those skilled in the art or as
described in the exanples. The conpound of formula V when Ais a chiral
al cohol can be prepared in the same way J

Q

wherein Q is H and A is a chiral auxiliary group, -OH or -ORP, and RP is as defined above.

The reaction can be performed either by an alkylation reaction or a Mitsunobu reaction.

In an alkylation reaction the leaving group X can be a sulfonate such as mesylate, nosylate,
tosylate, or a halogen, such as bromine or iodine. The compounds of formula III and [V, in
approximately equimolar amounts or with an excess of ¢ither compound, are heated to
reflux temperature in an inert solvent, such as isopropanol or acetonitrile, 1n the presence of

15 abase, such as potassium carbonate or cesium carbonate.

The mixture is refluxed for the necessary time, typically between 0.5 h to 24 h, the work up

procedure usually includes filtration, for removal of solid salt, evaporation, neutralisation

(when A=OH) and extraction with water and an organic solvent such as dichloromethane,
20  ethyl acetate, or diethy! ether.

The crude product is purified if desired e.g. by recrystallization or by standard

chromatographic methods.



using a chiral alcohol) such as nenthol, instead of a chiral am ne) or by
the m x-anhydride nmethod wi th pival oyl chloride and the Iithium salt?@fNoyg
chiral alcohol. is The conpound of formula V wherein Ais a chiral

auxiliary group and Q is hydrogen) -CHzCHZPh-4-(0OSQZCH, or Rg, wherein Rq is
as defined abwoessmmd the conpound of formula VI, wherein Qdisehyasagen,

- CHZCHzPh- 4- OSQZCH, or Rg and R' is hydrogen or Rp, wherein Rq and Rp are
as defined above, can be prepared by reduyction of a conpound zo of formula
VII ,0Q~~ovii / /| AOwerein Ais a chiral auxiliary group, -OH or
-ORP wherein RP is as defined above and Q zs is hydrogen,

- CHZCH~Ph- 4- , or Rgq,. wherein Rq is as defined above), and jf desired
fol | owed by rcf*%‘gg?“ﬂa?“ TSGR R BiFIGIE0 APECeordiBe fp Jpagamapsh °§§9/‘Jé%g_?ds 10
PCT| SE99/ 0094} &S dSlrofN TON abnBiBiaPh €F,ird STBRLr R de ke, Qit1choL 1681 Ng a
w de variety of reducing nmethods known-to reduce carbon-carbon doubl e

bonds, such ad9%¢3talyMitsurtoharSygthesd, 1881, pi. When wirseMitsunobu sactappk cqomdat e
catal yst or h%gr en transfer reagents such as

di et hyl - 2, Sdi frethyl - 1, 4- di hydr opyri di ne- 3, S-di carboxyl ate. The catal ytic
hydr ogenat i on can be perfornmed in al cohol, cellosolves, protic polar
organi c solvents, ethers, lower alifatic acids) and particularly in

met hanol , et hiarcypical Mitsendbo xsaetidneaeimpouidydtferphulcoll hmvirerdio, the grovmKysi# of ur an,

di oxane, di netoxyet hane, ethyl acetate or.aceti.c .acid eifher used ,al one or
Mt ure. | CRATEYEEOGT s eednotnd e R R e rde mgRp st A By

pal | adi um on ghanEeakthRh BkdefHTe@Ad: B8mRuniVih ki RERRBOSerk A SohlordiBins _
reaction can be perforned at different tenperatures and pressures depending

on the react idithlgromethateeomtptmbgdrofisan Aohghtimolarexesssd -bequiKpinisgeinatt r ansf er

ti ith diethyl:2 S di i -1, 4-di hyd idine-3.S. di | at
ho react b EaNCHE IR et atDERLAsATRE aite RSP ho AT AR &' and
warning the nﬁb&@?ﬁoﬁpﬁnﬁ?i &i%@lhy(phdﬁhaé%)adada dnBHtreatipRERARECtQr I N vacuum

zo The conpound of fornula wherein Ais a chiral auxiliary grou%) -OH)
or -ORP, wherempermpre higheenowgy | faraxamplgveony ipEnpErafuse hyndriggehlpng enough (1-2

by & condens e 25k Piuctafih o So ksl o N RSt R FRBaBe BIPTR
of a carbonyl desipstprified, @fg. by @ardderdetitomatdgtdphicQnethadisi i zS
15
The compound of formula Il can be prepared by standard procedures known to anyone
skilled in the art, from commercially available starting materials or as described in the

experimental section.

20 The compound of formula [V wherein Q is H and A is a chiral auxiliary group, -OH or

-ORP, wherein RP is as defined above, can be prepared as described below i the

experimental part or by converting a compound of formula IV

J

25



2 0 NOv 2002 WD 991 62872 PCTI SE99/ Q0941 11 wherein Q is hydrogen

- CHzCHZPh- 4- OSCzCH, or Rg) wherein Rq is as defined above, with a copmddNivd(0?
of the formula IXOAIX Os in which fornula Ais a chiral auxiliary
group, -OH or -ORP, wherein Rp is as defined above) or a conpound of the
formula X J Lwois7A L2 - P L/ O3 io in which fornmula A iscesebugsl
auxiliary group or -ORP) wherein RP is as defined above, L1 = LZ = L3 are
phenyl or L ~ = L2 are -Calkyl and L3 isg O and, if desired, followed by
removal of protecting groups or by an arylation reaction as described in
for exanple Cacchi S.) Gattini P. G) Mrera E.) Otar G, Tetrahedron
Letters, 28 (28) 1987 PP 3Q39§Q42. is In the condensation step,

appr oxi mat el yWBeIein i &, whesein RS isorprotective araus, w8 demivkeandid is achitgl agidisne of a
base, to prov] t | &s ,CO ng. p may be carried out in the
presence of a%gﬁﬁégﬁcgo veHPﬂSP |Hsgﬂg£§%§%%%§ of a solvent at a

t enperature between -20C and the nelting point for the mxture. It mght be
necessary to add a dehydrating agent in 20 order to achieve the olefinic
conpound. | n & Thespeapundief formeladt ivbareinhd 8o plutl awdliany gioup.rand thewpipouwdd

formula I X ar fgﬁ'agg } ol v : : t 0 Y. q

pot assi um fer(t?f- ut ozgllvdgv h?rgﬁlsééﬁ?gmggﬁgé}% bﬁ%ﬂ{ﬁéﬁ%seﬁ)g{r %&é (ﬁﬂ.ﬁg’. Qﬁ&%& The
reaction is Oidasedimed Wovb amf; edd te paspafid by ARistereod6m Y OfpaEhtidnSof theZofipbid 2002
WO 99/ 62872 12 PCT/ SE99/ 00941 i sol ated, redissolved in toul ene and refl uxed
with p-tol uenefteuforeHa Y acid in a Dean-Stark apparatus. The solution is
cool ed and the product is isolated and purified according to standard

nmet hods (see Groger T., Waldmann E., Monatsh Chem 89, 1958, p 370 s The
condensation step could al so be perforned as Wttig-type reaction (see
for exanpl e Conprehensive O gani@_Syathesis . 1 p.y755-781 Perganon
Press) or as described in thecbxpe Yart. In a typical such
reaction, approximately equinol ar reactants of formula VII1 and
ge such as

ina 1-5 fold nol ar excess.

t et ramet hyl guani di ne or i o0 potassium carbonat
This step may be carried out in the

10

wherein A is a chiral auxiliary group, Q is hydrogen, -CH,CH,Ph-4-0SO,CH, or RY,
wherein RY is as defined above. The separation of the diastereomers can be performed
either by crystallization or by chromatography. The chromatographic separation can be

performed as described in the experimental part.
The compound of formula V wherein A is a chiral auxiliary group, Q is hydrogen, -

CH,CH,Ph-4-0SO,CH, or RY, wherein R is as defined above, can be prepared by

converting a compound of formula VI

OR*

20



presence of an inert solvent such as dichl oronethane or acetonitnle and at

a suitable tenperature (-10 C + 60 C) and at a tine | ong enough. The 7 ¢ NoV 2002
conmpound of the formula VIIl when Qis -CH2CH2Ph-4-(0SO., CH3 can be prepare
by is coupling a conpound of the formula Il wherein Xis -OH or a | eaving
group such aswa ssmighpnate or a hal ogen, with a conpound of mﬁ%%l a X o0
\HXI H~Ozo Wen X is a leaving group such as a sul fonate or a hal ogen,
the reaction may be perforned as an al kyl,ation reaction and when X is -CH,
as a Mtsunobu reaction as described above. zs D. The conmpound of fornula I
or formula Il wherein Ais -ORp and RP is as defined above and the conpound
of formula IV wherein Ais CHor -ORp and Qis Hor Rq wherein RP 2 0 NOY
2002 WO 99/ 628i&eiRQlis $yodEal) 9aH, CH3PaAdSRYCH e Ris amiR | is dgldrageamoe RE awhdozn
prepared by enantignmeric separatign, such as chiral. chromataography.of the
conpound of t ea“lddﬂ'qr‘?ﬁ?%fwa\‘éadéb‘?f’eﬁ %AGW?WéF%‘i“HgKWIQ‘ Q@Wg&m‘g@% e{‘éali s H,

- CH2CH2Ph- 4- C‘ﬁ%ﬁ—lﬁl or Rg wherein Rp and Rq are as defined above. E. The
conpound of the Tormula | or the formula Il wherein Ais a chiral auxiliary
group or -ORp, wherein RP 15 aS defined above, and the conpound of formula
|V wherein Ais a io chiral auxiliary group) -OH or -ORp, wherein Rp is as
def i ned abbvelhefamepynd of jrmsksehwhen 4 2 (e asnine (g be prepared by reaeiegbove and)

can be prepar g : VIl .o
VU e bV S RN 6L RGPl o SOMBMEH By cbFrol Bl n
wher ei n Rp i sthapresketd sfecbeptideveupling sftdns (etyy 8DGY BCC, HBAXCHRBPR, £yB80#CH, or
Rg, wherein Rq j s, def i ned above. The asymenpt reduction cap_be carried
out using a vﬁg‘alé(?c\l?%nfi%f‘ww LE%BQRE?%‘%P@'?%@SPW%DWPé‘gtﬁ‘c‘g%d%l?‘bb%‘ﬁ@ar bon
doubl e bonds it Ggai@ioNett (eG. BYABRIRMEA, Rtdnbtrile? DMF) in accordance to

10 methods well known to those skilled in the art or as described in the examples.

The compound of formula V when A is a chiral alcohol can be prepared in the same way
using a chural alcohol, such as menthol, instead of a chiral amine, or by the mix-anhydride

method with pivaloyl chloride and the lithium salt of the chiral alcohol.

The compound of formula V wherein A is a chiral auxiliary group and Q is hydrogen,
-CH,CH,Ph-4-0OSO,CH, or RY, wherein RY is as defined above, and the compound of

formula VI, wherein Q is hydrogen, -CH,CH,Ph-4-OSO,CH, or R% and R" is hydrogen or
RP, wherein R? and R are as defined above, can be prepared by reduction of a compound

20 of formula VI

Q 0 Vil

wherein A is a chiral auxiliary group, -OH, or -ORP wherein RP is as defined above and Q
25 is hydrogen, -CH,CH,Ph-4-OSO,CH, or RY, wherein R% is as defined above, and if desired

followed by removal of protecting groups.



zo presence of an appropriate chiral catalyst such as Rh-BlI NAP or

[ Et - DUPHOS- Rh(COD)) or catal ytic hydrogenation with an appropriate 20 NOV 2002
catal yst, such as pall adiumon charcoal using the chiral auxiliary group to
i nduce the asynmetry. Z 0 NOV 2D02 WD 99162872 14 PCTI SE99/ 00941 The
catal yti c hydwogwérdt2i on can be carried out in a w de vari etpCTGEI®ROMVENT S)
such as al cohol, cellosolves, protic polar organic solvents, ethers, |ower
alifatic acids, and particularly in methagol, ethanol, methoxyethanol,

di et hyl f or mam de, tetrahydrofuran, dioxane, dinetoxyethane, ethyl acetate
or acetic acid, either used alone or in a mxture. The s reaction can
proceed at different tenperatures and pressures depending on the reactivity
of the aimed reaction. F. The conpound of the formula | or the forrmula I1l)
wherein Ais a chiral auxiliary group, or -ORP, wherein Rp is as defined
above) and the conpound of forrmula IV wherein Ais ato chiral auxiliary
group, -OH, Orherédutrion OMQY Qfth Y BeScarfed def dyNRFHzARAME vATRE, §2 feGudipdr 0gen or
Rg, wherein Rq is as defined above, can be prepared by al kylating a
conpound of trxthqdsrkpgwa todefucg-carbon-carty daublepopdsCsurh apprsalpiahydragenationini r al

auxiliary gro -0 or -ORP. wherein RP is as defined above, and Qis
vorogen) £ CRERBICY Gheprei R (it Gl E S ARG RO W
the required ahehgocheny&bpyHdirpEndeibogilaté.he reacti on conditions used. zo
The al kyl ati on may be carved out using a variety of al kylating agents, such

as ethyl halide or diethyl sulfate (see for exanple Benedict D.R ) Bianchi

L Gampos P o ottt BB ol b e pebBronétE afiiln, BbachRR Bt el bORRE" 5 1S
1986) 59, 24&biveds, effRfsalower dliFatlcheidl,Sind par€itulifeinMhdiighol, bthkge,

Wl ey-Interscience NY, 1967, 445-498 or Survey of Organic Synthesis vol 1,
~s W ey- Itht drekqxpibao]. gimethylfprmgmidogeraydyy furan, giogangcljmeioayetigns.g81y6z87z 15

PCTI SE99/ 0094 e1a1¢ or acetic acid either used alone or in mixture. Examples of the catalysts used
include palladium black, palladium on charcoal, platinum oxide or Wilkinson’s catalyst.

This reaction can be performed at different temperatures and pressures depending on the

reactivity of the aimed reaction.

In case of hydrogen transfer reaction with diethyl-2,5-dimethyl-1,4-dihydropyridine-3,3-
dicarboxylate the reaction can be conducted by mixing cquimolar amounts of reactants and

warming the mixture to melting (140-250°C) 1n inert atmosphere or in vacuum.

20  The compound of formula VI wherein A is a chiral auxiliary group, -OH, or -OR”,
wherein R? is as defined above and Q is hydrogen, -CH,CH,Ph-4-OSO,CH; or RY,
wherein R® is as defined above, can be prepared by a condensation reaction, such as a
Knoevenagel or Wittig type reaction, of a carbonyl compound of the formula VIII

0O

Q
VIli

15



The conpound of fornula XII wherein Ais a chiral auxiliary group, -OH or
-ORp, wherein RP is as defined above) and Q is hydrogen) 00
- CH~CHZPh- 4- OSO~CH, or Rg, wherein Rq is as defined above, can be pr%BglﬂM
by asymmetric reduction of a conpound of the formula 3C~ 5 0 X~II A O
wherein A is woolszsszl auxiliary group, -OH or -ORp) wher eiptTiRod/oas

defi ned above) and Q is hydrogen, -CH-CHzPh-4-0SQZCH, or Rg, wherein Rq is
as defined above io The asymmetric reductjjon may be perfornmed by using a

wi de variety of reducing nethods which are known to reduce ketones

enanti osel ectively (see FI ynn O A., Beight D.W, Tet rahedr on Letters,

29(4), 1988, pp. .423-4 he corrpound of forrrul a wherein Ais a

chiral auxil |‘&Wﬂ@Qdﬂ&Y%rﬁaer’eq%cﬁ%l%&éﬁhcwalwhcmm GZG—qieﬁé? gRgye wher ei n
Rg is as defip a}gﬁve prepared by induced china( reduction of
a conpound of of mi °“‘38@mﬁ8%. N"Ais a china( auxiliary group and Qis
hydr ogen) - CHZCHzPh- 4- OSOzCH or Rq) wherein Rg is as defined above (see

Xiang Y.B., Snow K., Belley M, J. Or(g Chem, 1993) 58) pp 993-994). zo
The corrpound of forrrul a Xll) wherel rbA is achyral auxiliary group, -CH or
-ORp, wherein Rp is as defined above Q i S hydrogen)

- CHZCHZPh- 4- OSOzCH, or Rg, wherein Rg][s as defined above, can be prepared
by converting a conpound of the formulga XV 25 2 0 NOv 2002 WD 991 62872
16 QUOI \ NHZ A XIV O PCTI SE99/ 00941 wherein Ais a chi na( auxi liary
group, -OH orin W@Qb formiardefsra qiqp'ahagn;hgrqupn&j{ el &R, wherein B jisasiigfinedgen,

- CH, CH~Ph- 4- f or ‘gh i is as defined above, with the s
required ster% ?)eh%rﬁcé)ﬂp? do‘ﬁ%éﬁ‘?&%‘{ n the reaction conditions used ( see
for exanple K. Koga, C.C. Wi_and S. Yanmamda, Tetrahedron Letters, no. 25,
1971, p 2283-2286 , Kunz H. Ler chen H-j, TetrahedronLetters, 28 (17)

2987, pp. 1873-1876). G The conpound of fornmula Il, wherein Ais a chiral
auxiliary group, and the conpound ~o0 o ormula IV wherein Ais a chiral

auxiliary group and Qis Rg, whenein is as defkned above, can be
prepared by reacting a conpound l? N orsul g AXV

2—P

L / 0

3

10 in which formula A is a chiral auxiliary group or -ORP, wherein RP 1s as defined above, L'
=12 =L’ are phenyl or L'=r2are -Oalkyl and Lis= 0, and, if desired, followed by
removal of protecting groups or by an arylation reaction as described in for example
Cacchi S., Ciattini P. G., Morera E., Ortar G., Tetrahedron Letters, 28 (28) 1987, pp 3039-
3042.

In the condensation step, approximately equimolar amounts of reactants are mixed in the
presence of a base, to provide the olefin compound. This step may be carried out in the

presence of an inert solvent or in the absence of a solvent at a temperature between -20°C
and the melting point for the mixture. It might be necessary to add a dehydrating agent in

20 order to achieve the olefinic compound.

In a typical such reaction the compounds of formula VIII and formula IX are mixed in a
solvent such as tetrahydrofuran. Anhydrous potassium ters-butoxide is siowly added at low

temperature i.e. - 20°C. The reaction is quenched with acetic acid. The crude product 1s



Ql / X ~s wherein Xis a |leaving group, such as a hal ogen or a sulfonate,
and Qis -CH CH-Ph-40S0QZCH, or Rqg) wherein Rq is as defined above, wWgQM0& 2007
conmpound of the formula I X O- X A Owherein Ais a chiral auxiliary group.
io In the alkylation step the conpound of fornmula XV is reacted with a
conmpound of fWPAUPE’2 X in the presence of one or nore basePCIISE/00BI1

pot assi um car bonate, triethyl benzyl ammoruum chl ori de, sodi um hydri de, LDA,
butyllithiumor LHVDS in an inert solveni;such as acetonitrile, DV or

di chl oronet hane at a suitable tenperature and tine. The 2 0 NOv 2002 BYO
99/ 62872 PCT/ SE99/ 00941 17 reaction can be carried out using standard

met hods known in the litterature. (see for exanple Pearsson WH., Cheng
MC, J. Og. 1so®t@iﬂedxs591vc(d1@)oum8@1d rsﬂumdma tomm%llfmuaa01d¥a¢1@e® -Jark

GIeasonJL)J 1,994 36 62.. Ne e GR)
Konopel sl i aranrsmrpasr?ig]roghs %@‘ei?ﬁ%‘n‘%pm ucriﬁséﬁt &fﬁfgp‘ﬁ%d %ﬁgiti "8 Bavi es

S G, s SangamaearmnémodsT(eéer@a ITOIW ASSXTER. | Mbndish ClenP$b, 1654, p@m 1990 Hulin
B., Newton L.S., Lcwis D.M, nereux P.E., Gbbs E.M, dark D A J.

Med. Chem 39, 3897 3907 (1996) and SaV| gnac M, Durand J-0, Genet J- P)
Tet rahedr On %%?égr%ten%t’lon%} c’ouﬁ also rmﬁd?s %hmgrtypg rez}g %%{}F%ﬁéff o

wherein X’is eavin such nd Q IS

- CH=CH, Ph- 4- @%Qﬁcnswe: d?gammsema@vaqstaascd@agaadn 2hey) @} a@Borbed B epar ed
froma compound of formula XVI ,04 pH XVl i s wherein Qis

- CH=CH2Ph- 4- ds@xesemegfal /gt wherein Rg i s”as defined above, using standard

wnerain 01 s BelR BT el B e flibotar B SRR RS Gor bR B e

can be pr eparad fmiula ki€ §tireed i@ﬂ)e@re@ﬂﬂpﬁm&hsoiucﬁ@iﬁ&hraed{jflgdxamtherel nzoQis
- CHZCH~Ph- 4- OSOzCH, or Rqg, wherein Rq is as_defined above, by standard
met hods  kHowROREUIh (AsbRaals iR # |- Sdoldmalyexeess. This stepiay s spoian utar thehe

nvent i on of eSLbl Al n@nddien SoIPaURTo ALk AUl fordidic MRSE Ehidalle S - O and

Qis hydroge el n q IS as ove, can be prepared by zs
resol uti on oferigeeaturaGeired € 60h€y @dfat ats} lank ed@ghr ed, fol | owed by
neutralization. The resolution can be perfornmed by reparative
crystallization of a salt consisting of the racemate of, either the

conpound of  trfgcmpeamd bQRe RimhI VM hAeh Q OICH T2, SRAPOSME A  can be prepared by
s coupling a compound of the formula Il wherein X is -OH or a leaving group such as a

sulfonate or a halogen, with a compound of the formula XI
Q

X

20
When X is a leaving group such as a sulfonate or a halogen, the reaction may be performed

as an alkylation reaction and when X is -OH, as a Mitsunobu reaction as described above.

25 D. The compound of formula I or formula II wherein A is -ORP and RP is as defined above

and the compound of formula IV wherein A is OH or -ORP and Q is H or R wherein R”



formula IV, and a chiral base, such as quinine, in an inert solvent such as
ethyl acetate or 2 0 NOV 2002 WO 99162872 PCTI SE99/ 00941 18 tol ueng { K&L200?
for exanple Duhanmel P., Duhanel L., Danvy D., Plaquevent J. C., Gros H,
Gos C., Schwartz J.C., Leconte J.M, US 5136076, Stephani R, Cesare V.,
J. Chem Ed., wbtDo#997, p. 1226 and Yamanoto M, Hayashi M pcrasadobsM ,
Nohira H., Tetrahedron Assynetry, 2, 6, pp. ~C3-406, 1991). The conpounds
of the invention nay be isolated fromtheisr reaction m xtures using
conventional techniques. Persons skilled in the art will appreciate that,
in order to obtain the conpounds of the ~o invention in an alternative and
in sone occasions, nore convenient nmanner, the ndivtdual process steps

ment i oned her @idiberpisceing asaveran pepisaaed by enanfiemeisseRaralion, sughey Girak he

i ndi vi dual reactians e perfor t _different stage in the overall
route (i.e. C%E?Hl%%mWV?&@F&BW‘B?WS%EQF%W%%{%Hfor med upon different
internmedi ates to those associ ated heretnbefore with a particutar reaction).
~s In any of the preceeding nethods of preparation A-H £ where necessary,
hydr oxy) am no or other reacti Vg groups na be protected using a protecting
group, RP or Rq as described gnt ndargd text "Prytective groups in
Organic Synthesis", 2d Edition (1 y Gleene and Wits. The protecting
group Rp or Rg may al so be a resin; @ resin or 2 zo chlorotrityl
chloride resin. The protection and deprotectijpn of functional groups may

t ake pl ace before or after any of the reacti dh steps described

her ei nbefore. Protecft r MRy i ccgrdance 10 teghni ques
whi ch are @\elwﬁ%(rﬁgg\\mlsf%ﬁto ﬁb@gpéﬂgﬁl '&%ﬁ%ﬁ?ﬁ‘\é%(?z%}'gsor ‘eﬂ%é’i?ﬁlr%saé’fi %S nert
sol vent " ref efsHelifdabs® vent which does not react with the starting
material s) reagents, internediates or products in a manner which adversely
affects the yield of the desired product. Unless otherw se stated or

i ndi cated the.t hi r al il tes. hiral 3 h
o o0 0 TR REFI B OHR S 58 ey 0By 07
(-)-norneol, or-QRD whétdih RDRZs WAN9D A= HRd 1 BEPLSIHIVARARITV(vRereln BhRNY |

| ycinol, (S)-2-phenyl | yci nol , -4-phenyl - 2-oxazol i di none or (S)-4
gy ng )chira auxili%ry g?ou%, -OH, or -Cg@, whcr?:in Ig‘yisasdcﬁncd above and Q 1s hydrggc)n or

RY, wherein R? is as defined above and, can be prepared by asymmetnic reduction of a

compound of the formula VII

o J

Q o
Vil

wherein A is a chiral auxiliary group, -OH, or -ORP, wherein R is as defined above and Q
is hydrogen, -CH,CH,Ph-4-0SO,CH, or RY, wherein R is as defined above.
The asymmetnc reduction can be carried out using a wide variety of reducing methods
known to reduce carbon-carbon double bonds such as catalytic hydrogenation in the

20  presence of an appropriate chiral catalyst such as Rh-BINAP or [Et-DuPHOS-Rh(COD)] or
catalytic hydrogenation with an appropriate catalyst, such as palladium on charcoal using

the chiral auxiliary group to induce the asymmetry.



benzyl - 2- oxazol i di none, which when connected to a carbonyl group easily can
be cleaved to the corresponding acid. s Internediates Wien preparing % paoVv 2002
conpound of forrmula I of the invention an internediate of the formula IV .0
J Qi~ Aio wherein Qis hydrogen and Ais -CH or -ORp, wherein Rp is a
protective grwapyeeng. ethyl, or Ais a chiral auxiliary gpewgrosmdssh as a
chiral amne, e.g. (R -fenylglycinol, or a chirai alcohol, such as nent hol
or a chiral oxazolidinone, such as (S)-44penzyl-2-oxazolidineone, ~s is
particularly useful. It is prepared as described above. Under the sane
heading its use as internediate for the preparation of the end conmpound of
the invention is described. 2 0 NOv 2002 WD 99/ 62872 PCT/ SE9Q9/ 009A 1 20
Phar maceut i cdlhe pmélpﬁéﬂrlatdmmcatiﬁhearthﬂvpmmmdﬂ atwide vameoyrof salmensd, Ismchnler mal |y be

adm ni stered arent er al. ntrav re

vag nar . -t r attioha e e R SRR Sifib RO FEGE S R REE reite S he 1 or m of
phar maceut | c:phn@macmﬁrnaﬁdmsl Qtﬁiﬂé,[ inSdtibetydthaof QlrhotS) (oRBLRidE Q8ttanQirb R, @S a
free acid, or a pharnmaceuti cal accept agl e organi c or inorganic base

addi tion sal dioxse, dimstrayerhane athyd agetage @r@@etp:taabﬂ sthdpewgelohoenn abepmredTingy upon
t he di sorder and patient t e treated and he rou nistratiaqn, the
conposi ti dns ??ﬁ&ﬂ"ﬁ A0 RIS gih Tt SPPSTAMRS AY HS?%%? 5@5“%0% BERAYSE t he

i nventi on mayheahsed Rgtieenbi ned with ot her therapeutic agents Whl ch are
useful in the treatnment of disorders associated with the devel opnent and
progress of atherosclerosis such as hypertensi on, hvperl i pi dem as,

dysli pidem a d Suj t dal the conpound
of the i nven'?' i gﬁé CI%% %ﬁnéirogr&’eu ey f rr&éea Omml fvg?{ﬁlﬁéqngs aa%éraa%ux“iary@’ F08s- 5

my/ kg body wei g7 wbﬂ@h@”&b&sﬁcﬂneﬂhb@véam}hkgodmdyd vfogintia Momemdumgsi 0 a

further aspect. f the invention there is us pr.ovi ded a utical
formul atiBn ¥ ﬁ‘ﬂ:ﬁ‘%y FREP; céﬁp?fuﬁ) o‘f’het’ﬁ%kbn{?éﬁfi? a[Ef’r"eﬁ' &ri’g?‘e‘ég‘f’ﬁ“@al |y

accept abl e ag, RerNARL ¥ES 2f D2h&PTbovE, rempeé,?r@méd W‘H gcwnf,amd of the

phar maceut i caIIy accept abl e adj uvant’'s, diluents and/or-carriers.
Phar macol ogi ¢amufar>dperti es

Xl

wherein A is a chiral auxiliary group, -OH, or -ORP, wherein RP is as defined above, and
Qis hydrogen, -CH,CH,Ph-4-0SO,CH, or RY, wherein R is as defined above, with the

required stereochemistry dependent on the reaction conditions used.

20  The alkylation may be carried out using a variety of alkylating agents, such as ethyl halide
or dicthyl sulfate (see for example Benedict D.R., Bianchi T.A., Cate L.A., Synthesis
(1979), pp. 428-429, Barluenga J., Alonso-Cires L., Campos P.J., Asensio G., Synthesis,
1983, p. 53-55, Bull Chem Soc Jpn, 1986, 59, 2481, S. Patai, The Chemistry of the Ether
Linkage, Wiley-Interscience NY, 1967, 445-498 or Survey of Organic Synthesis vol 1,

15 Wiley-Interscience 1970, NY, p. 285-328).



2s The present conpound of formula (1) will be adapted for prophyl axi
and/or treatnment of clinical conditions associated with reduced sensﬂ[ﬂ‘WV)}UUZ
to insulin (insulin resistance) and associ ated netabolic disorders. These
clinical conditions will include) but will not be limted to, abdom nal
obesity, artewoabisisypertensi on, hyperinsulinaem a, hypergl yieasrbgoofsion
insulin dependent diabetes nellitus (NIDD1VJ?) and the dyslipidaem a
(plasnma 30 |ipoprotein disturbances) cha\A%ct eristically appearing with
insulin resistance. This Z 0 NOV 2002 99/ 62872 PCTI SE99/ 00941 21
dysli pi daem a, also known as the atherogenic |ipoprotein profile of
phenotype B, is characterised by noderately el evated non-esterified fatty
aci ds, el evat €k wemyuddmﬂfmtmuiaimvwhbqgmpkdsetml {wiliaky gronp, ngfIca'r-DB@,s, | ow

hi gh density | te L chal est er ol re smal |,
dense, |ow deWE‘%Flgiz?‘ BF%‘% di h%ve( (5‘3 %%Fﬁe&ﬂtaﬁtpﬁ‘ ﬁggp&{%?é » conpound
is expected tQndrOWRN id ReeERHAbMNEASH e PepifRl BY MyinmaRdrelRtbAbE § YonfipaRei at ed
with atherosclerosis. These cardi ovasculp di séase conditions I nclude

nmacr o- angi ophettthefrowaXilhg nmyocardi al infarction, cerebrovascul ar di sease
and peripheral arterial insufficiency of the Iower extremties. Because of
their insufin sensitizing effect the compound of formula (1) is also
expected to reduce the progr ) conditions associated with i-~a
chroni c hypergl ycaem a in diabet g e m cr o- angg@phati es causi ng
renal disease and retinal damage. ' Qr e-A he compound may be useful in
treatnment of various conditions outside thejjcardi ovascul ar system
associated with insulin resistance |ike thegpol ycystic ovarian syndrone.
The conpound of the invention is a non-toxic insulin sensitizing agent with
surprisingly good therapeutic effect and pharnmacokinetic properties ~s and

W t hout undes I er 1E>t§g‘ m aWMR and
~3C ?~1MR neadé'{ijér%emngxnitég c\é\'gérlgg%gg?'égﬁlgd ogin UU;E%E%&’ %8%@%?}%"%2’8”%“ an
UMTY pl us 400Qanblydéien sOecCHMNEt-080,CHpe RatwirgeiaR® isHsidefpdabaices of 300,

400 and 500 MHz respectively, and at ~3C frequencies of 75, 100 and 125 MHz
respectivety. Unless otherw se stated, chem cal shifts are given in ppm

wi th the sol vent Eﬁ@%| ,
(S)-2- Et hoxy- [aﬂ étﬂ%%rdnaioﬁ %Q?, %"@19?’{& et ?;ﬁsep e %’%(}dépanoic
acid 30 2 OWM/arQQan\MDr&ﬁbcﬁms aﬁnﬁk)selcctwely (see Flynn G.A., Beight D.W.,

2- (4- Met hanesul fonyl oxyphenyl ) et hyl net hanesul f onat e PCT/ SE99/ 00941

p- Hydr oxyphentTas F%E)‘Fez%‘ﬁ)f)lgés P 4984491 e) was di ssol ved in

di chl or onet hane. Tr| ethylam,:e (27.3 g; 0.27 nole) was added foll owed by
addition of a solution of s nethanesulfonyl chloride (27.2 g; 0.239 nole)
in dichl onorre't’Huanmp@.md(af formilla &Il whartin @n ism chiralr aaxikasy gibtk;mmlcQ scydged) -r oom

t e ! foll Th
eneti on i G s PSR ORee R RE N 11 ¢ kR A Ao B PRELBY | The
g{gg“'zg gh?sﬁgﬁﬁg%sgmgﬂaﬁ@dd%wﬁQWﬁf@&rﬁuﬁﬂﬁl WHERIEN ARR RS dulifhryacuo to

2- (4- met hanesambdpong Qo yyteesd, YGHGH, e tHOSQLEH) eohhwbereinR? is as defined above
(see Xiang Y.B., Smow K., Belley M., J. Org. Chem., 1993, 58, pp 993-994).

20
The compound of formula XII, wherein A is a chiral auxiliary group, -OH or -OR",
wherein RP is as defined above, and Q is hydrogen, -CH,CH,Ph-4-0SO,CH; or RY,
wherein RY is as defined above, can be prepared by converting a compound of the formula
Xv

25



~ HNWR (400 MHz; CDC13): 8 2.85 (s, 3H), 3.05 (t, 2H)) 3.15 (s, 3H), 4.35
(s, 2H, 7.2 (dm 2H), 7.25 (dm 2H). ~ 3C-NWR ( 100 MHz; CDCI 3): 8 B4-Nv 2007
37) 27, 37, 31, 69.6, 122.2, 130.5, 135.8, 148. | . 15 b)

4-[ 2- (4- For nyl phenoxy) et hyl ] phenyl nmet hanesul f onat e

2- (4- Met haneswiofiamasroxyphenyl ) et hyl met hanesul fonate (30 g; f&Tldt294v0d1€) was
di ssolved in acetonitrile and slowy added to a m xture of

p- hydr oxybcnzal dehyde (31.1 g; 0.255 zo nm@l €) and potassi um car bonat e
(41.46 g; 0.3 nolc) in acetonitnle.The resulting m xture was refluxed until
2- {4- met hanesul f onyl oxyphenyl ) et hyl net hanesul fonate Liras consuned. The
salts were filtered off, the I evaporated in vacuo, dichl oronethane
was added and the organic plKase [ M th water. After evaporation of
the solvent) purification by chr silicaxXjel using

&g .
4-[ 2- (4-f ot nyl phenoxy) et hyl | phenyl i net hanegul fonate. 1H NVR (40U VHz;
CDCl3): 8 3.0S-3.15 (t, 2H+s, 3H), 4.2 (t, 2H), 6.95 (dm 2H), 7.2 (dm
2H)) 7.3 (dm 2H), 7.8 (dm 2H)) 9.8 (s, 1H) 2002 WO 99/ 62872 23

. 2 0 Nov
Fg/ gEglgggogllxl?H%%gé”szgt&}a? Qu% gr%Dé“G @%or (_Bé »%X'ereée’r? R'Bis a(s5 éétﬁfed ::lil;‘o@./e,l and J6222' 1,

Z- Et hoxy- 3- { 4is hdrb denreCHAHE Bl OB, 0o yPRE Rttt KON ¥4 @ifiaBd Bdolve,akiihthé ¢ aci d
ethyl ester 5 Tetranethyl guanidine (9 g; 78 nmole) was sl owly added to a
sol ution of mglzrceimm#;ﬁhpﬂwn@pyr)@nhm tbpﬁeﬂ;ﬂnmemdq@msrmdfmafoee:(ml% 84.2

ol &) 1 chi ST e g g g DR R R AR PRy o

over ni ght tthr&Qh‘HEGt,T&\?&e&&ﬂh@t@@tﬂkwm%acﬁﬂsﬁllﬂ yl io ether was added
to the residue and insoluble material was filtered off. Mre diethyl ether
was added and the m xture was filtered again. The filtrate was washed with

sodi um hydr ogeERLhanalse Sakld 8Mndle oLAL 8 LIRS A3 Sl RELmaRes] um

sul fat e) and he "so was evapor a ecrys h of esi due

i n et hanolw gaaféorﬂﬂlaZVg«Vl(eymlelf\dxs@lkhﬁal%Lxm&ry group andes RY, wherein R? is as defined

2- et hoxy- 3-{4-[ 2- (4- nmet hanesul f onyl oxyphe t) et hoxy] phenyl }acrylic acid
ethyl ~ s est®pve C%WWP&Q@YWEMWPPU“& forqula X¥g' (2t, 2x6H, J=7 Hz for
both), 3.11 (t, 2H, J=6 Hz), 3.13 (s, 3H), 3.98 (q, 2H, J=7 Hz), 4. 2 (t,
2H, J=6.8 Hz), 4.28 (q, 2H, J=7 ), 6.87 (dm) 2H, J=9 Hz, unresolved),

6.9S (s, 1H), 7.23 (dm 2H, J=% gnresol ved), 7.33 (dm 2H, zo |~ Hz,
unresolved)) 7.73 (dm 2H, J=9 Hz, ol ved). "OGXVVMR (12S MHz; CDCl,): 8
14.3, 15.5, 3S.0, 37.3, 61.0, 67.S, ~At4. 4, 122.0, 123.8, 126.86,
130.5) 131.7) 137.7, 143.1, 147.9, 159.0, 164.9.

ts  wherein X is a leaving group, such as a halogen or a sulfonate, and Q is -CH,CH,Ph-4-
0S0,CH, or RY, wherein R is as defined above, with a compound of the formula IX

wherein A is a chiral auxiliary group.

20
In the alkylation step the compound of formula XV is reacted with a compound of formula
IX in the presence of one or more bases such as potassium carbonate, triethylbenzyl-
ammorum chloride, sodium hydride, LDA, butyllithium or LHMDS in an inert solvent

such as acetonitrile, DMF or dichloromethane at a suitable temperature and time. The



d) 2-Ethoxy-3-[4-(2- {4-nmethanesul fonyl oxyphenyl} ethoxy)phenyl]propanoic
acid ethyl zs ester 2-Ethoxy-3- 7.0 NOV 2002
{4-[ 2- (4- et hanesul f onyl oxyphenyl ) et hoxy] phenyl} acrylic acid ethyl ester
(1.47 g; 3.38 mmol e) was hydrogenated for 3 hours at atnospheric pressure
in ethyl acetWP88B m ) using PdIC (S % 0.75 g) as cat al yetr/sSETH@941eact i on
m xture was filtered 30 through celite and dried (magnesium sulfate). The
sol vent was evaporated in vacuo to give 172 0 NOV 2002 WD 99/ 62872 24

YCT/ SE9910094t (1.44 g; yield 98 % of

2- et hoxy- 3-[ 4- (2-{4- met hanesul f onyl oxyphenyl } et hoxy) phenyl ] propanoic acid

thyl ester. : : ) = i 23 (:, 3H,
3 :7y|:ufa)S , " 9?%4.555:‘“%%&3’[%5%6 5%&@*‘?@ "%ﬁ??ﬁa‘é@.wa?%if%m%ﬁ)@ﬁéf?f 3. gl- 3. 38
(m 1H), 3. 56exampR Reanssonry H. g R.08J.(Org. Ghehb.,,51419)11986,4744-3%U8 MyesH) , 6. 8

(dm ZzH, J=8.8 Hz, unresq lved), 7. | 4 (dm 2H J=8.9 Hz, unresolved),
7.22 (dm 2H, Afke?@%l%ﬁw g;wlveﬁﬁm- fherm. $eeni 9941 169936119362, ¥ageasol ved) .

"C-NWR ( 125 ; 1) 1 p8 : b, 2 : , 6.1,

66, 1, 80,3, 110 TP Ttk pelioniiia. 1o (R0 e PRSP 1, o
~0 e) 2- Et hoxyangarjed H(J2-Tetalmaton anerndtiynayd, op 60 hend; 11994, ki BoMeswtb] bSqpanoi ¢
acid Lithi um};é/dro i de hydr at &O.IZ ; 2..82 mul e(? di ssolved tn water (10
m) was sl ow V\aagé\@., &'5“ eugcﬁ.ﬁt TORs 511\/?, Clark D.A. J. Med.Chem. 39, 3897-3907 (1996)

2- et hoxy- 3-[ 4; A h ] i \ Mysb] anoi c
acid et hyl es%ngf%a%érfg%" gﬂﬁg&l%g%ﬁﬁﬁ :r%t?athgé}r&gﬁ%%i“ gﬁlpglﬁ’ a(pgg%%’. wﬁ?’?er
stirring at roomtenperature for 3 hours, water (SO m) was added and

t et rahydrof urgn was r ed vaporagion in vacuo. The ter residue was
acidified wi tﬂ‘er‘iﬁﬁl?%’ﬁl%g}l‘i“&l“géf\%Wg?W%éﬁdn%%Yf%a%‘tL@dS”FhF‘%Mﬁ?%yw th ethyl
acetate. The QIfgi, 6ndQasCHIEH,FUL4-080(CRINRS] wibrét RR ata8 kb fidddlabevecchndad t he
sol vent was evaporated cn vacuo to zo give 1 g (yield 96 % of

2- et hoxy- 3- [ 4prépared4romes trammeund 6ffaghwx¥phenyl } et hoxy) phenyl ] propanoi ¢ aci d.
"H- NWR (500 MHz; CDC1,): b 1.17 (t, 3H, J=7 Hz), 2.91-2.99 (m 1H))
3.03-3.11 (m 3H), 3.12 (s, 3H), 3.39-3.47 (m IH), 3.57-3.64 (m 1H),

4.01-4.06 (m 1H), 4.14 (t, ZI—é/lg Hz), 6.81 (dm 2H) J=8.6 Hz,
unresolved)) 7.15 (dnm) 2H, J=8.6 esol ved), XvR2 (dm 2H, J=8.6 Hz,
unresol ved), 7.33 (dm 2H, J=8.6 spPtled). "C-NWR ( 125 MHz; CDCl,):

6 15.0) 35.1, 37.2, 37.8, 66.8, 68.1 ) 79.7) 1 14.4, 121.9, 128.8) 130. 49,
1 30.52) 137.9, 147.8, 157.5, 169.1.

ts wherein Q is -CH,CH,Ph-4-0SO,CH; or R%, wherein RY is as defined above, using

standard methods known to anyone skilled in the art.

The compound of formula XVI wherein Q is - CH,CH,Ph-4-OSO,CH; or R?, wherein R*

15 as defined above, can be prepared by reduction of a compound of formula VII, wherein
20 Qis-CH,CH,Ph-4-0SO,CH, or RY, wherein R% is as defined above, by standard methods

known to anyone skilled in the art.

H. The compound of the invention of formula I and the compound of formula IV, wherein

A is -OH and Q is hydrogen or RY, wherein R% is as defined above, can be prepared by
35 resolution of the racemate thereof and, if desired, followed by neutralization.

The resolution can be performed by separative crystallization of a salt consisting of the

racemate of, either the compound of the invention of formula I, or the compound of

formula [V, and a chiral base, such as quinine, in an inert solvent such as ethyl acetate or



2 0 NOV 2002 WD 99/62872 PCT/ SE99/ 00941 25 f]
(S)-2-ethoxy-N-(2-hydroxy- (R)-1-phenyl ethyl)-3-[4-(2-{4-met hanesul f opgl\gyym
henyl } et hoxy) phenyl ] propanoi ¢ am de. A sol ution of
2- et hoxy- 3-[ 4- (2-{a- net hanesul f onyl oxyphenyl } et hoxy) phenyl ] propanoic s acid
(10.5 g; 25. 7wowks)y2 i n dry di chl oronmethane ( 150 m) was c&qi,@dg,@%an
i ce-bath and EDC (S.42 g; 28.3 nmmole), diisopropyiethylamne (4.8 nm; 28.3
nmol e) and HOBt xH20 (3.82 g; 28.3 mmol e) re added. After 20 mnutes the
i ce-bath was renoved and (R)phenyl gl ycinol "(3.88 g; 28.3 mmol e) was added.
After stirring at roomtenperature over night dichloronethane ( 100 m))
citric acid (60 mM, 10 %9 and ethyl acetate were added and i o the phases
wer e separ at edoludriedses fgranimplp Dademalds, MSzheli.,VﬁDEnhyﬂ JRtdquewnt H O ,68rayiB),,
sodi um bi car bonatg %2 x 60 ml) and bri i m& dried (sodium sulfat e)

o 976, M

filter ﬁj ang t#BS So PR é\?&&&f‘%%d“@ﬂ”&iﬁ hé‘Pleaé:eﬁPrédfu-o’t Chrs, Ed.
((:rR) -StZiiet Ihéiy-t { Z-hydroxy-(R) - I-phenyle -'3- thanesu onyl oxyph
y I\}-W E® ;p ?EW%FWBEJW% ?%h.f@ ?[%%q%%ﬁﬁr Of Tetrah‘:t%r

enyl } et hoxy)idegmsty] hriopados-ga0@iodle. The nother |iquids were ~ s conbi ned,
t he sol vent was evaporated in vacuo and the ‘resi due was purified by

chromat ogr aphy on silica gel using ethyl acetate:heptan (gradient 25 to 100
% ethyl acet at@) cbRpdih¥€orhelifiv@rib b gc ggla@i ﬁ‘a\[n[thelr reaction mixtures using
(S)-2-ethoxy-N-(2-hydroxy-(R)-1-phenyl et hy f4 met anesuP‘fonyI oxyph
enyl } et hoxy) - pthmtythc}rpkt@cpjquﬁs: amde and 0.5] g (totally 4.94 g, yield 36 %
of (R)-2-ethoxy-N (~hydroxy-(R)-1-phenyl ethyl)-3-[4-(2-{4 Zo

met hanesul f onyl oxyphenyl } - et hoxy) phenyl ] propanoi ¢ am de. 'H NVMR (600 MHz;
DMSO-db) : 8 1. IQﬁox(stsldll%b"m tHe e Q/xl rec?ate7tﬂat(ﬂ%rde;tol‘ébtalrrt%gcgm d; ofdndiz) . 2.84
(dd, 1H, J=13.9 and 5.3 Hz), (t, 2H) J 1H), 3.34 (s,
3H), 3.44 (o) idveRfjon @mgtema@veaxﬁilm)sorﬂc:ﬁccaﬁomlzmrc3018/681e(1m4nn1r Hie wdiAd@l and

5.5 Hz), 4.15 (t, 2 4.85 (t) 1 ,..J=5.4
Hz), 6.80 (d, P&l&fss ﬁés W‘Hﬁ’j‘e‘ﬁ‘ff%%‘?cf‘?r mﬂqb‘g g‘)«f@"&e )d‘ff“’fﬂﬁg ‘%"hm‘gﬁ;bm% 73 (m
2H)) 7.28 (d, ngd‘i)ldu]aFﬁa&ohE}nayge fedfortled Aldiffeter® stdgeg the oFefdf} r&tﬂé%% Mé%meﬂFS
Hz). "G-NMR (150 MHz; DVSO-d6): 8 15.2, 34.4, 37.5) 38.0, 54 5, 65.1,
67.9, 81.1, 11@“&50“@2@521&}’1)2@6@0@2%@1 dlifz@ntlntemw&)s tOl@OSMaSSOE@@d? 138.1,
141.2, 147.8, 157 d dsar3 2002 WD 991 62872 PCT/ SE99/ OU941 26
g) (S} 2- Et ho>?§re§1b?12re alf’%ctu}%regcu - ‘onyl oxyphenyl } et hoxy) phenyl ] pr opanoi c
acid (S)-2+Et hoxy-N (2- hydroxy (R -1- phenyl ethyl)-3-14-(2-{4

met hanesul f onyl oxy~phenyl }ert; ox%éphenyl opanoi ¢ am de (4.49 g; 8.59

mmol e), s cond’éﬁmoétﬂ@cp@eﬁfdﬂfl&m@h |0<§p(cm=gat@ F, WEF16 08a¢SEB0 BYHIPXYA ABNIRAS er
(50 M) were NgR )
was added and%t gregér#lgggrg?gs V\r/gzé; %&rgtgét}? (g%igr\l/ﬁ zﬁ%&t@& %% he %ﬁg% dzegir;lb%godﬂm ).
The organi ¢ phisseadae rext mmm@-apduwmhﬂdSwthdsxsbaﬂ c(166h f1o91) bgtrGreahe

(sodium sul fate % filtered and ev wed in yacuo, Purifjcation b§
chr omat ogr aph?n W uts; Tli‘eo"émﬁ‘?é}"gl%‘?“ﬁ %té(ﬁ‘yé {SAVF @ 250y $HCR 2% MaNE FESIT 4 (

10:10:1 ) %@&krfcgb d?ﬁgm @;{rﬁt@?&oﬁ HE Tk Ak SPrMtbddRal SbUSHIUE 2 78

g (yiet d 7
{ 4- met hanesul fptaag/ﬂamypifmyhx}yedfthyAq@bewbs]dhmihammremwmd Proddc&xl\g%nﬁlﬁp@o VHz ;

DVBO-db): 8 1.02 (t, 3H J=7 29 2.78 (dd, IH J=13.9 and 8 2.8G
(dd, 1 H, J=1%3ay arfawsedzlnﬂf9°rd@% tfqhquﬁ)wlgdaarswr-&)movs’ tzshc(smlﬂ“ad wheJ =9.1
and 7.0 1 s , 3.3 5(s) 3 H) 3.49 (dg, 1 H J=9.1 and 7.0 Hz), 3.92

(dd, 1 H J=5.2 and 7.7 Hz), 4.15 (t, 2H) J=6.8 Hz), 6.82 (d, 2H) J=8.7
Hz), 7.11 (d) 2H, J=8.7 Hz), 7.27 {d, 2H, J=8 .5 Hz), 7.42 (d, 2H, J=8.5
Hz)) 12.S9 (s)_br, 1 . _ _
35 The expressxon ‘nert solvent” refers to a solvent which does not react with the starting
materials, reagents, intermediates or products in a2 manner which adversely affects the yield

of the desired product.

Uniess otherwise stated or indicated the term chiral auxiliary group denotes a chiral group,

30 such as a chiral alcohol or amine, for instance (-)-menthol, (+)-isomenthol, (-)-nomeol,



"C-NWR (150 MHz; DVSO-d6): s 15.2) 34.4, 37.5) 37.7, G.0, Gr.9, 79.4,
114.2, 122.2, 129.G 130.4, 130.7, 138.0, 147.8, 157.1, 173.4. zu Expgmoe 200
2. (S) 2- Ethoxy 3-[4-(2-{4- nethanesulfonyloxyphenyl}ethoxy)phenyl]propan0|c
acid a) 3-(4-Benzyl oxyphenyl)-2-ethoxyacrylic acid ethyl ester zs

Tet r amet hyl gueoisgisasee (33 g; 0.286 nole) was added to a sol Waragmoddosa:

4benzyl oxybenzal dehyde (59.1 g; 0.Z78 nole) and (1, 2-di et hoxy-2-oxyet hyl)
(triphenyl) phosphorltumchloride (101.8;3¢9; 0.237 nole ) in dichloronethane
(600 mM) at OC. After stirring at roomtenperature over night, the sol vent
was evaporated in vacuo. The residue 30 was dissolved in diethyl et her,
insoluble material was filtered off and the filtrate was ONOV 2002

WO 99/ 62872 HEXE-SRYY} gognel. @7“2&%?5@6@&1"@81 (Rihﬁepl“reéglr-dwmnwpr (- over
h h h
The sl d i Y Elifihg, wAGh YiEh R a3l bl Bl Cubbbila B NET

di et hyl ethenoﬂﬂmmedp@mngmemlun1sulfate) and the sol vent was evaporated m
vacuo. Purificatiofi of the crude product by flash chromatography and
crystallization in s isopropanol gave 66.8 g (yield 86.3 % of
3- (4- benzy] oxyphenul.l- 2- et hoxyacrylic acid ethyl ester. "C NWR (125 MHz;
cbhCl,): 8 14%—&%3;67. 61.0) 67.5, 70.0, 114.8) 124.0, 126.7, 127.5) 128.1,
128. 6 131.7, 136.7, 143.1, 1S9.2) 165.0. so b)

ester

3-(4-Benzy|ox henyl ).- 2- et hoxypr opanoi c_aci d. et h

3- (4- Benzyl o%a%%ugzﬁb%f%%w @rreu éé?’g‘h‘éﬁlﬁw%éé‘ﬂ ipermgdigle of the farmyizy ¢)
was hydrogeng{/ed at atnospheric pressure using rhodiumon charcoal as
catalyst (5% 50 ng) ~s in nethanol (20 m). The crude product was purified
by chronmat ography using heptane: ethyl acetate (5:1) as eluant to give 50 ny
(yield 10% of 3-(4-benzyl oxyphenyl) 2-ethoxypropanoic acid ethyl ester. 'H
NVMR (300 fvl~iz; CDCi,): S 7.47-7.30 (m 5H)) 7.17 (d, J=8.8) 2H)) 6.91 (d,
J=8.8 Hz, zo 2H), 5.06 (s, @ . (9) oJ=7.2 Hz, 2HJY 3.98 (t) J=6.6 Hz,
1 H, 3.61 (dg, J=8.9 and 6.8 , 3.36 (dg) J=8.9 and 6.8 Hz, 1 H))
2.97 (d, J=6.6 Hz, 2H)) 1.22 (t, H, 1.18 (t, J=6.8 Hz, 3H).
"C NWR (75 MHz; CDC1,): 8 172.6) 157. 6 137} 1, 130.4) 129.5, 128.6, 127.9,
127.5, 1 |A.6, 80.4, 70.0, 66.2, 60.8, 38.% 15.1, 14.2.

wherein Q is hydrogen and A is -OH or -ORP, wherein RP is a protective group, e.g. ethyl,

or A 1s a chiral auxiliary group, such as a chiral amine, e.g. (R)-fenylglycinol, or a chiral

alcohol, such as menthol or a chiral oxazolidinone, such as (S)-4-benzyl-2-oxazolidineone,
ts  is particularly useful. It is prepared as described above. Under the same heading its use as

intermediate for the preparation of the end compound of the invention is described.



zs c¢) 3-(4-Benzyl oxyphenyl) - 2-et hoxypropanoi ¢ acid Lithium hydroxide
hydrate (7.4 g; 177 mmole) dissolved in water ( 150 m) was added to 20 NGOV 2007
sol ution of 3-(4-benzyl oxyphenyl)-2-ethoxypropanoic acid ethyl ester (23.25
g; 70.8 30 nmole) in dioxan ( 150 m). After stirring at roomtenperature
over night di exoo6wes 2 0 NOV 2002 WO 99/ b2872 PCT/ SE99/ 0Lk 99 6h941
evaporated in vacuo, water was added and the m xture was washed with
diethyl ether. The water phase was acidifjyed with hydrochloric acid (1 M
and extracted with ethyl acetate. The organi c phase was washed wi th water
and brine, dried and the sol vent was evaporated cn vacuo to gi~~e 21.1 g
(yield 99.2 J% of 3-(4-benzyl oxyphenyl)-2-ethoxypropanoic acid. "HIlv' M
(300 MHz; CDCRhaymadeuticalifyenaratiofsd), 2.9-3.1 (m 2H), 3.35-3.45 (m 1H),
3.6-3.7 (m 1 H, 3.95-3.41 (m 1 H), 505 (s, 2H) 6.95 (d, 2H)) 7.2 (d,
2H)) 7.25-7.5 (m 5H). "C NWR (75 MHz; CDCl,): b 15.0, 38. | ) 66.6, 70.0,
199, 14T, Sklohoodhithe At i ,A%Ommmgtézd b S packif3 -0
3- (4-Benzyl oxypheny )-(S)-2-ethoxy-N roxy-(R)-1- phenylet 3propan0| C
anm de A sol utm@wcmaSBbt(Cdalbemlvaphmmﬁbmalaaé’bfmglpowpardvjoronaamhalat(oa 82 g,

9.74 | h 30 m d bat h d
e (503 b; - etk SRRt le AR YT A CEe e S ol )
and HOBt x H2Qid ¢ ﬂ-ﬁm&nac@&m@ﬂac@éﬂﬁ{b@ orpdhi "c,eoreix(ilﬁl c ReLdd3dnhINGE £S the

i ce-bath was renoved and (R)-phenyl gl yci nol &F 10. 61 mmol e) was
added. After @mmacptﬁgalé)tmm’nlqmwﬁammw(mg ulnbrg dephiyt andpatientto e 1 QU

W) Satur at e apeten Rt o ETels AR b gl R BRI SER Je B ana

brine. The orgasi c Zo phase was dried (sodium sulfat e), filtered and the
sol vent was evaporated in vacuo. The crude product was purified by

chr omat ogriaphy on silica gel using ethyl acetate:heptan to give 1.5

(yield 37 %9 l.ox hen (,S) - 2-etho R

phenyl et hyl )pﬂg pcgrﬁléﬁimggr?n mch aonlm%glso ltc)coglpxcrj)e%\fﬁf%am%t%erageu(lg agen( \)’hlgh

3- (4- benzyl oxyphiy tn) thé E@auﬂerﬁfoh@lxofdéryassocxated with the development and progress of

(2- hydroxy-{R) - 1- phenyl et hyl ) propanoi ¢ am de. zs 'H NVR (400 MHz; CDCl,): 8
7.43-7.27 (matlgq:ﬂsclerpmzzuc@d:s hgpegtegsquzhvpgplﬁpldemla§3dy(smldmas jm;aetegm]qz)bcqltym)
6.96 (d, J=8.3 Hz, I H), 5.08 (s) ZzH)) 5.0 (m 1 H, 3 .99 (dd) J=6.8 and

3.9 Hz, 1 H) 3.69 (m 2H), 3.50 (q, J=6.8 Hz, 2H), 3.15 (dd) J=I 4.2 and
3.9 Hz) 1.4), Su&alﬂ?dz(xtjrdjosek%f&e?:ombdxrﬂ oB theldgvehtidd) i ﬁ&r:ﬁéut(cm trdé]:tleniof-l)u)naﬁu 1 16
(t) J=6.8 Hz, Z002 WD 99] 62872 29 "C i ~TMR ( ;Eg MHz ; )
8 172.3, 157.%° 3@3%0%5 aes/ke bodystyeight, profgraply 0.01-0.5 mg/kg body weight.

According to a further aspect of the invention there is thus provided a pharmaceutical
formulation including the compound of the invention, or pharmaceutically acceptable
20  derivatives thereof, in optional admixture with pharmaceutically acceptable adjuvants,

diluents and/or carriers.

Pharmacological properties

25 The present compound of formula (I) will be adapted for prophylaxis and/or treatment of
clinical conditions associated with reduced sensitivity to insulin (insulin resistance) and
associated metabolic disorders. These clinical conditions will include, but will not be
limited to, abdominal obesity, arterial hypertension, hyperinsulinacmia, hyperglycaemia
(non insulin dependent diabetes mellitus (NIDDM)) and the dyslipidaemia (plasma

30 lipoprotein disturbances) characteristically appearing with insulin resistance. This



PCT/ SE99/ 00941 128.6) 128.4, 127.7) 127.6) 1Z7.3, 126.5, 114.4) 81.0, 69.8,
66.3, 66.0, 55.3) 37.8, 15.1. s e) 2 0 NOV 2002
3- (4- Benzyl oxyphenyl ) - (S) - 2- et hoxypropanoi ¢ acid

3- (4-Benzyl oxyphenyl ) -(S)-2-et hoxy-N (2-hydroxy-{R)-1-phenyl et hyl ) propanoi c
am de (8.9 g;wdbyg7rmol e) was hydrol yzed with concentr at etbcsiphdiiobss aci d
(27 m) in water (104 m) and dioxane ( 104 nl) at 90 C for 5 hours. The
reaction m xture was poured onto water ozh(220 m ) and extracted with ethyl
acetate. The organic phase was washed with brine, dried (sodium sulfate)
and the solvent was evaporated in vacuo to give G 85 g of a mxture of 3
(4- benzyl oxyphenyl)-2-(S)-et hoxypropanoi ¢ acid and

(S) - 2- et hoxy- @zs(xwdwrdmw;kn@wyhs)thpatbgamoohmembm puafiletefmhenoyped. i t hout

(i 350, B 2P g gt e e BT
4.4 He, 1 iy mq 6 and |
1 H, 3. 09H% popeibety %?ﬁy@ﬂaes ‘°8”“*?‘d*S‘?‘*ngﬁﬁm(lﬁmpjﬁge%rgmﬂd ?le e

1.19 (t) J=6, Bresance Flepall,Adgnse} log- C{enslBémzyﬂomlﬁwéhW)ea(r@m Zthttmyspmopanou C

acid ethyl ester roge hl ori bubb t hr ou a so

3-(4- benzylsox %‘Fb‘e’ gp f§§ 9 koﬁ'(%&\% %%1 Y]aéf‘garé’&?ré%?%%n '?a asé?cﬁ o‘T/ 400
m ). Thionyl ghéredcleetsis(Bhodt dardidyAcularlisedse\Wasditdnd Mcjude ceheed-apfbphdiRs I eact i on
m xture was refluxed for 2 hours. The solvent was zs evaporated in vacuo to

give 8 g of acaying pyecagtial nfaretione gerpbrovaspieijsesse any pariphenabatigprlopaiiiacaci d

thyl est o ' | _ e
hi eh was. uscl s PREG AR BRAl: BYRLo RS OARRE bR PSR . o5
7.47-7.30 (m foﬁh’t)la (IYxshYso(cdpccd:é‘& fducthbe progr8sk of dlinidat Borfllitidns as%@cx&bﬁ with 06 (s,

oH), 4.17 (q, . 2H)) 3.98 (1, J-.6 Hz, 1 H, 3.61 (dg J=8.9 and 6.
8 20 NCDV 2@@@1%?9@!562@?12 ijattsy likethe THEroAngipphaties fausing rpaldisgase 388 9 and

3-b. 8t sty eco fuhdls AERet e Shboqdy 55y k uiell fp Redionir gyt 16 B
128. 6, 127.9, cchdifiofs oulsld. the caddiovhsculdd.s{sterd Bssociated@itB insBlith fesistdcelike thd. 2. 5

polycystic ovarian syndrome. The compound of the invention is a non-toxic 1nsulin
sensitizing agent with surprisingly good therapeutic effect and pharmacokinetic properties

15 and without undesirable weight gain.

General Experimental Procedures

'H NMR and '*C NMR measurements were performed on a BRUKER ACP 300 and
20  Varian UNITY plus 400 and 500 spectrometers, operating at 'H frequencies of 300, 400
and 500 MHz respectively, and at e frequencies of 75, 100 and 125 MHz respectively.

Unless otherwise stated, chemical shifts are given in ppm with the solvent as internal
standard.
2

Working examples

Example 1.
(S)-2-Ethoxy-3-[{4-(2- {4-methanesulfonyloxypheny!} ethoxy)phenyl]propanoic acid

30



g) (S)-2-Ethoxy-3-(4-hydroxyphenyi)propanoic acid ethyl ester
3-(4-Benzyl oxyphenyl )- (S)-2-ethoxypropanoic acid ethyl ester was 0V 2002
hydr ogenat ed at at nospheric pressure for 2 hours in ethyl acetate us;r[?g]\l
Pd/ C as catalyst. Purification by "o chromatography on silica gel using
tol uen: et hyl woetese as el uant gave 3.83 g (yield in 3 stepsT/MEsdoonf
(S)-2-et hoxy-3-(4-hydroxyphenyl ) propanoic acid ethyl ester. 'H NVR (400
MHz; CDCl,): S 1.18 (t, 3H, J~.8 Hz), 1.34 (t, 3H J=7 Hz), 2.96 (d, 2H,
J=6.5 Hz), 3.34-3.43 (m 1H)) 3.57-3.66 (m 1H), 4.00 (t, 1H, 6.5 Hz)) 4.18
(g, 2H) J=7 s Hz), 5.30 (s, 1 OH), 6.74 (dm 2H, J=8.5 Hz, unresolved),
7.10 (dm) 2H, J=8.S Hz, unresolved). "C-NWR (100 MHz; CDC1,): & 14.2) 15.0,
38.4, 60.9, 66224-Mthapesulfodylaxyphieagl)@hylmgba®sulfdates 172. 7. zo h)
(S)-2-Ethoxy-3-[4-(2-(4-met hanesul f onyl oxyphenyl } et hoxy) phenyl ] pr opanoi c
acid ethyl ester A solution of
2- (4- et hanegﬂ-lm}cﬁﬂwpﬂ&rémywharemyg Uﬁbmamwai axe@l\edﬁrﬂﬁaqaroaemah@ Exanpl e 1
a) (2.41 g; in acetonitrile @2 was added to a m xture
of (S) is 2- cirsylamng 47 3yuP 3% noked Wi gdp\p@ nwr:d:bba dificgtofg solakeneaf (1.3 g;
5.46 mol e rhon 6 ne nrsulfate
5} n?e%a?i ?tg’@@@oﬁ?’)égiﬁeg ggg%l?lebljn mc‘hk{ifﬁ%ﬁz?ne%{‘ SL 1508 g cponl

(1 g) in acetoni nmxture was re

hours. More Qﬁxxﬁre{\ﬂmtlb@muéd‘c@wmpw jreh Eﬁd'l'edfﬁetobﬁneﬁxpérﬁmfbaénﬁ (0 8
2.73 nmol e) was added and the reaction mxture was refluxed for another ZS

hours. Sol i d feRavedivyTLiadhe repqt@neuxeﬁﬂvaarﬁérereﬁénd th fifyrapgonasorgbed ttowpte g 72
31 PCT/ SE99/
(S}-2-et hoxnglg?gga%g pg%g&#\ﬁgcrﬂlu ony g&%r%‘ﬁ%’?‘??}ag?‘ﬁ{ég Cg%y %N'progpanoi c

acid ethyl egyiekd.88%) of 2-(4-methanesulfonyloxyphenyl)ethyimethanesulfonate.
(S)-2-Ethoxy-3-[4-(2-{a-nmet hanesul f onyl oxyphenyl } et hoxy) phenyl ] pr opanoi c
acrd Lithi%m hydroxi de hydrate (0.229 g; 5.45 mole) dissolved in water (6

n) was sl ow'y adeedod 08, Cfbéi ?”562 8>5f(s(3$i) ?osﬁ&rmm 35 (43102435 (s, 2H) 7.2
{ 4- met hanesul f onyl oxyphenyl '} hoxy) phenyl] propanoi ¢ acid ethyl ester

(2.29 g; 5.24dmmaH)e).2$ int,@H).ahydrofuran (50 mM) and water ( 10 mM) at 5 C
The reaction m xture was stirred at 5 C for 2.5 hours, at 20 C for 3 hours,
at ~0 0 Cfor 15 hours and at 20 C for 3,5 hours. Mre |lithium hydroxide

hydrate (44 rig-NMIQBL0ONRIR)CIEIHSOBY e 7, 27,Wal Al 64.6,1120h) 13065 13sldadsgat 10 C.
After another 21.5 hours of stirzing at I 0 C nore |ithium hydroxide
hydrate (#4 nmg; 1.05 mml e) dissolved in water ( 1 rnl) was added. The

reaction m x rred at 25 C for, 3 h and then kept at 2 C for
67 hours. ﬁ?bjéﬂi@ﬁ?@? e%@%\)’ﬁb’bﬁ“&%&’aﬁf &%fb”ffo and then water and et hyl
acetate were ~s added. Insoluble material was filtered off and the phases

of the filtrate were separated. The water phase was washed twice with ethyl
acet at e, aci @i(#iMethanesulfonylorypbérybethylmethagesqiforete (30 2 (1 02 ragle) wastdisselved wi t h

t hyl t at h t th d d
(erra)g;neglcﬁmasfﬂ écﬁf"&m})era{’érg%‘?’@cfg‘i% f‘ﬁg’%gfefl %@n?%ﬂ%’ aa%r gf ch} g Wcsuo t or '€
give 1.9 g (¥idk)dnd Dofasiin gar?érﬁﬁf()l 84 2:(09 mrepinhieetdni@rd. Fhe ésulting mixture

{ 4- met hanesul f onyl oxyphenyl
was refluxed unti] 2-(4-methanesulfonyloxyphenyl)ethylmethanesulfonate was consumed.

The salts were filtered off, the solvent evaporated in vacuo, dichloromethane was added

and the organic phase was washed with water. After evaporation of the solvent, purification

by chromatography on silica gel using dichloromethane as etuant gave 21.6 g (yield 66 %)
35 of 4-[2-(4-formylphenoxy)ethyl]phenylmethanesulfonate.

'H-NMR (400 MHz; CDCly): 8 3.05-3.15 (t, 2H+s, 3H), 4.2 (t, 2H), 6.95 (dm, 2H), 7.2
(dm, 2H), 7.3 (dm, 2H), 7.8 (dm, 2H), 9.8 (s, 1H).



zo et hoxy) phenyl ] propanoic acid. '"H NWR (600 MHz; DVMSO-db): 8 1.02 (t, 3H,
J=7.0 Hz), 2.78 (dd, 1H J=13.9 and 8.0 Hz), 2.86 (dd, 1 H J=13.9 and) 2200
Hz), 3.04 {t, 2H, J=6.8 Hz), 3.28 (dg, 1 H J=9.1 and 7.0 Hz), 3.35 ?s,

3H), 3.49 (dq) 1H, J=9.1 and 7.0 Hz), 3.92 (dd) 1H, J=5.2 and 7.7 Hz), 4 15
(t) zs 2H, J=0OP%E8Y 6.82 (d, 2H, J=8.7 Hz), 7.11 (d, 2H, BcBSEIER) 7.27
(d, 2H, J=8 .5 Hz), 7.42 (d, 2H) J=8.5 Hz), 12.59 (s, br, 1 OH). "CNW
(150 MHz; DMSO-db): 8 15.2, 34.4, 37.5, 2B8.7, 65.0, 67.9, 79.4, 1 14.2,
122.2, 129.6, 130.4) 130.7, 138.0, 147.8, 157.1, 173.4. 2 0 NOV 2002 WO
99/ 62872 32 Biol ogical activity PCTI SE991009al The bi ol ogi cal activity of

e obob st PR Gt Rl EBCRIDITEAER vt PRE a8 HEidhdalh By Subdse
once s daily {@17 {691,700 the last day of the experiment the aninals were

anest heti zed 2h after dose in a non-fed state and bl ood was coll ected from
an incised artery. Plasma was anal yzed for concentration of glucose)

insulin and triglycer] A qrou f untreated ohese diabetic mce of the
same age servead 0’8'6%31‘?'&'(4'5‘%&3‘\?&l‘gﬂ’f“’@ﬁ’k?r’ﬁbeﬁ?’&)’é"%"éﬁF&fg‘éﬁﬁ‘éjo"'ﬂﬁyg]eﬁ?‘e and
after the experinment and the obtai ned weight gain was conpared to the

wei ght io gain of the control animals. The individual values for glucose,
insulin and tTégmptheiguaadine(fed; I8 ofmald)evasslowlyf added tohassotudon ofjdel@iid-wer e
expressed as the percent,rage of the rrespondi val ues, f.r.0 he .contr ol
oroup. The. debrraRebRa el i fmet R BRE AR Bl B ¢ e TkbeR e
percent reducdxyetiyQtiphda@iphbspRehiviaichiBREL30 g! mﬁﬁxmcz]lnrb‘-mﬂrbﬂapﬁl hotatih gtloycer i des
bel ow the levels in the control animals. I's The therapeutic effect of the

t est ed conpouhfiE shEwe_Hioar teroparatareioferayght tha solsent g@speapeteddn vewo iadylef f ect

in the prior art roalitazon adm ni strered. b Vv i he oral
dose of 10d pmﬁr})v %g%#pogmééeﬁg}w %’ﬁe‘ Ssoﬁrpt)’grrf]%]?mé? f s(‘ac{tesrg% f)f'tlﬁgret% ges y(la% h%:rorrpound

accordi ng to wiedidavan tieahixGedPay Mtrddagiih athe Gir#Owhd Wekhtd dznB&tivhen gi ven
in the sane oral dose denonstrate the increased potency and efficiacy of
the clai med cbrsemerrbonaisselitien. iTonerganc tasowasdiedi(magnesinmgulairedthcdi abet es

mellitus VL i i | i - RS hi I I ei ns
oL £ VLN MRS KGR0 80 Bl 5L 0BG
receptor %) of 2-ethoxy-3-{4-[2-(4-methanesulfonyloxyphenyl)-ethoxy]phenyl}acrylic acid ethyl

15 ester.

'H-NMR (500 MHz; CDCl,): § 1.34-1.38 (2t, 2x6H, J=7 Hz for both), 3.11 (t, 2H, J=6 Hz),
3.13 (s, 3H), 3.98 (q, 2H, J=7 Hz), 4. 2 (t, 2H, J=6.8 Hz), 4.28 (q, 2H, J=7 Hz), 6.87 (dm,
2H, J=9 Hz, uaresolved), 6.95 (s, 1H), 7.23 (dm, 2H, J=9 Hz, unresolved), 7.33 (dm, 2H,

20 J=9 Hz, unresoived), 7.73 (dm, 2H, J=9 Hz, unresolved).
YC-NMR (125 MHz; CDCL,): § 14.3, 15.5, 35.0,37.3,61.0, 67.5, 68.1, 114.4,122.0,
123.8, 126.6, 130.5, 131.7, 137.7, 143.1, 147.9, 159.0, 164.9.

d) 2-Ethoxy-3-[4-(2- {4-methanesulfonyloxypheny!} ethoxy)phenyl]propanoic acid ethyl

25 ester

2-Ethoxy-3-{4-[2-(4-methanesulfonyloxyphenyl)ethoxy]phenyl} acrylic acid ethyl ester
(1.47 g; 3.38 mmole) was hydrogenated for 3 hours at atmospheric pressure in ethyl
acetate (50 ml) using Pd/C (5 %; 0.75 g) as catalyst. The reaction mixture was filtered

3o through celite and dried (magnesium sulfate), The solvent was evaporated in vacuo to give



30 DEAD di et hyl azodi carboxyl ate 2 0 NOv 2002 WD 99162872 PCT/ SE99/ 00941
33 ADDP azodi car bonyl di pi peridine EDC 2.0 NOV 2002
1- (3-di net hyl am nopr opyl } - 3- et hyl car bodi i m de EDCxHCI

1- 1 3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de DCC

di cycl ohexyl caobuesizm de s HBTU PCT/SE99/00941

O benzotriazol -1-yl-N, N, N , N -t etranet hyl uroni um hexaf | uor ophosphate TBTU
0-benzotriazol -1-yl -N, N, N , N -t edranet hypqur oni um t et raf | uor obor at e PyBop
benzot zi azol e- 1-yl -oxy-tris-pyrolidi no- phosphoni um hexaf | uor ophosphat e DV

di met hyl f or mam de DVAP 4-di net hyl am nopyri dine ~o TEA triethylam ne D PEA

di i sopropyl et hyl am ne_ Bl NAP 2, 2' S enyI phasphi no)-1, 1' - bi naphtyl CCD
cycl ooct adi eﬁ]ex‘l_bﬁ(‘ql‘? Phroup{ &Wébﬁdﬁ& H@ai‘%s“ QS YPiRaEE} 1 m

hexamet hyl di giply ’hm}%ﬂf"r&‘%‘%a °h‘§¥§8" chr omat ography THF t et rahydrof uran
0

Pd/ C pal | adi um 1- hydr oxybenzotri azol c-hydrate zo m
multiplet t triplet s singlet d doublet q quartet zs quint quintet br broad

dm nul ti pl et I [ ac rrat 002 WQ 162872 34 CLAIMS
1. A corrpound'?mz& ﬁ‘ﬁ%zfaﬂﬁ? %ﬁ%ww 19-3E88% (8941 and
phar maceuti Calyh y§ RGL oML flles, 38@ S3H) S9§1V§1§§ qnda @54%&%‘ t 3f99r3f§% dnhereof
~0 2. A process for’the preéeparation’ o mpound” accordi ng’to cl
char act eri zedHpw.12-4.19 (m, 4H) 68(dm 2H, J=8.8 Hz, unrcsolvcd) 7.14 (dm, 2H, I—89Hz

unresolved), 7.22 (dm, 2H, J=8.9 Hz, unresolved), 7.33 (dm, 2H, J=8.6 Hz, unresolved).

PC-NMR (125 MHz; CDCl,): § 14.2, 15.0, 35.1, 37.2, 38.4, 60.7, 66.1, 68.1, 80.3, 114.3,

121.9, 129.5, 130.4, 130.5, 138.0, 147.8, 157.4, 172.5.
e) 2-Ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl}ethoxy)phenyl]propanoic acid

Lithium hydroxide hydrate (0.12 g; 2.82 mmole) dissolved n water (10 ml) was slowly
added to a solution of 2-ethoxy-3-[4-(2- {4-methanesulfonyloxy-

15 phenyl}ethoxy)phenyl]propanoic acid ethyl ester (1.12 g; 2.56 mmole) in tetrahydrofuran
(30 ml). After stirring at room temperature for 3 hours, water (50 ml) was added and
tetrahydrofuran was removed by evaporation in vacuo. The water residue was acidified
with hydrochloric acid (2M) and extracted three times with ethyl acetate. The organic
phase was dried (magnesium sulfate), filtered and the solvent was evaporated in vacuo to

0 give 1 g (yield 96 %) of 2-cthoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)-

phenyl]propanoic acid.

'H-NMR (500 MHz; CDCL,): § 1.17 (1, 3H, J=7 Hz), 2.91-2.99 (m, 1H), 3.03-3.11 (m, 3H),
3.12 (s, 3H), 3.39-3.47 (m, 1H), 3.57-3.64 (m, 1H), 4.01-4.06 (m, 1H), 4.14 (t, 2H, J=6.7

15 Hz), 6.81 (dm, 2H, J=8.6 Hz, unresolved), 7.15 (dm, 2H, J=8.6 Hz, unresolved), 7.22 (dm,
2H, J=8.6 Hz, unresolved), 7.33 (dm, 2H, J=8.6 Hz, unresolved).
“C-NMR (125 MHz; CDCl,): § 15.0, 35.1,37.2,37.8, 66.8, 68.1, 79.7, 114.4, 121.9,
128.8, 130.49, 130.52, 137.9, 147.8, 157.5, 169.1.



a) convertlngacorrpound of the formula Il OO\ \/ ~\ | 0O\\s ~00

wherein Ais a chiral auxiliary group or the group -ORp, wherein Rp |k0 NUV 2002
protective group, or b) reacting a conmpound of the formula ZZlI zo 2 o Nov

Zoo2 WD 99/62B72 35 X 11l O/OS Owth a compound of the formula NQ~ ~ O

w/ A5 PCTI Sk894/6324t in which fornulas Ais -COH) a chiralpcggséddosi y 9r oup
or the group -ORp) wherein RP is a protective group, Xis -OH or a |leaving
group and Qis H, whereafter, if necessagy, hydrolysing the obtained
conmpound, or ~o0 c) diastereoisonerically separating a conpound of the
formula VQO\ OV / A O15 wherein Qis - CHZCH2Ph- 4- OS02CH3 and Ais a

chiral auxiliary group, whereafter KF@ sng t he obt ai ned conpound, or d)
enanti omeri c& (53}25981@&! M 2ehydeoxydRbba ymhywe[‘*r(ar frumaghagesulfonyloxyphenyl}-

ethoxy)phenyl]propancic amide.

A solution of 2-ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl}ethoxy)phenyl]propanoic

s acid (10.5 g; 25.7 mmole) in dry dichloromethane (150 ml) was cooled on an ice-bath and
EDC (5.42 g; 28.3 mmole), diisopropylethylamine (4.8 ml; 28.3 mmole) and HOBtxH,0
(3.82 g; 28.3 mmole) were added. After 20 minutes the ice-bath was removed and (R)-
phenylglycinol (3.88 g; 28.3 mmole) was added. After stirring at room temperature over
night dichloromethane (100 ml), citric acid (60 ml, 10 %) and ethyl acetate were added and

10 the phases were separated. The organic phase was washed with citric acid (60 m!), sodium
bicarbonate (2 x 60 m!) and brine (60 ml), dried (sodium sulfate), filtered and the solvent
evaporated n vacuo. The crude product was crystallized twice in cthy! acetate/heptan to
give 4.43 g of (R)-2-ethoxy-N-(2-hydroxy-(R)-1-phenylethyl)-3-[4-(2- {4-
methanesulfonyloxypheny!} ethoxy)phenyl]propanoic amide. The mother liquids were

15 combined, the solvent was evaporated in vacuo and the residue was purified by
chromatography on silica gel using ethyl acetate:heptan (gradient 25 to 100 % ethy]l
acetate) to give 5.14 g (yield 38 %) of (8)-2-ethoxy-N-(2-hydroxy-(R)-1-phenylethyl)-3-[4-
(2- {4-methanesulfonyloxyphenyl}ethoxy)-phenyl]propanoic amide and 0.51 g (totally 4.94
g, yield 36 %) of (R)-2-ethoxy-N-(8hydroxy-(R)-1-phenylethyl)-3-[4-(2-{4-

20  methanesulfonyloxyphenyl}-ethoxy)phenyl]propanoic amide.

'H-NMR (600 MHz; DMSO-d,): 5 1.04 (t, 3H, J=7.0 Hz), 2.74 (dd, 1H, J=13.9 and 7.6
Hz), 2.84 (dd, 1H, J=13.9 and 5.3 Hz), 3.05 (t, 2H, J=6.7 Hz), 3.30 (m, H), 3.34 (s, 3H),
3.44 (m, 1H), 3.55 (t, 2H, J=5.8 Hz), 3.88 (dd, 1H, J=7.3 and 5.5 Hz), 4.15 (t, 2H, J=6.7

25 Hz), 4.83 (m, 1H), 4.85 (1, | OH, J=5.4 Hz), 6.80 (d, 2H, J=8.4 Hz), 7.09 (d, 2H, J=8.4 Hz),
7.17 (m, 3H), 7.23 (m, 2H), 7.28 (d, 2H, J=8.3 Hz), 7.43 (d, 2H, J=8.3 Hz), 8.06 (d, 1 NH,
J=8.2 Hz),
BC-NMR (150 MHz; DMSO-d,): & 15.2, 34.4, 37.5, 38.0, 54.6, 64.5, 65.1, 67.9, 81.1,
114.2,122.2,126.8, 127.0, 128.1, 129.8, 130.4, 130.7, 138.1, 141.2, 147.8, 157.0, 171.1.

30



zo 2 0 NOV 2002 WD 99162872 36 Quo ~ o v A O PCT/ SE99/ 00941 wherein Qis
- CHZCH2Ph- 4- OSOzCH3 and A is -OH or -ORp, wherein Rp is a protective URNGHUUZ
whereafter, if necessary hydrolysing the obtai ned conpound, or e)
asymmetrically reducing a conpound of the fornmula VI /OOQ"' ~v11/ / A
I 0 O wherein @a®628H-CHZPh- 4- OSOzCH3 and A is -OH, a chirapcospsbbioar y
group or the group -ORp, wherein Rp is a protective group) whcreafter) if
necessary, hydrol ysing the obtained conpopgd, or is ~ allrylating a
conpound of the formula 3 /O~ CH QI Xli A Owherein Qis
- CH2CHZPh- 4- OS02CH3 and A is -OH, a chiral auxiliary group or the group zo
-ORp, wherein RPis a protective group whereafter, if necessary,
hydr ol ysi ng t (DB BB -HoRpduneihanssulfonyloxyphenylerozppbenyipgpancezsid ng a
conmpound of the formula XV V\099/62872 /OQ/ X s with a compound of the
formula I X

(S)-2-Ethoxy-N-(2-hydroxy-(R)-1-phenylethyl)-3-{4-(2-{4-

methanesulfonyloxyphenyl} ethoxy)phenyi]propanoic amide (4.49 g; 8.55 mmole),

s concentrated sulfuric acid (12.5 ml), dioxan (50 ml) and water (50 ml) were stirred at 80° C
for 6 hours. After cooling, water (100 ml) was added and the product was extracted with
dichloromethane (2 x 100 ml). The organic phases were combined and washed with brine
(60 ml), dried (sodium sulfate), filtered and evaporated in vacuo. Purification by
chromatography on silica gel using heptan:ethyl acetate:acetic acid (10:10:1) as gradient

10 and azeotropic destillation with toluen gave 2.78 g (yield 79 %) of (S)-2-ethoxy-3-{4-(2-
{4-methanesulfonyloxypheny!} ethoxy)phenyl]propanoic acid.

'H-NMR (600 MHz; DMSO-d,): 8 1.02 (t, 3H, J=7.0 Hz), 2.78 (dd, 1H, J=13.9 and 8.0
Hz), 2.86 (dd, 1H, J=13.9 and 5.2 Hz), 3.04 (t, 2H, J=6.8 Hz), 3.28 (dq, 1H, J=9.1 and 7.0
s Hz), 3.35 (s, 3H), 3.49 (dq, 1H, J=9.1 and 7.0 Hz), 3.92 (dd, 1H, J=5.2 and 7.7 Hz), 4.15 (¢,
2H, J=6.8 Hz), 6.82 (d, 2H, J=8.7 Hz), 7.11 (d, 2H, J=8.7 Hz), 7.27 (d, 2H, I=8 .5 Hz),
7.42 (d, 2H, J=8.5 Hz), 12.59 (s, br, 1 OH).
BC-NMR (150 MHz; DMSO-d,): 8 15.2, 34.4, 37.5, 37.7, 65.0, 67.9, 79.4, 114.2,122.2,
129.6, 130.4, 130.7, 138.0, 147.8, 157.1, 173.4.
20

Example 2.
(S)-2-Ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic acid

a) 3-(4-Benzyloxyphenyl)-2-ethoxyacrylic acid ethyl ester

25
Tetramethylguanidine (33 g; 0.286 mole) was added to a solution of 4-
benzyloxybenzaldehyde (59.1 g; 0.278 mole) and (1,2-diethoxy-2-oxyethyl) (triphenyl)
phosphonium chioride (101.8 g; 0.237 mole ) in dichloromethane (600 mi) at 0°C. After
stirring at room temperature over night, the solvent was evaporated in vacuo. The residue

30 was dissolved in diethyl ether, insoluble material was filtered off and the filtrate was



PCT/ SE99/ 00941 O~ I X Oin which fornulas X is a leaving group, Qis

- CHZCH2Ph- 4- OS02CH3 and A is a chiral ~o auxiliary group used to induz NOY 2002
chirality in the product whereafter, hydrolysing the obtained conmpound, or

h) resolving a racemate of the formrulal ~\ a O-/0~50-~s /\ O~ OOHO
wher eafter, itwodesisred, the conpound obtai ned accordi ng to mseedoeeat hods
a)-h) is converted to a pharnaceutically acceptable salt, and/or a solvate
such as a hydrate thereof. :0 3. A conmpoynd of the formula IV ~I 2 0 NOV
2002 38 G~O\ 0 11/ / A Owherein Qis hydrogen and Ais -O |, a chiral
auxiliazy group ox 'the group ~ORp, whereixt Rp is a protective group. s 4.
A conpound according to claim 3, whezein in formula IV Ais -OH or al koxy

having 1 to 3c\@peTaeh The myidue gas girred pyesumght yith sodinm §isulfite(safimgied Wagr use in

ther apy. 10 O hoBPBIIRGRNLAE ! i IAILLLATIERTH TR SRIBIMAG:

according to ctive T ngredient optlona er W

phar maceut i cawltly diat@ledtied iried GAfinestum aclfie) and tha 86l et was evipbiated inBvabuo. The use
of a compouztd according to claim11 in the manufacture of a nedi cament for

t he prophyl axPwifisppugd thecaude peaductdr flash ehrematogrentyiapd emystalligationiint ed wi t h
e P . T g . . .
b ophyl axi & aigging e fits kBRI 8edr A tlnfoBb Rl NEhG Riihcie,

i nsulin resi séthylegerr s t he pxopl ayl axi s and/or treatnent of

“C-NMR (125 MHz; CDCL,): § 14.4, 15.6, 61.0, 67.5, 70.0, 114.8, 124.0, 126.7, 127.5,
128.1, 128.6, 131.7, 136.7, 143.1, 159.2, 165.0.

b) 3-(4-Benzyloxypheny!)-2-ethoxypropanoic acid ethyl ester

3-(4-Benzyloxyphenyl)-2-ethoxyacrylic acid ethyl ester (0.5 g; 1.5 mmole) was

hydrogenated at atmospheric pressure using rhodium on charcoal as catalyst (5%, 50 mg)
15 1 methanol (20 ml). The crude product was purified by chromatography using

heptane:ethyl acetate (5:1) as eluant to give 50 mg (yield 10%) of 3-(4-benzyloxyphenyl)-

2-ethoxypropanoic acid ethyl ester.

'H NMR (300 MHz; CDCL): § 7.47-7.30 (m, SH), 7.17 (d, J=8.8, 2H), 6.91 (d, ]=8.8 Hz,
20 2H), 5.06 (s, 2H), 4.17 (q, J=7.2 Hz, 2H), 3.98 (t, J=6.6 Hz, 1H), 3.61 (dq, ]=8.9 and 6.8
Hz, 1H), 3.36 (dq, J=8.9 and 6.8 Hz, 1H), 2.97 (d, J=6.6 Hz, 2H), 1.22 (t, ]=7.2 Hz, 3H),
118 (t, J=6.8 Hz, 3H).
C NMR (75 MHz; CDCL): § 172.6, 157.6, 137.1, 130.4, 129.5, 128.6, 127.9, 127.5,
114.6,80.4, 70.0, 66.2, 60.8, 38.5, 15.1, 14.2.
25

c) 3-(4-Benzyloxyphenyl)-2-ethoxypropanoic acid

Lithium hydroxide hydrate (7.4 g; 177 mmole) dissolved in water (150 ml) was added to a
solution of 3-(4-benzyloxyphenyl)-2-ethoxypropanoic acid ethyl ester (23.25 g; 70.8

30  mmole) in dioxan (150 ml). After stirring at room temperature over night dioxan was
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3-(4-Benzyloxyphenyl)-(S)-2-ethoxy-N-(2-hydroxy-(R)-1-phenylethyl)propanoic amide

2 0 NOV 2002

(8.9 g; 21.22 mmole) was hydrolyzed with concentrated sulfuric acid (27 ml) in water (104
ml) and dioxane—( 104 ml) at 90° C for 5 hours. The reaction mixture was poured onto water
10 (220 ml) and extracted with ethyl acetate. The organic phase was washed with brine, dried
(sodium sulfate) and the solvent was evaporated in vacuo to give 6.85 g of a mixture of 3-
(4-benzyloxyphenyl)-2-(S)-ethoxypropanoic acid and (S)-2-ethoxy-3-(4-hydroxyphenyl)-

propanoic acid, which was uscd without further purification.

s 'HNMR (400 MHz; CDCl,): § 7.47-7.30 (m, 5H), 7.19 (d, J=8.8, 2H), 6.93 (d, J=8.8 Hz,
2H), 5.10 (s, 2H), 4.06 (dd, J=7.8 and 4.4 Hz, 1H), 3.64 (dq, J=9.8 and 6.8 Hz, 1H), 3.44
(dg, J=9.8 and 6.8 Hz, 1H), 3.09 (dd, J=14.2 and 4.4 Hz, 1H), 2.98 (dd, J=14.2 and 7.8 Hz,
1H), 1.19 (t, J=6.8 Hz, 3H).

20  f) 3-(4-Benzyloxyphenyl)-(S)-2-ethoxypropanoic acid ethyl ester

Hydrogen chloride (g) was bubbled through a solution of 3-(4-benzyloxyphenyl)-2-(S)-
ethoxypropanoic acid (6.85 g) in ethanol (400 ml). Thiony! chioride (2 ml, 27.4 mmolc)
was slowly added and the reaction mixture was refluxed for 2 hours. The solvent was

25 evaporated in vacuo to give 8 g of a mixture of 3-(4-benzyloxyphenyl)-(S)-2-
ethoxypropanoic acid ethyl ester and (S)-2-ethoxy-3-(4-hydroxyphenyl)propanoic acid

ethyl ester which was used without further purification.

'H NMR (300 MHz; CDCl,): § 7.47-7.30 (m, SH), 7.17 (d, J=8.8, 2H), 6.91 (d, }=8.8 Hz,
s 2H), 506 (s, 2H), 4.17 (q, J=7.2 Hz, 2H), 3.98 (t, J=6.6 Hz, 1H), 3.61 (dg, J=8.9 and 6.8
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'"H-NMR (400 MHz; CDCL,): & 1.18 (t, 3H, J=6.8 Hz), 1.24 (t, 3H, J=7 Hz), 2.96 (d, 2H,

=6.5 Hz), 3.34-3.43 (m, 1H), 3.57-3.66 (m, 1H), 4.00 (1, 1H, 6.5 Hz), 4.18 (q, 2H, J=7
ts  Hz), 530 (s, | OH), 6.74 (dm, 2H, J=8.5 Hz, unresolved), 7.10 (dm, 2H, J=8.5 Hz,

unresolved).

BC-NMR (100 MHz; CDCl,): 6 14.2, 15.0, 38.4, 60.9, 66.2, 80.4, 115.1, 129.0, 130.5,

154.5, 172.7.

20 h) (S)-2-Ethoxy-3-[4~(2-{4-methanesulfonyloxyphenyl}ethoxy)pheny!]propanoic acid
ethyl ester

A solution of 2-(4-methanesulfonyloxyphenyl)ethyimethanesulfonate (described in
Example 1a) (2.41 g; 8.14 mmole) in acetonitrile (11.8 ml) was added to a mixture of (S)-
25 2-ethoxy-3-(4-hydroxyphenyl)propanoic acid ethyl ester (1.3 g; 5.46 mmole), potassium
carbonate (2.26 g; 16.4 mmole) and magnesium sulfate (1 g) in acetonitrile (50 ml). The
reaction mixture was refluxed for 19 hours. More of 2-(4-
methanesulfonyloxyphenyl)ethyl-methanesulfonate (0.8 g; 2.73 mmole) was added and the

reaction mixture was refluxed for another 25 hours. Solid material was filtered off and the
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mmole) dissolved in water (1 ml) was added at 10° C. After another 21.5 hours of sturing

at 10° C, more lithium hydroxide hydrate (44 mg; 1.05 mmole) dissolved in water (1 ml)
was added. The reaction mixturc was stirred at 25° C for 3 hours and then kept at 2° C for
67 hours. Tetrahydrofuran was evaporated in vacuo and then water and ethyl acetate were

15 added. Insoluble material was filtered off and the phases of the filtrate were separated. The
water phase was washed twice with ethyl acetate, acidified with hydrochloric acid (2 M;
3.2 ml) and extracted with ethyl acetate (30 ml). The organic phase was washed twice with
water, dried (magnesium sulfate), filtered and the solvent was evaporated 1 vacuo to give
1.9 g (yield 72 % in 2 steps) of (S)-2-ethoxy-3-[{4-(2- {4-methanesulfonyloxyphenyl}-

20 ethoxy)phenyljpropanoic acid.

'H-NMR (600 MHz; DMSO-d,): § 1.02 (t, 3H, J=7.0 Hz), 2.78 (dd, 1H, J=13.9 and 8.0

Hz), 2.86 (dd, 1H, J=13.9 and 5.2 Hz), 3.04 (t, 2H, J=6.8 Hz), 3.28 (dq, 1H, J=9.1 and 7.0

Hz), 3.35 (s, 3H), 3.49 (dq, 1H, J=9.1 and 7.0 Hz), 3.92 (dd, 1H, J=5.2 and 7.7 Hz), 4 15 (¢,
s 2H, J=6.8 Hz), 6.82 (d, 2H, J=8.7 Hz), 7.11 (4, 2H, J=8.7 Hz), 7.27 (4, 2H, J=8 .5 Hz),

742 (d, 2H, J=8.5 Hz), 12.59 (s, br, 1 OH).

PC-NMR (150 MHz; DMSO-d,): 5 15.2, 34.4,37.5, 37.7, 65.0, 67.9, 79.4, 114.2, 122.2,

129.6, 130.4, 130.7, 138.0, 147.8, 157.1, 173.4.
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s daily for 7 days. On the last day of the experiment the animals were anesthetized 2h after
dose in a non-fed state and blood was collected from an incised artery. Plasma was
analyzed for concentration of glucose, insulin and triglycerides. A group of untreated obese
diabetic mice of the same age served as control. The weight of the mice was measured
before and aﬁer_the experiment and the obtained weight gain was compared to the weight
10 gain of the control animals. The individual values for glucose, insulin and triglyceride
levels of the mice from the test group were expressed as the percent rage of the
corresponding values from the control group.
The desired “therapeutic effect” was calculated as the average percent reduction of the
three variables glucose, insulin and triglycerides below the levels in the control animals.
15 The therapeutic effect of the tested compounds according to the invention was compared to
the same effect in the prior art compound troglitazone, administrered by gavage in the oral

dose of 100 umol/kg for 7 days.

The superior effects of the tested compound according to the invention compared to that of
20  troglitazone when given in the same oral dose demonstrate the increased potency and

efficiacy of the claimed compound.
Abbreviations

35 NIDDM  non insulin dependent diabetes mellitus
VLDL very low density lipoproteins
HDL high density lipoproteins
IRS insulin resistance syndrom
PPAR peroxisome proliferator activated receptor

1 DEAD diethyl azodicarboxylate
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and pharmaceutically acceptable salts, solvates, and crystalline forms thereof.
10 2. A process for the preparation of a compound according to claim 1, characterized by

a) converting a compound of the formula II

wherein A is a chiral auxiliary group or the group -ORP, wherein R” is a protective group,

or

b) reacting a compound of the formula I

20
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in which formulas A is -OH, a chiral auxiliary group or the group -OR?, wherein RP is a
protective group, X is -OH or a leaving group and Q is H, whereafter, if necessary,
hydrolysing the obtained compound, or

c) diastereoisomerically separating a compound of the formula V

wherein Q is -CH,CH,Ph-4-OSO,CHj and A is a chiral auxiliary group, whereafter

hydrolysing the obtained compound, or

d) enantiomerically separating a compound of the formula V

20
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wherein Q is -CH,CH,Ph-4-0S0,CHj; and A is -OH or -ORP, wherein R is a protective

s group, whereafier, if necessary hydrolysing the obtained compound, or

e) asymmetrically reducing a compound of the formula VII

Q Vil

wherein Q is -CH,CH,Ph-4-OSO,CHj and A is -OH, a chiral auxiliary group or the group
-ORP, wherein RP is a protective group, whereafter, if necessary, hydrolysing the obtained

compound, or

1s  f) alkylating a compound of the formula XII

O OH
-~
Q Xl

wherein Q is -CH,CH,Ph-4-OSO,CH; and A is -OH, a chiral auxiliary group or the group
20 -ORP, wherein R is a protective group, whereafter, if necessary, hydrolysing the obtained

compound, or
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s with a compound of the formula IX
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in which formulas X is a leaving group, Q is -CH,CH,Ph-4-OSO,CHj, and A is a chiral
10 auxiliary group used to induce chirality in the product whereafter, hydrolysing the obtained

compound, or

h) resolving a racemate of the formula I ™

o) 0O
l rac
OH

O\S/O
2

whereafter, if desired, the compound obtained according to any of methods a)-h) is

converted to a pharmaceutically acceptable salt, and/or a solvate such as a hydrate thereof.

0 3. A compound of the formula IV
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5
4. A compound according to claim 3, wherein in formula IV A is -OH or alkoxy having 1

to 3 carbon atoms. .

5. A compound according to claim 1 for use in therapy.

10
6. A pharmaceutical formulation containing a compound according to claim 1 as active
ingredient optionally together with a pharmaceutically acceptable carrier, adjuvant and/or
diluent.

15 7. The use of a compound according to claim 1 in the manufacture of 2 medicament for

the prophylaxis and/or treatment of clinical conditions associated with insulin tesistance,

8. The use according to claim 7 wherein the prophylaxis and/or treatment of clinical
conditions associated with insulin resistance is the prophylaxis and/or treatment of

20 dyslipidaemia in such conditions.

9. The use according to claim 7 wherein the prophylaxis and/or treatment of clinical
conditions associated with insulin resistance is the prophylaxis and/or treatment of
hyperglycaemia in nor insulin dependent diabetes mellitus.
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according to claim 1.



