WD 02/ 060885 PCT/ USOL/ 49299 1 CHEM CAL COVPOUNDS Field of the Invention
This invention relates to a new class of chem cal conpounds and to their
use in nwoioionmss | n particular, the invention concerns na¢alus01/49299
phenet hanol am ne 5 derivatives, nethods for their preparation,

phar maceuti cal conpositions containi ng‘I them and their use as agoni sts at
atypi cal beta-adrenoceptors (also known as beta-3-adrenoceptors).
Background of the Invention ARypigabalb pHaypgepPt ors belong to the

fam |y of adrenoceptors that 'm—ne@-ar%l ogi cal actions of the
hor nrones adrenal i ne and noradrenaline. Such receptors have been descri bed

for exanple by J RS Arch et. alFieldiftthe énventi0d, 163-165 (1984); C W son
et. al., Eur. J. Pharnacol., 100, 309-319 (1984); L J Enorine et. al.,

Sci ence, 2454, -1 89).. .and i anchetti . .. B "

har macol -, TS MR IsleE Rl el R ARTRERL kol o 13 Bt ng
activity & neidihhealn paitieurdrthsananitohconaemsthe”d phedethanoladtingxanpl e,
Eur opean Patent Applications EP-A-0455006- and EP-A-0543662. Sub-types of
t he adr éngeBYyRiBES, methods for theigprepayafjon, pharmageytioa) GPRRPFItiERR be
identifie e [ hel.r e '

physi ol og?gg{é”ﬁ@&é ecatﬁ]gﬁhgﬁbcaa gdg%%%ltt%ﬁ}g@ésltb;éﬁﬁgf%{o%}%pﬁgﬁs? hese

r ecept or s khbwh astbetb3Bademmecepiode). y used in clinical nedicine. Mre
recently, enphasis has been placed upon specific receptor selectivity in
order to reduce side effects gaused, in arlt Y, I nteractions with other
receptors. Atypical beta-adre 0 0 occur in adipose tissue

and the 25 gastroiptestinal tract t ypi cal _bet a- adrenocept or,_ agoni sts have
been found (AR Psfér Peaeppors be@ndle T abgRr L oaRoHIOBESR y agent s
and as ﬁﬁﬁﬁe&ét@t{ﬁbﬁgsﬁﬂ@g%ﬁ-ac@@ﬁ?%\"ﬂf@hmdd& FirgRhIR am® haraffeRaIpeept or
agoni st activity havé al so been described as being useful in the treatnent
of hyper giSucherteptoss have baen dgsoritdd for exempies by dR Bl Arth ¢fl at.cNafure,
aggregati ool NEL Nigs% 19847 AR 6t el N IPbRarmacol., 100, 309-319 (1984); L

J Emorine et. al., Science, 245, 1118-1121 (1989); and A. Bianchetti et. al. Br. J.

Pharmacol., 100, 831-839 (1990).

15 Phenethanolamine derivatives having activity at atypical beta-adrenoceptors

are disclosed in, for example, European Patent Applications EP-A-0455006 and
EP-A-0543662.
Sub-types of the adrenoceptors, a,-, a,-, B;-, B,- and B;-(atypical) can be
identified on the basis of their pharmacological properties and physiological
20 effects. Chemical agents that stimulate or block these receptors (but not 33) are
widely used in clinical medicine. More recently, emphasis has been placed
upon specific receptor selectivity in order to reduce side effects caused, in part,
by interactions with other receptors.
Atypical beta-adrenoceptors are known to occur in adipose tissue and the
25 gastrointestinal tract. Atypical beta-adrenoceptor agonists have been found to be
particularly useful as thermogenic anti-obesity agents and as anti-diabetic
agents. Compounds having atypical beta-adrenoceptor agonist activity have also
been described as being useful in the treatment of hyperglycaemia, as animal

growth promoters, as blood platelet aggregation inhibitors, as positive inotropic



WO 02/ 060885 PCT/ US01/49299 2 agents and as anti at herosclerotic agents,
and as being useful in the treatnent of glaucoma. Sunmmary of the Invention
5 The i nvwpotoossher ef ore provides, in a first aspect, compaursds4ab9 f ornul a
(1) and pharmaceutically acceptable derivatives thereof: G R HoZc OH 1 \
/I "X (1) (Rn wherein X is oxygen or sl fur, optionally substituted by one
or nore groups selected fromCl-4 al kyl and hal ogen, and where the

het er ocychbgentsrara as agtiathesoscteretibagents: and astheing ugpefubinttbe tteatrdepi oft ed NH;
R1 is hydrpgen or Cl _6al kyl; R represents substituents selected from Cl-6
al kyl, haP&&R™M& i fluoronmethyl and Cl-6al koxy; and n represents an

i nteger fromO-4. 15 Preferably the conpounds of this invention are

agoni sts for human beta-3 adrenoceptor ("113"). Mre preferably, the

compounds of this invention argmarir¢ef theeidertibsts for R3. In another
aspect, the present invention vrcm—tlj'gs—at—p#m-meut ical fornul ation
conprising a conpound of the invention. Preferred pharmaceutical 20
conposi t5i ons f dhelieyendiomgheeafore prosidesciowa ficshlaspeetc cempabnds ebfarimgfa | n

anot her a wih [ese | Ny i.on Vi a pethod for the prevention
or treat Iggﬁéfphglrr%ﬁgggﬁca@gr%c?g{éﬂe %‘?Wcﬂq'élggg@%regggcepti ble to anelioration
by adm nistration of an atypical beta-adrenoceptor agonist, conprising
adm ni stration of an effecCive anobunt of a conpound or conposition of this

25 invention.
)R;/H HO,C
N a

OH X
(R),
V)
wherein X is oxygen or sulfur, optionally substituted by one or more groups

selected from C1q.4 alkyl and halogen, and where the heterocycle containing X is

10 substituted meta or para to the depicted NH;
R is hydrogen or Cy_alkyl;
R represents substituents selected from C4_g alkyl, halogen, trifluoromethyl and
C1-galkoxy, and
n represents an integer from 0-4.

15 Preferably the compounds of this invention are agonists for human beta-3
adrenoceptor (“33"). More preferably, the compounds of this invention are
selective agonists for 3.

In another aspect, the present invention provides a pharmaceutical
formulation comprising a compound of the invention. Preferred pharmaceutical

20 compositions further comprise a pharmaceutically acceptable carrier.

In another aspect, the present invention provides a method for the prevention
or treatment of clinical conditions or diseases susceptible to amelioration by
administration of an atypical beta-adrenoceptor agonist, comprising
administration of an effective amount of a compound or composition of this

25 invention.



WO 02/ 060885 PCT/US01/49299 3 In a further aspect, the present invention
provi des the use of a conmpound of formula (1), or a pharmaceutically
accept ablwodensosat i ve thereof, in the manufacture of a nedirameem29$ or t he
treatnment of conditions or diseases susceptible to anelioration by

adm ni stration of an atypical beta- adréﬁocept or 5 agonist. Detailed
Description of the Invention As used herein, the terns "al kyl' and "al koxy"
mean a st railgr&tfuotthebaapmteme ;aﬂesgeht igwemﬁnmproaidesxyeg:sem awppcmrhd/ef Y,

contai nin di cat nunber | 0 n a rrpl e, Cl_6al kyl
means a s L@%'S"o?r %Pﬁﬂ%%%? 'Fﬁ(jﬁf a%%?rﬁt q%{;'v {.v?n&g 8 at nost 6
carbon at efnufititafeotd MedicEmast foF Y FE Sttt bR cohditlors bSdﬁs@B§é$tUt ed neta
to the depicted NH Preferably RL is hydrogen or nmethyl. Wen Rl is other
t han hydr sY8eeptidiReip amgllgﬁéperba{twnwér ipB 08 aprdywisalbetaadienagapterar bon to
whi ch a ngpded |s R Preferably Ris chlorine, fluorine, or CF3.

S

Preferably [ or 2. Mst preferably nis 0. Preferably the

st ereochem sty around t he he de ted OHis bonded is R
20 It will be appreciated ﬁﬁ{f’ﬁ all;iesg,r\:p 1g_n,o£ “%'@.XEQFU. Formula (1) may
contain optically active centers. The individual, isolated isonmers and

m xtures thereof, including racenmates, are all vmthi n the scope of the
present i nvens u9&d hédih Ctﬁle'térms V!?I@j'lear%l dll&))&EHBQnaglréfg%E 8f bRinched

di astereomers of conpounds of Fornula (I) be obtained, which are

enri ched @kyhgpupaereakexyagropp regpedtivety, gomauyng/éh@mdlqﬁted pEMhes of
2 (3 o Pl Ry SEorcRIE e ety 3Bt S sbpiaht ob PRV RBING) phenyi ) 1 u
ran- 3- cacbatining atfdasdt 1 and at most 6 carbon atoms.
;2),0( gai LCZ,X(? Crheléé)rrag’ ht?\g het(_arzo%yglédc:roor\)’galkl_n%t)zl |sI gurgs?l?l}tg(tj rr]nclatgrPo } 289: ec) furan-3-
yl iR
NH.
Preferably R is hydrogen or methyl. When R' is other than hydrogen, then

15 preferably the stereochemisty around the carbon to which R' is bonded is R.

Preferably R is chlorine, fluorine, or CF3.

Preferably nis 0, 1, or 2. Most preferably n is 0.

Preferably the stereochemisty around the carbon to which the depicted OH is
bonded is R.

20 It will be appreciated that the above compounds of Formula (I) may contain
optically active centers. The individual, isolated isomers and mixtures thereof,
including racemates, are all within the scope of the present invention. Typically,
where R' is methyl, mixtures of diastereomers of compounds of Formula () may
be obtained, which are enriched with greater than or equal to 80% by weight of

25 one diastereomer.

Suitable compounds of formula (I) of the invention include:
2-(3-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-
3-carboxylic acid;
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)furan-3-

30 carboxylic acid;
2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-

3-carboxylic acid;



2-(4-{2R-[2-(3-Chl orophenyl )-2 R-hyd roxyl -ethyl am no] propyl am no} phenyl ) fu
ran- 3-carboxylic acid; WO 02/060885 PCT/ US01/ 49299 4

2- (3-{ 2R-WD-0¢B60883 or ophenyl ) - 2R- hyd roxyl - PCT/US01/49299

et hyl am no] pr opyl am no} phenyl ) t hi ophene- 3- car boxylic aci d;

2-(3-{[2- (3-Cnhl orophenyl ) - 2R- hydr oxyl - 4 hyl am no] et hyl am no} phenyl )t hi ophen
e- 3-carboxylic acid; 5 2-(4-{2R-[2-(3-Chl orophenyl)-2R-hydroxyl -

et hyl am na}(@r{@@,‘l%@ Gblovopmgny) F PRadesrd-3- car boxyl ic acid; and

har maceut, ' cce er i es ther Par.ticul arl referred
(F:)orrpounds ﬁ‘ojl ﬁ':anﬂﬂo ﬂ\gpxlé@uop%ene cat%oxyllc acid; yp

2-(3- {LZ (zl 3C¥[Qmmimbhbnﬂ§i2mdymxw &h{is i1ty MiNoRsAEH) ERIephénd-ur an- 3-
i 0 car box I C acCl
2-(3-{[ 2- é@@hpwlﬁm%y|) 2R— hydr oxyl - et hyl ani no] et hyl ani no} pheny! ) t hi ophen

e- 3 carbex TB6E Iy acceptabl e derivatives thereof.
"a phar n@c@ ?Cgﬁ;y aﬂ?ﬁq‘g}d )g)atlve I s meant any pharmaceutically

accept abl etmﬁémlnoﬂzsrbpylanmno}miehyk)ifmmtrémeeis-barboxqﬁc acidpapound of formula (1)

or any 15 ot her con'ﬂound whi ch \’pon adm nlt?tratlon to the recipient, is

capabi e ofPNgFaseIticglly dceertable dpr BEP E&BYY a conpound of formul a (I) or
an active net al’l’%‘rﬂ:étﬁ%rl)%réf&%@%n{p@ hSQ f Hé m‘OFHmr?ﬁscW eci ated by those

skilled in the art t he conpounds orrm may be nodified to

provi de pﬁdBﬁﬁMﬂGM@dpyeaylaéﬁ h}odlrexyleethylamln@ethmm'@ﬂplmml JAgaads of the
functlo% rou[) ! . n_ the conmpounds of formula (1). O particular interest
as such'%déf 85" e conpounds nodi fied at the carboxyl function,

hydr oxyl fzuosc{{zmr%ro@heaw)m BY@ERSl-ethilamihd]elfylan o?‘ﬂhéﬁ)ﬂ?)ﬂ'ub hér’ﬂélse
skilled in the art that the pharmaceutically ‘acceptab derivatives of the
conpounds 3ofarbexyiigi aciq; |qndmlyarma®elﬂcalm a@@@t@me desvatives theeefone position.

e 0 "8 R ACk kB BEEP ARLE AP KT Bl A RO
acceptable salt, ester, or salt of such ester, of a compound of formula (1) or any
15 other compound which, upon administration to the recipient, is capable of
providing (directly or indirectly) a compound of formula (l) or an active metabolite
or residue thereof.
It will be appreciated by those skilled in the art that the compounds of formula
(1) may be modified to provide pharmaceutically acceptable derivatives thereof at
20 any of the functional groups in the compounds of formula (I). Of particular
interest as such derivatives are compounds modified at the carboxyl function,
hydroxy! functions or at amino groups.
It will be appreciated by those skilled in the art that the pharmaceutically
acceptable derivatives of the compounds of formula (1) may be derivatised at
25 more than one position.
Preferred pharmaceutically acceptable derivatives of the compounds of
formula (1) are pharmaceutically acceptable salts thereof.
Pharmaceutically acceptable salts of the compounds of formula (I) include
those derived from pharmaceutically acceptable inorganic and organic acids and
30 bases. Examples of suitable acids include hydrochloric, hydrobromic, sulphuric,
nitric, perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicylic, succinic,

toluene- p-sulphonic, tartaric, acetic, citric, methanesulphonic, formic, benzoic,



Phar maceutically acceptable salts of the conmpounds of fornula (1) include
t hose derived from pharnaceutically acceptabl e i norganic and organi c acids
and 30 baearoeBsBRNPl es of suitabl e acids include hydrochlpemiwsg1/49299

hydr obrom ¢, sul phuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycollic, lactic, salicylic, succinic,® toluene- p-sul phonic, tartaric,
acetic, citric, nethanesul phonic, formc, benzoic, WO 02/ 060885

PCT/ US01/ agstogic, saphithelene;2-saiphbhigl antebenzamesh phioaicaaid he Othweremidphoni ¢
acids. Oher, acids as, .oxalic,  while not in hensel v

phar maceuttEaRRRlie ok A8 RiGepSevES anmate il AER R BERRaY DS al ¢ s
usef ul  as usBh@IMB@ FrepardtiondTsitsiudeft ABRMeARSdiabds ﬁw%tamwémﬁao@mis their
phar maceutical |y acceptable acid addition salts. 5 Salts derived from

appr opr i aétheaiswention poddheir RaaIMagaudicalleagcepiable wed ad@tmalsah% earth netal
(e.g. nes$?||qg deﬁv@?ﬁ?*ﬁ"%@}gﬁpﬁ% bar(]s\@g%aug? aﬁa@mtgﬂ@é é’t i r% ts. The

corrpoun s of "fornul'a err armaceutically ’der| vatives

act as ag@fakhe ea..frth%gw@g[ Hﬁ%ﬁg@@hﬁ“@ﬁﬁﬁérﬂﬁ% QWN%“(%@ é‘R%‘él?ef ul o

in the treatnment of clinic i t1ohs susceptible to arre f oration by
admi ni st r aélkgh) safts.an at ypi cal bet a- adr enocept or agoni st. Such conditions

i ncl ud ' i h |.i bl d

and its  aseOny sERODaR of BT 1y AR ek BEPisRec bl EReEemal: of nt est i nal
secr et i on defioativesPastids %dﬁlﬁé ra'ﬂ@%lcdl%@fdﬂgéfér@céﬁfdréﬁﬁatds%chfé?glUséde on of
I ntraocul ar pressure, triglyceridem a, diabetes

non- i nsifl ihtheciseatmant od.chrm@ale@n%t;qn&wcemlmb@m @melrwéi@nzlyy such as obese
NI DDM and @i QBE66, %M}Qﬁéﬁtﬁ{té %d?ém}z:leg tdrgg)gfs[t. %g:%ﬂ ddnd t%%gr?&@&@y’

nephr opat hy, "néufopa arac coronary I'seases an

arteri Osclmpeﬁgl)&;ambeOMI'ﬂ% hgperipdmign dtritablo tbewel sahdrdnsoandits,
particul ar| égl nf | amat orﬁh&ast rointestinal disorders. They are al so of use

" 20 | ncAESRFAIRC R HMOHIANETnEtion peyessbp o AotOYSRn Sepitign. non-
concent r atsgee.far&?ar K&, ‘?%%'r&%rﬁ@ﬁ\ﬂraHrﬂéthg?rré@ﬂtaﬁ&%fﬁHa%E? R prdsiir0d

serum especi al hunan serum an erefore of potential use in
the trest rmgiycmtiﬂmla drabetsd, &4d. sncmf—msahmdepemﬂ!mmlmte§ hmlhtas $NII}&M dre

and uri naryPEoRtahan obeSe IR ER3 o tiee MDD GEB2E BomliEdichs @S 1 1O
such as retinopathy, nephropathy, neuropathy, cataracts, coronary heart
diseases and arteriosclerosis, osteoporosis; and gastrointestinal disorders,
particularly inflammatory gastrointestinal disorders. They are also of use in

20 increasing the high-density-lipoprotein (HDL) cholesterol concentration and
decreasing the triglyceride concentration in blood serum, especially human blood
serum, and are therefore of potential use in the treatment and/or prophylaxis of
atherosclerosis. They also may be useful for the treatment of hyperinsulinaemia,
depression, muscle wasting, and urinary incontinence. References in this

25 specification to treatment include prophylactic treatment as well as the alleviation
of symptoms.

In a further aspect, the invention provides the use of a compound of general
Formula (I) or a pharmaceutically acceptable salt or solvate thereof, for the
manufacture of a medicament for the treatment of a condition susceptible of

30 amelioration by an atypical beta-adrenoceptor agonist.

While it is possible that, for use in therapy, a compound of the invention may

be administered as the raw chemical it is preferable to present the active



25 specification to treatnent include prophylactic treatnment as well as the
alleviation of synptons. In a further aspect, the invention provides the
use of a worpoensss of general Formula (1) or a pharnaceut ipcalusyl/areept abl e
salt or solvate thereof, for the manufacture of a nedicanent for the
treatment of a condition susceptible of®30 amelioration by an atypical

bet a- adrenoceptor agonist. Wiile it is possible that, for use in therapy, a
conmpound d1gredient ﬁﬁ@n@haj’mmtlcwéoaﬂwm)mé’hedn\eentlohdhua\fwrmmmmwdesa is

01T S BESSHY SR SRR OBRRS ETE ,0, nL o

phar maceutpheahatemumdugtacoepmmemamgeahempmgyﬂhéﬁwmbm;Ioan(dr)e or a
pharmaceutically acceptabl e derivative thereof together with one or nore

phar naceutﬁh@érnF'?e'éft'F@é'Mta&EﬁBta@éﬁ' farepes thesraidndarationlty, afhartherapentic

excl pi ot (L Tor PP fiaBlcBlodehtse TR cx BB TARER .71 bl e it

t he ot her "aagafmablehirsthefsetrise offhmlngltmhpahblewdtmwm athéeingredierststad thdre

recipi ent there unds f use ac to the present invention
may be forf%l‘é{? gﬂ‘oganﬁe? rl!ﬁ]’csctg%eﬁ%?'gwpgﬁ%ﬁreogect al or transder mal

adni ni strati ppe @bMﬁbuﬂdE%Mé@a&Hr&ﬁ?'tS tﬁ@br@s@ﬁt iHvehtidh inedy Qé(fdrﬁﬂﬁét%' on or

insufflation (either through the nou or the nose). For “oral
adm ni st r 401 @1@), hussaliparenteesal rectal octrape@emmairaslnmwtrameorheammm of, for

onar mac S ey ob aute G B FRRIAARe 4, RSN Rilfes PEB0H0 ¢ foyn 15

pregel ati nrsieslngséy e st arch pol yvi nyl pyrroli done or hydroxypropyl
met hyl cel lul gse); fill actose, mcrocrystalline cellul ose or

cal ci um hde%b‘é"r@ Bﬁﬂ&'ﬂiﬁﬁ@@)” qh%ﬁhﬁ@ﬁﬂ@@t@| eeMpagiters maystakathe ormal ¢ or
or et oS SRS O LA o EoR MR ERRETO YL 212
by net hodphaemiaceuticatly amepirablmexcaplentsl_mmh as pindjrey agerdsge.for oral
cuspensi ieSBRURkE Telge SEarphdauRiavpREolaa T Warskypropyl 1 YT HPS ©f
methylcellulose); fillers (e.g. lactose, microcrystalline cellulose or calcium
hydrogen phosphate); lubricants (e.g. magnesium stearate, talc or silica);
disintegrants (e.g. potato starch or sodium starch glycollate); or wetting agents
(e.g. sodium lauryl sulphate). The tablets may be coated by methods well known
20 in the art. Liquid preparations for oral administration may take the form of, for
example, solutions, syrups or suspensions, or they may be presented as a dry
product for constitution with water or other suitable vehicle before use. Such
liquid preparations may be prepared by conventional means with
pharmaceutically acceptable additives such as suspending agents (e.g. sorbitol
25 syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g.
lecithin or acacia); non-aqueous vehicles (e.g. almond oil, oily esters, ethyl
alcohol or fractionated vegetable oils); and preservatives (e.g. methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring and sweetening agents as appropriate. Preparations for
30 oral administration may be suitably formulated to give controlled release of the

active compound.



product for constitution with water or other suitable vehicle before use.
Such Iliquid preparations may be prepared by conventional neans with

phar maceuwwbpaalobogsmaccept abl e additi ves such as suspendi ng 2gentse1/§e9y.
sorbitol 25 syrup, cellul ose derivatives or hydrogenated edible fats);
enul sifying agents (e.g. lecithin or aEacia); non- aqueous vehicles (e.qg.
alnond oil, oily esters, ethyl alcohol or fractionated vegetable oils);
and pr eser valtdnecoakagmimistration the ¢amopeditigns imag take thenfoorataf sabletssanr bi ¢

acid). Th reparatiaon y also.contain buffer salts, flavoring, coloring
and sweet i?ﬁ%@gﬁégwgammﬁm'% .m%‘?rbe;far ations for 30 oral

adni ni st r at i PRe BBMhpeaInayidcadiding @ thel gresshtlifvetition rﬁaglb@thﬁ@iat@i fmse of the
active compound. 02/ 060885 PCT/ US01/49299 7 For buccal adm nistration

the conpoderediatal mgyninighation oy finieAHQST e:Gabl dodusdnjection @ngestimunuall at ed i n
be. for il ATE8 o 0 By AR ErEY AHRTERY BEleltoq el 17 bt BERRRe IMETL BT C™

i nj ecti on amnpawdes bniromaltbdosy osntaimers;wittudmbidded preservativect Tlon may be
presented in unif dosage forme,g. in anpoules or in nmulti-dose,

cont ai ner §va9qsl'ﬂ°§ﬁ He ep?‘é‘g\ef Fia\?‘eg.”S?ﬁBSiOE%sn%&ti'qqsoWserﬁﬂvqrﬁld@ °§Mch
forms as YiLREBs Q(}éhilcf%él, ht Hhay 86nt§fﬂ‘|’o?r‘n9lé§or¥[)éedr§éﬂté’su&{ aé@EWiN hi cl es,

and may contain formulatory agents such as su ing, sta ng and/ or

di sper si ngtatyizing andiar elispersinglagentsheAlbernatieely rtheetitiea tingragliebé may bevinpowder

formfor caonsgitution wt sui.tabl e. vehicle, e.g. ,sterile rogen-free

wat or e FOREler i St e8ostBion JutR ebidiif yehEre fid s EUB Ry SR BROn ey

al so be f qi4tut Mefsteite.r €ct al conpositions such as suppositories or

retenti on enenmas, e.g. containin? conventional suppository bases such as
to

cocoa but t er The compoaungs pseeidirgto the prasentdnyerdion may s e farmudateddn
Ceee e REBL T Yighd Sy R RSB BPes e R ALY Byl
i mpl ant at iconvéftionat sappositary basésisachiak octda botteudrotber glyrerides.
compounts. alLHAey T3 e Re MBIEBEEAGCHILH PISNIGHSY. DES POTRONASEHAN A0
sui tabl e pRl pARlIdte®Bs a depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously, transcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, the compounds
according to the present invention may be formulated with suitable polymeric or

20 hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

Suitable therapeutic ingredients which may be formulated with compounds of
the invention, together with one or more pharmaceutical carriers or excipients,

25 include ingredients which may be used in the same clinical conditions as those
listed herein for atypical beta-adrenoceptor agonists. Such ingredients may
include, for example, PPAR-gamma agonists.

A proposed dose of the compounds according to the present invention for
administration to a human (of approximately 70 kg body weight) is 0.1 mgto 1 g,

30 preferably to 1 mg to 100 mg of the active ingredient per unit dose, expressed as

the weight of free base. The unit dose may be administered, for examplé, 1to4

times per day. The dose will depend on the route of administration. It will be



20 hydrophobic materials (for exanple as an enmul sion in an acceptable oil)
or ion exchange resins, or as sparingly soluble derivatives, for exanple,
as a sparwoghkyweoss®l ubl e salt. Suitable therapeutic ingredipemisowneh nay be
formul ated with conpounds of the invengion, together with one or nore
pharmaceutical carriers or excipients, 25 include ingredients which may be
used in the sane clinical conditions as those |listed herein for atypical

bet a- adr ePPERidedthahit s1ay besnesessagy tmeke soutine vanatiangdo ﬂﬂ@doéagﬂ‘rplh e,
PPAR- gangy i : i
pres e%? [ n\?g%ﬂ |B'o t?‘ow% % mgﬁ;é g%r'ggﬂi%grt\r?% 8&@&#@%‘&8@’%? ?%%ég\gé{ﬂkg? g]teg tYOekg

body wei gltonditienGo bentgedted 1 The prabisprdekeramdl muteofladminisirakd® wig of t he
active ingredient ger uni.t dose, exgresse‘d as the weight of free base. The
uni t doseqﬁ%a@ b ﬁ”’h%@'@?'@@?”f’(ﬁl‘h aeepdant physigian of Yelgengyian. day. The dose

will depend Pﬂebﬁ%d’o@n‘r\ﬁ@.o‘?ihé"ﬂﬁ%ﬁf{ié@ m@g‘gréptaréﬁ bg glrﬁg oﬁ?m%éf(o%@?%%{’i e

PCT/ US01/ 49299 8 appreciated t e neces
vari at i onknpwntindhe astfge thedpiepacdition ofrsimiar carepounitisaelr grrexamfiplehe pati ent as

well as t erity of the copnditigh 4o be treated.. The eci se .dose and
foute of AT I& Bt hipfess RermRaR, BT R oreits GHTnetias s AL,
at t endant cofsdupidrbf@srmvidh €1)iniay baPprefaréd DyreBBRHEEcSthpbiidd SvBRhuRN MBY
be prepared by any of the processes known'in the art for the preparation
of simlar conpounds. E%r exanple, according to a
R, and R are as defined as for formula (1), §o
be prepared by reacti f conpognds of Jgrmjl
2

6-1r-- OP PZ (R~ X ) (111)
ITJJ\CHO
orP' pP? (R);
(I (I

fF%rst process wherein X
uhds of formula (1) may
OR2 O ~ HzN N CHO |

(1) and (Il
10 where P1 and P2 are suitable protecting groups for oxygen and nitrogen groups

respectively and R2 is lower alkyl or H, in the presence of a reducing agent,
followed by deprotection of any protecting groups present.
Compounds of formula (I1) are described in PCT publication number
WOQO95/33724 or may be prepared by standard methods.
15 In an alternative process, a compound of formula (1) may be prepared by
hydrolysis of a compound of formula (IV) or a pharmaceutically acceptable

version thereof:

M

wherein R and R are as defined in formulas (I1) and (IIl), R? is lower alkyl and R®

20 represents Cq alkyl or aryl optionally substituted by hydrogen, Cis alkyl or



(I'1) and (I11l) 1o where P1 and p2 are suitable protecting groups for oxygen
and nitrogen groups respectively and R2 is lower alkyl or H, in the
presence wbh oa/osmsiici ng agent, followed by deprotection offcanysopsadecti ng
groups present. Conmpounds of fornula (1)) are described in PCT publication
nunber W95/ 33724 or may be prepared by standard nmethods. 15 In an
alternative process, a conpound of formula (1) may be prepa%ed by

hydr ol ysi S'a59e0; &Jlaveashby 819 Sf@Prﬁflfwd(QWém@rth%lepMQﬁWt@DeB to/peasitieptaabl e

\d/g][;slngg fn%rgmrrﬂ]l fﬁ@%ar?d I f%%‘hﬁ".&}é@'ﬁ” '%Eéﬁ}ne a%ﬁlgRgb %‘cﬁengér esents
027 060888 PCTI uééﬁe@@%bﬁf’@"&"%ﬁ 8h8 o L0 et Bieeing g

the ester cﬂﬂf@nmm@)ﬂ?ﬁcémear@l@lby&eﬂtm B’Dméopf@deﬁée i)ﬂéfﬂdq@ebbé solMi'u@thfré the
furan ri n%fl S substituted PreferabQ/ 3/ ysis of a
(andaip

conmpound OH“Br}nﬂraQ'PPV)2t@e¥%rhﬁdé°)6@?rp§tﬂ1dN@@|'F@rHﬁ® gef@eab*y & out

metal L%r""é%’?"ee@rm?gﬁaf,eﬂr IR0 e Qe bRy Bloibing (5 QRerlg Bldr OUP 2

for at |ed&3®Rhto mmiweerp cohplmuaddajf;ferm@jat(M) &ﬂtaelrgRéum subsiltdfed Ibyb aps oduce
a conpoun f,formul a . _Wher ei ted roup can
be carri eg:cgihl Youg ‘f’q}'ﬁt e PAHIRGY SPCQiysa B ¥§'§r§}éPd“n4%Fd$t§P8§"ds
condi t ] 0“&1y€$ol%l§'c@n8@ioﬁ§l@%rvﬁ‘6ﬁldtb@ a%p%kéﬁt't@% Q&l‘ié@ﬁersg,ﬁ A conpound of
forrrula(l\/) prepared by reacting a conpound formula (V) with a
conmpound0 of f or&gtprappwgi of farmula (V) may be prepared by reacting a compound of

formula (V) with a compound of formula (V1):

Cl
O-2 24
04 OR?
\
W (R,

a

vn

at elevated temperature and pressure, optionally in the presence of one or more

15 of: Czgalkanols, acetonitrile, N-methyl-pyrrolidinone (NMP), isobutylacetate,
isopropylacetate, dimethylformamide (DMF), toluene, xylene or
dimethylacetamide (DMA); preferably toluene and/or xylene. The temperature for
the reaction is suitably 100°C or greater, preferably 100-150°C, more preferably
100-120°C.

20 The reaction of a compound of formula (V) with a compound of formula
(V1) to form a compound of formula (1V) and the subsequent conversion of a
compound of formula (IV) to a compound of formula (I) may be carried out

separately or in situ. The reaction is preferably carried out in situ.



o] <OR2 (V) (R,, NR3 (VI) at elevated tenperature and pressure,
optionally in the presence of one or nore 15 of: C3_6 al kanol s,

acet oni t rwb@z/08d88et hyl - pyrrol i di none (NVP), isobutyl acet areT/uShsepIOpPYI
acetate, dinethylformam de (DVF), toluene, xylene or dinethylacetam de
(DMVA); preferably toluene and/or xylene'¥ The tenperature for the reaction
is suitably 100C or greater, preferably 100-150C, nore preferabl

100- 120C. 20 TheAceaaund afffoamdartdbunay be prepanedrgnya eampoundtehpound of
formul a (g%%uléctvllg_rm a conpound of forrmula (1V) and the subsequent

conver si or{ ympound of fornmula (IV) to a conpound of fornula (1) may
be carried out separately or in_sitw The reaction is preferably carried
out in situ. WO 02/060885 PCT/ US0LH44299 10 A conpound of fornula (VI) may
be prepared froma conmpound of © PR (M1): 0 O1IOR2 (Rn HNR3 L ~N
HCI (VIl1) wherein L represents @ I'#awng group such as a hal ogen atom
(e.g. chlorine), by 5 cyclisation the presence of a solvent selected
from dichloronmethane (DCM), EtOAg, tgluene and/or xylene, and a base
selected from Na2CO3, NaCH, anggivppu% Et 3N and/ or an am ne, e.g. agueous
NH3. Preferably the solvent is N PREferably the base is aqueous N

vin

wherein L represents a leaving group such as a halogen atom (e.g. chlorine), by
s cyclisation in the presence of a solvent selected from: dichloromethane (DCM),
EtOAc, toluene and/or xylene, and a base selected from: Na,CO3;, NaOH,
anhydrous Et3N and/or an amine, e.g. aqueous NHs. Preferably the solvent is
DCM. Preferably the base is aqueous NHj.
Compounds of Formula (VIl) may be prepared from compounds of
10 Formula (1) using any suitable method for the preparation of amidines. For

example, by condensation of a compound of Formula (VIIl) wherein L represents

o]
PR :
o NH/\/

(vin)
a leaving group

as previously defined, in the presence of a solvent selected from: DCM, toluene,
15 EtOAc, or CH3CN, and PCls or POCIs. Preferably the solvent is EtOAc.
Preferably PCls is present.

A compound of formula (li) may be prepared by reaction of a compound of

formula (1X)
OR?
O,N o}
@Y 4
(R); X

(x) X)



13- Conpounds of Formula (VII) may be prepared from conpounds of io0o Formula
(') using any suitable nethod for the preparation of am dines. For

exanpl e, W ccooensati on of a conpound of Fornula (VII1) WwoErEson44299
represents 0 L R- NH (VIIl) a leaving group as previously defined, in
the presence of a solvent selected froil DCM toluene, is EtOAc, or CH3CN,
and PCI5 or POClI 3. Preferably the solvent is EtOAc. Preferably PCI5 is
present. Avrmm'prbwpdesént‘smmlaaoﬁiulm Saltnhly” beithpa epitabld Synensleertdon of a

conmpound of for R k" X (I (X) WD 02/ 060885
PCrTr}) UgOII Qcy‘i'f rme? OV“W@PWGE’&’& r&f’H‘z“dﬁﬂ( 9@“@30'2’0@“9 WP'heE a
sui tabl e RtdRihehesthodst sLRske! ddm ddeMs%Jf&ﬁﬁﬁH'(ﬁ&%i@ kndwhlopurs by

reduction of the nitro group usin standard net Sui t abl e conpounds of
formul a ( Rreparedibysstandardamethogise franr eampla, tvelmerar Xl isnexygeds thu%oforremrml e,

wh X h f - f f

Gy ey M@l 4 §0Teedbld) Tfrula i) Aony e BPeo R SRR By Prarfiial (1%
where Y r%ﬂfcﬁﬁﬁdﬂﬁﬁd bhorufz OR) Whebdltreprasentd theadiazeriam sdit KoTwitha (X),
foll owed by reduction with standard nethods. A conmpound of forrmula (IX)

where Y réwa@ézfrf@@nwlﬁe(xdh faliowed by sagductionwitnptandard metheds. pAspairaundr om a
conpound o (&rﬁ k R%re%?ép?egen'ts#?d&f)ﬁﬁﬂ?ggﬁﬁ”Hﬂqqsturjnobémom in the

literature. conpou be” "~ prepared
fromthe rpeepanedrfrcm‘l aacammnmmdf fokmbtar (1) whéieXY Net, &ystandiird rhethiods

|to<;: }‘;glt fﬁn\’w@tgpvgﬁpgﬁé ?terature Altern%tlvé?y, I'c]rclzotmhpeo n%egfﬁ‘gﬁﬁulgf(llﬁ r%gsl/ Eabl ©
prepared from the reaction of a compound of formula (IX) where Y = Br, | or
triflate with a furan of formula (X) in the presence of a suitable palladium catalyst
and a suitable base followed by reduction of the nitro group under standard
conditions. Suitable palladium catalysts include, but are not limited to,

15 tetrakis(triphenylphosphine)palladium(0). Suitable bases include, but are not
limited to KOAc. Use of the palladium catalyst Pd(PPh3)4 in the presence of the
base KOAc is preferred.

Compounds of formula (IX) are known compounds or may be prepared by
processes well known in the art.

20 Suitable reducing agents of use in the reactions include hydrogen in the
presence of a catalyst, such as a noble metal catalyst, for example palladium,
platinum or platinum oxide, Raney-nickel or hydride reducing agents such as
borohydrides, for example sodium borohydride sodium triacetoxyborohydride or
sodium cyanoborohydride. Suitable reaction conditions will be readily apparent

25 to those skilled in the art and are further illustrated by the accompanying
examples.

The protecting groups used in the preparation of compounds of formula (1)
may be used in conventional manner. See for example 'Protective Groups in
Organic Chemistry' Ed. J. F. W. McOmie (Plenum Press 1973) or 'Protective

30 Groups in Organic Synthesis' by Theodora W Greene and P M G Wuts (John
Wiley and Sons 1991).



and a suitable base followed by reduction of the nitro group under standard
conditions. Suitable palladiumcatal ysts include, but are not limted to,
15 tetra woaewsisphenyl phosphine) pal | adi um(0). Suitabl e basegSoneh2oele, but
are not |limted to KOAc. Use of the palladiumcatalyst Pd(PPh3)4 in the
presence of the base KOAc is preferre&? Compounds of fornula (I1X) are
known conpounds or may be prepared by processes well known in the art. 20
Sui t abl e r edéenventinpahamind pretecting gioeipsaaay Incheld foc exdmplg/aradipdn i n t he

oo ad; amdro B g AR e i upR Ry o R B i UspukS A euci ng
agents sugho@ss slish 8 KHbesBoxylcarbenyRBPt-BuRRJEaBoRgr ohydr i de sodi um

tri acet oxyborohydride or sodium cyanoborohydride. Suitable reaction
condi ti ons wrPNVeRtianahaxygermpipieding groups mayoineluge;for example #lky syl and are

further 414 : . i LRS- ' groups
used i n % ST SUBH AU ASRESRARC AU RHATPIRY, sIk)Feefs i 89 D
convent i otetratmpdropyran$e er tert-bakd gyl estélrsuichds asetéieoups in Organi c

Chem stry' . J. IZ W MOme (Plenum Press 1973) or' Protective, 30 G oups
in Organic 53?({'1%@ of any, Prateciitgr OUPEPERIRNT ANRY e priieygd DY (CPmRNteRdley and
Sons 1991)oroMAfpe£.060885 PCT/ US01/ 49299 12 Conventional am no protecting
groups may include for exanple aral kyl groups, such as benzyl,

di phenyl met hixtypigal betaadrgriogeptoylaggnistspare cordpaiayds, whiclugemonstratesa

o oo HEPHREBERNEKS bR NEPRTETH o FRAY BRLATneBEHRRD PrRRCCt 0
trinet hyl sictivity has been iméutured iagrhdubhity 10 stinalilisid ligiys by FHCAdipEcytes
tetrahydropyranyl, or tert-butyl; or esters such as acetate. Renoval of any

pr ot ect i n@t §HBURKSIYPNEIaE RONBRALrBIONSC I 2 1REPODE doRtve iesioigat to bloskadriPks.
phar mmcol oo o Ees saR e B UG S SRR S rop A et or . Thie
Another useful means of identifying an atypical beta-adrenoceptor agonist
15 involves the measurement of agonist activity at atypical beta-adrenoceptors in
the rat isolated lower oesophagus. Typically in this assay, a compound of general
Formula (1) for use according to the present invention has an equipotent molar
ratio (EPMR) relevant to isoprenaline of less than 30. The rat oesophagus assay
is based upon that described by Ford et. al., Br. J. Pharmacol., 105(suppl.),
20 235P, 1992. The relative potency of each test compound (EPMR) is compared to
isoprenaline as follows:
EC50 agonist

EPMR =

EC50 isoprenaline
25 |
wherein ECsp is the molar concentration of agonist which produces 50% of the
maximum possible response for that agonist.
A particularly useful method for determining agonist activity at human atypical
beta-adrenoceptors involves the use of Chinese hamster ovarian (CHO) cells
30 transfected with the human beta-3-adrenoceptor according to Method 1. The

cell lines may also be transfected with human beta-1- and beta-2- adrenoceptor



activity has been nmeasured as the ability to stinmulate |ipolysis by rat

adi pocytes at sub-mcronolar concentrations, in a response that is

resi st antwoe2iobisekade by standard bet a-adrenoceptor bl oclkCmgiSdt/49389 such as
propranol ol . Anot her useful neans of identifying an atypical

bet a- adr enocept or agoni st 15 invol ves the neasurenent of agoni st activity
at atypical beta-adrenoceptors in the rat isolated | ower oesophagus.

Typi cal | y in @ similar eesagr tapeyidsod metbed gédeteaminifg thauselectivityfafithese

"ol ovant 8 MARA R InsPiGH 28 O e BELSHRT 1 “Occophagus assay 18

based upon that described by Ford et. al., Br. J. Pharmacol., 105(suppl.),
20 235P, 9%. The rel ative potency of each test conpound (EPMR) is
conpar ed t¥ethoddnr Galculidress ol | ows: EC50 agonist E P MR =

________ T e . : : : | ar
concent r%t i O%’Ggg%é:gﬂfg{tu%g@ﬁé@}éfuc;@%ﬁ%g%ﬁﬁ@ﬁg{k%m pgsdsl uf-é(;e o
response faf@niraltcedlgoAirsanual of basictethnique uéifay-Lisst Inod N.¥t). destandiard ng

| st tivi t h . at ypj - ad, | t f
Chi nese At benbRRr i kg 6ec. 38 Bhlrae eans aaive Famdbantt -
bet a- 3- adrOPRTBEN aRES§OWH i"ﬁlgi)ME t1bC(Wit§-pyT dinefHiCI, hENR/ HEPEY, $0 be

transfected wth human” beta-1- and beta-2- "adrenoceptor WO 02/ 060885

PCT/ USO1/ 4f@@agnind)3 supplantidwitiar O haet-inbotivated IFBS, $00gidiod Gi#f18d2traMniL-ni ng
the selectivity of the conpounds of the invention at the three receptors.
Met hod 10 -Qletaming,y| QA uritssperipiding® ansl 10¢ue streptajuyair splite. Hre sprbedd

(Fer shney, 7 gl . ' ; basi c

t echni que.ﬂﬂ%@ééﬁﬁq%st?’yq%.&& %”99{93@9@593@#3%@%%%%@a. ncubator is
used (37C contePatiornob30-40T80 calispt00VE dndpldidd/into 85-WEHGHD beetbhsplates. gr own
in DVEM F12 (with pyroxidineHCl, 15 nM HEPES, L- glutam ne), supplanted

wi th 10% Heu cellsareithen vgedths, assgy within AB-24heurs2 nivi L
The medium is aspirated from each well, and replaced with 180 ul DMEM/F12
15 with 500 mM IBMX. Antagbnists, if required, are added at this stage. The plate
is then placed back in the incubator for 30 min. Drugs are then added to the

wells (20 ul, 100x required final concentration) for 60 min. Responses were
determined by measuring cAMP levels of a 20 ul sample of extracellular media
using a scintillation proximity based radio-immunoassay (NEN Flashplates).

20 CHO-6CRE-luciferase cell lines which stably express hf; receptors are
seeded at 30,000 cells/well for 24 hr in DMEM/F12 containing 10% FBS. Media is
removed from the cells and replaced with DMEM/F12 buffer (180 pul) containing
300 mM IBMX and 1 mM ascorbic acid for 30 min prior to addition of compound.
Vehicle or agonist (20 pl) is added and incubated at 37°C for 60 minutes. At the

25 end of the incubation period, samples of extracellular media are removed for
direct assay in CAMP Flashplates (NEN).

As used herein, a compound is considered to be an agonist for hp; if the
compound stimulates the accumulation of extracellular cAMP with CHO-6CRE-
luciferase cells expressing hB;. The compounds of this invention have an ECsg of

30 at most 10 nM at hB,. The relative potency of a hp, agonist may be compared to

its potency for stimulating the accumulation of extracellular cAMP with CHO-



io glutam ne, 100 units penicillin G and 100 g streptonycin sulfate. One
confluent flask of cells is trypsinised and resuspended in the above

medi um atwe 020688®nt rati on of 30-40, 000 cells/ 100 | and plraTawboi/#2e9 96- wel |
flat bottomplates. The cells are then used for assay within 18-24 hours.
The mediumis aspirated fromeach well 14nd replaced with 180 | DVEM F12

is wth 500 MM I BMX. Antagonists, if required, are added at this stage. The
pl ate i s GORE-lyditecase beltkexpressingihfic andthfy,. Tae cddpoundsfibys imvantiohen

added to the | 0O 1, 100x required. final concentration) for 60 m n.

Responses %Pévéeaéétﬁgérzﬂ"?%d“l%eﬁ@%ﬁgi h§3 @ﬂb@tlr@@éﬂrz‘ﬁm a I20 LI sanpl e of
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whi ch st alexpmples.eAl térhBeratomstaresn degreesamitigranie. Ehrofatograpby walsl f or 24
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repl ace It . . % 0 BW and 1 mM
ascorbi ¢ apahdterizatdndydtdtht @re Idbedflhs kdwaE conpound.  Vehicle or agoni st
(20 1) is added and incubated at 37C for 60 mnutes. At the 25 end of the

i ncubation period, sanples of extracellular nedia are renoved for direct

assay in cA I p s. (.NE sed herein, a nd.i s _caonsi dered
to be an ag%ﬁira%’ P%‘”Q%’O@@%%ﬂi}"@'ﬁwﬁt&f gg‘ﬂﬁg%a@gﬁ?ﬁﬂag?ﬁ%n of
extracel | ok gratidhtwhoibil<ChikageOiith detsutibAmissbstpbarceeatz®EaMIg h133. The
conpounds of this invention have an EC50 of 30 at nost 10 nMat hf33. The

rel ati vé& pot 8xstemn2: (CHh, usigeri4 eceigpitile-wates gpatginiag tiifupraaeeatiecscid or
timulati to comulat i 0 : 1 60885
peT] Uson) 48798 ot B o thomNsebint 8ectibh By SHofiartte 40

conpounds 25 nMi s i nvention are at |least 100 tines nore potent at h[i3
than at h[32_or, h[31, _ The inventi is further illustrated hy the follow ng
i nt er nedi at éﬂﬁﬂgéﬁ}ﬁgl %%mgiﬁ%r%‘?fg"wm%e;waﬁ% qqmt%!@@get@gz%@ﬁpﬁ@? ade.
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(C18), usiat@o4 rdd- 80% acetonitrile-water with 0.1 %trifluoroacetic

System 4: (C18), using 1:1 acetonitrile-water containing trifluoroacetic acid

(0.1%) mobile phase with detection by absorbance at 254 nM

HPLC retention times are expressed in minutes as tR.

20 Intermediate 1
2-[3-(2R-{tert-Butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-

chlorophenyl)ethyl]-amino}propylamino)phenyl]furan-3-carboxylic acid methyl

ester.

A solution of 2-(3-aminophenyl)furan-3-carboxylic acid methyl ester (0.31 g) and
25 {2R-(tert-butoxycarbonyl)-[2R-(tert-butyldimethylsilanoxy)-2-(3-
chlorophenyl)ethyllJamino}propionaldehyde (0.63 g) in dichloromethane (9 mL)
containing acetic acid (0.03 mL) was stirred at room temperature for 30 min. The
reaction mixture was cooled to 0° C and sodium triacetoxyborohydride (0.30 g)
was added. The mixture was stirred at room temperature for 18 h, washed with
30 aqueous sodium bicarbonate solution, dried over magnesium sulfate, and
concentrated under reduced pressure. The residue was chromatographed on



acid gradient nobile phase with detection by absorbance at 254 nM 10
System 2: (Cl18), using 1:4 acetonitrile-water containing trifluoroacetic
acid (0.woxpoensastriethylamne (0.1 %9 nobil e phase w t hPdetuset/snm by
absorbance at 254 nM System 3: (C18), using 30-100% acetonitril e-water
containing trifluoroacetic acid (0.1 0/’()5 and triethylamne (0.1 % nobile
phase with detection by absorbance 15 at 254 nM System 4: (C18), using
1:1 acet omsilicaidletingawvith hesahes:rethy doetdtey9119 sc giviecthaditld coptbdurfd asrabi | e
phase with ﬂet ech ZQ §§ asbsor bance at 254 nM HPLC retention tinmes are

expr essed Yen° ¢ 44-543 G)R CasleyNatsCiFieMitiNa 6652- [ 3- (2 R-{tert-B
utoxycarbonyl -[2 R-(tert-butyld i nethylsi |anoxy)-2-(3-

chl orophenyl ) et hyl ] - am no} pr opyl am no) phenyl ] f uran- 3- car boxylic acid net hyl
ester. A Similaflpprerfar@d (\erami nophenyl ) f ur an- 3- carboxylic acid nethyl ester
(0.31 g) and 25

{2R—(ter5[ - but oxycarbonyl ) -[2R-(tert-butyl di met hyl sil anoxy) - 2- (3-

chl or ophenylet@bligkd 2m no} propi onal dehyde (0.63 g) in dichloromethane (9
m-) contaiming acetic acid (0.03 n-) was stirred at roomtenperature for
30 min. Te[3- {t@&&ut@ryqarmm&ﬂdterbbmﬂywneﬁlyﬂsllénam -Z€(8H um

triacet OXy] PrrOhP{dr'Id?h D, 30 g ek .
t enper at ure J

es due. wlS %51@%%‘&’9@@?8}1%@%?&@%8%5%@‘#% ﬁ%%ggcei’spé.effﬁée e

el uting pf@rgﬁ L ( t conpound as a
yel | ow édgﬁlafng]nag ﬁura‘-ﬂ %%EM? é%%gpsrﬁe&%é&eggﬂe Fn%?ahﬂ { t@rtr prepared were:

5 Inter rred]u;t@)g/carbonyl) [2R-(tert-butyl-dimethyl-silanyloxy)-2-(3-chloro- phenyl) ethyl]-

2-[3-{tert aJ tert-butyl di met hyl sil anoxy) - 2-( 3-
chl oropher%/m'k{éfﬂ%](‘i%t (%&yﬁs}(izlﬁ am no) phenyl ] furan- 3- car boxyl i c acid net hyl
ester

Intermediate 3

15 2-[4-(2R-{tert-Butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-
chlorophenyl)ethyl]-amino}propylamino)phenyl]furan-3-carboxylic acid methyl
ester as a brown oil (0.45 g), TLC hexane:ethyl acetate (1:1) R¢ =0.65, from 2-(4-
aminophenyl)furan-3-carboxylic acid methyl ester (0.22 g) and {2R-(tert-

butoxycarbonyl)-[2R-(tert-butyldimethylsilanoxy)-2-(3-
20 chlorophenyl)ethyllamino}propionaldehyde (0.45 g).

Intermediate 4
2-[3-(2R-{tert-Butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-
chlorophenyl)ethyllamino}propylamino)phenyljthiophene-3-carboxylic acid methyl
25 ester as a yellow oil (0.383 g), TLC hexane:ethyl acetate (1:1) R¢=0.66, from 2-
(3-aminophenyi)thiophene-3-carboxylic acid methyl ester (0.30g) and {2R-(tert-

butoxycarbonyl)-[2R-(tert-butyldimethylsilanoxy)-2-(3-
chlorophenyl)ethyllamino}propionaldehyde (0.56 g).

30 Intermediate 5
2-[3-{tert-Butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-
chlorophenyl)ethyl]-amino}ethylamino)phenyl]thiophene-3-carboxylic acid methyl




as a colorless gum (1.15 g), C33H45N20G6CI Si: M+ 629, from2-(3 io0

am nophenyl ) furan- 3-carboxylic acid nethyl ester (742 ng) and {(tert-

but oxycarworgloyesp2R- (tert -butyl -d PCT/US01/49299

i met hyl -si | anyl oxy) - 2- ( 3-chl or o- phenyl) et hyl]- am no}-acet al dehyde (1.17
g). Intermediate 3 15 2- 4- 16

2R-{tert-Butoxycarbonyl -[2R-(tert-butyl di net hyl sil anoxy) -2-(3-

coter e DMisr e chESSRLRS FPYGBY CatbrERbcith B £ 0B 2 G "o e
from 2- (4-arﬁﬁbﬁﬁ@r'i§ﬁ)lmbbﬁéﬁé‘-l®§arﬁéi’<§ﬂ@@fild méﬁw%s@t(ﬁgb rR§} &id ((93r22 g) and

{2R—(tert- but oxycarb [2R-(tert-buty I met | anoxy) -
chl or opheBtOxicaTD quﬂﬁ'[ﬁé éeﬁm%ﬂﬁlf(E@dej@'QW'W)@'@ Cll“m@lf)h@ﬂ}"hﬁthyb]

2-[3- (2R {4 & 2R(tert butyl d i net hyl si | anoxy) - 2- ( 3-

chl or ophenyl 516 EH{‘WW"?& o1p7y$ am no) phenyl ] t hi ophene- 3-carboxylic acid
nmethyl 25 ester as a yellow oil (0.383 g), TLC hexane:ethyl acetate (1:1)
Rf =0. 66, fromﬁaﬁ(ts am nophenyl ) t hi ophene- 3-carboxylic acid nmethyl ester
(0.30g) anptef @Bt - but oxycar bonyl ) - [2R-(_tert butyld

| et hy! si loanope sn(BuosiAbORISIK A& Bul AR GIARKgR2idehyde (0.56 g).

30 I nternedrate 5
2- [ 3- { t er tchRuwophemydyehloyljdmihapropdamiim)phéedyljteiobhese3acarbpXylR-4@d methyl
chl or ophenyl ) et hyl ] - am no} et hyl am no) phenyl ] t hi ophene- 3-car boxylic acid

met hyl V\Ddﬁsﬂérﬂﬁ)@&éllmlKBQES@Z@%4HWNQQ5{IISS$ MH3C65§I fress2gam (1. 15 g),
C33HA5N2C6CI SSi : M+ 646, from 2-(3- am nophenyl )t hiop hene- 3- car boxyl i c

acid meﬂQwﬁmlegptéfanxl)ﬁb@phgmeea-n@arppx\étctamd)meiwmefdﬁy’t7) g] amd (2R+(terbut y!I -
| rret gylI nfldw ﬁa%ﬁ)ﬁﬁ&?é%ru?ylgm?émylgllae%%w (3am no} - acet al dehyde (1. 17
R—{tert Bth(Dmpbe:bﬂ)e}hylla&‘ﬁnb}pﬁbprohuhbhgdm B2lgi | anoxy) 2-(3-

chl or ophenyl ) et hyl ] am no} pr opyl am no) phenyl ] t hi ophene- 3- car boxyl i ¢ aci d
met hyl

Intermediate 7

15 2-(3-Nitrophenyl)furan-3-carboxylic acid

A solution of 3-nitroaniline (8.28 g) in concentrated hydrochloric acid (20 mL) was
treated with sodium nitrite (4.2 g) in water (20 mL) at 0° C. The mixture was
stirred for 10 min, and then filtered. To the filtrate was added 3-furancarboxylic
acid (6.05 g) in acetone (10 mL), followed by a solution of cupric chloride (2.4 g)

20 in water (8 mL). The mixture was left to stand at room temperature for two days,
poured into water (200 mL), and stirred for two hours. The resulting solid was
dissolved in 10% sodium bicarbonate solution, and triturated with ethyl aceate.
The resulting aqueous solution was acidified with 1N hydrochloric acid to

precipitate a solid. Recrystallization of the solid from benzene gave the title

25 compound as a brown solid (3.57 g). C11H7NOs: MH™ 232



ester as a yellow oil (0.155 g), C34H47N205CI SSi : M+ 659, from2-(4 io

am nophenyl )t hi ophene- 3-carboxylic acid nethyl ester (0.17 g) and

{2R- (t er twOlavensgtar bonyl )-[2 R-(tert-butyld i methyl sil aReIySoR49239

chl orophenyl ) et hyl ] am no} pr opi onal dehyde (0.32 g). Internediate 7 15
2-(3-Nitrophenyl)fu ran-3-carboxylic adild A sol ution of 3-nitroaniline
(8.28 g) in concentrated hydrochloric acid (20 m-) was treated with

sodi um ni timjlarly prepaged wWereiat er (20 ml-) at 00 C. The nmixture was stirred
for 10 mn, and then filtered. To the filtrate was added 3-furancarboxylic
acid (6.05 g) in acetone (10 nm.), followed by a solution of cupric chloride
(2.4 g) 20ntermediaoés 8(8 nL). The m xture was left to stand at room

tenmperature for two days, _poured into water (200 nlL), and stirred for two
hour s.  The-¢elitopheny ituran: Suparboxyliccoid a8 aitan 50U §bER.0 Birear BISEeI)

luti i i I T | L luti
was act 0} PR PRUSEEH) o HF b8 Ssalih 527 (@ T4oe @8 Bhdrom 47 1 O

Recryst al Injitgayriilgte gﬁ.ﬂayaﬁelmréﬁdm&@né%fd g z.he title 25 conmpound as
a brown solid (3.57 g). Cl1l H/NOb: MH 232 02/g 60885 PCT/ USO01/ 49299 17

Simlarly prepared were: Internediate 8 2-(4-Ni trophenyl)furan-3-carboxylic

acid as a tan, 81'é19(1.52 g, nnmr. (DMSO-d6) 5 S values include 6.91 (s,
1 H),7.96—'§'—t§,—§——ﬁ§,—8.27 (dd, 4H), 13.09 (bs, 1 H), from4- nitroaniline

(4.14 g) 2n@-Ritfophengpihisphdniec3-astsbxyfc 88idBs a tai solEW.45 §) O

2- (3-Ni trophenyl)Thiophéne-3-carboxylic acid as a tan sol| d (0.45 g), 1o
Cll HINA S 1 MING48: MH A8 fidinh BARGANIMSe (4114 4) @hadthichHdHeRahshgsar boxyl i c
acid (3.46 g1) . Internmediate 10 2-(4-N trophenyl)thi ophene-3-carboxylic acid
as a tan soid (8.4€2g83 g), 15 Cl1 H/NAS: M+ 248, from4-nitroaniline (4.14
g) and 3-thi ophenecarboxylic acid (3.46 g).

Intermediate 10

2-(4-Nitrophenyl)thiophene-3-carboxylic acid as a tan solid (2.83 g),

15 C11H7NO4S: MH™ 248, from 4-nitroaniline (4.14 g) and 3-thiophenecarboxylic
acid (3.46 g).

Intermediate 11

2-(3-Nitrophenyl)furan-3-carboxylic acid methyl ester

20 A solution of 2-(3-nitrophenyl)furan-3-carboxylic acid (1.2 g) in methanol (200
mL) containing concentrated sulfuric acid (5 drops) was heated under reflux for
18 h. The reaction solution was evaporated to dryness under reduced pressure to

give the title compound as a yellow solid (0.66 g). m.p.=93-94°C

25 Similarly prepared were:
Intermediate 12

2-(4-Nitrophenyl)furan-3-carboxylic acid methyl ester as a yellow solid (1.15 g),

m.p.=113-114° C, from 2-(4-nitrophenyl)furan-3-carboxylic acid (0.52 g).



Internediate 11 2-(3-Nitrophenyl)fu ran-3-carboxylic acid nethyl ester 20 A
solution of 2-(3-nitrophenyl)furan-3-carboxylic acid (1.2 g) in nethanol
(200 nL)woanmeisss ng concentrated sul furic acid (5 drops) paagisaeasedl under
reflux for 18 h. The reaction solution was evaporated to dryness under
reduced pressure to give the title cordound as a yellow solid (0.66 g).
mp.=93-94C 25 Simlarly prepared were: Internediate 12

2-(4-Nit rwﬁéﬁeﬁiﬁi@ﬁan -carboxylic acid methyl ester as a yellow solid
(1.15 g), . f rbo acid
(0 52 g) A WAL S Xy A6 \ E?e SOIXa/td §1

2-(3- Nltr(gr)henyl )t hi ophene 3 car boxyl ic acid net hyI ester as a white solid
(0.31 g), CIL2HONOAS: M+ 262, from 2-(3-nitrophenyl)thi ophene-3-carboxylic
acid (0.4% 048NV o j xylic
acid met hylug-lsﬂr as a Vr;-\:f?tte soéﬁg%lﬁé%%ﬁwmbsﬁaﬁé %%&BB)?W% a%?3&\€jcfabges
include 8g)8 (s, 3H), 7.43 (d, 1 H, 7.64 (m 1 H), 7 72 |o (m 2H), 8.21
(d, 1 H, 833 (m 1 H, from2-(4-nitrophenyl)thiophene-3-carboxylic acid
(1.5 g). Internediate 15 2-(3-Am nophenyl)furan-3-carboxylic acid nethyl
ester 15 An@ephdHiae®19f 2- (3-nitrophenyl)furan-3-carboxylic acid nethyl

ester (1. O‘g)e—r‘n—rmrhanol (60 nmL) containing 10% pal | adi um on carbon (2.9
g) was st iZ¢deditaphenyl)thiepharesdeabaxylihadidoyethyl estet ak.a White selai:(1 09),
i xt th h t
Feduced proBdofaMsER! Rty BLgRroth s 2EDa Adeh S0 < i SPHs 37
CLZHI1 NBm, YH)2g. 2448, 7). 3 95 @ 1K) &R B n R pRenyhh oeprE‘?ans‘?lESero‘?(ylic
acid (1.5 g).

Intermediate 15

2-(3-Aminophenyl)furan-3-carboxylic acid methyl ester

15 A solution of 2-(3-nitrophenyl)furan-3-carboxylic acid methyl ester (1.0 g) in
methanol (60 mL) containing 10% palladium on carbon (2.9 g) was stirred under
1 atmosphere of hydrogen for 1 h. The reaction mixture was then filtered through
Celite. Removal of the solvent at reduced pressure gave the title compound as a
yellow solid (0.75 g). C12H11NOz3: M+Na* 240

20 Similarly prepared were:

Intermediate 16

2-(4-Aminophenyl)furan-3-carboxylic acid methyl ester as a yellow solid (1.0 g),
Assay Found: C 66.19; H 5.17; N 6.33%, C12H11NO3 requires C 66.35; H 5.10;

25 N 6.45%, from 2-(4-nitrophenyl)furan-3-carboxylic acid methyl ester (1.0 g).

Intermediate 17

2-(3-Aminophenyl)thiophene-3-carboxylic acid methyl ester as a brown oil (0.30
a),

30 C12H11NO2S: M+Na™* 255, from 2-(3-nitrophenyl)thiophene-3-carboxylic acid
methyl ester (0.30 g).



2- (4- Am nophenyl ) furan- 3-carboxylic acid nethyl ester as a yellow solid
(1.0 g), Assay Found: C 66.19; H5.17; N 6.33% Cl12H11 NGB requires C
66. 35; HW0D10060885 N 6.45% from 2-(4-nitrophenyl)furan-3ecarusoxydh2dbe acid
met hyl ester (1.0 g). Internediate 17

2- ( 3- Ami nophenyl ) t hi ophene- 3- car boxyl i d%cid nmethyl ester as a brown oil
(0.30 g), 30 C121-111 1\102S: MtNa+ 255, from

2- (3-nitrophenyl )t hi ophene-3-carboxylic acid mnethyl ester (0.30 g). WO

02/ 060885, PCT/ US0 /? 299 19 Internediate 18
2- (4- Am ngﬁﬁgﬂﬁ-‘i}?&u—g’ phene- 3-carboxylic acid nmethyl ester as a brown oil
(0.17 9) 2-@-AddidpHIa Bihiddhendds-caksiRylic acid methyl ester as a broe/v(gv (%ib(ogy

2-(4-nit rgsnenyl )yt hiophene-3-carboxylic acrd —methyt ester
I nternedi & 19 2-(3-{2

R-[2-(3- hon ) -~y d - etk 1 N | agi n henyl)furan- io
5 car oyl 2R DR MET 284 B2 SR BB T AR 4ot

R (tert-buethgh dsteR{om0 §).i | anoxy) - 2- (3-

chl orophenyl ) et hyl ] am no} propyl am no) phenyl ] f uran- 3- car boxyl i c acid net hyl
ester (0.523 g) was dissolved in 4N hydrochloric acid in dioxane (5.0 L),
stirred teF R8Tt E erature for 1 h and then diluted with diethyl ether
(10 m -) Mte an oil. The oil was chromatographed on silica and
el uting wit{3-2Rj2-(3-8bRirepleenylERRaNRIroxyi-ethyldiri ¥R pylenihbjdhengpfikasnd as a
red oil (0. I9 g). CZ3HZSNZOACIT VHF 429 ITnternediate 20 20 2-(3-{Z2
R-[2-(3! - et hyl am no] pr opyl am no} phenyl ) f ur an-

3- b i ' ' ' id (613 ,
Coarpanoofde e R b Sy PR A B AR AT 288 L or - ™

but yl di metchidrephemb)eh yijantite Jpnbpylapirer)phemylfiydah-3-carboxylic acid methyl

am noj et My R B3R5 Wad biEsSRES T 4R ydrocabric aciinUidkand (5.5 miS! stired > 9

at room temperature for 1h and then diluted with diethyl ether (10 mL) to

15 separate an oil. The oil was chromatographed on silica and eluting with ethyl
acetate: methanol (9:1) to give the title compound as a red oil (0.19 g).

C23H25N204CI: MH™ 429

Intermediate 20

20 2-(3-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-

3-carboxylic acid methyl ester hydrochloride as a white solid (613 mg),

C22H23N204CI: MH* 415, from 2-[3-{tert-butoxycarbonyl-[2R-(tert-

butyldimethylsilanoxy)-2-(3-chlorophenyl)ethyl]-

amino}ethylamino)phenyijthiophene-3-carboxylic acid methyl ester (1.15 g).
25

Similarly prepared were:

Intermediate 21

2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-

3-carboxylic acid methyl ester as a brown oil (0.19 g), TLC ethyl acetate:
30 methanol (8:2) Rf =0.27, from 2-[4-(2R-{tert-butoxycarbonyl-[2R-(tert-
butyldimethyisilanoxy)-2-(3-chlorophenyi)ethyl]-amino}propylamino)phenyl]furan-

3-carboxylic acid methyl ester (0.45 g).



25 Simlarly prepared were: Internediate 21 2-(4-{2

R-[ 2- (3- Chl or ophenyl ) - 2R- hydr oxyl - et hyl am no] pr opyl am no} phenyl ) f ur an-

3- car boxyWom2meisss met hyl ester as a brown oil (0.19 g), TPCratSayho2azet at e:
30 nethanol (8:2) Rf =0.27, from2-[4-(2R{tert-butoxycarbonyl-[2R-(tert-
but yl di met hyl si | anoxy) - 2- ( 3- chl or ophenyd0) et hyl ] - anmi no} pr opyl ani no) phenyl ] fu
ran- 3-carboxylic acid nethyl ester (0.45 g). WO 02/060885 PCT/ US01/ 49299
20 Internediate 22 2-(3-{2R-[2-(3-Chl orophenyl)-2R-hyd roxyl -

et hyl am n r opyl m2 o} phenyl )t hi ophene-3-carboxylic acid nethyl ester as
an 5 ora 1a 86 g), C23H25N203CIS: MH+ 445, from 2-[3-(2R-{tert
but oxycar lp 2H-B-B-Chfdrbphetyil-gRe Yyl | anoxy) - 2- (3- chl or ophenyl
)ethyl]a ne- 3-carboxylic acid nmethyl ester
(0.383 g) ethylaminajprdipytamine}ptenyhirdegrRet 3-catbaRylio roidmastHy) ester agdnoxy | -

et hyl am no] pr opyl am no} phenyl ) t hi ophene- 3- car boxylic acid nmethyl ester
hydr ochlsooraiegensil €0.086 gD,o@z;BI(i%NQngISGQIEHZWGMS -[3M2R-fieds from 2-[ 3-
{tert- butoH¥car bonyl -[2R-(tert-butyl d i methyl sil anoxy)-2-(3-chl or ophenyl

) et hyl ] mwpafbmya %tﬁmn@#yld]mﬁﬂwtﬁﬂén@xxe Z63-pbleyopherybethyllerting} est elr
.6 R- hyd
<(at1hy;5ag1') n o%)@ rﬁ’f no} éﬁ?n {)85 I%zacc&f yﬁle%P%gpgi%&)h gst (ra?xgs

an orange 0|I (0.060 9), CZSHZSNZOSCI S: M+ 445, from 2-[4- (2R—{tert 20
but oxycar bonyl -[[2R-(fert-butyl d imethyl silanoxy)-2-(3-

chl orophe&iﬁi@ﬁ&@%& no} pr opyl am no) phenyl ] t hi ophene- 3-car boxylic acid
met hyl et @22 ERChloropRERYI TBRLIA}FoRR-

ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid methyl ester

hydrochloride as a tan foam (1.15 g), C22H23N203CIS: MH™ 431, from 2-[3-
{tert-butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-chlorophenyl)ethyl]-

amino}ethylamino)phenyl]thiophene-3-carboxylic acid methyl ester (1.65 g).
15

Intermediate 24

2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-

ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid methyl ester as an

orange oil (0.060 g), C23H25N203CIS: MH™ 445, from 2-[4-(2R-{tert-
20 butoxycarbonyl-[2R-(tert-butyldimethylsilanoxy)-2-(3-

chlorophenyl)ethyllJamino}propylamino)phenyl]thiophene-3-carboxylic acid methyl
ester (0.155 g).

Intermediate 25

25 Methyl 2-(3-{2R-[2-(3-chlorophenyl)-2R-hydroxyl-
ethylamino]propylamino}phenyl)furan-3-carboxylate as a white foam (992 mg),
C34H47N206SICl : [MH*] 643, from 2-(3-aminophenyl)furan-3-carboxylic acid
methyl ester (700 mg) and {2R-(tert-butoxycarbonyl)-[2R-(tert-
butyldimethylsilanoxy)-2-(3-chlorophenyt)ethyl]Jamino}propionaldehyde (1.26 g).

30



25 Methyl 2-(3-{2R-[2-(3-chl orophenyl)-2R- hydr oxyl -

et hyl am no] pr opyl am no} phenyl ) f uran- 3- car boxyl ate as a white foam (992 ny),

C34HA7N2(®BiogbeospivH+] 643, from 2-(3-am nophenyl ) f ur an- 3- earhmseyhdze9 aci d

nmet hyl ester (700 ng) and {2R-(tert-but oxycar bonyl)-[2R-(tert-

but yl di net hyl si | anoxy) - 2- (3-chl orophenﬂ ) et hyl ] ami no} pr opi onal dehyde (1.26
. 30 WO 02/060885 PCT/USOL/ 49299 21 Internediate 26 Mt hyl

2- (3-{ 2R- [IiterrBediateRBbpheny! ) - 2R- hydr oxyl - et hyl ani no] - N-

et hyl propy ) f Q I e, foam (331 ng),

C36H51N2 05 S - <A < Z . orophenyl )-2R 5

hydr oxyl - %ﬁrﬁw;bmﬁymdnﬁDWn@mfﬂfﬁrP@%@mdiné%s%Wﬁﬁ@%@fh%m o2 ng) and

acet al dehyde ( rmedi at e 27 EL hyl 3- am nophenyl )-3-furoate

nydr ochl oaedsNIORRI : BAHTT 681 JETMehyGH-H-ER dar s ShiarbPopRbERe (50 g) and

(37 o NGRS BBy eRRch L catf AR BB 2ot e

m xt ur e wasetaddeheaieaid7 mgj.l ux for 66 hours, cool ed to roomtenperature, and
filtered through Celite (50 g¢g). The filtercake was rinsed with ethyl
acetate (2 x 200 nmL). The conbined 15 filtrate/rinse was concentrated to an
oi | . Met hapelmeadte by-) and 10% pal | adi um on carbon (50% wet paste, 3.2 Q)
were added—The mxture was stirred under an atnosphere of hydrogen until
upt ake ceﬁbyﬂ(ﬁiemmml)vﬁxmrbalww@dclnlhﬂdmw Celite (50 g), and the
filterc W th aget.ate (200 )

il a B rions otlied il br SrdimB e Zhfter2e Sl Al etbLedufHs 485 20
was added g)The oMidid O[BOTRSMIYS RRfe Wadedatpatadsiiii Hebtatd Ng3®49ag) Garehase

was dried over sodiumsulfate, filtered, and concentrated to an oil.

Di chi or ondetraifia(tinienviphasebinedaaliadiun®d): (4.3 «ul ThRgMBEVER Was taated; at er ed
th h th
(2500 m -y St £ G hoBlg fclofett i oqr) enfBe e Parid R ol ER4E RTF] 1an

The g). The filtercake was rinsed with ethyl acetate (2 x 200 mL). The comblned
15 filtrate/rinse was concentrated to an oil. Methanol (500 mL) and 10% palladium

on carbon (50% wet paste, 3.2 g) were added. The mixture was stirred under an
atmosphere of hydrogen until uptake ceased. The mixture was filtered through
Celite (50 g), and the filtercake was rinsed with ethyl acetate (200 mL). The
combined filtrate/rinse was concentrated to an oil, and ethyl acetate (250 mL)

20 was added. The solution was washed with water (100 mL). The organic phase
was dried over sodium sulfate, filtered, and concentrated to an oil
Dichloromethane (50 mL) was added, and the resulting solution was filtered
through a silica gel plug (100 g). The plug was rinsed with dichloromethane
(2500 mL) to extract all ethyl 2-(3-aminophenyl)-3-furoate hydrochloride. The

25 combined filtrate/rinse was concentrated to an oil, and methyl tert-butyl ether
(250 mL) was added. To this stirred solution was slowly added 4.0 M HCI in
dioxane (93 mL). After aging for 15 minutes at 0 - 5 °C, the precipitate was
collected by filtration, washed with methyl tert-butyl ether (2 x 100 mL), and dried
in vacuo at 45 - 50 °C to yield 46.8 g (71% th) of the title compound as a beige

30 solid. 1H NMR (300 MHz, d6-DMSQ) §:7.90 (d, 1H), 7.78 (m, 2H), 7.51 (t, 1H),
7.30 (d, 1H), 4.25 (q, 2H), 1.26 (t, 3H).



25 conbined filtrate/rinse was concentrated to an oil, and nethyl
tert-butyl ether (250 m-) was added. To this stirred solution was slowy
added 4. Owblokigbosshm di oxane (93 nlL). After aging for 15 nipoatEessi/a299d - 5 C,
the precipitate was <collected by filtration, washed with nmethyl tert-butyl
ether (2 x 100 nL), and dried in vacudZat 45 - 50 C to yield 46.8 g (71 %
th) of the title comé)ound as a beige 30 solid. 1H NWR (300 MHz, d6-DMSO)
5:7.90 (dlntmnedlateva (m 2H) 7.51 (t, 1H), 7.30 (d, 1 H, 4.25 (q, 2H),
1.26 (t, 3 h / pdi at e 28 Et hyl
2- [ 3- (2- met : rPE
N (2- chl ow;a bmb}@e:tayuqanasnﬁdb (lezgg) urﬂetﬁzm&etat@e(tmtrm \J«Qs réidheu@'faeaqided over
10 min to a stirred suspension of phosphorus pentachl oride ﬁ‘él @ in
acglaaw

ethyl acef@pdo® é{twr%t)umen@@r\mmosnhpmgmt@@ﬂ@n%(%108, 193 i €

5205 o Sy AR C U it e @@9%%#%9% Y30 SSiifich. A S RN
portion igrg tbrm@n@tmeanpvaé bafedtarit &R ; rﬂﬂhébh’érﬂ/l)ﬂ@ﬁu%téred at 0-5C
for 10 mn and then allowed to warm up o After 2 h formati on of the

am di ne i Siydeshitaridg <]1y7&ghwlaeta&ideﬂimllOnetnwiiommathH)aMmsrpihwyIa)O3’>°Cur oat e
- C(E ushed

Lo (18 o) NAEDHEAESSroDal ArC BT ARTRNGY RDSURUPOLO BB 17 48"
ATTON! Nl 0% inBHBnd Boiihe a5 BN Rt PL By gt o1

tenperature was bel ow addi ti onal
et hyl awetammopllaﬁyﬂ_&-fumwhycdrot:hlendbcmé%r@@%mn, bd/ag. Thegmixtarelvatayer was

ted, i t.h d t d trated d
Fefuced pratEanE - elshaRic e Fvian p T TR0 RS BESERS and ethyl
acetate (@ha‘sbhor@@cb em@haé WrhMoAitAh hgdu@&idé 62@%95 89 rmlt) WS al@éd dPam n.

After aging at < 20C for at least 12h, the reC|c5|tate was col |l ected by

filtr alt |d ofiate thatthedntaroal tegwesatarg was kepbbelows2bf Citdae d 5imin)aditer th at45- 50C
9 9 00 1
i . Y% 2. 2065 ticygy b agifild By Soapt' SR st iR Fd gk oy 1
.22 (q15 Myer wihsOSepdratedwasBed vilrsdeionizd wiat@rd(2xt 2 b)), and concentrated

under reduced pressure. The residue was dissolved in acetone (5 mL) and ethyl
acetate (5 mL), and treated with oxalic acid (0.72 g) at 40°C for 30 min. After
aging at < 20°C for at least 12h, the precipitate was collected by filtration,

washed with acetone (2x0.5vol), and dried in vacuo at 45-50°C to yield 1.9 g

20 (73%) of white solid. "H NMR (400, ds-DMSO) &: 8.00 (s, 1H), 7.92-7.90 (m, 2H),
7.64-7.55 (m, 2H), 6.90 (d, 1H), 4.32 (t, 2H), 4.22 (q, 2H), 3.93 (t, 2H), 2.22 (s,
3H), 1.24 (t, 3H).

25 Example 1
2-(3-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-

3-carboxylic acid
To a solution of 2-(3-{2R-[2-(3-chlorophenyl)-2R-hydroxyl-
ethylamino]propylamino}phenyl)furan-3-carboxylic acid methyl ester (0.19 g) in

30 3:1 methanol: water (5.5 mL) was added solid lithium hydroxide monohydrate
(0.185 g). The solution was stirred at room temperature for 18 h and

concentrated at reduced pressure. The residue was chromatographed on silica



25 Exanple 1

2-(3-{2R-[ 2- (3- Chl or ophenyl ) - 2R- hydr oxyl - et hyl am no] pr opyl am no} phenyl ) fura
n- 3-car bwwykiocosaxi d To a sol uti on of PCT/US01/49299
2-(3-{2R-[ 2- (3-chl orophenyl) - 2R- hydr oxy| -

et hyl am no] pr opy!l ani no} phenyl ) f ur an- 3- @& boxyl i ¢ acid nethyl ester (0.19 g)
in 30 3:1 nethanol: water (5.5 nL) was added solid |ithium hydroxide
nmonohydr atedut{rg wighs chlorofohme: swethanancomes astromiach laydroride (1 6rfpey tatgivee for 18

h and concentrated at reduced pressure. The resi JWas _chr omat ogr aphed on
Si 1o wolos s Gambobindaseh Bredlegd O a) d?‘i‘?\g?gé'ﬁ%%c&? HP@E&@GW&- Rnol :
conc. armgréi JrnginrOXi de (10:5:1) to give the title conpound as a tan
solid (0.067 Q). mp.=184-186C, HPLC system1l: tR 11.19 min. 5 Simlarly
prepared were: Exanple 2

2-(3-{[2- ‘(;53 Chl or ophenyl ) - 2R- hydr oxyl - et hyl am no] et hyl am no} phenyl ) f.ur an- 3-
car boxyl ©iBHady REeRargdwesesol i d (317 ng), mp. =250 C (dec), C21H21N204Cl

[ MHH] 402.5@@%2F0und C 62.65; H5.21; N 6.91% C21H21N204CI 1 requires C
o 62.92; 28 N 6.99% from 2-(3-{2R-[2-(3-chl orophenyl) - 2R-hydr oxyl -

ﬁt gyl am nq-@-ﬂwlig?hIom}p}m:eeymZR-lh}[/dmyltSethgllahﬁwq]etrQ{[Imirﬂl)}nmériiwfur@atr-liﬁ(rj »

ydr ochl ori de no) . .an rpative preparat]on noni um hydr oxi de
(28% 13 @dﬁé@’ﬁﬂﬁe%safg“ Hidy31 ok 1-B20Rc r e @1!1‘;1"‘2%40'-

2- [ 3- (2- matamH 462 Sadishy #o b 1B54 fZ9b1 IN6 549 L EH 3.0 g),
dei oni zetrJIrEEwat!ar (104 n¥), gﬁﬁg{@lﬁﬁﬁg?}b% Gn%;l ./J')h%in%%b-z?é@riirﬁa{slﬁér;éi ng, the
or gani c10 £2e92;whS.25%IN 69986, fram hEeH{2R-{2+(Hehlondprennyl v2R-dyd(@gl-nL) , and

concentr at .ca. 30 nL to.re e traces of.water etropically.
(R <5 cnr bupSiEReranydRanp RV Fah S it fic e et PSP ant. 20 vas
heat ed undgidrodHicriie(613tmgL0C for at |east 14h. The mi xture was cooled to

ca. 50C. 1 M Sodi um hydroxi de aqueous solution (77.8 nlL) and net hanol (39
m.) were added, and the apparatus was configured for distillation. After

ca. 1 h, Iﬁ%ﬂ ﬁ%ﬁ?&%eﬁéﬁaﬁéﬁo% Bﬂﬂn&%ﬁﬁi Momg (Eg“%t,qg rﬁlt_) \ng la'déeéca' 4h)

until the
15 over 10 min to a mixture of ethyl 2-[3-(2-methyl-4,5-dihydro-1H-imidazol-1-

yl)phenyl]-3-furoate (13.0 g), deionized water (104 mL), and toluene (104 mL).
After 30 min stirring, the organic layer was collected, washed with deionized
water (26 mL), and concentrated to ca. 30 mL to remove traces of water
azetropically. (R)-3-Chlorostyrene oxide (5.17 g) was added, and the resultant
20 was heated under nitrogen at 110°C for at least 14h. The mixture was cooled to
ca. 50°C. 1M Sodium hydroxide aqueous solution (77.8 mL) and methanol (39
mL) were added, and the apparatus was configured for distillation. After ca. 1h,
the homogeneous solution obtained was heated at reflux (ca. 4h) until the
hydrolysis was complete (HPLC acetate < 2% @ 220nm, a/a). The mixture was
25 cooled to <50°C.
Methanol (26 mL) and 1M hydrochloric acid (78 mL) were heated to ca. 50°C.
The reaction mixture from above was added over 20 min, and the resultant slurry
was cooled to < 20°C and aged for a further 30 min. The product was collected
by filtration, washed with deionized water (2x26 mL), and dried in vacuo at 50°C
30 to yield 12.7 g (95%) of the title compound as an off-white solid.



hydrol ysis was conplete (HPLC acetate < 2% @220nm a/a). The m xture was
25 cooled to <50C. Methanol (26 nmL) and 1 M hydrochloric acid (78 nL) were
heat ed t owo=2/06(3€5 The reacti on m xture from above was added/Soven920 m n,
and the resultant slurry was cooled tqg < 20C and aged for a further 30

m n. The product was collected by fil t24at|on washed wi th dei oni zed wat er
(2x26 mL), and dried in vacuo at 50C 30 to vyi eId 12.7 g (95% of the title
conpound &XamwIeff - white solid. WO 02/ 060885 PCT/ USO1/ 49299 24 Exanple 3
2-(4-{2 ,
R-[ 2- ( 3- CAtorbphen ; RGN kg Ry A 3-

415. 1425, %t 39 t%f‘? L 9?983 m%ﬂ%@ggaﬁzz Wzﬁ%@‘ﬂt .f’a'ffom 2 5
(4 12 | 243 CIHORRERTE Nag uqird o CTL0hpt oy} R IRk uran- 3

- carboxylic acid est er

2-(3-{2R [(2-{2!3 [@IBW@H%M?-&R Hyd}b%ké{hylérﬁlno]pro ylaminojphenyl)furan-3-

et hyl am no] propY am no} phenyl )t hi ophene- 3- car boxy lc aci'd as"a tan solid
(0. 088 g) CaFmrNs cagmmmﬂmgsterWQQI c 431.1196, found 431.1180 0 =1.6 mm,
HPLC system 1: tR 12.38 mn., from

2-(3-{2R-[ 2- (3-chl or ophenyl )- 2R- hydr oxyl -

et hyl am n&xahaps 4am no} phenyl )t hi ophene- 3-carboxylic acid nmethyl ester
(0. 086 g)
2-(3-{[2- (qcm%[%@mnmpbmwmwroglm am no] et hyl ani no} phenyl ) t hi ophen

s oSt LB ¢ Bl Gy (00

C21H21N204§l 5 ; . 2 3-

chl or ophegﬁ %Rw@%%ﬁ%ﬁ& Mﬁ n%%ig‘lgg‘;;' gé\ L}"ﬁ’h@yl é(ﬁ‘:l opﬁgr{ﬁmg'

car boxyl i HROT dysRhhY !t 288 AT 6kl 2(3- {’2?—12—(@%9}@@@‘)3?!? Hydroxyl-
ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid methyl ester (0.086

g)-
15

Example 5
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)thiophene-

3-carboxylic acid as a cream colored solid (296.8 mg), m.p.=275 °C (dec)
C21H21N203CIS : [MH'] 417. Assay Found C 60.47; H 5.04; N 6.67%,

20 C21H21N204Cl4 requires C 60.50; H 5.08; N 6.72%, from 2-(3-{2R-[2-(3-
chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)thiophene-3-

carboxylic acid methyl ester hydrochloride (1.15 g).

Example 6
25 2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-
ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid as a tan solid (0.010

g), HRMS C22H23N203CIS MH™ calc 431.1196, found 431.1183 A =1.3 mmu,

HPLC system 1: tR 12.03 min., from 2-(4-{2R-[2-(3-chlorophenyl)-2R-hydroxyl-

ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid methyl ester (0.060
30 g).



25 2-(4-{2 R-[2-(3-Chlorophenyl) -2R- hydr oxyl -

et hyl am no] pr opyl am no} phenyl )t hi ophene- 3-carboxylic acid as a tan solid
(0.010 QWO OIRMBST22H23N203CI S MH+ cal ¢ 431. 1196, found 4PCTAKBB4929¢1. 3
mmu, HPLC system1l: tR 12.03 min., from

2- (4-{ 2R-[ 2- ( 3- chl or opheny! ) - 2R- hydr ox&°-

et hyl am no] pr opyl am no} phenyl ) t hi ophene- 3-carboxylic acid nethyl ester
(0.060 30 g). WO 02/060885 PCT/US01/49299 25 CLAIM5S 1. A conpound of
formula (1), or a pharmaceutically a%@&@ble derivative thereof. O | R
HOZC OH X (1) (R n wherein X is ox sul fur, optionally substituted
by one or nore groups selected from Cl-4 al kyl and hal ogen, and where the
het erocycl e containing X is substituted nmeta or para to the depicted NH;
Rl i s hydriegenAororarowd rf/formmla dpos aepharmageyticallyeanoeptahle deevativeom C1- 6
al kyl, halﬂ%}ggf trifluoromethyl, and Cl1-6al koxy; and n represents an
integer fromO0-4. 2. A conpound of Claim1 wherein said conpound is an
agoni st for human beta- 3 @firenoceptor. 3. A conmpound of Claim1l wherein
said conmpound is a sel ectiVe agonist for human beta-3 adrenoceptor. 4. A
conpound of Claim1l whered he heterptycle cont,_@' gi ng X is substituted
neta to the depicted NH aim I'?wherein R1L i s hydrogen or
met hyl . 6. A conpound of her than hydrogen,
the stereochem sty around the OCI-?r n to whi onded, is R

)
wherein X is oxygen or sulfur, optionally substituted by one or more groups

selected from Cq_4 alkyl and halogen, and where the heterocycle containing X is

substituted meta or para to the depicted NH;

R'is hydrogen or Cysalkyl;

R represents substituents selected from C4_g alkyl, halogen, trifluoromethyl, and
C1-galkoxy; and |

n represents an integer from 0-4.

2. A compound of Claim 1 wherein said compound is an agonist for human beta-

3 -adrenoceptor.

3. A compound of Claim 1 wherein said compound is a selective agonist for

human beta-3 adrenoceptor.

4. A compound of Claim 1 wherein the heterocycle containing X is substituted
meta to the depicted NH.

5. A compound of Claim 1 wherein R is hydrogen or methyl.

6. A compound of Claim 1 wherein when R’ is other than hydrogen, the

stereochemisty around the carbon to which R is bonded, is R.



WD 02/ 060885 PCT/ US01/49299 26 7. A conmpound of Claim1l wherein Ris
chlorine, fluorine, or CF3. 8. A conpound of Claiml1l wherein nis 0, 1, or
2. 9. A cwopeowsssdf Claim 1l wherein nis 0. 10. A conpounaCefus@i/aizee 1
wherein the stereochem sty around the carbon to which the depicted OHis
bonded, is R 11. A compound of O ai m Z8herein said conpound is selected
fromthe group consisting of

2- (3-{2R-[ 2- (3- Chl orophenyl ) - 2R- hydr oxyl - et hyl am no] pr opyl am no} phenyl ) f ura
n- 3-car b07><yl ic acid; —_ . . . .

2-(3-{[ 2- (3RS HPBPRE R CJaiBR! MNGFAIRR ISt HYingriflioBE SN Gh#no) pheny! ) f ur an- 3-
carboxylic acid; 2-(4-{2

R-[ 2- (3- Cnhl or ophenyl ) - 2R- hydr oxyl et hyl am no] pr opyl am no} phenyl ) f ur an- 3-

car boxyl i &-Ac¢@mpound.of SRaifm1 wheckindy isghdngr - 2R- hydr oxyl -

et hyl am no] pr opyl am no} phenyl ) t hi ophene- 3- car boxylic aci d;

2-(3-{[2-(3-Chl orophenyl) - 2R- hydr oxyl - et hyl am no] et hyl am no} phenyl )t hi ophen
e- 3-car béxy compound o Cldim 2 RHerein3ri€l0.or ophenyl ) - 2R- hyd roxyl -

et hyl am no] pr opyl am no} phenyl )t hi ophene- 3-car boxylic acid; and
pharmaceutically acceptabl e derivatives thereof. 12. A conmpound of Caiml

wherei n sajd aC { ; hgti
2-(3-{[2-??&%@%?@%9 ?%}Ii\eﬁ%%(@g%%%?gém no gf ylﬁgraﬁt’r]l%}ggﬁ;eor?yﬁo)furan-:%-
car boxyl i ovhich the depicted OH is bonded, is R.

2- (3-{[ 2- (3-Chl orophenyl ) - 2R- hydr oxyl - et hyl am no] et hyl ami no} phenyl )t hi ophen
e- 3-carboxylic acid; WO 02/060885 PCT/ US01/49299 27 and pharnaceutically
accept abl ef deaicomigoudd ffGIBRAT-wherein said compound is selected from the group

consisting of
2-(3-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]propylamino}phenyl)furan-
3-carboxylic acid;
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)furan-3-
carboxylic acid;
2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxylethylamino]propylamino}phenyl)furan-3-
carboxylic acid;

2-(3-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-
ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid;
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)thiophene-
3-carboxylic acid;

2-(4-{2R-[2-(3-Chlorophenyl)-2R-hydroxyl-
ethylamino]propylamino}phenyl)thiophene-3-carboxylic acid;

and pharmaceutically acceptable derivatives thereof.

12. A compound of Claim 1 wherein said compound is selected from the group
consisting of
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)furan-3-
carboxylic acid;
2-(3-{[2-(3-Chlorophenyl)-2R-hydroxyl-ethylamino]ethylamino}phenyl)thiophene-

3-carboxylic acid;



13. A pharmaceutical fornulation conprising a conpound of Claiml. 14. A
conpound according to any one of Clainms 1 to 12 for use in therapy. 15.
Use of a woOrmpoenses according to any one of Clains 1 to 12 iPATIUSE1/49299

manuf acture of a nedi canent for the treégt ment of a manmal, including man,
of conditions or di seases suscepti bl e4éf anelioration by an atypical beta-
adrenoceptor agonist. 16. Use of a conpound according to Caim15 wherein
sai d condinf phasmagegtically acceptablasdenvatives thergef.hod for the prevention or
treatment of clinical conditions or diseases susceptible to anelioration
by adm nistration of an atypi cal beta-adrenoceptor agonist, conprising

adm ni st r aBi ¢opbharnediceriticarcforivelaiah WwompHsiry & eopPordalf Clgingim 1. 18. The
met hod of Claim 17 wherein said condition or disease is obesity.

14. A compound according to any one of Claims 1 to 12 for use in therapy.

15. Use of a compound according to any one of Claims 1 to 12 in the
manufacture of a medicament for the treatment of a mammal, including man, of
- conditions or diseases susceptible of amelioration by an atypical beta-

adrenoceptor agonist.

16. Use of a compound according to Claim 15 wherein said condition or disease

is obesity.

17. A method for the prevention or treatment of clinical conditions or diseases
susceptible to amelioration by administration of an atypical beta-adrenoceptor
agonist, comprising administration of an effective amount of a compound of
Claim 1.

18. The method of Claim 17 wherein said condition or disease is obesity.



