; e3e, F)\6IFV\D 00/ 50426 PCT/ USO0/ 02505 1 5-HT1F AGONI STS *GOOpp 1 * Theoriles
r egar di ng®t he pat hophysi ol ogy of m grai ne have been dom nated since 1938 |by
t he wor k wb o@rsedzam and Wl ff. 5 Arch. Neurol. Psychiatry, BOr/wSi/6ss 1938.
They proposed that the cause of mi graine headache was vasodil atati on of
extracrani al vessels. This view was supported by know edge that ergot
al kal oi ds and sumatriptan, a hydrophil{jc 5-HT1 agoni st whi t Ccragss
the bl ood-brain barrier, 10 contract cephalic vascul ar sndmmmm,ammm
are effective in the treatment HHPIYrEGORISTRINPhrey, et al ., | ) Acad.
Sci ., 600:587-600, 1990. Recent work by Mskow tz has shown, FY%ever, tha
the occurrence of m grai ne headaches is i ndependent of changes in vessel
di anet elr. CeEh]abahcg'e_a, ré@ai?iﬁg?thé9@3:th|&f@&m\ﬁdoﬂpgbﬁ_$3fp:iﬂ@f€aﬁ?ﬂ;d hxahtv_e )
current unknown triqgers for in stinmulate trjgem na [ ic

| nner vat EeFBsEPARAFEWELAFR LA CcEBhaRT: Hes . Ity Fb Al frel case [of
vasoart i wecheunepeptl, desyihammaxons 90 3t7hes 320 1vascul atdwe prised el eased

neur opepti des then activate a series of_ events, a consequence of which is
pai n. ThtBafeiPEgSAreEs Rl TiRariioR Neplesdiedasy Arfdirigiadi ane fer got

al kal oi dexkytRehannse sisaQl Vi i3 HE el Wppdialdeusd e gosel y
related to the 5-HT1D subtype, |ocated on the 25 trigem novascul ar fi bersg.

Neur ol ogfPa43EEgRs 213R1916lssP0 Y somatgeiRiiashi i (B HPPRikdH: bi T i ver se
physi ol ogigeal; sActindidry SRl pd Al digast Sy e Beapi o &t asses, the
most het erogeneous of which appears to be 5-HT1. A human 30 gene which
expr&8sesomtEastt [Ied@ I5-HVRSREEt FMaibt ypesc e and s eqkkve sol at ed
by Kao and, ¢euorker s oG s NatdyaAcad. o HRA, . 4908-4 1993. This
5- HT1F receptor exhi bits a pharglr;:aaco 0gi c@?&%ro |1eggi§s?i nct 'rolﬁ%gany

ser ot onerAgiad r ebaipt.oré Ofet5 &lesdt( belP O The Regenaf¥ork tlyy MoOQOE 50426
PCT/ US00/ u i i b = S a
rol e of t%ﬁgﬁkéfcgﬂegeec%p%# E&?n@g%?%%éq%%sé?%ie%{%%%gr}g%%?%gg%% %%vel
5- HTl g agowiegendgmnichp i nitididepeit i desext rdvasateéon dlephelsfgnal ati on of
t-he ligi gen nal, gai%'a, and are therefore useful for the treatnent of
m grai ne ‘and as'sociated di sorders. The present invention relates to a
conpound of fMogkewitz H&s Idroposed that currently unknown triggers

—+

for pain stimulate trigeminal ganglia which innervate
vasculature within the cephalic tissue, giving rise to
release of vasocactive neuropeptides from axons on the

20 wvasculature. These released neuropeptides then activate a
series of events, a consequence of which is pain. This
neurogenic inflammation is blocked by sumatriptan and ergot
alkaloids by mechanisms involving 5-HT receptors, believed
to be closely related to the 5-HT1p subtype, located on the

25 trigeminovascular fibers. Neurology, 43 (suppl. 3):816-520
1993.

Serotonin (5-HT) exhibits diverse physiological
activity mediated by at least seven receptor classes, the
most heterogenecus of which appears to be 5-HT7. A human

30 gene which expresses one of these 5-HT] receptor subtypes,
named 5-HT1p, was isolated by Kao and coworkers. Proc.
Natl. Acad. Sci. USA, 90:408-412, 1993. This 5-HT1F
receptor exhibits a pharmacological profile distinct from

any serotonergic receptor yet described. The high affinity
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20 R R I" and pharmaceutical acid addition salts thereof, where; Ris (a
DMV~R3' 1] /'/ERs R3 (b) Ra N, or (¢c) EEDis CGCHor CHCH2;, Rl is
hydr ogen wo 0€2404&% al kyl ; R2 is hydrogen, hal o, hydroxy, -M.IRI00/0568,

-C(0)R3, -C(O) NR3R4, -NR3S02R5, - NHC(Q NR3R4, - NHC(O) OR3, or -NR3C(O)R5; R

R4, and R5 are independently hydrogen, Cl-Cg al kyl, C2-C6 al kenyl, C2-C6
al kynyl, or -(CH2)naryl; or R3 and R4, WO 00/ 50426 3 PCT/ US00/ 02505
conbi ne, together with the nitrogen to which they are attached) forma
pyrrol i diheungpamtdimet pilpes azilmeypesubstil uied pigeesizs ne, robe phibdl i ne,

‘CI)'Li tsh: g\r;gg{ngloih%lr#%%sgér%pa Oerlssjtrg,nzlal:L %gaffrrléi:eﬁii (S:EAI 01[ o?,rm?g?i (SJnQCI(JrSrp?i glr ng. a
conpound of fBrimliantentorora ypdiba s etid | tave Ach dHaddi agonisastwhbeheof , an
a inhibit peptide extravasation due to stimulation of the
5 trigeminal ganglia, and are therefore useful for the
treatment of migraine and associated disorders.

The present invention relates to a compound of

formula I:

10 R

and pharmaceutical acid addition salts thereof, where;

R
~ A
R is (a) T , {b) //[:::ji::> , or (c)
15 R*

E-D is C=CH or CH-CHjy;
Rl is hydrogen or C1-Cy4 alkyl;
R2 is hydrogen, halo, hydroxy, -NR3R4, -SR3, -C(0)R3,
20 -C(O)NR3R4, -NR3SO,R5, -NHC(Q)NR3R4, -NHC(0)OR3,or
-NR3C (0)R5;
R3, R4, and R® are independently hydrogen, C1-Cy alkyl,
Cy-Cg alkenyl, Cp-Cg alkynyl, or -(CHp)paryl; or R3 and R4

d




10 pharmaceutical carrier, diluent, or excipient. In addition, the presen
invention rel'ates to a method for activating 5-HTlg receptors in nmammual s
conpri si yoadseaéstering to a manmal in need of such acti VRN G$00/42505
effective anmount of a conpound of forrmula I, or a 15 pharmaceutical acid
addition salt thereof. Mreover, the current invention relates to a netha
for inhibiting neuronal protein extravasation conprising adm nistering tg
manmal in need of such inhibition an effective anmount of a compound of
f ormul a tombina, 20cpghthreEcwiuticaheavid radgeint itonwhalch theyeefre One
enbodi ment . of . this.invention is.a.nethaod for. j.0creasi i vat,i on of the
5-HTl g r%%%%?%?gfoFofPegtPX§r§i&§%g§fypé G ﬁgﬁg'érgﬁﬁﬁggﬁgh§Ve4been i nke
t o decr easpdtheucetir ahpairaziior , onosehotldmien ior narmaloxpHaidineded nanong 25
t hese di sorders.are depression, nigrain%_pai bulim a, prenenstrual
syndrone or Iﬁtéslﬁteir ghage éynéroﬁ%l a lism tobacco abuse, panic
di sorgler, anxpety, ogerersal pain, post-traumatic syndrome, nenory | oss,
denentia of aging, social phobia, attention deficit hyperactivity 30

di sorder, disruptive behavior disorders, inpulse control disorders,
borderline persg@raliintyer@iisRf elso GRSIBSSd Y 6 € AU Stv dlisidler, chronic
fatigue syndrone, premature ejaculation, erectile difficulty, anorexia
nervosa) f@iredrl@driorofc g inditd FAMRRHISMRE thechotd 1T orinica, WO

00/ 50426 4 RGHIISR0/QA5QR: 14 | g 118 nur @l @hdreslent aha pai n or
t enper omandi bul ar joi nt dysfunction pain. The conpounds of this invention
are af so RisemAcaas i€ Py oA ERE i At Ferithren®r fFCHPYRAFne. Any of these

met hods enpl oy, Leppowyd, ofnd I‘fﬁﬁf@éé’né . 1 By die1 Y5 er &1 2 Be § 0P 04 Nle Of od OF MU
| for the activation of the 5-HT1F receptor, for the inhibition of peptid

ext r avasdtdrorRdtil Genaral S T iier e@CREP¥HE| HE | BATBALE heompr g8kidal ganglia
speci fi caldqys, iagg%xfl g b anﬁéﬁ\ﬂsﬂtmfn@e& ot Lhendisergsrsofdessribed
above, are all enbodinents of 10 the present invention. The general

cheni cal ekfestisecndnnpughbud havecwndi pfusaamuieani ngs. aFor exanple, th

t-erm;'zCl- i r Ayl € , Pz yl, isopropyl,
cycrggrod§?§f$é%%ﬁ§{?éfs%%%gygsagg%?gu%gg% Fggg%ggfyl and cycl obutyl. The
term 15 " Cl- CMat&gveri nthedesrrhoseigrvenpsohi seddtesr tolacmeshRgl fand al
refers to, : . ght ach l: i >arbhon chai ns of
to 6 carbﬁﬁﬁgg%gésgSﬁ%ﬁEQ#gEpgrpﬁgpgdggtﬁgﬁagﬁglﬁ%tQ%ﬁﬁgggag%o, pentyl,
pent - 2- yl adpént sBeyingneopentpiimaiexpl neadd offheulcink e nhifhe ttienmanC3- Cg 20
cycl oal kyL % | apr Qpyl | ;obut wl | gpentyl., cycl ohexyl,
cvel ohept o £Grav S, BeBHE, PR FhLorpRtist foxrili, PP P & .7
nono-Afhsapheatmedestiarghtcod lddiched edrrodder@eichai ns contai ning from
to 6 carbon at incl udes, o l.i m t, t i hyl 5 allyl,
1- but en- 4-yl, QHEU?§%9$3§F,q1?géﬁ?%ﬁ{§f§%§“ﬁfﬁ%n%§ﬁi@%?%#ﬂ%f%gﬁten-5-y|,
1- hexen- 6ipkredshegenctiyat idrhexferctt: H-HU-thesesrert-off o tdwatdirke.a The
term" C2- Lkynyl." .ef 0 st.ral or; - Y, hon Ghai ns
containinggf§FE¥p¥§ 6%%552%3; F%ﬁf%igggﬁa§5£%g?%%ﬁgg¥éﬁéq%%; |né%ﬁdes, bu
is not |imeuedtrensadetsileenydf swopyandn i butymeUs y 1, Iric budg-aggrig

AT Bbpe FRER s e MR L S T AR oo
bonded premenstrual syndrome or late luteal phase syndrome,
alcoholism, tobacco abuse, panic disorder, anxiety, general
pain, post-traumatic syndrome, memory loss, dementia of
aging, social phobia, attention deficit hyperactivity
30 disorder, disruptive behavior disorders, impulse control
disorders, borderline personality disorder, obsessive
compulsive disorder, chronic fatigue syndrome, premature
ejaculation, erectile difficulty, anorexia nervosa,

disorders of sleep, autism, mutism, trichotillomania,

—
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WO 00/50426 5 PCT/ US00/ 02505 t hrough an oxygen atom The term
"heteroaryl oxy" refers to a heteroaryl or substituted heteroaryl group
bonded t hwougiso42a oxygen atom The term "aryl oxy" refers tRCEHUNIOMFIS oOr
substituted phenyl group bonded through an oxygen atom The 5 term "Cl-C4
acyl" refers to a fornyl group or a Cl1-C3 al kyl group bonded through a
carbonyl noiety. The term "Cl-C4 al koxycarbonyl" refers to a Cl-C4 al koxy|
group bonded through a carbonyl noiety. The term "hal 0" includes fluoro,
chloro, brogemandllfenpddgifhedeetml” payn’ areftenperommmndiptilaralioint
substltuted he or_optiopal |y substitut heteroc C|IC ri he term
heterocygﬁlllg:)l fgés{of"aﬁenpl %Z‘an%aﬁ“ un?gtsurggeélf or I%d -rl]-‘lng
cont ai ni ngefnamas top3obadreatient r'eatmese eﬂdredufgnmnnml t ragert oxygen 3

sul fur, |d rin |onaII bei n enzof erocycllc rings include
furanyl , F‘gn?ﬁghﬁ’&s (?f“f%} ﬁylclo O#étfﬁiﬁ"m‘ar oxazol yl ,

i soxazol yl, pyhazelsy ofi @ d@a@ioylhd o FAml La wabﬁm{ylacﬁim@ﬂ&zol yl,
t hi azol yl , ¥1ﬁ m di nyI 20 pyrazinyl, pyrl dazi nyl, and the |ike. Benzofus
het er ocy(?lfl Ehei RgSTC FEFERtSGquitdl itRA T HERAGEEbISA  PaRiiAi azol yl

qui nol i Nyt rigRzefuaNYn g}é@f&%{lmdlphﬁ{’é"bo'é@ﬂﬁd’latf&d dhechd ke. The ter
"substituted phenyl" and "substituted 25 heterocycle" are taken to nean

that the EYATE N @dpaldseianrat el s samdtieutidee oreravipent f o, cyan
nitro, CLEA a@ylend rdj Adw&rget&@g&lséa fAwmoromes hoxys 1 Cnlla fhdoxy caf bony

Cl1-C6 al koxy, or CL-C4 alkyl, or two to five substituents |ndependently
sel e¢Ped tfh%rﬁﬁﬂf@ﬂ?al@‘g?fmﬂwn 30 The term "am no protecting group" as use

in this speci ffyfatd O r£f &hferd & Ity%étﬁ'&&ﬁ%ﬁ BUDRGY: efiRLoyedotp bl ocK

or protect the am™no functi on e reacting ot her functional groups
on the commﬂndne%xmqﬁ es Bir serdmzahe notlpe oterhi hg1 ogf pupskyhtl ndéerde

pht ol 1 8 i G (He e TP UR, TRaPE T GhT or batorsr iy tou: URe
chl or oacetsdbuty bnoseetlyhty hndt ¢vddaeey ¥| agdogpslocbhneyhaneThygpeebinocki ng
gr OUpg SW 1gén%bi?p§éipxi’r?@ﬁ?8é‘%/ecl?§s£' %S”A" %E8éy%é‘£b8r‘¥{;4 ;fn

5 the like; amno pro rou 6 specieslo
pr ot ect i mp@ralgpo enpf eyedto ssemouratedl catramghongbasntheddeblrvcybiéd am n

group is }?% +§a£19%}1h8h§°”9 EEOQ gf agu?gegggnta rg\gctl gn%hon at P%o positiao

of the no & and can be renove e a proprlate p0|n
di srupti ngndDudde pemaandenobf limetadl eoul eenl'éullt h@lenexamylles of groups

referre_dnlg%lpth hf a ?égeﬁgy@; ﬁre escrl b%g b)ilie %ene,rnNR@ot (écti ve
sy ,

Groups | gani Si'sY; " JohnY ®sons, ork Boo1,
Chapt2ér 7cjnelea1k§:il"reééeredtbocaelb@re@m& cizﬁlﬁh:atyér mcyphiapeaceit,i cal "

when used in._a an, a ct ns,. sybst ntlaIIy non-toxi c and
substanti%??%giﬁonygél € efddloglu %?'o tﬁe r eci gloeor?;% By "pharmaceuti cal

formul ati on" i Thestkumt hep- cgaaﬂkeharrl "t re fearsr iter moswl-werHatueetiepi ent s an
zglr'rijoumjnzt g %?Oghgoma%alrgk%h\ém tr]mytdrf%c%% Io\ﬁe c'hn n%dlc%qltta%fnltnhge r%rmmél %toi on
6 carbon atoms and includes, but is not limited to, wvinyl,

25 allyl, l-buten-4-yl, 2-buten-4-yl, l-penten-5-vyl,
2-penten-5-yl, 3-penten-5-yl, l-hexen-6-yl, 2Z2-hexen-6-vyl,
3-hexen-6-yl, 4-hexen-6-yl and the like.

The term "Cy-Cg alkynyl" refers to straight or branched
hydrocarbon chains containing 1 triple bond and from 2 to 6

30 carbon atoms and includes, but is not limited to,
acetylenyl, propynyl, 2-butyn-4-yl, l-butyn-4-yl,
l-pentyn-5-yl, 2-pentyn-5-yvl1 and the like.

The terms “Cq1-Cg alkoxy” and “C1-C4 alkoxy” refer
respectively to a C1-Cg alkyl and C1-C4 alkyl group bonded

and
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The term"acid addition salt” refers to a salt of a conpound of fornula I
prepared by reaction of a conpound of fornmula | with a mneral or organic
aci d. For WEs0080&2¢p| i fi cati on of pharmaceutical acid additi BRTASIKE5Eee,
e.g., Berge) SM Bighley, L.D., and Monkhouse) D.C., J. Pharm Sci., 66:
1977. Since the conpounds of this invention are am nes, they are basic in
nature and accordingly react with any gf a number of inorganic and 30
organic acids to form pharmaceutical acid addition salts. Since sonme of t
free am rﬁélsf%lfgfﬂ@él CFSRM P - t e | raamt | et ereanydsiedl |52 TS & roon

t enper at uyr r r i e t
pthr)naceulét ?Yéa% eS{I:b e sgtm%tcegcg:ﬁ?él%%gsﬁéf %@%;}géen%?d %%%}} 50426

PCT/ USOO/@QSD@MC&HQ@ ar‘ﬂtheactrmrm staayloxy " steters hieo | atpleenyl eor out i nel
solid at Q e ti id a Its the
ovent o R AR et B R R B A i R Bl o

an eqbi nolearm OYCextessoditbutfafs acd da Themy bagtaumd Soare genes adll}gy]:onbi n

in a nut uaI sol.ve h as .di eth |.et he t et r ahydr.of ura noI

et hanol , <3 §pE Cgﬁéu%é %r}f(ﬁ%y;l@%leﬁ%e sfﬁl?sgﬁﬂ‘rrgf precipita
out of:yﬁlk¢xytawb¢mynabo@feﬁ@et@owrciecngMkoiﬁ @f@uﬁayenaéd can be
i sol ated %fl |trati o or other conventional nmethods. Acids comonly

enpl oyed %5 §'8Hm AT H ‘EI‘EIY iBA*€YYts are inorganic acids such as

hydrochl oric aphél, cbydr ohsDat ciaciddeBydrabedi cchtbdo, SBEbMbI &ndci d,
phosphoric acid, and the Iike, 15 and Acids commonly errpl oyed to formsuc
sal t $r et} %rganl c acids such as hydrochloric acid, hydrobromc acid,

hydr oi odi ¢ acigheSubiur i §rac drephospher kg ag)rc@onamdyt Bapkikentaad or gani
acids, such as_p-toluenesul fonic_acid) nmethanesul fonic acid, oxalic acid)
p- bronnph%ﬁ??%hl?BnPEtéEPal1¥aFBBﬁF&tH§P§ he§eEQEYrALE 4&PE, citric acid,

benzoi c acid, agettermcHedBdothe1like sExamehes ofhesUCAnphasrReedkicaal 'Y
accept abl e salts thus are the sul fate) pyrosul fate, bisulfate, sulfite,

bi sul f at >~ pRbspPhREBPERBROK}BP0GERSAGEHHS EXO8T Ay HPogde REHGEORACES

met apfpsphal ectBAr eRBRASPNAL @xoglhor 'o%gew e 1ired dga 125 racR! at e,
propi onate, decanoate, caprylate, acrylate, formate, isobutyrate, caproat

hept anoat 8Pt pPBibY abeingx keare Fusedonatiet expsaicidte r isdseiaxcd udsebacat e,
fumarate, sqgphaghe, t?i‘ite}ﬁﬂ}?c 1drdinata, Rexma-vh 61diRat ahe,

chl or obenzoat e, net hyl benzoat e, dinitrobenzoate, 30 hh?roxybenzoat e,
met hoxybeR¥8&pay Lphikararelvdul foTraze L vyl dssiA vt e tifEslvdoet at e,

phenyl pr opixaaakeo1 emelh%fdxira Ay 101 tatLlo 1hACT 381 nfi3riliydr oxybut yrat e,
glycol late, tartrate, methanesul fonate, pr opanesul f onat e,

napht@l emfr@zg@bfflon@werld@afpﬁmhl @msl £hey| Fidrmat e)Bemamfel%acb WD 00/ 50426
PCT/USOO/%%@@%&%J@I%Q %éngs include isoquinolinyl, benzoxazolyl,

benzthiazolyl, gquinolinyl, benzofuranyl, benzothiophenyl,
indolyl, and the like.
The terms "substituted phenyl" and "substituted

25 heterocycle" are taken to mean that the cyclic moiety in
either case is substituted once with halo, cyano, nitro, Cqp-
Cq4 acyl, trifluoromethane, trifluoromethoxy, C1-Cy
alkoxycarbonyl, C1-Cg alkoxy, or C1-C4 alkyl, or two to five
substituents independently selected from the haloc group.

30 The term “amino protecting group” as used in this
specification refers to a substituents commonly employed to
block or protect the amino functionality while reacting
other functional groups on the compound. Examples of such

amino-protecting groups include the formyl group, the trityl

ed
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20 25 and the like. Preferred pharmaceutically acceptable salts are those
formed wWith hydrochloric acid, oxalic acid or fumaric acid. The term

"ef f ecti vivaaopsR6" neans an anount of a compound of for nmul 8CT/O8M/@2808 S
capabl e of activating 5-HT1F receptors and/or inhibiting neuronal protein
extravasation. The term"suitable solvent” refers to any sol vent, or

m xture of solvents, inert to the ongogng reaction that sufficiently
solubilizes the reactants to afford a mediumw thin which to effect the

desired QEaDpiOMheA@htéﬂéHMﬁmhemsouﬁéﬂﬁhﬂéﬁﬂ&ﬂﬁi gmuhpﬁ>@hﬁes thereof, are

ol uded il AR SCAPE Al NG IR CSENL JINA] Oy 0L LXATP! Sind e

conpounds of For i €re S |n |2| contarn
centers lLiodakedtiyi tgh@dmsc,yainecthaxmg—t}@se hz]mdf}a:lng:egucems ssdxcdcaigd at the

bri dgehead carb th t d.th t
o1 oup. bR GRG0 1 it o TR Sr g orer | RIRST hostt of t e

present apRl ildad;0mnd e KBy sé M APrgnamag thige ssbstidsient s
around t he |ndole ring and the R R and S, S enantionmers are i]lustrated
bel ow whé&-IR1 BHAF 9 4% %@%f?%h%%%vﬂes DOk GritaFal (so/leng AfR p -2

R R R isoerad?i 3 4 &0nhidhegf@hh ovk ngr ghospe b st hé | sshaatiye of

conmpounds contenplated within t e scope of this invention: WO 00/ 50426
PCT/USOOFTEEREHWSnt reactions on other positiong of the molecule and

2-met hyl -3¢ 3sd I\Len%véu el hyd gl @e&pyiaté b4prepanesyl t oaykbgpeanyde) f uriof

3, 2- gbpyrldlne hydr ochl ori de

2-n-

2-b] pyri di b€ rped)d- ﬁ;ﬁopHéygbévéeZtIa%snﬁ&layhe.b,lcr%ehoeg,o@ywm%‘ébglene,
am no] et hyl ) -5- (4-i odobenzam de) furo[ 3, 2- b] pyri di ne
naphthaleh%er%%¢¥%©a@e0uﬂ§ in Organic Synt esis”, John Wiley and
2-S-butylg3s5 £ 2-fi N fur%%l e ]1b§1pr@H&E%Eaﬁohe%léglf%wEle%')”e%?%hetcﬁw) 3

4-f| uor obenzani de pyridine ditoluoyltartrate;

tylti3R (RN DRE h9f - nhe pBpE9FakEno] BRRYNFL 5exarPLsFoBEngBATEE) f ur of |3,

R

9

2- et hyl 88(2Grabnﬁethyl N -s-butyl am no] et hyl ) - 5i sobut yram def ur o[ 3, 2- b] |py

rIdI'[ihyl 3-(2- FRF tefﬂyrpﬁarFQCFB§%F8}" Xhep] ﬁfl?gﬁfﬁgﬁethﬁ?ﬁ 5-(4-fluo

benzam dejfluiecf 3y2, binpgnedspbstantalkdiat eon- tOXlC and substantially

-

non-deleterious to the recipient.
By "pharmaceutical formulation” it is further meant
that the carrier, solvent, excipients and salt must be
20 compatible with the active ingredient of the formulation (a
compound of formula I).
The term “acid addition salt” refers to a salt of
a compound of formula I prepared by reaction of a compound
of formula I with a mineral or organic acid. Foxr
25 exemplification of pharmaceutical acid addition salts see,
e.g., Berge, S$.M, Bighley, L.D., and Monkhouse, D.C., J.
Pharm. Sci., 66:1, 1977. Since the compounds of this
invention are amines, they are basic in nature and
accordingly react with any of a number of inorganic and
30 organic acids to form pharmaceutical acid addition salts.
Since gsome of the free amines of the compounds of this
invention are typically oils at room temperature, it is
preferable to convert the free amines to their

pharmaceutically acceptable acid addition salts for ease of

(0]



7)
2-methyl -3-(2-[N -nmethyl -N -(2-[ 1-i sopropyl pyrazol -4yl ] et hyl )am no] et hyl)
- but yr ami WEfA56428, 2- b] pyri di ne nmandel ate; 8) PCT/US00/02505
3-(2-[N -met hyl -N - ([ 4- bronot hi en-2-y1] net hyl ) am no] 20
et hyl)-5-(4-fl uorobenzam de)furo[ 3, 2-b] pyri di ne hydrochl oride; 9)
2-ethyl-3-(2-[N -ethyl-N -(2-[3-nmet hylthi obenzof ur- 5yl ] et hyl ) am no] et hyl)
- (pyri di ne- 2- car boxam de) furof 3, 2b] pyri di ne; 25 10)
2- proopy| bapdbing and opeBpyYL s NEat 30D sebaAZoEhE- 2PLEEropYE) ZRLKSTElN Y ) - 5-
-fl uorob ) [ ne; 11)
2- et hyl §§Z§E3‘§1 gﬁl %H&Q éeﬁpk%%?%ol 3-yl ] met hyl ) am no] et hyl ) -5-(4-fl uor ol
zan]de)furo[3TQeb@byrmdpﬁthQahaagaﬁeadﬂzy1on salts of the invention
2-methyl 5 gy%b' &hﬁbrNed( L? ¢yanel d%Z_%' Téoﬁﬁ'n]d”%tfh%'o)r%@ﬂ%et hyl') - 5-
et ami def ot o[ %f Phe trifluoroacer, ate;
2- methyl wstbza{ll\lbqnemhyh:rNor( e8ceashexanndopifr @ziiB5 The reactants

2o Lo BBl YL aPReSLROAAT SEHUSh APy o e v

2- nethyld3e@2yﬂNth&ELhybtwah&ﬁﬁommtbmpymeﬂhﬁﬂhﬂl ethanol

32/I ]nerrfw?/l %?%g?)]ﬁ et %?le%neg)ro %31 }rﬁ m de fur 3 errélrl di ne; 15)

2| n-3-vyl bm‘ebhph):amen@het h))fl )s-o'i‘ub;lé.tow i’:lmtﬂﬁ.rrilraﬂicﬁ;tZ dﬂep)ﬂdxﬁil ne keywnate; 14
Nrret i ndazo] - 5-yl ].net hy|

am n%(?et ﬁ)‘?P) ﬁeﬁ‘f‘gn é‘rﬁodé‘ftlfrdobé’ LR AT RTher ©ofher

2- met hyl <3nf2ntNonsat e ad [ qui nol i n-4-yl ] et hyl) 10 )

am no] et hyl) cycl opr opanecar boxam def ur o[ 3, 2- b] pyri di ne; 18 ;

2-met hyl - 3- (2ﬁfwd-né%ﬂ9f%y (RN AT rﬁozrrw]w? addition salts are

met hyl ) anineleeihyd )a‘cﬁ&ycdmutaaé’l%mrﬂﬂﬂ WoOLS3, 2B} pyshebies d@)d,
2- et hyl - y,ﬁi((jrz[N met hyl - N - ( qumoxalln -yl 115

met hyl ) a8 R4S a5 iGc | G o RRRPRP B 3, 2B By r iR e hekidiat 6;
20) 15 and Acids commonl employed to form such salts are inorganic

2-met hyl -3-(2-[ N -net hyl - qui haxol i n-5-yl ] met hyl ) am no] et hg -5-cycl g
xanecar b(%Fdrﬁsdeﬁ’qﬁlb[aSS M%W@H}r?ﬂ”elc Arpd) hydrobromic acid, hydroiodic

2- met hyl -a3-5(@- [é\hrﬂ@f&ylaé\{d([ﬁm%}%rgcyéa:ﬂ@t hyhaaphaoj ekby! ang- cycl ohep

necar boxam def uro[ 3, 2-b] pyri di ne;
2- met hy| -FIN aGdsy| SAED (39- anu wenesrhfansr- 89l fmenAihyaaradbienhyl )
- (4-fl uorpbenzami4e) & Lﬁ@{é 2Dl py&h H@nyiéﬁiEQﬁQH‘E‘EB@HeSHB}BB?}EE aé9a23)
2-methyl -3- (2 [N - et hyl - “N -T[oxazol - 5-y1 | met hyT )
succinic acid, citric acid, ben201c ac1d, acetic acid and the
like. Examples of such pharmaceutically acceptable salts thus
are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphate, monohydrogenphosphate, dihydrogenphosphate,
metaphosphate, pyrophosphate, chloride, bromide, iodide,

25 acetate, propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, caproate, heptanoate, propioclate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate,
butyne-1,4-diocate, hexyne-1,6-diocate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,

30 hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,

xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, B-hydroxybutyrate,

glycollate, tartrate, methanesulfonate, propanesulfonate,

naphthalene-l-sulfonate, naphthalene-2-sulfonate, mandelate
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am no] et hyl ) - 5- (3-i odobenzam de) furo[ 3, 2-b] pyri di ne; 24)

2-methyl -3-(2-[N -nmethyl -N - ([ 6-nitrobenzoxazol -2

yl ] met hy Wani/$idléet hyl ) - 5- (2- chl or obenzam de) f ur o[ 3, 2b] pyr PETAE00/02505

hydr obrom de; 30 25) 2-nethyl-3-(2-[N -methyl-N -([1, 4- benzodi oxan-6-yl ]
met hyl ) am no] et hyl ) - 5- (2- chl or opyri di ne- 3car boxam de) f ur o[ 3, 2- b] pyri di ne;
26) 2-isopropyl-3-(2-[N -nethyl-N -([igsoxazol -4-yl ]

met hyl ) am no] et hyl ) - 5- benzam def ur o[ 3, 2- b] pyri di ne;” 35 27

2- et hyla-l’Bi (Ehg N ikfet hyﬂ’raﬁel({%rﬁm%m@%mtgcyl}y acceptable salts are

t hyl b d VO
et hyl ) ardnal ef fihdq 5 (i aphenen 2o £2¢ bgxae dgkh v of 2: 281 By bdhtgic

2- et hyla@:q 2- [N met hyl -N - ([ 1, 3, 4- oxadi azol - 2-yl ] net hyl ) am no] et hyl ) - 5-

L

met hyl )mnmr}m@yéﬁ Befxzduihumrwhﬁnﬁam;de)aﬁabmgﬁp? b]:pyvadnng BeHYhat e; 3(
2-[N - am no 4- fI uorober
o o) U SBeT By e RE AJRIBCRRRE HeLTenat, bEOLBChe bRyl Bstt
2-et hyl - 3- (2-The- Eé:hlyﬂ *‘Nu:.té.Bié’EEbybbhh‘_Obeﬁféﬁfur tﬁyb)ugrt Byl entnopet hyl ) -
pyrldlne2carbox %}furo32bL yrldlg1 ﬁg})
Dt opyl BSXEOr PP SOLVERYE: NIASEEL FeobiRy§ P1§9|f59851§nyFP5ﬁ1no]ethy|)
2(4 flhulowbegaaﬁlhdgizf 460018:215eB] Iaylgl Q‘lf;ae,taﬁﬁl)s) £o af]forr(]i la) m5ed(12.11mf | o
met - rro met am no] et uor obe
ani c}e%qu’bFélE‘ BRp§GHi \éPnéfl’% at’:Qe E;lglred eactl Y

2-met hyl - 3- (2a) N =ABHRY brlrs( ( Te¥RRUSIEAZ0| 22 PGhixtures thereof,

) met hyl ) am no] et hyl 4-acetam de)furo[ 3, 2-b ridine trlfluoroacetat
yh y )e 1nc£ude% %1th&n the scopg of %e préé@ét invention. Fo

example, the compounds of formula I where R is indolizidin-
6-yl contain two chiral centers located in the bicyclic

15 ring. One chiral center is located at the bridgehead carbon
in the ring system, and the other is located in the CH group
bonded to the 3-position of the indole ring. For the
purposes of the present application, the numbering system
for naming the substituents around the indole ring and the

20 R,R and S,S enantiomers are illustrated below where Rl and

R2 are as defined above.

R,R isomer S,S isomer
25
The following group is illustrative of compounds

contemplated within the scope of this invention:
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35)

2-met hyl -3-(2-[N -nmethyl -N - ((6-carboxam dopyr azi n2-yl ) net hyl ) am no] et hyl
5- pr opan&¥@pusM6ri def ur o[ 3, 2 b] pyri di ne; 25 36) PCT/US00/02505
2-methyl -3-(2-[N -nethyl -N - ((5-nitropyri mdin-2

yl ) met hyl ) am no] et hyl ) - 5- (2- pr opanecar boxam de) f ur o[ 3, 2b] pyri di ne; 37)
2-met hyl -3-(2-[N -nmethyl -N - ((5-di net gyl am nopyri dazi n- 3-yl ) net hyl ) am no]
hyl ) - 5- but anecar boxami def uro[ 3, 230 b] pyri di ne benzoate; 38)

2- et hyl - 3-X2- [ Nmegeyt 3 N2 f [V hddzof 8thy}aeiAg] ?Emﬂabrétwr) 5- pent aneg

boxa”‘d%%Hﬁ&&ﬁ%éﬁﬁﬂ6ﬁ915€ﬂ¥%mfﬁﬁ)furo 3,2-b pyrldlne hydrochloride;
2-met hyl-3-(2-[ N - nethy] - é 2- am nopenzot hi azo

yl ) met hyl ) am no? e@ﬂ?‘l“}yls‘%zﬂ T Ur oIB%EEé{Fn“He)‘PSPEE’éa@égoﬁ}eﬁwfﬂﬂ| Aes (4
trifluorpnedhenesrhhddaf fird03, 2-blpyridine;

zzamm:] ]h elt hyrfx? [%”rrgr?%%r“'a; gé &%rﬁ‘eﬁf‘k{é &d] ﬁté’c)i Lﬁ@"é’éf“%&i’é 5 10 12

PCT/ USOO40250bediyl) -5~ (4-iodobenzamide) furo[3, 2-b)pyridine

g] gw;r |h)d/: nep}(l%}%%ngei hgulyongtgutyl am no] et hyl ) - 5(N-i sopropyl urea) furof 3,

2- et hyl - 3- ¢2- [ R-srbuhyl- 8- 22 Npy riedihy149 ' T 2hyil @romollentialZol5-4-N- [ ( 3- 1

hoxy) phepyl Lupgg] gﬁrr%fegﬁwytgdl (ae f%b%%feez\éhhhe)%&o%a@u omers,
di ast ereoners, ~_and ures_t hereof, are useful 5- HT1F agoni sts, singl

enantd onl BYARBIBRnELECHNAYLEREEHBES jare pr ef erred Furt hernore, while al
of the conpeyndg Q&athg}rlsy—mzerm O&e&f}ﬂ_{lu«‘l\ﬁf—lﬁ A B-dii Ho jJagonist-s- certain
cl asses arebEEeferr i gl LQ? par agr aphs descri be such preferred
cl asses. *IPPRY S MBI er? yr ?yr G &Spiety (b): 3) Ris moiety (c); 4
E-D is CH CH2; 2)nmEthyils 3CHCH; [NG)-nRi-Hysl NYdr chelpy203i)-Ryiks- C1- G4 al kyl
8) Rl is mRiAYLmiAb1B2nS )nedrQaen s, ot dtidi8 Riro 13, 2-bl pyridine
15 malonate;
7) 2-methyl-3-(2-[N'-methyl-N'-(2-[1l-1sopropylpyrazol-4-
vllethyl)aminojethyl)-5-butyramidefuro[3,2-blpyridine
mandelate;
8) 3-(2-[N'-methyl-N'-([4-bromothien-2-yllmethyl)amino]-
20 ethyl)-5-(4-fluorobenzamide) furo[3,2-blpyridine
hydrochloride;
9) 2-ethyl-3-(2-[N'-ethyl-N'-(2-[3-methylthiobenzofur-5-
yvllethyl)amino]lethyl)-5-(pyridine-2-carboxamide) furo(3,2-

blpyridine;

25 10) 2-propyl-3-(2-[N'-isopropyl-N'-(3-[isobenzofur-2-
vilpropyl)aminolethyl)-5-(4-fluorobenzamide) furo([3, 2-
blpyridine;

11) 2-methyl-3-(2-[N'-butyl-N'-([pyrrol-3-ylimethyl)-

aminojethyl)-5-(4-fluorobenzamide) furo[3,2-blpyridine
30 maleate;

12) 2-methyl-3-(2-[N'-methyl-N'-([5-cyanoimidazol-2-y1l]-
methyl)amino]lethyl)-5-acetamidefuro(3,2-blpyridine
trifluoroacetate;

13) 2-methyl-3-(2-([N'-methyl-N'-{[6-carboxamidopyrazin-

35 2-yllmethyl)aminolethyl)-5-propanecarboxamidefuro (3, 2-
blpyridine;
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11) R2 is hydroxy; 25 12) R2 is -NR3R4; 13) R2is -SR3; 14) R2 is -C(0)R3;
15) RR'i s -C( O) NR3 R4 16) R2 is -NR3SO2R5; 30 17) R2 is - NHC(Q NR3R4

18) R2 i sSWONBGIQNR3R4, 19) R2 is - NHC(Q NR3R4) 20) R2 is POECE@)ERS; 21)

R2 is -NRBC(OR5; and Qi s S; and Qis O; WD 00/ 50426 13 PCT/ US00/ 02505

22) R2 is -NR3R4 and R3 and R4 are taken together withthe nitrogen to whi
they are attached aresel ected fromthgggroup consisting of

pyrrolidine, pi peridine, piperazine, norpholine) or5thionorpholine;23)R3 i
hydr ogen; 241R3 i 8-0et8¥ laBky2-I5) RBleit‘s'lyriEﬂ\hyl( [ZG)I’R&Ii@}@ZLnG&liai—I@eﬂyl

R A i 7 A A

- (CH2) nakypPyBay¥RBeiis hydrogen; 35)when R is CHZCI—IZNRSR4 R3 is hydrogen and
R4 i smet hyl 12036 huheR 131i-s GH2GRNRRRA,, 1RY; i S mRidihe a0 B4 ASTRIBA - R2

selected fromthe g roup consi sting _of benzoyl am no) pro anoyl amno

4- 11 Uor oBéRzdy M AREY L) RiMeREY IE&RVAd, - Sk 2 T4uwd i IR 55:787) R3 |i
met hyl ; 2538xB3ties et hyl ;39)R3 is propyl;40)R3 is |sopropyl 41)R3 i s phenyl

R om0 ARy EOEDY TonO AL R L Pl G

al kyl ene)aml)llaa ammenﬁylpentammmﬁmmmwwmmaﬂﬁdg@ R3 is

B Tached forma rormhal he 11 not a0 my Bt mi Taen PRy 2R RS 9

ni t rdgen amrxmectthy@ tﬁewm@rmqmﬂmmr@dﬁmmwwmymme 51) R3

and R4 takerngogezh&m&ﬂm he. D LIAgeR, 1 ayubi el Lhey,at enayLaghed form 3

and R4 taken tog ether W t he nitrogen to which

pyrrolidine rin

they ar e“ﬁttl'éfclﬂé’dmfrﬁ? i Bk et |W9@PW?@Q%@W3W%§‘HIP@ taken toget her
wi t h t he pligyigeimd.0 whi ch they are attached form a piperazine ring; 54)

d R4 tak h ' th . ttached f
& Subst i Ut G by per RPN 1T bt~ b S8y O 1Y meLRYCBe) el O nyl | 57) R

i s pibpylmetsd)l R8uimo ketihyvl ) 59) R3]l ogephanytanbonsubseitubéd, it h Cl- C4
al koxy; 230,600 8&d snéedmioxyphenyl; 61) R3 is phenyl;
20) 2-methyl-3-(2-[N'-methyl-N'-([quinaxolin-5-yl1]-

methyl)amino]ethyl)-5-cyclohexanecarboxamidefuro(3,2-

blpyridine;
20 21) 2-methyl-3-(2-[N'-methyl-N'-([thiazol-2-yllmethyl)-
amino]ethyl) -5-cycloheptanecarboxamidefuro{3,2-b]lpyridine;
22) 2-methyl-3-(2-[N'-methyl-N'-([2-aminobenzothiazol-5-

vllmethyl)aminolethyl)-5-(4-fluorcbenzamide) furo(3,2-
blpyridine trifluoromethanesulfonate;

25 23) 2-methyl-3-(2-[N'-methyl-N'-({oxazol-5-yl]lmethyl)-
amino)ethyl)-5-(3-iodobenzamide) furo(3,2-blpyridine;

24) 2-methyl-3-(2-[N'-methyl-N'-([6-nitrobenzoxazol-2-
yllmethyl)amino]lethyl)-5-(2-chlorobenzamide) furo(3, 2~
blpyridine hydrobromide;

30 25) 2-methyl-3-(2-[N'-methyl-N'-{[1l,4-benzodioxan-6-yl]-
methyl)aminolethyl) -5~ (2-chloropyridine-3-
carboxamide) furo([3,2-blpyridine;

26) 2-isopropyl-3-(2-~[N'-methyl-N'-([isoxazol-4-yl]-
methyl)amino]ethyl)-5-benzamidefuro[3,2-blpyridine;

35 27) 2-methyl-3-(2-[N'-methyl-N'-{[benzisoxazol-3-yl]-
methyl)aminolethyl)-5- (thiophene-2-carboxamide) furo(3,2-
blpyridine;

ch
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62) any conpound exenplified; 63) the conmpound is an acid addition salt;
64) the conpound is the hydrochloride salt; 25 65) the conpound is the
oxal at e swotgo/saded 66) the conpound is the fumarate salt. TPCWUB00/03805

understood that the above cl asses may be conbined to form additional

preferred classes. 30 It is preferred that the manmal to be treated by the
adm ni stration of conpounds of this ifgyention is human. The synthetic
met hodol ogy required to prepare the conpounds of the invention is well
known to th2se ski-te¢thyiln3the-dit' -meét$yilt-abl«e dl éctélr-(mtadlazcsl—r%adﬂed wi th
an WDQgéﬁgﬂggﬁﬁoﬁ@éﬁgyr'5bq<%u§g,g,-% ARBIORII S furo (3, 2-

5-am nofuro pyfri to provide the correspondi ng ureas t hi our eas,
sul f onanPdegridanbamat es, and carboxani des of the present i nvention. Thi g

<9

e Y 29l O)F%% o R R R R g
NHC((%NR@R&WH(&@@}NR@ R - S 4 TR uo ks g G furo (3, 2-blpyridine
tosylate;

30) 3-(2-[N'-methyl-N'-((4-bromothien-2-yl)meth-
vl)aminolethyl)-5-(4-fluorobenzamide) furo(3,2-blpyridine
hydrochloride

10 31) 2-ethyl-3-(2-[N'-ethyl-N'-{(3-methylthiobenzofur-5-
yl)ethyl)aminolethyl)-5- (pyridine-2-carboxamide) furol[3,2-
blpyridine;

32) 2-propyl-3-(2-[N'-isopropyl-N'-1-((isobenzofur-2-
yl)prop-3-yl)amino]ethyl)-5-(4-fluorobenzamide) furo([3,2-
15 Dblpyridine;
33) 2-methyl-3-(2-[N'-butyl-N'-(pyrrol-3-yl)methyl)-
amino}ethyl)-5-(4-fluorobenzamide) furol3,2-blpyridine

maleate;

34) 2-methyl-3-(2-[N'-methyl-N'-((5~-cyanoimidazol-2-

20 yl)methyl)amino]ethyl)-5-(4-acetamide) furo(3,2-b]lpyridine
trifluorocacetate;

35) 2-methyl-3-(2-[N'-methyl-N'-((6-carboxamidopyrazin-
2~yl)methyl)amino]ethyl) -5-propanecarboxamidefuro(3,2-
blpyridine;

25 36) 2-methyl-3-(2-[N'-methyl-N'-((5-nitropyrimidin-2-
v1l)methyl)amino] ethyl)-5- (2~-propanecarboxamide) furo(3,2-
blpyridine;

37) 2-methyl-3-(2-[N'-methyl-N'-((5-dimethylaminopyrida-

zin-3-yl)methyl)aminolethyl)-5-butanecarboxamidefuro(3,2-
30 Dblpyridine Dbenzoate;

38) 2-methyl-3-(2-[N'-methyl-N'-((indazol-5-yl)meth-
yvl)amino]ethyl)-5-pentanecarboxamidefuro(3,2-blpyridine;
39) 2-methyl-3-(2-[N'-methyl-N'-((2-aminobenzothiazol-5-

vl)methyl)amino]ethyl)-5-(4-fluorobenzamide) furoi3, 2-
35 Dblpyridine trifluoromethanesulfonate;
40) 2-methyl-3-(2-[N'-methyl-N'-(2-[pyridin-4-yljethyl) -
aminolethyl) -5~ (N-ethylurea) furo(3,2-blpyridine;




I (b) 1(c) NR3SOZR5 ~N R O R~ PCT/ US00/ 02505 NHC(O)OR3 ~N R O R 1 (d) I(e)

To prepare conpounds of the invention where R2 is -NR3S02R5, formula | (e),

a sol uti oMO®P/5e43€ appropri ate 5am nof urof 3, 2- b] pyri di ne i rPEWI08102595
sol vent, such as tetrahydrofuran, dioxane, diethyl ether or

di nret hyl formam de, at a tenperature fromabout 0 C to about anbient, is
reacted with a commercially avail abl egR5-sul fonyl halide or R5-sul fonic
anhydride in the presence of a suitable base such as pyridine or
triethylanmifle. Thenetdznol t3nt2 sl fonerliide-Nays beuisbamied] yhdi ) ubton of t
reactlonangdgfaﬂyﬂJ}ggyfﬂro[3\@15%5;@)g@ngﬁ PCT/ L1S00/ 02505 adj ust ment

pH, and extractlon W t I mmi'sci bl e sol vent such as di chl or onet har
The product4ray %Eﬂ%%%wlf%T 3UF¥hémeFEE%rNoné2aépyééévéréd or may be

purifi eq/lbb/etqu)r@;ﬁﬁ% Pyl Prs bynt ecs yeéehbkgpphonyireaea) sutbabl 2-5

sol v nds of_the invention where R2 is -NHC(Q NR3R4, 1(b)/1(c),
are Sreﬁﬁr %é#??eﬁﬁ}?ﬂﬁ%?solutlon of the appropriate

5-am nofuro[ 3, 2-b]pyridine (ii) in a suitable solvent, such as chl oroform

or dichloronaﬁMﬁm@,amit@n@ﬂtiamapﬁroaiaaterééﬁéyanahﬁd mg@thiegyanat e)
carbanoyl chloride or carbanpbyl brom de. Appropriate_carbanoyl chlorides
are avai FABYeChy 1FRatFREUANGANPNETOF PEPRUFASNHRIRALGI FROPRASHERE. When
car bamoyinghboride @iasacbaspylsbpenl decirsreed, Fhecheagbiransyihiee
performed in 15 the presence of a suitable base. Suitable bases i ncl ude
ani Aés t§pi cafl 9has@ama§ua@ﬁd0§cabéﬁgér1§)en§a@ﬁ agepysedideasr >-HT1r
triethyl aghne-cQr cQppRLAl ahbysavabl-ablepelyrRr bayad fhasesisuch as

pol yvi nyl pyridine. If necessary, an excess of the isocyanate,

i sot hi ocharagearhke éaﬁﬁaﬁb?lSéﬁhoprééeéﬁe@aﬂﬂéﬁﬁﬁs -‘bromi de is enployed tqg

he
of
e.

a

ensure conplete reaction of the starting am ne. The reactions are perforned

at about anbient to about 80 C, for from about three hours to about threeg
days. Typical by, Rhéspredett rey ibe isolated by washing the 25 reaction

m xtyge with Q@te%_qunﬁggﬁgnt&gtlng t he remai ni ng organi cs under .reduce
pressure. \When an excess of |socyanate i sot hi ocyanate, carbamoyl chlorid

or carbanoyl BronRdesha®ilsden wwed, however, a pol ynmer bound primary or
secondary am Aan 30 anlnonethylated pol ystyrene, may be

. o
conveniently agdegyto react w4'h the excess reagent. Isol ation of product|s

fromreacti on®)whé&-® asp@ladier bound reagent has been used is greatly
sinplified, rQHU|r]nq§§q§qgéé% Jation of the reaction mxture and then

concentration of t

a suitable sol)ent ng%% ﬁ§& The

9) R2 is hydrogen;
10) R? is halo;
11) R?2 is hydroxy;
25 12) R2 is -NR3R%;
13) R2 is -SR3;
14) R2 is -C(O)R3;
15) R2 is -C(O)NR3R4;
16) R2 is -NR3SO03R5;
30 17) R? is -NHC(Q)NR3R4
18) RZ is -NHC(Q)NR3R4, and Q is S;
19) R2 is -NHC(Q)NR3R4, and Q is O;
20) R2 is -NHC(O)OR3;
21) R?2 is -NR3C(0)R5;

€ under reduced pressure. The product from
t hes20reacti or® n&ﬁ-m$[ﬂm1646ﬁﬂkJWDnatographicalIy or recrystallized frgm




W O 00/ 50426 17 PCT/ US00/ 02505 skilled artisan will appreciate that
conpounds of the invention which are ureas nay be converted into the
corresporiDg/se4dé ourea by treatnment with PCT/US00/02505

[ 2, 4- bi s(4met hoxyphenyl ) -1, 3-di t hi a- 2, 4- di phosphetane-2,4 5 di sul fide]
(Lawesson's Reagent) or phosphorus pentasul fide. Conpounds of the inventi
where R2 is RIC(O)NH [(a) or -NR3SC(Q)OR5 I(d) are prepared by treating t
desi red 5-am nofuro[ 3, 2-b] pyridi ne gii) with either an appropriate 10

car boxyl i ¢ aciﬁ)cm@oi$deNRgR6n&dé Bf anBydfi dee beken appebpeirawéki
substituted chlor r i onal rn._the pres f .an_acyl ation
catal yst such as g%%eﬁ?%?%ﬁ?%o%?rwggﬁé,t%ﬁytﬁrg s St

Sui t abl e bases i nséudetadi fiesmt yhecgkbypusedsastangdoscavengarisinsych 15
pyridine or trieth Iarriaeh or connerciallxlav i Labl e Eolyner bound bases
such as polyvinlegp?ﬁ? &N BAPEA 28X BE s SF PP \BFecPFophil e i s necessar
to ersure conpl et ehiemactphBlehethe am ne, a pol ynmer bound primary or
secondary amn sych as an am nonethyl ated pol ystyrene, nay be 20
conveni ently agﬁea t 651 BYEEOJFPA t he excess reagent. |solation of product
fromreacti onggawheBeig Q?Lmqeglmgqnd reagent has been used is greatly
sinplified, requiriing on filtration of the reaction mxture to renove t
pol ymer bound? 6n§?iﬂ§eﬁﬁé

reduced pressygge &G i1§0 L@Gt@qugﬁhged product. The product fromthese
reactions may be rified chromatographically or recrystallized froma
sui tdbl e sol vert E— d&siCre& s Alerydtivel y, conpounds of the invention

where R2 is -RKNR3CRG) Ry |(@u aNHC(O OR3 1 (d) nay be prepared by 30

;
reacting the 5-am ofuro[3,595]pyridine (i) with an appropriate carboxyl|i

acid in the préselce it hwdnasietal peptide coupling reagent such as

N, N' - car bonyl digymgdazaql . (Dl ) N -di cycl ohexyl - car bodi i m de (DCC) and
1- (3di net hyl am r%oprop'yl ) 13- 4thayjlﬂ(§/ar'bodi i m de hydrochl ori de 35 (EDC).

Pol ymer supporitled Rorims Gui-Gardideiniyd de pepti de coupling reagents are

usefyt for th r raf i f nds of the present invention. A polyner
supported V\%%O%%Si% 1?8%@’8#%%@8#02505 formof EDC, for exanple, has

been descri bed T dlredr GfHDetaerk; 34(48), 7685 (1993}}. Additionally,

new car bodi i m | i,
1-(3-(1-pyrroli i%g??ﬁ%ggﬁéf-%-ethylcarbodiinide (PEPC), and its

cor r espondi ng 35 poilyererR sippdiz @ KRPRE, hBYeibebnddpsenvanddRantsare very
useful for the prqﬁg{ﬁ%ipn of the compounds of the present invention.
Pol yners suitable tor use in naking a polyner supported coupling reagent
are 80t her coni®r ciladh yR avai CEpCE,BR3RAY Bé 16 pecbwmiednByRfreihods wel |

known to the artisﬁg% g}l'ﬁg RQ.EQEeBgépﬁ%Eo%rEﬁe.@g%H'E§9b§189E¥§$Bf”“St

possess pendant si hs "beari ng noi eti eés reacti e term na
am ne of the carbodéenapdéambooh peaptihveylaviebi ed-fhvbudbenkbyilemibpono,

chi or omet hyl g oupt - SARFRPeRarERe R dr sreltelbSobBa BBV LB®, ¢ (o
both the carbod?) nRéeiandetbsdti on conditions under which the ultimte
polng{ bound §§VP£BHQSVSQQ§QES w || be used.
39) R3 is propyl;
40) R3 is isopropyl;
41) R3 is phenyl;
42) R3 is allyl;
30 43) R3 is phenyl monosubstituted with halo;
) R3 is 4-fluorophenyl;
45) R3 is 4-chlorophenyl;
) R3 is phenyl (C1-C4 alkylene)
) R3 is benzyl;

on
he

€ presence or "a suitable bage.

as

y

he

Pyéhd then concentration of the filtrate 25 under




Certain hydroxyi nethylated resins may be converted into 20 chl oronethyl at e
resins useful for the preparation of polynmer supported coupling reagents.
Exanpl es oY O0#&%26 hydr oxyl ated resins include the PCT/US00/02505
4- hydr oxynet hyl phenyl acet am donet hyl resin (Pam Resin) and 4benzyl oxybenzy
al cohol resin (Wang Resin) available from 25 Advanced Chentech of

Loui sville, KY (see Advanced Chentech {£€93-1994 catal og, page 115). The

of these resins nay be converted into the desired

hydr oxynet hyl grou

chl or onet hyl é&ﬁu6§§&FeﬁﬂPQﬁtQYhunber of nethods well known to the skillg¢
artisan. 30 Prgefergie in t chl or onet.hyl at ed, ,
styrene/divinyIgenzeggﬂfzgiﬁgﬂggééggge% St RGP Ry EohReeR | &9 which
avail ability. As thewmane auggesia] fhwesen rmesipiso Bige at{8ady

chl or onet hyl at jx chem cal nodjfication prior to use. These
resins are con?rgr ﬂﬂfn;cﬂgis Ecnag?v\%n ra\;sogf\%a?‘?lf i "6t I stheshhsTegen afe wvikih abl e
from®Al drich Chenitdely Gomparradhed | farkes, t MW orsBsnA dhé ch; 1994- 1995
cat al og, page5§%9 3 a%?D%¥M€g426 PCT/ US00/ 02505 19 Met hods for the
preparation of PEPC and its pofyherCSppor tedth of e =k 'er ogen i preditiich he
fol | owi ng scheme. tHeYOdY NG thh dhetl NS P Gy N NEEENE rl-é%?. ~/ P
Functionalize% ﬁe%Bn @%ﬁrq Qé&éﬂ]inert polymer and LG is , Br, I, or
OSOZCHE 5 10 To NE~RHENE GRS | @ISENPEPG §h Hrepal edodsn f to sthidact | ng
et hyl isocyanate wiHdy kr(e3-at SEHE@PYd IRYL 194 Ji ne: .resulting urea is
treajgd with 45-3t)ol uenes é%pn | chloride to %%%%lﬁlrﬁig%ﬂihe pol ynmer
supported formi’s %réaﬁéf H%/F]?eéhc"tci’%tléﬂr PERh ik hédr mint appeoptd atlel ¢lesi n
under standard comﬁéy(aﬁbtatggdﬁ%dfg%fyx%rﬁgbéfgggﬁg.rgye,carboxylic acid
coupling reac%g§n§¥pg§{oyhfq:these reagents are per ormed- at about anbi enft
to about 45C) ¥or ¥rsHhBoutt A e dRRirzet oviatouthe hnber ogys. cdyyhoe |V,
the product may beHesolated hysvashi eact i ith water and
concentrating the r.emaining organicéﬂﬂﬁggf {é%%%%dp%¥%%gu?%969@?%ﬁ%cussed
supra, isolation df*ffoducts from

15 55) R3 is methyl;
56) R3 is ethyl;

D

57) R3 is propyl;

58) R3 is allyl;

59) R3 is phenyl monosubstituted with C1-C4 alkoxy;
20 60) R3 is 4-methoxyphenyl ;

61) R3 is phenyl;

62) any compound exemplified;

63) the compound is an acid addition salt;

64) the compound is the hydrochloride salt;
25 65) the compound is the oxalate salt; and
66)

the compound is the fumarate salt.

Tt will be understood that the above classes may be combined

to form additional preferred classes.

30 It is preferred that the mammal to be treated by the

administration of compounds of this invention is human.
The synthetic methodology required to prepare the
compounds of the invention is well known to those skilled in

the art. A suitable electrophile is reacted with an




WO 00/ 50426 PCT/ US00/ 02505 20 5 10 reactions where a pol yner bound reagen
has been used'is greatly sinplified, requiring only filtration of the
reacti on WX0WU¥0d26and t hen concentration of the filtrate uneer/usegoses
pressure. The 5-am nofuro[3,2-b]pyridines (ii) required for the preparati
of the compounds of the present invention nmay be prepared by nethods well
known to one of ordinary skill in the pft. Conpounds of the invention whe
Ris nmoiety (a) are derived fromthe correspondi ng

5- ami nof W@%%ﬁr i i ameisn avhi xohl 3veld- thlepypr spiane de bypt dred g octeelur e descri b
i n Scheng, ?Eﬂﬁ previj pus efined.. O Br ~~0 CH~ OH
R (iv) CI NI (||CB)JngC1|%3f %E%%f%&ﬁ §j}f’ ?\%l% ~§< ]?? PRERF CH3 - -
N~ R (v)ar@veaudbdisani-dds (of i Yhe priederd I-il\hvéh&rNRSR@hfé ¢UemBEtry
is illustrated in Scheme 1 where R, R1, R3, R%, and RS are

5 as described supra.

Scheme 1
NR’C(O)R’
SN
| -— - .
//
/ R
O
Rl
I(a
NHC(O)NR’R* NHC(S)NR’R* NHC(O)OR’
=
a O O
O 0 O
R' R! R'
I(b) 1(c) I(d)
i0 To prepare compounds of the invention where R? is

—NR3802R5, formula I(e), a solution of the appropriate 5-
aminofuro[3,2-b]lpyridine in suitable solvent, such as
tetrahydrofuran, dioxane, diethyl ether or
dimethylformamide, at a temperature from about 0 °C to

15 about ambient, is reacted with a commercially available
R5—sulfonyl halide or R®-sulfonic anhydride in the
Presence of a suitable base such as pyridine or
triethylamine. The resultant sulfonamide may be isolated

by dilution of the reaction mixture with water,




(itia) NR3R4 15 6-Chl oro-2-iodo-3-hydroxypyridine (iii) and an appropri ate
ester, such as nethyl 4-bronocrotonate (iv) or WO 001 50426 21
PCT/ USO0/ 23050428t hyl 4- br onp- 2- pent enoat e, are conbi ned | PCHUS@ERSWPr i atje
solvent, typically tetrahydrofuran, dinethylfornmam de or
N-net hyl pyrrolidinone with a suitable base, typically potassium or sodium
carbonate, pyridine or triethylamne, 13 and the reaction mxture heated to
reflux until all of the starting substituted pyridine has reacted. The
resul ti ngd¢aspaend of parnuhd ewxrraeyivhewilhéd uwsedtdrr eailiycdblpurified by
crystallizatiop or chromatography. t he illed . artisan ul d pr eci at|e,
t he corrp%ag\cﬁeg F‘blf;%u gn%éc \}P%O}énﬁt/:ﬁ%gepreparee rtohdﬁlgltjtgﬁaé’ \é‘%ubﬁeﬁdg reactijon
of a compounfiuctheor mekatfivhs sse riegovekedot cal mayTéter givedrfoed ét er s,
1988, 29; = npaun f i ' wher IS, - (R5) NR3R4
are pr epgﬁgg%ﬁégéggg%éu%gs%glf (}'fegr Itaa \(/L\%r%a{tq%?e rr\e?t?%c%d sglflt%ﬁg:ch

prepar at FEAVABY -fi rst consist of converting the ester to an al cohol and

then converti agmpenalsC ol Heo iaR adlideakkane Buch nmaiHrods Ndkrde found
Larock, Conprehensive Organic Transformatjions, 1989, pp 419. The resulting

corrpoundldgef/ér(ﬁﬁllaa(r\ﬁ OF SR &hélY B SRfedR 2@ A ettISFE G gdiS fied by

cryst ﬁl | lap@iriot 1@t € hr-eiimiraghaqys , 2Hig gesid ina g comicund @fi dasail a (vii
may t hen

be am_ nated . at the .hal o. grou e uchwal.d, et al... Journal of
Che Aot IFCAT SemiSh S5eiTtyP T T O g O HR TR e 1 T i ng
conpdlnd aglorfoaprmmdtee (Madyanme t hiesp tiel aswah28e di cactdmyor purified by

crystallizat s %Eaat The am (iid may then be
converteé’z‘?grg%ege ISPJ or nﬁ%ﬁ?{%m %@br%%%%giﬁgﬁéﬁ%%&{% the skilled

arti san, SeeNigasclar T ehenst vy GreRmt EnTr ahsiBiRat P bnSormesd, pp 859.
The ][esglni)ﬂnﬁga%aml | r&l@égéx@éwlxﬂh&ﬁxa @%%Qo&?ﬁ@hb&ﬁé@d?ﬂ;rem:y ?_r )
purifie crystallization, or chromgatography, e _azide ormula (ix
Tyt hen TRFREIRCEPHYTLIE af 5t FE Py dr OgeRatF bAoBY R pabPEAPERTWI Th an
appr apri atlee apredyrdes anfl, ai futlesbtedbapari f Sedtbplerpstakl izaluda or
chromato Whj | an.d I e_hydrol yzed during
t he hydrg‘%@%g‘%? o%%g%:??fhgg%és%e cgaag‘?%g é?%?%,’ gg%f%y??di ne (iia) may |be
prepar ed PYr edseparat er hgthvlgsisest ep FPmperessaty. avanwebdr50426 22
polymer bound bases such as polyvinylpyridine. I£

p—

necessary, an excess of the isocyanate, isothiocyanate,

20 carbamoyl chloride or carbamoyl bromide is employed to
ensure complete reaction of the starting amine. The
reactions are performed at about ambient to about 80 °C,
for from about three hours to about three days.
Typically, the product may be isolated by washing the

25 reaction mixture with water and concentrating the
remaining organics under reduced pressure. When an
excess of isocyanate, isothiocyanate, carbamoyl chloride
or carbamoyl bromide has been used, however, a polymer
bound primary or secondary amine, such ag an

30 aminomethylated polystyrene, may be conveniently added to
react with the excess reagent. Isolation of products
from reactions where a polymer bound reagent has been
used is greatly simplified, requiring only filtration of
the reaction mixture and then concentration of the

35 filtrate under reduced pressure. The product from these
reactions may be purified chromatographically or

recrystallized from a suitable solvent if desired. The




PCT/ USO0/ 02505 The 6-chl or o- 3- hydr oxy- 2-i odopyri di ne conpounds of fornmula
i1 may be prepared fromcommercially avail abl e 2chl or o- 4- am nopyri di ne by
wel | knowNOes#eiol ogy. The am ne substituent of 2-chl or o-BFEAHSORPEI di ne
may be first 5 converted to the acetate ester via diazoniumsalt formation
foll omed by quenching with acetic anhydride. The ester group may then be
hydr ol yzed under standard conditions; 1see for exanple, Geene, "Protective
G oups in ?anl c Synthesis, pg. 162; to |iberate the hydroxy group. 10 The
conpoundk bt Le@r RLFHSRRi Wirky BEPEPEPAFEd thAGITEBREYHAGS °6f th6rnul a xvi ag

i1l ust rail@@ehﬁ\l@ﬁhﬁﬂ'ﬁch‘lagél QveubengyRyel SoaleR@edNibie, tell oro, brono, or
hydr oxy, and Rl, and are as defined above R~ N Br N R3

1 B~ ~ ~COrEE§POpdiRg FhEPur?a/ by treétWPtX\‘?’lllthl§QX|4l b(lé?)(4R3 R xii (b) F)23
For fur o:[natﬁohizpnéngmmelpeﬁﬁﬁzunds -Qf, 4f-61r1@ibhlo&p>hleltea1)e—t2ha -reacti on may be

perfaqrme L I.S acting a furol3 20 b I ne of formula xvi where
R~ i ga X%F if éﬁggﬁﬁs Ft Isog\fnabﬁht?;r)or%r OSpac?etulsc acid. The reactiorn
is typi cabhyapaﬂfodﬂed at about 500C for about 9 hours. After the
brom nation i g substant kgl |y CanRlek8 ot Rt &l 1ies SRen r ved under
reduced pressuoeBangL g I’é%lll due |es onWS 00/50426 23Ce(rcT~5001:3(0 Sos

subj ect e@rt oNRCdRY PECt it warie: iy afde@d Basi e earidid i 91 . deiere%sul ti ng
3- br onof grafd ndehlRyni, di-ng gyt idiiefhy(li ot Rerer Seiden tareatgsdwdinan al kyl

lithj i cal ly n-hut
&n]car%oxylfé aggd %hlor1de, bromide or anhydride, or an

R

appropriately substituted chloroformate optionally in the
presence of an acylation catalyst such as dimethylamino-
pyridine, in the presence of a suitable base. Suitable
bases include amines typically used as acid scavengers, such

15 as pyridine or triethylamine, or commercially available
polymer bound bases such as polyvinylpyridine. When an
excess of the electrophile is necessary to ensure complete
reaction of the amine, a polymer bound primary or secondary
amine, such as an aminomethylated polystyrene, may be

20 conveniently added toc react with the excess reagent.
Isolation of products from reactions where a polymer bound
reagent has been used is greatly simplified, requiring only
filtration of the reaction mixture to remove the polymer
bound constituents, and then concentration of the filtrate

25 under reduced pressure to isclate the desired product. The
product from these reactions may be purified chromatograph-
ically or recrystallized from a suitable solvent if desired.

Alternatively, compounds of the invention where R2 is

-NR3C (0)RS I(a) or ~-NHC(O)OR3 I(4) may be prepared by

30 reacting the S5-aminofuro(3,2-blpyridine (ii) with an
appropriate carboxylic acid in the presence of a typical
peptide coupling reagent such as N,N'-carbonyldiimidazole
(CDI), N,N'-dicyclohexyl-carbodiimide {(DCC) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

35 (EDC). Polymer supported forms of carbodiimide peptide
coupling reagents are useful for the preparation of

compounds of the present invention. A polymer supported




lithium in the sane solvent, below -100 Cto affect a 5 netal -hal ogen

exchange. After stirring at this tenperature for about 1 hour, the reacti
m xture iWOtpEeRed with an equi val ent of an appropriate cdorgisusod/oefosf or m
Xxvii. Once the addition of the conmpound of formula xvii is conplete, the

reaction mxture is stirred below -78 C for an 10 additional 3 to 5 hours.

It is critical, when Rl is hydrogen, @ nmaintain the reaction m xture at
this tenperature to avoid equilibration of the anion to the 2position of
t he benzépumanfrERG, The exzaopilen host teen sesivanbsald dwat nahagaon to - 20

over abopk:2@, 8] NY4eds)An7kRsex4883) Qf aRRARICRI1ALE RAasRw Preferably
sodi um or potassi um hydrOX| de, in a lower alkanol, typically methanol or

et hanol F&TPREAIRAHEICENRLERG KFEASENGn retl I3u><(e1deY(¥rrC@12ﬂ£}ncYc¥)Z4 hours to

25 0}/:: dg Qrbgﬁ}l()’f—gf—@ﬂhﬁ}ﬂ%ﬁ@lﬂi@@1qulfd¥ nEpcyi i (E@d \Mte; Q:d%résspcamﬁg or nitr
esi

ounds of for Ia xii(a nat ed over a
prem%us ?’E‘fercﬁggﬁ?ﬁ S § g‘j’i% Q%Eééﬁg‘%oﬁ’ge 5 OfVSof mul a
Xii(b). \befuR-fiox hhemprepataitdlorstofsutte aongiddridied pleHé npresentcar bon,
pl ati num, ?}ﬁl % or a m xed catal yst system of sulfided 25 plati num on
carbon w 1rlI ati rium oxi de may be used to prevent hydrogenol ysis of that
bronb substi th@ritYHmnSl e itthedd ree ot ivsre  ifh endlyadro gie en 1 yone s of wapn e/

consi st qQf I 3@{{0 rﬁ}@&% ahﬂé‘fj t ran)
or am xgé)u?olll\?l\e@ﬁtre?ystemaorfét&etmr y?é ran anfet %]%iefa(%]gw%z)og%
hydr d8en @ eHPLRsy e MRATRsHTEME Ik lﬁrpwrmtw atrh%y%%wfl prleskle@ bt Beep. s.

to 80 p. pdlymedd efraiabl ya oM §.Solymé O rfaQstp §e¢ses@tp&€d&@t 60C,
pref erably, t arrbl eBt te]g%rature to 40C, for our. to Addi ti onag

ays
WO 001 50 d%mc%%lr%%sr%?cwa‘?o‘@e ely® Eep@h%?jreﬂmt%edri v
t he reactqmrtneo comnpldet invindele pesukingr @mc t ree speceties sibsluatechVWea, t he
hydr ogenabl iy | RS 1AL W14, COURNG. Bl LOEIML D, XLhLALAbELGL R 1S
amno or nitro, nmore Vi gorous ydr ogenati on con ons nay be used
Wi t héat dﬂ%irﬁtrf)stﬂfﬁg a hehkesemethy hegnoliecul 2ddFproegahpl etha pat@ngst ssuch

as pl ati nsueigsoal hdgh upe opn 62£ beg H@Mhb@hgtbékgsélm&aeugnaubéaéeibﬁl Iy
effecting deI eterious side reactions._In general, when R~_is nitro, that

nitro grctRPY: #RS 1erdetutBdchothg whFABASE EH}YE‘SFIVEHPEFH CBBPPI%ni?n t he
synt hESESr@Eh.k_T;émIDdeiDl Sebeaeed. by well known rret hodol ogy. See, e.g.,
Larock, "Conpreh I’ISI v an| C ansformati ons’ g 412-41 VCH

Publ i shers 8 %t eﬂ?’@g @§5£ Qﬁgeﬁ 5%3ILP mvv& Be RECPY A tédomr*%D
conp@l@ndstiOmeﬁuhﬁl&te(ia)?eStLhat upetrd @pauphan@rﬁﬁaufhél@@ublfe bond may

hydr ogenat g¢.-sbpukt, 886 y r ve ng 0f pe@rmul a xi i (
wher e R~af|)s 3:gtlr%h no %BB 9I:'§Ii Fb{l %ﬁb %gab%nglsscrl %X% %%%aggglfhfe%re the nitr

group al o]ﬁlédrPiﬁY?-ﬁE?ﬁ'DF@mﬁﬁt HBH%ufiS’r thgy écW%omwy m of a doubl e bon
in the prpeenggaocktamibmetpiyQUReaie Kmrawn Resitnhe aard 4-20 When R~ is amn
t hat am ng.g be 169 vetht d.to. ;an |a nmet.h known

the skill e8 ?? g% E¥anGL1ECROenTFERE (%r?flgg %;Jsﬁél s;‘;"r\l'taﬁelsgjs I | ned in

Schergd 3. Afﬂhenaneﬂn@hgm@@phmf momatsvbéker edtved seet hdwdiaad rﬂhana:tee:l’and Hir

and then whbh_ E@B@cﬁ%a‘i%\ﬁerbatg%e 1%@)“0 RO TN Ldpeedad, it

preferred to performthe reaCtion after the conversion of a corrpound of
formul a xFHEEF EESANEoRMBYURE SPTVERA Atq hhe desired chloromethyl

groups by any of a number of methods well known to the
skilled artisan.

30 Preferred resins are the chloromethylated styrene/di-
vinylbenzene resins because of their ready commercial
availability. As the name suggests, these resins are
already chloromethylated and reguire no chemical
modification prior to use. These resins are commercially

35 known as Merrifield's resins and are available from Aldrich
Chemical Company of Milwaukee, WI (see Aldrich 1994-1995
catalog, page 899).

on
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When R~ is hydroxy, that free hydroxy group may have a
trifluoronmethanesul fonyl group (S02CF3) installed by 30 standard procedur
known i n We00&40426at any conveni ent point in the syntheses BUT/UBG3SASN

es

Schene 3. For exanple, a conmpound of formula xii(a) where R~ is hydroxy may

be reacted with trifluoronethanesul fonyl chloride or

trifluoronethanesul fonic anhydride inqde presence of an WO 00/ 50426 25 5

PCT/ US00/ 02505 ngropriate base to give a conpound of fornula xii(a) wher

R~ is OS02CF3MeChepsundy ¢hef mmapar abionmmft BERS epel ed-shyoddnowar pr ocedur

such as thghodeser 'fl%%%s'R raﬁ%cNf&ﬁfeqR i%éeﬁliqafvlea@or@%% Ricifdife as defi ned
on R~

es

above. ~..~Jo.., , R~ H+ hal o Xvirl xix xx R NRL
O xvi (a) HONI5Mn a- hal o- acet al dehyde of for XViffi, optionally
protected as the co ﬁgs ondi n , may be reag¢ Wi th an appropriately
substituted, comercial l'y avail abl e, "hydroxypyri & ne rmul a xi x under
standard al kyl ati ng eongrti ons—toe—prowtde the correspgggrﬁg’ébher of

by

heating a conpound of forrmula xx in the presence of an acid, typically
pol yphosphoric acid or sulfuric acid. Wen R~ is a

formula X. This ether y be converted to a benzofuran of forni%jggvi(a)

no in conpo s of

formula xix or xx, that am no group should be protgcted with an appropridte

am no 20 protecting group as described in G eene.
be chosen such that it is hydrolyzed during the
desired, the unprotected conpounds of fornula x
be prepared in a

clizatjomstepQor, if
(a) i e R '§9/am'noma
I
o Cl

<jI“’\/\/N —C=N -

LG

(}_,/

Functionalized Resin
where @ 1s an mert polymer
and LG is Cl, Br, I, or 0SO,CH,

Y

C\\IWN:CZN\/
cl

5 Briefly, PEPC is prepared by first reacting ethyl
isocyanate with 1-(3-aminopropyl)pyrrolidine. The resulting
urea is treated with 4-toluenesulfonyl chloride to provide
PEPC. The polymer supported form igs prepared by reaction of
PEPC with an appropriate resin under standard conditions to

10 give the desired reagent.

The carboxylic acid coupling reactions employing these
reagents are performed at about ambient to about 45°C, for
from about three hours to about three days. Typically, the
product may be isolated by washing the reaction with water

15 and concentrating the remaining organics under reduced

pressure. As discussed supra, isolation of products from

he protecting group nay




WD 00/ 50426 26 PCT/ US00/ 02505 separate deprotection step if necessary.
Furthernmore, these amino compounds of forrmula xvi(a) may be converted to
the‘corre&"ﬁb‘ﬂ’éﬁOt‘ﬁj5 hal o conpounds vi a the Sandneyer reacti oRCTAUOSHI@E0sds of
formula xvii where Ris an indolizine my 5 be prepared from nethyl vi nyl
ket one and an appropriate am no-di al kyl acetal or -cyclic acetal according
to the procedures found in Tet. Let.2024:3281, 1983, and J.C. S. Perk. 1,
447, 1986 These cetals ar.e gener al comercial |l y avail abl e, or can be
synt he& 255 5y n&fie Of@’“%’e’i ﬁiﬁﬂ’é”%ﬁ‘?%e%?t n3s rrehet$ed ol espondi ng
comer @r@IaItﬂya\saerpdefae@ S s e itreel dILﬁﬁrtEiBtrJﬂfﬁﬁn chentiséry is

[ 1 t R9 Cl-C4 al k d t ak
!toggtshrer%t \?\:ncttlh&i he oxygenAa? t%en Coriire %r?%%?f?a?g %ﬁ‘%agg]egya?%rmg gnor 6
rrerrbereuld,esrclxiezsitamiairea@zae r w~GORg OH~ Nw/ \OR9 H+ NHZ (CHz
e o eodhd, g a%& j(xélbngéﬁqﬁﬂh%eag gﬁ. o oyngee Lc{jorgﬁl 2 (8

may be prepared by 20 a reat pr o et hyl

vinyl  IRASHRFE HriPra cc%nﬁdtﬁmprmomreﬁmﬁ &ix¢ . pregeet hyhwert abnohay obeul a xXi

is a prefaidedt %ﬁrrﬁéﬂgad@t#élﬂkﬁ&ﬁnt@bsoﬁ@a{%*f'QPdﬁQrg’?‘”QkB?laiﬁ ethyl).
The regction may be erf r med first dissolving an ap roprlate

am noacetal®of- 259 x?éﬂfh‘? M RAYeRbi PALVReES| Fehs, m@yswm gy di et hyl
- WD 0G50 4R6G RE Lﬁﬂﬂﬁ%@&&ﬂrﬁéﬂﬂ@:ﬁdﬁﬁg@@amﬁ‘idfﬁﬁ@% agdi ng approm rratg
1.7,€q 0 et one. . Typic t reaction i owe
LolOr BN TR ndy e SS0REea K ERs depdernea: ronchybadd 11 on
of, or iextyeeenemnr where ahedrs &@yﬂ?oehéoascpaevdouhﬁyaﬂb\j;néhe or gani ¢
| ayer is renoved before heating the aqueous |ayer to approxi mately 100C f

1 hour. The resulting conpounds og grinula xvii(a) may be isolated fromt
reaction m xture by adjusting the—phge-&:the solution to al kaline and
extracting with a water 0
on Br NN O,CH3 0
AN R' (v) -0 X .CH,
' - OO —
~ P Rl
CI” N 71 cl N
(iii) )
X /\©\
% %“ @ o
=
CO,Me / N
l O : 3
R
vi) (vii) (viii)
0 0)

HN
= | =
U\, U
R]

(1x) (x) (iia)

15 6-Chloro-2-iodo-3-hydroxypyridine (iii) and an

appropriate ester, such as methyl 4-bromocrotonate (iv) or

N

y

or
he




10 i mm sci bl e sol vent such as ethyl acetate or dichloronethane. Conpounds
of formula xvii(a) prepared as described in Schene 5 are racemic and, if
used as dwe®plsdB6 in Schene 3 will produce racem ¢ conpourRiEI/G$0010RE05

i nvention. Conpounds of the invention that are optically enhanced in 15 one
enanti omer may be obtai ned by resol ving the conpounds of fornula xvii(a)
before use of these conpounds as descrijbed in Schene 5. Methods of

resol ving enanti oneric conpounds of this type are well known in the art.
For exarrpleehyﬁeéobmptnoﬁZCQRnM@n@@meevwebqumrm‘d chi real aghrmomtiedreaphy. |20
Fur ther mapg. hace gﬁgm?,ur&%%r%fhgd}ro@ﬁr%r%v'alby £ YR IGnhRieerded to their

correspon 1 ng I astereoneric m xtdre of reaction wwth a chiral
aci d suchN-8§thyloyrroly digong v tdeiad . suitakli e Ragoorkefi il ¥ hen be

separ at egorR@ Rk foired I une TP d iz atd oM. {NC & s eparalgeh antiiee sal ts 23
may each be converted back to the chiral free base conpounds of foornul a

XVi i (%1) Wdré;é‘@t rr’?(j‘cttﬁémsﬁlt"st%ec HI%%L}:&)LFSE% undiich st Qfdi i
hydr oxi d@ta%geﬁub&cﬂumd&l@wwme Nus*. hr & @D 'ﬂﬁ@&f&@aB@in@nt . The
optical pur.i d Cfﬁ}o co ounds rrul a V(ill % s mai ntai ned whill e
30 Under SOTRPIE sy aRePRbE et o e MR o P aft or d
opticall pmh@@o%ﬁﬂﬂi&ﬂmrﬂr omhrmaiamlgmpler natAsethehen
advant ag e us i or med
- conven SR DY A M ALRSL Pt SEHERERATBY SecRgTA T

00/ 58426 ©8 P@Wbu%i‘)/m%f%etkaf%w}é 2| geryHERy Beaebreespbndi ng acet aI S

of formul@rpdida ase ﬁﬁrﬁlﬂa cp\m"rergégl L¥r3¥Rri | @bl g10r Ry, beeptgpared from
t he correségondl ng acid o§ %\g Jgg\%hdes by net hods wel | known to one of

or di nary &E5¢75n v ar & hi emistry is reviewed by Larock)

" Conpr ehensi ver dngam.@s TdSﬂﬂSlfl@FﬂﬁTIEJ@ﬂSQn pages B78s370H,VEtRPukRPRACrS, New

York, 198 n o] X XYLI i n I are
known i n %%e%g?gangé 1%hgeg% nofc' g%%;{%l é’l\rﬁ ang?aﬁFeﬁ gr é%readl |y
synt Resi z@@lclbypsmamtdozprm@:edmést1©oneWﬁ§nbﬁ enpleyednponthheeatersuch gs

those desgyibgdahesgh . af[@etﬁeh' BBhvErIBnEOEnREL: @BRLAG thhenr eact i ons of
Schenes 1-6, may_be determ ned % nmoni toring the progress of the reaction

vi a convehtionalkeneomatBgRapRl o?écﬁ‘ﬁh’qﬁ@sfoén@ ing hPROCSyer
chr omat ograpbyereflshi-ghopgaheemanes sifiogtiad 1 bh s hroget, og@amhy) Fanikher nor e,
it is usual I% Eref erred todcogdgct tqe reac i ons %lnS ?J 6 under an

inert at mhSpharalYsGehPgs” R&Mpr-&, é’f‘d n"4gr - 0Ar Ol grdl y, nitrogen.
Choi ¢ of dsokvehy ps gemerfakkybyotrysithildalzasa dromg ad rdre toginegity -enpl oyed
is inert oot %semg% c%%p'a% [ igen f%%u%léf f 'vmntnlasg, sc‘?lelhb'ﬂé %%antaf&%d

g
reactants to effect t% desired reaction. i nt er nedi at e conmpounds of
this invefti 6heabelpr 6reMRh| ¥ S5uBChed Lef (?rte alhei MR8 Fuddeyuent

reacti ons ambg daft eneERdicatie s oick i, naJ99|wr oduct s omRp-heur. fimd when) i f jin
t he course of hei r formatldo IIize%getrbf the reaction

Yy C
R R S e e R e g SR
filtraki odlmt\ha’slmedpmmrfnaﬁ éqarprq:wsmlelmnﬂe:m .OCerttzimg f oAty €s may

be renovedyfs %mltn@e o %ynﬁllraea&;l 10 %3&1 WY QAUGAHS AL AL & fs pasi ¢
extraction fallo b rermva of sol vent by extraction

evapor at i 6, f@rrnwé@a tat)i oW, wq%@w% JR §9 nighe prlotied
formula | a{fﬁtﬁé@@lfLget&eramfl@ﬂmpréhéieﬁxv@dobgaﬁpmmﬁggbﬁhﬂ@@@wuch as

recrystal tion chr to ver solid. supports silica ge
o & o nd 2. B R B0 ATE Peb DT A e A g BF bRt | ons
and Ex_arrpltéserarkea prsed otb]dretcaj.b,etmerpletuﬁ}el@t)eytd:ney@tathze_tnéntdne pr esent
invention and,shoyl d ot ber Ot gL PIELEH FOrANYARYxPSnb§ LhOLtpLhe scope

reduced by catalytic hydrogenation over palladium with an

t

Q)
2

appropriate aldehyde and, if desired, purified by
crystallization or chromatography. While the acetamide

35 moiety {(x) may be hydrolyzed during the hydrogenation step,
the desired 5-aminofuro(3,2-blpyridine (iia) may be prepared

in a separate hydrolysis step if necessary.




5 of same. Preparation 1 OAc ~J C1 N 2-Chl oro-5-acet oxypyridine 10 To a
sol ution of 2-chloro-5-am nopyridine (30.0 g, 230 mol ) cooled to -10 C i
120 nL ofw@:04/582&- di net hoxyet hane/ di chl or onet hane was adderCTEZS00/02405 Of
boron trifluoride diethyl etherate (490 nL) followed by a 15 sol ution of
i sobutyl nitrite (32.3 nL, 276 mmol) dissolved in 30 nL of

1, 2-di met hoxyet hane. The reacti on wasyymi ntained at -10 C for 0.25 h then

allowed to warmto roomtenperature over 0.5 h. The mixture was dil uted
wi t h pent ane, Theodl-ethtar @ T laydic dx¥ t 2r eedogivel d voe ycambddndasc 20 washed

th per iz e ) n
b O BENANE Y ot Tor i SRS CHRROREEL LG Ayt 1IBHE Ut ther
di ?zoniZLaSh]ﬁ:aicfr—hmmne rei;igm ni/@i:lnéa rbﬁ?@zhl blhoxanteméfhgdpydgi/de Ahd dcsinefamed at
C for . . | S CO e conce rat e | vacuo an

Sar it G B Gt PTSH Lot Rer A eV EratBa Bauchte Sl REHODS. The

aquesus dayesrves exttlact fdevhtd diethylriat Heazoatndmt baleofibirnadiongani c

i th saturated Nadl, dried (MyS04), and trated|i
Vacuo,  THELHSE (PhGUREbuAL FAsTOhE ABS-ARr BREYOGF Aphod T 0RPEERy T

acet at e/ fep@peha ot RERVHEEnZ4r61¢z6620hdelr thandasir edndd tABheri d8keas a

white solid. Calculated for C7H6CLNO2: Theory: C, 49.00; H 3.52; N, 8.16;

Found: CIOWoe»@pie, 3649enR, §PIotessiprefarRPFone O8Fanic
Synthesis, pg. 162; to liberate the hydroxy group.

10 The compounds of formula xii may be prepared from
compounds of formula xvi as illustrated in Scheme 4 below
where R7 is amino, nitro, chloro, bromo, or hydroxy, and RL,

and R3 are as defined above.

Scheme 3
NS R
Ngt o+ N~
/ O
(0]
xvii

15

For furof{3,2-blpyridine compounds of formula xiif{a) the
reaction may be performed by first reacting a furol3,2-

20 Dblpyridine of formula xvi where R’ is amino or preferably
nitro with bromine in acetic acid. The reaction is
typically performed at about 50°C for about 4 hours. After
the bromination is substantially complete, the volatiles are

then removed under reduced pressure and the residue is

75

=]




~J C N 2-Chl oro-5-hydroxypyridi ne 2-Chl oro-5-acet oxypyridi ne (21.66 g,
nmol ) was 20 dissolved in 300 nL of nethanol and K2C03 (8.70 g, 63 mmol)
was added®O IH#42eeacti on was stirred at roomtenperature f&CTAHO0/036052 h,

t hen concentrated in vacuo. The residue was diluted with diethyl ether and

wat er, and the aqueous | ayer was adjusted to neutral pH by the addition

1N aqueous 25 HCl1l. Followi ng extractipn with diethyl ether, the organics

126

D f

were conbi ned, washed with a solution of saturated aqueous NaCl, dried with
My S04, andxuaﬁe%ht&quani¢xﬁmﬁmﬂmwe1Wm¢ke@nlwn@grybaﬁeq/ggndut(95358 g, 960)

G N T G ot R Bl o P e BR800 2508 5ok 26 LT on of

sol uti on

t he aboWéKﬂatEKeiﬁeilﬁaﬂB @m al@yhnbi$hanm nmzpmsa¢23 Eebgty251 mmol ) in

water (300 nL) was charged with_iodine The reaction
m xt ur e WaSREETr r By E?er%%ﬁ?t%ﬂ%%?%FurBéiﬁW| 9pﬁe ¢ o %%%Fﬁr 2 di sappear

apprex. #8cdn - H@foé@ﬁuékeﬂaﬂgé adAE%EﬁdsEQr%QnP
and extracted with ethyl ate. The organic layers were washed with

sat ur at efoacalews NatrurdrFbd @9é¢tmﬁasmaxtaﬁé éenEERALECeWitA RAcuo. Th

I ti I t d 8
o i e b9 uesefeetuoL gL cefbigm o bl iy Serd © 9

C5H3C1I NeheThddr yiog, 023:Bg; cHmpduhg; oN, fErm®1aF6Nnd ig, C@@Pﬂ?FeH, 1.19;
S 45. Zotﬁéegggggagg %1xture is stirred below -78 °C for an
10 additional 3 to 5 hours. It is critical, when R is
hydrogen, to maintain the reaction mixture at this
temperature to avoid equilibration of the anion to the 2-

position of the benzofuran ring. ' The reaction mixture is
then allowed to warm to -20 °C over about 50 minutes. An

15 excess of an appropriate base, preferably sodium or
potassium hydroxide, in a lower alkanol, typically methanol
or ethanol is then added and the reaction refluxed for 0.25
to 24 hours to provide a benzofuran compound of formula
xii(a) where R7 is amino or nitro.

20 If desired, compounds of formula xii(a) may be
hydrogenated over a precious metal catalyst to give the
corresponding compounds of formula xii(b). When R7 is
bromo, a catalyst such as sulfided platinum on carbon,
platinum oxide, or a mixed catalyst system of sulfided

25 platinum on carbon with platinum oxide may be used to
prevent hydrogenolysis of that bromo substituent during the
reduction. The hydrogenation solvent may consist of a lower
alkanol, such as methanol or ethanol, tetrahydrofuran, or a
mixed solvent system of tetrahydrofuran and ethyl acetate.

30 The hydrogenation may be performed at an initial hydrogen
pressure of 20 p.s.i. to 80 p.s.i., preferably from 50

p.s.i. to 60 p.s.1i., at 0°C to 60°C, preferably at ambient

temperature to 40°C, for 1 hour to 3 days. Additional

Hat %hWthe%p@réquggus HC1,

of

ed,

€




O/ O\ O-CB d N1 Methyl 4-(6-chloro-2-iodopyridyloxy)but-2-enoate A

m xt ure of 6-Chl oro-2-iodo- 3-hydroxypyridine (10.0 g, 25 39 nmol ), nethyl
4- br onocr¥OM&EN426( 14 nl, 117 nmol)) and K2C03 (16.2 g, 117PGHESN0/MRHNS250 ni

of N, N-di nmet hyl f ormam de was heated at 60 C for 4 h. The reaction was

cool ed, concentrated in vacuo and partitioned between chloroformand wat er.

Fol | owi ng extraction wi th chloroformand washi ng WO 00150426 32
PCT/ US00/ 02505 with saturated aqueous NaCl, the organics were dried over
Na2S04 canad:maﬁﬂmaimlgém ma Uoe Cedruimedhtonat oge aphy (886800hethyl

tate/h the d d d 970 whi t
Cori . GMR iR ton SERGRt ot e ChoROr Eer pPgIFROSY Theoty. . 33,07,

2.57; N, 3. Qﬁheﬁbum@ hﬁﬁr&éeﬁgtlbh 25 7erKorRe85wi 8A Rr epapattha@nob O / O
O-CH3 CH3 I\/Eth | 4- (;hloro 2- |odopér| d\él OX\P/ - 4- et hyl but - 2- enoat|
The tltﬁ%rr%:\ﬁo’ﬁhﬂ %s‘”lb?ﬁﬁa]laedl?na@%ol 851 314 yi BPE®181PR*PHE sane mant

as met wdAodénabl 6h0cdndOdOBME AKXl 0KE) uBek- Z1ieneatedikirubltZingg thet hyl
4- br onp- 2- pent enoat e '(LLoferr) A et al. Helv. Chim Acta, 1970, 53,
403- 4175°%s PhetBRcRPIBERLPe.  RBT(RKETPLe368 CRIRIYSLCENEM afed for

Cl1H11GI MNOBrumhNEPr ¥a1Fad3im9bn HarBoBZmal pd 8tiikowadwiChod® 70; H 2.
N, 3.81. WO 00/ 50426 PCT/ US00/ 02505

substantially effecting deleterious side reactions.
In general, when R7 is nitro, that nitro group may be

10 reduced to an amine at any convenient point in the syntheses
outlined in Scheme 3 by well known methodology. See, e.g.,
Larock, “Comprehensive Organic Transformations”, pgs. 412-415,
VCH Publishers, New York, N.Y., 1989. Additionally, when R7
is nitro in compounds of formula xii(a), that nitro group and

15 the double bond may be hydrogenated simultaneously if desired
to give a compound of formula xii{b) where R7 is amino by many
of the methods described by Larock for the nitro group alone.
Furthermore, methods for selective reduction of a double bond
in the presence of a nitro group are known in the art.

20 When R’ is amino, that amino group may be converted to an
oxo group via methods well known to the skilled artisan at any
convenient point in the syntheses outlined in Scheme 3. The
amino group may first be treated with sodium nitrate and H*
and then with POBrj3 to covert the amino group to bromo. If

25 needed, it is preferred to perform the reaction after the
conversion of a compound of formula xii(a) to a compound of
formula xii(b).

When R7 is hydroxy, that free hydroxy group may have a
trifluoromethanesulfonyl group (SO9CF3) installed by

30 standard procedures known in the art at any convenient point
in the syntheses outlined in Scheme 3. For example, a
compound of formula xii(a) where R7 is hydroxy may be
reacted with trifluoromethanesulfonyl chloride or

trifluoromethanesulfonic anhydride in the presence of an

ner

97:




33 Preparation 6 COZMe 3- Car bonet hoxy-5-chl orofuro[3,2-b]pyridine 5 To a
sol ution of nethyl 4-(6-chloro-2-iodopyridyloxy) but-2-enocate (5.87 g, 16.
mol ) di swelopgeH2én 150 ni of N, Ndi net hyl f or mam de was addeREUUSY/0g506f
Na2C03 (42 mmol), 1.13 g of sodiumformate (16.6 nmol), 5.07 g of

t et rabut yl ammoni um chl oride (18.0 mmol ), and 0.19 g of 10 palladiun(Ill)
acetate (0.8 mml ). The reaction m xtyrse was heated at 80 C for 3 h, ther
concentrated in vacuo. The residue was partitioned between chl orof orm ang
wat er, apdPrheragtieobsskayer owas extcoamaadidnctth feimprlef ovim (alhehemebi ned
organicsRme%g waghed Wi th saturated aqueous NaCl, 15 dried over Na2S04, 3
concentrate Upoﬁ ¢al'um chromat ography (0% 400 et hyl acetate/hexane), t
desired conpo@nmpmdlss@Ifatf@atna@aanmlvmaw g i RBR Ry BWwn m p. - 92-

CI\/B(m VA 0 Iat d far 0] Theory: C 53 . H,
3. 57; N, PEOFPRORSInGRcE, o6 T Ens AR R s e NGO ORE S

Pr epa5 at had R7Carkk a@lﬂe&@ﬂelzﬁ&&kﬁz%OS

2- Met hyl - 3- car bonet hoxy- 5-chl orof uro[ 3, 2-b] pyridine 5 The title conpound

was prepared in 70%isolated yield in the manner described in Preparation

6. mp. - 166-167 C M5 (mre) . 240 dd¥m<al cul ated for CL1HI0CINO3: 10
Theory: C 55.13; H 4.21; N, 5.84; Found: C, 55.18; H 4.07; N 6.07.
Preparation 8 N~

e, - T

0]
O
xviii xXix XX
7
~
- | \ Rl
/ 0
xvi (a)
10 An a-halo-acetaldehyde of formula xviii, optionally

protected as the corresponding acetal, may be reacted with
an appropriately substituted, commercially available,
hydroxypyridine of formula xix under standard alkylating
conditions to provide the corresponding ether of formula X.
15 This ether may be converted to a benzofuran of formula
Xvi(a) by heating a compound of formula xxX in the presence
of an acid, typically polyphosphoric acid or sulfuric acid.
When R7 is amino in compounds of formula xix or xx, that
amino group should be protected with an appropriate amino
20 protecting group as described in Greene. The protecting
group may be chosen such that it is hydrolyzed during the
cyclization step or, if desired, the unprotected compounds

of formula xvi(a) where R7 is amino may be prepared in a

ind



15 3-(2- Azi doet hyl )-5-chl orofuro[ 3, 2-b] pyridine To a solution of
3-car bonet hoxy-5-chl orofuro[ 3, 2-b] pyridine (3.0 g, 13 mml) cooled to -78 C
in tetralwadpgsidz@n (125 nL) was added dii sobutyl al um num REIYYSE8/0Z585 M | n
hexane, 40 20 nmL, 40 mmol). The reaction m xture was nai ntained at -78 C
for 0.25 h, warned to roomtenperature over a period of 1 h, then poured
into a solution of 2 M aqueous sodiumgotassiumtartrate. After stirring
vigorously at roomtenperature overnight, the aqguedus |ayer was extracted
W th et BdparataNdle) GBI @5 ${H¢LEDO¢©Q6@5aaretaF@rtHﬁem@Dﬁbihb€5©rganics
wer e was W a

concentfnfed)f&QWgéhgkgfﬁg ?@éﬁ |ng g*ud ﬁg§g§%§|5§ E%eo C
dichIoronmﬂfespnddiﬁgrhaloamdmpham@edvmathhérSehhméyerneeEctﬂom m., 29

mol) foll owe hangspl fonyl chlori The_reaction
s var med 1 o PO SE af B S TAR <Lt fr VESFPoR 5Ehan, fBHBbhIRE TAYo

sat usat ese sot¢iba 0ad of rdlaHeBBhy Fol hpW kgtexer antli an npphoﬂrihk@ronethane)
t he organic | ayer d with s turated 0 a dried over

h
Naoson TP e Rt R ahEEa TR PaeS RS ke eyt e

di ssol vegrbdedl Nl nebtitkf onmaaideret00 oh)3v8s, added,sadigum.azisde (2.6 g,
40 mol ). The reaction was stirred at roon1tenperature 15 overni ght, ther

pour ed i ReB* wafer 24ThelAP&t ur 8hRES 8LEFadEed ® OR ELRYLYacetate, and the

conbi ned-grLAaPEE81 VBT Qv)é@.%@%@ eWbth 8@t Beaked (AQUeous N@Gwelqr hedwaver
Na2S04, and concenttated. Col um chronat ogfaphy (0--200 et hyl

acetldt e/ﬁ@i‘eéﬁé)? pRothgedrthé rg@asthed ragioge e e NBERMEXT ipldy - 55-57 |C

Cal cul at gdf 05, COHICLNA: : THEGEY 1 Cand<55: gk B.ckimilles35.47: Found: G
48.74; H, 3.13; N, 25 WO 00/%0426 3% Preparation 9
illustrated 1n Scheme 5, and are C1-Cy alkyl or R8 and

R? taken together with the oxygen atoms, to which they are
attached, form a 5 or 6 membered cyclic acetal.
15

Scheme 5

N
NH, (CH )‘“W‘—OR > \\U//\\// 273 >
2
o OR9

xxi xxii

e

xvii{a)

Compounds of formula xvii(a) may be prepared by
20 acid treatment of the addition product of methyl vinyl
ketone and a compound of formula xxi. A diethylacetal of
formula xxi is a preferred starting material for this
reaction (R? and R8 are ethyl). The reaction may be
performed by first dissolving an appropriate aminoacetal of

25 formula xxiii in an sultable solvent, typically diethyl




PCT/ US00/ 02505 2- Met hyl - 3- (2-azi doet hyl ) -5-chl orof uro[ 3, 2-b] pyri dine 5 The
title conpound was prepared in 750 isolated yield in the 3-step procedure¢
descri bedVQ p0/¥4g¢paration 8. M5 (me) : 237 (M) Cal cul at e®CTS0@PISPRYCLNAQ:
Theory: C, 50.75; H 3.83; N, 23.67; 10 Found: C, 50.75; H, 3.79; N, 23.65.
Preparation 10 N~ Owe ~N, 0O

3-(2- Azi doet hyl ) - 5- (4- net hoxyphenyl mez-hyl am no) furol5 [ 3, 2-b] pyridine A
solution of 3-(2-azidoethyl)-5-chlorofuro[3,2-b]pyridine (2,32 g, 10.40
mol ) dis3EvEF 407G olah D RIAINGAPRY @5 BT R Y hl - 7 equivalents
tris(di kgnzdidaneacgionelcAfs di Al Al tf 01 Ord8cgi o P2 AMPbded
()-2,2" bi s(di phenyl phosphi no) -1, 1'-bi napht hyl (BINAP) (0.65 g, 1.04 mmol)
sodi um tter tstht & &°Q 1£ a0 aprux DR redy )2 hedra-hefevRybenzyl ani ne (1. 73

g, 12.0Q iy - Hhed G3ctd 88 WASH Neat egra&x&@a&gxﬁrmgm 'aét;lﬁ%f'ugooli \r;\% to

room 25 tenperature, the reaction was parfitioned between e
00/ 564261RETH IS0 D25051 87 ddetal by andheavteganThelayarcous reayevedas

. . . o
cat ur ot et eoT xS 008 NS0T BRIV T ot EE

chr omat agrlaply. ( OF25oreshitingetanedbhedanef promudedx§itlie)t mayebeonpound
as a yel] ow

i o dor ReLoitaer el fhe "E8bes B MR e Bl SRR g BN o 11 T
;1IN ~ \ the Nsél@veo-t€Hh1RalMehbhyhnd- e2tazcdaaphyhi)xhba( #ater
10 immiscible solvent such as ethyl acetate or dichloromethane.
Compounds of formula xvii(a) prepared as described in
Scheme 5 are racemic and, if used as described in Scheme
3 will produce racemic compounds of the invention.
Compounds of the invention that are optically enhanced in
15 one enantiomer may be obtained by resolving the compounds of
formula xvii(a) before use of these compounds as described
in Scheme 5. Methods of resolving enantiomeric compounds of
this type are well known in the art. For example,
resolution can be achieved by use of chiral chromatography.
20 Furthermore, racemic compounds of formula xvii{a) may be
converted to their corresponding diastereomeric mixture of
salts by reaction with a chiral acid such as (+) or (-)
tartaric acid. The diastereomers may then be separated and
purified by recrystallization. Once separated, the salts
25 may each be converted back to the chiral free base compounds
of formula xviil(a) by reacting the salts with an agqueous
base, such as sodium hydroxide, then extracting the mixture
with a common organic solvent. The optical purity in
resolved compounds of formula xvii(a) is maintained while
30 undergoing the chemistry described in this application to
afford optically pure compounds of the invention. As an
alternative, when advantageous, the resolution techniques
just discussed may be performed at any convenient point in

the syntheses described in Schemes 4 - 5.




met hoxyphenyl net hyl am no)furo[ 3, 2-b] pyridine 15 The title conpound was
prepared in 790 isolated yield from

2- met hyl -WoE5&26 doet hyl ) - 5- chl or of ur o[ 3, 2-b] pyri di ne i n tR{E/¥RIAMA2H05
described in Preparation 10. M5 (me) : 338 (M) Cal cul ated for CLl8H1gN502:
20 Theory: C, 64.08; H, 5.68; N, 20.76; Found: C, 64.10; H 5.94; N, 20.75.
WD 00/ 50426 38 Preparation 12 O HN~ ~Ns~N3 O PCT/ US00/ 02505
5- Acet yl am no- 3- (2- azi doet hyl )furo[ 3, 2-b]pyridine 5 To a rapidly stirring
m xt ure of The o-halo aldehydes, or corresponding acetals of
3-(2-azi oet yl)-5-(4nmet ho henyl nmet hyl anmi no) f ur o] 3 b yr|d|ne (2.89 ¢
8.9 mol ”gsﬁbP%ldl% rﬁrﬁo‘%{ heg %?IE‘H?% b%?%a?%a O ﬁﬁd%g ePe(10 ni)
fol | owedhhipads &3 Of £dth OF19s 5o Or £ YN dg 42 BEAZ 0GHI AEDE ﬁQDQaeé4b§8 g, 20.5
mol ). After 2 h at. room 10 tenperature, a solution of 1 Maqueous Na2S203
(100 ni)"SieRCduderil L dFPWhet? edet i @ AeSineryrekiih H@dFPROAAE-0. 25 h.
Fol I gwi ng, ext&achi oW L H £l 0LREQT BY EQ?O@an'“@8ﬁlp9!éﬁéﬁ's§§ev‘©Ega¥i@-§hed
w th saturated aqueous NaCI) dried over Na2S04, and concentrate The crude
ani ne waBr{u?f 9Tt voBS 50| PAY2S phBsE78xt VALt PeRlivhrran NeyaYBshd El ut
SCX col ugg g el utLRgouhah &%agygpgaxmhasz%) , x9Rd  copeent rat gd wdvaCUC-
The am ne was dlsso?ved in pyridine (250'nl) and treated w'th acetyl

chl ori dex¥1. @5enknowg. nnnhbé)ar¢héndeacpl@hewagtﬁ@ét@@taFOBSGGCﬂ@ﬁ13 h,
t hen con 0 it i_chl ronethane
and 0.1 T aiianus NER, PRat e SohE ey SR e B o

di chRlCor ogethanéy amplbhedcmnbtheda@mgamwb laay et swe Ce swasred Wierteisat ur at|ed
aqueous Nad ri 0 s d | umm
chronatographygonggfgﬁgg Ngﬁg gbfo §8% %ﬁgfr%ggéfg%ﬁl%%gghéﬁpprovided t he

title cofpbenegs(1l-B8mgy &é%ﬁwkek@ﬁnaﬁ.awyaMnmNQﬂﬂngjthe-pﬂNDKmﬁﬁ@ﬁQG

PCT/USOO/R%SQQactlon via conventional chromatographic technigues,

e.g., thin layer chromatography and high performance liquid

15 chromatography. Furthermore, it is usually preferred to
conduct the reactions of Scheme 1-6 under an inert
atmosphere, such as, for example, argon, or, particularly,
nitrogen. Choice of solvent is generally not critical so
long as the solvent employed is inert to the ongoing

20 reaction and sufficiently solubilizes the reactants to
effect the desired reaction. The intermediate compounds of
this invention are preferably purified before their use in
subsequent reactions. The intermediates and final products
may be purified when, if in the course of their formation,

25 they crystallize out of the reaction solution. In such a
situation, the precipitate may be collected by filtration
and washed with an appropriate solvent. Certain impurities
may be removed from the organic reaction mixture by agueous
acidic or basic extraction followed by removal of the

30 solvent by extraction, evaporation, or decantation. The
intermediates and final products of formula I may be further
purified, if desired by common techniques such as
recrystallization or chromatography over solid supports such

as silica gel or alumina.




39 mp. - 100-101 C Ms (me) : 246 (M+) Calcul ated for Cl1H11N5~2: Theory:

C, 53.87; H 4.52; N, 28.56; 5 Found: C, 53.96; H 4.67; N, 28.33.

Pr epar at ivoa 00/3042 HN N3 CH3 PCT/US00/02505

2- Met hyl - 5- acet yl am no- 3- (2-azi doet hyl )furo[ 3, 2-b] pyridine 10 The title
conpound was prepared in 680 isolated yield from

2- met hyl - 3- (2-azi doet hyl ) - 5- (4net hoxypsienyl net hyl am no) f ur o[ 3, 2-b] pyri di 1
usi ng the nmethod described in Preparation 12. 15 M5 (nie) : 260 (M)

Cal cul ated for Cl2HL3N5~2~ Theory: C, 55.59; H 5.05; N, 27.01; Found: C,
55.87: H 5 LG No26.92, p Y001 59426,40 BLeRBLEL! 9P 18: Ol o) !
5- Acet yllsert nex 3e[2e{db i dihet byaanioe) efhyhef prepéng- bhpgntdbneabdTo a
SO'Utlc”%ﬁgufaaggéyégnlggé§b£gﬁgélggeggyl%ay as to limit the scope

5 of same.

Preparation 1

OAc

=

X
Cl N

2-Chloro-5-acetoxypyridine
10
To a solution of 2-chloro-5-aminopyridine (30.0 g,
230 mmol) cooled to -10 ©C in 120 mL of 3:1
1,2-dimethoxyethane/dichloromethane was added 62.1 mlL of
boron trifluoride diethyl etherate (490 mL) followed by a
15 solution of isobutyl nitrite (32.3 mL, 276 mmol) dissolved
in 30 mL, of 1,2-dimethoxyethane. The reaction was
maintained at -10 °C for 0.25 h then allowed to warm to room
temperature over 0.5 h. The mixture wasgs diluted with
pentane, cooled to 0 °C and filtered. The ivory solid was
20 washed with cold pentane, dried in vacuo, and used

immediately without further purification.

ne

CH3




furo[ 3,2-b]pyridine (1.65 g, 6.5 mml) dissolved in ethanol (300 nL) was
added 200 ng of 100 pall adium on carbon. The m xture was hydrogenat ed at
room t enpwoeiEp426under 30 psi of 10 hydrogen pressure for RPCHUSG/R$Sr ed
t hrough celite, and concentrated in vacuo. The crude material was dissol
in methanol (180 nmL), cooled to 0 C, and treated with sodi um
cyanoborohydride (0.41 g, 16.2 mml), fagetic acid (2.0 nL, 32.4 nmmol)) and
formal dehyde (37 wt. % in water, 1.66 nL, 15 19.5 mol). The reaction was
warmed to r oor’r“inieeltmwatﬂlwr@mdnsitier rdsich ZBEIrum gEhilt s sl ssentvedhsir enoved
and the ; I|d res due as agﬁ;{% ned &’ene end l@l&thog ? ropyl

al cohol n vvater e a ueo ayer Ras At usted to

aqueous N&EHreadtriaet e&smddb]mhi oraﬁmmtmﬁbd@n%mmmla{mﬂi organl cs wer
washed wi th saturat ueous WO 00/ SP426_ 41 PCT/ USO00/ 02505 dri ed
Over  Nao S3F e AT STb dL SR} cFiRie S8R S Eat S0 BPHEon of || ca
gel (9-] 3RxicdM Nmtmdﬁlpﬁ}@fmh@;atez)awe@r@yudedie&@yg éﬂ}e@ﬁ of {
desired material. An anal yti cal npl e of the oxalate salt 5 wa ar ed.
mp. - 1689 T MR or%%l?we@%%%%%dwm CASRHTIEE A e DR
Theory: Gah3. 4ksidd Bud®o, N 423 46ondOnFospda Gu 63cB3: Hrns. 91; N, 12.57.
Prepar ati on 15 O HN ~ ~N C§CHS CH N CH

5- Acet y| dfiTioL BUID - RO df Pet BYF afif pofhygmatographed (10% ethyl

et hyl ] - 2-qeet hyd & pi ok a2y b&@YﬁBfé‘bi‘&eTﬁ'@ bi §l eso@PRENEL¥ageRE epared from
5-acetyl am no-3 (2-azidoeth -2-methyl furo[ 3, 2-b] pyridine in the manner
descrllobednql?ﬁﬂf%baﬁl%ﬁo‘ﬁhflﬂelﬁOéB@ isolated yield. 20 mp. - 138-139 C M
(me) : 260 &M LAl @g{a@%‘%@%ogMHlQNBO% Theory: C, 64.35; H, 7.33; N,

16. 08; Found: C, 64 09; “N, 16.07
Theory ¢, 49.00; H, 3.52; N, 8.16;

Found: C, 49.29; H, 3.47; N, 8.12.

U7

15 Preparation 2
Z | OH
>~

Cl N

2-Chloro-5-hydroxypyridine

2-Chloro-5-acetoxypyridine (21.66 g, 126 mmol) was

20 dissolved in 300 mL of methanol and K;CO3 (8.70 g, 63 mmol)
was added. The reaction was stirred at room temperature for
approx. 2 h, then concentrated in vacuo. The residue was
diluted with diethyl ether and water, and the aqueous layer
was adjusted to neutral pH by the addition of 1N aqueous

25 HC1l. Following extraction with diethyl ether, the organics
were combined, washed with a solution of saturated agueous
NaCl, dried with MgSO4, and concentrated in vacuo. The
resulting yellow solid (15.58 g, 96%) was used without
further purification.

30




25 WO 00/50426 42 Preparation 16 ~2 ~ ~N\ | CH ~N, CH PCT/ US00/ 02505
5- Am no- 3-[ 2- (N, N-di net hyl am no) et hyl ] furo[ 3, 2-b] pyridine 5 A sol ution of
5-acet yl MO A¢5®24 2- (N, N- di et hyl am no) et hyl ] f ur o[ 3, 2- b] py HQVURE0025026 (¢,
5.10 mmol ) dissolved in 120 nmL of 1 N aqueous HCl was heated at 70 C for |3
h. The reaction was cooled to roomtenperature, basified to pH > 12 with|5
N aqueous NaCH, and extracted wth 3: 3710 chl orof ornm i sopropyl al cohol. The
conbi ned organic extracts were washed with saturated aqueous NaC, dried
over Na2S04, and concentrated. Rreparagiaphy (0- Q00 2 M
NH3ret hanol / di chl or onet hane) provi ded the ired material (85%yield) as
white solid. A sanple of the oxal at ezgalt"Wwas 15 prepared for anal ysis.
mp. - 122-124 C M5 (nle) : 206 (M) Cal| ulated for CL1H15N30~C2H204~0.5
CH40: Theory: C, 52.08; H, 6.15; B0 I20 Found: C, 52.03; H 6.03; N
13. 51. WD 00/50426 43 Preparation 17 NH.) CH3 N ~CH3
6-Chloro-2-iodo~3-hydroxypyridine

U

5 A solution of the above material (15.48 g, 119 mmol)
and NajsCO3 (26.56 g, 251 mmol) in water (300 mL) was charged
with iodine (30.3 g, 119 mmol). The reaction mixture was
stirred at room temperature until the iodine color
disappeared, approx. 48 h. The solution was adjusted to

10 pH = 5 with 1 N agueous HCl, and extracted with ethyl
acetate. The organic layers were washed with saturated
agqueous NaCl, dried over NapySO,4, and concentrated in vacuo.

The resulting white solid was recrystallized from
methanol to provide 17.8 g (95%) of the title compound.

15 MS(m/e): 256 (M")

Calculated for CgH3ClINO:
Theoxry: C, 23.51; H, 1.18; N, 5.48;
Found: C, 23.72; H, 1.19; N, 5.45.

20 Preparation 4
0O
7 O\V//Q§V/H\O/CH3
|
Cl N 1

Methyl 4-(6-chloro-2-iodopyridyloxy)but-2-enoate

A mixture of 6-Chloro-2-iodo-3-hydroxypyridine (10.0 g,
25 39 mmol), methyl 4-bromocrotonate (14 mL, 117 mmol), and
KyCO3 (16.2 g, 117 mmol) in 250 mL of N,N-dimethylformamide
was heated at 60 °C for 4 h. The reaction was cooled,
concentrated in vacuo and partitioned between chloroform and

water. Following extraction with chloroform and washing




CH3 PCT/ US00/ 02505

5- Am no- 3-[ 2- (N, N-di net hyl am no) et hyl ] -2-net hyl furo[ 3, 2-b] pyridine 5 The
title conp@ME4¥Es prepared from PCT/US00/02505
5-acetyl am no- 3[ 2- (N, N-di net hyl am no) et hyl ] - 2- met hyl fur o[ 3, 2-b] pyri di ne i
t he sane manner as

5-am no- 3-[ 2- (N, N- di net hyl am no) et hyl J3faur o[ 3, 2-b] pyri di ne, providing the
title corrpound as 10 an anorphous white solid (790). mp. - 103-104 C M5
(me) : Y260 FREUCAILES A08GONSr Nefihn B0 -orHRebiGe weresiried yvez g1: N,
19 16; 18cbgudanG oBREH Heol 8 Mool OboRfuPXaRlie dodk by

5-am do-3 N, N- di net hyl am no) et hyl | furo[ 3, 2-b] pyri di ne and

5- am do- 30p2>B 0 Netdhpet Aykbaatrohekhyk) - droetibyldl the[ de2 ikkgy codibpendo a

sol ution qQf the appraopriate am nof ur o[ 3, 2b] pyri di ne prepared above (0. 37
doived i B8 “ﬁvﬁed

mol ) di ved i m° &f s added the acid chloride (0.52
mol )5 The 25 & qagtilan mMxture was heated at 55 C for 2 h, then
concentrated in vacuo The resi due was partitioned between 3:1

chi or of oGHIBIF Y ILH CoBio@N@® 1 N aqueous NaOH. The aqueous |ayer was

extracted wt hr}gglﬁ;laofcor mand; the coprdi ned of gadi cs were washed with
sat ur at ed aqueous WD 00/ 50426 44 PCT/ US00/ 02505 dried over Na2S(

and concent r atBhndhr divat Byrabhyi ( 0AGH2 2 W NH327ret hanol / di chl or onet hane)
provided the title conmpound which was anal yzed either as the free base or
converted to the oxalate salt. 5 Exanples 3-12 were prepared and i sol at eg
in th8 sane manner as Exanpl es 1-P2-‘eparatlon 5

N CH,
Cl N I

Methyl 4-(6-chloro-2-iodopyridyloxy)-4-methylbut-2-enocate

The title compound was prepared in 99% isolated vield
15 in the same manner as methyl 4-(6~chloro-2-iodopyridyloxy)
but-2-encate, utilizing methyl 4-bromo-2-pentenoate
(Loffler, A. et al. Helv. Chim. Acta, 1970, 53, 403-417) as
the electrophile.
MS (m/e): 368 (M)
20 Calculated for C11H717ClINO;3:
Theory: C, 35.94; H, 3.02; N, 3.81;
Found: €, 35.70; H, 2.97; N, 3.81.

41




Example 3 10
3-[2-(N, N-Di net hyl am no) et hyl ] - 5- pr opanoyl am nof ur o[ 3, 2b] pyri di ne oxal at e
The titl eWMI#$d was isolated in 830 yield as the oxal at @Csalsbo/2sés m p.
153-155 C Cal cul ated for ClgH19N302' C2H204' 0.5 CH40: Theory: C, 54.31; H,
6.17; N, 11.69; Found: C, 54.38; H 6.19; N, 11.35. 20 Exanple 4

5- Benzoyl am no- 3-[ 2- (N, N-di net hyl am nojethyl] furo[ 3, 2-b] pyri di ne oxal at e
The title conpound was isolated in 730 yield as the 25 oxalate salt. mp.
65-66 C Cal cul ated for C gHlgN30ZxEpE2@4iothéory: C, 60.14; H, 5.30; N,
10.52; Found: C, 60.39; H, 5.45; 10.46. 30 Exanple 5

3-[2-(N, N-D net hyl am no) et hyl ] - 5- ?Jl-fl uor obenzoyl ) am nof uro[ 3, 2-b] pyri din
oxal at e WO 00/50426 45 PCT/ USQ 505 The title conpound was isol ated i
80~ yield as the oxal ate salt. p 124-126 C M5 (mle) : 328 (M) 5

Cal cul ated for C18H18FN302- C2H204 eory: C, 57.55; H 4.83;, N, 10.07,
Found: C, 57.85; H 4.95; N, 10.1% e 6 10

3-[2- (N, N-Di net hyl am no) et hyl ] -5-( i end@D)Mami nof ur o[ 3, 2- b] pyri di ne
oxal ate The title compound was isolated in 830 yield as the oxal ate salt.
15 mp. - 68-69 C MB{xpejeth330-fMhlEabcukaled2ip]pCieH1IAN302S~C2H204:
Theory: C, 53.33; H 4.72; N, 10.36; Found: C, 53.51; H, 4.64; N, 10. 34.

5 To a solution of methyl 4-(6-chloro-2-iodopyridyloxy)
but-2-encate (5.87 g, 16.6 mmol) dissolved in 150 mL of N, N-
dimethylformamide was added 4.39 g of NapCO3 (42 mmol), 1.13
g of sodium formate (16.6 mmol), 5.07 g of
tetrabutylammonium chloride (18.0 mmol), and 0.19 g of

10 palladium(II) acetate (0.8 mmol). The reaction mixture was
heated at 80 °C for 3 h, then concentrated in vacuo. The
residue was partitioned between chloroform and water, and
the agueous layer was extracted with chloroform. The
combined organics were washed with saturated agueous NaCl,

15 dried over NajySO4, and concentrated. Upon column
chromatography (0%—40% ethyl acetate/hexane), the desired
compound was isolated as an ivory solid (3.66 g, 98%).
m.p. = 92-93 °C
MS(m/e): 226 (M)

20 Calculated for CqpHgCINO3:

Theory: C, 53.23; H, 3.57; N, 6.21;
Found: C, 53.20; H, 3.61; N, 5.96.




20 Exanple 7 5-(2,4-Difluorobenzoyl)am no-3-[2-(N,

N- di met hyl am no) et hyl Jfuro[ 3, 2-b] pyri di ne oxalate 25 The title conpound was

i sol at ed wo 098842yi el d as the oxalate salt. M5 (nme) : 346 Kdw/u§ookzxsespl e 8

30
3-[2- (N, N-Di net hyl am no) et hyl ] - 2- met hyl - 5pr opanoyl am nof ur o[ 3, 2- b] pyri di
oxal ate The title conpound was i sol aFT?q)i n 80%yield as the oxal ate salt
WO 00/50426 46 mp. - 168-170 C M5 (nfe) : 276 (M) Cal cul ated for
Cl4H1gN302~C2H204~0.5 CH40: Theobyepd&xabbodl7 H, 6.61; N, 11.02; 5 Found
C, 55.31; H 6.54; N, 10.81. PCIT/JS00/ 02505 Exanple 9

5- Benzoyl am no- 3-[ 2- (N, N-di net hyl'gm no) et hyl]-2-nmethyl furo[ 3, 2-b] pyridir
10 The title conmpound was i sol at in 740 yield as the free base. mp. -
119-120 C M5 (nfe) : 324 (M+) 16 CaNcul ated for ClgH21N302: Theory: C,
70.57; H 6.55; N, 12.99; Found C,l 70.32; H 6.81; N, 12.92. Exanple 10
3-[2-(N, N-Di net hyl am no) et hyl ] - 5-{4- obenzoyl)

am no- 2- net hyl furo[ 3, 2-b] pyri di ne pxél at eChhatditl e conpound was i sol at ec
in 80%yield as the oxal ate salt. i

CH,

2-Methyl-3-carbomethoxy-5-chlorofuro{3,2-blpyridine

5 The title compound was prepared in 70% isolated yield
in the manner described in Preparation 6.
m.p. = 166-167 °C
MS(m/e): 240 (M")
Calculated for Cq7HqClNO3:
10 Theory: C, 55.13; H, 4.21; N, 5.84;
Found: €, 55.18; H, 4.07; N, 6.07.

Preparation 8

Cl
]
NN
ot N,
15 3-(2-Azidoethyl)-5-chlorofuro[3,2-b]lpyridine

To a solution of 3-carbomethoxy-5-chlorofurc(3,2-blpyridine
(3.0 g, 13 mmol) cooled to -78 °C in tetrahydrofuran (125
mlL) was added diisobutylaluminum hydride (1 M in hexane, 40
20 mL, 40 mmol). The reaction mixture was maintained at -78 ©°C
for 0.25 h, warmed to room temperature over a period of 1 h,
then poured into a solution of 2 M agueous sodium potassium
tartrate. After stirring vigorously at room temperature

overnight, the aqueous layer was extracted with ethyl

-

e

20




25 mp. - 136-138 C M5 (me) : 342 (M+) Cal cul ated for

Cl4H1gN302~C2H204~0. 25 CH40: Theory: C, 58.08; H, 5.28; N, 9.56; Found: C

57.33; H wedmpsdd, 9.28. 30 WD 00/50426 PCT/ US00/ 02505 4¥PcEwsegni2s0511
3-[2- (N, N-Di net hyl am no) et hyl ] - 2-net hyl -5-(2 thi enoyl)

am nofuro(3, 2-b] pyridine oxalate 5 The title conpound was isolated in 900
yield as the oxalate salt. mp. - 211- %§2 CM (me) : 330 (M+) Cal cul ated
4

for Cl7HLgN302S~C2H204: 10 Theory: C, 41; H, 5.05; N, 10.02; Found: C
54. 65; Hadckt@te N, Thb(ﬂbmﬁﬁnﬂﬁﬂmr@éhlcs were washed with saturated

5-(2,4-D_fl uorob yl) no- 3- dlnet amn

oyl 1~ 2 AT Pt P BY T ad O£ | (TS LORCTREF S | LI BRBH 1 n 74
yleld a; t he ﬁﬁﬁezgﬁmatfﬂﬁrﬂfﬁdeféﬁﬁbméi)wasZgoah@d}y@e%o¢cfpﬁnulatLog
enpl oye t he admi ni s~ on of th unds, enpl oyed i n the nethods
t he preséﬁth%ﬁﬂﬁﬂ? igch%}at b?hgg%eﬁaV%FEuFﬁ¥ SEBWPBUHREE enpl oyé
the tygpe afme@nnanpkmﬂ@1)Cf@Ip6wé@ B¢ Shé €Hahe ol 25ny heckh oot eqef

adm ni stration and the conpound , and the state of the patient.
For nul at i bhs? dWéndBTém?%lbralT%? ?ﬁ?%E%%BI@aﬁdW?ﬁW§@r5PlBﬂoﬁre prepared i

a manner wMehde kKNOWe i And her phasgeesyt bcal anbnapdueepihes at | east one
active 30 Conpound. See, e.g., REM NGTON' S PHARMACEUTI CAL SCI ENCES, (16th

ed. 1980)Salwryyereraplubienr afil NeloR3of FRELPrEBENEXEAFEALPBNVEARI udes ar

active In@{&qwﬁéméehgﬁgpoeﬂg st qharpuha, L) @ag wasﬂéaatquh%éeqrwee an
exci pient, diluted ¥ an exci pi ent 5

10 agueous NaC dried over Na2804, and concentrated to provide
an amber oil.
To the crude mesylate dissolved in N, N-
dimethylformamide (100 mL) was added sodium azide (2.6 g,
40 mmol). The reaction was stirred at room temperature
i5 overnight, then poured into water. The mixture was
extracted with ethyl acetate, and the combined organics were
washed with saturated aqueous NaCl, dried over NasSO4, and
concentrated. Column chromatography (0—20% ethyl
acetate/hexane) provided the desired azide (2.4 g, 80%).
20 m.p. = 55-57 °C
Calculated for CgH7CINyO:
Theory: C, 48.55; H, 3.17; N, 25.17;
Found: C, 48.74; H, 3.13; N, 25.43.
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PCT/ US00/ 02505 or encl osed within such a carrier which can be in the forn
of a capsule, sachet, paper or other container. Wen the excipient serves
as a di | umexqo/d0426can be a solid, seni-solid, or |iquid natecraseoeaesch ag
as a vehicle, 5 carrier or nediumfor the active ingredient. Thus, the
formul ations can be in the formof tablets, pills, powders, |ozenges,
sachets, cachets, elixirs, suspensionsygenulsions, solutions, syrups,
aerosols (as a solid or in a liquid nediun), ointnments containing for
exanple up to 100 by 10 wei ght ofreperadtiore Sconpound, soft and hard

gel atin capsul es, suppositories, erile injectable solutions, and steri
packaged powders. Tn preparing a fprmulation) it nay be necessary ~.o0 ml
the active conpound to provide t ﬁpropriate particle size 15 prior to
conbining with the other ingredi sy |If the active conpound is
substantially insoluble, it ordi is mlled to a particle size of |e
than 200 nmesh. |If the active conp } ubstantially water soluble, the
particle size is normally adjusted 10 provide a 20 substanti al
uniformdistribution in the fornulation, e.g., about 40 nesh. Sone exanpl
of suitable excipients include | actoseCHdextrose, sucrose, sorbitol,
manni tol, starches, .gum acaci a, cal ci um phosphate, al gi nates, tragacanth,
gelatin, cal GHRPY 1sidi Carveiqaaiivelyst=hierctere 3 oselpyridine

pol yvi nyl pyrrol i done, cellul ose, water, syrup, and nethyl cellul ose. The
formul ations can additionally include: Iubricaping agents such as talc,
nmagnesi um st eaFatetibhe fPHepandovps weeppngdagant/sS® émsolleited ngeadd
suspendi g ag8B! 3. 5 PEESEEYLBELAECHLS cB0n8HCHNAD MBLIKL S oANG

propyl hydr oxybenzoat es; sweet eni ng agents; and fi voring agents. The
conpoundsMdtm{ ae: i n¥éht i¥n) can be forrmulated so as to provide quick
sustainedcgicg§gg¥gdfggléiﬁg @ﬁNhBe active ingredient after WO 00/ 50426
49 PCT/ US00/ 02505 admi ni st-rationto the patient by enpl oyi ng procedures
known in the afkReoThe Fol PBwi’Rg Hor AulBdti dn @xarmdlies are illustrative on
and arge not inkgpded te Ig@i§5ghﬁlsgqgg_oh.t2% Rizesent 5 invention. The
term"active ingredient” refers to a conpound of fornula |. Fornul ation
Exanple 1 Hard Gelatin Capsules 10 Ingredient Quantity (ng/capsul e)

2-nethy|-3-(2-[N'-nethyI-N'-sbutﬂf@géygé¥JHH955-isobutyranide

I‘IN/\©\
= IN OMe

.

/ N,

3-(2-Azidoethyl)-5- (4-methoxyphenylmethylamino) furo-
15 (3,2-blpyridine

0O

A solution of 3-(2-azidoethyl)-5-chlorofuro-
[3,2-blpyridine (2.32 g, 10.40 mmol) dissolved in toluene
(300 mL) was treated with tris(dibenzylideneacetone)-

20 dipalladium(0) (0.48 g, 0.52 mmol), (x)-2,2'-

bis(diphenylphosphino)-1,1’-binaphthyl (BINAP) (0.65 g,
1.04 mmol), sodium tert-butoxide (1.40 g, 14.00 mmol), and
4-methoxybenzylamine (1.73 g, 12.00 mmol). The reaction was
heated at 80 °C overnight. Upon cooling to room

25 temperature, the reaction was partitioned between ethyl

SS

ly
es

y



15 furo[ 3, 2-b] pyridine 30.0 Starch 305.0 Magnesium stearate 5.0 The above
ingredients are mxed and filled into hard 20 gelatin capsules in 340 ny
guant i ti é¥0 00/504g% 00/ 50426 50 5 10 15 20 25 | ngredi ent For RATAIS06M2BXanpl ¢
Tabl et Quantity (ng/tablet)
2-methyl -3-(2-[N -nethyl -N (2-[ pyridin-4-yl]-ethyl)am no]ethyl)-5-(4-fluo
benzam de) furo[ 3, 2-b] pyri di ne mal onat @725. 0 Cel | ul ose, mcrocrystalline
200.0 Col | oidal silicon dioxide 10.0 Stearic acid 5.0 PCT/US00/ 02505 The
conponerit@e ke bred dedtarfd cBhpregsedusolpyem vabl exsragsed wetghi ng 240

2ot byl S TR et hy T (13- Aoy SoBenzat AT a2or Boul] het ho s Bol et hy!
(4-f1 uor obenzantdertiueol:8, BablpyArdedeoSekabing§0495anie caoriensriatgedi ent
o mxed i ththe Lactose and he, SLxture, |5, 20ded. R 2,90y ponder fnhal
5 the title compound as a yellow oil (3.14 g, 93%).
Calculated for Cq9H17Ng50g:
Theory: C, 63.15; H, 5.30; N, 21.66;

Found: C, 63.55; H, 5.60; N, 21.33.

10 Preparation 11

T L
= %\J OMe

NS

/ N,

CH

O

)
2-Methyl-3-(2-azidoethyl)-5-(4-
methoxyphenylmethylamino) furo(3,2-b]pyridine

15 The title compound was prepared in 79% isolated yield
from 2-methyl-3-(2-azidoethyl)-5-chlorofuro(3,2-blpyridine
in the manner described in Preparation 10.
MS(m/e): 338 (M")
Calculated for CqgH1gNgO5:
20 Theory: C, 64.08; H, 5.68; N, 20.76;
Found: C, 64.10; H, 5.94; N, 20.75.

2

ro

1
(631

ng




WO 00/ 50426 51 Formul ati on Exanple 4 Tablet 5 10 15 20 25 Tngr edi ent
Quantity (ng/tablet)

2- met hyl -\80(02/5¢436 - net hyl - N ([t hi azol - 2-yl ] met hyl ) am no] et lBdTygsoop2deshept
car boxam defuro[ 3, 2-b] pyridine 30.0 Starch 45.0 Mcrocrystalline cellulo

Pol yvi nyl pyrrol i done (as 10% solution in water) Sodi um carboxymnet hyl star

Magnesi um stearate Talc Total 35.0 4.@g4.5 0.5 1.0 120 ng PCT/ US00/ 02505
The active ingredient, starch and cellul ose are passed through a No. 20
mesh U.S. sieve and ni xed thor oRglelppraEiensdl2uti on of pol yvi nyl pyrrolido
is mxed wwth the resultant powders,. which are then passed through a 16
mesh U. S. sieve. The granules so prgduced are dried at 50C 60C and passe(
through a 16 nesh U. S. sieve. The i um car boxynet hyl starch, magnesi um

stearate, and talc, previously pH¥sed through a No. 30 mesh U.S. sieve, :
then added to the granul es which,

machine to yield tablets each
Formul ati on Exanple 5 Capsul es

1/gh||Nhg 120 mg. 30 WD 00/ 50426 52

5-Acetylamino-3-{2-azidoethyl)furo[3,2-blpyridine

To a rapidly stirring mixture of 3-(2-azidoethyl)-5-(4-
methoxyphenylmethylamino) furo[3,2-b]lpyridine (2.89 g, 8.9
mmol) dissolved in 300 mL of dichloromethane was added water
(10 mL) followed by 2,3-dichloro-5,6-dicyano-1,4-
benzoguinone (DDQ) (4.68 g, 20.5 mmol). After 2 h at room
10 temperature, a solution of 1 M aqgueous NapS»03 (100 mL) was
added, and the reaction was stirred an additional 0.25 h.
Following extraction with chloroform, the combined organics
were washed with saturated agueous NaCl, dried over NajpSOy4,
and concentrated. The crude amine was purified via solid

15 phase extraction (Varian Mega Bond Elut ® SCX column,

eluting with 2 M ammonia-methanol), and concentrated in
vacuo. The amine was dissolved in pyridine (250 mL) and
treated with acetyl chloride (1.05 mL, 13.4 mmol). The

reaction was heated at 55 °C for 3 h, then concentrated in
20 wvacuo. After partitioning between dichloromethane and 0.1 M
agqueous NaOH, the aqueous layer was extracted with
dichloromethane, and the combined organic layers were washed
with saturated aqueous NaCl, dried over MgpSOy4, and

concentrated in vacuo. Column chromatography on silica gel

25 (0—80% ethyl acetate/hexane) provided the title compound
(1.78 g, 81% yield) as a yvellow solid.

fter mxing, are conpressed on a tabl ét

ane
5e
ch
ne
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5 10 I ngredient

2-methyl -3-(2-[N -nmethyl -N (2-[ 1-i sopropyl pyrazol -4-yl ] ethyl)am no] et hyl
butyram oeOWAEIR6 2- b] pyri di ne Starch Magnesi um st ear at e TRGI/USDHOARASt y
(rmg/ capsule) 40.0 109.0 1.0 150.0 ng PCT/ US00/ 02505 The active ingredi ent
cel lul ose, starch, and nagnesium 15 stearate are bl ended, passed through
No. 20 nesh U S. sieve, and filled intg hard gelatin capsules in 150 ng
gquantities. Formulation Exanple 6 20 Suppositories I ngredi ent Anount

3- (2-[ Nmpet hyl L00=1P4bPSnot hi en- 2-yl ] net hyl ) 25

am noj et (4- orgbenzam de)furo[ 3, 2-b] pyridine 25 ng Saturated fat
acid glyg%k%égé'toiégoégb%g The active ingredient is passed through a No
60 nesh G9lthbBatsdetverafid BusNefdded in the saturated fatty acid glyceri dg
previously nelted_using e [ ninu at .necessary. The mi xture is then
poured into a&éﬁﬁﬁxSi?0r§gﬁgﬁh gf %gggnap'zgg'é%Capacity and allowed to
cool .5 WD 00fbQ436 58, Fesnalat Hon4EXanphe 28Saspensi ons | ngredient 5

Preparation 13

O

O

2-Methyl-5-acetylamino-3-(2-azidoethyl) furo(3,2-blpyridine
10
The title compound was prepared in 68% isolated yield
from 2-methyl-3-(2-azidoethyl)-5-(4-
methoxyphenylmethylamino) furo([3,2-blpyridine using the
method described in Preparation 12.
15 MS(m/e): 260 (M")
Calculated for Cq19H13Ng505:
Theory: C, 55.59; H, 5.05; N, 27.0%;
Found: C, 55.87; H, 5.17; N, 26.92.




10 15

2-ethyl-3-(2-[N -ethyl -N -(2[ 3- net hyl t hi obenzof ur-5-yl]ethyl)am no] et hyl
- (pyri di n@028&0426xam de) f ur o 3, 2-b] pyri di ne; Xant han gum SYEI/U$A0/02505
car boxymet hyl cellul ose (110) Mcrocrystalline cellul ose (890) Sucrose

Sodi um benzoate Flavor and color Purified water to Amount 50.0 ng 4.0 ngy

50.0 ng 1.75 g 10.0 ng g.v. 5.0 mM PCIYJJSO0/ 02505 The active ingredient,
sucrose and xant han gum are bl ended, passed through a No. 10 nmesh U. S.
sieve, and then mixed with a pr&demetatimmelsol uti on of the 20

m crocrystal line cellul ose and sodbpn1carboxynethyl cellulose in water.
sodi um benzoate, flavor, and col or
added with stirring. Sufficient
volume. 25 WD 00/ S0426 54 For
2-propyl -3-(2-[ N -isopropyl -N (
-fl uorobenzam de) fur o[ 3, 2- b] py 1di
PCT/ US00/ 02505

is then added to produce the requ

Starch Magnesi um stearate Tota

5-Acetylamino-3-[2- (N, N~dimethylamino)ethyl] furo-
[3,2-blpyridine

To a solution of 5-acetylamino-3-(2-azidoethyl)
furol3,2-blpyridine (1.65 g, 6.5 mmol) dissolved in ethanol
(300 mL) was added 200 mg of 10% palladium on carbon. The
mixture was hydrogenated at room temperature under 30 psi of

10 hydrogen pressure for 2 h, filtered through celite, and
concentrated in vacuo. The crude material was dissolved in
methanol (180 mL), cooled to 0 °C, and treated with sodium
cyanoborohydride (0.41 g, 16.2 mmol), acetic acid (2.0 mL,
32.4 mmol), and formaldehyde (37 wt. % in water, 1.66 mL,

15 19.5 mmol). The reaction was warmed to room temperature and
stirred overnight. The solvent was removed, and the solid
residue was partitioned between 3:1 chloroform/isopropyl
alcohol and water. The agqueous layer was adjusted to pH =
14 with 1 N agqueous NaOH, extracted with chloroform, and the

20 combined organics were washed with saturated agueous NaCl,

are diluted with sone of the water and

| ati on Exanple 8 Capsules 5 10 Ingredient
i sobenzof ur-2-yl]propyl)am no]ethyl)-51(4

The

red




Quantity (ng/capsule) 15.0 407 .0 3.0 425.0 ng The active ingredient,

cel lul ose, starch, and nmagnesium 15 stearate are bl ended, passed through
No. 20 neWl 0058426si eve, and filled into hard gel ati n capsuPERUSH/ZB ng

guantities. 20 Formul ati on Exanple 9 Intravenous Fornul ati on I ngredient

2-methyl -3-(2-[N -butyl -N ([ pyrrol -3-yl] nmet hyl )am no] et hyl ) 25

5-(4-fluorobenzam de)furo[ 3, 2-b] pyridigie Isotonic saline Quantity 250.0 ng

1000 m WO 00/50426 55 Forrmul ati on Exanple 10 Topi cal Forrmul ati on
| ngr edi edir i@damvietry N pBD 415 and concentrated. The residue was

2-met hyl -3-(2-[N -nethy] -N ([5-cyanoim ?@‘Z’%l&%\&il%g&t@hyl ) am no] et hyl ) -5- ace
[

t am def uCERMEIFRARNFEhE™ -0 f EfR si Li quid paraffin 20
Wi te Soﬂﬁet@?arrﬁiﬂﬁdiékﬂéﬂﬂn&fﬁé)usgplmghﬁM!%eg'ﬁ@%i pareddin is

heated until nolten. The liquid paraffin and enulsifying wax are
i ncor por &asd ratH wateriad untdn anakot el TEchetPhethagrraiene $3lhadded

sol
m.p. = 168-170 °C

MS(m/e): 248 (M)
Calculated for Cq3H17N305:CoH204:
Theory: C, 53.41; H, 5.68; N, 12.46;
10 Found: C, 53.57; H, 5.91; N, 12.57.

Preparation 15

0
HN/ﬂ\\
=~ "N
™ | FH3
/ N,
O CH

5-Acetylamino-3-[2- (N, N-dimethylamino)
15 ethyl]-2-methylfuro[3,2-blpyridine

The title compound was prepared from 5-acetylamino-3-
(2-azidoethyl) -2-methylfuro([3,2-b]pyridine in the manner
described in Preparation 14 in 83% isolated yield.

20 m.p. = 138-139 °C
MS(m/e): 260 (M)
Calculated for CqpH1gN30p:
Theory: C, 64.35; H, 7.33; N, 16.08;
Found: C, 64.14; H, 7.09; N, 16.07.
25

and stirring ﬂxseﬁﬂgd nued until dispersed. The mxture is then cool ed unti
id. '

g




Formul ati on Exanple 11 Sublingual or Buccal Tablets 20 25 30 35 Ingredient

Quantity (ng/tablet)

2- met hyl -WO(0R/5P4%6 - net hyl - N - ([ 1 soqui nol i n-7-yl ] met hyl ) am nRGBUSRHIORSEG- cycl
ut anecar boxam def uro-[ 3, 2-b] pyri di nel0. 0d ycerol 210. 5\Wat er 143. 0Sodi um
citrated. 5Pol yvi nyl al cohol 26. 5Pol yvi nyl pyrrol i donel5. 5Tot al 410. 0 ng The
glycerol, water, sodiumcitrate, polyubnyl al cohol, and

pol yvinyl pyrrolidone are adm xed together by continuous WO 00/ 50426 56

PCT/ US00/ 02505 stirring and mai Br&laragiche enperature at about 90C. Wien

t he pol yners have gone into sol yg;on, the solution is cooled to about
50-55C and the active ingredient]is slowy adm xed. The honbgenous ni xt ur
is poured into forns made 5 of inert material to produce a
drug-containing diffusion matrf"x Iving a thickness of about 2-4 nm Thi s
diffusion matrix is then cut t'eufgAmindi vi qual tablets having the
appropriate size. Wile it is po si? 0 mhister a conpound enpl oyed
in the nethods of this inventiongdif/ectl t hout any formul ation, the
conpounds are usually admnistered in the f orrRlof phar maceuti ca
conpositions_conprising a pharmaceutically acceptabl e_excipient and at
least one ACBRYEOT Agl edi Untl- STHESEY T BRABPAELONS | E4KOBA  AGHI RVSLEREE 15 by
variety of routes including oral, buccal, rectal, intranasal, transdernal

subcut aneous, intravenous, intranuscular, and intranasal. Many of the
conpovnds enplPoyed Ut arhe® gt 1ot et i e- 3 nbent ¥ dir Grree ey bative) as bot h

a transdernmal delivery device ("patch") is needed. Such transdermal patch
may be used td miovi db ammIwdisl oraslisedned muousl i M usP®HN3 o - a Eempound

of the prx%%?&ﬁidrﬂwgi@ébiéhc@@tf&érhe@'exﬁﬂ‘é’%‘% re M52 SPPS &U%i{a’ﬁ ang, use

transdermal 25 patches for the delivery of pharnmaceutical agents is well
known i n wWiHeh ar tN aBpecows NaOly, Saingraexnrafoeds5wdpl, 252, herei n i ncor por at

by refer SHEH, 5i:gf1y str e nt. | s, Ll e,
on dggangé}g%ﬁ very gﬁ%r ce%??%lg??age#ié g%%glﬁ?%guéiﬁggﬁ%l ?Q\%??E%e
desi r abl everre nexelssdrylitiy $atnogdued s@eephar NaCéut dcakdcowposNapbAsto t he

brain, either di rectlﬁ% or, i nd'%rect | é Di gect t echpi ques usual l'y involve
pl acement®RF FORFUY-HRFPIer yRAPHRERPTRREY (Ae”Hb8t2 T VBRITI cul ar system
bypass t hgebh906l: ba2éR1§2bkkhane) V8048842687 desired material (85%

yvield) as white solid. A sample of the oxalate salt was

| nj ect ableand nal (-oomOshE Qe 20, 19 0y des . 16 A i 6 8oty agsder mal |y,

15 prepared for analysis.
m.p. = 122-124 ©°C
MS(m/e): 206 (M")
Calculated for CqqH1gN30:-CyHp04-0.5 CHyO:
Theory: C, 52.08; H, 6.15; N, 13.50;
20 Found: C, 52.03; H, 6.03; N, 13.51.
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PCT/ USO0/ 02505 One such inpl antabl e delivery system used for the transport
of biological factors to specific anatom cal regions of the body, is
descri bedwionol3086 Pat ent 5,011,472, which is herein incor ppCHUSTI/NRSOS
reference. The delivery of hydrophilic 5 drugs may be enhanced by
intra-arterial infusion of hypertonic solutions which can transiently opeén
the bl ood-brain barrier. A conpound ofgformula | is preferably formnulated
in a unit dosage form each dosage containing fromabout 0.001 to 10 about
100 ny, nore usually about 1.0 tRregismstti3t i, of the active ingredient.
The term "unit dosage form' ref g to physically discrete units suitablejas
unitary dosages for human subjecyszand ot her mamrmal s, each unit containing
a predeterm ned quantity of actj mat erial cal culated to 15 produce the
desired therapeutic effect, inf[assgciation with a suitable pharnmaceuti cal
exci pi ent as described above. ctive conpgqunds are generally effectiye
over a wi de dosage range. For exgnplss—dosage$ per day normally fal

wi thin the range of about 0.0001 # o/about WA I kg of 20 body weight. In
the treatnment of adult humans, the range of yut 0.1 to about 15

nmg/ kg/ day, in single or divided doseCHs especially preferred. However, it
wi Il be understood that the anount of the conpound actually adm nistered
will be determifeddys al phili ¥ dbnethy tagine garhpl ] t hempbhelinro2s

ci rcunstances, including the condi ti @i 4.9 kg A4 eated, the chosen route of
adm ni stration, the actual conpoung or “conpounds admi ni stered, the age,
wei gh®, and response of the individual patient, and the severity of the
patient's sy - e o] a . not - 30
intended to PF%??B% gﬂ%d%%§6§$8§ﬁgggneg%§¥gﬁgigggﬁygmgggﬁygggéﬁg ?nstances
dosage | eliet 6N et dime himy 1 aweno ) ¢nhy 1l of 2thethyWOu00/530226) 58rPETHESHO/ 02505
af oresai d_range may_be nore than.adequate, il.e_in other cases stil

| ar ger d0o&es %%?eHﬁa%%%¥o?%dgﬁ??hgafgég%§#ﬁgﬂgﬁ§mﬁgP¥§apl§P e effect,
provi ded ¢tlayl sincho [ geb]l dosediace brpstddnvi ded tatdesevepalndmakl er

doses for_administration,5 through he day. WO 00/50426 59 WE CLAI M
S A o RanE or SR hira: pe 2084 THbe) T

m.p. = 103-104 °cC

MS{(m/e): 220 (M")

Calculated for CqpH17N30:
Theory: C, 65.73; H, 7.81; N, 19.16;
15 Found: C, 65.65; H, 7.84; N, 18.93.

Example 1 & 2

5-amido-3-[2- (N,N-dimethylamino)ethyl] furo[3,2-blpyridine
and S5-amido-3-[2- (N, N-dimethylamino)ethyl]-2-methylfurol3, 2-
20 blpyridine

To a solution of the appropriate 5-aminofurocl3,2-
blpyridine prepared above (0.37 mmol) dissolved in 15 mL of
pyridine was added the acid chloride (0.52 mmol). The

25 reaction mixture was heated at 55 °C for 2 h, then
concentrated in vacuo. The residue was partitioned between
3:1 chloroform/isopropyl alcohol and 0.1 N aqueous NaOH.
The aqueous layer was extracted with chloroform and the

combined organics were washed with saturated agueous NaCl,




510 15 20 R R I; PCT/US00/ 02505 and pharmaceutical acid addition salts
thereof, where; Ris (a) DNNR3 /JE Rs R (b) Ra or (c) E-Dis C=CH or
CH CH2; RWwoim/shkzdr ogen or Cl-C4 al kyl; R2 is hydrogen, hal RCT/H§W0350F,
-NR3R4, -SR3, -C(OR3, -C(ONR3R4, -NR3S02R5, -NHC(Q NR3R4, -NHC(0) OR3, of
-NR3C ( 0 ) R5 ; R3, R4, and R5 are independently hydrogen, Cl-C4 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, or -(CHZYgparyl; or R3 and R4 conbi ne,

together with the nitrogen to which they are attached, forma pyrrolidinge
pi peri di deida @ejrea:zm@sodqsubaﬁ tdﬂrﬁ:derpmwtreazj rt&;rmmmtam 00—10%
t hi onorpholine rin 3, 4, 5, nd Qis Oor S WO

gt 0, .1, 2, 51
00l 50426 263 NH3-m hanol/dlchloromethane) prov1de the title
compound which was analyzed either as the free base or

converted to the oxalate salt.

5
Examples 3-12 were prepared and isolated in the same
manner as Examples 1-2.
Example 3
10 3-[2-(N,N-Dimethylamino)ethyl]-5-propanoylaminofuro(3, 2-
blpyridine oxalate
The title compound was isolated in 83% yield as the
oxalate salt.
15 m.p. = 153-155 °C
Calculated for Cqg4Hq9N305-CoH204-0.5 CHyO:
Theory: C, 54.31; H, 6.17; N, 11.69;
Found: C, 54.38; H, 6.19; N, 11.35.
20 Example 4

5-Benzoylamino-3-[2- (N, N~-dimethylamino)ethyl]

furo(3,2-blpyridine oxalate

The title compound was isolated in 73% yield as the

25 oxalate salt.
n.p. = 65-66 °C
Calculated for CqgH19N309:CoHpO0y4:
Theory: C, 60.14; H, 5.30; N, 10.52;
Found: C, 60.39; H, 5.45; N, 10.46,.
30
Example 5
3-[2-(N, N-Dimethylamino)ethyl]-5-(4-fluorobenzoyl) -

aminofuro[3, 2~blpyridine oxalate




PCT/ US00102505 2. The conmpound of Claiml where Ris noiety (a). 3. The
conpound of any one of Clains 1-2 where R3 is C1-C4 alkyl. 5 4. The

conpound wb oats9426ne of Clains 1-3 where R4 is Cl-C4 al kyl .PGE/USA9O2¥S5mpoun
of any one of Clains 1-4 where RL is 10 nethyl. 6. The conpound of any on
of Clainms 1-5 where R3 is nethyl and R4 is nethyl. 15 7. A pharmaceutica
formul ati on conprising a conpound of agy of Clains 1-6 and a pharnaceutic

d
e

al

carrier, diluent, or excipient. 8 A nmethod for activating 5-HTlg receptors

in a 20 manmeTheonprliei agmadnindi waer iaglased wanfif vAchdedsofh&uch
activation. %tgf;%fkive amount of a compound of any of Clainms 1-6. 9. The
met hod according to Caim8 where the manmal 25 is a human. 10. A net hod
for inhifhiping hedrdRal °frotein extravasation in a mammal conpri sing
adm ni stering to a L, in need of such inhibition an effective anount
a 30 con@%ﬁ gegf a%ggggﬁcﬂains 1-6, or a pharmaceutical acid addition sa

t her enf . calcuTheedetbad CageqRENAY - CBx@ism 10 where the mammal is a human
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Example 8
30 3-[2-(N,N-Dimethylamino)ethyl]}-2-methyl-5-

propanoylaminofuro([3,2-blpyridine oxalate

The title compound was isolated in 80% yield as the

oxalate salt.
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- @ 380%%Hd -1@hite of administration and the compound(s), and the
state of the patient.
Formulations amenable to oral or injectable
administration are prepared in a manner well known in the

pharmaceutical art and comprise at least one active

30 compound. See, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES, (1l6th
ed. 1980).
In general, a formulation of the present invention
includes an active ingredient (a compound of formula I) and

is usually mixed with an excipient, diluted by an excipient
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or enclosed within such a carrier which can be in the form
of a capsule, sachet, paper or other container. When the
excipient serves as a diluent, it can be a solid,

semi-solid, or ligquid material, which acts as a vehicle,

carrier or medium for the active ingredient. Thus, the
formulations can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions,

solutions, syrups, aerosols {as a solid or in a ligquid

medium), ointments containing for example up to 10% by
weight of the active compound, goft and hard gelatin
capsules, suppositories, sterile injectable solutiong, and

sterile packaged powders.

In preparing a formulation, it may be necessary tTo mill
the active compound to provide the appropriate particle size
prior to combining with the other ingredients. If the
active compound is substantially insoluble, it ordinarily is
milled to a particle size of less than 200 mesh. If the
active compound is substantially water soluble, the particle
size is normally adjusted by milling to provide a

substantially uniform distribution in the formulation,
about 40 mesh.

e.g.,

Some examples of suitable excipients include lactose,

dextrose, sucrose, sorbitol, mannitol, starches, gum acacia,

calcium phosphate, alginates, tragacanth, gelatin, calcium

silicate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, water, syrup, and methyl cellulose. The

formulations can additionally include: lubricating agents

such as talc, magnesium stearate, and mineral oil; wetting
agents; emulsifying and suspending agents; preserving agents
such as methyl- and propylhydroxybenzoates; sweetening
agents; and flavoring agents. The compounds of the
invention can be formulated sc as to provide quick,

sustained or delayed release of the active ingredient after

(510
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compound of formula I.

Formulation Example 1

Hard Gelatin Capsules

10
Quantity
Ingredient (mg/capsule)

2-methyl-3-(2-[N'-methyl-N'-s-
butylamino]ethyl)-5-isobutyramide-

15 furo{3,2-blpyridine 30.90
Starch 305.0
Magnesium stearate 5.0

The above ingredients are mixed and filled into hard

20 gelatin capsules in 340 mg quantities.
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Colloidal silicon dioxid 10.0

Stearic acid 5.0

The components are blended and compressed to form

15 tablets, each weighing 240 mg.

Formulation Example 3

Dry Powder Inhaler

20 Ingredient Weight %

2-methyl1-3-(2-~[N'-methyl-N'-
([2-aminobenzothiazol-5-vy1]-
methyl)aminolethyl)-5-
(4-fluorobenzamide) -

25 furo([3,2-blpyridine 5
Lactose 95

The active ingredient is mixed with the lactose and the

mixture is added to a dry powder inhaling appliance.
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Tablet
5 Quantity
Ingredient {mg/tablet)
2-methyl-3-(2-[N'-methyl-N'-
([thiazol-2~-yllmethyl)amino]ethyl) -
5-cycloheptanecarboxamidefuro-

10 [3,2-b]lpyridine 30.0
Starch 45.0
Microcrystalline cellulose 35.0
Polyvinylpyrrolidone
(as 10% solution in water) 4.0

15 Sodium carboxymethyl starch 4.5
Magnesium stearate 0.5
Talc 1.0
Total 120 mg

20 The active ingredient, starch and cellulose are passed

through a No. 20 mesh U.S. sieve and mixed thoroughly. The
solution of polyvinylpyrrolidone is mixed with the resultant
powders, which are then passed through a 16 mesh U.S. sieve.
The granules so produced are dried at 50°C-60°C and passed
25 through a 16 mesh U.S. sieve. The sodium carboxymethyl

starch, magnesium stearate, and talc, previously passed
through a No. 30 mesh U.S. sieve, are then added to the
granules which, after mixing, are compressed on a tablet

machine to yield tablets each weighing 120 mg.
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Total 425.0 mg

The active ingredient, cellulose, starch, and magnesium
15 stearate are blended, passed through a No. 20 mesh U.S.

sieve, and filled into hard gelatin capsules in 425 mg

quantities.
Formulation Example 9
20 Intravenous Formulation
Ingredient Quantity

2-methyl-3-(2-[N'-butyl-N'-
(pyrrol-3-yvllmethyl)aminolethyl) -
25 5-{4-fluorobenzamide) furo-

[3,2-bipyridine 250.0 mg
Isotonic saline 1000 ml
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Sublingual or Buccal Tablets
20

Quantity
Ingredient (mg/tablet)

2-methyl-3-(2- [N'-methyl-N'-
([isoquinolin-7-yl]lmethyl)amino]jethyl)-5-

25 cyclobutanecarboxamidefuro-

[3,2-b]lpyridine 10.0
Glycerol 210.5
Water 143.0
Sodium citrate 4.5

30 Polyvinyl alcohol 26.5
Polyvinylpyrrolidone 15.5
Total 410.0 mg

The glycerol, water, sodium citrate, polyvinyl alcohol,

35 and polyvinylpyrrolidone are admixed together by continuous
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ppropriate size.
While it is possible to administer a compound employed

10 in the methods of this invention directly without any
formulation, the compounds are usually administered in the
form of pharmaceutical compositions comprising a
pharmaceutically acceptable excipient and at least one
active ingredient. These formulations can be administered

15 by a variety of routes including oral, buccal, rectal,
intranasal, transdermal, subcutaneous, intravenous,
intramuscular, and intranasal. Many of the compounds
employed in the methods of this invention are effective as
both injectable and oral compositions.

20 In order to administer transdermally, a transdermal
delivery device ("patch") is needed. Such transdermal
patches may be used to provide continuous or discontinuous
infusion of a compound of the present invention in
controlled amounts. The construction and use of transdermal

25 patches for the delivery of pharmaceutical agents is well
known in the art. See, e.g., U.S. Patent No. 5,023,252,
herein incorporated by reference. Such patches may be
constructed for continuous, pulsatile, or on demand delivery
of pharmaceutical agents.

30 Frequently, it will be desirable or necessary to
introduce the pharmaceutical composition to the brain,
either directly or indirectly. Direct techniques usually
involve placement of a drug delivery catheter into the

host's ventricular system to bypass the blood-brain barrier.

7

10




vU410 L 10%$&' ()- &10%$&' ()-10$10$10$ + 10%8&' ()- | s#10% $1 & () - -
VH#10%th##&' () --. 03> [: vU410 910%&' ()- 910%$& ()- 10%$& ()- 9 10%$& (
Fs10%$& WO 00A02%S$E ()-S| [ vU410 @M10%S$& ()-f 010%$& ROT/F00/02505
@0%<e$<& ()-9 @0%S$& ()-9 10% & ()-z 3"&10%S$& ()-?||[:vU410 eF) 109&
F)10%g & ()- & 10%3$& ()- @ 10%$&' ()- 3&$10%$&' ()- r&MB10% ! & ()-f|vu4
t 1098x$8&' () -f 10%8x$&&' () - &LO%EX$&Y () - 10e$10e$10e$ 9- 10%$&' () -
S& 10%$& ()-|[:vUA10 3" &10%EX$&& ()- &y10%Ex$&& ()- 10%Ex$&& () -

* 1098x $&BIE )suFs 10wdesgR)e daDDRRERESYFL LR viEed Tor 10b@XSEENEPOr Y2

100/&X$ $
‘LI 100/2‘5%%&5”(%?#1‘1/%5 é%&'%gﬁ%l%% &%{%%% (g‘ii’)%&%@ié‘? ééggé %o%z' B8P () -
) 1088 ) - 1S@MEM%M5@@. .S. Patent 5,011,472, which is herein
TL' 10%&x $&& tT<4 10% 10 %R
1,) 109" %&‘(T% rats A ot %px< s &%8 Yeig%ﬁg %&0&1)“50%&"&& 0]
) 16@8{dﬁh§3 méy_bel@ﬂﬁaﬁdeﬁ)by 1n&9&§é&&etlalswﬂéukloh dEYR" &&' () -
) 10%&”hypé%ton1% sof;tlong)whléhlggn trag 1ently open the

blecod-brain barrier.

A compound of formula I is preferably formulated in a

unit dosage form, each dosage containing from about 0.001 to

10 about 100 mg, more usually about 1.0 to about 30 mg, of the

active ingredient. The term "unit dosage form" refers to

physically discrete units suitable as unitary dosages for

human subjects and other mammals, each unit containing a

predetermined quantity of active material calculated to

15 produce the desired therapeutic effect, in association with

a suitable pharmaceutical excipient as described above.
The active compounds are generally effective over a

wide dosage range. For examples, dosages per day normally

fall within the range of about 0.0001 to about 30 mg/kg of

20 body weight. In the treatment of adult humans, the range of

about 0.1 to about 15 mg/kg/day, in single or divided dose,
is especially preferred. However, it will be understood
that the amount of the compound actually administered will
be determined by a physician, in the light of the relevant
25 circumstances, including the condition to be treated, the

chosen route of administration, the actual compound or

compounds administered, the age, weight, and response of the

individual patient, and the severity of the patient's

symptoms, and therefore the above dosage ranges are not
30 intended to limit the scope of the invention in any way. In

some instances dosage levels below the lower limit of the
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1. A compound of formula I:

E-D is C=CH or CH-CHjy;
Rl is hydrogen or C1-Cy4 alkyl;
R2 is hydrogen, halo, hydroxy, -NR3R4, -sSrR3, -C(O)R3,
-C(0)NR3R4, -NR3S0,R5, -NHC(Q)NR3R4, -NHC(0)OR3,or
15 -NR3C(0)RS;
R3, R4, and R® are independently hydrogen, C1-C4 alkyl,
Cy-Cg alkenyl, C-Cg alkynyl, or -(CHp)paryl; or R3 and R4
combine, together with the nitrogen to which they are
attached, form a pyrrolidine, piperidine, piperazine, 4-
20 substituted piperazine, morpholine, or thiomorpholine ring;
nis 0, 1, 2, 3, 4, 5, or 6; and
QO is O or S.
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2. The compound of Claim 1 where R is moiety (a).

3. The compound of any one of Claims 1-2 where R3 is
C1-Cy4 alkyl.

4. The compound of any one of Claims 1-3 where R4 is
C1-Cy4 alkyl.

5. The compound of any one of Claims 1-4 where Rl is
methyl.

6. The compound of any one of Claims 1-5 where R3 is

methyl and R4 is methyl.

7. A pharmaceutical formulation comprising a compound

of any of Claims 1-6 and a pharmaceutical carrier, diluent,
or excipient.

8. A method for activating 5-HT1p receptors in a
mammal comprising administering to a mammal in need of such

activation an effective amount of a compound of any of
Claims 1-6.

9. The method according to Claim 8 where the mammal
is a human.

10. A method for inhibiting neuronal protein
extravasation in a mammal comprising administering to a
mammal in need of such inhibition an effective amount of a

compound of any of Claims 1-6, or a pharmaceutical acid
addition salt thereof.

11. The method according to Claim 10 where the mammal
is a human.




