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WD 2009/ 124166PCT/ US2009/ 039249 TI TLE OF THE | NVENTI ON

HYDROXYMETHYL PYRRCLI DI NES AS BETA 3 ADRENERG C
WOREOERIMR AGONI STS 5 BACKGROUND OF THE | NVENTI EIXI/US2009/039249

The function of the lower urinary tract is to store

and periodically release urine. This requires the

orchestration of storage and mcturition refl exes

whi ch involve a variety of afferent and efferent

| eadi ng to nodul ati on of central and

Tlﬂgﬁghgﬁgﬁ@mﬁ%&fector mechani snms, and resul tant
HYORPIY METHY LrIBQRR QLILINES A Sy RpA B HEPRENRBRAIA BRECEPTOR
AGPANIgsyNpat heti ¢ conponents of the autonom ¢ nervous

systemas well as somatic notor pathways. These

| al e contractile state of Dbl adder

BAF%@?B#&@#EM\EH&@SWM h nmuscl e, and urethral

sphi nct dhe &inclient @fdhatowel winary tract is to store ad@pokddealdr glegse urine.

Thi§ F‘éélﬁﬁ’ésQﬁegorélPe@@tloﬁro? st@fa§§ %micﬂnﬂ@ﬁ iR s MQB%IWH%W of
nea pi

S S n man
oty i < Ry BEF lyaber et R AF Rk pr i
neul@lﬂ‘@wgnﬂ@eqhalphasr ratehdghc@brdtatediresildtiod o€ stnepathhee endar e
pariﬁ?&b@tﬁetﬁ&%ﬁfp@&n@' JrhRr8Rassid ﬂ%nlohﬁsfsf%ﬁledgt\x%'ﬂ a8 WhhMRESotor

a rel axatio the i oI AR
P AP B B4 e GUTHERS B O] TSR et dteirl
smooth magehy, andlant@ralaﬁlmtewmwwdbws@e or predom nate in dog,

rat, femp r@&renep%a rec&PO1Q (A 18)UsSe ﬂ@&nbﬁlu%ng%s@g%rﬁébﬁpﬁmscle of various

ubt
SPoTER SO A i I Rty eHE 7S EEyPIBd BEH A @gmete
Howenatr tplhanm@sgmi studics MIBAR thvasarc onflkicd spatica diffegenices is itlteureceptor
sub%%@s)’tﬁédlgin%"i‘&lb)&ﬁoﬁa%g [sofa%\ﬂ%l@t?@sor B1AR. predomlnate in cats and guinea pig,

§er) ti.on in rea . _Real
[3241{ E it %?Pg‘v é‘}{%@@g ﬁ%ﬂtﬁ}@‘&% Ord*‘fre‘g)ﬂ gé,&fﬁ‘% ﬁqqrgt pig,
cynﬂz@@lgﬂs aridNvsnah detinlsad deaprassisis o3 AR eubtypat inghdt lsunoamched goidetgusor has
beefl @Qeln‘ﬁﬁéd l@b’asxta?ﬁ ecﬁﬁé{@c@l £ 1R ﬂ?és%ﬁ’&@%@ﬁﬁ%s anfﬁf%é\ﬁsmg in situ

5% for. 131AR nR 4% f
by HERAOn oG GRS DA RSO RRASFt Chea] S TRALY ERGRT QR e fime
quantitag o CR hnadyscks alfid ARLIBE AR ahdifPAR biRMekain ladddrveis@ic dmirapatients
un&f@&%%&dﬁaﬁ" g}st&{o eaI%Htalp 09&%&9 6 AR ARUQE®790LF 1.5% for

BIAil%S ]a % mg&% e][\@)r(egef? ﬁ&g ; g%{iﬁg L)Ep?gsgitoln (\)Vra]ls eoc{ulvalent
in costsq (amd; DhSHﬂﬁS(Shl&h&Bld)lhkiSrsb &beye danpagged thanblatided dettet obstruction
doe§ hét rQs%thPH@\MH@QﬂQMB I 3&1!%%{351{%%{109 bf ﬁfﬂ&l@ RARRUQRIASE Y

from tients ave nornme ctl
relaxafipn 5)33 gstpp ‘f@gwa{sH %aselielepj §?ﬂ1p"11ﬁf;p‘8 g@ﬁ&g)@}r]&s alne(? during

cysteytoeyroe BterotatopMstydidnd patients @elgeditothiaes wximeliladoler faottencand from
pat@flts mﬁanﬁg%p%feﬂ%g beh rrE@x?&X %d (ﬁffeﬁéﬁcreg i RS Btk Gr potency of

consi st ent ] con
P3Adpaganisy gl@ﬂlaﬁd rf‘éw%ﬂorbwrs 8?%%@%&&9518?“ me%é&? FRpogs ghat the BIAR
actidgfonusar effontiveorayadf rdmdngtht detgeoi i0 nstnatl @sd pathogenic states.
Functio %hctﬁ)}{él%@fa&?ce ifls @P&Q Of dn itpoht HIP‘%%? 'ﬂﬁrbg 81&1 Qrine storage

for the In urlne orage e nat es om stu
emangtey frop). Stqﬂeﬂs IV h g9 lﬁwrg\}@tf?da%ouaaﬁmﬁlﬂsgm&tp &Sty rP%‘&“é selective

B3Aheganixd €NB 1 4B eadtwag ®laﬁaa,@Fésage midsin cGtEN&E24Rlias @otieaes bladder
cap <} gg%ﬁ{ng% gl%?’dﬁr 18ur‘ft¥o§1t Rt@R/fai &nl?bﬁlilﬁilh%&sflﬁgl%&&&% fiine volume.
er “capaci ng t o prol ongation
i ct uri stwcmtﬁwgﬂ is ghardcdiized icthe BEnems elrian) vggnFpavith or
withi@lt urgency3bi@egriaohiinacd hadte bssbdatehaith Gqrenzeshdmpctotie The
revc‘aXéHaE QfT@ABfm lee'lﬂfrf'trea Stifed gﬁ]&ﬁlrof% ﬁa@ b&dn e\MngQQ&' bt 141987 )n both

urinary iIncontinence, usua assoc
WOIRERFIYIROVERGC AR Pivaers. Tﬂzéertﬁﬂéf% Blodgse & rpest eﬁ@ Glggsifipgas
United States and Europe has been estimated at 16 to
17%in both wonmen and nen over the age of 18 years.
Overactive bladder is nost often classified as WO
2009/ 124166PCT/ US2009/ 039249 i di opat hic, but can al so
be secondary to neurol ogi cal condition, bladder outl et
obstruction, and other causes. From a pat hophysi ol ogic
perspectlve the overactlve bladder synpton1conp|ex

- o o L 1 s
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20The present invention descri bes conpounds of

structural Fornmula la: OHH N (R3) la wherein nis O,
W@2009/128366 4, or 5; 25Y is selected fromthe grBCpUS2009/039249

consi sting of: (1) d-Cs al kanedi yl,

C2-05 al kenediyl, and C2-05 al kynediyl, wherein each

of al kanedi yl, al kenediyl and al kynediyl is optionally

substituted with one to three groups independently
1d1%té e%lh% r]:glgo hs%lio% g&’t%ﬁc%%bgigﬂ %oﬁd% 91) F% er gl%le?lotl)(s¥r|11¢tion and
other(c@RgRal @n@ﬁa@gﬂ@)qloglmﬁpgqttwej they avprictise eladder expentem complex,
espb@ﬂ%ﬂﬂﬂ:ﬂ@@ol:ﬁte&Qﬁtﬁ'u@éétlﬁ&nﬁﬁéhﬁé & sué @fide & detrusor overact1V1ty

nal |

uriibeSibangefl fronnace 83%%?%@%7%5 B 0 BaRBl eteland

medied] st ddingr anchrépreseitts p siggidicent bewded mgennisod algm@uprect and indirect
heaRAAS &bbﬂ&&uféﬁ Tmp¥¥ndQ Oc%émgﬂéﬂd@ﬁ%{g%&?(mh or without

1“0%%8‘&8}:5/%??08“?1?%&5 WlleraP?‘é%‘%lTe‘i‘g o ﬂ%‘?%t}sng%t{i i Sequate response 0

currspl teqatreahtst prskieraxyeble teoldrale caredt téatmenge(for example, dry mouth
ass&o’fate@wiQ%ﬁ@mmHgngth& dT%lé}ei%rec%efé]i@néé@rfmwclvb@—tcﬂér?@d
etero CllC om
theig e RPN e DB e Rvoreeney G reduitbhet. Sigs
mongitherayen iif ¢psdunation with avalable ihm@mmr é@eltteth@tr@@y bladdersimpgth

mudd Bucha@ B3 AR taorflstd) ek P QNS bS @ﬂf&ﬁb@f& frE QIR QNI Rary disorders.
sul fur and ni rogen, and (5)a 5- or 6-nenbered

heterocyclic ring with from1l to 4 heteroatons
SUBBMARY ¢ THBMNYRNGEPNN sul fur and nitrogen fused to a

CS-C10 qfik Breye iﬂvsmfohrﬂaateslﬁamwél%sml a%sﬁlgg pﬁﬁmm@m
| ona

cor Pt A DA P s I8¢ Rl U S TErisy Peophigyis of disorder
medigted tadughithe [BAR il gogennoveUdompioteds, 15( 5) cyano,
(6)-C(0)Ra, (7)-C(0)2Ra,
DESCRIPTION OF THE INVENTION
The present invention describes compounds of structural Formula Ia:

OH H
N

& Y -

MJLY@

(R%)n
Ia

wherein

nis0,1,2,3,4,or5;

Y is selected from the group consisting of:

(D) C1-C5 alkanediyl, C2-Cs alkenediyl, and C2-Cj5 alkynediyl, wherein each
of alkanediyl, alkenediyl and alkynediyl is optionally substituted with one to three groups
independently selected from halogen, -OR4, and -S(O)p-C1-C3 alkyl, wherein p is 0, 1, or 2;

2) —(CRaRa)j—Q—(CRaRa)k’ wherein j and k are integers independently
selected from 0, 1 and 2,

3) abond, and

(4)  phenylene optionally substituted with one to three groups independently
selected from R1;

Z is selected from the group consisting of:
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(8)-C(0)NRaRb, and (9)-QRb; 20R3 is selected fromthe

group consisting of: (1) G -C6 al kyl
W@piovonbé y substituted with 1 to 5 groups PCT/US2009/039249

i ndependent|y sel ected from hal ogen, -0ORa, -CO2Ra, and

- CONRaRb, (2)

-(CF12)t-phenyl or -(CH2)t-O phenyl, whereint is O,

1, 2, 3, 4, or 5, and wherein said phenyl in each is

opti onal L)y sulila jtuted with 1 to 3 groups

[ ndepen nt1Y ect ed 25from hal ogen, CI-CS al kyl

opti onal®y s# ésQr|6t mewbered hateracyelc lsngw\mﬂ@gem 1o dhsteroatoens

seleclBdom oxygen sulfur and RiGhg@X O, ( 4) t hi oxo,

(5) hal ,
cycl oal E% a benzene ring fused ?bs %Hf?l%gﬁét er o%ycl ic ring
-(CH#t - v ﬁe@reérmelybﬂwcthertqrwgfcllm witlnfromjlgo @ hetproapms

sele%tedéhorrp@xyéen anehr ‘éﬁkﬁﬁﬁbg}:ntfﬂ@d et ?f&%yrﬁ&rhﬁ‘eréd l{é:g:rédﬂ'clﬁ‘ca&ﬂg with

tromd 8 Jae e orBEar ooy bR dTtoEe S i ¢ r ogen.
and whef®i n s&id Gﬁ@@@b@y@y@tqr@cwhm@ng witlofyoindrtaH [hyteroatoms
seledtet Hnf Mg ech, t@lfia athmzreg@ faded@o a apd |gRubos@lit Hing;
qroups 35|ndependently

RIBEPRREL IO R ihlh gttt 8PS ol Moo anall y
substit (Ded il 2kl eptonplky weiuid tY 1t halogaraptoms,

(9) (2)  C3-Cgcy€ldb@lkyl; C(0) ORa, WO
2009/ 1Rgégep / US2009/ 039249  (11) -O(0)Ra, (12)
-C(0) N ®. NRaRb, (13) - NRaC(0) Rb,

5(14) NRaC(@l)ICRb and (15) -NRaC(0)NRaRb; Ra is

sel ect egs)f r ogyahfie group consisting of hydrogen and
Cl1-C6 al yI chfgl)lg nally substituted with 1 to 5 hal ogen
at ons; cted fromthe group consisting of:
10(1) hy(ﬂ?)ogerC(O)zRal (2)Cl-C6 al kyl optionally
substi t yged wh ﬂaﬁtoal@d groups selected fromthe group

conS|st|(n)g on ‘a) hydroxy, (b)hal ogen, 15(c)-C2Ra,

R3 is selected from the group consisting of:

(1) C1-Cg alkyl optionally substituted with 1 to 5 groups independently selected
from halogen, -OR2, -CO2R&, and -CONRaRD,

(2) -(CH?2)t-phenyl or -(CH2)t-O-phenyl, wherein tis 0, 1, 2, 3, 4, or 5, and
wherein said phenyl in each is optionally substituted with 1 to 3 groups independently selected
from halogen, C1-C5 alkyl optionally substituted with 1 to 5 halogen atoms, and -OR3,

(3) oxo,

(4) thioxo,

(5) halogen,

(6) -CN,

(7) C3-Ceg cycloalkyl,

(8) -(CH2)t-heterocyclic ring or -(CH2 )t-O-heterocyclic ring, wherein tis 0, 1, 2,
3,4, or 5, and wherein the heterocyclic ring in each is a 5- or 6-membered ring with from 1 to 4
heteroatoms selected from oxygen, sulfur and nitrogen, and wherein said heterocyclic ring is
optionally ortho-fused to a benzene ring, and optionally substituted with 1 to 3 groups
independently selected from halogen, C1-Cs alkyl optionally substituted with 1 to 5 halogen
atoms, and -OR3,

(9) -OR2,

(10) -C(O)ORa,
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(d) -S(0)p-C -C3 al kyl, wherein pis 0, 1, or 2; (e)
C3-C8 cycloal kyl, (0d -C6 al koxy optionally

waematizeias ed with 1 to 5 hal ogens, and (g) phenggdT/US2009/039249
optionally substituted with 1 to 5 groups
i ndependently 20sel ected fromthe group consisting of
hal ogen, nitro, -NRaRa, trifluoronethyl,
trifluoronmethoxy, C-CS al kyl and (3)C3-C8 cycl oal kyl,

and (4) ptionally substituted with 1 to 5
gr oups Egllgeéégt g’fromthe group consi sting of:

25(a) hal(b?ge@(O)NB?RP,tro (c)-NRaRa, (d)-OH, (e)Ci-Cs
al koxy opt)iqragty substituted with 1 to 5 hal ogens,

30(0- S( Lkyl, wherein pis 0, 1, or 2; and
(9)C - 3§I ?é@)?’onally substituted with upt05

gr oups éb‘l)eNR%@KQ‘)@BHMWdr oxy, hal ogen,
trifl uo*&meﬁﬁwom{aml@ - C2Ra, C3-C8 cycl oal kyl, and

R2a is%:ll%éed mtl?’e i c%‘ilggt Igto F%(%o%mn%ﬂg %E (?6021?%/1 %Ig‘uo glly Libstituted with

ltosfelhaémgeedtofnsom haI ogen, 35trifluoronethyl, cyano a-Cs
Rb?sls@él:te@ﬁgm@le&&lﬂdﬁ%‘tﬁl #nd (2) CG-C6 al ky| and Qis

sel ect ei frog; group consisting of: WO

2009/ 124466 ‘E%?OOQ/ 039249 (1) -N(Ra)-, (2) -0-, and

(3) - S(®)p-, Citbesradliyh opfiangllypsubgtitutggd wth 1 5 groups selected from the
croPPAnIRGEMr cal |y acceptable salt thereof 5In one

enbodi nent of For mél a la are conpounds wherein n is

0,1, 2 or 3.@n N8 %bset of this enbodiment, n is O.

I n anot her s(bsethalagen,s 1. I n yet another errbodi ment ,
nis 2. (c) -COoRrm one enbodi ment of Formula la

o OO el S ) “%érﬁﬁprgﬁ&%’ o
-CH(CH3) -. | ) anotheér cxadmdletl, t her eof is a bond.
() C1-Cg alkoxy optionally substltuted with 1 to 5 halogens, and
(2) phenyl optionally substituted with 1 to 5 groups independently
selected from the group consisting of halogen, nitro, -NR3R3, trifluoromethyl, trifluoromethoxy,
C1-Cs alkyl and -OR®,
3) C3-Cg cycloalkyl, and
4) phenyl optionally substituted with 1 to 5 groups selected from the group
consisting of:
(a) halogen,

(b) nitro,
(c) -NR4R4,
(d) _OHa

(e) C1-Cg alkoxy optionally substituted with 1 to 5 halogens,
() -S(0)p-C1-Ce alkyl, wherein p is 0, 1, or 2; and
(2) C1-Cg alkyl optionally substituted with up to 5 groups selected
from hydroxy, halogen, trifluoromethyl, cyano, -CO2R3, C3-Cg cycloalkyl, and -QRE;
RC€ is selected from the group consisting of:
(1) Z optionally substituted with up to 5 groups selected from halogen,
trifluoromethyl, cyano, C1-C5 alkyl and C1-C5 alkoxy, and
2) C1-Cg alkyl; and

Q is selected from the group consisting of:
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10l n anot her enbodi nent of Formula la are conpounds
wherein Z is selecte fromthe group consisting of

w@ 1009a286c0renber ed het erocyclic ring havi ng onePCi/US29gB039249
atomand O to 3 additional heteroatons independently
sel ected fromnitrogen, oxygen and sul fur,
(2) a 6-nmenbered heterocyclic ring having 1, 2 or 3
nitrogen atonms, or 1 15 nitrogen atom and one oxygen

or sulf at %ﬁ’(}ka (3) a 5- or 6-nenbered
heteroc&@l icor n)g" with from1l to 4 heteroatons

sel ect e r oR-osfgen, sul fur and nitrogen fused to a
5- or 6{menbeyOY)-helietinpyd,ilcordng with froml to 4

het er oat o sel ed.from.oxygen, sulfur and nitrogen,
or aéﬁﬁrmaceuucgﬁy accep%&?%ﬁaltéﬁ%@for 6- nenber ed het erocyclic

ring wi tihoferasrhodiment df feemeln daaro rempowet whireid nfiy @in 2 or 3. In one
subSt B HBR, ensbdliinént, amdo. Nintah SE& ubdés 8ds 1.0IndyeCarrothbPembodiment, n is 2.
car bocygl iC rlbng. I n _anot Her enbg)d.l msr&]{)ﬁl of
For mul a 1t "SR BB NA &3 B GopPquadswheIwp &S egiyene.
-CH(RE 3496 8 porb g ot $uReet §1erqoh Yy srethyleng QA T(HH3)-pyh prppher subset
the®@bhy ¢y ol dyl , triazolyl (including 1,2,4- triazolyl
and 1,2,3-triazo t et.razol vl rimdinyl )
o by dr oo IR FRbRh F ER SR gt i M B sagipete from
the didup dewpyinaefnyl , pyridazinyl, di hydropyridazinyl,
pyrr Iol h _<é1)nylla ;angn%?e@!hﬂerolc?édfcaﬁlgh)ﬁdgg é&q{mo @fiilnﬁa:?ff)a' b 3
I NCl.udli n . -0xXxadl azo an , 2, o- 0Xadl.az .
sadiga st kR SRl e Qo iR o
t he grod con éimﬂhquddr&tetc!qydip@inglh,avipg!1,i thg/rl 3 nitrogen atoms, or 1
nitrggéri})/agd'n‘i’ﬁ’ﬁ/cfdn@)élxyge;vogmﬁfur_ﬁt%hf?_zm ?/I , dpﬁ” mi di nyg, .
I hydro rrmadailn rgazl n . | r Il I N
ona oy e REb1 yi S o6 RYG R i e O R e e ptoms
seldeted fwheoxygera pdfic empoitingts fed ted fir F 6sersladraicteguodyclgnming with

froth 190 gql'@t'éﬁ)a%ﬁlﬁ%él@étéd‘ﬁorﬁ%xy%eggufﬁr antl AltrdeeC@hdN CQ r 11- 4
r.rr erei

Ns NN n is 1 or 2. .Suc nd any .ot her

Sui t bl 64K Loty o e s beder i e B B, R 1 L apepfloms
selacted fippl eyaste swlfug and wgpgrafusd it 66-E 0spPPOGHEEE om on

ei ther I Rhther embodiment of Formula ThRre2dd@fpB&ids WHBRMH ZRALI&Ed from

Fornula.la are. c ounds. wher ei IS gel.ected from
the SL R GG BHETEE PHGUSE Py, B Tas iy oGS GHARRY 124
triagaipsing fl 2t3eiamilylh tdiakdgke pyronidind RdjhyWOpyrimidinyl, tetrahydropyrimidinyl,

/ * K , .

pyré oy dll%ﬂi?(ﬁ)?ﬁl AR (gl’%{ng}?]’gl% Ergoﬁ)zr%dﬁ%g ] ?)(r?&lgﬁgi, %Q%gzoil)gﬂgyrazolyl,
andé)ga %zfoﬁﬁélgclg%a é _2, -oxadiazolyl a 12&— glagq})\gge]%‘ oy¢ se(bﬁel:tg this
emignipocht.rientcled®l frem thetgnyup consigniyf thidzolyh petide.rdilsubepetidyl, 1,2,4-
triafoty 1l %(rﬁﬁ(iginyf, Hihgm%ﬁﬁﬁidﬁy%%dazi@l, bidyardbiidatily PR ey,

enbo mglgt of Formula la_are conpounds ‘havi n%{the lected f

speci i SYAneHRer EWeuu‘Bﬁ‘?tiogE?rHt“ilaolﬁa coppguds grhginggyis selected from
the givup abnscéng ef :

[ =N N, =N N =N S = =N 1=

=N, _— ~ ~ N _ A =N =N =N

wherein ris 1 or 2. Such and any other suitable fused rings may be attached to the rest of the

molecule via a carbon atom or a nitrogne atom on either ring.
In another embodiment of Formula Ia are compounds wherein R3 is selected from

the group consisting of:
(1) C1-Cg alkyl optionally substituted with halogen or -OR2,

-5-
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OHH (R I n anot her enbodi nent of Fornul a
| a are conpounds having the specified

wa@eavaoenfi gurati on at the indicated chiral CcREE/ES209/039249
with the chiral center marked with an asterisk being R
or SS OHH (R 15 In one subset, the configuration at
the chiral center marked with an asterisk is S. As
used herein "alkyl" is intended to include both
branche? and strai ght-chain saturated aliphatic
hydr oca on groups havi ng the specified nunber of
carbon &bdwgew. g., nethyl (M), ethyl (Et), n-propyl
(Pr), n{pubgk, (Bu) n- pentyl n-hexyl, and the isoners

thereof( §&§E§@§t's propyl -Pr), isobutyl (i-Bu),
secbut yI™/( butyl (t Bu), isopentyl,
i sohexyl(©)anR*RAe |ike. "Cycloal kyl" neans a nonocyclic

Wh@@hm@atﬁdmﬁ@&bﬁgyglic ring, having the specified
nunber car

b .
at ons. %??pﬁug ’%Lléfgﬂbg)‘gﬂ%% Rég #Cl”fl‘ﬁlabg 031? %Ib%/?l?e’r subset, R3 is
Ombﬂﬁhmbmﬂywﬂmcﬁ isopéht yl and cycIohexyI The t er m

" al kanedi ¥lothek 8hBSEmER ofFSiiudd 19Rte @impBiRRGRELL thi sHeaRY
the speci fied nunber of

“mﬁg %gégﬁgﬁ e“%ﬁﬁ%ﬁéh Fekg' alkynedlyl refer to

stralght or branched uns tur di val ent hydr ocar bon
radical s. An "al kenedi /jlfﬁL;Zr’cterized by a
car bon- car bon doubl e bo an al kynediyl" is

charact gf éu?o%r Qﬁﬂbo"dlﬁé{t %@ﬁo%ﬁabtg Qrd Johﬁ%bt%m@ ‘HQ\%% fre apmR|fed

Ikanedl ncl ude, but are not
Sterﬁepﬂt? Nl ffycateétc it spierp. pliptbrph 1531 coptof ke et op potrisk
beifg LK L£H3) - ), 1, 2- propanedi y1l (- CH( CH3) CH2-),
30pr opanedi yl (-C}{CXC}B) tﬂ)}1ex?nples of

"al kenedi yl" include, hut limted to, 1,1-
et henedi y] ( ( CH2) ) 1(R2 et hénedi y1(- CH=CH), and
2-propen-1,1-diyl(-CH CH2) -); eXanpl es of

In ong Sy pfe the Wﬂﬁaur?élpa afethe dutal eneer kel Wit @a asterdk is S.
1, 2- et hyedédytierdin Gllky)l" @ irdendledtit iiglude, bbth Bhaiydhed- and straight-chain

sat aat%‘&l&?@t%drc)cm&?@%%%a@ ng%%%gﬁgﬁu%%?‘ 515 ctah ﬁqtoms e.g.,

ey b 621, AR CiTh S (B BaCTSY e@wﬂ |apdt1@dsomeawaereof
sucl ad BEIred0(ieRr), itvButgLh Bl Gechutyll Gt Bu)AderFbRtyIH D, a@RaM1, @texy]
andqﬁ{ ﬁﬁe “ﬁ? %Pfls @e&%m&{dﬁﬁhﬁ ?ﬂ{u@[cﬁ 'c[l‘rgoéﬁgﬁc Iﬁﬁéﬁa\éh§ﬁgc tspcmﬁcd

I ona

nu%@h@%qarbomn@ndp@ Eohdl 5@96§%rb@ru@ﬁms @ﬁ‘@lﬁ)h’\? &F Feahtadkyi giclude

cyclopetpe ogtastiuby, elbpdred ar@eftidnet. it occurs within the

'?’ﬁgetr ic T%E 'Ec t"ﬁ'ﬁ(ﬁlcdfy?'rlgﬁ‘étsato %?tfralgﬂttot Blraﬁche%l dlvalen hygrocarbon

radwldamg ﬂt?rw%ﬁl%ed YR SAROBREHS, " AFELE R 'fﬂwrseélyl" refer to
stra[ght echraifche) nosaamde Cdivdern hadrecgplb@fredicad An "alkenediyl" is characterized
&%Jﬂe&lﬁg)n dSt’Mlp 8&?@%'118 an oeﬁkyn%@i?p gscéb%%cfcrlzé’deci & caftn-carbon triple

onﬁa@mgp iy Kieg Ve B B, BY(GHRO! EXD o BTGB Pothylene
(-CHPEHPO! 1,1 etk ] {-CHCGHE PP 2t ptbpanedivll (ahteXyH3)CHo-), 2-methyl-1,1-
profEliONEeh c @yﬁ' 08GhHls £ VAL 3RAVE Sy, SYGLADENER 1.1

T G GHE o bEBRTI AP S PP -4 1961 (3 CH—CPI2) )
exatripies dOtagityiedial" enzietrt fic MGt limiseido t 102-athfsediyl 0C=C-) and 3-butyn-1,1-

i C e

dlyF(chthiW cgﬁ)h)y @O mpfl Jf‘déﬁl%g?gstﬁ%%& dd‘&’lkadeg ?Lfs 28 ) (F)-.

i ndanyl ,The pg@pgiption) %@y@m@h@m n@substltutcd or substituted,” and
theie®ré, mygéhaﬂemaeml e R NG crilkd Reteheenbddiiss @nfoah@RoMtaining the

benzene is fused to a C5-Ch carbocyclic ring. Such

fused ring may be attached tg the rest of the nolecule

via a carbon atomon either ring. 15The terns

"het erocycl e” or "heterocyclic" refer to saturated,

partially unsaturated and aromatic rings having at

| east one ring heteroatom and at | east one ring carbon

aton1 the heterocycle may be attached to the rest of

o - . o o
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Conmpounds descri bed herein may contain an asymretric

center and may thus exist as enantioners. Were the
w@orspoeHiss according to the invention possess RGDUS009/039249

nore asymetric centers, they may additionally exist

as di astereoners. \Wen bonds to the chiral carbon are

depi cted as stral ght lines in the fornulas of the

i nventi on, i's underst ood that both 35 the (R) and

the ¢

spetibg SR .“%%egt B b Sl RispP Oy e SRR ubsituent.
Eaojivenibie is rlcpardanilyalsfinerhraciptime decurny ghin ifisrecheris strgesgral formula
defaltlonsuch possi bl e stereoi sonmers as substantially pure

resol ve enant !‘ I‘S,‘ race,m C m Xxt

nerl ae THERES LBRELO s RRE e B it BEVE g frgno and
iod¢,amjess ghawise wptehobiluom agé thlpiotaryeretstred.eocheni stry WO

2009/ 12436 6R6d ﬁdd%%@ﬁ%v% 9&14’&)0 licC RIdrad EurAS tpiaﬁféﬁy uld3firated

i nventi o |ncI des. al );ster €0l SO

o R Bl it ey SRABE B SRS Pl bot lmited o
cyctdpentglogyclohexyl, cycloheptyhi eystoeetelo pbapenteylpayiclobexefiyl, cyclohexadienyl,

andINBRLLT PREkE MBYI" REer§ %ra%rﬁ'ﬂlcb:ﬁfbof:}%ﬂe axXARR R, definition for Z, the
terr}cl “?ﬁ&h%qing %s% oazl b Qcaﬁgogy "%ﬁ'gl&d%? gﬁt R gbtéﬁime’d to,

ena ners obt al né
napbélphridwél@nmhﬂwl |tmt§h)odrdtwahthslt eud@lml,smdmylsbwocycloheptene
tetrﬂ@ﬂ%ﬁﬁm@ﬁa}hepfma ngd theQike.gxabiabl boyzehdR fukee tood C&T¢ carbocyclic

.active acid or _bas ol vi ent or
ringo s B ft ey B SGPTT0 e TRERERe Malse R Eh AR R Foy S cither
ringli ast er eoner of a conpound of the general Fornula |la
rray be aft @anﬁge@hekeyo H@f &O%Qt@f‘objfrdh%" femw@%rae@%ﬁgny unsaturated

ti cal I u r e ria
and ikt i Pesine o on® BurBotheem dadis PEERR shior AR e
het@ocrytcw maydjeelttathed todbel seoftlordsleculintie s sing pabérf dtexd or a ring nitrogen

atofd! TRE V&ﬁ@"he&%ﬂrldQlu*%t%rogfbﬂﬁﬁc'%%r f%rafrorﬁglclheféwé ¢.PWithin the
e T S 1t Bt RBE i OBy g T T 1 B Lfigerostoms

selqoted itosn @fy gart, B bin mehitrofenh ydhdere hyt is aftdinmted td, pymaslyl, thienyl,
furdn@H LRIES 0By, plfﬁgolﬁxml)@l ls%%efw ezl %diﬂihib@ylctﬁam)/t'etrazolyl

s REE E R

tetr@ydivpikedioylapydinedioy], fliby drepyrimmdinyl, thtrahydyorsysimndghyl, Iasazmyl
dlhffﬁr&ﬁﬁ&@rﬁ/l ttg%?&lfopyr%n%/l'ﬂﬂf?l'd%%q d{‘ﬁ)ld'ﬂd rlaﬁﬁlﬁ Q&ﬁﬁy(ﬁgp}rﬁgzmyl

nt ‘i nve I't'S The term " ceuti cal
pip R st T o B e Gt VB 8 Orapipind the like
phar mac &gt the srmyRAncwsprabs@nn ether shrilar nprgers, whenatis @sthen R3 is

hydPRR; WG nGOPR %ﬂ‘ﬂarpf tﬁéﬁeeaaf &%ﬁ%ncé Bf/lgyfs'lﬂ’(ﬂ: pbRlcRfy s@le@bed from
11|tts corrﬁlﬁ% (gg E% can be conveniently prepared
all yuitalie ghinficafed B & élP‘?y accept abl e non-toxi c bases,

i ncl udi ng i norgani ¢ bases and organi ¢ bases. Salts

Oblgﬁml‘%ﬁllﬁgrsf b%g}egéég%]rs' (r:@ero%ﬁ c%c?l?ﬁﬁZT%l@éﬂéj?e?l umi num
ferrous IBOF}I’PW} Hfscﬁﬁifﬁgﬁlla Y FiYyR A mmeglcé‘ﬁateb%}gi)may thus

exipes amsiiamgrs. SYdiendhe compourals dedohdng fokke ipeditisn possess two or more

asyglﬁﬁe[rfcfc%ﬁﬂ'el%dth? ﬁa& Qfﬁhtmnéﬂﬁlas Al Gh o Rrs. "ngl?ﬁéﬂdEWO the chiral

SSI Uum an sodlLum. s reare
&?ﬁ?&@&ﬁdl aééﬁﬂfl%hté@%ﬁ%P@@?SﬁmeenY%ﬂ% ahif enfgasg@g that both
the (lh)cdnd d®) wafigisatohs pf theraliiye) caben adbiepce @nidetagtidrhar ynd mixtures
thel%m nfdflchy §dhif &&%ﬁ%g Pﬁﬁ% f{ VOGO ; Andich possible

etic sourc? rnaceu |ca accept abl e organic

RS e Plaﬁﬁmw%en%mr%er% H6ODE s pishereot, e well as
mixtured efdiéastefcomeesx ditip biyve Foghula fds shostnavitdent <dédfih@ivaetereochemistry

chol i ne, N, N -di benzyl et hyl enedi am ne, diethyl am ne,

2- 30di et hyl am noet hanol , 2-6i et hyl am noet hanol ,

et hanol am ne, ethyl enedi am ne, N-ethyl- norpholine,

N- et hyl pi peri di ne, glucam ne, glucosam ne, histidine,

hydr abam ne, i sopropyl am ne, dicycl ohexyl am ne,

| ysi ne, methyl gl ucam ne, norpholine, piperazine,

pi peri di ne, polyam ne resins, procaine, purines,
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solvate is known as hydrate; hydrates include, but are
not limted to, hem -, nono, sesqui-, di-and

W@ eiobstiried es. Prodrugs 15The present inventi oPCT/US2009/039249
includes within its scope the use prodrugs of the
conmpounds of this invention. In general, such prodrugs
wi Il be functional derivatives of the conpounds of
thls i nvention mhlch are readily convertible in vivo

the r in.the hod f

ot cpPplfiet oft e pBRRRT oA AT sl S v Bang

pharmaeheitday eqoepigble sdltalthereaoficonpass the treatnent of the
various mm%dagoeﬁﬁc AR ReB oMb ha b@@émmdoyofor example

fracé18ﬂag"§{mt§lhg?ud§ Fom, gm{gtgl% sgﬁ%mﬂglhe pcagrgg g?atnilo?lgrs glus S oBtained may
be separpiod mgo fliviairepisoaerybydonvengipnab meaisnfon xnimig byothe tigs of an

Optfctt &até&mor HeSsantdonn ag@ﬁmedurcewf}mdd@ﬁmﬁelfe&ﬂlbmay
ar.a |on(§f suita pro r#ggder|§9tlves
e

enaaté% OE) §1&sterf:%rper gﬁ%ﬁngoun thﬁgg]iteé fmlf:],? dp%t’g ¢ ob?aétgd by
sterBDSpauﬁd@@shesis ughsenyicety, purO8Sing Biekeiibli i ragents of known

Cm@?ﬁﬁ@&ﬂds of the present |nvent|on are potent agonists
t he 3- adren tor

Creat | nd" BP SBPE0aHE Fg th RESn i Jpiepdbfyponas, thiess

specif pdiptheroms, wghj detbéacbdngs arheneansttd matud@hoth E and Z geometric isomers.

of f 13- a@tn%e emletcdhpoumy&ese%d a&ee%aﬁmt 10N rarffesel%omts of
nvent rOVI r eat nent

nt rol
atta81i1m ggﬂ, g rrg%@ﬁngqugogéeg% gﬁror ayfagqﬂﬁca éergpouélflé 1nclud1ng carbonyl
-CRASHEN tgrm (etp forv I UNIRTES BUBDOICE YR fogadydroxyl ~CH=C(OH)-
groﬁ[gsr('bﬁdl SR ). bt Ret b enTPAITRY, @ltlmfan? REWEI &8thlxYures thereof, are

ef t|v ound of Formula la. The term
mcm eﬁ%ﬁﬁdﬁﬁ”ﬁﬁﬁﬁﬁ qﬁd“ﬁbn human ani mal s such as

dogs and cats and the |ike. The di seases, disorders or
saigondi tions for which conpounds of the present

I nventi are useful in treati revent
ol ude D GrapBe et gl sk RiTeRak fepared from
phaphadulsrally ¢Q¥ptabrle nan- ‘5.OX1crb@ms o medsc 8Yhan3he eomgpound ofitbg yresent

invédiOR M dc RN 9@ corfed on'dfng@@'f é’anl{feg:gﬁ‘\%}henﬁgﬂereﬁir@cpﬁdﬁ harmaceutically
S|

nel |itus, cem
SO MR ERR, ROV RS IEER Gy bk G St derived from
suchypegaolrdags irehwlk evimagung, hinmaatune calsivine capes(iodnd ous), ferric, ferrous,
11thﬁﬁ%{ %@ﬁéémn? %’faﬁ@d’n@é’e%ﬁ%ﬁh 3lis)aasRER! Mﬁfn@ Lind rah@fh'e ‘Eﬁe salts.

r0|ntest| di sorders i ncl udi
el RO I b T S RIOGURUREPAE. ses propara
fror@ iphomadiutigallyhratepiabbucgaidnontbxipydses inyludé satte sf privedry, secondary,
andlte&gﬂ}raﬁﬂn% Herived Horeih 9 nétﬁtahﬁmﬁﬁﬁ’&lén@ We‘uy@mrces Pharma-

ceufly oA GRAAS TSRS e BB e B fpmed lude, or

exag@bt anginhteekdtiing kafidice clatling N - Qlﬂzéﬁzyhélbtl’eﬂqume diethylamine, 2-
dleﬂhgﬂtatnmtﬁo% &lﬁleﬁﬂyfa%yo%thahdlcét%bﬁgn&oE‘tgﬂenéaﬁtnﬁﬁ@N L)

}61 Fessl on 1 state | seases Sudé%ﬁd\g}’ bheni. agn
mogp aNeeﬂw%%qrﬁrngs% yeamings g uF?SPVtﬂ&btléﬂ o e
isoaney lotine rdiayclobexg&mnsna) §aoicngetbigelueasied nguphoho, ipifctagine,
plpt(rild@e 9+19Qﬁhé sfng r&gfﬁ@t 1ne§( ﬁé%br@ﬁl%%lgthgfﬁﬁg{e' tri%b%ylamme

evat e (ﬁ%Cﬁ ar pressure and gl aucoma.
trip %RW%HEW@ ?Bﬁ?@l ni strati on may be enpl oyed

for prowldinnlge @mpanbdf thespeot iabdnyiomistbasia rits wotrdspamling salt can
be &)fn(f& énltlg ﬁre‘g%é%m ha aEQHRQlW %ftabtl nRbkg %ﬁgamc and organic

| nvent| ora t opl ¢ca
acidsa Pt aé.ldsuncltﬁ@ut%wanmﬂ ATSHG nzqq%%@fpmc atﬁaqu%éamtlteeuttavc
citrieectbanpbudfpeid, fu%ﬂagdilcbmbrgutamml, hdieotrebicetiygirochlonic hisshionic, lactic,

di spersions, suspensions, solutions, capsules,

10creans, ointnments, aerosolg, and the |ike.

Preferably conmpounds of Fornula la are adm nistered

orally. The effective dosage of active

i ngredi ent enployed nay vary dependi ng on the

particul ar conpound enpl oyed, the node of

adntnlstratlon the condltlon belng treated and the

o - Y " o o o o
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WD 2009/ 124166PCT/ US2009/ 039249 I n one

enbodi nent, a conpound of the present invention is
W@ g®d/124166 he manuf acture of a nedi cament for tPEI/US2009/039249

treatnment or prevention of a disease or disorder

medi ated by the activation of 133-adrenoceptor.

Anot her aspect of the present invention provides

phar maceuti cal conpositions 5 which conprlses a

ar naceut | :

mal 8 BENS e Blet p b Rt e BABE PRESIC e phoneresie
sucgihig, Spul@s@ rartaripwretetticosyu foriprdié endethe birp dUieferresk areeifripu hogdrobromic,
hydr@hBSicARaldie! fhb&HhbRE eBRNAnCbrticRbRk Mceut i cal |y

acceptabl e salt thereof, and nay al so contain a

pharmaceutical ly acceptable carrier and optionally
.JHﬁﬂﬁBr therapeutic ingredients. The term

" phar ”H%Hbfe%i‘llt inweﬁ%%mlﬁi@é ﬁlltﬁlﬂht‘é §copt5 §$b1|e:£t§s 3rQompbunds of Formula
cepta

to. By SR e Y ARG P R Spaiie BT RS ined by o
soly¢ ganiacobpswd of Foramilallg) or a pharmaceuncallyTzi:cgemdq]m@i;qt](lqr@ﬁ gnd a

soweapdhmemmﬁ&fetré o10)3 th‘élﬂ)'ldl@%?éa@ aétf;?/[ty @f ﬁk somt@tmm%ws &8lolvents
ren

neous
il Bt el o, GRS E pfagtic Ry Sop BERPRAR T By, the
solyste 1ﬁﬂbma;rryas(hyé1§m hygdratirioclade, bwitrad mat ilionted tq;herma,smno sesqui-, di-
andaffjdrdtst ration, although the nost suitable route in
any given case will depend on the nature and severity
of the conditions being 15treated and on the nature of
Protltwes active ingredi ent. They nay be conveniently

present g | bféséﬁ@ infveRS 308 de O 6 MiANE sRIpe RRNEBHpBYrBaYr RE
cortrpop ARy o f%a?aer&%ﬂﬁhaﬁwgsfwia? R I Ydegpivga of the

congomdsrd thismv¢rttion swbichvee iealyedinentibl¢ m viivit intpetherequired compound.

ThiRdiid MEBo ol BreAmPRAE %%Eﬂt(i@enﬁ@{ me%ma%gfn@kw&gt ¢hall
convent i onal t|c t echni

encqwgas& rtllregtgne ﬁea‘f@élogs o, 1éi0{}sa L%n? vit apwgoun% o?ﬁormula Ia or
witlR @ dependil mich mayhet e enngfoupd efifaratla dn baeshiclechnferts to a

conﬂ%ﬁ&aa\)/ﬂ&ﬁmh @in By hfier Q{Iﬁhlsgﬂlog% ﬁl@tggtlﬁe?i!t Oéndnﬂ/@ﬁt%hlr}gocedures for
the SIS RO sragel) B RTRRE pliiple ek O RO Te b LrBed. fsafaria e

"Dédsenefiptodyes, ed Ut BuadgaafdoElsewempe, water, glycols,
oiI's, alcohols, flavoring agents, preservatlves
colorlng agents and the like in the case of ora
Hﬂp¥§U|d preparations, such as, for exanple,
suspensiConpourels iok the preaend 1rr~yehtutn| apasatend rgandsts dfelresP3sadizémoceptor,

andaa§ S&%%}%S%ﬁ?ﬁl tréﬁ@&@redghtﬁ{g%é'ds%g alidok & Sebhd#i @R Snediated by the

ranul atj.ng agents, .| ubricants,  binde
actiy ?%Pinr?? ES F%\‘%P?fﬁptab eﬂt“g 05‘?1%???06 &f hp REesqny I%Vﬁ‘étloélé’&éV "i?ﬁ agpegfjod for
the sredtmeintpecapal @tprevastianud Ruchslisehes, desalepl er, copdivioheris a nkaamehl which
ge@ﬁﬁﬁmﬁ%ﬂﬂgb SSchahiinh Akl tﬁérgpeumah? eff&%vé Qﬂnbﬁh 8f &kompound of

ein fer

ara
Forgwﬁaptar 3‘%@ SHe m@@@glu éleﬁ s IH%%nrang 48% hwara%wﬂﬁ $4ch gt flog and cats
andtthdlilet Shaddcasepdisbesrs vepmdsent for bichostpdddsviaht pgentsvention
arc QbR i SAYE oyﬁlexfenﬁlﬁg Melule, Wt &9 n&ﬁﬁﬁtea% I overaatlve bjadder, (2)

ar naceut | Cs carriers are @OUS

uringRsineIgnereg Hp byrge W%@C%}&?@a wél%aawg?r&yaah@alegewlhtus
(6) hyraglyreols (T)ebbnity e BypeSiptdemin (P dy périrghseadethia, (10)
hypgfcﬁgl@gt%ieﬁﬁlds ( 1312 Qﬂﬁlﬂnﬁs&8@§1§6ﬁo%a}ye?e%br9va§cuﬁlﬁ' Qﬁfﬁ&wgéral arteries,

active ercentage "of active conp
(124 %?é%@n@&;wgg@ﬁqrﬂ% glcwaylg T IR @H&‘uﬁ%lﬂs
(inchatmpethatémduicyd yeH et wd cinteathalitlc&atpas Gecltidihgindlbautatogdbowel
percent of the weight of the unit. The 35anpunt of
active conpound in such thergpeutically useful
conpositions is such that an effective dosage will be
obt ai ned. The active conpounds can al so be
adm nistered intranasally as, for exanple, liquid
drops or spray. WD 2009/124166PCT/ US2009/ 039249
The tablets piIIs, capsules and the I|ke may also

T I I T - o o I T T
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20 storage and nust be preserved agai nst the

contam nating action of m croorgani sns such as
whawvardies and fungi. The carrier can be a sol VRCIE/US2009/039249

di spersi on nmedi um contai ni ng, for exanple, water,

et hanol, polyol (e.g. glycerol, propylene glycol and

liquid polyethylene glycol), suitable m xtures

t her eof and vegetable oi | s. Conmpounds of Fornmula la

ais R w8 Bforichs. 13)
neugggshic arflamingition pf gifveysli 1@@@3@00@@ esthait (il drispressionafliS¢ hrostate

dls&mmf’oeﬂfgn Frok i hgpdrplads, € 18158FdHlo boRe tynaiolﬂwand Li#@Sdisorders

oo A R Rl o s S i R W (19)cevarea

intraesgylae piepsakd apd\glapporaa. conpound of Fornula la. Wen a
conmpou nckns)fsmlfamermht@ of @dmlﬁlsu%q nqe@rye%mwy@m)@ Hfolvlfhﬂ/g 4 Rammal,

esppgr e ity et B nef o SRR Sl dhl e PRE %G
cxagpiepoahdectl, teioeatariageniczal i aouler, @flaroneny, nadecorddhnighoymayt tive
em B@erdrr@% If6rs mm@ca@dlét@ , @a8heQf didpaRidRs, %§§>@ﬁs1érﬁVs%ﬂit1'oQ§1 capsules,

credg b OS S ol B e, SRR DRSS TSmO e e administered

orafior nul a 1 a. Exanpl es of other active ingredients that
rmy be qqae@ffé&de Wbsh @faemﬁgfe@ie@femﬁwywhﬁy &y d§ichil8E on the

nlster or. in.the.s ceutica
PG PbTBHEm R Qrans i s ot e P e eyl and the
sevetp oAt cvslitinddiertrentedi Sichalosdgn olan 8t pgetiiedremiilaby piperson
skillcRGE M QFt. antagonlsts (e. g tol t er odi ne, oxybutynln

i ncl udi ni n SC ropant he

pr opi ve&?l??é‘ tre 1¥ {&ﬁ%l"%&%ﬁ&ﬁ (ﬁ)%rﬂt) E%FWP%W‘EI? ‘ér “inti-OAB
ageg®) Qrfama,cgeneraluaﬂamfww|r¢sult$ ot dbthendiehen the esupaandoéfrles, present
invéiRidh YR adRghistVd atQib dos%ggéi%sonbﬁ 0EhAXgran bRkt 160 milligrams per

k110£@818$ 1@31}_% g%*ﬂﬂ%%o@@%%@b’%ge%dﬂ a S%V\ﬁéilose or in divided doses two to six
timesret dayhaylin mestagried selesSe éormf dn the xaneplf @ 70 WSad138212600¢ totdb daily dose

W1I&e¥gl§bl§)ﬂe9fro&§o§n68%lﬁ mes aﬂou’@@ﬁ)(ﬁ%ﬂ- O%H% or R sﬁ&qlﬁcally from

5
abogt (bg?l‘ééF?mSUSa %%%ngr% g §§§53§§66g“3‘ﬁ’dm@5”19(5‘6"82?§ o provide
the Sptema ltixpgpely® 16$pr® 747, US 6, 630,162; US 6,770, 295; US

6, 911, 23/henYRatthldbdsi 991 ;cohfEndiofl Akih Q%etey%c@or%igergﬂvgemla or

US 6, 743, 441 5 5W2002000652. " W200400414
alogge SR SISt hir S G 6"1““:‘,11%“(}}61[1 ﬂf%%ﬁ@“‘%ﬂs Pf hFH%%“ invention
are ddrugsstanalyat Iadala;dclnsagesnf dioed). 0Ok milligraoro tlmpi C@ hijligrams per kilogram

of RN 88 WAL hiENt RPARLIT &l if @%ﬁ lfe(%igsor iU lc@goBxbrNdsd tlmes

release .toltero |ne xt end se oxy utyni n_and
dayy priA SUEAIRRY el 8%@9% iy ﬁ)e catsi q?)a 7R|$<g ﬁ@} hW“Qt FP%‘IHQ&BW dgsg will
gentellg be &pmeapout Arit rmllagrand forabdpui @ S0 withgams sTlds dohgseginien may be
adiWRRAQ0 BL QT3 %%ptl%?t@%{)&%g%ﬁons@nd other reported NK-1

ant agoni_st s) I adr c 1lOrece

ant agoni“§4@ tr(eétg 0{1%96?6& %ﬁiﬂﬁ anﬁ@&%@&%ﬁ Iypemigy a%s%‘f g, other diseases
or disndd foshich tenpandd of, Foanda &t dre nsfyl, eherpllpstisfdstotymesults are
obt&ﬂ tf?@&ﬁ’lﬁ]’bﬁnc& of gre g?és&{{%‘v%hﬁdﬂ ar@écﬂﬁﬁfs@feld at QH'ﬂly dosage of

er v vani | e
fromfi 0Bt gm igEagOA qus 1 g\ﬁﬁ%ﬁk@%ﬁ &g QB&W@;%W;

prefeeblyngif@riat ok, dosnet 1mthhei|e$ Ylosef wio) to dxpamds raeiajalor in sustained
rele‘é?ecfglqltl Ofn tﬁ'@&@é §1tas7(fl€g eglult RS0 ltﬂqutgp dallwlbée)wﬂl generally be from

onerg pi nephri ne reuptake i nhibrtq
aboeteo %7 g lpgratd arl?é)‘t 359%11%53% (Pt Fesm§n At pegibusted 0 provide
the optivhddithdrgreutdf regpeetey| chol i ne 15rel ease (e.g. botulinum
toxin), (ix) calciumchannel blockers (e.g. diltiazem
ni f edi pi ne, verapam |, and ofghers), (x) inhibitors of
prostagl andin synthesis (e.g. flurbiprofen), (xi)
gamma am nobutyric acid receptor antagonists (e.g.
bacl of en), (xii) vagi nal estrogen preparations (Xxiii)
sel ective norepi nephrine reuptake inhibitors, (xiv)
5- HT2C agonists (xv) voltage gat ed sodlun1channe
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WD 2009/ 124166PCT/ US2009/ 039249 (h)
anti obesity conpounds such as fenfl uram ne,
waeleoobanfibar am ne, phenterm ne, sibutranm ne, orPCBHUS1009/039249
and ot her 133 adrenergi c receptor agonists;
(i) feeding behavior nodifying agents such as
neuropeptide Y antagoni sts (e.g. neuropeptide Y5) such
as those disclosed in WD 97/ 19682, WO 97/20820 WO
97/ 2082 7/ 20822 and
(j) PPARR® Zg%*gbo e uc?ﬂmg%“ng\/\f B"@%‘ﬁ “h"e%“d%}l%ﬁ’ééni%‘e
maigyfzpige of a medicament for (lw)treplmeyorémqvggm ofaglisgase @gé}@(prdgenpdlated

byﬂhea&&aﬂ’élﬂ&%&dr@a&p{&) serotoni n reuptake inhi bi tors
such as f| uoxet sertral

2 oo Ter ~pid SHFEGE i i p AP mEBa O Compostons
whigh £onyerist0e eqpenmundet eeukilbel ahoweacartisalliseageritable ¢perier. The

phaffR&Yeh RG] éﬂnﬁm@iﬁml@s Jreli Iﬁ@g@ﬁnhveﬁl%n §nprisé sa&ﬂiﬁﬁmd Of Formula Ia as an

actlg% et {elfl'g?l} 3{11?%%;10%‘%?% g%:g%)(tagylle salt q}lereorgeand may -f,ﬁg%ontam a
pha@nm@mmds aqsEpthle partier and opfiongheothergbaapeuiiqingredicots. Thaterm
"ph%aeé&i@awécw Qlt@'@refef& tb laeﬂts PEPERE %ﬁﬁph@lfmefcaﬁlcally acceptable

nor GHEPIST 8 SR g I P ENGT DERGIAFIY By Rae o acids
fol | owi ﬁge sperdsttiogs mladm@g)oswmmudﬁe fObyrabtlmtrawzamg rectal,

topfc@le a[?érﬁé‘r@l%ifcﬁﬁm%@d&%%‘aﬁlb&ﬁQnﬁﬁﬁlﬁsbﬁlar REnRfvefsd), r@aﬁm

in.the art repare . addi tiona
<0pﬁt5 sl Bt R B ot AR epfhousih e most
sultelaiﬁrpwmmldgny Eiverseasawgtidapand drethe nzwplaed seerty pbthe conditions being

treatRQWEY 8h thethtupeeonQJ‘&h{/éJ% re@nd. Oy Ry b @o&eﬁlym@q{ﬂég%med in unit
onsi

dospiitprs ey BEps gl p - kléovm 35 PGy e
conpoundspwftichecghesamtoundswd ipinoia [akan becaibihdded therpctive

1ng1teﬁf%nﬁﬁ ﬁmmalté ad'hﬁ}?t%e' \MtHH‘ﬂﬁFrﬁic@ﬂQaI Hder Ia&%vmng/@rcbﬁteh@aﬁl
h g{:on |0t|(g gl}né?p esslers of 28% X oW E%ms
p aBPaeCﬁ%‘C PPt CHAITIE BY ¢ ﬁ?”é?fa‘?él ek

depemhppemtlis foriihd prepatatert de@mﬂf@umnmrfélogﬁm@r @hll o parenteral
(indlRRA Ah 85 chdush. N pﬁ'éf)ﬁml%tfhe E&ﬁ Js1tf6h§foﬁr€f‘a?&ﬁsh by, any of the usual

acceptapl e salt e descrlbed
PRSP IAD OGS kB £ ewﬁflﬁh i AR R RN
flaviosing ageatd, [madcrwitivancdi@ingegenaineidhdlkene ttercatel of atal bquii t h
preﬁarﬁﬂ)‘ng ablieasbRs &amcpl}g: tusBéhsRAY %ﬁk’i?s a?@‘éblumxﬂ}’&lf c@gﬁps such as

car bonat e,. sodi u carponate, sodi U r OXi
S R B DG COLHG e ErBIGHE Rt S8R i
disiatrgragng a1geets bad the likt o thnicase ghorhlsoBdpreparttidne kuchwe doilbaxkample,
pov@}é?sp%rétaﬁd)s%ft APGIR %J‘ﬁblfe{se@nlpﬁl% %015@&51%&9@[1@@ Uiy preferred over
er can be tfurther converted into ancther
the Bﬂ‘é‘ REEPEATYal |y acceptable salt by dissolution in an
or gani ¢ Becduyeoft thdinéas owkedntiyisteatidn,ttabdets afd dapsules represent the most

adv@ﬂ@ée@ﬁ’g 61§1t(ﬁ)sa§g%'u%t a4h 8 %%%Hmtoh@ﬁﬁa?ﬁﬁéhﬁ&pcarrlers are obviously
em}ﬁr ecl| atron, or crystal I{)zatl on. All nper at ur es

predy e ebleisi iy e bostpnsRTy a@é@%&%@ﬂ%@%ﬂ techniques.
Suchpempositiqivi)d prepaeativeashonkicdobiypinelt ot Odrpesqeniayf attdwe-compsund. The

pert&gc %E BP&QQQUomp%gfﬁi i‘fla[ﬁe}sgkam .S}%ﬁ’?‘ﬁﬁ%t‘)@ %@&hb&vane? ancljmay

ni at
con TR Ee O THbLEN SEHFRIELOR ABPGHEH B 4 e umt The
ambuniof etdvd @mpleighinReclf thempandenl lyivgefuldcoGippatidats agsualp tivt an effective
dosggﬁlp Fitoelo ﬁin‘é&“ Jﬁﬂe 'ﬂ:ﬁ(f@?mﬁnﬁcﬁ%an LIEY 6L ﬁﬁqnl%l%ﬁ ‘?ntraﬂﬁ‘sqlly as, for

m Pressure Liquid

exam}eoﬁ%ﬂ@ ?)WySp{aWPLC) Super Critical Fluid
Chr omat ogr aphy; preparative Thin Layer Chronmatography
(prep TLCO); flash chronmat ography with silica gel or
35reversed- phase silica gel ;jjLon-exchange
chromat ogr aphy; and radi al chromat ography. Al
tenperatures are degrees Cel sius unless otherw se
not ed. The phrase "standard peptide
coupling reaction conditions"” neans coupling a
carboxyllc acid wth an an1ne u3|ng an aC|d activating

oy o [rEp——— I NN NN "
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AcAcyl (CH3C(0)-) 20Ag. Aqueous BnBenzyl BOC
(Boc)t-Butyl oxycar bonyl
w@BaeBened ri azol - 1- yl oxytri s(di met hyl am no) phoR@U810091939249
hexaf | uor ophosphat e 25CDegree Cel sius Calc. or
cal c' dCal cul ated CeliteCeliteTM di at onaceous earth
DCCDi cycl ohexyl car bodi i m de DCNVDi chl or onet hane
30Dl EAN, N-di i sopr opyl - et hyI am ne

DVAPA - no

ot AE S B AEPS M)aises%%l PRI os gum
tragggangly a¢a@1aEqml vtaIICb e geéa)tma@esnw |a amalmn Eh@@hmm
dlsﬁ@rgﬁnng O {TRES o PRSI0 GORY L g ARG ek Gt at €

e) \[/\D 9/1 4166 / U 200 %4 h Wh

ma g T R R D S D S BerTs ST A e r Sphogn, When o
dospge-ungitfprames aiegpsyleoh mashcprgiaf in @dﬁhb@h@smmaé afidmahees e, 2 liquid
card@&ls eIy dily dr oxy- 7- azabenzot ri azol e

HOBT1- enzo zoI HPL CHi erforman

chr omat oganb% Pl B e pis ef o By SR B Ry el orm
of thedesagpwait F gmn&tamcpetralqlst)i rrm&ﬂvw/bbaafrd(\sf;h Vs Nast h;glar or both. A syrup or
elixir may contain, in addition to the active ingredient, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and a flavoring such as cherry or orange flavor.

Compounds of Formula Ia may also be administered parenterally. Solutions or
suspensions of these active compounds can be prepared in water suitably mixed with a surfactant
such as hydroxy-propylcellulose. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols and mixtures thereof in oils. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the growth of microorganisms.

The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases, the form must be sterile and must be fluid to the
extent that easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (e.g. glycerol, propylene glycol and liquid polyethylene glycol), suitable
mixtures thereof, and vegetable oils.

Compounds of Formula Ta may be used in combination with other drugs that are
used in the treatment/prevention/suppression or amelioration of the diseases or conditions for
which compounds of Formula Ia are useful. Such other drugs may be administered, by a route
and in an amount commonly used therefor, contemporaneously or sequentially with a compound
of Formula la. When a compound of Formula Ia is used contemporancously with one or more
other drugs, a pharmaceutical unit dosage form containing such other drugs in addition to the
compound of Formula Ia is preferred. Accordingly, the pharmaceutical compositions of the
present invention include those that also contain one or more other active ingredients, in addition
to a compound of Formula [a. Examples of other active ingredients that may be combined with a
compound of Formula Ia, either administered separately or in the same pharmaceutical
compositions, include, but are not limited to:

(a) overactive bladder medicines including (i) muscarinic receptor antagonists
(e.g. tolterodine, oxybutynin including S-oxybutynin, hyoscyamine, propantheline, propiverine,
trospium including trospium chloride, solifenacin, darifenacin, imidafenacin, fesoterodine,
temiverine, SVT-40776, 202405 by GlaxoSmithKline, TD6301, RBX9841, DDP200, PLD179,
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MeOHMet hanol MFMol ecul ar fornmula m nM nut e(s)
15mgM I ligram(s) mLMIliliter(s) molMIIlinole(s) MXZ

w@ Me2ipHbket hoxybenzyl oxycar bonyl MPMel ting poi PET/US2009/039249
20MSMass spect rum niMNanonol ar
Orf Tri f | uor onet hanesul f onyl PhPhenyl Prep. Preparative
25Ref Ref erence r.t. or rtRoomtenperature
Sat . Saturated SCF CO2 SSuper critical fluid carbon

dioxi de, TBAFTet rabut y| a ' i ) )
and R IR, B AR B BB 55, {Toey s 3.480.626; US
4,5 pHe Y 15619033 P0; 1%6 OWS%MUB@P@IUSJW AELORRL BSISA32pEA US
6, 7pJ4dz'1t BN d5816hy. aamiDre1 0bb47. i §dealss, 198 6,103,747; US 6,630,162; US

o 75 ashL ERIRIEORARS UL LPIR: B RIATE IS LRt onReL ke AU
WORNB20006Ex: YO 21004904 148532 00 ovill 24 aﬁsmﬂmm(z@/o@slgnwhe art, these
dmgéeﬁ@}t hOAmIERERE %ralll? loPWpichilytstatifd bh&téﬁﬁb&‘&%seefﬁﬁhsoylﬁﬂ as

xS ChToRes AP AT S GRS b Ripa Gyoumin. i)
NKeledried 2atgoestufs e sprepitidi, caplating chapaindediscipred in

WOH04/0ER0S, szt)mmwelan&&mmmﬁ( F@ﬁtﬁ@ﬂni%ts qnwﬁlpﬁbadrenerglc
e su

nventi on nma
feC@yOf&HQg%vs e hpPhaib Moo N AP FRE AGFATR g, (v
p0t¢ssmnm1mmebomnbly (g aidnzelyhlem,| pirtacidsl, andahesd, (W vamilkoids ang other

affMrt QbMt hfQuBfors — agonists and antagonists (e.g. capsaicin, resiniferatoxin, and others),

(vi) dopamine D1 receptor agonists (e.g. pergolinde), (vii) serotonergic and/or norepinephrine
reuptake inhibitors (e.g. duloxetine), (viii) neuromuscular junction inhibition of acetylcholine
release (e.g. botulinum toxin), (ix) calcium channel blockers (e.g. diltiazem, nifedipine,
verapamil, and others), (x) inhibitors of prostaglandin synthesis (e.g. flurbiprofen), (xi) gamma
aminobutyric acid receptor antagonists (e.g. baclofen), (xii) vaginal estrogen preparations (xiii)
selective norepinephrine reuptake inhibitors, (xiv) S-HT2C agonists, (xv) voltage gated sodium
channel blocker, (xvi) P2X purinergic receptor antagonists (e.g. P2X1 or P2X3 antagonists),
(xvii) PAR2 inhibitors, (xviii) phosphodiesterase inhibitors (e.g. PDE1, PDE4, and PDES
inhibitors); and (xix) ATP sensitive potassium channel openers,.

(b) insulin sensitizers including (i) PPARy agonists such as the glitazones (e.g.
troglitazone, pioglitazone, englitazone, MCC-555, BRL49653 and the like), and compounds
disclosed in WO97/27857, 97/28115, 97/28137 and 97/27847; (ii) biguanides such as metformin
and phenformin;

(c) insulin or insulin mimetics;

(d) sulfonylureas such as tolbutamide and glipizide;

(e) a-glucosidase inhibitors (such as acarbose),

(f) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors
(lovastatin, simvastatin and pravastatin, fluvastatin, atorvastatin, and other statins), (ii)
sequestrants (cholestyramine, colestipol and a dialkylaminoalkyl derivatives of a cross-linked
dextran), (ii) nicotinyl alcohol nicotinic acid or a salt thereof, (iii) proliferator-activater receptor
o agonists such as fenofibric acid derivatives (gemfibrozil, clofibrat, fenofibrate and
benzafibrate), (iv) inhibitors of cholesterol absorption for example beta-sitosterol and ezetimibe,
and (acyl CoA:cholesterol acyltransferase) inhibitors for example melinamide, (v) probucol, (vi)
vitamin E, and (vii) thyromimetics;

(g) PPARD agonists such as those disclosed in W097/28149;
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vinyl Gignard in either anhydrous THF or ether at a
tenperature of OC and allowed to warmto room

W@ 209parzdsar e over a period of tinme between 1 apdI/us1inn?d/039249
The reaction is usually perforned in an inert organic
sol vent such as THF and under an inert atnosphere such
as nitrogen. The product is an allylic al cohol of
structural formula 1-2. Conversion of 1-2 to 1-3 can

Bre 0?;2:: | té]beﬁl?)y cogﬂ)gﬁr?c{g gﬂ%eari t erggl{aninne %Fg?rhf%ramme phentermine,
SIbWRIYRS; a@stahﬁad%r Hegiad E?fl@rgmreceef@éégon&?eh as im dazol e,
and m Xl(@%eaﬁlg'b@lﬁglotrﬁilm iak R tsReERBudpERidd § dAtagonists (c.g.
e e
neufebilior s ot Brccha T ¥ by BUEBl g 3R 728, wo
97/m2tahﬁbWQ%7d%Q§tZBon of the ozonide by addition of
excess [BtiPARSMohisduaf &Aedsibidig wOIehys® b Glaxd-4 s

s ”%ﬁew P ARLTF PN | WSt esence of

a 15 Levvl(lé seetiodin reupttve axhilgoppeeh suluoattme end tartralimeum

t etrach |1195ﬁede%1bo¥iﬁ1he%h a%bﬁ@oﬁl@t& tRprdef Eﬁ/v'e{ﬂt%naﬂﬁ RlsecohfMBetive
oecl enstied e 48 venl R s b ruive S fus i TRy rbament o
prev@npleo%@t dwe@sqndhm mﬁ@meébp@mawawn &~ [Beadnenogaptbrt he

pr oduct T‘hé cdhsouay JﬂP%ﬁHﬂlth@a SfthSprbdéat lﬁv@kloﬁ Odngél plafea accordlng
ea

tot prfeg}lreg 8@11@ 9“8W§1gasf‘fgelf“?sr?8d ;ﬁ%alﬁffﬂ?so‘f%‘%aﬁgrog’f“l%?f fnate“a Kland arc
furted ekemplificd dy tho6follTwing epesdicienahples. eviogever. iy utilizing the procedures

desa%eﬁ 'h@l%ﬁi‘ 88 of brdindry siifl ﬁ%@ﬁ‘n ebh M dily p%ﬂ)aé%bﬁ%&ﬂ' §0mp0unds of the

preeri“hmV lé%etdl\%’f?“} sllht"r‘f«%‘i‘?p M@‘B‘Wﬁ“ﬁﬁ?o‘ixﬁ%ﬁ & %rﬁ BOt however,
to be@nisemed @t fedningthd Dyky@suSttbatastfomldlerid . thFinmertioy., The Fxangples

furG QMR Aetas b ﬁle\ﬁ@aﬁaﬁsﬁsﬂﬁ@&mﬂmﬂdmwresent invention. Those

oT or teln an an rou acp
R AN piefRy R T R oG gt WG Processes of
the &fiomang prepagative pexctduorsgambeussd koeeriare @cﬂchomQOMM Tlaztinstant

con%u?@}?%@%@n@ﬁlbtf Qo R e férmtﬁmﬁfn@afcb&[tr%al%yﬁ{:elﬁaﬂ@@{a'l@ Quch as
i

spgbﬁ%lbe%%t?\ggg; &@ﬁlﬁ%@pﬁ?@%@@l@@ﬁ%g:orresponcigrl}{gsto t}TeB1§olated salts

canAe gemeadted /syl neutralizdednydich 4 swtablabateesuoh epaguedisasdistn dyulrogen
car&ﬁgﬁ r@%dfuhl caIB'O%QtE %Hﬁmﬂfyd%xﬁie‘“ﬁﬂdﬁ)o&%ﬁ m/(ir@;{lﬁ@gﬁél g)ﬁralctnon of the
lib EE? nceo N- et h ﬂogthﬁ neql\l-omt ﬁ&g free b

! et”ﬁi‘éi igf frqe fgpse *PFPea“r‘E%aélﬂ‘i W erstofiatied IV P nd 4e Flﬁmﬁ fee base
isolatest iruthe nofangvahe be fmtlerawetaee imn ehotiar eharmbgeutionllk @ckepiable salt by

disdoRutioR M Eorkg sto%hpfoﬁc?\%dw a'd@ft%ﬁ‘@f(ﬂhg gpﬂi’gﬂr%eeamd and subsequent
concentrat | n% sol uti.on. resi

CVaBOTEl e Regip iRt a@%ﬁg}%‘f% lt ‘@“‘f?raﬁ‘ﬁe& A @&feé%icwl%urﬁess
othgrevile wmep.e Masskpb@raf (B1S) avepreme avtked by bllectmnbs@tayeﬁnissap@ttrmbopy.

h at r ogmfatri%{m %%leaﬁ)g; ?hl@ftgcﬁﬁlqués %y%qu-?}/og@d 111 tfhe pdr'ﬁlon of

Schene Thi's is aken

na
the Pﬂm}%% i Thege tiChé“‘lh‘%% ‘ﬁ@l“f‘% Qu‘s"é"nﬁo ;%@é&u Fdgh %féﬁoem%é &iquid
Chriomagtaphee(HPL(Sdéivdniing dorm@vhdse, kv sc\hes0didah4dl phrscGHPLC;

Mediuth Pr%ﬁ@iicﬂu‘mﬂ Cﬁlloﬁlgﬁ)gljapﬁ‘y EMPIJC)? S%} chadi rlufa éh-xgﬁlatography;
preparative Thin Layer Chromatography (prep TLC); flash chromatography with silica gel or
reversed-phase silica gel; ion-exchange chromatography; and radial chromatography. All
temperatures are degrees Celsius unless otherwise noted.

The phrase "standard peptide coupling reaction conditions" means coupling a
carboxylic acid with an amine using an acid activating agent such as EDC, DCC, and BOP in an
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10 Schenme 111 describes the synthesis of the

pyrrolidine core using the CBz-protected allyl am de
waz2@9da866 i bed in Schenes | and |1. The vinyl PORP82002039249

1-8 may be reacted in an olefin cross netathesis with

the vinyl ketone internediate |-10 using appropriate

catal ysts useful in olefin netathesis known to those

skilled in the art. Suitabl e cat al ysts include, but

e i ych 25 b heng b GRS eP et R HoRg s loAT.
Thq usgpf prpte@@lg@@ma de thmfém@@ psotarxplic astd fyactionalitics tr fagilitate the
deslredlibactioh Qﬁ@ﬁﬁﬂﬁhb Qﬁ‘de@fred HRhiohd Weﬁﬁdéﬂeﬂteh' bofi’d/ltlons required to

t { di t
T A A cu R A b NG S R
M..dtrotettvafabupsve Or@umieSyhthadhil eneX ileyy & Sogte et iNaw Borkt N¥, 1991.
Maz ﬁlﬁ'HD@bl@ réemmohis} u@&mm@&nfgfgr@@y iR Zanid §hndetit, R8d HeRY¥hSoval

I
corboRaE b e MO BB o bR MU PR B B
catgyfed hydrhgertaiom inghe piageneqd frpenobls mmlm tthexig/yuclo by riilladium on

acurvate&ca%ont ihe pﬁ%@ eb@ént §ﬁdhlb§ frﬂéﬂf&g@ltol t&hm{& PENELR gvh@fé: da{aeytlc
en SUpsSt |

by A R R LR T B RS bR R e Bk e igpaices
remoralf & @F groues wh alshbe fdhieabd bntreatmred ivathe. soBapref trifleorBesstic acid,
hyc@&c@to@@tﬂel@ Br Rfdré 8 cRBFIOLS! dih a%omm s a@@fcqarspéme%ﬁb@le Rdthanol, or

ddition. o al ent. o
ety B boBere | B3y e B0 PG Ea s e . sch o
triflapiogettio agd, Zﬁdmclglam wibas bydregeolehlagde gasemhybamitivach as

dlcl(l&%ﬁ)ethaf{élﬁleﬁﬁﬁ&%r%hyn§ce%h$éla| ly performed in an inert
or gani c under a

ol v
ot o phd Bt e asie i o G R g e Ptpesgines
unlest pthetvaseatotddor mul a 1- 13. Dependi ng upon the choi ce of

an am deggrgul f onan de,v@hingr €a, 1-13 can be converted
to each by using the %ch &Q{i gée met hod known to those
skllledAin the art to KEQB desired conmpounds.

For sul fAgnani des, 1-13\quesusbe treated with the desired
sul fonylg,30chl ori de coptajini ng R6 |n the presence of a

sui t abl such as i di n used herein, R6 is
sel ect e%qb(fm) (1) hyd ngé’é‘?f‘yc nyl
2009/ 128086 PCT/ US2009/B3898td&rol-1-yloxytris(dimethyl@hinGiph@Gphonium
al kyl optional Iy substjfiffgfphbshhatd t0 5 groups
[ ndepen@gnt ly sel ect eq)fro Iial ogen, -0Ra, -CO2Ra and

- CONRaRb; e@%"f@ﬁ 8yl optionally
subst i t Gakdowatchd 1 t 0 Qlagtatdps | ndependently sel ect ed

from halggn, G -05 ald@y{empgliagﬁ@&éoﬁs SiMastituted with

1tos I]Badé) gen atons, Da}gydclohexy carbodumlde

DCM Dichloromethane

DIEA N,N-diisopropyl-cthylamine

DMAP 4-Dimethylaminopyridine

DMF N,N-dimethylformamide

EDC 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
Eq. or equiv. Equivalent(s)

ES-MS and ESI-MS Electron spray ion-mass spectroscopy

Et Ethyl

EtOAc Ethyl acetate

g Gram(s)

-15-



5(4) a 5- or 6-nenbered heterocyclic ring with from1

to 4 heteroatons sel ected from oxygen, sulfur and
waoeawozarg and wherein said heterocyclic ring PGI/US2009/039249

optionally ortho-fused to a benzene ring, and

optionally substituted with 1 to 3 groups

i ndependently sel ected from hal ogen, C -05 al kyl

optionally substituted with 1 to 5 hal ogen atons, and

-ORa. The reaction is psually perfornmed in an inert

or gani 0%306?1{/ent such ggou%%ﬁ 10 between room

t enper atifYl&J and 80C, (bf7-arabaeptoezabfl-yIRN2Y i, N'defehmethey luronium

product is the sul fonagidrRoRbh&bratet ural fornula I-14.

For am'%ﬁ? [-13 can be treated with the desired

acet yl i de contailithg™® 5 in the presence of a

sui t abl @k Gani ¢ base,l-HultbxyasazpbmzotriaBlEA. The

reacti omomsr usual | y pacfirbRbeiRumdolt nert organic

sol Ventﬁﬁfch as DVF, . roomte Zratugre for a period
of 12- 24" and the prORURY AR FAWGH MBI ct ur al
f or mul a LIC/MIS .or ECRASY Liquikechuereatographytyeass enenteen 15by
treating I-13 with CDILigKsphosgene in the presence of
an am nﬁ/[cont ai ni ng E‘E\éqgr a period of time between 1
and 24 W, at room tenpe? Ure to afford the urea of
structuMd fornul a |- MgthRenoval of the Boc and silyl
prot ect ing@rgr oups of Ividfanol - 15, and 1-16

Si nultarf\&ously via treatne tfvvltp 6 MHCL in agueous
met hano™at room t enp&f AL 4B1% period of 12-24 h
af f ords ntihe final desiMisdte(s) oducts of the various

am de, syl fonam de and yigam@pnt ai ning R6 shown in the
20general_structural E\E.lilgul 3 I-17, 1-18 and |-19.
Addi ti oMt deprotecti O l“é% may be included if there
ar e usefmrholpr ot ect i ng Mjillougs(sbn the R6 npi ety known to
those skibyedohn the FleMEEBIEA Kyt OW t he

chem stry to proceed |1\?|] a facilé fashion. These
protect iy groups may MU i tyl groups,

t ert but M&ar bamat e gr dgss setrabher groups suitable for
the protgeti on of het ey @eM6kt C conmpounds or 25t he
functio gr oups att%g: ed to the roup, such as
am nes, IEﬁ)fdr oxyls, car 6&?910?1@&13&?5& O,nyEnovvn to those
skilledPhn the art. Sbbede 111 | 6N HCl MOH 5An
al ternatpg,foute as shoyajpvScheme 1V outlines the
synt hesi_s .whi ch afforqiB both cis- and trans-

pyrroli &hes that are RE5dIat ed before the final
conpoundtiosrtpr epar ed. Rbom tsmpargtureg

2- am nogg{ yl propane- 1,3a¢di@d (1-20) is first protected
as the i - _acetal usjng acetqone in a sujtable

sol vent Igggcq{%% t ol uerdP rr‘?“flfﬂi B‘Hdecgg’ﬁegloéfdeaci d such
asp-tol d&ad sul f oni ¢ deirabweyigmmhenmtflverideri ne i s

protect g gy treat mentr il ibEnbaibstivdigdi car bonate to
10gi ve internedi ate 1- [

21. Ing standard Swern
oxi dat i V&EEndi ti ons, T @’é’%ﬁ}yﬁﬁﬁﬁlry hydroxyl is
convert 8BSt 6BDVS al deyctebufyd dinethfireélyl a Wttig reaction
wi th (trephgmgdwhosphanrmyland@ne) acet al dehyde ext ends
the al dehyde by two carhons and the resulting doubl e
bond is 'feduced via hydfBten&t T ORHHHRPEPIAG um on
carbon floAaf ford 1-23.Trithib®adent ecidedi at e t hen

under goggypa second Wttt g JiR@ghi ON W th
(4-nitrobenzyl)triphen l-Phos honi um brom de to give
i nt er medickt e 151- 24 wﬂ%&ha@ﬁé fogetagHehY orpound to
cyclizeT™$ M chael adtiiméetbylsibdr oss t he doubl e bond,
after protecting group renoval. Protection of the
am no group with tert-butyl _gicarbonate assists in WO
2009/ 124166PCT/ US2009/ 039249 the purification and
separation of the substrate to afford both cis and
trans isonmers, |-25a and |- 25b respectively.

Hydr ogenation of the nitro group to the free am ne
produces the desired internedi ates |-26a and |-26b.

Y L ~ o~ Y | ~ o~ o . Y Y Y Y |
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OH)c ArNH2 OH 1-20 1) acetone/tol uene Ar Swor n
oxi dati on 2) Boc20 1-21 OH Schene V outlines
W@ b@sgishesi s of the pyrrolidine core that PCT/US2009/039249

i nterconnects 10schenes I, 1l and IV routes to
provi de pyrrolidine core with diastereoselectivity for
the cis 2S, SR pyn-olidine. The Wttig

reaction is utilized to convert the aldehyde 1-22,
fromsc

tr oat moRRio R r O s T BRB ARt Bt aosis of e
conpgfoprags Oéﬂ@tpé@smtn@veghm F@anmlplﬁ ali pybstitagntssase ps deifiged above unless

1ndic£1tta&36ﬂ1’£@1€i}1s%t ehd sﬁﬁhesis eths %Mo@&ﬁ@&ﬁ@f FoRRYIE 108 RED la@ the subject
simlar

ene ||| t er med
of t ‘F&%:VS’&%PPéanabse 38%032}19 S%eélg’yu He %E‘Pi‘%fr?@f ‘iVFral IH‘P&& §iat e
|-11 cann Sehemelbecopimensislbchvaitypd Inf satchiohwish atltie 2 M solution of

Mgm@n%hm amydfdﬂg T OEWE beReE Y @e"n%FHuﬁE bfo"@(h'nﬁ aB&Wkddo warm to
en

rooglrt?%Pe&%tHr%’rV Frr?al?ef 1P§/ ?‘HB"* "rt‘geez’slzanéﬁ 'b?ﬂ%i’%cﬁ%lé Uy performed in
an inert @eganic WiV 008h 22 FHEBRCTIAIS2000M 0BDABSuble aenivogen. The
pro&sdd &R aHﬂrthaLléthbﬂﬁ%trﬁJi@rapﬂoQﬁl% £20toRMREEST21 1§ 8-3tchfbe achieved

by se?ec’Eng t?le ?iesug(tl s yl protec%mg agent such as tert-butyl dimethyl chloride, and a weak
organic base, such as imidazole, and mixing at room temperature between 4 to 16 h. Oxidation
of the double bond via the bubbling of ozone gas over a period of time until a blue color persists
and then reduction of the ozonide by addition of excess methyl sulfide affords the aldehyde I-4.
-4 is then treated with either R-(+)- or S-(-)-2-methyl-2-propanesulfinamide in the presence of a
Lewis acid, such as copper sulfate or titanium tetrachloride, which also acts as a drying agent.
The reaction is usually performed in an inert organic solvent, such as dichloromethane, between
room temperature and 40°C, for a period of 6-36 h, and the product is the sulfinamide of
structural formula I-5. As with I-1, I-5 is treated with vinyl Grignard under similar conditions
and time to afford the allyl sulfinamide I-6. To selectively remove the sulfinamide, I-6 is treated
with an anhydrous solution of 4 M HCI in dioxane for no more than 15 min. The reaction is then
diluted with toluene and concentrated to dryness to afford I-7. Finally, I-7 is converted to I-8 via
treatment with benzyl chloroformate in the presence of an anhydrous organic base, such as
triethyl amine or diisopropyl ethyl amine, in an inert organic solvent, such as DCM, at 0°C,

allowing to warm to room temperature over a period of time between 1 to 3 h.

Scheme |
R'C = TMS, TBS, TBDPS
) Z > Mg(Br, CI OH 10
)J\ 9(Br. G )\/ R'C-Ci OR/ ozone
Ar H THF Ar —Bass )\/ followed
-1 o _ ase Ar by DMS
0°C - rt 1-2 DCM 1-3
HoN /k
10 2N« 10
RS i ort® N\ Zmg(@r, cn) PR e
)\4 _ O )\/"‘s S 4N HCI
Ar CuSO, Ar N THF Ar O dioxané
-4 or TiCly 1-5 0°C - rt F
DCM 1-6
40°c
OR10 benzyl chlorfomate OR™ |
NH> TEA or DIEA N O
Ar DCM Ar/'\f \‘(
P 0°C to rt / o
1-7 1-8

-17-



10

15

20

25

30

al dol chemistry to set the chirality of both the
hydr oxyl group and | eft hand portion of the

wGepyenodiseli ne. Fromthere, this acetyl ene i nt ePEEUB2DL039249
can be used to synthesize both the cis and trans
pyrrolidines. Commercially avail able 1-29
is first treated with trinethylacetyl chloride in the
presence of a weak organic base such as triethylam ne

e oA S R PGS SR Sl 9 5e AR PhéRment of
I-3 igh ogmipnvicispaiiglin the preaonsk pﬂNnmﬂevltn@rm@htmE qridetafifonls the diol 1-9.
Thd @&dm@mdlswly@ﬁeﬁsﬂ@d INREIR G of QralcP M dc@tap@mtculreﬁn@wrk@ up to

ren R R, R S GREF R sPro R iR aRUPR ol B L s ten
takenolpvia racetorefwhtend: 1Tl treptrdevithenediumereriodaterfys p heniasl of sinstpetween 8

and3s hndt trddﬂgﬁﬁlper-gﬁ% Rlatofiche Addgdé B4 B RPRIGH: PCARY i iHRE tdken to the

ind@iRired JESmRSE 5 sl e B Ru S asiuned Pisshis ol

1-30 with anhydrous magnesi um chl oride, triethylam ne,
t he appropriate al dehyde Keheéh3l, such as

3-chl oro- benzal dehyde or benzal dehyde, and
chlorotriﬁigg%IS|lane at roomict enperature over a

period of yi 6’38 .t he g/ﬂ\i\@@thyl sily¥'%t her of the

al dol produr@t 1-32. The r'Sactien is usual Iy perfornmed
in an organic solvent such &8 ethyl acetate u an
i nert atnospbere sugh _ag nidrogen. oRreat ment he
trimethyl silyto th_e_L—plzﬁ;t—éfﬁﬁed-H )p!i\t./h'\‘a‘(

trlfluorééqgtlc acid and rrethanolA m xture affords the
desi red al cohol 1-32. The hydrolysis of'?he 20i m de

0C for - SOEHR aear PELihE e s B Ao e the CBE proteted
ally$ e sle dudeletdriped mdisbaukesviand [laf haguebwwspswhdilt-3 may bf reacted in an
ole P& &ttt tﬁe aﬂi&%@onte Iﬂﬁerﬁféﬂ@@iWO'u@m@Qbﬁoﬂﬂa%e?’cata-fﬁ?s useful

ctio usual n.inert
in QTG St D  ihehTet W kol pa S R tuhge por
lima¢dnto stpithe f@ublss{ieind ‘G&ham| ¢ataygerand CoHthe eyps koowiods GruBIR- flend Zhan 1

or Ii-fogiﬁ‘oe(g?P E}Q%oﬁﬁ&lnﬁ\ﬁ? gtr&%gaél?{_)lgr?ﬂd e tljfﬁir&ig%ﬁa\tfoﬁ@f fid Mermediate 1-

reaimgny ?%ﬁ@(mﬂ@w PBAYPN C%ﬂ%ﬁt P@ﬁ&%@@?@%dﬁﬁ%m a solvent
sucb rnegkyl @ectat oactivmakover gdhihacheass hydugdnage @B, olefillong with
rem%gg%/f 4@@6[5%6‘[“% gl?’gi%ﬁ%n% gﬁ%gl%ur@VlQ Gh hﬁgmgfecular imine

can e treated

forla?tm Weﬁﬁ 8@6\% FV?“G&E?‘ g@m?erf‘nfi ﬁ%““ﬁ?oé]soé hedmage tavf%ame pyrrolidine
ringefgbinganetabgmcwmuclhl 2a PDdpeadigy thothvdécefod solaerpdralogeh ibstGudnts on

the §1tyl Eéﬁ%&&@fﬂ% Qb bE &mo@@@dﬂtﬁ@ﬂm@Eeﬂeﬁ&n?@@ﬁ&?&én@& §f the final
such_as 4 nethox h heatin

mteflae@%os? lertive BRepiotratioett é dige gay ge FFW@f ighsd pyythe addition
of ano eqespan df ag-tma deabbeatd ER6.0)Th & 1B irethe picomct of answby dryus

orgBﬁé BQE rgﬁgl és%éﬂylhlﬂfﬁ% t(T]@Aﬂ aﬁfe?ea%@é)n & ﬂgually gugl@orfngii~I HeIhGnert organic

nder an I nert atnDs ere, as nitro ()
Solwat yghags THEY #ad under aegﬁr%atmﬂspﬁmcwdt prenitsoger Aoy pgthe groguct of
strucaural femsiarit 3e PepadingSple te cWbice of dd@nldd pulfdd@@ide, or urea, I-13 can

be J’o'n%% t(lrédg'i'bg ugljrg {he %%prm%@ﬁéﬁmr%%QO thbEFRMAGn fe Qrt%o form

those desired compounds. For sulfonamldes, I-13 can be treated with the desired sulfonyl

chloride containing R® in the presence of a suitable base, such as pyridine.
As used herein, R is selected from:
(1) hydrogen,

-18-
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OOR11 1) DPPA, TEARLO00 Tol uene Ar 2) R11-OH rt-100 C

1-35 10Schene VI outlines the use of 1-35 for
w@omweaedso©n of the pyrrolidine core. The pyrr oPCHUSZ09/639249

formed by a ring closer via an intranol ecul ar

reductive amnation to formboth the cis and trans

pyrrolidine. Separation of the cis and trans

pyrrolidine followed by reduction of the nitro group

to an a t I rol i By

used f o@)artﬁla 6/:ﬁgvnop ﬁmfahg %b‘lq‘ﬁl%&h “ﬁ%n@xf g%)sdp?rgl)g @Iggél héﬂ?@ selected
from daloge -PR%, o€ pe cross-coupling reaction

with thes) %’?@@n bﬁm@mﬂm@mﬁt@mhqu@h loYoupy Mt RBAS IR EMbcted from

he pr.i,a
vl R R iy | RGP
The r ead4)iagh oc omutintbeed detemaydlacing dethtfiven Usae4 hrfteroatoms selected

frofh @k Rded Sduftur aﬁlldchlﬂrd%?n and whereln said heterocychc rlng is optlonally ortho-fused to
tetrakls

Il
byt LY BRERR Y RS s dce e iy R e
halggeeC1 §5|@Hry tltonallertsmwﬂamdw\@th bro plaloggapiemel dnyl -QR&t at e
Wi th an-qr gagid lpa@gny ﬁéffolilméém aﬁqﬁ@mg@ﬁh@mm staaﬂ as DMF,

acetate, In an anic suc Ile
betw?en[rwpn tospeptde im §° pn@}: # p%{tqﬁlé)é 6{2] &t @ angd]&q.prg&ct 18 the sulfonamlde
of sorutttnabfonmulkétl dnBorlanB&esmal3 d2a bprregead edh by dedied neayltchtnide
con@aml@% Kyﬂthl[frg’s%né’@ Jt I'A b'Ieo(L Dlﬁw/%ﬁcn@as@tsu& Jsme&%lgAe "[%f: reactlon is

vent su C eri od
usuallygpagfornagia gg e;@ﬁtor%n@a%)hléwtsuw %StPhéFalaé%OéIq‘iﬁ@Bﬁfé‘m&‘c@f ? eerlod of
12-2¢h,ching dlelrddont if die amidrerfisoattwbl theherhs. 1Gn8G, the nraatcan be formed

by {r&(ﬁﬂ%f SRRh /D ?pﬁ’dfigéngg%{ﬁgiz&@%c; o4 anti @c&%rﬁﬁ@ﬁt Sver a period of

I ot renovea usi

ctin ro
tlm%\lawe?ﬂ ' ai%@%ﬁegtdp?ra TSRS fOHO G R8N BE feka et
Rerhowval bitha@Bbc 4l sily¥praedig b6 6FCH, US20a81-08 SitdBamdbhidy dia
treattrgglt Gt e @Rﬁg:} &Ele@lm&eqh t?&n?{épﬁ%gﬁl?@f(ok ¥ Béﬁ&led’f 9993 1 affords

I nt ranol ec rmn OSUI‘eWI
the éﬁ?@@ﬂ@lﬁ’@dﬂlﬁ‘? REthg V%rg)us ke, wiforgnyde @slﬁa?atqoawgl%% shown in the
genentittiderd forhlulaoi-0adetsiandaabd in an organic sol vent,

such as i f&h&l%@g@&ﬁ@d}ﬁme@@ﬂﬂ}/ 'Bé(g[ gx k) f?'(i)ﬂr??e %8 h%ﬁh %rcﬁ‘&tmg

organj c_s ven
groyps3y téﬁ‘alﬁ lﬁ@efaéwpwéﬁt By skillgdinfbrt chwa@da gy the chemistry to
pro&ey anohoilofaytden. dehebaprawctiigganips nig inchilk tritglgbupd Sterz-
utﬂ?&rﬂﬁﬁﬁé groﬁlgs 4 OLh%pgl%EI?St Hfta@oleofor B]grpy&gc%grrl 80 dét&l?gytch% comepounds or
the itsm‘zwlahgrom aétaﬁwfl&féag Rt a@um S§Clb%ﬁraﬁblllqs ey ls. chehoyy gngids,
knowmae shopyskiltddiiglthaart( | - 40b) i nt er nedi at es whi ch can be

separated by silica gel chromatography. 1-40a is the

maj or di astereonmer produced in the reaction and is the

first diastereoner to elute off the colum. Protection

of the pyrrolidine nitrogen of 1-40a or 1-40b with 10a

Boc group is achieved by treatnent with tert-butyl

di carbonate in the presence of a weak organi c base,

such as triethylam ne The reaction is usually

performed in an organic solvent, such as

di chl or net hane, under an inert atnosphere, such as

nitrogen, to afford the product of structural fornula

| -41a or |-41b. Hydrogenation of the internediate

| -41a or |1-41b by treatnment with 10% pal | adi um on

carbon in the presence of hydrogen chloride under an

at nrosphere of 15hydrogen between 15 and 50 psi in a

sol vent, such as ethyl acetate or ethanol, over an

8-12 h period of tine affords |1-42a or |-42b.

Dependi ng on the choice of conditions, hal ogen

substituents X can either remain or be renoved at this

ti me depending on preference of the fina

intermedi ate. WD 2009/ 124166PCT/ US2009/ 039249 Schene

VIl X = H or hal ogen
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1-381-39 | - 40al - 40b Boc20, TEA H2 (50 psi)

Pd/ C, HC NC2 DCM Et OH or NO2
we@thyglizdacet ate | -40a or |-40b | -41a or | -41bPCT/URDOD039249
oy
Scheme 111
10 o
/ IOS I-10 rt- 40°C
o~ H O\/©
Ar/'\,/ \\(
/’ o R1°0 H

—_Hg atm, Pd/C N
EtOH or EtOAG Ar)\g _Boc,0_
o rt AT
NH,
o 1-12
HN—(

for sulfonamides
10, © O\J( R®-S0,ClI, pyridine, DMF
RTQ for amides
)\./N R®-CO,CI, TEA, DMF
Ar z for Ureas
3:1to 7:1 RO-NH,, CDI or phosgene
mixture cis:trans NH2

1-13

o
I C < - R®
114 N d Re 115 N Tre 116 H N
6N HCI
MeOH
HQ H HO HO
H H n
N N )\/
Ar)\; Ar)\g
4 c':' c':' 6
N7~ N’ N’ _R
117 HS R 118 N

An alternate route as shown in Scheme IV outlines the synthesis which affords
both cis- and trans- pyrrolidines that are separated before the final compound is prepared.

The starting 2-amino-arylpropane-1,3-diol (I-20) is first protected as the hemi-
acetal using acetone in a suitable solvent such as toluene in the presence of acid such as p-
toluene sulfonic acid and then the amine is protected by treatment with fert-butyl dicarbonate to
give intermediate [-21. Using standard Swern oxidative conditions, the free primary hydroxyl is
converted to the aldehyde I-22. Then a Wittig reaction with (triphenylphosphoranylidene)
acetaldehyde extends the aldehyde by two carbons and the resulting double bond is reduced via
hydrogenation with palladium on carbon to afford I-23. This intermediate then undergoes a
second Wittig reaction with (4-nitrobenzyl)triphenyl-phosphonium bromide to give intermediate
[-24 which enables the compound to cyclize via Michael addition across the double bond, after
protecting group removal. Protection of the amino group with zerz-butyl dicarbonate assists in

-20-
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15

orAN r 1-42b (trans) pyrrolidine In
sone cases the order of carrying out the foregoing

WO 2@ot24ame schenes may be varied to facilitate RPEEUS2009/039249
reaction or to avoi d unwanted reaction products. The
foll owi ng exanpl es 5are provided so that the invention
m ght be nore fully understood. These exanples are
iIIustrative only and shoul d not be construed as

the g]érh 1Ca; 10\f§1tdhs§pa|6a }é)%n B I;%s?rflte tc%/ ?f‘gﬁré Ro ]CNII;Elg %‘Fﬁ%rogneﬁ If)ia and I-

25b1rgspg§t VA: Hydagplg,qno(l af th@ nitro group to the free amine produces the desired

1nteJr1|n&ﬁ£’[§sVﬂ LH6YehE BDOO nﬁlehﬁmm&hm ANd )-26 @h Bt Gsed fomndard amide

cob R ASREETE ROOT 0988 o vesl ) AR s

befors @reptingaridyaithenssy DEM e | chdieields O B flRggeBe mhen g@Serting to a urea.
nmol ) and the resulting solution cooled to OC and set

under nitrogen atnosphere, ,To i's cool ed solution was
t hen added benzyl chl orof (21.1 L, 148 nmol)
and cgme resulting mxtureg irred overnight al|l ow ng
to warmd o PesmBelteeqrper at Urg. The,Lgeaction washed

with I M HCT, Luater, afid then brioRewonlie organi ¢ | ayer
was g Jad over sodi um sul faple filtered and 4~
concentrated under vacuumet1 No further purifid@gion was
necessary aE the material (44g, 99% was used as is

t t LG NE: ES +,
ho-the nexpuep reaction. LGtz (59 3 (9

Bfofl@ue{ 1( Be°mzy| y) oar ' mﬁiﬁ acebyieraci d
y 2sol ution of @% nmol ) g?% $)3Boc,0
{F("benzyl ox¥Ttal bonyl ] ani nol Itienyl ) racet'sid) (from
Step A) in THF, ethanol, and water (1:1:1, 1%00 nl)
was added SO|Id Li OH (16 8 g, 700 mol) and t he

restNePrg” sol ution heated to 66¢ 15 via oi | h%{/l@\r‘/or 3

Bvernis 3d t REXCA0 i ‘concen ate HE V\ﬁﬁw

added, kew®pg t he terrperature be 4@ 25C, until th

s¢'§§§§ Griswas ‘about pH of 2-3"2%xtractvwmi th et'i? NHz

acetate 63 x 750 m.) and then_ conbi ne. and wash

or gani cschgnteny Watéléffs thgynthedhofghs praToliging ceiiedhm itacepegts
scheraehi IUMT sidl IVabees hipkdvede pyndlidionce@a tvith dasterdeieciaguidmhe cis 2,
3R {1(;01{(& &! e conpound (24.7 g, 87% was used for the next

reacti on without further 20 purification. LC M5

mz ( ES)ThQ %tt{gmcmon g@lgh%qm):ane@ﬁ}@ﬁk@hE@dz%A fr(ng_scheme IV, to

the {idry[ aralolg @y ( Vi trbating@ithahetRyl dxghehylphbiphemyth beatiba nmte

protecting group manipulation, as seen via intermediate [-28, the scheme becomes convergent to

scheme III through intermediate [-8. Using similar procedures as described in Scheme 111,
intermediate I-11 can then be obtained. Optimization of the hydrogenation by introducing
hydrochloric acid and a dilution factor of 0.15 to 0.30 M concentration afforded primarily the cis
2S, 5R pyrrolidine core I-13a.

21-
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To a suspension of 24.7 g (87 mol) of
(3-{[ (benzyl oxy) car bonyl ] am nol phenyl) 25acetic acid

wo p0020016d. of di chl oronet hane (from Step B) WaBCHUS®A9/039249
triethylamne (30.2 ni, 173 nmmol) which resulted in
sonme exotherm ng (+5C) and the suspensi on becom ng a
solution. After 10 mn cooling, HOBt (13.2 g, 87
nmmol ), N, 0- di net hyl hydroxyl anine HC1L (8.5 g, 87 nmol)
was added to the solutlonfoll d by EDC (16.6g, 87
mml ) and the resulting m—%tl—g%-g\zvgtlrred at room
t enp tuﬁover ni ght unde |tr gen ajmRsphere.onlhe

sol uti tl,\p.% s t PeASHErr ed a\separataey f ugabl Nandc!
wshed vbth 1 M HEL whi éfh d an emaltisiven. Met hanol

was atded to brealk, up the e?ul sion and the aqueoyss was
partftioned off The organi cs™?iere dried over sodium
sul fate, filtered and concentratgg, under vacym

RecEySt al Ii zation of e_resi dusckr om 1Q09, ni,

hexame in et ﬁ\’WT at*heated“% reflux gnd theén

Cooled by O T o6yM vv 124166F 52009/ 039249

PEAPEFRIEre overni Ynt) afébgrd ¢ title conpgund

g, 74% as a white solid. LGFMS miz (ES) 329 (M) +.

Step D:. Benzyl [3-(2-oxobut-3-en-1-yl)phenyl] carbamate

(i-1) 5To a solwkpon of 159 (45 7 mol) of benzyl (3-

{ 2- [ met hoxy (et Hyg)dmi no] R2e ofBet hyl | phenyl ) car banat e

(from Step O 2000 n_ ar 'S F under nitrogen

at nospher e cool ed®f28 0C vi'a i ¢ef wa bath was added

dropw se via cannofsa a 1.0 M sphbyuti 6n™ed, vi nyl

magnesi um brom de®™00 niL in &Hﬁ,.e 100 mmol ) and the

resulting solution stirred for 1 at 0C. The reacti.on

was quenthrare hiovalings thg Pereaistof éYPﬂ%:?ﬁIZS‘GGherﬁSetI Cff jueermediate via
aldkebghisgy toet thOcliimiipesfabiirtee belrow! sGupnd st handgdrtfoarof 82

T t I

pyrmh InehEI%Con‘Erte% aé‘?%lg%&?@%nﬁ%ﬁi@%%%@ E\éd V\tlg Sﬁtﬁ%{zr ?gtﬁtﬂ% &s and
tral’éy’yﬁ?lﬂqﬁ@s The organics were then dried over sodium

sul f at e Cohinhcr@418chvaidadit Ic29nis @Rt radt@l witdeimedatageryl chldiRle in the

pre%ggé cq&éhq’v%%% (g%ﬂl% 'bgée%QClﬁays tgétﬁ)glglgﬁle E? %‘? 1%?15 he’l"ﬁjetsle&\gznﬁ\ﬁltaﬁd1t10n

of apByfsensrghipm chigride guheither §> ( V- éfb@nzgyépll @Méémhanylw@@xr@hdmone to
the AiztufcES) ovad Gy (oMdudi, wa'Bﬁ&g(t&M)n%mﬂwE’hﬂNM%véB@ﬁbrMﬁlZ)f timé Setween 12

and?%%g@[rac% 11211&‘1} 6 é]glgg USlel _}J'}iedfogmedj iy ag%]_eét Jf%qsczs'_Q\ﬂent such

as I3 pndeygn 1nyrt-atng_osmherg_,-pu arqzntro_gp*} The abghqlé—tﬁ 1SJpr§pa16d1accord1ng to
publibhed pritedubtd) (SeSERRs €tal., 2Hm. CheBBSos2002H)24, 39TERVEDr Aldmple,

treaﬁeﬂ%gf %&?‘@?ﬂz %ﬁlhr}{e{o[ug mgi%rres fn chl%rl(ig, trlﬁt}lylammﬁ the ?%pﬁ%orﬁte aldehyde I-
31 ,sw.‘rb ag.’a@ﬁlqro— epqza é%gﬁh@e@za(l 2 e and chgtr@tﬁlmethy silane at room
temPerhtufedovehh peridvENY h )y RiId3 phedrigRthlytsily1 «tdr OF the aldoldodi@t B32. The

reaétiof] '1361951151%)11%% ﬁﬁedoln ﬁg’ l%glllljlg E@Eﬁ?ﬂn il}qg Q%gl ac%tgt% ‘uﬁdeq ‘an %h%p[

atn@@ﬁ%@@n@r ® %e&da@atrr@pw&ﬂgﬁ t@n@tlyiﬁrlylr?@@r altexmedlme With a
triflaolobdcti® Bci@ hin d/inBthn MBPAGS iatrORdS FeQlcdiftd alcohdHR2( TAOhydrolysis of the

1m1&<%0 3 ﬂ;“&h)l%\%ﬁ &étnjgﬁin%ﬁ)tl v&fﬁﬂ lﬁFluﬁlﬂJG?JX?(g aft BJCI_{:?IP b ﬁgn&l of 15 18 h The

perejiyeasthie albmuﬁntb/a’@@ma@ &vefh 80 ﬁwpwobqnolg of S@ﬁﬂlﬁrﬁuﬂﬁﬁ  ffoed the
carlsdxly B¢ Ace1-30 dTHeh@ucﬂblgﬁmﬂs&‘allb/ PYESrdASH SBPaErabesh inert organic solvent,

sucﬁ X§ '{“ﬁf}ta%g W\Metr e} Qﬁ/ élelqg&ﬁo%él?eré %u@ﬁ ag(%Qron&) Cog\rflﬁg%igl{ (gfein:j3cto 1-34

canfhelat:h;w@d ba ﬁ@e%@ﬁ &@rﬂeﬁlmdédylmﬁ@fe@ﬂng a%%wclmrtm petst dl@lﬁthylsﬂyl
triflyrohiethia 2R BlfddRtCandl rbdttig & MMhe Hoséred o g vedkQUrghiic B4SE, Bgchais DBU,

gradi ent eluent of 0-40% ethyl acetate in hexane

afforded the title compound_A22.4 g, 44% . mz (ES)

168, 170 (M M2) +, 190, 192 (MNa, MNa+2)+. 1FI NVR

(500 MHz, CDC13) 6: 7.38 (s, 1H), 7.35- WO

2009/ 124166PCT/ US2009/ 039249 7.22 (m 3H), 5.90 (ddd,

J =7.3, 10.0, 17.4 Hz, 1H), 5.38 (d, J=17.5Hz,

1H), 5.18 (d, J—72Hz ‘1H), 5.15 (d, J = 10.1 Hz,

~ N~ s TN ~ A ~ NS s ~1 N

NHCbz
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Step B: Tert-butyl {11 -(3

-chl orophenyl ) prop-2-en-1oxy dinethylsilane | ,< 5
waooy1sgbati on of 22.4 g (133 nmol ) of PCT/US2009/039249

1- (3-chl orophenyl ) prop-2-en-1-ol in 90 nL anhydrous

DMF (from Step A) was added t-butyl di net hyl silyl

chloride (20.0 g, 133 mmol) and im dazole (18.1 g, 266

nmol ) and the resulting solution was stirred overni ght

t t
ot oL ST A RGN 42 S B B EPEGR Wit s S wilh PR L oqprgr
azidpip ﬁhemesm;gmés wgal erghrfiabase sydhlap errethydameingone eenqdanf é h at room
ten@&qﬁe&e Vfﬂﬁﬁ’ti—ﬂﬁ‘oﬂﬂé@pﬁ@ﬁhﬁé‘ Blc¥RS, sﬁélfa%sf&-rﬁ&h&bybfaﬂz@ﬁ:hco%b e heating
n en el u
o Gic f2L BTREIHIERG U s 2Rl eRte e UENY coflap IO i
reac(tr_pe 1$usgally4@%)rqu{ ip aif E@t opRpic sQ@fqnt( like tqﬂmg)wund@ga]p ingrg@mosphere,

such b GHB2n. MhOTRRH) formSthePas f whidf the ?}H‘dﬂdme core can be synthesized.
(di methyl )silylloxyl (3-chlorophenyl)acetal dehyde | j<

o-Si-- 15 C To a solution of 4.0g (14 2
mol ) of tert-butyl Scheme VI

{[1-(3- chlorophenyl)pnmp 2 en IyI]oxyIdinethyIsiIane
in dlchloronethane -78C via dry icelacet

bat h (fron1St B) g, dbpled ozone gnq Phtbe A H
solut|6h d—a—éfrghf* Nltrogenlgas
was then bubbled |nio t solutlon untl t fungedrea,

2)n 0.9

clear. Meth$d sul fi s 'added to whedsol uti 3 -
the 20 resulting n1jﬁﬂf§L%bs al | owed to stlrzgeg?ﬁfabt
at room tenperatured Th&iatlerial was concentrated
under vacuun1and #e residue purifjed yia Horizon MPLC
with a 40 §é;ﬁeh>@0£unn e|ULLQgQMth ar@raadi ent
el uent ofarD- O/det yl_éﬁﬁﬁ%ﬁéxln Mexane °t'o affe¥Y the
product (3. Q%_ 999 . 2BStep D N[ E) 2- { oM
[tert-butyw57 thyps ilyl] oxy -2-((3

-chlorophe ylldene] - 2-

nethylpropane 10(§ul nam de To a

sol ution of 3. Tg\ﬁip 6 MyRkpa 0fa { [teRPebhf§1

(di net hyl)sil y¥] 0%y} °'3- chireraphenyl ) abeLmﬁdehyde
(from Step C) an .39 (lﬂwﬁomnnl) of (RO

S) - 2- net hyl - gopanesuFan%n1de in 50 m

anhydr ous d|chloronethane was added copdé?(ll) sul fate

(3.4 9, S @‘en% \Wf%ytlmc%qge %slg%f [-$sH cbr{]v%{smn)b WG é)ty%f‘;dlﬁe core. The

stirred a
pyrfodifling 6 flarmagzdyie rﬂea?éqspro\ﬂa i mﬁamdﬁeﬁarawces@t %e%tlowtq fﬁ)rm both the
cis Sidcthdn® peind@idiRNSepatFiyn bihke ﬁﬁ m&ﬁ pWré1itlind@ollowed by reduction of the

n1tr§ %g)%/g 1‘3 419‘ aGn? 1Fl> C;E[{ngﬁg P 1%{1 %§ lﬁ@%@%ﬁlhﬁ@ %SSH fctr%lglb%g n%};egla.

Under-va
Thanjkyme r113§ oy oPrEctedin th@a&@W BPe Fress- @ephrtgdmmlﬁn with the

corelswnumg cwlnﬁlerc@ug ladliaBlatary@ hAlRRI-38 Y& 4 fEsR 0537 95125,5% appt¥priate

reac%on §813}§th11§ noe\%(}?a{d% 19 1‘? g%ac;lr %%F ( Ietr(%ﬂ%E GOl n@%{)ns éa& nﬁ?ud the use
of cgtal}{sts{ suph @tpﬁ@q;ﬁ(‘gi][pb@y@p@p@) paflafligrgf), w1th or without copper(Ig iodide
in tﬁ@pr@d’éh&{ aRAMhi: rﬂS&iehMicll as PlORadn®Nol paylhdiu@(Il) acetate with an organic

base, Su(lt'}l s%t%%ﬁltn Elm%nosnlljulng hdd at[g gnean organic solvent, such as acetonitrile or DMF,
under an inert atmosphere, such as nitrogen. Ketone [-38 may be prepared by the reaction of
alkyne I-37 with pyrrolidine at a temperature of 80°C in a solvent such as DMF for a period of
between 3-6 h. Subsequent treatment with a 10% aqueous acetic acid solution for a period of
between 15-60 min at room temperature yields ketone I-38. The carbamate protecting group of
1-38 can be removed using appropriate reaction conditions known to those skilled in the art to

03
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To a solution of 2.4 g (6.20 nmol) of
N-RLE) - 2-{[tert-butyl (di nmethyl)silyl]oxy}-
wQ@2{o3Aaz1ib©r ophenyl ) et hyl i dene] - 2- met hyl pr opanePQF/E810D9/089249
amde in 20 nL anhydrous THF cool ed 10 to OC under
nitrogen atnosphere (from Step D) was added a 1.6 M
sol ution of vinyl magnesiumchloride in THF (3.90 ni,
6.2 Mol ) via syringe and the resulting m xture
red for
o1 ncE BrapE it ing iy Rl Snfss B wlei OB Rgglgnure
with g defoontoedordbe et 3 The rsetign aensliiogpantindwdegfifluoroacetic acid

in 28 ARRICYONER! QEh sedianshom¥thh@S hndMyldhocBloRy Fﬁl@ﬁﬁi@r@antlc solvent such
msulTtTa er

os G RERESHERACTinG GHELATTARRE B P hSouke! |

cyap@hqrcfhyédddoy apjorganio ROINGIL.Guclvdstrhethang ) Mia tginpéretareyd|0°C under an inert

atrr@ﬁﬂh@fénsucﬁlay{n'trﬂﬁnw& B p&idlr A8LRREN gsl QI4|3Ht THY §1tf&m ot cB-p3adhidine
acelta a

(I—4§ %in LHBSREFS 1dg1§ (};quﬁ Frgerfngg%%f gvlinch can be separate%t/)y NM‘:? geﬂ1 e
chréroatpgrpphyd hciPs isahe minedavigseanatipasivesdgn therreactfn ealohthe first

dia@¢rBSher td BBtcl SOABESUME TR0 thARE Ioedle@§rrbltzﬁ%t rﬁ!nlsgetﬁ df pﬁ(ﬁa &rh&0b with
at el uted

um
o B eroRBn P PeamE i o b T REonsly o ity we
orgprgobase, sach as trigthylafiBs) THe @actipn & (smllyl\pezf))nmeﬂg 8n orpAic solvent,
such M\lﬁcthﬂﬂzﬁ@lé’ un&éﬁ%eﬁ@%os%@e sm:ﬂtr?ez S 3ff&rﬁ thelfiduct of
struﬂuiag _fe(f g('} LH,]a oi{_\glb giyégggca%@n 05&16 m;tergle it 134121 f'rﬁ ﬁlgz_gvtreatment
with H)% p@lle{_ﬂﬁm( o cagbon i thePrédence bihydrgge@@hlodide ynder a_rVat@osh@ere of
hydl(@en bérwedn fﬂandJSO“psFm 4 sbltent Wibh as28B acdta¥odcMandtdver 4n 8421

perlgg oi'gl’ne g%f?)rgpil 4§anqrg 4?%2[5&211 ng Qﬁ_% Elfmlc%ﬁyq_d%l%% alolgg%
subgthdants X/Alentcther, rethiNNRDE Ef@@)VM-Et thiCH@E ypedding 0B Elze'ferMe Ofhe final
lnteZIIﬁleatg 26 (br d, J = 5.0 Hz, 2H), 7.20-7.16 (m 1H),

4 (ddd, J = 7.2, 10.0, 17.4 Hz, 1H), 5.26
(overlapplng d J =7.3 Hz, 1H), 5.25 (overl apping d,
J =17.3 Hz, 1H), 4.84 (d, J = 4.4Hz, 1H), 4.02(dt, J

4.4, 7.8 Hz, 1H), 3.80 (d, J = 4.4 Hz, 1H), 1.20 (s,

9H), 0.94 (s, 9H), 0.14 (s, 3H), -0.12 (s, 3H. 'z
(ES) 416, 418 (M M2)+, 438, 440 (MMa, MMa+2)+. I1HNMR
(500 MHz, CDC13) 6: 7.32-7.29 (m 2H), 7.26-7.24 (m
2H), 7.22-7.20 (m 1H), 6.04 (ddd, J = 7.1 , 10.4,
17.4 Hz, 1H), 5.40 (d, J = 10.2 Hz, 1H), 5.32 (d, J =
17.3 Hz, 1H), 4.80 (d, J = 4.0 Hz, 1H), 3.88-3.80 (m
1H), 3.55 (d, J = 9.4 Hz, 1H), 1.09 (s, 9H), 0.95 (s,

9H), 0.09 (s, 3H), -0.10 (s, 3H). WO

2009/ 124166PCT/ US2009/ 039249 5 I soner 4: mz (ES) 416,
418 (M Mt2) +, 438, 440 (MNa, MNa+2)+. 1FI NMR (500
MHz, CDC13) 6: 7.32 (s, 1H), 7.30 (br d, J = 7.5, 1H),
7.27-7.25 (m 2H), 7.21- 7.18 (m 1FD 5.92 (ddd, J =
7.1, 10.3, 17.4 Hz, 1H), 5.23 (d, J = 10.4 Hz, 1H),
5.18 (d, J = 17.4 Hz, 1H), 4.75 (d, J = 4.2 Hz, 1H)
3.88-3.82 (m 1H), 3.33 (d, J = 9.4 Hz, 1H), 1.19 (s,
9H), 0.94 (s, 9H), 0.09 (s, 3H), -0.14 (s, 3H). Step
F((IR- 1-1(R) -

itert-butyl (di methyl)silylloxy)(3-chlorophenyl)nethyll
prop-2-en-1- yllcarbamate (i-2) To isonmer 1 (510 ng,
2.22 mmol) of N{1-Mert-butyl (dinmethyl)silyl]oxyl(s3-
10chl or ophenyl ) met hyl | | - prop-2-en-1-y112- et hyl pr opane
-2-sulfinamde (from Step E) was added 5 niL anhydrous
4 MHCL in dioxane and the solution stirred for 15 mn
at roomtenperature. The reaction was concentrated to
dryness and azeotroped with_44luene (2 x 5 nL) to
renove excess HCl. The residue was then taken up in
anhydrous di chl oronet hane, set under nitrogen

at nrosphere, cooled to OCwith ice/water bath and then
benzyl chloroformate (0.32 L, 2.22 15mmol) was slowy
added V|a syrlnge follomed by diisopropyl ethyl am ne

~ o~~~



and the resulting solution stirred for 2 h at 0C. The
sol ution was concentrated to dryness under vacuum and

W b@nzgsdue was purified via preparative pl atBGI/22009/039249
1000 [IM eluding with 20% et hyl acetate in hexane to
afford the title conpound (703 ng, 71%. mz (ES) 446,
448 (M M2)+, 468, 470 (MNa, MNa+2)+. 1FI NMR (500

MHz, CDC13) 6: 7.32 (s, 1H), 7.30 (br d, J = 20 7.5,
1H), 7.27-7.25 (m 2H), 7sRdmZvi8 (m 1H), 5 92 (ddd,
J =71 10.3, 17.4 Hz, mﬁs(d J = Hz

IIO
SN

X;]:Enmhﬁﬁﬁl(d J :174HZ 4.75 (d, J

3. 33 (d, W 1 ,@19
(gl) 9'350 0 4 (é‘@e& 09 (s R }pjg@%(@zk%)@
Crl/b- MF 80 °C

I nt erﬁedlat e/s r ebaired, duo t hoseAde ove of —————

varyi ng si\er(oechecr,ffgp ry may be prepared from t ™ "
approprnsate starting materials usiiag the procedure
descri bed above. o CINOBnCINOBn CIN 11yOBn 000

25i »2pio2air’2d | NTERMEDI ATE 3 R1°0

Terg\-,mi/y ( 5RLsZ:NoA- ami Tdbenzy1) -5 Ve "ot
itert-butyl ( J\ t hyl ) sthydl oxy} = L NO 0-c
(phenyl ) ne pyrrolidine-I-carboxy|ate (i-3) Y

1-3 30NH? tep A: Benzyl{4-[(3E, 5R

6R)-5-{1(b | oxy) car bonyl ]am n {[tert- butyl

(di nethyl)?ﬁ/ﬂo %i/

" 6- (3- chl ofbphany1) 225 xohex 3- ehll -yl Wph nf | car bamat
e WD 2009/ 124166PCT/ US20¥9/ 039249 NO> To
a solution of W&Mzyl [3-(2-oxobut-3-di%1-yl)phenyl]

carhagate (i-1) (820 my, 2.80 mm),y @@Q,cb}]\l)-l - [ (Rso psiy

{ /'\/ Boc,O, TEA Pd/C, HCI
[tert-buL?/TF@hyHWToxy)(é woﬁm@umw
prop-2;:80),zy | TaMamat e (i-2) (500 nm, . L,12 mmisps) sfhpl aetate

nmL of anhydrous di chl or onet hane was added the 5zhan |

catal yst (740 ng%eli 12 mmol ) and the resul ting green

sol ution Wi to 40C over nirgrlat Oy ni frogen

at nospher a- on was congerlted dr yness

and the resi due— pur duVvi a preparaﬁm (4 X

1000 pM el-azh icagyriidinb 40% et hyl a.aa;(a;napyraau.dlaexane to
afford the title co und (348 0%.. mz (ES) 713,

715 (M ppopyescases gl or ”5@37) fequngang %@wéyrﬁgm&@@ﬁ%nsclwntes may be

varie( 5Rpeifitalo tR) repctiodror tdayvbid Ynshianted heattjai dryduc®x The followmg examples

are gﬁgﬂgg% gitg‘ittg% lnlggﬁfoﬁ%l\ﬁl‘% b? Tfore Ml nﬁofl&stt@ébgﬁgéfle&?gpl (3E
1llustra§]y23 oqujm dssh oy d[nebw 85?9)1%%11?1{5]8% qln\ﬁlﬁl(ﬁbm@ny pvay.
[tert butyl (dinethyl)silyl]oxy} -6-(3
Igbgdpﬂgpyl) 2 oxohex- 15 3-en-1-yl ] phenyl | car bamat e
et hanol was added 10% pal | adi um

Be‘@ﬁl [éa(?ﬂé?lb“éﬁﬁntlh@@ﬁ@ﬂh‘f%t?a&ﬁt%é ‘set under hydrogen

at nrosphere via a bal l@on hydrogen gas. The reaction
was stirred under W@OM : room
tenperature. TLC proved that ﬁhe)r‘gy on was

conplete. The catalyst was filtered off using a G| nen

0.45 pM PTFE syringe filter and vvashed vvlth et hanol (4
Ste A5 ) Ethph 63 -f [(henrd oy embonglamineipd f)

under vacuum and L@\ o
/\o N

IO>=

25
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20 the residue purified by preparative plate (3 x 1000
pM eluding with 5% et hanol in dichloronethane to
wa@tdoonzhisthe titl e conpound (121 ng, 66% . niz PEBYSRBY039249

(MH)+. Step

C Tert-butyl(5R)-2-(4-am nobenzyl)-5-1(R)-}Itert-
butyl(dlnethyI)S|IyIonyI(phenyl)nethyllpyrrol|d|ne 1-
car boxyl at e (| 25To a solution of 121 ng (0. 315

mol ) of. 4- 512

butyl (aTREeRYESE R HRR bR aesws Wy gl 50t
anhy flngpt RGM) wien addqrﬂeDIFrzi\ 8idimlpfl Samhyadr andshenieruliifersohtion e?pled t0 0°C
andf%)atl Wasr rﬁ@l@%ﬂ ainﬁfsf()he‘%”'ﬂ/d thEROOION A 1@icn s @lﬂzntagde'ﬁ]b%niﬂlll Bhidsoformate

(0] e resu
21305 Sty e it e P Rre T e b O b Ffa b
temacrﬁmsqa H&meea@wr widsghshedTWigh | @b €1, ovatami and thea bring  Thetorganic layer
Wasddrfe@ %bérseo&am@umt@ Qﬂfe%'aﬂ@c&{cé{tﬁte@%@@é} vacMn 3@0 Rl?tﬂer purlﬁcatlon
at e n

wast rfeF?SéarX 8?4) Ea Hgé(li%(gx%ﬁ%g Xv% useﬂf% 18 ?(g%&;' st?wctlons 3?3 MS:
m/7 (RSB MH)LBB3NIMNaS00 MHz, CDC13) 6: 7.40-7.30 (m
5H), 6.75-6.68 WD 2009/ 124166PCT/ US2009/ 039249 (m

St2 ), 5.32-5.28
€ A " ¢l iA ~. D 0 % 1I_|)
3.76-3.70 (m 1H) 3.65- (mZH) 2.74(br d, J =

11.8 Hz, 1H), 2.44 = Au 2 1H), 2.05-1.94
(m 1H), 1.90-1.82 %)m 1y ]H60, 1.50- 1. 42
(mlH) 1.32-1.22 (m 2H), 1.10-1.02(m 1H), 0.95 (s,
0. @8 a(sslutiiH)f 44:0g UB0 (B0l BA)ethyb(3SEPARATI ON OF
(ﬂeh%rﬁ@!ﬁ?% nﬂa Pe y'i‘JTaE g%)df ]'f"A%TPﬁFF %ﬁ%&tﬂ rﬁ%mt?ra 111,
1509r4L) wy}ideéﬁﬂlé%#ﬁfelém I Yl - gllg%l%w eéed to 60°C

via il -bélthéf()l’3 h. THretmll&t]utq/\I'vas(cﬁa,ed to room temperature overnight and then 40 mL of

con@%tra% % 5@ )keé;h p {ép%{%{‘% ﬁéeﬁ)\}{ bé‘?r Hfgtilq%{é s)oﬁitlon was
abom pHy B§ 2- 3 xtg%cg}yltb@t-h@]rqcetﬁ t( Ix é(é@L) and then combine and wash organics
with RateRar{ddharine b &ng yrEanis- dveRjod {ufrt @it fate pfiltey b di¢omednayite)umiddr

Vac}éél(r% ?hehtltle r?gurhd (|2 87 A)I \g(llsnuge fo(r: glre n8>§(tyf g reacti on \Zu]}out further
purgﬁaﬂqnerltc

am nobenzyl) - 5 1( R) {{t ert butyl (d| met hyl )si Iyl I oxy}(p

Ste‘gll%nyl ) n%tel?ré{% Ibg{%[@%t%&yﬂﬁ&ﬂjaﬁ%ﬂ%o@tﬁﬁ}éﬂehf}l%arbamate

nt er
(tert-butyl(5R)-2-(4-afin zy®)-5-[(R) -
{[tertbutyl (di met hy?y nmet hyl ] pyrrolid
i ne-1-carboxylate (4:11 m xtureé! of ci nd trans) was

taken up. i n met hanol_  and ur|f|ed via the Ber
Mul ti gr Jﬁ}agmev%%@@ér g @ grn)wlh%ﬁ (Agl [GspeafosuieSen il pheny)
acetieddidin@D0 6% fohehbaomekhanci (femtStepd@pars atideditlighy lamine (30.2 mL, 173

mnﬁ) g%fl&{ d;%&ﬂ@& ir so;ga%x&hérﬁltmﬁé dﬁ@“ﬁg andfhe ‘%ﬁ E&%nﬁ&tmg WoStution.

m nor 1S con oner
AftpralJepis §oxHjeor OPS ere 37 mofh N %cﬁm@é y gfs'ylmq? Bl gyge, 87
mmpoNBEe (ablded td VR u (i @O 11 ddrizd, byEXRT 8)6.6, 87 médddl )/and (’rhe(rm\ultﬁllg)mlxture

stlrIQEDZlﬁrogmﬁén%éﬁt%l%mern% }_ﬁ&d@r rﬁ&oéeﬂ‘aggﬁ%leré}_ﬁ% gluﬁg %HQ transferred
to a(Sﬁ]i)ar'{[p_]y fu@el;@dgva{%%ed(xfﬁth 11% HC}3w1315h qauged a(nrﬁn21|1®10n i\/[qthfan(obwas
adddd toJoreaklup.tBe ddrylsidiBnd tRe dypedudrwad pardiiodedl. off. Hhe oddahics were dried

ovefs cglgnﬂ-sw\ﬁﬂte( mter%{gndc% %e%tr&te%%n mfac% R% r?galﬁ%gn PR residue
frorpr]{{)q_q_gl 7éé h(sgane gq_ﬁthylgc@ge }}ﬂ:ategt q_x zgldl.t&en ci)pbed tqrogm
(br d, J =14.0 Hz, 3H), -0.04 (s, 3H). Eluted 8.70
mn on SFC, isonmer 2 i-4b: mz (ES) 497 (M) +, 397
(M Boc)+. 1HNWR (500 MHz, CDGl3) 6: 7.40-7.30 (m 5H),
6.76-6.68 (m 2H), 6.56-6.51 (m 2H), 5.52-5.48 (m
1H), 5.32-5.28 (m 1H), 4.16-4.06 30(m 2H), 3.88-3.82
(m 1H), 3.76-3.70 (m 1H), 3.60-3.46 (m2H), 2.72 (br
d, J =12.0 Hz, 1H), 2.44 (br d, J = 12.2 Hz, 1H),
2.05-1.94 (m 1H), 1.90-1.82 (m 1H), 1.64 (s, 9H),
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WO 2009/ 124166PCT/ US2009/ 039249 Tert-butyl (2S,
5R) - 2- (4- am nobenzyl)-5-1(R)-{itert-butyl (di nethyl)sil

w@ 009/ 1289¢ ( phenyl ) met hyl | pyrrolidi ne-I - car boxRCEUS2009/039249
(i-4 a); Tert-butyl (2R
5R) - 2- (4- am nobenzyl)-5-1(R)-{itert-butyl (di met hyl)sil
yll oxy } (phenyl)nethylipyrrolidine-I|-carboxylate
(i-4b) Step

temper(aturg oveﬂ}_%)’g)oa%f&(i]eaxm t1tlepc%ren%Xunfigg2gg, S OI O.F I%%llhb s%@n SCOMQ m/z

(ES()BQ%(MH))I) of 5-hexynoic acid and 214 nL (1540 mml)
of triethylamne in 1.0 L of anhydrous tetrahydrofuran

St -25C gun K ) [ ]1 was added
ch 20 m_B SEE e i ac ¥ el dri de over 20
m n. Updr oinl 5g (T mengbrad biepdyt &t €-fnesthrepp(nzptiy Deimeno]-2-

oxo@@l bﬁéns}gca:i 1409{1%&15&@ fntm)oojﬁld;aﬁl%drr&ggr}gﬁr:{ge%r ni#eech 9
us 1
wﬁkﬁ% oG AR oh %%%Wyaad'@ & oRbsb e GftuBgHE M olution of

mexlemgnm Hrosedpe méJ ih J Hafn 800t himobriand e ecswitisg stlitowmestirredfor 1 h
at og@ a@k{ﬂleﬁd{mWaﬁhﬁe‘ﬁc@a@y%moﬁ KIMBHAE sos(ﬁmgw@n cha kBepnﬁg the

Vv uo .an
ety PR RSB B 34 Mg IS0 e st ey i gt acetae
andghe¢mbencdRrgan9 @/aﬁ@l witliheites Gettyined 8y brigranihe orgapiss syewethen dried
oveP@RInes sma]gelh lﬁ?éerlrag @nd goﬁlgeﬂg?a%:eeu#t@lfﬂaﬁgu&\/ el he/FRGMRSH 4 mmﬁed by
L A L T R e
78%) agtailight wellot salids- 130 ity (Eded AYE) i BﬁMéMesHyb@ﬁ(SéﬂMHz
CDER) @ﬁh@h@d@ﬁ%@ é@qmo@wm @7@@&@1 §4§%d d-(83517.6

e Jap 5 1 s 4 Eaﬂs%ﬁ) s 2. 386 6,

2HY= 8.9, 3.7 Hz, 4.69 (t, 20J= 1H), 4.28
(dd, J= 9.2, 37Hz 1H), 3.13302(m 2H) 2.24-2.21

M@Mﬁ%ﬁlﬁw (t, J= 2.6 Hz, 1H), 1.84 (quintet, J=
. , . LG M: mz(ES) 2582(|\/H)+ St ep
D >, ‘ o 1 i3 ’ v 2 \Tan

(-231- 4 phenyl 1 3- oxazol [ d| n- 2- one HO 25IC To a
Stirred solution of 56.8 @TéR21 mmol )}~af
(45) - 3- hex-5-ynoyls4- phenyl- X 3- OI di n-2-one from
anhydr ous efhyl acetate at

step A above in 265
PCT/ US2609/ 039249 t enperature

ambi ent WD 2009/ 12416¢

under an atnosphere of nitrogen was added 6.31 g (66 2

mol ) of anhydrous magnesi um chloride, 61.5 nlL (442
Stepo| )  ofl-(BGhddrbpHeaytipnep-2-26-19Inl. (265 nmol ) of

benzal dehyde and 42.3 nL (331 gpol) of

chlorotrinethylsilane and_the desulting m xture was

stirred for 72 h. The het4d eneous reaction m xture

was filtered through a 300 of 5silica gel

el ut i ng Tiwiatcholaé Sdmntqféwélorqtﬁnzﬂde Ydvy(P2-aeetGtremolThel 00 mL
anhgldﬂoﬁf!' LR yMERS 1@%@1&&%@& gichobhetd Wﬁ%ﬁ&ed‘ dbWRG1AQy ﬁﬁgé al lh@M solution

of ik Pt BT e S TR o2h TR ks Y %mywd R three b
allogiting toedrmtto rpehi temperatarep dharaconuvdarcnvhed wilesatirated Solition of

amﬁb‘ﬁmﬂﬁghl@hw lﬂldttha@rgalh@ 1ok &G s §ArRQIC 3RicRO mw@%&tateﬁ@ lx 200

LY G higpiF G s T e ok R SgrRRHp e F Ry i pgenirarcd

undgr B89 Buiifjdatiercst ereron MM ariks 49V adilsneel tolumm wingereghdient
eludnd 8f §- M@%%tigpéﬂé&wlﬂ h&nd aftabEchs alid &jonﬁlﬁﬁn@é?f BU4RYm/z (ES) 168,

S 8 050, M R Bl b . .73

4.76-4.72 (m 1H), 4.72- 4.67 (m 1H), 4.65 (t, J= 8.7
Hz, 1H), 4.18 (dd, J= 8.7, 37 Hz, 1H), 3.05 (d, J=
7.8 Hz, 1H), 2.24 (td, J= 7.1, 2.5 Hz, 2H), 2.00-1.93
(m 2H), 1.67-1.61 (m 1H). LG Ms: mz (ES) 346.1
(M4 H20)+, 386.0 (MN\a)+. 15 Step

C (2R -2-1(S)- Hydroxy(phenyl ) net hyl | hex-5-ynoic acid
OH O
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To a stirred solution of 65.0 g (179 mol ) of
36) -3-{(2R) - 2-[(5) -

whyweoxmephenyl ) met hyl ] hex- 5-ynoyl | - 4- pheny1- 1PGFUSW8D039249
idin-2-one fromStep B above in 1050 20 nL of a 20 to
1 m xture of anhydrous tetrahydrofuran to water at 0 C
under an atnosphere of nitrogen was added 77.0 niL (894
mol ) of a 35% aqueous hydrogen peroxide solution at a

t I h e, n I
724 B sttt RIR T od o PP4sl D j%%?‘ 5 TR 1 - 72
Hz| iH)h. Lﬁrﬁdhizdd@iuP&ellébp&éu(hﬁHMs,lS sicheh. B8 @ Ik e sl ow
enough to keep the |nter nal tenperature of the
Step Bact i odetidutnviH A € PRAPE4 ) X e Ly
stirred for 3 h at 0C. The 25 r g'\/gl on was quenched
wth 755 nL (984 mmol ) of a 1. 33, gueous sodi um

sulfite solution at a rate sl §v enough to keep the
internal tenperature of @ re bel ow 5C. All
vol atiles were renoved in uo and the renaining

aqueous TB?ﬁsﬁﬁmg‘f‘?& £Xf %ﬂ%& %gnélﬂ 5N _§téﬂ¥3r%ﬁ%§h®&cﬁo-%§n X. a)l in 90 mL

200 nL
anhxdrog @f‘@dfr\ﬂﬁltﬁﬁepaABWM @d‘iﬁetdﬂ@’lhwmd&éhl Girige (29 ¢, 133 mmol) and
imi8@blet(1 QN g BHichmal) prid 0 reSul@ss chdivh exae etirrele edPhe OB nitrogen at

roog{}%ﬁﬁﬁ_w Wat%ﬁ w%ﬁtwl;r?ge?ta&ge;é%agmﬁ} QH)%AE§eQatQC§%§%?e c‘rgaﬁlxcs dry over

I ned or
maggepig@ spge filiey, an@jﬁqnédltwémdwgﬁe@ ubhedetidustvens ppfifigddyeftpsh
sili@ng@] erapoElatieowitina Yagidr clubito e BI6l ey Mastat il hdxafdkoRyford the

““eacaip%?“mg@%8%5}9?32"?29@%22?%5?4& “%exa’r?‘ésﬁé? LS en?{%gﬁyéTBSﬂ)

Stafordt

4.85 (d, J= 8.2, 1H) 303297| 1H) 229215(m
2H), 1.97 (t, J= 2.5 35Hz, 1Hp;54.93-1.82 (m 1H),
1.62-1.55 (m 1H). LC- MB: S) 201.0 ( M+ H20) +.

WO 2009/ 124166PCT/ US2009/ 49 Step D 2R)-2-1(S)-
{ 1Ter t- %t v fugl ﬁt AF %%Qﬁgldmol 8f tert- baty]l_é[é&—chlorophergl)prop -2-en-1-

( pheny rre aci
yl] 03,<1y 1me@y1§d¢rx9tnil éln lofonBthage gméeﬂztcr -Trfo e daf icg/aeyonp bpihgfrom Step
B) WadBiBbRA ¥£dAb @ﬁtYl' tﬁ@ﬁﬂtﬁ%hhﬁ@%alﬁewmlgﬁt B @1drr Nﬁﬁo%%ﬁ:‘ Qascavas then

bub%}%ﬁ_prﬁ? t}{e &Pl(é)lp 101 1611’[19 it t (%/ ?T%a(s%uﬁ/f ?tlﬁp %t‘?ﬁ‘ﬁog% AL sg al dgn and the
resuttmgmixtur¢ yagallpmst )0 s@fr overnight at room temperature. The materlal was
conéerﬁrad:u ARV ENGINA Itk r@§1&iﬁq)®ﬁﬂ3d an eloazomMPL@ WlﬁhVﬁ@l\/blysﬂlca gel

COhfnrll lLl%néthlt h @ ora 1%?e§u%e£§ ﬁb%fﬂlg@cg{y in h ane(t: aﬁ“fr%écll &1\5 grorgluct

a3. 5s7tg,8?°é)j for 4 h then evaporated in vacuo to renmove al l
vol atiles. The reS| due was dlluted W|th 300 m. of 10

SteplDehl or diafet s P oh o S
hydrogem_djllmmp&dumlummg was added to the mi xt ur e
until a pH of 3 was achi eved ijnkthe aqueous | ayer. The
phases were separated and t heSaguequs phase was
extracted with dichl or {2 00 nmL). The
conbi ned organics were ed wtdh water (50 ni),

b d | f .. Af
br 1 ne (30 TSR e Y8 RSB g
chlgippisoy Nesdtaldphy3I6 Ofrerh St Gi@tlcth dAa(1an dntDoflfR ot §{-28@:thyl-2-

promﬁ@&dﬁ&ﬁm@e .58 niY! ﬁﬁ?‘?@dﬁﬂ%r@ﬁﬁhﬁﬁ@ @@ra{a@é@doﬁpégb%ﬁlfﬁé‘ﬁ 4g,
I N S Stirr e

resu .

21 3R GO e e i P EhsBt Nttt St Blyospgosphere
for i@bi tNreh wastiodivitht veadcraind hxtBa@OwnlLdlohlodmmtﬂam opwytthasrgammerdvith

t he agqueous phase was acidified wwth a 5.0 M aqueous

hydrogen chloride solution wyil a pH of 3 was

achi eved. The phases were separated and the aqueous

phase was extracted with dichl oronethane (2 x 100 niL).

The conbi ned organi cs were 20 washed with water (50

m.), brine (50 nL) then dried over nagnesi um sul fate,

f||tered and ~evapor at ed |n vacuo. The resi due was

e I I T T e T o
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0 Me [11 WO 2009/ 124166PCT/ US2009/ 039249
To a solution of 40.0 g (120 nmol ) of

WO 2RpA21PE S) - { [t ert but yl (di met hyl ) si |yl ] oxyl ( phe&nyblone039249
hyl ] hex-5-ynoic acid from Step D above and 33.5 nL
(241 mol) of triethylam ne in 400 nL of anhydrous
tol uene at anbient tenperature under an atnosphere of
nitrogen was added 37.5 nL (132 mml) of

di ph hasph
L e R T R S e 1 R
MPiCewhibp 40Nds sdigel @el.colpma, ¢letsmg Withhgy grﬁﬂlﬁnt@@mﬁa@tm@éﬂé’d"@ @hyl
acet@AhbQine dafford hOakieCorhsbuddy. B, RDENPEY. AVAUES) 37 36@n M+2)".

diluted with 250 nL of a saturated aqueous bicarbonate
Ste§ @l Ut i ONH.‘lTﬂ?teiﬁjEﬁﬁlﬁamYéﬂ@S%%Qﬁ@%ﬁlo%ﬁeﬂ@%&ﬁﬂ%&f@ -en-1-yl}2-

phase %t@?_&@ﬁé@@ulﬂn& higet hyl acetate (2 m) .

The conbi néd organi cs were vvas1h with vvater (100 m),

brine (100 nL) then dried ovesiZtagnesi um sul f at e,

10filtered and evaporated |nova uo.| -The crude residue

was purified by silica™yg chroneg ogr aphy el uting with
3-10% et hyl acetate in g5 tP afford the title

conmpoun cfo%%oﬁltlgl@bﬁ Jl 2ﬂnlno)5>@N9[QfH) 05)- 2 Qte?’?@utyl@d’lnHW)sﬂyl Joxy}-

2- (@qorgpbenyg%:ld(% lérogg'ine 1de21 ngL g@y%rog% HF cooled
to Of Gmnd_eH)qtro@erS&m@@he@Kﬁrpm@t@@m@gdqm a ]2(HM $0lut@B of mmyl magnesium
chidridk:in ng é?a 9(3-1118:56 Qrﬂmélﬂfla sﬂm%g ard 80 re(smtmé Wixtu@s8%cd Br 1 h. The

mlxilg% gigs all om\?&l)tq_war}i%@ IBOI{I r’\ﬁ%gsrate @F%Brridc @r %%ﬁmélgwi\m The reaction
waslqukRjhed with Rytusateid tselutiorbeftayr nfahiivme tiyrfidesintl gkthagkyith ethyl acetate.

CothPie Qﬂ(glaﬂl@ée 5 yclvler m%nesmm sulfate, filter and concentrate under vacuum, The

MR T P I  e C
cluam gystbni oB3% memwemen &an@togffoBBalinfirnd Jiasianccamrehyad rsongde isomers.
DVF (50Q 'ﬁMR‘Q@éfoﬁ%@ﬂl&srdb%Mlv@c% m%térgdlrﬂer%ﬁ eadiPdther, The

lsomaa.“)aree lﬁ@i@@ppf emﬁlﬁe(g‘qu}ﬁ% 1119%@?%1%8 ibﬁdfnfwémﬁ‘? ilaa&r: ted off was

nanghdgasse d amd thian momemgeha1(ctiablyl1®nﬁ4m n) and the
resultln solution stirred at roomte erature for 5
h. The ure was pou 46( into vvater 200 m and I><

extract djw Et OAc Q 5 300 HTh;<corr‘0| ned® \
satf jllli%i (&OO rrL dj/redo over i ubn sul S@j :

filtered and evapor at ed under vacuum Resi due wa

Tsomei i f | edDESMPLECH OV MoR) 838t H9dMe. MNsR) 5H§\TMR (500
el ut i ng M¥ilz. K DC1groaidd (st 1H0f 7-80 Gudh bt Ayl 1Rk éLatly d, h= 6.2 Hz, 2H),
hexane {7@2gi \e(my1Y).( §49ddis) & 7dal &3.rlgdt i, 11H).08 15 (AH WMR3 Hz,
(500 MHAH).Co01@) = 87 3 Hz8lHY4.6W(d, 2H)7,4 Hz,94D) 83. 983 .0(m, 2H), 1.64
1H), 7.88-7121 128, 8H),0.98.@PH)).086s, B1)4-048,(s.2H), 4. 98

Tsoter, 2: 2H) yn/A(ERT 416, 308 (h M2BY) , 43804400008, OBNA) . SHNMR3(560
(s, 3H) MRz E®I),5: 3.3573.1 ImH2H), A28 (2H) ] =3.00@z, 2HS7.J047.16 (m,
1H), 1.66p,1.56% ((da, J £H)2,, 10.0987.4 31z, BH) 5.20 (berl{Hing3H) = 7.3 Hz,
-0.10 (9H).3D5. (ollapoing 01 Jz= (ESHz589, 884 M) +4 611 112), 4.02(dt, ] =
(MNa) +. 40720091 AR4R66ECH 45200040 BIR 9IS, €94 (s, 9H), 0.14 (s, 3H),
G 4- met hoxygesy! 1(1R)- 1 -1 ( R - {

IsombEd: t - butyIHS i ra iy NSk Fl 43ryd40((mhenyiNare nYHNMB(500
(4-ni tr aphery)%: 930020t mm@amgm 29 7@287010%1 90), 6.04
of nitrophenyh 1aq@;]4%hemz(nt ouSLLP 02442 94, 63234, 1 = 17.3 Hz,
mol ) iR 40- o) ves), 34 eGkoR U, 1A, 3sng, (4, IH), 109 (s
196 5 ’)0935r@ Jehye. ﬁgaéuhtlj qg (ﬁ@Sx}t}Bre ‘heated at 80C

for 3 h. The mXxture was cooled to roomtenperature
and a 10% sol ution of acetic acid in water (110 m)
was added, and the resultinggsolution stirred at room
tenperature for another 3 h. The
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m xture was poured into water (300nl) and extracted

wth Et0OAc (3 x 250 ml); conbined Et0OAc | ayers were
we®bazhies t h water (2 x 250mL), sat. NaCl (100pad/pPS2009/039249

dried over MpSO, 10filtered and evaporated. The

residue was purified by Horizon Flash 75 eluting with

a gradient rising from 100% Hexanes to 50% Et OAc in

Hexanes to give 34 g (81% as a dark orange oil. 1H

IsomB: (5091/ ) 4EDGE1B)N, M+3) - B8 1440((MNa2 MiNa+2)" 3 ZEHXNMEB(5000
9H), 6.8fH @DCJl;) 7. ézdgz 1H)2'7')30 (Br c9§ (7d5 1111) =, 21727 25 dﬂ% 2H), 7.21-
1H, 4. 97’Q8(( 1 )59% —71 3, 3‘(d —104Hz 1H),

14.472,
1H), 4 1 )34, 51d(§t4%>-% %%333(01 I=
(anD 1H) %3%1(1”19(? )@19zP 3131 Oi (s g?ﬂ

Steé%j 5. 1 , v metl ’ - ¢ cthyllprop -2-en-1-
hyl | - 5. (gsarbam: Zg rroI|d| neiZR SRM)( 151
|- ten- Buimqal(ﬁ@tmgaﬂ) il ooyl 130 i [eqshiaryN divpe 1711951113’1 0>5v}(3
chlorbﬁheﬂyll,nﬁabﬁppﬁob)w 1-91} D GG/ 1prapank-2Ful fihdmide Bm Step E) was added

sSR0SI, 0. BB o

Thegigertion aay eapgentiated torilyness andazeptrangd aith tdenet 2k etlaltte Feaove
eXCEQ HA. Fhéresilibewsohet fadh dfﬁﬁ afM@RRK dichidrdmt@ieine, \aCnden nitrogen

atm?ﬁ) erreecsoloijeldqo ﬁ% w1t}t1 {cgfxlvag r a‘ia‘t% anc? ﬁ‘ler%%%g Lf%lo}:oaffmimate @%gi rraL 2.22
mme|)ayH6 Mgoevay addﬁévwégﬂrtge éolbs?a@d 25 diisopeapylpdy] aingEQH 1}5066 mmol)

and'tho reandngogamu@d sﬁ@ed(}@ Yh at 0°cempatitiddadal core@alirddén to dryness under
Vac%l%agr%) Qe & }/d(ljle was tfr%;léd V repa{azlv?mér(% e% \(’er ?O(JOH{%W)[ eﬁu&j g witt with 90%

e resu ni

ethylgcgiete m heesarrede ﬁff@réﬁlgﬁemtlfmmoundﬂé%mxx Ure. mﬁéEaMélﬁc‘f@dM
MRy, #a%dit 10 @INQ MNGDET HNCMR @OME@@[KS3)78€WBE@IHF1GQK) (brd,J=
7St 7%%? Bk e 2 o BB 5 gy 523 @y

= 184tz Ném 13 g, |Jed17o4ﬁé¥ lﬁgﬁtﬂﬁ (dﬂfﬂérPé?dlﬁhd 8viapomatl By 3.33 (d,J
—93&@@2%1 mmw)m , SEBS0. dm@ yas - sfired by col um

cnronma S| ra

O AR SRl S TR s S g rsogprsmiry mey
be prepaB&by e da@pprapisxHéng masrigh yeng Ge @rogec(%@d%%bedfabmﬁe

first isgq , (2R, 5S)- 2[(R)|

[tert- kg}ﬁyl di rrethyI)S|IyI]@);%y~l S'

oh | 33+ 5- (4e obkn rI‘rI o* zﬂ’ld(ﬁ;ﬂl
&Qéi%//o/)v ﬁe&secgngg " \Mt
but y¥( d¥ret iy ) si | yl ] ox

(phenyl y-&et hy1] - 5- (4-ni t r os&nzyl ) pyrrol i di n‘e?.d 5 | soner
1. LGCMS: mz (ES) 427.3 (M) + Isonmer 2: LCMs: mz

M@Eéﬁgﬁ%(er Step |:Ten-butyl (2R, 5S)-2- 1(R)- {
] d|nethyu)5|IyIonyI(ohenyI)neﬁhyI. 5-(4-

(phem'l)methvﬂbyrrolldnrreN(})a?boxvlate (i- 3)

>y
/,SL\O O, o
- J%
k3 NH,

Step A: Benzyl{4-[(3E, 5R, 6R)-5-{[(benzyloxy)carbonyl]amino-6-{[fert-butyl
(dimethyDsilyl]oxy}-6-(3-chlorophenyl)-2-oxohex-3-en-1-yl]phenyl} carbamate

-30-
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To a solution of ten-butyl (2R, 5S)-2-[(R)- {[tert
but yl (di met hyl )silyl]oxyl (phenyl)nethyl]-5-(4-nitroben

waQ 0pp1s®l | di ne-1 -carboxylate (12 g, 42.5 moPQT/UR2009/039249
anhydrous THF was added Boc anhydride (9.3 g, 42.5
mol ) followed by TEA (17.76 nL, 127 4 mol) and the
resulting solution stirred at room tenperature under
nitrogen 15 atnosphere for 2 h. The m xture was washed
with water (100 niL) aBextract ith ethyl acetate
(2 x 200 nL). The_ o ed oyer sodi um
sul f at e, fllteredd congentr atded dm acuum The
resi due was purified vi M E?ﬂ/ot age MPLC (65i
silica gel colum) el utPng~W a grad| ent of 20-75%
et hyl aqetaasbelubmoiftemn €3-{00:ab{i103-6h -1 RB)palesi] ceBapito Lo 820 mg,

8(% S%?M%tang{gﬁ %%%gﬁ%uér% y ??yl%xg/mﬁlofopggly§ﬁlgﬁyl prop-2-en-
L-ylieerharpaie (t2) 100011 sfmm@/l L of predipny tielhlpspimethage wivadded the

Zhal Itcat@Q@tr(leﬂ mg,wr I0hindi)Agd {heG@sﬁbﬁgfgfe@ﬁ @oluud}mas heated to 40°C

S
ove{rhfglﬁ un(?er n1tr0IgeI} 'ﬁgl.o?}%erermfﬂe rea&t%sn V{la% ecﬁlﬁcenttr ! od toedPyness ang the residue

I somnmer ans
pur(f@plgwagmpa@.tl[ve pé)ates {4 x 1000 uM) eluting with 40% ethyl acetate 1n hexane to afford

the kitl@ Borbstupd (AR e, Bodo). %/ (AS) 9x3 17 eyl 2 yret3By 37-(BfNa, MNa+2)".
(nitrobenzyl)pyrrolidine. LCGMS: nmlz (ES) 527.3 (IH) +,
549.2 (MNa)+. Step K Ten-butyl (2S, o
Steg@) - 2- (A—_( ﬁRhﬁﬁ%y@,ﬁezy—but_y!( (im)elhv{)sﬂvl]oxv}(Dhenvl)methvl]Dvrrohdln—2—
rtert - byubwe{giamtiiy! ) silyll oxy}
(phenyl ) met hyl | pyrrol jdine-I|-carboxylate (i-4a); WO
2009/ 124166PCT/ US2009.039249 NH2 A 500 nmL
parr shaker flask was~€harged with 10% Pd/c (4.75 g)
and to this was added<l0& N of nethanol to cover the

catalyst. A solutio t he 0 i nternediate from
Step | (8.5 g, 18.5 mmol) in rretl (80 nmL) was then
added to the suspension, foll owed by 15.4 niL 50f 1.0 M

hydrogen chloride in nmethanol sol uti oh. The reaction
vessel Wag sektionpife8 nO(ORSImthgl plopary! (fal3 Ak, 6RE5-

(t;a%)fwyzc;ﬂgﬁmﬁﬁlﬁ@%qyzemyugmdlm@sﬁ 1?411?1'1]&4;@1} GA@Sch‘lcﬁl%ﬁﬁﬁnﬁpﬂ oxohex-
3-¢ é &%ﬁ l}ca I’bama(t:’[e (tIrom Sé‘ﬂ% éq'}’g%%" P§§{ha NE ﬁ(? gq‘g%o pca%ladlum on

carlmu ang theehieasiamuassasinder lwdtdgemmmre \i2a kallbgQ offiy)drogen gas.
TheTrlafc‘uBh ok atreed\ﬁaaer%%e et ot gdt Itogm%lﬂﬁb@a?t%eamﬂctﬂi‘@ved that the

reaion AR Foieel e ety XS UGG e Gyerhas 83l b Sauinee fier

andetdsldd widetthane! (4rx SekanEhetfdtratf fvos concérratedttd drysesnpodendacuum and
the G&m%g ur?f?e@g%@ ratiF)1ad 97 x 1000 iv) 38ding MitBGG) miethddodNUR
dic P_f)ome a%esto6'1 @f& Hlﬂeze%mpogndségggl 6?/}&? mizl_q)Eg) %967§Sﬁg)Q
(m 1H) 4.15-4.05 (m 2H), 3.86-3.81 (m 1H),
te]%C76 %grt—ﬁamvl(gkﬂ-z (éﬁargﬁolgenéql) 6%1@'%}%'} tert2 74 ( br d, J =
7 H f—| 4 I—g 05- 1 O

(m 1H) P
(M 1H Tok.sBltin Qﬂlz(lmng @H)lﬁ nnnomom (GQSR()rﬁ IIHH te@- 95 (s

but 198213’( & (bﬁel%;l)n%tﬂ# yrl‘e'ﬁdm Q—vyi-}%le(}gfﬁ)aghne]mﬁ Sud O@anhydrous
gﬁé} R Baéﬁag/éﬂ)%a f@}’ ﬁ:ggtgl (‘gﬁ%)]at% Iq%{]négb ;6t3ylS m(moR) followed by TEA (44

uL, tﬂ,ﬁl)ﬁln(lrdq)lbrmd'tye Jesultiyg $odtiph stirred at room temperature under nitrogen
atm() RV MR D yfﬂeayicrleﬁ m@atﬁ}e Wlas rdl%aftw R Eprépar AR pﬂafeA<1§no uM)

manne St
andge ih 3086 Lol ﬁﬁgﬂﬂ? LS PUSSHETPOU, {00 i 661 i
(ESH VI S 0365r(M-Bee)- b UNMR (20 MBIR) CRCT:( &)7-40-7.30 (m, SH), 6.75-6.68
Wert butyl (di met hyl)silyl]oxyl (phenyl)nmethyl]-5-(4-nitr
obenzyl ) pyrrolidine-|-carboxylate. mz (ES) 497 (MH)+,
397 (M Boc)+. 1HNWR (500 MHz, CDC13) 6: 7.41-7.30 (m
5H), 6.73-6.67 (m
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25 2H), 6.56-6.50 (m 2H), 5.52-5.48 (m 1H),

5.33-5.28 (m 1H), 4.15-4.06 (m 2H), 3.86-3.81 (m
Waro9/131166- 3. 70 (m 1H), 3.59-3.46 (m 2H), 2. 7BCT/B82009/039249

J =12.0 Hz, 1H), 2.44 (br d, J = 12.0 Hz, 1H),

2.05-1.93 (m 1H), 1.90-1.82 (m 1H), 1.64 (s, 9H),

1.49-1.42 (m 1H), 1.32-1.20 (m 2H), 1.10-1.02

(m1lH), 0.95 (s, 9H), 0.14 (br d, J = 13.7 Hz, 3H),

0 } | i i di
(GOt B b DR Bp P BBy 1 & S0Pt Pl han SFI0R P ™32
(m,tIHg. sl (m.ashdesT s Hbed.2abA/& (bod, Jintlet Heditar 244 bngd, J = 11.8
Hz, IABLE031.95 Nh!21ﬂ)m.9oj-mdi§)ﬁ,t BDAL.668, O, YB9S! 443l @47)1 .32-1.22 (m,

) : , OH),
ainf YTyl §aStaniPontt 39 b teedtyp 1, 30, 51530

i nternedi ates were prepared fromthe appropriate
SEFARA TIGN OFBNE ER MEDIATENE ANTS T OReEnI £FEdeSCr i bed

T BN EE S N ST AL B4 R rer it fimSh S
oxv }(phenyDmethyl]pyrrolidine-1-carboxvylate (i-4a);
Tert-butyl (2R, SR)-2-(4-aminobenzy)-5-[(R)- {[tert-butyl(dimethy])silyl]
oxv }(phenyDmethyl]pyrrolidine-1-carboxylate (i-4b)

o

>y
/SI\O YO

S e,
ST,

i-4a

Step A Tert-butyl (28, 5R)-2-(4-aminobenzy])-5-[(R)- {[tert-butyl(dimethyDsilyl]
oxv }(phenyDmethyl]pyrrolidine-1-carboxylate (i-4a) and tert-butyl (2R, 5R)-2-(4-

aminobenzyl)-5-[(R)-{[tert-butyl(dimethyl)silyl]oxy} (phenyl)methyl]pyrrolidine-

1-carboxylate (i-4b)

The intermediate i-3 (fert-butyl(5R)-2-(4-aminobenzyl)-5-[(R)-{[tert-
butyl(dimethyl)silyl]oxy} (phenyl)methyl]pyrrolidine-1-carboxylate (4:1 mixture of cis and trans)

was taken up in methanol and purified via the Berger Multigram SFC (supercritical) using an
eluent of 30% methanol:60% carbon dioxide to separate the two diastereomers. The first isomer

of the column was labeled minor isomer 1 and the second isomer was labeled major isomer 2.

i-4a:  m/z (ES) 497 (MH)", 397 (M-Boc)". "HNMR (500 MHz, CDCls) &: 7.40-7.30
(m, SH), 6.75-6.68 (m, 2H), 6.56-6.51 (m, 2H), 5.52-5.48 (m, 1H), 5.32-5.28 (m, 1H),
4.16-4.06 (m, 2H), 3.88-3.82 (m, 1H), 3.76-3.70 (m, 1H), 3.55-3.48 (m,2H), 2.74 (br d, J
=11.8 Hz, 1H), 2.44 (br d, ] = 11.8 Hz, 1H), 2.05-1.94 (m, 1H), 1.90-1.82 (m, 1H), 1.60
(s, 9H), 1.50-1.42 (m, 1H), 1.32-1.22 (m, 2H), 1.10-1.02 (m,1H), 0.95 (s, 9H), 0.92 (d, J
=11.8 Hz, 1H), 0.12 (br d, ] = 14.0 Hz, 3H), -0.04 (s, 3H). Eluted 8.70 min on SFC,
isomer 2

i-4b:  m/z (ES) 497 (MH)", 397 (M-Boc)". "HNMR (500 MHz, CDCls) &: 7.40-7.30 (m, 5H),
6.76-6.68 (m, 2H), 6.56-6.51 (m, 2H), 5.52-5.48 (m, 1H), 5.32-5.28 (m, 1H), 4.16-4.06
(m, 2H), 3.88-3.82 (m, 1H), 3.76-3.70 (m, 1H), 3.60-3.46 (m,2H), 2.72 (br d, J = 12.0 Hz,
1H), 2.44 (br d, J = 12.2 Hz, 1H), 2.05-1.94 (m, 1H), 1.90-1.82 (m, 1H), 1.64 (s, 9H),
1.50-1.42 (m, 1H), 1.32-1.22 (m, 2H), 1.10-1.02 (m,1H), 0.95 (s, 9H), 0.14 (br d, J = 13.8
Hz, 3H), 0.09 (s, 3H). Eluted 7.78 min on SFC, isomer 1.

SYNTHESIS OF INTERMEDIATE 4a AND INTERMEDIATE 4b

230
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Intermediate Ar Calc. Mass Ms (e/z) (MH)+ i-4g 514.30

515. 30 i-4h 41k 514. 30 515.30 | NTERMEDI ATE 5
waegewAbusey 1( 5R) - 2- (4- am nobenzyl) - 5- 1( R) - { | t er EUS200§/0B9249

i met hyl ) silyll oxy} WD 2009/ 124166PCT/ US2009/ 039249

(3-chl orophenyl ) net hyl | pyrrolidi ne-1-carboxyl ate (i-5)

Step A44 { (5R)-5-1(R)-(itert-butyl (dinmethyl)silyll

oxy | (3 - chlorophenvl)nethvil pvrro Iidin-2-yll

h :

iy hate (G4a)y [tert but yl

Tert- Qﬁtﬁﬁ@hyﬂﬁ)& (|4yalrﬂ1ﬁ>c3b)éhzv1)65 ((@) mé% ptPRMBRII))siRIOX0hex-
I II fromStep A 1-3) in 8

pal | adi um on car bon and

)
. 9,
0

the suspens /I was, set under D;idr ogen at nosphere via a
bal | oon of hydr erﬁ’g%jﬁ/ 10 The $eac s stirred
under hydro N8 h at room<edpernatufe. The

usi a Gt pEen\Q 45 uM PTFE
syringe filter and wask with~ethyl acetat® (4 x 2
nmL). The filtrate™fas concentrated t‘o—dry @H under
vacuum and the residue purlle ed by preparativé plate

catal yst wa | tered o

000 1. i
‘%*Ste %‘chl or of Hus s h e %gkrlr%ound (33 ny,

51% . mz (ES) 430 4W) )j-\P

To a solution of 69.0 g (615 mmol) of 5-hexynoic acid and 214 mL (1540 mmol)
of triethylamine in 1.0 L of anhydrous tetrahydrofuran at -25°C under an atmosphere of nitrogen
was added 83.0 mL (677 mmol) of trimethylacetyl chloride over 20 min. Upon addition a white
precipitate formed and the resulting suspension was stirred for 2 h. Next, 28.7 g (677 mmol) of
anhydrous lithium chloride and 100.0 g (615.0 mmol) of (4S5)-4-phenyl-1,3-oxazolidin-2-one
were added sequentially and the mixture was allowed to gradually warm to ambient temperature
over 12 h. All volatiles were removed in vacuo and the residue was diluted with water (1 L) and
extracted with ethyl acetate (3 x 300 mL). The combined organic layers were washed with brine
(250 mL), dried over magnesium sulfate, filtered and concentrated in vacuo. The crude residue
was purified by silica gel chromatography eluting with a 5-50% ethyl acetate in hexanes gradient
to afford the title compound as a colorless solid (135 g, 85.4%). "H NMR (500 MHz, CDCls): &
7.40-7.37 (m, 2H), 7.36-7.32 (m, 1H), 7.31-7.28 (m, 2H), 5.42 (dd, /=8.9, 3.7 Hz, 1H), 4.69 (t,
J=28.9 Hz, 1H), 4.28 (dd, J=9.2, 3.7 Hz, 1H), 3.13-3.02 (m, 2H), 2.24-2.21 (m, 2H), 1.94 (t, /=
2.6 Hz, 1H), 1.84 (quintet, J=7.1 Hz, 2H). LC-MS: m/z (ES) 258.2 (MH)".

Step B: (49)-3-{2R)-2-[(S)-Hvdroxy(phenylmethyllhex-5-ynovlt-4-phenyl-1.3-

oxazolidin-2-one
. N )J\o
<<

To a stirred solution of 56.8 g (221 mmol) of (45)-3-hex-5-ynoyl-4-phenyl-1,3-
oxazolidin-2-one from step A above in 265 mL of anhydrous ethyl acetate at ambient

-33-
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15 Step B: Tert-butyl(5R)-2-(4-am nobenzyl)-5-1(R)- {
itert-butyl (dinmethyl)silylloxy } (3-

webdoonaphenyl ) met hyl | pyrrol i di ne-carboxyl at e (PEBYS2009039249
a solution of 33 ng (0.07 mmuol) of
4- ({(5R)-5-[(R-([tert-
but yl (di nmet hyl ) si | yl ] oxy} (3-chl or ophenyl ) net hyl ] pyrr ol
idin-2-yllmethyl)aniline in 1 nmL of 20 anhydr ous THF

ad tert-b ate (15.

ey R Y DRE T BB 1o Aok @83 Ahe Soal s
magr@@umtqh}@gldgcﬁl Jtrilo ﬁ44§tnilm®lé@|f tapthylémmet M@L&E@ﬁ _m@h@ér
benﬁélﬂé}@G@ihdaizlmtﬁD heyianaye bmlﬂ;&bttnmm@lsﬁl@lﬂeoatnum Budrid Bix ture was

C on a | ve
stirfit o, i Syt e R ED B b B b b gt e of
siligaj gel duiengpdusnceddRBngtg L of 8yl acptate. (TES)iltB80wWasEg@ofaipd to dryness in
vachi éddthe fb3@ue 435 n(iM 1%%5 nM(ﬁQﬁe'ﬁ%}lﬂil an@ﬁOWﬁR@r@a@@@amd The

res@‘%t}élghcélgé ]:I;l%%%gﬁlile m?t}l?% ée?nﬁ) ags/ K‘%k n1trogenaizor g h %uly g which time

the mgtgjn]_@q@ﬁcﬁm@'q’gbmgﬁ oAlh 89 2tles we@EBhen removed in vacuo and the residue
wad ;nirﬁwsﬂslﬁé e@cl%@iﬁiatbgraﬂ{ye@ﬁ[n%dmﬁloacﬁu% Ryt ReRth h&RBE oradient

to agfrﬁggtﬁeg ecofg’f‘?ndj_%)ég %SPRA'@R\)%D%\?%’ HNNH? 5|’081 Rfﬁgz %Ch) i)

7. 3(271%1(lhy$H157 69-di0fy i N B2 ydd. dpet. . 114, 1L, 45]6-4.72 (m, 1H), 4.72-
4.61 tth a@gl 43654@0}%5 RoXW 119) aakddd /=R)7, 3.7 Hz A0St @ B byl 1),

SIIIEN THVER S KT Py

(MHd{z@Ol,é%@)ﬁMbIahyl 2- oxocycl opent ane- 2- car boxyl ate (56
g, 359 nmmol) in chloroform (500 nm.) cooled at 0C was

agded b[(?lg]ﬁﬁ&(ﬂ[édrng%engﬁmetf\'z I over - O mn. After

| et e=ackh Y to room

t enper at ure and sti rred ove@ﬁl ght. N trogen gas
bubbl ed t hrough m xt ur L-1~gut 0 renove nost of
HBr. Washed with wate 0O nE), sat. NaHCG3 (250 niL),

sat. NaCl (200 niL), dried 0\1% My504, filtered and
15evapor at ed. Resi due dissollved in EtOH (500 rrL) and

L hi oacetgn fed S fngr <369 (MRbhoAdRed, AN YLe

stirred at roomt enper
hydserefnhegrimethshbexr ooyl e-4ienyd d o edzal it %va%watsée@ B ahogye in 1050
mLtofie 20 @si chiseurp af drihly thonedtrisidvweann GMtard0 satunddaidd@sphere of

nitrgéegl%ms %d(lle%l% o M@%@gqnmol) of'a 35% aqueous hydrogen peroxide solution at a rate
slow enough to keep the internal temperature below 3°C. Next, 395 mL (395 mmol) ofa 1.0 M

aqueous lithium hydroxide solution was added at a rate slow enough to keep the internal
temperature of the reaction below 5°C and the resulting mixture was stirred for 3 h at 0°C. The
reaction was quenched with 755 mL (984 mmol) of a 1.3 M aqueous sodium sulfite solution at a
rate slow enough to keep the internal temperature of the mixture below 5°C. All volatiles were
removed in vacuo and the remaining aqueous phase was extracted with ethyl acetate (3 x 200
mL). The aqueous phase was then cooled to 0°C and acidified with a 6 M aqueous hydrogen
chloride solution until a pH of 3 was achieved. The aqueous phase was then extracted with ethyl
acetate (3 x 300 mL) and the combined organics were washed with brine (100 ml), dried over
magnesium sulfate, filtered and evaporated in vacuo. The residue was purified by silica gel
chromatography eluting with a 5-10 % ethyl acetate and 3% acetic acid in hexanes gradient to
afford the title compound as a colorless gum (32.0 g, 82.0%). "H NMR (500 MHz, CDCl:): &
7.39-7.28 (m, SH), 4.85 (d, /= 8.2, 1H), 3.03-2.97 (m, 1H), 2.29-2.15 (m, 2H), 1.97 (t, J=2.5
Hz, 1H), 1.93-1.82 (m, 1H), 1.62-1.55 (m, 1H). LC-MS: m/z (ES) 201.0 (MH-H,0)".
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with sat. NaCl, dried over My504, filtered and
evaporated. The Residue purified by MPLC (Bi otage
woRMvADINe6 2 X FLASH 65i) el uent: 100% Hexanes PF@B0S2909/039249
gradient rising from 100% 20 Hexanes to 25% Et OAc in
Hexanes (1400 nL), then 25% Et0Ac in Hexanes to give
the title conpound (32 g, 42% as a dark oil. 1FINWR
(500 MHz, CDC13) 6: 4.22 (q, J = 7.0 Hz, 2H), 3.96 (m
1H, 3.04 (m 1H, 2.88 (m 1H, 2.76 (m 2H), 2.70
(s, 3H), 1 30 (t, J =T7. OHz 3H). Step
p 5)- Hilbre-Huty L dipreth oRrY dpheaymath@ihex-5-ynoic acid
t hi azol e- 4-car boxyl i c acirds |-7 25To a sol ution of
31.5 g (149 mvol ) of et oH
2- et hyl -5, 6-di hydro-4 clopenta [a] [1, 3]
t hi azol e- 4- car boxyl at e Ta(p(450 nmL) and net hanol
d

(100 nm.) (fromstep A was ded a solution of lithium
hydroxide (149 nL of a 1M soOlution, 149 mmol) and the
resul ti Ag apfiredigadutoniof 6%@%147rremﬁbpé@ﬁéﬂa[@re for 3 h.

hyc@s;gqmleﬁﬁ)rﬁeemmeﬂs Byloieuapafoat St@@c aﬂ&eaﬁa smg olf @1&1 Mﬁs

aceﬁonmil% argtaer%tttemrpera%uri (n&ﬁlelr_& at r%l)fba 0%{1 trogﬁn wa ?76 mL (5 13
o 1 Sediagzabingady[5 4 Blundae 7-sde m mh f@tqwe@3>y>66 2m4ﬁ@_9nmol) of tert-
butﬁl@ﬁﬂﬁtﬁ&%ﬂly%rld@)(@ﬂl&e s oveno MaSOFhe fe'ad:ttoﬁrnﬁﬁtuﬂﬂdas stirred for 4

g RPRaled: e lPEhETe Wbty oy il dntbs TR A of
dlclﬁe@mﬁlenq 31idt 100 anleef weitarh Aalc@ Moasupeus [hgdroggn| qhé)rrléd selntgpn was added
to tﬁ’é ﬂnB&hrE Gntgla\f)@{ $fhavdsiabhiev<aenme ld@&o(l lajerd Thé l%sesaﬁerém: arated and
the 3 aquefﬂl_i) pha§e€ \%%l ! %&cteflﬁylth %%5 Hﬂethi C2 61139 g‘g% ﬁ?mté orgamcs
welg WMhAWEEergSO mL), brine (50 mL) then dried over magnesium sulfate After
filtrdtidd ab@leta bﬁtl@iiyyﬁ@[cb&ﬂﬁé |rés&l‘i!f(b: 'W?J; gl)%sofﬁve@ﬂWﬂT AL SEmetheh P REN3 50 mL

W (ﬂ (Bg .8 1@[ Jqﬁ?ous et issgmgfa lbon e ¥]H {):n a5 a%décl 'ﬁ?e resHﬁ)mg mixture

WaSZSUam‘ﬂ fo-15, }Gthdm tnpdeteted 4 et tpembes ail wllatiles] Th@esidue was diluted
with @0@1%9'0@ dﬂhl@ﬁﬁﬁb@?ﬁ)ﬁé Qﬁcﬁth@aqueous phase was acidified Rit@R3TEM dgleous

N R e T R E e ey R

aqu@m;pggse@vas 5xt3@te(i tmthghchmﬁpmethar@ﬁ &d00 ;Lo 7he{)con2)|1-1)ed ogaar_ps were
wasla@(ﬁ With Waber (- nQIJ—) bife %MDL %’hez %rlécm)vel Fhgneiufbultite, RAtdtod and

evaﬁori ?é’f‘f‘l%%t%@&f EAfYs Ip)l%\ﬁf}odr%’l o1 §a§elo°hﬁ°;%aﬁ‘%¥r§ﬂhly elplpgpipa -
15% athy;l agktatt il hex@nes grdviient tl adtond hatidosympmuad as a colorless solid (42.3 g,
86.6%). "HNMR (500 MHz, CDCls): 8 7.36-7.27 (m, 5H), 4.78 (d, J = 8.7, 1H), 2.90-2.86 (m,
1H), 2.19-2.11 (m, 1H), 2.10-2.03 (m, 1H), 1.90 (t, /J=2.6 Hz, 1H), 1.75-1.67 (m, 1H), 1.41-1.34
(m, 1H), 0.83 (s, 9H), 0.02 (s, 3H), -0.27 (s, 3H). LC-MS: m/z (ES) 333.2 (MH)".

Step E: 4-Methoxybenzyl {(1R)-1-[(R)-{[tert-
butyl(dimethyDsilyl]oxy }(phenyl)methyl]pent-4-yn-1-ylicarbamate

>|\ OMe
| T

Si (e} O

—>a Y

©/|"|:E/NH
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20To a solution of 230 ng (1.08 nmol) of ethyl
2-am no-5, 6-di hydro-4H cyclopenta [ a] [1, 3]
WO pioaaviies 4- car boxyl ate i n di chl oromet hane (5 POCl/UST000089249
step A) was added di-tert butyl di carbonate (236 ng,
1.08 mmol ), triethylam ne (0.15 ni, 1.08 mmol) and
DVAP (13 ng, 0.11 nmmol) and the resulting m xture
stirred at roomtenperature for 2 h. M xture washed

with 1IN 0 d over
b0a omsebbip Hroog oo rfod SRRl i oY e
but metélﬂl)&yhyld@ef}Emhpmmﬁthyﬂ:lhﬁzsﬁyzmg;ld dlomeyien D@b@%and 33 SmL (241
M RARShyiah8Re Mo ngf@fcﬁhﬂ}l;ﬂml@'tdlﬁe%’eﬁt Qlﬁﬁleﬂltnelﬁi@ﬁaﬂﬁ%%n&eggﬁ)

atm@fﬂfhﬁree BBt Al T T4 2987 misoh b Fedah Sk e

mlx(rng @aMﬂzredM@gnd@her@ 7233m(~t§30 lsme]ﬁ))f 4 meﬂmxqu:nzyj aleolpol as

addw Tl?eh')asult&g%xﬁﬁre wak Ica®d & HdgsC 116 h%&fed(t&m&bﬂt terﬁl%éf’aﬁure and
rﬁ_gﬁluteé(i:guth %56)7 ég& sa%u'_rglted aqueous(bldarbo'_gte sg'lut2 on. 1I'he plllases were

sep@atzd pidrde equvasabyesar dontrictaimyitiodthd asstelt Ryt B mH. chhelcopbined
org ﬁﬁés&v%rg}vigh&i Wgtg]\&g}éa %)8% Ogrén 43@%&1}/%@@@@“ difel(ﬂna sium sulfate,
re
R G M A f@]&% aggeohy
cluting \{nd] 3-12%3thyt memeon dexinesip bl the @lq domprvist asp cBlorless oil (50.9
%%b/é)glfﬂNMMGGIM}@z anl 9goms7. Q% (th.vad), 6971 AR 4 Hz 2H). 4.92 s,
2Hé232 4"5%‘% ;bﬁ) %§903684 6951%3 ? )( 02Z m,zz(ﬁgc ?#m 1H), 1.91-
1.83 i, IHJ) b%/-{ $0 (19H)H), 689 NTEIFRNEIDISASTEHQ 0.15 (s, 3H). LC-MS: m/z (ES)
4682 | arooRheny 1) - 5, 6- di hydro- 4H cycl openta lal 11,31
hl&gi:zl);e 4-carboxylic acid (i-9) o HO 1-9 Prepared
usi ng procedures analogous to t hose found in
Step At er medinadtleoxybg (o] @c tdirh s pltho
4-f1 uor gf_h glgalﬁatelHNl\/R (500 I\/Hz
DVSO- d6)” 6: 7. m ) , 8.7, 2H), 3.81
(m 1H), 2.99 (m i 286( °70-2.58 (m
2H). Step A Et hyI gﬂ/lsk V@/
2-methyl -4,5,6, yd sHl 3- benzot hi azol e- 4- car box
[

ylate Et0 O To a et hyl
2- oxocycl ohexanecar boxyl ate ( 88 Mol ) in 20
anhydrous diethyl ether (40 nlL) Rd,at 00C was

added b 15
Ator cORPBLEORAIETIRE R B Ead (oL leD AT pg obenzene
(21 Ra 8 e iowalrydess FIMF (0D xtLves adld¢m1et1iymrt¢ (1 O, 19700l

Pdfﬁ(}@{‘@ 9’_’9%35@9 n%&lj"arﬁ%%ppew gﬁ@ﬁnﬁ NaChymdly WadafRé@hind the

t ed, t
R R e
tempaideuick: fol kit Threemistuire weschoatedrigo matee 1200 o1) add xtiabted wah EtOAc (3 x
3000 rﬁ]‘F tl*%i? %ﬂgg?%aénc%%%& whEYRARHaled 240 rfg]?)sbéi‘ UlgaCI (200
mLﬁ?’F 0%V PR BEYSY %ei ﬁ‘éefeéjoangﬁ?ﬂapé?{ﬁé% df4tle V&Cu‘%b;k"& Svas purifiod
by MRECf(HedzdmBineg2 Bhsht Ggelutog mathr: grédichSbf G30% cthly Uesatate in
hexlx@é)te{oghl%&@ %)@9)@ dtﬁﬁjk)red ar ?/GBI E}g}ﬂvﬁ{ 80 2%, - 4. 11-8.04 (m, 2H),
L i ke QDS 0665 Hg APV B S m. 2w,
4, O@B@ﬁ@e B, 3.81 K, BINR (50 J Mzl HEIDCE 3H),6:0041. 22(nf, g H) JE66-1.61 (m,
1HY 03 (L5, 03108¢ 3(4%; 049 éss 3. ﬂb&ws:%v%?&s?@wégﬁmm? 61 B2 (0Na)".
301H), 2.65 (s, 3H), 218 (m 1H), 2.11-1.95 (m 2H),
1.85 (m 1H), 1.29 (t, J = 7.1, 3H. WD
2009/ 124166PCT/ US2009/ 039249
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Step

B: 2- Met hyl -4, 5,6, 7-tetrahydro- 1, 3- benzot hi azol e-4-carb
wo@abiizsieci d (i -10) Prepared from et hyl PCT/US2009/039249

2-methyl -4,5,6, 7-tetrahydro-1, 3- benzot hi azol e- 4- car box

ylate (fromstep A) according to the procedure

outlined in internediate (i-7) step B. 1HNMR (500

5MHz, CDC13) 6: 9.26 (br s, 1H, 3.81 (g, J = 7.3 and

Ste%s _Ggi 5. % ’ - Alx\l.ﬁm'gyi éoh'gﬂvl)methvl]—S—

2- 1(Ter»4“l 4, 5,6, 7-tetrahydro-1, 3-

benzot hi azol e- 4 car oxyllc aC|d f-1bme 10(i-ii) Step
A: Et hyl
2-anmino-4,5,6, 7- tetPéﬂyﬂfﬁfi ot hi azol e- 4- car boxy

late EtO O NH2 NP epared a&ceording to the
procedures outli nd ter -d|Qjé 10 (i-10) step A
repl aci ng thi oacet a de i ourea. 1HNMR (500 MHz,

DVBO- d6)lo@: so@tlglgoﬁlbﬁro@en}ﬂ Rpetylgne(fromsytep F, 12, ¢5.3mnpi)in DMF
4031y Wad dddedpytrofidide (UL, B63mAoBOnd h rediing hixdGe (Bated at 80°C for
3 h.3 e’mié%ugeswésrgool]égbtd ro%mégmlge%turlc' '591(1 a }00}!')7501(1¥i0n éjf a%eti70' a:éid in water (110

ml)Byag éif{e’demd thaearyreobdiny byjread ah eslonvtemp@atpre for #ngkhprd b-The
mixdurd §AZ pEud BiAR! Ratd-(30088 T heirh@e BCHIOEOACLS k 258 @ffY: epakiael

EtFAORY @S Ok washed with water (2 x 250ml , sat. NaCl %IOOml) dried over MgSOy,
2-am no-4,5,6, 7-tetrahydro-1, 3-benzot hi azol e- 4- car boxy

filtqred @d(ervmmt@t & pe m)ilda@:wwmruﬁgd boHoereongtasb dd ghugigg with a gradient
risi@ttrbh D06 IHExAM &F SR B A 8 Helkard) tSiePs Q:I;E’S@W ala dﬂrk'NMﬁge oil.

1H (5%%@%%8617 §%%9 T%H)lﬂsz 7?3%8 9933? {5 }_%TAHZ, 2HD),
4.94 (BT =(1A2 Hay H). 1,995 d,(Js IZQH){Z 125, 4. RFERVEBHATED1 2.16-4.13 (m, 1H),
3.81 ndamy, B-7¢@ri7q2sybH§ 2a3t5L2?5h2(onT 12%21) 19t7 1.92 (m, lH)dl 72- 130 (m, 1}{) 0.93
e n 0 e Iterature proceaure our na
(s, é;ib %ﬁégfnﬁﬁfcﬁiﬂ ?ﬁl Y (2000), 65(4), 1132-1138.
| NTERVEDI ATE 13a AND | NTERVEDI ATE 13b  Tert-butyl (2S,
StepH) - 2- (@zzamph@mwér} b@w[(&ﬁ)ezzhl?}’)ﬁfv‘l)])é)(x_(WHM‘)&&E&IDXJ(JI

pyrrolid ; Ten-butyl (2R
PItTONE

5R) - 2- (& artr 1 -oxy( phenyl ) et hyl |

pyrrol|hmmé_gmiybﬂbﬁbxwmmmmVMmthB6¥4nnmbmmwﬁwnohmne

Sivg

H
N
BRay J’Q
isomer 1 isomer 2

To a solution of MOZ protected ketone amine (from Step G, 34 g, 56 mmol) in
DCM (350ml) was added TFA (256ml) and the resulting mixture stirred at room temperature for
1.5 h. The solution was evaporated under vacuum and residue partitioned between DCM and
sat. NaHCO3. The organic layer was dried over MgSOy, filtered and evaported. The residue was
dissolved in MeOH (750 ml) and cooled to 0°C via ice/water bath. Sodium cyanoborohydride
(21.2 g, 337 mmol) was then added and the resulting mixture was stirred overnight to allow to
warm to room temperature. The mixture was quenched by addition of water and the organics
removed under vacuum. The aqueous layer was then extracted with EtOAc (x2) and the
combined EtOAc layers washed with sat. NaCl, dried over MgSQOy, filtered and evaporated

under vacuum. The residue was purified by column chromatography on silica (eluent: gradient

-37-



10

15

20

25

5Step A:Ten-butyl (4R 5R)-2,

2-di met hyl-4-1( 1E) - 3- oxoprop- 1-en-1-yfl -5-phenyl -1, 3-
W@2@2024166 ne- 3- car boxyl at e -0 TOPGIT/US2009/039249

solution of ten-butyl (4S, 5R)-4-fornyl-2,

2-di met hyl- 5- phenyl-1, 3- oxazol i di ne-3-carboxyl ate

(20.9, 89 1 mmol) in CH2C12 (150 nL) was added

10(tripheny|phosphoranylidene) acet al dehyde (27.1 g,

m xt.ure stirged.at )
it 00 iR o Pt FRIAGH Tt R IR s T8 B gt somr,
(2R HB-6RY é[mrt blmel@metbywalyl gren enhempd Injethadlde (- ifidbanig )pyrrolidine,
andrﬁﬁglkltzp/é)%fﬁ@sbdé)néi\@s%mé;gkeﬂ@dz RRI-([@-Aash chromat ography

Si | 0 to 20%
o Ry R R e R P P LR A Ao 8508 .y
Isomerel: ACeMShmirdRENEX)3 @4 e 16 39 (72% of the title
IsoSMonsas/AES Skl LG M5 354.3 (M23). 15 Step
B: Ten-butyl (4R, 5R)-2,
2-di met hyl-4-( 3- oxopropyl)-S-phenyI -1,
Steplox az ollemdibnel QR. 5ArhbR Y [ [#rebutNidimethy Nsilyl]oxy | firhemymethyl]-5-(4-
sol ut i oRiu@bed8NpREMiMIne 1 4RiboRAIR2, 2- di met hyl-4-[ (1E)-3
- oxoprop-1-en-1-y1]-
205- phenyl - 1, 3- oan)LlSIdl nez3-carboxylate (19.6 g, 59 1
mol ) (from Step A ™ et‘dﬁé) 0 nL) was added 1.9
g of 10% Pd/ C and @(/g&\rﬁ g/ suspensi on was stirred
under a hydrogen b on at—anbi tenperature for 24
h. The solid was filtered off o ite and the
filtrate concentrated under vacuum N&be resi due was

puri fi e%%fuhé@&t@mgw z@egmpil%zago Mg Biotage
buy g P gf@ﬁn% /glgP‘Pﬁ?Fylaoefgpﬁ b ohesiiedp & 425

mnPHt o aahfdoorwd THE ﬁas@ddﬁsl%c anhydrfaie (2.3 g £.compduoitbvad bg TEA (17.76
mLC P37 1]111%%5 2Rl Ihe r&sEHNB sFefortifrM 23bom RinfRrdture 1k Ritbo¥dn

ﬂéww%ﬁ Fhoypire was washed WEp Nalsy | PR L) andprtpeisd with ethyl
acefteg Al 200 m13- dhaz@hiich wae 3rigbrvbosodivat eilfardfitieed, but gdncentrated
und(:4@m[u§13) TRe regldﬁie' %tﬂ?ﬁﬂie(f'wa oA ]§’10{age MPtL"Co(Bg‘FSHYCla)gQI%I&nn)

- 0xazo I ne-3 -
elufasgy‘w&} aegramtz)ég@—ﬂié)ﬁ% SR UBRET0F 3 bubthe ey Product, LC-Ms:
m/Z{8SpSXd (Mﬁiﬁns@fz e¥4)-.butyl (4R, 5R)-2,

2-di met hyl- 4- ( 3- oxopr opyl) - 5- phenyl -1, 3-

Swéiggogld{?- S b' Iate Slo 9“' =3whmwﬂmwﬁbhmwbnmmvﬂ5(4
n|trobenzubﬁth@h&mdmenhmﬂmhﬂmmun1bron1de (21.5g, 45,0
nmmol ) followed by Et3N (8.36 ni, 560.0 mmol ). The red
reaction mxture wa gwrgﬂm anbi ent tenperature
for 48 h. Hexane (200/nL“ W™ ed into the reaction
m xture and the sol dxw :i tered of f Fl ash
chr omat ogr aphy on a Q(r) system (silica
gel, 0 to 10% et hyl acetate in ghes gradient then
10% et hyl acetate in hexanes) afforggd 10.7 g (79% of
the title conpounds cis trans n1xture as pale yell ow
foam LEwRred 5thg sqogumayner axpten Iyt @pﬁa@mﬁ ﬂmlwyrr@%ﬁene isomer

with BE-t2n s bherhPar SX)yI-[RBNydr)-bwy idihkthSHGiHA 10kt isho eyl ry iy -5 -

B e e

nitrobenzyl ) pyrrolidine-I-carboxyl ate
Step K: Tert-butyl (28, S5R)-2-(4-aminobenzyl)-5-[(R)- {[fert-butyl(dimethy])silyl]

oxv }(phenylmethyl]pyrrolidine-1-carboxylate (i-4a):
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NO2NC2 15To a sol ution of the above cis/trans m xture

(7.86 g, 17 4 mol) fromStep Cin ethyl acetate (100
wonrgoomage@added 50 ni of 2N HCL sol uti on and t hBCT/US2009/039249

resulting mxture was stirred at anbient tenperature

for 2 h then heated to 45C for 3 h. The volatiles were

renmoved under reduced pressure. The resulting white

solid was dissolved in N, N-dinethylformm de (100 nlL)

and 15.1 nL (86.7 ), of 1Pr2Net was added. The

reaction mxture was s |5r at ,20anbi ent tenperature

for 7 h. Di-tert-butyl dixcarponate (4.55 g, 20 8 mmol)

was then added and t‘ﬁekae/t I;om\m xture was stirred at

ambi ent tenperature overni ght. r (200 nL) was

added and it was extracted=2aith ML acetate (200 nL

x 3). The conbi ned organic |ayers were dried over

Na2504, 4 $Q0trek gir ehelicrdsple wpt ¢hatesd withd 8o Rdededéd) and to this was
addd eHBML &f mHh@ndl &S¢d§f@1€th§\l&&alpsﬂ Afsor@lolyf the A%l 1ntermed1ate from Step |

(8. 5°hr1§'§31§1§81 a%nﬁl (I%o O ag%le'ﬁ'% éeghexa)su (?nmfo(n% d BfisamL

en neL G adi
of la(? Mdryarogemhlgﬂc(ezg%eﬂr@ﬂoltsw@tlw lhe regefigpoaid fese“ap‘tmégtt%ﬂ PSI
hydrébiBn s 2Bt thixkRke aggltated overnight. An aliquot was taken and analyzed through

theca?%[g)%(mq{stﬁn%ec?cne pl e;le & {14 ni trobenzyl) pyrrol I dl ne | -

(549 of tert-buty
5R) - 2- [ (IRy cmlm'tdwy @ﬁﬁé@hyff)lﬁﬁég pejitq argl-viaghasi wlolmethwll §2|dyl00 mL).
Ther mkrma WS cdicBiRFaRAXY hfyh@ss (aﬁ([ a;@ %}odu&tg{ldy%uﬂﬁ&i via UMEZB)MPLC (651

sﬂlcha yc&r %)E()n) ggﬁrg%%rt ﬁtg%(aﬁl };F'f I] 1ng, i« é( 8 3?@1 NS O%?%Y 11211 hexang tc} afford the
ttlq qompawid YBE2 00! TPATES6 PETINISS 0BT 0BB9@S ' HNMR (500 MHZTGDC)
8 mssvhmim BB . 74-683 BRONS, €.65-8%0 Lar iH)osisyls 402, 1H), 5.30-5.27 (m,

D)
L Sy P T G Th Ry Y53 97 Qe A or .1 -
11. Z:Hﬁbkﬁ()ﬂ at éﬁr(izlJ 51l @stlf@@2 fiprd 199 (fy b, $980- 83 (hm 1E), Hgs, 9H),
1.562Q2 1) 19928, 3ﬁddz€1:ém02ﬁ§5 1903%2%&/%}836 S5 @snd%} Pf% r(&sui ti gz, 1H),
ensi S nder a hydrogen bal |l oon a
ngﬁﬁﬁe t1¥gﬁ%@$g}di%§§q¥5 Filtration through celite
and 5 renoval of the solvent gave 1.40 g (1009 of the

tq% ithe cmq)uﬂﬂi(zazs 5)@132 t@aﬁlfﬁ@mn\mb @h(Mtekised Wi t hout
urther ] MS 4 S

hydroxy(phenyl)nethszpyrrol|d|ne I-carb oxylate (i-
3b) 10To a solution efi~(trapsy tert-butyl (2R,
5R) - 2-[ (R) - hydr oxy( pheny®) nst hy1] - 5- ( 4-

nitrobenzyl)pyrrolicﬂEE-I-'a 0 te (3.90 g, 9.46
mml) from Step D in ethanqgl, (4 was added 0.4 ¢
of 10% Pd/ C and the resulting suspeggion was stirred

under a hydro en bal | oon at anblﬁnt t enperature for 6
h. The $&ibagd \%@eﬁ*}f?ﬁt BAEET BFSteR IR BUQPP%% the gis pyprpligine isomer
wnh&mmmmdmmﬁmtﬁﬂtbmyMERIﬂaﬁﬂash{ahmonatography on a
I
butﬁ&(ﬁﬁl@tﬂﬁﬁg %ﬁgﬁ;&%@&ﬁm Hhi rblﬁe‘rﬁzﬁg%/rroﬁdl Q -%Qr%%%llilé( m/z (ES)

o et
497 K oy R 480 0 £ o PR OBV @y 57 4ﬂﬂ230t(ime 5@ 673667 (m,
2H 65paL0dmasHy 5\Rix48 foar), SGLMS @3 H3, 4 M-26) (m, 2H), 3.86-3.81 (m,

1H) WEJ‘? hﬁ'ﬁg) %459 346 (maH), 2. 7 (brd. ] =120 Hz, 1H), 2.44 (br d, I =120 Hz,

thE?Oa 14 (1114 (1;@@,4 82_(m, 1H), 164%%5&0 49-1.42 (m, 1H), TR0 ¢ (m, 2H),

110@(B(mg&ﬂﬂ]%HSGHD281mgx@QL243mmﬁlﬁfpﬁJQﬁPBthne in N,
N-di net hyl formami de (3 nL) at anbi ent tenperature was
added 51 ng (0.24 nmmol) of 2-bronobenzothi azole, 100
mg (0.72 mmol ) of potassium carbonate, and 6 ng (0.03
nmol ) of copper iodide. The reaction m xture was
stirred at 100C overnight. Llfyg9.was then filtered and
purified by reverse-phase HPLC 25(TMC Pro- Pac C18;
0-60%0.1%trifluoroacetic acid in acetonitrile/0.1%
trifluoroacetic acid in water gradient). The pure
fractions were |yophilized overnight to give 35 ng 60%
of t he t|tIe conpound as a Ilght bromn SO|Id 1H NVR

<R AN~ 1~ P = 7 '




The follow ng N-substituted L-proline internediates
were prepared fromthe appropriate starting materials
W@ 2009241 procedures descri bed above and pr ocedUDE2909/039249
known in the art. 35 TABLE 3: WD
2009/ 124166PCT/ US2009/ 039249 | NTERVEDI ATE STRUCTURE
CALC. MASS MS (E/Z) (MH)+ Li 5C 0 th, a 260.12
260. 76(M HO 262. 66( M+2)

The following intermediates were prepared from the appropriate starting materials using the
procedures described above for intermediate i-4a.

TABLE 1
Sl
— I\O YO%
B
5 NH»
Intermediate Ar Calc. Mass MS (e/z) (MH)"
F
i-dc \Q% 514.30 515.30
i-4d e 514.30 515.30
F
. £y
i-de 532.30 533.30
F
F
iaf FDEZ 532.30 533.30

The following intermediates were prepared from the appropriate starting materials using the
procedures described above for intermediate i-4b.

10
TABLE 2
>
/SI\O OYO%
NH5
15
Intermediate Ar Calc. Mass MS (e/z) (MH)"
F
i-dg \OEI 514.30 515.30
i-4h AT 514.30 515.30
INTERMEDIATE 5

Tert-butyl(5R)-2-(4-aminobenzyl)-5-[(R)-{[tert-butyl(dimethyDsilylJoxy}
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i-16 0 40 HO 221.25 222.40 C i-17 00
225.67 225.42(M HO
WO 2009/124166 PCT/US2009/039249

(3-chlorophenvl)methyl]pyrrolidine-1-carboxylate (i-5)

>

o

i5
NH,,
Step A: 4-({(5R)-5-[(R)-([tert-butyl(dimethyDsilyl]oxy }(3-
chlorophenylymethyl]pyrrolidin-2-yl}methyl)aniline

>y

/SI\

(o]

NH,

To a solution of 100 mg (0.15 mmol) of benzyl{4-[(3E, SR, 6R)-5-
{[(benzyloxy)carbonyl]amino-6-{[tert-butyl (dimethyl)silyl]Joxy}-6-(3-chlorophenyl)-2-oxohex-
3-en-1-yl]phenyl}carbamate (from Step A, i-3) in 8 mL ethyl acetate was added 10% palladium
on carbon and the suspension was set under hydrogen atmosphere via a balloon of hydrogen gas.
The reaction was stirred under hydrogen for 8 h at room temperature. The catalyst was filtered
off using a Gilmen 0.45 uM PTFE syringe filter and washed with ethyl acetate (4 x 2 mL). The
filtrate was concentrated to dryness under vacuum and the residue purified by preparative plate
(1000 uM) eluding with 5% methanol in dichloromethane to afford the title compound (33 mg,
51%). m/z (ES) 430, 432 (M, M+2) "

Step B: Tert-butyl(5R)-2-(4-aminobenzyl)-5-[(R)- {[tert-butyl(dimethyD)silylJoxy} (3-

chlorophenyl)methyl]pyrrolidine-carboxylate (i-5)

To a solution of 33 mg (0.07 mmol) of 4-({(5SR)-5-[(R)-([tert-
butyl(dimethyl)silyl]oxy} (3-chlorophenyl)methyl]pyrrolidin-2-yl} methyl)aniline in 1 mL of
anhydrous THF (from Step A) was added fert-butyl carbonate (15.3 mg, 0.07 mmol), followed
by TEA (13 uL, 0.07 mmol) and the resulting solution stirred at room temperature under nitrogen

atmosphere overnight. The reaction mixture was put directly on a preparative plate (500 uM)
and eluted with 30% ethyl acetate in hexane to afford the title compound (25 mg, 78%). m/z (ES)
530, 532 (M, M+2)", 430, 432 (M-Boc, M-Boc+2) .

INTERMEDIATE 6
4-{4-[4-(TrifluoromethyDphenyl]-1.3-thiazol-2-y1} benzenesulfonyl chloride (i-6)
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227.06 (M+2) i-18 . T HO 270.12 269.98 (M
271.92 (M+2) i-19 4lrk 317.12 317.92 HO
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Q
W

S
oEIL s
Nt

[0}

CF3

Intermediate 6 can be prepared according to published procedures, for example,
Tkemoto et al., Tetrahedron 2003, 59, 1317-1325.

INTERMEDIATE 7
2-Methyl-5.6-dihydro-4H-cyclopenta [ ] [1.3] thiazole-4-carboxylic acid (i-7)

HO N
U\ b
S
iz
Step A: Ethvyl 2-methyl-5,6-dihydro-4H-cyclopenta [«] [1.3] thiazole-4-carboxylate
0

To a solution of ethyl 2-oxocyclopentane-2-carboxylate (56 g, 359 mmol) in
chloroform (500 mL) cooled at 0°C was added bromine (18.5 mL, 359 mmol) over ~20 min.
After complete addition mixture allowed to warm to room temperature and stirred overnight.
Nitrogen gas bubbled through mixture for 90 min to remove most of HBr. Washed with water
(500 mL), sat. NaHCO3 (250 mL), sat. NaCl (200 mL), dried over MgSQy, filtered and
evaporated. Residue dissolved in EtOH (500 mL) and thioacetamide (26.9 g, 359 mmol) added,

mixture stirred at room temperature for 1 h then at reflux overnight. The mixture was cooled and
evaporated, and the residue partitioned between DCM and sat. NaHCO3, organic layer washed

with sat. NaCl, dried over MgSQy, filtered and evaporated. The Residue purified by MPLC

(Biotage Horizon: 2 x FLASH 651) eluent: 100% Hexanes (450 mL), gradient rising from 100%
Hexanes to 25% EtOAc in Hexanes (1400 mL), then 25% EtOAc in Hexanes to give the title
compound (32 g, 42%) as a dark oil. 'HNMR (500 MHz, CDCl:) &: 4.22 (q, J = 7.0 Hz, 2H),
3.96 (m, 1H), 3.04 (m, 1H), 2.88 (m, 1H), 2.76 (m, 2H), 2.70 (s, 3H), 1.30 (t, J = 7.0Hz, 3H).

Step B: 2-Methyl-5,6-dihydro-4H-cyclopenta [ ] [1,3] thiazole-4-carboxylic acid (i-7)
To a solution of 31.5 g (149 mmol) of ethyl 2-methyl-5,6-dihydro-4H-cyclopenta

[a] [1,3] thiazole-4-carboxylate in THF (450 mL) and methanol (100 mL) (from step A) was

added a solution of lithium hydroxide (149 mL of a IM solution, 149 mmol) and the resulting

mixture stirred at room temperature for 3 h. Organics removed by evaporation and aqueous
residue extracted with EtHO (2 x 250 mL) and acidified to pH 3 by the addition of 1 M HCI
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i-20 . SN 248.30 249.30 HO i-21 S7' ----- 1-: N
HO 198.24 199.15 Br
WO 2009/124166 PCT/US2009/039249

(~170 mL) and saturated with solid NaCl. Extracted with DCM (3 x 250 mL), combined DCM
layers dried over MgSQOy, filtered and evaporated. Extracted with DCM (3 x 250 mL),

combined DCM layers dried over MgSQOy, filtered and evaporated. Residue triturated with

acetonitrile, filtered and dried to give the title compound (7.1 g, 26%) as an off white solid.
"HNMR (500 MHz, CDCls) &: 11.75 (br s, 1H), 4.02 (m, 1H), 3.00 (m, 1H), 2.90-2.66 (m, 6H).

INTERMEDIATE &
2-[(Tert-butoxycarbonyl)amino]-5,6-dihydro-4H-cyclopenta [ o] [1,3] thiazole-4-carboxylic acid

(-8)

7P H
HO No N o
Retaas
-8
Step A Ethvyl 2-amino-5,6-dihydro-4H-cyclopenta [¢] [1.3] thiazole-4-carboxylate

O
EtO N NH,
C\ b

Prepared in the same manner as intermediate (i-7) replacing the thioacetamide in
Step A with thiourea. 'HNMR (500 MHz, CDCl3) 8: 5.30 (br s, 2H), 4.21 (q, J = 7.0, 2H), 3.81
(m, 1H), 2.91 (m, 1H), 2.78 (m, 1H), 2.66 (m, 2H), 1.30 (t, J = 7.0, 3H).

Step B: Ethyl 2-[(tert-butoxycarbonyl)amino]-5.6-dihydro-4H-cyclopenta [ ¢] [1.,3]
thiazole-4-carboxylate

0O

EtO NN o
s

To a solution of 230 mg (1.08 mmol) of ethyl 2-amino-5,6-dihydro-4H-
cyclopenta [ ] [1,3] thiazole-4-carboxylate in dichloromethane (5 mL) (from step A) was added
di-tert butyldicarbonate (236 mg, 1.08 mmol), triethylamine (0.15 mL, 1.08 mmol) and DMAP
(13 mg, 0.11 mmol) and the resulting mixture stirred at room temperature for 2 h. Mixture
washed with IN HCI (10 mL), sat. NaCl (5 mL), dried over MgSQOy, filtered and evaporated.
Residue purfied by MPLC (Biotage Horizon: FLASH 25+S) cluent: 100% Hexanes (100 mL),
gradient 0-15% EtOAc in Hexanes (900 mL) then 15% EtOAc in Hexanes (500 mL) to give the
title compound (160 mg, 47%) as a white foam. 'HNMR (500 MHz, CDCl3) &: 9.23 (br s, 1H),
4.17(q,J=7.1 Hz, 2H), 3.95 (t, ] = 6.6 Hz, 1H), 3.04 (m, 1H), 2.86 (m, 1H), 2.76 (m, 2H), 1.55
(s, 9H), 1.23 (t, J = 7.1 Hz, 3H).

Step C: 2-[(Tert-butoxycarbonyl)amino]-5,6-dihydro-4H-cyclopenta [ o] [1,3] thiazole-4-

carboxvlic acid (i-8)
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i-22 4111k 270.12 269.90(M HO 271.96 (M2)
| NTERMEDI ATE 23 (6-Oxopyri dazin-1(6H)-yl)acetic acid

W@ 2609324166 PCT/US2009/039249
Ha( ---,Nt,, I I 5 To a solution of
3-chl oro- 6- oxopyri dazin-1(6H)-yl)acetic acid (1g, 5.30
mol, ChenBridge) in 40 nL net hanol was added 100 ng
10@6pal|adiun1on carbon and the resulting suspension

vvas O?gh%)%ndrfeerg Ifro }}O)ggrtg rt—?ﬁtg%ﬂcﬁu@bﬁﬁglpad 1rSft § é $ﬁ1¥dro 4H-cyclopenta
g hthgasqleﬁmrbmlate (frezh fteyy Bausthg mnc@iuzr@nahogws ry-thet found in
mte%ﬁﬂédlag@ lsieb@r Al (00 v, ICas@;)@0R06 (thf Bhedosl nEarH), 2.88 (m,

e wa ed t hout any further
2%2%% )rgﬁg? E}qﬁn\m 18(%20) " .07 (dé 3:1 6, 3.9
Hz, 1 H),

7.59 (dd, J = 4.1, 9.4 Hz, 1 H), 7.14 (dd, J
mﬁmgm,@p@gm 1 H, 4 97 (s 2H). LG/ MB 155.09 (M+1)

I _‘ v - 1llzl>vdr/0 szﬁch/cc) openta gﬁoﬁ?l erlaz Ic'ali\r 5 %10 acid (i-9)
2 br ono- 5, 6- dlhydro 4H clqpen F11, 31t hi azol e-4-ca
rboxylic acid (i-24) rMN=1

S

Prepared using procedures analogous to those found in intermediate 7 (i-7)
replacing thioacetamide with 4-fluorothiobenzamide in step A. 'HNMR (500 MHz, DMSO-d6)
5: 7.90 (m, 2H), 7.29 (t, ] = 8.7, 2H), 3.81 (m, 1H), 2.99 (m, 1H), 2.86 (m, 1H), 2.70-2.58 (m,
2H).

INTERMEDIATE 10
2-Methyl-4.5.6.7-tetrahydro-1.3-benzothiazole-4-carboxylic acid (i-10)

HO.__O
N
| >—
s
(i-10)
Step A Ethyl 2-methyl-4.5.6.7-tetrahvdro-1.3-benzothiazole-4-carboxylate
EtO__O

s
ls>——

To a solution of ethyl 2-oxocyclohexanecarboxylate (15 g, 88 mmol) in
anhydrous diethyl ether (40 mL) cooled at 0°C was added bromine (4.5 mL, 88 mmol) dropwise

over 15mins. After complete addition mixture allowed to warm to room temp over 90 min.
Mixture diluted with EtOAc (100 mL) and washed with sat. NaHCO3, sat. NaCl, dried over

MgSQy, filtered and evaporated. Residue taken up in ethanol (100mL) and thioacetamide (6.6 g,

88 mmol) added. Mixture stirred at room temp for 1 h then at reflux overnight. Mixture
evaporated and residue partitioned between sat. NaHCO3 and DCM. Organic layer dried over

MgSOQy, filtered and evaporated. Residue purified by MPLC (Biotage Horizon: FLASH 651)

eluent: 100% Hexanes (500 mL), gradient 0 to 25% EtOAc in Hexanes (1200 mL) then 25%
EtOAc in Hexanes (1200 mL) to give the title compound (6.14 g, 31%) as a pale orange oil.
"HNMR (500 MHz, CDCls) &: 4.22 (q, J = 7.1, 2H), 3.84 (t, J = 5.5, 1H), 2.80 (m, 1H), 2.73 (m,
1H), 2.65 (s, 3H), 2.18 (m, 1H), 2.11-1.95 (m, 2H), 1.85 (m, 1H), 1.29 (t, J = 7.1, 3H).
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5Step A: Ethyl
2-brono-5, 6-di hydro-4H-cycl opent a[ d] 11, 3]t hi azol e-4-ca

WO beasteese Oz....1,Br S To a sol ut PONUS2009/039249
tert-butyl nitrite (4.2 nL, 35.3 mmol ) and copper(I1)
brom de (6.3 g, 28 3 nmol) in acetonitrile (100 niL)
was added portionw se et hyl
2- am no-5, 6-di hydro-4Hcycl openta [a] [1, 3]
t hi azol e-4-carboxylate (5g, 23.6 mmol). Once the
addi tion vvas con‘pl ete 10 the mxture stlrred at room

Ste era ethyled. 5.6, 7 Hetraby dip bawapthiado1¢-dica 3

rrL) and P@é@bfeﬁ@%ﬁ%t%\ﬂl@hneﬁﬁﬁﬂ% 4 ﬁtetraﬂﬁﬂoms)beng&dl@ﬂicarboxylate
(from_ égac\éer Schashe L}rﬁ_?lilﬂn%egtm 1%%@8 %%7)&%6 ?rlﬁlﬁ\ﬁ\gﬁ (500

MH;V@DCWQOM% r $,t1é1r) e%Bla(ndJ evdpod aVettD), Ré‘é (Idu%H)p&ﬂ fsi &d), 2.24

(m, hﬂ)wz()ﬁg@’tﬁgel korh,zen: FLASH 40 M el uent: 100%
hexanes (100 nL), gradient rising from 100% Hexanes to
25% Et OAc i n Hexanes (750 nL), then 25% 15 EtOAc in

INTHERMEBEREATEZOD ml) to give 1.87 g (29% as a |ight

2- [@E%ﬁ%x@da&bon&l}fﬁm 45@@1\(&#&@@113? b&izothiaZdle 4Sarbdxvlichet (i-11)
2H), 4.00 (m 1H), 3.04 3. 11 (m 1IH), 2.88-2.94 (m

1H), 2.77 (q, J = 7.3, ,1§1§LJ:71 3H) .

Step

B: 2- Br onp- 5, 6- di hydr o- Q‘d}%nt ardi11, 31t hi azol e- 4-

carboxylic acid HO 0 \ (,1@0 A sol ution of

t he product from step A 4.92 ¢ 17 82 mml) was
StepiAs s ol vl A-2aped a8l 7-tetahvdioy 1. 3che hipgeledraiparelatet o a

(16 mL) and nethanol (30 ni). After addition was
conplete the m xture was Ir ednmior 2 h. The net hanol
was removed by evaporation and the pH of the remaining
aqueous Pwpsred dfaostiegito2Be procedui2s Gutlinddrin guermedike 0 (i-Mhstep A

repREE HiShcVaRid AlitrtRib&La. WHNMR Q500N Bvs0dd >st¢@§(b$@| 2H), 4.11

@ 8502 ed o s HIY 2{52%554 L¥IR ﬁ@@%?‘ﬁ%ﬁ% L b, 159 .

lH)ad:ﬂNfaied 3c:Bﬂé}coaI overnight. The filtered m xture was
evaporat ed. The residue was triturated with Et0Ac, and

teﬁ e sol Qqﬂfehl ﬂu%x@garﬁ&vghﬂﬂﬁlo]lél g% ﬁteﬁ’&hvﬁﬂ)el g%%z%ﬁﬁ’azole 4-

product ., I0&1; LTQ&E]%I‘HI)I quors were evaporated and
purified by ing a gradient risin

fro
Hexanes H{&E ér%@ﬂ@f,&é PG PEX A BV b? ben @%Pleﬁeqarboxylate
(froth 8 4) @tortling té ihe lpeocpduwnchoatling@ infiGtegmédiate Btic) stepPBRnES.

Hﬁg&z‘{fséo it @DéP 1 5.7 HJN'\ﬂ?z (1'1512(5\%2@3%1 646(511 4104, 2(53}11 1H),
8
2.10-y04 iy 2H)v/\b8§8691m@2h @P?iﬁ 882083/ 039243; | I\I'I'EEIE\;/EZDI ,E’;-\TE

25 Preparation of 2-
INFERMED®ATE bt oxycar bonyl ) am nol - 1, 3-t hi azol e-4-yl }

Indanlclu‘t!E)’{v‘?l@‘d&ﬂr(‘Piﬁ acid (i-25) FHO cz, y Ny-O,--NH
(0]

HOJKEQ

Prepared according to the literature procedure Journal of Organic Chemistry
(2000), 65(4), 1132-1138.

m xture of of 5 N NaCHE(trrL 21 25 nmol ), wat er

INTERMEDIATE 13a AND INTERMEDIATE 13b
Tert-butyl (28, 5R)-2-(4-aminobenzy)-5-[(R)-hydroxy(phenyDmethvl]
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5Step A:Tert-butyl

(2E)-2-1(tert-butoxycarbonyl)ininol -4-(2-ethoxy-2-oxoe
W@ boob)246@3- t hi azol e- 3(2H) -carboxylate EtO0  PCT/US2009/039249

)----..--N-00I -N---"S To a solution

of ethyl 2-am no thiazole-4-acetate (8 g, 43 mmol) in

DCM (75 nmL) was added di-tert-butyl di carbonate (20.63

g, 95 mol), Hunig's Base (16.51 nL, 95 nmol) and 10

DI}IAP _(g}. §7 %; ig%fag mol ) and the resulting mxture

nperature overni ght. The m xture

TerinaetyMa R het-2nidtamingbengy))-SHR)-hygiogy (phgnylamethxler  My504,

pyrfdlidineredrRea@Vapmy at ed. The residue was purified by
MPLC enpl oying a gfadient rising from 100% Hexanes to

50% Et 0Ac in éﬁ’q gi ve the tot] Cégpound 12.5 g
(75%a3awﬁw 1HN dan 13) 6: 7.02
q, = - _ @

(s, 1H) 1.51 (s,
18H), 1.25 (t, J =.7. 3%
2-(2-1(tert-but oxycar bony)
fI ugrzb ?%atl : L300,
cool ed akaze - b butyl I|th| um (8.54 rrL of a
2.5 Msoln, 21.35 nmol ), 20fokl owed by

1-i odo-2-fl uoroethane (6.7508738 8 mml ) and the

m xture stirred at -78C M+t hen all owed to warm
to roomtenperature. A w w=sol ution of citric acid
(21 nL) was added and the resul t¥ag m xture stirred at
r oom t ernaarsamubleom;emﬂtﬂ SélS SRhe fermyl-predinR ey By pRatyal sd

TH d te and
o bR G T B oA | YR ER-CRL D i e D
(trlnb@melphmthwwwem) sestaldehyds427. 1 RaR91] megnoDead 6\¢é¢sum§5 Oyxture was
stmfeki lat ﬁﬁ@&tﬁ?ﬁne?a%r@‘fcﬁﬂ@ fhatéﬁﬁr relfiﬁ)s;aldiﬂe/mméslo&ambyexh@ds Gvas
an

generou adde %rr]e%sH 1|n§I orlgl was di qlptelgé %’ ﬁ%%gg%ﬂgﬁ%gf%g a(.ﬁﬁcgtage
HO@W@WS@MM@% 88h an g é@therh%cetatesm hwmmdl@m%eméﬂ%reﬂ% acetate

in I3RMeAGATON.1 & (12€4)i0n thaattie corPoudd ¥ 4 FAIRaME tdYRISIsulzgMm+23).
conpound 500 87% 1H NMR (500MHz CDC13) 6: 8.22
(br s, 1H), 675(s 1H),432457(m 2H), 4.12- WO
StepB09/ 124aEHR Jil. Hopthg 1—-(3>6de®nvﬁ+5mheﬁvlal—3 3¢axazojidine-3-
= 7.5, @m,oxxzatgo 2. 52 (m 1H), 2.18-2.31 (m 1H),
1.56 (s, 9H), 1.25 (t, J = Olﬁ{sz) Step C 2- {2-

[ (Tert-but oxyc arb onyl ) am ,3 -thiazo le-4-yl

-4-f 1 uorobut anoi c acid N )--NH 5 To a solution

of the product fromste (1ELQerg O3 mol) in a

m xture of THF

To a solution of tert—butyl (4R, SR)-2,2-dimethyl-4-[(1E)-3-oxoprop-1-en-1-yl]-

S-phenyl-1,3-oxazolidine-3-carboxylate (19.6 g, 59.1 mmol) (from Step A) in acetone (150 mL)
was added 1.9 g of 10% Pd/C and the resulting suspension was stirred under a hydrogen balloon
at ambient temperature for 24 h. The solid was filtered off on celite and the filtrate concentrated
under vacuum. The residue was purified by flash chromatography on a Biotage Horizon®
system (silica gel, 0 to 20% ethyl acetate in hexanes gradient then 20% ethyl acetate in hexanes)
to afford 11.5 g (58%) of the title compound as a colorless oil. LC/MS 356.3 (M+23).

Step C: Tert=butyl (4R, SR)-2. 2-dimethyl-4-[(3E)-4-(4-nitrophenvy])but-3-en-1-yl1]-5-
phenyl-1, 3-oxazolidine-3-carboxylate and rert—butyl (4R, SR)-2, 2-dimethvyl-4-
[(32)-4-(4-nitropheny])but-3-en-1-y1]-5-phenyl-1. 3-oxazolidine-3-carboxylate

-46-



10

15

20

25

30

(1 m) and nethanol (0.3 nL) was added a sol ution of
[ithium hydroxide (0.3 nL of a 1 Msoln, 0.3 nmmol) and
W b@nzged ting m xture stirred at room t enper aRCr/ESF009/039249

90 min. IN HC1 (0.3 nL, 0.3 mml) was added and the

m xture evaporated to dryness. The resulting crude
product was used 10i nmedi ately w thout purification.

| NTERVEDI ATE 26 Preparation of

2-fl uoro-5, 6-di hydro- cycl opent akfl 11, 31-t hai zol e- 4-
carboxylic acid (|-26% mp 15Step A: Et hyl

2-fluoro-5, 6-di hydr o- opent ai di t hi azol e- 4- car box
ylate Ethyl

2- am no- 5, 6-di hydr o- cycl opent ab, [ 1, 3]

thi azol g 4 SREBRALAY S EHOTHD Pl IUSE IR LG Bhheny1 1, 3

oxep e Peart By BB . IR S BeP S B30k (909 1ohtaves added (4
nitrpEunBY 1 tfiptsehy lgtevighohiund bre@ie $2 10 55 €3,0 nihdly RIEOGWEAEN Et:N (8.36 mL,

f . 9 .
TP o LT 3 e
mL st RpFecdr e TEeORI e e el ieesdtt (g Chomatography
on a BRge HOFiz@® fisidm (Filitd gi1.eckoant, dile aceddid th horghe gratichithihen 10%

eth)?i ?&—I:tgx i@é ziff)gde Ilb 7%5@{) of]}gga%o#ongpo\ﬁﬁdss r%czé‘lfr%ﬁﬁ&turg) as pale

yellgivépgm.el ¥nd evaporated, and the crude
resi due purlfled by MPLC (eluent gr adi ent rising from

1BOA) He}f‘arr?% E o l- drox Qri n§e)t t1 5 AV?I'OE nzyl I rrolidine-
(5OO|\/H21 FXDOX lat ante —u o (2R SR 7-[(R)-hydypx hecmzl)mgt,hvl] 5 (4
7 0 andnﬁro@enzﬂlhbvrro'ﬁdﬁ&l(diﬁboiﬂ)ite 2.91 (m 1H), 2.71 (m
1.31 (t J =57.1, 3H). Step

B 2 Fl uor-5, 6- myarﬁ AH- cycl opentoai W42, /31-t hai zol e- 4
-carboxyl| 009/124 e«"‘_ 132009/ 039249

To a sol ut of%hep ct @ : 1Q0 ny,

0.456 mmol ) in a mxtu of THF (1.5 nL) gy met hano

(0.5 nmL) was added a sol uthnagn of I|th|un1hyoNgx|de

(0.558 nL of a1 soln, 0,588 nmol)_and the resulting

mi xt ur e SEiSPREEN ghthe BRONF Fisiigar Bpie <’f%frga 6 el ropy Sich C in
ethiGLet{td ( BB8nInlwas @dE&EFSOmun b 2NVEE] sudhateal aad chetrésaltim xfixtue was

r

st1r1%ﬁ§pﬂﬁlﬁ%}ﬁ% m@ Cﬁ% Etﬁ%sh tthEl?ea{eﬁ%r'hfg rfgrﬁl? PSRRI USEe removed

was use ut . purl I cat| on
undeneuscE preasts- othe I'?S[uélélg Pdite §pfidgyas dissolved in N, N-dimethylformamide
(106 ml) dihydt ol 5Bk pyrimad) MrlHr,zIﬂetdﬁaE @tidcd z herchetmambiotiyd was stirred at
am@gﬂt%r&era%?r% G 7{}{3 hﬂ'l?{ fy'l dltgbérraw (%%§§eg00é'\n1l}{?otlma{ then added and

H-pyrr

the éeﬂ:téon mixgyre was stirred at am bient témperature overnight. ater (200 mL) was added

and it was extracted with ethyl acetate (200 mL x 3). The combined organic layers were dried
over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography on a Biotage Horizon® system (silica gel, 0 to 30% ethyl acetate in
hexanes gradient) to afford 1.61 g (22%) of the title compounds fert-butyl (2R, 55)-2-[(R)-
hydroxy(phenyl)methyl]-5-(4-nitrobenzyl)pyrrolidine-1-carboxylate (cis) and 3.9 g (54%) of
tert-butyl (2R, SR)-2-[(R)-hydroxy(phenyl)methyl]-5-(4-nitrobenzyl)pyrrolidine- 1 -carboxylate
(trans). LC/MS 435.4 (M+23).

Step E: Tert-butyl (28, 5R)-2-(4-aminobenzy])-5-[(R)-
hydroxy(phenyDmethyl]pyrrolidine-1-carboxylate (i-13a)
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..... "--N Met hyl
5- met hoxy- 3, 4- di hydr o- 2H pyrrol e- 2- car boxyl ate was
WEe@par4de usi ng the nmethod as described i n Ref BCEOSM09/039249
Wck, A, Bartlett, P. and Dol phin, D; Helvetica
Chimca Vol. 54 Fasc. 2 (1971). 15 Step B: Met hyl
6, 7-di hydro-5H-pyrrolorl, 2-dl tetrazol e-5-carboxylate 0
j.cc;-N ON --N To a solution of starting

nmet hyl ole-2-carboxyl at e

(900 ny %Oél 64 lﬂﬁr/r%ﬁ:}'t eabﬁ)vﬁk/ 966%53? k §5§g2[g6mas added
hydé@d(nhﬁméﬁetﬂ@lk gvésmmgbenmliysrohmq: )- calibdxywt: hleS Ir g Sfiotmme)) from
Ste ESQ eMahR NGBS wishd8&(D. afngl 08109 P&T avill ARITONKInY sh@Pendsh was

IS PR SRR L ETPEA AL v
remoz lod Hatselvord g2 et €100t ef botitie ¢ampownd ehwiitesoam whichdvas used
witBdut RROBR SueiRalat weavkans 20vmbs. The solids were

filtered off via fritted funnel, washed wi th cool

et hyl ether and concentrat ed under vacuum Sol i d
StepFeci pi et N p-l@hd was filtered off

after cgﬁﬁeﬂt(mh{/meth@wnemﬁméma%@mﬁe(l iBBe solids 25
wer e vvas[he

under hilgh VEUGLA b iy i RS QR0 R g D methy 5.0
mtf@'@ﬁmﬁmmorl@@@lﬁgrbomw@ (3. 9_0@ MBS mrhol) frE8)Step 1 GGetigaub (40 mL) was

addl 8R g of 10% Pd/C and the resultmg sus en510n was st1rred under a hydrogen balloon at

ambo{ewtajﬁoefat R A r%%@&f%ﬁfﬁ% RERr TS LB 095abt e

solviot, dlaghadhgrmagegragthy mmaﬂiglq)tage Horizon® system (silica gel, 0 to 30% ethyl acetate
in Bxafed gllameﬁtQh&do@yaﬁﬁlae&éte 21 16RhRL ) Bl @00 AR ¥ BL Bile

n.T er/ MeOH was added Li OH
“%pﬁﬁd%w@tegtga% HM%%%S {'E\év?gésul ting sol ution was
heated via oil bath to 60C for 16 h. (Round bottom was
INTGRNBPeATEM4 h a condenser.) The solution was cooled to

(285- 99 B eARAT S HP § 1) BRh IRRROEAIEAL RadPi/1§OVE Oorganic 5
solvents. The aqueous lTayer wasS_then acidified to pH

of -5 using 2N HCl1. The mi xt ur e$WAS concentrated to
dryness under vacuum reping] Wi th toluene (2 x 20
m.) to nake sure all ®as renoved. The materi al

was used w t hout rth pur i tion WItthh

ohiori ddogsoliigy ol Rng24 IEeO{?/sffrwmees N-dimethy gpamide 3
mL] & anlfidaRIVEDEATE @8 adﬂ’cdei)lamg((} Yhmoidl) of 2- bromobenzothlazole 100 mg
(0. B erﬁBl@Xf cﬁaszluﬁil' dﬁ%@flﬁe 2kt @Yl{gr (@|O§ [n%ndl) QEJC%plger 4idd anek&etlon

- car box)
mixGIrERaR reé a1 ﬁya(ﬁf @JJW?S tﬁ?f@”@?f@y 199 punfiofhbyirryesssgihase HPLC
(TME ®ar- b@)@]l 8a0-©0%XbRe firi flucamsait, aciddnacetbn@riledt % trifi@toacetic acid in
W'cl‘[EeérEdlefflq1 "l(h%%g@fragtlolﬁggb’%e l%fé 11%%%%&@@ Wrn% @d")’ Xf the title

avali | 0 0 rro di ne- 3-car oxylate
corgpound gy s HIG S AN DS Gt o & T a1 =
8.0t t BiM7ZARAE K = TTOHE NI 1), §OR L I o17.3W8s 1dtkdeds (d, ] =7.3 Hz, 1 H), 3.52-
3.6g£rh "Qeftlﬁilﬁ)éﬁni H5“2t(ﬁtf af &n‘r‘@r Qa8 2(43 ? +3) 17 5 mol )

and rinsed with 20 nL 20 di chl oromet hane.
The resultl ng mxture was stirred at roomterrperature
mm C/ M5 indicated that the internedi ate
met hyl Fheédlbexne 18 sdbsdiuieddr-proRid ipyermali@esdvaapilepacyd fidm@ the
appg@ﬁsﬂ;eg{aﬂﬁ% mﬁv\%lsa‘islmﬁt CF UIS}BCC?dQI%§ H&M@dgﬁ{)\%%tn?] éror%ngcg(uges known in the
art.and the resulting solution was stirred at room
tenperature for 3 h. The solution was then

concentrated under vacuunTAGLEsrove al
di chl or onet hane and the resi due was then taken up in
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25100 nL n-but ano

oil bath set at

wW@owbazh1t®© room t enperature and concentrated uPKBEDS2009/039249

120C overni ght .

whi ch was heated to reflux in an

The sol uti on was

vacuum The residue was purified via sixteen 1500 | am

silica gel

di chl or onret hane:
was extracted fromthe silica ge

met hanol

preparative plates eluting wth 90: 10
sol vent system The product
usi ng 85:15

SERSIATE,
6-4.085 (m 1
, 2.29 (s, 3

met n%l wnLch a

2 85-
= 6. h0}3. 9 e

1H),

0.88 (t, J

St an

2762 B6(M2)

L C- NB: nd Z
=\ TV,

Met hyd.- 6, 7-

mool—\l—\.hoo_

¢
_|)
32 (dt, J = 6
H)
7
3-

N/ HONCc --

/- car boxylic arid

09/ 12416
-/ To

O

o[ 2, 1- 011, 2,
6PCTH,S2009
a solution

41tri azol e

039249 4

of et hyl

7-di hygy o- 5H
ic acid (400
Hded Li OH (250
bl uti on was he

pyrrolo[ 2, 1{E] [ 1,
g, 2.09 ) in
m, 1 X2 .ol )
at ed' Vi a bat h

2,4]-tri azol
TFE% ter/P
and £2Rer est
to 60C for

e- 7- car box
VeOH_wa,
Jltlzﬂ§4§(ND

1@2/.06 (M+2)

Round ppgt om W
bl uti on was co
bncentrated to
ayer was then

as equi pp Wt h
ol ed to reem tenp

renQQ%ggtganic S
aci di fi to pH o

er at ure and
ol verPd2 The

f -5 using 2

a 5condenser .

) The

> adt M)
)N HCD2 (Wh2)

xture; y@s con
7eotrop|ng\Mt
At er was renov
urther purific

centrate ryn
h tol uene x 20
ed. & eria

ation w lithiu

ess under vg
m.) to nake
was 1lddd wi t

m chl ori de &

acuum

> sure al

as a

y- produgs. LC
NTERVEDI ATE 29
b, 7, 8-t et rahyd
/ridine-8-carb

_U*EQB_OWAMQ<®Z'

ME: mlz ( 16
Pr epar a1 ofn of
ro-11 4ﬁir|azo
oxylﬁ@ a ¢ (129

8 (MH) +. 10

3- met

I0|2£i-1|§¥}’|-5

15Prep

249.30
par ed usi ng

ocedur es arat
-28) hbbve re

oxopyrrolidin
oxopiperidinet

gous to t e {0

pl aci ngo ety N

e- 3- @a?bqizﬁate W
3- carhoxvate. |

md—T T T te

th eshyl
C-NE._mMz (F

mediate 28

199.15
182

=S) =

VH) +.  |-NTERVED
met hyl - 6, 7-di
car boxylic aci
51 Ng procedure

C ' WTNNTTT T

ATE 30 208 epar
hydr o- 5H oI ol
d (i-3

5 anaPog Usyto th

ati on of
2, 1-5%1122, 4]
' Pr ¢

ose found in

L '2%5 96 By

tPAT 96 (M+2)

i htermediate 28

(i=28)—<above rep

acrngethyt

2- oxopyrrolidine-3-carboxylate with nethyl

INTERMBPATIOR] di ne- 2-

car boxyl at e.

(6-O Mt daAR1 G HRER A1F:i33)

To a solution of 3-chloro-6-oxopyridazin-1(6H)-yl)acetic acid (1g, 5.30 mmol,
ChemBridge) in 40 mL methanol was added 100 mg 10% palladium on carbon and the resulting

LC-MS: nlz

(@]
HO
Wﬁwﬁ
(@] N

(ES) = 168

suspension was set under hydrogen atmosphere and stirred vigorously for four h at room

temperature. The catalyst was filter off via Gilmen 0.45 uM PFTE syringe filter and the filtrate
concentrated under vacuum. The residue was used without any further purification. "H NMR
(D,0):69.07 (dd,J =1.6,3.9Hz, 1 H), 7.59 (dd, ] =4.1,9.4 Hz, 1 H), 7.14 (dd, J = 1.6, 9.3 Hz,

1 H), 4.97 (s, 2H). LC/MS 155.09 (M+1)
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Preparati on of [6-oxopyridazin-1(611)-yl]acetic acid
(i-31) ,NN CR2H 0 To
wW@2@bhates 6- oxopyri dazi n-1(6H) -yl ]acetic aci d ¥d1/082099/039249
5.30 nmmol) in nethanol 30 (40 ni) was added 100 ng of
10% Pd/ C. After the reaction mxture was stirred at
anbi ent tenperature under a H2 balloon for 1 h, the Pd
was filtered off through celite. The filtrate was
concentrated in vacuo and purified by reverse phase
HPLC (TMC Pro-Pac C18; 0-40%0.1% WO
INTHRMEDR ARG ZPCT/ US2009/ 039249 trifl uoroacetic acid in
Pref&@t AN D IurdiRd-5 8- Afpdkd-tfil Wb QRG] 1C3 1864 F1elAcateIx@Tic acid (i-24)
gradient). Renoval of the yolatiles 1n vacuo afforded
the title conmpound as a teN‘;Lry%’talllne 1H NWR
(D20): 6 8.06 (dd, J = 899, sHz, 1H), 7.56 (dd, J =
9.4, 3.9 Hz, 1H), 7.12 (dd, 9.4, 1.5 Hz, 1H), 4.95
Stef &: 2H) Etﬂw@%rﬂ@5 6Nl ) H- c%leﬁRNﬁg1ﬁTan@21 carboxylate
Preparati on of 12- oxopyrim di n-1(2H) -yl lacetic acid
(i-32) ONANOHTfIO To p-h Rypyri m di ne
hydrochl oride (1.00 g, ®95 9 and chl oroacetic
acid 10 (0.713 g, 7.54 mol s added 5 N sodi um

hyg Itr ggl gtt% aisgiél%&% Ry ‘t(u{lyl %uﬁk)@ gﬂng 35 g%hd)lmldreofsﬁ ni%s b&Side (6.3
Qggrfﬁ‘@i’%f‘{ﬁ‘cétoﬁﬁrdle z@t@ ‘?’aféld %pcoﬁloé‘wfxﬂe W%T% ERGr %S‘Q?f?lra 4H-
cyc{dpeiBa ) 1.3t thinzole i @rtmapipo e 2d&asnod).| @odeglk didition was complete
the %Q[tﬁlte%hlrb&fﬁtrb&ﬁ‘ te%{f)gratdré Fdr @t %xﬁ%e uP&ll ﬁtoﬁ% lPRW(@(@I rhg) and
extr ctegl %ktRh %%c (3g< Id)dcorgblg_edéit Acéaygrs sﬁ 1th ]6 O mL),
watgr (._25%111}:) SAf. }1@1@03 :&@O mly), &34, I\daSCI (bﬁq)mLf%; @ g]g[g§04 ged and
eva éraﬂel}rr ﬁ&%@'pﬁﬁﬁe MPL@QEfo@Igb eRri®dn: FLASH 40 M) elyent; 100% hexanes
% rim 1% ano aci d 02{88 lt% 550
(10RE{P) i t rjngon. ‘Eﬁ?ﬁ‘? At hidise 567 3HaL), then 25%
EtQ(Ak. iR 'Heganeﬁ)(?‘ﬂﬂ b Fiveas7 adehed) & aNighOorsingiolimEhyNROMS0 O Hz
cDeg) 8't4 m&( p-7 1”1—1)[) f @b '(ﬁmﬁg)h?m B3P m2ripy, ORRPIARANPIE 2.77 (q, ) =

aci d e reaction A xture was
7380 bl i) 1861(33}1I)or 4 h. After cooled down to anbi ent
tenperature, it was neutralized with 2N hydrochloric

te%‘%l d (4288l HNdin} §6! 'lHdéJcE)BEAté’[ dH’ i‘ '3 tlfuhz%q’e P¥ahEUBE S84

ase HPLCT ( TMC Pro- Pac L,J.

trifluoroacetic acid in a torN Brl e/ O 1%

trifluoroacetic acid i nHo@ \g rladi ent). Renoval of

the volatiles in vacuo affo thetltle 25 conpound

as a white soli LG MS 169. ‘h‘g‘ 31 IAT

Pr epar at't GFtgp 0?@6@%9#{% ¢ ¥I+ é &)17%E e éﬁohfed mn
methanrdB 0 mL Oanfl ANHCTRr@@vidd tO a mixture of of 5 N NaOH (4.25 mL, 21.25 mmol),
water (16 mL) and methanol (30 mL). After addition was complete the mixture was stirred for 2

h. The methanol was removed by evaporation and the pH of the remaining aqueous was adjusted
to ~ 2.5 with conc. HCl. The mixture was saturated with solid NaCl and extracted with EtOAc
(x3); combined EtOAc layers washed with sat. NaCl, dried over Na,SO4 and treated with
activated charcoal overnight. The filtered mixture was evaporated. The residue was triturated
with EtOAc, and the solid filtered to give 1.94 g of the desired product. The mother liquors were
evaporated and purified by MPLC using a gradient rising from 100% Hexanes to 100% EtOAc
in Hexanes to give a further 0.82 g of the title product (2.76 g in total, 62%) as an off white solid.
"H NMR (500MHz CDCl3) 8: 4.04 (m, 1H), 3.02-3.08 (m, 1H), 2.88-2.94 (m, 1H), 2.78-2.83 (m,
2H).
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30To pyrimdin-4(3H)-one (0.608 g, 6.33 mmol ) was

added 5 N sodi um hydroxide solution (2.5 nL) foll owed
whyooehtasoacetic acid (0.598 g, 6.33 mol ). TheCT/US2009/039249

reaction m xture was heated at 105C for 2 h. After

cool ed down to anbient tenperature, it was neutralized

with 2 N hydrochloric acid (3.2 nL) and then directly

purified by reverse phase HPLC (TMC Pro-Pac WO

2009/ 124166PCT/ US2009/ 039249 C18; 0-40% 0. 1%

trifluoroacetic acid in acetonitrile/ 0.1%
INEERMERBYHA2®t i ¢ acid in water gradient). Renoval of
Prepd@ionQr at nzlre[@rﬂbﬁtoy%%narﬁafn%@hem Hh&oteuf—{rl@ ACIRIHBE 0R Scid (i-25)

a white solid. 1IH N DMSO- d6) : 13.2 (s, 1FD 8.43

(s, 1H), 7.94 (d, J .7 Hz, 1FD 6.43 (d, J 6.6

Hz, 1H), 4.63 (s, 2H). MS 155 1}Q&&1) 5

| NTERVEDI ATE 35 Pr {on of

2-16- oxopyrim di n- 1(6HYX-yl ] pR 0|c acid (i-35 0 -c

OH (1IN N To pyrimdin-4(3Fsone (0.908 g, 9.45 mmuol)
Ste@s add @“gn %uM @@zﬁﬁzumﬁyb%%aqy%n&%&wm@raﬂ&v 8. cmeathyn 1.3-

ollo propanol ¢ acrd (0.95 niL,

mol ) . i2blee = re was heated at 85 C for 1

h. After cooled down to anbieé tenperature, it was

neutralized with 2 M hydrochtmwéc;ggld (5.2 nL) and

then directly purifi &P er e phase HPLC (TMC

Pro-Pac C18; 0-40% 0. 1%t rilf | do¥ oacetic acid in

acetonitrile/ 0.1%trifluoroacetic acid in water

gr adi entlp.a sRatiowv of ctinfl 2tahrano/iblaatleMesetn (¥ actionabl) or BEM (75 mL)
wad {8ed alttbﬁ b6 mwbqat@@(%sv@ lo§ %m;lo'i)s @ﬂuh% Bhké gk/& mL, 95 mmol) and
DNE/\%% 4) ané %fze 8lng jnlxturf sélrrga hto I(?_pm te&p@f&t ovejnlght
The—mr;(tu:ge Pgs wq_s,]qyd ngh Gl,gte{ dat. IjaGl griag] er Mg$§)4 L‘@rq@@nq g'glpgrated The
resififd vus wi®0d by MPLC employ-ﬁ% algrﬁdlaﬁ R EnB Yohtli 0o D1 8dhcs2080% EtOAc

2%, Toftvg e 5 o Redni 3 S T LR B b X o

5: T2 (4.128, 4riﬁ‘)(Q)J 7r$e2H)aéc7t3l($JﬁHm Ixlup.el8iasl. He@tled/. 2t3HMO0C
for 2 h. After cooled down to ambient tenperature and

L1 f= d, O; 2 ' 4
2550l i d. 1HNI\/R(DI\/ISOd6) 6131(s 1H) 894(dd J

= 4.6, 1.8 Hz, 1H), 8.5
7.72 (d, J = 7.6 Hz,E@

(dd, J= 8\) 1.6 Hz, 1H),

7.52 R T =8.0 4.6 H,

1H), 6.72 (d, J =76 . T—a72 (s, 2H. L NS

205.2 (M+1l). | NTERMEDI ATE 3 30Preparation

of 14- netloykotiox ofxie prdaadt froh(sbdd) A ¥1.3 gdetd ramal ildanhiydrduy THF

(10911‘“%25%7!} WMas%d@d%lt 1 11 uﬁs‘ (8. ﬁ mL ofa 2.5 M%n 21.35 mmol),

-oxopyrlda2| acet at

follgw%lynb@e@;i@p;qﬁg@g@ bﬁ@é rel na)mol) and the mixture stirred at -789C for 1 h

then allowed to warm to room temperature. A 10% w/w solution of citric acid (21 mL) was
added and the resulting mixture stirred at room temperature overnight. The mixture was
evaporated to remove THF and diluted with water (100 mL) and extracted with EtOAc (x3). The
combined EtOAc layers were washed with water, sat. NaCl, dried over MgSQ4, filtered and
evaporated. Residue purified by MPLC eluent: gradient rising from 100% Hexanes to 25%
EtOAc in Hexanes. Further purification by PREP-HPLC on a C18 column employing a gradient
rising from 100% water to 95% acetonitrile in water +0.05% TFA gave the title compound 500
mg (7%). "H NMR (500MHz CDCls) &: 8.22 (br s, 1H), 6.75 (s, 1H), 4.32-4.57 (m, 2H), 4.12-
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5- Hydr oxy- 4- net hyl furan-2(5H)-one (1.19 g, 10 4 mmol)
wapaae41iyé hydrazi noacet ate hydrochl ori de (1. 6RCTYUSZ09/839249

nmmol) in 95% ethanol (20 nmL) was refluxed for 2 h.

Renoval of the solvent in vacuo foll owed by

purification using a Biotage Horizon(r) system 5(0-50%

et hyl acetate/ hexanes m xture) gave ethyl

4ok fmsﬁgﬁ’ Jf @ X @51\)%&)2%6 22 %zl\@"):;.ﬁ'z]é%cﬂ ALE i8S, A& diBM 25 (1,1

=78; $i4- Met hy1- 6- oxopyri dazi n-1(611) -yl ]Jacetic acid O
i\i,rOH NO 10To et hyl

Ste 6

and water (2 nL) was added 1 N lithi um hydrOX| de
solution (2.9 nL). The action m xture was stirred at
anbi ent tenperature H .5 h t neutralized with
trifluoro acetic acid, the|r§a£,1, Lon m xture was
directly purified by rgver phase HPLC (TMC Pro- Pac

C18; 0- 43% Ot bf th bﬂé&ﬁ& Rl Bab6 rﬂgn0§ rﬂnxﬁ{re of THF

0.1% trifluoroacetic ? i ent
(1 hyrand methappldfs m@rwag@ﬁm se] u?@lamﬁv@ﬂlmgf@/ﬁfoxwa <§ﬁ é‘PIdOftah]eM soln,
0.3 mirbdl pandoinqoesttithg thi&tulEstit 8 aPropttdhperatNEERMBEDhATEN Bi€1 (0.3 mL, 0.3

mnig [)%Pa@ @déd%ﬂd ﬁlfe mixture v orated to d ess he resultln crude 8r0guct was used
hyl- - 0X0pyri dazi n- propan Ic acl

lmleffdlaéeéy wighfptpudigfiop 0o CH3 To et hyl
[ 4- met hyl - 6- oxopyri dazi n-1(6H) -yl Jacetate (0.132 g,

INTE: mi gin tetrahydrofuran (4 nL) at -78 C was
: h| um he xamat h;{l ItSI I alzane soI utlgn 0.7

m n.then was added met hyI oodlldle £O. 046 m., 0.74

nmol ). After being stlrr| “¥8 Cfor 2 h, the
reaction mxture was allowe Snvar m 25t o anbl ent
tenperature over 0.5 h. Renoval of the volatiles in

Steyacuo f @lthyddethotays . @dihiyfioct -t aitopasta fithiazde-dicaddpex ylate
Hori zon(r) system (0-50% eghyl acet at e/ hexanes
m xture) gave ethyl 244- \r
met hy1- 6- oxopyri dazi n- 1E6H)> opanoate as oil. To
88 ng (0.42 mol) of the ab oil in tetrahydrofuran

;gdgdn% ﬁlm%%f??ﬁr%ﬁ6§\ Pghn)o @@E‘ydﬁa‘eﬂ@% [O(3gt}3azm-e)4 ﬁ@ﬁoxylate [From

I de sol uti.o
Step AnNSTBRIAE B (7% OvpamaD pyes digsohyed élhﬁwgﬂlforicéﬁ%éé &f aﬂé‘ 3 mmol)
andfthe mitire 8@l¢dne thenwirtt fuat aweditiictdes 2~SRChyitrownlvar tetafhoiraborate
(1. ISQ@ Mﬁlbfi a@(ﬂ:dﬁ%?foﬁ%ﬁ@ afd B%ﬁ@ 8 g]Pddgt 66_@/[% Bb ﬂm?saq)&i]l?l ether (60

40% yor oac et| C. acl

mL ?4@@%%&& Heredat GO0t 0 dping Faigye ﬁfl‘; 8{3'\9@@ wished with diethy!
cth@00DAit AAAE BRETH ILUISRDAN D3P M&ltﬂeﬂtmaim)mﬁld twaemadob Q09¢ &8 30 min.

Thé i Ytﬂ@{frgsg @ofofe ag@ gvabgl%te E’RJI\I/II(Eiglll ATEngsn(%eﬁ%nﬁem M@L@%lhéjm

gra@mtéﬁglgéf%w 5 H?Xa%“ 828y P21 Horpsie §ive (e dpafgnround 390
mgar})%) angelov py.r HAR(S@MWHo KDL dpaRiqc] adild2K), 339 (dédd= 7.0

ands @1k 308(““%&53%%%@6% u?%m%'gfog’?épé? 09.(3f9 9. 12

was a

Step B: 2-Fluor-5.6-dihydro-4H-cyclopenta[d][ 1.3 ]-thaizole-4-carboxvlic acid
o F
N\
HOW
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10solution (4.9 nL) followed by (2S)-2-bronopropanoic

acid (1.11 nm., 12.3 mmol). The reaction m xture was
whemvazhied 90 C for 1 h. After cool ed downed tRCEOBI0891039249

tenperature, 2 Mhydrochloric acid (6.2 nL) was added

and the reaction mxture was directly purified by

reverse phase HPLC (TMC Pro-Pac C18; 0-40% 0. 1%

trifluoroacetic acid in acetonitrile/ 0.1%

trifluoroace ter r

0 al kyl A ronsabE pald o fiaid RgB 0050 Parphyig e gisiure of
THEShE ml) mmeﬂh@méé{) § add Wasrétﬂ@le@b@lﬁ@utfqnﬁﬂlﬂ@m hwbrmelde (0.558 mL of a
1 M@, 6ke ehnadllﬂanhmee r%ﬁiltﬁ%ﬁhx%@@stfr@ﬂﬁ%@gm%hlﬂ/@ﬁﬁh@ for 90 mins. IN

f d .t titl ou bot h al e
HC {95%8 melz Qégg v@}‘fv%faaflﬁ%cf: af?‘glr_?) mlxwrit E)VaB%rgﬁgQ drgl&:%/ 8 the resulting
crudd pragdict wasHispil/RmneRayly wathgut@prifiedionJ = 4.1, 1. :

1H), 7.53 (dd, J = 9.3, 3.9 Hz, 1H), 7.09 (d J =
IN 1E , 1H), 5.46 (m 1H), 1.64 (d, J .3 Hz,

dazi n- 3- yl oxy) propanoic acid (| ) 1H

Prebﬂ\vﬂlo{nm&iw dikydao-6A-pyeolofll.2-dRet@zble-S-chiHjoxyIf: abal (-Ad) =

9.1, 5.2 20Hz, 1H), 7.64 (dop J = 9.1 Hz, 1H), 5.45 (q,

J =7.2 H, 1H), 1.86 (d, J[= 7NinHz, 3H)

| NTERVEDI ATE 41 PreparaﬁP6%1I0>/N

of 12- oxopyra2|n 1(2FD yl | acet acid (i-41) 0 ?J.- N
G OH ). ( -one (0.333
St—"“Jéjf—Aﬁi%.M £ 2 a=:5= N SO A PRRAPS sol uti on
(2.1 n) follomed by chLorQacetlc acid (O 524 g, 5.54

mml ). The reaction mxtfre bgated at 100C for 2
h. After cooled down to anbi tenperature, 2 N

hydr ochivpdihyg 5afdikbxy3, éﬁdlﬂyarow%ﬁﬁﬁ@@—c%@(ﬁﬁ@wﬁse@ ar&lMusing the

moffh i UsStiBR i edrEhes! R o HB bt P af BR RS %Fﬁﬁlﬂmm Vol

54 baset20nPTlni l e/ 0.1%trifluoroacetic acid in water
BOgradient) The pure fractions were |yophilized
over ni d

7S “:,‘- a F ALY A N1 A \/\D

2009/124166PCT/U82009/0392 Pq@parat|on of

2- 13- net hy1- 6- oxopyr i dazhg- ﬂyllpropan0|c acid and

2-1(6- nethylpyridazinS yl ) oxyl 8pan0|c aC|d (i-42 and

i -43) 0. OH OH N o OFf N i-42i-

6- met hy|TﬁWPky5"391il pi sirong meel ey %34 dszé@ HiByyolggarboxylate
(90ade6l0S miodiddund byadedodcitewasalditd sodiufnlaz8e (915 mg,dR2108 wedol) and
the pééul%h? E&B@h@foﬂ RER o° @%‘nﬂi st rped7\Q§0r&1slg4f]p§$B We) sx%ugiglr? was cooled to

reactron m xture was [ .
roopgerReARHAd v tetyite ﬁ% ml?éﬁﬁ%‘b’h‘ttﬁfife Solid patayigmsemiopsts was added
to tBecdothitioh whidhilwas WeiScdod dethn mpetatuee foe 2 tiro MTHisylidsrvecravBiliered off via

frmgq gﬁfﬁ%ll %{6@9{){)&1&1} @5’01@ [ &i& Qﬁ@c&gé}ﬁﬁteg%&r (VIMEmP SthP [?rgmpltated

uoroace Ic acid in acetonitri
durmgf%cmﬁr%twfl|a%wa%1%lé@tr¢dc0 fhefteq coneeitentiag tagngdifintojumer e solids
weld-waklegdloatd with gridcbieat(3 wis aed dtieidintladtigh vekeurpuve@night to afford the
r e Go| I \hfzed overnight to

ttd GRELLANROVRES: 05} ng%%%np%% o M T3 (M),

2[ 3-met hy1l- 6- oxopyri dazi n- 1(6H) -yl ] propanoi ¢ acid
Stefp iC: 42) : 6%%0(5%@66[1,261]tEtr%le(—51carﬂox4‘vli9 adldHz, 1H),

6.88 (d, J 9.4 Hz, 1H), 5330 (9, J = 7.3 Hz, 1H),

226 (s. 3H), 1.49 (d, J =J. 3Nk 3H).
2[ (6- et hyl pyri dazi n- 3- yﬁ?ox gpanoi ¢ acid (i-43):
1H NMR 15(DVBO-d6): 6 8.36 (8] = 9.0 Hz, 1H), 7.90

(d, J = 9.2 H, 1H), 6.00 (g, J = 6.6 Hz, 1H), 2.90
(s, 3H), 1.73 (d, J = 6.6 Hz, 3H).
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| NTERVEDI ATE 44 Preparation

of 1(6S) - 4- oxo-4, 6, 7, 8-tetrahydropyrrol oil, 2-1pyrimdin
we2@9a2a1boxylic acid (i-44) 20 HO,C 0 :1) N BUBEpS2009/039249

A: Met hyl

[6(S)-4-0x0-4,6,7,8-tetrahydropyrrol o[ 1, 2-]pyrim di ne-

6-carboxylate ,o0-t," O N N Mt hyl

(25) - 5- nEthoxy 3, 4-di hydr o- 2H pyrrol e- 2- car boxyl at e

(4 19 91

_azatri@ ac?P&s‘ ign %fl’?re@ﬂ% ighoP ARl b hg Aisapoly S-qerppxylate

(309rmg|, J. 78\/&@%)9&%@ NeateriM eOIE was added hiQH (2 14ppg, i8f92camplp and the
resﬂﬁﬁmlﬁloﬁwg RGRdNGI biZ4 f0)609E%remh( @z&@@%@lﬂwbs equipped with a

cet hexanes m xture ave th e co
corfEHg) TIOTL Oh VARBIES P LBPPARYAT P BT B cggmove organc
solveniyy Therpalicoes-1dyes afrabthﬁly heidiBediocH oft-druved2at féClnﬁhthlyllxture was
contelated 1O%9 neds §nder vacuum, azeotr0p1 with toluene (2 x 20 mL) to make sure all

di t et
B iSRSt R R o Taf o
a bf-produd. Irfi-WS: ovafESoFd 5§ fdHY i t | e conpound wi t hout

further purlflcatlon LG/ M5 195.2 30(M+l). Step

0-4,6,7,8-tetrahydropyrrol oll, 2-1pyri mdin

IN ic acid WD 2009/ 124166PCT/ US2009/ 039249 HO
Pre@mtldnLof 3- metllwl 6.7-dihydro-5H- pvmidﬁ%ll -c][1.2.4]triazole-7-carboxylic acid (i-28)

[6(S)-4-0x0-4,6,7,8-tetrah dropyrrol o[ 1, 2-*] pyri m di ne

- 6-carboxylate (9.95 g, Sﬁrzdrﬁls) i n tetrahydrofuran

(60 m.), nethanol (40 nL) andMa™sol ution of |ithium

hydr oxi de SS 329, 77 nmmol) in water (40 nlL) was
Mﬂh@_ﬁé}%&é

StegAirred AHmpyeokohz. 1 ¢l h2.4ptrzele-7-carboxylate

hydrochloric acid (38.5 nlL)o was added to neutrali ze
the reaction m xture wht then directly purified
by reverse phase HPLC (TMC NPac C18; 0-40% 0. 1%
trifluoroacetic acid in acetonitrile/0.1%

trifl uoRefickavisendaivard @, ot at. Legttadli @AQ0) p. F138-4536

0- al kyl ati on product was el uted fast The pure

af for o CREOFHS rETBBRGGRe AL S e RS 2 0 g
15. NMRmMODNEBES thé)dichgorgm@hanedn S mt rguigl qutom]ﬂqyk Bo thip s@h{rtlonj was
added ﬁm@etﬁ'}lﬁoxoﬂfﬂ)n tetl%o%ofa@w@ 5‘3 105 leofﬁ) ak aldBlid dddrinsed with 20 mL
dlc@gri)mf Rﬁr_l'lghe rf%ﬁl@ﬁﬁpf‘l’%s igrrcie_(? dt room gém%maturmor twoC{1 and LC/MS
ind#ated tiahtael mderehielliptg mpetyd f-mehdyly FyA-dirvndre-26-pyarolbek ydrbexylate had
foriB&d. dathis ﬂgi)nt, chl’f@yhi’aﬂde (1.18 g, 15.91 mmol) was introduced as a solid to the

mixture and the resulting solution was stirred at room temperature for 3 h. The solution was then

concentrated under vacuum to remove all dichloromethane and the residue was then taken up in
100 mL n-butanol which was heated to reflux in an oil bath set at 120°C overnight. The solution
was cooled to room temperature and concentrated under vacuum. The residue was purified via
sixteen 1500 um silica gel preparative plates eluting with 90:10 dichloromethane: methanol
solvent system. The product was extracted from the silica gel using 85:15
dichloromethane:methanol which afforded the title compound (454 mg, 11%). "H NMR
(500MHz DMSO-d6) &: 4.16-4.06 (m, 1H), 4.00-3.88 (m, 1H), 2.85-2.78 (m, 1H), 2.29 (s, 3H),
1.55 (dt, ] = 6.7, 13.9 Hz, 2H), 1.32 (dt, ] = 6.7, 14.0 Hz, 2H), 0.88 (t, ] = 7.5 Hz, 3H). LC-MS:
m/z (ES) = 196 (MH)".

Step B: 3-Methvl-6,7-dihydro-SH-pyrrolo[2.1-c][1.2.4]triazole-7-carboxylic acid
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\ Step A 7-(Trinmethylsilyl)-5-o0oxohept-6-ynoic acid O

H2C TMVS This internedi ate was prepared
waewongiing to the procedure found in: Nayyar, PT/KS2009/039249

Hutchison, D. R; Martinelli, M J. J. Og. Chem

1997, 62, 982. TNVS To a stirred

solution of 54.0 ¢ (254 mmol ) of

7-(trinmethyl silyl)-5-oxohept-6-ynoic acid fromstep A
above in 750 nL of | PA under a@ at nosphere of nitrogen
was added 33.6 g 25(254 /kfert butyl carbazate.
The reaction m xture was sti d>or 4 h at anbient

f,grg?.r |ateI§r %ﬁl:ﬂglpg @Rgr73§ ?}ﬁire ?H\ﬁ'?f?rgfg)ginﬁ EFgggﬁla%ll: 7-carboxylic
acid@0P 1§ GOrmplcR TRESVair@de Qi (o added iQH 625050810128 smeihand the
resltflg @luti®n Was hdatedMii oinbazh (BB CI2 7 6(HVH ound BOGRIre ras equipped with a

conft e s S {5 R Db B kPSR orseni

solvegtsg The pqueais laysr wes than afidifigd pérI of(@gjglngﬁhﬁ I){C]ofThe mixture was
contEateB1d {yBesh budedxouamnpapyttIpmpdyi@zonede 2-x(20rhDeb Mydks kire all

%@Eﬁlo@% ﬂ*gé ﬁ?g%ﬁ njf_{wlgégéé? éﬁlﬁ% %rt??rg)\ﬁ%ﬁlaﬂwﬁ rﬁm@% chloride as
a by-giod Bgs e MESTHENESITIOBOMHYe in THF Sover 30 min. The
resulting mxture was stirred at ambient tenperature
M then evaporated to dryness in vacuo. The
Herb,ﬁﬁgbghggd,|uted mnth 1L of a 5@6aqueous acetlc
Prepg gtlyA-5 02 HIfqtah v 4 tiars h Hdinerd-carbokylic acid. (i-
_Jethyl acetate (3 X 350 nL) The conblned organlc
| ayers were washed with water (2 x 100 nmL), and brine
(150 mL), dried over magnesiupt-sulfate, filtered and
evaporated to dryness in vau he crude residue was
purified by silica gel 10 chronmat ography eIutlng with
3% acet iPecrate ¥siag BrogBhmes paslPLoHE Bt these f@trndhe;@éﬁﬁeg 1ate 28 (i-28)
aboit ¥plitRg byBl-baspinbi@nd-3-£ABo:6 AP RUR Bthas2 -y&iplperidiat-B-ca®Bxylate.

Lc%gseqn/%fﬁﬁgt altggtéﬁ%Jr eld). LCGMs: mz (ES) 255 (IVH) +.

3- 14 (benzyloxy) 4- oxobuty1-1- 1H pyrazol e- 1- car boxyl at
INTERMEDIATE 30 ,Boc NN BnQ2C...) 15To a stirred

SOl 48 io?@-n?fth 8% Ly

Prepa;

acid fromstep C above in 0 nL of EMF was added 48.9
g (354 nmol ) of potassi um ndte fol l owed by
dropwi se addition of 40.0 nL-(3800 mml) of benzyl

brom de. grf&?l%ﬁ ru?lﬁg Eltok&iglr afﬁl%o%s W)atgos%tf{n[]nrdqlg hnft‘?ﬁle&)léte BS él -28)

guenche
a Oyereaelasee efhiy) 2-oxaparreliging-free dowdnith meihet %Oweow%éu
carixiylatch L.CNES: Mt (ES) -omBr(M2Omagnesi um sul fate, filtered
and evaporated to dryness in vacuo. The crude residue

was purified by silica gel chromatography eluting with
Ef@ﬁﬂﬁﬁ@h¥ﬂiébetate in hexanes to afford the title
Prepaifua W ¢b-asopari¥eid- 06Hpy1]acchdadhd G-3168. 4% . LC-Ms: nif z

(ES) 345 (IVH) +. [;N

N._CO,H
o
To 3-chloro-6-oxopyridazin-1(6H)-yl]acetic acid (1.00 g, 5.30 mmol) in methanol
(40 mL) was added 100 mg of 10% Pd/C. After the reaction mixture was stirred at ambient
temperature under a Hj balloon for 1 h, the Pd was filtered off through celite. The filtrate was
concentrated iz vacuo and purified by reverse phase HPLC (TMC Pro-Pac C18; 0-40% 0.1%
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Step E: Tert-butyl 3 -14-(b enzyl oxy)-3

- br ono- 4- oxobutyl | -1H pyrazol e-1-carboxyl ate , Boc NN
WB02/T2460r To a stirred sol uti on PET/ES2089/¢89249

(80 0 mol ) of tert-butyl 344-(benzyl oxy)-4-

oxobut y1] - 1H pyrazol e-1 - car boxyl ate from step D above

in 250 nL of anhydrous THF at -78C under an at nosphere

of nitrogen was added 88 nL (88 mml) of a 1.0 M

.Soluti.on.of sodiumplis(trinethylsilyl)amde.in
i ot 1 SonE LD Gt M BlE St et of e
volasilgsrip eerup efforte@ theftitla commgind and whiteerystallind.  HISMRBLY): §f8.06 (dd,
1=0Bl onotl iMEY Y&, I aner, BOHHAMAEd 101 @R W=S£4, QVsEHZ, FHI 405 (s, 2H).
LC&E§ %ffﬁh%bng m xture was stirred for 25 mn during
& : the reaction becane a |light yellow col or.

Next, 16 g (88 nmmol) of solid N bronpbsuccini mde was
INBgO@EDIATERE portion and WO
200t9/ 124166PCT/ %529 039249 t.he

10N O QX OPXI1I1 10 Bl lacett d

Prepara ’

esul ting m xture was
ed 5y gradual warming to
OC over 1 h. The reacti orPwas quenched with a
sat ur at ed aqueous annnnhu%NChkgﬁide solution and the
aqueous phase extracted Wit h @t hyl acetate (3 x 200
m.). Th o .qani i Li .
dr) ed ovar WARGR hEREn EpURS RiaPADE 7. RO Borgaperi acd
(0.%18 gdf-gheswl; weswddado’ N sodiph by droxide prdutiany(fé n@dma%a Fractipg mixture
washeyell koM 5garfor TheA firideled toudtantipe fhpetairdndmclirdized with 2
t ur . t g .
M Rl Sy B 81 16, SR B Bl AR SR8 Y BiGhortby ilrarion
as apsiyellpw solid. CHEMRAPMYGEd)): &b%2 (swﬂyl).,_&w (dd,J=3.9,3.0 Hz, 1H), 8.16
(dd;To= a.4s82.8 Hzed)s Ouetddon=06f4, 4.6 1, gHY 4380s, nAR!| LCOMS 155.2 (M+1).
tert-butyl 344-(benzyl oxy)- 3-
br onp- 4- oxobut y1] - 1H pyrazol e-| -carboxyl ate from step
350 mL of dichl oronethane was added 50 ni of
Pregdr&tion 0f@-[P-@S bidyirinfigin 1T XD Bropasois bdid (ie3d)for 2 h at

anmbi ent tenperature then gll volatiles were evaporated
i n vacuo. The residue wasit hen gyl uted with 50 niL of
tol uene and 15evaporat edi agai g i n vacuo to renove al

resi dual TFA. The crude naterial was then dissolved in
125 nlL db 2andydypursnidine hpdrechderdle 142D gP- f4u0mohmwsb pddsfl 5 N
sodfRh hﬂir&@deas%ﬁitildﬂtﬁﬁﬁlmﬁﬁlfo@zeé{\@ﬁ(M-Q%Mn@}ﬁ&iﬁﬂoi@‘d@ﬂ 0o /MM 11

f ol d by 1. .0 di i,de. %h :
el g g G e ok o ot ey Sup jen
tempergiued ittvers nodralieaimpidy 2Y by docdhiaticavdi b8 anlodnd thed dyeatlypurified by
revérfe MAGUGPLA EMECasH-Buec Y@ D-5bbd 0! RdrildrBacd@Oacikin@fetéhitrile/ 0.1%

..saturated,.agueous..a ium chl ori sol ution.and 20..
SR D Fo i T TR R et AR TS Tt e e
congropid medviotegahd. cLC/Met®. WeMel)washed with brine, dried

over magnesium sul fate, filtered and evaporated in
T rude residue was purified by silica ge

0
b.ﬁﬁthﬁgfé hy eluting with a 10-80% et hyl acetate in
. Y = (bt heid 1(1-84

DEXtamad | @pxaapyamidin-o

6.2 g (64 %yiehd). LG M mz (ES) 243

cl ear gum

(MH) +. 25Step OH

G 5, 6-Di hydro-4kkpyrroldﬁt§£:glpyrazole-6-carboxy|ic

acid HOo NN\ --.. ... N A 100 ni round

bot t om frhgskmitislers Bnat0msRenRe nhol Wiy QE&NS Wasdium hydroxide

harged wi.t.h 0.600 .. 56 £, 10 wepght . .
solfRCER o Pt B Rt 33 (VB o el aerin geare wes
heaped apt056Candh.. ARegooled dewh it dnanens fen@egityge, (0w BB utigizpd with 2 N
hyd@échReioayil (92 Gridiahy e dﬁéﬂﬂ?)ﬁﬁlﬁﬁﬁd‘ﬂy]rev?erse%@ase HPLC (TMC Pro-Pac

b] pyr azol e- 6- car boxyl ate from step F above in 40 niL of
et hanol was added and the mggure placed under 1

at nosphere of hydrogen. The reaction was stirred for 3
h then filtered through a pad of Celite0. The pad was
washed with 20 nL of ethanol and the filtrate was
evaporated in vacuo to afford the title conpound as a
colorless solid (3.7 g, quantitative yield). 1H NWR

IO NN R AN~ A A ~ ~
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| NTERVEDI ATE 46

5(38)-5-0x0-1, 2, 3, 5-tetrahydr oi ndol i zi ne- 3- car boxylic
W@ei0d/12416616) St ep PCT/US2009/039249

A: (3S, 95)-5-0xo0-1, 2, 3,5, 6, 8a- hexahydr oi ndol i zi ne- 3-car

boxylic acid nethyl ester Thi s

i nternmedi ate was prepared according to the procedures

found in: aneSS|an 10S.; Sailes, .; NUnro A ;

Cl%?la 4@?) 8 ?:ﬁ) tﬁglé%rPaCH 192&1(931 a&t&mp @erez é)nl]@/g E%@roa c ai}ggi\\){\ll%gli gradient).

Re@@bo@hmlﬁvts in vacuo afforded the title compound as a white solid. 'H NMR
(DM§@)¢5)56QXQ'(§- 18) .48 & eltH)ahVﬂ%dOH Ao szm@ (;’43C(afﬁ96)6|}&t €H), 4.63

| ution of 850 g (4.06 mmol)
@, s 53%%@ 3,5, 6, 8a-

hexahydr0|ndoI|2|ne 3-carboxylic acid nethyl ester
DwmﬂgnE§Lengﬁ;above in 50 nL of dichloromethane was
e& V) oxi de and
C Ut e S or—=412 h at refl ux.
The reaction was cool ed t i ent tenperature,
filtered through a pad o it¥0, and the solid was
then washed with 100 niL N)dléhloronethane The

20fi|tr e was_.ev rat d to ness. i n

residue “Bﬂ??ﬁ&gg %ﬁq&%; é @hweﬁﬁﬁﬁﬁfﬁ' mn%y&oxﬂe
sohedout(3.8 gnlwifelowb0 bl (BR)eX- lblyinommratoemdr(m@éxrdn é$ ngcdd i Tewetreaction
mlxtﬂﬁe foag Réagedtal'f' A ‘Id‘ f‘olr € he %@Péﬁb@ed@ﬁm@ t& Lﬁ@%ntgé%&gm%zt Gas

1 e
neuealceé)vv“é Qd%gl iﬂ@i %ﬂfs%&f%fﬁ% ﬂ%r‘aldﬁre ahy By phase
HPRC (TMEZSrbi@ac C18; 0-40% 0.1% triflfooraacstié adidoh asabnitrilg®. 184 trifluoroacetic

acuprnzs)QaQer d(e]at)oﬂeml)of ﬁ’i@ vOBLRY b 3R afﬁ)r&)&%e]ﬂti% c%mgound as a white

qra dr o1 ndol 1 zi ne- 3- carboxyl ate f ste ove
solf 13 R @Mﬁ%méss Felet 1 M T8 FHrry e Rfa T2 @
= 7&qle 03 51040 Jsof .BitHzoH), Tbe(désﬂﬂiHn@Pﬁlxcaﬂéla%$cw+u

stirred for 2 h at anbient tenperature then quenched

with 2.0 n (2.0 nmol) of a 1.0 M aqueous sol ution of
—¥H¥§$5%e¥J%@%hlorlde Al volatiles were evaporated in
Prepagtin diittotdib6agpislousliph@se vilastiexdid 68ved Wi th a 30%

I PA in chloroformmxture (3 x 5 nL). The comnbined

extract were washed wi{h I e,y

2009/ 124166PCT/ US2009/ 039249 dri ed over magnesi um

sulfate, filtered, and evaporated in vacuo to afford

the titITe leonapbtmtidins (G il @ 0308 i4c Sromaly wgs adgipdg M gqdium
hy diNbRIe( D 0B oiVHZ7 mCPBOIWed By dhi&3adeteacid 0.4, 428 nidd). Thiekreaction

mugurg gra%ﬁefge% (ag T@o %‘E %ﬁ é}tﬁr( %gleg‘ziowg '_3 aml% ré éé?%} IS%LH% and neutralized

with PN hYLdGlCWB“C Agid RS SR 1) Eftr%tlpn as a yellow

solid- (2 NMER (YIS 9rd, N 6) 132- (@x1|¢ey 3194 Qdd51 644dj hy GIYZOI-HI)I;B sycddopen.o, 1.6
t 0 -

Hz,_llﬁigf"{.?ﬂdzjzgg%'lﬁzu2%5,\?\25)8@/(&1 G-ach g {i; ‘irﬁg ZN?BP '7'9Hz 1H), 4.72 (s,

reparéeéd acco
ZHpE6EHEP22 (M&d- for i -7 except 10 t hat
3-am no- N- benzyl- 3-t hi oxopanani de was used in place of
IN de. LGMS: mz (B/S) 317 (MH)+.
48 4-Chl oro-5-pyrimdinyl acetic acid
Prevaratm\of [4-methyl-6-oxopyridazin-1( 6H) -yllacetic acid (i-37)

O

LN
N O

Step A Ethvl [4-methyl-6-0xopyridazin-1(6H)-yl]acetate
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15 Step A'Ethyl (4-chloro-5-pyrimdinyl) acetate C
I I CEtN This material was synthesized
w@ewonziing to the procedure of Zymal kowski andPCEUSHNG039249
et al. Archiv. Der. Pharmazie 1966, 299, 362. 20 Step
B: 4- Chl oro-5-pyrimdi nyl acetic acid To a solution of
0.6 g (3 mol) of ethyl (4-chloro-5-pyrimdinyl)
acetate from Step A above in 0.5 nL of water and 1.5
nmL of ethanol was added 21& ng (5.11 nmol) of
25l i t hi um hydr oxi de hydr N reaction m xture was
stirred at anbi ent terrpeI tpwedgor 2 h then
concentrat ed in vacug to_renove a atil es.
resi due SweXIrefivr e dy Wes 2P thiong - @@lﬁﬂ@aﬂ%a@eﬁy
hy dnaritroagpeate lnyikr@hlodide an@ll ¢,1ed nooig evttstatteghol R20Ovidc)was trefluxed for 2

h. R&ﬂmﬁoﬁhé so\fv%lnﬁz‘h'vla% foPovyéqu uh%‘l@atﬁoh hglﬁ%g Bfﬂ?&%@ﬂ)r&@n@ stem
(0- %S/o et%abacetgte/%xtrges ng)pblre) gave [ﬁlfrgeﬂc@@mfy;r@agw:g(ﬁﬁ) -gipcetate as

ayMﬁwZ@WlWIﬁBMS'QAQBZMGQB)OSQMQ | NTERVEDI ATE 49
4- Met hoxy-5-pyrimdi nyl acetic acid (i-49) OCH3 N Step

A Met hyl (4- met hoxy- 5- pyrl md| nyI) acetate OC H3 5 To
Step, Bg o] ut cthvl-§-oxapyridazii-1 6T )y geid ot hyl

(4-chl oro 5- pyrlmdl nyI) a@etate (see i-48, Step A) in

10 nL of absol ute nethanol @Hsol ved 0.060 g (2.50
nol ) of sodi um netal . Tgr tlng sol uti on was

heat ed under m crowave N on at 120C for 10 nmin.

ALl vol gl V\}4"‘§5t§%1r<ﬁr a&ggddszgl ?’(ﬁ%‘gl &R (5%75 ESZ @Ulﬁlalol) in

was dil ute car bonat
tetraydrofipp P MEb FediebelI(d Fdnebhyper @ank) Way afdded 1 Nﬁ@lum hydroxide
solw 2. fed.) oTharchaion ayietus: warsarrvdshet)ient tetmpbmiurefor tL6 ihe d fter

neuﬁXﬁfed m%ﬁﬁo‘f&c‘eﬂk 1:18& q e Je%ljétltoﬁ Elﬁgtm%nvgas %ﬁ@&% L})ﬂgﬁgd ls)preverse phase

HPEE é’gl}/[Cd?dHI])e%(aj % O&S‘Vg@% trlﬂp_prp\mlc( manOmM @Ej)" () glﬂuoroacetlc
aciBin fatdrgradidn)), T8e ﬁlﬁe (ﬁactlo]nls-l)v,ereay&iﬁll(zsd owrightdo Qitld(tks title
57 (s,2H). LCGMs: nlz (E/S) 183
%d BL(%@@( ﬂR/Et hoxy-5-pyrim di nyl acetic acid
ocH3
INTERMEDIATE 38

Preparation of 2-[4-methyl-6-oxopyridazin-1(6H)-yl]propanoic acid (i-38)
| N
N COH
O CHs
To ethyl [4-methyl-6-oxopyridazin-1(6H)-yl]acetate (0.132 g, 0.673 mmol) in

tetrahydrofuran (4 mL) at -78 °C was added 1M lithium hexamethyldisilazane solution (0.74
mL). The reaction mixture was stirred at -78 ° C for 15 min then was added methyl iodide (0.046

mL, 0.74 mmol). After being stirred at -78°C for 2 h, the reaction mixture was allowed to warm
to ambient temperature over 0.5 h. Removal of the volatiles in vacuo followed by purification
using a Biotage Horizon® system (0-50% ethyl acetate/ hexanes mixture) gave ethyl 2-[4-
methyl-6-oxopyridazin-1(6H)-yl]propanoate as oil. To 88 mg (0.42 mmol) of the above oil in
tetrahydrofuran (0.3 mL), water (0.2 mL) and methanol (0.2 mL) was added 5 N sodium
hydroxide solution (0.2 mL). The reaction mixture was stirred at ambient temperature for 3 h
then neutralized with 2 N hydrochloric acid and purified by reverse phase HPLC (TMC Pro-Pac
C18; 0-40% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic acid in water gradient).
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To a stirred solution of 0.21 g (1.14 mml) of nethyl

(4- met hoxy-5-pyrimdinyl) acetate from Step A above in
w@2®924166 water and 1.5 nlL of ethanol was addec/8320a%039249

(1.9 mol ) of lithium hydroxide hydrate. The reaction

m xture was stirred at anbient tenperature 20 for 2 h

then concentrated in vacuo to renove all volatiles.

The residue was diluted with 3 nL of 2. O Maqueous

l or| de an ncent r at ed
Re Al GOREy Ay iy B AR e RO G D R Wi BliS Liug o2
(Mobf white solid (191 ng, 90%. 1H NVR (500 MHz, CD30D)
6: 8.72 (s 1H) 8.35 (s, 1H), 4.01 (s, 3H), 3.57
N 2z (E/'S) 169 (MH)+. 25 | NTERVEDI ATE 50
di n-5-yl)propanoic acid (i-50) 0 M
Premratmqf gf_[éwxmvﬂdawm 1(6H)-yl]propanoic acid and 2-(pyridazin-3-yloxy)propanoic

aci®(i.6460]-80\0pyT i mi di n-5-yl) propanoat e
To a stirred, coogled (- 78Cso|ut|on of 5.8 g (29 mmol)

of ethyl (4-chlgroN5- pyrinidin e (see i -48,
Step A) in 75 ni Naaﬁﬁyldrous Q?ﬁmy n at nosphere
d

of nitrogen was 15.2 nL ) of a 2.0 M
solution of lithium dllsopropyl am de in anhydrous THF.
The resulting m xtud® was stirred fig0 15 min then 2. 26

L (36 Ironmdn)pyeitlah e o1Tes %‘31'29;3 ﬂ’i@@l) @&QQ Eflic@Y & sodiu® Rydroxide

e irred f
sonfi 5Bt 551{‘%@;6 - %Ofn?momflms AT Bo-a B} i reaction
mixturp wa¥ heatadeg 8 i @for dihx tAfreecands! domapd @waﬂmdmetstrrmﬁltahlr@ 2M
hyc@@kthlb?@ta&g (@mfj WL &l Qﬁd fﬂ@ re?a@ﬂldht thRRir@Rek (ﬁ?&%ﬂ}aﬁﬁrﬁﬁd by reverse

r e r
phas 1B OUAIE g I AT b ARd ket e e e
triffuprov@tio acid Theater graibent)e Slihd Wealiy@stiquuroduce (Hyyidsdin-B-yéoxgy gplropanoic
aCId:QESOJmE@ElEIa FTI'FM pEleYtakMhs We?&oﬂec%&f/ﬁnﬁttméolv%gt %QE@B\eed'n?vacuo
affog%%tﬂee o m %]%lg@%ldﬁlg&t{l O‘éll stogg Sé?gg)ggpgbrld zgn—? 94{)
yl]gkb)anoid adid (iC34): HHBTMRZI(DS(B) (6@ O71¢d7 JHz4.1,3H) Hz, 1H2.97. {2 (dd J=5 —79 3,39
Hz, l'ﬁ{é) B ddLJCc b@ 1. @H% 1( Sho @11]:5&{)'\4_%4" d, pLep I@z Nﬁt) hyl(pyrldazm 3-

oS E e f%%@wwmms St abhyi 14 @a1-0.1.52

Hz,2H)A4%.6hldof B fyirkiayil Hi,5-B-(qyl 5 pR djzahidal 86 {d,d0m 5t Ep, 34).
above in 5 nL of absol ute nethanol was di ssol ved 0. 054
2. 34 rm? ) of sodiumnetal. The resulting solution
nder m crowave conditi ons at 120C for 10

PreparationAf [ 2-vxadpataizinelg2 Meyléacet@nmida@d4in vacuo and t he
residue was diluted with 20 saturated sodi um
bi car bonat e and extract ediuw aehl oronmet hane (3 x 10

m.). The comnbi ned organl,\k:}'\é s were washed with
brine, dried over magnesi um sul fate, filtered and

evapor atf&izin( Yy ened8. 33 he\satiisme was pdsled Sthheodiym hygdroxide
soh@RAPD U R ) &islloavet b dKlo@destic Qcid 10.624 f,9 3%1.mnkdH. NMR r6&80n mixture was

hea% &D%?t?%z E&Aﬁﬁp %ofe§ dé\g 0 ﬁn@% %1p éé T §4N gx(%g%o?i‘@ acid (3.5
mLBpips aq_@i ng: thwegct{og/ng}tu@gyas@mﬂy puglgedsbjéfyverse phase HPLC (TMC
Pro@a2-((14;-0Vaach OMprtﬁ]uEﬁbdd:eﬁc cill in eopAde 0319 it odddaetic acid in water

gra%g ? B t})ﬁlreefgacﬁgns e&g ﬁ/ogﬁlll%d%:\[f 11 0 g?eé tl)[le ggnégéeuég Xg a yellow

soligh @@V[Sr]ﬁ@zSMﬁD of wat er and 1.5 rrL of et hanol was
added 81 ng 30(1.9 mmol) of lithium hydroxide hydrate.

IN-IJ-ﬂﬁ\/[ﬁB ]isso npxkure was stirred at anbi ent

Jrarpa%—e&f—m—; h then concentrated in vacuo to
renmove all volatiles. The residue was diluted with 3
nL of 2.0 N aqueous hydrogen chloride and then
concentrated in vacuo to rep@ve all volatiles to yield
the title conpound as an off white solid (70 ng, 369%.
1H NMR (500 MHz, CD30D) 6: 8.67 (s 1H), 8.4 (s, 1H),
4.07 (s, 3H), 3.9 (q, J=7 Hz, 2H), 1.58 (d, J=7 Hz,
3H). 35 LCMs: mz (EZS) 183 (M) +. WO
2009/ 124166PCT/ US2009/ 039249
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| NTERVEDI ATE 51 2- (2- Oxopyridi n-1(2H) -yl ) propanoic

acid (i-51) HON O 5Step A: Tert-butyl
WQ@2(02A2M6pyri di n- 1(211) -yl ) propanoate To a stPCT/ES009/039249

solution of 9.5 g (0.10 nol) of 2-hydroxypyridine in

250 nL of DMF was added 16.6 g (0.120 nol) of

pot assi um car bonate followed by 25.0 g (0.120 nol) of

2- bronopropionic acid tert-butyl ester. The resulting

QA VlrOPAndicyy & andi-43 et at o (3 X 200 nL) and the
conblned organlcsE$ZLe washed with ter (2 x 100 ni),

brine (100 nm.), d magnesii C)ulfate filtered

and evapor at ed i nlyacue. The cru e\WeS|due was

purified by silical'gel chronmatogr /hy eluting with 25%

ethyl acetate in h%ﬁanes to affordn%?e title conpound

as a clear gum 16 72%%j LC- M5 224 (M) +

15 St ep TB:6- mghl(lgmg@p one10-2 1) 2. @pnm mes eddgd PN @dium
hydrfdie solution (1. @Sl—mt) followedlby 2- bromoFropanmc éEQi @ Y igl 4.69mmol). The
rea%10§11 1)gt§lgegwals%8ate€ %Ql)gC(f?r)l }I; ozgge?]ro gelgcfl gorvxén n‘%osa e\(lktemggrature 2M
hydreehhopic mc_ldﬁ 0 aﬂhy\@s adgsd wﬁ the rmtamemwhmewa%reaﬂmgp“m b reverse
phag@Hptc MC‘I&SJPac\!\@&% adreslo. 1%Qr1ﬂhor@£ceﬁc éblcolnl‘dbé’tbflﬁfrﬂg@m%
e SR L e Prdthe b SR En eBeLFR  bhDhe  gor
fraqtinewerg a@&e@ﬂ emd kyepldhgﬁd@ggnight patfor thotwf titlgregmpprnds. LC/MS
183t4 @d{ﬂ)cgwﬂm 89x8p hﬁm%e?é %i obdndic £hid G4a tlHIﬁMRV@MSO—

P T - F A L B 00wl antie Yot e s e 30

1. 4€P\[d V=73 Hz, 34). BiepnothyBomidygdin-3-yloxy] propan01c a01d (1 43):"'H NMR
(DNIBOQXP 35 &, 38102200 Hdl 14)37.96 J@getoat B2, QB 6.00 (q, ] = 6.6 Hz, 1H), 2.90 (s,
39734 72 6.6 12 V) L0

INTERMEDIATE 44
Preparation of [(65)-4-0x0-4.6,7,8-tetrahydropyrrolo[ 1,2-]pyrimidine-6-carboxvlic acid (i-44)

Ho,c ©
Iy
N

Step A: Methyl [6(S)-4-0x0-4.6.7.8-tetrahydropyrrolo[1.2-]pyrimidine-6-carboxylate

o¢° o

Methyl (25)-5-methoxy-3,4-dihydro-2H-pyrrole-2-carboxylate (4.19 g, 26.6
mmol) and 3-azatricyclo[4.2.1.0.>°Jnon-7-en-4-one (2.4 g, 17.8 mmol) was heated at 110°C
overnight. Purification using a Biotage Horizon® system (0-100% ethyl acetate/hexanes
mixture) gave the title compound methyl [6(S)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-
"Ipyrimidine-6-carboxylate and intermediate methyl (7.5)-9-0x0-3,8-
diazatetracyclo[9.2. 1.02’10.04’8]tetradeca—3,12—diene—7—carb0xylate. The intermediate was heated
at 150° C for 45 min to afford the title compound without further purification. LC/MS 195.2
(M+1).

Step B: [(65)-4-0x0-4.6.7.8-tetrahydropyrrolo[1.2-Ipyrimidine-6-carboxylic acid
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WD 2009/ 124166PCT/ US2009/ 039249 To a
stirred solution of 1.0 g (6 9 muol) of
W@ 2000s2H8q 3- oxazol i din-3-yl)acetic acid in 10 PLT/082009/039249
anhydrous DMF was added 1.0 g (7 6 mmol ) of potassium
carbonate followed by 1.0 nL (8.3 mml) of benzyl
brom de. The reaction m xture was stirred for 3 h then
guenched with water. The aqueous phase was extracted
with ethyl acetate (3 x 25 @) @nd the conbi ned
5organi cs were washed wth (2 x 10 nL), brine
(10 nL), dried over magnesi fate, filtered and
evaporated in vacuo. The crude residue was purified by
silica g8ty KSHPsyfF &Ry CErYdraRgT N -Hoinidig 0-carboxylate
(9.9802t AL ennhdl) inaxtaiedrofutana b oM 0, hdieanbi ®D enlo anp o suvlckicSof dithium

d\f%éé%ee%%gé gq n%n@?mgvétgr](@ mL&%ag\@rreHiagan(ﬂtE@t t&t%%ra&t%%r ‘1h. 2N

hydpachlprigpeid {383 e%ézfét tddledh toqepirglize isdprstipwmixture which was then
dirdBtipiirified-byreveNA@hase HPLC (TMC PrboPag (38 0-#€d 0s10b titfiluofvadstic acid in

aceQ)P Re® 1(02trﬂrpﬁ%%énc %Eldil?@%%l{/}gg&etﬁii Ol'h:!a Pa lggﬁﬁﬁt gddgdtﬂtf %ﬁﬁ_ﬁ.}uted

astat 3 mre figpidrae ware call %@dp"}*i’érl@l’éthz?ﬂ @Vresg@ﬁ tquféorg dgéige gorppound as
a palt ydlRwhoMioIy) NMR @MSO-dY: 8 01891(i,ar= @6 Hizj TH) 6103 (d, J = 6.6 Hz, 1H),

I {:S0DKARY 1 deni X ds.ou RN o It

ol o ngs %i‘%ﬁ%@1%??9?%&‘%?-%?‘%@ ST BB s 1812
(Mthen 0.0360 g (2.55 mml) of iodonethane was added.

The resulting mxture was stirred for 2 h with gradua
IN Ber$124 nblent tenperature then quenched with a
—;@%g%Fag%dgaqueous annnnluntchlorlde'solutlon The

4H s 8 Inwgezeladrearboys ik (rdf) acetate (3 x 20
nL) and the conblned organlc mere washed with brine,

dried over nagne5|untsulﬁgt , filtered and evaporat ed
to 20 dryness in vacuo. The uble residue was purified

by silica gel chromatograph ing with 40% et hyl
Steg@et at e 7'('T’nﬁt%‘?ﬁ@ﬁﬁﬁlg%xéﬁefopgqrn&ggcﬁi' tle conpound as a
Clear gum0.37 g (/0%. V5. mz (ES) 250 (IVH) +.

Step C 2-(2-0xo0-1, 3- OvaO|IdI -3-yl)propanoic acid 0O
HO. 1(---....NAO 250\ H99 «~ A 25 nL round
bottom flask under an ~at nospher €3of,,gi t rogen was

char ged th 0.030 g (0.028 mmol)) of 10 melght per cent

pal | adi Jmscswe@@@ta\fawédﬂ%pat@s&ﬁcoaﬁag {hefte poggiuse fryndgp: Nayyar, N.
K.; étukchisoh, D. RexiVartiaels oVul. Vo0 Ch&n.3P9g 19&. nmol )  of

benzyl 2-(2-o0xo-1, 3-oxazolidin-3- yl)propanoate from

step B above in 10 nmL of ethanol was added and the )
StepeByt ur e A zpalbferzhyexycarbon g ame silxNhept-6-FReic acid

reacti on was stlrred for MH&Men f||tered through a

pad of CeliteO. The pad was washed with 20 nL of

et hanol and the f% evaporated in vacuo to

afford the title conpound as™amgpl orless solid (0.24

‘ 91’ 6892n§']6ta?sm'rg§%8f t10|§d0§64 é gVR rﬁ,étsgo tilm%P ngl)g—oxohept 6-ynoic
aci@{rem sBpIA ablo@: S50 mlzof(IE,S)uchﬁ‘@n @Md)spherw nitrogen was added 33.6 g
(252 Mﬁér@@ﬂ@éa@%&@ %&?t@é)eﬁgn Mﬁl@%@kﬁg@% 18594 h at ambient

tem@r(ature t%én évlgﬁjaratle zznotlacuo 1}6 rgrggvoepa no a%les le"]%ﬁ %gprﬁﬁ%thgltlge %%npound

as aneedlowigeparhach Wasowewitloup figther fuaifiodtio (Y1 adétd) dGdISd m/z (ES) 327
(Md$i ng a Sprocedure anal ogous to that used to prepare

i-51. LC-MS: miz (ES) 142.2 (MH)+. 142.2 | NTERVEDI ATE

54 6,7-Di hydro 5H—cyc|openta|blpyr|d|ne 7-carboxylic
Step€i d, f butox and )-d a 3 oiclHCGd




10

15

20

25

30

ni; I ; 10 To a cooled (0C) solution of 16 nL (25

mol) of a 1.6 Mn-butyl lithiumsolution in hexane
woe®agded 3.9 nL (25 nmmol) of N, N, N, PCT/US2009/039249

N -tetranet hyl et hyl enedi am ne foll owed by a sol ution

of 3.0 mL (25 mmmol) of 2, 3-cycl opentenopyridine in 5

nmL of anhydrous tetrahydrofuran. The resulting m xture

was allowed to warmto anbi ent tenperature over 15 15

m n and then anhydrous carbongsgi oxi de gas was bubbl ed

through the reaction n1xtumeNfor 1 h. The solid

preci pitate was ngsicfi | and the crude solid

purified by reverse p ase HPLC (TMC Pro- Pac C18; 0-40%

0. 01% t rliefIstiBrbEEn Of 4di0e. (FHoaemelopi ©F1-P-Ererd. 01%
but(b)l’ylcfubbmﬂjhﬁdmidnG -ACtrichethy lsvipihiept-6Hyaclt edill fromGtepi B/gbovbé 500 mL of

THF 'vJaE ?(E% g?(glfﬂ o)ﬂ %%?}Ul@%}ikﬂﬂ( C?Af;f_%aggtyﬁlg{)éonhhlgﬂll}@ide in THF
ovep 3@)%1 )l reuifmg f?y\mséﬁlml ¥PePispERIArBIUR/fer 4t handzthey
evaplray kd dryﬁm o »(at'ud:) )he residot @fas iluvit Wigh 1L of a 5% aqueous acetic acid

sohﬁg)z gcl.l H%qa@eogg_bhgye #919189& @}tﬁ%ﬁ%lra{cgt%@i?a gﬁ@{nzﬂ X"yllleaéoﬁbg)nefl organic

layqriyereryeghodratiouatei{2 x 10 @l rad dring g SPr@IdferétOﬁ%mmgne%n sulfate,
filtek€ll anld e@podtit@t to\kynetshie vadb. ThécrutdesidanwatpiEsphiey glicafgel

chr&h{tgé}g@ﬁ \ﬁ?ﬁl ?\?{Iﬂ%g/ %Ceﬁ Eq'ld r;ldgﬁmh 1 %‘l[arl]tg ngheg%M thxtIure to afford
the &tlpgemponpd e%yeélpwlu( g,fq@antgatme Aidlde Lpé‘é@t%rﬂEWa%SS (MH)
quenched with 2 nL of gIaC|aI acetic acid. A

suff)

50% et hyl acetate in hexane t§°&fford t he t|tIe

conpound as a yel | ow gum (1NT" 92% . LC-Ms: niz (ES)

177.1 (NH) +. WO 2B0%F / U82009/ 039249 Step

B: Met hyltg 5 st1rred solution of 60.0 g (236 mmol) of 4-[1- (tert butox carbonyl) 1H-
b B 2 R BB YRl St RONLLS st
of pbieBSuiy ciiBoutke fritonyd byf dropwisydddgion-od |4®19 mlo(3B(IHmn5)1) of benzyl
broﬁly(fél qtae b @kiRd thg lpge st?rréaﬁglb%gy hg%ghécmm WhteD afY SRAME with
e e BB TN B P T R v BB g over
magnehummdlfatheﬁitecpdané tregomaictito &@ngwk irofacep. SHtcwrnalkeaeckidue was purified
by @E4ERUSSRLbHIH FAME WHALBSQhH hiRile 1nm§aﬂe§%eif§>rd’\@15 Bitle

congiebh %ﬁ%%&?%%ﬁté?f@?%%n&?mnﬁ thaarRabr gani o

extracts were washed with brine, dried over magnesi um

steg ¥l T at e, b8 84 R 16438 Hr&h&d- IxBodtAT YA -dyPazdle 8l Sty late

e title conpound as a I1ght bromn solid that was
used wi t hout purification. LC—  mz (E/S) 194.2

(MH)+. Step C Neth¥
2-chl oro-6, 7- d|hya(&CSﬁf\ycﬁbﬁénta[blpyrld|ne 7- car box

yl ate
To a stirred solution of 27.5 g (80.0 mmol) of fert-butyl 3-[4-(benzyloxy)-4-

oxobutyl]-1H-pyrazole-1-carboxylate from step D above in 250 mL of anhydrous THF at -78°C

under an atmosphere of nitrogen was added 88 mL (88 mmol) of a 1.0 M solution of sodium
bis(trimethylsilyl)amide in anhydrous THF. The resulting dark yellow solution was stirred for 1
h at -78°C and then 12 mL (96 mmol) of chlorotrimethylsilane was added dropwise over 5 min.
The resulting mixture was stirred for 25 min during which time the reaction became a light

yellow color. Next, 16 g (88 mmol) of solid N-bromosuccinimide was added in one portion and
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15To a cooled (0C) solution of 0.21 nL (2.28 mmwol) of
phosphorous oxychloride in 0.2 nL of anhydrous DMF was
wa@eadwed2#660l ution of 1.1 g (5.69 nmmol) of net hRET/US2009/039249
6, 7-di hydro- 5H cycl opent a[ b] pyri di ne-7- car boxyl at e
1-oxide from Step B above in 15 nL chl or of orm dr opw se
over 10 mn. The resulting solution was allowed to
vvarmto arrbi ent terrperature and then refluxed for 4 h.
the m{ﬂélpg m.}.}hlére%g tlréegotj r ? 1(5 flt ??“%9% n: é?r%(gu[agaarmn%%to%log over 1 h.
Thegieratiny Waggyraghed 3vith a3@tuprtyd afqatque\ﬂmmowlrrachéqwg selution and the
aquBNlsIpB&deicRifacMdtith3@nyTac@dte G CHoahOyTethl @Bﬁbma_(h@rg@lﬁémbtﬁ‘@@ashed

ayers were d
wit] S e Y e RSP AT T o BRRal TG bissly gy efror
the tide fehueoundes pyallowviga. hhesiridequodyet appparotvdicadgr hpliwpure of starting
mat@hétltahﬂ‘ Besited Bro@&q/%ﬂ\]ma | aﬁ@%sgtg\;s% wn%c}ﬁeg@f(hgr mﬁaitfoggl%h%@xt step.
.S | S |
LCH\@ ‘5%5‘)43%‘@5@ 212. og( MH) +. 25 Step
D 2- Oxo 2,5,6, 7-tetrahydro- 1H cycl opent ai bl pyri di ne- 7-
Stegoa.r boxy IBehzyd8 lochif d U Fpyirolofh.2-DipdralSle B-chiboRidatdl Xt Ur €

tetrahydrofuran, nethanol, and a 1.0 N aqueous Li CH
solution in a 3:1:1 rati®r added 0.242 g (1.14
nmol ) of nethyl 2-chl oro- %dro 5H
30cycl opent a[ b] pyri di ne-7-ca late from Step C
above. The stigsdiddhitivg ¢fi D6IOUT @0Wasmel) of reecbwayl 3gEbanyloxy)-3-

brofn%mp&ro t f qﬁfe IS’}fraz]ol{'l cﬂgﬁiyﬁ(?%]ﬂ&#ggt@ %%0\%\/8@@@ @fchléh%romethane

resu resl

Waspadifd?# %%@Lw TFavdhe ?Sﬁblﬁﬁ%’é“ E&ag yiNesdparckh wraalb@fstemfer@mre then
all xol@Desrmare & apodatedy; vdduo \We200@ e b 1166 ROh e WS2(A GO /I 392AdRene and

eva{)orggg 04%119 z]n%’awd tB lréﬁ%x@%ﬁ %sﬁcﬁlaﬁfﬂ‘g 'gﬂbe&&(fetrﬁﬂérﬁaﬁ Wa?(h% h §dshived in
125 mk Péa%ﬁrﬁ%%atoa% ar&l K Gkt 08; .Hrm%h@zﬁomgpot%wgycarh_@twas slowly
added @vef £ Hin 030w HVHR £.(8.0 NilRMEDb & i ib&ide. The resulting mixture was
thex?geageg a??eh{[ly }or El'hl?\?% ﬂ t6 fdoﬁé@!ngér&%qb) 40 ?g%%%lte(ﬂ t@ﬁbﬂess in vacuo.

Theg.epéuws@mtei ppth 190 ml; ofiagstyrater, WWW&%CW@% solution and
thew edtradted with ethylare@te3@% UO0 MN). Ofhe combined organic layers were washed with

brir%'_?]?etdm(fgf Iglgn%sigm%ﬁﬁ‘arté, 0§ a1(d7eV%p(9rate§ & TR T M Fes R was
purified by silica gel chromatography eluting with a 10-80% ethyl acetate in hexanes gradient to
afford the title compound as a clear gum 6.2 g (64 % yield). LC-MS: m/z (ES) 243 (MH)".

Step G: 5.6-Dihydro-4H-pyrrolo[1.2-b]pyrazole-6-carboxvlic acid
HO—°
NN

A 100 mL round bottom flask under an atmosphere of nitrogen was charged with
0.600 mg (0.560 mmol) of 10 weight percent palladium on activated carbon and wet with 10 mL
of ethanol. Next, a solution of 6.0 g (0.025 mol) of benzyl 5,6-dihydro-4H-pyrrolo[1,2-
blpyrazole-6-carboxylate from step F above in 40 mL of ethanol was added and the mixture
placed under 1 atmosphere of hydrogen. The reaction was stirred for 3 h then filtered through a
pad of Celite®. The pad was washed with 20 mL of ethanol and the filtrate was evaporated in
vacuo to afford the title compound as a colorless solid (3.7 g, quantitative yield). 'H NMR (500
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10 was added K2CO3 (60.7 g, 439 mmol ) and

2-bronopropionic acid tert-butyl ester (14.6 nL, 88
WOore@b)i241G@he reacti on was stirred at room t enpePEr/USM09/039249

overni ght. The m xture was diluted with Et0Ac (500

m.), washed with water (x 3) then brine. Dried over

My504 and concentrated. The residue was purified by

col utm chromat ography on silica gel, eluting with

t e OOO t f cr
i BRSS! 29300, A00R e B3 B S 11 ),
29%332115,@)6258@@2@1 anl- rIa@b/éﬂ HGJEﬁ)tlhf‘; éMigiadi ent from
4% to 30% | PA/ Hept ane. Then the first two peaks were
IN ith Chiracel OD colum isocratically
4% | PA/ Hept ane. The second peak was
(3Se51Qxech. 281 S deirahidsodalizinsep -edrbuylvhic adidtigdd) somer (R or S)
(2-(3-methyl-1H1, 2, 4- trba ol - 1-yl ) propanoi c acid
tert-butyl ester) (3.5 g% 199 . 1H NVR (500 Mz,
CDC13) 6 8.05 (s, 1 H), Ol(q,J:7Hz 1 H, 2.35
(s, 3 H) 1.72 (d, J 7 Hz, H) 1.40 (s, 9. H.
C2NPx- b3 5ekSachay physlrgaiadnlizipe-3 roarboric. acid methyl ester

211. 13; Found 156. 05 (-4Ba) o Step
B: 2- (3-methyl-1H1, 2, 4-t | -1-y1) propanoi ¢ aci d ON=
HOL KI.-N ------ Tert-b |

2-(3-nethyl-1H1,2,4-triazol -1-yl)propanocate (1.0 g, 4

7 mol ) ThRsSntedetidssokuwgleparedboddrdibd td the lotodare fuh@th: Mahessian,

§£1%s % | Mu%% &L Tharidh £ e ey akh'eﬁ BYETERI D oy T{?%w%r Pugt,

nttat ressure an
Chadili*h?élrn R}éf@rga@m}ﬁ\?%ﬁ éf\,lé@(R or S) tert- butyl
2-(3-nmethyl-1H1,2,4-triazol -1-yl) propanoate as the

steflt sal M&hﬁ?ﬁﬂg)mmﬁ»j 3 Wet&gy&gmggmg 0L, CBHONB02:

MESS. FRPERVEDIATE 57
2-(1- Met hyl- 1H- pyrazol 3 y panoi ¢ acid (i-57) WO
2009/ 124166PCT/ US2009/ 03924 1Step A: Benzyl
propi ol ateTo a sol ution of g (233 nmmol ) of
pr opi ol iTe ageired §0lutRAQf 0R5OF (@(D‘(hmﬂfo WS (IS aso-adesl6, 3a-

hexgl%/d?ongdo(hzf?’lg’ 3”2530%(}/190 ac%?rﬂ%ﬁyl 6?‘[ ‘?328 te%%{)a]bg%slg 5&%

dlclﬂpltomhgth Vs adgecht-3¢ & 6 X @mpb oamangangssrTV2 gxide tnd theygesulting
mixt@a &b gmed/atsr IQllﬁem edTRE. Wieheatisal iy @brd tcﬁﬁhlﬁ@ti?eemperature, filtered
throu ngﬂa) c&rjn(.li%é S(s?l%he dwaesx{n%nxg Sgé%\‘é%lg i(ﬁ)d m}vﬁ\"o{“ diclx {)ﬁ%'rb‘n%th(ar:i’e. The
ﬁltrmt@s e’t"ﬁ’@fﬁt%lrtp ﬁl@/nafﬁdn drcheandohe residnayay pidicd by ﬁl@}ﬁq gel

chr&iiath@hghy chilg Witht 10rBoy@By1tabRdte i Aek@ice @raﬂféﬁﬂld gh‘mlal the title
e iltrate
corflebhER 250u 20 85020 WD KR0S D DALY |
crude product. The crude product was pur|f| ed by
StesiC i ca ged)-schxR@MBBoOkRHTIMroal ddliking3 Whibbx\dic@cid0% 10et hyl
acetate i n hexane gradient tg afford the title
compound as a colorless oi17X(18.8 g, 35%9. 1H NWR

(CDC13, 500 MHz) 6741(m ,|525 (s, 2H), 2.92
(s, 1H). Step B:Benzyl tributyl stannyl ?lacr | at e
a sol ut iTerd seFreds Aoy f{f4b20 e 10 ypolh gt ylpﬁ% pi-&toat- é3 5-

tetrbydroisdotipindA3 &by ey 1ate frdm sie@fﬂ ative BN USIF W addsl 1.5 mL (1.5

mn}%g;%?g&?)sﬁ?ﬂgeoég L@i ]glg(‘)ﬁsl O%ill nes res 1n%m1x rrlfrf) wa; stfrfed for CF l;bat ambient
tempeyp{yeq TB?P @fenqhzd M& 2(%2 12. Prﬁ‘tﬂl()l) ofa 19 Wwwws |Sﬂuwwf|haér0gen
chlorile? AlIlolbifies arehydapatsted HraoMeind e Aubous Phise fvas bitfabled §ith a
0 0 a -
S0 I RGOS P T, REShD, S8 ol SRR b R LR i
through a pad of CeliteO which was then washed with
hexanes. The filtrate was cogcentrated in vacuo and
the crude product was purified by 20silica gel
chromat ography eluting with a 0-15% et hyl acetate in
hexane gradient to afford the title conpound as a
colorless oil (13 g, 73%. 1H NWR (CDCl3, 500 MHz) 6
7 39 (m 5H), 6.99 (d, J=2.7 Hz, 1H), 5.98 (d J=2.7

NN A ~ N ~1 N
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25Step C. Benzyl 2-(1-nethyl-1H pyrazol-3-yl)acrylate

To a solution of 0.30 g (1 4 nmol ) of
w@2000doHd6 met hyl- 1H pyrazole in 3 nL of anhydrBCEUI1p9/039249

was added a solution of 0.82 g (1 8 nmol) of benzyl

2-(tributylstannyl)acrylate fromstep B above in 1 nL

of anhydrous THF, 0.18 g (0.15 nmol) of

tetrakis(triphenylphosphine)palladiun(O) and 0.14 ¢
drw%LI O)YFI' 1}1@ %m ﬁglga?g gi‘leterggl %&%?%grrai%ezﬁ vc-zrcgtg (t_ﬁ affpr gﬁiﬁ t1tle compound as a
whigaspd (it B 92%) d HYNMBS Sohdilz, FReREd breeldufe8.9Thé Hz, 1H), 6.38-
6.35 @8 20Hes. Y\ﬁ@ldSJSS@ Yoz HI{)tIQs 2"353 %)ih(n@ 21%12 @&gsgr(g o), 2.35-2.30

a iltere rough a pad o

(m, gg‘lx ?gd\?g’l’ﬂg <§§&8&3§”@Rﬂshed with 15 nL of a 1:1

m xture of hexane and Et 0Ac and the conbined filtrates
quﬁﬂﬁEgmgnpnﬁted to dryness The crude residue was

conpound as a coIorIess oil (O. g, 669@. LC—NB: n z
(ES) 265 (M+Na)+. WD 2009/12 pCT/ US2009/ 039249
3-yl)p

Step D 2-(1-Met hyl- 1H pyfaz pr opanoi ¢ acid
To 0.10 ng (0.093 mvlyo % pal | adi um on car bon was
added a solution of (0.23 0.93 nmmol ) of benzyl
2- (1- metrhy titld Enyoinad Gbs Iﬁepalamwhmg@o e pRBEERE 198d Fdrel except
that(% %Q?l{)%\] é}%—ﬁp—%loxo an {11{11%3 \xgalsllll(séer eg Bl;agr%gtl G&noa ta%%if? i%sl{/[gnm/z (E/S)
31ﬁﬁﬁﬁﬁosphere) over ni ght . The resi due was flltered
through a pad of Celite0 and the pad was washed with
:Q%ﬁgEBE%§§ﬂ9| The conbined filtrates were evaporated
i d pressure to yield the title conmpound as
pidiny ] geghie agid {1348y 760/0) LC-MS: mz (ES) 155

(I\/H) +o NTERI\/EDI ATE 58

102- (1, 3-Thi azol -2-yl ) pre ' @cid (i-58) H Step

A Ethyl 2-(1, 3-thiazol -2- propanoat e

Et hyl 2-(1, 3-thiazol -2- yI)oropanoate was prepared
StepA¢or di dghvl (H-¢ltherodryeiaridingl) agetatd ned i n: Dondoni, A ;

Dal | " Gcco, T.; G ancar]o, F.¥ Fogagnolo, M; Medi ci

A. Tetrahedron 15Lett erﬁ/\fﬂ?, 25, 3633-3636. Step

B: 2- (1, 3- Thi azol - 2-yl ) pP&p c acid To a

squtio f . t

I% arr%a ?r?agwgs §y£th§s1gér§gaa%or8 Pg go nt#lé Procedxre %f %P/emal,lkowsgl and

Rmﬁ@mbﬂahé?ﬂﬁﬁékrdﬁs”@ﬁde 68, 3962 15 nnDI) of an
aqueous 5.0 M sodium 20 hydroxi de sol ution. The

te gsul ti NG lsatcét[c 2 at anbi ent tenperature
__%VE hrjﬂééeféééﬁgg%ﬂ—ﬂrxrur was evaporated in

vacuo to renove the met hgnol d t he agueous phase was
acidified with a 2 N hydraghl acid solution until
a pH of 4 was achieved. The aqmeous sol uti on was

p urifi edoRysona¥e6sERs P I(lzaﬁlaloﬂ%&: i TTWChREQ 5 BasmdhBil) Letdl%om
step i OaBl SEVER Gt kB RERGAL N T Be Fi Lmmo of
lithfuprplestdir axmds hdrate. JHie yesphon mixge W@Seﬁﬂlilie@ At amtuermemmedﬂtrh éor 2 h then

conum&ﬂaed GORAY ﬂde@sv@anwlatt@ess ahé ﬂas(d@e Wds @luted:¥h 7 WC-HB0 M

BT TR T s MEME By g ol g o
title CNFnPHHOi (@433083§;fokaA\IMﬁ?r(9 0 MHY-ECMDBS 3-8 (oxXdh e dhsat®d), 3.96
(s, 2H). LC-MS: m/z (E/S) 173 (MH)".
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Et hyl 2-nmet hyl -3, 5-di oxohexanoat e was prepared
according to the procedure outlined in: Solladie, G;
wa@ziatdes N.; Maignan, J. Eur. J. Og. Chem, HOD0S2009/039249
2309-2314. 35Step B: Et hyl
2- (3-net hyl - 1H pyrazol - 5-y1) pr opanoat e WO
2009/ 124166PCT/ US2009/ 039249 To a solution
of 18.6 g (100 muol) of ethyl
M di oxohexanoate from step A above in 200
d 50 m_ of'water was added 3.45 nL (110
fyrig AraQeles ak A2 The bi phasic reaction
m xture was sti rred at ambi ent otefrper at ure overni ght

then evaporated to dryn | uo. The crude yel |l ow

resi due was dissolved in & Set#yl acetate and water

m, xt ure d fi usﬁ]led tshrrm e aSCOta silica gel plug.
—EH#E fi o dryness in vacuo

and the residue purified_ by sif%ta gel chromatography
el uting with a 0-100% etf pe)teln hexanes
gradient to afford the titl e wnpound as a yel |l ow oi |

(1.89 g,ToihQ%utlolibf ONMB o (CDEIEmo1PO0:tIMHZ)-cl8orb- 2y ringidindhihcetate

(seell]_i%8 S%% ?é T Hio mgﬁ% QbehJ%BZ %tganog H%s %‘%ﬂg’ed é@&O %IZ E@mqlol) of sodium

metgk7The rmltmg pglutup_romwgreatmi znctegg)crqwggoqqmq)ns at K08 for 10 min. All
Volﬁil% v(/éie P&IdWcﬂ-ml}bbzﬂNafnaZKH refduel) RIJAPRA Qith s@Giatd sodium bicarbonate

andfxtr%ct &L w%ﬁ |1(c)lr1]?_{_00];ne ane 3gc51(06m% R c))mgmf:c? or]ngc lagef‘rs weﬁ washed

ropanoa rom
with bree diigs czv@r w&gr@ﬁ lumétlﬁ%mdilte@ﬁ @n«s eweor@fed\nadranesmvaa@m@dtfford

the Lﬂgcdﬂqpollﬁd ds Hclearglun (@01 gm3a@ué1qlmwﬁ (SoONUISIR AT IDIOD) &: 8.72 (s, 1H),
s IRE P RS AU TS AFEOH, R REE S TRl L G o

in vacuo to renove the nethanol. The aqueous phase was
Ste@Rt I act advivhbly-2hWhidaseiti€adi® x 75 nL) then

acidified with a 2 N hydrochg&rlc acid solution until

a pH of 4 was achi eved,_ The queous sol uti on was

extracted with ethyl actat|e x 50 nL) and the

conmbi ned organi c | ayers Wer Ndrl ed over anhydrous

20sodi u mosal-éltlf‘réﬁ Slutfonlot 6084 (8N4 nMARILRNSH (4 ReibB)- Sj-}\)ghﬁldmyl)

.l 0.8 %
scepla sy SREOGIG e b o5 zéf%{gb? BEES g effangd 8 nadysont 1.9
mne)@T ll(lsqm h;H)er& ]&/ﬂre(tq Th]::ré’acaom-[znxtlj_rpi)vas Airpg af gmb@H)t@mperature
for 2 h519en(c‘3nceﬂtr2te§mh%cm§tb')remé&@ ahﬁolameg flEeS):sﬁuréaw(s%fEd with 3 mL of

W(Eglyvulzs ydrogen 81101‘1(1% an(g ghe]il E%/ azol dd’fé % gl%m? gl g(ﬁ%taes to yield

the fitlo poromnme acanad ff yhigysalill él?llengaﬂh%l) FBNNER éoam{emyom 8:8.72
?H Bhyd 183, 0x@bNt AN0ate USING. @AMY: apLals L1 ANMY QOUS to
s )rrg uged %o prgp%pe Int(er rrgdl ate 59. @ilﬁ l\/&
500M—|z) 6 7.50 (s, 1H), 7.13 (br s, 1H), 622(s
INTERMERIAEE §@, J=7.3 Hz, 301H), 1.63 (d, J=7.3 Hz, 3H).
2- (A—ETe%X\ﬂq‘lﬁll&lgg)vl%@DaﬁMﬁd (il ERVEDI ATE 61
f2-0xo0-1, 3- oxazl nan- 3- yl)acetlc acid (i-61) 0 HO
.N,11,0 8 35Step A Nbxa2| nan- 2-one WO
2009/ 124166PCT/ US2009/ 0 gz 9 Yo a solution of 4.75 g
(29 3 mol) of 1,1 -carbony”djllmdazole in 260 nL of

stepRhy dr owshyilb ¢ hkRL AR ARREs Wsropslded 4.6 nL (27 mol)
of DI EA followed by 2.00 (27 mol ) of
3- ami nopropan- 1-ol . Thezy%:uitlng m xture was stirred
at anbient tenperature Qe Imght and then quenched

with a saturated aqueous anmbni um chloride sol ution.
The | ayers
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5 were separated and the organic phase extracted with
di chl oronethane (2 x 30 nL). The conbi ned organic
WO 200ens41ger e washed with brine, dried over anhpdr/usz09/039249
sodium sul fate, filtered and evaporated in vacuo. The
crude residue was purified by silica gel
chromat ography eluting with a 5-15% net hanol in ethyl
acetate gradient to afford the title conpound as a
gl igr gl'fma(sgﬁreé) cg%e b‘?ﬁ: ) jltlgllg/Rf §§5_§(82d ol)gpgé%)(( &hloro -5-
pyrmgmyla agetate(sge Hi8, Sep)A) 12 7Hmliof gghy(dmus ? HF ungdrep atmosphere of
n1tr3gdﬂa>ltra{§)éhde§121'5 OXAEL, %3()?4 ﬂiih@ll)'o@ an:03v ¥bB&GES fAfI8um diisopro ylamlde in
o)

sy b T spdol b nts SRt rih Debamtvble L ddhen of

lodoroethanmvaﬁadded@ﬁd Yoot ire Fdagtsda reigreiven stigre® for 35 gnig,3llgwed to
waﬂﬁmal 20°E38k: £ ﬁ?l%h%ﬁ) dhtRdny dvd g 15 ¥R el;rfat 4 bA ik i@ ik then

er DS n e ren
auefefed sy e SRR Edtige Vot SRR T wRb el b
dicharomgthded The cogreicgayer vendrizadd vehmagnesien isolfpterifikeugd eandiggaporated
in vabidoo e chide Sdsidhe %@ Lﬁifgbb siliBegdl ea@ﬁlh@@raﬁwéluﬁﬁg Wi@Sa 20% ethyl

acelyfih uf ”engﬁﬁﬂr%@?@d T Bl oGS S A0SR (g e

CDePDinitdess. (s THe 8r7é$ullH).figl "sus BEN i Bridwes Hex3tad £28 ¢t I iz, 3H).
Lealshzaesl afteMm) X 10 nL) and the conbined 20 organics
were washed with water (2 x 3 nL), brine (1 x 3 nl)
and dri ed over magnesr um sul fate The m xture was
) R yrfnig |I|cagel

chr omat ogr aphy el uti n Wi th (ﬁ/|e5% nmet hanol in ethyl
acetate mxture to aff%dkmw/gtl e conmpound as a
clear oil (O 068 g, 20%pwme (500 MHz, CDC13) 6:

4.28 (t 3,70 . ,
420 (¢ rodsofida 2900 4 GRS Rnl B,
yl)[(rgg}loaj_eyﬁo@MqPA a‘t@se Qt%rfgL of absolute methanol was dissolved 0.054 g (2.34
mfol)&f Q¥dPunk m3ta@ X BEd BN S&Shﬂl@&@/ﬁé KeafRd |uﬂder mlcrowave condifi@nsaat

120$glf urt ll(())or%nngl %?f] gﬁr % relin rccrlm) 5%%{0 ]anrg&le I 51ed£51e ga%lg 1{}[ed with
Satlsatnd_sQﬂfunTHFarhmt@nd@X@ﬁCtQﬂaYlérdldﬁ@OQleﬂmnedB xri@trilain dhe mrsbmed
orgad@l es;ler@ w@ﬁ\, Wishddbwieh BAR! dricAfovamARABEH Sulfatd) fikS@dhdaporated to

[ OXI The resul tin

oo af M b s o b AR 11 41 € 985 BENAIE oo
MHZnCDADY: 8 Sr(e hby 8. 30t IRptHanotHadd (THFE/ HEhEadbe tust), 1.58
(d, Phage 3WasLesthi edsy g7hnve2. N hydrochloric acid

solution until a pH of 2 was achi eved and then

extracted with a 30% i sopropyl al cohol in chloroform
StepriCx t ur e 2¢@-Methexypyrimiditheyhprapdnagdicdr gani ¢ | ayers were

dried over anhydrous sodi umsulivate, filtered and

evaporated to yield the @Wound as an off-white

solid (0.06 g, 99%. 1HN ( D 500|\/Hz)6 35432

(t, J= 5.4 Hz, 2H) 3 (s, 2, (t, J= 6.2 H,

2H), 2. lpaptiged rqlﬁtlomqf 0 2Le(1v@6 mmOi) of Ee}hy1@<§4 @M—h)oxypyrlmldm 5-
yl)ﬂrbﬁﬁﬁﬁ%@bvﬁﬁ&p@ aboWOir?0) O B 14k Rhed 1 A0 MIDZNAAL added 81 mg
(1. 9(mm8 t?)’é Byrﬁﬁceé }%rla¥a [ rrcleac 19r|1 I%IXI% \';Das %K?e% 'ctu%t?lg{r
termerﬂmweﬁor& htﬂeerlrcawmregfywmwm tprggore 2l velaalcs. TRhegesiduc was ituted
with 9 |nrlJI d)f@m Nfaqll&us']-h)gir(ﬂg@ﬁ cHloRd®AnY tdn concentrated in vacuo to remove all

i mdazol e 3

vola iles tP gr Iiocﬁtge Eéeh ceom odRd a(ljs aan d)ffj\ﬁhlf? n/EJI‘ @én% 3?‘122 Q—f ﬁ#ﬁ% SERMHZ

CDﬁQ,ID] Hwed (byHB 83, 9&@545077@”3@, $.964. J 7 Hz, 2H), 1.58 (d, J=7 Hz, 3H).

LchNsahb ,@yﬂﬂﬁ%ﬂ{ﬁ 3-diam ne. The resulting m xture was
stirred at anbient tenperature overnight and then
quenched with a saturated ageous ammoni um chl ori de
solution. The |ayers were separated and the organic
phase extracted with dichloronmethane (2 x 50 nL). The
conmbi ned organic |ayers were washed with brine, dried
over anhydrous sodiumsulfate, 10 filtered and
evaporated |n vacuo. The crude resrdue was purified by

e o = A r~nzs



25chr omat ography eluting with a 0-5% nmet hanol in ethyl

acetate gradient to afford the title conpound as a
w@b®@an24asé (0.090 g, 15% . 1FINVR (500 MHz, CDEIBYSHN9/039249

3.88 (s, 2H), 3.23 (t, J=6 Hz, 2H), 3.20 (t, J= 6 Hz,

2H), 2.84 (s, 3H), 1.94-1.89 (m 2H), 1.37 (s, 9H

LCMs: mz (ES) 229 (MH)+. 30Step

C. (3- Met hyl - 2- oxot et rahydr opyri m di n- 1(2H) -yl ) aceti c

acid To a solution of 0.090 g (0.39 mmuol)

of tert-butyl (3-nmethyl-2-
Eiﬁﬂﬁﬂﬁﬂhﬁﬂ&ﬁfopyrinidin 1(21/)-yl)acetate fromstep B

2-(ADRYS ridih- B2 M- vOdrogaabitdeayssdi chl or onet hane was added 1
mL of TFA. The resulting mxture was stirred at

anblent tenperature fai 6 g,iéen evaporated to dryness
d

in vacuo to afford the tftl onpound as an off- 35

mhlte gum (0.68 g 0. mz (ES) 173 (MH)+. WO
9/ 124 ¢gdprr2(Soneyridngd Ad)-yipramnests ATE 63

(3 Met hy1- 2- oxornrdazolldln 1 yf¢acet|c acid (i-63) o

Ho-I-LN ---- o | -1 :d/ ;ig
(3- Met hy1- 2- oxoi m dazol i di n©o1- cetic acid was
pr epar eq"ofarsgﬁk&mql%&‘gg r?’(Oﬁ@YIﬁ)'l)l i) -Rydroxypyridine i 1n 250 mL of DMF

| et hane- 1 e usin roce ure an OUS
way @dtffw%ﬁ% aé(bHZOtraolb?%rpéaﬁ@umﬁﬁr@%?édfogpt@e%@y ﬁ@m&ﬂal?@%% of 2-
broivblaropCRICE3) 16 t-Butllesfehr Tige redung BixBi6e &, stikd) at aghbdkdhit ®np2rature

for ?W?&"&il@teﬁ @_@ 13 oﬁ’%va e‘in Tl%d_gqpegugﬁgas(:%vas g)ttl}acted lv&fh%yl %etzate (3x

200;pb] qnd Hgegompineq Oigaﬁlft WPrazfrﬂslaffzw@ WHEE XdOR o ring CH0ARL),
drigdi wweamaghe{ium GdlfateH(Bltered aiit @apdkatdl (Bvacuo. The crude residue was purified

by sstgcf Eg@%g%&g%b% %16/ g&ﬁl*}x@f lqgeftate in heéangs to affolPthBitle

ronmopyri di ne
comnundasA clegr SR 8 &e)- LM e%ﬁé \%%E(l\élébed 0.325 g

(10 1 mmol ) of anhydrous hydrazine and the resulting

Ste ﬁ: m Xt W e. 8t 9 n&gtacﬁ h. The reaction
Xt u vg%@%%%Pe%—?dgéﬂgﬁgét—reﬁp rature then
evaporated to dryness “gm/ﬁﬁgf;pghe crude residue was
di ssol ved i n anhydrous dichlor gnet hane and cool ed to
-78 Cin a dry ice acetoffe b under an at nosphere of
ni t r ogemo aNeaxtd subpdhsioh of 66.8 g (M4 mmof) oﬁ‘raretbmylza(mdxepwm

I
RS GELLNEN B DR i 1 TRl LGS bnir ot
of nitiggen e pdstep dp il 2 G hydroggnrhiqsicl SQ‘B“%H ip Iofigrgnp-e She
resyiiligSs oh2ioh wesl stirfed\oa e ht éEhmbreasﬁedpaamheuepp@dted td diyi2Qs in

vac P&ooszfloﬁ@tﬁlg Eltrrg%e@)ﬂeug( ?S?Ja \??igevyvo\g? gl%tép% ﬁu%ﬁ ?f% ?tg Izt M. m/z (ES)
over magnesium sulfate, filtered and evaporated
to afford the title conpound (0.18 g, 23%. LCMS iz

#@h@?ﬁ@m %52 (MH) + and 188, 190 (MH COCH3) +. 25Step
-l;neth 11,1 2, 41tr|§zolol4 3-al pyridine

N-(3 bronopyrldln 2. yl)acet hydrazi de from step A
above in 40 nL of anhydwo Id%ge was added 3 ni of
gIaciaI acetlc acid and t resulting m xture was

) ognpg a Dean-Stark trap.
5 ] C ~"-aMMantmmaaune
t hen evaporated to dryness in vduo to afford the
title 30 conpound (0.13°)~B2%W b6 MS: nfz (ES) 212,
214 (M) +. Step C: Benzyl o “/
2-(3-nmethyl1l-1, 2,41tri azol 014, 3-al pyri di n- 8-yl )acryl at
e To a solution of 0.13 g (0.61 mml) of
8-brono-3-nethyl[1,2,4]triazol o[ 4, 3- a]pyridine from
Step B above in 4 nL of anhygirous THF was added a
solution of 0.36 g (0.80 WO

2009/ 124166PCT/ US2009/ 039249 mmol ) of benzyl
2-(tributylstannyl)acrylate (see Internediate 62, Step
B) in 1 nL of anhydrous THF, 0.11 g (0.09 mmol) of
tetrakls(trrphenylphosphlne)palladlun(O) and 0.067 g

N N —
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of copper (I) chloride. The reaction m xture was

heated to 60C for 6 h, cooled and filtered through a
wWpawnt41@el i t e0. The pad was washed with 15 nlP@F/U8S2009/039249

di chl oromret hane and the 5conbined filtrates were

evaporated to dryness. The crude residue was purified

by silica gel chromatography eluting with a 0-6%

nmet hanol in ethyI acetate gradl ent to afford the title

%?ggo un C1"0(a t1rred %lut?o%%/f 9)() g (%9 mmol) H}‘ é—o(xgﬁb 02%%01(&}@ -yDacetic acid

in 162l pBankypdrays 1IN avag addedd Abg G1maoblioppethsdium Guiydnytgfelfsaied by
1.0 HIC(8AGhAlo]) 19@]3_&1291 bQé‘lQld@ T@e Q&%lom*t)lre%as 18Rt b ﬁ@ﬁe&i réj{q.lenched
w1tlgn at%grﬁ?ﬁnaql\%aous glgase was ex%racte w1tﬂ et?l 1 a(cetate§9 x%S m%) and Him%opnbmed

orggni¢s3varevhshied with wajer (3 w2@md).4ArBe A0pyk), diigl Geyinygnepiypngpikate,

ﬁltd?&ﬁﬁﬂre%bo'rﬂec@% 8Rcfo. aROVERIE fésﬁlu%aﬁun@'@& Bﬁlﬁlﬁ%a gemeomatography
resu ensi.o rr er _an .at no

oA B R RSAE O BER ey bk B iR ShetPudt adfhauR 0.0 &

(31%4)l L@fl‘éﬁ Itlfhl(ESDga%él\%ﬁd of Celite0 and the pad was

washed with cold nethanol. The combined filtrates were

eyapor a ed Lpder reucedl. prgssur e Lo give the title

ound : s brgpanoat ES) 206 (VH) +.
| NTERMEDI ATE 65 4- Met ho% ( H pyrazol - 1-yl ) but anoi ¢

acid (i- 65) 0 HOOWe \BnO 20Step A: Met hyl
4- met hoxy- 2- (1H pyr azol - 1oyl ) buf anoat e To

rol ) oftoreig] Suconr P03 5t i & vepa] -yt pf-oRuzotidin-3-

yDagethtg droougepTebanedie t 5 mh cddentydphe TEFat - 137 € modpe an enmsphere of
n1tr@9§ﬁ%5 }8aca lrﬂ—mL¥@4 SnridTPbDa 00 Mesolutidn W Bludt diRBp8pylamide in

anhgdrollYDEIa#T atw rfSLﬁtll}/%)ﬁga\%%a]ﬁgo T\gesls%lrers t | 9 g}m at BéUCe an\éehen 0.0360 g
(2. 5hhwelo bf iodemdilydns iwas n@ievl/a§het¢dédng IAthttec was jtirreil igy 2f fowitl gradual

wal%ﬁngﬂol’éané)geng %gﬁelﬁtél% rrt?er{mhahe@ fw1t$1Qt| shﬂra%d?g{?éﬂﬁ W& &loRiuA Gride
X
sol g8, 185 Bthe Bt ro® g e e PO CL 20 Bl Ly s Eipined
orgdihe waawkilod with brigudnchedr wagmﬁsmrrsaltf@meafﬂ@dedmd euapsrated to
dry AR/ N kip. CfﬂeQHd@ SRk Wab Pl ‘\Rgtshi%ﬁl gélr&ﬁroﬁﬂ{vb%% E’lhﬁl%fwnh 40%

t
ey 3R or gan Al sire tadne et O 5@V, | ggus: m
(ESo8 (MiBlli um sul fate, filtered and evaporat ed to

dryness in vacuo. The crude residue was 30 dissol ved
ol ) of potassium

Ste

a A AQ

-n.x'
U

St , ' ) of 1H pyrazole
wer e added. The resulti ng M xtPre was heated to 80 C
for 40 min, then cool €t t tenperature. The
reaction was diluted wt 5 Wt/ of water and extracted

with et Il%iS dlﬁf?(%tﬁl‘d%ogt(ﬁn )ﬂasgpu 'Zﬂa'r)an aTrH@s ﬁé}@gf lﬂﬁﬁgeﬁ&fa{g %ﬁa{rged with

Wwer e was over
0.03G ¢ EOé}?édnradaO%RPa‘ﬁeglgtper&e&t@aléﬂdym%aqtlﬁate%e%on &Pﬁéveéwahé mL of
ethan@s | Nikxe, awakitipal b1 6.3 2g (135hyhol ) 61861 Dltase- HRloCa AN 3-

ERRGRE o i B g 195 %%%%%‘ ”‘3%%38%&8?3‘5%5 frqglpecd under |

atmpgphere pd hpdieean; d hasgegtiqnivaneatised (gF & ditheptliltered trpeghp paqef Celite®.
Thd pakdwers Gamiea with 200nI2 6f @hand B theLﬁItrMBwaB'ﬂ:\Zapéﬁﬁ)i il Q8o to afford the

. + A 8 - 2= . -1
i el o Rk NP b BV P ﬁ‘g%k%é@ﬁﬁ CRPR) 5
4.60rd Ay, Ird 803002 ZH M gy (&7 51 3.5 BH)Y }6 ro& ESX 1r68r{MH)
step A above in 2 nL of nethanol was added a sol ution
of 0.032 g (0.57 mmol ) of potassium hydroxide in 0.5
mL of water. The mixture was stirred at anbi ent
tenperature for 1.5 h then agidified with a 2 N
hydrochloric acid solution until a pH of 4 was
achi eved. The m xture was evaporated to renove all
vol atiles then extracted with ethyl acetate. 10 The
conbi ned extracts were washed with brine, dried over
magnesi um sul fate filter ed and evapor ated to dryness

a Y B 1. 4" 4 o o P~ N AN o ~rnA
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To a cooled (0C) solution of 0.550 g (1.54 nmol ) of
(S)- 20 trityl hydroxynet hyl pyrrolidinone in 10 ni of
wa@9de4red hoxyet hane under an at nosphere of niRECDYEI009/039249
was added 0.123 g (3.08 nmmol) of a 60% sodi um hydri de
suspension in mneral oil. After stirring for 30 mn,
a solution of 0.828 g (3.85 nmolL) of
2-[ (am nooxy)sul fonyl] -1, 3,5- trimethyl benzene in 5 nL
Eiﬁéﬁﬂﬁﬁhgﬁ#%gther was added in small portions over 30
: ' ctlon m xture was allowed to warmto
ribicer s % QICHPES ght then filtered. The
25f||trand was mashed wi tch dikethyl ether and the
2Py

filtrate was washed sqggé%?iﬁ with a saturated
aqueous sodi um bi carbonatelsolution and brine. The
or gani ¢ Iﬁt%?eﬁm‘d?ﬁ x%ral% Qfeh%@n@)ﬁﬁ 2@91%?0‘% L c%Hé fad @sm a
filtered vapo 3 I n vac to (& t|t e
proee&ﬁfﬁ&eﬂag%e P e] Pty LTHS 5 (28 {40
142cont am nated with m neral oil forn1the sodlun1hydr|de
and weighed 0.6 g (quantitative yield). LCGM: mz

ES) 395 (MrNa)+. 30 Step
IN i rityl oxy)nmethyll-6, 7-di hydro-5H pyrrol oi

6.7 Dl@LdDd_iﬂi Rcldjdntal Alpedidne-7-¥Dboxylic acid, trifluoroacetic acid salt (i-54)

2009/ 124166PCT/ US2009/ 039249, To a stirred
solution of 0.540 g (1. 45°ol Nof (5S) - 1- am no- 5-
[(trityloxy)methyl]pyrroli [2-Bne fron1step A above

in5 nm of anh%drous DMF was added 0. 327 (7.25 mol)
of f or mdriadeokd [ ehedutipp of 1080 (g5 (I@n@eofr%ﬁrﬁ M robutyl lithium
solwtiof G hdxhn@mscudum 9 125 amilf dig MYIVX NEctraiety Regicaelidbine

follaw?dclg srohﬁ{OH 0&3 981& m@g{ n%rgolﬁﬁa § n%clépe{%g %g{ngo %L of anhydrous
tetr@»l@drqﬁerglh e Bhosreglfengt iz fur e/ atllnwadtoamy@de 4mBisH| t@mperature over 15
mukun@alﬁe&acannydsoﬁebﬂbbh @nxldwg&sewasaﬂdblbd]efbulgﬁ ltHeQeaEéfiQn mb&ure for 1 h.

The so‘ﬂ?l Brec1p1ta%¥ Wag fics next fﬂer? and fagigs solﬁrdlpurdﬁed%y Cfe\)f/erse éahase HPLC (TMC

er e evapor a
Provige 4d 8:dhé0 % Qi1 ¥4 télﬂu@rya@pq: ﬁq;@mga@pton;lmld Ml&gv@pWacetlc acid in
watt fhdifig) 1 the GHlQBHodtdula yenel adirg2ion, F@XANESMS: m/z (ES)

1649F ient to afford the title conpound (0.27 g, 49%.
LGV " mz (ES) 382 (MH)+. 10 Step C
(5S)-6, 7-D hydro-5H pyrrol ol1, 2-b111, 2, 41tri azol -5-yl m
INEERMPRIATHOS5 N The product formstep B

_Oab- Vs_e 7€ 221}71 0—(19[—0711 n?rﬁd}?ﬂp%idineﬂ—carboxvlic acid (i-55)

6, 7- di hydr o- 5H pyrrol o] 14 ][1 2,4]triazol e, was
di ssolved in 35 nL of a 4. out i on of 15hydr ogen
chloride in anhydrous 1, 4- xghe. The reaction
$n1xtgggh?§s etl, ed for‘lo n%n wqu!nched nnﬁﬁezgth of
resi due was purlfled hyP everse phase HPLC (TMC
Pro-Pac C18; 0-90% 0. 1% I"Sor oacetic acid in
acetonitrile/ 0.1%trifluoro&cetic acid in water
gr adi entlp atsoluyipedidl.@ p€6.1 mniod) o dmponedato B, 108 Migture5FXY mL of

methfndVRid 10 AL GESLtIAGL LMD *C uhlr &t &Rosphere of nitrogen was added 9.0 mL

(18 @%{P@f&(@ﬂ % @ l\/glﬁl%lon _o_f arlmg%ylrsl%lll)odl a_zemet%ariedpl {ethy 1 e‘dn?rz %fteer sltg“rmg for
5 man #ht irqacech wolquticbed with 0 n02& gpclad ack8c perdl Allgblatiles were evaporated
in viaow) an@ tife 1Bl R pﬁHﬁMyr Qg el' Giorttography elutmg with 50% ethyl

1 riaz met hanol “fr ste

sy W oA g B m{e%%ﬂ%&sew% A o Lats vz e5)
177ac@idni tril e was added 0.0020 g (0.013 mmol ) of

2,2,6,6-tetramet hyl pi peridine 1- oxyl, 0.033 g (0. 36

mmol ) of sodiumchlorite (3399, 0.36 nol) and 0. 0044

m. (0.0036 nmol) of sodium hypochlorite. The resulting

m xture was stirred at 35C for 72 h, then concentrated

to dryness in vacuo. The residue was dissolved in 1 nL

(4 mmol) of a 4.0 Msolution of hydrogen chloride in

anhydrous 1 4 dloxane and concentrated |n vacuo. The

~ N o o o =1 7~~~
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SStep A Ethyl 2-(1,3-thiazol-4-vl)propanoate

To a cooled (0C) solution of 43.3g (300 mol ) of ethyl
wQ:200etitmib@cet oaceate in 270 nL of chl or of or m WeGT/H/2HE2039249

a solution of 15.5 nL (300 nmol) of bromne in 30 nL

of chl orof orm dropwi se over 30 mn. After conplete

addition the mxture was allowed to warmto room

tenperature and stirred overnight. Air was bubbl ed

t hrough the reaction mxture for 70 10m n, then the

sol ution vvasl, drl'ed over SOdI um sul fate, f| I tler ed and

oil. To a cool ed (OC) mxture of 40.0 g (180 m’ml) of
this intermediate and 10,9 (@69mm1) of formam de
in 400 nL of anhydrous 1, 4- xare was added 15.0 g

(67.2 mol ) of phosphorous ul fide. The m xture

was war m%d bbled O)J&t[m)ﬁroﬂ GB%(@ﬂlﬂnﬁIdl)rdf%ﬂfy;PB 7Jd115deb 5H—
0 a

ey BE B ER s a8 FESE R PR B Pl added
1.6V acudl lamdl)tdﬁel €BBAd ke ygtiohagis klleweddy stitfer hbldid thomqushched
witR 56 ﬁﬁtﬂf@tsﬁdra&qtaqms SRAinvpcAbSRIDONALE TR MidrOWere T8Rrated and

e SRR R e R R r gt o S Brs UBTEnARN 8%31 extacts

wel\mwahheé vgtittuingt deigd aepremagsesama uliaich fitarebonavepasatdinivaeno to yield

the YYﬁ& ESmpdRhil BEa BRI bERARoEY 8O AMREd WRIGNE Sk e, fIRLEES: m/z (B/S)
194 &ﬁuxture was filtered, evaporated and the residue

1 ed by MPLC (Bi otage 20 Horizon 2x FLASH 65i)
el uent: 100% Hexanes (450nml), then a gradient rising

Ste;% com 10QRHe s aRRS0-b9- &@&ﬁgﬁ&clb&n{d@q@%ﬁne@éﬁgﬁlm
en 25% Et0Ac in Hexaries (1200nf) to yield the fitle

conmpound as an orange oit°—20.0 60.0% . 1H NWR (500
Mz, CDC13) 6: 124(t %{%ﬁ%‘) 1.58 (d, J=7.3,

3H), 4.05 (q, H, 7.18 (d,

J=1. 3, ﬂ]q)acogled’é) @jsohgtom oGO 21H)L(22§ ngtl@lp)of phosphorous oxychloride
in 0Bt #t.(0} adry ERua DOIF &asyddhw DRANRL Gf 8¢ icd 5. 6An&RI M A 8y %, 7-dihydro-
srrglotab o BB 7 Sp P 6558’83% o Sis e 1 LB hlprpfose
dropwisepvara am ol hasesiltzngdelition wpvillowed tp warm teambenpemaerature and
theitefl(3R OFPh) TR maule WadcHoRQAUSd Dokl 2Q) 1t hDBf coMdiveter. (iR

met hanol di
o sS850 T B Soted ¥y ittt ﬁﬁ e R P Bls s Fection
with é@ronked dighloseragsieanat Thccmbdnedvegapid lafers e dagdaivial mggnesium
sulfdUeRd&d Mﬁ%v%h‘dﬂ&t Badi®, -TIR- rg’sul’Mn% Br@v&@ﬁ@%z{s%ﬁﬁed by silica gel
i ke T s i g W R bR o e
brown 3001 (913D 2. THe). i enlzoF/§aRi 20 (MEfer s wer e washed
wth brine, dried over SOdI um sul fate and treated with

tivated ) ' s filtered
Ste%&ﬂ evaboiiie Ig Oy /clopental b [pyEidu Sf=carboxylic acld
of f-white soI|d4Og(95>0 1H NI\/R(SOOI\/HZ CDC13)
6: 1.63 (d, J=7 .3, 3H), N ,J73)725(d
J=1.8, 1H), 8.88 (d, J=1.8; | 10. 25 (br s,

2009/ 12416 usS 009/ 9249 | NTER|
(4R) - 5, él Glﬁﬂil/r 8”22{ AP R WR @fﬁﬁ‘i%gazgﬁé\? %—“Eoélf &(‘PH
sohx'y)hiil@a édlldaf(lfr w@@ddg(h@242 g (1 14 mmol) of methyl 2-chloro-6,7-dihydro-5H-

cyc é)ta[@ &rlglhg-yfﬂa%kblﬁ% @Iloﬁpﬁgﬁ ehbpdvtl Tﬁ& Fel%lﬁﬁ hl%ctﬁ’re GARL aed at

anifindis sttt 6 b THRQVGOTSH B B P Ryt liht brown
resiguowoqycifiopbnteaeree asbdRYC oY BlUzack §reaC i, de@dd0 em LD. column, 0
anal ogous to that used to prepare Internedi ate 47. The
two enantioners were separated by SFC CO2 S using an
AD-H col uim 10% MeOH / 90% CG2, 2.1 ml/m n 100 bar
40C. The first eluting enantioner,
(4S) -5, 6-di hydro-4H-cycl openta[d][1, 3]thiazol e-4-carbo
xylic 10acid, was designated as Internediate 68 (i-68)
and the second eluting enantioner, (4R)-5, 6-
D| hydro 4H- cycl opent a[ d] [ 1 3] t h| azol e-4- car boxyl | c

T 1 - ~ N IR A~
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2-(1, 3-Thi azol -4-yl )butanoic acid (i-70) 0 HO

2-(1, 3-Thi azol -4-yl ) butanoi c acid was prepared from
w@oveee4as@l |y avail abl e 1, 3- thiazol - 4-yl acet i BCHUB209/039249

and et hyl iodide using a procedure anal ogous to that

used to prepare 20Internediate 26. 1H NVR (500 MHz,

CDC13) 6: 0.95 (t, J=7.3, 3H), 1.25 (t, J=7.3, 3H),

1.95- 2.05 (m 1H), 2.08-2.17 (m 1H) 3.88 (t J=7.6,

- 6(3I°H)f’0éé% tiiaijgroi%%é%&%l@’&%n /O%g % tf\/gfl e}cetl CHa)lC'Id mn water(g(rjddlent) to
give thettitle porgpaunil avobrewn oyl {1 %cl@g,ﬁ@%écL@ Mg 12 (BeS)HED. St i)
A Et hy114 met hyl-5-(trinet hyl silyl)

INT brlazolelyll acetate To a
2.0 g (18 mol ) of
2-(3pmethy]- il 3A-triakglilyvijprenanginecid fi-3®| uene (20nL) was

added 2.3 g (18 mml) of et hyI ﬁél do- acetate. The
reaction m xture was heate OC 30 overnight then
cool ed to ambi ent tenpergd vol atiles were
renoved under reduced pressu e and t he resi due was

StePUF i T i edeRYbut®b Ui AR QAR DOLAREY1 -ObrShdnbsd g€l
efuting with a 5- 25% acetone 1 n hexanes gradient to
yield the title conpound,asca Q\eig;rless oil (0.77 g,
18% . WD 2009/ 124166PCT, Q39249 1HNMR (500 MHz,
CDC13): 6 5.01 (s, 2H), 4.2 ( 2H), 2.25 (s, 3H),
1 22 (m 0%’3’2)1fut19n g1935m(:1§igl B 2435{3?0@%7% g%l&% mmol) 1n DMF (75 mL)

Wa%aéifiﬁﬂ J%éog)f@d g7§3%1-ntfrgrg)l ?n%&rgmwopé?mgl acid zert- butyl ester (14.6 mL, 88
mmjod)- mat nylbtidi wds siimeat iy teynpyratutd-bvkridghd. The maawt evad dijltdd with

Em&@(égé ﬁaL @iae%m@l V@tﬁqggﬁthklg?&lemmﬁﬁ O?}gﬁyg@(? 4 2Rded cflméed

a so on 50% I C. acl
Thegssidye wapppgri 1%%1@1 FAHRP FHr QPP E R OS] 1Ca gelgelting HighttOAc/isohexane
(20tte hwSh)ab give 18 grof Srubie produd: hen3 ¢ naporeatfeesidiconebry s Snikfare was
purlfRA Y0 chl¥exd ’Ol§ggﬂ'r g %‘ﬁad% ?ﬁ&n Db AT I@A/ﬁ‘e PREhenal the first two

ion was a e m Xt Ur e was agai n
peaks, W6 P ererred g e Rimed O folyme Lﬁecratmﬂﬁ &lusing vith 8 7R g/ Heptane. The
secalidggak wedcdllacted sshhodwirat h@estelfemhdrﬁaafreﬂ oaRp(2t(Raemcthyl-1H-1,2,4-

trlaﬁ?{qp}%p%do% %quq?egplg{%}%!% ]g_ %I\/ga/% n%ﬁiﬁl}‘i?@%% é13?8805 (s,
1 Hy, 450, 1%34 BHb 3@&%”&@5‘—(7&#2?@ 1é0§@9@5 ESJ1S
calcuilad&d fbﬂ@loﬁhD\I3O§tBQctCN[dsé Nrt1ByFeubtH 36.25 BtBw)i azol e- 1-yl |
acetic acid 15To a solution of 0.51 g (3 0 muol ) of
et hyl [4- rrethyl 1H—1 2 3-triazole-1- yI acetate from
SteaBep B andvietiv-lHol 2 AsttjarobiyDRIDINOE 464 et hanol (6
m) was added 6 rrL (6 mml) of aqueous 1.0 M
I'i t hi um hydroxi de sol utio ﬁr‘wesul ting mxture was
stirred at anbi ent ten'pe'? or 1 h. The reaction

m xture Masg., E,?E“;(ﬁ ﬁle’tlﬁr??HvY' 5 Ji\l]\}]rgazﬁﬂ‘mg@p Sl%a%o'h'e( 0 &4 4.7 mglol) was

ggrochlorlc aci evap
dissopyef @hhYeHg] ip %@%ﬁ (1p@EL) gbstiggd éfd@gmﬁﬂ%&eéat%ﬁgvermght The
proéuct act@denZi@tediuhdier eddaydd ppreselirated dind vnbe highacnadto give (R or S)

i
ert"oruggﬁ (§3ne I?HWQ?&&W IQB@I g{h%%te% {hg?{cﬁ\ég{s (8?&91%?3]&?@45
calqufeds fpy %{%@m&m Massal Wit Eowdi 5070, 40 g, 959 .
LC/MS 142 (WMH1). | NTERVEDI ATE 72:
INTERMEDMEthexycar bonyl) - 1H 1, 2, 3- tr| azol - 1-yl | propanoi c
2 X

-1-yl i propanoic

< i DY TAZAlS o ]
aci d (| 73) 00Ve OOMED HO

72
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HO Step A Methyl
1-(2-tert-butoxy-1-nethyl-2-oxoethyl)-1H 1,2, 3-triazo
we209aa1boxyl at e and net hyl PCT/US2009/039249
1-(2-tert-butoxy-1-nethyl-2-oxoethyl)-1H1,2,3-triazo
e-5- carboxylate. 30To a solution of 1.87 g (22 3
mmol ) of nethyl prop-2-ynoate in 40 nL of toluene was
added 1.9 g (11 nmol) of tert-butyl 2-azidopropanate.
The reaction m xture was heated at 100C for 3 h then
cool ed to ambient tenperatufe.iAbl volatiles were
renmoved under reduced pré&Ssure and the crude residue
purified by colum chromatography on silica ge

SteglAIt i Ng Bahiyi Dﬂ)pﬁ)ldt@ Zﬁ%aas@ﬁltu@m 8f 170 HER3M@ROINEBRO@Hic dcfd in 600

mL%fé]é@}ry%?ﬁflﬁi E)%@ ?SEE%B‘B%O %g g%z émw%l EK enzyl bromide followed by

portjorvse agelitiop gt Gy ¢ (23Ferngll 0Pk e g sjirngag ropmgemperature for 24
h, thd feh@i0R WAs Gucpalidd vahyd @tueatéd QMBFus Bﬁﬁnohmnﬂclﬂorlcé@&ﬁmon and

extrfﬂ)egI \'}v/ﬁh %ﬁ&% W OC% g%l 8m§1§?i§) ex(trj_ldix?/e was ﬁ{ %L@TR}(émn brine

andpgried Q@,)anlgglg)u(s iwm sulfq%tW|m11tmqqaqtb¢q ﬁl@mdd pugh a silica gel pad
was‘hﬁ%t\h}ﬂl reame®%@d ﬁfefﬂﬁgfte Wk dvagordted hﬁde?i—’édul:eﬁ‘p’éessﬁe to afford a crude
pro ?}ﬁ? o"}(%[%ia\%p(r%dugg eaisg)u(l}iec{ %_Bchasg%% /g}%gr%l?l:%{yNR/R (g \xgt?léd) 20%
cthylacetgpfjn hexaigspridient go atfopd the kigle c@pfjound asng_cql@rlesgw (13.8 g, 35%). 'H
NMEGAR:1;, 3@ MEESS 7286 m( bH), 5.25%, @H) B 42 3,712)):

2-14- (thhoxvcarbonyl) 1H1, 2, trlazol 1 vl | propanoi c

acid To a stirred solution of 0.55 g (2 2 mol) of
SteprBt hy| Befiod Pdirtbutylptanuyliatrylaie hy 1- 2-

100xoet I‘nsla)solllkbllot?é B (moamﬂnsr) Bﬂb&aylw@m@t: eroﬁ{ Au&Re in 25

i Gt SRS B3 BT LS Rty @ﬁﬁa@ﬂpiﬁﬁéhog&lﬁ?a&hdmm@
follpwedibya mhmoar@é 12 Tlae42 bawrol) of grlhnt»ltlmhseir\dgsl 2 mk oéenhfydrous THF
oved lbn%ﬂ g%ﬁéi‘%ﬂrrﬁg @ﬂ%ﬁﬁtt&ﬂp&ﬁg@ oy &a%at the scﬁffécn@{?vgs ﬁeh@véd ddder

u
redlccg reﬂ}ﬂf a%%aﬁ eéya t%r?d ?lg g%gépad gP %%ite&% which vs?ls epgvashed
with hjxan, gﬂ)e {i¥rate3wfs conce8Bat¢dlin vaeuorang thazcru@iyoduciGvavpurifie¢by
5111&1%%) cl@@tga&%ﬂh"y clikmg? S\tlﬁ& B1 4ok Et?l?l) acetdtedPhexa Mt BAYMGo AR the title

confistid iy SohelsSud (46 Eoror 0 R CBERETIRgID S5 Sigh. 699 @
J=217 2-1r 1. 9%dt bs@l]ﬂz rED Hy20- @,-2H), 1.47 (m, 6H), 1.30 (m, 6H), 0.96 (m, 6H),
Og@gqghhyﬁgg ,2,3-triazol e-5-carboxylate fromstep A
ove in 3 of anhydr ous 1, 4-di oxane was added 2.7
nmL (11 nnDI) of a4.0M hydrogen chlorlde solution in
B D¢ B-B pte was stirred for 1

h and t s@m&@?@ @aﬁg by ﬂlﬁﬁbneﬁgé42)7@&1%@1%1;1%%&&%}5@3 mL of
0 [

an rgﬁ’% ﬁ%? 39 W@“WW\?@F%%@&II %‘I‘“ @9& of lgenz&g @rmtyﬁ%@ngp‘ifrylate

fromnigp B- afbblvé_Ll,nzl mB3 of anhydrpnd THF.-0y19 ¢ (®ridpnmaslpof ¢ aci d

tetrgkls(%ﬂ)}le 1 h‘gdlum ) and 0.14 % Ell 4 mmol) of copper (D chloride. The

arb n ro
reafih ipHE iﬁ%{?(ﬁ e %ﬂééwmfl F5 g ie g PRneR URIF reauced
meﬁu@pﬂbb&mwdewamdﬁmbwdnbuhyLoﬂaaZHmmpumwﬁnQMEau@EMQﬁqﬂwn

ﬁlteﬁ’é@ﬂiﬁﬂgﬁ g Qd']@ QGRUS iR M:gtaﬁ' s Wa@dd vitn B5 823818 1:1 mixture of hexane
I at e FI' N 500 MHz 0D) _6:

gc gl '616() I?@ed trgtcy gyer fpﬂporaiedgg %?ygless?] ;F?l? _c%dégesigigw:as
purif@d Mﬁslhnd gel @]Eﬁynatbgﬁpﬁwt-mg W8ith a 0-80% EtOAc in hexanes gradient to afford
the title compound as a colorless oil (0.23 g, 66%). LC-MS: m/z (ES) 265 (M+Na)".
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| NTERVEDI ATES 75 and 76
2-(4-Methyl-1H 1, 2, 3-triazol -1-yl) propanoi c acid
W@ 20098)41660d 2- (5-net hyl - 1H 1, 2, 3-tri azol - 1- vppeDPS2I909/€39249
acid (i-76) WD 2009/ 124166PCT/ US2009/ 039249 0 HO
:NIHO i -75 I-76 Step A Methyl
2-14-nmethyl -5-(trinmethylsilyl)-1H 1,2, 3-triazol-1-yllp
ropanoate and et hyl
2-15-nme Y1 rénethoy{__snl 1)-1H1, 2, 3-triazol-1-yllp

st B oo aea MR H A a3 by %L S0y

t ri met hylloOplOopg (-Gp8 -mmoly pf) K% padledium @aGarpon gfas pdsled @ aelution of
(0.2885 099 @kﬁﬁol)'zof%egzyﬁ 1& 1 Jfﬁmly) 1gfpymblh3/ !yl)s?enaale 9@9&@@ ﬂ{b@@tceabove in

h
6 R e Bt Stk ion B FndludgaR absppat agpdfogen (1

atmggsrdiere) peatnigletd The eesislue was filtpsed thrpuglye padasf Gelitei®f and dhdmyad was

washiBldl Wi c610 HRARLOY TP BymSReStillrhSawae |evzﬁa|oi°httédﬂﬂldc\ﬁﬂ rEclhc@d Sessure to

R N S

10methyl 5-(trinmethylsilyl)-1H1,2,3-triazol-1-yl]prop

INBOAEBIATE bt hyl 245- net hy1- 4-
A lr;etI}x_/ll I % - 15# ' 4n3-triazol-1-yl ] propanoate and
. g, O% LC-Ms: mz (ES) 242

(MH)+. Step B: Met hyl N

2-(4-methyl-1H1, 2, 3-tri Mm) pr opanoat e and

met hyl 2- (5 msthyl 1H
Sten A1, 2, 3 A% | DDA To a solution of 1.3

g (54 12 p[b, tlﬂ@idllylyl)propanoate was prepared according to the procedure

outﬁ élgﬁ%}ﬁgtgolﬁ ? {‘/’ﬁ %p%%ﬁéfl‘i indTOﬁ%glnﬂerM Medici, A. Tetrahedron
Let@KS[ F4fefhye343@30ri net hyl silyl)-1H 1, 2, 3-tri azol -
yl ] propanoate from step A above in 2 rrL of THF vvas

de ) 54 ) of.a solution of 50%
*ﬁlrgdrofl Mﬁ%@%e resul ting mixture was
sti rr ed Tata spluoon vihifeg dt umamoh)orf cthsl 220, Irihmzalndty Prepanoate from
sterEX @PNeah €5 il Q rMNRSISwds "éd&’éﬂ%@mﬂ\éﬁ(ﬁlmo% JFtn Bdueduss OMNodium
i s T s R B 5T ey BPieeiE ot chsly The
reagtion tmixterewss colisasddvie dadue toiaoivivo themedtivankandftiid aqeewd phase was
acuhﬁ@d"wﬁl’{@@ w@dﬁ&monc YaE YQuid Btif P51 of DRal AdnteRe® OTRAY DS

ol R BUTAL B e P RS ofTMC Py G820 g bt

aci@in(agetomtrig/ 10- 1V fluprBecticiaid i witeydrpiedp affoatie, frafhiens were
lyogﬂiﬁzteﬁroearh mogkf@ﬁrthégfﬂtﬁ@ c(ognpﬁgncgas az)%l%e sollef:%() 135g WB). EEMS: m/z

Step C.2 -(4-Meth
(ES -1 -yl ) propanoi c aC|d and 2 (5 msthyl 1H1 ,2
,3 - triazol-1 -yl)prop ano ic acid To a solution of
IN@RMEEIME@ nﬂle) of nethyl

2 3- tr| azdol - 30yl ) propanoate and
, i azol - 1-y1) pr opanoat e

fromstep B above in 12 mi-of ef hanol was added 13.5
mL (13.5 mol) of an aqﬁéﬂa&fﬁolw |'i t hi um hydr oxi de
solution. The resulting m xture was stirred at anbi ent

Step @TPEr atpfve 2 flinyt-3B-didpetBaat i On m xture was
rochloric acid sol ldtl on_until

acidifi

a pH of T %%émﬁogwn%wawa%m% 178 19 BfpiAgedure
outbildd ivHoladib,€5; Gaheld AgudbbignapHabe. WasgeKiaacioee 28D9-A314.

ethyl acetate and the combined 35organi cs were washed

wi.ith brine s'umsulfate filtered and
—%@apora ) SSH /8&Eit| e conpounds as

an -8:1 mxture of 2- (4 rrethyl 1H1,2,3-triazol-1- WO

2009/ 124166PCT/ US2009/ 0392494
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yl ) propanoi ¢ acid and

2-(5-nmethyl-1H 1, 2, 3-triazol -1-yl) propanoi c acid. The
wWoroovae4ae6é s an of f-white solid (0.50 g, 58% . BCFNBR009/039249

mz (ES) 156 (WH)+. | NTERVEDI ATE 77 5Tert-butyl

(2S,5R)-2-(4- {

{(2S) - 2- am nopr opanoyl | am no} benzyl) -5-1(R)

hydroxy(phenyl) met hyl 1pyrrolidine-1 -carboxylate

77 t e r
g |4 4 42)5 92 s EIII_B% 8u 0$Hér9§ n?olﬁff e?h ; a&)%ﬁ 3(5 i%oﬁ%’)}anoate from
ste;pA@b@n:oy IZ()(thmﬁ]FHEmzd PO mLsf WagoR)was added 3.45 mL (110 mmol) of
anh;@ﬂawmwﬁi@h Ry bi Ha%lof}}éédn@ﬁ{ Frfi:@re ol BtirkedGR a@@%w t@hferatdi@

t t
ovePySS e e B B e Vs ufoediCy FOTRE VB Bsphedh an
cthyhepdtyte ad wtﬁremhwrgmdrfbmheail thegweltla BY/g SiliG7ged plus. @176 frittgic)was then
eva dra@@ W@@@Séi b \Mtcz%vaﬂl'dlﬂfhmeﬁd&lﬂ'uﬁhb@lifﬂh& gélLchromato T%raphy eluting

LR DU oy B R g i o
(1.89cd, 30%). e $1 MR/ CS11o VAMEED) A 786U dH). THRS (5. cthi20-9d2 (m, 2H), 3.81
(q, $A.1Hed 1y 458 wedigy, 130¢y, Vhen Hexitached, yA th§t3|PM|LC MS: m/z (ES)
183 Mﬁ?ate The conbi ned organi c | ayers were washed with
dried over magnesiumsulfate, filtered and
evaporated to afford the crude title conpound which

Step@s ?Ségd ma 11 b 20e 5 -yPFophul @i (3 2 9). LCMs
(25, 5R) )y (4! )2 wP&SsﬁMﬁ SInFRYr BERYYAY Ss- |

yDpr&panoathfrdmescy (Hmb@win)z(ﬂenlhyf ingrhignobhiddi mb-off wemr axadded b,5 mL

(7. 5T19m@1)%¥ bk 5(@1@0&5%' il B8R hydrokRie Yoltftord STHFR I in@ mixture was stirred at

am‘fl‘f‘ﬁl—?nﬁﬁeﬂ%‘fré Org il? %B?W%’aer OSWF %‘?d‘i"ﬁ‘%ﬂ BropRndA Tehieh b

aqupeuslphaseSvas extracted with ethyl acetate (2 x 75 mL) then acidified with a 2 N
hy dw&lro% )A&le RGN G BYHIOPY WaQ b itvBe- Th&ﬁ'}%&ﬁ% g&la&&l Mscemracted

w1t% ngle)ac&tat(ezgl ééb Fﬁ‘ﬁlaﬁl C%l?la‘SIE%/CF %g%ngc l-l'c;H %WFF@%F an ydrous
sodminxsulifate, fakkesedndtceeboraed3d Gialkhidie tldﬂccanpmsquﬁHQW gum (0.80 g,
76°%). 'HOGER 696132560 hens 8 b3 kaitH | 856 we E:Es semvm) 57 (g, /7.3

Hz, )4 O%é @hﬁ%ﬂr ?15%@{ R ?%‘%d?e’? e Coy{@é %}4};’) (ES) 454

(MH) +. | NTERVEDI ATE 78 30Tert - but yl
INTEERPSIARE §d R - hydroxy(phenyl)rret hy11-5-(4- {1(25)-2-
1 t | ] am nol benzyl ) pyrrolidine-I-carb
-t e (<8 AOC—2009/ 124166PCT/ US2009/ 039249 St ep
A Tert-butyl (28 5R) - 2- 1~ {(@S) - 2- 11(9H-f | uor en- 9-
yl oxy) carbonyl | (nethyl W&?p anoyl | amino)b
enzyll -5 -1(R)-
hydr oxy { |
stirre d&l@%ﬁ%}ﬁi%en% \?&é é)lre%é%ﬁ%]o do@ffndrm @Rgﬁ%}]e?%?y&eogﬁla?e and
ethyl2-methyl-Jrpxoptamoaty wHIZEIBPRSERE AR gy fO thit usedie SpRaie dntgmediate

59. HHNMge(@mm seuisiert) 8. 293 g1 H)07.628r snmt)) 6.21 (s, 1H), 3.95 (q, J=7.3 Hz,
IH)ng?%& ?% ﬁ%rbgﬁé I%)S(%A“ (MbHd;]yI ] (et hyl ) am no] pr

opanoi ¢ acid foll owed by 0.014 g (0.10 mmol) of
IN'HEHMEDD%]VE@I- azabenzotriazol e and 0.144 g (0.750 ol )
3 : 1) - 3-et hyl carbodi i m de
ng suspensi on was stirred at
anbi ent terrperature for 'Ij’Qe crude reaction
m xture was diluted with

Step A 1.,3-Oxazinan-2-one
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10 di chl oronet hane, washed wth water then dried over

magnesi um sul fate. The m xture was filtered and
weapordased to dryness in vacuo to afford the BETITUS2009/039249

title conpound which was used w thout further

purification. LCGCMS: mz (ES) 690 (MH)+. Step

B: Tert - but yl

(2R 59)-2-1(R) - hydroxy(phenyl)rret hyl-1-5-(4- {1(2S)-2-

15(met h r Iamn nZ r.r.olidine-J -c

r boxy |aylj<82‘50m“)1 PoPRse &?o” ‘Smg oC:/% ')8%8“%%20 k“dkgé‘gt of
anhmlmpg dighflonogethagawvas added 4.6 mL (27 mmol) of DIEA followed by 2.00 g (27
mn{o%%f§a}1n A2%)1- 2he{ {eﬁlﬂﬁirﬁﬁﬁﬁ@w% syllr@wt) SO0 Bk fafBE

ovef\%( %gt aﬁ% E ! Ogl%rao‘%‘ hna 3 urg? ben(ﬁ% P}ug} ‘fhé‘?rH‘S solzﬂtlon The layers
wete genatgsdand the drgania esgrxmacibyih dinhlgromethohe @rhildnblisThe
conY@@nQQ%% Werd R4sHdd (Vlth%gin%nﬁﬁka ol aptiyRRIuk Sbddn sulh&, filtered
and SR8 o S St P Y ok EPBABLHAS cuing
w1ﬂ@| B HISYr metbarlohmecthyT hestatd sredie tovaf$ordalstigld coinpdundas eelear gum
h;len 601 ef@anRe(rsoMﬁe@D@p a(tjti fates, 1H)es.9 (>£tJU=: ?4\1\?sz) 3.36 (td,
ora 0 dryness in vacuo to affor
‘] t6t?reE gnhffd%ﬁ??toﬁelaggé gﬁﬂd whi ch was used wi t hout
further purification. LCGM: nfz (ES) 468 (MH)+. 25
ERNE@![e%E(i 8xo-T 8lokaAdnyd-yl)ac

(2R o) N b et %Wﬁ%?ft}ﬁ%%nm?roa%ﬁa%&@ dgppin2

ofal mﬁgdﬁﬁ% RIRidé %sﬁg%gﬁan& Rixleed oft ruﬁeier bR aﬁrogiﬁf&eadﬁufogm aAfter
i g0 B ¢ G4 BRI PT S onsesishy P ¥ gps BifiRpgnd the

rea@iioo paroicovaeilowédtolsongwegigte Thy wesida mextogtwas tled querched with 5

mLIRE ssMRteh %@hﬁ%wlé%{%gﬁéﬁrg el ﬁmﬁﬁm ahEMP iR EwER) mt 65 water.

The Ry i i o 4. BEOHEERIG oLy S A) X ) A Bhbryhite
orgbrhgsl were $agiypd mwathivwaian €2 X 3 odn)boiogl( bk 8 nfli)-a8ddii¢d ovekDagnesium
sulf%gfo Hhd ABE Rl AlHSRE Q%A&%ﬁ%a%d-ﬁﬁﬁﬁem s)flhca(g%ﬁ:hromato graphy cluting

nobenz drox hen
i i T e B JR e o R gt e ol (o .
20%)- SOAMB 90 NHIAED Gt )dp 4R8Te =Dty 2H)24603 (s, 2H), 3.70 (s, 3H), 3.36
(t, PRy 2314 S BI0R -3 (B, QHFbJ%M§M§ red) (R (MH%
5hydr oxy(phenyl ) met hyl'l pyrrolidi ne-I-carboxyl ate
(i-80a) O OHi-80a NH2 To a solution of tert-butyl
Stegp €S, 5R)2-Dx(4-Jarranolehx)ddetibadid R) - hydr oxy( phenyl )

m5t hyl ] I%fafseiuhgﬁ 81&7 (*)6'8‘?%%2Wﬂ1@5 &t ﬂlétﬂﬁ?ﬁ edli @tcﬁahnéln:}ﬁyl)acetate
frorpé@p \%aa(bgye %gtangg'g Ea’a‘é Wéfwﬂe@@ncﬁ%ml_(p ST§§”H‘PCBY%S addrdg 0.60 mL

(1.2 inmolh) @$ ek 4quagps 2.0 M sodium hydroxide solution. The resulting mixture was stirred at

ambient temperature for 3 h and then evaporated in vacuo to remove the methanol and THF.
The aqueous phase was acidified with a 2 N hydrochloric acid solution until a pH of 2 was
achieved and then extracted with a 30% isopropyl alcohol in chloroform mixture (3 x 10 mL).
The combined organic layers were dried over anhydrous sodium sulfate, filtered and evaporated
to yield the title compound as an off-white solid (0.06 g, 99%). 'H NMR (CDsOD, 500 MHz) &:
4.32 (t,J= 5.4 Hz, 2H), 4.03 (s, 2H), 3.41 (t, /= 6.2 Hz, 2H), 2.10-2.05 (m, 2H). LC-MS: m/z
(ES) 160 (MH)".

INTERMEDIATE 62
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10 solution stirred for 1.5 h allowng to warmto rt.
The m xture was evaporated under vacuum and the

w0 e®pdesaepurified via Biotage Hori zon MPLC usi PGI/ES2009/039249
gradi ent of 0-40% ethyl acetate in hexane to afford
the product (232 ng, 90% as a white foam LC- M5 niz
(ES) 483 (MNa)+ and 485 (MNa+2)+. 15Step B: Tert-butyl
2R,

To a solution of tert butyl (

5R) - 2- (4- ani nobenzy1) - 5-T{R™ y roxy( phenyl)

met hyl ] pyrrolidine-|-carb8xyl (internediate i-13b,
Sted @8 Ny, 1Q\4&Batd?ﬂamd}oﬁvﬁnﬁ2!{52(1lﬂ5mm) 20 cooled to 0C

via icelwa B |
and t he IQ {u 1011 O\CI)\I?% I Oﬂ l)\I § | L (.‘farbon)glgkmldlaf %nrﬂ? n)L of
anhygiiony ﬂlldﬂmlomefhh@e mswmdel(l/(h@Lé@(ab ot ecd Dlﬁdé‘pllqmd@umoo g (56.7

mn@[)d)fmethﬁﬁtogm N3LkiahiiRd ThE ResBitiaf atutiavak Z@HedMPhbient

in of 0-.4Q%. th ?cetate i n _hexan o)
temg?r]a 61?6 Veﬂ%g%g (gthg qltegghe % é Al% ed _agueots ammonii %lorl ¢ solution.
Thalayauswerapepa(aEg)and 88 of ss)phagert @61 (iNdielyrometigne (2 x 50 mL)
The&o‘%ﬂb‘ﬂﬁﬁ% anidISA%Sverd REshk@ bvhtﬁergeQ d{lﬁd Wek E&ly@l%%ls”‘y&iuﬁ‘ﬁ Qulfate,

screeni nds Ve .Se

il 4 dunar i B0y TR G DB LR Sy eBe P RUT yedRgernhy
elumwltth ohrdYossalzanol ip ANP! eathuasadion td afforéthp @ﬁs eorm@und as a clear
gurh ((OAN, i ¢ 0w asad (seeandi CoCt Ps:Bagot B, 188, 3880-3. 4A@92H), 3.24

. fg%@g&%@“?&‘iﬁw&ﬁﬁ% HEERET 21 o SoPPT MR
Phar macol . v3229: 650-658) nodified as foll ows, cAM
StepBOduUCt i7eA-Hufy1 @ﬁwvﬁﬂoy&aﬁmmmfmaﬁmy% yl)acetate

time-resoly nce r ener

i munoassiy! IPEB\@@?? EWI% qﬁ’?h% %%’Hﬁ“‘{% 3&%& one from
steA pbidadt 6 rrré of anhgtrousdAVBmas acﬁhd tres &0 marreltnérbouma fhask containing
0.16 QUQ o) Fa DY ARUNN KyAREE KEHE@FioWid Rinkhoit LRREsh atmosphere of

nit o T e foF TERUEUOL B g moLe b R PR e gsgdded in

onegort@nwing HheEereyioemixtge wak slbocidae storvivegha Thepeciial mixture was
theVgEtnded v&@l 4 SLRF @ settﬁl@t@d GQU4BE S AGHurh ERIBSRERHURHN bW then diluted

uf fer s Bal anced sal't
Wi B T B T rienae o S9p el bRk 5 10 mL) and
the t@phiospirgdii@steee wsded nith biateo(2 X B BNAX, bride 6hivp mL'DIaed dried over
ma n%é"iﬁfn' sBffatk SThd Yixhad @Qs BN¥erdd, évdggra@dqg@}o&ﬁtéd%

L ed cA

chrorg AR G 1 Wil o %é;ne?*wgﬁl bRt AeP R RS f i
congrontdis digrr 02 (U0, 15%p GUNIR (810 MiledCDEL BS S (b D23 (t, J =
6 HLO2X, B 1)~ oDe o0l b0l 1Ther 45APHON. DY QUABIECHSS. m

roomferrperature and is
(Esgg%%\?%h of 24 IL.EL, detection buffer (LANCETMKkit).
The assay plate is then incubated for 1 h at room

St RITP e L a2 Mol TRl BOAhNAIOHINNERAERSE Thas T o
unknown T}é P%‘Q/%]Td:(?qé) %@%g %Hirtﬁr)f -buy, ﬂ%a‘?“? L1

oxotdtuaby Eemyeintdinil /68 )at gata froAVRpR drsa i olirod enhymws

dlcﬁl%@ﬁﬂaﬁ&&lﬁ a%decf PlnlL 0@9@[&' SIthe ?és@igﬁg Hl%[t@lje Q)vak btg‘?&ldat ambient

| Ssopr of er IS use hree r to
tema%rta@?# %ﬁﬁlﬁ%.wma&q tﬁﬁrymsaﬁ e B@‘ea@%%ﬁ@f g off-
whiteenmp0oi8 o, AF%0). 206- M a/i VES) 173 aviH) .
(S)-N-[4-[ 24 2- hydr oxy- 3- (4- hydr oxyphenoxy) propyl ] am n
o] et hyl] - phenyl] - 4- i odobenzenesul fonam de is used as
a control in all assays. Isoproterenol is titrated at
a final concentration in the-assay of 10-10 Mto 10-5
and the selective |igand
(S)-N-[4-[2-[[2- hydroxy3- (4- hydr oxyphenoxy) propyl ] am n
o] ethyl]phenyl]-4-iodobenzenesul fonamde is titrated
at the B3 receptor at concentration of 10-10 Mto 10-5
M Unknovvn Ilgands are tltrated at all 3 B-

~r 1 T o o, Y L
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reconbi nantly expressing Bl or B2 receptors. Cells are

grown for 3-4 days post splitting; the attached cells
wae@maghed with PBS and then |ysed in 1nM Tri BCT/pE2089/@39249

for 10 min on ice. The flasks are scraped to renove

the cells and the cells then honpgeni zed using a

Tef | on/ gl ass honobgeni zer. Menbranes are coll ected by

centrifuging at 38,000 x g for 15 mn at 4C. The 35
Eiﬁﬁﬁﬁﬁbggﬂgﬁybranes are resuspended in TME buffer (50

pH 7.4, 5 mM NgClZ_ 2 mV EDTA) at a

dothrlehpxaimidarolid \ . Large batches of
menbr anes can be prepared al iquoted and stored at
-70C for up to a year W t-hqss of potency. The
bi ndi ng assay is perfornmed by-idcubating together

menbr ane of .protein), the radi ol ell ed

tracer @/ﬁezh ?x%pxg%@a/ztlfﬁtéaﬁp#pe%d@ﬁ ) o Sfmercially
aVadglﬂﬂanethidétbdne{lﬂ&hm(ﬁ\éRs1ng5 pMceduizO©ghalaggusob thAGAseBPOTprEpite
IntdPFEHSe %@Elﬂ'ﬂ@tﬁkt QG@M‘?I)Z @5@13 5“? il ?rﬁrts Pf@)”@@@%@ﬁ"‘% RNy (m, 2H),

concentration
334 Ry g0 3%&@&8 7 0 10FYIB - cont ai ni ng 0. 1%
BSA. The assay plate is incubated for 1 h with shaking
INEHRNIESMfegPer ature and then placed in a Perkin El mer
r||ux SC|nt|IIat|on counter The plates are b5al | owed
.,, h d M1 PLOPG ag1d.4{ 1-9 I’mtely 10 h
in the dark prior to countlngN_tha are anal yzed using
a standard 4-paraneter non:l| N regression anal ysis
usi ng either G aphpad PrlsﬂLﬁgﬁszre or an internally
devel oped data anal ysi s pack ge. The I1Cso is defined
Stef'3. t he @@W%Moﬁé}ﬁcﬁﬁ‘z%aéé&ﬁwﬁﬁ%ﬁwnd capabl e of

I nhi bitin 0% of 1 % t r adi ol belled

tracer (& f%eplu P00 &dtg’gmg@%%? Emlmlw ngn {0aL of
anhy&Buy Bd-djpixame mwddmi (d#EtSer (1D M edndly ofldbpdrousl letitanige tulnbthe resulting
lertlﬁ‘E lw‘as ﬁéa@ﬁ% @QCAIBT 3 §2 Tﬁ@eﬁ&tf’%ﬁﬂxtﬁ% vég)coolga%l\fntb%njr tem%erature

no-1,3 azal
thelr %‘ﬁ}’orﬁ% F%W]@eﬁﬁ %VF%%&E@?W%&%S}%L S Fll% Oﬁ,\[es [in Zlnhydrous
diclmetomethpphendycbblad et-a8i dén a &§ 1ceMeﬂ0neStad’pur[éiteﬂ' @ratipogppbre of nitrogen.

Nedt 58@ n& ((6% m1{13-1§ gf ﬁ@h?ﬁm!ne’ @d@gl@dwe‘d 2"1@ g?ﬁ Vb Immol) of acetyl

ten-
Chlrrgnfie] 18% gﬁsal%%eﬁw Wﬁ%éliﬂﬂeﬁ wﬁrér fodigen teeer%st%/ A& 30 min then
all chatﬂessmdrtt tein@ivedin v&iomThé besidumivet sispendidsint20ans pf Wat&2Zind

ggfet)l}ﬁrﬁel&e@fét(z ;c(lé IT')ZTfe corf@@éﬁ' ARRENGYL Kol brl{ne dried

Ove( Bﬁ%??y?‘l“)lhsé‘ frig1 prﬁdraaﬂ .empﬁetqd R atf%ilgﬂ tiffeompouny (GAg &, 23%). LC-
MS(ﬁHzB(IESD]@?:OlZ&-(ﬂ\IﬁH}ia.h}gB- y90) @ce1dQCHo1.d (3.18 ng, 0.02

mml) in 0.5 nmL anhydrous DMF was added a 0.5 M

sgl ution of rryu i n DNF (0.04 nL O 02 nmol ) fol | owed
Step: Epc @gBrgmey ethylpl. addtiiazolofd3-miprnding o pL, 0.02

nmol ). The sbhmuﬂl bﬂ mg7 #oddun@olas NsBibrorachyaitink B ghacetohydrazide

froth Fs‘t@? 8\: eg)to%a fa 4'6']9125%2[}1 V\}fdrglgset@lu@l? %ﬁg@%eéﬂ :og %lgmgl acgth‘%md and the
res@tlww%w@h%@ cheﬂu)g qﬂ_ eip‘ﬁ) y 3k frap- The reaction

mmmabzranecd),leddb amblwﬁ)t\/tempaadteumn&uhﬁcmmm tofdrﬂrrte@rze aa@odo afford the title

tr | PAMAE. [ was purified by
conf BIRERLE, %4 BT (0% by T g Wi th 596 neoH i n
di chl oronet hane to afford the product (10.3 ng, 81%.
Step’z  ( ESBebBT 2{(Methyl[6590 1idNA[4.3-3OBIDR-yDacrylate

?( % (h2 dﬁ*g‘x% or?’o (i“isa%@lgﬁn%@ F% %g)n(olf—ﬁ‘{g}hyl [1,2.4]triazolo[4.3-

9% ﬁ@ﬁ b 05% &%@ hygyous THF was added a solution 0f 0.36 g (0.80
2009/ 124166PCT/ US2009/ 039249
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To a solution of 7 ng (0.01 mmol) of tert-butyl

(5R)-2-(4-{[(2-am no-1, 3-thi azol 4-yl )acetyl]am on}
whetidieh- [ (R)- { [tert-butyl (di methyl)silyl]PCGKY$2009/039249

(phenyl ) met hyl ] pyrrolidine-|carboxylate in 0.20 nL

met hanol (from Step A) was added 0.20 nL conc. HCl1 and

the reaction 5m xture stirred at roomtenperature for

1 h. Azeotrop with toI uene (2x) to renove water. The

I esi in acetqnitri l r/
ot GRS R el Rr S Lt S by o
THEr(Bbl% @)r(é?dn@nlt) 0bifetrd@ﬁtrmhmyﬂnhlosvh\rmmlanW) Bnd%067TEAR.67 mmol)
of daphdren chl'&i@e ffh@féh&tﬁiﬁgn1lﬁﬁﬂat\ﬁéslrlie£l@d tose° @f&@upt;oma@ld ﬁltered

co | n an il to m
thr 0(u§ of (%eilg L eﬂ?ezpafl [\:véﬁ # d M%_D I_( fgl %%rolinat:h%rje an8 an
con]_blne;d]ﬁhmm W@@gvanp@ted@gn@m)ss 6The70r5® refyducgvas puetfigl by silica gel
chr&Q&‘ﬁi @‘%’)6111’[1?1 4tth(ath-69% ntitdRol iR Ehlél aCetdR gﬁ'atdnen@ torafforPthblatle

Coni‘p?% (% (12%1\@9 mﬂ%(%g)él%“a\f gH) 7, 1421H(2|n e

Hz, O. 3H m nor isoner) 6.67 and 6.66 (br s,
Steg /0 8|2| (BIM@HIHQZ ﬂﬁﬁazolﬂ[ﬂﬁa]@@lmdﬂ 8-V1)%ror%ah'&e ack)

2 95 d 0 OJdIlb %%35 é) g_sO% lad61§n 58 C%gbﬁbw srﬁdg[g(?_ﬂ solution of
(0.080260. 17 MOQ)mf bgtp-;fyl 2-(3 methyl[l 2 4]tr1azolo[4 ngﬂmgldmkﬁ;yl)acrylate prepared
in @ép(@ ogve @ﬂ 4 A3 SEYSeRESIC rhb @Qulﬁﬁ@k‘tﬁperﬁﬁﬁ WaN BB dlBder an atmosphere

or tyREet (o Firs) o0 R e g e TSl T P ek nd e
pad-wayivaslodd-withycb)d tethingl. (THe qoaBined Rtrates were evaporated under reduced
preis(u%)to FMQ EMMI@QB&BNJnM@MW%WWJNL@ A EM E}S)rz% (MH)".

met hyl') phenyl | acet am de ert- butyl

(2S, 5R)-2-(4-
INTERMEBMTH63, 3-t hi azol - 4-yfl acetyl | am onl benzyl ) - 5-

4-MetiRky- oA (rhEdvkaOu -y b HAdoRE £2¥d )-85) VI | oxv}
(phenvOret 41Ipwr ol I di ne- I carboxyl ate xci,c)---\( N

-- ,7N H The title co olind Npreparedfrom
tert butyl (2S, 5R)-2- ?;Ef %\nobenzyl) 5- 25[ (R - {
[tert-butyl (di methyl)sil ylwyl (phenyl ) met hyl ] pyrrolid

mﬂ%‘eng: EM -?421@&0 2 IZ ccording to the
o1 0Codul ASTEk SRIPLY 18 Ca FBoR Of THR &dT QBB LR e ds

methoxyibiiaechtdip [melpaf ahydreusTIHF pidat &n @muiphag ofnittog&Ptvddedtttd 10.5

LI A %? hﬁl@%f?gg lblasgﬁm%ﬁ’ 1&1@519%5“@& @ﬁi)ﬂﬁgn (ﬂle]resqgrng mixture was

stlrlgd éor(lzh, Rsnd B (30 p}l}liloé)z(&ch]@r(vril}lethp/lil ne jy(ag @d%g ﬁfter stirring for 20
min] ( RY kyy t0.0 xy{ophefvllid Mabtdnydshiqmyrimaleivcis addedrmed the In)iptnenydslstirred for

2 h3LERAMEE Q1P QAN 28 HARES Hrfee R0/ 08%40n. $hdichbiddn was
quenched with a saturated aqueous ammonium chloride solution and then the aqueous phase was
extracted with ethyl acetate (2 x 20 mL). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered and evaporated to dryness in vacuo. The crude residue was
dissolved in 15 mL of DMF and 5.5 g (40 mmol) of potassium carbonate followed by 3.4 g (50
mmol) of 1H-pyrazole were added. The resulting mixture was heated to 80 °C for 40 min, then
cooled to ambient temperature. The reaction was diluted with 75 mL of water and extracted with
ethyl acetate (3 x 50 mL). The combined extracts were washed with brine, dried over
magnesium sulfate, filtered and evaporated to dryness in vacuo. The crude residue was purified
by reverse phase HPLC (TMC Pro-Pac C18; 0-75% 0.1% trifluoroacetic acid in acetonitrile/
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The title conpound was prepared from4 ng of
tert-butyl (2S, 5R)-2-(4- {[(2-
W@ eion02416@3- t hi azol - 4-yl )acetyl] am on} benzyl)PGFUPLR)/039249

{

[tenbutyl (di met hyl)silyl]oxyl (phenyl)nethyl]pyrrolidin
e- 1l-carboxylate (from Step A) according to 5 the
procedure of Exanple 1, step B. The crude produot was

0.1l By BoGhor 2R i Bl i O SmpdufeBaBiul v Lo
m/ZT(ﬁ§) 1994@tions cont ai ni ng the product were combi ned,
frozen and Iyoph|I|zed to give a white foam (3.3 ny,

scfB AR, 473,y JEINE (00 e, CouoD) 6

RAEF r T031 stirrgd @ ligon op P45 g GE237magh) O methy) 4-nipthosy-L ol | Hpyrazol-
l-y bﬁa&aﬂé@ron%‘f@ AGbER ik DiniSofHdthandt Wa diGed dsoTutibRBf 503‘?g (0.57
mmfﬁgo’f p%taﬁgl 1&1&12 oxsgg 1n§|_5|>m]§ %w%tnggl’ he ﬂ_]ﬁcturezwﬁ.ﬁgige(g Fﬂ;ﬁlent
tempgfpturel {08 5.5 b t17® a(cmhlﬁegHylth a2N hydrochlorlmlch@lqth)e until a pH of 4 was
achﬁ'v@d %e%ktu%@&aﬁﬁﬁ&f ﬂob@rﬂo@@ﬂ%latﬁe@ ehell Rl I th ethyl acetate.

unct i naI ctrvrt was det erm
Tha g Sraeh wis® Hithed o ER AR e ovS Fages g I, i fadfing
evap@pted 1 riRyeshipdifioxd/thp hdngdnneendhidl 040\er W] HCAMS- ly@fEShV%
(vprphenyl 1 -5, 6-di hydro-4H-cycl openta Fa-1[1, 31
t hi azol e- 4- car boxam de Step A Tert-butyl-(2S,
5R) - 2- (411{2- 1(tert-butoxycarbonyl)am nol -5, 6-di hydr o-
IN enta Fa-1[1, 31

(553-Bazifdrd-sHLeRIdP LAV 2wl NEBZMbrytic hdid RL66)
nydr oxy( phenyOret hyl [pyrrol | dI ne-1-carboxyl ate

To a solution of 220 ny (WI) of tert-butyl (2S,

5R) - 2- (4- am nobenzyl)-5- 9 dr oxy( phenyl ) et hyl |
pyrrolidine-I-carboxylate (i a) and 164 ng (0.58
Step P! )  0f58-1-RBino-5-[(trityloxy)methyllpyrrolidin-2-one

% (tert-butoxycarbonyl)am no] -5, 6-di hydro-4H cycl opent a
[a] [1,3] thiazole-4-cariOrylic M&id (i8) in anhydrous
DMF (5 nlL) was added E 0] 0.86 mMi), HOBt (132
ng, 0.86 nmol) and Hunig's Bas (0.3 m., 1 7 mmol) and
the res motaiooelemtoecwcﬂutsohidfroesisoagt(l Sa@imdlesmsy-at ur e

trit qh’}{e({ﬁo;gg‘ﬁkglppgrgﬁ(ﬁgﬁle ? 0 W%t o% 1 2( (?1816@‘ %P’/&C rgldeél gr)le( K r; a?ncgtedSéo(}}ere of
nitroganyvaptdad 0( 123 808 mn)ol) @art@%\a)@wn( hz@rlﬁr;;uspmsroedn winsyal oil.
AftdSEHhg thi 3arﬁrne£isoa1rtd>n3>@oem@@3 848 mehol Resl- E{hhﬁm@bbfyl)sfdlieﬂylpy 3,5-

Bi ot age FELASH
wing s dneh B b O R AR iR e Rl G of jh% il The
reagjiog dnistte wsraaow%b Ftapndo ppbiprteipresatyrg Hgerpight thermlprgis gphe
filtrh OREs wrshb&mm @éthglﬁ@ﬁbr raﬂaa the @naaaset RECOISBANRES s S RPAKRh @ daturated

aquﬁ% t88¢1 8?1 bfcanSoPatg F%ﬁmﬁl and grm lue ntnic%a%%)é Iél%Athlgrg grclﬁ,d pver
magﬂe@wmwg fyte gHsred ang ngrategmwacb@tqﬁf thaititle cqreroygd asa colorless
solid®t &Re &1id1L¥On@rikdAwit A&dral oil form the sodium }g/drlde and weighed 0.6 g

B U e

t hi azol e- 4- car boxam de To a solution
Ste%B: 126 g (S0 @y IRPIme -4, Bbihy et - plrdoRo[ 1,2-1[1,2,4]triazole
R -2-(4] ({2-[(tert10but og%car bonyl ) am no] - 5, 6-di hydro
-4H cycl openta [a] [1, 3] hazol’\h‘-\ yll

car bonyl ) ani no] benzyl | F=h m
R) - hydr oxy( phenyl ) net hyl ] pyrr di ne-1-carboxyl ate
(fromstep A second eluting isonmer) in DCM (3 nmL) was

added trifluoroacetic acid (3.0 nL, 38mmpl) the

resulting mxture stirred atgg.oom tenperature for 4 h.
The m xture was evaporated and passed t hrough an
SCX cartridge eluting with 2 MNH3 in nethanol to free
up the base. Product 15 purified by PREP- TLC 2x [20 X
20cm x 1000m cron] eluent: 15% MeOH in DCM + 1% NH4OH
and product Iyophlllzed to glve the t|tIe conpound (65

—p— e~ A LT O A AN / A R I\
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201.59 (m 1H), 1.40 (m 1H, 1.39 (m 2H).

Product fromstep A [first eluting isoner] (134 ny,
wWO@2@9/1241®1 ) was deprotected in simlar fashi oPCT/USH0YE39249

the title compound (44 ng, 48% as a white fluffy

solid. mz (ES) 449 (MH) -P. Usi ng

t he Bi ol ogi cal Assays descri bed above, the human 133

functional activity of 25 Exanple 3 was determned to

be IessTtha

1. nM,. EXA S 4-10 . i ng
or ocedur 84 B Mo DR TR (PO SRSl es
[(tridyla: ) methil Iipreepdinedorerfenm stireA appieap p indt ef aphydroysdMFE was added
0.3784 @7(2'531%1%01) 3@#&&&1%01& R1RIQ b gJoga!; (({%_@@@%vfﬁl)%?aﬁasmﬁ @Hloride. The
ove e u ° nclj.ona Ctl VI 0 eac . .
res IR Bisntic NachHRna Fib b a0 ERtS inbichcPherFit ang ditwed with
25 mi/yif ethyIaghetE. 4'he WintRoOok 12416 6 UTHiaE? 00D/a0 39R49s sodium

bicdESONYRLBIURAMVMS ah EREn blinedhd H232orNBER: driédet mBbRdiuRGsulfate.

The4mi-xlture::|' \%Qslthgr? EItesrgd, %\@ag)brsalg)ed to dryness in vacuo and purified by silica gel

chromatography eluting with a 0-100% ethyl acetatac in hexanes gradient to afford the title
compound (0.27 g, 49%). LC-MS: m/z (ES) 382 (MH)".

Step C: (58)-6.7-Dihydro-5SH-pyrrolo[1.2-5][1.2.4]triazol-5-yImethanol
N
M=

Ho/\LNfN
The product form step B above, 0.27 g (0.71 mmol) of (55)-5-[(trityloxy)methyl]-
6,7-dihydro-5H-pyrrolo[1,2-b][1,2,4]triazole, was dissolved in 35 mL of'a 4.0 M solution of
hydrogen chloride in anhydrous 1,4-dioxane. The reaction mixture was stirred for 10 min,

quenched with 20 mL of methanol, then evaporated to dryness in vacuo. The residue was
purified by reverse phase HPLC (TMC Pro-Pac C18; 0-90% 0.1% trifluoroacetic acid in
acetonitrile/ 0.1% trifluoroacetic acid in water gradient) to yield the title compound (0.050 g,
50%). LC-MS: m/z (ES) 140 (MH)".

Step D: ((58)-6.7-Dihydro-5H-pyrrolo[1.2-5][1.2.4]triazole-5-carboxvylic acid
OH N

cf’L‘T:fi>;:L
To a stirred solution of 0.025 g (0.18 mmol) of (55)-6,7-dihydro-5H-pyrrolo[1,2-
b][1,2,4]triazol-5-ylmethanol from step C above in 1 mL of a pH 6.7 aqueous phosphate buffer
and 1 mL of acetonitrile was added 0.0020 g (0.013 mmol) of 2,2,6,6-tetramethylpiperidine 1-

oxyl, 0.033 g (0.36 mmol) of sodium chlorite (33 mg, 0.36 mmol) and 0.0044 mL (0.0036 mmol)
of sodium hypochlorite. The resulting mixture was stirred at 35°C for 72 h, then concentrated to

dryness in vacuo. The residue was dissolved in 1 mL (4 mmol) of a 4.0 M solution of hydrogen
chloride in anhydrous 1,4-dioxane and concentrated iz vacuo. The crude residue was purified by
reverse phase HPLC (TMC Pro-Pac C18; 0-70% 0.1% trifluoroacetic acid in acetonitrile/ 0.1%
trifluoroacetic acid in water gradient) to yield the title compound as the TFA salt. The product
was then dissolved in 1 mL (4 mmol) of a 4.0 M solution of hydrogen chloride in anhydrous 1,4-
dioxane and concentrated in vacuo to afford the title compound as the hydrogen chloride salt.
LC-MS: m/z (ES) 154 (MH)".
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35

1- 10 nM5 1rY1l 418.49 419.24 1 - 10 nM6 O ThrY-'"j

ON .---.. . ",  "eeeeaan " 432.53 433.50 1 - 10 nM 7
WO Moba241d68. 56 469.52 1 - 10 nM 8 '"ir--MJI N 4R@EI/682009/039249
419.48 1 - 10 nM9 --11---" NOL,--,N 418.50 419.48 1
- 10 nM 10 j (
INTERMEDIATE 67
2-(1,3-Thiazol-4-yDpropanoic acid (i-67)
(0] N=\
)HA/S
HO
Step A Ethvl 2-(1.3-thiazol-4-yl)propanoate

To a cooled (0°C) solution of 43.3g (300 mmol) of ethyl 2-methylacetoaceate in
270 mL of chloroform was added a solution of 15.5 mL (300 mmol) of bromine in 30 mL of
chloroform dropwise over 30 min. After complete addition the mixture was allowed to warm to
room temperature and stirred overnight. Air was bubbled through the reaction mixture for 70
min, then the solution was dried over sodium sulfate, filtered and evaporated to give 66.0 g
(99.0%) of a pale orange oil. To a cooled (0°C) mixture of 40.0 g (180 mmol) of this
intermediate and 10.7 mL (269mmol) of formamide in 400 mL of anhydrous 1,4-dioxane was
added 15.0 g (67.2 mmol) of phosphorous pentasulfide. The mixture was warmed to room
temperature and stirred for 1.5 h, then heated to 93°C for 2.5 h. After cooling to ambient
temperature overnight all voliatiles were removed in vacuo and the residue was basified by the
addition of a saturated aqueous sodium bicarbonate solution. The aqueous phase was extracted
with dichloromethane (3 x 300ml) and the combined organic layers were washed with a
saturated aqueous sodium bicarbonate solution, water, brine and then dried over magnesium
sulfate. The mixture was filtered, evaporated and the residue purified by MPLC (Biotage
Horizon 2x FLASH 65i) eluent: 100% Hexanes (450ml), then a gradient rising from 100%
Hexanes to 25% EtOAc in Hexanes (2400ml), then 25% EtOAc in Hexanes (1200ml) to yield
the title compound as an orange oil (20.0 g, 60.0%). "H NMR (500 MHz, CDCls) 8: 1.24 (4,
J=7.1, 3H), 1.58 (d, /=7.3, 3H), 4.05 (q, /=7.3, 1H), 4.17 (m, 2H), 7.18 (d, /=1.3, 1H), 8.76 (d,
J=1.6, 1H).

Step B: 2-(1,3-Thiazol-4-yDpropanoic acid

A solution of 5.0 g (27 mmol) of ethyl 2-(1,3-thiazol-4-yl)propanoate from step A
above in 25 mL of methanol was added dropwise to a mixture of 6.6 mL (33 mmol) ofa 5 N
aqueous NaOH solution, water (16 ml) and methanol (30 ml). After addition was complete the
mixture was stirred for 2 h. The methanol was removed by evaporation and the pH of the
remaining aqueous was adjusted to ~ 2.5 with a concentrated hydrogen chloride solution. The
mixture was saturated with solid sodium chloride and extracted with EtOAc (3 x 100 mL). The
combined organic layers were washed with brine, dried over sodium sulfate and treated with
activated charcoal overnight. The mixture was filtered and evaporated to afford the title
compound as an off-white solid 4.0 g (95 %). "H NMR (500 MHz, CDCls) &: 1.63 (d, J=7.3,
3H), 4.11 (q, J=7.3), 7.25 (d, J=1.8, 1H), 8.88 (d, /=1.8, 1H), 10.25 (br s, 1H).
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417.51 418.50 1 - 10 nM EXAMPLE 11 5N (4-(((2
S, 5R) - 5- ((R) - hydr oxy( phenyl ) net hyl ) pyrro

WO eionAa2+1g9é ) met hyl ) phenyl) - 2- (3 -net hyl - 1H PCT/US2009/039249
1,2,4-triazol-1-yl)prop anam de A
m xture of i-13a (2.00 g, 5.23 mmol),
2-(3-nethyl-1H 1, 2,4-triazol -1- yl)propanoic acid i-56
(1.00 g, 5.23 mml), HOAt (1.307 nmL, 0.784 mmuol), and
EDC (2.005 g, 1010.46 mol) in DMF (20 nL) was stirred
at roomtenperature for 10 mn. The reaction m xture

INWMAMEREREHECE aidt aqueous sodi um bi car bonat e and
(4REX 6L DY &F- M-8R 1JpERAAFI [ 1 _fhﬁiai‘dlélﬂi@ar%ﬁdiu Gkid R ) RAM 465)-8@-dihydro-
4Hp 1coI chn.omat ogr Q .(0i o0 MeOH (10% NHAOH) i n
7 uct was further
purified by chrial HPLC & D coIqﬁF, 30% | PA/ Hept anes)
to give the pure phg tedHé diate, which was
di ssolved in a nlnlnal ure of 1 oxane and 4 M

HCl in dloxa After t room
t enper athar?réne tar?é 6§ é%@ﬁ?% W RISRETGH ﬁow;@% SHERFEloggye carboxylate
usingedepcadedwogddgqus estharmsed © pgipae [hiaendd@ic 4£/al Theodo timatiomers were

sep&ﬂa{eh % @P@W rSdusnEaaﬁ IACD MO?L%%Q{O]‘/Z Me@@f@ﬁb/t'@é 991/ ABaA0 bar

reviﬂi"f ase HP 1% N ed
40"y, bhefars %@gﬁv@@@a@, é4%15 6rql1%yctr? f‘f’é’Y@@Pﬁi‘&Wﬂé 3 m&sz?pé—carboxyhc
ac1c( 500 dddiimate CRSDEYmMEdi8te 63 (i) add th) secdndlQutfict, endntionkd (#2)-5,6-

d1]6|)4l-7 C 0 gnt%ﬁlg m]thﬂzchg 4- a:Zrb%th% agfa 1y deg’lgEgted % Igtgrn(éﬂhate 69 (i-

69>(n1111\@“ﬂ$15500é\4%@ ?@12)5(& ?@ﬁ(méHéz@ 1132 7%y H)g2 %322(99(m 1H),
2.923-390 Tmb1 HHz 3.88 (1hl) 1H)18.3D¢s1 V), (2@ 5 Ls, HD). 1. 52 1.48 (m 53
H). ESI-MS cal cul ated for C24H29N502: Exact Exact
Mass: 419.23, found 420. 35. Usi ng the
IN says descri bed above, the human 133
2-(F uibiardriaybmehbiiatid (870)Exanpl e 11 was determ ned to be
between 1 to 10 nM EXAMPLES 12 and 13 103S)-N-

14- ({(2S,5R)-5-1(R) - hydro ph ) met hyl | pyrrolidin-2
-yl | met hyl ) phenyl | - 5- 0x0- S
1, 2,3,5-tetrahydroi ndol i zi né- 3- car boxam de (Exanpl e

12) and 2((3R)yThiazal4HDPut@RB ackRyasHrdparyl-from commercially available 1,3-

thlaamr %y&@ henayhd &E}lh&dﬁeo&éhfgoal ]drgc!eﬁurg aﬂélbgs%& tbvthm@&rw Ipkepare

r r.o [
gtk o b SpEBM T SO 580aR T rE Tk 31 /=73, 310, Los:
2.0% @R, 158) 2.08-2.( Rymhiitl DR (tpFery | fivst H5y4121_3 (B, 2HD,(F2L((BSF~1%5; oH),
87K @, F=128 IHN;
t et rahydr oi ndol i zi n- 3-yl i car bonyl | ani no) benzyl | pyrrol i
di ne- 1-carboxyl ate fisomer 1) and ten-butyl
INTERMEBIATE 1L R) - hydr oxy( phenyl ) met hy11-5- 14- ({ 1( 3R) - 5-

4-MXR1 L2 330nibahd ARY AL RGptiizzl n- 3-yl i carbonyl | am no) be
nzyl Tpyrrorli di ne- 1carboxy|ate (isgnmer 2) OH yocOH yoc

201 soner 1)Isoner 2 f‘I6 a solution of 0.610

g (1.60 mml) of Internadr%$e 3a and 0.300 g (1.67

mol ) of Internedlate |-46 in § 2 nm of anh dr ous
StepAN- di } gyl Ao .2 ler1 4] agetpteogen

was addad aQ;leaan @f Z@g ya%s Iﬁﬁﬁ@l) of D—f(trlmethylsﬂyl) 1-proyne in toluene (20mL)

f
wasladla%{cff 9@(5 ga%gbo? ”@ﬁf gcf’%za%%gtreoﬂlgf\gg%n%x Q3 \x%% gxgatg&'at déo C
ovepsgli iics ¢Ro! towblenh@mpé@mr% |fh]§; V%lﬁl%la%‘ﬁ%m WQM&@ urdey padaepd
pre@ureaniyi lt}%riémdtﬁlmg balﬁﬁafd&wfo@runa&hmnﬁatogmﬁm oheidicmidl Rluting with a 5-

25‘9"%&6?0% n;gﬂexalge)é ra%?en? {jo ylela Hle%ttle ¥0m1§0u%!1 %§ g cc‘lg’rtlers]s %19@“:}7) g, 18%).

dried over nagne3|un1sulfate flltered and evapor at ed
in vacuo. The crude residue was purified by silica ge
chromat ography eluting wth_g_50-100% gradi ent of

ethyl acetate in hexanes to afford the title conpounds
as a mxture of diastereoners in a 97:3 30 ratio. The
two di astereoners were separated by chiral HPLC

enpl oyi ng a Dai cel CHI RALPAK(' AD columm (el uent:
400/0 IPA in Fbptane) The flrst eIutlng dlastereoner

o, o o o R o o
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WD 2009/ 124166PCT/ US2009/ 039249 Step B (Ex. 12):(3
5-N14-({ (2S ,5R) -5 -1(R)-hy

waele@ttqgbhenyl ) net hyl | pyrrolidin-2- vyl | PCT/US2009/039249
met hyl ) pheny11- 5- oxo- 1, 2, 3, 5-t et rahydr oi ndol i zi ne- 3-ca
rboxam de 5A solution of 0.500 g (0.920 mmol ) of
Isoner 1 fromstep A above in 2 nL of isopropanol
under an atnosphere of nitrogen was added 4.0 nL of a

il Tl CORRE o ST BR3P 87 s S oPhy R (o9

9thd t hen evaporated to dryness in vacuo. The crude
reaction mxture was purified by reverse phase HPLC

MC Pr 'P? Clﬁ}1 O]]%tr fltu roacetic acid in

%ﬁetom%—%—@%ﬁﬁm E8%cid in 10wat er

gr adi entlp.a sThigopef &77 ¢ et ingwed ofiethi! [HyneqsiniliSH(reuethylsilyl) -14-1,2,3
_m@zb%r Niyg Rketdd %m@ke‘@%@&%@g i mm@ OMTHFU R a@Jedhos ﬁ{L (94 mmol) of a

) t %?@9%"4: ﬂu : ngg . urrsq\%\lg% alg ueous ! (i\rtbonat e

50 ‘é’é’flt? REUICSH s‘PBV & WEYTRY Sv‘Fa PatsTy
temperatutdfond h and Hem e‘tdperateéy@dlyn%e Frevagep avet.fddnL Phe2.0 N ammonia in
meREUE QUSHRNAS @dmsme Meh %iétrﬁthuY‘é oy a@gain%ggo%éa t6fa eélsQn vacuo.

R A A I R R

the @ﬂamme@l a§ acleaguo (0 61 gf%d%)d THNMR (500 Mt apPéimd: 7.5 (s, 1H),
ml t 0.39 g, 959 1H NWVR

5. o%g @;ﬁm@h% éﬁ)b)@%o@s wélbg E3G@, 13@1)’( a 549( 0t /éJz o

72HZ 1H) 7.50 (d, J—82HZ, 2H) , 7347.29(m
Steggg 7. ZﬁM@ mll—_lmg,jﬂlazoﬁ— pol @Qtic acid8 2 Hz, 2H),

6. 38-3. 36 a(smutlgﬁ'Q)f 0.5t 5,2 A &ehol ‘bf ety Hd-rhet J'['H—lgi- Bl triaZe2 D.y1]
ace%gﬁ)fronz stg@ﬁz'lt%\f 1{1 ge?tfa glf.n é )yl )gllilet aol %Wfs %c%:i_z %%%4 (6 mmol)
of afiguebily 1.0 M Hehivin ]ierQ)rrqie sbhition.1 Th2redquldh® hingur@ips stireCatvBabient

"‘gérﬁtuﬁfi%} 1 ﬁ44’h9reﬁMEﬂ1"fmxt%Q: whsGRuB Iz EXwitd 8L & P N My dréeHloric acid

sol }og@c&h )}]]1%11;?% q%qtﬁ%gg rr?na(Pve&lllﬁIOQtlles "ll"hel aqueous phase was extracted
withrethplydcytpta@ng the combimed drg@i@, veert whshath yvath bring diied ovee nBgEaium

sulﬂé*%oﬁl@é?écfjﬁld evaporated to dryness to 361 SRTRIROAPETHAE 2 Wkte solid (O 40 g,
95%% 4%?% he deprotection of Isoner 2 fromstep A
brd the title conmpound (Exan'ple 13) as a
singl e diastereomer. LC-MS: 'z (ES) 444, (M—|)+

1nM respect Tvely. 30 EXAVPLE 14 6Spwdt 14. ({(25
SR)-5 -1(R)-hy droxy(phen rret hyl(g. rolidin-2-yll
X

met hyl ) phenyl | - 4- -tet pyrro | o
1-1, 2-al pyri mdi ﬁ‘ég%amdd‘bxam deio
2009/ 124166PCT/ US2009/ 039249 St ep Tert but y1( 2R
M& 2- (VIS OUND) 2y RIS R X
, 6,7, 8 and ﬁEtﬁ@ﬂyQ[z@ﬁ%ﬁfoQ{/ Qﬁﬂet@vl@l (Bé()&t'hm)—qy-lnl' @3—tr1azole 5-

yI | car bonyl [ am no) benzylTpyrrol I di ne-I carboxylate 5
To a sols—%l:ﬁ?—’%‘ilia—wef i-13a (21.4 g, 55 9 nmol) in

N, N- di n8bhysblugemefii.dfeg (2260mmb)) ofmeByiProms-yadden 40 mL of toluene
wad 408 1. é g‘@(pmﬂrog’o? té3r- ﬁlﬁ}lrM&b%Xﬁaﬁ@lﬂ{e%a@ﬁ&] Rkl B RGited at
IOObé fo_f%ﬁytgf:%wg?gﬁ% Wpﬁglgigp%er%tb}re,s é?l Vo?aglges @VeFﬁfﬁ%))VedNﬁn(l%f rec?uced
pre@uwemthWeacmdnqusucblpjp_ﬁ.l)lﬁdd-hytdwyimmhbnmtwmrdhe ohyticogdlcbitinglwith a 5
to A5dbacltofe indtbxihefBRAEnAN DN Mie title compounds.
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10di i sopropyl ethylamne (29.2 m, 168 mmol ). The
reaction mxture was stirred fromO C to anbi ent

W@ aevparzdasure for 2 h. Water (600 m) was addedr@mntiSion9/039249
was extracted with dichloronmethane (600 M x 2). The
conbi ned organic |layers were dried over Na2504. After
renoval of the volatiles, the residue was purified by
using a Biotage Horizon(r) system (0-5%then 5%

with 10% r,onet
05} DEbPralt o e BBt 2n e S R s fvgdo 0.
SO%d nHNMR 690 aldo (BICLH)(13 8:3B6s, 1HY. OHérS-Pluimt, flHadt 1dy(s, 3H), 1.83 (d, 3H),
1.4% peﬂ@t):rL@ Mmlmf ES)QS&(MH}TM ography (chiral AS col um,

Megb (2= egt%r?l?od;)y t%yl— —ox?)f%;rf“) lﬁ_:i k@é?o%gqbg)%hg (gligh rSRf) (0.45
g lﬁ%)) HNYR (500 M.HZ,-C@CB) Biz8. 151(sf) LH)75. 19506 (mJlE) 899 (SHiH) 1.95(d, J
= 73Hz, 31, 3&13 s, 280) (00 -V /2 QES}QS& SMH}’+ = 8.5 Hz, 2H), 6.40

(d, J =6.7 Hz, 1H), 5.36 (d, = 8.6 Hz, 1H), 4.38

(m 1H), 4.12-4.04 (m 2H), 3.46 (m1H, 3.15-3.06 (m
Step B)(i-72): @4[4{(MigthodycarbdRyll-1 H2IOD3Mriddpl-1-ylifropgoRBcidm 1H) ,

2.38 ( mTOJalﬂilrrecil-so?liltroll o#8.56 g)(2. i—?ﬁ?ﬂol) Gndvy1987-14+- 6%}2}3) -methyl-2-

S
OX%QYB'&%& IR 'tH%F&PoE}k/ %‘i é‘Si f?fé) TR SR A R9PYSGP 1 i ofAnhydrous 1.4-
dioydnk vt hddeyl gHiemly (11 mmolyxba 408 ydreganeshloaty shiwpprin b4tdgoxane.
Thd résudtimeBhixRYS il i@ fH1 1AL R TA Rt 20 d neskQo &fford the title

sol ution a g 5
corfippiy o4 i e G URLERE gg?ioﬁl‘m@?@a ALFo8 58 P s 0
(q. € Fi7f3 Wi rl BAGe (s, aDi 8T (6 ril)3 HZ e rldadtS: oviz (AR 200 Vidas

stirred at anbi ent terrperature for 1.5 h. After
I\IaHC(B was, added
e ] Edhen
ext r act ga astitrhd mlwmn@uf ﬁﬁﬁghhﬁ mmOTh@“ lﬁf@h:sd ﬁ‘d?ﬂ@fdbmpgsamnmthyl -2-

oxdefyBI1%7- Y\@Bf%néjé'oleeﬁceﬁy 1aNaf2é%e Afaﬁﬁ% iAONKEDE m&a@{ﬂs 1,4-dioxane

on fr noI/ Iea orde

was iS4 £ Q0 b args&&'t AREn 25Fm iibn BRI e
resiNVIR MiBNZO 095 arzzm 66 RATINdSRO0SARBHANO d@@l\a@@o dByrd e titl®. cdBpound
a 1 87%).~ z d J =28.3
sa%%ff%ﬁﬁeso?d?b’ég 87%). L@l\EDS!_I'E/7 (%élj)zog]ZMﬁD ( "

84Hz 2H) , 623(dJ 6.7 Hz, 1H), 5.11 (dd, J
WH—D 5.10 (br, 1H), 4.21 (d, J = 7.1 Hz,
2-[A A minSeatBnet QQ{[m?, tﬂﬂ)ol 1%1191@)13%0@1210(&]31 7§ﬂ 2.16 (m

mlH) 1.29-T.23 (m 2H).
LC—I\/S 445 3 (I\/H) 5USI ng t he oI ogi cal Assays as
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EXAMPLERMAWWS (ES) CHI RAtSHuman 133 -996  NUMBER

‘ét%l) 50%%2 Ll %{Hv?gzi‘{rmi'e}?w sﬂyf\""%l N5 3- trlaze]_ ivﬁ?ggmﬁﬁm and

than L NVt 1o NAZ ON ---- -
436. 58 At th[&methvl 4- (trlmethv sﬂvl) 1H 1.2.3 trlazol ]—Vﬂoropanoat_

To a solution of 1.9 g (17 mmol) of trimethyl(prop-1-yn-1-yl)silane in 20 mL of
toluene was added 2.3 g (18 mmol) of methyl 2-azidopropanoate. The reaction mixture was
heated at 120°C for 3 h. The mixture was cooled and the solvent was evaporated under reduced
pressure. The residue was purified by column chromatography on silica gel eluting with a 5-
25% acetone in hexanes gradient to yield the title compounds as ~6:1 mixture of methyl 2-[4-
methyl-5-(trimethylsilyl)-1H-1,2,3-triazol-1-yl]propanoate to methyl 2-[5-methyl-4-
(trimethylsilyl)-1H-1,2,3-triazol-1-yl]propanoate and is a colorless oil (3.0 g, 80%). LC-MS:
m/z (ES) 242 (MH)".

Step B: Methyl 2-(4-methyl-1H-1,2,3-triazol-1-yl)propanoate and methyl 2-(5-methyl-1H-
1,2,3-triazol-1-yl)propanoate
To a solution of 1.3 g (5.4 mmol) of methyl 2-[4-methyl-5-(trimethylsilyl)-1H-
1,2,3-triazol-1-yl]propanoate and methyl 2-[5-methyl-4-(trimethylsilyl)-1H-1,2,3-triazol-1-
yl]propanoate from step A above in 2 mL of THF was added 2.2 mL (54 mmol) of a solution of

50% hydrofluoric acid in water. The resulting mixture was stirred at room temperature for 15
min and then evaporated to dryness in vacuo. Next, 8 mL of a 2.0 N ammonia in methanol
solution was added and then the mixture was again evaporated to dryness in vacuo. The mixture
was dissolved in dichloromethane, filtered and then evaporated in vacuo to afford the title
compounds as a ~8:1 mixture of methyl 2-(4-methyl-1H-1,2,3-triazol-1-yl)propanoate to methyl
2-(5-methyl-1H-1,2,3-triazol-1-yl)propanoate. The mixture is a clear gum (0.67 g. 73%). LC-
MS: m/z (ES) 170 (MH)".

Step C: 2-(4-Methyl-1H-1.2.3-triazol-1-yl)propanoic acid and 2-(5-methyl-1H-1.2.3-
triazol-1-yl)propanoic acid
To a solution of 0.76 g (4.5 mmol) of methyl 2-(4-methyl-1H-1,2,3-triazol-1-
yl)propanoate and methyl 2-(5-methyl-1H-1,2,3-triazol-1-yl)propanoate from step B above in 12

mL of ethanol was added 13.5 mL (13.5 mmol) of an aqueous 1.0 M lithium hydroxide solution.
The resulting mixture was stirred at ambient temperature for 1 h. The reaction mixture was
acidified with a 2 N hydrochloric acid solution until a pH of 4 was achieved and then evaporated
to remove all volatiles. The aqueous phase was extracted with ethyl acetate and the combined
organics were washed with brine, dried over magnesium sulfate, filtered and evaporated to

dryness to afford the title compounds as an ~8:1 mixture of 2-(4-methyl-1H-1,2,3-triazol-1-
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yl)propanoic acid and 2-(5-methyl-1H-1,2,3-triazol-1-yl)propanoic acid. The mixture is an off-
white solid (0.50 g, 58%). LC-MS: m/z (ES) 156 (MH)".

INTERMEDIATE 77
Tert-butyl (2S,5R)-2-(4- {[(285)-2-aminopropanoyl]amino }benzyD)-5-[(R) hydroxy(phenvyl)
methyl]pyrrolidine-1-carboxylate (1-77)

s

Step A: Tert-butyl (2S,5R)-2-{4-[((2S)-2- {[(9H-fluoren-9-
yloxy)carbonyl]aminopropanoylamino]benzyl}-5-[(R)-

hydroxy(phenyDmethvl]pyrrolidine-1-carboxylate

To a solution of 1.85 g (4.82 mmol) of intermediate i-13a in 20 mL of
dichloromethane was added 1.0 mL (7.24 mmol) of tricthylamine followed by 1.67 g (5.07
mmol) of commercially available 9H-fluoren-9-yl [(15)-2-chloro-1-methyl-2-
oxoethyl]carbamate. The resulting mixture was stirred for 1.5 h then all volatiles were removed
in vacuo. The residue was diluted with water and then extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over magnesium sulfate, filtered and
evaporated to afford the crude title compound which was used without further purification (3.2
g). LC-MS: m/z (ES) 676 (MH)".

Step B: Tert-butyl (25.5R)-2-(4-{[(25)-2-aminopropanoyl]Jamino} benzyl)-5-[(R)-
hydroxy(phenyl)methyl]pyrrolidine-1-carboxylate
To a stirred solution of 3.15 g (4.65 mmol) of tert-butyl (2S,5R)-2-{4-[((2S)-2-
{[(9H-fluoren-9-yloxy)carbonyl]amino } propanoyl)aminoJbenzyl}-5-[(R)-

hydroxy(phenyl)methyl]pyrrolidine-1-carboxylate from step A above in 3 mL of anhydrous THF
was added 0.396 g (4.65 mmol) of piperidine. The resulting mixture was heated to 35°C underan
atmosphere of nitrogen for 2 h then all volatiles were removed in vacuo to afford the crude title
compound which was used without further purification. LC-MS: m/z (ES) 454 (MH)".

INTERMEDIATE 78
Tert-butyl 2R.58)-2-[(R)-hydroxy(phenyDmethvl]-5-(4-{[(2S)-2-
(methylamino)propanoyl]amino}benzylpyrrolidine-1-carboxylate (i-78)

Ho OTO\‘<
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Step A: Tert-butyl (28,5R)-2-[4-({(25)-2-[[(9H-fluoren-9-

yloxy)carbonyl](methyDaminoJpropanoyl}amino)benzyl]-5-[(R)-

hydroxy(phenyDmethvl]pyrrolidine-1-carboxylate

To a stirred solution of 0.192 g (0.5 mmol) of intermediate 17 in 4 mL of
dichloromethane under an atmosphere of nitrogen was added 0.203 g (0.625 mmol) of
commercially available (25)-2-[[(9H-fluoren-9-yloxy)carbonyl](methyl)amino]propanoic acid
followed by 0.014 g (0.10 mmol) of 1-hydroxy-7-azabenzotriazole and 0.144 g (0.750 mmol) of
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. The resulting suspension was
stirred at ambient temperature for 24 h. The crude reaction mixture was diluted with 25 mL of
dichloromethane, washed with water then dried over magnesium sulfate. The mixture was
filtered and evaporated to dryness in vacuo to afford the crude title compound which was used
without further purification. LC-MS: m/z (ES) 690 (MH)".

Step B: Tert-butyl (2R,58)-2-[(R)-hydroxy(phenyl)methyl]-5-(4-{[(2S)-2-
(methylamino)propanoyl]amino tbenzyl)pyrrolidine-1-carboxylate
To a solution of 0.410 g (0.593 mmol) of tert-butyl (28,5R)-2-[4-({(25)-2-[[(9H-
fluoren-9-yloxy)carbonyl](methyl)amino]propanoyl}amino)benzyl]-5-[(R)-hydroxy(pyridin-3-

yDmethyl]pyrrolidine-1-carboxylate from step A above in 3 mL of anhydrous THF was added
0.152 g (1.78 mmol) of piperidine. The resulting mixture was stirred at ambient temperature for
24 h and then was diluted with 25 mL of dichloromethane. The mixture was washed with water
then dried over magnesium sulfate. The mixture was filtered and evaporated to dryness in vacuo
to afford the crude title compound which was used without further purification. LC-MS: m/z
(ES) 468 (MH)".

INTERMEDIATE 79
Tert-butyl 2R.58)-2-[(R)-hydroxy(phenymethvyl]-5-(4-{[(2R)-2-
(methylamino)propanoyl]amino}benzylpyrrolidine-1-carboxylate (i-79)

« “TF

Intermediate 79 was prepared from Intermediate i-13a and commercially available

~

(2R)-2-[[(9H-fluoren-9-yloxy)carbonyl](methyl)amino]propanoic acid following the procedure
outlined for the synthesis of Intermediate 78. LC-MS: m/z (ES) 468 (MH)".

INTERMEDIATES 80a and 80b
Tert-butyl (28, 5R)-2-(4-amino-3-bromobenzyD)-5-[(R)-hydroxy(phenyl)methyl]
pyrrolidine-1-carboxylate (i-80a):
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Tert-butyl 2R, SR)-2-(4-amino-3-bromobenzyl)-5-[(R)-hydroxy(phenyl)methyl]
pyrrolidine-1-carboxylate (i-80b)

OH YO OH YO
|80;\_~jz::zr’ T;i:—ﬁz:::Z”
Step A: Tert-butyl (25, 5R)-2-(4-amino-3-bromobenzyl)-5-[(R)-

hydroxy(phenylmethvyl]pyrrolidine-1-carboxylate (i-80a)
)
oH YO%
@JV' )

To a solution of fert-butyl (25, SR)-2-(4-aminobenzyl)-5-[(R)-hydroxy(phenyl)
methyl]pyrrolidine-1-carboxylate (intermediate i-13a, 214 mg, 0.559 mmol) in DMF (2 mL)
cooled to 0°C via ice/water bath was added NBS (100 mg, 0.559 mmol) and the resulting

solution stirred for 1.5 h allowing to warm to rt. The mixture was evaporated under vacuum and

the residue purified via Biotage Horizon MPLC using a gradient of 0-40% ethyl acetate in
hexane to afford the product (232 mg, 90%) as a white foam. LC-MS: m/z (ES) 483 (MNa)" and
485 (MNa+2)".

Step B: Tert-butyl (2R, SR)-2-(4-amino-3-bromobenzy)-5-[(R)-hydroxv(phenyl)methyl]
pyrrolidine-1-carboxylate (i-80b)

oH N0
TRsae

Br

NH2

To a solution of fert-butyl (2R, SR)-2-(4-aminobenzyl)-5-[(R)-hydroxy(phenyl)
methyl]pyrrolidine-1-carboxylate (intermediate i-13b, 108 mg, 0.282 mmol) in DMF (1.5 mL)
cooled to 0°C via ice/water bath was added NBS (55.3 mg, 0.311 mmol) and the resulting
solution stirred for 3 h allowing to warm to rt. The mixture was evaporated under vacuum and
the residue purified via Biotage Horizon MPLC using a gradient of 0-40% ethyl acetate in
hexane to afford the product (83.9 mg, 64%) as a white foam. LC-MS: m/z (ES) 483 (MNa)" and
485 (MNa+2)".

Biological Assays: The following in vitro assays are suitable for screening compounds that have

selective B3 agonist activity:

-89-



10

15

20

25

30

35

B 1-10 nM28 0 ----c..-N" Isoner 1 446.55 447.53 E

1-10 nM 29 30c___N, Isoner 2 446.55 447.53 E 1-10 nM
W@009/124066 N \--=-N Isoner 1 482.53 483. 50 DPQFUN200M39249

oW ...-/yN\, -NIsoner 2 482.53

Functional Assay: cAMP production in response to ligand is measured according
to Barton, et al. (1991, Agonist-induced desensitization of D2 dopamine receptors in human Y-
79 retinoblastoma cells. Mol. Pharmacol. v3229:650-658) modified as follows. cAMP
production is measured using a homogenous time-resolved fluorescence resonance energy
transfer immunoassay (LANCE™, Perkin Elmer) according to the manufacture's instructions.
Chinese hamster ovary (CHO) cells, stably transfected with the cloned B-adrenergic receptor (31,
B2 or B3) are harvested after 3 days of subculturing. Harvesting of cells is done with Enzyme-
free Dissociation Media (Specialty Media). Cells are then counted and resuspended in assay
buffer (Hank's Balanced salt solution supplemented with SmM HEPES, 0.1% BSA) containing a
phosphodiesterase inhibitor (IBMX, 0.6mM). The reaction is initiated by mixing 6,000 cells in 6
uL with 6 uL Alexa Fluor labeled cAMP antibody (LANCE™ kit) which is then added to an
assay well containing 12 YL of compound (diluted in assay buffer to 2X final concentration).
The reaction proceeds for 30 min at room temperature and is terminated by the addition of 24 uLb
detection buffer (LANCE™ kit). The assay plate is then incubated for 1 h at room temperature
and time-resolved fluorescence measured on a Perkin Elmer Envision reader or equivalent. The
unknown cAMP level is determined by comparing fluorescence levels to a cAMP standard
curve.

The non-selective, full agonist B-adrenergic ligand isoproterenol is used at all
three receptors to determine maximal stimulation. The human B3 adrenergic receptor (AR)
selective ligand (S)-N-[4-[2-[[2-hydroxy-3-(4-hydroxyphenoxy)propyl]amino]ethyl]-phenyl]-4-
iodobenzenesulfonamide is used as a control in all assays. Isoproterenol is titrated at a final
concentration in the assay of 10-10 M to 10-5 and the selective ligand (S)-N-[4-[2-[[2-hydroxy-
3-(4-hydroxyphenoxy)propyl]amino] ethyl]phenyl]-4-iodobenzenesulfonamide is titrated at the
33 receptor at concentration of 10-10 M to 10-5 M. Unknown ligands are titrated at all 3 -
adrenergic receptor subtypes at a final concentration in the assay of 10-10 M to 10-5 M to
determine the ECsg. The ECsg is defined as the concentration of compound that gives 50%
activation of its own maximum. Data are analyzed using Microsoft Excel and Graphpad Prism
or an internally developed data analysis software package.

Binding Assay: Compounds are also assayed at the 31 and B2 receptors to
determine selectivity. All binding assays are run using membranes prepared from CHO cells
recombinantly expressing 81 or B2 receptors. Cells are grown for 3-4 days post splitting; the
attached cells are washed with PBS and then lysed in 1mM Tris, pH 7.2 for 10 min on ice. The
flasks are scraped to remove the cells and the cells then homogenized using a Teflon/glass
homogenizer. Membranes are collected by centrifuging at 38,000 x g for 15 min at 4°C. The
pelleted membranes are resuspended in TME buffer (50 mM Tris, pH 7.4, 5 mM MgCl,, 2 mM
EDTA) at a concentration of 1 mg protein/mL. Large batches of membranes can be prepared,
aliquoted and stored at -70°C for up to a year without loss of potency. The binding assay is

performed by incubating together membranes (2-5 ug of protein), the radiolabelled tracer '*I-
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cyanopindolol (1251—CYP, 45pM), 200 pug of WGA-PVT SPA beads (GE Healthcare) and the test
compounds at final concentrations ranging from 10-10 M to 10-5 M in a final volume of 200 puL
of TME buffer containing 0.1% BSA. The assay plate is incubated for 1 h with shaking at room
temperature and then placed in a Perkin Elmer Trilux scintillation counter. The plates are
allowed to rest in the Trilux counter for approximately 10 h in the dark prior to counting. Data
are analyzed using a standard 4-parameter non-linear regression analysis using either Graphpad
Prism software or an internally developed data analysis package. The ICs is defined as the
concentration of the compound capable of inhibiting 50% of the binding of the radiolabelled
tracer ("’I-CYP). A compound’s selectivity for the B3 receptor may be determined by

calculating the ratio (ICso B1 AR, B2 AR)/(ECso B3 AR).

EXAMPLE 1
2-(2-Amino-1,3-thiazol-4-y1)-N-[4-({(5R)-[(R)-hydroxy(phenyDmethyl]pyrrolidin

y1imethyphenyl]acetamide

H s
., N N
H

Step A Tert-butyl (5R)-2-(4-{[(2-amino-1.3-thiazol-4-y])acetyl]amion }benzy)-5-[(R)-
{[tert-butyl(dimethyDsilyl]oxy }(phenyDmethyl]pyrrolidine-1-carboxylate

\ O§(A<

To a solution of 10 mg (5:1 mixture cis/trans, 0.02 mmol) of tert-butyl(5R)-2-(4-
aminobenzyl)-5-[(R)-{[tert-butyl(dimethyl)silyl]oxy } (phenyl)methyl]pyrrolidine-1-carboxylate
(i-3) and (2-amino-1,3-thiazol-4-yl)acetic acid (3.18 mg, 0.02 mmol) in 0.5 mL anhydrous DMF
was added a 0.5 M solution of HOAt in DMF (0.04 mL, 0.02 mmol) followed by EDC (5.8 mg,
0.03 mmol) and DIEA (3.5 uL, 0.02 mmol). The resulting mixture was stirred at room

temperature under nitrogen atmosphere for 16 h. The mixture was washed with water and
extracted with dichloromethane (2 x 2 mL). The organics were combined, dried over sodium
sulfate, filtered and concentrated in vacuo. The residue was purified by preparative TLC plate
(500 uM) eluting with 5% MeOH in dichloromethane to afford the product (10.3 mg, 81%). m/z
(ES) 637 (MH)", 659 (MNa) .

Step B: 2-(2-Amino-1,3-thiazol-4-y1)-N-[4-({(5R)-
[(R)hydroxy(phenyDmethyl]pyrrolidinyl} methyDphenyl]acetamide
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To a solution of 7 mg (0.01 mmol) of tert-butyl (5SR)-2-(4-{[(2-amino-1,3-thiazol-
4-yl)acetyl]amion } benzyl)-5-[(R)-{[fert-butyl(dimethyl)silyl]oxy} (phenyl)methyl]pyrrolidine-1-
carboxylate in 0.20 mL methanol (from Step A) was added 0.20 mL conc. HCI and the reaction
mixture stirred at room temperature for 1 h. Azeotrop with toluene (2x) to remove water. The
residue was taken up in acetonitrile/water/MeOH (9:1:1) and purified on the Gilson HPLC
cluting with a 0-50% gradient of acetonitrile/water with 0.05% TFA buffer. The fractions
containing the product were combined, frozen, and lyophilized to give a white foam (3.3 mg,
71%). m/z (ES) 423 (MH)". (~5:1 mixture) '"HNMR (500 MHz, CD;0D) &: 7.56 (br d, J = 8.2
Hz, 2H), 7.44 (d, 7.8 Hz, 2H), 7.39 (t, ] = 7.6 Hz, 2H) 7.35-7.32 (m, 0.8H) 7.32-7.29 (m, 0.2H
minor isomer), 7.26 (d, J = 8.0 Hz, 1.7H), 7.14 (d, J = 8.1 Hz, 0.3H minor isomer) 6.67 and 6.66
(br s, 0.2/0.8H,totaling 1H). 4.72 (d, J = 8.5 Hz, 1H), 3.80-3.70 (m, 4H) 3.14 (dd, ] =6.1, 13.8
Hz, 1H), 2.95 (dd, J =9.1, 13.8 Hz, 1H), 2.08-2.00 (m, 1H), 1.86-1.74 (m, 3H).

Using the Biological Assays described above, the human 3 functional activity of

Example 1 was determined to be between 1 to 10 nM.

EXAMPLE 2
2-(2-Amino-1,3-thiazol-4-y1)-N-[4-({(2S, 5R)-[(R)-hydroxy(pheny)methyl]pyrrolidin

y1imethyphenyl]acetamide
H s
HO N o
i ., \i/\©\ N )X\)I N/>_ NH2
H

Step A Tert-butyl (25, 5R)-2-(4-{[(2-amino-1,3-thiazol-4-y])acetyl]amion}benzyl)-5-
[(R)-{[tert-butyl(dimethyDsilyl]oxy } (phenyDmethyl]pyrrolidine-1-carboxvlate

The title compound was prepared from fert-butyl (25, SR)-2-(4-aminobenzyl)-5-
[(R)-{[tert-butyl(dimethyl)silyl]oxy } (phenyl)methyl]pyrrolidine-1-carboxylate (i-4a) and (2-
amino-1,3-thiazol-4-yl)acetic acid according to the procedure of Example 1, step A. The crude
product was purified by preparative TLC plate eluting with 5% MeOH in dichloromethane to
afford the product (4.1 mg, 21%). m/z (ES) 637 (MH)", 659 (MNa)".

Step B: 2-(2-Amino-1,3-thiazol-4-y1)-N-[4-({(2S, 5R)-
[(RYhydroxv(phenyDmethyllpyrrolidinyl} methyl)phenyl]acetamide
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EXAMPLE 3

-5.6-dihydro-4H-cyclopenta [a] [1.3] thiazole-4-carboxamide

©/Cv’“vm
T 3 Q N#NHZ
\//\I::j\NJLT:f>/S

H

Step A: Tert-butyl-(2S, SR)-2-(4[({2-[(tert-butoxycarbonyl)amino]-5,6-dihydro-4H-
cyclopenta [a] [1,3] thiazol-4-y1}carbonyl)amino]benzyl}-5-[( R)-

hydroxy(phenyDmethvl]pyrrolidine-1-carboxylate

To a solution of 220 mg (0.58 mmol) of tert-butyl (25, SR)-2-(4-aminobenzyl)-5-
[(R)-hydroxy(phenyl)methyl] pyrrolidine-1-carboxylate (i-13a) and 164 mg (0.58 mmol) of 2-
[(tert-butoxycarbonyl)amino]-5,6-dihydro-4 H-cyclopenta [a] [1,3] thiazole-4-carboxylic acid (i-
8) in anhydrous DMF (5§ mL) was added EDC (165 mg, 0.86 mmL), HOBt (132 mg, 0.86 mmol)
and Hunig's Base (0.3 mL, 1.7 mmol) and the resulting mixture stirred at room temperature
overnight. Poured into water (50 mL) and extracted with EtOAc (3 x 30 mL), combined EtOAc
layers washed with water (2 x 50 mL), sat. NaCl (25 mL), dried over MgSQy, filtered and

evaporated. Residue purified by MPLC (Biotage Horizon: FLASH 25+M) eluent: 100%
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a stereoi soner thereof, or a pharmaceutically
acceptable salt of the stereoisoner thereof: OH H N I
WO 2009/124166 . ., . .------ Sla wherein n is 0, 1PCRUSDNI/039249
4, or 5; Y is selected fromthe group consisting of:
10(1) G - 05 al kanediyl, C2-05 al kenediyl, and C2-05
al kynedi yl, wherein each of al kanediyl, al kenediyl and
aI kynedi yl is opti onal | y substituted with one to three

%gjz E@Sj éﬁngg |§/5 Vﬁg cm%[efxén%é(%?l Ofge{}]lﬁn 395%101@0 m
He}(a@& Pla@el(e@smy Repaxmérb@whqul HRE do AP solupndgaens25%
IPA 1|ﬁ %HQ)QHE‘J Juting iRl d 34 M E%) she@AGIding 183D 1 2BARE 34%) both
alH 4 henyl ene optionally substituted with one to
i 4 r oups i ndependently selected fromR; Zis
sel ected fromt he group consisting of: (1) phenyl

nitr ogeml)methvl)ohenvﬂ -5.6- d1th£(3§H&ydg@ﬂ1 fli ,ﬂgmﬁzmee‘ﬁ-cﬁrbo;amlde
C5- C10 carbocycliconi ng, (4) a 5- or

6- nenber ed he 0 | Ne_ri thfrom1 g, 4
het er oat ons s tedéﬂw fisul ’t'rF(ané ni trogen
fused to a 5- or 6-nenbered eté?i‘oc r|ng wi th

from1l to 4 25heteroatons selected from ox¥ sul fur

and ni t f@genlutignef 126 mg (0.19 mmol) piprrbutyl-(Z %ré%ér ge
buthetaboegy)amimm |5 jordhwird-AHfaycliopehtd 0] 41, Hehieraddt ons

X . s
yl}éa%o%g%ﬁglg§%ocyg Xy g%} hgﬁ%&%flergﬁ gfg@ﬁgﬁ?}n}‘g% c%ﬂaog( afd Lgfrom step
A, Leonsl cdtingdsogren) ip Pff L aviad %fb&rhﬂawaﬁqeyc agHE9 ml %%nmol) the
reswltiidmiktir@ sthrddak ﬂgﬁftempﬂmtﬁre 34 B) & iahtuey whoalapythted Qi) passed
thrdugh @@ 80X cartridge eluting with 2 M NH3 in methanol to free up the base. Product

purified by PREP- TLC 2x [20 x 20cm x 1000micron] eluent: 15% MecOH in DCM + 1%
NH4OH and product lyophilized to give the title compound (65 mg, 75%) as a white fluffy solid.
m/z (ES) 449 (MH) ", "HNMR (500 MHz, DMSO-d6) &: 10.00 (s, 1H), 7.51 (d, J = 8.2, 2H),
7.30 (m, 4H), 7.21 (t, ] = 6.9, 1H), 7.12 (d, J = 8.2, 2H), 6.86 (s, 1H), 4.23 (d, J =7.3, 1H), 3.78
(m, 1H), 3.21 (m, 1H), 3.10 (m, 1H) 2.78 (m, 1H), 2.66 (m, 2H), 2.57 (m, 2H), 2.49 (m, 1H),
1.59 (m, 1H), 1.40 (m, 1H), 1.39 (m, 2H).

Product from step A [first eluting isomer] (134 mg, 0.207 mmol) was deprotected
in similar fashion to give the title compound (44 mg, 48%) as a white fluffy solid. m/z (ES) 449
(MH) ",

Using the Biological Assays described above, the human 3 functional activity of
Example 3 was determined to be less than 1 nM.

EXAMPLES 4-10
Using procedures similar to those described above, Examples 4-10 were prepared

from the appropriate starting materials.
Using the Biological Assays described above, the human 3 functional activity of
each compound was determined and shown in the following table.

TABLE 4
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(4) nitro,

(5) cy

ano, (

6)

2009/ 124166PCT/ US2009/ 039249 ( 8) - C( 0) NRaRb,
W@ 200966 R3 i s sel ected fromthe group consi seCTES2909/039249

(1) G -C6 al kyl
groups i ndependently selected 5 from hal ogen,
and - CONRaRb,
-(CH2)t - O phenyl ,

- CO2Ra,

wherein t

and wherein said phenyl in,q e
substituted with 1 to

from hal ogen,

G

- 05

[0

ups

(2)

opti onal
endent |

-C(0)Ra, 35(7)-C(0)2Ra, WO

and

optionally substituted with 1 to 5

- ORa,

-(CH2) t - phenyl
i_s 0, 1, 2, 3, 4,

or 5,

l'y
y sel ected

| “optional | ¥ substituted with

1 to 5 hal ogen atons nd -ORa, (3)
0X0, 1()(4) t hi oxaq, (R) hal gen, ( ) - CN, (7\ C3-C6
cyepaikyE,| (8) - (CH2)t- hetlerocycl|i cMSi(BS) of Human[§3
- sEg heter ocy&ic ring, rein (M ')s 0 Bn%m
154 ,jand—whergin—thejheterocycttc ring—+it eac
i$ a 5- or |6- red_rKng With from1 to 4
het er cht ong sellectled | axy8er0 |sul*PtP0 ang HiTerdﬁ\én,
ahd—whereiA—sai-d—hetlesoeyeHi-e—ringis—eptiopaty
oftho-fused to asbenzdine rijng, and optional]y
sibstituted with L 16 3 gr quits fhdepditidht | det W
f From-hal-ogen—Ci—Cg ot kyl—epti onﬁl Fy—substHtuted—wth
1{to 5 hal ggen ?Lo and -|0 (9),.-0Ra, | (10)
-C(0)QRa, (|11) T (B (12) By %) NRé‘I%,Sge(aH) ]1-1\1@5%,
25(13) = NRaC(0) Rb, d 14) - NRaC(0) OF', and (15)
- NRaC(.0) NRgRbs i ectle n
consi sti ng |of ydEQ nd Cl%%?égal 9?93% onéH];pnM
substituted wth 1 toso hatjogen—atjons; oOr(u S
sel ected frijomt gdlp consi stingl of:
(D) byl ogen. heg/g{d 438509 Ol 4 1-10nM
O
9 g 41850 |  419.48 1-10nM
N
(@]
10 N 417.51 418.50 1-10nM
o N
EXAMPLE 11

N-(4-(((2S8.,5R)-5-((R)-hydroxy(phenyDmethyD)pyrrolidin-2-yDmethyDphenyl)-2-(3-methyl-1H-

1.2 4-triazol-1-yDpropanamide

HO H —’<
N\v,»\\(:::L\ (@] w_—
< 5 N
- - N Nz
H

A mixture of i-13a (2.00 g, 5.23 mmol), 2-(3-methyl-1H-1,2,4-triazol-1-
yl)propanoic acid i-56 (1.00 g, 5.23 mmol), HOAt (1.307 mL, 0.784 mmol), and EDC (2.005 g,
10.46 mmol) in DMF (20 mL) was stirred at room temperature for 10 min. The reaction mixture

was quenched with aqueous sodium bicarbonate and extracted with EtOAc. The crude product
was purified by column chromatography (0-3% MeOH (10% NH4OH) in DCM. After
evaporation, the product was further purified by chrial HPLC (AD column, 30% IPA/Heptanes)

to give the pure boc protected intermediate, which was dissolved in a minimal volume of

dioxane and 4 M HCl in dioxane was added. After 2 h at room temperature, the reaction mixture

was concentrated under reduced pressure to give the HCI salt of the title compound. Basic
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(2) G -C6 alkyl optionally substituted with 1 to 5
groups selected fromthe group consisting of:
W@ 200beiioxy, 35(b) hal ogen, (c) -CO2Ra, (d) - S(BYPULI00LB3I249
al kyl, wherein pis 0, 1, or 2; (e) C3-C8 cycloal kyl,
VD 2009/ 124166PCT/ US2009/ 039249 (0G -C6 al koxy
optionally substituted with 1 to 5 hal ogens, and
(g) phenyl optionally substituted with 1 to 5 groups

rev?{‘sﬁ [§§ nlqsfr#? {(?/ g} ?\}Fﬁ‘%%g I—f h?M@FR]g y%k@{f% Cd%sﬂfc’eldeFeie Bgse%ff the title

compond. (YR FOMHZ DG )ap Ky ! (a,rﬂdHB(73903J6813 Hz, 2 H) 7.35-7.29
(m,eME), 92k kY, (mame), (54200(tiemfl7 SQ-Pzt i oA A/(dSHBSISIHAI e, 3%1-8.22 (m, 2

H), %agguozhé @bé%s% gf e?%{ﬁﬂ §2 ( 5 9%%%’ { gﬂ“f‘% S ngs)of 52-1.48 (m,
3 Hai E¥leMa|cklowpted ﬁqucoﬁ&bmgﬁzs@@sfﬂi%l@é@ﬁsvﬁl@ﬁ3 2fored 420.35.
hal Ogen$J51 eﬁ&@) rc@l&@ys&ie&)%ed YR Bhdhuhain B3 Funcliond bctivity of

2: substituted with up
ExatnéPl% W%ﬁfiﬁ’ enggllegiqt e%“r' %%ﬁ@?#[ow, hal ogen,
trifluoronethyl, cyano, COZRa C3- @8 cycl oal kyl, and

ExAfRe;ESRe hg 1$€el ected fromthe group consisting of
3—)— P“-‘ X g il . eyl
_,_élSktvﬂralwdrdnr@ol.mﬁe 31-|ckrngﬁm1@\(£xample 12) and ( 3R) I\(f 124 ( {@S m 5- [(R)—
hvd%ﬁ%hemanﬁet%@@m&lcﬁ@bGv%ee%\flrpﬁéﬂvutbeo;g)t 0P 5G ORI &olifdBlizine-3-
- (2)-0-, and (3)-5(0)p-, wherein p is

g : . The compound of CI aim1 wherein Yis
met hy | efie, - CH( CH3) or a bond. 3§The conpound of
o g}fe.\.@u soﬁéwgef}edhevm@ i

cons St IF_n(g‘nple 12 H == Example 13

car xa (5]

Step A: Tert-butyl (2R.55)-2-[(R)-hydroxy(pheny)methyl]-5-[4-({[(35)-5-0x0-1,2.3.5-
tetrahydroindolizin-3-yl]carbonyl} amino)benzyl]pyrrolidine-1-carboxylate
(isomer 1) and tert-butyl (2R,55)-2-[(R)-hydroxy(phenyl)methyl]-5-[4-({[(3R)-5-
0x0-1,2,3,5-tetrahydroindolizin-3-yl]carbonyl}amino)benzyl]pyrrolidine-1-

carboxvlate (isomer 2)

OH Boc OH Boc

wm@ ©”ﬁ©u53

Isomer 1 Isomer 2

To a solution of 0.610 g (1.60 mmol) of Intermediate i-13a and 0.300 g (1.67
mmol) of Intermediate i-46 in 3.2 mL of anhydrous N, N-dimethylformamide under an
atmosphere of nitrogen was added 0.033 g (0.24 mmol) of 1-hydroxy-7-azabenzotriazole
followed by 0.336 g (1.75 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride. The resulting suspension was stirred at ambient temperature for 30 min,
quenched with water, and extracted with ethyl acetate (3 x 10 mL). The combined organic layers
were washed with brine, dried over magnesium sulfate, filtered and evaporated in vacuo. The
crude residue was purified by silica gel chromatography eluting with a 50-100% gradient of
ethyl acetate in hexanes to afford the title compounds as a mixture of diastereomers in a 97:3
ratio. The two diastercomers were separated by chiral HPLC employing a Daicel
CHIRALPAK® AD® column (eluent: 40% IPA in Heptane). The first eluting diastereomer was
designated as Isomer 2 and is a colorless solid (0.020 g, 2.3%). LC-MS: m/z (ES) 544.2 (MH)".
The second eluting diastercomer was designated as Isomer 1 and is a colorless solid (0.650 g,
75%). LC-MS: m/z (ES) 544.2 (MH)".

-96-



10

15

20

25

30

of : (1) a 5-nmenbered heterocyclic ring
hayi ng one nitrogen atomand 0 to 3 30additiona
whedenaaso©ns | ndependently sel ected from nitr oBEHUS2009/039249
oxygen and sul fur, (2) a 6-nmenbered
heterocyclic ring haying 1, 2 or 3 nitrogen atons, or
1 nitrogen atom and one oxygen or sul fur atom
(3) a 5- or 6-nenbered heterocyclic ring with from1l
to 4 heteroatons sel ected from oxygen, sulfur and
nitrogen fused to a 5- or 6- nenbered heteroc clic ring
StepBt(Axf126m 1 38)-A-[35H@f Ryl g | din-2-

sul fur and mvlt}fr@ﬁenpheﬁ{ﬂl(ﬂé -0x0-1.2.3.5 tetrahvc(réll)ldcﬂlzﬁre 3Qfarboxamide
6- menbered heterocyglic ring with from1 to

het er oat oms selact dd_fN.gm oxygen, sukfur and ni trogen
fused to a C5- carbocy ri g
2009/ 124166PCT/ US2089433924 9 ——4 The conpound
of laim3 wherein Zis selecte from

consi st PP P Pé%ggﬂ 920g%g9ls Pifsome Ay Q}‘g,ﬁt p ‘Pove in 2 mL of
isogtdpdinodyrr anciyrhospligr2 pAnitrogeazals wided ¥, PmB-of a # Q2 kgliition of anhydrous

hycﬁ%efl @Klghaé 1n IW&lbﬁnQ i P%&HOHYIQJE‘[QM&S Wil 1 h and then evaporated

rimdinyl yrazi nyl I hydr opyr az

?Sdﬁi’ VWI hgy FWS}?PE@B%WmaétHen\WS puB ?c}laf Iie&qrmhase I¥PLC (TMC
Protiuc da200-Y5% Om)}%anﬁhgdbacefic; aidlinoxcedniade10y11% trifluoroacetic acid in

watgr é’a(ﬁell%}( aﬂiegﬁ&l fYACtIOH%NAI\Q‘é oplilf'r)eli o%rhrtigh'[ V\%l;en-a&oméR% by d m{¥8ure of 10

un Clam erelrn

(0]
mLsOé Fllptofymrang it el ag%angwe Wgwtbe%avomfolut(%) T biphesic mixture
wasadtikngdl vigptougdn &brl 19 nsinjaBén theitageks wictehseprabtod) EThecrueddiRphas¢ s

extl‘%tgd w(tﬁ):%q%lf&gle(@ X lb%L) a:th?Jg) < n%g a%@@ (éive(rcﬁ‘}/ashed with brine,
drle@mﬁrdaégalewm Iﬁkb‘ifarﬁa Figeied an%?VﬁﬁOfﬁfﬁ%fWé%&O. agfard tye e compound
(Example i pdl sowlsial sblid (063960 5%nr 'H2NMRS (560 8itis GMeODY) [e?.80fs, 1 H),
7. 5@{ dd@sPhar %%&ULH)CQ'SW ﬁ@h@bﬂﬂ $3h Yy 9fmt 1), 7.26-7.23 (m, 1H),
er eoj soner_t
7.20 (d, J=18.2 Hz, 2H), 6.38-3.36 (m, 2H), 5.24 (dd, J=9.4, 2.8 Hz, 1H), 4.20 (d, J= 7.8 Hz,
1H), 3.35-3.23 (m, 3H), 3.19-3.12 (m, 1H), 2.82-2.71 (m, 2H), 2.60-2.51 (m, 1H), 2.37-2.32 (m,

1H), 1.79-1.72 (m, 1H), 1.52-1.43 (m, 3H). .LC-MS: m/z (ES) 444.0 (MH)",

Step B (Ex. 13): (BR)-N-[4-({(28.5R)-5-[(R)-hydroxy(pheny)methyl]pyrrolidin-2-
y1imethyDphenyl]-5-0x0-1,2.3.5-tetrahydroindolizine-3-carboxamide

OH

N
£ N \

Example 13 H ==

The same procedure was employed for the deprotection of Isomer 2 from step A
above to afford the title compound (Example 13) as a single diastereomer. LC-MS: m/z (ES)
444.0 (MH)".

Using the Biological Assays as described above, the human 33 functional
activities of Examples 12 and 13 were determined to be between 1 to 10 nM and less than 1 nM,
respectively.

EXAMPLE 14
(68)-N-[4-({(28, 5R)-5-[(R)-hydroxy(phenyl)methyl]pyrrolidin-2-y1} methyDphenyl]-4-oxo-
4.6.7.8-tetrahydropyrrolo[ 1,2-aJpyrimidine-6-carboxamide

-97-



10

15

20

25

30

(R3),, lawhereinnis 0, 1 or 2; 25 Y is selected

fromthe group consisting of nethylene, -CH(CH3)- and
wW@2mon2kt16Z i s sel ected fromthe group consi stiPQr/u$2009/039249

thiazolyl, pyridyl, dihydropyridyl, 1,2,4-triazolyl,

pyri mdinyl, dihydropyrimdinyl, pyridazinyl,

di hydropyri dazi nyl, pyrazolyl, R3 is selected

fromthe group consisting of: 30(1) methyl, (2) oxo,

and (3) -NH2. WD 2099/ 424166PCT/ US2009/ 039249 7. A

compound sel ect hé;q@g Wg of: HO "
e, )

lik SITNH , HO*=
Step A: Tert-butyl(2R, 55)-2-[(R)-hydroxv(phenyDmethyl]-5-[4-({[(6S)-4-0x0-4.6.7.8-
tetrahydropyrrolo[ 1.2-alpyrimidin-6- yl]carbonyl}amino)benzyllpyrrolidine-1-
carboxylate

I/l,

To a solution of i-13a (21.4 g, 55.9 mmol) in N,N-dimethylformamide (100 ml) at
0 °C was added [(6S5)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrimidine-6-carboxylic acid (i-44,
11.1 g, 61.5 mmol), followed by 1-hydroxybenzotriazole (7.55 g, 55.9 mmol), N-(3-
dimethylaminopropyl)-NV-ethylcarbodiimide hydrochloride (16.1 g, 84.0 mmol) and N,N-
diisopropylethylamine (29.2 ml, 168 mmol). The reaction mixture was stirred from 0 °C to
ambient temperature for 2 h. Water (600 ml) was added and it was extracted with
dichloromethane (600 ml x 2). The combined organic layers were dried over Na,SO,. After
removal of the volatiles, the residue was purified by using a Biotage Horizon® system (0-5%
then 5% methanol with 10% ammonia/dichloromethane mixture) to afford the title compound
which contained 8% of the minor diastereomer. It was further purified by supercritical fluid
chromatography (chiral AS column, 40% methanol) to afford the title compound as a pale yellow
solid (22.0 g, 72%). 'H NMR (CDCl): 8 9.61 (s, 1H), 7.93 (d, ] = 6.6 Hz, 1H), 7.49 (d, ] = 8.4
Hz, 2H), 7.35-7.28 (m, SH), 7.13 (d, J = 8.5 Hz, 2H), 6.40 (d, ] = 6.7 Hz, 1H), 5.36 (d, ] = 8.6
Hz, 1H), 4.38 (m, 1H), 4.12-4.04 (m, 2H), 3.46 (m,1H), 3.15-3.06 (m, 2H), 2.91 (dd, J = 13.1,
9.0 Hz, 1H), 2.55 (m, 1H), 2.38 (m, 1H), 1.71-1.49 (m, 13H). LC-MS 567.4 (M+23).

Step B: (65)-N-[4-({(28., SR)-5-[(R)-hydroxy(pheny)methyl]pyrrolidin-2-
v} methyDphenyl]-4-0x0-4.6.7.8-tetrahydropyrrolo[ 1.2-a]pyrimidine-6-

carboxamide
OH

r ZT

Q
L o0
\j

To a solution of the intermediate from Step A (2.50 g, 4.59 mmol) in
dichloromethane (40 ml) was added trifluoroacetic acid (15 ml). The reaction mixture was
stirred at ambient temperature for 1.5 h. After removal of the volatiles, saturated NaHCO; was
added to make the PH value to 8-9. The mixture was then extracted with dichloromethane. The
combined organic layers were dried over Na,SOy4. After concentration, crystallization from
methanol/acetonitrile afforded the title compound as a white solid (1.23g, 60%). "H NMR
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H N s NH2 , N HHOOH. , OHHNO 1401 0 "I
N, ", OHHO"
WO 2009/124166 PCT/US2009/039249

(DMSO-ds): 6 10.40 (s, 1H), 7.91 (d, ] = 6.7 Hz, 1H), 7.49 (d, ] =8.3 Hz, 2H), 7.32-7.26 (m,
4H), 7.21 (m, 1H), 7.15 (d, J = 8.4 Hz, 2H), 6.23 (d, ] = 6.7 Hz, 1H), 5.11 (dd, ] =9.6, 2.9 Hz,
1H), 5.10 (br, 1H), 4.21 (d, ] = 7.1 Hz, 1H), 3.20-3.00 (m, 4H), 2.66-2.51 (m, 3H), 2.16 (m, 1H),
1.57 (m, 1H), 1.38 (m, 1H), 1.29-1.23 (m, 2H). LC-MS 445.3 (M+1).

Using the Biological Assays as described above, the human 33 functional activity
of Example 14 was determined to be between 11 to 100 nM.

EXAMPLES 15-41
Using procedures similar to those described above the following Examples were

prepared from the appropriate starting materials. Diastereomers were separated by chiral HPLC
using the methods as described below.

Method A:  Diastercoisomers separated by HPLC using a ChiralPAK AD column, eluting
with solvent mixtures of IPA, acetonitrile or ethanol in either heptane or hexanes,
with first eluting isomer labeled as isomer 1 and second eluting labeled isomer 2.

Method B:  Diastereoisomers separated by HPLC using a Chiral CEL OD column, eluting
with solvent mixtures of IPA, acetonitrile or ethanol in either heptane or hexanes,
with first eluting isomer labeled as isomer 1 and second eluting labeled isomer 2.

Method C:  Diastereoisomers separated by HPLC using a Pirkle (R,R)-WHELK-O column,
eluting with solvent mixtures of IPA, acetonitrile or ethanol in either heptane or
hexanes, with first eluting isomer labeled as isomer 1 and second eluting labeled
isomer 2.

Method D:  Diastereoisomers separated by HPLC using Daicel CHIRALCEL® OJ® column,
eluting with solvent mixtures of IPA or ethanol in either heptane or hexanes, with
first eluting isomer labeled as isomer 1 and second eluting labeled isomer 2.

Method E: Diastereoisomers separated by HPLC using Daicel CHIRALPAK® AS® column
eluting, with solvent mixtures of IPA or ethanol in either heptane or hexanes, with
first eluting isomer labeled as isomer 1 and second eluting labeled isomer 2.

Using the Biological Assays described above, the human 3 functional activity of

each compound was determined and shown in the following table.

TABLE 5

H
HO N
Lz .R
g N
H

EXAMPLE

|~

MW MS (ES) CHIRAL Human B3
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OHHO NOO1)C1;1 NO1, OHHNO HO , OHHNO
N HNLN, OH H N 101 00) 1\J)
WO 2009/124166 PCT/US2009/039249
NUMBER (MH)" COLUMN | Functional
NH»
o =X
15 E;H\I/J§§/S 436.58 437.50 A less than 1 nM
NH,
O N=
16 % ~ S 436.58 437.80 A less than 1 nM
O NQT/NHQ
N\ s
17 448.59 449.50 A 1-10 nM
Isomer 1
) N:T/NHQ
18 /‘Ké/s 448.59 | 449.50 A less than 1 nM
Isomer 2
o N:T/CHs
19 /K@/S 447.60 | 448.60 A 1-10 nM
Isomer 1
o N:7/0H3
20 )KE&S 447.60 | 448.60 A | lessthan 1 nM
Isomer 2
o Made from
NS chiral
21 N\ _ S 433.39 434.40 starting less than 1 nM
material
(@]
(@]
N\
22 /Kr'?\;? 432,53 | 433.50 A 1-10 nM
Isomer 1
o O
R\
23 N 432.53 433.50 A 1-10 nM
Isomer 2
0 O>,N\
24 J\(N\J 432.53 433.50 B 1-10 nM
Isomer 1
0 O>\,N\
25 )S/NB) 432.53 433.50 B less than 1 nM
Isomer 2
o O
'
26 = 432.53 433.50 B 1-10 nM
Isomer 1
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NHO OHH NONHNI-LN, OHHNO , 0
OH H N 01" |,
WO 2009/124166 PCT/US2009/039249
o O
'
27 = 432.53 433.50 B 1-10 nM
Isomer 2
o @)
I
28 = 446.55 447.53 E 1-10 nM
Isomer 1
o O
RAR
29 = 446.55 447.53 E 1-10 nM
Isomer 2
30 )KrN\;N 482.53 | 483.50 D 1-10 nM
Isomer 1
31 /K(N\;N 482.53 | 483.50 D less than 1 nM
Isomer 2
0 HNM\
32 N 405.50 406.46 C 1-10 nM
Isomer 1
O HN/\
33 N 405.50 406.46 C 1-10 nM
Isomer 2
o HN’<<
34 SN 419.52 420.46 C 1-10 nM
Isomer 1
o} HN/\<N
35 SN 419.52 420.46 C 1-10 nM
Isomer 2
O N=\
NN
~
36 )K( 405.50 406.46 A 1-10 nM
Isomer 1
O N=\
NN
~7
37 )\( 405.50 | 406.46 A 1-10 nM
Isomer 2
O N=
‘D
38 404.32 405.50 A 1-10 nM
Isomer 1
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I
39 404.52 405.50 A 1-10 nM

Isomer 2

o (o]
A
40 )kr@ 43154 | 432.50 A 1-10 nM

Isomer 1

o O,
')
41 — 431.54 432.50 A 1-10 nM

Isomer 2

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various changes,
modifications and substitutions can be made therein without departing from the spirit and scope
of the invention. For example, effective dosages other than the particular dosages as set forth
herein above may be applicable as a consequence of variations in the responsiveness of the
mammal being treated for any of the indications for the active agents used in the instant
invention as indicated above. Likewise, the specific pharmacological responses observed may
vary according to and depending upon the particular active compound selected or whether there
are present pharmaceutical carriers, as well as the type of formulation employed, and such
expected variations or differences in the results are contemplated in accordance with the objects
and practices of the present invention. It is intended, therefore, that the invention be defined by
the scope of the claims which follow and that such claims be interpreted as broadly as is

reasonable.
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WHAT IS CLAIMED IS:

L. A compound of Formula Ia, or a pharmaceutically acceptable salt thereof, or
a stereoisomer thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof:
OH H
(J () ¢

K Y@1@3)”
JE:)

wherein

nis0,1,2,3,4,or5;

Y is selected from the group consisting of:

(D) C1-C5 alkanediyl, C2-Cs alkenediyl, and C2-Cjs alkynediyl, wherein each of
alkanediyl, alkenediyl and alkynediyl is optionally substituted with one to three groups
independently selected from halogen, -ORa, and -S(O)p-C1-C3 alkyl, wherein p is 0, 1, or 2;

2) -(CRaR2);-Q-(CRaR?)k wherein j and k are integers independently selected
from 0, 1 and 2,

3) abond, and

(4)  phenylene optionally substituted with one to three groups independently
selected from R1;

Z is selected from the group consisting of:

(1) phenyl,

(2) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen,

3) a benzene ring fused to a C5-C1() carbocyclic ring,

4 a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen fused to a 5- or 6-membered heterocyclic ring with from 1 to 4
heteroatoms selected from oxygen, sulfur and nitrogen, and

(5) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen fused to a C5-C1( carbocyclic ring;

R1 is selected from the group consisting of:

(D) C1-Cs5 alkyl optionally substituted with 1 to 5 halogen atoms,

(2) C3-C¢ cycloalkyl,

(3)  halogen,

4) nitro,
(5 cyano,
6)  -C(ORE,

(7)  -C(O)2R4,
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(8)  -C(O)NR4Rb, and

9  -QRrY;

R3 is selected from the group consisting of:

(1) C1-Ce alkyl optionally substituted with 1 to 5 groups independently selected
from halogen, -OR2, -CO2R&, and -CONRaRDb,

(2) -(CH?2)t-phenyl or -(CH2)t-O-phenyl, wherein tis 0, 1, 2, 3, 4, or 5, and wherein
said phenyl in each is optionally substituted with 1 to 3 groups independently selected from
halogen, C1-C5 alkyl optionally substituted with 1 to 5 halogen atoms, and -OR2,

(3) oxo,

(4) thioxo,

(5) halogen,

(6) -CN,

(7) C3-Cg cycloalkyl,

(8) -(CH2)t-heterocyclic ring or -(CH2)t-O-heterocyclic ring, whereintis 0, 1, 2, 3,
4, or 5, and wherein the heterocyclic ring in each is a 5- or 6-membered ring with from 1 to 4
heteroatoms selected from oxygen, sulfur and nitrogen, and wherein said heterocyclic ring is
optionally ortho-fused to a benzene ring, and optionally substituted with 1 to 3 groups
independently selected from halogen, C1-C5 alkyl optionally substituted with 1 to 5 halogen atoms,
and -OR&,

(9) -OR%,

(10) -C(O)ORa,

(11) -C(O)R4,

(12) -C(O)NRaRb,

(12) -NRaRb,

(13) -NRaC(O)RD,

(14) -NRaC(O)ORD, and

(15) -NRaC(O)NRaRb;

Rais selected from the group consisting of hydrogen and C1-Cg alkyl optionally substituted with 1
to 5 halogen atoms;
RD is selected from the group consisting of:

(1) hydrogen,

(2) C1-Cg alkyl optionally substituted with 1 to 5 groups selected from the
group consisting of:

(a) hydroxy,

(b)  halogen,

() -CO2RY,

(d) -5(0)p-C1-C3 alkyl, wherein p is 0, 1, or 2;
(e) C3-Cg cycloalkyl,

“104-



10

15

20

25

30

35

OHHONO O NIN" , OHHONONH , and
CHHONO 10 or a pharmaceutically acceptable

w@ a009/124166 eof , or a pharmaceuti cal |y accept abl BCT/US2009/039249
stereoi sonmer thereof, or a pharmaceutically acceptable
salt of the stereoisoner thereof 58. The conpound of
Claim?7, wherein the conpound is selected fromthe
group consi sting of:

() C1-Cg alkoxy optionally substituted with 1 to 5 halogens, and
(2) phenyl optionally substituted with 1 to 5 groups independently
selected from the group consisting of halogen, nitro, -NRaR3, trifluoromethyl, trifluoromethoxy,
C1-Cs alkyl and -OR®,
3) C3-Cg cycloalkyl, and
(4)  phenyl optionally substituted with 1 to 5 groups selected from the group
consisting of:

(a) halogen,

(b) nitro,
()  -NR@Ra,
(d) _OHa

(e) C1-Cg alkoxy optionally substituted with 1 to 5 halogens,

() -S(0)p-C1-Ce alkyl, wherein p is 0, 1, or 2; and

(2) C1-Cg alkyl optionally substituted with up to 5 groups selected from
hydroxy, halogen, trifluoromethyl, cyano, -CO2R3, C3-Cg cycloalkyl, and -QRE;
R€ is selected from the group consisting of:

(1) Z optionally substituted with up to 5 groups selected from halogen,
trifluoromethyl, cyano, C1-C5 alkyl and C1-C5 alkoxy, and

(2) C1-Ce alkyl; and
Q is selected from the group consisting of:
(I)  -N(R®?)-,
(2) -O-, and
3) -S(O)p-, wherein p is 0, 1, or 2.

2. The compound of Claim 1 wherein Y is methylene, -CH(CH?3)- or a bond.

3. The compound of Claim 1 wherein Z is selected from the group consisting
of:

(1) a 5-membered heterocyclic ring having one nitrogen atom and 0 to 3
additional heteroatoms independently selected from nitrogen, oxygen and sulfur,

(2) a 6-membered heterocyclic ring having 1, 2 or 3 nitrogen atoms, or 1
nitrogen atom and one oxygen or sulfur atom,

3) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen fused to a 5- or 6-membered heterocyclic ring with from 1 to 4
heteroatoms selected from oxygen, sulfur and nitrogen, and

4 a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen fused to a C5-C1( carbocyclic ring.
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4. The compound of Claim 3 wherein Z is selected from the group consisting of

thiazolyl, oxazolyl, pyridyl, dihydropyridyl, 1,2,4-triazolyl, 1,2,3-triazolyl, tetrazolyl, pyrimidinyl,
dihydropyrimidinyl, tetrahydropyrimidinyl, pyrazinyl, dihydropyrazinyl, pyridazinyl,
d1hydr0pyr1dazmyl pyrrolidinyl, 1m1dazolyl pyrazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,

J; EPQO rﬂ?{f{){f\f» r;,N,
©:><:[:\>HI\"\:N\/I© , and Ng:j

5. The compound of Claim 1 wherein R3 is selected from the group consisting

; wherein r is 1 or 2.

of:
(1) C1-Ce alkyl optionally substituted with halogen or -ORa,
(2) oxo,
(3) halogen,
(4) -OR%,
(5) -C(O)NRaRa, and
(6) —-NRaRa;

wherein Ra is as defined in Claim 1.

6. A compound of Formula Ia, or a pharmaceutically acceptable salt thereof, or

a stereoisomer thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof:

OH nH
N

( [ ¢

NT L2

(R%),
Ta ’
wherein
nis0, 1or2;
Y is selected from the group consisting of methylene, -CH(CH3)- and a bond;
Z is selected from the group consisting of thiazolyl, pyridyl, dihydropyridyl, 1,2,4-triazolyl,
pyrimidinyl, dihydropyrimidinyl, pyridazinyl, dihydropyridazinyl, pyrazolyl,
N HN N

<:[s\>’ HNK:I\D’ Ni\j@’ @3, and (N\/Q, and
R3 is selected from the group consisting of:

(1) methyl,

(2) oxo, and

(3) -NH..
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or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer
thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

8. The compound of Claim 7, wherein the compound is selected from the group

consisting of:

“Q& |
“@»\)\f
SIOAD

o,

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer

\\\‘
Iln

\\“
Ilu

\\“
Ilm ;

\\\""
ZTI
Ilm ;

thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

10
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9. A pharmaceutical composition comprising a compound of Claim 1 and a

pharmaceutically acceptable carrier.

10. A method for the treatment or prevention of a disease or disorder mediated
by the activation of 3-adrenoceptor, wherein the method comprises administering to a patient in
need thereof a therapeutically effective amount of a compound of Claim 1.

11.  The method of Claim 10 wherein the disease or disorder is selected from
the group consisting of (1) overactive bladder, (2) urinary incontinence, (3) urge urinary

incontinence and (4) urinary urgency.

12. Use of a compound of Claim 1 in the manufacture of a medicament for the
treatment or prevention of a disease or disorder mediated by the activation of B3-adrenoceptor.

13. A method for the treatment or prevention of a disease or disorder mediated
by the activation of 3-adrenoceptor, wherein the method comprises administering to a patient in
need thereof a therapeutically effective amount of a compound of Claim 1 and a muscarinic

receptor antagonist.

14.  The method of Claim 13 wherein the disease or disorder is selected from
the group consisting of (1) overactive bladder, (2) urinary incontinence, (3) urge urinary

incontinence and (4) urinary urgency.
15.  Use of a compound of Claim 1 and a second active agent in the

manufacture of a medicament for the treatment or prevention of a disease or disorder mediated

by the activation of f3-adrenoceptor.
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