WO 2009/124166PCT/US2009/039249 TITLE OF THE INVENTION HYDROXYMETHYL _
PYRROLIDINES AS BETA 3 ADRENERGIC RECEPTOR AGONISTS 5 BACKGROUND OF THE
INVENTION The function of the lower urinary tract is to store and periodicall¥ release urine. This
requires the SYOYEYEM3FPof storage and micturition reflexes which involvé Qe a8 2tferent and
efferent neural pathways, leading to modulation of central and peripheral neuroeffector mechanisms, -
and resultant coordinated regulation of sympathetic and 10 parasympathetic components of the
autonomic nervous system as well as somatic motor pathways. These proximally regulate the

contractile Stﬁt? Wﬂﬁr sy and urethral smooth muscle, and urethral sphincter striated
I1 drenergic recle%%

muscle, ors EQFE% are present in detmsor smooth muscle of various
species, inclHiRG RN Y lgbidea s Fibbit &E@t”,‘ dotP REN it ¥ndifdr-htfhan primate.
15However, ph&Mi&ESIogical studies indicate there are marked species differences in the receptor
subtypes mediating relaxation of the isolated detrusor (31AR predominate in cats and guinea pig,
f32AR predoBieEeROLANDIOBRRHE BBAREEMYibute or predominate in dog, rat, ferret, pig, cynomolgus
and human detrusor. Expressigfief AR pukiypRsHhe Bumanand satceiuseshas barn examined
andlor e e T vy PCR

Y | - | i < . | itativ
analy o of SR LIAR S SRSt RAderraa st b T e e o
cystectomy reFESHECL REpRTHEF RS BHBAA RORRIFRA S AR iP5 B RIHMER mRNA and 1.4%
for 132AR MRRAINMABEFERIRSAR ti FRRIAVERPIOS SREVOWEY Sl RFaie s eBaBoNaiod obstructed
human bladderswdihe Shdatasugsbstcthatibiaddenactile tohsifitiitiar25daes notdrestitdh

downreguIatgggbgﬁ]mge,gﬁm@lﬁgmgmn%ﬁgg@dm&@ted detrusor relaxation. 33AR responsiveness
also has been compared ihBladdet: iz, ARIRING T AUHRG CYRIHIRRY ALANISIARYStoRlagly from

patients judged to hav. orma aq%ie function, ¢ ntd ffrom 3&)at|ents .vv[thjdetn&sor heyé).oretgexia or
hyperreflexia R i é:r%ﬁlc}t%siuiﬁ%eméﬁ%ﬁfao‘%%or?enicy TP3RR ?&&ﬁ%sﬁ?mlé%é %Iaap ax4tion were
observed, coneistErit Mriacelegrrlieprifbin e P HER Fomarletitiis s Eracet @ Way 6 Pdaxing the
detrusor in nehakansdidihpidnrivistatbhe isolated gagmetio Rah&vidanuanmesn spio irdfeaménpeartant role
for the (33ARIA R GiNKAGenembbnakesiar chtdiagtr paohdlewing iisavenausiagdministration to
rats, the rodephsaigstive PRABAGR0ISE GL3lRads J?f@&ﬁ%ﬁ@ﬁggﬁrﬂWﬁ%Qﬁ%Mti BeGySiPmeric studies
increases bladdercapaiy leading 1o prglenaation liietiio dsrvalWinaMdRGIgasng esidua
urine volume. 35 Veractve bladder s charactérized by the sympbtoms of Lrinary urge cy, with or
without TrgeEy IHRHER) ﬁ?@&%ﬁiﬁ‘f&ﬁé&fﬂﬂ%ﬂﬁﬁ%&%’&'ﬁf d ﬁgﬁH%/ﬁc GUBHE dridho %é._?he prevalence
of OAB in thE"aHitad SPAtB s aher e Gf bid & Ry’ H Bt bR iindareldl b 5118 Mpdorusinsup SiprvnsHish and men
over the agewfidi@ymarsli@eraetivenbiadded is mpstditerold §8iiB BN AdipPathic,. Butfean also be
secondary tosngwreiryicanheqndifion phiaddenoutl etiehstiCEDAR At hepeause s aF Qi sent
pathophysiologig,RErSReGHYRBE MUREAGHYE RIEHSE YRR COMBIEXILoRRGIBHYtRA associated
with UG incorninenes, 5 Hagesiive, of defaisar averagtiy Lrgeney-wil.or yuioyit incontinence has
been shown to negatlvefy Impact oth social and medical well-being, and represenis a significant

burden in terf & BN A RP AR A RE BRFSrBnaspEn A SirRp SRAIRAY dtiftent medical
therapy for uRbEeEYIWitheatewitsutane dHamatia)s sudesoipthel neroph bk dsa fiestareitad fge not
demonstraterancategtiaiet nesponsectie:cawentiraeafndn tdNattiomare intabietdo tolpsatecafrent
treatments (fpy axagaple; Annmauthassaciatednsdth-antishintinergia thecapyp: henefgnathere is need

for newgyvellfolcraiad hedapies.hal sHerplivelniraat-uingy }{ofﬁ‘ﬁglbh%ﬁ‘b‘éﬂ{&ﬁjﬁf&%a?e@.d incontinence,

either as monotherapy orin combination with avg‘gatt)le therapies. Agents %thelax.bll% der smooth
muscle, such as p3AR aggﬁllc_s %?dafgie%cgé é'ap% e ea#enc“:llliv\(/)eE_i"c‘;rrf)réa%rngiC uc Jﬂﬁnalﬁf C |§8¥8ers.
SUMMARY Smanaies Foipeuisiseitss kel irite 416 OBt BRI SGHHEHS, PheithREBRAF Y mpositions
containing thiéhReezonést GbIHethogdukss theddes atarawt erdrophiigariicohudisorerapsspiddigded through
the f-33AR usipg:suthdinyel pompatingdst micturifica firstaspabtudheredsiprovided arcempaund of
Formula4a, or a pharmacgulisalie accrpialie.aalihetagiuRiangiRieoisemartherel, ok or
pharmaceutigaily, GEERIAPIE S AL NG SIELCREAPELTARIEP it #\@uency and nocturia. The

prevalence of OAB in the United States and Europe has been estimated at 16 to 17% in both

women and men over the age of 18 years. Overactive bladder is most often classified as
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whereinnis 0, 1, 2,3, 4, or 5; Y is selected from the group consisting of: 10(1)Ci-05 alkanediyl, C2-Cs
alkenediyl, and C2-05 alkynediyl, wherein each of alkanediyl, alkenediyl and alkynediyl is optionally
substituted with one to three groups independently selected from halogen, -ORa, and -s(0)-c1-c3 alkyl,
whereinpis 0, 1, or 2; (2)-(CRaRa)j-Q-(CRaRa)k, wherein j and k are integers independently
selected from O, | and 2, 15(3)a bond, and (4)phenylene optionally substituted with one to three groups

indepenﬁ%ﬂ!ﬂk’hﬁe|§&@Qﬁ£§é@b¥@e¢§n’§a§ﬁﬂ@ﬁ@%‘8ﬁﬁ&z§h6096?9@11091&&5?r(bgt%ft obstructior{ kha 5- Or
6- membe{led hetero& C|IC ring. wi h frgm Ito ﬁ{eroa ms selecte %Z%from oxydgen SLf|fUI‘ and

nltrogen 18167 5 O d-hie m%g o0 ?‘%e%g oc ring Wl%e#g%,%. mrP)JL Cxm’@?e?et:ted from

oxygen, SofkirhnsHregenagdgrith uree ‘(‘25’1?;{“3@5]56 IrdeEstes ﬁﬁ%‘i‘b&%ﬁ‘é@m’?&w&h from 1 to 4
heteroatdrasnseletted: fratiookirgenisiife bzt entsbgem fivser toval CBaGOtodinlsocgthoding; R1 is

Selecte?rﬁéta{eathé@e%}ém%c%@gma@ts 259Gk @Hﬁdbﬁﬁﬂ@it@{b/@u@ﬁauaﬂec\(mﬂu hmrécgg(lg?ecn( oR
atoms CvClo no, a,
oy S Hgggﬂ%% RESR L ?ﬁ*%%feﬁ g.saéé crtgh W ey (winlih GYANG: 501

(1) C CG‘%GRW %%‘“s“ﬁ%u?é&%i’k?i?&%ﬂ %§°|HBE %%Wé@l%%%ﬂ? frSMH&Bgen, -0Ra,

-CO2Ragwrsht- COMNRaR End/or are Y@3bleCHR)erpitenyirort (CHRING (phenyinmharmimewho, 1, 2, 3, 4, or
5, and whiessinzaidphenyhdneach ibcaptipnatyrsidvslituéedivwiided o tgroups:indepandently selected

from halggen.: &iH0% aliopianaliv substiitisdwith L10cs hAlRdEnAlems, aad-aRa.
monotherapy or in combination with available therapies. Agents that relax bladder smooth
muscle, such as R3AR agonists, are expected to be effective for treating such urinary disorders.

SUMMARY
The present disclosure relates to novel B3AR agonists, pharmaceutlcal

compositions containing them, as well as methods for the treatment or prophylaxis of disorders
mediated through the B3AR using such novel compounds.



(3) oxo, 10(4) thioxo, (5) halogen, (6) -CN, (7) C3-C6 cycloalkyl, (8) -(CH2)t-heterocyclic ring or
-(CH2)t-O-heterocyclic ring, wherein tis 0, I, 2, 3, 15 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, C i-Cs alkyl optionally substituted

with 1 to 5 halog {@ - - (10) -C(0)0Ra,.(11) :C(0)Ra, (12) -C(0)NRaRDb, (12)
-NRaRb, 235%%2@?%?5% , t%@ﬁé%@% "’)%lgi%%%% ?f&f? g@fgé@%ﬁﬁ?g@%f R ]iﬁ%r@élée%ﬁé‘éf bm the
group consIStAG Of hydrogsh and C-E& SRAB L MaRY s B stitheamansricw!s nesepiehlami=l30 Rb is
selected fréth HseegisrmpEdheneafig of (1) hydrogen, (2) Ci-C6 alkyl optionally
substituted with ito 5 groups selected froOchéi group consisting of: (a)hydroxy, 35(b)halogen, (c)
-CO2Ra, (d) -S(0)p-CI-C3 alkyl, in pis Q) C3-C8 cycloalkyl, cl-C6 alkoxy optionally’
substituted with 1 to 5 halogens, ane / opﬂ@aﬂésubstituted with 1 to 5 groups
indepg:-ndently N™ oy ey

wherein
nis0,1,2,3,4,0or5
Y 1s selected from the group consisting of:

10 (1) C1-Cs alkanediyl, C2-C5 alkenediyl, and C2-Cs alkynediyl, wherein each of
alkanediyl, alkenediyl and alkynediyl is optionally substituted with one to three groups
independenily selected from halogen, -OR®, and -S(0)p-C1-C3 alkyl, wherein pis 0, 1, or 2;

(2) -(CRaR3);-Q-(CRaR&) wherein j and k are integers independently selected
from 0, I and 2,
15 {3 a bond, and
(4)  phenyiene optionally substituted with one to three groups independently
selected from R1;
Z is selected from the group consisting of:
(N a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected

20 from oxygen, sulfur and nitrogen fused o a 5- or 6-membered heterocyclic ring with from 1 10 4

heteroatoms selected from oxygen, sulfur and nitrogen, and |
(2) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxvgen, sulfur and nitrogen fused to a C5-C1q carbocyelic ring;
R1 is selected from the group consisting of:
25 (1) C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms,
{2) C3-Cg cycloalkyl,
3 halogen,

(4) nitro,
(5) Cyano,
30 6) -COR3,

7y -C(O)2RE,

35
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selected from the group consisting of halogen, nitro, -NTRaRa, trifluoromethyl, trifluoromethoxy, CI-Cs
alkyl and (3) C3-C8 cycloalkyl, and (4) phenyl optionally substituted with 1 to 5 groups
selected from the group consisting of: (a) halogen, (b) nitro, (c) _NRaga, (d) -OH, (e) Ci-C6
alkoxy optionally substituted with Ito 5 halogens, (f) -S(0)p-C1 -C6 alkyl, wherein pis 0, 1, or 2; and
~ (9) Ci-C6 alkyl optionalfg)substiyuiadraitb updo 5 groups selected from hydroxy, halogen,
trifluoromethyl, cyano, - OZRH%Q;S-CS cycloalkyl, and -012e; Rc. is selected from the group consisting
of: Z optionally substituted with up to 5 groups selected from halogen, trifluoromethyl, cyano,
CI-Cs alkyRantiselpetsd SiRed)e sHyp consispe 6% .6 alkyl: and Q is selected from the group consisting
of: (1) -N(Ra)-, (2) -0-, &hd-(35-63iByporfitradiripsiotet witlp] to 5 maypedapraspibtsekstielis provided
a compoufichaffabirayleiaz,oCepharmdceaicaiitacceptable salt thereof, or a stereoisomer thereof, or
a pharmaceutically aCC@?Q@@?@Hh@BW@ﬁY@ﬁ?jﬁ%@Eﬁ?ER@ﬁ’&e@h' o, lawberein 918 Pudpi2; Y is

selected from the group consisting of methylene, -CH(CHS3)- and a bond; Z is selected from the group
consistin g%‘f%ﬁ%’ﬁ] each 1s optionally substituted with 1%to 3 groups independently selected from

halogen, C{-Cs alkyl optionally substituted with 1 to 5 halogen atoms, and -OR2,
_. {3)oxo0,
10 {4) thioxo,
(5) halogen,
(6)-CN,
(7) C3-Cg cycloalkyl,
(8) ~(CH2)t-heterocyche rng or -(CH2)t-O-heterocyclic ring, wherein tis 0, 1, 2, 3,
15 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 orthe-fused to a benzene ring, and optionally substituted with 1 to 3 groups
mdependently selected from halogen, C1-C5 alkyl optionally substituted with 1 to 5 halogen atoms,

and -ORA,
20 (9)-OR3,
{10) -C{O)ORA,
(11) -C{O)Ra,
(12) -C(O)NRaRb,
(12) -NRaRb,
25 (13) -NRaC(O)Rb,
(14) -NRaC(O)ORD, and
(15) -NRaC(O)NRaRb;
Ra is selected from the group consisting of hydrogen and C1-Cg alkyl optionally substituted with 1
10 5 halogen atoms;
30 RDis selected from the group consisting of:
() hydrogen,
(2) C1-Cg alkyl optionally substituted with 1 to 5 groups selected from the

group consisting of:

(a)  hydroxy,
35 {b) halogen,
(c)  -CO2R%,

(d) ~3(0)p-C1-C3 alkyl, whereinpis 0, 1, or 2;
(e) C3-Cg cycloalkyl,

2b



Gc,H HN | SNand Nand R3 is selected from the group consisting of: (1) methyl, (2) oxo, and (3) -NR2.
In a third aspect, there is provided a compound selected from the group conS|st|ng off OHH NH. s
OHH N ---li N,--11------ NNNNH OHH

D C1-Cg alkoxy optionally substifuted with 1 to 5 halogens, and

(2) phenyl optionally substituted with 1 to 5 groups independently
selected from the group consisting of halogen, nitro, -NR3R2, trifluoromethyl, trifluoromethoxy,
C1-Cs alkyl and -ORE,

3) C3-Cg cycloalkyl, and
(4)  pheny! optionally substituted with 1 to 5 groups selected from the group
consisting of! '

(a) halogen,

(b)  nitro,
(c)  -NRaRa
(d  -OH,

(e) C1-Cg alkoxy optionally substituted with 1 to 5 halogens,
(H) -5(0)p-C1-Cg alkyl, wherein p is 0, 1, or 2; and
(&) C1-Ce alkyl optionally substituted with up to 5 groups selected from
hydroxy, halogen, trifluoromethyl, cyano, ~-CO2R3, C3~Cg cycloalkyl, and -QRE;
RE€ is selected from the group consisting of:
(1) Z optionally substituted with up to 5 groups selected from halogen,
trifluoromethyl, cyano, C1-Cjs alkyl and C1-Cs alkoxy, and
' (2)  C1-Cg alkyt; and
Q is selected from the group consisting of:
(1)  -NR?-,
(2 -O-, and
(3) -S(Q)p-, wheremn p1s @, 1, or 2.
In a second aspect, there is provided a compound of Formula la, or a
pharmaceutically acceptable salt thereof, or a stereoisomer thereof, or a pharmaceutically

acceptable salt of the stereoisomer thereof:
OH

{a

vE2,

(R%),
b

wherein
nis0, 1 or2:
Y is selected from the group consisting of methylene, -CH(CH3)- and a bond;
218 sehllected from the group consisting of
N

<:[s\>: Ht’@@’ Hﬁwg @3, and (N\/Q, and
R3 is selected from the group consisting of:

{1) methyl,

(2) oxo, and

(3} -NH..

2c



e . i
OHHN ii.NN -OHH HN 0O OHH tt-_ ------ ) 0 OHHN NH2 N--,-s-/ NS H

In a third aspect, there is provided a compound selected from the group consisting of:
OH K
P i =
e l e N/U\@/S
H
OH
- o
AN 0 ﬁ/Q
%N*/NWN
x H 2
O
s z N Z O O
SRS S
N Ne,

OH

H
AN o %

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer
thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.
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OHHN- 110N-_,(CH3ii*s OHHIiIN---1LAHL OHHN )CL4. orapharmaceutically
acceptable salt thereof, or a pharmaceutically acceptable stereocisomer thereof, or a pharmaceutically

acceptable saltygf @%ﬁﬁ%ﬁegﬁgmeﬁ]@%r?@%mwded a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable carrier.

In a fifth aspect, there is provided the use of a compound as defined above in the
manufacture of a medicament for the treatment or prevention of a disease or disorder
selected from the group consisting of (1) overactive bladder, (2) urinary incontinence, (3)
urge urinary incontinence and (4) urinary urgency.

In a sixth aspect, there is provided the use of a compound as defined above and .a
second active agent in the manufacture of a medicament for the freatment or prevention of a
disease or disorder selected from the group consisting of (1) overactive bladder, (2) urinary
incontinence, {3) urge urinary incontinence and (4) urinary urgency.

In a seventh aspect, there is provided the compound of formuia /JKEﬁ

or a pharmaceutically acceptable salt thereof, or 2 pharm_aceutical}y acceptable stereoisomer
thereof, ora phgrmaceutically acceptable salt of the stereoisomer thereof.

NeacaoB
In an eighth aspect, there is provided the compound of formula "

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable sterecisomer
thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

In a ninth aspect, there is provided the compound of formula /Lb/

or a pharmaceutxcaﬁy acceptable salt thereof, or a pharmaceutlca}ly acceptable stereoisomer
thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

In a tenth aspect, there is provided the compound of formula

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer
thereof, or a pharmaceutically acceptable sait of the stereoisomer thereof,

Ze



In a fourth aspect, there is provided a pharmaceutical composition comprising a compound as defined
above and a pharmaceutically acceptable carrier. In a fifth aspect, there is provided the use of a
compound as defined above in the manufacture of a medicament for the treatment or prevention of a
disease or disorder selected from the group consisting of (1) overactive bladder, (2) urinary

incontin?r%%?@ﬁ@ﬁ BinRgry: iReeptinense and (4) urinary urgency. In a sixth aspect, there is

provide use of a compound as defined above and a second actiye aggrt {p. the manufacture of a
medicament for the ?ngtﬁﬁ(é%e%lrnﬁ%\}%% ion 0 eg ‘ﬁs gsue or disorder selected from the group consisting

of (1) overactive bladder, (2) urinary i (fbntﬂnence, (3) urge urinary incontinence and (4) urinary
urgency. OH 0 In a seventh asp erg is provigedithe compound of formula or a pharmaceutically
acceptable salt thereof or a pha hle st@reoisomer thereof, or a pharmaceutically
acceptable salt of the ster"oisomer thereof OH H In an h,@pegt, there is provided the compound
of formula or a pharmaceutically acceptable salt thereof, or a pha%n)aceutically acceptable
stereoisomer thereof, or a pharmaceutically accejtable salt of the stereoisomer thereof or a
pharmacgitically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer thereof, or a
pharmaceuticall C ptasble salt of the stereoisomer thereof OH H or a pharmaceutically acceptable
salt ther@df,% a%paﬁca moarlcéutically acceptable stereo SOT= thereof, or a pharmaceutically acceptable
salt of th¥ stépksiseientisEorEESERPYON OF THE_INVENTIONi'ﬂF_l-é(,e resen invention describes
compounds of structufhl Foreiofzs rkeprdyh Ga-whaikratiglang G554 r“g Y1, wherein eac

of alkanediyl, alkenediyl and alkynadiyl is optionally substituted with one to three groups
independently selected from halogen, -OR®, and -S(Q)p—C1~C3 alkyl, whereinpis 0, 1, or 2;
(2)  -(CRaRa)y-Q-(CReR2), wherein j and k are integers independently

selected from Q, 1 and 2,
(3) a bond, and
(4)  phenylene optionally substituted with one to three groups independently

selected from R1;
7 is selected from the group consisting of:

2f



Y is selected from the -oup consisting of: (1)CI-05 alkanediyl, C2-05 alkenediyl, and C2-05 alkynediyl,
wherein each of allcanediyl, alkenediyl and alkynediyl is optionally substituted with one to three groups
independe?ﬁ@/ L&Y rom halogen, -ORa, and -S(0)p-C1-C3 alkyl, Wher@ﬁ%quﬁ?%?%?“f; (2)
-(CRaRa)j-Q-(CRaRa)k, wherein j and k are integers independently selected from 0O, | and 2, (3) a
bond, and (4) phenylene optionally substituted with one to three groups independently selected from
R1; Z is selected from the group consisting of: WO 2009/124166PCT/US2009/039249 (I)phenyl,

(2) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected from oxygen, sulfur
and nitrogen, (éﬁ)a beHFakk ring fused to a C5-C1() carbocyclic ring, 5(4)a 5- or 6-membered
heterocyclic ring with fréhh | ta:4tusteroatdrersshieatesotdio mogrytk firosu ffue Ahdieritrégen fused to a 5-
or 6-memberet:hetaroey e rngivith fratvdeto 4 heteroatoms selected from oxygen, sulfur and

nitrogen, and (5)a 5- orgymembgredhgteracyelis sing with fisclde4iheteroatoms  selected from
oxygen, sulfur and nitrogen fused to a C5-C1 éarbo%ijic rin%;glggo (51 IS sel%el(l:ted from the group

consisting of: (1) Ci-05 &lkyl ob |b?1%?r)?]§ﬂ}?§fﬁ RN Rt Rs T Aratdfis! T CHEE cycloalkyl, (3)
halogen, (83l¢te8, BISYEsERoS (BHCIO)RECET-TTe) 2Ra > (8)-C NIRRT AR ecS iR, 'POR3 is
selected fribomtheocgtbeprosnsistngadd 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;
10 RIis selected from the group consisting of:
(D) C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms,
(2)  C3-Cgcycloalkyl,

(3 halogen,

{4) Rnitro,
15 {5) cyano,
6) -C(O)R%,

7y  -C(O)2R?,
(8)  -C(O)NRZRD, and
©)  -QRY;
20  R3is selected from the group consisting of:
(1) C1-Cg alkyl optionally substituted with 1 to 5 groups independently selected
from halogen, -OR2, -CO2R4, and -CONRaRD,
' (2} -(CH2 }t-phenyl or -(CH2)-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
25  from halogen, C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms, and -OR?2,
(3) oxo,
(4) thioxo,
(5) halogen,
(6) -CN,
30 (7) C3-Cg cycloalkyl,
(8) -(CH2)t-heterocyclie ring or -(CH21-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 t0 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
35  independently selected from halogen, C1-Cjs alkyl optionally substituted with 1 to 5 halogen
atoms, and -OR#2,
(9) -OR4,
(10) -C(O)OR®,



(1) Ci-C6 alkyl optionally substituted with 1 to 5 groups independently selected from halogen, -ORa,
(2) -(CH2)t-phenyl or -(CH2)t-O-phenyl, whereintis 0, 1, 2, 3, 4,

S

-CO2Ra, and -CONRaRD,

or 5, and vmgr%qwgﬁi’d%henyl in each is optionally substituted with 1 to 3
selected 25from halogen, C i-05 allcyl optionally substituted with 1 to 5 halogen atoms, and

0XO0, (4) thioxo, (5) halogen,

%ﬁ%’ﬁﬁ%ntly

(6) -CN, 30(7) C3-C6 cycloalkyl, (8)

(3)

-(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 nitréb@n‘,%@é%erein said heterocyclic ring is optionally ortho-fused to a benzene
ring, and optionally subi$iueRieRS.3 groups 35independently selected from halogen, C i-05 alkyl

optionally substituted with)ltsieldlogen atoms, and -0Ra,
WO 2009/124166PCT/,
-NRaC(0)Rb, 5(14) -N

of hydsrogen and CI-Co y sub

(9) -ORa,

(10) -C(0)ORa,

0R9249 (11) -C(O)Ra, (12) -C(0)NRaRb, (12) -NRaRb, (13)

g (‘Oé%%)_ iﬁgknggNRaC(O)NRaRb; Ra is selected from the group consisting
y t(gﬁ) ituted with 1 to 5 halogen atoms; Rb is selected from the

group consisting of: 10{1JhyAIRIGERINRERD; (2)CI-Co alkyl optionally substituted with Ito 5 groups

selected fridtristhaegralifporo fisi sting ahr@yhyg rd>ay d(bia loglen] -U5( el 0 O2Raz o s uB{OipeC $483 alkyl,

wherein p {505 4, Qk& {fhfs3-C8 cycloallcyl,

RY is selected from the group consisting of:
10 (1) hydrogen,

{2y  C1-Cg alkyl optionally substituted with I to 5 groups selected from the

group consisting of’
(a) hydroxy,
(b}  halogen,
15 {c) -COoRE,

{d) -5(0)p-C1-C3 alkyl, whereinpis 0, 1, or 2;

(e) C3-Cg cycloalkyl,

(f) C1-Cg alkoxy optionally substituted with 1 to 5 halogens, and

{g) pheny! optionally substituted with 1 to 5 groups independently

20  selected from the group consisting of halogen, nitro, -NR#R®, trifluoromethyl, triflucromethoxy,

C1-C5 alkyl and -OR®,
3 (C3-Cg cycloalkyl, and

Gy pheny! optionally substituted with 1 to 5 groups selected from the group

consisting of:

25 (a) halogen,
(b} nitro,
(c) -NRER#&,
(d) -OH,

(e) C1-Cg alkoxy optionally substituted with 1 to 5 halogens,
30 ) -S(0)p-C1-Ce alkyl, whereinp is 0, 1, or 2; and
(g) C1-Cg alkyl optionally substituted with up to 5 groups selected

from hydroxy, halogen, trifluoromethyl, cyano, -CO2R8, C3-Cg cycloalkyl, and -QRE,

RE€ is selected from the group consisting of:

{1) Z optionally substituted with up to 5 groups selected from halogen,

35 trifluoromethyl, cyano, C1-C5 alkyl and C1-Cj5 alkoxy, and

(2) C1-Cg alkyl; and

Q is selected from the group consisting of:



(OCI-Co alkoxy optionally substituted with Ito 5 halogens, and (g)phenyl optionally substituted with | to
5 groups independently 20selected from the group consisting of halogen, nitro, -NRaRa,
triquordme%?l,z?ﬁ?(% ethoxy, C1-Cs alkyl and -ORa, (3)C3-C8 cycloalkﬁl?'g%?(%%?fé’ﬁﬁ optionally
substituted with 1 to 5 groups selected from the group consisting of: 25(a)halogen, (b)nitro, (c)-NRaRa,
(d)-OH, (e)CI -Co alkoxy optionally substituted with | to 5 halogens, 30-S(0)p-cl-C6 alkyl, wherein p is
0, 1, or 2; and (g)CI-Co alkyl optionally substituted with up to 5 groups selected from hydroxy,
halogen, trifluoromethyl, cyano, -CO2Ra, C3-C8 cycloalkyl, and -QRO; Rc is selected from the group
consisting of: (1) Z optiﬁﬁally SBSHtuted with up to 5 groups selected from halogen, 35trifluoromethyl,
cyano, C1-Cs alkyl andZ3I-Cs@ikexy, and (2) C1-C6 alkyl; and Q is selected from the group consisting
of: WO 2009/124166PGT/US20DR/03924%n @ js-N(Raj-2;(2) -0-, and (3) -S(0)p-, wherein pis O, 1, or 2;

ora pharnag%%ﬂgﬁgggeﬁgﬁlﬁgtgpég SalLtk q{%%}eg}n one embodiment of Formula la are compounds

wherein nis 0,1, 2 or 3, ne SL}J)bset of this embadiment, n is 0. In another subset, nis 1. In yet

another embodiment, N3 embodimsns o korBWAi &Ft SPRSHAN A IS5 TERpoands whdin v is
methylenesuleH (€ lB) cbaliseid, s Shd stsbethdrssinisd nstrslenelst coPREMS)L. iisahother
subset thereof Y is a bondnd &hbadiaihené mibedinkni-otdapoids Marehcvnmpashdiaeherein Z is
selecte framMH(CH3)- or a bond. In one subset thereof Y is methylene or ~CH(CH3)-. In another subset

thereof Y is a bond.

10 In another embodiment of Formula Ia are compounds wherein Z is selecte from
the group consisting of :

() a S-mermbered heterocyclic ring having one nitrogen atom and 0 to 3
additional heteroatoms independently selected from nitrogen, oxygen and sulfur,

() a 6-membered heterocyclic ring having 1, 2 or 3 nitrogen atoms, or 1

15 nitrogen atom and one oxygen or suifyr 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, sulfar and nitrogen, and

(4) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms

20 selected from oxygen, sulfur and nitrogen fused to a C5-Cy¢ carbocyclic ring.

In another embodiment of Formula 1a are compounds wherein Z is selected from
the group consisting of thiazolyl, oxazolyl, pyridyl, dihydropyridyl, triazolyl (including 1,2,4-
triazolyl and 1,2,3-triazolyl), tetrazolyl, pyrimidinyl, dihydropyrimidinyl, tetrahydropyrimidinyl,
pyrazinyl, dihydropyrazinyl, pyridazinyl, dihydropyridazinyl, pyrrolidinyl, imidazolyl, pyrazolyl,

25  and oxadiazolyl (including 1,2,4-oxadiazolyl and 1,2,5-oxadiazolyl). In one sebset of this
embodiment, Z is selected from the group consisting of thiazolyl, pyridyl, dihydropyridyl, 1,2,4-
triazolyl, pyrimidinyl, dihydropyrimidinyl, pyridazinyl, dihydropyridazinyl, and pyrazolyl.

In another embodiment of Formula Ja are compounds wherein Z is selected from
the group consisting of

= N N N N N 5 ]
30 NN . N N , M ' E\E/_ N-” Nz .
N, o T N N N
e N Ty N =N e = o N = =
N | i | [ - O, O/N
T &y Tl gy 100 &t O S 00y

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

-5



the group consisting of (1) a 5-membered heterocyclic ring having one nitrogen atom and 0O to
3 additional heteroatoms independently selected from nitrogen, oxygen and sulfur (2) a
6-memberW¥&%ﬁc ring having 1, 2 or 3 nitrogen atoms, or 1 15 nitrBSEFPﬁ%S?H’%?r?&%ne 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 20selected from oxygen, sulfur and nitrogen fused to a
Cs-C10 carbocyclic riné%) OX0.  In another embodiment of Formula la are compounds wherein Z is
selected from the groufd¢dakisting of thiazolyl, oxazolyl, pyridyl, dihydropyridyl, triazolyl (including
1,2,4- triazolyl and 1,2,3tfrigrelyl), tetrazolyl, pynmidinyl, dihydropyrimidinyl, tetrahydropyrimidinyl,
pyrazinyl, dihydropyrazd' Jce(xs}gﬁgﬁ},ylarfghydropyridazinyl, pyrrolidinyl, imidazolyl, pyrazolyl, 25and
oxadiazolyl (including 1,2,4-0xadiazolyl and 1,2,5-oxadiazoly1). In one sebset of this embodiment, Z
is selected from the grcS "%airgﬁng of thiazolyl, pyridyl, dihydropyridyl, 1,2,4- triazolyl, pyrimidinyl,
dihydropyifssinyRpijriddefimad aieydropyridazinyl, and pyrazolyl. In another embodiment of
Formula la are compoundssdbseinZiis selsataokfroR? thergrbripcehsistingafiidrsidbsenRArN, N'
wherein r i oh2nSHehaRd:aRY Qthersuitable fused rings may be attached to the rest of the
molecule via a carbon atom or a nigo ne atom on @g'ﬁer rin In %nother. rgbodiment of

nother sm G OfTY ajc compounds having the speci
Formula la are compounds wherein IS selected from Sethe roup cons%tlng% : ie) C1-C6 alkyl

optioHAlly SaIsSERMEG RIANAIGE drlise teskehir }09/124166PCT/1JS2009/039249 (2) 0x0, (3)
halogen, (4) -ORa, (5) -C(0)NRaRa, and 5(6) -N aRﬁ wherein Ra is as defined above. In one
subset of this embodiment, R3 is methyl or i another subset, R3 is oxo. In another subset, R3 is
-NH2. In another embodiment of Formula la are co unds having the specified
10stereoconfiguration dh thetindieatediefinabE&ntala [a are compounds having the specified

stereoconfiguration at the indicated chiral centers, with the chiral center marked with an asterisk

being R or §:
OH 1
(R

/'\,)’ Ny §
15 T “—-_7/ ‘
In one subset, the configuration at the chiral center marked with an asterisk is S.
As used herein "alkyl" is intended to include both branched- and straight-chain
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms, e.g.,
methyl (Me), ethyl (Et), n-propyl (Pr), n-butyl {Bu), n-pentyl, n-hexyl, and the isomers thereof

20 such as isopropyl (i-Pr), tsobutyl (i-Bu), secbutyl (s-Bu), fert-butyl (+-Bu), isopentyl, ischexyl
and the like, “Cycloalkyl” means a monocyclic saturated carbocyclic ring, having the specified
number of carbon atoms, e.g., 3, 4, 5 or 6 carbon atoms. Examples of cycloalkyl inchade
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

The term "alkanediy]” refers to a straight or branched divalent hydrocarbon

25 radical having the specified number of carbon atoms. "Alkenediyl" and "alkynediyl" refer to
straight or branched, unsaturated divalent hydrocarbon radicals. An "alkenediyl" is characterized
by a carbon-carbon double bond and an "alkynediyl" is characterized by a carbon-carbon triple
bond. Examples of "alkanediyl” include, but are not limited to, methylene (-CH2-), ethylene
(-CHpCH»-), 1,1-¢thanediyl (-CH(CH3)-), 1,2-propanediy! (-CH(CH3)CH2-), 2-methyl-1,1-

30  propanediyl (-CH[C(CH3)2]-); examples of "alkenediyl" include, but are not limited to, 1,1~
ethenediyl (-C(=CH2)-}, 1,2-cthenediyl (-CH=CH-), and 2-propen-1,1-diyl (-CH(CH=CH2}-);
examples of "alkynediyl" include, but are not limited to, 1,2-ethynediyl (-C=C-) and 3-butyn-1,1-
diyl {(-CH(CH2C=CH)-). Example of a halogen substituted alkanediyl is -C{CH3}(F)-.

The term “optionally substituted” means “unsubstituted or substituted,” and
35  therefore, the generic structural formulas described herein encompass compounds containing the
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OHH () In another embodiment of Formula la are compounds having the specified
stereoconfiguraiion at the indicated chiral centers, with the chiral center marked with an asterisk being
RorS: 0O RIE (F%)“ﬁoé In one subset, the configuration at the chiral centEF MEREPWIHREn asterisk is
S. As used herein "alkyl" is intended to include both branched- and straight-chain saturated aliphatic
hydrocarbon groups having the specified number of carbon atoms, e.g., methyl (Me), ethyl (Et),
n-propyl (Pr), n-butyl (Bu) n-pentyl, n-hexyl, and the isomers thereof 20such as isopropy! (i-Pr),
isobutyl (i-Bu), secbutyl (s-Bu), tert-butyl (t-Bu), |sopen‘¥ll isohexyl and the like. "Cycloalkyl" means a

monocyclr%?%%ﬂ@éﬁ‘é&?@l ﬁBE%‘i@lrﬁ@“ﬁg\ﬂﬁﬁofﬁﬁ‘%‘ﬁ@% EAABREEP BICRAE HBNLEYDS 4, 5 0r 6

carbon atdinsh Exahiplesndtmyclodliydefictddechydlpiiopyghreycibbutlyt, sopetipamsiuza dosyalehexyl. The
term "alkamerliytorgfers to a straight or branched divalent hydrocarbon 25radical having the specified

number of carbon A0 o falsgnediyl gng, eggm%%v&;oa%r% QALY branehedrinsaturated
divalent hydroc l[i)on radicals. An' agggr}r%glxx (%s}c aracter by a carbon-carbon double bond and

an "alRynegipt " Heehy (%1?‘328%"%&/ BoH ’fﬁ&g B%?r Examples of "alkanediyl" include, but
are not limited to, meth{lerierpClagboewsiend ibrrrd2yier, @é@ﬁﬁﬁ@@lﬁﬂ@ﬂ(@ﬁ%’ied

1,2- proparaedwrﬁﬁdﬁh@)mag)pme@yhﬁqﬂaaamohmmdml TR (OHB) 2b) Hexnaxhples of

"alkenedlyé"' &;aﬁ@xg Ieg o, éyérogéhﬁr@@%ﬁéxﬁéﬂn@'ﬁ@)ﬁhé&&iﬁm@@%ﬂéﬂiﬁi@ﬁFCH) and
2- propen 1 ¢ re‘?xa'P Ies of [33”0 5gdo¥ci ut 1‘£Ped IHIP %’nﬁe

1,2-et yne nrrjl 3- ?8 i T ogen substltuted
alkan1 dlylf’ ““?ﬁgsf”élr |8|119;1ﬁy g(ﬁﬁ; iued" m 5 " rlrtﬁbst uIPe(? or substituted,” and

35therefomﬂh&y@@@@my@hﬁhkmmmmwib@ddheherrrienédmm@dmwemds containing the
specified Wk%ﬁ&g@h&ﬁswﬂhé@e@ﬁm@mfd&lbha}bmmtis:ﬁmwﬁmthéﬁmmaiamybwtuent Each

vaniable isRgeReAERLY dielgd RAEDAMPY ASCUIPNHNLING ENerieaBISIah i Mkie-definitions.

The terms” an or "halogen" afe meant to include fluoro, chloro, bromo and 5iodo, unless otherwise
noted. FluBP&nd chimp are preferred The terms "carbocycle" or "carbocyclic” refer to

saturbted, partially unsahsrisraes Shricsveraistionimgeteavity onfyrinsetupRsh oY Exaimpled include,
but are noisdihitedicaycio perity acyelohexyingyelohepiyl acycioeetyhreydigparienylpoydehexenyl,
Cyclohexaﬂ@é}x&y@r&qlﬁb%lam&hedtﬁrme alorefersdean %mmﬁrg GREBRANSIEo MY ithin thie gefinition for
et i e ADAJRg o foao S a@orrg%ﬂ%rdﬁ% Pt is.nablimifge o
naphthyl, érﬁ dronap%’t’llr ra"ydronap YT, (a:ianyl Indenyl benzoc) ?o%g tene,

tetrahydrof B%I@ﬁ@pfé?ré”@n& thel &éﬁeﬁlﬁéf‘é‘?gﬂiﬁr%ﬁf@ﬁél% fﬁ%ér?&?lé @54 BYCRIEy clic ring.

Suchfuseskchingdfaybepgtachdd totbeitestcof thelwioidoule vid Brotrbon tomybritaither ring. 15The

terms "hetgrogayt!anigs-d1eisresxslic okt saiurated ipaiallyssasatoratedazolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolidinyl, tetrahydrofuranyl, pyridinyl, dihydropyridinyl,
tetrahydropyridinyl, pyrimidinyl, dihydropyrimidinyl, tetrahydropyrimidinyl, pyrazinyl,
dihydropyrazinyl, tetrahydropyrazinyl, pyridazinyl, dihydropyridazinyl, tetrahydropyridazinyl,

25  piperidinyl, piperazinyl, morpholinyl, pyranyl, dihydropyranyl, tetrahydropyranyl, and the like.
For the term (R3)p, as well as any other similar notations, when n is 0, then R3 is

hydrogen; when n is greater than 1, then each occurrence of R3 is independently selected from
all suitable or indicated R3 groups.

30  Optical Isomers - Diastercomers - Geometric Isomers - Tautomers

Compounds described herein may contain an asymmetric center and may thus
exist as enantiomers. Where the compounds according to the invention possess two or more
asymmetric centers, they may additionally exist as diastereomers. When bonds to the chiral
carbon are depicted as straight lines in the formulas of the invention, it is understood that both

35 the (R) and (S) configurations of the chiral carbon, and hence both enantiomers and mixtures
thereof, are embraced within the formulas. The present invention includes all such possible
stereoisomers as substantially pure resolved enantiomers, racemic mixtures thereof, as well as
mixtures of diastereomers. The above Formula fa is shown without a definitive stereochemistry

-



and aromatic rings having at least one ring heteroatom and at least one ring carbon atom; the
heterocycle may be attached to the rest of the molecule via a ring carbon atom or a ring nitrogen atom.
The terms%fég&? 161 "heteroaromatic” refer to an aromatic heterocycl@ CNVERAHE & ition for z,
the term "a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms 20selected from oxygen,
sulfur and nitrogen" includes, but is not limited to, pyrrolyl, thienyl, furanyl, imidazoly, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolidinyl,
tetrahydrofuranyl, pyridinyl, dihydropyridinyl, tetrahydropyridinyl, yr|m|d|nyl dih dropyrlmldlnyl

tetrahydro%fﬁﬁ‘i‘ﬂ&rﬂﬂ“ﬁ%ézﬂiﬂ Fﬁ‘i’ﬁ%r’&ﬁ%ﬁﬂh%‘:%a QHIBILIRS, fﬁ&ﬁ?h dihydropyridazinyl,
tetrahydroplyaidazinyic2bpipendirylsgipérazidyl, motpholinyl, pyranyl, dlhydropyranyl
tetrahydropyranyl, and thesli4oisomeric Fdfsthe:tRMMR3) mastyelhas iy ptheesimjiay notations, when

nis 0, the?rﬁﬁo Y f; ﬁzat"ééﬁ‘?% ésqgﬁ%’feeEotﬂ%Ht ]Hnt(rlﬁl% ﬁ%@'&fo%%%{{fo%{‘&% ALRSIFHg eRgndently

selected from a su or indicated R3 group Optical |[somers - Diastereomers - Geometric
Isomets - TatfBHRe ot 1“"“’“3’:‘81&%%%%%‘%‘5‘6%B%H’ﬂ’éw?ﬁ & EIHEH IR SR SHE Ehter and
may thus eristatls eiaistior erdayvae Ferthel GO RSSO AGCOVEh RS theolmpan tiortsssysss two or more
asymmetrigneeiiers, dhéysnayaddiianalhpexist @sidigstersidroenalAithesdends-dadhbychiral carbon
are depictegl a5 5UaaN fnesinibe i ﬁeﬁé@aﬂmﬁa%& I wnderstoed;ihgh both 35the (R) and
(S) conflgura%:ons of the chiral carbon, and hence both enantiomers and mixtures thereof, are
embraced Withi the formulas. The present invention includes all such possible stereoisomers as
subsiéntially pure resolVEEFRIARIIHET deverdesn kerpiktndainipdsic 5@‘\&@#’%%%&?@@5 of
diastereorsersfithethbove Foohddalik istown matnott iadefimbivie Startd gremistin/isiiers.

2009/124166PCT/U52@@&(@3&%9@&;&2&1@@%@@&%@&1&h@rﬁﬁ%@ﬂkﬂ%&ﬂﬁ@fhﬁ%ﬁiﬁi@%ﬁ'|
stereoisomer; %hntxen?gpﬁl é}{‘?ePe‘}%r %%?%h?&‘!%é‘c?%%a'ﬁclg%?é"% H}%&‘?h%‘} mc}ud]; %&%&%&?O'Some”c

pairs of en ag g},rna;[ %}y rexample, 1sm r stalliz sultable
solvent, a w%f) fiomers thu ibltalr% may bbe separ |nthY|n Vld re0|somers by
convéﬁtlorxaqﬂméml f@r@éarﬁ@ﬂe@;ﬂth@@@éldﬁmdpﬁﬁaﬂyﬁg@tﬂ?éva&wéﬁlba%?ﬁ dwebsstving agent or
on a chirakkdRdes edtiimmhdsduiiess arypenantiovestor diastereomer of a compound of the general
Formula la may be obtained by stereospecific synthesis using optically pure starting materials or
reagents cg own configuration. 20When compounds described herein contain olefinic double bonds,
unless sp 2d otherwise, such double bonds are meant to mclude both E and Z geometric isomers.
Some of the compound@’éé@@hb@b‘%ﬁlﬁ?&i G ARt Fé?ﬂ%%ﬂﬁ?é%f”&ﬁ%ﬁr%é‘ﬁt of hydrogen,
referéd tophsrteasormeaisy Fargxbinmple; oam pesnds dnidhdiigetarb ooylp@HRE (0 rgesups (keto forms)
may undergotaisomeriam 1@ E@H’@sbbfﬁ&ﬂ?@@al%G&@iﬂhﬁﬁﬁt@@ﬁ%ﬁ%@fr&ﬂ’ﬁﬁh@&%ﬂf@@yﬂnd enol

forms, md'Vegy%L%@?«OW%J)X?&bqufﬁua%&m s1sed s ncludedwininde.scop olifie prgssnt invention.
Salts The tern%3 harmaceutically’ acce ta ts refers %}to saﬂts prepare irom%F rmaceutically
il it

acceptablé‘ﬁ’éﬁ“f&%f’d“ﬁ&?é%‘6?%%‘?8& W%H&lg@mﬁ%ﬁ BFth&BRES el dh
correspondithiy BanegirHercoRsRINIE Hyip Fep ansd foRssHHBr frdtalticat yalcbe pigbielion-toxic bases,
including iresfyanit bagesuand skganicldase sisgatisude ived fiomasd chdinargsinic Hasesdpaidle

aluminum, g mrpRHMRe CRAG] IHeGORRR! é@min%ﬁ%ﬁ@meg%m Agﬁg%m@a@p%mamanganese

(ic and ous}1 potassmm SO nc he like salts. 2 rre(ijl are the ammonium, calcium,
1[1 rgz amines cuv TOH 1§1 ra ccu dnﬁ%an SH/ thetic so ltu‘ ?
magnesium, po assium an um Safts: armaceutically acceptable organic

non-toxic lﬁﬁ%@%“m&ﬁ%@@lﬂ@&%Fﬁﬁﬁ?ﬁ%%ﬂ%ﬁ?%ﬂ@@ﬁ% SnhrderasdBe i %Both naturally
occurring arehgyntheficiso ixcsse Rhtemacdulical X ACciiptaie brdanidmoneaiitiyksasdrdm which
salts gan hedaymeshinghads, fonexampipa/dinng, beianantaifeNgeaiRiiRge, N-cthyl-

hanoenaissoNamie, Ay iR HHSINATINeReNR AR larnoehane,

ethanolamine, et morph N- eth iperid ;%ucamlne glucosamine,

N-et
histidine, HyeRABAl éaafa SRR By BN IRE NS BTG RRSIAHG, morpholine,
puperazuneplpmémﬁn@oimwamm@mem@lmomﬁes paphesnine dbetTraing dtnyddryieine,
trimethylamipeyptripiony anireairomathbdr tikand the like.

35 When the compound of the present invention is basic, its corresponding salt can
be conveniently prepared from pharmaceutically acceptable non-toxic inorganic and organic
acids. Such acids include, for example, acetic, benzenesulfonic, benzoic, camphorsulfonic,
citric, ethanesulfonic, fumaric, gluconic, ghutamic, hydrobromic, hydrochloric, isethionic, lactic,

8-



35When the compound of the present invention is basic, its corresponding salt can be conveniently
prepared from pharmaceutically acceptable non-toxic inorganic and organic acids. Such acids include,
for examplg’%@&?@%éﬁzenesulfomc benzoic, camphorsulfonic, citric, ethBRE& MR i aric,
gluconic, glutamic, hydrobromic, hydrochloric, isethionic, lactic, WO
2009/124166PCT/US2009/039249 maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic,
pantothenic, phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic acid and the like. Preferred are
citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric acids. 5Solvates

The presetielpigertbe mendabs wrRASSenise St S 6f BRSO BRI B HHPRAMRIATAS used herein,
the term "solvate, velfere imecomplekafvafiabiestd i drmdiry. fErefedtbyra goluiéimhamrompound of
Formula la)eFahia raacautioallyrerepiahiesaltithererfand a solvent that does not interfere with the
biological activity of the solute. Examples of solvents 10include, but are not limited to water, ethanol,
and acetic acid. When the solvent is water, the solvate is known as hydrate; hydrates include, but are
not Iirﬁiteds@%’—ﬁ&c‘ni-, mono, scsqui-, di-and trihydrates. Prodrugs 15The present invention includes
within its scope the uselpeauteses oi the commbedaidebinhissenpsstbriancgepepsiurdicti Brodrlys will be
functional derivatisedhefkiheleompountaef thisrisentionivhichvareireacdilyronvertilsleninl bive into the
required compoynd. Téau%paﬁhmmﬁmg%%}rgmmkgmﬁlpt&é@[ﬂﬁwmlﬁa@ré&%ﬁr@

admlnlsterui]g 3 aII Orécs:% n%%lsﬁ; e t]r%h%mg%tlo qlﬁ—‘ deSCI e% thr% compound of
Formula 1867 20 With & ¢ hd Whi §fcbe a com ouné ormuia ich converts to

a cortfhou ﬁd’]BleM%ﬂ%fl%l #PVF% Tﬁﬂéﬁ*‘ﬁd?ﬂ?ﬁ%éﬁéﬁﬁ@%@b‘at@ﬁ?néﬁrﬁ%ﬁ%h%ﬂ‘”ﬁ%c@&ures for the
selection anbpesphnatiomohsditah ey prody ug bdeVatives mtdidesdribganfor mxampleqin,'Design of
Prodrugs,a g8y Burdgaard, Elsevier, 1985. 25Ultilities Compounds of the present invention
are potent agonists of the f33-adrenoceptor, and as such are useful in treating or preventing diseases,
disorders or conditions mediated by the activation of [33-adrenoceptor. Thus one aspect of the present
invention &%@fé@% a method for the treatment, control or prevention of such diseases, disorders, or
conditfons in a mammal it SOsvsrsaseteinisteing scopadke memipdivastiépeutically effective
amount ofca.epsipeuntiial keomia. fan Jhedtermdimandnat \intibdesdismadaidthendiuman animals
such as ,d%ﬁl?mgaa&% m%{b&ﬂls& WEE@I 91%‘%@%% Qjﬁ%%ré 9{&9@@1{&%@ f aﬂbﬁ% mpgunds of the
ian

presentin re use Ld r;r reventl qlnc P are,n t limited tq overactive
si, eme 8 0 resent nv {11011 'the mmiq erm
bladder, ( urnary incontnence, r ary incontinerice, Urf dlabetes

mellitus, 35T6Y YA GREEHMEnt Pf 6?@@@1%@11&830%5@&}?&%%3% tmﬁeﬁmgwée? cfé%% ldoyr
hypebéholesterotemjmu(lihylathenegcler bsis whgononbey | cenebr by dstwibichndnperiptreral arteries, (12)

gastrointegtinldirose eb‘i’dﬂ@mﬁi RoReRiEUeshaRsARbRdItS. gastitiscand-dussanitisclinetuding that

induced b’fg%e,%%% %'& }%e df‘E';%%i@'}:?!a‘é%’%%é’?@%ﬂl%l%ﬁ%%e@&%@h W ample, in

2009/124 isease, tlcerafive colitis, Crohn's diséase and proctitis) and
gastr0|ntesf?ﬁéllgf}l8£?é?@?f§3 (19’5 ﬁe@lﬁ‘&g?ﬁﬁ intamIatdfrof airways, including cough, asthma, (14)
depression, (15) prostate diseases such as benign prostate hypetplasia, (16) irritable bowel syndrome
and ather tigktiders needing decreased gut motility, (17) diabetic retinopathy, (18) preterm labor, and

(19)-elevated 5'ntra00ul@<fnax&§§dér§mdp9é§émm&m are tlh%ﬁ{s&umg Fouie of. g@l@y&é&@yon may be

employedéo(ri rovcgln a mamr al esgpemal ffective chagemgdlaatg(%n gund of the

Teatin %e cntm ISSdSGS dw 1 T condition
present invention. For example, ora tal, topical, parenteral, ocu ar, pulmonary, nasa and the like

may be erdplisyaen Bfo%%g@%?ﬁ%tﬁﬁc%@ ﬁlﬂéﬁgwﬁd%ﬂ&p%ﬁé%ﬁ%%%ﬁéﬁl%éh%e%‘ikfﬁbns

capsules, the treatment, control or prevention of such diseases, disorders, or conditions in a mammal which

30  comprises administering to such mammal a therapeutically effective amount of a compound of
Formula la. The term “mammal” includes human and non-human animals such as dogs and cats
and the like. The diseases, disorders or conditions for which compounds of the present invention
are useful in treating or preventing include, but are not limited to, (1) overactive bladder, (2)
urinary incontinence, (3) urge urinary incontinence, (4) urinary urgency, (5) diabetes mellitus,

35 (6) hyperglycemia, (7) obesity, (8) hyperlipidemia, (9) hypertriglyceridemia, (10)
hypercholesterolemia, (11} atherosclerosis of coronary, cerebrovascular and peripheral arteries,
(12) gastrointestinal disorders including peptid ulcer, esophagitis, gastritis and duodenitis,
(including that induced by H. pylori), intestinal ulcerations (including inflammatory bowel
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10creams, ointments, aerosols, and the like. Preferably compounds of Formula la are administered
orally. The effective dosage of active ingredient employed may vary depending on the particular
compoundvéﬂﬁ:ﬂ?ﬁ/é%flﬁ?e mode of administration, the condition being trea)f}e%T %({We%ga%ﬁgrity of the
condition being treated. Such dosage may be ascertained readily by a person 15skilled in the art.
When treating overactive bladder (OAB) in conjunction with other anti-OAB agents, or alone, generally
satisfactory results are obtained when the compounds of the present invention are administered at a
daily dosage of from 0.01 milligram to about 100 milligrams per kilogram of animal body weight,
preferablydicess- NG et Bse OGPk tidivat dparritsigedesttmesizd Hrestionsédtined release
form. In theceagend o 7@ rkgasdu b frimwayy, theltding deiighdersbogill Horeratisioe. fridmpagreae 0.7
mi::igramscﬁ@ea&@duﬁéimooeaiﬂgg KB ORyPERaSRECIHTatitaiio Bh ALl ams thsakieti 2000h
milligrams, Thi ge regi may ju goiVj| i I Tol 1= se. When
treatin oé}gg?t])i?,gi rélje Sg?)%% raﬁ:%ﬁg \%lim i%ﬁ%%%%%ﬁ%{%@@@%%?% %%;gx?oﬁg,eagg%ee}?g%ggaﬂsfactory
results ard BBCIHELRIREH AR EMEYTAdS of the present invention are administered at a daily dosage
of from 0.01 milligram tdmbiwiietlogawilifredrdnidrakips graybe tarminadbotr ovédde appararbly given in
a single desg¢tiiy divices doses biadovsiddinges fadayponind stigiainestneleaseifarnioln the case of a
70 kg adult.hyman, the tetal daibadese willgereralyhedram, ahout &d (ailligrms te about 3500
miligrams, Tiys esadereaimen; maybe d0aduisicd tprovide the oplima! Ihrabeulis (esponse.
When treaef}l]ﬁ% dia etes MRelfitds andror yperglycemia, as Well a3 othier ISeases or’algc_)r(fe’rs for which
compBund&sMSarininaS drecsRlerandgan Ilyﬁ/ Lefebleeryrreunts i oBE R TG AER IR ESmpounds
of the presestinvention are administered at a daily dosage of from about 0.001 milligram to about 100
milligram per kilogram gqf,a@iraadhosheaveighis3Rprtesably giyeRd0 asingle dgsadkdngdimided doses
two to six fimes A A2% Or M usAnar fERRse (Ul e sasaol AR o mAR, e total dally

dose will generally om 3 0.07 milligrams fo about 350 milligrams. This dosage regimen may
e aclSt DOV Bt B TRGETL IR 5 SUBH SATERBE I S50 03049

In onESembgihantheatompound of the present invention is used in the manufacture of a medicament
for the treatment or prevéntioreaing disease Obldisordermetiategihytithevadtivatiomat@33Badrenoceptor.
Another agpggt of theRresehhinventien provides Rhasnacsyticrheampasiieona smbichcamprises a
compound QheUTMR B anda phaaredtcall AacepIpbIe SAILISE The Parpassilical Gampositions
of the present invention comprise a comEoun o?_ ormulala asan active in redientor a ,
pharmacelbilegiPaicapnm iodu v imare sreiH &l #ids %Wféﬁ#asf)%%%%ﬁé‘éfﬁ?éﬁ’é’éﬁt%le carrier
and @ftionatiysctidey therapeuticcihgrleie fitsn Thettereastpifarifdceudidbliyrerrc diptapia dailtsiesters to
salts prepargd:framiphss maseicaly accepiaklecldnantxielaseser acidsdseldtioglierganic bases
or acids apg eenIGRARERL %Bb%?zo?,o millAE-50mRAsiions ncluds samposiieas sy ialipdor oral,

intravesical, rectal, topi parenteral (including subcutaneous, intramuscular, and intravenous), ocular
(ophthalmes, %%ﬁ]gwlfﬁ‘géca{%?%ﬁcal inhalation), or nasal administration, although the most
suitable route in any givshesdEa il dhspibndiciorie et Mk Bes Anl/of Iecsieanidasbeing
15trezted alod-0peiheatiatung atihe astite drgsedient. Wikeylmaynyeashvenienttyspressated:in unit

dosage form and;piepared Pb{aﬂtﬁ)lﬁ@a@%m%mm%uﬁ'%ﬂw{b ubdhe a0 AlIRBAIRAGY kilogram IN
ne

practical Use, {1, PRMPOUALS, O GRUIIIA LaN. 0G, ERMRINGAATNEAHNG RAFEIROLRImate
admixture with a pharmaceutical carrier according to conventional pharmaceutical compounding

techniqued2YH EaiviRF ATy LSRE S0 dVERERP OPfride oddhaviitg Bh o fain Gpréaration
desired foigentmiiydtraiion, 2 gy, GFahdlgarerierabinti0dingligtrave Ndus fiohagsregsameryrtiag be
compesiticas.ieramp fesrasdopmmany@igheibstabpharmaceutical media may be employed, such as,
for example, water, dlyapia A e AhBlRMAAHND. AR RISRENAIVRS R R:RgRBIS.and the like
in the case of oral liquid pr(ig@fratlo Shfucflf as, for exam}fl%gsu%%ep ions, |I2{(II‘S andgsolutlons; or
carriers sUlH K8 8S I HAE "SRRV HITS Ié?%i‘é? _iﬁ%affe tioseS UiftEnts granliiativy ay@iits, lubricants,
binders, dighttigfathepdberesarienthefike Mctatcasnbibred sbninpsiepd stclidsdetresofor example,
powders, Hasd snaisoficdapitilesancatablets) withi srensatickdsgtprefanatiensbewg greferred over the
liquidsgrepgratings, Becauss Qidheir gasenfadministation dabletsandaansules.ierregent the most

release form. In the case of a 70 kg adult human, the total daily dose will generally be from

about 0.07 milligrams to about 350 milligrams. This dosage regimen may be adjusted to provide

the optimal therapeutic response.
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30advantageous oral dosage unit form in which case solid pharmaceutical carriers are obviously
employed. If desired, tablets may be coated by standard agqueous or nonagueous technlques Such
comp05|t|oW§)&HQ?’&FéHératlons should contain at least 0.1 percent of activEcEI78tHE

percentage of active compound in these compositions may, of course, be varied and may conveniently
be between about 2 percent to about 60 percent of the weight of the unit. The 35amount of active
compound in such therapeutically useful compositions is such that an effective dosage will be
obtained. The active compounds can also be administered intranasally as, for example, liquid drops or
spray. WO 2009/124186®€ Frysdopaosopmpound of tippreagietsveitian éapsdiesthand the like may
also contaimsubitder dluchascgmantiagdeantiiyreactgreanmistanth disgetainiiexdipiertiasuth as
dicalcium ngteﬁgndéelme‘gﬁgg&ﬁgent such as corn starch, potato starch, alginic acid; a lubricant
such as magnesium stiarage gbn LN ieeteerye to%ucrr(rwa} su 1&%%3 la Close or %g. hann When a
5dosage unit form is a capsu taln in'a 1o’ materals dﬂhe abov e, a liquid
carrier suchEd SRy 2 Compc’% gtﬁg‘mhlé %ﬁﬁ@%ﬁ%ﬁ%?@ﬁ?ﬂi@b&%ﬁ@s frhf'o modify the
physical foimofthetiddsagepariitoforiifistarse) ttablatBonayisisoatedpithéhElaunsladareiboth. A
syrup or elixrawaye@eiain, dpeagilienieiiaasimisgirdienioSUanoseyassa sweatening agent, methyl

and 10pr g&%!ﬁﬁ‘ﬁ@&%&@%@&&ﬁ%vé‘éh‘{ﬁér %936&%9137 lanorng.uch ancherny.onaaagg flavor
Compoungls of Formula’la ma%&%39 0 be ad inister

aren@% ‘% folu lons. o 1sus sb?ns of these
active comB%ﬂH’&geggﬁ &3h R?Vaf ngdﬂg RETWItH AR UHAERRt S Eﬁl
hydrdfy-prepyleefbisse Omﬁe@@h@%we&elﬁ@ﬁe@aré@dﬁﬁg%@a@rplmm ‘E()Wéﬁrylene glycols and
mixtures thereof in oils Thindenardivaryisdntt tonpafistosagabhdfusaall bthesaipre parations contain a
preserVat'VcﬁJF&rp5%)/&{@&%1%&6&%@Qﬁ%&&ﬁ%&@m%%ﬁusculm a'[aﬁ‘ﬁl{?&\%’@é’ﬁebﬁi%l forms suitable for

injectable a{’ £ glud ef r{o%%gf%é Squtions Par‘i rSIons And stenle 1$°W RIOHDE ot
extempor n%ous pr ra on erie In ectab e SOlu ns or IS ersions ﬁ'l %Ol‘m must
be sterile AHENRSHHRAN & tHecastant encadsy gﬁﬁi’&&'ﬁrﬁﬂ?‘ é9<‘f§f§Y |@f%ﬂtfs‘f0@éf§9alaréem$der the
conditionstetirthaufactihenande2d goratie argiadigst béhgreserbedayamstithereomadimanng action of
microorganisis fl#ehaas Resieripbandfungic tiesartienoanhe a selvanirphaisaeysion medium

containings for exampla, waler. £ ianGl Aoy 'u%@o%?ﬁrﬁr Rrepsns.abicel anfJiguicpolyethylene

glycol), surtablﬁ‘ﬁ ixtures thereof, and ve et le oils. oun SO A:ormua la maxri)e used in
combinati§tF %ﬂ?é?%@%%r%‘r 'fﬂ'ﬂ%c{’réc Iﬁﬁb?@%} NS EPPIEYSEH or amelioration
of the d|se§@éewewﬁmﬁ@mﬂwgu@qlewmu?hfscer%mﬁm@haereéaeemtysﬁéﬁl@rﬂwer drugs may be
admimisterggehytia: roLde: dnehio farepanaiint &eirwhanlydused thaoeferg conlempararnedusly or
sequentiallyy yyid; %FBP&%E}?) ofFaumiiad %W&iﬁﬁoemma%aﬂ b EEMHIA IR isoiatdisual
contemporar eous%/m 1.one or oerer% er Sﬁg [?Qracr}ra%c utrc Iuntdqsa{g% form ¢ ntaining such
other dru Haddition to t om Jund of Formula ia is referred %\ cordin I’y the’ psharmaceutlcal
composmcﬂe%rfrﬁécﬁré%emsmvéﬁﬁrr@n%rem&aﬁraeeaﬁ@ér%% DG BF hiBA other active
ingredientprdpasaditio nudh asc dm poumel o fBpemitasi 2l iExa g e wioother ewtives inghedients that may be
combined witkhas campount et rermuladaieiteesadmy)istergdisepacateyubrab ersame,

pharmacebrgﬁﬁtg%m&o@&e@%nm&w Aee Hluaefc%ga%tf'zmrteaa@px%mt%?gﬂsﬂ\ss Ripddgnedicines
including (I nic receptor antago Isf‘tr%é t(l) %mn in 8q{%oxgbut nin,
hyoscyamfti&, é:% ﬁﬁ‘@ﬁn“ ‘pcra(?ﬁ %Sr it Fué)ﬁ%e‘l s%‘f? aéi%‘ésr é”% fenacif, ©
darlfenacnﬂlf'-iﬁm&i‘@ﬁﬁ?@rﬁﬂfé@oterodme temiverine, SVT 40776, 202405 by GlaxoSmithKline, TD6301,

RBX9841, DDP200, PlHEt#A8e MW D200 1244 66RG TGS 20084030240 alked rofhercantichadinergics. See,

for eé@mp%m% 32Bl00kRcdf @l WHich 480, Qﬁ@ ROt baldDr ORISR Y S
6,017,927, U 7 %6 US 5.036 098g Us 559%5%? %s 6,713,464 US 6 8%%950 and DD

106643. SHa a?go SO AT S B a0 LI QTSP (SEBYEY 190, US
5,601,839 SUFS SOBBASH RIS B4 §oRRYS 51199512‘@6%66%%%‘%6?@@%(?4{?&‘8‘5%0%’@9%}% ippreciated
by those ofskihirgthe artivihesepdrugsmizy e agnifiste ret orllyuoret dpicallydianstandard or extended
release fopms.cous pbbdpndadusleaserelieioaing: exirphtod Jelesasrpahpéynin. anegtransdermal
oxybygyning, (NI Rl N AP HCRISISHE S AR A F ZRlIFOR RO PQUANES: dISEIRRAMN

dosage will be obtained. The active cornpounds can also be administered intranasally as, for

example, liquid drops or spray.
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W02005/073191, W02005/032464, and other reported NK-1 antagonists), (iii) alpha adrenergic
10receptor antaﬁonlsts éeg alfuzosin, doxazosin, prazosin, tamsulosin, terazosin, and aothers), (iv)

potassmm‘gﬁa?r? %{Féﬂé ers (e.g. cromakalim, pinacidil, and others), (v) va‘?ﬁiﬂb@@ﬁ’& Bider

afferent-nerve modulators - 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 15release (e.qg.
botulinum toxin), (ix) calcium channel blockers (e. q%?(]jlltlazem nifedipine, verapamil, and others), (x)

inhibitors of prostaglan?ih? BhitHe Bl Y ARG B‘kwaé’aarhﬁ]‘é’&ﬁﬂh%%ﬂﬁ‘l@‘%&&asr%%‘@ptor
antagonistsafecgnbasteden ofxigtaalivadesin geripeeparation sitdlgies pletiydatarepinephrine reuptake
inhibitors, &i@vﬁe%rhﬁ%@g%gpmaﬁsas(mmm@&a{@@tﬁ@ﬁitarglﬁfra@emelah{@@i@@ﬁ: () 822X purinergic

receptor a”%%%{‘u%s (E:thd A Ea %ﬁ&f@déms Q0L RARE é?bé%%%[ﬁ n OHldn o

phosphodles erase inhibitors (e.g and PDES |nh| bitors i2:1 XIX) ATPs itive

potasélur’ndef“f’&‘irlllcgl‘t BR&TE, Capv’“fe it W.ﬁ%ﬂﬁﬂ%@&&‘%&‘&&‘ﬂf@ﬁ}%%‘*a PARY” tﬁ?fh% éqg ch as the
glitazonescgerigr susylag 648, Ploglitazone, englitazone, MCC-555, BRL49653 and the like), and
compounds disclosed W08 HRAéBmAcaZI2 8] b PR 37 candn@y (2 184l higpanidesfsuch as

mEtform'no%%@'agegg@mwrﬁ%mstance 1S RINSHIR AMEHIES: sugar or b&q‘) svlferureas such as

tolbutamld and Iu005|dase |nh bitors (such as car f
cholesterol 1o ower% goé}%rrifténsaﬁic tios F)aﬂf—lgf % OEIFéj uctggé?ﬁ %?o}gfcf \iga%Ta hmatrr?(/aétaatln and

prava8tatiRT MARERE ’ﬁs AtBFeEEtAtiNcaAd AR aERTREIIRiPPER 4YERTaNE Y%Fe@?;‘f%mlne colestipol
and a diallcylaminoalkyl alepivatiires Ebanoie s tinket dexedminigipredqutientcsitoh8bhieotinie acid or a

salt therecsﬂasgahﬁﬁaﬁf@ﬂms%ﬂv&&mmwaﬁ%@g@@iﬁba suichsssienefibricagididerivatiest
(gemfibrozl, clofib r&%o 3593(3]}?rﬁ:’e%%geb%?i?éﬁg??ﬂéeéar(wﬁeérﬂy% S &E? siralghgorption for

example beta- SI'[O tero] ze imibe, 35 acyl CoA:.cho ransferase) inhjbitors for

terol a
example rREITARIRHS, %{?ﬁcﬁ]rgoﬂiﬁlc‘@f"w?w{lﬁ’rﬁ?ﬁ E%ﬁd%@ﬁf’iﬂ{ﬁ%@ﬂ ions of stor fﬁgﬂﬁ% agonists
suchlds thbses dispioseenirPWROTI8INg WO PDUYPILEE GERTIT 1 SXE0TDBI29 (h)
antiobesity compoundstsugihasmfeaftivdfuneg dextdafiuramingiphsnieckibuiramingpestistat, and other

Ib ?drenert&sﬁl{i%sa%}%@gmtuﬁgsa?g sterile pbi B%ﬁqdﬁ&%%eéwgfom%{w B gsgagxﬁ §N&E‘r7f'1/’§ rgcugos\fgtide Y
antagonists ne id SucC ose cl

97/20821, W}éi%’lﬁfé‘d?g@ig 8cfs\W 18%2&32@%3@3 tie “ﬁ’ﬁ}&%éeé%éh?s sgs’l‘}‘cy\{ge% e%sl%n%led in WO
07/36579 B &bkt S AYE ERAGO AT ok BeschbEabl w@gﬂmzﬁéﬁﬁﬁmﬁ%%wm Fafiptake

inhibROrs suchgasHHtuoxetimeparsdrsettrgiime. the orwembodgnentna Compongidichthaqiresent invention
and a secopelaetivel hageniassrseibed Abov@areusrkimthemandiaciire:ofa Medicament for

the treatment.or preys ﬁ&]&po?geao% Incass . dserdeLmediated e adiveion i3 adignocentor

The compounds 0 For p ion can be prepared according to the procedures of
the followiRE S aehid e i%%%mg appropriate materials, and are further exemplified by the
following specific examphaepdviateolBerbyluiniziay hﬁé%ﬁdé@@ﬂﬂé@%@éé@é}ﬁ@@GW@F&ﬁhﬁr@é‘?of ordinary
skill ipsthe adddanhkeasinpreparemiditionateim poundswithe of the discases or conditions for

which compounds of Formula Ja are useful. Such other drugs may be administered, by a route
and in an amount commonly used therefor, contemporancously or sequentially with a compound
of Formula Ja. When a compound of Formula Ia is used contemporaneously with one or more
other drugs, a pharmaceutical unit dosage form containing such other drugs in addition to the

30 compound of Formula la is preferred. Accordingly, the pharmaceutical compositions of the
present invention include those that also contain one or more other active ingredients, in addition
10 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:

35 (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, RBX06841, DDP200, PLD179,
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present invention claimed herein. The compounds illustrated in the examples are not, however, to be
construed as forming the only genus that is considered as the invention. The Examples further
illustrate dé‘f@l%oflé’ﬁ%éﬁﬁreparatlon of the compounds of the present inventibd’ WB@%OgRﬁfgd in the art
will readily understand that known variations of the conditions and processes of 20 the following
preparative procedures can be used to prepare these compounds. The instant compounds are
generally isolated in the form of their pharmaceutically acceptable salts, such as those described
previously hereinabove. The free amine bases corresponding to the isolated salts can be generated by
Peutraliza#6 S ESEREIENE HsseS Sudh A RRIeALS SRR ANhYdgeh EMpBAE a6afMTarbonate,
sodium hyérgpide] dnd potassita/ fydrokithe, ardoed sehob o bihasZBkbeiatetBaiflifictifee base into an

organic solvent feiowed byrevaparation .| b anine-feebasa isolated indhim manngr can be further
converted é“f?t%‘gﬂi% 8’6?[@?’?6‘@& (j'(%’ﬁ)%e%%‘?"?oﬁaéé&yiﬁ?%ﬂt&% In,ap oxganic solvent followed

by additio uent evaporation, préc |tat|oﬁ or crystallization. All

he a riate ac¢
tempetaturés il @f}%ﬁs‘%&%%ﬂr&?otﬁ%mé@ﬁzﬂ%ﬁmm@%@wj WSS & rbsEured by
electron-sgragsionsrhasdepesttrod coply. SOAPcalistin shobwhtogeagiicdseiniees sweyebe employed
in the prepatadidud efithe campdindsxithtsadeehniguasineinded buh@ematdirtieie), High _
Performangg | H'QPW&%@&R@{@@@/ &51@&%&%@1&@%95@ AASEEYE/3ed phase, and chiral
phase HPIVS: %89%5{ ﬂ?%&hrog}) 2 I\%‘?( thlt %%n l(fni)nl 1F uid drenergic
Chromatography; preparative ayer roma prep RS 3maefograp$1y with
silicalfel #W@V@%@%@sﬂi@%@%? |@?¥f€>@éﬁ’aﬁ@’é%ﬁ}dﬁﬁﬁ%’@%}bﬁ§faé@fﬂ1r%¢a¢%ﬁ?@n@é(t)ography
All temperpttresuarehdegrogs@eisis uniaskabthepwisainoted others), (vihenghridsed$taingard peptide
coupling reagiion sanditionsameansGaspling %%ﬂﬁ%t@Q%Wiﬂhﬁfbﬁﬂ“f&ﬁt@ﬁiﬁ‘wao@i@@)ﬁCtiVaﬂng
agent sucie %s E &mme% eacgdtoBr(QPOllln WO@;%% lg/%;i PCtTc{ngeSZOO 4?39%%91{%% solvent such
as dlchlorome?hgne int senc a%a sf’suc?w HOBT and HOAT. The Uise 0 protectlng

groups for T HREI RIS r%dwﬁé%ﬁ? A Bﬁﬁﬂ%@%%ﬂ%{fﬁlfﬁ@@é@ﬁé’é HEAHEBNERG minimize
undebfred 1destidns. isomdibdodoriented cdonditbarnpd jlaeke 1drenddiiezproteidtifigiegoups arc found in
standard textheeks sucbirs (g reentithicane Wotsghntn SyiMhcbirqiegtivekaaups inkQrgamia Synthesis,

John W"exlﬁaégﬂ@nw&id\@w&%t%&&a%g%%m? @Qﬁ%ﬁﬁwmgmmggwﬁt%ﬁmg groups in

organic synthesis, and the remova on '%OP rgoi_/ﬁ] those s the art. For example
§5, eclive nore inephuin iy XIV 2, agonists, t%% alcd %9 By h
MOZ may be femaoved by cata rogena |d presefce o fal or 1ts oxide such as

palladium ﬁﬁla&i@é@é}@%ém&?g?@%ﬁ@w%@ﬁf%@éﬁ‘%‘*ﬁféﬂ%&&?lz&léﬁﬂ’a@?@ P8R8 Where catalytic
10hy#PogematipPAR 2arititdindioatad)ghestththie peese idebifootiie g Jobd it #lEre actiwdEMmctionalities,

removal of;;lm%ggljogm(gg@ Alse Laachisvedieatmenpwithsa solution of trifluoroacetic acid,
hydrochloric acid of Py PRSIAINOIAE0R%,N &Pl ke Aa ACUierITaaRg, Jpglhapol, or ethy

acetate. Remgval of B out WI a st rongiam as trifltioroacetic

otecting groups is car
acid, hydr SRR BEi81 RYGPBGEIF CHIBHEC RS s SRR AN 16 TEehcHIGRSMRHERe, methanol,
or ethyl acéisiesed in WOYHRISGRAH We 1 8pPTication andd ToltHtgitebigsanisdee theh irsciisafehin eanings
unless othgwvigedioiadi; TermMeaning AcAcyl (CH3C(0)-) 20Ag.Aqueous BnBenzyl BOC

(Boc)t-Butyloxycarbony, Qﬁ@ne&gggggg%;neﬁ&xytns(d imethylami no)ph osph on ium
hexafluorophosphate 2 %% ee Cel S|ushCale or caé: g qulat%d CeliteCeliteTIVI diatomaceous
sulfonylu cand g

earth reas suc albutami

as iprzide
{e) a-ghicosidase inhibitors (such as acarbose),
(f) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors
30 (lovastatin, simvastatin and pravastatin, fluvastatin, atorvastatin, and other statins), (ii)
sequestrants (cholestyramine, colestipol and a dialkylaminoalky! derivatives of a cross-linked
dextran), (i1) 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,
35 and (acyl CoA:cholesterol acyliransferase) inhibitors for example melinamide, (v) probucol, (vi)
vitamin E, and (vii} thyromimetics;
(g) PPARS agonists such as those disclosed in W097/28149;
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DCCDicyclohexylcarbodiimide DCMDichloromethane 30DIEAN,N-diisopropyl-ethylamine
DMAP4-Dimethylaminopyridine DMFNN-dimethylformamide EDC1-Ethy1-3§)(}"

-(3-dimethylaminopropyl)
carbodiin d¥€ .G8lrléﬂﬁR/.Equivalent(s) 35ES-MS and ESI-MS Electron sp}) {Hﬁzpﬁg@?gﬁ%ctroscopy

EtEthyl EtOAcEthyl acetate Gram(s) WO 2009/124166PCT/US2009/039249 h or hrHour(s)
HATUO(7-azabenzotriazol-1-y1)-N N, N', N'-tetramethyluronium hexafluorophosphate HOAcAcetic acid
5H OAT1-Hydroxy-7-azabenzotriazole HOBT1-Hydroxybenzotriazole HP LCHigh performance liquid
chromatography LC/MS or LC ASS Liquid chromatography mass spectrum Liter(s) 10MMolar(s)
MeMethyl MeOHMethafbiamtbrsiscerabRmis R chirvralitars) s drgirmitraming RICNSImBe(s)

mmolMillirribletgipine, orlistat, and other B3 adrenergic receptor agonists;

(i) feeding behavior modifying agents such as neuropeptide Y antagonists (e.g.

neuropeptide Y3) such as those disclosed in WO 97/19682, WO 97/20820, WO 97/20821, WO
5 97/20822 and WO 97/20823;

(1) PPARq agonists such as described in WO 97/36579 by Glaxo;

(k) PPARy antagonists as described in W(097/10813; and

() serotonin reuptake inhibitors such as fluoxetine and sertraline.

In one embodiment, a compound of the present invention and a second active

10 agent as described above are used in the manufacture of a medicament for the treatment or
prevention of a disease or disorder mediated by the activation of B3-adrenoceptor.

The compounds of Formula Ia of the present invention can be prepared according
to the procedures of the following Schemes and Examples using appropriate materials, and are
further exemplified by the following specific examples. Moreover, by utilizing the procedures

15 described herein, one of ordinary skill in the art can readily prepare additional compounds of the
present invention claimed herein. The compounds illustrated in the examples are not, however,
to be construed as forming the only genus that is considered as the invention. The Examples
further illustrate details for the preparation of the compounds of the present invention. Those
skilled in the art will readily understand that known variations of the conditions and processes of

20 the following preparative procedures can be used to prepare these compounds. The instant
compounds are generally isolated in the form of their pharmaceutically acceptable salts, such as
those described previcusly hereinabove. The free amine bases corresponding to the isolated salts
can be generated by neutralization with a suitable base, such as aqueous sodium hydrogen
carbonate, sodium carbonate, sodium hydroxide, and potassium hydroxide, and extraction of the

25 liberated amine free base into an organic solvent followed by evaporation. The amine free base
isolated in this manner can be further converted into another pharmaceutically acceptable salt by
dissolution in an organic solvent followed by addition of the appropriate acid and subsequent
evaporation, precipitation, or crystallization. All temperatures are degrees Celstus unless
otherwise noted. Mass spectra (MS) were measured by electron-spray 10n~mass spectroscopy.

30 A variety of chromatographic techniques may be employed in the preparation of
the compounds. These techniques include, but are not limited to: High Performance Liquid
Chromatography (HPLC) including normal phase, reversed phase, and chiral phase HPLC;
Medium Pressure Liquid Chromatography (MPLC), Super Critical Fluid Chromatography;
preparative Thin Layer Chromatography (prep TLC); flash chromatography with silica gel or

35  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 &
carboxylic acid with an amine using an acid activating agent such as EDC, DCC, and BOP in an

_14-



MOZ (Moz)p-Methoxybenzyloxycarbonyl MPMelting point 20MSMass spectrum nMNanomolar
OTfTrifluoromethanesulfonyl PhPhenyl Prep.Preparative 25RefReference r.t. or tRoom temperature

Sat.Satural€# FBEIEE SSuper critical fluid carbon dioxide TBAFTetrabultAdieiiiitd*tibride
30TBA1Tetrabutylammonium iodide TBDPSTen-butyl diphenylsilyl TBS, TBDMSTen-butyl
dimethylsilyl TEA or Et3NTriethylamine TfTriflate or trifluoromethanesulfonate 35TFATrifluoroacetic
acid THFTetrahydrofuran TLCThin-layer chromatography TMSTrimethylsilyl WO
2009/124166PCT/US2009/039249 Reaction Schemes below illustrate the methods employed
in the syntiegisobfere e dnpdishivsoarhansrasapisvantoh ofadrraiehas MO badiédtslare as
defined abbBvewsalggsindibaiecbophdoniseathe syhthdsisyicthadnbveficniipeundscdftiorinmula la which
are the subjectetihiadnvantianimay ﬁ%&@%&%&ﬁbﬁ&@w @ngo@ﬁrmg{@dof&%\&%%@emrea%tes 5In

Scheme I, commerci ially available |- %IS ea it f() 0% I':,olu n of vin IQ% Et,d either
anhydrous CTHEG? etﬁe% 268 16 r%aigrg%ﬁarelg (;' ¥ owesdst%c\l/v%srgo San\ngX?em era uré"{é1 over a

periodof tithe BEiEERA @éﬂ’féfﬁ’ﬁ?’ﬁﬁ@lfe%l’@ffé‘?’f s {i@ﬁéﬁ’y?&’eﬁoﬁ?ﬁ%&‘?ﬁ éﬂ%&?’éﬁ’d\éﬁé%ﬁvent such as
THE and uvif&r and Bleft anvospiary sschpagesitrtopenuihe productistbesialiytic thisokolofbtructural
formula 1-2e@annersiomoth 20tthdsSseanda achiey athl & byysieleatiroibe dasiire Silyd protecting

agent, such, ag Ier ﬁ?HFX&Q&Q@%ﬂ‘M &1@'8{&9&1&%‘? %W@%Q{Q%@'ﬁs%@e SHENa5.MIgAZAlE. and mixing at

room tempera %ﬁﬁaﬁ ween lon 0 ou b e botlh V|a the ubbllnaq of ozone gas over

a period of fiff& i ac%%‘rcﬁéfrs?é‘%s‘“écnaa%he?% BELRESN BRI bZORAE B SHANICH of excess
meth{f sulfidié" %gﬁﬁ@@lthéoaru@ﬁya@awtﬁ@@lﬁ@ﬁswmmmhp@mﬁ@ﬁw (ctre functionalities,
S-(+2-methyh@-propsites ginpreiae s theaphésedds obaribitevis acidl;tsuchl asfmoppersudtaie or
titanium tefraghlaride. avaichRIse AeterdsRAAE NG @36 Rknt such as dichloromethane, methanol, or

ethyl acetate. Removal of BOC protecting groups is carried out with a strong acid, such as

trifluoroacetic acid, hydrochloric acid, or hydrogen chloride gas, in a solvent such as

15 dichloromethane, methanol, or ethyl acetate.
Throughout the application, the following terms have the indicated meanings
unless otherwise noted:

Term Meaning
Ac Acyl (CH3C(O)-)
20 Aq. Aqueocus
Bn Benzyl
BOC (Boc) t-Butyloxycarbonyl
BOP Benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate
25 °C Degree Celsius

Calc. orcalc’d Calculated
Celite CeliteTM diatomaceous earth
DCC Dicyclohexylcarbodiimide
DCM Dichloromethane
30 DIEA N, N-disopropyl-ethylamine
DMAP 4-Dimethylaminopyridine
DMF N, N-dimethylformamide
EDC 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
Eq. or equiv. Equivalent(s)
35 ES-MS and ESI-MS  Electron spray 1on-mass spectroscopy
Ft Ethyl
EtOQAc Ethyl acetate
g Gram(s)
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The reaction is usually performed in an inert organic solvent, such as dichloromethane, between room
temperature and 40C, for a period of 6-36 h, and the product is the sulfinamide of structural formula
1-5. As with' REOEE1R4A8ated with vinyl Grignard under similar conditions a4 4#BA the ally’
sulfinamide 1-6. To selectively remove the sulfinamide, 1-6 is treated 20with an anhydrous solution of
4 M HC1 in dioxane for no more than 15 min. The reaction is then diluted with toluene and
concentrated to dryness to afford 1-7. Finally, 1-7 is converted to I-8 via treatment with benzyl
chloroformate, in the presence of an anhydrous organic base, such as triethyl amine or diisopropy!
ethyl amine, in an inertdf§&hic solvent, sudREEDCM, at 0C, allowing to warm to room temperature
over a period of time béta&en | to 3 h. 25 SetiemebkRoaiTMS] -TBS, FBDRS-@traniiy(Bro@in®@H H

ATHFAr 1-10C - rt1-2 0121 R10-Clozonefglioyy Ra

2009/124166PCT/ USZQ_@@BQZ@
Scheme Il. Treatment of 1-

sy MS DCM1-3 WO
ﬁtgrnact:i\éely, aldehyde 1-4 can be prepared as shown in

with osmium tefragxide in the presence of N-methyl morpholine N-oxide

affords the diol 1-9. Thélfé&¢&tion is usually' JE¥BRREE RERFFRHIAEYS water and acetone and carefully
worked up to remove tH&QBXic osmium tetiabyidiehéfazicraekntrating the solution. The residue, 1-9,

is then 5 taken up in acgtane/water (8:1) angtrpateamuiiteSagidvhpariadatefer a period of time
between 8 and 24 h at LQ‘S?’MS!%’F‘E@@H%E%ﬁ&ﬁ@@%&ﬁa@é@ﬁl&?%&gésﬁéo@uﬁmeme L This is then taken

to the final desired intermediate 1-8 using
OR1 Ar 1-3 OR1 0504Na104 Ar OH 1-9

10 M
- Me
MeOH
MF
min
15 mg
mi.
mmol
MOZ (Moz)
MP
20 MS
nM
OTf
Ph
Prep.
25 Ref.
r.toorrt
Sat.
SCF CO, S
TBAF
30 TBAIL
TBDPS
TBS, TBOMS
TEA or EtaN
Tf
35 TFA
THF
TLC
T™MS

ihe me procedurés described in Scheme I. Scheme I
1’[61?%

Molar{s)

Methyl

Methanol

Mgolecular formula

Minute(s)

Milligram(s)

Milliliter(s)

Millimole(s)
p-Methoxybenzyloxycarbony!
Melting point

Mass spectrum

Nanomolar
Trifluoromethanesulfonyl
Phenyl

Preparative

Reference

Room temperature

Saturated

Super critical fluid carbon dioxide
Tetrabutylammonium fluoride
Tetrabutylammonium iodide
Tert-butyl diphenylsilyl
Tert-butyl dimethylsilyl
Triethylamine

Triflate or trifluoromethanesu{fonate
Triftuoroacetic acid
Tetrahydrofuran

Thin-layer chromatography
Trimethylsilyl
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OR1 Ar 1-4 step 1-4to 1-8 OW H Ar 1-8 10 Scheme Il describes the synthesis of the
pyrrolidine core using the CBz-protected ally! amide 1-8 described in Schemes | and IL The vinyl
compound Y B4 Fdtacted in an olefin cross metathesis with the vinyl KefgHe*ttEbrtethate 1-10
using appropriate catalysts useful in olefin metathesis known to those skilled in the art. Suitable
catalysts include, but are not 15limited to, both "Grubbs" and "Zhan" catalysts and of the type known
as Grubbs- Il and Zhan 1

Reaction Schemes below illustrate the methods employed in the synthegis of the
compounds of the present invention of Formula [a. All substituents are as defined above unless
indicated otherwise. The synthesis of the novel compounds of Formula [a which are the subject
of this invention may be accomplished by one or more of several similar routes.

5 In Scheme I, commercially available I-1 is treated with a 1 to 2 M solution of
vinyl Grignard in either anhydrous THF or ether at a temperature of 0°C and allowed to warm to
room temperature over a period of time between I and 4 h. The reaction is usually performed in
an inert organic solvent such as THF and under an inert atmosphere such as nitrogen. The
product 18 an allylic alcohol of structural formula I-2. Conversion of I-2 to I-3 can be achicved

10 by selecting the desired silyl protecting agent, such as zerf-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 2 blue color persists
and then reduction of the ozonide by addition of excess methyl sulfide affords the aldehyde I-4.
1-4 is then treated with either R-(+}- or S-(-)-2-methy}-2-propanesulfinamide in the presence of a

15 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, [-5 1s treated with vinyl Grignard under similar conditions
and time to afford the allyl sulfinamide I-60. To selectively remove the sulfinamide, 1-6 is treated

20 with an anhydrous solution of 4 M HCI in dioxane for no more than 15 min. The reaction is then
dituted with toluene and concentrated to dryness to afford I-7. Finally, I-7 is converted to I-8 via
treatment with benzy! 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.

25
Scheme I
R'% = TMS, TBS, TBDPS
O = Mg(Br, CI OH 10
)—L 9Br. b /l\/ 110~y OR/ ozone
A R THF Ar TBase Ar foliowed.

-1 0°C - rt -2 BeM 13 by DMS

HaNL k
OR10 2 %
o

10
OR® L Mg O TRH
N N~g

Q
= - AN HCE
Ar/l\/ CusSO, Ar)\y % THE Ar 5 ditxaneg
-4 ot TiCl, -5 0°C - rt #
XM -6
40%¢
OR10 benzyl chlorfomate OR™ 4
NH TEA orDIEA N <
A TEGEEE | T
P 0°C tort Y o
-7 -8
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or Il to produce the compound of structural formula I-11. Hydrogenation of this intermediate Il by
treatment with 10% palladium on carbon catalyst under hydrogen atmosphere in a solvent such as
ethyl acetattbt8thiAbitover 2-16 h achieves hydrogenation of the olefin F&HGHRHIHTERSTAI of any
Cbz-protecting groups in addition to a ring closure via an intramolecular imine 20formation between
the free amine and ketone and reduction of the mine to form the pyrrolidine ring of the general
structure 1-12. Depending on the choice of solvent, halogen substituents on the aryl can either remain
or be removed at this time depending on preference of the final intermediate. Selective Boc protection
of the pyrrolidine may b’é"%@é@ﬁﬁmmbbg {Hecan dribisof hes é%ﬂﬂva‘PéﬁFWéﬁLbiﬁfﬁml’@ﬁﬂﬁﬁ ate
(Boc20) tolB-#2throsheuypresencedofiarhantydroust 2botdanimdabelisushoasi¢ridftndainnBof TRA). The

reaction istsUalying EﬁQIEﬁ@i@yi Be@ﬂ%ﬂ;‘ﬁ@&t;@ FORNIGRONERESHEN @»@t&lé%n@e%mﬂye %&B&GK{; aimosphere,
such as mtrog{:})en,,L ﬁ%rxdléngs the@%) uct. &)f g&g&tg@k&{&ﬂ@% ohR Rerﬂm}% upon tBe CH{;ICG of an

amide, sulfonamide e, or can be converted to ea using the appro riate method known to
those Skill &R tﬁé}h%@f&/ﬁiﬂfﬁb@&aé%ﬂgaam&ﬁeaws?%‘aﬂ%%g%?d&éwf P fdated with
the desiredstdfohyt 88chlerigercomnarifigrRb i plesdrsdiofehenitabEhbdséhasuehcaspidine. As
used hereifigRIisrselaaiptkiiamn 1-CLidhydregeme W 2009/ 12416 6P% Sl&2009/039249 (2) C
i-Ci() alkyl optionally substituted with 1 to 5 groups independently selected from halogen, -ORa,
-CO2Ra and -CONRaRDb, (3) phenyl opﬁvaﬁé%msﬂtuted with Ito 3 groups independently
selected from halogen, CI-Cs alkyl optionally s d with 1 to 5 halogen atoms, and -OR’, and 5(4)
a 5- or 6-membered heterogyetic ring with from | tg,4-heteroatoms selected from oxygen, sulfur and
nitrogen, and wherein sgld/hezé’roc IS opgbnilgroﬁho -fus#ti?e a penzene ring, and optionally
substituted with 1 to 3 groups independently sélectedsirom halogen, CI-Cs alkyl optionally substituted
with 1 to 5 halogen atoms, and -ORa. The reaction'ig usually performed in ert organic solvent
such as DMF, 10between ragtr? temperatyse-anrd-80C, for a i‘blel of gg@nd the product is the
sulfonamide of structural | for*ﬁmg 1-14+Feramides, I713 g tre?a/ ed with the desired acetyl
chloride containing R6 in theepresence of a suitable organic bage, §§ch as TEA or DIEA. The reaction
is usuélly performed in an inert organic solvent such as DMF, at room temperature for a period of
12-24 h, and the produétistie Ancleibésstieiciurbddomtia pximildinaliyrdheiy da CBrpecterraed 15by
treating 1- lﬁymm;é%@'soée%ﬂ%%%éﬂeﬁﬁ%ﬁrmcqgﬁﬁﬁ%%&%tﬁwﬂgy%@@X&E@;H%ﬁmd of time

between 1 n c OS meta?loesm W1 rea :Eflilgelé@%n t 13%2’{3' Pfl 355%‘1?“&3 rori[p e catjl 818 al of the
Boc and sﬁ)y rotecting groups o 1 B d I8 Simultanecusly Vi tieatment wi fhlg Clin
aqueous n‘féﬂg ar%@ﬁﬁ ]@Hﬁﬁéf’%fh?éefﬁ?ﬂéeﬁé?lgﬁ git1 Swistle gt kida BE SR B%broducts of the
variolis amicécdwidrdniideibd arédZdentairtidygs R 6rshdilre i th&120gendialigtsubtand| 4bemulas
1-17,1-18 gnd - pRduce the cAtigiionalrdepratectionsiers may/ae neklidad fitheigaim dseiul

protecting sraUnR ARIETA REISIDANIO RS aKIed Indds st nesssannyia Alan e ghemisiry

to proceed on. T rotect] include tfi s, tenbufylcarbamate
raupe or P S BT T A A A B AGETREEOR P OE G S8R5 i hetione
groups attagneriteftney RbyropcSiE apamitEktion Hraxyls ctanbexiAieaaitmnikisewsr i thdse skilled
in theart. Mo:A009R4466GP Cdd kS0 @84039A%MGChrdnwd chldf tiRRinklto form the pyrrolidine

ring of the general structure 1-12. Depending on the choice of solvent, halogen substitaents on

the aryl can either remain or be removed at this time depending on preference of the final
intermediate. Selective Boc protection of the pyrrolidine may be accomplished by the addition
of one equivalent of rert-butyl dicarbonate (Boc,0O) to 1-12 in the presence of an anhydrous
25 organic base, such as triethylamine (TEA). The reaction is usually performed in an inert organic
solvent, such as THF, and under an inert atmosphere, such as nitrogen, affording the product of
structural formula I-13. Depending upon the choice of an amide, sulfonamide, or urea, I-13 can
be converted to each by using the appropriate method known to those skilied in the art to form
those desired compounds. For sulfonamides, 1-13 can be treated with the desired sulfonyl
30 chloride containing R’ in the presence of a suitable base, such as pyridine.
As used herein, R is selected from:
(1) hydrogen,
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Ar 1-8 Zhao or Grubbs DCM rt- 40C I--to  for sulfonamides Re-S02C1, pyridine, DMF for amides
Re-CO2Cl, TEA, DMF for Ureas R6-NH 2, CDI or phosgene HO HHO HHO H Arit.ArAr 27" N-c,
1-17H sReY 4 3MREALHYH 5AN alternate route as shown in Scheme 1V outffré&iHESRdEis 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 hemiacetal using acetone in a
suitable solvent such as toluene in the presence of acid such asp-toluene sulfonic acid and then the
amine is protected by treatment with tert-_but)ﬁl dicarbonate to 10give intermediate 1-21. Using standard

Swem oxidative Conditi@ﬁg &@_ﬁg]@ﬂﬁmw yap@%ﬁq‘rgd with 1 to'5 groups independently selecte
from halogen, -OR#, -CO2RA and ~CONRERD,

(3) phenyl optionally substituted with 1 to 3 groups independently selected from
halogen, C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms, and -OR2, and

5 (4} a 5- or 6-membered heterocyclic 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 fo 3 groups independently selected from
halogen, C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms, and -OR®,

The reaction is usually performed in an inert organic solvent such as DMF,

10 between room temperature and 80°C, for a period of 12-24 h, and the product is the sulfonamide
of structural formula I-14. For amides, 1-13 can be treated with the desired acetyl chloride
containing R® in the presence of a suitable organic base, such as TEA or DIEA. The reaction is
usually performed in an inert organic solvent such as DMF, at room temperature for a period of
12-24 1, and the product is the amide of structural formula I-15. Finally, the urea can be formed

15 by treating I-13 with CDI or phosgene in the presence of an amine containing R®overa period of
time between 1 and 24 h, at room temperature to afford the urea of structural formula I-16.
Removal of the Boc and silyl protecting groups of I-14, I-15, and I-16 simultaneocusly via
treatment with 6 M HCI in aqueous methanol at room temperature for a period of 12-24 h affords
the final desired products of the various amide, sulfonamide and urea containing R® shown in the

20 general stroctural formulas I-17, I-18 and 1-19,

Additional deprotection steps may be included if there are useful protecting
groups on the R® moiety known to those skilled in the art necessary to allow the chemistry to
proceed in a facile fashion. These protecting groups may include trityl groups, feri-
butylcarbamate groups or other groups suitable for the protection of heterocyclic compounds or

25 the functional groups attached to the R® group, such as amines, hydroxyls, carboxylic acids,
known to those skilled in the art,
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converted to the aldehyde 1-22. Then a Wittig reaction with (triphenylphosphoranylidene)
acetaldehyde extends the aldehyde by two carbons and the resulting double bond is reduced via
hydrogenaWéﬁWﬁﬁlfﬁﬁédium on carbon to afford 1-23. This intermediate thel HW@?&‘&%@% second
Wittig reaction with (4-nitrobenzyl)triphenyl-phosphonium bromide to give intermediate 151-24 which
enables the compound to cyclize via Michael addition across the double bond, after protecting group
removal. Protection of the amino group with tert-butyl dicarbonate assists in WO
2009/124166PCT/US2009/039249 the purification and separation of the substrate to afford both cis
and trans isomers, I-25a and 1-25b respectively&ﬁ%%%nation of the nitro group to the free amine

produces the desired jntermediat 6a and I-26b. lntermediates 1-26a and 1-26b can be used for
standard amide couplings® Sing EBC7holvev Ayel ov@ upstBgidHEad to be selectively
protected Sbefore f?'éatip?g _3h either acyl or sulfonyl chlpfigies or with phosgerecwhen converting to a

urea. Scheme IV OH NH2 Ar OH 1.20 1) acetone/toluene 0 Ar OH 1-21 Swem oxidation 2) Boc20
QR “
N Q
Al‘/ki WO( e .
¢ —Hg atrn, PA/C N,
o EtOH o EtOAC  Ar L ‘ﬁg%”ﬁ'
NH3
o 112
HN
RS
1-11
for sulfonamides
R196 Oﬁ/?{d{ Z‘i—fﬁg‘:ﬁ, pyridine, DMF
AN RE.COLCI, TEA, DME
A % for Ureas
3;-1‘;;?7:@ RsmNHg, CDI or phosgene
mixture cisitrans NHg

1-13

O, o
R0 OYO\}/ R10Q OYO\f/ RQ TH\;/

H H
Ar)\‘—./N Ar)\{N Ar}\g
: P - 9 g
-5, ~C. N7~ ~RE
114 N re 1-15 N TRe 1116 HoN
8N HC|
MeOH
HGQ Ho HO B op HG H o=
n N )\/N
Ar)\f Ar)\g ar’ L
O 0O 2
g cj;" NS RE
(NN -C. ~
117 HE R 1-18 N re 1-19 HooN
5 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 fers-butyl dicarbonate to
10 give intermediate [-21. Using standard Swern oxidative conditions, the free primary hydroxyl is
converted to the aldehyde 1-22. 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 1-23. This intermediate then undergoes a
second Wittig reaction with (4-nitrobenzyl)triphenyl-phosphonium bromide to give intermediate
15 1-24 which enables the compound to cyclize via Michael addition across the double bond, after
protecting group removal. Protection of the amino group with fert-butyl dicarbonate assists in
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Ph3PO0 DIEA followed by H2 10% Mc 1). HCI 2). ift2NEt 3). Boc20 NO2  Scheme V outlines the
synthesis of the pyrrolidine core that interconnects 10schemes |, Ill and IV routes to provide pyrrolidine
core with d&St&teBEtivity for the cis 2S, 512 pyrrolidine. The WHEd Feattiotedditilized to
convert the aldehyde 1-22, from scheme 1V, to the vinyl analog 1-27, via treatment with methyl
triphenyl phosphonium bromide. After protecting group manipulation, as seen via intermediate 1-28,
the scheme becomes convergent to 15scheme Il through intermediate I-8. Using similar procedures
as described in Scheme I, intermediate I-11 can then be obtained. Optimization of the hydrogenation
by introduiedrHyiiteeHIGrie woriang of dietisntratsr dfodboth ossodrephcemsttiba affdrded primarily
the cis 2S25Rrpypralidiiye Hetkoedn3aon\MGh2 Q08 b24 166 6 TretS2000{039249 theiaingl V

Scheme Viputlingsdbe. %@%%ﬁ&%%%@ﬁ%mez@&%w engduieraedialeyia.aldel chesistry to set
the Chlra“tX of ]bOth ﬂﬁ s?nrg )@6@{38&9 and tlﬁgth roxﬁ%l}t(l)%g \%]:)‘E}I?(? need to be selectively protected

plings w ever,
5  before treating with either acyl or sulfony! chlorides or with phosgene when converting to a urea.

Scheme IV
i 1} acetonetol O‘k o_l(
acetone/toluene .
Ar/|\_/ NH Ar/l\/ NBoc chm /I\/ NBoc
2 2) Boc2O : oxidation Ar :
I 20\ on ToH oS
) =21 [-22
PP O 5 NBcc i) HC
DIEA /B DIEA )-
f(gloged Ar F’h3+P 2). ‘Pr,NEt
s P © Bl 3. Boe,O
10% Pd/C 1_23 H 24 ) ()(;2

5 YT % 50T

|-25a 32% cis i-26h
1-25b 30% trans

NH

Scheme V outlines the synthesis of the pyrrolidine core that interconnects

10 schemes I, IIT and I'V routes to provide pyrrolidine core with diastereoselectivity for the cis 25,
SR pyrrolidine.

The Wittig reaction 1s utilized o convert the aldehyde [-22, from scheme IV, to
the vinyl analog 1-27, via treatment with methyl triphenyl phosphonium bromide. After
protecting group manipulation, as seen via intermediate [-28, the scheme becomes convergent to

15 scheme HI through intermediate I-8. Using similar procedures as described in Scheme ITI,

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
28, 5R pyrrolidine core 1-13a.

21



5pyrrolidine. From there, this acetylene intermediate can be used to synthesize both the cis and trans
pyrrolidines. Commercially available 1-29 is first treated with trimethylacetyl chloride in the
presence e W@g&%FQ‘énic base such as triethylamine at -25C for 2 h. Th%zéréﬂ e ddition of
anhydrous lithium chloride and either (S)-(-)-4-benzyl or (S)-0-4-phenyl-2-oxazolidinone to 10 the
mixture followed by-gradual warming to room temperature over a period of time between 12 and 24 h
affords imide 1-30. The reaction is usually performed in an inert organic solvent, such as THF, under
an inert atmosphere, such as nitrogen. The alcohol 1-32 is prepared according to published
procedures (See Evans et al., J Am. Chem. SoschameVyog 392-394). For example, treatment of 1-30
with anhydrous m; s(i)tl%chloride, triethylami@ghe appropriate aldehyde 1v4531, such as
3-ch|oro-benzalqﬁ%g; enzaRErRIs; and gﬂg nethylsilanesatroom jerhperatin@ over a period
of 72 h yields tte tmetlylsilyl ethersafithe aftiol [roduct 1-32. THe f8kction is uswally performed in an
organic solvent sq_gpoas ethyl acetatesunder an ina;g z_}tmosphere such as nitrogeg. Treatment of the
trimethylsilyl ether intermediate with a trifluoroacetic acid and methanol mixture affords the desired
alcohol 1-32. The fydrolysis of the 20imide 1-32 is achigwed by treatmentivth lithium peroxide at 0C
for a period of 153E8h. The perexy @Cidij@equently‘?ﬁéﬁuced viitiPara 2 solution of sodium
sulfite to affa%%ﬁboxydic,@é‘}q/l‘{ﬁz? ToTT T rforfiied in a wixtyre of an inert
organic solvenﬁysuehfé’;saEHF, andswater under an in tmdisphiere, such as nitr Canversion of
1-33 to 1-34 can be achieved by seletfing the J&%si iyl p?otecting agenti'such as te?ét'_-'gﬂztyl
dimethylsilyl 25triflttoromethanesulfonate, and reacting it in'the presence of a weak organic base, such
as DBU, WO 2009/124166PCT/U&S2008/039249 at 0C for a period of between 12 to 16 h. 1-34 can
then be treated with diphenylphosﬁff@rg@fazide IR'the pE%“sence of a weak organic base such as
triethylamine for a period of 6 h aﬁggggté‘mperq % Additi f the appropriate alcohol, such as
4-methoxybenzyl alcohol, with heating#o 100C for a périod een 12 and 16 h yields the
corresponding carbamate 1-35. Thegg%raction is usualisperformbk in an inert organic solvent, like
toluene, under an inert atmosphere, such as nitrogef® Tt material forms the basis in which the
pyntlidine core can be sypthesizediGrhieneMtetslof AR L) 86 fochiiine hitr@ddiatdihkl. 10(-30 0 00

25C -1t aMgpcllgc&E‘tiA}‘f tIMe%t%J: c%%%)figgfﬁ‘/%el%roxyl group and left hand portion of the

5 pyrrolidine. From there, this acetylene intermediate can be used to synthesize both the cis and

trans pyrrolidines.

Commercially available 1-29 is first treated with trimethylacetyl chloride in the
presence of a weak organic base such as triethylamine at -25°C for 2 h. The sequential addition
of anhydrous lithium chloride and cither {S)-(-)-4-benzyl or (S)-(-)-4-phenyl-2-oxazolidinone to

10 the mixture followed by gradual warming to room temperature over a period of time between 12
and 24 h affords imide [-30. The reaction is usually performed in an inert organic solvent, such
as THF, under an inert atmosphere, such as nitrogen. The alcohol I-32 is prepared according to
published procedures (See Evans et al., J. Am. Chem. Soc. 2002, 124, 392-3%94). For example,
treatment of 1-30 with anhydrous magnesium chloride, triethylamine, the appropriate aldehyde I-

15 31, such as 3-chloro-benzaldehyde or benzaldehyde, and chlorotrimethylsilane at room
temperatare over a period of 72 1 yields the trimethylsilyl ether of the aldol product 1-32. The
reaction is usually performed in an organic solvent such as ethyl acetate under an inert
atmosphere such as nitrogen. Treatment of the trimethylsilyl ether intermediate with a
triffuoroacetic acid and methanol mixture affords the desired alcohol I-32. The hydrolysis of the

20 imide I-32 is achieved by treatment with lithium peroxide at 0°C for a period of 15-18 h. The
peroxy acid is subsequently reduced with an aqueous solution of sodium sulfite to afford the
carboxylic acid 1-33. The reaction is usually performed in a mixture of an inert organic solvent,
such as THF, and water under an inert atmosphere, such as nitrogen. Conversion of 1-33 to [-34
can be achieved by selecting the desired silyl protecting agent, such as fert-butyl dimethylsilyl

25 trifluoromethanesulfonate, and reacting it in the presence of a weak organic base, such as DBU,

0.



, PhOH 0 Ar-N o 1-32 HO 0 1) H202, LiOHRIo_01-f 2) Na2303Ar-OHBase THFDCM 0 CO.,C 11-33
1OScheme VII outlines the use of 1-35 for conversion of the pyrrolidine core. The pyn-olidine is formed
by a ring cYEEFAY @A iftramolecular reductive amination to form both the BisTareE RSB trolidine.
Separation of the cis and trans pyn-olidine followed by reduction of the nitro group to an amine gives
the final desired pyrroline aniline used for analog synthesis. The alkyne 1-35 may be reacted in a
Sonagashira type cross-coupling reaction with the 15corresponding commercially available aryl halide
1-36 to afford 1-37 using the appropriate reaction conditions known to those skilled in the art. The
reaction c@hblifiofos tarrietRidstRen$2 of CdtallStscautimbetsaardsttith Aphympissahee)lpalladium(0),
with or withgidt cofipenid)dodidédrwthi prestncesofwh arganic hases fuchpas ddiefrt/leaninemor
palladlum(ﬂé)@geat@@ Vﬁ%%@&ﬁ@%ﬁ&;ﬁ%ﬁb@iﬂeﬁéﬂ%W&%ﬁb‘@ﬂ@%@\ﬂ@%@@&ﬁoi“vﬁ& Qrgaic solvent,
such as ace ;r&e OQDE':\{{F ﬁ(chuQed n']e()r% n}gs%here %Qdas rg&tlg, IE gonehl -38 may be
prepared by e reactl Wit Ine a afggm eratire of aé% i a Solvent such as
DMF for a’fit5d af%aﬁ}héa?f AU e&agaaa@m%a%‘@ﬁf oot %ﬂféa&glakféﬁeae&?@auuon for
a period ofisdtarsstdes6 (Fmnmated fetentbe fuisenyicitd Ketopedidse Tite carbamyatkepmtecting
group of 1-38 can be removed using appropriate reaction conditions known to those skilled in the art to
WO 2009/124166PCT/US2009/039249 afford the egrrespemnding amine, which subsequently
undergoes an intramolecular ring closure vgth the ketone to afford the imine 1-39. The reaction
conditions can include trifluoroacetic a an organic solvent, such as dichloromethane, and
hydrochloric acid in an organic @olveﬁt%&s ether. Reductlon of(t Amine 1- 3,9Ucan be achieved by
treatment with sodiuniS-cyanoBbrgh ydn@&aﬂ%#g solven su "Hs methanei, at a temperature
of OC under an inert atmosphere sucias n| en, for a period o e eeWs affords the
cis-pyrrolidine (1-40a) and ti4hs- pyrrolldlq\e/% B() intermediates |ch caj f*éted by silica gel
chromatography. 1-40a is the major dlasw:% e produced in the reaction and |s the first diastereomer
to elute off the column. Protection of the pyrro d|ne nitrogen of 1-40a or 1-40b with 10a Boc group is

achieved by treatment with ¢grt-Butyl-ffitarbonate in the presencecof a weak organic base, such as
triethylamine. The reactign i usbialiperfoliiafkif] 4h orggpicsoient, suchiasdichlormethane, under
an inert atmosphere, such as |tro , to afforgidhe product of structural formeda 1-41a or 1-41b.
Hydrogenation of the |nterm§j_|‘at@ 1-4Ia or 1-416 by treatmerm%“5 0°C

1-32 1-33
RM 13 DEPA, TEA © R%Q OYOR”
Ar H OH Toluene Ar)\./ NH
r “ i-\::-ia-c%ﬁc A
Il 134 1-35
10 Scheme VII outlines the use of I-35 for conversion of the pyrrolidine core. The

pyrrolidine is formed by a ring closer via an intramolecular reductive amination to form both the
cis and trans pyrrolidine. Separation of the cis and trans pyrrolidine followed by reduction of the
nitro group to an amine gives the final desired pyrroline aniline used for analog synthesis.
The alkyne [-35 may be reacted in a Sonagashira type cross-coupling reaction with the

15 corresponding commercially available aryl halide 1-36 to afford 1-37 using the appropriate
reaction conditions known to those skilled in the art. The reaction conditions can include the use
of catalysts, such as tetrakis(triphenylphosphine)-paliadrum(0), with or without copper(l) iodide
in the presence of an organic base, such as triethylamine, or palladium(II) acetate with an organic
base, such as tetrabutylammonium acetate, in an organic solvent, such as acetonitrile or DMF,

20 under an inert atmosphere, such as nitrogen. Ketone 1-38 may be prepared by the reaction of
alkyne 1-37 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-28. The carbamate protecting group of
1-38 can be removed using appropriate reaction conditions known to those skilled in the art to
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with 10% palladium on carbon in the presence of hydrogen chloride under an atmosphere of
15hydrogen between 15 and 50 psi in a solvent, such as ethyl acetate or ethanol, over an 8-12 h
period of tithe AHBFH142a or 1-42b. Depending on the choice of cond|t|ongcﬁé‘|1§§%q?/ga%§ﬁtuents X
can either remain or be removed at this time depending on preference of the final intermediate.
Scheme VII  1351-37 1-38 R10H ArX + 1- 3e R100 H X Ar NO2NO2 I- 40a1 40b RiO H Ar Boc20,
TEA woo H2 (50 psi) XPd/C, HCI

afford the corresponding amine, which subsequently undergoes an intramolecular ring closure
with the ketone to afford the mmine I-39. The reaction conditions can include trifluoroacetic acid
in an organic solvent, such as dichloromethane, and hydrochloric acid in an organic solvent such
as ether. Reduction of the imine 1-39 can be achieved by treatment with sodium
S cyanoborohydride in an organic solvent, such as methanol, at a temperature of 0°C under an inert

atmosphere, such as nitrogen, for a period of between 18-24 h. This affords the cis-pyrrolidine
{I-40a) and trans-pyrrolidine (I-40b) intermediates which can be separated by silica gel
chromatography. 1-40a is the major diastereomer produced in the reaction and is the first
diastereomer to elute off the column. Protection of the pyrrolidine nitrogen of I-40a or I-40b with

10 aBoc group is achieved by treatment with tert-buty! dicarbonate in the presence of a weak
organic base, such as triethylamine. The reaction is usually performed in an organic solvent,
such as dichlormethane, under an inert atmosphere, such as nitrogen, to afford the product of
structural formula I-41a or I-41b. Hydrogenation of the intermediate 1-41a or 1-41b by treatment
with 10% palladium on carbon in the presence of hydrogen chloride under an atmosphere of

15 hydrogen between 15 and 50 psi in a solvent, such as ethy! acetate or ethanol, over an 8-12 h
period of time affords I-42a or 1-42b. Depending on the choice of conditions, halogen
substituents X can either remain or be removed at this time depending on preference of the final
intermediate.
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NO2DCM I-40a or 1-40b1-41a or 1-41b EtOH or NO2 ethyl acetate 0 0 R100y X Aror NH2

[-42a (cis) &yrrolldlne R100 X Ar | - NH2 1-42b (trans) pyrrolicline
2009/124166 PCT/USZ009/039249
Scheme VII
X = H or halogen I
O -OR" X OR”
R0 i—((_ﬂ/)—r\u:)2 RmO / NG,
A{/K",NH T, lcie DMF __DMFBOC
:\//,,; ?r—:i\a 2) 10% ag. AcOH
GHAGN
1-35
OR™ 10
R1°0Q “N~ R O NaCNBH;
ArroNH, AN, TEA m _ MeOH___
H < CHLCl
{-38
RO R0
A N S AN
v G ¢ N
_ NGO,
1-40a 1=40b
Ox O .
RO R°0 Y}\ Hy (50 psi)
X
T i T L Ve L S L
= DOM = EMOH or
= NGO, = NG;  ethyl acetate
i-40a or i-40b i-41a ori-41b
Oy O
R10Q Y}\ N R0 OYO)k x
Ar 7 N T I 7 or Ar)\.{N % e
T “NH, h #NH,

i-42a (cis) pyrrolidine

[-428 (trans) pyrrolidine

In some cases the order of carrying out the foregoing reaction schemes may be
varied to facilitate the reaction or to avoid unwanted reaction products. The following examples
S are provided so that the invention might be more fully understood. These examples are
iltustrative only and should not be construed as limiting the invention in any way.

INTERMEDIATE 1
Benzyl [3-(2-oxobut-3-en-1-yDphenyl] carbamate (i-1):

10
Step A

5.



In some cases the order of carrying out the foregoing reaction schemes may be varied to facilitate the
reaction or to avoid unwanted reaction products. The following examples 5are provided so that the
invention ﬁﬁ’&ﬁ“&@ Hibg fully understood. These examples are illustrative Bﬁlf/gm@ﬁ%a?ﬁ%ot be
construed as limiting the invention in any way. INTERMEDIATE 1 Benzyl
[3-(2-oxobut-3-en-l-yl)phenyl] carbamate (i-1): 10 Step A: Ethyl
(3-1.1(benzyloxylcarbonyllaminolphenyl) acetate WO 2009/124166PCT/US2009/039249

To a solution of methyl (3-aminophenyl) acetate (25g, 140 mmol) in 250 mL anhydrous DCM was
added D1EA (28.5 mL, PFsahHen aiacthe feminrp 8ot eH6Ied Solde Brals & tifd8Enitrogen
atmosphemshTdr¢dEdd v ssoldtibl WaS IRemidd 68 endy hohibeofonitates (AEidnméqlad® Bifol) and

the resultingdnaixtine: Shitregen eiigiHeal o g d@IyRETA H6P WaS tEBARRARIHen A eHIBATHARWAS
washed W@‘x 4 M&H ?4'5; VRIS, &’&%@?J#ﬁ%'lﬁgmm%@%Pr'é&%'é‘é/rﬁ{g‘ﬁ’é‘aﬁlg&ﬁ% ?V%éﬁ’%%bl ultate, filtered
t No h P, W ng

and cancentrated under vacuym. urther purification was necessar the material (449, 99%)
was used SERETEF e HEPAERTEAR NG TCUNAS, /2 (E S ST ATMH T 258 VN RFEIS IR (3-
{1(Benzylo¥sp eaedonylapdinelshidsy|Bicestagdieponcentrated Tedar seRution ofu@ther (biemionl) of ethyl
(3- Ikbenzylaxyycaaonytlathinalpdrenyid acetede)y tramdSiep Ay thelidk, seihanotiand @ass: (1:1:1, 1500
mL) was addag splich Ll (16,8 @¢Pe mmol) and the resulting solution heated to 60C 15via oil bath
for 3 h. The mixture was cooled to room temperature overnight and then 40 mL of concentrate HC1
was slowly added, keeping the temperature below 25C, until the solution was about pH of 2-3. Extract
with éthyl aktBee (3 x TEolbenzveinesasi PR HAES with water and then brine. Dry
organics over sodium sulfate, filter and cagice ungler vacuum. The title compound (24.7 g, 87%)
was used for the next step reaction wi‘_| f qugrg tion, LC-MS: m/z (ES) 286 (MH)', 308
(MNa)*. Step C:Benzyl (3- {2-[methoxy(methyDamin!@]-z-ojex\(a;@lphenyl)carbamate

3y 5] e !
Tats 1AV d A oG- A

To 2 solution of 44.0 g (140 mmol) of ethyl (3-

{{{benzyloxy)carbonyl]amino } phenyl) acetate) (from Step A) in THF, ethanol, and water {1:1:1,

1500 mL) was added solid LiOH (16.8 g, 700 mmol) and the resulting solution heated to 60°C
15  wvia oil bath for 3 h. The mixture was cooled to room temperature overnight and then 40 mL of

concentrate HCI was slowly added, keeping the temperature below 25°C, uatil the solution was

about pH of 2-3. Extract with ethyl acetate (3 x 750 mL) and then combine and wash organics

with water and then brine. Dry organics over sodium sulfate, filter and concentrate under

vacuum. The title compound (24.7 g, 87%) was used for the next step reaction without further
20 purification. LC-MS: m/z (ES) 286 (MH)", 308 (MNa)".

Step C: Benzy! (3-{2-[methoxy(methyl)amino]-2-oxoethyl} phenylycarbamate

To a suspension of 24.7 g (87 mmol) of (3- {[(benzyloxy)carbonyl]amino} phenyl)

25  acetic acid in 200 mL of dichloromethane (from Step B) was added triethylamine (30.2 mL, 173
mmol} which resulted in some exotherming (+5°C) and the suspension becoming a solution.
After 10 min cooling, HOBt (13.2 g, 87 mmol), N,O- dimethylhydroxylamine HCI (8.5 g, 87
mmol} was added to the solution followed by EDC (16.6g, 87 mmol) and the resulting mixture
stirred at room temperature overnight under nitrogen atmosphere. The solution was transferred

30 to aseparatory funnel and washed with 1 M HCI which caused an emulsion. Methanol was
added to break up the emulsion and the aqueous was partitioned off. The organics were dried
over sodium sulfate, filtered and concentrated under vacuum. Recrystallization of the residue
from 1000 mL of 70% hexane in ethyl acetate (heated to reflux and then cooled to room

6-



To a suspension of 24.7 g (87 mmol) of (3-{[(benzyloxy)carbonyllaminolphenyl) 25acetic acid in 200
mL of dichloromethane (from Step B) was added triethylamine (30 2 mL, 173 mmol) which resulted in
some exotﬁ@ﬁﬁ%%i’i@) and the suspension becoming a solution. After 1HHHY8 H%j’,zﬁ?OBt (13.2 g,
87 mmol), N,0- dimethylhydroxylamine HCI (8.5 g, 87 mmol) was added to the solution followed by
EDC (16.6g, 87 mmol) and the resulting mixture stirred at room temperature overnight under nitrogen
atmosphere. The solution was transferred 30 to a separatory funnel and washed with | M HC1 which
caused an emulsion. Methanol was added to break up the emulsion and the aqueous was partitioned
off. The oﬁ@anﬁsetwwéfeﬂé&%‘éfp%dmtwgtnfa@pmt@iéala%aadcéh%mfateoﬁ@}ﬁa&%té§uth
Recrystalliftidaofithe residue from 1000 mL of 70% hexane in ethyl acetate (heated to reflux and
then cooled to room WO 2009/124166PCT/U82009/039249 temperature overnight) afforded the title
compoun (21[9 74%).as a . - Mz _29n{J\{I\e }F Step

D:Benzylf3- obut-3= (45.7 mmol) of benzyl
(3-{2- ﬁnethoxy(methyDTatﬁlﬁ?}}ltZO‘b% ﬁ&ﬁpﬁéﬂ?ﬂ?@ﬁ%ﬁ%@tb@ﬁ%%ﬁ@@ﬁ %Lﬂ@%”ﬂﬁﬁ Jrhydrous THF
under nitrogeetlatimdsphiee booied fioaCwiaGeeniatermyatniydsonsl dBE drdpawiktoséa cannula a 1.0 M
solution ofayiydhMRagRRSETd DPOMiEe:(A00umbail Wid i dQQdrmpaak andcthe esultngi selutiontirred for |

hat OC. TU% PAGHALNASAGA gﬁ‘}b M%ﬂﬁlt#aﬁﬂﬂ%&f é%tﬁ@'re@u%dé%’éﬁ@@%éﬁ%q h
temperature glo%SCdandns‘ttgre ufgr (% }OW A >%turgeo ]eri %%tggc with lethyl acetate and
the comblne rgaﬁlces ‘t}vgshe&\(}s/ﬁt |yfoﬁowe rfe. The organics we &en dried over

sodiuih sutt&teerﬁtte?ételoaﬁﬁ@aﬂé@ws@efm@ém%cﬂtﬁﬁum@ reasdhenwsiEeparimath st 8ietagls 75M flash
eluting witln3G@B6 ethiziadetatemins iveshadwittaifere thiotittel dgimpouibthél drgaii8Ykastiectighieyellow solid.

LC-MS: n%éEs%)i%%QsﬂWh’é"ht%%&j(%H%Madbﬂﬁhﬂ&ﬁﬁ@@v%ﬁ@mlfrﬁé@& Sl SihsYnisRE b0, 7H), 7.18 (d,

J=8.4Hz,2H d Hz, 1H d 1.1.17. ZIH)585
dd, J=1% ‘Oﬂgg%%&%“}ﬁ %‘1‘5 5% % 5, acﬁ?i? Nat%ﬁe E’)D&’Fé% n@%ﬁ’@f Né{r”
Itert-butyl(a%ﬁ’eﬁﬁﬁ)léwﬂ}l Osfors Ry éﬁﬁhﬁ% Pt -en%%ﬁb@gﬁ%a
A:1-(BSChicRphenVijgrogen7Hol’OR (Ela 23 fe, 3itboléd Sulutidh. (ﬁ‘%léﬁﬂofﬁbé‘néaldeﬁyde (22.5 g,
160 mmolhin 166 s anhydsaus THEHMAES iIRSH fidradgen atrogsphera wasadord)shosslysyia syringe a
1.6 M soluign of vinyl magnesium chloride in THE (100 mL, 160 mmol) and the solution stirred for
three h allowing to warm to room temperature. The reaction was quenched with saturated solution of
30ammonium chloride and the organic layer was separated, extracted with ethyl acetate (2 x 200 mL),
and organﬁw&é:@&nbmed dried over magne5|um sulfate flltered and concentrated under

) , - ; | ! angtadieatbelugnt of 0-40%
ethyl acetgfein hexane afforded the t|tIe compound (22 4 g 44%) m/z (ES) 168 170 (M, M+2)H-, 190,

192 (MNa, MNa+2)+. IFINMR (500 MHz, CDCI3)8s7.38 (s\j»@%-
Ci O

Step A: 1-(3-Chlorophenvlprop-2-en-1-o0l
OH

C'\I(j[\/
25

To a cooled solution of 3-chlorobenzaldehyde (22.5 g, 160 mmol) in 100 mL

anhydrous THF under inert nitrogen atmosphere was added slowly via syringe a 1.6 M solution
of vinyl magnesium chloride in THF (100 mL, 160 mmol) and the solution stirred for three h
allowing to warm to room temperature. The reaction was quenched with saturated solution of
30 ammonium chloride and the organic layer was separated, extracted with ethyl acetate (2 x 200
mL), and organic layers were combined, dried over magnesiom sulfate, filtered and concentrated
under vacuum. Purification by Horizon MPLC with a 40M+ silica gel column using a gradient
eluent of 0-40% ecthyl acetate in hexane afforded the title compound (22.4 g, 44%). m/z (ES) 168,
170 (M, M+2)*, 190, 192 (MNa, MNa+2)". "HNMR (500 MHz, CDCl3) 8: 7.38 (s, 1H), 7.35-
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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, S = 7.2 Hz, 1H), 5.15 (d, J = 10.1 Hz, 1H), 096( 018 3H),0.08(s,
3H). Step @"Péﬁ“%?ﬁl’fﬁ -(3-chlorophenvl)prop-2-en-I-y1]Joxv } d irnethv st Toa
solution of 22.4 g (133 mmol) of 1-(3-chlorophenyl)prop-2-en-1-ol in 90 mL anhydrous DMF (from Step
A) was added t-butyldimethylsilyl chloride (20.0 g, 133 mmol) and imidazole (18.1 g, 266 mmol) and
the resulting solution was stirred overnight under nitrogen at room temperature. Wash with water and
extract with ethyl acetate. Separate organics, dry over 10magnesium sulfate, filter, and concentrate
under vactldm(TrHglesitigldfad ‘pﬁr?fag@ B’ylﬁzfsﬁzslhgé getddimnt ettty W4 %ﬁ&(ﬂen? @luent of
0-15% ethiizatidjatel i helxamne. tiafford), heditetbnbbuad 16 8@ @630). trilz (ES) 282, 284 (M,

M+2)-; 151, 153 (M-OTBS, M- OTBS+2) Step C:11-Ten-butyl

(dlmethyl)§|§|§m&xyl(3 -cHiericpzh dlisphery Qnrar grap- gl loxy § dimeghyleilingion of 4.0g (14.2
mmol) of ten-butyl {[1-(3- chlorophenyl)prop -2-en-lylloxy| dimethylsilane in clichloromethane cooled to
-78C via dry ice/acetone bath (from Step B) was bubpled 0zone until the solution maintained a slight
blue color. Nitrogen gas was then bubbled igto the salutign until it turned clear. Methyl sulfide was
added to the solution and the 20resulting mixed to stir overnight at room temperature.
The material was concentrated under vacuum and the residue purified via Horizon MPLC with a 40M+
silica gel column, elutinfPvith!lBtigraefidAtieiuéit BMERBOYd dthyhgearbeayhrigxarid tbdford thk product
(3.57 g, 8%y REStEPID (RcbiIFdy> 2] e -hidtyd (imgtiiyhysHy by e Ri¢BdeH O ph é BV netivy ligehe] - 2-
methylprofan@z2rsuinagmids i fhd the resulting solution was stirred overnight under nitrogen at

room temperature. Wash with water and extract with ethyl acetate. Separate organics, dry over

i

10 magnesium sulfate, filter, and concentrate under vacuum. The residue was purified by flash
silica gel column eluting with a gradient cluent of 0-15% ethyl acetate in hexane to afford the
title compound (16.6 g, 46%). m/z (ES) 282, 284 (M, M+2)7; 151, 153 (M-OTBS, M-OTBS+2)".

Step C: {[Tert-butyl (dimethyDsilvl]oxy}(3-chlorophenylacetaldehvde

|
O,Sl\

CEULV/O
15

To a solution of 4.0g (14.2 mmol) of tert-butyl {{1-(3-chlorophenylprop-2-en-1-

yl]oxy}dimethylsilane in dichloromethane cooled to -78°C via dry ice/acetone bath (from Step
B) was bubbled ozone until the solution maintained a slight blue color. Nitrogen gas was then
bubbled into the solution until it turned clear. Methy! sulfide was added to the solution and the

20 resulting mixture was allowed to stir overnight at room temperature. The material was
concentrated under vacuum and the residue purified via Horizon MPLC with a 40M+ silica gel
column, eluting with a gradient eluent of 0-50% ethy] acetate in hexane to afford the product
(3.57 g, 89%).

25 Step D: N-[{1E}-2- [ rere-butyl{ dimethvDsilylloxv-2-(3-chlorophenvhethylidene ] -2~
methvlpropane-2-sulfinamide

L
O,SI\
cl /N\ﬁ/k
o

To a solution of 3.0 g (10.6 mmol) of {[zeri-butyl (dimethyDsilyiJoxy}(3-
chlorophenylacetaldehyde (from Step C) and 1.3 g (10.6 mmol) of (R or S)-2-methyl-2-
30  propanesulfinamide in 50 mL anhydrous dichloromethane was added copper(Il) sulfate (3.4 g,

21.2 mmol) and the resulting mixture was stirred at room temperature under nitrogen atmosphere
for 16 h. Wash reaction with water and extract with dichloromethane. Dry the organics with
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To a solution of 3.0 g (10.6 mmol) of atert-butyl (dirnethyl)silylloxy} (3- chlorophenyl)acetaldehyde
(from Step C) and 1.3 g (10.6 mmol) of (R or S)-2-methyl-2- 30propanesulfinamide in 50 mL
anhydrous YRR HE R} fane was added copper(ll) sulfate (3.4 g, 21.2 mmdl§ &G HHEAS8ting mixture
was stirred at room temperature under nitrogen atmosphere for 16 h. Wash reaction with water and
extract with dichloromethane. Dry the organics with WO 2009/124166PCT/US2009/039249
magnesium sulfate, filter and concentrate under vacuum. The residue was purified by Horizon MPLC,
with a 40M-E silica gel column, eluting with a gradient eluent system of 0-25% ethyl acetate in hexane
to afford theagdestonipbandiepend cousw)irer) vl (B B8 7T IBonsiNc W+ 2pusSedhEHrizon {

Itert-butyl (difrTethwhsiby HoXir-(Shichlgsbphenu| khatly lpiiap:2-dEad-sihchtiRymethi propjare2-sulfinamide
To a solutigRef2:hekE 2D IR NRLEhnRE bRYMEImethvIsiEkgsd 390 o, M+2)"
2-(3-chlorophenypethylidene]-2-methylpropane-2- sultinamide in 20 mL anhydrous THE cooled 10to OC
undernitraggnmtmosphere-(fam-biep @sasiasdadxe 1 0cMsotution piadiy]-pragnesiunyichloride in
THE (3.90 mL, 6.2 mmatkidpsysinge antithent@sulting mixture stirred for 1 h. The mixture was allowed
to warm to room temperate and stirred for an addition I@ur The reaction was quenched with
saturated solution of ammonium chloride and extragtf'?/\mh ethyl acetate. Combine organics, dry over
magnesium sulfate, filter and concentratec GUY 15residue was purified by Horizon
MPLC, with a 40M silica gel column, eluting dleﬂj,t eluent system of 0-35% ethyl acetate in
hexane to afford all fou dlast reo S le |s he f obtained
were diastereomcrs of éfgéﬁ otiien ‘ﬁ%sd'a @Egsmv{}lé)r t’é éldEglg tjlfgn’\{iﬁ%l )Dll(l?é?el column.
The first istfdeiERPERIeortf idaacharnsgidpivring- %ﬁ@fﬁéﬁﬁ%mé%@ T %@tﬁﬁgéﬁ%ﬁﬁ Cl

m/z (EB) 46,8 18d{MniMeR)Y at4B38pb40 (MMt Na+2)) dHNIARL (ER0sMinnCDGH3) 8:22:32is; 1H), 7.30
(brd,J= %&ﬂo%b@mﬁ‘%@rgm M= @gﬂﬂﬁw@@% Hadad o3 (R0 réﬁlﬂbtu%@i%@l‘ljgst%md@& 1R.3pik7 .4 Hz, IH),

5.15 (d, J = 10, 4 (m, 2H), 1.64 (br
s, 1H). 1.23 1 I9eH i %ﬁ 99H‘%%6% 8% %Egﬂ‘%%% §5—B°87’z J%% ‘)ﬁ@“( 3%?(5 Y988 440
(MNa, MN¥2¥ elﬂphqﬂm 18 gmemopiin shigpileAnd exme (Y ShElssRg, oH),
7.20-7.16 (Parnbidy, csmx@@dﬁy@ﬁﬂ@gﬂﬁ@x@m@mﬁmzﬁm)a@izen(wgmpmchg da@umy Bhelz, 1H), 5.25
(ovedappim@ﬁudwaifsxﬁaﬁ% hH) 044 MPUG difHizs i) s4:i026dt cSlamh, AlukiBehiitliidra3:8 (d, J = 4.4
Hz, 1H), 120,45 ), QA4S %z%‘%a(énﬁt&a%i!@a@lﬁuﬁm a@&é&rﬁeré%&( M AN 438, 440

(MNa, MN +2) FINM ( CDCI 22-7.20 (
TH). 6.0 (a0 3 = 7.1 B SV i Frphe 5 S SR s D S0 B 111 4 80
(d,J= 4OIF?znermeseé@zé@oiwczﬁiyt@i@@f@ealhcggplwgllm) 1hy 11y igppyeOtinn iblt@mffwg (s, 3H),

-0.10 (s, 3tbmed isomer 1 and then isomers 2, 3 and lastly isomer 4.

s K <

o

Isomer 1: m/z (ES) 416, 418 (M, M+2)", 438, 440 (MNa, MNa+2)", "HNMR (500
MHz, CDCly) 8:7.32 (s, 1H), 7.30 (br d, I = 7.5, 1H), 7.26 (br d, ] = 6.2 Hz, 2H),
7.22-7.18 (m, 1H), 5.60(ddd,J=73, 10.3, 17.4 Hz, IH}, 5.15(d, J = 10.3 Hz,
IH), 5.00 (d, I =173 Hz, 1H), 4.57(d, ] = 7.4 Hz, 1H), 3.98-3.94 {m, 2H), 1.64
25 {brs, 1H), 1.23 (s, 9H), 0.91 (s, 9H), 0.08 (s, 3H), -0.18 (s, 3H).
Isomer 2: miz (BS) 416, 418 (M, M+2)", 438, 440 (MNa, MNa+2)". "HNMR (500
MHz, CDCl3) &: 7.33-7.31 (m, 2H), 7.26 (br d, J = 5.0 Hz, 2H}, 7.20-7.16 (m,
J1H), 544 (ddd, J=7.2,10.0, 17.4 Hz, 1H), 5.26 (overlapping d, J = 7.3 Hz,
1H), 5.25 (overlapping d, F = 17.3 Hz, 1H), 4.84 (d, J = 4.4Hz, 1H), 4.02{dt, ] =
30 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).
Isomer 3: miz (ES) 416, 418 (M, M+2)", 438, 440 (MNa, MNa+2)". "HNMR (500
MHz, CDCl) 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), 540 (d, T = 10.2 Hz, 1H), 5.32(d, J = 17.3 Hz,
35 1H), 4.80 (d, ] = 4.0 Hz, 1H), 3.88-3.80 (m, 1H), 3.55 (d, } = 9.4 Hz, 1H), 1.09 (s,
OH), 0.95 (s, OH), 0.09 (s, 3H), -0.10 (5, 3H).
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WO 2009/124166PCT/US2009/039249 S Isomer 4: tn/z (ES) 416, 418 (M, M+2)+, 438, 440 (MNa,
MNa+2)F. 'FINMR (500 MHz, CDCb) 6: 7.32 (s, 1H), 7.30 (hr d, J = 7.5, 1H), 7.27-7.25 (m, 2H), 7.21-
7.18 (m, 1AHOZYAMES) = 7.1, 10.3, 17.4 Hz, 1H), 5.23 (d, S = 10.4 Hz, TLT/ESIA3924917 4 Hz,
1H), 4.75 (d, S = 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)-1-100-11(ert-butyl(dimethyl)s

ilylloxv)(3- chlorophenvllmethvllprop -2-en-1- vl | carbamate (i-2) To isomer 1 (510 mg, 2.22 mmol) of

Toilr1|%5t§£ gﬁ; I%Qﬁ;gﬁ? %{(% é%lp}‘%ﬁziﬁm aﬁ-_fts F}éf{(} %BZE?’V added 5 mL
M

anhydrous 4 M HC1 in Igxan dstbg éfpt g% %@ e reaction
was concentrated to dr géa W@( }JEQGZ(I%ZX ﬁ?i)gtg)g Q’u € e ce Cl.The

residug was then taken dighlgrem ge) @@Esug r glgq)ge%tmosphere cooled to
0C with ice/water bath and then enzy chloroformate ( 32 mL 2.22 15mmol) was slowly added via

syringe foligyed by diispprepyie! | Sesitrom stirred for 2
h at OC. The solution \Na?,@aﬁ@m&ratgy to dryness under vacuum and the reS|due was purified via

preparatlve plates (4 x 300Q.AdM) 62 ing with ol 5?)(} E%‘?gé?}%}%ﬁ?i@ﬂﬁeiﬂ d ﬂ&?g\ ile
comp %;w‘)i t/z (E ) 446, 44 Tgvl) gf )g?o % § a+ 1NJ\/I (500
MHz L (R RA LR SpIAngElS (o Sem B3 WS addefly 5.0
(ddd, J = ﬁinli@@yirpuﬁ M H@j,lg X@dwyﬂdihmqlemﬂnslr@q@}(diimﬁ wqmztemyrms (d,J=4.2
Hz, 1H), 3BR-8:&82iimyvidoR3BrdctdIoc=dBdekizntiyedubPob wa Yo DG (3 xHKL0.09(s08H), -0.14 (s,
3H). ; fex&eiemd @es&%@maioat@@%aﬁf;ﬂbﬁd@ﬁ]@b{ea@émar&ma%a@emem ma&/ ?:?N
reparea 1r 'y e SCr 0] e
pOBEmNoEmOSTT %32%8 S%a %Féﬁ’é"ﬁﬁ % %?th(\)/f S-Z&(ﬂ%ho%%nzyl) 5-KR
)- { Itért-buttfap ﬁ‘i?étﬂ%gﬂf} S%I‘a(f&ﬂé}%?l ﬂ&ﬁ?ﬁlﬁi}%@ﬂﬂﬁﬁﬂ%@b%&t@(‘i Hyla§-etdmeddnzy|
{4-1(3E. 5aMaR)Ssihesoiytnnyscasoloyt Arai 006 -THaeeluioty v s ivnethiybasitglicosyness under
-6-(3-chloraphenydnl- roxahrX-3-€ pulripheml-sarmamata M@ 2 088 124 186R 5 M5 20109/039249
ethyl acetate in hexane to afford the title compound (703 mg, 71%). m/z (ES) 446, 448 (M,
M+2Y", 468, 470 (MNa, MNa+2)". "THNMR (500 MHz, CDCl3) 8: 7.32 (s, 1H), 7.30 (brd, J =
20 7.5, 1H), 7.27-7.25 (m, 2H), 7.21-7.18 (m, 1H), 5.92 (ddd, T = 7.1, 10.3, 17.4 Hz, 1H), 5.23 (d,]
= 10.4 Hz, 1H), 5.18 (d, I = 17.4 Hz, 1H), 475 (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).
Intermediates related to those described above of varying stereoechemistry may

be prepared from the appropriate starting materials using the procedure described above.

Si,J< K &<

~
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INTERMEDIATE 3

Teri-butyl(5R)-2-(4-aminobenzy)-5-[( R)- { [rerr-butyl(dimethyDsilvl]oxv}
{(phenyDimethvllpvrrolidine-1-carboxvlate (i-3)

>l
/SI\O 8] O7L
@ if@
30 = NH;
Step A Benzyl{4-[(3E, 3R, 6R)-5-{[(benzvioxy)carbonyl]amino-6- {[fert-butyl

{(dimethyDsily]]oxv}-6-(3-chloropheny]}-2-oxohex-3-en-1-vl]phenvlicarbamate

-30-



To a solution of benzyl [3-(2-oxobut-3-en-1-yl)phenyl] carbamate (i-1) (820 mg, 2.80 mmol) and ((IR)-
1-[(R)- atert-butyl(dimethyl)silylJoxy)(3-chlorophenyOmethyl]prop-2-enl-y1l}carbamate (i-2) (500 mg,
1.12 mmolY4R 71 8H&hhydrous dichloromethane was added the 5Zhan FEA{SRALEN8%4g, 1.12
mmol) and the resulting green solution was heated to 40C overnight under nitrogen atmosphere. The
reaction was concentrated to dryness and the residue purified via preparative plates (4 x 1000 pM)
eluting with 40% ethyl acetate in hexane to afford the title compound (348 mg, 50%). m/z (ES) 713,
715 (M, 735, 737 (MIXa, MNa+2)+. 10StepB4-( 1 (512)-5:1(R)-(Itert-butyl(dimethvi)silylloxv}
Dhenyllmethylirwrrolidin-2- viimethypanilin ,tj-S' e N a squ ion of 328 mg (0.46 mmol) of
benzy1{4-[(3E, 5R, 6R)-5- { [(benzyl arbo\yl amino-g- { Lg (dimethyl)silyljoxy -6-(3
-chloroph eny1)-2-oxohex- 153-en-1-y phenyII arb e (Tit’m tep A) in 25 mL ethanol was added

10% palladium on carbon and the suspensiof”was sé under hydrogen atmosphere via a balloon of
hydrogen gas. The readiionswasostisfbdrantdér (Bydiagert far-1-h pheophictemaperatinie BRCmgoved that

thedreaCt;}%SU%ﬁ&ﬂﬂ&Btﬁ{@R'ﬂhe[Q%%b{_é&\t‘#@l@mﬁ%{@tﬂﬂﬁa ewﬁg%gpQ&?rMMgi’zﬁﬁﬁlﬁyr&ge gltzecr) )
and was ith etha iltr te ness under vacuum an the
residue puqrr yaf)nreeeg %5 édtrat;é 3{5 %ﬁuf\v/\lfm{“c \k?.tfn"%%)“[ i Oertrrll% ndic SIoa?%n(';fe ane to
affordhe Eﬂ%“c’o‘ﬁ’r‘wﬁ @ﬁ?ﬁrﬁg‘%é%l v tltéfgf%'é‘#l%r\ﬂlitﬂl “élté‘]&n Was heated 0 40°C
C:Tert-butvigsaghpulemimedsarsrpospeny RYh¢ tegetion was concentrated to dryness and the residue
butyl(dimephyifistbiloxyéphary neshilpyoodiding -drearbenylate(:B)1 2btacisabtiontohidd mg (0.315
mmol) of 4l ReSallRii e1ls BUDABmaA IR RmP Py rolidits2uimethyDaniline in
5 mL, of anhydrous THF (from Stép B) was added tert-butyl carbonate’ (69 mg, 0.315 mmol), followed
by TEA (44 uL, 0.315 mmol and the resultrng solutron strrred at room temperature under nitrogen
atmogbher%%\%mrght Thd Yahat SRlrhrernaadimgihy spheapamaibe lpelids

dined with 30% ethyl a@@tamttmlam:ae to afford the t|tIe compound (100 mg 64%) m/z (ES) 497
(MH), 397 (M-Boc)r. IHNMR (500 MHz, >ECI:13) 6: 7.40-7.30 (m, 5H), 6.75-6.68

P
H
b’@

Ny
To a solution of 328 mg (0.46 mmol) of benzyl{4-[(3E, 5R, 6R)-5-
{[(benzyloxy)carbonyljamino-6-{{rert-butyl (dimethyDsilyl]oxy}-6-(3-chlorophenyl}-2-oxchex-

15 3-en-1-yllpheny!}carbamate (from Step A) in 25 ml. ethanol 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 I h at room temperature. TLC proved that the
reaction was complete. The catalyst was filtered off using a Gilmen 0.45 uM PTFE syringe filter
and washed with ethanol (4 x 5 mL). The filtrate was concentrated to dryness under vacuum and

20 the residue purified by preparative plate (3 x 1000 uM) eluding with 5% methano! in
dichloromethane to afford fhe title compound (121 mg, 66%). m/z (ES) 397 (MH)".

Step C: Tert-butyl(5R)-2-(4-aminobenzyD-3-1(R)-{[tert-
butvl{ dimethvDisilvl]oxv} (phenyDmethvlpyvirolidine-1-carboxvlate {(i-3)
25 To a solution of 121 mg (0.315 mmol} of 4-({{SR)-5-[(R)-([tert-

butyl(dimethyD)silylloxy} (phenyDmethyl]pyrrolidin-2-y1} methyDaniline in 5 mL of anhydrous
THF (from Step B) was added fert-butyl carbonate (69 mg, 0.315 mmol), followed by TEA (44
uL, 0.315 mmol) and the resulting solution stirred at room temperature under nitrogen
atmosphere overnight. The reaction mixture was put directly on a preparative plate (1500 pM)
30  and eluted with 30% ethyl acetate in hexane to afford the title compound (100 mg, 64%). m/z
(ES) 497 (MH)'", 397 (M-Boc)'. 'HNMR (500 MHz, CDCl;) 8: 7.40-7.30 (m, 5H), 6.75-6.68
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WO 2009/124166PCT/US2009/039249 (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 (brd, J = 11.8
Hz, 1H), 2 W& @PHI2L64 1 8 Hz, 1H), 2.05-1.94 (m, 1H), 1.90-1.82 (m, 1HF GTEG YN 24950-1.42 (m,
1H), 1.32-1.22 (m, 2H), 1.10-1.02 (m,1H), 0.95 (s, 9H), 0.08 (s, 3H), -0.15 (s, 3H). 5 SEPARATION OF
INTERMEDIATE 4a AND INTERMEDIATE 4b Tert-butyl (2S, 5R)-2-(4-aminobenzy11-5-1(R)-
fitert-butvl(dimethylisilyll oxyl(phenvl)methyllpyrroli dine-I-carboxy late (i-4al',. Tert-butyl (22,
5R)-2-(4-aminobenzy11-5-1(R)-; ftert-butyl(dimethyl)silvil 10oxy
(phenviimé&thyipyfrafidbrd- K@aﬁbﬁx@{é@é(ﬁ‘&ﬁl} S&@p%%ér%ibﬁmﬂ@sﬂ‘ 16-4.06 (m, 2H), 3.88-3.82
5R1-2-(4-aminEhenzs:B)70-{(R)H{Ies s aviB(cin®eihy21)8ilyd, 7= 11.8 Hz, 1H), 2.44 (brd, J=11.8
ﬁxyt}(ghtelln(yﬂzmﬁ ﬂ'@yrﬁ@' inerpanbaxylase (i-48) angutertauv. é@lﬁ ;@F({ﬁfg%y @@nnp%c‘lnayftt) -5- 1((]|R)t
ert-buty Y, rolidin xylate (i- e intermediate
i-3 (tert- bu%élg?-és- % i bBe%gz %LSQESK}&@{S éﬁ e(}?}(caﬁgi?
[tenbuscyl(d|methyI)S|nyonyI(phenyOmethyI]pyrrolldlne 1- carboxylate (4:1 mixture of cis and trans) was
taken up i8RARAA « N - A [dufercritical) using an eluent of 30%

methanol;@@%&ar siilg)gcte wﬂﬁﬁm@f@t@ﬁbﬂ:(myq r@éasﬁaeemmgéawﬂaﬂyﬁlrst isomer 20 of the column

was labeled n ' R SOmeh K@l Jihe.second isometwas labeled major isomer 2. i-4a: m/z (ES) 497
(MH)t, 39 v. HN m All m, 5-6.68 (m, 2H), 6.56-6.51 (m,
2H) 5.52- e s _l %@ A0 gm : ’ =.= . 1 1H) 3.76-3.70 (m 1H)

: 148 Py, AR ! $ ‘-’u"‘“- =11.8 Hz, 1H)205194(m 1H),
1.90-1.82 (m, 1H) 16025(s 9H) 150142(m 1H) 132 1.22 (m, 2H), 1.10-1.02 (m,1H), 0.95 (s,
9H), 0.92 (d, J =11.8 Hz, 012g1rd J=140H l) 004(s 3H). Eluted 8.70 min on SFC,

isomer 2 i-4b: in/z (ES) 497 (WIH)O 397’( c)t. IHN CI3) 5: 7.40-7.30 (m, 5H),
6.76-6.68 (m, 2H), 6.56-6. W -5 48 (in, , 1H), 4.16-4.06 30(m, 2H),
3.88-3.82 (m, 1H), 3.76-3. 1H’)\3 60-, (m,2 72 ( .0 Hz, 1H), 2.440nd, J =

12.2 Hz, 1H), 2.05-1.94 (m, 1H), 1.90:1.82 H), 1.64 (s, 91=4}, 1 2 (m, | H), 1.32-1.22 (m,
2H), 1.10-1.02 (m,1H), 0.95 (s, 9H), 0.14 (hr d }=213.8 Hz, 3H), 0.09 (s, 3#H). Eluted 7.78 min on SFC,
isomer 1. 35 SYNTHESIS OF INTERI\/IEDIATE 4a AND INTERMEDIATE 4b WO
2009/124186PET/US2009 ) &p-B BOBIR 443 b, 1y
Is ilvil oxy | (phenyl)mewméﬁugmgﬂw;@ﬁbﬁxma@(JcABéxﬁefé'@lwl e(ﬂﬁert—butvi (2R 5R)-2-(4-

S/21.2-(4-aminobenzy yasL2), e ROmah sl gl ehen e losalingdearory e

-4 A:(4 H ynoyI-4-phenyl-1,3- n-Z-on
(i- b) Step (S)SI%§I§OXV126(14gey ,3-0xazolidin-2-one

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

20 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, CDCly) &: 7.40-7.30
(m, 5H), 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
25 (s, OHD), 1.50-1.42 (m, 1H), 1.32-1.22 (m, 2H), 1.10-1.02 (m, 1), 0.95 (s, 9H), 0.92 (d, ]
= 11.8 Hz, 1H), 0.12 (br d, ] = 14.0 Hz, 3H), -0.04 (s, 3H). Fluted 8.70 min on SFC,
isomer 2
i-4b:  m/z (ES) 497 (MH)', 397 (M-Boc)'. "HNMR (500 MHz, CDCls) 8: 7.40-7.30 (m, SH),
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 (m,2H), 2.72 (br d, J = 12.0 Hz,
IH), 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, I = 13.8
Hz, 3H), 0.09 (s, 3H). Eluted 7.78 min on SFC, isomer 1.

35 SYNTHESIS OF INTERMEDIATE 4a AND INTERMEDIATE 4b
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oON To a solution of 69.0 g (615 mmol) of 5-hexynoic acid and 214 mL (1540 mmol) of
triethylam nhydrous tetrahydrofuran at -25C under an atmo dt} n 10 was
added 83. Ogozg%#rﬁgmgol) of trimethylacetyl chloride over 20 mm. Upon a %8 ﬁg)gn %gngi{%% greupltate
formed and the resulting suspension was stirred for 2 h. Next, 28.7 g (677 mrnol) of anhydrous lithium
chloride and 100.0 g (615.0 mmol) of (4S)-4-phenyl1-1,3-oxazolidin-2-one were added sequentially and
the mixture was allowed to gradually warm to amblent temperature over 12 h. All volatiles were
removed in vacuo racted with ethyl acetate (3 x
300 mL). The-€ombiftec - , dried over magnesium
sulfate, filteredRiSEeSREERLIRIES AL S|due was purlfled by silica gel
chromatodfcambutellﬂmm\mth atalﬁﬁ&ﬁneth\)ﬁhaeﬁfaté rarhbxgiidegradisiittb afford the title compound as
a colorless, salidH35:9. 82115 o HidNVR RO MEHZ. 4P C13): 7.40-7.37 (m, 2H), 7.36-7.32 (m, 1H),
7.31-7.28 (m, 2H), 542(d4%§9 3.7 Hz, 1H), 4.69 (t, 20J= 8.9 Hz, 1H), 4.28 (dd, J= 9.2, 3.7 Hz,
1H), 3.13-3.02 (m, 2H), 2.2 ILS %/ 94 (t, =2 IHz dH),.1.84 (quintet, J= 7.1 Hz, 2H).

LC-MS: m/z (ES) 258.2 (MH)11. S ep -1(2R1-2-1(& Hy ro ¥ phenvl)methyllhex-5-vnovll
-4-pheny1-1 3- oxazolidin-2- \-*’\E Toa stl +64.56.8 g(221 mmol) of
(45)-3-hex-5-ynoyl-4-phenyl=T,3- oxazolid ne froffi step @ 265 mL of anhydrous ethyl
acetate at ambient WO 2009/124168RPCT/ H9/039249 teﬁzﬁ%era @ . under an atmosphere of
nitrogén was added 6.31 g (66.2 mmol) of anhydrdus magnesium chlorid&#61.5 mL (442 mmol) of
triethylamigig, 26.9 mL (265mpph) of henzaldehvde and 42:3 mb{331 mmol) of chlorotrimethylsilane
and the reﬁ%n_g mixture was sfirred for 72 h. The heterogeneous reaction mixture was filtered through
a 300 mL plug of 5silica gel eluting with anw cﬁ@thyl acetate. The filtrate was evaporated to
dryness in yam and the residue suspended in 265 mL oMethanol and 10 mL of trifluoroacetic acid.

The resulting mixture was stirred at ambient tempee under nitrogen for 5 h during which time the
reaction became homogeneous. All volatiles were thefi removed in vacua and the residue was purified

by silica gel Chromatf’gﬁpi‘c}’ %&W&Vﬁgb%fa%??{?n‘?&wf%cﬁé Qe 1. Q@M@%%QHFQ%Q ig.@fford the
title compo S awhlte SO|I%%€% %9 81 %} % Hz, CDC13): 6.7 28 ém 8H),
7.09-7.07 ?ﬁ% %) agys (g d-OL of nbygrpls “Tﬁ%"i 7614 Hj g 7824 p&ﬂem?‘tﬁo B, J=8.7
Hz, 19), 4w tddedz3 ), 7n13(¢7ﬂzn13394) ] @@ea;ijg moqfh)m@q%)@emﬁm agditiopy 2 2412 00-1.93
(m, 2H), 1wakipitile (forpmdd aldChMSsunizg(kusy)cB4iGnlwid ktiH@Didr, BB6M eV MRa]). ¢l Btepnol) of

C:(2 R)'z']a@)ih%% %ﬂﬁﬁh%ﬁw){@@ﬁmlhﬁ@@%—v&%{@ ﬁﬁ%l@e—f QlS)—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

15 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 purificd 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, CDCl3): &
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,

20 J=8.9Hz, IH),4.28(dd, J=9.2,3.7 Hz, 1H), 3.13-3.02 (m, 2H), 2.24-2.21 (m, 2H), 1.94 (1, J =
2.6 Hz, 1H), 1.84 (quintet, J= 7.1 Hz, 2H). LC-MS: m/z (ES) 258.2 (MH)".

Step B: (450-3- L2 R)-2-1(S)-Hydroxv({phenvDmethvllhex-5-vnovil -4-phenyl-1.3-

oxazolidin-2-one
©)\/U\N )J\O
H \_.,J
25 l[@

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.



Il To a stirred solution of 65.0 g (179 rnmol) of (4S)-3- t(2R)-2-[(S)- hydroxy(phenyl)methyl]hex-5-ynoyll
-4-phenyl-1,3- oxazolrdrn 2-one from Step B above in 1050 20mL of a 20 to mixture of anhydrous
tetrahydrofUr W% A%E WSS at 0C under an atmosphere of nitrogen was addefi 2(]?_“)'f&ixé’zfi'mmol) of a
35% aqueous hydrogen peroxide solution at a rate slow enough to keep the |nternal temperature
below 3C. Next, 395 mL (395 minol) of a 1.0 M aqueous lithium hydroxide solution was added at a rate
slow enough to keep the internal temperature of the reaction below 5C and the resulting mixture was
stirred for 3 h at 0C. The 25reaction was quenched with 755 mL 5984 mmol) of a 1.3 M aqueous
sodium sUFPEBRItRI LY AP SR BRIUEROE ka@D A thtet hal (kgeraliid BRFE SHiture below 5C.
All volatilemsgoeeiverabvaddntl o &H the eBrabiriieyy Hateo i SHakd3hasexkadted with ethyl
acetate (3pe2QQenle Theapieous phassvasdileneoniad 0196 antkacidifizthyvitikane Muaqueous

hydrogen mt%rdcta 579.'Ht'%&ﬂéﬂe?ogéﬂéaﬁg’ﬂ%%ﬁﬁﬁ'&t{ﬁgwﬁ@%ﬁ&%% aspvas ep gxtracted with
ethy| 0 aceiale (31,300, mb) and s combines rgaice wereashed wit bine 1100 . gied over
IC

magnesium SU and evmé)orated e resiaue was puri e

chromatodt%ﬁﬁ?’étdtﬁﬁg"%ﬁﬂ? HUSPE: %éﬂt%ﬁ%@étﬁfé@ﬁ&@i@%éﬁd%cﬁ1Hfh’é%a‘r?§§°g€t(aﬁreﬂ‘t€to afford
the title compdundhastacoloressdunmn B (riR0%%k thiliMRr(¢SO0IMIA D @D 8hi6h78@-7.28 (m,

5H), 4.85 (g Jsac%&a t%é’din{é 03n S0k 11 o1 I At Phrdo 9 (s JzAouRbiE rekldie]. 93-1.82
(m, 1H), 1&9% F%MS %t%%o&%‘!é%@ﬁk%%&%ﬁ !;'52@50/ Vgtgyi acetate in hexanes gradient

2009/124166 009 39249 Ste

1-Terbutif( m@tﬂtﬁp%tteﬁaszwﬁéﬁywaﬁ% ﬁégsr%ﬁ:la%c@ TBSOR (199§ %R sbRition of 32.0
g (147 mmetP ot {2 RY. B35 Y- ® 1iyeit sy @he Ayd rdikytiRex B aiiaid Aid Trof Stap Bladeid in 500 mL
of anhydraous7aectonitrile attambiente Mg ratdreldnte R an Amiesphere. af @ittogern Wwasiadded 77.0 mL
(513 mmob f t@ﬂaﬁ@@cyﬁgt%dwﬂd@swﬁg% - ey B6-8:g. (440 iRl of

tenbutyldi three portions over 10 mm. The reaction mixture was stirred for 4 h
then evapor ate v"acuo t ref ove all volatiles. The residue was diluted with 300 mL of 10
drchlé?omethane and 100 |nL of water Al O M aqueous hydrogen chloride solution was added to the
mixture urtilea §H of 3 VAS-adlhidrég oot -Fheophasés were separated and the
agueous phase was extracted Wrth drchloromethaaer (2@( 100 mL). The combined organics were
washed with water (50 mL), brine (50 mL) Magnesium sulfate. After filtration and
evaporation in vacuo the residue was diss in]LESB inL of methanol and 350 mL 15(280 mmol) of a

0.8 M aqueous potassium carbonate solution was pdded. The resulting mixture was stirred for 1.5 h
then evaporated in vacuo to remove all volatiles. The residue was diluted with 300 mL of

dichloromethane and th@@qug@gg@ﬁm@@g@ﬁmﬁm})(ﬁggw aqueousdiydrogen chIoride
luti ti
cxtragiod Wi %ﬁﬂr%m gg%qﬂ@% e er 50

mL), Bt ne”(‘%d" ﬁ‘ett ‘HH‘@‘H% RS R a‘ﬁitfer’éadcéﬁdoe\(fab‘bdr‘arté‘d SRS ‘t‘fte residue
was purifisdtiopesilivas gedeshrohabgriip W@Dtntgl With 20georsdry depsiapwstaidd AdhSQNES gttdient to
afford the tilder eamipbunieas A chiRHes saplth(di2. BethvB8 6%NBVIBIEER0 NMbtzm@GBICHB ) BT 186-7.27 (M,

5H), 4.78 %uéou&?thﬁa'ﬁt)h?d?&%@&mo&ms 2832 aLrkRD s TR exod i 2033 dNid FllerhaO (1, J= 2.6 Hz,
1H), 1.75- cgnthre O}tlle reag‘a be%w 5;]'(5_")1119 t%e r(es'u?tmé' IQIQ%IKBSWHSHS)‘&H’G fZ)r@’h atb &CIlYlS miz (ES)

333.2 (M
2§ reaction was quenched with 755 mL (984 mmol) of a 1.3 M aqucous sodium sulfite solution ata

rate slow enough to keep the internal temperature of the mixture below 5°C. All volatiles were
removed in vacuo and the remaining aquecus phase was extracted with ethyl acetate (3 x 200
mkL). 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
30  acetate (3 x 300 mL) and the combined organics were washed with brine (100 mi), 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, CDCI3): &
7.39-7.28 (m, 5H), 4.85 (d, /= 8.2, 1H), 3.03-2.97 (m, 1H), 2.29-2.15 (m, 2H), 1.97 (t, J=2.5
35 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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Step E:4- Methoxybenzyl {(2 R1-1-k RI- If tort- butyl( dimethyl)s ilyll ox yl(phenyl)methvl

pent-4-yn-|- &r ]g?%} % OMe WO 2009/124166PCT/US2009/039249 T/JS%% gj?% Ign of40.0g
(220 mmol Z@r - ][ )-{ [tenbutyl(d|methyI)S|IyI]oxyI(phenyemethyI]hex -ynoic acid from Step D
above and 33.5 mL (241 mmol) of triethylamine in 400 mL of anhydrous toluene at ambient
temperature under an atmosphere of nitrogen was added 37.5 mL (132 mmol) of diphenylphosphoryl
azide. The 5 mixture was stirred for 5 h and then 37.5 mL (301 mmol) of 4-methoxybenzyl alcohol was
added. The resulting mixture was heated to 105C for 16 h, cooled to ambient temperature and then
diluted with 250 mL of a saturated aqueous blcarbonate squtlon The phases were separated and the
aqueous pHerEw [SuithZemnauadedirsto isi v Y beaibihiberoiganiegsitere washed
with water (100 mL), brlne (100 mL) then dnedmver magnesium sulfate 10f|Itered and evaporated in
vacuo. The crude residue was purified by ngraphy eluting with 3-10% ethyl acetate in

hexanes to afford the title compound as a »Eml (50.9 g, 90.5%). IH NMR (500 MHz, CDC13):

7.28-7.21 (m, 7H), 6.87 (d, J= 8.4 Hz, 2H), 4.92 (s} 2H), 4.77-4.59 (m, 2H), 3.89-3.84 (n, IH), 3.81 (s,
3H), 2.30-2.22 (m, 2H), 1.95 (m, 1H), 1.91- 1.85 (m, 1H), 1.57-1.50 (m, 1H), 0.89 (s, 9H), 0.06 (s, 3H),
-0.15 (s, 3H). LChI\fS miza(ES-d 24880k QYikD e g@g@lﬁMb&aH @ygpglf(gjmethoiivbenzvl ro 2)01 1|\(|I(?))2{
iterc-nutv v =Nl amate e
20Tobgjsdﬁt?(;§£o g?:}(!e 1%&1\{1}3{%& e)-]pg} gt%}g‘ O%‘gﬁl %Q\? \{ -0 Otrr:%(é)’g%ﬂ\{ eﬁ%rte[}g(m

88 mmol) in
anhydrouBSMETEH8" ﬁﬂ)bwast%%dtWFe F&r?ﬁﬁenﬁ 7@‘7%”%8‘[5’5 HHETS (4] %%5 g, 2.39

mmol) andeppef()Siceiadi@t g, Yvpdanihmeny A hdoderad it mitdie BedebidrWwith nitrogen
(bubble 1%ujimed hayasuling sohitepstizadoatr 00 mMite Mper atureciomdx urd vesntixied €owas poured

into Waterﬂﬁ&oeua})afatt@mr@&tﬁﬂtw%@@% tagtf?e'é 3pQ %%ut%gamﬁ%tﬁm yere then
was ater X SOodém_()dsg ‘%Ot drled oV rg rgra e3| im sﬁllfate f”t?? (%and
evapc??ateélfj nder *\?alc"‘d*ﬁr%“ esidue Was or| ota e X tll—cias‘.’ft 5 fe eluting with
a gradiente it 3088 EHYIhe SRR ?nvt?éx'o‘& @‘t%ddﬂ/ %&‘@“%8&3’/533’55 d B%HP%‘&‘@ BirosPiratedem (500
MHz, CDGHiS)8:4ds 81@4e (was 2kiyadtc@i4waiD dichiorb 3128857 2 10(impISH 16 8Fnfblindd @ ghrkks, 2H), 4.98
(5, 2H), 4.32rd Bk 2 w304 @@ragﬁ §AnSkED BiBllsn 3B av%mgaemwsmaﬂ (i), 2.00-1.95

n, 100, BB A cLhido Q00 1 Bid B2 B O1(Ba 30 %]tﬁ%%&:’??o @;"HY
611.2 (MNaL+ R e S A A Sigh Cdmetno gm ﬁ‘%zév (Im-1-

{itert Suty eHRRGHSRIBK M BRI RRIATHIE RARHS SRR fiRggntre

was stirred for 1.5 h then evaporated in vacuo to remove all volatiles, The residue was diluted
with 300 mL of dichloromethane and the aqueous phase was acidified with a 5.0 M aqueous
hydrogen chloride solution until a pH of 3 was achieved. The phases were separated and the
aqueous phase was extracted with dichloromethane {2 x 100 mL). The combined organics were
20 washed with water (50 mL), brine (50 mL) then dried over magnesium sulfate, filtered and
evaporated in vacuo. The residue was purified by silica gel chromatography eluting with a 3-
15% ethyl acetate in hexanes gradient to afford the title compound as a colorless solid (42.3 g,
86.6%). "H NMR (500 MHz, CDCl3): 8 7.36-7.27 (m, 5H), 4.78 (d, J= 8.7, 1H), 2.90-2.86 (m,
IH), 2.19-2.11 {m, 1H), 2.10-2.03 (m, 1H), 1.90 (t, /= 2.6 Hz, 1H), 1.75-1.67 (m, 1H), 1.41-1.34
25 (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-Methoxvbenzvl {(1R-1-I(R)-{[rert-
butvl dimethvhsilyl]oxyH{phenvDmethvilpent-4-yn-1-vl}carbamate

>[\ OMe
’,ého OQT/O\”/i:::j/

(jl"[;é/w
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To a solution of nitrophenyl acetylene (from Step F, 41 g, 65.5 mmol) in DMF 5(40 ) was added

pyrrohdmeé}]él r({bl%l% .5 mmol) and the resulting mixture heated at 80C fqQr :’}!E}S;[%/gg%?%re was

cooled to room %@Paﬁture and a 10% solution of acetic acid in water (110 ml) was a and the
resulting solution stirred at room temperature for another 3 h. The mixture was poured into water
(300m1) and extracted with EtOAc (3 x 250 ml); combined EtOAc layers were washed with water (2 x
250m1), sat. NaCl (100m1), dried over MgSO4, 10filtered and evaporated. The residue was purified

by Horizon Flash 75 eluting with a gradlent rising fram 0% I—E gcs to 50% EtOAc in Hexanes to
give 34 g (81%) as a daNESPAHEE 81 Okt WM §$ 58,14 (m, 2H), 7.32-7.23 (m,

9H), 6.87 b@tsdédmtwi)szﬂjowgwl(@ud)m%hyﬂw Sm)om @@d(&own?»le@ D pioverand4ys @, $413Hz, 1H),
4.16-4.13 fimoliby, t3 8y (Smidkd Jn 300Lad. 6F {ahy 2id)is 2061 5Pa(hbicditieripOrathr® Ar(der 4H), 1.72-1.60 (m,
1H), 0.93 15(5 9 Qf%@emﬂ Q% 36 tﬁprkhq@ﬂ) nsd g b ety ivion(
pheny, IImet%l R 4 mt 1 ancﬁ rrol3| r%té r]fn% ﬁu meth enzyl alcoh
{Ltertbutyl?glme?mlns Foxﬁr(phenv linethv T1o5-(4-nitro zyI)rwrroPéYn omer ﬂ\lgﬁsomer 2 NO2
To a solutfsiiess M@ze@véﬂe%ﬂéwé%dﬁ@ SeatRd gy Step 19 845906 mﬁ%tr}%* SERFEEEHY was
added TFA¢R258mdd withl 2H& meéseftimgtnmisttd reystirne distrhoonrtcterhpermtdite fordeswerThe solution was
evaporateg-pngen Yagwéapbshigsisiapatitoned Ratvasn L26iMand sag. MaHCRZokBemerganic layer

was dried Suer a0, MsLed AR avPRGS: The R G MARASISENERIDMER(RR ) and
cooled toO via ice/water bath. Sodium cyanoborohydride ( %Sg%y%mmm%}v_wasthen added and

the réQultif iRk ANt XA RIRIdE WrdiGht ‘fglg%%*flél%ﬁr?w QRSB ure was
quenched $ytiaddiiibr O Vet basgtateip Ryanies erhiovth e Hte evapouia. &ThéOéQfL@wﬂ {80&r was then
extracted with BtOAH(XNRMsHtheHendIidd: EtOAC Hyens Washed Wjth-say NaQH)dtierl (ever MgSO4,
f"ltere? «'lmg revaparates 30 4nd @gs;wgl@g Erzr?gnd 183048 Sz@}br@@g Qme@s?ﬁom@tqw%phg;/n
silica (eluen I s to 35%
EtOAC |n e%<a d{& |veoh% %1 %éé rs IS0 ﬁr? %?&%&%’g{)&%&

[tert- B@tyk@%él‘w ﬁ%ﬁf%ﬂ yl)methyl]-5-(4-nitrobenzyBpyrrolidine, and 3.1 g (12%) of the
second isomer (2R, SR)-24(R)-
{[tertbutyl(digpethypsilyligxyikphemh methwllr (4initrahenrypweaitios Rtsomesy hiseid1 51/z (ES)
427.3 (MH)' Isomer 2: [%&M%h@{;lﬁQ ﬁ%g 3 M&Q}b Rlep l:Teri-butyl (2R

58)-2-1(R)-{Itert- butyhdlmetnyl|S||y||oxy|(nnenyr)methy11 -544- nltrobenzyl)pyrrolldlne I-carboxylate >L
I

ZSieg OYG

N

:\/\Q\
NO,

20 To a solution of acetylene (from Step E, 40¢, 80 mmol) and 4-iodonitrobenzene
{21.8 g, 88 mmol) in anhydrous DMF (500 ml) was added triethylamine (111 mL, 797 mmol).
Pd{dppfH)ClL, (1.95 g, 2.39 mmol) and copper(l} iodide (910 mg, 4.78 mmol) was added and the
mixture degassed with nitrogen (bubble 15 min}) and the resulting solution stirred at room

temperature for 5 h. The mixture was poured into water (1200 m) and extracted with EtOAc (3 x
25 300 mL). The combined organics were then washed with water (2 x 500 mL), sat. NaCl (200
mL), dried over magnesium sulfate, filtered and evaporated under vacuum, Residue was purified
by MPLC (Horizon Biotage 2x Flash 051) eluting with a gradient of 0-30% cthyl acetate in
hexane to give 41g (84%) as a dark red oil. %). "H NMR (500 MHz, CDCls): 8.11-8.04 (m, 2H),
7.94-8.01 (m, 1H), 7.38-7.21 (m, 8H), 6.87 (d, J= 8.4 Hz, 2H), 4.98 (s, 2H), 4.77-4.59 (m, 2H),
30 4.00-3.95 (m, 3H), 3.81 (s, 3H), 2.56 (t, T = 7.1 Hz, H = 2H), 2.00-1.95 (m, 1H), 1.66-1.61 (m,
1H), 0.93 (s, 9H), 0.10 (s, 3H), -0.10 (s, 3H). LC-MS: m/z (ES) 589.3 (MH)', 611.2 (MNa)".
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Si-00,t--01___ 10NO2 To a solution of tert-butyl (2R, 5S)-2-[(R)- {Pert

butyl(dimet @/ |oxé)6(phenyl)methyl] -5-(4-nitrobenzyl)pyrrolidine-1- car A%gz;&?%ﬂgg %g 5 mmol) in
anhydrous Was added Hoc anhydride (9.3 g, 42.5 mmol) followed by m"f_ 127.4
mmol) and the resulting solution stirred at room temperature under nitrogen 15atmosphere for 2 h. The
mixture was washed with water (100 mL) and extracted with ethyl acetate (2 x 200 mL). The organics
were dried over sodium sulfate, filtered, and concentrated under vacuum. The residue was purified via
Horizon Bigtage MPLC (65| silica gel clumn eluti g Wlth g rad ent of 20-75% ethyl acetate in
hexane to the ""“'i‘ii'-" Ot o Ly RS isibdlony (panvimalind s
J:Tert-butyl (2R, 5M-2-HR¥EOpa s (Phenyl)nethyll -5-(4-
nitrobenzyl)pyrrolidine-1- carboxylate N02 Prepared.iorlee same manner as Step [but
replacing the cis pyrrolidine isomer 2@4& thecgrang)lso 2R, 5R)-2-[(R)-

{[tert-butyl(dimethyl)silyl]oxyl (phenyemeth?] STanltrobenzyl)p%rrolldlne LC-MS: m/z (ES) 527.3
te (i®

(MR)+, 549.2 (MNa)+. Step K:Ten-b enfyl) 5-1( R)- If ten-butvi(dimethyl)silyll
oxyl phenyllmethyllpyrrolidine- | -car 9/124166PCT/US2009/039249 NH2

A 5%0 mlL parr Shakr?r fﬁﬁ#sﬂ@ﬁ&h@i{ﬁﬁ%ﬁﬁ%ﬁyl@%{ﬁ%@ {BofP W ANdHOtHYS, ﬂ\llxﬁﬁl@@ﬁ’@ﬁbﬂ@o mL lc))f
methano er t ol) in
methano g%%? B Rl S‘toatﬁoéﬂ&é%‘ﬁrﬁw?%?@v%ﬁ&{” B e T hiorice
in methan I’sg}&"tlgﬁ’“ﬁ*ﬁewraée‘f@ﬁ (R B P ERTHR ARy %6%@%‘&%6&%‘&%3&%’%@}%@3

aggitated sverraghddah ailifborvwakitakehtordsinalviadamy s diere s tiéhishotved complete

reaction. mixture Wae gataly sitwastiitaeshofhusingreakitewandPr@sbes wite mpilkanbif2ix 100 mL). The
filtrate waiﬂ@ﬂcéa}wma&mv&rsmésﬁtﬂmhthe@mﬁmm&ﬁ p‘m{ﬁle(d(}ﬂmlbj dlrﬁbdrm\MﬂM@@@i 10silica

colu tln wit radlent om 0% to. 00/ ane t affor title
com %5 g@/o pﬁ]fz‘eﬂz %‘{iﬁﬁ‘jﬁsﬁ’ﬁ? R B EH; ﬁrﬁﬁ?ﬁj 6%%{%"‘” ?7 38-7.29
(m, 5H) 6“75816 a0k esamss 6o ThEGHMY: 1. Elmsgnes heivaf s@é-@ 2?%:4?‘11@)3%91@14 05 (m,
2H), 3.86-HBINIR,(100) MBIZECRITL: (1R, 1TH) 1 B (B5-3477(33:283), @1 7A{hok 7Y & 14.9.4Hz.124)), 2.44 (br d, J
= 11.7 Hz41dd240513.93rEm b H).08-Q071-83 (ML i 1460 (g, PErE510A1142 (1 (R, 31-1.21 (m,
2H), 1.10-3- 02 (myhbik 995,682 0 P65(9:53 Tt 148 2o Ao 3188, 9172 T & G Hin3hids-0-05 (5.

3H)
15 (s, 9HD, 0.05 (s, 3H), -0.13 (s, 3H).
Step H: (2R, 38)-2-I( Y- {{rert-butyl{dimethyDsilylloxy Hphenviimethvll-5-(4-
nittobenzyvDovrrolidine(2R, SR)-2-[(R)-{{1eri-
butvi{ dimmethyvDisilviloxy} (phenyDmethv1l-5-(4-nitrobenzyDpyrrolidine
& |
o, ,
0 H /Sl,o y
20 isomer 1 NOy iso;::QNoz

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 k. The solution was evaporated under vacuum and residue partitioned between DCM and
sat. NalHCOj. The organic layer was dried over MgSOy, filtered and evaported. The residue was
25 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 EtCAc (x2) and the
combined EtOAc layers washed with sat. NaCl, dried over MgSQy, filtered and evaporated

30  under vacuum. The residue was purified by column chromatography on silica (eluent: gradient
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Step L:Ten-butyl (2R, 5R)-2-(4-aminobenzy1)-5-1(R)- fiten-

butyl(dimethyl)sily! I?( henyfimethylinyrrolidine-l-carboxylate (i-4b) i-4b Nl—@ epared in
the same r%ga%n%((}a}}k%?sg% gp K but replacing the cis pyrrolidine isomer with tﬁige) trénézqg%/%gr;? en-butyl

(2R, 5R)-2-[(R)- Wen- butyl(dimethyesilylloxyl
(phenyfimethyl]-5-(4-nitrobenzyfipyrrolidine-1-carboxylate. m/z (ES) 497 (MH)+, 397 (M-Boc)t IHNMR
(500 MHz, CDC13) 5: 7.41-7.30 (m, 5H), 6.73-6.67 (m, 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, 1H), 3.76-3.70 (m, 1H) 3.59-3.46 (M,2E1), 2.72
(br d, J = £9°83H2 R 0% A 19 20 {t’z‘?ﬁﬂﬁf,lﬁﬁ)‘i"ﬁ‘?@)@-i‘?%"frr‘.,g'fﬁ)(é%’)ﬁ%ﬁl? NS84 (s, 9H),
1.49-1.42 (AR 26124 @2-{l1o0-buty Bipethybsihd ot by Jos ey Ib 4 oituobeizy Doyveralxdmedz. 3H), 0.10
(s, 3H). Thedfdlloyvinyinterimediatesiveerer Iepared fidn {eappropriate starting materials using the

d | | 1 I-4a4” jitermediate Ar Calc. M MS
(/) @ L?W?@;?ﬁ’ﬁ%ﬁ@%%fw )511515%;)5%?1;%% D o ose

lsomer z
Isomer 2: LC-MS: m/z (ES) 427.3 (MH)"

Step Lt Tert-butyl (2R, 38)V-2-[(R)-{[tert-butvl{dimethvDsilvl]oxv Y phenvimethvl]-5-(4-
nitrobenzyDpvrrolidine-1-carboxvlate

by oy oy

10 NO,
To a solution of rer-butyl (2R, 55)-2-{(R)-{[tert
butyl(dimethyDsilyljoxy} (phenyl)methyl]-5-(4-nitrobenzyl)pyrrolidine-1-carboxylate (12 g, 42.5
mmol) in anhydrous THF was added Boc anhydride (9.3 g, 42.5 mmol) folowed by TEA (17.76
mL, 127.4 mmol) and the resulting solution stirred at room temperature under nitrogen

15 atmosphere for 2 h. The mixture was washed with water (100 mL) and extracted with ethyl
acetate (2 x 200 mL). The organics were dried over sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified via Horizon Biotage MPLC (65i silica gel column)
ehating with a gradient of 20-75% ethy! acetate in hexane to afford the desired product. LC-MS:
m/z (ES) 527.3 (MH), 549.2 (MNa)".

20
Step I Tert-butyl (2R, 5R)-2-I(R)- {{tert-butyl(dimethyl)silyljoxy} (phenyl)methyl]-5-(4-

nitrobenzyDpyrrolidine-1-carboxvylate

>

~Sisg :Oz,o\//
@f'*

NO,

Prepared in the same manner as Step | but replacing the cis pyrrolidine isomer
25  with the trans isomer, (2R, 3R)-2-[(®)-{[tert-butyl{dimethyD)silyl]Joxy } (phenyDmethyl]-5-
(nitrobenzyl)pyrrolidine. LC-MS: m/z (ES) 527.3 (MH)", 549.2 (MNay .

Step K Tert-butyl (25, 3R)-2-(4-aminobenzyl)-5-I(R)- {{reri-butyl(dimethvl}silyi]
oxy} (phenymethvlipyrrolidine- [ -carboxylate (i-4a);

-38-



. 532.30 533.30 The following intermediates were prepared from the appropriate starting materials
using the procedures described above for intermediate i-4b. TABLE 2 ._Sj

9/7 iigﬁl,@%%%gntermediate Ar
Calc. Mass WS (6/2) i)+ i-4g 410 514.30 515.30 i-4h lia 514.30 515.30 i ATE 5

Tert-buty1(5/)-2-(4-aminobenzv11-5-1(R1-11tert-butyl(dimethyl)silylloxy } WO
2009/124166PCT/US2009/039249 (3-chlorophenyl)methyllpyn-olidine-1-earboxylate (i-5)

~L

~Sisg OYO
@flij 7&:

i-4a
NH.

A 500 mL parr shaker flask was charged with 10% Pd/c (4.75 g) and to this was
added 100 mL of methanol to cover the catalyst. A solution of the nitro intermediate from Step [
(8.5 g, 18.5 mmol} in methanol (30 mL) was then added to the suspension, followed by 15.4 mL
5 of 1.0 M hydrogen chioride in methanol solution. The reaction vessel was set under 50 PSI
hydrogen gas and the mixture aggitated overnight. An aliquot was taken and analyzed through
the LC-MS which showed complete reaction.
The catalyst was filtered off using celite and washed with methanol (2 x 100 mL).
The filtrate was concentrated to dryness and the product was purified via Horizon MPLC (651
10 silica column) eluting with a gradient rising from 0% to 30% ethyl acetate in hexane 1o afford the
title compound (6.2g, 72%). m/z (ES) 497 (MH)", 397 (M-Boc)™. '"HNMR (500 MHz, CDCL)
&: 7.38-7.29 (m, 5H), 6.76-6.68 (m, 2H), 6.55-6.50 (m, 2H), 5.52-5.49 (m, 1H), 5.30-5.27 (m,
1H), 4.15-4.05 (m, 2H), 3.86-3.81 (m, 1H), 3.76-3.71 (m, 1H), 3.55-3.47 (m,2H), 2.74 (br d, ] =
11.7 Hz, 1H), 2.44 (br d, J = 11.7 Hz, 1H), 2.05-1.93 (m, 1H), 1.90-1.83 (m, 1H), 1.60 (s, 9H),
15 1.50-1.42 {m, 1H), 1.31-1.21 (m, 2H}, 1.10-1.02 (m,1H), 0.95 (s, 9H), 0.92 (d, I = 11.§ Hz, 1H),
0.13 (br d, J = 14.0 Hz, 3H), -0.05 (s, 3H)

Step L Tert-butvl (2R, SRY-2-{(4-aminobenzy]}-3-[{R)- {{rert-
butyl{dimethyDsilvl]oxy} (phenvhmethyl]pyvrrolidine- 1 -carboxvlate (i-4b)
>y
- I\O O“?/ O7L
©/‘\,’ N
i~db
20 NHz

Prepared in the same manner as Step K but replacing the cis pyrrolidine isomer

with the trans isomer, Tert-butyl (2R, SR)-2-[(R)-{[tert-
butyl(dimethy!}silyt]oxy} (phenyDmethyl}-5-(4-nitrobenzyl)pyrrolidine-1-carboxylate. m/z (ES)
497 (MH)Y', 397 (M-Boc)". "HINMR (500 MHz, CDCL) & 7.41-7.30 (m, 5H), 6.73-6.67 (m,

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,
1H), 3.76-3.70 (m, 1H), 3.59-3.46 (m,2H), 2.72 (brd, J = [2.0 Hz, IH), 2.44 (brd, ] = 12.0 Hz,
[H), 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 (m,1H), 0.95 (s, 9H), 0.14 (br d, J = 13.7 Hz, 3H), 0.10 (s, 3H).
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Step A:44{(5R)-5-1(R)-(Itert-butvhdimethyl)silylloxy}(3- chlorophenvfimethyllpvrrolidin-2-yl|
methvhani|in . JO a solution of 100 mg (0.15 ramol) of benzy114-[( 205
1[(benzylo§<k§/ czail)r(%lfo\ir% aér)nino-G-{[tert-butyI (dimethypsilyl]Joxy)-6-(3-chlorop gﬁ@&%-@%gﬁg-
3-en-l-yllphenylicarbamate (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. 10
The reaction was stirred under hydrogen for 8 h at room temperature. The catalyst was filtered off

using a G"?&ef 1%'45 um tPTng%)_/ri%e filter an lwas ed with et;l Itacetate &4 x12 mL% he filtrate was
concentrated {8 HESL RSP VBT bR AR TR TRG M BRIFREA By PSP Ative BIatE X 100 pm) eluding
with 5% nistedisEirfenerisiorheth dpiantsatrdiiticdtile compound (33 mg, 51%). m/z (ES) 430, 432
(M, M+2)+. 15 Step B:Tert-buty1(5R)-2-(4-aminobenzyl)-5-1(Ril Itert-butyl(dimethyDsilylloxy | (3-
chlorophenvl)methyllpyrrolidine-carboxylate (i-5yABd-& solution of 33 mg (0.07 mmol) of
4-(K5R)-5-[(R)-([tert- butyl(dimethypsilyl]o y‘} (3-chlorophenyl)methylipyrrolidin-2-yl)methypaniline in 1
mL of 20anhydrous THE (from Step A) o(l)de tert-butyl carbonate (15.3 mg, 0.07 mmol), followed
by TEA (13 uL, 0.07 mmol) and the resulting sblutign siifred at room temperature under nitrogen
atmosphere overnight. The reaction mixturé‘”was‘;‘@‘- directly on a preparative plate (500 uM) and
eluted with 30% ethyl acetate in hexane to afford the titI pound (25 mg, 78%). m/z (ES) 530, 532
(M, M2)-, 430, 432 (M-Boc, M-Boc-h2)'. 25 INTERMEDIATE G,
4-1414-(TrifluoromethylMhenv11-1,3-thiazol-2-y1}benzenesulfonvl chloride (i-6) WO

2009/124166I:’CTII1Jn 3%01%3/%’392‘49 0 Ar Interm edLang%ﬁ%P&% Br?ga%%&ﬁ@@&to published

procedures, fo ; motg-etatz Tetrahedron 2003, 59, 1317-1325 5 INTERMED]ATE 7
i-4o Tys 514.30 515.30
S e
i-4d e 514.30 515.30

F

e
i-4¢ D 532.30 533.30

F
F.

j-4f Fj@‘ﬂf 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
S,
- \O O
N
15
Intermediate Ar Calc. Mass MS (e/z) (MH)"

i-dg \Q% 514.30 515.30
i-4h e 514.30 515.30

INTERMEDIATE 5
Tert-butyl{ 3R)-2-(4-aminohenzyD-3-[(R)- { [ tert-butv dimethvDsilvilioxv}
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2-Methyl-5,6-dihydro-4H-cyclopenta[1.31 thiazole-4-carboxvlic acid (I-7) 1-7 Step A:Ethyl
2-methv1-3,6-di -4H-cvelopenta | a] 11,31 thiazole-4-carboxylate Et Iﬁ inp of ethyl
2-oxocycloévp§ngtlg}r%lg 8-]((f}z(a{;:boxylate (56 g, 359 mmol) in chloroform (500 mL %g/o e@(aﬁt%(i)%%as 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 mm to remove most of
HBr. Washed with water (500 mL), sat. NaHCO3 (250 mL), sat. NaC1 (200 mL), dried over MgSO4,
filtered an }%E)\l(a ora I%.eﬁie idngr%lgEsgll\{g%n E} 0 mL) and thioacetamide (26.9 g, 359 mmol)
added, mi ‘at reflux overnight. The mixture was cooled
and evaporated, and the residue partitio getween DCM and sat. NaHCO3, organic layer washed
with sat. NaCl, dried over Mg504, filtered-as ieyaprated. The Residue purified by MPLC (Biotage
Horizon: 2 x FLASH 65i) eluent: 100%;Hexaned (450 mLl), gradient rising from 100% 20 Hexanes to
25% EtOAc in Hexanes (1400 mL), then 2 EtOAc irFexapes to give the title compound (32 g, 42%)
, 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 = 7.0Az, 3H). Step,B:
2-Methyl-5,6-dihydro-4H-cyclopenta 11,31 thiazole-4-carboxylic acid 6-71 25To a solution of 31.5 g

(149 mmoiof gthy! 2-methyebrdinydio-shtseuslansiailaliikal hiazole-4-carboxylate in THF (450
mL) gnd methanol (10Q m F_(;D%%%%eetgvﬁ)pw%%gggﬁglg &&}%ﬁﬂﬁ%énhlum hydroxide (149 mL of a 1M
solution, 149 mmol) and the Tesuftmyg mixture sturred at room temperature for 3 h. Organics removed
by evaporation and aqueous residue extrgdLeQ with Et20 (2 x 250 mL) and acidified to pH 3 by the
addition of 1 M HC1 (-170 mL) and saturaté&‘h sglid NaCl. Extracted with DCM (3 x 250 mL),
combined DCM layers dried over MgS®™4 _fitere'd.ang evaporated. Extracted with DCM (3 x 250 mL),
combined DCM layers dried over MgSO4! filtered and evapekated. Residue triturated with acetonitrile,
filtered and dried to give the title compound (7.1 g, 26%) off white solid. 5IHNMR (500 MHz,

CDC13) 6: 11.75 (br s, 1H), 4.02 (m, | H), 3.00 (m, 1H), 2.90-2:66 (m, 6H). INTERMEDIATE 8
Thnoxmtathie-4-carboxylicagid (:8)¢ 100 mg (0.15 mmol) of benzyl{4-[(3E, 5R, 6R)-5-
{{{benzyloxy)carbonyl]amino-6-{ {tert-butyl (dimethyl)silyl]oxy} -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.
10 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) etuding with 5% methanol in dichloromethane to afford the title compound (33 mg,
51%). m/z (ES) 430, 432 (M, M+2) ",
15
Step B: Tert-butyl(SR)-2-(4-aminobenzyl)-5-[(R)-{[tert-butyl(dimethyisilylloxy} (3-
chlorophenylmethvlpyrrolidine-carboxylate (i-5)
To a solution of 33 mg (0.07 mmol) of 4-({(5R)-5-{(R)-([tert-
butyl(dimethyDsilylloxy} (3-chlorophenylmethylpyrrolidin-2-yl} methylaniline in 1 mL of
20  anhydrous THF (from Step A) was added trerr-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)",

25
INTERMEDIATE 6

Dphenyl}-1.3-thiazol-2-vItbenzenesulfonyl chloride (i-6
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Ethyl 2-amino-5,6-dihydro-4H-cyclopenta Fall1,31 thiazole-4-carboxylate 0 Nt-NH2 Et

Prepared | anner as intermediate (i-7) replacing the thioacet ith
thiourea. :%ﬁ?li@%‘ Hz, CDC13) 6: 5.30 (br s, 2H), 4.21 (q, J = 7.0, %@%@@(Qﬁ? H), 2.91 (m,
1H), 2.78 (m, 1H), 2.66 (m, 2H), 1.30 (t, J = 7.0, 3H). Step B:Ethyl
2-1(ten-butoxycarbonyllaminol-5,6-dihydro-4H-cyclopenta [al 1,31 thiazole-4-carboxylate O Et 20To a
solution of 230 mg (1.08 mmol) of ethyl 2-amino-5,6-dihydro-411- cyclopenta [a] [1,3]
thiazole-4-carboxylate in dichloromethane (& mL) (from step A) was added di-tert butyldicarbonate
(236 mg, 1.08 mmol), triethylamine (0.15 a1 mrgol) and DMAP (13 mg, 0.11 mmol) and the
resulting mixture stirred at room temperature for 2 h.iM#ture washed with IN HC1 (10 mL), sat. NaC1l
(5 mL), dried over MgSO4, filtered and evaporated. 25 (due purfied by MPLC (Biotage Horizon:
FLASH 25+S) eluent: 100% Hexanes (100 mL), graglien 5% EtOAc in Hexanes (900 mL) then 15%
EtOAc in Hexanes (500 mL) to give the title compound (160 mg 47%) as a white foam. IHNMR (500
anz,Hgf;g?grg o, T rg:: 16 Ehg D %@%n%al“agfm%@g%%gg% ih5a S0k Q4L H). 2.86
C:2-1(TenlBRi68 Fﬂi’lzgoé di ))C'Iir]ouﬂ 2cyclopenta [al 11 ,31 thiazole-4- carboxylic acid
(i-8) WO 2009/124166PCT/U82009/O39249 Prepared from ethyl
2-Kien-butexygatbenyOaminol]-5,6-dihydro-4H- cyclopenta [a] [1 3] thiazole-4-carboxylate (from step
B) using aHPIPS ' .(LFNMR (500 MHz, CDC13)
: MEDIATE 9

2-(4- Fluoronhenyl) -5.6- dlhydro -4H- cyclopenta [géll:%l thlazole 4 carboxyllc acid (i-9) i-9 Prepared

using procedures analogous to those found ir'fAt e 7 (i-7) 10 replacing thioacetamide with
4-fluorothiobenzamide in step A. 1IHNMR (500 M fMSO-d6) 8: 7.90 (m, 2H), 7.29 (t, J = 8,7, 2H),
3.81 (m, IH), 2.99 (m, 1H), 2.86 (m, 1H), 2.70-2.58%m, 2H). INTERMEDIATE 10 152-Methyl-4,5,6
7-tetrahvdro-1,3-benzothiazole-4-carboxylic acid (i-10)

Step A: Ethyl 2-methyl-5.6-dihvdro-4H-cyclopenta [¢] 11,31 thiazole-4-carboxylate
O
A N
B0 Ny
S
10 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 {o room temperature and stirred overnight.
Nitrogen gas bubbled through mixture for 90 min to remove most of HBr. Washed with water
(500 mL), sat. NafICO4 (250 mL), sat. NaCl (200 mL), dried over MgSQy, filtered and

15  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 muxture 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%
20  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, CDCly) 8: 4.22 (g, ] = 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, ] = 7.0Hz, 3H).

Step B: 2-Methyli-5.6-dihydro-4H-cvclopenta [ ] [1.37 thiazole-4-carboxvlic acid (i-7)
25 To a solution of 31.5 g (149 mmol) of ethyl 2-methyl-5,6-dihydro-4H-cyclopenta

[@] [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 1M solution, 149 mmol) and the resulting

mixture stirred at room temperature for 3 h. Organics removed by evaporation and agueous
residue extracted with Et5O (2 x 250 mL) and acidified to pH 3 by the addition of 1 M HCI
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HO 0 (-10) Step A:Ethyl 2-methyl-4,5,6,7-tetrahydro-1,3-benzothiazole-4-carboxvlate Et0 0 To a
solution of | 2-0xocyclohexanecarboxylate (15 g, 88 mmol) in 20anhy ' ther (40 mL)
cooled at Oﬁ@égégﬁégle{ﬁ bromine (4.5 mL, 88 mmol) dropwise over 15mindé8§ﬁe%5%%8%?§ addition
mixture allowed to warm to room temp over 90 mm. Mixture diluted with EtOAc (100 mL) and washed
with sat. NaHCOS3, sat. NaCl, dried over MgSO4, filtered and evaporated. Residue taken up in ethanol
(200mL) and thioacetamide (6.6 g, 88 mmol) added. Mixture stirred at room temp for Ib then at
reflux overnight. Mixture 25evaporated.and residue partitio between sat. NaliCO3 and DCM.
Organic Ia§"e%%§gﬁs CE%F}@@? 4”,;, té%%%@f%?&f g"g%%%gv E&?ﬁ(@g?ﬁl’% %? e Horizon:
FLASH 65,‘}3’8{& N %‘6350 énelsei"oe M0, E?a&?eht FoSe0n cn ex_anems 1200 mL) then
25% Et0AESRIRsiReY ey fiel @' givdaMesiieieshidunans g Retdee Adturgate diange oil.
éé-lli)'\'gﬂgséé%tmmiz%%@ §18424 g%egafe fitdo &Jﬂbﬁ o%igft(ﬁaigfzéoé)zés% FBOm séﬁ&), 2-8 3 (m,

: : A1- m , . 2l :
000 oa BRI 5%99%'ét][égsé:%%mlel%rgll-’izg,lg,’ﬁfgtrgé?/]é%-ﬁ%%ggz%&ggzéPe%-carboxylic
acid (i-10) Prepared from ethyl 2-methyl-4,5,6,7-tetrahydro-1,3-benzothiazole-4-carboxylate

(from steplAYEEAGHiMy B he procedure outlined in intermediate (i-7) step B. IHNMR (500 5MHz,

CDC13) 62926k bhb3lifflinbE 76159 b d5(0] 2HY] Bi68(5.430 22k (@id 1H),
2.18-2.01 fmy,2H), 1.82 (m, 1H). INTERMEDIATE 11 24(

Ten-butoxycarbonyl)aminol-4,5,6,7-tetrahydrer1,3-benzothiazole-4-carboxylic acid (i-11) 10(i-11) Step
A:Ethyl 2-amino-4,5,6,7-tetrahydro-1,3-berzdthiaze -H-cag,boxy | ate EtO 0 "-NH2 Prepared
according to the procedures outlined in inter @ & 10 i-1C]Kstep A replacing thioacetamide with
thiourea. 1IHNMR (500 MHz, DMSO-d6) 6: 9.28(hr s, 2H), 4.11 15(q, J = 7.3, 2H), 3.71 (t, J = 5.0, 1H),

2.57-2.39 (m, 2H), 1.90,m, oH 578§y TED 199 M o 1 11,31 thiszole-decarboxylate

Q
EtO N NH,
Rets

Prepared in the same manner as intermediate (3-7) replacing the thioacetamide in
Step A with thiourea. "HNMR (500 MHz, CDCl3) 8: 5.30 (br s, 2H), 4.21 (g, ] = 7.0, 2H), 3.81
15 (m, 1H), 2.91 (m, tH), 2.78 (m, 1H), 2.66 (m, 2H), 1.30 (t, ] = 7.0, 3H).

Step B: Ethvl 2-[(rert-butoxycarbonvljaminol-5.6-dihydro-4H-cvclopenta [ ] [1,3]
thiazole-4-carboxylate
? H
EtO NeN. o
Retg et
O
20 To 2 solution of 230 mg (1.08 mmo!l) of ethyl 2-amino-5,6-dihydro-4H-

cyclopenta [ a] [1,2] 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 HC1 (10 mL), sat. NaCl (5 mL), dried over MgSQy, filtered and evaporated.

25  Residue purfied by MPLC (Biotage Horizon: FLASH 25+8S) eluent: 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, CDCl) 8: 9.23 (br s, 1H),
4,17 (q,J=7.1 Hz, 2H), 3.95 (t, I = 6.6 Hz, 1H), 3.04 (m, 1H), 2.86 (m, 1H), 2.76 (m, 2H), 1.55
(s, 9H), 1.23 (t, } = 7.1 Hz, 3H).

30
Step C: 2-[{Tert-butoxycarbonylamino]-5.6-dihydro-4H-cyclopenta [ ] [1.3] thiazole-4-

carboxvlic acid (3-8}
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1H), 1.17 (t, J= 7.3, 3H). Step _ _
B:2-1(Tert-butoxycarbonyflaminol-4,5,6,7-tetrahydro-1,3-benzothiazole-4- carboxylic acid Aéi-ll)
20Prepareg]9c% 9EQI%‘)%‘?(f-amino-4,5,6,7-tetrahydro-l,C’-,-benzothiazoIe-4-car]r?)((ﬂjrgggﬁé0{’1495’?({% tep A)
according to the procedures outlined in intermediate 8 (i-8) steps B and C. IHNMR (500 MHz, CDC13)
6: 3.70 (t, S=5.2, IH), 2.74 (m, 1H), 2.64 (m, 1H), 2.25 (m, 1H), 2.10-1.94 (m, 2H), 1.87 (m, 1H), 1.55
(s, 9H). 25 INTERMEDIATE 12 Indan-I-carboxylic acid (i-12) Prepared according to the
literature procedure Journal of Qrganic Chemistry (2000%, 65(4), 1132-1138. INTERMEDIATE 13a
AND INTERMEDIATE Y5828 8062 S (6 - S ua =3 fATRO B R PR E S 8 R pHLPR A Ae thy .
pyrrolidinelLerBbityiatei xadoxTerk-Giay! (PR BRERY 4 pivtiebe arglogosst@hatyidvostyiphenyl)inethyll
pyrrolidinexteanbobsydate (iskgl®). 'HABaR\3boNIH2N HRTlersnind (HRIIBR)-86 (m, 1H), 2.8% (m,
2-dimethyhﬁ]z(;Eﬁﬁ-gﬁgpfg@-(Js;@pD;-yll-S-phenv1-1, 3- oxazolidine-3-carboxylate Toa
solutign of tert-butyl (4S, 5R)-4-formy1-2, 2-dimethy1-5-pheny1-1,3- oxazolidine-3-carboxylate (20.9,
89.1 mmol) in CH2C12 (150 mL) was added 10(triphenylphosphoranylidene) acetaldehyde (27.1 g,
89.1 mmo : mixture was stiffed at ambient temperature for 40 h. After removal of 1/3
21l F 15} ' dehe d s uliinglselidaias fiiteyeid 6i9 Flash

BRETESHIVES Ba

OIS B IACKTEC) SEilEl [T

chromatography on a Biotage Horizon(r) system (silica 0.to 20% ethyl acetate in hexanes gradient
then 20% ethyl acetate in hexanes) gave H®: Qﬁ@a@gtitle compound as a yellow oil. LC/MS
354.3 (M+23). 15 Step B:Ten-butyl (4R, 5R)-2 #rethy1-4-(3-oxopronyl)-5-phenyl-1,
3-oxazolidine-3- carboxylate -2

Prepared using procedures analogous to those found in intermediate 7 (i-7)
10 replacing thioacetamide with 4-fluorothiobenzamide in step A. 'HNMR (500 MHz, DMSO-d6)
8: 7.90 (m, 2H), 7.29 (t, J = 8.7, 2H), 3.81 (m, 1H), 2.99 (m, 1H), 2.86 (m, 1H), 2.70-2.58 {m,
2H).

INTERMEDIATE 10
15  2-Methvl-4.5.6.7-tetrahvydro-1.3-benzothiazole-4-carboxvlic acid (i-10)

HO. o

N
S
s
(-10)
Step A; Eihyl 2-methyl-4,5.6,7-teirahivdro-1.3-benzothiazole-4-carboxylate
EtO.__.0

N
5

To a solution of ethyl 2-oxocyclohexanecarboxylate (15 g, 88 mmol) in
20  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 temyp over 90 min.
Mixture diluted with EtOAc (100 mL) and washed with sat. NaHCO3, sat. NaCl, dried over

MgSOQy, 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 refiux overnight. Mixture
25 evaporated and residue partitioned between sat. NaHCOq and DCM. Organic layer dried over

MgSQy, 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 (g, J = 7.1, 2H), 3.84 (1, T = 5.5, 1H), 2.80 (m, 1H), 2.73 (m,
30 1H), 2.65 (s, 3H), 2.18 (m, 1H), 2.11-1.95 (m, 2H), 1.85 (m, 1H), 1.29 (, J = 7.1, 3H).
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NH --Lc) To a solution of tert-butyl (4R, 5R)-2,2 -dimethy1-4-[(1E)-3 -oxoprop-1 -en-l-yl] -
205-phenyl-1,3-oxazolidine-3-carboxylate (19.6 g, 59.1 mmol) (from Step 50 mL) was
added 1. Qgéf WYEBYE and the resulting suspension was stirred under ffﬁ)llgjrggiﬁ%% oon 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(r) system (silica gel,
0 to 20% ethyl acetate in hexanes gradient then 20% ethyl acetate in hexanes) 25to afford 11.5 g
(58%) of the title compound as a colorless oil. LC/MS 356.3 (M+23). Step C: Tert-butyl (4R, 52)-2,
2-dimethy1-4-1(3E1-4-(4- nltrophenvflbut 3 -en-1- y11 5- phenyl -1, 3- oxazolldlne -3- carboxylate and
tert-butyl @Rp BR)-2, 2tk 4. 2647 2 34 EAY1-1, 3 -oxazo | idi
ne-3- carboxylate W@ﬁ@@)ﬂ/&%&@w@a@&z@@m&%@dmz bcnzoﬂua’zoiamﬁomb:ftdert butyl

]§4R 5Ft<) Cﬁtﬁ ¥ dhedatdiX %%%&%léﬁ@%?ﬁ rf%d:fn magRlidiner3 @{Qpﬁylmﬁ;&ﬁ B85 30. ?Zrlnrgol)
rom Ste ro um. br e

45,0 r%mrc)) %%Iowe(? %g é?%% 83 %Lfgg Ofmrﬁé t‘ﬁr‘g @r@% npr%?i fur()oé\l;afsr131 sti f%é%Pat amblegnt
temperatu fbF48- Hgﬂ&léﬁb 500! r%%ﬁ%dé’ﬁ)oured into the reaction mixture and the solid was filtered

off Flash chromatography on a Biotage Horizon(r) system (silica gel, 0 to 10% ethyl acetate in hexanes
gradient therrER%ergtnylracetate in hexanes) afforded 10.7 g (79%) of the title compounds (cis trans

mixture) as, Ejﬁj&#ﬁ 0w Ioam b AN A7 & MWiaR)atOr Toibuinh (OR.SENZAR) sl ry(ph env |
Imettivl1-5-(4-nitrobenzylpyrrolidinel-carboxy ate an

P ert-buty
5R)-2-F(R)-hydroxv(nhenvflmethyll-5-(4- nl?r enzyl )prrr‘9l[d|ne - carboxylate 00 OHOH
i >0
>—NH
10 -11)
Step A Ethvl 2-amino-4,3.6.7-tetrahvdro-1.3-benzothiazole-4-carboxylate

EtO.__O
N
[ D>,
S

Prepared according to the procedures outlined in intermediate 10 (i-10) step A
replacing thioacetamide with thiourea. 'FINMR (500 MHz, DMSO-d6) 8: 9.28 (brs, 2H), 4.11
15 (g, J=7.3,2H),3.71 (1. J = 5.0, 1H), 2.57-2.39 (m, 2H), 1.90 (m, 2H), 1.78 (m, 1H), 1.59 (m,
1H), 1.17 (t, F = 7.3, 3H).

Step B: 2-[{ Tert-butoxycarbonv]aminoi-4.5,6.7-tetrahvdro-1.3-benzothiazole-4-
carboxvlic acid (1-11)
20 Prepared from ethyl 2-amino-4,5,6,7-tetrahydro-1,3-benzothiazole-4-carboxylate

(from step A) according to the procedures outlined in intermediate 8 (i-8) steps B and C.
"HNMR (500 MHz, CDCL) 8: 3.70 (t, J = 5.2, 1H), 2.74 (m, 1H), 2.64 (m, 1H), 2.25 (m, 1H),
2.10-1.94 (m, 2H), 1.87 (m, 1H), 1.55 (s, 9H).

25  INTERMEDIATE 12
Indan-1-carboxylic acid (i-12}

O

HOJ&@

Prepared according to the literature procedure Journal of Organic Chemistry
(2000), 65(4), 1132-1138.
30
INTERMEDIATE 13a AND INTERMEDIJATE 13b
Tert-butyl (28, SR)-2-(4-aminobenzy])-5-[(R)}-hyvdroxy(phenylimethyl
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No2NO2 15To a solution of the above cis/trans mixture (7.86 g, 17.4 mmol) from Step C in ethyl
acetate (1 added 50 mL of 2N HC1 solution and the resulting d at
ambient te‘rﬁ%ezr@?dr%%ogz h then heated to 45C for 3 h. The volatiles Wererg é}r%rli&ogve@%%d{é‘r8 reduced
pressure. The resulting white solid was dissolved in N, N-dimethylformamide (100 mL) and 15.1 mL
(86.7 mmol) of 'Pr2Net was added. The reaction mixture was stirred at 20ambient temperature for 7 h.
Di-tert-butyl dicarbonate (4.55 g, 20.8 mmol) was then added and the reaction mixture was stirred at
ambient temperature over|ght Water (200 mL) was added and it was extracted with ethyl acetate

Sy i ilazletieYal -!mh on a Biotage Horizon(r) system
(silica gel ;ﬁﬁ@l&ﬁ%m mgum@hexanes gradlent) to afford 1.61 g (22%) of the title compounds
tert-butyl (2R, 55)-2-[(2)- hydroxy(gh@nypm thyl]-5-(4- nltrobegzypgyrrolldlne [-carboxylate (cis) and

3.9 g (54%) of tert-butyl (2R,
5R)-2-[(R)- hydroxy(phenyl)rﬂ-@-?& benzyp boxylate (trans). LC/MS 435.4
(M+23). 30Step E:Tert-butyl {&* SRD%oben -5 1
hydroxv(nhenvl)methyllpyrrolidine-1k&&&box (1 13a) WO'! 9/ 66PCT/U S2009/039249
To a solution of the above (cis) ten butyI (2R, 55 -2- 1(12)
hydroRy(pBEmAamethyfes:(a Bpyrdanetiy £EPIO mtahiflad Step Din
ethanol (20 mL) was adgediif-g- oirﬂzg%tﬁdlc and the resultlng suspensmn was stirred under a
hydrogen balloon at ambient temperature for 5 h. Filttation through celite and 5removal of the solvent
gave 1.40 g (100%) of the title compound as whiteg which was used without further purification.
LC/MS 405.3 (M+23). Step F:Ten-butyl 12R, =(4-drminobenzyl)-5-1(R)-
hydroxy(phenyl)methylipyrrolidine-1-carboxy (- 1%7\10T0 a solution of (trans) tert-butyl (22,
5R)-2-[(2)-hydroxy(phenyl)methy1]-5-(4- nitrobenz pyrrofidine-1-carboxylate (3.90 g, 9.46 mmol) from
Step D in ethanol (40 ni%)ava8 e 20yt %‘Vg%c‘}éoé?iﬂlt%ezr@é%ﬂﬂw SdgBrislot was stirred
under a hydragbdiizallenrbat dmbighP1&th peramiperf BTl THE sdlidwasdiltdred off through celite. After

remongl of #ihashsrbplisshaiiamalegiarhy R Bigtege Menromiisyriamifsiicagel»ado 30% ethyl
acetate 1%‘!1&%?@&%@5@9&&9&%}% %&;@g &%ftés Sy %?%%”&%%@ﬁ&@@ﬁ? AR g (p4%) of the title

compound as a white fo

(25)-1-(1, 3BERTShALSE 280 P rrshlling 5! E’a?ﬁé@ﬁ%’%F% (i- ﬁ%h é’c‘ﬁt%tf—‘t"gmphy ¥ LEBMton of 28 mg
(0.24 mmaéiperanP roftanmsNcnedirdeoiifosahmiedas imbyapanspisisntdhap Pt accitided 51 mg
(0.24 mmah) lak2nbsppacbenzathiazelef 1RAimg (Ghfaimimol) pilpetadsiuny ey benatgvart).6 mg (0.03
mmojkof copper iodide. The reaction mixture was stirred at 100C overnight. It was then filtered and

purified by reverse- pha]se tﬂ? ;(‘g Cﬁ PrgIme q 8; 0-90% 0 0/,g)_tr;lfluqrqa&etic a?i
acetomtnlefgpf@‘ tri

{3 GROPICHTY PISNVI-1
fluo

Hz, 1 H), 7.45 (d, J = 8.0 Hz, 1 H), 7.28 (t, = 7.8 HZ\ 1 H), 7.08 (t, J = 7.8 Hz, lH) 4.48(d, J = 73
Hz, 1 H), 3.52- 3.61 (m, 2 H), 2.37 (m, 1 H), 2.01-% 1 m, 3 H). LC/MS 249.3 (M+1)

1-0 |
To a solution of rert-butyl (4R, 5R)-2,2-dimethyl-4-[(1E)-3-oxoprop-1-en-1-yl}-

20 5-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)
25  to afford 11.5 g (58%) of the title compound as a colorless oil. LC/MS 356.3 (M:+23).

Step C: Tert-butvl (4R, 5RY-2. 2-dimethyl-4-{(3 E)-4-(4-nitrophenyDbut-3-en-1-v1l-5-
phenvl-1, 3-oxazolidine-3-carboxvlate and ferr-butyl (4R, 5R)-2, 2-dimethv]-4-

[(3Z2)-4-(4-nitrophenyDbut-3-en-1-y11-5-phenvl-1. 3-oxazolidine-3-carboxylate
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30 INTERMEDIATES 15-22 The following N-substituted L-proline intermediates were
prepared from the appropriate starting materials using the procedures des tﬁ&;@% d
procedureéw&%)%?{]iggﬁg art. 35 WO 2009/124166PCT/US2009/039249 II%I’ \‘52%19

STRUCTURE CALC. MASS MS (E/Z) (MH)' 1-15 C'NCI 0 HO 260.12 260.76(M) 262.66(M+2)
HO 221.25 222.40 1-17 Cl o

10

15

20

25

30

.

To a solution of tert-butyl (4R, 3R)-2, 2-dimethyl-4-(3-oxopropyl}-5-phenyl-1, 3-
oxazolidine-3-carboxylate (10.0 g, 30.0 mmol) from Step B in CH,Cl; (200 mL) was added (4-
nitrobenzytriphenyl-phosphonium bromide (21.5g, 45,0 mmol) followed by Et:N (8.36 mL,
60.0 mmol), “The red reaction mixture was stirred at ambient temperature for 48 h. Hexane (200
mL) was poured into the reaction mixture and the solid was filtered off. Flash chromatography
on a Biotage Horizon® system (silica gel, 0 to 10% ethyl acetate in hexanes gradient then 10%
ethyl acetate in hexanes) afforded 10.7 g (79%) of the title compounds (cis frans mixture) as pale
vellow foam. LC/MS 475.4 (M+23),

Step D: Tert-butyl (2R, 55-2-I{Ry-bhydroxy{phenvimethvl]-5-(4-nitrobenzylipyrrolidine-
1-carboxvlate and rers-butyl (2R, SR)-2-[(R)-hvdroxy(phenylimethyl]-5-(4-
nitrobenzvlpyrrolidine- 1 -carboxvlate

oH ;?:o\// o _:OTO 7#

NO, NO,

To a solution of the above cis/trans mixtare (7.86 g, 17.4 mmol) from Step C in
ethyl acetate (100 mL) was added 50 mL of 2N HCI solution and the resulting mixture was
stirred at ambient temperature for 2 h then heated to 45°C for 3 h. The volatiles were removed
under reduced pressure. The resulting white solid wag dissolved in N, N-dimethylformamide
(100 mL) and 15.1 mL (86.7 mmol) of 'Pr;Net was added. The reaction mixture was stirred at
ambient temperature for 7 h. Di-terr-butyl dicarbonate (4.55 g, 20.8 mmol) was then added and
the reaction mixture was stirred at ambient temperature overnight. Water (200 mL.) was added
and it was extracted with ethyl acetate (200 mL x 3). The combined organic layers were dried
over NaySOy 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 zert-butyl (2R, 55)-2-[(R)-
hydroxy(phenylimethyl]-5-(4-nitrobenzyl)pyrrolidine-1-carboxylate (cis) and 3.9 g (54%) of
tert-butyl (2R, SR)-2-[(R)-hydroxy{phenylymethyl}-5-(4-nitrobenzylpyrrolidine-1-carboxylate
(trans). LC/MS 435.4 (M+23).

Step E: Tert-butyl (25, 3R)-2-(4-aminobenzv-5-[{R)-
hydroxviphenvDmethyvllpyrrolidine-1-carboxvlate (i-13a)

47
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HO 225.67 225.42 (M) 227.06 (M+2) 1-18 o fair HO 270.12 269.98 (M) 271.92 (M+2) 1-19 o Ib HO
317.12 317,92 1-20 di 0 SyN HO 248.30 249.30 1-21 1-Th 0 HON 198.24 19945 22 Br.

10

15

20

25

30

35

To a solution of the above (cis) fert-butyl (2R, 58)-2-[(R)-
hydroxy(phenylymethyl]-5-(4-nitrobenzyl)pyrrolidine- I -carboxylate (1.51 g, 3.66 mmol) from
Step D in ethanol (20 mL) was added 0.15 g of 10% Pd/C and the resulting suspension was
stirred under a hydrogen balloon at ambient temperature for 5 h. Filtration through celite and
removal of the solvent gave 1.40 g (100%) of the title compound as white foam which was used
without further purification. LC/MS 405.3 (M+23),

Step F: Tert-butyl (2R, SR)-2-(4-aminobenzyl)-5-[(R)-
hydroxv(phenyDmethylipvrrolidine-1-carboxylate (i-13b)
To a solution of (rans) tert-butyl (2R, 3R)-2-[(R)-hydroxy(phenyl)methyl}-5-(4-
nitrobenzy Dpyrrolidine- 1 -carboxylate (3.90 g, 9.46 mmol) from Step D in ethanol (40 mL) was

added 0.4 g of 10% Pd/C and the resulting suspension was stirred under a hydrogen balloon at
ambient temperatare for 6 h. The solid was filtered off through celite. After removal of the
solvent, flash chromatography on a Biotage Horizon® system (silica gel, 0 to 30% ethyl acetate
in hexanes gradient then 30% ethy) acetate in hexanes) afforded 2.30 g (64%) of the title
compound as a white foam. LC/MS 405.3 (M+23).

INTERMEDIATE 14

{25)-1-(1.3-benzothiazol-2-vDpvrrolidine-2-carboxvlic acid (i-14);
(:ZOOH

S

To a solution of 28 mg (0.24 mmol) of L-Proline in N, N-dimethylformamide (3

mL) at ambient temperature was added 51 mg (0.24 mmol) of 2-bromobenzothiazole, 100 mg
(0.72 mmol) of potassium carbonate, and 6 mg {0.03 mmol) of copper iodide. The reaction
mixture was stirred at 100°C overnight. It was then filtered and purified by reverse-phase HPLC
(TMC Pro-Pac C18; 0-60% 0.1% trifluoroacetic acid in acetonitrile/0.1% trifluoroacetic acid in
water gradient). The pure fractions were lyophilized overnight to give 35 mg 60% of the titie
compound as a light brown solid. '"H NMR (DMSO-ds): 8 7.78 (d, J = 8.0 Hz, 1 H), 7.45 (d, } =
80Hz, 1H), 728 (1, J=78Hz 1 H), 7.08 (1, J=7.8Hz, 1 H), 448 (d,J=7.3 Hz, 1 H), 3.52-
3.61 (m, 2 H), 2.37 (m, 1 H), 2.01-2.11 (m, 3 H). LC/MS 249.3 (M+1)

INTERMEDIATES 15-22
The following N-substituted L-proline intermediates were prepared from the

appropriate starting materials using the procedures described above and procedures known in the
art.

TABLE 3:
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0. HO 270.12 269.90 (M) 271.96 (M+2) INTERMEDIATE 23 (6-Oxopyridazin-1(6H)-yl)acetic acid

(1-231 5Tgq §
40.mL metW

2
no

solution of 3-chloro-6-0xo

{109/ 12416

pyridazin-1(6H)-yeacetic acid (1gP ,ﬁ%&@g&%iggm&idge) in

WA K8ded 100 mg 10% palladium on carbon and the resutting sSuspension was set

under hydrogen atmosphere and stirred vigorously for four h at room temperature. The catalyst was
filter off via Oilmen 0.45 pM PETE syringe filter and the filtrate concentrated under vacuum. The
residue was used without any further purification. ITHNMR 10(D20): 69.07 (dd, J = 1.6, 3.9 Hz, 1 H),

7.59 (dd, J =419 A(Od, T =176, 9.3 Hz, 1), 4.97 (5, 2H) tCMS155.09(M+1) WO
20095124166P ch b0 1 i E24 P.\,,N.Ca;.(%f?ﬁ%) NS (B ey
2-bromo-5,6-d|hydro-4&ycloperjtard111,31¢hi e-4-carboxylic acid (i-241 ON Br HOS 5Step A:Ethyl
2-bromo-5,6-d|hydro-4H-cyclopentaidl [1. IthN”zoIe-4-carboxymt,¢2 230078(80lutiop tert-butyl
nitrite (4.2 mL,[35.3 mmol) and capper(if) bromide (6.3 g}, 28.3 mmol) in_acggﬂggi(lg,fglzgo mL) was
added portionwi -amino-p,6-dinydr yclopenta [a] [1,3] thiazote-4-carboxytate (59, 23.6
mmol). Once the additio was co plete 40 ixture stirred at room temperature for 3 h. Mixture

poured into 2 N
with 1 M HO (5
MgSO4, filtere
100% hexaneq
then 25% 15 E

1 HC1 (600 mL) arld extrac

ith EtOAC

(3 x 28b4L), ¢

SO0y Water (25

tOAc in Hexanes (

ML), sat NaA&031(2
4 and eVdporated. Residue purifiethby MP
(100 mL), gradient rising frgm
700 mIyto dive’1.87 g

0% Hexanes3d526% Et

29%) as a light

DO ML), sat.Nat

ombined-BR0AC ldyers washed
CI (150 ML), driey over

LC (Biotage Harizon: FLASH 40
DAC 7334exahes (750 mL),
orang@e(MIEHNNIR (500MHz

M) eluent:

(q,J=7.3,

1,3%@%0&§-carboxylic acid

CDC13) 6: 4.2 (q, J = 44L, 2H), 4.00 (m, 1H 458.11(m, 1H), 2.88-2,94 (m, 1H), 2.77
2H), 1.31 (t, J £ 7.1, 3H). Step B:2-Brom@-5,6> ydro-4H-cyc£%e3tald][
M 1
20 HO%
271.92 (M+2)
i-19 @/ !
O
)tN) 31712 317.92
HCOY
i-20
o S\=N 248.30 249.30
oAl
i21 . s/;"l,
HOJJ\EN) 198.24 199.15
. Br
1-22
o 270.12 269.90 (M)
HOJK\/\N) 271.96 (M+2)
INTERMEDIATE 23
{6-Oxopyridazin-1{6H)-vDacetic acid (i-23)
‘o]
HO
YOS
O N
5 To a solution of 3-chloro-6-oxopyridazin-1{6H)-yhacetic acid (1g, 5.30 mmol,
ChemBridge) in 40 mL methanol was added 100 mg 10% palladium on carbon and the resulting
suspension was set under hydrogen atmosphere and stirred vigorously for four h at room
temperature. The catalyst was filter off via Gilmen 0.45 pM PFTE syringe filter and the filtrate
concentrated under vacuum. The residue was used without any further purification. "H NMR
10 (B,0:89.07(dd,J=16,39Hz, 1H),7.59(dd, J=4.1,9.4Hz, I H), 7.14 (dd, ] = 1.6, 9.3 Hz,

1 H), 4.97 (s, 2H). LC/MS 155.09 (M+1)
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HO Br A solution of the product from step A (4.92 g, 17.82 mmol) was dissolved in methanol
(20.mL) a % 1droEWlse to a mixture of of 5 N NaOH (4.25 mL, 21. 251%@@19% 6 mL) and
methanol %’ A& addition was complete the mixture was stirred for e met%]anol was
removed by evaporation and the pH of the remaining aqueous was adjusted 25 to - 2.5 with conc. HC1
. The mixture was saturated with solid NaCl and extracted with EtOAc (x3); combined EtOAc layers
washed with sat. NaCl, dried over Na2504 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%NERMERA TS, EtOAC 30 in Hexanes to give a further 0.82 g of the title product (2.76 g
in total, 62%ehagwun of2aie SOl dIry MRG0z D C 1B i6r Ae04 darhokilic 3c0PBA8 (m, 1H),
2.88-2.94 (In, 1H), 2.78-2.83 (m, 2H). WO 200%124166PBQT/U82009/039249 INTERMEDIATE 25
Preparation of 2-12-f (tert-butoxycarbonyl)amj -thiazole-4-v11-4-fluorobutanoic acid (i-25)
5Step A:Tert-butyl (2E)-2-1(tert-butoxvcarbonyl)in 4. (2-ethoxy-2-oxoethy11-1,3-

thiazole-3(2H)-carboxylate, Etc 0t0 == n of eth ino
thiazclo.4580iste (& o BS HHGT betts e BRI E 20 6 o, 00

mmol), Hunig's Base (16.51 mL, 95 mmol) and 0 DMAP.§1.57 g, 12.89 mmol) and the resulting
mixture stirred ato room temperature overnigiat: ixfure was washed with water, sat. NaCl, dried
over MgSO4, filtered and evaporated. The residu s purified by MPLC employing a gradient rising

frolrg 110H0°’/3| Hexz%eos tOT%Q-%bEﬁ%(}éﬂJﬁ@c ARRSHY zgmzth@stttlﬁlﬁ@m@alegpg&@mb%ﬁl{a} 3 White
SOll

Oyl = 7.3,2H), 3 1.51,(s, 18H), 1.25
(t,J—7.3 RRi mlgcqt%m ép &ZR )bﬁ‘tlé)%ég%rléo a"?frlfqi?lg%l_l nelt%o -Ztg-la‘ﬁ-ﬁ-?luorobutanoate

EO Oy cyclopenta {a [1,3] th1azole—4 oa1boxy ate ( mmo . Once’ the addition Was complete

H_

10 the mixture stirred at room temperature for 3 h. Mixture poured into 2 M HCI (600 mL) and
extracted with EtOAc (3 x 200 mL), combined EtOAc layers washed with 1 M HC1 (500 mL),
water (250 mL), sat. NaHCO3 (200 mL.), sat. NaCl (150 mL), dried over MgSOy, filtered and
evaporated. Residue purified by MPLC (Biotage Horizon: FLASH 40 M) eluent: 100% hexanes
(100 mL), gradient rising from 100% Hexanes to 25% EtOAc in Hexanes (750 mL), then 25%

15 EtOAc in Hexanes (700 mL) to give 1.87 g (29%) as a light orange oil. 'H NMR (500MHz
CDCl) 8: 4.22 (q, T = 7.1, 2H), 4.00 (m, 1H), 3.04-3.11 (m, 1H), 2.88-2.94 (m, 1H), 2.77 (q, ] =
7.3,2H), 1.31(t, J="7.1, 3H).

Step B 2-Bromo-5,6-dihvdro-4H-cvclopentald ][ 1.3 1thiazole-4-carboxvlic acid

O Br
N""-..
HO’%T‘:
20

A sohution of the product from step A (4.92 g, 17.82 mmol) was dissolved in
methanol (20 mL) and added dropwise 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

25 to~ 2.5 with conc. HC1. 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 filicred 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

30  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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'>0 7--NH To a solution of the product from step A (7.5 g; 19.4 mmol) in anhydrous THF (100 mL)
cooled at -789C was added butyl lithium (8.54 mL of a 2.5 M soln, 21. 35 %é% 9 by
1-iodo-2-fIOroAY p 1241(@ 75 g, 38.8 mmol) and the mixture stirred at 789 ! Wed 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 THE and diluted
with water (100 mL) and extracted with EtOAc (x3). The combined EtOAc layers were washed with
water, sat. NaCl, dried over MgSO4, filtered and 25 evaporated. Residue purified by MPLC eluent:
gradient rlsmg from 100% Hexanes to 25% EtOAc in Hexanes. Further purlflcatlon by PREP-HPLC on

2.40- 2,52 (m, 1H), 218231(m 1H), 1.56 (s, 9H), 1.25 (t, %_71 '3H). Step C:2-

{24(Tert-butoxycarbonyllaminol-1.3-thiazgle-44v1}-4-flu ic acid HON 0,-NH 5 To a solution of
the product from step B (100 mg, 0.3 mmol)yih tu CFHE (2 mL) and methanol (0.3 mL) was
added a solution of lithium hydroxide (0.3 riL of n 0.3 mmol) and the resulting mixture stirred

at room te erature fo 90.mi \ mol added and th ixture evaporated
to drygle Sg'%e_res It ermuq } 5'— té utox c hon 111 m% A?F?. dﬁi 3 xo M ERMEDIATE

HO 15Step A:Ethyl 2 quoro 5 6 d|hydro -4H- cyclope dIthlazole 4- carboxylate OF Ethyl
2-amino-5,6-dihydro-4H-cyclopenta [a] [1,3] thlaz@&%@ gar gzylate [From Step A, Intermediate 8] (2 g,
9.4 mmol) was dissolved in fluoroboric a&® N28.3-auol) and the mixture cooled to the point
just above it freezes (-5C). Nitrosonium tetrafluor ate 20(1.1 g, 9.4 mmol) added portionwise and

mixture stirred at 00C f r %Qo s, ?%1% ther {; tgmzo ddedatc gﬁi ure S\‘ll\tj”efé(;&/l for 30
mm. Filtered and the so |d was d Wi |et her and aif dried. Trie sohd up |n)[oluene
(70 mL) arftPivisdreditsebot s nith (21% BixPEREs B ERse d0ap drhtet], BRY e trude
residu@ puriietPhy. MR, C (Eluemt]praditwtresing froamt0@GYrkibxamesng Q% ErdA D imkgbxanes) to
give the titithearmpadrth SRRAMGH119%) asayaliDvried. i<t MR {S0BMH 2 EREIR) Bl 2P (g, J = 7.1,
2H), 3.93 g‘ggtﬁ}ezwgs%uriﬁed by MPLC employing a gradient rising from 100% Hexanes to 50% EtOAc

in Hexanes to give the title compound 12.5 g (75%) as a white solid. "H NMR (500MHz CDCls)

8: 7.02 (s, 1H), 4.17 (q, T = 7.3, 2HD, 3.73 (s, 2H), 1.51 (s, 18H), 1.25 (1, J = 7.3, 3H).

15
Step B: Bthvl 2-(2-[(tert-butoxyearbonvDaminol-1.3-thiazol-4-v)-4-fluorobutanoate
F
o) >L
EtO N S
o f S\>—NH

To a solution of the product from step A (7.5 g, 19.4 mmol) in anhydrous THF
(100 mL) cooled at -789C was added butyl lithinm (8.54 mi. of a 2.5 M soin, 21.35 mmol),

20 followed by I-iodo-2-fluoroethane (6.75 g, 38.8 mmol) and the mixture stirred at -780C 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 MgSO4, filtered and

25  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 CDCl) 8: 8.22 (brs, 1H), 6.75 (s, 1H), 4.32-4.57 (m, 2H), 4.12-
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and 5.0, 1H), 3.08 (m, 1H), 2.91 (m, 1H), 2.71 (m, 2H), 1.31 (t, J = 7.1, 3H). Step
B:2-Fluor-5,6-dihydro-4H-cyclopentafc1111,31-thaizole-4-carboxylic acid
2009/1241%’%%%@26%9/039249 To a solution of the product froﬁ}‘d\%’éﬁpsﬁ"’("i‘(‘ﬁzﬁ?g, 0.456
mmol) in a mixture of THF (1.5 mL) and methanol (0.5 mL) was added a solution of lithium hydroxide
(0.558 mL of a 1 M soln, 0.588 mmol) and the resulting mixture stirred at room temperature for 90
mins. IN HC1 (0.558 mL, 0.558 mmol) was added and the mixture evaporated to dryness. The
resulting 5crude product was used immediately without purification. 10Step A:Methyl 5-methoxv-3
4-dihydro-@@ﬂi}?’r%@fﬁ@g@o&?lgﬁ gH), 2.40- %%t% - éth%%fé%’d}@dgoséﬁg o}ez-égf:a[rboxylate
was preparedlusiiy the method as described in Reference: Wick, A., Bartlett, P. and Dolphin, D;
Helvetica Chimica Vol. 54 Fasc. 2 (1971). 15 Step B:Methyl

6. 7-dihydrgggipyrrolod 2listageleSiaRasdale 0 N Niesole.s- 0.0 palALEETNG methy!
5-methoxy-3,4-dihydro-2H-pyrole-2-carboxylate (900 mg, 6.04 mmol) in 4 mL of acetic acid was added
sodium azicle (975 mg, 12.08 mmol) and 20the resulting suspension heat to 60C and stirred
vigorously for 48 h. The solution was cooled tg room tempe@efwe and diluted with 35 mL of ethyl ether.
Solid potassium carbonate was added to o0 W as stirred at room temperature for 20
mm. The solids were filtered off via fritted féhnel, 88! with cool ethyl ether and concentrated under

vacun.Sold ecptaied dylig conpepralenans s i o el soncenralia g

volume. The solids 25were washed once with cold el @( 3'mL) anddri

overnight {3 BrfdrPthasiireldihp StindEoe deig 2 sawsion et Mtgumiy deegyde dbdptn 23idpseln.
6,7-Dihydrd 35ty roid theZedhitira robavs: carbabatio auigBid@Mre for YW@nin. IN HCI (0.3 mL, 0.3
2009/124 36686144 920%QBH2 49k asahitianbmeivk. The resulting crude product was used

6,7-dilaydro- &&rrlolg[ijfl%-gﬁ]ey Qilg-S-carboxylate (300 mg, 1.78 mmol) in THF/water/MeOH was
added LiOil?l 214erf31, 8.92 urﬁtg%annd the resulting solution was heated via oil bath to 60C for 16 h.

(Round bottom was equipped with a condenser.) The solution was cooled to room temperature and

concentrat@iaRidipdlaldrdanic
Preparation of 2-fluoro-5,6-dihyvdro-4H-cyclopentaldl[ 1,3 ]-thaizole-4-carboxvlic acid (3-26)
O F
N"“—.
15 Step A: Ethvl 2-fluoro-3.6-dihvdro-4H-cyclopental dithiazole-4-carboxviate
o F

Ethyl 2-amino-5,6-dihydro-4H-cyclopenta [«] [1,3] thiazole-4-carboxylate [From

Step A, Intermediate 8] (2 g, 9.4 mmol) was dissolved in fluoroboric acid (5.17 g, 28.3 mmol)
and the mixture cooled to the point just above it freezes (~5°C). Nitrosonium tetrafluoroborate

20 (1.1 g, 9.4 mmol) added portionwise and mixture stirred at 0°C for 20 mins. Diethyl ether (60
mL) added and mixture stirred at -50°C for 30 min. Filtered and the solid washed with diethyl
ether and air dried. The solid was taken up in toluene (70 mL) and warmed to 900C for 30 min.
The mixture was cooled and ¢vaporated, and the crude residue purified by MPLC (eluent:
gradient rising from 100% Hexanes to 40% EtOAc in Hexanes) to give the title compound 390

25 mg(19%) as a yellow oil. 'H NMR (500MHz CDCls) 8: 4.22 (q, J = 7.1, 2H), 3.93 (dd, J = 7.0
and 3.0, 1H), 3.08 (m, 1H), 2.91 (m, 1H), 2.71 (m, 2H), 1.31 (t, J=7.1, 3H).

Step B: 2-Fluor-5.6-dihvdro-4H-cvclopenta{d][ 1,3 ]-thaizole-4-carboxvlic acid
o F
N""h..
HOW
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5solvents. The aqueous layer was then acidified to pH of -5 using 2N HC1. The mixture was
concentrated to dr)/ness under vacuum, azcotroping with toluene (2 x 20 r&l‘_# to make sure all water
was removBd 10 Hitial was used without further purification with Lithi yﬁlwagﬁggzégby-product.
LC-MS: m/z (ES) = 155 (MH)fr. 10 INTERMEDIATE 28 Preparation of
3-methy1-6,7-dihydro-5H-pyrrolo12,1-clrle2,41triazole-7-carboxylic acid (i-28) Step A:Ethyl
3-methyl-6 7-dihydro-5H-pyrroloR 1-cl1 1 2 41-triazole-7-carboxylate 15Ref: Lawson, Edward C, etc.,
Tet. Lett. 41 (2000) p. 4533-4536 Dissolved commercially available ethyl ) )
2-oxopyrrolidine-3-carb OIS FEh0f rers gt *‘WF@% ﬁ%ﬂodﬁﬂﬂ%f’éég’cﬁéﬁéqﬁ BEHIC fund bottom
flask. To tHiEE6lutior-waxl agdeddihétmibrenidde tetrsfiuiorn o Fabéu (2 159l xide. B i oflag a solid and
rinsed with 20 suil, 20skghiorenethaneedihentositting Mbdure wWam stied.al-toerniamperature for two h

and LC/Mgindipated ihag e jpfes Q_Aadt@dm.%&twl&-m&m%%éfﬂ@avmé% QYRS oxyate

had formed. At this point, acetohydrazide (1.18 g, 15,91 mmol) was introduced as a so the
mixturge’z ancﬂ%eepf gE’i ga‘o’s%“fﬁ%ibrf{%‘?gé tseﬁfr H%é)fl?é’gﬁf%é%oﬁlerature for 3 h. The solution was then
concentrated under vacuum to remove all dichloromethane and the residue was then taken up in
25100 mLIvBERMEDIAITH 3Was heated to reflux in an oil bath set at 120C overnight. The solution was
cooled to raemempsratreRconseRtRiacundenyaem tiheikesidie was purified via sixteen
1500 pm silica gel preparative plates eluting with 90:10 dichloromethane: methanol solvent system.
The product was extracted from the silica gel using 85:}& gichloromethane:methanol which afforded
the title compound (454 mg, 11%). 1H NMR 38950 RMSO-d6) 5: 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, J =67, 13.9 Hz, 2H), 1.32 (dt, J = 6.7, 14.0 Hz, 2H),
0.88 b J %2 0z, 3H)
B:3-Methyt-6,7-dihydro- : =7~
2009/124166PCT/US2009/039249 Te. lutjpn of ethyl
6,7-dihydro-5H-pyn-olo[2,1-c][1,2,4]-triazole-7-carboxcacid (400 mg, 2.05 mmol) in
THF/water/MeOH was added LiOH (250 mg, 10 25 mmol) and the resulting solution was heated via oll
bath to 60C for 16 h. (REEHH BoRtEHPad SHREHELHRY B HRIBREIRY TH RSRARHINAS E60led to
room tempesdiedesadrdocivnd emtafadnes rénmby é o Bttt sbivediSoPha doudousticy Ehivas thieh acidified
to pH of'-5sugiag 2N\ HEMl, The mixture was concentrated to dryness under vacuum, azeotroping with
toluepe (2 x 20 mL) to make sure all water was removed. The material was used without further
purificatio tvvitgllithium C Itri S 68 (MH)H. 10 INTERMEDIATE
29 Prepa of 3-metiyt5:t =By iche

To a solution of starting methyl 5-methoxy-3,4-dihydro-2H-pyrrole-2-carboxylate

(900 mg, 6.04 mmol} in 4 mL of acetic acid was added sodium azide (975 mg, 12.08 mmol) and

20 the resulting suspension heat to 60°C and stirred vigorously for 48 h. The solution was cooled to
room temperature and diluted with 35 mL of ethyl ether. Solid potassium carbonate was added
to the solution which was stirred at room temperature for 20 min. The solids were filtered off via
fritted funnel, washed with cool ethyl ether and concentrated under vacuum, Solid precipitated
during concentration and was filtered off afier concentrating to one-fifth volume. The solids

25 were washed once with cold ether (3 mL) and dried under high vacuum overnight to afford the
title compound (308 mg, 31%). LC-MS: m/z (ES) = 169 (MH) .

Step C: 6, 7-Dihvdro-SH-pyrrolol 1 2-dtetrazole-5-carboxvlic acid
0

N
HO/‘/W;N}V
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15Prepared using procedures analogous to those found in intermediate 28 (i-28) above replacing ethyl

2-oxopyrrolidine-3-carboxylate with ethyl 2-oxopiperidine-3-carboxylate. LC-MS: ni/z (ES) = 182 (MH)".
INTERMElﬁiﬁfgogélﬁéf’reparatlon of PCT/US2009 39 9
3-methyl1-6,7-dihydro-5H-pyrrolol12,1-611,2.41triazole-5-carboxylic acid (i-30) o - Prepared

using procedures analogous to those found in intermediate 28 (i-28) above replacing ethyl
2-oxopyrrolidine-3-carboxylate with methyl 5-oxopyrrolidine-2- carboxylate. LC-MS: m/z (ES) = 168
(MH)+. 25 INTERMEDIATE 31 Preparation of [6-oxonvriciazin- 1$ | acetic acid (i-31) 0 To
3-chloro-6-oxopyridazin-2 (A iRt (18636 s Ho R @F%f&’d’ﬂ’iﬁ fifas added
100 mg of(3004RdIC 3 AftesliHe TEHTHoremiiew e wra s diid-biDat Rhbientdéihperatiweditheer a H2

balloon fordlithe fetwas il teraddofatbiosgheekitec The fil arewasheansenikaledipedaito.and

purified by, rouerse. hﬂﬁ%%}%\@é“@&l@ﬁ%@@&ﬁ@éﬁg)grémx@ rd LB dated to 1emove organic
2009/ 2416§PCT/ 2009/039249 trlflu}groac‘g bt‘F: 8% %&g ?c onltrllgﬁﬂgg ¥| Iuoroacetlc acid in water
gradient) RerfSVal OF R Haid §a % lbsr‘HE &s fféué‘ﬁy‘g?élllne 1H NMR
(D20): S 8coBcEaapdta dyyness pader MIcquRG (g ryping with oiyene [y 201l makegwepls Hz, 1H),
4.95 (s, 2H)atbCAS chnb@i (Mhd )nGdiNT ERMED illiowd Zufrepansfion of lddoxapurimetin:ti24d )-yllacetic
acid (1-32) Q, NAahQH €813--R-Te L-bydroptpyrimidine hydrochloride (1.00 g, 7.54 mmol) and
chloroacetic acid 10 (0.713 g, 7.54 rnmol) was added 5 N sodium hydroxide solution (4.5 mL). The
reaction mixture was heated at 105C for 2 h. After cooled down to ambient temperature and
neutrQizeM@%@%@Mlonc aC|d (3 8 mL) the title compound was collected by crystalllzatlon and
plyadti el Hiviael [ 5 31 : gars H), 8.16
(dd, J=6.4, 28Hz 1H) 646(dd J 64 41Hzo 1I—p 458(s 2H) LC/MS 1552(M+1) 15
INTERMEDIATE 33 Preparation of 2-12- oxopyﬁf‘naijZH) yllpropanoic acid (1-33)

Step A: Ethyl 3-methyl-6,7-dihydro-5H-pyrrolo[2.1-¢][1.2 4]-triazole-7-carboxylate
o
poN
N&
15 Ref: Lawson, Edward C, etc., Tet. Lett. 41 (2000) p. 4533-4536

Dissolved commercially available ethyl 2-oxopyrrolidine-3-carboxylate (2.50 g,

15.91 mmol) in 30 mL dichloromethane in 50 mL round bottom flask. To this solution was
added trimethyloxonium tetrafluoroborate {2.59 g, 17.5 mmol) as a solid and rinsed with 20 mL

20 dichloromethane. The resulting mixture was stirred at room temperature for two h and LC/MS
indicated that the intermediate methyl 5-methoxy-3,4-dihydro-2H-pyrrole-4-carboxylate had
formed. At this point, acetohydrazide (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

25 100 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 efuting 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

30 (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, I=6.7, 13.9 Hz, 2H), 1.32 (dt, ] = 6.7, 14.0 Hz, 2H), 0.88 (1, ] = 7.5 Hz, 3H). LC-MS:
m/z (ES) = 196 (MH)",

Step B: 3-Methyl-6.7-dihvdro-5H-pyrrolo[2.1-¢][ 1,2 4|triazole-7-carboxvlic acid
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0 N N JThIOH 11,"#)--0 To 2-hydroxypyrimidine hydrochloride (1.27 g, 9.54 mrnol) was-added 5 N 20
sodium hydrOX|de solution (5.7 mL) followed by (25)-2-bromopropanoic acid (0.95 mL, 11 mmoI) The
reaction mixtiF'YA& H®ated at 80C for 4h. After cooled down to ambient t8 8?5?8%5 Slias

neutralized with 2N hydrochloric acid (4.8 mL) and then directly purified by reverse phase HPLC (TMC
Pro-Pac C18; 0-50% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic acid in water
gradient). Removal of the volatiles in vacuo afforded the title 25compound as a white solid. LC/MS
169.1 (M--1). INTERMEDIATE 34 Preparation of(6- 0xop imidin-1(61/)-yliacetic acid (i-34) 0 N _OH
NI:JO 30To pyrimidin-4(3H)-one (0.608 g, 6.33 ’?;; added 5 N sodium hydroxide solution (2 5
mL) followed by chloroacetic acid (0.598 g, 6.33 m e reaction mixture was heated at 1050C for

2 h. After cooled down{g Q%Qlﬁ@ﬁ(ﬁ*’@tﬂ?f%tﬁ'"&h alized with 2N hushroniosic.aeie (32 mL)

§Hf‘ﬁgH

and then dir urifi

2009/1241?‘8@&%15;P 2%%5%/6%\? g I Lﬁ%?oléac(:%}il augl  a Er 2%0““%?@? 6d tl}/e
trlfIuoroacéqfréiﬁ%%c?ﬁ]iu\%ﬁéﬁ‘%rléﬂféﬁt‘)?aF@élrﬁﬁbéP@ﬂ%%ﬂ&tﬁ’eé&ﬂ‘\?ﬁ&?@%ﬁm‘ﬁﬁ@?ﬁ@%ﬁ]pound as
a white sotichdbhbMMRDBMBO063s 60bR.2 t(s;obh)teBidS dsrd kild Foddefthatd16 rEhiwekida6ed3 (d, J =
6.6 Hz, 1H), 463 (§12 4&4%e;aasm@ﬂaaodlmw%mmr@Emaras@al@fmre was

o on RO g0 o Sl (B R ) vos

added 5 so Iu so ution “bromo ropan0|c acid (0.95 mL,
11 mmol). & F@ééﬁﬁ’ﬁ‘fﬂ‘?xtupé: Wﬁ@rl’?éé‘féﬁjué?%%’%‘?ﬁtrfl‘rﬂlcﬁ\ﬂ%‘? 6@6‘@8"38{/\%}’&5‘% ?éﬁ’tet%%"nperature
it was neutratizeetiwathLZ ¥ Ryro CRforicl&8itMB)2- mL) and then directly purified by reverse phase
HPL@)(TMC Pro-Pac C18; 0-40% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic acid in
water gradigppr Removatkekthe volatiles in vacuo afforded the title compound as a white 15solid. 1H
NMR (DM§ o do). 08. ‘a' J— 7 Hz, 1H 7 38 (dd, J =7.8,2.8 Hz, 1H car2 dhcacg 6 Hz, 1H),

504(q,S— AFa 1’1 i€ 678 mg_‘.:E‘!" mc
29)°
(o]
Jﬂ‘y
N
15 Prepared using procedures analogous to those found in intermediate 28 (i-28)

above replacing ethyl 2-oxopyrrolidine-3-carboxylate with ethyl 2-oxopiperidine-3-carboxylate.
LC-MS: m/z (ES) = 182 (MH)".

INTERMEDIATE 30
20  Preparation of 3-methyl-6.7-dihvdro-SH-pyrrolo[2,1-¢][1.2.4]triazole-S-carboxylic acid (i-30)

o) >\
o

N
HCVlLT:jbpsﬁ

Prepared using procedures analogous to those found in intermediate 28 (1-28)

above replacing ethyl 2-oxopyrrolidine-3 -carboxylate with methy! S-oxopyrrolidine-2-
carboxylate. LC-MS: m/z (ES) = 168 (MH)'.
25
INTERMEDIATE 31
Preparation of [6-oxopyridazin-1(6H)-yl]acetic acid (i-31)

[ N
N._COH

O
To 3-chloro-6-oxopyridazin-1(6H)-yl]acetic acid (1.00 g, 5.30 mmol) in methanol
30 (40 mL) was added 100 mg of 10% Pd/C. After the reaction mixture was stirred at ambient
temperature under a H, 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% -
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INTERMEDIATE 36 Preparation of15-0xo-1,6-naphthyridin-6(5H)-yllacetic acid (i-36) N CO2H 200 To
1,6-napht ) ne (0.625 g, 4.28 mmol) was added 5 M sodium n (1.7 mL)
followed b@é%%grgégc |té:)a0|d (0.404 g, 4.28 mmol). The reaction mixture v%\ggfhegl)%ﬁgiﬁ 0C for 2 h.
After cooled down to ambient temperature and neutralized with 2 N hydrochloric acid (2.1 mL), the title
compound was collected by filtration as a yellow 25solid. 1H NMR (DMSO-do): 613.1 (s, 1H), 8.94 (dd,
J=4.6, 1.8 Hz, 1H), 8.51 (dd, J = 8.0, 1.6 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.52 (dd, J = 8.0, 4.6 Hz,
1H), 6.72 (d, J = 7.6 Hz, 4. 72 S 205.2 (M+1). INTER ED ATE 37 eparation of
ety S RIS A PR A é?@%oacﬁmr 'l RTS8 o Removal o 1%
A Ethyllwﬁéﬂqwemémﬁﬁq&&ﬂﬁhqeeh)cglw@éﬂ&tés Yieou g6 FEITNIS S Y6982 d.
5-Hydroxyr4-prethylfirani2(314§-aie #.99,¢,. 462 thindl) 2andtieihyb BydraFnddtetads tsydrdchloride
(1.61 g, 19 Axunpd} iR ethanol (20 mL) was refluxed for 2 h. Removal of the solvent in vacuo
followgd by purlflcatlon using a Biotage Horizon(r) system 5(0-50% ethyl acetate/ hexancs mixture)
gave ethyl [4-methyl-6-oxopyridazin-1(6H)-yllacetate as a yellow crystalline. LC/MS 219.2 (M+23).
mm&xgpﬁdazm 1(6H) vIIacetlc acid 0 NO1-1 >NO 10To ethyl
7 B o@idplicios Y[ BEgtig, aRi@B-dithol) in tetrahydrofuran (3 mL), methanol (2
mL) and water (2 mL) was added 1 N I|th|um hygdroxide solution (2.9 mL). The reaction mixture was
stirred at ambient temperature for 1.5 h. AftegAeytrafigdti with trifluoro acetic acid, the reaction mixture
was directly purified by reverse phase HPLC {TMC Rro-Pac C18; 0-45% 0.1% trifluoroacetic acid in

acetoniiile/ 016 triflu @aci I am@aﬂ@@(J&@T%Wfﬁﬁ%g@%aﬂ@ﬁsrbé@p@é!&@@
overni ;/ Id th oun %\/I 69 2 II}I [ R%\/II;DIQ ﬁ"h 2 alf’rt(? nal%a}y??eof
2-14- eth rﬂi‘&? B ip oAb Rt idsejo ution e reac .
was heated at 105°C f01 2 h. After cooled down to ambient temperature and neutralized with 2
M hydrochloric acid (3.8 mL), the title compound was collected by crystallization and filtration
as a pale yellow solid. "H NMR (DMSO-d,): & 13.2 (s, 1H), .59 (dd, T = 3.9, 3.0 Hz, 1H), 8.16
(dd, J=6.4, 2.8 Hz, 1H), 6.46 (dd, T=6.4, 4.1 Hz, 1H), 4.58 (s, 2H). LC/MS 155.2 (M+1).

15
INTERMEDIATE 33
Preparation of 2-12-oxopyrimidin-1{2H)-yl]propanoic acid (i-33)

O
NJ'\NJ\R,OH
s O

To 2-hydroxypyrimidine hydrochloride (1.27 g, 9.54 mmol) was added 5 N
20  sodium hydroxide solution (5.7 mL) followed by (ZS—Q—bl'onlopropanoic acid (0.95mL, 11
mmol). The reaction mixture was heated at 80° C for 4 h. After cooled down to ambient

temperature, it was neutralized with 2N hydrochloric acid (4.8 ml.) and then directly purified by
reverse phase HPLC (TMC Pro-Pac C18; 0-50% 0.1% trifluoroacetic acid in acetonitrile/ 0.1%
trifluoroacetic acid in water gradient). Removal of the volatiles in vacuo afforded the title

25 compound as a white solid. LC/MS 169.1 (M+1).

INTERMEDIATE 34

Preparation of [6-0x0

30 To pyrimidin-4(3H)-one (0.608 g, 6.33 mmol) was added 5 N sodium hydroxide
solution (2.5 mL) followed by chloroacetic acid (0.598 g, 6.33 mmol). The reaction mixture was
heated at 105°C for 2 h. After cooled down to ambient temperature, it was neutralized with 2 N
hydrochloric acid (3.2 mL) and then directly purified by reverse phase HPLC (TMC Pro-Pac
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Ny CO2H 200 CH3 To ethyl [4-methyl-6-oxopyridazin-1(611)-yl]lacetate (0.132g. 0.673 mmol) -
in tetrahydrofuran (4 mL) at -78 C was added 1M lithium hexamethyldisilazane solution (0.74 inL) The
reaction mixRiF8WR/A& 8 red at -78C for 15 mm then was added methyl iod?&é”(b%%%”fﬁﬁ,%’m mmol).
After being stirred at -78C for 2 h, the reaction mixture was allowed to warm 25to ambient temperature
over 0.5 h. Removal of the volatiles in vacuo followed by purification using a Biotage Horizon(r) system
(0-50% ethyl acetate/ hexanes mixture) gave ethyl 244- methy1-6-oxopyridazin-1(6H)-yl]propanoate
as oil. To 88 m éo 42 mmol) of the above oil in tetrahydrofuran (0.3 mL), water (0.2 inL) and methanol
(0.2 mL) GoS oA 8 RV BRFORGRIHO T BARFINTECLOntH) e RS At RUYA I 426t at
ambient tetaperatidfordiHiRSthenqetitalidetitvititlo Kmyadrot ktorielasidodidd FUNASY by reverse
phase HPUSMINE, PeorPacs 018, 84004 0:1%6. tafldoreaceticzacish i agsetonitried 9] eririflesroacctic
acid in wager ?%@MS%Q?&Q% 24166PCT/US2009/039249 Removal of the volatiles in vacuo
afforded the title compound ‘as a white solid. LC/MS 183.2 (M+ ). INTERMEDIATES 39 and 40
5Prep§;1ration of 2-16-oxopyridazin-1(6H)-yllpropanoic acid and 2-(pyridazin-3-vloxy)propanoic acid
(i-39 and iIBERMERBIEIRY i-39 NN 0Tco2H i-40 To 3(2H)-pyridazinone (1.19 g, 12.3 mmol) was
added 5 Nesgditarivinyd toiide diisohudian (429wl fpHoviestbl({:3S)-2-bromopropanoic acid (1.11 mL,
123 mmol). The reaction mixture was heated at&Ojdgr 1 h. After cooled downed to ambient

temperature, 2 M hydrochloric acid (6.2 mL) w, ¢end the reaction mixture was directly purified
by reverse phase HPLC (TMC Pro-Pac C18; ﬂl@% 1% trifluoroacetic acid in acetonitrile/ 0.1%

trifluoroacetic acid in water g,ra_di,eng). The 0-alkylation product 2-(pyridazin-3-yloxy)propanoic 15acid
was eluted fast. The pute RrALEEHY \/@Lr@‘%qlé%f}é’é %%@E@%MW%%@?&%@%W 2¥08'¥forded the

two title conipgomdsioth fdipatd YeI@R) JabichnRpeo0xupy AddAih o5 (61H)-1YIjprapanbic weri¢n39):1H
NMR (D20} 6807 afdthatke ot 5 =L 6N Z, KL )i BRo(6leld S O BmBidnkanbethitQ% (de J = 9.4, 1.6 Hz,
IH), 5.46 (., 1H), 14884t RTrtd ddRioptchcir m%h-@awém{gﬂgﬂmem%@é%ﬂﬂwMR (D20):

01(d, = dJ=9105. , 1H), 7.64 (d, 5=9. S=7. ,
119, 1.86 [PE TIOR8 AR BIACE B Brabarstio or o Bl ATt Pracoti aci

(i-4 0 N Oaqid in water gradient). Removal of the volatiles in vacuo afforded the title compound as a white
15 solid. "HNMR (DMSO-ds): 8 8.48 (d, ] = 2.7 Hz, 1H), 7.88 (dd, I = 7.8, 2.8 Hz, 1H), 6.12(d, ]

= 7.6 Hz, 1H), 5.04 (q, J = 7.3 Hz, 1H), 1.64 (4, ] = 7.5 Hz, 3H). LC/MS 169.1 (M+1).

INTERMEDIATE 36
Preparation of [5-oxo-1,6-naphthyridin-6(5H)-vl]acetic acid (i-36)
,N o
~ AN _CcOoLH
20 O

To 1,6-naphthyridin-5(6H)-one (0.625 g, 4.28 mmol) was added 5 M sodium
hydroxide solution (1.7 mL) followed by chloroacetic acid (0.404 g, 4.28 mmol). The reaction
mixture was heated at 100°C for 2 h. After cooled down to ambient temperature and neutralized
with 2 N hydrochloric acid (2.1 mL), the title compound was collected by filtration as a yellow

25 solid. "H NMR (DMSO-ds); 8 13.1 (s, 1H), 8.94 (dd, J = 4.6, 1.8 Hz, 1H), 8.51(dd, ] =8.0, 1.6
Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.52 (dd, ] = 8.0, 4.6 Hz, 1H), 6.72 (d,J = 7.6 Hz, 1H), 472 (s,
2H). LC/MS 205.2 (M+1).

INTERMEDIATE 37
30  Preparation of [4-methyl-6-oxopvyridazin-1{0A)-vllacetic acid (i-37)
O

/CE/\[&OH

Step A: FEthyl [4-methvl-6-oxopvyridazin-1{6H)-vllacetate
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N 25Pyrazin-2(1H)-one (0.333 g, 3.47 mmol) was added 5 N sodium hydroxide solution (2.1 mL)
followed by chloroacetic acid (0.524 g, 5.54 mmol). The reaction mixture was heated at 100C for 2 h.
After coolell B3R 164 bient temperature, 2 N hydrochloric acid (3.5 mL) W RHGEHA ¢ the reaction
mixture was directly purified by reverse phase HPLC (TMC Pro-Pac C18; 0-40% 0.1% trifluoroacetic
acid in acetonitrile/ 0.1% trifluoroacetic acid in water 30gradient). The pure fractions were lyophilized
overnight to yield the title compound as a yellow solid. LC/MS 155.2 (M+1). INTERMEDIATES 42 and
43 WO 2009/124166PCT/US2009/039249 Prepgration of
2-13-methyl-6-oxopyridazin-1(6H)-y|Ipropanc;(ﬁiiﬁpan?@4(,6—methylpyridazin3-y|onylpropanoic acid
(i-42 and i-43) OHLErO OH 0 i-42i-43 5To 6-methylpyrigazin-3(2H)-one (0.510 g, 4.63 mmol) was

added 5 N sodium hydroxjde solution (1,85 m lowe 2-bromoprqpangi id (0.709 g, 4.63
mmol). The reaction mi%%f?’é% We s%i_%’géﬂl%%@(%go 'ﬁnﬁ.&%)érgt%%gﬁl%Sﬁﬁnfgegﬁﬂaﬁient temperature, 2
M hydrocHIBAEARMEE Mildroshlsadiidcdarsd thé raaelion taeteiianphslirdetyy punfleteByorelerse
phase HPhCREMEaPsbiRao €4 ;/8+20% 0110 d By orodeatiomcith nadtietegittlal 0@ ddtrfluoroacetic
acid iy water gradiepihctige Oralkylationdroduct was ehuisdiass Jhe R fagians wekecollected and
Iyophilizeda%ﬁm‘;%h d gﬂ}&fg@(%éﬁ%@zﬁgﬁgeounds. LC/MS 183.2 (M+1).
2[3-methy1-6-oxopyridazin-1 -yl]propanoic acid (i-42): 11-1 NMR (DM50- do): 67.34 (d, J = 9.7 Hz,
1H), 6.88 (d, .1 = 9.4 Hz, 1H), 5.30 (q, J = 7.3 Hz, 1H), 2.26 (s, 3H), 1.49 (d, J = 7.3 Hz, 3H).
2[(6-methylfspridtazin-3-isk vy EaiinG LA e RS (DMSO-do): 68.36 (d, J = 9.0 Hz, 1H),
7.90 (d, J = 9.2 Hz, 1H), 6.00 (g, J = 6.6 Hz, 1H),3.90 (s, 3H), 1.73 (d, J = 6.6 Hz, 3H).
INTERMEDIATE 44 Preparation of F(68)-4-oxo-::6 8-tefirphydropyrrolo11,2-Myrimidine-6-carboxylic

0X -4%

y_

Ol AT

acid 0-441 Ho2c 0 20 Step A:Methyl 16(8)-4- ,7,8-tetrahydropyrrolofl,2-Iny
midine-6-carboxylate 0 NA) Methyl (2S)-5-m 3,4=dihydro-2H-pyrrole-2-carboxylate (4.19 g, 26.6
mmolpand 3-azatricyclopdezhill HAajthoneferopsrnei(d.d J)-17 B amob) vas egieshallih0C
25overnighty Riification $'5ing A&IQRIE HArizanW.sysem (003 aih aeairlsie RS
solution (2.9 mL). The reaction mixture was stirred at ambient temperature for 1.5 h. After
neutralized with trifluoro acetic acid, the reaction mixture was directly purified by reverse phase
HPLC (TMC Pro-Pac C18; 0-45% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic
15  acid in water gradient). The pure fractions were Iyophilized overnight to vield the title
compound. LC/MS 169.2 (M+1).

INTERMEDIATE 38
Preparation of 2-[4-methvl-6-oxopyridazin-1(6H)-ylipropanoic acid (1-38)

I TN
N . COzH
20 O CH,
To ethyl [4-methyl-6-oxopyridazin-1{6H)-yllacetate (0.132 g, 0.673 mmol) in

tetrahydrofuran (4 mL) at -78 °C was added 1M lithiom hexamethyldisilazane solution {0.74
mL). The reaction mixture was stirred at -78 °C for 15 min then was added methy! iodide (0.046

ml., 0.74 mmol). After being stirred at -78° C for 2 h, the reaction mixture was allowed to warm
25  to ambient temperature over 0.5 h. Removal of the volatiles in vacuo followed by purification
using a Biotage Horizon® system (0-50% ecthyl acetate/ hexanes mixture) gave ethyl 2-[4-
methyl-6-oxopyridazin-1{6/)-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
30 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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mixture) gave the title compound methyl [6(S)-4-o0x0-4,6,7,8-tetrahydropyrrolo[1,2-
Jpyrimidine-6-carboxylate and intermediate methyl (7S)-9-oxo-3,8- :
diazatetra&&&f@?fi%%.O4'8]tetradeca-3,12-diene-7-carboxylate. The int&fmEaAE A% Heated at -
150C for 45 mm to afford the title compound without further purification. LC/MS 195.2 30(M+ 1 ). Step
B:f(681-4-ox0-4,6,7,8-tetrahydropyrrolo11,2-1pyrimidine-6-carboxylic acid WO
2009/124166PCT/US2009/039249 Methyl
[6(5)-4-oxo-4,6,7,8-tetrahydr_opyno|o[1,%%pyrimidine-G-carboxylate (9.959,51.2 mmolz)%i?
tetrahydroRFARAVE 0TI Y Hr&ta oY A drritae SBIEEORRIRI iR WyiFoRld (398, #7-mmol) in
water (40 th)has stirred at ambient temperature for 1 h. 2 N 5 hydrochloric acid (38.5 mL) was added
to neutralize the reaction mixture which was then directly purified by reverse phase HPLC (TMC
Pro-Pac CA8;9:4096 Py ¥tsdluprogcetic acid in acetonitrile/0.1% trifluoroacetic acid in water gradient).
The O-allcylation product was eluied fast. The pure fractions were collected and lyophilized overnight
t0 afford thaRAEIYhBAeaysern Liod -illpronanp(c acud and Lviddzii-Jdosyvopaneie - 1),
6.24 (d, J 8cBl6i432 andiy48p4 92 (dd, J = 10.0, 3.1 Hz, 1H), 3.12-2.99 (m, 2H), 2.52 (m, 1H), 2.11 (m,
1H). LC/MS 181.2 (M+]). INTERMEBIQATE 45 5,6-Dihydro-4H-pyrrolorl2-blpyrazole-6-carboxylic acid
(i-45) 15 HO  Step A:7-(Trimethylgily N)-5usgRept-6-vdic, 20 CBdRC TMS This intermediate
was prepared according to the procédure found in: Nayyap, N.IK.; Hutchison, D. R.; Martinelli, M. J. J.
Org. Chem. 1997, 62, 982. 20 Step B:(52)-5-1(Tert-butox_ycarbonylihydrazonol-7-(trime
visilvllliept-6-vnoic acid ,NHBoc HO2GBTMS To a stirféd solution of 54.0 g (254 mmol) of
7_-(trimethylsiIygf-oxzhﬁm(@gnggiﬁ@%ﬂclfﬁ@?l .st,e%, Az?pﬁamiwa%%raﬂbd@‘ PAddaranaposphe aef of .
nitrogen wa tert-but r react iX tirred for
ot AR A s b TR CR BBeTI B s R R e
compound H& WS sisReglihaviich dad dsdtfiwitrolrtdrnBrh ORIt HIRP GRS M c-MS: m/z (ES)
327 (MEILh30Stbina4cid £ Peri-hmeradiabonlthe tEpbpyr avishBeyibudineic avfeficd by reverse

phase HPLC (TMC Pro-Pac C18; 0-40% 0.1% trifluoroacetic acid in acetonitrile/ 0.1%

trifluoroacetic acid in water gradient), The O-alkylation product 2-(pyridazin-3-yloxy)propanoic

15 acid was eluted fast, The pure fractions were collected and the solvent was removed in vacuo
afforded the two title compounds both as pale yellow solid. 2-[6-Oxopyridazin-1(6H)-
yllpropanoic acid (i-39): 'H NMR (D,0): 8 8.07 (dd, T=4.1, 1.6 Hz, 1H), 7.53 (dd, J=9.3,3.9
Hz, 1H), 7.09 (dd, I = 9.4, 1.6 Hz, 1H), 5.46 (m, 1H), 1.64 (d, J = 7.3 Hz, 3H). 2-(pyridazin-3-
yloxy)propanoic acid (i-40): "H NMR (D,0): 8 9.01 (d, ] = 5.3 Hz, 1H), 8.14 (dd, = 9.1,5.2

20 Hz, IH), 7.64(d,J=9.1 Hz, 1H), 5.45(q, I =7.2 Hz, 1H), 1.86 (d, ] = 7.1 Hz, 3H).

INTERMEDIATE 41
Preparation of [2-oxopvrazin-1{2H)-vllacetic acid {i-41)

O
O
N

25 Pyrazin-2(1H)-one (0.333 g, 3.47 mmol) was added 5 N sodium hydroxide
solution (2.1 ml.) followed by chloroacetic acid (0.524 g, 5.54 mmol). The reaction mixture was
heated at 100°C for 2 h. Afier cooled down to ambient temperature, 2 N hydrochloric acid (3.5

mL) was added and the reaction mixture was directly purified by reverse phase HPLC (TMC
Pro-Pac C18; 0-40% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic acid in water

30  gradient). The pure fractions were lyophilized overnight to yield the title compound as a yellow
solid, LC/MS 155.2 (M+1).

INTERMEDIATES 42 and 43
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WO 2009/124166PCT/US2009/039249 poc N-N To a stirred solution of 77.0 g, (236 mmol) of
(57,)-5-[(terthbutoxycarbonyehydrazono]-7-(trimethylsilyehept-6-ynoic acid from.step B above in 500 mL
of THF Wagvgozggglg YL (350 mmol) of a 1.0 M solution of tetrabutylamr%%ﬁ"dfﬁ AoRHEin THF
5over 30 mm. The resulting mixture was stirred at ambient temperature for 48 h and then evaporated
to dryness in vacuo. The residue was diluted with 1L of a 5% aqueous acetic acid solution and the
aqueous phase extracted with ethyl acetate (3 x 350 mL). The combined organic layers were washed
with water (2 x 100 mL , and brlne (150 mL) drled over magnesmm sul1ate f|Itered and evaporated to
dryness in-vd i = 584 i { HrEH fth 3%
acetic acid-ahdx359040pg| case ahéx4A0s m|xture to afford the title compound as yellow oil (60 g,
guantitative yield). LC- MS m/z (ES) 295 (MR)Th. Step D:Ter-buyty,|
3-14-(benzyloxy)-4-oxobutvl1-1H-p boxylate lf;%goc NN 15To a stirred solution of 60.0 g

(236 mmol) of 441-(tert-butoxycarbonry1y-11- pyrazol-3-y byﬁanmc acid from step C above in 400 mL
of DMF was added 48.9 g (354 mmol) of potassium carbonate followed by dropwise addition of 40.0
mL (300 mmol) of benzyl bromide. ThaXesulting mixture was4stirred for 24 h, quenched with water,

and extracted with ethyf@ge,;@gg@ 38 MkThecombined. @gg%@)l%rgdwg wasigg with brine,
dried over,. 2 ma um I%t f})?ehe (pgl /2 orated to dr cyne(efo acgio The residue was
el ket e iy

purified by ifica’ gelc ograp acetate in'h nes {0 e title
e ih
compound eagf%areswrsmél%d eﬁ%%} fpct MsAﬁ?fzceeé)i SaBTRrD ‘%’tbtﬁ@ﬁfé}‘fl&ﬁ 3444
benzvloxy)girtuiolna-4eakGlityll > Vek-pddad ofet HoarbongtasxtuB o NIia5BruTidied Sirredrselution of
27.5 g (80a3ve) Of (tentcbpiyliBd 4= (Ren iy ) % taxabriyctlid ktiexeiedieasboxytate from step D
abovgin %?%m!ngée%@'axd%aw EQ&AECH&C@ i@H&? %E?&ésrﬂiﬁ?&ﬁﬁs‘f"aﬁ@%gﬁéj 88 mL (88
mmol) of 0 M so utlo ﬁ%meth silyDa us THF. T ng dark
yellow sol%‘tﬁﬂ%ggﬁr?g Fd?dol %%IE’ ‘ffigﬁ iff ﬂ%q) 5P el el ng?z& ilane was
added droptdide dvds- %%Wéh@@dﬂﬂ@@ﬁﬁmiéﬁwwlkﬂﬂwqwaZ’Eitﬁhﬂ?dur?ﬁd\lmcﬂﬁ)m@'the reaction
became adight ysha\w, celor? Next H6aR§88, Mol BE.sotgl BlAdrapiosuctimuite, was adeley in one
fo"rtlon(?nqi M@ mlopé%lg@gpgi gsgaﬂ?qaa%mﬁt w@%@gamaegd@wweams hat -78C
ollo W, er reac | a ueous
amm%muné%m? g\ r?gﬁr% aﬁr)ld %gﬁaqde ’us(ﬂﬁaég eg?[?ac%éz%;% I@Iﬁa/vcggtg (Sk%Z%%‘@ ). The
combined %a‘n?és(gvére WalketfWith brine, dried over magnesium sulfate, filtered and evaporated to

dryness in vacuo to afford 5 the title compound as a yellow gum. The crude product appears to be a
1:1 mixturepfrgtanting sateral and desired product by NMR and was used without further purification

in the nextstep. kG: mmol) of
tert-butyl 3-[4- above in 50 mL

y p
of dichloromethane was added 50 mL of TFA. ﬁ*ﬁe ing mixture was stirred for 2 h at ambient
tempggature then all volatiles were evaporated in he residue was then diluted with 50 mL of

toluene argj( A Methyl [6(8)-4-0x0-4.6,7,8-tetrahydropyrrolo[ 1.2-Ipyrimidine-6-carboxylate
N
Methyl (28)-5-methoxy-3,4-dihydro-2H-pyrrole-2-carboxylate (4.19 g, 26.6
mmol) and 3-azatricyclo[4.2. l..0.2’5]n0n~7—e11—4—01lc (2.4 g, 17.8 mmol) was heated at 110°C

25 overnight. Purification using a Biotage Horizon® system (0-100% ethyl acetate/hexanes
mixture) gave the title compound methyl [6(5)-4-ox0-4,6,7,8-tetrahydropyrrolo[1,2-
"pyrimidine-6-carboxylate and intermediate methyl {75)-9-0x0-3,8-
diazatetracyclo[9.2.1.07'%.0*%tetradeca-3, 12-diene-7-carboxylate. The intermediate was heated
at 150°C for 45 min to afford the title compound without further purification. LC/MS 195.2

30 (M+1).

Step B: [(68)-4-0x0-4,6.7 . 8-tetrahvdropyrrolo[1.2-1pvrimidine-6-carboxvlic acid
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15 evaporated again in vacuo to remove all residual TFA. The crude material was then dissolved in
125 mL of&;&% [OUs, cetone and 14.0 g (100 mmol) of solid potassium cg Et?gﬂ@%ﬁ \Svgigﬂgwly added
over 15 min owe y $1.2 g (8.0 mmol) of sodium iodide. The resulting mixture was then heated at
reflux for 16 h, cooled to room temperature and evaporated to dryness in vacuo. The residue was
diluted with 100 mL of a saturated, agueous ammonium chloride solution and 20 then extracted with
ethyl acetate (3x 100 mL). The combined organic layers were washed with brine, dried over
magnesium sulfate, filtered and evaporated ml_\(gc&o Tdve crude residue was purified by silica gel
chromatography eluting with a 10-80% ethyl aceta xanes gradient to afford the title compound
as a clear gum 6.2 g (64 % yield). LC-MS: m/z (E&?A%MH) 25Step G:5 6-Dihydro-4H-pyrroloil

ittogen was charged WA 600 G560 heRRalF Ok “’“”d gﬁﬁ@“ﬁé"’*?kl e dahvated carbon
and wet with’$EmL- %fr@ﬁqaﬁmwm@w@fgmﬁ%%% eeghee@ é%ﬁf&@ 6‘1‘%@?&’%”‘1 of lithum .
5,6-dihydrbydtdxye iGl3PE 21 730 hipy ta zoie6 AbarioxyiateifrodristeiPna bove iatwt® fmil1df. etfhénol was

e}ddedsand]%eﬁ%ﬁtr%o@&a@gcs wrderak @dHé@S@E@ﬁQ@szYE’é@Qﬁﬂoﬂ' heraackienmassshised for 3 h then
filtered thr ‘%&'%1 %%QJ %,or dt ng%s%%%’é‘% as it CE‘%&W}%@ WHPB} gthang! E%POLQSJ&'E&EFI as

evaporate in v o to 2 ile compoun ess so antltatlve y|e ). tH NMR
(500 MHZSRISEIGE) & 1TbTasreic syt *?’Zi‘éf"g gifjelogh §?°?dﬁ“‘§|“%“§‘s§ Y52, IF1),
2.94-2.82 {ent. 3y mzeeﬁzc}azr(werwomt@q gr&dﬁ?@mms;eﬂsemeym nﬁc&@ﬂb@@!mpp@mnd as

5(38)-5-0x0phi2 j2ibote tratly dioinsatiziersocanh 6 Xylie @cit=(c40) H O0), BBP(d:J = 6.6 Hz, 1H),
(38,98)-5-Qx0-:2. 3-518: ashepanmdyoindolisings3 sarbosylic agig meitwhesisrdoms 1812 This
mtermedlw s prepared according to the procedures found in: Hanessian, 10S.; Sailes, H.; Munro,
A. Therrie Org. Chem. 2003, 68, 7219 and Vaswani, R. G.; Chamberlin, R. J Org. Chem 2008,
73, 1661. Step B: Methyl (35)-5-0x0-1.2,3,5-tetrahydroindolizine-3-carboxylate 15To a stirred solution

of 0.850 gl TBRMEIR 3519S)-5-0x0-1,2,3,5,6,8a- hexabydroindolizine-3-carboxylic acid methyl
ester fromsstepifyalove I 881INL b pyrazole-6-carboxvlic acid (i-45)
HO—~”
N_’N\
15 =
Step A 7-(Trimethyisily])-5-oxohept-6-ynoic acid
O
H
O2C\/\)x

TMS
This intermediate was prepared according to the procedure found in: Nayyar, N.
K.; Hutchison, D. R.; Martinelli, M. J. J. Org. Chem. 1997, 62, 982.

20
Step B: (82)-5-[{ Tert-butoxvcarbonyDhvdrazono]-7-{trimethvlsilylYhept-6-vnoic acid
N,NHBOC
HO,C '
x
™S

To a stirred solution of 54.0 g (254 mmol) of 7-(trimethylsilyl)-5-oxohept-6-ynoic
acid from step A above in 750 mL of IPA under an atmosphere of nitrogen was added 33.6 g
25 (254 mmol) of tert-butyl carbazate, The reaction mixture was stirred for 4 h at ambient
temperature then evaporated in vacuo to remove all volatiles. This afforded the title compound
as a yellow gum which was used without further purification (77 g, 93%). LC-MS: m/z (ES) 327
(MH)Y",

30 Step C: 4-[1-{ Teri-butoxycarbonvh-1 H-pyrazol-3-vlbutanoic acid

61-



dichloromethane was added 6.30 g (72.5 mmol) of manganese(IV) oxide and the resulting mixture was
stirred for 12 h at reflux. The reaction was cooled to ambient temperature, filtered through a pad of
Celiteg, ant P E8ItH04s then washed with 100 mL of dichloromethane. ?ﬁg%ﬁ?g@%ﬁ%
evaporated to dryness in vacuo and the residue was purified by silica gel chromatography eluting with
10-50% ethyl acetate in hexanes gradient to afford the title compound as a clear gum (0.47 g, 55 %
yield). LC-MS: m/z (ES) 194 (MH)+. To a stirred solution of 0.200 mg (1.00 mmol) of methyl
(3S)-5-0x0-1,2,3,5- tetrahydroindolizine-3-carboxylatg.from step B above in 3 mL of THE was added
1.5 mL (1.5 mmol) of a 1.0 M aqueous LiOH solytjori. The resulting mixture was stirred for 2 h at
ambient temperature then quenchedrr@L@W mmol) of a 1.0 M aqueous solution of hydrogen
30chloride. All volatiles were evaporated in yacuo ng the aquequs phase was extracted with a 30%
IPA in chloroform mixtuf& ?@t%‘%qﬁ%ﬁ'tﬁeﬁé%g%%ﬁté% M@?\ﬁé@@éﬁ & with brine, WO

2009/124 T66PERbS20b 908924 e e eshelrith RbrrsSiurmosuftel firteren Poribes/apdiatal ¢h vacuo to
afford the it eempiisdd sealWhie mold) .4 7.0 M%) ditb NMfb{EOemikdz i GDRBY8n/THF (dd, J=
8.9, 74 Hz, LH 6381832 i 2okl il 17 9ol wfeif it 1chipbd 23 18 48 in@tihn?.62-2.53 (m,
1H), 2.35-2.30 gngé H)d L]%-IQ/IS: miz (Ef?r) %gs%é'éﬂw F(’h u{Ncir EJ% E%ﬁ}g %7ueou acetic agi
2-(2-(Benzey>ila r% o -?—o%e%\ﬁz)ygcgf}dihygro-‘ _-cyc?open?af‘a]ﬁ iazole- -é’ar%oxyﬁc acid 6-517) 0 NHI3n
The title cOPRBBURNVES Bregourathae SHiERREY e thrd cestate (dsetP fork 7 Biéceppliptdsrganic
3-amino-NsdyenzydrSwinibubpitharnide vasiised)inpldcaof tffoatatdncitievd CMSsmizs (H8) 317
(MH)+. INFERMERIATEHcd S bioresspyrmisinvkasalic aaithéivhR)h 8:@bY felidbstep A:Ethyl
(4'Ch1§r°' H?XEKEQ %{%&ﬂgﬁﬁtgw?{h‘?ﬁ% betic acid aEH'§5%Zé%%§;]£¥¥%%e%}{%@aﬁ%‘%ﬁi%@{9 ing,fg the

ure o

Erz?gm 0r&b@_%é??fﬂfaﬂﬁ;ﬂsnQlc?ét}’(?lgg?l’éggﬁgoegt glliaﬁ\trigal;:lfx){é %e{d), elY Iga/]z'%ggj 55959 (I\%I@I% 20 Step

Step D; Tert-butyl 3-[4-(benzvloxy)-4-oxobutyl]-1H-pyrazole-1-carboxylate
‘Boc
nN—N
Bn0,C_~ AP
15 To a stirred solution of 60.0 g (236 mmol) of 4-[1-(rert-butoxycarbonyl)-1H-

pyrazol-3-ylbutanoic acid from step C above in 400 mL of DMF was added 48.9 g (354 mmol)
of potassium carbonate followed by dropwise addition of 40.0 mL (300 mmol) of benzyl
bromide. The resulting mixture was stirred for 24 h, quenched with water, and extracted with
ethyl acetate (3 x 300 mL). The combined organic layers were washed with brine, dried over

20  magnesium sulfate, filtered and evaporated to dryness in vacuo. The crude residue was purified
by silica gel chromatography eluting with 30% ethy] acetate in hexanes to afford the title
compound as a yellow oil (55.6 g. 68.4%). LC-MS: m/z (ES) 345 (MH)".

Step E: Tert-butvl 3-[4-(benzvloxy}-3-bromo-4-oxobutyvl]-1 H-pyrazole-1-carboxylate
500
NN
Bnozcj/\/w
25 Br

To a stirred solution of 27.5 g {80.0 mmol) of tert-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(trimethylsilyDamide in anhydrous THF. The resulting dark yellow solution was stirred for 1

30 hat-78°C and then 12 mL (96 mmol) of chiorotrimethylsilane 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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T)F-11-1-1 To a solution of 0.6 g (3 mmol) of ethyl (4-chloro-5-pyrimidinyl) acetate from Step A above
in 0.5 mL of water and 1.5 mL of ethanol was added 215 mg (5.11 mmol) of 25lithium hydroxide
hydrate. TREFEALULH lr‘?ﬁxture was stirred at ambient temperature for 2 h tHen ¢ %%%8%&??%%3 in vacuo to
remove all volatiles. The residue was diluted with 7 mL of 2.0 M agueous hydrogen chloride and then
concentrated in vacuo to remove all volatiles to yield the title compound (0.43 g, 83%). '14-NMR (500
MHz, CD30D) 8: 8.88 (s, 1H), 8.70 (s, 1H), 3.96 (s, 2H). LC-MS: rn/z (E/S) 173 (MH)+. 30 WO
2009/124166PCT/US2009/039249 INTERMEDIATE 49 4-Methoxv-5-pyrimidinyl acetic acid (i-49)
Step A:MefHAEAHISAERYS BotTHIERAVD) hbétare ScfsllevRiDy eradual ¥armingiidi-&F6r25b g (1.25
mmol) of ethylr¢tactbtoresspsnehudiviph assmedsepdon8agreenmnsioidd solutibseidtdinethanol was
dissolved a66u9fRa&0-mmaty efigosiumanieial (SHheoesaliinUisalutidmydas heaiesandaspicrowave

conditions g3 fard Lo AlbalaNGR e RIBROALIANAGUE ANF e FSIHE, WRsuted with
saturaged odlulm blcarbo ate 10.and extra.% t d| hIoromethan 10 mL The combined
ie over

organic Iayers Wecr%m\ﬁg%e%g\?vrfﬁ%) ine dri n’l%a-cstf:L ea“Iftat e]a I refl(’i1 Xm ev%fdletlr%%ed to
dryness in"etit) %%%remqﬁretémﬁwmada% Eregwg@ﬁvr@%ﬂeg pge%r.ﬂmummrsbecm Hz,
CD30D) 618 72Y(spltES 334 V), 3.96 (s, 2H), 4.01 (s, 3H), 3.70 (s, 3H), 3.57 (s,2H). LC-MS: m/z
(E/S) 183 (MHY. 15Step B:4-Methoxy-5- pyrlmldlnyl acetic acid ocH3 N OH N To a stirred solution of
0.21 g (1. ]Sﬂ% ? oI) of r’%%g; 5@6 r@'&%& A* above in 0.5 mL of water

and 1.5 m thanol was ydrate The reaction mixture
was stirred at ambient temperature 20 for 2 h @h@ﬁéoncentrated in vacuo to remove all volatiles. The

residue was diluted with 3 mL of 2.0 M aqueous h chloride and then concentrated in vacuo to
remolf¢ all volatiles to yield the title compound as aroffhite solid (191 mg, 90%). 1H-NMR (500
MHz, CD30D) 6: 8.72 (3¢ HbirgdslatiaHyf 40 g 64BRmBdrofs orputd M- (barzyErs)-169 (MH)m. 25
INTERM EBYAIESS6: 0Bt Methoxypyemiclirh Gyl prépanaép Ecitoi<oa)sOMecd NidBidrStemaiEthy
2-(4-chloropyrimidinsg DRIPPRROG: resulting mixture was stirred for 2 h at ambient temperature then
all volatiles were evaporated in vacuo. The residue was then diluted with 50 mL of toluene and
15 evaporated again im vacuo to remove all residual TFA. The crude material was then dissolved in
125 mL of anhydrous acetone and 14.0 g (100 mmol) of solid potassium carbonate was slowly
added over 15 min followed by 1.2 g (8.0 mmol) of sodium iodide. The resulting mixture was
then heated at reflux for 16 h, cooled to room temperature and evaporated to dryness in vacuo.
The residue was diluted with 100 mL of a saturated, aqueous ammonium chloride solution and
20 then extracted with ethyl acetate (3x 100 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 10-80% ethy! acetate in hexanes gradient to
afford the title compound as a clear gum 6.2 g (64 % yield). LC-MS: nv/z (ES) 243 (MH)".

25 Step G- 5,6-Dihydro-4H-pyrrolo[1.2-bipyrazole-6-carboxvlic acid
HO—if™
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-dH-pyrrolo[1,2-

30 b]pyrazole-6-carboxylate from step F above in 40 mLE of ethanol was added and the mixture
placed under T 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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0 N OE[ To a stirred, cooled (-78C solution of 5.8 g (29 mmol) of ethyl (4-chloro-5-
pyrimidinyl) acetate (see i-48, Step A) in 75 mL of anhydrous THF under an atmosphere of nitrogen
was added™® 2% @664 mmol) of a 2.0 M solution of lithium dllsopropylaﬁﬁ WlLgi m?%%%s THF. The
resulting mixture was stirred for 15 min then 2.26 mL (36.1 mmol) of 5 iodomethane was added over 5
min. The reaction mixture was stirred for 15 min, allowed to warm to -20C over 45 mm, then warmed
to OC for 15 min. The reaction mixture was then quenched with a saturated ammonium chloride
solution and extracted with 50 mL of dichloromethane. The organic layer was dried over magnesium
sulfate, filtdida, RMF vy draleitPvadid: THE Grddb: r%gﬁj(fe]\%és‘lpﬁjré@dfby%ﬁaéa /d&ditdbmatography
eluting with.34 2082 @th§HIOR e irhéKaneS MNstune (B aFfbT @éliitle compound (1.9 g, 31%).
11-1-NMR (500 MHz, CD:30D) 6: 8.88 (s 1H), 8.74 (s, 1H), 4.17 (m, 2H), 1.58 (d, J=7 Hz, 3H), 1.29 (t,

J=7Hz, 3 2Yis Mz (EUS) 215 (MH)'. Step B:Methyl 2-(4-methoxypyrimidin-5-yl)nropanoate
To a solutign of 0.250 g (1. mol) o <]ath | 2- 4 chIO{opyan -5- yl)propanoate from step A above
in 5 nit of Aeto R FrethaRct Ay GRLdRIZ 6t of sodium metal. The resulting

vacuo and the residue was diluted with 20 sa sodium bicarbonate and extracted with
dichloromethane (3 x 10 mL). The combined o layers were washed with brine, dried over
magnesiustgulate, filtezss anti@vapcraied. ta-teynless dindalttinetd-affbra the dddiercoypeuad as a clear
gum (0.21 g, 93%). 114-NMR (500 MHz, CD3§)D) 6:8.65 (s 1H), 8.36 (s, 1H), 4.0 (s, 3H), 3.9 (q, J=7

solution was heated under microwave condm%lzoc for 10 min. All volatiles were removed in

Hz, 2H), 3.66 (s, 3H), 1.58 (d, J=7 Hz, 3H)TLG:MSL m/z (HIS) 197 (MH)-. 25 Step
C:2-(4-Methoxyrwrimidin-5-yl)pronanoic acid N OH | To a stirred solution of 0.21 g
(2.06 mmol) of methyl 2-(4-methoxypyrimidin-5- yHpropanoate from Step B above in 0.5 mL of water
and 1.5 mL of ethanol Was adetet&itengp30(dhe e muob): dhlithidm prededxide thyatate Hihessieaction
mixtuie Was. stifred Rt arahisni tempgiature foniz hdthen comcentrated indvagumis, reraove all volatiles.

The reS|dL@ X\fﬁ‘t?eﬂ tﬁdj/v(l}p 3 ‘Lﬁf ﬁ@% I\}jaqgg]ous hydrogen chloride and then concentrated in

vacuo to remove a volatilesto yle e title compound as an off white solid (70 mg, 36%). 1H-NMR
(500 MHz, CD30D) 8: 867 (s 11-1), 8.4 (s, 1H) 407 (s, 3H) 3.9 (q, J=7 Hz, 2H), 1.58 (d, J=7 Hz, 3H).
35 LC-MSE@Uﬁ{HIS) 18 = KAV B.2AdtedpdTndgrmaeabayNg ERMEDIATE 51
2-(2-0xopyridin-1(2H)- yl)pronan0|c acid (i-51) HQ%

N
T

15 To a stirred solution of 0.850 g (4.06 mmol) of (35,95)-5-0x0-1,2,3,5,6,8a-
hexahydroindolizine-3-carboxylic acid methyl ester from step A above in 50 mL of
dichloromethane was added 6.30 g (72.5 mmol) of manganese(IV) oxide and the resulting
mixture was stirred for 12 h at reflux.  The reaction was cooled to ambient temperature, filtered
through a pad of Celite®, and the solid was then washed with 100 mL of dichloromethane. The

20  filtrate was evaporated to dryness in vacuo and the residue was purified by silica gel
chromatography eluting with 10-50% ethyl acetate in hexanes gradient to afford the title
compound as a clear gum (0.47 g, 55 % yield). LC-MS: m/z (ES) 194 (MH) .

droindolizine-3-carboxvlic acid

Step C: -5-Oxo-1.2.3 5-tefrab

HOE&
™
25
To a stirred solution 0f 0.200 mg (1.00 mmol) of methy! (35)-5-0%0-1,2,3,5-
tetrahydroindolizine-3-carboxylate from step B above in 3 mL of THF was added 1.5 mL (1.5
mmol) of a 1.0 M aqueous LiOH solution. The resulting mixture was stirred for 2 h at ambient
temperature then quenched with 2,0 mL (2.0 mmol) of a 1.0 M aqueous solution of hydrogen

30  chloride. All volatiles were evaporated in vacuo and the aqueous phase was extracted with a
30% IPA in chloroform mixture (3 x 5 mL). The combined extract were washed with brine,
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5 Step A: Tert-butyl 1 2- 2-oiWanoate To a stirred solution of 9.5 g (0.10 mol) of 2-hydroxypyridine in
250 mL of DMF was added 16.6 g (0.120 mol) of potassium carbonate followed by 25.0 g (0.120 mol)
of 2- brom%?ozﬂ?gfﬁ@é?ﬁd tert-butyl ester. The resulting mixture was stirred S%ﬁ%’.%‘%? perature 10
for 7 h then diluted with 1L of water. The agueous phase was extracted with ethyl acetate (3 x 200 mL)
and the combined organics were washed with water (2 x 100 mL), brine (100 mL), dried over
magnesium sulfate, filtered and evaporated in vacua The crude residue was purified by silica gel
chromatography eluting with 25% ethyl acetate in hexanes to afford the title compound as a clear gum
16 g (729%6JEENFETHERTRS) S?E&‘?Mﬁf?ffé’ ERAFEIOIERb b g FEAH- PR BRE rARBRUAL R Nor o

To a stirrethitesydid<dh7cf, $8%6) g (7H MRn(H) Nl re IR 28( T-6X ddritirRLE2 H)-Vrptbhahdéte from
step A abevesinnl 6umLsafiqalnyorous, 2.4-dioxane upriernanmatnosphere2 20qhnitiggers wvas@dded 150

mL of a 4.811\/|1p{)5_diqgwmp{@%f%ti%%?;&dioxane. The resulting solution was stirred overnight at
ambient temperature then evaporated to dryness in vacuo to afford the title compound as a white solid

(12.4 9, quantitative yield). LC-MS: rn/z (ES) 168 NED' 25 INTERMEDIATE 52 2-(2-Oxo-1
3-oxazolidihERMEEHAAId Acid (i-52) Step A:Benzyl (2-oxo-1,3-oxazolidin-3-yllacetate 0 13 nO,rn
No 0 WO20003224166ROTIISRAN]0RA48 dro-4H -cildopstisfé isolutoh of h Oytio 6cli iatiol) of
(2-ox0-1,3-oxazolidin-3-yeacetic acid in 10 mL of anhydrgus DMF was added 1.0 g (7.6 mmol) of
potassium carbonate followed by 1.0 mL (8.3 mmol) enzyl bromide. The reaction mixture was
stirred for 3 h then quenched with water. The @qu pI’]‘ﬁ?@ was extracted with ethyl acetate (3 x 25
mL) and the combined 5 organics were w ater (2 x 10 mL), brine (10 InL), dried over
magnesium sulfate, filtered and evaporated in v . The crude residue was purified by silica gel
chromatography eluting keitir1608mpthyliacetatepirddexandsmiptaftergricediiiewsedtpound:aspa white solid
0.50 (31440 1 GrMSNINZAES). 336 MMk A0SR B Benayd 2 Rixrbdcxazaliing-ylipmpanoate
O0BnNNAO 17 (M .Jo a stirred solution of 0.50 g (2.1 mmol) of benzyl (2-oxo-1,3-oxazolidin-3-
yl)acetate %ror‘% S ép' A above in 15 mL of anhydrous THF at -78C under an atmosphere of nitrogen
was added 1.2 mL (2.4 mmol) of a 2.0 M solution of lithium diisopropylamide in

INTERMEDIATE 48

4-Chloro-5-pvrimidinyl acetic acid (i-48)

3

Cl

° OH I j
15 N
Step A Ethyl (4-chloro-5-pyrimidinyl) acetate
o,
(@23 I N')
This material was synthesized according to the procedure of Zymalkowski and
Reimann et al. Archiv. Der. Pharmazie 1966, 299, 362.
20

Step B: 4-Chloro-5-pvrimidiny! acetic acid

Cl

OY\{‘\\N
L

N
To a solution of 0.6 g (3 mmotl) of ethyl (4-chloro-5-pyrimidinyl) acetate from

Step A above in 0.5 mL of water and 1.5 mL of ethanol was added 215 mg (5.11 mmol) of

25  lithium hydroxide hydrate. The reaction mixture was stirred at ambient temperature for 2 h then
concentrated in vacuo to remove all volatiles, The residue was diluted with 7 mL of 2.0 M
aqueous hydrogen chloride and then concentrated in vacuo to remove all volatiles to yield the
title compound (0.43 g, 83%). 'H-NMR (500 MHz, CD;0D) &: 8.88 (s, 1H), 8.70 (s, 1H), 3.96
(s, 2H). LC-MS: m/z (E/S) 173 (MH)".

30
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15anhydrous THF. The resulting yellow solution was stirred for 15 min at -78C and then 0.0360 g (2.55
'mmol) of iodomethane was added. The resulting mixture was stirred for 2 h with gradual warming to
ambient temsezr%%%‘ﬁ?gn quenched with a saturated aqueous ammoniumP&%[nggﬁg”oq{?t%%. The
agqueous phase was extracted with ethyl acetate (3 x 20 mL) and the combined organics were washed
with brine, dried over magnesium sulfate, filtered and evaporated to 20 dryness in vacuo. The crude
residue was purified by silica gel chromatography eluting with 40% ethyl acetate in hexanes to afford
the title compound as a clear gum 0.37 g (70%). LC-MS: miz (ES) 250 (MH)+. Step
C:2-(2-Oxm#@%1)propanoic acid HON 0 25/ A 25 mL round bottom flask under
an atmosphdfetinfayithenyemidary biestpeat ditihdd)030 g (0.028 mmol) of 10 weight percent palladium on
activated carbon and wet with 2 rnL of ethanol. Next, a»selution of 0.37 g (1.5 mmol) of benzyl
2-(2-o0x0-1,3-oxazolidin-3- yl)propanoate front’step | e in 10 mL of ethanol was added and the
mixture placed under 1 30 atmosphere of hydrocgj’é'n. & reaction was stirred for 3 h then filtered
through a pag af CeliteQcThe padsmrs washaehwitii28:mitof ethanol and the filtrate was evaporated
in vacuo to afford the title compound as a colorless solid:{0.24 g, quantitative yield). 114-NMR
(500MHz, CD30D) 8: 4.60-4.30 (m, 3H), 3.80-%), 1.45 (d, J = 3.5, 3H). LC-MS: 11* (ES) 160
(MH)1L.. WO 2009/124166PCT/US2009/03924% IN EDIATE 53

fom 2411 2.3-13701 2 J e e 2 Qe ctenlere LRV B e
LC-MS: mgeﬁ':}ég’l%fﬁmsb f‘iZ% l‘i‘h‘?%ﬁl\%’éﬁm EV%% Isso?%%l%?..()(?o g g& mmol) ote g.)oadlum

6, 7-Dihydrasth- s spratagoiphigme s keaipdxHer aeier owirorondBaes 46 94 erod) eim 4d 10 To a
cooled (0Gpbolstioveeirdmantd @25 mimahdiha kodvb n-outiililith with selution rvdiexdresvsasaadded 3.9
mL (33 mW&&M}M&nuﬁﬁ%m@mx@wqneﬂmwme folimed %&&MM@&@&&(ZS mmol) of
2,3-cyclopenjenopyrigine Jn.o.mb ol annyroussietianydrofiran, Jhe tesulling midirs wias pllowed to
warm to am |e,nt1¥e’mperature over i%“lﬁ(‘mm’anc? tpheln anhydrous ca?%’én dioxide gas Wasdakl)ubbled
through thE'FeREHSIMRINEIRS fof'©2heHRE0sDlig Brecipitr WA ¥k Mittered € i crtufe bk purified
by reverseSptidsel HRBC{TIWMEIRFOP &6 8183 MG9610)01.96 (hffliorddedlic avi Fadétbitile/ 0.01%
trifluoroacetic acid in water gradient) to give the title compound as a yellow solid (2.0 g, 50%). LC-MS:

m/z (Eﬁ) ]Se}éplg(_M H)4, &%&!@Mﬁ%&ﬁ{ﬁﬁé%&ﬁc acid

2-0x0-2,5,6,7-e rahydro-lH-cycIopenta’rnIpyrldlne-7683rboxylic acid (i-55)
. 3
O

on | \/JN
N
To a stirred solution of 0.21 g (1.14 mmeol) of methyl (4-methoxy-5-pyrimidinyl)
acetate from Step A above in 0.5 mL of water and 1.5 mL of ethanol was added 81 mg (1.9
mmol) of lithium hydroxide hydrate. The reaction mixture was stirred at ambient temperature
20 for 2 h then concentrated in vacuo to remove all volatiles, The residue was diluted with 3 mL of
2.0 M aqueous hydrogen chloride and then concentrated in vacuo to remove all volatiles to yield
the title compound as an off white solid (191 mg, 90%). 'H-NMR (500 MHz, CD:OD) §: 8.72

(s, 1H), 8.35 (s, 1H), 4.01 (s, 3H), 3.37 (s,2H). LC-MS: m/z (E/S) 169 (MH)'".

25 INTERMEDIATE 50
2-(4-Methoxypyrimidin-3-vDpropanoic acid (i-50)

Ohe
o I S
L L
Step A: Ethyl 2-(4-chloropvrimidin-S-v0inropanoate
(]
O =y
Se L

GO~



HO Step -A:Methyl 6,7-dihydro-5H-cyclopentatblpyridine-7-carboxylate To a solution of 1.0

g (6.1 mm%f Intermediate 54 in a mixture of 10 mL of methanol and 10 nth of diethyl ether at 0 C
under an a ](ﬁﬁnltrogen was added 9.0 mL (18 inmol) of a 2.0 M Gl ioRogp039249
(trimethylsilyl)diazomethane in diethyl ether. After stirring for 5 min the reaction was quenched with 2
mL of glacial acetic acid. All volatiles were evaporated 30in vacuo and the residue was purified by
silica gel chromatography eluting with 50% ethyl acetate in hexane to afford the title compound as a
yellow gum (1.0 g, 92%). LC-MS: m/z ( 177.1 (MH)-. WO 2009/124166PCT1US20091039249
Step B:Methyl 6,7-dihy R)%F‘I”@QCR% Edtafpigyiainén Qfasrﬁé(ﬂgt@@g&ﬁ’ééﬂ?b(é ggered(0C) solution
of 1.53 g (Bydimmiimadl) wtatethsyt 648 ditvpdidi6HS 5dyolopbptafojiliitinedd-endoxypdtacfdm step A

above in 3&%@&%@@&@!@@9@mm@ﬂk@%ﬂa@l@g\&%&mmm @B&fx\e&mﬁmuﬁion was
allowed to gt [,k *ﬂﬁ#‘dfﬁg{‘e&% nepg aqxhétx@aéoet@r%ﬁ 3 pafraled, 3326%%%%33?9?%% grbonate

solution. The ayers were se aratedr & aqueoUs phase extracte ichlorométhane (3 x 50
mL). The dBﬁiﬂB}ﬁtgﬂnﬁr‘@%?g Pé(ﬁfé Whe Wﬁs‘i‘?%ﬁ‘ﬁﬂtﬂ”ﬁfméW&ﬁéﬁ‘ﬁ\‘}efpmgdﬂ}é‘sﬁﬂ‘hwseﬁlfate filtered
and evaporatadtin-Yacueves §heiin Gibe witkened nagb Gnigras anlight b aeeatisnl mitatewas thised without
purificatiorubitSwin 2 (kiSO dnddn Siepife Mettiyh and extracted with 50 mL of

2-chloro- Gd?cm%&eﬂ%ﬁecyﬁleeﬁgaﬁﬁ& biymag\el %&9&&%{ uhﬁq—gallfét@Tfﬁt@r&P%lﬁfje(gb’c)l%!}‘t'on of
0.21 mL (ZHZ%QIm FH éghgro%s Oxy E%rg) eS{pca c{g mm Slu%MF \%ﬁ (‘ax solutlon of
119 %‘) .69 mmo 0 ¥ B Ay BES o enta ‘j ‘oxidedrom Step B
abové&lin wmedﬁ|B¢&B?Wf&5m§éf&}érﬂ1wmﬁ0w@%& ﬁ@ éé‘f@iioﬁ{v&‘a&%némlt@warm to
ambient te@iperaturesaitd then, fetiiie dHor 4. (Th8Hnixtarg dvds’ddni@éH ahdpGuled Hirtd BD mL of cold
water. Th@@g@g@gymgj@gr[myextracted with diethyl ether (3 x 30 mL) followed by a single
extraction with 30 mL of dichloromethane. The combined organic layers were dried over magnesium
sulfate, filtered and evaorated in vacuo. The resultm brown residue was purified by silica gel
chromatog@%l%‘elutin ; g : LVORAISAS d the title compound as a light brown
solid (0.30 g, 25%). LC- MS miz (E/S) 2129 H)+O'*?5 Step

D:2- leo -2.5,6,7-tetrahydro-1H-cyclopentaiblgyri nej carboxylic acid
3

To a solution of 0.250 g (1.17 mmol) of ethyl 2-(4-chloropyrimidin-5-

yDpropanoate from step A above in 5 mL of absolute methanol was dissolved 0.054 g (2.34
mmol) of sodium metal. The resulting solution was heated under microwave conditions at
120°C for 10 min. All volatiles were removed in vacuo and the residue was diluted with

20  saturated sodium bicarbonate and extracted with dichloromethane (3 x 10 mL). The combined
organic layers were washed with brine, dried over magnesium sulfate, filtered and evaporated to
dryness in vacuo to afford the title compound as a clear gum (0.21 g, 93%). "H-NMR (300
MHz, CD;0D) &: 8.65 (s 1H), 8.36 (s, LH), 4.0 (s, 3H), 3.9 (q, I=7 Hz, 2H), 3.66 (s, 3H), 1.58
(d, J=7 Hz, 3H). LC-MS: m/z (E/S) 197 (MH)".

25
Step C: 2-(4-Methoxvypyrimidin-5-yDpropanoic acid
OMe
') g
I
N

To a stirred solution of 0.21 g (1.06 mmol) of methy! 2-(4-methoxypyrimidin-5-
yhpropanocate from Step B above in 0.5 mL of water and 1.5 mL of ethanol was added 81 mg
36 (1.9 mmol) of lithitum hydroxide hydrate. The reaction mixfure was stirred at ambient
temperature for 2 h then concentrated in vacuo to remove all volatiles. The residue was diluted
with 3 mL of 2.0 N aqueous hydrogen chloride and then concentrated in vacuo to remove all
volatiles to yield the title compound as an off white solid (70 mg, 36%). 'H-NMR (500 MHz,
CD;0D) &: 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 LC-MS: m/z (E/S) 183 (MH)'.
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To a 15 mL mixture of tetrahydrofuran, methanol, and a 1.0 N aqueous LiOH solution in a 3:1:1 ratio
was added 0.242 g (1.14 mmol) of methyl 2-chloro-6,7-dihydro-5H- 30

cyclopenta%?b%ﬁ“i"a?ﬁ 4—‘f-ﬁcarboxylate from Step C above. The resulting mixl%?é”\%%%og%f?rsé’a‘igt ambient
temperature for 1 h. The solution was evaporated in vacuo and the resulting light brown residue was

- purified by reverse phase HPLC (YMC Pack Pro C18, 100 x 20 mm I.D. column, 0 WO
2009/124166PCT/US2009/039249 - 60% 0.01% trifluoroacetic acid in acetonitrile/0.01% trifluoroacetic
acid in water gradient) to give the title compound as a brown oil (184 mg, 90%). LC-MS: nth (E/S)
180.0 (MH)I. Step A:Ten-butyl 2-(3-methy1-1H-1,2,4-triazol-1-y1)propanoate N-":""-(1 To a solution of
3-methyl-INTERMERAAJIE §7.3 g, 88 mrnol) in DMF (75 mL) 10 was added K2CO3 (60.7 g, 439 mmol)
and 2-bromepropienitiacidAgst-bpivbester {Jdid 6-81k, 88 mmol). The reaction was stirred at room
temperature overnight. The mixture was diluted with,EtOAc (500 mL), washed with water (x 3) then
brine. Dried over MgSO4 and concentratedic gi’rj.ge was purified by column chromatography on
silica gel, eluting with EtOAc/isohexane (20 tod 00 give 13 g of crude product as a 3:1 mixture of
regioisomegs,, The mixtyye, wast usilisdn Galcal PR witha gradient from 4% to 30%
IPA/Heptan_eP_Tﬁen the first two peaks were separated with Chiracel OD column isocratically eluting
with 4% IPA/Heptane. The second peak was;? C he desired single sterecisomer (R or S)
(2-(3-methy1-1H-1,2,4- triazol-1-y1)propanoit aciditertiQutyl ester) (3.5 g, 19%). 'H-NMR (500 MHz,

CDCI3) 8 8.05 (s, 1 H),.4.90 =7.Hz, , s, 3H),.1.72(d, J=7 Hz 4 H).
ESiuS cocaicuiated 1 CLURIVNAS i HGeE 300 B ke de o frone ™
B:2-(3-mettf20ded 204 &l O maheb paiit Earenerdrlisunsd byESAatiy 2P mol) of 2-
H-1,2,4-tribwohdpydppropanchte (bl bede? Mmabswhs2Bdisgohvedsindditiabimdioxperat¢t00 mL) and
stirreghat repm HeRpekEAkEQELTDighivalde TRodYctnasieenceRtsataditngan xllceaiprgssure and
dried unﬁm@a&y&wm&mméﬁr%@ b o et ek it azahd oypigpanoate as the

1-ICI salt (850 mg). ESI-MS calcylated fo N302; Exact Mass; 155.07; Fo 156. 0
INTERME Tﬁ%‘ﬁ%g’?niﬁﬁiﬁﬁ&ﬁ&%% W&Q&l%-?/‘fj’ﬁf’éﬁ)%gb’?é’%%fa' (?-’%“?)“W&m ewas puriied
2009/124 186FCT AISPOUDBITAY olMuN STEP2ATBeRy | restefsidlderaca sottfeshtbt 4170 g (233 mmol)
of propiolicanjdindba0 kikapfanydr gTeDMEVMS atdeH 32 HGNEB3 mmol) of benzyl bromide
followed by portionwise addition of 76.0 g (233 mmol) of Cs2CO3. After stirring at room temperature
for 24 5h, the rgaction enched wj turated. agueous ammonium chloride solution and
extracted v%glfﬁ-%OAc (3115@ 06 L) el ol ere washed with water then brine and
dried over anhydrous sodium sulfate. The mjixtur éyv@hen filtered through a silica gel pad washing
with hexanes, and the filtrate was evaporated {ind e uced pressure to afford a crude product. The
a

crude product was purified by silica gel chromatogr ? y eluting with a 0-20% o
To a stirred suspension of 16.6 g (74.4 mmol) of rert-butyl 2-(Z-oxopyridin-

1(2H)-yhpropanoate from step A above in 10 mL of anhydrous 1,4-dioxane under an atmosphere

20 of nitrogen was added 150 mL of a 4.0 M hydrogen chloride solution in 1,4-dioxane, The
resulting solution was stirred overnight at ambient temperature then evaporated to dryness in
vacuo to afford the title compound as a white solid (12.4 g, quantitative yield). LC-MS: m/z (ES)
168 (MH)"

25  INTERMEDIATE 52
2-(2-Ox0-1,3-oxazolidin-3-vipropanoic acid (i-32)

(@]
HO NJLO
o ./
Step A: Benzvl {2-0x0-1,3-oxazolidin-3-ylacetate
X
BnG
j:l/\N\—JO

-H8-



10ethyl acetate in hexane gradient to afford the title compound as a colorless oil (13.8 g, 35%). 1H
NMR (CDC13, 500 MHz) 5 7.41 (m, 5H), 5.25 (s, 2H), 2.92 (s, 1H). Step B:Benz

2- (trlbutyls?gﬂr?\)ﬁ%?i}i’é To a solution of 6.42 g (40.1 mmol) of benzyl prgﬁyﬁéoﬂ%ﬂ%ggf‘@p A above
in 25 15ml of anhydrous THF was added 0.93 g (0.80 mmol) of
tetrakis(triphenylphosphine)palladium(0) followed by a solution of 12.6 g (42.1 mmol) of tributyltin
hydride in 25 mL of anhydrous THE over 15 mm. After stirring at room temperature overnight the
solvent was removed under reduced pressure. The residue was filtered through a pad of Celitee which
was then washed with W@)@aﬁﬁ’é@dﬁﬁg“ﬁﬁﬂ%é’@\ﬁ%@gﬁ&@?@a‘t@@TW&’O@@%M&@ -Sriibecpis At was
purified byiR0%itidaodehcidonmibdgraphyadisingOwitli. BmMslottvdaetateintaedbievgrddient to afford
the title compgung, a&m@glm@ﬁ&ﬂibfa&% 7306)reh bl IMR (P ed:35t2RA MiHZ) §iéubmuhal), 6.99 (d,

9=2.7Hz, 15028 (ol tﬁ»&(th%sze%ﬁu% it 8 LBl &304 Sty 898 RED. 089 (1

J=7.4 Hz, 9H). 25Step C enz vrazo To a solution of 0.30 g
(1.4 o BSOS pyRBIe HOTTHE BRSSP s VIS OFA SRERAEE Shlion of 0,62
g(1.8 mmdilietbensyyeeumdjtstarmy| faergtads fﬁ@ﬁvgféﬁllaﬁ'wdéwiwg@fchfﬂ%m@mE 0.18
0(0.15 mmblint tettakis{iapiyemdphosinas)ysat adiv Ry dtid@ddogrd 4 awhat) soliddpfieg (1) chloride.
The 30reagtiap MmixtwR Was heatesktasPE for 12 h, cooled and evaporated to dryness under reduced
pressure. The residue was dissolved in 10 mL of a 1:1 mixture of hexane and EtOAc then filtered
through a gad of Celiteg. The pad was Washed Wlth 15 nil, of a 1:1 mixture of hexane and EtOAc and
the combi trates \WweEEBaors a2 Epbdesesidue was purified by silica gel
chromatography eluting with a O- 80% EtOAc in h an§ gradient to afford 35the title compound as a
colorless oil (0.23 g, 66%). LC-MS: rn/z (E‘:%‘)Qéﬁyﬁl\/}\l lg). WO 2009/124166PCT/US2009/039249
Step D:2-(1-Methyl-1H-pyrazol-3-v1)propanoic@cid “—~  To 0.10 mg (0.093 mmol) of 10%

palladium on carbon wag addgdasalion Qfs@g%% 9o BRI 3 cxamotigins-
2-(1- met% éétr{“zo"?%' Lapate Pt o‘?d o'%scrﬁ? ‘{37@@ 2t xtm%”ﬁ% qff] resulting
as S n t

suspensio Irred under an atmosp e e O I'O e atmospnere over e residue was

filtered thrBitgRea pas adebliefing: fh%”ﬁaa 958&32 ﬁ@@%%@&?&‘%ﬂﬂ‘éﬁ?ﬂoﬁaﬂ%@?ﬁ&ned filtrates
werelévaporiatédusider rdthecesh prasgeltevtcojigidnthetittered iypd amdres aif Bifanbiteg0iB(0.41 g,

76%). LC-4S5 miEAFSDid 8 MIY wi TERMERIAREISE: 2t 3T hiazal Rud)propppeig.arid (-58)
ev 0 OH Step kil fﬁe&% 0388 RIARARRAIE with o sanFlli s éu(éu% higgglicny bptgpgnoate was

prepared accordth%tot rocedure outlined in: Dondoni, |ancarlo Fogagnolo,

M.; Medici A Btr ﬁsaﬂ&ﬁ% fsryes ggpcsy ‘ﬁ’é]éﬁﬂﬁ“é%e%tfe L. Wﬁlﬁ%panmc acid

organics were washed with brine, dried over magnesium sulfate, ﬁltered and evaporated to

20  dryness in vacuo. The crude residue was purified by silica gel chromatography eluting with 40%
ethyl acetate in hexanes to afford the title compound as a clear gum 0.37 g (70%). LC-MS: m/z

(ES) 250 (MH)"
Step C: 2-(2-0x0-1.3-oxazolidin-3-vDipropanoic acid

O
HO\{(}\N)J\O
S Nt

A 23 mL round bottom flagk under an atmosphere of nitrogen was charged with

25

0.030 g (0.028 mmol) of 10 weight percent palladium on activated carbon and wet with 2 mL of
ethanol. Next, a solution of 0.37 g (1.5 mmo!) of benzy! 2-(2-oxo0-1,3-oxazolidin-3-
yhpropanoate from step B above in 10 mL of ethanol was added and the mixture placed under 1
30 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 (0.24 g, quantitative vield). 'H-NMR (500MHz, CD:0OD)
4.60-4.30 (m, 3H), 3.80-3.60 (m, 2H), 1.45 (d, J = 3.5, 3H). LC-MS: m/z (ES) 160 (MH)".
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To a solution of 0.26 g (1.5 mmol) of ethyl 2-(1,3-thiazol-2-yl)propanoate from step A above in 15 mL
of methanol was added 3.0 mL (15 mmol) of an aqueous 5.0 M sodium 20 ide lon. The
resulting e E4 8hred at ambient temperature overnight. The reactioﬁgrﬁ&%rgggﬁgé%é\;aporated in
vacua to remove the methanol and the aqueous phase was acidified with a 2 N hydrochloric acid
solution until a pH of 4 was achieved. The aqueous solution was purified by reverse phase HPLC
(TMC Pro-Pac C18; 0-25% 0.1% trifluoroacetic acid in acetonitrile/ 0.1% trifluoroacetic acid in water
gradient). The pure fractions were 25lyophilized overnight to afford the title compound as a white solid
(0.17 g, 7AVAERMIINALES3e o) 158 (MH)'. INTERMEDIATE 59

WP T b Popepanicczacid 6:591 N-NH 0 OH  35Step B:Ethyl
2-0-methyl-1H-pyrazol-5-ylinropanoate WO 2%9/ 66PCT/US2009/039249 To a solution

of 18.6 g (100 mmol) of ethyl 2-methyl-3,5+gl foate from step A above in 200 mL of THF and
50 mL of water was added 3.45 mL (110 mmol) of anhydrous hydrazine. The biphasic reaction mixture
was stirred at ambient Iewnpediate & bwesmighttikeficeydfbladditexthyhebsdhicaaelivsiThe crude yellow
residue Was,gigsrlvadiie R bethyhasetainapag watervixigremnd:Ryshed thraygh a 50 g silica gel
plug. The Eijga%e was then evaporated to dryness in vacuo and the residue purified by silica gel
chromatography eluting with a 0-100% ethyl acetate in hexanes gradient to afford the title compound
as a yellow oil (1.89 g, 10%). 1H NMR (CDCI3, 500 MHz) 67.26 (s, 1H), 5.98 (s, 1H), 4.20-4.12 (m,
2H), 3.81 YTERMEBATEIN42 28 (s, 3H), 1.51 (d, J=7.3 Hz, 3H), 1.25 (t, J=7.1 Hz, 3H). LC-MS: m/z
(ES) 10188 1'D)-drStep-6id St thylldikpUrazdb by aradanfimaeicktic acid sainasdolution of 1.24 g
(6.8 mmol) of ethyl 2-(3-methy1-1H-pyrazol-5- yl)prepanoate from step B above in 20 mL of methanol
and 5 mL of water was added 1.5 mL 15(7.5 mmol)._of ag aqueous 5.0 M sodium hydroxide solution.
The resulting mixture was stirred at ambient teméﬁ&rﬁlfor 2.5 h and then evaporated in vacuo to

remove the methanol. ]Eg% agﬁggﬁeip&slgﬁvggg@gg%ﬁt% \%ﬁpogt(?y%qcbeﬁtggg{%ﬂ mjn)'then acidified

with a 2 N hydrochloric aci uti ntil a pH of 4 was_achiev he agueous sojutign was extracted

with ethyl $EBESILIPSISBER S 25 9He’ BhbmEIRgHyEHC fayErdWEHEBFBH'SEIeRrHITYS 20 sodium
sulfate, filttsiéevan ey aporated bl eld@ienine UM gotistPaenteyetiowigaim 08§ ameskpus14 NMR
(CDCI3, 500ty 16r18). 25 el mixBBe(Srad b )o 0 A Svalin o 38Bia dmpanize bty K26 (s, 3H),
1.59 fg' IFiwelf tl?é'ﬁ')anhgdm%ﬁ%@x&%@%&%d%ﬂé%@{%ﬁc@@twn mixture for 1 h.
252_(1H_P’¥ﬂg€8 i-(? }_3\1/3:'2&19 (? Qvglqcnggtl 11%51%@31}& the crude solid purified by reverse phase HPLC (TMC

Pro-Pac C18; 0-40% 0.01% trifluoroacetic acid in acetonitrile/ 0.01% trifluoroacetic acid in

water gradient) to give the title compound as a yellow solid (2.0 g, 50%). LC-MS: m/z (ES)

164.1 (MH)".
20
INTERMEDIATE 35
2-0x0-2.5.6,7-tetrahvdro- L H-cyvclopental bipyridine-7-carboxvlic acid (i-55)
O
HO H
N__O
! o
Step A: Methyl 6.7-dihvdro-SH-cyclopentalbpvridine-7-carboxvlate
O
/O N___
25 L

To a solution of 1.0 g (6.1 mmol) of Intermediate 54 in a mixture of 10 mL of
methanol and 10 mL of diethyl ether at 0 °C under an atmosphere of nitrogen was added 9.0 mL
(18 mmol) of a 2.0 M solution of (rimethylsilyl)diazomethane in diethyl ether. After stirring for
5 min the reaction was quenched with 2 mL of glacial acetic acid. All volatiles were evaporated
30 in vacuo and the residue was purified by silica gel chromatography eluting with 50% ethyl
acetate in hexane to afford the title compound as a yellow gum (1.0 g, 92%). LC-MS: m/z (ES)
177.1 (MH)".
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N-NHOCrC1-1-)LOH Intermediate 60 was prepared from commercially available ethyl
formate and eth methyl -3-oxobutanoate using a procedure analogous epare
Intermedla%SSg%illizﬁRﬁR (CDC13, 500 MHz) 6 7.50 (s, 1H), 7.13 (br s, 1%9‘)@@‘0&?%35’% 95 (q,
J=7.3 Hz, 301H), 1.63 (d, J=7.3 Hz, 31-1). LC-MS: m/z (ES) 141 (MH)-. INTERMEDIATE 61 (2-Oxo-1
3-oxazinan-3-yl)acetic acid (i-61) 35Step A:1 3-Oxazinan-2-one WO
2009/124166PCT/US2009/039249 To a solution of 4.75 g (29.3 mmol) of 1,1'-carbonyldiimidazole in
260 mL of anhydrous dichloromethane was added 4.6 mL (27 mmol) of DIEA followed by 2.00 g (27
mmol) of 3-aminopropan- 1 -ol. The resultlng mlxture Was stlrred at amblent temperature overnight and
then quengitedBwith a Sdatiuted’ < dravalonime Fidiacsoto 3

and the organic phase extracted W|th drchlorong)et
washed with brine, dried over anhydrous sodidm
residue was purified by silica gel chromatograph ith a 5-15% methanol in ethyl acetate
gradient to afford the title compound as a clear 7.6%). IHNMR (500 MHz, CDCI3) 6: 6.12
(or s, 1H) 4.29 (1, 3= STPASIDR (& SOOI B, gz(%“li{gim?ﬂb) % Do ity SHop B Methy!
(2-0xd-1,FpleginahbPylidicetatenrboxylate Agoltition ebOv2 g (210 mindalofoystioazinanddedne from
step A abqvg: ip @ mlxehanbygreusRMEwasaddehiaasRdmd siaund bptenmiiaskarntaining 0.13 g

(3.2 mm°'%&§%B§nﬁo%"ase%ﬁl%’€éfﬁé’§fégﬁs Hﬁ&%&‘ﬁl&’é}d&}%"s%‘iﬁlﬁﬂ URfler, a0, Aimasphisie gLRirogen.

After stirring for 10 mm O mmol) of met romaoacetate was adh ed in one portion and the
reaction ﬂﬁ&ﬂ@%&%@ﬂ%ﬁ%&t&*@tﬁ&t}éﬁlﬁ%ﬂ?’tﬂ ‘”t’é %ﬁ%%orﬁt&?urghﬁla LIRBSLRTEANASETRRN 5 mL of a
saturated gguresudahibhiinm dhkstiesormeh Enauidn dilgred Wity 2095tedfivaer PHecidsulting
suspensiothaik extripotad withgihylaeeatatied(ha Fasncdanchthe poifibined. 2QCaxganics WEke washed
with water;(@ % ), brine (1 x 3 mL) and dried over magnesium sulfate. The mixture was filtered,
evaporated and purified by silica gel chromatography eluting with a 5% methanol in ethyl acetate
mixture to afford the title compound as a clear 0|I 0.068 g, 20%) IHNMR (500 MHz, CDCI3) 6: 4.28 (t,
J= 5.4 Hz Sty 03 (sMathyiZhlaso-gihddrabord H-oyclonaptash Iyve duge 7 SATRXVIAID | C-MS: m/z (ES)
174 (MH)-. 25 Step C:(2- Oxo 1 ,3- oxazman -3- yﬂagtlc aC|d To a solutlon of 0.068 g (0 39 mmol)

of methyl (2-oxo0-1,3-oxazinan-3-yl)acetate from Hove in 6 mL of THF and 2 mL of water and 2
mL of methanol was added 0.60 mL (1.2 mmol) ofan“aqueous 2.0 M sodium hydroxide solution. The
resultihg mixture was sfioredcal S0 GifMbieltitenep8rZituwe (8128 twantl tiehceybporated hivadeo to
remove the, mtﬂﬂ@nﬁtaanﬁﬂddtﬁnﬂtemmw Plrageowasiacidifier wittbp g hdydrechderi@acid solution

untl a pH gl r}&%@fﬁj@%ﬂ& G0 SRR PN R A0SR SREARY P! ighiprgiorm mixture (3
Thetco

x 10 mL). bine anleba yers. Wer dried over anhydrous sodlung sulfate, filtered

evaporatear%"i’/ [ PYRE R Rorh tét’sgaﬂ B WL EONE L0 B 9! W—’i‘tme (elnkli]o} 500 MHz)
8: 354.32 (hegxeBuredAop 1. ATb gxtpEe) wasapedand poped MY 39, 18- 2109 I a594) TLh@ MS: m/z (ES)
160 (MH)| adiebaRMEATES 62racted with diethyl ether (3 x 30 mL) followed by a single extraction

with 30 mL of dichloromethane. The combined organic layers were dried over magnesium

sulfate, filtered and evaporated in vacuo. The resulting brown residue was purified by silica gel

chromatography eluting with 50% ethyl acetate in hexane to afford the title compound as a light

brown solid (0.30 g, 25%). LC-MS: m/z (E/S) 212.0 (MH)".

25
Step D: 2-0x0-2.5.6.7-tetrahvdro- 1 H-cvclopental pipvridine-7-carboxvlic acid
0" .
N G
| e

To a 15 mL mixture of tetrahydrofuran, methanol, and a 1.0 N aqueous LiOH
solution in a 3:1:1 ratio was added 0.242 g (1.14 mmol) of methyl 2-chloro-6,7-dihydro-5H-
30 cyclopenta[b]pyridine-7-carboxylate from Step C above. The resulting mixture was stirred at
ambient temperature for I h. The solution was evaporated in vacuo and the resulting light brown
residue was purified by reverse phase HPLC (YMC Pack Pro C18, 100 x 20 mm 1.D. column, 0
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WO 2009/124166PCT/US2009/039249 (3-Methyl-2-oxotetrahydropyrimidin-1(2H)-yl)acetic acid (i-62)
HON .-ILN_Step A:1-Methyltetrabydropyrimidin-2(111)-one To a solution of 10. 1 62.4 mmol) of

l,1' carbonwal%ﬂ?g%}g %in 113 mL of 5anhydrous dichloromethane was addelfYryHie ('"é% 7 mmol) of
DIEA followed by 5.00 g (56.7 mmol) of N-methylpropane-1,3-diamine. The resultlng mixture was
stirred at ambient temperature ovemight and then quenched with a saturated agueous ammonium
chloride solution. The layers were separated and the organic phase extracted with dichloromethane (2
x 50 mL). The combined organic_layers were washed with brine, dried over anhydrous sodium sulfate,
10 filtered 2Py e04b Gr 51 8HOTIREEG S R WriaRivae Bﬁé%w%ﬂf:}ﬂ‘?ﬂ‘?@ﬁ‘w%ﬂlBh“@é%@f?&‘ﬁ%%ﬁrap hy
eluting withiee 5h¢ 5% nvethawnol in binytvacetat84gmean 16 o ffdvid the/ e/ SohPOUMEAS a clear gum
(0.700 g, 10.0%). IHNMR (500 MHz, CDC13) 6:4.69 (br s, | H), 3.30-3.27 (m, 2H), 3.24 (t, J= 6.0 Hz,
2H), 2.92 ﬁﬁwﬁgﬁ%@z{(m 2H). 15Step B:Tert-butyl

(3-methyl1-2-oxotetrahydrQpy mld n-l H -vflaceta , A solution of 0.30 g (2.6 mmol) of

1- metﬁylte’ﬁ%‘rﬁ%ﬁw ftr=2 e HoRT St A absve in 5 inL of anhydrous DMF was added to a
10 mL round bottom flask contalnlng 0.16 g (4.2 glm% f a 60% sodium hydride suspension in
mineral oil under an atmosphere of nitrogen. Aft |Kr|\r)/g~|for 10 min 0.62 g (3.2 mmol) of tert-butyl
bromoacetate was added in 20 one portlon afitPthereaction mixture was allowed to stir overnight. The
reaction éur was t (}f@t%%%gfqte aqueo eammonlum chloride solution
and then “with 2 € ' racted with ethyl acetate (3 x
10 mL) and the combined organics were washed wjith )Q@(er (2 x 3 mL), brine (1 x 3 mL) and dried over
magnesium sulfate. The mixture was filtered ted.ahd purified by silica gel 25chromatography
eluting with a 0-5% methanol in ethyl acetate gradiemt to afford the title compound as a clear oil (0.090
g, 15%). IHNMR (500 Mbiz s SHRHoi 3 6:rdeB1(SH2H, 43623 (1o 4736 HB, BHp320NtF J756ri7, 2H), 2.84

(s, 3Hé 1.94:L.89.6my 23 0(350377 55492'3% ?iMc?z r&‘&ﬁ&?&ﬁ&%é%‘f&%ﬁ%@ﬁ%mr (14.6 mL, 88

C:(3-Methy1l-2-oxotetrahydropyrim acetic acid 0 a solution. o g (0.39
mmol) of BBkt t8 AR %}%?Q%W&%%‘?Fg?ffﬁﬁﬁ NEHE a%b%a%&wwgiéi&%%@ in 4 mL of

anhydrousFdfiehtdifhethameshels aidueatar (713 TR ITEhdre aTpgMERRirend 4eusarEdcdt ambient

temperatutgdacddncthan evipdriaied iomnyinessiscratyetodifort théutile eompuuhdiashamoff- 35

white gu {9 68 G089 %))ﬁﬁ M BHAERI L) W 20PRRAABRCTH 52069/ 039240
fidin

INT urlfT I%l g% qu?fr & _PE( Wi 1X0erpal§l azo %I((j)}lr‘l] 4358 Qg/aﬁ’lg/ﬂe ’\Sz}ne Cﬂ?:eﬂnie hlfa%

(3-Me -oxoimrdazofi OacehiEacid Was prepared from corhmercially baval

N- methy|eﬂeQF§ver2é&Pseﬁrﬁfé%§¥h@harmé¥a&F&%ﬁﬁﬁ@&@%ﬁ%%ﬂ%‘*“ rdparH IriEmEate 62.
1HNMR (5000MHZAICHEG tE)@ R ds(the slediFg) S @eRp) 0B8RBS (A (2H)eB8IB:-53.6m, 2H), 2.80
(s, 3H),. LerMS: mziEahdio AW FoiyT ERMEDIATE®B4 'H-NMR (500 MHz, CDCl3) 3 8.05 (s,
102-(3-Methy 1 1log 4 1iriazelo 1th3- alnyridin-fyv 1y opanoiccid {6k (s, 9 1), ESI-MS

20 calculated for CyoH;7N3O,: Exact Mass: 211.13; Found 156.05 (-tBu).

Step B: 2-(3-methyl-1H-1.2 4-triazol-1-vI)propanoic acid
o N==<
HOJH, N ™
Tert-butyl 2-(3-methyl-1H-1,2 4-triazol-1-yDpropanoate {1.0 g, 4.7 mmol} was
25  dissolved in 4 M HCl in dioxane (100 mL) and stirred at room temperature overnight. The

product was concentrated under reduced pressure and dried under high vacuum to give (R or S)
tert-butyl 2-(3-methyl-1H-1,2 4-triazol- 1-yDpropanoate as the HCI salt (850 mg). ESI-MS
calculated for CgHoN:O»: Exact Mass: 155.07; Found 156.05.

30 INTERMEBIATE 57
2-(1-Methyl-1H-pyrazol-3-yDpropanoic acid (i-37)

7



Step A:N-(3-bromortyridin-2-Oacetohydrazide ‘To a solution of 0.800 g (3.38 mmol) of
2,3-dibrom Xﬁ%ndlne in 10 mL of anhydrous 1,4-dioxane was added 0. 325§ 10.1 mmol) of anhydrous
hydrazine e F&élﬁﬁng 15mixture was heated to 85C for 8 h. The rea &3RHME cooled to
ambient temperature then evaporated to dryness in vacuo. The crude residue was dissolved in
anhydrous dichloromethane and cooled to -78 C in a dry ice acetone bath under an atmosphere of
nitrogen. Next, 1.0 ml, (6,8 mmol) of triethylamine was added followed by 0.210 g (2.72 mmol) of
acetyl chloride. The resulting mixture was allowed to warm to ambient temperature over 20 min then
20all volatiles were removed in vacuo. The residug was suspended in 20 mL of water and extracted
with ethyl acetate (3 x 10 mL). The combined egfragts were washed with brine, dried over magnesium
sulfate, filtered and evaporated to afford the title compound (0.18 g, 23%). LC-MS: m/z (ES) 230, 232
(W)* and 18&; 490 (MHRERGE HRpoRESte pTB 8sBlwoonax31 TNetkiR3 1 ity iezeiard)3: atRindine

To a solutign of Shil/aeh{Q B MR A543y @_’W%@ rb?b}égﬂﬁ%ﬁ%wgé%mﬁv@@ﬂ}r step A above in 40
m. of anhydrous teluens,asradded Sk of dlacial aestiozacd and the fesuling e yias heated
to reflux far ?(5 h emp oying a tark trap e %eachon mlxture%vas coo {6 ambient
tempe?atu?et%ﬁéﬁaev%afﬁa@wwafw&@ HVSRIEG A PR AT HE SBRBHMIREPI0™S g, 84%) LC-MS:
Ink (ES) 2¢2r@1et! (Mt L0 St 3 Behinll 2-[Bagethivindd R tttsi azotoftwhicinvB8hvmaieritiegedbrine To a

solution of:@dl&igd el el ef8dnrarsefdnnathyihl:d.Altiazole/4iBrafnjtidipe fron-3lapf above in
4 mL. of anpudligus RiFvias ader. Aapeliin L0 3004080, WR2RAAL A AORG L G4000/039249
mmol) of ben nbu stann acr Iate e In] ermeg e 62, Ste %lnl mL, %ng rous THE,
011 ¢ (0.0 ﬁ%m? e IS IBTDSR i ARSI IO) A0 D087 B H0Eh MA of copper ()
chloride. THbvieseshinliRteare mqﬁé&é&%ﬂ&@ﬁ&c@mm@éfb@ asdlanereithd8gh Tlad 8 Celiteg.

The pad wasRashed it Vails 6f4d dchierometharigiarmiotheé. 3¢0mbined filtrates were evaporated to
dryness. The crude residue was purified by silica gel chromatography eluting with a 0-6% methanol in

ethyl acet e adient tg afford m ti I% a%m ounq SO 13 g, 73%). LC-MS: m/z (ES) 294 (MH)+. Step
D:2-(3-Me 2,41t noic acid 10To 0.040 g (0.038 mmal) of 10%
palladium on carbon wa® adekiies 8bfies 616 BEr Y 06%@611718%&6%%991 step A above il 25

2-(3-idethyiilioP ailtrideratol4] B-alp widid-8 93 )a dhid e mebpdretdkSraph @dbby imd)palladfuméthanol.
The resu|timgf_ﬁal@pw15iwmwas&tm@gqn@ler@ﬂ@}msmh@mmﬁﬁyd@m (hiatmasplaese) Tored h. The
Li?Ldb“iﬁeﬁ?ﬁéiﬁt%rﬁ%!ﬁﬁ%%ﬁ%dﬁp ﬁﬁﬂ%}%d 9‘”@0‘38%5 T N e (01043 g
790 | C R (R o PR R ML ARG 52 T SYROBR DB tanoio sci
6-65) 0 H oMt N 2Estdpal Mét%wa&ﬁﬁmﬁa@@mmmmﬁ\mﬁamﬁé@a@w&s purified by
20 silica gel chromatography eluting with a 0-15% ethyl acetate in hexane gradient to afford the title
compound as a colorless o1l (13 g, 73%.). 'H NMR (CDCl;, 500 MHz) 8 7.39 (m, 5H), 6.99 (d,
J=2.7 Hz, 1H), 5.98 (d, /=2.7 Hz, 1H), 5.20 (s, 2H), 1.47 (m, 6H), 1.30 (m, 6H), 0.96 (m, 6H),
0.89 (t, /=7.4 Hz, 9H).

25 Step C; Benzyl 2-{1-methvi-1H-pyrazol-3-vDacrvlate

To a solution 0f 0.30 g (1.4 mmol) of 3-todo-1-methyl-1H-pyrazole in 3 mL of
anhydrous THF was added a solution of 0.82 g (1.8 mmol) of benzyl 2-(tributylstannylacrylate
from step B above in 1 mL of anhydrous THF, 0.18 g (0.15 mmol) of
tetrakis(triphenylphosphine)palladium(0) and 0.14 g (1.4 mmol) of copper (I} chloride. The

30  reaction mixture was heated to 55°C for 12 h, cooled and evaporated to dryness under reduced
pressure. The residue was dissolved in 10 mL of a 1:1 mixture of hexane and EtOAc then
filtered through a pad of Celite®. The pad was washed with 15 mb. of a 1:1 mixture of hexane
and FtOAc and the combined filtrates were evaporated to dryness. The crude residue was
purified by silica gel chromatography eluting with a 0-80% EtOAc in hexanes gradient to afford

35  the title compound as a colorless oil (0.23 g, 66%). LC-MS: vz (ES) 265 (M+Na)".

.73



To a stiffed, cooled (-78C) solution of 1.32 g (10.0 mmol) of methyl 4- methoxybutanoate in 15 mL of
anhydrous THE under an atmosphere of nitrogen was added 10.5 mL (10.5 mmo1l) of a 1.0 M solution
of LlHMDswr?te({?gﬂ%’r‘Eﬁuran The resulting mixture was stirred for 1 h, th&r T/ H@zg"?f&%‘i%or) of
chlorotrimethylsilane was added. After stirring for 20 25mm, 1.78 g (10.0 mmol) of solid
N-bromosuccinimide was added and the mixture was stirred for 2 h at -78C, then slowly warmed to
ambient temperature over 40 min. The reaction was quenched with a saturated aqgueous ammonium
chloride solutron and then the aqueous phase was extracted with ethyl acetate (2 x 20 mL). The
combined: WerSh RAZRL perssodium sulfate, filtered and evaporated to
dryness in yam. The criidé. r@smgj@\%?sma&s(ﬁlm mlmexmm@Mmm &8ed @40Imimobfof

potassiumygarberade ferwedhyA+hg (R-mynalyghtb-pyrazpievaceadded if hepyesudbngimixture
was heate @'r&%@ Selandd - ensedledioamblett leTpRAC LG IEAIaN HaRAyted with 75
mL of water and extracted, eth etate zﬁl 5\8 I%?T e Ccf) ?:r‘é extr gx re Washed with
brine, Hrief BYSRIFEY RESH l}r]ﬁt eqffﬁ?r‘é’ Sahe & Eé’ ed 18 0%/ SLETHAD: rﬁ) e'&ude residue
was pur.f.é&pﬂe@wéverkb%heey Phocemiroep fyipks EIg cyapsmgad, !!%ﬁtl‘rﬁﬂd@?%éé‘ﬁéué%ié in
acetonitrilefel/ 2004124 4GERE TH U S2009/@382409 0 ¢ Totifl uotortetic/ adid in MatdaHgradient) to yield
the le compound (0.26 g, 13%). LC-MS: m/z (ES) 199 (MHY. Step B:4-Methoxy-2-(1H-pvrazol-
-vIIbutano'@‘?é% . ggd solution of 0.045 g (0.23 mmol) of methyl 4-methoxy-2-(1H-pyrazol-
1-yhbutan '

¥ above in 2 mL of methanol was added a solution of 0.032 g (0.57 mmol) of
potaé 2 ipsenanqieaeid trdimixture was stirred at ambient temperature for 1.5 h then

acidified wrth a 2 N hydrochlorlc acid solution gntj a ?ﬂ of 4 was achieved. The mixture was

evaporated to remove all volatiles then extract | acetate. 10 The combined extracts were
washed with brine, drled over magnesmm sulfate filtered and evaporated to dryness to afford the title
compoundt&Paa0 g, 9554 hicthjagol e eliDrapanosls. |INTERMEDIATE 66

15(5S)-6,7-Dihydro- SHEiywcﬂdi:a ﬂlmznﬁézﬂ)er@oa@aww@ranw@%ywmo tsrgpocedure
A:(58)-1-Aminach-ib(tmtdexy)methylitoscolidin-ooe BhFL FiydhtadPRir- Ok BicTova Taelge/O£) solution

of 0.530 924 r@rjrggl)zgf {223 3Q4itylhydroxymethylpyrrolidinone in 10 mL of 1,2-dimethoxyethane
under an atmosphere of nitrogen was added 0.123 g (3.08 mmol) of a 60% sodium hydride

suspension in mineral oil. After stlrrlng for 30 min, a solution of 0.828 g (3.85 mmolL) of
2-[(@aminoc¥shsdifony 1] 43,3 ARlndyyhiBHeRIRRIRREIYN | of diethyl ether was added in small portions
over 30 rnM. The reactibmanititie was%Ig)\r\leﬁttmrwanﬁetb}ambiehﬁtempérathmemueamg’hxmhen filtered.
The 25filtrapg waswashedithraietvd athes anddhafilrates wasonashedareaessivalyowitiha saturated

t
agquesyis Sr?fclgig r%%e%\ggtgégf‘a?e%l&%?ﬂ g%ﬂ&ﬁ&%ﬁv&*}% LIBNUG AR g. S}Qr%ﬂe dedigrer-magnesium

sulfate, filte n vacuo to af he title compoun a colorless soI|d The solid is

contaminalERFYIRATHNET ASiFYBPRTANE oichA Wyamasedht lrrférgﬁ%bdbdé“@ tHEMBREE Vigla). Lc-Ms:
m/z (ES) 395{frdNah 30 SteyiRqg St - Bid(spititsupha iy vi orpscipdreds FHpy#ors1e , 2-b1
1,2,41triazeietBh ¥R purified by reverse phase HPLC (TMC Pro-Pac C18; 0-25% 0.1% triflucroacetic

acid in acetonitrile/ 0.1% trifluoroacetic acid in water gradient). The pure fractions were
25 lyophilized overnight to afford the title compound as a white solid (0.17 g, 71%). LC-MS: m/z
(ES) 158 (MH)".

INTERMEDIATE 59
2-(3-Methvl- 1 H-pyrazol-5-yvpropanoic acid (i-39)
N-NH O

7
WO H
30

Step A Ethvl 2-methyl-3.5-dioxohexanoate

Ethyl 2-methyl-3,5-dioxohexanoate was prepared according to the procedure
outlined in: Solladie, G.; Gehrold, N.; Maignan, J. Eur. J. Org. Chem., 1999, 2309-23 14,

35 Step B: Ethvl 2-(3-methvl-1H-pyrazol-3-vDpropanoate

-74-



Ph 0 WO 2009/124166PCT/US2009/039249 To a stirred solution of 0.540 g (1.45 mmol) of
(55)-1-amino-5- (gtérit loxy)methyl]pyrrolidin-2-one from step A above in 5 mL of anhydrous DMF was
added 0.32"}%201’. gﬁ?ﬁol) of formamide followed by 0.050 g (0.36 mmol)%?%ﬂ iféitie. The
resulting mixture was heated to 160C for 48 h., cooled to ambient temperature and diluted with 525 mL
of ethyl acetate. The solution was washed sequentially with an agueous sodium bicarbonate solution,
water and then brine and the organic layer dried over magnesium sulfate. The mixture was then
filtered, evaporated to dryness in vacuo and purified by silica gel chromatography eluting with a
0-100% ethyl acetatae ir? RERAHIL afééi@ﬁtqg%ﬁﬁ’i‘aliﬁ’é ‘Tﬂ}élé%ﬁf‘ﬂfﬂiﬂ"rf’ds(é?%o CHGIEIE FEIMS: m/z
(ES) 382 (RN DStem @¥38)-6f TiDirpdrd Sil- pf retor 1as bilial A14fiaro By mathaefol plzn
HO--.11_7%aiN-drous hydihe@radyclifasm: stapBnatbie:-0vay §f@drt iiveh: &fdpbbri(trityloxy)methyl]-

6, 7-diyr gy By ploLd 2 Ble? RIS, W 1SPRlYEED AR Rl Ol A MO, pf L Shycrogen
chlon%(]-:‘ in ?hnh)éd_rtmtjs 1,4-g|toxanet. The é?ﬁ%ff@*{fm re gﬁ?s s}{llzred foi 10 min uetnche with 20 mL
of methan ,BEfﬁecncél aaﬁlgrgt%g%%r‘gﬁgg A e_u ¥ _lrae %_I_C%geﬂ)ﬁ ﬁ?ed%? r%Fs‘é”fﬁﬁ e HPLC
(TMC ProSParoeai@! 10-4096% Anrtifisfode deidusigunisddin Sitisresd dupmmodidhrelietasgid in water
gradient) toiyiieddth@itletigdmpornoh {006 @r&l8s) 1 GMSthafzI (&ALt (M) veROvStdp

Dtg H53)-6iZ{_Fédﬁg,drgﬁbﬁgﬂWNMRl(th’%ﬁ %f@&ﬂzﬂ)ﬁ@%@'%%%ﬁ@}?%@@,Ci@%ﬂz@)fi@ m, bh)i 3.81 T?ha |
stirred solytio -6, 4- -SHzpyr - . azol-5-ylmethano
from step %g’é{])g\'/geq}%’ ﬁfﬁLg()%%e%W? ga é&%éf%zép teisgla?f}élzrjgjgz{ir% 1 3??11]& cl)’f% éce%bﬁ%ri%%ias added
0.0038 g (bgéﬁ/[ﬁ[ﬂnol) 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 3h€p for 72 h, theneencenyaiedAg-drynessinoiaetid. The residue was dissolved in 1 mL (4

mmol) of a 4.0 M solutiqq of hydragen gglgf@lg Mﬂ“@/ﬁé&%i g;ggﬁﬁ@p}ﬁgﬂ%@g@ntrated in vacuo.
The crude residue was,purified by 30revefse phase TPLE’%@%&‘M “Pac C18; Yé)f{o 0.1%
tifluoronc A SRR ARBTG5 L s AL GURLER) et OF AR AN b compound
as thESTFATsaitTHe Prsiteass’ fohsalssnydmilnsplvaonmBly sralung Misslation Sist#bgen
chloride inantiydreupddurdibixaneland dencentratedtiin vacuottaafiord tthentitlieecampbeind as the
hydrogen ghiprse,salt 6 Ml (EE) AR W Bs2009 (1A kEERGTHSR069/039249
INTERMEP}J@?EE‘]I%%C sk Slhiazol4 -zy;l)lﬂrgp 2 QN%IsCa%ﬁ}lgvgaﬁ%e aqueous solution was extracted

with cthy! acetate (5 x 50 mL) and the combined organic layers were dried over anhydrous

20 sodium sulfate, filtered and evaporated to yield the title compound as a vellow gum (0.80 g,
76%). "H NMR (CDCls, 500 MHz) § 10.23 (br s, 1H), 7.26 (s, 1H), 5.97 (s, 1H), 3.87 (q, J=7.3
Hz, 1H), 2.26 (s, 3H), 1.59 (d, J=7.3 Hz, 3H). LC-MS: m/z (ES) 155 (MH) .

INTERMEDIATE 60
25  2-(1H-Pvrazol-3-yDpropanoic acid (1-60)

Intermediate 60 was prepared from commercially available ethy] formate and
ethyl 2-methyl-3-oxobutanoate using a procedure analogous to that used to prepare Intermediate
59. 'H NMR (CDCls, 500 MHz) § 7.50 (s, 1H), 7.13 (brs, 1H), 6.22 (s, 1H), 3.95 (g, J/=7.3 Hz,
30 1HD, 1.63 (d, /=7.3 Hz, 3H). LC-MS: m/z (ES) 141 (MH)".

INTERMEDIATE 61
{2-Oxo-1,3-oxazinan-3-vDacetic acid (i-61)
0
HO AL
NT O
\(f)l/\ L

35 Step A: 1.3-Oxazinan-2-one
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0 5Step A:Ethyl 2-H ,3-thiazol-4-yllpropanoate To a cooled (0C) 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 bPORIRE | ?‘?‘%%L of chloroform dropwise over 30 min. After compé §aﬂ O the mixture
was allowed to warm to room temperature and stirred overnight. Air was bubbled through the reaction
mixture for 70 10mm, 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 (0C) 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 peASEHiREE! e RixturdWal \‘Rfa)frﬁepﬂlﬂf’%ngrarﬁ%era'{&@ &M Yirred for 1.5
h, then heetbrdio 3@ ironshanfressosigid §-foralnBit amsierhbedtipBoseskhighf@k (Bliatiles were
removed imaCUst anghiheprepidLieNasthasilirtbintheracditioneiiasatiaiedagenus sodium
blcarbonam‘algﬂpaam&%ﬁa&aféa RlAse panEarEr Wih NIPLAMIGIDAOR (5hx PROM-and the
comblged orgaric Ia %’ ewashe with as ratt ddaqluerous %glu&1xb3|8al£ (i g{ﬁe solution, water,
brine and then ‘GhEd Gvat mae %‘&%ﬁ}%{’ tirate Fhe W"I]i xturé v@a%qcittere% evaporate and the residue
purified bwmr@d(sﬁé%agéazeaaﬁz%ﬁ@%qﬂméﬁlazﬁ)f&}@%ﬁt‘ei@@%dwéﬁéﬁ@g%'éﬁm) fitsestla gradient
rising fromd@%pblexane ydoud5¥hEtdiie nasEexane 200Ny k)]ithanl 2686nt0derihytdébranges

(1200m1) {qcyigkl the, titleraapIROLRE a&@dactgaagm&l {B6r9 Ge 6RO Mpbiunti MR (RAPMEz, CDC13) 6:

1.24 (t, 1= 1, 81 1 ) ( ), 8.76 (d,
1=1.6 1H)(70%8?%H) 5 2-(1,3 ﬁ%ggz(g opan%lg ac%)]lj_Sl i, é|§1gfutlon o%% C?g Z%r%neltgi) of ethyl
2-(1, éhthlaéol 42y rlé bove in 25 tuL of methanol was added dropwise to a

mixture of 6.6 mL (33 mmol) of a 5 N aqueous NaOH solution, water (16 ml) and methanol (30 ml).
After additfam\Bas complieteythie-3onixuse ias stivteddare? h. The methanol was removed by

evaporation and the pH.OIlie epralaing §%%§)Wﬁ§ Adusteshto % huiteg consenttated hydrogen

chloride sol tlopall‘{ ﬁr xbLkﬁ_,\(vvas Sd%t rate solid iﬁdlum hjorid and >(<~Jt|uﬁq Wlth tOAC (3 X

100 mL). The Combihe organlcﬁ%\yers vfloe?e washe Reibg Yine, dried overs gifate and treated
with aétivatbe Elaredapierhigntumeasiamity rélwa@ ﬂl%é%%%?ﬁ?oﬁ@%ﬁﬁé%ﬁ@é %Bfaﬁ%’rd%rtltle 35
compounds@siag foffitviniie @3MTd:420tgnf88] P6) nidth N MiRn(b & Mt aCLO@IBInGont. 3 tidn 3nd B¢ 3H), 4.11

(9, I=7,3) rdadolOnikTdrSwii i 888 (Slsthoh@nibih), igeg\'éa@?foﬁ n%k't)n G then quenched with 5

2009/1241 Sr%t% U032249 %ﬁ@%@}{éﬁo ) diluted with 20 mL of water.
ro cycC en a(?i lazole-4- (0),4 CaCI(Iil g
Eig)) S g 5.) y?r??im%%/g%%ﬁt;‘ﬁdﬁaf‘ff’%ﬁﬁ@zﬁf@ &ﬂa&lrwg% é%é.ao(?:%é)mu jhaesspiesd,

organics were washed with water (2 x 3 mL), brine (1 x 3 mL) and dried over magnesium

sulfate. The mixture was filtered, evaporated and purified by silica gel chromatography eluting
with a 5% methanol in ethyl acetate mixture to afford the title compound as a clear o1l (0.068 g,
20%). 'HNMR (500 MHz, CDCls) §: 4.28 (t, J = 5.4 Hz, 2H), 4.03 (s, 2H), 3.70 (s, 3H), 3.36
(t,J = 6.2 Hz, 2H), 2.08-2.04 (m, 2H). LC-MS: m/z (ES) 174 (MH) .

25 .
Step C: (2-Oxo-1,3-poxazinan-3-yljacetic acid

To a solution of 0.068 g (0.39 mmol) of methyl (2-0x0-1,3-0xazinan-3-yl)acetate
from step B above in 6 mL of THF and 2 mL of water and 2 mL of methano! was added 0.60 mL
(1.2 mmol) of an agqueous 2.0 M sodium hydroxide solution. The resulting mixture was stirred at
30  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 chioroform 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 (CD;0D, 500 MHz) &:
35 4.32(t,J=5.4Hz, 2H), 4.03 (3, 2H), 3.41 (t, /= 0.2 Hz, 2H), 2.10-2.05 (m, 2H). LC-MS: m/z
(ES) 160 (MH)".

INTERMEDIATE 62

76



Intermediates 68 and 69 were prepared from ethyl 2-oxocyclopentane carboxylate using a procedure
analogous to that used to prepare Intermediate 47. The two enantiomers were separated by SEC CO2
"~ Susing an PO UG 109 MeoH 7 90% C0O2, 2.1 ml/min 100 bar 40C. ﬁ%‘é‘tﬁ%“)t 8?1%?1%@ enantiomer,
(48)-5,6-dihydro-4H-cyclopenta[d][1,3]thiazole-4-carboxylic 10acid, was designated as Intermediate 68
(-68) and the second eluting enantiomer, (4R)-5,6- Dihydro-4H-cyclopenta[d][1,3]thiazole-4-carboxylic
acid, was designated as Intermediate 69 (i69). 1H NMR (500 MHz, CDCI3) 8: 2.59-2.68 (m, 1H),
2.71-2.79 (m, IH), 2, 83 2. 90 (m, 1H) 2.92- 3 00 (in, 1H), 3.86 (m 1H), 8.82 (s, 1H), 12.45 (s, 1H). 15
INTERMEE plegakpdropyrimigin, [o-Rdacelic agid @ HOjiy--KtTh S

2-(1,3-Thiazol-4- yDbutan0|c acid was prepared from mmerC|aIIy available 1,3- thiazol-4-ylacetic acid
and ethyl iodide using a procedure analogousm/\ d to prepare 20Intermediate 26. Ili NMR (500
MHz, CDC13) 8: 0.95 (t, J=7.3, 3H) 1.25 (t 127, 3 , 1.95- 2.05 (m, IH), 2.08-2.17 (m, 1H), 3.88 (t,
J=7.6, 1H5t4p15:-4.23 (balvRid ey 181 i) oifel, J=1.8, 1H). INTERMEDIATE 71
254-Methyl -111-1 2 3-tr@aa2§ﬂartloﬁbﬁﬁetlcg aszdr(ﬂnﬁﬂa)) @ftrl@'béehb&tgzmlﬁqﬁﬁﬁdte in 113 mL of

o Lo MRl ackdiar i by 367 o of Dmtnoﬁrﬁémt“gﬁ T erate, The
P o S TR R0 a SHETRmLRS (R e i SR A

re All volatiles
were remdveﬁqaﬁ@@rmeéaapﬁe@gu rerefishioth® B sidriaroied qayﬁﬁwm}meatmﬁlwtémt@g@aphy on
silica gel elutingwithradsephedcaibiie indaekgies:gradiant toiyididhibentittehensnipauiidsds.a colorless

oil (0.77 gTﬂ@%}anQ 8:%@1%1 &@%%T\(Ja’s%@@Q%Q%%%rléd'ﬂ%ﬁaﬁ%@@r&db%d%%%%e% 01 (s, 2H),

4.2 ( 1.22 (m, 3H),.0.295 (s Ste B 3 triazole-1-yl]
acetate 5 o ¥ sd’lgl ﬁl%‘ﬁa%?‘ﬁt% Zéom}?thol is e F\“ magtﬁu o r| ﬁa ﬁ

-triazole- 1%}3&&&%%?0%@6 %‘t}d\tétlw rﬁtétseﬁqe\tv@saga e:t“ﬁ?ﬁﬂ“(@%“ﬁﬂﬁ%ﬁ I solution of
50% hydreftunic7abid, ifwWater. TNMREHIAAGHniEDIE wistsifidd st FooABteApetatid)fér3 h and then
evaporateg, tgn_dmggszﬂ)vamsl\ﬁ{gt Homl of @11231{51 ammonia in methanol solution was added and
then the mixture was again evaporated to dryness in vacuo. 10The mixture was dissolved in
dichloromethane, filtered compound as a clear gum
0.51'g. 9 HNMR 1 Hlgselle o1y 5 30 (s, 3H), 1.30
(m, 3H). Step Ci14- MethyRiuHon of Qiﬂ&@émﬂlh@%t@aﬁmth®me(@fé)ioge(:fr@mmol) of
ethyl [4-meiipyh el eA3stridzofenhydlacdidie fremaieptBabbnd. intetrabycrofissdrdd@inhy methanol

(6 ml) wa%at@dged @ PindB a@m@@/pt@dmgyﬁm& gu%{ttrtm m@ta@zsrrisna@ttattoatn&}%e%tlng mixture
was stirred. at [ ttegg aﬁure for ﬂl(pﬁ al%tlcE |xt S neutratll%ied é’s\"atg d8 J’nL ofa2N
hydrochlorlc '3 d solUtion wWhich was then evaporate remove Joraties. The agueous phase was

extratfed SBWRHIEMmINA & SRACHAR THEEEBIAG BrO AN itE Wéi’él%sﬂéd RS BT RS etPover

mag nesiumhen quenched with 5 mL of a saturated aquecus ammonium chloride solution and then diluted

with 20 mL of water. The resulting suspension was extracted with ethyl acetate (3 x 10 mL) and
the combined organics were washed with water (2 x 3 mL), brine (1 x 3 mL) and dried over
magnesium sulfate. The mixture was filtered, evaporated and purified by silica gel

25  chromatography eluting with a 0-5% methanol in ethyl acetate gradient to afford the title
compound as a clear oil (0.090 g, 15%). 'HNMR (500 MHz, CDCl3) &: 3.88 (s, 2H), 3.23 (1, J =
6 Hz, 2H), 3.20 (t, /= 6 Hz, 2H), 2.84 (s, 3H), 1.94-1.89 (m, 2H), 1.37 (s, 9H). LC-MS: m/z

(ES) 229 (MH)".
30 Step C; (3-Methvl-2-oxotetrahydropyrimidin- 1 { 2H)-vDacetic acid

To a solution of 0.090 g (0.39 mmol) of terr-butyl (3-methyl-2-
oxotetrahydropyrimidin-1{2H)-ylacetate from step B above in 4 mL of anhydrous
dichloromethane was added | mL of TFA. The resulting mixture was stirred at ambient
temperature for 6 h then evaporated to dryness in vacuo to afford the title compound as an off-

35 white gum (0.68 g, 99%). LC-MS: mv/z (ES) 173 (MH)".
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sulfate, filtered and evaporated to dryness to afford the title compound as a white solid (0.40 g, 95%)).
LC/MS 142 (M+1). INTERMEDIATE 72: 2[4-(Methoxycarbony1)-1H-1,2,3-triazol-1-yllpropanoic acid
and (i-72) Y5INTERREDOIATE 73: 2[5-(methoxycarbonyl)-1H-1,2,3-triazol ACHPFEHER2#Id (i-73)
0,0Me 00OMe0 HO Step A:Methyl 1-(2-tert-butoxv-I-methyl-2-oxoethyl)-1H-1.2,3-triazole-4-carboxylate
and methyl 1-(2-tert-butoxv-I-methyl-2-oxoetlivl)-1H-1,2,3-triazole-5- carboxylate. 30To a solution of
1.87 g (22.3 mmol) of methyl prop-2-ynoate in 40 mL of toluene was added 1.9 g (11 mmol) of
tert-butyl 2- a2|dopropanate The reaction mixture was heated at 100C for 3 h then cooled to ambient
temperatut LAR] Aere removed under reduced pressure and the crude residue purified by
column chmmraf@gnamxmﬁcﬁ&tﬂai@et&mﬁmgd\a&m@%m 25% acetone in hexanes gradient to afford the
titte compounds. WO 2009/124166PCT/US2009/039249 Methyl
1-(2-ten-butoxy-1-methyl-2-oxoethyl)-1H-1,2;8<{ri Qlé%-garboxylate (lower Rf) (1.4 g, 50%). IHNMR
(500 MHz, CDC13) 6: 8.30 (s, 1H), 5.46-5.41 (i, 1H),-4111 (s, 3H), 1.83 (d, 3H), 1.47 (s, 9H). LC-MS:

m/z (ES) 256 (MHY. -tert—b 0X t -0XQ 1H-1 trlazole 5-¢ boxylate
(higher RD (o 45 5q, 1 %{N R{5 Hﬂdlﬁﬁ—’?{ i gé@}( 28 35“(%5)2?35’&?‘217’} TH%% 90 (s, 3H),
1.95 (4, J ﬂ‘f?* 3nphyofheps- b?ﬂilt@ﬁ@l SIS lz@ssdzsfeﬂfmpgoust@&g Pl plepare

2-14- (Metﬁmmaqumw@a) “IRNMIR, G0 adbiz1 GiGtokandlolacid] i A%tise2Hohution.<F Or65H),(2.2 mmol)
of methyl 3:£2-test-butoxyy; 12-eeth ¥ird;. 1Qoxoethyl)¢ikl-158,34rigzole-P4-carboxylate from step A above

in 3 mL of anhydrous 1,4- dioxane was added 2.7 mL (Il mmol) of a 4.0 M hydrogen chloride solution
in 1,4-c|io§§§§: 'Eg rgs;g!ilag mixture was stirred for 1 h and then evaporated to dryness to afford the
title comp e SO|Id (0. 40 g 93%) IHNMR (500 MHz, CD30D) 6: 8.67 (s, 1H), 5.60 (q,
J= 7. 81z 2P Mebylfd 234 linipzol g ¢ B3 x I ge ASdi4ES) 200 (MH)I. 15 Step B (i-73):

2-15- (Methoxycarbonvl) 1H- 1 2, 3 trlazol 1- vhpropampm@md To a stirred solution of 0.40 g
(1.6 mmol) of methyl 1-(2-tert-butoxy-I-methy1- idgiﬁfH -1,2,3-triazole-5-carboxylate from step A

above in 3 mL of anhydrous 1,4-dioxane was,a; (211 mmol) of a 4.0 M hydrogen chloride
solution in 1,4-dioxane. The 20result|ng mixture was stirred for 1 h and then evaporated to dryness to
afford the Sittp dompoudd@sba alcf p28%9%0). LC-MS: m/z (ES) 200 (MH)-.

INTERMEDIATE 74 Z‘ﬂ&a(mb%w]g)(ﬂ-%%ﬁ%é@ aRPINGILARIdAn{ 43 0 25

anhydrous 1,4-dioxane was added 0.325 g (10.1 mmol) of anhydrous hydrazine and the resulting

15 mixture was heated to 85°C for § h. The reaction mixture was cooled to ambient temperature
then evaporated to dryness in vacuo. The crude residue was dissolved in anhydrous
dichloromethane and cooled to -78° C in a dry ice acetone bath under an atmosphere of nitrogen.
Next, 1.0 mL (6.8 mmol) of triethylamine was added followed by 0.210 g (2.72 mmol) of acetyl
chloride. The resulting mixture was allowed to warm to ambient temperature over 20 min then

20 all volatiles were removed in vacuo. The residue was suspended in 20 mL of water and
extracted with ethyl acetate (3 x 10 mL). The combined extracts were washed with brine, dried
over magnesjum sulfate, filtered and evaporated to afford the title compound (0.18 g, 23%). LC-
MS: m/z {(ES) 230, 232 (MH)" and 188, 190 (MH-COCH,)".

25 Step B: 8-Bromo-3-methyl[ 1.2 4]triazolo[4.3-alpyridine
To a solution 0f 0.17 g (0.74 mmol) of N-(3-bromopyridin-2-ylacetohydrazide

from step A above in 40 mL of anhydrous toluene was added 3 mL of glacial acetic acid and the

resulting mixture was heated to reflux for 20 h employing a Dean-Stark trap. The reaction

mixture was cooled to ambient temperature then evaporated to dryness in vacuo to afford the title
30 compound (0.13 g, 84%) LC-MS: m/z (ES) 212, 214 (MH)".

Step C: Benzyl 2-(3-methyl[ 1.2 41triazolof4 3-a]pyridin-8-vDacrylate
To a solution of 0.13 g (0.61 mmol) of &-bromo-3-methyl[1,2 4]triazolo[4,3-
a]pyridine from Step B above in 4 mL. of anhydrous THF was added a solution 0f 0.36 g (0.80

~78-



HO NH2 2[4-(Aminocarbony0-1H-1,2,3-triazol-1-ylipropanoic acid was prepared from
commercially available propiolamide and tert-butyl 2-azidopropanate using a procedure analogous to
that used t&yﬁr%%@%?érmedlate 52. 1HNMR (500 MHz, CD30D) 6: 8.48 & HE28%EH %= 7.3 Hz,
1H), 1.85 (d"l = 7.3 Hz, 3H). LC-MS: m/z (ES) 185 (MH)+. 30 INTERMEDIATES 75 and 76 2 -(4-M
ethyl-1 H-1,2,3-triazol-1 -y 1)propanoic acid (i-75) and 2-(5-methyl-1H-1,2,3-triazol- | - v1 propanoic
acid (1-761 WO 2009/124166PCT/US2009/039249 HO 0 HaN i-76 i-75 Step A:Methyl
2-14-methyl-5-(trimethylsily1)-1 H-1,2,3-triazol-l-vilmopanoate and methyl
2-[5-methyfnatyiph dasdify (ributstannvipsrdpte-(es rorapedide §ToS%esAlitioh BE PORpgETOMmol) of
trimethyl(pres0yn-g Qpsitameinc? Getrik isftdphawébvashaddedl 208:q(D8.md Moy 7af fhethylmol)
2-azidoproaRpater] Badeaction raikie mashkeaedal-440Gofer i1k T ReJRixtueyas ooled and the
solvent wag evaporate f@%pg% q,lﬂced do‘g%gsua%%ea'k&%ﬁel% asdio |f|ed Eﬁl coluwﬁlchromatography
"eling With & 5- 25% acetc cfnent €

on silica ge] acetone in hexancs g 0 |e compounds as -6:1
mixture of%mW [ﬁ“ﬁ?ﬁﬁ‘fé’tﬁ&ﬂ@%ﬁ%&%%ﬂﬁ% iﬁﬂwfﬂzds T W@ﬁf%ﬁmaft@% $lethyl
2-[5-methyhzeniedpgespipsilyide with 2 (Befrianethanyl] prothaheatetagtdscat codfladshoili(B.0 g, 80%).
LC-MS: mézip&)ndda. (MEl)z38tepIE: Meshl 2¢E5 methydit-1,2,3-triazol-l-yl)propanoate and methyl
245-methyl-IN- 151,2,3-triazol-1- y 1)propanoate To a solution of 1.3 g(5.4 mmol) of methyl
2-[4-meth -5 ]grlmeth)il yd)- | ) A
245-meth ethylSiy) 70 T="JHpropa ep7A-above in 2 mL of THE was
addetf2.2 mL (54 mmoTPcS’I‘%@&ﬁﬁr%gdﬂw%qﬁ)l@rémgﬁﬁ%lmﬁ%téwafﬁédr@swﬁhﬁlﬁ}ﬁlﬁfure was
stirred at r@bdaGen et atord fof im0 Mitrand thér?,élteporaidd o) pyyidass-inmagiaa: Mexkr8imL of a 2.0

N ammonia kdpethsnl salution wasaddedranethgm hapuxiye WasRaAIRRMARP IARAJRAryness in

vacua. Thefrf' irx rltl)rgell (1 atmosphere) for 6 h. The residue was filtered through a pad of Celite® and the

pad was washed with cold methanol. The combined filtrates were evaporated under reduced
15 pressure to give the title compound (0.043 g, 77%). LC-MS: m/z (ES) 206 (MH)".

INTERMEDIATE 65
4-Methoxy-2-{ | H-pyrazol-1-vDbutanoic acid (-65)

o]

Ho)j\l/\/OMe

N .

<\ /,.'N
20 Step A Methyl 4-methoxy-2-{ L H-pyrazol-1-vDYbutanoate

To a stirred, cooled (-78°C) solution of 1.32 g (10.0 mmol) of methyl 4-
methoxybutanoate in 15 mL of anhydrous THF under an atmosphere of nitrogen was added 10.5
mkL (10.5 mmol) of a 1.0 M solution of LiHIMDS in tetrahydrofuran. The resulting mixture was
stirred for 1 h, then 1.09 g (10 mmol) of chlorotrimethylsilane was added. After stirring for 20
25  min, 1.78 g (10.0 mmol) of solid N-bromosuccinimide was added and the mixture was stirred for
2 h at-78°C, then slowly warmed to ambient temperature over 40 min. The reaction 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
30 dissolved in 15 mL of DMF and 5.5 g (40 mmol) of potassium carbonate followed by 3.4 g (30
mmol) of | H-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
35 by reverse phase HPLC (TMC Pro-Pac C18; 0-75% 0.1% trifluoroacetic acid in acetonitrile/
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was dissolved in dichloromethane, filtered and then evaporated in vacua to afford the title compounds
as a -8:1 mixture of methyl 2-(4-methyl-1H-1,2,3-triazol-1-yl)propanoate to methgl _
2-(5-methﬁyﬂ$@?2§§4m3ml-1-y|)propanoate. The mixture is a clear gum (@%?’6.%%?%@- 25MS: in/z
(ES) 170 (MH)-. Step C:2 44-Methy1-1H-1,2,3-triazol-1-01propanoic acid and 2(5-methy1-1 H-1,2,3-
triazol-1 -yllpropanoic acid To a solution of 0.76 g (4.5 mmol) of methy12-(4-methyl- |
H-1,2,3-triazol-1- 30yl)propanoate and methyl 2(5-methy1-1H-1,2,3-triazol-1-ylipropanoate 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. Thé resifipigasmsieddiny earreadeahipealddnpértomrerd R.2prme 14%tibh MMiRture was
acidified witle E8N $8yvB3Ehloric 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

350rganic§twe% washed, yith brige, dried over magnesinm sulfate, filtered and evaporated to dryness
to afford t ' comp n -llI- 1,2, 3-triazol-1- W

-8 IXTUre o -me @)
2009/224166PCT/US2068/8H584 YSrobahsle Akramme byl THRs B8y Al BraviBBFopanoic
acid. The mnilibreaimeain offvwkine seiel (060 L 58wy tHage MG gilde(ESpBe (V) 3 INTERMEDIATE 77
S5Teri-butyh(361 bt )p3tddkivkl B2 réminmpranarioydiamNicbeinzvd Waslgi)cd e epxyigahenvl)
methylipyrrgligingircasboxylaie b 4didde wiRBP A iP5 PRIxtAHER) 141 FrPR;fluoren-9-

yloxy)carbon . yllamigolpropanovilaminolbenzyll -5-1(R)- . ] :

oo T ST rna b vl thon e pih et et o
i-1 330n 20 EBINSHISTERTBIEHEWREE G g iegoyar mass e Brtietitafiredsndwed by 1.67 g
(5.07 mmaeRapbooedatgiatiys avaiifailehd Htuorepe 9ny 1 (B) L2 L1Hord-A-Methy1 2SpxBethyllcarbamate.
The resultipgriytixture was stirred for 1.5 h then all volatiles were removed 15in vacua. The residue was
diluted with water and then extracted with ethyl acetate. The combined organic layers were washed
with brine, dried over maEnesium sulfate, filtered and evaporated to afford the crude title compound

which wa er purification (3.2 g). LC-MS: m/z (ES) 676 (MH).
15 (58)-6.7-Dihydro-SH-pyrrolof1.2-p1[1.2 4 ]triazole-S-carboxylic acid (i-66)

OH N
OAC%/;}\%
Step A: (58)-1-Amino-5-[(trityloxy)methyl Jpvrrolidin-2-one

/thPh NH2
PR O N_o

To a cooled (0°C) solution of 0.550 g (1.54 mmol) of (S)-

20  tritylhydroxymethylpyrrolidinone in 10 mL of 1,2-dimethoxyethane under an atmosphere of
nitrogen was added 0.123 ¢ (3.08 mmol) of a 60% sodium hydride suspension in mineral oil,
After stirring for 30 min, a solution of 0.828 g (3.85 mmoL) of 2-[(aminooxy)sulfonyi}-1,3,5-
trimethvlbenzene in 5 mL of diethyl ether was added in small portions over 30 min. The
reaction mixture was allowed to warm to ambient temperature overnight then filtered. The

25 filtrand was washed with diethyl ether and the filtrate was washed successively with a saturated
aqueous sodium bicarbonate solution and brine. The organic layer was then dried over
magnesium sulfate, filtered and evaporated in vacuo to afford the title compound as a colorless
solid. The solid is contaminated with mineral oil form the sodium hydride and weighed 0.6 g
(quantitative yield). LC-MS: m/z (ES) 395 (M+Na) .

30
Step B: (58)-5-[(Trityloxy)methvll-6.7-dithydro-S H-pyrrolo{ 1,2-p][ 1.2 4]triazole

Ph N
Ph £
Ph o =N

-R0-



20Step B:Tert-butyl hydroxv(phenyhmethvllpyrrolidine-I-carboxylate To a stirred solution of
3.15 g (4.65 mrnol) of tert-butyl (2S,5R)-2- 14-R(25)-2-
f[(9H-quoréﬁgbgﬁ)/?Bz&})'ég?bonylIamino}propanoyl)arninoThenzyll-S-[(R)- PCT/US2009/639249
hydroxy(phenyl)methyl]pyrrolidine-l-carboxylate from step A above in 3 mL of anhydrous THF 25was
added 0.396 g (4.65 mmol) of piperidine. The resulting mixture was heated to 35C underan
atmosphere of nitrogen for 2 h then all volatiles were removed in vacua to afford the crude title
compound which was used without further purification. LC-MS: m/z£8).454 (MH)". INTERMEDIATE
78 30Tert-butyl (2R,5 §5’-?§1‘€F§}iﬁ%FWBﬁéﬁQI%EﬂNTT@)Pﬁfﬂ JWIRTethy lamin olnropanoyll
aminolberizyiiexe ity poad by Pate 0781 560 AR Z00 Y 114468 RGIFMIS2800/08 9248 Step
A:Tert-butyl {25 5R 2k Ac(1 62824 R(QE ke -9 ovisxy) cassanylinatbybaminaiprepaneyl | amino

Ibenzy11-p:1 (R YAIRVARRENYD D EHAPYSIAUAINgsdreaibaspiate L aslireR salHiongh0.192 g
(0.5 mmolgg intérm iate 17'in 4 mL_ of 5d|chlor%ggelt ane under.an atmosphere, of nitrogen was

4 h d
add edSO.Z IB (5) - 6a[seof él&% é%}a}ﬂ@gé”vﬁ %quentla?ly with an aqueous sodium
(251)-2-[[(Dicerpoisie odri i rRiET B AIRPIEIAY eaditolFopaioie der forrawegnsy BnoIdiy(0.10 mmol)
of 1-hydroXie ixazabenzothiazdleradd: kiddtgd(@. dbtemmobuofio and purified by silica gel
1-(3-dimetylaminerigdidngtivicahodimide hudcaehiarids..hhesesiliing suspensianwas stirred at
ambient tecmlgeg%l.érg)fgy Z%&Jh&ﬁ\%}ge ng(;af%%gii swas diluted with 25 mL of 10
dichloromeghafhe, was eg’wnﬁ Wwater then drie over%n’esium sulfate. The mixture was filtered and
evapb(?ated to dryness in vacuo to afford the crude title compound which was used without further
purificatioBitEMS: miSEESY by nHiH-Srepl ¢ T2hibLRy triazol-S-ylmethanol
(2R,5S)-2-1(R)-hydroxy(phenyhmethy11-5-(4- (1(2S)-2

15(methy1amino|propanov|1aminolbenzyl)pyrﬁgHinN};\arboxylate To a solution of 0.410 g
(0.593 mmol) of tert-butyl

(Zs_l5R)’E)'Z'[4‘£[(255)‘é'[[(ﬂg@#@&@&_@;ﬂﬁ%&@@E‘B@&é{hﬂ@ﬁg@@rﬂiﬁﬂlpH?I?%Poﬁ@f(_trityfoxy)m:\th%]— s
amino)pe =0~ ~[YArox | -~ m roligdine-1-carpoxyla m_sie ove In

mL of anhr})zgr"ouig‘ﬁgﬂ)é}\}/‘\?%ysfrggpﬁ}gﬂg.jE‘S%g%%zf%eﬁ%gé%s %f%geﬁh?r%@%ar@uﬁﬁo%tﬁ%fg was stirred
at an%l%ien%(?élﬁ?ﬁ%?éfﬂ?él‘fﬁr?@ﬁwfﬁ%ﬁdDfﬁé’ﬁ”%&% diRféerstih %Xmmfﬂarﬁﬁrsﬁoﬁwiﬂaﬂ& The mixture
was washeqdondtiedvaidrahen. dfiow bver nzgreosipareisdifatbyTise mixane Whs fiitshisdvand evaporated to

dryness inpvgigied t9 afferd thaseride diteonrporadwvkichoyasiusedrimitbaiitfdthed purification.
LC-MS: mé%&%ﬁ&ﬂ@%@%)fﬂ@o‘%&&l&%ﬁl%‘%& d-ilza‘?lB'M}@ld the title compound (0.050 g,

(2R,5S)-2- -hydroxy(phenyl)methyll-5-(4-{1(2R)-2-
(methyla 6%%%%{(%%%%?&%% rrolidine-I-carboxylate (1-79) HoO H Intermediate 79

was pPepared from Intermediate i-13a and commercially available
30(2R)-2-[[feid-fluoren-gafipay)EaHydnyl fnsthyldiitrd]prap aretolacid dditewiiegthie procedure
OH

Ny
OA\EN_fN

_ To a stirred solution of 0.025 ¢ (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 agueous phosphate buffer
25  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 chiorite (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 I mi. {4 mmol) of a 4.0 M solution of hydrogen
chloride in anhydrous 1,4-dioxane and concentrated in vacuo. The crude residue was purified by

30 reverse phase HPLC (TMC Pro-Pac CI8; 0-70% 0.1% trifluoroacetic acid in acetonitrile/ 0.1%
triffuoroacetic 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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outlined for the synthesis of Intermediate 78. LC-MS: m/z (ES) 468 (MR)t. INTERMEDIATES 80a and
80b Ten-but #25 5R)-2-(4-amino-3-bromobenzY1)-5-11R)-hydroxy(phenyl)meth
35pyrrolidifEe @IE hffate (i-80a); WO 2009/124166PCT/US2009/03924%F ﬁ/
5R)-2-(4-amino-3-bromobenzyl)-5-1(R)-hydroxy(phenyl)methvl pyrrol idine- | carboxylate (i-80b)
OHOH 0 i-80a NH2NH2 Ten-butyl (28, 5/4-2-(4-amino-3-bromobenzy1)-5-1(R)-
hydroxy(phenyl)methyllpyrrolidine-1-carboxylate (i-80a) o r, OH i-80a NH2 To a solution of tert-butyl
(28, 5R)-2-(4-aminobenzy1)-5-[(R)-hydroxy(phenyl) methyl]pyrrolidine-l-carboxylate (intermediate
i-13a, 214 mg, 0.559 mmol) in DMF (2 mL) cooled to OC via ice/water bath was added NBS (100 mg,
0.559 mmaNIERMESATEGAg 10 solution stirred for 1.5 h allowing to warm to P. The mixture was
evaporated_pndanyacuumighshiheirasiduequrified via Biotage Horizon MPLC using a gradient of
0-40% ethyl acetate in hexane to afford the prodyct (2@;\mg, 90/0) as a white foam. LC-MS: miz (ES)
483 (MNa)l and 485 (MNa+2)1 NH2 To & solutionsof tert-butyl (2R,
5R)-2-(4-aminobenzy1)-5-[(2)-hydroxy(phenyiPmethyl]pyrrolidine-1 -carboxylate (intermediate i-13b,
108 m O 82 mmol) in DME (1.5 mL coled to OC via ice/water bath was added NBS (55.3 mg,
0.311 the re<tifirg Sortishstretigia8% S Iowing to warm to rt. The mixture was
evaporated under vaculifrh speleA&résislatisnrifdd Y HiBragwhotisbh Mretiipgagiadient of
0-40% ethyr@edtattciidiekaneto adttdlthe pradoltt {8310 3§6e450) as aruhite fadhmll GIMS: m/z (ES)

483 (MNa): g ARR AViNa#:)er 36 ﬁiﬁlogffealeﬁﬁffﬁa@ ABRdANRVNGHR VIS ARSAYPG S uitgble for

screening compounds et heve selective 133 200018 BEIY, W0 2009/124166RC T/US7000/039249

10 min, then the solution was dried over sodium sulfate, filtered and evaporated to give 66.0 g
{99.0%) of a pale orange ¢il. 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 I,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

15 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

20  Horizon 2x FLASH 651) eluent: 100% Hexanes (450ml), then a gradient rising from 100%
Hexanes to 25% EtOAc in Hexanes (2400mt), then 25% EtOAc in Hexanes {1200ml) to yield
the title compound as an orange oil (20.0 g, 60.0%). "H NMR (500 MHz, CDCL:) &: 1.24 (t,
J=17.1, 3H), 1.58 (d, J=7.3, 3H), 4.05 (q, J=7.3, IH), 4.17 (m, 2H), 7.18 (d, /=1.3, 1H), 8.76 (d,
J=1.6, TH).

25
Step B: 2-(1.3-Thiazol-4-ylhipropanocic 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 S N
aqueous NaOH solution, water (16 ml) and methanol (30 ml). After addition was complete the

30  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 lavers were washed with brine, dried over sodium sulfate and treated with
activated charcoal overnight. The mixture was filtered and evaporated to afford the title

35  compound as an off-white solid 4.0 g (95 %). TH NMR {500 MHz, CDCI3) 6: 1.63 (d, /=7.3,
3H), 4.11 (q, J=7.3), 7.25 (d, J/=1.8, 1H), 8.88 (d, J=1.8, 1H)}, 10.25 (br s, 1H).
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Functional Assay: cCAMP production in response to ligand is measured according to Barton, et aL
(1991, Agonist-induced desensitization of D2 dopamine receptors in human Y79 retinoblastoma cells.
Mol. Pharn¥48a04782486650-658) modified as follows, cAMP production is RIEESEREEHSRId%
homogenous time-resolved fluorescence resonance energy 5 transfer immunoassay (LANCETm,
Perkin Elmer) according to the manufacture's instructions. Chinese hamster ovary (CHO) cells, stably
transfected with the cloned 13-adrenergic receptor (131, 132 or 133) 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
5mM HEPES; , KRIBIBAAFS@atamding a 10phosphodiesterase inhibitor (IBMX, 0.6mM). The reaction is
initiated by /p mm@focﬁﬁsc PR3 b WY EHY 5348 abeled: AN 0Ys LANGETM Kit)
which is th&r} ad e_ 0 an y well con a|n|n. ] compound (diluted in assay bufier to 2X final
concentratro g ‘ : att temperature and is terminated by the

addition of 24 uL detectlon buffer (LAN Im Kt The as p then incubated for 1 h at room
temperature 15and time-resolved flug aswre Ekln Elmer Envision reader or
equivaglent. The unknown cAMP level is de ined by com g fluorescence levels to a cCAMP

standard curve. The n%@ﬁtﬁ@ta@s ik Apenigkd: %5:%95%@!‘19;&% Bg@md @&E@f@ﬁ%%éscéﬁ%%gﬂt@” three
e

receptors %un%agggﬂ t%]%ﬁk%%n thQ @Eaﬂl e(ilirden Lg ec\;L W%t t 20selective
ligand (S)- Og éﬁ%‘% cirox henoxy am|r110 %f SIOTRETR AETE
iodobenzetteslii B’ht%lgg S HQH@Q"C‘% I%H?tlgﬂ%é% e@g %ltl féﬂlaf)%kf?ﬁal
concentrati§rinlirefiagsdytios 2oat Gometo (ﬂﬁ)@éﬁﬁlmfeéfée‘wémaﬂd][l 3 Jthiazole-4-carboxylic

(S)-NHA4 2261 yelrosysde (A by ek oxyphen s P (0 pyH andi fe] etaytinhamyldrdiiodrbanzenasulfonamide is
tllgatzegagtr gba%%w%em&m@gﬁ@ aﬂ%e%&&tﬂﬁ&%ﬁrw ddals é‘a&t%@ﬁtggﬁc@t{%%—'g%?d a all3
determlne Q%E%ﬁﬁrfg@ig’g @géf‘f@ Eg g&ﬁa%lgh%tg %2%56%% %a%r%/#\i&% 5846 activation

of its own fgaiirinDiEa: ko amalZed-83itiy Wﬂcr]é’s‘é)‘ft(ﬁ%é@l and Graphpad Prism or an internally

developed data analysis software package. Binding Assay: Compounds are also assayed at the 81
and 432 resgpiRid e 30rgdetgrmine selectivity. All binding assays are run using membranes prepared

from CHO2(:8I§ ﬁ@g%}paﬂé% %pcrﬁéé @%ﬁf’l or 132 receptors. Cells are grown for 3-4 days post
splitting; the attache & PBS and then lysed in 1mM Tris, pH 7.2 for 10 min on ice.
The flasks are scraped to remove the cells and t@ce%tthen homogenized using a Teflon/glass

homogenizer. Membranes are collected by ceéttrifugindsas 38,000 x g for 15 min at 4C. The 35 pelleted
membranes are resuspended in TME buffer (50 Tris, pH 7.4, 5 mM MgC12, 2 mM EDTA) at a
concentration of 1 mg préteinlinzd-dryblivétehie o menpirpares tam bexprerarid peditabbtdcband stored

at -70C fornip:to ayeasn WibiauhlossnfipaRneya d herinding.asraws perRimet byriparbating together
memﬂﬁanqﬁtg%]édta@@rwt@ﬁmhed@m@te%ﬁ Bopoifel WQ@Q%&“ME’QE{]&U?@POWOS%“?’

compoundu i ShA S e hen ot To-J0 Titr Von it bo iy

TS Tt VNG of 40 Wi of TWIE
buffer con?a?ﬂl% &719% 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 5allowed to rest in the
Trilux coumﬁém@mely 10 h in the dark prior to counting. Data are analyzed using a standard
4-parameter, I regression analysis u51 her Graphpad Prism software or an internally
develope dgu%?ra—e\{ L Fldzo Stk ot eﬂ d as the concentration of the compound capable

of inhibiting 50% of the binding of the radlolabell d tra; 125I-CYP). A compound's selectivity for the

f33 receptor may be determined by 10calcul b 'eum (1050 131 AR, 82 AR)/(EC50133 AR).
EXAMPL 2 Ami -thiazol-4- 14 4(10-h dro henylimethylipy rrolidin yl
methyllph etam:ﬁhv %4 nlaet v]-5- }{t cthvlqdﬂs?) 219(1 2. 3>—/trzaz e-i- }ﬁ acetatg/ Py any

To a solution of 2.0 g (18 mmol) of [-(trimethylsilyl)-1-proyne in toluene (20mL)
was added 2.3 g (18 mmol) of ethyl azido-acetate. The reaction mixture was heated at 120°C
30 overnight then cooled to ambient temperature. All volatiles were removed under reduced
pressure and the residue was purified by column chromatography on silica gel eluting with a 5-
25% acetone in hexanes gradient to yield the title compound as a colorless oil (.77 g, 18%).

-83-



15 Step A:Tert-butyl (5R)-244- 11(2-amino-1,3-thiazol-4-yllacetyllamionlbenzy1)-5-1(R)- {
rtert-butvhdimethynsilylloxy /(nhenyl)methylinyrrolidine-I-carboxylate > To a solution of 10 mg (5:1
mixture cistErE0Y B4 funol) of tert-buty1(5R)-2-(4- PCT/US2009/039249
20aminobenzyl)-5-[(R)-{[tert-butyl(dimethyesilylJoxyl(phenyl)methyllpyrrolidine-1-carboxylate (i-3) and
(2-amino-1,3-thiazol-4-yeacetic 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
ML, 0.02 mmol). The resulting mixture was stirred at room temperature under nitrogen atmosphere for
16 h. The X Wes MEsHeBWith Mafdr Grdi2stexiacidd With GickiordaretiadE PR HIL). The
organics Wt 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 (1 g» g, 81%), m/ 4 an{OStep B:212-Amino- |

3-thiazo1-4- 44-(;(B5R DYTTO mg}ymethyl phenyllacetamide WO

2009/?24166PCT/Usz&?)é‘i@@@?%of07 g@r@ El@amﬁf fi‘h’i@e -t st ol i 23
(5R)-2-(4-f[{ciaaviinoyl] 3ctitite by Dack BifamioAl bene HE](R)-fidet bty diAfetiyvbBiyoxyl (pheny)m
ethyl]pyrroliginemlefearacdaigio Q.20 warthamnel tram SieR hid-was afead @84l conc. HC1 and

the reactiog, @ik 3514 o 8OO SRR ISR b ArPolloR Wil {alueng i in femgue water
The residue was éak n aﬁa#ii‘ntn e water/MeOH Qﬁﬁ,& and urlflef(i:é%rathe Gilson HPLC eluting

with a 0-50%% Gradieht Of htats e AN A ROAYZA ﬁ]h@e FecH A HIBMS BSheAifitRY the product
were 1&)mtﬁh"emlm‘ﬁ?%ﬁéﬁﬁ}b?fhmMWW&%WF@@T@%\MQ@?@%&}WI%F mpeqESp aferdviH)+. (-5:1
mixture) 'HNMRe(&O0pMidd aC36D pam (68 Hrod%d). ]BWRI@WHZYQ@@) 3.8.bl%5,2H), 7.39 (1, J =
7.6 Hz, 2Hy. (75:@-3}@24(@3 @:83x), 3.38¢{-28(m, 1) 2k Arinor 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, O. 2/0 8H,totaling 1H). 4.72 (d, J = 8.5 Hz, 1H),
3.80-3.70 (m, 4H)314(dd J 6.1, 13.8 Hz, 1H), 2.95 (dd, .1= 9.1, 13.8 Hz, 1H), 2.08-2.00 (m, 1H),
1.86-1.74 ). ribed above, the human 03 functional
activity of 15 Example Tovasotiiermified (b8 amieehethid [Honmivhy EXAMBRERz@lke2-Athino-1
3-thia201-4cenrttbmalieiB\iionethephenyllacetarmide nddNnbR d siliriutyd (25 SR)-26(@mo))
{1(2-amingsd, 3-hiazQl f‘@'ﬂ)ﬁﬁﬁﬁ)ﬂk@ﬂg&%!@&@@mxﬁm The requitmg 1mxturc was stirred at ambient

L(R)-{ltert tgr%t e|§ ‘m@g ?gr %1 yj{‘%)e(\@'zg uoennr\r/;&@etwasp }g{lg'i 1!2% -W;i%aig Oli( ota zg 2 N hydrochloric acid

solution which was then evaporated to remove all volatiles. The aqueous phase was extracted

20 with ethyl acetate and the combined organics were washed with brine, dried over magnesium
sulfate, filtered and evaporated to dryness to afford the title compound as a white solid (0.40 g,
95%). LC/MS 142 (M+1).

INTERMEDIATE 72: 2-f4-(MethoxvearbonyD-1H-1.2 3-triazol-1-vllpropanoic acid and (1-72)
25  INTERMEDIATE 73: 2-[5-(methoxvearbonyvh-1H-1.2 3-triazol- 1 -vlIpropanocic acid {(i-73)

G OMe
o)
O /¢0Me 9] iﬁ
e e
Step A: Methyl 1-{2-tert-butoxy-1-methyl-2-oxoethy]-14-1.2 3-triazole-4-carboxvlate

and methvl 1-(2-tert-butoxy-1-methyl-2-oxoethyl)-1H-1.2 3triazole-5-

carboxylate.
30 To a solution of 1.87 g (22.3 mmol) of methyl prop-2-vnoate in 40 mL of toluene

was added 1.9 g (11 mmol) of zert-butyl 2-azidopropanate. The reaction mixture was heated at
100°C for 3 h then cooled to ambient temperature. All volatiles were removed under reduced
pressure and the crude residue purified by column chromatography on silica gel eluting with a 5
to 25% acetone in hexanes gradient to afford the title compounds.
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The title compound was prepared from tert-butyl (25, 5R)-2-(4-aminobenzyl)-5- 25[(R)-
t[tert-butyl(dimethypsilylJoxyl(phenyOmethyllpyrrolidine-l-carboxylate (i-4a - -
amino-l,S&ﬁ?a%Qﬁi)ﬁﬂf cetic acid according to the procedure of Example )E%S%Z%%&O.O%%gzcﬁde product
was purified by preparative TLC plate eluting with 5% MeOH in dichloromethane to afford the product
(4.1 mg, 21%). rti/z (ES) 637 (MH)+, 659 (MNa)+. 30Step B:2-(2-Amino-1,3-thiazol-4-y1)-N-144 {(2S, 5
R)- [(R)hydroxy(phenvl)methvOnvrrolidinyl} methvflphenvilacetamide WO -
2009/124166PCT/US2009/039249 The title compound was prepared from 4 mg of tert-butyl
(28, 5R)- 2Ll Gt SRS el Silben B¢ (rgerboylate (lower Rij{1 4 ¢,
{[tertbuty| (B ratHERDERR 6560 (trem PRAENTI ool d k-1 46at B xyate Dirb it Steliih)labcskdiHg to 5 the
procedureiofExagnple T-stepdBz TR eradeproduct was purified on the Gilson HPLC eluting with a

et e L oL B AR
(500 Wiz bRy R g2 DT S %‘gfj S SR S
7.35-7.33 T, 31ty 328l @ G2HolizMA e 854456, (M54 72 (d, J = 108.5 Hz, 1H), 3.80-3.72 (m,
4H) 3.14 (dd, J = 6.1, 13.8 Hz, 1H), 2.96 (dd. J = 9.1, 13.8 Hz, 1H), 2.07-2.00 (m, 1H), 1.85-1.73 (m,
3H). siddging the Biplogical Assaxsescrbes abavei-theirmankdifunctional activity of

Example 2 was determined to h fwee / 3 Z-Aming-NA4- 3,
5M-541R1-hydroxy hé‘?ﬁ’yﬁﬁ%‘é"tﬂg g%%ﬁ%?%ﬁf%%%fﬁéﬁ‘fhﬁ@%?h%@ﬂ@fﬁﬁa [al (1
o4 SRR HEL GRS TS AP (28 Al g ol of hydrous 1.4
2-1(tert-bulmxpoansoraddadinoms, 6 dityeird ofi4-420% blgpegwa dalbridepiitian 1- L4y fioxane.
carbonyl)amiibemzy hibd (MR ydredytphenydmethviipyimddioedyaarbmafiatethdtiQeHN)H1:5"IN
MC comBRARPIURN A2 e Bof m@ﬁhyofﬁﬁm%yémﬁﬁﬂéﬁ?@mmm )260
[(Rehycroxy(ehenyieiy] pygrelding e oa's (:138) A AR M9 (& phomatof 2

15

Step B (i-73); 2-[5-(Methoxvearbonyl)-1H-1,2.3-triazol-1 -yl]propanoic acid

To a stirred solution of 0.40 g (1.6 mmol) of methyl 1-(2-tert-butoxy-1-methyl-2-

oxoethyl)-1H-1,2,3-triazole-5-carboxylate from step A above in 3 mL of anhydrous 1,4-dioxane
was added 2.7 mL (11 mmol) of a 4.0 M hydrogen chloride solution in 1,4-dioxane. The

20  resulting mixture was stirred for 1 h and then evaporated to dryness to afford the title compound
as an off-white solid (0.27 g, 87%). LC-MS: m/z (ES) 200 (MH)".

INTERMEDIATE 74
2-[4-( AminocarbonyD-1H-1.2 3-triazol-1-vl|propanoic acid (i-74

o /ERLNHQ
HOJH’N

2-[4-(Aminocarbonyl)-1H-1,2,3-triazol-1-ylipropanoic acid was prepared from

25

commercially available propiolamide and tert-butyl 2-azidopropanate using a procedure
analogous to that used to prepare Intermediate 52. 'THNMR (500 MHz, CD:0D) 8: 8.48 (s, 1H),
5.50 (g, J=7.3 Hz, 1H), 1.85 (d, /= 7.3 Hz, 3H). LC-MS: m/z (ES) 185 (MH)".

30
INTERMEDIATES 75 and 76
2-(4-Methyl-1H-1,2 3-triazol-1-vD)propanoic acid (i-75) and 2-(5-methyl-14-1.2 3-triazol-1-
vlpropanoic acid (i-76)
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25 [(tert-butoxycarbonyl)amino]-5,6-dihydro-4H-cyclopenta [a] [1,3] thiazolc-4-carboxylic acid (i8) 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 MG X9A#HSH and the resulting mixture stirred at room temperaf&r& OVERIBHZ4oured into
water (50 mL) and extracted with EtOAc (3 x 30 mL), combined EtOAc layers washed with water (2 x
50 mL), sat. NaC1 (25 mL), dried over Mg504, filtered and 30 evaporated. Residue purified by MPLC
(Biotage Horizon: FLASH 25+M) eluent: 100% WO 2009/ 24 66PCT/US2009/039249 Hexanes (100
mL), gradient O to 35% EtOAc in Hexanes (750 mL), then 35% [EtOAc in Hexanes (600 mL).
Diastereoisomers separated by chiral HRLC o columt (el :25% IPA in Heptane) first eluting
isomer (134 mg, 36%) second eluting.ly;c%fﬂ mgH&Eb?/ﬁht naS white foams. 5 Step
B:2-Amino-N-14-11( 2S , 5R1-54(R)-hydro y(p enyl)methyllovroolidin-2-

vilmethyl)pheny11-5,6- dlhydro -4H-cyclopemtad 131 thiazole-4+4cagboxamide OH O I N To a solution of
126 mg (Ogkg;mmol) ofpribuiyla(geimRi-2r Hl[’;({i%ﬂﬂﬁzrﬁ 1/{-1,2,3-triazol-1-ylIpropanoate and

10butoxycar onyeamlno; §2d _ygigﬁ Ajlj- ] %t I r;é)zl(-)ff-l_ IP arbon&llgamlno]benzyl) -5-[(
R)-hydroxy(phenyl)me ' er) in DCM (3
mL) was added trifluorddtetlHiss ¢8 b%ﬁﬁ%@?ﬂ%ﬁﬁ%%%&ﬂﬁ@’h%rﬂhﬂeyéﬁf@@ 4t 868k tdmperature
for 4 h. Thekmxeuveswdd:dVapofatedmnl gassibgl 2-addopghaan:8C Xleaxridige slutirg wath 2 M NH3 in

methanol tg-fteepite basen) Pn'@@lﬁﬁhl&M%dlayaﬂ&ﬁé’soﬂéﬁt%&%@d@&%ﬁl@ﬁd&@&m&@nl eluent:

15% MeO e 654ng, 75%) as
a white fi l_fgfg g&%&fﬁ %55 1 @BMRBQ%BE%%Q%@ 5 gl i ggpgqu%@% %msl d, =
8.2, 2H), 7 Gﬁ":‘%ﬁ n ‘(‘Esﬁ dé tipyye ?f(t efQ“%"ﬂmé‘ﬁ?SG%é ’EBXTI‘-?)O e 29l 7.3, 1),
3.78 {M, 191?}13{?1-@@11&%1831%1(%1Mtzwzal(ﬂnyhlmpznaetw lzﬂyyt%{ﬁwﬂmlﬁl 2.49 (m, 1H),
201.59 (M(tlikhy Ay Bayin | AH)?2 3-890, 12H)propancatdnatisct fotsrstepi A3 rgt siuting.dsamser] (134 mg,
0.207 mmg{)glg% depr, ted in similar fashion to give the title compound (44 mg, 48%) as a white
fluffy solid. m/z (ES) 449 ( H) Using the Biological Assays described above, the human
133 functional activity of 25Example 3 was determmed to be Iess than 1 nM EXAMPLES 4- 10

Using proci8iukss simifeiByins &¥ - it ¥ : 5
apprdpriate starting m W gpitrenBich glcal Assays descrlbed above the human f33

functional activity of eagia @@@ﬁﬁw Was detarmingdandishown intha followdag table)- 1 7-
1,2,3+triazol-1-yllpropanoate and methyl 2-[5-methyl-4-(trimethylsilyl}-1H-1,2,3-triazol-1-

ylJpropanoate 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
20 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-14-1,2,3-triazol-1-y)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-
25  MS:m/z (ES) 170 (MH)".

Step C; 2-(4-Methyl-1H-1.2 3-triazol-1-v)propanoic acid and 2-(5-methvl-14-1.2.3-
triazol-1-yvhpropanoic acid
To a solution of 0.76 g (4.5 mmol) of methyl 2-(4-methyl-1H-1,2,3-triazol-1-
30  yhpropanoate and methyl 2-(5-methyl-1H-1,2,3-triazol-1-ylpropanoate from step B above in 12

mlL of ethanol was added 13.5 mL (13.5 mmol) of an aqueous 1.0 M lithtum hydroxide solution.
The resulting mixture was stirred at ambient temperature for I 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 ethy! acetate and the combined
35 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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TABLE 4 WO 2009/124166PCT/US2009/039249 EXAMPLE R MW MS (ES) Human 133 NUMBER
(MH)F Binding. 4 NO10 468.56 469.50 | - 10 nM 5 xiclric 418.49 419.24 1 - 1 0 nM

10

15

20

25

30

WO 2009/124166 PCT/US20059/839249

yl)propanoic acid and 2-(5-methyl-1H-1,2,3-triazol- l-yDpropanoic acid. The mixture is an off-
white solid (0.50 g, 58%). LC-MS: m/z (ES} 156 (MH)".

INTERMEDIATE 77
Teri-butyl (285.5R)-2-(4- {[(25)-2-aminopropanovijamino dbenzyD-5-[(R) hvdroxy{phenvl)
methv]Ipyrrolidine- 1 -carboxvlate (i-77)

Ho "To\ﬁ

ﬁ’ﬁ/'\“‘{z

Step A Tert-butyl (28,5R)-2-{4-[({25)-2- {[(9H-fluoren-9-
vloxyicarbonvllamino} propanovlaminobenzyl} -5-[(R)-

hvdroxv(phenviimethvlpyrrolidine-1-carboxvlate

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 triethylamine 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
). LC-MS: mv/z (ES) 676 (MH)".

hydroxv{phenvhimethvlipvrrolidine-I-carboxvlate

To a stirred solution of 3.15 g (4.65 mmol) of ters-butyl (25,5R)-2-{4-[((28)-2-
{1(9H-fluoren-9-yloxy)carbonyllamino ypropanoyl)amino]benzyl}-5-[(R)-
hydroxy{phenylymethylipyrrolidine-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-butvl (2R, 53$)-2-[(R)-hydroxy(phenvDimethyl1l-5-(4- {[(25)-2-
methvlaminopropanoy!laminothenzyvDpvrrolidine- 1 -carboxylate (1-78

o NJQrm

W I

& ™~
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6 0 --1-r----Irjj ON ,,...""----- , 432.53433.501-10nM 7 0 468.56 469.52 1 -10 nM 8 0 ----r----

0Ok-) 418.50 419.48 1 -10 nM 9 o MC NSI 418.50 419.48 1- 10 nM 10 'ICJ-- OL-,",.....- 417.51
WO 2009/124166 POTAIS2009/039249
Step A: Tert-butyl (28 5R)-2-[4-({(28)-2-[[(9H-{luoren-9-

10

15

20

25

30

35

vioxy)carbonvll{methvDaminoipropanoyvitaminotbenzvl]-5-[(R)-

hvdroxy(phenvlimethvllpyrrolidine-1-carboxvlate

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)aminojpropanoic acid
followed by 0.014 g (0.10 mmol) of 1-hydroxy-7-azabenzotriazole and 0.144 g (0.750 mmol) of
1-(3-dimethylaminopropyD)-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}-hvdroxv(phenviimethvl[-5-(4-{[{28)-2-
(methylamino)propanovl]amino tbenzyllpyrrolidine-1-carboxylate
To a solution 0of 0.410 g (0.593 mmol) of tert-butyl (25,5R)-2-[4-({(28)-2-[[(OH-
fluoren-9-yloxy)carbonyl}{methyDamino]propanoyl} aminoybenzyl]-5-[{ R)-hydroxy(pyridm-3-

yhymethyl]pyrrolidine- I -carboxylate from step A above in 3 mL of anhydrous THF was added

0.152 ¢ (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
Teri-butvl (2R 58)-2-[(R)-hvdroxy(phenylimethyil-5-(4- {[(2R}-2-
{methvlamino)propanovllaminol benzvlpvrrolidine-1-carboxylate (1-79)

« “F

Intermediate 79 was prepared from Intermediate i-13a and commercially available

~

{0

(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 &0b
Tert-butyl (25, SRY-2-{4-amino-3-bromobenzyv])-5-[(R

pyrrolidine-1 -carboxvlate (i-80a);

-88%-



418.50 1- 10 nM EXAMPLE 11 5N444((2S.512)-54(R)-hvdroxy
phenviimethvll rrolldln 2-v1l)methyl)phenv1)-243 -methyl-1H- 1,24-triazol-1- Vl%%a anamide
A mixture &f %) g 5 23 mmol), 243-methy1-1H-1,2,4-triazol-1- yl)B%rﬁg gg?&‘tg% (2.00 g,
5.23 mmol), HOAt (1 307 mL, 0.784 mmol), and EDC (2.005 g, 1010.46 mmol) in DMF (20 mL) was
stirred at room temperature for 10 min. The reaction mixture was quenched with agueous sodium
bicarbonate and extracted with EtOAc. The crude product was purified by colunm chromatography
(0-3% MeOH (10% NH40H |n DCM. After evaporatlon the product was further purified by chrial HPLC
22 JpAkd&NR03 hramobenayb-ocl i EInPaERe g EY Which was dissolved in a
pAn -4 HO in dioxane was added After 2 h at room temperature, the
duced pressure tQ; vg the HC1 salt of the title compound.
9 9 reverse phagée .1% NH40H in H20, MeCN)
ound R0 z, CD30D) 8 8.51 (s, 1 H), 7.49
(d, J =13 Hz, 2H)735729m4H)72 )52 kz, 1 H), 4.20 (d, J = 7.5 Hz,
1H)327322(m 2H)2802726§9—223 §H)182(d 3H)179173(m 1H)

—

Usmg the |cal A
deterrhined to be betwedwdrd i 12 lacat tER v Ih6y ‘

(28,5/2)-5-1(R)- hydroxv(phenvl)methyllpyrroltdm %—vﬂ hyIIphenvll 5 -0XO0-
1,2,3,5-tetrahydroindolizine-3-carboxa 2) and (310-N-144 ; (2S,5R)-5-1110- hydroxv
phenyllmethyllipyrrolidin-2-ylimethyl)p 1- 5ex~o 1 -teg;ahydromdohzme -3- carboxamide
(Example 13) Ten-butyl (2R,58)-2-1(R)-hydrexy{phe ethy11-5-14-(11(38)-5-ox0-1,2,3,5-
tetrahydroindolizin-3-vllcarbonyllaminolbenzyllpyrrolidine-1-Bdrboxylate (isomer 1) and tert-butyl

(225552U2aﬁ;R) hﬂdgfxwgglﬂ}mgﬁ%h%%tlﬁ?g‘%li(l’ﬁfzé él' Iﬁﬁlﬂrf]hec;benzyl)oi -[{R)-h dloxy(phenyl)H yoo
Toa solutllgﬁqd(f)%l’ El%él f‘f'é r; ﬁ’%@?‘%ﬁe d%%éqgf?fg ana%@%@ éaéf'hﬁﬁrﬁé?f)@f’%%l)ermedlate
i-46 in 3. 2%@@@%9%&%@&1/%%%%@%&%@% URBerad: é@ﬁt@%’ﬁiﬂé?@%@ﬁlfﬁé‘&éﬁg\mas added
0.033@ (Os3xtiomaiyred fohydrbxjiet-azabenzotiiaroldife howeack maOe3 36 gl ibdermat)woh and
1-(3-dimetfpylarqineRrepydd 3aasicaMediBNderT C using a eradient of 0-40% ethy! 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)".

15 Sten B: Tert-butvl (2R 3R)-2-(4-amino-3-bromobenzyD)-3-[(#)-hvdroxy(phenvimethvi]
pyvrrolidine-1 -carboxvlate (i-80b)

O OyO
o

i-80b

Br

N

To a solution of ferr-butyl (2R, SR)-2-(4-aminobenzy!)-5-[(R)-hydroxy(phenyl)
methyl]pyrrolidine-1-carboxylate (intermediate i-13b, 108 mg, 0.282 mmol) in DMF (1.5 mL)
20 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% cthy! 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)".
25
Biological Assays: The following in vitro assays are suitable for screening compounds that have

selective B3 agonist activity:

-80-



25hydrochloride. 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 W@eﬂ’wmﬁgnesmm sulfate, filtered and evaporated in vacuo o TR ue 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 30 ratio. The two diastereomers
were separated by chiral HPLC employing a Daicel CHIRALPAK(r) AD(r) 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 (ESjusauopalhespy: e SeRoMt SRiNyaieter o Heen ivadaesigiaesddd ssomer 1
and is a cotoBesmisedid. (0B850 HeibdbindiCeMEBsoniznitESISA42 (oidikine Wptors in human Y-

2009/ 1241@6%@11361%%%&!&%9%& ShamBddEx 321 (@A 6RO R) 5HEGR)-Byelroxv

pherW”meth(}/ Y}%}? 8d g%équr\c/i 111 hxl{!&h lé@ll”u? t‘i-‘)mg r]és%iggﬁ ﬂ‘%@% %8' Agnlgee e%o@boxamlde oA

solution of% 60 mmo some roms iIsopropandl, under an

atmos%he?@?fﬁ?ﬁ%ﬁ@ﬂ%@y Y\&CAE 0 n‘pl’lfrgf”aqnﬁﬁ‘?/l%ﬁ%%ﬁ té’f‘ﬁﬁﬁ%fgm%mﬁ@ﬁtb‘?ﬂ%nde in
1,4-dioxarfehiT¢ie hemestioevaixirE Was!ktineblforanticaind tigntes/elpord leddsndrgiessapiardblio. The
crude readiiosy BExbdscavas plfied hipyevessscphasegH PLLE, (I E 0P toHR &CdCikBi Bk AHA/ O 1%

trilluoroacefic @%Qoma%ﬁmﬁm%é&&&f@ Niflaarorcal %Qm%w@a% géagg%meé{ he.ure fractions
were Iyophlllt?fe ﬁveﬁru the SO, ved ina mlxture dofﬁl ng 04 g th .of a saturated
aqueous blcar nate S%fi nceH_ISﬁe Bip lg%IS(}I ?8 ?Na‘g irred vig orou Uf);ﬁ }T({Dn %ﬁengt%e Iayers
werelfe pa&hwwﬁét@q%w@sbﬁﬁra%%s%&%te@wmﬁﬂ%r@f@ﬂﬁmi Roinies $A8%sekdhtbined
organic layérswiefqvadhedhvith Ibbirie] dABTP euebodadhadNOE S Wiatehithesebeanddedapanated in vacuo
té) a?ffgrc; tsmesay%@ m@gﬁrﬂglﬁz@@mkﬁpbah@@ﬂmnﬁ M% 1989 @, B0l %bhbéMBt(éQO MHZ)

D30D H 4H
7.26-7. zsﬁe Ui “Qfl ,QL f? %é@f“‘%%; 1§%§%& ’gﬁ A ‘]e”g 5‘%’ % t’ﬁz%%f&n”ﬁ 20 (d, J=
7.8 Hz, 1HictecE8bydder L ANCES 15‘% 1 &ﬁ%ﬁ}’ I35 %‘%‘t‘r‘ﬂ ‘2“ fog &6 ? %‘E?ﬁeripﬁr&%? 2.32 (m,
1H), 1579-an72ifa;raddived SRoreadng, iBHayurems arkin @s)emﬂmv@lqmm}dez@r equivalent. The

(3R)-N44-({{R&eR-EMERIBYE i@t pheayymetpdipynsalisine2ice levels to a cAMP standard
yltmethylipheny11-5-0x0-1,2,3,5-tetrahvdroindolizine-3-carboxamide OH The same

procedure was employed for theldeprot]g?ltlgnoggtl 0 %r 2 frg gt p @ 2 aboye t%gaﬁﬁrﬁithe title
SR SHETE orrl1er &l % §5 RAXG E&XI—BE Using the

compound (Example 13) as a single

Biological t&%@@&ég&%@%%l% i s hmbaamLaciirnesisreainpié& 12 and 13
wereXeterritnadetd daedEine g L4¢210y diviarid (e bs dhappbavkyrpspediaeaiyo 30 HE KARITLE-14
(65)-N-1- %&(ﬁ%ﬂéf@ggﬁﬂ)m%%y&&h%@%@tﬁﬂﬂﬂ)ﬁﬂfﬁé@@ﬁdifk(%ﬂ‘ﬂ{el enol is titrated at a final
?Oe(;gﬁ)ffle é¥ 1%@3&1 i é(} (ﬁs%%”g%df& WO 2 RV IRILING RGAORIATHS YW hydroxy-
-(4-hydroxyphenoxyipropyllamino] ethyllphenyl]-4-iodobenzenesulfonamide is titrated at the
BS receptor at concentration of 10-10 M to 10-5 M.  Unknown ligands are titrated at all 3 B-

25 adrenergic receptor subtypes at a final concentration in the assay of 10-10 M to 10-5 M to
determine the ECsq. The ECsq 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 B1 and B2 receptors to

30 determine selectivity. AH 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

35 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 & year without loss of potency. The binding assay is
performed by incubating together membranes (2-5 pg of protein), the radiolabelled tracer '*I-
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Step A:Tert-butv1(22, 58)-2-1(R)-hydroxv(nhenvOmethyl]-5444 11(6S)-4-0x0-4,6,7,8-
tetrahvdropyrrolofl,2-alpyrimidin-6- ylicarbonyl } amino)benzylinyrrolidine-lcarboxvlate 5 To a
solution of%ﬁ.’ﬁ‘(’ﬂ A 816 55.9 mmol) in N,N-dimethylformamide (100 ml) af BE WAL 3d3es?
[(65)-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-hydroxybenzothazole (7.55 g, 55.9 mmol), N-(3-
dimethylaminopropyl)-AP-ethylcarbodiimide hydrochloride (16.1 g, 840 mmol) and N ,N- 10
dusopropylethylamlne (22.2 ml, 168 mm8§ The reaction mixture was stirred from 0C to ambient
temperaturEra et Wétel’% fan\badWdeseef I arivas ekfrdeas WithitreiershatA e’ 800 mi x
2). The comizinaul&r efaiimie ! aymsnaiens riagiog énoalZSI0 4 AftEd-fevhova fokthelvolatife¥)0the residue

was purifi%@myﬁmaoamﬂg@gmﬂzm SystemPpRYe thardesnethanel ith48% at room
ammo”'a’% %ﬁﬂ% FU%U QF()jth ?JIE{%H&P‘#‘?%I&%?%RW&&?X@'?hh g:ﬁg g% of the minor

dlastereome It was U[t ercritic cnrormato ra; column, 40%

g
methahol) 1 4ABH LB %%Wfag YRS L atfeh (%t?aaf PLION PO (e#5C13): 6 9.61
(s, 1H), 7.93 talalyzedbreipea i dirdg-(pranetgr 2941 raE RSP 8iys s Myng dithed Japl®siHzZ, 2H),
6.40 (d, JP6sih kb, oo B6ifehrudiiy8i6vklapdd-ilatd B33I{vis Addkadel e 085(h, RH)eB346HM, IH),
3.15-3.06 (e &tibhiidddridld cgﬁggag‘lﬁhc 1@ gﬁnﬁlﬂﬂgg%mfjtﬁ@bg’rﬁﬁg(mtﬂé’ﬁad%o?a%e}lép (m, 13H).

hq(étlr\]/ls 56&64:] él}/la?%@ ;5 dss écyv ﬁ f]é : v%}?t délc%(egg m%t{;vlltwrrolldln -2-v1)

Petram’g ronv CCarboxamde 25 Toa
solut of:ﬁllfé‘ Fiiagthsdnite %ﬁh%t@ﬁ&%z\g@’ G4d8 rﬁﬁ@ol) in dichloromethane (40 ml) was added

trifluoroacetic acid (15 ml). The reaction mixture was stirred at ambient temperature for 1.5 h. After
removal ofithgnolatiles, saturated NaHCO3 was added to make the PH value to 8-9. The mixture was

then ex”agﬁdx&’}%'ﬂ Sichlgromethanse Ihe 20comii 'ﬂ%‘d"r&ﬁ%@l&@éﬁ_@g@g&;ﬁf_ﬂ over Na2504. After .
concentratign, C ystallizaion Trom methanol/acetonitriie attorded the Tl ompound as a white solid
(1.23g, GMM—W 6#124166PCT/US2009/039249 (DMSO-do): 6 10.40 (s, 1H), 7.91 (d, J
= 6.7 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H),7.3287.26 (mdH), o7 21r(P. 4H), 7.15 (d, J = 8.4 Hz, 2H), 6.23
(d, J = 6.7 Hz, 1H), 5.11 (dd, J = d—J NAK/JE(?'_

]

15

Step A; Tert-butyl (5SR)-2-(4- {[{2-amino-1 3-thiazol-4-vhacetyl]amion  benzvh-5-[(R)-
{[zert-butyl(dimethyDsilvl]oxv} (phenvlmethyl]pvrrolidine-1-carboxyvlate

o

Vs i_/ »\/E*

To a solution of 10 mg (5:1 mixture cis/trans, 0.02 mmol) of ters-butyl{5R)-2-(4-
20 aminobenzyl)-5-[(R)-{[tert-butyl(dimethyD)silylJoxy } (phenyl)methyl]pyrrolidine- 1-carboxylate
(i-3) and (2-amino-1,3-thiazol-4-yDacetic acid (3.18 mg, 0.02 mmol) in 0.5 mL anhvdrous 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 pL, 0.02 mmol). The resulting mixture was stirred at room

temperature under nitrogen atmosphere for 16 h. The mixture was washed with water and

25  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) .

30 Step B: 2-(2-Amino-1.3-thiazol-4-vy3-N-[4-{{(5R)-
[(R)hvdroxv(phenvDmethvlpyrrolidinyl methyDphenvljacetamide

-01-



9.6, 2.9 Hz, 1H) 5.10 (br, 1H), 4.21 (d, S = 7.1 Hz, 1H), 3.20-3.00 (m, 4H), 2.66-2.51 (m, 3H), 2.16 (m,
1H), 1.57§8 1.38 (m, 1H), 1.29-1.23 (m, 2H). LC-MS 445.3 (N1+1). 5Using the Biological
Assays as Qs%w éa‘%@ove the human 13 functional activity of Example ]%:W%%g%%%ﬁ d to be
between 11 to 100 nM. EXAMPLES 15-41 Using procedures similar to those described
above the following Examples were 10 prepared from the appropriate starting materials.
Diastereomers were separated by chiral HPLC using the methods as described below. Method
A:Diastereoisomers separated by HPLC ushng a ChiralPAK AD celumn, eluting with solvent mixtures
of IPA, acetonitrile or ethanol in eithet%geptene or ne@@ﬁr&ff"elutmg isomer labeled as
isomer 1 and second eluting labeleg-i mé’ 7. Methidd BiDiastereoisomers separated by HPLC using
a ChiralCEL OD column, eluting wi lvent mixtures of IPA, acetonitrile or ethanol in either heptane

or hexanes, with first etpfingdsemesdabeiqd as Mmﬁ@gﬂ@q@n@@@q@z@b@i@@igq&i@& Method
C Diastero0ISMRI SRRRIAIGH AL ola B FIIG AT T MR amgn posbingith solvent
mixtures of IPA, acetonitr Ie or'ethanol i elt er tane E\;X%?E& wit E? isomer labeled as
isomer 1 éﬁ@%ﬁ@@ﬁd%@&%ﬁq’aﬁg ]éﬂl h%?f ‘% & §6’ﬁ?e EB4AEEBYREPLC using
Daicep CHIRxIE Eureﬂ@y(rr)%remwr@mmf@rwmh Aakesiapiitbuedecos (PR @rféWdV#P@tWé? heptane or
hexanes, vtll2blisst:atuting isamnemiatieledtasvzOign1 andnsqaotitetutihg (@beledMdmer 2. Method

E:Diastereqispels 38R8684 aQ)éMBf—&é@Mi%lﬁ%} G BAERARONEL) ealumRiRiing, with
solvent mlxtU{es of 1!gA or.ethanol in either. f}g tane %r hi?ﬁ aggs Wlth first glyéu% |s¢rger labeled as
e

isomer 1 and sact eel?u?tmml S C ?lsc;nn'?g‘r 6 Sin ‘é}a‘lfle&s escri belggabove the

human 13@?@?\0%@@&%&9@@93&?@&%&6% &é%h%‘& & SRR iR fBIfovﬁr?g table.

NUMBERHz, 2H), 7.44 (d, 7.8 Hz, 2H), 7.39 (t, J = 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, ] = 8.1 Hz, 0.3H minor isomer) 6.67 and 6.66
(br s, 0.2/0.8H, totaling 1H). 4.72 (d, ] = 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 33 functional activity of
15  Example I was determined to be between 1 to 10 nM.

EXAMPLE 2

20

R)-{frert-butvl{dimethvlisilyllox henyDmethylpvrrelidine-1-carboxvlate

\C;J J\@\ QL —m,

The title compound was prepared from fert-butyl (28, SR)-2-(4-aminobenzyl)-5-
25 [(R)-{[rert-butyl{dimethyDsilyl]oxy }{phenyl)methyl]pyrrolidine- I-carboxylate (i-4a) and (2-
amino-1,3-thiazol-4-yhacetic 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)'.

30 Step B: 2-(2-Amino-1.3-thiazol-4-v1-N-[4-({{25. 5R)-
[(Ryhvdroxy(phenvDmethyllpyvrrolidinvi methyvlphenvllacetamide

2972



(MH)E COLUMN Functional 15 ON=-KN: 436.58 437.50 A less than 1 nM 16 NH2 ON----r( \----/s

436.58 437.80 A less than 1 nM 17 NH2 "Aisli Isomer 1 448.59 449.50 A 1-10 nM 18 0 ,../H2 --)C15-.1
WO 2609/124166 PCT/US2609/639249

O

The title compound was prepared from 4 mg of tert-butyl (285, SR)-2-(4-{[(2-
amino-1,3-thiazol-4-yhacetyljamion } benzyl)-5-[(R)- {{tert-
butyl(dimethyl)silylJoxy}(phenylmethyl]pyrrolidine- 1 -carboxvlate (from Step A) according to

5  the procedure of Example 1, step B. The crude product was purified on the Gilson HPLC eluting
with a 0-50% gradient of acetonitrile/water with 0.05% TFA buffer. The fractions containing the
product were combined, frozen, and Iyophilized to give a white foam (3.3 mg, 71%). m/z (ES)
423 (MH)", "HNMR (500 MHz, CD;0D) &: 7.55 (br d, J = 8.2 Hz, 2H), 7.4 (d, 7.8 Hz, 2H),
7.39(t, I =7.6 Hz, 2H) 7.35-7.33 (m, 1H), 7.25 (d, J = 8.0 Hz, 2H), 6.65 (brs,1H). 4.72 (4, T =

10 8.5Hz, 1H), 3.80-3.72 (m, 411) 3.14 (dd, I = 6.1, 13.8 Hz, 1H), 2.96 (dd, ] = 9.1, 13.8 Hz, 1H),
2.07-2.00 (m, 1H), 1.85-1.73 (m, 3H).

Using the Biological Assays described above, the human B3 functional activity of
Example 2 was determined to be between 1 to 10 nM.

15 EXAMPLE3

-5,6-dihvdro-4H-cyclopenta [o] [1.3] thiazole-4-carboxamide

OH ﬁ
: T 3 e N:(NH?
\/\©\NJJ\®,S
H

_ Step A: Tert-butyl-(28, 5R)-2-(41{{2-[(tert-butoxvycarbonyDaminoi-3,6-dihydro-4 H-
20 cyclopenta [a] [1.37 thiazol-4-vlicarbonvDaminothenzyl}-5-[( R)-

hydroxv{phenvDmethvlpvrrolidine-1-carboxvylate

oo
OHE/

©"Vw“\©i§f R

To a solution of 220 mg (0.58 mmol) of rerz-butyl (25, 5R)-2-(4-aminobenzyl)-5-
[(R)-hydroxy{(phenyl)methyl] pyrrolidine-1-carboxylate (i-13a) and 164 mg (0.58 mmol) of 2-
25 [(tert-butoxycarbonyl)amino}-5,6-dihydro-4H-cyclopenta [a] [1,3] thiazole-4-carboxylic acid (i-
&) in anhydrous DMF (5 mL} was added EDC (165 mg, 0.86 mmL), HOBt (132 mg, 0.86 mmol)
and Hunig's Base (6.3 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 MgSOy, filtered and

30 evaporated. Residue purified by MPLC (Biotage Horizon: FLASH 25+M) eluent: 100%
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Hexanes (100 mL), gradient 0 to 35% EtOAc in Hexanes (750 mL), then 35% EtOAc in
Hexanes (600 mL). Diastereoisomers separated by chiral HPLC on AD column (eluent:25%
IPA in Heptane) first eluting isomer (134 mg, 36%) second eluting isomer {126 mg, 34%) both
as white foams.

Step B: 2-Amino-N-[4-{((28, 5R)-5-[(Ry-hvdroxy{phenvDmethyl]pyroolidin-2-

DmethyDphenyl]-5.6-dihvdro-4H-cvclopenta [o] [1,3] thiazole-4-carboxamide

C3H ﬂ
= I [&) NQ(NH2
H

To a solution of 126 mg (0.19 mmol) of terr-butyl-(2S, SR)-2-(4{({2-{(tert-
butoxycarbonyhamino]-5,6-dihydro-4H-cyclopenta [a] [1,3] thiazol-4-
yl}carbonyl)aming benzyl}-5-[( R)-hydroxy{phenylmethylipyrrolidine-1-carboxylate (from step
A, second eluting isomer) in DCM (3 mL) was added trifluoroacetic acid (3.0 mL, 38mmol) the
resulting mixture stirred at room temperature for 4 h. The mixture was evaporated and passed
through an SCX cartridge ¢luting with 2 M NH3 in methanol to free up the base. Product

purtfied by PREP- TLC 2x [20 x 20cm x 1000micron] eluent: 15% MeOH 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), 721 (1, T=6.9, 1H), 7.12(d, ] = 8.2, 2H), 6.86 (s, [H), 423 (d, } = 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 B3 functional activity of
Example 3 was determined to be less than 1 oM.

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 B3 functional activity of
cach compound was determined and shown in the following table.

TABLE 4
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material less than 1 nM 22 ty, N/) \----N Isomer 1 432.53 433.50 A 1-10 nM 23 0 N \------ N Isomer 2
432.53 433.50 A 1-10 nM 24 - Isomer 1 432.53 433.50 B 1-10 nM 25 0
WO 2009/124166 PCT/US2009/039249

10

15

H

HO N
2 N
H

NUMBER

EXAMPLE

MW

MS (ES)

Human B3

(MHY"

Binding

468.56

469.50

1 -10nM

418.49

419.24

1 - 10 nM

432.53

433.50

I -10nM

468.56

469.52

1-10nM

418.50

419.48

1~ 10nM

418.50

419.48

I -10nM

10

417.51

418.50

1 -10nM

EXAMPLE 11

N-(4-({(28.5R)-5-{(1)-hydroxv(phenyDimethyDpvrrolidin-2-yDmethyDpheny-2-(3 -methyl-11-

1.2 4-triazol-1-vlipropanamide

HO H /(
L3 J A
H

A mixture of i-13a (2.00 g, 5.23 mmol), 2-(3-methyl-1H-1,2,4-triazol-1-

ylpropanoic 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% NH40H) 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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\--N Nti Isomer 2 432.53 433.50 B less than 1 nM 26 00\ =icr-.0 Isomer 1 432.53 433.50 B 1-10 nM
27 Isomer 2 432.53 433.50 B 1-10 nM 28 Isomer 1 446.55 44753 E 1-10 nM
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reverse phase HPLC (0.1% NH;OH in H>O, MeCN) yielded the desired free base of the title

compound. 'H-NMR (500 MHz, CD:0D) & 8.51 (s, 1 H), 7.49(d, J = 13 Hz, 2 H) 7.35-7.29
{m, 4 H), 7.26-7.20 (m 4 H),5.20(q, J=7.5Hz, 1 H), 420 (d, J=7.5Hz 1 H),3.27-3.22 (m, 2
H), 2.80-2.72 (m, 2 H), 2.34 (s, 3 H), 1.82(d, J = 7.5 Hz, 3 H}, 1.79-173 (m, 1 H), 1.52-1.48 (m,
3 H). ESI-MS calculated for Co4HpoNsO,: Exact Exact Mass: 419.23, found 420.35.

Using the Biological Assays described above, the human B3 functional activity of
Example 11 was determined to be between 1 to 10 nM.

EXAMPLES 12 and 13
(3Y-N-[4-({(28.5R)-5-[(B)-hvdroxyiphenyDmethyl]pyrrolidin-2 -yl  methvDphenvil-5-0x0-
1.2.3 5-tetrahydroimdolizine-3-carboxamide {Example 12) and (3R

rrolidin-2-v1imethyliphenvii-5-ox0-1.2.3.5-tetrahvdroindolizine-3-

carboxamide (Example 13}

@/‘VV\@@ ©/‘VV\©)LE;—>

Exampie 12 Exampie 13

Step A Tert-butvl (2R 58)-2-[(R)-hydroxy(phenvlmethvi]-5-[4-{ {[(38)-5-0x0-1.2.3.5-
tetrabvdroindolizin-3-vilcarbonvl} aminobenzyl]pvirolidine-1-carboxylate
(isomer 1) and tert-butyl (2R.35)-2-[(R)-hydroxy(phenyDimethyl]-5-[4-({[(3R)-3-
0x0-1.2.3.5-tetrahydroindolizin-3-vljcarbonyl}aminobenzyl ipyrrolidine-1-

carboxviate (isomer 2)

OH BOC OH Boc

Isomer 1 )%—b tsomer 2 lp

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 diastercomers 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: mvz (ES) 544.2 (MH)".
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29 Isomer 2 446.55 447 53 E 1-10nM 30 0 0 * --ITN \------ N Isomer 1 482.53 483.50D 1-10nM 31 00

4, AT-N \--,--N Isomer 2 482.53 483.50 D less than 1 nM 32 OHN™" ---)C---/L-"N N Isomer 1 405.50
406.46 WO 2009/124166 PCT/US2009/039249

Step B (Ex, 12): (38)-N-[4~({(25.5R)-5-[(R)-hydroxy(phenylmethyllpyrrolidin-2-
vIt methyliphenvli-5-0x0-1,2.3.5 tetrahvdroindolizine-3-carboxamide

H H :
5, N O
S

Example 12

5 A solution of 0.500 g (0.920 mmol) of Isomer 1 from step A above in 2 mL of
isopropanol under an atmosphere of nitrogen was added 4.0 mL of a 4.0 M solution of anhydrous
hydrogen chloride in 1,4-dioxane. The reaction mixture was stirred for 1 h and then evaporated
to dryness in vacuo. The crude reaction mixture was purified by reverse phase HPLC (TMC
Pro-Pac C18; 0-75% 0.01% trifluoroacetic acid in acetonitrile/ 0.01% trifluoroacetic acid in

10 water gradient). The pure fractions were lyophilized overnight then dissolved in a mixture of 10
mL of chioroform and 4 mL of a saturated aqueous bicarbonate solution. The biphasic mixture
was stirred vigorously for 10 min, then the layers were separated. The aqueous phase was
extracted with chloroform (3 x 10 mL) and the combined organic layers were washed with brine,
dried over magnesium sulfate, filtered and evaporated in vacuo to afford the title compound

15  (Example 12) as a white solid (0.39 g, 95%). 'H-NMR (500 MHz, CD:0D) 8 7.89 (s, 1 H),
7.54 (dd, J= 8.8, 7.2 Hz, 1H), 7.50 (d, /= 8.2 Hz, 2H), 7.34-7.29 (m, 4H), 7.26-7.23 {m, 1H),
7.20 (d, J= 8.2 Hz, 2H), 6.38-3.36 (m, 2H), 5.24 (dd, J=9.4, 2.8 Hz, 1H), 4.20 (d, /= 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)".

20
Step B (Ex. 13 (3R-N-[4-({(25.5R)-5-[{ R)-hydroxv(phenvDimethyl|pyrrolidin-2-

1tmethylphenvi]-5-0x0-1.2.3.5-tetrah

$ o
N N
Exampie 13 H

The same procedure was employed for the deprotection of Isomer 2 from step A

25 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 B3 functional
activities of Examples 12 and 13 were determined to be between 1 to 10 nM and less than I nM,
respectively.

30
EXAMPLE 14
(68)-N-[4-({(25, SR)}-5-[(R)-hydroxyv(phenyDmethyl]pyrrolidin-2-v1} methvi}phenyl]-4-oxo-
4.6,7.8-tetrahydropvrrolo[1.2-a]pyrimidine-6-carboxamide

-97-



C 1-10 nM 33 .):H N LH:r Isomer 2 405.50 406.46 C 1-10 nM 34 4. .).c E_IN_N Isomer 1 419.52
420.46 C 1-10 nM 35 0 HN 4 N -As/LN" Isomer 2 419.52 420.46 C 1-10 nM 36 Qy----- \ Isomer |

10

15

20

25

30

WO 2009/124166 PCT/US2065/439249

Step A Tert-butyl(2R, 55)-2-[(R)-hydroxy( nhenvﬂﬁzethvﬂ—ﬁ-M—( {[(68)-4-0x0-4.6,7.8-
tetrahydropyrrolo[ 1.2-aipyrimidin-6- vl]carbonyl} aminoybenzylpyrrolidine-1-
carboxvlate

CH $oc
XL
L q}"}
j\o«»—*\

To a solution of +-13a (21.4 g, 55.9 mmol) in N, N-dimethylformamide (100 ml) at
0 °C was added [(65)-4-0x0-4,6,7,8-tetrahydropyrrolo] 1,2-aJpyrimidine-6-carboxylic acid (i-44,
11.1 g, 61.5 mmol), followed by 1-hydroxybenzotriazole (7.55 g, 55.9 mmol), N-(3-
dimethylaminopropyl)-N'-ethylearbodiimide hydrochloride (16.1 g, 84.0 mmol) and N,N-
diisopropylethylamine (29.2 mi, 168 mmol). The reaction mixture was stirred from 0 °C to
ambient temperature for 2 h. Water (600 m!) was added and it was extracted with
dichloromethane (600 ml x 2). The combined organic layers were dried over Na,SO4 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, 1t 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 (CDCls): § 9.61 (s, 1H), 7.93 (d, J = 6.6 Hz, 1H), 7.49 (d, ] = 8.4
Hz, 2H), 7.35-7.28 (m, SH), 7.13 (d, } = 8.5 Hz, 2H), 6.40 (d, I = 6.7 Hz, 1H), 5.36 (d, ] = 8.6
Hz, 1H), 4.38 (m, 1H), 4.12-4.04 (m, 2H), 3.46 (m,IH), 3.15-3.06 (m, 2H), 2.91 (dd, T = 13.1,
9.0 Hz, IH), 2.55 (m, 1H), 2.38 (m, 1H), 1.71-1.49 (m, 13H). LC-MS 567 4 (M+23),

Step B: (O -N-[4-({(25, SRV-5-[( R -hydroxv({phenvDmethyl pyrrolidin-2-
v]tmethvliphenyli-4-ox0-4.6.7,8-tetralivdropyrrolol 1 2-a Ipyrimidine-6-

carboxamide

oH
©/K/N )
L o]
LI
Al
H —=N]

To a solution of the intermediate from Step A (2.50 g, 4.59 mmol) in
dichloromethane (40 ml) was added trifluorcacetic acid (15 ml). The reaction mixture was
stirred at ambient temperature for 1.5 h. After removal of the volatiles, saturated NaHCOs 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,S04. After concentration, crystallization from
methanol/acetonitrile afforded the title compound as a white solid (1.23g, 60%). 'H NMR
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405.50 406.46 A 1-10 nM 37 Oit-- --- =\)1",,,, N, Isomer 2 405.50 406.46 A 1-10 nM 38 Lt-) Isomer 1

404.32 405,50 A 1-10 nM WO 2009/124166PCT/U820091039249 39 Isomer 2 404.52 405.50 A 1-10
nM 40 WO 2009/124166 PCT/TS2009/039249

{(DMSO-ds): 8 10.40 (5, 1H), 7.91 (d, ] = 6.7 Hz, 1H), 7.49 (d, ] = 8.3 Hz, 2H), 7.32-7.26 {m,
4H), 7.21 (m, IH), 7.15(d, T =84 Hz, 2H), 6.23 (d, T = 6.7 Hz, 1H), 5.11 (dd, ] = 9.6, 2.9 Hz,
1H), 5.10 (br, 1H), 4.21 (d, J ="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).

5 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
16 prepared from the appropriate starting materials. Diastereomers were separated by chiral HPLC
using the methods as described below.

Method A:  Diastereoisomers separated by HPLC using a ChiralPAK AD column, eluting
with solvent mixtures of [PA, acetonitrile or ethanol in either heptane or hexanes,
15 with first eluting isomer labeled as isomer 1 and second eluting labeled isomer 2,
Method B:  Diastereoisomers separated by HPLC using a ChiralCEL OD column, eluting
with solvent mixtures of IPA, acetonitrile or ethanol in either heptane or hexanes,
with first cluting tsomer labeled as isomer 1 and second eluting labeled isomer 2.
Method C;  Diastereoisomers separated by HPLC using a Pirkle (R,R)-WHELK-O colomn,
20 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
25 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.

30 Using the Biological Assays described above, the human B3 functional activity of
each compound was determined and shown in the following table.

TABLE 5

H
i—’—. z R
. N

H

MW MS (ES) CHIRAL‘ Human B l

-G0.

EXAMPLE

=
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While the invention has been described and illustrated with reference to cer
embodimee ﬁqo?jeo? fhose skilled in the art will appreciate that various ch$
substitutions can be made therein without departing from the spirit and scope 50f 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

_I(1-\'Isomer | 431.54 432.50 A 1-10 nM 41 o0 ---11)--Nbi Isomer 2 431. 54 432.50 A 1-10 nM

articular
% 2009 0 249
|cat|ons and

of the indrcations for theactive agents-uset- i the nstart invention as indicated-abovetikeyise, the
Specific ¢ 3i al responses-o obsenied may-var/ a i g Mﬁé
particular active compound 8electe g’r wheéther there|10are preseént pharmaceutical carriers| as well
as the type of fgrmulation employedsand suchzxgected yariations or differencesdimiig regults are
contemplated in accordance with the objects and pragtices of the [present invention. It is intepded,
therefore, thatthe nvention be defined by the scope gf the claimyg which foiffow and thatsuch claims be
interpreted as broadly as is feas Hésble 15 WHAT IS{CLAIMED IS: 1.A compound of Formdla la, or a
pharmaceutica @/ acce'ptabilfs;aliﬁlfrereof, or a*sferdoiso e@t%%?eoi; or a‘%harmé%%ﬁh?:%ﬁ;}“%ceptable
salt of the-stereoisomertherecf.—wherein
& N NHz
=1
17 )\6\/8 44859 | 449.50 A 1-10 nM
Ieomer ]
\]/
18 448.59 449.50 A less than 1 aM
Isomer 2
th/CHs
19 /KE&S 44760 | 448.60 A 1-10 oM
Isomer 1
o N%{,CH3
20 )b,s 447.60 | 448.60 A | lessthan [ oM
Isomer 2
o Made from
Nesy chiral
21 NS 433.39 434.40 starting - less than 1 nM
material
[}
o]
N\
22 /K,’Nt) 432.53 433.50 A 1-10 nM
Isomer 1
o O,
'\
23 \e==N 432.53 433.50 A 1-10 oM
Isomer 2
o Q>f¢t
24 ’J&T’N\ﬁ:> 432.53 433.50 B 1-10 nM
Isomer 1
o} O},N
N\)
25 /‘H' o 43253 433.50 B less than 1 nM
Isomer 2
o O
D
26 NE= 432.53 433.50 B 1-10 nM
Isomer 1
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nis0, 1, 2, 3, 4, or 5; Y is selected from the group consisting of: 10(1)CL-05 alkanediyl, C2-05
allcenediyl, and C2-05 alkynediyl, wherein each of alkanediyl, alkenediyl an% al ne(?i 1 is optionally
substituted WA 81EEhree groups independently selected from halogen,P- AR “-é(’ﬂ?p-c j-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, 15(3)a bond, and (4)phenylene optionally substituted with one to three
groups independently selected from Ri; Z is selected from the group consisting of (1)a5-or
6-memberedheterocyciic ring watiT from 1o 4 heterogtoms setected-20-fronmoxygen, suifurand
nitrogen fused to a 5- or 6- mkgj réd hetefocyclic ring with from 1 to 4 heteroatoms selected from
oxygen, sulfur Zhd nitrogen, arffid v/ (2) aB26B6-merhtdefed heterdgdyclic ring withrfvbm 1 to 4
heteroatoms selected|from oxygenz sulfur and nitrogen fused to a|Cs-C10 catbocyclic ring; R1 is

selected from the group congist@ﬁ%(l C J-05 alky] optionally substituted with 1 to 5 halogen
N
N

atoms, (2)C3-C6 cycloalk 3) halogen, 4) nitrp, 5) cyano, 30(6)-C(O)Ra,
(7)-C(0)2Ra, 33 (8)-G(0O)NRaRb (9)-C)R6f‘ﬁ2§5is seldétedffrom thngroup co igfiﬂ%jiof:
(1) Ci-C6 alky! optionally subsittuéed with 1/to 5 groups independantly selected 5 from halogen, -ORa,

-CO2Ra, and -CONRaRb,m-(CI— 2)t-phenylior -(CH2)t-O-phenyl, wherein tis 0, 1,(2, 3, 4, or

5, and wherein_said phenylLifieagh iSyoptionally substftuted with 1| to 3 groups indep(e)nol\l/?ntly selected

from halogen, Ci-Cs alkyl opti nalfy$ubstituted With 1{to gen atoms, and -ORa’ ™ 3)
0xo0, 10(4) thioxo, Isomer 2
O Q A
30 ’”j’N\sN 482.53 | 483.50 D 1-10 nM
{somer 1
Q ® 4
31 /‘H,NWN 482.53 483.50 D less than 1 nM
Isomer 2
O HNT
— IN
32 N 405.50 406.46 C 1-10 nM
Isomer |
O HNTY
= /N
33 N 40550 | 406.46 C 1-10 nM
Isomer 2

o} HN—‘\<
e IN
N

34 419.52 420.46 C 1-10 nM

Isomer 1

o} HN"<

T

35 )H/LN 419.52 420.46 C 1-10 nM

Isomer 2
@] N=N\

NN
36 405.50 | 406.46 A 1-10 sM

Isomer 1
(o] N==\

! N
N
37 )\( 40550 |  406.46 A 1-10 nM

Isomer 2

38 404.32 405.50 A 1-10 nM

Isomer 1
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(5) halogen, (6) -CN, (7) C3-C6 cycloallcyl, (8) -(CH2)t-heterocyclic ring or -(CH2)t-O-heterocyclic ring;
wherein t i 54, or 5, and wherein the heterocyclic ring in each | - - bered ring
with from ﬁ% g"ﬂ%ilegﬁ’(%]g\ oms selected from oxygen, sulfur and nitrogen, ar% @ﬁgﬁﬁ"%{%ﬁﬁeterocyclic
ring is optionally ortho-fused to a benzene ring, and optionally substituted with 1 to 3 groups
independently selected from halogen, CI-CS allcyl optionally substituted with 1 to 5 halogen atoms,
and -ORa, 20(9) -ORa, (10) -C(0)0Ra, (11) -C(0)Ra, (12) -C(0)NRaRDb, (12) -NlzaRb, 25(13)
-NRaC(0)Rb; (12)-NRaC(0)eRb, gad (15) FNRaC(OJNRaRD; Ra 1§ setected from the group ¢onsisting
of hydrogen and CI-C6 allc o substituted with 1 to 5 haldgen atomsj 30Rb is selected from
the group cons?igting of: (1) hydroge n, 404.52 2) #9586 a kyl opAtionaI y substitited with 1 to 5
groups selected from the groifaresidsisting pf: (a)hydroxy, 35(b)halogen, (c) -CO2Ra, (d) -S(0)p-Ci-C3
allcyl, wherein pis 0, 1, or 2; e)O +C8 cycloallcyl, 104 C1-C6 alkoxy optionally substituted \with Ito 5
halogens, and 44 p ptionallyssybgtitutedywitkpl to 5 graups independerily selected
from the group consisting of halagen, nitro, -NRaRa, tHfluoromethyl, trifluoromethoxy, C i-Cs alkyl and
-ORa, 5(3)C3-C8ycloalkyl, gnds

D
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

5 ofthe 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

10 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. Tt is intended, therefore, that the invention be defined by
the scope of the claims which follow and that such claims be mterpreted as broadly as is
reasonable.

15
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(4)phenyl optionally substituted with 1 to 5 groups selected from the group consisting of: (a) halogen,
(b) nitro, 10(c)-NRaRa, (d) -OH, (e) Ci-C6 alkoxy optionally substituted with 1 to 5
halogens, (f) -s(0)p-c1-C6 alkyl, wherein pis 0, 1, or 2; and (g) Ci-C6 alkyl optionally
substituted with up to 5 groups selected from 15 hydroxy, halogen, trifluoromethyl, cyano, -CO2Ra,
C3-C8 cydjpglleyhand Q89> Re is selected from the group consisting of: (1)Z optionally substituted
with up to 5 groups selected from halogen, trifluoromethyl, cyano, Ci-05 alkyl and C i-Cs alkoxy, and
(2)C1-C6 alkyl; and 20 Q is selected from the group consisting of: (1) -N(Ra)-, (2) -0-, and (3) -S(0)p-,
wherein p s 0, 1, or 2. 251Thé CORRSBRAE bFEmIA FroR e RAFRaRetety arrePENR el &8t e bond.
3.The compdemdism@iaimrdolherginafrscsutzetbkfomaiiie glovloonsistingnadr (By=E- or 6-membered
heterocyclic ring with from 1 to 4 heteroat’)‘hs}jselected 30 from oxygen, sulfur and nitrogen fused to a
i 1§04 Yetel oatoms selected from oxygen, sulfur and
v frg@ | to 4 heteroatoms selected from
oxygen, sulfur and nitrogen fused to a Cs-C10 carbocyclic Hng: @.Tpe compound of Claim 1
wherein R3 is selected from the group consisting of: l(al) Ci-C6 alkyl ()(Stizﬁnally substituted with halogen
or 10(2) oxo, ' '
- wherein
nis0,1,2,3,4,0r5,
Y is selected from the group consisting of:
10 ' (1) C1-Cj5 alkanediyl, C2-Cs alkenediyl, and C2-Cs5 alkynediyl, wherein each of

atkanediyl, alkenediyl and alkynediy! is optionally substituted with one to three groups
independently selected from halogen, -ORa, and -5(O)p-C1-C3 alkyl, wherem p1s 0, 1, or 2;
(2) ~(CRaR);-Q~(CRaRa), wherein ] and k are integers independently selected

from 0, 1 and 2,
15 (3) a bond, and
(4)  phenylene optionally substituted with one to three groups independently
selected from R1;

Z is selected from the group consisting of:
() a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
20 from oxygén, sulfur and nitrogen fused to a 5- or 6-membered heterocyclic ring with from I to 4
heteroatoms selected from oxygen, sulfar and nitrogen, and
{2) a 5- or 6-membered heterocyclic ring with from 1 to 4 heteroatoms selected
from oxygen, sulfur and nitrogen fused to a C5-C1g carbocyclic ring;
R1 is selected from the group consisting of:
25 (1) C1-Cs alkyl optionally substituted with 1 to 5 halogen atoms,
| (2)  C3-Cg cycloalkyl,
{(3) halogen,

(4)  nitro,
(5)  cyano,
30 (6) -C(O)R3,

(7)  -C(O)R4,

35
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(3) halogen, (4) -ORa, (5) -C(0)NRaRa, and (6) -NRaRa, 15 wherein Ra is as defined in Claim 1 6.A
compound of Formula la, or a pharmaceutically acceptable salt thereof, or a stereoiso er thereof, or a
pharmaceutically acceptable salt of the stereoisomer thereof: OH H (R3)r, 20la whereinnis 0, 1 or 2;
Y is selected from the group consisting of methylene, -CH(CHS3)- and a bond; Z is selected from the
group consisting of OHNHN L_Cgéﬁhﬁaq@g%aand R3 is selected from the group consisting of: (1)
methyl, (2) oxo, and (3)(535\”"2;&9[). OHH

R3 is selected from the group consisting of:
(1) C1-Cg alky! optionally substituted with 1 to 5 groups independently selected
5 from halogen, -OR#, -CO2R2, and -CONRZRb, -

(2) -(CH2)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 indep.endenﬂy selected from
halogen, C1-C35 alkyl optionally substituted with 1 to 5 halogen atoms, and -OR&,

. (3) oxo,
10 (4) thioxo,

(5) halogen,

(6) -CN,

(7) C3-Cg cycloalkyl,

(8) (CH2)¢-heterocyclic ring or -(CH2)¢-O-heterocyclic ring, wherein tis 0, 1, 2, 3,

15 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 -ORE,

20. (9) -OR3,

(10} -C(O)ORa,

(11) -C(O)RE,

(12) -C(O)NRaRDb,

{12) -NRaRb,

25 (13) -NRaC(O)Rb,

(14) -NRaC(O)ORb, and

(15) -NRaC(O)NRaRb;

R2 is selected from the group consisting of hydrogen and C1-Cg alkyl optionally substituted with 1
to 5 halogen atoms;

30 Rbis selected from the group consisting of:

(1}  hydrogen,

(2) C1-Cg alkyl optionally substituted with 1 to 5 groups selected from the

group donsisting of:

()  hydroxy,
35 {b) halogen,
(¢ -CO2RE,

{d) -5(0)p-C1-C3 alkyl, wherein p1s 0, 1, or 2;

(ey  C3-Cg cycloalkyl,
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NH2

10

15

20

235

30

35

OHHN__ a0 NHO* OHH,i 0 OHHN 16N

3 C1-Cg alkoxy optionally substituted with I to 5 halogens, and

(g)  phenyl optionally substituted with I to 5 groups independently
selected from the group consisting of halogen, nitro, -NR2R2, trifluoromethyl, trifluoromethoxy,
C1-Cs alkyl and -OR®, |

(3)  C3-Cgcycloalkyl, and
(4)  phenyl optionally substituted with 1 to 5 groups selected from the group
consisting of:

(a) halogen,
(b)  mitro,
(c)  -NRZR?,
(d) -OH,

(e) C1-Cg alkoxy optionally substituted with I to 5 halogens,
) -5{0)p-C1-Cg alkyl, wherein p is 0, 1, or 2; and
(g)  C1-Cg alkyl optionally substituted with up to 5 groups selected from
hydroxy, halogen, trifluoromethyl, cyano, -CO2R8, C3-Cg cycloalkyl, and -QR®;
REC is selected from the group consisting of:
(1) Z optionally substituted with up to 5 groups selected from halogen,
trifluoromethyl, cyano, Ci-Cs alkyl and C1-Cs alkoxy, and '
(2) = C1-Cealkyl; and
Q is selected from the group consisting of:
(1) -NR#)-,
2) -O-, and
(3) -S(O)p-, whereinpis 0, 1, or 2.

2. The compound of Claim 1 wherein Y is methylene, -CH(CH3)- or a bond.

3. The compound of Claim 1 wherein Z is selected from the group consisting
of:

2 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

(3) 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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OHHNO, OHHN, OHHN'-M

4. The compound of Claim 3 wherein Z is selected from the group consisting of

e e Sy 1D, \I\)@\Q@W )
Wmmmm ievies evs
5 @Q CE\>, w ; wherein v is 1 or 2.

5. The compound of Claim 1 wherein R3 is selected from the group consisting

(ﬁ?

(1) C1-Cg alkyl optionally substituted with halogen or -OR&,
10 (2) oxo, -

(3) halogen,

(4) -OR2,

(5) -C(O)NRaR2, and

(6) ~NR&R#,
15  wherein R2 is as defined in Claim 1.

6. A compound of Formula Ja, or a pharmaceutically acceptable salt thereof, or

a stereoisomer thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof:

OH o

N
.
ﬁ/ZLY@(R%
20 Ia :

wherein
nis 0,1 or2;

Y is selected from the group consisting of methylene, -CH(CH3)- and a bond;

Z is selected from the group consisting of
N
T "X T 1
25 5>, Y , Ns ,@,andgﬁ;and

R3 is selected from the group consisting of:
(1) methyl,
(2) oxo, and
(3) -NH.
30
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AR L . e :
NH2N-Th7 S N ..., OHH Ny----,,, 0NThzCH3 H OHH N\S OHHNk-Ne

7. A compound selected from the group consisting of:
OH H
N
T3 o Newp N2
@/!\T”TA@N/U\Q\:S(
H
oH 4 o Y@
% N & Q
OO 2T
H o ,
OH
A o 9
Ao
N N
H 3
OH
_ H ,

it
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1\-----N 510 15 or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
stereoiso e thereof, or a pharmaceutically acceptable salt of the stereocisomer thereof. 8.The
compound of Claim 7, wherein the compound is selected from the group 5consisting of: OHH N --,Th

HN----{CH3 OHH NeO S

\u
H Fire,

.'n

@

10

15
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OHHN"110012i"----/"7,and OHH"Is,0 0, or a pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable steremso e thereof, or a pharmaceutically acceptable salt of the
stereoisomer thereof. 10 15 20 25 9. A pharmaceutical composition comprising a compound
of Claim 1 and a pharmaceutically acceptable carrier. 10. Use of a compound of Claim 1 in the

manUfaCtLg?aogkﬁfﬂ%gm%nﬁcfégpﬁﬁe 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

5  consisting of:

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer
thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

10

15

20

23
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5 treatment or prevention of a disease or disorder selected from the group consisting of (1) overactive
bladder, (2) urinary incontinence, (3) urge urinary incontinence and (4) urinary urgency. 11.
Use of a compound of Claim 1 and a second active agent in the 10 manufacture of a medicament for
the treatment or prevention of a disease or disorder selected from the group consisting of (1)
overactive bladder, (2) yrinan,qaniinenge, haaHHNBNRGANINESS AR (uinansygency.

12. A compound of Clalilm 6, w?@ﬁein 15nis 1; Y is selected Prom the group consisting of methylene,
_CH(CH3)PBHI X BYIE D BSRRPIE S is oxo. 2013. The compound of foiniula or a pharmaceutically
acceptable salt thereof, or a pharmaceutically acceptable stereocisomer thereof, or a pharmaceutically
acceptable salt of the st@reoidosaer theraphOtHdAClaim 1 in thd hahbReompdunddf fosmuls 2kor a

pharmaceylically-R6FsRIhIERAF INELERE O AhRRImacsHiisally me%%&lle'elﬁlag%&&%ﬂsf thereof, or a

pharmace%gg%]cl}/. acce é%bl salt of ;k&&g}g &g@o&ea}h@e&gog , COnﬁneSC Thﬁ @m ound of formula or
a pharmaceuflcaﬂ‘il accep{’a e sa_l_% thereor, or & 21rrr$aceﬁltlé%lﬁr§/ acceplftaebar]é1 ster er 30 thereof,
or a pharntagétitically acceptable salt of the stereocisomer thereof 16. The compound of

formula or a pharmaceutically acceptable salt thereof or a pharmaceutically acceptable stereoisomer
thereof, or a pharmaceytically aecgntahigsatidfr bR alaraisoBINEreRS agent in the
10 manufacture of a medicament for the treatment or prevention of a disease or disorder selected
from the group consisting of (1) overactive bladder, (2) urinary incontinence, (3) urge urinary

incontimence and (4) urinary urgency.

12. A compound of Ciaim 6, wherein
15 nisl;
Y is selected from the group consisting of methylene, ~-CH(CH3}- and a bond;

o
Z 1is (N;Q;an

d
R3 is oxo. '

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer

20 13. The compound of formula

thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

OM _
H

14.  The compound of formula
25  or a pharmaceutically acceptable salt thereof, ora pharmaceutically acceptable stereoisomer

thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.

OH -
H

or a pharmaceutically acceptable salt-thereof, or a pharmaceutically acceptable stereoisomer

15. The compound of formula

30 thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.
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or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable stereoisomer

16. The compound of formula

thereof, or a pharmaceutically acceptable salt of the stereoisomer thereof.
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