WO 2004/ 037818 PCT/ EP2003/ 011813 1- ACYL- PYRROLI DI NE DERI VATI VES FOR THE
TREATMENT OF VI RAL | NFECTI ONS FIELD OF THE | NVENTI ON The present invention
rel ates to novel acyl pyrrolidine derivatives useful as anti-viral 5
agents. Specifically, the present invention involves novel HCV inhibitors.
BACKGROUNIDD c#b4/831818l NVENTI ON | keda at al , (1997) Jour ngdr/ephedzhigisizhem cal
Society, Perkin Transactions 1. Organic and Bio-Oganic Chem stry 22:

3339- 3344 and-Sat.opyrRopiiprvd DERORTIGY ol THRf THERGMENREdR Oodar, hFESPekety, Perkin
Transactions 1, 14:1801-1809 and Sato et al, (1994) Heterocycles 37(1):

245- 248 disclose 4',5 -unsubstituted acyl pyrrolidine conpounds useful as
reagents in the regiosel ectFiZbD OFTHEWVENTIONT i dged azabi cyclic conpounds;

no nedic sl f t r T 15 | keda
no m (%eggfe%eﬁﬁﬁvéﬁ'né& r&15886 to frdlel ﬁsrraehd.m/ m é”'ﬁséfﬁ”&oiiﬁ}ﬂﬁrfb%)

cle 1 one at a
Journ%l %c}en ﬁﬁ'@ﬂﬁ% %fﬁ“’é §§2{'3')””V9f|§°2s%?ﬂ3 "¥Ertino et al, (1976)
Far maco, Ed. SCI 31(11): 785-790 disclose 4',5" -unsubstituted acyl
pyrrolidine conpounds us@EACKGROUNBOHRTHE INVENTEONSYnNt hesi s of tri cycl iC
ni trogenenated) i Eéh‘!%&r‘ﬁép&mﬁé ERemitsl S&Qtycﬁ rkHﬁﬁaH@a%tn&HsSF' k _the acyl

0455 SR e 2 ool b L1108 B e

POYRYI ne
conpHlindSeriaty. (Rerkiss Transackigsni. 14i1801-180%3ne: $ate P%a'oﬁg%Hﬂ?}é'i?PY F7{Bv i nogen

r ecept or 245r248gtinciose 4.,5"nosubstituted|acyl perralidine campalnus edefiiors relagentsciy thepyr r ol i di ne
conpou ndregﬁ’%v@isynﬁ"e&s(olg d-bosHidRkc npblifis/iE feBiRA UsB Wik GRbIoSQC! ety

114(2) ! 4" 5" -unsubstituted acyl pyrrolidine
oun useg%ﬂpﬂgﬁgngggé ¥n t he synt hesis of azonethine ylides; no

rre i cal use was discl osed for the acyl pyrrolidine conpound. Cul bertson et
, 18.99¢daleiual,nd POG) fHetdrdeycles ai2( Ch S HBrand grlon2@t74) - 1288 Joachalofooks et

al (197@agaﬂ.e¢haaistrpfssm @ag£aeThrdbe MRARINE Y al agm FmascaBaasdii a1, 11
2710- 2727635 %ﬁ;'c@g&”s {..Esubgﬂﬁtuﬁil;ﬁl Eg} .né‘%é{ p&)ﬁd& %%éfﬁ'l'a@%%g%%‘%#%s useful as
'iﬁ?

reagents 1n the

Corool] oSt of Fipycli SiogemEmalnie, BRGS0 50 AIACHaLISE WaASRRRELPT use was
di scl osdtie eyl pyralidine gompaunds| Alil eteal. 9982) dowitsal of Madidinal/ Chendsry A3/ 33170 and
EP5 0586845934467 Hiegi6sed ' a H,5-Wistbdibited béyEpyrifidihe cOpdundivdbRPas @ rédgends usef ul

as i nt el %&r‘ﬁﬁeélsnoli PG BB HBl a0k SHRIBART i Sredbc Y8 21 1O aci ¢

am de an S res ct|</e no medi cal use was

di scl osebscfas g‘eﬁ%‘lpyﬁ?ldfrﬁl@mpﬂ@dcorrpounds De Caprarl is et al, (1989)
Jour nal of Heterocycl ic Chem stry 26(4): 1023-1027 discloses 3

pyrrol i dpaaediet ar, Proog) Jourdt bothe Aeviddn Cresmittd ebdidty 33421508801 Wiekiesesi N t he

YU ki S L Gk U 6 iy 0o Ve

di sclosed fo |c acid rivative

2004/ 03mglgeth@ﬂ 5@%0@1@2 iggluse was dlscl ed for the acyl pyrrolidine compound.
Culbertson et al, (1990) Journal of Medicinal Chemistry 33(8): 2270-2275 and Crooks et

( al, (1979) Joumal of the Chemical Society, Perkins Transactions 1, 11: 2719-2726

disclose 4'5-unsubstituted acyl pyrrolidine compounds useful as reagents in the

30 synthesis of 7-spiroamine quinolone and spirofindan-2,2'-pyrrolidine] compounds
respectively; no medical use was disclosed for the acyl pyrrolidine compounds.

WO02002/44168, WO96/33170 and EPS505868A2 disclose 4'5-unsubstituted acyl
pyrrolidine compounds useful as intermediates in the synthesis of indolecarboxamide, N-

35 aroylamino acid amide and N-acyl-a-amino acid derivatives respectively; no medical use
was disclosed for the acyl pyrrolidine compounds.

De Caprariis et al, (1989} Journal of Heterocyclic Chemistry 26(4). 1023-1027 discloses 3
pyrrolidinedicarboxylic acid derivatives useful as intermediates in the synthesis of

40 pyrrolo[1,4)benzodiazepine compounds, no medical use was disclosed for the
pyrrolidinedicarboxylic acid derivatives.
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of B RdRp activity (inhibition of RNA replication) is predi cted to cure
HCV i nf ddeiN&SB peaein (591 amino acids, 65 kDa) of HCV (Behrens, S.E. et al (1996) EMBO J.

15:12-22), encodes an RNA-dependent RNA poiymerase (RdRp) activity and contains
( canonical motifs present in other RNA viral polymerases. The NS5B protein is fairly weil
~ conserved both intra-typically (~95-98% amino acid (aa) identity across 1b isolates) and
30 inter-typically (~85% aa identity between genotype 1a and 1b isolates). The essentiality
of the HCV NS5B RdRp activity for the generation of infectious progeny virions has been
formally proven in chimpanzees (A. A. Kolykhalov ef al.. (2000) Journal of Virology, 74(4),
p.2046-2051). Thus, inhibition of NS5B RdRp activity (inhibition of RNA replication) is
predicted to cure HCV infection.
35
Based on the foregoing, there exists a significant need to identify synthetic or biological
compounds for their ability to inhibit HCV. '

SUMMARY OF THE INVENTION
40 The present invention involves acyl pyrrolidine compounds represented hereinbelow,
pharmaceutical compositions comprising such compounds and use of the compounds in
treating viral infection, especially HCV infection.
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Based on the foregoing, there exists a significant need to identity
synthetic or biological conpounds for their ability to inhibit HCV. SUWARY
OF THE | NVENTI ON 40 The present invention involves acyl pyrrolidine
conmpounds represented hereinbel ow, pharnmaceutical conpositions conprising
such COW@@)S%{? use of the conpounds in treatingpeikdooddiifsti on,
especially infection. 3 WD 2004/037818 PCT/ EP2003/011813 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention provides conpounds of
Formula (I) : G ANE(Il~5 OD wherein: A represents hydroxy; ( D

represents aryl or heDETALED DESCRIPHONOF JHEINVENTONDgen, C, eal kyl, aryl,

het er oar Yhe gresdHe inebmtiol provides GompiUngs 8 HormK @y ogen or C, . eal kyl optionally
substituted by one or nore substituents selected fromhalo, OR, SR,

C(ONRZR3, C2H, C(O R4, CO2R4, NR2R3, NHC(O R4, 15 NHCO2R4, NHC(O NR5R,
SO2NR5R, SO02R4, nitro, cyano, ar roaryl and heterocyclyl; R
represents hydrogen, C, $al kyl, Jarlyl alkyl, or heteroarylalkyl: 20 R2 and R3
are | ndependently selected fr, P c,eai kyl, aryl and heteroaryl; or
R2 and R3 together with the nifrogen atomto which they are attached forma
5 or 6 nenbered saturated cycl c,,gr\oup; R is selected fromthe group
consiiti ng of C,.ealkyl, aryl, hdergaryl, arylalkyl, and 25
heterary] alkyl; R5 and R are independently selected fromthe group
consi sti berSIf' hydrogen, C $alkyl, aryl, heteroaryl, arylalkyl, and
het er oar flregresents WAroRE and R together with the nitrogen atom to which they
are attached forma 5 or 6 nenbered saturated cyclic group; and 30 J
represen ran cyclylal kyl, arylal kyl or heteroarylal kyl; and
sa(t?0 sgﬁsgfsee?&aﬂoégéf}gogwher eof ; provided that when Ais esterified to
form=0OR_ where Ris selected fromstraight or branched chain al kyl,
ar al kyl , E&gnjeseRizAWRRpEen, Snsalipds[aryl. hetereand ar heteracysivlier than tert-butyl; for use
in nedical therapy. 4

G represents hydrogen or C,galkyl optionally substituted by one or more substituents

selected from halo, OR', SR', C{O)NR?R?, CO,H, C(O)R?, CO,R*, NRR?, NHC(O)R?,

15 NHCO,R®, NHC(OINR°R®, SONR°R®, SO.R', nitro, cyano, aryl, heteroaryl and

heterocyclyl,

R! represents hydrogen, C,salkyl, arylalkyl, or heteroarylaikyl;

20 R?and R? are independently selected from hydrogen, C,.zalkyl, aryl and heteroary; or R?
and R® together with the nitrogen atom to which they are attached form a 5 or 6
membered saturated cyclic group;

( R* is selected from the group consisting of Cisalkyl, aryl, heteroaryl, arylalkyl, and
~ 25  heteroarylalkyl;

R® and R® are independently selected from the group consisting of hydrogen, C,galkyl,
aryl, heteroaryl, arylalkyl, and heteroarylalky!; or R® and R® together with the nitrogen atom
to which they are attached form a 5 or 6 membered saturated cyclic group; and

30
J represents Cysalkyl, heterocyclylalkyl, arylalkyl or heteroarylaliyl;

and salts, solvates and esters thereof; provided that when A is esterified to form -OR

where R is selected from straight or branched chain alkyl, aralkyl, aryloxyalkyl, or aryl,
35 then Ris other than lerf-butyl,

for use in medical therapy.



WD 2004/ 037818 PCTI EP2003/011813 There is provided as a further aspect of
the present invention a conpound of Forrmula (1) or a physiologically
acceptabl e salt, solvate or ester thereof for use in human or veterinary
medi cal therapy, particularly in the treatnent or prophyl axis of viral

I nf ecti onyo patossig arly HCV infection. 5 1t wll ﬁﬁdsﬁﬁ ¢h t hat
reference herein to therapy and/or treatnent incl udes Is not limted
to prevention, retardation, proph¥l axi s, therapy and cure of the disease. It
will fuFherls FIS%‘"%ﬁS’rﬁ*‘eﬁ:f”&f‘%’cﬁsPﬂ%{ therrsesentisxentiad aicampgund of fiorawia (Br
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hepat ocgl, ctiGR! CI nona. Accordi ng to anot her aspect of t he |nvent|on

t here |s prow c‘fed the use of a conpound of Fornula (1) or a physiologically
accepr% able salt, solvate or ester thereof in the manufacture of a

medi camelhwilerappresiateddbat nefereneenberein tp therspy laagibrstrestmentrindludesf it isi noh,

parti cul iited tbiGvevendion, RéteeihiicP) prdphylaxié, Lthér’aw ad carbtﬁrtﬁéltds‘éﬁse'isﬂeﬁﬂ there is

pr ovi dedf ﬁhé?%%@?) retlcg{erﬁtﬂhﬁég&%ﬁ elmo g‘ﬁ |§T81J Hé\s" with viral
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For Mfl a qirhosisrand hepatetelulangaceimanya. accept abl e salt, solvate or ester thereof.
In one aspect of the present invention, corrpounds of Formula (1) are

repr esenA&grdp? to a%t é&t of thecf\hve‘?]tloﬁ rav:de(a/ tﬁ'{)usezgf %ﬁtﬁ'ﬁ FouRd of®

represe sen te ar ents
hyizlroge )Q %/bhyg gﬁ:aﬁlech?% IBPC’IH £ af fr@ﬁem@iagﬁ( hydr ogen
or'.C1. Ga’f@me@mmem@r Feament andéqg pesphylaes of wrﬁiﬂrée@ebsmmqy@ﬁlvé-lc%el ected

f romshaligfectiorl, SR, C(O NR2R3, C(O R4, CO02R, NRZR3, NHC(O R4, NHCO2R4,

NHC( O) NR5R6, SOZNR6R6 SO2R , nitro, cyano and heter ocycl yl; 35 R1

represents h 1. 8al k aryl al kyl , ar a
o iS850, S hersdt bt o 1L B TR A i o
hydr ogerer agimzhpusject with yiral dnfectica: earbpuagly HGY mtagtlor\awalcmqth%@qmnseﬁ th the
ni t r ogeradefirostering tohdaich htrnary onaginl setjéut Gnfeffeotive dmaunt @f a compound of

20 Formula (I) or a physiologically acceptable salt, solvate or ester thereof,

In one aspect of the present invention, compounds of Formula () are represented by

Formual (F):
G
’ "
( °© D
25  wherein:
A represents hydroxy;

D represents aryl or heteroaryl;
30 E represents hydrogen, Csalkyl, aryl, heteroaryl or heterocyclyl;

G represents hydrogen or Cisalkyl optionally substituted by one or more substituents
selected from halo, OR', SR, C(OINR?R?, C{O)R*, CO.R, NR’R®, NHC(O)R*, NHCO.R",
NHC(OINR®R®, SO.NR°R®, SO,R?, nitro, cyano and heterocyclyl;

35
R' represents hydrogen, C,salkyl, arylalkyl, or heteroarylalkyt;



menbered saturated cyclic group; 5 R is selected fromthe group consisting
of Cl4al kyl, aryl, heteroaryl, arylalkyl, and heteroarylalkyl; R5 and R are
i ndependently selected fromthe group consisting of hydrogen, Cl1.alkyl,

aryl, heteroaryl, arylalkyl, and heteroarylal kyl; or R5 and R together with
the nitrogenooapsmis 10 to which they are attached for pEp560fsETEr €d
saturat ed cycl Ic group; and J represents Cl.al kyl, heterocyclyl al kyl,

aryl al ky t er.oar sal t sol va es and ters her gof ;

provi ded % ﬁﬂ@rﬂ" ggge@@/,gélgcﬁlch@orpg 49"89% C@W’:{BM@ tﬂ“ﬁ@’ QéBect ed from
st rai ght anst Rf)rtegﬂtmﬁéolwiﬂhﬂ’lenmﬁpg@ﬂl atogy &1 hpich they latex atiadopd forgr aapydr, 6 then Ris
ot her t haambemat sbtutaydd cyblivgrgupesent i nvention further provides novel
corrpounds of Formula (1), represented by Forrmula (la): G Ary E (la) O

L & 8.0, 5 i SR SRR, SRR el 2

r epr esentelemyyiebyen or C, - 0al kyl opti onal |y substituted by one or m)re
substituents selected fromhalo, OR, SR, C(O)NR2R3 CO2H, C(O R, CX2R',

NRZR3, W@&ar&ﬁd%ﬁ%@rﬂ stidtle@ridrPiRe grOEND rd@;bhré afkyiano, aryl,

het t | al kyl
or ﬁé?i‘i%ra' @‘%'*%rpg@le‘ﬁia@%h%hﬂeﬁgwkﬁ&f Brdc Srr‘s}é?ﬁa‘ﬂ%?@gr g s Falamhydr ogen,
C1$alky | to whkditheyiate atached frmia; 5 &6 mmbﬁ%smateégtqhﬁafoum M the nitrogen atom
to which they are attached forma 5 or 6 nenbered saturated cyclic group; 6

VO 2004/ Ppfeténtd 2 Qe3¢ ey, Iky} oPRdt&8agiEifir om t he group consi sting
of Cl. al kyl, aryI@uaEgteroaryl gyrydaé? k@o and @ﬁ %eroaryl alkyl; 5 R5 and R6

[ ndependentl sel ected from the grouF consi stl ng of h drogen Cl. eal kyl ,
fl hetner ey $olvalgs, and esjars thareofh eiokided: fat Whet A is Fsterifed: i faa (et her wi t h
t he 16 t rwheee Raiscelected frdm sthaightey beanehed chiirh eyl f amlkvlaaaloxvailaﬂ nemdrdr ed

sat ur at efles RGd btherdhan@i-baR J represents Cl. eal kyl, heterocyclyl al kyl,
aryl al kyl or heteroarylal kyl; 10

The present invention further provides novel compounds of Formula (1), represented by

Formula (1a) :
G
J
A N E (ia)
o )\
20 D
wherein:
A represents hydroxy;
( D represents aryl or heteroaryl;
25

E represents hydrogen, C,galkyl, aryl, heteroaryl or heterocyclyl;

G represents hydrogen or C,gsalkyl optionaily substituted by one or more substituents
selected from halo, OR', SR', C(O)NR?R?, CO,H, C(O)R*, CO.R*, NR?R®, NHC(O)R?,

30 NHCO,R*, NHC(O)NR’R®, SO,NR°R®, SO,R% nitro, cyano, aryl, heteroaryl and
heterocyclyt,

R’ represents hydrogen, C, salkyl, arylalkyl, or heteroarylalkyl;
35 R?and R® are independently selected from hydrogen, Ciealkyl, aryl and heteroaryl; or R?

and R® together with the nitrogen atom to which they are attached form a § or 6
membered saturated cyclic group;



provided that i) E and G are not both hydrogen; and 1ii) the conpound is

ot her than 4-ethenyl-1 -(2-nitrobenzoyl)-2,2-pyrrolidinedicarboxylic acid,
di et hyl ester;

1- (2am nobenzoyl ) - 4- (1- hydr oxyet hyl ) -2, 2- pyrrol i di nedi car boxylic acid,

di et hyl agdesos/0378s

4- (1- hydroxyet hyl )-1-(2-nitrobenzoyl)-2, 2-pyrrolidi neP(ﬁT{:Egrz 8’)‘(’%/ |13c aci d,

di ethyl ester; and salts, solvates and esters thereof; provided that when A
is esterifled to form-OR where Ris selected fromstrai ght or branched
chai n al RYlis selectbdyftom ahey lgmoup addngibtingoof Eraalkyl, anfehetBroasy/l, oarflekylt lzad

tert - but dterog@alkgl: one aspect of the present invention, conpounds of Fornula
(la) are represented by Formula (la') G J ANE (la') O-D wherein: 25 A
represents hydgoxy; D represents aryl or heteroaryl;_ E represents hydrogen,
Cisal kyl B§§ﬁ"ijlﬁ,g af‘%f“@?wg'l‘tlyo?e'%@f’é%lyﬂ pup cg'@ls@/g 8%'?@5%&{‘5 mp¥bgen or

Cl. al ky| aglpbétencatyl, prdalkytaind hetetbahyaliyh or B amdoR’dogattartwith thennitsogesattaret ed f r om
hal 0, ORo,whigh theyGr&atihtHEd forfi(d3 &t 6 RbiRbEred MRERRd Hic(gRupdand\HCO2R'
NHC( O NR5R, S02NRSR, SO02R4, nitro, cyano and heterocyclyl; 35 R represents
hydrogen, Cl$al kyl, .arylal kyl, or heteroarylal kyl: R2 and R3 are

i ndependbigPTesents é&"‘l"@’ii*F%&?&ﬂﬂﬂ?ﬂﬁﬁ?Iﬁﬁﬁééﬁr)‘??fy}égwﬁlI and heteroaryl; or R2
7 WOI®004/ 037818 PCT/ EP2003/ 011813 and R3 together with the nitrogen atom
t 0 whi chprbiged taat) BahdGherel nbtoth lydfoger, dhd menber ed saturated cyclic group;

R4 is sq)gg&g.‘pg thr #HapuP consisting of C .6alkyl, aryl, heteroaryl,
aryl al ky an g?g er o lLal kyl : nd RS arg independently selected from
the gr oupeREMLILENHE LB?”%@/%F@E%‘@@“%PWF ,ac'g’afﬁ *‘V?eﬁgrt'eroaryl , aryl al kyl,

and het et-Gaanpinehangey)-4f1-mairagethyds? 2 oyeelidinedigarbexyvitacih dietvhesierat om to whi ch
t hey1ir ed-Hliydedxgeth§ip 1-4(2-aitrobemzoyl)-1B-plreslidiniediedrod@licatid; diethytegggroup;, and 10 J
represents Cl.Sal kyl, heterocyclylalkyl, arylalkyl or heteroarylalkyl;
provi ded, L3 ! donatéShd e b€ hFbor Blolhal Ha? 478 ARestdried S rerATRH N 1S
where R is selected from straight or branched chain akyl, aralkyl, aryloxyalkyl, or aryl,
then R is other than tert-butyl.

20
In one aspect of the present invention, compounds of Formula {la) are represented by
Formula (1a’)
G
’ (12’)
a!
LT
O D
( wherein;

25  Arepresents hydroxy;

D represents aryi or heteroaryl;
E represents hydrogen, C,salkyl, aryl, hetercary! or heterocyclyl,

30
G represents hydrogen or Cealkyl optionally substituted by one or more substituents
selected from halo, OR?', SR, C(OINR?R?, C(O)R*, CO:R?, NR*R?, NHC(O)R*, NHCO,R®,
NHC(O)NRR®, SONR®R®, SO,R?, nitro, cyano and heterocyclyl;

35 R’ represents hydrogen, Cysalkyl, arylalkyl, or heteroarylalkyl;
R? and R® are independently selected from hydrogen, C,alkyl, aryl and heteroaryl; or R®

7



15 4-ethenyl -1-(2-nitrobenzoyl)-2, 2-pyrrolidinedi carboxylic acid, diethyl
ester; 1-(2-am nobenzoyl)-4-(1-hydroxyethyl)-2,2-pyrrolidinedicarboxylic
acid, diethyl ester;

4- (1- hydroxyet hyl )-1-(2-ni trobenzoyl)-2, 2-pyrrolidinedi carboxylic acid,

di et hyl esdessof8s salts, solvates and esters ther eof permNisdeM1d hat when A
is esterified to form - CR 20 where R is selected fromstraight or branched
chai n al kyI ,aral kyl, aryloxyal kyl, or ar then R is other than

t est - but §1d R’ tlogather with she,pivegen atem I‘Fhf”ht%eth@br?ﬁ%éﬁa@eéf fofpe §rersént

i nvent i omemhgred satuested oyalic group;nore asymmetri c carbon atons and nmay exist in
racem c, di astereoisoneric, and optically 25 active fornms. Al of these

racem c on i ted to be
wi thin the @gééég%ff%ﬂﬁ bR BN 0T SR, ST hpfb SBEBNE, b
rel at?¥ vehate@auaideni stry of racemnmi ¢ conpounds of Fornmula (1), and/or
Formula ((a) is represented by Formulae (1p) or (1qg): A, ~N~E(IP) AN' E
(la) O rptakd Re%h.ffnaéﬁéheéﬁtﬁrtsfe)éc’fe@ﬁmm Sbsy easiang st ﬁwrog%ﬁa 8, A

wherein | a In a
nore pr e@«gl’r% ag% mﬂaa%ﬂg é Mygt%gr oc emgg %tﬂ‘i eﬁm é\c‘?en%gorrr&()ou)nds of
For nul a c pa I°o{mq @e'i"B?fP salirpled oy 9"’%‘?%?% (1pp) or (1qq):

8 V\OWZOO4/ 037818 PCT/ EP2003/ 011813 1-1 1A-1 <NJ E ~IPP) A JNE (lqq) absolute

ster eOCh@fébEésﬁntéﬁ1i§ﬂ®9|hﬁteﬂac§élﬂélﬁﬂcéi§lﬁﬂcﬁbfMeter@a@la(kyp wherein A D, E Gand ]
are as defined above for Formul a or (la). The follow ng substituent

groups are icable, in respect of each of 5 Formulae I,
| a, "'Befd;e)‘[" )L%a g aﬁﬁ%l"?%ﬂﬁ" Aro0en APy D represents optional |y

sugstl tul!)élaﬁ qmmymd is thenef erably tert-butyl phenyl optionally further

subs15 t ud-athenyd3 {iR2aitdbenzopt)-2 Raryrrelitinedicadoryit acitd -diethy epteeny| optional |y

Cl3al kox] Wﬁ"‘*’%‘%"“l?f*“' RGN EF BrSiRBbLy bRt ot dipestr. 50 Y 2bly D
3 et o e Eh oo 2Ryt o aStatbnale A e ooy
Preferably, Eis selected fromthe group consisting of Cl4al kyl, aryl and

het er oar yrid; saiter solvateschrer editrg thereafppesidad thad pthieo rialsl gsteriiied tio 1fculne-d)Fhet eroaryl,
pr ef g5 ablyerd 'P! Zs‘éie\é{ed frROM §ﬁ'z§l§llnt 1or blélcﬁé/d é‘ﬁdlﬁ‘!ﬁ(yl bl%%ﬂaéﬂ)ldk&al%ﬂdorté}yleny|

especi al r din-2-yl, 5-nethyl pyridin-2-yl," pyrazin- 2. yl,
1, 3-t hi tb%l F ”ﬁa’h@f‘ﬁ’ B(YI 3-thi azol - 2-yI

5- met hoxynmet hyI 1 3-thi azol 2 yl, 2-chloro-1, 3-thiazol -5-yl,
2- met hoxty wil, k- dppreciated Tray lthe dqrﬁaduhiisaubhezbrgslent oventibh yhaysepctsirobreBer yl , or

t hi en-2- r)ﬁbne aaﬁﬁﬁnem& BA/BbA SfdmisSand mby eRisi PAcedile/ ums@%olsen@ﬁ@tahebpt%mf erred
aspe;z‘g actlve fosr‘ﬁé ecﬁhl oq tﬁés%ngaaer% ic %o%ﬂgun%g ngna?n{ nqg's and Cdlas?ereal sdmearsr %re and

contemplated to be within the scope of the present invention.

( In a preferred aspect, the relative stereochemistry of racemic compounds of Formula (1),
- and/or Formula (la) is represented by Formuiae (Ip) or (Iq):

Re G
J Jo | |
g P A e (10)

A—” ék relative stereochemistry _g )\ relative stereochemistry

O D O D
wherein A, D, E, G and J are as defined above for Formula (1) or (la).

30

In a more preferred aspect, the absolute stereochemistry of chiral compounds of Formula
(1) and/or Formula (la} is represented by Formulae (lpp) or {laq):



heteroaryl; nore preferably E represents heteroaryl, preferably thiazolyl,
pyridinyl and pyrazinyl; especially preferred are pyridin-2-yl,
pyrazin-2-yl, 1,3-thiazol-2-yl, 5-nethyl-1,3- thiazol-2-yi,

2-chloro-1, 3-thiazol -5-yl, 2-nmethoxy-1, 3-thiazol-5-yl or 1,3-thiazol-4-yl;
most  C pxehelosgid S 1, 3-thiazol-2-yl. 25 Preferably, S C1$alkyl
optionally substituted by halo, ORL, SR1l, SO02R and gygwgﬁaﬁgigﬂ%referably G
represents CI1. Balkwé optionally substituted by 1; especially preferably,
G represents optionally substitute 1. 30 Preferably, Rl
represents rogen or Claal kyl; nore pd fer ny, R1 represents hydrogen,

nethyl, e | (IB®) prop- 2- enyl, i % feghy! or ethyl.

Pr ef er abl A pr e ghsplufalsterbdohesmistiy era I e met hyl ,
et hyl, or ppop , especially net hyI . 35 Preferably, J represents
Cl. BaI kyl, ar@ alpkyl or heteroaryl al kyI e preferably isobutyl,

pr op- 2-en | yr| I butyl. 9 WO 2004/ 037818
PCT/ EP20 ?'BTI%%% r?"g ea‘%g%g‘g?t?‘egrl'l’?"ﬁ of rogg {'Y? n(f?gnt ion, when D is phenyl

substituted by at | east two substituents independently selected from

hydr oxy, Thaeé kallswing -sGBstitiient GR2P areoprefemed, wherésapplicably dinagspecbof é&bhaifkyl ; and J

i's Clgal EyimuldeNen 1414 $p, BpN-anBfdeer 0aryl or heterocyclyl. 5 1t is to be

understood that' the present 1nvention covers all conbinations of suitable,
conveni ent and preferred groups described herein. As used herein unless

ot her wi sEraigrably. P gepreseptsc 9:Pt'°na'ér sybstituied pheyht merspreiprably teributyinbany! 10
hydr ocar bptvnaltyduther Strstitutddy bsdwﬂﬂmaﬁetrednsg:am—jprtmmbenw ppteaally flttenched or

gyg: : c, séﬁtﬁfdfe?t SrdfefibyReaisubstiRed, by el ec. LByl k:yAaurwl reeséa'éus?lamaroggpbloﬁ
51 e 4850 AT et s oAl iyt bon,
will beUﬁH’@?‘ “Verevmll beamnlrrumofz carbon atons in the

group and that the group may be, for exanple, an alkenyl or alkynyl 15
group. PPeff@éwlehs seleeted fRHDthe Yréupldahsistng of Er@ik@r bRl and kitkroaRi; @iores are

Clsal kyI EPfefeS Al kil tronal
subsy (uELE ”C' I @meiy 'Otresem%ﬁeew% sgmgﬁ@;!r 85 o, Coymno,

Co2R’S NP&'?%“ &“d BSPeCiy
0XO0, andpwezlleﬁﬁbyb3~}hlaZOEZrWA§ mebi- i thiszo- 2-ylar5+meuyoxvmtwh1 Frhiarohyla group or
as part Qichigrodt, Sltﬂiﬁzof e?re [2smithod  Sttiazol-5-@f Mesthiagslidon 5-nvduslisoxazdlse term

"al kyl " }/Isorql%ﬁ E? ngéﬁrqp#]%zgf ﬁ' koxy as used herein include, but

are not fimted oXYy, n=propoxy, i-propoxy and the |ike. As
used herein, "aryl"” refers to an optionally substltuted aromatic group with
at | @@st Incamethegpieferngd lraRechdE is setnsied dremdtie group|conaisting of Gséalkyl, agbandii ni ng up
to two Chétpraae; anbré préferabll & ir@Sfesents heteroaryl, preferably thiazolyl, pyridinyl and

pyrazinyl; especially preferred are pyridin-2-yl, pyrazin-2-yl, 1,3-thiazol-2-yl, 5-methyl-1,3-
thiazol-2-yi, 2-chloro-1,3-thiazol-5-yl, 2-methoxy-1,3-thiazol-5-yl or 1,3-thiazol-4-yi; most
( preferred Is 1,3-thiazol-2-yl.
- 25

jr

Preferably, G represents Cysalkyl optionally substituted by halo, OR', SR', SO,R® and
cyano; more preferably G represents Cqealkyl optionally substituted by OR'; especially
preferably, G represents methy! optionally substituted by OR".

30 Preferably, R' represents hydrogen or C,.salkyl; more preferably, R' represents hydrogen,
methyl, ethyl, propyl or prop-2-enyl, especially methyl or ethyl.

Prefarably, R* represents C,salkyl; more preferably, R* represents methyi, ethyl, or propyl,
especially methyl or ethyl.

Preferably, J represents C,g¢alkyl, arylalkyl or heteroarylalkyl, more preferably isobutyl,
prop-2-enyl, benzyl or pyridylmethyl, especially isobutyl.

9



systens. "Aryl" includes carbocyclic aryl and biaryl groups, all of which
may be optionally substituted, for exanple phenyl, naphthyl or bi-phenyl.
Preferred "aryl" noieties are unsubstituted, nonosubstituted, disubstituted
or trisubstituted phenyl. Preferred "aryl" substituents are selected from

t he groupy§emshssisng of Cl.al kyl, halo, OR, C(O)NRZQ;SE@M%RSBA CO2H,
C021W NR2R3, NHC(O R, NHCO2R, NHC(O) NR5R, SO02NR5R, ., nitro, cyano,

oxo, heterocyclyl, CF3, and NO2. As used herein, "heteroaryl" refers to an
optionally substituted, 5 or 6 nmenbered, aromatic group conprising one to
four het br ot especkef thet prelsent gvedljon) when DSis pliehyl sabsfitetad tbyoatdeastngo 35 havi ng
a conj Ug@d&ﬂtu@hpts ﬁ#d@ﬁéﬁd@ﬂt}yﬁééféc@@ frof® Ay cioxy! AkoxyP-CoH! Mb,gﬂ.rurtmtaﬁogé igr fused
ring sys r er1AY Ietl S ut ed,
ronosube PR Ok fnd B riadRbyhen FR iy ierBid o PBRE Mna "t i azol y1
Prefefred "heteroaryl" substituents are selected fromthe group consisting
of Cl$al ky$ to hel undeSRod tHatChaIRTERENt QVO)tRA, coBiR Hll capiifytiohiRpR3yitalldC( O) R4,
NHCO2R4  gorhbkiéridahiRbrefaribdyuips dS6btiBed hdtbihl 0, cyano, 40 oxo, heterocyclyl,

CF3, and NO2 As used herein, "heterocyclic" and "heterocyclyl” refer to an
optionalllxg/ substituted, 5 or 6 10, 2004/ 037818 PCT/ EP20031011813
menber ed®s 41584, hately uplpey PhepNise srecifedn Ajvb usferoint an mntignally substityied o1 oat ons
sel et@ edhydraoarhoh, groyr. i dheldlky! bydvetartant grdurbynaliylitr lingen, branched | deydyglicC( O) R4,
S2R, ar gdturatedh@t ansadirited. OWhed theSalk@Phydestatblod iulh}ﬁtis ]Edyélié,d itOWilope or t\tNo
oxygen : resen

a RYEhstocd etFéetglﬁeZé G@doecé)ﬁﬁ%’}%f SLarbH é‘iHJnng 2 g}fb?ﬁo YWherd tHe/MiyP

Ir gr??élso&q%%:%big _gr%tﬁy%ra?qrpatedﬁt wiﬁ rbglljJRdé:rs?tgg | a{ tﬂgre will be a minimum of 2

-( B- et heathonateras in- the wyaub cand dhat thesgroumory heitforexamplel 28-alkend 0o Blkynyl
2- yl 3pyr grolip. diPretergbig.athb @radpi is saturdied. Preferred alky! moieties are C.alkyl, more
515 ARG o IFAB b FGAE L ko o -
rel -’(28,3 1,'5 2 'ﬂét 16-{:{c§ -’m#ﬁﬂxy- fter ktf&t yﬁb KQWI )Nﬂ‘;’?ﬁjor oret hyl -5
- (1, 3- t PNHGENNRRY BONRROI SRR anitrn, ¥anBoRg! and hetsrepycly.
rel -(2S, 4R, 5R) - 2- 1 sobut yl - 1- ( 3- net hoxy-4-tert-butyl benzoyl) - 4-net hyl -5-(1, 3-
thi ag®! - £ ygea) Hevdin Oblksuyﬂpor%n%w%w dréup?6ri 44 pattf a group) refers to an alky!
2- ATyl -T2 (3= br omo: -1 ant - but yLbenz oyl J- Dy ol 0 nee 92 car Boxyl | ¢ aci d;
2~ Benyy| SheradploRherar B 1] ANV 08 SRenabbie o ERaTgs of AkPRLK b o,
r el - (2S, herein iRelude, byb arginpt liited 30; Rty atpxy o1-propryy it Rser @nd theliks:dr oxymet hyl -
5-(1, 3 thiazol-2-yl)pyrrolidine-2-carboxylic acid,
rel - (2S, AS,sedinereir® Oyl Ydfers 16 an GBiidHany subsiitaied akinlarb BRIUpOMIh) st dsdd SHeOXy et hyl - 5
] éll%szrﬁwﬂtt%@é glcpég%elﬁ%cﬁf :reirle%krbﬁi Syste .'cgr%ipl% ¥le 't tw%co'oﬂfugated or fused ring
- (3- net hyRipms. fAME inslydes ersbrcyglic)and agg bianvbarours, AY of whigh may be optionally
t hi azol -bstit)tpy,r foo lekampie -phecydr baptihyl or &icpleenyl. Preferred “aryl” moieties are
unsubstituted, monosubstituted, disubstituted or trisubstituted phenyl. Preferred “aryl”
(- substituents are selected from the group consisting of Cy¢atkyl, halo, OR', C(O)NR?R?,
30 C(O)R* CO:H, COR, NR?R®, NHC(O)R*, NHCO,R*, NHC(O)NR®R®, SO,NR°R®, SO,R*,
nitro, cyano, oxo, heterocyclyl, CF;, and NO,.

As used herein, "heteroaryl" refers to an optionally substituted, 5 or 6 membered, aromatic

group comprising one to four hetercatoms selected from N, C and S, with at least one ring
35 having a conjugated pi-electron system, contzining up to two conjugated or fused ring

systems. Preferred “heteroary!” moieties are unsubstituted, monosubstituted,

disubstituted or trisubstituted pyridyl and thiazolyl. Preferred “heteroaryl’ substituents are

selected from the group consisting of Cisalkyl, halo, OR', C(O)NR’R®, C(O)R*, CO.H,

COR*, NR'R?, NHC(O)R*, NHCO,R®*, NHC(O)NR®R®, SO.NR°R®, SO,R*, nitro, cyano,
40 oxo, heterocyclyl, CF3, and NO,.

As used herein, “heterocyclic® and “heterocyclyl” refer to an optionally substituted, 5 or 6
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rei-(2S,4 R SR)-2-Isobutyl- | -(3-nmethoxy-4-tert-butyl

benzoyl ) - 4- propyl oxynet hyl -5- (1, 3- thiazol-2-yl)pyrrolidine-2-carboxylic
acid; 25

rel-(2S, 4S, 5R) - 2- 1 sobutyl - 1- (3- net hoxy-4-tert - butyI benzoyl ) - 4- met hoxynet hyl -
5-(1,3- t yl ) pyrrolidine-2-carboxylic acid

rel-(2S,4 g@%”?“obut yl -1-(3-net hoxy-4-tert-butyl ber??orﬁﬁl’)zqoﬂfpg?ﬁoxynet hyl - 5-
(1,3-thiazo|- 2-yl) pyrrolidine-2-carboxylic acid;

rel-(2S, tt’@p’@ﬂ)edZSater@tadtqvbﬁqh)(dmhwpmtairﬁngomoy Rbweterostbms 4elestedhr openyl - 5-
(1, 3-t hi agralN, 3ptichallydubptitited bl Hydiéget; CaalRPXEI0)R?, B0 ,/?, aryl or heteroaryl; 0,

rel-(2S, g@@@p}@ﬁ,@gmgm dbyﬁe%?h@?%?l -dihd - but yl benzoyl ) - 4-i sopropyl - 5- (1

, 3-thi azol rrol | | né-2-car c acl d;
(28 4S, 5R} 2- | sobut yl - 3- met hoxy-4-tert
but yl Be nE@Wl)ed@ompm pruia @) ysefuginthe aeesent inveplionare selepted fremdbe ar boxyl i ¢

aci d; 35group consisting of:

(25, 45, Of8)17% 0l Kol PRGN e ek B eV WARBIMby & Gl iuget 11 -5 (1

3-thiazo
(2S, 4S, 52eyl)mrrrpbdm:2-yarquy@ga@¢.orro 4 tert-butyl benzoyl) - 4- et hoxynet hyl - 5- (1,

?F; CtT ? |2z 803?2314'% SR [sbBt)10H-BenethG@ RN by Bedfolfla-methApndMdE A3 818

(2S, 4%, 5!&)329'%Y§195{5?'5¢I"er2*(§b%'r‘iﬂ°@ 4-tert-butyl benzoyl ) - 4- et hoxynet hyl -5- (1, 3
- t hi azol rek(28,9R, 5SR)y2-Isobutgh 1RE-nietoaxy e f-butgibankdy)-4-flucromethyl-5-(1,3-thiazol-

2S, 4S, 5 u thI 4-tert-butyl benzoyl ) -4-et hoxynet hyl -5-(1, 3
(2ot S e g senzoy)) 4 oyt -

4hiazol - %77{ %2 arboxylic add; 5
ref- (2R @R zwf )wels,@gutym (@sneitqmﬂxtydhutvlbmzomrﬂwaﬂ%,‘idyB)thlaqurat hoxynet hyl - 5-
(1 3- thyipy %Ilﬂ%e)d&ar i ne 2-carboxylic acid: rel-(2R 4R 5R}2- Benzyl - |

th 1,3-thi | -

B R oS A G . L

-(3- rret thynzﬂrH-(;! brommyhﬂmuwmhaoyn-pmmmﬁmtﬂwylfcﬁc(dpyr azin- 10
2-yl . )
reIy % Fz)ér {?g%%ﬁ'@{)?i EE’S x'y( t h’8'>'< butﬁlb?nezp ¥|E)4 h%}?%’é"r?’z%‘ l? (4 nmet hoxynet hyl -

_ (pyr azi tiazg-2yhppyalidisei lcc?é boxyl ic acid; rel-(2S,4S, 5R)-2-1sobutyl-]|

(3 et hgk %m)tz Ibbﬁdﬁlﬁﬁ%%o&yAg&ﬁblflﬂﬁéﬁiSﬁ?hy&dm -5y1,3-

rrolidine- rboxylic aci

reI %Qsaiﬁgzgé)ﬂ)ggﬁpc\élggﬁgﬁa@ g Eﬁ@t hox§ 4-tert-butyl benzoyl) - 4- net hoxynet hyl -
5- ( 5- et ey28 4R, MR}t aladyi-1 23 ynetmyy-Hert-tutylber2oyl pé-aiiptoryinethsics-H; 3-
rel-( 2Shtﬁ§zgf ?}ﬁ)g)rnf&ﬁgﬁ‘\g&l-%lrboxglc %Cld

- (3-net met hoxynet hyl - 5- (2- chl or o-

1,3-thi o ZSaﬂR,&Fi);a]lﬁ@wtylﬂr(ﬁ@eﬂl%&ﬂﬁerkwtvlheraeylh -propyloxymethyss4K8- 2- | sobut yI - |
- (3- et hﬁ?&’ol‘fﬂ)ﬁﬁﬁdn&%)ﬂ&%&ﬂ%'aﬁ% met hoxynet hyl - 5- (2- 20

et NOXY- 1), Bsldd 1Y isbulyh ¥ mleSion 4 17 B o A-metraretny-5-(1,3-

(‘ 7 thiazol- -2-yl)pyrroiidine-2-carboxylic acid;
rel-(2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-
2-yl)pyrrolidine-2-carboxylic acid, __
rel-(25,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-isopropenyl-5-(1,3-thiazol-2-

30  vyi)pyrmrolidine-2-carboxylic acid;
rel-(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl}-4-isopropy!-5-(1,3-thiazol-2-
yl}pyrrolidine-2-carboxylic acid;
(2S,48,5R)-2-1scbutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methaxymethyl-5-(1,3-thiazol-
2-yl)pyrrolidine-2-carboxylic acid;

35 (2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-2-
yl)pyrrolidine-2-carboxylic acid;
(28,48,5R)-2-Isobutyl-1-(3-bromo-4-tert-butylbenzoyl}-4-ethoxymethy!-5-(1,3-thiazol-2-yl)-
pyrrolidine-2-carboxylic acid;
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ref-(2S, 4R 5R) - 2-1sobutyl -1 -(3-nethoxy-4-tert-butyl benzoyl)-4-((nmethylthio)m
ethyl)-5-(1,3- thiazol-2-yl)pyrrolidine-2-carboxylic acid;

rel -(2S, 4R, 5R) - 2- 1 sobut yl - |

- (3-net hoxy-4-tert-butyl benzoyl)-4-( (et hanesul fonyl ) net hyl ) -

5- (1, 3-t kk@Zoake2sigl ) pyrrolidi ne-2-carboxylic acid; 2%cT/EP2003/011813

rel -(2S, 4R, 5R) - 2- | sobutyl -1 - (3-met hoxy-4-tent-butyl benzoyl)-4-(1, 1-difl uoroe
thyl)-5-(1, 3- thiazol - eé_chﬁ)rrrol i di ne-2-carboxylic acid; rel-(2S,4R 5

R-2-1 s R)r2-1sobutyl-1 0-4-tert-butylbenzoyl)4d-ethoxymethyi-5-(1,3-thiazol- -yl)-

-(3-neth l;bhdﬁné-@fcbrbbjdilwabﬁﬂzoy| )-4-(1- hydroxy-1- net hyl et hyl ) -

5-(1, 3-t | ne-.2- | | i d; .

AEER] TR T

,3- 30 tmmzdlmr@-%fca)rbwﬁcmd di ne- 2-carboxyl i c acid;
rel- (R ﬂéﬁﬂaﬁaﬁfay AE é&e%wwgaﬁx@ @@Wh@%ﬁmmé(ewoxym hyl -5- (1

, 3-thrazol pyrrolidine-2-car

rei - (2S, H'@Z?JF%Y')ZPW@%QH‘?TC?TQMQ%'Fhoxy 4 tert-butyl benzoyl) - 4- net hoxynet hyl -
5- (py( di RA-2R 4R, 5RY2-BehdyHi (Bmaihory-boutyibengdytl-4-athoxymethyl-5-(1,3-thiazol-

(2S, 4R, SEzWEyr?ﬁaﬁFéz%rbo%% r@ hoxy 4-tert-butyl benzoyl)-4-(1-hydroxy-I-net hyl

et hyl) rroI|d|ne 2- carboxylic add;
(28 4R 5RY-2SIACIRIt 2/ IsoutylI- (ﬁmeﬁhmwderweutvlbmmyll—ﬂemmxycymethyl—s -(pyrazin-

-4- (Jrohy‘d_g?ay Yeakding-2- céb&)&hgaél&ﬂ azol 12 WD 2004/037818 PCT/ EP20031011813
2-yl) pyrr di ne-2- car 2S, 485n3Rg 2-1sobut yl -1

(5t s AT RN S I Co SR R RS
; %zl %gér z-gl)pydbmel'e’z cabmxc/hcrd; aci d I oxvmet vl
"o 175 rpesRs gy @W grro R Kiclbb Bl - Pl aRaRs sadthyy | OV et Y

rel - (2S, ngtmpi-%ylbml ing-2ca rboxyllc acld
- (3- 1Bt hXiesdrsl syt Bebuy lhqgmﬁc)wﬁl‘téﬁ BlyhErLS RS Methoxyrhéth-5-(5-methyl-

t hi azol | id X caC|d rel-(2S,4S, 5R)-2-1sobutyl -1
- (3-net hiﬁ&‘;?p&#‘gpﬂﬁe 95 ] fgwf 5°"izyanorret hyl - 5- (1, 3-t hi azol -
2-y|) pyr reb{25@iSER)-2-1sabutydA i Binwetianxy-d; terﬂ:ﬁutylbenzoyl)—4—methoxymethyl 5-(2-chloro-

I(gtshf/fls) ?§§ ﬂ?oé@?lwy*bhqjqé % d/J‘ tert-butyl benzoyl)-4-(1-hydroxy- 1- net hy

I'di ne- 2- car boxylic acid;
(ol - { 25, WRZBHS R 2J o= (gfrqeylmmputmbqr@w!)-wtewown@bxﬂ5)(24 ethyl -5- (1, 3-1
hi /azzbz SZrEemb pws-rnlﬁuzb ?qy%oweb@wbé h@é‘dt | . _—
R T e

rel (2S, Wmﬁ-wpmune-ﬁl-caﬂbo@ﬁlcmﬂhoxy 4-tert- butyI benzoyl) 4- (1- met hoxyet hyl

123 (5 S PR S G AR Ao, 15
pyri di n- ‘~'2(T %ﬂh)ap?lr?r!d yiel \ﬁ‘é\e‘?—@&b%&%ﬂq dc aci d;
25  rel(2S,4R,5R)-2-Isobutyl-1-{3-methoxy-4-ferf-butylbenzoyi)-4-(1,1-difluoroethyi)-5-(1,3-
(- thiazol-2-yl)pyrrolidine-2-carhoxylic acid;
rel-(25 4R, 5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyi)-4-(1-hydroxy-1-methylethy!)-
5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
rel-(2R,48,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)}-4-methoxymethyl-5-(1,3-

30 thiazol-2-yl)-pyrrolidine-2-carboxylic acid;
rel-{2R,48,5R)-2-Benzyi-1-(3-methoxy-4-teri-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-
2-yl}-pyrrolidine-2-carboxylic acid,
rel-{25,4S,5R}-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-methoxymethyl-5-(pyridin-2-
yl)pyrrolidine-2-carboxylic acid;

35 (2S5,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-(1-hydroxy-1-methylethyi)-5-
(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
(25,4R,5R}-2-1sobutyl-1-(3-methoxy-4-terf-butylbenzoyli}-4-( 1-hydroxyethyi)-5-(1,3-thiazol-
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20

re!-(2S, 4S, 5R)-2-1sobutyl -1-(3-net hoxy-4-tert-butyl benzoyl) - 4- et hoxynet hyl -
-(5- nethylisoxazol -3-yl)pyrrolidine-2-carboxylic acid;

rel - (2S4S, 5R) - 2-1sobutyl -1-(3-net hoxy-4-tert-butyl benzoyl ) - 4- net hoxynet hyl -
5-(5- ne | -1, 3-thi azol - 2-yl ) pyrrolidine-2-c [ I d;

rel!-(2S, Z&g?ﬁhgg@&%&l sobut yl -1 P Hob 6115

- (3-met hoxy-4-tert-butyl benzoyl) - 4- met hoxynet hyl - 5- (5- 25

met hyl pyﬁﬂbbwrom@dapqrbqumdcldce 2-carboxylic acid; re!- (28 48S,

>R~ 21 S ég%%h Mnéh%@-éftfeg%ﬁglr) 'e}hAo ﬂ?ﬁ%ﬂi&oﬁ (thien-2-

yI)pyrro lic acid; olva eSters, and
i ndi vi du&y! WHQMW%?TE?@O’EYH%?@M wher e approprl at e. 30 Preferred conpounds of

Fornul a (g8, ﬂm)saeﬂsemmd -[Brroethdxysl- iﬁﬂ-ﬁuﬁﬁb&%?m-ﬁiallljﬂ&yﬂ‘fe‘lhyl 5¢1,3(2S, 4R,

5R) - 2 Is bu S te .t-butyl benzoyl ) - 4- et hoxyrret hyl - 5- (1,
3-thi éjy‘f])fﬁmﬁ" t?ge"fﬁ‘i -caof' oxylic acid;
rel - (28 IBR(ER)S5R)+23Iebhmw-l1-(B-r(le}h0m-t4lftedayum1bermoyl)-4 propyloxymethyl-5-(1,3-

butyl be“ﬁ.i%!&l)zﬂ)pﬁ%nb%%%rc‘%cfdl 3- thiazol-2-yl)pyrrolidine-2-carboxylic
35

d;
el © (25, PSS SRRSO e puiberEP b cyansEnestoy 41 3428br o hy! - 5-
(1, 3 thl 275dyrotingl2-eatb6@li¢ adidie- 2- car boxyl i ¢ aci d;

Dot o] é%%%%%% mtéoxrﬁ‘?é@ Waen i1 bysronr ey Bt 1 ¢ aci d.

13 WO 2004%{32:8 28/ PETiiEire Qo BKyiR =8
&1(5_8 @ﬁzg?)ﬁ lmawryh (b rﬁéndagmemu@bé&bynmm 5% RAzbr4- hydr oxymet hyl -

é g g(/rro di n carboxylic acid
re/ ( 2S, YRymQifing-2; heiacl ( 3- et hoxy- 4-tert - but yl benzoyl ) - 4- hydr oxynet hyl -
5-(1, 3- memzsm 5FD-2ylsptapyi-n o Binekitioay-3-ferablitgiser zo gl)-d-eethoxmethyl-5-(pyrid-2-

reI £525 yﬂfﬁiﬁ? “diﬁefs"%m&gca% (3- met hoxy-4-tert-butyl benzoyl)-4-allyl oxymnet hyl

azo rroltdi ne-2-carboxylic acid;
reI (2 S, BIESHRSR)- ?.-jﬁﬂbuw 1-(3-methoxy-4-tert-butyibenzoyl)-4- (1-methoxyethyl) -5-(1,3-

- (3- T2t i)yttt ldagsezgicabisd - pr opy! oxymet hyl -5- (1, 3-

t hi azol - rrolidin ar aci
ol *( o5, GE AR B oy el s ity el OO BV PYHIRRL hoxymet hy! -
-(1, 3- lﬂ)pwoiﬂmelz-camey:lcmol i di ne-2-carboxylic acid;

el 42 AR ARl 51 09N ik by YR RAAAR L5 - o hoxy ety - -

di ne-
reI (2S, mshﬂﬁyaxazolﬁsﬂlwmﬂdu@ %W'mﬂ"jﬂs4 tert butyI benzoyl ) - 4-i sopr openyl - 5-

gél 3(tzgI 4Z(Q§ 4%: - )IWu[y@-hJ o%y-ﬁ-@érp ert but i/hl%gsénzuay] 55—4 I sopropyl -5-(1
. 3-thi az@?‘h?@z’?ﬁytﬁ%%? H®W°E§?%§£%P?’%“%%‘%"H (25, 4S, 5R) - 2- 1 sobut yl - |
- ( 3- met hek(@S ASI5e)2-Itabiutil- ¢ maiHoxy-4-terkbubdbenaa M methokymetByl-5HEaz ol -

2- a" APV @y SYriBiR- 2o AR - CarBiSy i acia;
rel-(28,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-methoxymethyl-5-(thien-2-
yl)pyrrolidine-2-carboxylic acid, '
and salts, solvates and esters, and individual enantiomers thereof where appropriate.

30 Preferred compounds of Formula (la) are selected from the group consisting of:
rel-(25 4R, 5R)-2-Isabutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-
2-yhpyrrolidine-2-carboxylic acid,
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid;

35 rel(2S 4R,5R)-2-Isobutyl-1~(3-methoxy-4-tfert-butylbenzoyl)-4-fluoromethyl-5-(1,3-thiazol-
2-ylpyrrolidine-2-carboxylic acid,
rel(25,4R, 5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl}-4-methyl-5-(1,3-thiazol-2-
yl)pyrrolidine-2-carboxylic acid;
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(2S,4S,5R) - 2- 1 sobutyl -1 -(3-net hoxy-4-tert-butyl benzoyl) - 4-et hoxynet hyl - 5- (1,
3-thiazol-2- 20 yl)pyrrolidine-2-carboxylic acid;

(2S, 4S, 5R} 2-1 sobutyl -1-(3-brono-4-tert-butyl benzoyl) - 4-et hoxymet hyl -5-(1, 3-t
hi azol - 2-yl)- pyrrolidine-2-carboxylic acid;

(2S, 4S, SRvo2od4aptses yI -1 - (3-chl oro-4-tert-butyl benzoyl JefleShésiiet Nyl -5-(1, 3
-thiazol -2-yl)- pyrrolldlne 2-carboxylic acid; 25

(2S, 4S, 5R} 2- | sobut yl thyl-4-tert butylbenzo | ) - 4- etho&znethyl 5-(1, 3-
Ui nrol - B9 RRK SHsobmet-Be mebeond ot buaibenion) 4 hydodmeinyt-o-

re/ - (2R, %ﬁhz@l?)—wé’pyﬁemnéz-aar Ii?&&i@xy 4-tent L .
Dy e e g A ROKTE W eody s BreoublodRob) 3 Yloetld e 2- carboxyl ic

aci d; rel®
- (3- et h(ﬂ)(qzohz-ylmyrrelimneyﬁ-wmwamm et hoxynet hyl -5- (1, 3-thi azol - 30

2- S y' )5 pyr,é,_ S @h Bﬁ .7 s%ﬂﬁt?%éé%@tp?ﬁ)—ﬂienrb%@m%ﬁﬁtyﬁﬁ {ngl?iy?-ﬁétﬁﬁ%% %l -

-4- er benhzo Xy mnme (‘pyr azi

2-yl ) pyr ﬂrmaob? WMEOIW%WP‘P’@ IGRGI

r (el (2S, 4@(@&25@%@% 1163(raetn@tﬁwrewroﬁtytbeﬁ;ogt}u%pgbmﬂm{hw51ﬂcaat hoxynet hyl -
pyrazi carboxylic acid;

rel -(2S, ﬂ‘gazgh?ylﬁﬁ %ﬁ;ﬁo lfs‘:?'?é‘{)hoxy- 4-tent - butyl benzoyl ) - 4- met hoxynet hyl -

5- (5 met ine;H(zs 43, 3R)e2ﬂsaw=1gsyngtpgw%n@uwbemwﬂwmxvmemkﬁn 3-

reI QgS SR cakbdusid BliioXxy- 4- t ert - but yl benzoyl ) - 4- met hoxynet hyl -
{}.Fb %2004/ 037818X§P EP2003/ 011813

1 3 t h| ai%1(2324§ﬂ15‘3)p§7}5P?}{t¥'ﬂr(ﬁé“eéh%r“btﬁﬁxbwl@e%ifw sthaymetlylA(1.35thiazel- | soput yi - |
( - et hquﬁrotuﬁrﬁé-z-b&tbo&yb@m@yl) 4- net hoxyrret hyl - 5- (2- chl or o-

(3 ;Q't 249 >(;SS4%%I%)92/{§ |q' éh@%bfé@% %%é&ﬂ-u uiog'erfz:gﬁé?t‘?ss\ﬁ%zo% ! sobutyl -1
met hoxy- 1')!:8/frpfiﬁll’§223¢aﬂ§9xylic)€|§>5d’rol i di ne-2-carboxylic acid;

rel - 4@S, 4R(Igdgsr)yR Lx*l "1|-(3—methoxy 4- tert butylbenzo I)-4-|sopropyl-5-(1 3-thiazol-2-

-(3- mathos< 4tert but yl bepzoyl ) - 4- ( %{hyt i o) met hyl )-5-(1, 3-
t hi azol Z'Fg)/’Fr?fﬁﬂer%‘Fq"Eﬂ lic.381% ar boxy | | c aci d:

re: ;(ZSh{EIB. &?}R)&-Iks&b&ﬂs@aﬁﬂl{o&yﬁémwrﬁmﬂ 4—rﬁuﬂtoy§t;rhethlgieﬁfﬂ1)3—tﬁng(zcﬁlnet hanesul f o
nyl ) met yl ) pyrrolidine-2-carboxylic aci 10

rel-(2S, Z@@ﬂ?%f«%ﬁé F %3 met hoxy-4-tert-butyl benzoyl)-4 ﬂl 1-df fl uoroe
t hyl ) - 5- (25,45.5R)12-Isetotyl- MWY-dHW&b'ﬂMb@ZGH)'ﬁQWW@t%5d1 3-thiazol-2-

rel -4@S, Mﬂ_%pwaﬁ&(S nmet hoxy-4-tert-butyl benzoyl)-4-(1-hydroxy-1-m

'ﬂ
rete|hy|(Skhkg%ﬁgﬂﬁ%séf%hh%gw%{%%ﬁ%‘%@)?"e% (g rednbRyl e oeyret hy1 -5

(1, 3- 15pyrivlidize-carbyty)ic agid;r ol i di ne- 2- car boxyl i c aci d;

Lﬁlt yl( gsn yﬁ%& 'i? W mQ ﬁ" ro”@%?ﬁ%&b% ?g-:t-eﬂ}oxym?th&l st inigzee ko boxyl i c

aci d: pyrrolidine-2-carboxylic acid,
(- 25  (2S,45,5R)-2-Isobutyl-1-(3-methyl-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-2-
- yi}pyrrolidine-2-carboxylic acid;

rel-(2R 4R,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(1,3-
thiazol-2-yl}-pyrrolidine-2-carboxylic acid;
rel-(2R 4R ,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-
30 2-yl)-pyrrolidine-2-carboxylic acid;
rel-(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(pyrazin-
2-yl)pyrroliding-2-carboxylic acid,
rel-(28,4R,5R}-2-!sobutyl-1-(3-methoxy-4-fert-butyibenzoyl)-4-methoxymethyl-5-(pyrazin-
2-yl)pyrrolidine-2-carboxylic acid,
35 rel-(2S,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(5-methyl-
1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
rel-(2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-methoxymethyl-5-(5-methyi-
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rel -(2S,4S, 5R) - 2- 1 sobutyl - 1- ( 3- net hoxy- 4-tent

but yl benzoyl ) - 4- met hoxynet hyl -5- (pyridi n-2- yl)pyrrolidine-2-carboxylic

acid; 20 (2S,4R 5R)-2-1sobutyl-1-(3-nethoxy-4-tert

but yl benzoyl ) - 4- (1- hydr oxy-1| - net hyl et hyl ) - 5-

(1, 3-t hi s&pvtoodeaygzpyrrol i di ne-2-carboxylic acid; PCT/EP2003/011813

(2S, 4R, 5R) - 2- Isobutyl 1- (3-nmet hoxy-4-tert-butyl benzoyl)-4-(1-hydroxyethyl)-5
-(1, 3-thi azal - 2- pyrrolidine-2-carboxylic acid; re/-(2S,4S, 5

R) - 2- | sobdthjpzd- 2‘5’695“ iy & POt acidut yvi benzoyl ) - 4- et hoxymet hyl -5- (1, 3-th

i azol - 25:—(4asy4$) BRYF2- @bmﬂqus&ns:mrxbwh-b [B&rizdyl)-4-methoxymethyl-5-(2-chloro-

(25,4 b e tert but y bonzoyl) - &l Tyl t hyl
B R R A P

r eI (2S, wa@%&&i)ﬂslem-ﬁ-(1n(eﬂlomﬂktex-yummmvl)me}hmg%yﬂsﬂﬂ pr opyl oxynet hy

I d;
reI (253'26*‘8’3@%1%855%@“ ﬁHﬁéjt-E&RggG@é t)é?/t ! EU?CI 30n¥ % - cyanonet hyl -
(1, 3-t hi 8585 Rz‘é"@h%'ﬁ%%ﬂr(a‘ Xy dpts WP?’BO&!H&( Ethv'th'O) ethyl)}5-(1.3-
(2S, ﬁSl Hﬁhzdchﬁ)QWIhine-]z-da&admtcfmwy)4 tert-butyl benzoyl)-4-(1-hydroxy-|
- e
ol - (25 RRESUR RIS X el B bbb AR R 5. (o,
3-t hi azd- (13-3&3291}-3-}:13!3&#@!@r@r%@ﬂﬂzowlm&mkyI ic acid;

rel S, d R t hoxynet hyl -
B AT N T i o L o R
PCT/ Epzdblg;:qﬁl P |d|ne-2-carboxyllc acid

;e ((28 @@BM%R)QQIBMWH -:I(S-(r&mmyhadr}butylgmb)rlmyhm;dswgwnbmﬂle(h%-net hoxyet hyl

-6-(1 I ar boxyl1c aci

(28, 45, %2} - sob'é/ %'B%g é)éét'%xg %'dgent bﬁtyl benzoyl ) - 4- met hoxynet hyl - 5- (p

yri di n- 28-gR)45,AR) - Benzylel-G-raethexydylertbutytbprzoy-4-methoxymethyl-5-(1,3-

rel-{s2S, tﬂ,gzgp@ )%hﬁmétybargo 5{:gciiahoxy 4- tgrt Ibutyl benzoyl ) - 422t ng¥g;at gy:
5- nmeth 5/ i di n ar bo |caC|

sobut yI reLeR S LTy ROy s ey Ry O hae

met hoxyrmythrroldlﬁe-Ehamnwlleaelgrl )pyrrol | di ne- 2- car boxyl ic acid;

r5 el( 5( ig réﬁ?%g)ls 5%9239 l(?m@?ho etn%@ H%:Wo?ﬁﬁ@t@){ ) piicEs.hoxymet hyl -

rro car I C acl
rel - (2S, ymmfrmhyimﬂf@dv@wlmamﬂ. -(3- rret hoxy 4-tert- butyI benzoyl

) - 4-gget i Qsm@dmtls&u(ymu @ﬂre%oxgméwwtﬁ&én%m%a -IRAFXP A Yrhé m%aﬁynﬂs- and salts,

sol vat es | vb&ual enanti'onmers t her eof ere appropri ate.

15 In a (5%'2?'@?°i'éﬂf)%ﬁﬁ@f'e'5'tcﬁ@° 888t i nvention provi des compounds of
For mul a (2% #R&ERMH2dsobityh) -(3-sethexy-é-terf-butyibenbeay!at-(ehydroxpeth w)-5-(1g3-thiazBk anpl es | to
oo ons TR GoRhen 2, sovar s pnd et ers, and where
rel-(25,45,5R)-2-Isobutyl-1- (3—methoxy-4-tert—butylbenzoyl)-4-ethoxymethyl-5-(1 3-thiazol-
- 25 4-yl)pyrrolidine-2-carboxylic acid;

( rei-(28,4S,5R)-2-Isobutyi-1-{3-methoxy-4-teri-butylbenzoyf}-4-allyloxymethyl-5-(1,3-
thiazol-2-yhpyrrolidine-2-carboxylic acid; '
rel-(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-propyloxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid;

30  rel(2S5,4S8,5R)-2-Iscbutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-cyanomethyl-5-(1,3-thiazol-
2-yl)pyrrolidine-2-carboxylic acid;
(2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-( 1-hydroxy-1-methylethyl)-5-
(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
rel<(2S,4R,5R)-2-sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethyi-5-(1,3-thiazol-2-

35  ylpyrrolidine-2-carboxylic acid,;
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(pyrid-2-
yh)-pyrrolidine-2-carboxylic acid;
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preferred aspect, the present invention provides conpounds of Forrmula (I)
selected from the group consisting of Exanples 1 to 16 hereinafter defined,
and salts, solvates and 20 esters, and where appropriate, individual
enantiomers thereof. In a further preferred aspect, the present invention

provi des woawagngss of Fornmula (1) selected fromthe gquleBRNgISti ng of
Exanples 1 to 14 hereinafter defined, and salts, solvates and esters, and

wher e approgri ate, individual enantioners thereof. 25 Al so included in the

present rekgdARIaR-2dsebuptrar(Frinethoxy-d-den-hutyleanapy bl bmetioxyetyih®@ides. The

pr esent tm@;tn.'|wqaid§@-2:§ww@|idm;physi ologically acceptable salts of the
conpound [0} I ). Suitabl hysi ol ogi cal |y acc abl.e.salts of the
conpound?sog'ﬁ Fi?@g%ué%’(l'ﬁj()‘a'rﬁ' qxx-géterggﬁta%g%oylg-?-@%po%wgﬁ%ﬁ&gfp t 'i“a'm pot assi um
cal ci um yijpygoleiiet@calbakylic asid; aal kyl anmoni um and the |i ke, or nono- or di-
basi cg sald. ' t4 ORI+ acld é ansCc car boxylic

aci dsssuterrﬁ?zz?\g4 éai%)t?gﬂﬁgég i@crhé@g?? %ﬁgn@ﬁg@gﬁﬁﬂxﬁﬁngﬁﬂ?% | act obi oni ¢ and
succi ni cmakwisexazsh-yyhpveroidina-&raboalic #ddisuch as met hanesul f oni c,

et hgnesuke&-m,zxs,sm@gemﬁl u_L(B@m&tﬁ? de@bb@ﬁmgwnﬁamxgmam |]g$(5_and i _ngr @Janijct ]
aci ds such,as ori,C..Sul.f.uri,c S ric and sulfam c acids an e
li ke. 35m?ﬁgxyﬁ?e%gagﬁﬁﬁﬂkfﬂ)gﬂq{f"Q%‘b'rcaTbgf@g F'gi sol vates of the conpounds of
Formul a (et}2S,4S05R)-2elsaliyld - (bt d-tef-hatylpenzopiid-netvemetip-8a(5so rel ates to
phar ggcentq A Iﬁﬁ% X 4.t he conmpounds of Formula (1) and

(la) I,ir@f o%{é‘g@rﬁ?ﬁgg o@ﬁeﬁ%%%ﬁ%sfc{érs -COOR, in which R 16 WO

2004/ 037%@%@#‘2'9%:L@methqxg-“sfe'#-eweeﬂmv'&rmWW%@ﬂKW‘o‘i—(ﬂb?fa?rc hed chain
al kyl, fqpyeotimeloecabdxyieacid; n-butyl, al koxyal kyl (e.g. methoxymethyl),

ar al kyl . | dea]: ; ) (e.g. phenyl
opt i onal %ﬂ;& %ﬂ%?tg ll%%{th% gn %%/férﬁ,ﬁf@d@\!|d%§gr%g}|cﬁ§?9Wﬁ@ﬁgr{el?gg@b%éte.am no). Unl ess
ot herwi se specified, any al kyl noiety present in such esters preferably
cont & nsink frefet @ aspecl; the praseotiaventiar provddsenompofindsmf Fomaulddandiooffa) Any aryl

i et te ~ |
noi ety p{,e‘i‘e'%f‘d& frorh) u%lgﬂri}%:ﬁ.%&ﬁsﬁs?m? %] %;(%T@?Aeg tts%ﬂ{e'rér‘?a?tegdgﬁgﬁﬂyénc%

p.

Preferabl'y, the pres i nventton relates to conpounds Formul'a’ (1) and
(la) fands tessand asters; ang aheee @PPéﬁ'Pé'éﬁe; '”ﬂ!‘dpﬂ anamrorr_fem iﬂ?éﬁo"-b!é‘ JPHNECi at ed t hat
certain grené?@waq'féc@ir}etﬁresdm R%Erition ipFaviias b@rﬂpdlimMs gxr&tnularxi)_sdlﬁi:{eﬂrfﬁm f
tautomerjc fornms. All tautoners, ar ont e t to be wWithin the scope o
the. pr cE sroup psieing o B Esc, i, 0 FBRnRRR e, S5y delkates, A - 1
hydr2ky esters,bandpwiesrerapgrdpriate; individoalpenantiorodrs Foereaf] aln( @ Ifyrth@r preferrdd (11) O D

aspect, the present invention provides compounds of Formula (1) selected from the group

consisting of Examples 1 to 14 hereinafter defined, and salts, solvates and esters, and

where appropriate, individual enantiomers thereof.

25 Also included in the present invention are phamaceutically acceptable sait complexes.

(_ The present invention also covers the physiologically acceptable salts of the compounds

of formula {I). Suitable physiologically acceptable salts of the compounds of formula (1)

include acid salts, for example sodium, potassium, calcium, magnesium and

tetraalkylammonium and the like, or mono- or di- basic salts with the appropriate acid for

30 example organic carboxylic acids such as acefic, lactic, tartaric, malic, isethionic,

lactobionic and succinic acids; organic sulfonic acids such as methanesulfonic,

ethanesulfonic, benzenesulfonic and p-toluenesulfonic acids and inorganic acids such as
hydrochlorig, sulfuric, phosphoric and sulfamic acids and the like.

35 The present invention also relates to solvates of the compounds of Formula (I), for
example hydrates.

The present invention also relates to pharmaceutically acceptable esters of the
compounds of Formula (I} and (la), for example carboxylic acid esters -COOR, in which R
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O inwhich Ais a protected hydroxy group, for exanple an al koxy, benzyl oxy
or silyloxy, for exanple tri-(Cl.4alkyl)-silyloxy group, and D, E, G and J
are as defined above for Forrmula 20 (1) or (la), by deprotection. Suitable
protecting groups can be found, but are not restricted to, those found in T
W G eene vemeboRo3Zi Wit s ' Protective Groups in O gani ecpyrbdessiisis, 3rd Ed
(1999), J Wley and Sons. For exarrpl e Wnen Ais tert-butoxy, and D, E, G and

J are asd t reat nen h oriate
acid. 1 o SBeRDFan st brarie wiin it s ke 5o bl e BBuBY oF | <
carri ed @m methaxyrsethyly raralkyl de.gdseasib @ryénwmr(@sepméym@mér AMHRY, the

t enper atpheayli sptiomally hsubstitoted y halogdi, C,qaikye @refealkell vr 26hina). 30Aesd-or exanpl e
\chﬂ Ar 'O&hé}ﬂf%é}sél efted, an¢ alky r rﬁtge pré¥Entlin 3ligh steds) réfte.%él %ﬁtéﬁmrsffe)f)? ﬁprrml a (1),
pal | afgl u(%f%oﬁ' %%T%c?ﬁﬂ'&%ﬁ* ! tﬁ? t?rgsac#h%ﬁg‘ 'E’o'(?@ &F%ed& UCh > oI vent,

for exanRsefer fYW&WBFSGSIﬂr@FBYM‘-P the 30 tenperature is in the range O to
50C. For exanple when Ais allyloxy, and D, E. G and J are as defined above

for For nerb@rdbly) the fr¥sdnt FREMRAreldlet o Borfiptiuhad ber &Rl (Sdndf (B aRY 38R €

t et rak| sphi ne) pal | adi un( 0 and a suitable proton source, for
exanpl e ﬁeny?tggwgg%? The reaction is carried out in a suitable solvent,

for anpl e di chl oronet hane. 35 For exanple when Ais tri(nmethyl)silyloxy,
and D, B wikfathdr e apmreciated dfat oarthiradnmpoundsr of tiopnaserd inventionlyaytexishiment with a
sui t abl ajiffdrettauiisingRUbGR. fA tagteaRR fe Contemplalel 1@ BEWRhThe béoperdf @R The

reactio out in a suitable solvent, for exanple tetrahydrofuran.
17, WO 2%#&5%{‘g&gﬁ/ EP2003/011813 Corrpounds of Formula (I) and (la) in

whﬁ,ch A is hydroxy or a protected formthereof may also be prepared by
r eactd orCamipaandso b bomilan(l) Rod rid) an which)A ds hydroxy ynayNpecpepaned fram 1@ i n whi ch
A, E, GcoﬁfpdunhciﬂFemﬂa dgfined above for Formul a (I) with a suitable
acylating 5 agent, for exanple D-C(O.gGhal, wherein hal is a halo atom
preferably chioro or brono, apd as defined above for Formul a (r).
Preferably the reaction is carri in gy suitable solvent, for exanple
di chl oronet hane, in the pres a Euitable base, for exanple
triethylamne and thereafter rdéhoying any protecting group. Suitable
protecting groups can be found, gbutpare not restricted to, those found in T
WG eene and P GM 0 Wits' Protective Goups in Oganic Synthesis', 3rd Ed
(1999), iywhich &yis amaptesiers ydeassenid for srampie ﬁmﬁ!!som pengylogy oy silylxfiorch G
r epr es erexampip tti- (G aatky)-sivibsy group, ed &1, EyG anddyare as defined above for Formula
20 () or (la), by deprotection. Suitable protecting groups can be found, but are not restricted
to, those found in T W Greene and P G M Wuts 'Protective Groups in Organic Synthesis’,
3" Ed (1999), J Wiley and Sons.
For example when A is feri-butoxy, and D, E, G and J are as defined above for Formula
( (), by treatment with an appropriate acid, for example trifluoroacetic acid. Suitably, the
45 reaction is carried out in a solvent, for example dichloromethane. Preferably, the
temperature is in the range 0 to 50°C, more preferably 20 to 30°C.
For example when A is benzyloxy, and D, E, G and J are as defined above for Formuia (1},
by hydrogenolysis in the presence of a suitable catalyst for example palladium-on-carbon.
Suitably, the reaction is carried out in a solvent, for example ethanol. Preferably, the
30 temperature is in the range 0 to 50°C.
For example when A is allyloxy, and D, E, G and J are as defined above for Fon'nula 0,
by treatment with a suitable catalyst for example tetrakis{triphenylphosphine)palladium(0}
and a suitable proton source, for example phenylsilane. The reaction is camied out in a
suitable solvent, for example dichloromethane.
35 For example when A is tri(methyl)silyloxy, and D, E, G and J are as defined above for
Formula (1), by treatment with a suitable fluoride source for example tetrabutylammonium
fluoride. The reaction is carried out in a suitable solvent, for example tetrahydrofuran.
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be prepared by appropriate mani pulation of a conpound of Formula (Ila) L
(lI'ta) AEOODA15 in which Ais hydroxy or an al koxy, benzyl oxy or
tri-(C,.,alkyl)-silyloxy group, D, E and J are as defined above for Fornula
(1), and L represents CO2Y or COY wherein Y represents hydrogen or al kyl.

For exanmweoosnmepound of Forrmula (1) in which G rq.@&&g%g@u%droxyal kyl
may be prepared by reductlon of a conpound of Fornmula (lIla) In which L

represenfs CORY d..Y represents h dro en or al using a
Sult abl eComRRiEnn gl EaHe (VBT IEMANNE A Bowran St o bt ey

bor ohydralgebe preparedby reagtingiad 2 wompeunddf Fd@ufab(tﬂl)ane/ d| rret hyI sul fide conpl ex
or lithium alum nium hydride, or suitgBle conbinations thereof, in a
suitable solvent or m xture the for exanple tetrahydrofuran or

met hanol . For exanple, a compou of formul gu{!1) in which Grepresents
hydroxyal kyl may al so be 2% paNed By reactlon of a compound of fornula
(I'la) in which L represents CO2Y |J.| CO¥ and Y represents hydrogen or alkyl,
with a suitable organonetalli cQeagent, for exanple nethyl rragne5| um br oni de

or et hyih whidhhA U G dhdaJ Gk 4s2BéfRed AbdRfor FoRiuIL R Wathea sm@bka&cz ®f uran. For
L

exan?o 32 g?&g&g&%e% -C @f P, e?wérélh)hai i a ISE/to Ip?é?%r%ﬁ?’l:fﬂ% al kyl may
represerﬂ@o%@(aﬁ gfingd "’?b@ﬁ‘? iy, ( H&Pre 3bly e JBaqlgn %3 %Pﬁ‘tn'at"’l ng agent
f or exanplitableliselvent! fenienarppli fdighloremethianeoiin the, presense ofiiat suithble dabeidat , f or

exanpl e etkaﬁipleom@: hrhma%nd FiSdreaFeR PPhcVingarypistecting gedupt ‘Sﬁlﬁﬂleﬁlprbfebﬁng n which G

represe folRY bBEak’ Dkt oSt URG in ?f fornul a
MENG A irotesEtskesaaigh oo GO L L

phosphoni um hal i de salts such as nethyltriphenyl phosphoni um brom de,
et hyl t rCqmgsuydpboEganolai (1) or ¢t iowhith G repedsents \upbdrizily subsfitucsyalkyhasghoni um
bromi de gyp rgﬁéf@wﬁmmétbrmmmﬁwwmumfr%hhmslnis, in the presence of a

base, for ‘exa rthiumbrs(trinethyl silyl)amde, ‘and in a 5 suitable
sol vent, for exarrpl e tetrahydrof In a further aspect, a conmpound of
Formula (11) may be prepared priate ganl pul ati on of anot her
conmpound of Forrmula (I1). For exa >ga CO und of Forrmula (11) in which
G represents hydroxyal kyl e c nverted into a conpound of Fornula (11)
10 in which G represents optiopal substituted al kyl, for exanple alkyl,
hal oal kyl or al koxyal kyl . For e?an'a e, a conpound of Formula (Il) in which

G r e edewhitha isdisirdkket amalkoXyebenzyloxy or tri-(C, salkyl)-silyloxy group, D, E and J
are as defined above for Formula (1), and L represents CO,Y or COY wherein Y
represents hydrogen or alkyl.

For example, a compound of Formula (ll) in which G represents hydroxyalkyl may be
prepared by reduction of a compound of Formula (lfa) in which L represents CO.Y or COY
( 20 and Y represents hydrogen or alkyl, using a suitable reducing agent, for example lithium
- borohydride, sodium borohydride, sodium triacetoxyborohydride, borane/dimethyl sulfide
complex or lithium aluminium hydride, or suitable combinations thereof, in a suitable
solvent or mixture thereof for example tetrahydrofuran or methanol.
For example, a compound of formula (ll} in which G represents hydroxyalky! may also be
25 prepared by reaction of a compound of formula (Ha) in which L represents CO,Y or COY
and Y represents hydrogen or alkyl, with a suitable organometallic reagent, for example
methylmagnesium bromide or methyl lithium, in a suitable solvent, for example
tetrahydrofuran.
For example, a compound of formula (ll} in which G represents difluoroalkyl may be
30 prepared by reaction of a compound of formula (lla) in which L represents COY and Y
represents alkyl, with a suitable fluorinating agent, for example diethylaminosuifur
trifluoride, in a suitable solvent, for example dichloromethane.
For example, a compound of formula (i) in which G represents alkenyl may be prepared
by treatment of a compound of formula (lla) in which L represents COY and Y represents
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prepared by al kyl ation of a conpound of forrmula (I1) in which G represents
hydr oxyal kyl using a suitable base for exanple sodi um hydride and a

sui tabl e al kyl ati ng agent such as 15 an al kyl iodide, for exanple

met hyl ati ng using nethyl iodide or ethylating using ethyl i odide.

Pref er ablwotbm/osmaction is carried out in a suitable pefr@dss0isgs example
di nmet hyl f ormam de. For exanple, a conpound of Fornmula (11) in which G

represen 0 y. r Q d of
For mul o [TE O\t i @ﬁ%@@%ﬁ?ﬁ sﬁgégfyv%ﬁrs%&ir%%éﬂoﬂ bet heyBe SERT £t
hal ogena8$ ngnefiiphenyinhosptaRiiMe AhesriRbET t éﬂ"’”‘i’ﬁht 0
fl uor orretrie;ﬂoxmethgtnahmylphasnhemﬂmubrqnmw |orgnug\9nymeﬂﬁ)dtﬂpmnalpb¢aphomum

di et hyl aghibfell i A prdsehddi6fd Bisse, fdﬁ oRarfiplé HiRRIEDLISEANYMMsilyliapriide XahaTH 8

di Chlgrogﬁfagﬁrg%lveﬁl?{?r?i%%& Iqund of Formula (I11) in which G
S

represen cyanomne prepared by reacting a conpound of Fornul a
(I'l) in which Grepresents hydroxymethyl 25 with, for exanple
trifl uor bmat fughers asdechi @ camhguihdi de Foemula imbmﬁlmﬁml’qpaterdebi iapgrophiate pr oduct

wi th a naghipgBatidd & anbPer @sERhEcEF@MaRi(e Forbkanidls: A @mpbeid eftRemtlianMDNi UM

Cya”' de. }I@HF»Q Eqﬁpﬁgeftgw&lﬁ* ray'td hRlertad s Q%&E@Jﬁ:sof FEqu{ 0

| at
Che’ Tl Bophiehes oreseRianphenaly sehsibidiaaby. s: FAmER 13 e 2
repr esenal!somlkﬂal kyl sul fonyl methyl 30 nay be prepared by oxidising a

conpoundr@f efatmmﬁﬂaicér’nbdund rof vitonebla Gty e whise g seﬁ&ents%karkﬁimaqebeyl usi ng

for exa”ﬁfgﬁ El Qreé‘tz,&hﬁou%'o?'forhﬂl f%u)erlg_nFrﬁ’éPr' &th d\ﬁﬁ«alhﬁxa”p' €

| oro ?la o Al

r esent¥"%F EW’ SB@‘%?%B@?SB&W y{I} & @rﬁ&'ﬂt{’%%% at ca@ﬁBto%‘ﬁEla%f for mul a
(r | )15 n amiatk todidepios suamele Hyelhdatingl using. methy iodide 9& SYREIRGIUSHA ety sui t abl y
carried ieurtle.i IPreferably thee reaplianc és carriedwbitc i aSkeifable) séiverdmeruegargle f or mul a
(1) in |f6$,,{aﬁmeesent S hydroxyal kyl is converted into a thionocarbonate

b treat nt I hIo rrratef or ophenyl
t%r onochi &, r%’fa\émri’ ﬁ% cg'gpél?@ ‘glbfym{u acwh"gh%r ?%5%%3{ eBaAl%adliy ypggu?/t abl e
sol vent , Prepared e%ﬁﬁmeﬂﬂ'%l%r%rﬁ@mﬁ’ah@ OFrFWHE'apr”és'Bn‘H@C'bfGaFBQU’F@%I e base
cat am/st hydrmayaley arsjrigea 4;umnrle( halogetiating bgentnfion exapple diydrexyniitied (may) bd he
thi onocaghRede o0 Mudkdridtry) Using I 8alsEitbbwd tloRnatingi lagbhte foRdifahpld i tiator,

el s???rﬁ%ﬁ%ﬁwﬁ? %“r“’%g' 'I‘g?r“ﬁab?er 9‘{“%@ ?°9§[‘?°'5°'%?'%F’°ﬁ'%&“faﬁpr e di oxan.
Pr ef er abf§f, expﬁ@le actompoperhal bemwies(Iibdrrwhich §p oRmaseRtE CYaPRIMBRA JPaK B2 i s in t he

range 80preparé@ B¢ redéting excampbund of I&mmplar(ﬂljrnoﬁhnﬁfnﬁrmbrasents hydroxymtettyh G
I epr g5 enyith, 38r WRaAbILT BilieiorRétkanesullinRU BnhydAde, emmee&uémy hﬂaﬁﬁ@ﬁW' or
2- met hoXYelne iy o TEeBRig ORY W sﬁgre';“cganrue SRR Wb Refud ) 17 Vi ch

G e ate:. KooK aL Fthire I oGP oBmam s o OPOBIYL 68 o yst . 1 or
excﬁrrpl e q)mllarhrdxemmnamdammdiualwud:olateastbemu@&ﬁpesiesol vent, for exanple ethanol.
For example, a compound of Formula (1) in which G represents C,4alkylsulfonytimethyl
30 may be prepared by oxidising a compound of Formula (I} in which G represents C,.
salkylthiomethyl, using for example 3-chloroperbenzoic acid, in a suitable soivent, for
example dichioromethane.
For example, a compound of Formula (ll) in which G represents alkyl may be prepared by
deoxygenation of a compound of formula (Il) in which G represents hydroxyaikyl. The
35 deoxygenation is suitably carried out in a two step process in which:
Step(i) A compound of formula (Il) in which G represents hydroxyalkyl is converted into a
thionocarbonate by freatment with a suitable chloroformate for example 4-fluocropheny!
thionochioroformate. Preferably the reaction is carried out in a suitable solvent, for
example dichloromethane, in the presence of a suitable base catalyst, for example 4-
40  (N,N-dimethylamino)pyridine. Step(ii) The thionocarbonate from step(i) is treated with a
suitable radical initiator, for example AIBN, and a suitable proton source, such as
tris(trimethylsilyl)silane, in a suitable solvent, for example dioxan. Preferably, the
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For exanple, a compound of Formula (lI1) in which G represents

al kenyl oxyal kyl or substituted al kenyl oxyal kyl may be converted into a
conmpound of Forrmula (I1) in which G represents al kyl oxyal kyl or substituted
al kyl oxyal kyl by hydrogenation In the presence of a 10 suitable catalyst,
for exanpve:@abi7edi um on-carbon, and in a suitable solci@ezfoPisriexanpl e

et hanol . For exanple, allyloxyal kyl or substituted allyl oxyal kyl may be

converte I substituted propyloxyalkyl For exanple, a
conpound_o0 n}pel}ggqr%% g% % eaédﬁ\)/éﬂlzgﬁc E represents 2-chloro-1,3-thiazol-5-yl

!

may be cORIVEPMEE. EncAROURY Ph ('):BWH"%\(")FBr"YﬂﬂhaG(’PP’FS?’}‘F fRiuRpA E’aFeé'p?'@%ents
2- al koxygrou- foll exaimplez dimedhwdthanyl he Rkmethoxyethany, Say thebiconvered inthoa exanpl e
; odi ;Jm hatskipahdlf Femsula (muhtmh&neesewegm@ta sultraust Gyl §rolp,ensReRdntple |

met hox; i an
et neol orfo % %ﬁ sidhogety, %P‘W‘gﬂ %ﬁéﬁé}%@?’?g R AR
r epr esen?@ W“°2‘CFa "Eﬂg'?) &Y j:eoso{v,e %ﬁ'ﬁﬁ"%f Formula (lla) in
whi ch L Tfepepeswie s coprowidesfeFormula (1B pin eshicht § eapkqsantsmikenafbomﬂqyb ora conpound
of For mléubsl(tbtb@)alkbﬁym@b rhay' tDoRSEridSinte @b olRY of Fonema () ik sichg 0 a

conpoun Yﬂ?édcé? gggdg.( s, for
exa é( dre ;esé:r% ?“YI lkk’ bﬁﬁ la’lox%ﬁ@’l Ezﬁf&agoﬁ a'gihé ﬂ}é(ﬂg' bF ésodl um
et hi ?lﬁe 5o T el PalAEIuE R CABOr AR i Fa0S SAVE RS BTN For mul a
(1la) i rﬁtmobh Fpr ﬁmﬂseﬁlybxmobﬁumt%@wwlm mayr ks egnvertechindr ogen or
al kyl neyrofsoxpéliep ar subsfitusmpropylorgatkynd of Fornula (1lia) L C_J NE (llia)

gl Hy: n :ﬁﬂé%h%léeﬁk%ﬁmdﬁ e (I ngw rléat)e'ﬂre\ée gr@fc@%?@ 3- f’zﬁ Q%nt ﬁr .

@ v g polind5s Eormulz 1
Sul abi e be gpvegea yiha copfpindd Koo F'% hal o
at oni5 pribiegdkRbil hy Beathgevitha Htahie basen fer exarapiaﬁodm hydsepides 964 & SHERDIEOr mul
(1'). Predoarcahf wkotide, farasampla 2-raethanyr i, Bthiazuk5-yimay telprépsédusirg] sodinm f or
exanpl e WirhideaRgRidMmms, i n the presence of a suitable base, for exanple
triethylamne. 35 In a further aspect, a conpound of Formula (l1la) in which
L represents COY and Y f)resents hydrogen may be prepared in a two-stage
process A FIRRng shpemmip @F in pichhly rgpiesents CPaY Whereln Y repegserls &ydregencpy and Y
r eprmsenhay bey prepared from @ tdmypound of Borfiutasitia) is twiich Lt fepresentp 60\ wherefor mul a
é IclT?)Eplz / 514énis AIRPS R BhkamPIELY camBouhd’ SHFRHERT(Ra) i3 Qviidh 209&&&%838
reduci ng
agent , ?@Qk@eéﬁ%ﬁ CQ'?@E‘E?% 20 uﬁ#&" olf%ﬁltrﬁdﬁfgﬁ?ln%ﬂéh@re%‘r’%stgﬁg &)oerulede In a
second stYepydrelyss. rfE"s gxaraple bRyR|caiR YEBO ysis y5inga sytablg baseasudi3sapl e
oxi di si repdigemethestidecin araaryaﬁbesdehémcb@sinemanobnvent i onal oxi di sing
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A compound of Fermula (lla) in which L represents CO,Y or COY wherein Y represents

hydrogen or alkyl may be prepared from a compound of Formula (llfa)
L

(llla)

in which L represents CO.Y or COY wherein Y represents hydrogen or alkyl, and A, E,
30 and J are as defined above for Formula {I); with a suitable acylating agent, for example D-
C(O)-hal, wherein hal is a halo atom, preferably chloro or bromo, and D is as defined
above for Formula (I). Preferably the reaction is carried out in a suitable solvent, for
example dichloromethane, in the presence of a suitable base, for example triethylamine.

35 In a further aspect, a compound of Formula (lla) in which L represents COY and Y
represents hydrogen may be prepared in a two-stage process from a compound of
Formula (lla) in which L represents CO,Y and Y represents hydrogen or alkyl. In a first
step, the compound of Formula (lla) in which L represents CO,Y and Y represents
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reagents known in the art, for exanple an appropriate m xture of oxalyl
chloride, dinethyl 5 sulphoxide and triethylam ne. A conpound of Formul a
(Ifa) in which Ais hydroxy, nay be converted to a conpound of Formula
(I'fa) in which Ais an al koxy, benzyloxy or silyloxy group by standard

hydroxy woebresistg techniques. Simlarly, a conpoundp@iEhediiists (11a) in
which A is an al koxy, 10 benzyl oxy or silyl oxy group may be converted to a

conpound o For nu dro dard deprotecting
t echni qub¥ g.ﬁﬁ‘l"tréh‘y'ég h?%é@&‘f% ﬁ@“g&&fﬁ@%’%ﬁ?@t ?%3}%1156 ﬁh“’ﬁ?@"ﬁ@lﬂ restricted
to, thos&ydrigaeesediun borhydisee A §eqand;signyiie SESUAN huoxy &rouR Bupilisein Or gani c

Synt hesi @ith @Bsditabie ELB8NY, agentiWhicyi mayl bBoseslectdd frdme oorventivtiao bxidisingul a (111 a)
may be pg aﬁt@ﬂné% ihe %ﬂ q5r éaefarr@e%%awgﬂa@fm,ﬁgfemﬂoﬁamIc}{amda'd.rme\,n( V) Jin

whi ch_E ar.e |ne above for Formula I's as defined above
for I‘éor%’a oxpeﬁydgaemﬁ %ec)rrpound of Fornmul a (V) ~L Il (V) 20 wherein L
represents CO2Y or COY wherein Y represents hydrogen or al kyl. Preferably,

t he reacticompoundcalrFormaala @ite) in whish #us hdibxy, snal berbnvetted tea aoppaundtdE or
?Ftethloﬂln: Ebinftla MBS |rP\W||%l:tH Wisidh éllklit%y PhASABELorOdilyiBxy-§oLS b@@f&nrﬁlﬁﬁfﬂ Mﬁ)&ym f\gCh as
1 8-di ar o?egargq te?%n iu .m@&r g c% ?@@Lﬁf Fo*?u%ﬁl‘s‘ (ua;‘iﬁ ?q% A ugﬁ} IEPC/}L

Al t edfat benayloxy ?WféY'P’é/a%’PVR)rﬁ“ﬂYsbec‘%i’F‘Y‘?f@ﬂ &8 compoupdQf fPW‘fb("%!”\)'\é‘T’ﬁh Af or
exanpl e iBHd@5y by standarddefrotettiag teéahnighes. Suitsble potertinggroapicanstiedburals aceti ¢

add, or pleré ﬁét%stﬂaemytﬂaee fdud il PW Crdenb ¥ind Pat MWILEOPRAILIESGRUpEOr MUl a
(IV) andm c?'é §¥r&l\gs| g Héé@bj\ﬁl@%{nﬁ%{%s. for exanpl e tol uene, xylene or
a st.

tonitri sence 0 Compounds of Fornmula (111) in
wh ch G represents optionally substltut ed al kyl may be 30 prepared by
appr 6pr i Atcempeundfi Farmiutan(liiE) may bempapared byfregetiemof] secofripbbired of Fotraula {1V st
protecting the N-atom of the per idi ne ring wth a suitable N-protecting
group, for exanple benzyl oxycarbpn (CBZ) or t-butoxycarbonyl. For
exanpl e, a conpound of Formula (IN ) COM which G represents hydroxyal kyl may
be prepared by reduction of a conp nd of )Forrrula (I'fira) in which L
represents CO2Y and Y represents al LSSI ng a suitable 35 reduci ng agent,

for exanple lLithium boraoh e 0 odi um,. bor ohydr | in a_suitable

sol vent m&%’@gﬁ'ﬁﬂ ‘g]arFé‘Ftdﬁﬁ\‘/RFGragPYﬁéh%@Hlﬁ%taﬁ%g '"?dn%bq@ B om by standard
pr ocedur Bamulad)withsa compaued cbmmauladViof For nmul a (111) For exanple, when the
N-protecting group is 21 WO 20044037818 PCTI EP2003/011813 CBZ,
deprotection may be achi eved by gatal yti c hydrogenol ysis. For exanple, when

the N-protecti ng group is t-butipxycarbopy) , deprotection may be achi eved by

treat rrent wWth
20 wherein L represents CO.Y or COY wherein Y represents hydrogen or alkyl. Preferably,

the reaction is carried out in a suitable solvent, for example THF or acetonitrile, optionally
in the presence of a Lewis acid catalyst, such as lithium bromide or siiver acetate, and a
( base, such as triethylamine, 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU} or tetramethyl
guanidine. Alternatively, the reaction is carried out in a suitable solvent, for example THF
25 or acetonitrile, in the presence of an acid, such as acetic acid, or the reaction may be
carried cut by heating compounds of Formula {IV) and Formula (V) in a suitable solvent,

for example toluene, xylene or acetonitrile in the absence of a catalyst.

Compounds of Formula (1ll) in which G represents optionally substituted alkyt may be
30 prepared by appropriate manipufation of a compound of Formula (lila) after first protecting
the N-atom of the pyrrolidine ring with a suitable N-protecting group, for example
benzyloxycarbonyl (CBZ) or {-butoxycarbonyl. For example, a compound of Formula (Ill)
in which G represents hydroxyalkyl may be prepared by reduction of a compound of
Formula (llla) in which L represents CO,Y and Y represents alkyl, using a suitable
35 reducing agent, for example lithium borohydride or sodium borohydride, in a suitable
solvent for example tetrahydrofuran. Deprotection of the N-atom by standard procedures
results in the compound of Formula (I). For example, when the N-protecting group is
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suitable acid, for exanple trifluoroacetic acid. 5 1In a simlar manner to
t hat descri bed above in relation to conpounds of Formula (11), a conpound
of Formula (I11), in which Grepresents hydroxyal kyl and the NNatomis
protected, may be converted into a conmpound of Forrmula (I11) in which G

repr esentwo 26Mbs@¥l | y substituted al kyl, for exanpl ep@lipshosoi@hpal kyl or
al koxyal kyl and the NNatomis protected. Deprotection of the Natom by

standard Brocedure_s results in the new 10 conpound of Formula (I11).
Conpound&Bé+ depetertipa may \pe achigvaskbyheatalylicddiggenalysis: i iy examele cwgiohiad of
For mul a NAgrgtecting iradifds fby(takydarbanyl,ideprotectiin miay be achieled iby deataieol with ar For mul a

(1) and Qiilable d8idIBf &2RhiaBMPodcetic &ky.nul a (11) 15 with a conpound of Formul a
E-CHO in the presence of a suitable base, for exanple triethylamne, in a

sui tabl e solvent, for exanple dichloragonethane. Conpounds of Formula (VI) and
- CHO ar B &BURT TAPTeh & 1t CesrcribRel aboe f Enfaloe do 9mPUndn @k FamA dle ur o

pr ocedur exnpoRod Cfniponids(IGf iFovhinhl & (elpyesients winidodxyalky! sandn thes Netomdy be

prepar edpiecea! fial fdeCanveredohtoda coMPBIHANGE FdmbmRr (M id wHidh GNrephséms A 1S
hyaroxy Siignbig WOBLIEA BRYHl a0 SR EGalk br RSHEH drithé Ratois | £ W1 ! D
appreci at'e at corggunaz1 0 r a), . (11a) ?II ) and/or
(11ia) whnelegtede Beptotaction;;oh the, Naloay, bk @&fqe § Irosyits Befhar aewd by

t echi? quesmpeehd ofdreowdai(ifl).t he art, for exanple by col um chronat ography. It
will also be appreciated that the present invention provides a nethod for

h . . . ‘ I
E I Fi a?o' ﬁ%ﬁ“@ﬁgi\f%?’?g@é'g@r@%%@% c\t/'ﬁner el n%gg%d;érﬁe%gﬁ@g l(ﬂg/((:llr oSZanO(r)r
e

al kyl, and A, E, and J are as Héh{r above for fornmula (1). For exanple
the rel-(2S, 4S, 5R)-diastereoi somer of &l)conpound of forrmula (Ila) and/or
(1l1ia) may be converted into the ref-(2S, 4R 5R)- diastereoi soner and,

si mi | ar | ip,wHidhe) is @k defiidd abSve fRFofhAs (IpasDA SOaE definbd abovefpoBarthuldl (185 for nul a

(13 25 205 cohbbila BRorhEiaCBIHRS yElhe! BbGbler Chididfoabllior prample o

st.er eol s re. appropriate.. Suc i merisation o
5R) - di as‘{'ﬁ'ﬁ'@ﬁ'{“%ﬁ@ﬁé”i%%s‘{"f?g‘e frgxaradie dicaieregeane 4R SR) - di ast er eoi somer s
may be acconplished by treatnment of a conpound of fornula (Ila) and/or
(I'l'ia) wCérhpaungsliof Bbimiicbf8eand B-CHIE apy RSEWICIH thé aft Srunbybk @repaeddvent . For

exanpl e Llhey Sl Sciurdshe rel - (4S, 5SR)-diastereoi somer of a conpound 40
of F rrugfa thg%/ v eﬁ L r{apresents CO2Me into the rel-(4R

SR} stereoi soner is 22 WO 2004/037818 PCT/ EP2003/011813 acconplished by
t r eat menorafoundeof Rarmplagl) i which iAxls taarestar eRye MERated by gstedfisatiorels®, such
compound of Formula (I} in which A is hydroxy by standard literature procedures for
esterification.

25 It will be appreciated that compounds of Formula (1), (1a), {II}, (lla}, (li) and/or (llla) which
exist as diastereoisomers may optionally be separated by techniques well known in the
(. art, for example by column chromatography.

It will also be appreciated that the present invention provides a method for the
30 interconversion of C(4)-epimers of a compound of formula (ila} or (llfa) in which L
represents CO.Y or COY wherein Y represents hydrogen or alkyl, and A, E, and J are as
defined above for formula (I). For example the rel-(2S, 4S5, 5R)-diasterecisomer of a
compound of formula (lla) andfor (llla) may be converted into the rek(2S, 4R, 5R)-
diastereoisomer and, similarly, the rel-(2R, 4S, 5R)-diasterecisomer of a compound of
35 formula (lla) and/or (llla) may be converted into the rel-(2R, 4R, 5R)-diastereoisomer
where appropriate. Such epimerisation of these re-(4S, S5R)-diasterecisomers into the
corresponding rel-(4R, 5R)-diastereoisomers may be accomplished by treatment of a
compound of formula (Ita) and/or (tlla) with a suitable base, in the presence of a suitable
solvent. For example the conversion of the rel-(4S, 5R)-diastereoisomer of a compound
40 of Formula (!la) when L represents CO,Me into the rel-(4R, 5R)-diasterecisomer is
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as sodi um net hoxide, in the presence of a suitable solvent, such as
nethanol. It will be appreciated that racem c conpounds of Formula (1),
(ra), (r1), (rta), (1) and/or 5 (Ilia) may be optionally resolved into
their individual enantioners. Such resolutions may conveniently be

acconpl i ndard met hods known in the art. racem c
corrpounds‘ﬁ? Iggiy:ﬁg{ﬂa (), (rta), (1), (1la), (111) an&xﬂ?ﬁ?ﬁaloam may be
resolved by chiral preparative HPLC. Alternatively, racem c conpounds of
For mul a Facpmplisheg by (rpat)nenkqﬂﬂae rel-(48, pR)-diagteregisomen vwéoa Giitabls bastistPh an

appr opr i a¢ sodaumi miethoxide, irethe pregennenf asuitblessoivent audhmasyhetbartd aci d group or
am ne group may be resol ved by standard di astereoi soneri c salt formation

wih a cflibe Qggg iftbd Bk Jeﬁﬁ@gm a%ir & y( 2faf} 5.1 @ SnagHch
technjq ? st ab ij;sg a I) ﬁ |)acem c conpound
of F m_ﬁﬁg) friayioe) %ﬁ?'?é rgsopve %é%ﬁ’@’é HP2Y r eat nent
with a cmnvmler&ulb& angemplisbed Fys(an)!arﬂ nlethodsil mwntlmme art.2'Fog B&@mﬂ*@fcﬁ ogen
phosphatrecemln oamuuﬁdibﬂ Bormlav(da)n(la) f) (lsyafmp| andics ¢idlap pap de. reddvadt by | | al so

?lel ?ppr tﬁgp aaéénﬁé'&s uﬁmmmﬁaaqf) (Fagr | |(ﬁ’a)( ! ) (la),
asymmet r(:"h Ewéés)l s Usl (H{alirl Qr} é%fo‘:r‘coa"tfaQ|c%\C(%lﬂJ aux I ar’ Es or chiral
cat am/t |Q9'4@'33%H'i IMIDE Grovp Y, Q?rf&? ﬁf%‘ljas’t%[ﬁ?s%‘ﬂ?ri"aﬁf dormgtient i onal

group i rwithr & oitaé baseodr asidogagent FﬁSP@CFtIM@Eﬁ%)ﬁEPFQEFﬁﬁI Buech techniquediaregweld t he
addi ti onestblisracn ahe aft. &oy esandpie, Ghracamicassripbusd §f. Fésmala @y evhate D hods of

asym"f}?tcgdégzméw“@ e SmaY 5 %blheck WeatmBnt!iith 2EhiraBeidsOed Héﬁagcalﬂteh] -ageppggs
B4, andioProv PRI, S,vha& i 4 AR SO LRl orr it <

WI el® 1995. For exanple, suitable general chiral auxiliaries incl ude

chiral dt wﬂimﬂcﬂneﬁpprecatedrtmuthdmremnpﬂmmImbham of Etvimudd (o Kaj Al)j di nones

sEch ias (#8), (nPRREMI) ity Vel hébredt 6 \Gerial fin frettodB bP A hNEARSyntHesis UsPGE; ©

chira no

Sui t abl e eggg pz#ﬁ F]e %hwajraB{l%ﬁé%cﬁ'anrlgé@a ?%é{l ép eﬂfdﬁm%]ﬁﬁ%h&l (; am nes and

chiral |qr@ able, frinctional grogp it F@"ﬁ'ﬁ@ﬂﬂ”l %p ag herembe ore described, including

pherQ - 2h¢ adgiianrasirérdipval/¢f)any spehoghiralcduxifiary. Such general methods of asymmetric

3-(di _rret?uﬂhaﬁs B wall khown i the®tianaaiuse)] SUt Are’nck Irestrittsd BNthdsedescribed

3, 4- bi s (gl fr%@l%y' éerﬁugﬁb?é&‘é' PR )PVl hghli&‘? s E‘iﬁﬁ’d}' ne,
chi nchoni el he “or qU|n IeX|ng
agents sB 'Hg‘e ”Efﬁyf‘&es'ﬁr ¥<'a129§g1 ﬁ:l @Qﬁ@gn%[ﬂochﬁélr?‘v (it

opt i onalnnqudmmrﬂealq@helseu@‘eamerahm a+phelwéatlnqnor ohirab xarplidinones suhase Mis
si | vy, ﬁsé?ﬂblbxazéﬁd'lﬁz-ohét@nHUﬁprdWBmhdm-oﬂé oﬁam@n@mﬁnesarsdcw( ass hal i de
(for exgﬁﬁ ‘ﬁ#‘é{ﬂ BFn r29h9§3‘%? Eﬁcﬁ*t €.s u[llt&bfé' andraic ﬁaPa‘ie

t ol uene or.onet exaf r nitrate,
and m arfﬁa%"§r'8 ‘3‘59':’"("' %S'c amipe '559% ands $URR a8 L}g ﬁ’%‘ =b se, for

ex npl e phenyH{pamelidinyl)- -Mpropaholt hes e&(@me&halamm)d.I7|7atrlmetbylbncy¢i¢[2 edl- catal ytic
1gent shepta-2v/ | d,aa:w(mmylpmsrphmyam(phérlylmmﬁyl)pyrroreme exaghmaohening, t he
pr epgy AlchRbn |d|ﬁe{: spa&e.rwrn%@bwm@%r Bmmﬁéy r5l' &nméut eédeﬁ Us%' ﬁ%sch' ral

auxi i arl I C rea entS| are ted to,
t hose d&ﬁhbﬂ?&i‘aF‘ﬁl'"eiA %ﬂ‘i’é drfivatiyes, °p g/z' th%ﬁmsﬂ’ﬁ@ 'Féeitépahedron
Asymm , s@lor) example . whgge Tt &San@fef.oepbamsynm ﬂtao@mzmagrr@slumzagg J. Am

Chem Soﬁangaﬁe'éaﬂéﬁdx &Mllde](ﬂ#(éﬂarﬁmdchlonde or bromide), acetate, trifluoroacetate, p-

toluenesulfonate, trifluoromethylsulfonate, hexaflucrophosphate or nitrate, and , and , are

35 1 or 2, and optionally in the presence of a bass, for example triethylamine, All of these

chiral auxiliaries or chiral catalytic reagents are well described in the art. lllustrative

examples of the preparation of chiral pyrrolidines by asymmetric synthesis using chiral

auxiliaries or chiral catalytic reagents include, but are not limited to, those described in

Angew. Chem. Int. Ed., (2002), 41: 4236, Tetrahedron: Asymm., (2001), 12: 1977,

40  Tetrahedron: Asymm., (2002), 13: 2099; J. Am. Chem. Soc., (2002), 124: 13400 and
Chem. Rev., {1998), 98: 863,

23



Chem Rev., (1998),98:863. 23 WO 2004/ 037818 PCTI EP2003/ 011813 1In a
particul ar aspect, a chiral pyrrolidine conpound of Fornula (111b) L (Il1b)
A 11 E11 O Hin which L' represents CO2Y or CQOZY' wherein Y represents
hydrogen or alkyl, Y represents a chiral auxiliary, and A, E, and J are as

defined apeyRsbPgisFormula (1), and * 5 denotes an erﬁq;m@@,%hgﬁed chiral
centre can be prepared by reaction of a conpound of Fornmula (IV), as

her ei nbef ore defined, with a conpound of Formula gﬂa) /L' fl (Vva) in which
L' repr cl8@rhasicylat asnest, aébrfépyrgqhélupcmndwﬁ@rwh( b)represents a chiral
auxiliary and thereafter optlonally darryi ng out any conversion of CORY'

i nto CA2Y by standard 10 net ¢ renoval of chiral auxiliaries. Such
chiral ester CO2Y' may be deriwg b a Chlh | al cohol Y' CH, for exanple
nment hol, by standard esterificg eghni qd Preferably, the reaction of
a corrpound of Forrmula (IV)F a |conpound of Fornmula (Va) is carried out
in a suitable solvent, for exappl 4dTHE or acetonitrile, optionally in the
presence of a Lew s acid cata st, such as lithium brom de or silver

acet at e, in awtichaLbaspeesehfs €0cY casCOAY atHeydimv represents hydrogen or alkyl, Y’

,%\I t8e(rjl :tzr@egfémé 8 lchir4t dokilidi Sl 75, @nﬁ?d g)ﬁlr% addefin8d bBSRIBY #orﬁﬁ&%”('l darae £ or
xandt o prpeh an eancfined cﬁﬂ[en% e %%%ad%ﬁe%sﬁ%%ﬁa KLY oceti ¢
acid, or qr’ﬁ@ar('é(bcﬁsﬂ@!’ﬁ"?ﬁ?ﬂf’%ée@& L) (?006199“ fiformyla §V orrpounds of Fornul a
(I'V) and (Va) in a suitable solve L' for exarrpl e toluene, xylene or
acetonitrile in the absence of aﬁat al K\?ﬁé) The preparation of conpounds 20
anal ogous to those of Fornul a (II b) a (Va) is described in Tetrahedron:
Asymm , ~(1995), 6: 2475. %)tlonally, the ma| or. chiral diastereoisoner of
For mul a i which ) @W@eﬁﬁ & ghiyah estRrIgrovn C%yWh%’?lnl\é rerrasanton chiva) awdianyur t her
enant i oesmdi théreattdn\optiomallg mairying butpanyi édnearsion f CORY hinita CEsY Wyl dtarklamn i n t he

ool pENSBIETee S i o Sy s SR g R
sal t fch ﬂe i # Cl? % %%Oimg“ s‘ﬁ#@é#ﬁf@‘@ha{e 5ehl ori de
sal t. TrFéefﬁgaawo B dtin of & gempaynd af EQBUNG With armpound of Eqrﬁwam be
prepar eds logrried @at img suitaleysolvent, & diannpfel EHF et atétpnitiiie, roptioriajiylirothe hydr ogen
fgggr ! g Sréddnée &H Laks Ec.a%ww sudhQds mi@ﬁm&meu 8t Sivbr &dobiftd, -and B/ HAEES abl y the
o Lot VB SO AR o BB Sl e
coRyY tdd yely., the reaction is carried out in a swtable solvent for example THF or
aoetonltrlle in the presence of an acid, such as acefic acid, or the reaction may be carried
out by heating compounds of Formula (V) and (Va) in a suitable solvent, for example
toluene, xylene or acetonitrile in the absence of a catalyst. The preparation of compounds
20 analogous to those of Formula (MIb) and (Va) is described in Tefrahedron: Asymm.,
_ (1995), 6: 2475.
(_ Opfionally, the major chiral diasterecisomer of Formula (lllb) arising from such an
asymmetric reaction may be further enantioenriched by conventional purification
techniques well known in the art, for example by chromatography, or by fractional
25 crystallisation. A favourable crystallisation method is the fractional crystallisation of a salt
of the major chiral diasterecisomer, for example the hydrochloride salt. The hydrochloride
salt of a compound of Formula (I!Ib) may be prepared by treating a compound of Formula
{Ilb) with anhydrous hydrogen chloride in a suitable solvent, for example diethyl ether.
Preferably the reaction is carried out at a temperature in the range —-10 to 10°C.
30 Optional removal of a chiral auxiliary from a group in which L' represents CO,Y’ to afford
a group in which L' represents CO,Y is readily accomplished by standard methods, for
example treatment with a hydroiytic reagent such as sodium hydroxide or an alkoxide
such as sodium methoxide as appropriate, in a suitable solvent such as methanol

35 Optionally, a chiral compound of Formula (llib) may be converted into a chiral compound
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a group in which L' represents CO2Y is readily acconplished by standard

nmet hods, for exanple treatnent wwth a hydrol ytic reagent such as sodi um
hydr oxi de or an al koxi de such as sodi um net hoxi de as appropriate, in a

sui tabl e sol vent such as nethanol 35 Optionally, a chiral conpound of

Formul a @d idednHg be converted into a chiral conpoungrmdecyél 31304/ 037818
PCT/ EP20031011813 of Formula (I11) in which G represents %ydroxyal kyl, and
A, E, and J are as defined above for Fornula (1) by treatnment with sui tabl e
r eagent sofformula dWhisl whieh Ggerrasentshydroxyaiiad, agﬁdu}é andhd afecasrielned ghovef t he
group L' for Adrenuty OLy treatdnent withasujidbie aaagmls)fwachonfpllﬂmmbaur(ctld)ddbhroupn whi ch L'

repr esenhﬁem@%si A BflthE gr6® @Sn@%frduﬁ] a &ﬁn duﬁ&b?ﬁormuﬁ‘(tllfbgsu' table 5
reduci ng,. a ent or ex gpﬁ‘%/n ; ﬁe# h n gre t

sol vent , Qﬁzye e” LSS "Gﬂta 8¥?a| E’ﬁf’r“% ?md of
Formf a (eF’ ging a freexappledithivm fuminium hydrideain %WB'&rﬁ?'VeBﬁf fOF@M‘mma (rr)y in

whi ch G tetrghydecfuras. hydr oxyal kyl, by first acylating the pyrrolidine 10
nitrogen atom as descri bed above for the transfornation of a conpound of

F I [l f F | | b ly b
ot mor QPP Rly: 2anPalgeEBORRtd Eofus ) baaacvoésman&ﬁr?ﬁe"m SRR oY oup

i nt ercon‘&fe'l;‘!ﬂ"'HH‘ 80 ip high U ePresents: ydgpaseliyl. by 'Fséracbélﬁﬂﬂﬁaﬂ'@ Yl und of

For m a gitrddeh)atorn asidesdribed abmrprferstbmtransm}ﬁfa’ﬂoramf(h ofpoaind of Fmi&hlarwlé) above may
Eedﬁ Irggtﬁfo' 3 dothpBurd!of FahnfuId §NHICAA0thEH YabseqlibrtyeA Tabhent Wit ; h Wiktable a' um ni um
hydri d eblhrs B bRt 44@gqnm.éngr;q@rbam}c%nse%.sﬁo%ﬂe a1 mtA gl L) D

above, €h fP%l?xa&ﬂ"Pp%ﬁ‘PfHB" oF 5P a1y 0 whieh brremea?nth}sea"&r r&'a?%d from
ch(r al cdefiper mbigven fmayFbe rtrgiated( with) aosuil@blel leducdiay lagenti Ifér Bampbe dithimat ed t hat

any 8s adlshialuthyatidein 8 eisbielsoRBit, foRyxdAficCetNtGioAsflah.nt 0 a saturated al kyl
substituent by reduction, for exanple by hydrogenation over a suitable

catal ys h as i U rbo rovi ded any other s tabl e
bt ¢ duhtles-rpratted et Wb Sulidie SRRy ROBIRTEA PiePs o8 dSrEbPEab s, W t h
appr opr i chiral cempopodsadfi Emmalndl)mndioeﬂa)i may bé prappredieam chiral compoundsiaf i ty,

synt hesi Eor@fila (Bonpaynds of Formula (1) is acconplished by nethods anal ogous
to thpse above and to those described in the Experinental section. Suitable

r in f oun n r ri found in T
[V & condl G 2B5RPREE chatea, Wisalirted Al ARSI ey b, Rves iR s 3rd Ed
(1999), shtunited alkyhshbstiwent ) armties for nxmnledwawdrogenatlon over a suitable
2- [ NAL, ealdisezadh as phidivhyvbecabaiiprs]ded -amp toiher pasdeptdiec subsiitdents ard - but vl
ester  3pst protected and subsequently deprotected.

25
With appropriate manipulation and protection of any chemical functionality, synthesis of
compounds of Formula (1) is accomplished by methods analogous to those above and to
- those described in the Experimental section. Suitable protecting groups can be found, but
( are not restricted to, those found in T W Greene and P G M Wuts ‘Protective Groups in
30 Organic Synthesis’, 3™ Ed (1999), J Wiley and Sons.

EXAMPLES
intermediate 1
2-IN-(1,3-Thiazol-2-ylmethylene)amino]-4-methylpentanoic acld, tert-butyl ester

e
2

A stimed mixture of 2-aming-4-methyl-pentanocic acid tert-butyl ester, hydrochioride salt
(5.00 g, 22.34 mmol), 1,3-thiazole-2-carboxaldehyde (253 g, 22.34 mmcl) and
triethylamine (3.10 mL, 22.3 mmol) in dichloromethane (60 mL) was heated under reflux

35
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A stirred m xture of 2-am no-4-nethyl-pentanoic acid tert-butyl ester,

hydrochl oride salt (5.00 g, 22.34 mmol ), 1, 3-thiazol e-2-carboxal dehyde

(2.53 g, 22.34 mmol) and triethylamne (3.10 nL, 22.3 nmmol) in

di chl oronet hane (60 nL) was heated under reflux 25 WD 2004/037818

PCT/ EP20 under nitrogen for 19 hours. The r fure was

al | oned 8@62@%@%0 room tenperature, washed tw ce vmﬁﬁ @)@/{)Ws ried over

Na2SO4 and evaporated to give the title conpound as an oil. 'H NWMR (CDCl 3):

s 8 46 ( Yndet Hyitrogenofer (19 hours) | Theqrzeactipn migture4way aflowed |t¢+)cool1 f@goam74 (m 5
1. 6teripebsturé rwashéﬂ twide with water, @Hid over 96,30, anddvaporated 1OGivé the tilled) .

Interrred

CHEL o~ i TP b B PR A R
st er echar. 46441, @{MHM"@(&%)&I @C?H)sﬁnﬂ&@d s¥luti on of Internediate 1

(0.53 g, 1.88 mml) in anhydrous THE (3 m-) under nitrogen, was added
met hyl a té 254 uL, 2.83 mmol) followed by Iithium brom' de (0.33 g,

TSR S e BT o1

eRtenn f-mathy]jesterde (15 m-) was added and the resultlng mxture
was extracted with ethyl etatfe (20 nL). The extracts were conbi ned and
washed with water and brin en9 dried (MySO4). The sol vent was evapor at ed
in vacuo to give the t{tle ¥ Jo) as a solid. M5 calcd for (O el 20N204S +
H)': 369 20 Ms found IER‘:tr sp Hé =369. Internediate 3

- (@S, 4S, 5R) - 2- | sobut yI -9- (3- not hoxﬁﬁ“‘"‘t PEeBEY FBenzoyl ) - 5- (1, 3-t hi azol - 2
-y ) - pyTa alcoaed@°Q) stirred salotopof llitermediate, 1 (2-33ag, t1-88uhmbl) msanbydrods TR hyl  est er

O~ Racemnaoml ydnblerfitoeh WeasSddab e fietgachisty (gtaqwnz a@«#ﬁolrfeuomaasymhw ed
sol ut | O”erFmd%h(ﬁ%%gﬁé%ﬁ% Sg%aﬁ’%éf ;)Pa%ﬂr?&gdgg‘i@ ?%?%molé%ﬁ? £Lm2)'4) an )

anhydr ous_di
andy trlﬁt”l‘??l"h?ncﬂ@'" 35‘7‘“ m'%f"“ﬂﬁ'?ﬁ t afbept ?ﬁ")&e[ﬁ“é'e\&‘;@m@f‘ %{T ¥r 6 hours

undet5 ni amogeinmghigrident{§ ml)sas @ﬁdsutansl the tesultihgmixirewes aara@tedrvdthwﬁyhed with
wat er . Thetadé GAINC). PIRS extratts Wereddontihed MrdWashad thith wWaer &idesshinenhefacuo. The
resi due b= (Wé'éb‘:)'. eﬁ'lebgol\?ernywaglelvép%%té@ bth T/chmto give the litle compound as a
solid.
MS calcd for (CmHzaNzO.;S + H)+: 369
20 MS found (electrospray): (M+H)" =369.

Intermediate 3
rel-(2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-5-(1,3-thiazol-2-yl)-
pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

(7 ::Lo’

3 Racemic;
N Relative sterecchemistry shown

25
To a stirred solution of 3-methoxy-4-tert-butylbenzoyl chloride' (3.36 g, 37 mmol) in

anhydrous dichloromethane (50 mL) was added Intermediate 2 (4 g, 24 mmol,) and

triethylamine (2.27 mL, 37 mmol}). This mixture was stirred for 6 hours under nitrogen and

was then diluted with dichloromethane and washed with water. The organic phase was
30 dried (MgSO,) and evaporated /n vacuo. The residue was purified by crystallisation from

dichloromethane and washing with diethyt ether to provide the fitle compound as a solid.

MS caled for (CsoHzNZQeS + H)": 559

MS found (electrospray): (M+H)" = 559,
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di chl oronet hane and washing with diethyl ether to provide the title conpound
as a solid. Ms calcd for (C30H42N206S + H)': 559 Ms found (el ectrospray):
(MtH) ' = 559. 26 WD 2004/ 037818 PCT/ EP2003/ 011813 Ref. (1): Synthesised from
3- et hoxy-4-tent-butyl benzoic acid (J. Og.Chem, 26, 1961, 1732-1737).

| nt er mediyad fofloAgd | nternediate 4a 5 Internedi ate 4 pergp2003/011813

rel -(2S, 4R 5R)-2-1sobutyl -1-(3-net hoxy-4-tart-butyl benzoyl) - 4-hydroxynet hyl -
5-(1,3 thiazol yl) rrolldlneZCarboxyllc acid, tent butyl ester OH S
> T/ O NRef: ﬁé@éﬁf"&i‘s's@j) (om Remathoxy-terbrtbenmoin asid-y. GraGham. 8686110

| nt er redt&32e1733).r e1- ( 2S, 4S, 5R) 2-1sobutyl -1-(3-net hoxy-4-tert
butylbenzoyl)4 hydr oxynet hyl -5- (1, 3- thiazol-2-yl)pyrrolidlne-2-carboxylic
acid, te .»,,/~ Racemc; 0 O Relative

stereoc Ipter %Yal'e el r%d' 9491 ed solution of Internmediate 3 (2.3 g, 4.12
mml) I n anhydrous THE (23 m-) at 15 room tenperature under nitrogen, was
added a@&mmﬂi_@n of lithium borohydride in THE (2.93 nL, 5.85 mol).

Thi s sol {28 ¥RBR)-2dobll 143-:-{41%& fEPEB\RYIBE Rz oY) - Ry diBik vgRQ 3.t hen
h tract o?’ %mﬁh | t at
?tiggc rerﬁth%pz §%I$?n?_§ e?%cg'tbl %ghc( ?o%'gﬁﬁgﬁﬁaée;a\iefe dried (I\/)éSO(ffjll)Cea(rjllde

evaporated in vacuo. The fesu 'OHg gum was purified by chromatography on
silica gel using 20 cygl ghex - acetate (7:3 v/v) as eluent to give
Internediate 4a, rel- (2%, i Racemic;

] benZg3fyesecgiinoRMret hyl - 5- (1,

| sobutyl - 1- (3- met hoxy- 4-t ePt,
boxylic acid, tert butyl ester foll owed by

3-thiazol -2-yl)pyrrolidi ne- 2]cz
I nt.ernmediate 4, re!-(2S, 4R, 5R) -
(B(rret hoxy- 4-t ent - but yl benzoyl ).-%- hydr oxynet hyl -5- (1, 3-thi azol -2-yl)pyrrolid

I ne- ?0 Cal“b%hia?e?ac' d, tertbutyl ester. 25 Internediate 4
rel{2$,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acld, tert-butyl ester

.\“h- OH
0 1) apy, s
\"“ N ‘«J Racemic;

>r 0 o N Relative stereachemistry shown

Fe
To a stirred solution of Intermediate 3 (2.3 g, 4.12 mmol) in anhydrous THF (23 mL) at
15  room temperature under nitrogen, was added a 2M solution of lithium borohydride in THF
(2.93 mL, 5.85 mmol). This solution was stirred at room temperature overnight and was
then quenched with 1M K,CO; solution (100 mL) and extracted with ethyl acetate (100
( mL, then 50 mL). The combined organic phases were dried (MgSQ,) and evaporated in
vacuo. The resulting gum was purified by chromatography on silica gel using
20 cyclohexane-ethyl acetate (7:3 viv) as eluent to give Intermediate 4a, re/-(2S,4S,5R)-2-
Isobutyl-1-(3-methoxy-4-teri-butylbenzoyl)-4-hydroxymethyl-5-{1,3-thiazol-2-yl)pyrrolidine-
2-carboxylic acid, fert butyl ester followed by Intermediate 4, re~(2S,4R,5R)-2-Isobutyl-1-
{3-methoxy-4-teri-butylbenzoyl)-4-hydroxymethy!-5-(1,3-thiazol-2-ylpyrrolidine-2-
carboxylic acid, fert-butyl ester.
25
Intermediate 4
MS calcg for (CaoHsaN20sS + H)': 531
MS found {electrospray): (M+H)" = 531.

30 Intermediate 4a
MS calcd for (C29H42N2058 + Hr: 531
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M5 calcd for (C29H42N2G6S + H)': 531 Ms found (el ectrospray): (MH)' = 531.
30 Internediate 4a M5 calcd for (C29H42N205S + H)': 531 27 WD 2004/ 037818
PCT/ EP2003/ 011813 M found (el ectrospray): (MtH)'= 531 Internediate 5
rel-(2S, 4R 5R) - 2-1sobutyl - 1- (3-net hoxy-4-tent-butyl be

nzoyl) - 4-gbhedssishy! - 5- (1 3- 5 thiazol-2-yl)pyrroli ylic acid,
tert-butyl ester Ir- YY O OO~N~/( Racsmic; Relative ?tdgrﬁggtgemg(ry showmn O

O *Z8 110 To a solution of Internmediate 4 (0.14 g) in anhydrous DVF (5 ml -)
was addeMSdexnd{piestyaserays (MEdY5s@3persion in nineral oil, 16 ng). Wen gas
evol ution had subsided 10 iodoethane (0.084 m-) was added. The m xture was
stirred ﬁhe,ﬂ{gaiaqag tenperature under an atnosphere of nitrogen for 18 h.

( Brégir O A SRR bl MO ur‘%* b G ke Lt
Met hatol thi H'IY-)?Y'\RHL"'&%T&@G’W‘H@ W% stirred for 10 nin.

Vol atiles were rem)ved and the residue was dissolved in ethyl acetate (15
m.), washed w th water 515 n /)_and then dried (MySO4). Renoval of

sol vent gave the crude pro u |ch was purified by silica gel

chromat ogr aphy elutin c,t , ohexane/ ethyl acetate to give the
title conpound as an fOI’Re M&BQ&%+ H' : 559 M5 found

(el ectrospray): (l\/HrH) nternedl ate 6

rel -2S, 4R, 5R) - 2- Isobutyl - -%3- oxy-4-tert-butyl benzoyl) - 4- net hoxynet hyl -5
-(1,3- thiazol-2-yl)pyrrolidine-2-cptboxylic acid, terf-butyl ester 0 o ..
Racem q S/j Relative stereochem’%try shown O O 25 The title conpound was

pr fpar edrd LOMukieh F ecthRbiGte®s (614 of InAdndrclRBRR (st L) RS LERY Hufum
hydride (60% dispersion in mineral oil, 16 mg). When gas evolution had subsided
10  icdoethane (0.084 mL) was added. The mixture was stlrred at ambient temperature under
an atmosphere of nitrogen for 18 h. Further quantities of sodium hydride dispersion (17
mg) and iodoethane (0.084 mL) were added and the mixture was stirred for a further 24h.
Methanol (10 mL) was added and the mixture was stirred for 10 min. Volatiles were
removed and the residue was dissolved in ethyl acetate (15 mL), washed with water (15
15 mL) and then dried (MgS0O,). Removal of solvent gave the crude product which was
purified by silica gel chromatography eluting with 5:1 {v/v) cyclohexane/ethyl acetate to
give the itle compound as an oil.
MS calcd for (CagHagN205S + H) : 559
MS found (electrospray). (M+H)" = 559

20
Intermediate 6
rel{2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbanzoyl)-4-methoxymethyl-5-(1,3-

( thiazol-2-yl)pyrrolidine-2-carboxylic acid , fert-butyl ester
/

HO

N

Lo N e Racemic;
s

X b Relative slereochemistry shown
o}
0
25 The fitle_compound was prepared from Intermediate 4 in a similar manner to Intermediate
5.
MS calcd for (CagHaaN20sS + H)' : 545
MS found (electrospray). (M+H)" = 545

30 iIntermediate 7
rel~(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-fluoromethyl-5-(1,3-
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5. MS calcd for (C30H44N2G6S + H)' : 545 MsS found (el ectrospray): (MH)' =
545 30 Internediate 7 re/-(2S, 4R, 5R)-2-1sobutyl -1

-(3-nmet hoxy-4-tert-butyl benzoyl)-4-fl uoronet hyl -5-(1,3- 28 WD 2004/ 037818
PCT/ EP2003/ 011813 thi azol -2-yl)pyrrolidine-2-carboxylic acid, tart-butyl
ester F wWbadeaosgeisc; -Y N (5f | Relatin stensochempgtrrpp2sboiwis O O 110 To
a solution of Internediate 4 (0.147 g) in anhydrous di chl oronet hane (3 nl -)
at 0C wag. added diethyl amino sulfur e(0073m_) The cooling
bath was %ﬂ?@géﬂpgﬁﬁ“ﬁﬁ%’aﬁa °XXYE %c'gvaéﬁristfw e at ambi ent tenperature for
3h. The m xture was cool e C and poured into pre-cool ed saturated

sodi um hydr ogen car bonat g

% ( 1Cke&hiz;) and then extracted with
di chl oronet hane (2 x m_‘u 'The Jtrd@'@lsemmmétmﬁwnned, washed with brine
and dried (MJSM) Sol vent

ved and the residue was purified by silica

gel chromat ography eluting wt .L-(v/v) cycl ohexane/ ethyl acetate to give
the title compound 10 as a gum JMspeal cd for (G441 FN2OAS + H)' : 533 M
fo;mdz(sel ect rospray) (l\/HrH) = 533 Internediate 8 15 ot ]
re o uor opheno
ot hl(o- f&gﬁ a) ﬁ?‘)ﬂi}lﬁ% plelide ﬁxxdhaﬁ@émge% d & éoxyl rop
acid, 2-% '"%§LE lfel 9\{5’" é@tf‘d‘faét'?'v%" hem stry
showb Snigture was st»rredrai asnlyent d@mmatwfe fpmhar el mixture avas cogled &g OTChaesh hydr ous
di chl or oparirdthing irb-cobled saemteisteilin? Aydfodeh warbopite wplutivm {10NACdnartaéror mat e
(0.125 niadcikq |vJ|tﬂ Io%éﬁgie”%tf"ld Ul ”ﬁ@’é%b@e‘weré £dribiRgy, wa-g iﬁ?‘“ ting
SO' uti Onbr\llr\%San% driec? aéOj”Bolve was rahovad 8 c? the Yesidue wQ/s punfj eJ by Sifica gel

chromatography eluting with 3:1 (v/v) cyclohexane/ethyl acetate to give the title compound

10 asagum.
MS calcd for (CxHaiFN20,S + H) : 533
MS found (electrospray): (M+H)" = 533

Intermediate 8
15  rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-{4-fluorophenoxythio-
carbonyloxymethyl)-5-(1,3-thiazel-2-yl)pyrrolidine-2-carboxylic  acid, 2-tert-butyl

ester
jgeg
\GON
- N Racamic;
O N "{Sf J Relative steracchemistry shown

1Y

0

e

To a solution of Intermediate 4 (0.31 g) in anhydrous dichloromethane (5 mL) was added
20  4-flucrophenyl thionochloroformate (0.125 mL) followed by 4-dimethylaminopyridine

(214 mg). The resulting solution was stored at ambient temperature for 2 days, diluted to

50 mL with dichloromethane and washed successively with 25 mL porticns of 0.5 M

hydrochloric acid, water and saturated brine, and then dried (MgSQO.). Solvent was

removed and the residue was purified by silica gel chromatography eluting with 3:1 viv
25 cyclohexane/ethyl acetate to give the title compound as a foam.

MS calcd for (CagHasN206S; + H)* : 685

MS found (electrospray): (M + H)* = 685

Intermediate 9
30 rel(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methyl-5-(1,3-thlazol-2-
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50 nL wi th dichl oronet hane and washed successively with 25 nL portions of
0.5 M hydrochloric acid, water and saturated brine, and then dried (MjSH).
Sol vent was renoved and the residue was puriifled by silica gel

chromat ography eluting with 3:1 v/v 25 cycl ohexane/ethyl acetate to give

the titl aygosmmpesed as a foam M calcd for (CaeHASN2@RGpiohhiig£8° M
found (el ectrospray) (M+ H' =685 Internediate 9 30 ool

rel -(2S, 4R)§§2 | sobutyl -1 - ‘i’C‘P thoxy-4-tent-butyl benzoyl) - 4-net hyl -5- (1, 3-
t hi azol - ¥9P Wﬂe erboxylisas riehusy9818911813 yi ) pyrrol i di ne- 2- carboxylic
acid, tart-butyl ester / Cemic; | p \ Relative stereochenmistry shown O
110 To a solution of_I 3 8 (0.30g) in dioxan (4 m-) was added

2,2' -azobi s- isobutyroyf tyil Bl) ( Bdkenag)) fol | owed by
tris(trimethylsilyl)silane (8 mL) . Reffj stigeogpitinitevmnas heat ed under refl ux
for 30 mn and set aside to co nbi ent tenperature overnight.

Vol atil es were renpved and the ue was purified by silica gel

chr omat ography eluting with 6:129v/v) cycl ohexane/ ethyl acetate to give the

titl . H4 S - .10 MS
oing (SRR Pt Al A ol il 22

rel - (2S, &0 BNt {31 ma) dfelapedshy Yistimethysityisilang | (§.483 mel)i diThe- 2- car boxy
lic a®i dmlxturewas bedted umeder esfluik fdd 30DniRa0e seicasidé3o Godh thaRbieait temperature

st er eoch@f&rﬁggy mties Thers GEMbRY GRE) thel iesikiBs wad Wurifidh By kiné£rgepdi ate 1

ot S R G4 ey %Qﬁgg@%ﬁﬁ%%p}fwdgd?ﬁdm

nmet hyl vi ny
20. 1 #hdP9idand triethylamne (2.2 n., 15.9 mmol). The reaction
st(rred MBGaICdMI(ledgazNﬂﬁ*ﬂcb) 5% nin. and then at anbient tenper ature

over 1 ghis fdiig (@6ctiosgral). (m +AxEgne was diluted with ethyl acetate (80 ni-)
and saturated amoni um chloride solution (40 nL). The two phases were

separ at eld and EEe ﬁqueous phase was re- extracted with ethyl acetate (80
m.) . W ere conmbi ned and washed with brine then dried (MS™) .
The sol V2SR, SRvrsobutyb4-acatyl-8<1:3-thiazori2whpytielidinerdwathoxlic t . acithi s was
puri fi edtepybutiArestert ogr aphy on silica gel using a cycl ohexane-ethyl acetate

25 gradient (95:5 v/v to 9:1 vRv) as eluent to provide the title conpound as
an oil.
"1y s
0 o N '(/

X j] H N Racemic;
15 0 Relative stereochemistry shown
To a cooled (0°C) stirred solution of Intermediate 1 (3.00 g, 10.6 mmol) in anhydrous THF
(25 mL) under nitrogen, was added methyl vinyl ketone (1.0 mL, 11.7 mmol) followed by
lithium bromide (1.75 g, 20.1 mmol} and triethylamine (2.2 mL, 15.9 mmol). The reaction
was stirred in a cooling bath for 10 min. and then at ambient temperature overnight. The
- 20  reaction mixture was diluted with ethyl acetate (80 mL) and saturated ammonium chloride
( solution (40 mL). The two phases were separated and the agueous phase was re-
extracted with ethyl acetate (80 mL). The extracts were combined and washed with brine
then dried (MgS0O,). The solvent was evaporated in vacuo to give the crude product.
This was purified by chromatography on silica gel using a cyclohexane-ethyl acetate
25 gradient (95:5 viv to 9:1 viv) as eluent to provide the title compound as an oil.
MS caled for (CmHzaNanS + HY: 353.
MS found (electrospray): (M+H)" = 353,

Intermediate 11
30 rel(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-acetyl-5-(1,3-thiazol-2-
yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
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M5 calcd for (C 3H2aN2@3S + H)': 353. M found (el ectrospray): (MtH)'= 353.
Internediate 11 30

rel -(2S, 4R, 5R) - 2- 1 sobut yl - 1- ( 3- net hoxy- 4-tart - butyl benzoyl ) -4-acetyl -5-(1, 3-
t hi azol -2- yl)pyrrolidine-2-carboxylic acid, tart- butyI ester 30 WO

2004/ 0378%_3 210050446132003/ 011813 O s N\, Racemc; eﬂtﬂf/%ﬁﬁﬁu ﬁﬁﬁgfochem stry
€nzoy

showmn O stirred solution of 3- nethoxy 4-tert-but chl oride
(0.32g, 1.41 mmol) in anhydrous dichl oronethane (5 nL) at 0C was added
Internmediate 10 (0.45g, 128 ‘ and triethylamne (196 L, 1.41 nrnol).
This m xture was stirred fdr /3§ hours and was 5 then diluted with

di chl oronet hane (40 m 3, \ vmth water (40 nlL). The organic phase
was dried (MpSO™4) and a%a ﬁfﬁf@t@e"ﬁs £3lgre was purified by
chromat ography on silica gelo©u @ a cycl ohexane-‘ethyl acetate gradi ent
(95:5 v/v to 85:15 v/v) as eIu: : provide the title conpound as a solid.
M5 cal cd for (C30H42N205S + H) 10 Ms found (el ectrospray): (MH)' =
543. Internediate 12

rel -(2S, 48, HiE)irédd lselofimmt pi a-hae(tﬁxym—tlamnwmrimylt thidride b@@rd2gy )41 4mimet) pinopenyl - 5- (
é SRZaI ;th: ?é d{&sﬁ%\WJnﬂé?ﬁérﬁ'(E?n@apm@dddEd ﬁ‘ft‘érgedlbﬁrﬁv@%y l1.85kR0nN Racen c:
met hyI tr %g Eh%ﬂg@ 1%r 8'& s%gu % @E&'emp 60{'?1”8 gﬂﬂya?ous THE (3
m-) at @@nuﬁﬂafeﬁ “Fﬂ‘ldICB 6%“ m(é@mz n%waweg with V@%\W%m% TB% OBNIC| i t hi um

bi s(tri mphimel was ﬁr&ﬁmMgSOx)nariﬂ-lEvdmrM il vaéko8 3 Theroksgiduel nas smirifikd dp  Was

Tl ) sy B e e B R e e a9 1 170 at
OC\f or Bﬁgégvg#agﬂh%ﬁgw%%mg %%@omtenper ature and stirred
over ni ghM ?'éQ@HfZUFpﬁ%&Hhr@%s diluted with sat. ammonium chloride

sol uﬂOonMsafﬁund_()eleahrMpEwhyMﬂdbetS&ﬁe (40 nmL). The organic phase was then

washed with water (40 m-) and brine (40 nL), dried (MJSOX) and the sol vent
evapor atﬁq . The residue was purified by chromatography on silica

e e s 3 > (7

thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester

o\g[_e:(s

>|/ m N \ / Racemic;
o . N Relative stereochemnistry shown

15 ~°

To a suspension of methyltriphenylphosphonium bromide (0.295 g, 0.83 mmol) in
( anhydrous THF (3 mL) at 0°C under nitrogen, was added, siowly, a 1.0M solution of
lithium bis{frimethylsilyl}amide in THF (0.83 mL, 0.83 mmoal). The solution was stirred at
0°C for 15 min. before addition of Intermediate 11 (0.32 g, 0.59 mmol) as a solution in
20 anhydrous THF (4 mL). The reaction was stirred at 0°C for 1 hour and was then left to
warm to room temperature and stirred ovemight. The reaction mixture was diluted with
sat. ammonium chloride solution (40 mL) and ethyl acetate (40 mL). The organic phase
was then washed with water (40 mL) and brine (40 mL), dried (MgSQO,) and the solvent
evaporated in vacuo. The residue was purified by chromatography on silica gel using
25 cyclohexane-ethyl acetate (95:5 viv) as eluent to provide the title compound as a foam.
MS calcd for (C31H44N204S + H)+I 541,
MS found (electrospray): {(M+H)" = 541,

Intermediate 13
30 rel-(25,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-isopropyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-buty! ester
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M5 found (el ectrospray): (MrH)' = 541. Internediate 13 30

rel-(2S, 4S, 5R)-2-1sobutyl -1-(3-nmet hoxy-4-tart-butyl benzoyl) -44sopropyl -5-(1,
3- thiazol-2-yl)pyrrolldine-2-carboxylic acid, tent-butyl ester 31 WO

2004/ 037818 PCT/ EP2003/011813 O\ s N Racemic; O Relative stereochem stry
shown 0 wobeug®disate 12 (0.164g, 0.3 mmol) in et hanglcrier3odilordsiVas

hydr ogenat ed over 10% palladiumon carbon (38 ng) for 6 hours. The catal yst
was filtered off and the filtr te was evaporated in vacuo to give the title
conpound as a foam 5 VS r (C31H46N204S + H) " : 543. Ms found

(el ectrospray): (MtH)' = I ntser medi ate 14

rel/-(2S, 4R, 5R) - 2- Isobu gt hoxy-4-tart-butyl benzoyl)-4-allyl oxynet hyl
-5-(1,3- 10 thiazol-2- yI)p rrI|' e-ﬁﬁ&f@maﬂgs%ld 2-tert-butyl ester
QN "r0'f N Racem c; O Rel atd’v§ ereochem stry shown O To a sol ution of

I nternmediate 4 (0.200 g) in anhygfeus DMF (5 nl) was added sodi um hydride
(60% di spersion in mneral oil, 24 hg). Wen gas evol ution had subsi ded
allyl iodide (0.139 nlL) was ad/ed The m xture was stirred at anbient

t enper at intesmediaier 12:0.16stga 0dowivdrio ethanel { T gbh wae rhyd®genatede oerntl% (10 nl)
waz ?ﬂde aiaaudnid?ﬁcamdﬁt(gs g\ 6 hobitsl TR cétarystl&hsrﬂlt?rfg \dﬁn:_a?ﬂ ItHeeth{]atﬁ Was : ﬁrmv ted

an e é e washed wi wat er
(15 ) 6 r'%‘\gic é%ﬁﬁﬁqlgg—\“é orfpdife 3@%% ‘MySO4) . Renoval of sol vent
gave i Uff purified by silica gel chromatography

el uti ng MStfwl'Sl (glethspoaybyluﬂdﬁeﬁaae/ ethyl acetate to give the title conpound
20 as a gum Ms calcd for (C32H46N2CBS + H)™ : 571 WM found (el ectrospray):

('Vl" 2S‘I dhinediak'} 7 Tedi at e 15 25 " | h
L R LSS B 2

V\D 2 4/ mmmmm edmxﬂ!s: acld 2-tert-butyl ester

W O

N

(o] - layy,

\ﬂ“ N (/J Racemic;

>r o S Relative stereochemistry shown
0

P

To a solution of Intermediate 4 (0.200 g) in anhydrous DMF (5 mL) was added sodium
hydride (60% dispersion in mineral oil, 24 mg). When gas evolution had subsided allyl
iodide (0.139 mL) was added. The mixture was stirred at ambient temperature under an
15  atmosphere of nitrogen for 23 h. Methano! (10 mL) was added and the mixture was
- stirred for 10 min. Volatiles were removed and the residue was dissolved in ethyl acetate
(,_ (15 mL), washed with water (15 mL), then brine (15 mL) and then dried (MgSO,).
Removal of solvent gave the crude product which was purified by silica gel
chromatography eluting with 5:1 (v/v) cyclohexane/ethyl acetate to give the litle compound
20 asagum.
MS caled for (CapHasN2OsS + H) : 571
MS found (electrospray): (M+H)" = 571.

Intermediate 15

25  rel~(28,4R,5R)-2-Isobutyi-1-(3-methoxy-4-tert-butylbenzoyi)-4-propyloxymethyl-5-
(1,3-thiazol-2-yl)pyrrolldine-2-carboxylic acld , 2-tert-butyl ester
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O N Racemic; Y N9 Relative stereochem shy showmm 0 Oi0 A solution of
Internmediate 14 (0.03 g) in ethanol (5 m-) was added to 10% pal | adi um on
carbon (0.10 g) and the resulting m xture was stirred in an atnosphere of
hydrogen for 4.5 h. A further quantity of 10% pal |l adi um on carbon (0.01 g)
was adde m xture was 5 stirred in an atnosp ogen for a
further ?@ﬂ’q‘”@ﬁal yst was renoved by filtration %%&é:g%o&g@%ﬁ?{sh et hanol .
The filtrate and washi ngs were conbi ned and evaporat ed to dryness to give
the title conmpound as a gum M c d for (C32H48N206S+ 1-14): 573 WMs found

(el ectrospray): (M:H) ™ = . Internediate 16 re/ {2S, 4S, 5R) - 2-1 sobutyl - |
-(3-nmet hoxy-4-tart-butyl bgﬁg{ - met hoxiymet hyl -5-(1, 3-

t hi azol - 2-yl ) pyrrolidi C UER] inig] art-butyl ester ~O~" .., 6~
Racemc; N O s Rel atlﬁleﬁ ﬁ ‘ st%{g'mﬁrmm"bp’ T To a stirred sol ution
of internediate 4a (100 ng, 9. Di ) in anhydrous DVF (5nmL) was added
sodi um hydride (60%in mneral B8 ny, 0.2 mmol) under nitrogen and at
-15C. The slurry is stirred at _615C. over 30 mn, then methyl iodide (0.25
m., 0.4 nmmol, 2 eqt) was added and the reaction is stirrer at -15C to room
tenp oveh soltionelistermediate d41(0.03 o) Wethanak(§ raldaas added tnt0% galadivsnomi xt ur e
stirred é&nbonl®.10ig) and the rexilting miixtuva vas fireiiapn ath@phen df hydeogeadord e

partiti gﬁleﬂf&%bgggaoar@tfgﬁ% MR ca’%S&\t(@toﬁf msa%a%u%e MBS w gz ddgi ed
ohr orfy oITERy ALATBSPLEOryprofe ﬁggé%@%ﬁ%ah@aist TomeySibytitiet o7 Y o
el uent t@nd p\fagmctj\ylth ﬁ@am'{ [Tee SateAndavasings were @mmvsd@@p@ramsate(i tat i H44N2055

+ H)': Gdijnessibgivdsthieditie dorpdupdas agpmay) : (M-H) ' 545 Internediate 17
re(quS 4G5 28kca for (SQRUNYD,SH ' B-ar8t hoxy- 4-tart - butyI benzoyl ) - 4- et hoxynet hyl - 5-

(1, 3- thmg@dnd%el&togxlrawlmg_l)me—s;gcarboxyl|c acid, tart-butyl ester 33
10

Intermediate 16
rel-(2$,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid , tert-butyl ester

XO\([]; Xy ,gb
o

-~
15  To a stimed solution of intermediate 4a (100 mg, 0.2 mmol) in anhydrous DMF (5mL) was
_ added sodium hydride (60% in mineral oil, 8 mg, 0.2 mmol) under nitrogen and at -15°C.
L The slurry is stirred at =15°C. over 30 min, then methyl iodide (0.25 mL, 0.4 mmol, 2 eq)
was added and the reaction is stirrer at ~15°C to room temp over 18 hours.
Methanol (10 mL) was added and the reaction mixture stirred for 15 min. The solvent was
20 evaporated and the residue parlitioned between water and ethyl acetate. The organic
layer was dried with NaSQ, and evaporated to give a yellow cil. The oil was purified by
chromatography on silica gel using cyclohexane-ethyl acetate (2:3 v/v) as eluent to
provide the title compound as a solid.
MS calcd for (CaHyaN205S + H)*: 545.
25 MS found (electrospray); (M+H)" = 545

Racemic;
Relative stereochemistry shown

Intermediate 17
rel-(2S,48,5R)-2-Isobutyl-1-{3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-{1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid, terf-butyl ester
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WO 2004/ 037818 PCT/ EP20031011813 O 'XlI S-// Rel ative stereochem stry shown
O,0 The title conmpound was prepared in a simlar manner to Internediate 16
from Internediate 4a. Ms calcd for (C31H46N205S + H)': 559 5 M5 Found

(el ectrospray): (MtH)' = 559. Internediate 18

(2S, 4S, 5Ryo2edsp013ut y| - 5- (1, 3-t hi azol - 2-yl ) pyrrol i di neperfpRiHaidioxyl i c acid,
2-tert- butyl ester, 4-nmethyl ester 10 [Enantl oner A derived from

re/-(2S, 4S,5R) - 2-1sobutyl -5-(1, 3-thkiazol -2-yi ) pyrrolidine- 2,4-dicarboxylic
acid, 2-tert-butyl ester, A nethy? ester] o~ 0 D Chiral, Enandoner A N
Absol ute stereochem stry ghe ~O§AI H Stereochem stry determ ned by

reference to Internedi 98 afe JA. Rema stirred sol ution of
i aZ PGty 81 di ne- 2, 4- di carboxylic

rel -(2S, 4S, 5R) - 2-i sobut yl -
ester (Internediate 2; 4.13 g, 11.21 15

acid, 2-tert-butyl ester, 4- t
mml) in 2-propanol (20.5 m-) WS 8
(R -1, 1" -bi naphthyl -2,2" -diyl hydrogen phosphate (3.91 g, 11.22 nmmol) in

2- propan (217 L) at, 90C. After .19h at. roomte rature. t stals were
col | ect odne, e, ftauBl WeC prebekEid £ SHhes AT B0 Higeg U5, iy “ar o
in vacuolntesmgligte 43. solid. Stage B: This material was partitioned between

et hyl ac#SatatcddordCs biiele@iSHHIg#EDuUs 20 sodi um bi carbonate and then the

| ayer g Wefserduhb [fdc@8sprafle(M¥H)aBiss9. phase was separated, dried (Na2SO4) and
evaporated to give EnantionmerA of the title conpound as an oil. M calcd for

(C1lsH28N204S +H)': 369 MS found (electrospray): (MtH)' = 369. Anal yti cal

rel~ (2S, {@8,4855R)22-Isobbtyl-§(1,3-thiazd-2:y)pyrrolidifie-2|4ydivarbokyliti nacil, 4-2-&&5t-
di gar boxplyfestsr, d-methjisterbut yl ester, 4-nethyl ester (Internediate 2) on

Chi . : o ai : . q
peakddor E?&gi‘gsf%?‘“d Bt FeaS8 3N 2ol Sl POz ARG 00 e
A was sRdulicarboxylieag GJW‘PH&' ﬁ%te"éérﬂﬂﬁg esfell i ng enantiomer. The absol ute
stereochem stry of \Lh':s Qggbound was determ ned by reference to 30

Internmediate 19. Intkrpediate 19
Chiral, Enantiomer A

O™\ "'"« D Absolute stereochemistry shown
\ﬂ‘ H N / Sterecchemistry determined by reference to Intermediate 19
Q

Stage A: To a stirred solution of re/(28,48,5R)-2-isobutyl-5-(1,3-thiazol-2-yl)pyrrolidine-

2 A-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester {Intermediate 2; 4.13 g, 11.21
15 mmol) in 2-propancl (20.5 mL) was added a solution of (R)-1,1"-binaphthyl-2,2'-diyl-

hydrogen phosphate (3.91 g, 11.22 mmol) in 2-propanol (217 mL) at 90°C. After 15h at

room temperature the crystals were collected by filtration, washed with 2-propanol (10 mL)

and finally dried /n vacuo to give a solid.

Stage B: This material was partitioned between ethyl acetate and saturated aqueous

( 20  sodium bicarbonate and then the layers were filtered. The organic phase was separated,

dried (Na;S0,) and evaporated to give Enantiomer A of the title compound as an oil.

MS calcd for (Cy5H2sN-04S +H)": 369

MS found (electrospray): (M+H)" = 369.

Analytical chiral HPLC of k(28,43 5R)-2-isobutyl-5-(1,3-thiazol-2-yl}pyrrolidine-2,4-
25 dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester (Intermediate 2} on Chiralcel OD-H

support and eluting with 5% ethanol in heptane showed two peaks of retention time 5.7

and 6.9 minutes. The title compound, Enanfiomer A, was shown to correspond to the

second eluting enantiomer.

The absolute stereochemistry of this compound was determined by reference to
30 Intermediate 19.

Intermediate 19
(2S,4S,5R)-2-1sobutyl-1-{3-methoxy-4-tert-butylbenzoyl)-5-(1,3-thiazoi-2-yl)-

34



(2S, 4S, 5R) - 2- 1 sobut yl - 1- ( 3- net hoxy-4-tart-butyl benzoyl)-5-(1, 3-thiazol -2-yl)
- 34 WO 2004/037818 PCT/ EP2003/011813 pyrrolidine-2,4-di carboxylic acid,
2-tert-butyl ester, 4-nethyl ester fEnantiomer A of

rel-(2S,4S, 5R) -2-1sobutyl -1-(3-nethoxy-4-tert-butyl benzoyl) - 5- (1 3-

thi azol - %vc)ihdoa@;%{so' | di ne2, 4-di carboxylic acid, 2-terg=tutyl.qester, 4-nethyl
ester] O ~, . [ Chi raI rromer A 0101 Absol ute sta stereoc em stry
shown O | Stereochem strydeterm ned b reference to Internediate 20 .~0 5
To a sti Priefiding-gdrdicarbpxyticacid. rfgrf-Dutyhester, 4-methyl ester

rel -(2S, @@MobwyZS,BS,@B)-z-Isdmad-d+(3-metly¢)9yp$ﬁtarbbtitﬁlbaez¢ar,l)45-(ji,33ar boxylic
acid, 2- tiftadol-2ul)y n%ﬁi:lﬁfe-z AdiGarbokyli©adia 2-ferhRyIgRtirpd eyl odte?l o, 5.18
nmol ) in anhydrous di chlr onet hane (75 m_) was added triethylamne (0.91 ni,

6.62 mmol ) and 3- oxys4etert-butyl benzoyl chloride (1.39 g, 6.14 mol).
This m xture was al d t@ stand at roomtenperature for 19h and was then
diluted with 10 gi-BkOneitef hane cimcEnnveravashed successively with saturated

aqueous sodi um “bi cm bdnapt—sol JfLiizse mmﬂwm&%mﬂﬁm% gani ¢ phase was
dried (Na2S®4) and e%apf ed to a gumwhich was crystallised from1:3

et hyl acetate/cycl ohexan o~gl ve  Enanti oner A of the title conpound as a
crystalline solid. M cal g for (C3DH42N20S +H) ": 559 15 Ms found

(el ectrospray): (MtH)' “559. The absol ute stereochenistry of this conpound
vas Bt e HEdTBY Saltien ool EnpBtomen or pfc FHRSASBR ORIt biazg 250

(28 4S, 59{)py&enmmn ;ﬂcarbo((ﬁe aaurmneyt-bmyl egtér; HoicsHybesterqintermédibiecdiBpx gtret hyl - 5- (1

- thlago RNEY(I75 L i Gaé ada@rthethufamlnqub%nd Enanti orer

; Evi) t

hyzr oiins{ﬁﬁm @f@% ?M% eyféb@véew? P53, ‘r18591§ P STRRINES o pucy
ester] wsrallowed| tenstand ateroem iteARsraturs for A andewas ehen Hlsteds Wity shown O |
St er @dcheinhlsromgthela¢ eand rtbeh byashed esuepessively With esatwrdiedt aquébﬁsaawrm 25 A

?1?![ ;JE) I ggb@irbérlﬂeersﬂi@ﬁﬁrﬁt(@)l%d( WafeP OFhd Brgdhit dridee (Vs Whed VR @h@?lugdﬁ{ )
Was ag dea@ahorate%qg a &Ur?\\ﬂ:hléh \pé#’%ﬁglhﬂ&r}tm %yéilyl %?etgt% cﬁ&lbl?e%a g‘g d to warm
to -40C E%V'O'ZWAWB" W%(‘E%"PR?”%%S eostAlingRrlidi th 1 M pot assi um car bonat e

sol ut i onMB28lcdfor (CadNeSrdtit: 889wi t h et hyl acetate (2 x 50 nl). Extracts
wer e15as mgdonMdiElemrssiay): (M) krgspe and dried (MgSO4). Renoval of
The absolute stereochemistry of this compound was determined by reference to
Intermediate 20.

Intermediate 20 _

20 (2S,4S,5R)-2-Isabutyl-1-(3-methoxy-d-tert-butylbenzoyl)-4-hydroxymethyi-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
[Enantiomer A of rel{25,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-

(_ hydroxymethyl-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester]
S0
Q AV *ory S
>r 3N '(J Chiral, Enantiomer A
0 Absoluts sterepchemistry shown
0 Stereochemistry determined by reference to Intermediates 22 and 92
A

25  Asolution of Intermediate 19 (1.00 g) in dry THF (50 ml.) was stirred under nitrogen at
-78°C. 1.0M lithium aluminium hydride solution in THF (1.8 mL) was added dropwise.
The resulting mixture was stirred and allowed to warm to -40°C over 2h. The mixture was
guenched with 1M potassium carbonate solution (25 mL) and extracted with ethyl acetate
(2 x 50 mL). Extracts were washed with water, then brine and dried {MgS0,). Removal of

30 solvent gave the crude product. This was dissolved in THF (30 mL), cooled under
nitrogen to —78°C and treated dropwise with stimng with 1M solution of lithium aluminium
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30 solvent gave the crude product. This was dissolved in THE (30 nL), cooled
under nitrogen to -78C and treated dropwise with stirring with I Msolution
of lithiumalum nium 35 WO 2004/037818 PCT/ EP2003/ 011813 hydride in THE
(1.0 m.). The mi xture was allowed to warmto -20C over 3h. The m xture was

guenched wbbdneadMsiaot assi um car bonat e sol uti on and extgp@Eekeeoswhisiz et hyl
acetate (2 x 50 m.). Extracts were washed with water, then brine and dried

(MgS04) . e ave Enant | orrer of t | e c nd. 5 M5
calcd fofY ‘43 fﬁoéﬁs Y %egrg@f’e K"/Esra {(g %?r "er 531 The
absol ut e"@ﬁ@#é’%h@#ﬁn%@yw@f 1Mm@asempsarha\aﬁe§ola@neanﬁ e W'ﬁ"f eth%lnce to

| nt er medacdtate (22 S6L 2 Extidutsswere vashed with watgpethen o pnd: diiedy (MgBD.i cal to

t hat deﬁsﬁabbﬁef @owehﬂgﬁremhﬁ;neer% theQitibs %,ﬁﬁua@.e' ate 21

(28 4% & %r y-4-ter enzoyl ) - 4- met hoxynet hyl -5- (1
Ed él—‘\g r‘ 29 2 carboxylic acid, tart butyl ester [Enantioner
A of r el M8 e QSPIQY§6MH|E|!/F53J(3 nmet hoxy- 4-t ert - but yl benzoyl )-4- 15

met hoxynﬁh@wmau(els&redchaﬂreﬁy af ythispyommound i was Zieteamined yby cefareinde tbart - but yl

ester]  fudimediates b2 drfli 621 , THEARipBIRE Was spec@oédopléall?t REARENETIRYT Y shown O

Stereochﬁgc%eé%as {78'" eg by reference to I'nternediate 20 A solution of

| nt er medP &Y (2 %{l ?ﬁdry dimethyi formam de (15 m-) was stirred at

-15C1nder nitrogen. Sodi um hydride (60% di spersion in mneral oil, 32 ng)

was addehtermediatér21 m xture was stirred at -15C for 20 m n. | odonethane (0.25

n -)  was (23deesR)aNE oBtyl-193-hiRE Xy 4@ B U 1B fzoPBA-hiéthbXflethIds{1, 20 t r ogen

bet ween h}%g# EWE%'Q& 105 z%érln) cyli élaatgﬂb (,y}g & -) was added and the mixture
| i

T e Eipones JA S, o 05 AR RO e byl O 9T

cycl d>51exmeﬁwaymythvbrﬁdt,aitblamlﬂt-ﬂmolidne-&@rmxy]lct acigi veerthutyt i ester] A of the
title conpound as ryng*I I ne soli d. 25 M5 cal cd for (C30H44N205S + H)':
545. l\/leound(eIec r (MtH)'" = 545 "H NWR (CDCI1 3): 5 7.49 (1H, d),

pr

7.19 (1H, d), 7. Q@ éj) 6& 1H dd 6.32 (1H, s), 5.46 (1H d),

3.56 (3H, s), 3.0 e Ay nan 96 (1 H dd), 2.82 (1H, dd),
Stereochemistry determined by reference to Infermediate 20

P

A solution of Intermediate 20 (400 mg) in dry dimethylformamide (15 mL) was stirred at
-15°C under nitrogen. Sodium hydride (60% dispersion in mineral oil, 32 mg) was added
and the mixture was stirred at —15°C for 20 min. lodomethane (0.25 mlL) was added and
20 the resulting mixture was stirred under nitrogen between -15°C and 10°C for 24 h.
Methanol (10 mL) was added and the mixture was stirred for 10 min.. The mixture was
evaporated to give a yellow gum which was purified by silica gel chromatography eluting
with cyclohexane/ethyl acetate mixtures (6:1 to 3:1) to give Enantiomer A of the title
- compound as a crystalline solid.
25  MS calcd for (C3oHasN205S + H)': 545,
MS found (electrospray): (M+H)" = 545
'H NMR (CDCl): § 7.49 (1H, d), 7.19 (1H, d), 7.10 (1H, d), 6.62 (1H, dd), 6.32 (1H, s),
546 (1H, d), 3.56 (3H, s), 3.07 (3H, s), 3.06 (1H, m}), 2.96 (1H, dd), 2.82 (1H, dd),
2.25-2.40 (3H, m), 2.11 (1H, dd), 1.97 (1H, m), 1.58 {9H, s), 1.28 (SH, s), 1.08 (3H, d),
30 1.07 (3H, d).
The absolute stereochemistry of this compound was determined by reference to
Intermediate 20.

Intermediate 22

35 (25,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acld, tert-butyl ester
[Enantiomer A of rel-(2S,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-
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2.25-2.40 (3H, m, 2.11 (1H, dd), 21.97 (11-1, m, 1.58 (91-1, s), 1.28 (911,
s), 1.08 (3H, d), 30 1.07 (3H, d). The absolute stereochem stry of this
conmpound was determ ned by reference to Internediate 20. Internediate 22 35
(2S, 4S, 5R) - 2- 1 sobut yl - 1- ( 3- net hoxy-4-ter

t-butyl bq@gqy&hﬁw&t hoxymet hyl -5- (1, 3- thlazol -2-yl) pystpbhfiigif£- carboxylic
acid, ten' -buty ester [Enantioner A of

rel - (28 4S, 5R) - 2- 1 sobut yl -1 - (3- met hoxy-4-tart-butyl benzoyl ). 4- 36 WO
2004/ 037ghgx5pnqtpm&mmggl)pyrrolidme-z-carboxyhc acid, ferf-butyl ester]

et hoxynet hyl - 5- (1, 3- Ty az_‘@Lo’?‘yI )pyrrolidine-2-carboxylic acid, tert-butyl
ester] N Chiral, Ena r A 0 Absol ute stereochem stry showmn O

esocton st BEYISTE) ohpsiene Camie 16 [0 RS0 ion o
ydr?W('@%‘%‘ﬂT‘%@F&i‘%mefﬁ eral oil, 32 ng)

-15C under nitrogen. di

was added 5 and the m xt s stirred at -15C for 20 mn. Iodoet hane
(0.25 m-) was added and the resulting mxture was stirred under nitrogen
bet ween -15C a 10C for Met ha s added, and. the m xture
was stirh é@utfqgro?irﬁermeﬂsateﬁ%(tlp,q Wh’f’é’%\?ﬂ%‘ethé"fwa'ﬁﬂ)% 12L} wos5tired at yel | ow gum
whi ch wedSiSuunder aifropsn. sBediuna hystside (6% dispergion phiyineralioi, 13g mg)twas added

tcytc: @eX%QEQHmhremtﬂdexi?cffﬁr 1Bk, tmd&etﬁénet(o 2§inM9 @mb@aﬁ% 5é of H; he
| e r a +
seo' e e T E} i3l o (Lgpggn%& petleef 2 é%@@@@ AN
717 (1 Mgthegjol 1P ) gy o gl W%“)""e%’%‘ﬂo( )m"““? was (1H d),
ie (3wvasqrateg.t0mve ayelloy guml whigh was Buifigd by silicadgll chremaibgraphy £BiticgH, ),
1  15wifhldycloheskthe/ettlyl @8etatbImikturad) (6:11 td8:1§ U-give) EnahtictBer AHF the fitd . 08 (31-1,

dp 074 E'undjasaé:ygiglhﬁegé'éhdt) The absol ute stereochemstry of this
nce to Exanple 16. Internediate 23 20

((:(ngngng - - BEé’t‘m nﬁ ?@ }'t‘)r f?ﬁée4 tert-butyl benzoyl)-5-(1, 3-thiazol-2-yt)-p
yrrolidiM FOW‘M@@P&%&P&MJWU) &158; 2-tert-butyl ester, 4-nethyl ester ON -
J Chi ral'H MMR({CDOIgN 58h8®1H, @), ST €T oG e . 1 (134, ¢)) &8s (19 td), 631 (1M, s),
5.45 (1H, d}, 3.56 (3H, s), 3.00 - 3.20 (4H, m), 2.84 (1H, dd), 2.25 - 2.40 {3H, m), 2.11
15  (1H, dd), 1.98 (1H, m), 1.58 (9H, s), 1.28 (9H, s), 1.08 (3H, d), 1.07 (3H, d), 1.00 {3H, t).
The absolute stereochemistry of this compound was determined by reference to Example
16.

Intermediate 23
20 (28,4S,5R)-2-Isobutyl-1-(3-bromo-4-tfert-hutylbenzoyl)-5-(1,3-thiazol-2-yl)-pyrrolidine-
2,4-dicarboxylic acid, 2-tert-buty! ester, 4-methyl ester

| 550
B ot

Chiral
Absolute stereochemistry shown

Br
The title compound was prepared in a similar manner to Intermediate 19 using 3-bromo-4-
tert-butylbenzoyl chloride in place of 3-methoxy-4-tert-butylbenzoyl chioride
25 MS calcd for (CagH3gBrNoOsS + H)* : 607/609
MS found (electrospray); (M+H)* = 607/609

Intermediate 24

{25,48,5R)-1-(3-chloro-4-tert-butylbenzoyl)-2-|sobutyl-5-(1,3-thiazol-2-yl)-pyrrolidine-
30 2,4-dicarboxylic acld, 2-fert-butyl ester, 4-methyl ester
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The title conmpound was prepared in a simlar manner to Internediate 19 using
3-brono-4- tert-butyl benzoyl chloride in place of

3- met hoxy-4-tert-butyl benzoyl chloride 25 MS calcd for (C29H39Br N2C6S + H) +
: 6071609 WMs found (electrospray): (MH)+ = 607/609 Internediate 24

(2S, 45, 5Rye iv04/8s7818l or 0- 4-t art - but yl benzoyl ) - 2- | sobut ylcTEPed3811813 azol - 2-y]) -
pyrrolidine- 30 2,4-dicarboxy|ic acid, 2-tert-butyl ester, 4-methyl ester 37
WO 2004/ 037818 pU PCT/ EP2003/ 041813 | Chiral O N/ Absolute stereochem stry
shown O 3-Ch|oro-4-tort- yl Repzoyl chloride (0.58 g, 2.51 nmol) was added
to a stirred solution yr olidine salt (Stage A of Internediate 18;
1.43 g, 1.9 mmol) and &l rz @55 m, 3.96 mmol) in anhydrous

di chl or onet hane (18 n1>;1 d suMﬁWWURﬁW%@ﬁwéuﬁ stirred at room

was diluted with dichloronethane, washed
wi th saturated aqueous sodi um b~n¢argionat e sol uti on, dried over Na2S04 and
evaporated. The residue was puridii ed by chromatography on silica gel using

cycl ohex§1 lord W A'uh'l%ﬁ J%r 8 doluti conpound,
(el ect ?ogfﬁhg%\wﬂo Wﬁﬁfi‘%;%é‘g% atercr%%:e?ﬂk 143 %@??ﬁﬁ%ﬂ) % ﬂefhv?am'?f
(2S, 4S, 5[Q)552miL.sH%k mphol)1in(aphydrous, tickioromethans (18 mbh 209 the- Msyitingamixtreazol - 2- y| ) -

pyrrod i ditived 2t 4odhh a@mpenitite for agi 1, TRe neixtlreDway ileed @dth debhmactdiethar@st er o
Chir al 9 nﬂ s%g&‘régﬂc l?st Ea/duﬁigwgrbo%té%oﬁmyﬁt d ﬁv&w %X& benzoyl

tenperature for 19 h. The mi%t

chl ori de utio
pyrrol i df¥78 r@':ff’t e)ga&pup f?gé’ly o(grafgy oq siﬁa%e Using; gyc and
t ri et hyl ethyl aeetate @8: &/V s elgentfo affasd theititie eotagound.assalifchl or onet hane (15 m -)

and t he MS%Hlbtﬂfoﬂmm;&sz@sSsHo‘r 1863/586 room tenperature for 18 h. The m xture
vas g | U8 Goupl | é]eéyog&lagj’ R aps549 Washed with saturated aqueous sodium
r

bi carbonat e sol' ution I ed ‘over Na2804 and evaporated. The residue was
purified by chromat ography on silica gel using cycl ohexane- ethyl acetate
(8:1 v/ intemmedipte 28 to afford the title conpound, a solid. M calcd for

( C39%14 2 N283S,5R)2) s obutyixn -(Ivethylifer(-biitytbe nzmyli-5:{/), 3-thjddoHp yl)= 543.
pyrrolidine-2,4-dicarboxylic acid, 2-fert-butyl ester, 4-methyl ester

\Ge
S
Sy (J Chirat
O N
)

0
>r \" Absalute stareochemistry shown

15
3-Methyl-4-tert-butylbenzoyl chloride {0.56 g, 2.65 mmol) was added to a stirred solution

of the pyrrolidine salt (Stage A of Intermediate 18; 1.14 g, 1.59 mmo!) and triethylamine
( {0.44 mL, 3.17 mmol) in anhydrous dichloromethane (15 mL) and the resuiting mixture
stired at room temperature for 18 h. The mixture was diluted with dichloromethane,
20 washed with saturated aqueous sodium bicarbonate solution, dried over Na,SO, and
evaporated. The residue was purified by chromatography on silica get using cyclohexane-
ethyl acetate (8:1 v/v) as eluent to afford the title compound, a solid.
MS calcd for (CagHazN20sS + H)': 543
MS found (electrospray): (M+H)" = 543.
25
Intermediate 26
(2S,4S8,5R)-2-1sobutyl-1-(3-bromo-4-tert-butylbenzoyl)-4-hydroxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

38



25 Internedi ate 26

(2S, 4S, 5R) - 24sobut yl - 1- (3-brono-4-tart-butyl benzoyl) - 4- hydr oxynet hyl - 5- (1, 3-
t hi azol -2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester 38 WD

2004/ 037818 PCT/ EP2003/011813 OH N "\\ Chiral \, N Absol ute stereochem stry
shown  OOwy20d#iR7d18t | € conpound was prepared in a sinj mﬂ@és
Internmediate 20, using Internediate 23 as starting materl a cal cd for
(C2aH39Br N2O4Ss + H)": 579/581 5 Ms found (el ectrospray): (MtH)+ = 579/581

I nternedi ate 27 S0H

(2S, 4S, 5R) - 2- 1 sobut yl - 3 ch ro-4-tent-butyl benzoyl ) - 4- hydroxynet hyl -5- (1,
3- thiazol-2-yl)-p QaJ&ib yhel2jcar boxylic aei d, 2-tert-butyl ester SOH s

O 1 N"u\\~ Chiral % b " st er eor hemAPHESEABMIY 1M d The title
conpound was prepared if a i lar manner to Internediate 20, using
Internediate 24 as starting grial. MS calcd for (C28H39CI N204S + H) +:
5351537 MsS found (el ectrospeay): (MH) + = 535/537. 15 Internedi ate 28

(2S, 4s, 5Rhe e %M was ﬁr%pé?a& ivd étmnarrnaamemlmﬂsfmeaww 20t u&iugr oxymet hyl S41, 3-

C t hi azol rro n arboxylic acid, 2-tart-butyl ester SOH Chiral
N \\~ Abé'g?rfﬁég %ep%ra?oafg 'g'?%%clshom 20 The title conmpound was prepared in a
simlar MEhFRiGd fordCoahaBrauP 412879884 ng I nternediate 25 as starting
mat er bal MS\ﬁumﬂa(btedtrdsprayQ.@bHﬁ‘ZNﬂMH H)+: 515 MS found (el ectrospray):
(MtH) + = 515.
Intermediate 27
(25,48, 5R)-2-Isobutyl-1-(3-chloro-4-fert-butylbenzoyl)-4-hydroxymethyi-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester
( I-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl

iy S
N coL
00

10 ¢
The title compound was prepared in a similar manner to intermediate 20, using

Intermediate 24 as starting material.
MS caled for (CasHsgCINO4S + HYF : 535/537
MS found (electrospray): (M+H)* = 535/537.

Chirat
Absolute stereochemistry shown

15
Intermediate 28
(2S,45,5R)-2-Isobutyl-1-{3-methyl-4-terf-butylbenzoyl)-4-hydroxymethyl-5-(1,3-
( thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

[
\ - Chiral
o N «}

0 N

Q

5 ,0\\\ Absoluts stereochemistry shown

20  The title compound was prepared in a similar manner to Intermediate 20, using
Intermediate 25 as starting material.
MS caicd for (C2oHe2N204S + H)* : 515
MS found (electrospray); (M+H)* = 515.

25 Intermediate 29
(25,48,5R)-2-1sobutyl-1-{3-bromo-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-
2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

39



25 Internediate 29 (2S4S, 5R)-2-1sobutyi-|
-(3-brono-4-fart-butyl benzoyl) - 4- et hoxynet hyl -5-(1,3-th iazol -
2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester 39 WD 2004/ 037818
PCT/ EP2003/ 011813 O p s ~ N ~~~\.D Chiral p N Absolute stereochem stry
shown p woBosddtgst i t1 e conpound was prepared in a SigfteddRmeey to
Internmediate 22, using Internediate 26 as starting material. M calcd for
(CY#43BrN2O4AS + H)+ @ 607/ 609 B found (el ectrospray): (M:H) + = 607/ 609
| nternedi ate 30 &0
(2S,4S, 5R) - 24sobut yl -1 - (8-/CM| or g-4-tert-butyl benzoyl ) -4-et hoxynet hyl -5-(1, 3-
t hi azol - 2-yl)-pyrroty |\ﬂqe -"Cﬁr oxyliccepgi d, 2-tert-butyl ester 0O p s N
,(J Chiral p N Absoluteys em St r \hosoteriergochepisty shown] 0 C| The title
corrpound was prepared in & si ar manner to Intermedi ate 22, using
Internediate 27 as starting ral . M5 calcd for (CsoH43CI N204S + H) + :
563/ 565 Ms found (el ectrospr M+H) + = 5631565 15 Interrredl ate 31

2- [N (1, 35T fbodiok &n a%.QQkaﬁn&Wgwérmaag@%' S terf-butyl

| ar nner to

ester
I nterrredl"ﬁ"@e‘i"atﬁ’@ﬁlaééfaﬁ'ﬁ'gﬁt?@ -ani no- 4- met hyl - pentanoi ¢ acid, tert butyl
ester wi MB c2icd farifGH:Biha0y8 pHp6ITYaD9%aci d, test butyl ester. 'H NWR

(CDAI8) : M@f&&d((&lbbtro%bray?é%f%ﬂ?ﬁﬁos 7.39 (11-1, d), 7.10 (5H m, 4.11 (1H
dd),  3.25 (1H, dd (1H, dd), and 1.36 (9H s).

Intermediate 30
: (28,4S,5R)-2-Isobutyl-1-(3-chloro-4-terf-butylbenzoyl)-4-ethoxymethyi-5-{1,3-thiazol-
( 2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

I
“‘s--O
%‘“u S
SoL
o

Chiral
Absolute stereochemistry shown

)

10 c
The title compound was prepared in a similar manner to Intermediate 22, using

Intermediate 27 as starting material.
MS calcd for (CaoHasCIN;Q,S + H)' : 563/565
MS found (electrospray). (M+H)* = 563/565
15
Intermediate 31
2-[N-{1,3-Thiazol-2-yimethylene)amino]-3-phenylpropancic acid, fert-butyl ester

( (p

N W
N 54

The title compound was prepared in a similar manner to Intermediate 1 replacing 2-
20 amino-4-methyl-pentanoic acid, fert butyl ester with 2-amino-3-phenylpropanoic acid, fert

butyl ester.

'H NMR (CDCI3): 8.08 (1H, s), 7.80 (1H, @), 7.39 {1H, d), 7.10 (5H, m), 4.11 (1H, dd),

3.25 (1H, dd), 3.06 (1H, dd), and 1.36 (SH, s).

25 Intermediate 32
rel-{2R,4S8,5R)-2-Benzyl-5-(1,3-thiazol-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-
butyi ester, 4-methyl ester

40



25 Internedi ate 32
rel - (2R, 4S, 5R) - 2- Benzyl - 5- (1, 3-thi azol -2-yl ) pyrrolidine-2, 4-di carboxylic
acid, 2-tert- butyl ester, 4-nmethyl ester 40 WO 2004/

PCT/ EP2003/ 011813 0O Racemi c;
conpound waseqreag ed in a simlar nmanner to | nternedp
Internmediate 31 as starting material. MS caled for (C2
5 M5 found (el ectrospray):
rel-(2R, 4S, 5R) - 2-Benzyl -1
| )- pyrrolidine-2,4-dicar
I 0. yo s Racemc; N/I
title conpound was pre
Internediate 32 as startin

M-H) + = 403 Internediate

yll&.@cid, 2-tert-butyl e
1 el at,i ve ceocheni sh
S S hHm I%‘f?'"?’r‘&ﬁﬁ“gef" i 3h°¥"n

037818

33

Rel ative stereochem stry shown The title

/Eﬁzéﬁ%?ldégg H) +: 403

ster, 4-nethyl este
showmm OO0 10 ~o The
termedi ate 3, using

M5 found lect - ). + ~.593 .. I r [

rel { 2R, 4§(‘§ ?'g_ = i -Y_’?% %%{%%*6_34_5{@% -ﬁ%@fﬁen@kﬁﬁéﬂ@ h)2/'d
1, 3- t hi lijgsmediate 31asstarting mataEalo- car boxylic acid, 2-tart-butyl ester t/
Racemi c, MSicalidRerl (Ek:Hwdl.Q15%er BFcHE8i stry shown O 0 , 0 20 A sol ution of

| nt er sred gt feundieledtrésBr

usin
rox

te |. M5 calcd for (CdH42N20O6S+ H)+ @ 59

9met hyl

hoxy-4-tert-butyl benzoyl)-5-(1, 3-thiazol -2-y

r C

3

-5-(
0 s

Hptry4gget rahydrofuran (30 m-) was stirred under

| ), (MAEra0 | ) v
nitrogen and cooled to . 2M |ithium borohydride solution in THE (1.8 mnl-)
was added

N

10

15

20

25

Intermediate 33

rel-(2R,48,5R}-2-Benzyl-1-{3-methoxy-4-tert-butylbenzoyl)-5-(1,3-thiazol-2-yl)-

pyrrolidine-2,4-dicarboxyllc acid, 2-tert-butyl ester, 4-methyl ester

,&o/

mu( S Racemic;
[\q / Relative stereochemistry shown

>r0\n\_..- N
o]

e

0

The title compound was prepared in a similar manner to Intermediate 3, using

intermediate 32 as starting material.
MS caled for (CazHaeN0sS+ HY* : 593
MS found (electrospray): (M+H)* = 593

Intermediate 34

rel{2R,4S,5R)-2-Benzyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-hydroxymethyi-5-(1,3-

thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-fert-butyl ester

S0H
o . S
"u( Racemic;
3w \ [/ Relative stereochemistry shown
(o]
0
/0

A solution of Intermediate 33 (1.08 g) in dry tetrahydrofuran (30 mL) was stirred under
nitrogen and cooled to 0°C. 2M lithium borohydride solution in THF (1.8 mL) was added
and the mixture was stirred at 0°C for 30 min and then at room temperature for 2 days.
1M Potassium carbonate solution (10 mL) was added and the mixture was exiracted with
ethyl acetate. The extracts were dried (Na,SO,) and solvent was removed. The residue
was purified by chromatography on silica gel, eluting with ethyl acetate/cyclohexane
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and the m xture was stirred at OC for 30 mn and then at roomtenperature
for 2 days. | M Potassium carbonate solution (10 m-) was added and the

m xture was extracted with ethyl acetate. The extracts were dried (Na2SO4)
and sol vent was renoved. The residue 25 was purified by chromat ography on
silica gevp2mhaod7ssg Wi th et hyl acetate/cycl ohexane 4LTiP:R00A60Q37818

PCT/ EP20031011813 m xtures to give the title conpound. M calcd for
I(g:?glr-ligy‘zn ée%,tg)gwetheﬂpg_@mgggrﬁmd (electrospray): (MtH+ = 565 5

rel - (2R, MR oy for (BaehtQsB* 2 hB8F0xy- 4- t ent - but yI benzoyl ) - 5{ 1, 3- t hi azol - 2-yI
) - yrroMBdmumd{Qeztmspma)'l()‘d-)dy)*mSGéC|d 2-tert-butyl ester OH sRacenic;

Rel ative stereochem stry showmn O O,O A solution of Internediate 33 (1. 29)

in erg Qm_:)‘s was treated with 25%\N/V 10 net hanol i ¢ sodi um et hoxi de
(0.43 ti|] a conplete solution was _obtained. The
esul t n'@:-ﬁm‘“gre,i 5B)-aeenir(austhe-S b EHBeR Y S BTFORRYD- A § o t hor

equi val epyrralidinecZjd-ginanizaxylis add, 2-tdrtbutplesiers added and the m xture was
stirred for a further A e mxture was neutralised with concentrated
hydrochloric acid and e rafjed to dryness. The residue was dissolved in
wat er and extracted with efh Hacetate. Sol vent was renpved and the

resi due was dissol ved | n0 ha ngs 10 rhdnlic; @and  2M sodi um hydr oxi de sol ution
rred)

was added. The m xtur at Reltmmertogemeysiesar e over ni ght. Sol vent
was renmoved and the res dLFé I oned between water and ethyl acetate.
The aqueous phase was aci di ?I e pH 6 with 2M hydrochloric acid and
extracted with ethyl acetate. i ned extracts were concentrated and
the residue 20 was purified an,sllllca gel, eluting initially with

vt SI‘SX%E%%WE% Qﬂe@éﬁr&%ﬁe gfiﬁé LBt @“@?@LEW%%L*FW A T
( C32HB5 NpesBapolippacium L wckwas VATEIes N 2 SAPme esogww%

| nt er nedotddimed36The resulting mixture was stirred at room temperature overnight. A further
rel - (2R, éigivaight oF $RI#Y melhokide SBIuBEH Wad atiddd artHihé! Rtz Was strmédy/ fbr @xy et hyl -
(13- thy Azl 212~ Yine Mkl Wk "HeuraiGal RAKY birfeeftfdidlt noalbBiibicPuby! agSter 1\ /
evaporated to dryness. The residue was dissolved in water and extracted with ethyl
15 acelate. Solvent was removed and the residue was dissolved in methanol (10 mL) and
2M sodium hydroxide solution was added. The mixture was stirred at room temperature
overnight. Solvent was removed and the residue partitioned between water and ethyl
acetate. The aqueous phase was acidified to pH 6 with 2M hydrochioric acid and
extracted with ethyl acetate. The combined extracts were concentrated and the residue
20 was purified on silica gel, eluting initially with cyclohexane-ethyl acetate (9:1 v/v) and then
gradually changing to ethyl acetate-methanao! (95:5 viv) to give the title compound.
, MS caled for (CazHaaN20eS+ H)F : 579
( MS found (electrospray): (M+H)* = 579

25 Intermediate 36
rel{2R,4R,5R)-2-Benzyl-1-{3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-buty! ester

O ) "y s
\rru‘ N IJ«J Ram!nic:
3 N Relative stereochemistry shown

A solution of Intermediate 35 (602 mg) in THF (50 mL) was stirred under nitrogen at
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OH O N Racemc; t: Relative steeochem stry shown O O/0 A solution of
Internmediate 35 (602 ng) in THE (50 nL) was stirred under nitrogen at 42 WD
2004/ 037818 PCT/ EP2003/011813 -10C. 2M borane/ di net hyl sul fide conplex in
THE (2 nL) was added. The m xture was warned to roomtenperature and
stirred oweneumgimis Met hanol was added, the sol vent wascr¥@iBNed:and t he

resi due was partitioned between 1M potassium carbonate solution and ethyl

t at d d and the 5
foel due vHRE, AbERRaRrriiiEy sIfids Siban D B ey av}g@sﬁeé JShmidcyes ©
cycl ohexWarEed ihipom tapperatuge and @rw gyerpightgiMethanglovas added dbmeRiERwalE cal cd
for (C32dfom0arsHthelresiduebeds padiBiohedibetwéen td poasgumycarbohetdplution Ba6d 10

| nt er medgtRy I%c’étZte The orgamc layer was dried (Na2804b Solvent was removed and the
g

r el{ , 4 met hyl -
.’a@;@ s;HRA b crbrRBbOISEY: 8 it oBh lgREIAR byochblagty O 0t

~O~" N aceqtq ‘{Mﬁgé"’e 9L§£ﬂ@ﬂ%ﬁ$ve stereochem stry shomn p | ~ O The

title coMﬁ@alndifom&zl'p;bl‘éqﬁhSew)T nS&9 sim lar manner to Internmediate 16, using

15 | nt er g ddubi@els@rodisra t(?MiH mggegterial. M5 calcd for (C33H42N2O6S+ H) +: 579

M5 found (el ectrospray): (NH—|)+ 579 Internediate 38 20

rel - (2R 4R 5R) - 2- Benzyl -I - (3-nmet hoxy-4-tart-butyl benzoyl) - 4- et hoxynet hyl - 5-(

. 3-1¢ pil edia pyrrolidine-2-carboxylic acid, 2-tert-butyl ester 0 ~s

N \\ Racrei{2R,4R:5R)e2-Benzybd d3-mathexy-& terkbutylbenzoytddamethoxymethyl-5-(1,3-

thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

S
OWT“' N ""’( J Racamic;
o N Relative stereochemistry shown

The title_compound was prepared in a similar manner to Intermediate 16, using
15 Intermediate 36 as starting material.

MS calcd for (CssHazN2058+ H)* : 579

MS found (electrospray): (M+H)* = 579

Intermediate 38
20 relH2R,4R,5R)-2-Benzyl-1-{3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-ferf-buty! ester

S
O N ""'« Racemic;
\IT N / Relative sterecchemistry shown
0

The fitle_compound was prepared in a similar manner to Intermediate 17, using
Intermediate 36 as starting matenial.

25 MS calcd for (CaHaN,05S+ H)* : 503
MS found (electrospray): (M+H)* = 593

Intermediate 39
2-[N-{Pyrazin-2-yimethylene}amino]-4-methylpentanoic acid, tert-butyl ester

43



The title conmpound was prepared in a simlar manner to Internediate 17,
using Internmediate 36 as starting material. 25 M5 calcd for (C34H44N2C6S+
H+ : 593 M found (el ectrospray): (MH)+ = 593 Internedi ate 39

2- [ NdPyrazi n- 2-yl met hyl ene) am no] - 4- net hyl pent anoi ¢ acid, tent-butyl ester
43 WO 20Gyid 8483e1sPCT/ EP2003/ 011813 N YH~Qx/ C-:), - pthapbiobhaszonpound was
prepared in a simlar manner to Internediate 1, using pyrazine-2

car boxal dehyde in place of 1, 3-tjiazol e-2-carboxal dehyde. 1H NVR (CDCI 3) 8
9.31 (d,1H), 8.61 (m2H), 8.39 ’bs“}\jl{hi) 4.08 (dd, 1H, 1.84 (m 2H), 5 1.59
(m 1H), 1.48 Is, 91-1), 0.96 (&N3W 1M 0.92 (d, 31-1). Internediate 40

rel -(2S, 4S, 5R) - 2-1sobutyl -5-(pyrazi n*=2-yKkypyrrolidine-2, 4-di carboxylic acid,
2-tert- butyl ester, 4-nethyl ester_-~ ccemc; Relative stereodtem stry
shown H\/ ~ ,., N 10 /i O YN The t{itle conmpound was prepared in a simlar
manner to Internediate 2, usin Internediate 39 as starting material. M5
cal cd f othelitespmpaundwas nrg nareds'gzﬁ simigr MERgY t¢ trmedigiepl M5ing gﬁ@ﬁm&- -= 364 15
| nt er mediasbaxaldehyde/in pias, afS ,BiRjaz0le2smithoxgiletyde.( 3- net hoxy-4-tart - butyI be

nzoyl ) - 5H-( NMRa@D%j% 9.3 M) elsnctmrm)%ég &, |y, 0o (dd; 18?'1184 @ntant - butyl
esterg $§zgn1 )eﬁﬁ |_§ 9%@3,_” 0.92 (@, JRRCEM C; atve stareodrem stry
shown C1 '1 191 he tl%% e c rrpound was prepared in asimlar
manner to Internediate 3, using Internediate 40 as starting material.

Intermediate 40

rel-{2S,4S,5R)-2-1sabutyl-5-(pyrazin-2-yl)pyrrolidine-2,4-dicarboxylic  acid, 2-tert-

butyl ester, 4-methyl ester

& - Racemic;
( S0 Relative stereochemistry shown
>roj],..-‘ N ’"u@
Vs
Q H N

10

The title compound was prepared in a similar manner to Intermediate 2, using
Intermediate 39 as starting material.

MS caled for (CioH2N3O4 + H)Y : 364

MS found (electrospray): (M+H)* = 364

15
Intermediate 41
rel-(28,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-5-(pyrazin-2-
yl)pyrrolidine-2,4-dicarboxylic acid, 2-fert-butyl ester, 4-methyl ester

oo
oL {? Racemic;

>r N ) Ralativa stereochemistry shown
!
( o)

_0

20 The fitte compound was prepared in a similar manner to Intermediate 3, using
Intermediate 40 as starting material.
MS caled for (CaiHasN2Osg + H)Y : 554
MS found (electrospray): (M+H)* = 554

25  Intermediate 42

rel-(25,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-hydroxymethyi-5-
(pyrazin-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

44



M5 calcd for (C31H43N3Ce + H)+ : 554 Ms found (el ectrospray): (MH) + = 554
25 Internediate 42 rel -(2S, 4S, 5R)-2-isobutyl -1 -(3-nmethoxy-4-tert-butyl
benzoyl ) - 4- hydr oxynet hyl - 5- (pyrazin-2-yl)-pyrrotidine-2-carboxylic acid,
2-tart-butyl ester 44 WD 2004/ 037818 PCT/ EP2003/011813 SOH Racenme O0Y N \\

Rel ati ve wbesgesegm stry shown O N O 110 The titl e wempRbidiisas prepared
in asimlar manner to Internediate 20, using Internediate 41 as starting

material. M calcd for ( 3N305 + H)"': 526 5 Ms found (el ectrospray):
(MtH) + = 526 Internedi ate B3_EfaRti omer A of
rel -(2S,4S, 5R) - 2- 1sobutyl 13- XMaedhict €1 t - but yl benzoyl ) - 4-

hydr oxynmet hyl - 5- (pyr azi \!B/I )"L py@j Rethtive geredchamiginisty | | ¢ aci d, 2-terf-butyl
ester 0 Y N 11 Chiral, 2 --~ N O N Rel ative stereocheni stry as drawn
0 10 ~o A solution of Interrredl ': 42. (367 ng) in dry DW (15 nL) was

stirred under nitrogen and cool €d tpo.a tenperature of-15C. To this solution
was added sodi um hydri de (60% d*%per5| on in mneral oil, 28 ng) and the

resul t angy, sqhdt Lam A ‘&[‘hé&ﬁgﬁgo(ﬁ' %ﬂ UHiﬁné?t to Intémﬁfé‘tjdrgj @é f150

Iodorretha reaction was stirre
hours at “EF"F ’@A&tﬁ@?"ﬂ@t 15 to -10C Met hanol (10 L) was added at
- 10C andMShealedifort{GsolaNe@s aH) \ﬁ@ﬁ to warmto roomtenperature. The m xture

was  sli | Msasund (blectidspidy): gaerpt=esznd washed with aqueous ammoni um chloride
solution, the C organic phase was separated and dried (MyS04). Sol vent was

renoved End tBe I’gfl due was purlfled by silica gel chromatography, eluting

wth et cycl ohexane (1:4 v/v) 20 to give the racemate of the

title cobmantiomerAofyelf2s, @eﬁﬂﬂdﬁ@bﬂtvhtﬁ'@ﬁ@ﬁﬂ'&ﬁeﬂﬁuwbmop»'épar ative chiral
PLC ( st mjdroxymethplsypyrazivi2-yhpyadolidine-2:edobdglip hakic2-térebutyhestet Sopr opanol

>:5 viv). The title c ound was obtained as the first eluting enantioner.
MB cal cd for (C31H45N3%_§T+°. 540

O N
X \ﬂ N &) Chiral, Enantiomer A
0 N Relative stereochemistry as drawn
(8]

10 ~°

A solution of Intermediate 42 (367 mg) in dry DMF (15 mL) was stirred under nitrogen and
cooled to a temperature of —15°C. To this solution was added sodium hydride (60%
dispersion in mineral oil, 28 mg) and the resultant solution was stirred for 20 minutes at a
temperature of —15°C. lodomethane (88 ulL) was then added and the reaction was stirred
15  for 2.5 hours at a temperature between ~15° to —10°C. Methano! (10 mL) was added at
-10°C and the mixture was allowed to warm to room temperature. The mixture was
diluted with ethy! acetate and washed with aqueous ammonium chloride solution, the
, organic phase was separated and dried (MgSQ,). Solvent was removed and the residue
( was purified by silica gel chromatography, eluting with ethyl acefate-cyclohexane (1:4 viv)
20 to give the racemate of the title compound. This was separated info enantiomers using
preparative chiral HPLC (stationary phase: chiralpak AD, mobile phase: heptane-
isopropanol 95:5 viv). The title compound was obtained as the first eluting enantiomer.
MS caled for (CHasN3Os + H)* : 540
MS found (electrospray): (M+H)* = 540
25
Intermediate 44
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-5-(pyrazin-2-
yhpyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester
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M5 found (el ectrospray): (MrH + = 540 25 Internediate 44

rel -(2S, 4R, 5R) - 2-1sobutyl -1-(3-nmet hoxy-4-ten'-butyl benzoyl)-5-(pyrazin-2-
yl)pyrrol |l dine-2,4-dicarboxylic acid, 2-fort-butyl ester, 4-methyl ester 45
WD 2004/ 037818 PCT/ EP2003/011813 5 N C) RRacernic; elative

st er eochewpbisywsBi®wn -OL O 0 N 110 To a sol ution opctipRbIAM gt e 41 (500
nmg) in dry MeOH (10 m-) was added a solution of sodium nethoxide (195 ulL,
25% w' v). The resultant sol utgon was stirred overnight at room tenperature,
before being stripped to « The residue was purified by silica gel 5
chromat ogr aphy el uting w thy,,l,\ acet at e-cycl ohexane (1:1 v/v) to give the
title conpound as a)fcrp “i. \M5 calredmifior (C31HA3N305 + H)+: 554 M5
found (el ectrospray):” [ = C 10%efieBriearytemas

rel -(2S, 4R 5R) - 2-1 sobutyl -P

- (3- net hoxy-4-tent-butyl benzo ydr oxynet hyl - 5-
(pyrazin-2-yl)-pyrrolidine-2-cg boxylic acid, 2-tent butyl ester OH Racem c;
/r 1bl N C~ Relative slereochémstry shown O The title conmpound was

pr epar ed To a selutiomdflInterrmadinted 1 (500Img) évdne Me@Hd 18 mL)ywas gddets sohdtien afedi at e 44 as
st ar t i ng sganire frietoxidl/i1 95ILE A5% aiv)( Ther e diRGDIutionvas sthri@ ovifighPatiiébm

(el ec”oj@ﬁ‘pgéf; (tﬁj&%’seﬁ %ﬁg ed BIRHEES AlGeddfueitas purified by silica gel
| - (25, FRPSEMYS. Ve >R Bt ﬁ{E ?’?‘bt N 3 Sfet h thyl -5
A S N i B e oL VAR AL R G 3@.!1@%%@&' 800w § Racenk
6N, Rel ag$ awhite sdfidocheni sl ry shown
MS calcd for (CsiHegNaOs + H)* ; 554

MS found (electrospray): (M+H)* = 554

10 Intermediate 45
rel{28,4R,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-
(pyrazin-2-yl)-pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

OH

O~ o N Racemic;
>r l N ﬁ 4 Relalive stereochemistry shown
N

o

A

The fitle compound was prepared in a similar manner to Intermediate 4, using
15 Intermediate 44 as starting material.

MS calcd for (CaoHesN2Os + H)* : 526

MS found (electrospray): (M+H)* = 526

( Intermediate 46
20  rel-{2S,4R,5R)-2-1sobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-methoxymethyi-5-
(pyrazin-2-yl)-pyrrolidine-2-carboxylic acid, 2-fert-butyl ester

/
O
Op;f(\\&j Racemic;
G

>

\" Relative stereochemistry shown
N

o)
0

e
The title compound was prepared in a similar manner {0 Intermediate 16, using
Intermediate 45 as starting material.
25 MS caled for (Cs1 H45N305 + H)+ : 540
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OON O The title conmpound was prepared in a simlar manner to
Intermediate 16, using Internediate 45 as starting material. 25 MS cal cd
for (C3,H4sN305 + H)+ : 540 46 WD 2004/ 037818 PCT/ EP2003/011813 Ms found
(el ectrospray): (MtH)+ = 540 Internedi ate 47

2- [ N- (5- Melo¥eqrodrsds t hi azol - 2-yl net hyl ene) am no] - 4- rretpd.},gmgﬁd]gdlg aci d,
tert-butyl 5 ester \} /H ~~ N The title conpound was prepared In a simlar
manner t te diate 1, ' -nmet hyl - 1, 3-thi azol e- 2- car boxal dehyde in
pl ace of ,@“'ﬂ'{m@ﬂﬂ?ﬁé’@}:&é{ﬁ% o hyde. 'H NMR (CDCI3): 8 8.33 (s, 1 H),
7.56 (s, 1 H, 401 (m 1 H, 2.49 (s, 3H, 1.75 (m 2H, 10 1.52 (m 1 H,
1.45 (s, ||amgecmat937(d, 3H) and 0.88 (d, 3H). Internedi ate 48

rel - (25, 4S e Bla = athi S r O RQ- 2, 4- di car
boxyl 'bc @ggd, Bgr-l)'t'zlf&t !"tt')#ﬂ/? y‘e'@?tg?,gn%‘{'"&g"t‘ﬁ?l'mesf@?"%gwﬁ)a%{% ?"%‘{@N N

Rel at Pve ®8t¥®r eocheni stry shown 15 The title conpound was prepared in a
simlar manner to Internediate sing Internediate 47 as starting
material. M calcd for (Cl9H30ON 4;\{‘* + : 383 Ms found (el ectrospray):
(MrH) + = 383 20 Intermediate 49 '€ Y}
rel -(2S,4S, 5R) - 2-1sobutyl -1 -(3-net hoxy 4;@rt-butyl benzoyl ) -5-(5-nethyl -1, 3-
t hi azol -2- yl)pyrrolidine-2,4-dicar If¥ic acid, 2-tert--butyl ester,

4-nmet hyl ester r-0-~ 0,,,, s Racemc} 1'I'"P \\ ~ Relative stereochem stry

shown  Orfy, tif compound was prepared in a similar manner to Intermediate 1, using 5-methyl-
1,3-thiazole-2-carboxaldehyde in place of 1,3-thiazole-2-carboxaldehyde.
'H NMR (CDCly): § 8.33 (s, 1H), 7.56 (s, 1H), 4.01 (m, 1H), 2.49 (s, 3H), 1.75 (m, 2H),

10 1.52 (m, 1H), 1.45 (s, 9H), 0.93 (d, 3H) and 0.88 (d, 3H).

Intermediate 48
rej-(25,4S,5R)-2-Isobutyl-5-(5-methyl-1,3-thiazol-2-yl}pyrrolidine-2,4-dicarboxylic
acid, 2-tert-butyl ester, 4-methyl ester

\Ge
o S Racemic;
v

r
>r \” N " Relative stereachemistry shown
o

The tile compound was prepared in a similar manner to Intermediate 2, using
Intermediate 47 as starting material.
MS calcd for (CigHaoN-04S + H)* : 383
MS found (electrospray): (M+H)* = 383
20

Intermediate 49

( rel-{25,45,5R)-2-1sobutyl-1-{3-methoxy-4-tert-butylhenzoyl)-5-{5-methyi-1,3-thiazol-2-

) yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

15

Relative stereochemistry shown

(8
O, iy, 8 Racemic;
PPy

O

O

25 The title compound was prepared in a similar manner to Intermediate 3, using
Intermediate 48 as starting material.
MS caled for (CaHauN206S + H)* : 573
MS found (electrospray): (M+H)* = 573
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25 The title compound was prepared in a simlar manner to Internediate 3,
using Internmediate 48 as starting material. MS calcd for (C31H44N20O6S + H) +
: 573 M found (electrospray): (MH)+= 573 47 WD 2004/ 037818
PCT/ EP2003/ 011813 Intermedi ate 50
rel-(2S, nembsobut yl - 1- (3- met hoxy- 4-tertbutyl be = - oxynet hyl -5
-(5- net @Pé@“@ﬁsh’sazol -2-yl) pyrrolidine-2-carboxyli 2?8;%’/#%9&51?%’325”_ but yl
ester /OH /O/ S Racemic; ~" N\\ Relative stereochem shy shown O 5 The
title colitermediate 80y epared in a similar manner to Internediate 20, using
| nt er medred4(25,4S,5R)2 44 aoutyl+1e(3mmeatboxyad-terivButytbenzby)ed-hy didRyindtyl-5- G-+ H) 4. 545
M5 fOUndn{eﬂ\ﬁFsﬂlﬁii%ﬁz’-}l)p)(rwﬁd]n\e-f-c%xyn%(hcid]&%ﬁmﬁﬁbgte‘i1
rel42s, 4S, 5R) - 2- | sobut y ~143- met hoxy-4-tert-butyl benzoyl ) - 4- met hoxynet hyl - 5-
(5- methyl.1, 3-thiazol Mpﬁ“r ol i di ne-2-carboxylic acid, 2-tent-butyl

sy > Rel at | vecest;er eochem stry shown 0 O ~0
gj?ﬁ] a si mifteape STRNHFEFYEE™ nt er medi ate 21,
arting material. M calcd for (C31H46N205S +
H)+: 559 MsS found (electro > (MtH)+ = 559 C Internediate 52 20
2-(N-(2-Chloro-1, 3-thi azol - 5- hyl ene) am no] - 4- net hyl pent anoi ¢ aci d,
tent-butyl ester N The titl.e”’conpound was prepared in a simlar nmanner to

| nt erﬂ?d*'rﬁé[ Gtmé,cgﬁqonﬂd Zuaa%hbférpgredlm:”atgﬂnﬁgrohﬁhﬁe‘rcﬁr ericdRiyY 96, iuging! ace of
me |ét?%

ester ~0.~ S Racem .0 Q
The title conpound s\gre ar
using 15 Internedi ate 5@

1,3-thia oxal ehr%/lacle.IZS "HNVR (CD3OD): 8 8.31 (1H s), 7:61 (1H,s),
3.96 (1 ,”?F)", ; ANNI AR 1 1y, 1.46 (91-1,s), 0.94 (3Hd) and 0. 89
(3H,d) MScaled for (CaoHeuN,OsS + H)* : 545

MS found (electrospray): (M+H)* = 545

( 10 Intermediate 51
rel-(2S,4S,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(5-
methyi-1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

Relative stereochemistry shown

_.\‘\"'0/
op_)-...,\/s Racemic;
Y
o

e

The title compound was prepared in a similar manner to Intermediate 21, using
15  Intermediate 50 as starting material.

MS caled for (C31MHesNz0sS + H)t : 559

MS found (electrospray): (M+H)* = 559

(, Intermediate 52
20 2-[N-{2-Chloro-1,3-thiazol-5-ylmethylene)amino}-4-methylpentanoic acid, fert-butyl

ester
Ct>_
! H
N\/j\,«
N 34

The title compound was prepared in a similar manner fo Intermediate 1, using 2-chioro-
1,3-thiazole-5-carboxaldehyde in place of 1,3-thiazole-2-carboxaidehyde.

25 'HNMR (CDsOD):3 8.31 (1H,s), 7.61 {1H,8), 3.96 (1H,m), 1.75 (2H,m), 1.55 (1H.m), 1.46
(9H,s), 0.94 (3H,d) and .89 (3H,d)
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48 WD 2004/ 037818 PCT/ EP2003/ 011813 Internedi ate 53
rel -(2S, 4S, 5R) - 2-1sobutyl -5-(2-chl oro-1, 3-thiazol -5-yl ) pyrrolidine-2, 4-di car

boxylic acid, 2-tert-butyl ester, 4-methyl ester 101, ,,, S -1 Y" Racemc;
Il ON Rel ative stereochemstry shown 5 The title conmpound was prepared in a
simlar nternediate 2, using Internediate I ng

. 4/0 ’
mat er i aI /?ﬂddfor (C18H27CI N2O4S + H)+ : 403/ 405P %3@%%5{,

(el ectrospray) (MtH) + = 403/ 405 10 Internedi ate 54
rel -(2S, Mobutyl -1 - (3-met hoxy- 4-tertbutyl benzoyl )-5-(2-chloro-1, 3-t
hi azol - Srel2R48 5R)-24s obruityl,54(2e5htaroHiBehiazol-54l)pyrrdlidires-2, dialicarboagiter ,  4- et hyl

ester | Ogcif; 2-!ert-6ﬁty§e&r,3%th’yl|\és cemc: O Relative stereothem stry shown
,0 The title conmpotnd was prepa&{ed in a simlar nmanner to Internedi ate 3,

usi ng 15 Internediate 53 d1ng material. MS calcd for (C30H41CI N2GbS+
H + : 593/595 WMs found (eI e os ray): (MrH)+ = 593/595 Internediate 55 20
rel-(2S, 4S, 5R) - 2- Isobu =4- fart- butyl benzoyl ) - 4- hydr oxymet hyl 5
-(2- chI oro-1, 3-thiazo ;/\ﬁ) p'yrr Ndl nm&w&a&%wsmo@n acid, 2-tert-butyl

ester Rel ative_s ochem ti,t | e. conpound
et ot SOHhd S B! b o T84 STBH o0 G, i’ o BT OU
as startl%mﬁﬁ@@rﬁzeﬁsswwtégﬂcd for (CZaH41CI N205S+ H)+ : 565/567 MS
found (eM8atalodS@r{ByH:C(NDES + Hi+ S8EY4EE/. | nternmedi ate 56

MS found (electrospray): (M+H)+ = 403/405

10  Intermediate 54
rel-(28,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-5-(2-chloro-1,3-thiazol-5-
( yl}pyrrolidine-2.4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

-
S

Relative stereochamlstry shown

>

O

e

The fitle compound was prepared in a similar manner to Intermediate 3, using
15  Intermediate 53 as starting material.

MS calcd for (CgoHs1CINOS+ H)+ : 593/595

MS found (electrospray): (M+H}+ = 593/595

Intermediate 55
( 20 rel{25,45,5R)-21sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-(2-
chloro-1,3-thiazol-5-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

S~0OH
O C" cl
>r \ N Racamic;

0 o Relative 'stereod'lemlstry shown

e

The title compound was prepared in a similar manner to Intermediate 20, using
Intermediate 54 as starting material.

25 MS calcd for (CagHs1CIN,OsS+ H)+ : 565/567
MS found (electrospray): (M+H)+ = 565/567.

Intermediate 56
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49 WD 2004/ 037818 PCT/ EP2003/ 011813

rel-(2S, 4S, 5R) - 2-i sobutyl -1-(3-nmet hoxy-4-tert-butyl

benzoyl ) - 4- met hoxynet hyl - 5- ( 2-

chloro-1, 3-thiazol -5.yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester

~o/ O Tawenowhks®sN Racem c; Rel ative stereochem st rypcgsllmﬁlilmj itle
conpound was prepared in a SI m I ar manner to Internediate 16, using 5

I nt er medi a cd fo 3CI N2QnS+ H) +:
579/ 581 "f?/é;f?g%ﬁgf 'i?%l‘i‘#"o Hlm "Wﬁ‘a‘ 2wk gﬁ‘%‘"ﬁ&ﬁ"%ﬁi 57 10
rel - (2S, Momyszhlas@biml}mwnu'{dmen%@afbgwl@x&# e-torkbytybesteby | ) - 4- met hoxynet hyl -
5-(2- net hoxy 1, 3-thi azol ~g=yl }pytrrolidi ne-2-carboxylic acid, 2-tart-butyl

ester s '~\0 Racemq O ,, atgive stereochem stry shown /O To a sol ution
of Internediate 56 (70>g§% ' h)m% (0.8 nL) was added 1M sodi um
hydr oxi de i n met hanol 7

Nl'he @tmﬂmgm\/\%&riﬁﬁat ed at 50C overni ght

m xture was pu ed by preparative HPLC
on a C18 colum using a two-soly gradient elution with (A water
containing formc acid (0.1% arwl (IB) acetonitrile-water (95:5 v/v)
containing formc acid (0.05% “as eluents to give the title conpound. IVB
cal cd f ofhe (itle Lepmpeond was-prepared7® a2gmiE@ manner (celldemediate 46) uspghH) + = 575
HONI\I? (ﬁflﬁh@dlaﬁ%ab%te(rﬂrigmdt)anam 91 (1H, )5)3 686? (1 Hrr) dé g ?g (1 ;—I ;)9
5.04 (1H &+ s), 3.1 1H, .1 H s), 2.94
(2H, M%M rQ&o’ﬁp Hi’?@gw 2.05 (2H, ™, 1.95 (1L H n), 1.59 (9H,
s), 1. 32 fo'i“d (EF‘:" 5 " nter medi ate 58

rel 42S, 4R, 5R) - 2- 1 sobut yl -I -(3 met hoxy-4-tart-butyl benzoyl)-4-((nmethylth

ig) met hyintermediate 87t hi azol - 2yl ) pyrrol i di ne- 2-carboxylic acid, tert-butyl
t eqg SO, fISR8) SRPZ ISobtyTA1(3 hetRSg i lekButyibehZoyla-RlethioxymbigRE L, | O
Rel ative S hoxgg(‘{ﬁuazoﬁ Exl)ﬁmmdme-z-carboxyllc acid, 2-tert-butyl ester

_.\“"0
O\Q)"'n § O
\"‘ N g_r N Racemic;

X (8] o N Relative stereachemistry shown

and then at 15 reflux for 8h.

e

To a solution of Intermediate 56 (70 mg) in methanol (0.8 mL) was added 1M sodium
hydroxide in methanol (0.207 mL). The mixture was heated at 50°C ovemight and then at
15  reflux for 8h. The mixture was purified by preparative HPLC on a C18 column using a
two-solvent gradient elution with (A) water containing formic acid (0.1%)} and (B)
acetonitrile-water (95:5 v/v} containing formic acid (0.05%) as eluents fo give the titie

compound.
( MS calcd for (CaiHesN0gS + H)* : 575

20  MS found {electrospray): (M+H)* = 575
'H NMR (CDClis):5 7.13 (1H, d), 6.91 (1H, s), 6.66 (1H, d), 6.43 (1H, s), 5.04 (1H, d), 3.99
(3H, s), 3.65 (3H, s), 3.18 (1H, m) 3.13 (3H, s), 2.94 (2H, m), 2.26 (1H, m), 2.17 (1H, m),
2.05 (2H, m), 1.95 (1H, m), 1.59 (9H, s), 1.32 (9H, s), 1.06 (6H, d).

25 Intermediate 58

rel-(2S,4R,5R)-2-|sobutyl-1-{3-methoxy-4-fert-butylbenzoyl)-4-((methylthio)methyl)-5-
(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid , tert-butyl ester
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0 0O A solution of trifluoromethanesul fonic anhydride (53 ng) and pyridi ne
(15 nmg) in dichloronethane (0.5 m-) was stirred at -10C under nitrogen and
treated with a solution of Internmediate 4 (100 ng) In dichl oronethane (1
m.) for 1.5 h. Water (3 nL) was added, 5 the organic Iayer was col |l ected and
dried by wassa@gdi§r ough a hydrophobic frit. Sol vent P{ ghRY&d and the
resi due was treated, under nitrogen, with a solution o c? um

nmet hanet hi ol ate (60ng) in.di rrethyl formam de (1.5 L) at roomtenperature

for 3days. Solvent was re ¥ vacuum and the residue was partitioned
bet ween di chl oronet hape 4 b 1, The di chl or onet hane sol uti on was

chr omat ogr aphed on si Ia%’ eI \ui ng Pe%t ohexane-et hyl acetate (gradient
elution from15:1 v/v AR SEREMEY FPY conpound. MB cal cd for

(C30H44N204S2 + H) + 561 I\/Sfo
Internediate 59 re!-(2S, 4R, 5R) -
- (3-nmet hoxy-4-tert-butyl benzoyl )°4-( (net hanesul fonyl ) -

t hyl t ] d but yl t
o 1ol K sduibndf WiftooricharRiioR, atrlfie, G2 AR Lo olidte, A oo 70"
ol ut i on dshloromelianedp-&rel oS HESG a9 G Hnmmmamfmm Wih #salYtioR 0C was
added a obPitesoédidte dr(100 mg) inldichioogestieme dimt) foci1d H. 2V atey 3 mb) whscddded,onet hane
\(N;S L‘tﬁ STﬂéeoréﬂrifé g wiScolédtéd &l ared%?pugyégé ltﬂ?bﬁdh%%ré bblaerS sblvamgt te hen
So ut 1 on Vol 4 iR s Mol et et *gﬁ W‘ﬁ Sl
The resumethagetaislatr (G0nadr dimethyhiomyp 'ﬁ ned %an’b Fat'éfgl‘?f days.
cycl ohex Snlwerdt lwals aembetde |(19Nacuuentaral ubé oresfdue mwas 1 pav‘tﬂorled betweehv) to give
( le titlaucm&%n@mmelaﬁalbnh& T didhidrStiethdrd BorA O RasSehrdmitbdraphéeh suhﬁl f Ogn? 4
eGhr OSQr sobu

2 (3- it b Qz“%}’tﬁ&g“ fepip 2%8?*%1@?“%%8‘&% RN h;‘?f‘g @é% Boa; 037610
PCT/ EP20 1 3 t hi azol - 2-yl ) pyrrolidi ne-2-carboxylic acid ,
tart - but WS catcddoer (anHuN204sz +H)* : 561

MS found (electrospray): (M+H)* = 561

(electrospray): (MtH) + = 561 15

15  Intermediate 59 ,
rel-(28,4R,5R)-2-Is obutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-{(methanesulfonyl)-
methyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid , tert-buty! ester

0=
0\&—2-",@ Racemic;
\_J

>r N Relative stereochemistry shown
(o]
o)

C 0

To a solution of Intermediate 58 (28.8 mg) in dichloromethane (1 mL) at 0°C was added a
20 solution of 3-chloroperbenzoic acid (21 mg) in dichlecromethane (1 mL). The mixture was

stirred at 0°C under nitrogen for 2.75 h and then washed successively with sodium sulfide

soiution, sodium bicarbonate solution and water, and then dried by passage through a

hydrophobic frit. The resulting solution was chromatographed on silica gel using

cyclohexane-ethyl acetate {(gradient elution from 2:1 viv to 1:1 viv) to give the title
25 compound.

MS caled for (CaoHasN206S; + H)* : 593

MS found (electrospray): (M+H)* = 593

Intermediate 60
30  rel{2S,4R,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-(1,1-difluoroethyl)-5-

51



O N Racernic; N Relative stereodxm stry shown O /0 Diethylam no sulfur
trifluoride (450 uL) was added dropwi se to a stirred solution of
Internmediate 11 (282.3 ng) in dichloromethane (2.5 nL) at OC under nitrogen.
The 5 tenperature was raised to roomtenperature and stirring was conti nued
over ni ghtwoAbdsfssel Ng cooled to OC the m xture was ppélqﬁ Shod 14 ce- col d
saturated sodi um hydrogen carbonate solution (12 nl) e mxture was
extracted with dichloronethane (40 nL) and the extracts dried (MgSO4). The
sol vent \kb§‘th'é?ﬁ!\?e\d)WU°bﬁ"\'7@'2ef’qr§%’WHEéc‘ﬂhN’FTWGHE“ Burified by chromatography

on silica gel, eluting w yc hexane- et hyl acetate (9:1 v/v), 10 to give
the title conmpound. M5 cal (C30H42F2N204S+ H) + @ 565 MBS found
(el ectrospray): (M+H) +.= n,

re/-(2S, 4R 5R) 2- Isobua/l I-( Ty
met hyl et hyl ) - 5- (1, 34hi azol ©

) pyrrolidine-2-carboxylic acid, tart-butyl
ester OHOS N"'..Racemc; ative slereochem stry showm O O 110 C_
Method A: To a sol ution of Inter te 11 (46 ng) in tetrahydrofuran (1 ml)
was added 1.4M net hyl nagnesi um-Br oni de solution in toluene/ THF (0.1 niL).

The i Xt gicinilin Quily 808! (48 GL'NAST addel 'RlSIsd & o Sicllscfighn djen al | oved
t t t 2 m
L Sl ok b, 6o Psh e TTECRD A L Pt et T (2 ML)
dr i ed5( Mgomeratura vasgpisedto foemdomperatyregandestifning W@rm@qu@w@uhmféqﬁ was

puri fi edbbing oelipdta0ry eheRliturerwas filifed ko lwe-coldi saurated wWodiumotydeaglen gr adi ent

el ution s;m&a&&iomwz ﬁnEPt'ﬁie'?hiﬁgrefvPJerxﬁaéé‘d it feridfomathdnd F&b rﬁlﬁﬁﬂn' trile 25

(i e coMsomimes el MeRce, Thedebelicigostey ifl o §ig g IR T ves < "

itle co

( | ect r o8Wifigy by ctlma}ogewg oRstlig® gelpelutingswith aye he@fwwewlea% &Vl (51.7 )
I n drg t &t giwehthe tittd eongpoufd. nl) was 30 stirred at -78C under nitrogen, 1.5M
nmet hyl | Mﬂaﬂﬂ‘ CSHPIPLNED, 84 HiF 1de5hi um bromide in 52 WO 2004/ 037818

PCT/ EPZO%fg ctrospray). (M+H)* = 565

Intermediate 61
15  rel{2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-ferf-butylbenzoyl)-4-{1-hydroxy-1-
methylethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid , ferf-butyl ester

\Ge
>|/0\"0,..- N "'u@ Racemic;
0

Relative stereochemistry shown

0

(, Method A: To a solution of Intermediate 11 (46 mg) in tetrahydrofuran (1 mL) was added
1.4M methylmagnesium bromide solution in toluene/THF (0.1 mL). The mixture was
20  stirred at 0° C under nitrogen for 70 min and then allowed to warm to room temperature.
Saturated ammonium chloride solution (2 mL) was added and the mixture was exiracted
with dichloromethane. Extracts were dried (MgSO,) and solvent removed to give the
crude product which was purified by preparative HPLC on a C18 column using a two-
solvent gradient elution with (A) water containing formic acid (0.1%) and (B) acetonitrile-
25  water (95:5 viv) containing formic acid (0.05%) as eluents to afford the title compound
MS calcd for (CaqHseNz0sS+ H)F : 559
MS found (electrospray): (M+H)* =559

Method B: A solution of Intermediate 11 (61.7 mg) in dry tetrahydrofuran (1 mL) was
30 stirred at —78°C under nitrogen. 1.5M methyl lithium as complex with lithium bromide in
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ether (76 uL) was added and the m xture was stirred at -78C for 2h. A
further quantity of the 1.5Mnethyl lithiumlithiumbrom de conplex in
ether (32 uL) was added and stirring was continued for a further 40 mn.
Sat ur at ed anmoni um chl ori de solution (10 nL) was added and the m xture was
extract edwgizbddestsgs)i Or onet hane. The extracts were drlﬁldl. ?Qfg Sol vent
was renoved to give a residue which was purified by silica ge

chr omat ogr aph eluting with cycl ohexane-ethyl acetate (4:1 v/v) to give the
title c@thsb(f/ ®ciL) sp%e@qgeégeﬁﬁ?wweawe%ﬁmd@brﬂquﬂht Adurthes auamiey ofr oduct

obt ai ned thzy1. 5k trinetilyl Athiundithibmt romiddicainple® th éthenBd k) was aflded and stlrrlng

rel-(2S, 4B8s %tmaed EPQWEMeT kﬂ(rﬂn mehiipatdd dminBhibmRHiort® SaiEn (1o 4nl.

met hoxyrre | a ro C clrd ert-butyl
ester % ?’%ﬁ (fﬁ éh‘{ulr Wég Kg a%é%%ld[’f”o{}’é"ei? éP eg@ﬁe ﬁ#‘é@& ‘i} Rl

| nt er ﬁedi( 9204 vBQvent was Eemover do @iver auresidueamhioh dfasr eurifigd t{¥h$"|'cél 98ipl ¢ col um
using 1Bhioamatography,s elatimpavithl cfciihegane/ellyl cacetataidhl! V) do vaive Hie ttitie| e
conmpound cothBé naecond eluting enantionmer. MS called for (C30H44N205S+ H) +:

rS:F-(g/Ig, E&g&?&? QQ%BF%&MH%@Vh '%éé? é‘gngﬁhgmﬁjﬁi ?rgt hoxymet hyl -

(1, 3- thiazol-2- yI) pyrroI|d| ne- 2 carboxylic acid, 2-tert-butyl ester I\
, Mo 10>r (Rtérmedjate 62 // Racemni c: J Rel ative stereocheni stry shown O The

title cowaem&n&aSAprapaf#@hsmstzaaobafyl- fiftthdx9-4- dbrﬁog usi ng
2 "o PEtdmeii sy g&ﬁrg%w%mg HANE HotOfert .sad"% &S
rel 42R, 4S, 5R) - 2- Benzyl - | Poxy-4-tert-butyl benzoyl) - 4- et hoxynet hyl -5-(1
, 3= 53 WD 2004/ 037818 P 0033011813

t hi azol - 2-yi ) - pyrrol igiR arBorylic Lert-butyl ester s ~0T N
,\:)/ Racem c; }r o J gm:ilven;at:sﬂrf;ndﬁemls‘try shown

0

Intermediate 6 was resolved on a Chiralpak AD preparative chiral hpic column using
15 heptane-isopropanol (98:2 viv) as eluent to give the title compound, the second eluting

enantiomer.

MS caled for (CaHaNz0sS+ H)* : 545

MS found {electrospray): (M+H)* = 545

20 Intermediate 63
rel-{2R,4S,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid, 2-terf-butyl ester

Rt
""‘f J Racemic:

Relative stereochemistry shown

The litle compound was prepared in a similar manner to Intermediate 16, using
25 Intermediate 34 as starting material.

MS caled for (CaaHqN,0sS+ HY* : 579

MS found (electrospray): (M+H)* = 579

Intermediate 64
30 rel{2R,45,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-{1,3-
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li Relative stereochem stry shown 0 ,O The title conmpound was prepared in a
simlar manner to Internediate 17, using Internediate 34 as starting
material. 5 MS calcd for (C34H44NZO6S+ H)+ : 593 MS found (el ectrospray):
(MtH) + = 593 Internedi ate 65

2- [ N ( Pyrwdiona@ds»iset hyl ene) am no] - 4- met hyl pent anoi ¢ weiEkods@iis1Put yl ester
H N 10 The title conpound was prepared in a simlar manner to Internediate

15" hi il S s emiie -Xabdxv?"’derd\&? BT s 66 (1 H o), 8.37 (1 H

s), 812 (1 H d), 7.75 ( , 7.34 (1 H t), 405 (1 H nm, 1.83 (2H,
m, 1.55 (1 H m 1.48 (9 0.9 (3H, d), 0.91 (3H, d). 15 Internediate
66 rel-(2S,4S, 5R) - 2-1sobut ridin-2-yl)pyrrolidine-2,4-dicarboxylic
acid, 2-tert- butyl este _? es,;agemlcRacemc />0 Rel atve

stereochem stry shown 20“Th i 1] RemOngRomrEy\s@en prepared in a simlar
manner to Internediate 2, Do nternmedi ate 65 as starting nmaterial. 'H
NVR (CD30D): S 8.52 (1H, d), 7. t), 7.29 (1H, d), 7.13 (1H, t), 4.60
(1H, d), 3.37 (1H, q), 3.26 (3 2.60 (1H, dd), 2.01 (1H, dd), 1.80 (2H,
n), 1.54 (1H m, 1.51 (9H, s),~~0.97 (3H, d), 0.90 (3H, d). 25 Internedi ate

com was pre ared m a similar manner to Intermediate 17, usm? .
reI (2S, ﬁ;. ;E{i tg ls&g?ié rret oxy-4-tert-butyl benzoyi)-5(pyrldin-2-yl)-
pyrroI|d| ﬂéﬂ I|c |d 2-tent-butyl ester, 4-nethyl ester 54 WO
20041@37E‘§833|ﬂ€'f9‘l§ﬁ¥ﬁ9§1‘?ﬁ Ié’% S ON, N 1 / Racemic; O Relative
st er eoc hmSifeundyelstimspray): (M+H)* = 503

S)

( intermediate 65
2-[N-(Pyridin-2-yimethylene)amino]-4-methylpentanoic acid, fert-butyl aster
73
=N 1
N jﬁ
10

The title compound was prepared in a similar manner to Intermediate 1, using pyridine-2-
carboxaldehyde in place of 1,3-thiazole-2-carboxaldehyde.
'H NMR (CD3OD):5 8.66 (1H, d), 8.37 (1H, s), 8.12 (1H, d), 7.75 (1H, t), 7.34 (1H, 1), 4.05
(1H, m), 1.83 (2H, m), 1.55 (1H, m) 1.48 (9H, s}, 0.96 (3H, d), 0.91 (3H, d).

16
Intermediate 66
rei-(28,4S,5R)-2-1sobutyl-5-(pyridin-2-yl)pyrrolldine-2,4-dicarboxylic acid, 2-tert-
butyl ester, 4-methyl ester

&~
Racermic;
o gy Relative stereochemistry shown
> TN —
H .

20 The title compound was prepared in a similar manner to Intermediate 2, using
Intermediate 65 as starting material.
'H NMR (CD3OD):5 8.52 (1H, d), 7.62 (1H, ), 7.29 (1H, d), 7.13 (1H, t), 4.60 (1H, d), 3.37
(1H, q), 3.26 (3H, s) 2.60 (1H, dd), 2.01 (1H, dd}, 1.80 (2H, m), 1.54 (1H, m), 1.51 (SH, s),
0.97 (3H, d), 0.90 (3H, d).

25
intermediate 67
rel-(28,4S,5R)-2-sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-5-{pyridin-2-yl)-
pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester
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110 The title conpound was prepared in a simlar manner to Internediate 3,
using Internediate 66 as starting material. "H NVR (CD30D): S 8.20 (1H, d),
7.92 (1H, d), 7.57 (1H, t), 7.07 (1H, d), 7.03 (1H, t), 6.63 5 (1H d),
6.26 (1H, s), 5.42 (1H, d), 3.77 (1H, m, 3.49 (3H, s), 3.33 (31-1, s), 2.90
(1H, t), WO28%/08B8 m), 2.14 (1H m, 1.95 (1 H n), BCHEBPpGHe1I} K6 1.25 (9H,
s), 1.10 (6H, d). Internedi ate 68
rel-2S, 4S, 5R) - 2- 1 sobut yl - 1- ( 3- r%ihoxy 4-tert-butyl benzoyl) - 4- hydroxynet hyl -5
- 10 (pyridin-2-yl)pyrroli @érboxyllc acid, 2-tert-butyl ester /OH O
~, .. Racemc; O O Relati xehem stry shown ,O The title conpound was
prepared in a simlar n‘g‘f‘

ca {8

¢r medi at e 20, usi ng Internediate 67 as

starting material. M cal 1Ha§m§mm,ﬁ-mgﬁg,ﬁ 15 M5 found

(el ectrospray): (MtH)+ = 52 rmedi ate 69

rel -(2S,4S, 5R) - 2-1sobutyl -1{3- O%y - 4- tertbutyl benzoyl ) - 4- met hoxynet hyl -

(pyridin-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester O 041-

Rel ative _stereochem stry shown 0 110, The title co oung was prepared in a
simlar mafndie_gmpound, Was eeared in & ;sigilar) marnereld iales 351 UHgi ng

mat eri al Intmed?atecﬁﬁa‘smtar(u@maf«eﬁalzm+ H+ : 539 M found (el ectrospray):

(MrH) + = ‘ﬁ&QAR @iﬁ)sbm esrmqumt 8), 7@25‘51 \@72@0(4H0t3778d38 1RCdY, Z/o3 %/tpbb%ﬁ

L e L
phosphat@séé ’% 1? g}'b%?\l 2?\9@331 10 oflut e
stereochem stry shown le I r~
Intermediate 68
(_ rel<(28,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-hydroxymethyl-5-
10  (pyridin-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester
S0H
New
O e e,
XYY D o
o Relative sterecchemistry shown
o

The title compound was prepared in a similar manner to Intermediate 20, using
Intermediate 67 as starting material.
MS calcd for (Ca HasN2Os+ H)+ : 525

15  MS found (electrospray): (M+H)+ = 525

Intermediate 69
(\ rel{(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-methoxymethyl-5-
(pyridin-2-yl)pyrrolidine-2-carboxylic acid, 2-terf-butyl ester

.-“"‘O/
O . .
\ . Racemic;

Y

o Relative sterecchemistry shown

20 -9

The title compound was prepared in a similar manner. to Intermediate 16, using
Intermediate 68 as starting material.
MS calcd for (C32H45N205+ H)"‘ : 539
MS found (electrospray): (M+H)+ = 538
25
Intermediate 70
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To a solution of Internediate 10 (6.51 g) in isopropyl alcohol (30 nL) was
added a hot 5 (90C) solution of (R -(-)-1,1" -binaphthyl-2,2"-diyl-hydrogen

phosphate (6.30 g) in isopropyl alcohol (337 nL). The m xture was all owed

to stand at room tenperature overnight and then concentrat ed by evapor ati on

of ca. 8Qyghg@hss@ vent. After being allowed to stanq,cqim, £nperature

overni ght t he t|t e corrpound was col lected by filtration. soI ute

st ereochem stré was confirned bé X-ray cﬂ%stal I ograpqlg and shovved t he

pyrrol i di%ediba k2-'smum-4r?&9§'- 3Ahiazah2-viipyrreliding-2-carpogylic @cidz By 6 8. 03 (d,

2H) , 7. 9butyl estet(R)-()-BE - t(inlapmwl-zzrdM-Wdtogtmphosnt&aegdt 2H), 7.42 (t, 2H),

7.26 (m 4H), 5.3 , %H), 3. 794 H) 3.10 (s, 3H), 2.25 (dd, 1H), 2.22

(s, 3H), 1.96 (m .74(m 1.53 (s, 9H), 0.97 (d, 3H), 0.95 (d,

3H). 15 Internedigt®/71, s Ovs ~2® C“;’;Lmslm

(2S, 4R, 5R) - 2- r'%mmw NI - (@Jret ho ef1 Cbuty benz oc']sn 4acety| 5-(1,3-thiaz

ol -2- yl)pyrrolidi®e- 2ca"l‘boxyli . tert-butyl ester 0 5 Chiral; 1+ N

Absol ute_stereochemAfry shown i0 Internediate 70 (4.2g vvas added

to a sol UPicowlwipn of jtarmediate1G @rﬁt munysqsm@tpoheh@@rm@ewasz ded. in

di chl &r o@ar Opsviutibd BIORY-)-12 Rbinaghthiyl-2 @ -digithyirogenpiee piene (6. SGI'g)uetsbyrlopyﬂ ne (2. 087

g\';)er‘r’]"fi;h QQI?cﬁ’T(ﬁ?%L)hQ'hg‘r:ﬁﬁ%tgﬁﬁuo%a td QQndJQldf%?m%ﬁn & gengl;en:i %Bfrggr?tzgrze

Ty 1 deERpRrDlilen b evaperled of i B it b it calreng SiesE oM AG for

further 2Q0M tempafatire pwanighidhe discorapound aas Ogllﬂcwéiubyrf"(aﬁao e akedutadded and

t he or gasteteocierastrywess Qibfirored! bycX-eay caysthlldgraphy dniftsSawed thEqlyrrelitinevaese r enoved

and yhe [daﬁdvgmngpéH,rlaf ed by silica gel chromat ography, el ut| ng W th

cycl ohexan e u a solid.
cal cdq?’ @%%@gﬁlﬁ@( %&r Wéﬁg%aﬁkgééo hgﬁ)(’ c@r 3@8??} H)+ =543

30 I nt er Aiddillaeld) 726 (PsARSSR) (Aot odd® fm.- TH)( 310 HH)« 26 (ddntt)

but yl benady 1)964m( 2H)hy.d4 mytH): 1.53 (s, SH), 0.97 (d, 3H) 0.95 (d, 3H)

met hyl et hyl ) - 541, 3-t hi azol - 2-yl ) pyrrolidi ne-2-carboxylic acid, fart-butyl

est ey 5ﬁntm&ipa@ 4937818 PCT/ EP2003/011813 \ ' OHON >7

(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-acetyl-5-(1,3-thiazol-2-

yl)pyrrolidine-2-carboxylic acld, tert-butyl ester

o, - S Chiral;
>r O ()] Absoluts stereochemistry shown
5 N

o

Pre

Intermediate 70 (4.2g) was added to a solution of 3-methoxy-4-tert-bulylbenzoyl chloride
( 20 (1.494g) in dichloromethane (150 mL) and stired untii homogeneous. Triethylamine
(2.087 mL) was added and the mixture was stired under nitrogen at room temperature
overnight. A further portion of 3-methoxy-d-tert-butylbenzoyl chloride (272 mg) in
dichloromethane (1 mlL) was added and stirring was continued for a further 24h,
Saturated sodium bicarbonate solution (150 mL) was added and the organic layer was
25 collected and dried (MgS0,). Solvent was removed and the residue was purified by silica
gel chromatography, eluting with cycichexane-ethyl acetate (3:1 viv) to give the fitie
compound as a solid.
MS caled for (CaoHazN0sS+ H)* : 543
MS found (electrospray): (M+H)* =543
30
intermediate 72
(25,4R,5R)-2-Isobutyi-1-{3-methoxy-4-terf-butylbenzoyl)-4-(1-hydroxy-1-
methylethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
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Chiral; OO0 Absolute stereochem stry shown .10 The title conpound was
prepared in a simlar manner to that described In Internediate 61 (Method
B), replacing Internmediate 11 with Internediate 71. M calcd for (C31
HA5N205S+ H)+ : 559 5 MS found (el ectrospray): (MtH)+ =559 Internediate 73
(2S, 4R, 5Ryododeiahded Vi - 1- (3- net hoxy-4-tert-butyi benzoy 5-(1,3-thia
zol -2- vyi )pyrdr4ol | di ne-2-carboxylic acid \ | ~S\~// Chil)éTfﬁpﬁﬁ@tlﬁlﬁ Absol ut e
stersoehem stry shown 0 0 1Q i} The title conpound was prepared in a
simlar manner to Exanpl ng Internmediate 71 as the starting
material. '"H NVR (CDC13): .10, (d, 1H) 7.68 (d, 1H), 7.39 (d, 1H), 7.05
(d, 1H), 6.60 (s, 1H)%9. N ‘d{/_}] 88 (m1H, 3.72, (s, 3H), 3.03 (dd,
1H, 2.79 (t, 1H, 2. ( 2. 32 ﬁg;,u,eggggami;;shgmls (dd, 1H), 1.86 (m
1H), 1.35 (s, 9H), 1.16 (d®¢ 3 1.04 (d, 3H). Internediate 74

0] - 4- met hyl pentanoic acid, ta | ester

2-[N-(1, 3-thiazol -4-yl net hyl en 0--1 Q 20 The title conpound was
prepared in a similar manner to Internediate 1, using 1, 3-

t hi azol eTHe title dompalnkbwysprepare incecsimiddr nﬂanﬂerttbitrmtdéssriﬁectiarlmmmamﬁde. 1H NWVR
(CDC13) : (MetRodB), @épuaanamenﬁedq&e@mh ifdrmefialz(1 H d), 4.03-3.98 (1 H_ m,
311(2H %ggdfo cSf .84, 1.48 (91-1, s), 0.96 (31-1, d) and 0.91
(31-1 | ?Wré"? 5

rel 425, 4 Sa‘R)'ndzLeieefmﬁyfaw 1@*'('& =P5Bni azol - 4-yl ) pyrrol i di ne- 2, 4- di car boxyl i c
acid, 2-tent. butyl ester, 4-nethyl ester 57 WO 2004/ 037818

PCT/ EPZOMW”O Racem' c; ORelative stereochem stry showmm \(\ N/ "-S

The tit] B ARBRISILoHBEI-PSRARRSky 4 Pt Bl Rloy TRk 151 3 RhREBRS ate 2, using
yl)pyrrolidine-2-carboxylic acid

E_&\s Chiral;
HO\“N‘ N gj Absoluts stereachemistry shown

(¢

10 -2

The title compound was prepared in a similar manner to Example 1, using Intermediate 71

as the starting material.

'H NMR (CDCly): § 8.10 (d, 1H), 7.68 (d, 1H), 7.39 (d, 1H), 7.05 (d, 1H), 6.60 (s, 1H), 6.27

(d, 1H), 3.88 { m 1H), 3.72, (s, 3H), 3.03 (dd, 1H), 2.79 (, 1H), 2.73 (dd, 1H), 2.32 (s, 3H),
15 2.18 (dd, 1H), 1.86 (m, 1H), 1.35 (s, 9H), 1.16 (d, 3H), 1.04 (d, 3H).

: Intermediate 74
Q 2-[N-(1,3-thiazol-4-ylmethylene)amino]-4-methylpentanoic acid, tert-butyl ester

H
\

N j(
20  The title compound was prepared in a similar manner to Intermediate 1, using 1,3-
thiazole-4-carboxaldehyde in place of 1,3-thiazole-2-carboxaldehyde.

"H NMR (CDCly): & 8.85 (1H, d), 8.49 (1H, s), 8.01 (1H, d), 4.03-3.98 (1H, m), 3.11 (2H,
dd), 1.64-1.52(1H, m), 1.48 (SH, s), 0.96 (3H, d) and 0.91 (3H, d).

/':
5. #

25 Intermediate 75
rel-(2S,48,5R)-2-Isobutyl-5-(1,3-thiazol-4-yl)pyrrolidine-2,4-dicarboxylic acid, 2-fert-
buty! ester, 4-methyt ester

o7



Internediate 74 as starting material. M calcd for (C18H28N204S + H)+: 369
5 M5 found (electrospray): (MH) + = 369 Internediate 76

ref-2S, 4S, 5R) - 2-1sobutyl -1-(3-meth oxy-4-tert-butyl benzoyl)-5{1,3-th iazo

| -4- yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-nethyl
ester Ragerédesss Rel ati ve stereotherristry shown Gierépo0sR1iie title
conpound was prepared in a simlar manner to Internediate 3, using
Internmediate 75 as starting terial. M5 calcd for (C30H42N2GBS + H) +: 559
M5 found (el ectrospray): o= 559 15 Internediate 77

ref- ( 2S, 4S, 5R) - 2- | sobut yl (B'ﬁTEt h Rel?trnvzcslereochemlstryshuwn

oxy-4-tent-butyl benzoyl - 4™yt >i~)/met hyi -5- (1, 3-

t hi azol - 4-yl ) pyrroli dﬁ\ﬁe- -darb lic acid, 2-tert-butyl ester " OH C N
Racem c; N, Relative'stereochenttry shovvn O,0 20 The title conpound was
pr epar edThen title stamiponnd neasn@repaced int ex siediaatrear®®l tosintegmediater Bedsiage 76 as
st ar ti noinfannediatel74 SEtarig Qﬁbt@ﬁyl (C29H42N206S + H)+ : 531 Ms found

(el ectrogg @ior((&/& gquSS )+ 3l Nternediate 78

ref{2s, 4 oxy-4-tent-butyl benzoyl ) - 4- et hoxynet hyl - 5- (
1, 3- § hi M34pung(glestRspr HM ar boxylic acid 2-tert-butyl ester 58 WO
2004/ 037818 PCT/ EP2003/011813 O N C Rel aGveve Re

Intermediate 76
rel-(2$,45,5R)-2-Isobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-5-(1,3-thiazol-4-
yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

, .SLO/
( N
3 g R Racemic;

A( \\“ N ;.\ 2 Relative 'stereodwanisty shown
(o]
¢)

10 -
The fitle compound was prepared in a similar manner to Intermediate 3, using
Intermediate 75 as starting material.
MS caicd for (CagHeaN206S + H)* : 559
MS found (electrospray): (M+H)* = 559

15
Intermediate 77
rel-(28,48,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-hydroxymethyli-5-(1,3-
thiazol-4-yl)pyrrolidine-2-carboxylic acid, 2-terf-butyl ester

(, N {\2 Racemic;
Og

A(D ‘“ Relative sterasochemistry shown

e

20 The fitle compound was prepared in a similar manner to Intermediate 20, using
ntermediate 76 as starting material.
MS calcd for (CzgH2N,05S + H)* : 531
MS found (electrospray): (M+H)* = 531

25 Intermediate 78
rel-(25,48,5R)-2sobutyl-1-(3-methoxy-4-tert-hutyibenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-4-yl)pyrrolidine-2-carboxylic acid, 2-fert-butyl ester

58



yl ~ S stereodrem stry shown Op ~ O The title conmpound was prepared in a
simlar manner to Internediate 22, using Internediate 77 as starting
material. MS calcd for (C31lI-108N20C6S + H)+ 559 5 Ms found (el ectrospray):
(MtH) + = 559 Internmediate 79 Enanti omer A of

rel- (2S, 4po2Randrshigobut yl - 143- met hoxy-4-tert-butyl ben ol
et hoxynet hyl -5- (1, 3-t hi azol - 4-yl ) pyrrolidine-2-car boxfl |Aég2a0®m&,181i- tert-butyl

ester CChiral; 1rO0. N.... N Rel ative stereochem ssy showmm 0 ~1 s
o-" I ~11 / 10 O The ti pagrs of Internediate 78 were separated by
preparative hpic on a Wi¢l k=1 colum, eluting with with heptane-ethanol

for (C31H45N205S + f ound réiaNeaetorespy . ( MrH) + = 559

I nternmedi ate 80 rel - (23S, £ | sobutyl -1-(3-methoxy-4-tert

but yl benzoyl ) - 4-al | yl oxymnet hyl 3- thlazol -2-yl)pyrrolldl ne-2-carboxylic
acid, tert-butyl ester 'nmoo OJRa 1c, NI Relative stereochem stry shown

OO 20 The title conpound was®prepared in a simlar manner to Internedi ate

14 repl agj | it ' - cd for (C32HA6N2CBS
1y 57 e e BT EbrBptel sl i @ e il o2 B
Intermediate 77 as starting material.
MS caled for (CaHaN-OsS + HY* : 559
5 MS found (electrospray): (M+H)* = 559

(95:5 v/v) to give tEeoti“ég"? (i und asgihg. first eluting isoner. Ms calcd

Intermediate 79
( Enantiomer A of rel-(25,45,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-
ethoxymethyl-5-(1,3-thiazol-4-yl)pyrrolidine-2-carboxylic acid, 2-fert-butyl ester

—

\'\"_O

A(O‘\{‘: N m-(_\) Relative stereochemistry shown
S

00

10 ~°

The enantiomers of Intermediate 78 were separated by preparative hplc on a Whelk-01
column, eluting with with heptane-ethanol (95:5 viv) to give the title compound as the first
eluting isomer.
MS calcd for ( Ca1H4aN205S + H)+ . 559

15  MS found (electrospray); (M+H)* = 559

( Intermediate 80
: rel-(28,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-allyloxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
/

_.«"'*o/\/
O ""-( S Racemic;
H/ m )/ Relative stereochemistry shown
O

N

)

o

20 A°
The_title compound was prepared in a similar manner to Intermediate 14 replacing
Intermediate 4 with Intermediate 4a.
MS calcd for (CazHeeN20sS + H)* : 571
MS found (electrospray): (M+H)* = 571
25



WD 2004/ 037818 PCT/ EP2003/ 011813 Internedi ate 81

rel -(25, 45, 5R) - 2-1 sobutyl -1

- (3-nmet hoxy-4-tert-butyl benzoyl) - 4-cyanonet hyl -5- (1. 3-

t hi azol - 2-yl ) pyrrolidine-2-carboxylic acid, tent-butyl ester ), 14 {

Receml G woRedsabisye stereochemi stry shown 0 5 To a spépkbRis@lisis
trifluoronethanesul fonic anhydride (51 uL) in dry dichloronmethane (2 m-)

stirred 0 e At&% gen at -15C was added a solution of internmediate 4 (159
ng) and 23 ulL) in dichl oronet hane é(i? m). The m xture was stirred
at 0C foﬂ'i?%ﬂ.sﬁ"ét'@b"(tﬂ TiEymethoxydrdertrbylviben 8&%“%?‘!‘)‘ I +31nd t he
m xt ure \miazqmsiﬂppaobdmeﬂlﬁnammliaacﬂydempmbestelf rit. The dichl oronet hane
sol uti on so obtai ned was ed solution of 10 tetrabutylammoni um
cyanide (80 ng) in dichl OW (2 mM-) and stirred at room tenperature
for 3h. The m xture wa C hreceniat O raphy on silica gel with
cycl ohexane- et hyl acet eI 'EFFY"E)‘T’F A" v/ v to 3:1 v/v) as
el uent to give the t|tIe C M5 cal cd for (C30H41IN3O4S + H)+: 540 15
M5 found (el ectrospray): (M-H)+ I nt er redi at e 82
(2S, 4S, 5R) - 2- I sobutyl -1- (3-nmet hoxy- #-tert - butyl benzoyl ) - 4-(1- hydr oxy-1 -
met hyl et hyl )-5-(1, 3-t hi azol -2-y{) pyrroti di ne-2-carboxylic acid, tent-butyl
ester5 Ofoa solutiorCof tnﬁdordrheth&dxe,sulmns:cdnhycmdet(@ruic)nméfryidsdhtoyométbm 20 O 20 A
Sogut | Olnsﬁi'f'edl dHder @d at 1€ 3R é&!bd'd’sdtlﬁbh%mﬂéﬁﬁé&aﬁéw(é ahasl SEI rred
and coo n solution in
t ol uene/ $&Er§ &ﬁL LT ggﬁg)g?egh n%he "&éo% bﬂ'ﬁ%lﬁﬁ aé)%{dp?the m xture
was stir Water{pmlpwas S&GGM?é’GHOr%%MWdC £ Fixtere vwes|than RASSRAroNAN # was added
Qd t he hydrophobic\idls Ehet dicliorothethiand seltifiopl so2dbtzicet wae added! to 2 6olution.of The

nbuoedte%bmﬂsﬁaﬁmnﬁﬁﬁ mBGQOWéinV\&éI%mnﬂé‘tﬁaﬁE (Dentanghdt iied finb@d ( MISOHA)
o et ek 66 3T T 3! WAl phag By 3&§p@ bt Csﬂlcyg | with
chromat o r% UW R%a ane et % t& | Vv uent to give
the titl Kaﬁ@ aRfiate {pragieptiu P@s‘@ﬂh \p6's 31 4fv) as elueat togivenhe t ound
(el ect r ofittr coppouridvi-H) + = 559

MS calcd for (CwH41N304S + H)*: 540
15  MS found (electrospray): (M+H)* =

intermediate 82
(2S,48,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-(1-hydroxy-1-
methylethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester

XO\(I:]; N '"»ﬁ} Chiral
&)

Absolute stereochemisiry shown

20 -

A solution of Intermediate 19 (280 mg) in tetrahydrofuran (10 ml.) was stirred and cooled
under nitrogen at -78°C. 1.4M methyimagnesium bromide solution in toluene/THF (2 mL)
was added. The cooling bath was removed and the mixture was stirred for 2h. Saturated
ammonium chloride solution (10 mL) was added and the mixture was extracted with ethyl
25 acetate (2 x 20 mL). The combined extracts were washed with water and brine and then
dried { MgSO,). Solvent was removed and the residue was purified by silica gel
‘ chromatography using cyclohexane-ethyl acetate (4:1 v/v) as eluent to give the litle
gcompound.
MS caled for (CaqHaNz0sS + H)* : 559
30 MS found (electrospray): (M+H)* = 559

60



60 WO 2004/037818 PCT/ EP2003/011813 Internedi ate 83

rel -(2S, 4R, 5R) - 2- 1 sobutyl - 1- ( 3- met hoxy-4-tert-butyl benzoyl)-4-(1-hydroxyet hy
1)-5- (1, 3-thiazol-2-yl.yyrrolidine-2-carboxylic acid, tent butyl ester H 0
. II'N~(/ Racemc; S_Relative stereochem stry shown 0 110 5 To a solution
of Internwdlzaum-ih;s(zm ng) in THE (3 m-) and et hanopcfpidsonisists added
sodi um borohydride (31 ng) and the resulting m xture was stirred at room

t enper at yre fo % Sol vent was renoved and the residue was partitioned

bet ween &, e and water. The organic phase was coll ected and dried
(MySO4) . rﬂdﬂﬁa&&ﬁﬂ)fz-lsebumlni-@gm@wm tent-butytbenzaylbd-itrhydroxyehyl)-fi xt ure of

di ast er e@i,3ehazal-2-y Cpyrialiditleclicdrboxylicirid] 4dkebbtl estéh) + 545 M5 found

(el ectrospray): O8#H) + = 545 |Internedi ate 84

rel-(2S,4R 5 2 butyl -1-(3-nmethoxy-4-tart-butyl benzoyl)-4-(1-(4 15

fl uor ophe ogar laonyl oxy) et m/l )-5-(1, 3-thiazol -2-yl)pyrrolidine-2-carbox
ylic aci ‘F‘r N u’l@l ester E,amﬁ,g,gmg; dfRacertdc; Relative

sl er eochem stoy _&hg p° NN 1114 O | \ The title conpound was prepared in
a simlar manneét t nternmedi ate 8, using Internmediate 83 as starting
material. 20 MS ca or (C37HA7TFNZGBS2 + H)+ : 699 MS found

(el ectrospray): (Mth)+'= 699 Internediate 85 re/-2S, 4R SR) 2 | sobut yl -1
-(3-nmet hoxy-4-tert-butyl benzagyl )-4-ethyl -5. (1, 3-thi azol -

yl ) pyPr olTPdh $bition of Infrsediate 11(2a4 mahjn THIT, (3 mlkandeathasel (m“hbw #rred1g

PCT/ EP20648diorh b8rbBydride X8 NmY) arétbe msuttmg;rrm.lrawas etirsadaat canpih temipetatyre $drown

5h. Solvent was removed and the residue was parlitioned between ethyl acetate and
_ water. The organic phase was collected and dried (MgS0,). Removal of solvent gave the
( litle compound as a 3:1 mixture of diasterecisomers.
10  MS caled for (C3oHuN,0sS + H)* : 545
MS found (electrospray): (M+H)* = 545

Intermediate 84
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-(1-(4-
15  fluorophenoxythiocarbonyloxy)ethyl}-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic

acid, tert-butyl ester
F
oio"@/ Racewmic;

; Reflative stereochemistry shown

( -
The fitle compound was prepared in a similar manner to Intermediate 8, using
Intermediate 83 as starting material.
20 MS calcd for (C37H47FN20582 + H)+ 1699
MS found (electrospray): (M+H)* = 699

Intermediate 85

rel(2S,4R,5R)-2-Isobutyl-1-{3-methoxy-4-tert-butylbenzoyl)-4-ethyl-5-(1,3-thiazol-2-
25  ylpyrrolidine-2-carboxylic acid, tert-butyl ester

61



O O To a solution of Internediate 84 (152 ng) in 1,4-dioxan (3 m-) was
added AIBN (14 ng) and tris(trinethylsilyl)silane (0.089 nL). The m xture
was heated at 115C for 3.75 h and then set aside at roomtenperature
overnight. The m xture was further heated at 115C 5 for 2 h. Solvent was

evapor at effoatdobfaes r esi due was purified by silica gelpcps A6 RY :faphy
eluting with cycl ohexane-ethyl acetate (9:1 v/v) to give the title conpound

as a gum Ms calcd for WUAN204S + H)+ : 529 10 Ms found (el ectrospray):
(MtH) + = 529 I nternedi atle
> 3

rel -(2S, 4R, 5R) - 2-i sohyutyl| hoxy-4-tert-butyl benzoyl)-5-(pyridin-2-

yl ) pyrrolidine-2, 4-di Hox | i cgacid, 2- E:Eﬂfsbgu;,y,ﬁswg@;,pr 4-nmethyl ester N
" N Racernic; Rel at ve eochen stry shown o\ ,0 15 To a
solution of Internediate 67 ( ) in methanol (15 m-) was added 25% w v
met hanol i ¢ sodi um net hoxi de (0.051 ). The m xture was stirred at room
tenperature overnight. Sol veat” was renoved and the residue was purified by

silica chpeeshdieh aPintermediatt 839153 i) if Y 4-GBRHIB 19 twdikladasEABNE(164ngh V/ V) to

gi ve ‘the fif ;;?nrﬁ gﬁﬂmng@&%ﬂﬁ@ ﬂ%gfﬁﬁ%‘%%@&d atH)s*Cfor5§?s hahg VB found

el ectrospra
gel (2S, RO yemperatyre Querighl: ih? ayxturg was iyther heated at KIAIE oxynet hyl -

5- (pgri ftirn22hy | )Spenblwasi evarReiethaad| the sesidie was epurifiodtlyl sdicaegelOH |\ \

"1~ BeemaldgiaphMNelltinglwith dyelbRéxare ethljieicBREIeT vii) ity gitd @ietitle BngdunadO To a
sol utlongﬁ'ﬁ% terrredl ate 86d3a758 ng) ?n tetrahydrofuran 10 mL) was added 2M

62 WO 20 003(,0 | ithium borohydridfe solution in
tet rahyd (&%NE‘E?S % xture was stirred at
MS found (electrospray) (M+H) =529

intermediate 86
rel-(28,4R,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-5-(pyridin-2-
yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

@o/

g

o urO Racemic;
y

“‘ N Relative stereochemistry shown
00

O

15 To a solution of Intermediate 67 (1.29 g) in methanol (15 mL) was added 25% w/v
methanolic sodium methoxide (0.51 mL). The mixture was stirred at room temperature
overnight. Solvent was removed and the residue was purified by silica chromatography

( eluting with cyclohexane-ethyl acetate (4:1 v/v) to give the title compound.
: MS caled for (CaHaN2Og + HYY 1 553
20 MS found (electrospray): (M+H)* = 553

Intermediate 87
rel-{28 4R,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-
(pyridin-2-yl)pyrrolidine-2-carboxylic acid, 2-terf-butyl ester

[5G
o N .
O iy Racemic;
N0 0P

o

Relafive sterscchemisiry shown

25 A

To a sclution of Intermediate 86 (758 mgq) in tetrahydrofuran (10 mi.) was added 2M
62



roomtenperature for 18 h. Solvent was renoved and the residue was
partitioned between ethyl acetate and potassium carbonate solution. The
organi c |l ayer was collected and the aqueous |ayer further extracted with
ethyl acetate. The conbined organic 5 solutions were dried (Na2SO4). Sol vent
was e 2aidfdsisig residue was purified by silica ggbrg Pzr E@graphy
eluting with cycl ohexane-ethyl acetate (gradient el utlon rom 0:0 v/v to
3:2 v/v) to give the title conmpound. MS calcd for (C311-144N2C6 + H)+: 525
VS found“'{I@P‘eE@fpbs@@ﬂ@y§Oiut(°wm)tﬂifahv<!rgﬁ5ranl@ 98nkt g be piguiggwas stired at
rel - 2S, 4RoiRerperatofeufoy | 181h.( 38aheinh swes -rémbesd bod \the eesidug| was! paritidrexdy met hyl - 5-
(pyri di npgtwibn BN dRkiath AR phtds8iRRaMohste 36kuflon. ZTHer'Hr% J:g"mﬁﬁfo&fecféd ON

'Pne

L5':"3

vas prep®? e#5%5§é°"¥e'a?4'%ﬁﬁ°‘*h%€*“ P pGte: cPhe, Lom 5@“&3?2‘5 a7

2 star t FAIGHORR (Hare Sisd (NR:SGel; dSAIENt wes semeYes . ihpydsidus s pisited (i
(el ect r osifisangel: chidvmatpgraphysdating2@ith cyclohenxaiesthy! @detate (gradient elution from

(2S4S, SWQQV&I@@QWMI@Q@G(ha,t.ﬁeg&m Ad.- 2-yl ) pyrrolidine-2, 4-di carboxylic
acid, 2- fa'? NES tg;_, , SR) - 5- et hyl - 2- (1sopropy| ) cycl ohexyl ]
ester %C& 3 g o) A&eé

di astere Sde (e@ﬁmraar g

0 85 15 (chiral hplc) Mjor

tereochem stry shown O N Y L-nenthyl
acryltate (11.24 g, 53.5 mmmol) vvas added to a solution of (Intermediate 1,
13.73 2t meﬂi&tﬁsm‘mU in anhydrous THE (165 nmi). Lithium bromnide (8.43 g,

97.1 moLd, yeae Sﬁ- g )él%t{agg %5‘ z&@f—tﬁ- emdl? &HQ:B' or to the
N %ﬁ'#yﬁ%ﬂ"%{ "P‘B 6‘9% H‘E s?'ﬁ"trogen gfr 13 Lgalrjlst!tﬂgn

m xt ure
enched with saturated o Anmoni um chl ori de solution, extracted into
et hyl acetate and washed bri ne, dried (Na2SO4) and evaporated to 30
, a mxture of diastereoisoners

afford the title co o @red 0i |
at the pyrrolidine )-kentre e atﬁgﬁvﬁ;ﬂgo%%emem stry of the nmjor

di ast er eoi somer was confir

e

15 The title compound was prepared in a similar manner to Intermediate 16, using
Intermediate 87 as starting material.
MS calcd for (CaHasN20s + H)Y : 539
MS found (electrospray): (M+H)* = 539

20 Intermediate 89
(2S,48,5R)-2-{Isobutyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-(tert-
butyl) ester, 4-[{1R,2S SR)-5-methyl-z-(isopropyl)cyclohexyl] ester

0&_ Diasterecisomer ratio 85:15 {chiral hpic)
Major diastarecisomer shown
Absolute stereochemistry shown
u( ‘}

L-menthyl acrylate (1 1.24 g. 53.5 mmol) was added to a solution of (Intermediate 1; 13.73
25 ¢, 48.6 mmol) in anhydrous THF (165 mL). Lithium bromide (8.43 g, 97.1 mmol) was
added and the mixture stirred for 5 minutes prior to the dropwise addition of triethylamine
(10.11 mL, 72.9 mmol). The resulting mixture was stirred at room temperature under
nitrogen for 18 hours then quenched with saturated aqueous ammonium chloride solution,
extracted into ethyl acetate and washed with brine, dried (Na;SO,) and evaporated to
30 afford the title compound as a dark red oil, a mixture of diasterecisomers at the pyrrolidine
C(4)-centre. The absolute stereochemistry of the major diasterecisomer was confirmed
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WD 2004/ 037818 PCTI EP2003/ 011813 by reference to Internedi ate 90 (bel ow).
M5 cal cd. for (C27HA4NZOAS + H)': 493. M found (el ectrospray): (MrH) + =
493 '"H NWR (DVSO-de): 8 7.64 (1 H d), 7.60 (1 H d), 4.72 (1 H t), 4.32
(1H m, 3.42 (1H, M, 5 2.46 (1 H dd), 2.02 (1 H, doll, 1.71-1.48 (6H,

, 1.41 38-1.10 (3H, m, 0.97-0.47 (4H, H d), 0.84
(3H d) . 88%"4%15”1 0.58 (3H. d). Intermediate 90 Pedrfloditod
(2S, 4S, 5R) - 2- Isobutyl) 5-(1, 3-thiazol -2-yi)pyrrolidine-2, 4-dicarboxylic
aci d, 2- (yeeferencedtofinterphediate B@ thelo [ (1
R, 2S, 5R)1\ﬁsmd1;dr((22,|(wpmsonpu) ,)mcl ohexyl] ester hydrochloride Chiral; ol \

/O S~ Ab y=sfipgwn ~I NH2+~( Stereochem stry determ ned by
ether) (7

g i n_diethyl
@?H%ﬁﬂf‘éﬁ AR BSR40l o
| nt er ﬁed|2a46e(189dft)2?40232ﬂ|'bdd 3.7A-1AR0lBY, mh 11Oy A). BBHEN043H.)C0.9THA7 sol vent
was renov4H| binden (I aesk (3Hed)s 0178 (BH)d),10tE8 (BBsd) ting sol i d was
recrystallised 15 from 2-propanol. The resulting solid was washed with
di et hyl ether d.dried to give the titIe corrpound as a crystalline solid.
'HNNR(MM S 1, 7 76 6 (d 4.53 (m 1H),
3. 84 (dd(2%4S, 5Rh2-ﬂ§°'eleiml -54(fy3-thiazg}sp- !(llnyrrO!!ﬂ)ne-zﬁ-!ifawm"q #ild Affert-1 85-1. 70
(m 28) , blityh)esterS{{1R12S;8R)S-Mnethyl2-fisofropylityiiohéxyibestetdydrochionde3H)
1.07-0.95 (m 1H, 1.03 (d, ®3H), 1.00 (d, 3H), 0.89 (d, 20 3H), 0.83 (d,
3H), 0.80-0.72 (br m 1 H), 0 (d, 3H 0.50 (dd, 1 H. The absol ute
st ereochem stry of this Ad was determ ned by X-ray crystall ography
and shown to be (2S, 5%,0 as dravvn I nternediate 91 25

(2S, 4S, 5R) - 2- 1 sobut yl{; -rre OXY a8 u;eg,g,;w}m&,z;hgenzoyl) 5-(1, 3-thiazol -2-yl)
pyrroil di ne-2, 4- % CI d, Steteofhbrgstry delrtnbeglby X-reySdy@fiograpfly- [ ( 1
R, 2S, 5R) - 5- rret hy o(i

I)cyclohexyl] ester O ~-i Chiral; Absolute
st ereochervstry shown et hyl a L1 was added
Gt oput <o Anted MR @ﬁ’or%iat@weod RN 05 G5 e s T

PCTI EP20@&®p@ise &1 3 solution of Intermediate 89 (24.84 g, 50.4 mmol) in diethyl ether at 0°C. The
solvent was removed under reduced pressure and the resulting solid was recrystallised
15 from 2-propanol. The resulting solid was washed with diethyl ether and dried to give the
title compound as a crystalline solid.
'H NMR {CD;0D): 8 7.78 (d, 1H), 7.76 (d, 1H), 5.56 (d, 1H), 4.53 (m, 1H), 3.84 (dd, 1H),
3.42 (dd, 1H), 2.53 (dd, 1H), 2.11-2.01 (m, 2H), 1.85-1.70 (m, 2H), 1.69-1.60 (br m, 2H),
1.53 (s, 9H), 1.45-1.23 (br m, 3H), 1.07-0.95 (m, 1H), 1.03 (d, 3H), 1.00 (d, 3H), 0.89 (d,
20  3H), 0.83 (d, 3H), 0.80-0.72 (br m, 1H), 0.70 {(d, 3H) 0.50 (dd, 1H).
The absolute stereochemistry of this compound was determined by X-ray crystallography
and shown to be (25,45,5R), as drawn,

( intermediate 91
~ 25 (2S5,4S,5R)-2-Isobutyl-1-{3-methoxy-4-tert-butylbenzoyl)-5-(1,3-thiazol-2-yl)
pyrrolidine-2,4-dicarboxylic acid, 2-(tert-butyl) ester, 4-[(1R,2S,5R)-5-methyl-2-
(isopropyl)cyclohexyl] ester

z

o Y
S0 Chiral;
s Absolute stereochemisiry shown
0 \"‘ iy,
W)

pa

O

Phe;

Triethylamine (6.16 mL, 44.4 mmol) was added dropwise to a solution of Intermediate 30;
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11.75g, 22.20 mmol) and 4-tent-butyl -3-met hoxybenzoyl chloride (7.57 g, 33.4
nmml ) in anhydrous dichl oronethane (190 nL). The reaction m xture was
stirred at room tenperature under nitrogen for 18 hours, washed with

sat urat ed aqueous sodi um bicarbonate solution, dried (hydrophobic frit) and
concent r aWedo0i#03738scu0. The crude 5 product m xture WaBCPER6370emB1DY

chromat ography an silica gel usi ng tol uene then cycl ohexane-ethyl acetate

1:1 v/v f f d. for

{ Coores éb?éﬂ furcf} g el S)E}ffa‘f“kert K %@WH‘“ ki Wﬂ#%% i

( CD3OD) : ighlorpmgghang (28 wps “sfired a(‘sf°°'r , 5 85
(d, 1 H temm.amaturemnqem nitregen tbrg@ @mrS.lw)a$heel wh(@turslﬁy agieod (Sd'diUmlH) 2.41
(dd. 1H) bicarbdRaté - sbiutib drizkd) thydrdptitbiclfri ggar(dTbonkehﬁatedl iB9acuc/ 4Th®cruddé H)

1. 66- c‘d & ili p— 1.08
gg 1;5 Oc%céo &ﬂneﬁl})’lﬁ‘é;tgg ﬂgg)e% ﬁwom tp B cé éaﬁén éﬁt{ 8‘5%(

(2S, 4S, 5NS @iads fon (GayHssM206S + H)': 683.
- (3- met heg/fodnd (@lelctroupkagh: b@m-gw)sazt (hydr oxyrret hyI) 5 (1 3-

Lol azol- 2HWMR°§C§ 6,80 % 9245, CFH ?;tﬁ%%&% ‘gp gfhg: ;r?'livlin
tetrd ydft(s#g ';I) %@22@' ?/lri'_'f (ég]o é"' 1 minute
to a sol OOSHRIM, [1H).drafet 4 bs, ‘Q‘!l) 1.66-1.52 ¢pr., ZH)zMMIin).uh (Sh?id)r dudB- di et hyl
et her ( 31nMH-(br, &H), rmedt 6HR el Ge-018® (baNTHe) 0186 t{d,BHIN0.8ZH0E7r (BA CIH)OMT7o{kt Ur e was
quenchedsaf bes 4% i 8351y 1¢5.0pwi se addition of 1.0 Maqueous potassium
car bonate and “ext act ed twce’into ethyl acetate. The extracts were

nbi ned, washed with water, dried (Na2SO4) and evaporated to afford a gum
T e #pudintesmediate 93as purified by 25 chromatography on silica gel using

cycl ohex{@84S;5R)y2-Isabatyhi ¢3-rittHoxyid«ieridnityiberezoyl)de(hgdrozymbthgl)ise{ |3e  conpound.

MS cal cd - - d | ect o (0. 1
S calc w@%ﬂ%ﬁ?ﬂﬂ%ﬁahﬁlmaé&%ﬂﬂﬁl%ﬂé? e oshran) o (M Ty

6.53 (s, 1H), 5.64 30 (d 359 %ﬂngll 3.43 (dd, 1 H), 3.26-3.12
(br, 1 H, 2.80 (t, 1 Hp, N 3,, uestersoshemiiyhswn 1y 41D 1. 59 (s,
9H), 1.52-1.30 (m 1%(‘&; / 106(m 61-1). This conpound was
spectroscopi cal |y idefnti c8jztg at described in internediate 20.
I nternedi ate 93 35 Enant| oner
ref-(2S, 4S, 5R) - 2- 1 sobut yl - 1- ( 3-[nmetfqoxy- 4-t ent - but yl benzoyl ) - 4-
met hoxynet hyl - 5- (5- met hyl - 1, 3-4hi azol - 2-yl ) pyrrolidi ne-2-carboxylic acid,
2-tert- buhh AmkiRlmhydride (1M in tetrahydrofuran) (0.22 mL, 0.22 mmol) was added
20 dropwise over 1 minute to a solution of Intermediate 91 (0.15 g, 0.22 mmol} in anhydrous
diethyl ether (3 mL) at room temperature under nitrogen. The reaction mixture was
quenched after 10 minutes by dropwise addition of 1.0 M aqueous potassium carbonate
_ and extracted twice into ethyl acetate. The extracts were combined, washed with water,
( dried (Na,SO,) and evaporated to afford a gum. The crude product was purified by
25 chromatography on silica gel using cyclohexane-ethyl acetate (2:1 v/v) as eluent to give
the title compound.
MS caled. for (CaeHaN205S + H)': 531.
MS found {electrospray): (M+H)" = 531.
'H NMR (CDCly): 7.57 (d, 1H), 7.27 (d, 1H), 7.09 (d, 1H), 6.69 (d, 1H), 6.53 (s, 1H), 5.64
30 (d, 1H), 3.59 (s, 3H), 3.43 (dd, 1H), 3.26-3.12 (br, 1H), 2.80 (t, 1H), 2.34 (dd, 1H), 2.22-
1.82 (m, 4H), 1.59 (s, 8H), 1.52-1.30 (m, 1H), (s, 9H), 1.06 (m, 8H).
This compound was spectroscopically identical to that described in Intermediate 20.

intermediate 93

35 Enantiomer A of rel-(25,45,5R)-2-isobutyl~1-(3-methoxy-4-tert-butyibenzoyl)-4-
methoxymethyl-5-(5-methyl-1,3-thiazol-2-yl)pyrrolidine-2.carboxylic  acid, 2-fert-
butyl ester
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65 WO 2004/ 037818 PCT/ EP2003/011813 O O~/ 3 Chiral; Enantiomer A NN~jj\\

Rel ati ve stereochem stry shown O j O lInternediate 51 was separated into
enantioners using chiral hplc on a Chiral pak AD colum and eluting with
hept ane-i sopropyl al cohol (95:5 v/v). The title conmpound was obtained as
the firstwelyddoaggnanti omer. 5 MS calcd for (C31HAeNgEBPpshodidiiz130°9 Mo
found (el ectrospray): (MrH + = 559 Internedi ate 94 and ? [l)| ast er eoi soner
1 and di astereoi soner 2 of ret- (;S 4R, 5R) - 2- 1 sobut yl - 1- ( 3- met hoxy- 10
4-tert-butyl benzoyl).4-(1 hexyet hyl )-5-(1, 3-thiazol -2-yl)pyrroiidine-2-ca
rboxylic acid, tert-but y\% O 8 Racemgcgt~T Y N\ // Relative
stereochem stry shown I _gﬂ'ast 4 I nternedi ate 94

Di ast er eol soner ﬁ%( (\ g\"%esetlers rls}wésdmsol ution of

I nt er nedi at e 83(0 84 g, 1. 4 ) (7:3 mxture of diastereoisoneric

al cohols) in anhydrous DVF (1 s added sodi um hydride (60% 15

di spersion in mneral oil; 0.15,g,13.64 mol). The resultant m xture was
stirred at roomtenperature forr’ 1 h and then i odonet hane (0.75 L, 12.05
mol ) wadnterdbditend twast sepaiatagl. intoAénantiomérs tusingr ehiret hpa omi atQhkelpala&D

artitio Rt (o) eous
Bhasla :Na%;g%zgérm@rafmﬁ h gﬁ@gﬁ?ﬁ?&dg%ggﬁgqﬁcy%%%@%%gg atg The

organl cp d (Na2SO4) and evaporated to | eave a 20
gum %ﬁ'@fpﬁdbs 2 7‘%" %ed onto silica gel prior to chromatography
on si I i cMS;leund(etecrlgspmml(M#HYaﬂéS!bt hyl acetate (7:1 v/v) as eluent. Early
fractions were conbi ned and then evaporated to give Internediate 94. M5
calcd. fg | g!}l%%§5+ H)": 559. WMs found (el ectrospray): (MH)' = 559,

e comi ned and e t er nedi ate 95 VS
Diastersoigpmendgnd digslercolsgrer 2ol reliied ﬁgﬁi?f'?‘atg&«'vé! g‘ﬁﬁ = 559

| nt er1ﬁed Aggg-bgmbenzoyl)-dt-ﬁ -methoxyethyl) 5-(1,3-thiazol-2- yl)pyrrolidlne-z-carboxylic

acid, tert-butyl ester

/
O\\,Q% 8 Racemic
ﬁ’ m N ‘« J Retative stersochemistry shown
0
O Diastereoisomer 1 - intenmediate 94
Diastereoisomer 2 - Intermediate 95
o)

To a stimed solution of Intermediate 83 (0.84 g, 1.54 mmol} (7:3 mixture of
diastereoisomeric alcohols) in anhydrous DMF (15 mL) was added sodium hydride (60%
15 dispersion in mineral oil; 0.15 g, 3.64 mmol). The resultant mixture was stirred at room
temperature for 1h and then iodomethane (0.75 mL, 12.05 mmol) was added with stirring.
( After 1h the reaction mixture was partitioned between ethyl acetate and 1N hydrochioric
' acid. The aqueous phase was separated off and was back extracted once with ethyl
acetate. The organic phases were combined dried (Na;SO,) and evaporated to leave a
20 gum. This material was pre-absorbed onto silica gel prior to chromatography on silica get
using cyclohexane-ethyl acetate (7:1 viv) as eluent. Early fractions were combined and
then evaporated to give Intermediate 94.
MS calcd. for (CajHaN20sS + H)'": 559,
MS found (electrospray): (M+H)® = 559.
25 Later fractions were combined and evaporated to give Intermediate 95.
MS calcd. for (CaHasN20sS + H)': 559,
MS found (electrospray): (M+H)+ = 559

Intermediate 96
30 Enantiomer A of (25,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxy
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30 EnanttonerA of

(2S, 4S,5R) - 2- I sobutyl - 1- ( 3- met hoxy-4-tert-butyl benzoyl)-4-nethoxy 66 WO
2004/ 037818 PCT/ EP2003/ 011813

met hyl - 5- (pyri di n-2-yl ) pyrrolidine-2-carboxylic acid, 2-tart-butyl ester o ~
O 1/ Chwbaboseksanti omer A O Rel ative stereochem st rycEr@woisyd T0 a
stirred soI ution of i nternmedi ate 68 (845 ng, 1.6 mmol) i n anhydrous DVF (30

m-) was |um dri 60% in mneral ojl, 6 , 1.6 nmol) under
ni trogen"%?? B}IQ‘UH% %%’EV"FPQ'(S"%‘F"-?'EB@' ?é?" 30 min, then methyl
i odide (0.1 m_, 227 my, leq) was-cfdded and the reaction stirred and all owed
to warmfrom-15C to roomt oveL 18 hours. Methanol (30 m-) was added
and the reaction stirr ‘?' 51in. y The sol vent was evaporated and the
residue partitioned bet 2 And B el @fsfmn The Organic  layer was
dried with Na2SO4 and evapora o give an oil, which was purified by 10
chromat ography on silica gel usifig~g cycl ohexane ethyl acetate gradient
elution, affording a sol i d. Th'}s s separated into its enantionmers using
preparative chi raI HPLC on a colum, elutin

et ane- 18 GGG soMIRe: Blernodaie 8545 it BimRLAATRL UL BN s ¢ he
first el wasaddedrsadiumohydride {@8%cinImineral ofl, G4E8EF HEENGE Lhllernitg@en a6-181S.f ound

(el ecsr oypé a waébﬂrl’ﬁd'atﬂ@@%r 3mhiarmedwwt Rdide (0.1 mL, 227 mg, 1eq) was

2- [ (5 UddivdidSs 26 ion shidtPh 30WAh fr%mrf%*wk&%mmé& oFg)
’ﬁéﬁaBoxal dehyde

S ar HeuweFelangl (B0 rk L tps e angliwga@onéf"ﬁ 'oF St Jhe Shia
i n pl aceevwpoBiat and H@dleéldge oantitinned | bebyepd avater-ard\gthy! @oetat®) : Tige grgadic( 1H, s),
48 (1Hla I-Er) wadh. Iégﬁd (\ﬁg} Na?éo.;gaigéabb’caté?)% ti Egz S%n( 8.(!3‘:%““;1: wgi disfiéd by m, 1.46

reI %h ’%?}\{ ut 2 I? n o s%xato - r.r gon affordlz di car boxyl
i C aC| d g'@ée[dé o |tae RPPrS é?ﬁ’ aPTep QP%S‘QX'H E Y

01 column, elutmg with heptane-isopropand! (95:5 viv). The fitle compound was obtalned

as the first eluting enantiomer.

MS calcd for (C32H45N205+H)¢: 539

15  MS found (electrospray) : (M+H)" = 539

Intermediate 97
2-[N-{5-Methylisoxazol-3-yimethylene)amino]-4-methylpentanoic  acid, terf-butyl

ester
o# N.
X NN o
T
20

(__ The title compound was prepared in a similar manner to Intermediate 1, using S-methyl-
isoxazole-3-carboxaldehyde in place of 1,3-thiazole-2-carboxaldehyde.
'H NMR (CDCl,): § 8.35 (1H, s), 6.48 (1H, s), 4.00 (1H, m), 2.45 (3H, s}, 1.79 (2H, m),
1.53 (1H, m), 1.46 (9H,s), 0.98 (3H, dd), 0.89 (3H, dd)

25

Intermediate 98
rel<{28,45,5R)-2-Isobutyl-5-(5-methylisoxazol-3-yl)pyrrolidine-2,4-dicarboxylic acid,
2-tert-butyl ester, 4-methyl ester

0
0 -
Racemic;
>r \ Relative stereochemistry shown
N 0

30 The flitle compound was prepared in a similar manner to Intermediate 2, using
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N Rel ati ve stereochem stry showmm O H N-O 30 The title title conpound was
prepared in a simlar manner to Internediate 2, using 67 WO 2004/ 037818

PCT/ EP2003/ 011813 Internediate 97 as starting material. Ms calcd for
(C19H3eN2B6+ H) : 367 WMs found (electrospray): (MH) = 367 5 Internedi ate
99

rel {2S, 48\?’13&3)(1_49;'/'8%80%,[ yt-1-(3-net hoxy-4-fart-butyl benli%lszgqgfﬂeg-l"fmt hyl -1, 2-0
xazol -3- yl)-pyrrolidine-2,4-dicarboxylic acid, 2-tent butyl ester, 4-nethyl
ester 0 ot@dneditadcZmssiarhgRedtatdlve st ereot hemi shy shown ONOp | \ The
title comsaar fokas AL NpAHaH [i3g7a sinilar nmanner to Intermediate 3, using 10

| nt er medjqat; r%qe@&rﬁgbg(ymﬂq‘?l_{g@g% ial. M5 calcd for (C31H44N2O7+ H) ": 557 MsS

found (el ectrospray I ntermedi ate 100 15

rel - (2S4S, 5R) -2-isobutyl -1-(3-nethoxy-4-tert-butyl benzoyl) - 4- hydr oxynet hyl -

5- ( 5- 5 nejntermediate99| - 3- y| ) pyrrol | di ne-2-carboxylic acid, tart-butyl ester OH

>1 N1 Rm,ﬁ,sﬂ-MbWIat(Bthﬂwmlbél!izbtyﬂw}netﬂyl-fhz-oréitdl-e- Cg_rm?ungg

was prepag. Si Qo] t , ng nt er nedi at e

as st art%gﬁrrrgiu e"?el g’l“mlé%hkg caragfzdd&?%# B%%gﬁg}'%ﬁtﬁgﬁ#& 529 M found

(el ectrospray): (MtH) = | it ex medi ate 101 rel -(2S,4S, 5R) -2-1sobutyl -1

-(3-nmet hoxy-4-tart-butylb oyl )2 4- et hoxymet hyl - 5- (5- 25

nmet hyl | soxazol - 3-yl )p)r T O 25car bmc&&eo@%ﬁyah&ﬁm -butyl ester YnO ),o
0 N-0

O

0

(_ The title compound was prepared in a similar manner to Intermediate 3, using
10  Intermediate 98 as starting material.
MS calcd for (C3iHagN,O7+ H)*: 557
MS found (electrospray): (M+H) = 557

Intermediate 100
15  rel-(28,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butyibenzoyl)-4-hydroxymethyl-5-(5-
methylisoxazol-3-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester

Lol
o s
>r N 4 Racemic;

\
) o N- Relative stereochemistry shown
/0
( The title compound was prepared in a similar manner to Intermediate 20, using

Intermediate 99 as starting material.
20 MS calcd for (CoHaaN2Ogt+ H) : 529
MS found (electrospray): (M+H} =529

Intermediate 101
rel-(28,48,5R)-2-Is obutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-ethoxymethyl-5-(5-
25 methylisoxazol-3-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester

&ﬁ;;i
0 X
>r N r\‘_ Racemic;

o o o Relative stereochemistry shown
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N 1 Ratomic; 0 O O Relative stereochem stry shown '10 68 WO 2003/ 037818
PCT/ EP2003/ 011813 The title conpound was prepared in a simlar manner to
Internmediate 16, using Internediate 100 as starting material. M calcd for
(C32H43N20e+ H) 557 Ms found (el ectrospray): (MtH) = 557 5 Internedi ate

102 Enant worrer/0svsef pcmzpzoosmusn
rel -(2S, 4S, SR) - 2-1sobutyl -1 -(3 nmet hoxy 4-tert-butyl benzoyl) -

oo TR LS UL AL L e S oI 85

st er eochédmeraedigtesKig\as staomrnatpnal .10 10 Intermediate 101 was separat ed
into |tsmwrﬁdlfar(egzmbuomepassatlve chiral hplc on a Wel ko-1 col um and

el uting (O£E#0 v/v). The title conpound was obtained
as thg fwg"sl?uel uting e F‘E&{Zn{(’l?(l#rer5!57!\/[5 cal cd for (C32H48N208+ H) 557 Ms found
(el ec rospray) ( MtH) 567 15 Internediate 103

2- Br onmo- intermediate 402" 5- car boxal dehyde arm\ o s

2- Ami no- Epantigmerz ofe-6f- C 2eli{28,45 3B dsobutyd-143-nepthéxyiH &rtibitylbenzay))-4-n

acet oni t iy 55, -5 IS HarBBkicodtig, 16 rred
suspensi %tnﬂogrﬁ%@iglrﬁzﬁt?%ngt 36@I3¥3p%ﬁ1 anga %%tyl ni trrt{theﬁ??ynL 0. 161
m.) in acetonitrile (550 e’?*eactlon was stirred at room tenperature
for 4 hours then evapaqrat.g a Shibal GhantohbriaS Was treated with ethyl
acetate (400 niL) and %H | ). \Veteystegpiggisipythpvn brjne (100 nl) and
ethyl acetate (200 nL) I

d. The phases were separated. The aqueous
phase was 25 extracted with et acetate (250 nL), The conbi ned organic

| ayers were dried (MyS04) and évaperated to give the title conpound. 'H NWR
(FDCI 3): 8 9.97 (1H, s), 8.19 4#%H, s)

10 Intermediate 101 was separated into its enantiomers by preparative chiral hplc on a
Whelko-1 column and eluting with heptane-ethanol (90:10 v/v). The title_compound was
obtained as the first eluting enantiomer.

MS calcd for (CazH.mNan"‘ H) . 557
MS found (electrospray): (M+H) = 557

15

Intermediate 103

2-Bromo-1,3-thiazole-5-carboxaldehyde
B/ELO
s

2-Amino-1,3-thiazole-5-carboxaldehyde (13.78 g, 0.108 mol, 1 eq) in acetonitrile (200 mL)
20  (slurry) was added portionwise to a stirred suspension of CuBr; {(36.03 g, 0.129 mol) and
t-butyl nitrite (19 mL, 0.161 mL) in acetonitrile (550 mL). The reaction was stirred at room
temperature for 4 hours then evaporated to give a solid. This was treated with ethyl
( acetate (400 mL) and 2M HCI (400 mL). Water (200 mL), brine (100 mL) and ethyt
" acetate (200 mL) were added. The phases were separated. The aqueous phase was
25 exiracted with ethyt acetate (250 mL). The combined organic layers were dried (MgSOQ,)}

and evaporated to give the title compound.
'H NMR (CDCl,): § 9.97 (1H, s), 8.19 (1H, s)

Intermediate 104
30  (2-bromo-1,3-thiazol-5-yl)methanol

B/K}VOH

Intermediate 103 (16.34 g, 0.086 mol) was dissolved in methanol (300 mL) and cooled to
10°C. Sodium borchydride (1.63 g, 0.043 mol) was added portionwise over 15 min, The
cooling bath was removed and the reaction allowed to warm to room temperature and
35  stired for 3 hours. The solvent was evaporated. Water (100 mL) was added followed by
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I nternedi ate 104 30 (2-brono-1, 3-thiazol-5-yl)nmethanol ' OH S Internediate
103 (16.34 g, 0.086 nol) was dissolved in nethanol (300 nL) and cooled to
10C. Sodi um borohydride (1.63 g, 0.043 nol) was added portionw se over 15
m n. The cooling bath was renoved and the reaction allowed to warmto room

t enper at stirred for 3 hours. The sol vent d. Water
(100 n) u‘\’i/(/as gcﬁ@ followed by 69 WO 2004/037818 PC%@@%%& 13 1N HC
(200 nL). Ethyl acetate (450 m ‘-%Q was added and the phases were separated.

The or gadNHEHPeS mids Ewdbﬁraﬁatwﬁ Bk} wes adied and)the ghases werg) separatashd
concent r Fhe drgaaic Igyev vaa washedhwith grined (45T el )cdriedgMaSOguarid eansenqitated foed by

chr omat ogrvara%mnahd 'ﬂi’ecrUéé Bﬁbduét)’%@ e By %ﬁr’&bHato@Fﬁh?foﬁ siies): l%%gv/ v) as

?lzlﬁlené) t g%e nfl_?‘?h I t%ﬁﬁ%\vp) SB?LTB oglvet e%co)n
2- br ofD T (). £). 4.82{2PH1 296 dHi o' 00 s 10 Internediate 104
(10.58 g 54 80 mml) was dissolved in DM (250 nL) and the solution cooled

to -15C Hieesedits hegen. Sodi um hydride (60% di spersion in oil; 3.29 g, 82.20
nmol ) wag gg q%ng; red between -15C and -1OC for 25 mn.
Met hyl |(§’3 '&FJ Wﬁlﬁé?hiﬁﬁlé s added and the solution was stirred
bet ween -15C and - 10C for 4 hours/ Bae ogacti on was quenched by addition of

met hanol (50 nlL). The 15 net hanof” w#s removed in vacuo, and the residue
di | uted witdrmediatect104 (6668 g 541 80aumehol) ek ldRsbiest ih\DMFR (260 tnfL)eint affe solitidnor gani ¢

Ialyer Wgﬁo {Becls fder tH@eWatS%'alun{jﬁ o?ig 666%3%%&@0?}% ofio QQ? VBQFZPd to 9: ve
st ooy EUH SRR RS TS sBEedbenygen o anE R s R el ) O
ﬁrrpoundmd@@ (6. BR NURO(' @2)0]0!3)"35 deemaw(tme Islfiluiy)n wasg, gliged befwegh -153Cand¢3H, )

t er medn@iCefoll @cholirs\Ve T reactidnhwhy qlendhéd by addition2efcraethanol 480 hilghyide s 0 25

A” OYEN el Swa rerfidled | iR S/aciB SaddUihg Sdsidhd Rinfted rvmaewatep%@hﬁ}g% d"“b;h dry

n-BuLi (1.6 Iutlon 1o xanes

G ot hy! BTl Si5e it Sulel, "R SreRiie it el el buick i v GBS oot 1 5
-78C and(hég%Q;D u@nd)ﬁoaﬁentrai@@rtﬁe@mae liagd, The eudg, produdewasoiaifigdn byi et hyl
et her ( 2éhroinatog@phyada sifical gelpusiag coslahexanepeathyl adetafe (B0:101viv) as eluent to

give the fitle cornpound.
20  'H NMR (COCl,): § 7.45 (1H, s), 4.58 (2H, s}, 3.37 (3H, 5)

Intermediate 106
5-(Methoxymethyl)-1,3-thiazole-2-carboxaldehyde

H)/gLO\
)
0

25 An oven dried 3 necked flask was purged with nitrogen and charged with n-BuLi (1.6 M
) solution in hexanes; 21.80 ml, 34.54 mmoi) followed by dry diethyl ether (42 mL). The
( solution was cooled in an ice/acetone bath to -78°C and a solution of Intermediate 105
(7.01 g, 33.86 mmol) in diethyl ether (28 mL) was added dropwise over a period of 20 min,
maintaining the internal temperature below -68°C. The resultant reaction mixture was
30 stirred at -78°C for 20 min. Anhydrous DMF (3.9 mL, 50.79 mmol) was added in one
portion. The reaction was allowed to warm slowly over 4 hours to 15°C. The reaction was
carefully quenched by adding 4N hydrochloric acid (50 mL), not allowing the temperature
to rise above 20°C. ice/water was added followed by diethyl ether (140 mL). The mixture
was exiracted with 4N hydrochloric acid (4 x 70 mL). and the resultant aqueous extracts
35 combined. These extracts were then neutralised to pH 7 using sodium hydrogen
carbonate and the resultant agueous phase was extracted with diethyl ether (2 x 140 mL).
The diethyl ether exiracts were combined, dried (MgS0,) and evaporated with care under
vacuo, to give a liquid. The crude product was purified by chromatography on silica gel

using cyclohexane-ethyl acetate (80:20 v/v) as eluent to give the title compound.

70



mai ntai ning the internal tenperature bel ow -68C. The resultant reaction
m xture was 30 stirred at -78C for 20 mn. Anhydrous DWVF (3.9 nL, 50.79
nol ) was added in one portion. The reaction was allowed to warm sl owy
over 4 hours to 15C. The reaction was carefully quenched by addi ng 4N

hydr ochl owiocesadgrsi90 nL), not allow ng the tenperaturgerg@oedsosfnbove 20C
| ce/ wat er was added foll owed by diethyl ether (140 nL). The m xture was

extracte hyd the resul tant agueous
extracts%%@?ﬁ&fé 5%&&%%’%3’:‘?? \ﬁeﬁe&ghghg %@H’jﬁ) ised to pH 7 using
sodi um hydrogen carbonate and the resultant aqueous phase was extracted
w th di elmme:ﬁmnozz x 140 nlL). The diethyl ether extracts were conbined,

dri ed (Nﬁiﬁ%} ataeﬁ'na%kil yfrit |wﬁhunoymhyubau9we a deffjui d. The
crude_pr E'é?nﬂi urified by chromat ography oh silica gel using

cycl ohex acetate (80:20 v/y) as eluent to give the title conpound.
70 WO 2004/ 037818 PCT/ EP2003/ 011813 'H NWVR (CDCI 3): S 9.95 (111-1, s), 7.98
(111-11, s), 4.72 (2H, s), 3.44 (3f s). Internediate 107

2- [ N-(5- Met hoxynet hyl -1, 3-t hi W &ne) am no] - 4- met hyl pent anoi c
acid, 5 tent butyl ester Y? ~|T,t\/ 0 N The title conmpound was

prepared simlar manner to Jnternedate SI | nter dl.ate 106 in
D1 6o of The Jes pdmedlp DRe, Hepethd, B i chlar agsey AR piymedig’ T2 S o)° 779
(1 H s) lntetmeglatezlﬂﬁln plage of4,34ipiazole-2-qamhqxaldghyds 39 (31-1, s), 10 1. 89-1.71,
(21-1, mH NMFB(EDI:I#CB §.36 HiH, &) 7.79 (1 sf, 4B512H ), 4.48-9.01 (’(B{Lﬂﬂ),ls.agibaH,e),Bg (3H, d)

'nteﬁﬁﬁdh H, m), 1,63-1.50 (1H, m), 1.47 (9H, s}, 0.94 (3H, d), 0,89 (3H
reI-(28,4 5R) IS(%'but I-5((5 r%etho& msa)thy { 3)thl a{zol 2-yl) pyrrolidine-2,

4-( di car boxyl ic acid, 2-tert butyl ester, 4- rret hyl ester 0 0 Racemic; \x'0
N Rel at i Udersediate 308 ni stry shown " 1 oil " H' 1 15 The title compound was
pr epar edrei{2%48,5R)-2-dsobutylde5-methdxymeatingldi thiazl-2-ypyrplidine-24nedi at e 107 as

starti ngdl&i&%ywdam&’fz mmymfer,(mmaaeés + H': 413 M found
(el ectrospray): I—|)

Racemic;
h/ Relative stereochemisiry shown

The title _compound was prepared in a snmilar manner to Intermediate 2, using
Intermediate 107 as starting material.
MS calcd for (CaoHaN:OsS + H)": 413
MS found (electrospray): (M+H) = 413
20

Intermediate 109
rel~(28,4S5,5R)-2-1sobutyl-1-(3-methoxy-4-teri-butylbenzoyl}-5-{5-methoxymethyl-1,3-

(_ thIazol-z-yl)pyrrolidine-2,4-d(i)carboxylic acid, 2-tert-butyl ester, 4-methyl ester

-
0\((>" N Racemic;
X w‘.‘ N m{/l’ Relative stereochemistry shown
o] S
0
(o] AN

0

13

rd
25 The title compound was prepared in a similar manner to Intermediate 3, using
Intermediate 108 as starting material.
MS caled for (CazHaeN:07S + H)': 603
MS found (electrospray): (M+H)" = 603

30 Intermediate 110
71



20 Internedi ate 109

rel -(2S, 4S, 5R) - 2- 1 sobutyl - 1- ( 3- met hoxy-4-tort-butyl benzoyl ) -5-(5-nmet hoxynet h
yl -1, 3- thiazol-2-yi)pyrrolidine-2,4-dicarboxylic acid, 2-tent-butyl ester,
4-met hyl ester 0o~-0 O N Racemlc NIl Relative stereochem stry showmn 0 O ~0

~0 25 ThgobibddoSrspmpound was prepared in a sinmlar er nedi at e
3, usi nghﬁ n!t)errrecf#)ate 108 as starting materl al. M5 ca zf”}s@l#?:{%ZI—MeNZO?S +

H': 603 M found (el ectrospr X _ﬁ = 603 30 Internediate 110 71 WO
2004/ 037 83425:45.5Rp2 |{1g(3smethoxy-4-tert-butyibenzoyl)-4-hydroxymethyl-5-(5-

rel -(2S, mtlﬁﬁt)m@thyddkﬂsﬂr;dzoM-Wpyrailidhey@-darbexyllcbmwItér&hulyyésteﬂ hydr oxynet hyl -
5-(5- net hoxynet hyl - azet o@ yI)pyrr0||d|ne 2-carboxylic acid,

tert-butyl ester 'F- N Rel ative stereochem stry shown 0 /0
The title conpound \Ag; @ﬁ’ n a si .. manner to Intermediate 20,
using 5 Internediate 1 ak S tlcpg rraaeeﬁvme}eomd\w&ye&hcd for (C31H46N20as +

H': 575 Ms found (el ect ers (WrH)' = 575 Internmediate 111 10

rel -2S, 4S, 5R) - 2- 1 sobut yl - ( FetoXY - 4- tert- but yl benzoyl ) - 4- net hoxynet hyl -
-(5- net hoxynet hyl -1, 3-thi azoI02- )pyrrolidlne-2-carboxylic acid,
tent-buti ester ~0 O~ Reivé ~,,,° g ORelatlative st er eochenast ry shown
Oi0 Théhe |_ige_rgmnmnﬂmwa/va@pprreépar adsimilaramanngr| tgr Iniermediater @04 weiBE nedi at e

16, uSi nptermadigtemodiasisiartinyOnaeriakt arting materi al .
MS calcd for (CaiHaeNz06S + HY': 575
MS found (electrospray): (M+H)* = 575

('- Intermediate 111 _
10 rel(25,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butythenzoyl)-4-methoxymethyl-5-(5-
methoxymethyl-1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
/

—0
O\gq}«-., 4 cemic;
e re

o s Retative stereochemistry shown
) N

P

The title compound was prepared in a similar manner to Intermediate 16, using
Intermediate 110 as starting material.

15 MS calcd for (CaoHasN,0OeS + H)":589
MS found (electrospray): (M+H)" = 589

( Intermediate 112
- 2-[N-(5-Methylpyridin-2-ylmethylene)amino]-4-methylpentanoic acid, tert-butyl ester

20
The title compound was prepared in a similar manner to Intermediate 1, using 5-
methylpyridine-2-carboxaldehyde in place of 1,3-thiazole-2-carboxaldehyde.
'H NMR (CDCI3): 58.47 (1H, s), 8.33 (1H, s), 8.02 (1H, d), 7.55 (1H, d), 4.02 (1H, m) 2.37
(3H, s), 1.72-1.9 (2H, m), 1.47-1.64 (1H, m), 1.47 (SH, s), 0.94 (3H, d), 0.89 (3H, d).

25

Iintermediate 113
rel-(28,4S,5R)-2-1sobutyl-5-(5-methylpyridin-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-
tert-butyl ester, 4-methyt ester

72



15 MS calcd for (C32H48N20C6S + H) ": 589 WMs found (el ectrospray): (M-H)'= 589
I nternediate 112

2- [ N (5- Met hyl pyri di n-2-yi met hyl ene) am no] - 4- net hyl pent anoi ¢ aci d,

tert-butyl ester i N 20 O The title compound was prepared in a simlar
manner t owbRh@kIRgs ate 1, using 5- nethyl pyridine- 2-0%%%@{@ in place:
of 1, 3-thiazol e-2-carboxal dehyde. 'H NVR (CDC13): 58.4 8.33 (1H,
s), 8.02 (1H, d), 7.55 (1H, d) 4.02 (1H, m 2.37 (3H, s), 1.72-1.9 (21-1,
m, 1.47-1.64 (1 H m, 7 (@H.~-s), 0.94 (3H d), 0.89 (3H d). 25

| nter nedi ate 113 4

rel 42S, 4S, 5R) - 2-1 sob o | pyr reddnit: 2- y1 ) pyrrol i di ne-2, 4-di car boxyl i
c acid, 2- ten=butyl %ﬂi m-m s Relsive sERopysIGIPH? 037818

PCT/ EPZOSEI Ot 813 ~0O,0 Racenl cé Ti n. 1/ Relati Ve, terﬁ éhﬁenl stry shown
The titl Bes feraed in 2 sﬁ'rﬂ’iar'afpa’?'r’&ﬁrfgr HMeAE H®Be” 2, using
| nt er medinermediate He asstaringrigatenialeri al . M5 cal cd for (C21H32N204+ H) : 377 5
VS foundMSadaMtfﬁrqegHggw)ofn(%m??— 377 Internediate 114

rel-(2S, E&E 3. hoxy-4-tert-butyl benzoyl)-5-(5-nethyl pyrld
I n-2- él)%pféﬁ% 5 P%YJM car oxylic acid, 2-tart-butyl ester, 4-nethyl

ester Racemlc: Y N Relative stereochem stry shown O 10 ~o The title
conpoundntermediate4idd in a sinilar manner to Internmediate 3, using

| nt er medirgl{(25,48,5Rp2-Istibaityl1<(3-methoxy-&tert-Bltyibahsoy )i 5(5-rneihyynbesyl)-H) : 567
VB foundﬂg,% ﬁé—ﬁ%ﬂié’&%oxﬁi%’é’id 2- éﬁ?)u %tbﬁh%éfﬁfl'e%'t& 115

rel -(2S, 5R) - 2-1sobut yI™- 1- - et h oxy 4-Tést - but yl benzoyl ) - 4- hydr oxynet hyl -
5-(5- nethyl pyridin-2-yl r @hgehl ne- 2- carboxylic acid, test-butyl ester
( O o N Racemic;
>r \ﬂ' N O\ Relative stereochamistry shown
°o
10 -0

The fitle compound was prepared in a similar manner to Intermediate 3, using
Intermediate 113 as starting material,
MS calcd for (CasHaNzOg+ H) - 567
MS found (electrospray): (M+H)+ = 567

15
Intermediate 115
rel-(2S,48,5R})-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-(5-
methylpyridin-2-yl)pyrrolidine-2-carboxylic acid, fert-butyl ester

& 0H
( O g Racemic;
>r \ . Refative stereochemistry shown

0

20 The fitle compound was prepared in a similar manner to Intermediate 20, using
Intermediate 114 as starting material.
MS caicd for (CazH«eN2Os+ H)' : 539
MS found (electrospray): (M+H) = 539

25 Intermediate 116

rel-(25,48,5R)-2-1sobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-methoxymethyl-5-(5-
methylpyridin-2-yl)pyrrolidine-2-carboxylic acid, fert-butyl ester

73



SOH 0, ,,, Racenmic; .. ~ Relative stereochem stry shown o | 110- 20 The
title conpound was prepared in a simlar manner to Internediate 20, using
Internmediate 114 as starting material. M calcd for (C32H4eN205+ H) : 539
M5 found (el ectrospray): (MrH) = 539 25 Internediate 118

rel - (2S, 4@oam4ndrsigobut yl - 1- (3- met hoxy-4-tart - butyl bepepyblonder gﬁgh

oxynet hyl -5- (5- net hyl pyridin-2-yi)pyrrolldl ne-2-carboxylic aci tent - but yl
ester 73 WO 2004/ 037818 EP2003/ 011813 O p Racemic; |~ N Relative
stereochem stry shown p Th -~T“ffPe conpound was prepar ed in a sinlar manner
to Internediate 16, nfer Medi ate 115 as starting material. Ms called
for (C33H4sN205+ H) 5%( Nf oeI e&fuu‘ﬁsta;oa,y.);,m@MM—D 553 Internediate
117 2-[ N-(Thi en-2-yl met hyPep@)anino] - 4- met hyl pent anoi ¢ acid, tert-butyl
ester o 10 The title conpou w: prepared in a simlar manner to
Internediate 1, using thiophenel2-¢arboxal dehyde in place of

1 3 t hi azol e- 2- car boxal dehyde. .©H NWMR (CDCI 3): 6 8.88 (s, 1H), 7.43 (dd,

Ofhe %q ube Ofad b : Ahanhtd 216, Mhsirg ) +
Iln? 2rﬁeg,r§§§@eg@ge11s as stfr:ng nng:i? %%ggé}?ﬂé w &dé‘eﬁﬁe‘ﬂﬁ% %n%
rel 42S, 4M$®loﬁot(§aib|m05*5HXt$ﬁ3en 2-yl ) pyrrolidine-2,4-dicarboxylic acid,

2- t er - bytoun® @lektros M@y{?] e68¥r 0 o' p S Racemc; Restive

stereochem stry shown N The title conpound was prepared inasimlar
manner t IntJ q_?te 2, using
ntermediate

2{N-{Thien-2-yimethylene)amino]-4-methyipentanoic acid, fert-butyl ester

oyl

10 The title compound was prepared in a similar manner to Intermediate 1, using thiophene-
2-carboxaldehyde in place of 1,3-thiazole-2-carboxaidehyde.
'H NMR (CDCls): & 8.88 (s, 1H), 7.43 (dd, 1H), 7.35 (dd, 1H), 7.08 {(dd, 1H), 3.94 (dd, 1H),
1.86-1.72 (m, 2H), 1.63-1.53 {m, 1H), 1.47 (s, 9H), 0.95 (d, 3H), 0.90 (d, 3H).

15  Intermediate 118
rel-(28,4S,5R)-2-Isobutyl-5-(thien-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl
ester, 4-methyl ester

Racamic,
Relative stereochemistry shown

The title compound was prepared in a similar manner to Intermediate 2, using
20 Intermediate 117 as starting material.

MS caled for (C1sH2NO,S+H)': 368

MS found (electrospray) (M+H)": 368

Intermediate 119

25  rel-{2S,45,5R)-2-1sobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-5-(thien-2-yl)pyrrolidine-
2 4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

74



20 Internediate 117 as starting material. MS calcd for (C gH20NO4S+H)': 368
M5 found (el ectrospray) (MrH) +: 368 Internediate 119 25
rei-(2S,4S,5R)-2-1sobutyl-I-(3-nethoxy-4-tertbutyl benzoyl)-5-(thien-2-yl)pyr
rolidine- 2,4-dicarboxylic acid, 2-tart-buty| ester, 4-methyl ester 74 WO
2004/ 037348 264618003/ 011813 0 O S 'xlI N\ Raceni.@rmﬁ@bﬁﬁﬁge

sl ereochem stry shown p 0 The title conpound was prepared in a simlar
manner to Internediate 3 Internmediate 118 as starting materlal VS
calcd for (C31H43NCeS+H) '™ M5 found (eI ectrospray) (MrH)': 558

I ntermedi ate 120 rel {2S, /4 4 R)\- 25l sobut yl -

{3-nmet hoxy-4-tart - but 4, ydrozgyfmz | - 5-
ic aciare °é’ﬁ°£’°-"§'{}€"y°r“ ester OH WN S

(thien-2-yl)pyrrolidin -2!:30o
Racem c; O Relative stereaoch try showmm o0 10 1l1o The title conpound was
ernedi at e 20, using Internediate 119 as

prepared in a simlar manner t
starting material. M5 calcd foro(CB8o0HASNGGS+H)': 530 MS found

(ol ectrospray) (Mo 820 o Ltermalate 1o, 1ol 128, 45,870 Glgobuy-
(t hi en- 2injérinediatec! 18dis startingreatertaky | i c acid, tent-butyl ester 0 os ,T N
Racem c, MS calcd for (CasHisNOgS+H)": 568

5 MS found (electrospray) (M+H)": 558

Intermediate 120
rel-(2S,4S,5R)-2-Isobutyi-1{3-methoxy-4-tert-butylbenzoyl)-4-hydroxymethyl-5-

( (thien-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
: OH

0 L]
o G M WA
o Relative sterecchemistry sh
0

10 -0

The fitle compoupd was prepared in a similar manner to Intermediate 20, using
Intermediate 119 as starting material.
MS caled for (CagHesNOsS+H)": 530
MS found (electrospray) (M+H)": 530

15
Intermediate 121
rel-(2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-methoxymethyl-5-
(thien-2-yl)pyrrolidine-2-carboxylic acid, fert-butyl ester

C o

0
>r M\ N/ Racemic;
0 Relative stereochemistry shown
0

0

20 The title compound was prepared in a similar manner to Intermediate 16, using
Intermediate 120 as starting material.
MS calcd for (C3HisNOsS+H)': 544
MS found (electrospray) (M+H)": 544

25

Example 1
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0 Relative stereochem stry shown p \ /0 20 The title conpound was prepared
in asimlar manner to Internediate 16, using Internediate 120 as starting
material. MS calcd for (C31HA5NOGS+H)': 544 MS found (el ectrospray) (M:H)'
544 25 Exanple 1 75 WD 2004/037818 PCT/ EP2003/011813

rel-(2S, |sobutyl - 1-(3-met hoxy-4-Pert-butyl be =4 oxynet hyl -
-(1, 3- tﬁﬁg?@ %’ )pyrrol I di ne-2-carboxylic acid O W&%‘P@l{ﬁ? Racem c;
Rel ati ve stereochem stry shown 0 3 s 0 110 To a solution of Internmediate 5
(0.053 gyefr(aséRvﬁ?dﬂdagbl&vbh(%mewem&ﬁ@ﬂmmmyowhé-e&tmmatlyl-ﬁﬂi Bt uor oacetic
aci d (1 nhipzol-Rhd)pyreolidine-2rebaiytic adidat 20C t enperat ure overnight. The

m xture was evaporated and the I’ES‘] due was triturated with ether to give the
title conmpound as a soliy. M Cal cd for (C27H33N205S + H)': 503 ( Ms found
(el ectrospray) : (I\/H—I) 033 1ONIH NI\/R"iCDBOD) 8 7.37 (1H d, 7.23 (1H,
br s), 7.14 (1H, d) %05@ g)j &J;J,oc,,g,)is shan 37 (1H, d), 3.70 (3H,
s), 3.34-3.47 (4H, rr), 2.50 (2H, , 2.31 (1H, dd), 1.98 (1H,

dd), 1.86 (1H, m, 1 30 (9% 1.13 (3H, d), 1 12 (3H, t), 1.00 (3H, d).
Exanmple 2 15
rel - (2S, 4R 5R) - 2dsobut yl - 1- ( 3- pet hoxy-4-tert - butyl benzoyl ) - 4- net hoxymet hyI

1, 3- Z
ot v T Y oA 05 A SR R T
sinil &r HilHpreacatis acidAthale. The mixiurerwas:sierad at 20°6. tempesaturg evermight (ToesHREN206S
+ H) +: 48fixture was evaporated and the residue was triturated with ether to give the title
compound as a solid.
MS caled for (Ca7H3sN205S + H)* : 503
( MS found (electrospray) : (M+H)"* = 503
10 TH NMR (CD;OD): § 7.37 (1H, d), 7.23 {1H, br s), 7.14 (1H, d), 6.85 (1H, s), 6.54 (1H, s),
5.37 (1H, d), 3.70 (3H, s), 3.34 — 3.47 (4H, m), 2.79 (1H, m), 2.50 (2H, m), 2.31 (1H, dd),
1.98 (1H, dd), 1.86 (1H, m), 1.30 (9H, s), 1.13 (3H, d), 1.12 (3H, t), 1.00 (3H, d).

Example 2
15  rel{2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-methoxymethyl-5-(1,3-

thiazol-2-yl)pyrrolidine-2-carboxylic acid
/

0
HO\Q—Q A Racemic,
\IT‘ N (SJ Relative sterecchemistry shown

o

P

( The title compound was prepared in a similar manner to Example 1 from Intermediate 6.
) M$ caled for (CasHaeN20sS + H)' - 489
20  MS found (electrospray): (M+H)* = 489
TH NMR (CD;OD): § 7.40 (1H, d), 7.26 (1H, br s), 7.7 (1H, d), 6.89 (1H, d), 6.56 (1H, s),
5.38 (1H, d), 3.72 (3H, s), 3.41 (1H, dd), 3.31 (3H, s), 2.80 (1H, m), 2.51 (2H, m), 2.33
(1H, m), 2.02 (1H, dd), 1.88 (1H, m), 1.33 (9H, s), 1.15 (3H, d). 1.02 (3H, d). 1 proton
obscured by solvent

25
Example 3
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-fluoromethyi-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid

76



20 M5 found (el ectrospray): (MtH)' = 489 1H NWR (CD3CD): 87.40 (1H, d), 7.26
(1H, br s), 7.17 (1H, d), 6.89 (1H, d), 6.56 (1H, s), 5.38 (1H, d), 3.72

(3H, s), 3.41 (1H, dd), 3.31 (3H, s), 2.80 (1H, m, 2.51 (2H, m, 2.33 (1H,
m, 2.02 (1H, dd), 1.88 (1H, m, 1.33 (9H, s), 1.15 (3H, d). 1.02 (31-1, d).

1 proton websenisads by sol vent 25 Exanple 3 PCT/EP2003/011813
rel -(2S, 4R, 5R) - 2- | sobut yI 1- (3-met hoxy-4-tert-butyl benzo f?)m” lﬁ uor onet hyl -

-(1,3- thiazol.2-yl)pyrrQlidineg2-carboxylic acid 76 WO 2004/ 037818
PCT/ EP2003/ 011813 F HO N ecem c; S Relative stereochem stry shown 0 \
The title conpound was Ho red Ay a RidRid ar manner to Exanple 1 from
Internmediate 7. M calcdlfof ( H3 3 R#g@@g&ogienhfry shomm 477 NS f ound
(el ectrospray): (MtH)' :916 NVR (CD30D): 57.43 (1H, d), 7.26 (1 H,
brs), 7.18 (1H, d), 6.91 (1H, 59 (1 H s), 5.44 (1 H s), 4.33 - 4.58
(21-1, m, 3.73 (31-1, s), 2. 93} (11, m, 2.52 (21-1, m, 2.39 (1 H dd),
2.03 (1 H m, 189(1H m, {33(911 s), 1.16 (31-1, d), 1.02 (31-1, d)
Exanpl e 4hd ftle compound was prepared mas;mﬂar manner to Example 1 from Intermed|ate7
rel{2s, 4!3%5:«770&_0% 0‘1343 t4 pxy-4-tert-butyl benzoyl)-4-methyl -5-(1,3-th
I azol - cem E

(2'3 'é?%?&%y ¥

ﬁéﬁ chem stry shown O
yI)pyrroI ( /o The title conpound was prepared in a

sim | & rHHiMR (ER:OB)abpHS (1H, fdt)&ﬁﬁ MHebmm.di. 48 €H d), 6N (dHI d)d6.69(1H, GR5H34N204S
Zlﬂ) +d) 45914I\(B-1f UﬂSb(—ﬂ'BBqEHOQPWB)BH(W‘@) 3 (HH, éﬁ%ﬁﬁ)@ﬂgﬁ\;&gs?m Gag 5570;10(1
H d), 23’3%?%&“ 88@5’? %§I§,4nr11§(%%8819%{(%§dﬂ 43 (1 H dd), 2.18 (1
H,t),204 (1 H, ,190 11-1, n), 1.33 (9H, s), 1.15 (31-1, d), 1.04
?H d), MELG(;BH d) Exarrple 520 2-Allyl-1-(3-bronp-4-tert

but yibenzen(2s, 4R:§RI-BJI$dbubﬂ-12(3€rﬂethoxw#-lte)'t-blwylbent@nMﬂmﬁqmah|azol-2-

{ _7 Racemic;
s Relative stereochemistry shown

yl)pyrrolidine-2-carboxylic acid O

The litle compound was prepared in a similar manner to Example 1 from Intermediate 9.
MS calcd for (CasH3gN204S + H) : 459
MS found {electrospray): (M+H)" = 459

15  TH NMR (CD,ODY: 5 7.40 (1H, d), 7.25 (1H, br s), 7.15 (1H, d), 6.89 (1H, d), 6.59 (1H, s),
5.03 (1H, d), 3.73 (3H, s), 2.62 (1H, m), 2.53 (1H, m), 2.43 (1H, dd), 2.18 (1H, 1), 2.04 (1H,
m), 1.90 (1H, m), 1.33 (9H, s), 1.15 (3H, d}, 1.04 (3H, d), 1.02 (3H, d)

( Example 5
20  2-Allyl-1-(3-bromo-4-tert-butylbenzoyl)-pyrrolidine-2-carboxylic acid

\}(_)

HO

N .
Racemic

o]
8)

Br

2-Allyl-pyrrolidine-2-carboxylic acid hydrochloride (J. Chem. Soc. Chem. Commun. 1988,

22, 1447) (64 mg) was dissolved in dichloromethane (5 mL) and treated with 3-bromo-4-
tert-butylbenzoyl chloride' (101 mg) and triethylamine (139 uL). The mixture was stirred

25 at room temperature for 18 h. Hydrochloric acid (2N, 5 mL) was added and the mixiure
stirred for 5 min. The organic was separated using a PTFE filter and concentrated to give

77



0O 2-Alyl-pyrrolidine-2-carboxylic acid hydrochloride (J. Chem Soc. Chem
Commun., 1988, 22, 1447) (64 ng) was dissolved in dichloronethane (5 nl-)
and treated with 3-brono-4- ted-butyl benzoyl chloride" (101 ng) and
triethylamne (139 uL). The mxture was stirred 25 at roomtenperature for

18 h. HydueGhla@hists acid (2N, 5 nl-) was added and theﬁlﬂ’fdﬁﬁllﬁ%' rred for 5

mn. The organi c was separated using a PTFE filter and concentrated to give
77 WO 20041037818 PCT/ EP2003/ 011813 a yell um This was purified by
reverse phxeldew gpmc This wasonwified by feverss ni‘QS%IHPhg Ons® Coctiurgyt HeiNEAtWE| ut i on
with (A) soeerrgradient alutiomyith (knvateracontiinirg. féfdic add (Q.B%) ane (Biracetonitrde- wat er
Eﬁg 5f \r/;‘«%alté(;ro(%%'vw rtgmfaﬂgrf@ fordfd Seid Qo@ a8 Sthé *'@uéﬁ'téleé?{d\slgna?,)%% afn gsgzngf)und
as a sol(f d(oggb*é etqos%%@énaagf ée(fqué &139&%&9%% ﬁ&?@ﬁ% found
(el ecBroMR gqtbz NOg H)'394/86 NNR ( CDCI 3) : 57. 75(1H d), 7.50 (1 H,
d, 7.42 MSLIdpndité)E,ctrEspVéy)((M+H,) 1P94/IW622- 5. 28 (21-1, , 3.53 (21-1, m, 3.15
Eéh 1 )O“F'I)NMQ{@@c 1$'|77dl(ﬁ9| d)275@§1(-|15$ 7 (1H- d&Ys(%HEm 512288 26 ¢a, ﬁ)d 1.52
S i ¢\ aci

Y ]nﬂafgﬁ (2, ?f%ﬁ“ ea%gﬁﬁﬁ‘?s @gg%g%gﬂ?:ﬁ) b Yﬁﬁ'kﬁﬁ &,
2- Benzyl -} §H-b5r)om) 4-tent - butyl benzoyl ) -pyrrolidine-2-carboxylic acid HO N
0 Radénk Ref (I):\SyaBedised fidre I-brome-detentputyibenznimsaqgid efust.etl Ghera 1988 #3r manner
to Exanplggzyp from 2-benzyl - pyrrolidine-2-carboxylic acid. M5 calcd for
(C23H20Br + H' : 444/ 446 MS found (el ectrospray): (MH)' = 444/446 20 1
HNW (CD30D); 5 7.64 (1 H d), 7.61 (1 H d), 7.36 (4H m, 7.26 (211-1,
m, 3.92Example®) 3 39 (1H 'n), 3.13 (1 H d), 2.82 (1H m) 2.33 (1 H,

, 2. 19 2(Benzyin)-(3-brog®-4-terf-butylbenzayl-pyfrofidingy2-carbtylic aeid n) Exanple 7 25

142S, 4R, 5R) - 2- | sobutyl - 1- (3 hoxy-4-tart-butyl benzoyl) - 4- hydr oxynet hyl -
41, 3- thiazol-2-yl)pyrrolidin carboxylic acid /"OH HO 0/

HO

o Racemic

0

15 Br
The title compound was prepared in a similar manner to Example 5 from 2-benzyl-

pyrrolidine-2-carboxylic acid.
MS calcd for (CosHzeBrNO, + H)' : 444/446
MS found (electrospray): (M+H)" = 444/446

20 'H NMR (CD:0D): 57.64 (1H, d), 7.61 (1H, d), 7.36 (4H, m), 7.26 (2H, m), 3.92 (1H, d),
3.39 (1H, m}, 3.13 (1H, d), 2.82 {(1H, m ) 2.33 (1H, m}, 2.19 (1H, m), 1.85 (1H, m), 1.55
(9H, s), 1.35 (1H, m)

Example 7
25 rel-(25,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzayl)-4-hydroxymethyl-5(1,3-
thiazol-2-yl)pyrrofidine-2-carboxylic acid

Ho\([{(“j Racemic

Relative stereochemistry shown

P

To a solution of Intermediate 4 (52 mg, 0.098 mmol), was added trifluoroacetic acid (2
mL). The solution was left overnight at room temperature. The solvent was evaporated in
30 vacuo and the residue was co-evaporated with CH,Cl; (x2) and toiluene, then triturated
with diethyl ether. The resulting white solid was treated with 1 mL of a solution of NaOH
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NN (\ RaceMG Rel ati ve stereochem stry showmn .~0 To a solution of
Internediate 4 (52 ng, 0.098 mmol ), was added trifluoroacetic acid (2 nL).
The solution was |eft overnight at roomtenperature. The sol vent was
evaporated in 30 vacuo and the residue was co-evaporated with CH2Cl 2 (x2)
and tol U%Gaoo&}i}?ﬂlé riturated with diethyl ether. The g hdsngisi te solid
was treated wth m. of a soI utlon of NaO—| 78 WO 2004 037818

PCT/ EP2003/ 0118 3 i n net hanol @ in 1m Me and was stirred at
room t emyeM&NaR (&4 EGY '"“‘”I*h Qb 3 ‘f’aﬁf\ﬁﬁ"ef’ REfPoRnepBeANERCYeNigtcuo and
the resi dbe solsent was ithaneayapyraled invaggo phd the resitlievas puified) by yersenhasei ng a

t wo- sol vmcgdradle,@tcomhmt Uy wmbséwéntvg@écﬁént@uubmmhr(g) ufawrraoﬁtaﬁm (0.1%

d (B o 5
?Ee cLuent DR [0 O e i e@'@yﬁ%ﬁ 338 Rl #5400 0L Sanocss
959 ‘%qWB = 475 1 H NVR (CD3OD): 8 7.37 (1

H d) 7N£83ca@@fpf(0mH OsF+HY: 415 H d), 6 86 (1 H d), 6.56 (1 H s), 5.34
(1 H d Mﬂoﬁﬂd(e%urogp}a )QNEEI)‘(-CMHH dd) 3. 46 (1 H, dd) 2 68 (1 H, n) 2. 49

(2H, ”)1_1?-1 (é%g%a?‘?méi ”’H 6336{594@1 , S),
L e s ad % i, 3
t hi aﬁ@l Ril’yld)ib)zrori'dﬂmdﬂhé-aﬁiﬁérf%iﬁp|(Qi'| z§o\,|1d|45€ @(3H)ﬂd N ~ Racemic, Oc 0

Rel ative stereochem stry shown / 15 110 The t|tIe conmpound was prepared in
a simlag@piked to Exanple 7 fromInternediate 4a. M calcd for

s WA AT 30

2g 5. 69 G'l'alr'?"?dﬂ)PYUOb'!!“(-"@icﬂlbO’%’Bica§d18 (2H, 'm), 3.01 (1 H ny, 2.00 - 2.35

1.30 (91-11, s)Y 1.14d3H d), 1.11 (3H d). Exanple 9
re1428 4R, 5R)-2-Isobuty| - metsh oxy-4-tert-butyl
benzoyl ) - 4-al |l yl oxymnet h'ﬁ\“ ~ QJZS fll.azol - 2-yQoyrrol i di ne- 2- carboxylic
acid O o] o Relative stereochemistry shown
15 ~©

The title compound was prepared in a similar manner to Example 7 from Intermediate 4a.

MS caicd for (C2sHaaN2OsS + H)+.' 475

MS found (electrospray): (M+H)' = 475

TH NMR (CD;0D): 6 7.82 (1H, d), 7.56 (1H, d), 7.19 (1H, d), 6.68 (1H, dd), 6.35 (1H, d),
20 569 (1H, d), 3.63 (3H, s), 3.18 (2H, m), 3.01 (1H, m), 2.00 - 2.35 (5H, m}, 1.30 (9H, s),

1.14 (3H, d), 1.11 (3H, d).

Example 9
rel-(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyi)-4-allyloxymethyi-5-(1,3-
25 thiazol-2-yl)pyrrolidine-2-carboxylic acid

L/

\(Cfo
N
HO™ Ny ""f(/J Racemic;
m 5 Relative stereachemisiry shown
8]
0)\©K
18]

e

l/—.\\

The title compound was prepared in a similar manner to Example 1 from Intermediate 14.
MS calcd for (CasHasN20sS+ H') : 515
MS found (electrospray). (M+H)" = 515

30 TH NMR (CD,OD): § 7.38 (1H, d), 7.24 (1H, br s), 7.14 (1H, d), 6.85 (1H, d), 6.54 (1H, s),
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N HO Racernic; Relative stereochem stry shown OO0 The title conpound was
prepared in a simlar manner to Exanple 1 fromliInternediate 14. M cal cd
for (C2aH3aN205S+ H): 515 MS found (el ectrospray): (MtH)' = 515 30 1H NWR
(CD30D): 67.38 (1H, d), 7.24 (1 H, brs), 7.14 (1H, d), 6.85 (1H, d), 6.54
(1H, s), 4/ 037818 PCT/ EP2003/ 011813 5.85 ( (1H, d),
5.19 (1H,W§29‘W%7.%%(1) (1 H dd), 3.92 (2H, ). 3.70 (31@“@?’5‘5?”3% (1H, m,
3.38 (1 H m, 2.80 (1H, , 2.52 (2H, , 2.32 (1H, dd:%j 1.99 (1 H dd),
1.87 ( 1H5.85(fH. m),@eom,d)s .,1911_m41d§.:ﬁ41 3%, dd), §2((8H. ro). %0 (36, Bk A6l e 10

rel 42S, AR R)); 238 $¢tHhumb)y R-B0-{(3-mep RI5axIH.4n), @321t yddh.ehn@DfiH) dd); pied gy oxynmet hyl -

5- (1, 3-f ﬁg@{gﬂgsyhhaxgmlc&)jmm@dpar boxylic acid 0 0 HON//N Racem c;
W5J Rel ative stereochem stry shown "~ 0 110 The title conpound was prepared

in a simlar manner to Exanple 1 fromIntermediate 15. 10 MS calcd for
(C25HaOoNExgmpletdy - 517 VB found (el ectrospray): (MeH)® = 517 1H NWVR

( CD30D) : ré<2RK6R5R)-2:Isabutyl7l-{3iméthbixy-Ster-butyitibdzol)-Hprapyloxyn®thyl<bH, d), 6.54
(1H, s), (1,%thiol-2 )pyrréidind24Qrdoddtidacia) . 3. 42 (1H dd), 3.34 (4H m-
partially hidden by solvent), 2.7 (1H, m, 2.52 (1H, t), 2.29 (1H, dd),
1.97 (1H, dd), 1.86 (1H, , 1&@'{%, m, 1.30 (9H, 15 s), 1.14 (3H d),
1.00 (3H, d), 0.90 (31-1,7t). anpl e 11 re/ 42S, 4S, 5R) - 2- 1 sobut yl - |

- (3- et hoxy- 4-t en- but yl gemgo .,),-,bmet pa%%net hyl -5- (1, 3-

t hi azol - 2-yl ) pyrrolidi ne-\[[z-mar ng | | CRreibtive blerdacnentidil) stbwiN Racene; S Rel ative
stereocheni stry shown 0 9

. e
(' The title compound was prepared in a similar manner to Example 1 from Intermediate 15.
10 MS calcd for (CosHeoN20sS+ H') : 517
MS found (electrospray): (M+H)* = 517
TH NMR (CD;OD): 5 7.36 (1H, d), 7.21 (1H, br s), 7.13 (1H, d), 6.84 (1H, d), 6.54 (1H, s),
5.38 (1H, d), 3.70 (3H, s), 3.42 (1H, dd), 3.34 (4H, m — partially hidden by solvent}, 2.79
(1H, m), 2.52 (1H, t), 2.29 (1H, dd), 1.97 (1H, dd), 1.86 (1H, m), 1.53 (2H, m), 1.30 (9H,

15 s), 1.14 (3H, d), 1.00 (3H, d), 0.80 (3H, t).

Example 11
rel{28,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(1,3-

thiazol-2-yl)pyrrolidine-2-carboxylic acid

N
HO. W g .
. \g gj xlaceﬂr\‘fﬁecstereodnemisw shown
C 0
20 -

To a solution of Intermediate 16 (51 mg, 0.1 mmo{) in dichloromethane (5 mL) was added
trifluoroacetic acid (2 mL) and the solution stirred at ambient temperature overnight. The
reaction mixture was evaporated and the residue triturated with diethyl ether to give the
title compound as a solid.

25  MS calcd for (CaxHagN0sS + H)': 489.
MS found (electrospray): (M+H)" = 489
Nmr spectroscopy showed this compound to be identical to example 15 — racemate vs
single enantiomer.

30 Example 12
80



01- 11 20 110 To a solution of Internediate 16 (51 ng, 0.1 nmol) in

di chl oronet hane (5 m-) was added trifluoroacetic acid (2 m-) and the

solution stirred at anbient tenperature overnight. The reaction m xture was

evaporated and the residue triturated with diethyl ether to give the title

conpound 25 M5 cal cd for (C251-135NZG6S + M5 found
(electroggééa?ﬁg%kﬂkb = 489 Nnr spectroscopy shomed |SE%@ﬁﬁgﬁ%d to be
identical to exanple 15 - racemate vs single enantioner. 30 Exanple 12 80

WO 2004/ M@&ésﬁggﬂmmﬂmmoxw-ten—bu enzoyl)-4-ethoxymethyl-5-(1,3-

rel - (2S, 48azdR2-ylipyeroliding+2-carbxeylieabidxy- 4-t er t - but yl benzoyl ) - 4- ethoxynethyl 5
-(1,3- thiazol-2-yl)pyrrolidine-2=carboxylic acid 0O N HO ~~~~/ NC

Racem c; 6 Relative steré cheﬂ18try shown O 1 \ The title conpound was
prepared in a simlar an anple 11 fron1|nterned|ate 17 5 Ms cal cd

for (C27H35N2CBS + H)' 3 ‘ @nd R bl doOsREAYw (MFH) ' = 503. Nt
spectroscopy showed thIS @ombouRg to be identical to exanple 16 - racemate

vs single enantionmer 10 Exa -ﬂg!13 rel -(2S, 4S, 5R) - 2-1sobutyl - |

- (3-net hoxy-4-tert-butyl benzoyl}- 4§ sopropenyl -5-(1, 3-

t hi azol - 2-yl ) pyrrolidine-2-carp®xylic acid HO Racem c; Relative

st ereoeheqi si r \ 0 ( ) was
di ssol ve Mﬁ%%&’%ﬁg@ 5"%1@ rﬁ%ﬁﬁgﬂltﬁﬁa%éle 1§4ro nteﬂu#atgg?t at room
t enpePat MSCHRALOT{CohleaNPire* BB 9&ht was then evaporated in vacuo and the
resi due Wsfound (electadsprbyNi (MHYi=e808y| et her. The resulting solid was collected

Nmr spectroscopy showed this compound to be identical to example 16 — racemate vs
single enantiomer

)
»

10 Example 13
rel<(2S,45,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-isopropenyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid

"'( j Racemic;
5 . Relative stereochamistry shown

Intermediate 12 (74 mg, 0.14 mmol) was dissolved in trifluoroacetic acid (2 mL). The
15 reaction was left at room temperature overnight. The solvent was then evaporated in
vacuo and the residue was triturated with diethyl ether. The resulting solid was collected
: by filtration and dried in vacuo to give the title compound.
(\ MS calcd for (Ca7H3gN204S + H)": 485,
MS found (electrospray): (M+H)" = 485.
20  1H NMR (CD:OD): §7.36 (1H, d), 7.15 {2H, m), 6.88 (1H, d), 6.51 (1H, s), 5.32 (1H, d),
4,78 (1H, br s), 4.68 (1H, s), 3.69 (3H, 5), 3.32 (1H, m), 2.49 {2H, m), 2.33 (1H, dd), 2.02
(1H, dd), 1.88 (1H, m), 1.71 (3H, s), 1.30 (9H, s}, 1.16 (3H, d), 1.01 (3H, d).

Example 14
25  rel4{2S,4S,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-isopropyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid

81



by filtration and dried in vacuo to give the title conmpound. M cal cd for
(C27H3eN2OAS + H)': 485. Ms found (el ectrospray): (MH'= 485. 20 1H NWR
(Cb3oD): 87.36 (1H, d), 7.15 (2H, m, 6.88 (1H, d), 6.51 (1 H s), 532 (1
H d), 4.78 (1H br s), 4.68 (1 H s), 3.69 (311, s), 3.32 (1H, m, 2.49
(2H, M, wo3sshHsfd dd), 2.02 (1 H dd), 1.88 (1 H sooepooshifssit S). 1.30
(9H, s), 1.16 (3H, d), 1.01 (3H, d). Exanmple 14

rel -(2S, 4S, 5R) 2- 1 sobutyl -1 -(3-net hoxy-4-ten' -butyI benzoyl ) -4-isopropyl -5-(1
, 3- thiazol-2-yl)pyrroli arboxylic acid 81 WD 2004/ 037818

PCTI EP2003/ 011813 HO Rac N J Relative stereochem stry showmm OO s
/0 The title corrpoundH@ar? d i RacanicSi M | ar manner to Exanple 1 from

| nternedi ate 13. Ms cal f or H3 3 Rgpie tprepchpayistry shok87 . VS f ound

(el ectrospray): (MtH) = 48 HNWR (CD3CD): 8 7.38 (1 H, d), 7.16 (2H,
m, 6.85 (1H d), 6.46 (1H, s)%5 (1 H d, 3.69 (3H, s), 2.51 (21-1,
m, 2.26 (24 m, 1.97 (1H dd), 184 (1H m, 1.66 (1H m, 1.31 (9H s),
1.14 (3H, d), 1.00 (31-1, d), 0° 93 (3H, d), 0.75 (31-1, d). Exanple 15 10
(2S 4S, 5Rne Bild conipotnd was raparet incxsimifartneinhertio Exarinple 2 diokm) intermediateg et hyl - 5- (1

,3- thi aWCa?c'd%r)(é%H%ﬁ‘d) .pﬂ +24§7ar boxylic acid [Enantlomer A of

reI (2S, R [ sobu thoxy 4-tert-butyl benzoyl) - 4-

met hoxyrr%ﬁw gdSEI ‘it”??pfarﬁ/é%%ﬁ rrolidine-2-carboxylic acid] ,o0 s
HO ~N=- J "BHIMRI(C Qlianﬂaﬂé*rbk@ I} @83 (i eHchdb fits 595 EhTndp |

St er eoch@rBog8H ys).de5E (2H, med2 26 (Elé,fra)r 8192 ¢1H,cdd),nt. &4 (hetlirg) €6@{1H, 1), 130 To a

sol uti on gy, st ntﬁr(mcy)a{@) @)1%133@) d)./0.75 @h! @ omet hane (5 nL) was added
trifl uoroace i c aci -) and the resultl ng solution was allowed to stand

E 20C for 18 h. The mxture was evaporated to dryness and the residue was
t kit ur at E¥ampledSet her to give EnantionerA of the title conpound as a solid.
20 MB0cal28)48,5R)-2-I82biybNID TR thoxy)4-tertdddylbenzoyl)-4-methoxymethyl-5-(1,3-
thiazol-2-yl)pyrrolidine-2-carboxylic acid
[Enantiomer A of rel{2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-
methoxymethyl-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid]
Chiral, Enantiomer A

Ao
s
HOL o
PN
) N Absolite stereachemistry shown

o Stereochemisiry determined by reference to Intermediate 21

15 A

To a solution of Intermediate 21 (191 mg) in dichloromethane (S mL) was added
trifluoroacetic acid (5 mL) and the resulting solution was aliowed to stand at 20°C for 18 h.
‘ ( The mixture was evaporated to dryness and the residue was triturated with ether to give
Enantiomer A of the title compound as a solid.
20  MS calcd for (CeHagN2OsS + H)': 489.
MS found {electrospray): (M+H)" = 489
TH NMR (CD,OD): 8 7.87 (1H, d), 7.61 (1H, d), 7.23 (1H, d), 6.72 (1H, dd), 6.37 (1H, s),
5.67 (1H, d), 3.65 (3H, s), 3.21 (2H, m), 3.11 (3H, s), 2.69 (1H, t), 2.17 - 2.33 (4H, m),
2.05 (1H, m), 1.33 (9H, s), 1.15 (3H, d), 1.13 (3H, d), Carboxylic acid proton exchanged
25 with solvent. This compound was identical by NMR to Example 11 (above).
The absolute stereochemistry of this compound was determined by reference to
Intermediate 21 and shown to be (25,43,5R), as drawn.

Example 16
30 (2S5,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-2-y!)pyrrolidine-2-carboxylic acid

82



M5 found (el ectrospray): (MrH)'= 489 1H NWR (CD3OD): 6 7.87 (1 H, d), 7.61
(1H, d), 7.23 (1 H d), 6.72 (1 H, dd), 6.37 (1H, s), 5.67 (1H, d), 3.65
(3H, s), 3.21 (21-1, m, 3.11 (3H, s), 2.69 (1H t), 2.17 - 2.33 (4H, m,
2.05 (1H m, 1.33 (9H, s), 1.15 (3H, d), 1.13 (3H, d), Carboxylic acid
proton ex 5 with solvent. This conmpound was | ' NVR to
Exanpl e 1‘?6(%2%§€7g§8.2 The absol ute stereochem stry of t%‘?‘?@g‘%@%‘&% was
determ ned by reference to Internediate 21 and shown to be (2S4S, 5R), as
dr awn. E@qg}_igmgg_@ of rel-{25,4S,5R)-2-Isobutyl-1-(3-methoxy-d-tert-butylbenzoyl)-4-

(2S, 4S, 5ByhoRymetiiyls5-1,3-thiasl2el)ipysrplidine-Qrcarbimxylié 8eidlz oyl ) - 4- et hoxynet hyl - 5- (1,
3- thlazol -2-yl)pyr di pegZ=carboxylic acid 82 WO 2004/037818

PCT/ EP2003/ 011813 gf \| oner A of

rel-(2S,4S,5R) -2.1 o 4 (78- hoxy-4-tert-butyl benzoyl) - 4.

et hoxymet hyl - 5- (1, 3. thi Mzo% -yrﬁ,‘@ﬁf‘é@m@hs@ﬁa&,— carboxylic acid] "O* H S

0) ' H~1 d Enantioner 0 0l ut Beregthemistygeidmansgd by Kraycrvsiieoary O |\

St ereochem stry determ ne -ray crystallography 1~0 To a sol ution of
Internediate 22 (219 ng) ig dichl oronethane (5 nL) was added 5
trifluoroacetic acid (5 nf) and the resulting solution was stored at 20C for
18 h. Thé&o arispiutiore ofvdriermpsiats 22@19 anglr ipndishioramgthane (B adlliwes vadded ri t ur at ed
W t h Bt heifludroagtiy acid £6 aumit)i apdene\restitind) €olition wascstoned it @0%G for 18ah.i The M5 cal cd

for (C27 : f ect - = 10 1H NWR
(?:E)agjo) " gl s %‘ﬁw’ 39"5@?%%'%%39’% ?(,gg.,%% has Eﬁ@%‘ﬁe" ‘@%gﬁ%tﬁ?&g‘%) 6. 36
(1H, d),E—"%"—"ﬁ@ﬁ’(’-é hgjitie Updds a8glid- 3 15 "3.30 (4H, ), 2.72 (1H t),

2.20 - 2Mszaledfer (GyHseb@S Y HF1503n) " 1.33 (9H, s), 1.15 (3H, d), 1.13 (3H,
dy, 1.09MSIdurld, (elegtrosfaypMyH)* e 588ld pr ot on exchanged with solvent. This

gt glragggﬁmri (g3 g.hg(wg),tvos@m, ,¢.2§¥1+ﬁﬁ§96/.¢3 2%? faa;,%ta%qhut@b aohy 15
ot OB E i OLad GLESESTB0UT S SUIRIFE 1 256 G, i 8stoor aony
(2S, 45, 5M). 1533 (@58}t 12 BH, 91 r1G3H.4A)¢ 19§ (3H. 1), Carboxylic acid proton exchanged
but yI benwitly$qivemt. eEHisosommpeuny wasidedticaHyNMR td Exainpld 92 (@bovedl | di ne- 2- car boxyl i c
aci d 20 ¥ne aboldte’stereochetiistiptt iild compound was determined by X-ray crystallography

15  and shown to be (25,4S,5R), as drawn.

Example 17 _
(2S,4S,5R)-2-1sobutyl-1-(3-bromo-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thlazol-

2-yl)-pyrrolidine-2-carboxylic acid

20
S
““‘_0
; g Chiral;
( Hoj'\“ N ﬁ) Absolute sterecchemistry as drawn
Q
(¢

Br

The litle compound was prepared in a similar manner to Example 1, using Intermediate 29
as starting material.
MS calcd for (C2eHasBrN;0,S + H)* : 551 and 553

25  MS found (electrospray): (M+H)* = 551 and 553
'H NMR (CD;0D): 5 7.83 (d, 1H), 7.80 (d, 1H), 7.42 (d, 1H), 7.09-7.04 (m, 2H), 5.61 (d,
1H), 3.28-3.20 (m, 3H), 3.15 {(m, 1H}, 2:72 {t, 1H), 2.32-2.15 (m, 4H), 2.02 (m, 1H), 1.45
(s, 9H), 1.10 (&, 6H), 1.06 {t, 3H).

30 Example 18
(2S,4S,5R)-2-1sobutyl-1-(3-chloro-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-

a3



O N _j Absolute atereochem stry as drawn OO Br The title conpound was
prepared in a simlar manner to Exanple 1, using Internediate 29 as
starting material. MS calcd for (CeH35BrN2O4S + H)+ : 551 and 553 25 MS
found (el ectrospray): (MrH + = 551 and 553 'H NVMR (CD30D): 87.83 (d, 1H),

7.60 (d, \ﬂ!b*)zowﬁs'/él% (d, 1H), 7.09-7.04 (m 2H), 5.61 (l‘bT/EP]zlﬁ%mu%n% 3.20 (m

3H) 315(m1 , 2:72 (t,1 H), 2.32-2.15 (m 4H), 2.02 H, 1.45 (s,
30 Exanple 18

(2s 48, s%y‘)zwr@ﬁ%weg]ﬂ-cafb%’s’"&ﬁ% 4-tart

but yl benzoyl ) - 4- et hoxy l«%r (1, 3-thiazol - 83 WD 2004/037818

PCT/ EP2003/ 011813 2-yl \-pyfrolidi ne-2-carboxylic acid Y1((~y HO N to:

Chiral; QO Absol ute sfger ES try as drawn C The title conmpound was
prepared in a simlar nner Exanptiea;l, using Internediate 30 as
starting material. 5 M or (C2ormEerderstyasdpdp]: 507 and 509 MS
found (el ectrospray): (M+H) and 509 '"H NWMR (CD30D): 6 7.82 (d, 1H),
7.59 (d, 1H, 7.40 (d, 1H, 7,00Xdd, 1H), 6.86 (d, 1H), 5.63 (d, 1H),

3.29-3.20 (m 3H), 3.20-3. 113m 1H), 2.71 (t,1H), 2.31-2.15 (m 4H), 2.03-
1.97 (anqﬂgﬂﬂM\gas myppared in gsimiar "@Fﬁ’efthWR'?1 uHing ‘“tfﬂnék"ﬁﬁﬁpe 19
(2S, 4S, 583 startihg oiatetrigl. - | - ( 3- net hyl - 4- tert butyl benzoyl ) - 4- et hoxynet hyl - 5- (1, 3
-t hi agol MS?c‘abbh)’tﬂB(C{ﬁH ;CIN.068 2 HYB! samgsobl ¢ acid s HO~- NN'1 N/ Chiral; 00
|\ ADSOp il ol Bl GRS ED): TSN A5 Y HWBoo
'H NMR (CD,OD): § 7.82 (d, 1H), 7.59 {d, 1H), 7.40 (d, 1H), 7.00 (dd, 1H), 6.86 (d, 1H),
5.63 (d, 1H), 3.29-3.20 (m, 3H), 3.20-3.11 {m, 1H), 2.71 (t,1H), 2.31-2.15 {m, 4H), 2.03-
( 1.97 (m, 1H), 1.42 (s, 9H), 1.10 {t, 6H), 1.06 (t, 3H).
10

Example 19 _
(25,48, 5R)-2-Isobuty!-1-(3-methyl-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-

2-yl)pyrrolidine-2-carboxylic acid

~
.~“\h0
HOW"" (J
00

\
N Chiral;

Absolute stereochemistry as drawn

15  Sodium hydride (60% dispersion in mineral oil; 0.061 g, 1.52 mmoal) was added to a stirred
solution of Intermediate 28 (0.48 g, 0.93 mmol) in anhydrous DMF (10 mL) at 0°C. The
resulting mixture was stirred at 0°C for 30 minutes prior to the addition of icdoethane (0.37
mL, 4.65 mmol). The mixture was stirred at 5°C for 2 h, then evaporated to dryness. The

( residue was dissolved in trifluoroacetic acid (8 mL) and stirred at room temperature for 19

20 h. The trifluoroacetic acid was evaporated and the residue dissolved in ethyl acetate,
washed with water, dried (Na,S0,) and evaporated. The crude product was purified by
chromatography on silica gel using cyclohexane-ethy! acetate {gradient elution from 2:1
viv to 3:2 viv) as eluent and then crystaliised from diethyl ether to afford the title
compound, a solid.

25  MS calcd for (CHagN204S + H)t : 487
MS found (electrospray): (M+H)* = 487
"H NMR (CD;0D): § 7.81 (d,1H), 7.56 (d, 1H), 7.27 (d, 1H), 6.85 (dd, 1H), 6.62 (bs, 1H),
5.625 (d, 1H), 3.28-3.19 {m, 3H), 3.20-3.09 (m, 1H), 2.69 (t, 1H), 2.37 (s, 3H), 2.32-2.14
(m, 4H), 2.02 {(m, 1H), 1.35 (s, 9H), 1.12 (d, 3H), 1.08 {d,3H), 1.05 (t,3H).

30

Example 20

84



15 Sodi um hydri de (60% di spersion in mneral oil; 0.061 g, 1.52 mmol) was
added to a stirred solution of Internmediate 28 (0.48 g, 0.93 mmol ) in

anhydrous DMF (10 m-) at OC. The resulting mxture was stirred at 0C for
30 minutes prior to the addition of iodoethane (0.37 ( nL, 4.65 muol). The

m xture wag dlioigad at 5C for 2 h, then evaporated t gpcdingasniisine residue
was dissolved in trifluoroacetic acid (8 nL) and stirred at roomtenperature

o Ssol vetPHAR 4R A2 Hoprirh A nbaky e nibTeBr N Rt Ay

evapor at ﬂdaZOFHM)mvm@db\etﬁjﬁR!PDMBagﬁh fied by chr omat ography on silica gel
usi ng cycl ohexane- et hyl tate (gradient elution from2:1 v/v to 3:2 v/v)
as eluent and then cryst ised ,romdiethyl ether to afford the title
conpound, a solid. 25 MS ¢a or (C27H38N2O4S + H)+: 487 M5 found

(el ectrospray): (MrH) + 5 M S demdD 8 7.81 (d, 1 H, 7.56 (d, 1H),
7.27 (d, 1H), 6.85 (dd, 1), ¥6. ﬁ?}leSiplaliMi)!rgoche&slﬁ%m(d 1H), 3.28-3.19 (m
3H), 3.20-3.09 (m 1H), 269V 1H), 2.37 (s, 3H), 2.32-2.14 (m 4H), 2.02
(m 1 H, 1.35 (s, 9H), 1.12 3 , 1.09 (d,3H), 1.05 (t,3H). 30 Exanple
20 84 WD 2004/037818 PCT/ EP2003f 011813

rel- (2R, 4R, 5R) - 2- Benzyl - 1- ( 3- n&® hoxy-4-tert-butyl benzoyl)-4-neth

oxynet hy 10 s m
Recenf c; Jnﬂ? M‘?&iﬂéeé%ééoc 'WHFH@Q?%%W%QW&WHé% %‘ é%e %rrpound was
pr epad edas sfatingmaterigy ranner to Exanple 1, using Internediate 37 5 as
st ar t i ngMSeled fal(CoMNaNgxSe dH)f 0523 CZeH34N2058+ H +: 523 M5 found
(eI ect r ogBriauAY (eledtdsbray - (A FHIIVR ( CD30D) 8 7.60 (m 6H), 7. 30 (d, 1H),
16 (d %% (5)68 ié’ e@ 6?%575({_:%% % %1 %2 %3)3?%5 1H) g.gé
(m 1H) (48218 1 i‘” dHli930 @, lﬂi (Sgﬁi" Jp321{
rel - (@R, 1, 3&?(@.~Bﬁn§?¥ (t.l‘”QBZﬁQ(dﬁoW) A48 ¢, OHDUL yi benzoyl) - 4- et hoxynet hyl - 5- (
1, 3- thiazol.2-yl)-pyrrolidine-2-carboxylic acid
Example 21
rel-(2R,4R,5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid

s
o "oy Racemic;
\"' N § /} Relative slereochemistry shown
O

15 <
( The title compound was prepared in a similar manner to Example 1, using Intermediate 38
’ as starting material,

MS calcd for (CagHasN20sS+ H)Y : 537
MS found {electrospray): (M+H)* = 537

20 'H NMR (CD;0D): & 7.36 (6H, m), 7.19 (1H, d), 7.03 (1H, d), 6.48 (1H, d), 6.42 (1H, s),
4.73 (1H, d), 4.02 (1H, d}, 3.68 (3H, s), 3.34 (1H, m), 3.25 (2H, dd), 3.19 (2H, m), 2.76
(1H, m), 2.64 (1H, t), 2.37 (1H, dd), 1.29 (9H, s), 1.03 (3H, t)

Example 22
25 Enantiomer A of rel-(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-

methoxymethyl-5-(pyrazin-2-yl}pyrrolidine-2-carboxylic acid

85



O /s N. Racemic; Relative stereochem stry showmm OO 15 /o0 The title
conpound was prepared in a simlar manner to Exanple 1, using Internediate
38 as starting rrateri aI. M5 cal cd for (C3aH3eN205S+ H)+: 537 Ms found
(eI ectrospray): H+ =537 20 "H NWR (CD30D): 8 7.36 (6H, m, 7.19 (1H,

7.03 48 (11-1, d), 6.42 (1H s). 02 (1H, d
2 be (31- ‘??'*"‘@3”‘&‘634 ((11 1 rr)) 3.25 ((2H, d3§, 3. 193‘(‘%5}#‘%@”1?437 El H i
m, 2.64 (1H t), 237 (1 H dd), 1.29 (91-1,s), 1.03 (3H, 't) Exanple 22

25 Enantl onmer A of &0
rel -(2S, 4S, 5R) - 2- 1 sobut (SNHet hoxy-4-tert-butyi benzoyl) - 4-
met hoxynet hyl . 5- ( pyr agbs \py roli dmmsﬂmmmboxyl ic acid 85 WO

2003/ 037818 PCTI EP2003/ 1 13 ~}  HORRpirepreesiemisiEmeifit | oner A Rel ati ve

st ereochem stry shown O The title conpound was prepared in a
simlar manner to Exanple 1, Internediate 43 as starting material. M
calcd for (C27H37N305 + H)+ : 448 5 MS found (el ectrospray): (MH)+ = 484
"H NVR (CD3CD): 8 8.52 (m 21 1), 8.30 (s, 1H), 7.14 (d, 1H), 6.66 (d, 1H),
6. 35 (s, Théditle compband was prbpare@m%smﬁar niiriher t@ Ezamplé 1Hysimg InteBndBatéd 1H), 2. 92
(s, 3H), agstggm mateHab 2.27 (m / 41-1), 2.05 (m 1 H, 1.27 (s, 9H), 1.14

(d, 3H, 6 _;%) gpl e 23
rel -(2S, ‘V% Vi thoxy 4-tert-butyl benzoyl) - 4- net hoxynot hyl -
5- (p?ra So ?BW&V (Wﬁ@ boxylic acid ~, Racemic; HO N" 1
Rel ati ve H%(ﬁﬂa@ﬁﬂs&ﬁﬁ@hoﬁw 8.30 (s, 1H), 7.14 (d, 1H), 6.66 (d, 1H), 6.35 (s, 1H),

5.52 (d, 1H), 3.60 (s, 3H), 3.34 (1H, m), 3.13 (m, 1H), 2.92 (s, 3H), 2.70 {m, 1H), 2.27 (m,

4H), 2.05 (m, 1H), 1.27 (s, 9H), 1.14 {d, 3H), 1.11 (d, 3H).

10 Example 23
rel{28,4R,5R)-2-Isobutyl-1-(3-methoxy-4-ferf-butylbenzoyl)-4d-methoxymethyl-5-

(pyrazin-2-yi)pyrrolidine-2-carboxylic acid

/
H O\Q—(&N\) Racemic; ’

Relative sterenchemistry shown
N

The title compound was prepared in a similar manner to Example 1, using intermediate 46
15  as starting material.
MS calcd for (027H31N305 + H)+ 484
’ MS found (electrospray): (M+H)* = 484
(‘_ 'H NMR (CD,OD): 5 8.62 (s, 1H), 8.11 (s, 1H), 8.08 (s, 1H), 7.00 (d, 1H), 6.73 (d, 1H),
6.40 (s, 1H), 5.00 (d, 1H), 3.60 (s, 3H), 3.29 (m, 1H), 3.23 (m, 1H), 3.14 (s, 3H), 2.62 (m,
20 1H), 2.43 (m, 1H), 2.31 (m, 2H), 1.99 (m, 1H), 1.80 (m, 1H}, 1.18 (s, 9H), 1.05 (d, 3H),
0.93 (d, 3H).

Example 24
rel{285,4S,5R)-2-1sobutyl-1-{3-methoxy-4-teri-butylbenzoyl)-4-methoxymethyl-5-(5-
25  methyi-1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

a6



O ON ,0 The title conpound was prepared in a simlar manner to Exanple 1,
using Internediate 46 15 as starting material. MS calcd for (C27H37N305 +
H) +: 484 Ms found (electrospray): (MH) + = 484 "H NMR (CD30D): S 8.62 (s,
1H), 8.11 (s, 1H), 8.08 (s, 1H), 7.00 (d, 11-1), 6.73 (d, 1H), 6.40 (s,
1H), 5. OQNéQoou&H)us 3.60 (s, 3H), 3.29 (m 1H), 3.23 (pprekbesnpsk? (s, 31-1),

2.62 (m 1H, 2.43 (m 11-1), 2.31 (m 2H), 1.99 (m 11-1), 1.80 (m
1H), 1.18 (s, 9H), 1.05 (d, 3 0.93 (d, 3H . Exanple 24

rel - (2S4S, 5R) -2-1sobu -I «-( rret hoxy- 4-t ent - butyl benzoyl ) - 4- met hoxynet hyl -
5-(5- 25 methyl -1, 3-thi \ | ) pyrrolidine-2-carboxylic acid 86 WO

2004/ 037818 PCT/ EP20 1"{ ~} OHON ,,,.1~ Racenlic; 00 Retail"
stereochem stry shown ¥0JTh tle con@mqmmmg&gmr ed inasimlar

manner to Exanple 1, usithg er madl ate 51 as starting material. M5 cal cd
for (C27H3sN2G6S + H+ : 5 found (el ectrospray): (MrH + = 503 'H NWR
(CD3OD): 5 7.52 (1 H, s), 7.82 H d), 6.72 (1H, d), 6.29 (1H, s), 5.5 (1H,
d), 3.64 (3H s), 3.26-3.15 (21-1, m), 3.11 (3H, s), 2.77-2.67 (11-1, m,
2.37 (31mells)gmgmwmpreme¢m aglmllarmaamer(telﬂxarsplﬁ1:Lusmg in®ripedigte §hd 1. 08
(3H, d) a9stantingn a@rﬁﬁ Enanti omer A of

rel -(2S, I t hoxy-4-tart-butyl benzoyl) - 4-

met ho n%i@g dg M@S‘J H% azol -2-yl ) pyrrolidine-2-carboxylic acid
nmoo/ J(e ?sgra IéMé'H A N Rel ative stereochenistry showmn 0 The
title cod'bUMRj(Gih@Dbrﬁe?pﬁa'(éH $)n7 22 EiHyid), &7 2ty 6.2D( 1k 85 TH, duBhg

| nt er med{3M, 8), 326-3L15 @81, AN, B. 11 (3H, SNL.EV287.(1H, m), 2.37 (3H, 5), 2.3-1.94 (5H, m),

( 1.31 (8H, s), 1.11 (3H, d) and 1.08 (3H, d)

10 Example 25
Enantiomer A of rei-(25,48,5R)-2-Isobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-

methoxymethyl-5-{5-methyl-1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid
\Qf"’

0

Chiral; Enantiomer A
Relative stereochemistry shown

0

The title compound was prepared in a similar manner to Example 1, using Intermediate 93
15 as starting material.
MS caled for (Co7H3aN205S + H)* : 503
MS found (electrospray): (M+H)* = 503
( 'H NMR (CD;0OD): 5 7.52 (1H, s), 7.22 (1H, d), 6.72 (1H, d), 6.28 (1H, s), 5.5 (1H, d), 3.64
(3H, s), 3.26-3.15 (2H, m), 3.11 (3H, s), 2.77-2.67 (1H, m), 2.37 (3H, s), 2.3-1.94 (5H, m),
20 1.31(9H, s), 1.11 (3H, d) and 1.08 (3H, d).

Example 26
rel{2S,48,5R)-2-1sohutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-methoxymethyl-5-(2-
chloro-1,3-thiazol-5-yl)pyrrolidine-2-carboxylic acid

,.-“"-o/
HO g SN ~Cl Racemic;
Y

bl Relative stereochemistry shown
0
0

25 A

The title compound was prepared in a similar manner to Example 1, using Intermediate 56
87



M5 calcd for (C27H3) N2G6S + H)+ : 503 WMs found (el ectrospray): (MrH) + = 503
"HNWR (CD3OD): 5 7.52 (1 H s), 7.22 (1 H d), 6.72 (1 H d), 6.29 (1 H,
s), 5.5 (1 H d), 3.64 (3H s), 3.26-3.15 (2H, m, 3.11 (31-1, s),
2.77-2.67 (1H, m), 2.37 (3H, s), 2.3-1.94 (5H, m, 20 1.31 (9H, s), 1.11
(31-1, d)ws (3H, d). Exanple 26 rel- (2S4S, 5R)

- (3-net hovgyaélb goeﬁ'}ti% but yl benzoyl ) - 4- net hoxynet hyl - &&528&%&}313

chloro-1, 3-thiazol -5-yl)pyrrolidine-2-carboxylic aC|d| HO. , S d

Raceni c: aistainganaieriake st er eot eni stry showmm OOl 25 1-0 The title
conpound MBasalqurfen(@s¢13;0IN.CaS $iH)+|: 823/8@5nner to Exanple 1, using Internediate

56 87 Vﬂg@%@%{ﬁg&f%}gﬁﬁ 824)435813 as starting material. MS calcd for
‘

C25H35Ch N d lLect 523/ 525 'H
AR (Coa(D 5»% (15, 895 (A i%ﬁ s)(%’% l ),
5.42 §1H36 )(3H52533"966H(f31~13§ 113, g 308 1(BH.#). 2.88 (H. Pag432 3707(@" 8, s), 2. 88
(1H, t), (1M, 39 R3DEH, 4H1.00)(6H.2dD0 (1H, ), 1.33 (91 1, s), 1. 09 (6H, dd).
Exanpl e 27 rel-(2S,4S, 5R) - 2| sobutyl -

-(3-neth e 2e,rt but yl benzoyl ) - 4- net hoxynot hyl -5-(2- 10

met hoxy- 5-yl)pyrrolidi ne-2-carboxylic acid noo H,,,,(

yO Racem"ézs#sﬂkgﬂﬁ‘?h}'&'é’f@?’%ﬁmgﬂ’f‘ tylhsnzeylct-methoxymethy- |5'($2 corrpound was
pr epa® edmethaxyst, Mhtazol-ﬁmﬂpwolidin&-&mﬂoayﬂg acidi ng Internedi ate 57 as
starting material. M5 c /(C27H35N206S+ H)+ : 519 15 Ms found

(el ectrospray): (MtH)+ a% H.NVR (CD3OD) : 3 7.2 (L H, d), 6.89 (1 H, s),
6.75 (1H, d), 6.54 (1H|0\n$ o 4, rdemic; 3. 94 (3H, s), 3.67 (31-1, s),
3.16 (1H, n), 3.12 (31-1 , 4 (1 Resiveppreccm@@sheH, n), 2.29-2.05 (4H,
. 1.98 (1H m, 1.33 (9, ¥ 1.08 (6H 1.

The title compound was prepared in a similar manner to Example 1, using Intermediate 57
as starting material.
MS caled for (CorH3sN20sS+ H)+ : 519

15  MS found (electrospray): (M+H)+ = 519
"M NMR (CD,0D) : § 7.2 (1H, d), 6.89 (1H, s), 6.75 (1H, d), 6.54 (1H, s), 5.23 (1H, d),
3.94 (3H, s}, 3.67 (3M, s), 3.16 (1H, m), 3.12 (3H, s), 3.04 (1H, m), 2.96 (1H, m), 2.29-2.05
(4H, m), 1.98 (1H, m), 1.33 (9H, s), 1.08 (6H, m).

20 Example 28
rel-(28,4R,5R)-2-1sobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-((methyithio)methyl)-5-

(1,3-thlazol-2-yl)pyrrolidine-2-carboxylic acid

/
( \Q—fs
- HO\ﬂ\..- N ""f«—sj Racemic;
a N
[#]

Relative steraochemistry shown

e

The title compound was prepared in a similar manner to Example 1, using Intermediate 58
25  as the starting material.

MS calcd for (CpeH3aN20,S; + H)Y : 505

MS found (electrospray): (M+H)* = 505

'H NMR (CDCl,): & 7.48 (1H, d), 7.19 (1H, d), 7.11 (1H, d), 6.88 (1H, d), 6.45 (1H, s),

5.22 (1H, d), 3.67 (3H, s), 3.07 (1H, dd), 2.76-2.63 (2H, m), 2.63-2.49 (2H, m), 2.11-1.96
30 (2H, m), 2.04 (3H, s), 1.93-1.81 (1H, m), 1.31 (9H, s), 1.08 (3H, d), 1.04 (3H, d).

88



20 Exanple 28 rel -(2S, 4R 5R)-2-1sobutyl -1

{3-nmet hoxy-4-fart-butyl benzoyi)-4-((nethylthio)nethyl)-5-

(1, 3-thiazol -2-yl)pyrrolidine-2-carboxylic acid s s - " Receme; HiO ~
Rel at| ve stereochem stry showmn O The title conpound was prepared in a
simlar anple 1, using Internediate 58 2 rting

mat eri al @E}/%ﬁ(glaols@éﬁ?or (C2eH3eN204S2 + Hy+ : 505 M5 oﬁ%lg%“}g rospray):
(MtH + = 505 '"H NW\R (CDCI 3): 6 7.48 (1H, d), 7.19 (11-1, d), 7.11 (1H, d),
6.88 (11Example2% 45 (11-1, s), 5.22 (1H, d), 3.67 (3H s), 3.07 (1H, dd),
2. 76- 2. 63el(25]4R/8R)-24 s 6Butyl-1+B-hathoxydi-ter?-biifyllen?6yl)-80 (2H, m), 2.04 (31-11,
s), 1 93%@%4&&"& Imethﬂga-y,ﬁ-?l'iiazo‘i—k-yl)%ﬂgliéi?ié-ﬂoarl?ﬁwyliéa&ﬂ (3H, d). 88 WO
2004/ 037818 PCT/ EP2003/ 011381 Q anpl e

rel 42S, 4R, 5R) - 2- I sobut yl - 1- ( t hoxy-4-tert-butyl benzoyl) - 4-

((met hanesuHonyl ) met hyl ) - t hi azol - 2-yl ) pyrrolidine-2-carboxylic acid
03/ HOM S Racem c; N Rel esterseochem stry shown O /O 5 The title

s
conpound was prepared i'f’P\E*" " "@ ;’rgﬁt@?\"ﬁ %(S%Exgcr?golgg 1 using Internediate
5

59 as starting material. S H+ : 537 ( M found
(electrospray): (MH)+ = MR (CDCI3): S 7.40 (1H, d), 7.25 (1H, d),
7.18 (1H, d), 6.85 (1 H d), 6 H s), 5.52 10 (1H, d), 3.69 (31-1,
s), 3.31 (1H, dd), 3.22-3.09 (24-1] m, 2.98-2.89 (1 H m, 2.89 (3H, s),

2.51 (1H, dd), 2.26 (1H t), 2704 (1H dd), 1.94-1.81 (1H m, 1.31 (9H s),
1.08 B3 H,Thqylle_o_omggy_n_é Was pgparetinempindaraeanner to Example 1, using Intermediate 59
rel - (2S, 4Rstaffihg mdte@abut yl - | - (3- net hoxy-4-tert-butyl benzoyl)-4-(1, 1-di fl uoroe
thyl) - 5- MsleaRsaliB @ZHh.N0¥8, )4y @by di ne- 2- car boxylic acid
( MS found (electrospray): (M+H)* = 537
"HNMR (CDCi3): 5 7.40 (1H, d), 7.25 {1H, d), 7.18 (1H, d), 6.85 (1H, d), 6.49 (1H, s), 5.52
10 (1H, d), 3.69 (3H, s), 3.31 (1H, dd), 3.22-3.09 (2H, m), 2.98-2.89 (1H, m), 2.89 (3H, s),
2.51 (1H, dd), 2.26 (1H, t), 2.04 (1H, dd), 1.94-1.81 (1H, m), 1.31 (9H, s), 1.08 (3H, d),
1.04 (3H, d).

Example 30
15  rel(2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-(1,1-difluoroethyl)-5-

(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acld

RF
HOW} Racemic;
e
0

Relative stereochemistry shown

( 0

The title compound was prepared in a similar manner to Example 1, using Intermediate 60
as starting material.

20  MS caled for (CxHasN2F20,8+ H)*: 509
!VIS found {electrospray): (M+H)* =509
H NMR (CDCl,): 8 7.58 (1H, d), 7.23 (1H, d), 7.09 {1H, d), 6.93 (1H, dd), 6.42 (1H, s),
5.57 (1H, d), 3.67 (3H, s), 3.07 (1H, m), 2.96 {1H, dd), 2.51 (1H, dd), 2.25 (1H, dd), 2.13
(1H, dd), 1.85 (1H, m), 1.59 (3H, t}, 1.33 (9H, s), 1.08 (3H, d), 10.3 (3H, d).

25
Example 31
rel-(28,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-{1-hydroxy-1-
methylethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

89



FFHO SI// Racemc; N NJ Relative stereochem stry showmm O ( /O The title
conpound was prepared in a simlar manner to Exanple 1. using Internediate
60 as starting material. 20 M5 calcd for (C2aH34N2F204S+ H)+: 509 Ms found
(el ectrospray): (MtH)+ =509 1H NW\R (CDCI 3): S 7.59 (1H, d), 7.23 (1 H d),
7.09 (1 HvodposoBs®8 (1 H dd), 6.42 (1 H s), 5.57 (Bcterddynisb7 (3H, s),
3.07 (1H, m, 2.96 (1H dd), 2.51 (1H, dd), 2.25 (1 H, dd), 2.13 (1H, dd),
1.85 (1 H m, 1.59 (3H t), 1,33 (9H s), 1.08 (31-1, d), 10.3 (3H, d). 25
Exanpl e 31

rel -(2S, 4R, 5R) - 2- | sobut él - - n{\j&t hoxy-4-tert-but yI benzoyl ) - 4- (1- hydr oxy-1I -
nmet hyl et hyi )-5-(1, 3-thi PRy rr boxylic acid 89 WD
2004/ 037818 PCT/ EP2003/ 01 ' P, IL)'S pq%nga&%d‘g" "N~ Rel ative

title corrpound was prepared in a simlar

manner to Exanple 1, using Int di’ate 61 as starting material. IVB cal cd

for (C27H3aN205S+ |—|)+ 503 5 M fund (el ectrospray): (MrH)+ = 503 'H NWR

(CDCI3): S 7.44 (1H, d), 7.22 (1H d, 7.11 (1H, d), 6.94 (1H, d), 6.43 (1H,
s), 5.56 Ths!!ﬂ_G;E_FQQQQﬂQWG$ prepareq in %ylm"ﬂ' wne&torﬁxamsyﬂ 25185"\161"19@3#?)61 2.49 (1H,
dd), 2. 2Qs(sfbrtll'lgm@fena?. 08 It H, dd) 1.87 (1 H m, 1.33 (9H, s), 1.30 (3H,

s), 1.08 N@éﬁl C%"'%'bgé*H() g3 10 Exanple 32 Enantloner A of

3-

rel S, § obut hoxy- 4- fert but yl benzoyl ) - 4-
met ho§ rré‘&h %(-29 éﬁ?

rrolidi ne-2-carboxylic acid HO ,
Chiral, @qus)ﬁﬁTM\(TH dﬁzeﬂ @ed)s't’ & EbL He S (1. Drdaa (1H. ), 556

(1H, d), 3.67 (3H, s), 2.87 (1H, dd), 2.65 (1H, m), 2.49 (1H, dd), 2.20 (1H, m), 2.08 (1H,
dd), 1.87 (1H, m), 1.33 (SH, s), 1.30 (3H, s), 1.08 (6H, m), 1.02 (3H, d).

stereochenmi stry shown O 090

10 Example 32
Enantiomer A of rel(28,4R,5R)-2-Isobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-

methoxymethyl-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

NG 5
[e)
HO 0 JI7 H .
m.\ N u« ) Chiral, Enantiomer A;
o
Q

Relative stereochemistry shown

o

The title compound was prepared in a similar manner to Example 1, using Intermediate 62
15  as starting material.
MS calcd for (CagH3eN0sS+ H) : 489
MS found (electrospray): (M+H)™ = 489
( 1H NMR (CD,OD): 3 7.41 (1H, d), 7.26 (1H, s), 7.16 (1H, d), 6.88 (1H, d), .55 (1H, s),
' 5.38 (1H, d), 3.71 (3H, s), 3.41 (1H, m), 3.28-3.35 (4H, m), 2.80 (1H, m), 2.51 (2H, m),
20 2.33(1H, dd), 2.02 (1H, dd), 1.87 (1H, m), 1.32 (SH, s), 1.15 (3H, d), 1.01 (3H, d).

Example 33
rel-{2R,4S,5R)-2-Benzyl-1-(3-methoxy-4-fert-butylbenzoyl}-4-methoxymethyi-5-(1,3-

thiazol-2-yl)-pyrrolidine-2-carboxylic acid

S0



O The title conpound was prepared in a simlar manner to Exanple 1, using
Internmediate 62 15 as starting material. MS calcd for (C2eH3aN206S+ H) +:
489 Ms found (el ectrospray): (MtH)+ = 489 1H NWVR (CD30D): 87.41 (1 H, d),
7.26 (1 H s), 7.16 (1 H d), 6.88 (1H, d), 6.55 (1H s), 5.38 (1 H d),
3.71 (31-#o%s03aftl (1 H m, 3.28-3.35 (41-1, , 2 2 51 (2H,
M. 20 233 (LR dd), 2,02 (1 H dd). 1.87 (1 , Pé?'z é"ﬂéiﬂ% 1.15
(3H, d), 1.01 (31-1, d).
rel - (2R, 4S, 5R) - 2- Benzyl - |
(1,3- thiazol-2-yl)-pyrro
PCT/ EP2003/ 011813 0 HO S
0 ,0The title corrpound""%@
Intermediate 63 as the s
523 5 MS found (el ectrosprdy)

anpl e 33

- met hoxy-4-tart-butyl benzoyl) - 4- net hoxynet hyl - 5-

di ne<g* carboxylic acid 90 WO 2004/ 037818

A Rascernl (o 0 ~ Rel ative stereochem slry shown
m | ar manner to Exanple 1, using

teF*i'“é\“Fs‘e'ﬁ%”'“@WE%“for ( C29H34N2CB S+ H)+ :

MrH) + = 523 "H NVR (CD3CD): 8 7.82 (1 H,

d, 7.53 (1H, d), 7.45 (51-1, #21 (1H, d), 6.71 (1H d), 6.44 (1H, s),

5.12 (1H, d), 3.87 (1H, d), 3.6% ( , 3.34 (2H, m, 2.91 (31-1, s), 2.88

(1H, dd), 2.38 (1H, m, 2.17 (1H t), 1.85 (1H, m, 1.30 (9H, s) 10 Exanple

34 The title compound was prepared in a similar manner to Example 1, using Intermediate 63

rel/ { 2R, 43¢ M startimpmatetiall- ( 3- met hoxy- 4-tent - butyl benzoyl ) - 4- et hoxynet hyl - 5- (1

, 3- th'a%cﬁodyfhe]%\;\%uhgb' i E%garboxyllc acid HO3 / Racemic; N Relative
te

st ereqch | e conmpound was prepared in a simlar
manne% 3" H¥$°?°Y°sﬂf@’)r{ + diate 64 15 as the starting material. M

cal cd f orH(NMR ERRQEN6 8+7.92 (1H; dp 353 (1H, d), 7.45 (5H, m), 7.21 (1H, d), 6.71 {1H, d),
6.44 (1H, s), 5.12 (1H, d), 3.87 (1H, d), 3.67 (3H, s), 3.34 (2H, m), 2.91 (3H, s), 2.88 (1H,

(' dd), 2.38 (1H, m), 2.17 (1H, t), 1.85 (1H, m), 1.30 (9H, s)

(72}
~

10 Example 34
rel-(2R,4S,5R)-2-Benzyl-1-(3-methoxy-4-fer{-butylbenzoyl}-4-ethoxymethyi-5-{1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid

S~

‘.“\‘-. 0

.( Racemic;
'\a / Relative stereochemistry shown

The title compound was prepared in a similar manner to Example 1, using Intermediate 64
15  as the starting material.
( MS caled for (CaoH3sN20sS+ H)* : 537
‘ MS found (electrospray): (M+H)* = 537
'H NMR (CD,OD): & 7.76 (1H, d), 7.51 (1H, d), 7.43 (5H, m), 7.21 (1H, d), 6.73 {(1H, dd),
6.45 (1H, s), 5.13 (1H, d), 3.90 (1H, d), 3.66 (3H, s), 3.35 {1H, d), 3.00 (3H, m), 2.40 (2H,
20 m), 2.20 (1H, t), 1.85 (1H, m), 1.30 (9H, s), 0.93 (3H, 1).

Example 35
rel{28,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-
(pyridin-2-yl)pyrrolidine-2-carboxylic acid

91



M5 found (el ectrospray): (MrH+ = 537 "H NWVR (CD30OD): 6 7.76 (1H, d), 7.51
(1H, d), 7.43 (5H, m, 7.21 (1H, d), 6.73 (1H, dd), 6.45 (1 H s), 5.13
(1H, d), 3.90 (1H, d), 3.66 (3H, s), 3.35 (1H, d), 3.00 (31-1, m, 2.40
(211, 20 m, 2.20 (2 H t), 1.85 (1H, m, 1.30 (91-1, s), 0.93 (31-11, t).
Exanpl e I S,5R)-2-1 sobutyl -

- (3-net hﬁ?—zﬂ“{ogﬁ%ébutyl benzoyl ) - 4- met h oxynet hyl - 5- PCT/EP2003/011813
(pyridin-2-yl)pyrroliding-2-carbgxylic acid 91 WO 20041037818

PCT/ EP2003/ 011813 -0 HO | ~O0Recem c: O Rel ative stereochemi stry shown
The title conmpound wasqyard B, a simlar manner to Exanple 1, using

I nternediate 69 as the spar¥iny At emhaahicc MS cal ed for (C28H3eN2C15+ H + :
483 5 M5 found (el ectrosp?ay~ QWi H) + Relatiypgiegeochemisatest CDCI 3) @ 8 8.54 (1 H,
d, 7.51 (1 H t), 7.30 (1 H, .05 (1 H d), 6.73 (1 H d), 6.60 (1H,
d), 6.20 (1H, s), 5.31 (1H, d),Y3. B8 (3H, s), 3.23 (1H m, 3.16 (1 H m,
301(311 s), 2.47 (1 H, dd) 2.37(1Ht)229(1H dd), 2.18 (2H,

1. 96 ’ 1 0 Exanpl e
36 (2S, %@Q—:&?ﬁ? '%Egrfé mé[‘%%’e‘rg’ge" 'ﬁl’b%%‘g%“\%%ﬂ“ﬁg%ff G%ydr oxy-1 -
“nmet hyl et ﬁ?l')e- rE“'ig@atf’Fﬁ'azol 2- yI )pyrrol i dl ne-2-carboxylic acid OH HO H N

Chiral; M5 Galat forSsablaNo@sstiEr:db8hemi stry shown 0 15 The title conmpound was

prepased Ms\foandS(eIBclr@d réer'(Nﬁ» H)< ©48xampl e 1, usi ng Interrredi ate 72 as the
startings %J f\ﬁﬁ? @ ?ﬁ6;§"}f{%

| ect ‘@I 23 (1H, d
710" (1npaatt @)g%zw NG e (3H 5.

2. 88 -( 1HS),@dly (114, a3, 237 (FHH t)r)2 29(14odd)12. 18 (2dn), T2IOH( M 1.26PH, 9, 086 (1H,  dd),
1,87 (1143H, d)1.1043R4d)(91-1, s), 1.31 (3H, s), 1.08 (6H, m, 1.03 (3H, d).
E>(am;ibe 37a & Exanpl e 37b

Example 36
(28,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-(1-hydroxy-1-
methylethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

OH

HO /_7
"o / Chiral;

0 Absolute stereochemistry shown

156  The title compound was prepared in a similar manner to Example 1, using Intermediate 72
as the starting material.
MS calcd for (C7HagN20sS+ H)* : 503
( MS found (electrospray): (M+H)* =503
) TH NMR (CDCly); 5 7.45 (1H, d), 7.23 (1H, d), 7.10 (1H, d), 6.95 (1H, d), 6.43 (1H, 5), 5.56
20 (1H, d), 3.67 (3H, s), 2.88 (1H, dd), 2.65 (1H, m), 2.49 (1H, dd), 2.20 (1H, dd), 2.08 {1H,
dd), 1.87 (1H, m), 1.34 (9H, s), 1.31 (3H, s), 1.08 (6H, m), 1.03 (3H, d).

Example 37a & Exampie 37b
Diastereoisomer 1 and diastereoisomer 2 of (25,4R,5R)-2-Isobutyl-1-(3-methoxy-4-

25 tert-butylbenzoyl)-4-{1-hydroxyethyl}-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

92



Di ast ereoi soner 1 and di ast ereoi soner 2 of

(2S, 4R, 5R) - 2- I sobut yl - 1- ( 3- met hoxy-4- 25

tert-butyl benzoyi)-4-(1-hydroxyet hyl)-5-(1, 3-thiazol-2-yl)pyrrolidine-2-carb
oxylic acid 92 WD 2004/037818 PCT/ EP2003/011813 H S Chiral; HO HAbsol ute

st er eochewiodoy/3tasn for pyrrofidine ding Separated ﬁtﬂﬁﬁﬁﬁﬁh,ﬁgrrers at the
al cohol centre O Absolute stareorhem stry of al cohol centre in

Di astereci soners hg& 2 not known. O Sodi um borohydride (0.025 g, 0.68 mmol)
was added to aycol 0C) solution of Internediate 73 (0.065 g, 0.133 mmol)
i n anhydrous T ) un&e nitrogen. The mxture was stirred at 0C for
30 mi nutes, Ho '"(om t@mﬁghﬁ&&&:ﬁsﬁsﬂ{m&pﬁﬂuﬁo&ng The 5 m xt ure was

acidified (2 h% Cl) ane SWtswef 4'60"3.' te, organi ¢ sol ution
was dried (NaZs4 d evi;por?:x BEeGY oL %“f aoéaﬂm o8 f&"’d’ q“ﬂ"ﬁ s was
purified by repeated#preparati ve HPLC on a C18 col urm usi ng a two-sol vent
gradient elution with (A) water containing formc acid (0.1% and (B)
acetonitrile-water {95:5 v/v) containing formc acid (0.05% as eluents to
af ford a SniliMmuberobydride 21026 emi &.68remmolp fwashaddedctohel cold-(R¥0) esolutiph &f 10

purlflcaﬂﬂt&meﬂﬁtea'lﬂn o@ 6.2 1 FOmER) URAnKy drdus TRHI ﬁTL?hh@éiQiltrdgaﬁ’ Iev/ v)

cont ai nf fatlo Wis e %sem%drﬁma@sdmsﬁtaﬁ o%ﬁmen@fgmwgg& 3hoggs oer 1
Di ast reml’e wsyﬂéﬁfgﬁﬁf Lic abg erithotedwip sihvLsaeiattr, MeptaancsabiPg B8 Exanpl o
37a 15 Merigth(NadS®grang cezmaﬂ@aﬂord-l)wummw@nd Nshisomsdpt(r@e@by repepledy)

( MtH) +=4gRpatdtiWVRP(CI3a0PL18 &olﬁm37us ,a fvotdolvent 3dlébt8elutibh|)wu th/(Al dvafed, 1 H),

6.85 (d, cdnttiing formit; 4 Mﬂ)zya Qm Pe ter(9 )&n ic 3 31 (S 3H),

i 95 S ool %E’éwe e e uesteraj%a r%oﬁr@ o Friorete o0
1Bxa ﬁsamtpm%aalw Aarco maw@@m@s-ethaml (90499'/\') wﬂavom@ 1%

(eI ect r ogfiuerpacetic bitths sHigit afforddlyRidstni3oivier 8 (Exafriold 37a),1th® earflerluticg 1H)

:7)) %2 gd6§la reo@o &r éﬁ’d s?:l(igequgn H?Ggifa.%ﬁte#_azs_o_@gf% (ﬁxaﬁﬁglé%?b)}tgﬂe E?er@ﬁmﬁﬂ, > %o (t,

1H), 2.2 tg}gonsg . 2,00 (m 1H), 1.91-1.81 (m 1H), 1.32 (s, 9H), 1.13 (d,
3H), 1.0Bxampled?a 0. 99 (d, 3H). Exanple 38 30
rel {25, 4BSIB)cd 2orl (CaHLNyDsS+-H)3- 489 hoxy- 4-t ert - but yl benzoyl ) - 4- et hoxynet hyl - 5-
(1,3- MS found (electrospray): (M+H)* =489
'H NMR (CD;0D): & 7.37 (d, 1H), 7.23 (bs, TH), 7.13 (d, 1H), 6.85 (d, 1H), 6.55 (s, 1H),
5.43 (d, 1H), 3.75-3.68 (m, 1H), 3.71 (s, 3H), 3.67-3.60 (m, 1H), 2.61-2.49 (m, 2H), 2.23
(@, 1H), 2.00 (dd, 1H), 1.93-1.80 (m, 3H), 1.30 (s, 9H), 1.15 {d, 3H), 1.04 (d, 3H), 0.995 (d,
20  3H).
Example 37b
MS calcd for (CosHagN20sS+ H)* : 489
( MS found (electrospray): (M+H)* =489
'H NMR (CD,0D): 8 7.41 (s, 1H), 7.31 (s, 1H), 7.18 {d, 1H), 6.68 (d, 1H), 6.46 (s, 1H),
25  5.50(d, 1H), 3.79 (m, 1H), 3.74-3.66 (m, 1H), 3.70 (s, 3H), 2.74-2.64 (m, 1H), 2.49 (bd,
1H), 2.39 (t, 1H), 2.28 (dd, 1H), 2.00 {m, 1H}), 1.91-1.81 (m, 1H), 1.32 (s, OH), 1.13 (d,
3H), 4.03 (d, 3H), 0.99 (d, 3H).

Example 38
30 rel4{2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-
thiazol-4-yl)pyrrolidine-2-carboxylic acid

83



t hi azol - 4-yl ) pyrrol | di ne-2-carboxylic acid 93 WD 2004/ 037818

PCT/ EP2003/ 011813 O H', N' ..... 17 Racemic 0 C S Rel ative
stereochernistry showmm O 1 \ .0 The title conpound was prepared in a
simlar manner to Exanple 1, using Internediate 78 as the starting
materlal for (C27H35N2CBS + H*: 503 5 M5 rospray)
(MtH) + y’%lﬁ%ﬁ?ﬁ% (CD3AD): 6 9.07 (1H, s), 7.17 (1 H 063?’1@33 :
6. 68 (1 H d), 6.35 (1H, s), 5/59 (11-1, d), 3.64 (31-1, s), 3. 25 3 10 (3H,
m, 3.05-3.01 (1H m, t), 2.34-1.98 (5H, m, 1.28 (91-1, s),
1.14 (3H, d), 1.10 (31i Q—}nd 1.03 (3H, t). 10 Exanple 39 Enantl oner A of
rel-(2S, 4S, 5R) 2 | sobuk né)thoxyRadamtt:art butyl benzoyl ) - 4-

et hoxynet hyl - 5- (1, 3-t hi azil 4- Y1) - pyr P8P hoxylic acid 0 .,,,,\\
Chiral; EnantlomerA HOvV 107 lative stereochem stry showmn 1 5 O \ The
title conpound was prepared i m | ar manner to Exanple 1, using
Internediate 79 15 as the stajti material. MS calcd for (CZ?H35N2058 +
H) +: 503 Ms found (el ectrospfay): (MrH)+ = 503 C'H NMR (CD3OD): 5 9.08
(1H, s), The liffe ¢ompourid wa¥ p@Rared i a simlargnd®ey to Bxamgdle, 1, 6siBgtIntetmptiiate)78 5. 59
(11-1, dhstﬁgﬁm,{ atefial, 3.24-3.10 (3H, m, 3.05-3.01(1H m, 2.78 (11-1,

t), 2. 34 5—HN 34,)28563% s), 1.14 (3H, d), 1.10 (31-1, d) and
1.03
rel - Bﬁﬂﬁ’ § MEH%= 803 hoxy- 4- t ent - but yl benzoyl ) - 4- al | yl oxynet hyl

- 5- (1 3 'ltl HNM&&D@Q/)I ﬁ@ﬁ'fr(dHl @DL hd7 2Hd.od)r BB d3:15).c6-68 (. B3NN, s)l at i ve
st er eor hersegiAyd)s B®AN3ZHNsN3R6-3010 @, #,08.05-3.01 (1H, m), 2.78 (1H, ), 2.34-1.98
( (5H, m), 1.28 (SH, s), 1.14 (3H, d), 1.10 (3H, d) and 1.03 (3H, ).

10 Example 39
Enantiomer A of rel<{2§,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-

ethoxymethyl-5-(1,3-thiazol-4-yl))-pyrrolidine-2-carboxylic acid

—
l.‘e_-o
\QD Ny Chiral; Enantiomer A
HO\“\‘ \ 7 Relative stareochemistry shown
S

%%

e

The title compound was prepared in a similar manner to Example 1, using Intermediate 79
15  as the starting material.
MS calcd for (Cz-:HaaNzOsS + H)+ 1503
MS found (electrospray): (M+H)* = 503
(7_ 'H NMR (CDsOD): & 9.08 (1H, s), 7.17 (1H, d), 7.08 (1H, s), 6.68 (1H, d), 6.34 (1H, s},
5.59 (1H, d), 3.64 (3H, s}, 3.24-3,10 (3H, m), 3.05-3.01(1H, m), 2.78 (1H, 1), 2.34-1.98
20 (5H, m), 1.28 (9H, s), 1.14 (3H, d), 1.10 (3H, d) and 1.03 (3H, t).

Example 40
rel-(2S,48,5R)-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-allyloxymethyl-5-(1,3-

thiazol-2-yl)pyrrolidine-2-carboxylic acid

~7
e
HO. . iy D Racemic;
19T
0

Relative stereochemistry shown



94 WD 2004/037818 PCT/ EP2003/011813 The title conpound was prepared in a
simlar manner to Exanple 1, using Internmediate 80 as the starting
material. "H NWVR (CD30D): 5 7.74 (d, 1H), 7.48 (d, 1H), 7.11 (d, 1H), 6.61
(dd, 1H), 6.25 (d, 1H, 5.67 (m 1H), 5.58 (d, 1H), 5.05 (dd, 1H), 4.99
(dd, 1H), wd fdebhig 2H) . 3.53 (s, 3H), 3.17 5 (m 21- ggmgzogﬁmigl 1H), 2.08
- 223 (m 4H, 1.94 (m 1H, 1.20 (s, 94, 1.03 (d, an .80(d, 3H)
Exanpl e 41 rel -(2S, 4S, 5R) - 2- 1 sobut yl - | . .

- ( 3- et hohbglifle emROURd, WoP BER3ISH 1Y a&hﬁwaw@m%@ﬁwe.b.usme Intermediate 80

(1, 3-t hi zasdhe staring pateriall i di ne- 2- carboxylic acid HO .. Racemic, \\\\N

Rel ati ve 'BINMR QCINOD)SE 774 38,04), 7.98 @, HHY, 7.71 @OHMY, i6®1 (@, FXR6eREd,4%) (10 ng) in

e;haPoI %6 ',)1H, . 8? 8 .t59051&%3 ,h.@ei( neA 3 67 J)Qpl).(éfruh(gg Hf gll-,sti;red .
e 1 o g R

washi ngs M@ #bnbi ned and sol vent was renoved to give the title conpound.
M5 cal cd for (C28H4aN205S + H)+ 517 MsS found (el ectrospray): (MrH) + = 517
"H NVR ( g415 7-83 (1L H d), 7.57 (1L H, d), 7.20 (1 H, d), 6.70 (1 H

d, 6.34 ) .66 .(1 d 3.62 (3H 3.24 (2H , 3.10 (2H,
M. 2. 73 TEHESAE "2'?'%”@11:@,"“ ?“}2_‘5‘tSﬁf"?Eﬁfbe"E@i#'P"iPY@('ﬂ'!ﬂ%’" m. 1.30
(91- 19, 41.3-thiaact-2¢yBpyrrglidine-21earpoxylic acid) 0.84 (3H, t). Exanple 42
rel - (2S, 4S, 5R) - 2- | sobut yk:- 1~ ( 3- nethdxy- 4-t ent - but yl benzoyl ) - 4- cyanonet hyl - 5-
(1,3- thiazol-2-yl)pyrrol {diag-R carboxyllc acid \Il CN HONa'iN 3 /
Racemi c; O O Relative siRrpQchemsstrypshown 25 ~o The title conpound was
prepared in a simlar manherYto anpRe@tvd sterebtbamizgy showt er nedi ate 81 as the
starting material. M cal 8¢ CZeH33N304S + H)+ 484 M5 found
(electrospray): (MrH) + = 484 3 NVR (CD30D): 8 7.41 (1H, d), 7.23 (1H,
s), 7.14 (1H, d), 6.86 (1 H, bros) 6.59 (1 H s),
-

A solution of Example 40 (10 mg) in ethanol (4 mL) was added to 10% palladium on

carbon (50 mg) and stirred under 1 atmosphere pressure of hydrogen at 20 degrees for

4h. Catalyst was removed by filtration and washed with ethanol (10 mL). Filtrate and

15  washings were combined and soivent was removed to give the litle compound.

MS calcd for (CagHaoNZOsS + H)+ ;517

MS found (electrospray). (M+H)* = 517

'H NMR (CD,0OD): 5 7.83 (1H, d), 7.57 (1H, d), 7.20 (1H, d), 6.70 (1H, d), 6.34 (1H, br 5),

5.66 (1H, d), 3.62 (3H, s), 3.24 (2H, m), 3.10 (2H, m), 2.73 (1H, t}, 2.23 (4H, m), 2.04 (1H,

20 m), 1.45 (2H, m), 1.30 (9H, s), 1.13 (3H, d), 1.10(3H, d) 0.84 (3H, t).

Example 42
( rel-(2S,4S 5R)-2-|sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-cyanomethyl-5-(1,3-

thiazol-2-yl)pyrrolidine-2-carboxylic acid
CN

N
HOO N *-n{;J

0

Racemic;
Relative stereochemistry shown

25 -0

The fitle compound was prepared in a similar manner to Example 1, using Intermediate 81
as the starting material.
MS caled for (CHasN:0,S + H)* : 484
MS found (electrospray): (M+H)* = 484

30 'HNMR (CD;OD): 3 7.41 (1H, d), 7.23 (1H, s5), 7.14 (1H, d), 6.86 (1H, br s), 6.58 {1H, s),
5.25 (1H, d), 3.72 (3H, s), 2.92 (1H, m), 2.58 (3H, m), 2.44 (2H, m), 2.03 (1H, m), 1.89
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5.25 (1H, d), 3.72 (3H, s), 2.92 (11-1, m, 2.58 (31-1, m, 2.44 (21-1, m,
2.03 (1H, m, 1.89 95 WD 2004/037818 PCTI EP2003/011813 (1H, m, 1.30 (9H,
s), 1.15 (3H, d), 1.00 (3H, d). Exanple 43 (2S4S, 5R)-2-1sobutyl-|

-(3-not hoxy-4.tert-butyl benzoyl)-4-(1-hydroxy-1- 5

met hyl et hwb)zmﬁm(;jbig’st hi azol - 2-yl ) pyrrolidi ne-2- car boxypéFrpebiiidis HON H
Chiral O Absol ute stereochem stry shown ~10 The title conpound was

pr epar ed l.e using Internediate 82 as the
starting (lllwlé'tr&'§§$1(él'ﬁ/é) gﬁ,&ggﬁ ‘59 E@mg%NZOSS + H)+ 503 10 Ms found

(el ectrospray): (MtH)+ = 503 'H NWVR (CD30D): 6 7.79 (1H, d), 7.52 (1 H, d),
7.21 (1 Igxathple4® 72 (1 H, dd), 6.30 (11 H, d), 565(1H d), 3.63 (3H, s),

i gi (1 *(hsﬁésnﬁzf’s% lht(sluﬁethgxgﬁﬂt&?-bh a:%ﬂﬁu(ﬂyﬁxﬁﬂ) 2.02 (1 H m,
°6‘nP°{/| benzoyl ) -4- et hyl -5- (1, 3-t

ol 5 methypthyt 3 Sihigt ez e
oxyI | C aC| d HOj H Racemc; Retathre

hiazol 2 yI)pyrroI|d| >2-C
stereocherrisry shown he ,title conpound was prepared inasimlar
429d|ate 85 20 as the starting material. M

manner to Exanple 1, #8{
cal cd for (C26H3aN204S spray): (MrH+ = 473 'H
NVR (CD30D): 6 7.37 (1H, 0 (1 I-PT%HWQ o&g@&,ﬁ%&?l H d), 6.85 (1H d),
6.53 (1 H s), 5.07 (1H, d) : (3H, s), 2.40-2.55 (3H, m, 2.11 (1H, m,
2.00 (1H, dd), 1.86 (1H, m, .46 (1H, m, 1.38 (1H, m), 1.30 (9H, s),
1.13 (3H, d), 0.99 (3H, d), AR (3H Q Exanple 45
rel- (2S, 4Re G cotpbarmbwas/prefaréd inesilnitat yrahhartd Example 1, using Intermediate 82
but yl benégme)sﬁdﬂgqﬁ&%.net hyl -5- (pyrid-2-yl))-pyrrolidine-2-carboxylic acid
( MS calcd for (CarHasN;05S + H)* : 503
10 MS found (electrospray): (M+H)* = 503
'H NMR (CD30D): & 7.79 (1H, d), 7.52 (1H, d}, 7.21 (1H, d), 6.72 (1H, dd), 6.30 (iH, d),
5.65 (1H, d}, 3.63 (3H, s), 3.09 (1H, m), 2.49 (1H, 1), 2.29 (2H, m), 2.18 (1H, dd), 2.02 (1H,
m), 1.31 (9H, s), 1.13 (3H, m), 0.76 (3H, s)

15 Example 44
rel<(28,4R,5R)-2-Iscbutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-ethyl-5-(1,3-thiazol-2-

yl)pyrrolidine-2-carboxylic acid

HO\CC{ v
Y "(/ Racemic;

o S J Relative stereachemistry shown
0o

, o
( The title compound was prepared in a similar manner to Example 1, using Intermediate 85
20  as the starting material.
MS calcd for (C2sHaeN204S + H)* : 473
MS found (electrospray): (M+H)* = 473
'H NMR {CD;OD): 8 7.37 {1H, d), 7.20 (1H, br s), 7.13 (1H, d), 6.85 (1H, d), 6.53 {1H, s),
5.07 (1H, d), 3.70 (3H, s), 2.40-2.55 (3H, m), 2.11 (1H, m), 2.00 (1H, dd), 1.86 (1H, m),
25 1.46 (1H, m), 1.38 {1H, m), 1.30 (9H, s), 1.13 (3H, d), 0.99 (3H, d), 0.83 (3H, t).

Example 45
rel<{28,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-methoxymethyl-5-

(pyrid-2-yl))-pyrrolidine-2-carboxylic acid
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96 WD 2004/037818 PCT/ EP2003/011813 0 HO1,0' N Racemic; 1/ Relative
stereochem stry showmm 00 \ ,O The title conpound was prepared in a simlar
manner to Exanple 1, using Internmediate 88 as the starting material. M
calcd for (C23H33N2G6 + H)+ : 483 5 M found (el ectrospray): (MH) + = 483
"H NVR (GpB98dkiosmis8. 42 (1 H, d), 7.53 (1 H, dt), 7. 22drkroostisss 7- 17 (1H
d, 6.98 (1H, d), 6.89 (1H, dd), 6.39 (1 H d), 5.17 (1H, d), 3.67 (3H, s),
3.44 (2H, m, 3.30 (3H, s), 2. §9 (1H, m, 2.58 (1 H dd), 2.52 (1 H t),
2.35 (1 H, dd), 2.10 (I .01.92 (1H m, 1.32 (9H, s), 1.18 (3H, d),
1.04 (31-1, d). 10 Exanp| 6 plasterem soner |
rel-(2S,4R 5R)-2-1so0 & '(~- et hoxy - Beodmir t - but éfl benzoyl ) - 4-
(1- met hoxyet hyl ) - 5- (1, 33 hj azdls2- yl ) pyPEYP 1UPHEEY 4 boxylic acid 0 0 HO
Racem c; Di astereol sonmer© ative stereochem sdy shomm N ./ O ~~ o |
110 15 The title conpound we epared in a simlar manner to Exanple 1,
using Intermediate 94 as thejstarting material. | M calcd for
(C27H3eN205S+ H)+ : 503 Ms-found (electrospray): (MH+ = 503 'H NWR
( CD30D) : TBe ftlexconmpbthd Wwasg preparédin(alsimildymyanngr. ta Exérbple 1disininBSmédiete 88) , 6. 53
(1H, s), as #a swrthy rﬁélté'hald) 3 35 (31-1, s), 3.30 (3H, s), 3.19 (11-1, m,
2.67-2.4 1.96 (1H, dd), 1.83 (1H, m, 1.30
(91-1 ES(%@ 6?( % KI 3H d), 0.98 (3H, d). Exanple 47
Di ast@re C'Bq‘sP"a
rel (2S, 4kt BIRR @Da@BbL&MZ OJH( 3) r?éaw(dkiydm-?'t-?& {Hbda)y 7.0 é h1thyd))6.98 (126d),
(1- et hogwet t1y,|dd), 8:30X118 d)16. 2 OlH, 3y, BleTy3H, &), TU@HZmY, B 300(8K| $)02.86(1H, 97
m), 2.58 (1H, dd), 2.52 (1H, 1), 2.35 (1H, dd), 2.10 (1H, dd), 1.92 (1H, m}, 1.32 (SH, s),

1.18 (3H, d), 1.04 (3H, d).

10

Example 46
Diastereoisomer 1 of rel{2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-

(1-methoxyethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

/
Q
H Racemic; Diasteracisomer 1
HO._ & “m( Relative stereochemisiry shown
DAY
o N
]
_0

15  The title compound was prepared in a similar manner to Example 1, using Intermediate 94
as the starting material.
MS calcd for {Ca7H3aN2Os5+ H)+ : 5603
MS found (electrospray): (M+H)* = 503
'H NMR (CD,0D): 5 7.37 (1H, bs), 7.20 (1H, bs), 7.14 (1H, d), 6.85 (1H, d), 6.53 (1H, s),
20 542 (1H, d), 3.35 (3H, s}, 3.30 (3H, s), 3.19 (1H, m}, 2.67-2.45 (3H, m), 2.21 (1H, dd),
1.96 (1H, dd), 1.83 (1H, m), 1.30 (9H, s), 1.12 (3H, d), 1.04 (3H, d), 0.98 (3H, d).

~

Exampie 47
Diastereoisomer 2 of rel{2S,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-

25 (1-methoxyethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

g7



WD 2004/ 037818 PCT/ EP2003/011813 O Racemnlc; Diastereoi soner 2 Relatve
stereochem stry showmm O H o 1-11 110 The title conpound was prepared in a
simlar manner to Exanple 1, using Internediate 95 as the starting
material. M calcd for (C27H38N205S+ H)+ : 503 5 MS found (el ectrospray):
(MrH) + = @ 3004kbAR (CD30D): 8 7.35 (1H, d), 7.24 (1 ﬂzbwmbmﬁsy (1H, d),
6.87 (1H, d), 6.42 (1H, bs), 5.43 (1 H d), 3.68 (31-1, s), 0 (1 H m,
3.19(311 s), 2.74 (1 H, n)/, 2.49 (1 H, bd) 2.36 (1H t), 227(1H
dd), 1.99 (1H, dd), 1.85 (1 &, m, 1.32 (91-1, s), 1.13 (3H, d) and 0.99

(61-1 d). 10 Exanple En | omer A of

(2S, 4S, 5R) - 2- I sobut yl - 1- {3F net hpxy- 4- t ket DEdiebiddmaz oyl ) - 4- net hoxy-

met hyl - 5- (pyri di n- 2-y|*5° 4 Tl he- 2- cReliyrseppchemisigaioon HO | pl N G Chiral;
Enantioner A Relative stergochfm stry showmm O 15 The title conpound was
prepared in a simlar manfler Exarrpl e 1, using Internediate 96 as the
starting material. M cal cd e €2s H3sN205+ H) : 483 Ms found

(el ectrospray) : (M-H)' = 483 'oH R (CD30D): 8 8.54 (1H, d), 7.51 (IH t),
7.28 (1H, 7.06 (1H, d), 6. 74 (11-1, d), 20 6.62 (1H, d), 6.20 (1 H s),
5.31 (1HTh&lgﬂmm_qmaSJpre@red@alsm{a1mnnwo Exaronle (1 gysingsiterediale @8 1, dd) |
2.37 (1 hkthb)staﬂhg%atérﬁf:l rr) 2.19 (1H, m, 1.97 (1 H m, 1.26 (91-1, s),

1. 16 (31 g]oakg)forq@gH (B 5@@ Exanpl e 49 25 Enant/omer A of
I(%}'Q hoxy 4-tert-butyl benzoyl). 4-

rel -
et hox ﬁg ' Ct§ )gyrrol | di ne2-carboxylic acid 98 WO
2004/ 037 b@ Qﬁl(ﬂh'lg 7%(@\-@6 17 17EAHne} B&2 (114, d) 6.2 {1H\Ds).0 Rel ati ve
st er eoch&nBtH,d)sBhBduidH, s), 3.40 (1H, m), 3.19 (3H, s), 2.74 (1H, m), 2.49 (1H, bd), 2.36

( (1H, 1), 2.27 (1H, dd), 1.99 (1H, dd), 1.85 (1H, m), 1.32 (9H, s), 1.13 (3H, d) and 0.99 (6H,

" d).

U

10
Example 48
Enantiomer A of (25,4S,5R)-2-lsobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxy-
methyl-5-(pyridin-2-yl)pyrrolidine-2-carboxylic acid

S~
HQ - iy, k
\ S Chiral; Enantiomer A

o) Relative stereochemistry shown

0

15  The title compound was prepared in a similar manner to Example 1, using Intermediate 96

as the starting material.
( MS calcd for (Cas HasN:Og+ H)' : 483
: MS found (electrospray) : (M+H)'= 483

'H NMR (CD,0D): 5 8.54 (1H, d), 7.51 (1H, t), 7.28 (1H, m), 7.06 (1H, d), 6.74 (1H, d),

20 6.62 (1H, d), 6.20 (1H, s), 5.31 (1H, d), 3.48 (3H, s), 3.15 (1H, m), 3.02 (3H, s), 2.48 (1H,
dd), 2.37 (1H, t), 2.33 (1H, m), 2.19 (1H, m), 1.97 (1H, m), 1.26 (9H, s), 1.16 (3H, d} and
1.11 (3H, d).

Example 49
25 Enpantiomer A of rel-(2S,48,5R)-2-Isobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4.

ethoxymethyl-5-(5-methylisoxazol-3-yl)pyrrolidine-2-carboxylic acid

98



O+\ ~0o The title conpound was prepared in a simlar manner to Exanple 1,
using Internediate 102 as the starting material. M calcd for (C2aH40N206+
H : 501 5 Ms found (el ectrospray): (MH) = 501 'H NVR (CD30D): S 7.20 (1H,
d, 6.74 (1H, d), 6.53 (1H, s), 6.40 (1H, s), 5.28 (1H, d), 3.68 (31-1, s),
3.23 (21lwompa4/odmsed (31-1, m, 2.34 (31i, s), 2.19 (4cirpi@roris P9 (11-1,

, 1.31 (9H, s), 1.10 (911, m. 10 Exanple 50
rel -(2S,4S, 5R) - 2-1 sobutyl - 1- ( 3- net hoxy-4tert-butyl benzoyl ) - 4- net hoxynet hyl -5
- (5- net hoxynet hyl -1, 3-thiazet™p2>yl ) pyrrol i di ne-2-carboxylic acid -0
HO.,,,,/N "" Racem anRelal Mg s e eoct&grgj ;n&;@ghom Ol \ O\ /O The title
conpound was prepared i ' ar MmN Rediveslleo¥émdiPi@nl, USing I nternedi ate
15 111 as the starting rfhgen M5 cal cd for (C2eH4OoN206S + Hr: 533 MS
found (el ectrospray): (MtH)' R33 1H NWR (CDCI3): S 7.73 (1 H s), 7.17 (1
H d), 6.66 (1H, d), 6.38 (1HT s)i~ 4.57 (2H, dd), 5.65 (1H, d), 3.62 (31-1,
s), 3.38-3.22 (21-1, m), 3.349%3H, s), 3.14 (3H, s), 2.63 (1H, t), 2.42- 20

2. 17 (41TE§< tifi) hd Jova@%réﬂaréﬂ in"d simﬁar%ﬁar(n%nlfolExa?ﬁple Ji I}&ng( ﬁlie'rr?\edigt)a and 1.10
y\ ,%9 ﬁ

3H, d). .

§e| -( 2)5, stariogmatenal.-1 L (3_ et hoxy- 4-tert - but yl benzoyl ) - 4- met hoxynet hyl -
5- (5- neM$aasdfordCat oYY @i di ne- 2- carboxylic acid HO,,,, Racenic; N1
Rel at §ve Mstfedrriqeleetrosptay). (MREYW= 500 25 The title conpound was prepared in a
simlar R é@o@;%@.‘z@ (H, 85679 (WS 655 &), P4 m W1 4e ?\%ﬁ

PCT/ EP20 g% 3 as, tLhe Startiig,’| eil ) al’ r 1HA0N2 OB+
s R B R SRR

9H, s), 1.10 (9H, m).
(

10 Example 50
rel-(2S,48,5R)-24sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(5-
methoxymethyl-1,3-thiazo!-2-yl}pyrrolidine-2-carboxylic acid

7
‘*—0
HO oy
m‘““ N "( J Racemic;
0 S 0 Relative stereochemistry shown
o ~
O

The titte compound was prepared in a similar manner to Example 1, using Intermediate
15 111 as the starting material.
MS calcd for (ngHmNzOS + H)+Z 533
MS found (electrospray): (M+H)" = 533
( TH NMR (CDCh): 8 7.73 (1H, s), 7.17 (1H, d), 6.66 (1H, d), 6.38 (1H, s), 4.57 (2H, dd),
) 5.65 (1H, d}, 3.62 (3H, s), 3.38-3.22 (2H, m}, 3.34 (3H, s}, 3.14 (3H, s), 2.63 (1H, t), 2.42-
20 217 (48, m), 2.01-1.88 (1H, m), 1.29 (9H, s}, 1.12 (3H, d) and 1.10 (3H, d).

Example 51 _
rel-(28,4S,5R)-2-1sobutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-methoxymethyl-5-(5-
methylpyridin-2-yl)pyrrolidine-2-carboxylic acid

5o
HO N N Racamic,
\

~

\"‘ Relative stereochemistry shown
o
OA@K

The title compound was prepared in a similar manner to Example 1, using Intermediate
99

25



1H NVR (CDCI 3): 58.36 (1H, s), 7.29 (1H, dd), 7.06 (1H d), 6.57-6.65 (2H,
m, 6.18 (1 H 5d) 5.26 (1H, d), 3.49 (31-1, s), 3.11-3.27 (2H, m, 3.03
(312-1, s), 2.35 (3H, s), 2.08-2.54 (5H, nm, 1.9-2.03 (1 H nm, 1.26 (9H,
s), 1.15 (3H, d) and 1.09 (3H, d). Exanple 52

rel - (2S, 480302818 0but yl - 1- ( 3- met hoxy- 4-t ent - but yl berzogpzpexbirees hoxynet hyl -
5- 10 (thien-2-yl)pyrrolidine-2-carboxylic acid o s Ho N-~\ | Racemc: O
| \ Rela st er e shown 110 The title conpound was prepared in a
simlar %ﬁ b" r@?'m'tﬁmh usrng Interrredl ate 121 as the starting

mat er | aI 91\@“‘6’6(1"’0@#\5&) : 488 15 MS found (eI ectrospray)
(M+H) ' MOUM(NWFQW):{WH@ 74925 (dd 1 H, 7.20 (d, 1 , 6.96 (dd, 1 H),
6.65 (m THWMR [3@13)(%3% ,8), T2 H(éd) 71 18- é%éﬁss@% n% 83s(td, 1H),

3. 18 0Bl Bf 31 kM 2H).
A TRp (1 U TagtutY o hgs g 5 2o s .
goggound@)%%groa?%)@' Pl 12 éQH rﬁ)'é Bé’gf( nq)1 ated for fﬁm ni SIP:t lon in

any convenient way, and the i nvent i on therefore al so includes withinits
scope phggm Ui cal conpositions for use in therapy, conprising a conpound

of fornmu | e thereof in
adm xé ? h 9(} Iq qg&ﬁ% f%g nggﬁiceptﬁxrﬁﬁgmgent s or

carril th'PHez E'HMBW arpg i nvention can be adm ni stered by

di fferent routes includi ng a'nt ravenous I ntraperitoneal, subcutaneous,

I ntramuscul ar, oral, t p| transder rral or transmnmucosal adm nistration.

For systemc adni ni SM ﬁl admini stration is preferred. 30 For oral
adm ni stration, for ex rrpNe corrpounds can be fornulated into

c?nventional oral dosf such as RANS e Smsd #oket s and 1iquid _
preparations such as syrups lixirs and concentrated drops. Alternatively,

I njection (parenteral adm ni i on) may be used, e.g., intramuscular, 35
i ntravenous, intraperitoneal? ahd subcutaneous. For inj ect i on, the conpounds

g]r\ytsrgl 01]—9 g@%%@%évja IpMaW'qﬂ?%%g?g%B%@ﬁ}’%@/Ig%ﬁgé%atebuffers or

sol ut i oniJ2 1 agtbp stagingdpaten@l.sol uti on, Hank's solution, or Ringer's sol ution.
In addi MSmalcdfordCablsh@uBth) M8 be fornul ated in solid formand redissol ved

or syspemgddund (electrospray) (M+H)*: 488
'H NMR (CDCl5): & 7.25 (dd, 1H), 7.20 (d, 1H), 6.96 (dd, 1H), 6.65 (m, 2H), 6.35 (d, 1H),
5.24 (d, 1H), 3.52 (s, 3H), 3.23 (dd, 1H), 3.18 (s, 3H), 2.83-2.59 (br m, 4H), 2.20 (dd, 1H),
1.93-1.80 (br m, 2H), 1.76-1.48 (br, 1H), 1.83 (s, 9H), 1.07 (d, 3H), 1.06 (d, 3H).

20
The compounds according to the invention may be formulated for administration in any
convenient way, and the invention therefore also includes within its scope pharmaceutical
( compositions for use in therapy, comprising a compound of formula (I) or a physiclogically
acceptable salt or solvate thereof in admixture with one or more physiologically
25  acceptable diluents or carriers.

The compounds of the present invention can be administered by different routes inciuding
intravenous, Intraperitoneal, subcutaneous, intramuscular, oral, topical, transdermal, or
transmucosal administration. For systemic administration, oral administration is preferred.

30 For oral administration, for example, the compounds can be formulated into conventional
oral dosage forms such as capsules, tablets and liquid preparations such as syrups, elixirs
and concentrated drops.

Alternatively, injection (parenteral administration) may be used, e.g., intramuscular,
35 intravenous, intraperitoneal, and subcutaneous. For injection, the compounds of the
invention are formulated in liquid solutions, preferably, in physiologically compatible

100



I medi ately prior to use. Lyophilized fornms can al so be produced. 5 System c
adm ni stration can al so be by transnucosal or transdermal neans. For
transmucosal or transdermal adm nistration, penetrants appropriate to the
barrier to be perneated are used in the fornulation. Such penetrants are

gener al | ywionooamstsis t he art, and include, for exanpl epcf/RbrobIsgsucosal
adm nistration, bile salts and fu3| dic acid derivatives. In addltlon

detergents,_may be used tq facilitat e ati Tr ansmnmu
adr i ot PSR Sl shch as salp sutioRr Baee feldien. 6 & &< 3duiepy n
supposi t @editien, the carppgunds may befarEmulated iaSolid-torm @pp iredisso mOhsmea@qdon t he

conpoundsmmédibiely priovtenise obyophilizdacfoings aam lalsb@e produced. oi nt nent's, sal ves, gel s,
or creams, as is generally known in the art. 15 The ampunts of various

dg. fo.b d b da d
Cakr g YOS, aimPain FaY il oe v FRnE o erea0fel ety Firecso)
ef fi cacy rapsiucopal asitenedareal amwﬁtratpnepqn@vamﬁ@p%m @i he l?emerataé)e size and
wei ght  ofetneatedpare iused in the dorinolatioh. s Bachepenetratits aredyenertiy kwovat iadhenart,h t he
Eﬁé :Mgn: g aI@@nle&O'fdr%ﬁrafréf férhﬁér%muﬁgstaﬁggmﬂkﬂﬁfonf 3é Yafis bAd bﬁ‘s.agg ggﬂdgleggd are
depend OH%M@% dFéggih{h gé NSt "pé!f Hse&%a%%qq@wggﬁie@ﬁcgq ﬁ@ﬁ%muwsal
bi oavi | &Bminisl“?t‘or!:fﬂf S¥3BpIR| BaY ?%W’%’Sh}ﬂéﬁﬁﬁ&%‘aw l"‘FF“"I SUPROSERTiE, B5xgeinglabi | i ty,

rel ati velsypgositgries. doses will have to be adm nistered. Oral adm nistration
is a preferred method of 25 administration of the present conpounds.

Pref of ableye et YRRLHGED 18 Lhtils 4PRATRDRIR, cdidbe bRl st on. for

exanpl e, capsu dmmni E' nasalappl’i cation, a
rrgt ered 3@?"6@'6? Sﬁ&%segﬁ'ﬁfr il Gl 'ﬁ|9§'t‘%5?[5d‘“°‘f"blnt ?%’itrsder mal application, a
pi dal formul ation or patch may be 30 administered and for transrrucosal

del i very Th@ alietMalof Raioub oﬁﬁwolh}ﬂsadrﬁbrydﬁirﬁtadd cémbe@ei&rmiﬁa@ey sdﬁ&érﬂg i's such
t hat theP %&L%g %”L&'o Séd?:ﬂlaes S‘?""?fggﬁ ﬁ% a&)@e r oral

adm ni st &tlon C r}_ﬁ caj g fr erably
fromo. 18 &‘%oa?ng '°'89' 0‘8 H’ecﬂ°"1ﬂ85‘ 1 'Qe(aﬂi—' e mbwswma Bically 35

accept abbpatieshland thesﬁs’aase ocdisarderaseetiated wittethe patiertba ke inpiostanke nyhQSes age for

par egber ahd othéSadtors a6 bé cori3iietedtar® nown'ta IoBe 6lsidiharg kkill inthé @er mal rout es
contains suitably from0.01 rrg to 100 ng/ Kg, of a conpound of Fornula(l). A

t opi cal forrrul ation,co ta| bI 0.0 t.o. 5.0% of of Formul a
(% ©The Aoty atriieced aob doeion Hayfuies of st atEmand vie fe9rda e per oy

pr ef er abbipavailatility.s herf exampie; fo @ommndrstwnhﬂmw grak bipauailatility, velatvelyhighes readi | y
40 appar godest willomevesto b esiministeled. bl adriniglationi BNaopreferedhethéd Jof and t heir

phar 3@”}‘@%{@%’5%&}%@‘&%&M&§? ghich are active 101 WO 2004/037818

PCT/ n given orally can be fornul ated as syrups, tablets,
capsul es and | ozenges. A syrup fornulation will generally consist of a
suspensi Brefesably gheueanpesition tshie undrdssaasdfoan. £ar eral application, for example, a

tablet, or capsule may be administered, for nasal application, a metered aerosol dose may

( be administered, for transdermal application, a topical formulation or patch may be

30 administered and for transmucosal delivery, a buccal patch may be administered. In each
case, dosing is such that the patient may administer a single dose.

Each dosage unit for oral administration contains suitably from 0.01 to 500 mg/Kg, and

preferably from 0.1 to 50 mg/Kg, of a compound of Formula (I) or a pharmaceutically
35 acceptable salt thereof, calculated as the free base. The daily dosage for parenteral,

nasal, oral inhalation, transmucosa!l or transdermal routes contains suitably from 0.01 mg

to 100 mg/Kg, of a compound of Formula(l). A topical formulation contains suitably 0.01

to 5.0% of a compound of Formula (I). The active ingredient may be administered from 1

to 6 times per day, preferably once, sufficient to exhibit the desired activity, as is readily
40 apparent to one skilled in the art.

Composition of Formula (1) and their pharmaceutically acceptable salts which are active
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liquid carrier for exanple, ethanol, peanut oil. olive oil, glycerine or
water with a flavoring or coloring agent. \Were the conposition is in the
formof a tablet, any pharmaceutical 5 carrier routinely used for preparing
solid formul ati ons may be used. Exanples of such carriers include nagnesium
st ear at e,woesmasmidba, talc, gelatin, acacia, stearic mrER20@haseh, | actose
and sucrose. Wiere the conposition is in the formof a capsule, any routine
encapsul ation. i s _suitabl e a ' the af orementioned carriers in
2 hard" oihaf Pier Bt BT oo e fie T, IS coBfydh ARARRMLEI RS/ ERTT P 0
sof t gel farmylatigneyifl ggagraly consishof AFUBRRISIRE QB 8ol toR of the sampcupd B $3HdD 8 used for
pr epar i ntiquild sarderfooexample, sthapenpeaputoilralivend, glyeensé deweatdr withe flaxatingl e aqueous
guns, cebt tigmBSageRt. | WaddeQhe @5mpdsititn iiAdhé fdtmi A1 @QBRIE! ahe BharimBcautis®f t gel atin
capsube Sk roudi 8o AR pERAGNoIE BRIy FOUSP! ERmAes Y dihon Of
suspensi on 0f ‘a, c ound Or " sal’t n a]FstFT\r,l e “agueous 'or  non-aqueous
carrier GHTFEiNeyde S %ﬂeg?f%{e-aarf%ﬂ'k’%r‘a 1?%@0@%&'@?@3"%??@ stageh. exanpl e

pol yet hy lagtose @ghy sotrose o Where jhepgampoisitiooisein the denrhofna capsaishiapy sdutiner sesane

oi | . Typefcips@sitR0S iiilaBRS for @ianh;i@@éhﬁ%ih@ RfcRérBentidnéd Garfidls IR Shard gefitipt | on,
suspensi Q%bfs% Pl e trelcdnibBbingR i ﬂleaﬂFHa I Ets%h§@|aﬁﬁ sﬁeifj&*s%‘%ﬂ?r or 1n
the form an aerosol using a conventional pro ant such as

di hi1Br o BRATTAERFRl CRETeE "oty Used B SePaURG AISPHSIRES OnSUSPBTRONS BabBBsi t or y

f or mul at censidemdpfor example eovgnue gdmafceldeses) silicalep op pilsa ang Aeerineepardtedal | y

accept abings soil delatiheapafe sMail.ch is active when adm nistered in this way, 25
with a binding and/or lubricating agent, for exanple polyneric glycols,

gel atins, cocoa- butter or. other. ]qw nelting vegetabl e waxes or fats or
el O TG pareatin beosof sl aifoudn i B ar B SRR Sr P e

conpi® seing deriaqusounal NoRAKBeHs erieneptionalycoplainingarnasenieralyaccentaiel e a
cream obiftforesxampleopdlythylene agble polyvidyipyrrolidohé cletithinnaedchiz oil3d) seathe at ed

pl aster, gpatch or nenbrane. No unacceptabl e toxol ogical effects are expected
when conpounds of the present invention are adm nistered in accordance with
the present invention. 35 ASSAYS The potential for conpounds of the

i nvent i ohyRieal Fempasition\éos inhalatien gngdn tevforss Pl arseldinn, sugpension gr erayision

denopdt r thiakdhayf e adminigiéred asshndry qoevder ot fire thieo fdromibh gn i aerasol ueingssays: I n
Vitro DetgybhtRRalPropelitt BUdiassaidortdiioRMitRe 2P fieRbroffifomethynesr ase Activity
(Al 40 Incorporation of [3H -UMP into RNA was foll owed by absorption of the
RNA pol yner onto a DEAE glass fibre filter. A synthetic tenPI ate consisting
of 16nmer Aokypisalu sHppasiteny s &dmlgtion, opprses1 @; rompeyndnet Earewlaadl) aohdhopol yner
subst r at pharbacuti@li @Ok pibrs48t tREEHBMICOR 142N WBen Bdrainisteped iGahidivaypns were 22
M [ 354 - Uity 6 BiningCaridiYaliricating e, 't XaRpRi Scmer3. ghyoadt Emzcoe%g.

B A ko ot o e e o

Typical dermal and transdermal formulations comprise a conventional aqueous or non-
( aqueous vehicle, for example a cream, ointment, lotion or paste or are in the form of a
30 medicated plaster, patch or membrane.

No unacceptable toxological effects are expected when compounds of the present
invention are administered in accordance with the present invention,

35 | ASSAYS
The potential for compounds of the invention to inhibit NS5B wildtype HCV polymerase
activity may be demonstrated, for example, using one of the following in vitro assays:

In Vitro Detection of inhibitors of HCV RNA-dependent RNA Polymerase Activity (A}
40 Incorporation of [*H]-UMP into RNA was foliowed by absorption of the RNA polymer onto

a DEAE glass fibre filter. A synthetic template consisting of 16mer oligoU hybridised to
polyrA (10:1 wiw) was used as a homopolymer substrate.
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5 HCV RNA Pol ynerase (Reconbi nant full-length NS5B (Lohmann at al, J. Virol.
71 (11), 1997, 8416 'Biochem cal properties of hepatitis C virus NS5B

RNA- dependent RNA pol ynerase and identification of am no acid sequence
notifs essential for enzymatic activity') expressed in bacul ovirus and
purified woz2dansrgmnei ty) was diluted to about 50 pg ¥eTmredesonssl (dependent
on specific activity) in 50rt Hepes, pH7.0, 0.5M NaCl, 20% d ycerol,

0.05% Triton X-1 00, 5mMDithiothreitol, O. 1 nMEDTA 5x Concentrated Buffer
m X was Erepared using 1M Tris-HC (pH7. Q C12 R{O 16m), 1

M Di t hi oReReEPR Gondiiensswers 22a¢ RELVT @Zﬁﬁ)’mM&Hd"mQF pibreital 3.2 i aI 10nL.
15 Subst Mg€le, 30 xhdds-HCe pd7ed) 10sigipl SolyBeoligeldt antt 80 nmwa@l Note ¢HeR1LL),

[ 3H| - UTPsdmmMalCkis adddd v thélehzyn@? pM UTP (100 NM 13.2 pL), 10 pg/ni
pol yhs oligoU (100 pg/m, 6L), and Water (12. 8 L), Total 45L. 20 The Assay

was set ng Substrate M x (4 u 10L Di | d Enzyne
(added | 'ggt/% gpigrppralsgé%?qomnaé fsh e"?@t ngééti Ltr@ S('ES’I'\ 7ad§1ber f or med
in a U btAS70B4tE ‘Bibehwmicad grapsities xif shepalitishe wreladﬁf@n RMAedepehdard RVA a

pl at e- sh eras“e‘ bed wtdtdah@ﬂ oﬂ%nﬁﬁéeatﬁﬂ%ﬁdi&nc@mﬁbtlfsnésdéﬁﬁﬂdoﬁ e &hu@t 22C.

After

100 ED Egﬁg erma art Igg‘ %BE%%E% g%

pre-\ sh@'ﬂ ef’W“ %te"%t?ﬂﬁ N, $RES Blacﬂ‘ﬂ%l png t §Pfed Assay

M x was Slyeerole@05%tTiten &q@&ﬁmNbDlttheﬁMEﬂﬁrﬁﬁ'@f mat. The DEAE Filtermat was
washed for 2x 15mn in SSC buffer (0.3M 30 NaCl, 30mV Na Citrate) foll owed

ggalzédzlr%xﬂcb offftaied Eﬁg &?Sép;gre@' ?‘Jtm-ﬂé‘ﬂch@ﬂi@rm f?"% ?gna][‘f'w d
The r adi @e@ﬂ qP’i]B%P r@ﬁ?'v\%h "Fapé B\Aﬁ@t"&t rs@d‘é'&)'b l |l ation
coun5ng on a Wall ac 1205 Betapl ate counter. After subtractlon of background

| evel s swttstratetl\duewas/pmpared;asin@ﬂncmcentrated Bofter awo{1 2L ) H- TP ¢badilj t y
i ncor por st g, i1y f, e twi 9??%@: p’.ﬁ 042 ?LFQW@M%OIWB%%U@(QO@ ngaBpL)n the

absence, { ;\ég re of | evel of” inhibition.

concent rH% 'oRE re tested in two- or threefold d| I utions.
From t he count S, percent age of inhibition at highest concentration tested or
| CNs2G othtehAssewowqusaﬁspvusmg ButistrateaMixd (45s8. )0 goBpaiind B10pL), @Gndf Ditufeds of t war e

packageSEnzgchel(éhd‘e’utarthoQ@érﬁ@hétféﬁ) @fiL) rérhtyolor s of HCV RNA-dependent RNA
Pol ymerase Activity (B) Incorporation of [33P]-GW into RNA was foll owed by

absorption of the biotin [abelled RNA pol yner by streptavi di n contai ni ng

SPA beadEne reagipn:was perfamasd, ima dJ-beftnsies) FH@" §b-wel phateyy Theorepetionanas
PCT/ EP2003¢0ari 3 plate-4Fiaber, afer addiibnis ﬂmrEnzymg,caﬁd frycbateld foe @h 8623361 W€ was used

as azdtortﬁmménaé réaéhs wad Stopp eEl@ggadm &28 6f'1©0|$1WE|D‘#\0 5 pM[33P]-GIP (0.2
G/ mvbl ), 1rTMD|th|othre|toI 2, 5mMM WMhCl 2, 20 nmM Tri s-HCl,

pH7. 5, 1 Ep% C/ 0. 256 MbIOtI%|ate_d .
A DEA Fiiterrnat Part No. 1205-405 from Pharmacia) was pre-washed in water and

alcohol and dried. 2 x 20uL of the Stopped Assay Mix was spotted onto a square of the
( DEAE Filtermat. The DEAE Filtermat was washed for 2x 15min in SSC buffer (0.3M-
30 NaCl, 30mM-Na Citrate) followed by 2x 2min in water and 1x 1min in alcohol. The
Filtermat was dried and sealed in a bag together with 10mL of OptiScint HiSafe
scintillation fluid. The radioactivity present on the filtermat was detected by scintillation
counting on a Wallac 1205 Betaplate counter. After subtraction of background levels
without enzyme, any reduction in the amount of radioactivity incorporated in the presence
35 of a compound, compared to that in the absence, was taken as a measure of the level of
inhibition. Ten concentrations of compounds were tested in two- or threefold dilutions.
From the counts, percentage of inhibition at highest concentration tested or ICss for the
compounds were calculated using Grafit3 or Grafit4 software packages.

40 |In Vitro Detection of Inhibitors of HCV RNA-dependent RNA Polymerase Activity (B)
Incorporation of [**P]-GMP into RNA was foliowed by absorption of the biotin labelled RNA

polymer by streptavidin containing SPA beads. A synthetic template consisting of
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5 oligoGl3, 10% gl ycerol, 0.01% NP-40, 0.2 u/pL RNasin and 50 mM NaCl . HCV
RNA Pol ynerase (Reconbi nant full-length NSSB (Lohmann et al, J. Virol. 71
(11), 1997, 8416 'Biochem cal properties of hepatitis C virus NSSB

RNA- dependent RNA pol ynerase and identification of amno acid sequence

moti fs esggRbsl7sior enzymatic 10 activity') express irus and
purified to hom)ggﬁel ty) was added to 10 nMfinal cg%cféirhz?g’t ?Hg??/ 5x
concentrated assay buffer m x was prepared using 1M MiCl2 (0.25 nL),

gl ycer ol biofimyiated 13roerakigoQ bykridised B palyrC avad uskd as a tamomiymerr substrateal 10 nl. 15
2x concentrated enzyne buffer cont ai ned 1MTri s-HCl, pH7.5 (0.4 nL), 5M NadC

(0. 2 ”Lhea&%'%&fﬁ&& frofd 4.5 u@f gowwruﬂﬂ.omoj lob M DTT (20
) M S PRt i %@,%a b3t sy 55"
GTP (8. 4oh99)313010% waoiRNaé%rNFt—ﬁp qm; N mM NaCl.

pol yrC/ biotinylated-oligorG (1.61 L), and V\ater (3.94 gL), Total 10 pL.
EE)zy{rg W%Amogtﬂéffs@ ncen”atﬁﬂ TBHoH NS5 (ohRiaRh fa 5$§Bvﬂ9'v igse é 5
usi ng co 1 1 'I?fhe"gﬁag h?pf@(‘& V'“’énﬁéﬁlm %P& Vka%ﬂéd last to

start refelymeidse @nd 'F?.")“ﬁcat'@'ﬂzﬂf m"MCM%QWr@@ |e§$Pf\HHsf°b@f‘¥mﬂﬁ'éd in a

U- bot10 o mactivitythéxipesss@binviaclioyituataad piitifiedite Aorhogeneityl vas riddeditootd M fihait e- shaker ,
after adgdpidefpatgh. t he Enzyme, and incubated for 1 h at 22C. After this
time, the reaction was stopped by addition of 40 PL 1.875 ng/m streptavidin
SPA beads in 0.1 MEDTA. The beads were incubated with the reaction m xture
for 1h afxZotsenifaledasehy byffer 1oix gvasopreparetusing; tM MnChis25 ald qglyeerd pl ate was
sgal ed, MmigdBENE&0t(0.02%opkHarar W atenf@2onlat Fla/r@diloact i vi ty det erm ned by
coungsng in a Tril ux (wWal lac) or Topcount (Packard) Scintillation Counter.

o ok PR oo RO M s e d a3 7

anount o |.0ac @ @ |

conpar ed™b W’MSCH@’{H@ alygerbddn e1°‘(w§€°“l°a(lzgrh¢b§~bo'ﬁﬁz@tﬂlé38‘i’ Yalge | evel of
i nhi bi ti 6hO7 Mk Tetehi®enk.r at i ons of conpounds were tested in three- or
fivefold dilutions. Fromthe counts, percentage of inhibiti on at hi ghest

soos S LA ke i AR (LR 020,10
e e B ST e
descri bedolyrﬁimglatemmmhglpy) aanamm@%mdsTmf 110h¢ i nvent i on are of

potential therapeutic benefit 5 in the treatnent and prophyl axis of HCV.

Preferreg, iﬁr@ﬁle | nvenﬁ ar2dd bkag buEf1m<ngHMullEgﬁthpﬁééér%ﬁﬁ%hﬁé'm §qiyesi tions

accordin use
g g 2x-conoentrate enzyrn

The Assay was set up using compound (1pL), Substrate Mix (10 pL), and Enzyme Mix
{added last to start reaction) (10 uL), Total 21 pl.

30 The reaction was performed in a U-bottomed, white, 96-well plate. The reaction was
mixed on a plate-shaker, after addition of the Enzyme, and incubated for 1h at 22°C. After
this time, the reaction was stopped by addition of 40 ul 1.875 mg/ml streptavidin SPA
beads in 0.1 M EDTA. The beads were incubated with the reaction mixture for 1h at 22°C
after which 120 uL 0.1 M EDTA in PBS was added. The plate was sealed, mixed

35 centrifuged and incorporated radioactivity determined by counting in a Trilux (Wallac) or
Topcount (Packard) Scintillation Counter.

After subtraction of background levels without enzyme, any reduction in the amount of
radioactivity incorporated in the presence of a compound, compared to that in the
40 absence, was taken as a measure of the level of inhibition. Ten concentrations of
compounds were tested in thres- or fivefold dilutions. From the counts, percentage of
inhibition at highest concentration tested or ICss for the compounds were calculated
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conmbi nation wth other therapeutic agents, for exanple i mune therapies (eg.
Interferon, such as Interferon alfa-2a (Roferon-A;, Hof fmann-La Roche),

i nteferon al pha-2b (Intron-A; 10 Schering-Pl ough), interferon alfacon-1
(I'nfergen; Internune), peginterferon al pha-2b (Peg- Intron; Schering-Pl ough)
or pegi ntwohenesrsed pha- 2a (Pegasys; Hof f mann- La RochepdTEPRésemespeut i C

vacci nes, antifibrotic agents, anti-inflanmtory agents such as

corti coshgggb@gfﬂ? ﬁl_rGllng arQrbgﬂ(caggﬁi | at ors such as beta-2 adrenergic
nd “Xan eopn

agoni sts i nes (e.g. ylline), nucolytic agents,
anti-nuscarinics, anti-leukotrienes, inhibitors of cell 15 adhesion (e.g.
| CAM ant dgeexemnplified otripowndsdalinbad g dChl-oh 50V oy oneiafidhe abgueottesaebedgoni st s,
cyt oki ne agyaiya.g ABEHtiRgly, tHe Gormpdunds bEthe Smv@RibnCire 3N otahtian elerapeutsbraft i - vi r al
agent g ( fidne Erb&lﬁn‘ség{ %H?J ;98%5%%?'81? HEV”%)eferTJ&%o%Hﬁﬁb%‘h%h%ﬂﬁcﬁ%F% ng to the

I nvention may a e use I'n conbi nati on W't ene repl acenent therapy. 20
The invention thus provides, in a further aspect, a conbination conprising a
conpoundTh¢ phaonaagutical Tpmpesitiong hgesorlingg foc e ynvartioppmaw| dises det used ol vat e

t her eof topEihdtn wihtdihernidriieiutic bients) fo wikimple livimase therapRggag., Intedgesi al |y
convep: gt nerelonaf 29 (Rerortiay #RARRRAL) ;“Pﬁ;ﬁ?f‘@? Wa;g%'?@ng“‘%"%ﬁal

f or mib at SERETBREREE Mierronalaor L dnerasrrinledry s oaBIRIPITII=L0 Bedio nat i on
as def i ninroah Sekeringdouadl ofi heginterisrr alpbe-de | (Pagasys.atietiperbla Raghel.er t her eof
r epr esenthepaplutid Vaetings petfibrait dgbets, antanflairmatory gerits sliohi atuakticostsfpsent s of

i Ul £ an g g orbRihoURS R0k S cbels 2 aitraie LRl Yantrhb e

Appr opr i %8&%i8§£sm8$°?‘ﬁ‘ﬁo§9f"hwe?@&%@ﬁcﬁgeaﬁﬁge%ﬁ'iﬁhﬁe iplgg_igqr? ffa%ea-r eci at ed
by t Hgsea@lﬁswnéa-gi ICAM antagqnists) panti-gxidsnts(ag NAretylqystenallicHighine 899N, | i mi ted to
patents eytckimEataatagorigtp| lungtsudfastacts t arl/dr narttimicsobial perel Bntewtal cageatse(eer ei n
peci 1 oAl Bhd dAEREE TRS e e B T o B ence a
speci fi | ndi Vi | | p y S

t hough fﬁlﬁo}é‘bggﬁm‘f'@’r?% L#%%Elegﬁhééb . Conpounds of Formula (la) : G J AE
(la) @ 0 wherein: 5 A represents hydroxy; D represents aryl or

het eedar Yhe inifentiop tresenividebyid edgrther agiiseh lalcpmbination compeisieg @aospownd of

het er ocyfoilila () X9 Lphy2RIcdREM SccBteble AR of lsofatk Uhdtb&itto§ethéralily ndtidri onal |y
substit uihspapgé'ticgﬁbeac%e Q&’nﬁ especially interferon and/or ribavirin.

The combinations referred to above may conveniently be presented for use in the form of

25 a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with a pharmaceutically acceptable carrier thereof
represent a further aspect of the invention.

( The individual components of such combinations may be administered either sequentially
30 or simultaneously in separate or combined pharmaceutical formulations. Appropriate
doses of known therapeutic agents will be readily appreciated by those skilled in the art.

All publications, including but not limited to patents and patent applications cited in this
specification are herein incorporated by reference as if each individual publication were

35 specifically and individually indicated to be incorporated by reference as though fully set
forth.
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substituents selected fromhalo, OR, SR, C(ONR2R3, CO2H, C(0)R4, CO2R
NR2R3, NHC(O R4, NHCO2R, NHC(0) NR5R5, S02NR5Re, S02R4 , nitro, cyano, aryl,
het eroaryl and heterocyclyl; 15 Rl represents hydrogen, Cl.ealkyl,

arylal kyl, or hateroarylal ky); R2 and R3 are independently selected from
hydr ogen, Cl.eal kyl, aryl and heteroaryl; or R2 and R3 together with the
nitrogen atomto which they are attached forma 5 or 6 20 nenbered
saturated cyclic group; R4 is select edd‘ ﬁEthe group consi sting of

Cl. eal kyl, aryl, heteroaryl, arylalkyl, het eroaryl al kyl ; 25 R5 and Re
are i ndepentient | Gompousds efiFemuid s gr oup consi sting of hydrogen, CL.eal kyl
aryl, heteroaryl, arylal kyl, and heteroar | kyl ; or Re and Re together with
t he nitrogen atom to which they ajel|attdched forma 5 or 6 menbered
saturated cyclic group; and J re r es®at 6al khah, heterocyclylal kyl,

aryl al kyl or heteroaryl al kyl ; r oviNded Ehat i) E and G are not both
hydrogen; and ii) the corrpound |soot¢\r t han

1- (2- am nobenzoyl ) - 4- (1- hydr oxyet hyl 2 6 pyrrolidinedi carboxylic acid,

di et hyl ester,

4- (1- hydr oxw!mremi )-1-(2-nitrobenzoyl)-2, 2-pyrrolidinedi carboxylic acid,

di et hyl gestgrgprestptsdiydred@l ts, sol vates and esters thereof; provided that
when A is esterlfled to orm-OR where Ris selected fromstraight or
branched chai n al kyl, | kyl , aryloxyalkyl, or aryl, 106 then R is other
than tert- b@lﬂ'%ﬂ’eseESWcRS 1608Ylas claimed in claiml sel ected fromthe group
consi sting of.

rel-(2S, 4R §%p?esle‘ﬁ&%bﬂgeh Ealk3, ap,meferwfutorhmeyd@aazoyl) 4- et hoxynet hyl - 5-
(1, 3 t o220l - -yl Ypyrrolidine-2-carboxylic acid

rel - 4R 5R}2 Isobut | - 1-(3-net ho%é/-4 tert but y| enzotye) - met hoxynet hyl -5
- (1, 3- t hi acidlepfsswtf diMdFQQei“dPhéaiz'fﬁf Soxgkyl cortiengfly substituteéd by one or more

rel - (2S, 4R, suBtitderits ablatied-fionf Jalue tOR'x BRA- cmmnﬁai ﬂ@ﬁhﬂ(ﬂ)&@wﬁjonam hyl -5
- (1, 3-thi azglec &@W'NHE@R‘“@HO@ JRIFERY, RERY, aSOMR* Afro, cYano aryl, heteroaryl

rei- (25 4R, 5I§} m (3-het hoxy-4-tart - butyI benzoy met hyl - 5-°(1, 3-t
hi azol - ne- 2- carboxylic aC|d

rel - (29 4R 5R) 2 Isobutyl -1 - (3-nmet hoxy-4-tert-butyl benzoyl) - 4- hydr oxynet hyl -
5-(1, 3- thlm‘zebfeﬁer)tb hipdrogen, iG] isalieyi 2arglakkipenteteroanyiatkyl;

rel-(2S,4S, 5R) 2- Isobutyl-l

I azol - 2T YBULE oR B ddeesaBaTy shiobrednt NTBILN . vkl aéahezer?%awl-l
- (3- net hoxyﬂﬂ4 ert@9 Lﬁrywwbr%wtmnaatpw iox Whish hipey sre 1arlfgche form a 5

membered saturated ¢yclic group;

R® is selected from the group consisting of Ciealkyl, aryl, heteroaryl, arylalky!, and
heteroarylalkyl;

25 R° and R® are independently selected from the group consisting of hydrogen, C..ealkyl,
aryl, heteroaryl, arylalkyl, and heteroarylalkyl; or R® and R® tagether with the nitrogen atom

te which they are attached form a § or 6 membered saturated cyclic group; and

J represents Cygalkyl, heterocyclylalkyl, arylalkyl or heteroarylalky!;

30
provided that i) E and G are not both hydrogen; and
i) the compound is other than
1-(2-aminobenzoyl)-4-( 1-hydroxyethyl)-2,2-pyrrolidinedicarboxylic acid, diethy! ester;
4-(1-hydroxyethy!)- 1-(2-nitrobenzoyl)-2,2-pyrrolidinedicarboxylic acid, diethyl ester;
36

and salts, solvates and esters thareof; provided that when A is esterified to form -OR
where R is selected from straight or branched chain alkyl, aralkyl, aryloxyalkyl, or aryl,
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t hi azol - 2-yl ) pyrrolidi ne-2-carboxylic acid;

rel-(2S, 4R 5R) - 2-1sobutyl - 1- (3-nmet hoxy-4-tert

but yl benzoyl ) - 4pr opyl oxymet hyl - 5- (1, 3- thiazol -2-yl)pyrrolidine-2-carboxylic
acid; 20

rel -(2S, 4S, 5R) - 2- 1 sobutyl - 1- ( 3- net hoxy- 4- (ert-butyl benzoyl) - 4- net hoxynet hyl -
5{1, 3- thiazol-2-yl)pyrrolidine-2-carboxylic acid,

rel/ -(2S,4S, 5R)-2-1sobutyl-I-(3-nmethoxy-4-tert- butyI benzoyl } 4- et hoxynet hyl -

(1, 3-t hi azoltbémR g gtherthan tedrtwdd2_ car boxyl i ¢ aci d:

rel - (2S4S, 5R}2 | sobutyl - 1- (3- nmet hoxy-4-tert- butyI benzoyl ) - 4-isopropyl -5-(1,

3-thiazol -2 25 y aWohﬂb bl bﬁﬁ‘né%r if a1 elegted Hiofh the group consisting of:

ERSRT ettt o e AL

(2S, 43, SR) z-yl)aprbmltdyie-z -c4rBexylit haidy - 4t er t - but yl benzoyl ) - 4- et hoxynet hyl -5- (1, 3
-t hi | i.gine-

(23I ZéOSR) ég’“ ( %E‘ii#*'%d "-S?g‘f@ .@D,P%%Sé)r '%F'lt"ﬂ’("%enz%'iz eIk .5 (1, 3-
t hi azol - 2- ythiazoh@rpyraliding-2carbeRylixgtidic aci d; (2S, 4s

SR) - 2- | sobuipylrg- 4&%143@ @Bwﬂ H@%etﬂ&hﬂ Wwbénzﬂylmgwmiﬂwtd‘ﬁs(tﬂmﬁﬂi hi azo

| -2-yl)- pyrrolidi ne-2-carboxylic ac
(2S, 4S, 5R) - Z2:¥eyrelidine- 21?%99%? RGP 4-ter
t- | ;wt yl hlenéwl(ies 4R€5R)®(uﬁmmw-(Sﬁnétﬂamlﬁr-?i‘zhraﬁﬁjrlbéhz;:ﬁg&methyl-ls-(|1.3-thiazoi—2—
yl)pyrrolidi ILc.ackd;, rel-(2R 4R 5R)-2-Benzyl -
- (3-net hoxy-y p%'@l"&"%gt% é‘ﬁ'ﬁcoiﬁ' - 4- et hoxynet hyt-5-(1, 3-
t hi azol - 2- yrei{PSARAR2HmebityldaBoathdxyed-tert-ilitylbenzoyt)-4-hydroxymethyl-5-(1,3-

re/ - (2R, 4R ,28%2_55 gfdladﬁe@?d@xg@(%ﬁ tert-butyl benzoyl) 4- et hoxynet hyl - 5- (

1, 3-t hiazol - - car boxylic ac

rel-(2S, 4S, 5294p 'Wb“ﬂ"(‘f{;‘m hexysft-tertrbys %?Wﬁbﬁewmﬁtmlﬁdﬂﬁoxynet hyl -
fel(pzfrz gzi g éﬂaz}d? ermnuxdexze:a? rrelticmswl i c acid,

but yl benzoy($ )@IS'Z ﬁé%%g%)%%q‘ﬂhﬂ"l ata T??B?’f%’ﬁm @@??‘&/?’?W‘?’@fm’?&y&s&?boxyl ic

aci d; thiazel-2-yl)pyrrolidine-2-carboxylic acid;

rel -(28, 45 PR2g 2k SRyl 4bzu§39<ﬁs—”0 ARt AR R BRI ARy et Y-

5- (5- et hyl di ne-
rel -(2S, 4S Q’F@ZOEZ—NBmmlyneﬂ-carboxyhc aCId

- (13- et @@XYre4—(2833$ shylbélé&%ﬂﬂ-@xb-}ne‘ih 11 buBABENn oy P-4 -RretRikiibthyl-5(1.3-

1, 3-thiazol : ZXIZ% rr&lldl é rboxllc acid; 10

rel-(2S,4s, g’ﬁ) %W igipe-¢: tﬁﬂdj/ 4-fart-butyl benzoyl ) - 4- met hoxynet hyl -
5- (2- chl or orei-H{25348, ERaZdekob&ty}bhmeMXydkme-bﬁtmnMMethommajhyHSdh e(tﬁﬁzol-

4S, 5R) - 2- Is ?ﬂﬁw‘ﬂ'ﬁ}'_é @A}Wﬁ%tert butyl benzoyl ) - 4 rret hoxynet hyl - 5- ( 2-

met hoxy- 1, 3-thi"azo I 'di ne-2-carboxylic acid
rel - (2S, 4R, BRI234S, §8ba1l§ﬁ|bu 1-03311@%3% tnﬂtbéw{benmyjaméﬁ&rewlﬁu Sthisgelds| t hi o) m
et hyl ) -5s ( 1y|§’byngﬁd,ﬁéag_@§.cbbx@m;éhhpyrr0| | di ne-2-carboxylic acid;
(25,48, 5R)-2-Isobutyl-1-{3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-{1,3-thiazol-
2-yl)pyrrolidine~2-carbaxyiic acid,
(25,43,5R)-2-Isabutyl-1-(3-methoxy-4-terf-butylbenzoyl)-4-ethoxymethyl-5-(1, 3-thiazol-2-
yl)pyrrolidine-2-carboxylic acid;
30 (25,4S8,5R)-2-Isobutyl-1-{3-bromo-4-tert-butylbenzoyl)-4-sthoxymethyi-5-(1, 3-thiazol-2-yl)-
pyrrolidine-2-carboxylic acid;
(25,48 5R)-2-Isobutyl-1-(3-chioro-4-tert-butyibenzoyi)-4-ethoxymethyl-5-(1,3-thiazol-2-yl)-
pyrrolidine-2-carboxylic acid;
(2S,45,5R)-2-Isobutyl-1-{3-methyl-4-tert-butylbenzoyl)-4-ethoxymethyl-5-(1,3-thiazol-2-
35  yl)pyrrolidine-2-carboxylic acid;
rel<{2R 4R, 5R)-2-Benzyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-methaxymethyl-5-(1,3-
thiazol-2-yl)-pyrrolidine-2-carboxylic acid;
rei-{2R, 4R, 5R)-2-Benzyl-1-(3-methoxy-4-fert-butylbenzoyl -4-ethoxymethyl-5-{ 1, 3-thiazol-
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rel-(2S, 4R

5R) - 2- 1 sobut yl - 1- ( 3- net hoxy-4-tert-butyl benzoyl)-4-((nmet hanesul f onyl ) net hyl )
- 5-(1, 3-thiazol-2-yl)pyrrolidine-2-carboxylic acid,

rel-(2S, 4R 5R) - 2-1sobutyl -1-(3-net hoxy-4-tert-butyl benzoyl)-4-(1, 1-di fi uoroe
thyl)-5-(1, 3- thiazol-2-y4)pyrrolidine-2-carboxylic acid; 20

rel {2S, 4R, 5R) - 2- | sobut yl - 1- ( 3- net hoxy-4-fert-butyl benzoyl ) -4-(1-hydroxy-I|-ne
thylethyl} 5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid; re!-(2R, 4S,
5R) - 2- Benzy R=yl-pygolidinerdearboxylisacidhut yl  benzoyl ) - 4- not hoxynmet h yl -541, 3-

thi azol - 2- yldupys h9lsRdlizNgs L(Bethdssy-RehbutylfhzétRi-fetRymeth tazin-
-(3-net hoxy?éél{t?%sr ?guﬁgjlzbenﬁgﬁf%(- 4- et h)gxymet hilylI -5- (%’,& 3- tmzol a%;g))f

2-yl) - pyr r oP1YHPyERligin %?r‘?ﬁfé‘i)&' agdi g;

rel - (2S, 4S, a2 4R SEN2tIydbutyl{133mmétheryys-terttbenyibdmaoyl)-berettmxymethyl-5pyrazin-
-4-nmet ho y”?{yﬂgalrﬁo%ai%gy-c':a%&}ﬁéaéﬂ!:) pyrrolidine-2-carboxylic acid; (2S, 4R,
-5(R é: rzre'lt ?102 ;raﬂi%ﬂs580:{2;1'5@@11&@;(B)-nahqu-wydfbuwemzmﬁme&mwythsl=5-(5-methyl-
1, 3-thi i . i id; 30
EZS, 4R, :Sg)zOg3%2%%%1‘@*'T@Hbﬁ&ﬁ%ﬁ%'??%e?glg{ E:btajltmyl benzoyl % 4- (1- hydr oxyet hyf)-5
-(1, 3-thiaz Eﬁf-12%4§-|55¥‘&r9r'$f§wm1r{ézﬂzﬁﬂaoawofﬁsfweﬂb&em'wé!e *(OZB,&Q‘QY"'-""{&"‘ thyl-
gR% : 2-1 sobutj1 mLthﬂazol(zSyuymgam-@cmakyﬁblu_t:iui benzoyl ) - 4- et hoxynet hyl - 5- (1,
-thlazgl - 4- 1Ldlne- £-.car nox clLd,;
Vel (36N, A RSt ET T Rt 4Be Bbhsnm ey et e ety -
5- (1, 3- 35 t/3ithiaed!-52¢ )plyirplidines?-carbagyie acidy boxyl i ¢ aci d;

Lﬁ{ yl( ggggﬁ%ﬂzﬁﬁ.gg F—El)%(ﬂ)?ﬁ E-&S?-ﬁgeﬁr?b?&l?éféf:-tb%fyibenzoyl)-4-meﬂwoxymethyt-5-(2-
t hi azol - 2- yMeHpKy-&i3rthieAelSovilexrraliting-2-caexic 2¢ids rel - (25, 4S, 5R) - 2- 1 sobut yl -

L5 o e e O e 15

- (3- met HoxyRZPR-YIRYITOUTRRAFAIAGYE 4C: hy dr oxy- | - met hyl et hyl ) - 5-

(1, 3-t hi azotel-28/4R,pR)-2dddbdtyha-{ 2-medhdygdyfertdutythiedzoyh-4-((methanesulfonyljmethyl)-

R AP R

- ( 3- met hoxy=A{aSAR 5B L2 Jsabutyr &y B mathamuiestprbyibrgzay: 4y t-diflugroethyi}-5-(1,

yl)) - pyrr ol inidizeez-Ay bmfétizicsmaﬁm;acrdgl (28,b a1 . t c (1

320 (3 arBHEBAR 5By RIS i et e v BeRA ol g o Pt BB 1 |

- ( 3- met hoxys-fit, 3-thidzobR-yl)pyrmitidiogd2} cadboxglicharid; et hyl - 5- (pyri di n- 2-

N e e

met hyl i soxathigreolL-yi)-pysialidipei2tankoxylicanidioxyl i ¢ acid; 15 rel

(25, 4S, 5R) - BrloRUBIEK]-2-BehR AR BIMbINGx-4:RFtibutylbenzoy!)-4-ethoxymethyl-5-(1,3-thiazol-

but yl be2%zOyﬁ-}l}—é}}%ﬁi&iﬁ‘@&ﬁ?&&&li& géi ;5_
rel-(2S,48,5R}-2-1sobutyl-1-(3-methoxy-4-tert-butylbenzoyi}-4-methoxyrnethyl-5-(pyridin-2-
yl)pyrrolidine-2-carboxylic acid; |
(25,4R,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl}-4-( 1-hydroxy-1-methylethyl)-5-
(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;

30 (25.4R,5R)-2-lsobutyl-1-(3-methoxy-4-fert-butylbenzoyl)-4-(1-hydroxyethyl)-5-(1, 3-thiazol-
2-yhpyrrolidine-2-carboxylic acid;
rel{28,4S,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoy!)-4-ethoxymethyl-5-(1,3-thiazol-
4-yl)pyrrolidine-2-carboxylic acid;
rel-(28,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butyibenzoyl)-4-allyloxymethyl-5-(1,3-

35 thiazol-2-yl)pyrrolidine-2-carboxylic acid; |
rol-(28,48,5R)-2-|sobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-propyloxymethyl-5+(1,3-
thiazal-2-yl)pyrrolidine-2-carboxylic acid;
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met hoxynmet hyl - 1, 3-t hi azol - 2-yl ) pyrrol i di ne-2-carboxylic acid;

rel/ - (28, 4S, 5R) - 2- 1 sobut yl -1
- (3-nmet hoxy-4-tert-butyl benzoyl) - 4- met hoxynet hyl - 5- ( 5-

met hyl pyri di n-2-yl ) pyrrolidi ne-2-carboxylic acid; rel-(2S, 4S,

5R} 2- 1 sobut yl - 1- ( 3- net hoxy-4-tert-butyl benzoyl) - 4- net hoxynet hyl

-5-(thien-2-

20 yl')pyrrolidine-2-carboxylic acid; and salts, solvates and esters, and
ound of Formil a

hybS{h¥8azet ut ed
phenyl . 4. é& Wﬁmﬂg‘?@arﬂ:& mg.gcm (la) as clai rred in claim3 wherein D

i ndi vi dual enantioners thereof where appropri at e. A co

(la) as cl afehi$, 4315Branlsqutwmxésﬁqm@yﬂetgﬂéyymgzqyﬁﬁ%aP

represents

I 36l kyl * oSS S kisepitsb-GmRnesgt RSy ARV e

1 wherein 1r3waeslez1y|$py®z|ahdrﬂ@aldayboxﬂwmtdrtut ed het eroaryl .

C...ralkyl ropid rﬁg‘hw |§}J$Q§J iRt cRy-48l Butylolinzo - me RIS

erein Grepresents

conpound of cl'al me n clail

%J‘f‘éﬁmb'ﬁsrﬁl gl aim

6. A conpound of

Eﬁgg}tj: ? > e{ﬁl%a%%ﬁ %we%%W%tgﬁ%Pgl | so %?Lsoﬁdi Wenyl 35 7. A

conmpound ofyl]ﬁgnuhdlrm-z—baﬁoaélc@bldl med inclaiml vvherel n G represents

@?ﬁd’]g. 8. A

Cl. eal kyl vD9YGplidingraFarpoxdiedeit uted by OR . 9. A conpound of Formula (Is)
as cl ai rred ﬁerezshalsn)-b 196b\tyl rﬁemoﬁ-‘z-rmw@énza 1)-8 thadeoxyethyls-(Bal kyl . 5

10. Ac

I n cla|m7 wherein R4 represents

Cl. 3al k ’af‘i"z' pé’U %é’cﬁ 'Fr?ﬁ a (I s) as clained in claim1 wherein J

repr esent s (es 438 R)yA-Isobatyly1 -(3-kgthory-4-iat-butglbenydoplidyrhethd §midhyl-8-(pyrigpe2ind  of
acceptabl e salts

Formul a (i é)l)p?ﬁolﬁl‘n%-ﬁ%b@Aslaahm 1, and phar maceu'lt i cgl I X e

and sol vat und of Forrmula (1)

15 wherei n: re!—msrélgs@ﬁl@)sélﬁogunyg-,u-{:bwthoxy-df-ten-butylbenzoyl)-4~ethoxymethyl-g

methylisoxazol-3-yl)pyrrolidine-2-carboxylic acid;

1
~{5-

OOAD

15 rel{25,48,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-(5-

methoxymethyl-1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;

rel-(28,48,5R)-2-Isobutyl-1-{3-methaxy-4-tert-butylbenzoyl}-4-methoxymethyl-5-(5-

methylpyridin-2-yl)pyrrolidine-2-carboxylic acid;

reH(25,45,5R)-2-Isobutyl-1-(3-methoxy-4-tert-butylbenzoyl)-4-methoxymethyl-5-{thien-2-

20  yhpyrrolidine-2-carboxylic acid;

and salts, solvates and esters, and individual enantiomers thereof where appropriate.

3. A compound of Formula (la) as claimed in claim 1 wherein D represents optionally

25  substituted phanyl.

4, A compound of Formula (la) as claimed in claim 3 wherein D represents para-tert-

butylphenyl optionally further substituted by halo, Cy.alkyl or C;.salkoxy

30 5. A compound of Formula (la) as claimed in claim 1 wherein E represents optionally

substifuted heteroaryl.

6. A compound of Formula (1a) as claimed in claim § wherein E represents optionally

substituted thiazolyl, pyridinyl, pyrazinyl, isoxazolyl and thienyl.
35

7. A compound of Formula (la) as claimed in claim 1 wherein G represents Cyqalkyl

optionally substituted by halo, OR', SR', SO,R* and cyano.

8. A compound of Formula (la) as claimed in ¢laim 7 wherein G represents Cy.qalkyl

109



20 D represents aryl or heteroaryl; E represents hydrogen, Cl_6al kyl, aryl,
het eroaryl or heterocyclyl; G represents hydrogen or Cl$ai kyl optionally
substituted by one or nore substituents 25 selected fromhalo, OR, SR,
C(O NR2R3, CO2H, C(O R4, CO2R4, NR2R3, NHC(O R, NHCO2R4 , NHC(O) NR6RG,
SO2NR5R6, SO02R4, nitro, cyano, aryl, heteroaryl and heterocyclyl; Rl
represents hydrogen, Cl.5alkyl, arylalkyl, or heteroarylalkyl; 30 R2 and R3
are i ndependently selgac fLrom hydrogen, Cl.6al kyl, aryl and heteroaryl; or
R2 and R3 ?@5’8?%e§u(%\ﬁﬁ?{?%%’fed@i‘trogen atomto which they are attached forma
5 or 6 nenbered saturated cyclic group: 35 R4 is selected fromthe group
consi sting 9f ClAGemiyilind efiformuladladaoelsimed imchinal loy B wharain Rhespessentsy| al kyh
110 R5 and r@qeﬁ‘érraga dently selected fromthe group consisting of

hydr oge " eal kyl', a?@] , heteroaryl, arylal kyl, and heteroaryl al kyl; or
R5 and together with the nitrogen atom to which they are attached forma
5 or 6 menbtl.ed 4acmpeunsdfFponils (i) asipaimeddn slaiin ?e@emﬁt eepeeses) Gopplky!.

het er ocycl yl al kyl, aryl al kyl or heteroarylal kyl; and salts, solvates and
esters thergpf; proyi LiSi-adtie hiafod ; 5 Ris
sel ected frgfh t'?g? Mh@r*@éﬂ%@?’ &gélﬁllﬁyﬁrﬁ 39’5‘%%&'}: ?%B@ﬁ%%@%& Loor
aryl, thenamalkyl gihgtaroanalkyh ent - butyl ; 10 for use in nedical therapy. 14. A
conpountd as clainmed in claim 13 wherein the nmedical therapy is the treatnent

of viral infgctigBema&untof Fenﬁmgmraaclaiﬁneeli@blmdﬂahdcﬁhairrﬁacwﬁm?r ein the
viral inf ecé%ﬁﬁ@rabﬁ sa@lsAand &o(?vatyss@g%?fa compound of Formula (1) G ANE (I)

OO0/fI\D 20 ern. represen ydroxy; D represents aryl or heteroaryl;
25 E represents hydrogen, Cl$al kyl, aryl, heteroaryl or heterocyclyl; G
represents t8/dr ofeompoundlof Falrhayle (Ippt i onal | y substituted by one or nore
substituents selected fromhalo, OR, SR .GC(ONR2R , CO2H, C(O R4, CO2R4,

NR2R3, NHC(O R4, NHCO2R4, NHC(O)NBS , 9JO2NR5Re, SO02R4, nitro, cyano, aryl,
het er oaryl and ()
A N E
o
15 © D
wherein;
A represents hydroxy;

20 D represents aryl or heteroaryl;
E represents hydrogen, Cyealkyl, aryl, heteroaryl or heterocyclyl;

G represents hydrogen or Cigalkyl optionally substituted by one or more substituents

25 selected from halo, OR', SR', C(ONR?R®, CO.H, C(O)R®, COR?, NR’R®, NHC(O)R?,
NHCO,R*, NHC(O)NR°R®, SO.NR°R®, SO.,R nitro, cyano, aryl, heteroaryl and
heterocyclyl;

R’ represents hydrogen, C,.galkyl, arylaikyl, or heteroarylalky:

30
R? and R? are independently selected from hydrogen, Ciealkyl, aryl and heteroaryl; or R?
and R® together with the nitrogen atom to which they are attached form a 5 or 6
membered saturated cyclic group;

35 R'is selected from the group consisting of Cisalkyl, aryl, heteroaryl, arylalkyl, and
heteroarylalkyl;
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30 heterocyclyl; R represents hydrogen, Cl.ealkyl, arylalkyl, or

het eroaryl al kyl ; R2 and R3 are independently sel ected from hydrogen,

Cldal kyl, aryl and heteroaryl; or R2 35 and R3 together with the nitrogen
atomto which they are attached forma 5 or 6 nenbered saturated cyclic
group; 111 R is selected fromthe group consisting of Cl.salkyl, aryl,
heteroaryl, arylalkyl, and heteroarylalkyl; R5 and R6 are independently
sel ected frognthe group consisting of hydrogen Cl. 6al kyl

het er oaryl , Raapd &°iafe indepandrstie seleetedfrdny the SVP“RESW%%F"‘RG’ t'B’&E’cgﬁB'r Cwa{kﬁ' t he
ni trogen at g, heterosnylcarylolkely and betatoappt=tod] of &7 endiR% together withrthernitdogsatatomat ed
cyclic grou , Mup; aidy| al kyl or
het er oaryl afbkyrﬁaptféy 5%85 &ﬁfgléﬁiﬁbgﬁﬁgggﬁ% ﬁ)bec?ggf provi ded t hat
when A is esterified to form OR where R is selected from strai ght or

br anched chéapreserisl Craakuehstprocysylaliyyaryialyl or betegpapylalkdi hen R i's ot her than
tert-butyl; in the manufacture of a nedical for the treatnent of viral

infection. Jgy Idirs USGa@S o th&esfl ?l'cmdjeﬁ hAGREH A |§.hfstéﬂré@|to hreBR ON s

HCV. 18. A p ceutlcal a co rrrul (Is)
as defined V ereﬁ & pylecteq f@%f%@?‘l%&'ﬂﬂcﬁ ﬁ'ﬁ%’%cﬁgﬁﬁcaﬁ'ﬂ%yijgﬁe‘ﬂt%

di | uent or thenRiepthepthandert-butyk ocess for the preparation of a conpound of
Formul a1y 1) as defined in claim 13, conprising treatnent of a compound of
Formula (11 O Din which Ais alkoxy, and D, E, G and J
are as deflar?egg% #c')érarlrmgré%(yl) with an acid. 25 20. A process as clained

inclaim19 in Wmch Ais tart-butoxy. 112
14. A compound as claimed in ¢laim 13 wherein the medical therapy is the freatment

of virai infection.

15
156. A compound as claimed in claim 14 wherein the viral infection is HCV,
186. Use of a compound of Formula (1)
G
J
A Ne O
° A
O D
20  wherein:

A represents hydroxy;
D represents aryl or heteroaryl;
25 E represents hydrogen, Cygalkyl, aryl, heteroaryl or heterocyciyl;
G represents hydrogen or C,g¢alkyl optionally substituted by one or more substituents
selected from halo, OR', SR', C(O)NR?R?, CO;H, C(O)R?, CO.R?, NRZR®, NHC(O)R*,
NHCO,R®, NHC(ONR®R®, SONRR®, SO.R* nitro, cyane, aryl, heteroaryl and
30 heterocyclyl;
R’ represents hydrogen, C..galkyl, arylalkyl, or heteroarytalkyl;
R? and R?® are independently selected from hydrogen, Cqealkyl, aryl and heteroaryl; or R?

35 and R® together with the nitrogen atom to which they are attached form a 5 or 6
membered saturated cyclic group,
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10

16

20

25

R* is selected from the group consisting of Cisalkyl, aryl, heteroaryl, arylalkyl, and
heteroarylalkyf;

R® and R® are independently selected from the group consisting of hydrogen, Cy.aalkyl,
aryl, heteroaryl, arylalkyl, and heteroarylalkyl; or R® and R® together with the nitrogen atom
to which they are attached form a 5 or 6 membered saturated cyclic group; and

J represents C,galkyl, heterocyclylalkyl, arylalky! or heteroarylalkyl,

and salts, solvates and esters thereof; provided that when A is esterified to form -OR
where R is selected from straight or branched chain alkyl, aralicyl, aryloxyalkyl, or aryl,
then R is other than tsrt-butyl;

in the manufacture of a medical for the treatment of viral infection.

17. Use as claimed in ¢claim 16, wherein the viral infection is HCV.

18. A pharmaceutical formulation comprising a compound of Formula (la) as defined in
claim 1 in conjunction with a pharmaceutically acceptable diluent or carrier.

19. A process for the preparation of a compound of Formula (1) as defined in claim 13,

comprising treatment of a compound of Formula (If)
G

J
A N E {1
0 )\
O b
in which A is alkoxy, and D, E, G and J are as defined for Formula (1), with an acid.

20. A process as claimed in claim 19 in which A is tert-butoxy.
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