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world. Inthe US, an estimated 4.5 mllion Anericans are chronically
infected with HCV. Although only 30% of acute infections are synptonati c,
greater than 85% of infected individuals devel op chronic, persistent
infection. Treatnent costs foFIEKYVOFTHEINVENTION: been estimated at $5. 46
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dovel oped Seathe gds (HICTMERRThaby hESasd o SbocRicsr BT RERREEERIZ™S i or - Hov
genotypes. Unfortunately, only -50-80% of the patients respond to this
t r eat mentDuerte disinighl degrea of wafiabilitoin thenvia sufade@ntigers, lexistense ahmultiple viral
nor el i Zgleh&psY, dnidv@smerttiatarIsperiiidity of iiM0siE, thie abasloprbént 7d1% eedaepstal
Wit h'ZB GVQP&H % (Me near future is unlikely. Alpha-interferon (alone or in combination with
ribavirin) has been widely used since its approval for treatment of chronic HCV infection.
However, adverse side effects are commonly associated with this treatment: flu-like
symptoms, leukopenia, thrombocytopenia, depression from interferon, as well as anemia
induced by ribavirin (Lindsay, K.L. (1997) Hepatology 26 (suppl 1): 71S-77S). This
25 therapy remains less effective against infections caused by HCV genotype 1 (which
constitutes ~75% of all HCV infections in the developed markets) compared to infections
caused by the other 5 major HCV genotypes. Unfortunately, only ~50-80% of the patients
respond to this treatment (measured by a reduction in serum HCV RNA levels and
normalization of liver enzymes) and, of those treated, 50-70% relapse within 6 months of
30 cessation of treatment. Recently, with the introduction of pegylated interferon, both initial
and sustained response rates have improved substantially, and combination treatment of
Peg-IFN with ribavirin constitutes the gold standard for therapy. However, the side effects
associated with combination therapy and the impaired response in patients with genotype
1 present opportunities for improvement in the management of this disease.
35
First identified by molecular cloning in 1989 (Choo, Q-L et al (1989) Science 244:359-
362), hepatitis C virus (HCV) is now widely accepted as the most common causative
agent of post-transfusion non A, non-B hepatitis (NANBH) (Kuo, G et al (1989) Science
244:362-364). Due to its genome structure and sequence homology, this virus was
40 assigned as a new genus in the Flaviviridae family. Like the other members of the
Flaviviridae, such as flaviviruses (e.g. yellow fever virus and Dengue virus types 1-4) and
pestiviruses (e.g. bovine viral diarrhea virus, border disease virus, and classic swine fever
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25 initiation and regulation of viral RNA replication.

The NS5B protein (591 amino acids, 65 kDa) of HCV (Behrens, S.E. et al (1996) EMBO J.
15:12-22), encodes an RNA-dependent RNA polymerase (RdRp) activity and contains
canonical motifs present in other RNA viral polymerases. The NS5B protein is fairly well
30 conserved both intra-typically (~95-98% amino acid (aa) identity across 1b isolates) and
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 et al.. (2000) Journal of Virology, 74(4),
p.2046-2051). Thus, inhibition of NS5B RdRp activity (inhibition of RNA replication) is
35 predicted to cure HCV infection.

Although the predominant HCV genotype worldwide is genotype 1, this itself has two main
subtypes, denoted 1a and 1b. As seen from entries into the Los Alamos HCV database
(www.hcv.lanl.gov) (Table 1) there are regional differences in the distribution of these

40 subtypes: while genotype 1a is most abundant in the United States, the majority of
sequences in Europe and Japan are from genotype 1b.
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wherein:
A represents hydroxy;

D represents aryl or heteroaryl;
E represents hydrogen, Cysalkyl, aryl, heteroaryl or heterocyclyl;
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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*, 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, Ci.ealkyl, arylalkyl, or heteroarylalkyl;

25

R? and R® are independently selected from hydrogen, Cysalkyl, 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;,
R* is selected from the group consisting of Cisalkyl, aryl, heteroaryl, arylalkyl, and
heteroarylalkyl,

30

R® and R® are independently selected from the group consisting of hydrogen, C,salkyl,

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 Cqalkyl, heterocyclylalkyl, arylalkyl or heteroarylalkyl;

3



including certain acyl pyrrolidine conpounds, having HCV inhibitory
activity. The assay is directed to the 1b genotype. The conpounds di scl osed
have t he wornmim@s{iB) wherein: A represents hydroxy; D reprayenssissy! or
het eroaryl; E represents hydrogen, Cl-6al kyl, aryl, heteroaryl or

het erocyclyl; G represents hydrogen or Cl-6al kyl optionally substituted by
one or noaindg sHitbstolvatesand ke ttestedfi roviveldothaORhen IR, este)eNRBRErm CORH,
(O R4, %@"R N ted\lh'gth ghé#’é'%ed W%QIWgﬁikyﬁmth

nitro, cyano, .ar ete r heterocyclyl;” Rl represents hydrogen, C
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ot her t hauch &bpbuidd andus®rdf Ihd1gbypoliridshiasraating beraninfextion] édpatiampmoaunds
accordi ng d.Q;dhe present invention, generically disclosed in W2004/037818,
and having a specific substitution pattern, exhibit inproved properties
over Phose conpounds specifically disclosed in WO2004/037818. SUMVARY OF

THE | NVENTI ON The pr es @ETAILER RESGRIPHION QFTHE INVENTION
C(2") - hetmeoseyrTaiVentiorCpfovideetdt tegsi®h8 hemfaal entity chosen from compounds of
Formula (l1a) :
G
J
A N £ (1a)
° A
O b»

20  wherein:
A represents hydroxy;

D represents 4-tert-butyl-3-methoxyphenyl;
25  E represents 1,3-thiazol-2-yl or 5-methyl-1,3-thiazol-2-yl;
G represents methoxymethyl;

J represents 1,3-thiazol-2-ylmethyl, 1,3-thiazol-4-ylmethyl, 1,2-thiazol-3-ylmethyl, or
30  1H-pyrazol-1-yimethyl,

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,
then R is other than tert-butyl.

35
In one aspect, the relative stereochemistry of racemic compounds of Formula (la), is
represented by Formulae (Ip) or (1q):



pyrrolidi ne conpounds represented hereinbel ow, pharnmaceutical conpositions
conpri sing such conpounds and use of the conpounds in treating viral
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The present invention provides at | east one chemcal entity chosen from
conpounds of For nmul a)éla) : wherein: A represents hydroxy; D represents
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te/f-butyl. In one~aspect, the relative stereochem stry of racemc

conpound¥vhereirdy RuEaG@nd), are gs defiiesabove frrfprreadi®-ae (1p) or
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conpoxnd 150) 'of sented by Formulae (Ipp) or (lqgqg): ute
5 $e&£sé:rﬁé%&le?%@n@é&0%) oE,%? \
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(la). The fol | owirg'substituent groups are pr ed, where applicable, in
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41yl
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wherein A, D, E, G and J are as defined above for Formula (la).

The following substituent groups are preferred, where applicable, in respect of each of
10 Formulae la, Ip, Ipp Iq and lqq:

In one aspect, A is hydroxy (that is, not esterified).

In one aspect, J represents 1,3-thiazol-4-yimethyl or 1H-pyrazol-1-yimethyl. In a further
15  aspect, J represents 1H-pyrazol-1-ylmethyl. In another aspect, J represents 1H-pyrazol-
1-ylmethyl and E represents 1,3-thiazol-2-yl.

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

(Ipp).
20
It is to be understood that the present invention covers all combinations of aspects,

suitable, convenient and preferred groups described herein.

The chemical entities of the present invention exhibit an improved genotype-1a/1b profile
25 against HCV polymerase, and therefore have the potential to achieve efficacy in man over
a broad patient population.

The term ‘genotype-1a/1b profile’ means potency as an inhibitor of HCV polymerase
enzyme in wildtype HCV of the 1a genotype and of the 1b genotype. High potency in both
30 genotypes is considered to be advantageous.

There is provided as a further aspect of the present invention at least one chemical entity
chosen from compounds of Formula (la) and physiologically acceptable salts, solvates or

5



1-ylmethyl and E represents 1, 3-thiazol-2-yl. In one aspect, the conpounds
of Fornmula (la) are represented by conpounds of Fornmula (IPP) . It is to be
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It will be appreciated that the compounds of the present invention may contain one or

more asymmetric carbon atoms and may exist in racemic, diastereoisomeric, and optically
active forms. All of these racemic compounds, enantiomers and diastereoisomers are
contemplated to be within the scope of the present invention.

25
In one aspect, chemical entities useful in the present invention may be chosen from
compounds of Formula (la) selected from the group consisting of:
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,3-thiazol-4-yImethyl)pyrrolidine-2-carboxylic acid,

30 rel-(2R,48,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(1,3-thiazol-2-yl)-2-
(1,3-thiazol-4-yimethyl)pyrrolidine-2-carboxylic acid;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(1,3-thiazol-2-yl)-2-
(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-2-(1H-pyrazol-1-

35  ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,3-thiazol-2-ylmethyl)pyrrolidine-2-carboxylic acid,
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid; and

40 rel-(2R,4S8,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1H-pyrazol-1-ylmethyl)pyrrolidine-2-carboxylic acid,
and salts, solvates and esters, and individual enantiomers thereof.
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It wll be appreciated that the conmpounds of the present invention may
contain one or nore asymetric carbon atons and may exist in racemc,

di ast er eoveaomydsssizand optically active fornms. Al of tlreTEPL@SHNISE2
conpounds, enantionmers and di astereoi sonmers are contenplated to be within
the scope of the present invention. In one aspect, chem cal entities useful
in the present invention may be chosen from conpounds of Fornula (Ia)

fg} eE:tZEd 4@53 s é&uﬁéﬂeﬁ'eﬁ !éé!guééfful in the present mventrlr%? hmgty br?e c%hﬁsclar; frgm( —
Xy y me

hyl -1, 3- CPmpaéqulC% [ “'2? Xs@e tﬁ?(if?g'l%%g uReCt%ﬁ % érol i di ne-2-carboxylic

aci d: re/rel((gﬁwg@ -( Methoxy—4 -tert- butylbenzoyl) -4- (met oxymethyl) -5-(5-methyl-1,3-

i(i- l\/gt hwmyzatztw)uz (bmmézkwnméthy%yﬁnmlhle}zwamdxylic)adﬁd(1 3-thi azol -2-yl) - 2-

, 3-1 _ TRl [4Qk] - -

) R et wmo;*vg s L e

,3-thi az pﬂcﬂ vl rrolidine-2-carboxylic

aci d; rel-(2R, 4S 5R) 1- 3 Methoxy-4 -tert- butylbenzoyl) -4- (met oxymethyl) -2-(1H-pyrazol-1-

re/- (2R @%&R}n 51, 3-tlhi§idl®<y)p4rrblﬁi’ﬁe»buhi§bbbﬁi&m§dl ) - 4- (et hoxymet hyl ) - 2- (1/-/ -

pyra t Wy Ia¢ aci d;

rel- ? i:é g X Q‘Z 'tv'(ﬁg"ﬁix‘?% tgiésg%be%z )Jl)lp%ét;?*ﬂh?gyé%%g%ynet h|>1/|3;: 5- (5-net

hyl - 1 3 '?:fﬂ Werézog “YIfe py\rrci}l 8/9(% ne”- car boxyl i ¢ acid;

/el - (2R %QSR}S solvatemant eslers) and individia) hrmieaers thereofret hoxy et hyI ) - 5- (5- net

hyl -1 ,3- thiazol-2-yl)-2- (1 2-thi azol -3-yl met hyl ) pyrrolidi ne-2-carboxylic

aglgdl\/ef?ﬂgx aeyf té—ﬁ[ T bu? benezmlc?l en |t|?s useﬁulxln rtrrét;[ rti;%eﬁr';gmgentlon rﬂa)i be chosen

t hi aZ8l - Oﬁﬁorﬁpc(“i‘ fis pt % % ¥ ar boxyl i c aC| d; and

salts, saelv(aRe@ SR é‘st\/letmxy-&rtdft1bnﬂ/ihﬁnd%é)r4 énath@xm@hﬁ) 2Hitewrazeint-a furt her

aspect, @hﬁéﬂwﬂ}is (eerth.tazcﬁ& ylﬁﬁfrldllidlrhenﬂcbﬁboﬂyl&%m lnventlon may be chosen

fromco S
I "ng’(ggw Rk;gpe&o b?tgﬁﬁhs@eﬂ @w 5§-§gﬁmﬁm
NIRRT '?nyaé°'(1xvm§'1hpm?ﬁn&-e oarbe y?? ol dime S ca?béfym

aci d20 and salts, solvates and esters, and individual enantiomers thereof.
re/ - (2R, 4S, 5R) - 1- ( 3- Met hoxy-4-te/t-butyl benzoyl)-4-(met hoxynet hyl )-5-(1

, 3-thiaz I y aC| d;
o7 (2R J2Bpfen %@Fﬁ" o oiffiEs el T f@?é‘{t Wi‘*?%ﬁh%ﬁ%@%é%‘ gl (7
H- pyrazoIQOTPDUWSrﬁJt la| §elegtegﬁrogkt5pggotgp|go|5 'F M ?fdi ne- 2- car boxyl i ¢ aC| d:
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-2-(1H-pyrazol-1-
25  ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid,

and salts, solvates and esters, and individual enantiomers thereof.

Also included in the present invention are pharmaceutically acceptable salt complexes.
The present invention also covers the physiologically acceptable salts of the compounds

30 of formula (la). Suitable physiologically acceptable salts of the compounds of formula (la)
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
example organic carboxylic acids such as acetic, lactic, tartaric, malic, isethionic,
lactobionic and succinic acids; organic sulfonic acids such as methanesulfonic,

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

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

40
The present invention also relates to pharmaceutically acceptable esters of the
compounds of Formula (la), for example carboxylic acid esters -COOR, in which R is
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re/-(2R 4S,5R) -1

- (3- Met hoxy-4-tert-butyl benzoyl) - 4- (et hoxynet hyl )-5-(5-nethyl -1 , 3-

t hi azol - 2wgl2pecdusci3H- pyrazol -1 -yl met hyl ) pyrrol i di ne- 2- earmrzeosiocisazi d; and
salts, solvates and esters, and individual enantioners thereof. In a yet
further aspect, chemical entities useful in the present invention may be
chosen f soletted o stisigot orfmancHed dhbi) alky) foc egampleonpropyl, grivtyh @erxyaksyli ng

re/- Q gﬂ%ﬁ&ynﬁeu% Nk 39 et dnylidiky @;} yh@m%ar&or@nﬁémymoew@&yauew 2-(1
H- t d;
"y yE?E s opydallbyMaab atatey g bepes) AbubAY] (0 ety @:& 2 el
hyl -1 , 3phemyl mpnﬂwwbsﬂﬂ’(teld 1y phalegen. CiMaW'rrBf Hykegls PR 61 |9(T"'ﬂ%) 2- 08¢ Boxyl i c
aci d; 5andtrmh*sé ;specifisthtamy syt meddte peeseanith suntli estats preferahiyt cantains 1tthelBeof .
| n anot h%érb%ﬁ%‘?&%s Wacr 4 ﬁﬁ& 'cE*(b%ﬁ é’l@rﬁgmAn'yrhr%Ihﬁo@fye&r@éﬁnt'lrﬂS@éH b&BrsTay be

chosen fr%& %rrp selectéd tromthe group consisting
of : rel - PHEFSYSRIP{SES2 ?rﬁ'(')%? B-tert-butyl benzoyl ) - 4- (met hoxynet hyl ) -2- (1
H pyrazol -1 - ylnmethyl)-5-(1, 3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;
and sal t $n os®hsirice sheabsmgsingros Fommsa {layisn thedbrne nbanparentcempdued emsalt &4 so

i ncl yged 4 's'?;J?faYée. present invention are pharmaceutically acceptable salt

conpl exes he present invention also covers the physiologically acceptable
salts of the conpounds of formula (la Sui t abl e physi ol ogi cal |y accept abl e
sal ts of Ashuseddigpeinnttis teim frhvermaceutical ‘3oaeptable” geediinsrgiation te gp iRgradignte

sodi um wé&tuaésngm.emamh R an@gine srigredientda tsalt tizsabdfydramexipientpwbich ineayl i ke,

or nmono- u%esdji'ﬂsé ﬁhé‘ﬂ*a‘:@ut\@ﬁ erfﬂl%tlﬁpfgr%ﬁ'lnﬂét?atl%ﬁ'tg a ﬂtleﬁ?(@@fg}setoothgtan' c

carboxyllc

gl G S &Pgawf Eoeitd Fofpatiie Pk Sy i Rordlches

met hanes prdsent @) the iphaeeagetticsl dor ipanardiinpb heingafeletsrious e ribe FeeiBiRnc

aci ds anghdreermr gani ¢ aci ds such as hydrochloric, sulfuric, phosphoric and
sulfam c acids and the |ike. The present invention also relates to sol vates

of the conmpounds For mul a for exa dra resent . .
"hvent i ol il Sgtes be BB LR SR A Peripegios oL R BBbER el Y it in
conp@andslifteferfdautammari¢ famns. fAlrtaeiemeps areceantrsmglated tadedvithinn tesscopooRthe n
whi ch R igssheat@sdiohr om strai ght or branched chain alkyl, for exanple
n-propyl, n-butyl, al koxyal kyl
Compounds of Formula (ia) in which A is hydroxy may be prepared from a compound of
Formula (1)

25
in which A’ is a protected hydroxy group, for example an alkoxy, benzyloxy or silyloxy, for

example tri-(C,alkyl)-silyloxy group, and D, E, G and J are as defined above for Formula

(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"
30 Ed(1999), J Wiley and Sons.

For example when A' is tert-butoxy, and D, E, G and J are as defined above for Formula

(la), by treatment with an appropriate acid, for example trifluoroacetic acid or aqueous

concentrated hydrochloric acid solution. Optionally, the reaction is carried out in a

solvent, for example dichloromethane or dimethoxyethane. In one aspect, the
35 temperature is in the range 0 to 60°C, in a further aspect 20 to 30°C.

For example when A’ is benzyloxy, and D, E, G and J are as defined above for Formula

(la), by hydrogenolysis in the presence of a suitable catalyst for example palladium-on-



(e.g. nmethoxymethyl), al koxycarbonyl al kyl (e.g. methoxycarbonyl net hyl),
acyl oxyal kyl (e.g. pivaloyloxynethyl), aral kyl (e.g. benzyl), aryloxyal kyl
(e.g. phemoxyewaisbsaB), aryl (e.g. phenyl optionally substctrmpeashoyisbal ogen,
Cl- 4al kyl or Cl-4al koxy or am no). Unless otherw se specified, any alkyl
noi ety present in such esters preferably contains 1 to 18 carbon atons,
parti cul aathonlSuitably, dize teanticrt isrmarrietinout @ & Isolventefoy epamplerathanol.s Redferablyer s

pref er ablyye %H&étﬁ:%ﬁsﬁtﬂb@%de @tostec. | n one aspect, the conpound of Formul a
(la) is in the for far t I . . d

her ein. (g crapp el A BRID. aPBDE 3 Spad A8t olfindt AR Rrtoric

i ngr edi el teatmertavithR pwtabiseatalystifonexample tatialis(triphanyhasphingipalladium(Bl r e of
or ansexaindi 2 stijablehprolonnsgurdze fomexangsel phenydsilphar Trec mactiaals davriedibattinan f or

adm ni st rs@héggs&oe,g’ RRbkRRSle dicBioPdmeth@nd. hat i ngredi ent being acceptable in
0

t he sens el conpat i 0. ,a0 Ml di ept 2seny, | e
phar macedty EFMP %8% ng& 'Sntl’)'g’,ﬁ%fw%smy'gé% ﬁg‘hg% %’tggé!’ngu‘js SBE og? ﬁéﬁrfeé%cé%évgr{{)p

t her eof . Formylal(|a)fhyrtraatientavita staple fugride apuree Far examelsrpthariddammopie
present iflngedd. iThs reacfioris cirriechowtiih & auitatie salvendfer e>anipde tetrahydrbfurarut oner s
are ggntenplated to be within the scope of the present invention. Conpounds

For ml & (GiPaRenAr ERmidh () & (NBRLRY slFPH a5 80— s Polnf BTEGHELS

al koxy, HBMzyl oxy or silyloxy, for exanple tri-(C 1-4alkyl)-silyloxy group,
and D, E, Gand J are as defined above f Formula (la), by deprotection.
Suitabl e protecting groups can bg_fpun but are not restricted to, those
found in T WG eene and P G M Wit s ctive (moups in Organic
Synthesis', 3rd Ed ( 1999), JaWw alNd Séns. For exanple when A is
tert-butoxy, and D, E, G and J arg asydefi ned above for Fornmula (la), by
treatnent with an appropriate api@, for exanple trifluoroacetic acid or
agueous R AHRIAL A Blsei6y s ot Gl ake, Béhﬂl&?h{dﬂ&%ﬁ-@@&ﬁﬂsﬂ%@& group hénhd BAGE i on
Is capried .o [ .
. ; t, f
di rretqﬁox fQFhJ; %rg_a%l %f@%{% \égg\%eefé)tr?ropﬁ&élg‘ml),%l & ﬂb?ﬁ&mmﬁ éz:fen ,' or exarTlpIe
D-C(O)-hal, wherein hal is a halo atom, preferably chloro or bromo, and D is as defined
above for Formula (la). Preferably the reaction is carried out in a suitable solvent, for
example dichloromethane, in the presence of a suitable base, for example triethylamine.
Suitably, the temperature is in the range 0 to 50°C, more suitably 20 to 30°C. Optionally,

20 the reaction may be carried out at the reflux temperature of the solvent.

Compounds of Formula (la) or (Il) may also be prepared by methylation of a compound of

formula (IV)
Gl

J
A" e V)
° A
O b
25 in which A" is as defined above for Formula (lll), and G’ represents hydroxymethyl using a
suitable base for example sodium hydride or sodium fert-butoxide and a suitable
methylating agent such as methyl iodide. In one aspect, the reaction is carried out in a
suitable solvent or mixture thereof, for example dimethylformamide, methyl-tert-butyl
ether, dimethoxyethane and/or acetonitrile. In one aspect, the reaction is carried out at a
30 temperature in the range -30 to 50°C, suitably 20 to 30°C or -25°C. In a further aspect,

the reaction is carried out using a mixture of methyl-tert-butyl ether and dimethoxyethane
as solvent at -25°C.



tenperature is in the range 0 to 600C, in a further aspect 20 to 300C. For
exanpl e when A is benzyloxy, and D, E, G and J are as defined above for
Formul a (Wwe)podapsdigdr ogenol ysis in the presence of a suiptaldreossatesbyst for
exanpl e pal | adi um oncarbon. Suitably, the reaction is carried out in a
solvent, for example ethangl. Preferabl the tenperature is_in the range O
Co BooC FIPPKERG ERHEA IS ek bE gt by BRToBTAB IS Riioh 0P olBoHaf | hed
above foroffformubdV)la), by treatnent with a suitable catalyst for exanple
tetraki s(triphenyl phosphi ne) pal | adi um(0) ,and a suitable proton source, for
exanpl e phenyl silane. The reactign i rried out in a suitable solvent,
for exanpl e dichl oronet hane. For e when Avyyis tri(nmethyl)silyloxy,
and D, E, Gand J are as defing foE Formula (la), by treatnment with
a suitable fluoride source for exdnplg tetrabutylamoni umfluoride. The
reaction is carried out in a suit@b gl vent, for exanple tetrahydrofuran.
Compounds of Fornula (la) or (11)_may be prepared by reaction of a compound
of For mulia Whighy) igrasAefined abeyedar Feymulm (i) rad iy, E p5,@p Qsiined above for
tri- (Gl- 4adrinyla) (18] and oreprepeotsoCHAmM CE), Y @yheaeid Yireareseats hydfogae dr alkyy &of or
mreplelgﬁ géxlﬁ}r{'plsé’,"'byﬁg@g‘ﬁbh? bﬁbb@ngyAroaégIF;&ga@qu in \f/l‘ﬂ%h EX@;B’FB&@@SQ@_ rd)@LYf_ .
. ro. S i ne
above for‘&l‘%?'ﬁu?a{e rfagﬁrﬁs &y"é@@?gtﬂ?f%)heu%@agtsﬁxgﬁﬁllesﬁegg‘@?g %gg%twfdri %)%Z{_]pqg
sui t abl e lshiimenborohygridex aniihiumdi HiethyteoreydEfR, FPrivRe PPIOBY IS, ofsogium
sui t abl e thassoxyborohgarédsp lberdrieidirbiplylasalfite. c@uplerlor yithidrhalureinjper hydride, ios i n
the r@ange fabie amatiREethekich all ¥ ltabR 300ént EPIHIRKDA Iteredfhforr SRfidION MaY

b [ t at th fl t ] . f

Por mil & ?tﬁsé)ﬁ‘vgrcﬁmépgj?@gef @F@gﬂ@%@i%%Sé%qe%éytwn&?%c&rﬁé%a GRS S o
fornul a (BWpefaturatin Bie rAR0s 848 498 Herifusthey asrest theraagliop TRy Ps caudied ot
repr esentat dieeipexatoretihythe resige oo AOPC ath @ fodiser dspectetrempheticpdsiicametiyout i de
or sodi U L bRtk A8t adiin ShbrbRR]rRe MahAY 5SdilMg tAgRMxy SRy dide MR hy |

i odi de. 2 [ . i

i xt B RERBESRE A SIBST SO YIBET i de, et hyl -tert-butyl ether,

di net hoxyet hane and/ or acetonitrile. In one aspect, the reaction is carried

out at a A esmpo@idiofrirmulhy)immpizh-L3RptesehB0CD, S whemi Y réfretent860@ogen - 25C.

In a furtﬁsyf B@@Fﬁ%%?e%ﬁaﬁ ol RATILAN of Borttid (VBYn RMlchUSieBEbsBntdI b M Bhétbin Y

met hyl -t erepr_esgnt% alk?/}. cgr e%gmp el, gectorr]\%%% g? PSrmula (V) in which L represents CO,Me

20 may be converted into a compound of Formula (V) in which L represents CO,H by
hydrolysis, for example base catalysed hydrolysis using a suitable base such as sodium

methoxide in a suitable solvent such as methanol.

A compound of Formula (V) in which L represents CHO or CO,Y wherein Y represents

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

J
(Vi)

All w

o) H

in which L represents CHO or CO,Y wherein Y represents hydrogen or alkyl, and A”, E,
and J are as defined above for Formula (lll); with a suitable acylating agent, for example
D-C(0)-hal, wherein hal is a halo atom, preferably chloro or bromo, and D is as defined
30 above for Formula (la). Preferably the reaction is carried out in a suitable solvent, for
example dichloromethane, methyl-tert-butyl ether and/or acetonitrile, in the presence of a
suitable base, for example triethylamine or pyridine. In one aspect, the reaction is carried
out at a temperature in the range 0 to 50°C, suitably 20 to 30°C. Optionally the reaction
may be carried out under reflux. In one aspect, where pyridine is used as base, all traces
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as solvent at -25C. Conmpounds of Formula (1V) may be prepared by appropriate
mani pul ati on of a conpound of Fornmula (V) in which A" is as defined above
for For mwe 200dd4¥q13and D, E and J are as defi ned above fPram/HpPesoswisst| a),
and L represents CHO or CO2Y wherein Y represents hydrogen or al kyl. For
exanpl e, by reduction of a conmpound of Formula (V) in which L represents
CHO or CoRYyntliae care Ylitablyr esreonesi, Hpdrexgepleoby aivasting wéthngqaeasisi aeidl dor
reduci ng id Qide i3 Wi Y HekSH8 prédddiigUid the next synthetic
triethyl Bglrg'g ykc)irrl({ géd é@dg?ﬂﬁgd&éﬁg%g@ﬁgﬁ?@s,g{“ umpt ri acegt oxybor ohy)élri de,

bor ane/ dfif8t hyl sul fide conplex or lithium alum nium hydride, or suitable
conbi nations thereof, in a suitable solvent or m xture thereof for exanple
t et r aby dpoédmigound fl Fermure t(pinokhich A” Gnleydasyye atay beheorveded tcom compolred efar ri ed
Feacti on' SiiE (LT Blh A48 &PaRGy, Benbiol br ?"k'@’#gg"?%‘* DR 1
further 8593%‘3?’,9 t‘?ﬂg"ql‘@acté}'gﬂarﬁ% acﬁ?’ﬁ?%‘ﬁ%o t'?cﬁgﬁu!?g 'Pri@ﬁ%rg 6,8’%0_35%8&)

bor ohydr ibeezyiaxy o5 stYloxm grebp.0BRORE BeRVEHEd 19 d&ompodnd et FoImya of) ir whicArfY

met hanol iSdveyibyretaridare degroretimpiestnigies-Buitable frMeciing grouphcdn beefouadent s
C@Y1§\her 6} Gre ot ?&r’u‘?&fd-'{os DS FOSHRNIn W BfecRE&RAIES (INATsAPFIRsBAoe @i‘o@s

Formul a {’ I'n.whi ¢ch ,r%péiﬁégés %Y Wﬂg?el n 'Y represents al kyl. For
exanpl e, '™ &St For kY WHRYRNASPNE: r epresents CC2Me may be
converted into a conpound of Formula (V) in which L represents CO2H by

hydr ol ysiaScorhgtun@ %R FBintuld ad Emagba lpysatediyydreatici of ausinfgpuad iForahliz (\HBse
such as sodi um net hoxi de in a sug{able sol vent such as nethanol. A conpound
of Formula (V) in which L represe%g CHO or CQR2Y wherein Y represents
hydrogen or al kyl may be prepared {ronC@Atonpound of Formula (VI) in which
L represents CHO or CO2Y wherein ?\%‘r:eserztﬁ) hydrogen or al kyl, and A", E,
and J are as defined above for Fornul (IIIY; with a suitable acylating
agent, for exanple D-C(O-hal, whereinh hal is a halo atom preferably

chl on6 oiin whichk, arenbar® dsglefisediatioveddr Edsowuia (rangdyY risipa defined. abovefasr abl y t he

reaction ﬁoﬁng@r(m? @#4th @WoripduRd sLFdrle(Vveiol vent, for exanpl e di chl or omet hane,
met hyl -te/t-butyl ether and/or acetionitrile, in the presence of a suitable

base, for exanple triethylam ne of pyridine. In one aspect, the reaction is
carried | VIl

wherein L represents CHO or CO,Y wherein Y represents hydrogen or alkyl. In one

aspect, the reaction is carried out in a suitable solvent, for example THF or acetonitrile,
20 optionally in the presence of a Lewis acid catalyst, such as lithium bromide or silver

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 or acetonitrile, in the presence of an acid, such as acetic acid, or the

reaction may be carried out by heating compounds of Formula (VIl) and Formula (VIll) in a
25  suitable solvent, for example toluene, xylene or acetonitrile in the absence of a catalyst.

A compound of Formula (VI) may also be prepared in a one pot synthesis by reaction of a
corhpound of Formula (X) with a compound of Formula (VIII) and a compound of Formula
E-CHO. Preferably, the reaction is carried out in a suitable solvent, for example THF or
30 acetonitrile, optionally in the presence of a Lewis acid catalyst, such as lithium bromide or
silver acetate, and a base, such as triethylamine, 1,8-diazabicyclo[5,4,0lundec-7-ene
(DBU) or tetramethyl guanidine. Preferably the reaction is carried out at a temperature in
the range 0 to 50°C, suitably 20 to 30°C. Optionally a drying agent is used in the process,
for example molecular sieves.
35
A compound of Formula (Ill) may be prepared by appropriate manipulation of a compound
of Formula (1X)

11



out at a tenperature in the range o 500C, suitably 20 to 300C. Optionally
the reaction may be carried out under reflux. In one aspect, where pyridine
i s used asohasadsaBl tracesof pyridine are suitably rempeedpr2isnissanpl e by
washi ng with aqueous acid, for hydrochloric acid, and/or additionally with
wat er, before proceding to the next synthetic step. A conpound of Formula
(V) in which A" is hydroxy, may be conveed to a compound of Fornula (V)
in which A" is an al koxy, benzyl px ilyloxy group by standard hydroxy
protecting techniques. Simlarly, ound ofixformula (V) in which A" is
an al koxy, benzyloxy or silylg roup, ney be converted to a conpound of
Formula (V) in which A" is hydro byy st andard deprotecting techniques.

Sui tabl e protecting groups can be’found, but are not restricted to, those

found in inTwH\éﬁ?@Bgﬁeﬁéﬁﬂs Ry droXVimifyg, arfkdr @t € bihy @ afE asiasfined dBogeforcFormula
Sy
0]

Synt hesi g,y 3 N ; ;

of & compllntl Bt ractid we, 'ﬁ%@"ﬁ%ﬁ%ﬁ&eﬁdm'ﬁ%@ﬁ“Edsa@%}"ﬁé’ﬂ%%st‘e"‘ff o

For mul a. OTQP. A @AMPIesbeRzyIBRIPHRAIY LA of SPURRYSAIRANT | 1N S B MR8 9o und

of FoB nulteat (ddskctipedmabpes rin Lrelatipn deecanyeGHD of coaRvundite ofi frormulee pive siatet s

hydr ogen cgfpalikas! of AoimORIIREREGbrotédied ESMBbIrAof Forfald (hemaybeiconvertdi t abl e

sol vent ;401 2XRIBhEof Ebrrila AHEHANIL £l BorelBAk il dYmiethyd Bfd Hedeaieicol 2

Lew s aC|rH 8ata yst, squ as' "I thium ro?n e of sjlver, dcetate, and a base,

Such as. PraEReG BinTatYaton_ReriolaBian el b 41-a100) b alapdardepiacediiss resyfls i

t et r anet ithd cgoanindiohEormAlla @inat i vel y, the reaction is carried out in a

suitapl e solvent, for exanple THF or acetonitrile, in the presence of an

compoundS BBl EoRale oamvits pEBaHANR [HRlolth. 254 bBfralty Nl 0

exanpl e cemgawrd ok Gerapda 6f1) Hrwhishilt FePresents ¢HeY #pd entaPretents e'gi"aP?'Eg ana

conpound saitatfe reddcing( Mentnfoy exdaspleb ithjune parahgdiide ar sndiupoborohydridesiis aby

;eggt i gn ﬁg'ft%bf?e I%leluf'a?l E%mEI@rt%HéI]@o@fh?a‘M t Degrotsttit® Whehe N-StBA Y 8tanWhid ) and
u f. Formul.a.E: . Pr in a

Ui £ 4B1 o PLESRTUEE roSuE TEibe oo 8L it BKF  FRGEBIR, Whefi e NithoBing

pr esence 963uPais | &Rd. deprqtectiontaay 8e ackigead by chiatvhie @W'@BS’PH'X‘.%SO%O% pxaraple,

acet at e, waed tebBseotestingh geupt isi ébhipkynartumyl, deprotection may be achieved by

1, 8- di az byt Qith abuRhbIB 468; fbr sfﬁmﬂmowacém@aret hyl guani di ne.

Preferably the reaction is carried out at a tenperature in

20 Compounds of Formula (VIl) may be prepared by reaction of a compound of Formula (X)
COA"

N

J

in which J is as defined above for Formula (la) and A” is as defined above for Formula (lil)

with a compound of Formula E-CHO in which E is as defined above for Formula (la). In

one aspect, where Formula (X) is provided as an acid addition salt, for example the
25  hydrochloride, the reaction may be carried out in the presence of a suitable base, for

example triethylamine. In a further aspect, the reaction may be carried out in the

presence of a suitable drying agent, for example magnesium sulphate. The reaction may

be carried out in a suitable solvent, for example dichloromethane or toluene.

30 Compounds of Formula (X) in which J is 1H-pyrazol-1-ylmethyl, and A” is hydroxy, may
be prepared by treatment of a compound of (XI)

YO co, "M
HN\{ 2 AX1)

J
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the range 0 to 500C, suitably 20 to 300C. Optionally a drying agent is used
in the process, for exanple nol ecul ar sieves. A conpound of Fornmula (I11)
may be prwpavehsbsrzappropri ate mani pul ati on of a conpoumrdTaP2éesnmssa (1 X)in
which G represents hydroxynmethyl, and A", E, and J are as defined above
for Formula (I11), by first protecting the NNatom of the pyrrolidine ring
Wi th a sin waishe idHpirmirazd-i1Rgmethplu pnd Mis exatap tatidoe for yeixenpleardiassium, (VaBZ) or
f- but Oxyféasmmlac.dl for @xrnple! B% LIS erotch@ﬁc g8 Cihithe BreaBRiteof Ambelyat | on
to converzht&g compounds of Fornula (IV) into conpounds of Formula (11),
an N prot d compound of Formula (1X) nay be converted into a conpound of
Formula (I11), in which Grepresents nethoxynethyl and the NNatomis

pr ot est e@Contipouned bfy Fadmuen (X)Dewhitred tis ©,3-thibzolfRylidetitybor bid- rﬁtamtala-lytdnethyl

EJ[;)Ceg;r %@erﬁsuﬁ GA AlRokN %e%?ﬂpﬂ}-’t . O'aﬁ t@fc! grkwlsﬁylw bloup Oqaﬁa@/or B B?e OreEomél gf
Formul a (VRIS OHAS ewo%uqoﬁ%%g@méﬁw dhd Tt 2B IR
sui tabl e 1r)é@9tt‘h’hgaf?§be‘ht is f ydrexyar eonverticnsh Befedtisaiien der mrotgétmm@roup
bor ohydr ipdssedutesa Foriekarhple, & obmpoundf of FoealaiXpintveticra jedt,84tbiazot-2-yimethyl

Depr gpecty raE 8. '\h@& m & %'&ed@%uwc%w@é prr@p%d% | fedth@nf @fRound
depr of 66 E;’@ Shaiis Lw plefa b feiusrgianiuelid) o T L

depr ot ectP
the N-pr@ndd’i Iﬁ@yquoempmﬂsam appioaKate debuly| transdesrageat isueh ardg/t-betylastiate ed by
t r eat mentin WMet fregertuidf alduitalbie iadid datalystxsuthlas 10% bhuerusgedhlariccaxidl. lnCﬁmapounds

afz NFor nu é)i Y' {h)e JPfj'-ueBrfF‘e%aBa}% %%&ﬂggcggfbrﬂuaa()@qmm AOfig gﬁrm)&
dof i S e Al oo Pt e SalYRHed o R ap il S E‘mx.awpﬁm as

is as deﬁhmb&tﬂra@w&efwt Py treainzent with a suifableeacies frefcexamitfe Pydrediiend acid X) i s
provi ded gasxaa® acid addition salt, for exanple the hydrochloride, the
reaction nay be carried out in the presence of a suitable base, for exanple
triethyl am ne. t he reacti e carried out in the

th Al
presence po’l’ugﬁ? pggfpg[%w?e g'”g@g‘ﬁ? J ot 8%@%‘%”&&%@ AN LSRTERAEL PYrhe

r eacDon reaofion of a compound of Formula (XII)

YO
CO,Me

HN
(XI)

with 1H-pyrazole, in the presence of a suitable base, for example potassium carbonate

when M is potassium, and in the presence of a suitable solvent, such as aqueous

acetonitrile. Preferably the reaction is carried out at a temperature in the range 50-70°C,
25  suitably 60°C.

Compounds of Formula (X) in which J is 1,3-thiazol-2-ylmethyl, 1,3-thiazol-4-ylmethyl or
1,2-thiazol-3-ylmethyl and A" is an alkoxy, benzyloxy or tri-(Cs4alkyl)-silyloxy group, may

be prepared by treatment of a compound of Formula (XIII)
COA"

Ph?N\( (Xin)

30 Ph J
in which J is 1,3-thiazol-2-ylmethyl, 1,3-thiazol-4-ylmethyl or 1,2-thiazol-3-yimethyl and A”
is an alkoxy, benzyloxy or tri-(Cs4alkyl)-silyloxy group with an acid, for example 15%
aqueous citric acid. Preferably, the reaction is carried out in a suitable solvent, for
example THF and/or water.

35
Compounds of Formula (XIll) may be prepared by reaction of a compound of Formula
(XIV)
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be carried out in a suitable solvent, for exanple dichloronethane or
t ol uene. Conpounds of Formula (X) in which J is 1H pyrazol-1-ylnethyl, and
A" i s hydwoxygos/aassi3be prepared by treatment of ain whi clrCI/EP2005/011532
1H pyrazol -1-ylmethyl, and Mis a netal cation, for exanple potassium wth
a suitable acid, for exanple 10% aqueous hydrochloric acid, in the presence
of Anberlyst 120 (H+) . Conpoud? N~Forfd™ (X) in which J is
1, 3-thiazol -2-yl nethyl or 1H pyrgzol-1-ylmeth¥lV) and A" is an al koxy,
benzyl oxy or group, may be prepared by treatnent of a conpound of Formula
(X) in win elich A% islag-alkoxpzdnzgloyy wetri{C:.akyl:-sHyigyagrobp withyd gempgund ahd A"
s hydr 0X6rmbi% ﬁ@émewidhnﬁisFe,srtmét&J bﬂWI,qy3c-t£!;ﬁ&bﬁ¢lylnﬁ&hﬂ?um-ﬂﬁ&©ﬁ?ur es.
or exanple co [ - Lhi = 2= y
or 1H pyryh?%tpﬁlgg/ﬂrr%lﬁ E% I?Jl%ﬁgc{r&}gr?fgg ey/&tﬁ]%r\g?%rxyoﬂrgg?%réf%t‘;el atﬁép cgoﬁf 7
t r eat frentcagedLut HhisuRasIce i aniitable opse §ugth Ag Rotpspidm t-kitexide, ; Breferably net hy |
or 1H pyniae edactiery isn@rtigd putinch guitable sphdmbXfpr exartple ditiFap phe practior mayrite but vl
t ragsf o clé%tetout%vﬁﬁ ar%%rgetof@w{a@reeéaa&lf»st! fbrtéﬂﬁmgfeelliﬁﬂﬁﬁo@lﬁe.a r&yfetéﬁg e
acid ca st, ,suc , 0,ague L oK C id. S e
£ hus- for NS 13UE Bn saMeS Bl SyTRFl i rdtenolh GBe R Rhraey
benzyl oxpuisably #§ Q°Cc 1- 4al kyl )-silyl oxy group, may be converted to a
suitable salt, for exanple the hydrochloride salt, by treatment with a
Sul t albl © e démpfo%q %rﬁaml.J hffa ?}F@@mﬁ A iAo iQtS'Hrﬁleﬁ*b@(w%rt-bQ?@Sﬁ&hwgﬁgoée
ornul a I n I ch S razel-1- yl, may be prepared by
reaction 6?3356%8%?@3%{1 %f:‘a WT%%EI—%EP%%%&EW' n the presence of a suitable
base, for exanpl e potassium carbong is potassium and in the
presence of a suitable solvent, suq aqueous acetonitrile. Preferably
the reaction is carried out at Werature ixvyhe range 50-700C, suitably
600C. Conpounds of Fornmula (X)~Th whilch J is 1, 3-thiazol-2-yl nethyl,
1, 3-thi azol -4-yl methyl or 1,2-thiazoP3-ylnmethyl and A" is an al koxy,
benzyl oxy or tri-(C 1-4alkyl)-silyloxy group, may be prepared by treatnent
of a (XI ith 3 suitehlecarid halileforningreagent, forexampleyexalyl chiotids atbionyigigrideny or
1, 2- t1Bi aa@lond- sépwet, hnk reactiof” is carried out in the presence of a suitable catalyst, for
example dimethylformamide or diethylformamide. Optionally, the reaction is carried out in
a suitable solvent, for example dichloromethane, at a temperature in the range 0 to 50°C,
for example 20 to 30°C. In an alternative aspect, the reaction is carried out using thionyl

chloride under reflux.

20
Compounds of Formula (VIIl), (XII), (XIV), (XV), J-hal and E-CHO are known in the art,
commercially available, or may be prepared by standard literature procedures.

Compounds of Formula (la) in which A is an ester may be prepared by esterification of a
25 compound of Formula (la) in which A is hydroxy by standard literature procedures for
esterification.

It will be appreciated that compounds of Formula (la), (Il), (Ill), (IV), (V), (V1) and/or (IX)
which exist as diastereoisomers may optionally be separated by techniques well known in
30 the art, for example by column chromatography.

It will also be appreciated that the present invention provides a method for the
interconversion of C(4)-epimers of a compound of formula (V) or (VI) in which L
represents CHO or CO,Y wherein Y represents hydrogen or alkyl, and A”, E, and J are as
35 defined above for formula (lll). For example the rel-(2R, 4S, 5R)-diastereocisomer of a
compound of formula (V) and/or (VI) may be converted into the rel-(2R, 4R, 5R)-
diastereoisomer where appropriate. Such epimerisation of these rel-(4S, 5R)-

14



I's an al koxy, benzyloxy or tri-(C -4alkyl)-silyloxy group with an acid, for
exanpl e 15% aqueous citric acid. Preferably, the reaction is carried out in
a suitablwoxoéowant13 for exanpl e THF and/or water. Conpokrgc@Epedosporsarl a
(XI'1'1) may be prepared by reaction of a conpound of Fornula (XIV)in which
A" is an al koxy, benzyloxy or tri-(C 1-4alkyl)-silyloxy group with a
conpound difstdresisathersJ-iftal the \ohirespodding Teld4Rhi &RpHiagterdaisnteys , may be
ér gf terggra%orﬂ néha@bw{eaﬁﬁenl ofa H(S/ﬂnaa@‘{d SF-fodthui® \Ydnd/d el hath d @.@biéade@eat oLn

, c ol n the
presence %fhe p?ﬁ??ceb? %ggaeblgﬁglhgﬁgs Er e}a%lé ﬁfe %dr%ré 8@{9 r?ﬁ ﬁ%}? "t he
react i on diasterapippragr Qfli‘thn?Poé.'”g of Farm E\QI"‘(}‘@Ht rep@,segt;% Me "f‘EiFt dR,
react bon SRyylidseerecisornerd may be taaeorpplcsbeduc@yoftreatre%ntt &bl thecareal4ist SR)or
texarrpl et |didstdreasonel Win apétﬁt‘%gl@aids)é tlieh aed6dil@Nmethogide) inEtglemtése&tceébf a

enper at yr, r o roomtenperature, suitably at 00C. The

corrpound%oli"‘]qéé(;saI (-?nt %@)&% %K%ln which Dis 3-net hoxy 4 terf butyl phenyl
may be prepared by reaction of a comw th a suitabl e aci
reagent, If oill kxanplesiatedathat ragenie ica@pewundsheloRgmMmuth (s}, |(Hé (“l)n 'U%e(Vévsﬁ@bt
t he reactdn@ror i(X) elyrdecshtionallyl neséied iptcethein dredividuzd esantioatere  Sattatepsiutiofior
exanpl e %é@é&%&eﬁ Q@co‘?ﬁphgﬁ@& by bEREa ThétRod S RHdwaNialthy art! IFRr eR@GPIEON |'S

carried o

t enper at Lﬁ@c?wlqwg%%éﬁgqmlygg%& ( (SIH? \ﬁéﬂggghc’%ro gﬁ'ﬁppbe @loifed

al t er nat ibyechifabereparatiyis HPb e t MGt é’eb’aquegﬂf: PRHYIS P i‘?frBW?I 24| h{]'érr(u”ae
under r ef(IM)x(V)Cortpandids (1¥j Whighmentair h lappropfixtel 3cidi¢ xor ‘b)asuc(g(mp, skichas aand

E- CH@sar eakityit adid Q%@p%rrbmlﬁé)@?@iﬁb Fhay Heyreaviaéd BpERNdad didstereBispiepasaitl by
standard f&'n‘ia?uoﬁ%ﬂea (8‘[ %Fggé'ércﬁ'sac id Cg@%@@%eef.ve@é&yéﬁgéﬁ ISUC cﬁhlqeié S an

ol o A ol oS aplshp oy iR P S P mE  of FBCDAP (7 g

will be dpps &QZMeemayhae resptprsLi bl stregtmest withaa (qflﬂ'ﬂ acid| ?UCh( Be | (ﬁ) (()11\/) (V) ,
(M) and/mraphtng)-2 ehiighnyexdgsn psosphatet en enissitatie solveyt optmishe | thereef, for
sepangt ed,h Feeﬁtéﬂfo%ﬁéthw lis&E51818hdI NisbPRp@A' hcetdter aifGTBESORIiIE Ol IHMBne
chromat ogar ag a mixture of dichloromethane and isopropyl acetate is used as solvent. The
enantiomer of Formula (V1) may then be obtained by treating the salt with a suitable base,
for example triethylamine, in a suitable solvent, for example methyl tert-butyl ether.
Individual enantiomers of Formula (Il), (), (V), (V), (VI) and/or (IX) may then be
25 progressed to an enantiomeric compound of Formula (la) by the chemistry described
above in respect of racemic compounds.

It will also be appreciated that individual enantiomeric compounds of Formula (Il), (V1)
and/or (I1X) may be prepared by general methods of asymmetric synthesis using, where
30 appropriate, chiral auxiliaries or chiral catalytic reagents and additionally performing any
suitable functional group interconversion step as hereinbefore described, including the
addition or removal of any such chiral auxiliary. Such general methods of asymmetric
synthesis are well known in the art and include, but are not restricted to, those described
in “Asymmetric Synthesis,” Academic Press, 1984 and/or “Chiral Auxiliaries and Ligands
35 in Asymmetric Synthesis”, Wiley, 1995. For example, suitable general chiral auxiliaries
include chiral alcohols such as menthol or 1-phenylethanol; chiral oxazolidinones such as
4-benzyloxazolidin-2-one or 4-isopropyloxazolidin-2-one; chiral sultams such as camphor
sultam; or chiral amines such as 1-phenylethylamine or 2-amino-2-phenylethanol.
Suitable general chiral catalytic reagents include chiral basic amines and chiral ligands
40 such as N-methylephedrine, 1-phenyl-2-(1-pyrrolidinyl)-1-propanol, 3-(dimethylamino)-
1,7,7-trimethylbicyclo[2.2.1]-heptan-2-ol,  3,4-bis(diphenylphosphanyl)-1-(phenylmethyl)-
pyrrolidine, chinchonine, chinchonidine, sparteine, hydroquinine or quinine, BINAP or
chiral bis(oxazoline) (BOX) ligands and derivatives, optionally in the presence of a metal

15



It will also be appreciated that the present invention provides a nethod
for the interconversion of C(4)-epiners of a conpound of forrmula (V) or
(M) in widehodoss@pr esents CHO or COR2Y wherein Y represeatrgpbydnogsn or

al kyl, and A", E, and J are as defined above for formula (I11). For exanple
the rel-(2R 4S, 5R)-di astereoi sonmer of a conpound of forrmula (V) and/or
(M) nmay sai, ¢anerahpld Myxo wherer 8 -i§ 2verd RiobaR) zindi dtasummpi reagresivnheoe

?ﬁgfgg”gé&gnﬁé@ aﬁa rhbﬁd%t%?réxﬁ% tewcﬁ.dwrb(o‘;rﬁdeﬁ&et@lteggg@mgba%e s into
t r eat nentt© ?”eé‘u oé?m?t ﬁﬂoé'a e’éﬁ@?ff’rpp’ %ﬁ@%t'ﬂ?ﬁte %‘i'&ﬁpg Sase in

the presdn@e 3afr 4 amlqpémn@lysmtn%ntesem ok Hpe: efof prarpRaeetsylamings Alhef

rel-(4S, t%agmmefgamraléb?tgéwdv Emfwélodendnaedwthemn G;?ge?:lal e

representg . dHhe {he 2 atignvof Vil §rc§ﬂbﬁ$9ﬁ lidif&s ?ﬁ'\ id she

by t t d t

such as SoEERT Heméeraea%x‘ e i Y

met hanol .thdge destitibegen fAmgewcCheredint. ek, (R & 4230ipohamasReNt, (FB9huPE 86Ba) ,

glhl) (114 )am.(EA6m. £50., (20dk), @udhﬁm(x IJXI)Aanyhém 80¢.j @mB}w%elsoﬂﬂeGDrgnto
eiroin | epa i e

accomi)l | g‘ﬁ\étd g%ss)t ghgglrtgn%t%’fe%}b% ®%9 54 %Tgsart orﬂeagﬁﬁ’gf)y@%&) &

conpound ?&f75F5?tﬁQﬂe€"(q éssym(m 1I Y, 9 ghggiron; “\%Symﬁ’nd&g (I1§)

resol ved dmyg Teilreé, (w%m$1a581/7e HPLC Al ter nati vel y, racem c conpounds of

Formula (la), (1), (111), (1V), (V), (M) and/or (IX) which contain an

appr opr | %%e[)% Gl gl ?agéecgaasérﬁragéﬁfbgdlgélég BEnPof TR\ acid group or am ne

group may [ 6S0] rast e rqol soneric sal't formation with a
chiral base or acid reagent respectivel S appropriate. Such techni ques
are well established in the art Xjanpl e, a racem c conpound of Fornmula
(VI) where L is CO2Me nay be res ed *treatnm with a chiral acid such
as (R-(-)-1,1 - binaphthyl-2, 2'<dry’- hygr ogen osphate in a suitable
solvent or m xture thereof, “tor |exanpl e dichlor orret hane, i sopropanol,
|sopropyl acetate and/ or acetom@rll In one aspect a m xture of
di chl'8r onet hane and isop ro(géYacet at g "is used as sol vent. The enan i gprer  of
a

Formul a (W Wh'ﬁ'ml'- tTRBIPSHRES o r?éoCGByY t Whereim Y fapeeseatls hydregen, of Altvhpl e
base, f orrepresantt a dhirdleduxifibgrandA”,iE andsiare abldefinesl atmve forffarmelediv)l andvet hy |

terf-but yienaidiein eddhibdiritHad cRirAeh@aRaS befpr&ired b réddtibn of bldompolhd/bf (V) ,
(M) and/l’—oormuaﬁlllsma\é herelrr{bek?ore defined, W|th a compound of Formula (Vllla)
L

W (Vilia)
20

in which L' represents a chiral ester group CO,Y" wherein Y' represents a chiral auxiliary
and thereafter optionally carrying out any conversion of CO,Y" into CO,Y by standard
methods for removal of chiral auxiliaries. Such chiral ester CO,Y"' may be derived from a
chiral alcohol Y'OH, for example menthol, by standard esterification techniques.

25 Preferably, the reaction of a compound of Formula (VIl) with a compound of Formula
(Vllla) 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 silver acetate, and a base,
such as triethylamine, 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) or tetramethyl guanidine.
Alternatively, the reaction is carried out in a suitable solvent, for example THF or

30 acetonitrile, in the presence of an acid, such as acetic acid, or the reaction may be carried
out by heating compounds of Formula (VII) and (Vllla) in a suitable solvent, for example
toluene, xylene or acetonitrile in the absence of a catalyst. The preparation of compounds
analogous to those of Formula (Vla) and (Vllla) is described in Tetrahedron: Asymm.,
(1995), 6: 2475.

35
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progressed to an enantionmeric conpound of Formula (la) by the chem stry
descri bed above in respect of racem c conpounds. It wll also be
appr eci atwo 2oévat4sé1adi vi dual enanti omeri c conpounds of Fecmmpaoosiokisp (V1)
and/or (I X) nmay be prepared by general nethods of asymetric synthesis
usi ng, where appropriate, chiral auxiliaries or chiral catalytic reagents
and addi tih afiattey apeedt,ar chiragpwrofidinaicbaipbend offeirmal@dVitgr oup i nt er conver si on
step as herei nbefore described, includind the addition or renoval of any
such chiral auxiliary. Such genera #ods of asymetric synthesis are
well known in the art and incl out |are not %stricted to, those
described in "Asymetric Synt hesi "N mc A t%)s 1984 and/or " Chiral
Auxiliaries and Ligands in A trig¢ SyntThesis", Wley, 1995. For exanple,
sui tabl e general chiral auxiliardes Hnclude chiral alcohols such as nent hol
or 1-phenyl et hanol; chiral oxazofidi nones such as 4-benzyl oxazol i di n-2-one
or 4-i sopi apichdxepdsedisrCQYowkereinhY representst aysogenadr adkyl, @ad Mok, and § arg  or
ohi a1 | SRS RSOLFBRY () b TGS an arpmdnaand St e
| | L. | | . | an
chiraP li %Rﬁﬁ%? Yi 6%30&8!’? ,Qf ﬁeﬁoﬂ};hogﬂ% Qg?gmulés '(VIrIB wnﬂ'm‘ S c%%poarl\d Qﬁéér%Mﬂﬁ?
1- pheny| -32-heteippefase dalingg Ynderasymaiebic reactian ¢radiienendtvgY be appreciated by
1, 7, 7-t r ithexdehgiilleid diy theo b2 tRat Iuch esyrameRicaleaction conditions may be afforded by, for

3. - 01 S( LBy kRNRSBLIGNH the teddibi Rt d1Yl dralseitaid idadiént 8 HeRGH BeroRe
chi nchonldfl.n spartel ne, hydroquinine or quinine, BINAP or chiral
bi s(oxaz ef'ﬂ%‘;' (BOX) ligands and derivatives, optionally in the presence of

a netl@l sdhtonefaspeel dgpreackianls aRrEied aut iins the presencec ebal sultable fpirak ¢ataliicum
magnesi umeagent Mong@GeNte (JFdméthtephatifing 4ridra switabd enethll ealt, dfer cexabnpteni de)
acetate, [r abla'ﬁ% ?QC&BQME iPhodutaBBSdVeRNabe exdrhplb | d¢BIAMME Nybratddp #he.

hexaf | uor ophjosp . Qr npnifrate nd m.and x are, 2. 3. 0r 4. and .

opt i onal |r9§q quntlshgarblpgggﬂatea gqm%er%tggeel,n tﬁ%f a'@?a'ﬁglét? F3007 IRMRSISIHIS: Sitablyy

t hese chiata?0°Guxiliaries or chiral catalytic reagents are well described in
t he a:std |Femesltdmativk usbeet! theereartiorplsecartdd bhieinpthe paesence rof @f suableoetsrathi r al
pyrrolidi y terl C e&d\S_\USHI YaN [oh Ao hiigal
catal yt i c&?ﬁg%eﬁ e f%ee*%gﬁﬂ?{é" Lo F“WP‘E%?{;S?E?:H%‘?? hE@é‘S’?tB@.gagen
Angew. C@W‘ ANd ggpitablespgia) salty Of ExaHRIg SINGLAGPtaRa N the Pleeae og%_sun. 3.
Am Chembasecfor (exeRle, diflsppropyleffommite, inma satabia sgwent. forcpmple) acetonitiier s
Org. Let tofrtioﬁﬁ@%)sohétedfxﬂiﬂﬁtoluEﬂéI Phefdianly, thé 1250n isTchrriedi7dit al e terapereiuen:

Tor 1 Bk e RS C BT A g BB E -0 2000 T AT

Optionally, the major chiral diastereoisomer of a compound of Formula (Vla) or Formula
(VIb) arising from such an asymmetric reaction may be further enantioenriched by
conventional purification techniques well known in the art, for example by
25 chromatography, or by fractional crystallisation. A favourable crystallisation method is the
fractional crystallisation of a salt of the major chiral diastereoisomer, for example the
hydrochloride salt or the (R)-(-)-1,1’-binaphthyl-2,2'-diyl-hydrogen phosphate salt.
The hydrochloride salt of a compound of Formula (Vla) or Formula (VIb) may be prepared
by treating a compound of Formula (Vla) or Formula (VIb) with anhydrous hydrogen
30 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.
The (R)-(-)-1,1-binaphthyl-2,2'-diyl-hydrogen phosphate salt of a compound of Formula
(Vla) or Formula (VIb) may be prepared as herein before described for the resolution of a
racemic compound of Formula (VI).
35
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
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and Tet Lett, (1991), 41: 5817. In a particular aspect, a chiral
pyrrolidine conmpound of Formula (Via) in which L1 represents CO2Y or CQO2Y1l
wher ei n Woepssasats hydrogen or al kyl, Y1 represents apchirradosaursdti ary,
and A", E, and J are as defined above for Fornmula (VI), and * denotes an
enanti oenriched chiral centre can be prepared by reaction of a conpound of
Formul a e¥armple tesatinentewti af Itw&olyﬁzf reagent svuchhasa sedinmonyddoxide Boemalkkox(déi | | a)

(Villa) igpcd ﬁga idhrfy nﬁcﬁlﬁ’&fiﬁgr  orf meté M a 8Gitlie SEIPIHR sCERImehaRel N Y1

represents a chiral auxi thereafter optionally carrying out any
conversion of C2Y1l into CO2Y by standard nethods for renoval of chiral
auxi | i ar Qesionaiyca chifalre@mpeype pf a () o rewia/MpXPantbe cemierter indP @hol

Y10H, 5f orchig @B@ipeumest FermulddyX)dh anhibarG! resresernté hydrokyatkyt, @od fi’gBeand J are
IFZT:)re];neJIr gbl ¥IL .H LESR fop'ﬁoﬁ%ulé (ﬁl?'ﬁp%‘é’éf’n&ft #ﬁrm&bﬁle(r}lbéénté{\ﬂf&fkc@oﬁ@ nd of

acet oni t tg &Inc %?QF%’IPI 'Qteir‘f?nf’ﬁ"é'o r‘gstﬁ?\@éou@ngr ev{ﬁg gz’ri%Lf d cafg'lng)éaﬁn |é{uch as
it hi um lsomnpdrd of Fasmulae(VIaidrwhice L' seresentinGO,Y sashY s as FPE@WWWV
1, 8- di azai teastédWith4a ebuwmaedhcmgag(eastﬂbr oxarhie rlghiern hglimigicem ihgdride, in a

A teqpat i }é@&(e solént” BREEdNMle iéraﬁ?{]gfu% out in a suitable solvent, for

exanpl e or acetonifrile, e presence of an acid, such as acetic
acid, or the reaction may be carried out by heatin conpounds of Formul a
(VI 1) an@®ntivhallyap chiralzcospiouath PEFamIue (ila) rororenianiylie) may be senvexipdie 2or

acet oni t Ichir@ dompolifd BbEEMRE: OV) i whdreGYiebresdite hydepgalafl, tyrfiret ayiatipg teds
anal ogou xﬁ&.qirgéoﬁﬁroag% fgcgg"g a%és}{%ﬁééjsgwe(f\é |trlnéi}rah§for‘i‘ﬁa?fbh'$?%j cbr'ﬂpound of

T hed
oyt 3B dIFRETGARDIRle SEOPBPIR & (Ul [ 0 bk isupastiecti pE (e e n v

r epr esentssitahyel reagentsdor a¢deyiplishingitha fungtionalrgfoup @ﬁ@c%(yetﬁé,ffﬂ efdie appd- elor
Formul a (Vigto gtoh G’ dedesesibetnatiivanfor eantrandiethatibn rotla campoundcsfnFdrmula

pr epar ed ?A\é Pfg rrrﬂL{f'Q \Rg))nﬂtb%)gmgpﬁg?%]eng%underléyké/) wi th a conpound of

For mul a ore mretric reaction
conditions. It will be appreciated by those skilled in the art that such
asynmaet r ilcwill émcaproeciatod diati witls switaplebaddifidnat denversjon ieps @galesrided ahove,

i ncl usi orhir&) &&}ﬁpd@ﬁ?ytdfolfbrmm@ e @f, avehingatr (Vatnadyy becprepagenfroraschivar ei n
before defN80uds of Formula (Il), (V1) and (IX).

With appropriate manipulation and protection of any chemical functionality, synthesis of

25 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
Organic Synthesis’, 3 Ed (1999), J Wiley and Sons.

30 EXAMPLES

It will be appreciated by those skilled in the art that when solvents are used in reactions it
is desirable to use anhydrous solvents. It is further desirable to conduct reactions under
an inert atmosphere, for example under nitrogen or argon, where appropriate.
35
Intermediate 1
2-[N-(Diphenylmethylene)amino]-3-(1,3-thiazol-4-yl)propanoic acid, tert-butyl ester
N=\
Ph h °
As

Ph” "N~ TCO.t-Bu

Part A
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In one aspect, the reaction is carried out in the presence of a suitable
chiral catalytic reagent, for exanple (-)-Nnethylephedrine, and a suitable
nmet al salwo 20@wo4ssdanpl e manganese (I11) brom de, in a suipCaldreosolisent, for
exanpl e acetonitrile. Preferably the reaction is carried out at a
tenperature in the range -300C to room tenperature, suitably at -200C. In
an al t er atd vedleds fieehath) smutionanf t2-D(dipheogmethytene)emineletiapoigrasisie frrebutyl a
?gi)t?b; eggtlzéi' (ﬁ!o@gbﬁbbﬁt,iﬁesﬁe&iﬁﬁzﬁm- i%s ,N;amhluﬁole]in dry THF (4F§0 mL) Lcjinder an
'-bis phenyl phaosphi ho) - 1. 1. i \ . a I tabl e
et al saﬁff?°sf93?fee>?§_r{13r°@%gi ,Ivﬁéra%ac]eet &t & ?JHU e%prdgéeggwg\rbb gjxgigi {na.-brﬁg base,
for exampl4s ml) Grepwispyereppips 4ANEH oven2amintesapThe BRfYre NS qdlawecgspdﬁw%r
acet o5i t miflehep@5ininates yn the-icsbatat ed with tol uene. Preferably the reaction
is carri t at a tenperature in the range -15C to roomtenperature,

08
i t abl - 50C. ti l.ly,. th ' ' N '
conpound PRI LOpRh s TRy %@E{W%@W'ﬁ?éﬁ“ﬁ%&% hifeatlie €958 gerri ¢
react i on 1ARynR) Mastitshlyesaveitestin thenBee hase asvieltwsondhe glyeracntoses dyas
t echni quesixete Mithkdiomorometiidne €500, miE)oane xweasbee ivh @hbda0guaptys sodiutyy

fr aCﬁbonycaFrro%%{eaHmﬁ&% (8- mfY). | aHRUSRBhE 18YFSiad Isbgarhiean dRed hedr issditike

fraction ryst [ lon of 6 a [t "of the | or_ chiral.di r eoi somer,
f or exanﬁP@ﬁ?%@nﬁf&F%@hl eYap gtesda(?cﬁagrevgﬁcéra?or,ngd torr, wa{er %athdiﬁés ?o &% th
(R) - (-) - freg'bapg.napht hyl - 2, 2' - di yl - hydrogen phosphate salt. The
hydrochl eargle salt of a conpound of Fornmula (Via) or Formula (VIb) may be
prepar ed i 4t-{cﬁféa¥drﬂ& )-?BngAE&Q (RImE@STBLAR B) WaR) dis¥olVea iR tiHE §1Mbb}.L)Vur{dh
anhyggous cf ogen chloride_In |§1 sul %(?bl'etsmalﬁ{étr‘ afor ex)gr% freon%j' th}gl
et hed® pPd QEﬂ%'ﬁen roRPiNG fUgRel OVTary MiitEY L0 i¢ Rt IPAYE M Fe r ange
-10 to 1®eepingHbe (rRpction) aty icedbatipiteraperatyie.- 2Solid anpkyydrened libien iptide dflade salt
of a cony@imeholf whoradb@ dir¥ttd) tod theagartibra nfixtlle) Snminubes piterpadditibnasf trer ei n
Opt i onal SFOaNRE focfihal M Thir b ruindl Mo PGedt AR R By THF BOALL )
et o viiaPoYaR aSada e (EAgiTE e b eEh Surk s BademPeiatue K148 o e
by sgandamidutastdiiowed t¢ sreerdepdan teraperatirg overtdd miniasr ad/vag stiretyalioo’uch as
sodi um B?(@lﬁ@éftd@e ®dr & ﬁ:djiii@*}dl dzﬁs PG %ﬁo@omﬁiﬁnpanmb%d detlvmnewprrmpwei ch e, in
a suitablg, sQcY Bhke 40 ewz%r 3@ L H'eﬂdg/ﬁ ated860' LG TR BPHI 9L
Formul a Cvgé}sasipgr;tte%ec) Enréutkg aguéo S Ig)?él;é-%ext?gcqg Hﬂ?%ur%hg 8th9l acetate (2 x 300 mL).
The combined organic layers were dried over sodium sulphate and evaporated to give the
25 title compound (57.8 g, crude) which was used without further purification.
'H NMR (CDCl3): & 8.65 (d, 1H), 7.55-7.62 (m, 2H), 7.2-7.55 (m, 6H), 7.05 (d, 1H), 6.78-

6.87 (m, 2H), 4.36-4.41 (m, 1H), 3.47-3.54 (m, 1H), 3.36-3.44 (m, 1H) and 1.44 (s, 9H).

Intermediate 2

30 2-Amino-3-(1,3-thiazol-4-yl)propanoic acid, tert-butyl ester
H,N.__CO,t-Bu

s ~

\=N
To a solution of 2-[N-(diphenylmethylene)amino]-3-(1,3-thiazol-4-yl)propanoic acid, tert-
butyl ester (prepared in a similar manner to that described in Intermediate 1; 20 g) in THF
(150 mL) under argon was added a solution of citric acid in water (15% w/v, 150 mL). The
35 mixture was stirred at room temperature for 6 hours, left overnight and then the majority of
the THF was removed under reduced pressure (rotary evaporator; water bath at 25°C)
and 1 M aqueous hydrochloric acid (60 mL) added. The mixture was extracted with
diethyl ether (2 x 200 mL) and the combined ether extracts back extracted with water
(50 mL). The combined aqueous layers were extracted with further diethyl ether
40 (100 mL). All of the ether layers were discarded. The aqueous layer was then carefully
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chiral compound of Formula (I1X) in which G represents hydroxyal kyl, and
A", E, and J are as defined above for Fornmula (Il11) by treatnment with

sui t abl e weagenussiBor acconplishing the functional groupcirmresssOMsss si on of
the group L or L1 into group G. For exanple a compound of Formula (Via) in
which L1 represents CO2Y1 and Y1 is as defined above nmay be treated with a
sui t abl eafjaehed itt @HWE Mith dmussmcmbendtetmlnermam i) wasradaed randéhe mixtare

sui tabl ee§?§t¥_§‘dﬂ'&mh bR h\f @ th%brrﬁLWdfl'%sz 'Bmbirfeatdteerabiers w%r@ﬁhédibver

conmpound 0 r e_converted |raI
coggoundsﬁ '“’F'OPWBI a{/\/r‘ﬁ? e G‘;°I eé"ﬂ) gﬁtrgg't‘ﬁ?gr §i&P TRy 'gav% h?lt(ri'st

acyl ati ngoﬂnheur[dyanolll d| ne nitrogen atom as descri bed above for the

t ransg or h@INMR (ODCR): 8PPy H)f 7.68 eI, §.97-B.85 ) 1&i)caapalB2mfiHE@E.02H a (V)
and L hen SSURPIHPEhA ¥ X5 [ RAEAL pithdrd reibbaUNG T eagent s for accompl | shi ng

the function I nt'erc nver5| the group L or L1 into group G as
descri bed above for the transformation of a conpound of Fornula (Via) or
For mul a intetywediated3 a chiral conpound of Formula (1X). It will be

appr eci aRgN{SMethyd1{tHiaid120)IpmétheicneRintihol-8+(Y,3/thiazol-4-tyh peo pah otte saxid,be d
abov% c %Ft%btﬁ%@ﬁ?“”ds of Formula (la), (Il), (1V) and/or (V) may be

prepared from-chiral conpounds of, Formula (111), (VI) and (1X). Wth
appropriate mani pul ati on and prota}:.lsl on of any chem cal functionality,
(

synt hesi s of conpounds of Fornul i s acconplished by nethods anal ogous
to those above and to those descrile n the Experinental section. Suitable
protecting groups can be found, but aN tguestricted to, those found in T
WG eene and P G MWIits 'Protective Goups in Organic Synthesis', 3rd Ed
(1999), J WIley and Sons. EXAMPLES |1 be appreciated by those skilled
in the art that when solvents are Gsef in reactions it is desirable to use
anhydrous solvents. It is further deS|rabIe to conduc rea ons u

inert at AoBpfieeedl -aminsxirhhBhieradryRIOPRBYE ACkh ta/t-gH! e%ﬁé?‘@ ermplia g’at e.

| nt er medi2agoeg,112.7[ Mafhbi) pBemsthyidt ihiazoke) 2narbokal@hyde 311621 .z 2.7 4npo) |Engpanoi ¢
acid, terrﬁa B%IMIITI SHLR (cBatd) iR BRhfor&mehenk (7C@LPaab)stiged |t isdf ®mperature

2- [N gdl I?or 1%yhours h'}lhee{za%)cf’sl onr11 rrr]ﬁ) lﬁ"([-: f\}vaar;q Itgreﬁcérgd thteef(ltFatQ Wa¥ Ievaporated to remove
solvent, to give the title compound as an oil.
'"H NMR (CDCls): & 8.75 (d, 1H), 8.11 (s, 1H), 7.55(br, 1H), 7.02 (d, 1H), 4.45 (dd, 1H),
3.56 (dd, 1H), 3.33 (dd, 1H), 2.50 (br s, 3H) and 1.44 (s, 9H).

20 Intermediate 4
rel-(2R,4S,5R)-5-(5-Methyl-1,3-thiazol-2-yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2,4-
dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

S
N//—
2 LOMe Racemic;
\ Relative stereochemistry shown
N .., N
t-BuQ,C"' " Z
2 N 'g /

A solution of 2-[[N-(5-methyl-1,3-thiazol-2-yl)methylene]amino]-3-(1,3-thiazol-4-yl)-
25  propanoic acid, tert-butyl ester (Intermediate 3, 4.3g, 12.75 mmol) in tetrahydrofuran (125
mL) was stirred under nitrogen. Methyl acrylate (2.15g, 25 mmol), lithium bromide
(2.20g, 25 mmol) and triethylamine (1.73 mL, 12.5 mmol) were added successively, and
the resulting mixture was stirred for 18 hours. Saturated ammonium chloride solution (100
mL) was added and the mixture was extracted with ethyl acetate (2 x 150 mL). Combined
30 extracts were washed with water (100 mL) and saturated brine (100 mL), dried over
magnesium sulfate and evaporated. The residue was purified by chromatography on
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ester (J. Org. Chem, 1982, 47, 2663; 42.3 g, 143 mml) in dry THF (450 ni)
under an at nosphere of nitrogen, was added a 1M sol ution of potassium

t - but oxi dwoi2006l04F616146 nl) dropwi se (dropping funnel) owenr/E22008i0ns8es. The
m xture was allowed to stir for a further 45 mnutes in the ice-bath. Part
B I ndependently during this tinme, 4-(chloromethyl)-1 ,3-thiazole

hydr ochl §ﬂ|béj§el(t?s'ﬁ1d5etﬂyl ddetatéapdiohesase (1: €3 then @V eN) asl etuent foegive e tilese as
fol |l ows: é[rtf\Sou /5 pride was nixed wth dichloronethane (500 ni) and
washed w v a uequs s@dj.um bi carbonate solution (375 nL). The

or gani c %4'0%95( a %)r i%4 over sodi um sul phate and careful Iy
evaporat%(ouod@@ctmam) éMdJH) B4 orr, water bath 25C) to give the free
base. 5Part C The 4-(chloromethyl)-1 ,3-thiazole (formed in Part B) was

di ssol ve J&'i'gte 400 nL) and added dr opwi se (dropping funnel) over 30

m nut es m xture fro ar t

i ce- bath’?’é?{Bésafl@FlL(:; MGF'P‘B‘V%WGPBW qqu’)ﬁ‘ﬁér# gﬂhéfg1‘%’q§'aéoﬁg' yb%-) was
added di tiiazdly-ylmethy)pyreaidine24idicanboxglicvacidt 2-derkbutyl estedi 4-methyjrestere

al kyl ati ng agent had star The dropping funnel was rinsed with further
dry THF (50 nL) which wa¥ dedcbgmet he reaction. The reaction was stirred
at ice-bath tenperature fo \m nutes, @llowed to warmto roomtenperature
over 30 m nutes and was_stie a \%\oommeemaetéra&cwn&w@bwran additional 2.5

hours before being par‘["?“P?Cdne en a mxture of saturated brine (400
m), water (200 nmL) and etate (800 nL). The organic |ayer was
separated and the aqueou yer re-extracted with further ethyl acetate (2
x 300 nlL). The conbi neBl"organi ¢ | ayers were dried over sodium sul phate and
evaporated to give the titéme conpound (57.8 g, crude) which was used

W' t h E‘; faurt g{u gurdff ' .'ZIQQS 5&? é%’ﬂéﬁ:lm 3hniazdl- 2%9)65({ gathléia-#ﬂmétﬁyli 62

3. 47’3/%‘0 iciiey JE—GJ bo "%BC' l_Pl tera%d“efﬁﬂfsé' ’!S‘?ﬁe”\aﬁ‘? é%@fﬁét (e 2
2 Am no- 8- mraol} hi digbloramethang: éﬁih ,c3-mﬁﬂﬁPXYt4eﬁe{f hutilanzey eoride” (3.28g,
15.6 mmol) and triethylamine (3.52 mL) was stirred at room temperature under nitrogen
for 3 days. The mixture was washed with water (100 mL) and brine (50 mL), dried by
15 passage through a hydrophobic frit and evaporated. The residue was purified by
chromatography on silica gel using cyclohexane-ethyl acetate (3:1 v/v) as eluent to give
the title compound as a foam.
MS calcd for (CayHzgN3OsS2 + H)': 614
MS found (electrospray): (M+H)" = 614,
20 Ref. (1): Synthesised from 3-methoxy-4-tert-butylbenzoic acid (J.Org.Chem., 26, 1961,
1732-1737).

Intermediate 6
rel-(2R,4S,5R)-4-(Hydroxymethyl)-1-(3-methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-

25 thiazol-2-yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid, tert-butyl ester
//-—S
N~

g‘OH
\ Racemic;

R ., N Relative stereochemistry shown
tBuO,C* N7 /Z i

t-Bu
OMe
A solution of rel-(2R,4S,5R)-1-(3-methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-thiazol-2-
yI)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl
ester (Intermediate 5, 4.80g, 7.82 mmol) in tetrahydrofuran (200 mL) was stirred under
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To a solution of 2-[N-(di phenyl net hyl ene)am no]-3-(1

, 3-thiazol -4-yl)propanoic acid, tertbutyl ester (prepared in a simlar
manner t owbhade/dsssri bed in Intermediate 1; 20 g) in THecEEPRosi)1sander
argon was added a solution of citric acid in water (15% w v, 150 nL). The
m xture was stirred at roomtenperature for 6 hours, |left overnight and

t hen t henitfager iahy cobletiite -TSIE. waAs1. oawmoeniourweithiurecammum bydrigedn (digthelr y

evapor at Blher r\’(@ﬁeﬁqL PR Addedd@EwRBY Wi¥hasdimRiAswhY HoRptE1the raikiufe WeR )

dded. T
gongl ned""é‘f’]’h‘%‘i< ?’ @a@f"g %Sg’c%qéét%ge?r@ﬂ‘r%??rw%m?tJge TQ% n%éuggglﬁe co%%rqtege
aqueous wapéivbacmoas extassivmecprhgnate selvtianel! 09y rapd e&rﬁ@? MBI geetale)  of
t he e$ he(2 k age s )Wwaxeacts wne daghedTwith aatee ¢UG0 kyend wese {1OML), dried over

careful ghaé&rﬂdsmfa tdPEhd- e5aﬂ8r%t'8dp0fﬁé$é§iﬁﬂec%§’%ﬁﬁ&i bprdh ﬁg@ %)on\/\/as
.t
m)va

added an
conbi neds'é‘?ehg?' W%"ﬁ?@'%?‘%n%?ﬁﬁéldacg\ﬁg? 'E@ﬁW?MS‘UY 62 Y
sol vent thedile coopauediapaderiare gave the title corrpound, an oil. 1H NWR
(151)DC| 3)0M31Ica3cd7f6r(ccgoH3mossz+0$) (386 1H)9i—|) 3.77-3.85 (m 1H), 3.22-3.32 (m

d6s Am ne protons not observed.
I nt erﬁed?’!ﬁéuﬁg’&élﬁtﬁ%wgymmm -1 ,3-thiazol -2-yl I)Omet hyl ene] am no] Y3- (1
, 3-t hi azol -4-yl ) propanoi ¢ acid, te/1 butyl ester A m xture of 2-am no-3-(1
, 3- t hi aztntermediaterbpanoic acid, terf-butyl ester (Internediate 2; 2.90 g,
12.7 MO rg/-(2R; 4555 R)Y1 (:ﬂ-wrétﬁcmyaazcdrsbatymrhoymmmuex;(mémﬁq 5y(5-héthyl-m3el ) and
magnesi “E’F.gk'(%lgﬂligf(‘i%-thi&l:-h ﬁ@\)ﬁg%ﬁ&mfﬁcérﬂ@xm «W&Steﬁtbdtyﬁ&taﬁ room

t enper at ur hou mxture was filtered, and the
filtrate was evaporated tN6 rmve soI vent, to give the title conmpound as an
oqu). 1H NMR (CDCI 3): d 8. d,: ?811(5 1H), 7.55(br, 1H), 7.02 (d,
1H), 4.45 (dd, 1H), 3.56 ( N3- 33 2.50 (br s, 3H) and 1.44
(s, 9H). Intermediate deuoc™ N ‘ZK R sttelchertey ok

re/ "R*S. SRJ- S-t S- Met hyM a-t hi azol 8 a-thi azoM yl met hyOpyrrolidi ne-a”"-
di carboxylic acid, A sol on o 2 N—(5 met hyl -
, 3-thiazol -2-yl)methyl g i no] -3-(1 , 3-thiazol - 4 yl)~-
15 OMe
A solution of rel-(2R,4S,5R)-4-(hydroxymethyl)-1-(3-methoxy-4-tert-butylbenzoyl)-5-(5-
methyl-1,3-thiazol-2-y1)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid, tert-butyl
ester (Intermediate 6, 0.585g, 1 mmol) in N,N-dimethylformamide (10 mL) was stirred
under nitrogen and cooled to -10°C. A 60% dispersion of sodium hydride in mineral oil
20 (69 mg, 1.725 mmol) was added and the resulting mixture was stirred below 0°C for 30
min. lodomethane (0.425 mL) was added and the mixture was stirred for a further 4
hours, maintaining the temperature of the reaction mixture between 0°C and 20°C. The
mixture was quenched with methanol (10 mL) and evaporated. The residue was
partitioned between water (50 mL) and ethyl acetate (100 mL). The organic layer was
25  collected, washed with water and brine, dried over magnesium sulfate and evaporated.
The residue was purified by chromatography on silica gel using cyclohexane-ethyl acetate
(initially 2:1 v/v then 1:1 v/v) as eluent to give the title compound as a foam.
MS calcd for (Cs1Ha1N2OsS, + H)': 600
MS found (electrospray): (M+H)" = 600

30
Intermediate 8
2-[N-(1,3-Thiazol-2-yimethylene)amino]-3-(1,3-thiazol-4-yl)propanoic acid, tert-buty!
ester
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propanoic acid, tert-butyl ester (Internediate 3, 4.3g, 12.75 mmol) in
tetrahydrofuran (125 nmL) was stirred under nitrogen. Methyl acrylate
(2.15g, AvomomdouseiBit hi um bromi de (2.20g, 25 mmol) and tciratebysansse (1. 73
m., 12.5 mmol) were added successively, and the resulting m xture was
stirred for 18 hours. Saturated ammoni um chloride solution (100 nL) was
added and the mi xture was extractgdSwith ethyl acetate (2 x 150 nL).
Conmbi ned extracts were washed wit 47&@*91 (100 m.) and saturated brine (100
m), dried over magnesium sulfate and Iev Qrat ed. The residue was purified
by chromat ography onsilica gel using ?B écet ate-cycl ohexane ( 1:1 v/v
then 2:1 v/v) as eluent to give the/{@lwe conpound as an oil. Ms calcd for
(C19H25N3O4S2 + H)+: 424. MS founds(€Vectrospray): (MH)+= 424 Interrredi ate
5 re/-(2R 4S,5R) -1 -(3-Met hoxy- 4-t e¥eN but yl benzoyl ) - 5- ( 5- et hyl -

3tth' aZ§hg 3 2t‘t|)é|é0‘n2c%c(u3ad . Was phépaead irflay bifRbhYnaingh ite lmerrﬂedlﬁetw%smﬂ%@ f
ester er mxture o
ol (2R 1 5§af 5@?@1&?5? é“ﬁ\’*gfﬁ; %gg "iﬁ’ﬁ’f"’%%\zwﬁ, ) Y-
pyrrol i dim&MR4CR bér B fdc15'cz\,|%23ﬁs t'Pe 78 b BﬁI

(Intes rredusat(ed M H)33.898¢dd, 9H2, Tdb(dd, 1H) and hUb@réét)hane (50 m ),
3- met hoxy- 4- tert butylbenzoyl chloride 1 (3.28g, 15.6 mml) and

triethyl .3 5@ ) vvas stirred at roomtenperature under nitrogen for
3 days. d with water (100 nlL). and brin 50 nL dried
by passa§@- (?Rr“&u% fbt(h%h!%ﬁbﬁyﬂ %*91.,%4'5%9'7(@\/%!;3&“&%'@}' °f"lqé"erg’§|(due w?sts

puri fi eddiarboxydicetcid) r2atenybutyl ester, demgthlyl esteng cycl ohexane- et hyl acetate
(3:1 v/v) as eluent to giveShe title compound as a foam Ms calcd for

(C31 H39N30G6S2 + H) +: 614 oungb,e! eg%e%pray) (MtH) + = 614. Ref. (1):
Synt hesi sed from 3- nmet hoxy-[4- te{’t - butyI BNZ Qdréocrakistd shabn Or g. Chem , 26, 1961,
1732-1737). Internediate 6

t+BuO,C " N 'g/J
The title compound was prepared in a similar manner to Intermediate 4, using
Intermediate 8 in place of Intermediate 3. The mixture was cooled to 0°C prior to addition
of methyl acrylate, and allowed to warm to RT before quenching.
MS calcd for (C1gH23N304S2 + H)*: 410
15  MS found (electrospray): (M+H)" = 410

10

Intermediate 10
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-5-(1,3-thiazol-2-yl)-2-(1,3-thiazol-4-
ylmethyl)pyrrolldme-Z 4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

S
/_
COMe
\ N Racemic;
W Relative stereochemistry shown
t-Buo,C* (/J

t-Bu
20 OMe
The title compound was prepared in a similar manner to Intermediate 5, using
Intermediate 9 in place of Intermediate 4. Cyclohexane — ethyl acetate (gradient elution
from 50:1 to 1:1) was used as the eluent for chromatography.
MS calcd for (C3oH37N306S2 + H)*: 600
25  MS found (electrospray): (M+H)* =600

Intermediate 11
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re/ - (2R, 4S, 5R) - 4- (Hydr oxynet hyl ) - 1- ( 3- net hoxy-4-fert-butyl benzoyl ) -5- (5- net
hyl -1, 3- thiazol-2-yl)-2-(1, 3-thiazol -4-yl met hyl ) pyrrolidi ne-2-carboxylic
aci d, terWwehudeussast er Racenmic; Rel ative stereocheni strycshwresnshiset uti on
of re/-(2R, 4S, 5R)-1-(3-nethoxy-4-tert-butyl benzoyl)-5-(5-nethyl -

, 3-thiazol-2- yl)-2-(1 ,3-thiazol-4-ylnethyl)pyrrolidine-2, 4-di carboxylic
acid, 2- treltasz:st 5/R)-4?-&1I)Qirox aﬁtylnw -(Baletioxytftert-batyitainzopl)- 54(1mguazma2 mol )

tet I pled to -780C
A1 0 1 SHTARONeEo  meR HTrcThe SEaERGIE sEIOREERERA SFRE, (s 1 ) ves

added dropw se. Wen add|N i 9n was conplete the mxture was warned to -45C
and hel d at that tenperatuye fof §H5 hour s. The m xture was quenched with
1M aqueous pot assi um car bo e Ktion %%t + gche xtracted with ethyl
acetate (2 x 200 nl). Ebiachs \Neglvvash REEROWALEY "o nL) and brine
(100 m.), dried over nmagnesiu te and evapor at ed The residue was
purified by chronmatograp n sPlica gel using cyclohexane-ethyl acetate
(initially 2:1 v/v t?:g%‘\—ls v/iv) as eluent to give the title conpound as a
foam WM calcd for ( BDBBS2 + H)+: 586 M5 found (el ectrospray): (MH) +
= 586 Internediate 7

rel - (2R, 48e5te 1corponsd huas -Rrepared - Hu ey SHalas opryNel - tIrdbiseReSHRieN DI )USIG( 5- net
hyl - 15>34ntefmeitané -1B-|ry blae@ of htem@!dtdbn@yﬁbbm&mwéﬁhyl anetale (Jredientrlttidn est er

Racemi c; ggbeég I
rel - (2R ?gj WC? gé@ﬂ ke zyu;??%%ngﬁ{%%dﬁmﬁgrf but yl benzoyl ) - 5- (5-
net hyl - ? ‘?E’i 2997 F

. 3-t hi az &S fpup felecisaspiay r(Mr*Hdlné?% carboxylic acid, te/t-butyl ester
(Interrredl ate 6, 0.585g, 1 mml) in N Ndi rrethylforrram'de (10 nmL) was

stirggd Ydfheliatd pPen and cooled to -1CDC A 60% di spersion of sodium
hydri de ﬂ'r?}’%%? ded and..t sultlng
m xture &% 'S%Wf?&' Cf‘]t‘fﬂz g" prg@'hegﬂ a‘(h(yl)lgzlé %ﬁ)aﬁg added
and the miha- (ﬂn%tmls“t-ylmeéhwliRWfQi'dmﬁ'?ﬁébeWH@GF@; terfrbHtyAieptefig t he
tenperature of the reactllan m xture between 0C and 200C. The
/ ~—OMe
\ Racemic;

R -, N Relative stereochemistry shown
tBuO,C"" N (/_7 i

t-Bu
OMe
The title compound was prepared in a similar manner to Intermediate 7, using
15  Intermediate 11 in place of Intermediate 6. Cyclohexane — ethyl acetate (gradient elution
from 50:1 to 1:1) was used as the eluent for chromatography.
MS calcd for (CapH3gN3sOsS, + H)': 586
MS found (electrospray): (M+H)" =586

20 Intermediate 13
2-[N-(Diphenylmethylene)amino]-3-(1,2-thiazol-3-yl)propanoic acid, tert-butyl ester

N—S,
IU
Ph
PN

Ph” "N CO,tBu

The title compound was prepared in a similar manner to Intermediate 1, using 3-
(bromomethyl)-1,2-thiazole in place of 4-(chloromethyl)-1,3-thiazole.

25 'HNMR (CDCl3): §8.51 (d, 1H), 7.61-7.18 (m, 8H), 7.08 (dd, 1H), 6.83 (m, 2H), 4.38 (dd,
1H), 3.48 (d, 2H) and 1.43 (s, 9H).
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m xture was quenched with nethanol (10 nL) and evaporated. The residue was
partitioned between water (50 nL) and ethyl acetate (100 nL). The organic

| ayer waswoabdswmsad, washed with water and brine, driedprorarP200agmnesst um

sul fate and evaporated. The residue was purified by chromatography on
silica gel using cycl ohexane-ethyl acetate (initially 2:1 v/v then 1:1 v/v)
as el uentinteemeadiate 1e title conpound as a foam M calcd for (C3 1H4i N3G6S2
+ H+ GQOAMﬁIJ 91eﬂd-t6ﬁ.&sn§w§mp%hb.c 4dvlt Hbrr- mtﬁp&témternedl ate 8 2-[N-(1

, 3- Thi azol - 2-yl met'hyl ene) aim no] - 3- ( &,N 3. ¢dyeazol - 4-yl ) propanoi ¢ acid,

ferf butyl esterThe t|tIe conpound was |prepared in a simlar manner to
Internmediate 3, using 1, 3- thiazol ctar boxal dehyde in place of 5-nethyl-

, 3-t hi azol e- 2- car boxal dehyde. 1H N(CDC1I3) @ d 8.75 (d, 1H), 8.23 (s,

1H), 7.90 (d, 1H), 7.43 (dd, 1H), 7S03 (d, 1H), 4.50 (dd, 1H), 3.58 (dd,
1H), 3. 3 hedttle 1qqynpgq|dd 1was ;Qrgpargpﬂ) in |ams§m||aédm§p@ergto Intermediate 2, using
re/-(8R ﬁemchﬁe(m.rsprgbeafzmtenaembﬂeﬁ (1,3-thiazol -4-yl nmethyl ) pyrrolidine-2
4~ di Ca“HWh'(ED@‘F ds s%dﬁr I;-#)l’?t‘f@ @gﬁﬁ?:asﬁ(dﬁeﬁh)":a?(o‘arﬂb% 15 (fdhem)

corrpound I'ht er'medi ate 4,
| nter ITEdIanjé‘ga(ls &3 a%’B'”Sfpr‘?tﬂ?%?cﬂ'éﬁ?%te 3. The nixture was cool ed to 00C

prior to addition of nmethyl acrylate, and allowed to warmto RT before
guenchi ngnteMpediate s f or (CL8H23N3OAS2 + H)+: 410 MS found (el ectrospray):

{5 MR n &R Sty "&aﬁéﬁgf‘hﬁa%% Yieramangic peid, (etbu 4.

| met hyl ) $#Folidi cid, 2-tert- but gester, 4-met hyl ester Racem c; Relative

stereochem stry shown The title ound was prepared in a simlar nmanner
to Internediate 5, using Interrre e |?Opéace of Internedi ate 4.
Cycl ohexane - ethyl acetate (gradient

7\

s

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

Intermediate 14 in place of Intermediate 2, and 1,3-thiazole-2-carboxaldehyde in place of
15  5-methyl-1,3-thiazole-2-carboxaldehyde . The reaction was heated under reflux for 1.5

hours.

'H NMR (CDCl;): & 8.54 (d, 1H), 8.34 (s, 1H), 7.92 (d, 1H), 7.44 (dd, 1H), 7.10 (d, 1H),

4.54 (dd, 1H), 3.60 (dd, 1H), 3.42 (dd, 1H) and 1.43 (s, 9H).

20 Intermediate 16
rel-(2R,4S,5R)-2-(1,2-Thiazol-3-ylmethyl)-5-(1,3-Thiazol-2-yl)pyrrolidine-2,4-
dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

NP\ \

LO,Me Racemic;
\ Relative stereochemistry shown
N ., N
t-BuO,CY N7 47
2 H 'g /7

The title compound was prepared in a similar manner to Intermediate 4, using
25 Intermediate 15 in place of Intermediate 3. Cyclohexane — ethyl acetate (3:2 v/v) was

used as the eluent for chromatography, followed by evaporation of the solvent to provide

the title compound as a foam.

'H NMR (CDCls): & 8.58 (d, 1H), 7.66 (d, 1H), 7.24 (d, 1H), 7.22 (d, 1H), 4.85 (d, 1H),

3.46 (s, 3H), 3.34(d, 1H), 3.28-3.22 (m, 1H), 3.20 (d, 1H), 2.85 (dd, 1H), 2.31 (dd, 1H) and
30 1.43 (s, 9H). Amine proton not seen,
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from50:1 to 1:1) was used as the eluent for chromatography. Ms cal cd for
(C30H37N306S2 + H)+: 600 Ms found (el ectrospray): (MrH) + =600 Internedi ate
11r e/ - (2RyVOSp&RUs613 ( Hydr oxymet hyl ) - 1- ( 3- net hoxy- 4- f er t - lpatryEPb@sooONB) - 5- (1, 3
-thiazol -2- yl)-2-(1, 3-thiazol -4-yl met hyl ) pyrrolidine-2-carboxylic acid,
fert-butyl ester Racem c; Relative stereochem stry shown The title conpound
was prepaiteemediate 1;7 m | ar manner to Inter rredi ate 6, using Intermediate 10

from 50: {OHEZRASIRER 3” (S MRt/ W RBERIroy 20 2 6 B3 It ST 58 L O
( C29H37! '(‘ESQ' ?,ry er"°'5#§e SBHH’XQ'L? asid, ggﬁ?i’ﬁﬁ%%kﬁ%l—& %?eqxgﬁ? "Wt er medi at e

12 \
re/ - (2R, 4S, 5R) - 1- ( 3- Met ho C4-t &PtMebut yl benzoyl ) - 4- (et hoxynmet hyl ) - 5- (1, 3-t
hi azol -2- yl)-2-(1, 3-thiazaql -car boxylnzacermczl d, tert-butyl ester Racemic;
Rel ative stereocheni st [y,oxho thZI t eR%Wﬁ'Giﬁ?Fﬂe%Shﬁ‘?”bpar ed in a sinlar
manner to Internediate 7, usi rmediate 11 in place of Internedi ate 6.
Cycl ohexane - ethyl acetsg gradient elution fromb50:1 to 1:1) was used as
the el uent for chronmatog . M5 calcd for (C30H39N3(6S2 + H)+: 586 M
found (el ectrospray): t'? + =586 Internediate 13
2-[ N- (Di phenyl net hyl ene) an?o] ) propanoic acid, fe/t-butyl ester The title
conpo&ind Tes tite eqparpednd nwas spraparad ma@nsimitap manearréali lateemeadiates Hngusig
(br Ozmcgglflrhl%}n)se&at e 216 I ﬁlé@é f IMefhédifte. Jatlef Mh® bARB tAsh) sdturated @qaé@hszv' 1H
m
2H) 4 3§°€'HEP bliq_&ona},é yas g%edzyz_/‘&tr?%tlrhégoig@(mlﬁg%ﬁyg ?IQ‘%S&%E (Ftwcitgte%1
v/v) was used as the eluent for chromatography.
MS calcd for (C30H37N30682 + H) : 600
10  MS found (electrospray): (M+H)" = 600

Intermediate 18
rel-(2R,4S,5R)-4-(Hydroxymethyl)-1-(3-methoxy-4-tert-butylbenzoyl)-2-(1,2-thiazol-3-
ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester

S

Racemic;
Relative stereochemistry shown

t-Bu
15 OMe
The title compound was prepared in a similar manner to Intermediate 6, using
Intermediate 17 in place of Intermediate 5 and ammonium chloride in place of aqueous
potassium carbonate.
MS calcd for (CaeHa7N3OsS; + H)': 572
20  MS found (electrospray): (M+H)" = 572

Intermediate 19
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-2-(1,2-thiazol-3-
ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, tert-butyl ester
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2- Am no-3-(1, 2-thi azol -3-yl )propanoic acid, terf-butyl ester The title

conpound was prepared in a simlar manner to Internediate 2, using

| nt er nediwoeodsd45613pl ace of Internediate 1. 1H NVR ( CDCp8Y/EP2¢)581662 ( d,
1H, 7.13 (d, 1H), 3.84 (dd, 1H), 3.29 (dd, 1H), 3.15 (dd, 1H) and 1.43 (s,

9H). Am ne protons not seﬁn. I nternedi ate 15

2-[N-(1, 3-Thi azol - 2-yl met hyN\ene) am no] - 3- (1, 2-t hi azol - 3-yl ) propanoi ¢ aci d,

ferf-butyl ester The titl onpgtioglewas prepared in a simlar nanner to
Internediate 3, using Inte \ate 14 i nrpbage of Internediate 2, and

1, 3-t hi azol e- 2-car boxa%gﬁﬂy\ N- ce oRelative stereochemistry shown

5-met hyl - 1, 3-t hi azol e- 2- car boxal d hyde . The reaction was heated under
reflux for 1.5 hours. 1H 3) : d8.54 (d, 1H), 8.34 (s, 1H), 7.92

(d, 1H), 7.44 (dd, 1H), (d, 1H), 4.54 (dd, 1H), 3.60 (dd, 1H), 3.42

(dd, 1H) and 1.43 (s, *®H).TInternmedi ate 16 _
rel/ - (2R, 4S,5R)-2- (1, 2- Thi a2¥¢ - 3-yl net hyl ) -5- (1, 3-Thi azol - 2-yl ) pyrrol i di ne-2
, 4- di cartipexyitié Cconsiotind Tias t prepgred omp @UBInilaSmanegrate dniermadisteni7| assimganner

to I nter mg“ﬁé‘ﬁcéﬁ El'égebf‘ltn ﬁq%g !z? 15 in place of Internediate 3.
chr omat oqRaHE (o ohyC féﬁa oo 0d B e o By BE W i1 e
conpobind 6a&1 @, ﬂb&n@ 52 ks, NrbR @@WS)H ). ¢.18 @3 1Hy,3.6Hjd. TH)68.68ds, 3H) 2.94.34 (d,

1H), 7.2%H)d2.78kdd, 144)8566 dd 1+H)), 23A548d,( 1), 3194, (t,31H4L02-11¢) (Mm31DB13B422, (M

1H), 32 , 2.31 (dd, 1H) and 1.43 (s, 9H) . Am ne
prot on not sggﬁl-ﬁg g giﬁgdl ate 17 re/ (2R, 4S,5R) -1

- (3-Met hoxy-4-terf-butyl benzoyl)-2-(1 ,2-thiazol-3-ylmethyl)-5-(1 , 3-
t hi azol - InterppdiateP@ di ne- 2, 4- di car boxyl ic acid, 2-tert-butyl ester,
4- meyypyl wao-Bamrpyeazo?aLw)tprusarsdueaempmfrbﬁtw gstehown

C
=N

To a stirred suspension of 2-amino-3-(1H-pyrazol-1-yl)propanoic acid (10.2g, 65.9 mmol)
in tert-butyl acetate (400 mL) was added a solution of 70% aqueous perchloric acid (15.7
mL.). The mixture was allowed to stir at room temperature for 30 minutes and was then
15 allowed to stand for 20 hours. The reaction mixture was diluted with ethyl acetate and
then neutralised using a combination of saturated aqueous sodium bicarbonate and solid
sodium bicarbonate. The aqueous phase was separated off and extracted with ethyl
acetate. The organic phases were combined, dried over sodium sulfate and evaporated
to give the title compound as an oil.
20  MS calcd for (C1oH17N30; + H)": 212
MS found (electrospray): (M+H)" = 212.

Intermediate 21
2-[N-(1,3-Thiazol-2-ylmethylene)amino]-3-(1H-pyrazol-1-yl)propanoic acid, tert-butyl

25 ester
T
r /)\(
N \Scozt-su
c
—~N

The title compound was prepared in a similar manner to Intermediate 3, using 1,3-
thiazole-2-carboxaldehyde in place of 5-methyl-1,3-thiazole-2-carboxaldehyde and using
Intermediate 20 in place of Intermediate 2.
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The title conmpound was prepared in a simlar manner to Internedi ate 5,
using Internediate 16 in place of Internediate 4. After the brine wash,
sat ur at edwequemuss1sodi um bi car bonat e was added with sti pcirmgp260801332 M ns.
Cycl ohexane - ethyl acetate (4:1 v/v) was used as the eluent for

chr omat ography M5 cal cd for (C30H37N306S2 + H)+: 600 Ms found

(el ect r oS prNIMR: (COKRH}) & 8:09600 H)NT.80 (e diHAt 2518, 1H), 7.42 (d, 1H), 7.33 (d, 1H), 6.12

rel - (2R, ”(515’?)4#8(@@!119)@!539@9)’129”14@3(5@11 hoxy-4-fert-butyl benzoyl)-2-(1, 2-t

hi azol - 3- yl net hy 5-(1,3-t -2-carboxylic acid, tert-butyl ester Racemc,
Rel ative stereophem stry shown The title corrpound was prepared in a simlar
manner tdntesmediatei?2i e 6, usi ng Internmediate 17 in place of Internediate 5

and asnomel(2R;4%,6R)-841HiPyphzold -yimetinle ('t 3{ibiaasks2-yhpyraolidineagt- M5 cal cd_ for
(029H37N3&§§%o*yltd) écud@%%uiﬂugdzr(ﬁhﬂ@ﬁﬂ%’%ﬁ&raw (MH) + = 572 Internediate

re/ (2R, 4S,5R) - 1- ( 3- I\/bthox: -teg F),\%utyl benzoyl) - 4- (met hoxymet hyl ) - 2- (1, 2-t
hi azol -3- yl nmethyl)-5-(1, 3 hi_azo yl a@??”&t%écﬁgnﬂ ~garboxylic acid,

terf-butyl esterRacem c; e s,tjer eo emstr ovvn The title corrpound
was prepared in a sim Iaﬁuoﬁannﬁr t termediate 7, using Internmedi ate 18
in place of Internediate 6. 1H NVR 1 3): d866(d 1H), 7.42 (d, 1H),

7.32 (d, T3Hé|) title - é&npﬁdﬂmdlhﬂas drepBredin Hsimifar 7dabfer 14 IntdPmediates 4, %Pg 5. 17
Y 6

dd
?LIC-ii) 1H), 6ént H—ﬁeo(l% leHé’pfg (Oélf&g %‘3}533;91% géélt?_%@%yc e_xLar&l(ﬂ ﬂﬁ)etjlj‘)% (
PI) m%eggscge e'9?-|7tf°’l‘iﬂr%ff‘ greeh% 20 2- Ami no- 3- (1 H- pyr azol -
- yI ) pr opan®icalcd firdC1sHeNLOBItH\H) " &98er

MS found (electrospray): (M+H)* = 393

Intermediate 23
15  rel<(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-2-(1H-pyrazol-1-ylmethyl})-5-(1,3-
thiazol-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl ester

i\
AN CO,Me

N
Racemic;

o N: Relative st hemi
tBUO,C™ N , \// ) ive stereochemistry shown

t-Bu
OMe
The title compound was prepared in a similar manner to Intermediate 5, using
Intermediate 22 in place of Intermediate 4.
20  MS calcd for (C3oH3sN4O6S + H)": 583
MS found (electrospray): (M+H)" = 583

Intermediate 24
rel-(2R,4S,5R)-4-Hydroxymethyl-1-(3-methoxy-4-tert-butylbenzoyl)-2-(1H-pyrazol-1-
25  ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester

‘ Racemic;
@ N Relative stereochemi h
t-Buo.C™ N '/,(/ e stereochemistry shown
2 )
S
(0]

OMe
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To a stirred suspension of 2-am no-3-(1H pyrazol -1-yl)propanoic acid
(10.2g, 65.9 nmmmol ) in tert-butyl acetate (400 nL) was added a sol ution of
70% aqueowe 2p&vmakdieric acid (15.7 m.). The m xture waspalrieresd/otz3stirr at
roomtenperature for 30 mnutes and was then allowed to stand for 20 hours.
The reaction mxture was diluted with ethyl acetate and then neutralised
using a gaEbjitRatdorPolid Seadiréssteddneausingiadi manrzr ctr boeetediztads s aising

sodi um by %%{1%%&%% in g@cégp &ﬁeeﬂ?esg \Q?Elo gﬂ&ﬁ I‘Hc%ta@é‘@br@dﬁéﬁtaé?&t% with

et hyl acet dried over sodiumsul fate

ni c

and evap8HPax ! tu!'g V()’ Wlaﬁé’sg‘i‘ ﬁ‘ec%ﬁ‘ﬁﬁlfﬂfd’ POBPYY- M cal cd for

(ClOHl?NB/[Sanlcd—t)o#(CzRiiaszS‘bbﬂ)ld%@l ectrospray): (MrH)+ = 212. Internediate

21 25[N1\,{51fou§d(g;émbmgz]xmm§w5we) am no] -3- (1 AY-pyrazol -1-yl ) propanoic

acid, tert-butyl ester The title conpound was prepared in a simlar manner

to Interpediate 3,_using 1, 3- thiazol e-2-carboxal dehyde in place of

5- met hy| intermed | e- 2- car boxal dehyde and using Internediate 20 in place

of | nt er mele(RR148, 5R)1H(IMIRtHa3Yes-grt-butyltngoyl) 4 -(methoxymethyh-2-(1 Hypyrazal1l-( d,
élrﬁ&hy%-@-ﬁ ,3thiazdl2-ylibyrolidink22,4idicarbbxylic adid(Zidert-bidy) edteBO (dd,

, .4 (s, 9H). Interﬂate 22 rel-(2R 4S,5R)-2-(1 H Pyrazol -
-ylmethyl)-5-(1 ,3-thiaz yl)oygLolidine-2,4- dicarboxylic aci d
2-terf-butyl ester, 4-methyl ter ce Rel ative stereochem stry shown
The title conmpound was pre ed).i nna si :% esggguﬂgﬁ,strpgm\mt ernedi ate 4,
using Internediate 2 1+By@.pl ate of ynterrredl ate 3. Ethyl acetate -

cycl ohexane ( 1:2 then 1: / Owé used as the eluent for chromatography.
M5 cal cd for (Cl8H24NAO4 +7 393 Ms found (el ectrospray): (M:H)+ = 393
I nternedi ate 23 +-Bu

10 OMe

The title compound was prepared in a similar manner to Intermediate 7, using
Intermediate 24 in place of Intermediate 5. Cyclohexane — ethyl acetate (gradient elution
from 50:1 to 3:2 v/v) was used as the eluent for chromatography.
MS calcd for (CsoHsoN4O5S + H)*: 569

15  MS found (electrospray): (M+H)" = 569

Intermediate 26
2-Amino-3-(1,3-thiazol-2-yl)propanoic acid, tert-butyl ester

H,N._CO,t-Bu
Y
\u

N

20  70% Aqueous perchloric acid (1.47 mL) was added dropwise to a stirred suspension of 2-
amino-3-(1,3-thiazol-2-yl)propanoic acid (1.077g, 6.25 mmol) in tert-butyl acetate (34 mL).
The suspension was stirred under nitrogen at room temperature overnight. Ethyl acetate
(100 mL) was added and the mixture was basified to ~pH 8 with saturated sodium
hydrogen carbonate solution and solid sodium hydrogen carbonate. The organic solution

25 was separated, dried over magnesium sulfate and concentrated to give the title.compound
as a colourless oil.
'H NMR (CDCl,): 87.75 (d, 1H), 7.27 (d, 1H), 3.88 (dd, 1H), 3.50 (dd, 1H), 3.32 (dd, 1H),
1.47 (s, 9H).

30 Intermediate 27

2-[[N-(5-Methyl-1,3-thiazol-2-yl)methylene]amino]-3-(1,3-thiazol-2-yl)propanoic acid,
tert-butyl ester
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re/-(2R 4S,5R) -1 -(3-Methoxy-4-terf-butyl benzoyl)-2-(1 H pyrazol -

-yl methyl)-5-(1 ,3- thiazol-2-yl)pyrrolidine-2,4-dicarboxylic acid,

2-t er f - buwpl2o@aluss13 4- met hyl ester stereochenm stry showecTh@260sioh s3z0npound
was prepared in a simlar manner to Internediate 5, using Internedi ate 22
in place of Internediate 4. M5 calcd for (C30H38N4OC6S + H)+: 583 MS found

(el ectrospray): (MrH) + = 583 Int iate 24

rel/ - (2R, 4S, 5R) - 4- Hydr oxynet hyl - |§\r'r\g4hoxy 4-tel/t-butyl benzoyl)-2-(1

H pyrazol -1 - yIrrethyI)-5(13t rAoA\; yrrolidine-2,4-dicarboxylic
acid, 2-ferf-butyl ester Racem c; Rel d¥s e 2st ereochem stry shownThe title
conpound was prepared in a simlar mannef to Internediate 6, using

Internmediate 23 in place of Internedi 5. Cycl ohexane - ethyl acetate
(gradient elution from50:1 to 1:2 vNy)Nwas used as the eluent for

chromato MScaI d for (C29H3, T +: 55 foun .

(el ectro 29‘3/ COMPRY D —W%%EPV%F?R%‘? rfﬂd?a?'g‘"fgl-'%%?rle(rzé, Xrge {?aclle 3, using

- (13- Met hdntgrmtbdlaéeQﬁlimply%b@fdz@yh?dlﬂte(&mt hoxymet hyl )-2-(1 H pyrazol -

yl met hyl yi4 MR, (@Dblry) :a3d. 2@@!1)—93/7 69|(d o e 7 B0 iR rotX ¥, i184) a4 48 ,(m, 1H)

2- terg- bgt%l dgs{ 3%?&?1% Fst ﬁ& Qr&qg@w stry shown The title
ed'id a ar t

conpound vvas pr epar nner ernediate 7, using
Internmediate 24 in place of Interrredl ate 5. Cycl ohexane - ethyl acetate
(gr adi enfntetrediate 28§ om 50: 1 to 3:2 v/v) was used as the eluent for

?hlr omat ogeRRRYS, R -5-p8-MdtHyl1, I-(RIAHHONALE-B1,3-thiazol-BGEnétby ) pymralidine-2,4-
el ectro
- Am no- ?Pﬁx )flﬁl\%lz_%# “ﬂ%#%ﬁ%ﬁbg@f& erf- butyl ester

Ny ® Lo,Me Racemic;

\(O Relative stereochemistry shown
) ., N

t-BuO,C* N7 "

2 H \g /Z

" The title compound was prepared in a similar manner to Intermediate 4, using
Intermediate 27 in place of Intermediate 3.
MS calcd for (C1gH2sN304S; + H)™: 424
MS found (electrospray): (M+H)" = 424
15
Intermediate 29
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-thiazol-2-yl)-2-(1,3-
thiazol-2-ylmethyl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester,
4-methyl ester
Ny S coMe
\ N Racemic; .
+BUO,C S 0, (/ -Z Relative stereochemistry shown
S
o
t-Bu
20 OMe
The title compound was prepared in a similar manner to Intermediate 5, using
Intermediate 28 in place of Intermediate 4.
MS calcd for (Cs1HagN3OsS2+ H)': 614
MS found (electrospray): (M+H)" = 614
25

Intermediate 30
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70% Aqueous perchloric acid ( 1.47 m _) was added dropwise to a stirred

suspension of 2- amno-3-(1 ,3-thiazol-2-yl)propanoic acid (1.077g, 6.25

mrol ) i n wenrheddssiB acetate (34 m _). The suspensi on waPCItEPRO0SO1153Ter

nitrogen at roomtenperature overnight. Ethyl acetate (100 m.) was added

and the m xture was basified to ~pH 8 with saturated sodi um hydrogen

calr bonat eeIS(QRMS,SR)-&(Hydi'okjndemy()Lu(ﬁ-imptha)qehteratt;ylbﬁrEQéﬂ'ﬁe(Sﬂngawl-¢,3(-j

sol ution SEDRb Y 8%hiddol- indP- IRt adid, epsayl éstbed to

gi ve. t ho HRZIZEpRAL I 2GRl PRDRENI SRR e, SPRRgleRted |

1H), 7.27 (d, 1H), 3.88 qdd.s lH)‘,_Rg.SO (dd, 1H), 3.32 (dd, 1H), 1.47 (s,
1

9H) . Internediate 27 2-[[ Nf (5-Met Ryl - .

, 3-thi azol - 2-yl ) met hyl ene] aid ngJ - 3g (1 , {:@W‘;@% Lehénishy shRi-oPanoi ¢ aci d,
ferf-butyl esterThe titBue,0 ou'hﬁ s prepared 1n a simlar manner to
Internediate 3, using Inte 4 at 6 in place of Internmediate 2. 1H NWR
(CDCI3) : d 8.28 (s, 1H, 69 ¢d, 1H), 7.60 (d, 1H), 7.19 (d, 1H), 4.46
(m 1H), 3.75 (dd, 1H.,5~8 (dd, 1H), 2.50 (s, 3H) and 1.42 (s, 9H).

I nternedi ate 28 Ohie
re/- (2R 4S, 5R) - 5-(5-Methyl -1, 3-thiazol -2-y])-2-(1,3-thiazol -2-ylL.nmet hyl ) pyrr
ol i di ne- Zhg- titg coMREKDY | Wasigirapared s By . 5\5‘%/'{?% ’@@é’éérr, t°4nﬂt§frﬁ?ﬁ'azl&berus cem c;
Rel at 6 ve Isttenestiate @fiirsplage shiotenm@thietetd.t | e conpound was prepared in a simlar
manner t a4 Biied rRYICAHENIO-Si8IH)Y 5Bt er medi ate 27 in place of Internediate 3.

:\/lr?t g?:éﬁﬁi#é’”%&‘%é&%%%ﬁ?%ﬁ?{586124 M5 found (el ectrospray): (MH) + = 424

- (3- Met hoxy-4-fer.-butyl benzoyl)-5-(5-nethyl-1 ,3-thiazol-2-yl)-2-(1 , 3-
t hi azol - Intekrmediatd 3byrrol i di ne-2, 4-di carboxylic acid, 2-fert-butyl ester,
4- eyl 8FRR4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,3-thiazol-2-ylmethyl)pyrrolidine-2-carboxylic acid, tert-butyl ester
[\

Na S

~—0OMe
Racemic;

™. A, N Relative stereochemistry shown
tBuOC"" N7 7 ) i
S
0]

t-Bu
OMe
The title compound was prepared in a similar manner to Intermediate 7, using
Intermediate 30 in place of intermediate 6.
15  MS calcd for (Cs1H41N3OsS2+ H)*: 600
MS found (electrospray): (M+H)" = 600

Intermediate 32
2-[[N-(5-Methyl-1,3-thiazol-2-yl)methylene]amino]-3-(1,2-thiazol-3-yl)propanoic acid,

20 tert-butyl ester
S
T/)\{H
N© N cogsu

7/

S/N

The title compound was prepared in a similar manner to Intermediate 3, using
Intermediate 14 in place of Intermediate 2.
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Racem c; Rel ative stereochem stry shown The title conmpound was prepared in
a simlar manner to Internediate 5, using Internediate 28 in place of

| nt er mediwbeodk/o4bfizcal cd for (C3 1H39N3O6S2+ H) +: 614 MBCTappehs/o011532

(el ectrospray): (MtH)+ = 614 Internedi ate

30re/ - (2R, 4S, 5R) - 4- (Hydr oxynet hyl ) - 1- ( 3- met hoxy-4-terf-butyl benzoyl)-5-(5-m
et hxél - tl 3? NMR Q(lngr:,)?- ¥18)532(( IH$-8.20 ajz,qu),27.t56 (G ’ﬂ?]')L Ymﬁ[(ﬁthﬁim @riﬁcaltﬂp?ry lic
acid, tegf- NG r ' reachem stry shown etitle
corrpoundé\%ggéjrwﬂa:r?gg((ljdr:\ea}gﬁ’rsil"sn@ f@?hzéﬁ%iﬁit(g’ I'nt ernedi ate 6, using
Internmediate 29 in place of Internediate 5. MsS calcd for (C30H39N3O5S2+

H) +: 586lntermexdiate 33| ectrospray): (MrH)+ = 586 Internedi ate 31

Le{ - (1 @? 4%1(5!3)43%5# 3- MB(:?/Y-‘I fk-ﬂﬁzfm-btyl)yi-bﬁmm%t??aiyﬁmlt\h?wmtzdwé-?;f- ( |5_- met
yl -1, 3- 1, az0l.-2- - - yl) pyrrolidine-2-carboxylic
aci d, tef'fc-af)ﬁ? |"°e§¥e32 éa@&ut kéﬁﬂg?gbﬁvgyé%]; eochem stry shown The title
conpound was prepared in @ & milar manner to Internediate 7, using
Internediate 30 in place ofY| nt *H¥di aReceBic: MS cal cd for (C3 1H4 N3OBS2+

H) +: 600 Ms found (electro L (FHFSPE FERSTPRERPIER ate 32
2-[[N-(5-Methyl -1 , 3-t heagot- 1 hyl ene] am no] - 3-(1

, 2-t hi azol - 3-yl ) propanoi c aci d! t 4:Z-r\butyl ester The title conpound was
prepared in a simlar nmanner to Internmediate 3, using Internmediate 14 in

pl ace of That g Rdhpband . Wil dr6dGh 3) sinfllaB. handed, tol ihternSediate (4, udiy, 7. 56
(d 1) feQRdlte }:j'?? plads Anfeftfleqidi)s.
10  MS calcd for (CioH25N304S; + H): 424
MS found (electrospray): (M+H)" = 424

Intermediate 34

rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-thiazol-2-yl)-2-(1,2-
15  thiazol-3-ylmethyl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester,

4-methyl ester

S
/
N

Racemic;

(/N Relative stereochemistry shown
@

+BuO,C™ N7
o]
t-Bu
OMe

The title compound was prepared in a similar manner to Intermediate 5, using

Intermediate 33 in place of Intermediate 4.
20 MS calcd for (C31H39N30682 + H)+: 614

MS found (electrospray): (M+H)" = 614

intermediate 35
rel-(2R,4S,5R)-4-(Hydroxymethyl)-1-(3-methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-
25  thiazol-2-yl)-2-(1,2-thiazoi-3-ylmethyl)pyrrolidine-2-carboxylic acid, tert-butyl ester
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3.57 (dd, 1H), 3.39 (dd, 1H), 2.50 (d, 3H and 1.44 (s, 9H). Internediate
33 re/-(2R 4S,5R)-5-(5-Methyl -1 , 3-thiazol-2-yl)-2-(1

, 2-t hi azolveoeydoassiyl ) pyrrol i di ne- 2, 4- di carboxylic aci ¢ct/Epeodsiotiss:2
conpound was prepared in a simlar manner to Internediate 4, using
Internmediate 32 in place of Internediate 3. M5 cal cd for (CL9H25N3O4S2 +
H)+: 424 MS found (el ectripspray): (MrH) + = 424 Intermedi ate 34

re/- (2R 4S,5R) -1 - (3- Met Neyy- 4- I-e@m but yl benzoyl) 5- (5- net hyl -

, 3-thiazol-2-yl)-2-(1 ,2- - 3-yl ma,hle) pyrroli di ne-2, 4- d| car boxylic
acid, 2-tert-butyl ester h izstemelaaeam@herrﬁalsa@vmve stereochem stry

shown The title corrpoulr?do&ﬁa\s dinasimlar manner to Internedi ate
5, using Internedi ate 334 Internmediate 4. Ms calcd for (C3

1H39N36S2 + H)+: 614 MS nd (eI ectrospray): (MtH) + = 614 Internedi ate
35 t-Bu
re/-(2R 4S, 5R) - 4- ( Hydr oxyn@atehyl ) - 1- ( 3- met hoxy-4-tert-butyl benzoyl ) -5-(5- net

hyl - TEQ' ﬁ’t?e()lco )Sln)id a/ve(sl eﬁeh'éd’izlﬂl 2 3siHiIBRtRYANERY fo" BhtefhhdtRatd - 621BmYY! i C
aC|d te § frp (ﬁtar#ave stereochem stry shown The title
conpound W\E{E"'eﬂ?é’é‘bg E‘OP'???% gtlemw? ?®Panner to Internediate 6, using

| nt er med M eal@yfor (CatlalleOSk +1HX &88edi at e 5. M5 calcd for (C30H39N3(6S2 +

H + $86M&oladi (wedespal): opHHY 586 MrH) + = 586 | nternedi ate 36

re/ - (2R, 4S, 5R) - 1- ( 3- Met hoxy-4-fert-butyl benzoyl ) - 4- (met hoxynet hyl ) - 5- ( 5- et
hyl -1, 3- Intermediate 36
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-

thiazol-2-yl)-2-(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid, tert-butyl ester
S

g*OMe
\ N Racemic;
" ., Relative stereochemistry shown
t-Bu0,C* (/ ) v
S
o]
t-Bu
10 OMe

The title compound was prepared in a similar manner to Intermediate 7, using
Intermediate 35 in place of Intermediate 6.
MS calcd for (Cs1Hs1N3O5S; + H)*: 600
MS found (electrospray): (M+H)* = 600

15
intermediate 37
2-[[N-(5-Methyl-1,3-thiazol-2-yl)methylene]amino]-3-(1H-pyrazol-1-yl)propanoic acid,

tert-butyl ester
S
T/)\{*H
N \Scozt-su
&
=N

20 The title compound was prepared in a similar manner to Intermediate 3, using
Intermediate 20 in place of Intermediate 2.
'H NMR (CDCl5): & 7.98 (s, 1H), 7.56 (bd, 1H), 7.50 (bd, 1H), 7.34 (d, 1H), 6.13 (t, 1H),
4.82-4.73 (m, 1H), 4.50-4.43 (m, 2H), 2.51 (s, 3H) and 1.47 (s, SH).
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t hiazol-2-yl)-2-(1, r rolidine-2-carboxylic acid, terf-butyl ester

Racem c; Rel ative stereochem stry shown The title conpound was prepared in
a simlarwoanewnaséie | nternediate 7, using Internedi ate BeTiEP2@s58CE3Df
Internediate 6. MS calcd for (C3 1H4I N3GBS2 + H)+: 600 Ms found

(el ectrospray): (MtH)+ = 600 Internediate 37 2-[[ N-(5-Methyl -

, 3-thiazg teanga.gtmmw ene]lam no] -3-(1 H pyrazol-1 -yl)propanoi c acid,
terf-buty OTHA FS461H Yy ImetiylpyRlolidRRaLS- t O

I nter I’fedltﬁct ﬁ ﬂ_i‘?éé Mﬁltrlgf%? a%iy‘émﬁ?mgﬂa?e of Irynt er n‘@c?:yate . TH NWR
(CDCl 3) afb%y't‘ac' I-%e BHigh 4! 4 Bt (bd, 1H), 7.34 (d, 1H), 6.13
(t, 1H, 4.82-4.73 (m 1 .50-4.43 (m 2H), 2.51 (s, 3H)and147(s
9H). Internedi ate 38 re/- (2R 4S 5?82M5(5Ra£¢ertchyl-1 3-thiazol-2-yl)-2-(1
H pyrazol -1 -yl met hyl ) pyrr ol e- 2, 4- Wﬂ?‘d&?‘ﬁ??ﬁ'iﬂnis'éysé‘@i”d 2- fert but yl
ester, 4-methyl ester RagggMChy el ve stereochem stry shown The title
corrpound was prepared in a sinill ars nner to Internediate 4, using
Interrredl ate 37 |n pl ace of Internedidate 3. Ms calcd for (CL9H26NAOAS +

%07 uﬁ&t \VvQ§p;5r@ ared ( M*'ﬁ) il OrhahRére idTBfierh8did® 4, using
re/ ( J1 ert tyI benzoyl - 5- (5- et hyl -1, 3- thi azol - 2-y
1)-2-(1H 5{‘2 late

W@P‘ﬁ??"}"‘@?‘?g'ﬁf ‘ne- 2, 4-di carboxylic acid, 2-terf-butyl
ester, 4-M@capd fas €t oNa@ert ) H8T at | ve st er eochen stry shown

MS found (electrospray): (M+H)" = 407

10 Intermediate 39
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl-5-(5-methyl-1,3-thiazol-2-yl)-2-(1H-
pyrazol-1-ylmethyl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl ester, 4-methyl
ester

2
\ Racemic;
"Ny ), (/N Relative stereochemistry shown
/
S
O

t-Bu
OMe
15 The title compound was prepared in a similar manner to Intermediate 5, using
Intermediate 38 in place of Intermediate 4.
MS calcd for (CsHaoN4O6S + H): 597
MS found (electrospray): (M+H)" = 597

20 Intermediate 40
rel-(2R,4S,5R)-4-(Hydroxymethyl)-1-(3-methoxy-4-tert-butylbenzoyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1H-pyrazol-1-yimethyl)pyrrolidine-2,4-dicarboxylic acid, 2-tert-butyl
ester

\ Racemic;
N N /N Relative stereochemistry shown

t-BuO,C "'

t-Bu
OMe
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The title conmpound was prepared in a simlar manner to Internedi ate 5,
using Internediate 38 in place of Internediate 4. Ms calcd for (C3i HAONAGGS
+ H) +: 59%WoNbodasnd (el ectrospray): (M-H)+ = 597 | nt er mpdiratreood 011532

re/ - (2R, 4S, 5R) - 4- (Hydr oxynet hyl ) - 1- ( 3- net hoxy-4-fert-butyl benzoyl ) - 5- (5- net
hyl -1, 3- thiazol-2-yl)-2-(1 Wpyrazol -

- yI met hy heytitted| doftipdend , Wadliprepared yini @ aiiildr rBarfirerf tdhubtgimextater 6 Rasingi c;

Rel ative g r%qe%%gl r?ﬁlé%e éﬂﬂf@ﬂﬁ@&aﬁe'é | e conpound was prepared in a sim | ar
manner t te&gé% ségt ernediate 39 in place of Internediate 5.
M5 cal cd Qfal ng; 69 M5 found (el ectrospray): (MrH) + = 569
| nt er mediM8 @und 1e|ectrospray) (M+H 569

rel/ - (2R, 4S, 5R) - 1- ( 3- Met hoxy- 4-fert-butyl benzoyl) - 4- (met hoxynet hyl ) - 5- ( 5- et

C&/"L?"r’ithﬁ&%k 4')2(|1 q | :
razof= ro i carbaoxylic aci ester
Ra(F:)gm c: reldPBi4 Lf&'{? f%ggwmz%'g’%f hqtﬁo dlg?jﬁdr’[@dg ﬁ"ryieié’r ed in
a siml athlamlrﬂevl)-ﬂd1Hmwazﬁdr)dtr@twyl)nysﬂqiiglﬂ%&érdﬁ%fb&!‘ﬂ'%@q'% gHiadbuwyl

I nter nediegte® 6. MS cal cd for (C3i H42NAO6S + H) +: 583 Ms found

(el ectrospray): (MtH) + = Exarrpl el
rel- (2R 4S, 5R) - 1- ( 3- Met holx 4- t uput yl benzoyl) - 4- (met hoxynet hyl') - 5- (5- net
hyl - - t hiazol-2-yl)-2-{1, soI ut r;mof
ref - (2R 4S, 5R) - 1- ( 3- net h(())x rthutyI Sative QledcndhstyBbUaOX Y et hyl ) - 5- (5-
t-BuO,C ™"
o
t-Bu
10 OMe

The title compound was prepared in a similar manner to Intermediate 7, using
Intermediate 40 in place of Intermediate 6.
MS calcd for (C31Hs2N4OsS + H)*: 583
MS found (electrospray): (M+H)" = 583

15
Example 1
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyi-1,3-
thiazol-2-yl)-2-(1 ,3-thiazol-:-ylmethyl)pyrrolidine-2-carboxylic acid

~—0OMe
Racemic;

., (/N Relative stereachemistry shown
4|
(o]

t-Bu
OMe
20 A solution of rel(2R,4S,5R)-1-(3-methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-
methyl-1,3-thiazol-2-yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid, tert-buty!
ester (Intermediate 7, 0.205g, 0.34 mmol) in dichloromethane (3 mL) was treated with
trifluoroacetic acid (3 mL) at room temperature for 4 hours. The mixture was evaporated
and the residue was triturated with diethyl ether to give the title compound as a white
25  solid.
MS calcd for (C,7H33N305S; + H)': 544
MS found (electrospray): (M+H)" = 544
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methyl -1 , 3-thiazol-2-yl)-2-(1

, 3-thi azol -4-yl net hyl ) pyrrolidi ne-2-carboxylic acid, tert-butyl ester

(1 nt er medivet2006/045613205g, 0.34 mmol ) in dichl oronmet hane @8TmRRo0sMSISBE eat ed
with trifluoroacetic acid (3 nmL.) at roomtenperature for 4 hours. The

m xture was evaporated and the residue was triturated wth diethyl ether to
gi ve the 'HINMR (COsPDNtNd %GO @, ki)t &3s¢d,i 1H), K53qd) tid), 7Tdi1 (dC2AHZBAB @G 3M)+ H) +:

544 M5 f guiaddhehBEle RS W), 5.6 J%mbéﬂdﬂ 36@'@5’)@)) 38534 0fH)( 9,981 1
G o e T SR g i ek b g o

3H), 2.95 (dd 1H)12 50 (t, 1H 2.40 (dd, 1H), 2.36 (d, 3H, 2. 13 (t, 1H
and 1532 Examplp. Exanple 2 Enantloner A of ‘

rel- (2R "”E"iﬁ’ ,(3 Mebhow hgr! £‘1‘R3’N¥ﬁﬁé@ﬁkeﬂ‘b@?ﬁbw hﬁét)nbe
car boxy AP R b R e
rel - (2R, #8rboxylic acid

car boxyl i tHX'P %P’|1érfé
| 5R) - 1- ( 3- met hoxy- 4- t er t - pukyl benzoyl ) - 4- (et hoxynet hyl ) - 5- (5-nmet hyl -1, 3-
t hi azol -2-yl)-2-(1 , 3-thi | - 4=ylomet hyl ) pyrrol i di ne-2-carboxylic acid
(Exanmpl e 1) was resol ved b par ative ghifgbysdRC on a Chiral pak AD
col utm usi ng hept ane- et N v/ v) Raovetsiepdhengstdshé®o t ri f | uor oaceti c
acid as eluent to give thé fi _@(second el uting enantionmers. The second
el uting enantioner was trg gd W\ h diethyl ether to give the title
conpound. M calcd for ( 3N3C6S2 + H)+: 544 Ms found (el ectrospray):
(MtH) + = 544 1H NWR ( : d 9.09 (d, 1H1 8.31 (d, 1H1 7.53 (d, 1H),
7.51 (d 1H), 7.21 (d, 1HomM&. 79 (dd, 1H), 6.55 (d, 1H), 5.05 (d, 1H) 4.07
(d » 1l (ER 4s5RPBH]3- m%éﬂ%‘iyﬁdert%d)ylb%nf&ylﬁ&(m@ﬂﬁbirﬁetﬂﬁ ( qslmelty)-1,32. 50 (t
re/ (2R 3@&;‘):%2 y})'_%é‘gﬁ/grgﬁ 3 4@“%“’?'59 ' b%znzo (ﬁi’ 4- ?88 ﬁ%xarﬁé‘%h ﬁxq@g 1, 3-t
hi azol - 2resolved by preparative chiral HPLC on a Chlralpak A column using eptane ethano

(75:25 v/v) containing 0.1% trifluoroacetic acid as eluent to give the first and second

eluting enantiomers. The second eluting enantiomer was triturated with diethyl ether to

15  give the title compound.

MS calcd for (C27H33N30532 + H)+: 544

MS found (electrospray): (M+H)" = 544 .

'"H NMR (CD3;OD): & 9.09 (d, 1H), 8.31 (d, 1H), 7.53 (d, 1H), 7.51 (d, 1H), 7.21 (d, 1H),

6.79 (dd, 1H), 6.55 (d, 1H), 5.05 (d, 1H), 4.07 (d, 1H), 3.70 (s, 3H), 3.55 (d, 1H), 2.98 (s,

20  3H), 2.95 (dd, 1H), 2.50 (t, 1H), 2.40 (dd, 1H), 2.36 (d, 3H), 2.13 (t, 1H) and 1.32 (s, 9H).

Example 3
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(1,3-thiazol-2-

yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid

'y
~—OMe
\ Racemic;
., (/27 Relative stereochemistry shown
t-Bu
25 OMe

This compound was prepared in a similar manner to Example 1, using Intermediate 12 in
place of Intermediate 7 and was purified by column chromatography on silica gel eluting
initially with cyclohexane-ethyl acetate (gradient elution from 5:2 to 2:3 v/v) followed by

36



yl)-2-(1 ,3-thiazol -2-carboxylic acid Racem c; Relative stereochemstry
shown Thi s conpound was prepared in a simlar manner to Exanple 1, using

| nt er mediwbeodsd4s613pl ace of Internediate 7 and was puri pcedprlysoolsaam
chromat ography on silica gel eluting initially with cycl ohexane-et hyl
acetate (gradient elution from5:2 to 2:3 v/v) followed byfurther elution
wi t h di chilirtrren nettitiomneith tdiehordmettane o theinhdickloromdibara-méthaadi @nadigituelutoon f r om
60:1 to *,%W;Léoq%ggv toldi ﬁqbtt,hgcg,g nd. MS calcd for (C26H3 1N3G6S2 +

H) +: 5304\»§f0§ ( ﬁ )53d7I\/HrH)+-530 1H NVR (CDCI 3) : d 8.87(d,
1H), 7.7 $.Y g) 10 (d, 1H), 6.61 (dd, 1H), 6.40 (d,
1H). 5. 18 fpungglectrospray, dM+t1>|) 58070 (d, 1H), 3.62 (s, 3H), 3.1 1 (dd,
1H), olH(hsMRE(EDClaat 48.870d, 1Yy, 792(d31HIr7i25l(th 2R), 17614 (d, 12H)6.61 (&9 1H)r, 1H)
and 1.30 ¢ Hikyy, X161 4.0 q, (14, 49038 1H), 3.62 (s, 3H) 3.11,(dd, 1H), 301 s,

oo SR R L P T e

shown The corrpound was prepared in a simlar manner to Exanpl e 1, using
| nt er rediBxXampl®4i N neat trifluoroacetic acid in place of Internmediate 7 in

tr'fhyor%ﬁ R.45,58) ii-mtr% Jl?é:‘?-ﬁﬁh}?@é}?zo ﬁ;m(rﬁahexffnefr@i)ma 3-ERol-2-
dICh|OI’O g,pzﬁ_ @f %'&M[ﬂiﬁ‘a 2% th .diet ether. Purification by
reverse Ze] oo/t i "53 N8 ﬁ\g’%{‘y{'ﬁ@ Kbivent gradient elution
with (A water containi nql/f rmc acid (0.1% and (B) acetonitrile-water
(95:5 v/v) containing formy€ ackraoMe. 05% as the eluents, and anal ysis of
the fractions by electrosp Ss _spectResgopy provided the title
conpound. M5 cal cd for (4526 2 'F%)'a’r“’esg RS H9MH (el ectrospray):
(MtH) + = 530 1HNI\/R(CDCI§ . ]d 8g ( 1H, d, 7.78 ( 1H, d), 7.31 (1Hd),
7.27 (1H, d), 7.12 ( 1H, 5. 66 (1H, dd), 6.45 ( 1H, d), 5.19 (1H, d),
4.22 (1H, d), 3.73 (1It—|!,3u .64 (3H, s), 3.08 (1H, dd),

OMe
The compound was prepared in a similar manner to Example 1, using Intermediate 19 in
neat trifluoroacetic acid in place of Intermediate 7 in trifluoroacetic acid and
15  dichloromethane, and re-evaporating from dichloromethane in place of triturating with
diethyl ether. Purification by reverse phase HPLC on a C4s 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 the eluents, and analysis of the fractions by
electrospray mass spectroscopy provided the title compound.
20  MS calcd for (C2sH31N3OsS, + H)*: 530
MS found (electrospray): (M+H)" = 5§30
'H NMR (CDCl,): & 8.70 (1H, d), 7.78 (1H, d), 7.31 (1H,d), 7.27 (1H,d), 7.12 (1H, d), 6.63
(1H, dd), 6.45 (1H, d), 5.19 (1H, d), 4.22 (1H, d), 3.73 (1H, d), 3.64 (3H, s), 3.08 (1H, dd),
3.00 (3H, s), 2.42 (1H, dd), 2.31 (1H, t), 2.17 (1H, t), 2.04-1.94 (1H, m) and 1.29 (9H, s).
25  Acid proton not seen.

Example 5
Enantiomer A of rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxy-

methyl)-5-(1,3-thiazol-2-yl)-2-(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid
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3.00 (3H, s), 2.42 ( 1H, dd), 2.31 (1H, t), 2.17 (1H, t), 2.04-1 .94 ( 1H,
m and 1.29 (9H, s). Acid proton not seen. Exanple 5 Enantioner A of

rel - (2R, 4802R)¢dli5€13- Met hoxy- 4-tert - but yl benzoyl) - 4- ( net poxwredosph)ss2 5- (1

, 3-thiazol-2-yl)-2-(1 ,2-thiazol -3-yl methyl)pyrrolidine-2-carboxylic
acidChiral; Enantionmer A Relative stereochem stry shown

re/ - (2R 4S, 5R) - 1- ( 3- Met hoXy\4-tert-butyl benzoyl)-4-(met hoxynet hyl )-5-(1, 3-t
hi azol -2-yl)-2- ( 1, 2-thi | - 3=yotwaet hyl ) pyrrol i di ne-2-carboxylic acid
(Exanmpl e 4) was resolved b \par ati ve §hblehniddRLL on a Chiral pak AD

col um usi ng heptane-eth > & " v/ v) Retativetstaieerhemgst@sh®ws t ri f | uor oaceti c
acid as eluent to give thé first _a second el uting enantioners. The second
el uting enantiomer was digz reg ' n di chl oronmet hane, washed with sodi um
hydr ogen car bonate sol ut] dried (hydrophobic frit) and sol vent renoved
to give the title corrp%}un M5 cal cd for (C26H31 N3BG6S2 + H)+: 530 Ms found
(electrospray): (MtH) + = 88 1H NWVR (CDCI3) : d 8.70 (d, 1H), 7.78 (d,

éH)lg (7d3;l=e/( dr 4@'9R) 1 32|W|e{r@x thfén bt ﬂa%né@yl) Aﬂ-hﬁéethﬁxﬁ&t%i)i&i (ﬂ,BDBth|aﬁ)I45,/ll)€21- éH%)’o
.9

E ?3 l\/g% h@myta#nrltlygerOf‘r%umghhdUZm;zl Jcid - qmugokynegwltpe Zﬁréll aHd pmzd)l elgtmg

yl met hyl }enanfchers: trhke %é@én@elMﬂnr)%éﬁafnﬂbﬂn@f #8s disealvEw KyditiloericthdRac aabiesd

rel al 1 ve el %bﬁggrgéjé’rycasr&?w Bt Ofangz;@%mowﬁ@faﬁg sbleft ArBlAd

manner ernedi at'e l"ace nterne | ate
Puri fi catderihe t'%%‘P’UPﬁP”@hronat ography on silica gel eluting initially with
cycl ohexan® caltdidr (AgbMNE@sgr Hi 830 el ution from50:1 v/v to 1:9 v/v)

foll qwed MY fdunb {(I8Erdb k) QM+)t £1580 chl or onet hane- met hanol (9:1 v/v) gave
the title GRRO &rbq:
H ls): & 8.70 (d, 1H), 7.78 (d, 1H), 7.31 (d, 1H), 7.27 (d, 1H), 7.12 (d, 1H),
6.63 (dd, 1H), 6.45 (d, 1H), 5.19 (d, 1H), 4.23 (d, 1H), 3.74 (d, 1H), 3.64 (s, 3H), 3.08 (dd,
1H), 3.00 (s, 3H), 2.43 (dd, 1H), 2.31 (t, 1H), 2.17 (t, 1H), 2.06-1.94 (m, 1H), 1.29 (s, S9H).
Acid proton not seen.

=0

15

Example 6
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-2-(1H-pyrazol-1-
yimethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid

N/ \>
N ~—OMe

\ Racemic;
Ho.c™ N e, \//N Relative stereochemistry shown
: )
\_/
(0]

t-Bu
OMe

20 The compound was prepared in a similar manner to Example 1, using Intermediate 25 in
place of Intermediate 7. Purification by column chromatography on silica gel eluting
initially with cyclohexane-ethyl acetate (gradient elution from 50:1 v/v to 1.9 v/v) followed
by further elution with dichloromethane-methanol (9:1 v/v) gave the title compound.
MS calcd for (CzsH32N40sS + H)*: 513

25  MS found (electrospray): (M+H)" = 513
'H NMR (CD;OD): & 7.81 (m, 2H), 7.66 (d, 1H), 7.56 (d, 1H), 7.17 (d, 1H), 6.71 (dd, 1H),
6.62 (d, 1H), 6.42 (m, 1H), 5.20 (m, 2H), 4.83 (m, 1H), 3.70 (s, 3H), 2.96 (s, 3H), 2.91 (m,
1H), 2.45 (m, 2H), 2.14 (t, 1H), 1.49 (m, 1H) and 1.31 (s, 9H).
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M5 cal cd for (C26H32NAGBS + H)+: 513 Ms found (el ectrospray): (MrH) + = 513
1H NV\R (CD3OD): d 7.81 (m 2H), 7.66 (d, 1H), 7.56 (d, 1H), 7.17 (d, 1H),
6.71 (dd,woHhee/@s&aa (d, 1H), 6.42 (m 1H), 5.20 (m 2H) pcd®3o06m153H), 3. 70
(s, 3H, 2.96 (s, 3H, 2.91 (m 1H), 2.45 (m 2H), 2.14 (t, 1H), 1.49 (m
1H) and 1.31 (s, 9H).Exanple 7 (2R 4S,5R) -1

- I( 3- I\/ﬁt lhex(y ¢ grt-butyl benzoyl)-4- (et hoxynet hyl )-2-(1 Hpyrazol-1 -

yl met hy % - a-dhl) L 181 e b ' SupAti omer A
of rel- gg’ﬁ ’,LS %(‘Sy%%%%ﬁqt?gﬁ}*?%?b i@}d{]@ﬁﬁneﬂ%ﬁm@fﬁy ?ﬁ?’ﬁ%&m hyl)- 2-(1
H pyr azoliMethy]) sl hiazel2yyl) pyrolidings2-carkaxy 9??%’I i di ne- 2- carboxylic acid]
Chiral ; Heamtiomerr A ADEolret-@Rs4%RbiEMethoxy-diterbutyibenzoyhetmethoxy-

det er 5 nesbthy)-Z=(n Apyeaza i meaiyapsy1,8ithiazo2-yijpyrkblidine-2/carboxylzRicid, 5R) - 1

- (3- Met hoxy- 4-terf-butyl benzoyl) - 4- (met hoxynet hyl ) - 2- (1 H pyrazol -1 -

yl met hyl)-5-(1, 3-t hiazol - 2_yl) pyrrolidi ne-2-carboxylic acid (Exanple 6) was
resol ved by preparat ive,chi ral HPL%hippEamSun'jAchi ral OA4900 col umm usi ng
hept ane- et hanol (70: 38/ ,)”ﬁlt ai Ahddtke erf%lgnﬁsir,uhgm,r oacetic acid as el uent

to give the first M8 séfon ut i ISgreemaisty onenised biNkhey sektradrhe| Ut i ng

enanti omer was di ssokyed~N n =dichl oronet hane, washed with water (x4), washed

with brine, and the i ed (sodi um sul fate) and sol vent renpoved to give the

title conpound. (B Cefcd for (C26H32NACES + H)+: 5 13 MsS found

(el ectrospray): (MtHome=513 1H NVR (CD3CD): d 7.81 (m 2H), 7.66 (d, 1H),

7.57 (d, tY.an, ddéH)’ 6.70 (dd, 1H), 6.61 (d, 1H), 6.42 (m 1H), 5.20
THPC ‘3. 70 (s 4 (m

(m 2H), 4 4%’@ L 3H) . 2.97 (s, 3H), 2.91 (m 1H), 2.4
1), °2 15eh(ERABR) I ueinary-Hiprt boenzm N Thepphmetodr Ak Aou ek frod B Par
i rel - ( 2RreShB RS 1, 3-thidzdu2Wpyyolitlinec?-tatbokylichacid dfexample( fptwasxiesavet\y) - 2- (1
H- pyR@z0okyzdoatative chiral HPLC on a Sumichiral OA4900 column using heptane-ethanol (70:30
v/v) containing 0.1% trifluoroacetic acid as eluent to give the first and second eluting
enantiomers. The second eluting enantiomer was dissolved in dichloromethane, washed
with water (x4), washed with brine, and then dried (sodium sulfate) and solvent removed
to give the title compound.
15  MS calcd for (CogH3aN4OsS + H)': 513
MS found (electrospray): (M+H)" =513
"H NMR (CD;OD): & 7.81 (m, 2H), 7.66 (d, 1H), 7.57 (d, 1H), 7.17 (d, 1H), 6.70 (dd, 1H),
6.61 (d, 1H), 6.42 (m, 1H), 5.20 (m, 2H), 4.85 (m, 1H), 3.70 (s, 3H), 2.97 (s, 3H), 2.91 (m,
1H), 2.44 (m, 2H), 2.15 (t, 1H), 1.47 (m, 1H) and 1.31 (s, 9H).
20 Alternative Method B
Part 1
rel-(2R,48,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxy-methyl)-2-(1H-pyrazol-1-
ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyi ester (prepared in a
similar manner to that described in Intermediate 25; 1.95 g) was resolved by preparative
25  chiral HPLC on a Chiralpak AD column using heptane-isopropanol (90:10 v/v) as eluent.
Fractions containing the first eluting enantiomer (retention time 7.25 minutes) were
dissolved in dichloromethane, washed with saturated aqueous sodium bicarbonate
solution and the dichloromethane evaporated to afford Enantiomer A (0.76 g), used
directly in Part 2, below. The slower eluting enantiomer (retention time 10 minutes) was
30 notrequired further.
The chiral HPLC resolution was repeated in a similar manner using an additional aliquot of
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxy-methyl)-2-(1H-pyrazol-1-
ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl ester (1.55 g), to
afford an additional batch of the fast eluting Enantiomer A (0.55 g), used directly in Part 2,
35  below.
Part 2
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yl methyl )-5-(1 ,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid, 2-tert-butyl
ester (prepared in a simlar manner to that described in Internedi ate 25;
1.95 g) wwe w@wabksed by preparative chiral HPLC on a ChipcatgradsAiDsspl um
usi ng hept ane-i sopropanol (90:10 v/v) as eluent. Fractions containing the
first eluting enantioner (retention time 7.25 mnutes) were dissolved in

di ghl ﬁr OfRé htlwae coMBRiBe dbachds Dat Erﬁaaitied;eaquezsffuSe/«wﬂ.!ctsrﬁmhc(anb@t?gne‘)lm’t-ut ijon
and the dichl or v t [ i DRBE: , use
di rectl yg?tﬁgﬁﬁﬁ%ﬂ%’nﬁ%ﬁ%&f rﬂgﬁgﬁfgﬁgm&ngk&? WY%%E%E(?gqm@?%@I)%ntf&n time 10
ni nut es) PYEQIdREt2-FAROXWIE d afity taﬁ@ﬁ?b“’fﬂeeﬁtﬁfr&%rﬁiﬁ@@ggol APPSR ePeat ed
in a sinzl3@mmelmere dissolgedin taftibiredcetiaicidl(2Qmbd and the resulting solution stirred
Le/ - (R éﬁvf%l%) tefﬁp(a?atlﬁ@tf&%(?z{o&s.t Thé it e aipblatdd ém’@&b@&ﬂdmﬁémﬁ?mﬂ- (1 |
pyrazol -1 - yl. - 5- - -2~ A 22~ A, aci d,
| uti BREAUS 4 ! X A Th
?vvg I(:(r;?rb'tmefd)rbai gumes Tgnfs \Ealsadi)sisoivmf inAliethyl ether in a stoppered flask and allowed to ©
rHe/ - (2R, Ié@séﬁ%l-e Js1c§vﬁy :aseéﬂn@ﬁy- 4‘2& tee:rrjsmlg Webe nEsret) waéhel(d_mgi@:m @>92ma‘ﬂ9didt?ﬁ|tibyl- & (1
razol -1 -yl me - 5- - - rolidine-2-carboxylic
ac%?gz-fj'ghy-l %ﬁﬂ'?@?n%g'ﬂeéjsggé%%?fwgg%@é;t'a%éér)r% %@%{ 1.31 g, 2.32 m"mlgl wer e
di ssol ved§ ealed fof (Groable@es tHAcPH (20 L) and the resulting sol ution
stirred MS foandndlestpsepaty)i(d+HYT=31hours. The mixture was evaporated and the
[)_eSi dge M?Nl\hﬁz k@@@b}?eéngremdbﬂhlmsﬁw?ﬁ Agres AR 1H§t,gm@_(cﬁd HBOBIED (i, Sl UM
i carbon ol ytio u v | ¢ ic
frit andotnd oflé%&.-{’s oV BRI 2EBPABE G T BTG SHG 287 G SURIZRNGR
di ss®b vedH). 2.4t @r.3H). 206 THh 148 JH PR 1131481 nd al'l owed to crystallize
sl oW y ovae mbghitite siéreochiensistal sf thisraenfpiolihe wad detersired by X-mayacrystalldgraphynt i t y

of diet héé%%m‘%ﬂ‘@g”v%w to afford the title conpound. MS cal cd
for (C26 NACBS + +' B513"M5 found (el ectrospray): (MH+ = 513 1H NWR

(CD3OD): d 7.83 (m 2H), 7.66 (d, 1H), 7.57 (d, 1H), 7.19 (d, 1H), 6.72

(dd, 1H) Exampte 84, 1H), 6.45 (t, 1H), 5.21 (m 2H), 4.86 (m 1H), 3.70 (s,
3H) , 2€. 97el(2R,43;BR)-P-(BMetoxyiddfert-Butyibenzpy R4y (methdtyroethyD 8- (S-rhethdl-1,3r 1H)
and 1. 31tl(iﬁzols-a:gﬂ')-z-(1,3-thiazol-2-ylmethyl)pyrrolidine-2-carboxylic acid
N/=\S ‘
X f‘OMe
\ Racemic;

= -, N Relative stereochemistry shown
HOC™ N7 ¢ i
/
S
(0]

t-Bu
OMe

The compound was prepared in a similar manner to Example 1, using Intermediate 31 in

place of Intermediate 7. The impure product was dissolved in dichloromethane and
25  washed with sodium hydrogen carbonate solution, dried (hydrophobic frit) and the solvent

removed. The residue was triturated with diethyl ether to give the title compound.

MS calcd for (C7H3sN30sS, + H)': 544

MS found (electrospray): (M+H)" = 544

'H NMR (CDCls): & 7.85 (d, 1H), 7.42 (d, 1H), 7.38 (d, 1H), 7.15 (d, 1H), 6.80 (dd, 1H),
30 6.43(d, 1H), 5.08 (d, 1H), 4.34 (d, 1H), 3.95 (d, 1H), 3.64 (s, 3H), 3.10 (dd,. 1H), 3.01 (dd,

1H), 3.01 (s, 3H), 2.49 (dd, 1H), 2.43-2.33 (m, 4H), 2.13 (t, 1H), 1.92-1.80 (m, 1H) and

1.31 (s, 9H).

Example 9
35 rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid
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The absol ute stereochem stry of this conpound was determ ned by X-ray
crystal |l ography and shown to be (2R 4S,5R), as drawn. Exanple 8

rel - (2R, ABO3R)6/1l5613 PCT/EP2005/011532

- (3-Met hoxy-4-terf-butyl benzoyl) - 4- (net hoxynet hyl )-5-(5-nethyl-1 , 3-

t hi azol -2-yl)-2-(1, 3-thi azol -2-yl net hyl ) pyrrol i di ne-2-carboxylic acid
Racem c; Rel ative stereocheyi stry shown The conpound was prepared in a
simlar manner to Exanpl 8 usiriguénternediate 3 1 in place of
Intermediate 7. The inpure(pyoduct was dras&m ved in di chl oronet hane and
washed wi th sodi um hydrog Wt e sorelative tereocthniistsashevy dr ophobic frit)
and the solvent renoved. ug was triturated with diethyl ether to
give the title conpound. ared f (C27H33N3BS2 + H)+: 544 MS found

(el ectrospray): (MH) + = 1IH NWR (CDCI 3): d 7.85 (d, 1H), 7.42 (d, 1H),
7.38 (d, 1H), 7.15 (d'*®41H)TY 6.80 (dd, 1H), 6.43 (d, 1H), 5.08 (d, 1H), 4.34
(d, 1H), 3.95 (d, 1H), 3.69Mgs, 3H) 1 3.10 (dd,. 1H), 3.01 (dd, 1H), 3.01
( sd iHélTae%an(oddnd W prébaﬂéﬂ iA. a3amﬁ|9m méher 18 Ekamble 1,ligng lhtedRdediaR0BE m  1H)
an

el - (2R 2 3%052% Z@éﬁa‘éo _|n4 Ft"%?et Intﬁ)medlate 7 |n trlﬂigroacetlc acjd aén_(S_ et
Pyl - e i, BTOdael, Wb R PY SPYGIFR BRoee By b 8 Ce

aci dFécenDbmnResiag |avtwostoé4eebgmmn§elworsw& JTwatee eamaining fRemsic FeidpQride) in a
simlar %aan@) dcetdmrpRPh&ed (95151 Ig) kodtainmgdionni 36idi (0.08%) abrihel eloentacet i c
acidin Q\n gls%fftr{[erﬂa%ilgﬁéjﬂ))%l@ct? pFéytrﬁégs %ungl??s%%gy BFOQ/HGQ e e compound.

di chl ororre reverse phase HPLC on a
C18 col UM{SC"{'J%C? (%27'15'%5'3 iﬁz\fe'ﬂf g‘f di ent el ution leth (A vva!toer cont ai ni ng
form c adMSIfoubd 1@1@ctwsdrayB)(thblét=eﬁM rile-water (95:5 v/v) containing formc
aci d160. 0FRMRICDER)elbused &, WN)arusis, ™), 7ise (B agy, i7Tons(hyHp @66 (dspiHyy mass
SPeCt T 0SGOPY YAy S 41(& i) 4 bb %, CRTPEYS Gy, 5, §854E, 419 30BAHBRNE P55 H) +
3H), 2.46-2.39 (m, 2H), 2.36 (s, 3H), 2.14 (t, 1H), 1.99-1.88 (m, 1H) and 1.31(s, 9H). Acid
proton not seen

15 Example 10
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1H-pyrazol-1-ylmethyl)pyrrolidine-2-carboxylic acid

NQ —OMe

Racemic;
R \// \ Relative stereochemistry shown

t-Bu
OMe
The compound was prepared in a similar manner to Example 1, using Intermediate 41 in
20 place of Intermediate 7. The impure product was purified by reverse phase HPLC on a
Cqs 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 the eluents.
Analysis of the fractions by electrospray mass spectroscopy provided the title compound.
MS calcd for (Ca7H34N4OsS + H)*: 527
25  MS found (electrospray): (M+H)" = 527
'H NMR (CDCl;): & 7.62 (d, 1H), 7.54 (d, 1H), 7.41 (d, 1H), 7.16 (d, 1H), 6.66 (dd, 1H),
6.41 (d, 1H), 6.38 (t, 1H), 5.31 (d, 1H), 5.03 (d, 1H), 4.92 (d, 1H), 3.65 (s, 3H), 3.11 (dd,
1H), 3.04 (s, 3H), 2.54 (dd, 1H), 2.41 (t, 1H), 2.36 (s, 3H), 2.11 (t, 1H), 1.84-1.73 (m, 1H)
and 1.31 (s, 9H). Acid proton not seen.
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M5 found (el ectrospray): (MrH + = 544 1H NWVR (CDCI 3): d 8.69 (d, 1H), 7.41
(s, 1H, 7.30 (d, 1H, 7.14 (d, 1H, 6.66 (dd, 1H), 6.42 (d, 1H), 5.04 (d,
1H), 4.22v0dpocldab6133. 72 (d, 1H), 3.65 (s, 3H), 3.08 (ddpcthp20030033fs, 3H),
2.46-2.39 (m 2H), 2.36 (s, 3H), 2.14 (t, 1H, 1.99-1 .88 (m 1H) and
1.31(s, 9H). Acid proton not seen Exanple 10

rel -(2R 4S, 5R) - 1- ( 3- Met hoxy-4-te/t-butyl benzoyl) - 4- (net hoxynet hyl ) - 5- (5- net
hyl - Etxg hi2-yl)-2- (1Wpyrazo| 1-yl met hyl ) pyrrolidi ne-2-carboxylic

acdRac ative ter tr wn T nd ared in a
sinilar kRAREPMER BRanf F &&s‘ﬁ%ﬁ) ?\%%ng’%g?%%%n})yﬁg zg\,\@"‘o&mﬁp‘o Xy

| nt er medinztbyly-5- (5‘+methnb1136hmglﬂrwt) -2nd41- Mﬂlﬁ'r‘emlﬂlﬁ}hylé%ﬁf@td'mr&se HPLC on a
C 8 csl Ul&'ﬁrbd(i(ghaﬁcﬁl t wo- sol vent gradient elution with (A water containing

formc acid 199 and (Bj—gcetonitrile-water (95:5 v/v) containing formc
acid (0.05% as the elue s An&$ﬁ|s of the fractions by el ectrospray nass

spectroscopy provided the fi conpound C ch for (C27H34NACBS + H) +:
527 M5 found (el ectrospray H)w = 52%,a @E@—? hgg,,; d 7.62 (d, 1H),

7.54 (d, 1H), 7.41 (d, I*H)C‘ 7N16’(d 6.66 (dd, 1H), 6.41 (d, 1H), 6.38
(t, 1H), 5.31 (d, 1H), 5.0 1 4 92 (d, 1H), 3.65 (s, 3H), 3.1 1 (dd,
1H), 3.04 (s, 3H 2.54( (t, 1H), 2.36 (s, 3H), 2.1 1 (t, 1H),
1.84-1 .73 (m 1H anes (s, 9H) Acid proton not seen. Exanple 11

Enanti oner A of

r 2R, 4
562 5( met ﬁéT(E%)“S\}'KSFg)h}'ggz?@ﬁ&?ngﬁjte’gr E&/%%@){?}%ﬁﬁé{tb%xﬁwéﬁ@ i}g?%(pyr r)}(;I)fil%l ne 2-
car boxy| tftazat2a/)eh( Hapyrageldnylng iy Pysralding13-¢as %’fyéﬁ’ eBefefP@mnle
rel - ( 2R, 4&053):1 tiy pephttibe xhird- HRlL € -dnua \CHiralpak D cdk.l(nmu:hng(ylaatahq-le)haﬁel( 5- et
hyl - sd d) | cottaiting 1% thhRYSALAL -abic ¥$ BRIAY hd RWe! el MHsNEn® s8asHROXY! i C
aci d ﬂRlng ena?‘utlomers The second eluting enantiomer was dissolved in dichloromethane,
washed with sodium hydrogen carbonate solution; dried (hydrophobic frit) and solvent
removed to give the title compound.
MS calcd for (C7H34N4OsS + H)*: 527
15  MS found (electrospray): (M+H)" = 527
'H NMR (CDCl3): & 7.62 (d, 1H), 7.54 (d, 1H), 7.41 (d, 1H), 7.15 (d, 1H), 6.66 (dd, 1H),
6.40 (d, 1H), 6.38 (t, 1H), 5.31 (d, 1H), 5.03 (d, 1H), 4.92 (d, 1H), 3.64 (s, 3H), 3.11 (dd,
1H), 3.04 (s, 3H), 2.54 (dd, 1H), 2.40 (t, 1H), 2.36 (d, 3H), 2.11 (t, 1H), 1.83-1.72 (m, 1H)
and 1.31 (s, 9H). Acid proton not seen.
20
Example 12
Enantiomer A of rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxy-
methyl)-5-(1,3-thiazol-2-yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid

/7—5
N ~—OMe
\ Chiral; Enantiomer A
HO, e "1, \// _7 Relative stereochemistry shown
t-Bu
OMe

25  rel-(2R,48,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxy-methyl)-5-(1,3-thiazol-2-yl)-
2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid (prepared in a similar manner to that
described in Example 3; 0.530 g) was resolved by preparative chiral HPLC on a
Sumichiral OA-4900 column, using heptane-ethanol (65:35 v/v) containing 0.1%
trifluoroacetic acid as eluent to give the first and second eluting enantiomers. The second
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resol ved by preparative chiral HPLC on a Chiral pak AD col utm usi ng

hept ane- et hanol (80:20 v/v) containing 0.1%trifluoroacetic acid as el uent
to give twebiamseiand second el uting enantioners. The secomP2@s5011582)
enanti omer was di ssol ved in dichloronethane, washed wi th sodi um hydrogen
carbonate solution; dried (hydrophobic frit) and solvent renpved to give
the titl @mﬁgrrmwndomwsv@al eattitfomied ( (2w e iBiBormetHane  &5217 satBrafterl adueous

(el ect ro§ 14 VR ﬁ%e’ﬁane dol(tiér? vs(a(i sépdrated- @dnd & 1H),

7.41 (d, 6 66

S g tacgbégdena anva%zot%al@fd i 86 gomngbblha BaiP §15 1) 5,° 50
3H), 2. 5M9<qmcdfpﬂxcza Mg, + HEY53%. 36 (d, 3H), 2. 1 1 (t 1H) | EUTACRAR

(m 1%) MBifoLnaleléarosBié)y) (KeHot 580 on not seen. Exarrple 12 Enantiomer A of

el (2R 4% ik (ol GoMeEhoxyg dafied) -dad Yiiesz s (a)etmgcyrz@t )party (1
Rgl ;P: ve-°§§ ti‘é f@rrr ngeﬂk}ﬁ %(C[ﬂ O)éyé3 (1H7d), [_'aly sHARH 8£r24A

rel - (2R, 48158) 3173 GHvisb) h@)ﬁ? -(3Hf e)A- B PRz B\ § 021 <§He§h@x§ﬁ FEBHYH) MY (1
, 3-thi az @l 3622 96 ) tH,2n) 2.23-2.10 ) Im)%ndl 1n®a (@, spyr rol i di ne- 2- car boxylic acid
(pre%red in a simlar manner to that described in Exanple 3; 0.530 g) was

resolved_by preparative chiral HPLC on a Sum chiral -4900. col. umm, _usin
hept ane- gt“ﬁa‘r% F1PoHB QBCQ/??W o it vRRRY @a;iﬁe mePLI'I%S? %C%C?T'E'sgré{ %[{T&sa'iejy uegt
to give thevenianwaynandsibedmenton therrjorermisn iNelges Within ds Seermefarmecsigical
enant i ongbmpasitigy tfot iudeedh eérapen cdimphising oaetdrapeurain of strmulat €ld) agueous

sodi um bi ﬁgg 98@@% %P&é&étﬂ@ saTth or d%&\;'gté’ r ABRON AR CadRixtird ORitYEgheS %P%@Fee d

usmg cl g& I'n vacuo to afford the title
conpdind P W?'B&'ﬁ?”yl\@c‘é%tﬁelﬁdfb‘?”? %"’l—@?rﬁBQSSZ + Hy+: 530 Ms found

(el ectrospray): (MtH)+ = 530 1H NWMR (CDCI 3): d 14.59 (1H, s), 8.88 (1H, s),
7.80 (1HTHd)com g%aﬁdg ofdBe prIdentiAvdnitipn @Eﬁburadmlrbs'temhlbyrd)ﬁf@ém rsugsaiduding 12

th d;j) ' gﬁ%agg 'in peg%fégl ;_é ou§ H'n?r ‘ﬂ& oré‘ a)‘b Jal ]’(H:\nsgénméi és (
transmucosal mlnlstratlon ors stemlandmln ratl n, ofal a |’n|n|stra§on is pre&rred
20  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,

25 intravenous, intraperitoneal, and subcutaneous. For injection, the compounds of the
invention are formulated in liquid solutions, preferably, in physiologically compatible
buffers or solutions, such as saline solution, Hank's solution, or Ringer's solution. In
addition, the compounds may be formulated in solid form and redissolved or suspended
immediately prior to use. Lyophilized forms can also be produced.

30
Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art,
and include, for example, for transmucosal administration, bile salts and fusidic acid

35 derivatives. In addition, detergents may be used to facilitate permeation. Transmucosal
administration, for example, may be through nasal sprays, rectal suppositories, or vaginal
suppositories.

For topical administration, the compounds of the invention can be formulated into
40 ointments, salves, gels, or creams, as is generally known in the art.
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2.36-2.26 (1H, m, 2.24-2.10 (2H 1m and 1.30 (9H, s). The conpounds
according to the invention may be formulated for adm nistration in any
conveni enwoways/04861d t he i nvention therefore al so i ncl udesTwpbévisniisBs scope
pharmaceutical conpositions for use in therapy, conprising a conpound of
formula (la) or a physiologically acceptable salt or solvate thereof in
adm Xt ur Fhaidnfoudteeofovarizngs eopipysndy wIhe adiministereé halilecedateiminst by etandalrdr i ers.

The comPitetult Rifig NhG>Eiounf et Ui A8 b BSHIbAUNEE LS pRlenkl (20 th cuI ar.
fricasy. %%Patﬁg&éqwatﬁw-'?% (66 cORBEtng)  FE SGE. keari wafehl

oral, tof
adni ni st patierdrancoihaldisease ot diserger ﬁﬁ%@tqﬂ'\éﬁfe?hﬁé@“e'ﬁorTf@rlmpoé@Pﬁer@fé'ﬂ?%t i on

for ezanmphe otHeh Gt RObE B6nsireifedgrefkobwh t@ithede bhorinaensidininitomart. or al dosage
forms such as capsules, tablets and liquid preparations such as syrups

elixirs concentrated drops rnatjve tion

admi ni st ?‘&Tquﬁfﬂ aq‘fﬁﬂ)'s%é ‘ﬁ@'éa dg@”@ﬁ’n‘ t@%"rﬁé’ké@rgwétraﬁ?q a(}%f{%u‘iegfee bFral

i nt r aper bioamaikabjlityanBorseaowpiea fieroasmpamods Mith dew ooH leﬂVé"@dlﬁ&pdﬁ'ﬁwlbhlghﬁe
i nvent i 0RoSesE wilPrHawk afoedei Adrhinftdred.s Oralt B@mbistiatied a5 adl preferrad method  of

physH@I O%Pﬁ‘m étVatuBR%’Pﬁlter?%s‘Ean&ﬁ a8l solutions, such as saline solution,

Hank"s s S so utron. In addltlon t he conpounds nay be
fornulated in solid forn1and redi ssol ved or suspended_innediately rior to
use. Lyophéfeiabbdtheoromsposiiinn d¢ sounit dpsageuiond. Sy stralmapplieationnfastexampten acan
al so be lwblétr@rr@asumeriﬁéy 8 adrhinisedled, i na@@ladtﬁahcaﬁi@h 4 FrivteTal @0®3b! dvse may
Lransder iRl aglad /| PlhsaBRN daRtRioAP Rygfdaﬁtf&n%?atﬂ)neorb bich ol GeP

perneated are Kknown
P TRa ameminisiered pov o onsBRLCRse ABIET. FRUCER AR BB BF AAEASITEth 1 o350 bi | e
sal t s andaseysioding isssiath teirthes patienemay ledmindsien @ singledioser gent s may be used to
facilitate perneation. Transnucosal adm nistration, for exanple, nay be

thr ough- pasaly ShERYSy o cﬁ%laetdn?h'gf?ﬁ%nt&fn#ﬁﬁ%s&fabWngﬂad 0B 4PBRS Hikd g PO

t opi cal m ni I on can ted

i nto oi nPrRIGE8lY fegqn \Pek to 5@rag/ KSr ofca campoung of SopRiia (la) 1o arRAmarsHtical
art . ZThe anceptblse cs[alt\thereoﬁ,lscak:oiatndumjmet trebdaaelni Tiesdalyedbsage fepaienterati ned

by st and%&'amé@cmdwraﬁ@n trRikkMbcodal Br A&AEMhalfragtes tantains Buasbly ememoPaigNd
(1G0) p% ?8&*9/!&9 %?8 compound of Formula (la). A topical formulation contains suitably 0.01
to 5.0% of a compound of Formula (la). The active ingredient may be administered from 1
to 6 times per day, preferably once, sufficient to exhibit the desired activity, as is readily
25 apparent to one skilled in the art.

Compositions of Formula (Ia) and their pharmaceutically acceptable salts which are active
when given orally can be formulated as syrups, tablets, capsules and lozenges. A syrup
formulation will generally consist of a suspension or solution of the compound or salt in a

30 liquid carrier for example, ethanol, peanut oil, olive oil, glycerine or water with a flavoring
or coloring agent. Where the composition is in the form of a tablet, any pharmaceutical
carrier routinely used for preparing solid formulations may be used. Examples of such
carriers include magnesium stearate, terra alba, talc, gelatin, acacia, stearic acid, starch,
lactose and sucrose. Where the composition is in the form of a capsule, any routine

35 encapsulation is suitable, for example using the aforementioned carriers in a hard gelatin
capsule shell. Where the composition is in the form of a soft gelatin shell capsule any
pharmaceutical carrier routinely used for preparing dispersions or suspensions may be
considered, for example aqueous gums, celluloses, silicates or oils, and are incorporated
in a soft gelatin capsule shell.

40
Typical parenteral compositions consist of a solution or suspension of a compound or salt
in a sterile aqueous or non-aqueous carrier optionally containing a parenterally acceptable
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efficacy, and the biological half-life (of the conpound), the age, size and
wei ght of the patient, and the disease or disorder associated wth the
pati ent. wbeoeemassiBance of these and other factors to becrmpsedersd: are
known to those of ordinary skill in the art. Amounts adm ni stered al so
depend on the routes of adm nistration and the degree of oral

bi oavai | @] for exampierpatystiigere, glifycol, paypipyilidertel) l¢aithinp aedchisi @aerasdsabiel i ty,
rel atively higher doses will have to be adm nistered. Oral adm nistration
is a preferred nethod of adm nistration of the present conpounds.
Preferably the conposition is in unit dosage form For oral application,
for exanplypicalacamsisisions & iskghafionearery theeform of @i spldioB dsuspgpsian 5 emulsion

appl i gat i, may i etethistereasas dlase poadeber adnthei firr efd anf aerosal avsite raval
appl i cat Icg en oagfph&@bpbo pag; MOBU&H 282k G SRetraRGordetRank Séereds amds s.or
transrrucg) el |ver%/ cal patch may bé adm nistered. |n éach case,
dosi ng i $eRREUCTPRPPA ‘fﬁe patient may admi nister a single dose. Each dosage
unit for oral adm nistration contains suitably fromO0.01 to 500 ng/Kg, and

pref er ablay tf(ﬂil@éﬂ Sugdpdsioy0 forerulédion O torapisesp @u rdmpbufwr ofulFrula) (laj ar a
phar %Cegﬁwhﬁﬁ% eﬁtléb(ﬁ %@E&Qé e%%htth%rggfr\ﬁﬁﬁt:h i€ abiidl & Hadinisied ﬁr?ﬂw@%? The

daily do asa on, tra

t r ansder l’fﬁtl 3 (9151"5‘9 %’Efﬂ?r {ﬁgcagnaptagﬁp %ﬂ"ﬁ)oq?)foh‘ﬂ"et"f} %WPWF@“S ‘?0083'
conpound bafterFarather dow m)tlngmeg@tpb@a/vaxe@pﬁtatsa@rtbﬁ'r syHbeficanalngst ably 0.01 to
5.0% of a conpound of Fornula (la). The active ingredient may be

admi ni st ﬁ{){ggaf §at ahQ tr%ng?érﬁw%l ﬂﬁﬁwu%"ﬂéfr\s B ﬁ{)ﬁgeaglc)én%%nalséﬂufebﬁé %F‘tnoﬁp

exh|b|t red IS arent, to one ed in
art. @orrﬁﬁg??qso@%? %?ﬁﬂ‘é €@ ‘é[fa@na'”?'ﬁ%”t 'Ogﬁ’groﬁ&@%tﬁt?rcaé?l yﬁbecé)e t4H e
sal t s whinddicated plgsten @atghen mgmraneral |y can be fornul ated as syrups,

tablets, capsules and | ozenges. A syrup fornulation will generally consist
of a sus ol fo I [ r for
oxam R%p;@g&ieg{ab% tbgdn%ﬁ offed GRIMBRHMLP WiRA Eomﬁoﬁldgr%'ﬂ?a BRidehe

ne

fl avor| ng‘“@ﬂt'%ﬁ'@rqdﬁﬂj”'g&éﬁﬂm %@P@”Q%"é‘t%@gﬁ\é%ﬁe{‘ BHERON n the form of a

t abl @0, any pharmaceutical carrier routinely used for preparing solid
formul ati ons may be used. Exanpl es oAssmzb carriers include magnesi um
stearate,terr | a t ear. t ose
ond sucr Jhe pe\%n&h éh%lnﬁcal g&itf%é nof 91% ﬁﬁ'vgntl ?@ ihGibit i SsB %lﬁi‘i}fp@ HCGRE

ere t routine
polymerase actwnty, gen ype 1a and genotype 1b may g‘e emonstrgteclil f%f ex r¥p|

using the following in vitro assays:

25
In Vitro Detection of inhibitors of HCV RNA-dependent RNA Polymerase Activity
Incorporation of [**P]-GMP into RNA was followed by absorption of the biotin labelled RNA
polymer by streptavidin containing SPA beads. A synthetic template consisting of
biotinylated 13mer-oligoG hybridised to polyrC was used as a homopolymer substrate.

30

a) Genotype 1a C-Terminally Truncated (delta21) Enzyme
HCV RNA Polymerase [Recombinant NS5B with C-terminal 21 amino acid deletion and C-
terminal 6His-tag (Ferrari et al. J. Virol. 73(2), 1999, 1649. ‘Characterization of soluble
hepatitis C virus RNA-dependent RNA polymerase expressed in Escherichia coli.’)
35 expressed in E. coli and purified to homogeneity] was added to 25 nM final concentration.
Polymerase of genotype 1a was from strain H77 (Yanagi, M., Purcell, R. H., Emerson, S.
U. & Bukh, J. (1997), Proceedings of the National Academy of Sciences, USA 94, 8738-
8743) containing a sequence change from valine to isoleucine at position 180.

40 Reaction Conditions were 25 nM enzyme, 1.5 ug/ml oligo-rG13/poly-rC and 0.2 uCi a->P
GTP in 0.5 uM GTP (20 Ci/mMol) , 20 mM Tris pH 7.5, 23 mM NaCl, 3 mM DTT, 5 mM
MgCl,, 1 mM MnCl,.
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encapsul ation is suitable, for exanple using the aforenentioned carriers in
a hard gelatin capsule shell. Where the conpositionis in the formof a
soft gel avonoenakdi3capsul e any pharmaceutical carrier regtripretog/oussd for
prepari ng dispersions or suspensions may be considered, for exanple aqueous
guns, celluloses, silicates or oils, and are incorporated in a soft gelatin
capsul e shell. Typical parenteral conpositions consist of a solution or

suspensi %z%eavawm@un@l 500 nfBddncbiitralioR e ik RASLEDH SHHT. SNH mMINECHSNd
carrier |y containing a parenterally acceptabl eoi [, for exanpl e

polyethyléﬂ col, polyvinylpyrrolidone, |ecithin, arachis oil or sesame
oil. Typical corrpositi ons for inhalation are in the formof a solution,
suspeBsi @i aincemtdted assayhiiffemanyix twasapj'abariedtus'rr@m M sTris-El ppldviddil rok), iSM t he

form of mca%%muummﬂoqug%um REE TtaReIhant such as 1,1,1
, 2-tetrafl uoroet hane or , ept af uoropropane A typ| cal

supp05| tory fornul ati on conprises a conpound of Fornula (la
phar mace i coarsrratRipt repORN MASPrERAPS HFINAK CRNFaNtatad @S@améﬁﬁraﬂm(?ﬁ@t er ed

in this wayy/uwRNasm (0 hdly@0agdhbpolyubbiotiaylatad-oligatt (1.6 k), &R&mMM engyoteyneri c

gl ycqps, (Q%La}tahBWatEP&OﬁELL)t trgfal 6 pOWBer | ow el ting vegetabl e waxes or fats
or their synthetic anal ogs. Typical dermal and transdernal fornul ations

conprise a conventional aqueous or nonaqueous vehicle for exanple a cream

oi nt ment ,2x|conperaied sreond reagent war prenaed Bsing AM Mofk@-d ated MMIG210.0%at ch
or nenbr amng. 2NeMuBTR ¢e gt abh) @[*B]XGTGQH@alC:&de 0drRpl pard eafee¢9.6diLzhEstal 10
conpounds,| @feit e present invention are adm nistered in accordance with the
presag invention. ASSAYS The potential for chem cal entities of the

i nverition to inhibit NS5B wi | dtype HCV pol ynerase activity, genotype la and
genot ype The, assay Wee sebHBmstng008WouRd (11dxia90& DYSIQ)g fitsh eegasrt Oimg: 208 vitro
assays: Ig@cbﬂdure@gaat(e@mprrowﬂm phi bitors of HCV RNA-dependent RNA

Pol ymer asl%e%tabv aé Heftb) @m any %tt&rﬁéﬂww deal 51% Wa'ﬁefrebétraweﬁaéoy
absorpti on gg Ea e e gﬂ NAQ E an% u%urbg%d ﬂ'\gtﬁget %thm ng
SPA beaod" 4k 8y YT {eeridiet o tng ey
this time, the reaction was stopped by addition of 60 uL 1.5 mg/ml streptavidin SPA beads
(Amersham) in 0.1 M EDTA in PBS. The beads were incubated with the reaction mixture
for 1h at 22°C after which 100 uL 0.1 M EDTA in PBS was added. The plate was sealed,
mixed centrifuged and incorporated radioactivity determined by counting in a Trilux
(Wallac) or Topcount (Packard) Scintillation Counter.
25
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
absence, was taken as a measure of the level of inhibition. Ten concentrations of
compounds were tested in three- or fivefold dilutions. From the counts per minute,
30 percentage of inhibition at highest concentration tested or ICss for the compounds were
calculated using GraFit 3, GraFit 4 or GraFit 5 (Erithacus Software Ltd.) software
packages or a data evaluation macro for Excel based on XLFit software (IDBS).

b) Genotype 1b Full-Length Enzyme

35 Reaction Conditions were 0.5 uM [*P]-GTP (20 Ci/mMol), 1 mM Dithiothreitol, 20 mM
MgClz,, 5mM MnCl, 20 mM Tris-HCI, pH7.5, 1.6 ng/mL polyC/0.256 pM biotinylated
oligoG13, 10% glycerol, 0.01% NP-40, 0.2 u/uL RNasin and 50 mM NaCl.

HCV RNA Polymerase (Recombinant full-length NS5B (Lohmann et al, J. Virol. 71 (11),

40 1997, 8416. ‘Biochemical properties of hepatitis C virus NS5B RNA-dependent RNA
polymerase and identification of amino acid sequence motifs essential for enzymatic
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bi oti nyl ated 13mer-oligoG hybridised to polyrC was used as a honopol yner
substrate. a) Genotype la C-Termnally Truncated (delta2l) Enzyne HCV RNA
Pol yrrer aswo2Reomsdisnant NS5B with C-terminal 2 1 am no &acrdrd@sptisen and
Ctermnal 6H s-tag (Ferrari et al. J. Virol. 73(2), 1999, 1649.

" Characterization of soluble hepatitis C virus RNA-dependent RNA pol ynerase
expr esseaciivity Fexpessahinabavolovirty asd puefiesietd homdgeneity) iwasratided rto f4i mM finel
honogeneichydenti@gorfdded to 25 nM final concentration. Polynerase of genotype
la was fromstrain H77 (Yanagi, M, Purcell, R H, Enerson, S. U & Bukh,
J. (1997), Proceedings of the National Acadeny of Sciences, USA 94, 8738-
8743) coPKaGaNCARiraied @§Edh HETemagWas rRsRParas i ysng HM MGk @i 3%e My, 8serel on
180. React.bmib),GOrENPHONS.026 mal)2mdiWaten@y2@5, mil), Fotahd Orimlol i go- r GL3/ pol y-r C
and 0.2 nCi a-33PGTP in 0.5 MM GTP (20 G /mwl) , 20 "M Tris pH 7.5, 23 nM

Concent r 4% SR T Dufed SO SR SATRI S (e, SatlacTi. 2
concent r atled1MJI4ail A by, giyseralds M) e e P-4 (1igrlon MrDET (8 ul)And water 1

m _), S5MMNeZmL)0T&S 1opl.. 1M DTT (0.12 nmL) and Water (8.63 nL), Total 10 ni
2x cqpcentrated first reagent was prepared using 4x concentrated assay

buf f ! 5 ., 40 u/ nL i 0.1 20 . a3
ol yr & biSEHEgIe M es presired Pang Sy Epncartitan A3ah ity mix L) ERHETRAG. (2. 3
nL), Tot aiCilsb, rA.02ud)l 252N oREENtP 4t dth).s oy FAlNasiR (s pklepdl eHIMY ng 1M

MyCl 2 ( O.pblyrc/piotidWaty@ligor(0(10R2ull-3nd Rater(B.64 LY, Tofa/mal.. Q- [ 33P] - GIP (10
nCi/m., 0.02nmL) and water (9.5 nlL), Total 10 nL/well. The assay was set up

usi ng_comnpound (. 1l in 100% first reagent m and C(
r eagént %VWE%“?"XTV&?%PrG‘EaTdn%Y as'ﬁ%’ég r%?;ﬁfrtn} 8‘#%\&29%é#églpwg%{ef%eaﬁﬁﬁgffooned,
white, 9e-8&kenl 2pfencentrated enayee bPefferwas ni xed on a pl at e- shaker, after

addition of the Enzyne, and incubated for 1h at 22C. After this tinme, the

reactiow@_sAszgg)?%dsgy asigf 'gnp%dfs - ShoSrdle/ik (56 Leptand BhfyrPnbeads
A h . R ) bated wth th t
e Rl it Tty o el ol S P
pl at @0was seal ed,

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

25 after which 120 uL 0.1 M EDTA in PBS was added. The plate was sealed, mixed
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
30 radioactivity incorporated in the presence 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 three- or fivefold dilutions. From the counts, percentage of

inhibition at highest concentration tested or ICsps for the compounds were calculated

using GraFit 3, GraFit 4 or GraFit 5 (Erithacus Software Ltd.) software packages or a data
35 evaluation macro for Excel based on XLFit software (IDBS).

The potential for compounds of the invention to inhibit NSS5B wildtype HCV polymerase
activity, genotype 1a and genotype 1b may be demonstrated, for example, using the
following cell based assays:

40

Replicon ELISA cell based assay
Method
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m xed centrifuged and incorporated radi oactivity determ ned by counting in
a Trilux (Wallac) or Topcount (Packard) Scintillation Counter. After

subt r act iwo 2066/dascBgr ound | evel s wi t hout enzynme, any re@gTiEPODSONSBhe
anount of radioactivity incorporated in the presence of a conpound,
conpared to that in the absence, was taken as a neasure of the level of
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(1DBS3. Bhd Geomngpﬂluﬂ@wsﬁubdje Hewgthe HarybethBeaquential Camsdert ofotdd plealEmudtss v

[ 33P] GTRiith I_Qor PVW? jihQMems tthé %erﬁjot;m wereQist%4 dHC! Phe VBRI Fows20 MM

veerol ‘EgrﬁY_l ﬁ" Qnd?@ ﬁ?\ﬁflﬁg ﬁ;%'u mﬁ&/r%? o%gr%) rase

gI ycerol W (5‘?5/
( Reconbi wanfuehay wereeﬁtylphecNQ@m grwmrﬁawswtrawersgne -yypsin solptign @nd the Ce'f997
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enzyrrat | cac resse acll t
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pr epar ed ABi Isert\d.MRereng,B.BmndiSayiskyy IR/ Eed-ofirgl- 22803, 77, 5363983%0)- 400 ik 025 nL)
and Wt ecell duspehsith werd adddd tdQillmell2ana tiec plates adcetated zy B2° G édr f7@rhoncnina ned

(1M1T:n|_)s & go%gyrﬁ%g i m) 1fAMD_II\_IaCI (0.2 m), 1IMMC 2 (0.4 m_) gI ycer ol
S5 1t EOlpnG dacUsp i 1B 25 e s o Evpiasc Home s plasdt T saneStiehta y© ™

[ 33P] - GTWefd Wasited btgeotlee)znmyersmmanmhosmate@uﬁer@g)sahﬂ@ (RB&. vinglswas *@enl m) |
20 mg/ "L apgikatedioli ahd mixd Wi -detopermietharibl §1:1)-Jor Srtihitéd. eFol@vifg anu)therTot al
( 1 5 m%&ﬁ%%ﬂpaé‘ﬁ@oiﬂ_e&aéﬁ%%ﬁu PEQ J@Eé o v Wvleer‘\ igtm%l%@k iRfphedTEr ase
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20

an orbital platform. The diluent was removed and each well then received 50 pL of a
1/200 dilution of anti-HCV specmc murine, monoclonal antibody (either Virostat #1872 or
#1877), except for wells in one of the compound-free control rows which received diluent
alone to act as negative controls. The plates were incubated at 37°C for 2 hours and
washed 3 times with PBS/0.05% Tween 20, then 50 uL of horseradish peroxidase
25 conjugated, anti-mouse, rabbit polyclonal serum (Dako #P0260), diluted 1/1000, were
added to all wells. The plates were incubated for a further hour, the antibody removed
and the cell sheets washed 5 times with PBS/Tween and biotted dry. The assay was
developed by the addition of 50 uL of ortho-phenylenediamine/peroxidase substrate in
urea/citrate buffer (SigmaFast, Sigma #P-9187) to each well, and colour allowed to
30 develop for up to 15 minutes. The reaction was stopped by the addition of 25 pL per well
of 2 M sulphuric acid and the plates were read at 490 nm on a Fluostar Optima
spectrophotometer.
The substrate solution was removed and the plates were washed in tap water, blotted dry
and the cells stained with 5 % carbol fuchsin in water for 30 minutes. The stain was
35 discarded and the cell sheets washed, dried and examined microscopically to assess
cytotoxicity.
Data analysis
The absorbance values from all compound-free wells that had received both primary and
secondary antibodies were averaged to obtain a positive control value. The mean
40 absorbance value from the compound-free wells that had not received the primary
antibody was used to provide the negative (background) control value. The readings from
the duplicate wells at each compound concentration were averaged and, after the
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(added last to start reaction) (10 mL), Total 2 1 nL. The reaction was
performed in a U-bottoned, white, 96-well plate. The reaction was m xed on
a pl at e- swakess/o4adiBer additi on of the Enzyme, and i ncubacedrb@s/oiissat 220C.
After this time, the reaction was stopped by addition of 40 nL 1.875 ng/ m
streptavidin SPA beads in 0.1 M EDTA. The beads were incubated with the
reaction smi)t)ﬁdub@ of te rhbamba@@buriitfeom whivalied 20eneiexPrebsd BOB/PdrcerfRE: ofas

added. The, QibroP ’THE| d‘@éﬂ\tlﬁ% raht‘fi ‘égégfl@%bubf&pbfp@i sﬁé@d protein

el

radi oacti v] tin |n t
(Packar dfje@&?/eﬁcﬁi ?‘ﬁgﬂﬁg ¥nﬁ Errese g gﬁ’gt(?agc?q 8%13\6&% %a{%‘i 18 Beuﬁp'%lgchlaé\})el s
wi t hout énniytinm,  £BraFit e&nﬁl@@r&)rﬁE”thaQWesamﬁt Lig¥) Wﬁ%il%?&éttpvP'PS/ then €8P8oPfat ed
in the ppesen eol‘nhuantuaﬁrmrrw,coﬁwasnad edntenttatiah drd Hériveatiee 60%, inhidtotyaken
as a rreaﬁgré‘g\e ‘?{*@Céﬁ%ﬂ n? h@l tion. Ten concentrations of conpounds
were teste ree-' or |ve

butllgns. Fromthe counts, percentage of
i nhibition at highest concent ratl on or 1C50S for the conpounds were

calculated using GaFit 3, GaFit 4 or aFit 5 (Frithacus Software d.)
sof twar e |packagesmpounddat a eV@d:SUﬁicie‘Ila. maaeyid @n EXo@), imaaed gy, Pﬁ_ﬂbt

sof tware (1 DBS). The potential, cugib biNe LANESH | ON rbQii i bit
NS5B wi | dt ype HCV pol yner ase actﬁ‘\r/‘?;2 rqpceﬂot tﬁf' 1:1 aeggg%efragt ) ﬂb:b / be
icon

denonstrated, for exanple, us| nd‘hftHEp"f ol|l oMY ¢ce
ELI SA cel|l based assay Met hod10&say (WM nﬂdhiuwpcortaﬁsﬁvﬂywl )%F@B(wbé)r
added to |each well of clear, [flat-bottornegdsdggm || m cropl ajes, excepting
wells in e t?é)lrow rest corrpound was [diTuled 1 assgy medi umio tw ce

(U

t he fi nal Fego-fed—starting—eonecentrat froma—40-—nM-stock—sotagtioniin
DVSO. 200 EﬁamRﬁ 2the starting dil ufion were #ntroducedtintoltwo @ells!|each
in the tope l@ed doubl i ng di | uti dbns ngde déwn thHe pl ate by thae@sequenti al

transfer Oéxam o J1 _ aliquots‘p’th thoroygh mgxi ngiin the wells; @he f nal

100 nmL di scarded—The two bot{onmrrgws wge mot—used for comgound
di | uti ons.EXAMRIEOHCY replicon cel ! npnotayer& neatingEontiency

stripped [fExampe 6w h flasks V\Lth verseng-tryf@sin solutiton and tH@ cells
vere resuspepdiszi n assay nmediumat either 2#x 103 cel ks/ | (subgline|5-15;

genotype I ample 8 # + Q@
Example 9 * # + @
Example 10 > # + @
Example 11 * # + @
Example 12 * # + @
Compound A e HH ++ @@
Compound B b Liaid ++ @@
Compound C Kk tHH# ++ Q@'
Compound D ** H#H ++ Q@
Compound E ol #H 4+ Q@

1 this compound was not tested in the 5-15 cell ling; instead, the 11-7 cell line (NS2-5B), containing one additional gene was used in this

10 assay, giving comparable results (Lohmann, V. et al, 1999, Science, 285, pp 110-113).

Activity ranges

Genotype 1a Genotype 1b
enzyme * <0.75 yM # <0.20 uM
** 0.75-1.00 uM Hi 0.20 - 0.50 uM
15 bl >1.00 yM HHt >0.50 uM
replicon + <10.00 uyM @ <0.15 uM
cell-based ++ 10.00 - 100 uM @@ 0.15-10.00 uM
+++  >100 pM Q@@ >10.00 pM
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1b; Lohmann, V., Korner, F., Koch, J-O., Herian, U, Thielmnn, L. and
Bartenschl ager, R, 1999, Science, 285, pp 110-1 13) or at 3 x 105 cells/nmL
(genot ypewbaposdsse1B. , Gates, AT., |Isken, O, Behrens, SPETardooSarissky,
RT., J. Virol., 2003, 77, 5352-5359). 100 nL of cell suspension were added
to all wells and the plates incubated at 37C for 72 hours in a 5% CO2

at fTDSpheC@mpEthh Wcﬂﬁrebﬁ@r\d@atd aRe rabEmiasesaypourdi disclossd aspExamele fif oim t he
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Nt nocl onal
ant i body CegIPeHRY & ?%@8?”%18072 %rfaﬁﬁ'g*ﬁ)mm%?&m IS]CLQFe(g\BqS{T?XFWpSngR of' t he
conpound WO2E46087818] rows wbk(@h, %r&@dbdvlkh&mem%}'ré teds-bytyibeazoetrat i ve

contr ol s melfrsk FHe?nt 5- W@hylﬂ%&ﬁlﬁb Fpydrofidiher-cartmylicaand washed 3 tines

wi th, PBS| 0m %th%grr% tﬁé) et hﬂe{ﬂler hj s@é' aﬁ?arﬁﬂglﬂgﬁt ed,
antil us(,;é’ ona serum U 0, uere
added tovﬂp?o%équ Th 51‘%&’%‘? wer e® |n6‘ﬁ(ﬂ§ ZQOP?LI!}Y’E ! 'mﬁ ;(y-

ant i body butytbenzcyedrthettoxymethyl- é-l(\@eteshy\lmés’ilﬂtbm@ -3 Vlbm/sfomilm?rZFﬂBSIOFW@eﬁﬁKhnd

bl otted &o¥poliRE. @Séﬁbés)ti@r%sdw&h@ﬂﬁder’ﬁm thepastdi diselosed &0 Bxbmpfe 33 in

h h /
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up t€95 15 mithyBethyray1 3éﬁ@??'t?ny'h%r%'9'ﬁﬁﬁe%r5?f‘y @C'Qddl tion of 25 nmL per

wel |l of 2 M sul phuric acid and the plates were read at 490 nmon a Fl uostar

Opti ma S%‘Fﬁp’o%&@%or@t@ro ahdee Sﬁ&(}sbé Fh&eS abddkding tovlise pRITBYRE dgddribdieinpl at es
t dry and the cells stained with 5 % carbol

wer e was ter, blot

fuchsin W 3\%@@%& 30 mnutes. The stain was discarded and the cell
sheets washed, dried and exam ned m croscopically to assess cytotoxicity.
Dat azanalsmbmres of Compounds A-E are shown below for the avoidance of doubt.

S—OMe OV
R ., N Racemic; o Chiral, Erentioer A
HOCY N /(/ ) Relative stereochemistry shown HOC _7 Absdllte stereochermistry shown
S
0] A 0 B
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OMe ove
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Racemic; N ., Crird, Erertiarer A
HO,C w "(/ Z Relative stereochemistry shown HOCY "N '(/N‘Z Relative stereochenist
S
0 D
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The absorbance values fromall conpound-free wells that had received both

primary and secondary anti bodies were averaged to obtain a positive control
val ue. Thworm@m4sdisor bance val ue from the conmpound- f r ee PeglEPS0ShALS3had not
received the primary anti body was used to provide the negative (background)

control value. The readings fromthe duplicate wells at each conpound
concentrati op”were averaged and, after thesubtraction of the nean
background f all values, were expressefd as a percentage of the posjtive
control signalf T -‘qﬂ&htlflable and specjific reduction of expressed
protein detected by the é%%ln the presence of a drug can be used as a
measure pf HeE" wh 1£€¥ |Maﬂmm§%aﬁﬁ@gﬁmﬂtmare (Erithacus Software Lid.)
was used|to plaqt ve of percentage |nhibition adgénmkst conpound
concentrptio d d®rive theg50% i nhibitofy concentration (1C50) for he
conpound| , & ts 1 this conpound was not |tested in the 5-15 cell ling

i nstead, | the 19;7 cell line (NS2-5B), containing one additional gene has
used in this assay, glVlng conpar abl e reSJIts (Lohmann, V et al, 1999

Sci ence, zyme *

<0.75 nM # <0. 20 M 0. 75 - 1.00 mM ## 0,20 - 0.50 nM >1.00 mM ### >0.50 nM
repl i conThe <ddnfundd! & M bredet GRVntiORSEelcH thall. Béen téﬁ@d ndérorktrate £0. 00

v 100 d
di scTZSZaurgg's'ﬁa'g%P%Q%W%%@Wé%i%996‘%? ﬁgfé Koo SRR LGOI,

- (3- met haRy-cgl-based BEtAYS RAFISSyPI £F thp notiypes) o CV compared

, 3- t hf az Gonipoyhdppr + &l i Acmdlﬂgly,at’rbooqmaunds iofl the(:prqseuhnnvéhtmraresqfcmdst to

the enan b@ﬁﬁéﬂtﬁersaém@%ﬁeﬁiuﬁ%q&%dnaa Ry pradHgIaki dfMAN02004/ 03781 8,
(2S,4S,5R)-2-isobutyl -1 -(3-nmethoxy-4-tert-butyl benzoyl)-4-

met hoxynet hyl -5- (1, 3-thi azol - 2-yl ) pyrrolidine-2-carboxylic acid. Conpound C
corresponfs pharmReeytisak sp@PesiiRSuARCHINg | i9ste Hyertiompiay 8lsoj he \Wsedoly 03781

8, rel-(2GnbiBalidd) wzh btheb titeydpelitic 6gents tfboexamble Enmudritherdpiesz(ey! intetferon),

10  therapeutic vaccines, antifibrotic agents, anti-inflammatory agents such as corticosteroids
or NSAIDs, bronchodilators such as beta-2 adrenergic agonists and xanthines (e.g.
theophylline), mucolytic agents, anti-muscarinics, anti-leukotrienes, inhibitors of cell
adhesion (e.g. ICAM antagonists), anti-oxidants (eg N-acetylcysteine), cytokine agonists,
cytokine antagonists, lung surfactants and/or antimicrobial and anti-viral agents (eg
ribavirin and amantidine). The compositions according to the invention may also be used
in combination with gene replacement therapy.

15

The invention thus provides, in a further aspect, a combination comprising at least one
chemical entity chosen from compounds of formula (la) and physiologically acceptable
20 salts or solvates thereof, together with at least one other therapeutically active agent.
The combinations referred to above may conveniently be presented for use in the form of
a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with at least one pharmaceutically acceptable
25 diluent or carrier thereof represent a further aspect of the invention.
The individual components of such combinations may be administered either sequentially
or simultaneously in separate or combined pharmaceutical formulations. Appropriate
doses of known therapeutic agents will be readily appreciated by those skilled in the art.
30
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
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met hoxynet hyl - 5- (5-nethyl -1 , 3-thi azol - 2-yl ) pyrrolidine-2-carboxylic acid.
Conmpound D corresponds to the enantioneric conpound di scl osed as Exanple 25
i n WO2004W02é@l1Bs561ENant i oner A of PCT/EP2005/011532
rel-(2S,4S, 5R) - 2-isobutyl -1-(3-net hoxy-4-te/tbutyl benzoyl) -

4- met hoxymnet hyl -5-(5-nmethyl -1 |, 3-thi azol -2-yl ) pyrrolidi ne-2-carboxylic

aci d. CospedifivallfEand liriddadeigsndicatéch® badeniporatedpy uefdratics cisdbeuhhafsiEsetnpl e
33 1in 4/ 037818,

rel/ - (2R, 4S, 5R) - 2- benzyl - 1- ( 3- net hoxy-4-tert-butyl benzoyl) - 4-

met hoxynmet hyl -5- (1 , 3-thi azol - 2-yl)-pyrrolidine-2-carboxylic acid.
Compounds A, B, C, D and E may be nade according to the processes descri bed
i n WO2004/037818. Structures of Conpounds A-E are shown bel ow for the

avoi dance of doubt.stry shown bl ank chem The conpounds of the present

i nventi on which have been tested denonstrate a surprisingly superior
genotype-1a/1b profile, as shown by the 1C50 values in the enzyne and
cel | -based assays across both of the la and 1b genotypes of HCV, conpared
to Compounds A - E. Accordingly, the conpounds of the present invention are
of great potential therapeutic benefit in the treatnment and prophyl axis of
HCV. The pharmaceutical conpositions according to the invention may al so be
used in conbination with other therapeutic agents, for exanple imune
therapies (eg. interferon), therapeutic vaccines, antifibrotic agents,
anti-inflammatory agents such as corticosteroids or NSAI Ds, bronchodil ators
such as beta-2 adrenergi c agoni sts and xanthi nes (e.g. theophylline),

mucol ytic agents, anti-nuscarinics, anti-leukotrienes, inhibitors of cel
adhesion (e.g. | CAM ant agoni sts), anti-oxidants (eg N acetyl cysteine),

cyt oki ne agoni sts, cytokine antagonists, lung surfactants and/or
antimcrobial and anti-viral agents (eg ribavirin and amantidi ne). The
conpositions according to the invention may al so be used in conbi nation

wi th gene repl acenent therapy. The invention thus provides, in a further
aspect, a conbination conprising at | east one chem cal entity chosen from
conpounds of fornmula (la) and physiol ogically acceptable
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salts or solvates thereof, together with at | east one other therapeutically
active agent. The conbinations referred to above nay conveniently be

pr esent edwbanoumss1dn t he form of a pharnmaceutical fornulpatrierpocandisshus
pharmaceutical fornulations conprising a conbination as defined above
together with at | east one pharmaceutically acceptable diluent or carrier

t hereof represent a further aspect oCidimg i nvention. The individual
conponents of A3al: GRITHAAAL Ghtty ERYs: grmem&mg%@lpsanms iapequential 1y or
si mul t aneousl y I'n separate or c% rmaceuti cal formul ations.

Appropri ate doses of known therap gents will be readily appreciated
by those skilled in the art. Al W ations, including but not limted to
patents and patent applicatio I hi s ecification are herein

i ncorporated by reference as if gachjindividual publication

wer especifically and individual |y ipHjcated to be incorporated by reference
as though fully set forth.d ains 10 Atpl east one chemical entity chosen
fromco unds of Formula (la): wherein: A represents hydroxy; D represents
4-tert - bi§IEB- met hoxyphenyl ; E represents 1, 3-thiazol-2-yl or

5- met hy| Alregrespinta hyHroRyy | ; G represents met hoxymethyl; J represents

1, 3-thiazol-2-ylmethyl, 1,3-thiazol-4-ylnmethyl, 1,2-thiazol-3-ylnethyl, or
1H pyraz t Ayl |l vat es and esters thereof; provided

t hat vvhe(hH rﬁﬁlressg}e]%?e@lytfque@ ét?‘&y%he where R is selected fromstraight or
branched chain al kyl, aral kyl, aryloxyal kyl, or aryl, then Ris other than
t e/ f - but Y rep@semts 1, Bthiazoby! oHfemetyl- 1.8ribiazg)- 2Ylosen” from conpounds of
Formypa (la) selected fromthe group consisting of:

rel - (2R ( 4-fert-butyl benzoyl) - 4- (et hoxynet hyl) - 5- (5- net
hyl -1, fbsr Fgasz% etWﬁ%J@éf%yi 3-thiazol -4-yl met hyl ) pyrrolidi ne-2-carboxylic
aci d

ref - ( 2R, 4S rempsdnts 31 Bethiaoaiy2-vimethyl, - Hid-thiazeld-yimethw.- (h2thiasgldedmethyl. sor 1, 3-t
hi azol - 21y pyr@zol-4-ylmsthyihi azol - 4-yl met hyl ) pyrrol i di ne- 2- car boxyl i c aci d;

15
and salts, solvates and esters thereof; provided that when A is esterified to form -OR
where R is selected from straight or branched chain alky!, aralkyl, aryloxyalkyl, or aryl,
then R is other than tert-butyl.

20 2. At least one chemical entity chosen from compounds of Formula (la) selected from

the group consisting of:

rel-(2R ,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(1,3-thiazol-2-yl)-2-

25  (1,3-thiazol-4-ylmethyl)pyrrolidine-2-carboxylic acid,;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(1,3-thiazol-2-yl)-2-
(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid,
rel-(2R,48,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-2-(1H-pyrazol-1-
ylmethyl)-5-(1,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid;

30 rel(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-yl)-2-(1,3-thiazol-2-ylmethyl)pyrrolidine-2-carboxylic acid,;
rel-(2R,4S,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-
thiazol-2-y1)-2-(1,2-thiazol-3-ylmethyl)pyrrolidine-2-carboxylic acid; and
rel-(2R,48,5R)-1-(3-Methoxy-4-tert-butylbenzoyl)-4-(methoxymethyl)-5-(5-methyl-1,3-

35 thiazol-2-yl)-2-(1H-pyrazol-1-ylmethyl)pyrrolidine-2-carboxylic acid;
and salts, solvates and esters, and individual enantiomers thereof.

53



re/ - (2R, 4S,5R) - 1- (3-1 vl et hoxy-4-tert-butyl benzoyl)-4-(nmet hoxynethyl)-5-(1,3
-thiazol-2-yl)-2- ( 1,2-thiazol-3-yl nethyl)pyrrolidine-2-carboxylic acid;
rel - (2R, 4802R)6/0ki56163- Met hoxy- 4-t ert - but yl benzoyl ) - 4- ( netrbompomishyissz 2- (1

H pyrazol -1 - ylnmethyl)-5-(1 ,3-thiazol-2-yl)pyrrolidine-2-carboxylic acid,
re/-(2R 4S,5R) -1

- ( 3- Met haxy - 4-A aethodwf yebtinz oryprevehtiogwirdlonfeotzinhwihizh BerprisestduptinidteriGg to

thi azol - %-QUSbL-c?rn( ed3ndiabf 2Rl eréctiieBRhdUA bR IEN ik RBericaPERBX Ydsen #ohl;
ol (R B e L FR LY o L, DD SRt gkl G LBPLRGHIE Yl - (5 ot

acid; and

rel - (B8R 4S, 5RA fethddMetduimyd # dlaint 3 whéngintea zivyllinfedtiqieH®X y et hyl ) - 5- ( 5- et
hyl -1 ,3- thiazol-2-yl)-2-(1 Hpyrazol-1 -yl nmethyl)pyrrolidine-2-carboxylic
acid; and salts ol vates and esters, and.individual. enanti.oners .thereof. 3.
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admi ni st e@ralsigsage fermubj ect in need thereof, an effective anount of at |east
one chem cal entity chosen from conpounds of Forrmula (la) and salts,

sol vapes g@nd it AbEErd cEnPbRds of g®ighod as cl ai ned
in cﬁgi mGg mﬁlﬁ%ﬁ%%ﬁg l%m e('@%)l onr?sCHC@.US. ?A r%t gg zs clainmed in
—5~adm ni stered in an oral dosage
hosen fram conpounds of Fornula (1a)
s 4-4@rt- but yl - 3- met hoxyphenyl ; E

claim3 in which the chem cal enti
form 6. At |east one chem cal
wherein: A represents hydroxy;A
represents 1, 3-thiazol-2-yl or 5Xnethyl-1,3-thiazol-2-yl; G represents

met hoxynet hyl ; J represents 1, 3- th | -2-ylmethyl, 1,3-thiazol-4-yl nmethyl,
1,2-thiazol -3-yl nmethyl, or 1H pyra®ol-b -yl nethyl; and salts, solvates and
esters ther{eeof_; provi ded that when Ais esterified to form-OR where Ris
sel ect ed W1 st r ai ght or branched chain al kyl, aral kyl, aryl oxyal kyl, or
aryl, thénrerresenisthydroxyhan tert-butyl; for use in nedical therapy. 7. At

| east one chemical entity chosen from conpounds of Fornula (la) and salts,

15 D represents 4-tert-butyl-3-methoxyphenyl,

E represents 1,3-thiazol-2-yl or 5-methyl-1,3-thiazol-2-yl;

G represents methoxymethyl;

20 '
J represents 1,3-thiazol-2-ylmethyl, 1,3-thiazol-4-ylmethyl, 1,2-thiazol-3-yimethyl, or
1H-pyrazoi-1-ylmethyl;

and salts, solvates and esters thereof; provided that when A is esterified to form -OR
25 where R is selected from straight or branched chain alkyl, aralkyl, aryloxyalkyl, or aryl,
then R is other than tert-butyl, for use in medical therapy.
7. At least one chemical entity chosen from compounds of Formula (la) and salts,
solvates and esters thereof as claimed in claim 6, wherein the medical therapy is the

30 treatment of viral infection.

8. At least one chemical entity chosen from compounds of Formula (la) and salts,
solvates and esters thereof as claimed in claim 7 wherein the viral infection is HCV.

35 O Use of at least one chemical entity chosen from compounds of Formula (la)

o4



solvates and esters thereof as clainmed in claim®6, wherein the nedical
therapy is the treatnent of viral infection. 8 At |east one chem cal
entity chweamdmssmsconpounds of Formula (la) and salts, peulprats®1Ber esters
thereof as clained in claim7 wherein the viral infection is HCV. 9. Use of
at | east one chemcal entity chosen from conpounds of Formula (Ia)wherein:
A represents hydroxy; D represents 4-te Gbutyl - 3- net hoxyphenyl ; E
represents 1, 3-thiazol-2-yl or % -1 ,3-thiazol-2-yl; Grepresents

met hoxynet hyl; J represents 1, 3-t 2-yl mgta)yl , 1, 3-thiazol -4-yl net hyl,
1, 2-thi azol -3-yl methyl, or 1H/y az?‘\:l -Blmethyl ; and salts, solvates and

esters thereof; provided that wh@n is esterified to form-OR where Ris
sel ected fromstraight or branchedgch bn al kyl, aral kyl, aryl oxyal kyl, or
aryl, then Ris other than tert-butyl;~in the manufacture of a nedi canent
for the twheasinent of viral infection. 10. Use as clainmed in claim?9,

wher ei n tiRpMskals HyBfgrgt i on is HCV. 11. A pharmaceutical formulation
conprising at |east one chenmical entity chosen from conpounds of Formula
(la) and salts, solvates and esters thereof as clained in claim1l in

conj uBct iDierigsentsA-tertdudy-Sonether@hgB¥eut i cal | y acceptabl e diluent or
carrier. 12. A process for the preparation of a conpound of Formula (la) as

def i ned igyplAbmsh, & HAYol-SiyNer slaRI-¢SLth@BoIcfyia i n which A" is a protected
hydr oxy group, for exanple an al koxy, benzyl oxy or silyloxy, D represents
4-terf-butyl - 3-net hoxyphenyl; E represents 1, 3-thiazol-2-yl or 5-nethyl-1

, 3- t hi aXoreppesgnts '@ﬁ‘@’@fné%léﬂt s met hoxynethyl; and J represents

1, 3-#bi azol -2-ylmethyl, 1,3- thiazol-4-ylmethyl, 1,2-thiazol-3-ylnmethyl, or

1H pyrazql dpre¥bAEt B¥ thiazol-2-yimethyl, 1,3-thiazol-4-yimethyl, 1,2-thiazol-3-ylmethyl, or
1H-pyrazol-1-ylmethyl;

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

15 where R is selected from straight or branched chain alkyl, aralkyl, aryloxyalkyl, or aryl,
then R is other than tert-butyl; in the manufacture of a medicament for the treatment of
viral infection.

10. Use as claimed in claim 9, wherein the viral infection is HCV.

20 _
11. A pharmaceutical formulation comprising at least one chemical entity chosen from
compounds of Formula (Ia) and salts, solvates and esters thereof as claimed in claim 1 in
conjunction with at least one pharmaceutically acceptable diluent or carrier.

25 12 A process for the preparation of a compound of Formula (la) as defined in claim 1

comprising deprotection of a compound of Formula (II)
G

J
' (1

A N E
° A
O D
in which A’ is a protected hydroxy group, for example an alkoxy, benzyloxy or silyloxy,
D represents 4-tert-butyl-3-methoxyphenyl; E represents 1,3-thiazol-2-yl or 5-methyi-1,3-

30 thiazol-2-yl; G represents methoxymethyl; and J represents 1,3-thiazol-2-yimethyl, 1,3-
thiazol-4-ylmethyl, 1,2-thiazol-3-ylmethyl, or 1H-pyrazol-1-ylmethyl.
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